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CEKLIA “EJEKTPOTEXHIKA”

VIK 621.311
ITomoB B.B.
KaHZ. TeXH. HayK, goi. SHTY

OIITUMI3ALIA BUBOPY CXEM IEXOBOT'O
EJIEKTPOIIOCTAYAHHSA

Bubip onTHManbHOT CXEMH LEXOBOTO €JIEKTPOIOCTAayaHHS € BasKIIMBUM
MUTAaHHSAM, OCKUTBKH BTPAaTH MOTYXHOCTI 1 €JIEKTPOCHEpril y IEeXOBHX Mepekax
craHoBJATH Bix 30% 10 70% B 3anexHOCTI BiJ BUIy BUPOOHMITBA. Bu3HaueHHs
MIHIMAJbHUX 3BEJCHUX BHUTPAT, SKi CKIANAIOThCS 3 KaliTaIbHUX BKJIAJICHb 1
SKCIUTyaTallifHuX BHUTpAT 3a0e3leuye 3acTOCYBaHHS OINTHMAJIbHOIO BapiaHTa
CXEMH IIEXOBOTO EJIEKTPOIIOCTAauaHHs. 3BEJCHI BHUTPAaTH BU3HAYAIOTHCS 32
dhopmyIoro:

_ Ko +H, ]
3, = (B, +=5)K +c,, AW, @
ne 3i — sBenei BUTpaTH, THC. TpH.; Ki — KamiTampHI BUTpaTH A i-0TO
BapiaHTa, THC.TpH.;, EH — HOpMaTHBHHH  KOeQillieHT  e(eKTUBHOCTI
KaliTamoBKiageHb, B. 0.; Ka, Ko — HopmartuBHUII Koe]ilieHT BHUTpaT Ha
amoprH3alilo 1 ob0ciayroByBaHHS BimmoBigHO, %; Cw — BapTicTh axKTHBHOI

AW,

enekTpoeHeprii, rpH./KBTTOxI; ai — BTpaTH aKTUBHOI eJIEKTPOEHEeprii y 1eXOBiil

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

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

BUTpaT, OOYMOBJIEHWX BTpaTaMH akTHBHOI enekrtpoeneprii  (Cw’ 'ﬁWai).
KamitanpHi BUTpaTH CKIaNalOThCS 3 BHUTPAT Ha NPOBITHUKOBHH Marepial
JKUBJISIYOT 1 PO3MOJIIBHOT LIEXOBOT Mepexi 1 BUTpAT Ha PO3MOALIBHI MPHCTPOT
(posmomineHi madwu, po3MOmiAbHI abo MaricTpajbHi IMHOMPOBOAM, Imadu
posnoxinsHOTO TpHCTporo 0,4 kB KOMIUIekTHOI TpaHChOpPMATOpHOI MiACTaHIIIT
(KTII)). KamitaneHi BUTpaTH BU3HAYAIOTHCS MPUIHITOIO CXEMOIO [IEX0BOI Mepexi,
a TaKoX 3ajJekaTh BiJ BAapTOCTI NPOBITHUKOBOTO MaTepiany i pPO3MOIUTBHUX
MPUCTPOIB 1eX0BOI Mepexi. ExcruryaTariifHi BUTpaTH BU3HAYAIOTHCS BETHUNHOIO
BTpaT aKTUBHOI eJeKTpOeHeprii 1 BapTocTi akTHBHOI enekTpoeHeprii. Takum
YMHOM, (DYHKIIsI 3BE€ICHUX BUTPAT Ha CIIOPYIXKEHHS IEX0BOT MEPEXi 3aJI€KHUTh BiJl
BUJIy CXEMH IIEXOBOi MEpexi, KM BH3HAYa€ BEJIMYMHY KalliTaJbHUX BHUTpAT 1
BEJIMUMHY  BTpAT AKTHBHOI  IOTYXHOCTI, PpEXKHUMY  EIEKTPOCIIOKUBAHHS
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eIEeKTPONpUIiMadiB IIEXOBOI Mepeki, a TaKOX BiX CIiBBIJHOIIEHHS BapTOCTi
€JIEKTPOEHEPTii i TUTOMOI BapTOCTi €JIEMEHTIB IIEXOBOI MEPEXi.

BusnadueHHS BTpaT aKTHBHOI eJNEKTPOSHEpTii MOWiTbHO BU3HAYaTH 3a
METOZOM CEePeIHBOI MOTYKHOCTI, OCKUIBKH e METOX Ja€ MEHITY MOXUOKY Hixk
METOJl 3 BHKOPHCTAHHSIM MAaKCHMAaJIPHOTO PO3PaxyHKOBOTO HABaHTAKCHHS 1
BEJIMYMHA Yacy MaKCHMaJbHUX BTpaT, SKi BH3HAYAIOTBCA 3 IIEBHUMH
NPUITYIICHHAMHA. TOYHICTH BW3HAYECHHS BTpAT €JICKTPOEHEPTii 3a MEeTolIoM
cepelHbOI MOTYKHOCTI 3aJIeXKUTh Bif BHOOpPY KoedilieHTa BHKOpHcTaHHS KB i

koe(imicara moTyxkHOocTi cosP, sAKi BimOOPakarOTh PEKHMM EIEKTPOCIOKHBAHHS
OKpEeMHUX eJeKTpOIpuiiMadiB, a TaKoX Bix Koedimienta ¢opmu rpadika
HaBaHTaXeHHA K¢, skuil 3acTOCOBY€EThCS JUI BU3HAUCHHS BTPAT €JIEKTPOCHEPTii
TIPY CYMICHOMY KHMBIICHHI €IEKTPONIPUHAMAYIB y KHUBIITIIH MEPEKi.

3ampornoHoBaHa METOJMKAa BU3HAYCHHS 3BEICHUX BHUTPAT Ha CIIOKUBAHHS
LEXOBOI Mepexi eNIEKTPONOCTayaHHs JI03BOJsIE (opMalizyBaTH PO3PaxyHOK
3BEJICHUX BUTpPAT 1 OIIHUTH e(QEKTUBHICTh 3aCTOCYBaHHS pI3HHX CXEM
€JICKTPOTNIOCTAYAHHS.

Meroayka BU3HAYEHHS BTPAT aKTHBHOI €JEKTPOEHEpPrii 3 BHKOPUCTaHHSIM
cepenHbol 1 CepelHbOKBAIPATHYHOT MOTY)KHOCTI 3a0e3nedye J0CTaTHbO BHCOKY
TOYHICTh (3 TMoxuOkoro 5-10%) mpu BpaxyBaHHI PEXHUMY EJIEKTPOCHOXHBAHHSA
eNEeKTpONpUitMadiB 1 iX KoedimieHTiB HOTyx)HOCTi. [Ipr po3paxyHKY 3BeICHUX
BUTPAT BPAaXOBYIOThCS KOHCTPYKTHBHI OCOOJIMBOCTI BUKOHAHHS PI3HUX BapiaHTiB
[EXOBOI MeEpexi, MO0 MiJBUIIYE JOCTOBIPHICT iX TEXHIKO-€KOHOMIYHOTO
NOPIBHAHHA. BHKOpPHCTaHHS 3alpOIOHOBaHOI METOIMKU MOXE 3aCTOCOBYBATHCH
JUISL TOCITIZKeHHST €()eKTUBHOCTI LIEXOBOTO €JIEKTPOIIOCTAaYaHHs 3 BUKOPUCTAHHSIM
y SIKOCTI LiNbOBOT (QDYHKIIT 3BEIECHUX BUTPAT B 3aJIS)KHOCTI BiJl TIEBHUX KPUTEDIiB,
BU3HAYCHUX Ha OCHOBI BUXIJIHUX JaHMX. J[aHa MeToIuKa JI03BOJISIE OLIHUTH SIK
3MIHSTBCSL 3BEJICHI BUTPATH NpPU 3MiHI CIIIBBIJIHOLICHHS MUTOMUX BHUTpaT Ha
CIOPY/DKEHHSI MEPEXIi eIEKTPONoCcTayaHHs i Tapu(y Ha eIeKTPOCHEPTiLo.

VK 621.311.243
Kimnmko O.M.
KaHJl. TeXH. HayK, aou. 3HTY

HNEPCIHHEKTUBU BUKOPUCTAHHA PI3HUX MATEPIAJIIB JIJIA
®OTOEJEKTPUYHUX EJJEMEHTIB CEC

l'onoBHuM enemenTOM (hoTOEIEKTpUYHUX COHAYHMX enekTpocTaniii (CEC)
€ coHsuHI Oarapei, siKi MOXKYTb IEPETBOPIOBATH COHSYHY E€HEprii0 B MOCTIHHMI
CJICKTPUYHHN CTPYM.
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@DoTOENEeKTPIYHI MEePETBOPIOBAYl MAIOTh MPAKTHYHO HE OOMEXEHHU TepMiH
CcIy>)kOM ¥  BIAPI3HAIOTBCS HANIMHICTIO Ta CcTabinbHiCTIO. BoHHM 3maTHI
MIEPEeTBOPIOBATH SK MpsME, TaK 1 pO3CisHe COHsAYHE cBiTio. HeBenmka Bara,
MpOCTOTa OOCIYrOBYBaHHSA, MOAYJIbHUI THI KOHCTPYKIIi J03BOJSE CTBOPIOBATH
YCTaHOBKH Oyab-fKk0oi TOTY>XHOCTI. J[0 HEOOMiKiB COHAYHMX Oaraped MOXKHa
BiTHECTH BHCOKY BapTicTh i HU3bKkHi KoedinieHT kopucHoi mii (KKI).

KKA nnst ¢ortoenemeHTIB — 1e  €QEKTHBHICTh IEPETBOPEHHS COHAYHOT
eneprii B enekrpuuny. Uum menme KKJ[ Tum Oinbiie miomi ¢oroeaeMeHTiB
HEeoOXiTHO 1Sl 3a0e3NeueHHs Ti€l JK MOTYXHOCTI B MOPIBHSHHI 3 €JIEMEHTaMH Y
skux KKJ[ Mae OUIBII BUCOKE 3HAYCHHS.

Haii6inpi nommpeHi tunu (QoTOEIeMEHTIB: MOHOKPHCTAIIYHI KPEMHI€BI;
MOJIIKPUCTANIIYHI KPEMHi€BI; ()OTOCICMEHTH 3 BHKOPHCTAHHSM AICEICHIAY 1HIIO
ta Migi (CIS TexHomoris); (OTOETEMEHTH 3 BHKOPHUCTAHHSAM TEIYPUAY KaIMiO
(CdTe Texnomoris); GpoToeNeMeHTH 3 BUKOPUCTAHHAM aMOP(HOTO KPEMHIIO.

Jnst oTpuMaHHS KPEMHIEBOTO MOHOKPHCTaJA, B PO3TOI KPEMHil0 3 Oopom
3aHYPIOIOTh TOYATKOBUI KpUCTAN 1 IOCTYNOBO MiJHIMAIOTh HAJA ITOBEPXHEIO
pO3YHHY, IPU L[LOMY 32 3apOJKOBUM KPHUCTAIOM BHUTATYETHCS KPUCTATI30BYBaHHH
po3umnH. [loTiM enmemeHTH JerytoTs GocopoMm s DOAaBaHHS N-TIPOBITHOCTI i
CTBOPCHHS pP-N TEpexXony, MOJIPYIOTh, HAHOCATh AHTHUBIJOWBHE MOKPHUTTA 1
ctpymornpoBinHi gopixku. Takuit horoenement mae KKJI Big 15 10 18 %; dopmy
KBaJpaTHY a00 KBaJpaTHy i3 3aKpyrJeHHUMU a00 3pi3aHUMH KyTaMH; TOBIIHUHY
0,2...0,3mMm.

[Monikpucraniuni  (OTOENEMEHTH  BHUIOTOBISIIOTHCS 33 JJOIOMOTOIO
PIBHOMIPHOTO CIIPSIMOBAHOTO OXOJIOJKCHHSI €EMHOCTI 3 pO3TONOM KpeMHiro 1 6opy.
I[Ipn upomMy B eMHOCTI ()OPMYIOTHCS OJHOCHPSIMOBaHI TOMOTEHHI KpPHUCTaIH
PO3MIpOM BiJ KiIBKOX MITIMETPIB MO KUTBKOX caHTHMeTpiB. OTpuMaHUil OJIOK
MOJIIKPHUCTAIIB 00POOIIAETECSA TaK caMo, K 1 MOHOKPHCTANIIYHA 3aroTiBKa. Taxwii
¢oroenement mae KK/ Bin 13 no 16 %; popmy xBanparHy; ToBmuny 0,24...0,3
MM.

AXTHBHUM HamiBIIpOBiIHUKOBUM MarepiaioMm B CIS doroenementax €
micenenin iugiro ta migi. CIS xoMmayH/ 4acTo JIeryeThes ramieM i (abo) cipkoro.
IIpu BHUPOOHUIITBI e€leMEHTa CKIO BKPUBAETHCS CTPYMOMPOBITHUM IIAPOM
MoutiOaeny, it goroeneMenTa e map Oyae katomom. [lap CIS kommnayHma B
(hoToeneMeHTi Ma€e P-IPOBIAHICTH 1 HAHOCUTHCA Ha miap MoJioaeHy. OKCUI IHHKY
3 JoMimkoro  amoMiHil0o  ZnO:Al  BHKOPHCTOBYETHCS AK  Mpo30opuit
eJleKTponpoBiHUK aHox. Lledl map Mae n-TMUOD TPOBIAHOCTI 1 B HBHOMY
PO3IIOPOIIEHO JIOTIOMDKHUM Imap okcuay UHKY 1-ZnO. IIpomixuuii map cynabdiny
kaaMito CdS BHKOPHCTOBYEThCS Ul 3MEHIIEHHS BTpar, MOB'S3aHUX 3
HeBianoBiaHIcTIO KpucTamiyHux rpatok CIS i ZnO mapiB. Takuii enemeHT Mae
KK Bin 9 no 11%; ¢hopma enemenra Binnosigae Gpopmi MoTyIst; TOBIIMHA MOZYJIS
B HE3arapTOBaHOMY CKJIi Bif 2 10 4 MM.
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doToeneMeHTH 3 BUKOPUCTAaHHA Tenypuny kagmiro CdTe BHTOTOBISIOTHCS
Ha migkianmi 3 npozopuM TCO (transparent conductive oxide) mpoBiTHUKOM, SIKHIA
CKJIaJaeThes 3 OKcHAy iHAito Ta omoBa ITO(indium tin oxide) i BUKOPHCTOBYETHCS
SK TepeaHiid KOHTakT. L migkmaaka BKpUBAETHCS MapoM ceneHiny kaamiro CdSe
3 n-THOM TIPOBigHOCTI. [licist mboro HaHOCHUTHCS abCOpOYBANBHUI MIap TEIyPULY
kagmito CdTe 3 p-tumom mnposigHOocTi. Ilicis mBOTO MOZYNB 3aKPHBAETHCS
METAJIEBOI0 CTPYMONpPOBiAHOIO IulacTuHoro. Takmii enemeHt mae KKJ[ 8,5%;
¢dopma enemenra Bianosinae Gopmi MOayJIsl; TOBIIMHA MOJIYJIsl B HE3arapTOBaHUM
CKJIi 3 MM.

AmopdHMi KpeMHill B (oTOENIEMEHTaX HE YTBOPIOE OJHOPIIHY CTPYKTYpY,
aJle YTBOPIOE HEBIOPSIKOBaHY Mepexy. SIK pe3ynbTar, 4epe3 BiJKpUTI I'paHHMIll
KPHCTAJIB BiOyBa€ThCs MOTNIMHAHHS BonHIO. Llel rizporeHizoBaHuii amopHUi
KpeMHil a-Si:H cTBOpIOETBCS B peakTopi IU1a3MH 3 Ta30BO1 (a3 Tigpuay KPEeMHI0
SiH4. JleryBaHHA KpeMHI0 3HIHCHIOETHCS 3MINIYBaHHAM Ta3iB, IO MICTATH
JeTyBaJIbHUN eJleMeHT — Tigpun 6opy B2H6 mns p-mposigHOCTi i Tigpun docdopy
PH3 s n-mpoBigHOCTI. VY 3B'S3Ky 3 HEBEIHKOK BiJICTAHHIO NPOHHKHEHHS
JIETyBaJIbHUX IOMIMIOK B aMOp(HUIT KpeMHil, TEpMiH >KHTTS HOCIIB 3apsay He
IOy’K€ JIOBIHH, TOMY Ha IIap KPEMHII0 HAaHOCSTHCS NOAATKOBI IIapu 3 n- i p-
npoBigHicTIO. SIK mepenHiii KOHTaKT BHKOPUCTOBYEThCs mpozopuii  TCO
MPOBITHUK 3 OKcHIOM ojioBa SnQ,, okcumoM iHIi0 Ta onoBa ITO abo oxcumom
mHKY ZnO. Sk 3aqHili KOHTAKT BHUKOPHUCTOBYETHCS METalleBa CTPYMOIIPOBiJHA
wiactuHa. Takuit enement mae KK]I Binm 5 no 7 %; dopma BignoBimae dopmi
MOJIyJisl, MaKCUMallbHUI po3Mip 2Xx3M; TOBIIMHA €JEMEHTa B He3arapTOBaHOMY
ckii Bix 1 1o 3 MM.

doTromaneni 3 KPUCTATIYHUX (doToeneMeHTIB HalfgacTime
BUKOPUCTOBYIOTECS B OYNIBHUIITBI COHSYHUX EJCKTPOCTAHINH. 3a3BUUal, TepMiH
cIyx0u (GoTOMOIYIB 3 KPUCTATIYHUX EJIIEMEHTIB CTaHOBUTH 25 poki. CIS -
tdhotomoaym matore HaOuTpmId KKJ[ SK 171 TOHKOIDTIBKOBHX MOIYTIB. AJe i
MOIyJi CXWJBbHI JO KOpO3ii Bil CTPyMIiB BHTOKY B 3B'S3Ky 3 3aCTOCYBaHHIM
enexTposidy B ix BupoOHunTBi. CdTe - horoMoayni He CXWibHI 10 KOpO3il. Ale
KaJMiii € TOKCHUYHHM EJIEMCHTOM, IO BHUKJIHKAE TOCTPiI 1 XPOHIYHI OTPYEHHS.
®oromaHeni 3 aMOphHOTO KPEMHII0 HE CXWJIBHI J0 KOpo3il 1 He TOKCHYHI, aiue
MaroTh xyke Hu3pkuil KKJI i X akTHBHI €JIeMEHTH BUTOPSIOTH HA COHII. 3a3BHYaid
npoTsroM 6 - 12 MicAIiB MiCasA yCTaHOBKM BiOYBA€ThCSA 3HMKEHHS MOTYXXHOCTI,
MOTIM IIi MOAYINi BUXOJATHh HAa CTally 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. 3HTY

®OPMYBAHHS EHEPTOE®EKTUBHOI CHCTEMH
EJIEKTPOIIOCTAYAHHSA MPOMUCTIOBUX HIAITPUEMCTB

Ha BuximHOMy erami TpuM  CTBOPEHHI  KOMIUICKCY  TEXHIYHHX
eHeproz0epiralounx 3axofiB ISl CHCTEMH €JIEKTPOIIOCTAuYaHHS IPOMHCIOBHX
MiATIPHEMCTB ~ TOTPIOHO  OIIHWTH TPaHWYHI 3HAYEHHSA 11  TOTEHIary
eHepro30OepexxeHHsl. Taka OIiHKA IPYHTYEThCS Ha IIOUIYKY ONTHMalbHOT
CTPYKTYPH 1 CKJIaTy €IEeMEHTIB CUCTEMH 3 TOUKH 30py MiHIMyMy CyMapHHX BTpar
eJIEKTPUYHOT eHeprii B Hii 1 3 ypaXyBaHHsIM BCiX TEXHIYHHUX BUMOT 10 Ii
excrutyaraii [1]. Y 3arajgpHy cxeMmy alropuTMy CHHTE3y Ili€i Tak 3BaHOL
eHeproe()eKTUBHOT CUCTEMH BXOSITh EKiJbKa ONTUMI3AI[iHUX OJIOKIB, OJHUMH 3
SAKAX € BUOIp Micls pO3TallyBaHHS BY3JIB €JIEKTPUYHOI MEpexki Ta PO3MOJiI
CIEKTPUYHNX HaBaHTaXeHb 3a ii By3nmaM [2]. CHidpHHH pe3ympTar poOoTH
ANTOPUTMIB IHX OJIOKIB BOYEBHAP OOYMOBHUTH CHEProe(heKTHBHY CTPYKTYpy Ta
TOTIOJIOTIIO EJIEKTPHYHOT MEPEIKI.

Jnst 3a7aHOTO CNIHMCKY BY3JIB €JEKTpHYHOI Mepexi BCiX pIBHIB, a came:
posnoainsaux myHKTiB (PIT) no 1000 B, nexosux TII, PII Bume 1000 B i mxepen
JKUBJICHHS TIANIPUEMCTBA, CHOPMYBAaTH EHEProe(eKTHBHY ENEKTPHUHY MEPExKy
MIPOMHUCIIOBOTO TianpuemMcTa. [Ipu 11poMy MaroTh OyTH BpaxoBaHi OOMEXEHHS Ha
MOJKJIMBI MICIISI IPOXO/KEHHS TPac IUITHOK MEPEkXi i pO3MIIIeHHs 3a3HAYCHUX il
By37iB. OYeBUIHO, MO0 TApaMeTPH OCTAaHHIX BH3HAYAIOTH CXEMY EJIEKTPUIHOL
Mepexi, Tak SK BOHH € CYMICHUMH eJIEMEHTaMH MiX pPO3MOAUTBYUMH Ta
KUBITIMMHU ii [OUigHKaMu. TakuMu mapamMeTpamMu € KOOPJWHATH —Miclb
BCTAHOBJICHHS PO3MVITHYTUX BY3JiB, iX KOHCTPYKTHUBHI XapaKTEPUCTUKH, KiJTbKICTh
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1 PO3MOILT HABaHTAXXEHb MK HUMH, TOOTO €()EKTHBHICTH Tepeadi eleKTPOeHePTii
0 MEPEeXi 3aJIeKUTh 0e3M0CePEeTHBO BiJ ii CTPYKTYpH Ta TOIOJIOTII.

XapakTepHUM I IPOMHUCIIOBUX IMiANPUEMCTB € HasBHICTH 30H, YTBOPECHUX
OymoBamm abo gkuUMH-HeOyns IHIIMUMH  OymiBeIbHHMH  KOHCTPYKIISIMHU
TEXHOJIOTIYHOTO Ta TOTIOMDKHOTO BUPOOHHIITB, Yepe3 AKi HeT03BOJICHI MPOKIaaKa
KaOeNMbHIUX JIHIA Ta PO3MIIICHHS JDKEPET KUBJICHHSA EJICKTPUIHOI Mepexi. Tomy
MpU TOCTAHOBI TOTOJOTIYHOI 3ajaui BUHHMKAIOTH CKJIAIHONI, IO TOB'S3aHi 3
MaTeMaTUYHUM OIMCOM X OOMEKeHb. AJle BAKOPUCTAHHS CUTHATYpHOI (yHKIIT
i Yac aHAJIITHYHOTO OIKCY TAKUX 30H J03BOJISE CIPOCTUTH PIllICHHS 1€l 3aa4i
[3].

CymMmicHa po0OTa 3ampoNOHOBAaHHMX AJITOPUTMIB (pOpMyBaHHS ONTUMAaJIBHOL
CJIEKTPUYHOT MepeXi IMPOMHCIOBHX MIANPUEMCTB 3 TOYKH 30pYy MIHIMyMy
CYMapHHX BTpaT €JICKTPUYHOI CHepril 3a paxyHOK NepeOopiB yciX MOMKIUBHX
BapiaHTIB KIJTBKOCTI BY3JIB Mepexi Ta MICIp iX pO3TalmlyBaHHS IO3BOJUTH
rapaHTOBAaHO CTBOPUTH SHEProe(heKTUBHY MEPEKY. SHIKEHHS 00CATIB 00YHCICHbD
00yMOBITIOETHCSI BUMOTAMH JIO SKCIUTyaTaliii Mepexi, Mo HamaHi K 0OMEKEeHHS
mig gac 11 orrrumisarnii.

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

MOJEJIOBAHHA CUCTEMHU EJIEKTPOIIOCTAYAHHA 3A
JOINOMOI'OIO MOBH MPOI'PAMMYBAHHSA PYTHON.

[I{o6 MoBa mporpamyBaHHsI cTajla IHCTPYMEHTOM HAayKOBOTO JOCIiJKEHHS,
MPOCKTYBaHHs, ab0 eKCIuTyaTallii CHCTEM eJIEKTPOIOCTAaYaHHs, I HasBHICTH
e(eKTHBHHX Ta IIPOCTUX Yy BUKOPUCTAHHI 010Ii0TEK IS

— OCHOBHI MaTeMaTHYHHX (QYHKIIi (TpuroHoMeTpW4Hi (QYHKIII Ta 0OpoOKka
KOMIUIEKCHHX YHCEIN),

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

— niHilHa anredpa,

— TIOIIYKY PillICHb,

— poboTu 3 6azamMu TaHUX IS CTATUCTHYHOTO aHAJi3y,

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

Bumorn, HaBenmeHi BwWIe, 3MEHIIYIOTH BHOIp JMIIe 10 JAEKiJIbKa MOB
nporpaMmyBaHHA. 1li BIMOTH TOBHICTIO, 200 YaCTKOBO IEPEHECEHO y IMpOTpaMHi
3aco0M aHallizy €HeprocucreM, siKi 3apa3 akTMBHO PO3BHBAIOThCS. AJle OCHOBHOIO
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pPHCOI0 TaKWX MPOTPaMHHAX 3aco0iB OKpIM CIiemianizamii € MpOIpiETapHICTB,
MaKCHUMajbHa 3aKPHUTICTh JO CTOPOHHIX pPO3POOHHKIB, Ta OPIEHTOBaHICTh Ha
BEJIMKI KOpPITOpaIlil Ta KOMITaHii.

AJNBTEepHATHBY TaKUM TIPOTPaMHUM 3aco0aM, s aKaAeMidHHX Kill
CKJIQ[IAal0Th IAKETH, IO PO3POOISIOTBECS B OCHOBHOMY B HAayKOBHX MOBaX,
Hampukiang, Matlab, abo MOBH CHCTEMHOTO CEpBEpHOTO MporpamMyBaHHS Java.
OO0uiBa BUIA/IKA MAIOTh JIBa CYTTEBI HEJOJIKH:

1) nponpieTapHiCTh — 3aKPHUTICTh CUCTEMH I PO3BUTKY Oe3MOcepenHbo
KOpHCTYBauaMH, BeJMKa BapTiCTh, HEOOXIAHICTh KYyIUIATH OKpeMi Omii,
00OMeXeHHsI BUKOPHCTAaHHS JiIeH31{HUMH yMOBaMH;

2) CKNAMHICTh BHKOPHCTaHHS — HEOOXimHa [OCHTh CKiIagHa 6a3oBa
MIiArOTOBKA ISl BAPDOCTAHHSI MOB CHCTEMHOT'0 CEPBEPHOTO MPOrpaMyBaHHsI.

Ane TtenaeHmii chepu iHGOPMALIHHUX TEXHOJOTII CTBOPIIM yMOBH IS
TIOSIBH, II€ OJJHOTO NPETCHCHTA Ha POJIb MOBH NPOTPaMyBaHHS Il MOJIECIIOBAHHS
CHCTEM €JEKTPOIOCTAaYaHHS HAYKOBISIMH Ta TPOCKTYBaJbHUKAMH, L€ MOBa
nporpamyBasHs Python.

Python — me moBa, mo nuHamiuHO 1 Oe3me4HO HAOWpaeTbes. Y  sKiid
moJiMopdi3M, MeTanmporpaMyBaHHS, IHTPOCHEKINS Ta JieAadi OOYHCICHHS JIETKO
peanizyBaTn Ta BUKOpHCTOBYBaTH. [lapanenpHe mporpaMmyBaHHs, TaKe SK
0araTonoTOYHICTh, MapajesizM i 0araTonpolecOpHICTh, Xo4Ya 1 MalOTh JesiKi
0OMEXEHHSI, ajie pealli3yloThCsl 3 BUKOPUCTAHHSIM HECKJIaJTHUX KOHCTPYKLIH, SIKi
1Ie ¥ 3a0e3MeuyoTh TOHKI HaJlallTyBaHHS.

BaxnuBumu  ocobnuBocTsiMu  Python  anst  MopentoBaHHS — cucTeM
€JICKTPOIIOCTAYAHHS € T€, I10:

—Python— e cyyacHa MoBa, TIOBHICTIO 3acHOBaHMU Ha J00pe
CTPYKTYpPOBaHHX Kiacax (Ha BiIMiHY BiJ OLIBIIOCTI HAyKOBHX MOB, TaKUX 5K
Matlab i R), sxi monermyoTs CTBOPEHHS, MIATPUMKA i TIOBTOPHE BHUKOPHCTAHHSI
MOJIYJIFHOTO 00'€KTHO-OPIEHTOBAHOTO KOY;

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

— Taxki 6i6miotexu, sk NumPy i CVXOPT, naroTe BUKOPHCTOBYBATH KpaIli,
Ta HaWOLIBII MOIMMpPeHi Oi0JIOTEeKNM CHUCTEMHOTO IMPOTpaMyBaHHS Uil poOOTH 3
0GaraTOBUMIpHUMH MacHBaMH, JiHIHHOIO anreOpolo, aHali3y BIACHUX 3HAYCHb
(BLAS, LAPACK, UMFPACK i T. 1.);

—3aBmsiaku rpadivauM Oi0OmioTekam, TakuMm sk Matplotlib, 3matHiCTE 10
BizoOpaxkeHHs Jiarpam, 3ajexxHocreil, rpadikis, rpadis, cxem y Python HacTinmbku
K BEJHKA, K 1 y Matlab.

— Bennyesna  pizHOMaHITHICTH  OE3KOIITOBHMX CTOPOHHIX  0i0iioTek,
jJoctynHux aust Python, no3Bomsie Jierko i IIBUIKO PO3MIMPUTH MOXKIMBOCTI
MPOTPaMH, 10 BUXOAUTH 32 PAMKH OPHUT'IHAIBEHOTO IIPOEKTY.
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—Python € BimbHEM Mae BigkpuTii kojn 1 Tomy Python cmpuse
BIIPOBA/KCHHIO Ta PO3IIOBCIO/KCHHIO BIAKPUTHX MPOEKTIB 1 KOHCOMIAAIl 3yCHIIb
JOCJIITHUKIB.

— Python € ocoGmmBO 3pydHUil AN OCBITH Ta UIFOCTPATUBHUX IPHKIAMIB,
TOMY, III0 Ma€ BiTHOCHO IPOCTHH 1 JIAKOHIYHUH CHHTAKCHC.

Tomy wmoBa Python € nocraTHRO 3pinoi0 UIT MOZICTIOBAaHHS CHCTEM
EJIEKTPOIIOCTAYaHHSI, Jy)Ke THY4Ka, HOTpeOye MiHIMaJbHUX KaliTaIbHUX BKJIaJACHb
JUISL TIPOBEJICHHS! JIOCIIJDKEHb, 1 HECKJIJHA JJIsI MOJIOJUX BYEHHX, 1[0 HE MArOTh
JOCBily poOOTH 3 MNpONpiETapHUMH IPOrPaMHUMH  3aco0amMH  aHaJi3y
€HEeProCUCTEM.

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

MEPEBO/I CLZIbCbKOI KOTEJIbHI HA AJTbHEPHOTUBHHUI B/
ITAJIMBA

HapiiiHa, exoHOMIiYHa 1 Oe3meyHa poOOTa KOTENbHI 3 MiHIMAJIBHUM YHCIOM
00CITyroBYIO4OTo MEPCOHATY MOXKE 3/IHCHIOBATHCS JIMIIE 332 HASBHOCTI CHUCTEM:
ABTOMATHYHOTO PETYIIIOBAHHS, aBTOMAaTHKN O€3IEKH, TeIUNIOTEXHIYHOTO KOHTPOJIIO,
CHTHaJIi3alii Ta yIpaBJliHHS TEXHOJIOTTYHUMH MIPOLIECAMHU.

VY peKoHCTpYHOBaHOT KOTEIbHI MPUBEACHA aBTOMATH3AIIISI ABOX KOTIIB THITY
«PETPA», ki mnpauiolOTh Ha ajJbTEPHATHBHOMY BHJI  HaJHBa-COJIOMI,
aBTOMATH3allisl OTIOMIXKHOT'O 00JIa/THaHHSI, By3Jia O0JIIKY TEIJIOBOI €Heprii.

[Mpunaayn TEMJIOTEXHIYHOTO KOHTPOJIO MPUHHATI Yy BIJNOBIZHOCTI 3
HACTYITHUMH NPUHIUTIAMU:

a) TapaMeTpH, CIIOCTEPEKEHHS 3a SKUMM HEOOXiTHE JUIl IpaBHIBHOTO
BE/ICHHS TEXHOJOTIYHOTO TIIpOIecy 1 3AIHCHEHHS IEepellyCKOBHX OIlepaliH,
BUMIPIOIOTECS TTOKA3YIOTh IPHIIaJIaMH;

6) mapameTp, OOJIiK SIKUX HEOOXITHUH JUIs TOCIIOIapChKUX PO3paxyHKiB abo
aHaiizy poborn obnamHaHHA, KOHTpONOETHCS camMomucHUit abo MiJICyMOBYOYi
HpUIIaIaMH;

B) HapaMeTpH, BUMIPIOBAaHHS SIKHX MOXE MPHU3BECTH JI0 aBapiHOTO CTaHY
00J1a/IHaHHS, KOHTPOJIIOIOTHCSI CUTHANIZYIOTh TIPHJIaIaMU.

3aBJaHHsIMHA aBTOMATHYHOIO PETyJIOBAHHS TEIIO/KepeN €: MiATPUMAaHHS
TEeMIlepaTypyd BOIY, L0 IOJAETHCS B TEIUIOMEPEXKY, Ha 3a/JaHOMYy DiBHI, IO
BU3HAYAETHCS BIAMOBIAHO 10 ONATIOBAIFHUM TpadikoM IMpH EeKOHOMIYHIH
CHAITIOBaHHI BUKOPHCTOBYBAHOTO MalMBa 1 CTabii3amisi OCHOBHHX IapaMeTpiB
pOOOTH KOTEIBHI.
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Temmeparypa BOAHM, IO TOJAETECS B TEIUIOMEPEXKY BIANOBITHO 3
OTTATIOBAIIBHAM TpadikoM, MIATPAMYETHCA HA 3aJaHOMY piBHI «XOJIOJHUM
nepenycky». BkasaHuil BHTpaTa BOAM, HE3AIEKHO BiJl KUIBKOCTI TPALIOI0OYUX
KOTJIiB, 3a0€3MeUy€eThCS PETYIATOPOM BUTPATH (KJIAAHOM Ha JIiHII perupKyIsLii),
AKi OTPUMYIOTH IMITyIBC TIO TEperaay THCKY MDK KOJEKTOpaMH MpPsSMOTO i
3BOPOTHOTO MEpeXeBOi BOAM KOTIIB. Perymsarop mimkuBiIeHHS 3a0e3mnedye
MiATPUMKY 3aJIJaHOTO THCKY B 3BOPOTHOMY TPYOOITPOBOAI MEPEKHOT BOJIH.

Kommektom 3aco0iB ympaBiiHHS 3a0e3neuyeThesi Oe3rneka poOdOTH KOTJia
HIISIXOM NPUIMHEHHS 1101441 NajiBa MpH:

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

0) 3MEHILIECHHSI BUTPATH BOJM Yepe3 KOTEI;

B) MiZIBUIIEHHI TEMIIEPATypH BOJH 33 KOTIOM;

T') 3HIKEHHS THUCKY TOBITPS;

) aBapiHOIO 3YMHHII TUMOCOCA;

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

Omnepamii 3 mycKy 1 3yIHHKH KOTJIA BiIOYBalOThCSI aBTOMATHYHO «BiJ
KHONKW». ABapiiHHIl CHTHall 3yNMHKH KOTJa BHHECCHWH HA IMUT aBTOMAaTH3awlii
KoTiIa. Y KOTENbHUX BCTAHOBIIOIOTH IIOKA3yHOWi NpPWIagH IS BHMipIOBaHHSI
TEeMITepaTypy BOJU B M0JaI0YOMY 1 3BOPOTHOMY KOJIEKTOpaXx.

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

YK 621.311

Iomos B.B.LAE. I'pumyn, A.IL Benmuko?
! KaH[. TeXH. HayK, aou. 3HTY

2 eryn. rp. E-114 3HTY

MIBUIIEHHS] EOCEKTUBHOCTI EJTEKTPOITIOCTAYAHHS 3A
PAXYHOK BUKOPUCTAHHS OBJIAJJHAHHSI 3 BJACTUBOCTSIMH
HAJITPOBITHOCTI

OCHOBHMH MpPHUHIMI MNPHUCTPOIO 1 pPOOOTH TMOHAJ IPOBITHHKOBOTO
TpaHchopMaTopa: OOMOTKH 3aHYPEHI B PIAKHH a30T, CIIy>KOOBEIlb OJHOYACHO i
130JIA1Ti€10, 1 0X0JI0KYI0U0i cepenoBuiieM. CepiedyHuK TpanchopmaTopa Mmpairoe
IpH TEMIeparypi HaBKONWIIHBOTO CEpPElOBHUIA, TOMY WOTO OXOJOIKEHHS
NpH3BeNe TUIBKM [0 3alBUX HABaHTa)XEHb KPIOTEHHOI CHUCTEMH, a HE [0
MOJINIIEHUX XapakTepucTrukaM. OOMOTKH TEpMi4HO 1301b0BaHi BiJl CEpACUHHKA i
HaBKOJIMIIHBOTO CEPEZOBHINA 3a JOINOMOIOI0 JIBOCTIHHMUX KOHTEWHHepiB (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 MaHWH Yac BU3HAYAIOTHCS
HACTYITHAM: EKOJIOTi9Ha Oe3leKka 3aBOJKHA BiICYTHOCTI TpaHC(HOPMATOPHOTO
Macia; 3MeHIIeHI MacorabapWTHI TMOKAa3HWKW, MiJBHUINCHA HAIIHICTH 3aBISKH
BiZICYTHOCTi CTapiHHS BHCOKOBOJBTHOI i30JIAIil IpH KPIOTEHHUX TEeMIIeparypax;
3HIKCHI BTpatH 1 migsumennii KK/,

KamitansHa BapTiCTh HAAMPOBIAHUKOBOTO TpaHCPopmaTopa Oye MpuOIH3HO
Ha 20% HmXKYe, HDK TPaIuLiHHOIO aHajlora Takoi K MOTYXKHOCTI HaBiTh 3
ypaxyBaHHSM JIOCUTh HU3BKHX XapakTepucTHk oOmortounoro BTHII marepiamy:
IIIJTBHICTh KPUTHYHOTO CTPYMYy CTaHOBHTH IIPH TEMIIEpaTypi piAKOro a3oTy B
BJIACHOMY TIOJIi CTPYMY 1 BTpaTH Ha 3MiHHOMY cTpyMi 0,25 MB1 / A * M B nose 0,1
T

IcToTHOIO TIEpeBaroo € TakoXK BHCOKA MepeBaHTaxXKyBasibHa 30aTHicTs BTHIIT
tpaHcopmaropa - no 100% mpotsrom Oaratpox roxauH. Ilomanpmioro Meroro
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 moryxHicTio Bix 10 mo 40 MB-A. 3a nmanumu
MinicrepcrBa enepretuku CLIA, sikumit 3po6uB B 1993 poui moknaaHuii aHami3
moxJiBoro 3acrocyBanHs BTHII-tpancdopmaropiB motyxHictio 1o 30 MBA,
BUTpaTH (IIPU CEpe/IHIN OLIHII) Ha BECh TEPMIiH City»xOm npu excrutyaraunii BTHII-
TpaHcopmaropiB OyayTh HAlOJOBHHY MEHIIE MOPIBHSAHO 3 BHUTpaTaMu Ha
00CIIyTOBYBaHHS TPaIUIIIITHO 3aCTOCOBYBaHUX TpPaHC(HOPMATOPIB. A B pe3ynbTari
aHamizy MaioyTaporo 3acrocyBaHHs BTHII-tpanchopmatopie 30-1500 MBA,
npeacTaBiIeHoro Ha koH(epeHnii y ®@panmii B 1994 pomi, Oyno BUSBICHO, IO
BUTpatu OyayTh Ha 70% MeHIe.

YK 621,311

Jlpsiaenxo B.BY, IManaceiiko C.I'., ®ypaax 1.0., Koromoers A.B 2
! kamn. Texn. Hayk, gon. SHTY

2 cryn. rp. E3-114m 3HTY

MNPUHIOUIIN BUSHAYEHHSA IOTEHUIAJIY EHEPTO3BEPEKEHHA Y
EJIEKTPOIIOCTAYAHHI

IaTencudikyBaTi mporiecc e€Hepro30epeKeHHS MOMKIIHMBO, SKIIO BiJOMHMA
TPaHUYHUI TEXHIYHO 1 €KOHOMIYHO peaii3oBaHUil oOcsAT eHeprii, SKWH MOKHa
320IaINTH TIPH MIPOBEJIEHHI KOHKPETHOTO KOMIUIEKCY BilMOBiAHMX 3axofiB. Lle i
MOBUHHO OYTH TIOKJIQJIEHO B OCHOBY OIHKM IOTEHIIaly €Hepro30epexeHHs.
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3Ha4YeHHS OCTaHHBOI OyAYTH 3alie)kKaTH BiJ XapakTepy 00'€eKTa EHEPreTUYHOTO
JOCIIIKEHHS, B SIKOCTI SKOTO TYT PO3IIAAAETHCS CHCTEMa EIEKTPOIOCTadyaHHS
(CEII) npoMHCIIOBOTO TiAIPUEMCTBA.

OCHOBHUM TIPHHIUATIOM OWIHKA TIOTEHIialy EHepPro30epeKeHHI €
CTpyKTypHa 1 mapamerpuuna ornrtumizamiss CEIl 3 BHKOpHUCTaHHSAM KpHUTEPilO -
MiHIMyMy cymapHHX BTpar enekrpuuHoi eHeprii (BEE) y Bcix ii ememeHnTtax 3a
3ajaHuil nepion yacy. Pe3ynapraTom BHpimieHHs Takoi 3aaadi OyAyTb TOMOJIOTIA 1
Hepenik TEeXHIYHUX IapaMeTpiB CUCTEMM, a TaKOX IOKa3HUKH ii PeXHUMIB
€JIEKTPOCIIOKUBAHHS, 3a0€3MeUeHHs SIKMX B CYKYIHOCTI NPHU3BEAE 10 TPAHMYHOTO
3HW)KEHHS IUX BTPAT IPH JOMYCTUMUX TEXHIYHMX YMOBaX €KCIUTyaTalii CHCTEMH.
OTprMaHa TakuM YMHOM eHeproe(eKTHBHa CHCTeMa, Oyle MaTu BiIMiHHY BiJ
peanbHOi CTPYKTYpY 1 IHIIMHA CKIIQJ CJIEMCHTIB, a TaKOX XapaKTepPU3yBaTHUCS
MeHIUME BiacHuMH cymapHuMu BEE 3a Toil ke mepiom, 1o po3risigaeThes.
Pi3HmMns MK BTpaTaMH B pEaIbHOMY 1 OTpUMaHOi TakUM  YHHOM
eHeproe()eKTUBHIM cHUCTeMax 1 AacTb TIpaHWYHE 3HAYCHHSA DPE3EPBY EKOHOMIl
€JIEKTPOCHEPTi.

Hactynamii Kpok B OIiHIN IOTEHIialia SHEpPro30epekeHHs O0O0YMOBICHHI
ctpykrypoto CEIl. ToOro BiH sBIs€ COOOI CyMy MOTCHINANIB Ha KOXHOMY
iepapxiunomy piBai CEIl. [lanuii moTeHIian HEOOXiTHO BH3HAYATH HACTYITHHM
obpazom.

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

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

3. OOuuciroeThCS  PI3HHIL MK 3HaueHHsMH cymapaux BEE B
JIOCIIIKYBaHIH Ta B eHeproeeKTHBHOI CHCTEMAaX eJIEKTPOIIOCTadaHHs, KA 1 SABIIsIE
cobor0 3HaueHHS moTeHmiany eHeprozoepexkxeHHs B CEIl. PisHmms x Mixk
BTpaTaMHl B [UX CHCTEMaxX OKPEMO 3a CKJIQJIOBUMH iX eleMEHTaM BH3HAYHTh
CTPYKTYpy noteHuianry crocopHo peansHoi CEIL, a came y 1IeXOBUX €IeKTpUYHUX
Mepexax Ta W TpaHcHOPMATOPHUX MIACTAHI[NX, PO3MOAUIBHI Ta IKUBUJIBHI
EJIEKTPUYHI MEPEXKi, 8 TAKOXK Y JUKEpesIax dKUBJICHHs MIANPUEMCTBAX.

Po30uTTs 3arajgpbHOTO MOTEHITIATy Ha 3a3HAY€HI CKJIaJIOBi JT03BOJISIE BUSBUTH
MICII HAMOLTBIIMX  pe3epBiB  EKOHOMIii  eNeKTPOeHepTii, M0 CTBOPHUTH
CIIPSIMOBaHICTh B Jisix moo 3HmwkeHHs BTpat B CEIL Ile mos's3ano 3 TuM, 1o B
CHCTEMY BXOJWTH JOCHTh BEJIHKA KiJIBKICTh €IEKTPOYCTATKyBaHHS, 1 YHCIICHHI
BapiaHTH peaji3alii pe3epBiB CTOCOBHO KOXXHOTO EJIEMEHTY CHCTEMH He
BIATBOPIOIOTH 3arajlbHOI KapTHHM TIpolecy eHeproszdepekeHHs. Ilpore, Takmit
aHaii3, aje OOMEXEHHH KOHKPETHHM pIBHEM CHCTEMH, B IIOJAIBIIOMY HE
BUKIIOYAEThCS. sl 3py4HOCTI opraHizamii Ta KOHTpPOJIO peaiizawii 3a3Ha4eHHX
MOTEHINATIIB MOKITUBE JTOJATKOBE TOLI X 200 M0 BUPOOHHIITBAM, a00 10 IexaMm 3i
30epeKeHHSIM BHINEBKa3aHOl cTpyKTypH. Lleil eranm 103BONMTH B MOAAIBLIOMY
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MPOaHATI3yBaTH YYacTh B EHEPro30epekeHHI KOXKHOTO 3 MUX TEXHOJOTIYHUX
MiAPO3IiTiB IIPOMHUCIIOBOTO ITi IIPUEMCTBA.

Bkazani Bume mpuHI3WIN O OLIHKK 3a3HAYCHOTO IOTEHIANy IO3BOJISIE
JIOCUTh TOYHO BHW3HAYNTH TPAaHUYHI TEXHIYHO peajli3oBaHi pe3epBH EKOHOMIl
eJIeKTPOSHEepPTii Ha BCiX OUITHKAX CHCTEMH. Lle cTamo MOXIMBUM 3aBISKH TOMY,
mo BiH 0a3yeTbcs He Ha OyIb-SKMX MOXJIMBHX BEPCIX YACTKOBOI 3MiHH
napaMeTpiB 1 peXHMIB OCTaHHBOI, a Ha pe3yJbTaTaxX KOMIUIEKCHUX OOYHMCIICHB,
OTPUMaHUX Ha OCHOBI OINTHMIi3allil CTPYKTYypH 1 HapaMeTpiB CUCTEMH 3 IMO3MII
miniManeHEX cymapHux BEE B Hiii 3a 3ananuii nepiof yacy.

VK 621,311

JIpsiueHko B.Bl, Memnsnuk €.0., 3yberns M.O. 2
! KaH[. TEXH. HayK, aou. 3HTY

2 cryn. rp. E3-114m 3HTY

YJIOCKOHAJIEHHS IIPOTPAMHY EHPTO3BEPEKEHHS TSI
CHCTEMM EJEKTPOIIOCTAYAHHS EJJEKTPOTEXHIYHOI'O
3ABOJIY

TexHiK0-eKOHOMIUHI PO3pPaxXyHKH MOKAa3HHKIB €HEProe(eKTUBHOI CHCTEMHU
€JICKTPOIICTaYaHHs TPOMHCIIOBHX ITIIIPUEMCTB CBIAYAThH MPO Te, IO peaizarlis ix
MOTEHINAly CHEPro30epeKEHHS B TIOBHOMY 00Cs3i, SIK MIPABHUJIO, HE € CKOHOMIYHO
JOUUIBHUM, TOMY IO COOIBapTiCTh 3€KOHOMJIEHOI €JIEKTPOEHEprii HpH IbOMY
ICTOTHO TIepPEBMIIYE 3HA4YeHHs YWHHOrO Tapudy Ha il mnpuabannsa. s
MOJIIIIEHHS E€KOHOMIYHOI TNPHBAOJIMBOCTI IPOIECY EHEPro30epexeHHs B
EJIEKTPOIIOCTaYaHHI HEeOoOXiZJHO Ha OCHOBI ONTHMI3alil CTPYKTYpH 1 mapamerpis
CHCTEMH eJIEKTPONOCTaYaHHsl cOopMyBaTH CIHCOK BCIX TEXHIYHO MOMIUBHX
eHepro30epiralounx 3axojiB, aHali3 COOIBapTOCTI 3€KOHOMIICHOI MUIAXOM iX
peamizamii eJXeKTpOeHeprii J03BOJsE CKIACTH MpOrpamMy eHepro3oepexeHHs,
BIIPOBA/DKCHHSA sKoi 3abe3meuye peamizamito g0 80 % Bim moTeHIamy
€Hepro30epesKeHHSI.

3 oy Ha BHCOKI BUTPAaTH Ha YCTAaHOBKY HOBHX JDKEPENT Mepexi, o
ICTOTHO 3BY)XYy€ Jiama3oH ajbTepHaTUB 1Npu  (OpMyBaHHI  HpoOrpamu
eHepro30epexeHHs, MAOLIIBHO CHOYaTKy 3AiHCHIOBaTH HOro Ha  OCHOBI
BUKOPDHUCTAHHS ICHYIOYHMX JDKEPEN JKMBJICHHS €JCKTPUYHHUX MEpex, 3aMiHU
TEXHIYHUX TapaMeTpiB iX IMepeJaBalbHUX EJIEMEHTIB 1 YCTaHOBKM IOJJaTKOBHX
NPUCTPOTIB, IO KOMIICHCYIOTh, a TaKOX Ha MEepepO3NOJil EIeKTPUIHUX
HaBaHTaXXECHb MK By3JIaMU MEPExKi.

EdexT Bix 3HIWKECHHS IUIATEXXIB 32 PEAKTHBHY EJEKTPOCHEPTilo, SIKU 4acTo
NPU3BOJUTH JI0 BiJI'€EMHOTO 3HAUYEHHS! BUKOPHCTOBYBAHOI'O KPUTEPil0 €KOHOMIYHOT
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JOUITBHOCTI  eHepro30epiraloumx 3axofdiB, TIIOB'S3aHMX 3 YCTAHOBKOIO [0-
BHUKOHAaBYNMH KOMIICHCYIOUHX IPUCTPOiB, HEOOXiHO NEepeBECTH B EKBiBaJICHTHUI
00csTy eNneKTpOeHeprii, Ky MiIIPHEMCTBO MOTJIO O MpHIOaTH Ha 3eKOHOMIICHI
TaKMM YMHOM KOIITH, IO JO3BOJISIE BPaxyBaTH Leil NO-BUKOHABUUMHU e(eKT, HE
HNOPYIIYIOYH TP IIbOMY CEHCY IPOIOHOBAaHOTO KPHUTEPII0 EKOHOMIYHOL
JOUITBHOCTI PO3TISHYTHX 3axoniB. Pi3HI peXUMH CIHOXHBAaHHS PEAKTHBHOI
MOTY>KHOCTI Ha MEXKi 0aTaHCOBOI HAJICKHOCTI MiJIPUEMCTBA a OTXKE 1 BiJIIOBiTHA
ornata 3a Hel, OOMEXYIOTh BHOIp IOTYXHOCTI KOMIIEHCYIOUMX IPUCTPOIB, IO
MPU3BOJUTH JI0 HEOHO3HAYHOCTI IUIATEXKIB 32 PEAaKTUBHY €JIEKTPOCHEPTII0.

Tak sk nomituka (opmyBaHHS Tapu@iB Ha EJIEKTPOCHEPTiI0 1 BapTICTh
CNIeKTPOOOIaJHAHHSA  BIUIMBAIOTH  HAa  00CSAr  peamisamii  MOTEHI{ATy
€Hepro30epeKeHHsI B CUCTEMaX €JEKTPOIOCTAa4aHHs [IPOMHUCIIOBUX MiJPHEMCTB,
TO MIPOTHO3 IX 3MIHU HA 33Ja€ThCA MEPIOJ peatizalii mporpamMu eHepro30epekeHH
JIO3BOJISIE 301MBIIATH 1el obOcsar 10 90% i YyTOYHUTH €KOHOMiYHY €(pEeKTHBHICTH
MpoTpaMH  CHEPro30epeXeHHs, THM CaMUM [OJINIIUTH 1 1HBECTHIIHHY
MIPUBAOIIUBICTb.

Te, mo HeoOXinHe I peamizalii eHeproe()eKTHBHOI CHCTEMH MapaMeTpUIHE
3MiHa CHCTEMH CJICKTPOIIOCTAYaHHS MOXKHA pPO3IJIANAaTH SK BUKOPUCTaHHSI
eHepro30epiraroyoro 00JagHAHHS B MPOIECI MOJIMIICHHS 3arajJbHOTO PEKUMY
CJIEKTPOCIIOKHMBAHHS HA MIAMPHUEMCTBI CBITYHUTH MPO MOMKJIMBICTH 1 JOIITBHOCTI
3aJy4eHHs ICHYIOYOi 3apa3 3aKoHOAaB4ol 0a3u B raimysi eHeproz0epeKeHHs Uis
MIIBUILIEHHS] €HEeProeeKTUBHOCTI eNleKTporocTadanHs. [TinBunT eekTuBHICTh
po3pobmoBanux IIporpam eHepro30epexeHHs B 00JacTi €IeKTPONOCTavYaHHs
MOXJIMBO MUISXOM CHUIBHOTO KOPUCTYBaHHS OTPHMaHUX B JaHI po0oTi
pe3yIbTATIB i MPAKTHIHUX PEKOMEHIAIIN 3 00J1acTi Teopil yIpaBIiHHS IPOCKTAMHU
Ta pe3yNbTaTiB HOBUX €KOHOMIYHHX JTOCIIIKCHb.

Tak sl CHCTEMH eJIEKTPONTCAYaHHs eJCKTPOTEXHIYHOTO 3aBOJY HaNOLIbII
JOLIJEHIM BapiaHTOM HPOTrpaMH eHepro30epeKeHHs OTPUMAaHOT Ha OCHOBI MOBHOT
peaizaiii HOBUX MIiIXOJIB 0 CKIaJaHHS MPOrpaMHu eHepro30epeKeHHs BKIIOYAE
B cebe m'sTh eHepro30epiralounx 3axoJliB, MOCTIJOBHO BUKOHAHHS SIKMX peaji3ye
MOTEHIlay eHepro3oepexeHus B 00cs3i 139,9 MBT - rox , mio ctanoButsh 78% Bin
MAaKCHMaJIbHOTO HOI0 3Ha4eHHs. Y JOCKOHAJIEHHsS JAaHOi MpOrpamMu 3a paxyHoK ii
OITHUMI3AIl] JO3BOJIAC 30UIBIINATH el 00csr 10 90%.
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VIK 621.365.2:669.18.02
Mimenko B.IO.'Tomenko T.I. 2
Yacuer. 3HTY

2cryn. tp. E-116 3HTY

AHAJII3 MOKJIUBOCTEM NIIBUIIEHHS EHEPTOE®EKTUBHOCTI
JOYT'OBOI CTAJIEILNIABUJIBHOI IIEYI

Enextponedi € OCHOBHHM TEXHOJIOTIYHHM arperatoM s 3IiHCHEHHS
IpoLECiB €JICKTPOIIIAKOBOTO, IUIa3MOBOTO, €JIEKTPOHHO-TIPOMEHEBOTO,
IHAYKIIHHOTO 1 JYrOBOTO BaKyyMHOTO TEpEIUIaBiB, SKi J03BOJITIOTH OTPHMYBATH
CTaJb BHCOKOI YHCTOTH 3 BUHSITKOBO BHUCOKUMH 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 €JIEKTPOIedl MOKHA PO3ALIUTH Ha TPU IPYNU: AYTOBi, IHAYKIIHHI H neyi
oropy. Bci BoHM € BENMKMMH CIIOXKMBa4aMH €JIEKTPUYHOI eHeprii, a 0coOJIuBO
JyroBa CTaJICIUIaBUIIbHA 114, OCKIJIBKH MOPS 3 aKTUBHOIO MOTYXXHICTIO CIIOKHBA€E
1 peakTHMBHY, SKa BUTpPAadaeTbcd HA CTBOPEHHS CJIEKTPOMArHiTHUX TIIONIB 1 €
HETIOTPiOHOIO [T crokuBada. HasiBHICTE pEeakTHBHOI MOTYKHOCTI 3HIKYE SIKICTB
CJIEKTPOEHEpTii, NPU3BOJUTH [0 TaKWX SBHIN, SK 30UIBIICHHS IUIATH 3a
CJIeKTPOCHEPTif0, JOMAaTKOBI BTpPaTH 1 IeperpiB MPOBOJIB, MEpeBaHTAKCHHS
MICTaHIi, HEOOXiHICTh 3aBHMIICHHS MOTYXHOCTI TpaHC(HOPMATOPIB i MEPEeTUHY
Ka0eiB, OCIIaHHs HaNPYTH B eJIEKTPOMEPEKI.

3 TOYKHM 30py €EHEPro30CepeKCHHS HANWOUIBII aKTyaJbHUM IHTAHHS €
BU3HAYCHHS LUISXIB 3HWKEHHS BUTPAT IiNPUEMCTBA Ha MPHUI0AHHS PEaKTUBHOT
eHeprii y CTOPOHHIX oOpraHizamisx 3a paxyHOK MoJepHi3auii iCHYHYHX
TCHEPYIOUHX MOTYKHOCTEH, a TaKoX 30aJlaHCYBaHHs 00’€MiB BHPOOHHIITBA Ta
CIIO)KMBaHHS PEAKTUBHOI €HEpTii 3a JOMOMOT0I0 MPOTHO3YBAHHS CIIOKUBAHHS.

Metoro poboTtu € aHami3 TpadikiB CIOKUBAHHA PEAKTHBHOI eHeprii 3a
NEeBHUI TIepiol Ta Ha OCHOBI OTPUMAHUX CTATHCTHYHMX JaHUX BUBECTH
3aJI)KHOCTI CIIOKMBAaHHS PEAKTHBHOI €Heprii 3a pi3Hi Iepioau IUIaBKU IS
OKpeMHX Tleuei. Y3araJbHHMBIIM OTPUMAaHI pE3yJbTaTH CTaHE MOXKIMBUM
MPOTHO3YBAHHS CIIO’KUBAHHS PEaKTHBHOI €HEpril.

B xoni poboTu mpoaHanizoBaHi iCHYIOYi crocoOM KOMITEHCAIlli peakTHBHOL
eHeprii mexoM IMiIIPHUEMCTBA Ta 3alPOIIOHOBAHI 1X IIISIXH BIOCKOHAICHHS Cepes
SKUX:

- KOMIICHCAIII0 PEaKTHUBHOI €Heprii B Iexy 3AIMCHIOBaTH Ha OJHOMY
mocTiiHOMy piBHI 0e3 ypaxyBaHHA 3MIHHOTO HaBaHTaXeHHS. Jlmg 1mporo
HEOOXiZJTHO BCTAHOBHTH KOHTpoJiepn peakTwBHOI motyxHocti (PII). Lle macts
3MOry OiJbII ITOBHOLIHHO KOMIEHCYBAaTH HEOOXiJHY pEakTHBHY €HEepriio 3
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ypaxyBaHHsIM ii AWHaMikd y 4Yaci. TeXHiYHO A7 BCTAHOBICHHS KOHTpoOJepa
HEOOXiHO TaK0>K BCTAHOBUTH TPAHCPOPMATOP CTPYMY.

- BCTAHOBJICHHS 1HAMBITyaIbHUX KOMIICHCAIIHHUX MPHIIALIB Oe3I0cepeTHbO
Oins  cHoxwWBa4iB peakTUBHOI eHepril. IcHyrowi cmoxuBawi MawTh pi3HE
MaKCHUMajJbHEe CHOXXMBAHHS PEAKTHBHOI eHeprii, TOMy HEoOXigHO 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 BCTAHOBIIOIOTHCS HA IIEXOBUX
POBIOJIIBHAX MYHKTax a00 NPHEAHYIOTHCS IO MAariCTpaIbHUX MeEpeX, SKIIO
IbOMY HE MEpElIKOPKAaE HABKOJMIIHE CepeJoBHIIe. BHUXOIUTH 3HAYHO Kpalle
BUKOPUCTAHHS KOHJICHCATOPIB, HDK TPH IHAWBIAyalbHIH KOMICHCAIl, 1
PO3BaHTAXYIOTHCS )KUBUIIBHY MEpEexy 1 TpaHc(hOpMaTOpU LEXOBUX MiJCTaHIIiM.
OpHak HaOIBII epEeKTHBHO MPOBOAUTH KOMIICHCAIII0 PEaKTHBHOI MOTYXHOCTI
Oe3rmocepesHBO y CHOXKHBAda, aje Ie HpolLec AOCHTh AOBTUH 1 mopormid. s
OTpUMaHHS OUIBII HIBHAKOTO BIAYYTHOTO pe3yJNbTaTy Ha IIEpHIIOMY eTami
HEOOXiHO MPOBECTH KOMIICHCAIIII0 PEaKTHBHOI MOTYXXHOCTI Ha iJCTAaHIIAX, IO
JIO3BOJIUTH PO3BAHTAXXHUTH MEPEXKY 1 OTpUMaTh eHepro3bOepexeHHA B Mexax 10-
20%.

OTpumMaHi pe3yibTaTH JOCHIHKEHHS [O3BOJISATH MIHIMI3yBaTH TpPOIIOBI
BUTpaTH, TOB’S3aHI 3 HE30aJlaHCOBAHICTIO CIIOKMBAaHHS Ta TIeHEPYBaHHS
peaKkTHUBHOI eHeprii, TaKoX CHHTE30BaHI 3aJE€KHOCTI MOXYTh OYTH BHKOPHCTaHi
JUISl TIPOTHO3YBaHHs CIIO)KMBAHHs pPEaKTHBHOI eHeprii nexom Ha Jinii 35kB Ta
BIATIOBITHO JUIsl PETyJIFOBaHHS MOTY)KHOCTI KOHAEHCATOPHUX OaTapeu.

YK 621.22

Jliym }0.5.'Top6enko B.I.,PsiGosa JI.B.2
! KaH[. TeXH. HayK, aou. 3HTY

2ty tp. E-517 3HTY

NEPCHEKTHUBU PO3BUTKY I'I/IPOEHEPTETUKH B YKPAIHI

ConiaibHO-eKOHOMIYHA CHTYallis, IO CKJajach y pi3HHX KpaiHax CBITy, a
TaKOX TEHJEHIIl 1{ pPO3BUTKY IOKa3ylOTh 3HAuyHE 3pPOCTaHHS CHOXXHBAHHS
EHEepreTUYHNX PEecypciB, 30KpeMa BOJOCIIOXHBAaHHS. 3a TMPOTHO3aMH BYECHHX
CIIO’KMBAHHS €JIeKTpOoeHeprii B ¢BiTi 3pocte y 2 pa3u a0 2030 p., a 10 2050 p. —y 4
pasu, y nopiBasHHI 3 2000 p. Takox Tpeda 3a3HAYNUTH, 110 BRKIUBUM TUTAHHS IS
JIFO/ICTBA € €KOJIOTI9HI IPo0IeMH.

Sk Bimomo, Hamia KpaiHa HEIOCTaTHRO 3a0e3ledyeHa  BIACHUMH
EHepreTHYHUMH pecypcamMy, TOMYy, Ha CHOTOAHIIIHIN JeHb, mpobiema
€HEepreTUYHOI HE3aIEeXKHOCTI Mae BaXkIMBe 3Ha4eHHS. B YkpaiHi HapaxoByeTbCs
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Oimpmr Hix 600 THCAY MamUX PIUOK, aje IX EHEpreTHYHI PecypcH Maibke He
BHUKOPHCTOBYIOTBCSL.

BpaxoByroun BHIIE3a3HaYE€HE 3pOCTAa€ POJb TiIPOCHEPTeTHKH, fAKa
BUKOPUCTOBY€ BiTHOBIIOBAIBHI €KOJIOTIYHO YHCTI TiAPOCHEPTEeTHYHI pecypcH, He
3BaXAlOYM Ha Te, IO HAaBiTh BHUKOPHUCTAHHS CKOHOMIYHO €(EKTHBHOTO
TiAPOEHEPTeTUIHOTO MOTEHINAy MOKe 3a0€3IeYNTH JIUIIIEe YaCTHHY IPOTHO3HOTO
3poctanHs moTped B enekTpoeHeprii. Tomy came TipoeHEepreTHuHi 00’€KTH,
3aMiHSIOYM YacTHHY TEIUIOBUX €JEKTPOCTaHLiH, OyIyTh CHPHUSTH CKOPOUYEHHIO
BUKHJIIB 3a0pYyAHIOIOUMX PEYOBHH B HAaBKOJMIIHE cepenoBuie. OJHOYACHO
TiIPOENeKTPOCTaHIii KOMIUIEKCHO pO3B’S3yIOTh IpPOOJIEMH BOIONOCTAYaHHS,
3pOLIEHHS, 3aXUCTY Bij HOBEHEH, peKkpealii Ta iHIie.

JIUBIAYMCh HAa  YMOBHICTh BH3HAYCHHS CKOHOMIYHO  €(DEKTUBHOIO
TiIPOCHEPTETUYHOTO TOTEHIIATY Ta , BUXOAAYM 3 CKOJOTIYHHX i €KOHOMIYHHX
YMOB, TIOCTaHe TOTpeda pOo3MIAJaTH #Horo eQeKTHBHICTb. 3a pPaxyHOK
TiIpOCHEPreTHYHOTO IOTCHIIaNy, SKUH Jae 00’€KTUBHINIY KapTHHY HAasBHHX
rizpoeHepropecypciB i ckiaagae 6mu3pko 14650 mnpa. kBr-rox (y 1,7 pa3iB Bume
E€KOHOMIYHO ¢()eKTUBHOTO Ha Cy4YaCHOMY €Tarli).

[Momanpmuii PO3BUTOK TiAPOCHEPTETHKU 0a3yeThCsi HA KOMIUICKCHOMY
BUKODHCTaHHI ~ BOJIOCXOBHII 32 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
COLIATBHUX YMOB Yy CIA00OPO3BUHEHHX PETiOHAX.

VJIK 629.92

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

2 cryxn. rp. E-514 3HTY

MOJEPHI3ALISA BYJIMYHOT' O OCBITJIEHHS M.3AITOPIKIKA

Cucrema ByJIMYHOTO OCBITIIEHS 3allOpKKS € OJHIEI0 3 HAaHOUIBIIMX B
VYkpaiHi, ckiaanaetsest 3 6mm3bpko 42 000 cBiTHIBHUKIB Ta 1 470 KM eNeKTpUIHUX
Mepex II0 CHOXHBarOTh Oinpmie 13 mmH kBT rox emextpoeneprii y pik. 3HauHa
YacTHHA CUCTEMH Bxke Oylia MOJIEpHI30BaHa 3 3aMiHOIO CTapUX CBITWIHHWKIB Ha
€HEPTOoOoIIa/IHI MEPIIOTO MOKOTIHHS.

VY ocraHHI poKHM y CBITI ()aKTHYHO BiZOYBA€THCS PEBONIOLISA y CHCTEMax
BYJIMYHOTO OCBIiTJIEHHS1 MicT. LI peBoutomisi MoB'si3aHa 3 IMIBUIKUM IPOTPECOM
CBITJIOAIOMHMX TEXHOJIOTIH, M0 3HA4YHO, Y MIECATKH pa3iB 3BEIMUYYE CTPOKH
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eKCIUTyaTarii CBITWJIBHHKIB Ta 3HAYHO 3MEHIIYE EJIeKTPOCHOXHMBaHHA. HoBmM
KPOKOM CTaja IIOSBa HOBOTO TIOKOJIHHS CBITHJIBHUKIB, PEKUMH POOOTH SKUX
YOPaBIAIOTECA 10 LU(POBHM MepexaM 3 BHKOPHCTAHHAM OE3IPOTOBHX
TEXHOJIOT 1.

[IpMHOMIIOBO HOBMM Yy  CHCTeMax BYJIMYHOIO OCBITJICHHS  CTalo
BIIPOBA/KCHHS Y CBITI TEXHOJIOTiHl ()OTOBOJBTAIKA Ta BIIPOBAIPKEHHS 3EJICHOTO
Tapudy, IO BIAKPUBAE HOBI TOPU3OHTH JUIi 0araTOKpaTHOTO 3MEHILIECHHS
Or0JUKETHOTO HABAaHTAXKEHHSL.

OuiHka MOXXJIMBUX HampsMKiB Mi/JBUILEHHS €HEPreTUYHOI Ta €KOHOMIYHOI
e(eKTUBHOCTI MiJPUEMCTBA Ha HACTYIHI pOKM 3po0iieHa Ha MiJCTaBl aHaNi3y
HaIpsMKiB MOZIEpHI3allil CUCTEM BYJIMYHOI'O OCBITICHHS ['epMaHii, sk HaiOImK401
KpaiHu, aocBin sikoi Moke OyTH BhpoBapkeHMH y 3amopixoki. Lle nHactymHi
HaIPSMKH:

— TepeBEeICHHS CHCTEMH Y IIIOMY Ha CBITIOHIOAHI CBITHIIBHUKH APYTOTO
NOKOJIHHSA 3 BEJIMKOK HAMIHHICTIO Ta ENEKTPOHHUM YIPABIIHHAM PEXUMaMH
pPOOOTH KOKHOTO CBITHJIBHHKA IO LH(PPOBUM MEpeXaM 3 BHKOPHUCTOBYBAaHHIM
Mepex MOOLITBHOTO 3B'SI3KY.

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

CTBOPEHHS €JMHOI CUCTEMH YIPaBIiHHSA, 00Ky Ta JUCTIeTUepU3aLlii.

YK 629.92

BparkoBcbka K.O.} IlleBuenxo A.J1. 2
! KaH[. TeXH. HayK, aou. 3HTY

2 eryn. rp. E-514 3HTY

BIIJINB EHEPI'O3BEPII'AIOYHX 3AXOAIB Y JJII®TOBUX
YCTAHOBKAX HA IX KJIAC EHEPTOE®EKTUBHOCTI

XKurtnosuil GoHI KpaiHU CKIalaeThcs B OUIBIIINA Mipi 3 6araTonoBepXOBHX
OynuHKIB, sIKi 1MOOYyZOBaHI 3a THIIOBHUMH IIPOEGKTaMM Bix 5 10 25 moBepXiB.
JlipToBMMM yCTaHOBKAaMH OCHAIIIEHO 0araTornoBepxoBi OyAMHKH Bij 7 MOBEpXiB, B
SKUX PO3MIiIIeHo moHa[ 84 Tuc. midTiB. By uHKHN eTaxHICTIO BHIIE 25 MOBEPXiB
3yCTpidaloThes AyXe PigKko, MO OOYMOBJIEHO JJOAATKOBHMH BUTpaTaMd Ha
MPOEeKTyBaHHSI Ta OyxmiBHHMITBO. bmm3pko 60% midroBoro mapky VYkpainu
BUYEPIANM CBIiH TepMiH ekciuryaramii. a 76% midTiB  MaoTh  Kiac
eHeproedexTuBHOCTI E, M0 1ae Benmwki BHTpAaTH Ha €KCILTyaTamilo Ji(ToBOrO
TOCIOapCTBA Ta CHOXWBAaHY Ji(hTaMH eJIEKTpOeHepriro, ska ckiamae ao 70%
BUTPAT Ha YTPUMAaHHS 3arajbHOi IO Oy/ANHKIB.
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Po3paxyHkoBHMiA aHaji3 MHTOMOTO CEPEAHBOTO CIOXHMBAaHHSA CHEpril
TM(PTOBUMH YCTaHOBKH SKHMHU OOJIaJIHAHO THIIOBI 0araTormoBepXxoBi OyIWHKH B
pPeXUMI PyXy Ha MeTp IepeMilleHHs KaOiHM Ta OCHOBHI XapaKTePHCTUKU TaHHUX
J(PTOBHUX yCTAHOBOK HABEJCHO B TaOMuUIi 1.

Tabmms | — Tunosi Ti)TOBI YCTAHOBKH Ta 1X XapaKTEPUCTUKU

BanTaxxomiaioMHICTh
A 320 400 630 1000
, KT
[otyxHicTH
T'OJIOBHOT'O IBUT'YHA L o ™ o i 0 o 0 0
i ™ © ~ ~ ~
kBTt
. — (92]
IBuaKicTh pyxy, M/C r~ — © — — © — « IV
d o" — —
. MchnManLHa. o © o © © < o) o o
KUIBKICTh ITIOBEPXI1B — — ~ — ~ N N 0 0
IIurome cepenne
CIIOXKHMBAHHS CHEPTil o o o) o < N ™ © Ty
« L | S| @ | S| 0| ™| 0| S| <
Ha METp NEePeMIllleHHS | - - - - - N v N
kabinu, Br*roa/m

Po3paxyHKOBHIA aHadi3 BIPOBAHKEHHS €HEPro30epiraroumx 3axojiB B
JMQTOBI yCTAaHOBKHM NpH 30UIBIIEHHI KiJBKOCTI MOBEPXiB B OYAiBIi, 301IbIICHHI
MOTYKHOCTI TOJIOBHOTO EJICKTPONPUBOJY Ta YacTOTH BHUKOPHCTaHHS Ii(TOBOT
YCTaHOBKH OKa3aB HACTYIIHE:

— eKOHOMIS BiJ BIPOBAKEHHS CHCTEMH pereHepairii eHeprii (mpusig ReGen)
3MiHIO€ThCS BiJ 33 10 75%;

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

— EKOHOMisl BiJI BIIPOBA/PKEHHS CHCTEMH IHTENIEKTYaJIbHUX KOHTPOJIEPIB
3MeHImyeTbes Bifg 20 10 2%, M0 BUKJIMKAHO 3MEHIICHHSAM Yacy 3HaXO/KEHHS B
peXnMi 04iKyBaHHS Ji(TOBOIO YCTaHOBKOIO;

— EKOHOMIS BiJl BOPOBA/DKCHHS CHCTEMH IiA00py MacakupiB 30iMbIIyeThCS
Bix 11 mo 18%;

— €KOHOMIS Bi/I BOPOBA/KCHHS CHCTEMH peKymepamnii 3HmKyeTbes Bix 11 mo
1%, 1110 00YMOBIIIOETECS 301TBIICHHSIM CIIO’KMBAHHIM €HEprii B pe)KUMax pyxy Ta
OYiKyBaHHS;

— EKOHOMis BiJl BIKIFOUCHHS OCBITJICHHS IIAXTH 3MEHIIYEThCS 3 33 10 6%,
MO0 OOYMOBIIIOETECSI 301IBLICHHSIM CHOXKHBAHHS EJIEKTPOEHEPTrii B pexnMax
OYiKyBaHHS Ta pyXy JiTOBOI KabiHM;
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— EKOHOMisl Bil 3aMiHH CHCTEMH OCBITJIICHHS Ji(TOBOI KaOiHM CTaHOBHTH
6m3pK0 2% Ta HE 3aJIeKUTh Bi 3MIHN MapaMeTpiB.

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

YK 629.92

BbpartkoBcbka K.O.l,HlKapyna c.?
! KaHJ. TeXH. HayK, aou. 3HTY

2 ctya. rp. E-514 3BHTY

BIIPOBAI)KEHHSI KOTEHEPAIIMHUX TEXHOJIOT'TA B OJIIHHOMY
BUPOBHUIITBI

OniitHO-KHMpOBa Tayy3b € OJHIEI0 3 EHEPrOEMHUX Y XapyoBiil Ta mepepoOHii
MPOMHUCIIOBOCTI. EHEproBUTpaTH y CTPYKTYypi co0iBapTOCTI MPOAYKINI Y 3B’SI3KY 3
MiABUIICHHSM I[iH Ha MajJHBO Ta CHEPrOHOCI{ MalOTh TCHICHINIO IO 301TbIICHHS.
Tak, Ha OEIKUX MAMPHEMCTBAX 3M00yBAaHHS COHAIIHUKOBOI HepadiHOBaHOI oumii
BUTPATH TETUIOBOI €HEPTil CTAaHOBIATH OJIM3BKO 25 %, enexTpuyHoi eneprii — 20 %,
II0 € HACJIIIKOM 3HIXEHHSI KOHKYPEHTOCTIPOMOXKHOCTI IPOYKI] HAa BITYN3HIHUX
pHHKaX Ta 3a KOpAoHOM. ToMmy miiBuIeHHs eeKTUBHOCTI Bukopuctanus [IEP ta
EHEepro30epe)keHHs] Ha MIANPHEMCTBAX OJIIHHO-KHPOBOI Traiy3i ChOTOJHI €
KJIFOYOBUM ITUTAHHSM 1 Ma€ CTPAaTerivHUil HAMPSIMOK.

OnmHUM 13 TIPIOPUTETHHX HANPSAMKIB TiJBUIIEHHS E€HEProe()eKTUBHOCTI B

rajgy3i € BIPOB3/DKCHHS KOreHepaliiHoi ycraHoBkd. Korenepaumiss — 1e
KOMOIHOBaHHUII MpoOIeC OJHOYACHOTO BUPOOHMITBA TEIUIOBOI Ta EJNEKTPHUYHOT
EHeprii.

[pu BHOpoBa/KeHHI Mi€l eHepro3oepiraroyoi TEXHONOTII  JOUUIBLHO
BPaxOBYBaTH HACTYIIHE.

IMo-meprme, yruimizamis BiX0/1iB BUPOOHUITBA — COHSAIIHUKOBOTO JIYIITTHHHS
M 4Yac CHOalroBaHHsA 3a0e3ledye BHUPOOHUITBO TEIUIOBOK Ta EICKTPHUYHOIO
EHepriero. 3araJbHOBIIOMO, IO COHSIIHMKOBE JIYIIITHHHS — I pOCIHHHA Oiomaca,
a, OTXe, BIIHOCUTHCS /IO AIbTEPHATHBHHUX JDKEpeN eHeprii, ToOTOo, IIe OXHHM
CTHMYJIOM € OTPHUMAaHHS OJAaTKOBOTO JOXOAY BiJ peaiizallii eneKTpUaHoi eHeprii
o «3eJIeHOMY» Tapudy.

[lo-gpyre, oOTpuMaHHS EKOHOMIYHOTO e¢eKTy BiJ HemependaueHoro
BIIKITIOUCHHS eylekTpoeHeprii. Tak, mij yac BIOKIIOYEHHS ENEKTPUYHOI eHeprii
MiIPUEMCTBO HECe KOJOCaldbHI 30UTKH BiJ 3HWKEHHS SIKOCTI Ta 00’emy
BUPOOHMIITBA POJYKIIiT, @ TAaKOX (Pi3NIHOTO 3HOCY 00JIaTHAHHSI.
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[o-Tpere, BimOyBaeThbCcs 3HIDKEHHS BHUKHAIB IMIKiIJIMBUX PEYOBHH Y
HaBKOJIMIITHE CEPEIOBHUILE.

YK 621.316.9

Kimnmko O.M.l, Ikamoig M.B. 2
! kaHz. TexH. Hayk, gou. 3HTY
2 cryn. rp. E-116 3HTY

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

Po3BHUTOK METO/IB pO3paxyHKy 3aXUCTy BiJl OJMCKaBKH 00'€KTIB €HEPreTUKU
3aBKIU 3aJIMIIAETHCS OJIHIEIO 3 BAXKIMBUX HAYKOBO-TEXHIYHUX HPOOIIEM.

bnuckaBka — 11e eNeKTPUYHHUN PO3Psi/ JOBKUHOIO JEKIIbKa KUIOMETPIB, IO
BUHMKAa€E MDK TpO30BOI0 XMaporo 1 3emiel0 abo sKO0-HeOyJb Ha3eMHOIO
cnopynoto. OmHUM 13 CIOCOOIB 3axHMCTy OO0'€KTIB BiJl HPSMOTro ypaKeHHS
OMMCKABKOIO € YCTaHOBKa OJIMCKAaBKOBIABOMIB, IO CTBOPIOIOTH 3aXWCHY 30HY.
BruckaBKOBIIBOAM CKIIANAIOTHCS 13 TPUMAalbHOI YacTHHM; OJNHMCKaBKOMpHiiMaya,
KA O€3MOCepeIHhO CIpHUiMaE ymapu ONUCKaBKH; CTPYMOBINBOIY, IO 3’ €IHYE
ONMCKaBKOTIPUIMAY 3 Y3€MITFOBaYEeM 1 y3eMITIOBada IS BIIBOAY CTPYMY B 3€MITIO.

BruckaBKOBINBOMM TOAUISIOTH HA CTPIDKHEBI, TPOCOBI 1 cityacti. 3a
KUTBKICTIO IFOYMX OJMCKAaBKOMPHUIMAYiB iX MOMUISIFOTh HA OAMHWYHI, TMOABIHHI 1
GararopasoBi (TpH i OijbLIe).

30Ha 3axHCTy OJMCKABKOBIABOIY — MPOCTIP, YCEPEeauHi SKOTO OymiBis abo
CHOpyZAa 3axWIeHa BiJ MPSIMHUX YAapiB OJMCKABKH 3 HAMIMHICTIO HE HIDKYE
BHU3HAYEHOTO 3HA4YCHHA. 30HM 3aXUCTy MOAUISIOTHCS Ha J[Ba THUIIM: 30Ha A Mae
cTymnenb 3axucty 99,5 % i Bumie; 3oHa B — Big 95% mo 99,5%. 3axucHa mist
OIMCKABKOBIBOMIB 3aCHOBaHA Ha BJIACTHBOCTI OJIMCKAaBKH Bpa)kaTH HaWOLIBIT
BHCOKi 1 J0Ope y3eMJIeHI MeTaleBi CIOpyOu. 3aBASKH IIbOMY OUTBII HH3BKI 3a
BHCOTOIO CITOPYIH, SKi BXOIATH Y 30HY 3aXHCTy JAAHOTO OJNHCKAaBKOBIABOIY, HE
OynyTh ypakeHi OnnckaBkoro. OCHOBHUMH BHXITHHMH JaHUMHU JUIS PO3PAXyHKY
30HHM 3aXUCTy 00’€KTa BiJ NPSAMOTro yaapy OJIMCKaBKH € Horo rabaputu, BeIHYHHa
MUTOMOTO OIIOPY I'PYHTY, I€0JIOTI4HI Ta METEOPOJIOTiYHI YMOBH.

ba3oBUM eleMEHTOM pI3HHX METOJUK € 30Ha 3aXHUCTy OJIUHOYHOIO
CTPWKHEBOTO OJIMCKABKOBIZBOY BUCOTOIO h, pajmiyc 3aXHCTy SIKOTO rX BHU3HAYa€
HaJIHHICTh 3aXUCTY BiJ OJIMCKAaBKHU 00'€KTa.

Pi3HiI MeTOIMKH TTO Pi3HOMY 300pakyroTh IIf0 30HY. BoHa Moke MaTu popmy
«HAMETY» YTBOPEHOTo rinep0osoio, ska 00epTAEThCS HABKOJIO BEPTHUKAIBLHOTO
CTPW)KHSA OJIMCKaBKOBiBOAY, MOXe 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)yeTbcs KPYrOBHM KOHYCOM,
BEpIIMHA SKOT0 3HaxoawuThcs Ha BucoTi h0 < h. Ha piBHI 3eMimi 30Ha 3aXHCTy
yTBOpIOE Kouo paxaiycom r0. T'opm3oHTampHUIA mepepi3 30HM 3aXHCTy Ha BUCOTI
3aXHITyBaHOI crtopyau hx 300pakyeThCsI KOJIOM pajiiycoM IX.

VY crannmaprti IEC 62305 mist po3paxyHKy pHU3HKY YpaXeHHsS 00'€KTa ymapoMm
ONMCKaBKU 3aIPOIIOHOBAHO 3aCTOCYBAHHS METOMIB 3aXHCHOTO KyTa IPH BEPIIHHI
OmckaBkonpuiiMaya, cdepH, o KOTUThCs (PIKTUBHOT cepH) 1 3aXUCHUX CITOK.

Meroa 3aXMCHOTO KyTa € pI3HOBHAOM Merona (ikTHBHOI cdepu i
3aCTOCOBYETBCSl Ui IPOCTHX 3a (OpMOIO cHopyx abo HEBEIMYKHX YaCTHH
BeJIKUX criopyn. Lleit MeTon Mae oOMeXeHHs 32 BUCOTOIO ONMCKaBKONpHUiiMaya.
BignoBigHO 3aXMCHHMI KyT O 3alCKUATh Bil BHCOTH IPOCKTYBaJIbHOTO
OMMCKABKOBIBOAY Ta pajiyca 3axHCTy, IO 300paKyeThCs KOHYCOMOAIOHOO
30HO0. KpiM Toro MoxHa 3poOWUTH JesKi BHUCHOBKM BIZHOCHO KyTa O Ta
HaJIIHHOCTI 3aXHUCTY, AKIIO KyT o Oyme OifbII TOCTPIINM, TO HaAiHHICTD 3aXHCTy
Oyzne HabOaraTo OiNbINa HiXk y OLTBII PO3TOPHYTOTO KyTA.

Merton chepu, MO KOTUTHCS, € OUTBII YHIBEpCATBHIM W BHKOPHCTOBYETHCS
JUTSL CHIOPY. CKITagHOI (OpPMH, TIPH IIbOMY 30HHU 3aXHCTY 3 TEPIIOTo MO YETBEPTHH
piBeHb OyIyIOTh «0OKATyBaHHSIMY CHCTEMH OJIMCKaBKOBIIBOAIB cepamu paniyciB
R=20, 30, 45, 60 M BigmoBigHo. O0'€KT BBAXKAETHCS 3aXMIICHUAM, SKIIO (IKTUBHA
chepa, TOPKAIOYKCH MOBEPXHI ONMCKABKOBIABOAY 1 TIJIONIMHU, HA SIKi TOM
BCTAaHOBJICHUH, HE Ma€ CIIIBHUX TOYOK 3 00'€KTOM, III0 3aXHMINAETHCS.

Skuio nmoOyayBaTu 3aXMCHI 30HHM IIMMH JIBOMa METOJIaMH Ha OJJHOMY i TOMY
caMOMYy IPHUCTPOI 3aXUCTY BijJ OJMCKABKH, TO MOXXHA Oyje MoOauyuTH, 110 METO.
KyTa 0 Ha BHCOTI OinbIre 2/3 ychoro OJIMCKaBKO3aXUCTY OyAe OXOILTIOBATH OiIbIIe
TepuTopii HiK Merox QikTHBHOI chepu. Aje Ha OUTBII HHU3BKIH BHUCOTI METOJ
(hikTHBHOI chepu OXOIUTIOE HAbaraTo OLTbIIE HU3BKOTO OOJAaJHAHHS 1| THM CaMHUM
Jla€ HaM 3aX¥CT OUTBIIOT TepUTOPIl 0ONIaTHAHHS.

3acTOCOBYBaTH 3aXHCHY CITKY AOLIJIBHO IUIS 3aXHCTYy IUIACKHX ITOBEPXOHb
cnopya. s cucteM 3axucTy BiJ OJIMCKaBKH 3 MEPLIOTO IO YETBEPTHH pPiBEHb
BIUKO CITKH CKJaja€ Bigmosiguo 5x5, 10x10, 15x15 Ta 20x20 m.

Bynu BUKOHaHI piI3HUMHU METOJIaMU PO3PAXyHKH 30H 3aXUCTY Bijl OJMCKaBKU
JUIA BiAKpUTOTO po3noainbHOTO mpucTporo 330 kB migcranmii BMKOHaHOTO 3a
CXEMOI0 KBajpara 3 JIBOPSIHOK YCTAaHOBKOIO BHMHKauiB. BucoTa crpmkHeBHX
OJIMCKABKOBIABOMIB CKiIazajia 32 M.
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VK 629.92

BparkoBcrka K.O.l, ITonitaes /. 2
! kamn. Texm. Hayk, gom. 3HTY

2 cryn. rp. E-514 3HTY

VJIOCKOHAJIEHHA MATEMATHUYHOI MOJIEJI CUCTEMHA
BUPOBHUIITBA TA PO3IIOALTY CTUCHYTOI'O ITIOBITPSA
MMPOMUCJIOBOI'O IMIAITPUEMCTBA

Jlo BUPOOICHOTO CTHCHYTOTO IMOBITPSl BUCYBAIOTHCSI BUMOTH SKOCTI, a caMe
KUTBKICTh, THCK Ta CTYIIEHb OCYIICHHS (IO OCYIIeHOTO TOBiTps). OOnamgHanHs 1
OTPUMAaHHS CTHCHYTOTO TOBITPsl Ha OUIBIIOCT] MiANPUEMCTB Ha TENEpIlHii Jac €
¢i3uuHO, a B JESAKUX BHIAJKaX 1 MOPAIBHO 3acTapuinM, L0 MPH IMOCTIHHOMY
HaBaHTAXXCHHI MOKe BHUKJIHMKaTH 3001 B poOOTi, Ta HaBiTh MpU CTaOIIBHINA POOOTI
BHUMArae BEJIHKOI KiJTbKOCTI eHEPTOHOCITB.

B 3aranbHOMY BHIIQJIKy BUTPATH CTUCHYTOTO MOBITPS CKIIaAAIOThCS 3 BUTPAT
Ha moTpeOM CHokMBauiB (TEXHIYHE Ta OCYIICHE CTHCHYTE IOBITps), BUTpAT Ha
MPOBEICHHS percHepamnii amcopOeHTy, Ta BTpaT B MariCTpaii Ha apMmarypi Uit
BiZBEeJCHHS KOoHAeHcaTy. OCHOBHOIO CTAaTTE0 BHTpPAaT € BUTpPaTH Ha poOOTy
KOMITPECOPHOTO 00JIafHAHHS IJIs1 BUPOOJIEHHS CTUCHYTOTO MOBITps — Oibiie 60%.

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

MarematiyHa ~ MOJEJIb ~ CHCTEMH  IIOBITPONOCTa4aHHS  BPAaXOBYE
XapPaKTePUCTUKY KOMIIPECOPHOI CTaHIll, 30KpeMa KiJIbKICTh Ta MOTYKHICTh
KOMIIPECOPIB Ta JTOMOMDKHOTO 00JIaHAHHS, TapaMeTpU MEPEKi TpyOOIIPOBO/IIB, a
caMme JIOBXKMHY Ta JiaMeTp TpyOONpPOBOMIB yCiX IUISHOK, Ta XapaKTEPHCTHKY
PO3NOAIIBHUX MPHUCTPOIB.

BpaxoBytoun ~ MeTy  MiJBHIIEHHS eHeproe()eKTUBHOCTI cucTeM
MOBITPONIOCTAYaHHs, IIOBOIO  (PYHKIIEID OOpaHO TIMTOME CIIOKUBAaHHSI
€JIEKTpOEHeprii Ha BAPOOHUITBO 1M3 CTHCHYTOTO MOBITPS.

W
W= e

- min,
cr

ne Wpgenr — CIIOKHBAHHS EICKTPOCHEPril OCHOBAaHMM Ta JIONOMIXHHM
0o0NaJHaHHAM IICHTPAJIbHOI KOMIPECOpPHOI CcTaHIil Wygc Ta aBTOHOMHHX
kommpecopie WK, BcraHoBieHux Oims cnoxwuBada, kBt*rom; Vep — obcsr
BHUPOOJICHOTO CTUCHYTOTO TIOBITPS, M,

Wier = ZWKC + ZW[G ;
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HpI/I ObOMY HaBaHTAXXCHHSA HAa KOMIIPECCOPHY CTaHIIIIO VKC BHU3HA4Ya€ThCA

KUTBKICTIO TIOBITPS, KOPHCHO CHOXHTOTO N CHOXHBAadaMH, Vi, Ta BTpaTaMU IPH
BUPOOHHWITBI, TPaHCIOPTYBaHHI Ta CIOXWBaHHI, (j, i IOBHHHO BiAMOBiaTH
KUTBKOCTI TIOBITpPS, BUPOOICHOTO M KOMIIpecopamu, V:

Ve = Z(VI +q,)= ZVK
i=1 k=1

JlominbHICTh JleneHTpaii3anii MOBITPANOCTaYaHHS OKPEMHX CIIOKUBAaYiB
3alpOIIOHOBAHO  OOIPYHTOBYBAaTH  IIEPEBUILEHHSAM BTpaT TIpHU  PO3MOILII
CTHCHYTOTO IOBITps ¢; HoHax 15%. To0To Akmo q; >15%, HaBaHTa>KEHHS OKPEMHX

. .V, .
CIIOKMBAYlB Ha LIGHTPAJIbHY KOMIIPECOPHY cTaHuito ' =0, 1 BpaxoByeTbCs UL
BU3HAYCHHS TIOTY)KHOCTI JIOK&JIbHUX KOMIIPECOPIB, BCTAHOBJIEHHX Yy CHOXKHBaua

V,=V

a i, Ilpu UBOMY 3HMIKYETHCS 3aBAHTAKEHHSA KOMIIPECOPIB HEHTPATLHOI
KOMIIpECOpHOI ab0 KIJBKICTh arperariB, IO 3HAXOIATHECA B poOOTi, Ta 3pocTae
HEOOXIIHICT PEryIIOBaHHS IPOTyKTHBHOCTI.

[epebip MOXIMBMX BapiaHTIB JAeLEHTpalizallii, BPaXOBYIOUH TIIIHOMHY
pETYNIOBaHHA Ta MOXIIHMBY 3aMiHy KOMIIPECOpPIB LEHTPAIbHOI KOMIPECOPHOI
CTaHI{, O3BOJUTH BH3HAYMTH 3aXOOW 3 IIABUIICHHA €HEProe()eKTHBHOCTI
BUPOOHMIITBA CTHCHYTOTO TOBITPS Ta CYTTEBO 3HU3UTH  CIIOKUBAHHS
€JIeKTpOEHeprii.

3 oy Ha BHIIE 3a3HauYeHE PO3IJISIHYTI IPOEKTH, SKI JI03BOJISATH
MIIBUIUTH eHeproe(eKTUBHICTh BUPOOJICHHS Ta Nepeiadi CTUCHYTOTO TOBITPSL:

— 3aMiHa KOMIIPECOPHOTO 00Ia{HAHHS;

— YaCTKOBA JICLIEHTpali3allisi HOBITPSATIOCTAYaHHS;

— mozepHizaris YOII,

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

Kymnarin J1.0.}, Bopemska M.B.?
! kanz. Texu. Hayk, mpody. SHTY
2 cryn. 3HTY

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

Ha mammx owyax HaOuWpae YWHHOCTI HOBa raiy3b MPOMHCIOBOCTi-BOIHEBA
eHepretuka i TexHousorisa. [loTpeba eKOHOMIKM y BOIHI #ae IO HapOCTarodiil.
AJpke 16 HaWOpOCTIHMKA 1 HaJierima pedyoBHHA MOXE BHKOPHCTOBYBATHCS HE
TIIBKH SIK TAJHBO, a W SK HEOOXIMHUM €JeMEHT CHPOBHMHHOI y 0arathox
TEXHOJIOTIYHUX Tpolecax. BiH He3aMiHHUN B HadTOXIMIT 11 TIIHOOKOT IepepoOKu
HadTu, 6e3 HLOro He 00INTHCS, CKaXKIMO B XiMil IPU OTPUMAaHHI aMiaky 1 a30THHX
JI0OpUB, a B YOPHIN METaIyprii 3 HOTro TOMOMOI0OI0 BiJIHOBIIOETHCS 3aJ1i30 3 PY/I.

Taki icHyrOYl BHIW OPTaHIYHOrO ManKMBa, SAK ra3, HadTy i BYTULIA, TEK
CIIy’KaTh CUPOBHHOIO y IIMX M MOAIOHHUX MpOIlecax, aje I¢ KOPUCHIIIE BUTATTH 3
HUX CaMHH OIIA[UIMBUH 1 YHCTHI €HEePTrOHOCIH-TOH JKe BOJICHB.

Bogens - igeampHmWA exodinmpHUIE BuA manmBa. Jly)ke BHCOKa 1 Horo
KaJopiiHIcTh - 33 THc.Kkaw/kr, mo B 3 pasu Bumle KanopiiHocTi OcH3uHY. Bin
JIETKO TPAHCIOPTYETHCS 110 Ta30IPOBOIAX, TOMY II0 Y HBOTO JyXe Majla B'3KiCTb.
I[Io tpyGompoBomy nmiamerpom 1,5 M 3 HuM mnepemaetbes 20Tmc. MeraBaT
notyxHocrti. [lepekadyBaHHs sIKHaiylermoro razy Ha Bifcranb B 500kM. Maibke
BIECATEPO JIelIeBIle, HDK nepeiada Takol K KUIBKOCTI eJIeKTpOeHepril 1o JIHisIX
enexTporiepenadi. SIK i NPUPOAHUWI Ta3, BOJAEHb NPUIATHUI Ha KyXHI s
NpUroTyBaHHs  TKI, Juii oOmaJieHHs Ta ocBimieHHs OyniBenb. 106
NPOJIEMOHCTPYBAaTH HOTO  MOXJIMBOCTI, aMEPHKAaHCbKI BYeHI MOOyIdyBalu
"BOAHEBHUH iM", B SIKOMY ISl OCBITJICHHSI BUKOPHUCTOBYBABCS BOZICHb. [lepenaBaTu
BOJICHb Yy DIJKOMY BHTJISIi-3aJIOBOJICHHSI Jy’K€ JOpore, TOMy MIO Uil HOro
3piKEHHS MOTPIOHO BUTPATUTH MaiKe MOJIOBHHY €HEPTii, 110 MICTUTHCS B HHOMY
camoMy. Kpim Toro, moBmHHa OyTH 3a0e3ledeHa iJeanbHA TEIUIOI30JIAIIS
TpyOOIIpOBOAY, TOMY IO TEMIIEpa TYPY PiIKOTO BOJHIO Jy>Ke HU3bKA.

SIk manMBO BO/IEHB CHATIOETHCS B JBUI'YHAX PAKET 1 B MAIMBHHUX €JIEMEHTAX
Jutst Oe31ocepeJHHOr0 OTPUMAaHHS eJIeKTPOSHEPTii P 3'€AHAHHI BOAHIO 1 KHCHIO.
loro MokHa BUKOPHCTOBYBATH i SIK MAJIMBO JUTS ABial[iifHOrO TPAHCIIOPTY.

Bomnesa eneprerrka obinge psg Burona. Tomy 3'sBuiocs 6araTo eHTY3iacTiB
BOJIHEBOI €HEpreTHUKHM, BUHUKIIM iX acomiamii, y TOMy 9HCcIi MiKHaponaHa. 3apa3 y
CBiTI OTpuMyrOTh Oym3pko 30 MINBHOHIB TOHH BOJHIO Ha pIK, IPHYOMY B
OCHOBHOMY 3 TPHUPOJIHOTO Ta3y. 3rigHo 3 mporrozamu 3a 40 pokiB BUPOOHUIITBO
BomHIO Mae 30iumpmmTHcs B 20...30 pasiB. Mae OyTm 3a AOIOMOTOI0 AaTOMHOL
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SHEepPreTUKN 3aMiHUTH HUHIIIHIN [DKepero BOIHIO - MPUPONHUHA Tra3-Ha OimbIn
JIEIIeBe 1 JOCTYITHE CHPOBUHY - Ha BOAY. TyT MOIIMBI IBa MIUISXH.

[epmmii mIAX - TpaAUOiHHUHA, 32 JONOMOTOIO €IEKTPOXIMIYHOTO PO3KIALY
BOJIU.

Hpyruit mosx Menm BigoMu#t. SIkmro Harpitu mapu Boxu 1o 3000...3500 C,
TO BOJHI MOJICKYJIH PO3BAIATHCS cami co00¥0.

OOunBa cnocoOu OTpUMATH BOJACHH 13 BOAM TOKHA JOPOXKYE, HIK 3
npupoHoro ra3zy. 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 enepretrka OypXJIHMBO pPO3BHBAETHCS, ajie HelapMa BCE dacTille
TOBOPATH TPO aTOMHO-BOJHEBOi eHepreTWkd. IloTpiOHI BenHWKi eHepreTHdHi
BUTpAaTH JJi1 OJEepKaHHA BoOIHIO. TaHaemM "sOepHUM peakTOp-BOJHEBUI
reseparop” - HUHI IPETCHAYE HA POJbh €HEPreTUYHOrO Jifepa B ekoHoMimi XXI
CTOJITTS.

VK 629.92

Kynarin J1.0.}, Knumenxko P.1O.2
! kanp. Texs. Hayk, npod. SHTY
2 cryn. 3BHTY

JOCNIKEHHSA CYYACHOTI'O CTAHY TA IEPCIHEKTHUB PO3BUTKY
TEOTEPMOJIbHOI EHEPTETUKH B YKPATHI

IIpoBeaeHO OILIIHKY TE€OTEPMAIBHUX PECYPCIB Ta TEXHIYHO JOCSHKHOTO
EHEepPreTUYHOro TOTEHIiady TreoTepMaibHOI eHeprii aiust ymMoB YKpaiHu i3
BHOKPEMJICHHSM HaHOIIbII MPUAATHAX AJISI PO3BUTKY r€OTEPMAIbHOI CHEPreTHKH
perioniB. HaromomryeTrscss Ha AOIUIBHOCTI Ta MEPCHEKTHBHOCTI BUKOPHCTAHHS
MAHOTO BHAY BiTHOBIIOBAHOI €Heprii B yMmoBax aAeimuTy 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 HaJIEXWUTh OO EHEepProJeiUTHUX KpaiH i
3aJI0BOJIbHSIE IOTPEOU B MEPBUHHHUX MATMBHOCHEPIETHYHHUX Pecypcax 3a paxyHOK
BJIACHOTO BHIOOYTKYy He Oinmbpine, HiK Ha TpeTuHy (0e3 ypaxyBaHHA eHeprii
ATOMHHX eJIEKTPOCTaHIiif). Y 3B'3Ky 13 IMM BHUKOPHUCTAHHS BiJHOBIIIOBAaHUX
JUKepen eHeprii € OZHMM i3 HaHOLIPII BaXJIMBHX HAINpPSIMIB JepXKaBHOI
€HepreTUYHOI NONITHKH, sIKa repeadadae He Juie 30epexeHHs] eHeprii 32 paxyHOK
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3a0I[a/DKEHHS  TPaJWMiHHUX  MAJIMBHO-CHEPTeTHYHHMX  pecypci, ame H
3a0e3nmedeHHsT YMOB ISl MaKCHMalbHO €(QEeKTHBHOTO II BHUKOPHCTAHHA |
MOKPAIIEHHS CTaHy JTOBKIILISA.

Sx cBimgaTh AOCHIIKEHHS, 30KpeMa, (axiBIiB [HCTHTYTYy BimTHOBIIOBaHOI
enepretukn HAH VYxpainu, 3aranbHuil pidHnil TEXHIYHO JOCSHKHAN CHEPTeTHYHHHA
MOTEHITIaJl TIOHOBJIIOBAHUX JDKEpell eHeprii B YKpaiHi (BiTpoeHepreTHka, COHIIHA
eHepreTuka, Maja TiipoeHepreTuka, 0i0eHepreTHKa, reoTepManbHa eHepreTika i
€HepreTukKa JOBKIUIA) CTAHOBUTH Bix 93 10 98 MiNbHOHIB TOH y nepepaxyHKy Ha
YMOBHE NajuBO, a Ie Omm3pko 50% 3arajJbHOrO €HEeprocHoXHMBaHHS Y KpaiHu
ChOTO/IHI. 32 ONTHMICTHUYHUMHM TPOTHO3aMH, NPU 30€pekeHHI 1 MOCHIiTOBHOMY
pO3BUTKY HasBHOI 0a3u Ykpaina mo 2030 poxy moxe pocsrtu 30% piBHs
3aMillleHHs TpaJULiHHUX JPKepell IOHOBIIIOBAHUMH JKEpellaMH eHeprii.

OueBuaHO, IO 32 HASABHOCTI HA TEpUTOpii YKpaiHM 3HAUYHUX 3aIlacis
reoTepMalIbHOI €HEpril PO3BUTOK TIeOTEPMANbHOI E€HEPreTHKH € MOMIJIBHUM Ta
nepcriekTHBHUM. [IpakTika OaraTboxX KpaiH CBIAYMTH, IO BUKOPHCTAHHS AAHOTO
BUAY BiTHOBIIOBAHOI €HEprii € eKOHOMIYHO BUTiTHHM, 3HAYHO 3HIDKYE OOCATH
BUKOPHCTAHHS TPAANIIMHUX BU/IB MAJIUBHUX PECYPCIB.

3 ormsimy Ha BUCOKY €()eKTHUBHICTH, €KOJOTIUHICTh, PETiOHATIbHY 3HAYNMICTh
1 BENMMKHUH CyMapHHUil MOTEHLIaJ Te0TepMaJbHUX PECypCiB, Ha Cy4acHOMY eTari
MOCTa€ HEOOXIAHICTh MPOBEJCHHS BIINOBITHUX HAYKOBUX OIPALIOBAHb 1 JJIsl YMOB
VYkpaiHu.

Cnig nmojaru, 1m0 ICHYROYI ChOTOJHI OIIHKM TOTEHIaldy TeoTepMalbHUX
pecypciB, B TOMy 4Hcli 3axXiJHOTO perioHy YKkpaiHu, HOTpeOyITh MOJAIBIIOrO
JOCIIIJKEHHS, TIeperyIsiy Ta YTOYHEHHS 3 METOI0 BHM3HAUEHHS MEpCIEKTHB iX
rOCI0/IaPCHKOT0-eKOHOMIYHOTO, EKOJIOTIYHOTO 1 COIIabHOTO BIUTMBY Ha PO3BUTOK
Tepuropii.

VY]IK 628.97

Kymnarin J1.0.%, JIomonocos JI.M.2
! kanp. Texs. Hayk, npod. SHTY
2 cryn. SHTY

JOCJIIKEHHS CYHYACHOI'O CTAHY TA ITIEPCIIEKTUB
MPOEKTYBAHHS OCBITJIEHHS B YKPATHI

Ha cporomuimHiil 7eHp y CBiTi iCHy€ BEeNMWYE3HHUH aCOPTHMEHT CBITHIIBHHKIB
Ta TPOXKEKTOPiB, PI3HUX 3a CBITIOTEXHIYHMM XapakTepucThukam. HaiTh B
ACOPTHMEHTI SKOT0-HeOyAb OJHOTO 3 BHPOOHHKIB, SK IPAaBHJIO, iCHYIOTH Pi3HI
BHUPOOH, 1[0 MAIOTh CBOIO 00JIACTH 3aCTOCYBAHHS.
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OCHOBHOIO YaCTHHOIO CYYacCHOTO CBITJIOTEXHIYHOTO TpHWJIANy € BimOmBad,
OCHOBHOIO MeTo10 sikoro € mimumerast KK mammm. Bin6uBadi Bimpi3HAIOTBCS 3a
(hopMmoro, po3MipaM i TEXHOJIOTIi HAHECCHHS N3ePKAIBLHOTO MTOKPHUTTS. SIK mpaBmiio,
BinOMBaui pPO3pOOIAIOTHCA IMiJl KOHKPETHI JaMITH, $Ki, OO pedi, TeX ICHYIOTbH
PI3HUX THIIIB.

OpHak, ogHUM BinOuBaueM cmpaBa He oOMexyerscs. [Ipm ekcruryaramii y
BYJMYHMX CBITWJIBHHKIB, IPOMHUCIOBUX Ta IHIIMX YMOBax Ha BiJI0OMBadi OCilalOTh
TaKi KOMIOHEHTH SIK IHJI, BOJIOTA, 1 1HIII PEYOBHHHU. Y MiJCYMKY I IPU3BOJIHUTH
JI0 3HIDKEHHSI 3JaTHOCTI, 1110 BiIOMBAE ITOKPHUTTS BiJOMBaya.

Ha cporomuinmmii neHe ns mnpoOnema ycminiHO BupimieHa. Hampuxian
IH)KEHEpaMH MPOBITHUX KOMIIAHI 3 BUPOOHMIITBA OCBITIIIOBAJIBHOTO O0JaIHAHHS
Oymna po3poOsicHa 1 3alaTeHTOBaHA KOHCTPYKIs, sika oTpumaia Ha3By Cuiceiid,
sgKa 3a0e3nedye ONTHYHUHA OJIOK CBITHIIFHUKA MAaKCHMAJIbHY TEPMETHUHICTH 1
rapaHTye cTabiIbHICTE (OTOMETPHIHHUX XaPaKTEPHUCTHUK IMPOTATOM BCHOTO TEPMiHY
CITy>KOM CBITHIIbHHUKA.

[HKeHep-TIpOeKTYBaIbHUK, KU BUKOHYE CBITJIIOTEXHIYHHH PO3paxyHOK Ha
KOMIT'FOTEpHIN TporpaMi, MOXKe 3aJJaTH KOHKPETHHUI THII CBITWJIbHUKA, BiOWBaYa,
TUII 1 TOTYXXHICTh JIAMITM, a TaKOX CTYHiHb 3a0pyIHEHHS HaBKOJHIIHHOTO
cepenoBuina. Ha Buxoai creniamict Buiae pamioHajlbHE PILICHHS SK 32 BapTiCTIO
CBITJIOTEXHIYHOTO OOJIaJIHAHHS I MOHTXHHUX POOIT, TaK i MO BapTOCTi MOAANBIIOT
eKCIUTyaTartii.

PesynbTaTtoM pO3paxyHKIB € PO3MIIICHHS CBITHJIBHHKIB Ha KPECICHHI i3
3a3HauYeHHSM KYyTIB HaBeleHHs 1 mnoBopoTy. Takox uucenbHI 3HAYEHHs
OCBITJICHOCTi, OTPHMaHI B pe3yJdbTaTi PO3PaxXyHKIB 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 CHEliali30BaHUX IporpamMax,
NPU3HAYCHUX /I TPUBHMIPHOTO MOJEIIOBaHHA. BUKOpHCTaHHA TakMX mporpam
JUIL pO3pOOKH AW3aliHy IOCHUTH €(EKTHBHO, aje He I03BOJSE IOBHOIO MipOIO
OLIIHUTH CBITJIOTEXHIUHI IOKa3HUKH OOpaHOro pimeHHs. ToMy sl sSIKICHOTO
PO3paxyHKy CBITJIOBHX [apaMeTpiB pO3pOOIOBAHOTO BapiaHTy IU3aiiHy,
BUKOPHCTOBYETHCS CIIEIiali30BaHe MporpamMHe 3a0e3eUeHHs], K J03BOJISE 1Ie Ha
MOYATKOBIA CTafii BU3HAYMTH JOIUIBHICTD BHUKOPHCTAHHS TOTO YW IHIIOTO
o0JaIHaHHS.

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

JIBOBHMIipHE MOJIEJIOBAHHS JO3BOJSE€ BHKOHATH IPOEKT B JOYKE CTHCII
TEpMiHH, OJJHAK Te, sIK OyaMiBisA Oy/e BUIIISAATH HA KapPTHHII 1 BXXUBY MOXKE JIEIIO
BifpizHATUCSI. OCOOJMBICTh MAHOI TEXHOJOTIl B TOMY, II0 KaPTHHKA MAIOETHCS
BpyuHy 1o ¢ororpadii Oynisii abo komir'totepHoi Moaeni. I1py nboMy TouHicTb 11
30iry 6e3nocepeiHbO 3aIeKUTh Bl KBauti(ikalii cBeToqu3aiiHepa.
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TpUBHMIpHE MOZACIIOBAHHS BHKOHYETHCS, a00 KOJM NPUHLHIIOBO BayKJIMBO
rapaHToOBaHa TOYHICTH 30iry, abo konu OyIMHOK IIe He moOymoBaHuid. B manomy
BUMAJIKy CIIOYATKy II0 KpPECIEeHHSIX OyayeTbcs 3X-MipHa KOMITIOTEpHAa MOIETH
OymiBii, MO AO3BOJIAE TOOAYUTH HOTO B OyOb-SIKOMY pakypci, a TOTIM Ha
KOMIT'IOTEPi BUKOHYETHCS CBITIOTEXHIYHUN PO3pPaxyHOK, IO TApAaHTYE TOYHE CITB
MalaHHs KOMI'TOTEPHOTO 300pa)XeHHS 3 THM, III0 BHIiIe HACTIPABI.

TakyuM YMHOM, 3acCTOCYBaHHS CYYaCHHX METOJIB  CBITJIOTEXHIYHOTO
MPOCKTYBAHHS B CYMi 3 IOCBIJIOM iHXKCHEPIB-CBITJIOTEXHIKIB, JO3BOJISE MPOCKTHUM
OpraHi3alisiM BUKOHYBATH CBITJIOTEXHIYHI MPOEKTH Oy/1b-KOI CKIIaHOCTI.

B nanmii yac U1 CBITJIOTEXHIYHMX PO3PaXyHKIB iCHye Oe3Jid mporpam, Iio
JIO3BOJISIFOTh, KpPIM OCHOBHHMX CBITJIOTEXHIYHUX XapaKTePUCTHK (JCKPaBiCTb,
OCBITJICHICTb), TaKOX OOYMCIIOBATH SKICHI IMOKAa3HUKU OCBITJICHHS (MOKa3HUK
TUCKOM(pOPTY), €KOHOMIYHI Ta EHEPreTHYHI XapaKTEePUCTHKH OCBITIIOBAIBHOI
YCTaHOBKH (BapTiCTh OONAJHAHHS, CIIOKUBAaHY IIOTY)XHICTh YCTaHOBKH).
[pakTnyHO y KOXXHOI KpymHOI (pipMU-BUPOOHHUKA € CBOSI PO3PaXyHKOBa Mporpama
urs BacHoi 6a3u maHux: Calculux (Philips), Litestar (SBP), Ulysse (Schreder) i T.
n. IcHyroTh 1 yHiBepcampHI mporpamu mms pisHux 0a3 manux (DIALux) a6o 3
MOJKJIMBICTIO TiIKITIOYEHHS OyIb-sk0i 0a3u (Relux).

OcuoBi 3amaui (DIALux), ArchiCAD 19, Autodesk AutoCAD-2017,
ONTHMI3yBaTH MPOLEC NPOEKTYBAHHS OCBITJICHHS. 3a JIOMOMOTOI0 IIUX MPOrpamMM
Oinbll  epEeKTUBHO TPOEKTYETHCS OCBITJCHHS SK 30BHINIHIX BYJIHIb TaK |
BHYTPIIIHIX IPUMIIIEHb.

YK 621.311
Kymnarin J1.0.'"Manosiuko A.C.?
kam. Texm. Hayk, po¢. 3HTY
ZCTy,I[. 3HTY

HIABUIIEHHSA HAJIIMHOCTI EJIEKTPOIIOCTAYAHHS B
MACJOEKCTPAKIIIMHOMY BUPOGHUIITBI

VY cydacHOMY BEJEHHI CUIBCHKOTO I'OCIIO/IApCTBA B YKpaiHi 3HAUHY YacTHUHY
3aliMae BHpOIIYBaHHS COHANIHMKY Ta MOJajblla Horo mnepepoOka 3
BHUT'OTOBJICHHSM COHSIITHIKOBOI OJIiT Ta MPOTY SIK rOTOBO1 poaykiii. [lei mporiec
32 CBOEIO TEXHOJIOTIEI0 € Oe3nmepepBHHM 1 mepeadadae TEXHOIOTIUHI 3yNMUHKH
JUIIe 3a IUITAHOM poOiT. AJsie KO 3 TeXHIYHWX abo aBapifHMX TNPHYUH
NPUIHHSIETBCS  EIEKTPONIOCTAYaHHs, 3’SBJISAIOThCS  JOJATKOBI BUTpPAaTH Ha
BiJTHOBJICHHS TpaIe3/1aTHOCTI 00afHaHHS.

Came ToMy HEOOXIZIHO CTBOPHUTH HaJ(liiHE €IEKTPONOCTAYAHHS SIK y IEXOBHX
Meperkax, Tak i 3aBOJy B LILIIOMY.

44



HapgiiiHe enekTpomocTadaHHs Ha NAHOMY BHII BHPOOHHIITBA JOCSTAETHCS
IBOMa CIoco0aMH: TEXHIYHHNM Ta oOpraHizamiiiouM. Jlo opraHizamiitHux
BITHOCATHCS 3a0e3MedeHHs IMPamiBHUKIB OOCIYrOBYIOUOTO MEPCOHANTY 3aco0amMu
MIBUIKOTO 3B’S3Ky — paIlisiMH, a TaKOX IPOBEICHHSA IUIAHOBHX HAaBYaHb IIO
IIBUJIKOMY 3HAXO/DKCHHIO 1 YCYHEHHIO TNPHYUH, IO BHUKIUKAIN 3yNMUHKY Yy
IIEXOBHX MEpeKax.

JIo TEXHIYHUX CIOCOOIB BIZHOCATHCSA BCTAHOBJICHHS INIBHIKOMIIOYMX CHCTEM
ABP na 0a3i mikpornponecopHoi TexHikd. OCKIJIBKH Yy BCIX E€IEKTPONpPHUBOJAX
MapIIpyTiB Ta BUKOHABYUX MEXaHi3MaX BUKOPHUCTOBYIOTHCS aCHHXPOHHI JBUTYHH
3 MYCKOBMMHU KOMYTAIIHHUMU amaparaMu, TO BUHHKA€ HCOOXIIHICTh 3MCHIICHHS
Jyacy MEepeMHKaHHS Ha PE3epBHE JDKEpeso JKUBJICeHHS. UnM MeHIUM Oynae dvac
Mepexoay, THM MEHIIMMHU OyAyTh CTPYMH CaMO3alyCKy CIICKTPOJBHUTYHIB Ta
OinmpIIa WMOBIPHICTH TOTO, IO MArHITHI ITyCKayi 3ajMIIAThCA Y MPHUTATHYTOMY
ctadi. L{e mocsraeTbcs 3aBASKH BCTAHOBJICHHIO CYYacHUX BaKYyMHHX BIMHKAYIB 3
yacoM BUMHUKaHHA Ta BMUKaHHA 0,03 Ta 0,06¢ BiANOBIIHO.

Takoxx moTpibHO 3MiHUTH JNOTIKYy pobotm ABP, a came po3pobuté HOBI
ANTOPUTMH pOOOTH TaKWX MPHCTPOIB. MikpomporecopHa eJleMeHTHa 0asa
IIO3BOJISIE 3pOOHMTH IIi HaJXAamTOBYBaHHSA HpuCTpoiB ABP mpaktmaro Oynmb-skoi
CKJIATHOCTI Ta (DYHKIIOHAJIBLHOCTI. BiAMIHHICT aNrOPUTMY IIBUAKOIII MOJIATAE Y
TOMy, IO 33 KJIACHYHOK CXEMOKW Yy pa3i BHHHKHCHHS aBapiiiHoro abo
HEHOPMAJIBHOTO PEXHMMY B 30BHIILIHIM Mepexi elekTpornocradyanHs npuctpoi ABP
JTAIOTh CHT'HAJ Ha BUMKHEHHS BBIJHOT'O BUMHKAa4a OCHOBHOIO JDKEpEsa JKUBJICHHS,
a MmicJig HOro BUMKHEHHS MMOJAX0Th CUTHAJ Ha BMUKAHHS CEKI[IHHOrO BUMHUKaua. 3a
HOBOIO X CXEMOK0 TPOTOHYEThCS JaBaTH CHTHAJN HA YBIMKHEHHS CEKIIHHOTO
BUMHKa4a i Ha BUMKHCHHS BBIJIHOTO BHMHKada CEKIiI OCHOBHOTO Kepeia
JKUBJIEHHsI Maiike ogHoyacHo. Ilpu npomy uac crnpautoBanHss ABP cknanaerbes 3
Yyacy peakiii IyCKOBOTo opraHy HpucTtpoiB ABP i gacy BBIMKHEHHS CEKIITHOTO
BUMUKa4a. Y pasi, AKIIO CEKIIIHNI BUMHAKAaY BMHKAE CEKIIIF0 PE3ePBHOTO Kepea
JKUBIICHHS Ha KOPOTKE 3aMUKaHHS 31 CTOPOHU OCHOBHOTO JIKEpelia KUBIICHHS, SKE
HE BCTUIJIO BHMKHYTHCS BHACIIJOK BiJMOBM BBIJHOIO BHMHKAaya OCHOBHOI'O
JoKepena € HeOe3neka BUMKHEHHS BBIJIHOTO BUMHMKada Pe3epBHOI CeKIii HIMH 1
MOBHOT BTPaTH eJIeKTpornocTadadus. [Ijis Toro mod mpOoro He crajocs Tpeda
BCTAHOBJIIOBATH MPUCTPOT KOHTPOJTIO 33 BBIIHUM BHMHKAa4eM OCHOBHOTO JDKEpea.
SIKIIo mix 9ac KOPOTKOrO 3aMHUKaHHS BBIAHWN BUMHKAa4 HE BHMKHYBCS, TO ICIIS
BBIMKHEHHSI CEKI[IHHOIO BHMHMKAYa IIONACTHCS CHUTHAJA HAa BHMKHEHHS BBIiJHOTO.
TakuMm YUHOM pe3epBHA CEKIlis BUSBUTHCS BBIMKHEHOIO Ha KOPOTKOYACHE KOPOTKE
3aMUKaHHs, SKE HE CIPUYMHUTH 3HAYHUX pYHHYBaHb a00 TIOBHOI BTpaTH
SKHBJICHHS.

He 3Baxkaroum Ha CKIaOHICTE poOOTH cucTeM mBUAKoAiiHOro ABP Ta
JIOPOroro oONagHaHHS, UIA HAAIHHOI POOOTH CyYacHOTO MAacilo-€KCTPaKIiHHOTO
nexy moTpiOHI caMe Taki TEXHOJIOTIi, aJpke TEXHOJIOTIYHHH IPOIEC eKCTPAaKIii
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MOXKEKOBHOYXOHEOC3MeUHN 1 BHACTINOK BTPATH >JKUBICHHS MOXE MaTH
HerepenOoadyBaHi HACTIAKH.

YK 629.92

Kymnarin J1.0.}, Cipnit A.C.2

! kaHz. TexH. Hayk, pod. 3HTY
2 cryn. 3HTY

JOCJLI)KEHHSI CYYACHOI'O CTAHY TA IEPCHEKTHUB PO3BUTKY
BITPOBOi EHEPTETUKH B YKPATHI

Birpoenepreruka € crnocoOOM OTpUMaHHsS €JIEKTPUYHOI eHeprii 3a
JIOTIOMOTOl0  BiTpy. 3aco0M OTpUMaHHs €Heprii BiTpy - BITPOTYpOiHM
(BiTporeHeparopu, BITPOBI YCT@HOBKHM), $Ki OO0'€IHYIOTH Yy TaK 3BaHi
BiTpoenektpocranuii (BEC). Bitpoenepretnka - rany3b BiJIHOBHOi €HEpPIreTHKH,
sKa Creliali3yeTbCsi Ha BUKOPUCTaHHI KiHeTHYHOI eHeprii Bitpy. Lle oamH 3 THX
croco0iB BUKOPHUCTAHHS €HEPTil HAaBKOJHUIITHEOTO CePEIOBHINA, 0 OyB BiIOMUIT 3
JaBHIX dYaciB. Ixepeno BiTpoeHepretuku - COHIlE, OCKITBKA caMe Horo
aKTUBHICTh CHPUYHMHIOE YTBOPEHHS BIiTPY. ATMocdepa 3emii BOMpae COHSYHY
paniariiro HepiBHOMIpHO Yepe3 HEOTHOPITHICTD ii MOBEpXHi Ta Pi3HUN KyT MaIiHHI
CBITIa y PI3HHX MHPOTaxX y pi3HI mopu poky. I[loBiTps pO3IUPIOETHCS Ta
HiiAMaETbCs yropy, yTBOPIOIOUM NOTOKU. Tam, ae moBiTps HarpiBaeThes Oinblie,
Il MOTOKH MiJHIMAIOTHCSI BHIIE 1 30CEPEIPKYIOThCS y 30HaX HU3BKOTO THCKY, a
XOJIOJHIIIIE TOBITPS 3aJMIIAE€THCS HIKYE, CTBOPIOIOYM 30HH BHUCOKOI'O THCKY.
PizHuis arMocdepHOro THCKY 3MYILYy€ MOBITPS MEpPecyBaTHCS BiJf 30HH BHCOKOTO
THUCKY JI0 30HM HU3BKOT'O TUCKY 3 TPONOpLiiHOI0 mBHAKICTIO. L{eit pyx nmoBiTpst Mu
i HasuBaemo BiTpoM. 11[00 Halikpaille BUKOPUCTATH BITPSHY CHEPTil0, BaXKIHUBO
JIOCKOHAJIO PO3YMITH TOOOBI Ta CE30HHI 3MIiHH BITPY, 3MiHY IIBHIKOCTi BITPY
3aJIe)KHO BiJl BUCOTH HaJl MOBEPXHEIO 3€MIIi, KUTBKICTh TOPHUBIB BITPY 3a KOPOTKI
BIJJPI3KM Yacy, a TaKO)XK MaTH CTaTUCTHYHI JMaHi Xoua 0 3a octaHHi 20 pokiB. Bix
3araimbHOI KiTbKocTi eHeprii CoHmg mume 1-2 % TepeTBOPIOETHCS HA CHEPTiro
BiTpy. Ll KUIBKICTD BI'STEpO NMEPEBHIIYE PIYHY CBITOBY €HEPreTHUYHY MOTpeOy.
Cy4acHa TEXHOJIOTISl Jla€ 3MOT'Y BHKOPHCTOBYBATH TIIBKH TOPH30HTAIBHI BITPH,
0 po3MilieHi OJU3bKO 0 MOBEpXHI 3emili i MaroTh MBUAKICTH Bix 12 g0 65
kM/ro7i. OCHOBHA BiIMiHHICTH TaKOi €MEKTPOCTAHIII] BiJl TPaAUIIITHUX (TETJIOBHX,
ATOMHHX) TIOJIATa€ y MOBHIH BiJICYTHOCTI CHPOBHHU Ta BigXoXiB. €1MHAa OCHOBHA
BUMOTa - BHCOKHH cepelHBOpiYHMI piBeHb BiTpYy. IlIOTYXHICTP CydacHHX
MIPOMHUCIIOBHX BiTporeHepaTopiB nocarae 6 MBT. JIioacTBO BUKOPHCTOBYE €HEPTi0
BiTpy Bxke Oimpme 5000 poxiB. OxHuM 3 HalimepmInX BHHAXOMIB, SIKHH
3aCTOCOBYBaB BHKOPHCTaHHS eHeprii BiTpy, Oyso Bitpmio. Ille y 3500 p. mo H. e.
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MOpETIIaBIli BUKOPHCTOBYBAJIHM CHIY BITPY, OO iTH i BiTpWiaMu. BiTpuibHi
yoBHn xommwnu Himom y JlaBHpomy €rumri. ToOTO Bitpmio Oyno mepmioro
JIOTIATEBOIO0 MAIIMHOIO, 10 BHUKOPHCTOBYBAJa CHEPTil0 BiTpYy. 3BHUAiiHI BITPOBI
wimHE Oynmu Bxke B Kurai 2200 pokiB Tomy. Ha Cepennpomy Cxomi, y Ilepcii,
6mm3pko 200 p. 10 H. €. TOYa M 3aCTOCOBYBATH BITPSHI MJIIMHHU 3 BEPTHKAIHHOIO
BIiCCIO [UI1 TEPEMENIOBAaHHA 3€pHA, I1X BHUIOTOBISIM 3 B'I3aHOK OUYEPETY,
NPUKPITUICHUX 0 JIepeB'stHOT paMKy, 110 obepTanacs, Koy 1yB Bitep. CriHa, 110
OoToYyBaJla BITPSK, CIPSIMOBYBaja MOTIK BiTpy Ipotu Jomareil. Hadnpocrimri
BiTpOBI MiMHM Manu nocuth Hu3bkuii KKJI, He3Bakarounm Ha Te, MO JomaTi
BUT'OTOBJISUTHCH 3 IOCUTB JIETKOTO JepeBa uu Matepii. [IpuunHoio HeeekTHBHOCTI
Oy1o Te, O cuIa BITPY, SKa IITOBXaja OAHY MOJOBHHY BITPOKOJECA, OAHOYACHO
rajpMyBana iHmy vactuHy. Y PamsHcekomy Coro3i  mepma  BiTpoBa
eJIEKTPOCTAHIIIsA TOTYXHIicTI0O 8 KBT Oyma cmopymxena y 1929-1930 pp. mix
Kypcbrom.

UYepes pix y Kpumy Oymno nodynosano 6imeiry BEC mortyxaicTio 100 kBT,
IO Ha TOW Yac Oyia HaifOinbmoro y cBiti. BoHa ycmimHo mpamrosana 1o 1942 p.,
ane min dvac BiifHm Oyna 3pyiiHOBaHa. [IpoTe HaWmBHUAIIEC BITPOCHEPTETHKA
po3euBanacs y CHIA - me y 1941 p. tam moOynysanu nepury BEC motyxHiCTIO
1250 kBt. OcraHHiMH poKamMH BiT€p BCE LIMPIIE BHKOPUCTOBYETHCS IS
onepkaHHsl eyekTpoeHeprii. CTBOPIOIOTBCS BITPSKM BEJIHMKOI IOTY)KHOCTI 1
BCTAHOBJIIOIOTHCSI HA MICLEBOCTI i3 YacTUMHU i CHIIbHUMHU BiTpamu. KinbkicTs i
SKICTh TAKUMX IBHUI'YHIB 3pOCTa€ LIOPIYHO, HAJATOPKEHO CepiliHe BHPOOHHIITBO.
Hampuknan, y Hizepnanaax croctepira€rbesi Tak 3BaHMH MIpOLIHHUIBKHNA OyM.
Ypsin 3anporoHyBaB BeHKi CyOCHii yciM, XTO BigKpHe BiTpsK. HaBiTh mapiaMeHT
KpaiHu, 0 10alIMBO OXOPOHSE "XapaKTepHUH HalllOHAJbHUHN Nel3ax" i BUCTyHae
NPOTH HAIMIPHOTO IIyMy, IIbOTO pa3zy HE 3alepeyyBaB IPOTH BUKOPHCTAHHS
EKOJIOTIYHO dYHCTOI BiTpoBOi eHeprii. Huni Ha Tepurtopii Himepnmaunis, mo
mo30aBieHi 3amaciB  Byrimisi, HadTH ¥ ra3zy, [OilOTh OJHM3BKO  THUCHYI
BITPOTEHEPATOPIB  CTPyMy, IO 3aJOBOJIEHSE TOTpeOM Bciei KkpaiHW B
enexTpoeHeprii npubausHo Ha 10 %. BiTep € CTHXi€l0 MOTYKHOIO I NPaKTHYHO
BCIOAKCYIIO. [IpoTe BOHA Mae i HEIOJIKH, IO 3aBaJWIO 1A MOIIMPHUTUCS SK
OCHOBHE JDKepesio 3a0e3nedeHHs.
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YK 628

3aGonorasrii A.IT.'Kyssmina JI.A. Ky O.M. Illep6usun JI.B.Uysamxun JI.B. 2
! KaHJ. TeXH. HayK., gou. 3HTY

2 crymentn 3HTY

PO3POBKA JIABOPATOPHOI'O KOMIIJIEKCY
T'IIAPOTPAHCIIOPTHOI CUCTEMH

CucteMr  BOAONOCTaYaHHA  HAJeXaThb  HAWOUTBII  PECypCOEMHHX
TEXHOJIOTIYHUX OO'€KTIB, NI¢ HaWOINBIIOI CKIAZOBOIO € EIEeKTPOCIOKMBAHHS.
CBiTOBHII [JOCBiJ TOKa3zye, MO po3poOKa i BIPOBA/KCHHA EHEPro30epekHUX
3ax0/iB  3ac00aMH  CY4YacHOTO IPOMHMCIIOBOTO  €JIEKTPONPHUBOLY  JO3BOJISE
ictrotHo(o  25-30%) TOHM3UTH pIiBEHb CIIOKMBAHHS EJIEKTpOEHEprii Ha
TypOoMexanusmax. Lleil HampsM Jy)ke MEpCHeKTHBHO 1 € IIUPOKHM IOJeM
JUSUTBHOCTI JUTS IEPEOCHAILICHHS ICHYIOYHX ITPOMHUCIIOBUX yCTaHOBOK.

BomonpoBifHi HACOCHI YCTaHOBKM - II¢ TypOOMEXaHHM3MBI, IOB's3aHi
3arajJbHUM TEXHOJIOTIYHUM JIAHIFOTOM, L0 XapaKTePU3YEThCS MPOTHBOIABICHHEM
1 TiApOOMHAMIYHMM OHOpPOM. Y CHCTeMaX BOIONOCTaYaHHS i3-32 3MIHHOTO
XapakTepy  BOJOCIOXKMBAaHHSI Mae  Micle  HEOOXIJHICTh  peryIOBaHHS
MPOJYKTUBHOCTI HACOCHOTO arperatry. TpaiMiiiiHi cIocoOM peryIroBaHHS
HACOCHMX YCTAaHOBOK - JIPOCENIOBAHHSI HATHCKy 3acCyBKOIO, 3MiHa dmHCIa
NPAIOIOYNX OJHOYACHO AarperariB - EHepreTMYHO He BUTIJHI, OCKUIBKH
CIPsIMOBAHI Ha pillIeHHs TEXHOJIOTIUHKX 3aBaanb. [Ipu upomy 10 30% cnoxuBaHOl
eHeprii  HepaliOHAILHO BUTPAayaeTbCs HAa BTPATH €HEprii B MexXaHi3mi, w0
JIPOCEIIIOE, 1 CTBOPEHHSI HA/IMIPHUX HATHUCKIB B T'1JIPOTPAHCIIOPTHIN CUCTEMI.

PeaspHi HacoCHI YCTaHOBKHM Y OUIBIIOCTI TEXHOJIOTIYHHX CXEM MaloTh
IPYNOBUI XapakTep HaBaHTAXKEHHS - BKIIIOUEHI 32 Mapajie’bHOI0 a00 MOCIiOBHOIO
CXeMOI0 3'eIHaHHS. SIK TMOKa3ye MpakTHKa, MPH MapalelbHii poOOTI HACOCHHX
YCTAaHOBOK HEOOXIAHWI Jiama3oH peryJioBaHHS YacTOTH OOEpTaHHSA IIpH
perymoBaHHI MpoayKTHBHOCTI Bix 0 mo Qmax ckiamae Bcyoro 7...10 % BHH3 Bif
HOMiHAJNBGHOI MBHUIKOCTI. [IpW 30iMBIIEHHI KUTBKOCTI OJHOYACHO IIPAIFOIOYUX
TypOOMEXaHM3MOB Jiana3oH 3MEHIIYETHCS 110 3...5 %.

Jnst peanizanii epeKTUBHOrO BUKOPHCTAHHS €JIEKTPOEHeprii i 30epexxeHHs
pecypciB 3aCTOCOBYIOTh CHCTEMH PEryJIbOBAaHOTO €JIEKTPONPHUBOAY, SKi MOXYTh
IUTAaBHO 3MiHIOBaTH po0odUi mapaMeTpy HACOCHHUX YCTAaHOBOK 0e3 HEIPOIyKTHBHUX
BUTpAT €JEKTPOCHEPrii 1 3 MIMPOKUMH MOMJINBOCTSAMH ITiIBUIIEHHS TOYHOCTI 1
e(eKTHBHOCTI TEXHOJOTIYHHX ITapaMeTpiB POOOTH CHCTEM BOJOIIOAI.

[pu rpoMy JOLUTBHOIO cXeMOI0 perynboBaHoro EIT moxe sBisiTHCS cricTeMa
M4 - AJl, sxka [03BOJIUTh 3AIHCHUTH IJIABHUH TIYCK PETYJIHOBAHOTO
TypOoMexaHW3Ma, PEryNIOBaHHS IIBHUAKOCTI OOEpPTaHHSA B MOTPIOHHMX MeEXax, a
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TaKOX TMOJETTIEHUH 3alyCK YCiX IHIINX HACOCHUX YCTaHOBOK, IPAIIOIOYNX
HapaneabHoO 3 PErYIbOBAHHIM.

VY 3B'I3Ky 3 OHM € JOIINBPHUM TIPOBEIACHHA OCTIDKCHb II0 aHANi3y
eHepreTUYHoOi eEeKTHBHOCTI poOOTH HACOCHUX YCTaHOBOK IPH PI3HHX crocobax
pEerymIoBaHHS  BUXIJHHX TEXHOJOTIYHMX IapaMeTpiB TIpu  poOOoTi Ha
TpyOOIPOBIAHY MEpEeXy 3 IPOTHBOJNABICHHEM 1 TiIPaBIiYHAM OMOpOM Ha 0asi
J1a00paTOpHUX ApiOHOMACIITAOHMX FMAPOTPAHCIIOPTHBIX MOJIEIICH.

JlaGopaTopHUii KOMIUIEKC TipOTPAaHCIOPTHOI CHCTEMH NPU3HAYECHUH IS
NPOBEICHHS  EKCIIEPUMEHTAIIBHUX  JOCHDKEHb PEXHMIB  (DYHKIIOHYBaHHS
TypOOMeXaHM3MOB, /I Bizyaiizauii 1 peectpauii Hpouecis, IO HPOTIKaIOTH B
HACOCHI# YCTaHOBII, a TAKOXK JJIsl TOAAJIBIIOT MaTeMaTHYHOT 0OPOOKH OTPUMAaHHUX
pe3yabTATIB BUMIPIB.

YK 621.31:004.94

[Ipam O. Al ITapxomenko O. JI. 2 Hanozipautii P. M.2
lKaHI{. TEXH. Hayk, aou. 3HTY

2 cryn. rp. E3-114m 3HTY

MATEMATHYHE MOJIEJTIOBAHHA COHAYHOI MAHEJII

CoHsuHA eHepreTHka CTPIMKO PO3BHMBAETHCS IO BChOMY CBiTy. Hapsgy 3
MaJIONIOTYKHUMH ycTaHOBKaMHu (o 10 xBT), mpu3HadyeHnMHu A 3a0e3nedeHHs
CIO’KMBAHHS JIOKAJIIBHUX BiJJAJICHUX O0'€KTIB, BBOASATHCSA B Ail0 (OTOENEKTPIuHI
consuni enextpoctanii (PCE) noryxkuictio nonan 1 MBT, npueanani 1o mepex
LEHTPaAJII30BAHOI0 €JIEKTPOIIOCTA4YaHHSI.

B 3B'I3Ky i3 3pOcTal0uMMU 00CsAraMH BHITYCKY 1 KOMepIiiaii3amii COHIUYHUX
toroenextpuynux mneperBoproBadiB (PEII) BuHUKae HEOOXiIHICTH TOYHOIO
BU3HAYCHHS iX IapameTpiB 1 XapakTepHCTHK. BUMIprOBaHHS BOJbT-aMIIEPHUX
xapakrepucTuk (BAX) — OCHOBHHMI METOJ OWIHKH SIKICHHX 1 eKCIUTyaTalliifiHuX
XapaKTepUCTHK COHSYHUX eleMeHTiB i MonydmiB. [Ipu mocmimkenni OEII cramiro
npsiMoro BuMipy BAX MoxHa 3aMiHUTH TIPOIIECOM KOMI'FOTEPHOT'O MOJICJIIOBaHHS,
0 3HIMAae HEOOXiNHICTP MaTH B HAsBHOCTI JIOpPOTi IMITaTOpPHU COHSYHOTO

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

MOXNIMBOTO {i MOmMKOMKEeHHA. JlaHi TPHUIYIIEHHS [JalOTh  MOXIIUBICTH
3aCTOCOBYBAaTH KJIACHYHI aHATITUYHI BHpA3W JI1 MOJETIOBAHHS XapaKTEPHUCTHK
OEIL

[ToOynoBy imiTamiiiHoi Mopeni COHSAYHOTO (OTOECIEKTPUIHOTO MOIYIIS
BUKOHAHO B IPOIPaMHOMY CEpPEIOBHINI JUIS IMITAI[IHHOTO MO/ICIIOBAHHSI.
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Po3pobnena imitamiiiHa Momenb, IO JJO3BOJISIE PEECTPYBATH OCHOBHI
XapaKTEPUCTUKN COHIIHOTO (hOTOSIEKTPUIHOTO MOIYIIS.

OTtpumana iMmiTamiifHa MOJEIb, IO I03BOJsIE BimoOpaxkatn cimeiictBo BAX
COHAYHHX MOMYNIB B 3aJEXKHOCTI BiX pIiBHI IHTEHCHMBHOCTI COHSIYHOTO
BUNIPOMIHIOBAHHSA 1 TEMIIEpaTypH, XapakTepHUX i1 KIIMATHIHOX YMOB
IIpmazoBcekoro paiioHy 3amopi3pkoi oOmacti. Po3poGieHa moxpens omucye
peaybHU COHSYHUM MOJYJIb JIMIIE 3 JIESIKOI0 MIpOI0 HaONMKEHHS, 3 ypaxyBaHHIM
NpUHHATHX npunynieHb. CrocTepiraloTbess BIAXWICHHS OTPUMaHUX IpHU
MOJICTIIOBaHHI ~ BOJIGT-aMIEPHUX  XapaKTEPUCTHK BiJ] EKCIIEPUMEHTAIbHUX.
OCHOBHOI0O NIPUYHMHOIO BIAXWIEHb € TPYAHOLIl TOYHOTO BUMIPIOBaHHS
MOCTITOBHOTO 1 IIYHTYIOYOTO OIOpPIB COHSYHUX CJEMEHTIB. BuspieHo
BIJITIOBIZIHICTh XapaKTCPUCTUK COHSIYHOTO MOIYJs, HAAaHUX BUPOOHHUKOM 1
XapaKTepUCTHK, OTPUMAHHUX IIPH IMITallifHOMY MOZeNoBaHHI. Po30ikHICTH
Pe3yJIbTaTiB MOJIETIOBAHHS 3 TTACTIOPTHAMH XapaKTEPUCTUKAMK He nepeBuirye 7%,
III0 € JIOMTYCTHMUM 1 3araJbHOIPUHHIATHAM JUIS IHKEHEPHHUX PO3PaxXyHKIB.

EnexTpuuni xapakTepucTHKH PV-MOIyns TOJOBHMM YHHOM HPEICTaBICHI
KPUBHMH 3aJIC)KHOCTI CTPYMY BiJl HAIIPYTH Ta MOTY>KHOCTI Bixg Hanpyru. O0umsi, 1-
V 1 P-V, Buxigai xapaktepuctuku PV-momyns mnpu pi3HHX IHCONAMIAX 1
TeMIlepaTypax BHKOHYIOThCS. [3 30iibLIEHHSM poOodoi TeMmmeparypH, CTpyM
KOPOTKOTO 3aMHUKaHHS PV-Momyist 3011bIIyeThCs, TOAI K MakCHUMallbHa BUXiJHA
MOTYKHICTh — 3MEHIIY€EThCS. 30UIBIICHHSI CTPYMY KOPOTKOTO 3aMHKAaHHS 3HAYHO
MEHIIIe, HiXK 3MEHILIEHHs] Hallpyrd 3 BIIKPUTHM KOHTYPOM, a TakoXK Led edekT
3MCHIIYE MaKCHUMaJlbHy TMOTYXHiCTh npubam3Ho ua 0,45% mpu BHCOKHX
TeMmeparypax. 3 IHImIOro OOKy, Ipu 30UTbIICHHI COHSYHOI I1HCOJMALII CTPyM
KOPOTKOTO 3aMHKaHHS Ta MaKCHMajbHAa BHXiJHa NOTYXHICTE PV-momyns
30inbmrytoTees. [lpnunHa monsirae B TOMy, IO HANpyra BIIKPUTOTO KOHTYDPY
Jorapu(MiuyHO 3aJISKUTh BiJ] COHSYHOIO BHUIIPOMIHIOBAaHHS, IIPOTE CTPyM
KOPOTKOTO 3aMHUKAHHS PSIMO MPOTIOPIIHHUI IHTEHCHBHOCT]I BUIIPOMiHIOBAHHS.

YK 621.31:004.94

IIpam O. A%, IllepGuna A. 10.°
1KaHn. TexH. HayK, jgo1r. SHTY
2 eryn. rp. E3-114m 3HTY

MATEMATHUYHE MOJEJIOBAHHA EJIEKTPOTEXHOJIOT'TYHHUX
MPOLECIB ITPU OBPOBIII IOBEPXHI CKJIA

Ha cporomuimHiil eHb, MOeMIOBaHHSA (PI3MYHUX MPOIECIB Y KOMI IOTEPHIN
cepeni € IHPOKO PO3MOBCIOJUKEHUM Yy HAyKoBiii 1 BupoOHW4ii cdepi.
Komrr’rotepHi po3paxyHKH MaTeMaTHYHUX cHcTeM (GOPMYJI, sIKi OMUCYIOTH (i3nuHi
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MpOIIeCH, POOJATH MOXJIMBHM CTBOPEHHA HAACKIAIHUX MOZETCH, sKi IJIOIWHI
JIOBEJIOCH OM pO3paxOBYBAaTH POKAMH, a KOMII'IOTEp pO3paxye 3a XBWJINHH.
MogenroBaHHsT Tpolecy Mepel CTBOPEHHSIM MaTepiaabHOI MOZETI 3HAYHO
3MCHIIIYE BapTiCTh MOXIMBUX IOMIJIOK 1 3HAYHO TIOJICTIIyE€ BHECEHHS 3MiH B
OCTaTOYHI KpECIICHHs, 332 SKUMH OyZe CTBOpEHHH MexaHi3M. Takox 3HagHOIO
MepeBaroio € MOXIIUBICTh MPOBEIEHHS TOCTIMiB, SKi HOTPEOYIOTh BEIUKUX BUTPAT
yacy (MOJIENIIOBaHHS TPUBAJIOTO BIUIMBY ), 38 3HAYHO KOPOTIIMH Yac.

HaiiBaxxnuBinmm MeXaHi3MOM MO/IETIFOBaHHS € a/lanTyBaHHs
MaTeMaTUYHOTO omucy (i3MYHMX MPOLECiB Ta MapaMeTpiB Marepialis.
HaiinommpeHimmii MeTo]1 po3paxyHKy € METOJl CKIHYEeHHHX eleMeHTIB [1].

Meron ckinuenHux enemeHtiB (MCE) — ocHOBHMH MeToJ cydyacHOTO
HAyKOBOTO 1 HPOMHCIIOBOIO MOJENIOBAaHHS, IO JIEKHTh B OCHOBI IEpEeBayKHOI
OIIBIIOCTI Cy9acHHX MNPOTPAMHHUX KOMIUIEKCIB, NPHU3HAYEHHWX JUI1 BUKOHAHHS
po3paxyHKiB pizuuHUX Moseneit Ha EOM.

HiamazoH #oro 3acTOCyBaHHS HAQJ3BHYAHHO IMUPOKHUH: OYHIBHHUITBO 1
MaIMHOOYIyBaHH, TiAPO- 1 aepoArHaMiKa, TipHAYA CIIpaBa i HOBITHA TEXHIKa, a
TAaKOXX pI3HI 3amadi MaTeMaTHdIHOI (I3WKH — TEIUIONPOBITHOCTI, (iNbTparii,
PO3IIOBCIOKECHHS XBHJIb 1 T. 1.

B pobGoti 3MmojaenboBaHi anreOpaidyHO 1 HporpamMHO ijeanpHUd 1 JBa
eKCIIEPUMEHTAILHUX ~ COJICHOIa, a  TakoXX  MNpOaHATI30BaHO  KapTUHY
€JIEKTPOMArHiTHi 1oJisi, CTBOPEHI HUMH.

Byno npoaHasizoBaHO CHEKTp MPOrpaMHOro 3a0e3NeueHHs sIke MOXKHa OYJIo
BUKOPDHCTOBYBaTH TIIPH IPOBEIEHHI HAyKOBO-IOCHiAHOT pobortu. [leransHo
PO3IIITHYTO MaTeMaTHYHUN METO/ CKIHYEHHHX €JIEMEHTIB Ta NMPUHIMIHN PO30UTTS
MoJeNli Ha CKiHYeHHI eneMeHTH. [IopiBHSHO Iie MeTox 3 IHIIMMH METOJaMH
po3paxyHKiB moAiOHUX cucteM. Bmnadeno, mo meit MCE wmakcuManbHO
MiIXOAWTH Il BHPIMICHHS IIOCTaBJIEHOI 3ajxadi. PosrmsHyro MaTemarnune
MO/ICITIOBaHHS €JICKTPOMArHITHUX TIOJIiB Ha OCHOBI piBHSHb MakcBena.

EnexTponocrayaHHs ~ yCTAaHOBKM JJIsl  IOHHO-TUIa3MOBOT'O  HAHECCHHS
MOKPHUTTS 3MIMCHIOETHCS BiJl YOTHPHOX HE3AIEKHUX JDKEPEN JKUBIICHHS, IO
JI03BOJIsIE e(hEKTUBHO PETYNIOBATH SIK HANPYTY, HIO MOJAETHCS HA My(elbHy Mid,
TaK 1 CTPyM Ta HAmpyry, IO IOAAEThCS Ha COJEHOIN, & TaK0X KOHTPOJIIOBATH
TEXHOJIOTIYHI MPOIIECH.

Po3rnsHyTO CXeMmy MigBOAY JKMBJICHHS, MOBITPS 1 BOAW A0 IUIa3MOTPOHA.
Bu3HaueHo Miclle BCTAHOBIJICHHsI eJeMeHTa, 10 Oynae 3mozenboBaHo. Ha ocHOBI
napaMeTpiB IUIa3MOTPOHA BH3HAYEHO CTEPEOMETPHYHI IIapaMeTpH COJICHOInA.
BuznaueHo npo6i1eMHy YacTHHY €JIeMEHTa.

[MoOymoBaHO TpPWUBHUMIpHI MOJAEN ieaJbHOTO  COJEHOima 1  JBOX
€KCIIEPUMEHTAIBHUX COJIEHOIIIB. CrepeomeTpuyHi Mozeln HaJiJIEHO
BJIACTHBOCTSIMH PEAJIbHUX MaTepialiB, 00paHO NOTPiOHI (i3uuHi mpolecH i 3aJaHo
BiJIIIOBiTHI TapaMeTpH.
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VK 621.316.11

depmorra I[.B.l, Kpacnocenscpka [.P., CmuproBa A.I"., MenpHIK K.0.2
! kamn. Texm. Hayk, gom. 3HTY

2 eryn. rp. E-516 3HTY

®OPMYBAHHSI CHCTEM EJEKTPOIOCTAYAHHS CLIIbCBKIX
PAIOHIB, 11O MICSTH J’KEPEJIA PO3NOALIEHHOI TEHEPALIIT

Y cygacHHMX yMOBax 3pocTaHHA Tapu(iB 1 IH Ha EHEepProHocil
arpoIpoOMHCIIOBI KOMIUIEKCH TOTPEOYIOTh HOBUX [DKepeliaX eIeKTPHYHOI eHeprii.
e moB's3aHO0 3 THM, IO CUTBCBHKI ENEKTPUYHI MEpPEXKi, K BiJOMO, BiAPI3HAIOTHCS
BEJINKOIO TPOTSDKHICTIO, PO3Taly’KEHICTIO TPH MOPIBHSHO Majliif NOTYXHOCTI, IO
MepeNaeThes, 8 TAKOXK BUKOPUCTAHHSIM HU3BKHX KJIAaciB HaNpyru. Y 3B'3KYy 3 UM
HaWOUIbII ~ IIMPOKE  BIPOBA/DKEHHS  OTPUMYIOTH  BITPOENEKTPOCTaHIIIT,
reIioyCTaHOBKH, MaJli TiPOEICKTPOCTAHIIIT 1 T.II.

OnHak arponpoMHUCIIOBI KOMIUIEKCH NPHU BHUKOPUCTAaHHI €JIEKTPOYCTaHOBOK
Ha OCHOBI aJIbTEpPHATUBHUX JKEpPesiaX eHepril CTUKAIOTHCS 3 psigoM mpobiem. Tak,
SKIIO THTAaHHS OLIHKW IOTEHIaly COHSAYHO{, BITPOBOI €Heprii i eHeprii pidox
JIOCUTH TOKJIAJHO BHPIIICHI, TO HPH MIAKIOYCHHI eNEeKTPOCTAHII 0 iCHYH09Ool
Mepexi BHHHMKA€ 3aBIAaHHS TOIIYKYy Micus ii mimkimrodeHHs. Halgacrime Taki
JDKepesa TeHepamii MiJKIIoYaroThCsl A0 CHCTEM  CJEKTPOIOCTA4aHHA He
Y3TOJDKEHO, 110 TIPU3BOANTH O CKJIQJHOCTI YIIPABIIHHS 1 TPOTHO3YBAHHS PEKMMIB
poOOTH Mepesx, 3pOCTaHHSA CKJIaI0BOI BTPAT aKTUBHOI €IEKTPUYHOI €Heprii, Tak K
CTpYKTypa ix mnepecrae OyTH ONTHMAIBHOIO 3 TOYKM 30py MIHIMyMY pPIiuHHX
HaBEJICHUX BUTpAT. TaKkUM YMHOM, ONTHMI3allisl CTPYKTYpH €JIEKTPHUYHOT MEpexi,
10 MICTUTh JPKEpesia PO3MoiJICHOT reHepallii, € BKpail akTyalbHOIO.

IcHyroui mimxomu g0 OWIHKM edeKTy BiJ BIPOBaKEHHS JpKepela
po3moaiicHOT TeHepaiii 3acHOBaHI Ha OOYHMCICHHI HACTYIMHHUX TEXHIKO-
E€KOHOMIYHUX ITOKAa3HWKIB: TOYATKOBI KaIliTalbHI BKJIAaJCHHSI Ha OYIiBHHUIITBO
EHEepPreTUYHOro 00'€KTa; BapTICTh 3€MJIi, BiIBEACHOI MmiJ 00'€KT, BapTICTh 3aXOJiB
Ha OXOPOHY HAaBKOJIMIIHBOTO CEpENIOBUINA, BUTPATH Ha JAEMOHTaX OO0'€KTIB NpH
BUBEJICHHI OCHOBHHMX (OHAIB ab0 pEKOHCTPYKLii; IOTOYHI BUTpaTH Ha
00CITyroByBaHHSI i PEMOHT, a TaKOX aMOPTH3alliifHI BiApaxyBaHHS Ha PEHOBAIIO
OCHOBHUX (POH[IB 00'€KTa, SKi MPEACTABISIOTH COOOI0 BUTPATHY YACTHUHY IPOEKTY.

OueBuaHAa B3a€MO3B'30K MK TEXHIKO-€KOHOMIYHUMH TOKAa3HHKAMHU
€JIEKTPUYIHOI Mepei Ta JpKepernaMH PO3MOJUICHOT TeHeparlii BUMarae po3poOKu
HOBO1 MOJIEJTi eNEKTPUIHOI Mepexi, sika Oy/ie MoKIaeHa B METOI0JIOTIYHY OCHOBY
il omrmmizamii 3 ypaxyBaHHSIM 3aCTOCYBaHHS BCHOTO PSAAy aJIbTEPHATHBHHUX
JOKepes eNeKTPOCHEePTii.

[IponoHyeMO 3acTOCYBaTH METOJ| €KBIIOTEHI[ITHUX IOBEPXOHb 3 METOIO
(opmyBaHHS ONTHUMAJIbHOT CTPYKTYpH CJICKTPUYHOT Mepexi
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CLITBCHKOTOCIIOIAPCHKOTO paifoHy, M0 MICTUTH JKepeita po3MOIiIeHOI TeHeparii 3
TOYKHA 30pYy MiHIMyMy HOMIHAJbHOI CKJIaIOBOi BTpaT €JIEKTPUYHOI €Heprii Ta
pIYHHMX HaBEJECHUX BUTPAT.

[loOymoBa  MOTEHIINHOI TMOBEPXHI MPOBOIUTHCA 32  CTAaHAAPTHUM
ITOPUTMOM METOJy, a NMPOLEAYPY BH3HAUCHHSA 3HAUEHHS KOOPOMHAT YCTAaHOBKH
By3Jla HABaHTAKCHHS, MOXKHA NPEJCTABUTH Y BUTIISIII HACTYITHOTO alTOPUTMY:

—Ha TepmioMy erami  OyOyeTbcs — TOTEHIIMHA  MOBEPXHS  JUIs
eJIEKTpONpUiiMauiB paiioHy;

—Ha Jpyromy erami OyqyeTbcsl TOBEpXHS JUId JUKEpEd pPO3MOALICHOT
TeHepallii;

— MOTIM MPOBOJMTHCS HAKJIAJEHHS INX TIOBEPXOHB;

— Ha CyMapHiil MOBEpXHI BHUAUIETbCS MakcUMyM (yHKIIi, B KOOpAMHATaX
AKOTO 1 Oy/Jie po3TanIoBaHe [HKEPETIO KUBICHHS CUCTEMH JJICKTPONOCTAYaHHS.

[IponoHoBanwmit ¢dopmarmizoBanmii  crocid6  GopMyBaHHA ~CTPYKTYypH
CJICKTPUYHUX MEPEX CUIbCBKUX PalOHIB, IO MICTATh JDKEpENa PO3IOIiICHOT
reHepamii, IO3BOJHTH BpaxyBaTH 3MiHYy pEKHAMY pOOOTH TaKMX Mepex 1
ONTHMI3YyBaTH X CTPYKTYpy 3 TOUYKH 30pY 3HIDKCHHS HOMIHAJIBHOI CKJIaJOBOI
BTpAT €NEKTPOCHEPTil 1 pIYHNX 3BEJICHUX BUTPAT.

YK 692.92

Maxuin I1.B.}, Jlepuerko A.M., CKpHIbKHiA B.B.2
! kamn. Texn. Hayk, pon. 3HTY

Zcryn. rp. E -114m 3HTY

JIOCJIJKEHHSA ABAPIMHUX PEXKUMIB POGOTH CUCTEMHU
EJEKTPOIIOCTAYAHHS METAJYPTTHHOT O KOMBIHATY

TexHosoriunnii Tporec BHPOOHMITBA TPOKAaTHOI'O MeETally € JyKe
SHEPrOEMHHUX, a OCHOBHI CHOXHBadi METATYypPrifHOTO KOMOIHATY pyTHOTEPMIidHI
Ta IYTOBi MEYiBIAHOCITHCS IO TEpIIol Ta Apyroi KaTeropii HamiifHOCTI. 3aBHaHHS,
3a0e3NeueHHs] HaJIMHOCTI €JEeKTPOIIOCTauYaHHs CIIOKMBAa4diB  METalypriiHOTrO
KOMOIHATy € aKkTyaJbHOIO 33/1a4elO.

Cucrema enexkrponocrayaHHs (epoCIUIaBHOTO 3aBOJy €  CKJIaJHOIO.
JKusnenns migcranmii «KP3-10» 3milicCHIOETBCS BiJl JBOX HE3aJEKHUX JDKEPET
kuBiieHHs: 110 JiHisM 150 kB Big migcranmii «IliBaerna-330xkBy 1 Big migcranmii
«ipamua-330xBy. [Mincranmis «IliBgerna-330xkBy onepkye »KUBJICHHS Big JTiHIM
330 kB — Big migctanmii «[lepmotpaBueBa-330xkB» Tta Bix Kpusopizekoi TEC.

IIpoBeneno aHawi3 MO>KJIUBUX pPEeXHUMIB pobotu CUCTEMH
€JIeKTPONOCTaYaHHs Ta BUOPaHi CXeMH UIS JOCIIDKCHHS aBapifHUX PEXHUMIB IIPH
kopoTkux 3amukaHHAX (K3) B Mepexax >xuBieHHS Bin migcraHuiii «[ipHnda-
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330xB» Ta «IliBopenna-330kB». [lng mpoBemeHHsS po3paxyHKiB cTpymiB K3
po3po0IIeHi cxeMi 3aMileHHS.

Sk moxazamy pe3yiabTaTH IOCTIDKEHb piBEHb CTPYMiB ONHO(MA3HUX Ta
TpudasHUX K.3. XyKe BHUCOKHH, NpHUUIOMY CTpy omHodasHmx K3 mepepumrye
ctpymu Tpudaszaux K3. Tak crpym tpudasanx K3 ma migcranmiit «[ipHIda-
330xB» B 3ameXHOCTI BiA CXEeMH  pO3MOAUIRYOTO MPHUCTPOIO  Ta Micud
MOIITKO/KCHHS 3HAXOUThCA Y Mexkax 19.4...31.2 kA a na miacranmii «[liBgeHHa-
330xB» y mexax 17.6...22.7 kA. [lns 3umKkeHHs piBHA TpudazHux K3 posrisayra
MOXIIMBICTh BUKOPHCTAaHHS JIIMJIBHOI aBTOMaTHKM - aBTOMAaTy 3HW)KEHHS
MOTY>KHOCTI, IO i€ HA BIIKIIOYCHHS CEKIIMHIX BUMHKa4iB Ha muHax 150 kB, B
pe3yabTaTi Yoro 3MEHINyBalach KUIbKICTh JAHIIOTIB mifpkuBiacHHs K3. Tak npu
BIJIKJTFOUCHI CEKI[IHHUX BUMHKA4YiB MaKCHUMaJIbHUI cTpyMm Tpudazaux K3 Ha
migcranmii «[ipanda-330kBy 3HM3MBCA 3 31.2 KA mo 22.4 kA, ogHOdazuux K3 3
36.4 kA 1o 25.6 kA. Ilpu BigkiIrOUeHi CEKIIHUX Ta MDKITHHUX BUMUKAYiB CTPYM
K3 3amsurscs no 17.7 kA ta 20 KA, BiANOBIIHO.

Hdns  3HWKEHHS  piBHA  CTpyMiB  ofHodasHMX B  HeHTpamb
aBTOTPaHC(OPMATOPIB  BKIIOYANHCS  peakropw. IIpoBeneHi  JOCIHimKEHHS
3HW)KEHHS PIBHS K.3. BiJl OOPY peakTopa.

B pesynbTaTi 10CiKeHH 00paHO ONTUMAIIbHE 3HAYCHHS OMOPY pPeakTopa.

Ha ocHOBI mpoBelneHnX JOCIiIKEHb PO3paxoBaHi aBapiiiHi pexXxuMH poOOTH
CHCTEMH EJICKTPOIOCTaYaHHs Ta 00paHi 3aX01 ISl 3HHXKEHHsI CTPYMIB K. 3.

VIIK 629.92,

Maxmin H.B.l, ®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 CIIOKMBAa4iB Ha BHUIPSIMIICHOMY
CTpyMi JIyxe ckiaaHa. BoHa ckiamaeTbcst 3 PO3NOAUIBYMX MEPEX  BHCOKOI
Harpyry, 3HWKYBaJIbHHX TpaHcdopMmaropis, BUIPSIMILSIIOYMX ~ arperaris,
HU3BKOBOJBTHUX MEpPEXi 3MIHHOTO CTPyMy, CHCTEMaMH PEryJIIOBaHHS CTPyMYy,
Mepexi BHIPSIMICHOTO CTPYMY 3 KOMYTalliiHIMHU anapaTaMi. [Ipudomy y cuctemi
eIeKTPONOCTauaHHsI Moxe OyTuh 3afisfHa pi3HAa KUTBKICTh BHIPAMIISTFOUHUX
arperaris, a Ipu I[bOMY pi3HE 1X 3aBaHTAXXEHHS Ta Pi3Ha KiNBKICTh CTPYMOBEIYINX
€JIEMEHTIB Y BHCOKOBOJIFTHHX Ta HHU3bKOBOJIFTHHX MEpEeXax 3MiHHOTO CTPyMY, a
TAaKOXX Yy Mepexax BHIPAMICHOTO CTPyMy. 3 YypaxyBaHHAM €HEPTrOE€MHOCTI
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BUPOOHHUIITBA aKTYAIbHOIO 3aJadueio € ITOCIIDKCHHS PEeXHUMIB POOOTH 3 METOIO
3MCHIIICHHS BTPAT MOTYKHOCTI €JIEKTPOCHEPTil B CHCTEMI €IeKTPOIIOCTauaHHs.

Jns  mpoBeneHHA — AOCHIIPKEHb  BHOpaHI B  CXEMH  CHCTEMH
€JICKTPOIIOCTAYaHHs. Y TEpIIi BUKOPUCTAHO YOTHPH BHUMPSIMIIOUMX arperatu
Ha CTpyM 25 KA, a B IpyTiil TpU BHIPSAMIIIOUHX arperaTd Ha CTpyMm 25 KA Ta
omuH Ha cTpyM 12.5 KA. Y npyromy pexuMi 3aBaHTaXCHHS BUIPSIMIITIOUNX
arperariB  Oyno OimpmmM. [IpoBeneHi MJOCHI[PKEHHS BTpAaT MOTYXHOCTI Y
€JIEMEHTaX CUCTEMH EJIEKTPONOCTaYaHHSL:

- y BUCOKOBOJIbTHUX MEpekKax:

- B arperaTHUX TpaHc(opmaTopax;

- y BUPIBHIOIOUHUX JIPOCEJISIX;

- y IpocemnsiX HaCUYEeHHS;

- Y HU3BKOBOJIBTHUX MEPEXax 3MIHHOTO CTPYMY

- y BUNIPSIMILIFOUMX OJIOKaX;

- B MEPEXi BUIPSMIICHOTO CTPYMY;

BuBeneni 3aiie)XHOCTI BTpAT IMOTY)KHOCTI Bil KITBKOCTI BHITPSIMIITIOUHX
arperariB, 10 3HAXOAWINCH Yy poOoTi. Ilpm mpOMYy MpPOBOAMBCS PO3PAXYHOK
CTpyMIB Ta BTpaT TMOTYKHOCTI B KOXHOMY 3 €JEMEHTIB CHCTEMH
€JIeKTPOIOCTayaHHS.

B mporieci npoBeCHHS A0CIIPKEHb BUSIBIICHI €ICMEHTH, BTPATH MOTY>KHOCTI
B SIKUX HAMOLIBIIII:

B arperatHux TpaHcpopmaropax — 0,8...0,9 % Bim NOTYXHOCTI, IO
CIOKUBAETHCA,

y BunpsamiieHux 0iokax — 0,6...0,63 %,

Y HU3BKOBOJILTHUX Mepexax 3MiHHoro ctpymy — 0,11...0,13 %,

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

CymapHi BTpaTé MOTYKHOCTI B CHCTEMi €JIEKTPOIIOCTau4aHHs NPH YOTHPHOX
BUNPSIMILIFOUMX arperatm Ha cTpyM 25 KA ckimamu 1.26 MBt - (2.42% Bin
MOTYKHOCTI, III0 CHOXKUBAETHCS), @ TIPH TPHOX BUIPSAMIITIOUNX arperaTtu Ha CTPyM
25 kA Tta omHOMy Ha cTpyM 12.5 kA - 1.35 MBT (2,6 % Big notyXHOCTI), 110
CIOXKUBA€EThCS. TakMM YMHOM OUIBLI ONTUMAaJbHUN PEXUMOM POOOTH CHCTEMHU
EJIEKTPOIIOCTAYAHHSl € PEeXHUM T[PH MEHIIOMY 3aBaHTAXKCHI BUIPSIMISIIOYHX
arperaris.

Ha ocHOBI mpoBeneHUX JOCHIIKEHb TNPUBENEHI peKOMeHmallii, Mo
JIO3BOJISTIOTh 3MEHIIUTH BTPATH €JIEKTPOCHEPTii B CHCTEMi €JIeKTPOIIOCTa4aHHS i
TUM CaMHUM 3MEHIINTH €HEPrOEMHICTh BUPOOHUITBA Ta COOIBAPTICTH MPOIYKIII,
1110 BUITYCKA€THCA.
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CEKLISA “EJJEKTPHUYHI MAIIUHWA”

YK 621.313

Spum6anr JI.C.%, SIpum6arm C.T .
! 1-p. Texm. mayk, npod. 3HTY

2 KaHJI. TEXH. Hayk, gor. 3HTY

3ACTOCYBAHHA METOAIB MATEMATUYHOI'O MOJEJIIOBAHHSA
JJISI BUBHAYEHHSA NAPAMETPIB CUCTEM
EJEKTPOMATHITHOI'O IEPETBOPEHHS EHEPTII

CucrteMH €JIEKTPOMArHiTHOrO MepeTBOPEHHs eHeprii HaOyiau JOCUTH
HIMPOKOTO MOIIMPEHHS B IPOMHCIOBOCTI Ta eHepreTulli. Jlo HUX MOXXHa BifHECTH
CUJIOBI TpaHC(OPMATOPH, CICKTPUYHI MAIIMHU, CICKTPOTEXHOJOTIUHI YCTAHOBKU
tomo. Jlo ix mepeBar MoXKHa BiHECTH HAJIMHICTh Ta ePEKTUBHICTH POOOTH,
MOXIJIMBICTh BUKOHYBAaTH TEXHOJIOT1YHI onepalii 3 JOCUTh BUCOKOIO TOUHICTIO Ta 3
MiHIMQJPHUMH BHUTpPAaTaMHU CHEPrii. AJie BHUCOKAa KOHKYPCHINSI Ta CTalud picT
Tapu]iB Ha eHepropecypcH NoTpedye MOKPAIIEHHS MapaMETpPiB Ta XapaKTEPUCTHK
ICHYIOUMX CHCTEM €JEKTPOMArHiTHOrO IepeTBOpeHHs eHeprii. s mporo
HEOOXiHO ITiIBUIIUTH TOYHICTD iX PO3PaxXyHKY.

ToMmy aKkTyalbHUMH € NHTaHHS MOJCIIOBaHHS IPOIECIB IO BiIOYyBaroTHCS
IPU €JIEKTPOMArHiTHOMY NEPETBOPEHHI €HEpTii 3 ypaxyBaHHSIM KOHCTPYKTHBHHX
0COOJIMBOCTEH Ta €1eKTPO(I3MYHKUX BIACTHBOCTEH MaTEpiaiB.

B po6oTi IpOMOHYETHCS MiAXIA IO MOJICIIFOBAHHS Ta BU3HAYCHHS apaMeTpiB
CHCTEM €JIEKTPOMArHiTHOTO MEPETBOPEHHsI eHeprii Ha 6a3i cCUCTeMH 1HIYKIIHHOTO
HarpiBy. Llg cucrema ckilaiaeThesi 3 MaCUBHOTO (pepoOMarHiTHOro ocep/s 3 nasamu,
Ma30BOi 1301111, CTPHIKHIB 0OMOTKH Ta 30BHIIIHLOTO ()ePOMATHITHOTO KOXKYXY.

HecrauionapHe elleKTpOMarHiTHe IoJie B CHUCTEMi IHOYKLIIHOrO HarpiBy
MOXHA ONHCAaTH HENIHIHHUMHM PIBHSHHAMHM JJIsI BEKTOPHOTO MAarHiTHOTO
MOTeHINamy A:

G(JT,-)%A+V>< Tﬂl(ﬁ)-VxA =0, (1)
0° i

Jie C — IUTOMA EJIEKTPUYHA IPOBIIHICTD;
Lo — MarHiTHa IPOHUKHICTb BaKyyMy;

|L — BiTHOCHA MarHiTHa POHUKHICTb.

TemneparypHuii pexxuM poOOTH CHCTEMH IHAYKIIHHOTO HarpiBy ONHCYETHCS
PIBHSAHHAM BUAY:
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dr.
c.M. L

M, S - P(T;.U,)- @ AT, F, -, AT, F,, 0

Je ¢; — IUTOMa aJIUTUBHA TENJIOEMHICTb;
M ; — maca;

P, - akTHBHA NOTYXKHICTB;

a;,.,AT;,., F, — xoedimieHT TemnooOMiHy, Iepenan TeMIepaTryp i IOBEpPXHA
TEIUTOOOMIHY MiXK CHCTEMOIO Ta 00’ €KTOM;
a;,,AT;,, F,— xoedilieHT TemnooOMiHy, mepenaj TeMIeparyp i IOBEpXHA

a? a?

TEIJIOOOMIHY MK CHCTEMOIO Ta TEIUIOI30JIALIEO.

PiBasiHHs (1) 3aMHKAlOTBCS TPAaHUYHHMH YMOBaMH MAarHIiTHOI i30JAmil Ha
30BHINIHIX TPAHHUIX CHCTEMH, YMOBaMH CIIOJIydCHHS Ha TPAHUIAX CEPEAOBHII 3
pI3HMMH BJACTHBOCTSAMH Ta OJHOPIAHUMH HadyalbHUMH yMmoBamu Kommi. [ns
yrcenbHOI peamizamii momeni (1) 3 ypaxyBaHHSAM (2) B IDIOCKONApaleIbHOMY
HaOJIDKEHHI 3aCTOCOBYETHCS METOJ CKiHUCHHHX €JICMEHTIB B CTPYKTYpi 3aco0iB
I13 FEMM.

[Ipu 00po6ii pe3yJbTaTiB MOJIETIOBaHHSA BUKOPUCTOBYIOTHCS
CHIBBITHOILIEHHS, 1[0 BUKOHYIOTh alPOKCHUMALIII0 3aJIeKHOCTI Ai0401 HAanpyrd Ha
00MOTIIi, aKTHBHOI 1 MOBHOI MOTY)KHOCTI, II0 JO3BOJISIIOTh BH3HAYATH aKTHBHHH,
MOBHUM, 1HIYKTUBHUN OMIp CHCTEMH Ta KOE(IlIi€HT MOTYKHOCTI 3 ypaxyBaHHSIM

TEMIIEpaTypH CUCTEMH |; Ta [i0490r0 3Ha4eHHs CTpyMy B oOMoTIHi |; .

[MopiBHAHHS €KCIEPUMEHTAIBLHIX JAHHUX 1 pe3yJIbTaTiB PO3PAXYHKIB MTOKa3ye
BHCOKY TOUYHIcTh MonentoBaHHs: 0,9% - s akTUBHOI MOTYXKHOCTI cuctemu, 1,2%
- I [iI0YOrO 3HAYeHHS Hampyrm Ha oOmortmi, 2,1% - mia koedimieHTa
MOTY>KHOCTI B iHTEpBaJli 3MiHH BiTHOCHOTO HaBaHTakeHH: 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 MPHUCBAYCHI OLIHKHM TEIUIOBHX IIOJIB ENEKTPUIHHUX
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MaIlliH HeIocTaTHbO pociimkeHi [1]. HeoOximHO mMOCHIIKEHHS MPOIECiB
PO3MOAITY TEIUIOBMX MOTOKIB BCEpENWHI 1 30BHI NPHUCTPOIB, BH3HAYCHHS Ta
imeHTUdIKaIi] BHYTPIIIHIX TOMKOIKEHb eIeKTPUIHNX MaInuH. [IpoBeneHi paHimie
JOCTIKCHHSI CTBOPHIIM TIEPEIyMOBH U BHPIIICHHS 3aBIaHb iACHTHU(IKaIl
BHYTpIIIHIX MOPYIICHb, IO BIUIMBAIOTh HA TEIUIOBHHA PEXUM pOoOOTH MAaIIWH.
ToMy TeopeTH4He y3aralbHEHHS IPOIECiB TEIIOBOTO PO3MOALTY 1 imeHTHdiKamis
Ha LIl OCHOBI YIIKO/DKEHb (CTaHy Mpale3/laTHOCTI) € aKTyaJlbHOI0 HAayKOBOIO
3agayero. OueBHIHO, IO NTPH KOKHOMY KOHKpeTHOMY JedekTi Oy/e cBiif po3mnoin
TEIJIOBOTO IOJIsL, a 3HA4MUTh 1 cBOi Hachiaku. [lependaueHHs HOBUX Ae(eKTIB 3a
JIOTIOMOT'0I0 aHaNi3y IbOTO TOJIS - JOCHTh JAIE€BHI CHOCIO MonepeKeHHs pi3HUX
MOJIOMOK €JeKTpU4HOi MammHu. OJHUM 3 MEPCHEeKTUBHHUX HANpPSIMKIB PO3BUTKY
CHCTEM MOHITOPDUHTY B YacTHHI JIarHOCTYBaHHS € pO3pOOKa IiarHOCTUYHHX
Monelell 3 ypaxyBaHHAM iHQOpMamii Mpo KOHCTPYKTHUBHI 1 TEXHOJOTIUHI
ocobmBocTi MammHH. [lepeBipka pe3yipTaTiB pO3paxyHKY CHEMiadi30BaHUX
MoJieTied MOXJIMBa IPH NPUHMAaIbHO-3JaBaJbHUX a00 THUIOBHX BHIIPOOYBAaHHIX
€JIEKTPUYHOI MAIIMHU CIUIBHO 3 3aBOJaMH BHUpPOOHHMKamMH. YacTo Ui OLIHKH
CTaHy €NEeKTPUYHOI MAIIMHK CTBOPIOIOTHCS MAaTeMaTW4HI MOJENI, IO MICTATh B
co0i BEMMKY KiTBKICTh PO3paxyHKiB, IIO BHMAararmTh 0arato 4yacy Ui BIaCHOTO
po3paxyHKy. [lo TOro »x, mpu po3paxyHKy CKIaJHHX CHUCTEM HEpPiJKO MOXKHa
JIONYCTUTH MOMMJIKH YHCTO MaTEMaTHYHOTO XapakKTepy.

Binpun mepcrneKTHBHUM 1 HAOYHMM € CTBOPEHHS IHTEPAKTUBHUX MOJENCH B
PI3HHMX IPOrpaMHUX MakKeTaX. BoHM J03BONISAIOTH CTBOPIOBATH MOJENI, OJIU3bKI 10
peanpHux. Y paHiii poOOTI Ui MOJENIOBAHHS BHUKOPHCTOBYETHCS IMPOTPAMHHIA
makeT Comsol Multiphysics. Lle moTyxHe iHTEpaKTHBHE CEpPENOBHINE IS
MOJICITIOBaHHS 1 pPO3paxyHKIB OUTBIIOCTI HAayKOBHX 1 IH)KEHEpHUX 3a1ad
3aCHOBaHMX Ha IU(EpEHIaIbHUX PIBHAHHAX B YAaCTKOBUX IOXIZHUX METOJIIOM
KiHIIEBUX eyeMeHTiB. [IoBHY TpMBHMIpHY KOMITIOTEPHY MOJENb TaKOI CKIaIHOT
HEJIHIHHOT CHCTeMH, SK peajbHa EJECKTpUYHA MallhHA, MOXKHAa BU3HAYMTH SIK
3arajbHy TEIUIOTIIPaBIiYHy MiAMOJENb EJEKTPUYHOI MamuHA. Bona Moxke
BKJIIOYATH B ceOe Oomuc reoMeTpii i JeTaibHOl CTPYKTypu TpudasHoi 0OMOTKH, a
TaKOX AaKTUBHOI YaCTUHU €JIEKTPUYHOI MamMuHU. Taka MOJelb IIOBUHHA
3a0€e3MeYnTH OTPUMAHHSA JOCTOBIPHHX OCHOBHHUX IHTETPAJIbHHUX XapaKTEPHUCTHK
TEeMIepaTypy 1 pO3MOAITY IIBHIKOCTI HAa BHIUIEHUX IMOBEPXHAX. SIK 3a3HaYeHO
pasilie, 3aBIaHHIM € OITUC 1 3araJIbHUH pPO3PaxyHOK TEIUIOTiIPaBIiYHUX MPOLECIB
eIEeKTPUYHOI MAamMHU 3 OOOB'SI3KOBHM ypaxyBaHHSAM BCiX (OCHOBHHX 1
JIOZIATKOBUX) TEIUIOBHUIUICHb, IO MAlOTh Micle B EJNeKTPUYHOI MamuHH. 3a
nonomoroto Comsol Multiphysics MoskiuBe CTBOpEHHs BapiaHTIB Mojenen
SJICSKTPUYHOT ManinHy 3 aedexramu i 6e3 takux. [ledextn MoxyTs OyTn 3a1aHi SIK
JIOZIATKOBI JpKepesia TeroTH. OdYeBHIHO, IO TaM, Jie PO3TallOBaHUH JIeQeKT,
TeMIiepaTypa BHILE, HDX B aHAJOTIYHOI MOJENi HOpManbHOrO pexumy (06e3
nedekTiB), oTXKe, TemIepaTypa Ha IOBEpXHI Tak camo miaBuiyerbcs. OTxe,
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BukopuctanHs Comsol Multiphysics 103Bomsie  3MOIENOBaTH 1  HAOYHO
MIPOIEMOHCTPYBATH PO3IIOALT TEMIIEPATyPHHUX OB IPHU Pi3HUX PEeKUMAax PoOOTH
enekTpruyHOoi MamuHU. CTBOPEHHS IHTCPAaKTHBHOI MOIENI MOXXE CTaTh IyXe
3pYyYHHM 1 MEPCIEeKTUBHUM CIIOCOOOM JiarHOCTHKH 1 MOHITOPHHTY Ae(EeKTiB B
pi3HUX i1 YaCTHHAX.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

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 NMpOeKTyBaHHA. B JgaHWi Yac iCHye JEKiIbKa METOMAIB PO3paxyHKy, a came:
eMITIpUYHUI, aHATITHYHUN, METO/IM LITYYHOT'O IHTEJIEKTY Ta YHCEIIbHI.

EmmipudHi MeToIM 3aCHOBaHI Ha eKCICPUMEHTAIEHUX BUMIpax i BU3HAYCHHS
KoedimieHTa MOOYOBH, KM BU3HAYAETHCS SK BiJHOMICHHS BUMIPSHUX BTpaT B
ocepai 10 HOMIHAIFHUX BTpaT. EMIpHYHI METOTM BiZOMi CBOE€K MIBHAKICTIO
oOurcineHp 1 crxmagHicTio. OCKUIBKH Koe(imieHT TOOYHOBH 3aJeXKHUTH Bij
NEKUTBKOX TMapaMeTpiB, TaKWX SK MOBITPSHUN 3a30p, 00JAcCTi TEpeKpUTTS Ha
CTHKaX 1 po3Mip OTBOPIB IS YKJIANAHHs, EMITIPHYHI METOAN BUMAraroTh BEIHKOL
KiJIbKOCTI BUMIPIOBaHb.

Btpatu B ocepni MOXyTh OyTH OTpHMaHi 3a JOTMOMOTOI0 MOJAEITIOBAHHS
eKBIBAJICHTHUX MAarHiTHUX KU1 3 BUKOPHUCTAHHSIM aHAIITUYHHX MeToAiB. Brparu
XOJIOCTOTO XOJy MOJICNIOIOThCS IUISIXOM BBEICHHS ONOpY B 3aralibHy MOJIEINb
eKBIBaJICHTHOI CXeMH TpaHchopMmaropa. AHATITHYHI METOAHW, KpIM CBO€ET
MPOCTOTH, TOYHI ISl BUBYEHHS ITyCKOBOTO CTPyMY, (epOpe30HaHCy, CiMeilcTBa
rapMoHik 1 T.i. OgHaK IIi METOAM HE MOXXYTh TOYHO OI[IHUTH BTPATH B OCEpi, 1
3a3BUYail  BUKOPUCTOBYIOTbCS ~ KOMEpLiHHI ~ IpOrpaMd  INPOEKTYBaHHS
TpaHcdopmarTopiB, SKi BAKOPUCTOBYIOTh YHCEbHI 200 eMITipUYHI METOIH.

MeToau ITYYHOTO IHTEJIEKTY 4acTO 3aCHOBaHI HA HEMPOHHHUX MEpexax, siKi
BUKOPHCTOBYIOTbCS JUIA OIIHKM BTpPAaT B OCEpAi 3ajJeXKHO BiJg IapaMeTpiB
NPOEKTYBaHHA oOcepAs. TOYHICTh IMX METOJIB B OCHOBHOMY 3aJIeKHTh BiJl
TOYHOCTI HaB4YaHHA HaOOpiB HEWpOHHMX Mepex. HesBakaioum Ha Xoporii
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XapaKTEepPUCTUKN HEHPOHHUX MEPEX B IPOTHO3YBaHHI BTPAT XOJIOCTOTO XOOy B
3i0pannx TpanchopMaTopax, B ACIKHX BHIAJKAX MOMMJIKA OIIHKH HENPUIHATHA
TICIIS 3aBEpIICHHS BUPOOHUIITBA TpaHC(POpMaTopa.

B ocrasHI mecATHNITTSA y 3B'3KY 31 MIBHIAKAM 3POCTaHHAM OOUHCITIOBAIBHOL
MOTY>KHOCTI KOMITTOTEpIB CTAIM OLIBII MPUBAOIMBIMH YrcenbHI MeToan. LI meTtomn
MPOTHO3YIOTh BTPAaTH XOJIOCTOTO XOAYy, BHUpINIyIOUM piBHSHHA MakcBemia 3a
JIOTIOMOTOI0 YHCENBHUX MeTOAiB. /0 HUX BiJHOCHTHCSI METOJ| KIHIIEBUX EJIEMEHTIB,
SKUA  BIJPI3HAETBCS TPOCTOTOI0 1 TOYHICTIO. MOJEMIOBaHHS IPOBOJUTHCS 32
JIONIOMOTO0 Tiporpamuoro nakera FEMM, sikuii € O¢3KOIITOBHUM Y BIJIMIHHOCTI BiJl
IHIIMX BIZIOMHUX KOMIT'FOTEpHUX nporpaM. Tomy nonansine BukopuctanHs FEMM s
JIOCHIZKEHHST BTpaT HepoOo4oro xoxy onHodasHoro TpaHchopmMaTopa € akTyalbHUM
IIUTaHHAM.

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

JOCJIIKEHHS ITAPAMETPIB MATHITHOTI'O ITOJIA
TPAHC®OPMATOPA HA CTYIIEHSX PEI'YJIIOBAHHSA HAIIPYT'U

3a  cyyacHUMH  pO3paxyHKaMHd  CKOHOMIYHOCTI  Ta  HaAiHHOCTI
EJIEKTPOTEXHIYHOTrO 00JIaJiHAHHS 3MIHWINCS KOHCTPYKTOPChKI HOPMHM, BBEJCHI Y
JII0 HOBI CTaHAAapTH B 00OJAcTi NMPOEKTyBaHHS Ta ekciutyaranii [1], 3Ha4HOrO
PO3BUTKY  OTpUMalli HOBI METOJM  MaTeMaTHYHOTO  MOJIENIIOBaHHS B
eJIEKTPOMAIIMHOOY JyBaHHI. Pi3HOMaHITTS ICHYFOUMX KOHCTPYKIH Ta PEXHMIB
poboTu enekTpooOiIagHaHHSA MOTpeOye CTBOPEHHS THYYKHX Ta YHIBEPCAJIbHHUX
COCo0iB 1X J0CIIKEeHb, PO3PaXxyHKY Ta 0OpOOKH OTpUMaHUX pe3yJbTaTiB. Bee ne
MpHU3BENIO0 10 30UIbIIEHHS BHMOT TOYHOCTI Ta JOCTOBIPHOCTI pe3yibTaTiB
JOCTIDKEHh POOOYMX pPEXKUMIB CHIOBOTO TpaHchopmaTopa Ime Ha erari
KOHCTPYKTOPCBHKOI MiATOTOBKH.

IIpn BukoOHaHHI &aHOi poOOTH OyiM TpOBENEHI JOCHIKEHHS CTaHy
Mar”iTHoi ~ cucremu  TpaHcdopmaropa TM-10000/35, 3a  BHUKOHAHUMH
AHANITHYHUMU po3paxyHkamu [2,3].

3acTOCOBYIOUM YHCENIBHI METOAM, OYyiIM BH3HAUEHI T'€OMETPHYHI po3Miph
Mar”iTHOI CHUCTEMH Ta OOMOTOK TpaHchopmaTopy. OTpumani pe3yibTaTH
napaMeTpiB TpaHC(OpPMATOpy HYHCENBHHUMH METOJaMH JO3BOJISIFOTH JAETAbHO
JIOCITITUTH iX B OKPEMHUX €JIEeMEHTaX MarHiTHOTO JIAHITIOTA.

[ToOynoBana reoMeTpuuHa MOJEIb AKTHBHOI YacTHHHM TpaHchopMaTopa
3acobamu Femm [4]. TIpu 3aaHUX MAarHiTHHX BJIACTHBOCTAX €JIEKTPOTEXHIYHUX
craneli, OyB mIpoBeAeHWH aHaNi3 craHy MarHiTHOi cucremu. Ha 6asi Bimomux
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CHiBBITHOIIEHD A BU3HAYCHHS aKTHBHOI Ta PEakTHBHOI CKkiafoBux Hampyru K3
Ta MOJLOBOTO MOJIECTIOBAHHS BU3HAUEHO 3HAYCHHS CHEPrii MarHITHOrO MO B 30HI
MAarHiTHOI cuctemH, B 30Hi oOMotoxk HH, BH Ta y xaHamy poscitoBaHHS.

Jns  pi3HUX CTyNEHiB perymioBaHHA Hampyrm Ha cropoHi BH
TpaHchopMaTopy, OyIH OTpUMaHi pe3yIbTaTH 3MiHEHHS €HepTii MarHiTHOTO IO,
0 Hagae 3MOTY [aTH peajbHy TEXHIKO-CKOHOMIYHY OI[iHKY IapaMmeTpiB
tpancdopmaropy TM-10000/35-Y1 mpu 3miHeHHI HaBaHTaXeHHsS. Po3paxoBami
ctpymu B oomorkax BH 1a HH mnpu 4 crynensix perymosanus [163 B pexunmi
KOPOTKOTO 3aMUKaHHs TpaHC(hopMaTopa.

PesynpraToM moCHiKEHb TakoXk € po3poOKa TEOPETHYHHX OOIPYHTYBaHb
KapTUHU PO3MOJALUTY MArHiTHOIO TMOTOKY B MArHITOMPOBOMI 3 OJHOYACHHM
BUKODHUCTAHHSIM pI3HHX THIIB CTaJied, II0 JO3BOJIWJIO CTBOPHTH METOAUKY
PO3paxyHKy eNEeKTPUYHUX BTPAT I CHJIOBHX TpaHCHOPMATOpIB i3 3MiHOIO
€JIEKTPUYHOTO HaBaHTaKCHHS.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1.5Ipumba, /1.C. BusHaueHHs mapaMeTpiB KOPOTKOTO 3aMHKaHHS CHIIOBOTO
TparcopmaTopa 3acobamu monboBoro moaemoanus [Tekct] /. C. SIpumoOar,
C.T. Spumbam, T.€. Hiuyk // IadopmamiiiHi TeXHOJOTIl: Hayka, TEXHiKa,
TEXHOJIOTIs, OCBiTa, 310pOB’s: Te3u momoBigeli XXV MiKHapOIAHOI HayKOBO-
npakTrdaoi KoHpepenuii MicroCAD-2017, 17-19 tpasus 2017p.: y4 4. Y. I. / 3a
pen. mpo¢. Coxoma €.1. — Xapki: HTY «XI1l», 2017. — C. 312.

2.Bacrorurckuit, C.B. Bompocsl Teopum u pacuera TpaHchopMaTopoB
[Texct] / C. B. Bactorunckuii. — 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.
ctapl. Buxi. 3HTY

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

Sk BiZOMO, MarHiTHe 1ojie y TpaHC(OPMATOpax Ta PeaKTopax YTBOPIOETHCS
CYMOIO CHJI HaMarHigyyBaHHsS OOMOTOK i BiziBojiB. OOMOTKH MOTYXXHHUX CHIIOBHX
TpaHcopMaTopiB Ta peakTopis, 3a3BUYAM, BAKOHYIOTh APOTaMHU MPSIMOKYTHOTO Y1
Kpyryoro mepepizy. CaMmi IpOTH 130JIOIOTH OIWH BiJ OJHOTO €MaJleBOI0, abo
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MarepoBoI0  i30IrAmiero. MiX XomaMu TBHHTOBOI OOMOTKH, a00 KOTyIIKaMHu
Oe3mepepBHOI  KOTYHIKOBOI OOMOTKM BHKOHYIOTh KaHaJIM 3a JOINOMOTOIO
CIEeKTPOKAPTOHHUX  TPOKIANOK  (MacisfHi, Y TOBITPSHI UII  CYXHX
tpancdopmaTopiB). Ix po3mipu BapilOIOTBCS Bifl TOPIIB 10 HEHTPY OOMOTKH.
3a3BHUaii, HEXTYIOTh HEPIBHOMIPHICTIO PO3IOAUILY CTPyMY IO IIepepily OKpeMHX
IPOTiB, TOMY OOMOTKH PO3KJIaJaf0Th HA 30HHU 3 MPHUOIM3HO OAHAKOBOIO MIIBHICTIO
aMIep-BUTKIB. Y KOHLEHTPH MNOETHYIOTh 30HH, SIKI MalOTh O/JIHAKOBI KOOPAWHATH B
paiabHOMY HampsIMKY.

VY MmarMonensx oOMOTKM IpeicTaBiieHi abo y BUIUIAAI ILMJIiHApa, abo K
HECKIHYEHHI IIJIOCKOMNapalieNibHi IIMHH NPSMOKyTHOro mepepizy. Ilpu Oymosi
MoJieiell KOHKPETU3YIOTh, HAaHOUIBIIMM YMHOM, JOCIIIKYBaHi By3id. [HIi, ki He
NPE/ICTABISIOTh 1HTEpeCY y JaHOMY BHUNAJKY, iJeali3yloTh, Yd W 30BCIM He
BPaXOBYIOTb.

Jnst [OCIiKEeHb IUPOKO 3aCTOCOBYIOTH aHAITHYHI T4 YACEIbHO-aHATITHYHI
METOJM PO3pPaxyHKy IIOJIIB PO3CiIOBaHHA. 32 OCHOBY NPHHMAIOTh ITOCTAHOBKY Ta
PO3B’S30K KpaloOBUX 3aAad IS JBOBHMIpPHHX Mojenell (HaidacTimie) y BHTIIAIL
piBaaHb [Tyaccona 3a ymoB Heiimana Ha Mexax Moieneit.

3a MeTomOM [3epKalbHUX BigoOpaskeHb 3a 3akoHOM bio-CaBapa MoXxHa
OTpUMATH BHUpa3M CKIAJOBUX IHAYKIII MarHiTHOro mojisi 0OMOTOK BpPaxOBYIOUH
CTPWKHI Ta sipMa TpaHcopmaropa (peakropa).

Jlyis mockomapaieibHuX Mojiesieii 00MOTOK TpaHchopMaTopiB (MpH P=w) €
PO3B’SI3KM Yy BUIJISIAI NOABIMHUX psfie Dyp’e npu posxaineHHi 3MmiHHHX. s
IIHAPUYHUX MoJieNieil (TIpu THX e yMoBax) — y BUIIIsiAl psaaiB @yp’e-beccens.

MerTo0 OCHIPKEHh IHX MOAENEH € He TIIbKM PO3paxyHKH CKIAJIOBHX
IHAYKIIT, a i pO3paXxyHKH iHIYKTHUBHUX OITOPIB Ta OCBOBUX CHJI B 0OMOTKaX.

[Ipu aHaimizi BiceCHMETPHYHUX 1 TUIOCKOMApATICTbHAX MOAETCH 3 NEKIThKOX
mapiB OiYHMX CTiHOK 3 BIiJJOMHMH 3HAYCHHSIMH MAarHITHOI TPOHHUKHOCTI Ta
CJICKTPUYHOT IIPOBIHOCTI BHBOJATHCS BHPa3HM U PO3PAXYHKIB CKJIQJOBHX
IHAYKIiT YacTKOBHX MOJEJCH, SKi BUKOPUCTOBYIOTH, SK TPU JJOCIHIIKEHHI
TpaHcdopmaropiB, Tak i peakropis. sl BU3HAUEHHS PO3IOALTY CTPYMiB 0OMOTOK,
JUISl PO3PaxyHKY BJIACHUX Ta B3aEMHHX IHAYKTHBHOCTEH KOPHUCTYIOTHCSI THMH K
BUpa3aMu.

KopucryBaHHs 4HCEIbHO-aHAJITHYHUMH METOJaMH, SKi IPYHTYIOTbCS Ha
METOZl IHTeTpabHUX PIBHSAHB, YU KOMOIHAIl aHAJITHYHOTO METOAY Ta METOXLY
BTOPHHHUX JDKEpeN IOLIIbHE IPH CIPOIIEHOMY MOJCTIOBaHHI (epOMarHiTHUX
Jeraneil TpaHcopMaropiB Ta peakTopiB (IMCKPETHI TiJIa 31 CKIHYEHOIO0 MarHiTHOIO
MPOHUKHICTIO).

Ha ocHOBi po3ristHyTOro BHIE, BHIHO, IIO JUIS JOCIIJUKEHHS MarHiTHOTO
nois TpaHcOpMaTOpiB Ta PpEakTOpiB MOXKHA BHKOPHCTOBYBATH JIBOBUMIpHI
OJTHOCTPHXKHBOBI ~ PO3pPAaXyHKOBI Mopemi, SKi PO3B’A3YIOTb  BiIIOBIIHUMHU
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KpallOBUMH 3aJadaMd, SK aHATITHYHAMH, TaK 1 YHCENbHO-aHATITHIHUMHU
METOIaMH.

VK 621.313

JiBayx T.€.1, Cagenbes B.I'.2
! crap. Buxi. 3HTY

2 now. 3HTY

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

Ha cydacHomy erami BUpOOHMITBAa CHJIOBHX TpaHC(OPMATOPIB OCHOBHUM
METOJIOM po3paxyHKy mapamerpiB HX cuiioBuX TpaHCOpMaTOpiB € MeTon
CXEMHOro MojentoBaHHs. /[l BU3HAYEGHHS MapaMeTpiB CXEMHHX Moenei
BUKOPHCTOBYIOThCS aHAJIITHYHI BUPa3u, OTPUMaHIi 3 pillIeHHs] MOAEEH, sIKi MaloTh
CYTTEBI CIpPOIIEHHS Ta JOMyIIEHHA. BHUKOpPHUCTaHHS Takoro Merojga Ui
OTpPHUMaHHS ITapaMeTpiB TpaHc(opMmaTropa HE 3aJOBOJIBHSE CYyJacCHHM BHUMOTaM
TOYHOCTI.

ITonpoBe MoOAenrOBaHHS [O3BOJSIE BPaxyBaTH OCOOJIMBOCTI KOHCTPYKIIT
AKTUBHOI YaCTHHH TpaHC(HOpPMATOpa, HETIHIHHICTh SKOCTEH aKTHBHUX MaTepialiB
Ta X BIUIMB Ha CTPYMH HaMmarHiuyBaHHs. [loibOBI Mopeni OTpUMAaIM IIHUPOKE
PO3IOBCIO/KEHHSI TIPU  aHaNli3i  eJIeKTPOMArHITHUX IIPOLECIB B  CHCTEMax
MEPETBOPCHHS 3MIHHOTO CTpyMy. [Ipu 4rcenbHil peaizallii MoJs0BUX MOJCIICH B
0araTOKOMIIOHEHTHUX  OONACTAX 3  HeNiHIMHUMHU  enekTpodi3uyHuMH  Ta
MarHiTHUMH SIKOCTSIMH BUHHUKAIOTh OOMEXKEHHS, SIKI MOB’s3aHI 3 MOTYXHICTIO
arapaTHUX PECypCiB, BUTPATAMU Yacy Ta CTIHKICTIO PO3paxyHKOBUX IPOLECIB.

HocroBipHe Bu3Ha4YeHHs mapamerpiB HX cwuioBoro TtpancdopmaTopa
notpe0ye BpaxyBaHHS BCIX (paKTOPIB B3a€EMHOTO BIUIMBY B KOXHii 30HI MarHiTHOT
CHCTEMH, $Ka BCTAHOBIIOETHCS 3 BpaxyBaHHAM KOC(IUIE€HTIB IIUXTYBaHHS,
3allOBHEHHS KOJla CTPW)KHS Ta MiJCWIEGHHS IUIomi mepepisy sipma. OCHOBHI
napaMeTpy IMUTOMHUX BTPaT HEpOOOYOro XOJy BHU3HAYAIOTHCS OKPEMO ISl KYTiB,
OKpPEMO JUIA 1HIIOT YaCTHH ocepsl (CTPYKHIB Ta sipeM). [t mocATHeHHS 1iel MeTH
HEOoOXiHO MaTH MEBHUHN 00CST iH(pOpMarii, 10 BKIIOYAE MapKy eNEKTPOTEXHITHOT
CTaJli, KyTH Ta {X Barosi KoeQiIlieHTH, JaHi BUMipIOBaHb BTPAT HEPOOOUIOTO XOTy.

BuxopucToBy0Ur po3paxyHKOBI JaHi A7l BTpAT B KyTax MarHiTHOI CHCTEMU
Ta B IHIIMX KOHCTPYKTUBHHUX €JIEMEHTaX MarHiTHOI CHCTEMH Ta JaHi BUMIipIOBaHb
BTpPaT HEPOOOYOro XOAy SK TOYATKOBI YMOBHM B aJTrOPUTMI ONTHMI3aIlii s
3aJJaHOT'0 3HAYCHHS! OCHOBHOT'O MOKa3HMKA BUKOHYETHCS MpoLeaypa Oe3nepepBHO
3 KOpEeryBaHHSM PO3PaXyHKOBHMX 3HAa4YEHb JIOKH He OyJe JOCATHYTO HEOOXiJHOTrOo

63



piBHS BiIXWJICHHS MK JaHUMH BHMIPIOBaHb Ta PO3PaXyHKOBHMHU NaHUMH. [Ipu
JIOCATHEHHI IIOTO JIOMYCKY (DiKCYETHCS CIIIBBIIHOMICHHS MiXX BTpaTaMH y KyTax Ta
IHOIMX YacTHMHAX OcepAs M1 KOHKPETHOI MapKe CTali Ta KOHCTPYKTHBHOTO
BUKOHAHHS. 3aCTOCYBAaHHS TAaKOTO IMiIXOIy JMO3BOJIA€ IOJIMIIMTH HOKa3HUKH
BUKOPHCTAHHS aKTHBHUX MaTepialiB ocepas Ha 3%.

HoBa MeTomuka BH3HAYEHHS MapaMeTpiB HepoOOYOro XOAy CHIIOBOTO
TpaHcopmaropa  3abe3neyye  3MEHIICHHS  HOXWOKHM, OCKUIBKH  Bpaxye
HEpIBHOMIPHICTh PO3MOALTY IHAYKIII Yy CTHKax 1 sipMax, KyTiB 1 CTPHXKHIB
TpupasHUX MarHiTHUX cucteM. lle ycyBae psia KOpUTYIOUMX KOEQIli€HTIB,
BCTaHOBJEGHUX 3a [aHUMH BHIIPOOyBaHb CHJIOBHX TpaHc(opMmaropiB, MO €
HEJIOJTIKOM ICHYIOUOi 1HKEHEPHOT METOIMKH PO3PaxyHKy Ta PO3LIMPIOE 007acTh 1l
3aCTOCYBaHHsl JUIsi NPOEKTYBaHHS HOBHX TpaHC(OpPMATOpiB 1032 ICHYIOUUMH
CEepIisAMH 1 [UIT HOBHUX MEPCIIEKTUBHIX KOHCTPYKIII MATHITHUX CHCTEM.

YK 621.313

Cromsip M.IO.%, IIponanos M.C.}, IlleBuenko JI.M.2
! eryn. rp. E-214m 3HTY

2 ctya. rp. E3-214m 3HTVY

JIATHOCTHUKA EJEKTPUYHUX MAIIWH ITICJIA KAIIITAJIBHOI'O
PEMOHTY

Enextpuusi MallliH € HaWMOMINPEHIIIUMHA €JIEMEHTaMH
EJIEKTPOYCTaTKyBaHHs y MpoMuciioBocTi. Ha 1X poOoTy 3Ha4HO BILIMBAIOTh YMOBHU
HaBKOJIMIIHBOTO ~ CEPEIOBHIA, pPEXUM pPOOOTH MPHUBOJHOIO  MEXaHi3Mmy,
KBaJTi(hiKaIlisi mepcoHay, o 00CIYroBye IO eJICKTPOIBUTYH.

BigmoBa enekTpoABUTYHa 3 BHIIE3raJlaHMX HPUYUH 3aBJAE SKOHOMIYHOT
IIKOJIM TIPOMUCIIOBOMY ITiJIPUEMCTBY BHACHTIIOK TIPOCTOIO pOO0OYOro MEXaHI3MY i,
SK HAaCJIJJOK, 3SMEHIIEHHS 00 €My MPOJIYKIii, IKa BUITyCKAETHCS.

BaxnnBo B HaWKOPOTII TEPMiHM ITPOBECTH JIIarHOCTHKY €JIEKTPOABUTYHA (B
OinbIIOCTI BWIIAJKIB NPHYMHA BIIMOBM Bioma 1 Jedekramis eIeKTpOJIBUIyHA
MPOXOIUTh IIBHUIKO), BUKOHATH SKICHMA PEMOHT (3aMiHa MiAIIUIHHKIB, 3aMiHa
3ropijoi 0OMOTKH) 1 TPOBECTH ITiCIISi PEMOHTY JIarHOCTHKY.

Bix mpaBuibHOrO MpoBENEHHS IMICIIPEMOHTHOTO JIarHOCTHUKH 3aJlIe)KHUTh
MaiOyTHIH pecypc eleKTpoABUTYHA. byas He yCyHEHHS, 10 HE BUSBICHUH 3 STKUX-
HeOynp TpWYMH JeQeKT B JBUTYHI CTaHE NPHUYMHOIO HEJOBIOI0 podoTH i
4eproBOTro BiIMOBH.

Icaye mpuerpii  mnms BunpoOyBaHHS ACHHXPOHHUX — JBUTYHIB  IiJ
HABaHTAXXCHHSAM 3 THPUCTOPHUM YIPABIiHHAM I0]1a4i HAIpyrd i oOMexyBadem
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CIpyMy B CTaTopi, LIO JO3BOJIIE IIPOBOAUTH BHIPOOYBAaHHA B YMOBax,
HaOJIDKEHNX 10 eKCIUTyaTaliiHuX.

OpHak TPOBOIWTH BHIIPOOYBAaHHS CIiA, MOMEPETHHO OIIHWBIIM CTaH
i3omawii. CnocoOu BUNMPOOYBaHHS, SKi 3aCHOBaHI HA aHAJI31 CHEKTPY CTPYMIB i
HAIpyTH, IIEPCIICKTHBHI, ajie BOHU 3aCTOCOBYIOTHCS IJIsL MAIlIMH 3MiHHOTO CTPYMY.
Besniu pi3HEX cmocobiB opieHTOBaHE HA BHUIPOOYBAaHHS TUTBKH OIJHOTO 3 THIIIB
CJICKTPOJIBUTYHA.

Tomy cTBOpeHHS croco0y, TEXHIYHOTO MPHUCTPOIO, 3AaTHOTO B IPOBOIUTH
JIarHOCTUKY OY/b-SIKMX THUITIB €IEKTPUYHUX MallluH, BPaXOBYBaTH IX 0COOJIMBOCTI,
3 METOIO 3HWKEHHS 4acy IPOCTOIO IIPOMHCIIOBOTO arperary, 1ie KpiM aCHHXPOHHHUX
MallMH MOXYTb OYTH [IarHOCTyBaHHI CHHXPOHHI Ta TE€HEpaTopu 1 IBUTYHH
MOCTIIHOTO CTPyMY.

VK 621.313
JlaBuneHko I[.IO.l, JloBXHUK A.B.l, Tepewenko o.ct
! eryn. rp. E-214m 3HTY

JIATHOCTUKA EJIEKTPOJIBUI'YHIB

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

B mporeci ekcryaraiii MOXYTh BHHHMKATH IIOIIKO/DKEHHS EJIEMEHTIB
JIBUTYHA, SIKi IPU3BOJIATH JI0 ITEPEIYACHOTO BUXOLY HOTO 3 Jafy.

OCHOBHUMH JKEperaMu PO3BUTKY YIIKO/DKeHb A/l €: mepeBaHTaxeHHA a00
MeperpiB  CTaropa eJIeKTPOJBUTYHA; MDKBHTKOBI 3aMUKaHHS; YHIKOIKSHHS
MiANTNITHAKIB, TOIIKOKEHHS OOMOTOK cTatopa a0o 130Jsmii; HepiBHOMIpHHMA
TOBITPSIHAN 3230p MiK CTaATOPOM i pOTOPOM TOIIIO.

HaiinommpeHimmM MeTOI0M AIarHOCTHKH €JIEKTPOJIBUTYHIB B JIaHWH 4Yac €
BiOpO/iarHOCTHKa, 3aCHOBaHa Ha BUMIpI 1 aHai31 BiOpalii KopIrycy JBHTIYHA.

Haii0ip1 mommpeHnMu rpynaMu MeToaiB Biopoaiarnoctuku A/l e:

- miarHoctuka A/l Mo cepeTHbOKBaIPaTUIHOMY 3HaUYCHI BiOpalii;

- BiOpomiarHoctuka A/l 3a momomMoror ¢a3oBHX HOPTPETIiB (TpaeKTopiit
KOJINBAaHb);

- CIIEKTpAIbHUH aHai3,;

- CIIEKTPAbHUIA aHaTi3 00BiTHOT,

- KeTICTpaIbHUHN aHai3,;

- YIBTPa3ByKOBa JePEKTOCKOIIS i aKyCTHYHA IarHOCTHKA,;

- CICIliaibHI IarHOCTUYHI TTApaMeTpPH;
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- BEMBJIET-aHAJII3;

- CTATHCTUYHI METOIM 0OpOOKH CHTHAJIIB BiOparii;

- IiarHOCTHKA Ha OCHOBI1 HEHPOHHUX MEPEXK.

CkyamHICTh 3aBIaHb BiOpaIifHOrO MIarHOCTHKM TIONATA€, IO-TepIie, Y
BHOOpPI KOHTPOJNBOBAaHHX MapaMeTpiB, M0 BIiAMOBINAIOTH 3a IOTOYHHH i
NPOTHO30BAaHMI CTaH OOJNAJHAHHA Ta HOro OKPEMHX BY3JIB, a IO-APYre - y
BU3HAYCHHI 30H JIOMYyCTUMUX 3MIH IMX IapaMeTpiB NpU pPI3HOMY CTaHi
obnannanHs. Jlns oOnagHaHHS BBEAEHI NONMYCKH Ha BiOpariro, KOHTPOJb SKOI
BXOJUTH JI0 PErJIAaMEHTY TEXHIYHOTO 00ciyroByBaHHs. s Toro mo6 3B's3atu
BiOpariiiHe i TEXHIYHWI CTaH OOJIQAHAHHS, HEOOXiNHI OUIBII CKIAJHI, HIK Ui
BiOpaLiifHOr0 KOHTPOJII0, TeXHIYHI 3acoOu, (axiBIi i HAKONUYEHI CTATHCTHYHI
JaHi (U1 BU3HAYeHHs MoporiB AedeKTiB). 30Kkpema, JOBOAUTHCS OCOOJIHMBY yBary
MPUIUIATH TAaKAM BIIACTHBOCTSMH BiOparlii, a TOYHIIIE KOJMBAIBHUX CHI, AK iX
Monmyismist B daci. MoskHa oOiditucs i1 0e3 ¢axiBmiB, i 0e3 HAKOIMYCHHS
CTaTUCTUYHHMX JaHHX, a BHKODHUCTOBYBAaTH aJaNTOBaHI IO IIEBHHX BHAAM
oONagHaHHS aBTOMAaTH30BaHI cHUCTeMH BiOpamifiHiii miarHoctuku. Tomi y
BUPOOHUKIB CHCTEM IarHOCTHKHA TOBWHHI OyTH 0a3u OaHWX IO JiarHOCTHII
IICHTUYHOTO OOJIaHAHHSA a00 TEXHIYHI PIIICHHS, IO JO3BOJSIOTH AaBTOMATHIHO
BCTAHOBJIIOBATH 1 KOPEKTYBaTH HOPOTH JIe(EKTiB y Mipy HaKONUYEHHS BJIACHOI
6a3u nanux. Cxoxa cuTyallis Ma€ Micle 1 U KOHTPOJIi CTPYMY €JIEKTPO- IBUTYHA
1 TeMIIepaTypy OKPEMHUX BY3JIiB.

31 cKa3aHOrO BHIUIMBA€E, II0 3aBJaHHS ONTUMI3alii KOHTPOJILOBAHHX
mapamMeTpiB Kpaimie TMPOBOAWTH BIAMOBIAHO [0 PEKOMEHAAIH pPO3POOHHUKIB
MDKHapogHHX craHmaptiB [SO, ame 3 ypaxyBaHHSAM CHEOU(IYHOTO CTaHy
00aTHaHHS 1 IKOCTI MiArOTOBKH 0OCITYTOBYIOYOTO 00JIaTHAHHS IIEPCOHANY.

YK 621.313
Haiinpon €.O.1,KJ'II/IM‘{yI( €el, Huoyns 1.O%
Ler. rp. E-214m 3HTY

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

VY cucremax eIeKTPONPHBOIY JUIS PETYIIOBAHHS MIBHIKOCTI aCHHXPOHHOTO
neuryHa (AJ]) mMpOKO BHUKOPUCTOBYIOTHCS MaTeMaTH4YHI MOJENi y3aralbHEHOI
enektpryHoi Mamuan (YEM) [1]. OcHoBHMMH mpunmymeHHsMH it YEM €
MPUIYIICHHS NP0 BiICYTHICTh HACHYECHHS MarHiTHOI CHCTEMH Ta BTpaT y cTaii. Y
MpoaHaii3oBaHuX kepenax [1,2,3] mpomoHyeThes 3aidCHIOBaTH mepexin 10 YEM
npu 30epekeHH] aMIuTiTyau pe3ynsTyouoi MPC Ta BeTMYHMHN MarHiTHOTO MOTOKY,
10 NPUIIJAE HA OJUH IOJIOC. 32 JOIOMOror0 (YHKII, 110 anpoKCHUMY€ KPHBY
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HAMAarHidyBaHHS, BHU3HAUAIOThCSA Iu(EpeHIiaTbHa W CTaTWYHA MAarHiTHI
npoBigHOCTI [2], sIKI BUKOPHUCTOBYIOTBCS TiJ Yac 3alWCy PIBHSAHb MarHiTHOTO
JaHIIoTa.

Brpatn Bixm Ticrepesmcy Ta BHXPOBHX CTPYMIB MpPONOHYeThes [1]
BpPAaxOBYBaTH 3a paxyHOK BBEICHHA y MAaTeMaTHYHY MOJENb EKBIBaJICHTHHUX
00MOTOK, BTpAT y CTajli. AKTUBHI OIOPH IIUX OOMOTOK € (PYHKIISIMU YaCTOTH.

B ocepai crartopa Ta poropa iCHYIOTh BTpaTH, L0 CKIAJAOTHCS i3 BTpaT Ha
ricrepe3uc Ta BTpaT Ha BHXpOBi cTpymu. g ix oOniky y Monelb BBOISTHCS
TpudasHi ekBiBaIeHTHI 0OMOTKH BTpar y craii [1].

Ha ©6a3i oOpanoro Tta po3paxoBaHoro AJl tumy 4AH180M6Y3 Oyna
CTBOpeHa MaTeMaTH4yHa Mojenb YEM 3 ypaxyBaHHSM HeNiHIHHOCTI ocepas Ta
BTpaT y craii. [Ipy BHKOHaHHI 3BOPOTHBOTO IEPETBOPEHHS KOOPIHMHAT, OyIU
orpuMaHi Qa3Hi cTpymu Ta Hampyrd TpudazHoro AJl. 3 BHUKOPHUCTAHHSIM
MaTeMaTuyHoi  Mozeni OyJo  MHpOBEAEHO  KOMITIOTEPHE  MOJEIIOBAHHS
CJICKTPOMArHiTHUX TIPOIECIB, a TaKOX pPO3PAXYHOK POOOYMX XapaKTEPHCTHK
y3arajgbHEHOI MaIIHM Ha 0a3i 00paHOTO JBHUTYHA.

[lpu BW3HAYEHHI MAarHITHOI HANMpPyTH MAUITHOK MAarHIiTHOTO JIaHIIOTa i3
HEJIHIHHIMHU MarHiTHIMHU XapaKTepHCTHKaMHU BIUIUB CIUIOIIECHHS OyJI0 BpPaXxOBaHO
CHeliaIbHUMK KPUBUMU HaMarHiuyBaHHS AJsl 3yOLIB 1 sipeM AacCHHXPOHHOTO
JIBUTYHa, TTOOYIOBaHMMH 10 OCHOBHIM KpUBiii HaMarHidyBaHHS 13 ypaxyBaHHSIM
BKA3aHUX 3aJIEKHOCTEM.

3a pesysbraTaMu MOAENIOBaHHs 3acobamu Femm, Oysio oTpuMaHo po3moin
JiHIA eNeKTpoMarHiTHoro mousisi. I[IpoBeneHO po3paxyHOK BEJIMYMH IHIYKLIH B
3yOIsIX Ta CHMHII cTaropa Ta poTopa JUId pO3paxyHKy BTpaT y cTami 3
ypaxyBaHHSM 1i HETIHIHHOCTI.

[opiBHsuTEHUE aHAMi3 KpUBUX (A3HOTO CTPYMY IMOKa3ye, IO Y MEepeXiTHuX
mporecax NoxuOka po3paxyHKiB He mepeBuinye 1,8%, a y craiomy pexnmi -
0,25%. AHani3 KpUBHX MUTTEBOI CIIOXMBAHOI IOTY)KHOCTI MOKa3ye, 10 HAWOIIbIIi
BIAXMJICHHS] KDUBHX CIIOCTEPIraroTHCS MIPHU IIEPEXO0/Ii BiJl IOYATKOBOTO €TAIly IyCKY
JI0 CTaJiOr0 PeXHMYy H HE MepeBHINyOTh 3,5%; 3% i1 0,55% simmosimuo. ITicis
Mepexoy 10 yCTACHOTO PEXUMY, 3HaUCHHs MOXMOOK HE NEPEeBHIIYIOTh COTHX
YJaCTOK BIICOTKA.

Pe3ynpraT HOPIBHSUIBHOTO aHANI3y PO3PaxOBaHUX POOOUYMX XapaKTEPHUCTHK
13 aHaTITUYHUM PO3PaXyHKOM IOKa3al, IO NMPU BUKOPHUCTAHHI MaTeMaTUIHOT
MoJieNi 3 ypaxyBaHHSAM HENIHIHHOCTI ocepis Ta BTpaT y CTali MaKCHUMaJbHA
BiJIHOCHA 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 mozaeni YEM 3 ypaxyBaHHSAM
HENHIHHOCTI Ocep/s Ta BTPAT y CTalli JO3BOJIWIO ICTOTHO IiJBUIIMTH TOYHICTH
MOJICTIIOBAHHSI €JIEKTPOMArHITHUX MpolieciB B TpugazHomy A/l
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VK 621.313
Maxkapenxo B.B.}, Jlocs B.€.", Xmronin O.B.
Ler. rp. E-214m 3HTY

BJAOCKOHAJIEHHS JIIHIMHOI MOJIEJII ACHHXPOHHOT' O
JBUT'YHA 3 BEKTOPHUM KEPYBAHHSIM

ACHMHXPOHHHII IBUTYH € HAHIONIMPEHIIIAM THIIOM eleKTpOABUIyHiB. Moro
BiZIpi3Hsi€ BiJ IHINMX THIIIB JBUTYHIB HPOCTOTa OOCIYyrOBYBaHHS, JCIICBH3HA,
BUCOKa HaJiiHICTh, MOXIIMBICTh NpAIfOBATH B arpecMBHHUX cepenoBuiax. AJl,
BHACTIJIOK X CKJIa[HOI AWHAMIKH, CIIOYaTKy NPU3HAYAIMCS IJISI HEPEryJIbOBAHHX
eJIeKTponpuBO/iB. HOBI mNpHHIMIM KEepyBaHHS AaCHHXPOHHHUM  JIBUTYHOM
PO3TISIIAIOTH €JICKTPOMATHITHI IPOIIECH HE B TPAAHIIHHIN cHCTeMi KOOPAWHAT, a B
Til, o moB's3aHa 3 Oyab-IKUM (QI3MIHUM BEKTOpOM. TOMy NMpPHUHIMI KepyBaHHS
OTpHUMaB Ha3By «BEKTOpHE KepyBaHHs». Lleil meron KepyBaHHS O3BOJISIE TPH
BUKOPHCTAaHHI aCHHXPOHHOTO IBUTYHA OJICP>KyBaTH TaKi K MOKa3HUKH SIKOCTI, SIK 1
JIBUTYHU TIOCTIHHOTO CTPYMY.

JlOCSITHYTI TOYHICTh 1 JUHAMIUHI XapaKTEPUCTUKU CYyYaCHUX ACHHXPOHHHX
EJIEKTPOIIPUBO/IIB 3a0€3MeUyI0ThCS 338 PaXyHOK CKIJIQJIHUX HENIHIHHUX aJropuTMiB
KEPYBaHHS, 110 YCKIAIHIOE KEPYBaHHS MeEXaHIYHHMMH CHUCTEMaMHu. TakuMu
CHUCTEeMaMH MOXYTh OYyTH CHCTEMH KEpyBaHHS AaHTEHAMH PaJioIOKaTOPiB,
MeTao00pOOHMX  BEPCTaTiB, CHCTEM MPHIIIOBAaHHA CTpiJienbKoi  30poi,
BCTAaHOBJICHOTO Ha PYXOMHX 00'ekTax, i T.I. Bimomi Mopmemni eleKTpOmpUBOIY
MaroTh CKJIAJHYy CTPYKTYpY Ta MOTpeOyroTh Oarato yacy aist MojentoBaHHs. Tomy
PO3pOo0OKa Ta BIOCKOHAIEHHS CIPOLIEHUX MOJIENIEH € aKTyaJIbHUM ITUTAHHSM.

B poOoTi mpOBOMUTBECS BIOCKOHAJICHHS BIJIOMOI CHpOINEHOI MOJENi
ACHMHXPOHHOTO JIBUT'YHa 3 BEKTOPHMM KEpyBaHHSIM 3a PaxyHOK BHUKOPHCTAaHHS
BIpTyaJbHOI MOZeNi ABHUIyHa 3 OibmioTekn SimPowerSystems. IBuakicTe poTopa
Ha BUXOJI BIpTyanbHOI MOJIeJi JBUT'YHAa BUKOPHCTOBYETHCS B SIKOCTI MPOTPAMHOTO
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3HAYeHHsS IOBUIKOCTI Uil (OPMYBaHHS BHIJLILY II€PEXifHOI XapaKTEPHCTHKH
3aMiCTh CTYIIHYATOTO CUTHAIY, IO BUKOPHCTOBYBABCS PaHIIIE.

BuxopuctanHS CHUTHaJiB 3 BipTyaJbHOI MOZEJI ABHWTYHA IiABEPEIKYIOTH
Mpame3qaTHICTh CIPOLICHOI MOIENi, a pPe3ydbTaTH MOJCTIOBAHHS 1UTIOCTPYIOTH
no0pe BiCcTeKEeHHS 3a/1aHOi TPAEKTOPIl Ta CKOPOUCHHS Yacy PO3rOHY JABHTYHA.

YK 621.313

OcraroB B.ﬂ.l, CTbONOYKIH M.M.l, MapTuHeHKo K.B.2
L er. rp. E-214m 3HTY

2 ¢r. rp. E3-214m 3HTY

ABTOMATHU30BAHE ITPOEKTYBAHHA CHJIOBUX
TPAHC®OPMATOPIB 3A TOITIOMOI'OXO FEMM/MATLAB

[TpoGnema NpoeKkTyBaHHS eIEKTPOMEXaHIYHOT CUCTEMH MOJIATae B TOMY, 1100
3HAlTU CTPYKTYpY, L0 BiANOBIZA€ AaHii MOTpeOHU i € BUPaXKEHOI B crienudikarii.
[Ipomec mpoeKkTyBaHHS YacTO BUMarae AEKITbKOX MPOTPaMHUX IHCTPYMEHTIB UL
BUBUCHHSA BCIX SBHII, II0 XapaKTepHU3ylOTh poOOTy maHOi cuctemu. s
CKOpOYCHHS BUTPAT i TEPMIHIB, SKi € MPIOPUTSTHUMH IS IPOMHUCIOBOTO CEKTOpa,
po3pobieHo OaraTo miaxomiB. JJo HUX BIMHOCATHCS MpOrpaMHi MIaTGopmu, IIo
peani3yioTh MYyNBTi(i3UIHI MOJENI 3a TOTIOMOTOI0 00'€THAHHS CIICIiali30BaHUX
MPOrPaMHUX 1HCTPYMEHTIB.

Finite Element Method Magnetics (FEMM) - Bigoma Ge3ko1IToBHa ITporpama
3 BIJKPUTHM BUXIJIHUM KOJOM JUIsi BH3HA4€HHS, pilIeHHS i nocToOpobku 2D
IUIOCKUX 1 OCECHMETPUYHHMX 3aJad MAarHiTOCTaTHKH, BHXPOBUX CTPYMIB,
EJIEKTPOCTATUKK 1 TEIUIOBOIO TIIOTOKY 3a JIOTIOMOTOK METOJYy CKIHYeHHHX
enemenTiB. FEMM 1IHMpOKO BHUKOPHCTOBYETBbCS JUIsi HAYKOBHUX JIOCIHIKEHB,
0CcOOIMBO B OOJIACTI MPOCKTYBAHHS CIEKTPUIHUX MAIIWH 3aBISIKU HOTO SIKOCTI i
BinmkpuroMy xapaktepy. Illo crocyerbecss wmarHetmsmy, FEMM 3abesmedye
MarHiTOCTaTUYHUH 1 KBa3iCTATHYHUN YaCTOTHUH aHaNi3 3 HENIHIHHUME 001acTIMu
1 mopyd SK TPOCTHX, TaK 1 CKIagHUX TpaHmyHuX yMoB. FEMM  Ttakox
PO3LIMPIOETHCS 32 PaXyHOK BHKOPUCTaHHS BOynoBaHOi MoBH ckpuntiB Lua 4.0,
KA MOXKe BHKOPHCTOBYBaTHCs B OaraTbox (yHKLisSX aHanmizy. Ha nanmii wac
3a/1a4i BUPIIIYIOTHCS Yepe3 OCHOBHUH iHTepdelic Matlab / Octave.

[oennanns FEMM Ta Matlab moxpamuTe pe3ynbTaTH MOJETIOBAHHSA Ta
CKOPOTHTh dYac iHimiamizamii mpormecy MpoeKTyBaHHS Oyab-fKOi KOHCTPYKIIii
eJeKTpUYHUX MammH B cepenoumli FEMM, a TakoX [03BONHTH TIpH
muctaHiiiiHoMy kepyBanHi FEMM 3a pmomomoroio MATLAB  imeamsHO
MPOEKTYBAaTH 1 OTPUMYBATH EJEKTPOMArHITHI XapaKTEPUCTHKH 3a JOTIOMOTOIO
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MPOCTUX IHCTPYMEHTIB. TOoMy IOIINBHO Ta aKTyalbHO BHKOPHUCTOBYBATH IIi
TIPOTPaMH AJIS TOCTIKCHHS Tpr(a3HIX CHIIOBUX TPAHC(HOPMATOPIB.

VK 621.313
Ogciitayx A.B.l, ITamkoB A.IO.l, Cemuson I'.B.}
Y er. rp. E-214Mm 3HTY

BU3HAYEHHSA ITAPAMETPIB KOPOTKOI'O 3AMUKAHHA
CHJI0BOTI'O TPAHC®OPMATOPA TUITY TM-2500/35-Y1 3ACOBAMHU
MATEMATHYHOTI'O MOJAEJIOBAHHSA

BinmoBigHO 10 JaHUX MOIEPEIHIX PO3PaXYHKIB /Ui BU3HAYCHHS MapaMeTpiB
kopotkoro 3amukanHs (K3) 3acobamu MaTeMaTn4HOTO MOJICTIOBAHHS Y CTPYKTYpi
I13 FEMM 3actocoBaHO ABOMIpHY TI€OMETPHYHY MOJENb AKTHBHOI YaCTHHHU
tpudasHoro Tpanchopmaropa tumy TM-2500/35-Y1 y 1i mepepisi BEpTHKAIEHOO
IUIOLIMHOIO, sIKa TPOXOJUTh Yepe3 BiCl CTPWKHIB MAarHiTHOI CHCTEMH
TpaHcopmaropa, NokasaHy Ha puc. 1.

MarsiTHe moje Ipu OMUTHOMY KOPOTKOMY 3aMUKAHHIO € TIOJIEM PO3CISHHS
TOMY ITapaMeTpy KOPOTKOTO 3aMHUKaHHS 3B’s13aHi BinHOMEeHHAMH (1):

U = UZ+U2 O

P i)
u,% =—*.100%
S

u,%= 2. 100%
S

H

ae Uy, U, U, — manpyra K3 Ta ii akTHBHa Ta peakTHBHA CKJIaJI0Bi;

P, — Brpatu K3;

Q=o'W, — peakTHBHA MOTYKHICTH MOJISI PO3CISIHHS;

W,, — ammiitysa eHeprii MarHiTHOTO IOJISI PO3CISIHHSA NPH HOMIHAJBHOMY
CTpyMi; S,— HOMIHAJIbHA TOTYXKHICTb.

Pesynpratn po3paxyHKy NapaMeTpiB KOPOTKOTO 3aMHKaHHS CHIIOBOTO
Tpancopmaropa tumy TM-2500/35-Y1 B 3anmexHOCTI BiA BIUIMBY MAarHiTHOT
CHCTEMH TIOJII 3 YypaxyBaHHAM 30HM OOMOTOK Ta KaHaJly pPO3CiIOBaHHS
BizoOpaxxeHo Ha puc. 2.

Pucynox 2 no3Bossie MOPIBHATH 3HAYE€HHs BTPAT KOPOTKOTO 3aMUKaHHS Ha
KO’KHOMY CTYIEHI PeryJoBaHHS HalpyrH CHIIOBOTO TpaHcdopmaropa tumy TM-
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2500/35-Y1 BU3HA4YeHMX 3a KJIACHYHOK METOJMKOI) PO3PaxyHKy -##% . Ta B
cepegoBumi [13 FEMM - ##*  3actocyBaHHA 3aco0y MaTeMaTHIHOTO
MonemoBaHHS y cepenoBumi I13 FEMM 103Bonmio MiIBUIIWTH TOYHOCTI
pO3paxyHKy mHapaMeTpiB KopoTkoro 3amukaHHa Ha 10..12% B mopiBHAHHI 3
pe3yabTaTaMy, OTPUMaHUMH 32 KIACHYHOIO METOJHUKOIO.

o 0il,
Stegel3
“Stediz oSteel - . Stagitpel2
oSteelF| - oo} osteal3
it Lo i
oo o - - : r
HTRPEr LIFepgitiarer H Papetd TP i
. A Paper U Ra e Bdper
T bg -
A : | b [ right
il jﬁ{i& fiL o] D IR 5441
= F:544] iohfStes
N_a_left LM b_left itTary 5%%’
Mz L:st4 b_L:104 sl ¢ raht
R 1) gl right : _EJ_-!E-FE'_- e
_R:1047] L L:todpm ] ——
) ’ : LM |c_right
gl DPENglnd : . 1| llpaper - [NM_c_R:544]
Sheel3
aPabificels lsteel2 Jsteel2 i
o Stee
oStgel3 I:St_eel el

PﬁcyHGK 1- FedMeTquHé Moﬁenb AKTMBHOT YacTHHHU
TpudasHoro Tpanchopmaropa tumy TM-2500/35-V1.
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3aiexHicTh mapameTpiB K3 Bij KiIbKOCTI BUTKIB;
0- mopiBHAHHS BTpaT K3, BU3HAUEHUX 33 KIIACHYHOIO METOIUKOIO Ta B CEPEOBHIIT
13 FEMM.
Pucynok 2 — 3mina mapametpiB K3 3a cTyneHsMu peryaroBaHHS CHIOBOTO
tpancdopmaropa Ty TM-2500/35-V1
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VK 621.313

Tenera B.O.l, JlaHUITEYCHKO O.IO.Z, Ps6unkos O.B.>
Ler. rp. E-214m 3HTY

2er. rp. E3-214m 3HTY

BU3HAYEHHSA TAPAMETPIB KOPOTKOTI'O 3AMUKAHHS
METO/JOM IIOJBOBOI'O MOJAEJJIIOBAHHSA B CEPE/IOBHUIIII
MNPOT'PAMHOI'O 3ACOBY FEMM

Haii0inpm 3HAUymmM pexuMoM poOoTH TpaHChOpMaTOpa € pPEeXUM
KOPOTKOTO 3aMHKaHHS SKHH, SIK NPAaBUIJIO, BU3HAYAETHCA IHAYKTHBHUM OIIOPOM.
KpiMm Toro came umm pexuMoM OOyMOBJIEHI BTpaTH, JUHAMIYyHA CTiHKICTB,
MOPIBHIOBAJIBHI CTPYMHU NPU MapaienbHiit podoti TpanchopmaTopis [1].

Jlnst BU3HAUSHHS MapaMeTpiB KOPOTKOTO 3aMHUKaHHS ICHY€E PsJ METOJIB, sIKi
0a3yrOThCSl HA OCHOBI CXEMAaTUYHOTO MOJICIIFOBAHHS Ta TEOPIi ENEKTPUYHHX KiJl.

[TapameTpu CXEeMHOTO MOJICNIIOBAaHHS OTPUMYIOTh Ha OCHOBI CIPOIICHHX
MoJiesiel Ta reoMeTpii akTUBHOT yacTUHU TpaHcdopmaropa [2,3], sika He BpaxoBye
0cOOMBOCTEH PO3MOAIY MAarHiTHOTO MOJS B PEXHMi KOPOTKOTO 3aMHKaHHS B
OKpPEMHX 30HaX MarHiTHOI CHCTEMH.

3acToCyBaHHS YHCEJIHHO-TIOJLOBOTO MOJENIOBAaHHA B CTPYKTYpi 3aco0iB
FEMM wmae cyTTeBi mepeBarn ToMy OIO0 He TOTpeOye OyAb-iKHMX BHTpAT Ha
Cremiai3oBaHe TporpaMHe 3a0e3ledeHHs, a mpocrora iHTepdeiicy FEMM He
BUCYBA€ JI0JIATKOBHX BUMOT JI0 MPOEKTAHTIB.

Pospaxynok nmapametpiB K3 y cepenosuiiti nporpamuoro komiuiekcy FEMM,
OCHOBaHHMH Ha YHCEJIbHO — IOJILOBOMY PO3pPaxyHKY MarHiTHOTO IIOJISI JIO3BOJISE
3MOJICJIIOBATH JIBOBUMIPHI KpaioBi 3aaui po3paxyHKy napamerpiB K3 cuioBoro
Tpa"cdopmaTopa.

IIpu po3paxyHKy peXHMY KOPOTKOI'O 3aMHKaHHS JOCIIJDKEHHS IOLIJIBHO
3aCTOCOBYBATH JJIsl IBOMIpPHOI FeOMETPUYHOI MOJIei aKTUBHOT YaCTHHHM B Iiepepisi
BEPTUKAIBHOIO IUIONIMHOIO, sIKa MPOXOAMTH 4Yepe3 Bici cTpmwxkHiB dasu A, B, C
MarHiTHOI CHCTeMH TpaHc(opMmaropa, SIK MOKa3aHO Ha PUCYHKY 1.

ITocTanoBka 1 BHpIlIEHHS 3a3HAYEeHHX 3aBJaHb JO3BOJSE BpPaXOBYBAaTH
peanbHy T€OMETpil0 MarHiTHOT CHCTEMH, JIifiCHE CTPYMOBE PO3IOJIIICHHS! 0OMOTOK
HH i BH, a Takox HemiHiHI BJIAaCTUBOCTI CTaji, O[O0 BHUKOPUCTOBYETHCS IS
BUT'OTOBJICHHS KiCTsiKa TpaHc(opMaTopa.

3rifHO0 3 OTPUMAaHMMH JaHUMH OyJI0 BHUSBICHO TOXUOKY, SKa BKa3ye Ha
JOUUTBHICTE pO3paxyHKy y crpykrypi I13 FEMM, saxwii € Gimpmnr To4HHMM Ta
3MICTOBHUAM B MOPIBHSIHHI 3 KJIACHYHUMH METOJAUKAMH PO3PAXYHKY.
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.a— ¢daza A; 6 — dasza B; B — daza C.
Pucynox 1 — Po3nozin niniii MarHiTHol iHAyKUii TpudazHOro
tpancdopmaropa tumy TM — 2500/35-Y 1.

CIIACOK BUKOPUCTAHOI JIITEPATYPH

1.Tuxomupos, I1.M. Pacuer tpancdopmaropos [Tekcr] /I1.M. Tuxomupos —
M.: DHeproaroMusaar, 1986. — 528c.

2.ELCUT: MogaenupoBanue ABYMEPHBIX TMOJEH METOIOM KOHEYHBIX
aneMeHTOB / PykoBoacTBo monb3oBatens, - Cankr-Iletepoypr, OOO «Topy, 2012.
—356c.

3.BacekoBchkmif, FO.M. IlonpoBuif aHami3 eIEKTPUIHWX MAIIWH: HaBY.
moci6. [Tekcr] /HO.M. Bacbkoserkuii - K.: HTYVY «KIIl», 2007. — 192 c.

4. byns, O.b. Meronpl pacueTa MarHUTHBIX CHCTEM DJIEKTPUUYECKUX
anmnapatoB [Tekcr] / O.b. Bynb — M.: Akanemust, 2005. — 337c.

VK 621.313
Kantyp JI.A.", Tersman C.B.", Kamitan I1.€.*
Ler. rp. E-214m 3HTY

JOCJIKEHHA I KOMI'IOTEPHE MOJEJIOBAHHA
ACHHXPOHHOT O IBUT'YHA 4A250S2Y3

ACWHXpOHHHH JBWTYH Bifirpae KIIOUOBY pOJIb y TPOMHCIOBOMY Ta
KOMEpLIHOMY CeKTOopax 3aBIfKH OaratbOM IiepeBaraM. B po0OoTi HaBemeHi
pe3yJIbTaTH MOJICNIIOBAHHS acHHXpOHHOTrO aBuryHa (puc.l). Bymo npwuiiHsiTo
cTaHiaptTHy Mojuens cepii 4A250S2Y3, a Takox BimoOpaxkeHHS (i3MYHUX
BJIACTHBOCTEH aCHHXPOHHOTO JIBUTYHA.
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Pucynox 1 — I'eoMeTprudHa MOJiesIb ACHHXPOHHOTO IBUT'YHA.

3pobiieHa olliHKa BIIACTUBOCTEH BHOpaHOro marepiainy, a came craii 2013 ta
ii BmacTuBocTel (puc 2).

aa

4 Arrilzar

[

'] i £ baz o E]

H, ey Mk

a — Craus 2013 sipma; 6 — Crans 2013 3y0rs.

Pucynox 2 — BractuBocTi ctani 2013 3 KpuBUMM HaMarHiuyyBaHHS.

B po6oTi Takok BUKOHAHI PO3paxyHKH sl 3a0€3MeUeHHS] MAarHiTHUX TIOMIB i
€JICKTPOMAarHIiTHUX TMapaMmeTpiB. B pe3ynbTaTi MOAENIOBaHHS 3aJjaHi BJIACTUBOCTI
3/I0BOJILHSIOTH IMOTpedaM TaHOTO ACHHXPOHHOTO JIBUTYHA.
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VK 621.313

Kpyrons O.M.l,Ba6KiH I[.O.l, CaBEHKOB A.B.l, Co6osenchkuii B.O.2
Ler. rp. E-214m 3HTY

2¢r. rp. E-514M 3HTY

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

CuitoBi TpaHCOPMATOPH € Ty’Ke BaKIMBUM OOaTHAHHSAM B €HEPrOCHCTEMI,
0 BHUKOPHUCTOBYETHCS IUIA Tiepefadi eHeprii. BHyTpimHI HecmnpaBHOCTi, IO
BiZI0OYBAIOTBCSl KOXKHOTO pa3y INpPH PI3HUX aMIUTITyJaX, MOUIKOIKYIOTh OOMOTKH
cuoBoro Tpancgopmaropa. [lomkomkenuit TpaHcdopmarop HEOOXiIHO myxe
IIBUJKO BHKJIIOYHTH 3 CHEPrOCHCTEMH Yepe3 3amo0iraHHs MMONIKOKCHb, SKi
MOXYTb BHHHKHYTH. Binmbin Toro, nist mudepeHiiHOro 3aXUCTy MOBHHHA OYyTH
Jy’)Ke TOYHOIO Ta IBUAKOW. OTke, MudepeHUidHIA 3aXUCT € HaHBaKIUBIIIM
3aXHCTOM CHJIOBUX TpaHchopmaTopiB. [leski 30ypeHHs, Taki K ITyCKOBUH CTPYyM,
HACHYEHICTh 1 HaaMipHE 30yKEHHS, MOXYTh INPHU3BECTH 1O HEMPaBHIBHOTO
(hyHKIiOHYBaHHS TU(EpeHIIHHOTO 3axucTy. [IpaBuibHAN 1 MBUAKHNA Po30ip MiX
BHYTPIIIHIM PO3PHBOM 1 ITyCKOBHM CTPYMOM € BaXJIMBOIO IPOOJIEMOIO OO0
mudepeHniiiHoro 3axucty TpaHcdopmaropiB. IlomunkoBe momopox depes
HETpaBWIbHY JWMCKPUMIHAIIIO MOXE MaTh €KOHOMIYHMH Tarap. Bcei mepemkonn
TpaHcopmaropa € HECTAl[lOHADHUMH CHUTHAJIAaMH  KOPOTKOI ~ TPHBAJIOCTI.
HemlonaBHo, 3aBIsiKM BHCOKIM 30aTHOCTI [0 aHamizy IepeXiJlHUX CHUIHAIIB,
BEIBIIET-TIEPETBOPEHHSI CTald OCHOBHMM METOJOM BHAIJICHHS O3HaK. Meroj
BeilBNIeTiB Moke OyTH YCHIIIHO 3aCTOCOBAaHMH B PI3HUX MeETOAax OOpOOKH
CUTHaJiB 1 300pakeHb, OCOOJNMBO Uil CHTHATIB 3 MEPEXiIHUMHU NPUPOTHUMHU
BJIaCTMBOCTSIMM 1 Bapiali€ld 3a 4acoM, HalpuKiIal, JAesKux 30ypeHb
€HEepProcUCTeMH.  3ampolOHOBAHO  JEAKI ~ METOAM  3aXHCTYy  CHIIOBHUX
TpaHc(hOpPMATOPiB, TaKi K aJanTUBHUHN audepeHniinmii 3axuct. HediTka norika -
IHIOWA ~ METOA, SKUH BHKOPUCTOBYEThCS JUIl JU(EepeHmianbHOi  3aXHCTY.
EdektuBHrM criocoOOM yHUKHEHHSI HECTpaBHOCTEH MU(epeHLiaNbHOI 3aXHUCTY
IpY HaMarHivyBaHHI ITyCKOBOT'O CTPYMY € TexHika pi3HuLi (a3zoBoro kyta (PAD).
Immit Mmeton 6a3yeThes Ha BEHBIET-TIEPETBOPEHHI Ta HEHMPOHHIN Mepexi. MeTox,
3aCHOBaHMH Ha cepegHboMy abcomoTHOMy BigxwieHHi (MAD) BeiiBier-
Koe]ilieHTIB HaJ MEBHOIO CMYTOI0 YaCTOT, BUKOPHUCTOBYE BEHBIIET-TIEPETBOPEHHS
SK eTan 0OpoOKH CHTHaiTy. 3alpoIIOHOBAaHO HOBY METOJOJIOTIIO I PO3Pi3HEHHS
MIyCKOBUX CTPYMIB i BHYTpIIIHIX HECIIPAaBHOCTEH Ha OCHOBI AM(EepeHIiaIbHOTO
rpamieHTy ctpyMmy. Ll cxema TIpyHTYETbCsI Ha OOYMCICHHI BEKTOPHUX KYTiB
rpazgienTa audepeHiansHoro cTpymy y ¢azax A-B-C y Bcix Toukax BiKHa JaHUX.
BuKkopHCTOBYIOUM CTaTHCTHYHI PO3PaxyHKH, MOXHA 1JEHTHU(]IKYBaTH ITyCKOBHH
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CTPYM, OCKUTBKH HOTO TIOBEHIHKA 3 TPAJi€HTHHM BEKTOPOM Oye Bigpi3HATHCS y
BUMAJKy KOPDOTKOTO 3aMHMKaHHA. HelpoHHa Mepexa BHUKOPHCTOBYETHCS IS
BUSIBJICHHS IIyCKOBOTO CTPyMy. IHIINM CcHocoOOM pO3pi3HEHHS BHYTPIIIHIX
HECIPAaBHOCTEH BiJ IYCKOBHUX CTPYMIB € BEWBIIET-IIEPETBOPEHHSA Ta aJalTHBHA
MepexHa crcTeMa HewiTkoro BuBoxy (ANFIS).

ABTOpamMH TIPOTIOHYETHCS 3aCTOCYBaHHS HOBOTO OHJIAITHOBOTO MIAXOIy MO
JudepeHiiHOro 3aXUCTy CHIOBOTO TpaHchopMaTopa. 3anporoHOBaHHMN CrociO
YKJIQIEHUH HIIXOM BiOopy 3 audepeHmiabHOro crpymy Ao0yTKy Tpbox (a3
MEPBHHHOTO 1 BTOPMHHOTO CTpyMiB. Po3mi3HaBaHHS THUIy HECHPaBHOCTI B 30HI
3aXHCTY 3aCHOBaHE Ha MPUIOMI BeHBIET-TIEPETBOPEHB 1 KoedilieHTy Kopemsiuii, a
3roJIOM - Ha MaTpUYHOMY aHali3i KOe]ili€HTIB KOopelslii i BU3HAYEHHI pO3Mipy
KO>KHOTO TpoBasly. MOZIEIIOBaHHs €HEPrOCUCTEMH, OHJIAMH-pelie Ta 3aCTOCYBaHHs
HEeCTIpaBHOCTEW UIs peneriHoro anamizy BukoHaHO MATLAB / Simulink. Ha
BiIMiHY BiJ IHIIMX NOTOYHUX METOZIB MPOIIO3HUIil, HAMBAXIMBIIIOK IEPEBAr0Ol0
HAIIOTO MiJXO0Iy € OHIaHHOBHH JOCTYII IO MPOAYKTUBHOCTI pO3pOOICHOTO pele B
KO)KHOMY Tiepiofi dacy, Imo 3a0e3medye BHPOOHHYHI 3pa30oK IOTO pele.
PesynbpraTi MOZEMIOBAaHHS MOKA3yIOTh, IO MIPOLYKTUBHICTH PO3POOIEHOTO pene €
IO0OpOI0, a TPH TOPIBHAHHI 3 MPOTYKTHBHICTIO IHIINX ICHYIOUHX aBTOHOMHHX
METOJIiB, OTPUMYIOThCS 3HAYHO Kpallli 1 Iy>Ke MepCHeKTUBHI PE3yJIbTaTH.

TakuM YHHOM MJaHUN METON, JO03BOJISIE YHUKHYTH HECIPABHOCTI pelie
3axuCTy JudepeHIiiHoro 3axucTy TpaHcdopmaropa NpuU HaMarHidyBaHHI
MYCKOBUX CTpyMiB. Pene mokaszano xopomy nponyktuBHicth B MATLAB /
Simulink Ha TecTOBI# crcTEMi, BOHO MOXXE OYTH BUKOPHCTAHO SIK BiIMOBITHE pelie
B IIPOMHCIIOBHX 3aCTOCYBaHHSAX. Po3poOiieHe pesie Mae BUCOKY IIBHIKICTH poOOTH
JUIL 3aXHCTy CHJIOBOrO TpaHcdopmaropa. MiHIManbHHH dYac pO3Mi3HABaHHS
HECTIPaBHOCTI CTAHOBUTH ONMU3bK0 MeHmIe 10 Mc i € aTanTHBHUM TS Pi3HUX THIIIB
CHIIOBHX TpaHC(HOPMATOPIB.

YK 621.313
Cromcbka A.C.'Kauan .C.Y, Xapuenko B.A.*
Yer. rp. E-214m 3HTY

3ACTOCYBAHHS ®YP'€ TA BEMBJIET-IEPETBOPEHHS JIJIsI
BUSIBJIEHHS HECITPABHOCTEN B ACMHXPOHHUX JIBUT'YHAX

ACHMHXpPOHHI MaIlIMHU 3a0€3MeYHIN MPOMHICIIOBICTh 3AaTHICTIO €()eKTUBHOTO,
HaIHHOTO 1 €KOHOMIYHOTO TEPETBOPEHHS €HEprii 3 eNEeKTPUYHOI B MEXaHi4Hy
dbopmy. Ili MamuHN 326€3MEeUyIOTh PYIIIHHY CHITy Pi3HOMY OOJIaJIHAHHIO, TAKOMY
SK KOHBEEPH, BEHTIJIATOPH Ta HACOCH, 1 HEOOXIgHI AJIS YHCICHHUX INPOIECIB Ha
BUPOOHMYMX MiJNpHEMCTBaX. BOHM BigirpaloTh >KUTTEBO BAXIUBY pPONb Y

76



MIPOMHUCIIOBOCTI 1 320€3MedyIoTh MATPIMKY €KOHOMIYHOTO PO3BUTKY Kpaind. s
VHUKHEHHS HETOTPiOHOTO IIPOCTO0 BHPOOHWITBA HEOOXimHO 30epiraté ix y
poboyoMy CTaHI Ta YHHKHYTH HeOakaHOTO BHUXOmy 3 Jany. [ms Toro, mo0
30eperTh BUCOKHMU piBEHb HANIHOCTI 1 Ipame3JaTHOCTI MAaIlWHH, HEOOXiTHO
OWiHUTH ii cTaH. By7no 3anpomoHoBaHO 6araTo METOIiB BUSABICHHS HECTIPAaBHOCTEH,
aie X BCTAHOBJICHI METOAW MICTATh 0arato acHeKTiB, SKi MOXKHA ITOKpAIIHTH.
Haii6inp  momyJsisipHi METOIM MOHITOPHHTY CTaHy AacHHXPOHHHMX MalluH
BUKOPHCTOBYIOTh CTAalllOHapHI CIEKTpalbHI CKJIafoBi mapamerpiB craropy. Lli
CIEKTpabHI MapamMeTpu CTaTopa MOXKYTh BKIIOYaTH B ceOe Hampyry, cTpy™m i
MOTYKHICTh 1 BHUKOPHCTOBYIOTBCSI JJIsI BUSIBJIICHHS HECIIPaBHOCTEW oOepTaHHS,
3J1laMaHUX POTOPIB, MOIIKOKEHb MiALIMITHUKIB 1 €KCLHEHTPUCHUTETIB MOBITPSHOTO
3a30py.

B nmammii wac 6arato MeTOOWK, IO 0a3yIOThCS Ha CTALIOHAPHOMY aHai3i,
3aCTOCOBYIOThCS IJISI ACHMHXPOHHHMX MAIIWH. J{IarTHOCTHYHHMH METOA BUSBIICHHS
3a3HAUYEHNX BHIIE HECIIPABHOCTEH MOXKE BKIIOYATH KUIbKa PI3HUX THIIB Tary3el
HayKH 1 TexHiku. Kibka METOiB 3aCTOCOBYIOTHCS ISl BUSIBJICHHS HECTIPABHOCTEH
B aCHHXPOHHHUX IBHI'YHaX, TaKHX SIK HepeTBopeHHs Dyp'e Ta aHai3 XBHIHOBOTO
neperBopeHHs. lleperBopenHss @Dyp'e € ePEKTUBHAM METOAOM 1 IIHPOKO
BUKOPHCTOBYETHCSI B 00pOOLI CUTHAJIB, MPU 1IbOMY IEPETBOPEHUH CUTHAJ MOXeE
BTPATUTH AESAKY iHpopMallito npo aoMeH yacy. OOMexeHHs nepeTBopeHHs Dyp'e
NPy aHaji3l HECTaliOHApHUX CHUTHAJIIB NPU3BOJUTH 1O BBEAEHHS YacTOTHO-
4acoBoi a0 4acoBOi IHCTPYMEHTAJIBHOI IIKAIW 0OPOOKH CHUTHAIIIB, IPUMYCKAIOUU
HE3aJIeKHICTh KOMHOTO YaCTOTHOTO KaHay MPH PO3KJIaJaHHI BUXIJHOTO CHUTHAIY.
Le mpunymmeHHs MOXXHa PO3TIISIATH K OOMEXEHHS IIbOTO MiIX0y.

BeiiBneT-nepeTBOpeHHsI € METOJOM JUId  BapiloBaHHS dacy abo
HECTalliOHApPHOTO aHaJli3y CHTHAJiB, a TaKo)X HOBHH OITMC CIIEKTPAIEHOTO
PO3KJIaZaHHS 4epe3 KOHIENIiro Macmra0yBaHHSA. Teopis BeWBIeTiB 3abe3medye
yHiIQIKOBaHY OCHOBY JJIS PSAY METOMIB, SKi Oy po3poOiieH] s 3aCTOCYBAaHHS
pizHEX curHANIB 00poOku. OmHi€I0 3 Horo (YHKIIH € aHalli3 CHTHAJIB 3 Pi3HOIO
PO3MIIBHOI0 3/IATHICTIO 3 EHEPrifHOI (YHKINEID SK 4YacOBOI, TaK 1 4acTOTHOT
nokauizanii. Lleit Mmeton edexTHBHUIL K J1s cTaioHapHOT 00pOOKH CUTHAIIIB TaK i
HecTarioHapHoi 00poOkm curHamiB. [lipamigameHuUil anroputM Maiera,
3aCHOBAHMH Ha 3rOpPTKax 3 KBaJApPAaTHYHUM I3EPKAIbHUM (iITBTPOM, € IMIBHIKAM
METOZOM, AaHAJIOTIYHWM IIBHAKOMY meperBopeHHI0 Dyp’e (IUIID) mua
PO3KJIQaHHS CUTHAIY BUXiJHOTO CHTHAJIy B OPTOHOPMOBaHil BeiBIIET-0CHOBI 200
SK PO3KJIaJaHHs CUTHANy Oe3liyyio HE3aJeKHHX CMYr 4acToT. HezanexHicTh
00yMOBJIEHa OPTOTOHANIBHICTIO BeHBIET-(QyHKIII.

3acTocyBaHHS MeTOHy, IO Oa3yeTbcs Ha aHalli3i IMOTOKY CTaTopa Uit
OHJIAHH-BUSIBIICHHS HECHPABHOCTEH B AaCHHXPOHHUX MallMHAaX J03BOJHTh
MOZ0JIATH TpobseMu ycepeqHeHHs kiaacuaHoro LITT.
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BUKOpHCTOBYIOYM  CIpOLIEHY  JAMHAMIYHY  MOZAENb  ACHHXPOHHOTO
SNIEKTPOJBUI'YHAa 3 KOPOTKO3aMKHEHHM BICTPSM, BPaxOBYIOUH HECHPaBHOCTI
poTtopa Ta AucKpeTHE BeliBner-iepeTBopeHHs I BUAUICHHS Pi3HUX TApMOHIYHIX
CKJIAJOBUX CTpyMiB cTatopa. lle 3a0esmedye JOKanpHE IPEACTABIICHHS
HECTaIlilOHAPHUX CUTHANIB CTPYMY IJIsI CIIPaBHOI MAIlIMHU 1 3 HECTIPaBHICTIO.

PesynpraTtn, oTpuMani 3a qomoMororo ananizy ®@yp'e-rpanchopmanii crpymy
CTaTopa 1 KPyTHOTO MOMEHTY B CTAlllOHApHOMY CTaHi, HE 3aBXKAM € JOCTaTHIMHU
JUI. BU3HAYEHHS CTYyIeHs HecrpaBHOCTI. ToMy He0OXiZHO HOTro JIONOBHIOBAaTH
BeiiBner-neperBopennsiM. Pesynbrar mneperBopeHHst ®Dyp'e IMOKazye IIUPOKY
CMYTY y BHIIQJIKy 3JlaMaHOTo poropa. Pe3ynbratn BeiiBier-nepeTBOpeHHs Iar0Th
no0py iHpopmanito, 100 BHM3HAYUTH HECIPAaBHY CHUTyallilo, 30Kpema, Ipu
HassBHOCTI HECIPaBHOCTEW pOTOPIB NpH 3amycky MoMeHTy. OJHak 31amMaHuit
pPOTOpHMIA Ball IMIOCTPYE TOMIOHI pe3ympTaTd. ToMy J[Ba TIEPETBOPEHHS
JOTIOBHIOIOTH OJTUH OJIHOTO.

VK 621.313
Jleiiba €.B.1, JIutBuH €.O.1, Ionos O.C.!
Ler. rp. E-214m 3HTY

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

AcuaxponHii aBuryHu (AJl) HaOyaM JOCHTH 3HAYHOTO IOUIMPEHHS Y
MPOMHKCIIOBOCTI 3aBASKH CBOi HaIiifHOCTI Ta e(EeKTHBHOCTI. AJjie mOTpeda B
MiABUIICHHI €(DEKTHBHOCTI Ta HAMIHHOCTI IX poOOTH Ta pO3p0OIli HOBUX TUIIB AJ]
3aJIMIIAETHCS JOCUTh BEJUKOI0. J[JIsl IbOr0 HEOOXITHO MOKpAIyBaTH SIKICTh €TaIy
KOHCTPYKTOPCBKOT ITIATOTOBKM BHPOOHUIITBA 13 3aCTOCYBaHHSIM CYYaCHHX
METOIB, METOJIUK, KOMIUIEKCIB aBTOMaTH30BAHOT'O PO3PaxyHKY 1 ix amarmrarii mixg
KopekTHi morpeOu. Ha pmanHumii dWac icHye JIOCTaTHSA KUIBKICTh MPOTPAMHHX
NPOAYKTIB  JJs  YHCENbHUX  PO3paxyHKIB  MAarHiTHHX  TIONIB  PI3HHAX
CJICKTPOTEXHIUYHHUX (EJICKTPOMEXaHIYHHUX) cHucTeM. Lli KomIuiekcH 103BONISIOTH
BPaxOBYBaTH I'€OMETPIiI0 Ta eIeKTpodi3nyHi BIacTUBOCTI MartepiainiB. Cepexn Takux
nporpaM MokHa Buainmutu nporpamy FEMM. Bona no3Boisisie BHKOHYBaTH
YHCEJIbHY pealizallifo 3a/1a4 eJIeKTPOMArHiTHOTO MEePEeTBOPEHHS €HEprii MeToI0M
CKIHYEHHUX €JIeMEHTIB y ABOBHMIpHiH moctaHoBmi. IIlo 3amoBonbHS€ BHMoOram
IMKEHEpHUX PO3paxyHKiB, ajpke AJl KiIacMYHOI KOHCTPYKIii MalOTh MPaKTHIHO
TUIOCKO-TIapaliesibHe T0JIe B MeKaX aKTUBHOT YaCTHHHU.

IIporpama FEMM pnst dmcnoBoi peanmizamii 3amad  eIeKTPOMAarHiTHOTO
MIEPEeTBOPEHHS eHeprii He moTpedye po3poOKH Oyab-IKNX MaTeMaTHIHUX MOJeNeit
— QopMyn i cucteM piBHSHb. Ta J03BOJAE 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
onTHMi3amii.

Mertoro poboTH cTanma po3poOKa CKpHIITa aBTOMAaTH3alii po3paxyHKy A/l 3
JBOIIAPOBOIO OOMOTKOIO CTaTOpa.

Jus peamizatii miel MeTH, Oyio po3po0IeHO CHeIiaTbHIA CKPUNT, SIKUH JJIs
3aJJaHuX KOHCTPYKTHBHUX mapameTpiB A/l BHKOHye MOOYZOBY TI€OMETPHUYHOI
MOJIeT Ta BIANOBITHO 10 cXeMH OOMOTKH ii po3kiajKy 3a mazamu. Ha apyromy
erari poOOTH CKpHIITA aBTOMAaTU3YEThCsS MPOLEC 3aBOaHHS eIeKTPOQI3ZUUHUX
BJIACTMBOCTEH pPO3PaxyHKOBUX oO0jacTteil Ta CTPyMiB y CTPYMOIIPOBIIHHX
obnactsix. Ha TpeThOoMy eTani BUKOHYETBCSI pO3paxyHOK MarHiTHoro nosst AJ] ans
pi3HHX KyTiB 3cyBy poTopa. Ha ueTBeproMy eTami BUKOHYETBCS PO3PaXyHOK
SHeprii MarHiTHOrO TMOJs, PEaKTHBHOIO Omopy, BTpaT B enemeHTax All,
€JIEKTPOMArHiTHOTO MOMeEHTY. BurpoOyBaHHS poOOTH cKpumy Oyio mepeBipeHO
Ha gekimpkox AJl cepii 4A i mokaszano myke Xopoury 301KHICTh 3 JJOBITHIKOBAMH
JaHUMH.

Takum 4rHOM, po3po0iIeHnit ckpunt Lua aBTOMaTH3y€e Ta 3HAYHO PO3LIHPIOE
MOJKJIMBOCTI po3paxyHkiB B mporpami FEMM. BiH € yHiBepcadbHHM i MOXe
3acTOCOBYBaTHCH JUIsl A/l HalOLIBII NOIIMPEHUX THITOBUX KOHCTPYKIIIH.
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CEKLISA «EJEKTPUYHI I EJJEKTPOHHI ATIITIAPATH»

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

CUCTEMU AHTHITIOMITA’KHOTI'O KEPYBAHHSA BIZIIEHTPOBUM
KOMITPECOPOM

Haii0inpm po3moBCIOKEeHH] Ta30nepeKkadyBallbHi arperaTy 3 ra30TypOiHHIM
MPUBOIOM 1 BIOIEHTPOBHM HarHiTadeMm. [ a3omepekadyBaibHI arperatu €
€HEPrOEMHUMH TEXHOJIOTIYHUMH CHCTEMaMH, I0 OOyMOBIIOE aKTYyallbHICTh
HAyKOBO-TEXHIYHOT TpOOJEeMH MiABUINEHHS iX TEXHIYHOrO pIiBHS, 30KpeMa
BIOCKOHAJICHHSI CHCTEM KepyBaHHs IIMX arperariB B acHeKTi 3a1ad pecypco- i
eHepro30epekeHHsl. B 3aeXHOCTI Bil yMOB BHKOPUCTAaHHS MAacoBi BHUTpaTu
MOXHa MIATPUMYBaTH a00 HAIPABISIOUM YaCTHHY MOTOKY 31 CTOPOHM HarHiTaHHS
Ha BXiJl KOMIIpecopa, abo CTpaBIIOBATH YaCTHHY B aTMOc(epy.

MeTo10 OCHTIKEHb € 3MEHIIEHHS BTPAT B Ta30IepeKavyBallbHAX arperarax
IIJISIXOM BUKOPHCTaHHS 3MIIIAHOI CHCTEMHM AaHTHUIIOMIIQ)KHOTO 3aXHCTY, SKa
noOynoBaHa Ha ICHYIOUMX CHCTEMax AaHTHUIIOMIAXXHOTO KiIalaHy Ta CHCTEMH
OaiiracyBaHHS.

Ha npakTuii, Ha KOMIIPECOPHHX CTaHLISX Ta30NpOBO/IB, BHIIEBUKIAACHI
SIBUILA, TIPU SIKMX CIOCTEpirajiics MyJsbcalii HOTOKY ra3y, He Tak BXKe 1 PiJKICHI.
SIk TpaBUJIO, BOHU CYNPOBOKYIOTBCS XapaKTEpPHUM 3BYKOBHM e(eKToM i
BUKJIHMKAIOTh: 30UIbIIeHHS  BiOpamii  MiANIKMIHMUKIB, KOPIyCy  HarHiTaya,
TpyOOIIPOBO/IB 00B'SI3KM; 3MiHY HANpsSIMy OCbOBOTO 3yCHJUIS Ha POTOp HarHiraua i
CWIIOBOI TypOiHM, $KE CTa€ 3HAKO3MIHHUM; IMKJIIYHA 3MiHA HaBaHTAKCHHS
NPUBOAY HarHiTaya.

Hacninkn moMmnaxky, SK NpaBWJIO, NPUBOIATH IO HACTYMHUX IIOJIOMOK
yCTaTKyBaHHS: PYHHYBAaHHIO YIOPHOTO MiMIMITHUKA; 30UIBLIEHHIO 3a30piB B
VIIITbHEHHSIX "'Maciio-ra3", miJIIMITHIKAX; MOABI TPIIIMH Ha poOOYMX JIOMATKAX 1
JIICKaxX pOTOpa HarHiTaya; BTpaTi CHHXPOHI3alii CHHXPOHHOTO EJIEKTPOIIPUBOILY
(1o acCHHXPOHHOTO X0/1y); MOSBI TPILIHH, 3HOCY €JIEMEHTIB CIIOIYYHOI MyQTH 1 T.1.

Bce 1ie nmpuBOIUTSE 10 IEPET4aCHOTO 3HOCY JIOPOTOTO yCTaTKyBaHHS.

Jpyrum  3aBAaHHAM  MiCIs ~ BU3HAYCHHS  BUHUKHEHHS  PEXUMY
NPEANOMIAKHIX KOJMBaHb € 3amoliraHHs mommaxy. OCKIIBKH —ITOMITax
BUKJIUKAETHCSI HEAOTIIKOM €Heprii, sika MmepesacThesl IomaTkaMu pobodoro Kojeca
MOTOKY Ta3y Ui TMOAOJIAaHHS OTOpY Mepexi 3 00Ky HarHiTaHHA HArHiTa4a, TO IS
3ano0iranHs moMIaka HeoOXiTHO 3MIHUTH PEXHM pOOOTH HAarHIiTa4d - Mepexa, a
came:

1. 3MiHMTH OTIip MepesKi 3 00Ky HarHiTaHHS.

80



2. 3MIHATH MIOTYKHICTb, SIKA TIEPEHAETHCS TIOTOKY Ta3y.

3. 3MiHUTH MIBHIKICTH MOTOKY Ha BXOJII HATHITAYa.

4. 3rmaguTy 3pOCTaHHS TYpOYJICHTHOCTI IIOTOKY Tasy.

HajimommpeHimuM MeToI0M € TepelmycKaHHs Ta3y 3 HarHITaHHA HarHiTada
Ha BCMOKTyBaHHS (OaifracyBanHs). LluM mocsraeThCs 3HIKEHHS OTIOPY MEpexki 3
OOKy HarHiTaHHS 1 30UTBIIYETHCS MOTIK Ta3y 3 OOKy BCMOKTYBaHHS HarHiTada.
[Ipobnema 3axucTy Bix moMmnaxka 3BOJAMIACS 10 BIAKPUTTS OalllacHOTO KpaHy.
I{poro mocraTtHbO /I MOBHOI PO3rPy3KU HarHitTaya. Y bOMY BUIIAKY 4ac poOOTH
3 TEpemyCKaHHsSM Ta3y OOMEXKEHHH, OCKUIbKM 3BHYAiHO IIepenycKaHHs
3IiHICHIOETHCSI 0€3 HAssBHOCTI XOJIOAMIBHUKIB, IPU IIbOMY TEMIIEpaTypa rasy, sKui
nepeKayyeThesl Yepe3 HarHitay, MiJBHLIYEThCS. 3MiHa uyuciaa 00epTiB MPUBOIY
HarHiTaua Tako)X BUKOPHCTOBYETHCS [UISl 3aMI00IraHHS BXOJKEHHIO p00040T TOUKH
Har"itada B 30Hy mommnaxy. CaM IpHBOJ HarHiTa4a € CKJIaJHOI CHCTEMOIO 1 Mae
3HaYHUA MOMEHT iHepmii. ToMy ympaBmiHHS TPUBOJOM CIHIiJ 3MIHCHIOBATH 3
ypaxyBaHHSIM 3aTPUMKH WOTO peakiii Ha Kepylouwmid curHan. HaiOinem
pamioHalBHMM, B JaHOMY BHIIAAKY, BB@KA€ThCS 3aroOIITH BHHUKHEHHIO
MOMIXHUX KOJMBAaHb 3a JOTIOMOTOI0 PELMPKYIIALI] Ta3y, MPOBECTH ONTHMI3AIIi0
PEXUMY POOOTH KOMIIPECOPHOTO OJIOKY i TIJIBKU MOTIM 3MIHIOBATH PEXKAM POOOTH
HarHiTa4a[1,2].

BpaxoByloun BHCOKY AMHaMiKy poOOTH arperary, aHTUIIOMIIOKHA CHCTeMa
KEpyBaHHS [MOBUHHA MAaTH B CBOEMY CKJIaJi MOTY>KHHH OOYMCIIOBAIBHUIA amapar,
KA TOBUHEH 3a0e3neuyBaTH HEOOXIJAHY MIBHIKICTb OOpPOOKHM alropUTMIiB,
TOYHICTb 1 HAIHHICTH POOOTH PEryyIsATOpa.

AHTHUTIOMIIQ)KHY ~CHCTEMY 3aXHCTy MOXHA INPEJICTaBUTH Yy BUIIISIL
eJIEKTPOMEXaHiYHOro mo3imionepy [2,3], sAKkuii MOXHA OMUCATH PIBHSAHHIMU
JBUTYHa TIOCTIHOTO CTpyMy He3aJIeXHOro 30ymkeHHs. Kyr Bigkputrs ¢
BU3HAYAETHCS KEPYIOUNM BIUIMBOM, SIKUH HaJXOJUTh HA €IEKTPOIPHUBOJ KIIATIaHY.

Y]IK.621.3.048.1

Caxno A.A., Ckpyrckast JL.C?
! kamn. Texn. Hayk, nom. SHTY
2 crapm. Buki1. 3HTY

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

TexHonornueckne HapyUIEHUs, CBSI3aHHBIE C aBapHUs MU BBICOKOBOJIBTHBIX
BBOJIOB U TPaHC(HOPMATOPOB TOKA, BXOAT B YHCIO OJHHUX M3 HanOoJiee YacThIX U
SKOHOMHMYECKH 3aTpaTHbIX. [l0o3TOMY JOHAarHOCTHUPOBAHHIO COCTOSIHHSI 3TOTO
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000pyoBaHUs YAEISUIOCh MHOTO BHMMaHWs. Hamboniee pacmpocTpaHEHHBIM Ha
JaHHBII MOMEHT METOAOM JHarHOCTUPOBAHMSA, HETPEPBIBHOTO KOHTPOJISL MOJ
pabouanm HATPSKEHHEM, SIBIISIETCA HEPaBHOBECHO-KOMIIEHCALUOHHBII
(6amancoseri) merox [1]. Llempro maHHOM paboOTHI SBISETCS aHANW3 MPUIHH
OTPHLATENBHOTO ONBITA MPUMEHEHHSI 3TOTO METOJA M MPEACTABICHUE PE3YNBTAaTOB
IO €T0 YITy4YLICHHIO.

CyTp MeTOla OCHOBaHa Ha JBYX IPEIIOJIOKEHHAX: TpexdasHas cucrema
HanpsKeHUH CUMMETPUYHA; AMarHOCTUYECKHE MapaMeTphl TPEX KOHTPOIUPYEMBIX
annapaToB, Tpex(a3zHOHl TIpYINbI, HE MOTYT HM3MEHSTHCS OJHOBPEMEHHO, U B
paBHOH cTeneHu. MeTon moapa3yMeBaeT I'e€OMETPUUECKOE CYMMHPOBAHUE TPeX
BEKTOPOB TOKOB IPOBOJMMOCTH OCHOBHON H3OJIALMHU 3JICKTPUYECKUX allaparoB.
B uneanmpHOM cilyyae, €ClIM COCTOSIHME M EMKOCTH OCHOBHOM M30JALIMU Tpex
anmnapaTroB OJWHAKOBEI, a BEKTOPA MUTAIOLIETO HANPSLKEHUS PABHBI 10 aMILTUTYAC
C pa3HOCTHIO HadaJbHEIX (a3 mo 120°, cymMma TOKOB MPOBOIUMOCTEH OCHOBHOM
m3osinuy Oyner paHa Hymro. [Ipy W3MEHEHWH aKTHBHBIX IOTEPh WM €MKOCTH
M30JLIIUH NTPOM30HIeT U3MEeHeHHe (a3bl U aMIUIUTYIBI TOKa IPOBOJUMOCTH, YTO
pasbaaHCHpyeT CHCTEMBI M BBI30BET INPOTEKaHHE TOKa HeOallaHCa, KOTOPOH
HETIOCPEJCTBEHHO (UKCHpyeTcss mpubopamu. BenwmunmHa aMIuMTyzael Toka
HebaslaHCa KOJMYECTBEHHO XapaKTepU3yeT CTeleHb pa3BuTHsi Jedekra B
M30JISILMK, @ YroJl ToKa HeOallaHCa yKas3bIBaeT Ha TO, B Kakoil (haze MpoM30LLIN
n3MeHeHus. Ha mpakTuke Takod uaeanbHOW CHUTyalliM HUKOTJa He OBIBaerT,
MO3TOMY AJIsl OAJIaHCUPOBKH BEKTOpa B HOJIb MPUMEHSIOTCA Pa3iIHYHbIC PEIICHHUS,
HalpHUMep, COTIacyromue TpaHchopMaTOPEIL.

[Tpubopsl, Ha OCHOBE AAHHOTO METOJa, KaK IPHBHIO, KPOME HWHAMKAINU
BEJIMYMHBI aMIUIMTYABl W (a3pl BeKTopa HeOallaHCa, WHAWIHUPYIOT 3HAYCHUS
TAQHT€HCa Yyriaa OUAJIEKTPUYECKHX 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 TOKa HebaslaHca
3aBHCHUT OT 9-TH IapaMeTPOB:

— - o> -
ly = f(Ua.Up . Ue . Cia . Cip Cie 195,195,196, ) O

Takum o6pa3oM, TpH HMHAWKAIWK NpHOOpaMH 3HAYSHWH TaHTEHCA yTia
JUDJIEKTPUYECKUX TOTEPh M E€MKOCTM OCHOBHOM H30JSILMM HUCIOJb3YETCS
MaTeMaTUYECKUH pacueT, MCHONb3YIIWUNA psax  gonyiueHud. daxkTuuecku
MOJIyJaeTCsl pelIeHne JBYX ypaBHEHWH ¢ 12-Tbl0 HEW3BeCTHBIMH. Jist
obecrieueHns1 pelIeHHs TaKOW CHCTEMbl YPaBHEHUH NPOM3BOAMTENHN INPHOOPOB
NPUMEHSIOT pa3HOOOpa3HbIe AITOPUTMBI aJaNTallii K peXuMaM padoThl CeTH U
o6opynoBanust. OnxcaHHbIE TPOOJIEMBI IIPUBOASAT K HEBEPHBIM PELICHUSM JTaHHOW
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CHCTEMBI, Ha 9YTO BIHUSCT pPAI (AKTOPOB, YYIECTh KOTOPBHIE MPAKTHICCKH
HEBO3MOXKHO B PEKUME peabHON 3KCIUTyaTalluH.

CyTb cOBepIICHCTBOBAHHS 0ATAHCOBOTO METOA COCTOUT B CIICIYOIIEM:

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

— npubop B MOMEHT BBOZA B IKCIUIYaTallMIO JOJDKCH 3aICaTh W XPAHHUTh
3HAa4YCHHs (aMIUIMTYNa, HadanbHas (a3a) (a3HbIX HAMPSDKCHHA W TOKOB YTEUKHU
OCHOBHOU W30JISAIUY;

— 3HaueHHE HeDaTaHca TOJDKHO PACCUUTHIBATHCS 110 (hOopMyIie:

- - > - o - -
|Uae| Ia'Uae Ib'Ube Ic Uce - - -
IH_ N N + N - _(Iae+|be+|ce)
Uae Ua Ub Uc 7 (2)

rae Uae, Ube, Uce — nauanphble (mpu BBOAE B IKCILTyaTAIMIO) 3HAYCHUS
BEKTOpOB (hasHbIX HampsokeHuid (Pa3 «A», «B» 1 «C» COOTBETCTBEHHO);
lae, Ibe, Ice — HauanbHBIC 3HAYCHUS] BEKTOPOB TOKOB YTEUEK OCHOBHOW H30JISIIMU
BBOJ10B; Ua, Ub, UC — n3mepennbie 3HaueHust BEKTOPOB (pa3HBIX HAMpsDKEHHI; lae,
Ibe, Ice — u3mepeHHbIe 3HAYEHHS BEKTOPOB TOKOB yTEUEK OCHOBHON H3OJISIMU
BBOJIOB.

[TomyyeHHBIE TakUM METOAOM 3Ha4deHUS (a3sl M aMIUIMTYIBl BEKTOpa
HebanaHca He OyIyT 3aBHCETh OT PEXUMOB PabOTBHI CETH, COOTBETCTBEHHO LA
prOOPOB HE MOTPEOYeTCs 3aBHIIATh YCTAaBKH CpaOaTHIBAHHS.

CIIMCOK MCNOJb30BAHHOM JIUTEPATYPBI

1. Csu, II. M. KoHTposs u30m1uu 000pyJOBaHUS BHICOKOTO HATIPSKEHUS
[Texcr] / TI.M. CBu. — M.: DHeproaTomusnar, 1988. — 128 c.
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JOC/IHKEHHSA MAPAMETPIB HIMHOIMPOBOAIB HEXOBUX
MEPEX B YMOBAX JIi BUIIIUX TAPMOHIK CTPYMY 3ACOBAMHU
MOJBbOBOI'O MOJAEJIOBAHHSA

CucrteMH LEXOBOTO €JIEKTPOIIOCTAUYaHHS ITOBHHHI BIJIOBIAATH >KOPCTKUM
BUMOTaM BHCOKOi HaAiHHOCTi, e(eKTHBHOCTI Ta Oe3nekw, 3a0e3ledyroud Hpu
IIbOMY BHCOKY SKICThb eneKkTpuuHOi eHeprii. CydacHi cHCTEMH IIEXOBOTO
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€JIEKTPOIIOCTAYAHHS MOXYTh MaTH 3HauHy NPOTSDKHICTE. ToMy, iX mapamerpw i
eIEeKTPUYHI XapaKTEPHUCTHKH ICTOTHO BIDIMBAIOTH Ha SIKICTh E€JIEKTPOCHEeprii,
PSXKUMH  POOOTH EJCKTPONIPHIMAYiB 1 €HEProeeKTHBHICTh TEXHOIOTIIHIX
MPOLIECIB. BrpoBamkenns JaCTOTHO-PETYIbOBAHIX €JIEKTPOIIPOBOIB,
BUNPAMJIIYiB Ta IHIIUX HANIBIOPOBIIHUKOBHX NEPETBOPIOBAUIB IMPHU3BOIUTH 10
TeHepamii BUIMAX TapMOHIHHUX CKIAQAOBHX y CTPYMOIPOBOJAAX MOCTIHHOTO
CTpyMy, LIO HEraTHBHO II03HAYAETHCS HA KOE(IUI€HTI MOTYXHOCTI MEpEexi.
HasiBHICTD BHIIMX T'apMOHIK, a TaKOX X BIJXWJICHHS BiJl HOpDMOBaHUX 3HAYCHB,
HEeraTUBHO BIUIMBa€ Ha e(QEKTHBHICTh 1 HAAIWHICT EJNEMEHTIB CHCTEMHU
EJIEKTPOIIOCTAYaHHSI, 30KpeMa IIEXOBHUX IIHHOIPOBO/IIB.

IcHytoui B 1HXKEHEpHIH NPaKTUIl METOTUKH pO3PaXxyHKy MapamerpiB i
XapaKTepUCTUK IIHMHONPOBO/IB 3aCHOBAHI Ha METOJaX CXEMHOTO MOJETIOBAHHSI.
[Tapamerpu cxeM, SIK IPaBWIO, BU3HAYAIOTHCSI HA OCHOBI y3arajlbHEHHX DiBHSHb.
i piBHSHHSA OTpHMaHi B HACIINOK pANY MPUITYIICHb i HAOIIDKEHb, 10 3HAYHO
oOMexye o0yacTb IX BHKOPHUCTAHHA. 3aCTOCYBaHHS METOAMK HA iX OCHOBI He
JO3BOJISIE  3a0E3MEUNTH HEOOXiTHY TOYHICTH 1 JOCTOBIPHICTH pE3YNbTATiB,
BpaxyBaTH BIUIMB TapMOHIMHOTO CKJIAAy CTPYMIB 1 Hampyr, HENiHIAHICTD
BJIACTUBOCTEH aKTHBHHUX MaTepialiB, MOBepXHEBI eekTr, edekTH OMU3BKOCTI Ta
iH. MeTo 1 OLiHKY BILIMBY F'APMOHIHHOTO CKJIay CTPYMIB i HaIpyr Ha napameTpu
1 XapakTepUCTHKH IIMHONPOBOJIB, 3aCHOBAaHI HAa EMIIPHUYHHX 3aJIEKHOCTSIX 1 He
BPaxOBYIOTh T'€OMETPII0 AKTHBHUX MarepialiB, a TaKOXK iX eJeKTPOMAarHiTHi
BJIACTHBOCTI.

TakuM 4uHOM, pO3poOKa BHUCOKOC(PEKTHBHOI METOJIUKH PO3PaAXyHKY
mapaMeTpiB IIMHOIPOBOIIB i, OIIHKH BIUIMBY TapMOHIHHOTO CKIIAAY CTPYMIB i
HaIrpyr, Ha X XapaKTepUCTHUKH, a caMe BTPATH HANPYrW Ta aKTUBHHUX BTPAT, €
aKTyaJIbHOIO HayKOBO-TIPAKTHYHOIO 33/1a4elO.

B pesynbprati pociikeHHS OyJI0 3aIpoOIIOHOBAHO MaTeMaTHYHY MOJEINb JUIs
3aBaHHSA Y YaCTOTHOMY (hOpMYIFOBaHHI €JIEKTPOMATrHITHUX MPOIECIB B MITHOMY
TPOJIEHHOMY  OIMHONPOBOMI, IO BpPaXOBYe KOHCTPYKTHBHI OCOOJHBOCTI,
HEJHIMHICTh MarHiTHUX Ta eJIeKTPO(DI3WYHUX BIACTHBOCTEll MarepiaiiB, edekru
ONM3BKOCTI, MMOBEPXHEBI Ta 30BHILIHI MMOBEPXHEBI €()eKTH, BIUIMB IapMOHIMHHX
CKJIaJOBUX CTPyMy Ha NAaJiHHS HANpyrd Ta BTPATH HOTYXHOCTI B IMpoIieci
eJIeKTporepeiadi, Ka JO3BOJISAE 3 BUCOKOI TOYHICTIO 1 €PEKTUBHICTIO YHCETHHOL
peaizaliii BU3HAYUTH MapaMeTpy TPOJIeH ITMHOMPOBOA IS BiMOBITHUX 3HAYCHD
aMIUTITYJ] Ta 9aCTOT BilIMX TapMOHIK CTpyMy. Ha 0OCHOBI OJIEOBOTO MOZIETTIOBAaHHS
BIEpILC BCTAHOBJICHO CITIBBIJHOIICHHS MAaJiHHS HANPYTH Ta MUTOMUX aKTHBHHUX
BTpAT Bij CIEKTPiB YacTOT 1 aMIUITY]l TapMOHIK CTpyMy Ta 3HaueHb KOeQillieHTy
KOPOTKOTO 3aMHKaHHS, IO JI03BOJISIE BUSIBUTH CTYIIHb 1 XapakTep BIUIMBY Ha
acHMEeTpil0 NaJiHHA HANpyru 1 napameTpiB Tpousieil mmHonposoxny. lIpoBeneHo
OLIIHKY TaJiHHS HaNpyru B (a3ax Tpojel IHMHONPOBOIY BiJ Jil BUIIMX rapMOHIK
cTpyMy. BcraHOBIEHO, IO IIpuM AOMYCTUMHX 3HAYEHHSIX BHUIIUX T'apMOHIK,
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pErIaMeHTOBAaHUX CTaHNAPTOM IS Pi3HUX KOEe(]imieHTIB KOPOTKOTO 3aMHUKaHHS
Rsce, BeNMMUMHA MATiHHA HAIPYTH MOKE 3POCTH B 3,5 pas3w, a 3 BUKOPHUCTAHHAM
CTaJIeBOTO KOXyxa - B 4 pasu. Ilpum mpomy, mpHpicT eHeprii MarHiTHOTO MO i
aKTUBHUX BTpaT B IIMHONPOBOAI cTaHOBHUTH 20% BIIHOCHO X 3HAYEHB IS
OCHOBHOI TapMOHIKH CTpyMy O3 ypaxyBaHHS eKpaHyBaHHS, 1 10 23% 3
ypaxyBaHHAM €KpaHyBaHHSA Tpojed mumHonmpoBoxy. Jlis BHIIMX TapMOHIK IIpH
JIONYCTUMHX BJIACHHX aMIUIITYAaX IPH BIJIOBIIHUX 3HAYEHHAX KoeQilieHTa
KOPOTKOTO 3aMHKaHHSI Ry, TAKOXK BUKJIMKAIOTH 301IBIIEHHS] aKTUBHOTO OTIOpY B 4
pasH, a iHIyKTUBHOTO - B 20 pasiB.

3Bakalo4yM Ha  OCOOJIMBOCTI  PO3MILIEHHS I[IMHONPOBOAY B  LEXY,
BUPOOHHUIITBA 1 TEXHOJOTIYHUX TMPOIECIB HEOOXigHE EKpaHYBaHHS TPOJICH
HIMHOTIPOBOAIB. TOMy, B TaKuMX BWIIAIKaX, JJIs KOMIICHCAIIi acUMeTpil majiHHSI
HaIpyr B TPOJESX, | aKTUBHUX BTPAT B IIMHOIIPOBOAAX, CTPYMOBE HABaHTa)KCHHS
TpOJIEH IIMHONPOBOAY TMOBHHHO OyTH 3HMKEHO Ha 5-20% B 3aJeXHOCTI BiX
3HAa4YCHHS KOe(ili€HTY KOPOTKOTO 3aMHUKaHHS IIEXOBOI MEpexKi.
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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:

I 50
—-R=—--10=362.319 s
v, 1,38

: 1)

where, | — 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
‘R=—:10=263.158s

I
t, =—
v, 19

W

: )
where, vy, — is the speed of forklift without load.
The traction battery consumption of underload moving is:
t 362,319
L= =190- =19,122 Ah
3600 3600 , ©)

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

The traction battery consumption without load is:
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t 263,158
=1 . —-190. 13,889 Ah
3600 3600 @

The traction battery consumption for lifting is:

I, I, 3 3
qg-—+0q-— 10.——+10-——

Vi Va _190._0.37 0.54 _- 511 An

3600 3600 (5)

Qn = Im ’
where, g — is the number of lifting, up and down; I, — is the mast height; v;, — is the
speed of lifting under load; v — is the lifting speed without load.

The traction battery consumption of power circuit is:

ty 900
- =6-——=15Ah
3600 3600 ©)

Q. =1l

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

Q =Q,+Q,, +Q +Q, =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.

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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JOCIIKEHHA MEXAHIYHUX XAPAKTEPUCTHUK
ACHHXPOHHOT O IBUT'YHA

EnexTpoTexHiuHAa MPOMHCIOBICTH BINiTpa€ BaXXJIMBY pOJb y BHUPIMICHHI
3aBJaHb eJCKTPUQIKAIlil, TEXHIYHOTO Mepeo30POEHHS BCIX Taily3ei HapOIHOTO
rocroJiapcTBa, MexaHizauii, aBromaru3amii Ta iHTeHcu(ikanii BHUPOOHHYMX
npotueciB. BeraHoBlieHa €JI€KTpUYHA MOTYXKHICTh OKPEMHX MIANPUEMCTB csrae 3
MJIH. KBT, a KiIbKICTh eslekTpuuHuX MamuH Ha HuX — 100 tuc. 3a koxHi 10 pokiB
BUPOOHMITBO 1 CIIOYKMBAHHS €JIEKTPOEHEPrii B CBITI 30LIBUIYIOTHCS MPHUOIU3HO B
JBa pazu. OCHOBHHMH CIIO)KMBauyaMHM €JIEKTPUYHOI SHeprii € aCHHXPOHHI JBUTYHU
(AIl). 3acTocyBaHHS IMOJHLOBOIO METOMY aHaJi3y J03BOJIAE MPOBOMUTH YTOYHEHI
JOCTIKCHHS TIapaMeTpiB, XapaKTepUCTHK 1 pexuMiB podotu A/l 3 ypaxyBaHHSIM
TaKAX OCOONHMBOCTEH iX KOHCTPYKIi Ta pEKHMIB POOOTH, SAKi HE MiINAIOTHCS
JIOCTOBIDHOMY ~aHaJi3y TpaOWMiHHUMH KIACHYHUMH MeTonamu. (OcoOimBo
aKTyaJIbHUM € 3aCTOCYBaHHS HOJNBOBHX MeToAiB s AJl, ski (QyHKIIOHYIOTH B
CKJIQJIHUX yMOBaX. TakuMm 4MHOM, po3poOKa aJeKBaTHUX MOJIBOBHX MaTeMaTHIHUX
MoJeneld 1 ymocKoHaJeHHs KoHcTpykuii AJ] 3a pesynpraramu JOCIHIIKEHB,
NPOBEJCHUX HAa OCHOBI TakUX MOJENCH, € aKTyaJlbHOI HAayKOBO-TEXHIYHOIO
pobIEeMOI0 eEeKTPOMEXaHIKH, SKa MOTPedye MOJAIBIIIOT0 PO3B’ I3aHHS.

B pesymbrati gociimpkeHHs OyJ0 TPOBENEHO PO3PaXyHOK MEXaHIdyHOL
xapaktepucTukn AJ] 3acobamy IMOJHOBOTO MOJIEJIOBAHHS Ta 32 KJIACHYHOIO
METOIUKOK.  BCTaHOBJIGHO, 10  BEJIMYMHA  MaKCHUMAIbHOTO  MOMEHTY
€JIeKTPOJIBUTYHA, IO PO3paxoBaHa IOJHOBHM METOJO0M, MeHme Ha 15% Bin
MaKCHMaJIbHOTO MOMEHTY, PO3pPaxOBaHOTO KJIACHYHUM METOZOoM. Taki MoxuOku
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KJIACHYHOTO METONy BHKIMKAHI TIIepml 3a BCe HEBPAaxXyBaHHSAM HEIIHIHHUX
BiIactuBocTeil AJ] i ToMy BiH HE JO3BOJIIE OTPHMATH Ha CTafil IMPOEKTYBaHHA
JIOCTOBIpHUX pe3yNbTaTiB PO3PaxyHKy. B pe3ymibTaTi MOCTiIKEHHS TOBEACHO, IO
PO3paxyHOK ITyCKOBOI'0O MOMEHTY A/l TpaguLiifHUM METOIOM MOXKYTh IPH3BOJUTH
JI0 3aBHIICHHS 3HAYECHHS PEaJbHOr0 MOMEHTY Olnbln HiX Ha 15%, Tomy A/l siki
MPAIOI0Th B PEAIbHIX YMOBAX MOBHHHI MaTH HaBaHTa)keHHS Ha 15-20% Hikde 3a
Horo HOMiHaJIbHE 3HAYEHHS.

VK 621.316.71
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JOCJIKEHHSA BJACTUBOCTEM PO3IOJLITY MAPAMETPIB IOJISA
KEPOBAHOT'O ACUHXPOHHOI'O JIBUT'YHA 3
KOPOTKO3AMKHEHHUM POTOPOM

B naHmii 4ac 3aBASKM PO3BUTKY CHJIOBOI IEPETBOPIOBAIBHOI TEXHIKH
CTBOPEHI 1 CepifHO BWITYyCKAOTBCA Pi3HI BHAM  HAMiBIPOBIIHUKOBHX
MepETBOPIOBAYIB YAaCTOTH, IO BH3HAYWIO BUIEPEKAIBHUNA PO3BHTOK 1 IIMPOKE
3aCTOCYBaHHS  YacCTOTHO-PETyJbOBAaHOTO  ACHHXPOHHOTO  €JIEKTPONPHBOLY.
BukopucraHHs TNepeTBOPIOBaYiB YacCTOTH JO3BOJMJIO 3HU3UTH BTPaTH IIpH
peryioBaHHI aCHHXPOHHMX JBHUrYHIB (AJl) y miACHHXPOHHOMY Jiara3oHi
mBuakocti poropa AJl. OpHak Ha CHOTOJHIIIHIA JIeHb MOBHICTIO HE BHpillIEHE
MUTAHHS [[OJ0 BHU3HAYCHHS ONTUMANbHOI dYactoth wMmoayisuii IIIM, mio
3a0e3MeuyroTh 3HWKEHHS He TUIbKU eJNEeKTPUYHUX M KOMyTaliiHux BrpaTt B A/Jl, a
TaKoX 1 MarHiTHUX. Tomy MeTor0 poboTH € po3pobka MaTeMaTUYHOI
eJIEKTPOMArHiTHOI Ta TOJILOBOT MoOJeNeil Juisi JOCHIKeHHsT pO3MOoJily Ta
XapaKTEPUCTHK E€JIEKTPOMArHiTHOTO TOJIi B AaCHHXPOHHOMY JIBUTYHI IIpH
YaCTOTHOMY KepyBaHHI B HOMiHaJIbHOMY PEXUMi POOOTH.

B pesymerari mocmimkenHs Oynma po3poOiieHa KOMIDIEKCHA iMiTalliifHa
mozeni A/l 3 mepeTBoproBaueM YacTOTH, SIKa MOEAHYIO €IEKTPOMAarHiTHYy MOJIENb
ACHMHXPOHHOTO EJIEKTPONpHBONYy Ha 0a3l IepeTBOproBaya YacTOTH Ta IOJBOBY
MaTeMaTUYHy MOJEJb, SKa JIO3BOJISIE CTPOTO BPaxOBYBaTH BIUIMB peasbHOT
KoH(}iryparii akTHBHO{ 30HH 1 HENiHIHI BIACTHBOCTI (hepOMarHiTHUX MaTepiaiB
craropa Ta poropa AJl, 3MiHH MUTTEBI 3Ha4CHHS CTPyMiB (ha3 0OMOTKH cTaTopa
AJl mpy 4acTOTHOMY KepyBaHH.

Takox Oyno TPOBEACHO aHali3 PO3MOAUTY €JIeKTPOMArHiTHOTO TMOJSI B
BHIAJKax HekepoBaHOTO AJl 1 KepoBaHOTO 3a JOTIOMOTOIO IIepPeTBOpIOBava
YaCcTOTH HPH PI3HUX 3HAYSHHSX YaCTOTH MOIYJsiiii. BUKOHAHO aHali3 po3momainy
MarHiTHOro mois B aKTUBHIH 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 KOHCTPYKIii cratopa i poropa AJl. Bukonano
TapMOHIHHOTO aHaNi3 iHAYKOBaHOTO CTPYMy pOTOpa B pasi HekepoBaHoro AJl, a
Takok mpu perymoBanHi AJ] 3 T4 mpm pisamx uacrotax LIIIM. BcranosneHi
0COOIMBOCTI €eKTy BUTICHEHHS CTPyMYy B CTEPXHAX poTopa. BcTaHOBIEHO, IO
ONTHUMAaNIbHE 3HAUeHHS YacTOTH Moxymsinii jexuts 0,6...2 xk[m, mpu sxomy
BUKOHYETHCSI 30€peKEHHs PIBHS NPUPOCTY MArHITHUX BTPaT B aKTHBHI YacTHHI
A]l, o He nepeBuinye 2,5%.

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

JOCJIJKEHHA TEPMOMEXAHIYHUX BJIACTUBOCTEN
ACHHXPOHHOT O JBUT'YHA

3BHUaifHO TpH TMPOEKTYBaHHI HOBHX Cepili Ta IHAWBIAyaldbHUX [BUTYHIB
BUKOPUCTOBYIOTBCS JIaHI eKCIDTyaTamii MamuH, Mo ONH3bKi 3a MUTOMEM
HaBaHTAXCHHSAM 1 yMoBaM poOotu. SIKmo B mporleci eKcIuTyaTamii B JesSKUX
pPEeXHUMaxX MajH Miclie TOIIKOIKEHHSI 0OMOTOK, TO HE00XiTHO abo OOMEKUTH TaKi
pexxuMu, abo MiIBUIIATH iX TepMiuHYy CTiKicTb. TomMy po3poOka METOIUKH
BU3HAYCHHS TEPMOMEXAHIYHUX HANPYT B CTPHIKHAX KOPOTKO3aMKHEHOiI OOMOTKH
pOTOpa aCHHXPOHHOI'O JABHI'YHAa € aKTyaJbHUM 3aBIaHHSAM. TakuM YHHOM B
pe3ynbTaTi JOCHI/PKEHHS PO3pPOOJICHO METOJ| PO3PaxyHKYy TEepMOMEXaHIYHUX
HAaBaHTAXXEHb KOPOTKO3aMKHEHOI OOMOTKM pPOTOpa aCHHXPOHHOI'O JBHTYHa B
JMHAMIYHHX peXHMax poOoTu. BukoHaHO aHami3 JMHAMIKM TEPMOMEXaHIYHUX
HAaBaHTAXXEHb KOPOTKO3aMKHEHIi OOMOTKM pOTOpa aCHMHXPOHHOTO JBUTYHa JUIs
MaTepialliB JaTyHi, Milli Ta cTaji Uil Pi3HUX CIIBBITHOIICHh PO3MIPIB CTPUIKHIB
KOPOTKO3aMKHEHOTO poTopa. bynn oTpuMmaHi 3aeXHOCTI 3MIHH TEPMOIPY>KHUX
HaIpy>XeHb IIPU IYCKY, 3aJIS)KHOCTI 3MiHM MaKCHMAJIbHOI TEMIEpaTypH CTPHIKHS
pOTOpa Ta MAKCUMAJIBHOTO HAIIPYKEHHS IIPH PI3HOMY Xapakrepy mycky. Otpumani
3aJIE)KHOCTI TO3BOJIAIOTH OL[IHWTH TPAaHWYHI PO3MIPH CTPHIKHS POTOpa Ta BHCOTH
nasa HpU 3aJaHuX PEXHUMax IyCKy Ta BH3HAYUTH MaKCHUMAaIbHO JOIyCTUMY
TEMIIepaTypy 3a YMOBOIO TEPMidHOI CTIHKOCTI 0OMOTKH pOTOpA.

Hnsa neuryna HBA-55 oTpumano onTHManbHI po3Mipu CTPIDKHIB poTopa
h=25.6mMm, b=20mMM 1mpum sxux 3abe3medyeTbcs  HOPMANbHUN  PiBEHb
TEPMOMEXaHIYHUX HAIPYT B CTPIKHAX POTOpA HE3AJIEKHO BiJ[ XapakTepy MyCKy
ACHHXPOHHOTO JBHI'YHa. BHKOpHCTOBYBAaHHS JAaTyHI 3aMIiCTh MiAi Ta cTayi Ui
CTPMXKHIB OOMOTKHM pPOTOpa IBHTYHA JIO3BOJISIE 3HHU3UTH EJIEKTPOMEXaHIuHy
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.?
Lerym. p. E-414m 3HTY

ety p. E-514m 3HTY

crym. p. E-214m 3HTY

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

CuoBuii TpancopMaTop € OJHUM 3 HAWBAXIMBININX €JIEMEHTIB KOXKHOI
enekTpuuHOi Mepexi. Ilepemaya eHeprii Ha BeqWKi BiACTaHI Big wmichs il
BUPOOHUIITBA 10 Miclis ii CIIOKMBAHHS BUMarae 5-6 KkpatHoi Tpancopmaiii, ToMmy
BiJl IOTO Ha NPSAMY 3JISKUTh SKICTh CIOXXMBAHOI €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. [Tocrilini komyTanii B npuctposix PITH (perynroBanHs
M HABaHTAXXCHHSIM), BHUKIMKAIOTH JWHAMIYHI EIIEKTPOMArHIiTHI MpOIECH B
TpaHc(hOpMAaTOpi, AKi MOXYTh HETaTHBHO BIDIMBATH Ha HWOTO HamiifHicTh. J{ms
aHali3y  TIpoleciB, M0 TPOTIKAIOTE B  CHJIOBOMY  TpaHcdopmaTopi,
BUKOPHCTOBYIOTHCS METOAM IIOJILOBOTO 1 CXEMHOTO MOJICNMIOBaHHA. Meronu
CXEMHOT'0 MOJICITIOBAHHS HE JI03BOJIIOTH B ITOBHIH Mipi OLIHUTH BILTHB MarHiTHHX
BJIACTMBOCTEH aKTMBHOI 4acTMHHM TpaHchopmaropa. Y 3B'I3Ky 3 LUM BUHHKAE
HEOOXIHICT, B pO3pPOOIIl MaTeMaTHYHHX MOJAEICH TpaHCPOpPMATOpPIB, IO
JIO3BOJISIIOTh 3 BHMCOKOIO TOYHICTIO BPaxoOBYBaTH BIUIMB HACHYEHHS MarHiTHHUX
CHCTEMH TIPH JOCIIPKEHHI PEXUMIB KOPOTKOTO 3aMHKaHHS, XOJIOCTOTO XOAay, a
TAKOX HOro poOOTH il 3MIHHIM HABAHTAKCHHSIM.

Jdnst nocnipkenHss Oyno obpaHo cwioBuid Tpanchopmarop tumy TPIH
63MBA, 110xB. [Ins meoro TpaHcopmaropa Oyma po3poOieHa MareMaTHIHA
MOJIENIb  €NIEKTPOMATHITHUX TPOIIECiB, IO BPaXOBYE HENIHIHHICTh MAarHITHHX
BJIACTHBOCTEH TpaHCc(OpPMaTOpa B PEXKHUMAX KOPOTKOTO 3aMHKAHHS, XOJIOCTOTO
X0y, @ TAaKO HOro poOoTy IiJ 3SMIHHMM HaBaHTA)XEHHSM 3 BUKopuctaHHsM PITH.
B pesynbrari TOCHIIPKEHHS 1 MOPIBHAHHS 3 EKCIIEPUMEHTAILHUME AaHuMu [TAT
«3amnopixrpanchopmarop» Tpanchopmatop TPIH 63MBA, 110xB mae ctpymoBy
MOXMWOKY MaTeMaTHYHOT MOJEI B JJOCTiIi KOPOTKOTO 3aMUKaHHS 0€3 HaCUYEHHS -
9,5%, a MaTemaTHuHa MOJETh 3 HacHIeHHsIM — 7,0%. A B JOCTiai X0JIOCTOTO X011y
CTPYMOBHI MOXHOKa MaTeMaTUYHOI Mo/eNi 0e3 HacCHueHHs CTaHOBUTH — 11,82%, a
MaTeMaTU4HOI MOZEI 3 HACUYEHHSIM cTaHOBUTH — 10,6%.

TakuM 4MHOM po3po0JieHa MaTeMaTHYHa MOJEJb JI03BOJISIE 3 JIOCTATHHOIO
TOYHICTIO IPOBOANTH AOCIIIKEHHS €IEKTPOMArHITHAX, €HEPTETUIHHX 1 TETTIOBUX
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MpOIIeCiB B CHJIOBOMY TpaHcopMaTopi sSK B CTaliOHAPDHUX Tak # HE B
CTaliOHAPHHUX PEKUMaX POOOTH.

YK 621.797: 621.664

Kopusix H.B.l,OCI/IHCKaH B.I/I.z, Yepnakiues I/I.I/I.3, Kucnaus A.B.*
! kanu. TexH. Hayk, nou. 3HTY

2Cr. npenogasarens 3HTY

cryn. rp. E-414m 3HTY

cryn. rp. E-815 3HTY

w

4

UCCJIEJOBAHUE TEXHUYECKHUX PEIIEHUMA MOBBIIIEHUS
IOPEKTUBHOCTU PABOTHI HIYHTUPYIOIINX PEAKTOPOB
110 KB

B cersax 110 kB B memsx mpeaynpexIeHHUs yBETHUYEHHS TOKOB KOPOTKOTO
3ambikanusg (K3) no BennmumH, onacHbIX Ui 0OOpYZOBaHHUS, albTEPHATHBHOW
NPUMEHEHUIO CHEIUAIM3UPOBAaHHBIX  BBIKIIOYATENICH, Kabened W Apyroro
JIOPOTOCTOSAIIEr0 000PyJOBaHMS, PACCUNTAHHBIX Ha BBICOKHE TOKH K3, sBisercs
yCTaHOBKa IIYHTHUPYIOIIMX PEAaKTOpOB M  OOBIYHBIX  BBIKIIOYaTened. B
OOJIBIIMHCTBE CITydaeB 3TO OoJiee Hale)kKHO 1 SKOHOMHUUYECKH ONPABIAHO.

[IpuHnunuanbHas KOHCTPYKUMS IIYHTHpYHOIIMX peaktopoB Ha 110 kB
COJICPXKHUT CIIEAYIOIINE OCHOBHBIE DJIEMEHTBI: OOMOTKY, BBIIIOJHEHHYIO W3
MHOTOXWJIBHOTO aJIOMUHHEBOTO TIPOBOJIA C H3OJALMEH M3 COBPEMEHHBIX
MaTepHaJIOB, IPECCYIOIIYI0 CHCTEMY, H30JSTOPhI, BBOJHBIE U BBHIBOJHBIC IIWHBI U
KOMIUIEKT KpemjeHus peakropa K (ysmamenty. KoHcTpykimus oOMOTOK
MHOTOCNOMHasg mumnHApHdeckas. CxemMa HaMOTKH 00€CHeuHnBaeT pPaBHOMEPHOE
TOKOpAacIpeesieH)e 10 MapajuleNbHbIM MPOBOAaM (KOHCTPYKLMS 3allaTeHTOBAHA).
KavecTBeHHast 3ampeccoBka OOMOTKM 00OECTIEUHBAETCSl CUCTEMOM H30JSIIMOHHBIX
INIAHOK ¥ U30JSLHOHHBIX  3aleKaeMBIX JIEHT, YTO HPUAAET BBICOKYIO
MEXaHUUYECKYIO IPOYHOCTh BCEH KOHCTPYKLIUU PEAKTOPA.

Lenpto naHHOM paboOTHl sBIAETCS 3HAYMTENBHO CHH3MTh Maccy U
rabapuTHBIE Pa3Mepbl PEaKTOPOB 110 CPABHEHHIO C OETOHHBIMH, & TAKKEe JPYTUMHU
TUIIAMHU IIYHTUPYIOIIHUX PEAKTOPOB B CyXOM UCIIOJIHEHHUH.

Komnanns CBDOJI mMoXxeT mMpon3BOAWTH PEaKkTOpPHl MO CBOMM IATEHTaM M3
pa3sHOTO THIIA TIPOBOJOB: KPYIJIOE CEYEHHE C MOIMHMHUAHO-(PTOpPOIIIacTOBON
TUIEHKOM, TMPSIMOYTONBHOE CEYCHHE C CHIMKOHOBOW W30JISIIMEH, OOMOTOYHBIM
IIPOBOJ, C MPONMMUTKONW KPEMHMMOPraHMYECKUM JIAKOM. THI M cedeHHe IPOBOJAA
BBIOMpaeTcss ¢ y4€TOM KOHCTPYKTHUBHBIX OCOOCHHOCTEH peakTopa, PEeKHMOB
paboTHI B IIPOLIECCE IKCILTyaTaluH.
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Pucynok 1 — lllyntupyromuii peakrop. Knace nanpsoxenus 110xB.

OOMOTKH (ha3 BBIOJHCHBI B BU/IC KOHIICHTPHYCCKH PACIIONIOKECHHBIX BUTKOB
Y BBIMOJIHSIOTCS M3 MHOTOIIPOBOJIOYHOTO aTFOMHHUEBOTO (MJIA MEIHOTO) MPOBO/IA.
OOMOTKM pPEakTOpoB Ha OONbIIME TOKW BBITIOJHSIOTCA W3 HECKOIBKUX
Mapajuie/IbHBIX MPOBOJIOB U SIBJISIOTCS MHOTOCIOWHBIMH. MEXy CIOSMH TPOBOA
YCTaHaBJIMBAIOTCS  CTEKJIOIUIACTUKOBbIE — peiikh, 00ecneyuBaloliue OCEBbIe
BEHTWISIMOHHBIE KaHATEI B 0OMOTKe. OOMOTKM MOTAIOTCS Ha HAMOTOYHBIX
CTaHKax, OOeCHeYMBAIOMINX HEOOXOIMMYI0 HATSDKKY IpoBoaa. B mpomecce
HAMOTKH CJIOM TIPOBOJA U CJIOM PEeK HAMATHIBAIOTCS HA CTEKIOTEKCTOIHTOBBII
KapKac, MHOTOKPAaTHO OaHIAXKHUPYIOTCS CTEKIOJICHTAMH, IPEIOTBPAIIAIOIIIMU
CIOJ3aHHUE W BHINMAJCHUE PEEK W MPHUIAOIUMH OOMOTKE TPEOYEeMYI0 HMPOYHOCTb.
KoncTpykumst 3amaTeHTOBaHa, 00ECHEYMBACT MPEBOCXOMHYIO PABHOMEPHOCTH
TOKOPACNpPEJCICHUSI U TpPU 3TOM HE TPeOyeT BBIMOIHEHUS TPAHCIO3UIHH.
Bbicokasi MexaHM4ecKasi MPOYHOCTh PEaKTOPOB O0ECHEeYMBAETCS 3alPEeCCOBKON
OOMOTKH M30JISILIMOHHBIMH TUIAHKAMH C ITOMOIIBI0 METAJUIMYECKUX HEMarHUTHBIX
mnuiek. B pesynbTare, IKECTKOCTh OIPECCOBKHM CYIIECTBEHHO IPEBBILIAET
MEXaHHYeCKHe YCWiIHs B OOMOTKE peakropa B MOMEHT yjAapa NP KOPOTKOM
3aMmblkaHud. [lpm 3TOM nedopmanms TpoBoJa B OOMOTKE B pagHalbHOM
HATIPaBJICHUU OTPAHUYMBACTCS PEHKAMH, YCTAHABIMBAEMBIMHA MEXIY CIOSMHU
mpoBona. KommeHcamuro Bpamiaromero MOMEHTa, KOTODPBIA CO3Mal0T  CHJIBI,
MPUJIOXKCHHBIE K TOKONPOBOJAIICH INMWHE W BHUTKAM OOMOTKH, OOECIIEYMBAIOT
HM30JIIUOHHBIC TUIAHKYW, (DUKCHUPYIOIIUE ITOJI0KEHHE CTATMBAIOIINAX IIIMHJICK IO
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OKpY)XHOCTH. Ha CTSDKHBIE MIMIBKH HaIeBaeTCs H30JIUpYIOMas TpyOKa Ui
UCKIfoYeHus Tpobost Ha 0OMOTKy. M3ommpyromue IDIaHKH BBIIOMHEHBI U3
CTEKJIOTEKCTOJINTA WJIM CTEKJIOIUIACTUKA Kiacca HarpeBocTtoiikoctd F mmum H u
BBIKpAIIeHBI KPacKoi, CTOWKOI K BO3ACHCTBHUIO BIIATH M YIIbTpaduoeTa.

CIIUCOK MCIOJb30BAHHOM JIUTEPATYPBI

1.Kopusx, JI.b. IlpoOireMbl HaAEeKHOCTH U CIOCOOBI  ITOBBIIICHUS
3¢ ¢exTHBHOCTH pabOTHl BBHICOKOBONBTHEIX BBOJOB [Tekcr] / JL.B. XKopusk //
Bicank HamionamsHoro TexHigHOTO YHiBepcuTeTy «XI1I». — 2005. — Ne 48. — C. 48
-51.

2. Xopusk, JLb. [IloBpimieHne HageXHOCTH ¥ 3PQPEKTHBHOCTH
BBICOKOBOJTBTHBIX BBOJIOB [Tekcr] / JI.b. Kopwusx, E.1O. PaiikoBa, B.W. Ocunckas
// Bicauk KJITY imeni Muxaiina Octporpancskoro. Bum. 4/2008 (51). Y. 1. — C.
95 - 99.

3. XKopusak, JI.Lb. OcHOBHBIE HampaBieHHA YIy4IICHHS KadecTBa
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YK 621.316.71
UYexyHnosa M.€.
cryn. rp. E-814m 3HTY

JTOCJIKEHHS AEPOJUHAMIYHAX BJACTUBOCTEM
EJIEKTPOIIPUBOAY BEHTHJIATOPA I'OJIOBHOI'O
IMPOBITPIOBAHHSA IIAXT

B ocTaHHi pokH 3HM3HMJIACS NMPOAYKTUBHICTH OUIBIIOCTI MIAXT i CKOPOTHIIACS
KUIBKICTh  JIFOYMX OYMCHHX BHOOIB Ha BIJHOCHO YCIHIIIHO IPAIFOIOYHX
mianpueMcTBax. B pesynbrari morpeda maxT y moBiTpPI 3MEHIIMIACS HACTLIBKH,
mo KK/l 6aratb0x yCTaHOBOK pi3KO 3HH3UBCS 1 HEBHIIPABIAHO BUCOKOIO CTajia
BUTpaTa eNeKTpOoeHepTii. 3 METO0 MiABHUIICHHS €KOHOMIYHOCTI 3HAYHOI KIJTBKOCTI
BI'TI MmoxxmuBHiA Iepexia y HaO1IbII HU3bKY 4aCTOTY 00epTaHHS pOTOpa ABUTYHA,
10 MOXKe OyTH 31IHCHEHO 3a PaxyHOK 3aCTOCYBAaHHS €HEProe(eKTUBHHUX CHUCTEM
PETYIIOBaHHS €JIEKTPOIIPUBO/LY.

Tomy wmeroro JnocmipkeHHs Oyino po3poOka MaTeMaTW4HOi MoJeni
CJIEKTPOMArHITHUX Ta AaepOAMHAMIYHUX TPOIECIB Ta iX MJOCHIDKCHHS Yy
€JICKTPOIIPUBO/II BEHTWIIATOPA TOJIOBHOTO MPOBITPIOBAHHS LIAXT.

B pesymbrari pocnmimkeHHst Oylio  po3poOJIeHO IMiTaliiiHy MOJelb
ACHHXPOHHOTO TPHBOAY ISl KOMILIEKCHOTO JIOCHI/PKEHHSI eJeKTPOMArHiTHUX Ta
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ACpPOJMHAMIYHUX MPOLECIB ACHHXPOHHOTO EJEKTPONPUBOAY 3 BEHTUJIATOPHUM
HABaHTAXXCHHSAM, fKa BiOPI3HAETHCS Bi ICHYIOUMX THM, IO BPaxOBYE 3MiHY
aepoIMHAMIYHIX ITapaMeTpPiB B MaricTpaji rOJIOBHOTO MPOBITPIOBAHHS MIAXT.
[IpoBexneHO MOCTIMKEHHS E€NEKTPOMEXAaHIYHHX Ta EJIEKTPOMAarHiTHHX
MPOIIECiB B TMHAMIYHOMY PEKHUMi aCHHXPOHHOTO €JIeKTporpuBoAay. JJoBeneHo, mo
3aIPONIOHOBAaHA CHCTEMa € CaMOpEryJbOBaHOK, TOOTO 3[aTHa pearyBaTH 3
BUCOKOIO TOYHICTIO 1 HaIifHICTIO HAaBiTh HPH HHM3BKHX YacTOTaX KOMYTalil

cunosoro kmoua f, Ha Oynp-sAKi 3MiHM aepoJMHAMIYHMX NapaMeTpiB Mepexi

T'OJIOBHOT'O HpOBiTpIOBaHHH mIaxT.

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

JOCJIKEHHSA BJACTUBOCTEM PO3IOJLITY MAPAMETPIB IOJISA
KEPOBAHOT'O ACUHXPOHHOI'O IBUI'YHA 3 ®A3HUM POTOPOM

B naHmil 9ac 3aBASKM PO3BUTKY CHJIOBOI MEPETBOPIOBAIBHOI TEXHIKH
CTBOPECHI 1 CepiHHO BHITyCKAIOTHCA Pi3HI BHOM  HAIIBIPOBITHUKOBUX
MEepeTBOPIOBaYiB, IO BH3HAYWIO BHIEpE/DKAIbHUA 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 aiamna3zoHi mBuakocTi poropa A/l. OnHak Ha
CHOTO/IHIIIHIM MMOBHICTIO HE BHpILICHE MUTAHHS 100 BU3HAYECHHS ONTHMAJIbHOT
YaCTOTH KOMYTalii CHJIOBOTO KJII0Ya IMITyJIb,CHO-CTPYMOBOTO IIEPETBOPIOBAYa, 110
3a0e3MeuyroTh 3HWKEHHsI HEe TUIBbKHU eJIEKTPUYHKUX W KoMyTauidHux BTpar B AJl a
TaKoX 1 MarHiTHUX. ToMmy Mero poOOTH € po3pobka MareMaTHYHOI
€JICKTPOMArHiTHOI Ta TIOJNILOBOI MOAENEH JUId IOCH/DKEHHS pO3MOJiTy Ta
XapaKTEPUCTUK E€JEKTPOMArHiTHOrO TOJII B AaCHHXPOHHOMY JIBUTYHI IIpH
IMITYJIL,CHO-CTPYMOBOMY PETYJIIOBaHHI B KBa3iCTAIOMY PEXHMi pOOOTH.

B pesynpraTi mocii/UKeHHS pPO3IISIHYTO Ta BHKOHAHO aHANI3 pPO3IOALTY
€JICKTPOMArHiTHOTO TOJISl B aKTUBHHX €JIEMEHTaX KOHCTPYKIII ocepis craropa i
poropa A/l mpu iMIyJIbCHO-CTPYMOBOMY PETYJIIOBaHHI JUIS PI3HUX 3HAYEHHIX
4acTOTH KOMYTallii CHJIOBOTO KJIfo4a y KBazicTajoMy ctaHi mpu n = 100 06 / xB.

HaiiMentiie 3HaueHHsI €Heprii MarHiTHOTO TOJISl B OCEPJi cTaTopa Ta poTopa
IpH IMIYJIBCHOMY PETYIIOBaHHI BUKOHYETBCS IMPHU YacTOTI KOMYTAIii CHIIOBOTO
kiroda 4 xI'1. 3HaueHHs eHeprii MarHiTHOTO MOJIS MPH YacToTi KoMmyTarii 4k 11 o
BiTHOIIEHHIO JXUBJICHHS OOMOTKM CTaTOpa CHHYCOIZaJbHHM CTpyMOM ( TIpH
PE3UCTOPHO-KOHTAKTOPHOMY peryiioBaHHi mBuakocti AJl) 30impmyetbes 110
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5,25%. Ilpu 3MeHIIEHHI YacTOTH KOMYTAIil CHJIOBOTO KJIIO4a, 3HAYCHHS CHEpril
MAarHiTHOrO mons Moke 30umpmuTHCh 10 30%. Bmcoka gactoTa KoMmyTamii
CHJIOBOTO KITIOYa X0d4a i MiHIMi3ye MarHiTHI BTpaTH B OCEpJi CTatopa Ta poTopa
AJl, ogHak 3abe3redye 301MBIIEHHS KOMYTAIIMHAX BTPATH CaMOTO TPaH3UCTOpA.
ToMy, mHUTaHHS MOJO BHU3HAYEHHS ONTHMAaJbHOI YaCTOTH KOMYTAIlli CHIIOBOTO
KJII0Ya MOBHHHO BHPINIYBAaTHCh NPH IIPOCKTYBAaHHI CHCTEM EJIEKTPONPHBOLY 3
IMITYJILCHO-CTPYMOBUM peryiroBaHHsM A/l 3 hazHuM potopom.

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

JOCJIKEHHA PO3IIOALTY TEIIJIOBOI'O ITOJA ACHHXPOHHOI'O
JABUI'YHA

B remepimHiii wac BHAcHIIOK IMIMPOKOro po3noBciomkenHs [IEOM,
3aCTOCYBaHHS TEMIIEPATYPHOTO TOJILOBOTO METOLY OLIIHKH TETUIOBOTO CTaHy CTAJIO
MOXIIMBHM SIK Ha €Talli JOCIIUKEHHs, TaK i Ha eTaml IPOeKTYBaHHSA aCHHXPOHHUX
mBuryHiB (AJl), Ta m03BOJsE OOIMTHCH O€3 TPaTUIIfHUX METOIIB PO3PaxXyHKY Ta
METOJly TEIUIOBOI CXEMHM 3aMillIeHHs TETUIOBOTO cTaHy AJl, 110 T03BOJISE MEpeHTH
BiJl TeMIlepaTypHHX OIOpiB, SK IapaMeTpiB TEIUIOBOI CXEMH 3aMilIeHHs, M0
TEOMETPHYHKX MPOBITHOCTEH JAHOT CXEMH.

TakuM uYumHOM, pO3poOKa  aIeKBaTHOI  EJIEKTPOTEIUIOBOI  MOJBOBOL
MaTeMaTUYHOT MOJIEJNi JJIsi OTPUMAaHHS OLIBII TOYHIIIUX PE3yJIbTaTiB PO3PaAXyHKY
TEeIyIoBOro ctany A/l € akTyallbHUM HayKOBO-TEXHIYHHX 3aBIaHHSM.

Y pesymbTaTi IOCTIMKCHHS PO3MJISHYTO OCOOJMBOCTI  MOJECITIOBAHHS
TEIJIOBUX TPOLECIB Y NONIEPEYHOMY Iepepizi aCHHXPOHHOTO ABUTYHA. Po3pobieHo
MaTeMaTHYHy eJIEKTPOTEIIOBY TIIOJbOBY MOJIENb, SIKa JIO3BOJISIE BPaxXxOBYBATH
0CcOOJIMBOCTI TPOTIKAHHA B3A€EMOIIOB’S3aHUX EJIEKTPOMATHITHUX Ta TEIJIOBHX
MPOLIECIB B €JIEMEHTAaX KOHCTPYKI[il aCHHXPOHHOTO JIBUT'YHA 3 KOPOTKO3aMKHEHUM
pOTOpPOM, HEINiHiMHI BJAaCTMBOCTI MarepianiB, 3MiHy CTaHiB Koe]ilieHTiB
TEIIONPOBITHOCTI KOXHOTO Marepially 3 SKOrO BHIOTOBJIEHO TOW 4YM iHIIMHA
€JIEMEHT aCHHXPOHHOTO JBUT'YHA B 3aJIEKHOCTI B/l 3MiHM HOTO TeMIlepaTypH.

PesynbTaTi TOTBOBOTO €JIEKTPOTEIIOBOTO PO3PaxyHKy OyiM IMOpiBHSHI ¢
EeMIIIPUYHUMH PO3PaXyHKaMHU OL[IHKKA TeMIIEpaTyp TOJIOBHHX Ta OCHOBHHX BY3JIiB
KOHCTPYKIIi acHHXpOHHOro aBuryHa 3a meroxukamu O.J. Tomxpnbepr ta LII.
Komunosa. BimHocHa moxubka MO BiZHOMIEHHIO 10 pPE3yJbTaTiB MOJLOBOTO
po3paxyHky, 3a Mmeronukoto O.J1. I'ompabepr cknamae 20,2%, 3a meroaukoro LIT.
Komnunosa — 15,6%.
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TakuM YHUHOM, BHKOPUCTAHHS KJIACHYHAX METOJMK 33 aHANITHYHHUMHU
PIBHSHHSIMH DPO3PaXyHKY MOXYTh BHKOPHUCTOBYBATHCh TUIBKH Ul MOMEPEIHBOT
OIIiHKH TETIOBOTO cTany A/l.

VJIK 621.65.03

Kabuubkuit P.C.,l Hosiukos ):[.A.,1 Awntonosa M.B.2
! cryn. rp. E-816 3HTY

2 crap. Buxi. 3HTY

CUCTEMA KEPYBAHHS HACOCIB LHEXY BOJOIIOCTAYAHHA 3
HEYYTJIUBICTIO 40 3MIH I'TIPABJITYHOTI'O OITIOPY MEPEXKI
BOJOCITIOKUBAHHA

VYkpaiHa BIZHOCHUTBCS JIO €HEpProJeiUUTHUX KpaiH, TOMY EKOHOMIs
eJIEKTpOeHeprii BU3HAHA HANHBAXIIMBIIIMM HAaNPSIMKOM E€HEPTeTHYHOI IOJIITHKH B
VYkpaini. CucTtema BOAOINOCTaYaHHS — II€ KOMIUICKC 1HXKCHEPHHX CIIOPYI,
MpU3HAYCHUX I 3200py BOAM 3 BOIHOTO JDKEpena, ii MAHATTS Ha IIEBHY BHCOTY,
TPaHCHOPTYBaHHS, TMOKPALICHHS 11 AKOCTIi, 30epiraHHs 3amaciB i pO3MOIUTYy BOIU
MiXK OKPEMHUMH ii CIIO)KHBaYaMH.

Ha nannii wac cucrema BomonocTadyaHHs OiIbIIOCTI MIAPUEMCTBAX Y KpaiHU
3aJIMIIAETHCS. €HEPIrOEMHOIO, 10 00YMOBJIEHO 3HAYHUMH BTPATH EJIEKTPOEHEPTIi.
BupoOHu4i mporiecd Ha NIANPUEMCTBAX OUIBIIOCTI Tany3ed HPOMHUCIOBOCTI
CYNPOBOJIKYIOTBCSI BUTPATOIO BOJYM Ha TEXHOJIOTIYHI Ta moOyToBi morpedu. Taka
cucTeMa IIOBMHHA 3abe3rneuyBard e(EeKTHBHI PEXHMMH eKCIUTyartalil HacOCHHX
CTaHII HUITXOM BHOOpPY HE TUIbKH €(pEeKTUBHOrO aje i palioHaJbHOTO METOIY
pEryJIOBaHHS TEXHOJIOTIUYHMX IapaMeTpiB B 3aJ€KHOCTI BiJl HEOOXIAHOTO
Jiarna3oHy peryJitoBaHHs MPOAYKTHBHOCTI.

Pobora mpuBoxy B HE3aBaHTAXKEHHX PEXHMMiI BeJe A0 BEIMKUX BTpar. Y
TaKuX yMoBax onTuMizamis poootd HC sk 3a TEXHOIIOTIYHMM BHMOTaM, Tak i 3a
yMoB 36epeskeHHs1 Bucokoro KKJI MoxkimBa TiJIbKM IPH PETYIIOBAHHI IIBUAKOCTI
obepTanHst poOOYOro Kojeca Hacoca. 3acTOCYBaHHS CHCTEM pETyJIbOBaHUM
CJICKTPOIIPUBOJY JO3BOJISIE IUIABHO 3MiHIOBaTH poOoui mapamerpu HC 6e3
HENPOAYKTUBHUX BUTPAT €JEKTPOCHEeprii Ta 3 MIMPOKUMU MOXKJIMBOCTSIMHU
MiBUIIEHHS TOYHOCTI Ta €()eKTUBHOCTI TEXHOJOTIYHOTO TPOIIECY.

MeToro poOOTH € MiIBUIIEHHS €HeProe(peKTUBHOCTI HACOCHUX YCTaHOBOK 3a
pPaxyHOK BJIIOCKOHAJICHHS ICHYIOUHMX EJIEKTPOMEXaHIYHUX CHCTEM aBTOMATHYHOI'O
KEepyBaHHS HACOCHHMH YCTAaHOBKAMHM HA  OCHOBI  YaCTOTHO-KEPOBaHUX
ACHHXPOHHHUX €JIEKTPONPUBO/IIB.
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JIO MUTAHHSA PO MOJIIIIEHHA AKOCTI BHYTPIIITHBOI
I30JIAIIi BUCOKOBOJIbTHUX BUMIPIOBAJIbHUX
TPAHC®OPMATOPIB CTPYMY

Bucokuit po3BUTOK eNeKTPOSHEPreTUKY, MiABUIICHHS 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  BiHOCSTHCS
BHCOKOBOJIBTHI ~ BHUMIpIOBabHI ~ TpaHC(OpPMATOpH  CTPyMy 1  Hampyru.
BucokoBONBETHI BUMipIOBaNBHI TpaHcHOpMaTOpH CTPyMy 1 HAmNpyrH, SKi €
OCHOBHMMH TIPUCTPOSIMH 3aXWCTy 1 BHMIPIOBAaHHA B E€JIEKTPOEHEPTEeTHII,
BIJIPI3HAIOTECS Bix TpaHcopMaTopiB, MO 3aCTOCOBYIOTHCS Y HH3BKOBOJIBTHiM
cepi, piBHEM 130JA1iT MK IEPBUHHOIO 1 BTOPUHHOI 00MOTKaMu. Bin HamiitHOCTI
X arapariB 3aJIeXKUTh Oe3lepepBHE IOCTAUYaHHS EJIEKTPOEHEPTil CIIOXKHBaYaM.
TpuBana poboTa B HOMiHAILHOMY PEXHUMI, @ TAKOK poOOTa B aBapiiiHOMY pEXHUMI,
MPHU3BOANTE JO TIOCTYIOBOTO TIOTIipIIEHHS BJIACTHBOCTEH TpaHCc(hOpMaTOpiB,
ocoOmBo SKOCTI 130ismii. OTKe, Bif CTaHy SKOCTI TpaHC(HOPMATOPHOTO Maca,
IO 3aJIUTE€ B MAaCJIOCHCTEMH BHCOKOBOJIBTHOI'O O0JIagHAHHS, 3aJ€KUTh HATIHHICTh
pobotH 11poro obnanHanus [1, 2].

B enexrpoenepretuni YkpaiHu, SK 1 B IHIINX KpaiHax, Ha CHOTOJHI B
eKCIUTyaTanii 3HaXOoAWuThCs OMu3pko 70% BUMIpIOBaNBHHUX TpaHCHOpMATOpIiB 3
TPUBAJIUM TEPMIHOM CIIy>KOH, SIKMH B CepeJHbOMY CTAaHOBHUTH 25 POKIB, 1 3Ha4HA
YacTHHA LOr0 OOJIaJHAHHS BXKE BiANpalfoBaja L€ HOPMaTHBHUM TepMiH. Y
3B'AI3KY 3 UM JIesIka YacTHHA TpaHc(opMaTopiB HA eNEKTPOCTAHIIAX 1 MiACTAHIIISIX
BUMarae 3amMiHH a00 pPEMOHTy, a II€ NPHU3BOIUTH A0 CYTTEBUX (HiHAHCOBUX
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BKJIQJICHB, IO HE 3aBXAW AOIIBHO 3 TOYKH 30pYy TEXHIYHHX i €KOHOMIUHUX
BUTpAT.

[MigBumeHAs eHeproeeKTHBHOCTI MPOMHICIOBOTO BUPOOHHMIITBA B JAHUI Yac
MOJKJIMBO SIK 3 BIIPOBAPKEHHSIM IHHOBAIIITHUX TEXHOJOTiH, Tak i 3a JOIOMOTOIO
MoJIepHi3aliil pyHKIIIOHYIOUNX CHCTEM.

JocmimkeHHs IIOAO WiABHINCHHSA HAMIHHOCTI 1 JOBTOBIYHOCTI Pi3HOTO
BHUCOKOBOJIbTHOTO ~ OOJIQJIHAHHS ~CHEPrOCHUCTEM IMOKa3yITh, M0 HAWOLIBII
MEPCICKTHBHUM HAIMPSIMKOM BCE K € MiJBUIICHHS SKOCTI 130JIFOI0YMX MaTepiaiB,
30KpeMa Maciia. 3aCTOCYBaHHS HOBHX TEXHOJIOTIH JO3BOJISE SKICHO 3MIiHIOBATH
BJIACTUBOCTI TpaHC(HOPMATOPHOTO Maciia, a TEMIIH PO3BHTKY IUX TEXHOJOTIH
JIO3BOJISIFOTH 3pOOUTH BHCHOBOK PO T€, [0 BAPTIiCTh TAKHX yIOCKOHAJICHD 3T0JI0M
Oyne 3MeHOIyBaTuCs, a 3HaYyHEe B3HW)KEHHS eKCIUTyaTalliiHUX BHTpaT y
MOAJBIIOMY 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 eJIeKTpoanaparoOy yBaHHS €
MiJBUIEHHS BHMOT /0 (QYHKIIOHAJbHUX XapaKTEPUCTHK 1 SKICHOTO piBHS
€JIeKTPOTEXHIYHUX BHPOOiB. B yMOBax MoCTiitHOTO 3pOCTaHHS €HePTrOCIOKUBAHHS
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1 eHeproo30poeHOCTI BHPOOHUIITBA, peanmizamis IIi€l TeHIeHHii HeMoxiuBa 0e3
Oe3mepepBHOrO MiABHINEHHS BHMOT JO SKOCTI EIIEKTPOCHEpTii Ta HamiifHOCTi
€JIEKTPOIIOCTAYAHHS MPU MOJKJIMBO MEHIIMX BHUTpaTax. Y 3B'3Ky 3 IIUM MOCTIHHO
iBUIY€ETHCS MOTPeda B KOUITAX PETYITIOBAHHS HANPYTH, 30KPEMa PEryJbOBaHUX
i1 HaBaHTaXXCHHAM TpanchopmaTopax [1, 2].

BumMorn HOpMyBaHHS Ta NPOTHO3YBAHHS EKCIUTyaTaIliifHOI HamiifHOCTI mi€l
CHUCTEMHU CTBOPIOIOTh HEOOXIMHICTH PIMICHHSA 3aJadi pO3paxyHKy Ta aHami3y
MOKA3HHUKIB HAJIHHOCTI OKPEMHUX EJIEMEHTIB 3 ypaxyBaHHSAM IX CTPYKTYpH Ta
0CcOOMMBOCTEH (PI3UUHUX MPOIECIB, IO JAiIFOTH HA OKPEMi CKIIAIOBI eleMeHTH |3,
4]. Tak, TepMiH eKcruTyaranii OUIBIIOCTI €NEKTPUYHUX arapaTiB BU3HAYAETHCS
JIBOMa TOJIOBHMMH YMHHHMKaMH, LIe YMOBH TEIUIOBOTO PEXHMY Ipalli Ta PeXUMy
CJIEKTPUYHOTO HaBaHTA)KEHHS 130JIALIIHHOI KOHCTPYKLIi. SIKIIO mepmmii YHHHUK
JOCTaTHBHO CTaOIIBHUI y MpoIleci eKCIUTyaTallii, To APYrHi — CYTTEBO 3aJICKUTh
BiZl yMOB €KCIUTyaTallil Ta KOHCTPYKTHBHHUX OCOOIMBOCTEH.

3Ha4HOi IIKOJAYM BiA MOTaHOI SKOCTI HalpyrW Mae€ Micue B IPOMHCIOBHX
CIEKTPOTEPMIYHUX 1 eJEeKTPONI3HMX YyCTaHOBKaX. OCKUIBKM KOJNHBaHHS 1
BIIXWICHHS HANPYTH B EIEKTPHYHUX Mepekax HEMHUHYYi, NOTpiOHO fioro
perymoBaHHs T 3a0e3MeYeHHsT HeOOXITHUX PiBHIB HANPYTH Y CIIOKUBadiB. J[is
HaWOUIbII €KOHOMIUHOI Ta Oe3aBapiiiHOI POOOTH CIOXUBayiB HEOOXiAHO, 1100
BIAXHWJICHHS Hamlpyru He Oyyo Ounplie pomyctumoro. OJHMM 3 HaBaXITMBIIIMX
3ac00IB PEryNIOBaHHS HAIIPYTH € 3aCTOCYBaHHS TPaHC(POPMATOPIB, PETYIbOBAHUX
I/l HABAaHTAXXEHHSM, [IPY JIOTPUMaHHI BCTAHOBIICHUX HOPM SIKOCT1 €JIeKTpOeHeprii

Sk mpaBuIIo, BCi NEpeMUKaI0vi IPUCTPOT € CKIIaJOBOI0 YaCTHHOK CHIIOBOTO
TpaHchopmaropa, TOMy BHMOTH J0 HEPEMHUKAIBLHHUX IIPHCTPOIB BH3HAYAIOTHCS
HEOOXiZHICTIO  3a0e3meynTH  TpuUBalxy  Oe3aBapiiiHy  po0OOTy  CHIIOBOTO
TpaHchopMaTropa Ticis HOro BKIIOYEHHS I HANpyry i HAaBaHTAXCHHS.
Ilepemukarodi TpuUCTpOi MiIPO3AULTIOTECS Ha aABI rpymu. Jo mepmoi rpymu
HaJlekaTh TPHUCTPOi, B SKUX JUId TIEPEMHUKAaHHS HEOOXiIHO BiJKITIOYECHHS
TpaHcdopmaropa BiJl Mepexi, 10 Apyroi rpyIH HaleXaTh IPUCTPOT, PEryTIOBaHHS
HAIpyTu SKUX 31HCHIOEThCS 1M1 HaBaHTaXeHHsM. LI nmpucTpoi He po3pHuBaIOTh B
npolLeci MepeMHUKaHHs JIAHIIora CTPyMYy, TOMY TIOBHHHI 33JI0BOJIHSITH OCHOBHIM
YMOBi: BUTpUMYBaTH 0e3 OyIb-KHX 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 0OMOTIII BHCOKOI Hampyru cTpyMm B JIECATKH pasiB
MEHIIE 1 TOMY IEpPEeMHUKArOYMi HPHUCTPIH MOKe OyTH IOPIBHSIHO HEBEIMKHM 1
JEeTKUM, Xo04a HOro 1 JOBeNEeThCS 130JII0BATH BiA 3a3€MJICHHX YaCTHH
tpaHcopmaropa. Ilpum 3MiHI YMcia BHTKIB TEPBMHHOI OOMOTKH 3MiHIOETHCS
BEJIMYMHA MAarHiTHOTO TMOTOKY, BHACJIIOK YOTO 301IBIIYETHCS a00 3MEHIIYETHCS
Harpyra y BTOpWHHIA oOMOTHI TpaHcopmaTopa. Tak, SKIIO NepBHHHA Harpyra
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JKUBHIIBHOI MEpEeXi MOCTiItHO, a BTOPHHHE BITAJIO, TO JJIs HOTO BiTHOBIICHHS Tpeba
30UIBIIUTH MAarHITHUHA MOTiK. TOMy B IIbOMY BHIIQJAKy Ma€ Miclle HEOOXiTHICTh
NPOBENCHHS POy AOCHIIKEHb Ui BHOOPY ONTHMAJbHHX CHUCTEM KepyBaHHS,
PiBHS HAaTIHHOCTI Ta €KOHOMIYHI CKIIAJOBI.

Bymno po3pobieHo noriuHy poO3paxyHKOBY MOZIETh Ta HEOOXimHMHA s 1i
pearmizamii MaTeMaTHYHUNA amapaT, MPOBEACHO CTPYKTYpHHUH aHali3 KOHCTPYKII
PITH, BM3Hau€HO OCHOBHI HANpPSIMKH HOTO YJZOCKOHAJEHHS, 3allpONOHOBaHI HOBI
TEXHIYHI PIlICHHs, TMOB'sI3aHi 3 MOJIMIICHHIM OCHOBHUX TEXHIKO-CKOHOMIYHHMX
MOKa3HUKIB IIPUCTPOI0. BUKOHAHO po3paxyHOK OCHOBHHX 130JIIIIHUX IIPOMIKKIB.

[TpoBeneHo mOCTIKEHHS TEIUIOBOTO CTaHY EJIEMEHTIB CTPYMOIIPOBITHOTO
KOHTYPY C BHKOPHCTaHHSM IPOTPaMHOTO 3a0e3leueHHs «TOYHUH HarpiBy.
BukoHaHO OLIHKY BIUIMBY TEIUIOBOTO CTaHy €JIEMEHTIB JIAHIIOTa TI'OJIOBHUX
KOHTaKTiB Ha TOKa3HUKH HAAIHOCTI TNPUCTPOKO B YMOBAaX BBOISTHCS
KOHCTPYKTUBHHUX 3MiH.
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JTOCJIIKEHHS BIINBY CTPYKTYPU TA TIAPAMETPIB
HABAHTAKEHHS HA TIOKA3HUKU HAJIMHOCTI EJIEMEHTIB
PO3HOAL/IBYNX IPUCTPOIB BUCOKOI HATIPYT'H

[MigBumeHHs BUMOT O HAJIMHOCTI Mpami SK MiJCTaHIIN, TaK 1 OKpEeMHUX ix
€JIEMEHTIB Y ITOBHOI Mipi TOpPKaeThes 11 eeKTPUIHOT YaCTHHU. AHaJI3 00JaHaHHS
MiJICTaHII [MOKa3aB, IO BarOMHM CHOCOOOM TiJIBUINCHHS EKCILTyaTalliiHuX
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XapaKTepUCTHK, HATIPUKIAM, 130JAIIHOT KOHCTPYKIIi, € yTOCKOHAJICHHS CHCTEMHU
3aXUCTy BiI TEpeHanpyr,a TaKOX palioHATBFHIM PO3IOAITIOM EIeKTPUIHOTO
HaBaHTAXXCHHS Ta MOXJINBOCTEH pe3epByBaHHA [ 1, 2].

Bumorn HOpMyBaHHS Ta TPOTHO3YBAaHHA EKCIUTyaTalliifHOI HamiHHOCTI i€l
CHCTEeMH CTBOPIOIOTH HEOOXIOHICTH pIMIEHHA 3a4adi pO3paxyHKy Ta aHalizy
MOKA3HUKIB HAIIMHOCTI OKPEMHX EJIEMEHTIB 3 ypaxyBaHHAM IX CTPYKTYypH Ta
oco0nuBOCTEW (DI3MYHUX MPOIIECIB, IO JIFOTh HA OKPEMi CKIIAJIOBI eJeMeHTH [3, 4].
Tak, TepMiH eKcrutyaTarii OLIBIIOCTI €JIEKTPHYHUX anapaTiB BH3HAYA€ThCS ABOMA
TOJIOBHUMH YHMHHUKaMH{, L€ YMOBH TEIUIOBOIO pPEXHMY Tpali Ta pexuMy
CJIEKTPUYHOTO HABAHTAXKEHHS 130JIALIMHOT KOHCTPYKIIT. SIKIIO mepuivii YWHHUK
JIOCTaTHBbO CTAOLIBLHMI y MpoLeci eKCITyaTallil, TO IPYruid — CyTTEBO 3aJIeXKHUTh Bijl
YMOB eKcIuTyaTallii Ta KOHCTPYKTHBHHMX OCOOJMBOCTEH, HAIpHKIad CHCTEMH
eKpaHyBaHHI.

VYV cyyacHHWX amapariB Ui BUTOTOBJICHHS 130JIAIIHOT KOHCTPYKIIi Bce
Ginble BUKOPUCTOBYIOTH TIONIMEpHi MaTepiamu. IX TpekiHroeposiiitHy Ta IyroBy
CTIMKICTh, a TaKOX BOJOTOPO3PSAHI XapPaKTEPUCTHKH 3abe3redye CrelliaabHe
peOpucTe  MOKPUTTS, IO BHKOHAHO HAa  OCHOBI  CHJIKOHOBOI  a0o
STHJICHIPOIIICHOBOI €JICKTPOTEXHIYHOI TyMH. AHalli3 TOJOBHUX XapaKTEPHCTHK
BUILE MO3HAYEHUX EJIEMEHTIB IOKa3aB, IO BaXKJIMBUM I[apaMeTpoM, LIO OKa3ye
BIUIMB HAa TMOKAa3HUKH CKCIUTyaTalliifHOI HAJIMHOCTI € HAmpyXeHIiCTh mojis. B
130JSIIHHUX KOHCTPYKLISAX TaKWX anapariB, K BUMIPIOBaIbHI TpaHC(HOPMATOPH,
oOMexyBaul NepeHanpyr MIMHHI ONOPU Ta iH. Mae Miclie CyTTEBO HEPIBHOMIpHUI
PO3IIOIIT HAIPYKEHOCTI MOJIst Y3I0BXK BUCOTH, 1110 CYTTEBO BIUIMBAE HA TPUBAJIICTh
eKCIUTyaTamii W, SK HacHiOK, Ha TOKa3HWKA HANIHHOCTI. Y IbOMY 3B’ 3Ky
BUHUKA€ HEOOXiTHICTh OIIHUTH BIUIMB HANPYXCHOCTI IOJII HAa TEPMiH
eKCIUTyaTalii Ta BiAIOBIAHO MMOKa3HUKHU HAIIIHOCTI.

KpiM Toro, Ha eleMeHTH PO3MOALIFYOr0 MPUCTPOIO IMiJICTAHIII CYTTEBUU
BIUIUB Ma€ CTPYKTypa CHUCTEMH pE3epBYBAaHHA B YMOBax OOpaHMX CXEMHHX
pimens. Sk mpaBuio, MiABHIIEHHS TTTMOMHN pe3epBYBaHHs BeAE A0 IOKPAICHHS
MOKa3HHUKIB HaIIHHOCTI, ajie MpH [bOMY IOTIPIIYIOTHCS €KOHOMIYHI ITOKa3HHKH,
HaNpUKJag Mae Miclle 3pOCTaHHs KalliTaJoBKIaJeHb y MiAcTaHlilo. B 1pomy
BUIAJKy Ma€ MicIle HEOOXiIHICTh MPOBENEHHS PAAY JOCHiIKEeHb ISl BUOOPY
ONTHMAJILHUX CITIBBIIHOIIEHh MK TAaKUMHU CKJIAJIOBUMHU SIK TEXHIYHI pillleHHS,
piBEHb TiABUILEHHS HAIIHHOCTI Ta JOJIATKOBI €KOHOMIYHI BUTPATH, 110 HEOOXiHi
JUISL IHOTO.

Jnst peanizauii miel 3amadi po3poOieHi anroputM Ta HeoOXijHe IporpaMHe
3a0e3NeueH s JUId pO3paxyHKy PO3MOAITY HANPYXXEHOCTI MOJS y3/I0BXK OMOPHOT
130JIALIIHHOT KOHCTPYKIi amapary. L{eii koMIUIeke Jae MOXKIUBICTD OIIIHKH TaKUX
MOKA3HHUKIB HAIIHHOCTI, SK WHMOBIPHICTH O€3BiAMOBHOI Ipalli, MaTeMaTH4YHE
OUiKYBaHHSI CEpEeIHBHOTO HANpPANIOBAaHHS 10 BIJIMOBH Ta T'YCTHHY PpO3IOALTY B
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YMOBaX BUKOPUCTaHHS HOPMAIBHOTO 3aKOHY PO3IOAUTYy 4Yacy HalpalfoBaHHA 10
BIIMOBH

Po3pobrneno noridHy po3paxyHKOBY MOJEIh Ta HEOOXimHUN s ii peamizamii
MaTeMaTHYHHUH amapaT IS OI[IHKM TOJIOBHMX ITOKAa3HHKIB HAIIHOCTI CKIIaJHUX
PE3epBOBAaHUX CXeM PO3MOAITBYMX MPUCTPOIB B YMOBAX BHKOPHCTAHHS B SKOCTI
TEOPETHIHOTO €KCIIOHEHIIAIbHOTO 3aKOHY PO3MOILITY.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. OmurpueBckuii B.C. Pacuer m KOHCTpyHpOBaHHE 3JIEKTPHUECKON
3o [Teker]. / B.C. [Imutpuesckuii — M.: DHepromsaart, 1981. — 392 c.

2 Anekcanapos ['.H. [IpoekTupoBaHUE AIIEKTPUICCKHUX almapaToB [TeKcT]. /
I'.H.Anekcanapos, B.B.bopucos, I'.C.Kamnan u ap. Ilox pexn. I''H.Anexcanaposa.
— JI.: Dueproatommznart, 1985. — 448 c.

3 I'yk 10.b. Teopus HapexHocTH B anekTpodHepreruke [Tekcer]. / 10.b. T'yk —
JI.: Oueproaromuzaat, 1990. — 208c.

4 JpyxunauH ['.B. Teopus HaIeXHOCTH PaAMODIECKTPOHHBIX CHUCTEM B
npumepax u 3aaadax [rekct]. / I'.B. dpyxunun, C.B. Crenanos, B.JI. lluxmarosa
u ap. llox pexa. I'.B.Ipyxununa — M.: DHeproaromusaar, 1976. — 448c.

YK 621.314
Jlazapes /1.0.
cryn. rp. E-414m 3HTY

JOCJIIIKEHHSA PO3IOALTY HAITPYKEHOCTI ITOJISA B CUCTEMI
EKPAHIB 3 PI3HUMU ITIOTEHIIAJIAMHU B OPY-750KB

OmauM 31 cmoco0iB  TOKpaImIeHHS eKCIUTyaTalifHUX — XapaKTePUCTHK
o0agHaHHS PO3MOAUTPYNX NPUCTPoiB BHcokoi Hanpyru (BH) € nosermenss ymos
npami  i3ossinil.  EnexkTpuuHa MIIHICTH ONOPHHUX  130JSITOPIB  BHU3HAYAETHCS
XapakTepoM eJIEKTPUYHOro ToJis, C(HOpPMOBAHOrO Ha BHUCOKOBOJITHOMY 1
3a3eMJICHUM KIHIIIX BHCOKOBOJBTHOI KOHCTpyKii. JloOWTHCS  3HWKEHHS
HaNpY>KeHOCTI  MONS  MOOMM3y  BHCOKOBOJIFTHOTO  €NEKTPOJAa  MOXKITHUBO
BCTAHOBJICHHSIM BIJINIOBITHUX €KpaHiB. BHKOpHCTaHHA pIi3HUX THIIIB EKpaHiB
JIO3BOJISIE 3MIHIOBATH MaKCUMaJIbHy pO00Yy HaNpYKEHICTh Y MIMPOKHX MeXax Mpu
HE3MIHHOMY 3HAa4Y€HHI cepe/iHbOi HampykeHocTi. Tomy, BiJl CTPYKTYypH CHCTEMH
€KpaHiB CYTTEBO 3aJICKUTh ¢(DEKTUBHICTh BUKOPUCTAHHS 130JIALT Ta HAIIIHICTh i1
mpai [1, 2].

Haii0inpi mmpoke BUKOPHCTaHHS y CHUCTEMi €KpaHyBaHHS OTpPHMAallU
TOPOifaNbHI €KpaHH, SIKi BCTAHOBIIIOIOTHCS IOOJIM3Y €JIEKTpoJa 3 BHCOKHM
noTeHIiagoM. B ymMoBax 3BepX BHCOKHX HampyT, KOJH HEOOXiTHO OipmI rimnboke
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0oOMEXEHHS MAaKCHUMaJbHOI HANPYXEHOCTI TONA TOOIN3y BHCOKOBOJIBTHOTO
eJIeKTPOaa, BUKOPHUCTOBYIOTh KOMOiHamii qBOX a iHOAi i OimbIne Topoinmis, sKi
po3TamioBaHi Ha pi3HUX pIBHAX BigHOCHO enekTpona 3 BH. Bukopucranus
KOMOIHOBaHUX €KpaHiB 3 KUIBKICTIO TOPOiAiB OiTbIIIE ABOX HE PaIliOHAIBHO, TaK 5K
y IIbOMY BHUIIAJKy HAIPYXXCHICTH MOJIS Ha KIHIEBUX TOPOigaX 3HAYHO OLIbIINE, HiXK
Ha IHIINX, TOMY BOHH BUKOPHUCTOBYIOTECS He ehekTuBHO [3]. Binpm piBHOMIpHNMI
PO3MOMAIT  HANPYKEHOCTI Y3I0BXK 130JIAMIHHOI KOHCTPYKIIT 3 TMPOMIXHAMHU
eKpaHaMHu 3JIMCHIOETbCS IPH BIICYTHOCTI iX 3B'S3Ky 3 JDKEPEJIOM Harpyru
uUIsiXoM (iKCyBaHHS TMOTEHLIANy Y MICHSX 3 MaKCHMMaJIBHOIO HAalpy)KEHICTIO.
Yacrime npoMiKHMH mMoTeHHian (IiKCYeTbCsl 3a JIOMOMOTOI0 OJHOTO €KpaHa
TOPOifanbHOI GopMHu.

Jnst ouiHKM e(EeKTUBHOCTI KepyBaHHs EJNEKTPUYHHM IOJIeM 130JIsLiiHOT
KOHCTPYKIIi 32 JOIMOMOTOI0 EKpaHiB 3 MPOMDKHHM IIOTEHIIaIOM pPO3po0IiicHa
METOAMKA Ta AJTOPUTM OLIHKH PO3MOALITY HANPYKEHOCTI MOJIS y3JOBX OMOPHOI
130JALIAHOT KOHCTPYKIIT HAa WPUKIANi OMOPHOI I30MAMIHOT KOJOHH Ui
miaTpuMKH 30ipHUX mUH. Ha OCHOBI HaHOI METOAMKH PO3pOOJICHO MpOTrpamMHe
3abe3neuenHss SCR.OPT2, 3a 1omoMoroo sIKOro MPOBEICHO AOCIHIIKESHHS BILTUBY
KOHCTPYKTUBHUX YHHHHKIB Ta IapaMeTpiB HaBaHTaXCHHSA Ha e(eKTHBHICTH
BUPIBHIOBaHHS HAIIPY>KEHOCTI MOJIS 33 JIONMOMOTOI0 Takol CHCTEMHU eKpaHyBaHHS.
OTpuMaHi pe3yabTaTH MOXXJIMBO BUKOPHCTATH Uil YIOCKOHAJIECHHS CHCTEMH
CKpaHYBaHHsS SK NPUA BUPOOHHUIITBI BHUCOKOBOJBTHOTO OONAIHAHHS, TaK 1 MpH
MOJICpHi3allil BXKe ICHYIOYHMX DO3MOAUIBYMX MEPEK 3BEpPX- Ta YIBTPABUCOKHX
Hanpyr. Kpim Toro, po3pobieHa MeToAuWKa MJO3BOJSE BPaxXOBYBATH BIUIMB
0COONHMBOCTEN KOHKPETHOI CTPYKTYPH PO3NOALIEYOrO MPUCTPOIO.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1 Anexcanapos I'.H. [IpoekTHpoBaHHE JIEKTPHYECKUX anmapaToB [tekcr] /
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Anexkcargposa. — CII6GI'TY, 2000. — 503 c.

3 Anexkcannpo [''H. WM3omsmus 53JI€KTpUYECKHX AanmapaToB BBICOKOTO
HanpsokeHus [tekct]. I'H. Anexcannpos, B.JI. BanoB. — JI.: DHeproatomusaar,
1984. - 208 c.

4. OmurpueBckuit B.C. Pacder M KOHCTpyHpOBaHHE 3JIEKTPHUECKON
m3onsrn [Texer]. / B.C. [Imutpuerckuii — M.: DHepromsaart, 1981. —392 c.
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YK 621.314

Adanacse O.1.%, T'pinienskuii J1.0.%, Koxsna O.B.2, Jlazapes J1.0.2
! KaHZ. TeXH. HayK, gom. SHTY

ety tp. E-414m 3HTY

JOCILKEHHSI EOEKTUBHOCTI IPUMYCOBOI'O PET'YJIIOBAHHS
EJIEKTPUYHOI'O HABAHTAKEHHS HA OIIOPHI I30JIATOPHU
CUCTEMOIO EKPAHIB 3 PI3BHUMMU IIOTEHHIAJIAMHU Y BPII-750 KB

OmHMAM 3 BaXXJIIMBUX CIOCOOIB TIOKPAIICHHS yMOB Tpalli Ta IIiJBUIICHHSI
eKCIUTyaTaI[iiHUX XapakTepUCTUK OOJIAJHAHHS PO3MOMIIBYNX TIPUCTPOIB 3BEPX
Bucokoi Hanpyru (BH), Hanpuknax onopHoi i30ismiHOT KOHCTpYKLii, €
MOJIETIICHHS. YMOB Tpaui i3ossiiii. EnexTpuyHa MIIHICTh ONOPHHX 130JATOPIB
BU3HAYAETHCS ~ XapakTepoM  ENeKTPUYHOro  Mojs,  cpopMOBaHOroO  Ha
BHCOKOBOJIbTHOMY 1 3a3¢MJICHUM KIHISIX BHCOKOBOJIBTHOT KOHCTpPYKIii. B ymoBax
PI3KO HEOJHOPIMHOTO ENEKTPUYHOTO OIS OKPEMI UISTHKY 13051 {HOT MOKPUILIKH
HECyTh IiJIBUILEHE eJISKTPHYHE HaBaHTaXeHHs. Lle Mo)ke mpUBECTH JO TOro, L0
Ha HUX Oyne IisITH MiABHINCHA HANPYXEHICTh MO, IO CIPHSE JOCTATHHO
MIBUIIKOI pyHHAIT MaTepialliB MePEeBaHTAKCHHUX [TIITHOK.

JoOuTHcss 3HIKEHHA HAaNpYXKEHOCTI TOJIT IMOOJM3y BHCOKOBOJIBTHOTO
€JIEKTPOJIa MOXKIIMBO BCTAHOBJICHHSM BIANOBITHUX ekpaHiB [l]. Bukopucranus
PI3HUX THITIB €KpaHiB TO3BOJISE 3MIHIOBATH MaKCHMaJbHY pOO0Yy HATIPYKEHICTH Y
HMIMPOKUX MeXaxX MNpU HE3MIHHOMY 3HA4€HHI Cepe/lHbOi HAaIpy>KeHOCTI IOoJIs.
ToMy, Bill eKpaHIB CYTTEBO 3alIe)KHUTh €(DEKTHBHICTh BMKOPHCTAHHS i30Jsii Ta
HaIIWHICTH ii mpart.

VY cydJacHHX cHCTeMax NPUMYCOBOTO BHUPIBHIOBAHHS HANpPYXEHOCTI IOJIS
HaWOUIbII MIMPOKE BUKOPUCTAHHS Yy CUCTEMI €KpaHyBaHHS OTPUMAJIX TOPOifaibHi
€KpaHH, SIKi BCTAHOBJIIOIOTHCS TOOJIU3Y €IIEKTPOIa 3 BUCOKUM MoTeHIfiamom [1, 2].
B ymoBax 3Bepx BHCOKHX Harpyr, Hanpukiag y BPII-750 kB, ne HeoOxiqHO Oimbn
rmOoke  OOMEXCHHS  MaKCHUMaJbHOI  HAMpyXEHOCTI  HONA  MOONH3y
BHCOKOBOJIBTHOTO €JICKTPOJa, BUKOPHCTOBYIOTH KOMOiHAIii MBOX Ta OlibIie
TOPOIAiB, sIKI pO3TallIOBaHi Ha Pi3HUX PIBHSX 110 BUCOTI BITHOCHO esieKkTpoza 3 BH.

BukopucranHs KOMOIHOBaHHMX €KpaHiB 3 KUIBKICTIO TOPOiiB OifbIle TBOX HE
palioHaJIbHO, TaK 5K y IIbOMY BHIAJIKy HalPYKEHICTh MOJIS HA KiHIIEBUX TOpOinax
3HA4YHO OiNbIe, HiX Ha iHIINX, TOMY BOHH BHKOPHCTOBYIOTHCS HE eeKTHBHO [1].
Binpm piBHOMIpHHIH PO3MOMIN HANPYXEHOCTI Y3OBXK 130JSMIHHOI KOHCTPYKINT 3
MPOMDKHUMHE €KpaHaMHU 3TIMCHIOEThCA MPH BIICYTHOCTI iX 3B'SI3Ky 3 JDKEperoM
Halpyrd [UIIXOM (IKCYBaHHA MOTEHINANy Yy MICHIX 3 MaKCHMaJIBHOIO
HampykeHicTio. YacTime NTpOMDKHMHA MOTEHIal (iKCyeThCsl 3a JOIOMOTOIO
OJTHOTO €KpaHa TopoimanpHOI (opmu. Jnsg migBHIIEHHA €(QEeKTy BHPIBHIOBAHHS
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noJyisl i eKpaH MOXe MaTh CKJIaJHy, HalpHKIal PO3YilUIeHY CTPYKTYpY, IO
Moyke OyTH I ITBEPIKEHO MPOBEISHHSIM JOAATKOBUX JOCIHIKEHb [ 1, 3].

VY mpoMy 3B’SA3Ky BHHUKA€ HEOOXiNHICTh MPOBEIEHHS PALY NOCIIIKEHb IO
BIUIUBY CTPYKTYPHM OKPEMHX EJIEMEHTIB CHCTEMH €KpaHyBaHHS Ha PO3MOALT
HANPY>KEHOCTI Y3A0BXK 130JAMIHHOT KOHCTPYKIII.

Jns omiHkK e(eKTUBHOCTI KEpYBaHHSA ENEKTPUIHHM IIOJEM i30JAIiiHOT
KOHCTPYKLIi 3a JIOIMOMOrOI0 €KpaHa 3 IMPOMDKHHMM IIOTEHIIaJoM po3pobiieHa
METOJMKAa Ta aJrOPUTM OLIHKK PO3IOJUTY HANpYKEHOCTI Y3M0BX OIOPHOI
130JISIIHOT KOHCTPYKIIT Ha MpUKiIaal oOMexyBaya nepeHanpyr. Ha ocHoBi nanoi
METOIUKH po3pobieHo mnporpamue 3adeszneyenHs SCR.OPT2, 3a momomororo
SIKOTO MPOBEJCHO JOCIIPKSHHS BILIMBY KOHCTPYKTHBHHX YMHHHUKIB Ta apaMeTpiB
HABaHTAXKCHHS Ha e(QEeKTUBHICT, BHUPIBHIOBAHHS HANPYXEHOCTI IONs 3a
JOTIOMOTOI0 TAKOT CHCTEMH CKpaHyBaHHS.

Ha ocHOBI IpOBeICHUX PO3paxyHKIB MOKJIMBO 3pOOHTH TaKi BHCHOBKH:

- 3pOCTaHHS KUIBKOCTI €JEMEHTIB pO3UYCIUICHHS €KpaHy 3 MPOMIKHUM
MOTEHINIaJIOM BeJle 10 3HIDKSHHS HAIPY)KEHOCTI B 30HI PO3MIIICHHS eKpaHy U Oiis
SNIEKTPOY 3 BHCOKUM IoTeHIianoM. OHaK KpaTHICTh PO3YCILICHHS OLIbIIE TPHOX
He JIa€ TToJanbIIoro eheKTy Ta 3A0POKYE KOHCTPYKIIIO;

- HaOUIBIIOr0 eeKTy 3MEHIIIEHHS HANPY>KEHOCTI OLJIsl €IEKTPOy 3 BUCOKIM
MOTEHIIAJIOM Uil KOHCTPYKI{, IO PpO3IIISAAETHCS, MOXIHMBO JOCSITHYTH 32
paxyHOK BUKOPUCTaHHs Harpyru npomixkHoro norenuiany 0,65 Un;

- po3pobieHa MeToAWMKa JIO3BOJsiE OOpaTH  ONTHMAJbHY  BHCOTY
BCTAaHOBJICHHsI TIPOMDKHOTO €KpaHy npu oOpaHiii ¢popMi Ta Miclie BCTAHOBJICHHS
eKpaHy 0e3mocepeIHbO OIS eIeKTPOAY 3 BUCOKHAM ITOTCHIIIATIOM.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1 AnexkcanapoB [''H. M3omamust >JEKTpHUUECKHX amllapaToB BBICOKOIO
Harnpspkenust [tekct] / ['H. Anexcanznpos, B.JI. UBanos. — JI.: DHeproatomusnar,
1984. 208 c.

2. Anexcannpos B.H. Dnekrpuueckue anmapaThl BBICOKOTO HaNpPSKEHUS
[tekcr] / T.H. Anekcanapos, A.U. Adanacwes, B.B. Bopucos u ap. ITox pen. I'.H.
Anexkcargposa. — CII6GI'TY, 2000. — 503 c.

3. Hmurpuenckuii B.C. Pacuer m KOHCTpyHMpOBaHHME 3JIEKTPHYECKON
m3ossiuun [Texct] / B.C. [Imurpuesckuii — M.: Dueprousnart, 1981. — 392 c.
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YK 621.314
Komsama O.B.
cryn. rp. E-414m 3HTY

JOCHIIKEHHA E@EKTUBHOCTI CUCTEMU EKPAHYBAHHS )11
BUPIBHIOBAHHSI PO3TIOALTY HAIIPYKEHOCTI ITOJIA Y
TPAHC®OPMATOPI HAIIPYT'U TUITY HK®-420

OpHUM 3 HAPSMKIB MMOKPAIICHHS SKCILUTyaTaIliifHUX XapaKTePUCTHK Ta YMOB
npari oOmagHanHsA Bucokoi Hampyru (BH), mampukman omopHOi i30msmiiHOL
KOHCTPYKLIi TpaHchOpMaTOpiB HANPYTH, € IOJIETIICHHS YMOB TIparli i30JAIil.
Oco0MBICTIO amapaTiB HaJABHCOKHUX HANPYT € Te, IO IX i30JISiHHI KOHCTPYKLIT
Npalol0Th B YMOBax pi3KO HEOJHOPIIHOTO €JIEeKTPUYHOro mnoisi. Enektpuyny
MIIHICTh TaKUX 130JBILIHHMX KOHCTPYKI[H MOXHA IJBHIIMTH IUIIXOM
MPUMYCOBOTO BHPIBHIOBAHHS IOJISI Y3[OBXK 130JIIHHOT KOHCTpYKUil. OaHuUM 13
CHOCO0IB BUPIBHIOBAHHS PO3MOJUTY HANpPYXKEHOCTI IMOJISl Y3/I0BX 130JSLiHHOT
KOHCTPYKLIi € TIJBUIEHHS HANpyXeHOCTI B 00JacTi, W0 IPUMHKAE 10
3a3eMJICHOTO €JIEeKTPOJy, MPH BiAMIOBIIHOMY 3HIKEHHI ii B 00NacTi enekrpoxna 3
BHUCOKMM TNOTeHIianoM. lle 3abe3medyeThcs IUIAXOM YCTAaHOBKH OJUHOYHHX
ekpaHiB abo iX CHCTeMH B 30Hi, HaONIKCHiH O BHCOKOBOJIBTHOTO EJICKTPOIY
amapary [1, 2].

Y KOHCTPYKIISIX, SIKi BAKOPUCTOBYIOTBCS y TpaHC(opMaTopax Hampyru cepii
HK® Haii0inbm 1IMpOKO BUKOPUCTOBYIOTH TOPOiJajibHI ekpaHu. B yMoBax 3Bepx
BUCOKHUX HAaIpyr, HalOLIbIINi edekT MatTh KoMOiHalii ABOX ab0 TPbOX TOPOI/iB.
OjiHaK BUKOPUCTaHHS KOMOIHOBaHMX €KpaHiB 3 KiJBbKICTIO TOPOiJiB OlIbIIe BOX
Ha kiac Harpyru 500 kB He 10cTaTHRO €PEKTHBHO 1 TOMY He pamioHanbHo [1,4]. Y
Marictepchbkoi po0OOTI 3 METOW  YIOCKOHAJICHHS CHCTEMH CKpaHyBaHHS
PO3pO0JIeHO MaTeMaTUYHHUK amapar JJisl OLHKK PO3IOALLY Hampy>KeHOCTI MOoJis
Y3IO0BX OIMOPHOI i30ismiitHOi mokpummku [3]. Ha OCHOBI BOTO MaTEMaTHYHOTO
amapary  po3paxoBaHO  PO3MOJAUIM  HAaNpYXEHOCTI  Mojs  Aisd  pi3HHX
KOHCTPYKTUBHHMX BapiaHTIB CHCTeMHM eKpaHyBaHHA. OTpuUMaHHI Martepianud y
MOAAJBLIOMY BUKOPHCTOBYIOTBCS SIK TIOYATKOBI JaHi JJIs OI[IHKM €KCIUTyaTaliiHOo1
HaJiiiHOCTI OomnopHoi i3ossniitHoi kKoHeTpykmii [5]. Po3pobieno maremaTwyHmit
amapar Ajs OIHKM HaJiHHOCTI 3 BHMKOPHCTaHHSAM B SIKOCTI TEOPETUYHOTO
PO3MOITY €KCITOHEHITIHHOTO 3aKOHY.

Ha ocHOBi oTpHMaHHUX JaHUX Ta BPaXOBYIOUM CTATUCTHYHY iH(opMaIiiio mo
eKCIUTyaTalii aHaJoTiYHUX TpaHC(OPMATOPiB HANPYTH B pPEATHHUX YMOBaxX
PO3MOAITBPHUX MPUCTPOIB MIATOTOBIEHI PEeKOMEHAAIii s MPOBEACHHS aHAi3y
BIUINBY TEOPETUYHOTO 3aKOHY pO3MOAUTy Ha TOKAa3HWKH HagidHOCTL. Y
MOJANBIIAX JIOCTI/DKCHHAX IJIAHYETHCS TPOBECTH 3PIBHAJIBHMNA aHAN3 3
BUKOPDHCTAHHSIM EKCIIOHCHILIHHOTO Ta HOPMAaJIbHOTO TEOPETHYHHUX 3aKOHIB
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pO3MOAIMY AN OIHKM eKCIUTyaTalliifHOI HAaIiifHOCTI OIOPHUX i30JIAIiHHIX
KOHCTPYKIIiH.

CITACOK BUKOPUCTAHOI JIITEPATYPH
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I''H. Anekcannpos, B.B. bopucos, I''CKamman u gap. Ilox pen. TI'.H.
Anexcanaposa. — JI.: OHeproatomusaar, 1985. — 448 c.
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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.

VJIK 004.5.001.53

Maksymovych O. A.}, Polyakov M. O.
Ystud. gr. E-414

2PhD, 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 llmenau 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.

VJIK 537.523.5

Tonuapenko JI. B.Y, Homskos M. 0.2
Yeryn. rp. E-426a 3HTY

2 KaHJl. TeXH. HayK, aou. 3HTY

CUCTEMA MOHITOPHUHI'Y BOJIOI'OCTI I TEMIIEPATYPU
OEJJIOJO3HOI 13011011 OBMOTOK CHJIOBOI'O
TPAHC®OPMATOPA

AKTyaJbHICTh MOHITOPHUHTY BOJIOTOCTi, BHOIp METOIy BHUMIpDIOBAaHHS 1
BIIIOBITHOTO JaT4YMKa PO3MIITHYTAa B IHIIUX MOMOBIAAX, MO IMyONiKYIOTBCS B
mpoMy 30ipHHKY. MeTa JaHoi HayKOBOI pOOOTH IOIIATaE B po3podIi CTPYKTYpHOL
CXEMH MOHITOPHHTY BOJIOTOCTI 1 TeMIepaTypH LENIOJI03HOI OOMOTKH CHIIOBOTO
Tpanchopmaropa. 3aBIaHHSIMUA POOOTH € BHUOIP MICI[b PO3TAIyBaHHS JATYMKIB 1
BU3HAYEHHS CTPYKTYpH  30BHIIIHBOTO  OOJaJHAHHS JUIs  3a0e3MeucHHS
EJIEKTPOXKMBJICHHSM JIaTYMKIB ycepeauHi TpaHcdopmaropa 1 NepeTBOPEHHS
CHUTHAJIB BiJl IaTYMKIB B 1U(poBY Gopmy.

ITpu BuOOPI Micllb po3TallyBaHHs AaTYMKIB BpaXxoBaHi:

- iThoBa (YHKIIS MOHITOPHHTY BOJIOTOCTI 1 TEMIIEpaTypH - OIiHKA BUTPAT
pecypcy 13011l Ha OCHOBI «iHTETpaia CTapiHH;

- HECTaIllOHapHI PEXUMH HAaBaHTAXXEHHS 1 TeMIepaTypH 30BHIIIHBOTO
cepeloBHIa TpaHC(HOPMATOpa, SIKI MPHU3BOAATH A0 MOCTIHHMX Mirpamiid BOJOTH
MIX IIEJTFOJI03010 1 B TpaHC(opMaTopi MaciioM;

- HEpIBHOMIPHICTb pO3IOALTY TeMIlepaTypd 1 BOJIOTOCTI  Y3JIOBX
BEPTHKAIBHOI OCi 0OMOTOK. B pe3ynbTaTi 4oro HaiOiIbI HAarpiTa ToYKa i30JIsIii
po3TanioBaHa B BepXHiil YacTHHI OOMOTKHM, HAHOLTBIIT BOJIOTA TOYKA - B HIDKHIH, a
HaHOUTBII «PECYpPCOBUTPATHA» TOUYKA - MK HUMHU;

- MOYJIUBICTh PEKUMIB POOOTH 3 HEPIBHOMIPHMM HAaBAaHTAKEHHAM IO (hazax
Tpa"cdopmaTopa.

30BHIMHI OJOKH CHCTEMH MICTATh KOHBEPTOPH ENEKTPUYHOI eHeprii B
CBITJIOBHH MOTIK sIKni cpopmMoBaHo nazepHuM cBiTiaomionom. Ilix yac iHTepBany
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MK BAMIpaMHU 10 IIbOMY KaHAITy BiIOYBa€TbCsA HAKOMUYEHHS €HEprii B JaTYMKax
BcepenuHi TpaHcopmaropa. [IpuiioMm pe3yipTaTiB BHMipIOBaHb BHKOHYETHCS 3a
JIOTIOMOTOI0 KOHBEPTOPIB CBITIIOBOTO BHIIPOMIHIOBAHHS B CIICKTPUYHNHN TOTEHITIAT
3a goromororo oromioxis i ALIIL.

YK 537.312.9

Suypa C. 10", [omnsxos M. 0.2
Leryn. rp. E-426a 3HTY

? KaHJI. TeXH. Hayk, nou. 3HTY

JIATYUK BOJIOT'OCTI BBYJIOBAHU B TATIEPOBY I30JISLIIIO
OBMOTKH CHJIOBOI'O TPAHC®OPMATOPA

VY Te3ax, omyONiKOBaHMUX Y IbOMY 30IpHHKY, OOIPYHTOBaHO BaXKIIMBICTh
BUMIPIOBaHHS BOJIOTOCTI UEJIONIO3HOT 130l OOMOTOK mijg Yac poboTu
TpaHcopmaropa i ommMcaHa CTPYKTypHa CXeMa CHCTEMH MOHITOPUHTY. MeToro
i€l poboTn € po3poOka cxeMu AaTduka BosorocTi. Jlo maTdmka mpemn'sBIsFOTHCS
HACTYIIHI BUMOTH: BiZICYTHICTH IMOTIpIICHHS SKOCTI 13071l 0OMOTOK; HAsSBHICTP
ONTHYHOTO BHXOMY U Mepenadi BHMIPSHOTO 3HAYeHHS 1 poOoTa B CHIIBHHX
CJICKTPOMArHiTHUX NoysAX. Po3poOimeHa cxemMa MICTHTh ONTHYHMH BXiA U
MiBEICHHS €Heprii 0 JpKepesia )KUBJICHH cXeMH aatduka. Lleit Bxin 3'enHannii 3
(hoToBOIBTATUHUM TEpEeTBOpIOBaYeM. Buxin mepeTBoproBaya KUBUTh €MHICHHMA
HaKoOIM4yBau eJeKTpu4yHoi eHeprii. HaBaHTa)keHHSIM HakonM4yBaya € TPHIeEp
HIminTa, sikuid ynpaBisie €JIeKTPOHHUM KiroueM. Yepe3 Te, 11O iHTepBal Mixk
BUMipaMu IPUOJIM3HO B THUCSAYY pa3iB Olibllle 4acy BUMIPIOBAaHHS, OJIOK JKHBIICHHS
Mae HeBeJMKi rabaputu. Yepe3 eJEKTPOHHHUI KIIOY BHUMIpIOBaJbHA CXeMa
MAKITIOYA€THCS 70 JKUBJICHHS 1 BUKOHY€E BHMIPIOBAHHS BOJIOrOCTi. BumiproBanbHa
CXeMa CKJIaJaeThcs 3 PE3HCTHBHOIO JaTYMKa i IiJCHIIIOBAYa 3 CBITIOIIOAOM Y
BUXO/Ii JaHIfora. JlaTuuk siBisie co00I0 MeaHp 3 ABOX €JEKTPOJIiB, Ha TIOBEPXHIO
SKOTO HaHECEHWH TOHKHMH IIap TirpocKomivHoro nienekrpuka. Llei map copOye
BOJIOTY 3 IIEJIOJIO3HOI 130J1simii 1 3MIHIOE OMHIp MPOMDKKIB MIX €JNEeKTPOAaMHu
MeaHapy. IIpo BOJOTOBMICT cynsiTh MO 3MiHI omopy abo MpPOBIAHOCTI TaKOTO
eneMeHTa. [HpopMmariro mpo me Hece CBITIOBHH TOTIK, MO0 BUIIPOMIHIOETHCS
CBITJIONIONOM B XBWJIEBiA. XBWIEBiA 3'€qHAHWN 3 MepeTBOpPIOBadeM  Iliel
iHpopmamii, SAKWA 3HAXOOUTBCA TMo03a TpaHchopmaropa. Y  TOAATBIIUX
JOCHIJDKEHHSX Tepea0davaeTbcss pPO3POOMTH METOJHMKY PO3PaxyHKY €JIEeMEHTIB
CXeMH 1 [JOCHIIPKyBaTH JAaTYUK MIIIXOM KOMITFOTEPHOTO MOJETIOBAHHSA B
cepenoBuii nmakera Simulink.
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VK 621.314
Bonnapenko O.C.
cryx. rp. Ez-414m 3HTY

JAOCJIKEHHSI EKCILTY ATALIIAHOI HAIIMHOCTI 30BHIIIHBOI
I30JISIIII TOT - 245 B YMOBAX HIJIBUIIIEHOI'O 3ABPY/THEHHSI

VY cy4acHHMl dYac aKTyaJlbHHMH TPSHZAaMH pPO3BHTKY BHMIpIOBaJIbHUX
TpaHC(hOpPMATOPiB CTPYMy Ha HOMiHaJIbHY Hampyry 220 kB i Buiie € cTBOpeHHS
KOHCTPYKILiH, $Ki He TMOTpeOYIOTh PEMOHTIB BIPOIOBX BCHOTO TEPMiHY
eKCIUTyaTallii, a TakoX 3 KiacoM TouHoCTi He Hikde 0,2 [1]. 3asHaueHnM BHIIE
XapaKTepUCTHKAM HAKOLIBII MTOBHO BiJINIOBIIAIOTh BUMIPIOBaIbHI
TpaHchopMaTOpH 3 eJIera3oBolo i3oisLie0. ToMy s B3siB Y po0oTi TpanchopmaTop
CTpyMy 3 enerazoBoto izoysitieto TOI'-245. Takuii npuctpii B MOpIBHAHHI 3
MacJOHAIIOBHEHUM, Ma€ MEHIITY Bary. TaKko) 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
nmoyiMepHi Matepianu. OmHAK CIiX BIAMITHUTH, IO MOJIMEpPHI i30JIATOPH OLIBII
YYTJIMBI 1O CTapiHHSA BHACNTINOK Aii HEPIBHOMIPHOTO EIIEKTPHIHOTO MO, UiM iX
tdapdoposi amamorn. EjekTpuuHa MIIHICTE TakuX 130JATOPIB 3MEHIIYETHCS
BHACIIIZIOK CTapiHHS IOJIMEPHUX MartepialliB, TOHI SK EJICKTPUYHI BIACTHBOCTI
(haphopoBoro i30y1ATOpA 3ATUIIAIOTHCS Marike HE3MIHHUMH.

B amapaTtoOynyBaHHI TocTpo CTOITh MpofieMa HEOIHOPITHOTO pPO3IOALLY
EJIEKTPUYHOTO I0JIsl B BUCOKOBOJIBTHUX KOHCTPYKUisiX. B HepiBHOMipHOMY moJi
OKpeMi JISIHKH eJIEKTPOI30JIIMHHOT KOHCTPYKIIT HECYTh MiJBUIIEHE €KTPUYHE
HaBaHTAXXECHHSI, 110 MOXE ITPUBECTH JIO CYTTEBOTO 3pOCTaHHs pyiHalii MaTepiaiiB
NEepeBAHTAKEHUX  JUISTHOK  130J1sMii, OCOONMBO B yMOBax [iJIBUIIEHOTO
3a0pyIHCHHS 30BHIIIHIH 13011,

B poboti mpoBeneHHt KOMIUIEKC IOCHTIHKEHb, METOI SKOTO € OOpaHHS
OINITUMAJIEHOT KOHCTPYKLIiT BOYIOBAaHOTO MPOCTOPOBOTO €KPaHy JUIs BUPiBHIOBAHHS
PO3MOALTY HANPYXEHOCTI IONS Y3MIOBXK 130iMiiiHOT mokpumku. Ha ocHOBI
OTPUMaHUX pe3yJbTaTiB pPO3pOOIEHO MaTeMaTW4YHUH amapar Ta IPOBEICHO
JOCHI/DKEHHSI  BIUIMBY  €JIEKTPUYHOIO  HABAaHTAXEHHS Ta  IHTEHCHUBHOCTI
3a0pyIHEHHS] Ha TOKA3HUKHM EKCIUTyaTalliiHOi HaJiHHOCTI 30BHIIIHBOI 130JISIil
ra3oHaIroBHeHOTro TpaHchopmartopa crpymy tuiy TOI™ — 245,

CIIMCOK BUKOPUCTAHOI JITEPATYPH

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

YJK 681.51: 51-74

Menemxo I.A.%, Hazaposa O.C.%, Bonmapenko B.I®
‘acm. 3HTY

? KaHJ[. TEXH. Hayk, gou. 3HTY

% KaHJI. TeXH. Hayk, npod. 3HTY

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

[Tpu mpoekTyBaHHI HOBHX 1 MOJEpHi3alil iICHYIOUHX ITHEBMOTPAHCHOPTHHUX
crcTeM HEOOXiJTHO BpaxOBYBAaTH 3MiHH €JEKTPOMEXaHIYHUX MapaMeTpiB podoTH
00aHaHHS PY MYCKY a00 1HIIMX NePEXiTHUX PEKUMaX, HAHOLIbII HEOC3MEUHUX
3 TOYKMA 30pY MOXJIMBOCTI BHHUKHEHHs 3aBaily mHeBMoTpacu [l1]. YcyHeHHs
MOXIJIMBOCTI 3yITMHKY CHUITKAX MaTepiaiiB B THEBMOTPAHCIOPTHHUX TPyOOIpoBOIAax
IIISIXOM  TIABHIICHHS THUCKY Ha BXOAI B ITHEBMOTPAHCIIOPTHY MaricTpalib
NPU3BOJUTL [0 HAJAMIPHUX BHTpPAT CTUCHEHOTO MOBITPS 1 3HAYHOTO 3HMKCHHS
peHTabenbHOCTI BUPOOHHIITBA 3 BUKOPUCTAHHAM ITHEBMOTPAHCIIOPTY. 3 OTJISLy Ha
BUCOKY BapTICTh €HEPrOHOCIiB 1 BENHKi O0CATH BHPOOHHITBA TpH
TPaHCIIOPTYBaHHI CUIIKMX MarepialiB [2], akTyaJbHUM 3aBJAHHSIM € IiJIBUIICHHS
e(eKTUBHOCTI POOOTH THEBMOTPAHCIIOPTHUX CUCTEM, a TAKOXK 3HWKEHHS TUTOMOT
BUTPATH CTUCHEHOT'O MOBITPS IPHU TPAHCIIOPTYBAHHI CHITyYHX MaTepiaiB.

Meroo poOOTH € TPOBEINEHHS TEOPETUYHUX 1 EKCIIePUMEHTAIbHUX
JOCTIKeHb JUUIsl OTPUMAHHS AHAIITHYHOI 3aJICKHOCTI BHHHKHEHHS BipOTiTHOT
TOYKM  3aKylNOpKHM  TpyOONpoOBOJAYy IpH  BTpari THCKYy Ha  BHXOJI
ITHEBMOTPAHCIIOPTHOI CHCTEMHU.

Po3poOky mHeBMOTpac 3 BHCOKNMH CKOHOMIYHMMH 1 €KCIUTyaTaIlitHIMU
XapaKTePUCTUKAMM  yCKJIaJHIOE BiJCYTHICTh MaTeMaTHYHHX MOJENeH, Mo
ONMUCYIOTH POOOTY IHEBMOTpAac y OCOOJHMBHX pPEXHMax, a came, MepeMillleHHs
CHUITKMX MaTepiajiB 31 MIBUAKICTIO OJIM3bKOIO JI0 TIOBHOT 3yITMHKH, 3aKyITOPIOBAHHS
MHEBMOTpAC, TI0B’sI3aHe 3 YCYHEHHSIM 3aBaJliB BiHOBIEHHs podoTu [3-5].

3 METOI0 OCTi/KCHHS 3MIiHM THCKY B ITHEBMOTPAHCIOPTHIH Marictpali
MIPOBEICHO MAaCUBHAUN (i3NIHUN €KCIIEPUMEHT Ha MPHUKIAJl YaCTHHU THEBMOTPAaCH
BiJl KAMEPHOTO XUBWJIbHHKA JI0 TPUAMAaIBHOTO OyHKEpa eIeKTPOI3HOIO IIeXy.
IIpoBeneno 42 BUMipIOBaHHS THUCKY Ha BXOJi i BHUXOJI Ii€l eKCIIEPUMEHTAIHHOI
nimstakd. Cepenne 3HaueHHs1 TUcKy Ha Bxofi [ITC cranowio 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 Oyzxe BimmameHo Bix 30ipHOTO OyHKepa Ha L1=131,07 M mpwm 3aranpHiit
JOBXKUHI eKCIIepUMEHTAIbHOT TUITHKH OJTHU3bK0 370 M.

Takum unHOM, OTpEMaHa BennurHA L1 cTAaHOBUTH MPUOIM3HO TPETHHY BCi€l
JIOBKHHH TPYOOTIPOBOIY 1 € MiHIMAaIbHAM KPOKOM BIUIMBY Ha TPaHCIIOPTOBAHUI
nBo(a3HUI TOTIK 3 METOIO MEPEIIKOKAHHI BHHUKHEHHIO 3aBaIiB.

OTpumaHa aHAJNITHYHA 3aJCKHICTH BUHUKHEHHS BIPOTIMHOI  TOYKH
3aKyIOpKH TPyOONpOBOMY MpH BTPaTi TUCKY Ha BHUXOJl ITHEBMOTPAHCIOPTHOI
CHCTEMH II0Ka3aja, o 31 30UIbIIEHHSM PI3HHII TUCKIB HMOBIPHICTh BUHUKHEHHS
3aBaliB 3CyBa€ThCsi B OiK KaMEpPHOrO >KMBHIBHUKA, 31 3MEHIIEHHAM - B Oik
npuiiManeHOro OyHKepa. Y pasi 3aKyHOpKHM ITHEBMOTpAacH JaHa MeETOJAuKa
JI03BOJISIE 3 MiHIMaJIbHUMH BTpaTaMH BCTaHOBUTH Miclie IMOBIPHOTO BUHMKHEHHS
3aBaily i IPOBECTHU HOTO JIOKAJIbHY JIKBiIALIiO.

Jis OimpIn pamioHaTbHOTO BUKOPHUCTAHHS EHEPrOpecypciB IpH po3poOii
CHCTeMH aBTOMaTH4HOTO KepyBaHHs [ITC HeoOXiIHO aHANITHYHO MPOTHO3YBATH
3MIHA IX ENeKTPOMEXaHIYHUX ITapaMeTpiB, BHOWPATH Ha TiICTaBl BUKOHAHUX
pPO3paxyHKIiB pallioHanbHe OONagHAaHHSA 1 3agaBaTH ONTHMAaJbHI PEKUMHU
TPAHCIIOPTYBAHHS, 10 NO3BOJUTH CTAOLTI3yBaTH THUCK Ha BUXOIl CHCTEMH, TUM
caMHM 3MCHIINTH CHEPrOBUTpAaTH 1 MaTepiasbHI BHTpaTH, TIOB'S3aHI 3
3aro0iraHHsAM 3aBaliB.
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OBI'PYHTYBAHHS 3ACTOCYBAHHS 4-IIPUBOJHOI CUJIOBOI
YCTAHOBKMU JJI51 EJEKTPUYHUX TPAHCIIOPTHHUX 3ACOBIB

OCHOBHOIO CBITOBOIO TCHJCHI€I0O B aBTOMOOULIBHIM MPOMHUCIOBOCTI €
ICTOTHE 301JIBILICHHSI YaCTKH TiOPUIHHUX 1 ENEKTPUYHHUX TPAHCIOPTHHUX 3ac00iB B
3arajJbHOMY 0O0Cs31 BHPOOHMIITBA, a TAKOX PO3LIMPEHHs IOB’S3aHOI 3 HUMHU
iHppactpykrypH [1].

OnHi€l0 3 OCHOBHHMX 3aBJaHb PO3BHUTKY €JIEKTPUYHOTO TPAHCIIOPTHOTO
cepefoBUINa € 30UThIIeHHS TPOOITy Oe3 MiI3apsaKH, IMOJIMMICHHS IOKa3HUKIB
KEepOBaHOCTI 1 MaHEBPEHOCTI, a TaKOX Oe3MeKN MMacakupiB i YMOB IEepeBE3CHHS
BaHTaXy. 30UTbIIEHHS TpPoOIry Moke OyTH IOCATHYTO SK 3a pPaxyHOK
BIOCKOHAJICHHS ~ aKyMyJnATOpHOi  ©OaTapei, Tak 1 ILIAXOM  IiJBHIICHHS
EHEeproeeKTHBHOCTI EIIEKTPONPUBONY. besleka macaxkupiB B 3HAYHIA Mipi
3aJIeKUTh BiJl KEPOBAaHOCTI TpaHCHOpTHOro 3aco0y [2, 3]. Tomy akTyanrbHHM
3aBJaHHSIM € IIJBHUIICHHS IIOKa3HUKIB KEPOBAHOCTI Ta EHEProe(eKTUBHOCTI
EJIEKTPUYHOT0 TPAHCIIOPTHOTO 32C00aMH 3 BAKOPUCTAHHSM €JIEKTPOIIPHBOLY.

MeTtor poOOTH € OOTPYHTYBAaHHS 3aCTOCYBaHHS 4-X MPHUBOJHOI YCTaHOBKH,
IO JIO3BOJISIE TIEPEPO3NOAUIATH KPYTHUII MOMEHT MiX NPHUBOJHUMH KOJecaMmu, B
SIKOCT1 6a30BOT Ha Cy4aCHOMY €JICKTPUYHOMY TPAHCIIOPTHOMY 3ac00i.

[lepepo3monisi  MOMEHTY MK IPUBOJHMMH  KOJIECaMH  3aco0aMu
ABTOMATH30BAaHOTO €JICKTPOIIPUBOY JO3BOJISIE MiIBUIIUTH KEPOBAHICTH 1 Oe3meKy
TPaHCIIOPTHOTO 3aco0y 3a PaxyHOK MIATPUMKH KPYTHHX MOMEHTIB IPHBOIHHX
KOJIIC HAa MAaKCHMaJbHO MOJJIMBOMY pIBHI IpH JIaHHX yMOBaxX pyXy, a came,
MIBUAKOCTI TPAHCIIOPTHOTO 3aco0y, KyTa HOBOPOTY 1 KoeQillieHTa 3ueruieHHs
MPUBOJHUX KOJIC 3 JIOPOXKHIM ITOKPUTTSIM.

Bukopucranus 3a3HAYEHOT0 croco0y Cripusie TTi IBUTIICHHIO
eHeproeeKTUBHOCTI B TIOPIBHAHHI 3 MEXaHIYHHM CIIOCOOOM Tepepo3MOIiry
MOMEHTY 3a paxyHOK BHKIIIOYEHHS BTPAT Ha TalbMyBaHHS KOJIC, Ha SIKHX
MOTPiOHO 3HMKEHHS MOMEHTY.

Ha mincraBi chopMyap0BaHUX OCHOBHHX BHMOT JI0 CHCTEMH aBTOMAaTHYHOTO
KepyBaHHS CHIJIOBOI YCTaHOBKHM TPAHCIIOPTHOTO 3ac00y OTPUMAaHO aHaJiTHYHI
BUpa3W JUIsl BU3HAUEHHS MaKCHMAJILHOIO MOMEHTY Ha KOJIECi, 1[0 BPaxoBYIOTh
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KouTifo, 0a3y, BUCOTY IEHTPY Mac i pajiiyc IOBOPOTY, 3a0e3MeUyI0Th MaKCHMaIbHE
MIPHUCKOPEHHS TPAHCIIOPTHOTO 3ac00y, BUKITIOYAIOYH MTPOOYKCOBKY KOJIIC.
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Two-Speed_Transmissions
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PO3POBKA TA JOCJKEHHSI METOAY IEHTU®IKAIIT
CTYIEHS 3ABAHTAKEHHSI KABIHM JIBOIIBUIKICHOT'O JII®TA

IMocTiliHuMiA PO3BUTOK Ta BJOCKOHAJIEHHS Cy4aCHHX 3ac00iB IepecyBaHHS Y
OyniBisAX Ta CIOpPYIax BHMAara€ 3aCTOCOBYBAaTH HOBI TEXHIYHI PILICHHS MLI0J0
MOKpAalleHHsT e(QEeKTUBHOCTI Ta EKOHOMIYHOCTI BUKOPHUCTAHHsS OOJIaJHAHHS.
OCHOBHOIO 3aJauero MoOJepHizamii 3actapinmux JidTiB € Te, MO0 OHOBJICHE
oOnajiHaHHS BIiANOBiaJ0 BUCOKMM TEXHIYHUM BHMOTaM Ta HE TOCTYMaIoCs
CBOIMH TTapaMeTpaMy HOBOMY KOMIUIEKTY, ajie 3Ha4HO €KOHOMMIIO KouTh. Takum
YMHOM, pO3pOOKa HOBHMX NAaCRKUPCHKUX JIQTIB Ta TOJIMIIEHHS SKICHUX
MOKa3HUKIB 1CHYIOUMX JI(QTIB € aKkTyalbHHUM He JuIle B YKpaiHi, a # B iHIINX
Jiep KaBax.

Mera pobotu — po3poOka Ta AOCIIUKEHHS METONy iJeHTH]IKalii cTyneHs
3aBaHTa)XCHHs1 KaOiHM y peajbHOMY 4aci 3 BUKOPHCTaHHIM iMiTamiiiHOi Moneni
JidTa A1 MiIBUMICHHS TOYHOCTI HOTO MO3UIIIFOBAHHSL..
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Jis mocATHEHHS OCTAaBJICHOI METH BUPIIIYIOTHCS TaKi 3a/adi: po3poOIeHHS
MaTeMaTHYHOI Ta KOMI'TOTEPHOI MOJIEIi MporpaMu 0OpOoOKH Ta MOPIiBHAHHS JaHUX,
OTPHMAaHUX 3 JAaTYWKa TPU PO3roHi Jidra Ta HAOOPY CTAHOAPTHHUX MAHUX, IO
BU3HAYAIOTh CTYIiHb 3aBAaHTAXCHHA KaOiHWM, 3 TMOJANbIINM BHBEICHHAM
iH(opMarii mpo CTYiHE 3aBaHTAXCHHS KabiHN.

Ha migcraBi pe3ynpTariB, IO MiATBEPIKYIOTH aICKBaTHICTH PO3POOIIEHIX
KOMIT FOTEpHOI Ta (i3MYHOT MoJieNiel, MOJIENIOEThCS IMiTaliiiHa Monenb JidTa 3
peanbHUMH napameTpaMu. Po3po0iieHa imMitaniiiHa MoJeb JO3BOJISIE aBTOMATHYHO
BU3HAYATH Yac MOYATKy TAIbMYBaHHS Ta BKa3ye Ha MOXHOKY MO3UIIIFOBAHHS.

B pesynbTari mpoBeieHMX MaTeMaTHYHOTO Ta (DI3UYHOTO EKCIIEPUMEHTIB
JIOBEIEHO, 10  po3poOJieHa  MareMaTHyHa  MOJeNb  CTeHIY  MOXe
BHUKOPUCTOBYBATUC JJIIsL MOJICIOBAHHA pcalbHUX napaMeTpiB CHUCTEMHU
ABTOMATHYHOIO KEPYBaHHs €JIEKTPONPHBOIOM Jidra. [pyHTYrOUMCH HA Hocminax
NPOBEICHUX Ha MaTeMaTH4YHIH MoOJeNi BH3HAYCHO, L0 PO3POOJICHHH METOox
imeHTUQIKAl CTyNmeHs 3aBaHTaXCHHS KaOiHM idra TO3BOJSAE IMiIBUIIATH
TOYHICTh HOTO MO3WIIiIOBaHHA M0 +5 MM (0e3 BUKOPHUCTaHHS METOIY TOYHICTb
HO3ULII0OBaHHA +18 MM) 32 paXyHOK 3MiHH 4acy MOYaTKy IaJbMYBaHHS.

YJIK 681.527.2
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! kanp. Texs. Hayk, mor. SHTY

2 cryn. rp. E-326cn 3HTY

JOCJIJKEHHSA MO3UIIITHHOIO EJJEKTPOIIPUBOY
JIBOMACOBOI CUCTEMM 3 HIJI-PET'YJISITOPOM

[To3u1iitHi eneKTPOIPUBOAN IIUPOKO BUKOPUCTOBYIOTHCS Y TPOMHCIIOBOCTI B
TaKAX MeXaHi3MaX fK MaHINyJATOpH, KpaHH, METAIypriiHI arperatd Ta iHIII.
MopnepHizamiss CHCTEeM KEpyBaHHA [HX NPUBOIIB TO3BOJIUTH 301TBIINTH
MIBUJIKOJIIFO, TOYHICTh Ta IUIABHICTH poOOTH X MexaHi3miB. Lle mo3Bomuth
MiABUIINTA  SKICTh TOTOBOi MPOAYKIIT HAa MiANPHEMCTBAX, 3MCHIIUTH
€HEepProeMHICTh BUPOOHMITBA Ta 30UIBIINTH HAIIMHICTh YCTaTKyBaHHS, IO
EKCIITYaTy€eThCA.

Meta poboTH — pO3poOKa CHCTEMH KEPYBAaHHS CIIAKYIOUHUM IIPHUBOJOM
OJTHOMACOBOi CHCTEMH, SIK CKJIQJ0BOI MO3UIIHHOTO EIEKTPOIPUBOa ABOMACOBOT
CHCTEMH.

J1ist TOCSATHEHHS TTOCTAaBICHOT METH BUPILIYIOTHCS Taki 3a/1avi: po3po0IeHHs
MaTeMaTHYHOi Ta  Qi3W94HOI MoOJeNned  CHIIKy4oro Ta  IMO3HIIHHOTO
EJIEKTPOIIPUBO/IIB, CHHTE3 KJIACMYHUM METOJ/IOM, PEryJisiTopa MOJOXKEHHS APYrol
Mmacu, pozpodka I11/[-perynsropa.
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Bymn po3pobneHi Ta mporpaMHO — peallizoBaHi 332 JIOTIOMOTOIO
MIKpPOKOHTpoOJIepa CIiaKyroduii i mosuniiamid npusogu 3 I[IIJ[-perymsropom. 3a
JaHUMHU, 3HATHMH 3 ¢i3udgHOi Mojeni, Oyma po3pobieHa iMmiTamiiHa MOAETH
HO3ULIITHOTO MPUBOJAA BOMACOBOI CHCTEMHM, II0 MOXXKE BUKOPHUCTOBYBATHUCH IJIA
JOCTIKEHBb JaHOTO MPUBOJA Ta 3HAX0WKeHHA KoedimienTin [TI/I-perynsaropa.

OTxe, po3pobieHa imiTamiiHa MOJENs HMO3UIIIHOTO MPUBOA, IO Pa3oM 3i
CTEH/IOM MOX€ BUKOPHUCTOBYBATHCH IPH JOCIIDKEHHI 3aMKHYTHX JIBOMAacOBHX
CHCTEM €JIEKTPONPHUBOAIB NOCTIHHOTO CTPYMY 3 MIKPOIPOLIECOPHUM KEpyBaHHSM.
Perynsrop, cuHTe30BaHUIl KITACHYHUM METOJIOM, Ma€ HU3bKY NMPAKTUYHY LIHHICTH
y 3B’SI3Ky 31 CKJaJHICTIO Horo peaiizauii. BukopucranHs MareMaTndHOi Mozei
NpU NPaKTUYHOMY METOJI NOIIyKy 3HaueHb koediuientiB [11/]-perynstopa, mo
3a0e3meuyroTh OakaHi CTaTH4HI Ta JMHAMIYHI XapaKTepPUCTUKH CUCTEMH,
CKOPOYY€E Yac IOLIYKY Ta 3MEHIIY€E PU3UKH MOIIKOPKSHHS 00NaIHAHHA y MpoLeci
HaJaro[pkeHHs. [lofanpini JOCHIIDKEHHS IUIAHYETBCS BECTH y  HANPSIMKY
30IMbIICHHS INBUIOKOAII CHCTEMH SK 3a PAaXyHOK MOKpPAIleHHS JHHAMIYHHX
XapaKTepUCTHK CIIAKYIOYOTO MPUBOAY, TaK 1 MUIAXOM YTOYHEHHS iMiTaIlifHOT
MOJeNTi, [0 TO3BOJHUTH OTPUMATH OUThII TO4YHI 3Ha4YeHHA KoedimieHtiB ITI/I-
perynsropa.

VIIK 004.94:378.147.88
Iicoupkuii 5.B.", Hasaposa 0.c?
L eryn. rp. E-314m 3HTY

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

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

VY cucremi cyyacHOi BUIIOi OCBITH POONTHCS aKIEHT Ha PO3BUTOK y CTYJICHTa
JIOCBiy caMOCTiiHOI nisutbHOCTi. CaMocTiiHa po0OTa CTYACHTIB MOBOAHUTHCS 3
METOI0 CHUCTEMaTH3alii 1 3aKpIilUIEHHS TEOPETHYHOTO 1 MPAKTUYHOTO MaTepiaiy;
HOTTIMOJICHHST TEOPETHYHUX 3HaHb, (OPMyBaHHS KOMIIETeHLiH 1 iHdopmaniiiHol
KyIbTypd (BMIHHS 3HalTH 1 BHMKOpHCTaTdH iH(OpPMALil0 3 METOI0 HaBYaHH:);
PO3BUTOK IMi3HABaJbHOI 3MAaTHOCTI 1 AaKTHBHOCTI CTYyJEHTIB; (opMyBaHHS
CaMOCTIIHOTO MHUCIIEHHSI, 3JaTHOCTI JO CaMOpPO3BUTKY [1].

OpHiero 13 edekTuBHUX (OPM Oprasizamii caMOCTIHHOI POOOTH y Mekax
HaBYAIBHOTO IMPOIECY MOXYTh OyTH XMapHi TexHoiorii. OCBiTHI XMapHi cepBicH
BUKOPUCTOBYIOTBCS HE TIJIBKH TPH TUCTaHIiHIA ¢opmi HaBuaHHs [2]. Ilpm
TpaguIiiHUX (opMax HaBYAHHS BOHH BIAKPHBAIOTH TaKi MOJMIJIHMBOCTI SK:
Opraizailisi HaBYaJbHUX KOH(EpeHIiH, ceMiHapiB, B TOMY YHCIi IPOBEICHHA
iHTepHeT-KOH(epeHnii 1 BeOiHApiB, BimgaleHa B3aeMOXisA 31 CTYICHTaMH,

120



NPE/ICTABICHHS B EJIEKTPOHHOMY BHIVIAAI HAaBYAIBHO-METOAMYHHX MaTepialis,
OHJIAWH KOHCYINbTAlii, TECTyBaHHS, iH(QOPMYBAaHHSA TIPO PO3KIAX 3aHATH;
eIeKTpOHHAa B3aeMogis 3 abiTypieHTamu, iH(QOpPMYBaHHS, KOHCYJIbTYBaHHS,
BiJIaJIeHe peecTpyBaHHI 3asB a0iTypi€HTIB.

3acTocyBaHHS XMapHHX CEpBICIB Mae psji IepeBar: €KOHOMis KOIINTIB Ha
creniajbHI MPUMIIOICHHS iX 00laHAHHS Ta MEPCOHAN; IMporpaMHe 3a0e3redeHHs .
MOXIIMBICTh BHUKOpUCTaHHs TexHouoriii Google Apps Education Edition i Office
Web Apps s opraHizamii  poOOTH 3 JOKYMEHTAMH, MPE3CHTAIlISIMH,
CJICKTPOHHUMH  TaOJNUISIMU;  JO3BOJIIIOTH  30epirat  iH(pOpMaIliio; 3aBAsSKU
XMapHUM TEXHOJIOTISIM JIIOJIM 3 00MEKEHUMH MOXKIIMBOCTSIMH MOXYTb OTPUMYBAaTH
JIOCTYII IO OCBITSIHCHKOTO CEpPEIOBHUINA.

J1o HeJOMIKIB XMapHUX OOYKCICHb Ha CHOTOIHIIIHIN ICHh MOXKHA BiHECTH:
HEOOXiHICTh TOCTIHHOTO BHCOKOIIBHIKICHOTO 3’€IHAHHA 3 MEPEKCI0 IHTCpHET;
PU3UKH TEXHIYHUX 3001B; BIACYTHICTh 3aKOHOIaBYO1 0a3u XMapHUX 009mcieHsb [1].

BukopucraHHS XMapHHX TEXHOJIOTIH Ma€ TO3WTHBHI (akTopw s
PO3POOHUKIB MPOTrPaMHOTO 3a0€3MEUCHHS, 110 3aCTOCOBYETHCS IIiJ] Yac HAaBUYAHHSA,
a came, eekTHBHA OOpOTHOA C HENIIEH30BAHUM INPOTPAMHUM 3a0e3NeueHHIM
(mporpamMa He TOTparuisie 1O KOPHCTYBada); HECKJIAAHICTh BHUSBICHHS,
NPUIMHEHHS HECAaHKI[IOHOBAaHOTO BHKOPUCTAHHS JIeKUIbKOMa KOPUCTYyBayaMu
OJTHOTO JIOTiHA; HEBUCOKI BUTPaTH Ha MiATpUMKY. [IpoTe € 1 HeraTuBHi (akTopu:
HENPUIATHICTh JUIS BCiX 3aBJaHb; €(pEKTUBHICTb JIMIIE NPH BEIHMKIH KUIBKOCTI
KJTI€HTIB.

XMapHi  TeXHOJOrii He TUIBKM JIKBIIYIOTh BIIMIHHOCTI  O-NaiH
(TpamuuiitHux) 1 OH-NaWH (AMCTAHLINHWX, BIAKPUTHX) (OPM HaABYAHHI, a W
MEePCOHATI3YIOTh HABYAHHS, JIO3BOJISIIOYM AJalTHBHO HANOBHIOBAaTH IIPHUBaTHE
XMapHE CEepe/lOBHINE CTyIEHTa HaBYAJbHUM KOHTEHTOM, CEpPBICOM, pecypcamu B
KOM(pOPTHOMY pexuMi (32 TeMroM, (QOPMOIO IOCTAaBKH 1 CIPUHHATTSA),
JIO3BOJISIIOTE 00iiiTHCS 0e3 «BIacHUX» KOMI'IOTEPHHX KJaciB, BUTpaT Ha HUX.
Hanpuknan, dbepe3 mopran AWMCTAHUIHHOTO HABYAHHSA YHIBEPCHTETY MOXHA
3IiICHIOBaTH HEAOpOore HaByalibHe (1 HE TUIBKH) IMiTalliiiHe MOJIEITIOBAHHSI.

Byxxe choroiHi momuT Ha pPHUHKY mpani Ha (axiBLiB, SKI BOJOMAIOTH
TEXHOJIOTISIMH XMapHUX OOYHCIIEHb, TOCTIHHO 3pOCTa€, HaWKpaniuii crocio
MiTOTOBKKM MalOyTHIX (axiBmiB 10 poboTth 3 HOBiTHIMH IT-TexHONOTiIsIMU —
BIIPOBAKEHHS IIMX TEXHOJIOTiH B OCBITHIH mporiec.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH
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Me1arorndecKre TeXHoIornu: Marepuaisl [V Mexnaynap. Hayd. koH}. (r. Ka3ans,
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3ACTOCYBAHHA 3ACAJ CTPYKTYPHOT'O MOJAEJIOBAHHA ITPU
JOCJIIKEHHI OF’€EKTIB 3 IIPY>KHUMMH 3B’ A3KAMU

IIpn cTBOpEeHHI aBTOMAaTHM30BAaHMX CHCTEM KEPYBaHHS 13 3aCTOCYBaHHAM
OOYNCITIOBAJIGHOT 1 MIKPOIPOIIECOPHOT ~ TEXHIKHM I MPOTHO3YBaHHS,
MPOEKTYBAaHHS 1 ONTHMI3amii mapaMeTpiB OONaTHAHHS 1 TEXHOJIOTIYHOTO HPOIECy
3pOCTaE POJIb MATEMAaTHIHOTO MOJIEITIOBAHHSI.

Po3pobka MeTonmiB 1 yHiBepcaJbHUX MaTeMaTHYHHX MoOjeneil s
JIOCJTIJDKEHHS IMHAMIYHUX PEXKHUMIB POOOTH €NIEKTPOMEXaHIYHUX CUCTEM € JJOCHTh
aKTyaJIbHUM 3aBJaHHSIM, 110 00YMOBJIIOEThCS TPArHEHHSIM JOCIIIHUKIB HAWOLIbII
MOBHO BiIOOpa3suTH B MOJENI OCOOMMBOCTI 00’€kTa (YCKIaTHHUTH MOJECIb), 3
OIHOrO OOKy, 1 MPEJACTaBUTH HOTO SK EJIEMEHT CHCTEMH ([0 MOJKJIMBOCTI
CIPOCTUTH MOJielb), 3 iHmoro [1]. OaHuM 3 HalWOUIBII MOMIMPEHUX MPH3HAYEHD
MoJenel € iX 3acTOCYBaHHS IPW BUBYECHHI Ta IPOTHO3YBAHHI MOBEAIHKHU CKJIATHUX
npoueciB i sBUII. [HIIE, HE MEHII BAXIMBE, NPU3HAYCHHS MOJENEH IOJISrae y
BUSBJICHHI HUMH HaWOUIBII iCTOTHUX (aKTOPiB, MO POPMYIOTH ITEBHI BIACTHBOCTI
00’exTa, BpaxyBaHHsS SKHMX HEOOXiJHE TPH JOCHIKEHHI pI3HMX MpomueciB abo
SIBUILL.

Jnst 1pOTO 3pyYHO BHKOPHCTOBYBATH METO/AU CTPYKTYPHOTO MOJICITIOBAHHS,
IO JO3BOJAIOTH Ill€ HAa CTajii MOCTAHOBKM CIIPOCTUTH 3aBJaHHS IUIIXOM
JIOCTIKCHHSI BHYTPIIIHBOI CTPYKTYPH JaHOTO 00’€KTy, BUBUEHHS BIACTUBOCTEH
OKpEMHX €JIeMEHTIB 00’€KTa 1 3B A3KiB Mk HUMH. [Ipu mbOMy CTPYKTYpHI CXeMH,
3B’SI3Ky TiJcHCTeM 1 iX eneMeHTIB mpoctime 300pa3uTu rpadiqHo, 1m0 CHpOIIye
aHaJi3 00’ eKTiB AOCTiHKEeHHS [2].

Hocuts edexTHBHO po3magatu enekTpoMexaHigai cucremu (EMC) y
BUIIIAJI HaboOpy CTPYKTYpHHX CXEM, OCOOJIMBO, KOJM HEOOXiJHO CHHTE3yBaTH
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CTPYKTYpy 1 TapaMeTpH CHCTeM KepyBaHHS. Ha mpukimani arperaTiB cTaHiB
xoyoiHo1 mpokaTku (CXII) MoXKHA BHAUIATH Ti, SIKI YHIBepCaNbHi IS OiIBIIOCTI
CTaHIB: HAMOTYBAJILHUH 1 PO3MOTYBAILHUHN MPUCTPOI, POKATHA KIIiTh, MPaBUIIbHA
MaIlHa, HOXKHIII IS TIopi3Ku MeTairy. KpiMm Toro, Bci Ha3BaHi arperaTs MoB’ s3aHi
MiX cOo0010: PO3MOTYBAJILHUHN MPUCTPill IOJAa€ CMYTY METaly, 0 MPOKATYEThCS, B
BaJIKM MTPOKATHOT KJIiTi, 3 KJIITI CMyTa HaIXoAuTh a00 B HACTYITHI KJIiTi (SKIO CTaH
0araTokJIiTHOBUIl), a00 B MpaBWIBHY MAIWHY, 3 SAKOI BUXOIUTH CMYyra, sKa
MOJA€ThCsl a00 Ha HAMOTYBAJbHUU TMPHUCTPiH, a00 HAa HOXKUIN ISl MOAAJBIIOTO
po3pi3aHHs Ha JKCTH HeoOxinHoro Gopmary. KoxeH 3 1iUX arperariB IpHBOANTHCS
B PyX CICKTPUYHMM JBUTYHOM, SIKUH TIPY)KHO TIOB’S3aHUN 3 BUKOHABYHM
MeXaHi3MOM 4epe3 AoBruii Baj. OTxe, B 3a3HayeHWil BHIIE HA0Ip OCHOBHHX
enementiB CXII HE0OXiTHO A0JAaTH TaKi CTPYKTYPHI OJMHUII SK «TIOBTUH Bam» i
«CMyra MeTaiy, 110 MPOKATYEThCs», K ABIAIOTH COO00 MPYXKHI 3B SI3KH MEPIIOTO
i gpyroro poxis [3].

Ha chorozni B imkKeHEpHIH MPaKTHIN IS BUPIIICHHS 3aBJaHb TOCIIHKSHHS i
ONTHMI3allii BUKOPHCTOBYIOTHCS Pi3HI TNpOTrpaMHi NPOJYKTH: CIeIialli30BaHi
nmakeTd; OIONIOTEKH MporpaM; MaTeMaTH4YHI CUCTEMH IporpaMmyBaHHs. ToMy mpH
BHOOpI TOTO YH iHIIOTO MPOrPaMHOTO MPOAYKTY HEOOXiTHO BpaxoBYBaTH BHT
MaTeMaTUYHOI'O OIUCY JOCIIKYBaHOI €JIeKTPOMEXaHIYHOI CUCTEMH, 0COOINBOCTI
MOJAHHA JaHWX MOJENi, BHA TPEICTABICHHS pPE3yJbTATIB PO3PAXyHKY,
MOXIIMBICTh THYYKO1 3MiHM MaTeMaTHYHOT MOJIEII.

CIIMCOK BUKOPUCTAHOI JITEPATYPU
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3. HoBoe B MozieTMpOBaHNH U UCCIIEIOBAHUH SIIEKTPOMEXAaHUIECKUX CHCTEM
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OCOBJIMBOCTI BUKOPUCTAHHA METOJAIB MATEMATHUYHOI'O
MOJEJIOBAHHS ITPU JOCJII’KEHHI EJIEKTPOMEXAHIYHUX
CUCTEM

Enexrpomexaniuni cuctemu (EMC) € 0CHOBOIO KOMIUICKCHOI aBTOMATH3aIli1
BUPOOHMYMX 1 TEXHOJOTIYHMX IIPOILECIB Ta BHU3HAYAIOTH TEXHIYHHWH IpoTpec i
e(eKTHBHICTh y BCIX Taly3sx MPOMHUCIOBOCTI. Po3poOka HOBHX 1 MOJAEpHi3allis
icaytounx EMC BuMmarae iX JOCHIDKCHHS JJIs MiArOTOBKU (haXiBIiB y Tamy3i
NpoeKTyBaHHs i TexHiyHoi excruryartarii [1]. TloTy:xHuM 3aco6oM qoCIimKEHHS
nporieciB  ¢yHkmionyBanHss EMC € nocmipkeHHS Ha OCHOBI MaTeMAaTHYHHUX
MoJielied — KOMITIOTEpHE MOJISNIOBaHHs, sKe 3a0e3ledye OnepaTUBHUMN
PO3paxyHOK YCTAJICHUX 1 MEPEXiMHUX PEKUMIB POOOTH B INTATHUX 1 HEIITATHUX
peXUMax.

[Ipu mocmimkeHHI CKIaAHUX HENMIHIMHUX CHCTEM 3a3BHYail BHKOHYETHCS
TIeBHA i/eami3amisi eIeMeHTiB, mo a0 Hei BxomaTh. Lle, 3 ogHOTO OOKY, CIpoIrye
MpoIleC MOJAETIOBaHHA, a 3 IHIIOTO — CBiOMO B3HI)KYE HOTO aaeKBaTHICTH,
30LTBITYIOYH TIPU IIbOMY HEBiIOBITHICT pealbHUM IPOIEcaMm, 0 BiqOYBAIOThCS
i yac poOOTH MEBHOTO 00JIaqHaHH. MaTeMaTHYHE MOJACIIOBAHHS Y Oy/b-SIKOMY
MPOTPAaMHOMY  CEpEIOBHINNI  MOTpeOye BiJ AOCHITHMKA 3HAYHO  OLIBIIOL
KBaJiQikalli, ska mojsirae y OUIbII TJTHOOKOMY PO3YMIHHI METOJIB YHCEILHOTO
po3B’si3aHHs Au(epeHianbHIX PIBHSHb, JOCBI/I aJeKBaTHOrO BHOOPY METOMIB i
rapaMeTpiB YUCENbHOTO IHTETPyBaHHSL.

HenminifiHiCTh  31€OUIBIIOT0  BU3HAYAETHCS  JCKUIBKOMA  [PUYHHAMHU:
3aJIOKHICTIO TMapaMeTpiB CUCTEMH (aKTHBHUX 1 PEaKTHBHHX OMOPIB, KOS(IIliEHTIB
HaMarHiYyBaHHs, KOe(ilieHTIB TMOCHICHHS PETyIATOPIB i T. iH. BiJ MmapaMeTpiB
PEXUMY; HENIHIHHICTIO 3B’3Ky MapaMeTpiB PEeXUMY MiX co000; HETiHIHHICTIO
XapaKTEePUCTHUKHU THITYy «CyXe TepTs» abo «rodT». Lli curHamm xapakTepusyroTbes
HasBHICTIO PO3PUBIB IEPUIOT0 POAY, IO I03BOJISIE CTBEP/DKYBATH, IO BOHM
HaJIe>KaTh J10 PO3PUBHHX PiBHSHb.

Bimomi metoam po3B’s3aHHSA AW(EPEHIaNFHUX PIBHAHB 13 MOCTIHHMM i
3MIHHAM KpPOKOM IHTETpYyBaHHS, IO MalOTh INE IITy HHU3KY OCOOIMBOCTEH
3actocyBaHus [2, 3]. BunHmkae mpaBoMipHe TNHTaHHS: SIKi  METOOH
BUKOPUCTOBYBATHU Ta Ky TOUHICTh 3a/1aBaTH MPH PO3B’A3aHHI 3324 MOACTIOBAHHS
EMC. Ha cporomni momo TOYHOCTI, a TaKoX BHOOPY KpOKY IHTETpyBaHHA
NPaKTHYHO HE ICHye OJHO3HAYHMX pPEKOMEHIAIii. VYHiBepcampHOIO €
pEeKOMEHAaIlisl BCTAHOBJIEHHS KPOKY IHTEIpYBaHHS Ha IOPSJIOK MEHINe, HiX
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HaiiMeHIa crana vacy [4]. PekoMeHIyeThess Tpu BHOOPI METOIY MOIETIOBAHHS
KepyBaTHCS IOBUAKICTIO pO3B’S3aHHS PIBHAHD, aICKBAaTHICTIO OTPUMAaHHX
pe3ynbTaTiB MOJETIOBAaHHA y TIOPIBHAHHI 3 BiZOMHMH a00 TEOPETHIHHMH,
CIHPAIOYNCh Ha BIACHWUN MOCBiA. SIKIIO pIICHHS BUSABIAETHCS HECTIHKUAM, TO
MOXXKHa OOMEXHTH TOPSAOK METOAy, IPOBECTH MOOCTI[KEHHS 3 pPI3HAMH
3HAYEHHSIMM BIZHOCHOI MOXuOKkH. OTiKe, NMUTAaHHA IOCHIUKEHHS aaeKBaTHOCTI
MPOBEICHHS KOMIT FOTEPHOTO MO/ICTIFOBAHHS EJIEKTPOMEXaHIYHUX CHCTEM 30epirae
CBOIO aKTyaJIbHICTb.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. OcoOaMBOCTI YHCEILHOTO PO3B’A3KY CHCTEM U(EpeHIliaIbHIUX PiBHAHB
MOJICTICH eNIEKTPOMEXaHIYHUX CHUCTeM Y IporpamHomy cepenoBuini MATLAB /
O.I1. Yopnwii, €. B. bypainena, O. 10. Pomanos, B. K. Tutiok, O. A. Ilozirys //
EnexrpomexaHiyHi cHCTEMH, METOAM onTHMi3auii Ta moaemoBaHHsa, 2017. —
Bum. 2/2017 (38). — C. 33-48.

2. XynsxoB B. Illkoma MATLAB. butmmoreka SimPowerSystems //
CunoBas siextpornka. — 2005. — Ne 5. — Pexxum poctyma: https://www.power-
e.ru/2005_02_80.php

3. Yepnpix U.B. MogenmpoBaHne 3JIEKTPOTEXHIYECKUX YCTPOUCTB U CUCTEM
B Simulinc. — Pexxum mocryma: http://matlab.exponenta.ru/simpower/book1/

4. MogenroBaHHS eleKTpoMeXaHigHuX cructeM: miapyyauk / O.I1. YopHwmid,
A.B. JIyrosoii, JI.i1. Poapkin Ta in. — Kpemeruyk, 2001. — 376 c.

YK 681.5

Kasyposa A.€.}, Jlpamak K.M.?
'kann. Texn. Hayk, gor. SHTY
2cryn. tp. E-315 3HTY

CUCTEMA ABTOMATHYHOI'O KEPYBAHHA I'A30TYPBIHHOI'O
JBUT'YHA

JliTaky HEBiJ’ €éMHa YacTHHA HAIIOTO Cy4acHOTO XHUTTA. BOHM nomoMararoTh
MOJ0JIaTH BENHKI BIJICTaHI 32 KOPOTKUH 4ac. J[SIKyoUd IbOMY TPAaHCIIOPTY JIIOTU
MOXYTb MaH/pyBaTH, IIBHJIKO IEPEBO3UTH BAHTAXI TOIIO. AJie 3aBISKH YOMY
JIOCSITAETHCS TaKa MBUAKICTH? 3BICHO 3aBJISIKH IBUTYHAM.

VY OuIBIIOCTI CyYacHHX JITaKiB BUKOPHCTOBYIOTbCS Ia30TypOiHHI JBUTYHH
TrTm. Bonnu HOIIISIOTECS Ha  TypOOpeakTHBHI, TypOOTBUHTOBI,
TypOOBEHTWIATOPHI Ta TypOOBasbHI. OCHOBHI €JEMEHTH JBHUTYHA: BXIiJHHH
NPUCTpPiH, KOMIIPECOp, CHCTEMa aBTOMAaTHYHOTO KEepyBaHHS, MAJMBHA CHCTEMA,
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MacliiHa CHCTeMa, KaMepa 3TOpsiHHS, TypOiHa, comyo. B 3anekHOCTI Binm THITY
ra3oTypOiHHOTO IBUTyHA KOHCTPYKIIiSl MOXKE BiPi3HATHUCE.

Mertoro po6oTH € BUPIMICHAS BHHUKAIOYHX MpoOIeM IKOCTi poboTH cucteMu
aBroMaTryHOTO KepyBaHHA (CAK) TypOopeakTHBHOTO JBHTYHA, a CaMe y HAacoCi-
perynsaTopi manmmBa. lle € akTyanpHMM Ha JaHWA 4ac, 00 JiTakoOyayBaHHA 3
BUKOPUCTAHHSAM TypOOpeakTHBHHX IBHTYHIB B YKpaiHi Ta CBiTi aKTHBHO
PO3BUBAETHCA, 1 3’ ABISIOTHCS HOBI TPOOJIEMHU, SIKi MOTPIOHO BUPILITYBaTH.

Cucrema aBTOMaTHYHOT'O KEPyBaHHs BUKOHYE HACTYIHI QyHKIi:

- KEpYBaHH:I 3aITyCKOM JIBUTYHA;

- KEpYBaHH: CTATUYHUMHU 1 EPEXiTHUMHU PEKUMAMHU POOOTH JIBUTYHA;

- 3a0e3neyeHHs cTablIbHOT pobOTH KomIpecopa Ta kamepu 3ropsiHHA (K3)
JIBUTYHA B CTAJIMX Ta MEPEXiTHUX MPOLIecax;

- 3amo0iraHHs TEpPEeBUINEHHA IapaMeTpiB JBUTYHA BHINE T'PAHUYHO
JOIYCTUMUX;

- BUKOHAHHS aJITOPUTMIB KEPyBaHHs JABUTYHOM JUIS 3a0€3IIE€UEHHS B3a€MOJIl
3 CHCTEMaMH JITaKa;

- BUKOHAHHS 1HIINX 3aBAaHb KEPYBaHHSI.

Cyuacua CAK TypOopeakTHBHOTO IBUTYHA CKIAAETHCS 3:

- €JIEKTPOHHOI YaCTHHHU: €JIEKTPOHHUN OJIOK KepyBaHHS,

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

- ceHcopiB 1 iHopMalLifHUX CUCTEM;

- BUKOHABYHMX €JIEMEHTIB.

Xou CAK BHKOPHCTOBYIOTHCS OCHTH JaBHO, BOHH, SIK i OyIb-sKi iHIII
CHCTEMH, MAalOThb NpPOOJIEMH HEJOCTaTHHOI TOYHOCTI BHKOHAHHS 3aKOHIB
KepyBaHHSI [P MEPEXiJHAX MPOLEcax, a caMme:

- 3a0e3neyeHHs] MIHIMAIBHOTO TIEpEperyioBaHHS BUTpAaTH MallMBa IpH
nepexozi 3 BUKOHaHHA 3akoHy posnaieHHs KC 10 BUKOHAHHS 3aKOHY PO3TOHY
pOTOpa ABUTYHA IIPH 3aITyCKY JIBUTYHA;

- 3a0e3le4YeHHs] MIHIMAJIBHOTO MEpPEeperyyIloBaHHS YacTOTH OOepTaHHs
poTOpa JBUI'YHA IpU MEPEeXoJi Bijl 3aKOHIB KEpPYBaHHS IPHU 3allyCKy JBHUTYHA JIO
3aKOHIB KepyBaHHA JIBUTYHA NpU pexnMax (MATPUMYBAaHHS YacTOTH OOepTaHHS
potopa).

Bupimenns nepmioi 3aadi J03B0OJISE€ 3aI00iraTH 3racaHHi0 KaMepu 3rOPSTHHS
micis 11 po3naiieHHs i 3a6e3nedye HaAiifHICTh 3aIrycKa IBUTYHA.

Bupimennss npyroi 3amadi  o3Bossie  3amoOirT poOOTI  HENmporpiToro
JBUTYHa Ha BEJIMKMX 00eprax, IO HE /A€ MOXJIMBOCTI BHHUKAHHS JIOTHKIB
JeTayeil poTopa Ta craropa.

MO>KIMBUMH HaNpsiMaMH BUPIIICHHS IIPOOJIEMU MOXKYTh OYTH:

- ONTHMIi3allis anropuT™MiB (3akoHiB) kepyBaHHI CAK;

- ONTHMI3allisi BUKOHaHHS nporpam kepysanHs CAK;
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- 3MIHCHHS KOHCTPYKUIii JABUIYHa, II0O HE YHEMOXJIHMBIIOE BHUHUKAHHSI
BKa3aHUX MPOOIIeM.

Haii0inpm, 3 TOYKH 30py BUKOPHCTAaHHS PECypcCiB, MiOXOAWUTH HAMPSIM 3
omtuMizamii BUKOHAaHHSA mnporpaMm kepyBaHHI CAP mIIsIXoM BHKOPHCTaHHA
ontumansHUX cxeM IIIJI perymsitopa Ta HajmamTyBaHHS Koe(ili€HTIB
peryIroBaHHS.

YK 681.5, 681.94

Kasyposa A.€.1, Capanenmu A A7
'kaHx. Texm. Hayk, no1. 3HTY
2c:TyJJ. rp. E-314m 3HTY

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

Ha cporosHi, sik Ha BUPOOHUIITBI, TaK i y 3BUYAIIHOMY KHTTi, 4aCTO MOCTAE
3amadya HaHeceHHs rpadivuHoi iHpopMmamii Ha pi3HI MOBEpXHi. Y BHIAAKY 3
ManepoM M0 3aJady MOJKHA 3aJOBOJBHUTH 3a JIOTIOMOTOIO IPUHTEpa, ajie At
IHIIMX MaTepiaiiB MOTpiOCH iHIMA crocid HaHeceHHA iHQopmamii. 3apa3 ToBOII
MIMPOKO MOYaJIH BHKOPHUCTOBYBATHUCS JIa3epH Pi3HOI MOTYKHOCTI. 32 JOMOMOTOIO
Jazepa MU MOXKEMO HaHECTH rpadidHe 300pakeHHs — JIOTOTHUI, MAPKYBaHHA 1 T.iH.
Bin moTyxHOCTI J1a3epa 3aiexarh i HOro MOMIMBOCTI, TaK OUIBLI MOTYXHI Jia3epu
3JIaTHI BUPi3aTH JeTali 3 IJIacTHKa, IePEeBHHHU, MeTaa 1 IHIINX MaTepialis.

MeTtoro gaHoi poOOTH € CTBOPEHHS pPoO0Y0l MoJemi J1a3epHOro
rpaBipyBaJIbHOTO BEpCTAaTa Ta JOCIIHKCHHS PI3HUX MapaMeTpiB poOOTH jasepa i
KPOKOBHUX JIBUTYHIB.

B poOoti 3a OCHOBY OyJI0 BHKOPHUCTAaHO CTBOPEHY paHilie MOJeIb
TPHOXOCHOBOTO IUIOTTEPA. 3a TEPEeMIlleHHS 4YacTHH IUIOTTepa Y IIPOCTOpi
BIJNOBiTafOTh KPOKOBi aBUTYHH Nema 17, xepyBaHHS SKUMH 3IIHCHIOE IUIaTa
Arduino Uno 3 moaysiem Shield CNC. Kpim Toro, [uisi KepyBaHHS KPOKOBHUMHU
JBUTYHaMH OyinM BHUKOpUCTaHi apaiiBepu A4988. Jlani gpaiiBepu JaroTh
MOXJIMBICTh 3MIHIOBAaTH MIKpOKpOoK 10 1/16 xpoky. Ilocrae 3aBmaHHs 3a
JIOTIOMOTOI0 BHMIPIOBAJIBHOTO OONaJHAHHS HOCIINTH, SIK BIUIMBAE€ MIKPOKPOK
(moBHWMIA Kpok, 1/2, 1/4, 1/8, 1/16) Ha mapameTpu KPOKOBUX ABHUTYHIB.

KpokoBi ABUT'YHU NPHUITYCKAIOTh MPOCTHH CIOCIO MO3WIIIOBaHHS 3 00paHOIO
IIBUJIKICTIO TIEPEMIIICHHS 1 HE BHMAaraloTh 3aCTOCYBAaHHS 3aMKHYTHX KOHTYDPiB
pETYNIOBaHHS 3 BHUKOPUCTAHHSM JATYMKIB KYTOBOTO TOJOXKEHHS 1 1HIIUX
aHaJoriyHMX 3aco0iB. [l momimmeHHS poOOYMX XapaKTEePUCTHK MOXKHA
3aCTOCYBaTH METOJI, BIIOMHH SIK MIKpPOKPOKOBE IO3WIiIOBaHHS, MPH SIKOMY Ha
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TUNOBHH cHWrHai, 1o 3a0e3medye poOOTYy B MOBHOKPOKOBOMY PEXHMI,
HaKJIa1a€ThCSl CUHYCOINaJbHUM CTPYM.

B mazepi (;1azepHOMY BepcTaTi) CBITIIO Bif JaMmu (OKYCY€THCS B TPOMIiHB,
SKAH TIepeJaeThCs 4epe3 CUCTEMY JI3epKasl a00 ONTHYHE BOJIOKHO Ha JIH3Y, [I¢ BiH
HaOyBae ocTaTogHOrO (POKyCyBaHHS i mOTpamuiie Ha Matepian. [Ipu mpomy, IuM
Omk4e BiICTaHB BiX JIH3W M0 MaTepiaidy, TUM TOYHIIIE i TOHIIE MOXYTh OyTH
JiHii TpaBipyBaHHSI.

B mpomeci nasepHOro  rpaBipyBaHHS  3HIMAEeThCsl  (BHUITAIIOETHCS,
BUIIAPOBYETHCS) BEPXHIiH MIap a0o Imapy, 3a paxXyHOK YOro Ha MOBEPXHI MaTepiaity
BUHMKAIOTh IMMOTJIMOJIEHHS, MOEJAHAHHS SKUX JalOTh HEOOXiJHEe 300pakeHHs abo
Hanuc. [nOWHA TpaBipyBaHHS 3aJl€XKHUTh Bil 0OpaHOi MOTYKHOCTI JIa3epHOTO
BepcTara, BiJ (I3UYHMX BJIACTUBOCTEH Marepiany 1 BiJ KUIBKOCTI INPOXOIiB
(KUTBKOCTI JiHIH, TPAEKTOPIS SKUX 30Iira€ThCs 3 TPAEKTOPIEIO BXKE BUTPABIPYBAHUX
JHIH, TPOCTIIIe Ka)Ky4H, TOBTOPSHD 3POOJICHIX 110 OHIH 1 Tilf )K€ 3aTOTOBIII).

B mpoueci na3epHOro rpaBipyBaHHs], 3 ypaXyBaHHSAM OCOOIMBOCTEH METOLY,
Ha Kpasx IpaBipyeMOro 300paXKeHHs MOXXYTh BUHHKATH OIUIABJICHHS, SIK MOOIYHUIA
edekT meperpiBaHHs Martepianmy. Lleit edext moke Hamami OyTu mpuOpaHuii 3a
PaxyHOK 3MCHIICHHS TEMIICpaTypH i TPHBAIOCTI BIUIMBY IPOMEHS Ha MaTepial,
IO peai3yeThesl IUIAXOM 3MEHIICHHS IOTYXHOCTI Bepcrara, 301IbLICHHIM
MIBUAKOCTI TPaBiIOBaHHSA, 3a pPaxXyHOK 4YOro MOXKE 3HAJOOWUTHCS BHKOHAHHS
JTIOJTATKOBUX MPOXOIIB.

[epeBaru 5azepHOro pizaHHs 1 TpaBipyBaHHs Iepel IHIIMMH METOAaMHU
MOJIATAIOTh y IIBUJIKOCTI MPOIECY, a TaKoX MPOIeC I'paBipyBaHHs 3aJa€ThCs 1
koopaunyeTbest UIMK, mo 103Bossie Maiike BUKITIOUUTH OpaK y BUpOOax 1 JOCATTH
TOYHOCTI TIO3WIIIOBaHHS B MeEXax JeTami. TakoK BapTO BIAMITHTH BiJCYTHICTh
(ismyHOTO BINIMBY HA Marepiaj, IO MOXE JO3BOJIUTH TpaBipyBaTH
BaKKOJIOCTYITHI 1 HE3pYYHO PO3TAIIOBaHI TUISTHKH MaTepiaiy.

VK 681.5

Kazyposa A.€.1, Jlucenxo B.O.2
lkanm. TexH. Hayk, no1. SHTY
2cryn. rp. E-315 3HTY

CUCTEMA KEPYBAHHA EJIEKTPOITPUBOJJA CTPIYKOBOI'O
TPAHCHOPTEPA

[IpakTH9HO y BCIX Tady3sIX MPOMHUCIOBOCTI BHKOPHUCTOBYIOTHCS CTPIUKOBI
TpaHCHOPTEpH, sKi 3a0e3nedyioTh Oe3MepepBHICTh MPOIECIB TPAHCIIOPTYBAHHS
pi3HMX BHIB BaHTAXiB i MaTepiamiB. IX 3aCTOCYBaHHs 103BOJSE JTOCTABJIATH JIO
NOTPiIOHOTO 00'€KTY INTYYHI BaHTaXi 1 Marepialy, IO MalOTh CHILY4y/KYCKOBY
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CTPYKTYpH. TpaHCHIOPTYBaHHS, SK B TOPH3OHTAIBHOMY, TaK 1 B IOXHIOMY
TIOJIOXKCHHI, 320€e3MedyeThCs 3a paXyHOK 0COOIMBOT KOHCTPYKIIiT IPHUCTPOIO.

3anexHO Bim ramys3i BUpOOHHWIITBA, rabapwTiB i BarM BaHTaXy, a TaKOX 3
OMISiy Ha BUKOHAHHS OOYMOBJIEHUX 3aBJaHb, BUKOPHCTOBYIOTHCS PI3HOTO BHAY
YCTaHOBKHM 1 KOHCTpyKuii. HaiOinpm 3aranpHa Kiacuikamis IpyHmyemvcsa Ha
yMOBaX eKCIDTyaTalii CTPiYKOBHX KOHBeepiB. BoHHM OyBarOTh IepecyBHHMH,
NEepeHOCHUMH, 1 cranioHapHUMH. OCHOBHMMH  4YaCTMHaMH  CTPIYKOBOTO
TpaHCIIOpTEpa € CTaB, MPUBOIHUI OapabaH, HATSHKHUK OapabaH, POJIMKN 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'I3aHE 3 PO3POOKOIO CHUCTEM, IO ONTUMI3YIOTh PEKUM IX podoTH 32
KpUTEpieM MiHIMI3allii BUTpPAT Ha TPAHCHOPTYBaHHA. B CydJacHHX CTPIYKOBHX
KOHBEEPAX 3aCTOCOBYIOTh HEPETYIbOBAHMIT MPUBO. IOro HeTomiKaMy € CKIIa HHii
IYCK, TPOKOB3YBAaHHS CTPIUKH, YJapHI HaBaHTa)XCHHS B TPHUBOJI, IiIBUIICHUI
3HOC 00JIaJHAHHSI, 3HAYHI BUTPATH €JICKTPOCHEPTil IPH HETIOBHOMY 3aBaHTa)KCHHI
TpaHcnopTepa. J{ocBin ekcruryararii CTpiYKOBUX TPaHCIOPTEPiB MiATBEPIUB, IO
JUISL 3HIDKEHHS BUTpAT €JEKTPOCHEprii, 3MEHIIEHHS 3HOCY TPaHCIOPTEpHOI
CTpIUKH, pOJMKIB Ta CTaBa KOHBEEpa HaWOUIbII e(eKTHBHHM 3aco00oM €
3aCTOCYBaHHSI PEryJIbOBAaHOTO EJEKTPOIPHUBOAY, SKHUH JO3BOJSE DEryJOBaTH
MIBUAKICTh PYXy CTPIUKHM 3aJ€KHO Bil ()aKTUYHOTO 3aBAHTAXKEHHS TPaHCIIOPTEpA.
Yacto mpu 1bOMY MallMHa Ha0yBa€ JOJATKOBI TEXHOJOTiYHI mepeBard 0e3
BHECCHHS 3MiH JI0 ii KOHCTPYKIIii.

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

- IUIABHMH ITyCK 1 3yITUHKY €IEeKTPOJBUTYHIB TPAHCIIOPTEPA;

- aBTOMAaTHUYHE PETYJIIOBAHHS HIBHIKOCTI PyXy CTpPIUKH, B 3aJIeKHOCTI Bin
(hakTHIHOT 3aBaHTAKEHOCTI;

- 3HWKEHHA AMHAMIYHAX HaBaHTAXKCHb B IIPUBOJI, TATOBOMY OpraHi B
po0OYHX peKUMaX, B pSKUMAX MEPEBAHTAKEHb 1 CTOTIOPIHHS MEXaHi3MiB;

- MIJABHIICHHS HAMIMHOCTI, 30UIBLICHHS PECcypcy 1 TEepMiHY CiIyXOu
TEXHOJIOTYHOI'0 00J1aJHAHHS,

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

B pobGori Oyno ckiageHo MaTeMaTH4Hy MOJIENb PO3pOOJICHOT CHCTEMHU
ABTOMATHYHOTO KEPYBaHHS CTPIYKOBOIO TPAaHCHOPTEPA, 3IiHCHEHO MOJICIIOBAHHS
Ha EOM pi3HuX pexumiB poOOTH NpHBOJa TpaHCIIOpTEpa i 00IPyHTOBAHO CHOCIO
HOro KepyBaHHS.
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YK 681.5

Kazyposa A.€.}, Umyr A.0.2
lkanm. TexH. Hayk, goi. 3HTY
2cryn. rp. E-314m 3HTY

IJEHTU®IKALIISA ITAPAMETPIB OB'€EKTA KEPYBAHHS 3
HAABHICTIO 3AIII3BHIOBAHHSA

3apmanHs imeHTH(IiKamii TUHAMIYHUX OO0’ €KTiB 3a EKCIIEPUMEHTAIbHIMH
JAHMMU € OJHUM 3 OCHOBHHX 3aBJIaHb CY9acHOI TeOpii aBTOMAaTHIHOTO KepyBaHHS.
InenTudikamis € 0OOB’S3KOBHUM €IIEMEHTOM 1 HAHOLIBII CKIaTHUM €TaroM
MpOIIeCY BUPIIICHHS MNPUKIAAHUX 3anad. Jns moOymoBu 1 aHamizy CHCTEMH
aBTOMATHYHOTO KEpyBaHHS OO0’€KTaMH HEOOXIHO MaTh MaTeMAaTUYHHUI OIHUC
I[LOT0 00’€KTa, TOOTO KOTr0 MaTeMaTHYHY MOJEIb. MareMaTuyHa MOJCIb 00’ €KTa
kepyBauHs (OK) uacto OyayeThcs Ha MiACTaBI €KCIEPUMEHTAIBHUX TOCHIIKCHD
peakuii o0’ekTa Ha cXigyacTy BXiJHy Ait0. Takuil eKcrepuMEeHTaJbHUH METO.X
BU3HAYCHHS AUHAMIYHUX Xapakrtepuctuk OK monsrae B 3HATTI KPUBOI PO3TOHY Ta
il ampoxcuMaIii.

Mertoro naHOi poOOTH € TOCTiIKEHHS MeTOIB ineHTH]ikamii mapameTpiB OK
3 HASBHICTIO 3aITi3HIOBAHHS 32 PO3TiHHOIO XapaKTEPHCTUKOIO.

Posrisinanace mepexigHa xapaktepuctuka o0’exkta  Y(t), otpumana B
pe3ynbTaTi eKCIepuMeHTy (puc. 1).

0 1 1 1 1 Il t
0 10 20 0 40 50 60 C

Pucynok 1 — IlepexigHa XxapakTepucTHKa 00’ €KTa KepyBaHHS.

XapakTep KpHBOi (HasBHICTh TOYKU TIEPETHHY) BKa3ye, 0 BOHA BiATIOBimae
IBo- abo OaraToeMHICHOMY OO’€KTy i3 CaMOBHPIBHIOBaHHSAM, SKHH MOBHHEH
onucyBatucs Au(epeHialbHIM PIBHSIHHSAM JIPyroro rnopsiiky ado suine. Jlocuth
yacto Taki OK cnopomieHo mojaroTh $SK TIOCHIZIOBHO 3°€IHAHI JIAHKH, IO
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BIJINIOBIAIOTh OJHOEMHICHOMY 00 ’€KTY Ta JIAHI[I YHCTOTO 3ali3HIOBaHHA. T00TO
nepenatHa ¢yHKmis OK  ampoKCHMYeETBCS amepioAWYHOI0 JIAHKOK IIePIIOTo
TOPSAKY 13 3aMi3HIOBAaHHSIM.

Icuye Garato meTomiB imeHTH}IKAIl mapaMeTpiB 00’€KkTa, aje AedKi 3 HHX
JIOCUTH CKJIagHI, TPOMI3IKI, pO3paxyHKH 3aiMaroTh Oarato wacy Ta, BOIHOYAC,
1HKOJIM TAIOTh TOCHUTH CYTTEBY MTOMIJIKY 1ACHTH(IKAIIII.

Posrisnanucs Tpum Mertoam rpadiko-aHamiTnuHoi anpokcumanii OK. Ilpwm
bOMY IIapaMeTpH HepenatHoi (YHKIII Bu3Hauyamucs 3a rpadikoM Ha puc. 1 3a
JIOTIOMOT0I0  I0JIaTKOBUX N0OynoB. HaiOunpiry TouHiCTh ampokcumarii Oyio
OTpHMaHO 3a JIornoMororo Meroaa OpmaHnca.

YK 681.5

Ka3zyposa A€l Kubampayk L.I1.2
1KaHZ[. TEXH. HayK, gou. 3HTY
Zcryn. rp. E-314m 3HTY

METO/IM OBPOBKH BUXIJJHOI'O CUTHAJTY IHKPEMEHTHOTI'O
JATUNKA

Jns SKiCHOTO TO3WMIHHOTO KepyBaHHS SIKUM-HEOYIOb IIPOLECOM OKpIM
MepeMillleHHs, BHUMIPIOBAHOTO 3a JIOMIOMOTOI0 JIaT4YWKa, HEOOXiMHO MaTH
iHpopMalilo PO IIBUAKICTH NPOTIKAHHS Ipolecy 0e3 CHelialbHOro JaT4HKa.
[IBuaKicTh MOXKHA OyJI0 O OIEpIKAaTH MUITXOM Oe3MepepBHOrO abo AUCKPETHOTO
JTU(epeHITIFOBaHHS MO3UIIIHHOTO curHainy. Lle MOKIMBO Y BUMAIKy Oe3mepepBHOTO
HesaurymisieHoro curHany. OcCTaHHIM 4YacoM Y SIKOCTI JaTduKa TMepeMillleHHs
HIMPOKO BHKOPUCTOBYETHCS IHKPEMEHTHHMH JaT4MK, IO BHIA€ IMITYJIbCH
NPUPOLIEHb CUI'HAMIB. J{JIs 0/iep)KaHHs MepeMillieHHs [ IMITyJIbCH MiICYMOBYIOTb,
y pe3yibTaTi 4Oro YTBOPIOETHCS peNleHHMIA cXimyacThii curHai. Takwid CHrHAI
HEMOXUINBO au¢epeHnioBaTH. [Ipy BEMMKHX IIBUIKOCTSIX NPOTIKAHHS MPOLECY
iHpOpMaIliF0 TPO IIBHUAKICTH MOXKHAa OJEpKaTH IMUISXOM IiJCYMOBYBaHHS
IMITYJIBCIB 32 MEBHUH MaJIMi Yac i MoJabIIoro JUIeHHS CyMH Ha 1ei yac. OxHak
IPY MaJIUX IIBUIKOCTSIX IMITYJIBCH OyXyTh WTH 4epe3 BEJHMKI MPOMIXKH 4acy, 110
HE JI03BOJISIE OJIEP)KaTH IIBUIKICTh 0€3 HENPUHHITHO BEJUKOTO 3ali3HIOBaHHS. Y
[IbOMY BUTIQJIKy IIBUIKICTh MOYKHA OIIIHATHU 32 JIOTIOMOTOI0 AMHAMIYHUX (iIbTPiB
(pimpTpie  Kammana, cmoctepexxHuka JlploenOeprepa), mNOOyIZOBaHUX 3a
JUHAMIYHOIO MOJIEIITI0 KepoBaHOTo Tporiecy. OgHaK 1€ 3a3BWyail MOB's3aHO i3
3HAYHUM 00CSIroM OOYHMCICHb 1 CKJIQJHICTIO, BHKIHWKAHOK HEBHU3HAYCHICTIO
o0'exta kepyBauHs (OK).

Metoo po0OOTH € TOpPIBHAHHSA METOMiB OOpOOKM BHXiZHOTO CHUTHAITY
IHKPEMEHTHOT'O JaTYHKa, 110 BPAXOBYIOTh CXIUacTiCTh IIbOTO CUTHAIY.
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B pob6oti [1] 3ampomonoBanmii acumnrToTHuHUi mudepenuiatop (ALD),
SKAH TO3BOJISIE OTPHMATH JOBUTHHY KUTBKICT ITOXiJHHUX MO3UIIIHOTO CHTHAITY HE
NUIIXOM TUQEpEHIIIOBaHHA, a NUIIXOM iHTerpyBaHHsA. OmHaK B OTpUMaHii
CTPYKTYpHI cXeMmi mpuxoBaHWi #oro ¢iswunnit 3mict. VY poboti [2]
sanporoHoBanni iHmmMH Bug AJlD, moOymoBaHOTO 3a MPHHIUIIOM CTEXKHOI
CHCTEMH, 3 IyXe mpo3opuM ¢(izmgamM 3MicToM. B pobori [3] iHpopmarito mpo
MIBUAKICTB MPOIIOHYETHCS OJIEPKyBaTH 3a JornoMoroto ¢insrpa Kanmmana. ®inbtp
Kanmana Bumarae npuOiaM3HO B TpH pa3u OUIbIIMHA 0OCSIT OOYMCIECHB, HIX
CIIOCTEPE)XXHUK. Y TOMY BHIIQJIKy, KOJU MOTPiOHE KEpyBaHHS HE IOJIOKEHHSM, a
MIBUJKICTIO, MOXE BHUHHKHYTU CHTYallis, OpH sKifi curHan & (lepeMilleHHs)
npsMye 10 HecKiHdeHHOCTi. Kpim Toro, oOcar oOuucieHb Oyjae 3aBUILIEHUH 3a
pPaxyHOK HEBUKOPHUCTOBYBaHOI oOWIHKK 4. IHpopMmamirco mpo MBUAKICTL i
MPUCKOPEHHST MOYKHA OTPUMATH 32 JIOIIOMOTOI0 aCUMIITOTHYHOTO JudepeHiiaTopa,
noOy0BaHOTO 32 MPUHIIUIIOM criocTepeskHuka JIbtoenoeprepa [4, 5]. Takuit meTon
OLIIHIOBAaHHS MIBUAKOCTI 1 MPUCKOPEHHS € peKypeHTHHM. Hes3Bakarounm Ha
peNelHICTh BXiJHOTO CUTHAITy NEpeMIlICHHS, OLIHIOBaHI 3MiHHI € 3IJIaKeHUMH,
10 JI03BOJISIE 3AIHCHUTH “M’siKe” KepyBaHHs. AJITOPUTM Mpaloe 0e3 ypaxyBaHHS
TUHAMIKH 00’ €KTa KepyBaHHSA, IO POOUTH HOTO YHIBEpCATBHUM.
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YK 621.3:681.5

Sanyxanit M. 10}, Xmapeskuii 51.J1.2, Bouapos A.M.?
! crapur. Bukn. 3HTY

2 eryn. rp. E-315 3HTY

OCOBJIMBOCTI BUKOPUCTAHHSA JATYHUKIB BIICTAHI B
ROBORACE

Roborace - me mpoekT pOGOTOTEXHIYHHX 3MaraHb pO3POOIAETBCS 1
TpoCyBaeTbesl BpecTchkuM epKaBHAM TEXHIYHUM YHIBEPCHUTETOM Ta AcCOIiaIliero
Pob6oToTtexniku B Ykpaini. L{i 3Maranas 6arato B 4oMy 4epraroTh ifei 3i 3MaraHb
®opmynu 1, ane 3 Ti€ BIIMIHHICTIO, IO 3MararThCsl HE KEPOBaHI MiJOTaAMH
0oiu, a MOBHICTIO aBTOHOMHI po0OTH. P0OOTH MOKIamarThCs HA CBIAYCHHS
CBOiX JIaTYUKIB 110 O Opi€HTYBaTHCS IO Tpaci, "3HaX0OUTH" TOBOPOTH, BUOHUPATH
MIBUAKICTH PYXY 1 HE CTUKATHCS 3 CYNEpPHUKAMHU.

TypHip BkIIOYae 3MaraHHs, B SIKMX MOXYTh OpaTh yd4acTh SIK HpOCTI
BY3bKOCIIPSIMOBAaHI KOHCTPYKIII, CTBOpEHI IOYaTKIiBLISMH, TaK 1 KOMIUICKCHI
poOOTOTEXHIUHI TPHCTPOi 31 CKJIAAHOIO IPOTPAaMHOI0 YaCTHHOW. PermameHtn
3MaraHb (OPMYIOTHCSI TaKMM YHHOM, IIOO OXONUTH SIKOMOTA INMPIINH CIIEKTP
XapaKTEPUCTHK 1 MOMXIIUBOCTEH POOOTOTEXHIYHUX KOHCTPYKIIIH.

IcHyIOTH pi3HOMaHITHI JaTYMKHU BifcTaHi. Taki SK ONTHYHI, yIBTPa3ByKOBI,
nazepHi Ta iHppadepBoHi. HaliOIbITy pO3MOBCIOIKEHICTh OTPUMAHA OCTaHHI TPH.
B cBoM0 yepry BoHM MOJIISIOTHCS HAa aHAOTOBI Ta HU(poBi. sl BAKOPUCTAHHS Y
3MaraHHax Oynu oOpaHi aHanorosi iH¢ppauepBoHi aaTyuku Bincrani SHARP-
GP2Y0AO2YKOF.

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

[pu tectyBaHHiI Oynm oTpMMaHi HemoCTOBipHi BincTaHi. [Ipu momanmbpmmomy
BUBYCHHI NMPUYUH HETPABIWIBFHUX BUMIpIB BifcTaHI Oyina BHUsBIIeHa nmpudnHa. Ha
pucyHKy | TmoOKa3aHa ocmwiIorpamMa HamnpyrW >KHMBJIGHHS JaT4MKa BiACTaHI
HiJKIIOYEHOT0 10 MIKpOKOHTpojepa Ta crabinizaropa Hampyrn 5B Ha mati
MIKpPOKOHTpOJIEpa.

3 pucyHky | BHAHO, IO KMBJIEHHS JaT4dKa BIJIICTaHI Mae€ KOJMBAHHS
Hanpyru ¢ vactotoro 0,97k[1y ta amrmritynoro nonan S00MB. Ilicns BUBUEHHS
NPUHIUIY il Ta €KCHepUMEHTIB OyJ0 BCTAHOBJICHO, MIO KONWBAaHHS BUKJIHKAE
JaTYUK M7 9ac 3aMipy BiAcTaHi. B cBoio 4epry 3MiHEHHS HAIPyTH >KUBJICHHS
Npu3BOANTH 10 MmymiB Ta moxuOku B ALl mikpokoHTponepa. Ane OinbIr
3allikaBMB 4Yac KOJHM KOJIMBaHHS BiACyTHi. Ha naHuii yac He BUSBHIM MPUYHHY
MPOMDKKY KOJHM KOJNMBaHHA BifcyTHI. Ha aBTOHOMHOMY poOOTi sKui Oyzme
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BUKOPUCTOBYBAaTH 1O 6 MJAaTYMKIB BiICTAaHI Hampyra >KUBICHHA Oylae MaTh
KOJIMBAHHSI 3 3MIHHOIO JaCTOTOIO Ta aMILTITYAOO.

Hantek RA[#] 1 VAR | w]

I L A N N N A

Pucynox 1 — OciunorpaMa Hanpyru )KHUBJICHHS AaT4MKa BiJCTaHi

AHaii3 OTPUMaHUX pEe3yJbTaTiB AOCHIKEHb H03BOJSE COHOPMYJIIOBATH
HaCTYITHI BUCHOBKH:

1. [ToTpiOHO nATYMKU >KUBUTH BiJ OKPEMOro cTadiizaTopa Hampyru 3
301TBIIICHUMH €MHOCTSIMH KOH/ICHCATOPIB.

2. BUKOpUCTOBYBAaTH  JDKEpENo ONOPHOI ~ HAampyru  Jyid ALTI
MIKpPOKOHTpOJIEpa..

3. [IpooBXUTH BUBYCHHS NMUTAaHb BUKOPHUCTAHHS PI3HUX AATYHKIB BiJCTaHi
JUTsE BUKOpUCTaHHS 1X B RoboRace.

VK 621.873

Kpucan 10.0. ", Mociitayk B.B.
! kanp. Texs. Hayk, mor. SHTY

2 cryn. rp. E-314m 3HTY

YAOCKOHAJIEHHA POBOTH EJIEKTPOIIPUBOAY
BEPTHUKAJIBHOI'O KOHBEMEPA

BeprukanbHi CcTpiuKoBi KOHBeepH (HOpii) € OCHOBHUMM MeXaHi3MaMH JUIs
HepeMillleHHs TPOAYKTY B Ipoleci HOro TEXHOJIOTIYHOI HepepoOKH, 10 BHCYBAE
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MeBHI BUMOTH 10 Oe3mepebiifHoCTi iX poOoTH, TeMIepaTypHOTO PEKIMY, a TaKOX
PEeXUMY acriparii.

OCHOBHMM BY3JIOM, III0 BHU3HAa4Ya€ HOPMaJIbHYy po0OOTy Hopii, € ii
€JICKTPOIIPUBO/I, MOJICJIIOBAHHS IIPOIECY POOOTH SKOTO B TOAAIBIIOMY J03BOJHUTH
JIOCITI/KYBATH 1 MOJIEPHI3yBaTH KOHBEEPHY YCTAHOBKY 3 METOIO ONTHMI3allii ii
po0oTH, 0COOIMBO B TMEpPEeXiIHUX peXuMax. Take IOCHIHKeHHS TMPEICTaBIISIE
3HAQYHUH IHTepec JJsi BUPIMICHHS NPAaKTUYHUX 3aBJaHb, OCKUIBKM paHille Taki
JOCHIJDKEHHSI HE TIPOBOJWIMCSA, a IPaKkTHYHI CHOCTEPEXKEHHS Ha pI3HUX
HiANPUEMCTBAX JAHOI Taily3i MOKa3ald HEOOIPYHTOBAHE 3aCTOCYBAHHS MOTYKHHX
JIBUTYHIB Ha HOPISIX, 110 €KOHOMIYHO HEJOLUILHO, @ TAKOXK HEJO0CTaTHBO IIHMPOKE
BUKODHCTaHHS aBTOMAaTUKM 1 aBTOMaru3auii, [0 MOTipuIye [OKa3HUKU
Oe3nepebiliHOCTI 1 Ge3aBapiiiHOCTI poOOTH.

3a KOHCTPYKINEI 1 TEXHIYHUMH XapaKTepPHCTHUKAMH HOpii ONU3BKI 10
KOHBE€EPIB, 3aCTOCOBYBAaHHM B TIpHHYOMY BHPOOHHIITBI, SIKi IIMPOKO BimOMi Ta
nmociimkeri. [Ipu gocmimkeHH] TepepoOHUX MiAMPUEMCTB BUSBICHO PSI MTPOOIeM
y (QYHKIOIOHYBaHHI HOpIH i, 30KpeMa, B POOOTI iX EIEKTPONPHUBOLY 1 CHCTEM
aBTOMATHKH. [1opsia 3 YMCTO MEXaHIYHUMHM HETIOJIaJKaM1 HEepi/iKi BUMAAKH POOOTH
HOpPIH 3 SIBHUM HEIOBAaHTAXXCHHSM, IOB'3aHOI a00 3 HEMOBHOTOIO 3aXOIUICHHS
TPaHCIIOPTYEMOTO MaTepiaily, abo 3 TPaHCIOPTYBaHHSIM JIEIKOBICHOTO (TOOTO
HPOJYKTY, 110 Ma€ Maiy IIUIBHICTB). Y LUX BHIAJKaX €HEPreTHYHUN MOKa3HHK
(n*cos @) NPUBOIHOIO ACHHXPOHHOTO NMBUTYHa Oyne icrotHo (iHomi o 1,5-2
pasiB) HWKYE, HIXK MPU HOPMAIBLHOMY PEXUMI POOOTH, 110 ICTOTHO BiIOMBAETHCSI
Ha EKOHOMIYHHUX ITOKa3HUKaX POOOTH HOPIM.

3 MeToro MiJBUIIEHHS HaIIHHOCTI poOOTH, 3 OJHOTO OOKY, 1 TiIBHIICHHS
€HEepreTUYHUX MOKa3HUKIB EIEKTPONPHUBOJLY - 3 1HIIOTO, NPUBOAHNI aCHHXPOHHHUN
JIBUTYH HOpIi MOBHHEH OyTH BUKOHAHWH 31 3MIHHOIO TMOTYXXHICTIO, 00 KOXKHIii
ICTOTHIM 3MIHM HaBaHTa)KCHHs BIJIOBilana CBOS TICBHA IOTY)XKHICTh JIBHTYHA.
[IpuponHO, M0 NpU 1IBOMY MOTYXKHICTH ABMI'YHA IIOBHHHA OyTH 3MiHHOIO a0o
cxiggacto, abo IUIaBHO PEryleMOI0, IO MPEACTABIIsIE COO0I0 TPEeIMET CepHO3HUX
CaMOCTIMHUX JIOCIIJKEHb.

VYockoHaneHHs: pPOOOTH BEPTHKAIBHUX KOHBEEPIB B TEXHOJOTTYHOMY
mporieci mepepoOKW 3epHa, MiABHINEHHS HAMIHHOCTI X (YHKIIOHYBaHHS 3a
PaxyHOK BHKOPHCTaHHSA HaHOUIbII e(pEeKTUBHUX METOJIIB JOCIIKEHHS 1 PO3POOKH
ORI TOYHUX METOJIB IX PO3PAXYHKY € aKTYaJIbHOIO MTPOOIEMOIO.

I[Ipu  gochipkeHHI  BEPTUKAJIBHUX  CTPIYKOBHX  KOHBEEPIB  MIOJO
BIIOCKOHAJICHHS €JIEKTPONPHBOLY HOPIl BHSBICHHH DAJ HEMOJIKIB 5K B camiit
KOHCTPYKLIi HOpiii Tak 1 B poOori ix enexrponpuBoxy. Hopis mae psn
KOHCTPYKTUBHHMX OCOOJIMBOCTEH B TOPIBHSHHI 3 IHIIUMM KOHBEEpaMH. 30Kpema,
TUIBKM Ha HOPISIX 3aCTOCOBYETHCS CTPIUKa, sIKa BOJIOJIE KIHLEBOIO JKOPCTKICTIO,
Ma€ TEHJICHIII0 JI0 pO3TATyBaHHSA 1 po3puBy. KpiM TOro, came BepTHKalIbHE
po3TalIyBaHHsI KOHBEEpPA HaJla€ OCOOJIMBICTh MEXAaHIYHOT YaCTHHM, TaK SIK B YHCII
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IHITMX CJIiJ 11Ie BpPaxOBYBATH 1 TOH (haKT, 10 BCsA MEeXaHIYHA cHcTeMa repedyBae B
MiJBIIICHOMY CTaHi, 10 HakiIaaae CBili BiMOMTOK Ha crenudiky ii poOoTH.
BupimieHHsIM THUTaHHS BIOCKOHAJICHHS EJIEKTPONPHUBOLY HOpiii € po3podka
ENIEKTPONIPUBOY Ha 0a3i peryinboBaHoro AJl, 3 MOMIIHUBICTIO MEPEKIIOUYCHHS
BIJIMOBITHO /IO KOHKPETHOMY HaBaHTa)keHI HOpii. Ile 0co0nmMBO e(peKTHBHO TpH
pi3KO 3MEHIIEHOMY HaBaHTaXKGHHI HOpid (70 2-3 pasziB), IO HEPIIKO
3yCTPIYAETHCS B TPAKTHIIL.

YK 621.313

Kpucan 10.0. %, Taiinaii A.1.%, Anrapsos A.C.°
! kanp. TexH. Hayk, nom. 3HTY

2 eryn. rp. E-326cn 3HTY

MOJEJIOBAHHA BEHTHJIBHO-IHAYKTOPHOI'O
EJIEKTPOIIPUBOJA JIETKUX TPAHCIHOPTHHUX 3ACOBIB

BertunsHO-iHAyKTOpHAN enekTponpuBon (BIII) HuHI € onmHiero 3 ramysei
Cy4JacHOI eJICKTPOMEXaHiKW, M0 HaiiOypxmuBime po3BuBaetbesa. Cdepu
3acrocyBanHsa BIII mmpoki i pi3HOMaHiTHI. BOHH MOXYyTh OyTH BHKOPHCTaHi B
CJICKTPOIIPUBOJAX KOMIIPECOPiB, HACOCIB, BEHTHJIATOPIB, IPAIbHUX MAIIHH,
KyXOHHMX KOMOaifHIB 1 enekrpoTpancnopry. He pauBisunch Ha BH3HAHHA
MPaKTUYHO BCiMa (axiBIsIMU TiepeBar i, O€3yMOBHO, ITO3UTHUBHHUI JOCBIA
MPaKTHYHOTO 3aCTOCYBaHHS IIbOTO MPHBOJY, MAacOBOTO IOLIMPEHHs BiH Ile He
HaOyB. [IprunHa 1pOTO MOJNIATAaE B TOMY, 110 NOTeHLiiHO Biactusi BIIT nepeBarn
peani3yloTbcsi TUIBKM IPU BIANOBIJHHUX alrOpUTMax KepyBaHHs. [Ipu Lpomy
cnemudika BIIl npumyckae BUKOPHCTAaHHS BIAMIHHUX BiJl TpPaAWIiHHUX IS
KJIACUYHHX CHUCTEM EJIEKTPOIIPUBOJY IHCTPYMEHTIB JIIs IX pO3POOKH.

OO0'exTHBHA CKJIATHICTH (PI3UYHUX TPOIIECIB, M0 BH3HAYAE€ POOOTY MPHUBOLY,
pobuTh aHaNiTHIHUH omuc podotu BIIT myke rpoMi3nkuM, a B AEIKHX BHTAIKAX 1
TaKAM IO BaKKO peayi3yBaTH. 3 IIi€i MPUYWHU TPAAHIIHHI METOIHW JOCIiIKEHb
€JICKTPOIIPUBO/IIB 3 BUKOPHCTaHHSIM CTPYKTYPHHUX CXE€M, IEPETBOPEHb KOOP/ANHAT,
BEKTOPHHUX Jiarpam i Tak nami juist BII1 BUABISAIOThCS Hee)EeKTHBHUMI.

JlocsiTHEHHsT 00YHCITIOBAIBHOI TEXHIKM OCTAHHIMH POKaMH PO3IIUPHIN POJIh
MaTeMaTUYHOTO MOJIETIOBAHHS MPH PO3POOI 1 JOCTIHKEHHI CKIQJHUX CHUCTEM.
Pasom 3i BCTaHOBIIEHHSIM KiTbKICHUX CHIBBiZHOIIEHb MK IapaMeTpaMy CHCTEMHU
KepyBaHH, 3'IBHJIACS MOIJIMBICTH BIITBOPEHHS Iporecy ii (QyHKIiIOHYBaHHA B
yaci 3 IMITali€l0 eJeMEeHTapHUX SBHII, CKJIAIOBUX IIPOLECY IOCTIMKECHHS, iX
JIOTIYHOT CTPYKTYypH 1 mociigoBHOCTI. [Ipu ckimamganni MmaTemaruaHoro onucy BITT
BPaxOBYIOTBCS TUIBKH JTOMIHYIOYi YWHHHKH, [0 BU3HAYAIOTH MTOBEJIIHKY CHCTEMH,
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1 OMyIIeHI OPYTOpsAAHI MOAPOOUII, SIKi TUTPKH IiIBUIIYIOTH MOPSIIOK MOIEIi, He
POOIITIH ICTOTHOTO BIUTMBY Ha JTOCTOBIPHICTH OTPHMAaHUX PE3yNbTaTiB.

MateMaTHYHHIIA ONMUC eIeKTPOMATHITHHUX 1 eIEKTPOMEXaHIYHUX IPOLECIB Y
BIIT MokHA TIPEICTaBUTH Yy BHIILAAI TPHOX IMIJICHCTEM PIBHSAHb — KOXKHA 3 SKHX
OTICYe€ TIOBEMiHKY ITeBHOI CKJIaoBoi yacTian BIIT:

- PIBHSHHSA iI€aJbHOTO BEHTHJIFHOTO KOMYTAaTOpa i CHCTEMH KepyBaHHS, IIIO
ONUCYIOTH IIEPETBOPEHHS IIOTOYHOIO KyTa IIOBOPOTY pOTOpa B JHCKPETHY
KOMyTaliiiHy ¢QyHKmito i QopMyBaHHS OJHONOJSPHUX IMIYJIBCHHX HAIIPYT,
NPUKIAACHUX 10 (pa3HUX 0OMOTOK;

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

- pIBHSHHS pIBHOBarM MOMCHTIB HAa Bally JBHTYHA, CTPYKTypa DPiBHSHHS
BU3HAYAETHCS TUIIOM MOMEHTY HaBaHTAXKCHHSI.

Crpykrypa piBHAHB BIIl i KiTBKICTP 3MIHHHX 3aJIC)KUTh Big BHOpaHOT
CHCTEMH KOOPAMHAT, B SIKiil 3M1HCHIOETHCS 3aIMC PIBHAHD. Y 3arallbHOMY BHIIAAKY
JiHIHE TEepPEeTBOPEHHS KOOPAWHAT HE NO3BOJISIE 3MEHIINTH YUCJIO HE3aJEeKHUX
3MIHHHX 1 9HCJIO 30BHIIIHIX Oiif. Y Bamo BHOpaHiil HOBIH cHCTeMi KOOpAHMHAT
MOXHA 3MIHHUTH CTPYKTYpy IIOYaTKOBUX pIBHSHb 1 YCYHYTH MepiOJUYHY
3aJIeXKHICTh KOe(illieHTIB pIBHAHB Bl KyTa IOBOpOTy potopa. IlouaTkosi
piBasinast BIIT 3amucyroTbesi B NMpUpoAHiM cHCTeMi KOOpIMHAT, MOB'sI3aHIN 13
cTpymamMu B peanbHuXx oOMorkax BIII. EnmexTpomarHiTHi i eneKTpoMexaHidHi
npouecu y BIIl omucyrorbes HenmiHiiiHUMEH AueEpeHUIHHUME  PIBHSIHHIMH,
YHCeJIbHE BUPIMICHHS SKUX MOXJIMBO IPH KOHKPETHHUX MapaMmeTpax JBUTyHa. Jlys
OIIHKH BIUIMBY MapaMeTpiB Ha XapakTep NPOTIKaHHS MPOIECIB B MEPEXiTHUX i
CTaTUX peXuMax POOOTH MBUTYHA AOIUIEHO BUKOPUCTOBYBATH BiAHOCHI OJUHHMIIL
JUISL 3aIIUCy TIapaMeTpiB.

PiBasiHHS piBHOBarm Hampyr Ta EPC 1BuryHa B TpUpOAHIH cHcTeMi
KOOPJWHAT 3aITUCYEThCSA B MaTpHuHiil popmi 3a npyrum 3akoHOM Kipxroda

dy
U, =—=+RI
e dt e’ e, (1)

ne U, — marpuus Hanpyr; W, — Matpuis notokosueruieHns; |, — marpuis
ctpymiB; R, — matpuus onopis ¢a3z. Marpuui U, , ¥, , |, — cToBmuesi, npuaomy
KIJIBKICTh €JIEMEHTIB SIKUX BH3HAYAE€THCS YHCIOM (a3 0OMOTKH craTopa. MaTtpurist
omopiB R, € aiaroHaNbHOIO, YNCEIbHI 3HAYCHHS K01 PiBHI MiXK c00010.

IIpu BuOOpi cxXeMH BEHTWJIBHOTO KOMyTaTropa IIparHyTh MiHIMi3yBaTu
KIJIbKICTh CHJIOBMX TPAH3MCTOPIB, IO JIO3BOJISIE 3MEHIIUTH YHCIO (OPMOBAHHUX
Kepyrouux curHaiiB. HaiOumemr mouineHi abo Tpudasni, abo uvoruproxdasHi
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cxeMu OOMOTOK. baratodasHi ABHTYHH 3aCTOCOBYIOTBCS PIKO 1 JHIIE B THX
BUTIA/IKaX, KOJHM BUKOPHUCTAHHA MIPUHIUIY 0araToa3zHOCTi IPUHOCUTH Oe3mepedHi
TepeBary py peajizalii KOHKPEeTHIX TeXHIYHUX BAMOT. Bubip mixk TpudaszHoio i
4oTUPHOX(a3HOI MAIIMHOK HEOJHO3HaYHWHA. Y dYotupboxdazHomy BIIT e
MOJJIMBICTh peami3amii TpPhOX PEKHUMIB pPOOOTH BEHTWIBHOTO KOMYTaTOpa:
MMOOIMHOKOI, TApHOi 1 KOMOiHOBaHOI KoMyTatii ¢a3. Kpim Toro, ¢popma posnozimy
MOMEHTY MO KyTy IIOBOPOTY y 4YOTHpPH(A3HOMY IBHI'YHI BOJIOJIE€ MEHIIMMH
MyJbCalliIMA MOMEHTY.

Otpumani audepenuiiini piBHsHHs BII1 B npupoaniii cucremi KoopIuHAaT,
NOB’s3aHOI 3 pealbHUMU OOMOTKaMH [JBHUIyHa. PiBHSHHS € HeNiHIHHUMHU.
HeniniliHicts  icHye y Bumiagl  ao0yTKy — iHTerpoBaHuX — (QyHKUiH 1
TPUTOHOMETPUYHHX 3aJIe)KHOCTEH MapaMeTpiB BiJ KyTa I[IOBOPOTY. PimieHHs
MOXIIMBO YHCCIBHMMH METOJaMH TIpM BIJIOMHX MapamMeTpax 1 3aJaHux
MOYaTKOBUX yMOBax B IporpaMHoMy maketi MATLAB.

YK 621.83.3.067-621.83.3.014
Kpucan 10.0. *, Mapkin €.€.2

! kanp. TexH. Hayk, nom. 3HTY
2 ctya. rp. E-314m 3HTY

CHUCTEMA B3AEMOIIOB’SA3AHOI'O PETI'YJIIOBAHHS KOOPAUHAT
MNOTYXHUX IYTOBUX IEYEN

CyuacHe eNIeKTpOCTAJICIJIaBICHHs Ha MIiHI-3aBOJaX 1 3aBOJax 3 IMOBHUM
METaIypriiHUM IIMKIOM 0a3yeThCsl HAa 3aCTOCYBaHHI MOTYKHUX IYTOBHX Ieueil 3
peaizali€elo TEXHOJIOTIT TUIABJIEHHsT METally BUILOTO PIBHS, IO CYIPOBOKYETHCS
3pOCTaHHSIM TEXHOJOTIYHOI €MHOCTI Tedeil 3a ‘“IpugaTHUM”, IIUPOKHUM
BUKOPHCTAHHIM aJbTEPHATUBHUX EHEPrOpPECypCiB, 3aCTOCYBAaHHAM IIOTY)KHHX
CIEKTPOTEXHIYHUX 1 EHEProTeXHONOTIYHNX KOMIUIeKciB. HeoOXigHicTh Yy
MPOBEICHH] 1 TMOAANBIIOMY PO3BHTKY HAayKOBHX, JOCITIJHO-KOHCTPYKTOPCHKHX 1
MPOMUCIIOBO-€KCIIEPUMEHTAIBHUX POOIT B Traiy3i MiJBHIIEHHS CTPYKTYpHO-
€KOHOMIYHOi e()eKTHBHOCTI €HEeproOCHAIIEHOCTI i aBTOMATH3alii TEXHOJIOTTYHUX
MPOLIECIB €NEKTPOCTANIEIIABIICHHS II0JIra€ B HEAOCTATHHOMY JTOPUTMIYHOMY
3a0e3meueHHi po3po0OK MaTeMaTHYHUX MOJeNed 1 CcHCcTeM JAWHAMIYHOTO
(hYHKIIOHYBAaHHS  €JEKTPOTEXHOJIOTIYHUX KOMIUIEKCIB JAYTOBHX TI€4eH y
peabHOMY MacmTabi dYacy Ha OCHOBI CydYacHUX JOCATHEHb B Taiysi
00YHCITIOBAIFHOI MaTeMaTHKH 1 kepylounx EOM.

KoHcTpykmis medelt 1 iX eNEeKTPOTeXHIYHMX 1 EeHEeproTeXHOJIOTIYHHX
KOMIUIEKCIB YZIOCKOHATIOIOTHCS B HANPSMKYy 3a0e3MeueHHs TEXHOJOTi] BHIIOTO
piBHSL.
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EnexTpoTeXHONOTIYHMA MiYHWIA arperaTt oOONAITOBYETHCS KOMILIEKCAMU
perynpoBaHO{ IMojmavi MPUPOTHOTO Ta3y, KHCHIO, BYTUIBHOTO IOPOINKY W 1HIIMX
ANbTEPHATHBHUX €HEPronoTokiB. OCHOBHI HAmNpSMKH JOCTIKCHD 3 ITiJBUIICHHS
e(eKTHBHOCTI CHEPTOKOMIUIEKCY IYTOBHUX TI€YeH MICTATh y OO0l IIiIBHICHHS
iHAyKTHBHOCTI 3 Ooky BH miwHOTO TpaHChOpMaropa, MmO 3HIKYE CTPyM
eKCIUIYTaLifTHOr0 KOPOTKOTO 3aMUKaHHS Ta J03BOJISE EKCILTYTallil0 KOMIUIEKCY Ha
cryneHsx Ounbinoi Hanpyru HH 31 3HM)KEHMM CTpyMOM €JEKTPOJHOI CHCTEMH,
CTa0UIbHUM €JIEKTPUYHUM PEXUMOM IIPH BUCOKOMY KOE(IIIEHTI NOTYKHOCTI.

OCHOBHUM HANpPsIMKOM JIOCTI/DKCHb B Tajy3i ONTHMI3alii MPOIECiB
KEPYBaHHS €JIEKTPUYHUMH 1 €HEPrOTEXHOJIOTIYHIUMHU PEXKHMaMHU JYyrOBUX Iedel
JUIA  eJICKTPOMETAyPTriiHUX MiHI-3aBOMIB 1 3aBOJIB 3 MOBHHM METAIypriiHUM
IUKJIOM € HanpsIMOK 3acTOCYBaHHS METOJIB IHTEJEKTyalbHOrO KepyBaHHS,
ITOPUTMIB €KCTPEMAIILHOTO M aJalTHBHOTO PETYIIOBAHHS, @ TAKOX KEPYBaHHS Ha
OCHOBI aJITOPUTMIB IITYYHOTO iHTENEKTY (ETCKTPOHHUX HEHPOHHUX MEPEK).

CuHTE3 cCHCTEM aBTOMAaTH3allii KOHTPOMIO 1 KepyBaHHS KOOPIHHAT
CJICKTPOTEXHOJIOTIYHUMH TpOLEcaMy B 0araTOeJIEKTPOJHMX JYTOBHX IIedax
MOB'3aHAN 3 BUPIMICHHAM 3aqad PO3pOOKH MPOrpaMHO—TEXHIYHUX 3aco0iB, IO
peari3yroTh ANTOPUTMHU imeHTUdiKarmii JUHAMITHIX mapameTpiB
CJIEKTPOTEXHIYHOT0 Ta EHEPrOTEXHOJOTIYHOTO KOMIUICKCIB 1 TEXHOJOTIYHUX
MpOIECiB  IUIABJICHHS MeETaly, ClIabKo- 1 HECHOCTepiraeMuXx B  30HAX
0e3rmocepeIHLOro  KOHTPOJIIO, 30H CTPYMOIIPOBIIHOTO —CEpEeNOBUINA BaHHHU,
ra3ofIMHaMiuHOrO  TPakTy,  (I3MKO—XIMIYHMUX  MpPOLECIB  OKHCIIIOBAaHHS,
padiHyBaHHS I PO3KUCIICHHS PO3ILIABY BAaHHH.

JuHamika HecTamioHapHOI CHCTEMH Yy BEKTOPHO—MaTpuuHiii Qopwmi
OITHCYETHCS CHCTEMOIO

—dMn(t) = [F(t)Wn(t)-i— [Qi (t)]Ec(t)+ [(ppy(t)p(t); t=2t, (1)

dt

M(t) F

_ . I FC(t) _ 6
ae BEKTOp CTaHy CHCTeMH po3Mmipy nxl; BEKTOp 30ypeHHs

poamipy pxl; ut). BEKTOp KepyBauHs po3mipy rxl; [F(t)] - marpuns posmipy nxn;
[Qi(t)] - maTpuisa po3mipy nxp; [PV (t)] - MaTpuiist 0OMexeHb po3Mipy nxtr.

OCHOBHOIO HOPMATHBHOIO BUMOTOIO JJIsl CHCTEMH PETyJIFOBaHHS IMOTY>KHOCTI
€ BUMOTa MIHIMaJIBHOTO 4acy pearyBaHHs Ha 3MiHY Mapamerpa peryJoBaHHS
(6bm3pko 0,3c) i3 3agaHOI0 30HOI0 HEYYTIMBOCTI 1 HOPMAaTUBHOIO Yacy
MepeMillleHHsT  eJIEKTPOJiB Ha 3aJaHy BeIMYMHY INPH eKCIUTyaTaliiHOMY
KOPOTKOMY 3aMHKaHHI W o0OpuBi ayru. OCHOBHOIO 3a3jadelo € po3poOka
ITOPUTMIYHOI CTPYKTYPH CHUCTEMH PETYNIOBAaHHS KOOpPHMHAT EJIEKTPOKOMILIEKCa
JyroBOI1 Tedi, ONITUMAINIbHOI B CE€HC1 eHepro3depekeHHsT Ha 6a3i KepoBaHOI i TaKoi,
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IO  CIIOCTEpIraeThCs  0araTo3B’sS3KOBOI  €NEKTPOMEXaHIYHOI  CHUCTEMH 3
MIKPOKOMIT'IOTEPHOI0 CEHCOPHOIO TIJICHCTEMOIO pETYIIOBaHHS EJIeKTPUIHOI
HOTY)KHOCTI 3a KaHaJaMH aBTOMAaTHYHOIO PETYNIOBaHHS HANpyru 1 CTPyMy
MiYHOTO TpaHCOopMaTopa.

YK 681.521

Kpucan 10.0. L Hepxau B.J.°
! kaHz. TexH. Hayk, non. 3HTY
2 ctya. rp. E-314m 3HTY

CUCTEMA BEKTOPHOI'O KEPYBAHHSA ACUHXPOHHHUM
EJEKTPOIIPUBOAOM

Po3BUTOK CHJIOBOi €JEKTPOHIKM 1 OOYMCIIOBAaJbHOI TEXHIKM B OCTaHHI
JECATHIITTS TIPU3BEJIO A0 MEPeriisily OCHOB 0arathox 00JjacTell TEeXHIKH, B TOMY
YHCIIi 1 aBTOMATH30BAHOTO E€JIEKTPONPUBO/Y, ICTOTHY POJIb B SIKOMY MOYaB IpaTh
ACHMHXpOHHUI KopoTko3aMkHeHHH nBuUTYyH (AJl). lle mosCHIOETBCS iCHYIOUMMH
MOXIIMBOCTSIMH CHJIOBHX €JEKTPOHHHUX PEryJSTOPiB, IO JO03BOJSIOTH NPAKTHIHO
Oe3iHepIiifHO 1 3 OOCTaTHROIO U MPAKTUIHHAX MUIeH TOYHICTIO (OpMYyBaTH
CTPYMH Ta Hanpyru ctaropa AJl, a TakoX MIKpOIPOLIECOPHUX CHCTEM KEepyBaHHS,
0 peali3yloTh Oynb-siki HeoOXimHi amroputmu. CydacHHH acCHHXPOHHHMA
eJIEKTPONPUBO.I Oy IyEThCSI BUKIFOUHO Ha OCHOBI Pi3HUX BEKTOPHHUX Momenei AJl,
IO JIO3BOJISIE OTPUMYBATH CTATHYHI 1 JUHAMIYHI XapakTePUCTHKH, MOPIBHSHI 3
cHCTeMaMH IIPUBOJA TIOCTIHHOTO CTPYMY.

Cucremu aBromarnynoro kepyBanHs (CAK) enekrponpuBoiB 3 BEKTOPHUM
KEepPYBaHHIM PEaji3yl0Th OOYMCITIOBAILHI aJrOPUTMH B CHCTEMi KOOPIHHAT, SKa
OPIEHTYETBCSI 110 KOHKPETHOMY BEKTOpY MOTOKO3YeIUIeHHsI (cTaTopa, poropa abo
OCHOBHOTO IIOTOKY) MAaIlIMHHU. 3a3BH4Yail BHUKOPUCTOBYIOTH CTPYKTYpH 3
MIATPAMKOIO CTaJOCTI ITOTOKO3YEIUICHHS poTopa. BoHW HaWOULTBIN mMpOCTi B
peaiizarii i MaloTh HaHKpaIli XapaKTePHCTUKH.

CAK enexTponpuBoiB 3 BEKTOPHUM KEPYBAaHHAM (POPMYE KEPYIOUHUil BIIMB
y BHUIIISAI CUTHAJLY HaNpyru cratopa (KepyBaHHS IO Harpysi) abo cTpymy craTopa
(xepyBaHHs 3a cTpyMOM). YacTOTHO-CTpyMOBE BEKTOPDHE KEpYBaHHS J03BOJISIE
orpumMaty OitemI pocty cTpykTypy CAK i nmoB's3aHe 3 BUKOPHUCTaHHAM iHBEPTOpa
MepeTBOpIOBaYa YacTOTH B PEXKUMI JpKepela ctpyMy. He3Baxaioun Ha 1e, 3arajibHi
MUTAaHHS aHaJi3y eJIeKTPOMAarHiTHUX 1 eJleKTpoMexaHiuHuX mporecis B Al mpu
KUBJICHHI HOTO Bifl [PKepesia CTpyMy HEIOCTaTHbO BHCBITJICHI B JIiTEpaTypi.

IIpn anamizi poOOTH KOHKPETHOTO TMPHUCTPOI0 BHKOPHUCTOBYIOTH HOTO
MaTeMaTHYHy Mojenb. B  jmaHmii wac 3'SBIWUIMCS TaKeTH IMITamiiHOTO
MOJICTIIOBAHHSI, SIKI JO3BOJISIOTH HAHOLIBII IMOBHO 1 3pYYHO IPOBOAMTH JaHi
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JOCTIKeHHS. 30KpeMa OIHI€I0 3 HaHOINbII 3pyYHHX CYYaCHHX KOMII'FOTEPHHX
cucteM € MATLAB i ioro maker Bi3yaJIbHOTO IMITAaIliifHOTO MOIETIOBaHHS
Simulink. OgHak, arami3 podotn AJl B JaHUX MakeTax 3yCTpidae MEBHI TPYTHOII],
MOB'SI3aHI 3 HEMOXKJIHUBICTIO (yHKIioHyBaHHS AJ] Ha HECTIHKHMX AIITHKaX HOTO
MeXaHI9HOI XapakTepucTUKH. [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 METOAMKHA HAaCTPOWKHU
peryisTopa MIBUAKOCTI, SKMH B cily crienudiky 00'ekTa KepyBaHHSI HE MOXe OyTH
peai3oBaHUil CTAHAAPTHUMHU METOaMHU.

Pobora cucreM BEKTOPHOTO KepyBaHHS HEMOXJIMBa 0Oe3 iHpopmauii mpo
MPOCTOPOBE  TIOJIOXKEHHS  BEKTOpPAa  IMOTOKO3YeIUICHHA.  OCKIIbKH — IpsMe
BUMIPIOBaHHS TIOTOKO3YEIUICHHS B MAIllMHI HEMOCTYITHO, a HOro peai3amis B
MacoBOMY TIPHBOJiI CKOHOMIYHO HEBHUTigHA, TO 3a3BHYaili Ha IPaKTHII
BUKOPUCTOBYIOTH ~ CIIOCTEpiradi Mar"iTHoro mOToKy AJl, sKi TOBUHHI
3a0e3meuyBaTi aCUMITOTHYHY OWIHKY Iiiei 3miHHOI. Cnig 3a3HA4YWTH, IO
JIOCTOBIPHICTE pOOOTH TAaKHX CIIOCTEPIradiB 3aJ€KHUTh BiJ TOYHOCTI BU3HAUCHHS
napaMeTpiB aCHHXPOHHOTO JBUTYHA. BHACIIZOK HArPiBAaHHS MAIIWHU 3MIHIOIOTHCS
aKTHBHI ONOpPHM cTaropa 1 poTopa, LIO NPHU3BOAUTH N0 BHUHHUKHEHHS I[TOMMUIIOK
OLIIHIOBaHHS MarHiTHOTO MOTOKY, a Iie, B CBOIO YepTy, MO3HAYAETHCS Ha 3HMKEHHI
eHepreTn4Hoi eeKTUBHOCTI MPOIECY MEPETBOPEHHS €HEeprii i MOXKe NMPUBOJUTH
HaBiTh JI0 BTPAaTH CTIHKOCTI.

OcraHHIM 4YacoM aKTHBHO pO3BHMBAETHCS TEOpis INTYYHHX HEHPOHHHMX
MEpexX, sKi, 3aBASKN BIACTUBUM iX YHIBEpPCAIFHHM BIIACTHBOCTSIM AlpPOKCHUMAIIil,
aJanTUBHOCTI 1 3[aTHOCTI 10 HABYAHHS, JO3BOJILIIOTH HE TIIBKU CTIHKO TPAIfOBATH
B YMOBaxX 3MiHH NapaMeTpiB MAIIWHM, ajleé TaKOX 3HAYHO IMiJABHUIINTH MIBUIKICTH
BUKOHYBaHMX OOYHCIIEHb 3a PaxyHOK 3[aTHOCTI HEWpoMepex [0 mHapajelbHOl
00pOOKH CHUTHAIIB.

Y 3BS3KY 3 IMM CTaHOBHTh IHTEpeC JOCIHiKEHHS e(eKTHBHOCTI
BUKOPHUCTAHHSI IITYYHUX HEHPOHHUX MEPEX Uil BUPIIUICHHS OJHOTO 3 OCHOBHHX
3aBIaHb NpH peajizalii BEKTOPHOTO KEpyBaHHSA - OTpUMaHHA iHpopmamii mpo
BEKTOp TOTOKO34erieHHsA. [loOymoBa crmocrepiraya MarHiTHOTO TIOTOKY B
HEHpoMepeKeBOMY JIOTiyHOMY 0a3mci mepeadadae CHHTE3 i ONTHMi3amifo Horo
CTPYKTypH: BUOip Ynca MmapiB, KUIBKOCTI HEHPOHiB, (HYHKIIIH aKTHUBAIIi] 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?, Jly6uupknit C.I".2
! kamn. Texm. Hayk, gor. 3HTY

2 crapm. Bukn. 3HTY

® cryn. rp. E3-314m 3HTY

YACTOTHO-PET'YJIbOBAHUM EJIEKTPOIIPUBO/I
BAHTAKOMNIJIMOMHUX KPAHIB

BanTtaxomigiioMHi  KpaHM €  MacoBUMH  3arajJbHONPOMHCIOBHMH
MeXaHi3MaMH, BOHH 3aCTOCOBYIOTHCSI MPAKTUYHO Y BCIX Taly3sX IPOMHCIOBOCTI,
TpaHcropty 1 OyniBHuUTBa. Bin 6e3mepebiiiHOi poOOTH MiAHOMHO-TPaHCIIOPTHUX
MaIlMH 3aJIeKUTh Tpale3aTHICTh LiJ0To MiANPUEMCTBA.

JocnikeHHst 0COOMMBOCTEl BUKOPUCTAHHS IEPETBOPIOBAYiB YacTOTH B
EJIEKTPOIIPUBOJIAX MEXaHI3MIB MiAHOMY 1 TepecyBaHHsS KpaHa Ta BHSBICHHS
palioHaIbHUX CHJIOBUX CXEM eJEeKTPONPUBOAA B 3aJEXKHOCTI BiA THIY
NpUBOAHOTO JBUTyHA. [lepeBaxkHa OUIBIIICTH MEXaHI3MIB KpaHiB O0JiaJHaHA
CJICKTPUYHUM IIpuBOJOM. ToMy BiX HamiffHOCTI pPoOOTH ENeKTPOyCTaTKyBaHHS
3aJIeKUTh HAJIHICTE poO0TH MamuHe B 1utoMy. Clif 3a3HAYUTH, IO OiIBIIICTH
MPOCTOIB BaHTAXXOTITHOMHIX MaIliH BUKJIMKAaHAa  HECIPABHOCTSIMHU
CJICKTPOYCTaTKyBaHHS.

B naHumii yac eseKTpONpPHBOJ MACOBHX BITUYM3HSIHMX KpaHiB 0a3yeThcs Ha
BITHOCHO  KOHCEPBATMBHUX  TEXHIYHUX  pimeHHsx. YacTto  HEOoOXimHi
eKCILTyaTaliifHi XapaKTePUCTHKH IPHHOCATHCS B )KEPTBY IMPOCTOTI 1 HAAIHHOCTI.

YacToTHO-pEryJibOBaHUH €JIEKTPOIPHUBOJ 32 OCTAHHE JIECATHIITTS OTPHUMaB
NepeBaKHE 3aCTOCYBAHHSI, SIK MPU PO3pOOILI MPOEKTIB HOBHX BaHTAaXKOIIAHOMHHX
KpaHiB, Tak 1 Npu MojepHizauii icHyrouux. BrpoBa/pkeHHs mepeTBOproBaviB
gyactotu (ITY) mo3Bonuio oTpuMaTi Oyab-sKUi MOTPiIOHMIT Il MEXaHi3MiB KpaHiB
Jiara3oH peryJIoBaHHS IMIBHJKOCTI, SK B JBUTYHEBOMY, TaK i B TaJbMiBHOMY
pexxuMax poOoTH, MO paHille J0CSTajJocs JIMIE B pas3i  3acTOCYBaHHSA
CJICKTPOIIPUBOJY TOCTIHHOTO cTpyMmy. IligBWmmmiacs 3py4HICTb KepyBaHHS
KpaHOM, ICTOTHO 30UIBIIMBCS pecypc MeEXaHIYHMX mepenad, TaibM 1
METAIOKOHCTPYKIIH 4Yepe3 3HMKEHHsS JAWHAMIYHMX HaBaHTA)XEHb NPHU ITycKax 1
rajJbMyBaHHIX MEXaHI3MiB.

3a MuHYJ poKH B YKpaiHi CTBOpEHi COTHI Mpane3faTHUX KPaHiB, MEeXaHi3M1
SIKUX obnagHaHi 4aCTOTHO-PETyJIbOBAaHUM €JIEKTPOIIPUBOAOM. TIpote
MPOEKTYBaHHS MPH IIbOMY MPOBOJMIIOCS YacTO iHTYiTHBHO, 0€3 aHami3y peKUMiB
poboTH MexaHi3MIB KpaHy, a TakoX Oe3 oOrpyHTyBaHHA BHOOpPY OCHOBHHX
KOMITOHEHTIB  €JICKTPOIPHBO/Y: EJIEKTPOJBHUIYHA, IIEPETBOPIOBAaYa 4acTOTH,
MIPUCTPOIB PO3CisTHHA abo0 peKymepartii eHeprii.
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I[Ipu po3pobmi HOBHX 1 MoAepHi3amii iCHYIOUMX KpaHIB HEOOXiTHO
OJTHO3HAYHO 3aCTOCYBaTH YaCTOTHO-PETYIbOBAHUH EIEKTPOIPHUBOJL HE3ATIEKHO BiJl
HEOOXiHOTO Miara3oHy PETyJIOBaHHSI, pekKHMy poOOTH, YMOB eKcIuryartarii. B
IIFOMY BHITAJKy Ha BCiX MEXaHI3MaX 3aCTOCOBYIOTHCS CIEIiabHi eJIeKTPOIBUTYHH
3 BOyJOBaHMMH JAaTYMKaMU IMIBUAKOCTI, BOYIOBaHNMHM TaJbMaMH, IPUMYCOBOIO
BEHTHWJIAIIEI0 1 TPUCTPOSAMHU OOIrpiBy. Y OaraToIBHUTyHEBOMY €JIEKTPOIPHUBOJII
3aCTOCOBYIOThCS 1HMBIyalbHI MEPETBOPIOBaYi Il KO)KHOTO €JIEKTPOJBUryHa. B
0araThOX BHIIAJIKaX 3aCTOCOBYIOTHCS IPHUCTPOI pekymnepalii eneprii. Takui miaxin
JI03BOJISIE BUPOOWTH OJHE THIOBE pillleHHA 1 Oarato pa3iB THpaXXyBaTH HOTO
(3MIHIOIOYH JIMIIE TOTYXKHICTh €IEKTPOJBUTYHIB 1 epeTBoproBayiB). | sKmo st
IHTCHCUBHO TIPAIIOIOYMX 1 CICHiadbHUX KpaHiB, HANPHUKIAZ B METAIyprii 1e
BUIIPABJIAHO, TO JUIsl KPaHIB 3arajlbHOTO MPHU3HAYEHHS 1 PIIKO BUKOPHCTOBYBAaHHX
NPUBOANTH 10 HEBHIIPABIAHOTO 30UIBIICHHS BAapTOCTI 3aKIaACHUX B IPOEKT
MOJKJIMBOCTEN.

JAnsg  TiOBUIIEHHA  TEXHIYHMX 1  CKCIDIyaTallifHUX  XapaKTePUCTHK
SJICKTPOIIPUBOY KpaHa i3 3actocyBaHHAIM 1Y HeoOXigHO:

- MIBUIIUTH MBHIKOAI0 3axucty [1Y mpu aBapisx, sKi MOXYTh IPU3BECTH
0O BTPaTH MOMEHTY, HaIlpuKiIaa, mpu oOpuBi (asm Ha Buxomi [TY abo mpm
3HAYHUX MPOBAJIaX HANPYTH;

- YTOYHHUTH METOJHMKY BHOOpY €JIEKTPOJBHI'YHIB CTOCOBHO OCOOJHMBOCTEH
YaCTOTHO-PETYJIbOBAHOTO EJIEKTPONPHUBOLY. 3 OJHOTO OOKY, ICTOTHO 3HMIKYIOTHCS
MYCKOBI BTpaTH, 3 IHIIOTO OOKy, 301JBLIYIOTHCS BTPATH BijJi HECHHYCOINAIbHOT
(dbopmHu cTpyMy, a TAKOXK 3'SIBISIFOTHCS AULTHKH LUKITY, JI€ €JIEKTPOIPUBO/L IIPALIOE
B PEXXUMI €JIEKTPUYHOTO rajlbMyBaHHS.

- 3 ypaxyBaHHSAM HHU3BKOi IEpEBaHTa)XyBaJIbHOI 3JaTHOCTI CHJIOBHX
HAITiBIIPOBITHUKOBHUX TPHIAIIB TOTYXHICTh MPHUCTPOIB peKymepalii BHOUpaeThes
BUXOJSUYM 3 TIKOBOI TMOTYKHOCTI TalbMYyBaHHS B IE€PEXiJHOMY IPOIECi.
[lepeximHuii mporec raipMyBaHHS 3aliMae€ B IUKII POOOTH MEXaHI3MY IiTHOMY
BEJIbMH HEBEJIMKUH Yac, 3HAYHO MEHIIHH, HK Yac OIyCKaHHS BaHTaXy i3 CTAJIOI0
mBuAKicTio. ToMy OibLIiCTh Yacy MPUCTPiil pekyneparii, BUOpaHuii 3a MiKOBOO
MOTYXKHICTIO, Oy/le HETJOBaHTAXKEHHI 32 CTPYMOM.

€ IOUIFHUM MaTH Y CKJIaJIi €IeKTPONPHUBOIY 3 PEKYyIEpaIielo eHeprii TaKoXK
TaJIEMiBHUH PE3HCTOP, SIKMA BUKOPUCTOBYETHCS [UIA «3pi3aHHS MIKIB CTPyMY IPH
ranmpMyBaHHI.  OCKUIBKM ~ PE3UCTOp  JIONyCKae  iCTOTHE  KOPOTKOYacHE
MEpEeBaHTAKECHHSA, IHOTr0 TOTYXHICTh 1 TrabapuTh MOXyTh OyTH HEBEJHKI.
[oTyXHICTh PUCTPOIO peKyIepalii Npu IbOMY MOXKE BHOMpAaTHUCS BHXOASYH i3
CTaJIOTO PEXHUMY.
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V]IK 62-83

Tees C.I'. %, Ps6inin A.A. °
! crapm. Bukn. 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
BUKOHABYI OpraHu (eNeKTpOABHUTYHH-MaxoBUKA — EJIM Ha 0a3i CHHXpOHHHX
JIBUTYHIB, a00 cuioBi ripockonu). Ilpu Buxoni 3 nagy Oyns-skoro EJIM cucrema
MOBMHHA aBTOMAaTHYHO IepeOynoByBaTUCs 1 30epiratu mnpane3aatHicts. B poboti
po3rIIsHYTO B3aeMHe po3tamtyBans EJIM o cxemi dipmu General Electric [1].

Just nanoi cxemu EJIM mae Mmicue piBHICTh

Ml Ml
M, 1 -11 -1
|\/|—11111M2—A3 M (1)
VB M T M, |
M, */5—1—111 3 3

M, M,

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

[Ipu piBHOIIHHMX KaHANaX YIPaBIIHHSA Ha TPUKIANl pIiBHIHHI pyxy KA
HaBKOJIO BiCi X

3, 9=M_+1 , )

ne Jy — MomenT inepuii KA; My — xepyrounii moment; 3, _ Kyt Binxuienus KA B

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

[pencraBumo M, u Jy IK CyMH HOMiHANIBHUX 3HAYCHb 1 JCSKUX BiJXWICHB
B HUX

‘Jx:‘]xo—}_‘]xél M :Mx0+Mx6’

‘]o'gzMxo"'fx’ ®)
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pi(S] fX — CyMapHa HEBU3HAYEHICTh y CHCTEMI.

Crocrepirad HeBH3HAYCHOCTI MA€ BHTIISL

fo=LLf, — (1, 9= M,)]. @)

B Takomy BHUNaaKy Kepyr4uii MOMEHT IIO BiCi X JOPiBHIOE
M, =k 3+k,(9-3p) - f,. ®)

TakuM 4YHMHOM, OIIHKA Ta KOMIICHCAIlis HEBU3HAYECHOCTI f)< MIPOBOAUTHCS

HE3aJIS)KHO BiJl TOTO, SKUMH IIPHYHHAMH 0YJI0 BUKIUKAHO 11 HOSBY.

AHai3 pe3yJbTaTiB MOJENIOBaHHs (PUCYHOK 1) mokasye, IO po3poOJeHHH
AIITOPUTM aBTOMAaTHYHO 3abe3meuye mpanesnatHicte KA mnpu Buxonmi 3 yany
onHoro (Oyae-sikoro) 3 nBuryHiB 6:10ky EJIM (B nanomy Bunagky EJIM Ned).

[ LI

MOMeHTH ABHTYHIB 0moka EJIM; 6 — momernT KA 1o Bicsm X, ¥, Z, .
Pucynok 1 — PesynbTaTt MO€IOBaHHS.

TakuM YHMHOM, 3alpPONOHOBAaHMN aJTrOPUTM POOUTH CHUCTEMY YIIPaBIiHHSI
po6aCTHOIO 1O BiHOLIEHHIO 10 BUXOAY 3 Jiaay Oynb-sxoro 3 EJIM. Komnencamis
3IIMCHIOETBCS HE 3a JONOMOTOI0 OyAb-SIKOTO CHEUiIbHOTO alrOpUTMY, a 3a
JIOTIOMOTOI0 IITATHOTO AJITOPUTMY ympaBitiHHI KA

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
Heer C.I'. OnTuManbeHOE poOaCTHOE YIIPaBICHUE KOCMHUYECKUM aIliapaToM C
M30BITOYHBIM KOJIMYECTBOM DJICKTpoaBurareneii- MaxoBukoB [Tekcr]| / C.I'. [ees,
E.M. Tloranenko // EnxekrporexHika Ta elekTpoeHepreTuka. — 3amopixoks: 3HTY.
—2011. — Ne 1.
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CEKIIISI «TEOPETUYHOI TA 3ATAJIBHOI EJTJEKTPOTEXHIKH»

V]IK 621.3.012

Kosnos B.B.%, ITicky B.B.?

! kamn. Texm. Hayk, gor. SHTY
2 eryn. rp. E-317 3HTY

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

Haii0inpm nomysspHAM IaKeTOM IpOorpaM KOMITIOTEPHOT MaTeMaTHKH, KN
BUKOPDHCTOBYETBCS B EIIEKTPOTEXHIYHHX po3paxyHkax, € MathCAD. Ilaker
MathCAD ctBOproBaBcsi sIK MOTY)KHHH MIKPOKAIBbKYISITOP, HIO TO3BOJISE JIETKO
CHpaBIATHCS 3 PYTHHHMMHU 3aBiaHHsMU. ClOAM MOXHA BIJHECTH pILICHHS
anreOpaiuHux 1 JgudepeHIianbHUX pIBHAHb 3 IIOCTIHHMMH 1 3MiHHUMH
napamMeTpamu, aHaii3 (QyHKIH, MOUIyK iX EKCTPEMYMIB, YHCEIbHE 1 aHATITHIHE
JudepeHIiloBaHHS Ta IHTETPyBaHHs, BUKOPHCTAaHHS TaOiuub 1 rpadikiB mpu
aHawi3i 3HaWACHWX pimieHb. ['0MOBHMM AocToiHCTBOM makera Mathcad i #oro
KOJIOCAJIbHOIO TIEPEBAroi0 IMepei IHIIMMH CHCTEMaMH €: JIETKICTh 1 HaOo4YHICTh
MpOTpaMyBaHHS 3a/1a4; 3aIKC CKIQAHUX MaTeMaTHYHUX BUPa3iB B TOMY BHTJISL, B
AKOMY BOHHM 3a3BHYaii 3alMCYIOThCS Ha apKylli Iamepy; MpocToTa Yy
BUKOPUCTAHHI; MOXJIMBICTh CTBOPEHHSI BOYZOBAaHMMH 3aCO0aMH BHCOKOSKICHUX
TEXHIYHHX 3BITIB 3 TAONULAMH, TpadikaMH, TEKCTOM.

VY skocti mnpukiaza BukopucraHHs mnakera MathCAD posrisiHemo aHanmi3
PE30HAHCHHMX SIBHII Y MOCHTIJIOBHOMY KOJIMBAJIBHOMY KOHTYpI JUISi JBOX OKPEMHX
BUIIAIKIB.

Hexaii 3amaHa cxema MHOCIHIZOBHOTO KOJMBAJIBHOTO KOHTYpY (puc. 1) Ta
napaMeTpy oKpeMux eneMeHTiB. [1oTpiOHO po3paxyBaTu Ta moOyayBaTH rpadiku
PE30HAHCHMX XapaKTEePUCTHUK 38 YMOBH 3MiHH OKPEMHUX ITapaMeTpiB.

’ — —_—
etf) NR WL -
— T

Pucynok 1 — IocnitoBHAN KOTHUBAIEHIA KOHTYP

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

w=var E=100 R:=100 L:=05 C:=2.10°
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Po3zpaxyHkoBi popmynu:
E _ UL@=oL 1@ UC):= '(“’)
\/ R? + [a) L- 1}
w-C

I'padiku pe3oHaHCHUX XapaKTEPUCTHK TPEICTaBICH] Ha pHC. 2.

() =

200 .-'S' N
( )4 l' " ‘0 .l
— . \ hs
P - N . .
( ) ‘,"' tr Yre el « = o
ucle) [ ,
0 0 ] 500 1000 1500 2000 2500 3000

PucyHox 2 - pe30oHaHCHI XapaKTEpUCTHKN Y BUNAAKY 3MiHH YaCTOTH JKepera

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

L=0,0001.2 E:=100 ®=1000 R:=250 C:=2 1078
Po3paxyHkoBi Gpopmynu:
£ UL(L)=w-L-1(w) UC(L) ;:La(’:)

1 2 -
R2+(a)-L—j
w-C

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

I(L) =
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1(L)-400

uL(L)

uc(L)

PucyHox 3 - pe30HaHCHI XapaKTepUCTHKH y BUMAAKY 3MiHH iHTYKTHBHOCT1

BucnoBkn. BuxopuctanHs makera MathCAD mae MOXIMBICTE HE JHWIIE
BHKOHATH aHall3 MOCHIOBHOTO KOJHMBAIRHOTO KOHTYpPY MpW 3MiHI #oro
napaMeTpiB, aie W BiZOOpa3sHTH pE3yAbTaTH TAKOTO aHallidy y HAOYHOMY
rpadiYHOMY BUTIISII.

YK 621.3.01:519.876.5

Tuxosozx C. M. BensieBa II.A.Z, UmyT A.0?
! 1-p texu.Hayk, non. 3HTY

2 ctyx. rp. E-314m 3HTY

HOBHUM KYPC «TEXHIKA EKCIEPUMEHTY B CUCTEMAX
EJIEKTPOIIPUBOAY TA ABTOMATHUKHW»

binpurict  HAyKOBHX  JOCHI)KEHb  TIOB'SI3aHO 3 EKCIIEPHMEHTOM.
ExcniepumeHT Moxke OyTH Qi3UIHUM, COLIATEHUM, TOJITHIHAM, IICUXOJIOTIYHUM i
T.4. BiH Moxe mpoBomuTHcs OesmocepeqHho Ha 00'ekTi abo Ha Horo mojeni -
¢iznuHOi abo MateMaTH4HOI (PO3PaxyHKOBOI). SIKIIO MOJENb JIOCHUTH 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 MaTeMaTwuHi mozeni. Lle ©e3mocepenHbo
CTOCYETBCSI 1 Taly3i CTBOPEHHS 1 JOCITI/PKEHHS EJNeKTPOTEXHIYHMX OO0'€KTiB i
MPOIIECIB B ENEKTPOMEXAHIYHMX MEPEeTBOPIOBAYAX, EJICKTPHUYHMUX Mepexkax 1
EJIEKTPOCHEPTETUYHUX CHCTEMaX.

KomroBHi, a 9yacoM i HempUIyCTHMi EKCIIEpUMEHTH Ha TakuX O0O0'€KTax,
3aMiHIOIOTECS PO3PAXYHKOBHMH. SIK MPaBWIIO, 1€ KOMIT'IOTEPHI €KCIIEpUMEHTH Ha
MaTeMaTUyHii Mopemi, IO 3aCHOBYETbCS Ha YHCIOBOMY MOJIEIIOBAaHHI
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eIIeKTPOMArHiTHUX, TEIUIOBHX Ta IHIMHX IMporeciB. HemomikoM dHCIOBOTO
MO/ICITIOBAHHS €IEKTPOTEXHITHNX 00'€KTIB 1 TIPOIIECiB, B TOMY YHCII, IO BKJIIOYAE
PO3B'SI30K YHCIOBUMH METOJaMH HOJBOBUX 3a1ad, € CKIAJHICTD 1 TPYIOMICTKICTh
po3paxyHkiB. ToMy A ONTHMi3amifHOTO JOCHTIHKEHHS PaIliOHATBHO TIPOBOAUTH
oOMexxeHi1 cepil MOCTimiB, 3a pe3yNbTaTaMH SKUX YTOYHIOIOTHCS (ITUIAHYIOTHCS)
YMOBH IPOBEICHHS HACTYIIHUX JOCIIiJUKSHB.

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

[Tpu npOMy iCTOTHO HacTyITHE:

— TIparHeHHs 70 MiHiMi3alii 3arabHOTO YKCIIa JOCIIIIB;

— OJHOYACHE BapilOBaHHSA BCiMa 3MIHHHMHM, II0 BH3HAYAIOTH MPOIEC, 3a
CIICLiaTbHAMH TIPABUJIAMH - aITOPUTMAMH;

— BUKOPHUCTAaHHSI MAaTEMAaTHIHOTO amapary, mo ¢opmarizye Oarato ski mii
SKCIICpIMEHTATOPA;

— BUOIp 4iTKOI CcTparterii, Mo MO3BOJsE MPUAMATH OOTPYHTOBaHI pIiIllICHHS
TICIIST KOKHOI cepii eKCIIepUMEHTIB.

ExcniepuMeHT, SKWil CTaBUTbCA IJIsi BHUpILICHHSA 3aBJaHb ONTHMi3auii,
HA3UBAETHCSA ekcmpemanvhum. 1] Ha3Ba MoB'sI3aHA 3 MIMOOKOI AHAJIOTIEID MK
ONTHMI3aLIEIO0 1 MOLUTYKOM eKCTPEMYyMY Aesikoi (QyHKIIII.

IMomyk onTumanapbHUX yYMOB a0 3HAaueHb JAESKOro ImapaMeTrpa o0'ekra
JIOCHIIJDKEHHSI € OJIHIEI0 3 HaWOLIbII MOMIMPEHUX HAYKOBO-TEXHIYHUX 3aBJIaHb.
BoHM BHHHKAOTh TO[i, KOJHM BCTAHOBJICHA MOJKJIMBICTH TEXHIUHOI peaizamii
nestkoro o0'ekta abo mporecy 1 HEOOXigHO 3HAWTH HaWKpamli (ONTHUMAaIbHI B
NEBHOMY CEHCi) YMOBH iX peamizamii. SIk mpHKiIag MOXKHa HNPHBECTH 3aBIAHHSI
TEXHIYHOTO EKCHEePHMEHTY 3 IOIIYKY YMOB, HPH SIKHX JOCSTA€ThCS MaKCHMyM
KoeimieHTa KOPUCHOT i, HaliHHOCTI 200 TOBrOBIYHOCTI BUPOOH, MiHIMyMY MacH
a00 BTpaT MOTY)KHOCTI B €JIEKTPOMEXaHIYHOMY IepeTBoproBadi. Lleil HaBuanbHUiA

MMOCIOHHUK MIPUCBSICHO METOIaM PO3B'sI3aHHS ONTHUMI3aLiHUX
EKCIICPUMCHTAIBHUX 1 PO3PaXyHKOBUX 3aBJIaHb.
B MaremaruyHOMY BH3HAUCHHI ORMuMI3auis — 1€ 3HAXOIKCHHS

ekcTpeMyMy (MiHIMyMy a0o0 MakCUMyMy) IiIboBOi (yHKIII B Aesikiidi o06macTi
CKiHYEHHO-BHUMIiPHOTO BEKTOPHOTO MTPOCTOPY.

[[{o6 mpocyHyTHCS aaii, HaM JOBEICThCS BH3HAYMUTH II€ HU3KY BaXKITHBHX
MOHSITh, TEPIIe 3 SKUX «00'eKT mocimikeHHs». s onucy o0'ekTa MOCIiKeHHS
3pYYHO KOPUCTYBATHCS YSABICHHAM PO KiOEPHETUYHOI CHCTEMI, KA CXEMAaTHIHO
300paxkeHa Ha puc. 1. [HOAI Taky KiOEpHETHYHY CHCTEMY HA3WBAIOTh «YOPHOT
CKpPHHBKOIO». CTPUIKH TpaBOpyd 300paKyIOTh UYHCIOBI XapaKTEPUCTHKH IiJICH
JIOCIIIKCHHS.
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Pucynok 1 — Cxema 4OpHOi CKpUHBKHU

Jnst IpoBeICHHS €KCIIEPUMEHTY HEOOXiHO MaTh MOJKJIMBICTH BIUTMBATH HA
«4OpHY CKPHHBKY» 1 OLIIHIOBATH PEaKLi0 Ha BILIMB. Bel BXiaHI Aii My mo3HavaeMo
OYKBOIO X i HasMBAaEMO ¢pakmopamu. IX Takok Ha3MBAIOTh BXOJAMH «YOPHOT
ckpuHbkm». Ilpu BupimeHHI 3amaui OyZeMO BHKOPHCTOBYBAaTH MaTeMaTHYHI
MoJiesi 00'eKTa TOCIiPKSHHSI.

VY 1mux yMOBax MM MPOCTO 3MYIIEHI BIIMOBHTHCS BiJl TAKMX €KCIIEPHMEHTIB,
SKI BKJIOYAIOTh BCI MOJKJIMBI JIOCBiIM: Tepedip 3aHanTo Benukuid. Tozl BUHUKae
MUTAHHS: CKIUIBKH IOCTIAIB TpeOa BKIIOYHUTH B CKCICPUMEHT, 1100 BHUPINIUTH
nocraBjieHe 3aBiaHHA? TyrT 1 [PUXOAMTb Ha  JIONOMOTY  MIAHYG8AHHS
eKCnepuMeHmy.

[TnanyBaHHS €KCHEPUMEHTY NPHUITyCKAae aKTHBHE BTPYYaHHS B IIpolec i
MOJKJIMBICTH BHOOPY B KOXXHOMY IOCHI[i THX PIBHIB YMHHHUKIB, SKi CTaHOBJISATH
iHTepec. ToMy Taknii eKCHEpUMEHT Ha3MBA€ThCSI akmugnum. OO'€KT, HA SIKOMY
MOXIIMBHH aKTUBHHH EKCIIEPUMEHT, Ha3MBAETHCS Keposanum. lle 1 € npyra
BHUMoOTa J0 00'€KTa JOCIIIIHKEHH. .

[TnanyBaHHS eKcmpemanbHo20 SKCIIEPUMEHTY 1€ METOJ] BUOOPY KITBKOCTI 1
YMOB TIPOBEJCHHs JOCHTiJiB, MIiHIMAIbHO HEOOXiMHWUX IS BiANTyKaHHS
ONTHUMAJILHUX YMOB, TOOTO JJIsl BUPILICHHS [TOCTABICHOTO 3aB/IaHHSI..

Ipucrynaroun 10 3HailoMcTBa 3  IUIAHYBaHHSAM  EKCTPEMAlbHOT'O
eKCIIepUMEHTY, Tpeba MaTH Ha yBas3i, [0 P ONTHUMIi3allil HOIMHUPEHNH TaK 3BaHHH
JIETepMiHOBaHUN MmiaxiaA. be3cymMHIBHO, 1O IeTEpMiHOBaHWW 1 CTAaTUCTHUYHHUI
(oB's3aHUKM 3 TUIAHYBAaHHSIM EKCIIEPUMEHTY IJIXOJW) TIOBHHHI PO3YMHO
JIOTIOBHIOBATH OJIMH OJTHOTO, @ HE MTPOTUCTABJIATHUCS.

Y HOBOMY KypCi pO3IJISTHYTI Taki MOHSTTS:

- OCHOBHI BU3HAYEHHS

- mapamerp onTuMizarii
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- daxTopu

- MaTeMaTH4Ha MOJIEIb

- TPHUAHATTS PilICHb NEPEeA UIAHYBaHHAM EKCIECPUMEHTY

- TOBHUH (HaKTOPHUIA EKCIIEPUMEHT

- KpyTe CXO/KCHHS IO IMOBEPXHI BIATYKY

- TOBHHUH (HaKTOPHUIA EKCIEPUMEHT JAPYTOTO MOPIIKY

- npiOHUit haKTOPHUI EKCTIIEPUMEHT.

BucnoBku. IlnaHyBaHHS E€KCIEPUMEHTY J03BOJIIIOTH CYTTEBO CKOPOTHTH
4ac Ta KOIUTH Ha IPOBEJICHHS EKCIIEPUMEHTY, SIKUH 3B’S3aHMH 3 MOIIYKOM
ONTHMAJILHUX 3HA4eHb LILOBOT (DYHKIIII.

Bubip wminboBoi (QyHKUIT - 1e TBOpYe 3aBIAHHSA IS PO3pOOHMKA
EJIEKTPOTEXHIYHUX MPUCTPOIB.

BBaxxaemo, moO Takuii Kypc KOPHCHMH BCIM CTyAEHTAM TEXHIYHUX
cHeniaIbHOCTEN.

YK 681.527.2

Hepxau B.JI.Y [lynpxeHko C.C., TuxoBox C.M.?
! eryn. rp. E-314m 3HTY

2 1-p Texm. Hayk, o, 3HTY

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

IMix wac po3roHy acuHXpoHHuMX aBuryHiB  (AJ])  BHUHHKaIOTH
eJIeKTpOMEXaHIuHI epexiaHi nporecu. JlJis MOeIIOBaHHS MEPEXiHUX MPOIIECIB B
CNIEKTPUYHKUX KOJIaX, B SKUX BKJIIOYCHI ACHHXPOHHI MAIIWHW, B JaHAN dYac
BUKOPUCTOBYETBCS PAJ TOTOBUX IPOTPaMHUX KOMIUICKCIB, TPU3HAYCHUX IS
aHa3y eNeKTPUYHHUX TNPOIECiB B CICKTPUYHHX 1 EIIEKTPOHHHX cxeMax. Ha
mifcTaBi piBHAHB,  PO3poOIIeHa BIOCKOHAJCHA METONWKA 1 WporpaMa Juis
PO3paxyHKy JMHAMIKU PO3TOHY aCHHXPOHHHX JIBUTYHIB.

BinmpuricTh HAYKOBUX JOCIIDKEHB MOB'sI3aHI 3 eKcriepuMeHToM. KomToBHi, a
YacoM 1 HEMPHITyCTUMI EKCIIEPUMEHTH Ha TaKuX 00'€KTaX, 3aMiHIOKOTHCS
pospaxyHkoBuMHU. [lnanyseanns excnepumenmy 1e Tpolenypa BUOOpY yHcia i
YMOB TPOBEACHHS JOCTiAiB, HEOOXiTHMX 1 JOCTaTHIX JUIsi BUPIMICHHS
[MOCTABJIEHOT'O 3aBAAHHS 3 HEOOX1JHOK TOYHICTIO.

lonoBHOIO TpoOIEMOI0 MpH IIAHYBaHHI EKCIEPUMEHTY € BHOIp 3HA4YeHb
(hakTOpiB TPH TPOBENEHHI EKCHEPHUMEHTY, IMOCHIAOBHICTh IX UYEpryBaHHS IpH
Mepexo/ii BiJi OJJHOTO JIOCIHITy J0 HACTymHOTO. /[aHa mpoOjemMa mMae MPUHITUIIOBE
3HAYCHHS, a/DKE BiJl METOJYy BapifOBaHHS 3HAYCHb (PAKTOPIB 3aJCIKUTh TOYHICTH
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OIIHKH CTYTICHS BIUIMBY OKpeMUX (pakTopiB B O6araropakTOpHOMY E€KCIIEPHMEHTI
Ha TapaMeTp IIiIi, a TAaKOXK Jac MPOBEICHHS CKCIIEPHIMEHTY.

Meta pobOTH — MOCTIKCHHS METOAY 3HAXOIDKEHHS ONTHMYMY MiJIbOBOT
(hyHKIi{ 9acToTH 00EPTY POTOPa aCHHXPOHHOTO JABHUTYHA.

Yac po3roHy IBUTYHA IpH IyCKY 3aJIEXKHTH Bix pAxy ¢axropis. IloTpiGHO
BUKOHATH BHOIp ONTHMAIbHUX 3HAYCHb (PAKTOPIB 3 METOI0 CKOPOYCHHS dacy
PO3rOHY JIBUTYHA.

Haii6inbi mpocTo piBHSHHS NBYX(]a3Hi eNeKTPHUYHOT MAIIMHK 3aIIHCYETHCS B
cucteMi koopauHaT dg, sika 06epTAETHCS 3 YACTOTOO 0OepTaHHs potopa [1].

IIBunkicTs 00epTaHHS pOTOpa 3aJEKHUTh BiJ aKTHBHOTO OIOPY CTATOpa, Ta
emHocTI (hazo3cyBHOro KoHzAeHcaTopy. L{i mapamerpu HazBeMo pakropamu

Jnst 3HAaXOJKEHHSI ONTUMAIBHUX (DAKTOPIB MPOMNOHYEMO NPOBECTH MOBHUI
takropumii excrepumeHnT (IIPE). Bin mo3Bomse moOyayBaTH MaTeMaTHUHY
MOJIENTb 00’ €KTY, IO JOCTIKYEThes y (popMi JTiHIHHOTO OaratouwieHa BUIY

K
y =by + > by
ia

Je x; — 3HaueHHs ¢paxropy Ne i, K=2.

Po3riisHyTO 1MycK aCHHXPOHHOTO KOPOTKO3aMKHEHOT'o ABHMIYHA. Po3paxyHOK
MepexiIHOro TpoIeCy MpH MYCKy BHKOHYEThCsS B KoopauHatax dg, ki
00epTalThCs 3 YACTOTOIO POTOpa. MoJeNtoBaHHs ABO(A3HOr0 KOHIIEHCATOPHOTO
JBUTYHa BHKOHYETHCS 3a JOIOMOTOI0 PO3pOOJICHOT KOMII'IOTEPHOI HpOrpamMu y
cepenoBumi Matlab. I[inmp0BOIO (QYHKIIEIO BBa)Ka€EMO YacTOTy OOepTaHHS, sKa
JIOCSITAa€ThCS 32 3aJaHui 4ac tyg. PakropamMm BBaXKa€MO AaKTUBHHMH OMip Koja
(ha3zHOTO POTOPA, @ TAKOXK EMHICTH (Ha303CYBHOTO KOHAEHCATOPA.

Jlnst ToneTIIeHHs BUKOPUCTaHHS METOJy Iporpama CKIIaJaeThes 3 PI3HUX
YacTHH, 10 SBISAIOTH co0010 mianporpamu. [loyaTok OCHOBHOI IpOrpamMH BKITIOYAE
B cebe BuXiAHI MAaHl Ta mignporpaMy-QyHKIT MOJENIOBaHHs JABO(A3HOrO
KOHJICHCATOPHOTO JABHUI'YHA.

B pesynbraTi MOJEmIOBaHHS ENEKTPOMEXaHIYHMX IPOILECIiB aCHHXPOHHOTO
KOPOTKO3aMKHEHOTO JBUTYHA OyJI0O OTPHMAHO 3aJIe)KHICTh IIBHIKOCTI 0OepTaHHS
BiJl HOMepa KPOKY IO TPaieHTy

3a momomoroto JiHiHOT Mozeni i BukopucTanus [IOE mMu HaGmm3unmcs 1o
ONTHMYMy 1 YBIHIUIM B Maibke cTamioHapHy o6nactb. Jlami mociiukyroun
o0Js1acTh, HAOMIKEHY JI0 ONTHMYyMY, Ji¢ OYJIO 3aCTOCOBaHO KBaJpaTHYHY MOJIEIb,
MH OTPUMal{ 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 — 3anexHicTh IIBUIKOCTI 00epTaHH BiJl 3HaU€Hb (DAKTOPIB

BucHoBku. [ BUKOPUCTaHHS IOBHOTO (DaKTOPHOTO EKCIICPHMEHTY IUIS
3HAXOMKEHHS ~ ONTHMyMY IITbOBOI  (YHKHIi  po3poONieHO  yHiBepcaJbHY
KOMI'IOTEpHY mporpamy Yy cepenoBumi Matlab. IlpoBeneHo MopemtoBaHHS
SNIEKTPOMEXaHIYHUX TPOLECiB Uil ABO(A3HOrO0 KOHACHCATOPHOIO NBHIYHA Ta
3HAHICHO ONITUMYM IITFOBOI (PYHKIIT — IIBHIKOCTI 0O0EpTaHHS POTOPY.

VK 621.3.012

Kosnos B.B.%, Kiimenko C.C.2
! kanp. Texn. Hayk, mor. SHTY
2 cryn. rp. E-217 3HTY

HOBYAOBA BEKTOPHUX AIATPAM JJISA TPUDPAZHUX
EJEKTPUYHHUX KIJI 3A JOITIOMOT' OI0O TAKETY MATHCAD

[ToOymoBa BEKTOpPHMX JiarpaM € HAOYHHM Ta e(eKTHBHUM 3aco0oM
BiZJOOpa’XKeHHS CIiBBiIHOMICHHSA MK CTPyMaMH Ta HAPYTaMH €JIEKTPUIHOTO ToJa.
B cporopuimHIA 4Yac 3arajdbHOJOCTYIHI TNPOTpPaMH, sKi CHEIiali3yloTbhcs Ha
noOy/soBl BEKTOPHUX JiarpaM, 3yCTpidalOThesi JOCHUTHh pinko. HaiibGinpm
NOMYJISIPHAM ~ TakeToM  MporpaM  KOMITIOTEPHOI ~ MaTeMaTHKH,  SIKHH
BUKOPDHCTOBYETBCS B EIEKTPOTEXHIYHHMX po3paxyHkax, € MathCAD. Ilaker
MathCAD ctBoproBaBcsi sIK MOTY)XXKHHH MiKPOKaJIbKYJSITOP, LIO TO3BOJISE JIETKO
CHPABJIITHCS 3 PyTHHHUMH 3aBIaHHAMU. ['0510BHOIO nepeBaroro nakera MathCAD
€ 3aITUC CKJIQJIHUX MaTeMaTHYHUX BUPA3iB B TOMY BUIJISAI, B SIKOMY BOHH 3a3BHYail
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3aMHCYIOTHCS Ta MOXKJIMBICTH CTBOPCHHS BOYIOBAaHMMH 3ac00aMHU BHCOKOSIKICHIX
TEeXHIYHUX 3BITIB 3 TaOmUIsIMH, Tpadikamu, TeKCToM. Hakamp MOXIHBICTH
moOyJOBH BEKTOPHHX JliarpaM B HROMY He TiepenoadeHa.

Tomy BuHHKae HEOOXITHICTD ¥ po3po0IIi 00XiTHIX MIISIXiB 3 BUKOPUCTAHHAM
rpa¢diganx MoxmBocter MathCAD st moOy1oBH BEKTOPHUX JTiarpam.

VY gkocTi mpuKiIaga Takoi TMOOYHOBH pO3IIITHEMO aHaNi3 TPU(PA3HOTO
CJIEKTPUYHOTO KOJIa.

Hexaii 3amana cxema Tpu(a3HOTO EIEKTPUYHOTO KOJa, sKe 3'€JHAHO 3a
cxeMo1o "3ipka-TpuKyTHHK" (puc. 1) Ta mapamerpu okpeMux enemMeHTiB. [TloTpioHO
po3paxyBaru Ta noOyyBaTh CyMillleHI BEKTOPHI JiarpaMy CTPYMiB Ta HaIpyT.

L. Z.
e, — Ll =
L

Pucynox 1 — Cxema TpudazHOro eneKTpuIHOro Koja

[Mporpama po3paxyHKy:
Buxigi mani:

UL:=220 Zab:=10-3j Zbc:=2-11j Zca=-10]

Po3paxyHkoBi ()OpMYITH Ta PEe3yJIbTaTH PO3PAXYHKY:

j=+-1 UF =9t
J3

Uab:=UF-eJ30€8  ypc.=uUF.e 190089 yea = yF . 150deg

Uab =110+ 63.51i Ubc =-127.02i Uca =-110+63.51i
Iab:=U—ab Ibc:=U—bC Ica:=%
Zab Zbc Zca
lab =8.34+8.85i Ibc =-11.18-2.03i lab=-6.35-11i
IA:=lab—Ica IB:=Ibc—lab IC:=lca—Ibc
IA=14.7+19.85i IB=-19.52-10.87i IC =4.83-8.97i
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Jns  moOynoBu BEKTOPHHX JiarpaM BHKOPHCTOBYEMO TpPaHCIIOHOBaHI
MaTpHIl Y SKAX KOXXHOMY BEKTOPY BiAIIOBINAIOTH YHCIIA Yy JBOX CYCITHIX BiUKax
MaTputi. s Oimbmnoi HaSBHOCTI IS KOXKHOI TPYIH BEKTOPi (Hampyrw, ¢as3Hi Ta
JHIIHI CTPYMH) 3aII0BHIOEMO OKPEMY MaTPHITIO.

U=(0 Uab 0 Ubc 0 Uca)'

IF:=(0 lab 0 Ibc O Ica)' IL:=(lab Ibc Ica lab)'

OCKINIbKM 3HAU€HHS CTPyMi 1 Hampyr 3HAYHO BiJPI3HAIOTHCS, TO JOLIIBHO
npu  1moOyJqoBi BEKTOPIB CTPYMIB BHMKOPUCTaTH JOJATKOBI MHOXXHHKH (B
posrnsiHyToMy Tpuiani BiH jgopiBHioe 10). Ilpukiman noOymoBH CyMilleHOT
BEKTOpHOI niarpamy 3a pornomoroto nakera MathCAD HaBeneno Ha puc. 2. [licns
BUBOJAY pE3yJbTATIB PO3PaxyHKYy Ha I€4aTh JOCTATHBO IO3HAYMTH HAIPSIMKHU
BEKTOPIB Ta BKa3aTH SIKy caMe BEIMYUHY BioOpa)kae TOM 4M iHIIMIA BEKTOP.

150

100

Imu)y 0

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

--- -50

-100

-150

-150 -100 ~-50 0 50 100 1%0

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

BucnoBku. Buxopucranus nakera MathCAD nae MOXJIMBICTH HE JIMILE
BUKOHATH aHANI3 TOCTiJOBHOTO KOJIMBAJHLHOTO KOHTYpY TIpH 3MiHI HOro
mapameTpiB, ajge i BifOOpasHTH pe3yabTaTH TAKOTO aHai3y y HAOYHOMY
rpadiYHOMY BUTIISII.
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YK 621.3.01

Adanacsena 1.0.%, FOpuenko JI.P.2
Yerapm. Buxr. 3HTY

2cryn. 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 IpUpoa iX Taka, K i JOBUIBHUX 1HAYKIIHHIX CTPYMIB,
ane I CTPyMH 3aMHKAalOThCS Oe3mocepeqHho B 00’€MOBI MPOBiAHWKA y BUTILAL
BUXOPOMOAIOHUX 3aMKHEHUX JIiHIH, HANpsIMOK SKUX BU3HAYAETHCS IPABUIOM
Jlenna.

Edexrnuii nocnin nocraBuB JI. Aparo: mpu oOepTaHHI IiAKOBOIOIAIOHOTO
Mar”iTy HaBKOJIO OCi CHMeTpil pO3TalloBaHWil HaJ HUM MigHUHA (abo
IIOMIHIEBUI) JUCK TPUXOAMTh B OOEpTaHHS B TOMY X HamnpsMmky. [Ipudmna
NoJArae camMe y BHHUKHEHHI B MIJHOMY JAMCKY IHIYKUIHHHUX CTPYMiB, SIKi
MOPOJUKYIOTh BHXPOBE MAarHiTHE ToJie. BHacHmiok B3aeMo[il MarHITHHX IIOJB
MOCTIITHOTO MATHITY Ta iHIYKIIIHOTO CTPyMY BiZOyBa€eThCsI 00SpTaHHS TUCKY.

Crpymn @yko BUHMKAIOTH i B MAaCHBHHX INPOBIZHMKAaX, IO SIKUM TEYyTb
3MiHHI CTPYMH 1 HaIlpaBIIeHi TaK, IO MMOCTA0IIOI0Th CTPYM BCEPEIUHI IIPOBiTHIKA
1 301IBIIYIOTH HOTO Ha MOBEpPXHi. B pe3ympTari rycTHHA 3MIHHOTO CTPyMY pi3Ha
B3JIOBXK THepepidy mnpoBigHuka. Lle sBume Ha3uBawoTh CKiH-edekToM abo
noBepxHeBUM edektoM. Uepe3 CKiH-e()eKT BHYTPIIIHI YACTUHU IPOBIJAHHUKIB Y
BUCOKOYACTOTHHX KOJIaX HE MOXYTh OyTH BUKOPHCTAHI.

Barato BY4eHUX PI3HMX YaciB BBaXKaJM 1 BBAXKAIOTh, 1110 HEFATUBHOTO BILIMBY
BiJl BUXPOBHX IIOTOKIB Kyad OUIbIINE, HIX MO3UTHBHOrO. AJie THM HE MEHIII,
JIIOJICTBO HABYMIIOCS 3aCTOCOBYBAaTH CTpyMH Dyko Ha 6iaro B pi3HHX 00JaCTAX
JKUTTEMISIIBHOCTI.

Haii0inpr mmpoke 3acTOCyBaHHS BOHM OTPHMAIM B IIPOMHCIOBIH Ta
MamHOOYAiBHIH cdepax. Tak, Ha OCHOBI IIHOTO SBHIIA BIAIIOCS CTBOPHTH HACOC
JUISL TIepeKavdyBaHHS 1 3arapTyBaHHS PO3IIJIABICHUX METalliB, a B METAypriiHil 1
MPOMUCIIOBIH Tay3sX BHKOPHCTOBYIOTHCS IHIYKWIHHI medwi, sIKi B KiJIbKa pasiB
MEpPEBUIYIOTh AHAIOTIYHI CHCTEMH, IO MPAIIOIOTh 3a IHIIUM IPHUHIMIIOM.
InaBiaeHHs 1 rapT Pi3HUX METANiB MOXJIMBI TiIBKH 13 3aCTOCYBAHHSM ITHOTO
SBUIIA. BHUXpOBI MOTOKM CHpPHAIOTH TaJIbMYBaHHIO 1 3HIDKCHHIO IIBHAKOCTI
o0epTaHHS MeTaleBUX AWMCKIB B IHAYKIIWHUX TraapMax, 0e3 Iporo 0 mpocTo He
(hyHKIIOHYBaIM IMIBUAKICHI MOI3AM HAa MarHITHUX MiABickax. Takox 6e3 BUXpOBUX
noTokiB @yko He O0O0XOAATHCSA CydacHI OOYMCIIIOBAIbHI NPWIAAW Ta amapaTw,
BaKyyMHI TMPUCTPOi, NIe HEeoOXigHa TMOBHA BiJKadka IMOBITPS Ta iHIIMX Ta3iB,
NPUHIOUI PpOOOTH CydYacHHUX TpaHc(opMaTopiB MOXKIMBUH TIIBKH  3aBISKH
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3aCTOCYBAHHIO B iX KOHCTPYKIIil BUXPOBHX MOTOKiB. bk Toro, o6maananHs, mo
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 (¢i3W4HEe sBHIIE, SBISE CO00I0 BHXPOBI IIOTOKH, SKi
BUHHUKAIOTH IIiJ] BIUIMBOM EJIEKTPOMATHITHOI IHAYKII B METaJleBOMY, a TaKOX
Oynp-sIKOMY IHIIOMY TpOBiAHUKY. Buxpoi crpymm @Dyko Oarato BueHHX
CY4acHOCTI BIJTHOCATH 0 IMBOBIDKHHMX SIBHII B €JEKTPOTEXHilli, SKi cydacHe
CYCHIJIbCTBO HABYMJIOCS! BUKOPUCTOBYBATH 3 KOPHUCTIO JUIsl ceOe, IpH HEOOXiAHOCT1
JIOBOJISIYM 1X JI0 MOTPiOHOT MOTY>KHOCTI, 3MEHIIYIOUH IIPU MOTPeOi 1 HANpaBIIAIOYN
OTpHUMaHy eHeprito B paBuiibHe pycio. XKau dyko OyB po3yMHOIO 1 00JapOBaHOI0
JIFOJIUHOIO, 51K, KPIM TOSICHEHHsI ()eHOMEHa BHXPOBUX IMOTOKIB, 3p00MIIa YUMaJo
IHIIAX BOXJIMBHUX BIIKPHUTTIB, OJHUM 3 HUX € HATpiBaHHS METaJeBHX O0'€KTIB, SKi
KPYTATBCS. B MAarHiTHOMY IIOTOLI 3aBJISKH BIUIMBY BHXPOBOTO CTpyMy. BiH
HEpLINM JaB JOCTYIHE i JOCHTH 3p03yMiJie TIOSICHEHHS TaHOTO (aKTy.

VK 621.313.175.32

Adanacsesa 1.0.%, Banumikos B.B.2
! crapu. Buki1. 3HTY

2 cryn. rp. E-416 3HTY

BEHTWJIbHU PEAKTUBHHM IBUT'YH 3 EMHICHUM
HAKOIIMYYBAYEM EHEPTII

BeHTuibHUMI IBUIYH Ha OCHOBI €JIEKTPOMEXAHIYHOTO IEpEeTBOpPIOBAvYa 3
MAaCUBHUM BTOPHMHHUM EJIEMEHTOM BIJIPI3HSAETHCS PIZHOMAHITHUMH 1 HPOCTHMHU
KOHCTPYKIISIMH, TEXHOJIOTIYHICTIO BHIOTOBJICHHS, BIJICYTHICTIO IehIIUTHUX
MAarHITOTBEPIUX MaTepiaiiB i JOAATKOBUX OOMOTOK 30y/keHHS. KOHCTpYKTHBHO
TaKW{ BEeHTWIFHUH IBUTYH MOXKE OyTH BHTOTOBIICHHN SIK JIIHIHHHM, IO TO3BOJIE
BUKOPUCTOBYBaTH HOTO TIPH CTBOPEHHI NPUHIMIIOBO HOBUX  B3ipIiB
POOOTOTEXHIYHUX MPUCTPOIB, PEECTPYIOYMX BHMIPIOBAILHUX MPWIATIB TOIIO.
Kpim Toro, 3acrocyBaHHsS CIHEIaIbHUX KOHCTPYKINH CTaTopa JO3BOJSE
BUKOPUCTOBYBATA MOJIYJIbHHI TPHHIUI BHTOTOBICHHS CTaTOpa 3 OYIb-SKOIO
KUTBKICTIO CeKIii SKipHOi OOMOTKH, IO Ja€ MOXIIMBICTh Ha 0a3i OJHOTHUITHUX
€JIEMEHTIB CTBOPIOBATH IIHUPOKY TraMy BHKOHABYMX BEHTHJIbHHHA JIBUTYH
MPHIAMTOBAHOTO i BJAIITOBAHOTO THITIB.

IIIupoxe 3aCTOCYBaHHS TAKMX BEHTHIILHUH IBUT'YH CTPYMYETHCS 1X BITHOCHO
HU3LKAMH C€HEPreTUYHHMH MOKA3HHUKAMHM, 10 3YMOBJICHE PO3CIIOBAHHIM CHEPTil
MAarHiTHOTO TMOJII EJICKTPOMEXAHIYHOIO IMEPETBOPIOBAYA B CIIEMCHTAX 3aXHCTY
CHJIOBUX KIIIOYiB €JIEKTPOHHOTO KOMYTaTopa €JIEKTPOMEXAHITHOTO
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mepeTBOproBada. B TOi ke 9ac, 3acCTOCYBaHHS CHCHiaTbHUX  CXEM
eJIIEKTPOMEXaHIYHUM TIEPETBOPIOBAYEM 3 €MHICHAMH HAaKONMYyBadaMH EHeprii
TiABHUITYE KOEQIiEHT BHUKOPHUCTAHHS EJICKTPOMEXaHIYHOTO IEpeTBOPIOBAYa [0
PiBHS KOJEKTOPHUX MAIIUH ITOCTIHHOTO CTPYMYy.

Mertoro poOOTH € NpPOEKTYBaHHS BEHTWJIPHOI'O DEaKTHBHOTO [BUTYHA 3
€MHICHUM HaKOIMYyBadueM EHEprii 3a JOIIOMOTOI0 3HaHb 3aKOHIB KOMYyTallii Ta
aHai3y MaTepiajJbHO-BUPOOHHYHMX PECypciB HiINpUeMCTBa. EnexTpomMexaHiuyHHI
MepeTBOpIOBaY SKOTO € HAWNpOCTIMIMH 3 BiJOMHX €JIEKTPUYHUX MAaIlIWH, a
€KOHOMIYHI ITOKa3HMKU Ta PEryJIOBajibHI BIACTHBOCTI ONM3BKI /10 KOJEKTOPHHUX
JBUTYHIB. Y il poOO0Ti IPONOHYETHCS METOANKA PO3PAXYHKY.

Y xomi pobotu Oyj0 pO3pOOJICHO BEHTWIBHHA pPEAKTUBHHI JBUTYH 3
€MHICHUMH HaKONUYyBayaMHu eHepril, sSIKuil J03BOJIsiE BAKOPUCTOBYBATH HOTO NpU
CTBOPCHHI  TNPHWHIUIIOBO HOBHUX  B3ipHiB  pPOOOTOTEXHIYHMX  HPUCTPOIB,
pEeCTpyIOUNX BHMIPIOBANBHUX IpwiagiB Tomo. Kpim Toro 3’sicyBamm ,Iio
3aCTOCYBaHHS CIEIiabHUX KOHCTPYKIIM CTaTropa I03BOJSIE BHKOPHUCTOBYBATH
MOJYJIbHUH TIPHHIWII BUTOTOBJIEHHS CTaTopa 3 OyAb-KOI0 KUIBKICTIO CEKIiH
AKIpHOi OOMOTKH, IO Ja€ MOXJIHMBICTE Ha 0a3i ONHOTHUIHHX €JIEMEHTIB
CTBOPIOBATH IIMPOKY I'aMy BUKOHABYMX BEHTWJIBHHH ABHIYH NPHJIAIITOBAHOTO I
BJIAIIITOBAHOT'O THITIB.

BucnoBku. [opiBHAHHS pe3ysbTaTiB PO3paxyHKY 3 OCLHIIOTPaMaMH CTPYMY
CeKII1 1 HAIIPYTH Ha HAKOMHMYYBaJbHOMY KOHIICHCATOPI MOKA3ajo, IO MOXHUOKH B
PO3paxyHKy TPUBAJIOCTI B 4aci KOMyTallii Py YBIMKHEHHI Ta BUMKHEHHI cekuii, a
TAKOXX HAMNpyrd Ha KoHAeHcaTopi He mepeBuilyoTh (7 - 10)%, mo 3yMOBICHO
NPUHHATAMU ponynieHHsIMA. OTpuMaHi B poOOTI BHpa3n HOCIYXHIH 0a3010 s
CTBOPEHHS KOMITIOTEPHOI MiANPOrpaMH pO3paxyHKy IIOCIiIOBHOTO Oydepa
eHeprii, ska yBIHIIAa CKJIAJOBOI0 YAaCTHHOIO JIO ABTOMAaTH30BAHOI IJCHCTEMH
NPOEKTYBAaHHA BEHTWJIBHHX pPEAKTHMBHUX JIBUTYHIB IIOCTIHHOTO CTpyMy 3
€MHICHIMH HaKONMYyBauyaMH €HEprii.

YK 621.3.012

Jlxebapos B.0., Abanacsesa 1.0.2
lerya. rp. E-117 3HTY

2crapm. Bukt. 3HTY

AJIbTEPHATHUBHA EHEPTIA - HAIBAHHSA I'OPOJSIH

Po3riisiHEMO MOXKIIMBOCTI BUKOPUCTAHHS aJbTePHATUBHUX DKEPE eHeprii B
iHpPaCTPyKTYpi MicTa.

[lepmrM KpOKOM 1O BHKOPHCTaHHIO COHSYHOI €Heprii B 3amopikki Moxke
OyTH  cuCTeMa 30BHIIIHBOTO OCBITJCHHS, TNPHU3HAYeHA JUIA DPI3HUX THITIB
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BYJIMIHOTO OCBITJICHHS. Y MICTi BXK€ BHKOPHCTOBYIOThCS COHSYHI OaTapei s
OCBITJICHHS HOBHX IOKUTPHHX CTaJiOHIB, peKIaMHUX OinOopmiB 1 pi3HHX
peKIaMHUX KOHCTPYKLIH. A OCh 0COOIMBICTIO i OPUTIHANBHICTIO AaHOI inel € Te,
[0 BCTAaHOBJICHI BYJHMYHI JiXTapi OyIyTb >KUBUTHCA BiJ KOMOIHAIii 3 COHSYHUX
TaHeJIeH i BUKOPUCTAaHUX OaTapel BiXl eNeKTpOMOOiTiB.

3pocTaHHsS TOMYJISIPHOCTI E€JIEKTPOMOOUTIB BHMAara€e IIOSIBH CIEIialTbHIX
3ampaBoK Il HUX. HacTymHUM JIOTIYHUM KPOKOM CTaHE BIIPOBAJDKEHHS B
iHQpacTpyKTypy MicTa 3ampaBoOK, SIKi caMi € eJEeKTPOCTAHLISMH, MPUIOMY
exonorivnnmu. [lonmiOHa 3ampaBka po3poOlieHa aMepHKaHCHKUMH KOMITaHISIMU
Carbon Day Automotive i Coulomb Technologies Inc. i Ha3uBaeTscst Solar Plug-In
Station. BupoOneHHst enexkrpoeHeprii BinOyBaeTbcsi  Oe3nepepBHO, BOHA
HAaKOIMYYETHCS B CIEIialbHIN MiA3eMHiil Oarapei, 3BiAKM eNeKTpUYHA €Hepris 1
MOJJA€THCS Ha OaTapei eneKTpoMOOLITiB.

Ille omumuM 3 BapiaHTIB BUKOPHCTAaHHA COHSAYHUX OaTapeil moxe OyTh
OyZIiBHHITBO YHIBEpCATbHMUX ABTOHOMHHMX 3yNUHOK T'POMAICHKOTO TPAHCIIOPTY.
Bin comsunmx Oarapell mpallfoe HiYHE OCBITJICHHS 3YNHHKH, Ta0JI0 MPUOYTTI
TPOMAJICBKOTO TPAHCIIOPTY, € MOXKIUBICTD 3apsaaku TenedoHi 1 po3madi Wi-Fi. Sk
BXKE€ TOBOPHJIOCS BHIIE, PO3BUTOK EJIEKTPOMOOUNIB B MailOyTHROMY MOXE IaTH
MOXJIMBICTh TaK0)X BUKOPUCTOBYBAaTU TaKy 3yMHHKY JJIsl iX MICLEBOI Mia3apsIKy,
aJie 3apas3 Lie He € eKOHOMIYHO JOLITbHUM.

Jnst BupinieHHs NOABIWHOT 3a/1aui - TeHepyBaHHS COHSYHOI e€Hepril i 3aXucT
TPaHCIIOPTHUX 3aCO0IB - B MICTI MOKJINBE BCTAHOBJICHHS] COHSYHUX MapKyBaJbHUX
cucreM. HakonnueHa enekTpoeHepris Moke BUKOPUCTOBYBATHCS ISl TAPKOMATIB,
3apsy eJEeKTPOBEIOCHIICIIB, OCBITICHHS WAapKOBKH Y BEUipHIH dac, B pasi
HEOOXITHOCTI KHBHUTHU CTOPOHHIX CIIOKHBAYiB.

B namr dac, xonm 0Ge3 raJpkeTiB JoJuHA OYKBAJIFHO HE MOXKE MPOXKUTH Hi
JIHSA, BEIBMH aKTyaJIbHOIO Oy/ie ifies CIIopyKeHHsI HEBEJIMKOI cTaHMii, e oan 0
3MOTJIM 3aPSAANTH TAKETH B OyAb-SKWi 3pydyHHI Yac. 3a TOJUHY CTaHIIsA 3/1aTHA
BUPOOISITH €HEpTito, piBHY poOoTi mpubmu3Ho 12 poserok i obcmyxuru mo 240
tenedoniB. Lls imess Moxke OyTH CIHOHCOBaHa MYHILMMAJIBHOIO BIAIOK0 1
IpAIIOBaTH a0COJIOTHO O€3KOLITOBHO AJA JIOAECH, 3apoOJII0YM 3a PaxyHOK
po3MmimieHoi Ha Hii peknami, abo X CTaTH CTAapTalioM Ui PO3BHTKY MAayloro
OizHecy.

OpHuM 3 BapiaHTIB BHPIMICHHS MPOOJIEMH 3aBaHTaKEHOCTI €HEPrOCHCTEMH
3amopixoksd MOXKE CTAaTH BIAKIIOYEHHS Maioro Oi3HeCy BiJ 3arajbHOi Mepexi i
Hepexiz Ha aBTOHOMHICTb, SKa 3a0e31euyeThesl (POTOCIEKTPUIHIMHU MOAYIISIMH. 3a
MM TPUHIUIIOM CTBOPEHO BeHJIiHroBuii amapar kammnanii Coca-Cola. ABTomar
B3araji He NOTpeOye 30BHIMIHBOTO JDKEpela eJIeKTpOeHeprii, Mo J03BOJISIE
orepaTopaM IOBHICTIO BIAKIIIOUMTH Horo Bim Mmepexi. [IpaBma, coHsuHi maHen,
po3MillleH] Ha aBTOMaTi, JOBIIE aBToMaTa B TpH pa3u. COHSIYHI aKyMyJSATOpPHI
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Oartapei 3abe3neuyroTh Oe3mepepBHY POOOTY TOProBOTO aBTOMara A0 12 romauH,
KOJI HEMA€ COHIIS.

3arairbHOMICEKY MPOOIeMY YTHIII3aIil CMITTS JO3BOJIUTH BUPIIIUTH CMIiTHUK
Big Belly ( «Benukmii >XUBITY»), pO3poOieHHN OEMBrifiCPKOI0 KOMITaHIETO.
BupoOHHUK OCHACTHB KPHIIKK 0akiB CIIEIialbHUM YUTiUTBHIOBaYeM 3 BOYTOBaHUMHU
COHSYHHMH OaTapesiMu,eHepris sSKuX Oyae BUTpAavaTHCS Ha MPECyBaHHS IIarepy,
KapToHy, IutacTMacH i 6aHok. CTHCHEHHS J03BOJIMTH 3MEHIIUTH 3arajbHUi 00csr
BIJIXOJIiB JIO I'ITH Pa3iB Ta Pi/llic BUBO3UTH CMITTS.

CTBOpEHHSI COHSIYHHX €JIEKTPOCTAHIIl B MICBKHX YMOBaxX BUMarae BEIHMKHX
wiont. /Iyt BUpILIEHHS IHOTO NUTAHHS MOXXKHA BUKOPHCTOBYBATH IUIONII JIaxiB
JKUTJIOBUX OYIMHKIB, YCTAHOB, TEpUTOPIii NMPOMHCIOBHX O0'€KTIB. AJie HOBITHI
TEXHOJIOTIl, TIOKJIMKaHI 3pOOUTH COHSYHY EHEprilo MpocTime i OyvkYe Juis
KIHIIEBOTO KOPHCTYBaua, JO3BOJIMIM CTBOPUTH IHHOBAIIMHUI MaTepian 1 aaxy,
sakui oTprMaB Ha3By Solar Roof. Ha Burisin e 3puuaiiHa depenuiisi, B OCHOBI SKOT
CKJIOKEpaMiKa 3 CIICIialbHUM TTOKPHUTTSM, SKE JO3BOJISIE HAKONUIYBATH COHSIYHY
eHeprito 1 TpaHchOpMyBaTH ii B EICKTPUUYHY, €(PEKTUBHO BHKOPHCTOBYIOUH
COHSTYHE CBITIIO, IO TMajae Ha Oynimro. B ocraHHI poku aKTHBHO Hae po3poOka
COHSYHHX TaHeJIeH, SKi MOJKHA aJanTyBaTd B BiKHA cy4acHUX OyauHKIB. [Ipo3opi
COHSIYHI €JIEeMEHTH SBIISIOTH COOOI0 XBIJIIO MailOyTHHOTO Uil HOBUX COHSYHHX
CHCTEM.

YK 621.3.01

Bbapanos B.A.%, Pomaniuenko I'M.?
! eryn. rp. PT-218cn 3HTY

2 crapu. Bukia. 3HTY

PO3PAXYHOK NEPEXITHUX ITPOIIECIB B JITHIMHAX
EJEKTPUYHUX KOJIAX OITIEPATOPHUM METOAOM B CUCTEMI
MATHLAB

Ilepexionum npoyecom Ha3UBAIOTH MPOLIEC MIEPEXO.TY EISKTPUYHOTO KOJIa Bij
OJTHOTO EHEPreTHYHOro CTaHy A0 IHIIOrO0 NpH CTpUOKONOAiOHMX 3MiHax (mpu
Komymayii) Oynb-sIKMX mapaMeTpiB kosla. PakTHYHO — 1e 3a7ada Mpo Po3B’sI30K
IHTEeTpaJbHO-TU(EPEHIIIaTbHUX PIBHAHB 3 METOI0 3HAaXO/KEHHSA CTPyMy, SK
¢ysKmii gacy.

Haiibinpm mommpeHrM 3 METOIB PO3paxyHKy MepexifHUX IpOIECiB €
OIepaTopHU MeToA. B HBOMY 3aMiCTh IHTETpabHO-AU(EPEHIHNX PiBHIHD
MEPEX0IATh 10 00JIacTi QYHKIIH KOMIUIEKCHOTO 3MiHHOTO S=0+jw. Toi piBHSIHHSI
CTAalOTh anreOpaidyHUMM, pe3yabTaTOM pO3B’SI3KYy SAKUX Oyae onepamopHe
300padicennsn mrykanoi ¢ynkuii. Ilepexix Bin 300paxkeHHs 10 opHriHay (4acoBoi
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(hysKii) TpoBOIATE 3a qonoMororo Tabmuip Jlamiaca, popmynu poskianaHas abo
YHCEIHHOTO po3paxyHKy Ha EOM.
Mertoro mi€i pobotu Oyno CKIIaZaHHS KOMIT FOTEPHOI MPOrpaMU CydacHOTO
piBH: B cucteMi MATLAB st aBTroMaTH3a11ii po3paxyHKOBUX MPOIIECIB.
CTpyKTypa npeACTaBICHO] MPOTpaMHu:
clear; clc
% BXIHI JIAHI:
%1. HE3AJIE)KHI TIO9ATKOBI YMOBH: il(0-), uc(0-).
i10 = ; uc0_= ;
% PO3PAXYHOK CXEMU ITICJISI KOMYTALJII:
% OI'OJIOLIEHHA CUMBOJIIYHUX 3MIHHUX:
symssM M111tMi2 D D1 M2 D2
%CKJIAJAEMO PIBHAHHA B OIIEPATOPHIN ®OPMI 3AITHCY.
% 3a yumu pieusnnamu cknaoaemo OCHOBHY MATPHUIIO npu negioomux
% onepamopHux cmpymax 8 CUMSONIUHIl hopMmi | cmosneyb npasux Yacmum.
% 11(s) 12(s) 13(S) 14(s) I5(5) ... - HegidoMi onepamopui cmpymu;
M=[-1 0 0 1  -1....%=0
wevieeenes 5 % =-uc0_[s

%OBYHUCTUMO BU3HAYHUK OCHOBHOI MATPHI]I:

D=det(M);

% Mampuyio ons obuucnenns susnaunuxa 11(s) ompumyemo uinsaxom 3aminu
% nepuioeo cmoBn4UKa OCHOGHOI MAMPUYi CMOBNYEM GLIbHUX YTEHIB:

M1=[0 O 01 -1
% BH3HAYHUK JJJIA 11(s):
D1=det(M1);

% 30BbPAKEHHA OIIEPATOPHOI' O CTPYMY 11(s)
% 34 MATPUYHOIO ®OPMYJIOIO:
11=D1/D;
% 3BOPOTHE IIEPETBOPEHHA JIAIIVIACA JIVIA il (t)
il=ilaplace(l1,t);
% CTBOPIOEMO MACHUB il (t) AJIA [IO5YJOBU I'PADIKA
for k=1: 200
tk=0.000001*k;
Mil(k)=subs(il,'t',tk);
end
% ITEPETBOPEHHA MACHBY Mil JJO YHUCJIOBOI ®OPMHU:
Milv=vpa(Mil,10);
% I'PA®IYHA [10O5Y][OBA
plot(Milv);
grid;
ylabel(‘il A"); xlabel('t mks");
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PesympraTrom poGoTi Takoi mporpamm € Tpadik IMepexiIHOro mpomecy
cTpymy il(t) B eeKTpUIHOMY KOJIi.

BucnoBku. Bepuodikamis nHamanoi MATHLAB-mporpamm mnokasama ii
cTabIbHY poOOTY A eneKTpuaHuX Kil i3 RLC-enemenTaMu.

YK 621.3.012

Ha6okosa O.B.}, Macios J[.A.2
! kamp. Texm. Hayk, noi. 3HTY
2 cryn. rp. E-417a 3HTY

MPOBJIEMHU PO3BUTKY EHEPTETUKH B YKPAITHI

Po3BUTOK  IHAYCTpiaJbHOIO CYCHIJIbCTBA CIUPAETBCI HA  IOCTIHHO
3pocTaloyuii piBeHb BUPOOHMLTBA 1 CIIOKMBAHHS Pi3HUX BUJIB eHeprii. B ocHOBI
BUPOOHMIITBA TEIUIOBOI Ta EJIEKTPUYHOI EHeprii JIKUTh MpOLeC 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, TIOBITPS Ui BUPOOHWITBA HEOOXiMHOI JIFOACTBY KUITBKOCTI
eHeprii BeNWYe3HHi, a 3amacu pecypciB, Ha Xkaib, oOMexeHi. OcoOIMBO TOCTPO
CTOITh TpoOJeMa IIBHIKOTO BHYEPIyBaHHS 3amaciB OOMEXEHHX IPUPOIHHUX
eHepropecypciB. OfuH KiIOTpaM HPUPOJHOTO ypaHy Moske 3amiHuTu 20 TOH
Byriuist. [lpu cnamoBaHHI BYriyuisi Ta HadTH IO MarOTh CIPYUCTICTH OJNN3BKO
2.5%, mopiuHOo yTBOprO€Thes 10 400 MIIH. TOH CIpYMCTOrO Ta3dy Ta OKUCY 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 MMOALTY BaXKKUX SJIEp IIiJ] 9ac 3aXOIUICHHS HEHTPOHIB, 10
3pOOMIIO Halle CTOJIITTS aTOMHHUM, JIOJalo JI0 3alaciB eHepreTHIHOTO BUKOITHOTO
MajyBa ICTOTHHH CKapO SIEpHOTO MaTbHOTO. 3amacw ypaHy B 3€MHIH Kopi
omiHIeTECA BenmuuesHoo mudpoo y 10 Tom. OcHoBHa Maca mporo Gararcrsa
3HaXOJWUTHCS B PO3CITHOMY CTaHI — TpaHiTax Ta 0a3aibrax. ¥ BOAaX CBITOBOTO
OKeaHy KilbKicTh ypaHy nocsarae 4%¥10°. Oxmak, pomoBuul ypaxy, ae BHIOOYTOK
OyB OM BIZHOCHO [eIIEBHM, BiIOMO MOpiBHSAHO He Oarato. Illopiuna motpeba B
ypaHi cKi1aa€ 3rigHo 3 Cy4acHUMH OLiHKaMu 61u3bKk0 107 TOH.

Iamra BaknmmBa mpoOsieMa Cy4acHOTO iHAYCTPiaJIbHOTO CYCIHiJIbCTBA —
30epeKeHHS MPUPOJIN, BOJIU Ta TIOBITPSHOTO OaceiiHy.

BueHi cepiiozHo 3akionoTanHi mon0 «[lapHuKoBOTrO eekTy», 0 BUHUKAE Y
pe3yNbTaTi BUKUIIB BYTJIEKHCIOTO Ta3y MijJ Yac CHaTIOBaHH OPTaHIYHOTO MajinBa
Ta BIAMOBIIHOTO TIIOOANBEHOTO MOTEIUTIHHS KJTIMaTy Ha HaNIi IUTaHeTi. ATOMHA
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€HepreTuka He CIIOKHMBAa€E KHUCEHb Ta MAa€ HIKYEMHY KUIBKICTh BHUKHIIB IIPH
HOpPMAaJbHIM eKcIuTyaTamii. SIKmo aToMHa eHepreTHKa 3aMiHHTH 3BHYAHHY, TO
MOXIIMBOCTI BHHHKHEHHA «IApHUKa» 3 TOKKUMH CKOJOTIYHUMH HACIHiAKaMHU
r100aNbHOTO MOTEIUTIHHA OynyTh ycyHeHi. Ham3puuaitHo BayKHBOIO 0OCTaBHHOIO
€ TOHi (akT, M0 aTOMHA EHEPreTWKa JOBela CBOI0 EKOHOMIUHY e(eKTHBHICTH
Maiike B ycix paifoHax 3eMHOTO mapy. KpiM Toro, HaBiTh IIpH BEIHNKOMY MaciTadi
eneproBupoOHunTBa Ha AC aTOMHa €HepreTHka He CTBOPIOE OCOOIMBHX
TPaHCIIOPTHUX NPOOJieM, aJuke MOTpedye IyKe HU3BKHX TPAHCIOPTHHX BHUTpAT,
IO 3BUTBHSE CYCHIJIBCTBO BiJ TAraps y BUIJISAAl MOCTIHHOTO TPaHCIOPTYBaHHS
BEJINYE3HOTO 00CATY OPraHiyHOTO MaJIiBa.

3rigHo 31 CTATUCTHYHMMH JAaHUMH, Ha KiHelb 1989 poky y CBITI mpairoBaio
426 peakTopiB IO MajK BCTaHOBJEHY NOTYxHicTh 318237 MBT. a Ha craaii
CHOPYIKEHHS 3HAXOAWIOCH 93 peakTopu 3 MOTyXHicTi0 76303 MBT.

Jlonst aTOMHOI €HepreTHKH y CBiTI HopiBHIOE 16 %. OgHaK OCTaHHIM YacoMm
PO3BUTOK aTOMHOi €HEPIreTHKU CYTTEBO CIIOBUIBHHMBCS. YacTKOBO Ii€ ITOB’SI3aHO 3
3araJbHOI0 TEHCHINE0 M0 cTabimi3amii eHeprocnoKUBadiB Ta YCHiXaMH B raiysi
eHeproz0epiralounx  TEXHOJOTid. AJyie OCHOBHa IIpUYMHA -  MIHPOKO
PO3IIOBCIOKECHE MEPEKOHAHHS Y «IIKIJUIMBOCTI» aTOMHOI €HEPTETHKH.

Cepiio3HUii BIUIMB Ha CTAaBIICHHS JI0 aTOMHOI €HEPreTUKH 3IHCHWIN aBapii
Ha aTOMHHX CJICKTPOCTaHIlsX, 0co0anBO aBapis Ha YopuHoOmnbcekin AEC, 1o
cranachk 26 kBiTHa 1986 poky. Uepe3 11e B OaraThoX KpaiHaxX MiJHSAIACH XBUJIS
CYCHIUJIBHOTO CYNPOTHUBY BUKOPUCTAHHIO aTOMHUX €JIEKTPOCTAHIIIM.

SInepHi peakTopH HOAUISAIOTHCS Ha KiJIbKa TPYI:

B 3amexHOCTI Bim cepemHBOi €Heprii CIEKTPY HEHTPOHIB — Ha IIBHJKI,
MPOMIXKHI Ta TEIUIOBl. 3a THIIOM CIIOBUTbHIOBaYa — Ha BOJISMHI, rpadiToBi
B)XKOBOJHI. 32 KOHCTPYKTHBHHMHU OCOOJIMBOCTSIMU aKTHBHOI 30HM — KOPITYCHI Ta
KaHaJIbHI. 32 TUIIOM TEIDIOHOCIS — TAaKOXK BOJSHI, BAYKKOBOJIHI Ta HATPIEBI.

B mam dyac dinpHE Miclle y CBITOBOMY IapKy CHEPIeTHYHHX pPEaKTOpiB
3aliMalOTh PEAaKTOPH 3 BOJOI IiJ THUCKOM. KpiM TOro, BOHM IIMPOKO
BUKOPHCTOBYIOTbCS Ha (IOTI y SIKOCTI OCHOBHOIO JpKepesia eHeprii sk JJist
HaJ[BOJHUX IOCYJIUH TaK i JUIi MiZABOJAHUX YOBHIB. Taki peakTopu KOMIAKTHI Ta
BITHOCHO TIPOCTi B eKcIuTyararii. Boma, o BUKOHYE B HUX pPOJb TEIUIOHOCIS Ta
CIOBIJIbHIOBaYa HEHTPOHIB € BiHOCHO MAEHICBOIO, HEAarpecHBHOIO Ta Ma€ TapHi
HEUTPOHHO-(i3W9HI BIACTUBOCTI.

VY  HaiOmmxkuyoMy MalOyTHROMY OYyIOyTh IIHPOKO BHKOPHCTOBYBAaTHCH
peaKkTopH Ha MIBHAKHX HEWTPOHAX, OXOJOKyBaHi piakumu metanamu (Harpiii ta
iH.), B SKHX IpPUHIOWAIOBO MOXE OYTH peali30BaHUH PEXHM BiATBOPIOBAHHS
MajiiBa, TOOTO CTBOPEHHsS KUIBKOCTI 130TOMIB IUIYTOHIIO, MO JOUIATHCA, SKa
MEPEBHIILYE TY KUIBKICTb, IO BUTPAYAETHCSI.
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VK 621.3.012

HaboxoBa O.B.l, CrpoHunk B.B.2
! KaHZ. TeXH. HayK, goi. 3HTY

2 cryn. rp. E-417a 3HTY

HAAIPOBIJHICTb PEHOBHUH

HanampoBinHicTs — ¢i3ndHe SBUINE, IO CIIOCTEPIracThCs y MSSKUX PEUOBHH
(HaOmpOBINHUKIB), 32 YMOBH OXOJIODKEHHS IX HIDKYE AEAKOi Temmeparypu T, i
MOJATAaE y Maibke MOBHOMY 3HMKHEHHI €IEKTPUYHOTO ONOPY W BUINTOBXYBAHHIO
MAarHITHOTO TOJIA 3i 3pa3ka. SAsume Binkpuro X. Kammepmiar-Onnecom y 191 1p.

Byno BusiBIeHO, 1O MiJ 4Yac OXOJOKEHHS 0 HAJHU3BKHX TEMIIEpaTyp
inuit psan pedoBuH Bojoxie y 10-12 pasiB MEHIIMM OMOPOM HiXK 3a KiMHATHOT
Temrepatypu. Jlocimizamu  JOBelEHO, IO CTBOPEHMH Yy  3aMKHYTOMY
HaJIIIPOBIITHUKOBOMY KOHTYpi CTpyM Oyle IMPKY/IIOBaTH 10 HbOMY HaBiTh 0e3
mxepena EPC. CtpyM y HaImnpoBiIHHKY HE 3MIIIyeThCs MiJ| AI€I0 MarHiTHOTO
TOJIS, HA BIIMIHY BiJ] CTpyMY y 3BUYai{HOMY IPOBIIHUKY.

HaampoBinHicTs 3HUKAE i Ji€F0 HACTYIHHUX (PAKTOPIB:

- Ii/IBUICHHS TEMIIEPATyPH;

- BIUIUB JIOCTaTHHO CIJILHOTO MAarHiTHOTO TIOJIS;

- IOCTATHBO BEJIMKA LIIJIBHICT CTPYMY.

3 MiABMIIEHHAM TeMIepaTypH 10 Aeskoi KputuaHoi Mexi T, Maiike MUTTEBO
3’SIBJISIETBCSl TOMITHUI omiuHMi omip. [lepexin Bij cTaHy HaANPOBITHOCTI 1O
MPOBITHOCTI TUM PI3KIIIHUH 1 ITOMITHIIIHMMA, YUM OiJIbII OJHOPIJHUAM € 3Pa3oK.

MOXJIMBO JOMOITHCS IIEpexoAy JO CTaHy NPOBIJHOCTI HaBiTh 3a
TEeMIIepaTypy HUKYOT BiJl KpUTHYHOT Mexi T, MOCHITIOI0UN MarHiTHE 1oJie.

31 301NBIICHHSAM CHIIM CTPYMY 3HIDKY€ThCs KpuTuaHa Mexa T, . Lle o3Hauae,
110 YMM BHI[Aa TEMIIEPATypa NePEeXoay, THM OUIBIINM € JOMYCTHME 3HAUCHHSI CUITU
CTpyMy.

Beynepeu mommpeHiit JyMIli, HAATIPOBITHHUK € JEII0 OUIBIINM 3a igeanbHUuN
NpOBiITHHK. BusBUIOCS, M0 MeTan y HaANpOBIAHOMY CTaHI HIKOJNH HE JO3BOJISIE
MPOHUKHYTH MarHiTHOMY IIOTOKY BCEPEAMHY.

Po3pi3HAIOTE HAANPOBIAHUKY MEPIIOTO Ta JAPYTOTO POLY.

HannpoBinHukn mepmioro pojy CTBOPIOIOTH HAaBKOJO cebe MarHiTHE IoJie
i 9ac IPOXOJKEHHS KPi3h HUX CTPyMy. MiX HIUIBHICTIO CTPyMY Ta MarHiTHHM
MOJIeM iCHy€ YITKMHA B3a€MO3B’S30K. KpHUTHYHOMY 3HAYSHHIO CHJIM MarHiTHOTO
HOJISL BIJIIIOBIIA€ JIesiKe KPUTHYHE 3HAYCHHsI CHIM cTpyMy. [lopyleHa KpUTHYHUM
3HAYEHHSM CTPYMY HAANpPOBIJHICTh BUSIBISIETBCS 3 YTBOPEHHSM MEPEXIiJAHOTO
crany. Ili BIJIMBOM 30BHILIHHOTO MArHITHOTO IIOJISi CHJIBHO BHUKPHBIISETHCS
reoMeTpis MiK(pa30BHX MEX HAIIPOBIIHUX Ta HOpMambHHX obOmactel. Hm3pki
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KPUTHYHI ~ TIapaMeTpH  HAJIPOBINHUKIB  MEPIIOT0  pPOXy  MPAKTHIHO
YHEMOXKIIMBIIIOIOT IXHE TEXHIYHE 3aCTOCYBaHHS.

Ha BigmiHy Bin HaaOpOBIZHUKIB IEPIIOTO POy MPOBITHHKH IPYTOTO POAY
MPOBOIATH CTPYM Yy TOBHOMY 00’eMi, TOMy IO iX OONacTh MpPOBIAHOCTI
00MEXY€eThCSI TOHKUM HOBEPXHEBUM IIAPOM.

Haii0inpm nommpeni B eIeKTPOTEXHIIll HAMANPOBIAHUKA — IIe CIUIaB HioOiii-
TUTaH Ta IHTEPMETaNi]l Hi00ii-00B0. TEXHOJOriYHI MPOIECH BUTOTOBJICHHS
HAaJTOHKHUX HIOOIM-TUTAHOBUX HUTOK Ta IX cTabimizauii JOCSIIA JOBOJI BUCOKOIO
piBHs po3BHUTKY. llIpokoro 3acrocyBaHHs HaOyna Tak 3BaHa OPOH30BA TEXHOJIOTIs
BUPOOHMITBA 0AaraTOXXWIBHUX MPOBIIHUKIB HAa OCHOBI HI00iH-0JI0Ba.

Po3BUTOK HAANPOBIAHUKOBOI TEXHIKM MOB’SI3aHUN TAaKOX 31 CTBOPEHHAM
3pi/DKYBaYiB Ta OXOJOKYBauiB MO pa3y OULIBIIOI XOJIOJOTeHepalii Ha piBHI
TEMIIEepaTyp PiIKOTO Telilo.

HannpoBinHi KOTYIIKM BHKOPHCTOBYIOTHCS B YCTAHOBKaxX TEPMOSJICPHOTO
CHHTE3y, a TaKoX U1 OynpOallKOBMX BOJHEBUX KaMep Ta BEIHKHX
NPUCKOPIOBAYiB  YacTOK. B  OCTaHHI pPOKM IIMPOKO BHKOPUCTOBYIOTHCS
HaJIIPOBIHUKH Y TypOOTeHEpaTopax, eNCKTPOABUIYHAX, YHIIOISIPHUX MAIIWHAX,
TOTIOJIOTIYHAX TeHepaTopax, Kabemsax, KOMYTalifHUX i CTPyMOOOMEKyBaTbHHX
NpuaiaXx, MarHiTHUX cernapaTopax, TPaHCIOPTYBAIbHUX CHCTEMaX Ta iH.

Hapa3i icHyloTh J1Ba TOJIOBHMX HampsMKH Yy cdepl 3acTocyBaHHs
HaampoBigHOCTI. [lepeayciM — Iie MarHiTHI CHCTEMH Pi3HOTO MPU3HAYCHHS, MOTIM
— EJICKTPUYHI MalIMHU (30KpeMa TypOOreHepaTopu).

3acTocyBaHHs HAJANPOBIHUX MaTepialliB y MOTYXHHX TypOoreHeparopax €
MEpPCIIEKTHBHUM 4Yepe3 MOXJIMBICTh 3MEHIICHHS MacH Ta Tra0apuTiB MallMHH 31
30epeKCHHSAM TOTYXKHOCTI. Y 3BHUaliHMX amaparax Taka Mozaudikamis
CYNPOBOJIKY€EThCSI 30UIBIIEHHAM BTpaT 1 CKJIaJHOIIAMH 3a0€3MEeUeHHS! BHCOKOTO
KKJI, mo BupimryeTbes 30UIbIICHHSIM MAacH MAaIlMHKU y 2-2.5 pa3u, y TOH 9ac siK
BIICYTHICTh BTpPaT y pPOTOpPi 3 HAANPOBITHOIO OOMOTKOI [a€ MOXKIHUBICTH
migpunutn KK mpubmmszao Ha 0.5% 1 HaObmmutues mo KK Bemukmx
TypOorenepatopis, skuii carae nopsaky 99.3%. ¥V 1ux yMoBax €KOHOMIs eHepril,
OTpUMYBaHa 3a pPaxyHOK 3MEHIIEHHS BTPAaT JOCHTh LIBHJKO BHIIPABIOBYE
BKJIaJICHHS Y CTBOPEHHS HOBUX HA/IIPOBIIHMKOBUX MAIlIKH.
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CEKUIISA «®PI3UKA»

VK 378.091.33 — 027.22:53
CoxoJ10B C.H.l, Jlozosenko O.A.2
'kauz. ¢.-m. Hayk., gom. SHTY
Zgan. mea. Hayk., o, 3HTY

KOJIA CTYJIEHTH HE TAK BXKE I HEITPABI: JITHIHHA 3AJIEXKHICTh
3 AITPIOPHUM HYJIEM

Cepen mabopaTtopHUX poOiIT (Hi3SHIHOTO MPAKTUKYMY IIOMITHY TPYITy CKJIaIAf0Th
po0OTH, 110 MPUCBSIUEHI JOCIIPKEHHIO JIHIHUX 3aIeKHOCTEN 3 alpiOpHUM HyJIEM.
[puknagom Moke Oyt mabopaTopHa poOOTa TPO IOCTIHKEHHS 3aJICKHOCTI
MEXaHIYHOI Halpyrd BiJ BIJHOCHOTO BUIOBXKEHHS [2]. Y 3arajbHOMY BHIaJKy
JMHIHHUMHM 3aleKHOCTSMH 3 amlpiopHAM HyJleM MH OyJeMO Ha3HMBaTH Taki
3aJIeKHOCTI, MPO SIKi IIe 10 TPOBEICHHS BHMIPIOBaHb & Priori 3posymiio, Imo
eKCIIepUMEHTANIbHA MPsIMa MOBHHHA TPOXOIUTH Yepe3 HyJlb.

PesynpTaToM BHKOHAHHS J1a0OpaTOpPHOI pOOOTH 3aBXIM € JOBIpUYHid
iHTepBaN. 30KpeMa, U JIiHIHHOI 3aJeKHOCTI 3 alpiopHAM HYJIEM CTYICHTH
MaloTh MOOYIyBAaTH AOBIPYUH 1HTEpBaJ VIS KYyTOBOTO Koe(ilieHTa. A U I[HOTO

BOHU IIOBUHHI OOYMCIMTH CEPEIMHHE 3HAYE€HHS KyTOoBOro koedimienra K ta
BEJIMYUHY HOro abcomoTHOT moxubku AK |

ByBatoTe BHIAgKH, KOIM CTYACHTH CcaMi IPOMOHYIOTH (OPMYIH s
MPOBEJICHHS TAKMX PO3PaxyHKIB:

EZ%Zki Ta Ak = ﬁz(ki_g)z e k= yi/x

Mu 3aBXIM paji TAKMM TPOIO3HIIISIM — BOHM O3HAYarOTh, IO CTYAEHTH
3MOTJIM CaMOCTIHHO TIEPEHECTH ITPaBUIIa, 10 BiJOMi M AJIsl BUIIa Ky BUMIipIOBaHHS
@isuunoi eenruyunu, HA TPUHIUIIOBO HOBUH BUIIAJOK — Ha BHUIAJIOK BUMIpIOBaHHS
HapaMeTpiB JiHIlIHOT 3a1edHCHOCTI.

OpnHak € oHE «aje» — OLIBIIICTh aBTOPUTETHUX IOCIOHUKIB 3 (i3MIHOTO
MPaKTUKyMy ITHOPYIOTH IIi «HAi{BHI» (QOPMYIHM 1 TNPOMOHYIOTH 3aMIiCThb HHUX
«HAYKOBI»:

IZ:Z:xiyi/Z:xiz

Ta Ak =

HecrneniamicTy abCcoIOTHO HEMOKIIMBO 3PO3yMITH, YUM «HAYKOBi» (GOpMyIn
Kpamie «HaiBHUX». Bakko 3HaWTH aprymeHTH pro et contra i B HayKOBii

166



miteparypi. Y BITYMSHSHHX  TOCIOHMKAaX, TPUCBIYCHUX  MPOBEICHHIO
nmabopaTopHUX poOiT 3 ¢i3uKu aHi Ti, aHi iHII GopMyn 3a3BUYail HE HABOIATHCS
(3a pinkicHuM BuHATKOM [1]). 3aMicTe pO3paxyHKY MpPONOHYETHCS BH3HAYATH
mapaMeTpH JOBIipYOTO iHTEpBaTy T€OMETPHYHHUM METONOM. | HaBiTh IalieKo He
KOKEH MAPYYHHK 3 MaTEeMaTH9HOI CTATUCTHKH MICTHTh maparpad, o
NPHUCBSYCHUH [IbOMY ITHTAHHIO.

IlikaBo, 10 B aHIJIOMOBHIH HaBYaJbHIN JIITEPAaTypl CUTYyalis NPUHLHUIIOBO
iHma. TyT, mo-mepiue, iCHYIOTh LIMPOKO BiZOMi 1 NpU3HA4YeHi AJsl CTYACHTIB-
MEePIIOKYPCHUKIB MOCIOHUKH 3 aHaJIi3y NOXUOOK Y (hi3UYHHUX eKCIIepUMEHTax (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 TPOBOAWUTHCSA TOPIBHSUIBHWN aHANi3 «HA{BHOIO» Ta
«HayKoBOD» (opMyn. AHali3 IPYHTYETbCS Ha 3arajbHUX HPUHOMIAX Teopil
00pOOKHM pe3ynbTaTiB BUMIpIOBaHb, SKi MOXYTh OYTH CQOPMYIbOBaHI Tak:
1) MaTemaTH4YHE CIOMIBAHHSA BHIIAJKOBOI BEIMYMHH, IO BiANOBIiZAE OLIHII
CepPEeIMHHOTO  3HAYCHHsS, [OBUHHE JOPIBHIOBATH ICTUHHOMY 3HAuYCHHIO
BUMiproBaHoi BennunHw; 2) ii aucnepcis Mae OyTH MiHIMAJILHOIO.

Po3risn mpoBoanThCS Yy MeXax TpaAuLiiHOI IMOBIpHICHOI MozeNi mpouecy
BUMIPIOBAaHHS, KOJM BBa)KAETHCS, LIO PE3yJIbTaT BUMIPIOBAHHS € CYMOIO JIBOX
JIOZIaHKIB — JIETEPMIHOBaHOI BEJIMYMHM Ta BHUNAJAKOBOi J00aBKM 3 HYJIbOBHM
cepennim 3HaueHnsM: Y; =KX +Z; . HoBuM y Hamomy HOCIIIKEHH] € Te, MO MU

OPOBEJEMO PO3MJISAA Al JABOX IMOBIPHICHHX Mojiefield. Y MNepiioMy BHIAAKY
(«moodenv A») mependavdaeThCs, MO BEIMYUHA TUCTIEPCii BUITAJKOBOI JOOABKH HE

- 2
sminetses (D, =0y ). Y apyromy Bumanky («modens By») mependadaetbesi, IO
TNOCTIHHOIO 3aUIIAETHCS BiIHOCHA MOXMOKaA BuMmiproBanHs ( Dy = &/ X?7).

3a3HaumMMo, IO B TPAOWMIAHIA MaTeMaTH4YHIA CTAaTHCTHUIN 3aBXKIU
po3risimaeTses Monenb A (g Tpaauiis Oepe modaTtok Bix ['aycca). OqHak y Tomy
BUTIAJIKy, KOJHM BHUMIPIOBAaHHS TIPOBOAATHCS B IyXKE IIUPOKOMY Jiala3oHi
(BumiproBanHs E. ['a0010M DIBUIKOCTI «p030iraHHs» TajxaKTHK), Ha HAIl MOTIISI,
KpaIior € MoJienb B.

B Tabmmmi | HaBOAATECA pe3ynbTaT OOYUCIICHHS AMCIIEpCii AT «HaiBHOIO»
1 «HayKOBOI» opmyn ans mozeni A ta mozenmi B.

BuxopucroByroun HepiBHicTs Komri — ByHSKOBCHKOTO JIETKO IMOKa3aTH, IO
«HaiBHaY (opMyIa Jae Kpamly OIiHKY CEPEeIMHHOTO 3HAYCHHS y BHITAJKy MOJEINI
B (1 piBHOMIPHOTO PO3IOIUTY Ta BEIHUKOI KiJIBKOCTI TOYOK — MPHOIM3HO B JBa
pas3u). Y BHNaIKy Mojeli A Kpallly OIiHKY J1a€ «HayKoBa» (opmya.

OTpumaHi  pe3yNbTaTH JO3BOJIIIOTH  TaKOX TOSCHUTH  «HEIOOOBY
EKCIIEPUMEHTATOpIB 10 «HAIBHO» (opmyin. Yes cnpaBa B «HECTIHKOCTI» Mi€l
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dopmynm: AKmOo I Mojeni B BOHa mae TPOXHM Kpamuid pe3ynbTar, HiX
«HAyKOBa», TO AJIS MOJEN A BOHA 3a3HAa€ IIITKOBHTE (hiacko. It JUCTIepCist He
mpocto OinbIma 3a OHCIEPCil0 «HAYKOBOI» OIIHKH, aje W B3araji BTpadae
BJIACTUBICTh 3MEHIIYBaTHCSA 31 30UIBIICHHSIM YHCIa BUMIpIOBaHb, MO €
HEOOXimTHUM 17 OyIb-sIKOi €(EeKTHBHOI OI[IHKM CEpEeIMHHOTO 3HAa4YeHHS. Tomy
eKCIIEpUMEHTATOPH MAlOTh PaIlil0 — 3aCTOCOBYBATH «HAIBHY» (hOpMyTy MOXKHA
JIMIIIE TOJ1, KOJIA BU MOBHICTIO BIICBHEHI B TOMY, III0 B EKCIICPUMEHTI Peai3y€eThCs
came mojiens B.

Ta6maumns 1

oyiHKa Mmoo0enb A Mmooenvb B

=l 1 1 1
k==3" D Z(FZFJ# Ds 25502

- —ZX'A =&
(Xx)

1
z 2 DI y O'g D

Hincymku: a)oOuasi GopMymam UIT po3paxyHKy KyTOBOTO KoedirieHTa
SKCIIePUMEHTAJIBHOT MPMOT MarOTh MPaBO Ha iCHyBaHHs; 0) KoxkHa (HopMysa Mae
OyTH [JOTOBHEHa BIAMOBIAHOW (OPMYNOW MJIsi PO3PaxyHKYy MOXHOKH; B) Y
cuTyalii, KO MU He BIICBHCHI B TOMY, SiKa CaMe MOJEJb BHUIIAJKOBUX MOXHOOK
pearizyeTbCsl B €KCIEPUMEHTI, PO3YMHIIIe BHOWPATH T OOPOOKH pe3yibTaTiB
CTaHAapTHY («HAYKOBY»), a HE «HAIBHY» (HOPMYITY.
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€pmroB A.B.l, 3eseHiHa O.A.z, Kononenko A.B.2
! J-p TexH. Hayk, npod 3HTY

2 ¢1. nabopaut 3HTY

3 cryn. rp. [@-317 3HTY

SAJIEKHICTD 3AJIMINKOBUX HAIIPY’KEHD BIJI TOBIIUHU
IIVIASMOBHUX IIOKPUTTIB

[pane3aaTHICTh MOKPUTTS BU3HAYAETHCS HE TUIBKH MIIHICTIO 3YCIUICHHS,
ajie i, B 3HAYHIA Mipi, HOTO KOre3iiHOIO MinHicTIO. Haii0inpm HeOe3neuHuMu €
PO3TATYIOYl HANpY)KEHHS, Ul SIKMX MIIHICTh MOKPHUTTIB B KiJIbKa pa3iB HUXKYE,
HDK TIpH CTHCKaHHI. PO3TAryrowi 3ajMIIKOBI Halpy>XEHHS CHPSMOBaHI Y3JIOBXK
MOBEPXHI MIAKIAAKK 1 BHHHUKAIOTH BHACTINOK BIAXWICHHS TEMICpaTypH
OCa/DKCHHSI MOKPHUTTS BiA TeMIlepaTypH MigKIaAKH ToMy IHMTaHHS IiJBUIICHHS
MIITHOCT] IUIa3MOBHX ITOKPHUTTIB, pOo3poOKa METONWK BHMIipPIOBAaHHSI MEXaHIYHUX
XapaKTEePUCTHK 1 3aJIMIIKOBUX HAIIPY>KCHb B 3aJIC)KHOCTI BiJl TOBIIMHU MOKPHUTTS 1
TEXHOJIOTIYHUX PEKUMIB HAaNWIEHHA € aKTyaIbHUMH JUIi  PO3IIMPEHHS
HOMEHKJIATYpH JeTaJei, 10 MiYISTraloTh 1a3MoBii 00pooiLi.

[Mpu4nHOI BHMHHUKHEHHS 3QJIMIIKOBHX HANpyXeHb € HEepiBHOMIPHICTh
TeMIlepaTypy HOKPUTTS LIOA0 TeMIepaTypy MacHBHOI MiAKIaaAKu. IcHye nBa Buan
HEepIBHOMIPHOCTEH, 10 BIJPI3HAIOTBECSA 32 YAcOM peliakcalii TemmepaTypu.
[Mepiunii BUJ HEPIBHOMIPHOCTI MOB'S3aHUW 3 HArpiBaHHSIM IOKPUTTS IMPOTArOM
BCBHOT'O MpolLeCy M1azMoBoi 00poOku. Jpyruii Bux HepiBHOMIPHOCTI NOB'SI3aHUH 3
HecTalioOHapHUM TeMIIEpaTypHHUM II0JIEM B 30HI KOHTAKTy OKpeMoi 4yacTku. Tomy B
MOKPUTTI MOYKHA BHIUIUTH 3aJTUIIKOBI HANPYXCHHS NEPIIOTO pOxy i KOHTaKTHI
3aJIMIIKOBI HATIPYXKCHHS, SIKi BiPI3HAIOTHECSA PO3MipaMH 30H BIUIUBY. 3aJIUIIKOBI
HaNpy>Xe€HHS TEpUIOr0 POAYy ICHYIOTH B 00CS31 BCHOTO MOKPHUTTS, a KOHTAKTHI
3aJIMIIKOBI HANPY)KEHHS BPiBHOBAXXYIOTHCS B OKOJIUII OJIHI€T YACTUHKH.

KoresiitHa MilHICTE O 3aJI€KUTH SIK BiJl MIITHOCTI YaCTUHOK, [0 YTBOPIOIOTH
MOKPHUTTS, TaK 1 BiJ MIIIHOCTI 3B'A3KY MiX YaCTHMHKaMH. 3a3BUYail MiI[HICTb 3B'I3KYy
MK YaCTMHKaMHU Habarato MEHIa MIIHOCTI OKPEMHX YaCTHHOK, TOMY MiIlHiCTh
MOKPHUTTS, ab0 Kore3iiiHa MIIHICTh, 3HAYHO MEHIIE MIIHOCTI KOMIAKTHOTO
Matepiany. Jlns  BUMIpIOBaHHS  KOT€31MHOI  MIITHOCTI  BUKOPHCTOBYETHCS
BiJIIapyBaHHA IMOKPHUTTS, AK€ BUTbHE BiJ BHYTPIIIHIX HANPY>KEHb, [0 BUHUKAIOTH
IpH 3YeIieHHI 3 MigKiIagkoro. Haibimsmm mpocTuM i JOCTOBIpHUM BHMIipOM
MEXaHIYHUX BIACTUBOCTEH IOKPUTTIB € BUIIPOOYBaHHs Ha BUTWH. J{J1s1 BU3HAYCHHS
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MaKCHMaJIbHUX HOPMalbHUX HANpy)KeHb Ha IOBEPXHI 3pa3Ka MPU KOHCOJIBLHOMY
BUTHHI BUKOPUCTOBYBajacs popMmya:

)
w, (1)

ne P - momepeuHa cuna, NpHKIaJeHa Ha KiHII CTEp KHS AOBXKUHOIO 1, W =
bh2/6 - MoMeHT omopy KBaJpaTHOTO MEpeTUHY 3pa3ka, b i h - mmpuHa i TOBLIMHA

nepepisy.

PyliHyBaHHS MOKPHUTTS BU3HAYAIOCS MIIHICTIO PO3TATHYTHX, @ HE CTHUCIIHX
mrapiB. BrmiB HEOTHOPIAHOCTI MEXaHIYHAX BIACTHBOCTEH IO TOBIIMHI MOKPUTTSA
OIIHIOBAJIOCS TpU TMOPIBHSAHHI pE3yNbTATiB BHIPOOYBaHb IIPH pPO3TATYBAHHI
BHYTpPIIIHBOI 1 30BHINIHBOI MOBEpXHi. PyiiHiBHE HampyXeHHS BHU3HAYAJOCST 3a
IapaMeTpaMH 3J1amy 3paska.

MaxkcuManbpHa BeJTHIUHA ITEPEeMIlICHHS IPH PO3J0oMi 3pa3ka ckirana 19,5 M.
[Tapametpu 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% 6opy. Po3mipu ¢pakuiit mopomiky 40
- 100 mxMm. [Ins oriHKM HaOLNBIIOrO PO3TATYIOUOTO HANPYKEHHS B KPUTHIHOMY
MepEeTHHI B TOUI 3aKPIIJICHHS 3pa3ka BUKOpHCTOBYBajiacs popmyia (1).

Hecywya s3matHicts mokpurTss ©,  BH3HAYa€ MOXKIHUBICTh 30€pekKECHHS
[UTICHOCTI TOKPHUTTS IIiJ Ji€0 30BHIIIHBOIO HaBaHTa)XeHHs. BoHa MeHIe
KOTe31HO{ MIITHOCTi O, Ha BEIMYHUHY 3aJTHITKOBOTO HAIIPYKECHHS

O-H = O-K - O-o (2)

e ©, - BelMYMHA 3AIMIIKOBOTO HAINPY)KCHHS, 110 BUHHWKAE IIPU Pi3HHII
TEeMIIepaTypy TOKPHUTTS BiJ TEMIEpaTypu MiAKJIaJAKA B MOMEHT OCaPKCHHS
MOKPHTTSL.

Posmofinn  3aJMIIKOBOTO HAampyXeHHs. BemuunHa Hecydol 34aTHOCTI
3HIKYEThCS TPU 3POCTAaHHI TOBIIWHU MOKPUTTA. [Ipy MakcCUMallbHii TOBIIHMHI
MOKPUTTA hpmay = 1,46 MM B pPO3INITHYTHX yMOBax BifOyBaBCS pPO3pHUB, IO
BIJNIOBiZla€ HYJIbOBOMY 3HAYCHHIO HECY4YOi 37aTHOCTI. I[IpHYMHOI0 3HIDKEHHS
Hecy4oi 37aTHOCTI NpW 3POCTaHHI TOBIIMHM HOKPUTTS € JIiHIHHE 3pOCTaHHS
3aJIMIIKOBOTO HANpPY)XEHHS NpH 30UIbIICHHI TOBIIMHU MOKPHUTTS. 3 pPIBHSAHHS
OajaHCy HampyXeHb Yy BHIIAl (2) BH3HAUYallOCs PO3MOALT 3aIHIIKOBHX
HaIpy>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 KoOre3ilHa MIIHICTb MEpeBepUIye HECydy 3IaTHICTh
HOKPUTTS 3YCIVICHOTO 3 INIKJIAJKOI Ha BEIMYHMHY 3aJHMIIKOBUX HAIIPY>KCHb.
3HalizieHa 3aJeKHICTh 3aJMIITKOBUX HAIMPY)KEHB 1 HECYJOol 3aTHOCTI BiJ] TOBIIUHH
HOKPHUTTSL.

2 OtpuMaHi pe3yNbTaTH BUMIPIOBaHb KOTE31MHOI MIITHOCTI 1 3aJIMIITKOBHX
HaIpy>KeHb JO3BOJIAIOTE OOTPYHTYBaTH HANIiHHICTh 3aCTOCYBaHHS IIIa3MOBHX
MOKPHUTTIB 1 aHaji3yBaTH JaHi BHMIpIOBaHb MIIIHOCTI 3 METOI BU3HAYCHHS
Npane3 aTHOCTI AeTaleH.

YK 629.735.33.016+621.45.015

€piroB A.B., 3enenina O.A.% Teneriii 1A, MapdyeHko AAY
! II-p TexH. HayK, mpod. SHTY

2 ¢1. maGopant 3HTY

* eryn. rp. M-717 3HTY

*crym tp. M - 617 3HTY

METO/] EKOHOMII TAJIMBA ITPH MOJIOTI IO3BYKOBOI'O
JITAKA 3 TP

Binsg 30% komTiB aBiakOMITaHii CTAHOBJIATH BUTPATH HA aBiallilfHEe IaJHBO.
KpiM KOHCTPYKTHBHUX SKOCTEH JiTaka, Ha €KOHOMIIO ITTajiiBa BIUTUBAE 1 BUOIp
ONTHMAJIBLHUX MapaMeTpiB MOJbOTY. [HpOpMallis, oTpuMaHa B ONMyOJiKOBaHHX
poboTax, HEOCTATHS [JIsl aHAJII3Y Ta BH3HAYCHHS YMOB €KOHOMII majuBa. 3ajada
ONTUMI3AIl] PO3MIIAAAETHCS 3 MOXKIHBOIO YMOBOIO 3MIiHHM BHCOT KpPEHCEpCHKOrO
nonboty. ExoHoMist nanuBa B ony0sikoBaHuX po6oTax [1,2] cranoBuTh numie 2%.
OnTuManbHa 3MiHa BUCOTH KpeHcepCchbKOro MoJbOTY MOXKE CTAaHOBUTH 1,5 KM, 110
3aTpyJHs€ OpraHi3alilo elIeJOHOBAaHOTO pyXy JiTakiB. ToMmy ciij yTOYHUTH
€KOHOMIYHI TIepeBary BijJ ONTHMi3allii BHCOTH MOJBOTY Y TIOPiBHIHHIO 3 MIOJIEOTOM
Ha MOCTIHHIH BUCOTI.

Lenp poOiT momsrae B po3po0li METONWKHA BHU3HAYCHHS ONTHUMATbHHX
IapaMeTpiB MOJLOTY JIITAKa 1 OIIHKK CKOPOYEHb BUTPAT ITAJINBA.

Meron ontumizauii nmapamerpiB NonboTy. s BHpPIMIEHHS IIOCTaBIICHOT
npo6JIeMH BUKOPUCTAHO CUCTEMY PIBHSHb ISl CHJI OTIOPY Ta MiAIHOMHOT CHIln

v2
Fy =CxpS - 1)

, O]

\'
Fy=CypS 2
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ne Fy, Fy - cuna omopy i miniiomna cuna yitaka, Cx, Cy - aepoauHaMiuHi
KOe(IIi€eHTH CHIN OTMOpPY i MTHOMHOI CHIH, p - IIUIBHICTH MOBITPs, S - IUTOMmIA
OTIOpHO{ TIOBEpXHI Kpmia JiTaka, V - HOro MBHIKICTB, (- TATO030POEHICTH, M -
Maca JIiTaka.

TsAr0030po€HicTh JiTaka  JOPIBHIOE BiTHOIICHHIO CHJIM TSITH IBUTYHIB IO
cunu Bar nitaka Fy = mg. [To6an3y nosepxHi 3emiti BOHa puifMae 3HaUEHHS:
go= 0,1-0,3. Ane 3 piBHsHb (1) i (2) ii BeTMYMHA BU3HAYAETHCS SK CIIBBITHOIICHHS
aepoJMHAMIYHUX KOe(IIli€HTIB:

1
q:7:E7 (3)

ne k - xoedimieHT aepomWHAMIYHOI SKOCTI JiTaka, SKHA MOXE IOCATATH
BenimunHK k = 10-14. [Ipu upoMy Ha¥BHTigHINIMN KOe(ili€HT TAroo30pOeHOCTI
Matume 3HaueHHsa: q = 0,05-0,07, mo 3Ha4YHO MeHIe (, J3HKEHHS
TAT0030POEHOCT] MOCATAETHCS MPH 30UIBIICHHI BUCOTH MOJBOTY. BUKOpPUCTAHHS
(3) mae MOXIHMBICTh BHU3HAYMTH 30UIBIICHHS ONTHMAJBbHOI BHCOTH MPOTITOM
MOJIBOTY B 3AJIE)KHOCTI Bijl 3SMEHIIICHHS MacH JIiTaka.

AHani3 pe3ynpTaTiB. BUKOHAHO PO3paXxyHKH ONTHMAJIBbHUX XapaKTEPHCTUK
Ha TIOYaTKy 1 B KIiHII MITHKH KpPEeHCepChKOTO IMONBOTY JiTaka Ty 1y-154.
Haiibinpima nampHICTH IMONBOTY JIiTaKa 3alIe)KUTh BiJl KiJIOMETPOBOTO BHTpPATH
nanuea - C, aKkuil BUSHa4aeThCsi HOPMYIIOr0

_C_Cyoamg
_V_ \"

CL 4)
ne C, xr/rom -roguHHy BuTpary mnanuBa jitaka; Cyn, kr/rox, H- nuroma
rOIMHHA BUTPATa MaJHBa; V- IIBUIKICTH JIiTAKa, IKa BU3HAYAETHCS 3 hopmyiu (2).

OnruManbHa TAr0030POEHICTh 3aJIEKUTh BiJl BUCOTHOI XapaKTepHUCTHUKH
JBUTYHa 1 BH3HAYa€ ONTHUMAJIbHY BHCOTYy TONsOTy. [lpm 30imbIIeHH]
TATOO30POEHOCTI - ( B KIHII TMOJIBOTY ONTHMANbHA IIIJBHICTE MOBITPS
3MEHIIYETHCS, IO BiAMOBIAa€ MiABUIICHHIO BUCOTH NoboTy H 3 10,4 no 11,7 xm.
OTprMaHo, 10 HPH 3MiHI ONTHMAIBHOI BHCOTH IOJILOTY CEpeIHS KiIOMETpoBa
BUTpaTa MajuBa 3MeHIIyeThcsl Ha 14,8% B NMOPIBHSAHHI 3 BUTPATOIO INAJIMBa Ha
MOYATKOBIH MOCTIIHIN BUCOTI.

BucHoBkun

1. BcranoBneHo, 1m0 ONTHManbHa BHCOTa KPEeHCEPCHKOTO IOJILOTY JiTakKa
3pocTaEe Mpy 3MEHIICHHI HOr0 MacH B IMOJBOTI BHACHINOK BUTpATH mHaiuBa. lIpu
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MOJBOTI HAa TIOCTIHHIA BHCOTI TpWM 3MEHIIEHHI MacH JTaka MigTPUMKA
ONTUMANIFHOI aepONWHAMIYHOI SKOCTI B YMOBaxX IIOCTIHHOI TSITH JABHTYHIB
HEMOXKJINBA.

2.IToka3aHo, 110 Py 3MEHIICHHI MacH ITajkBa IIij] 4ac MMOJIbOTY, ONTHMAJIbHA
BHCOTa MONBOTY JiTaka Tunmy Ty-154 36imemyerses 3 10,4 mo 11,7 M, mo
MIPU3BOAMTE JI0 €KOHOMII ITayiMBa i 301mbIIeHHs nansHoCTi Ha 14,8% 1 mae migcraBu
JUIL OTPUMaHHS J03BOJYy 3 OOKy oOpraizamii ynpaBiiHHS TOBITPSHUM PyXOM
(YIIP) Ha cTymiHYacTy 3MiHY JEKUIBKOX €LIEJIOHIB BUCOTH HPOTSITOM TOJIBOTY.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. TybGapeBa, E.A. OntuMm3amuss OporpaMMbl IIOJIETa JTO3BYKOBOTO
MacCaKUPCKOTO caMolieTa Ha ydacTke Kpehlcepckoro monera / E.A. I'ybapesa,
T.10. Mo3xopuna // VHxeHepHBI KypHal: Hayka W MHHOBaumu. — 2014. —
Boim.12. - Pexxum JIOCTYILY:
http://engjournal.ru/catalog/mathmodel/technic/1248.html

2. Moazxopuna, T.}FO. MozaenupoBanue BIUAHUS aTMOC(EpHBIX YCIOBUI Ha
pe3ysbTaThl ONTHMHU3AIMK TPOTPaMMBI IOJETa JI03BYKOBOT'O IACCAKUPCKOTO
camosera / T.FO. Mo3xopuna, E.A. I'ybapesa // MaTeMaTHUECKOE MOJICIIUPOBAHHE
1 YnuciaeHHbIe MeToabl. — 2014, — Ne3 (3). — C. 74-88.

YK 537.313

Bapanos B. A, Cokomnos €. I1.7
erya. rp. PT-218cn 3HTY
’kaHn. ¢.-M. Hayk., goi. 3HTY

NOMYK YHIBEPCAJIBHOI'O METOJY PO3PAXYHKY
EJEKTPUYHUX JJAHIIOTIB

s Hac ICTOpisl MUTaHHS MPO CTBOPEHHS YHIBEPCAIBLHOTO METOMY
PO3paxyHKY XapaKTePUCTUK EJICKTPUYHUX JAHIIOTIB Oepe CBiif moyaTok 3 X-ro
TypHipy ¢izukiB 1988 [1]. Ha mpomy TypHIipi ydacHHKaM Oyio 3alpONOHOBAHO
3aBIAHHs, B SKOMY BHMArajocs CKJIaCTH IPOrpamy PO3PaxyHKY EICKTPUIHOIO
OTIOpY JOBUIBHOTO €IeKTPHUIHOro Koja. CKIagHICTh BOTO 3aBAaHHS MOJsITaia B
TOMy, W0 Xo4a B (I3MKM Ta EJNEeKTPOTEXHIKH 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 HaWmnpocrim MeToau (QI3HMKH SK «IIOCIiJIOBHA 3aMiHa
nmapajie’bHO i TOCTIIOBHO BKJIFOUCHHX OIOPIB» a00 «METOJ| CKIICIOBAHHS BY3JIIBY,
BHMAararoTh, 00 cxema Maja CHelialibHi CTPYKTYpHI BIACTHUBOCTI ab0o 0co0imBi
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BUAM CHMETpii. Y 3aranbHOMY BHIAJKY BOHH He MpaIioloTs. CTaHIApTHUI METOx
PO3paxyHKy, 3aCHOBaHMN Ha BHKOpHCTaHHI 3akoHIiB Kipxroda, a Tak camo iforo
Moudikarii (MeTo[ By3JIOBHX IMOTEHINIaNiB), X04a i 3aCTOCOBHI [0 CXEM CaMOTO
3arajJbHOTO BUAY, OJHAK HE MOXKYTh OyTH 3alporpaMoBaHi B 3arajJbHOMY BHTIISI,
OCKIIBKM BHMAararmTh PYYHOTO BHOOPY KOHTYpPIB U CKIIaIaHHS BiAIIOBITHHUX
PIBHSHB.

B [2] sk 3aranpHU  METOJ pO3B’sI3aHHS IOCTaBICHOI 3ajadi  OyB
3ampONOHOBAHMIA CTIeNiabHHil Tononoriunmi MeTon. Moro ines monsrae B Tomy,
o0 po3rIsAAaTH JOBUIBHY EIEKTPUYHY CXeMy SIK MOBHHH Tpad IOBUIBHOTO
nopsaky. Ilpu 1poMy caM po3paxyHOK 3BOJAWTHCS O IMOCITIJOBHOTO BHIAJICHHS
By3/iB rpada 3 mapaaeibHUM IePEpaxyHKOM IMPOBITHOCTI PEIITH EJIEMCHTIB
JIaHIIoTa 33 PaBHIIOM:

&@k = (Ti,k +Gi,mo-k,m /(O-l,m +K +O_m—1,m)' (1)

(oF .. o i . o
ne bk MIPOBIJIHICTh dJIEMEHTa, SIKUU 3'€THYE I it a k -1 By3011, m _

HOMEp By3Ja, SKHil BUAAIAEThCA. PeayKuis NaHIfora TpUBa€e N0 TUX Iip, IOKH B
Hill He 3aJHUIIUTHCS TUTBKU ABa BY3nd. Omip MK HUMH 1 Oyle IIyKaHUM OIOpPOM
BUXITHOI CXEMHU.

TomonorivHuii MeTox B «KOMITIOTEPHOMY TMOJAHHI» Ma€ HE TUIBKH
MpakTHYHE, ajie i Ha/J3BUYaifHO BaXXJIMBE METONM4YHE 3HaueHHs. CrnpaBa B TOMY,
IO TOIMOJIOTIYHUI METOJ € Yy3arajJbHEHHSM 4YacTKOBHUX METOJMIB PO3PaxyHKY
CJIEKTPUYHUX CXEeM 1 TOMy BIiH sBJIsie co0Oor BepummHy TemMu «llocriiiHuii
eJIEKTPUYHHUI CTpyM». B crity 1poro, Ha Hail Moruisij, BiH IOBHHEH OOOB'S3KOBO
BUKJIQIaATHCSl B YHIBEPCUTETCHKOMY Kypci ¢i3uku. OjHaK CTaHIapTHE «py4HE
VSIBJICHHS» HE J03BOJISIE 3pOOMTH Lie HajeHUM 4uHOM. CrpaBa B TOMY, IO
3BMYaliHI CXEMH SKi MPOMOHYIOTHCS JI0 PO3paxyHKy B (i3UKH Ta €JIEKTPOTEXHIKU
(a MoXHa cKazaTH 1 MO-IHOIOMY — CXEMH, SKi TpUAyMala IIOAWHA) €

PO3PSLIKEHUMH, KUIBKICTh €JIEMEHTIB B HHX © CIIBBIJIHOCHUTBCS 3 KUIBKICTIO
. n,; kn -1
Bystie | mo sakomy @€’ , e k_ JIesiKe HEBEJIMKE HYHCIIO (k- 1 3).
Buyuenns By3iiB mpu peanizamii TOIOJIOTIYHOTO METOJy IEpEeTBOPIOE Uepe3
KiJIbKa KPOKIB pO3pSDKEHUH Tpad B MPaKTUYHO NMOBHUI rpad (Xodua i MEHIIOro
HOPSJKY), @ B TIOBHOMY Tpadi aHAIOTIYHE CTAaBJIEHHS MK €JIeMEHTaMH 1 By3JaMu

n,=n(n-1)/2 : : . ,
Mac BUDISAA — © . Take xaracTpodiuHe 30UTBIICHHA KiTBKOCTI

HEHYJbOBUX EJIEMEHTIB JIaHIIOra POOUTH PYYHHUI PO3PaxXyHOK HEMOXKIHMBUM. Y
«KOMIT'IOTEpPHOMY TTOJIaHH1» 115 PoOJIeMa OBHICTIO 3HIMAETHCSL.
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V 3B'SI3Ky 31 CKa3aHUM, BUNAETHCS [IKABUM PO3MIMPHUTH TOIOJOTIYHUI METO.
Ha BHMAJOK JIHIMHNUX JAHITIOTIB, BKIIOUYEHNX B JAHIIOT 3MiHHOTO CTPYMY. 3 IIi€I0
METOI0 HaMH OylNO TPOBENCHO HACTYIIHE EMIIIPUYHE JOCITI[KEHHSI: MH
3acrocyBayi mpaBmiio (1) 1o po3paxyHKy iMIenaHCy JiHIHHIHA CXeM, BKIIOUEHUX B
Mepexy 31 3MiHHOro ctpymy. [dms mporo mMu 3aminmm y ¢opmyrni (1) omopu
eleMeHTiB X imMmenaHcamu (yIBHHMH omopamu). Y BCIX BHUNAOKaxX, 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 docrioscenns. IMmnenanc Oyab-saKoi JiHIHHOT aHIIOra
MOKe OyTH 3Haiie TOMOJIOTIYHUM MeTomoM 3a momomoroio (1). Ilpobrema ons
nooanvuio2o oocnioxcenna. Cnig 3HaWTH OUTBII  3arasbHE OOTPYHTYBaHHS
TOTIOJIOTIYHOTO MeToay, HiXK Oyno mano B [2]. CnpaBa B ToMy, IO IJIs BUIAIKY
MOCTIHHOTO CTpyMy OOIDYHTYBaHHS OyJO IPOBEAEHO HAa OCHOBI €HEPTETUYHOTO
MPUHIUITY (IPUHIUIY MiHIMAJIBHOTO TEIUIOBUAIICHH). MOXIUBICTh pPO3IIUPEHHS
JAHOTO MPUHIOWIY Ha BUIAJOK 3MIHHOTO CTPyMy HE 3HA€TbCS HaM ampiopi
oueBHAHOW. Ha Ham morisaa, TyT MOXe iCHYBaTH IHIIWH, OUTBIN 3araibHUMA
NPUHLMI, SKAH MICTUTh €HEPreTUYHUH MNPUHIMI B SIKOCTI CBOTO OKPEMOTo
BUMAJKY. 3HAaXOMKEHHS TaKOro MPHUHIMIY MH BBaXXa€EMO METOI0 HAIIOTo
MOAAIBLIOTO JOCIIIKESHHS.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Kopueesa, T. I1. X typuup ronbix ¢usukos [Tekct] / T. I1. Kopueesa, E.
H. IOnocos, . B. SImunckuii. — Ksant, 1987, Ne§, — ¢. 59-60.

2. Coxonos, E. I1. O npoctom u cnoxxnom [Tekcr] / E. I1. Cokonos. — KBanT,
2002, Ne2, — ctp. 7-12.

YK 537.8

I'ynsesa T.B.}, Isne I.B. ?

! KaH[. TeX. HayK, aou. 3HTY
2 cryn. rp. E-418cn 3HTY

TPUP®A3ZHUNA TPAHCP®OPMATOP: OCOBJIMBOCTI
BUKOPUCTAHHA

Tpancopmaropy — mpuCTpOi AL NEPETBOPEHHS IapaMmeTpiB Hampyr i
cTpyMiB. BpaxoBylounm 3Ha4yHy pI3HOMAHITHICTH TpaHC(OpPMATOpiB, BOHHU
KIacU(]IKYyIOTbCS 32 HU3KOIO TIOKa3HMKIB. JIOCHTH MOIIMPEHO0 € Kiacudikamis 3a
NPU3HAYCHHSIM:
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— cwmioBi (puc.l) — mnpu3HaueHi IS B3HIKCHHA BTpaT B JIHIAX
enexkrponepenad (JIEII): creprry Hanmpyry migBUIIYIOTH, 8 OTKE CTPYM 3HIDKYIOTD
i mepenatoTh Tpu Harpysi 750 kB i OunbIne, a OTIM 3HIKYIOTh B KiJIbKa €TamiB, 0
pob6ouoi Hanpyru 220, 380, 660 xB.

Pucynok 1 — CutoBuii MacisHU# TpaHCHOpMATOP

— CHeUiaJIbHI CHWJIOBI — ISl JKUBIJICHHS EJIEKTPUYHHMX AyroBUX Ieueil Ta
3BapIOBATBHUX NPHUCTPOIB;

— BHMIpIOBaJIbHI TpaHC(OpPMATOpH CTPyMy Ta HANpYyTH — MpU3HAYEHI IS
PO3LIMPEHHS MEX BHUMIpPIOBaHHS NPHIIAJIB, )KUBICHHS OOMOTOK pelie, 1 3aXHCTy
ABTOMATHKH B JIHISX €NEKTpOIepeaad, BiMOKPEMIICHHS BUMIipPIOBATEHUX Kill Bif
CHJIOBHX;

— moOyToBi TpaHchoOpMaTopu, sIKi MawoOTh SK NPaBUI 3HAYHY KUIBKICThH
OOMOTOK 1 BHKOPDHCTOBYIOTBCSI Yy MOOYTOBHUX NPHUCTPOsiX, TeJeBi3opax,
pagionpuiiMavax TOIIO.

KpiM 11b0r0, MIMPOKO BUKOPUCTOBYETHCS MO TPAHC(HOPMATOPIB 32 IHIIMMHU
O3HaKaMH, HampWKIad: 3a yucioMm ¢a3 (omHodasHi, Tpudasni, 6ararodasHi); 3a
croco0OM OXOJIO/DKEHHS (3 MPUPOIHIM 1 MITYYHUM, CyXi Ta MAcisiHi); 3a 4acjioM
00MOTOK Ha a3y (ZBOOOMOTKOBI, TPHOOMOTKOBI Bi 6araT0000MOTKOBI).

Binpmr neranbHO XOTiIOCH OM po3moBicTH Mpo TpUda3HUKA CyXHi 3aXUCHUI
TpaHcopMaTop 3 HPUPOJHUM IIOBITPSIHUM OXOJIOMKEHHSM, SKUH NpH3HAUYECHUH
JUISL )KUBJICHHS €NEKTPU(IKOBAHOTO IHCTPYMEHTY Ta JIaMIl MICIIEBOTO OCBITJICHHS
BiZ Mepexi TpuazHOro 3MiHHOTO cTpyMy 4dactororo 50...60 I'my, Hampyrowo mo
660 B nipu TpuBanomy pexxumi poOOTH TIiT HABAaHTAXKCHHSIM.

TpancdopmaTop 3aCTOCOBYETHCS TSl pOOOTH B CTAI[iOHAPHOMY TIOJIOKEHHI B
MPUMIIIEHHX A€ BiZICYTHS IIpsiMa i COHAYHOI pajiariii Ta aTMOC(hEepHUX OCaIiB.
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AKTHBHA YacTHHA TPaHC(HOpPMATOpa MICTUTh MAarHITOTIPOBI i OOMOTKH.

MarHiTHa cuCTeMa CKJIAIAaeThCs 31 CTPIKHIB Ta speM. Ha cTpmkHIX
PO3TaIIOBYIOTECS OOMOTKH TpaHchopMaTopa.

MarniTonipoBig  (puc. 2) CKIAZAETBCSI 3 BEPTHUKAIBHUX CTPHXKHIB,
MEPEKPUTHX 3BEPXy Ta 3HU3Y TOPU3OHTAIBHUMH SpPMaMH, B PE3yJNbTaTi 4OTO
CTBOPIOETHCS 3aMKHYTHH MarHiTHUHA KOHTYP.

1 - cTpuxHi; 2 - SpMOBI OaiKy; 3 - CTATYIOUI IIMTHIIBKHY;
4 - miacTaBa JJIsl yCTAaHOBKH KOTYILOK; 5 — SIpMO
Pucynoxk 2 — MarHiTonposif

MarsiTomnpoBix B TpaHcopMaTopi BHKOHYe ABI (YHKIIi: TO-TiepIie, BiH
YTBOPIOE MAarHiTHE KOJIO, 1O SIKOMY 3aMHMKA€ThCSl OCHOBHMH MAarHiTHHH MOTIK
TpaHcopmaropa, a TO-Apyre, € OCHOBOIO Uil BCTAHOBJICHHS Ta KPIIUICHHS
00MOTOK, BUBO/IIB, ITepeMHUKaviB. MarHiTOPOBIl Ma€ MIMXTOBAaHY KOHCTPYKIIIFO.
Taka KOHCTPYKIIiSI MarHiTOIPOBOY 3MEHIIYE BHXPOBI CTPYMH, SIKi iHIYKTYIOThCS
B HBOMY 3MIHHHUM MarHiTHUM IIOTOKOM, i THM CaMHM, 3MEHIIY€ BTPaTH €HEprii B
TpaHchopMarTopi.

VK 621.3

I'ynsesa T.B., Kpimrod B.B. 2
! KaH[. TeX. HayK, aou. 3HTY

2 ctya. rp. E-418cn 3HTY

PO3MOALILYUN ITPUCTPIN

EnexTpoenepreTrka € HallBaXJIMBIIIOO T'ajly3310 Oy/1b-5KOi KpaiHH, OCKIIBKH
il IpoyKIlisi (eJeKTPUYHA EHEPTis) HANEKUTD JI0 YHiBEpCAbHOTO BULY eHepril. 11,
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0e3 3HAYHMX BTpAT, MOKHA IepenaBaTH Ha Oynb-sAKi BiACTaHI, PO3MONUIATH Ha
BEJINKY KiJIbKiCTh CIIOXKHBAYiB.

Posmonxineui mpuctpoi Ha Hanpyry 750B npusHaueHi 111 poOOTH B CHCTEMI
eJIEKTPONOCTaYaHH PYXOMOTO CKIay eNeKTPpH(iKOBAHOTO MiCHKOTO TPAHCIIOPTY.

Pucynox 1-posnonineunii mpuctpiii cepii PY

B HHX 3aCTOCOBYETHCS IITOPKO-TIOBOPOTHUI MEXaHi3M JJIs BiIOKpEMIICHHS
BIZICIKIB CHJIOBMX IIMH Ta INBUJIKOJIIOYOrO0 BHMHUKAua, SIKMA 3HAXOIUTHCS Ha
MOBOPOTHIN maHesi. Bif sikocTi 30upaHHs MOBOPOTHOI MaHENi 3aJeKUTh HamiiHA
pobota BUpoOY y CHOXKHBaYa.

CydacHi po3moaiibpyi MPUCTPOi HOBOTO MOKOJIHHS cepii PY mpusHaueHi mjis
po0OTH Ha TATOBHX IMIACTAHI[SIX B CUCTEMI CHEPromMOCTAYaHHS TATOBOI MEPEKi
MICBKOT0 €JIEKTPHYHOTO TPAHCIIOPTY.

Bonu xapakrepusyeTscs:

— BUCOKUM piBHEM HATIHHOCTI;

— crymiHp 3axucry (BimnmoeimHo no I'OCT 14254-96): IP54 - Bigcik
kepyBaHHs1, [P43- iHmmi Bifciku (OKpiM JHUIIA);

— BKpail HU3BKOIO TIOTPeOOI0 B TEpIOANYHOMY OOCIYroBYBaHHI 1
MEePiOJUIHAX PEMOHTAX;

— HEBEJMKHMH radapuTHUMHU PO3MiIpaMH, Macolo, MaTepialloMICTKICTIO 1, 110
Jla€ €KOHOMIIO POCTOPY MPUMIIIIEHb i ICTAHIIIH;

— 3pPYYHICTIO OTJISIIB 1 00CIYrOByBaHHS 32 paXyHOK 3aCTOCYBAHHS €JIEMEHTIB
BHUKOYYBaHHS 3 BUMHKaueM 1 JIIHIHHUM po3'eJHyBaueM;

178



— HAasBHICTIO MOXXIIMBOCTI MOHITOPHHTY 1 CaMOJIarHOCTUKU YCTaTKyBaHHS,
[0 NIPUBOAMTH II0 3HIDKCHHS Yacy Ha oOCIIyroBYBaHHS, IOIIYK HECHPaBHOCTEH,
PEMOHTHO-BiTHOBITIOBAIEHUX POOIT;

— BOYIOBaHOIO CHCTEMOIO MOHITOPHHTY TSATOBOI Mepexi 3 HabopoM
€JIEKTPOHHUX 3aXHUCTIB,;

— KOHCTPYKIIi€to, 110 3a0e3medye BUCOKY Oe3eKy B eKCITyaTarlii.

[pucTpoi cKIagaeThes 3 TPHOX TOJIOBHUX BIICIKIB: BIJCIK 13 IIBUAKOIIFOUAM
BUMHKAYEM, BiJICIK CHJIOBHX IIMH 1 KaOeliB, BiICIK aBTOMATHKH Ta YIPaBIiHHSI.
CuiaoBi 1 HU3BKOBOJBTHI BIJICIKA pO3fiNieHi, Mo 3abe3meuye Oe3meky
00CIyroByBaHHs i eKCIUTyaTallil, a TAKOK HEMOXIIUBICTh IPOHUKHEHHS TIa3MH 1 3
CHJIOBHUX BIJICIKIB Y BIJICIK CHCTEMH yIIPaBIIiHHSL.

VY BiACIKY HIBHIKOJIIOUOTO BHMHKAua 3HAXOAUTHCS €JIEMEHT BUKOYYBAHHS
(Bi30K), Ha AKOMY BCTAHOBJICHHH IIBUIKOMIIOYMA BHMHUKAY, JIiHIHHUHA
JBOIIOJIFOCHUH PpO3'€THYBa4, CEPBONPHUBIN €JICMEHTY BHKOYYBaHHS, BHKOHABYI
MeXaHi3MH eJIeKTPOMAarHiTHUX OJIOKYBaHHS Ta iH.

EneMeHT BHKOYYBaHHA Ma€ TpPH MOJOXKEHHA: poOode, KOHTPOJIbHE Ta
peMoHTHe. 3 poOOYOro MONOKEHHS B KOHTPOJBHE, a TAaKOXK HABIAKH 3
KOHTPOJILHOTO B po0ode Bi30K MEPEeMIlyeThbCs aBTOMATHYHO 33 JOMOMOTOI0
EJIEKTPUYHOTO CEpBONPUBOA. [Ipu HbOMY TepcoHaN He NOKJaJgae HisSKUX 3yCHIIb
NpU 3aKOYyBaHHI i BUKOYYBaHHI Bi3ka. B KOHTpOJIbHE TIOJIOKEHHS 1 HaBMaku B
poboue Bi30K MEepeMIlly€eThCsl TUIBKH IICIS TOTO, SIK KEPYIOUUi KOHTPOJIEp 1acTh
JIO3BIJI HA BUKOYYBaHHS Bi3Ka, MIEPEBIPUBIIHN BCi OJOKYBaHHs, siKi OEpyTh yuacThb B
cucremi Oesneku. [lepeBipka TPOBOAMTHCS AaBTOMATHYHO TPH HAasSBHOCTI
BIIITOBITHOT KOMaHIH.

PucyHoKk 2- eneMeHT BUKOYYBaHHS Bi30K
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CraH KOMYTYIOUHX AamapaTiB pO3MOAUIPYOTO IPHUCTPOIO 300pa)kKyeTbCs B
KOXHHI MOMEHT Yacy Ha IaHelNi Bizyauizamii i yIpaBIiHHS IPUCTPOEM.

B mpuctposix 3actocoByroThes mBuakonitodi suMukaui UR26-81 abo UR-
40-81, BupoOHuunTBa komnanii Secheron (IIBeiinapist).
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PucyHox 3-mBHIKOIIFOUNI BUMHKAY

3acTocyBaHHA NIHX BUMHKAYiB JTO3BOJSIE BHKOHATH KOMIpKY 3 Ta0apUTOM:
800x2000x1200 MM, mo B 2,5 pa3u MeHIIE aHAIOTIYHUX IapaMeTpiB
PO3MOALIBUNX MPHUCTPOIB, TOOYAOBAaHUX HA 0a3i MBHAKOMIFOYNX BUMuKadiB BAD i
cTpymooOMexytounx - BAT. 3MeHImeHHs raGapuTHHX PO3MIpiB PO3MOMIIBUMX
MPHUCTPOIB 3HAYHO CKOHOMHTH MiClle HAa IIiJCTaHIii, 3HWKYIOYH BHUTPATH Ha
KaritaibHe Oy1iBHUIITBO.

ExcryaraniiiiHi Ta eJNeKTPOTEXHIYHI XapaKTEPUCTUKU I[HMX EJNEKTPUUHUX
arnapariB iCTOTHO MEPeBEpIIYIOTh aHAJIOTIYHI XapaKTePUCTHKH IHIIMX BUMHUKAUiB.
3aBIsAKMd BHCOKIH MeXaHI4HIA Ta EIeKTPUYHIN HaAiHHOCTI, 3aCTOCYBaHHS IUX
BUMMKa4iB [TPU3BOUT JI0 3HWKEHHS BUTpAT Ha iX o0ciyroByBanHs. KoHCTpyKIis
BUMHKaYa JIO3BOJISIE BUKOHATH HEOOXIJHI MexaHiuHi OJOKYBaHHS 3 JIiHIAHUM
po3'eqHyBayeM.

VY po3noaLTEYMX MPHUCTPOSX 3acTOCOBYIOTHCS po3'eanyBadi EST ta EDT, sxi
MAaIOTh YHIKaJbHY KOHCTPYKIIIF0O KOHTAKTHOI CHCTEMH 3 TOABIHHAM PO3PHBOM 1 3
KOHTAKTaMH, SKi TPUBOJATECS B PYyX MajorabapHTHHM cepBompuBoioM. lLle
JTO3BOJISIE BUKOHATH I IKITFOYEHHS IIBUIKOIIFOYOTO BUMHKa4Ya 0 CHIIOBOI IIWHU
6e3 MexaHIYHUX 3yCHIIb.

JlerkicTh BUKOYYBaHHS Bi3Ka 3 BUMHKA4YeM 1 JIBOIIOJIOCHUM pO3'€IHYBaYeM
tuny EDT nocsiraeTbcs 3a paXyHOK OpHTiHAJIBHOI KOHCTPYKIIT po3'eHyBava.
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KoskeH moxroc Mae 1Ba psayl JJaMeJiB, sIKi B TIOYaTKOBOMY (BiIKIIOUCHOMY)
CTaHI PO3BEACHI TAKUM YHHOM, IO INUHH SKi MiAKIIOYAIOTHCSA, BXOAATH B 30HY
nmameniB 0e3 mepemkon Ta 6e3 MexaHigHOTO Oormopy. TiNbKH MICISA TOTO, IK €JIEMEHT
BUKOUYYBaHHA OyJie B poO0YOMY TOJIOKEHHI 1 BCi OJIOKYBaHHS IMiATBEPAATH TO3BLI
Ha BKJIIOYEHHS pO3'€qHYyBada, CEPBOIPHUBIA IMOYMHAE 3BOIAWTH JIAMENi, SKi
0o0THCKaroTh IWHM. [Ipu 1bOMy, Jameni NPUTHPAIOTHCS 3a IUIOMIMHOIO IIHHH,
3aYMIIYIOYM  OKUCHY IUNBKY cpibma. KokHa  JaMens  IpUTHCKAaeThCS
IHIMBIIyaJbHOIO MPY)KUHOIO, KA HE IOB'A3aHa 3 IHIIMMH JIaMEISIMHU 1 Npalioe
caMOCTIi#HO. Y pa3i BUXOy 3 JIaAy OJHI€T JaMeni (Ko ociaadia mpyKuHa TOIIO. )
peuiTa jaMeniB 3JIMIIAETECS B pOOOTI 1 HISIKUX aBapiiiHUX CHUTyalill He BUHHKAE.
Jo Toro > 3a CyMapHOI IUIOIICI0 KOHTAaKTHHX JIaMelliB po3'eIHyBaY Mae
YOTHPUKPATHHH 3a1ac 32 KOHTAKTHOIO TIOBEPXHEIO.

Po3'ennyBaui cepii EST Ta EDT Hanexats 1o kaTeropii HeoOCIyroByBaHUX,
3 KUTBKICTIO IMKIIB 1O TeXHigHOTO obOciyroByBaHHS - 10 000 (a6o 10 pokiB).
Pos'ennyBaui 3abe3nedeHi OE3NTyMHUM MAaJIONOTYKHUM EJIEKTPUYHHM IIPHBOJIOM
noTykHicTio 18 BT. 3acTocyBaHHS ENEKTPONPHBOIIB KEPYIOUHUX CHCTEMOIO
ABTOMATHKH 3HIDKYE PH3HK IOIIKOKEHHS PO3'€HYBAYIB y pPa3i MOMHMIKOBUX Jii
OTIEPaTHBHOTO ITEPCOHAITY.

Posmominkyi  mpHCTpoi  3a0e3MeucHi  CHOCI[aJbHUM  3a3¢MITIOIOYHM
po3'eHyBaueM, III0 BHKJIIOYAE HEOOXIJAHICTh HAKIAJACHHS IEPEHOCHOTO
3a3eMJICHHSI ONEPAaTHBHUM IEPCOHAIOM. 3a3eMIIIOIOYHMI PO3'€HYBau Ma€ TakKy X
KOHCTPYKIIIO, sSIK OIMCAaHWil BuIle po3'eaHyBad pobOouoi mmH. Po3'eanyBadu
KEPY€EThCS CEPBUIIPHBOAOM a00 BpyuHy. I[lpu mpoBeJeHHI perjaMeHTHHX i
PEMOTHHX poOIT HeMae HEOOXiTHOCTI AOCTYIy IMEpCOHANy B IIMHHUU BiICIK, IO
ICTOTHO 3HIDKYE PU3HK yPayKeHHS €JIEKTPUYHUM CTPYMOM.

Posmomineyi mpucTpoi 3abe3rnedeHi CHCTEMO0 YIIPaBIiHHSA, MOHITOPHHTY Ta
3aXHUCTIB, sIKa BKJIIOYAE B cede:

— IIPOMUCIIOBHH KOHTpoJep cepii X20;

— CHCTeMY MOHITOPHHTY Ta 3aXHCTiB TsroBoi mepexxi SMTN-2 abo SMTN-3;

— maHeJp Bizyaiizauii PP65.

Ipuctpiii oOMagHAHUN MPOMHUCIOBUM KOHTpojepom ¢ipmu Bernecker &
Rainer (ABctpis). Bci anropurMm peanmizyloThCsl Ha TNPOTpaMHOMY piBHI, a
VIPaBJiHHS CEPBONPHUBOJIAMH, BHUKOHABYMMH MEXaHI3MaMH, UIBHAKOIIIOYHM
BUMHKa4eM 3/1iHCHIOETHCS 3a JOTIOMOT'O0 EIEKTPOHHUX KOMYTYIOUHX €JIEMEHTIB.

Jnsa Bisyamizamii i ympaBmiHHA KOMIIOHEHTaMH PO3MOAUIBHHUX IPHCTPOIB
BUKOPHCTOBYETHCSl TaHeNb Bisyausizamii BHUpoOHMITBa KommaHii Bernecker &
Rainer (Ascrtpist). [lanens Bi3yamizamii mo3Bossie B MpOCTid 1 3pydHidl Qopmi
BioOpaxxaTn HeoOXiHy iH(OpMaLilo i 3AICHIOBATH YIIPaBIiHHI KOMYTallitHUIMHU
arnaparamy IUIIXOM IOTHKY.

Bincik cHnoBHX MIMH BIAMUICHWH BiJ BIJCIKY IIBHIKOMIFOYOTO BHMHUKada
JBOIO CTIMKOIO 1 MOBOPOTHMMH JiBepuMa. [IBepi 3abe3mnedeHi 3aMKoM. Y BepxHil
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YaCTHHI MIMHHOTO BiJICIKY 31 3BOPOTHOTO OOKY ITOBOPOTHHX JABEPEH BCTaHOBIICHI
enementr SMTN. Ha noBopoTHHX IBepsX BiCIKy BCTAHOBIJICHI: 3aXHCHA MITOPKA 3
JIBOMa HATIPSMIIIOIOYHAM, BaXITHHO-JAHKOBHH MEXaHi3M ii migiioMy i1 maHenms 3
eleKTpoMarHiToM YA3, mo B3aeMojie€ 3 TPUBOJOM BHKOWyBaHHsS Bi3zka. [Ipm
BUKOUYYBAaHHI Bi3Ka INTOpPKA 3aKPHBA€ OTBip B MOBOPOTHUX NBEPAX, UEpe3 SIKHHA
3MIHCHIOETBCS 3’€IHAHHS CIIOBHX Kil. Ha BakibHO-TAHKOBOMY MEXaHi3Mi €
OTBOpPH [JIsl BCTaHOBJCHHS HaBICHOrOo 3amka. J{isg yTpUMaHHS IUTOPKH Yy
BEPXHBOMY MOJIOKEHHI (B pa3i HEOOXiJHOCTI JOCTYIy B BiJICIK CHJIOBHX LIMH) Ha
JIBepsiX BcTaHOBJICHHH crorop. [Ipu oOciryroByBaHHI naHelni B eKCIuTyaTanii

— MOTpiOHO OJWH pa3 Ha piK NPOBOJAWTH 3MAllyBaHHS IOBEPXOHb, IO
CTHCKAIOThCSI:

— MaHeJi eJIEKTPOMArHITy Ha MMOBOPOTHIH MaHeni;

— TIeTeNb HOBOPOTHOI MaHeNi;

— BaXXUJIb JJAHKH MEXaHI3MYy;

— TIaHelNi MPUBONY 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-11e MeTauieBa ocHoBa po3Mipamu 600x700 MM TOBIIKHOLO,
sIka BUTOTOBJICHA 31 CTAJIi 1 € IIOKYITHUM BHPOOOM.

V]IK:537.313

ITerpux B.B.l, CHHULITH C.C.l, Yaban I.C.l, Mamusko B.K.2
Yerym rp. KHT-128 3HTY

2 KaHA. ¢i3.-mat. HayK, qou. SHTY

HEPEBIPKA 3AKOHIB KIPXT'O®A JJISA 3SMIHHOI'O
CTPYMY(KOMIT'IOTEPHA JTJABOPATOPHA POBOTA)

Po3pobiiena nporpama 1abopaTopHoi poOOTH Ha KOMIT FOTEpI, SIKa MOBHICTIO
BinTBOptoe ii BHKOHAaHHA Ha peaJbHId EKCIIEPUMEHTANbHIH  YCTaHOBII.
HeoOxinHicTh Takoi poOOTH BUKJIMKaHA MOXKJIMBICTIO BIJIPALIOBaHHS CTYJICHTOM
miei podotr BaoMa. OcoOMMBO 1€ aKTyajdbHO JJS CTYACHTIB 3a04HOi (hopmu
HapyaHHs. OJHOIO 3 TMO3UTHBHUX BJIACTHBOCTEH NpPOrpaMH € HE3aIeKHICTh
MiAKIIIOYEHHS KOMIT'IoTepa J0 IHTepHEeTy Ta HEBHUCOKI BHMOTH A0 TEXHIYHOTO i
MIPOTPAMHOTO HOTO PiBHA.

Sk i B peanbHIfl yCTAHOBI CTYJEHT BHKOHYE IIICTh JOCTIMAIB MPH Pi3HOMY
BBiMKHEHHI enemenTiB R, L i C: gocmig 1.1- mapanensue 3’eananns R—C; mocmig
1.2- napanensHe 3’emHanHs R-L; mocmix 1.3- mapanensHe 3’emHanHs R-L-C;
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nmocain 2.1- mocaigoBHe 3’eaunanas R—C; mocmig 2.2- mocmigosue 3’enHanns R—L;
nociin 2.3 (puc.1)- mocmigosue 3’emqHannas R—L—C.

% Nocnip, 2.3

-
Homivarmm:

R=285 Om

Xu=377 Om

Xc=319 Om
R.=310Om

— —

Pucynoxk 1 — Cxema nocniny 2.3. [MocninosHe 3’eqnanus R — L — C.

Perynsropom B miana3zoni 0...60 B 3 kpokom 10 B 3amaerscst Hampyra Ha
BXOJ1 CXeMH. BUMIpIOIOTECS CTPYMH Yy BITKax i MajAiHHSA HAIPYTH HE KOXHOMY
eneMmenTi. IToka3aHHs 3amuCyIOThCS B 30IHUT. [10TiM, BUKIMKABIIN 1HTEPAKTUBHY
JIOBiZIKY Teopii BiAMOBITHOTO IOCIHiAY, NPOBOAUTHCS OOpOOKa pe3ynbTaTiB 3a
npaBmwiamMu  Kipxroda 3 moOymoBoro BekTopHUX miarpam. CHiBCTaBISIOTHCS
3HAYeHHS HAmpyr 1 CTpyMmiB, ojaepkaHuX 3a mpaBmwiamu Kipxroda, 3
Ge3nmocepe/IHb0 BUMIPAHMMHU. IXHE CIiBMAJaHHA CBiT4UTH TPO CHPABELTHMBICTH
3akoHiB Kipxroga mis 3mMiHHOTO cTpy™my. [l Toro, mo6 4MCIIOBI 3Ha4YeHHS HE
MOBTOPIOBAJIMCH IIPH OBTOPHOMY IIPOBEJICHHI JJOCIIAIB, TPOrpaMHO IependadeHe
BHUITAJKOBE BIIXWJIEHHS YHNCIIOBHUX 3HAYEHD B MexXax 1%.

OpHi€r0 3 TO3WTHUBHUX BIACTHBOCTEH IIPOTpamMH € HE3aJIeKHICTh
MiAKIIOYEHHS KOMIT'IOTEépa /0 MepeXi IHTepHeTy Ta HEBHCOKI BUMOTH [0
TEXHIYHOTO 1 IPOTPAMHOTO HOTO PiBHS.
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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.

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.2
!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.2

! student of E-818sp, ZNTU

2 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.
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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,lower 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.
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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.
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MMOYATOK BIIJIIKY KYTA B 3AKOHI MAJIIOCA

OpHi€0 13 KIACHYHUX POOIT BY3IBCHKOTO JIA0OPATOPHOTO IPAKTHKYMY 3
¢isukn € poboTa mo mepeBipii 3akony Mamoca [1,2]. Bin mosnsrae B Tomy, 110
IHTCHCHUBHICTD IIJIOCKOIIOJIIPH30BAHOTO CBITJa, SKE MPOHIIIO Yepe3 aHaji3aTop,
mponopuiifHa KBaJpaTy KOCHHycCa KyTa MiX IUTOIIMHOIO ITOJIIPH3aLlii 1Magarodoro
MPOMEHsI Ta ONITHYHOIO BiCCIO aHasi3aTopa

|=|O~COSZ(p. (D)

Hocnimxyerbes 3aJICHKHICTh (dortocTpymy, 110 TeHEPYETHCS
(oTOeNEeKTPUUHNM MepeTBOpIoBaYeM, Haiuacrtinie (OTOII0A0M, BiA KyTa .
OcHOBHaA TPY/HICTh 1 HAHO1JIbIIIA HETOUHICTH ITOB’sI3aHAa 3 BCTAHOBJICHHSIM MMOYATKY
Bimmiky kyrta. Haiwactime [3-5] TakuMm mOYAaTKOM BIAJIIKY € TOJOXEHHS
aHayizaTtopa, Koiau (OTOCTpYM MaKCHMAalbHUHA, TOOTO KYT MK IUIOIIUHOIO
HOJIApH3aLii Ma1al0u0ro IMPOMEHS 1 ONTHYHOIO BicCio aHamtizartopa ¢ = 0°. Aue mpu
OpOMY KyTi (YHKIS KOCHHYC 3a3Ha€ eKCTpeMyMmy (MakcCHMymy) i1 ToMy
YYTJIMBICTh PETYIIOBAaHHSA, TOOTO 3MiHA (OTOCTPYMY IPH 3MiHI KyTa HOBOPOTY
MiHiMaibHa. TOMy BCTaHOBJICHHS KyTa, IPH SKOMY (YHKIIsl KOCHHYC ITepeXOaHuTh
4yepe3 HyJjlb, 34a€ThCs OLbII NPUBAOIMBUM. AJie L€ TUIBKHM Ha MEpPIIMH MMOTJIS.
Cnpaga y BiiMiHHOCTI pyHKIIT KOCHHYC Bix KBajpaTa KocuHyca. OcTaHHs 3a3Ha€e
ekcTpeMymy sk npu @ = 90° (Makcumym), Tak i npu @ = 0° (Minmimym). Tomy
YYTJIMBICTh MOXHA OL[IHUTH 110 KPUBH3HI Tpadika B UX TouKax [6].

y
k= S Bz’ @)
+(y')
,d 5 . . ,
Tyry =£(cos (p):—Z'COS(p~SIn(p=—SIn2(p - mepma  MOXijHa,

2
y = q (COS2 (p)z —2-c0S 2(p - npyra moxigna. [lizcTraHoBKa MOXiTHUX B

2
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(2) mae k = .Tpu ¢ = 0° ko = 2. TIpu @ = 90° Kkgg = 2. TobTO

(1 +sin? Zq))%
KpPHUBH3HA B 000X EKCTPEMYyMax, a OTKe 1 yTINBICTh, OJJHAKOBA.

Tum He MeHIIe MH BBa)Ka€MO IOIUIGHIIIAM HAaNAIITYBaHHSA BIiIJIKY KyTa
MPOBOIUTH TI0 MiHIMyMy (OTOCTpYMY, OCKITBKH B IIhbOMY BHIAIKy MOJKHA
30UIBIINTH TyTIUBICTh IEPEMUKAHHIM Jiarma3oHy MiKpoamIiepMeTpa Ha MEHIINH,
a omke 1 Oumbm wyrTnmBHHA. B MakcmMyMi IIhOTO 3pOOWTH HEMOKIHBO i3-3a
3aIlIKAIIOBAHHS TIPHIIALY.
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I'ynsiesa T.B.%, Crok A.1O. ?
! kanp. Tex. Hayk, gom. 3HTY
2 cryna. rp. E-318cn 3HTY

EJIEKTPOIIOCTAYAHHSA TA EJIEKTPOOBJIATHAHHA
MEXAHIYHOI JUUIbHUII PEMOHTHOT O IIEXY 3ABOY
HECTAHIAPTHOI'O OBJIAJJTHAHHA

Enextpuka B CydacHOMY CBITi — IIe OCHOBHHH 1 )KHUTTEBO HEOOXiIHUII pecypc.
ToMy omHMM i3 NepIIOYEpProBHX 3aBJIaHb Ha OyAb-IKOMY MiANPHEMCTBI €
3a0e3meueHHs eneKTpoeHepriero. Ake, 0e3 eleKTpoeHeprii HEMOXKINBO YSIBUTH
pobOTy He TiAbKM BUPOOHMYOro oOJagHAHHA, a W CHCTEM BOAOIOCTAYAHHS,
BEHTWJIALII, TeIulonocradyaHHs. be3  enektpoeHeprii HemoxJmBa podota
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MPaKTHIHO OYyAb-SKOTO MPEAMETA, OB’ A3aHOTO 3 MOBCIKACHHUM JKUTTSIM KOKHOT
JFOJTUHU.

BaxnuBuM i mepioueproBUM B MPOEKTYBAaHHI CHCTEMH €JICKTPOIIOCTAYaHHS
€ BUOip pKepena emekTpoeHeprii. [Ipum po3poOKHM cHCTEMH eNeKTPONOCTaYaHHS
MPOMUCIIOBOTO  IINPHUEMCTBA  HEOOXiZHO  MIATOTYBaTH BCIO  O3BLIBHY
JOKyMeHTarito. Y 3B’A3Ky 3 [OHM, OIiIBIIICTP KOMIIAHIH BHOHMPAIOTH
KBaJTi(hiKOBAHUX MIiJAPSTHUKIB.

EdekTuBHICTE 00paHOl CXEMH 1 CIIEMEHTIB CHCTEMH CICKTPOIIOCTAYaHHS
MPOMUCIIOBUX TMIINPUEMCTB Oyne 3ajekaTd BiI SKICHO TPOBENCHOI OLIHKU
HaBaHTAXXCHb B IOJAJIBIIOMY Ha Mepexy. TOMy CTBOpPEHHS OyAb-sKOi CHCTEMH
CJIEKTPOIIOCTAYaHHS  TOYMHAETHCS 3  OLIHKM  MaWOyTHIX  eJIEKTPUYHHX
HaBaHTaXXCHb. [IpU OLIHIOBaHHI €JIEKTPUYHMX HABaHTAXXCHb HA IIANPUEMCTBAX
HEOOXiZTHO BPaXxOBYBAaTH HAIINHICTH JKUBJICHHS CICKTPONPHIAMAYIB, MOTYKHICTb,
HaIpyra, pexuM poOOTH, TUI CTPYMY.

B nanmii wac enexTpornocradaHHs 3MIHCHIOEThCS Ha TpH(A3HOMY 3MIHHOMY
ctpymi. [1{o6 3aiiicHIOBaTH XapuyBaHHS JCKUTHKOX IMPUIIMadiB MOCTIIHOTO CTpyMy
HEOOX1IHO BHKOPHUCTOBYBATH TIEPETBOPIOIOYI mijcTaHmii, oOamHaH1
MepeTBOpIOBaYaMu  (PTYTHI  BHIIPSIMIISYi, HAIMIBIPOBITHUKOBI  BHIIPSMILTIL
JIBUTYHU-TEHEPATOPH).

Cucrema  eJIEKTPONOCTa4yaHHS 3aBOJY CKJIQJAETCS 3  IKUBWIBHHX,
PO3MOIITBHUX, TPAHCPOPMATOPHHX 1 TIEPETBOPIOBAJILHUX MiJICTAHIIH 1 3B 3yIOTh
ix kabeJbHI Ta MOBITPSHI MEPEeXi 1 CTPYMOINPOBOAN BHCOKOT Ta HU3bKOI HAIPYTH.
Cucrtema eeKTponocTavaHHs OyIyeThCsS TAKUM YHHOM, 00 BOHA Oyjia HajiliHa,
3py4Ha i Oe3nedHa B 00CITyroBYBaHHI, 1 3a0e3medyBaia HeOOXiJHY AKICTh SHEpTii i
0e3mepeOidHICTE eNEeKTPONOCTauYaHHs B HOPMAaJdbHOMY, 1 TICII1 aBapilfHOMY
pexuMax. Y TOM JKe dYac CHCTeMa eNeKTPOIOCTadaHHS IOBHHHA OyTH
E€KOHOMIYHOI0 3a BHUTpaTaMH, HIOPIYHMM BHUTpaTaM, BTpaT CHEPTii i BHUTpaTi
JIeQIIUTHIX MaTepiajiB i yCTaTKyBaHHI.

1. Texuixo-mexnonociuna xapaxmepucmuxa OCHOGHUX 6UOI6 GUPOOHUUUX
npoyecis.

JlaHe TiINPUEMCTBO BUKOHYE KaliTalIbHUHA Ta MOTOYHHUN PEMOHT MIYHHUX,
CHJIOBHX TpPaHC(OPMATOPiB, aBTOTPAHCPOPMATOPIB i PEAKTOPIB MOTYXKHICTIO J0
1100 MBA, Hampyroto 0 750 kB BK/IIOYHO 32 MiclieM iX YCTaHOBKH i3 3aMiHOIO i
6e3 3amiHM OOMOTOK BHi3HMMH OpHragaMm Kaaji(ikoBaHHX 1 JIOCBIIYCHHX
(haxiBIiB 3 BUKOPUCTAHHSAM BHCOKOTEXHOJIOTITHOTO OOJIa{HAHHS 1 OCHAIICHHS.

Llex 3 peMOHTY HOTYKHHX TpaHC(OpMaTOpiB BUKOHYE:!

- KamiTaJbHUH pEeMOHT TpaHC(POPMATOpPiB, IX PEKOHCTPYKLis Ta
MOJICpHI3allis;

- CepeHii Ta MOTOYHUI PEMOHT;

- BUTOTOBJICHHS 3allaCHUX YaCTHH JUIsl TpPaHC(OpPMATOpiB;

- PEMOHT MacJIOHAIIOBHEHHX EJIEKTPUYHHX araparis.
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[MoniOHO pPEeMOHTY eNEeKTPUYHMX MAIIMH BCi POOOTH, IO TPOBOIITHCSA B
IFOMY IIEXY, MOXKHA pO30WUTH Ha BiCIM OCHOBHHX BHIB: NPEIPEMOHTHI, pa30ipHO-
neeKTyBanbHi, OOMOTYBalbHi, CIIOCAQpHO MeEXaHi4Hi, KOMIDICKTYBaJIbHI,
CKJIaJaNbHi, 037100JIF0BaIbHI Ta MiCIIPEMOHTHI.

OcCoOMUBICTIO TIEXy € HasBHICTH MACIITHOI'O TOCHOJApPCTBA 1 3HAYHHUHA 00csAT
pobiT 3 mimroroBkm wmacma. Ilpm pemoHTi Macimo abo BiTHOBIIOIOTH, abo
3aMiHIOIOTH Ha HOBe. /Iy 1IbOro HEOOXiJHO MaTH JIOCTAaTHIO KUIBKICTh Macia i
€MHOCTeH misi Horo 30epiraHHs, a B IeXy IHOBHHHI OyTH TIpOKIaaeHi
MacTHJIONIPOBO/Y 1 BCTAHOBJICHA MacJIOOYHIIyBaJIbHA aaparypa.

2. Bumoau 00 enexmpoycmamxy6anHs ma e1ekmponoCcmayanis

OCHOBHUMHM TpyHaMH EJIEKTPONpHUHAMAaYiB, 110 CKJIAJAOTh CyMapHe
HAaBaHTAXXCHHS O0'€KTIB, € CBITWIBHUKM YCIX BHJAIB IITYYHOTO CBITJA,
CIEKTPOABUTYHH BHPOOHWYMX MEXaHi3MIB (BepCTaTH, MiAHOMHO-TPAHCIIOPTHI
MPUCTPOI, KOMIIPECOPH, BEHTHIATOPH, HACOCH), 3BApPIOBAIbHI YCTAHOBKH, MiUHI i
CHIIOBI TpaHC(HOPMATOPH, CICKTPHUIHI TIeUi, BUIIPSIMHI YCTAHOBKH Ta iH.

[lo BuOy mepeTBOPEHHS €NEKTPOSHEPTii MpuiiMadi MigpO3AUIIIOTh Ha
€JIeKTPONPHUBO/IN, EJICKTPOTEXHOIOTIUHI i €MEKTPOOCBITIIIOBATIbHI YCTAHOBKH.

EnexrponprBonn BHPOOHMYMX MEXaHI3MIB 3aiiMalOTh HaHOUTBINE Micie
cepell eICKTPONPHIMAaYiB MPOMHUCIIOBUX MiANPUEMCTB. PexuMu Ta 0COONIHMBOCTI
pobOTH B OCHOBHOMY BH3HAYalOThCS XapaKTEpPOM OCHOBHOT'O BHPOOHHIITBA, IO
BU3HAYa€ BHOIp Ui HHUX TUIY 1 TOTYXXHOCTI EJICKTPONPHUBOIIB y BEIHKOMY
niana3oHi — BiJ AeKIIbKOX BaTIB 10 JEKIJIbKOX MEraBaris.

EJleKTpOTeXHONOTIUHI yCTAHOBKM — €JIEKTPOHArpiBallbHI YCTAaHOBKH B
OCHOBHOMY NpAIfOlOTh Ha TpH(pa3sHOMY UM OAHO(A3HOMY IEpEeMiHHOMY CTpyMi
gactotoro 50 I'm, neski eneKTpOTEeXHOJIOTiYHI YCTaHOBKM TIPamIOlOTh Ha
MmocTiitHOMYy a00 TMepeMiHHOMY CTpyMi 3 4acToToro, BimMiHHOI Bim 50 Im, i
HiAMUTYIOTHCS Bifl IEPETBOPIOBAILHUX YCTAHOBOK.

EnexTpoocBiTIIIOBAIBHI ~ YCTAaHOBKH €, SIK  TpaBWiO, OxHO(a3HUMHK
eneKkTponpuitMadamu. JIaMIi CBITHIBPHHUKIB MAalOTh TIOTYXKHOCTI BiJl ICCATKIB BaTiB
JO JIKIIBKOX KUIOBaTiB 1  XapuyrmoTecs Hampyrowo g0 220 B mpum
YOTHPBOXNPOBiAHIA cuctemi Hanpyru 220...380 B. CBIiTHIBHUKM MICLIEBOTO
OCBiTIIEHHA Ha Hampyry 12, 36 1 42 B mianuTylOThCS BiI HOHIKYIOUHX
omHOGa3HUX TpaHCchOpMaTopiB. Y BHUMAIKAX, KOJHU BIJIKIIOUEHHS OCBITJIICHHS
3arposKye Oesrelli Jroei, ado IHITUX 0COOTMBUX BUMOT, MEPeI0av4aceThCsl CUCTEMA
aBapiHOTO OCBITJICHHS 3 TapaHTOBAHWM JKMBJICHHSAM BiJ i OKpeMHX JamMI 4H
CreliaJbHO BUAUICHUX /TSI ILOTO 3 YKCIIA JIAMIT 3araJIbHOTO BUCBITIICHHS.

Ilo cminbHOCTI TEXHOJNOTIYHOTO TMPOIECY eNEKTponpuiiMaui  MOXKHA
PO3IIMUTH Ha BUPOOHMYI MEXaHi3MH, 3aralbHOIPOMUCIIOBI YCTAHOBKH, ITij1’€MHO-
TPaHCIIOPTHE YCTAaTKyBaHHS, IEPETBOPIOBAIBHI YCTAHOBKH, €JIEKTPO3BAPIOBAIILHE
yCTaTKyBaHHS, €JIEKTPOHArpiBaibHi i eJICKTPOIIi3HI YCTaHOBKH.
3arajpHOIIPOMHUCIIOB] YCTAHOBKH (BEHTHIISITOPH, KOMIIPECOPH, HACOCH) 3aHMalOTh
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3HAaYHE MiCIIe B CHCTEMi eNeKTponocTadanHs. Jliama3oH IXHOI MOTYXHOCTI — Bif
YacTOK KiJIOBaTiB /O AECATKIB MeraBaTiB. XapakTep POOOTH EIeKTPOIPUBOIIB
3a3HAYCHUX MEXaHI3MiB piBHUMH, i3 TpHUBAIMM pekxuMoM. Ha HinsgHII miATOTOBKHU
BUPOOHHIITBA 3 PEMOHTY IOTY)KHHUX TpPaHC(QOPMATOPIB  PO3MIIIYIOTHCA
enexkrponpuiimadi I1-1 ta I1I-i kaTeropii HagiitHOCTI.

Ho II-i xaTeropii BiZHOCATBCS €TMEKTPOTIPUIIMAaUi, SKi TAKOXK JY>KE BasKJIHBI,
asie TiepepBsa X JKMBIICHHS MOB's3aHa TUIBKK 3 MACOBUM HEJIOBHUITYCKOM MPOIYKIII,
NPOCTOEM JIIOACH , MEXaHI3MIB 1 IPOMHCIIOBOTO TPaHCIOPTYy. Bumoru o
pe3epByBaHHS X JKHBJICHHS MEHII CyBOpi , HDK J0 enektpompuiimauiB [ -
kateropii. JlomyckaloTbcs MepepBy ENEKTPOIIOCTaYaHHs Ha 4yac, HEOOXITHUN st
PYYHOTO BKJIIOUSHHS PE3EPBY YEProBUM IIEPCOHAIOM 1 HaBiTh BUI3HUN OpHrasoro,
SKIIO TIJACTaHLis He Mae MocTiiiHoro depryBaHHs . Jleski rpynu
esrekTponpuiiMayis 11 -i kaTeropii 3a MPOMOHOBAaHUM HUMH BUMOTaM 0 >KUBJICHHS
ommkue no I -1 kateropii, a iHmi, HaBmaky, ommkde o I11-of kaTeropii.

Jlo X enexTponpuiiMaviB Ha ITBHUII BiTHOCATHCS:

- BUIIPOOyBaJIbHI CTAHIIIT,

- CYIIMIbHI YCTaHOBKHY;

- CHCTEMH UMO BHIAJICHHS.

Ho 3-ii xareropii BIiIHOCATBCS Bci IHOI enekTpornpuiiMayi. BouHu
JIONYCKAlOTh ITIEPEepBY JKMBICHHS HA 4Yac PEMOHTY abo 3aMiHHM MOIIKOIKEHOTO
CJIEMEHTY CUCTEMH CJICKTPOIOCTaYaHHSI, aJic TPUBAIICTIO HE OUIbINE OJHI€T JOOH.

Jlo wiei kareropii BIAHOCSTHCS:

- KpaHu;

- IPUTOYHA BEHTUIIALLIS;

- BEPCTATH Pi3HUX TPYI;

- IPUBOJHY BIIKPUBAHHS BOPIT, KAIOpU(EpH.

3 Bubip pody cmpymy ma genuuunu Hanpyau

[o Hanpy3i enexTponpuiiMadi KIacu()iKyIOTh Ha ABi TPYIIH:

- eJIEKTPONpHUiMaYi, M0 MOXKYTh OJEPXKYBaTH IIJIMHUTKY 0€3M0CepesHbO Bif
mepexi 3,6 1 10 kB. Jlo wi€l rpynu BiHOCSATH BENHKI €JIEKTPOJABUTYHH, MOTYTHI
meyi omopy i JAyroei medl Juisi IUIABKM YOPHUX 1 KOJILOPOBUX METaliB, LIO
MiATUATYIOTECS Yepe3 BiacHi TpaHcopmaropu. Cruix 3a3HauntH, mo npu 10 kB
MOXYTh OyTH BUTOTOBJICHI ABUT'YHH MOTYXHIcTIO 315 kBT i BHIIIE;

- eJIEKTPOTIPUIMaYi, KUBJICHHS SIKHX €KOHOMIYHO JOIUTBHO Ha Hampy3i 380-
660 B.

[To poxmy cTpymy po3pi3HSIOTH €IEKTpoNnpHiiMayi, 110 MPaIo0Th!

- Bil Mepexi 3MiHHOTO CTpyMy HOpMaJIbHOT pomucioBoi yactotH (50 I'm);

- BiJl Mepexi 3MIHHOTO CTPyMY ITiIBUIIEHOT Y1 3HW)KEHOT YacTOTH;

- BiJl Mepexi IIOCTIHHOTO CTPyMY.

Jdnst psagy BHpPOOHMUYMX MEXaHI3MIB HEOOXifHe MIMPOKE pEeryJoBaHHS
MIBUJIKOCTI, MiJTPUMKA MMOCTIHHOCTI MIBUAKOCTI TEXHOJOTIYHOTO TPOIECY, YacTe
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peBepcyBaHHS, IIBHAKI PO3TOHM 1 TaJlbMyBaHHS, IO BHUKIMKAE HEOOXITHICTH
3aCTOCYBaHHS KEPOBAHOTO EJICKTPONPUBOIA y CKJIAJI ACHHXPOHHOIO IBUTYHA 3
CHCTEMOIO KEPYBaHHS THUPUCTOPHHUM IIEPETBOPIOBAYEM YaCTOTH.

OcHoBHa nepeBara TUPUCTOPHUX IIEpPEeTBOPIOBAYIB nepen
eJIIEKTPOMAIIMHHAMH TIOJISITa€ B TOMY, IO 33 PaxXyHOK BHCOKOTO KoedimieHTa
KOPHCHOI [ii 1 BIACYTHOCTI BTpAT XOJIOCTOTO XOJAY 3HIKYETHCS CIIOKHBaHA
MOTY KHICTB BiJl MEPEXi 1 3HWKYIOThCSI €KCIUTyaTaliiiHi BUTpaTH. Benuki nepesaru
TIIY B iX perynroBaJbHHUX BJIACTUBOCTSX. PerysiroBaHHs BUXIZHUX MapamerpiB i
MOTY KHOCTI 3/1IHCHIOETHCS 03 MEePEKITIOYEeHHS B CHIIOBHX JIAHIIIOTaX, 110 T03BOJISIE
00XOUTHCSI 6€3 TPOMI3AKHX KOMYTYIOUUX IIPHCTPOIB.

TpanchopmaTopHa MiCTAHISA AUITHKH MiATOTOBKH BUPOOHHIITBA 3 PEMOHTY
MOTY)KHUX TPAHCPOPMATOPIB OJICPHKYE JKUBJICHHS BiJl BUCOKOBOJIBTHOI KaOEIbHOT
minii emektpomepenadi 10 kB 3miHHOTO cTpymy uactororo 50 I'm i wepes
MOHIDKYIOUNH TpaHchopMaTop nepeTBoputh y Hamnpyry 04 kB 3minHOTO CTpymy
Tiel X dactoTu. EnekTpoycraTKyBaHHSA MUISTHKH OJEpXKYE >KMBICHHS 4depe3
CHCTEMY PO3HOAIIBHUX IPHCTPOIB.

4. Bubip enekmpuuHux 08UcyHie 0/ MeXHOI02IYHO20 YCIMAMKYBAHHSL

Bubip meuryHa mis HagaHHS pyXy SIKOTO-HeOyIb MeXaHi3My TIOB'S3aHUH i3
3a0e3Me4eHHsIM psijly BUMOT, OCHOBHUMH 3 SIKUX € HACTYIIHI:

- HOMiHaJIbHA Halpyra ABMI'YHA IOBUHHA Bi/IIOBIIaTH HAIIPY31 MEPExi;

- MOMEHT, L0 pO3BHBAETHCS, MOBMHHHUN 3a0e3nedyBaTH IUHAMIuHI 1
CTaTHYHI PeXXUMH 0€3 MPUILYCTUMOTO [IEPEBHUIICHHS TEMIIEPaTypH;

- NepeBaHTaXyBaJlbHA 3/]aTHICTH JIBUTYHA MOBHHHA 3a0e3redyBaTH poOoTy
€JICKTPOIIPUBO/Ia MPU KOPOTKOYACHUX ITIKOBUX HABAaHTAKECHHSAX;

- PEryioBaHHS IMIBUAKOCTI MOBHHHE BIJINOBIAATH BUMOTaM TE€XHOJOTIYHOTO
mporiecy i iH.

Haniitna TpuBana poboTa ABHIYHAa MOXIIMBA TUIBKM B TOMY BHIQJIKY, KOJIH
BiH TPaBMIFHO PO3PaxOBaHUM 1 OOpaHWA MO TEIUIOBOMY 1 JUHAMIYHOMY (IIpH
MepexiqHUX TMpoIecax) peKUMax 1 BiINOBiga€ yMOBaM HaBKOJIHUIIHBOTO
cepenoBuina.  3a0e3le4yeHHs  HAAIHHOCTI  EJIEKTPOIPHMBOJIB  3B'sI3aHO 3
KOHCTPYKLIEIO ABMI'YHIB. 3aCTOCYBaHHs JABHUI'YHIB Oy/b-SIKOTO THILy HacamIepen
MOB'3aHO 13 MWiZOOpPOM HOTro MO TOTYXHOCTI. Y BHIAAKy HEBIAIOBIIHOCTI
MOTY)KHOCTI JIBUTYHA CTaTUYHOMY HAaBAaHT)KEHHIO MEXaHi3My €JIEKTPOIPHBOJ HE
3a0e3meunTh HeOOXiHOT MPOTYKTUBHOCTI, a IBUTYH MepeI4acHO BUNE 3 JTafy.

s BHOOpY CHCTEMH eJNEKTPOIPHBOJA HEOOXiTHO UiTKO YABIATH co0O0i
TEXHOJIOTIYHI BUMOTH JI0 IPUBOAY TOTO MEXaHi3MYy, JUISl SIKOTO BiH BUOMPAETHCS.
VCTaHOBJICHHS TaKMX BHMOT  TOJIETIIYE BHOIp ONTHMAaJIBHOI  CHCTEMH
CJIEKTPOIIPUBO/IA, TOOTO TakWd, SKMH HaHOINBII NMPOCTHH 1 AemeBHINi 3 ycix
cucTeM, 10 3a0e3MedyroTh 0akaHl eKCIUTyaTaliiiHi TOKa3HUKKH MexaHi3my. Bubip
CJICKTPOJIBUI'YHAa BU3HAYA€THCS HABAHTAXXKEHHSM, HOMIHAJILHOIO LIBHIKICTIO PYXY,
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HEOOXiTHUM  [ialla30HOM  pEryIIOBaHHS IIBHAKOCTI TPHBOAY, TBEPIICTIO
MEXaHIYHUX XapaKTePUCTHK, YACIOM BKIIFOUYEHb Y TOAMHY 1 T. II.

YK 004.896:621.316.9
I'ynsesa T.B., T'aBpoB A. L. 2
! kanz. Tex. Hayk, noi. 3HTY
2 ctya. rp. E-127cn 3HTY

BUKOPUCTAHHSA IITYYHOI'O IHTEJIEKTY JIJISI OMOBILIEHHS
PO HECITPABHOCTI TA 3ANIOBITAHHSI ABAPIMHUX CUTYAILIA
HA JIEII, CTAHIIII TA IIJICTAHIIII

Merta: CtBOpUTH caMOHaBYaibHYy nporpamy /-1 (Ityunuit [aTemnexr) ans
BU3HAYCHHS MOXJIMBHX HECHpPABHOCTEH Mepeki BHCOKOI Ta HH3bKOI HAaIpyru
(0.4...330 B).

HaykoBe BiIKpUTTS HOJIsirae B TOMY, 110 paHiue ///-/ He BUKOPUCTOBYBABCS
JUTA IHOWKAIii HEeCIpaBHOCTI JIiHII, a HHUHI iCHYIOUI MPOTpaMH JAlOTh HE MEHII
TOYHHUH pe3yNbTar.

Irygnmii iatenekt ([L-I; anrn. Artificial intelligence, Al) - BmacTuBicTBH
IHTENIEKTyalbHUX CHCTEM BHKOHYBAaTH TBOpYi (YHKIIi, $Ki TpagumiiHO
BBXAIOTBCS  NPEPOTaTHBOIO  JIOJWHM; HayKa 1 TEXHOJOTiS CTBOPEHHS
IHTEJIEKTyaIbHUX MallllH, OCOOJIMBO IHTEJIEKTyalbHUX KOMII'FOTEPHUX IPOrpam.
[II-] noB's3aHuWii came 3 TaKUM 3aBJaHHSIM BHKOPUCTaHHS KOMII'OTEPIB JUIsi
PO3YMIHSI JIFOJICBKOTO 1HTEJEKTY, ajic He OOOB'SI3KOBO OOMEKYETHCSI 0I0JIOTTYHO
NpaBIONONIOHUMH MeToJaMu. ICHyrOUl Ha CHOTOIHI IHTEJIEKTyalbHI CHCTEMH
MarTh JAyKe BY3bKi oOyacti 3acrocyBaHHs. Hampuknan, mporpamu, 3aaTHi
00irpaTH JIOAMHY B IIAXH, aJic HE MOXYTh BIIMOBIaTH HA MUTAHHS 1 T.]1.

TakuM YMHOM, INTYYHUH iHTenekT ([[[-]) - 3MATHICTH IHTENEKTYaIbHHX
MAaIlliH BUKOHYBaTH TBOPYi (YHKIII{, SKi TPAAUIIITHO BBaXKAIOTHCS MPEPOraTUBOIO
JIOJIMHU, TOOTO, HOro HEoOXiJHO 3a3/alieriip HABUNTH, YUM MM H 3aiiManucs B
CBOiH po0OTi.

[lpu HaBuaHHI MH B BHBaHTaXXWIU BXimHi gaHi. [licnsa uporo amanrep [//-1
MPOBIB:

— po3Mmi3HaBaHHS MA0JIOHIB;

— po3mi3HaBaHHS 00'€KTIB;

— po3mi3HaBaHHS 30iriB.

Hani 3amyctuBest CuMynsaTOp, SKHA IPONIIOB paHile 3aBaHTAXCHY
CUTYyallil0 3 yciX MOXJIMBHX pakypciB. lleir mporiec moxna HazBatu «llITyuna
€BOJTIOIiS», OCKIJIBKH Iporpama 3 YCiX NUIAXiB BHPIMICHHS MPOOJIeMH MPUXOIUThH
Ha Kpalle METOJO0M Npo0 Ta MOMHJIOK Ha cUMyJsiTopi. Lle n03BOJIMTH KOPEKTHO
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HaJIaTOAUTH POOOTY CHCTEMH Ta 3amOO0IrTH IMONANBII ITOXWOKH, 3BIBIIM iX IO
MIiHIMyMy, TaK SK TOXHOKa MOXKE BHHHKATH TIIbKH Yepe3 He KOPEKTHe
OKPYTJICHHS B OTPUMAaHNX JaHUX NpH 1X mepenadi, mo ckmazae 0.1%.

Mo>xHa 10aTH METOAN HaBYAHHS HOTO y BUIVIAL B BEJCHHS MAacCHBY JaHUX 1
MPOTHO3YBaHHA Mojanmelux curyamin. Ha caiiti http://drogin.ru/podrobnee-0-
metodax-i-algoritmax-mashinnogo-obucheniya-iskusstvennogo-intellekta/ momaxo
OJIMH 3 METOIB HaByaHHs. € i iHII caliTi 3 METOAaMK HaBYaHHSI.

Taxox [[I-] MOxHa 3aCTOCOBYBATH JUIsSl BU3HAYCHHS TOYKH OOpUBY Ha JIHISX
JIET], nmnst kimbkocTi BTpaT i TH. Bu3HaueHHsS BifcTaHi 10 OOpPHBY 1 HaBiTh
ABTOMATHYHOTO BIIKJIIOYECHHS 10 KoMmaHmi [//-] Oyne crpaiboBYBaTH peledHHN
3aXMCT Ta aBToMaruka. lle B CBOIO depry mOJerumrh poOoTy aucnerdepa,
OCKIJIbKM Oy/ie HEOOXIHO JIMINE CTEKHTH 3a CIPABHOI POOOTOI0 MPOTPaMHOrO
3abe3nedeHHs [//-]. KpiM TOTO, € MOXJIHMBICTh BUKJIMKATH Hapsa Ha IPOBEICHHS
PEMOHTHHX pOOIT B TOYKY OOpHUBY, BIICTaHb 0 SKOTO [//-] BU3HAYHUTH 3 TOYHICTIO
JI0 MEeTpa.

Tax camo [/]-] 3acTOCOBYIOTH JUISl €IEKTPOCHEPTETHUKH:

1. Ha piBHI mpoeKTyBaHHS: HOJIIMIICHE MPOTHO3YBaHHS T'CHEPALii i MOMHUTY
Ha CHEpPropecypcH, OLiHKa HAIIHHOCTI EHEeproreHepydoro o0nagHaHHS,
aBTOMATH3Allis [iABUICHHS T'eHEpallii IPU CTPUOKY MOTHUTY.

2. Ha piBHI BUPOOHHMIITBA: ONTHMI3allis MPOQIIAKTUYHOTO 0OCIyroBYBaHHS
o0JaiHaHHs, MiZBUIIEHHS e()eKTHBHOCTI reHepallii, 3SHWKEHHS BTpaT, 3al00iraHHs
KpaJi’OK EHepropecypcis.

3. Ha piBHI npocyBaHHS: ONTHMI3allisl [IHOYTBOPEHHS B 3aJIGKHOCTI Bij 4acy
JTHS 1 TUHAMIYHA TapuQiKarlis.

4. Ha piBHI HagaHHA OOCIyrOBYBaHHs: aBTOMATHYHHN BHOIp HaHOimbII
BUTIZIHOTO TMOCTa4aJbHUKA, JETalbHAa CTATHCTHKA CIOXXMBAHHS, aBTOMAaTH30BaHE
00CIIyTOBYBaHHS KII€HTIB, ONTHUMI3allii CHEPrOCIIOKUBAHHSI 3 YypaxyBaHHSIM
3BMYOK 1 ITOBEMIHKH KITIEHTA.

LII-1'y BupoOHU1Ii cdepi:

1. Ha piBHI npoeKkTyBaHHS: MiJBHIIEHHS €()EeKTUBHOCTI PO3POOKH HOBHX
MPOAYKTIB, aBTOMAaTHU30BaHa OI[IHKA MOCTAYaJbHUKIB 1 aHaJII3 BUMOT 0 3a4acTHH
Ta JeTayei.

2. Ha piBHI BHpOOHHMIITBA: BIOCKOHAJCHHS IPOIIECY BHKOHAHHSA 3aBIAHb,
aBTOMAaTH3allisd CKJIAJaJbHUX JIHIH, 3HUKCHHSA KUIBKOCTI MOMMIIOK, 3MCHIICHHS
TEPMiHIB JTOCTaBKHA CUPOBUHHU.

3. Ha piBHI mnpoCyBaHHS: TPOTHO3YBaHHS OOCSTiB HAJaHHA IOCIYT
MiATPUMKH Ta 00CIyTOBYBaHHS, YIIPABIIiHHS iIHOYTBOPEHHSIM.

4. Ha piBHi HajaHHS 0OCIYrOBYBaHHS: MOJIMIICHHS IUIaHYBaHHS MapUIpyTiB
HapKy TPaHCIOPTHUX 3ac00iB, MONUTY HAa PECYpCH aBTOMAPKY, MiJBHUIIEHHS SKOCTI
MiITOTOBKH CEPBICHUX 1H)XCHEPIB.
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BucHOBOK: ITyKa KOPHCHA, CXOXKE BXKE €, alle HE 3aCTOCOBYEThCS B JaHii
ramysi, CTBOPUTH Ay)Xe CKJIagHO, TPOCTIIe KYIIHTH TOTOBHHA 1 HABUMUTH IIif
KOHKpeTHy npobiemy. HoBHHKY Bmepime 3acTtocyBand B nHaHiii chepi Ta cami
HAaBYMIIN pearyBaTH HA CUTYaIio.

YK 378

I'ynsesa JLB, IIpouan B.B. 2
! kann. mex. Hayk, gon. 3HTY
2 cryn. p. 10 — 518 cm. 3HTY

HPAKTUYHE CIIPSIMYBAHHS HABUAHHSA ®I3UKU MAMBYTHIX
TH)KEHEPIB: IPAKTUYHUI ACITIEKT

AKTyalIbHICTh JOCTiTKeHHS. B ymMOoBax ChOTOJCHHS B JIITaKOOYIyBaHHI
BUKOPHCTOBYIOTh CIUIAaBH, SIKI BUTPHUMYIOTH BHCOKI TEMIEpaTypH, THUCK i TOMY
BUHHMKa€E HEOOXIJHICTh B YJOCKOHAJICHHI iXHIX (i3UKO-XIMIYHMX BJIACTHBOCTEH.
3HayHa yBara BHBUYCHHIO (DI3UKO-XIMIYHHX BIIACTHBOCTEH MPHUIUIIETHCS IIiJ Yac
MATOTOBKM MaiOyTHIX IHJKEHEpiB [UIAXOM MIANOPAIKYBAaHHSA TUCIHIDTIH
MPUPOTHAIO-HAYKOBOI MIATOTOBKH AUCIUIUTIHAM NPO(ECiHHOTO CIpsIMYBaHHS.

Mera. 3'sacyeMo mesKki IUIIXU iHTerparii (axoBux Ta (Qi3UYHUX 3HAHD IIiJT
Yac MArOTOBKMA MaiOyTHIX (axiBIiB Ha MPHKIAAI BUBYCHHS MEXaHIYHHX
BJIACTMBOCTEH TBEPIUX TiJl..

Marepiann Ta Meronm gocaimkenHsi: B skocti wmarepiany  uis
JociikeHHs 0yio oopano ciuias "BX4J1-BU OCT 1-90126-25”.

YcranoBoyHO-MOTHBaliiiHUI eran. CTyaeHTH 3'sICOBYIOTH (hi3MKO-XIMidHI
BiactuBocti cruaBy “BX4JI-BU OCT 1-90126-25”3 meToro yCBiJOMIICHHS
LIHHOCTI 0JIep)KyeMHX (DI3MYHUX 3HAHB; BUKJIaZa4d BBOJIE CTYIEHTIB Yy MOHATIHHO-
TEPMIiHOJIOTIYHE TIOJIE.

XKapominHi crmmaBu abo cymepciiaBd — CIUIaBH Ha HIKENeBiH, 3aii3o0-
XpOMO-HiKeleBiil, KoOaIbTORBIi ab0 3MilIaHiif OCHOBI, IO BiJ3HAYAIOTHCSI BUCOKUM
OIIOpOM IUTACTHYHIN Jedopmanii Ta pyHiHYBaHHIO B yMOBaX BHCOKHX TEMIIEpATyp
Ta OKHCHIOBAJILHUX CEPEIOBHIIL.

IMpupona xapominHOCTi. Bucoka >KapoOMIIHICTh CIJIaBiB BH3HAYAETHCS
JIBOMa OCHOBHMMHU (Pi3UYHUMHU YMHHHKAMH — MIIHICTIO MIKaTOMHHX 3B'S3KiB B
CIUTaBi Ta HOro CTPYKTypolo. 3a3BW4ail, HEOOXiTHY JJIsi BHCOKOI MIIHOCTI
CTPYKTYPY OTPHUMYIOTh

- TepMI4HOIO OOPOOKOI0 (TOMOTEHI3YBAJIFHMM TapTyBaHHSIM 1 CTapiHHSIM
METaJIiB), 0 MPU3BOIUTH J0 TeTePOTeHi3amii MiKpOCTPYKTYpH,
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- JITYBaHHSAM TYTOIUIABKUMH XIMIYHIMH eJeMeHTaMH (Boib(pamom,
MOJTIOZCHOM, BaHadi€EM) 1 e€JIeMEHTaMH-3MIIIHIOBAaYaMH (THTAHOM, aJIOMIiHIiEM,
HioOieM, 60poMm).

3MinHeHHsT 00yMOBJICHE TOJIOBHHM YHHOM IIOSIBOIO B CIUIaBaX PiBHOMIPHO
PO3MOAINICHHX BENBMH JpiOHMX YacTOK XIMIYHMX CHONYyK (iHTepMeTamifiB,
KapOifiB TOIIO) i MiIKPOCIIOTBOPEHHIMH KPHCTAJIYHOI PEIIiTKA OCHOBH CIUIABY,
o OOYMOBJIEHO HasBHICTIO LMX YacTOK. BinmoBizmHa CTPyKTypa >KapOMillHOTO
CIUIaBYy YTPYAHIOE YTBOPEHHS Ta PyX JHUCIIOKalil, a TaKOX IiJBHUIIYE KiTbKICTh
3B'A3KIB MiXK aToMaMH. 3 iHIIOro OOKY, BUCOKE 3HAUEHHS BEJIMYMHHM MIKATOMHHUX
3B'A3KIB JI03BOJIAE 30€perTH HEOOXiNHY 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 Bupodu 3 KapOMIITHIX
CIUIaBiB MpU3HAYCHI JJI TPUBAJIOi eKCIUTyaTamii nmpu temmeparypi noHax 800° C,
iXHIO TOBEPXHIO MJOAATKOBO MimmaroTh Audy3idHIN TepMoximiuHI 00poOIi
(amiTyBaHHIO, XPOMOAIITYBAaHHIO, CMAJIOBAaHHIO, HAHECEHHIO TYTOIUIABKHX
OKCHIIB TOI[O). Pi3HOBHIOM J>XapOMIIIHMX CIDIaBiB € KOMIIO3UTH: CIUIABH, SIKi
3MiIHEH] TUCTIEPCHUMHU YaCTHHKAMH TYTOIUIABKUX OKCHIIB 200 BHUCOKOMIITHUMHU
BoJOKHaMu. Taki MaTepiaiu XapakTepHU3YIOThCS HAaI3BHUYAHHO  BHCOKOIO
CTa0UIBHICTIO BIIACTHBOCTEMH, SIKI MaJlo 3aJIeXkaTh BijJ yacy repeOyBaHHs B yMOBax
BUCOKHUX TEMIIEPATYD.

Cranp ”BX4JI-BU OCT 1-90126-25” BUKOPHUCTOBYIOTH JUIsi BUTOTOBIICHHS
JMTUX TPYTKOBUX 3arOTOBOK JUISl TIOJIANIBIIOTO MeperviaBy MpH JIMTTI JOIATOK Ta
iHIAX (PaCOHHUX BIIIUBKIB.

Cnig 3a3Ha4YWTH, IO NPU 3arapTOBYBAaHHI € IIAHC BUHWUKHEHHS AC(EKTiB:
HeperpiB, NMEpeBUTPaTa, OKUCICHHS, TPIIWHM Ta iHIIE. [ YHUKHEHHS TaKHX
HENPUEMHOCTEH TMOTPIOHO HEYXMJIBHO JOTPUMYBAaTHCh BCiX MPaBWJI TEPMIUHOT
00poOKm, a came: 3arapTyBaHHS npu Temreparypi 1180 = 15 °C, Burpumka 4
TOJVHH, OXOJIODKCHHS Ha TOBiTpi, crapinag npu 900 + 10 °C, Butrpumxka 16
TOJIMH, OXOJIOIKCHHS Ha MOBITPI.

JIJisi KOHTPOJTIO SIKOCTEeW BWJIMBOK BHKOPHCTOBYIOTH Pi3HI METOJH, a caMe:
XIMIYHUH, CHEKTpalbHUH, BI3yaJbHUH, MIKPOCTPYKTYpHHH, PEHTI€HIBCHKUH,
JIOMiHICIIEHTHUH, Ne(EeKTOCKOMIYHNHN TOIIIO.

AJIanTUBHO-NIEPETBOPIOIOY ML eTall.

3apmanHs 1. PosrmsHyTH cmoci® ympTpa3BykoBoi aedexTocKomil s
MepPEBIPKH SIKOCTI BUTOTOBJIEHHX BHIIMBOK.

Bnpasa 1. BuzHaunutn po3Mip TpilmmHM poOOYOI JIOMATKH KOMIIpecopa B
HanpsMKy TIIOIIMPEHHS YJIbTPa3ByKOBOI'O CHTrHamy. 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 MpHKIIaJeHa MeXaHiqHa Harnpyra ckiangae 340 Mlla,
a rpaHuIs MinHOCTI — 780 MITa?

Bnpasa 2. JIns BUTOTOBIICHHA AETali «3aBUXPIOBAY» BUKOPUCTOBYIOTH CIUIAB
”BX4JI-BU OCT 1-90126-25”, BizHOCHE BUAOBXKCHHS SKOTO Ha PO3PUB CKIAJA€
4%. BusHaumTH NpPUKIAZNCHY MEXaHIuHy Hampyry. 3HaueHHS Moxmyns HOHra
CIUIaBY B3STH 13 IOBIJHUKA.

BucnoBku. B pe3yinbrari gociikeHHs 0yIi0 3’5ICOBaHO 110

- crutaB Mapku "BX4JI-BU OCT 1-90126-25” mae 1ocTaTHIO KapOMIIHICTB,
11100 NpaloBaTH PH BUCOKUX TUCKAX Ta MPHU BUCOKHX TEMIIEPATYX;

- pO3B'sA3aHHS 3aBAaHb MPAKTHYHOTO CIPSIMYBaHHS crpuse (axoBiii
MiATOTOBIN MailOyTHIX 1HXKECHEPIB.

YK 378

I'ynsesa JLB., ManTtyposa 1.O. 2
! KaH[. nel. Hayk, gou. 3HTY

2 eryn. rp. BAJ] — 118 cm. 3HTY

MPAKTUYHE CIIPSIMYBAHHS HABUAHHS 3 ®I3UKA MAWBYTHIX
APXITEKTOPIB

Beryn. VY taxiii BaXJIIMBIi Haylli K apXiTeKTypa BUKOPUCTOBYIOThCS (i3nuHI
3HaHHSA. B SKOCTI y3TrOMKEHOCTI, amanTtaiii (i3uYHUX 3HAHb B KypCl JUCHHUIUTIH
npodiabHOI MIATOTOBKU PO3MIISTHEMO JEsIKi XapaKTepUCTUKH, IO BIUIMBAIOTh HA
BUOIp OyxiBenbHUX MarepiamiB. OJHa 13 TaKMX XapaKTEPUCTHK, L0 BIUIMBAE Ha
BUOip  OyniBeNbHMX  MaTepiajiB €  TEIUIONPOBIAHICTH  TBEPAMX  TiJI.
TermnonpoBiHICTh TBEPIUX TiJI BUBYAETHCS B KypcCl 3arajibHOT (i3MKM Ta mix yac
omanyBaHHs 3YH 3 aucnumiiam mpodeciiiHOl Ta TPaKTUYHOI MiATOTOBKH i3
CreniaJbHAX BHIIB AisTbHOCTI «TexHomoris OyAiBeTbHUX KOHCTPYKIINA, BHPOOIB i
MaTepiaiBy.

Merta. Po3risiHyTH MexaHi3M NEepeHECEeHHs Tellla B TBEPIOMY TUII IILIIXOM
PO3B’sI3aHHS KOMIIETCHTHICTHO-OPIEHTOBAaHUX (DI3MYHX 3a/1a4.

Marepiaau Ta MeTOAU AOCTiAKEHHS .

3adaua 1. Sk BIUIMBae 3HAYEHHS KOEQIIiEHTy TEMJIONPOBIAHOCTI Ha BHOIp
MaTepialiB A YTEIUICHHS PUMIIIEHb, BiJBEICHHS TEIUIOTH?

3adaua 2. BigoMo, MO B SKOCTI JaXOBOTO TMEPEKPUTTS B OYIiBII MOXKHA
BUKOPUCTATH IIEMEHTHI IUIUTH a00 KepaM3HWTOBY CyMill. Bu3HauWTH TepMidHUIA
oTTip Yepes3 AUISTHKY JaXOBOTO MEePEKPUTTS, SKIIO BOHO €

1) ogHOMIapOBa OTOPOJIKYBaTbHA KOHCTPYKITiS,

200



2) 3amTyKaTypeHa 3 000X OOKiB IEMEHTHO-IIIIAHOIO CYMIIIIIIIO CTaHAAPTHOI
ToBIHN. HeoOXimHi maHi Ui po3B’s3aHHA 3aAadi B3ATH 3 JOBITHHUKA IS
apxiTekropa.

Pose’azanna. 1. SIxkmo maxoBe MEpeKpUTTS — OJHOMIAPOBA OTOPOHKYBAIBFHA
KOHCTPYKIIis, TO TEPMIYHHHA OITip Yepes If0 TIOBEPXHIO JOPIBHIOE

R = T
ae R rtepmiunmii omip, { - TOBIIMHA TNEPEKPHUTTSI, A — KOe]ilieHT
TETJIONPOBIHOCTI.
2. Skmo [naxoBe TMEPEeKpUTTA — OararomapoBa OropojiKyBajbHa

KOHCTPYKLisl, TO TEPMIYHUIT OTIip Yepe3 10 MOBEPXHIO JOPiBHIOE

N
R :Z R;
i=1

3a0aua 3. BusHaunTu KOEQIli€HT TEIUIONPOBIIHOCTI JaXOBOIO MEPEKPUTTS,
AKIIO BOHO 3 000X OOKIiB BKPHUTO CYMININIIO 3 HaHKpamuM Koe(ili€eHTOM
TEIUTOTIPOBITHOCTI cTaHAAapPTHOI TOBIIMHI. HeoOXiaHi maHi s po3B’s3aHHS 3239l
B3ATH 3 JOBITHHKA JUIS apXiTEKTOpA.

Pos3e sa3anns. KoedimienT TEIUIOTPOBITHOCTI OararomapoBoi
OrOPOJKYBaJIbHI KOHCTPYKLIT 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-IIAHOK CYMIIIIIIO CTAHIAPTHOT
TOBLIMHH. JJIsl JAHUX BHUIQ/IKIB.
Po36'a3anna. TemnoBuil MOTIK dYepe3 MAINSHKY MJaxOBOTO IEPEKPUTTS
JIOPiBHIOE

ne Ti-remmeparypa TmepekpuTTss B npumimeHHi, T,- Temmeparypa
MEepEeKPHUTTS 30BHI IpuMileHHs, R — TepmiuHuii onip GararomapoBoi KOHCTPYKIIi.
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BucaoBok. [IpakTiyuHe cripssMyBaHHS HaBYaHHS 3 (DI3UKH ITiJ] 9ac MiATOTOBKU
MaiiOyTHIX apXiTEeKTOpiB [JomoMarae BIOCKOHAJICHHIO MOTHBAIiiHOI chepu
MaiiOyTHIX apXiTEeKTOpiB 3aBIAKH anmanTamii, TpaHcdopmarii (i3WIHHX 3HAHb
3TiOHO IXHBOTO (PaXOBOTO CIPSAMYBaHHS.

VIK 378

I'ynstea JI.B.Y, Hexmozos O.0. 2
! xan. mex. Hayk, gou. 3HTY

2 cryn. p. 10 — 518 cm. 3HTY

IHTET'PALIIS ®I3UYHUX 3HAHB TA 3HAHb ®AXOBOI MIITOTOBKU
MAMBYTHIX IHJKEHEPPIB

Beryn. Ilpaktiusne cnpsimyBaHHS HaB4aHHS (i3MKM MaiOyTHIX 1HXKEHepiB
JOLUIBHO 3IiMCHIOBATH B Impoueci (OpMyBaHHS JUHAMIYHOT CYKYIHOCTI
CHCTEeMaTH30BaHUX 3HaHb, YMiHb, HaBUYOK CTYJCHTIB Ha MNpPHKJIail iHTerpamii
(hi3MYHMX 3HAHB Ta 3HAHBb (PAXOBOI IiATOTOBKH.

Mera nmochiKeHHS IMONIATae y 3'sICyBaHHI iHTerpamii (i3MYHUX 3HAHB Ta
3HaHb ()aXxoBOi MIATOTOBKM MaHOyTHIX IH)KEHepiB 31 cmemiaigpHOCTI 136
«Mertamypris», cnemiamizamnis «JIuBapHe BHPOOHHITBO YOPHUX Ta KOIBOPOBUX
METaJiB Ta CIUIaBiBY», «O0aAHaHHS Ta TEXHOJIOTIi TMBAPHOTO BHPOOHHIITBAY.

Marepiaau Ta METOAU AOCiIKEHHS.

|. Budinumo Oesixi paxosi snanns maubymuix indxcenepie 3 memu «byoosa
meepooeo mina. Tennogi éracmusocmi meepoux miny.

Daxosi 3HaAHHA MAUOYMHIX (HJICEHepi8. CMAlb, CHAA8, Je2Yy8anHs CMAI,
KOPO3TUHO-CMIUKA NOBEPXHA, HCAPOCMIUKICDG, KPUCANIYHA 2PAMKA, eHepeis,
memnepamypa, ougysis.

IcroTHe miABHMIIEHHS SKOCTI BIIJIMBOK - OCHOBHE i3 3aBJaHb JIMBApPHOTO
BupoOHUITBa. CHOTOAHI HEOOXiNHI CIUIaBH, SIKi MOXYTh BHTPUMYBAaTH BHCOKI
TEMIEepaTypH, TUCK 3 METOIO 1X 3aCTOCYBaHHS B MAIIMHOOY/TyBaHHI, Oy IiBHHUIITBI.

Cranp - 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 TapaMeTpoM BHU3HAYAIOTH SKICTh 1 HpPU3HAYCHHS
METAJIONPOKaTy). 3aCTOCOBYIOTh METAJIONIPOKAT 3 METOI0 BUTOTOBJICHHSI COTUIOBHX
JIOTIATOK aBiallifHOTO JABWTYHA; KPEMeXy y BUIVILAAI OONTiB, Taliok, MTHOTIB,
IIMTAIBOK; MEIUYHUX MPUTAIIB Ta IHCTPYMEHTIB; BTYJIOK, BaJiB TOIIO.

Posrisiremo, Hanpukiiaj, cruias 14X 17H2. Jleski BIacTHBOCTI IIOTO CILIABY
HACTYIHI: KOPO3iifHO-CTilika TTOBEPXHS;, KAPOCTIMKICTh 3JaTHICTh MPALIOBATH MPH
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temneparypi 10 +400 © C; cTilKiCTh 10 CTaTHYHUX 1 JUHAMIYHAX HABaHTA)KCHD;
HU3BKUH piBeHb aeopMarii.

KapowminHi MeTaneBi MaTepiany - e CIDIaBH, 3a3BUYal, Ha HIKEIb-XPOMOBIH
a6o (epyM-XpoMO-HHUKEIEeBiii OCHOBI, SIKi MPAIIOIOTh IIPH BUCOKHUX TEMIIEpaTypax
800...1100°C Ta cTiiiki Mmoo XIMIYHOTO PYHHYBaHHS IIiJ] BIUIMBOM Ta30HO0Ai0HOTO
CepeloBUIIa. B OKHCIIOBANEHOMY CEpPENOBHINI KAPOCTIMKICTh METaJeBOTO
Marepialy BU3HAYa€ThCs BIACTHBOCTSIMH OKAJIHMHH, 110 YTBOPIOETHCS HA METaJIEBil
noBepxHi. OkanuHa 3aTpyqHIoe audy3il0 Ta3iB yraubd Merany 1 TUM CaMHUM
MEepEeNKO/PKAaE PO3BUTKY TIa30BOi Koposzii meraniB. JKapominHiCTE y Takomy
CepellOBHUINI 3yMOBIIIOE TPaHWUYHY TEMIeEpaTypy 3acTOCyBaHHS CIUIaBiB 0e3
CHeliaJibHAX TOKPUTTIB, Hampukian, amominito (400°C), depymy (500°C),
Bosb(pamy (800°C), xpomy (1000°C).

[ligBumenas  KapoMimHOCTI  (KapOCTIHKOCTi)  CTajmed  HOCSATaEThCA,
HacamIiepen], BBeJeHHsIM xpoMy (08X13, 12X17), a TakoX aFOMIHIIO Ta CHIILIO
(15X18CHO), TOOTO emeMeHTiB, 4YTO TepeOyBarOTb y TBEPAOMY pO3YiHI i
YTBOPIOIOTh B TIPOIIECi HArpiBy 3aXHUCHI IUTBKH OKCHIIB. OcCOOIHBO IIHUPOKO
BUKOPUCTOBYIOTH XpoM. UMM OiNBIIii y cTami BMICT XpOMYy, THM BHIIOK € ii
JKapOMIIIHICTh. B KapoMIIHIX cTaimsax Horo BMicT moBomsaTh 1m0 13 ... 27%. Ha
JKAPOMIIIHICTh CTaJIell MO3WTHBHO BIUTUBAIOTh Masi J00aBKH JSSIKUX aKTHBHHX
eleMeHTiB (Kanblidd, HaTpid, mepiit, mantan). Cramp 08X13 3acTOCOBYIOTH B
YMOBax BIUIMBY CipuicTix rasiB npu temmeparypi no S500°C. Crams 08X17T,
12X17 »xapocriiika 1o 900°C, crains 15X25T - no 1100°C.

VY cruiaBi 14X17H2 nponucaHo TOYHE CHiBBIJHOIIEHHS BCIX €IEMEHTIB, 110
BXOJIATh MO CTPYKTYpH 3inurTka. CHMBOJM, IIO BXOIATH Yy Ha3By, HOCATH
iHpopMamiiHUi Xapaktep: Tmo4yatkoBa mudpa (14) Brazye Ha cepemHe
CHIBBiZHOIIECHHS (B COTHX 9YacTKaX Bimcorka) kapOoHy. CmmMBon «X» Mmo3HaYae
HasBHICTH XpOMY, a 3Ha4eHHs 17 CBIIYHUTH MPO KUTBKICTH i€l pEYOBUHH (B IITNX
BiJICOTKaX), 3HaK «H» - Ipo mpHUCYTHICTH HIKEMO i HOTO KUTBKOCTI. 3 Ha3BH JaHOL
MapKd MOKHA BU3HAYUTH, IO cTaimb MicTuTh npubmusHo 0,14% (C), 17% (Cr) 1
2% (Ni). InenTnuHEM YMHOM MOXHA po3mudpyBatu Oy/b-iKy abpeBiaTypy.

JleryBanHsi crani — ofuH i3 3ac00iB 3MiHM (PI3MKO-XIMIYHHMX BJIACTHBOCTEU
CIUTaBiB, O BU3HAYAE TIEBHI MOKA3HUKU FOTOBUX BUPOOIB 100 iX 3aCTOCYBaHHSI.
EnemeHTH, sKi 3aCTOCOBYIOTH 3 METOIO JIETYBaHHS CTalli, KJIaCH(DIKyIOTh 3a
OyZOBOIO KpHCTAJIYHOI TpaTKH, BIUIMBY HA TeMIIEparypy HOTIMOpHHUX
MIEPEeTBOPEHb, BITHOIICHHIO IMIOA0 KapOoHy. BHIINAIOTE TpHW TIpymH JeTyrounx
€JIEMEHTIB 3TiHO Oy/I0BH KPUCTAIIYHOI I'PaTKH.

Jo mepmioi rpymu HajexxaTh XpoM, BoJb(paM, MoyMOIEH 3 00 €MHO-
LIEHTPOBAHOIO KyOIYHOIO TPATKOIO, & TAKOX CHIILIN KU Mae CKJIaJHy KyOidHy
TparTky..

o npyroi rpymny HanexaTb HiKelb, KyIpyM, aJllOMiHiH 3 TpaHeIEeHTPOBAHOIO
KyOI4HOIO TPaTKOIO, a TAKOXK MaHTaH 31 CKJIJHOIO TPaTKOI0.

203



Jlo TpeThOi Tpynu 3 TeKcaroHaJdbHOIO T'PATKOI0 HAleKaTb THTaH, KOOANbT,
Oeputiii Ta AesKi piIKO3eMeNbHI MaTepiaiH.

Il. Budinumo Oesxi ¢izuuni 3uanna 3 memu «byoosa meepoozo mina. Tennosi
e1acmusocmi meepoux miny 32i0Ho haxoux 3HaHb MAUOYMHIX iHIHCEHepis.

Di3uyni 3HAHHA MAUOYMHIX [HIICEHEepI8: KPUCMANiYHA 2epamKa, munu
Kpucmaniunux meepoux mi 1, Oe@exmu Kpucmanis, eiemeHmapHa KoMIpKd,
napamempu — eleMeHmapHoi  KOMIpKU,  KOHYEeHmpayis,  2YCMUHA,eHepeis,
memnepamypa, ougysisi.

B sixocTi mpomneneBTHYHUX 3aBJaHb 3 METOI (OpMyBaHHs (haxOBUX 3HAHb
MaiOyTHIX iH)KEHEpiB BapTO PO3B’A3aTH HACTYITHI 3a/ayi.

1. Bu3HauuTH KINBKICTh BY3IiB, SIKI NMPHUNANAIOTh HAa OJHY €JEeMEHTapHY
KOMIPKY B I'.IL.K. PELIiTII.

2. Bu3HaUMTH TIEpioA PEelNiTKH 1 BiICTAHP MK HAWONMKYUMH CYCiTHIMHA
aToOMaMH KpHcTana amoMiniio 2 Al, skwii Mae r.Lk. pemritky. I'ycTrHa kpucrana
amoMiHiro 2,6985 r/em’.

3. BU3HAYHMTH THII elIeMEHTAPHOT KOMIipKH 3a71i3a “°Fe, 10 KPHCTATi3yeThes B
KybiuHy crctemy. Pe6po ky6a mopismioe 2,27 °A, rycruna 3amisa - 7,8:10°kr/m°,

4. Mpu Temmeparypi, sika Ha 10 %C menma 3a TEMIIEpaTypy IUIaBJICHHS
AIFOMIHIIO , Ha 10JF0 BakaHcii npumagae 0,08% MicCIlh B KPUCTATIYHIA PEIIiTIH, a
npu Temmeparypi 484°C — Tineku 0,01% Micis. 3HAlTH eHepriio yTBOPEHHS
BaKaHCIil Ta KOHIICHTpAIlI0 BaKaHCIH mpu 527°C, BpPaxoBYIOUH, 10 TeMmIlepaTypa
miaBieHHs amoMiniio 933 K, rycruna 2,699r/cm®. Koncrauty C y Bupasi s
KOHIEHTpALi]l BaKaHCil IPUUHATH TaKOI, 1110 AopiBHIOE 10.

BucHoBkmu: B pe3ynprati gocmimkeHHs 0yJI0 3°ICOBAHO IO OHUM i3 IUISIXIiB
iHTerpanii Gi3MYHNX 3HAaHB Ta 3HAHb (PaXOBOI MIATOTOBKU MaHOyTHIX iH)XEHEPIB €
PO3B’sI3aHHS 3aBJaHb, 3alUTaHb, BIPaB, sKi O cHpusu (OPMYBAaHHIO LITiCHOT
CHCTEeMH 3HaHb, YCBIJOMJICHHIO 3HAa4eHHS HaOyTHX 3HaHb Uil ()aXxoBOTO
3pOCTaHHSI.

YK 378

T'ynseBa JLB., Kpyrmnskosa [1.1. 2
! kanp. men. Hayk, nor. 3HTY

2 eryn. rp. Id— 418 cn. 3HTY

V3TOJKEHICTh ®I3UYHUX TA ®PAXOBUX 3HAHb: IPAKTUYHUI
ACHEKT

Beryn. OnHuM i3 3aBIaHb BHBYEHHS (i3WKHM SK HABYAIBHOTO IIPEAMETY €
(hopMyBaHHS y CTYICHTIB CHCTEMHHX TEOPETHYHUX 3HAHB, MPAKTHYHUX YMiHb Ta
HaBMYOK, SK 0a3um Juil 3aCBOEHHA TEXHIYHMX Ta CHELIaJbHAX JAWUCHUIUIIH
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imKeHepHOi crmemianbHOCTi. Pearmizaliiss maHOro 3aBHaHHS 3IiHCHIOETHCS HUITXOM
3a0e3medeHHs] MDKIUCIUIDIIHAPHUX 3B’S3KIB 13 TEXHIYHUMH Ta CIICHiaTbHUMHU
JUCLUITLTIHAMHY 3aBJSIKM BKJIFOUEHHIO KOHKPETHHUX CIEIiaIbHAX 3aBJaHb, 3alINTAHb
TOIO Yy HaBYAJIbHO-BHXOBHMH mpomec 3 ¢isuku. Peamizamis mpodeciitaol
CIpPSMOBAHOCTI ~ HaBYaHHSI  (I3UKKM  3IIMCHIOETHCS  [UIIXOM  PO3B’SI3aHHS
HaBYAIBHUX KOMIICTCHTHICTHO-OpPI€HTOBaHMX (Di3MUHX 3amad 3 METOM
OBOJIOJIHHS MPOQeciiHUMU 3HaHHSAMH, YMIHHSIMH, HABUYKAMH, KOMIIETCHIIIIMU.

Mera. Buainumo ¢i3udHi 3HaHHS 3 TeMH «Di3M4HI OCHOBU MEXaHIKN MO0
TEXHOJIOTIYHOTO  TIpollecy MeXaHiyHoi o0OpoOkM gderaneidl Ha  TOKapHO-
TBUHTOPI3HOMY BEpCTaTi IUIIXOM pO3B’s3aHHS HABYAIBHUX KOMIICTEHTHICTHO-
opieHTOBaHMX (hi3UYHX 3a]1ad.

Marepiaju Ta METOIH J0CIiIZKEHHSI.

B sxocTi mochmimkeHHS OOpaHO VY3TOKEHICTh (DaXOBHX 3HAHBb IIOJO
TEXHOJIOTIYHOTO  TIPOLIECY MEXaHIYHOI OoOpoOKHM [eTaneil Ha  TOKapHO-
TBUHTOpi3HOMY BepcTati 1 K62 ta diznanux.

Hesiki ¢i3ngHi 3HAHHSA MalHOyTHIX 1H)KEHEpiB 3HaHb 3 TeMHU «Di3U4HI OCHOBU
MEXaHIKW» HACTYIHI: CWJa, BHAW CHJ, IPOEKIIS CHIH, XapaKTEPUCTHKU
00epTaIbHOTO pPyXy, poOOTa. TOTYXKHICTh, TYCTHHA, IUIONIA IONEPEYHOTO
nepepisy.

BpaxoByroun ocobimBocti KoHCTpyKLii aerani «Kopmycy, 11 marepian, Tin
BUPOOHMITBA  3arOTOBKOIO  JJIsi  BUTOTOBJEHHS  MOXe OyTH  Kpyriui
HekaniOpoBanuit npokat. [lornepeHbOI0 0OPOOKOIO MPOKATY € OUMIIEHHS MPYTKIB
BiZ ipki Ta Opyay (py4yHe abo XimiuHe), mpaBKa, SKIIO MOTPIOHO PO3pi3aHHS Ha
3arOTOBKH Ha OJHY a0o IeKiibKa JeTaleidl Ta miaroroBka 0a3, MICIA YOO
3arOTOBKH MOCTYMAIOTh Ha 00pPOOKY.

3aranbHi TNPUIOYCKHM Ta PO3MIPH 3arOTOBKM BH3HAYAIOTHCS TaOIMIHAM
MeTonoM. [Ipuiryck Ha 30BHIIIHIN HiaMeTp MPU3HAYAETHCS 3TiAHO HAHOUTBIIOTO
JiaMeTpy 30BHINIHIX MOBEPXOHb JAETANl 3 YpaxyBaHHSIM BHKOHAHHSI YOPHOBOTO
00TOYYBaHHS IS JOCSATHEHHS 33]JaHOT TOYHOCTI pO3Mipy Ta IMIOPCTKOCTI IIOBEPXHI.

3a 4yopHOBY 0a3y MPUIAMAETHCS 30BHIIIHS IMIIHAPHYHA TOBEPXHS 1 TOPEIb.
Jnst GazyBaHHS BUKOPHUCTOBYETHCSI Ha TEpIIMX 2-X MEXaHIUHIX oreparisx
CTpiUKO-BiApi3HMH Ta TokapHui cranku 3 YIIY. Ha Bcix iHmMmX omeparisx
TEXHOJIOTIYHOTO IPOLIECY JeTalb BCTAHOBIIOETHCS Yy MPHUCTPIH 3a YHCTOBUMHU
6a3amu, 3a AKi TaKOX MPHUIMAaIOTHCS 30BHIIIHS IFITIHAPHYHA TOBEPXHS Ta TOPELb.
Hum nmoTpuMyeTbess TpUHOMI TOCTiHOCTI 6a3. IlpwHiunm cywimenas 6a3
JOTPUMYIOTHCSI TIPH BUKOHAHHI BCIX omepamiii, KOJIM JIeTalb BCTaHOBIIOETHCS B
KyJJayKOBOMY CaMOLICHTPYIOUOMY IIaTPOHI Ha OCi JeTaii, BiJHOCHO, SIKOI
BUMIPIOIOTHCS JIiaMeTPH BCiX IUIIHAPUYHHUX ITOBEPXOHb Ta PO3MIPH JIUCOK.

3asoanna 1 Ha pucyHky mokasaHi CHIIH, SIKi IIIOTh Ha pi3els Ta AeTajb Mij
yac 0OpoOKM Ha TOKapHOMY BepcraTi . HasBaTm cwim, siki AilOTh Ha pizelp Ta
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JIeTajib i 9ac 0OpOOKM Ha TOKapHOMY BepcTaTi. SIKi BH BH3HAYWIN MOMHIJIKH B
pHUCYHKY?

Pucynok 1 —Cuutn, siKi AifOTh Ha pi3ellb Ta AeTalb IIi]] 4ac 0OPOOKH Ha TOKAPHOMY
CTaHKY
3aBnanus 2. BcraHoBuTH BiAmoBinHICTH (GaxoBHX Ta (Qi3MYHMX 3HAHB IS
BU3HAYCHHS] HOPMH METally JijIsl BATOTOBIIEHHS o/iHi€eT netani (Tadu. 1)

Tabauns 1 - Hopma mertaity Juist BATOTOBJICHHS OJIHI€T aeTai
DaxoBi 3HaHH 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/im’,
dopmynoro L=c (€+K) +

B, nme c¢ - kinekicTh | d — miamerp,

neraneit (¢ = 14), £ - | { - nopxkuHa.
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JIOBXKMHA 3aroTOBKM Ha | Maca 3aroToBKU Ha 14 JIeTanen L[OpiBHIO(Z

omny nerams (£ = 40 | m=

mm), Kk - mmpuna | Iy x 3.14-3.4%10°%- 63,2 - 107% -7.85 -10% =
BizpisHoro pisma (k = | *
3mMm), B — noBxuHa

=1,324 xr

mpyTKa Mg 3axBaT
Hopma BuTpaTtn MeTairy Ha OHY JeTallb CTAHOBHTb

narpona (B = 30 mm);
L=14-(40+3)+30=632

m
m; =— = 0,095 wr
c

3aeoanna 3. BuzHaunTH poOOTY pi3aHHA Mix Yac OOTOYKH JAETalli, SKIIO
cuna pizanus 60 H. 3HaueHHs TOBKHHU Ta JiaMeTpa 3aroTiBKU B3sTH 3 TaOIUII 2.

3asoanns 4. BusHauuTH WBUAKICTH pi3aHHs., KO cuia pizanHs — 300 H,
3HA4YEHHS MOTYKHOCT1 B3ATH 3 Tabnuii 2.

3agoanns 5. BuzHaunTH cuily pi3aHHS. TOKapHO-TBHHTODPI3HOTO BepCTary
1K62. HeoOxiani mani B3sTH 3 TabmuLi 2.

3asoanna 6. BuzHAUNTH TOJOBHI KyTH B IDIaHI, SKIIO pafiadbHa CHJIA Ta
cuna moxavi nopiBaroroTe 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 | HaliGinpmmit giamerp 3arotoBku Hazx | 220. MM
BepcTar 1K62 | cymoprom,
Haii6inpIia q0oB)KMHA 3aTrOTOBKU 750, 1000, 1500 MM
HaitOinpmnii giamerp mpyTka 45 mm

Yucno  crymeHiB  4acToT — mpsiMoro | 24

obepTaHHsI IMITUHAETS
MaxkcumanpHa TOTYXHICTE TOKapHOTO | 8 KBT
CTaHKa Ha IIMHIEII
YacroTa npsimoro obepranus mmuugens | 12,5 ...2000 o6 / xB

BucnoBok. JlocBif CBimYuTh, MO0 BHUBYEHHS (I3MUYHUX OCHOB MEXaHIKH
JIOIIJILHO TIPOBOJUTH TUISXOM Y3TOJDKEHOCTI (i3MUHHUX Ta (HaXxoBUX 3HaHb,
30KpeMa, Ha NpUKIaai 37ifCHeHHS MexaHiuHoi oOpoOku neram «Kopmyc» Ha
TOKapHO-TBUHTOpi3HOMY BepcTati 1K62.
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YK 621.3

I'ynsesa T.B.", ®emopuenko H.O. 2
! kamg. Tex. Hayk, noi. 3HTY

2 eryn. rp. E-114m 3HTY

EJIEKTPOTEXHIYHI CTAJII AJI1 TPAHC®OPMATOPIB

EnextpoTexHiuHa cTamp — CIDIAaB 3ami3a 3a3BUYall 3 KpeMHIEM, 1HOII
JIETOBAaHUH aJTIOMiHiIEM, TOTOBUH MPOAYKT BHUITYCKA€THCS y BUTIIAII TOHKHX JIUCTIB
toBmuHOO Bix 0,05 mo 2 MM. MarautoMsarkuii ¢epomarHiTHHI Matepian. Mae
MOJNmIeHi (epoMarHiTHI BIIACTHBOCTI JJIsI 3aCTOCYBaHHS B 3HAKO3MiHHHX
MarHiTHUX MOJSAX. BUKOPHUCTOBYETHCS NPU BUTOTOBJIEHHI MAarHiTOIPOBOJIB
PI3HOTO ENEeKTPOTEXHIYHOTO O00JaJHAHHS - EJEKTPOMArHiTiB, TpaHchopMmarTopis,
reHeparopis, €JIEKTPO/IBUTYHIB, JpOCeltiB, MarHiTonpoBO/IiB pere,
(epope3oHaHCHUM CTabLIi3aTOPIB HAIIPYTH Ta iH.

3ajexHO BiJ HEOOXiJHHUX BJIACTUBOCTEH, €JIEKTPOTEXHIYHA CTajb MICTHUTh
Pi3HY KUIBKICTh KPEMHIIO. 3aJIe)KHO BiJl TEXHOJIOTIi BUPOOHHULITBA €IEKTPOTEXHIUHI
CTall TOIUIAIOTh Ha XOJONHOKaTaHi (i30TpomHi abo aHI30TPOIHi; KiJIBKICTh
kpemHito 10 3,3%) i rapsdexartaHi (i30TpoIHi; KUTBKICTE KpeMmHio 10 4,5%).
Hepinko B sikocTi JIeryro4oi J00aBKH B €IEKTPOTEXHIYHOI CTali MOXKE MICTHTHCS
amoMiHi (o 0,5%). IHOmI eNEeKTPOTeXHIYHI CTald YMOBHO MOIUIAIOTH Ha
IUHaMHY (i30TpOIHY), TpaHC(OPMATOpHY (aHI30TPOIHY), peleiHy (i30TpOmHY,
HEJIETOBaHY).

EnextpomarHiTHi BiaacTHBOCTI. SIK TIpaBMJIO, EJNEKTPOTEXHIYHI CTanu
HaMararThbCsl BAKOHATH:

— 3 MaKCMMaJIbHO BHCOKOIO MarHiTHOI MPOHUKHICTIO;

— 3 MaKCHMaJIbHO HH3bKOI KOEPLMTHBHOI CHJIOIO 1 3 BY3bKOIO IETIICIO
THCTEpEe3HnCa;

— 3 MakCHMaJbHO BHCOKHM ITHTOMHM EJICKTPUYHHUM OIIOPOM JUIS 3HMKCHHS
BTpPAT Ha HarpiBaHHS CepACYHIKA BHACHIOK e(heKTy BUXPOBHX CTPYMIB.

BimHocHa MarHiTHa TPOHUKHICTH /U0 ENeKTPOTEXHIYHOI CTali CHIBHO
3aJIe)KUTh BiJl BEJIMYMHHU NPHUKIIaIeHOTO 1ojist. Harpukian, crainb elekTpoTexHiuHa
cipuncra E43 B ciabkux nossax mae w/p0 = 600...1000, B cepeaHix moisx - 10
11000.

HaiiGinpmie  3acToCyBaHHS B €JIEKTPOTEXHII[l  OTpuMana  JIMCTOBA
€JIeKTPOTEXHIYHA cTalb. L[5 cTab € crmaBoM 3aitiza 3 KPeMHIEM, 3MICT SKOTO B Hiid
0,8...4,8%. Taxi cTanu, B sIKi BBOJSATHCS B MaJTil KITBKOCTi OyIb-sIKi PEYOBUHU IS
MOJITIIIICHHS 1X SKOCTI, HA3UBaKOThCS JIETOBAHUMHU.

KpeMmHiii BBOOUTHCS B 3a11130 Y BUTIISAAI epOoCHITiiio (CIiaB cicmimiia 3aiza
FeSi 3 3amizomM) i 3HaXOAUTHCS B HHOMY B pO3uyMHEHOMY cTaHi. KpemHiii pearye 3
HAMOUTBII MIKIANMBOK (AJ1 MATHITHUX BIACTUBOCTEH 3aji3a) IOMIIIKOK -
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KHCHEM, BiJHOBIIOIOUHM 3ami3o 3 Horo okcuaiB FeO i yTBOprorounm KpeMHe3eM
Si02, sxkuii MepexoauTh YAaCTKOBO B IuTak.KpemHid TakoX CIpuse BUIUICHHIO
Byriemio i3 3'emHanaa Fe3C (uemeHTHT) 3 yTBOpeHHsM Tpadity. Takum 4mHOM,
KpeMmHIH ycyBae XimiuHi cmomyku 3amiza (FeO i1 Fe3C), axi BUKIHKAOTH
301IBIICHAS KOSPIIUTUBHOI CIIIH 1 30UTBIIYIOTh BTpAaTH Ha ricTepesuc. Kpim Toro,
HasBHICTb KPEMHII0 B 3ali3i B KinbkocTi 4% 1 Olmbmie 30inbIIye MTUTOMHUI
CJICKTPUYHHUN OIIp B TMOPIBHSAHHI 3 YHCTUM 3ali30M, B pe3yjbTaTi 4YOro
3MEHIIYIOThCSI BTPATH HA BUXPOBI CTPYMH.

HesBaxaroun Ha Te, MO iHAYKIisS Hacu4eHHs BS 3amiza 31 30UIBIICHHAM
KPEMHII0 B HOMY 3HA4HO IiJABUINYEThCA 1 Jocsirae npu 6,4% KpeMHil0 BEIHKUi
Benmmumay (BS = 2800 rc), Bce sk KpeMHi0 BBOAAThH He Oinblie 4,8%. 30iIblICHHS
BMicTy KpeMmHito Oinbure 4,8% mNpU3BOIUTH JO TOro, IO CTajlk HaOyBalOTh
MiABHUIICHY KPUXKICTh, TOOTO, MEXaHIUHI BIACTHBOCTI X IMOTipIIYIOTHCS.

[Mponec BUpOOHUIITBA JTUCTOBOI ENEKTPOTEXHIYHOI CTai

BurnraBnseTbesl €IeKTPOTEXHIYHA CTalbh B MAapTCHIBCHKHX medax (puc. 1).
JIMCTH BUTOTOBJISIOTH MPOKATKOIO CTAIEBOTO 3JIMTKA B XOJIOJHOMY a00 rapaioMmy
crati. ToMy pO3pi3HSIOTH XOJIOJHO 1 raps4eKaTaHy eIeKTPOTEXHIYHY CTalb.

Pucynoxk 1. [Iporiec BUpOOHHIITBA TUCTOBOI EIEKTPOTEXHIYHOT CTai

3amizo Mae KyOiuHy KpHCTalidHy CTPYKTYpy. 3a JOCIHIIKCHHSIM
HaMarHiyyBaHHS BHABHMJIOCS, IO BOHO MOXKE OYTH HEOJHAKOBO 3a PI3HUMH
HampsMKaM# [poro Ky0a. HaiibimpmmMm HaMarHidyBaHHSM KpPHCTal Ma€ B
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HanpsMKy peOpa Ky0a, MEHIITUM - TI0 JiaroHaii rpaHi i HAWMEHIINM - 10 TiarOHaIi
kyba. Tomy OaxaHo, mo0 Bce KPHUCTANMKM 3ajli3a B JIMCTI BUIINKYBAJINCS B
MpoIIeci MPOKATKH B PSAX 10 HANpsMKY pebep kyba. Lle mocsraeThcst MOBTOPHOIO
MPOKATKOIO JIUCTIB CTall, 3 CHIBHAM OOTHCHEeHHsAM (mo 70%) i momambmmmm
BigmasoM B artMmocdepi BomHio. lle cmpuse OUYMIICHHIO CTaly BiAg KHCHIO i
BYTJICIIO, @ TAKOXK YKPYITHEHHS KPUCTATIB 1 Opi€HTYBaHHI X TaKUM YHWHOM, 1100
peOpa KpucTamiB 30iraaucs 3 HampsIMKOM MPOKaTKU. Taki CTalid Ha3HBAaKOTHCS
TEKCTypOBaHi. Y HHMX MarHiTHI BJIACTHBOCTI y HamlpsIMKy HNPOKAaTKH BHIIE, HDK Y
3BMYaliHOT rapsyekaraHol crami. JIMCTH TeKcTypoBaHOI CTali BHUTOTOBIISIOTHCS
XOJIOJTHOT MPOKAaTKOI. MarHiTHa MPOHUKHICT iX BHINE, a BTPaTH Ha TiCTEPE3HC
MEHIIe, HDXK Yy rapsdyekataHux JucTiB. KpiM Toro, y XojoaHokaTaHoi craii
IHAYyKLis B caOKWX MarHiTHUX MOJISIX 3pOCTAa€ CHIIBHIINIE, HDK y rapsueKaTraHoi,
TOOTO, KpHBa HaMarHi4yBaHHS B CIA0KMX IIOJIIX PO3TAIIOBYETHCS 3HAYHO BHINE
KPHBOI TapsiaeKaTaHol CTaIi.

Crnim, onmHaKk, Big3HAYWTH, IO B pe3yidbTaTi OpIEHTYBaHHA 3epeH
TEKCTypOBaHOI CTajli y HANpsIMKy NPOKaTKM MarHiTHa MPOHUKHICTH IO IHIIMX
HampsiMKaX MeHINe, HiK y rapsdekaraHux. Tak, mpu iHykuii B = 1,0 Tm B
HaNpsIMKy TIPOKATKH MarHiTHA MPOHHKIWBICTE UM = 50000, a B HampsaMmKy
MEPICHAUKYIAPHO mpokaTmi uM = 5500. ¥V 3B'si3ky 3 1muM npu ckiagadsi [11-
00pa3HUX CEepACYHUKIB TpaHC(HOPMATOPIB 3aCTOCOBYIOTH OKPEMi CMYTH CTaH,
BUpi3aHi B3/JI0BX MNPOKATKH, SKi MOTIM INUXTY TakK, NI00 HANpsSMOK MarHiTHOTO
MOTOKY 30iraiocst 3 HaIPsIMKOM MPOKAaTKK cTaili abo cTaHOBMIIO O 3 HUM KyT 180°.
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CEKIIIA «<AHTJIIHCBKA MOBA»

VK 811.161.2°36:811.111°36
Yuliya Bykova®
Yteacher ZNTU

PO3BUTOK HABUYOK YUTAHHS B ITPOIIECI HABYUAHHSA
IHO3EMHHUM MOBAM Y HEMOBHOMY BH3

VY mporeci BUBYCHHS iHO3€MHOI MOBH IpoOiieMa (OpMyBaHHS MOBHHUX
HaBUKIB 1 yMiHb Ha pI3HHX eramax 3aiiMae meHTpanbHe Mictie. Y BH3 cmig
NPUAUTHTH 0COOJIMBY yBary TakoMy BWIY MOBHOI JisJIBHOCTI SIK YMTAaHHS, TaK K
Ha I[bOMY eTaIli po0boTa 3 TEKCTOM Ha0yBa€ SIKICHO HOBOT'O 3MICTy. YBHIIi# IIKOJII
BiZIOYBA€THCS CBIJIOMHUIA IEPEXil BiJl BUBYCHHS 1HO3EMHOI MOBH JI0 11 IPAKTUYHOTO
3aCTOCYBaHHS, y TOMY YHCIIi, YUTAHHS Y MPOPECiHUX [IIIsX.

Cepen 3aco0iB MOBHOTO CIIJIKyBaHHs (ayIitOBaHHS, TOBOPIHHS, YHTAaHHS,
MUchMa) 4YMTaHHS 3aiiMae ocoOjuMBe Micue, $K HaimomwmpeHimmi 1
HaIocTymHIMUK 3acid kKomyHikarii. OCHOBOIO AJsi HABYAHHS YHTAHHS B YMOBaX
HEMOBHOTO CEpE/IOBUINA CITY>KHTh IHIIOMOBHHH TekcT. 11lo0 HaBuuTH cTyneHTa
IPOTATOM OOMEXKEHOTO paMKaMH 4Yacy YHTaTH TEKCTH 3a (axoM, HEOOXiTHO
KOPHCTYBATHCS TPAJULIHHUMHE i IHHOBAIIHHIMI METOAAMH.

TpamumiiiHo HaBYAHHS 1HO3EMHIH MOBIi CTY/ICHTIB HEMOBHHUX CHeHiadbHOCTEH
y By3ax OyJI0 Opi€HTOBaHE Ha YMTAHHS, PO3YMIHHS 1 EPEKIIaj] TEKCTIB.

VY mpotieci onaHyBaHHsI iHO3€MHOT MOBU YUTAHHS MOYE BHCTYIHUTH SK 3aci0 1
SIK MeTa HaBYaHHSI.

Meta pobouoi nporpamu 3 «IHO3eMHOI MOBHY» Y HEMOBHOMY BY3i IOJIATa€e y
(hopMyBaHHI KOMYHIKaTUBHOT KOMIIETEHIIIT CTYZCHTIB y MEXaX TEeMaTuku 3 daxy, a
TaKOX PO3BUTKY YMIHb Ta HABMYOK YHTAaHHS, ay/AilOBaHHS, PO3YMIiHHS Ta
nepekiany (paxoBoi JiTepaTypH SIK 3a JJOIIOMOTOIO CIIOBHHKA, Tak i 06e3 Hporo. s
JIOCSITHEHHS! MOCTABJIEHOI METH HEOOXiIHMH PO3BHTOK y CTYJCHTIB TaKMX YMiHb
SK: pPO3YMIHHS aBTCHTUYHUX 1 OpPHTIHANBHUX TEKCTiB HAa pPIiBHI BHIyYCHHS
OCHOBHOI iH(oOpMalii, po3yMiHHA aBTEHTHYHMX i OPUTiHAJBHUX TEKCTIB Ha PiBHI
MOBHOTO 1 TOYHOTO PO3YMIHHSI TEKCTY, BUKOPHUCTAHHS BHBUYEHOTO MaTepialy y
npodeciiHiil qisUTBHOCTI.

Ilepen BuxiamadeM CTOITP 3aBHAHHS HABYUTH CTYACHTIB PO3YMITH
ABTEHTHYHI TEKCTH, HE 3aCTOCOBYIOUH ITPH KOXKHIN 3yCcTpidi 3 HE3HAHOMHM CIIOBOM
CJIOBHHKA.

JI71s bOTO CTYACHTH TTOBUHHI 3aCBOITH JIEKiJbKa MPABHI POOOTH 3 TEKCTOM:

1. yATaTH TEKCT Ha iHO3EMHIN MOBI — Il HE O3HAYAE MEPEKIaaTH KOXKHE
CJIOBO;
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2. g po3yMiHHS OyIb-SIKOTO TEKCTY BaXXJIMBY POINb BiHirpae >KUTTEBUH
JIOCBIT, IO € ¥ CTYJCHTA;

3. mo6 3po3yMiTH TeKcT (a00 MPOTHO3YBATH, MPO IO WTHME MOBA B IOMY
TEKCTi), HEOOXITHO 3BEPHYTHCS 3a JOMOMOTOIO /IO 3arOJIOBKA, MANIOHKIB, CXEM,
TaOIHUIb 1 TaK A, CYIPOBODKYIOUNX JaHUN TEKCT, HOTO CTPYKTYPH;

4. mpy YMTaHHI TEKCTY CIiJ CIIUPATHCA B IEPIIy Yepry Ha Te, 10 3HAHOMO y
HbOMY (CJIOBa, BUpa3H), i clipoOyBaTH NPOTHO3YBATH 3MICT TEKCTY.

Oco0nuBy yBary BakJIMBO NPUAUIMTH MpUiioMaM poOOTH 3 aBTEHTUYHHMHU 1
OpHTiHAIBHUMHU TEKCTAaMU HAyKOBOTO XapakTepy. Beinke 3Ha4YeHHs NMpH YUTaHHI
npodeciiiHoi JitepaTypu mMae pobora 3 JIEKCHKOIO. Y SKOCTI MpHHOMIB poOOTH
MOXYTb BHCTYNaTH IIiICTAHOBKA, KOMOIHYBaHHs;, MiJKpECICHHs MOTPiOHOT
iHpopMmaii Tomo. J[omiIbHO TaKoX BUKOPHCTOBYBATH 3aBJIaHHs, HANpPAaBJCHI Ha
PO3BHUTOK TaKUX YMiHb, SK YMIHHS TpAIfOBaTH 31 CIIOBOM, IO Ma€ JeKiTbKa
3HA4YCHb; YMIHHsS 3HATHCS HA BINTIHKaX CJIiB-CHHOHIMIB i1 iX B)XHBaHHI B MOBI;
YMIHHS PO3rajyBaTh 3HAYCHHS CIIOBA, 3HAIOYM HOTO aHTOHIM; YMIiHHS ONHCYBAaTH
3HAYEHH CJIOBA y TOMY BHUIIAJIKY, SKIIIO TOYHUHA HOTO MepeKiIaj BiICYTHIN; yMIHHA
MPAIOBAaTH i3 CIOBHUKOBOIO KOJIOHKOIO, KOPHUCTYIOUHCh KOHTEKCTOM; YMiHHS
BUOHpATH NOTPiOHE; YMIHHS PO3yMITH CIIOBO 31 CIOBOTBOPUYHUX CIIEMCHTIB.

Sk BiZIOMO, 3aJIe)KHO BiJl KOMYHIKATUBHHX HOTPeO 1 IO Mipi MIPOHUKHEHHS Y
3MICT TEKCTY y BITUM3HSHIA METOAMIN BHIUIAIOTH HACTYIHI BUIMA YHUTAHHSI:
O3HalOMITIOIOYE, HaBYajbHE, MeperisgoBe, nourykoBe. OCKUIbKH IEperisaoBe i
MOIIYKOBE 10 0araThbOM XapaKTepHCTHKaM 30iratoThbCs, y NPAKTHI HaBYaHHS iX,
SIK IPABHJIO, BBaXKAIOTh 33 OJIMH BH]], HA3UBAIOUH TTOIYKOBO-NIEPETIISI0BHM.

VY 3apyOixHill aHTIIOMOBHIH METOAMII TAaKOK BUIIUIAIOTH ACKiIbKa BHIIB 200
yMmiHbp umTaHHS: skimming (BU3HaueHHS OCHOBHOI TeMH/ifei TEKCTy); scanning
(momrykx KoHKpeTHOI iH(popMarii B TekcTi); reading for detail (netanpae po3ymiHHS
TEKCTY He JIMIIE Ha PiBHI 3MICTY, aje i CeHCY).

VY mpormeci BUBUEHHS TpoQeciiHO-OpIEHTOBAHOI JiTepaTypd Ha IHO3EMHIN
MOBI TIepe]] CTYACHTaMH OCTAIOTh TaKi 3aBJaHH:

1. orpumanHs iHpopmalii, ska O JONMOBHIOBaJA Ta TNOIIHOIIOBaA
HaBYAJIbHUH MaTepiaj, 0 ONAHOBYETHCS CTYAEHTaMH B IIPOLECI BUBYCHHS
Ipo¢UIBHUX AUCIUILTIH HABYAJIBHOTO IJIaHY;

2. ¢opMyBaHHS HEOOXiTHUX HABUYOK IIOJ0 IMOAAJIBIIOTO CaMOCTIHHOTO
YUTAHHS JIITEpaTypy 3a haxoM.

BiamosigHo 10 3a3Ha4YeHHMX 3aBAaHb JOLITLHUMH € HACTYITHI BUIU POOOTH 3
OBOJIOJIIHHSI HaBMYKaMH YUTAHHS JITEpaTypH 3a Gpaxom: poboTa 3 OpUTiHAIBHUMHU
npodeciiiHo-OpiEHTOBaHMMHM ~ TEKCTaMM, a came: aHaJiTUKO-CHHTeTH4He (i
00OB’SI3KOBO  €KCTEHCHBHE) UHWTAHHS 3 BIJIOBIIHUM KOHTPOJEM PpO3YMiHHS
MPOYMTAHOT'O Yy HpOLEci ayJUTOPHHUX 3aHSATh, BUKOHAHHS €(EeKTHMBHUX BIpaB (Ha
CreniajJbHO MiIiOpaHOMy JUIS IBOIO MaTepialii) 10 i MICNA YUTaHHS MpogeciiiHo-
OpIEHTOBaHUX TEKCTIB.
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OxpecauBIIN TeMaTHKY (axOBHX TEKCTIB Ta BiIiOpaBIIN TEPMIHOIOTIYHY
JIEKCHUKY U1 aKTUBHOTO 3aCBOEHHS CTYACHTAMH, HOTPIOHO CTBOPHUTH KOMILIEKC
BIIPaB 3 METOIO BUPIMICHHA KOMYHIKaTHBHHUX 1 Mi3HABANBHUX 3ajad MiJx 9ac poboTn
3 (paxoBorO JTiITEpPATYPOIO.

UnTaHHS € Tako)XX BaXKIIMBHM 3aCO00M OIIaHYBaHHS TPaMaTHYHOI CTOPOHH
MOBH. BUKOHaHHS BIpaB, IMOB’S3aHUX 3 YHTAaHHAM, CIPHAIOTH MIIHIIIOMY
ONIaHYBaHHIO IPaMAaTUYHUX CTPYKTYP.

Ha 3akiroyHomy erami poOOTH AOLIJIbHE BHKOHAHHS BIPAaB 3 TEKCTOM.
[TicnsiTeKCcTOBI BIIPaBU CIIy’KaTh TOJIOBHMM YMHOM JJISI IEPEBIPKU PO3YMIHHS SIK
MPOYUTAHOT'O TEKCTY B LIJIOMY, TaK 1 OKpEMHX HOTO PO3/ILIIB.

Taki BOpaBH HOCATH TBOPYHMH XapakTep 1 CHpPSMOBaHI HE CTUIBKM Ha
PO3BUTOK IaM’siTi, CKIJIbKM MUCIIEHHS, PO3YMOBUX 31i0HOCTEH, soriku. Lli BnpaBu
MOXYTb MICTHTH 3aBJaHHS, IO KOHTPOJIOIOTH PO3YMIHHS 3MICTYy MaTepiany,
BUKJIQJICHOTO B TEKCTi, PO3BUBAIOTH YMIHHSA BH3HAYUTH OCHOBHY 1 JOIATKOBY
iH(popMamiro (HapUKIa, BU3HAYTE, SIKi PEUCHHS BiIIOBIIAIOTh 3MiCTOBI TEKCTY, &
AKi Hi; HAlITh pedeHHs, B SIKUX 3aKJa/JeHa OCHOBHA AyMKa TEKCTy M 3a TEMOIO
TEKCTY 3 BUKOPHCTAHHIM JOJATKOBOI JIiTEpaTypH TOIIIO).

Takum 9rHOM, YCHIX peaizalii IMOCTaBICHUX IiIeH — HABYaHHS YUTAHHIO —
0arato B 4OMY 3aJISKUTH BiJ| ()OPMYBaHHs Y CTY/ACHTIB MPAaBUILHOTO BiJHOUICHHS
JIO YMTAHHS SIK BUy MOBHOI JisUTBHOCTI, 1[0 MAa€ CBOE crelu(iyHe KOMyHIKATUBHE
3aBJaHHsl, 3QJISKHO BiJl BUIY YMTaHHS. UNTaHHS Ha 3aHATTSX 3 aHIJIIHCHKOT MOBHU
CHpHsi€e MOTJIHOJICHHIO 3HaHb SK PIJHOI, TaK 1 1HO3eMHOI MOBH, 30aradeHHIO 3ara
JBHOTO 1 CHEUiaJbHOTO JEKCUYHOTO CJIOBHHKA, MiJBUIIYE KYJIbTYpHUIH piBEHb 1
PO3IIUPSIE KPYTO3ip CTYACHTIB.

VK 372.881.111.1
Svitlana Voitenko *
Isenior teacher ZNTU

HABYAJIbHO-METOJAYHI IPUOMM IOJIETIEHHSI PO3YMIHHSA
YNTAHHS AHIVIOMOBHUX HAYKOBO-TEXHIYHHUX TEKCTIB

HaykoBi Ta TexHI4HI aHIJIOMOBHI TEKCTH MICTATh BEIHUKY KUIBKICTh
iHpopmamii, OimpITy YacTHHY sKoi CKIamaroTh (akTh. UWTadi TakuUX TEKCTiB
MMOBUHHI HE TUTBKHM BUSABIATH iHGOPMAIIit0, a TAKOXK TOBHICTIO pO3YMITH MaTepiall.
TakuM YMHOM yBa)kKHE Ta BAYMIIMBE YNTAHHS € HEOOXiTHUM.

UwuraHHS BIYMIIHBO, 3 PO3YMIHHAM — IIe pobieMa ajis THX, YU MOBa HE €
piZHOIO, OJIHAK CTYJIEHTH TOBHUHHI YHMTATH QHTJIOMOBHI TEKCTH Ta XypHAIU i3
CHeniaJbHOCTI, TOMY II0 OiNBIIICTh HOBITHBOI iH(OpMAIlil HaA€THCS aHTITIHCHKOIO
MoBoro. [IpobGiemy MoOXHa TMOJONAaTH IIEBHOIO MIpOl0, SIKIIO BHKJIajayi
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AHTITICHKOT MOBH 3a0e31edaTh CBOIX CTYJCHTIB iHCTPYMEHTaMH, SIKi TO3BOJATD iM
MOJOTATH TPYHOHOIII TPH pO3yMiHHI HeoOXimgHMX TekcTiB. Lli iHCTpyMeHTH
BKITIOYAIOTh BUIM 3HaHb Ta METOIUKH ,sKi HEOOXIIHI U TIyMadeHHs, pO3yMiHHSI
HACTYIHUX Tpo0IeM MpH YNTaHHI TEKCTiB aHTIIICEKOI0 MOBOKO: 1) iHTEepHIpeTamis
3HA4YCHHS CIiB; 2) PO3YMIHHSA pedeHb 3) pO3yMiHHSA ab3amiB, 4) po3yMiHHA
iHTepHpeTamii imocTparniif, rpadikiB, miarpam,romo. J[n1 BHUpIMIEHHS UX
npoOJieM TPOMOHYETHCS 3aCTOCOBYBATH TakKi HaBYaJibHI MeToam: | —Meron
iHTepIpUTaLii CIIOBHUKIB ( IepeBipKa 3HAUYEHHS CJIOBA Y CIOBHHKY, IHTEpIpETaIlis
3HAYEHHS CJIOBA 32 JIOTIOMOTOI0 aHaJli3y CIOBOTPY, 340Ta/IKa IPO 3HAYEHHS CIIOBA
i3 KOHTEKCTY- AediHilis, JOCBiJ, KOHTpacT a00 BUCHOBOK); 2. — METOJ] PO3yMIHHS
peucHb; 3 — aHaii3 ab3ariB TekcTy( BHSBICHHS TEMH, OCHOBHOI i/el, OCHOBHHMX
JONOMDKHHMX JeTaneil, ApiOHMX MiATpUMYIOUMX JeTajell); 4 — iHTeprperamis
imrocTpaniit (rpadikis, TabIHIE, Tiarpam).

3yMUHAMOCH OUTBIN AETaNbHO Ha METOJI-TEXHili po3yMiHHA pedeHHS. Komm
CTYACHT YUTA€ TEKCT i3 MiAPyYHHUKA, CTATTIO a00 IHIIMI MaTepial aHTIIHCHKOIO
MOBOIO, 9aCTO TPAIUIAETHCS TaK, IO BiH 3HA€ BCi CJIOBa B PEUCHHI, aje HE MOXE
3pO3YMITH, IO [I€ PEUYCHHS O3HA4a€, OCOOIMBO KOJHM BOHO JIOBI'€ Ta CKJIAJHE.
TakuM dYWMHOM, CTYZIEHT HE pO3yMi€ 1o BiH uymTae. s Toro, moO CTyIOEeHT
pO3yMiB Taki pEUCHHs, NPOIOHYETbCS YOTHPU TEXHIKHM: aHali3 peYeHHS,
po3mi3HaBaHHS 3HAKiB IyHKTyallil, pO3Mi3HaBaHHS TEPMiHIB ITOCHJIAHHS,
PO3Mi3HABAHHS CUTHAJBHUX CJIIB.

Ananiz  peuenns. SIKIWO CTyHEeHT He pO3yMi€ pedeHHs, HeoOXiJHO
MpoaHaJi3yBaTH HOro po30MBIIM HAa YacTUHW. s Toro, mob 3pobutu 1e
MPaBWIbHO, HEOOXiJHO HABYMTH CTY/IEHTA PO3IMi3HABAaTH 3pPa3Kh Pi3HUX PEUYEHb.
Tonmi, cTyneHT 3MOXKe TIPH aHaJli31 peueHHs BUSBUTH OCHOBHE JIIECIIOBO- TPHCYJIOK,
MOTIM TONOBHUU mimMmer(6e3 Horo MomiikaTopiB). SKIIO Hi€CIOBO-TIPHCYIOK
notpedye nonatok abo momoBHeHHsA. CTyIEHT 3MOXe 3HaMTH meil JogaTok ado
JIOTIOBHEHHS. | OCTaHHE, IO CTYACHT 3pOOUTH,IIe 3Haiine MOIi(ikaTopH.

Posnisnaeanna 3nakie nynkmyayii. Sk 1 cnoBa, 3HaKd ITyHKTYyallil
JIOTIOMArarTh JIOHECTH JI0 YMTada JyMKH aBTopa. Tomy, HEoOXiqHO 100 CTyqeHT
3HaB 3HAYEHHs Ta BUIAJKH BUKOPHMCTAHHS LMX 3HAKIB, a BHKJIaJa4d MOBHUHEH
HABYMTH CTYACHTa BUKOPUCTOBYBATH Ili 3HAHHS JJIs BUSIBICHHS 3HAYCHHSI CJIIB Ta
peuens Hampukiaja: Kpamnka 3 KoMor (; ) MoXe 3aMiHMTH CJIoBO “and”, a koma
Mmoxe 3aminsaTu giecioso.(The sand provides the silica: the soda ash, the soda.)

Busuanus mepminie nocunamHs. ABTOPU HAyKOBOI JIMTEPATYpU 4YacTo
BUKOPHCTOBYIOTh TEPMIHM IOCWJIAHHS, Ml TOTO 1100 YHUKaTH ITOBTOPEHHS
OJTHOTO 1 TOTO X cijoBa. Lli TepMiHM NMOCHIIaHHS BKJIIOYAIOTh OCOOOBI 3aiiIMEHHUKH,
e.g. it, they, he; BkasiBui 3afimennuku €.g. which, that, who, whom; ta imeHHuKH
e.g. the method, the technique, the process, etc.He BMiHHA po3mi3HaTu Taki
TEpMiHM TIOCWJIAaHHS  IEpPEIIKO/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. CHrHaJIBHE CIIOBO —Iie CIOBO abo (pasa, sxi
BUKOHYIOTh (YHKIIO 3’€THaHHA CJIIB y pEYeHHI. MK pedeHHsIMH abo Mik
ab3amamu. Bsarami CTyIeHTH, SIKi YMTAIOTh AHTJIIOMOBHI TEKCTH HE PO3YMIIOTh
Ba)XXJTUBOCTI IMX CIIB 1 K HACHiOK. MawTh NpoOJIeMu i3 PO3YMIHHSM TEKCTY.
ToMy. CTy#eHTIB HEOOXiJHO HaBUMTH 3BEpPTAaTH yBary Ha CHUTHJIBHI cioBa 1
HaMaraTHcsl IHTEpIPETYBATH , 1110 BOHHM 3HAYaTh Ta OKa3ylOTh.

VK 372.881.111.1
Natalia Zhukova®
tassistant 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.

VIIK 371.3
Olha Kalantaieva®
Yteacher ZNTU

TPYJHOIII HABYAHHA YUTAHHIO IHO3EMHOIO MOBOIO

HaBuutn 4YMTaTH I1HO3EMHOIO MOBOIO — OJHE 3 IPaKTHYHUX 3aBJaHb
BHKJIaJlaua B HaBYAJIbLHOMY 3akjai. BiZmoBigHO [0 CTaHAAPTy CTYACHTH MOBHHHI
HAaBYMTHUCS CAMOCTII{HO YMTATH aBTEHTUYHI TEKCTH Pi3HOTO XapakTepy 1 THITY.

ITpouec HaBUaHHS YUTaHHS IHO3EMHOIO MOBOIO YCKJIAIHIOETHCS LIUTUM PAIOM
o0'ekTBHUX Ta cyO'ekTuBHUX (hakTopiB. Hacammepen, BHKIamad MOBHHCH
BpaxoByBaTH OO'€KTHBHI TPYIHOIII opdorpadidHoi CHCTEMH BHYYyBaHOI MOBH
(ocobnmBi aHTIICHKOT), SIKi CKJIAIHCS icTOpIYHO. HaifOmbI XapakTepHIMH 3 HUX
€ TaKi:

1. O6’exTuBHi TpyaHOWII Opdhorpadiunoi cucTemn.

a) KiJIbKICHA HEeaJIeKBaTHICTh MK OyKBaMM Ta 3BYKaMH y CJIOBI, TOOTO Mix
rpadiyHUM Ta 3BYKOBHM 00pa30oM CJIOBA, HAIIPUKIIA/L:

daughter /'d :ta/, thorough /'O ra/, nephew /'nevju:/;

0) kinbKicTh OykB angaBiTy Ta KUIbKICTh rpadeM, siki BOHH YTBOPIOIOTbH
(anrm.26 OykB maroth 104 rpademu, HiMenbki 26 6ykB — Ounbnie 80 rpadem);

B) PI3HOYHTAHHS OJHAKOBUX OYKB Ta OYKBOCIIONYYCHB:

pin-pine, cut-put, now-snow, sugar, his, vision;

T') KUIBKICTh OYKB adaBiTy Ta KUIbKICTh Tpadem, siKi BOHH yTBOPIOIOTE!

26 oykB natoTb 104 rpademu (nice — light);

1) HasiBHICTh "HiMuX" OyKB y cnoBax: Kite, through, Wednesday;

€) HasIBHICTh AIaKpUTHIHHUX 3HAKIB.

XK)llepeaya  OFHOTO 1 TOTO  JK  3ByKa pIi3HUMH  OyKBaMH  Ta
oyksocnonyuennsmu: [K] — cat, kitchen, school, question.

2. O6’exTHBHI MOBHI TpyIHOIII:

KpiMm cyTo TexHiUHMX/TpadidHHX TPYAHOIIIB YHWTAaHHSA, 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
MPaBUJIBHOTO PO3YMiHHA 3MicTy. HasBemo nmesiki 3 HUX:

a) HasBHICTH OaraTo3HauHWX Ta KOHBeproBaHHMX ciiB: At last he became a
proud owner of the thing that had real springs and a mattress.

6) menpsimuii mopsimok ciie (imBepcist): No sooner had Miss Sophie noticed
her cousin Paul than a pleasant smile touched her lips.

B) 3BOPOTH 3 Ai€NPUKMETHHKAMHU Ta JienpuciiBHukamu: The goods having
been sold, Jim returned home immediately.

r)yMoBHi Oe3cmonydnukoBi peuenns: Mr. Johnson decided to lock all the
doors in the house, should any emergency arise.

e) repyHmianbhi 3Bopotu: After having been informed of Mark's arrival, he
went downstairs without delay.

) CKJIaAHI peveHHs 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  TpYIHONIi: HEAOCTaTHRO  C(POPMOBAHI  JICKCHYHA,
rpaMaTHYHa HABUYKH, HABUYKU TEXHIKH YUTaHHS.

Yei 1w TpyAHOLl IHIIOMOBHHX TEKCTiB CTYAGHTH MalOTh I10J10JIaTH
IMOCTYNOBO: CIIOYaTKy BOHH OBOJ’IOL[iBa}OTI) TeXHiKOIO YUTAHHS BI'OJIOC 3aCBOKOIOTH
cnetudiky OykB andapiTy Ta MOBHHUII MaTepiall, BAKOHYIOTb BEJIHKY TPEHYBAIbHY
poOOTY 3 TEXHIKM YWTaHHS, OTPUMYIOUM SIKOMOra Olbllle HAaBAaHTAKEHHS Ha
30pOBUI aHAI3aToOp; 3rOJOM IMEPEXOATh [0 YMTAHHS MOBYKH, OBOJIOIIBAIOYU
NpUIfOMaMH BIaCHE YUTAHHS SIK MOBJICHHEBOI JisTbHOCTI.

VK 811.111.26
Valentyna Kuzmenko®
Isenior 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.

VK 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.

219



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
guestion that they may have missed, they can always go back and scan for it."

220



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.

YAK 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 (nharrative, 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.

VJIK 371.31
Tatyana Suvorova®
!seniour teacher ZNTU

MOJEJI YATAHHS B KOHTEKCTI ESP

3HaHHS 1HO3eMHOI MOBH BiIKpHBa€ HEOOMEKEHHH IOCTYN A0 HayKOBOi
JTepaTypy, A€ MOXKJIMBICTH O3HAWOMUTHCS 13 MOCATHEHHSMH CBITOBOI HAyKH 1
TexHikH. CTylneHTaMm HONITEXHIYHMX BY3iB 1HO3€MHa MOBa IOTPiOHa TOJIOBHHM
YMHOM JJIsi TJIMOLIOTO OCBOEHHS CIICIIalIbHOCTI, @ TaKOX JJg IMPaKTUYHOTO
BUKOPHCTaHHs y mpodeciiiHiii misiapHOCTi. TOMy OIHHMM i3 3aBAaHb HaBUaHHS
CTYZICHTIB 1HO3eMHil MOBi € pOpMyBaHHSI yMiHb YUTATH IHIIOMOBHY JITEpaTypy 3i
CreliaJbHOCTI JUIsi OTpUMaHHS HeoOXxinHol iHdopmanii. [{is nocsATHEHHS IHUX
el Tpeda moOpe po3yMiTH caM MpoIieC YHTAHHS.

Binpnricte BYEHUX MOTOKYIOTHCS, IO YUTAHHSA € ONHUM 3 HaHBayKJIMBIIINX
HaBHYOK JJISI OCBITHBOTO Ta HpodeciiHOro ycmixy. 30Kpema, YUTaHHSA 3aiMae
oco0MBe Miclie TIPH BUBYCHHI aHTIIiiCbKOT MOBH st ipodeciiiuux 1inei (ESP),
OCKIJIbKH BOHO 3HaXOIHTHCS B LIEHTPi Oaratrox

3aBJlaHb, II0 BHUKOHYIOThCS yuacHMkamu ESP; abo mpu HaOyTTi 3HaHb 3
LILOBOTO  KOMYHIKaTMBHOTO JIMCKypCy, a00 B TIO€JHaHHI 3 BHUKOPHCTaHHIM
IHIIMX HABMYOK, HANpUKiIajy nuchbMma. HacrpaBii, yuTaHHS - 1€ KOMIUIEKCHA,
iJIeCIpSIMOBaHa, IHTEpaKTHBHA, YCBIJIOMJIIOIOYA Ta THYYKa MAiSUIbHICTH, SKYy HeE
JIy’Ke JIETKO BU3HAYUTH.

UuTaHHS € OIHMM 3 YOTUPHOX MOBHHX HAaBHYOK, SKE€ BBAXKAETHCS
pELEeNnTUBHAM BMIHHSM, OCKIJIBKH Nepeidavyae pearyBaHHs Ha TEKCT, a HE Ha HOro
CTBOpPEeHHS. BoOHO mepembadae po3yMiHHS 3MiCTy NMHUCHMOBOTO TEKCTy Ha PiBHI
clioBa, pedeHHs abo ychoro Tekcry. HacrpaBni, YUTaHHS MiICHIIIOE iHII MOBHI
HaBMYKH THX, XTO BUBYa€ MOBY. HaykoBi aHi migTBEp/DKYIOTh, IO Ti, XTO YUTAE
OinmpIie, MarOTh OUTBIIMN CIOBHHUKOBHU 3amac, Kpamle CKIaJaroTh TECTH 3
rpaMaTHKH 1 Kpallle BUKOHYIOTh 3aBJIaHHS 3 IIUChMa.

UwuraHHS B 3HAYHIH Mipi pO3TILINAETHCA SIK B3a€EMOJISl MPOIECIB i 3MicTy,
YUTaHHS 1 PO3YMiHHS, IO TPOXOANTH TPH ETaITH:

1. YnTaHHS SIK IEpeHeceHHs iH(popMarii;

2. UnutaHHS SIK B3aEMOJIisI M)XK TyMKOIO 1 MOBOIO;

3. YuTaHHS K B3a€EMOIIS MK TyMKOIO, MOBOIO, YUTAYeM, TEKCTOM 1 3MICTOM
KOXKHOTO 3 ITUX €JIEMEHTIB.
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Tepmin  «momenmb»  BimHOCHTBCS 10  (opmaiizoBaHoi,  Bi3yalbHO
MPEICTaBICHOI Teopii «II0 BigOyBaeThCS B OYaxX i po3yMi YMTadiB, KON BOHH
po3ymitoTh (abo He po3yMitoTh)TeKCT ~°. Takum YHHOM, MOJETh MOXKHA
OXapaKTepU3yBaTH SIK CHCTEMATHYIHI Tepen0adeHHs Ipo MPHUXOBAHUN MPOIEC, K1
MOTIM i ITAI0THCS BUMPOOYBAHHIO MUIIXOM €KCIIEPUMEHTAIBHOTO JOCHTIKEHHS.

[epma monens untaHHA-TIe “the bottom-up model”. ¥ mpomy Tumi moznemni
yuTay MOYMHAE 3 HamucaHoro tekcry (the bottom) i 6yaye cenc 3a momomororo
OyKB, CIiB, (pa3, KOHCTPYKIIi# i peueHb. {1 Mojenb ae MOKIUBICTH 3PO3yMiTH,
IO YUTAHHS - I MPOIEC, B SKOMY HEBENHKI IIMATKH TEKCTY IMOTJIHHAITHCS,
AHAJII3YIOTBCS 1 MOCTYMOBO JOJAKOTHCA J0 HACTYIMHUX MOPIIii, MOKH BOHU HE
CTalOTh 3HAYYLIMMHU. [HaKIIe Ka)XKy4l,4UTaHHS NMPOXOIUThH IIMH DS eTaIliB,sKi
BeAyTh 10 po3yminus. Tounime, momaens the bottom-up” Gasyerbcs Ha MUTaHHAX,
MOB’sI3aHUX 3 IIBUIKOI OOPOOKOIO TEKCTIB i iIeHTH(DIKAIi€0 CIIB 1 HA 3aTHOCTI
YhTaya PO3Ii3HABAaTH CJIOBa 130JILOBAHO, OE3MOCEPETHBO 3ICTABISAIOYM OTPHMAHI
JlaHi B SKYCh HE3aJIC)KHY PeIlpe3eHTAaTHBHY (OpMy B MEHTaJIbHOMY JIEKCHKOHI. Lle
3iCTaBJICHHSI MPOXOAWTh HE3aJEeKHO BiA KOHTEeKCTy. HacmpaBai mpomec “the
bottom-up” BinOyBaeThcsi TOMI, KOMM 4YUTA4 TPHIUILE yBary 10 JeTaiei,
HaMarar4nch pO3IMIU(PPYBATH OKPEMi CIIOBa, SKi 3MAI0THCSA HOMY HE3HAHOMHMH, i
IHIII JTIHTBICTUYHI SIBHIIA, JJIs1 TOCATHEHHS PO3YMIHHS TEKCTY.

Ha Binminy Big momeni “the bottom-up”, moaens “the bottom-down” omnmcye
YUTAHHS K JIHIAHUHA TPOLeC, SKUH MOYUHAETHCS 3 BEPXHBOI, BUIIOI MEHTAIBHOL
cragiii i mo camoro Tekcty. Mogens “the bottom-down” mimkpeciioe, mo Ha
MepIIOMy eTali BakJIUBe came 3HaucHHs. Lle BiAOyBaeThCs KOJIM 4MTad POOUTH
3MOTaJKH MIOJ0 3MicTy, 0a3yrouuch Ha 3000yTOMY JOCBiMi, a MOTIM Bke Hue
MONIYK y TEKCTi OYIKyBaHMX JaHUX KOHKpeTHOi curyamii. [Ipm Takomy Twimi
00pOOKH YUTa4Y KEPYETHCS CEHCOM, Ha BiIMIHY BiJ IONEPEIHBOI MOJAEMI, ¢ BiH
KepyeTbest TekeToM. OTKe, YUTad MiAXOIUTh 10 TEKCTY 3 TONEePEIHIMU 3HAHHAMHA
Ta KOHIEMIISMH, SIKi pO3TISIIAIOThCS K "HaOyTi 3HaHHA", a Yepe3 TeKCT OyIye
3MicT TekcTy. HaOyTi 3HaHHS 4uYHMTa4a MOXYTh CKJIAJaTHCh 13 3HaHb 3a
npodeciiiHolo abo 3arajbHOI0 TEMATHKOIO, 3aralIbHUX 3HAaHb CBITY, aOCTPaKTHUX
KOHIICNITYaJbHUX 3HaHb a00 iX KoMmOiHalliii. [Hakie kaxxydn, 0OpobOKa TeKCTy 3a
mogemto “the top-down” me oTpuMaHHs 3arajJbHOTO PO3YMIHHS TEKCTY 3a
JIOTIOMOTOI0 TEKCTOBHX 3HaKiB Ha 0a3i HaOyTux 3HaHb. Lleil mporec mpoxoanuTh
HACTYITHI €TaTH:

1. rmaza 6avaTh TEKCT;

. 00IyMyBaHHS 1 epei0aYeHHs 010 CEHCY YChOTO TEKCTY;
. I[JIe PeYCHHS Y SKOCTI MOJIEI ISl IEPEBiPKHU CEHCY;

. IOJJANIBIIMK aHaJIi3 CIIiB;

. 32 HEOOXITHICTIO (KOJIM HEMa€e BIICBHEHOCTI), aHaJli3 OYKB.

g b W
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Dmytro Goncharenko®,Yuliya Sobol?
!student of group E-426a ZNTU

’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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’PhD (Philology) assistant professor ZNTU

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 Avrtificial 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
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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!

VJIK 004
Vladyslav lvashchenko,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.

VJIK 372.881.161.1

Anastasiia Fylymonenko®, Yuliya Sobol?
!student of group E-426a ZNTU

’PhD (Philology), assistant professor ZNTU

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:], [2:],
[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 Baxxkko" 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 “3anexurs 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: YuHsMm mocTaBwiIM Bakke 3aBmanHs — 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 JIOBro yMoBJIsUTH Horo 3abyTu mpo e miad — 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: SIk Bu aymaete, ne BiH 3apa3 mpamroe? — 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.
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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
favourite 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 (n.,
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
Umpgqua 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
guantum 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

Acrtificial 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 Ng. 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.

243



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
economic 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 using 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. ldentification 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 ony.
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
. 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.

~NOoO Ok~ WN
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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 r would not be 2zr, 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 | 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 | am so | 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 | 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.
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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 0s.

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,

266



http://faculty.orangecoastcollege.edu/sgilbert/lessons/ABriefHistoryOfProgramming/index.html
http://www.tnmoc.org/special-projects/edsac/edsac-history
http://groups.engin.umd.umich.edu/CIS/course.des/cis400/fortran/fortran.html
https://techterms.com/definition/basic
http://americanhistory.si.edu/cobol/introduction

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.
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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 memory;

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 | / 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.

YK 336.018

Alexandra Melnik!, Olha Kalantaieva®
!student of group FEM-618 ZNTU
2teacher ZNTU

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 0s and 1s 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 (Al)

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 Al 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
(mq,my,...,my) in which each member mg, is typically smaller and faster than the
next highest member .1y 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; 6.0ffline storage.

The lower levels of the hierarchy — from disks downwards — are also known
as tiered storage is:

1. Online storage is immediately available for 1/0;

2.Nearline storage is not immediately available, but can be made online
quickly without human intervention;

3.0ffline 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 acomputer 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 | searched some popular program on my
computer, | found an error in it that allows me to do something in another instance
of the same program, | 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 Ul 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. Ul: 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 Ul. 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 (Al) is progressing
rapidly. In the field of computer science, artificial intelligence (Al), 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 Al), 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 Al 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 Al 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: Fact:

/Al turning evil; it turning conscious. AI. turning _ competent, with - goals
misaligned with ours.

Intelligence enables control; we control

tigers by being smarter.

Machines can’t have goals. /A heat-seeking missile has a goal.

It’s at least decades away, but it may

take that long to make it safe.

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.
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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 lons (Li-lons) 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-lon 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&
HV 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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2.5D 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

304



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.

305


https://www.explainthatstuff.com/linux.html
https://en.wikipedia.org/wiki/Fortran

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 0 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.

Entanglementis 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
guantum 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 Al 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.

DARwINn-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 10S
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, I, m, r) 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

Acrtificial 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 using 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.

VIIK 004.7

Vladyslava Biriuk®, Olga Adamenko?
!student of group CST-138 ZNTU

’PhD (Philology), assistant professor ZNTU

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 Il 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 groflen
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 auszuwéhlen. Um
modernes Qualitidtswissen 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 Fihigkeiten des Schiilers
entspricht, die Entwicklung von Féhigkeiten, um ihre kreativen Fihigkeiten 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 flir
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 Gerite zur
Unterstlitzung 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 Geridten, die Aufrechterhaltung der Effizienz, die
Behebung von Fehlern zur Minimierung von Ausfallzeiten, die Installation und
Konfiguration der erforderlichen Software sowie das Anschliefen 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 16sen, 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
Berufstitige 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 vollstindig die Aufgaben eines Systemadministrators.
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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 'ordinateur Altair 8800 et créent Micro-Soft le 1-er avril
1976. Steve Jobs et Steve Wozniak fondent Apple. En aott 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
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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 premiére
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, systéeme 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 iiber 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 auslédndischen 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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kBiTHS 2019 poky

Onun enextponuuii ontuuauii quck (DVD-ROM);
CYIIPOBiTHA TOKYMCHTAITis.
Tupax 100 npum. 3am. Ne 694

BugaBsers 1 BUTOTOBIIIOBAY
3anopi3pKuil HaIllOHANBHUM TEXHIYHUHA yHIBEPCUTET
VYxpaina, 69063, M. 3anopixoks, By JKykoBcbkoro, 64 Ten.:
(061) 769-82-96, 220-12-14

CaimonrBo cy6’exta BumaBau4oi cripasu JJK Ne 2394 Bix 27.12.2005.
325



326



