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} CEKIIUA 8.
PEJEWHAS 3AIIIUTA, ABTOMATHKA, DJIEKTPOOBOPY TIOBAHUE
YJEKTPOIHEPTETUYECKUX CUCTEM

BbIBOP METOJA PEAT'MPOBAHUA VI PYHKIIMOHUPOBAHUA
3AIIUTHI OT 3AMBIKAHUIA HA 3EMJIIO B KOMIIEHCUPOBAHHBIX
CETSIX C YYETOM BJMAHUSA YIJOBBIX HOTPEIIHOCTEN
TPAHC®OPMATOPOB TOKA

B.B. I'peuyminukoB
ToMCKHI NOJIMTEXHUYECKAN YHUBEPCUTET
OHIH, 95C

BBenenue

B Hacrosee Bpems CyIIecTBYET TOBOJIBHO MHOTO Pa3JIMYHBIX YCTPOWCTB 3a-
IIMTHI OT 3aMbIKAHUH Ha 3eMJII0 B CETSAX ¢ KOMIIEHCanuel eMkocTHOro Toka [1, 2, 3].
OpnHako OTCYTCTBYET PELIEHHE, KOTOPOE B MOJHOM MEpE COOTBETCTBYET YCIOBUSM
MX MAacCOBOI'0 UCIIOJIb30BaHUS.

OO01en3BecTHEIM TPeOOBAaHUEM K JAHHOW 3alllUTE SIBIAETCS HEOOXOIUMOCTh
oOecrieueHus MPaBUILHOTO (PYHKIIMOHUPOBAHMS, KaK MPH YCTOMYMBBIX, TaK U MpHU
MEPEMEKAIOIINXCS TYTOBBIX 3aMBIKAHUSIX.

OaHUM W3 U3BECTHBIX CMOCOOOB oOecreyeHus: PYyHKIMOHUPOBAHUS 3aIUTHI
MPA YCTOMYUBBIX 3aMBIKAHUAX SIBIIICTCS MCKYCCTBEHHOE YBEIWYCHUE AKTUBHOW CO-
CTaBJIAIOIICH TOKA 3aMbIKaHUA [4]. YBeIWYCHHE aKTUBHOM COCTABJISIOIICH MPUBOIUAT
K YXYIUICHHUIO YCIIOBUM TallleHUs] AYTH B MECTE 3aMbIkaHudA. B CBs3u ¢ 3TUM B JaH-
HOIl paboTe paccMaTpHUBAIOTCA BAPUAHTHI aJTOPUTMOB (POPMUPOBAHUS NapameTpa
pearupoBaHus 3alIUThl TIPU YBEJIWYCHUU aKTUBHOW COCTABJISIONIEH TOKa He Oosee
yeM Ha 10 % OoT CcyMMapHOTO EMKOCTHOTO TOKA CETH.

BaxxHbIM (pakTOpPOM TIPH BBITIOJIHEHUH 3AIUTHI, SBISIETCS Y4€T BIUSHUS yTII0-
BBIX MMOTPEITHOCTEN TpaHchopmaTopoB ToKa HyJieBoi nocinenoBatenbHocTu (TTHIT).

B nanno# pabote paccMaTpuBaeTcsi HECKOIBKO BapUaHTOB (POPMUPOBaAHUS Ta-
paMeTpa pearupoBaHusi. B kauecTBe KpUTEpHs IJI1 CPAaBHEHHS 3THX BAPUAHTOB IPHU-
HUMaeTCsd MaKCHUMAaJIbHO BO3MOKHOE 3HAUYE€HHE COOCTBEHHOTO €MKOCTHOT'O TOKa OT-
JEIBLHON JTUHUM, TIPU KOTOPOM MOTYT OBITh 00€CTIEYEHBI YCIOBUS YyBCTBUTEIHHOCTU
U CEJIEKTUBHOCTH.

OOBeKT uccienoBaHus

W3 maHHBIX TOJTYYEHHBIX B [5], clieayeT, 4To u3MEpEeHHOE 3HAYCHHE aKTHBHOM
COCTABJISIFOLIEH TOKA 3aBUCUT OT CTENEHH PACCTPOMKH KOMIIEHcauuu (Vv), YTriIoBOM
norpemuocty TTHIT (AY) u oT OTHOIIEHUSI €MKOCTHOTO TOKa OTAEIBHON JTUHUU K
cymmapHoMmy eMkoctHoMy Toky cetu (Kj). PaccMatpuBaroTcs cienyromne BO3MOXK-
HbIE 3HAYCHUS PACCTPOUKN KOMIIEHCAUMU U yriioBou norpemnocty TTHII:

1. Cetb obopynoBaHa ayrorocsmumu peaktopamu ([I'P) ¢ pyunsim ympasiie-

HUEM, pacCTpoiika KOMIEHcalmu u3MeHsieTcss B mpenenax +20 %

(V='0,2+0,2);



2. Cetp  0o0OpymoBaHa  aBTOMATHYECKOHW  HACTPOMKOW  KOMIICHCAITUU

v=-0,05+0,05;

3. B cetu ycranosnens! TunoBsie TTHII, koTopble MOTYT UMETh OOJIBIIIUE YT-

JIOBBIE MIOTPEITHOCTH, BILTOTH J10 20° (AW=0°+20°);

4. B cern npumenstorcss TTHII y KoTopbhIX rapaHTUpyeTcss MaKCHMallbHas

dazoBas morpemHocTh 10 5° (A¥Y=0°+5°).

OTH 3HAYEHUS PACCTPOMKM KOMIICHCAIIMM W YTIJIOBOM MOTPEIIHOCTH MOTYT
BCTPEUATHCS B PA3JIMYHBIX COUETAHUSIX, IOATOMY PACCMOTPEHBI CIEIYIOIINE CIIydau:

5. Pyunoe ynpasnenue JII'P v=-0,2+0,2 u A¥Y=0°+20°;

6. ABTOoMarmueckas HacTporika kommercaruu v=-0,05+0,05u A¥Y=0°+20°;

7. Pyuanoe ynpasnenue II'P v=-0,2+0,2 u A¥Y=0°+5°,

8. ABroMarmueckas HacTpoiika komreHcaruu v=-0,05+0,05u AY=0°+5°.

3amura, pearupymolias Ha a0COMIOTHYIO BEJIMYMHY TOKA HYJEBOM MOCIEI0Ba-
TEJIbHOCTH

BrlmonHeHre 3aluThl, pearupyromieil Ha aOCOMIOTHYIO BEJIMUUHY TOKA, SIBIIS-
eTcsi HanboJee MPOCThIM BapuaHToOM. [Ipu pearupoBanuu Ha MOAYJIb MOJHOTO TOKa,
YIJIOBas MOTPEIIHOCTh TPaHC(POPMATOPOB TOKA MPAKTUUECKU HE BIUSET HA U3MEpsie-
MYIO 3al[UTON BEJIUYUHY. ITO SIBJISIETCS JOCTOMHCTBOM TAaKOTO0 BapHaHTa UCIOJIb30-
BAHUS NOBBIIIEHHON AKTUBHOM cocTaBistomen. [Ipn onnHakoBOW yCTaBKE 3aIUTHI
Ha BCEX JIMHUSIX YCJIOBHUS YYBCTBUTEIHHOCTH M CEJIECKTUBHOCTHU BBITIOIHSIOTCS TPHU
€MKOCTHOM TOKe JTUHUU He Oomee 12,9 %.

3amura, pearupyromas Ha aOCOJIOTHYIO BEIMYHMHY aKTUBHOM COCTaBIISIOLIEH
TOKa

[Ipu pearnpoBanuu Ha aOCONIOTHYIO BETUYMHY aKTUBHOM COCTABIISIIOIIEH TOKa
CaMbIM TSDKEJIBbIM JJI paOOThl 3alIUThl SBISETCSA cliydail 1, Korja MOrpeunrHocTb
TTHII makcumanbHa U UMEET MEeCTO paccTpoiika kommeHcarmu +20 %. C oauHako-
BOM yCTaBKOM Ha BCEX JIMHUAX MAKCHUMAaJIbHO JOIyCTUMOE 3HadeHue Kj; coctaBisier
10,2 %. Jlns 3anutel Tuaud, Hanpumep, ¢ K; = 50 %, 4To BO3MOYKHO Ha MpaKTHKE,
HeoOxoaumo npumensats TTHII ¢ yrmoBoii morpemrHocTeio He Gonee 8°. B ciyuae 3
OTPaHUYCHMS HAa MPUMEHEHHUE 3aIIUTHl IO COOCTBEHHOMY €MKOCTHOMY TOKY JIMHUH
npakTuaecku cuuMatorces (K < 92,6 %).

Ecnu ceth 060pyaoBaHa aBTOMaThueckoil HacTpoikoit komneHcanuu u TTHII
MMeEeT yrioBele nmorpemHoct 10 20° (ciyyait 2) gonmyctumoe 3HaueHue Kj Bospac-
TaeT Mo4YTH B ABa paza u coctaBisieT 20,2 %. B srom cimydae, mins oOecriedeHUS
Kz =50 %, MoxeT ObITh JOMyIIeHa MOTpentHocTh 10 9,4°. B ciydae 4 orpaHudcHus
no BenmunHe Kj; CHUMArOTCS TTOJIHOCTBIO.

3ammTa pearupyronias Ha MOJyJIb CyMMbI aKTUBHOTO U JIOJIM PEAKTUBHOTO TO-
KOB

Ha ocHoBanuu aHaim3a mpoBeaeHHOrO B [5], ObUIO BBIABICHO, YTO MPH HEIO-
KoMITeHcaluu yriioBas norpemHocts TTHII cHrkaeT BenmuuHy u3MepseMon akTvB-
HOM COCTaBJSIIONICH TOKa, B TO BpeMs KaK PEaKTHBHAs COCTaBIIAIONIAs HaoOOpOT
yBenanuuBaeTcs. C ydyeroM 3TOro 0OCTOATENhCTBA MPEMAJIOKEH CIEAYIOMIMN crocoo
dhopMupoBaHUs TapamMeTpa pearupoOBaHUs:



I:‘(l—AI)-Iﬂ-(cos‘l’2+k-sin‘1’z)‘, (1)

rae | — monHbI TOK HyJIEBOU MOCIENOBAaTENbHOCTU IMHUU, Al — TOKOBas
norpemrHocTh TTHII, K — nomnst peakTHBHOW COCTaBISIONICH TOKA, UCMIOIb3yeMast JUIs

(dopmupoBanus napamerpa cpabareiBanus, Wy =¥ 7+ AY — nonssli yroa c yue-
ToM yraosou norpemnoctd TTHII, W ;; — yron Mexay TOKOM U HalpsHKEHUEM HY-

JICBOM IMOCJIEZIOBATEITLHOCTH.

B pesynbrare pacderoB, ObIIO OmpeneseHo, uto B opmyse (1) onTuManbHBIM
sBIIsieTcs 3HaueHue koadduimenta kK = 0,16. B ciyyae 1, MakCHMalbHO JTOIYCTHMOE
sHadenne K cocrapmser 22,5 % (6osiee ueM B 1Ba paza O0JbIIIE MO CPAaBHEHUIO C HC-
M0JIb30BAHNEM TOJIFKO aKTUBHOM COCTaBIIAIONIEH), a B ciyyae 2 — 28,2 %.

3ammra, pearupyromas Ha MOIyJIb CyMMbI aKTUBHOTO TOKA ¥ BEJTMYUHBI, TIPO-
MOPIMOHATFHOW CHHYCY TOJTHOTO yTia

Paccmotpen Takxe BapuaHT (pOpMHpOBaAHHS MapaMeTpa pearnpoBaHUs 3alllH-
Thl, C YYE€TOM BEJIMYHHBI U 3HAKa CHHYyCa MOJHOTO yria. GopMupoBaHHE CHUTHajIa
MIPOUCXOJIUT IO 3aKOHY (2).

| = (1—AI)-Iﬂ-cos(‘l’z)+k-sin(‘}’z)‘ 2)

Jlyis TaHHOTO BapHaHTa, ONTUMAIbHBIM siBisieTcs: 3HaueHue k=0,04. TIpu stom
st ciydast 1 makcuMmansHO nomyctumoe 3HadeHue Kj; cocrtaBisier 20,7 %, a i
ciydas 2 — 21,3 %.
Pe3ynpTaThl pacyeToB MO IpeajaraéMbiM aaroputMaMm (GOpMHpPOBaHUA Mapa-
MeTpa pearupoBaHus CBeJCHBI B Ta0uiy 1.
Tabs. 1. Pe3ynbpTaThl pacueToB

Bapuant ¢opmupo-
BaHUS  IapamMeTpa
pearupoBaHus  3a- ABCooTHAs Monayns cym- | Monyne CyMMBl  ak-

IUTHI AOconmoTHas MbI aKTUBHOT'O | TUBHOI'O TOKa W BCJIU-
BCINYHNHA aK-

BCJIMYMHA TO- o n O0JIn peaK— YUHBI HpOHOpHI/IO—
TUBHOMU COCTaB- o
Ka o THUBHOTO TO- | HAJIbBHOU CI/IHycy T10JI-
JIAOIICHU TOKA
KOB HOT'O erIa
Cnyuan
—02
L o0 Ky<102% |K;<225% | K;<20.7%,
o| =005 K;<202% |K;<282% | K;<213%,
AW=0°:20
T Ky =129 %
9 0 - -
3| s K, < 92,6 %
v==0,05 0
4 I K., < 100 % i i
BriBoabI

BellmosiHeHNME 3alIUTHI, PEAarupyroLIe Ha MOIYJIb TOKAa HYJIEBOM IOCIIENOBa-
TEJIbHOCTH WJIM Ha €r0 aKTUBHYIO COCTaBJAIOILYIO, pu norpemHoctr TTHII no 20°
u paccrpoiike komreHncauuu 10 20 %, mo3BoJisieT 00ecleyuTh YCIOBUS YYBCTBU-
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TEIbHOCTH U CEJIEKTUBHOCTH HA JIMHUU C COOCTBEHHBIM €CKOCTHBIM TOKOM He Ooiee
10-12 %.

B ycnoBusiX MpUMEHEHUS 3alIUThI, TAKUX K€ KaK U B IYHKTE | BBIBOAOB, J10O-
MyCTUMOE 3HAaY€HHE COOCTBEHHOI'O0 €MKOCTHOT'O TOKa JIMHUW YBEJIUYUBAeTCs Ooliee
YeM B JIBa pasa MpH JIOMOJHUTEILHOM HCIOJIB30BAHUM B aIrOpUTME (POPMUPOBAHUS
napaMeTpa pearupoBaHUsl BEJIUYUHBI, MPONOPLHUOHAIBHON PEAKTUBHOW COCTABIISIO-
1I€N TOKA WM BEJIMYMHBI, TPONOPLUHUOHAIIBHOW CUHYCY IIOJIHOTO yTJa.

PamukanbHBIM CpeaCcTBOM TMOBBIMIECHUST 3(PGEKTHBHOCTH 3aIlUTHI  SBISICTCS
npuMmenenue TTHII ¢ menpmen yrioBou mnorpemHocTsro. [Ipu ncnosib3oBaHnH
TOJBKO aKTUBHOW COCTAaBJISIIOLIECH TOKA, CHMXKEHHE YTJIOBOM MOTpemHocTd A0 §8-9°
MO3BOJIAET 00ECIIEUUTh YCIOBHS UyBCTBUTEIBHOCTH U CEJIEKTUBHOCTH BO BCEX CITY-
yasx Ha JMHUSIX C EMKOCTHBIM TOKOM 110 50 %.
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YCTPOMCTBO HEITPEPBIBHOI'O AHAJIM3A COCTOSIHUSI KOHTAKTA

H.A. Exxukos, A.B. MupoHoB
HO>xHO-Y panbCkuii roCy1apCTBEHHBIN YHUBEPCUTET

B Hacrosmumii MOMeHT OoibIIMHCTBO siueek KPY sBisitoTCS cOCTaBHBIMH, TO
€CTh CaM BBIKIIIOYATENb SBISIETCS BBIKATHBIM 3JIEMEHTOM. KOHTAKTHI BBIKIIIOUATEIIA
SIBJISIFOTCST CTA0BIM MECTOM C TOYKH 3PEHHS (PU3MUECKOr0 M3HOCA TaK KaK MECTO CO-
€MHEHUS MOJIFOCA BBIKIIFOYATEN U TOKOBEAYIEH IIMHBI UMEET MEPEXOHOE COMpPO-
THBJICHHE W, NPU MPOTEKAHUHU BBICOKUX TOKOB, MOJABEPKEHO KOPPO3HH, YTO MPUBO-
JIUT K TOBBIICHUIO MIEPEXOJHOTO CONMPOTUBJIEHUS U, KAK CIICICTBUE, MMOBBIILIEHHOMY
HAarpeBy MECTa KOHTAaKTa, W3-3a 4YE€ro MOXKET BO3HUKHYTh aBApHUIHAS CUTYyallHus.
OOBIYHO TaKWE CUTYyaIlMW TPEIOTBPAIIAOTCS IJIAHOBBIM PEMOHTOM BBIKITIOUYATEIS,
BO BpEMs KOTOPOrO MPOUCXOAUT YMCTKA U IOJUPOBKA KOHTAKTOB, OJHAKO MpPH
HAXOKJIECHUHU TOJICTAHIIUM B YJAJICHHOM TPYIHOJOCTYITHOM pailOHE peryisipHoe 00-
CIIy’KHBaHUE MOPO HEBO3MOKHO. C TOUKM 3pEHHUSI pEJICUHON 3alIUThI TaHHAs! aBapHUsI
MIPEIOTBPAILAETCS AYTOBOW 3allUTOM, OJJHAKO BBICOK IIAHC YTO AyroBas 3allyTa OT-
KJIFOUUT BCIO CEKIIMIO, JTUOO BOOOIIE OTCYTCTBYET Ha BBIKJIIOYATENEC W 3alUIIAcT
TOJIBKO CEKIUIO IIUH.

JlaHHYIO0 aBapuilHYIO0 CUTYalliI0 MOKHO IMPEAOTBPATUTH HPH MOMOUIU YCTPOU-
CTBa, HEMPEPHIBHO aHATU3ZUPYIOIIETO COCTOSIHUE KOHTAaKTa W COOOIIAIONIETO pesiei-
HOH 3aluTe 0 HEOOXOAMMOCTH CUTHAIM3ALMKU WK OTKIIOUeHUsl. OnpeaeanuTh Beau-
YUHY I[E€PEXOJHOrO COMPOTUBIICHUS MOKHO IPH TMOMOIIM HU3MEPEHUS TaJICHUS
HaIpsHKEHUS. Ha HY>)KHOM y4acTKe, OJHAKO JIaHHBIM crioco0 TpeOyeT MpUMEHEHUs J10-
POTOCTOSIIMX BBICOKOTOUHBIX HM3MEPUTEIILHBIX TPAHCPOPMATOPOB HAIPSIKEHUS IO
JIBa HA KaXIbIX MOJIFOC BBIKIOYATES.

Tak Kak M3HAYAJIIBHO CTOUT 3a/a4ya OMNpPEIECIEHUS COCTOSHUS KOHTAKTa, a He
€ro CONPOTUBIICHUS, JOIIYCTUMO U3MEPEHUE TEMIIEPATYPhl MECTA KOHTAKTA, TaK KaK
IIPY IIPOTEKAHUH TOKA Y€pe3 ONPEAECIEHHOE COITPOTUBIICHUE TPOUCXOAUT HAIPEB CO-
npotuBiieHus. Takxke B JTaHHOM cllydae HEOOXOIMMO U3MEPSITh TEMIIEpaTypy MOIX0-
JSIIEH MUHBI, 7a0bl ONpEeNessiTh UMEHHO PAa3HUILy TEMIIEpaTyp YTOOBI UCKIIOYHTH
BJIMSIHUE TETUIOBOTO BO3AEHCTBHS MPOTEKAIOIIETO TOKA Ha MKUHBL. [Ipyu npeBbiieHnn
ONPE/ICICHHOW BEJIMYMHBI Pa3HULBI TEMIIEPATYp MOKHA MPOUCXOAUTh CHUTHAIU3a-
U CXEME pelerMHON 3ammThl. OmnpeneseHue TeMneparypbl JOJHKHO MPOUCXOAUTH
OCCKOHTAKTHBIM METOJIOM JIJISI Pa3BsA3KHU BBICOKOBOJIbTHOM M HU3KOBOJIbTHOM YacTei
sueiiku. Haubonee mnoaxonsimum B JaHHOW CHUTYallMU SIBJISIETCS JAaTYMK THIIA
mIx90614 u nog00HbBIE, © MUKPOKOMITBIOTED JUIS aHAIHM3a MOKa3aHUH 1aT4uKoB. Jlis
MOHTaXa JAaTYMKOB MPEIJIAracTcs MCIOJb30BaTh KOHCTPYKIUIO, YKA3aHHYIO Ha pU-
cyHke 1, BeImoJiHeHHYIO U3 ycuieHHoro HIPS wmau moboro apyroro miactuka, BbI-
nepkuBaroniero remneparypsl 10 350-400°C.



Puc. 1. Konctpykuust yctporictsa: 1 - TemIonpoBoiHas MjIacTUHA. 2 — MJIACTUKOBBIN
kopiyc. 3 — natank MIX90614 v aHaJIOTUYHBIH.

[1nacTUKOBBIN KOPIYC JOJKEH OBITh BBHIMIOJIHEH M3 IJIACTUKA YEPHOTO IIBETa
00 BBIKpAIIEH U3HYTPU B YEPHBIM 1BET, Ja0bl YMEHBIIUTh MOTPEIIHOCTh U3MEpe-
HUsl “HQpPaKpacHOTO JaTurKa. TerionpoBoaHAs TIaCTUHA HEOOXOoaUMa 1Ji YMEHb-
IICHUS BIUSHUS MOBEPXHOCTHU IIMHBI UM OTXOSAILIETO MOJIFOCA BBIKJIFOYATEN Ha MMO-
Ka3aHus JaT4YuKa.

Takum 00pa3oM JaHHOE YCTPOMCTBO IMO3BOJUT M30€kKaTh aBapHii, KOTOpPbHIE
MOTYT MPOU30MTHU M3-3a IUIOXOI0 KOHTAKTa BBIKJIIOYATEIS U TOKOBEAYIIEH LIUHBI.
Taxk >ke JaHHOE YCTPONCTBO MO3BOJISIET COKPATUTh 00beM PabOT, BBHITTOIHIEMBIX MPU
IJTAHOBOM PEMOHTE BBIKJIKOUATEIS.

JINTEPATVYPA:

1. Burne6 I'. Jlarauku. YcTporicTBo U npuMeHeHue. - M.: Mup - 1983

2. TlomoB B.C. DnektporexHuyeckne m3MepeHus u mpuodopsl. — M.: DU -
1963

3. I1YD, uzpanme 7. M: HI] DHAC -1999

4. Kacarkun A.C. Dnektporexauka: YueOHuk. — M.: Beicmas mkomna — 2000

Hayunsiit pykoBoaurens: B.C. [1aBitokoB, K.T.H., IOLEHT, MPENOAaBaTelb Ka-
dbenper SCCUCH IOVYpI'Y.



MAKET DJIEKTPHUECKOM MOACTAHIIUA

H.U. Exukos, 1U.C. 3106un, A.B. Muponon
HO>xHO-Y panbCkuii roCy1apCTBEHHBIN YHUBEPCUTET

Ha ceropnsimiuuii neHb NMpu OOYYEHHHM CTYJEHTOB CHEIUAIbLHOCTSM, CBSI3aH-
HBIM ¢ pabOTON Ha MOACTAHIUAX WJIU AJICKTPOCTAHIIMAX, CYIIECTBYET MpoodiiemMa He-
NOCTaTOYHOW HarsiaHocTu. Celdvyac mpy NPOBENCHHUH 3aHSITHUI HCHOJB3YIOTCS pas-
JIMYHBIE MAKEThI, KOMITBIOTEPHBIE MOJICTU U MOJIHBIE KOMUU padoTatomux sueek. O-
HAKO JaXXe IIPU MPOBEJICHUU SKCKYPCHUM Ha JIEHUCTBYIOIINE MOJICTAHIIUN OTCYTCTBYET
BO3MOKHOCTh TPOU3BOJUTH ONEPATUBHBIC MEPEKIIOUEHUS WM MPOBEPUTH PadbOTy
Pa3IMYHBIX 3AIIUT.

Jlns pelienust 3TOW 3aa4d HaMU MPEIAraeTCs UCIOIb30BaTh MOJIHBIM MAaKET
MOJCTAHIMHU, COCTOSIIEH 3 OTKphITON yacTu U KPY. Ha oTKpbITOM YacT HaXOIsTCs
nBa TpaHc(opMaropa, BeIKIOUaTen U pazbeaunutenn. B KPY naxonarcs nse cek-
uuu. Ha KaXaoM CeKIMyU HaXOAATCS TPU AYECHKHU: BBOJHAS, OTXOSIIAS C BBIKATHBIM
AJIEMEHTOM U OTXOJsIasi KoMIieKTHass. CeKIMM COSTMHEHBI MEXITy COOOM MpH Io-
MOIIM CEKIIMOHHOTO pa3beauHMTENs. JlaHHAs KOMIUIEKTAIlMs I03BOJIIeT HaumOolee
MTOJTHO TPOJAEMOHCTPUPOBAThH PAa3IMUHbIC pabOThl HA MOACTAHIIMY HAaYHWHAS OT BBIBO-
Jla CUJIOBOTO TpaHchopMaTopa B PEMOHT U 3aKaHYMBAsl BBIBOJIOM B PEMOHT OJIHOTO
BhIKJIIOUaTeNs. Ha pucynke 1 mpeacraBiiena o01as cxeMa npejjaracMoro Makera.

Puc. 2. O0mras cxema mpejjaraeMoro MakeTa Mo ICTaHIuH. 1,2 — BBIKITFOYATETN BhI-
COKOM 4aCTH BMECTE C pa3beUHUTENISIMU. 3,4 — CHIIOBBIE TpaHCcPopMaTopsl. 5,9 —
BBOJHBIC STUCHKHM JJIS KaXKJ0M cexiuu. 6,7,10,11 — orxoasgmiue ssiueiiku, 8 — CEKIIMOH-
HBIN pa3bEIUHUTEID.

Suaetiku 5, 6, 9 u 10 IBIAIOTCA sSUeiKaMU C BBIKATHBIMHU dJIeMeHTaMu. B HuX
BXOIAT natunku Toka Thna ACS712, ocHoBwIBaromuecs Ha 3¢ dexre Xoia, TpeXIo-
JIFOCHBIE PEJie U MUKPOKOMIIBIOTED JJISI pEAIU3ALMN PEJIECUHON 3alnThl. Sueiiku 7 u
11 oTnmuaroTcst Te€M, UTO BBIKJIIOYATENh (TPEXIIOIIOCHOE peJie) SIBISAETCS HEBBIKAT-
HBIM, @ B COCTaB SIU€EK BXOJAT IIUHHBIC U JIMHEHHbIE pa3beauHuTeNN. K BhIKITIOUaTe-
nsM 1 1 2, a COOTBETCTBEHHO M K TpaHchopMaropam 3 U 4 MOABOAUTCS HANIPSHKCHHE
B 30B. Buyrpu makeroB TpanchopmaTopoB 3 u 4 HaxXomATCs MpeoOpa3oBaTeNd
HaIpsDKEHUs, Ha BBIXOJEe TpaHchopmaTopoB HampspkeHue coctaBisier SB. Huskoe
HaIpsOKEHUE UCTIONb3yeTCs sl o0ecrieueHus: 0€30MacHOCTH TIPU MPSIMOM KOHTAKTe
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CTYAEHTA C MAaKeTOM MOJACTaHUMHU. J[JIs1 CO34aHMs TOKA HA KOHIIE KAKA0U OTXOASIIEN
JIMHUU YCTaHOBJIEH pe3ucTop HoOMUHaIOM 10 OM M 3aMbIKaromiee yCTPONUCTBO IS
MMUTALUM KOPOTKOTO 3aMbIKaHUs Ha JUHUM. Ha Kaxa0l CeKIUM TakKe yCTaHOBJIE-
HBI 3aMBIKAIOIINE YCTPOMCTBA IJIsI UMUTAIIMHA KOPOTKOTO 3aMbIKAaHUSI Ha CEKIIUH.

[To0OHBINM MaKeT MO3BOIMUT O0JIee HATJISIHO IPOJIECMOHCTPUPOBATH CTYICHTaM
MPUHIIUIIBI OTIEPATUBHBIX MEPEKIIOYCHUN U padOThl pelIeMHON 3amuThl. Takke 1mo-
TOOHBIM MaKeT JacT CTYJICHTaM OCHOBHBIE 3HaHHUS 00 0OIIEeM yCTpOWCTBE IMOACTaH-
UK. DTO TTO3BOJUT YBEIIMUUTH KA4€CTBO 00pa30BaHUS U COKPATUTH BPEMS 00yUCHUS
CTyJZICHTa IIPH MpUeMe Ha paboTy.

JINTEPATVYPA:

=

Burne6 I'. Jlaruuku. YcTporicTBo u npumeHeHue. - M.: Mup - 1983

2. ®unatoB A.A. OOcnyXxUBaHUE JIEKTPUUECKUX MOJCTAHIIUNA ONEPATUBHBIM
nepconanom. —M.: DHeproaromuzaar - 1990

[1Y3, uznanme 7. M: HI DHAC -1999

4. KoctpoB M.®., ConoBbeB .., ®egoceeB A.M. OCHOBBI TEXHUKHU peIeii-
HoM 3amuThl. — M.-JI.: ['oconeprouznar, 1944

w

Hayunbiii pykoBogutenb: B.C. I1aBiatokoB, K.T.H., JOIIEHT, MIPENO/IaBaTEb Ka-
dbenpet JCCUCO IOYpI'Y.

W3YUEHUE U AHAJIU3 OJJHOJIMHEMHON CXEMBI
JIEKTPOCHABXEHMUSA BA3DBI 110 XPAHEHHWIO U PEAJIM3ALIUU I'CM,
METAHOJIA U XUMHUKATOB YMTCHK

C.C. BopommioB

Tomckuii [TonutexHnuecKknii yHUBEPCUTET
OHUH, 29C, rpynna 5A4b

®dunuan “YnpapieHue MaTeprualbHO-TEXHUUYECKOTO CHAOXKEHUSI U KOMIUIEKTa-
un” (YMTCuK) npennasnaden s cHaOxkenus npyrux punmanoB obmectsa OO0
«"a3mpom no0ObIYa YpEeHTOM» ¢ pa3aIudHBIMU BHJIAMHU JEATCIBHOCTH BCEMH BUIAMH
HEOOXOJMMBIX MaTepUaJoOB: 3aMyacTAMH, pecypcamu, oOopyaoBaHueM. Taxxe
YMTCuK Bemer paboThl Mo 3akynke oOOpYyIOBaHUsS, OpPraHHU3alUU U JIOCTaBKH,
BXOJIHOMY KOHTPOJIIO U PACTIPEAECICHUIO0 MAaTEPUATIOB MEXy (priinanaMu B COOTBET-
CTBUU C TI0JIaBa€MbIMH 3asBKAMU HA PEMOHTHO-IKCILTyaTallMOHHBIE HYK/IbI.

Ha puc. 1 npuBenena ctpykrypHas cxema ydyactka 9BC (sHeproBogocHadxe-
Hue). Ha cxeMe moka3zanel Tpancpopmaropusie noactanuuu (1, 2, 3, 4), A29C (au-
3eJIbHask AJIEKTPOCTAHIINSA), & TAKXKE pacipeaeuTebioe yerpoictso (3PY - 10).
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TII-1 TII-2 TII-3 TII-4

J0C
KAC
Puc. 1. CtpykrypHas cxema 3J1eKTpOCTaHIIUU
Onextposneprud oT 3PY — 10 noctynaer Ha mmnbl 10 kB TII - 1, TIT — 2, TII
— 3 u TII — 4 (HopmanbHbIN pexxuM). B aBapuitHom pexume nutanue Ha TII— 3 u TII
— 4 nocrynaet ot JI9C (manpsimytro), a Ha TII — 1 HanpsikeHue, B CBOIO 04epeib, MO-
crynaet ot TII —4 [1].
Onrcanue CTpPyYKTYpHOU CXEMBI:
1. Yucno u MOIIHOCTh UCTOYHUKOB JJIEKTpodHepruu (KBT) co cTtaHlMOHHOMN
mapkupoBkoii: KAC — 500 kBT (G).
2. Ywucno pacnpenenutenbHbix ycTpoicts: 1 (3PVY).
3. Hampspxenue pacnpenenutenbHoro ycrpoictsa: 10xB.

Ormnucanue CUIOBOTO 00OPYIOBAHMUS, HX KOJIMYECTBO M MOITHOCTH [1].

TII - 1: T1: TM3 —400/10 70Y3 10/0,4 xkB; T2: TM —400/10 66Y1 10/0,4 xB.

TIT—2: T1: TMI' - 250/10 Y1 10/0,4 ¥B; T2: TM® — 250/10 75¥1 10/0,4 xB.

TII-3: T1: TM® —400/10 74V1 10/0,4 xkB; T2: TM® —400/10 74V1 10/0,4 xB.

TII—4: T1: TM3 - 1600/10 75¥3 10/0,4 xB; T2: TM3 — 1600/10 75¥3 10/0,4 xB.

Ha pucynke 2 moka3zaHa cxema siiekTpocHaOxenust TII — 1 ¢ aBymst TpaHc-
dopmaropamu Trra TM3 — 400/10 u TM — 400/10.

baku TpaHc@opMaTopoB cBapHbIE, MNPAMOYTOIBHOM (QOPMBI, 3aMOJHSIOTCS
TpaHc(hopMaTOpHBIM MacyioM. J[Jig yBEIMYEHHs] MOBEPXHOCTH OXJIAKIEHUS MpUMe-
HSAIOTCS paauaTtopbl. B HIDKHENW 4YacTW CTEHKH Oaka MMEIOTCS MpoOKa Il CIycKa
Maciia, KpaH (mpooOka) Jyist B3sTUS MPOObI, OOJT 3a3eMIICHUS.

BBoJbI pacnofio’keHbl Ha Y3KHX CTEHKax Oaka. A30THas Mmojyllika oOecredu-
BaeT 3alUTy Macja OT OKHCIIEHUSI U KOMIIEHCUPYET TeMIIepaTypHble KoneOaHusi 00b-
ema macna. Jlyig 3aimTsl ycTaHaBIMBAETCs MpeloXpaHuTeNbHas nuadparmMa wim pe-
Jie AaBJICHUs, KOTOpbIE CpadaThIBaIOT MPHU JOCTHKEHUH B Oake naBieHus 0.75 atM. u
ra3bl BBIXOJIT HapyKy. Ha cTeHke macnoa3oTopaciiupuTensl yCTaHABIMBAETCS Mac-
JIOyKa3aTelb.
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Puc. 2. Ognonuneiinas cxema snektpocHaOxenus TII-1

JInst naHHOTO MPEeANPUSITUSL UCTIONB3YETCA PEXKUM TIIyX03a3eMIEHHON HEHUTpa-
nu Ha HanpsokeHnuu 0,4 kB. I'myxo3a3zemiieHHasi HEUTpaJib ICTOUHHUKA JIEKTPOIHEP-
MU — HEUTpasb reHepaTopa WM TpaHcpopmaTopa B ceTsX Tpex(a3HOTO TOKa
HanpspkeHueM 110 1 kB, npucoenrHeHHas K 3a3eMIIAIONIEMY YCTPOMCTBY HENOCpe-
CTBEHHO WJIM Y€pe3 MaJIOE COMPOTUBIICHHUE.

CHCTeMBI C TIIyX03a3eMJICHHON HEUTPAJIbIO - 3TO CUCTEMBI ¢ OOJBIITUM TOKOM
KOPOTKOT'O 3aMbIKaHHUs Ha 3eMJII0. [Ipy KOPOTKOM 3aMBbIKaHUM MECTO 3aMbIKAHUS OT-
Kirouaercs: aptomarndeckd. B cucrtemax 0,23 kB u 0,4 kB 3T0 OTK/IIOUYEHUE TUKTY-
eTcs TpeOOBaHUAMHU TEXHUKH Oe3omacHOCTH. OTHOBPEMEHHO 3a3eMIIIOTCS BCE KOP-
myca o00py10BaHusI.

Ha TII — 1 ucnons3yroTcs cleayrolne KOMMYyTallMOHHBIC anmnapartsl [2].

Brikmrouatenn ABM10 — ceKMOHHBIN BBIKITIOUATENbh (0003HAUYECHHE HA CXEME
1CB - 0,4); ABM — cepust aBTOMaTlu4ecKoro BbikJtouaresisi; 10 — BermunHa BBIKITIO-
yaTens B 3aBUCMMOCTH OoT HomuHaima Toka — S500A, 600A, 630A, 750A, 800A,
1000A).

Pazwequnurenu 2*P3545 (o6o3Hauenue Ha cxeme — 1P, 2P): P — pa3weaunu-
tenb; 3 — cepuda 3000 ¢ nepeAHUM MPUCOCTMHEHUEM BHEITHUX MPOBOJHUKOB U KOH-
TaKTHBIM BBIBOJIOM; 5 — HOMUHaIBHBIA TOK, A: 2000; 4 — BuA pPy4yHOro IMPHUBOJA:
ChEMHas IIITAHTa; 5 — YHUCJI0 MOJIIOCOB: 3 MOJIIOCa.

Jns Becex TII ucnonb3yeTcs cxeMa — OJIHa CeKIIMOHUPOBAHHAS CHCTEMa cOOp-
HBIX IMH. JlaHHAs cXxema MpocTa, HarIsaHa, SKOHOMUYHA, 001a/1aeT JOCTATOYHO BbI-
COKOM HaJIE)KHOCTBIO, IIMPOKO MPUMEHSAETCS B MIPOMBIIIJIEHHBIX U TOPOJACKHX CETAX
IUTSL DJIEKTPOCHA0XKEHUS TOTpeOUTeNel 10001 KaTeropuu Ha HanpspkeHusx 10 35 kB
BKJIIOUMTENBbHO. HemocTtarku cxembl ¢ OJIHOM CEKIIMOHUPOBAHHOW BBIKIIFOYATEIIEM
CUCTEMBI IIIMH: Ha BCE BPEMs MPOBEJCHUSI KOHTPOJIS WU PEMOHTA CEKIIMU COOPHBIX
IIMH OJIMH MCTOYHUK MUTaHUSI OTKIIOYAETCS; MPO(PUIAKTUYECKUN PEMOHT CEKIIMH
COOpHBIX IIUH W MIMHHBIX Pa3beIUHUTENICH CBSI3aH C OTKJIIOUCHHEM BCEX JIMHUM,
MOAKIIIOUEHHBIX K ATOM CEKIMM IIWH; MOBPEXKJICHUS B 30HE CEKIMH COOPHBIX IIUH
MPUBOJIAT K OTKJIFOUEHUIO BCEX JIUHUU COOTBETCTBYIONIECH CEKIIMM IIWH; PEMOHT BbI-
KJIFOYaTesel CBA3aH C OTKIIFOYEHUEM COOTBETCTBYIOIIUX TPUCOCAUHEHUH.

JINTEPATVYPA:

1. Tlonoxenue Ne 38/26 rop. Hossiit Ypenroit 06 yuactke 9BC «YMTCuKy.
- M. 2006. - 98c.
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2. HexnenaeB b.H., KproukoB W.I1. Dnextpuueckas 4acTb 31EKTPOCTAHIIMNA U
noactanumii: CripaBoYHbIe MaTEepUaIIbl ISl KYpCOBOTO U JIUILNIOMHOTO IIPO-
extupoBanus — CII16.: BBX-IletepOypr, 2014. — 608 c.

Hayunsblii pykoBoautenb: H.M. KocMmbinnHa, K.T.H., goneHT 92C DHUH TITVY.

AHAJIN3 NOTPEBUTEJIEN U DJIEKTPOCHABXXEHUSA I'A30BOI'O
INPOMBICJIA I'TI-1B OAO «I'A3ITPOM JOBbIYA AMBYPI'»

M.K. baxtees
ToMCKHN NOJMTEXHUYECKAN YHUBEPCUTET
OHUH, 93C, rpynmna 5A4b

[IpoexkTHasi MPOU3BOAUTENILHOCTh MPOU3BOACTBEHHBIX OOBEKTOB Ta30BOrO
npombicia 1B (I'TI-1B) coctasnsier 21 mupa. M>/roj raza. MaKTHIECKAs MAKCHMATb-
Hasl POM3BOIMTENLHOCTS MPOM3BOACTBEHHBIX 06bekToB I'TI-1B — 15 Mapa. m°/rox
rasa.

O6bexTel ['TI-1B mpennasHadensl Jjisi cOopa M TMOJATOTOBKM Ta3a K Maru-
CTpaJIbHOMY TPaHCHOPTY Mo TpeboBaHuo [1], MOATOTOBKM HECTAOMIBHOTO ra30BOTO
koHjieHcaTa 1o TpedoBanuto CTO I'aznpom 5.11-2008.

[Ipoaykimen TaHHOTO ra30BOr0 MPOMBICIIA SIBJISTFOTCS:

e cyxoii ra3z mo CTO I'azmpom 089-2010.

e HectabwiIbHBIN KoHAEHcAT o CTO INasmpom 5.11-2008.

Bech TeXHONOrM4eCKUii porece MOArOTOBKH ra3a K MaruCTpaJbHOMY TpaHC-
IIOPTY HAa ra30BOM IPOMBICIIE OCYHIECTBISETCS Ha 2-X YCTAHOBKAaX KOMIUIEKCHOM
noarotoBku rasa (YKIII), noxxumuoi komnpeccoproit cranimu (JIKC-1B) u ycra-
HOBKaXxX W3BJICYEHUS] KOHJEHCATa C UCIOJIb30BAHUEM O0OPYI0BaHUS MMPOU3BOIUTENb-
HOCTBIO 10,0 MITH. M*/CYTKH.

B cooterctBue ¢ ITYD [2], ocHOBHBEIC TexHoNorM4eckue Harpysku [TI-1B
OTHOCSITCS K ITEpBOM KaTeropuu. M3 cocraBa 3J1eKTpONPUEMHUKOB ITEPBOM KaTETOPHUH
BbIIENsieTcst ocobas rpynna (OI'-1) snexrtponpueMHuKoB, OecnepedoiiHas paboTa
KOTOpPbIX HeoOXoauma i 0e3aBapuiHOIO OCTAHOBA IPOM3BOJCTBA C IIEJIBIO
MPEAOTBPALIEHUSI YTPO3bl )KU3HU JIOJEH, B3PHIBOB U MOXKAPOB. DIEKTPONPUEMHUKA
oco0o# rpymibl iepBoi kateropun — 310 cucteMbl ACY TII (aBToMatu3upoBaHHAs
CUCTEMa yOpaBJCHHS TexHojorudeckum mpoueccom), KUII (koHTpodbHO-
U3MepUTeIbHbIC TpuOOopsI) [1].

OcHoBHOe U pe3epBHOE dekTpocHabxkeHue ['TI-1B ocymecTBisercs oT 1Byx
HE3aBMCHMBIX MCTOYHHUKOB djekTpocHaOxkenus mo BJIDII-110 xB [3]: or IIC-
SAmOypr u [IC-AI'TOC; nanee HanpspKeHWE MOCTYNAET Ha JBa TpaHchopMaropa TUmna
TM3 — 25000/110 [4]. TTocie mpeoOpa3oBaHus JIEKTPOIHEPrHs moctymaet B 3PY
6xB I'TI-1B.

Ha I'TI-1B ycraHOBiI€HBl KOMILJIEKTHBIE MOHMXAIOLIUME TpaHCHOpMaTOpHbIE
noactanuuu 6/0,4 kB (pucyHok 1).

1. KTII BcriomorarensHbiX 30aHuil U coopyxenuit (10TII-3, 2x1000 kB-A,).

OCHOBHBIE€ TTOTPEOUTENIH IIECKTPUUECKON SHEPTUU: HACOCHASI MOXKAPOTYIIIEe-
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HUSI, BOJJOHOCHAsI, HAPY>KHOE OCBEILICHUE, AIMUHUCTPATUBHOE U BCIIOMOTa-
TeJIbHBIE TIOMEUIECHUS U 3[JaHUS.

. KTII nexa nmoaroroBku raza u kouaeHncara (10TII-2, 2x1600 xkB-A). Oc-
HOBHBIE MOTPEOUTETN BJICKTPUUYECKON SHEPrUH: 3JIEKTPOOOOpYAOBaAHHUE,
anmapar Bo3AylIHOe oxJjaxjaeHue raza (ABO rasza), cucreMa BEeHTHIISILIHH,
OCBEIICHHE KOPITYCOB.

. KTII nexa perenepanuu metanona (10TII-1, 2x1000 kB-A). OcHoBHbIE 110-
TPEOUTENN AINEKTPUUCCKON SHEPTHUH: IIEKTPOOOOPYIOBAaHUE, CHCTEMA BEH-
TUJISALINY, OCBEIIEHUE KOPITYCOB.

BJI12/110 Tpn
e TTADC-2500
C b
| |
| |
: 10 PII-6 : 10/1 PII-6
: 3PY-6 :
(I 1 1 ) I Y ]
10 TII-1 TS 10/1 TI1-6 10/1 TI-20 |
«IPduM» Hnlz)manka>> «KOC» «I19b»
012 | | | roTm- LTINS — 10/1 TII-21
LI -109 YCK o «ABO raza-1»
POI.
10 TII-5 || 10TII-7 10/1 TII-10 10/1 TI1-22
OIr-20a [ BBO «YCKuMT» «ABO raza-2»
T T T T T T T T
| |
10 TI1-4 10 TII | |
AU ms
| o L1
LI -209 MauToBbIe : JIKC J2C Ne3 :
:__________________I :_ '
I _________________ I
- |
1(1)3§ HC3 — JI3C Nel |
«BIHL» | AUII nna :
| YKIIT |
' |
— JI5C N2 |
|
| |

Puc. 1. CtpykrypHas cxema anekrpocHaOxenus ['T1-1B.

4, KTII nexa moaroroBku raza © koHzaeHcata ll-ouepemu (10TII-4,

2x400 kB-A). OcHOBHBIE OTPEOUTENN DIACKTPUICCKON DHEPTUU: DIIEKTPO-
00opyIOBaHUE, CUCTEMa BEHTHIIALINN, OCBEIIEHUE KOPITYCOB.

. KTII nexa moaroroBku raza u konHjaeHcata ll-ouepemu (10TII-5 ABO,
2x1600 xkB-A). OcHoBHBIE MOTPEOUTETN SIEKTPUUYECKON DHEPrUU: HIICK-
Tpoobopynosanue ABO rasza.

. KTII 6nox 6okca oborpesa (10TTI-6, 1x1000 kB-A). OcHoBHblEe TOTpEOH-
TeJN JIEKTPUYECKON SHEPTUU: AIEKTPOoOOpyI0BaHKE 000TpeBa TPyOOoIpo-
Boja Y3IIII — morsomaromniye cKkBaXuHBbI.
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7. KTII xommiekca ouuctHbix coopyxenuit (10TII-7,02x250 kB-A). OcHoB-
HbI€ TOTPEOUTENH AIIEKTPUUECKOU 3Hepruu: snekrpoodopyaoanue KOC
(kaHAIM3AIIMOHHO-OYHMCTHAS CTAHIIMA), CHCTEMa BEHTHIIAIUH, OCBCIICHHE
kopiycoB, [14-32 (mpeoOpazoBaTeiib 4aCTOTHI).

8. KTII Bepronernoit mnomaaku (15TII-13, 1x25 kB-A). OcHoBHbIE TOTpeOU-

TEJIH JIEKTPUYECKON IHEPTUU: CBETOCUTHAIBHOE OCBEIICHUE.

Ha nosxxumnoii kommpeccopHoit craniuu (JIKC-1B) ycTaHOBIIeHBI TOHMXAIO-
K¢ KOMIUIEKTHBIC TpaHchopmaropHbie noactanmun 6/0,4 kB [3]: 10/1TII-20 (KTII
[19B) — 2x1000 kB-A; 10/1TII-21 (KTIT ABO ra3za Ne 1) - 2x1000 kB; 10/1TII-22
(KTIT ABO raza Ne 2) - 2x1000 kB.

Ot KTII II9b (mpon3BoICTBEHHO-IKCIIyaTAIlMOHHBIN OJIOK) 3aliTaHbl I10-
TPEOUTENN ra30NePEeKAYMBAIOIINX arperaToB 1 0OBEKTOB BCIOMOIaTEIbHOIO Ha3Ha-
YEHUSI.

Ha pucynke 2 npuBeneHa anektpuueckas cxema 3PY 6 kB.
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Puc. 2. Cxema snektpuueckux coequnenuii 3PY-6xB

PacnipenenurensHoe yCTPOMCTBO BBITIOJIHEHO TIO CXEME OJIHOM paboueil cex-
[HOHUPOBAHHON CHUCTEME IIHH (PUCYHOK 2).

["a30BBIi TPOMBICET OTHOCUTCS K OCOOOU Tpynme MnepBOd KaTEropuu HaJexK-
HOCTH 3JICKTPOCHAOKEHUS TTOTPEOUTENEH U JJIsl €ro MUTaHUsS HE0OXOUMBI JTOTIOJIHH-
TEJIBbHO PE3CPBHBIC M aBapUHHBIC HCTOYHUKN TUTaHHS [2].

B kaudecTBe pe3epBHBIX MCHOJIB3YIOTCS TPU MEPEIBHXHBIX aBTOMATHU3UPOBAH-
HbIX 3nekTpocTaniuu [TADC-2500, noakmroyeHHsie K 1-id u 2-i1 cekuunii mmH 3PY-
6kB. [lanHble anekTpocTaHIMU uconb3ytoTcs Ha ['TI-1B, Tak kak BakHasi 4acTh
TEXHOJIOTUYECKOT0 MPOIECCa OCYIIECTBISETCA MPU MOMOIIY BBICOKOBOJIBTHBIX 3JIEK-
TpoABUTaTesel Ha HanpsbkeHue 6 KB st HacocoB o nepekauke koHjencara H-20, a
TaK)X€ MX HMCMOJIb30BAHHE HEOOXOAMMO JUISI BO3MOKHOTO TMOKPBITHUS 11O MOIIHOCTH
BCEX HArpy3ok ra3oBoro mnpomeicia, Bkmoudas JIKC-1B 1-ii ouepenu, npu Hekaye-
CTBEHHOM BHEITHEM JJIEKTPOCHAOKCHUH U B aBAPUUHBIX CUTYyaIUSX HA OCHOBHOM U
pPE3epBHOM HCTOYHHMKAX JIEKTpOCHaOkeHus [1].

B kauectBe aBapuilHbix HCTOYHUKOB nuTaHusi (AWII) snexTposnepruu Ha
VYKIII' ycranoBiieHsl ABe Au3enbHbIE 3yekTpocTaniuu «b2C-630» u ogna na JIKC
«3Be3ma 630-HKO1» [3]. ADC Nel mpemnasznadena s nutanus KTII Bcromora-
TenbHbIX 3aaHui U coopyxenui (10TII-3 B3uC), ADC Ne2 nns nurtanus KTII
10TII-1 TIPM u A2C Ne3 mns nmutanus KTII 10/1TII-20I19b JKC. ITomumo 3toro,
JOC Ne 3 3anyckaercst BMectTe ¢ [TADC, Tak kak s Bxoaa [IADC B HoMUHATBHBIN
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pexxum paboTel He0OXoauMo mopsaaka 5-10 MUHYT, a ra3onepeKaynBarollie arpera-
Thl HE JOMycKalT octaHoBa, To JDC olecrieunBaeT 3JIEKTPOCHAOXKEHHE O TOTrO
BpeMeHnH noka [TADC He BOHAET B HOMUHAIIBHBIN PEKUM.

JINTEPATVYPA:
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MHOI'O®YHKIIMOHAJIBHOE YCTPOHUCTBO AJAIITUBHOM
ABTOMATHUKMU PA3I'PY3KHU DSQHEPI'OY3JIA

10.3. Bacunbena, A.O. Jly6canosa, P.b. AGeyon
ToMCKHMI TOJINTEXHUYECKUN YHUBEPCUTET
OHUH, 5Cul, rpynna SAM6K

B asnexrposnepretuueckux cuctemax (33C) skcruryaTupyercs OOJbIIoe KO-
JINYECTBO YCTPOMCTB ABAPUMHOW pa3rpy3KH, OCYIIECTBILSIIOIINX OTKIFOYEHUE
Harpy3ku (OH) nmotpeburteneil Ha MOJCTAaHIIMAX PACIPEACTUTEIHLHON MIEKTPUIECKON
ceTd 1o (HakTy HEITOMYCTHMOIO M3MEHEeHHs pexuMHbIX mapamerpoMm (f, U) wim npu-
éma BHemHero curHasia OH. K takuM ycTpolicTBaM OTHOCSITCS: aBTOMAaTHYeCKasl ya-
ctoTHass pasrpy3ka (AYP), aBTomMaThka OTpaHUYCHMS CHUIKECHUSI HaIpPSKEHUS
(AOCH), ycrpoiictBa otkitouenust Harpy3ku (YOH). YcrpoiictBa aBapuiiHOl pas-
I'PY3KH MOTYT BBINIOJIHATh KaK OJIHY, TaK U HECKOJIbKO (DYHKIIMI1 MPOTHBOABAPUIHON
ABTOMATHKHU.

B cymecTByromux ycTpoNMCTBax aBapUMHON Pa3rpy3KH, DKCIUIyaTUPYEMBIX B
HHEProCUCTEMAX, OTKIIOYAEMbIE TTOTPEOUTENN KECTKO paclpe/IeieHbl M0 CTYIEHSM.
DTO OPUBOAUT K TOMY, UTO MPH U3MEHEHUH MOITHOCTH HArpy3KH Pa3JIMUHbIX MTOTpPeE-
oureneil MeHsieTcs pealibHbIN 00bEM CTYNEHH OTKIIIOUEHUS Harpy3ku. MHoraa oobém
OTHOW M TOM K€ CTYIIEHH B Pa3HOE BPEMs CYTOK, HEJEIU WIIU IOIa MOXKET OTJINYATh-
csl B HECKOJIbKO pa3. [Ipu 3ToM 3a pacueTHblil 00BEM CTYIEHHU, KaK MPaBUIIO, IPUHU-
MaeTcsi MHUHUMAJbHO BO3MOXHOe 3HaueHue. Kak crienctBue, cpalaThiBaHHE
YCTPOMCTB MPOTUBOABAPUINHON ABTOMATUKH C JEWCTBUEM Ha OTKJIIOUYECHUE HATPY3KH
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NPUBOAUT K €€ OTKIIOYEHHIO B OOJBIIEM, YeM TPeOyeTCs B PEaNbHBIX YCIOBHSX,
oonéme [1].
[IpoBenéHHBIC MCCIIEOBAHUS TOKA3aJld, YTO OCHOBHBIMH HEIOCTaTKaAMH CY-
IIIECTBYIONIUX YCTPOHCTB aBaAPUIHOM pasrpy3Ku SHEProysia sBISIOTCS:
® OTCYTCTBHE KOHTPOJIS IIPEIIICCTBYIONMIETO pekuMa paboTsel DIC U TeKyIie-
T'0 3HAYEHUST MOIIHOCTEH OTKIIIOYaeMbIX HarPy30K;

® OTCYTCTBHE BO3MOXKHOCTH QJIANITAIIH K H3MEHEHUSIM OCHOBHBIX PEKUMHBIX
apaMeTPOB YHEPTOCUCTEMBI (HANPSKEHUE, YaCTOTa) U HArPY3KH B SHEPro-
y3IIe;

® JKECTKOE PaCIpe/IeICHUE OTKITFOUAEMBbIX MOTPEOUTENEH TI0 CTYIICHSIM;

® M30BITOYHOC JICHCTBHE TIPU OTKIFOUYCHUHU HATPY3KU;

® HU3KUU YpPOBEHb U30MPATEIBHON CIIOCOOHOCTH.

Pa3paboTka MHOTO(YHKIIMOHATHLHOTO YCTPOWCTBA aNalNTUBHOW aBTOMATHKH
pasTpy3KH HEProysia, ONpeAesioneld 00bEM OTKITIOUCHUS HATPY3KH HA OCHOBAaHUH
ajanTanuy K e€ M3MEHEHHUIO, TIO3BOJIUT UCKIIOUUTh M30bITOUHOE neiictBue [TA mpu
OH.

Pa3pabaTbiBaeMoe yCTpOICTBO MOXKET paboTaTh Kak CaMOCTOSITENIbHO, TaK U B
cocTtaBe cuctembl [1A B kayecTBe MCTIOTHUTEIBHOTO YCTPOUCTBA.

Anroput™ paboThI TAKOTO YCTPOICTBA IPUBECH HA pUCYHKE .

N3mepenne
»| [1APAMETPOB HAIPY3KU |«

(SHarp, f?ac, UHH)

CpabatsiBaHue

Pacnpenenenue
HET a
AS (BHelL) MEXIY )
MPUCOCIMHEHUSIMHI .
L na HeT Pacnpenenenue
OTrII09eHuE ASsanan. Mex1y
NPUCOCANHEHHSAMHU
Harpysku Beruncnenne B nauao
AS=51-S2 aJIrOpUTMa Y

v OTKIII0YEHHE [

Harpy3Ku
Pacnpenenenue

AS (BHeIL.) MEX Y

[IPUCOCIMHEHUSAMU

v

OTKIIOUEeHHE
Harpy3Ku

Puc. 1. Anroput™ paboThl MHOTO(YHKIIMOHAIBHOT'O YCTPOWCTBA a/IallTUBHON aBTO-
MaTUKH pa3rpy3Ku SHEProysia
Kak BHIIHO, yCTpOMCTBO E€WCTBYET HA OTKIIOUEHUE HArpy3KW IMPHU HACTYILIE-
HUU OJIHOTO M3 TPEX BO3MOXHBIX cOObITHIA: mocTymieHue curHaia OH ot BHemHero
ycrpoiictBa [TA; cHUKEHHE YaCTOThI MM HANPSKEHUS HIXKE YCTaBKU cpabaThIBaHUSI.
Ecnu >xe HU OTHO W3 yKa3aHHBIX COOBITUN HE MPOW30IIO0, YCTPONCTBO HAXO-
JUTCS. B PEKUME OKUIAAHUS.
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CtpykTypHO-(QYyHKIIMOHATIbHAS CXeMa YCTPONCTBA MPUBEECHA HA PUCYHKE 2.

UY f -— eams eomn e aEEE oI aEEE SIS GEEe GEEe .
TV@ l' MHOroyHKINOHAIEHOE yCTPOHCTBO
TA — [ VICHOMHATEIbEIH a/lalTUBHOM aBTOMAaTHKA Pa3rpy3Ku I
I Ha OTKJIIOYCHHE opras . SHEProysia
! HArPY3KH OTKIIOYEHHS | I
Harpy3Kku
| e — AmropitM AOCH —  ——— —— o
Su1 { ] ! Uyer } 1
iz M. | | BeruncnuTenbHbli | I
v I — ! Gox ¢_ [~ Bitok cpasHenns || |
Sw2 0] A Swnl gl AOCH || |
- I Biok | oo e e !
HU3MEpEHHs s Ll x|y
Su3 A et S*f*a”" » Anroputm AUP |-¢ I
YCT.
MMUIT lad
c e ea—r e o SHarpi oy I
o o o " I AS o |
’7 AT Anroputm YOH
Kanan CCITU ccm | o c p I ’—F J I
WUTHAJI cpa anIBaHPISI | BHOK CpaBHeHI/Iﬂ "
1 BHEIIHEro ycrpoiictea [TA
B ($hopMHpOBaHKS CUTHANA HA
HerHee I_ YIpaBJIEHUE HArPy3KOu I
CCIIM ————— ycTpoiicTBO — e e— — a—
A

Puc. 2. CtpykTypHO-(pYyHKIIMOHATIBHAS cCXeMa MHOTO(DYHKIIMOHAIBHOTO YCTPOHUCTBA
aJanITUBHOM aBTOMATUKH PA3rpPy3KH SHEProys3nia

CtpykTypHO-(YyHKIMOHAIbHAS CXE€Ma YCTPOMCTBA BKJIIOYAET B ce0s Clleqyro-
e OJIOKu:

e (QJIOK U3MEPEHUS;

e (JIOK BhIYUCIIEHUS ynpaBiswomux Bo3aercreuit AOCH;

e 0JIOK CpaBHEHUS U (OPMUPOBAHNUS CUTHAJIA HA YIIPABJIECHUE HArpy3Koii;

® HCIOJIHUTENIbHBIM OPTaH OTKIIOYEHHUS HATPY3KHU.

[lepeunciieHHble OJIOKM B COCTaBE YCTPOWMCTBA, BBINOJHSIOT CIEAYIOIINE
GbyHKINU:

o brnox wm3mepenuss (bUM) npous3BoaUT HENMPEpHIBHOE HU3MEPEHUE YPOBHS
HANpsDKEHUS UM 4acTOThl Ha IIMHAX MOTPEOUTENs U 3HaYEHUE TOKa, MPOTe-
KaloIllero Yepe3 BBOJHON BBIKIIIOYATEb TpaHC(hOopMaTopa.
brok Beruncienus ynpasistomux BozaectBuii AOCH onpenensier 00bEm
Harpy3Kk, KOTOPYIO0 HEOOXOJMMO OTKIIIOUHUTb, ISl 00ECIeYeHUs HOpMUPY-
€MOT'0 3HaYEHHUsI HAIIPSDKEHUS B AaBAPUMHBIX CUTYaLUsIX, IPUBOASAIINX K €TI0
CHIKEHUIO.
brnox cpaBHenuss u (popmMupoBaHHS CHUTHANIA Ha YMIPABJICHHE HArpy3KOM
OCYILECTBIJISIET CPABHEHUE TEKYIIUX PEKUMHBIX ITapaMETpOB HA BXOZE all-
TOPUTMOB C YCTaBKaMH cpabaThIBaHUS U PACCUUTHIBAET 00BEM OTKITFOUEHUS
Harpy3ku. B ciyyae mnpeBbIIEHUS OJHUM M3 PEKUMHBIX IApaMETPOB
ycTaBKkM cpabarbiBanus anropurma I[IA, mpoucxogut popmupoBaHue cUT-
HaJjla Ha OTKJIFOUEHUE HArpPy3KH B SJHEPTOY3JI€.

Curnan cpabaTblBaHMsI TOCTYNAaeT B HUCHOJHUTEIbHBIM OpraH OTKIIOYEHHS
Harpy3Ku, OCYIIECTBIISIIOUIMN OTKIIOYEHHUE JIMHEWHBIX sIY€eK MOTPEOUTENEH.
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ANTOPUTMBI, BXOJSINE B COCTAaB yCTPOMCTBA, pabOTAIOT CIEAYIOMUM 00pa-
30M:

Aneopumm AOCH

[Ipu cHM>KEHUU HANPSKEHUS] HUXKE YCTABKU OJIOK BBIYMCIICHUS YIPaBJISIOMIUX
BozneiicTBuii AOCH paccunutbiBaeT 00bEM MOJTHON MOUTHOCTH AS, IpH OTKIIIOUCHUHT
KOTOPOTO HANpPSKEHWE BOCCTAHOBUTCSA O HOPMHUPOBAHHOIO 3HaueHWs. PaccumraH-
Hasi MOIIHOCTh B OJIOKE CpaBHEHHS M (OPMUPOBAHUS CUTHAJIA Ha YMPABICHUE
Harpy3Koil CpaBHHMBAETCSl C MOIIHOCTSIMHU HAarpy30K MPUCOECIMHEHUA U UX KOMOMHA-
[USMHU, BBIOMpAeTCs OJHA M3 KOMOWHAIMI MPUCOCAUHEHHN C YYETOM KaTeropHhH
HAJSKHOCTU 3JIEKTPOCHAOKEHHUS, KOTOpas UMeeT caMoe Onm3Koe 3Ha4YeHHE K AS, u
MOJIA€TCSl CUTHAJ Ha OTKJIIOUEHUE BRIOPAHHBIX MMPUCOCIMHEHUA.

Aneopumm AYP

[Ipy CHWKEHMM 4YacTOThHI Ha IIMHAX MOTPEeOUTENs] HUKE YCTaBKU cpabaTbiBa-
Husa anroput™ AYP ocyiiecTBiIseT OTKIIOYEHNE YaCTH HArpy3KH, COOTBETCTBYIOILIEH
TEKyIIEMY OTKJIOHEHHIO 4acTOThl. IIpu 3TOM OTKIItOUaeMble TPUCOEANHEHUS TOI0U-
paroTcsi TAaKUM 00pa3oM, 4TOObl CyMMapHbI 00bEM OTKIIFOUAEMOW Harpy3ku Hanbo-
Jee TOYHO COOTBETCTBOBAJ 3aJaHHOMY OOBEMY HArpys3kd, MOAKIIOUAEMOMY 0]
neiicteue AYUP Ha 3TOl MOJACTaHIMM, C YIETOM KaTE€rOpHH HAJeKHOCTH MOTpeOUTe-
JIEH.

Aneopumm YOH

B ciyuae nmpuéma curnana OH ot BHemHero ycrpoiictsa [TA, anroputm YOH
OCYUIECTBJISIET OTKIIOUYEHUE YaCTU HArpy3Ku B dHeproysie. [Ipu 3Tom oTkiIrouaeMble
MIPUCOEIMHEHUS TOJOUPAOTCS TAKUM 00pa3oM, UTOOBI CyMMapHBIA 00BEM OTKIIIOYA-
eMOH Harpy3ku HauOoJiee TOUHO cooTBeTcTBOBaN 3HaYeHNI0 OH (AS), momyueHHOMY
OT BHEIHero ycrpouctaa [1A.

YerpoiictBo pabortaer cieayronuM o00pa3zoMm. M3mepeHHble mapameTpbl OT
0JI0Ka U3MEPEHHUs, a TaK)Ke MapaMeTpbl, XapaKTepU3YIOIINe 3HaYCHUS MOJHON MOII-
HOCTH TIOJKJIIOUYEHHBIX HArpy30K OT MHOTO(YHKIIMOHAJIBHBIX M3MEPHUTEIbHBIX Tpe-
obpazoBareneit (MUII), mocTynaroT B BRIYUCTUTENBHBINA OJIOK U B OJIOK CpaBHEHUS U
dbopMHUpOBaHUs CUTHAJIa HA yNpaBlieHWe Harpy3koW. B mociemnuii kpome 3TOro ot
cucteMbl coopa u nepenaun uHpopmanuu (CCIIN) moctynatot curHan Ha cpabaThl-
BaHME U CUTHAJ XapaKTEePU3YIOUIUH BEIHMUYNHY OTKIIOUCHUS HATPY3KH MpHU cpadaThI-
BAHUU BHEIIIHETO ycTporcTra [TA.

[To BXOIHBIM CUTHajlaM pabOTaeT OJAWH U3 aIrOPUTMOB, B TO BpeMs Kak Jei-
CTBHUE JPYTrUX 3a0JI0KUPOBAHO.

Tak, B ciiyyae nmpuémMa CHUrHaja OT BHEUIHErO YCTPOMCTBA NMPOTUBOABAPUIHON
ABTOMATUKH, AJITOPUTM YCTPOIMCTBA OTKIIFOUEHHS HAIPY3KH OCYILECTBISIET OTKIIOYe-
HUE Harpy3Ku B SHEProy3Jie.

B ciyyae cHmkenus yactotel B 99C HMKE YCTaBKM cpabaThIBaHUSs, allTOPUTM
AYP ocymiecTBiIsIeT JO3UPOBAHHOE OTKIIFOUEHHE YacTH HAarpy3Kd B 3HEProysJe B
00BbEME, COOTBETCTBYIOUIEM TEKYLIEMY OTKJIOHEHHUIO YacTOThI U 3aJJaHHOMY O0BEMY
Harpy3ku, NOJKJIro4aeMoMy nox aeiicteue AYP Ha 1aHHOM MOJCTaHLUU.

B ciiydyae cHuKeHUST HANPSHKEHUS B SHEPTOY3J1€ HUKE YCTaBKH CpabaThIBaHUA,
anroput™M AOCH ocymiecTBiseT OTKIIOYEHHE HATPY3KH B SHEPTOY3ie B 00BEME, CO-
OTBETCTBYIOLIEM TEKYILEMY OTKJIOHEHHUIO HAIPSHKEHUSI OT HOPMHUPYEMOTO 3HAYEHUS.
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[Tocne cpaGaTeiBaHMsI OJHOTO U3 aJTOPUTMOB HUCIIOHUTEIBHBIA OpraH OTKIIIO-
YEHUS Harpy3KH MOJAeT AUCKPETHBIE CUTHANIBI HA OTKIOYEHUE HATPY30K C TIOMOIIBIO
BBIXOJIHBIX PEJIC.

Ecnu jxe cUrHajoB Ha OTKJIIOYEHUE HArpy3Ku OT BHEUIHEro ycTpoicTsa [IA He
[OCTYIIAJIO0, a PEKHUMHBIE MApPaMETPbl HAXOJATCA B JOMYCTUMBIX IIpEAeNax, TO
YCTPOMCTBO HAaXOIUTCA B PEXKUME OXKUAAHUS, BBIIIOJIHSAS ITOCTOSSHHBI MOHUTOPUHI
PEKUMHBIX ITAPAMETPOB U HAIPY3KHU.

[IpumeneHrne MHOTO(QYHKIIMOHAIBHBIX YCTPOMCTB aJanTHUBHOW aBTOMATHKHU
pasrpy3KH SHEProysia MO3BOJUT OCYIIECTBIATh 3(PPEKTUBHOE OrpaHUYCHUE HArpy3-
KU TOTpeduTeNeil B aBapUHBIX CUTYyalMsaX, u3beras mpu 3TOM H30BITOYHOTO JIEH-
crBus 11A.

JINTEPATVYPA:

1. AK. Jlangman, A.3. Ilerpos, M.B. /lanunoB. AxanTuBHas cucTeMa CIelu-
QIbHOW aBTOMATHMKHM OTKIIIOUEHUSI HArpy3kd Kak anemeHT Smart Grid //

NCVII. - 2014 r. — Ne 5. — C. 73-76.

Hayunbiii pykoBoautens: P.b. AGeyoB, k.T.H., moueHT kad. DCudD DOHUH
TITV.

ABTOMATHYECKOE PEI'YJIMPOBAHUE HAIIPAKEHUSA
N CUMMETPUPOBAHMUE C ITIOMOLBIO CTATUYECKOI'O
TUPUCTOPHOI'O KOMIIEHCATOPA

B.K. ®omenko

ToMCKHI MOJIUTEXHUYECKU YHUBEPCUTET,
OHUH, 23C, rp. SA4A

[Tonnepxanue HanpspkeHUsE Ha TpeOyeMOM YPOBHE, a Takke CUMMETpHUpOBa-
HUE TOKa B 3JIEKTPUUYECKON CEeTH — OJHM M3 TJIaBHBIX 337auy B 3JIEKTPOIHEPreTHKE.
KauecTBo 371€KTpOIHEPTUH U €€ MOTEPH HANPAMYIO 3aBUCST OT TOTO, HACKOJIBKO paB-
HOMEpHO pactipesiesieHa Harpy3ka 1o ¢azaM. Hanuune HepaBHOMEPHOCTH pacnpese-
JICHUS] Harpy3KH 1Mo ¢azaM NPUBOAHUT K YXYAIICHUIO YCIOBUH paboThl TpaHCchopMma-
TOPHOTO 00OPYIOBAaHUS, YBEITMUYCHUIO TIOTEPh W HEPABEHCTBY HANpsDKEHUH, TpeOy-
IOIIETO €ro Mo(a3zHOro PEeryIUPOBAaHUS B MEIAX MOAACPKAHUS HAMPSIKCHHS B JOMY-
CTHMBIX TIpejiesiaX (HOPMaJIbHO JOMYCTUMBIC W TPEACIBHO JOMYCTUMbBIC 3HAYCHUS
YCTaHOBUBIIIETOCS OTKJIOHEHHWs HampspkeHus: OUy Ha BBIBOJAX MPUEMHHKOB JJICK-
TPUYECKON HHEPruu paBHBI COOTBETCTBEHHO +/-5 u +/-10% OT HOMHUHAIBLHOIrO
Hanpspkenus) [1].

[Tpu monkiIrOYeHNH pa3IUYHON HArpy3KHd Ha (pa3bl, B MUTAIOIICH CETH BO3HU-
KaeT HECUMMETPHS HaIllpsDKEHUH M TOKOB, KOTOpasi BhIpa)kaeTcsi B HEpaBeHCTBE (pas-
HBIX/MeX1y(ha3HbIX HanpsoKeHUH M (a3HbIX TOKOB MO aMIUIMTYZE, a TakXKe Yroi
casura Mexay (aszamu He paBeH 120°. Mnu ecnm onmuchiBaTh B TEPMHHAX METO/A
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CUMMEUPHUYHBIX COCTABIISIIOLIMX: BO3HUKAIOT COCTABJISIONIME OOpaTHOW M HYJIEBOM
MOCJIeIOBATEIHHOCTH.

Paznuuaror n1Ba BUJa HECUMMETPHHU: CHUCTEMATUYECKYIO M BEPOATHOCTHYIO.
Cucremarrueckasi HECUMMETpHUs OOYCIIOBJIEHA HEPAaBHOMEPHOW MOCTOSHHOM mepe-
rpy3Koit/Henorpy3koit onHoi u3 da3. [Ipu ctabubHOM rpaduke Harpy30K CHUOKEHHUE
CUCTEMATUYECKON HECMMMETPHUU HAIpPSKEHUN B CETU MOXET OBITh JTOCTUTHYTO BbI-
paBHUBAHUEM HArpy3ok (a3 myteM 0ojiee paBHOMEPHOTO MepepaclpeieieHus] Ko-
HEYHBIX MOoTpeduTeneil mo ¢gazaM. BeposTHOCTHAs HECUMMETPHUSI COOTBETCTBYET He-
MTOCTOSTHHBIM Harpy3kam, IpH KOTOPBIX B pa3HOE BpeMsl TIEperpyKaroTcsi pa3Hbie (da-
36l B 3aBHUCHUMOCTH OT CIIy9alHBIX (akTopoB. CyTh CHMMETPHUPOBAHUS CBOJUTCS K
KOMITCHCAIIMH TOKA U HAINPsDKEHUsI 0OpaTHOM U HYJIEBOM MOCIEI0BATEIbHOCTEN.

OauH U3 cnoco60B, MO3BOJSAIONINX KOMIIEHCUPOBATh KaK CHCTEMAaTHUECKYIO,
TaK ¥ BEPOSITHOCTHYIO HECUMMETPHIO, 3aKJII0YAETCS B CO3JaHUU JUHAMUYECKU H3Me-
HSIEMbIX KOMIICHCUPYIOUIUX TOKOB OOpaTHOW MOCIEeN0BATEIBHOCTU. DTO o0ecreyu-
BaeTcs 3a cueT Oarapel CTATUYECKUX KOHJIEHCATOPOB U TUPHUCTOPHO-PEAKTOPHOM
TPYIIbI, TOAKIIOYAEMBIX B TPEYTOJIbHUK, U OOBEIUHSEMBIX B AJIEKTPOYCTAHOBKY,
HAa3bIBAEMYIO CTATHYECKUM TUPUCTOPHBIM KOMIIEHCATOPOM. DTO YCTPONUCTBO, MOMKET
OJIHOBPEMEHHO PEIIUTh ABE 3aJauM: PEryJIMPOBAHUE HAMPSIKEHUS C LEIbI0 MOAIEp-
’KAHUS €ro Ha 33JJaHHOM YPOBHE (KOMIIEHCAIUsl PEaKTUBHOW MOIIHOCTH) U CUMMET-
pUpOBaHUE.

CraTtnyeckuil THPUCTOPHBIN KOMIIEHCATOP PEaKTUBHOM MOIIHOCTH (Static Var
Compensator (SVC)) — nmonepeyHo-ImoAKIF0YaeMbIi CTaTHUSCKUA UCTOYHHK HJIH T10-
[JIOTUTENIb PEAKTUBHON MOIIHOCTH, OOCCIEYMBAIONIUN TOANMUTKY €MKOCTHBIM HWJIU
WHJYKTUBHBIM TOKOM [IJIsl YNPABJICHUSI MapamMeTpaMu 3JIEKTPOIHEPreTUYECKOU CH-
CTEMBbI (0OBIYHO HAIPSKEHUEM Ha IIMHAX).

ABTOMaTHUYECKOE PETyJIMPOBAHUE HATIPSKEHUS

ABTOMaTHUYECKOE PETYJIMPOBAHUE HAMPSHKEHUSI B paccMarpuBaeMoi cetu 220
kB mepBoHavanbHO OyZieM MPOU3BOAUTH MPU CUMMETPUYHON Harpyske. M3menenue
HaIpsSHKEHUS. B CUCTEME OCYILIECTBIISIEM C TOMOIIBIO UCTOYHUKA C IEPEMEHHBIM 3Ha-
YEHUEM HapsKEHUS.

VYron ynpasieHuss TUpUCTOPOM 3amaérca B uHTepBaie ot 90° mo 180°, rue
180° coOTBETCTBYET MOTHOCTHIO 3aKPHITOMY TUPHUCTOPY, @ 90° — MOIHOCTHIO OTKPHI-
tomy. CienoBarenbHo, I TOrO, YTOObl YMEHBIIIUTh HAMPSIKEHUE HA IIWHE MPHUCO-
eaunenus: CTK, neo6xoaumo uaMensTh yroi ot 180° k 90°. MuHumanibHOE Hamps-
xenue oynet ipu 90°. Tupucropno-peakropHas rpymmna (TPI') mo3BosisieT noayduTsb
HaMpspKeHUE TOJIBKO HMKE Toro, yto Obuio mpu 180°. CriemoBatenbHO, JJIsl TOTO,
yTOOBI ObLIIa BO3MOXKHOCTh YBEJIMYUBATH HAIPsIKEHHE, HE0OOXOAMMO J0OABUTH KOH-
JIEHCATOpHBIE OaTapeu.

Jlornka aBTOMaTUYECKOIO YMPABIICHUS HANPSIKEHUEM CIEeNyIolas: OlleHUBa-
€TCS pa3HOCTh MEX/1y HOMUHAJIBHBIM U TEKYIIIMM HAIMpPSKEHUEM Ha IIHMHE MPUCOETU-
HeHus. Eciam 3Ta pa3HOCTh MOJIOKUTENbHAS, TO YTOJI OTKPBITHSI TUPUCTOPOB YBEIH-
YUBAETCS, a €CJIU Pa3HOCTh OTPULIATENIbHAS — yMEHbIaeTcs. [[aHHble AeCTBUS MPU-
BOJISIT K YMEHBIIICHUIO a0COJIFOTHOTO 3HAYCHHSI Pa3HOCTU HAIPSKEHUH.
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Puc. 1. Cxema skcriepumeHnTa
If (U 3a0anHoe - UumepeHHoe) > O % angle T
If (U 3a0anHoe - UuamepeHHoe) < O angle \L (1)
USaﬂaHHOC
Unsmepennoe /" + K tupucropam
) ks CUDY | >

K BeIKITIOUATEIAM
BYKh [———

Puc. 2. CtpykTypHas cxema CUCTEMbI aBBTOMAaTUYECKOTO YIIPABIICHHUS

ABTOMaTHYECKOE CUMMETPUPOBAHKE

[Ipyn cuMMeTpUYHOI Harpy3ke TOKA B KaxAOW (aze paBHBI MO aMIUIUTYIE U
CIABHUHYTBI OTHOCHUTENIBHO Ipyr Apyra Ha 120°. Jms aBTOMAaTU4eCKOro yIpaBJICHHUS
yriom ynpasiienus TPI' Oyner ncnonb3oBaH NPUHIUIT PABEHCTBA TOKOB O aMILIU-
TyZeE.

Jns cuMMETpUpOBAaHUS MCIIOJIB3YETCSI TPU THUPUCTOPHO-PEAKTOPHBIX TPYIIIBI
(TPT'), coenuHEHHBIX B TPEyrosbHUK. /[ co3maHus HECUMMETPUHU MCHOJIb3yeM
HECUMMETPUYHYIO MEXAy(a3HyI0 Harpy3Ky.

Jlornka aBTOMaTHYECKOr0O yIpaBiIeHNUs CUMMETPUPYIOILIETO YCTPOUCTBA CXO0XKa
C ONMCAHHOM BBIIIE: OLEHUBACTCS PA3HOCTh AMIUIUTYIHOTO 3HAYEHHUs TOKOB, IIPOTE-
Karomux 1o ¢azam JIDII.
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[if (1,]-|1)>0 — angle{
if (1,]—[1g)) <0 —— angle T
Jif (1]-1c) >0 — angle
if (Ig|-[1c)) <0 —— angle T

[if (1c]-[1,)>0 —> angled

[if (I¢|-[1A) <0 —— angle T )
e 3HauyeHUS TOKOB JJO CUMMETPUPOBAHUS:
1a=48,8 A (62°); Ib=51,6 A (313°); I1c=58 A (185°);
e 3HayeHHUs TOKOB ITOCJIE CUMMETPUPOBAHHSL:
la=41,6 A (60°); 1b=41,2 A (300°); Ic=42 A (180°);
e 3naucHus Hanpspkenuit: Uab=227 kB; Ubc=226 kB; Uca=226 kB
ABTOMAaTHKa YCIEIIHO CHPABIISIETCA C IMOCTABICHHOW MEpel HEeW 3ajayend —
MOAACP/KUBACT HANPSDKEHUE B JONYyCTUMBIX mpenenax 220+11 kB, a Takke BbIpaB-
HUBAET TOKU B (pa3ax Mpu NPUCOCAMHEHUN HECUMMETPUYHON HArpy3KHU. YTOJI MEXKIY
TOKaMHM Takke cTaj paBeH 120°.
3aKIIIoueHUe
Pa3zpaboTanHas cucrema ynpaBlieHUs HanpsbDKeHUEM ¢ QYHKIUAMH CUMMETPU-
pOBaHUSI HArpy3Kd OOECMEYMBACT IMOJJICPKAHUE HAMPSHKEHUS Ha HOMHUHAIBHOM
YPOBHE C JOMYCTUMBIMU OTKJIOHEHUSIMA U OJJHOBPEMEHHO CUMMETPUPOBAHUE TOKOB,
nporekaronux B ceTu. OCoOOEHHOCTh OMKUCAHHOTO METOJa 3aKII0YaeTCs B TOM, YTO
YTJIbl OTKPBITUS TUPUCTOPOB OMPENEIIAIOTCA Pa3HOCThIO aMILUIUTYIHBIX 3HAYEHUHN TO-
KoB. [IpenmyIiiecTBOM MeTOJIa SIBJSETCS MPOCTOTA JIOTMKWA M HUCTIOJHEHUS] CUCTEMBI
ABTOMATUYECKOTO yIpPAaBIICHUS.

JINTEPATVYPA:

1. TOCT 32144-2013 Dnexrpuueckas sHeprua. COBMECTUMOCTb TEXHUYECKHUX
CPEACTB JIEKTpOMAarHuTHas. HOpMbI KadyecTBa 3JEKTPUYECKOW DHEPIUU B

CUCTEMaXxX JJIEKTpOocHaOkeHus oOiiero HazHaueHus. — MockBa: Crangap-
tuHpopm, 2014. — 18 c.

Hayunsbiit pykoBonutens: A.C. BacuibeB K.T.H., CTapIuii IpemnoiaBateins kad.
99C OHHUH TIIV.
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COBPEMEHHOE COCTOSIHUE SKUBACTY3CKOM I'P3C-2

A.B. I'apmoHOB
TOMCKUY MOJIMTEXHUYECKAN YHUBEPCUTET
OHUH, 93C, rpynna 5A4b

Okubdacrysckas ['POC-2 sBiusercs oAHOW W3 KpYHMHEHIIUX SJIEKTPOCTAHIIMMA
PecnyOnnku Kaszaxcran, kotopast BeipadaThiBaeT 15% 3JI€KTpOIHEPIUU B CTPAHE.

CrpoutenbcTBO cTaHIMU Havanoch B 1979 roxy. [IpoekTom, pa3paboTaHHBIM B
1983 rongy HoTOII, mpeaycMmaTpuBaioCh CTPOUTEIBCTBO & HHEProOJIOKOB IO
500 MBT. IlepBrrii 3Hepro6nok Obul BBeAeH B paboTy 25 nekadbps 1990 rona,
BTOpOit - 31 nexabps 1993 rona. XKenesobeTonnast ApIMOBasi TpyOa, MOCTPOCHHAS B
1987 rony, umes BeicoTy 420 M, SIBJISIETCSI CaMOM BBICOKON B MUPE U 3aHECEHA B KHU-
ry pekopaoB ['manecca. [{uamerp TpyOnl y ocHoBaHus 44 M, cymmapHas macca 60
TBHICSIY TOHH.

B konue 2005 rona Ha 6aze Dxubacty3ckoit ' POC-2 Ob110 co3gaHo coBMECT-
HOE Ka3axCTaHCKO-POCCUICKOE PHEpreTudeckoe npeanpustie. Ha naHHBIA MOMEHT
coocrBennukamu  crtanmuu  sBisoreds: OAO  «KMHTEP PAO  EDCy;
AO «Campyk-DHepro». B Ommxkaiimne roapl Ha4HETCS CTPOUTENIBCTBO TPETHETO
sHeprobioka 500 MBT, 4T0O 3HAUUTETBHO YCUJIUT MO3ULMU MPEANPUATHSI. AKTUBHO
MIPOU3BOAUTCS IEMOHTAX CTApOr0 U YCTAHOBKA COBPEMEHHOTO 000pYAOBaHUSI.

[loTpeOuTensiMu CTaHUUU SBISAIOTCS JAecATKM npennpustuii Kazaxcrana wu
Poccun. Cpenn nux AO «Hamumonanpnass xommnanus «KazaxcTtaH TeMup KOJbD»,
kocMmozapoM «balikonyp», kanan Upteimn-Kaparanaa, Pecyonnka Anraid.

JIBa sHEeprodioka BeipadaThIBalOT 15% BCEl 3JIEKTPOIHEPTUH, IPOU3BOIUMON
B pecnyosivke. Ha TaHHBIII MOMEHT CTaHLUS COTPYAHUYAET C €BPONEHUCKUMHU KOMIIa-
HUSIMH, MOCTaBJISAIONIMMU Ha CTAHIIMIO 3JIeKTpoobopymoBanue: «Alstomy, «ABBy,
«Siemensy. BbICOKO30JIbHBIN yroJib MOCTABIACTCS U3 pa3pe3a «boraTbIpby.

VYcraHoBieHHass MOIIHOCTH 3JieKTpocTanuu coctasisier 1000 MBt. Ha craH-
IIUU YCTAHOBJIEHBI TypOOre€HepaTOphl C BOJOPOAHO-BOJISHBIM OXJIAKICHUEM, XapakK-
TEPUCTUKU KOTOPHIX MPUBEICHBI B Ta0ymiie 1.

Tabm. 1.

DNEeKTpUYECKUE XapaKTEePUCTUKHU TypOorenepaTopoB Jkubdactysckoit [ POC-2
MapkupoBka Koi-Bo Siow Puow Ysion cosP liow
MB-A MBt kB KA
TBB-500-2EVY3 2 588,2 500 20 0,85 17

Ha pucynke 1 npuBecHa CTPYKTYpHAs CXeMa dJIeKTpocTanmuu [1].

Okubactysckas ['POC-2 uMeer nBa OTKPBITBIX pACIPEACIUTEIBHBIX YCTPOU-
ctBa (OPY 500 kB, OPY 220 kB) u aBa pacnpenenuTeabHbIX YCTPOWCTBa COOCTBEH-
HBIX HYK] anekrpoctanuuu (PY c.H. 1, PY c.H. 2).
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X

OPY 500 kB OPY 220 xB

TCH4 TCHS

PYcn.1 6,3 kB PYcn.2 6,3xB

Puc. 1. Crpykrypnas cxema Dxubactysckon [ POC-2

K OPY 500 xB mnonkmrouensl ABa OJIOKa «reHEpATOP-IBYXOOMOTOYHBIN
TpaHchOpMaTOp C TEHEPATOPHBIM BBIKITIOUATEIEM); TUI CUJIOBBIX TpaHCHOPMATOPOB
TII-630000/500 (tpanchopmatop TpexdasHblii ¢ TPUHYIUTCIBHONW MUPKYJISAIHCH
Maclia, OXJIaKIaeMOT0 B MacI00XJIaIUTEIIAX BOIOKH).

Ha OPY 500 kB ycranoBneno cneayromee obopymoBanue: HJIE-500-72,
DFK-525 — tpancdhopmaropsl Hanpspkenus; TO3M-500, TBT-500-2000, CA-525 -
tpanchopmaropsl Toka, GL317-500 — KOJOHKOBBIM 3JIETA30BBIA BBIKIIOYATEIND;
PII-500, PITIB-500 — TpexmonroCHBI pa3beIUHUTENh BBICOKOTO HAIPSHKCHHUS;
DLTC 2000/0,2-40 kA - 3eKTpOTEXHUYECKOE YCTPOHCTBO, YCTaHABIMBACMOE B Pas3-
peiB  (a3HOTO MPOBOJA TMHUKM  DJIGKTPONEpEaud U OOJajaroiee  BBICO-
KHM COTIPOTHBIJICHHEM Ha 4acToTe paboThl kKaHana BU-cBS3M M HU3KUM COMPOTHUBIIE-
HUEM Ha MPOMBITIINIEHHONW YacTOTe.

Ha OPVY 220 xB «CtpoutenbHas-2» UMeETCA CBS3b € dHEprocucreMon. Oc-
HOBHOe HazHaueHue OPY 220 kB - pacnpeneneHue 3IeKTPOIHEPTUH B TTOCEIOK U Ha
pacrpeeNuTeNbHbIE  YCTPOWCTBA  COOCTBEHHBIX  HYXJ  3JIEKTPOCTaHIUU
PY cH. 1 uPVY cH. 2.

Ha OPY 220 kB ycranoBnenst HK®-220-58V1 — tpanchopmaTop Hampsoke-
Husi; TO3M-220 — tpancdopmarop toka; PBMI-220-MV 1, PBO-10/700 — paspsia-
nuk; PH/I(3)-220/2000Y 1 — pazbenunutens; B3-1250 — BrICOKOUACTOTHBIN 3arpajiu-
tenb; BB/[-220-40 — BeIkiTt0YaTenb BO3AYUIHBINA MOBBIIEHHOTO JABJICHUS.

OPY 220 kB cBsizano ¢ PY c.H. TpeMs Tp€Xx0OMOTOUHBIMU TpaHChHOpMaTOpaMu
cooctBennbix Hyx1 TCH3, TCH4, TCHS tuma TPIH-40000/220.
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%A7-%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_(%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0

B PV c.H. ucnonssytorcas HTMU-6, HOM-6-77YXJI4 — Ttpexda3ublit Macis-
HBIN TpaHchopmaTop HanpsbkeHus, BMIID-10 — MmamomMacisHbIi BHIKITFOYATEb.

JINTEPATVYPA:

1. KoxeBHukoB B.A. Anb00oM-CIIpaBOYHUK, TEXHUYECKHE PEIICHUS U JUPEK-
TUBHBIE TOKYMeHThI Dkubacty3ckoir [ POC-2. HoBocubupck: Beecoro3Hblit
roCyJapCTBEHHBI OopJeHa JIeHMHa MPOEKTHBIA MHCTUTYT "TermnoanekTpo-
npoekT" HoBocubupckoe oraenenue, 1981. 175 c.

Hayunslii pykoBoautens: H.M. KocmbinuHa, K.T.H., goueHt 923C DHUH TITY.

OPERATING CONDITIONS FOR CURRENT TRANSFORMERS IN
TRANSITION MODES AND THEIR INFLUENCE ON RELAY
PROTECTION

A.V. Pavlova
National Research Tomsk Polytechnic University
Institute of Power Engineering, Electric Power Engineering,
Power Supply System Department, 5SAM7Y

Current transformers play an important role in the power system, because they
allow controlling the parameters of the transmitted electricity, and install relay pro-
tection and automation devices in power transmission lines.

As in any other device, current transformers have losses. Because of this, not
all of the primary current is transformed into a secondary circuit. These losses cause
the current error. In addition, the current flowing in the secondary circuit is somewhat
shifted to the phase relative to the primary current, which causes the angular error of
the current transformer.

Basically, the losses depend on the state of the magnetic circuit of the trans-
former. While the iron core is not saturated, a directly proportional relationship exists
between the primary and secondary currents. If an increase in the primary current, the
degree of iron saturation of the magnetic circuit increases and the characteristic be-
gins to deviate from the straight line. At the same time, as the load of the secondary
circuit increases, the degree of change in the characteristic increases.

In Figure 1: 1-ideal characteristic, 2-real curve for the nominal load of the sec-
ondary circuit Z,,, 3-real curve for a larger load of the secondary circuit Z;> Z;nom
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Fig. 1. Dependence of the secondary current on the primary in the CTs
Under the transition (dynamic, non-stationary) process or regime in electrical
circuits is understood the process of transition of a chain from one steady state
(mode) to another. Transient processes occur during any changes in the electrical cir-
cuit: when connecting and disconnecting the circuit, when the load changes, when

emergency conditions occur (short circuit, wire break, etc.).
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Fig. 2. Waveform of a short circuit current on a transmission line

The working conditions of the CTs in protection and automation devices differ
significantly from the operating conditions in the measurement schemes. Current
transformers intended for measurement have a certain accuracy class and operate in
steady state mode with a primary current not exceeding the rated current. In relay
protection and automation devices, current transformers must perform their functions
at currents significantly higher than rated currents under transient conditions.

A special effect on the operation of the current transformer is provided by the
aperiodic component of the primary current appearing in the transient mode. It is
transformed into a secondary circuit of the transformer with a greater error, the slow-
er they decay. In other words, as the decay time increases, an increasing proportion of
the aperiodic component of the primary current is expended on magnetizing the cur-
rent transformer magnetic circuit. Features at short circuits near to tires of powerful
power stations.

Along with this, the permissible response time of relay protection and automa-
tion devices is reduced. Consequently, at the moment of operation of these devices,
the aperiodic component of the magnetizing current is many times greater than its pe-

riodic component.
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All this leads to the fact that the closed steel magnetic cores of current trans-
formers are subject to strong saturation with aperiodic current components and, con-
sequently, to a sharp decrease in their magnetic permeability. This leads to an unac-
ceptable increase in the errors of such current transformers in transient modes. Partic-
ularly large errors occur when a residual magnetic flux of the aperiodic component of
the magnetizing current is retained in the magnetic circuit of the current transformer.

It should be borne in mind that it is much more difficult to provide the neces-
sary accuracy of the operation of CTs in transient regimes than in established ones.
To improve the performance characteristics of CTs in steady-state and transient
modes allows the use of new methods for constructing CTs (for example, optoelec-
tronic CTs), and by using the following methods of limiting errors:

e creating paths for the aperiodic component of the primary current in addi-

tion to the CT magnetization branch;

e increasing the magnetic permeability of the magnetic circuit in saturation

mode;

¢ elimination or reduction of residual induction in the magnetic circuit;

e Limiting the maximum working induction in the CT magnetic core and re-

ducing the magnetic permeability.

In the transient process, the transformer begins to operate in saturation mode,
I.e. When the magnetizing current grows much faster than the working magnetic flux.
There are several ways to combat the residual magnetization of the core, as with one
of the main causes of saturation.

One of the methods is the use of current transformers with cores without steel
having linear properties. But the use of such current transformers can be very limited,
due to the low power of the secondary windings. The second method (the most com-
mon) is the production of cores made of electrical steel having non-magnetic gaps.
This method, in comparison with the use of cores without steel, allows the construc-
tion of smaller cores. However, in Russia, current transformers with such cores have
not been manufactured and are not manufactured.

BOIIPOCBI BHEAPEHUA MUKPOITPOLHECCOPHbBIX YCTPOUCTB
PEJIEMHOMU 3AIIIMTHI

P.C. Atakumues
ToMCKHI NOJIMTEXHUYECKUN YHUBEPCUTET

OHUH, 39C, rpynna SAM6b

BHeapenue MHUKPOMNPOIIECCOPHBIX YCTPOUCTB peneiiHoi 3amutel (MYP3) B
HACTOSIIIee BPEMS BbI3BIBAET PsJl BOIPOCOB Yy CIEIHAINCTOB, paboTaOMMX B 00ja-
CTH DHEPTETHKHU.

HecMotpst Ha TO, uro MVYP3 0061a1aloT OrpOMHBIMU TPEUMYLIECTBAMU 10
CPaBHEHUIO C, HAIIPUMED, DIEKTPOMEXAHUUECKUMU 3aIIUTAMU, TAKKE CYIIECTBYIOT U
mpoOJIeMbl TIPU UX BHEAPEHUU M MCIOJIh30BaHMH. B wactHOCTH, B [1] oT™MeuaeTcs,
YTO PEKOHCTPYKIIMS PEICHHOI 3alUThl U aBTOMATHKHU YK€ CYLIECTBYIOLIEro 00beKTa
3aHMMAET JOBOJBHO MPOAOJDKUTENBHOE BpeMs. Kpome Toro, B 3T0T nepuon, co3zaa-
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I0TCSI OIPE/ICIICHHbIE HEY100CTBA JIsl IEpPCOHAa, T.K. HApsAIy C YCTapEeBIIUMU 3allu-
TaMH MCIIOJB3YIOTCS MHKpomnpoueccopHble. Takxke, npu wucnosibzoBanun MYP3,
MHOTOKpPATHO YCJIOXHSETCA Tpoleaypa nepenayun uHbopMmanuu nepcoHaniom P3A
TUCIIETYEPY.

B [2] BooOmIie cTaBUTCS MOJ COMHEHHE IEIecCO00pa3HOCTh HMCMIOJIb30BAHMUS
MYVYP3. IIpuBoasTcs, B YaCTHOCTH, CIEAYIOIINE apTyMEHTBI:

® BBICOKAs CTOUMOCTh MYP3,

® BO3MOXXHOCTb XaKE€PCKHUX aTakK,

® OTCYTCTBHE YHUBEpcalbHBIX 070K0B MYP3 (B ciydae HEOOXOIUMOCTH UX

3aMEHBbI),

® HEJO0CTAaTKW KPUTEPHEB OLEHKU HajiexxHOCTH MY P3.

Kak moka3zbiBaeT ananm3 [3-5], y4eT CKpBITBIX OTKA30B MPU OLICHKE HAJEHKHO-
ctu MYP3 sBisiercs akTyalbHbBIM JJIs CIELMAIMCTOB Bcero Mmupa. CaMonarHocTuka
MYVYP3 B psae ciaydaeB He IMO3BOJsIa OOHAPYKHUTHh CKPBITBIA OTKa3 3alUThl, YTO
MPHUBOJWIO K aBapuiHBIM cuTyanusM. COrjacHO CTaTHCTUYECKUM JaHHBIM [6], Ha
2013 ron nmokasatenb npaBuiIbHON padoTel MYP3 - 99,12%, niis snekrpoMexaHuue-
ckux — 99,27%. OTka3bl 00yCIOBIEHBI B IEPBYIO OUYEPEIb OLIMOKAMU U3rOTOBJIECHUS
— 22% u moHTaxa — 30,5%.

B nmanpHeuieM IUIAHUPYETCS pacyeT MOKa3aTesie HAaACKHOCTU YCTPOMCTB
MVYP3 1o cratucTiyeckuM JaHHBIM POCCUUCKHX M 3apyO€KHBIX KOMIAHUN M UX
aHanus.
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AJAITUBHAS TEJUTEJIBHAS ABTOMATHKA JUUIA
JHEPI'OPAMOHOB C JIEKTPOCTAHIUAMUA MAJIOUM MOIIIHOCTH

JI.K. Kpusonorosa', A YO. Murpodanenko’, P.5. AGeyos®
TOMCKUH MOJMTEXHUYECKAN yHI/IBepCI/ITeTl’2
SHIH, DCuD, rpynmna SAM6I™

B nocnenHre HECKOIBKO JIET K PACIPEAEIUTEIBHBIM CETSIM 3JIEKTPOIHEPTeTH-
geckux cucteMm (D3C), obecrnednBarOmuM 3JICKTPOCHAOKEHNE HEPTETa30BhIX Me-
CTOPOXKJICHU, CTAIM aKTUBHO IMOAKJIIOYATHCS paHee padOoTarole aBTOHOMHO 3HEp-
ropaiiOHbl UMEIOIINUE B CBOEM COCTABE AJIEKTPOCTAHIIMU Masiol MoiHocTu (DCMM),
OCHOBY KOTOPBIX COCTAaBJISIOT Fa30TypOMHHBIC M Ta30MTOPIITHEBHIC arperaThl.

AHnanmu3 omnbita 3kciutyatraunn OCMM, B cocTaBe aBTOHOMHO pPadOTarOIIMX
HSHEPropaioHOB MOKa3aj, YTO UX MOAKIIOYEHHE K AeKTpudeckuM cetsim D3C, co-
MPSKEHO € TTOSIBIIEHUEM 1IEJI0T0 psiJia, TpeOyoNIMX pereHus 3aaad [1].

B Hacrosiiee Bpemsi B KaueCTBE OCHOBHBIX CIIOCOOOB peIIeHUs OOJIbIIUHCTBA
M3 ATUX JKCIUTyaTallMOHHBIX 3aJja4 HauOoJiee MIUPOKO MPUMEHSIOTCS: OTKIIIOUECHUE
Harpy3KkH, OTKJIFOYEHHUE T€HEPATOPOB U JICJICHUE CETH.

[IpoBenénHbIe MCCAEAOBaHMS MTOKA3ald, YTO Haubosee 3PPEeKTUBHBIM CIIOCO-
O6om obOecrieueHuss Han&xHON paboTel DCMM, a Takxke OecrepeOoHOro ANEKTPO-
CHa0XeHHUs NOTpeOUuTeNie YHEPrOpaioHOB, B KOTOPBIX OHU DKCILTYaTUPYIOTCS, MPU
BO3HUKHOBEHUHU CUCTEMHBIX aBapuii B DO9C MoxkeT ObITh JeneHue cetu [1]. Onnaxo,
aHanu3 3(pPEKTUBHOCTU CYIIECTBYIOUIUX YCTPONCTB ACIUTENbHON aBTOMaTUKH (JIA)
ITOKA3aJl, 4TO KCIUTyaTHPyEMbIE B HACTOSIIEE BpEMs yCTpoucTBa A SBIAIOTCS He-
aJanTUBHBIMU U OCYLIECTBISIOT BhlIETIeHUE sHEpropaiiona ¢ O9CMM no dakrty usz-
MEHEHUSI KaKOTo-JIM00 M3 PEXUMHBIX napaMeTpoB IIC, 0€3 TEeKyIIero KOHTPOJIS
pekuMa, BBIICIIIEMOr0 Ha M30JIMPOBAHHYIO paboTy sHepropaiiona. Takoe oTaeneHue
sHepropaiiona or DOC, Kak MPaBHJIO, COMPOBOXKIACTCS M3MEHEHHEM 4acTOThl f u
HarnpspkeHus: U B HEM, U TIOCTIEYIOIIMM OTKIIFOUeHHEeM renepatopo JCMM.

Pa3zpaboTka aganTuBHOUM nenutenbHON aBTOMATHKU (AJIA), O3BOJIUT MOBBI-
cuTh 3G(HEKTUBHOCTH BBIJIETIEHUS dHEPropaitonoB ¢ ICMM Ha U30JMpOBaHHYIO pa-
oory. IIpu aTom ycrporictBo AJIA, TOKHO COOTBETCTBOBAThH TPEOOBAHUSM:

e (dyukMOHaNBHBIN cocTaB AJIA moibKeH ocymiecTBIATh 3PGEKTUBHOE BbI-

nenenue sHepropaiiona ¢ 9CMM Ha U30IMpOBAHHYIO padOTy, MPU pa3Iny-
HBIX aBapUUHBIX cUTyanusax B 99C;

e Bce (PYHKIHMOHAJIbHBIC OJIOKM YCTPOMCTBA JOJKHBI pa3MeniaThCs B OJHOM

mKady;
® YCTPOICTBO JIOHKHO UMETh BO3MOXKHOCTH KOHTPOJI PEKUMHBIX MapaMeT-
POB SHEPropanoHa, Kak 10, TaK U Mocje ero oraeneHus ot 39C;

® YCTPOMCTBO JOHKHO HMMETh BO3MOXHOCTh M3MEPEHHS IMOTPEOISIEMbIX U
BbIpa0aThIBAEMbIX MOIIHOCTEHW Ha MOACTAHIUIX MOTpeOUTENe U 00beKTax
TEHEPaLUU DHEPTrOpPaoHa;
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® YCTPOICTBO JOJKHO MMETh JOCTATOYHOE KOJUYECTBO AHAJIOTOBBIX BXOJIOB
U JIUCKPETHBIX BXOJOB/BBIXOJOB, TaKKe€ OTBEYaTb BCEM TpPEOOBAHUSM,
MpEABABIIEMBIM B HACTOsAIIEE BpeMs K ycTpoiictBam P3 u TTA.

B ycrpoiictBe AJIA 10/KHO OBITH OOECIEYEHO BBIMIOJIHEHHE CIEAYIOIIUX
GyHKIU:

e HenpepriBHOE U3MEPEHUE TEKYIIUX PEKUMHBIX MMAPAMETPOB YHEPrOCUCTE-

MBI 1 3Hepropaiiona ¢ 9CMM;

e HenpepoiBHBIN pacy€T 00BEMOB ympaBisiomux Bo3aeucTBuil (YB) u ux

repeiadya Ha MoACTaHIuu sHepropaiiona ¢ 9CMM;
e Brigaya komana Ha oTkimoueHue Harpy3ok (OH) u nepenaua undopmanmu
00 obbemax YB Ha mojacTaHIMM >HEpropaiioHa, MpPU €ro OTACICHUU OT
DHEPrOCUCTEMBI, C TOCIEAYIOIMIMM KOHTPOJIEM HX pead3allud Yepes3
CCIIN.

AJIA nomxHa oOecrieurBaTh PEUICHUE CIEIYIONINUX 3a/1a4:

e Brigenenue suepropaitona ¢ CMM Ha u301MpoBaHHYIO paboTy, MpU aBa-
puitHbIX cHkeHusX f u/umum U B sHEprocucreMe ¢ COXpaHCHHEM YCTONYH-
BOM paboThl reHepatopoB ICMM;

o CoxpaHeHHE JJIEKTPOCHAOKEHHUSI OTBETCTBEHHOM JBUTATEIILHOW HArpy3KU

sHepropaiiona ¢ 9CMM, nipu ero BbIACICHUU HA U30JUPOBAHHYIO paldoTYy.

Jns peumieHuss nepedyrcIeHHbIX 3aaa4 yeTpoucTtBO AJIA NOIKHO YIOBIETBO-
PATh COBPEMEHHBIM TEXHUYECKUM TPEOOBAHUSM ObICTPOICUCTBUS U aIalITUBHOCTH.

YerpoiictBo AJIA 10KHO OBITH TOCTPOCHO MO MPUHIUITY, KOTJa ONpesese-
HUE 00bEMa YNPABIISIONIUX BO3ICUCTBUNA M UX BbIJIauya HA MOJACTAHIIMU YHEPTropaiio-
Ha, TIPU €T0 OTJEJICHUU OT SHEPTOCUCTEMBI JIOJHKHBI OCYIIECTBISATHCS HA OCHOBAHUU
OLICHKM TEKYIIUX mapaMeTpoB pexnma IIC u sHepropaiiona ¢ OCMM. Dtot cno-
co0 aHAJIOTMYEH CHCTEME YIPaBICHUS C OOpaTHOM CBs3bIO, pabOTAOIIEH MO MPUH-
IIUITY HETIPEPHIBHOTO CpaBHEHUS (PaKTHUECKOTO COCTOSIHUS C TpeOyeMbIM [2].

bricTposnelicTBue ycTpoiicTBa oOecrieunBaeTcsl TeM, 4TO BeinunHa YB ormpe-
JEeNsieTCs 10 BO3HUKHOBEHHUS aBAPUMHOTO PEKHMA U COOTBETCTBEHHO JI0 PeaIM3alNU
koManbel JIC, mpu sTom popmupoBanue ¥YB u Bbigaua komanasl Ha OH, ocymiecTs-
nsercs B momeHT J[C.

TpeboBaHue aTanTUBHOCTU YCTPOWCTBA, BBITIOJIHSAETCS 3a CYET aBTOMaTHYe-
CKOro nepepacuera ¥YB B 3aBUCUMOCTH OT MOJTYYEHHOW MHQOpMaLMK O mapameTrpax
sHepropaiiona ¢ 9CMM u 3HEprocUCTEMbI B PEKUME PEaIbHOTO BPEMEHH, U 00pa-
00TKe €€ B I0aBapUHHOM PEKMME, YTO MO3BOJSET MPOU3BOAUTH OTKIIFOUEHHE HEOO-
XOJIUMOTO 00BEMA HArpy3KH Ha MOACTAHIUIX YHEPropaiioHa, UCKIIOUUB TEM CaMbIM
M30BITOYHOE OTKJIIOUEHUE HATPY3KH.

VYerpoiictBo AJIA B 00111eM ciiydae T0JKHO UMETh B CBOEM COCTaBE IYCKOBBIE
OpraHbl, U3MEPUTETHLHBIN W BBIYUCIUTEIBHBINA OJIOKH, a TaK)Ke OJOK pacrpeeiCHUs
YIPABISAIOLIUX BO3IECUCTBUN.

Ha pucynke 1 nmokazana cxema (pyHKIMOHAJIBHBIX CBsA3eH ycTpoiicTBa AJIA.

AJIA neficTByeT mpu BKJIIOYEHHOM BbIKIouaTene Q1 Ha ero OoTKIIOYEHHE OT
nmyckoBoro oprasa (I10), npu cHmwkenun yactothl f wim Hanpsokenus U,
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B m3meputenbaoMm 6moke (MIB) MOMKHO OCYIIECTBISATHCS M3MEPEHHE OCHOB-
HBIX pexkuMHBIX mapamerpoB (f, U) na mmuax II1 sHeprocucremsl, a Tak:Ke aKTHB-
HOW ¥ PEAKTUBHOM MOIIHOCTEN, OTIYCKaeMbIX B d3HepropaiioH ¢ muH [{I1. Takxe He-
00X0JIUM KOHTPOJIb MOTPEOISIEMBIX U BbIpa0ATHIBAEMbIX MOIIHOCTEN Ha MOJCTAHIU-
X TOTpeduTeNiel U 00bEKTax reHepaly SHepropaiiona, 4To o0ecrneynBaeTcs UHTe-
rparueit AJIA ¢ cuctemoii coopa u nepenaun uadopmanuu (CCITN) snepropaiiona.

Crnengyer OTMETHTh, YTO JAHHBIM OJOK TOJDKEH paboTaTh, Kak ¢ aHAJIOTOBOM
(m3mepennbie BenmmuuHbl 0T TV 1 TA), Tak u ¢ nudposoit (curaansr ot CCIIN) un-
dbopmarnmei.
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Puc. 1. Cxema QpyHKIIMOHAIBHBIX CBsI3eH ycTpoiicTBa AJA

OcHoBHbIM oTianuneM AJIA ot cymecTByrommx yctpoctB A, sBisercs
HaJu4ue BeUMcIuTeNnbHOro 0sioka (BbB). Beruuciaurenbhbiit 670K, HODKEH Hempe-
PBIBHO MTPOU3BOAUTH PAcUYET 00bEMOB Y B 1Mo MaHHBIM TEKYIIMX U3MEPEHUN PEeKUM-
HBIX MApaMeTPOB IHEPTOCUCTEMBI U dHEpropaiiona ¢ ICMM (10 u nocne oTaeneHus
Ha U30JMPOBAaHHYIO paboTy), epeaBaTh €ero B OJIOK pacipeeieHtsl yIpaBIsIOLIX
Boznericteuil (BPYB) ¢ nocnenyromeit nepeaapecanueii B yerpoiictsa CCIIN u B aB-
TOMAaTUYECKUE YCTPOWCTBA pa3rpy3ku sHeproysia (AYPDIY), ycraHoBieHHbIE Ha
noactanuusx [IC1, IIC2 u I1C3 snepropaiiona (pucyHok 1).

Pacnpenenenne YB mexay NmoACTaHIUAMH JOJKHO IPOUCXOAUTH IPOIOPIIU-
OHAJIbHO M3MEPEHHBIM 3HAUYECHMUSIM MOIIHOCTEW Harpy3ok norpeduteneit. [ns onTu-
MaJIBHOTO paclipenesieHuss YB Mexay NOACTaHIUMsAMHU SHEPropaiioHa B alrOpPUTME
pacueta Y B, Takxke JOJIKEH UCIONIb30BaThCA KO3(PPUIIMEHTE yUyacTUsl Harpy3KH Mo/i-
CTaHIIMM B 00IIIeM MOTPeOICHUN dHEpPropalioHa.

Ha pucynke 2 npeacrasieHa CTpYKTypHasl CXeMa WUTFOCTPUPYIOIIAask IPUHLUI
nerctBus ycrpoiicta AJJA.
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YerpoiictBo padoTtaer crneayromuM odpazoM. [Ipu BOSHHKHOBEHNUN aBapUHON
curyaruu B DOC, puBOIAIICH K HEAOMyCTUMOMY cHmkeHuto f, mubo U, ycraHoB-
JICHHBIM Ha mmHaX HeHTpa nutanus 110 ycrporictBa AJIA, mo dakry cHmxeHus f
win U Huke yctaBku cpabarbiBanus, opmupyet komanasl Ha JJC u OH. OnHoBpe-
MEHHO C 3THM, Ha OCHOBAaHMWM MocieaHux uamepeHHsix b napamerpos, B Bb pac-
CUMTHIBAIOTCS 00bEMBI Y B Ha oTkimtoueHue yactu Harpy3ok H1, H2, H3 (Pucynoxk 1).
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Puc. 2. CtpykTypHas cxema aJlanTUBHOW JIETUTEIbHON aBTOMATUKH

BPVYB npousBoaut pacnpenenenre 00b¢MoB Y B 1o nojcTaniusaM 3Hepropai-
oHa u nepenact ux B AYPOVY. AYPOY, peanusyror YB TOIBKO IIpU NOCTYIUIEHUH B
Hux koMaHa OH ot [10. B gpyrux cnyyasx aBTOMaThka HaXOJIHUTCS B PEKHUME OKHU-
TAHUS.

@akTUYECKH, HA MOMEHT BBIJICJICHHS DHEPrOpaioHa, IPOU3BOIUTCS OTKIIFOYE-
HUE HArpy3KH, 1715l CO3JaHusl HOBOro 0ajnaHca MOIIHOCTH B M30JMPOBAHHOM pailoHE.

Pa3paboTka u BHeIpeHUEe alallTUBHOTO YCTPONCTBA JNEIUTEILHON aBTOMATHUKH
MO3BOJIUT CYLIECTBEHHO MOBBICUTH 3()(PEKTHUBHOCTH BBIIEICHUS SHEPrOPaiOHOB C
OCMM Ha u301MpOBaHHYIO pabOTy U B LEJIOM HAAEKHOCTH 3JIEKTPOCHAOKEHUs
sHepropaiioHoB ¢ OCMM B aBapuiHBIX CUTYalMSX, IPUBOJSAIIMX K HEOMYCTUMOMY
CHIKEHHIO OCHOBHBIX PEKMMHBIX apameTpoB I9C.

JINTEPATVYPA:
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TIIJIASMEHHBIN I[I/IHAMI/I‘IECKI/II?’IUCI/IHTE3 YJABTPAJIUCHEPCHOTI' O
OKCHUJA IMHKA U CITEKAIOIIEN KEPAMUKHA HA EI'O OCHOBE —
JJIA OITH

A.C. KpbIrun
TOMCKUY MOJIMTEXHUYECKAN YHUBEPCUTET
OHUH, 21111, SAM6K

Bsenenune

CymiectByeT mpobiieMa B AJIEKTPOIHEPTETUKE, TaKas Kak, 3alluTa OT MepeHa-
MPSKEHUS DJIEKTPOOOOPYI0BAHUS.

[IInpoko M3BECTHO, YTO OKCHJI IIMHKA SBJIAETCSI MHOTOOOECHIAIONIUM MaTepua-
JIOM H3-32 €ro CBOMCTB, TaKUX KaK BBICOKAs MOJBUKHOCTH JJICKTPOHOB, XOpOIIas
MIPO3PAYHOCTD, IUPOKAS 3arpelicHHas 30Ha, CHIIbHAS JTFIOMUHeceHIms [1].

Ha nanHbIii MOMEHT MHOTO CIOCOOOB MOJYYEHUS! OKCUIOB LIMHKA, JIJISi BapH-
CTOPOB.

B nanHOli cTathe OyAeT omucaH METOJ CO3JaHUsl KePaMHUKHU, JJisl BAPUCTOPOB,
Ha OCHOBE OKCH/JIA [IMHKA, HA OCHOBE KOAKCHAJIBLHOIO MarHUTOILJIA3MEHHOTO YCKOPH-
Tensi. OCHOBHBIMU MPEUMYIIECTBAMHU 3TOTO CIIOCO0A MOTYYEHHUsT TTOPOIIKOB SBJISIOT-
Cs1 BBICOKasi CKOPOCTh MpolLiecca U BbICOKAsh YUCTOTA BBIX0/1a CUHTE3UPOBAHHOTO MPO-
IyKTa ¢ TpeOyeMoi CTPYKTYpO#l U pa3MepoM YacTHII.

CBoiicTBa OKCHJIa IIMHKA HAMPSMYIO 3aBUCSIT OT €ro CTPYKTYpPbl, MOP(HOJIOTHH,
COOTHOILIEHHS CTOPOH, pa3Mepa U OPUEHTALIUH YACTHII.

Kpome Toro, 3a UCKITFOUEHUEM CTPYKTYphI MaTepuaia, BaKHbIM (DAKTOpOM sIB-
nsieTcs pa3mep vactuil. s co3manus KepaMuKy ¢ BBICOKOM TUIOTHOCTBHIO HEOOXOU-
MO BBECTH YaCTHUIIbI MEHbIIIEH PpaKIUX B MUKPOH UM CYOMUKPOHHBIN MOPOIIIOK.

N3ydeHnne MI0THOCTH MOJYYEHHOM KepaMHUKH MOKa3aj0 BBHICOKYIO IMJIOTHOCTh
10 99%.

DKCHEepUMEHTaIbHAs YacTh

B cratbe mpeacTaBieHa cxemMa U MPUHIUIT paOOThl KOAKCHAIBHOTO MarHUTO-
MJIA3MEHHOTO YCKOPUTENS C [IMHKOBBIMU AJIEKTpoAaMu [2-3], B KOTOPOM CHHTE3UPO-
BaH HAHOJAMCIEPCHBIN MOPOIIOK OKCHIA IIMHKA.
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Puc. 1. Cxema, ycTpOICTBO M MPUHLINI IEUCTBUS KOAKCHAIIBHOTO MarHUTOIIIa3MEH-
HOT'O YKOPUTES

[Tocne cbopa mpoayKTa IUIA3MOJAMHAMHYECKOTO CHHTE3a CIIEKaHWE MPOBOJIU-
JIOCh Ha YCTAaHOBKE criekaHusi uckpoBoii masmel Advanced Technology SPS 10-4.

[Tony4yeHHbIE PE3YyAbTATHI

3.1. UccnenoBanue npoayKTa IMHAMHUYECKUM METOJIO0M IJIa3Mbl

DKCNEPUMEHTAIBHO YCTAHOBJIEHO, YTO MOYTH YUCTHIA KPUCTAUTMYECKHUM OK-
cu uHKa ZnO B 3TUX YCJIOBUSX 00pa3yeTcs Mpu 00bEMHONW KOHIICHTPAIIMU KUCITO-
pona O2 B razoBoit cmecu 6osee 80%. OO0 3Tom cBuaerenscTByeT KapThuHa XRD nc-
XOJIHOTO TIPOJIYKTa, TOKa3aHHasi Ha PUCYHKE 2. PEHTreHOBCKUI aHaIN3 MoKasal Ou-
30CTh CHHTE3UPOBAHHOTO MOPOIIKA K CTPYKTYpHOM Mozenn ZnO mpoCcTpaHCTBEHHOU
IPYIIbI FEKCATOHAIBHOW KPUCTAJUIMYECKOUN cucteMbl P63 mc.
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Puc. 2. Tunuuneie peHTreHoBCckUe nudpakrorpammsl (XRD-kapTuHbl) a) asis npo-
JyKTa TUIa3MOAMHEaMU4ecKoro cuHTe3a Zn-0, 6) cTpyKTypHast MOJIEb I'eKcaro-
HaJIbHOTO OKCHJIA IIMHKA

3.2 UccnenoBanne SPS-kepamMuku Ha OCHOBE IPOAYKTA IUIA3MOAMHAMHUYECKO-
ro CUHTE3a

Jlnst mosydeHus: KaueCTBEHHOM KEepaMUKM C MHUKPOHHOM M CYyOMHUKPOHHOMU
CTPYKTYPOWl MEpEeAOBbIM METOJOM HCKPOBOTO Miia3MeHHOro crnekanus (SPS) HeoO-
XOJIMMO BBEJICHHUE B OCHOBHOW MHUKPOHHBIA WJIM CYOMUKPOHHBIN TMOPOIIOK OoJiee
MEJKOH (hpaKiud B MaCCOBOM KoJudecTBe 10 45%.

B noponikax mia3MoaMHaMAYECKOIO CHHTE3a 3TO YCIOBUE BBINOJIHSAETCS aB-
TOMAaTUYECKU MPU PAaBHOMEPHOM PACIBUICHUN HAHOIUCIEPCHOM (pakuuu B 0O0IIen
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Mmacce. [Ipu koMmakTupoBaHUM MeJNKas (PaKIys 3aMOJHAET MPOCTPAHCTBO MEXKIY
0oJiee KPYyMHBIMU YacCTUI[AMU, 00ECIIeYnBasi MOJTYyYEeHUE BHICOKOINIOTHONW KEPAMUKH.

N3mepenHast THAPOCTATUYECKUM METOJIOM IJIOTHOCTh MaTepualia MmojJy4yeHHON
npeccoBku coctaBuia p = 4,5 r/cm3 (80%), 4TO TOBOPUT O €ro BHICOKOM MOPUCTOCTH.
IIpuBenennbpie Ha pucyHke 6 SEM-CHUMKH CKOJia MOKa3bIBAlOT BBICOKYIO HEOJHO-
POJIHOCTB CTPYKTYPBI 00BEMHOTO MaTepnaa (pHcyHOK 6a).

TPUGN.0000 | 20S0Se TSZTNL A5 ROk WOUR TPUIRAM0 | 0150406 1524 NL DAS R B0um TPUI0A0NE  Z0TS0MDS 1o ML DAS aie 10w
Puc. 6. SEM-cHUMKHCKOAaIOBEPXHOCTHOOBEMHOTOMATEpH AT
a) x1.0k, b) x20.0k, ¢) x10.0k

AHanu3 pe3ysbTaTOB NEPBBIX 3KCHEPUMEHTOB MO SPS-KOMIakTHpPOBaHUIO
YIBTPAIUCIEPCHBIX NOPOIMIKOB ZnO MiIa3MOJUHAMUYECKOTO CUHTE3a MOKa3al HeoO-
XOJIMMOCTh UX JI€3arjIoOMEpaIi U ONITUMHU3ALMU PEXXUMa HArpeBa MPOTEKAOIIETO IO
IIPECCOBKE TOKA. B CBsI3U ¢ 3TUM mnepe1 caeayromMM SKCIIEPUMEHTOM MPOIYKT I1J1a3-
MOJWHAMUYecKoro cuaTe3a ZnO ObLI MOIBEPTHYT TEPMUUIECKONM 00paboTKe B BO3TY-
xe nipu Temneparype 200 °C B Teuenue 1 yaca ¢ nocneayroiiei oopaboTkoi B 1mapo-
BOM MesbHUIE (KOpYHIOBBIA TUTenb U map) npu 30 munytax. [Iporecc SPS taxxke
IIPOBEJICH B rpa(bHTOBOH npeccq)opme [IpH MOCTOAHHOM [aBJIeHAH 50 MIIA.

/06/09  15:48 N D45 x5 ZDum ZnO_skol0008 2016/06/09 15:53 N D4

Puc. 7. SEM-cunmMkH MUKPOCTPYKTYPBI OTy4eHHON SPS-kepamuku
a,0) momepeyHbIi CKoJI 0Opasma

S 336 PM_ETD 2000 kV 1. 0+
Puc. 8. SEM-caumkn mnmba HpOTpaBJ'IeHHOI/I HOBerHOCTI/I SPS-kepamMuku
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TIIY.

3akaoueHue

B xone nponaenanHoil paboThl ObLI MOMYYEH OKCUJI ITMHKA, HA OCHOBE KOTOPOTO
ObLIa MOoJyYyeHa KepaMuKa, YTO B MOCJEACTBUE, IUNIAHUPYETCS MPUMEHUTD ISl Bapu-
CTOPOB, UcMoJIb3yeMbIX kKak OITH.

JINTEPATVYPA:

1.

Duong, T. T., Do, Q. N., Pham, A. T., & Nguyen, D. C. (2016). A facile
nonaqueous solution ap-proach to controlling the size of ZnO crystallites
and predominant {0001} facets. Journal of Alloys and Compounds, 686,
854-858.

. Sivkov, A., Pak, A., Shanenkov, 1., Kolganova, Y., & Prosvirin, I. (2014).

Effect of energy on plas-modynamic synthesis product in the carbon-
nitrogen system. In Advanced Materials Research (Vol. 880, pp. 36-41).
Trans Tech Publications.

Sivkov, A., Shanenkova, Y., Saigash, A., & Shanenkov, I. (2016). High-
speed thermal plasma depo-sition of copper coating on aluminum surface
with strong substrate adhesion and low transient resis-tivity. Surface and
Coatings Technology, 292, 63-71.

Hayunbiii pykoBoautens: A.A. CuBkoB, A.T.H., npodeccop kad. DT SHUH

PABPABOTKA METOAUKHU U ONPEJAEJIEHUE BEJIMYUH
3KOHOMMYECKOM VIOTHOCTHU TOKA JIJISI TOJBIX
MNPOBOJHUKOB

3.b. Xyxwuna, A.B. Bapranosa
MarauToropckuii rocyJapCTBEHHbIM TEXHUYECKU YHUBEPCUTET

Paszpabomana memoouxa ons pacuema senuuurvl IKOHOMUYECKOU NIOMHOCU
MOKA, NO3B0NAIOWAS. YHUMbIBAMb (PAKMOP HAOEeHCHOCMU IneKmpocHabicenus. 1lo-
JIyUeHbl HOBble 3HAUeHUs] IKOHOMUUECKOU NIOMHOCMU MOKA Ol CIALealOMUHEBbIX
npoeooHUKoe Hanpsdicenuem 35 u 110 kB.
Knrouesvie cnosa: sxonomuueckas niomHocms moka, 8bi00p ceuenus, cmaea-
JIrOMuUHesvle nposooa. (Knoueswie cnosa)

CaMblil BBITOJIHBIN BapyaHT MPU BHIOOPE CEUEHMS TPOBOJHUKOB ONpPEEISIeTCs
0 MUHUMYMY HpHUBEIEHHBIX 3arpar. B dopmyny nns pacdera 3arparT BKIIOUUM
CPEIHETo0BOM yIepd M3-3a HEOOTIycKa AnekTpudeckoi sneprun. Gopmyna ams
pacuera NpUBEIECHHBIX 3aTPaT OYIET BBITIAAETh CICAYIOIUM 00pa3oM:

3=p, - K+HN+YVY, (1)

3(F) = (a+DF)- (ay + py) 1 +31 55 - 20 (e Bt yo - T 050, @
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rae p,=0,12 - HopmaTuBHBIM KO3 GUIMEHT CPaBHUTEIBHONW 3()(HEKTUBHOCTU

KaUTaJIbHBIX BIOXKeHUH, 1/ron; K — etMHOBpeMeHHbIe KanuTalbHbIE BIOXKEHUS, He-
00XOJMMBIE ISl COOPYKEHHUS ceT, py0.; I — exxeromnpie 3KCILTyaTallnOHHBIE pac-
X0Jbl, py0./roa; ¥V — ymep0 oT nepepsiBa B 3IEKTPOCHAOKEHUH, pyO.; @ — KauTalb-
HBIC BJIOXKEHUA B | KM JIMHUU, HE 3aBUCSIINE OT CEUYEHHs, T.€. 3TO 3aTPaThl HA MOATO-
TOBKY IPOCEKH, Ha JOPOTH, OCYyIIeHHEe OOJIOT | T.1., py0./KM; D — JacTh yneiapHBIX
KAMATAIBHBIX BJIOXKEHHI, MPOMOPIHOHANBHAS CCYCHHIO MPOBOAA, PyO./(KM-MM®)
(CTOMMOCTP MeTallia, Omop, apMaTypsl); F - cedeHrne MpOBOAHMKA, MM’ d, - €Xe-

a
rOJIHbIC OTYMCIIEHUS HAa aMOPTHU3AIMIO U TEKYIIUHA PEMOHT JIMHUM B OTHOCUTEIbHBIX
enuHunax, 1/rom; | — qunHa muuuu, kM; |, — HanOOJIBIINI pabOYnii TOK JUHHH, A; P
=0,0315 Om-MM*/M — yJIeNbHOE COMPOTUBIICHUE MaTepuaia nIpoBoja (i alltOMUHU-
eBoro); P=2,82 py0./kBT'4 — CTOMMOCTH TOTEPh DJICKTPOIHEPTHUU; T — BpPEMs
HauOOJBIINX MOTEPH , Y, T.€. BpEeMs, 32 KOTOpOE MpHU paboTe ¢ HAauOOJbIIEH HAarpy3-
KO MOTEPHU 3JEKTPOIHEPIUH 32 TOJ] T€ K€, YTO U MPHU pabOTe MO peabHOMY I'paduKy
Harpy3oK; Yy, - VICIbHBIH ymiepd OT TepepbiBa JJIEKTPOCHAOKEHHS, Y,

=18,3 py6./xBT1-u; T, - cpenHee BpeMs BocCTaHOBJIEHUS, 4.; COSe =0,9.

N3 3TOr0 BHIpAKEHUS BHIBOJIUM CEUYCHHE TIPOBOJIHUKA.
3B+ Yo Tp-C050) p o

b-(ay + py)

[Toryurm BeIpaskeHHE )T pacueTa SKOHOMUYECKON IIOTHOCTH TOKA C YIETOM
(dakTOpa HAJECKHOCTH, KaK OTHOIICHHE HAHOOJBIIIETO MPOTEKAOMIECTO B JIMHUH TOKA
K SKOHOMHUYECKOMY CEUCHUIO:

_ |16 _ b'(aa"'pH) 3)
) = :
Fax 3(t-Bp+Yo-Tg-cosg)-p

B xauecTBe nmpuMepa mpuBEAEM pacdeThl BETUINH YKOHOMHUYECKOHW TUIOTHOCTH

Toka npoBoJioB AC misa 3anannoii CUOMpPH ¢ YKUCIOM 4acCOB UCIOJIB30BAHUSI MAKCH-

myma Harpy3ku 2000 4. B tabn. 1 npencraBiieHbl pe3ybTaThl pacyeTa BETUYUH KO-
HOMHYECKOU INIOTHOCTHU TOKA.

FaK - IH6

Ta6mn. 1.
3HaYeHNEe YKOHOMHUYECKOM TJIOTHOCTH TOKa J,, 1711 mpoBoaHuKoB THa AC st 3a-
nagnoit Cubupu, A/Mm”

Yucio 4acoB UCIOJIB30BAHUS MAKCUMYyMa

Tun npoBogHMKa Harpy3Ku, 4
1000-3000 | 3000-5000 | 5000-8760
6-10 xB
- Ha METAJUTMYECKUX OTMOpax 2,0 2,0 1,991
- Ha JKeJIe300€TOHHBIX 0MOpax 1,853 1,847 1,836
35 kB

- Ha METaJUIMYECKHX OIopax OJHO- 0,969 0,968 0,966
L[EMTHBIE

- Ha METAJUIMYECKUX OMopax ABYX- 1,288 1,286 1,281

1enHbIe (0IHA OTKJIFOYEHA)
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Tun nmpoBogHMKA

Yuciio 4acoB MCIOJIL30BAHUS MaKCHMYyMa

Harpy3KH, 4
- Ha METAJUIMYECKUX OIOpax ABYX-
I[ETTHBIC (JIBE OTKIIFOYCHBI) 0,928 0,927 0,926
- Ha KeJIe300€TOHHBIX OMOpax OJIHO- 0,037 0,036 0,934
LIEITHBIE
- Ha KeJe300€TOHHBIX OIMopax JIBYX- 1004 1003 1001
1enHbIe (01HA OTKIIFOYEHA) ’ ’ ’
- Ha JKEJIC300CTOHHBIX OIOpPax JABYX-
IETTHBIC (B OTKIIIOUYCHBI) 0,882 0,881 0,880
- Ha JCPEBSHHBIX OIOpPAax OJJHOIICII-
_— 1,026 1,025 1,023

Ha ocHoBaHuuM pa3pabOTaHHOrO MOJAXO0Ja MO ONPEACIICHUIO BEIUYHH 3KOHO-
MHYECKON TUIOTHOCTH TOKa pa3paboTaHa METOJMKA, IMO3BOJIIOIIAS ONPEAEIUTh KO-
HOMHUYECKH 11eJ1IeCO00pa3HbIe CeYeHUsl MPOBOJAHUKOB, OJIOK-CXeMa KOTOPOM MpuBee-

Ha Ha puc. 1.

F(r01X01b0| qu I}:{Orll TB’ Kv yO)

SHarpy Lv UHOM

v

Onpez{eneHI/Ie 9KOHOMUYECKON
IIJIOTHOCTH TOKa

!

A

Sul
y4acTKOB

L ]

N — KOJIUYECTBO

Y4aCTKOB

Onpenenenue OIITUMAJIBHOI'O
CEUCHMUSI IIPOBOTHUKA

A 4

Pacuer
YCTaHOBHUBILETOCS
pexumMa

T

IIpoBepka 1o 3aBUCHMBIM
H HE3aBHUCHMbBIM
OIrpaHUYCHUAM

[

M — KOJIUYECTBO
ONTUMAJILHBIX CEUCHUI

JIOM Yy4aCTKe

Puc. 1. biok-cxema ajroputma omnpeesIeHusl SIKOHOMUYECKH 11e1eCO00Pa3HbIX ceue-
HUM TIPOBOJHUKOB
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INPOTHOCTUYECKHE PEI'YJISITOPbl CAHHXPOHHBIX TEHEPATOPOB
YCTAHOBOK PACHIPEJAEJIEHHOU I'EHEPAIIUN

10.H. Bynaros’, A.B. Kprokos>®, Hryen Ban Xyan®
bparcknii rocy1apCTBEHHBIN YHUBEPCUTET
NpkyTckuii rocy1apCTBEHHBIN YHUBEPCUTET ITyTEN COOOIIIEHHS
HNpKyTCcKuii HAMOHAJIBHBIM HCCIEN0BATENBCKUN TEXHUYECKHM yHI/IBCpCI/ITeT3

Beenenmne. Vcnonb3oBanue ycTaHOBOK pacrnpenenénnoi renepanuu (PI7) oco-
OCHHO aKTyaJbHO NPH MOJICpHU3AIMU cHUCTeM 3JiekTpocHabxkeHus (COC), ymaieH-
HBIX OT ceTeBOil uH(PpacTpykTyphl. B nentpanuzoBannbix COC npuMeHeHHE ycTa-
HOBOK PI' mo3BosisieT pa3rpy3uTh OCHOBHYIO CE€Th, IOBBICUTh HAAEKHOCTh AJIEKTPO-
CHAa0XXEHHUS M YIYUIIMTh Ka4eCTBO 3yekTposHepruu [1, 2]. Bonbioi uHTEepec npe-
cTaBJsitoT ycraHoBkHM PI', paboraromire Ha OCHOBE CHHXPOHHBIX TYpOO M THIpOreHe-
paTopoB. OJIHaKO BHEJPEHUE TaKMX YCTAHOBOK TPEOYET pelieHus 3aauu omnpeese-
HUS ONTUMAJILHBIX HACTPOEK aBTOMATHYECKUX PErylaTopoB Bo30Oyxuenus (APB) u
yacToThl BpameHus (APYB), 4to cBA3aHO ¢ TPyAOEMKUMHU pacu€ramMu OOJBIIOrO
YKClia B3aMMOCBSI3aHHBIX MapaMeTpoB. KpoMe 3Toro moBblllieHHE KayecTBa perysiu-
POBaHUS B 3HAUUTEJILHON CTENIEHU OrPaHUYMBACTCS UHEPIIMOHHOCTHIO JICHCTBYIOIIIE-
ro oObeKTa, U3MEHUTh XapaKTEPUCTUKU KOTOPOTO HE MPEJCTABIACTCS BO3MOMKHBIM.
OpnHako MOBBIIIEHUE KauecTBa PEryJMpOBaHUS BO3ZMOXKHO MYTEM COBEPIIEHCTBOBA-
HUSI CUCTEMBI YIIPABJICHUS.

B ycnoBusix yCKOpeHHOTO BBOJa B JIKCIUTyaTaluio ycraHoBok PI', paboraro-
IMX Ha OCHOBE CUHXPOHHBIX reHeparopoB ¢ APB u APUB, Bo3MoxkeH moaxon,
00ecCIeunBaIINi HACTPONKY PEryJsTOPOB C TMOMOIIBIO OJHOTO mapamerpa. Jlis
ATOTO TMPEJIaraeTcsl MEPEeUTH OT PEryIUPOBAHUS MO TEKYIIEMY 3HAYEHHUIO OIIMOKH
&(t) k ynpaBiaeHHI0, MPeaNoaramieMy BerarucieHue mporuosa &(t + At). Perymnsrop,
yrpaBisomui 00bekToM 1o Benuunte &(t + At), Ha3Ban B [3] nporHoctuyeckum. B
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JaHHOW paboTe B TUIIOBOW JIMHEHHBIA 3aKOH PETYIUPOBAHHS BBOJIUTCS JOTOJHU-
TEJIbHOE 3BEHO — JJIEMEHT IIPOTHO3UPOBAHMSA, YTO IO3BOJIIET C MUHUMAJIbHBIMU 3a-
TparaMy yCOBEPILICHCTBOBATh cCyllecTByromme kiaccuueckue APB u APUB u nHa
JTale ONEPaTUBHOIO BBOJA B 3KCIUIYaTAalMIO OTKA3aThCSA OT MPOLEAYpPHI IOMCKA OII-
TUMAJIbHBIX TAPAMETPOB ATHX PETYISATOPOB [4].

Hwuxe paccmotpensl npornoctudyeckue APB 1 APUB cuHXpOHHBIX TeHepaTo-
poB ycraHoBku PI', paboraroiieil B cucreMe 3JeKTPOCHA0KEHUS JKEJIE3HOU JOPOru
(COXK) m uccienoBaHo MX BIUSHUE HAa KAYECTBO YIPABJICHUS HANPSLDKEHHEM M Ya-
CTOTOM MpHu u3MeHeHnH pexkuma padbotsr COC.

IIporHocTnyeckue peryJasiTOpbl CHHXPOHHBIX T€HEPAaTOPOB YCTaHOBOK PI'.
[IporHocTudeckuii peryisarop BKIOYaeT B ceOs aABa cerMeHTta [3, 4]: peryisTop c
npornopuuaibHO-uHTErpanbHo-1ud pepennuansupivM  (ITIM/]) 3akoHOM perymmpoBa-
HUSI ¥ TIPEIBKIIOYECHHBIA 3JIEMEHT NMPOTHO3UPOBaHUs. [IpoCTON NMHENHBIN MPOrHO3
MOJKET OBITh pEaIN30BaH M0 ABYM 3HAUEHUSM PETYIUPYEMON BETNUUHBI — TEKYILIEMY
y(t) u npenpinymemy Y(t —At); npu 3TOM nepenaTodyHas GyHKIUS TPOTHO3HPYIOIIETO
3BeHa (I13) onpenensercs tax [3, 4]:

Wior(s)=Tps +1, (1)

rac Tp— IMIOCTOsAHHAsA BPCMCHHU JIMHEHHOTO IIPOTrHO3UPYIOUMICTO 3BCHA (BpGMH

MporHo3a); S — onepatop Jlamnaca.

TakuMm oOpa3oM, BO3HHMKAET 3ajilaya OMNpeJeSieHUus] MOCTOSSTHHONM BpemeHnu [13
U1 KOHKPETHOTO 00BeKTa peryiupoBanus. B pabote [4] mpencraBieHbl CTPYKTYp-
Hble cxembl nporHoctuueckux APB u APUB u onmcana meToanka uX HACTPOWKH,
OCHOBaHHas Ha ONPEEICHUN YaCTOThl COOCTBEHHBIX KOJIEOAHUI CUCTEMBI.

[IpuHrMas BO BHUMaHUE PE3yJIbTaThl BHIITOJIHEHHBIX UCCIEAOBAHUN, a TAKXKe
TO, YTO COBPEMEHHBIE OBICTPOACHCTBYIOLINE TUPUCTOPHBIE CUCTEMBI BO30YXKICHUS
TeHEPATOPOB MO3BOJISIOT MOAIEPKUBATH B HOPMAIBHBIX PEXUMaxX pabOThl HaMpshHKe-
HUE Yy TeHepaTopa MPaKTHUYEeCKU HEU3MEHHBIM, Iiesiecoo0pa3Ho B otiauune ot APB
M3MEHATh NOCTOSIHHYIO BpeMeHU TporHo3upoBanus APUYB mpu Bapuaumu pexkuma
paboThI reHepaTopa M NOJIyYuTh aBTonpornoctuyeckuii APUB.

MoaenupoBanue U aHAJIU3 Pe3yJbTATOB HccJeA0BaHUA. MoaenupoBaHue
ocyuiecTBisuioch B cpeae MATLAB npumenuTensHo Kk cTpykrypHoi cxeme COX/,
nokKa3aHHo! Ha puc. 1. MonenupoBaiics OTAENbHbINA PAalOH 3JIEKTPOCHAOKEHUS HETS-
TOBBIX MOTPEOUTENCH, BKIIOYAIONIMN JBa MapauieIbHO padoTarolux TeHepaTopa,
MUATAONTIUX TPYIITY HArpy30K ¢ CyMMapHOW MOIIHOCTBIO 5,55 MB-A, 00beIuHEHHBIX
B CETEBOM KJIACTEP, BBINOJHEHHBIA HAa OCHOBE BCTABKH MOCTOSHHOTO Toka (BIIT).
MoutHOCTh Kax10ro reneparopa ycranoBku PI™ paBHsinace 3 MB-A.
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6 xB PI
IC APB APUB
J B2 Bais
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= ~ APB APYB
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BIIT OB
20 iﬂ‘l

KIT \ e

I'eneparop?2
SIIC Typ6uHa2
"
TSRO TR TR T TS Pensc P+iQ

Puc. 1. ®parmeHT cucTeMbl 31EKTPOCHA0KEHUS Kene3Hoi noporu: DIC — 351eKTpo-
sHeprernueckas cucrema; TII — sarosas noactannust; I1IC — 3neKTponoABUKHOM
cocrtaB; KII — konTaktHbIi ipoBof; Y — naturk yactotel Bpamenus; OB — oOMoTka
B030yxaeHus; TH — TpancopmaTop HanpsikeHust; B — BeIkiItouaresns

Jna onpenenenust 3¢p(HEKTUBHOCTU IpeAaraéMbIX peryisiTOpoB HCCIENOBa-
JIMCh CIIENYIOIIME PEKUMBI: MOAKIIOUYECHHUE JTONOIHUTEIBHON HAarpy3Ku U BO3HUKHO-
BEHUE KPATKOBPEMEHHOI'O KOPOTKOTO 3aMbIKaHUsl HA IIMHAX HETATOBOIO MOTpeOuTe-
1. PaccmatpuBanuch cienyromme peryisaropsl TypOorenepaTopoB ycranoBku Pl

e HecornmacoBanHo HactpoeHHbie APB u APUB (IIM/-perynsitopsl,

HACTPOWKa KOTOPBIX OMPEEsiaach U3 MPAKTUYECKUX COOOPAKEHUN);
® COIIACOBAaHHO HACTPOCHHBIC 1O TpenacTaBicHHOW B [2] meroanke APB u
APUYB (ITNUI-perynsatopsi);

COTJIACOBAHHO HacTpoeHHble mnporHoctuyeckue APB u APUB (ITM/I-
PETYJIATOPHI C MPOTHO3MPYIOIIMM 3BEHOM); IpU 3TOM BpeMs mporuos3a I13 APUB
MIO/ICTPAauBAIIOCH ABTOMATHYECKH.

Bo3My1ienust BHOCUIMCh B MOMEHT BpEMEHH 8 ¢ Ipu paboTe CUCTEMBI B ycTa-
HOBHBIIEMcs pexume. HauanbHast 3arpy3ka TypOoreneparopoB coctasisiia mo 80 %.
Ha puc. 2 u 3 npeacraBieHbl OCIUIIIIOTPAMMBI AEHCTBYIONIETO 3HAYCHHS HAMpsiKe-
HUS Ha IIMHAX HETATOBOrO MOTPEOUTENS] M YaCTOThl BpAIllEHHUs] POTOpa T'e€HepaTopa
yctaHoBkH PI' uist nByX paccMarpuBaeMbIX peKHMOB.
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—————————————— YacToTa BpaleHHs poTopa I'eHeparopa, o.e.
6750 r Hanpsoxkene, B L7 S S B S S———

65001 | 2
6250 1
6000

1.002 ¢

57507
5500t 0.998 r
3250¢ 0.996
50007
4750t Bpems, ¢ { 0994 Bpems, ¢
7 8 9 10 11 12 13 14 15 16 17 18 19 7 8 9 1011 12 13 14 15 16 17 18 19 20

a) 0)
Puc. 2. OcuuinorpaMMbl 1€HCTBYIONIETO 3HAYCHUS HANPSDKEHUSI HA IIMHAX HETSTO-
BOT'0 MOTpeOuTes (a) M 4acTOTHI BpallleHus poTopa reneparopa (0) yctanoBku PI’
Y MOJKIIOYEHUH JOTIOTHUTENBHON HArpy3KHu: 1 — HecoriacoBaHHO HACTPOEHHBIE
APB u APYB; 2 — cornacoBanno HactpoeHHble APB 1 APUB; 3 — coritacopanno
HacTpoeHHble TporHoctuueckue APB u APUB

Hanpsorerme, B YacToTa BPaIlleHHs pOTOpa [eHepaTopa, 0.€.
10000 | | 3
9000 | )
8000 0.9 -
7000 | 0.8 |
6000
5000 0.7 1
4000 | 06}
3000 | osl
2000 | :
1003 s Bpews, c| 04| ]
7 8 9 1011 1213 14 15 16 17 18 19 20 7 8 9 10 11 12 13 14 15 16 17 18 19 20
a) 0)

Puc. 3. OciuiorpaMMbl 1EHCTBYIOIIETO 3HAUCHHUS HATPSHKEHUS Ha IIMHAX HETSTO-
BOT'0 MOTpeOuUTENS () M 4acTOThI BpallleHUus poTopa reuepartopa (0) ycranoBku PT°
IIPY BO3HUKHOBEHHUH U OTKIIIOUeHUHU yepe3 0,5 ¢ KopoTKoro 3ambikanusi: 1 — Heco-
riacoBaHHO HacTpoeHHble APB u APUB; 2 — cornmacoBanno HacTpoeHHbie APB u

APYB; 3 — coriacoBanHo HacTpoeHHbIe nporHoctuyeckne APB u APUB

W3 mpencraBiieHHBIX OCUMIIIOTPAMM BHJIHO, YTO COINIACOBAHHO HACTPOEHHBIE
APB u APYB no3BossioT obecrneunth HEOOXOIUMBIN 3arac yCTOMYMBOCTU TeHepa-
TOpoB ycTaHoBkHU PI', a Takke ymydmmaior aemrdepHbie CBOMCTBA dJEKTPOIHEPTeTH-
YECKOW CUCTEMBI IIPU IEKTPOMEXAHUYECKUX IEPEXOAHBIX IPOLECCAX, BBI3BAHHBIX
Pa3IMYHBIMA HU3MEHEHUSAMU DPEXKUMOB. TakKe CHMKACTCA PUCK BO3HUKHOBEHUS
(bnukkepa HanpsHDKEHHs B y371€ MPUCOEIMHEHUS TeHepaTopoB ycTaHoBku PI', Habto-
JaeMoOM Tpu OOJBIIOM BO3MYIIEHUHU B cucTeMme. [IpuMeHeHue MpOrHOCTHYECKUX
APB u APYB no3Bossier ynydyminuTh 3QPEeKT peryasiTopoB, MOIYYEHHBIH OT UX CO-
[JIACOBAHHOM HACTpOMKU. IIpr 3TOM 3HAYUTENBHO YIY4YIIAXOTCS MOKA3aTeNId Kade-
CTBa yMPAaBIICHUS, U KOMIIEHCUPYETCS] MHEPLIMOHHOCTh OOBEKTA.

3akiodyenue. Pe3ynbTaTbl KOMIIBIOTEPHOIO MOJEIUPOBAHUS MO3BOJISIOT CHE-
JIaTh CIEAYIOLIME BBIBOJIBI:
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1. CormacoanHo HactpoeHHble APB n APUB ¢ nporHo3upyroomum 3BEHOM
o0ecnieunBarOT HEOOXOAUMBIN 3aIac yCTOMYMBOCTH T€HEPATOPOB, YJIydlIatOT AEMII-
(depHble CBOMCTBA CHCTEMBI NPU AIEKTPOMEXAHUYECKUX IEPEXOJIHBIX Ipoleccax,
BBI3BAaHHBIX PA3JIMYHBIMU U3MEHEHUSIMU PEKUMOB, a TAK)KE CHI)KAIOT PUCK BO3HHUK-
HOBEHHUs (PIIMKKEpa HAPSKEHUS B y3Ji€ IPUCOEANHEHNS T€HEPAaTOPOB yCTaHOBKH PI.

2. IIporHocTudecKue peryisaTopbl yCTaHOBOK PI' O3BOJISAIOT ylydlINTh Kade-
CTBO YHPaBJIEHUS U CKOMIIEHCUPOBATh HHEPLIMOHHOCTh OOBEKTA.

3. IIpornoctuueckue APB u APUB MoryT ObITh peKOMEH/I0BaHbI B HCIIOIb30-
BaHWU TIPU ONEPATUBHOM BBOJIE B 3KCIUTyaTalnio ycTaHoBOK PI', pabGotaromux Ha
OCHOBE CHHXPOHHBIX F€HEPATOPOB.
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xene3nsix gopor / FO.H. bynatos, A.B. Kprokos, Han 3roit Xbiar. — Up-
kytck: UpI'VIIC, 2015. — 205 c.

3. llukuna T'.A. IlpuHIMn ympaBieHHS 1O TPOTHO3Y U BO3MOXKHOCTH
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cKo# anmekTposHepreTuke. — 2014, — Ne3. — C.5-13.

4. bynaroB IO.H., KprokoB A.B., Hryen Ban Xyan. MeTtonuka HacTpOWKH
IMPOTHOCTHYECKUX PETYJIATOPOB YCTAHOBOK PacCHpenesIeHHON reHepauuu //
W3Bectus Bricux y4ueOHbIX 3aBefeHuid. [Ipobnemsr snepretuku. — 2016. —
Ne 11-12. — C. 84-95.

Hayunsiit pykoBoautens: A.B. KprokoB, 1okTop TexH. Hayk, npodeccop, Up-
KYTCKHI TOCYJIapCTBEHHBIH YHUBEPCHUTET MyTel cooOmienus, WpKyTckuii Harmo-
HAJIBHBIA UCCIICAOBATEIIbCKUN TEXHUYECKUN YHUBEPCUTET.

MATEMATUYECKOE MOJEJIMPOBAHUE TPEX®A3HBIX
CAMOKOMIIEHCUPOBAHHBIX JIMHUHA JEKTPONEPEJAYN
B MATLAB\SIMULINK

A.B. IIponnues, E.O. ConagycoBa
Camapckuii rocyJapCTBEHHbINM TEXHUYECKU YHUBEPCUTET

Y CTaHOBKHM TPOJIOJIBLHON KOMIEHCALMH SIBJISIIOTCS HEOTHEMIIEMBIM 3JIEMEHTOB
CBEepXJabHUX TIepeaad nepeMeHHoro Toka [3]. OgHuM U3 Coco0OB JOCTHKEHUS
e NPOJ0JIbHOM KOMIEHCAUH — YMEHBIICHUSI MPOJ0JIbHON MHIYKTUBHOCTH BO3-
nyumHo nuHuu (BJI) — siBnsieTcst HacTpolika JIMHUM HA PE30HAHC HAIPSKEHUN WU
pe30HaHC TOKOB. JTa ujesa Obuia mpenioxkena B paborax M.M. ConoBréBa u A.A.
Bynwda [1] B mepBoii monoBune XX Beka. [loznuee, mpodeccopom H.®D. PakymieBbim

44



B pabote [2] ObUT IPEeIOKEeH CIIOcO0 pean3aiuy JaHHOW HlIeu — pa30MKHYTas -
HUSL AJIEKTpOIiepeauu, Kaxaas (a3a KOTOPO COCTOUT U3 ABYX U30JIUPOBAHHBIX JAPYT
OT Jpyra MpPOBOJHUKOB, OJAWH M3 KOTOPHIX (MpsiMas COCTABJISIONIAs) MOJKIIOUEH K
[IMHAM TIepeIaroiel MoICTaHluU, a BTOPOH (BCTpeUHAasi COCTABIIAOIIAs) — K IIIMHAM
npuéMHoi. [Ipu mocTaToOYHON JIMHE JUHUU B3aWMMHasi €MKOCTHAas IPOBOJMMOCTb,
CO37laHHasi MEXIy MPSIMON U OOPAaTHOM COCTABISIONMIUNA, MOTJIa ObI TTOJIHOCTHIO CKOM-
NEHCUPOBATh COOCTBEHHYIO UHIYKTUBHOCTD JIMHUH.

B paGote [5] aBTOpamMH NpemioKEHA YCOBEPUIEHCTBOBAHHAS KOHCTPYKIIMS
pazomkHyToi BJI, BbITIONIHEHHAS 110 MPUHIMITY paciuerienus ¢asbl. B Takoit muHun
npsiMasi ¥ BCTpPEYHasi COCTABIIAIONIAS PaCIIEIIEHHON (Da3bl MOJABEIICHBI HAa OJHOU
TpaBepce U OTIENEHBI IPYT OT JIpyra JU3JIEKTPUUYEeCKUMHU pacropkamu. [Ipu atom Ha
OJTHOM OTIOpE MOTYT pacroaraThCs Bce TpH (a3bl pazoMKkHyTOol BJI.

B pabGote [4] paccmaTpuBaicsi BOPOC OMPEAETICHNUS ONTUMAIbHOU KOHCTPYK-
[[UU pacllIeTIeHHOH (a3l pa30MKHYTON BO3AYIIHOM JIMHUU, OAHAKO PACUEThI TIPOU3-
BOJAMJIMCH Ha OAHO(A3HON MOJIEINH.

[{eapr0 TaHHOTO MCCIIEIOBAHNUS SBISICTCS PAcUET U AHAIN3 PEXXUMOB Harpy3Ku
MPEIIOKEHHOMU B [5] KOHCTpYKIMU TpexdazHoit pazomkHyToi BJIL.

g ananusa 3¢p(EeKTUBHOCTH MPUMEHEHUS PAa30MKHYTBIX JIMHUN 3JEKTpoIe-
peaadyd MCIHOJIB3YKOTCS METOJbl MaTeMaTH4YECKOTO MOJEIMPOBAHMS B  Cpele
MATLAB/Simulink ¢ wucnons3oBaHueM OHOJIMOTEKH AJIEMEHTOB  SimScape
SimPowerSystems. BrpinosHeH aHain3 pexUMOB padOThl JIMHUA ABYX KJIAcCOB
HanpspkeHus (500 u 750 kB) u Tpex BapuaHTOB KOHCTPYKILMM pacilieryieHHOW (a3bl
(puc. 1). CBenenus 00 aHaNM3UPYEMBbIX JIMHUSIX IIpeacTaBieHbl B Tabnuue 1.

Tabu. 1.
Kondurypanus nposnéra
Kiacc
Tur npoMexyTOUHBIX Bricota Mapxka
HanpspkeHus, kB
oTop nojiBeca ¢asbl, M | MpoBoJia B (paze
500 [IpomexxyTOUHBIE OIIOPHI 279 AC-700/86
Ha oTTshkkax [1b1
[IpomexxyTouHbIE OTIOPHI i
750 Ha otTspkkax [111750-1 35 AC-500/64
7 g
40 cv o N
C; O &
/7 B D) £
&, /b
a) 0)

Puc. 1. Cxema KOHCTPYKLIMH paculeruieHHON (ha3bl 00ILEro yyacTka pa3oMKHYTOM

BJI: a — pacuiennenue Ha 2 mpoBoja B ¢aze (kiaacce Hanpspkenus 500 kB); 6 — pac-

niersieHue Ha 4 mpoBojia B ¢ase (kiacc Hanpsbkenus 500 u 750 kB); B — pacien-
neHue Ha 6 mpoBonoB B (haze (kinacc Hanpsbkenus 750 kB)
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[Ipu moMoIK MaTeMaTUYECKON MOJIECNIN ISl AaHAJIU3a PEKUMa XOJIOCTOro X04a
[7] ObuIM paccuuTaHbl JJIMHBI OOIIETO ydyacTKa, MpH KOTOpoil B TpexdaszHou pazo-
MkHyTOM BJI HaOmronaeTcs siBjeHNE TTOJTHON CaMOKOMITCHCAITUH.

bruta mocTpoeHa mMaremMaTHuecKasi MOJIEb Ul aHAJIW3a PEeKUMa MOJI Harpys3-
koi. OOImMA ydyacToK MPEACTaBIICH CXEMOM 3aMEIIeHUs ¢ paclpee/IéHHBIMU Tapa-
MeTpaMH, KO BXOJly KOTOPOM MOJKIIOUEH TpeX(ha3HbIi UCTOYHUK CHUHYCOUIAIBLHOIO
HaIPsDKEHMS, a K BBIXOY TpeXQa3Hasi aKkTUBHO-WHIYKTHUBHAS Harpyska ¢ ko3 duim-
eaToM MormHOocTH 0,95. CurHANBI ¢ BOIBTMETPOB B Hadajie W B KOHIIE JTUHUU MPEOO-
pa3yroTCs, ¥ B KAUECTBE pacy€Ta pexruma MPUHUMAIOTCS 3HAUEHUS YCTAaHOBUBILIETOCSA
OTKJIOHEHUS HAMPSHKEHUS Ha OOIIEM y4acTKe B MPOICHTAX.

Pe3yabTaThl

B Tabmmiie 2 mpeacTaBieHbl pe3yabTaThl pacueTa JJIMHBI O0IIero ydacTKa Il
4-x paccMarpuBaeMbIX KoH(purypanuid. [lomydeHHBIE pe3ynbTaThl, OTIMYAIOTCS OT
onyOJIMKOBAaHHBIX paHee B [7], MOCKOJIBKY MCIIOJIb30BaHHAs B JJAHHOW paboTe Mare-
MaTH4YecKass MOJIENIb IpeJAcTaBjIeHa B MHOTO(a3HOM MOCTAHOBKE W IMOATOMY YUHTHI-
BaeT MPOILECCHI, CBSI3aHHBIE C BIUSIHUEM Ha PEKUM B3aUMHOW MHIYKTUBHOCTH MEXKY
MIPOBOAHUKAMU Pa3HbBIX (a3, JIsl KOMIIEHCAIIMH KOTOPOM TpeOyeTcsl TOMOIHUTEIbHAS
€MKOCTb.

Tabm. 2.
Kiace JlnuHa ydacTka
CxeMa KOHCTpYKIIUU
HaIpsHKEHUS, ACILIeILICHHOH (asbi CaMOKOMIIEHCAI1H,
kB P KM
a 932
>U0 0 705
0 697
750 B 602

B Tabnuiie 3 mpenctaBieHbl pacCUUTAHHBIEC 3HAYCHHSI MEPEIaBaeMON MOIITHO-
CTH YEThIpEX pacCMaTpUBAEMbIX KOH(QUTYpauuid sl ABYX 3HAYEHHI yCTaHOBHUBIIIE-
rocst oTkJIoHeHus1 HanpspkeHus [OU| B konue BJI -5 u 10 %.

Tabmn. 3.
ITepenaBaemast MOIITHOCTB,
Kondurypamms MBT
|oU| = 5% |oU| = 10%
500 kB — pacmermienue 1200 1900
Ha 2 TIpoOBO/Ia
500 kB — pacmermienue 5000 6600

Ha 4 IpoBOJIa

750 kB — pacmennenue
Ha 4 IpoBOJIa

750 kB — pacmennenue
Ha 6 NIPOBOJIOB

7700 10400

15000 19000
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Ha Pucynke 2 mnpexacraBieHa 3aBHCHMOCTh YCTAaHOBHBILETOCS OTKJIOHEHUS
HaIpPsDKEHUST OT MEPEeIaBaeMOl AKTHBHOM MOIIHOCTH JJIA YETBIPEX paccMaTpuBae-
MbIX KoHpuryparnuii ¢aser BJI. [lpy HavanbHBIX 3HAYEHUSAX TEepeaBacMOil MOIIHO-
CTH HaOJIOJAETCs MOJ0KUTEIbHOE OTKIOHEHHE HANPSHKEHUSI. DTO OOBSCHSAETCS TEM,
YTO JAHHBIE PEXKUMBI XapaKTEPU3YIOTCS SBICHUEM MEPEKOMIICHCAIIMU: MPOJOJIBHOE
€MKOCTHOE COINPOTUBJIEHUE HE3HAYUTEIBHO MPEBBIIIACT UHAYKTUBHOE. [Ipu mocte-
NIEHHOM POCTE HAarpy3kH, a HMEHHO €€ MHIYKTHUBHOM COCTaBIISIIOLIEH, B JIMHUMU J10-
CTUTAETCA COCTOSIHME MOJIHOW CaMOKOMIIEHCALMM, B KOTOPOM OTKJIOHEHUE HampsiKe-
HUsI CTAHOBUTCA paBHbIM HymIO. [Ipu nanpHenmeM yBenundyenun Harpysku BJI otpu-
LaTEIbHOE OTKJIOHEHUE HANPSKEHUs OyAET MOCTENEHHO YBEINYUBATHCS.

4
0
-2
S -4
< .6
-8
-10 \
-12
0 2500 5000 7500 10000 12500 15000 17500 20000
[IepenaBaemas MmomHOCTH, MBT
——500 kB - 2 npoBoza —a—500 kB - 4 npoBoza
— 750 kB - 4 npoBona —=—750 kB - 6 npoBonoOB

Puc. 2. I'paduk 3aBUCUMOCTH OTKJIOHEHUS HAIIPSKEHUS OT MepeaBaeéMOi MOIIIHO-
CTHn

BuiBoabI

B pabote mocTtpoena maremaruueckas Mojenb TpexdazHoi pazomkuyToit BJI
JUISl pacueTa peXMMOB Harpy3kH, YYUTBhIBaroIlash B3auMHoe BiusHue ¢as. [lpu uc-
MOJIb30BAaHUU TPEX(PA3HONW MOJEIN ISl ONpeeSeHUs JJIMHbBI OOIEro y4yacTka, Ipu
KOTOpOU HaOJIFoAaeTCs SIBJICHUE MOJHON CaMOKOMIIEHCAIIUU, TTOJTyYEHHbIC PEe3yibTa-
Thl TIOKa3bIBAIOT HEOOXOIUMYIO JUIUHY A0 8% OO0bIIyI0, 4eM MpU pacdyeéTax ¢ HcC-
TOJb30BAaHUEM OIHOJIMHEHHBIX MOJENEH. ITO OOBSICHIETCS MOSBICHHUEM B3aWMMHOM
MHIYKTUBHOCTH MEXK/y MPOBOJIHUKAMU pa3HbIX (a3;

IIpoBeneH pacyeTr 3aBUCUMOCTH BEJIMYWHBI YCTAHOBHUBIIETOCS OTKJIOHEHHS
HaMpsOKCHUS B KOHIIE JIMHUM OT TIepeaBaeMOM MOIIHOCTH sl 4 KOHUTypaiui
TpexdazHoit pazomkayToii BJI. Bennunna npenena nepegaBaeMoil MOIIIHOCTH MOYKET
nocturate 6600 MBT s pazomknyThix BJI Hanpsixkenuem 500 kB u 19000 MBT —
s BJI nanpsbkenueM 750 kB, 4dto sABisieTcss AOCTATOYHBIM ISl MCIIOJb30BAaHUS
pa3oMKHYThIX BJI B kaueCTBE MOIIHBIX MEKCUCTEMHBIX CBS3EH.
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PA3ZPABOTKA TIPOI'PAMMHO-TEXHHYECKOI'O KOMIVIEKCA
ABTOMATHU3UPOBAHHON CUCTEMBI YIIPABJIEHUS
TEXHOJOI'MYECKUM NPOOHECCOM IMOACTAHIINA

A.N. Tumodeena
Camapckuii rocy1apCTBEHHbBIM TEXHUYECKUI YHUBEPCUTET

Tennenuus: nepexona Ha HU(POBBIE TEXHOJIOTHMH B HHEPreTHKE HAaMETHIIACh
Oonee 25 ner Hazan. B Hacrosiniee BpeMs CUCTEMbI aBTOMATU3ALMK PA3JIMYHbBIX TIPO-
LIECCOB CTAHOBATCA HEOTHEMJIEMOM 4acThi0 dHeprocucteM Pd. Pacrer xonnuecTtBo
aBTOMATUYECKUX HUPPOBBIX ycTpocTB U IT-perenuil, mosBisiOTCS HOBbIE MEXY-
HapOJIHbIE CTaHAAPTHI M 00pa3ubl 000pYyAOBaHUS, B YACTHOCTH MeXIyHapOIHOM
ANEKTPOTEXHUYECKON Komuccueil Obul mpuHAT crangapt MOK 61850, onpenensto-
I TOCTPOEHUE YHU(PUIMPOBAHHBIX CUCTEM CBSI3U. A pabOThI IO PEKOHCTPYKIUU U
MIEPEBOOPYKEHHUIO MOACTAHINI, a TaKK€ CTPOMTENIbCTBO HOBBIX, IPEANOIAraroT
NPUMEHEHHE HOBEHIIMX TEXHOJIOTUA B 00JIaCTU aBTOMATHU3MPOBAHHBIX CHCTEM
yIpaBlieHHs TeXHoJornueckumu npoueccamu (ganee ACY TII).

Ha naHHBI MOMEHT CYyILIECTBYIOT KOMITaHUH, paboTaroIne Ha PhIHKE aBTOMa-
TU3alUHU, U UX MPOrpaMMHO-TeXHUYEecKue KoMiuiekchl (panee I1TK) momyuiensl u
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PEKOMEHI0BaHbl K IPUMEHEHUIO IPU HOBOM CTPOUTEIBCTBE U PEKOHCTPYKLIMH HJICK-
TpoceTeBbiXx 00bekTOB [TAO «Poccetn» [1]. K Takum KOMITaHUSIM OTHOCSTCSL:

1. AO «PTCod1», MO, r. Uepnoronoska / AO «PTCodt», r. Mocksa (IITK

«CMAPT-KII2»)

OOO «HIIIT 5KPA», r. Yebokcapsl (IITK «9KPA)

00O «Ipocodpt-Cucremsi», r. Exarepunoypr (IITK «ARIS»)

OOO «HIIIT Mukponwukay», Poccus-ITonpma (ITTK «Syndis SO-5)

00O «Komnanus JI2I1», r. Mocksa (ITTK «JIEKOHT»)

00O «IMudnCu Texnomomxu», r. Mocka (IITK «TOPAZy)

00O «Penematukay, r. Hebokcaps! ([ITK «UniSCADAY)

. 000 «HII® «Mexanorponuka PAy, r. Cankr-IletepOypr (IITK «3runa»)

HAO «Poccetn», 3aHMMAasCh BHEAPEHUEM MHHOBALMI Ha CBOUX CETAX, B 2016
roJy pa3paboTajo W BBEJO B JICHCTBUE P CTaHIApPTOB Ha 0a3e MEXAYHAPOIHOTO
cranaapra MOK 61850, koTopslie npeabsBisitoT HOBbIe TpeOoBanus k [ITK ACY TII.
OTO MpHUBENO K HEOOXOIMMOCTH CYIIECTBEHHOW NEepepabOTKU KakK CYIIECTBYIOIIUX
SCADA cucrem, Tak u 000pynoBaHus, Ha 0a3ze KOTOpbiX GyHKUHOHUPYIOT [ITK
ACY TII, nox TpeboBaHuUsI HOBBIX CTaHIAPTOB.

Kak e cBs3aTh TEXHOJIOTUYECKOE 000PYI0BAaHUE MOJICTAHIIMHN PAa3HBIX IPOU3-
BOAMTENCH eIuHOW MH(GOPMALMOHHON CEThIO, [0 KOTOPOM MEpedaroTcsi HE TOJIBKO
JAHHBIE OT U3MEPUTEIBHBIX YCTPOMCTB K TEPMUHAIIAM PEJICHHOMN 3allUTHl U aBTOMa-
THUKH, HO U CUTHAJIbI yIpaBieHus? PemmB KoMIieKe 3Tux 3aaa4d 3p(HEeKTUBHO, MOXK-
HO OyJleT TOBOPUTH O HOBOM IOKOJIEHUH MPOTrPAMMHO-TEXHUYECKHX KOMIUIEKCOB B
SHEPreTUKE U MPUHLHUIINAIBLHO HOBOW CUCTEME YIPABIICHHUS.

Jlornyeckum mnponoskeHueMm mupokoro BHeapeHus ACY TII Ha oObekrax
I[TAO «Poccetn» sBisieTCs CO34aHUE TOTHOCTBIO «IIU(POBOID MOJACTAHIIMH B paMKax
npuHsaTol KoHuenuuu Smart Grid. [ToarBepxkaeHneM 3Toro ¢gakra SBISIOTCS 00bB-
JICHHBIE B 3TOM T'OJly TEHJEPHI, IPOBOAUMbIE MUHUCTEPCTBOM 00pa30BaHUs U HAYKU
P® (;ot: «Pa3paboTka 6a30BOTO MpOrpaMMHO-AIIApaTHOTO KOMILIEKCA IUQPPOBBIX
MTOACTAHIIUM JIJI1 BAXKHBIX 00BEKTOB dJIeKTposHepreTukmn») u [TAO Poccetn (KOHKypC
Ha BBINOJHEHHE HAY4YHO-UCCIIEOBATENbCKUX paboT no Tteme «Pa3zpaboTka TUMOBBIX
TEXHUYECKUX PEIIeHU mo peanusanuu nudposoi noactanmuu 110 kBy» mins Hyxna
I[TAO «MPCK Bonru») Ha pa3zpaO0oTKy KOHIENIUU ITU(POBOM MOACTAHITUH.

OaHuM U3 BaXHEUIIUX (HaKTOPOB YCICIIHOTO BHEIPEHUS U IKCIUTyaTalluu
uupposoit Texuuku u ACY TII sBisieTcs TOTOBHOCTD 3JIEKTPOTEXHUYECKOTO MEPCo-
Haja K JKCIUTyaTallud HOBOTO OOOpyZoBaHUS M HU(PPOBON TexHHKU. OAHAKO Ypo-
BEHb MOJIFOTOBKH AJIEKTPOTEXHUYECKOTO NMEPCOHANa B YACTH JKCIUTyaTaluu nudpo-
BBIX YCTpPOWCTB He Bcerjaa ObIBaeT AocTtarouHbIM. [IpoOnema ycyryOmsieTcs emie u
TEM, UYTO TpeOyeMble KOMIIETEHIIMH IKCILTyaTUPYIOUIErO HU(PPOBYIO TEXHUKY (BKIIIO-
yass ACY TII) nepconasia HaXOAsATCSl Ha CTbIKE TPEX MEPEJOBBIX 00IacTel 3HaHUM, a
MMEHHO: 3JIEKTPOIHEPIeTHKH, ABTOMATU3ALMHM TEXHOJOTMYECKUX mpoueccos, |T-
TEXHOJOTul, mo3ToMy BY3bI 1OKa HE TOTOBBI K CO3[IJaHUIO0 MPOrpaMM MOATOTOBKH
KaJIpOB.

VYuuThiBas Bce BbIIIE CKa3aHHOE, @ UMEHHO:

e BBejaeHue B Poccersix psana HoBwix cranmaptoB s [ITK ACY TII Ha Gaze

npotokosioB MOK 61850;

CONOOThWN
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e mepexo] B Omkaiiimem OyaylieM K MOJHOCTBIO «UIU(POBBIMY» MOACTAHIIN-
AM;

® a TakXke HEOOXOJUMOCTh ydeTa KBadu(UKAIMKU SKCILUTyaTUPYIOIIETO Hud-
POBYIO TEXHHUKY ITEPCOHAIIA;

CTAaHOBUTHCSA aKTyaJbHOM 3a7ada pa3pabOTKHM HOBOTO MPOTPaMMHO-
texHuueckoro kommiekca ACY TII moactaHumii, y4UTHIBAIOMIETO MEPEUUCICHHBIE
TpeOOBaHMUS.

CoznianreM MporpaMMHO-TEXHUYECKOTO KOMILUIEKCA aBTOMATU3UPOBAHHOW CH-
CTeMBbl yTpaBieHHUs HU(PPOBONM MOACTAHIUMEH 3aHSAIACh KOMaHJAa CIIECIHUAIUCTOB C
INPUBJICYEHUEM YUYEHBIX BEAYIINX TeXHUYeCKuX BY30B cTpaHsl.

[ToMHMO COOTBETCTBHS BCEM ACHCTBYIOIIMM MPOTOKOJAM U CTaHAapTam, KOM-
TUIEKC OYJIET UMETh Psiji IOTIOJHUTEIBHBIX TPEUMYIIECTB:

1. OreuectBennas nporpammuas miargopma SCADA-cuctemsl IntelSCADA,

paboTaromiasi moJl oneparMoHHOM cucteMod Linux, mMmeromas BBICOKYIO
CTENEHb HAJ)KHOCTH U CBOOOAHAS OT JIMLIEH3UOHHBIX COTJIAIICHUN;

2. IITK uMeeT MHTEIUIEKTYyabHYIO CUCTEMY MOANEPKKH TMPUHATUS PEIICHUN
JIUCIIETYEPOB NPU BO3HUKHOBEHUH ABAPUWHBIX CUTyanui. [Ipy BO3HUKHO-
BCHUHU BHEIITATHOM, KPUTUUECKOW WJIM TPEBOKHOW CUTYaILlMU B PEXKUME Pe-
JIbHOTO BPEMEHH IMPOU3BOJUTCS OMNOBEIICHHE Ha OOBEKTE MOHHUTOPHUHIA,
JIOKaNu3auus U OTOOpa)KeHWE Ha MHTEPAKTHUBHOM KapTe (CXeME) MECTOIO-
JIO’)KE€HUSI UCTOYHUKA BO3HUKHOBEHHMs MpoOieMHOW cutyanuu. Ha ocHoBe
CEMaHTUYECKON 0a3bl 3HAHUN U OHTOJIOTMU NPU BO3HUKHOBEHHUU HEILITAT-
HOM CUTyallud MHTEJUIEKTYAJIbHBIA MOAYJIb IPUHATHUS PELLIEHUN MPEII0KUT
IOPSZIOK JIEMCTBUH IIEpCOHAIA.

3. IITK uMeeT BCTPOEHHYIO CHCTEMY CEPBHUCHOTO OOCIYXMBaHHsI, OCHOBAaH-
HYIO Ha TEXHOJIOTUAX JIOTIOJHEHHON peanbHOCTH, CYLIECTBEHHO 00Jeryaro-
IIYIO0 9KCIUTyaTalHio JIto00Tro, B TOM YHCJIE CAMOIO COBPEMEHHOI0 000py-
JIOBaHUsI, CYIIECTBYIOIIMM IEPCOHAJIOM 3aKa3uuKka 0e3 Cepbe3HbIX 3aTpar
Ha MoBbllIeHUE KBamMpukanuu. [Ipu HaBeeHNN TUTaHILIETa HA YCTPOUCTBO
C TIOMOIIIBbIO TTOJICPKKHU (PYyHKIIMOHAIA TUPPOBOM MOJIeTu 00BEKTa OH €ro
pacro3HaeT, BbIAAeT MOJIHYI0 TEXHUUECKYIO0 MHpopMaIuio 00 00beKTe, pe-
rJIaMEeHT 00CIIyKMBaHUSI U TIPOBOJIMMBIE pabOThl ¢ 0bopynoBaHueM. [lepen
BBIE3JIOM HA KK/l KOHKPETHBIA O0BEKT MH(OPMAIMIO MOKHO MOJYYUTh
u3 o0uieit 6a3bl JaHHbIX. Bce MaHUMyIAIMU ¢ 0OBEKTOM MOCTOSIHHO 3aHO-
CsTCS B ATy 0asy.

4. BCTpOoeHHBIN pegakTop MOCTPOSHUS MHEMOCXEMBI JJICKTPUYECKUX CETeH,
CYIIECTBEHHO ymnpolaromuil ckopocts HacTpoviku [ITK mox koHkpeTHbIN
OOBEKT.

KomMmyHMKaIMOHHas cpefa MOACTaHIMU OyJeT obecrneunBaTh HHPOPMAIMOH-
HBII OOMEH MexXIy BceM obopyaoBaHueM. HecTpykTypupoBaHHbBIE JaHHbIE OYIyT
00paboTaHbI CUCTEMOI CEMaHTUYECKOTO aHaJIu3a U B PE3yJbTaTe Ha BEPXHEM YPOBHE
OKaXXETCsl pesieBaHTHass MH(POpMaLUs, KOTOpasi MOMOXKET MPUHUMATh 3(PHEKTUBHBIC
YIPABJICHUYECKUE PEIICHUS.

Peanuzauus pazpadbarsisaemoid ACY TII B nonmHoM 00beme, T.€. ONTUMAIIbHOE
coueraHre (PYHKIMA OMEPATUBHOTO U ABTOMATUYECKOTO YINPABIEHUS, MOXKET ObITh
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ocyuiecTBieHa B pamkax MHTerpupoBaHHblx ACY TII, mox KOTOpbIMH NOHHUMAIOTCA
pacnpenesieHHble (TEppUTOPUANIBHO U (YHKUIMOHAIBHO) YIPABJISIONINE BBIUMCIU-
TEJIbHBIE CUCTEMBbI, 00ECIIeUrBAIOIINEe UHTETPALMIO KaK M0 MH(OpMaIUuU, Tak U 10
(GyHKUMSIM, BHIIOTHEHHBIC HA OJTHOTUITHBIX TEXHUYECKUX CPECTBAX.

Oxonomuueckuit 3¢ dext ot BHeapenuss ACY TII IIC Oyaet nomyyeH 3a cyeT
MOBBIIICHUS YCTOWYMBOCTU PAOOThI MEKCHUCTEMHBIX WU MAaruCTPaJIbHBIX CBSI3EH,
HAJEKHOCTU AJIEKTPOCHAOKEHUSI MOTpeOuTENeil, YMEHbIIIEHUsI OIMIMOOK MepcoHaa,
YMEHBIIICHUS 3aTPaT HA MOHTAXXHbIE M HAIAJ04YHbIe PaOOTHI, MPEIOTBPAILLCHUS B PSi-
Jie CllydaeB MOBPEKICHHUS OCHOBHOTO 3JIEKTPOOOOPYAOBaHUSA, & TAKXKE aBTOMAaTHYeE-
CKOI'0 BOCCTAHOBJICHHUS 3HEPrOCHAOKEHUS MOCIIE aBAPUMHBIX HAPYLIEHUH, YMEHbIIIE-
HUS TPYAO3aTpar MpHU SKCIUTyaTalluy BCIEICTBUE aBTOMATHYECKOTO BBISBIICHUS He-
HCIIPAaBHOCTEMN 3JIEKTPOOOOPYJOBAHUS U anllapaTypbl YIPABICHHUS.

JINTEPATVYPA:

1. O6opynoBanue, MaTepuaibl U CUCTEMBbI, JOMYIIEHHbIE K MPUMEHEHUIO Ha
oobektax [TAO "Poccern” (Paznen I1. Bropuunoe o6opynoBaHue)

Hayunsiit pykoBoautens: JL.I'. MuryHoBa, K.T.H., goueHt CamI TVY.

KPUTEPUU D®PEKTUBHOCTU MUKPOIIPOIIECCOPHO¥ PEJIEVTHOM
3AIIATHI

A.B. CmupHOB
Culupckuii penepanbHblii yHUBEPCUTET

Kpurepuu »¢hdeKTHBHOCTH MUKpONpPOLIECCOpHOU peneitHoi 3amuTsl  (P3)
OTIPE/IEIISAIOTCA C YUETOM HaJIeKHOCTU HecpabaThIBaHUS MPU OTCYTCTBUU MOBpEXKIe-
Huii. B ganHoii pabote mnsa ouenku rddextuBHocTy P3 ricnonb3yeTcs Hayka o Kaye-
CTBE, Ha3bIBaeMas kBamumeTpuend. OOBEKThl CPAaBHUBAIOTCA MEXYy COOOM U C HEKO-
TOPBIM HJICATBHBIM OOBEKTOM TIO PsITy CBOMCTB. XapaKTEpUCTUKH O0OBEKTa XapaKTe-
pusytotcs BekTopoM kputepuanbHbix cBoMcTB (KC)Y . LleneBas pynkius E(Y) 3aBu-
CHT OT 3TOTO BEKTOpA U SBJSICTCS KOMIUIEKCHBIM TIOKa3areieM kadectsa [1].

Ota uenesas GyHKUMS onpenenser Mepy 3p(HEKTUBHOCTH, UM MEPY HpHOIU-
KEHUSl K JTAJIOHY U €€ 3HAUYEeHHE OIpEAeAeTCs MO CIeAYIIEeH apu@MeTHYecKou
JUHEHHOHN popmyrie

Ea': Vi€
E ®

raev,— Becomocts i-ro KC, o.e.; e;— 3(b{eKTUBHOCTh |-TO BapuaHTa MO i-My

KC, o.e.
Benmnunnsl Becomocteit KCv, onpenensiorcs MeTogaMu 3KCHEPTHBIX OLIEHOK

(30). Onpenenenne >PpHEKTUBHOCTH €; BBIOIHAETCA HA OCHOBE MOKA3aTeNeH, n3Me-
PEHHBIX Y CpPaBHHUBAEMbIX OOBEKTOB WM ¢ mnomolibio 0. Pacuer KOMIUIEKCHOrO
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KpUTEpHUsl KadyecTBa HaymHaeTcs ¢ ompexaeneHus nepeuds KC B maHHOU 3amade u
o100pa CrennaIicToOB, 3HAIOIUX CBOMCTBa 00bekTa [1].
Tab6n. 1. MaTtpuiia paHroB KpUTepHUaIbHBIX CBONCTB.

Kpurepuanbubie cBolicTBa
Maxcnmym Munumym MHHHMyM Maxkcumym
DKc- | HaJgeKHOCTH pado- yiiepoa B
CTOMMOCTHU TEXHUYECKOTO
IepPT | Thl MUKPOIIPOIIEC- . 99C ot Heno-
B YCTPOUCTB COBEPILICH-
COpHBIX YCTPOMCTB OTIIyCKa 3JIEK-
P3 CTBa
P3 TPOIHEPTHH
1 1,5 3,5 3’5 115
2 1 3 2 4
3 1,5 3 4 15
4 1 3 2 4
3) 1 4 3 2

[TokaxkeM NMpUMEHEHHE METO/1a KBAIMMETPUH Ha NMpUMepe aHainu3a 3PQPeKTrB-
HOCTH Pa3IMYHbIX BapuaHTOB MuUkponpoieccopuor P3 JIDII. PaccmatpuBaem deThI-
pe KC: makcumym HagexHocTH pa®oTel P3; MHHMMYM CTOMMOCTH ycTpoiicTBa P3;
MUHHUMYM yliep0a B 35ekTposHepreTudeckoil cetu (39C) OT HEAOOTIYCKa IEKTPO-
JHEPIrUM Npu OTKazax P3; MakCuMMyM TEXHMYECKOIO COBEpPIICHCTBA. Pe3ynbpTaThl
oIpoca MTH CHeluaaucToB B obsactu P3 npusenensl B Tabnuue 1. [lpu onenke Be-
comocrerr KC ucnonesizyercs meton panrosoi koppessinuu. Bcem KC kaxnapiii skc-
HepT [0 Mepe YObIBaHHSI BECOMOCTH PUCBAMBACT OIICHKY, Ha3bIBAEMYIO paHrom [1].

Becomoctu KC omnpeaennum 1o ciexyronmm BeIPaKEHASIM

| @
Wi:]__A.(n.N)_l—i—n_l’ (3)
2% @)

rae N — 9HCiI0 SKCIEPTOB; W, — KO3 GHUIMEHT 3HaunMocTu; | — Homep KC; n —
yrcno KC; A— cymma panros i-ro KC, a, — panr i-ro KC, 3anansslii K-m skcriepTom.

PesynbraThl pacuera Becomocteit KC nmpeacTaBiieHsl B Tadauie 2.
Tab1. 2. Koapurmentsl BECOMOCTH KpUTEPUATHHBIX CBOMCTB.

Kpurepuanbnbie cBolicTBa
MuHnmym
MuHHMYM CTOHMMO- Maxkcumym
Beco- | Makcumym Y ymep6a B 39C Y
CTH MUKPOIIPOLIEC- TEXHUYECKO-
MOCTh HaJIe)KHO- . OT HEJOOTIYC-
COPHBIX YCTPOWCTB ro COBEp-
ctu P3 Ka BJIEKTPO-
P3 IIEHCTBA
SHEPIruun
4 0,378 0,171 0,211 0,239

Omnpenenenue >dpdextuBHOCTH € B Bapuantax P3 mo kaxaomy n3 KC npowus-
BOJIUTCSI TIPU pacueTe MoKaszaTeyield Yy, y CPaBHUBAEMBIX OOBEKTOB, WM HKCIIEPTHOM
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orieHkou. Ilepexos OT YMCIIEHHBIX TMOKa3aTejied K OTHOCUTEIbHBIM E€IUHHUIIAM BbI-
MOJIHAETCS C MOMOIIBIO JIMHEWHOTO Mpeo0pa3oBaHus, Mo cieayrouieit popmyse

€ = yi: — yiH
Yi =i (5)
rac yig - MAaKCUMAaJIbHOC M3 BCCX BAPHUAHTOB 3HAYCHUC IMOKA3ATCIIA, yiH - MUHHU-
MaJIBHOC 3HAUYCHHUC IIOKA3A4TCIIA; Y, - SHAYCHUC IIOKA3aTCIIsI B JAHHOM BAapHUAHTC.
Boeruncinenuss mo dopmysne (5) MPOBOASATCS MPH BBIIOJHCHHH YCIOBHS:
y," <Y, <y,". BemonHuM oneHky ¢ dextuBHOCTH €; 1o Kaxaomy KC.

KC 1. Ilpu ouieHKe HaJEKHOCTU YUUTBHIBAEM TOJBKO JOXKHBIE U HECEJIEKTHUB-
Hble cpabarbiBaHus P3, Tak Kak OHM NPOUCXOASAT 4allle, 4YeM OTKa3bl B cpabaThIBa-
HuU. Jl0Js JTOXKHBIX U HECEIEKTUBHBIX cpabaTeiBaHui paBHa okoiyio 70 % ot ob1ero
KoJInuecTBa HapyueHuit B padbore P3 [2]. PaccMoTpum BapuanTsl ycTpoiicTB P3.

OmnpenenuM BEpOSTHOCTb HecpabaThIBaHUS JIJIs IEPBOTO BapHaHTa 3aIIUTHI Ha
puCyHKe 1, a, OTHOCUTEIBHO JOKHBIX U HECEIEKTUBHBIX CpabaThIBaHUI

iy
Pt)=e"" (6)
r7ie A - MHTEHCUBHOCTh OTKa3a B (pyHKIIMoHHpoBaHuu P3.

Jlor nyeckuin

1 aneveHt U

—AL . 1

=yl

Jlor nyecknin Jlor nyeckuin Jlor nyeckmin
1 arneveHt U 1 aneveHt U anevert WA
1 A, 1 —\B 1] 1 1

—>

ApF> 1
Bl— C

> —

)

Jlor ndeckmmn
1 areveHt U

)

a) b) c)
Puc. 1. Jlornueckue cxemMbl BAPUAHTOB YCTPOMCTB PEIEHHOMN 3aIIUTBHI.

Bpewmst skcmyaTanuu t = 1 101, HHTEHCUBHOCTD U3JIMITHUX CpabaThIBAaHUHA A
=0,07 1/rox [2], Pa (t) = 0,932, a BepoATHOCTH U3IHUIITHETO cpadaThIBaHUS paBHA

Qult)=1-PR:(t). (7)

BepositHOCTh HecpabaTbiBaHus 1 Bapuanta P3 Ha pucyHke 1, a paBHa
Q,(t)=0,068. BeposiTHOCTH U151 BTOpOro BapuanTa P3, Ha pucyHke 1,6, eciid HCIIONb-
3yeTcst TOJIbKO ojuH 010K, paBHBI Pp (1) = Pg (1) = 0,932 u Qa(t) = Qg(t) = 0,068.
OmnpenenuM BEpOSITHOCTD M3JIHMIIHETO cpadaThiBaHus ycTpoicTBa P3 ¢ yueTom o6oux
6moxkoB A u B

Q,..(t)=Qu(t)-Qa(t). 8)
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Orkas ouct embl P3

Jlor nueckun
aneveHt N

Jlor ndeckime

areverTo M 7 ) ) A

®» G ®» O ® @

Puc. 2. JlepeBo 0TKa30B JI TPETHETO BapruaHTa PEJICHHON 3aIUThI.
Paccuntaem HaeKHOCTD I TPEThEro Bapuanta P3, B KOTOPOM HCIIOb3YyETCs
CXeMa C r0JIOCOBAaHUEM «JIBa U3 TPEX» U MOCTPOUM JIEPEBO OTKA30B [3]

Qpe3 (t) = QA(t)’ QB (t)+ QB (t) Qc (t)+ QA(t)' Qc (t) (9)
OtHocutenbHylo oueHky nepsoro KC nng kaxaoro Bapuanra P3 €55 naaum c
MIOMOIIIBIO0 BEPOSTHOCTH M3IIUIIIHETO CpabaThIBAHMS, HCIIOB3YS BhIpaKeHHE (5).
KC 2. Croumocts yctpouictB P3 ompenenseTrcs cTOMMOCTBIO TEPMHHAIOB U
IPOrpaMMHOro odecrnedyeHus. PaccuntaeM OTHOCUTEIBHYIO OLIEHKY €5 BToporo KC

—1 -1
rze | — Homep cBoiicTBa; N — UHCIIO DKCIIEPTOB; B;— CyMMa PaHIOB |-TO BapH-

aHTa.

KC 3. Ymep6 B 39C 0T HEZ0OTITyCKa 3JIEKTPOIHEPrUu JUisi BapuaHToB P3
OTIPEIEISIETCS IPU HECEIIEKTUBHBIX WJIU JIOKHBIX CpadaThIBAaHUAX C yUETOM yIEeIbHO-
ro ymepoa y, = 3,6 $/kBtu [1], pacueTHOI BEepOSATHOCTH OTKa30B Qp3 M 3aTaHHOM
BenmuyrHe notepb MomHocTu AP= 160 MBT, 00yc10BIEHHBIX OTKIIFOUEHHEM JINHUA

YV =8760-V,-Q,, - AP. (11)

OTHOCHTEBHBIE OLICHKH TPETHETO CBOMCTBA €3j MOJyYUM C IIOMOILBIO JIMHEH-
HOTO npeodpazoBanus o Gopmyse (5) as kaxaoro Bapuanta P3.
KC 4. Penelinas 3ammra 10JKHa cpabaThiBaTh, HE Hapyllas padoTy OCTAIbHOMN
4acTH dHEProcucTemsl [4]. OLIEHUM €45 YETBEPTOE CBOMCTBO SKCIIEPTHBIM ITyTEM.
B tabnuie 3 npuBeaeHa KOMIUIEKCHas OlleHKa 3(hPeKTHBHOCTH BapuaHTOB P3.
Tabn. 3. KommnekcHas onieHka 3 QeKTHBHOCTH pesIeHHOM 3aIUTHI.

Bapuants | 1 =0378 | v, =017 | v=0211 | v,=0289 | _ _ anv_ N
P3 OtHOCUTENBHBIE OLICHKU () ()EKTUBHOCTH, € =

1 0 1 0 1 0,410

2 1 0,667 1 0,667 0,862

3 0,841 0,333 0,841 0,333 0,632

3HaueHHEe KOMIUIEKCHOTO KpuTepusi 3(h(PEKTUBHOCTU SIBISETCS HAUOOIBIIUM
JUTsl BTOPOTO BapuaHTa P3, mo3TOMy OnTHUMalIbHBIM SIBJIIETCS BTOPOM BapUaHT.
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DEVELOPMENT OF ADVANCED TECHNOLOGY FOR HIGH VOLTAGE
TRANSFORMER WINDING CONDITION CONTROL BASED ON
PROBING IMPULSE OF NANOSECOND DURATION

A.V. Lavrinovich!, A.V. Mytnikov
TomskNIPIneft*
Institute of Power Engineering, National Research Tomsk Polytechnic University

Abstract

The paper deals with the experimental research of the pulsed method of trans-
former winding control in comparison with FRA technology. A new approach to
winding condition control technology is described. The proposed method is based on
short (compared with a typical pulsed technology) probe pulse and front pulse dura-
tions. The experimental results of sensitivity growth at decreasing front pulse dura-
tion are shown. The experimental equipment and measurements are described. A
comparison of the experimental results of the proposed technology and FRA is given.
It is shown that shorter front of probe pulse duration allows upgrading sensitivity of
the diagnostic procedure.

INTRODUCTION

Smart power grid includes big amount of high voltage transformers of different
types and power range. To provide a stable operation of any smart grid is necessary
to control high voltage equipment condition, first of all, power transformers. At the
same time, park of power transformers are old enough and have been working al-
ready 30-40 years and more. That is why the development of technologies of high
voltage transformer condition control is an important task for any smart grids. The
pulsed method to control a condition of transformer windings was proposed and de-
scribed in 1966 [1]. The principle of the method consists in applying probing stand-
ard lighting impulse of 1.2/50 microsecond with the amplitude around 300 V to one
of the windings. Other windings were short-circuited and the shunt which gave a re-
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sponse to a probing impulse was installed in them. The response represents the signal
corresponding to transient, arising in windings, as a reaction to a probing impulse.
First of all, it was necessary to measure the so-called normogram — a response from
the winding of the working transformer. The procedure of sounding was repeated at
the next test. Comparison of normograms and current sounding (defectograms) al-
lows making a conclusion about winding state. The difference in the normogram and
defectograms represents the problem in the winding. Further, this method was recog-
nized more than in 45 countries [2] and was called the Low-Voltage Impulses method
(LVI1). In the end of last century, the LVI method was modified and transformed into
a method of measurement of amplitude-frequency characteristics. It has been practic-
ing as main in North American and European smart grids. The principle of this meth-
od consists in measuring the amplitude-frequency characteristics from one of the
transformer windings when applying to the other winding a sinusoidal signal with the
amplitude around 10 V of various frequencies. Then the amplitude-frequency charac-
teristics are compared with the normograms, received on the serviceable transformer.
Nowadays this method is called a Frequency-Response Analysis method or a FRA
Technology and it is widely used around the world [3-5]. The FRA interpretation that
Is based on the analysis of physical electrical parameters is not feasible since one of
the most important parameters, the winding series capacitance, cannot be determined
in transformer bulk [6]. Despite many advantages there is problem to reveal the wind-
ing faults in most initial stage. This drawback is for both technologies — FRA and
LVI.

Main goal of this work is to upgrade sensitivity of the LVI method to find
winding faults on the most initial stage. It could be achieved by means of a probing
pulse using the frequency range up to 50 MHz. It can be implemented by applying to
one of the transformer windings a rectangular probe pulse with the amplitude of 200
V and a front duration of 10 ns and pulse duration of 400 ns. A short probe impulse is
a way to increase sensitivity of the diagnostic procedure.

EXPERIMENTAL RESEARCH

To prove the viability of the approach, a special generator of nanosecond im-
pulses was developed. It allows forming unipolar pulses with the above mentioned
parameters. The model of three-phase two-winding transformers has been developed.
The model includes three low voltage coils inserted in high voltage ones. The total
number of turns at the low voltage coil is 20, at the high voltage coil — 120 respec-
tively. A nanosecond rectangular impulse with different front duration was supplied
on entrance of the high voltage coil. The response signal was measured on exit of the
low voltage coil. Ocilloscopes Tektronix TDS 2024 were used to control the form of
a probe impulse and response signals.

The electric circuit of the experiment to define the influence of the front dura-
tion of a probing impulse on sensitivity of the LVI method is given in Figure 1.
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Fig. 1. Electric circuit of the experiment: 1 — the generator, 2 — the connecting coaxial
cable with a wave resistance (impedance) of 75 Ohms and 2 meters length, 3 —the
diagnosed transformer (HV—nhigh voltage, LV — low voltage), 4 — the condenser for
change of the front of a probing impulse, 5 — short-circuit of rounds (turns) 96...98
(common turn number is 120), 6 — the commutator (switch) for connection of the
condenser 4,7, 8 — probes for connection to a multichannel oscilloscope TDS 2024.

The rectangular impulse created by the generator was applied to a high-voltage
winding of the transformer, the impulse-response was measured on a low-voltage
winding of the transformer. Windings had no loads (a case of completely switched-
off transformer). On the high-voltage winding taps which can be connected among
themselves for imitation of short circuits between certain turns have been made. De-
fect turn to turn short circuit between 96 and 98 turn number was organized at the
high voltage area of phase A. A comparative experiment on the transformer model
has been carried out to compare the sensitivity of FRA and our “nanosecond pulsed
method”. Waveforms for the nanosecond pulsed condition control are given in Figure
2, a. Waveforms which are given in Figure 2, b are at the same situation, but for FRA
technology. A comparative experiment on the transformer model has been carried out
to compare the sensitivity of FRA and our “nanosecond pulsed method”. The experi-
ment consisted in comparison of the normograms and responses at the same defect
type — turn to turn short circuit of 96 — 98 turns of the high voltage winding for both
technologies.
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Fig. 2. a) Waveforms at short circuit between turns 96...98 of the high-voltage wind-
ings of the transformer at the front of a probing impulse of 25 nanoseconds: black
curve — a form of a probing impulse on the entrance of the high-voltage winding, a

red curve — a response pulse on the low-voltage winding.

b) Amplitude-frequency characteristics received by means of the FRAX-150 device

on the transformer model: curve 1 is the normogram; curve 2 is the defectogram ob-

tained at short circuit between turns of 96-98 of the high voltage winding. A signal is

supplied to phase C, amplitude-frequency characteristics is fixed on exit of phase A.

As it is followed from figures, sensitivity of nanosecond pulsed technology is
higher than FRA one.

CONCLUSIONS

Despite many positive characteristics, in some cases sensitivity of FRA is not
too appropriate and the percent of mistakes during the transformer diagnostics is high
enough. One of the reasons for that is restriction of the upper boundary of the fre-
guency range. It is around 2 — 3 MHz. A noise level in a common signal is too high
and this restricts the top of working frequency range at FRA.

To overcome this problem a solution for using probe pulse with short duration
and rapid front was proposed. Application of a probing pulse with pulse duration of
400 ns and a rise time of 25 ns allows an increase in the diagnostic sensitivity in
comparison to the FRA testing under the same test conditions.

Proposed technology of winding condition control is high enough and looks
prospective for smart grids.
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IPUHITAIIBI PEAJIN3ALIMY PEJTEMHOM 3AIIIUTHI, OCHOBAHHOM
HA PACIIO3HABAHHUU BOJTHOBBIX IIOPTPETOB

A.JL. Kynukos, A.A. Jlockytos, I1.C. [leneBun
Hwuxeropoackuii TEXHUYECKUN YHUBEPCUTET

CoBpeMeHHbIE PACTIPEICIUTEIIbHBIE CETH U CUCTEMBI JJICKTPOCHAOXKEHUS Xa-
PaKTEepPU3YIOTCS BHEJIPEHUEM BO300HOBIISIEMBIX UCTOYHUKOB sHeprun (BOUN), Bupty-
TBHBIX dJIEKTpOCTaHIMN. BeposTHOCTHBIN pexkum padboT BOU, o0ycioBneHHbI He-
CTaOMIIBHOCTBIO SHEPTOHOCUTENEH, co3/1aeT POOIEMBbI JUIsl YCTOMYMBOM pabOTHI ce-
TH, Il CUCTEM YTMPaBIICHUS W aBTOMATUKU W i peneriHoi 3ammthel (P3). Pexum
paboThl cucteM 3neKkTpocHadkeHus ¢ BOU noctossHHO MeHsieTcs: U3MEeHseTCsl KOH-
durypanus ceTu, U3MEHSIOTCS MOTOKH MOITHOCTH MO OTAeNbHO B3aThiM JIOII, Me-
HsatoTcs Toku K3 u T.1. Bee 93T0 mpuBOIUT K YCIOKHEHHUIO CXEM 3alllUThl M aBTOMa-
TUKH, HEOOXOIMMOCTH pa3pabOTKM M BHEIPEHUS HOBBIX aJIrOPUTMOB pPaOOTHI
YCTPOMCTB 3aIUTHI.

MO>kHO BBIACIUTH JIBA MOAXOAA K PEIICHUIO TaHHON POOIEMBI.

[lepBbIM MOJIXOJIOM SIBJISIETCSL pa3pabOTKa TMOKMUX, aJalTUBHBIX 3aIlUT, MOI-
CTPAMBAIOLIUXCS MO U3MEHSIOIUNCS peKUM paboThl ceTH. B n1aHHOM HampaBlieHUU
MPOBOJIATCA PA3IMYHbIE UCCIEAOBaHMS, KaK 3a pyOeKoM, Tak U B Hallell cTpaHe U
y)K€ TPEeJIoKEHbl pa3iuuHble MeTonbl. Hampumep, mpennaraercs HCIOIb30BaTh
Ha0Op yCTaBOK /IS Pa3HBIX PEKUMOB pabOThI U HA OCHOBE PabOTHI aJirOpUTMa pac-
MMO3HABAHMS PEKUMOB BBIOMpATh TOT WJIM UHOW Habop ycTaBoK. Erie MOKHO MCIONB-
30BaTh AJTOPUTMBI, B KOTOPHIX YCTaBKH OYIyT HENPEPHIBHO MEHSTHCS B COOTBET-
CTBUU C OIPEACIICHHBIMUA BEPOSITHOCTHBIMU 3aKOHOMEPHOCTSMH B 3aBUCHUMOCTH OT
XapakTepa U3MEHEHHUs apaMeTpoB pexnma. [1]
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Jlpyrum HampaBj€HUEM pPa3BUTHUS SIBISETCS HCIOJIb30BAHHUE 3alUT, IPUHLUI
JEUCTBUSA KOTOPBIX HE 3aBUCUT WJIM €1ab0 3aBUCUT OT pexuma cetu. K Takum 3amu-
TaM MOXHO OTHECTH OCOOBIM BHJ 3allMT — BOJHOBBIE P3. DTO 3amuThl, MPUHIUI
JEHUCTBUSA KOTOPBIX OCHOBAH Ha OIIEHKE MPOTEKAaHUs BOJHOBBIX MPOIECCOB IMPH MO-
BPEXKICHUSIX.

Kak u3BectHo K3 compoBokmaercss mpoTeKaHUEM SJIEKTPOMArHUTHOTO MPO-
11ecca, KOTOPbIM MOXKHO pa3eliuTh Ha JIBE CTAJUU PE3KO Pa3HON MPOJOJIKUTEIHHO-
ctu. IlepBas (kopoTkas) cTaaus, KOTOpasi HaC U UHTEPECYET, XapaKTepU3yeTcsl pac-
MIPOCTPAHEHUEM AJIEKTPOMATHUTHBIX BOJIH M0 AIEKTPUUECKON CETH U HOCUT Ha3BaHUE
— BOJIHOBOI Tiporiecc. [2]

B MomenT K3 mpoucxoaut nepepacnpeeieHle BOJH, B Pe3yJbTaTe 4ero OT
Mecta K3 HaumHaeT pacnpoCTpaHAThCA «HOBAsH» OTpa)keHHas BoJyiHA. [loaromy miid
ynob6cta mecto K3 MokHO paccMaTpuBaTh Kak UCTOUYHUK BOJH. [Ipu pacmpoctpane-
HUU BOJIHBI 1O 3J1. CETH B TOYKE, 0 KOTOPOI BOJIHA JOXOJUT B JaHHBIA MOMEHT Bpe-
MEHH, TOK U HaIpspKEHUE Pe3KO (IOYTH CKAYKOM) MEHSIIOTCS, B PE3yJIbTaTe Yero B
JAHHBII MOMEHT BPEMEHHM B CUTHAJIC IMOSBIIIFOTCS BBICOKOYACTOTHBIE COCTAaBIISIO-
1I1€e, KOTOpBIE, IPU OTCEYEHUH HU3KUX M CPEIHUX YACTOT, IPU HAIOKEHUU UMEIOT
¢dopmy ummynbcoB. [loaToMy, npumeHss GUIBTP BBICOKUX YAacTOT WUJIM IOJIOCOBOM
(GUIBTP € JOCTATOYHO MIMPOKOM MOJIOCON MPOIYCKAaHUs, MOKHO BBIIEIATH T.H. Iepe-
XOJIHBIE BOJIHOBBIE COCTABJISIFOLIUE, BPEMS NOSIBJIEHUSI KOTOPBIX COOTBETCTBYIOT Bpe-
MEHHU TMPUOBITHS BOJIHBI K MECTY HaOJIOJAEHUS, a aMIUIUTyla — BEJIMYMHE (PpOHTa
BOJHBL. [0 COOTHOIIEHHIO BOJHOBBIX COCTaBIIIOMIMX TOKAa W HAIPSIKEHUS MOXKHO
CYIWTBH O HAIPABICHUU PACIIPOCTPAHCHHUS BOJHBL. [3]

OOBIYHO EHCTBUE PEICHHOMN 3aIUTHI 1 AaBTOMAaTUKH OCHOBBIBAETCS HA OLIEHKE
apaMeTpOB AIEKTPOMATHUTHOTO MPOLECCA, OAHAKO CYIIECTBEHHO YBEIUYUTH OBICT-
pPOJIEUCTBHE U IOCTUYb B KOHEYHOM CUYETE TEOPETHUECKOTO IMpeaesia (BpeMs pacipo-
CTpPaHEHHUs BOJIHBI 110 JJMHWH) MOKHO JIUIIb UCIOIb3ys BOJHOBYIO P3. Takxke Takas
3amuTa OyJeT CyIIeCTBEHHO MEHBIIE 3aBHCETh OT MapaMEeTPOB MPEALIECTBYIOIIETO
pexuMa 1 KOHQUTYpaIuu CETH.

OnaMH U3 caMbIX MPOCTHIX (C TOUKH 3PEHUS CIONKHOCTU alIrOpuTMa JEUCTBUS)
METO/IOB peanu3aluy BOJIHOBOW P3 — 3TO ompeneneHue HampaBlICHHs JIBHKECHHS
BOJIHBI IO JBYM KOHIIaM JIMHHUH, CPaBHUBAs MOJSPHOCTHU MEPBBIX MEPEXOAHBIX BOJI-
HOBBIX COCTABJISIONMUX (MIEPBOI BOJIHBI) HAIIPSKEHUSI U TOKA, U OOMEH Pe3yJIbTaToOM
CpaBHEHUS MEXAY YCTPOMCTBAMM MO KOHLIAM JIMHUU C TIOMOIIBIO KaHaia CBA3U. JTOT
MPUHIUI OYEHb MOXO0XK C KJIACCHUYECKUMH HalpaBJICHHbIMH BbICOKOYACTOTHBIMU 3a-
IIMTaMH, BBIUTPBIII MO BPEMEHM 3/1€Ch 3aKitouaercs B Ooiiee ObICTpOM cpabaThiBa-
Huu peneiinon yactu 3amuthl (110, OHM). [Togo6HOTO poma moaxoasl (OCHOBaHHBIE
Ha JIBYCTOPOHHHUX 3aMepax) K BHIMOJIHEHUIO 3alUThl UMEIOT KAK MUHUMYM OJUH CY-
IIECTBEHHBII HEIOCTATOK — JOPOTOBHM3HA pEaU3alliM, MOCKOJIbKY HEOOXOIUMO HE
MeHee JBYX YCTPOMCTB (TMOIyKOMILJICKTOB), a TAKKE HaJICKHBIN KaHal CBsI3u. [4]

B cBsI3M C 3TUM OYEHb MEPCIEKTUBHBIMU SIBJISIFOTCS METOJbI, OCHOBAaHHBIE Ha
OJTHOCTOPOHHEM 3aMepe, MOCKOJIbKY, UCIIONb3Yys B KaUeCTBE OOBEKTOB OLIEHKH 3allly-
TOM IapameTpbl BOJIHOBOI'O IPOLEcca MPUHLIUIIAAIBHO BO3MOXHO ITOCTPOEHHUE OJTHO-
CTOPOHHEH 3aIUTHI ¢ A0COTIOTHOMN CEEKTUBHOCTHIO UJTU MOYTH a0COJIFOTHON CEJeK-
TUBHOCTBIO (30HA 3aUTHI 99,9% nuHuu, HarpuMmep, 11t oTcTpoiiku oT K3 Ha mmHax
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cmexHoit I1C). B 3aBucMMOCTH OT TOro, Ha KaKOM JTUHUU WM HAa KAKOM YYacTKe JIH-
HUM (HallpyuMep, BO3AYLIHbIA y4acTOK KaOelbHO-BO3AYIIHON JIUHUM) ITpon3onuio K3,
BOJIHBI [T0-Pa3HOMY PacIpOCTPAHAIOTCS IO JJIEKTPUUYECKON CETH, OTPa)Xasich U Ipo-
X0/ yepe3 Mecta pe3koi HeogHopogHoctu (mmHbI [1C, kabenbHO-BO3AYIIHBIN Te-
pexon, otnaiika, K3 u T.1). Takum 00pazom, BOJIHOBBIE IEPEXOAHBIE COCTABIISIOLINE,
3aMEPEHHBIE B ONPEICICHHON TOYKE CETH, 3a OIPENEIICHHBIN POMEXYTOK BPEMEHH
(GOpMHUPYIOT YHUKAJIbHBIA BOJIHOBOM MOPTPET AJIs JAHHOTO MecTa (y4acTka) MoBpe-
KICHUS UM TOYKH M3MepeHus. B kauecTBe mpumepa Ha pUCyHKE | mpuBENEHBI JeCT-
HUYHas JuarpaMMa pacrpoctpaHeHus BojH no JIOII, a Takke BOJHOBBIE OPTPETHI
JUISL TIEPEXOJIHBIX COCTABJISIIOIIMX HampsbkeHus, 3amepeHHble Ha OByX [IC (A u B)
npu K3 Ha xabenbHOM ydacTke kabenpHo-Bo3xymHoM JIDIL.

OpauH U3 npeajaraeMbIx MOJIX0/I0B K OLIEHKE BOJHOBBIX MIOPTPETOB OCHOBAH HA
MCIIOJIb30BaHUU KOPPETSIUMOHHBIX (GyHKIMi. Koppensunonuele (QpyHKIUN HCTIONB-
3YIOT JUISl XapaKTEPUCTUKU CIIyYalHBIX IIPOLIECCOB B KAYECTBE MEPHI B3aUMHOM CBS3U
ABYX CIydyalWHBIX (PYHKLMM, IPU 3TOM pa3aNyaioT aBTOKOPPESLUOHHYIO M B3auM-
HYIO KOPPEIIIHUOHHYIO (KPOCCKOPPEISIHOHHYI0) (QYHKIHH. [2]

A kaOenbHBIi BO3TV IITHBII B
VYaCTOK VYaCTOK
e ®
CUTHAT CHTHAT
B TOuke A  PACCTOIHNIE : B TOuKke B
~ - ”’) . 5)“5‘1-— _—

lB pems

Puc. 1. JlectHnyHas auarpaMmma u BOJIHOBBIE TOPTpeTh, 3amepennbie Ha [IC A u B
npu K3 Ha kabenbHOM y4dacTke KabenbHO-Bo3ayrHoM JIDII
JIns AMCKPETHBIX (YHKIMH (CHMTHAJIOB) KPOCCKOPPENANMOHHYIO (Ry) QyHK-
MO0 ONPEAENSIIOT B COOTBETCTBUU C ypaBHEeHHEM (1). ABTOkOppensiunoHHast (PyHK-
st (Ryy) momyuaercs, ecnu B ypaBHeHue (1) BMecTo curHana (Y) MCIOJIB30BaTh TOT
ke curHai (X). [5]

Ry (M) =7 ZIx(K)- y(n+K)]
k=0 (1)
Hcrnonb3yst KpOCCKOPPENSIMOHHYIO0 (DYHKIIMIO JIBYX CUTHAJIOB MOYKHO yCTaHO-
BUTh CTENEHb UX COOTBETCTBUS WIH «IIOX0XKECTH». B KauecTBe nmpuMepa Ha PUCYHKE
2 (a) u3o0OpakeHbl TPU AUCKPETHBIX CUTHAINIA X, Y1, Y2, onpeaenuM ¢ moMOIIbio Kpoc-
CKOPPETSIMOHHON (hYHKIIUH, KAKOW U3 CUTHAJIOB Hanboiee MoX0X Ha curHai X. Jis
3TOTO BBIYHCIUM KOPPEAHOHHBIE GYHKIUH Ry, Ryy1, Ryy2 (puc. 2(0)).
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Puc. 2. CpaBHuBaembie cCUrHaNbI (2) U KOppessiiuoHHbIe GyHKIUH (0)

Kaxk BugHO U3 prucyHka 2(0), HauOoJiblliee 3Ha4eHHEe MAaKCUMyMa UMEET Koppe-
IAIMoHHAsA QyHKIUS Ry, 4yTh MEHbIIEE 3HaYEHHUE — Ry, 8 HAMMEHBIIEE 3HAYCHUE —
Ryy1. Pe3ynpTaTsl JaHHBIX BBIYUCIICHUH TOBOPAT CIEAYIOIIEE: HaUOOIee MOX0KUM Ha
curHali (X) siBisieTcst caMm curHai (X) (4To U clieioBalIo 0XKUAaTh), U3 curHaioB (Y1) u
(y2) Hambosiee TOXOXKUM Ha CUTHaN (X) sBiseTcs (Y2), 9TO MOATBEPIKAACTCS 3PH-
TEJIbHOW OLIEHKOM.

Takum 00pa3oM, Ha OCHOBE MCITOJIb30BAHUS KOPPEISIIUOHHBIX (PYHKITUN MOXK-
HO MOCTPOUTH aITOPUTM OLIEHKH BOJHOBBIX IMOPTPETOB, MPUYEM B KAUE€CTBE CPABHHU-
BAaE€MOI'0 CHTHaja OyJIeT BHICTYNATh «3aMEPEHHBIN» BOJTHOBOM MOPTPET, KOTOPHIN Oy-
JIET CPAaBHUBATKLCS OINPEEICHHBIM 00pa30M C «3TAJIOHHBIMUY» BOJHOBBIMU TOpPTpE-
TaMH, MOJIy4YeHHBIMH paHee MyTeM MojieTupoBanus Ha DBM.

OrneHnBaeMbli BOJTHOBOW MOPTPET BO3MOXKHO TMOJIYYHTH ITyTeM IU(POBOit
(uUIbTpallMM KaK CUTHaa HANpsKEHUsI, TAK U CUTHAJIa TOKA, CHATOTO C BTOPUYHBIX
Hemnen TpancGopMaTopoB TOKa (B CIydyae MCIOJIb30BAHMS CUTHANA TOKa), TpaHchop-
MaTOpOB HAIpsKEHUs (B Clydae HMCIIOJIb30BAaHUS CUTHANA HampsbkeHus) wian BY
npucoegunenus JIDII (bunbtp npucoenuHeHus, KOHACHCATOP 0TOOPA HAMPSHKEHUS).
[IpyyeM BO3MOXXHO HMCIOJIb30BaHUE KOMOMHUPOBAHHOI'O CHUTHANA [JIs BBIACICHUS
MaJaolUX WK OTPAXKEHHBIX BOJH. Takke BMeCTO (ha3HBIX BEIMYMH BO3MOXKHO HC-
MOJIb30BaTh MOJAJIBHBIE COCTABJISIIOUIUE, BBIICIUB ONpPENEIEHHBIM 00pa3oM, Halpu-
Mep, NEPBYIO MOJAJIBHYK COCTABJISIOLIYI0 BO3MOYKHO COKPATHTh KOJIMYECTBO U3MeE-
PUTENBHBIX CHCTEM JI0 OJHOM. MoJajibHble COCTAaBIIAIOLIUE SIBISIOTCS aHAJIOrOM
CUMMETPUYHBIX COCTABJISIONINX, UCIOJB3YIOMIMXCS B TEOPUH AJIEKTPOMATHUTHBIX
nporieccos. [6]

[Ipennaraemple MOAXOMBI MO PACIO3HABAHUIO BOJHOBBIX MOPTPETOB, UCIOIb-
3ysi MaTEMaTUYECKUN armapaT KOPPEJSIHOHHBIX (DYHKIIMI, MMEeT XOopollue mep-
CIIEKTUBBI B CBSI3U C PAa3BUTHEM CPEJICTB BBIUYMUCIUTEILHON TEXHUKU U KOMIIJIEKCOB
MMUTAIMOHHOTO MOJICITUPOBAHUS ISl DHEPTETUKU U MOTYT HAUTH IIMPOKOE MPUMeE-
HEHUE HE TOJIBKO JIJIS 3a71a4 BOJTHOBOM PEJICWHOM 3aIMUThI, HO U IS 33724 BOJTHOBOTO
ONpeJeIeHUs] MECT TMOBPEXKIEHUS, aBTOMATUYECKOTO IMOBTOPHOIO BKJIIOYEHUS Ka-
OeTbHO-BO3MYIIHBIX JIMHUH JIeKTporiepeaadn u ap. [7]

yi(n)

y2(n)
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INPUMEHEHME KOOPOPUIIUEHTA AETEPMUHALINN

JJIA CPABHEHUA OCHHUJIVIOT'PAMM OTKJIMKA CHJIOBOTI'O
TPAHCO®OPMATOPA, IIOJIYYEHHBIX ITPU IMATHOCTHUKE
METOJIOM HAHOCEKYH/JHBIX HU3KOBOJIbTHBIX UMITYJIBCOB

B.J1. Kopuruu', A.B. JlaBprHOBHY”
ToMCKHI MOJIUTEXHUYECKUN yHI/IBepCI/ITeTl
OHHUH, 939C
TOMCKHUIIUHE®TH’

BBenenue

Jl1st Toro 4ToOBl CBOEBPEMEHHO MPHUHATH HEOOXOJUMBIE MEPHI MO MPEeA0TBPa-
HIEHUIO0 MEKBUTKOBBIX 3aMbIKAaHUI 1 HEKOHTPOJIMPYEMOMY BBIBOLY TpaHc(opMaTopa
U3 CTpOsi, KpailHE Ba)XHO (PUKCUPOBATH U3MEHEHUS IOJIOKEHHS BUTKOB Ha paHHEM
sTane. Jlo HaCTOAIIEro BpeMEeHHU He pelleHa 3a7ada OOHApYKEHUsI TaKUX U3MEHEHHI
B 00MOTKax TpaHchopMaTopa Ha CTaJluu UX 3apokaeHus. V3Becten meTon HaHOCe-
KYHJHBIX HU3KOBOJBTHBIX uMIysibcoB (HHBU), koTopslil cuntaercst Hanbosee yyB-
CTBUTEJIbHBIM U NEPCIEKTUBHBIM METOJIOM OOHAPYKEHHSI MEXaHUYECKOTO CMEIICHHUS
BuTKOB [1-3]. Cxema auarnoctuku nmo merony HHBU npuBenena na pucyske 1. Oc-

63



[MJIOTPaMMbI  OTKJIMKA, IOJIyd€HHBIC Ha 3aBEJIOMO MCIIPaBHOM TpaHchopMaTope,
MPUHATO HA3bIBATh «HOPMOTpaMMamm». OCHHIOrPaMMBbI, MOJTyYEHHBIC MPHU MOCIIe-
AYIOIIMX JUArHOCTHKAX, MPUHATO Ha3bIBaTh «acdekTorpammamu». CpaBHEHHUE Je-
(beKTOrpaMMbI ¢ HOPMOTPAMMOH MMO3BOJISIET OICHUTH TEKYIIEE COCTOSHUE HCIBITYE-
Moro oobekTa [4, 5].

AN W OCUUNNOINPA®

LTI (ALn)

OO0 KL K2 S
PEFMCTPALMSA | > W
“MUMMY/bCA KOHEYHBIE ¢
> NAHHbIE

PEFTUCTPALUA OTK/INKA CTAPT

FEHEPATOP  [.| YCTPOMCTBO

mnMnynbc
TPAHC®OPMATOP || M1 UMY NLCOB YNPAB/EHUS

Puc. 1. Cxema auarnoctuxu no metony HHBU

st city>kO TUAarHOCTUKHU M DKCIUTyaTallud BHICOKOBOJIBTHBIX CHJIOBBIX TpPaHC-
(dhopmMaToOpoB HEOOXOAUM METOI, KOTOPBIA MO3BOJISLT Obl, 00paboTaB pe3yJbTaThl JU-
arHoCTUKM TpaHchopmaropa o meroguke HHBU, monyunTs HEKUi YnCIEHHBIH 1O-
Ka3aTellb, KOTOPbIA MO3BOJISLI Obl OMPEACNATh JATbHEUIIYI0O TPUTOHOCTh IKCILTya-
Tauuu TpaHchopmaTopa no pesyiabratam auarnoctuku merogqom HHBU. Ilo namemy
MHEHHIO, OJJHUM W3 TaKUX METOJI0B MOXET OBbITh MpuMeHeHue kodhduimenta mue-
TEpMUHAIIUU, KOTOPHIA IMO3BOJISIET MPOU3BECTH KOJIMYECTBEHHBIM aHalW3 JIaHHBIX,
MOJIYYEHHBIX B PA3JIMYHBIX CEPUSX SKCIEPUMEHTOB. [[aHHBII METOJ OCHOBAaH Ha
CpPaBHEHUU JIBYX OCLMJUIOIPAMM IOCPEACTBOM MPUMEHEHUs KBajapara KodhduimeH-
Ta Koppeisiuu IIupcoHa, CyTh KOTOpPOTO 3aKIIOYAaeTCs B KOPPEIALHMOHHO-
PErPECCUOHHOM aHaJN3€, OTPAYKAIOUIEM BJIMSHHUE BApUALMU PE3YJIbTATUBHOIO MPHU-
3Haka Y (aedekrorpamma) Ha GakTopHbIN npus3HaK X (HopMmorpamma). Pacuer xkoad-
¢unuenta koppensauun [Tupcona npousBoautcs mo hopmyse:

2 (Hj - Hepen) X (Mi = Aepem.)
\/Z(HI - HCpeI[H. )2 X Z(Hl - I[cpez[H.)z

R =

1)
I'ne:

Hi — 3Hauenue 1-oif TOYKM MOCTPOEHUSI HOPMOTPAMMBI,

i — 3nayeHue i-oi TOUKH MOCTPOCHHUS JIe(PEKTOTpaMMBlI,

Hcpenn. — Cpennee 3HaueHUE TOUYEK MOCTPOEHUSI HOPMOTPAMMBI,

Hcpens. — CpenHee 3HaU€HHE TOYEK MOCTPOEHUS Je(HEKTOrPaMMBI.

Koadduument )IeTepMI/IHaI_II/II/I«RZ»B HallleM Cclly4ae XapaKTepU3yeT BEJH-
YUHY, OTPAKAIOIIYIO CTETIEHb UICHTUYHOCTH JIBYX OCHUJIJIOTpaMM Mexay coboi. OH
MOXET HU3MEHSAThCA B mpeaenax oT 0 (ImOJHOE OTCYTCTBHEUAEHTUYHOCTH) 10 +1
(momHas uaeHTUYHOCTH) [6]. JlerepMuHanus OTAUYHI MEXTY IBYMS OCHMIUIOTPAM-
MaMH TI0 BCEM TOYKAM WX MOCTPOCHHUS MO3BOJSET MOJIYYUTh 3HAUCHHE KOdDPuIm-
€HTa JIETepMHUHAIMU, KOTOPbBIA MOYKHO HCIOJb30BaTh KaK YHUCJIEHHBIA pe3yJbTar
CpaBHEHMUSI.

64



IIpuMenenue ko3¢ PpuuueHTa napHOH Koppeassuun

Jlnst cpaBHEHUsS! B3AThl OCHMJIJIOTPaMMbl HCIBITAHUNA, KOTOPbIE ObUIM MPOBE-
JIEHBI B 11eXy 1o peMoHTy obopynoBaHusi Mmmmckoro TIIO OAO "TromeHbsHEPro",
r. WM, Troomenckoit obOnactu. Tpanchopmarop TM-160/10-V1 mpowusBoacTsa
1993 1., OAO «Anttpancy, r. bapHayn, BBeeHHbIN B dKkciutyaTanuio B 1993 r., Obut
ucnpiTad MmetogoM HHBU, ummynscom pimunoit 100 u 500 ve u ¢ppontom 10...20 He.
CxeMa MOAKIIOYEHUS YCTAHOBKU K TPaHCPOPMATOPY COOTBETCTBYET CXEMe, Mpe/l-
CTaBJICHHOW Ha pucyHke l. B pamkax maHHOro SKCHepuMEHTa, TpaHc(opmMaTop
TM160 Obu1 cHayana WCTBITAH B MOJIHOCTHIO PabO4YeM COCTOSIHHUH, CO «3JI0POBOTO
Tpanchopmatopay ObutH CHATHI ocmruiorpammbl HHBU. Jlanee, Obuti mCIOTHEHBI
XapaKTEpHbIE TOBPEXKICHUS TpaHChOpMaTopa TakWe Kak: 3aMbIKaHHUE 3X BUTKOB,
CMEITICHNE BUTKOB Ha (aze «ABH» B HIDKHEW 4acTH OOMOTKH, CMEIICHUE BUTKOB Ha
daze «ABH» B BEpXHEH U HIDKHEH 4acTsAX 0OMOTKU. Bcero Ob1T0 mpoBeIeHO MopsiIKa
100 pa3nuuHbIX WU3MEPEHUM IS KaxJA0ro sKcrepuMmeHTa. Ha Kakaplil oTaenbHBIN
Cily4ail CHUMaJIOCh 0 3 OCIMJUIOTPAMMBbI OTKJIMKA. 30HAUPYIOUTUN UMITYJIBC, a TaK-
e U3MEPUTEIHLHOE 000pyI0BaHKE ObLIA HEU3MEHHBI.

st paccMOTpeHHs] BO3MOKHOCTU TPUMEHEHHUs Kod(duimenta aerepMuHa-
IIMW, MBI B35UIM SKCIIEPUMEHTHI, COOTBETCTBYIOIIUE MMOJa4Y€ 30HIUPYIOIIETO UMITYIb-
ca Ha BBOJI BBICIIErO HaMpspDKEHUs TpaHchopmaTopa «ABH» W CHATHIO OTKJIMKA C
BBOJIa HU3ILIETO HANpspDKEHUs TpaHchopmaTtopa «AHH». OCHUIUIOrPaMMBbI «3]I0POBO-
ro» TpaHchopMaTopa MpeACTaBICHBI Ha PHCYHKE 2.

Lo | R R | B 3

CTOUH
CH1|

vvvvv

DY TH3H:
§ |HiCxoA9Wmi

O6bIUH.f

(i

Puc. 2. OcrunorpaMmbl OTKITHKA «310poBoro» Tpanchopmatopa TM-160/10-Y1

3ateMm, NaHHbBIE OCIMILIOTPAaMMBbI ObLIM 00paboTaHbl B MPOTPAMMHOM KOM-
wiekce Microsoft Excel. B oaHo#t KoOopauHATHOM MJIOCKOCTH OBLIM MOCTPOCHBI BCE
OTKJIMKHU «3JI0pOBOTO» TpaHchopmaTopa. 3HaueHus Kod()PHUITMEHTOB JAeTepMUHALIUN
JUISL OTUX TPEX OCLMILIOIPAMM HM3MEHSIOTCS B npoMexkyTke oT 0,997 mo 0,998. s
OCTaJIbHBIX JKCIEPUMEHTOB (MEXBUTKOBOE 3aMBIKaHHE, CMEIIECHHWE BUTKOB BHHU3Y
0OMOTKH, CMELIEHUE BUTKOB BHU3Y U BBEPXY OOMOTKHM) ObUIM MPOJETIaHbl TAKUE K€
JCHCTBHS, B KAXKIOM ciydae KOd((UIIMEHT JeTepMUHAIIMN HAXOUICS B TIPOMEKYT-
ke oT 0,994 no 0,998. Ilocne mpoaenaHHBIX BBIYUCIEHU, Mbl TIEPEILIA K CPABHEHUIO
OTKJIMKA «3JI0POBOTO» TpaHChopMaTopa ¢ OTKIMKaMH MOBpexaEHHoro. (s Gonee
TOYHOTO CPaBHEHUS ObLIO PELIECHO MCIIOb30BaTh OCHUIUIOTPAMMBbl, TIOCTPOCHHBIE IO
cpeaHuM (0T TpEX MEePBUYHBIX OCHMUIUIOrpaMM) ToukaMm. CpaBHEHUE OTKIMKOB «3710-
pPOBOrO» U Ae(PEeKTHOro TpaHchopmaTopa MPOXOIUIO B OJHOW KOOPAUHATHOM ILIOC-
koctu (puc. 3).
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Puc. 3. CpaBHEHME OTKIMKOB «310pOBOTO» U AEPEKTHOTO TpaHcHopmaTopa.
[Tpu cpaBHEHUH, OCHMIIIIOTPAMMBI IPYT OTHOCUTEIBHO ApPYyTa JOMOJIHUTEIBHO
OTCTpauBaeM TaKUM O00pa3oM, 4yTOObI IO OCH BPEMEHM Hayajao OTKJIMKAa OJHOW OcC-
WIJIOTPAMMBI, COBIAJAJI0 C OTKIMKOM JPYrod. JTO HEOOXOIMMOE YCIIOBUE IS
npuMeHeHus ko3dduumenra nerepmuHanuu. [Ipu cpaBHEHMHM OTKIMKOB «30pO-
BOI'O» U IEPEKTHOTO TpaHCcPopMaTopa ObUT BHIYUCIEH KO3IPPUIUEHT AeTEPMHUHALIMH.
[Tonyuunu 3Hauenue 0,914. Pe3ynpTaThl BCEX SKCHEPUMEHTOB ObUIM 3aHECEHBI B

Ttabnumy 1.
Tab6un. 1. Pe3ynbrarsl cpaBHEHUS «3I0POBOT0» U HEUCIIPABHOTO TpaHChopMaTopa
Bun noBpexnenuit tpanchopmaropa Koaddunment gerepmunanuu R2
CwmerieHrne BUTKOB BHU3Y OOMOTKHU 0,914
CwMmellieHre BUTKOB BHU3Y U BBEPXY OOMOTKHU 0,910
MeXKBUTKOBOE 3aMBIKaHHE 3-X BUTKOB 0,909
OTCyTCTBUE MOBPEXKICHUI 0,997
3akioueHue

[TpuBeneHHbIC TPUMEPHI OOPAOOTKH OCITMILIOTPAMM JTHATHOCTUKHA COCTOSTHHS
obmotok TpaHchopmaropa merogqom HHBW mnist pazHbix BUIOB 1eEeKTOB 0OMOTOK
TpaHchopMaTopa MO3BOJISIIOT YTBEPKIATh, UTO MPEIIaraéMblid MOAXO0] IPUMCHCHUS
Kod(uimenTa qeTepMUHAIIMKN JTA€T YMCICHHOE 3HAUYCHUE PA3JInyusl OCHUIIOTPaMM,
MOJIYYCHHBIX TMPU UCIIBITAHUU UMITYJILCHBIM METO/IOM. Pa3BuTre NaHHOW METOIUKU
SBJISIETCS] JOCTATOYHO MEPCIEKTUBHONW BO3MOKHOCTBIO ClI€TIaTh UMITYJIbCHBIA METOJ
JTUATHOCTUKH 00JIe€€ TOYHBIM U TTOHSATHBIM.
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CEKIIUSA 9.
YIIPABJEHUE PEXKUMAMU SHEPTOCUCTEM

PABPABOTKA MAKETA JUCKPETHOI'O BBICTPOJAENCTBYIOIIETO
JAPAUBEPA YIIPABJIEHUA CUJIOBBIMU GAN TPAH3UCTOPAMU

E.B. Epodees, 11.B. ®enun
Tomckuii TocynapCTBEHHBI YHUBEPCUTET CHCTEM YIIPABICHUS U PATHOITICKTPOHUKHI

[TosiBuBIIICH B cepenuHe 70-x romoB mpouuioro Beka cuioBble MOSFET
TPaH3UCTOPHI HA OCHOBE KpeMHUs (Si), Omaromapsi OOJbIIEH CKOPOCTH MEPEKIIOYe-
HUSL ¥ BBICOKOW 3(P(PEKTUBHOCTH, IO CPABHEHUIO C OUIOISIPHBIMH TPAH3UCTOPAMH,
CTaJIA TIOBCEMECTHO HMCTIOIB30BAThCS B CUJIOBOM JIEKTPOHUKE: NCTOYHUKAX MMUTAHUS,
DC-DC npeob6pa3zoBatensix, KOHTposuiepax ABurateneit u np. OgHako ceituac, nociue
HEIPEPHIBHOTO Pa3BUTHsI B TEUCHHUE OOJIee YeM TpeX NECATUIICTHH, MPOU3BOIUTETb-
HocTh S1 MOSFET TpaH3ucTOpoB JOCTHUIIAa CBOEro Teoperudeckoro mnpenena. Cre-
JYIOIIMM IIIarOM B PAa3BUTUU CHJIOBOM AJIEKTPOHUKH CTalO TOSBJICHUE MOIIHBIX
TPaH3UCTOPOB Ha ocHOBe HUTpUAa rayums (GaN) [1].

VYHukanbHble (PU3NYECKUE XapaKTEPUCTUKU HUTPUJA TaJUTMs B CPABHEHUU C
KPEMHHEM I03BOJISIIOT JOCTUTHYTh 3HAYUTENbHBIX YIYUYIICHUH B MPOU3BOIUTEIHHO-
CTH: TIOHIDKCHHUE COTPOTHUBIICHUS OTKPBHITOTO KaHajla, pPOCT CKOPOCTEH MepeKrovue-
HUS, COXPAaHCHHE HAJIC)KHOCTH TPH BBICOKHMX YPOBHSAX TEMIIEpaTyphl U paJauaIlui,
YMEHBUIEHUE pa3MEPOB YMAKOBKU [2]. BO3MOXXHOCTh OUEHb OBICTPOTO MEPEKIIOYe-
HUS TPAKTHIECKH 0€3 MOTepb, MOSBIISIONIAscs mpu ucnoab3oBanuu GaN TpaH3ucTo-
POB, 0O3HAYAET BO3MOXKHOCTh YBEIHUYUTH d((HEKTUBHOCTH M YMEHBIITUTE pa3Mep Tpe-
oOpa3oBarersi, a TaKKe YMEHBIIIUTh Ce0ECTOMMOCTh €0 M3TOTOBJICHHUS 3a CYET OTKa-
3a OT psijia JOPOTOCTOSIIIIUX MACCUBHBIX 3JeMEHTOB ((huibTpoB) cxembl. Kpome Toro,
GaN TpaH3UCTOPBI XapaKTEPU3YIOTCs 00Jiee BRICOKOW pauallUOHHON CTOWKOCTBHIO U
CIIOCOOHOCTBHIO PabOTaTh P BBICOKUX padounx temreparypax (1o 300 °C), uro sB-
JISIETCS KJIFOUYEBBIM ACTIEKTOM TPU CO3/IaHUU AJIEKTPOHHON KOMITOHEHTHOW 0a3bl JJist
BOCHHOM M a3pOKOCMUYECKON TEXHUKH CIEAYIOLIETO IMOKOJIECHUS.

JI71st npyMeHEeHHs B CUIIOBOM JIEKTPOHUKE HEOOXOAMMBI HOPMAIBHO 3aKPBITHIE
GaN Tpansucropsl, padoTatone B pexkume odoramenus [3]. i cozganus HOP-
MabHO-3aKpHITEIX GaN TpaH3UCTOPOB YaIlle BCETO MCIOJB3YIOT MOA3aTBOPHYIO 00-
nacth Ha ocHoBe GaN, nerupoBanHoro marauem (P-GaN) [4] — [5].

[Ipu sTom moporoBoe HampspbkeHue otnupanus GaN TpaH3ucTopa C moja3a-
TBOPHOM 00J1acThIO0 Ha ocHOBe P-GaN ompenensercs TIaBHBIM 00pa3IioM TOJIIUHON
aMUTaKCHaIbHOTO ciiost p-GaN u ypoBHEM ero jerupoBaHus. ONTUMU3AIMS TaHHBIX
IapamMeTPOB MO3BOJIECT TOOMTHCS TMTOPOTOBOT0 HANMpspKeHUs oTrnupanus GaN TpaH3u-
cropos Onu3koro k U,,, =+ 2 B, 4To genaer ux He COBMECTUMBIMH C PabOTON THIIO-
BBIX MUKpOCXeM JipaiiBepoB ympaiieHus kpemHueBbix MOSFET, y koTopsix mopor
oTnupaHus Bapeupyercs ot +2 B go + 5,5 B. Huskuit nopor U,,,, yMeHbIaeT cToM-
KOCTh TpaH3ucTopa K m3meHeHnussm dV/dt, 4To ymeHbIIaeT HAACKHOCTh ¥ TPUMEHH-
MOCTh B BBICOKOBOJIBTHBIX cxemax. Kpome Toro, HU3Kuii mOpor OTHUPAHUS B COBO-
KYITHOCTH C HU3KHM MAaKCHMaJbHO BO3MOXHBIM TIPUKJIAJIBIBAEMBIM K 3aTBOPY
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HaIpPsHKEHUEM YBEITMYMBACT TOK, HEOOXOMUMBIH it ObicTporo nepexonaa GaN tpan-
3UCTOpa B KJIIOYEBOM PEXHUM U MOTEHIMAIbHO OrPAHUYMBAET 00JIACTh YBEJIUYEHUS
CKOPOCTHU MEPEKIIOUCHUSI TAKUX TPAH3UCTOPOB. TakuM 00pa3oM, JJi UCTIOIb30BAHUS
cuioBeiXx GaN TpaH3UCTOPOB B pabounx cxeMax Mpeodopa3oBaresieid He0OX0auM crie-
UAJbHBIN JpanuBep YIIPABICHUA.

B Hacrosiiieit pabote mpencTaBlieHbl pe3yabTaThl pa3pabOTKU MakeTa JUCKET-
HOTO OBICTPOJICHCTBYIOIIETO JApaiiBepa ynpasieHus cuioBbiMu GaN TpaH3zucropamu,
MOJIHOCTHIO COBMECTUMOTO € UX pabOTON Ha BRICOKUX YaCTOTax MpeoOpa3oBaHMUsL.

Janee paccMOTpuM OCHOBHBIE TpeOOBaHMS K pa3pabaTbiBaeMOMYy IpaiiBepy
ynpasieHus cuiioBeiMA GaN TpaH3UCTOpaMU UCXOS U3 OCOOCHHOCTEH UX PabOTHI.

Jlnst oOecrieyeHUs YacCTOTHBIX, BPEMEHHBIX XAPAKTEPUCTHUK, IMO3BOJISIOIIMX
OCYIIIECTBUTH BHICOKOE ObICTpojieiicTBUE nepekinoueHrus GaN Tpanzucropamu paii-
BEp YIpaBJICHUs JOJDKEH oOecrednBaTh BpeMsl HapacTaHHs (GpOHTA YIPaBIISIIOIIETO
UMITyJIbca M craja (GpoHTa yIpaBisIOUIEro uMiyibca He Oosee 10 He, a Bpems 3a-
JIEP>KKU UMIYJILCOB yripaBieHus He Oosee 30 He. g ynoOGcTBa mpUuMEeHEeHHs JIpaii-
Bepa ynpaBlieHUus TpedyeTcs, YTOObI HAMPSHXKEHUE MUTAHUS CXEMbI ObLIO B JTMAIIa30He
ot ypoBHst KMOII noruku no nopsnaka +15 B ... +40 B, npu 3ToM BBIXOAHOE HAIpsi-
KEHUE YIPABJISIIONINX CUTHAJIOB JOJDKHO OBITH HE OoJibiie +6 B. YpoBenb orpanuye-
HUS, IPUHATBIA B MUPOBOM MpakTuke coctabisieT +5 B. KoHcTpykuus u s3nekrpuye-
CKHE LIETIH ApaiiBepa JOJKHBI O3BOJISATh U3MEHATh YPOBEHb HAIIPSKEHUSI U €EMKOCTb
LIETH TTUTAHUS BBIXOJHOTO Kackaja 3a CYEeT MalKu JOTOJHUTEIbHBIX KOMIIOHEHTOB,
3aMEHbI CYIIECTBYIOUIUX, a TAKXKE U3MEHEHUS] COMPOTUBIIEHUS MOACTPOYHOIO PE3U-
ctopa. IluTaHue BBIXOJHOTO Kackada JIOKHO OOECIeurBaTh PErYJIUPOBKY YPOBHS
HaMpsOKEHUST Ha BBIXOJIE B IIMPOKOM JMArna3oHe, MPU 3TOM YPOBEHb MYJIbCalUi
HaIpsOKEHUS B 1€MW MUTAHUS PY BKJIIOYEHUU W BBIKIIIOYEHUU YIPaBISEMOTO TpaH-
3UCTOpa HE OKEH npeBblath 10% OT HOMUHANIBLHOW BEIMYMHBI HANPSIKECHUS MH-
TaHUS BBIXOJIHOTO Kackajaa. JlpaiiBep ympaBiieHHs TOJDKEH ObITh KOHCTPYKTHUBHO 3a-
KOHUYEHHBIM H3EJIHEM B BUJI€ MAKETa MEYaTHOM IUIAThl C YCTAHOBJICHHBIMHU C ITOMO-
IIbI0 TAWKH DJIEKTPOHHBIMH KOMIIOHEHTaMH. MakeT AOobkKeH ObITh pa3paboTaH C
NPUMEHCHHEM COBPEMEHHOM 3apyOe)KHON M/MJIM OTCUECTBCHHOM 3JIEMEHTHOM 0a3bl ¢
HCIIOJIb30BAaHUEM IMACCUBHBIX JJIEKTPOHHBIX KOMIIOHEHTOB W MOJYIPOBOIHUKOBBIX
pUOOPOB, a TAKXKe JOJIKEH MPEAYCMAaTPUBATh BOZMOXXHOCTh COSTMHEHHS K DJIEMEH-
TaM NUTAHUS, KOHTPOJIS U YIPABICHUSI MAKETOM C TIOMOIIbIO AKX HA CIEIUaIbHbIE
KOHTaKTHbIE MJIOMIAJIKK MM Pa3beMHOI0 coequHeHus. Kpome Toro, Maker AOJHKEH
MMETh 3aIUTY OT MEPENOJIFOCOBKM BXOAHOTO HAMPSIKCHUS MUTAHUS CXEMBbl JIpaiiBe-
pa. [Ipu nmogade oTpuIaTENbHOTO HAPSHKEHUS] HA BXOJHBIE BBIBOJBI MaKeTa JpaiiBe-
pa, cXeMa He JOJKHA NOTPEOIATh SHEPTHUIO U HE 0JKHA BBIXOJIUTH U3 CTPOSL.

Ha puc. 1 npeacraBieHa snekTpuueckas cxema pa3padOoTaHHOTO MakeTa Juc-
KpETHOTO JpaiiBepa yrnpasieHus: cuioBeiMu GaN Tpan3zucropamu. Maker npaiiBepa

VIOpaBJICHUS ObLI CIIPOCKTUPOBAH Ha 0ase 3apyO0eHBIX KPEMHHUEBBIX TPAH3UCTOPOB
2N2369A.
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Puc. 1. DnexkTpudeckas cxema pazpabOTaHHOTO MakeTa JUCKPETHOTO ObICTPOICH-
CTBYIOIIIECTO ApaiiBepa ynpasieHus crioBbiMa GaN TpaH3ucTopamu
Ha puc. 2 npencrasinena nepenaroddas xapakrepuctuka (Uq,=f(Uin)) paspa-
00TaHHOTO MakeTa JUCKPETHOTO JpaiiBepa ymnpapieHus cruiioBbiMu GaN TpaH3uCTO-
pamu.

54 E—E—E—E—NE—N—N—N—N—N—N—I

Uout, V

0 B T T T . T y T T T y T

0 2 4 6 8 10 12 14
Uin, V

Puc. 2. [lepenatounas xapaktepuctrka (Uq,=f(Ui,)) paspadboTannoro Makera auc-
KPETHOTO OBICTPOICHCTBYIOIIETO JpaiiBepa yrpasieHus cuioBbiMu GaN TpaH3ucTo-
pamu

Kak BHIHO W3 pe3ynbTaToB, MPEACTABICHHBIX Ha PHUC. 2, pa3paOOTaHHBIN
ApaiiBep ympaBiieHUs B OOJIBIIIOM JHAma30He YNPaBJISIONIeT0 HAMPSDKCHUS Ha BXOJE
Ui, ot 4 10 15 B no3Bonsier chopMupoBaTh MOCTOSHHBIN ypOBEHb HANPSKEHUS Ha
Bbixozae Uy = 5 B, 9TO MO3BOJISET €ro UCOIb30BaTh sl O€30MaCHOTO YIIPaBICHUS
CUJIOBBIMU KOMMYyTarimoHHbIMU GaN TpaH3ucTopamu B cOcTaBe mpeoOpazoBaTeeit
HaIpsHKEHUST BEICOKOU 3(DPEKTUBHOCTH.
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OINITUMU3AIIUA PEXKUMOB PABOTHI DJJEKTPUUECKOM CETH

C.H. ®enopoBuu
ToMCKHN NOJMTEXHUYECKAN YHUBEPCUTET
OHUH DJIIII, rpynna SAM6E

KuroueBblie ciioBa: pexxuMbl padOTHI JIEKTPUUECKOW CETH, PACUET PEKUMOB,
MOTEPU MOITHOCTH, CHUKEHUE TTOTEPh MOIIHOCTH, PACHPEAEIUTENIbHAS CETh.

Pedepar

OOBEKTOM HCCIEIOBAaHUS SBISIETCS YYACTOK TOPOJCKOM pacrpeaeuTeabHOMN
cetu 10/0,4 kB ropoaa Tomck. Llenbro ucciaegoBanus SBISIETCS OUCK U pa3paboTKa
TEXHUYECKUX PEIICHUHN JJIsi ONTUMU3ALUUA PEKUMOB PaOdOTHI TOPOJCKON MUTAIOIICH
AIEKTPUYECKON CETH C TOMONIBI0 HCMOJb30BAHUS COBPEMEHHBIX MMPHUKIAIHBIX
cpenctB pacyeta. O6IaCTh MIPUMEHEHUS: TOPOJICKUE U CEIBCKUE PaCIPeIeTUTEIbHBIC
cetu 10/0,4 xB. Dxonomuueckuii 3¢ EKT: pe3yabTaThl UCCICIOBAHUS TIOMOTYT CHU-
3UTh PEAIbHBIA YPOBEHB MOTEPh MOITHOCTU M dHEpPTruu. B Xoje nccnenoBanus Obun
pacCUMTaHbl PA3IMYHBIE PEKUMBI PaOOTHI AIEKTPUUECKUX CETEed B MPOrpPaMMHOM
KOMILJIEKCE.
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Beenenue

Poccust siBnsercs ogHOM M3 HamOoJiee PHEPrOEMKHUX HPKOHOMHUK B MHpe. DTO
CBS3aHO C KJIIMMAaTUYECKUMHU YCIOBHUSIMH, a TAK)KE C PACTIOIOKEHUEM MPOMBIIIIJIEHHO-
CTH U HaceJICHHs Ha cBoel oOmupHoi Tepputopun. CorjiacHO MpOBEACHHBIM UCCIIe-
JIOBaHUSIM, CYIIECTBYET 3HAUMTENIbHBIN MOTEHIMAN JJIsi sHeprocoepexxenus B Poc-
CHH, ¥ 3TO COKPATUT MOTPeOJICHHE 3JICKTpO3Hepruu HamojoBuHy [1]. CymectByer
npo6iema Hed(PEKTUBHOTO UCIOJIb30BAHUS YHEPTETUUECKOTO 000PYyI0BaHUS B pac-
MpeeIUTENbHBIX CETAX B pe3yibTare HecOaJaHCUPOBAaHHOW (a3oBOM HArpy3Kd U
T.1.

Taxum 00pa3om, OCHOBHOM 3a/1aueil TaHHOTO UCCIEAOBAHUS SBIISCTCS TIOUCK U
pacyeT ONTHMAaJIbHBIX PEXUMOB PabOThI ANEKTPUUECKON CETH, a TaKXKe pa3padoTka
MEPOTPHUITHIA JUII CHUKCHHSI IOTEPb MOIIIHOCTH.

CylIecTBYIOT pa3IUYHbIE METO/AbI CHIDKEHHUS TMOTEPbh MOIIHOCTH, KOTOpPHIE
MOXKHO pa3JIeIuTh Ha TPU OCHOBHBIC TPYMIIbI: OpPraHU3aIllMOHHbIC, TEXHUYECKUE U
METOJIbI COBEPIIICHCTBOBAHMUS CHCTEM y4eTa 3JIeKTpodHepruu [2]. OpraHu3anuoHHbIe
MEPOIPUITHSL BKJIIOYAIOT B ce0sI:

1. moucK MecCT pa3MbIKaHUs CETH C ABYXCTOPOHHUM MUTAHUEM;

2. CHW)XCHHME HECUMMETpUHU,;

3. onTUMU3AIMS 3arpy3Ku 00opyAoBaHus (KaOelbHbBIX JIMHUM U TpaHcopMma-

TOPOB).

TexHu4yeckue MEpONPHUATHS, KaK MPaBUIIO, MTOAPA3YMEBAIOT YCTAHOBKY CIICIIH-
anbHOTO OOOpynoBanus. Hampumep, nnsi CHIDKEHUSI TIOTEPh MOIIHOCTH MOXKET OBITh
yCTaHOBJICHa KOHJEHcaTopHas Oartapes. Takxe ANl CHIDKEHUS BIUSHUS BBICIIUX
TapMOHHMK MOXET OBITh HCIOJB30BaHO (PHIBTPOKOMIICHCHpYIOIIEEe yCTporcTBO [3].
VYcraHoBKa aHHOrO 00OpYOBaHUA TpPeOYyeT 3HAUMTENbHBIX HHBECTUIUH, a CpPOK
OKYIIaeMOCTH, 3a4acTyi0, HE OINpPAaBIbIBACT BJIOXKEHUS, MOITOMY B JaHHOW paboTe
MPUMEHSIIIUCh, B OCHOBHOM, OpraHU3allMOHHbIE Mepornpustus. Tak, B pabore N.H.
Endumon [4] paccMoTpen BO3MOKHOCTh YCTAHOBKM KOHACHCATOPHBIX Oarapei u 3a-
MEHBI TpaHc(opMaTOpoB Ha 3uUr3arooOpasHbie TpaHcpopMaTopsl. B pesynbrare Obl-
710 COOOIIEHO 00 YMEHBIIIEHUU TEKYIIeH aCHMMETPUU U MOTEPh MOUTHOCTH, HO dTOT
pe3yJbTaT HEBEIIUK.

OcCo0OEHHOCThIO paccMaTPUBAEMOT0 Y4YacTKa PAclpeAeUTeNIbHON CeTH SBIIS-
€TCsl HU3KUM YPOBEHb 3arpy3Ku 00Opy/IOBaHUS, B YaCTHOCTU TpaHchopmaTopoB. M3
pe3yNbTaTOB pacdeTa peKuMa MaKCUMAIbHBIX HAarpy3o0K CIEAyeT, 4To OobIas
4acTh TpaHCc(HOpMATOpOB MMeEET 3HaueHue kodpduuueHta 3arpy3ku Menee 45%
(Tabnuma 1).

Tabm. 1.
3arpy3ka TpaHcOpPMaTOPOB HA MOJACTAHIUSAX B PEKIUME MAKCHMAIIbHBIX HArPy30K

TII | 481 | 459 | 457 | 351 | 585 | 587 | 768 | 784 | 786 | 788 | 395 | 145 | 343 | 347 | 327

;1;01’ 28 |36 |445|6,4 |28,7|289|443|135|138|18,8|231|37,9|310]|10,8|285

T2

%’ 28 | 116 |51 |- - - 7,7 18683 |124|194 37,9208 | 24,1 | 14,7

OTK/II04eHHe YacTH 000PYy10BAHUS
Tak Kak OCHOBHAsi 0COOEHHOCTb PACCMATPUBAEMOT0 YYacTKa — HU3Kas 3arpys-
Ka 00OpyZnoOBaHus, CIEAYET PACCMOTPETh BO3MOXKHOCTh OTKJIFOUYEHHS 4acTU 00Opy-
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JOBaHUS U ONEHUTH dPPekT oT 3TuX Meponpusatuii [5]. Tak kak kaOenbHBIC JTHHHH
UMEIOT TOJIbKO Harpy304Hble MOTEPH, CIEAYET PACCMOTPETh OTKIIOYEHUE TpaHCchop-
MaTOPOB C IEIbI0 CHUKEHUS TOTEPh XOJIOCTOTO XO/a.

B tpancdopmarope ecTb Harpy304HbI€ MOTEPH (3aBUCSIINE OT HANPSLKEHUS) U
MOTEpPU XOJIOCTOrO XoJa (MOCTOSIHHBIE MOTEPU, HEe3aBUCAIIME OT HampspkeHus ). [lo-
TEPHU XOJOCTOTO XOJa 3aBUCIT OT HOMHUHAJIILHOW MOIIHOCTH TpaHcpopMaTropa — 4yeM
00JIbIIIe HOMUHAJIbHASI MOIIIHOCTh, TEM 0oJIblle MoTepu XonocToro xoaa (XX). [Mote-
pY MOIITHOCTH I TpaHc(hopmaTopa MOTYT OBITH PACCUYMTAHBI MO CIEIYIOMEH (op-
MyJe:

32
APpp =APy + APy, 82— (1)
HOM

B ocHOBHOM Ha MOJCTaHIMSAX YCTAHOBJICHO JIBa MAapajuIeIbHO WM Pa3/ieIbHO
paboTaromux TpanchopmaTopa, Tak Kak OHM HEAOTPYKEHbI, OTKIIOYEHUE OJHOTO U3
JBYX pa0oTaromux TpaHcGopMaTOpOB MPUBEACT K CHUKEHHUIO moTeph. st 1ByX ma-
pajUIeIbHO PadOTAIOIIMX TPAHC(HOPMATOPOB CYMMApHBIE MOTEPH MOIIHOCTH MOTYT
OBITh pacCUUTAHBI 10 CleAYIONIeH dhopmyIie:

1 s?
APp =APy -n+H APyarp 52— (2)
HOM

Jlnst ompeneneHus: BETMYUHBI MOIIIHOCTH HArpy3Ku, IMpU KOTOpoM padboTta o]I-
HOTO TpaHchopMaTopa YKOHOMHUYECKH 0oJiee OCyIIeCTBMMA, YeM TapaylieibHas pa-
6oTa AByX TpaHchHOPMATOPOB, MBI MOXKEM HCIOIB30BATh CAEAYIONIYIO0 (PopMyITy:

SOHT 2 SHOM : Mﬂ (3)
AP
XX

AP Onun

3ppeKTHBHEE

JIBa

y(ppeKTHBHEES

Puc. 1. JlunamMuka u3MEHEHHs IOTEPh MPU PA3IMUHBIX PeXUMax paboThl TpaHchop-
MaTOpPOB
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Hcxoas U3 pe3ynpTaToB PyYHOTO pacueTra, UCIOJIb30BaHUE OJHOTO TpaHchop-
MaTopa siBisieTcss Hauobosee 3PPEeKTUBHBIM IO CPABHEHHUIO C MapaiieIbHOU paboToit
(pucynok 1, obnacte 1). OnHaKo pacyer ¢ MOMOIIbIO MPUKIAIHBIX MPOTPAMMHBIX
CPEIICTB MOKa3all 00paTHOE — YPOBEHb MOTEPh HE U3MEHUJICS, OJIHAKO HAIPsHKEHUE B
HEKOTOPBIX y3JaX 3HAUYUTEIHbHO CHU3WIOCH (YBEIMUYEHUE HArPY30UHBIX MOTEPh B Ka-
OEJIbHBIX JIMHUSX CKOMIIEHCHPOBAJIO CHIXKEHUE MOTEPh B TpaHchopmaTopax). Takum
o0pa3oM, OTKIIIOUEHHUE TPAHCPOPMATOPOB OKA3AIOCh HEIPPEKTUBHBIM METOIOM JIJIst
JAHHOI'O YYacCTKa CETH.

[Tpoananu3upoBaB pe3ysibTaThl, ObUI CAENaH BBIBOA O TOM, 4TO TpaHchopma-
TOpBhl PabOTAIOT MPAKTUYECKH Ha XO0JIOCTOM Xoay. Tak kak makcumanbHbiil KIT/]
TpaHchopMaTopa HaOMIOAACTCS TIPU PABEHCTBE HATPY30UYHBIX MOTEPh U MOTEPh XX
(pucyHOK 2), a B pe3yJibTaTax pacueTa Harpy304HbI€ MOTEPU MEHBIIE, YEM MOTEPU
X0JIOCTOTO XOJa, AJIsl ONMPEIEICHNUS ONTUMATBHOMN 3arpy3Ku TpaHCPOPMATOPOB OBLIO
POU3BEIACHO YBEIUYCHHE MOIIIHOCTH HArPy3KHU.

Ha nanHOM 3Tare BhISICHUIIOCH, YTO CUCTEMA UMEET 3HAUNUTEIIbHBIA OTEHIUAT
pocta Harpy3ku. TpanchopmaTopsl Ha MOJACTAHIMIX YCTAHABIUBAIUCH C MEPCIIEKTHU-
BOW pOCTa HArpy3Ku MPOMBIIUIEHHOCTH, HO MPOMBIIUICHHOCTh NIepeexana B MPUro-
POJl UM Ha OKpaWHbBI TOPOJIa C EIbI0 SKOHOMUU Ha apeHje. Takum oOpa3om, poct
Harpy3KH MPUBEAET K CHUKEHUIO YJIEIIbHOTO YPOBHS MOTEPh, OJTHAKO POCT HATrPYy3KH
KOMMYHaJIbHO-OBITOBOM 30HBI HE BBHICOK U HA JIOCTHKCHHUE OMPE/ICICHHBIX YPOBHEU
Harpy3ku yUAeT HEe OJHO jAecsaTuieTue. [ CHuxKeHus notepb GyHKIIMOHUPYIOIIETO
y4acTKa paCIpEeIUTEIbHON CETH, B HACTOSLIEE BPEMSI pACCMATPUBAIOTCS BOIPOCHI
pPa3MbIKaHMs CETH C JIBYXCTOPOHHUM MUTAHUEM, a TAKKE CHUKEHUE YPOBHS (ha3HOM
HECUMMETPHHU.

1 PXX,PHarp, n

. Q|
SC)I'Jf'[‘ b

Puc. 2. U3menenune KIIJ[ B 3aBUCUMOCTH OT 3arpy3ku TpaHchOpMaTOpOB
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USING CLUSTERING METHODS FOR VOLTAGE STEADY-STATE LOAD
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Institute of Power Engineering, Department of Power Grids and Electrical Engineer-
ing, group 5AM6D"
Institute of Natural Resources, Department of Hydrogeology, Engineering Geology
and Land Management, group 2UM71°

At present, the electric power industry has shifted to the new information
standards IEC 61970 and 61968, collectively called the "Common Information Mod-
el" (CIM). These standards define a semantic model that describes the elements of the
energy system in the form of objects of specified classes, their properties and connec-
tions.

In this regard, the problem of the correct description of one of the most im-
portant elements of the power system - the electric load - was most acute for the
power engineers. The most reliable way of describing the load is the static load char-
acteristics.

The voltage steady-state load characteristics are the dependences of the active
and reactive load power on the applied voltage in the steady state, at a constant (as a
rule, nominal) frequency. For the majority of large nodes of the power system, the
voltage steady-state load characteristics are approximately described by a polynomial
of the second degree:
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Methods of identification the voltage steady-state load characteristics are con-
ducting passive or active experiments [1].

In the passive experiment, the information about the object is collected by pas-
sive observation, that is, information obtained in conditions of normal operation of
the object. An active experiment is conducted with the use of artificial impact on the
object under a special program.

Both methods have their advantages and disadvantages, however, in favor of a
passive experiment tells its simplicity and the possibility of implementing for any
host load, especially in the presence of telemetry.

Goal: to evaluate the effectiveness of different methods of cluster analysis
when solving problems in processing telemetry.

Some of the largest consumers of electrical energy are metallurgical plants.
This is due to the technological process and the equipment used, for example, an
electric arc furnace (EAF) (fig. 1).

The electric arc furnace is a furnace in which the thermal effect of an electric
arc is used for melting metals and other materials.

In this paper we used telemetry data from an electric arc furnace with a capaci-
ty of 100 tons (fig. 2).

Electrodes

Charging Slag

d.
OH N /

Flg 1. Scheme of an electric arc furnace

! h. aew., M»M W W

. ! |
May 18,0000 May 18,0200 May 18,0400 May 18,0600 May 18,0800 May 18,1000 May 18, 1200
2016

Fig. 2. Telemetry data of active, reactive power and voltage
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Clustering (or cluster analysis) is the task of splitting a set of objects into
groups, called clusters. Within each group there should be "similar" objects, and the
objects of different groups should be as different as possible. The main difference be-
tween clustering and classification is that the list of groups is not clearly defined and
Is determined in the course of the algorithm [3,4].

The application of cluster analysis in its general form reduces to the following
stages:

e - Selecting a selection of objects for clustering.

e « Define the set of variables by which objects in the sample will be evaluat-

ed. If necessary - the normalization of the values of variables.

e -« (Calculate the values of the measure of similarity between objects.

e < Apply the cluster analysis method to create groups of similar objects (clus-

ters).

e < Presentation of the analysis results.

Hierarchical clustering

The essence of this method is that at the first stage the similarity or difference
between each pair of objects in the data set is determined using different metrics; Fur-
ther, a hierarchical tree of binary clusters is formed using different algorithms, and

then clusters are formed using the results of the second stage.
Final Besu!t
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Fig. 3. The final result obtained by hierarchical clustering

Advantages of the method: there is no need to perform additional operations;
sufficient quality of clustering; simplicity of implementation.

Disadvantages: the need for several iterations, the sensitivity to the number of
clusters.

Other methods will be compared with the results of hierarchical clustering.

Gaussian mixture method

When clustering based on this method, it is assumed that the data is generated
by a mixture of probability distributions in which each component represents another
cluster. Generative models are usually solved using the EM algorithm, which is the
most widely used method for estimating the probability density of a finite mixture.
The EM algorithm starts with random or heuristic initialization, and then iteratively
uses two steps to solve the roundness in the calculation:
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E-Step. Determine the expected probability of assigning data points to clusters
using the current model parameters.

M-Step. Determine the optimal parameters for the model of each mixture, us-
ing the probability of distribution as a weight.

Advantages: sufficient quality of clustering; there is no need for several itera-
tions.

Disadvantages: the need for an additional unification operation; sensitivity to
the number of clusters.

The method of K-means (K-means)

The method of K-means uses an iterative algorithm to minimize the intracluster
sum of distances of cluster objects to its centroid across all k clusters, consisting of
two stages:

The first phase is designed to search for the approximate value of centroids of
clusters and preliminary grouping of objects into clusters.

The second phase is designed to find an exact and final solution.

Advantages: ease of implementation.

Disadvantages: insufficient accuracy; the need for iterations and additional join
operations, the sensitivity to the number of clusters.

The method of self-organizing maps of Kohonen

Self-organizing maps Kohonen designed to visualize the multidimensional
properties of objects on a two-dimensional map. Kohonen maps produce a mapping
of high-dimensional input data to elements of a regular array of small dimension. [5]

Advantages: increased accuracy in determining clusters; there is no need to it-
erate; visibility, there is no sensitivity to the number of clusters.

Disadvantages: dependence on the number of epochs; need for a join operation.

The result is presented in figure 4:

P.o.e

oz 03 04 0 16 i ) 1]
o

Fig. 4. The Dependence P(U)
Obtained in this study result will be used to identify voltage steady-state load
characteristics using regression analysis techniques.
Conclusion
The analysis showed that the most convenient, simple and fast method of clus-
ter analysis from the above is the method of hierarchical clustering. At the same time,
the most accurate method is the method of Kohonen maps. The results obtained make
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it possible to extract clusters belonging to the same load states from all measurement
data for further processing by filtration methods and regression analysis. Thus, the
static characteristics of the load can be obtained from the data of a single passive ex-
periment.
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2

Axkrtyanuzanus (aKTUYECKHUX CTAaTHUECKHUX XapaKTePUCTHK Harpy3ku IO
HarnpsokeHuto (CXH) kpynHbIx nmotpeduteneit sneprocuctembl Poccun siBrsercs of-
HOM U3 IIPUOPUTETHBIX 3a/1a4 COBEPIIECHCTBOBAHUS CPEACTB U ACATEIBHOCTH 110 pac-
YETy, aHAIU3y W IUIAHWUPOBAHMIO TEKYIIMX U MEPCHEKTUBHBIX JJIEKTPOIHEPreTUYE-
CKUX peXUMOB coriacHo [IporpamMmme mHHOBaUMOHHOTO pa3BUTHA AO «CHCTEMHBIN
oneparop EnnHON 3HepreTnueckoil cucrteMsD». Pemraercs sta 3agava, Kak IPaBHIIO,
OpraHM3alNEN DKCIIEPUMEHTAIIBHBIX UCIIBITAHUM ¢ U3MEHEHUEM HAIIPSDKEHHS HA IIU-
Hax notpedurtens. Takue UCHBITAHUS MPUHATO HA3BIBAaTh «AKTHUBHBIM SKCIEPUMEH-
Tom». pyrum crocodom unentudukanmn CXH siBnsercs HakorsieHue U o0paboTka
pe3yJIbTaTOB U3MEPEHUI MapaMeTpoB pekrMa 0e3 BMEIIATEeNbCTBA B €CTECTBEHHBIM
npouecc GyHKIIMOHUPOBAHUS TOTPEOUTEIS], UITU ITACCUBHBIN SKCIIEPUMEHT.

Kak B ciydae akTMBHOTO, TaKk U B CIy4ae MAaCCUBHOI'O IKCIIEPUMEHTA OJTHOM U3
3a/1a4 00paOdOTKH JaHHBIX SIBJSIETCS KJIACTEPU3ALIHsl pE3yJIbTaTOB. DTO CBA3aHO C TEM,
YTO MapameTpsl peKMMa U3MEHSAIOTCS I10J BO3IEUCTBUEM JIBYX IPUYMH: KaK BCIEJ-
CTBHE€ M3MEHEHUs HANPSDKEHUS, TaK W BCIEICTBUE W3MEHEHHsI COCTOSIHUSA CaMOU
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Harpy3ku [1]. 3amaueil kimactepusanuu B STOM ciaydae OyIeT SBISTHCS pa3felicHHe
M3MEPEHHBIX 3HAaYEHUH Ha KJIacTepbl, COOTBETCTBYIOIIUE OJHOMY U TOMY € COCTOS-
HUIO HArPY3KHU.

O030p M COIMOCTABJICHHUE CYIIECTBYIONIMX METOJOB KIACTEPHOrO aHaim3a [2-
4], Takux Kak MepapxuuecKas Kiactepusaius, MeToa ['ayccoBori cmecu, meton K-
means (K-cpeanux), MeTos camoopranusyromniuxcs kapt Koxonena u np. mokasan,
YTO HamOoJiee yJIOBICTBOPUTEIbHBIE PE3YyJIbTaThl JA€T METOJl UEPAPXUUYECKOM Kia-
cTepusanuu. PaccMoTpuM ero nmpumMeHeHue B 3ajaue 00paOOTKH JaHHBIX Tellen3Me-
peHuil, PUKCUPOBABIIUX HAIPSHKEHUE W MOTPEOIIEMYIO0 PEaKTUBHYIO MOIIHOCTh O/I-
HOT'O U3 aJIIOMUHUEBBIX 3aBOJI0B. MI3MepeHHbIe 3HaueHusl Hanpsbkenust U 1 peakTus-
HOM MomHOCTH QQ B 3aBUCHMOCTH OT BPEMEHH IPEICTABICHBI HA pUCYHKE 1.

Jlnst peanuzanuy MOCTaBIEHHOM 3a7auv ObUIO HAMMCAHO MNPUKIAIHOE TPO-
rpaMMHOE oOecliedyeHue Ha si3bIke NporpamMmMmupoBanus C# mo3Bosisitoliee Mpou3BoO-
IUTh KJIIACTEPHBIM aHAIN3 METOAOM HEPAPXUUYECKON KIIACTEpU3ALUUA U UCIIOJIb30BAThH
pe3yNbTaThl B PETPECCUOHHOM aHANIM3E IS MOJy4YeHUs KOIPQPUIIUMEHTOB CTaThye-
CKOM XapakTepucTuku Harpy3ku. B kauectBe CXH B ganHOM ciiyyae Oblia IpUHATA

TuHenHas QyHKIMS

QU)=Quas (20 + 215 ) "
as

rae ag u @ — kodpdunuentel CXH B oTHOCHTENpHBIX enuHULax; Upggu
Qpas — OasuCHbIC 3HAUCHUS HAPSHKEHUS U PEaKTUBHOW MOLTHOCTH COOTBETCTBEHHO.

"’5 T T T

Q, Msap

1 i i

Mar 27, 02:00 Mar 27, 12:00 Mar 27, 22:00
Bpemsa
Puc. 1. 3aBucHUMOCTH peaKTUBHOUN MOIIIHOCTEW W HANIPSIKEHUS OT BPEMEHU
[TocTaBieHHYIO0 CUCTEMHYIO 33/1a4y MOKHO pa3OUTh Ha HECKOJIBKO T0J3a/1ad,
KOTOpBIE PEIIAlOTCsS OMNPEACICHHBIMA MOMIYJISIMU Pa3pabOTaHHOTO MPOrPAMMHOTO
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obecriedeHysl: IOCTPOEHHE BPEMEHHBIX 3aBUCHUMOCTEHN; NUCKPETU3aLUs C 3aJaHHOU
YaCTOTOM; KJIACTEpU3alUsl U PETPECCUOHHBIN aHAJIU3.

PesynbTaThl KIaCTEpHOIO aHalM3a IPEJACTABIEHBI HA PUCYHKE 2. Kak MOXKHO
BHJIETh HA JJAHHOM PUCYHKE BeCh MaccHB 3HaueHHH 3aBucuMoctd Q(U) pasdut Ha
TPU KJIAcTepa, COOTBETCTBYIOLIME TPEM COCTOSHHMAM HUCCIENYyEeMON Harpysku. [lnd
Ka)XI0T'0 COCTOSIHMA Harpy3ku onpenencHa cBod CXH, mokazanHas B MMEHOBaHHBIX
eAMHUIIAX Ha PUCYHKE 2 mpsMoi jauHuel. [Ipu 3ToM B KadecTBe 0a3uCHOTO Hamps-
KEHMs IIPUHATO MATEMATHYECKOE OXKMJIaHUE BCEX M3MEPEHHBIX 3HAYEHUM HaIpsiKe-
Hus Upgg =233,5 kB. IlomydeHHble Oa3sUCHBIE 3HAYCHUS PEAKTUBHOW MOIIHOCTH H

koaurmenTst CXH a1 Kax10ro U3 KJIacTepoB NpUBEACHBI B Tabuiie 1.

Tab6n. 1. Pe3ynbTarsl KIaCTEPHOTO U PETPECCUOHHOIO aHaIN3a
Qpas: MBap | ag, 0.e. | &, 0.e.
Kracrep 1 39,4 -2,75 3,74
Knacrep 2 43,7 -2,04 3,04
Knacrep 3 41,8 -3,7 4.7

46 1
Knacrep 1

Knacrep 2
45T Knacrep 3
CxH 1
44 r CxH2
CxXH3

Q.Meap

39

38

37 . . . . . . '
230 231 232 233 234 235 236 237

U.kB
Puc. 2. [Tonyuennsie kiactepsl v tuHeliHbie CXH B IMEHOBAaHHBIX €IUHUIIAX
®dusnueckuil cMbIci KO3QOUIMEHTA & — 3TO PerylIupyommii 3gpdexT Harpys-
KM IO HanpspkeHuro. Kak BuauM, 11 BCEX TPEX KJIACTEPOB ATOT MAPAMETP JIEKUT B
npenenax 3 — 4,7. Manbiit pa30poc 3HaYEHUN MO3BOJISIET ClI€JIaTh BHIBOJI O TOM, YTO
MOJYYEHHBIC PE3YJbTAThl UMEIOT CTATUCTHUYECKYIO JIOCTOBEPHOCTh. 10 K€ MOYKHO
HaOmonaTh U npu noctpoeHnd CXH B OTHOCUTENBHBIX €AUHUIIAX, PUCYHOK 3.
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2a7

0,0.e.

o5l . . . . . .
0.7 0.8 0.9 1 1.1 1.2 13

U,0.e.

Puc. 3. Cratnueckue XxapakKTEpUCTUKH HATPY3KU B OTHOCUTEIBHBIX €IMHUIAX
B 3akimroueHnn MOKHO CHENAaTh HECKOJIBKO BBIBOJIOB!

1.

[Tpu mosydeHHH CTATMUECKUX XapaKTEPUCTUK HArpy3KH IO HANPSKEHUIO
KpOME pe3yJIbTaTOB AKTUBHOT'O SKCIIEPUMEHTA MOTYT OBITh TAK)K€ HCIOJIb-
30BaHbl JaHHbIE TACCUBHBIX HAOIIOACHUN;

[Tpu 06paboTKe NaHHBIX MACCUBHBIX HAOIIOIEHUN HEOOXOJUMO PELIUTh 3a-
Jlady KJIacTepU3aluy 10 COCTOSTHUSM HAarpy3KH;

Jlnst 9TO# 1enu ¢ yCIeXoM MOXET ObITh MCHOJB30BAH METOJ HepapXuye-
CKOU KJIaCTEPU3ALINH;

B psige ciiydaeB laHHbIE MACCUBHBIX HAONIOACHUI MO3BOJIIOT OMPEAEIUTD
3HauEHUE perynupyromero 3¢dexra Harpy3Ku;

ConocTaBiieHHE XapaKTEPUCTUK, TOJYYSHHBIX JJIsl pa3HbIX KJIACTEPOB, M03-
BOJISIET OLIEHUTh JJOCTOBEPHOCTh MOJYUYE€HHBIX PE3YIbTaTOB.
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AHAJIM3 METOJOB PACYETA 3JIEKTPUHYECKHUX PEKUMOB
B PAMKAX CUCTEMBI JJEKTPOCHABXEHUSA YT OJIbHOM IIAXTHI

®.C. Henma, B.M. E¢ppemenko
Ky36acckuii rocyiapcTBeHHbIN TeXxHUUecKkui yHuBepcuteT umenu T.d. ['opbauena

B npouecce skcrutyaTtaruu cucteM snnekTpocHadxkeHus (COC) yronbHbIX MIaxT
BO3HHUKAET HEOOXOJMMOCTh B pacueTe W aHaju3e AJIEKTPUUECKUX pexumoB. [lpu
ATOM pPACYET IIEKTPUUYECKUX PEKUMOB HEOOXOAUM JUIsl pEIICHUs 3a7jaui ONTUMU3a-
uu pexxuma padotsl COC 1o pa3nuyHbIM KpUTEpUSIM (MUHUMYM NOTEph (oTpedIie-
HUS1) aKTUBHOM MOIIIHOCTH, OOecrieueHue HOpMaTUBHBIX MOKa3aTeslel KauecTBa JIeK-
TPOSHEPTUH), @ TAKXKE OIpPEEICHHUsS] KPUTUUECKUX YPOBHEHN HaNpsLKEHUs, PU KOTO-
PBIX BO3MOKHO HapyUIEHUE YCTOMYMBOCTU PaOOTHI ABUTAaTEIbHON Harpy3Ku.

JlJis BBIMOJIHEHUS pacyeTa JIEKTPUUECKOro pekuMa HE0OX0IUMO CO31aTh MO-
nenb COC yrojbHOW MIAaXThl, KOTOpasi AOJKHA OBITh MpEJCTaBieHA B BUjE rpada,
COCTOSIILIETO U3 y3J0B U BETBEM.

B cocraB mogenu COC yrosbHOM MIAXTHI BXOAST CJIEIYIOMINE TUIIBI Y3JIOB:

1. Haepy3ounsie y31v61, KOTOPbIE MPEACTABIAIOT XapaKTEPUCTUKU IIIEKTPOIPU-

€MHUKOB WUJIU TPy 3JIEKTPOIPUEMHHUKOB.

2. bazucHviil y3en, B KOTOPOM 33/1al0TCS TTapaMeTPhl MUTAIOMIEH CETH U OTHO-
CUTEJIBHO KOTOPOTO BBINOJHAETCA pacyeT pexkumoB. Kak mpaswiio, ycra-
HABJIMBAETCS HA TPaHMIE pas3jesia MEXIY YTrOJbHOM IIAXTOW M 3HEpro-
cHaOKaroIIe opraHu3aiuei.

3. ['enepamopHuie y3bl, NPEACTABIAIOT 00OBEKTHI T'€HEPALUU, KOTOPbIE MOTYT
BX0AUTh B cocTaB COC yroabHOW MIAXTHI.

Takke B cOCTaB MOJIESIN BXOJST Pa3JINYHbIEC TUIIBI BETBEU:

4. Tpancghopmamopnvle 6emeu, KOTOpbIE TPEACTABISAIOT XapaKTEPUCTUKU
TpaHc(OpMaTOPOB TJIaBHBIX MOHU3MTENbHbIX Tojactanuui (I'TIIT), mepe-
JIBI)KHBIX YYaCTKOBBIX MoA3eMHbIX nojactaniuit (ITYTIIT).

5. Bemeu nunuti, KOTOpbIE MPEACTABISIOT XapaKTEPUCTUKHU JIUMHUN, 00pasyro-
mux COC yrojibHOM IaXTHI.

6. Bemeu ewiknouameneil, NPEACTABISIOT BBIKJIIOYATENIH, C MOMOUIBIO KOTO-
PBIX BBINOJHAETCS U3MeHeHue tononorun COC.

Ha ocHOBaHMM CO3/IaHHON MOJIEIN BBIMOITHAETCS (OPMHUPOBAHNE yYPABHEHHIA
ycranoBuBLierocss pexxuma (YVYP). CymectByeT Oosbliioe KOJTUYECTBO YHCIECHHBIX
METOJIOB, C TTOMOIIIbI0 KOTOPBIX OHU MOTYT OBITh 0OpaOOTaHBI JIJIsl TIOJTYYCHUS JdaH-
HBIX O MOJYJISX U (azax HaNpsHKEHUS B y3J1aX, OJHAKO TOYHBIX METOJOB JJIS pelie-
HUS 3TUX YpaBHEHHI He cylecTByeT. MeTonbl pemeHus HelnuHenHbx Y'Y P noapo6-
HO PaccMOTpPeHbI B paboTax [1-7].
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Metons! perienus HenuHEHHBIX Y YP M0oxHO KnaccuuuupoBarh Cleayronum
obOpazom:
TpaauunuoHHBIE METOBI
MeTo MOKOOPAMHATHOTO CIycKa (TpaueHTHBIA METO).
MeTtopsl 3elineneBckoro tuma (MeTobl 3eiaens u ['aycca-3eiaens).
MeTop y3JI0BBIX HANPSKECHUM.
Metonbl HetoToHOBCKOTO THMa (Kiaccuueckuit meton HbroToHa; MeTombl
10 TIapaMeTpy; METO/bI, OCHOBAHHBIC HA N3MEHEHUHU TOYKH JIMHEAPU3ALUHU
1o xoxy (opmupoBaHus MaTpUIbl SIKOOM M €€ TPEYroJIbHOIO Pa3IOKEeHHS
(meroner K.M. Bpayna, H.U. Bapronomes)).
Il.  Herpaauumonusie MeTOAbI (METOA HEUETKOM JIOTMKH; METO] Ha 6a3e uc-
KYCCTBEHHBIX HEHPOHHBIX CETEH, MpouHre METObl (Ha 0a3e reHeruye-
CKUX QJITOPUTMOB H JIp.)).

B [2] paccmoTpeHo npuMeHeHue s penieHus Y YP MeTona HauCKOpenIero
cinycka. Iloka3zaHo, 4TO CKOpPOCTB CXOAMMOCTM METOJAa HAUCKOPEHILIEro CIIyCKa
MPUHLIUIHAIBHO HE U3MEHHTCS, eciii Y YP OyayT 3anucansl B 11000 Apyrou hopme
U NOJIIPHBIX KoopAuHaTax. [Ipu 3TOM BBINOJIHSIOCH U3MEHEHUE IPYTUX MTapaMeTpPOB
CXEMBbI 3aMEILECHUA: KOJIMYECTBO Y3JIOB, KJIACC HAIIPSIKEHUM, CTEIIEHb HEOJHOPOIHO-
CTH MMACCUBHBIX NIapaMETPOB, BEJIMUYUHBI HATPY30K U AP., HO YIYULIECHUS] CXOAUMOCTH
IIPU TOM HE HAOJII01aIOCh.

Pemiennie YYP meTonamu 3eiiesnieBCKOro Tumna moapoOHO PacCMOTPEHO B pa-
0otax [2-3]. UTepanmonHas cxema MeTojia 3ehensi mpocTa, HO MOXKET CXOIUTHCS
MEJIJIEHHO WJIM pacXOIuThesa. TeM He MeHee, METO/bI 3€HAeIEBCKOT0 THIa 00JIa1atoT
Jy4dlIed CXOAWMOCTBIO M YacTO IMPUMEHSIOTCS JJISI ONPENEICHNs] HAYaJIbHBIX IPH-
OJIMKEHU TIPU pEIEHUU HeIMHEHBbIX YYP Meromamu HbIOTOHOBCKOrO Tumna. Kpo-
M€ TOr0, METOJbI 3€HEIEBCKOT0 THUMA MPEAbIBISIIOT MUHUMAIbHbIE TPEOOBAaHUSA K
namatd OBM T.x. py X UCTOIB30BAHUH HET HYXJIbl B XpPAHEHUU MATPUI] OOJIbIIIO-
ro pazMepa. Takxe CTOUT OTMETHUTh MOJYYMBIIMI HAa HAYaJIbHBIX 3Talax MpPUMEHeE-
Hust OBM nns pemienus YYP meton Naycca-3eiinens. B HeM st ynydmieHust cxo-
JUMOCTH TPOIECCa UTEPAIM BBOAUTCS CHEIUATBHBIA YCKOPSIOUUN KO PUITESHT.
OpnHako, HECMOTpsi Ha BBeleHUE KOA(D(PUIMEHTOB YCKOpPEHHs, MeToi 3enaens —
["aycca HeHaMHOTO Jiy4llle METOAa €M IeIs.

B [2-3] paccMOTpeHO NMpUMEHEHUE METO/Ia Y3JIOBBIX MOTEHIMATIOB JJIsl Pelie-
HUs HenMHEWHBIX Y YP. OCHOBHBIM IPEUMYIIIECTBOM 3TOI0 METOAA SBJISIETCS TO, YTO
YUCJIO UTEPALMK HE 3aBHCUT OT YMCIIA NIEPEMEHHBIX. METO ] 3aKI04YaeTcs B MOCIe-
JIOBATEJIbHOM YTOUYHEHUHN 3HAYCHUHN Y3JI0BBIX HAMPSHKEHUM IMTyTEM PELICHHS] CHCTEMBI
JMHEHHBIX areOpanyecKuX ypaBHEHUU. [[s ymydIieHus: CXOAMMOCTH METOJIa y3J10-
BBIX MOTEHIMAJIOB UTEPALMOHHBIN MPOLIECC MOKET PETYIUPOBATHCSA IyTEM YMHOXKE-
HUS TOMPaBKU MO HANPSHKEHUIO HA ONpeeTCHHBIN KOA((ULIMEHT 1eMIIPpUpOBaHHUS.
Metoa noyyus pacupoCTPaHEHHE 1JI BHIMOJIHEHUS IPEABAPUTEIbHBIX BHIUUCICHUM
MOTOKOpACHpEEICHUS B CETAX C Ki1accoM HanpsibkeHus 110 kB u BoIte.

MeTtoabl HBIOTOHOBCKOTO THITA BKJIIOYAIOT B cebOe Kiraccuueckuii Mmeton Hero-
TOHA U €ro Moau(UKAIK, CBI3aHHBIE C BBEJIeHHEeM KO3(PHUIIMEHTa YCKOPEHUS — Ta-
pameTrpa (METONl «Io TmapameTpy»). B Hacrosiee BpeMs METOIbl HbIOTOHOBCKOTO
TUMNA IMUPOKO NPUMEHSIOTCS JJIsl peaInu3alui MporpaMMHBIX KOMIUIEKCOB JJI pacue-
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ta pexxuMoB. Kiaccnmueckuii meton HerotoHa moapoOHO omwmcan B paborax [1-3].
Pa3znuynble Bapraluy MeTo/1a «I10 apaMeTpy» onucaHsl B padorax [4-6]. Knaccuue-
ckuil mMeTtos, HproTOHa 4yBCTBUTENEH K BbIOOPY HauyaibHBIX NPUOIMKEHUN, €CIIn
HayvaJbHbIE MPUOIMKEHUS AAJIEKU OT UCKOMOTO PELICHUs], TO KJIACCUYECKUI METO[
HploToHa MOXKET CXOAUTHCA MEIJIEHHO WM HE CXOJIUThCA BooOue. B ciayyae MoHO-
TOHHOCTH (DYHKLIMHM METOJ 00€CIEeUMBAET MOJyUYE€HUE pEIIeHUs C J0oro mpuliu-
xeHust. Eciiu QyHKIMS HEMOHOTOHHAs!, TO MOJIyYEHUE PELIEHUsI CYILIECTBEHHO 3aBU-
CUT OT HAYAJIbHOTO MPUOIMKEHHS. MeTOI MOKET MPOITYCTUTh NMPABUIIBHOE PEIICHHE
Y BBIUTH K APYTOMY PELIECHHUIO, UM BOOOLIE pa30UTHUCH.

Bce mMeTobl HBIOTOHOBCKOI'O THIIA 3aKJII0YaKTCs B (DOPMUPOBAHUHM MaTPHULIBI
Axobu M mocnenyomuM ONpeneeHueM MOMPaBOK K UCKOMBIM MepeMeHHbIM. Dop-
MUpPOBaHUE MaTpUIbl SIKOOM MPOU3BOAMUTCS HA Ka)KIOW MTEPALMH 10 MOMEHTA, KO-
r71a TOYHOCTh PAcU€TOB JNOCTUTHET 3a1aHHoM. [Ipn 3TOM pemenne cucremsl Y YP Mme-
tonoM HproTOHa nMeeT Gojiee BBICOKYIO HA/JE€KHOCTb C TOYKU 3PEHHUS CXOAUMOCTH
II0 CPaBHEHUIO C METOAAMH 3eieneBckoro tuna. Meroasl HbIOTOHOBCKOTO THIIA
IIO3BOJISIOT MOJYYUTh PEUICHUE, KO 1A TPaJMEHTHBIN METO U METO/BbI 3EHAEIIEBCKO-
ro TUIIA PACXOAATCS NpH perieHuun Y YP.

CymHocTh Ki1accuueckoro Metoga HproTOHa 3aKiIr04aeTcss B ONPEACICHUN Ha
KaKJI0M UTepaluy BEKTOPa MONPABOK AX*Y y B npuOaBICHUH €r0 K BEKTOPY He3a-
BHUCHMBIX IEPEMEHHBIX X ¥, WTepannoHHBIN IPOLIECC IPU ’TOM UMEET BUJ:

X(k+l) :X(k) +AX(k+1) 1)
Knaccuueckuit meton HproToHa 00s1a71a€T MII0X0M CXOJUMOCTBIO B CUCTEMax
YVP ¢ mnoxo oOycioBieHHON MaTpuilel SIkoOu WM MpU IUIOXUX HAYAJIbHBIX TPU-
ommkenusax. [lostomy knaccuueckuit meton, HproToHa HEe TPUTOACH JUIsl aHaIu3a
MpPEACNbHBIX PEKUMOB, a TaKXKe aHAlM3a HOPMAJIbHBIX PEKHUMOB OJIM3KUX K TIpe-
JIEIbHBIM peXuMaM. B TakoM ciydae peKOMEHAyeTcs MpUMEHSATh MeToll HbroToHa
«T10 TIapameTpy».
B otnnume kiaccuueckoro merona HpioToHa, METOABI MO MapaMeTpy Mpeay-
CMaTPHUBAIOT pacueT MePEeMEHHBIX Ha KXo uTeparuu K mo cienyromieit Gpopmyie:

kD) (0, 5 (K)o (k) o

rae FALS koadureHT aemmndupoBaHus Wik KOdHPUIMEHT KOPPEKTUPOBKH
JUTAHBI 11ara, ONpeaesieMbld Ha KaX10U UTECPALUH.

Ilens BBENEHUS MapaMeTpa 2% cocront B MIPEAYIPEXRICHUN PACXOIUMOCTH
npouecca urepaunid. CxoqumMocTs MeTo1a HproToHa MOKHO OLIEHUTH 110 U3MEHEHUIO
pasnuYHBIX HOpM BekTopa HebamaHcos||W,;||. MoHOTOHHOE CHIDKEHHE JII000W U3
TUX HOPM B IIPOLIECCE UTEPALUN SIBISETCS NOCTATOYHBIM YCIOBHEM CXOJUMOCTH
mpolecca.

OpHuM 13 MEpPBBIX METOJ MO MapaMeTpy, Ha3bIBAEMbIN METOJ MTOCJIEI0BATENb-
HBIX HHTEPBAJIOB, ObUT nipeioxkeH JI. A. Kpymmowm [3]. DToT MeToa dhakTrudecku co-
OTBETCTBYET YTSDKEIICHUIO PEKUMA U PELICHHUIO HAa KaKOM LIare yTsHKeJIEHUs ypaB-
HeHuid YP. 3nech BenmnuuHa napaMmeTpa onpeaenisieTcsl JJIMHON BRIOUpPAaeMbIX UHTEP-
BaJIOB, KOTOPBIE BBHIOMPAIOTCS ClydyailHbIM 0Opa3oM. Takum oOpa3om, CKOPOCTh CXO-
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AUMOCTH TPOCTEHIIEro METo/a MO MapaMeTpy 3aBUCHUT OT AJMHBI BEIOUPAEMBbIX HH-
TEpPBAJIOB.

B Hacrosiee BpeMs, B Mporpammax Juisi pacyera 3JEKTPUYECKHX PEKHMOB
HauOOJbIIEe PACIPOCTPAHEHUE MOJIYYHIIO BhIUMCIECHUE KO3 duuuenTa aemndupo-
BaHUA 10 cxeme DHeeBa-MarBeeBa [4]. Takas cxema o01anaeT BICOKOW HAJIEKHO-
CTBIO M OKYNAaeT HEKOTOPBIE JIOMOJHUTEIBHBIE 3aTPAaThl BPEMEHH 10 CPABHEHUIO C
KJIacCUYecKuM MeTtofoM HpioToHa. JlomoNHUTENbHBIE 3aTpaThl BBI3BIBAIOTCS HEOO-
XOJIMMOCTBIO BBIYMCIIEHUS BEJIMYMHBI 11ara, a TAKK€ HEKOTOPBIM YBEJIMYEHUEM UM C-
Jla UTE€pali BCIEACTBUE OTPAHUYECHUS 1Iara.

B merone bpayHa npenioKeHO BBIIOJHATH JIMHEAPU3ALHIO KAXIOTO OTAEIb-
HOI'O ypaBHEHMS IO MEpPE BBINOJHEHMS Npouenypbl UCKiIroueHus [aycca. Merton
bpayna pekomeHayeTcs Kak 0cO0O HAJI€KHBIM, CIELHAIBHO OPUEHTUPOBAHHBIN HA
peIIeHue 3a71a4 ¢ I0X0 o0ycioBaeHHOW Matpuniel Akoou. Merox I1.1. bapronomes
TaKXe MOJpPa3yMEBAECT W3MEHEHHE TOYKH JIMHEAPU3ALUWHU OT OJHOTO YPABHEHHS K
apyromy. Tem He MeHee, y BBIIIEYKa3aHHBIX METOAOB HET SIBHBIX IIPEUMYILECTB IIe-
pen MeToaMU HbIOTOHOBCKOT'O THIIA.

Tak)ke CTOUT BBIICIIUTHh HETPAJAUIITMOHHBIC METO/IBI perieHus Y Y P, moapoOHbIit
aHaJIu3 KOTOPBIX, BBHIIIOJHEH B pabore [7].

B nenom HeTpagunmoHHble MeToAbI peweHus Y YP nokasanu cedst 1oCTaTOuHO
XOpOLIO, B YACTHOCTU B HEKOTOPBIX paboTax ObLIO JOCTUTHYTO COKpAIlleHUE BpeMe-
HU pemieHns Y YP 1o CpaBHEHHIO ¢ TPaAULMOHHBIMU METOJAMH.

TeM He MeHee, IO IPUYHMHE OTCYTCTBHUS CBUACTENBCTB MOATBEPKAAIOIINX SB-
HBIE ITPEUMYLIECTBA HETPAAULMOHHBIX METONOB pemeHus Y YP Haa TpaauumoHHBIMU
METOJaMH, BO3MOXHOCTh UX NpuMeHeHHs B pamkax COC yroiapHON 1IaxTsl HE pac-
CMaTpUBAETCHI.

[IpoBeneHHbIN aHAIU3 MOKA3bIBAET, YTO Hanbosee YPGEKTUBHBIM CPEAU pac-
CMOTPEHHBIX METO/I0B siBIsieTcst MeToa HeloToHa ¢ pacuerom koddduumenrta gemn-
¢dbupoBanus o cxeme JHeeBa-MarBeeBa. YKa3aHHBIA METOJl 00JaaeT JOCTATOYHOM
TOYHOCTBIO, a TaKke obOsamaeT xopoiei cxoaumoctbio B COC mroboit koHpuUrypa-
i, OTMETUM, YTO COBPEMEHHbIE IPOTPaMMHBIE CPEJCTBA MO3BOJISIIOT () (PEKTUBHO
peann30BaTh BblllIeyKa3aHHbIA MeToq HAa DBM.

Takum 00pa3om, B paMKax ajiropuTMa ONTUMHU3AIMH YPOBHS HANPSDKCHHS B
COC yroapHOM MAXThI M0 KPUTEPUIO MUHUMYMA MOTPEOIECHUSI aKTUBHOM MOIITHOCTH,
1eaecoodpa3Ho paccMmarpuBaTh Metoa HploToHa ¢ pacuerom kosdduimenTa gemi-
(¢upoBaHus 1o cxeMe JHeeBa - MaTBeeBa.
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AHAJIN3 HABJIOJJAEMOCTH SJEKTPUUECKHUX CETEM 1O «MJC»

O.A. I'ybuna, A.B. Manadees
MarauToropckuii rocy1apCTBEHHBIN TeXHUUEeCKU yHuBepcuTeT uM. ['.11. Hocosa

[Ipu ynpaBiaeHUN peXKUMaMH SJIEKTPOIHEPTETUUECKUX CUCTEM HCXOJIHASI MH-
(dbopmarus i1 NPUHATUS PEIICHHUI MOCTyNaeT B OCHOBHOM OT Teneu3Mmepenuid. Ka-
HaJl TeJIeu3MepEeHUsi—Oo0eCeunBaeT HEOOXOIUMYIO ISl HAaJIeKHOTO yIpaBjeHus 00-
paTHYIO CBs3b. Tenen3MepeHus Mo3BOJIAIOT HE TOJIBKO CYJUTh O TEKYIIMX 3HAYEHUSIX
[apamMeTpoB peXUMOB. Ha OCHOBE ypaBHEHHM SJIEKTPUUYECKOM CETH, CBA3BIBAOLINX
OT/ICJIbHBIE U3MEPSIEMbIE BEJIUYUHBI, B TPUHIUIIE MOXKHO: IOPACCUUTATh HEU3ZMEPEH-
HbIE TTApaMETPhI; BBISIBUTh U YCTPAHUTH IPyObI€ OMIUOKA U CHU3UTH OOBIUHBIE * HOP-
MaJjbHbIe” OHMIMOKM WU3MEPEHUIi; ONMPEeNeNuTh TECHACHIIMN HU3MEHEHUS peXuMa U TI0
ATOM WH(MOPMAIMU JaTh MPOTHO3 PEXHMa Ha OIPEACIICHHOE BpPEMs YIPEXKICHUS,
OTPENEIUTh Ka4eCTBO (PYHKITMOHUPOBAHUS KaHAIOB cOOpa JaHHBIX [1].
Hab6mrogaemocTh Kak OHO U3 MH(POPMAIMOHHBIX CBONCTB JIEKTPOIHEPTETU-
yeckux cucteM (93C), ecnu B nousatue IDC BKIIOYHTH U €€ U3MEPUTEIIbHOE 00eC-
MeYeHUe, KOTOPOE OMpPENENsAeTC KaKk BO3MOXHOCTh CUCTEMBI MPEIOCTaBIATh HEOO-
XOJIMMYIO JUIsl yIIpaBieHus: UH(OPMAIIMIO O TEKYILIEM €€ COCTOSIHUM.
[ToBbIlIEHHE YNPABIAEMOCTH U HAOJIIOAEMOCTU DJIEKTPOIHEPTETUUECKUX CHU-
CTEM, TIOBBIIIICHUE HAJEKHOCTH YIPABJICHUS SBJISIIOTCS CETOAHS aKTyaJbHBIMU 3a/1a-
yaMH. AKTYyaJIbHOCTb ONIPEICIISIETCS :
® HEOOXOAMMOCTHIO MPEAOTBPAIECHUSI CHCTEMHBIX aBapuii, BEPOATHOCTh KO-
TOPBIX, KaK MOKA3bIBAET MPAKTUKA, CYIIECTBYET.

® U3MEHSIONUMHUCS OTHONICHUSIMU MEXIY CyObEeKTamMu, B3aUMOJICUCTBYIO-
IIMMU Ha PbIHKE 3JIEKTpodHepruu. PeopmupoBanue oTpaciv mopoxaaer
HOBBIE pEaIMi U HOBOE pa3rpaHuyeHue 00s3aHHOCTEN U OTBETCTBEHHOCTH.
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e 00mUM (PU3NYECKUM W MOPATBHBIM CTAPEHHUEM CYIIECTBYIOIINX CHCTEM
yrpasyieHus [2].

OOBbeKTOM HuCccieoBaHUs pabOThI SBJISETCS 000pPY/IOBaHUE TEIEMEXaHUKHU Ha
nojactaniusx [1O0 «MOCy». TenemexaHuka — 3TO KOMIUIEKC 00OPYJIOBaHUSA U MPO-
IrpaMMHOTr0 0OecrieueHtsl, KOTOpble 00eCIeYMBaOT BO3MOKHOCTh MpUeMa U Nepea-
91 WH(OPMAITNH, CUTHAJIOB OT Pa3JIMYHBIX 00OBEKTOB, & TAK)KE IMMO3BOJISIIOT YIIPABJISATH
000pyIOBaHUEM JIaHHBIX OOBEKTOB. TelneMexaHHWKa BKJIIOYAeT B ceOsl Teleusmepe-
HUSI, TEJICCUTHAIN3ALMIO U TeneynpaBieHue. TeneynpaBiieHus, TeaeperyaupoBaHus
PITH Ha nccnenyeMoM OOBEKTE HET.

B kauecTBe mporpaMMHOro obecrneueHusi cepsepa tenemexanuku [10 « MOCy»
ucnonszyercs: nporpaMMubiii koMiuieke «OUK Tucneruep NT». «OUK Jlucneruep
HT» (anprepnatuBHoe HazBaHue ARIS SCADA) — 3To mporpaMMHBII KOMILIEKC,
npelHa3HaYeHHbIA i co3fanusi uHpopmanmonHo-ynpasisitonmx (SCADA) cu-
CTEM I aBTOMATU3AIMU TEXHOJIOTMYECKOTO MpoIiecca Mepeladyd U paclpeleICHUs
aneKkTpuueckor sHepruu. [IpuMmensiercss Ha TPEANpPUITUAX DIIEKTPUUYECKUX CETEH, B
palioHaxX MPEANpUATUN AIEKTPUUECKUX CETEH, Ha KPYIMHBIX YHEProoOBhEKTax C KPyT-
JIOCYTOYHO PabOTaIOUM ONIEPATUBHBIM OOCITYKMBAIOIIUM ITEPCOHAIIOM.

Kommieke ompamivBaeT yCTpOMCTBa TEJIEMEXaHUKH, COXPAHSET COOpPaHHYIO
nH(opmaiuio B 0a3e JaHHBIX, TTO3BOJISET JUCIIETYEpaM MPOCMATPUBATh HA SKpaHax
pabounx CTaHIUMN ONMEPATUBHBIE CXEMbI C PEAIbHBIMU 3HAYCHUSIMHU TEJIECUTHAIOB U
TeJeu3MepeHruid. AIMUHHUCTPATOP KOMIUJIEKCA MOXET CO37aBaTh, PEAaKTUPOBATH U
yAQJISITh MHEMOCXEMBI, OJaHKH MEPEKIIOUCHUM, ONepaTUBHBIC KYPHAJIbl, TEKCTOBHIC
JTOKyMeHTHI [3].

JlaHHBIN KOMIUJIEKC BKJIFOYAET B ceOsl MpOrpaMMHBIE MOAYJW U JApaiBepa i
npuéma TenenH(opMaIuu OT Pa3IMYHBIX TUIIOB YCTPONCTB TEJIEMEXaHUKH, TEPMHU-
HAJIOB PEJICWHBIX 3alIUT, UG POBBIX MpeoOpazoBaTenell U CYETIYMKOB IICKTPUIECKOM
SHEPTUU MO CEeNUPUIECKUM U YHUDUIIMPOBAHHBIM MEXIYHAPOIHBIM MPOTOKOJIAM
nH(pOPMAITMOHHOTO 0OMEHA Yepe3 pazInuHyI0 (PU3MUECKYIO Cpey Mepeaadn.

OYHKIHOHAIIBHO KOMIUIEKC JEIUTCA Ha JBE OCHOBHBIE MOJCUCTEMBI — CEp-
BEpPHYIO 4acTh U paboune craniuu. CepBepHas 4acTh OTBe4aeT 3a (GyHKuuu cbopa,
00pabOTKM M XpaHEHUS TAHHBIX TEJIEMETPHUH, a TAKKE 00ECIIeYMBaET AOCTYI K 0azam
JAHHBIX, HEOOXOAUMBIM JJ1s1 pa0OThI IEPCOHAJIA YIIPABIICHUS YHEPTOCUCTEMOM.

[IporpammHoe obOecrieueHre paboOUnX CTAHIMKM yCTAaHABIMBAECTCS HAa KOMIIbIO-
Tepax pabo4yux MECT JaucIeTdepa, o0ecrneunBas BU3yallbHOE OTOOPAKEHHUE JTaHHBIX
TeneMeTpur U nHdopmMaluu u3 6a3 JaHHbBIX.

Muemocxembl moAcTaHUuM, oToOpaxkaembie B Kiuente «OUK lucneruep
NT» BO3MOXHO 3aHOCHUTh U OTOOpa)kaTh U3 0a3bl JAHHBIX JABYMS CIIOCOOAMU: C IMO-
MOIIIBIO BCTPOSHHOTO MCEBAOTPAPUIECKOTO PEAAKTOPA M C TIOMOIIBIO TpadUIeCcKOro
penaktopa «Momyc».

Oo1ee konmyecTBO TeseMexanu3upoBanHbix [1C 26 mTyk:

e 9TIC ¢ KIT «<MCETby;

o 4TIC c KII «MCETb-GPRS»;

e Q§IIC ¢ KII «MCETb-mukpo»;

e 3TIC ¢ KII «YKTVYCy;
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e |1 IIC ¢ KII «CCIIN»;
e | IIC c KIT «DKOM-TM».

MexcepBeprbiii 00MeH uHpopmarmern ocymectBisiercss ¢ OO0 «bamkup-
sHepro» (I1O «bemoperikue 37eKTpUYECKHE CETH»), BOCTOUHBIME JIEKTPUICCKIUMHU

cetsimu (OpenOypranepro), Yensounckum PAY u Y C Yensdauepro.

[IpoBenem ananu3 Bcex TenemexanusupoBanHbix [1C [TO «M3Cy» Ha nmpeamer

o0bema nepeiaBaeMbIX JaHHBIX.

Ha I1C 110/35/10 kB «CeBepHnas» o cropone HH:

e BEJIMYMHA HANpsLKEHUs Ha | ¥ 2 CeKIuAX IINH;

® TOK, aKTUBHAA U PCAKTHBHAA MOIIMHOCTb TpaHC(bopMaTopa.

Ha cropone CH:
e BEIMYMHA HANpsLKEHUs Ha | ¥ 2 CeKIuAX MINH;

® TOK, aKTUBHAs M pEaKTHUBHAS MOIIHOCTH TpaHC(HOPMATOPOB.
® TOK, akTHBHas U peaktuBHass mowHocTh BJI 35 kB Ceepnas — bepesun-

cKasd,

e BJI 35 kB CeBepHas — 3ae3xkas.
He oTobpaxkaroTcs mapameTpsl pesxxuma 1o ctopone 110 kB.
JlaHHbIe cBeieHBI B TaOHITy 1.

Tab6n.1. [lepenaBaemblie MO KaHaJaM TEJIEMEXAHUKU JJAHHbBIC

HaumenoBanue | Tpanchopmarop, | Tpanchopmatop, Cexuun |- OTXOMIIHIE
I1C cropona BH cropona HH HIH BJI35-110
BH kB

bavoxasas - Ul P, Q,S U U, I
I"oponckas U, Iy, P, Q, S I,P,S U U, Iy, P, Q, S
3eneHas U, 14, P, Q, S U, 1y, P,Q, S U U, 14, P, Q, S
Pynnas - I, S U U, Iy, P, Q, S
OpanxeBas - U I,P,Q U I, P, Q
Onerosckas - - U I, P, Q
Exarepununckas I,P,Q I, P - P,Q
Peunas - - - I, P,Q
Cenbckas - | - I,P,Q
[TeTpoBckas - I, P U l,
[{enTpanbHas I, P I U I,P,Q
[Monbckas - - - P
Tpoiika - I, P - -
ITocenkoBas - I, P - -
PaGouas - I, P - -
Henacrraas Ul P QS

HapaMeprl YCTAHOBUBUIICTOCA PCKHUMaA 110 OCTAJIbHBIM CEMHU IMOJACTAHIUAM HC
nepcaar0TCA. MHeMOCXEMBI JaHHBIX HOI[CTaH]_II/II\/JI 0T06pa>1<a}0T TOJIBKO ITIOJIOKCHUS

KOMMYTAIIMOHHBIX allllapaToB.

[TpoBenst ananu3 Bcex TenemexanusupoBanHbix [1C Ha mpeamer oObema mepe-
JlaBAa€MbIX JAHHBIX, OUEBUJHO, YTO HA HEKOTOPBIX MOJCTAHUMUSIX MEPENAETCA HENO-
CTaTOYHOE KOJMYECTBO WH(OpMAIMu, HAmpUMEpP, TOJHKO JJaHHBIC IO AKTUBHOU

89




MOIIHOCTHU U TOKY. B mepByro odyepenb HeIOCTATOYHO JAaHHBIX MO MapaMeTpaM ycTa-
HOBHUBIIIETOCS PEXMMa Ha TpaHUIAX CO CMEXKHBIMH ceTsamu. Kpome Toro, Gosibiias
MH()OPMATHUBHOCTH O MPOTEKAIOIIUX MOIIHOCTAX M TOKax Ha TpaH3uTHBIX BJI 35-110
kB mo3Bosiuia Obl 0ojiee Ka4yeCTBEHHO IMPOBOAUTH aHAIM3 HamOoJiee 4acTO OTKIIIO-
garomuxcs BJI. Ha apyrux nmojactaHiusx, HalpoTUB, €CTh 0OBEKTHI, 10 PEKUMY pa-
0O0TBI KOTOPBIX MepeaacTcss u30bITouHas HHGOpPMaIUs: TOIHAs, PeaKTHUBHAS, aKTUB-
Hasi MOIITHOCTH, TOK U HampsiKEHUE.

Masnas uHpOPMATUBHOCTH HE JAET MOCTATOYHOW WH(MOPMAITUHU JIJIST ONITUMAJIb-
HO OBICTPBIX Y TOYHBIX JEUCTBUI MPU JUKBHUIALNWHA aBAPUN U JPYTUX OTKIOHEHUH B
paboTe 3HepProoOOPYyIOBaHUS, IJISl YIPABICHHS AJICKTPUUYCCKUMHU CETSIMH C TICJIBIO
HAJEKHOTO U Oecriepe0oHOr0 JIEKTPOCHA0KEHUS TOTPEOUTENEH MTPH SKOHOMHYHOM
paboTe 3eKTpudecKkux ceteil. Kpome Toro, oTCyTCTBHE TENEyNpaBICHUS HE MO3BO-
JISIeT YCKOPUTH MPOIIECC BHIBOJIA B PEMOHT 000PYIOBaHUS M BBOJIa €T0 B padoTy.

Kpome Toro, Huzkas HabmomgaemMocts I9C BieYeT 3a COOOM CIOKHOCTH BbI-
0opa ONTHUMAaJIBLHOTO PEeKKMa padOThI CeTel B HOPMAJIBHOM, ITOCICaBaApUMHOM PEXKH-
Max, HU3KUM YPOBEHb KOHTPOJISI padOTHI 32 000PYI0BAaHHEM CO CTOPOHBI OIEPATHB-
HOI'0 NIEPCOHAJIa © MUHUMU3AIIUM JIOKAJU3allui aBapUil B CETH.

N306bITOuHass UH(POPMATUBHOCTh, HECOMHEHHO, HE HECeT 3a COOOH CTOJIBKO
OCJIO)KHEHUM, KaK HEJIOCTaTOYHAas, KpOME Kak Ieperpy3ka CXem, YCIOXKXKHEHUE BOC-
npusatus. [Ipr HE0OXOAMMOCTH M0 U3BECTHBIM (POpMysIaM MOKHO JIETKO OTPEICIIUTh
m00yI0 M3 MOIIHOCTEN, UMes JaHHbIE 1Mo ABYM JpyruMm. OaHako, U30bITOUHAS WUH-
(hopMaTUBHOCTh UMEET OJTHO HECOMHEHHOE JIOCTOMHCTBO: JIETKO TMO3BOJISIET BHISIBUTh
HEJIOCTOBEPHBIE TaHHBIE.

Jnst oOecrieueHusl BRICOKOM HAJIEKHOCTH W KauyecTBa AJEKTPOCHAOKEHHUS T0-
TpebuTeneit HeoOXOAMMO OCYIIECTBISATh HEMPEPHIBHBINA KOHTPOJIb U YIPABICHUE pPe-
KHAMaMH 3JIEKTPOIHEPTreTUUECKON CUCTEMBI. OIIEHUBAHUE COCTOSHUS JIEKTPUUECKON
CHCTEMBI UMEET BaXKHOE 3HAUCHHME ISl €€ pallMOHAIbHOW KCIUTyaTaluy, ONepaTHB-
HOT'O YIIpaBJICHUs, IPOTHO3UPOBAHMS M ONITUMHU3AIUN €€ PAOOTHI.

B nanpHelimeir paboTe Taxke OyaeT Impom3BeacHa OIeHKa TOYHOCTH Iepesa-
BACMbIX JIAHHBIX, UX JOCTOBEpHU3aIUsi. byayT Takyke BBISBICHBI HanboJjee HYXIaro-
Iyecs B TeIEMeXaHU3aIlud 00BEKTHI, YTO IMO3BOJIMT 3HAUYUTEIIBHO MMOBBICUTH YPOBCHD
HaOJII0TaEMOCTHU CETEH.
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OB30P IPOI'PAMMHBIX IPOAYKTOB JJ151 HIIAHAPOBAHUS
PEMOHTOB OCHOBHOI'O ObOPY1IOBAHUA JIEKTPOCTAHIINU

A.B. KopTtyHkoB
Marsutoropckuii rocyJapCTBEHHbIA TEXHUUECKUN YHUBEpPcUTET uM. ['.11. HocoBa

CoBpeMeHHBII 3Tan pa3BUTHUSI MPOU3BOACTBA OOOPYAOBAHUS MJIsi JJIEKTPO-
CTaHITUN XapaKTepHU3yeTCs YCKOPEHHBIMU TEMIIaMU HAYYHO-TEXHUYECKOTO IMPOTrpec-
ca, pa3pabOTKOW M BHEIPEHUEM HOBBIX TEXHHUYECCKUX PEIICHHA, POCTOM IPOU3BOJI-
CTBEHHBIX MOIIHOCTEH, YCJIOKHEHHEM JIOTUCTUKH IMPOM3BOACTBA. PocT mpou3Bo-
CTBEHHBIX CHJI BBI3BAJI MOTPEOHOCTH Pa3padOTKU M BHEIPEHUSI HAYIHBIX METOJIOB Op-
TraHW3allid ¥, KaK CIICJICTBHE, COBEPIIICHCTBOBAHUS CUCTEMBI YIIPABICHUS TTPOU3BO/I-
ctBoM. Kak WM3BeCTHO, B DSHEPreTUKE ONMTHUMAIBHOCTH PEIICHUHN ompenemnsercs d¢-
(EeKTUBHOCTBIO MPOU3BOJICTBA, IOATOMY OJTHOM M3 BaXXHEHIINX 3a]a4 TUIAHUPOBAHUS
PEMOHTOB SIBIIIETCA pacrpesieiieHrne 00beMOB MPOo(UIAKTUYECKUX pabOT HA OCHOB-
HOM 000PYJIOBaHUU AJIEKTPOCTAHIIUN B TEUCHHE TOjla B MIpeieiax 3aJJaHHOTO pe3epBa
MOIIHOCTU mpennpustuil. [ImanupoBaHue BbIBOJA B PEMOHT OOOPYJIOBaHUS DJICK-
TPUYECKUX CTAHIIMM OMpeNeNIieT U3MEHEHUE peXrMa padOThl BCE CUCTEMBI DJIEK-
TpocHaOkeHus. CiencTBUEM BBIBOJIA arperaToB B PEMOHT SIBIISIETCS Iepepachpesie-
JICHUE Harpy3kd MEXIy paOOTaloIIMMH arperataMu, JONOJHUTEIbHBIM MPUTOKAM
MOIITHOCTH TIO JIMHUSM 3JICKTPOTIepe/Iadl, YBETUICHUIO pacXo/ia TOIUIMBA IO CUCTe-
Me 2JIEKTpOCHAOKEeHHs B 1ie710M. HepanuoHansHOe IIaHUPOBAaHUE PEMOHTOB TIPUBO-
TUT K CHUKEHHUIO MOIITHOCTH PE3EPBOB U MEPEPHIBY B AJICKTPOCHAOKCHUH MOTPEOU-
TeJIeH, CHUKEHUIO HAI)KHOCTH PabOThI CUCTEMBI B IICJIOM U, KaK CIICJICTBUE, K CEPb-
e3nomy ymepOy. HepaBHOMepHOe pacnpesenenne 00beMOB PEMOHTa B TEUCHHE T0J1a
cOMBAET pUTMUYHOCTHh PA0OTHI PEMOHTHBIX MPEANPHUATHI W BBI3BIBACT IIPOCTOH CIie-
[IMaJTM3UPOBAHHOTO TMepcoHana. BriieHa3BaHHbIE (PAKTOPHI CHIKAIOT 3(PGHEKTHB-
HOCTh PabOThI CHUCTEMBI 3JIEKTPOCHAOXKEHUs. TakuMm 00pa3oM, KPUTEPHEM OITH-
MaJbHOCTH IIJITAHUPOBAHHS PEMOHTOB OCHOBHOTO OOOPYIOBAaHUS AIICKTPHUECKHUX
CTaHIU OyAeT SBIATHCS MUHUMM3AIUS 3aTpaT, BKIIOYAIONIUX U3JIEPKKU Ha Tepe-
pacxo/| TOIUIMBA, YIIepO OT MEPEPHIBOB B AJIEKTPOCHAOKEHUU TTOTPEOUTENCH U TPATHI
BCJIC/ICTBUE CHIDKEHHUS TPOU3BOJUTEIHLHOCTH PEMOHTHOTO TepcoHana. [Ipaktuka
AKCIUTyaTallil CUCTEM JJIEKTPOCHA0KEHUS MMOKA3bIBAET, YTO B HACTOSIIIIEE BpeMs He-
JOCTaTOYHO YYHUTHIBATH OTHACIBHBIC KPUTEPUHU, TaK KaK 3aTpaThl BCICIACTBUE CHUXKE-
HUS TPOM3BOAUTEIIBHOCTH PEMOHTHOTO MEPCOHANA U OKHMIaeMble YIIepObI OT Tiepe-
PBIBOB DJICKTPOCHAOXKECHHS B CyMME COM3MEPHUMEBI C 3aTpaTaMHu Ha TMepepacxo] TOII-
nuBa [1].

OnTuMuzanus 1miaHa peMOHTOB 0€3 ydeTa yKa3aHHBIX (DaKTOpPOB J1aeT YacTHY-
HOC pelIeHue MpoOJIeMbl U HE YIOBJICTBOPSCT CYIIECTBYIOMUM TpeOoBaHusIM. Mc-
MOJIb30BAaHUE MU3BECTHBIX OMTHMHU3AIMOHHBIX MaTEMAaTUUYECKUX METOJOB IS TIJIaHU-
pPOBaHUSI PEMOHTOB SIBJISIETCS BEChMa 3aTPYJAHHUTEIIBHBIM W3-3a OOJIBIIIMX 3aTpaT Ma-
IITUHHOTO BPEMEHU U BBICOKOW CIIOKHOCTH MPAKTUUECKOW peain3aIlii alrOpPUTMOB.
B cBs13u ¢ 9TUM akTyanbHOU 3aa4yeil SBISIETCS aHAIM3 METOJI0B U pa3pabOTKa ayro-
PUTMOB ONITUMAJILHOTO TUTAHUPOBAHHUS PEMOHTOB 110 YKA3aHHBIM KPUTEPHSIM, PEHTA-
OCJIbHBIX B TUIAHE PEATM3AIliU U TPEOYIOIMX MUHUMYM BpeMern DBM.
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Jlnst permeHust MOCTaBIEHHOM 3aJadd MHOIO OBUIO TpOAHAIM3UPOBAHO HeE-
CKOJIbKO MCTOYHUKOB MH(popManuu. Bcero ObLI0 HaleHO MATHAAUATH MPOrpamm-
HBIX MPOJIYKTOB pa3HbIX NpousBoauteneit. [Ipeyiaraio 03HaKOMUTBCSE ¢ HEKOTOPBIMU
U3 HUX TOJIpoOHEe.

[TepBbIii MpOrpaMMHBINH KOMIUIEKC, KOTOPBIM 51 OOHAPYKUJI B CETH — ATO MPO-
aykT OO0 «CMC HNudopmaimonHbie TexHOIOTHW» 1MoJ HazBaHueM «ACYPDO» c
noacucremorr «IlmaHbl peMoHTOB» [2]. ABTOMaTH3MpOBaHHas CHUCTeMa PabOThHI C
rpadukamMu pEMOHTOB (POPMUPYETCS B CICAYIONINE THIIBL:

1. rpaduk peMOHTOB JIJIsl IHEPTETUYECKOTO 00OPYIOBAHHUS,

2. TpaduK peMOHTOB AJIS AJIEKTPOTEXHUUECKOro o0opyaoBanus u JIOII,

3. rpaduK TEXHUYECKOTO 00CTY KUBaHUS JJisl ycTpoucTB P3A;

4. rpadux TexHuueckoro odbcmyxkuBanus 1 ycrpoiicts CATY.

[lepuoibl MIaHUPOBAHUS JAHHOTO MPOAYKTA — IFOJl U MECALL, TAKXKE BO3MOKHO
CO37]aHUE TMPEABAPUTEIILHOIO TOJOBOr0O rpaduka A IHEPreTUHIECKOro 00opynoBa-
HUS U CO3JIaHUE MECSIYHOTO rpaduka Ha OCHOBE I'0JI0BOTO.

Hannoii nporpammoni nonb3yercas OAO «CucteMuslii oneparop». Hemocrat-
KOM JIJaHHOTO MPOAYKTa SIBJISIETCS TO, YTO OHA HE YYUTHIBAET OOJBIIOTO KOJIUYECTBA
(aKkTOpOB COCTOSIHUS SHEPreTUUECKOro 000pyAOBaHUS, KOTOPbIE BIMSIOT HA IUIAHU-
pOBaHHE PEMOHTOB. /IOCTOMHCTBOM JaHHOW NpPOrpaMMBbl SIBISETCS OOecredeHue
MOJIHOTO aBTOMATU3MPOBAHHOTO OOMEHa IpaUKOB PEMOHTOB MEX]y JHEpreThye-
CKUMHU MIPEANPUATUIMHI B paMKax eIMHON HHGOPMAIIUOHHON CPEIbI.

B 2008 rony oreuecrBeHHass kommanus OO0 «PCM-cuctembDy 3aperucTpu-
poBanaB denepasbHON CIyKO0€ MO HWHTEJUIEKTYaJIbHOM COOCTBEHHOCTH IPOrpamM-
HBI KOMILIEKC 1Mo/ Ha3BaHueM «RealMaint» —3To cucrema ympaBieHUs dKCILTyaTa-
e, TEXHHYECKUM OOCITYy)KMBaHWEM U peMOHTOM oOopymoBanus [3]. Kommanwus
«PCM-cucteMbD» OfjHa U3 TIEPBBIX HAYAJIa BHEAPATH B MPOTrPAMMHBIE TTPOAYKTHI Ca-
MYIO TIOMYJISIPHYIO B TEOPUU OOCTY>KUBAHHS METOJIUKY OOCTY>KUBAHUS 1O HAJIEKHO-
CTH, KoTopast 3 (HEKTUBHO pean30BaHa BO MHOTUX 3alaJHbIX YHEPreTUYECKUX KOM-
naHusXx. Meroaumka u3BecTHa BO BceM Mupe kak Reliability-centeredMaintenance,
win RCM (obciyxuBanue mo Haze:xkHocTH). Takke B «RealMainty ocyiiecTsieHs!
CJIEYIOIIME COBPEMEHHBIE U MPOAYKTUBHBIE METOAOJOIMH B OOJACTH YHpPaBJICHUS
HaJSKHOCTBIO 1 peMoHTamu obopynoBanusi.RCA — RootCauseAnalysis (ananu3 oc-
HoBHBIX nipuunH), RBlI — RiskBasedInspection (nHCniekTupoBanue o00pya0BaHUS C
y4eToM (PaKTOpOB pHUCKa).

Kak yTBepk1aroT co3aaTesid MporpaMMHOIO MPOAYKTA, UX CUCTEMAa UMEET P
CYIIIECTBEHHBIX OTJIMYUM OT UMEIOITUXCS Ha PhIHKE KOHKYPEHTOB:

e Cucrtema npegHa3HaY€Ha HE CTOJBKO JJIsl MOMCKA TOrOo, HA Ye€M MOXKHO
COKOHOMUTH (KJIaCCHUYECKOE MpelHa3HauYeHUEe CUCTEM TEXHUYECKOTro 00-
caykuBanusi 1 peMoHTOB(TOuP)), ckonbko Ha MPHHSATHE JIYYIIETO B CJIO-
JKUBIIUXCS YCTIOBUSX PEIICHUS — BO YTO BKJIAJBIBATh JEHBI'H, YTO U KOT/a
KOHKPETHO HaJ0 JeiaTh C YYETOM CYHIECTBYIOIIMX OTPAHUYCHHM, KAKOBBI
PUCKH U KaK UX KOMIICHCUPOBAT.

e B cucreMe clellad akIeHT Ha PEUICHHS 3a/1a4 IUIAHUPOBAaHUS BO3JACHCTBUN
Ha 000pYZOBaHUE C LETbIO JOCTHXKEHHSI TPEOYEMOTro YPOBHS HaJIEKHOCTH.
ABTOMAaTH3aIMs 3TOM 3a]a4l TPUHOCUT MAKCUMAJIbHBIA 3P EeKT, T.K. BIHS-
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€T HETOCPEJCTBEHHO Ha TOYHOCTh M OOOCHOBAHHOCTH NMPUHUMAEMBIX pe-
HIEHUI B BOMPOCAX BbIJIEJIECHUS JCHET Ha 3aMEHbI U PEMOHTHI.

e B Hamem penieHuu eCTECTBEHHBIM 00pa3oM y4TeH TO (PakT, 4TO IKCILTya-
Talys U PpEMOHT 000pyI0BaHUs BEAECTCS HE camo i cedsi, a B pamkax 0o-
Jee KPYMHBIX MPOILECCOB — MPOU3BOJICTBA, NOOBIYM, TPAHCIIOPTUPOBKH, B
KOTOpPBIE BOBJICUEHbI MHOTHE YYaCTHHUKH: TIIOCTABIIMKH, TOTPEOUTENH,
BHEIIHUE noapsauuku. Bee pemenus B obmactu TOuP npuHuMaroTcs ¢
y4eTOM TpeOOBaHU 0OecTiedeHUsT HAAEKHOCTH OOIIEro MpOU3BOJCTBEHHO-
ro Iporecca.

K megocratkam maHHOM mporpaMMbl HEOOXOIUMO OTHECTH TO, YTO MIPOTPAMM-

HBIM TPOMYKT HE YYHUTHIBACT TMEPETOKH MOITHOCTU MO JIMHHSIM DJIEKTPOTEpeIadH,
YBEJIMUEHHE PAacX0/la TOIUIMBA MO0 CUCTEME JIEKTPOCHAOKEHHS B LIeJIoM U T.JA. Taxxke
K HEJIOCTATKaM CJICJIyeT OTHECTH TOT (haKT, YTO MPOTrpaMMHBIH MpoAyKT «RealMainty
3aHUMAaET 00JbIION 00bEM ONEPATUBHOM MAMSTH B ONIEPALIMOHHON cCHUCTEME.

Emie onHuM MHTEpECHBIM POIYKTOM kommnaHuu «busnec TexHnomnorum» siBis-
eTcs mporpammHbIi komiuieke Global-EAM [4], koTopblii mpegHa3HaueH:

1. ang aBTOMaTH3aIMK IUIAHUPOBAHUS pabOT MO TEXHUUYECKOMY OOCITY>KHBa-

HUIO U PEMOHTY 000PYIOBaHUA;

2. 115 o0ecriedeHus] aIMHHUCTPATUBHOTO, OTICPAaTUBHOTO U PEMOHTHOTO TIep-
COHajla OMEPATUBHONW MU PETPOCHEKTUBHOUW HHPOpMAaIUe, HEOOXOAUMOI
JUISL IPUHATUS PElIeHUu Tpu npoBeneHuu padoT no TO u peMoHTy 000py-
JIOBaHUSI;

3. I HAKOIUJICHHS TOJIyYCHHBIX OT CIICIIMAIMCTOB CBEICHUN 00 00opymoBa-
HUU, €T0 UCTOPUH U OCOOEHHOCTSAX €ro dKCIUTyaTalluu, a TaKXe JJIsl CHCTe-
MaTHU3alliK, HArJSIAHOTO MPEACTABICHUS U LIEHTPATU30BAHHOTO XpaHEHUs
TaKUX CBEJICHUM;

4. nnst aBTOMATH3aIlMU MOTYYEHUS aHATUTHYECKUX OTUYETOB M TUTIOBBIX JIOKY-
MEHTOB TI0 PUHATHIM opmMam;

5. I XpaHEHMs] W TPEIOCTaBIICHUS NAaHHBIX C IEJbI0 OLIGHKH W TMPOTHO3a
TEXHUYECKOTO COCTOSIHUS 000PY10BaHNUS;

6. s HakoruieHus MH(pOpMaMOHHOW 0a3bl, coaepkaimiel cBeaeHust 06 060-
PYIOBAaHHUH U €r0 UCTOPHH, C LEJbIO MOCIEYIOUIEro Mepexo/ia K peMOHTaM
000pyOBaHUs C yYETOM €r0 COCTOSIHHUSI.

JlanHast mporpaMma IUIaHUPYET PEMOHTHI OOOPYJIOBAHUS MO T€HETUYECKOMY
QITOPUTMY, HO HE YYUTHIBAET MEPETOKU MOIIHOCTU IO JIMHUSIM 3JIEKTpoIepeaadH,
YBEJIMYEHHUE Pacxo0/ia TOIUIMBA M0 CUCTEME AJIEKTPOCHAOKEHUS B LIEJIOM U T.[.

CoBpeMeHHbIE POrPaMMHBIE MPOAYKTHI MO3BOJISIIOT KOMIUIEKCHO YYECTh (pak-
TOPBI, BIUSIONINE Ha PabOTy 000py0BaHUS STEKTPOCTAHIINKN U MTO3BOJISIOIINE OTIPe-
JEIATh UX YKOHOMHYECKH 11e71ec000pa3HbIe PeKUMBI paOOTHI.

JINTEPATYPA:

1. Ycauer C.C. Ontumu3zanus MjiaHa PEMOHTOB OCHOBHOTO 00OPYIOBaHUS
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Hayunslii pykoBogutens: A.B. Bapranosa, k.T.H., TOU€HT, MarHUTOropcKum
roCyJIapCTBEHHBIN TeXHUYEeCKU yHuBepcuTeT uM. I'.1. Hocosga.

BBIBOP CIIOCOBA DKBUBAJEHTUPOBAHUS PA3OMKHYTOWM
JIEKTPUYECKOM CETH ITPU YCJIOBUYA HEU3MEHHOCTH MMOTEPH
MOIIHOCTH

10.C. imanoga, A.B. Manadgees
MarauToropckui rocyJapCTBEHHbIM TeEXHUYECKUU yHuBepcureT uM. I'.1. Hocosa

Jl71st BBIOOpa MEPOTIPUSATUH MO YNPABICHUIO PEKUMAMU B PA30MKHYTBIX CETAX
3-10 kB mpOoMBIIIIEHHBIX TPEANPUITHIA, UMEIOIINUX 3HAYUTENBHYIO MPOTKEHHOCTD,
HECKOJIbKO CTYIIEHEW pacmlpeeneHuss U TpaHchopMaliu, 3a4acTylo yI00HO MOJIb30-
BaThCsl PACUCTHBIMH SKBHUBAJICHTAMHU. JTO IEIECO00pa3HO MPH OOJIBIIOM KOJIUYECTBE
BO3MOXKHBIX OMEPATUBHBIX COCTOSHUN CXEMBI M TO3BOJISIET 00OUTHCH 0€3 MpUMeHe-
HUS CTICMATIN3UPOBAHHBIX MPOTPAMM pacdeTa peXKUMOB, UMEIOIINX BBICOKYIO CTOU-
MOCTbh, BCJICICTBHE HYEro Jake Ha KPYMHBIX MPEANPHUATHUSX KOJIMYECTBO PaboUmx
MECT C TaKHMMH MporpaMMaMu — OJIHO-/Ba. Kpurepun HEM3MEHHOCTH HANPSHKEHUN U
TOKOB B y3JIaX NMPUMBIKaHUS 00E€CIIEUMBAIOTCS 3a CUET MPUMEHEHUsI paclpoCTpaHeH-
HBIX CIIOCOOOB SKBHBAJICHTHPOBAHUS (CM., Hapumep, [1]). DKBUBaICHTHPOBAHHUE KE
IPU UHBAPUAHTHOCTH MOTEPh MOIIHOCTH BBI3BIBAET OIPENEICHHBIE CII0KHOCTH, YTO
IUI pa30MKHYTBIX CETe 00YyCIIOBJIEHO 3aBUCHMOCTBIO SKBUBAJIEHTHOW MPOBOIUMO-
CTH OT paclpe/ieleHUs Harpy30K B HEMpeoOpa30BaHHOU CXeMe.

HameTum n1Ba crioco6a rnosy4eHus SKBUBAICHTOB CETH HUBIIETO HANPSKEHUS:

1. cxema rpymnmamMu «IKBHBaJEHTHas KaOenbHas JMHHSI»-«IKBUBAJICHTHBIN

Tpanchopmatopy;

2. TIOJIHOE SKBUBAJICHTHPOBAHKE HA OCHOBE [ -00pa3Hoii CXeMbl 3aMeICHHS.

Jliig peanmzanuy mepBoro crnocoda BBIASIUM TPH TUTIA TIPUCOESTUHEHUH:

3. kabenbHas munaus (KJI) no pacnpenenuTeabHON MOACTaHINY;

4. KIJI, nuraromias tpanchopmatop 10/6 kB;

5. KIJI, nmuraromas tpanchopmatop 10/3 xB.

Paccmotpum pe3ynbTaThl 3KBUBAJICHTHPOBAHMUS Ha MpUMEpE OJHOM M3 MOA-
CTaHIMI KPYITHOTO METAJLUTypPrU4eCKOro npeanpustus (puc. 1).
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Puc. 3. Mcxonnas cxema pacnpenenuTeabHON CeTH
1 cnoco6. ITapameTpsl KBUBAJEHTHON CXEMBbl 3aMEUICHMsI, COTJIACHO II. 2, B
BU/JIE KaOEJIbHBIX JIUHUM Nepes TpaHchopMaTopamu, ONPEIEISIFOTCS IIYTEM CIO0KEHHUS
HKBHUBAJICHTOB OJJTHOTO KJlacca HAINpPsKEHMs, CBSI3aHHBIX ¢ TpaHc(opmaTopamu ¢ Ou-
HAKOBBIMU BTOPUYHBIMU HAIIPSDKECHUSAMU (pHC. 2).
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Puc. 4. Cxema 3amernienus rpynmnamu «dkBuBasienTHas KJ»-«3KkBrUBaleHTHBIN
TpaHchopMaTop»
[TapameTpbl SKBUBAJICHTHBIX TpaHCHOPMATOPOB OMpeesitoTes mo tadu. 1.
Tabu1. 1. [TapaMeTpbl SKBUBaJICHTHBIX TPAHCPOPMATOPOB

DopMyIIbI [TpunsiThie 0003HAUCHUS
N S, Si — HOMHHAJIBHBIE MOIIIHOCTH DKBHBA-
Soxp = Elsi ' JICHTHOTO | I-r0 TpaHcpopMaTopoB, KBA;
N APy oxsy APyi — TOTEpU XOJOCTOTO XO0Aa,
AP kB = izlAPX,I ' KBT;
L e ('gl L §| _)'100%_ I (%), Ly (0.€.) — TOKH XOJIOCTOTO XO/1a;
X,9KB j=1 X,I HOM,I / =] HOM,I ' liowi — HOMUHAJIBHBIA TOK I-TO TpaHcdop-
N _ Martopa, A;
AReoxe = iélAPK,i : AP\ AP, i — TOTEpH XOIOCTOTO XO.a,
N N kBT;
Uicowm %0 = (E Ui nom Elu HOM,| ) 100% uK,SK; (%), u,; (0.e.) — HaTIPsDKEHUST KOPOTKO-
ro 3ambikaHus; Ug.,i — HOMHUHaJIBbHOE
HarnpshKeHue i-ro Tpanchopmaropa, kKB
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DKBUBAJICHTHPOBaHUE CONPOTHBICHUN (R,;) Kabenel mponu3BOIUTCS C YICTOM
[1apaMETPOB PEKHUMA, MOJYYEHHBIX HAa OCHOBE PEaJIbHBIX 3aMEPOB B paccMarpuBae-

MOM OIIEPATUBHOM COCTOSIHUY CXEMBIL:
2 2 n

3KB 3KB 3KB ’ (1)

roe 1,2, ...,Nn— HOMEpPA NMPUCOETUHEHU N SKBUBAJIEHTUPYEMOW TPYIIIIbL;
=L+ +. .+ — YKBUBAJIEHTHBIN TOK.

2 cnoco6. Ha ocHOBe M3BECTHBIX TEXHUUECKUX JAHHBIX JTUHUHN U TpaHchopma-
TopoB cet HH MoeT ObITh OJTydeHa SKBUBAJICHTHASI CXEMa 3aMELIEHUSI CETH B BU-
7 SKBHBAJICHTHBIX MPOJOJILHOW U TONEPEYHON BETBH (pUC. 3), T€ CONPOTHBIICHHE
TONEPEYHON BETBU Z_ OHNPEIENIAeTCs MOTEPSIMH XOJOCTOrO X0Ja; K COMpPOTHBIIE-

KB

HUIO POJIOTILHOM BETBH Z, ., MPUCOEINHEHA SKBHBAJICHTHAS HArPy3Ka S, . .

I HH an,raKB
- |
L1
u BH U HH ZX&KB

SHan,T)KB
Puc. 5. DxBUBajeHTHas cXxeMa 3aMElIeHHs B BUJ€ SKBUBAJICHTHBIX MPOAOJIBHOMN U
MIOIIEPEYHON BETBEN
B mpakTHueckux pacdeTax MOXKHO CIeNaTh AOMYIIEHUE, YTO Z BKIIOYAET B

ce0s1 TOILKO BETBU XOJIOCTOI'O Xo4a Tp&HC(bOpM&TOpOB, Z — COIIPOTHUBJICHUA JIN-

p,5KB
HUH, TpaHcHOpMATOpPOB M peakTopoB. [lapaMeTpsl SKBUBAJIEHTHBIX MPOIOIHLHOU H
MIOTIEPEYHON BETBEH ONpeNeNstoTcs Mo (GopMyaMm, MPUBEACHHBIM, HApUMep, B [2].
DKBUBAJICHTHPOBAHKE TPOIOIBHBIX BeTBeH (Z ) BbInosHseTcs 1o (1).

p ks
O1neHuM TOTPEIIHOCTh YKBUBAJICHTUPOBAHUS TI0 PACCMOTPEHHBIM CIOoco0am
pu oMoty metoaa Monte-Kapmo. [[ns kaxmoro ciydas BemoaHUM 60 BeIUMCIIN-
TEJIbHBIX AKCHEPUMEHTOB MPU OJUHAKOBOM MUTaroUeM HanpsokeHuu 11 kB u Heuns-
MEHHOM CYMMapHOW MOIIHOCTH Harpy3ku. MOIIHOCTh HAarpy3KH ONPENEISAETCS I'eHe-
pPaTOpPOM CIy4YalWHBIX YHCEI C OJJUHAKOBBIM KO3(PHUIIMEHTOM BapHaIluH 10 aKTHBHOM
U PEaKTUBHON MOIIHOCTH, paBHbIM 0,2. /[ns reHepanuu ciiydallHbIX YUCEN MPUHST
HOpPMaJIbHBINA 3aKOH pacrpenaeicHus. Pacuersr BoimosiHsiuch B Excel 2013. Tloy-
YEHHBIE CPEAHUE 3HAUCHUSI CyMMAapHBIX MOTEPb MPUBEIEHBI B Ta0. 2.
Tabu1. 2. MaremMaTnyeckoe 05kHJIaHue MOTEPh MOLUTHOCTH

«9xB. KJI»- «OxkB.
Ucxonnas ITonHoe DxBUBaJICH-
Cxema (prc. 1) TpaHchopmaTop» Tuposanue (pic. 3)
pHC. (puc. 2) P pHc.
ITorepu montHOCTH, KBT 130,41 129,94 141
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155 dP, kBT

145 ' * 4 PesynbTaThl
W BbIYMCANTENbHBIX
135 111 IKCAEPUMEHTOB
125 ——+ B MaTtemaTiveckoe
oMAaHHe
115 =1
105 SHarp, MBA

990 10,10 10,30 1050 10,70

Puc. 6. OGnacTh paccestHusI IOTEPh B UCXOJIHOM CXeMe

dP, KB'r170 [ -¢
160 +——— - —| ® PesynbTaTel
150 L BbIUMCANTENbHBIX
140 * t‘_‘ ® 3IKCNEePUMEHTOB
>
130 :’ "5‘? L)
PS ‘ $ & M MaremaTuyeckoe
120 .”&_ oXKugaHue
110
9,30 10,00 1020 10,40 10,60 10,833 MBA

Puc. 7. Obnactp paccessHust IOTEPh B cxeMe Tpynmnamu «dkBuBasieHTHas KJDy - «ok-
BUBAJICHTHBIN TpaHchopmaTop»

80
dP, kBT x *
170 7S # Pe3ynbTathl
160 : * » BbIUMCANTENbHbIX
& 3KCNepUM eHTOB
150 .
:..

140 & ¢ ’ M Maremamiueckoe
s s orKMaaHue

130 Crm=rt ‘q? =

120 4 SHarp, MBA

9,90 10,10 10,30 10,50 10,70

Puc. 8. O6nacTp paccestHusl TOTEpPh B SKBUBAJICHTHOU cxeMe ¢ ['- 00pa3HbIM 3amertie-
HUEM

Marematuueckoe 0KHJIaHUE MOTEPh AKTUBHOW MOIIHOCTU MPU HOMHUHAIBHOM
HaIpsHKEHUU U HOpMaJIbHOU cxeMe nojcTaHImu coctaisieT 130,4 kBt. OTkionenus
MaTeMaTHYECKUX OKUIaHuM: s cxemsl o puc. 2 — 0,08%; mns cxemsl mo puc. 3 —
8% MO OTHOLIEHUIO K HEMPEeoOpa30BaHHOU CXEME.

Taxkum oOpazoM, 3HAYCHHS MMOTEPHh MOIIHOCTH, MOJTYYEHHBIC Ha OCHOBE JIBYX
PACCMOTPEHHBIX CITOCOOOB IKBHBAJICHTHPOBAHUSA, OJNM3KH K 3HAYCHUSIM, IOJTydYEH-
HBIM TI0 MCXOJHOW pacueTHOW cxeme mojcrannuu. CremoBarenbHO, 00a crocoba
MOYXHO TPUMEHATH JIJIsl MPAKTHUYECKUX PacdeToOB, MPEANOUYTEHHUE MO BO3MOXKHOCTH
cJIeyeT OTaaBaTh nepBomy. OOIUM HEAOCTATKOM SIBJISIETCS] 3aBUCHUMOCTD TMapameT-
POB DKBUBAJICHTHON CXEMBI OT MMAPaMETPOB PEKUMA.
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NCCIEAOBAHUE METOJ1OB AIIITPOKCUMALNHU OBJIACTH
YCTOMYMUBOCTH DJEKTPOSIHEPTETUYECKOM CUCTEMBI

K.M. Yy6apos, H.B. Cenbko
Camapckuii rocy/1apCTBEHHbBIN TEXHUUECKUN YHUBEPCUTET

B Hacrosee Bpemsi akTyajJbHOCTh BOIPOCOB, CBSI3aHHBIX C AlIIPOKCUMAILIUEN
oOJnacTelt CTaTUYECKON arnepuoANdecKo YCTOMYMBOCTH B IPOCTPAHCTBE PETyIIUpye-
MBIX MapamMeTPOB, CYIIECTBEHHO BO3pOCia. JTO BBI3BAHO IIMPOKHM BHEJIPEHHUEM B
AJIEKTPOIHEPTETUUECKUX CHUCTEMAxX (B2C) HOBBIX nH(pOpMaIIMOHHO-
BBIUHUCIIUTEIBbHBIX KOMIUIEKCOB I PEUICHUS 33Ja4 ONEPAaTUBHOTO AUCIETYEPCKOTO
Y MPOTUBOABAPUNHOIO ynpasiieHUs. Vcrnonb30BaHWE MaTEeMaTUYECKOIO ammapara,
MIOCTPOEHHOTO Ha YpaBHEHHUSAX HpenenbHbiX pexumoB (YIIP), maer psn npeumy-
IIECTB MepeJl IPYTUMHU METOAaMU allpOKCUMAIIMX FPaHuIl 00JIaCTH YCTOMYUBOCTH.

Jns anmpokcuManu 001acTed YCTOMYMBOCTH HCIOJIB3YIOT HECKOJBKO pas-
JINYHBIX METOJIOB:

® METOJ KYCOYHO-JIMHEHNHOW aIrllpOKCUMAIIUH;

® METOJ KyCOUYHO-JIMHEWHOW amnmpoKCUMAIlMU MyTEM OTrpaHUYEeHHs] 00JacTH

CYIIECTBOBAHUS PEKUMOB OTPE3KAMHU MPSAMBIX;
® METOJl anmpokcuMaiuu obsiactu ycrouuBocTd (OY) Ha OCHOBE pelieHus
VIIP.

Meton anmpokcumanuu Ha ocHoBe pemieHus YIIP umeer Gonee oOmmii mo-
XOJl K PEIIEeHUI0 TMOCTaBIIeHHON 3amauu. B paborte [1] mpemioskeH OpUrHHAIBHBIN
METOJI, OCHOBaHHbIM Ha npumeHeHun YIIP. Mcxons w3 peuieHus 3Tux ypaBHEHUM,
MOJKHO OIPEJIEIINTh 3HAYECHHE BEKTOPA HE3aBUCHUMBIX MAPaMETPOB x = [xq x5 x3.%;]1 .
Perynupyembie mapaMeTpsl y = [y, ¥; v3..y;1FHaxonsatca u3 YIIP u coorBeTcTBYIOT
HalieHHBIM 3Ha4YeHUsM X. M3BecTHO, uTo rpanuisl OV L, — 3TO rUNEpPHOBEPXHOCTH
B MHOTOMEPHOM MPOCTPAHCTBE y U JIMIIICHBI HAJISIIHOCTHU. JJig TOTO, 4TOOBI 0OEcTe-
YUTh HATJIAAHOCTH TpaHull OV, ucrnonb3yemM METOIUKY almpOKCUMAIINH, KOTopas Oa-
3UPYETCS Ha 3aMEHE L, BBIITYKJIBIM MHOTOYTOJbHUKOM [2]. Pemienuem YIIP sBisitoT-
Cs KOOpJIMHATHI BeKTOpa R, KOTOpBIM COBMamaeT C HampaBJIeHUEM HOpMalu K L,
(puc. 1). B cnyuae cocraBneHus mogoOHBIX YpaBHEHUN IS psaa Touek L,, MOXKHO
MOJIYYUTh KyCOUYHO-JTMHEUHYIO anlipoKcuMaruio rpanuubsl OV s BepmmHbl M:
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iz Vi Jj? J,
Puc. 1. KycouHo-nuHelHas anmpokcuManys rpaHul] 001acTH yCTOMYUBOCTH
Haunbonee pacnpocTpaH€HHBIM METOAOM HaxoxjaeHus rpanul] OY sBisetcs
METOJIMKA aMPOKCUMALNU CEYEHUN TUTIEPIIOBEPXHOCTH KBAIPUKAMH, OTHOCSIIIUMHU-
Csl K KPUBBIM BTOPOTO TOpsaKa [3], KOTOphIE ONMUCHIBAIOTCS MAaTEMaTHUYCCKHM ypaB-
HEHUEM:
— 2 2 —
oY) = a1y + azyi + 24,5y +¢c =0 (2)
Hcnonb3yst HEOOXOAMMBIM MaTeMaTUYECKUM amnmapar, MOXKEeM IPeICTaBUTh
WUTOTOBBIN PE3yJIbTAT B BUJIE CUCTEMbI YPAaBHCHUI:
0 0 _ ,.0
1Yy T Ay =1
0 4 0 _ .0 3
A22Y; T A12Y; =T 3)
0,,0 0,,0y —
=7y tryi) =c¢

JZ /*/,/‘7/ [/"/Pa

Puc. 2. Annpokcumanus cedenus L,
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[TomoGHBIE ypaBHEHHSI COCTABISIIOTCSA IJIsi IPYTrUX TOuYeK L,,, OTHOCHUTEIBHO
HEU3BECTHBIX KOA((PUIIMEHTOB KOTOPOIl MOJydyaeM pacIlIupPeHHYIO CUCTEMY YpaBHe-
HUI, KOTOpas 3alIUChIBACTCS B YIPOIIEHHOM BUJE KaK:

CA =B,

— T
rae A = [ayq1 az; ay; ]

JI71st OATBEPKICHUSI TEOPETHUECKUX aCIIEKTOB MPAKTUUYECKUMU pe3yibTaTaMu
Obl1a paccMmoTrpeHa 12 y3noBas cxema D3C, re ObUIM CpaBHEHBI pe3yJbTaThl all-
POKCUMAIIMU CEYECHMS MPU KOJIUYECTBE MCXOJHBIX Touek: 2, 5 u 11. Pe3ynbrarsl
pacy€TOB HEU3BECTHBIX KOIPPUIIMEHTOB MAaTPUIIbI CBEJICHBI B TA0IUILY 1.

(4)

Tabm. 1.
3Ha‘IeHI/I$I IIpu 3a1daHHOM KOJIMYCCTBEC OII eI[eJ'IéHHBIX TOUYCK
Koopumuent 2 TOYKHU ’ 5 Touek i 11 Touek
A 0,0000223 0,0000195 0,0000239
A 0,00000781 0,00000815 0,00000792
Ay 0,0000561 0,0000559 0,0000582
C -16875,1 -16797,5 -18764,2
AN 1o 11 mosrar
18000 = - f
5000 "\"1&5
16000 P n
12000 ‘\'\o\.}\
10000 > .
8000
6000 10 2 ma4Kam St
i ng 5 maq/(a/\; if .\
2000 o ﬁ
0 "tooo 10000 15000 20000 25000° 30000 35000

Puc. 3. Anmpokcumanus ceuenus L, 12 y3510Boi cxeMsl
Ha ocHoBaHuM npojie1aHHON pabOThl MOXKHO C/AENATh CIEAYIOLIUE BbIBOIBL:
1. TOYHOCTH anMpPOKCUMALIUK 3aBUCUT OT KOJIMYECTBA TOUEK U MX PACIIOJIONKE-

Hus [4];

2. MakcuMaJbHBIN U30bITOK OV mnpu Mog00HOM 3aMMCH UCXOAHBIX JAHHBIX HE
npesbimaet 10% oT HCTUHHOM;
3. JaHHas METOJMKAa MOKET OBITh YCIIEITHO MPUMEHEHA [IJIsl PEIICHUs aKTy-
AJIbHBIX MPAKTUYECKUX 3a7a4 ONEPATUBHOTO YMPABICHHS PEKUMAMU CIOXK-
HBIX DHEPTOCUCTEM.

JINTEPATYPA:

1. KontopoBuu A.M., Jlykuna M.K. YpaBHeHuUs NpeaeabHbIX PEKUMOB U MO-
ctpoenue oonacreii ycroiunBoctr// M3B. AH CCCP, DHepreTuka u TpaHc-
nopt - 1988, N1. — C. 13-15.
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MEPCHEKTHUBHI U ITIPOBJIEMbI PA3BUTHSI BO3OBHOBJISIEMOM
JHEPT'ETUKU B POCCHUH

A.B. Apumun
Cubupckuii penepanbHbIi YHUBEPCUTET

B 2015 romy ycraHoBieHHAss MOITHOCTh BO30OHOBIIIEMBIX UCTOYHUKOB DHEP-
run (BU3) B mupe Boipocna Ha 8,3% wunu Ha 152 I'BT [1]. Takoii poct siBhsiercs
YCTOMYHMBBIM B T€UEHUE MOCIECIHUX IIECTH JIET BO BCEM MHUPE, KOTOPBIN MOKA3bIBAET
CWIbHYIO 3aMHTEPECOBAHHOCTh K OTPAcCiId BO300OHOBIIIEMOW 3HEPreTHUKHA B MUDE.
MoTtuBupyomumMu GakTopamMu pa3BUTHS JaHHON OTpaciu SBISIIOTCS, KaK IKOJIOTH-
YecKue MpoOJIEMbl, TaK W SHEPreTHYECKUE NpOOJIEMBbl, CBSI3aHHBIE C 3alacami,
TPAHCTIOPTUPOBKOM M IKCILTyaTallU€ TOIIMBHO-IPHEPTETUYECKUX pecypcoB. B mo-
CJIEIHUE TOJbl BO30OHOBIIsIEMasi JHEPreTUKa CTAHOBUTCS BCE 00JIee KOHKYPEHTOCIIO-
COOHOM, 0OHAKO, OCTAETCSI 3aBUCUMOM OT PHIHOYHBIX OTHOIICHUN U IKOHOMUYECKOM
MOJIUTUKH B OTZIEJIBHO B3ATHIX CTpaHaX.

B Poccuu temmbl pa3BuTHS BO30OHOBIISIEMBIX MCTOYHMKOB SHEPIHH HA CETO-
THSITHUN JIeHb 3HAYMTENBHO OTCTAIOT OT CPEIHEero MUpoBoro mokaszarens. Craboe
Pa3BUTHE TPAHCIIOPTHOM CUCTEMBbI, HU3KAsl IUNIOTHOCTh HACEJIEHUS B Pa3JIMYHBIX paii-
OHAaX CTPaHbI, OMPEACNSIOT aKTyaIbHOCTh U KOHKYPEHTOCIIOCOOHOCTh MPUMEHEHUS
BO300HOBIISIEMBIX UCTOUYHUKOB 3Hepruu. lllupokoe ucnonb3zoBanue BUD mo3Bosnwut
pPEIIUTh MPOOJIEMbI HAJIEKHOTO IEKTPOCHAOKEHUS OTAAICHHBIX, TPYIHOIOCTYITHBIX
PErMOHOB, 00ECHEeUYUTh 3KOHOMMIO YTJIEBOJOPOJHOIO TOIJIMBA, @ TAKXKE CHU3HUTH
00bEeM BpEIHBIX BHIOPOCOB B OKPY KAIOIIYIO CPEy.

ObecnieunTh TapaHTUPOBAHHOE JIEKTPOCHAOKEHHE HSHEProyJajeHHBIX MOTpe-
ouTtenell Mo3BOJIIET KOMOMHUPOBAHHOE HCIOJIb30BAHUE PA3HOPOJHBIX MCTOYHUKOB
SHEPIrUuU M HaKomuTened 3iekTposrneprur. HeodbxoaumsiM ycnoBueM 3P GeKTUBHOM
pabOThI TAKOW CUCTEMbI T€HEPUPOBAHUSI AICKTPOIHEPTUH SIBJISICTCS YCIICIIHOE pellle-
HUE JBYX MPoOJIeM — UHTETPAIK Pa3HOPOIHBIX HCTOYHUKOB U BHIOOpA MTapaMeTPOB
KOMOWHUPOBAHHOTO JIEKTPOTEXHUUECKOTO KOMIUIEKCa Ha ocHoBe BUD.

[IpoGnema wHTErpanu BO30OHOBIISIEMBIX HCTOYHHUKOB JHEPTHHU CBs3aHA C
HEO0OXOMMOCTHIO TIpUBEACHUS MmapameTpoB BUD k cTanmapTHRIM mapameTpam JJIeK-
Tpuieckoii cetu. B Poccun u 3a pybexkoM pacrpocTpaHeHbl TEXHOJIOTHH COBMECTHO-
ro ucnojib3oBanus oxHoro tuna BUD. Paspaborku, mo3Bosstonue 3PQGeKTUBHO

101



o0BeUHATh HECKOIbKO B ¢ pa3iandHbIM XapaKTepOM BBIXOTHOTO HAIMPSIKEHUS
(mocTosiHHOE, IEPEMEHHOE) MOKa HE IOCTUTIIN BHICOKOTO YPOBHSI.
Bormpocam BbIOOpa reHepupyIOIIMX SHEPTOYCTAHOBOK HA BO30OHOBIISIEMBIX HC-
TOYHHMKAX YHEPTUU MOCBAIIECHBI pa0OThl MHOTUX OT€YECTBEHHBIX U 3apyOEKHBIX yue-
HbIX. OCHOBHBIMU KpHUTEpUSIMH TIpH BbiOOpe BUD, xak mpaBuio, SIBISIOTCS 3KOHO-
MUYECKHUE MTOKA3ATENIN MTPOEKTA U TEXHUUECKUE XapaKTEPUCTUKU SHEPTOYCTAHOBOK.
[enpo paboOTH ABISETCS HMCCIENOBaHUE M aHAU3 d()PEKTUBHOCTU MHTErpa-
1M1 BO30OHOBIISIEMBIX UCTOYHUKOB PHEPTUU C AKTUBHOU pacrpeeauTeIbHON CEThIO
B Poccun u B 3apy0exHBIX cTpaHax.
JIist MOCTHIKEHUS TIOCTABICHHOM 1IeH B paboTe HEOOXOAMMO PEITUTh CIETY-
FOIIME HAYYHBIC U IPAKTUYECKUE 3a0aUU:
® JCCIIEJJOBaHHE HOPMAaTHUBHO-MPABOBOM 0a3bl Ha MOAKIIOUYEHHUE TEeHEPUPYIO-
X MourHocTeld Ha ocHoBe BUD B Poccuiickoit denepanuu u B 3apyoek-
HBIX CTPaHaX;

® UCCJIE0OBAHUE TEXHOJIOIMYECKUX IPEISITCTBUM B MOAKIOUEHUHA T€HEPUPY-
IOLIMX MOIIIHOCTEH Ha ocHOBe BM1DO;

® HCCIICIOBAHUE BJIMSHHUS MOJIKIOUYCHUSI T€HEPUPYIOIIUX MOIIHOCTEN HA OC-
HOBe BUD K 31€KTPOIHEPTETUUECKON CUCTEME;

® [IPEMIOKHUTh KOMIUIEKCHBIE MEpPBI Jis1 3P(PEKTUBHOrO BHEAPEHUS BO300-
HOBJISIEMBIX UCTOYHUKOB DHEPIUMU B aKTUBHYIO PACHPEACIUTEIBHYIO CETh B
Poccun.

HccnenoBaB HOpPMATUBBI HA MOAKIIOUEHUE TEHEPUPYIOLINX MOLIHOCTEN HA OC-
HOBE MCTOYHHMKOB BO300HOBIIsIeMOM sHepruu B Poccuu, ObUIM BBISBICHBI OCHOBHBIC
TPYAHOCTH B peanin3anuy uHTerpanuu B1O, koTopeie onrcanbl HUXKE.

Poccust pacnonoxeHa Ha JOBOJIBHO OOJIBIION TEPPUTOPHUH, MOITOMY PETUO-
HaJIbHAsl MOJIUTUKA 00pa3oBaHUsl Tapu(PoB HA MOKYIKY SJECKTPOIHEPTHUU B pa3jivy-
HBIX YaCTSX CTPAaHbI OTIIMYAIOTCS APYT OT apyra. TepputopuansHo Poccus pasaeneHa
Ha MATh [ICHOBBIX 30H, NMOKa3aHHBIX Ha pucyHke 1 [2]. Ha Oomnbineit yactu Teppuro-
pUU CTpaHbl MOTPEOUTETHN MOTYHAIOT JIEKTPOIHEPTUIO C ONTOBOTO pbIHKA. Paznuya-
IOT LIEHOBBIE — 3TO MEpBasg U BTOPAsi 30HbI, OTMEYEHHBIE HA PUCYHKE | COOTBETCTBY-
IOIMMHU [IUPPAMH, U HEIICHOBBIE — 3TO TPEThs U YE€TBEPTAsi 30HBI ONTOBOTO phIHKA. B
IISITOM 30HE OITOBOI'O PhIHKA CYILIECTBYIOT JIMILB JIOKAJIbHBIE SHEPIrOCUCTEMBI, HECBSI-
3aHHbIE ¢ ENMHON SHEPTreTHUEeCKOW CUCTeMOM cTpaHbl. Ha Tepputopuu 1IEHOBBIX 30H
ONTOBOI'0 PBIHKA IMPOMBILLICHHBIE TPEANPUATHS TOKYIAIOT JIEKTPOIHEPTUIO 110 He-
pEryJIUpyeMbIM [I€HaM, KPOME€ TeX, Ha KOTOPBIX YCTaHABIMBAIOTCS OCOOECHHOCTH
(YHKIMOHUPOBAHUSI ONTOBOTO M PO3HUYHOTO PHIHKOB, 3TH 30HBI Ha PUCYHKE 3a-
IITPUXOBaHbl. B HEIEHOBBIX 30HAX KOHKYPEHTHOE PHIHOYHOE 0O0pa30BaHME IIEH SB-
JIIETCSl HEBO3MOXKHBIM Ha JaHHBI MOMEHT, IMOPTOMY B TaKUX 30Hax IIEHOOOpa3oBa-
HHE Ha ONTOBOM PBIHKE PETYJIUPYETCS IOCYIapCTBOM, CIEA0BATENBHO, PETYIUPYETCS
Y 1I€HA, 32 KOTOPYIO KOHEYHBIN MOTPEOUTENh TOKYIAET JIEKTPOIHEPTHUIO.

102



Puc. 9. IleHoBBIC 1 HelleHOBLIE 30HBI Poccun

[Ipu 5TOM MyTEM pa3BUTHS BO30OOHOBIISIEMBIX UCTOYHUKOB B Poccuu npuHsara
«JIOKaIW3alus», KOTopas HalpaBlICHA HAa Pa3BUTHE MPOU3BOJCTBA OTCUYECTBEHHOT'O
000py1OoBaHUs, HAa CO3/IaHKE HAYYHO-HUCCIIEIOBATEIILCKUX IIEHTPOB U HAa POCT UHHO-
BallMii B OTpaciy BO30OHOBJISIEMON SHEPreTUKHU CTpaHbl. Llenbio sSBISIETCS CO3/1aHue
KOHKYPEHTOCIIOCOOHOT'O0 OT€UECTBEHHOTO MPOU3BOACTBA 000PYI0BaHUS, UCIIOIb3Ye-
MOTO MpHU CO3JaHUU YCTAHOBOK BO300HOBIIsIEMOW 3HepreTuku. B PacnopsbxeHun
[IpaBuTENBHCTBA MPEACTABIICHBI 1IEJEBbIE MOKA3ATEIN CTEIEHU JoKanu3auuu a0 2024
roJia, KOTOpbIE MpeCTaBICHBI B Ta0IMIE 1.

Ta6m. 1.
LleneBoii mokasa-
I'ox BBOZA B DKC-
Bunbl renepupyommx 00beKTOB TeJb CTETICHH JIO-
ITyaTaIuio o
Kaymm3anuu, %
¢ 2015 o 2016 ron 25
['enepupyromuie 0OBEKTHI, (DYHKIIMOHH- 2017 ron 40
pyIOIlMe Ha OCHOBE PHEPTUU BETPA 2018 ron 95
¢ 2019 no 2024 rox 65
I'enepupyronmue o0bekTh, GyHKIHOHU- | ¢ 2014 110 2015 o7 50
pYIOIIME Ha OCHOBE (POTOAIEKTPUUECKOTO ¢ 2016 110 2024 rox 70
npeoOpa3oBaHUs YHEPTUH COJTHIIA

['erepupyromue o00beKTH ycTaHOBJCH- | ¢ 2014 mo 2015 rox 20
HOM MoIIHOCTBIO MeHee 25 MBT, ¢ynk- | ¢ 2016 mo 2017 rox 45
LMOHUPYIOIIME HA OCHOBE YHEPTUU BOJ ¢ 2018 mo 2024 rox 65

Ha nHavanbHbIX 3Tanax CTENEHb JIOKAIM3ALUUU I UHBECTOPOB MOMKET CTaTh
OapbepoM, Tak KaKk WHBECTOPY HEOOXOAMMO OyAeT MCKaTh OpraHW3aIliH, KOTOPHIC
MOTYT PEAJIM30BbIBATh MPOEKTHI C YYETOM 3ampallMBaeMOl CTENEHU JIOKAIM3alUU
000opyI0BaHUS.

DHeprocHa0xeHrne okoJio 65% TEepPUTOPUU CTPaAHBI SBISICTCS aBTOHOMHBIM.
Takoe 3J1eKTpOCHAOXKEHNE OCHOBAHO HA MCIIOJI30BAHUU JU3EJIBHBIX JJICKTPOCTAH-
nuit (JI9C), cocTosmmx U3 OAHOM WM HECKOJBKHMX JU3€b-T€HEePATOPHBIX YCTAHO-
Bok (/II'Y). KonndecTBO Takux yCTaHOBOK, MCIOJIb3YEMBbIX B 30HAaX aBTOHOMHOTO
sHeprocHabxkenus: Poccuu, coctaBisier okoyio 50 ThIC. IITYK CyMMapHOW MOIIHO-
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cteio Oosiee 500 MBT. JluzenbHble 3JEKTPOCTAHIIMHM T€HEPUPYIOT 3JIEKTPOIHEPTHUIO
0KO0JIO 2,5 Mipa. kKBT'4, Ha KOTOPYIO 3aTpauMBaeTCsl OKOJIO | MJIH. TOHH JU3EJIBHOTO
ToruMBa B roJl [3]. B HEKOTOPBIX pernoHax CylEeCTBYET NEPEKPECTHOE CYOCUANPO-
BaHUE U HE OTPabOTaHbBl MEXaHU3MbI MOKPBITUS PA3HUIIBI MEXKAY SKOHOMHUYECKHU
o0ycnoBiaeHHbIM Tapudom 15-150 py6./kBT4 u peanbHbiM TapudoM y HaceaeHus 2-
3 py6./kBT-u.

N3onupoBannbie Tepputopun B Poccun Ha JaHHBIM MOMEHT UMEIOT Cladyro
HOPMAaTHBHO-TIPABOBYIO 0a3y, KOTOpPasl ¢ OJHON CTOPOHBI SBJIIETCS CYIIECTBEHHBIM
HEJOCTATKOM, HO C IpyrOf CTOPOHBI UIMEETCA BO3MOKHOCTD CO3JJaHUSI KOHKYPEHTHOM
Cpensl.

Ha cerogasmamii JeHh UMEIONTNECS METOAUKH ONpeeeHus Tapuda Ha dJIeK-
TPO3HEPI'HIO0 B POZHUYHOM PBIHKE HE UMEIOT BO3MOYKHOCTH KOPPEKTHOIO MPUMEHE-
HUSL K MEXaHU3My 00pa3zoBaHuUs Tapuda B M30JIMPOBAHHBIX 30HAX, TaK KaK HE SCEH
IPUHIIUI BO3BPAILICHUS KallMTalla HHBECTOPY. DTO 00YCIOBJICHO TEM, YTO M3HAYATb-
HO HOPMaTHBHO-IIPABOBasl IOKyMEHTallMs Oblila HAaIpaBlieHA Ha PEryJMpOBAaHUE OT-
HOIIICHUH B OIITOBOM PBIHKE, N3-3a YET0 MOCTPaAal PhIHOK PO3HUYHBIN.

CornacHO OLIEHKE JKCIEPTOB, BO30OOHOBISiEeMasi 3HEPreTUKAa — 3TO BBICOKUM
PHUCK, KOTOPBII MOXET IPUBECTH K BO3PACTAHUIO LIEH HA 3JIEKTPORHEPTHUIO B NIEPBOU
U BTOPOH IIEHOBBIX 30HaX. Kpome 3Toro, He pa3paboTaHbl CUCTEMBI YIIPABJIEHUS BO3-
oOHoBnsieMolt reHepanueit. [Ipu BBoge BUD Tpebyercs 100% pesepBa TpaauimoH-
HOM reHepauuei. [Ipu cymecTtBoBaHNM TaKOW I€HEPALM, CETEBbIE KOMITAHUH BCETAA
MMEIOT BO3MOXXHOCTb IOJIy4YaTh SHEPTHUIO M0 00Jiee HU3KUM LI€HaM, IIPH 3TOM yCTa-
HOBKH BO300OHOBJISIEMOM SHEPreTUKH OyIyT NIPOCTAauBATh.

OpHUM U3 CYIIECTBEHHBIX NPEMSITCTBUN Pa3BUTHs BO3OOHOBIISIEMOW SHEPreTH-
k1 B Poccun 4acto oTMeqaroTcs JIOTHCTHYECKHE U MHPPACTPYKTYPHBIE TPYIHOCTH.
[Ipu manoM KoJauMvecTBe 3aBOJAOB U MPOU3BOACTBEHHBIX MOIIHOCTEN, pa30pOCaHHBIX
[0 TEPPUTOPUH CTPaHbI, JOCTaBKa 00OPYIOBaHUS Ul YCTAHOBOK BO30OHOBIISIEMOM
DHEPTeTUKH SIBIISIETCS OaphepoM U CIIOKHOM JIOTUCTHYECKOM 3amadeil. Ha maHHbIM
MOMEHT JOCTaTOYHBIX HET BO3MOXKHOCTEH B soructuke y Poccun, ocoOEHHO 3TO
CWJIBHO MPOSIBJISIETCSI B U30JMPOBAHHBIX PETMOHAX CTPaHbl, UMEIOIINX CJI1abo pa3Bu-
Ty UH(PPACTPYKTYPYy.

Mexly TeM 3KOHOMMYECKUN MOTEHIIMal BO30OHOBIISIEMbIX HCTOUHUKOB CTpa-
HbI JIOBOJIBHO BEJMK W, 10 HEKOTOPBIM OLEHKaM, cocTaBiisgeT 270 MUIUIMOHOB TOHH
YCIIOBHOIO TOIIMBA B rof. [loaTomMy, 3 dekTBHOE CTUMYIMPOBAaHUE JaHHOM OTpac-
JIM Ha TOCY/IapCTBEHHOM yYpOBHE KpaliHe HE0OXOANMMO

JINTEPATVYPA:
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M.A. ITanoBa, B.C. Munkoga, B.A. Kapne, .. po6sm, B.B. JIBopkuH.
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paJbHbBI YHUBEPCHUTET.

AHAJIMN3 PEAJIU30BAHHOM MOJIEJIU JEKTPOSHEPTETUYECKOI'O
PBIHKA B POCCHUHA

B.A. KopHes
ToMCKHI NOJIMTEXHUYECKUN YHUBEPCUTET

OHUH, 35C

B HacTosimiee BpeMs MPOUCXOAUT PECTPYKTYPHU3ALMSA U NEPEXO] OT MIAHOBOM
K PBIHOYHOM SKOHOMUKE 2HepreTuku B Poccuu. [IpoOiaema cocTOUT B TOM, UTO «TIy-
Ookasi nmuOepanu3anusi PHIHOYHBIX OTHOIIEHUW ce0s He ompapiaala; JJIs CO3JaHus
KOHKYPEHTHOTO PBIHKA AJIEKTPOIHEPTUH HEOOXOJIMM pe3epB IO T€HEpallid MOITHO-
ctu He MeHee 40 % u no nmeperokaM MoiHOCTH — He MeHee 30%» [3, 7]. B coBpe-
MEHHOU Poccuu yclioBHs 0 TaKOMY IPUHIUITY HE BBITOJIHSIIOTCSL.

[lenb cTaTbu —TPOU3BECTH AHAIH3 CYIIECTBYIOLIEH MOJEIH 3JIEKTPOIHEPIETH-
YEeCKOro pblHKa B Poccuu v paccMOTpETh IMyTH PEIICHUS BBISIBICHHBIX MPOOJIEM.

HooGenesckuii naypear Ilétp Jleonnnosuu Kanuma ormeuan: «B Havane pas-
BUBACTCS SHEPreTHKA, a 3aT€M, KaK CIEICTBUE, SKOHOMUKa» [6]. Ho BBens B coBpe-
MEHHYIO JHEPTreTHKY MEPBUYHOCTh SKOHOMHUKH MPOM3OIILIA 3aMEHa MPUOPHUTETOB,
I/ B IEPBYIO OYEPEIb PACCMATPUBAETCS SKOHOMUYECKAS 3PPEKTUBHOCTD ISl COO-
CTBEHHUKOB M KOMIIaHWM, HO HE YIENsSeTCS JIOHKHOE BHUMAHHE IKOHOMUYECKOMY
pOCTY U OE30MaCHOCTH B PaMKax BCEW CTPaHBI, YUTO OTPAHMYMUBACT MOTEHIIUAN e€ pa3-
BUTHSL.

OnHoOl U3 OCHOBHBIX LENEH JIEPETyIMPOBAHUS BJIEKTPOIHEPTETUUECKOIO CEK-
Topa B Poccun, siBisieTCsl mepexo]i K KOHKYPEHTHBIM OTHOIIICHUSM, TTOOYKIar0IIHe K
MUHUMM3AIMU 3aTpaT JIydille, 4eM TapudHoe ymnpaBlieHHe, OpraHU30BaHHOE Ha KO-
HOMHUYECKH OOOCHOBAHHBIX 3aTpaTax MPOU3BOJIUTENICH SJIECKTPOIHEPTHH C YUETOM
HOPMAaTHUBHOM PEHTA0OCIBHOCTH UX NEATeNIbHOCTH [1].

B npoTHBOMOJIOKHOCTH PHIHOYHOM MPU3HAETCS MJIAHOBAsI dKOHOMUKA, OPTaHU-
30BaHHass Ha a0OCOIOTH3AlMKM TOCYAApPCTBEHHOIO IUIAHUPOBAHUS HKOHOMHYECKUX
MPOLIECCOB.

B neicTBUTENBHOCTH TIJIaH U PHIHOK — 3TO HE B3aMMOUCKIIIOYAIOIIUE JIPYT APY-
ra TMOHSTHS, a B3aUMOJIOTOJIHSIONINE, OOpa3yoIIMe IEeIbHYI0 3KOHOMUKY. Parmo-
HaJIbHO OJHOBPEMEHHO OPTaHU30BaTh T'OCYAApPCTBEHHOE pEryJMpoBaHUE 00pa3oBa-
HUSI [I€H, 1 KOHKYPEHTHBIN PHIHOK B 3JIEKTPOIHEPIETHKE.

VYrpaBnenue HEOOXOIUMO OCYIIECTBIIATH 1IETOCTHO, @ UMEHHO, C IPUMEHEHH-
€M IUIaHa, KaK [eJIM, U PbIHKAa, KaK MHCTPYMEHTA JIJIsl JOCTUxkeHus menn [5]. U kak
pe3yJabTar, B MEPCHEKTUBE, SKOHOMHUKA MOXET CTaTh IJIAHOBOM, C XOPOIIO HACTPO-
€HHBIM Ha BBIIOJHEHUE PHIHOYHBIM MEXAHU3MOM.
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B Hacrosimee BpeMsi NPUHATO Pa3MyaTh YETHIPE IVIABHBIE MOJEIH OpPraHHU3a-
AU JIEKTPOIHEPreTUUECKOro phIHKA [2]:

1. Perynupyemast MmoHomnosus. KOHKypeHIHst OTCYyTCTBYET.

2. EnuHcTBEeHHBIM MOKymarenb (KoMmaHus 3akynoyHoe areHTCTBO (K3A)).

Mexnay coO60i KOHKYPUPYIOT JIUIITh TIPOU3BOIUTENHN IIEKTPOIHEPTUU.

3. KonkypeHiusi Ha onToBOM pbiHKE. B jgaHHOW Mopenu CylecTBYIOT psif
MPOU3BOAUTEIICH U PACTIPEETUTEILHO-COBITOBBIX KOMITAHHH, MOKYTIAIOIINE
anekTposHepruro. I[locneaHue, B CBOKO oYepeib, MOHOMOJIBHO paclpeaess-
10T (MEPEenpoIal0T) IEKTPOIHEPTUIO MOTPEOUTENSIM Ha 3aKPEIUICHHOW 3a
HUMH TEPPUTOPUH.

4. KOHKypeHIIUSl Ha ONTOBOM M PO3HUYHBIX PhIHKaX. KOHKYpEeHIIHs MPOUCX0-
JTUT MEXKIY IPOU3BOJUTENSIMU U TIOTPEOUTENISIMH IEKTPOIHEPTHUH.

JlaHHBIE MOJIENTN XapaKTEPHU3YIOTCS 00JIaJaHNEM YBEIMYEHHBIX BO3MOKHOCTEN

U c(pep KOHKYpPEHIIMH, UMEHHO TT0O3TOMY OHH MOTYT MPEACTAaBIATh COOON CTaIuu Te-
pEX0/1a B ANEKTPOIHEPTETUKE OT MOHOMOINH K CBOOOJTHOMY PBIHKY.

B nacrosimee Bpems B Poccum peanmsyercs KOHLENUUS pepoOpMUPOBaHUS
AJIIEKTPOIHEPTETUKU COIVIACHO 4 MOJENM OpPraHu3aluy pPHIHKA 3JIEKTPOIHEPIHH, a
nMeHHO «KoHKypeHIMs Ha ONITOBOM U PO3HHUYHOM pPBIHKax» [2].

Ota MoJenb MOCTpOoeHa Ha HeonubepanbHo Teopuun M. @puamena: rocyaap-
CTBO JIOJDKHO YWTH M3 3KOHOMHKH, PBIHOK CaM BCE PacCTaBUT 10 MECTAM.

3amerHa ananorus ¢ pedpopmamu 90-X Toa0B Mpomuioro Beka. Torjma usieH-
koppecniongieHT PAH P. C. I'punOepr roBopui: mopok Hamux pedopMm B MH(DaH-
TUJILHO-TIPOBUHLMAIBHON (hrustocoPuu pIHOYHOTO (yHAAMEHTAIN3MA, OBJIA/IEBIICH
BJIACTHBIMHM POCCUMCKMMU KPYraMH, “‘TBEPAO YCBOMBIIMMH OJIHO: PBIHOK CaM BCE OT-
peryaupyeT. OH U OTperyJiupoBai: BCce, 4TO HE 00elano HEMEAJIEHHOTO oborarie-
HUSI, 0Ka3aJIOCh 3aKPBITO UK 3a0poreHo” [8].

B nanHo#t Mozjenu cOBIT U pacnpeziesieHue 3JIeKTPOIHEPTHH pa3AessaoTcs: 00-
pa3yroTcsl peryaupyemble pacnpeenuTeNbHble (CeTeBble) KOMIIAHUU U MHOXECTBO
He3aBuCUMBIX cObITOBBIX KoMmanuii (CK). Co3maroTcsi po3HUYHBIE PBHIHKH JJIEKTPO-
SHEPTUU CO CBOOOMHBIMU IIeHaMH. [loTpeduTenu moayyaroT mpaBo BeIOOpa MOCTaB-
MK, BKJFOYas HEMOCPEJICTBEHHBIN BBIXOJI HAa ONTOBBIA PHIHOK, MUHYS COBITOBYIO
KOMITaHHIO, WJIN JaXXe 3aKJIFOUEHNE JOTOBOPOB C TEHEPUPYIOIIMMHU KOMIIAHUSAMH [7].

Peub ua€T 0 pHIHKE 3IEKTPOIHEPTHH, Y KOTOPOTO, B CHIIy CBOUX OCOOEHHO-
CTEH, OTCYTCTBYIOT MIPU3HAKK PHIHOYHOTO TOBapa. dusnueckas OAHOPOJIHOCTD DJIEK-
TPOHEPIHUH HE MO3BOJSET ONPENECIUTh Yy MOTPEOUTENsT SHEPIHI0, BHIPAOOTAHHYIO
KOHKPETHBIM Ipou3BoauTeneM. [Ipu3HakoM pbIHOYHOTO TOBapa SBIJISIETCS B3aUMO3a-
MEHSEMOCTb. Y 3JIEKTPOIHEPIUH, B HACTOSIIEE BPEMs, HET TOBapa 3aMEILECHUS, HET
BO3MOYKHOCTH 3amacarh B MPOMBIIUIEHHBIX MacliTadax; Ha TEPPUTOPUU OJHOM cTpa-
HBbI 3JIEKTPOIHEPTUN HEOOXOAMMO UMETh KOHKPETHBIE, ONpeIeNEHHbIE 3aJaHHbIE Xa-
PaKTEpPUCTUKH, TaKue, HAIpUMeEp, KaK 4actoTa (MCKIOYeHue - SMOoHus) U Jpyrue.
OpHako, HYKHO OTMETHTb YTO JJIEKTPOSHEPTHIO HEb3s KIACCHU(PHUIMPOBATH IO
KJIACCy U KauyecTBY, KaK pa3HbIe TOBAphl. TO €CTh MOTPEOUTENIb HE MOXKET BHIOPAThH
JIPYroi MPOJIYKT HAa PhIHKE 3JIEKTPOIHEPTUHU, TAK KaK €ro HET B UUCTOM BUJIE.

BaxkHO OTMETUTH, YTO MPHU JECPETYIUPOBAHUN PHIHKOB 3JIEKTPOIHEPIHH, BO3-
HUKaeT MHOTO 1po6sieM. OCHOBHBIMU MOKHO CUUTATh:
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=

MOBBIIIEHUE ONTOBBIX 1I€H;
2. TPYIHOCTH C (PMHAHCHUPOBAHUEM CTPOMUTEIHCTBA HOBBIX 3JEKTPOCTAHIIMIA.
JIaHHBIN TYHKT SIBJISIETCS. BOIIPOCOM CTPAaTETHYECKOTO Pa3BUTHS U Oe3omac-

HOCTH CTPaHBbI.

B vactHOCTH, K HEOCTATKAM CYIIECTBYIOLIEH MOJEIN MOKHO OTHECTH [2]:

3. Hapymenue nenoctHoctu EQC;

4. TOBBIIIEHUE ONTOBBIX LIEH AIEKTPOIHEPTHUH JI0 YPOBHSI MAPTUHAIBHBIX;

5. paszmpobnenue AO-3HEpro Ha MHOYKECTBO KOMITAHUH.

B Poccun, TOMOTHUTENBHO K HEIOCTATKAM CYIIECTBYIOIIEH MOJEIH PBIHKA
AIIEKTPOIHEPTETUKH MOKHO OTHECTH Ba)XKHBIH MOMEHT, & UMEHHO, MPHUOBLIb OTHON
AIIEKTPOCTAHILIUU MOXKET ABIATHCSA YOBITKOM JJisl Apyroi. Takum mpuMepoM siBIseTCs
B3auMocBs13b Mexay ['OC u KOC, korga ¢ nonoBoasem ['DC OyayT BbIpabaThIBaTh
6ombie snekTpodHeprun, yem KOC. 1 HaobopoT, B rojja ¢ HU3KUM YPOBHEM BOJIbI
['SC Oyayt BbIpabaThiBaTh MEHBIIE AeKTposHeprun, yeM KOC. DTu craniuu cs-
3aHBI OOPATHO MPOMOPIIMOHAIBHO JIPYT C IPYTOM U MPHUOBLIL OJHOTO U3 HUX SBJISICT-
cst yosITKOM Jutst Apyroro. Jlauusiit agdekt siBHo 3amereH B OOC Cubupu, rae ['DC
BbIpa0aThIBaCT MpaKkTUUYeCKu MojoBuHYy MomrHocTH (IDC — 47,5 %, KOC — 52,5 %)
[4].

B coBpeMeHHOI pIHOYHON 3KOHOMHUKE B C(epe IHEPTreTHUKU OTCYTCTBYET 3(-
(eKT CUHEPTUU U pa3BUTHUA dHEpreTUkU Ha ypoBHE 60-x — 80-X rogoB mpomuioro Be-
Ka, B TO BpeMs B roj crpowin 6 — 8 I'BT anextposanepruu [9]. Takoit pe3ynabTar ObLI
BUJICH U B YUCJIE CTPaH, /i€ ObUIM OPraHW30BaHbl PhIHKU AJIEKTPOIHEPTUHU 110 JAHHOU
MOJEN — 3TO cTpaHsl 3amagHou EBponsl, Tpers mraroB CIIA, nBe nmpoBuHINAH
Kananer, ABctpanus. Bo Bcex 3THUX CTpaHax NpEeKpPaTUIIOCh CTPOUTEINBCTBO KalUTa-
noemMkux KOC na yrne, 'DC u ADC, crposrcs tonpko [II'Y u I'TY Ha neméBom
MIPUPOTHOM rase. Pe3ko COKpaThUoCh CETEBOE CTPOUTENBCTBO [7].

B cBoto ouepenb, UMEIOTCS MOJIOKUTENbHBIC TPUMEPHI YHPEKTUBHON PabOTHI
PEryJIMPYEMBIX PBIHKOB 3JIEKTPOIHEPTrUU Ha npumepe Kurasi, KOTOpbIN peaanu3oBbI-
BAaE€T MOJIENb «EIUHBIA MOKyMareb». OQHAaKO, OCHOBOIOJATrAIOIIEe cTajaa COBETCKast
MOJIeJib, OKa3aBIllasg BIUsSHUAE Ha (opMUpOBaHHE IBYX APYTHX: MOJEIb CTPOUTENb-
CTBa COLIMAJIIM3MA B COOTBETCTBHM C JICBOPAJMKAIbHBIMU HUiessmMu Mao [[33ayHa u
teoputo JIpH Cs0omrMHA O «CTPOMTENBCTBE COIMAIM3MA ¢ KUTAMCKON CHEU(pUKOM».
Kuraii 1 BreTHam Oka3anuch €IMHCTBEHHBIMU COLUAIMCTUYECKUMHU CTPAHAMH, KO-
TOpble (PAKTHUECKH BBIOpATIM KOHBEPTEHIHMIO JIBYX COLMAIbHO-2KOHOMHUYECKHX CH-
CTEM: TUPEKTUBHO-TJIAHOBOM M prIHOYHOM [10].

Mopnens «ENMHCTBEHHBIM MOKYIATENb)» NPEICTaBIAECT COOOK TOBOJIBHO TPY/I-
HYI0 U MHOTOTPaHHYIO MOJI€Jb HECOBEPIICHHOW KOHKYypeHIMU. OHa codeTaeT B cele
BJIEMEHTbl MOHOIICOHHWM, OJIMIOIIOJIMM W MOHOIIOJMH. JIaHHOM OpraHu3anMOHHON
CTPYKTYpPE 3JIEKTPOIHEPIETUKN HEOOXOUMO TOCYAapCTBEHHOE PEryJIMpOBaHUE, YTO-
OBl YMEHBITUTH (MM CMSTYHUTH) MOCIEACTBUS HECOBEPIICHHOW KOHKYPEHIIMH U TI0-
BBICUTH A((HEKTUBHOCTH YHKIIMOHUPOBAHUS PHIHKA.

OnHUM W3 TJIaBHBIX 3JIEMEHTOB PErYJIUPOBAHMUS SIBIISIETCS BO3JIOKEHHE OTBET-
CTBEHHOCTH 3a HAJEKHOE 3JIEKTPOCHAOKeHUE MOTpeOuTeNnell Ha KOMIAHHUIO 3aKy-
MOYHOE areHTCTBO. B 3TOM cilyuae KOMmaHUsl OTBEUYAeT 3a HaAEKHOE 3JIEKTPOCHAO-
KEHUE TMOTpeOUuTeNel, Mpu 3TOM HCKIIOYAETCS BO3MOKHOCTH MaHUITYJIMPOBAHUS
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o0BEMaMH MPoIaX U 3aKyNOK ee y reHepupytoumx kommnanuii. K3A neo6xoaumo 3a-
KynaTb W TNpPOJAABaTh CTOJBKO 3JEKTPOIHEPIUH, CKOJIbKO HYKHO MOTPEOUTENSAM.
VYnpaBrieHue AesITeNbHOCThIO M Tapu(paMu OIpaHUYMBACT MOJTYYEHHE KOMITAHUSMU
HEOIlpaBAAaHHbIX NpUObLIEH. BaxkHO, YTO MpU TakoM peryJupoBaHUU OyneT MpOUcC-
XOOUTh HeoOxonuMmoe paszputue IIC, Onaronaps OTHECEHUSIM Ha Tapu(]bl HHBECTH-
[l B HOBBIE JIEKTPOCTAHIIUU U JIMHUU 3JIeKTporiepenad. B cBoro oyepens ans Ho-
BBIX JJIEKTPOCTAHLMI B JIOJTOCPOYHBIX KOHTpaKTax OYyIyT 3aKiIaJblBaThCs IMOBBI-
[ICHHBIC I[EHBI HA 3JEKTPOIHEPTHIO MO0 CPABHEHUIO C IPYTHMMH 3JIEKTPOreHEPUPYIO-
IMMH KoMnaHusMU. KOHEYHO, Mpu TakoM peryaupoBaHUU HYXKHO 0OecreduBaTh
CHOPMAaJIbHYI0» peHTa0enbHOCTh (MpuoObLTh) K3A.

Co3znanue oNUrononvu 1 aeduiuTa 3JIeKTPOIHEPTHH, B MOJIEIH 2, OTpaHUYH-
BaeTcsl Oyarojapsi 3aKIIOYCHHUIO JOJITOCPOYHBIX KOHTPAKTOB HAa YBEITUYECHHUE MPOU3-
BOJICTBA AJIEKTPOIHEPTUH (HA CTPOUTEIBCTBO HOBBIX 3JIEKTPOCTAHIUN).

ITpu stom K3A Oynmer obecrneuumBaThCS OCPEJHEHHE IIEH Ha IMOKYNAEMYIO
AJIEKTPOIHEPIHIO, a HE 3aKyIKa €€ M0 MaprUHAIbHBIM LIEHaM, KaK 3TO MPOUCXOIUT B
Moaensax 3 u 4. B Toxke Bpems oOecrieunBaeTcsi Heobxoaumoe pazButue D0C H
CTJIa)KMBaHME MOCJIECTBUI HECOBEPILIEHHOW KOHKYPEHIIHH.

Poccust umeer Bce BO3MOXKHOCTU mepedTu or mozaenu 4, «KoHKypeHIus Ha
ONTOBOM M PO3HUYHBIX pBIHKaxX», K Mojenu 2, «EauncrBenHblil nokynarens». Co-
rinacHo Poccuiickolt cnenuguke U onbITy IIaHOBOM 3KoHOMUKHU. Kak pe3ynbrar roc-
yIapCTBEHHOE PETYJIMPOBAHUE 1IEH Ha AIIEKTPOIHEPTHUIO, BO3BPAIICHUE aIMUHUCTpa-
THUBHO-XO35IMCTBEHHOM LIEJIOCTHOCTU U yIpaBisieMocTH D9C U Apyrue noJIoKUTEb-
HbIe (DPEKTHI, ABIAIONINECS OCHOBOMOIATAIOIMIMMY U PAa3BUTHIO 0€30MIaCHOCTHU CTpa-
HBI.
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CEKIIMS 10.
HAYUYHO-TEXHUYECKMI TUCKYPC «MHTEJUIEKTY AJILHBIE
YHEPTOCUCTEMbI»

METHODS OF DESALINATION AT NUCLEAR POWER PLANT

V. Zhdanova
Tomsk polytechnic university
Institute of power engineering, group 5042

In connection with the Globe increasing population and rapid development of
industrial complex the depletion of natural resources is observed. That entails the sci-
entific research in the area of alternative sources of energy. But the problem with en-
ergy being solved by engineers and scientists is one of the solutions. However, it is
necessary to bear in mind one more important natural resource — water, the source of
Life on our planet. It is well-known fact that our body is composed of this liquid. It
seems that there is no problem with water since it takes about 70 %. But this is a mis-
leading vision. The vast majority of the world's oceans is salty water (99,687%). No
doubt that it is a high time to stop wasting fresh water and think of some new ways of
its desalination. Our research is directly focused on this problem.

Looking ahead, two main resource problems can be solved, e.g. energy and wa-
ter. They are presented in the symbiosis of nuclear power plant and desalination unit.
First attempts were made by soviet engineers in 1973 in the city of Shevchenko (now
Aktau) where the first nuclear power reactor BN-350 with desalination plants was
commissioned.

The Aktau nuclear power plant (NPP) installed electric capacity was 350 MW.
At the time of its operation it was the only nuclear desalination plant in the world
supplying fresh water for the city of Shevchenko in the volume of 120,000 cubic me-
ters per day. The BN-350 fast reactor at Aktau, in Kazakhstan, successfully supplied
up to 135 MWe of electric power while producing 80,000 m?/day of potable water
over some 27 years, about 60% of its power was used for heat and desalination.

The desalination process is carried out in several ways:

1. the multi stage flash (MSF)

2. reverse Osmosis Technology

3. the multi-stage distillation (MED).

In the MSF process, the seawater is heated to the maximum brine temperature
in the brine heater and fed to another container known as a "stage", where the sur-
rounding pressure is below the saturated vapor pressure of the brine at that tempera-
ture. The sudden lower pressure causes the brine to boil so quickly as to flash into
steam. Although a small portion of this water converts into steam, the remaining wa-
ter is sent through a series of additional stages, each of them having a lower pressure
than the previous stage. The vapor in each stage is condensed on the outer surface of
the feed stream tubes, giving its latent heat to the incoming seawater flowing inside
the tubes. Thus the feed stream is heated progressively in each stage before passing
through the brine heater used to feed the first stage. The hot condensate also passes
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through all the stages and cools itself while flashing a portion into steam, then it is
collected as final product - fresh water.

In the MED process, the seawater is boiled in the first vessel, as the boiling
point of water decreases pressure decreases. After that the vapor from the first vessel
Is condensed in the second one and its heat is used to boil the seawater in the second
evaporator, which has a lower pressure than the previous. The seawater passes to the
next section and the vapor from the previous one boils it, repeating the process. In-
creasing the number of stages leads to the increase of water production, but also
causes a higher investment, so an optimum number must be determined depending on
the plant specifications.

A semipermeable membrane is located between two compartments. The mem-
brane allows the solvent to flow through it, but does not allow the solute to move
from one compartment to the other. To obtain the equilibrium, the solvent from areas
of low solute concentration moves to areas of high solute concentration. Areas with
low concentration become more concentrated and areas with high concentration de-
crease the solute concentration. This process is called osmosis. In the reverse osmosis
process, a pressure commonly ranging from 55 to 68 bar, is applied to the compart-
ment with high concentration of solute, part of the seawater 30 to 40% passes through
the membrane producing freshwater. The remaining concentrated water is sent back
to the sea.

The most vivid problem is sault. This problem was also solved. Technical brine
contains lots of valuable chemicals widely used in industry.

When dealing with the NPP advantages with a desalination unit, it is necessary
to point out its disadvantages over typical desalination plant. It is, of course, the need
for a large quantity of energy resources that makes it very expensive for supplying
the population with fresh water. Energy, generated at NPP is enough to supply any
desalination unit.
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REACTORS OF THE FOURTH GENERATION AND THEIR COMPARISON
WITH THE REACTORS OF THE THIRD GENERATION

B.S. Dubikovskaya
Tomsk polytechnic university
ATES, 5041

Over the past few decades, the nuclear fission reaction has successfully proved
the importance of its role as a source of energy. With that nuclear power will retain
its role in the reduction of hydrocarbon resources.

Reactors of the third generation were first developed in the 1990s, but they are
still widespread all over the world. As a rule, these are reactors with a light water
coolant. Among them are Evolutionary pressurized reactors (EPRs) manufactured by
AREVA, which are being built in Finland, France and China, AP-1000 manufactured
by Toshiba-Westinghouse (advanced PWR) used in China, VVER-1200 a project
"NPP-2006" developed by OKB "GIDROPRESS" in Russia, and APR(Advanced
power reactor) -1400 produced by KEPCO in Abu Dhabi.

The weak side of existing nuclear technologies is their limited ability to use the
energy potential of uranium fuel. Light water reactors of Il and Ill generations are
characterized by a low temperature of the coolant at the outlet from the core - about
300 ° C, which limits their thermal efficiency (about 30% for conventional light wa-
ter reactors).

With the IV generation of nuclear technology, the term "reactor" is replaced by
the term "system", which includes the reactor itself and the reprocessing of nuclear
fuel. Such new systems should have higher performance compared to previous gener-
ations in development. They are safer, more reliable and possess protection from pro-
liferation. Some produce electricity, and other generate heat at temperatures of 400-
900 ° C and 100-300 ° C. High temperature can be used in various industrial applica-
tions like synthetic fuels, petrochemicals, biomass gasification, hydrogen production
from water, glass or cement. Lower temperatures (100-300 ° C) can be applied to de-
salinate sea water and produce fertilizers.

Some IV generation systems will operate on fast spectrum neutrons. Their abil-
ity to reproduce fissile material in combination with advanced technologies of fission
and transmutation offers great opportunities. Their nuclear fuel will be resistant to
very high temperatures. As a result, their fuel cycle will be completely closed.

The main advantages of 4 Generation Reactors are as follows:

o they ensure optimal use of natural resources and reliability of energy supply

e minimal waste generation

e high thermal efficiency.

Such reactors are able to convert 238U into fissile 239Pu even more intensively
than they themselves absorb fissile material. In addition, they can use fuel with very
low uranium content.

These types of reactors are able to cope with the leaks of military nuclear tech-
nology. Closed reactors can be supplied to any countries, because they cannot receive
raw materials for nuclear charges.
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With the use of other heat carriers, higher temperatures can be reached 400-
600 °C for CO2, 500-700 °C for liquid metals (sodium, lead) and 700-900 °C for he-
lium. The temperature of the coolant at the exit from the core of 900 °C equals the
thermal efficiency to 44%, that is approximately one third higher than that of classi-
cal light water reactors.

However, this type of reactors is also not perfect and one of the disadvantages
Is the need to organize reprocessing of fuel at nuclear power plants. Besides, higher
costs when repairing can also be viewed as its drawback.

In 2002, the GIF Forum began organizing scientific cooperation among inter-
ested participating countries in the field of developing six new generation nuclear
systems. Three systems were chosen that operate on fast-spectrum neutrons, one on
thermal neutrons and two systems that can work in both the fast and thermal spectra.

Fast neutron reactor with a sodium coolant and a closed nuclear cycle (SFR)
provides effective treatment of actinides and reproduction of fissile material (Japan,
USA, France, Euratom, South Korea, China and Russia).

Fast neutron reactor with a lead or lead-bismuth liquid metal coolant and a
closed nuclear cycle (LFR);

Fast neutron reactor with a helium coolant and a closed nuclear cycle (GFR )

High-temperature reactor with graphite retarder, helium coolant and open ura-
nium fuel cycle (VHTR)

SCWR is a high-temperature reactor with a high-pressure water coolant operat-
ing above the thermodynamic critical point of water

MSR - generates energy due to the fission reaction in the epithermal spectrum,
with the circulation of the coolant and fuel as a mixture of molten salts and complete
burning of actinides

Conclusion

At present, scientific research and tests of various systems of the IV generation
are being conducted all over the world. The ultimate goal is the implementation of the
industrial system of the IV generation by 2040. Although, no one can predict when
the industry and investors will be ready to start the construction of such innovative
systems. The adoption of such decisions depends not only on the availability of scien-
tific achievements and the required technological level, but also on the current eco-
nomic and political situation.
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THE USE OF NON-CONTACT METHODS TO MEASURE THE RESIDUAL
STRESSES IN A WELD AS A MEANS FOR IMPROVING THE SAFETY OF
NUCLEAR POWER STATION

A.C. JlememnieB

TOMCKUY MOJIMTEXHUYECKAN YHUBEPCUTET
OHUH, AT2C, rpynna 5041

Introduction

A large the number of welds is used at nuclear power plants (NPP), therefore
the quality of these welds plays an important role in the safe operation of NPP.

Today there are 2 basic methods to measure the residual stresses, namely con-
tact and non-contact methods. Non-contact methods can be classified as Neutron
method, Ultrasonic method, Magnetic method, Synchrotron method and X-ray meth-
od. The aim of this article is to compare the two most accurate methods - Magnetic
and Ultrasonic ones.

Magnetic method

To measure residual stress (voltage), the object is gradually magnetized and
then demagnetized. Hall sensor is used to measure the strength of the demagnetiza-
tion field. After this, the amplitude of the signal is converted to residual stress (volt-
age).

core E

magnetic permeabilit 4x = L

the magnitude of the magnetic flux ~ (E1—+Di—D2-+E2) > (E1—+D2—+Di1—E2)
Fig.1. Magnetic method (operating principle)

The benefits of the magnetic method are:

1. high speed of measuring;

2. this method can be used on the working structures.

The major disadvantages of the magnetic method are as following:

1. suitable only for ferromagnetic materials;

2. high labor intensity;

3. high cost.

Ultrasonic method

This method is based on changing parameters propagating waves in a solid. Al-
ternating current passes through a coil pass and generates alternating magnetic field
around it producing eddy current in the test object. This current interacts with the
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magnetic field of the magnet causing the Lorentz force to create ultrasonic vibrations
In the object.

ultrasonic ELL—XT

transducer

coil

podka i

. magnetic field

ultrasonic
' wave

Fig.2 Ultrasonic method (operating principle)

Among the benefits of the ultrasonic method are:

1. high speed of measuring;

2. no material restrictions;

3. can be used on the working structures.

Using these methods on NPP with the help of robots

To explore the seams inside the reactor we need to get inside. But for people
get inside reactor is problem. This problem was solved by robots. These robots can
go on walls and overcome obstacles such as bolts. The robots have sensors for non-
contact research and camera. This technology is used at the Onagava NPP and the
Tokahama NPP. Unfortunately, these technology is not used in Russia because of its
high cost. Figure 3 shows the test system under the control of the cylindrical part the
reactor vessel and under the control of a branch pipe zone.

To sum up, the most effective method is Ultrasonic method

ic
Fig. 4. (the test system of the branch pipe zone)
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HYDROGEN ENERGY

P.D. Nim
Tomsk 3olytechnic rniversity
Institute of Power Engineering, gr. 5B72

The paper deals with hydrogen fuel that is zero-emission fuel, which uses elec-
trochemical cells or combustion in internal engines, to power vehicles and electric
devices. It is also used in the propulsion of spacecraft and might potentially be mass-
produced and commercialized for passenger vehicles and aircraft.

Hydrogen is the simplest element. An atom of hydrogen consists of only one
proton and one electron. It's also the most plentiful element in the universe. Despite
its simplicity and abundance, hydrogen doesn't occur naturally as a gas on the Earth -
it's always combined with other elements. Water, for example, is a combination of
hydrogen and oxygen (H20).

Hydrogen is high in energy, yet an engine that burns pure hydrogen produces
almost no pollution. NASA has been using liquid hydrogen to propel the space shut-
tle and other rockets into orbit. Hydrogen fuel cells power the shuttle's electrical sys-
tems producing pure water that the crew drinks.

A fuel cell combines hydrogen and oxygen to produce electricity, heat, and wa-
ter. Besides, fuel cells are often compared to batteries. Both convert the energy pro-
duced by a chemical reaction into usable electric power. However, the fuel cell will
produce electricity as long as fuel (hydrogen) is supplied, never losing its charge.

Fuel cells are a promising technology for use. It can be used as a source of heat
and electricity for buildings, and as an electrical power source for electric motors
propelling vehicles.

In the future, hydrogen could also join electricity as an important energy carri-
er. An energy carrier moves and delivers energy in a usable form to consumers. Re-
newable energy sources, like the sun and wind, can't produce energy all the time. But
they could, for example, produce electric energy and hydrogen, which can be stored
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until it's needed. Hydrogen can also be transported (like electricity) to locations
where it is needed.

The widespread adoption of hydrogen fuel is hindered by higher cost of hydro-
gen compared with usual liquid and gaseous fuels, the lack of necessary infrastruc-
ture. An interim solution could be a mixture of traditional fuels with hydrogen. Hy-
drogen can be used to improve the ignitability of lean mixtures in combustion engines
running on conventional fuels.
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THE COMPARISON OF COMPLEXITIES OF THE CHINESE AND
RUSSIAN LANGUAGES ON THE EXAMPLE OF TERMINOLOGY OF
CHEMISTRY

2K K. BanoBa
ToMCKMI OJINTEXHUYECKUN YHUBEPCUTET
NCI'T

Many linguists are wondering whether it is possible to objectively assess the
complexity of languages without attracting speakers of a particular language. If so,
what criteria can be used to do this? Alexander Pipersky, candidate of Philology, as-
sistant professor of the Institute of Linguistics of the Russian State University for the
Humanities, gives the example with the Martian who came to our planet and needs to
learn a human language - which language would be easier for him then, and which
one would be more difficult [1]? Linguists in the process of studying language com-
plexity try to answer this question.

Chinese is certainly one of the most complex languages in the world: tonality,
a large number of synonyms, homonymy, hieroglyphics, high-speed speech of speak-
ers, 10 dialect groups, etc., but in every even the most complex language there are al-
so advantages that can be identified in comparison with another language.

If you take a certain professional sphere and look at the terminology of this
field in Chinese, you can see that although Chinese characters are difficult to write,
but their graphical content carries so much information that even if some term is ab-
solutely unfamiliar and highly specialized, then its meaning and nature can be under-
stood simply by looking at the characters in its composition. In this respect, the ter-
minology in Russian is harder to perceive and understand than in Chinese, since it us-
es mostly those terms that are used only in a professional context, while most of hier-
oglyphs in Chinese terms are commonly used in ordinary life.
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Let's compare the terminology of Chinese and Russian languages by the ex-
ample of chemical terms, where there are dozens of incomprehensible words and ex-
pressions in the Russian language, the origin and nature of which are difficult to
guess, since most of them come from the words of the Greek and Latin languages.

1. One-component terms: The term & "hydrogen". Let's examine what in

general this term means in Russian. Hydrogen is a light, colorless gas.
Much of this definition is already contained in the hieroglyph, since the key
= means "gas", and the lower two keys are part of the word "light", and the
word is completely in tune with the word "hydrogen" - qing. The Russian
term "hydrogen™ also carries some information, if you disassemble it into
the components of "water" + "genus"”. After all, everyone knows that, ac-
cording to the laws of chemistry, hydrogen as a chemical element in con-
junction with oxygen forms water, but this information is secondary in
comparison with the information given by the Chinese term "light gas".

2. Two-component terms: The term JJi U2 "odorization" (from Latin odor -
"smell"): add + smell. In the dictionary, the term "odorization" is defined as
giving (gas) a characteristic smell. As we see, the translation of the hiero-
glyphs in the term ideally reflects the whole nature of the term.

3. Three-component terms: The term 4 {b "isomerization": isomer +
transformation. 5##:) "isomer": different + structure. It turns out that there
are particles, involved in a certain transformation, being different in struc-
ture. According to the dictionary, isomers are substances that have the same
qualitative and quantitative composition, but different structure and, there-
fore, different characteristics.

4. Four-component terms: The term J& &/ fix "amorphous carbon”. Not
everyone can understand the meaning of the word "amorphous,” but in the
Chinese term everything looks quite clear: there is no + established + form
+ carbon, literally translating as "“carbon without a fixed form." And now
look at the original definition of this term - amorphous carbon - "a state of
carbon with a disordered structure."

5. Multicomponent terms: The term F£ [£45 &< "uncompressed hydro-
gen". Lets devide this term into its components: no + pressure + compress +
hydrogen + gas. In the Russian version of this term, we face a word of Latin
origin "compression”, which means "compression of gas under the influ-
ence of external forces to reduce its volume, increase pressure and tempera-
ture." Of course, many ordinary people know the term "compression”, but
yet again we have a Russian term of Latin origin, which complicates its per-
ception.

Thus, using the example of these chemical terms, we can observe the compara-
tive easiness of understanding Chinese terms and the complexity of understanding
their analogues in Russian.

In addition to the comparison of terms in this work, two experiments were also
carried out to reveal the essential difficulties and advantages of the Chinese and Rus-
sian languages.
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In the first experiment, a Chinese text on chemicals in food was selected. The
text was translated into Russian. Then a couple of Chinese students wrote at dictation
the text in Chinese and Russian students — the text in Russian. The objective of the
experiment was to determine the main difficulties that arise in the process of writing
in these languages.

Difficulties of the Chinese language, revealed during the first experiment:

1.
2.

3.
4. Spelling of hieroglyphs — Chinese native speakers themselves forget how to

The relatively long time of writing a small piece of text - a little more than
half a page in 23 minutes.

The problem with punctuation and selection of paragraphs, because of what
the text looks unstructured.

The big difference between classical written and spoken Chinese.

write some hieroglyphs or certain lines of hieroglyphs.

Homonymy of the Chinese language - because of the identical spelling of
the words, some characters were written wrong in the text (- zi (child) and
48 71 (purple), fi% chéng (become) and % chéng (have a look), ##i A shé ru
(absorption) ¥4 A shé ru (penetrate), JiE zhéng (disease) and 1t zhéng (syn-
drome)).

Confusing words that are only partially consonant and partially similar in
spelling (Bl ji (even if) and Az ji (i), &1t wualun (despite) and ~if bulun
(regardless of)).

. Words are not separated on the letter from each other by spaces, as in Rus-

sian, because of which it is sometimes difficult to determine the boundaries
of words.

Difficulties of the Russian language, revealed during the first experiment:

1.

Complexity of grammatical forms, because of which it is easy to confuse
letters in endings, roots or suffixes of words, even simply by inattention
(EctectBennblU u HarypansHblE apomatusaropsi, [TpoakTel nuTaHws).

. Fast fatigue in writing complete words without shortening words, where it’s

possible.

Voiceless / voiced consonants at the end of the word - the need to check the
spelling of words by changing the form of the word, or simply memorizing
the rules (umanamansaeruT, BMecTo nuHHaManbaerun/l).

A large number of words of Latin and Greek origin (flavor, cinnamalde-
hyde, vanillin, orchid, sodium glutamate, etc.). This problem is particularly
relevant to chemical terms in the Russian language, where each term has a
Latin or Greek origin and therefore causes difficulties in understanding both
in speech and in writing.

In the second experiment the students of the both sides were asked to read the
same texts in order to reveal some difficulties in oral speech of Chinese and Russian.
The difficulties of the Chinese language, revealed during the second exper-

iment;

1.

One character can be read in different ways and there are no clear rules for
this or that variant of reading, you can check only in the dictionary (For ex-
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ample, in the word from the text =% chabié, which means "difference", in
the hieroglyph 7= except for reading cha there is still a few readings: cha,
chai, chai, ci, cud, jie. For example, in the word &7 céncl "asymmetrical"
this hieroglyph is read as cén, and in the word {7 chiichai "business trip"
the hieroglyph is read as chai).

Homonymy of words.

Tones that involve a large articular work.

Great semantic significance of tones - if the tone changes, then the writing
of the hieroglyph of the word and its meaning change dramatically. Very of-
ten, native speakers themselves during the speech clarify each other the
meaning of a word.

Difficulties of the Russian language, revealed during the second experi-
ment:

1. Voiceless / voiced consonants at the end of the word: due to the fact that

voiced consonants at the end of the word are deafened, then on the letter it
Is easy to make a mistake with writing (the Russian student made a mistake
by writing not nuanamansaeru/l, but muanamansaeruT, that in oral speech,
she would have incorrectly remembered the term and wrongly used it later,
for example, she would then say «unnnamansaeruTa, nuHHamManbaeTu Ty,
etc.).

Of course, it is impossible to consider and point out all the difficulties of the
Chinese and Russian languages, since these two language systems are relatively
complex and large-scale. However, from the data obtained in the course of two exper-
Iments, we can see that the Chinese language has much more difficulties than Rus-
sian. Nevertheless, this does not mean that the Russian language is easier, on the con-
trary, from the point of view of the grammatical structure, the Russian language is
much more complicated, as the results of experiments have shown, but from the point
of view of clarity and precision of information presentation, from the point of view of
the most detailed expression of meaning for the most full understanding or translation
into other languages, the Russian language is easier.

The grammatical categories of the Russian language, although difficult to use,
yet still contribute to the most detailed description of a phenomenon, which is very
important in the narrowest and most precise areas of knowledge, where it is necessary
to describe the smallest detail of what is happening, for example, during experiments
on chemistry or surgical operations.

Chinese is easier to understand the meaning of individual words, but not of a
whole sentence or text. Especially it concerns any specialized terms in certain areas,
for example, in chemistry. Russian is harder to understand technical terms, since most
such words are borrowed from Latin and Greek. On the other hand, sometimes bor-
rowed words can be useful for a better understanding of the meaning, since they can
express a more specific meaning, which is very important in narrow areas of
knowledge.

o
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ENERGY OF THE FUTURE

A. Lazarenko
Tomsk Polytechnic University
Institute of Power Engineering, group 5061

Mankind has long pondered the question of what the energy of the future will
be. The problem of global energy research is that it is necessary to take into account a
greater number of factors affecting the production and consumption of energy re-
sources. The world has accumulated considerable experience in researching the future
of world energy.

Technological and scientific discoveries directly affect the world energy con-
sumption and production. Research is constantly being carried out to improve energy
efficiency. Analysis of technological trends shows that humanity is on the verge of an
energy revolution. Today's energy is based on burning fossil fuels with a fairly low
efficiency. The energy of the future is based on the use of renewable energy sources
and active promotion of nuclear energy, efficient use of energy resources. The main
directions of the energy revolution are the widespread dissemination of energy saving
technologies, the integration of energy into the technosphere, the decentralization of
energy, the creation of energy information systems, an “energy efficient house" and
an "energy efficient city".

Table 1. World primary energy consumption by a scenario, million tones

2010 2030 2050 2030 2050 2030 2050
Oil 3882 4627 5018 4441 4188 3641 2757
Gas 2653 3952 4522 3306 3483 3292 3092
Coal 3278 4617 4487 3209 1794 3526 1812
Nuclear 626 776 824 512 349 1335 2333
Biomass 650 600 600 600 600 300 200
Hydro 572 729 952 729 952 729 952
New re- 210 1040 1835 1481 3019 1860 5846
newables
Total 11871 16342 18239 14279 14386 14683 16993

In this scenario, the main role will be taken by nuclear and renewable energy.
By 2030, nuclear power can double, and by 2050 — become four times compared with
the current level. The basis for such growth will be an accelerated transition to stand-
ard 3- and 4-generation reactors, as well as to fast neutron reactors. This will solve
the uranium problem and the problem of used nuclear fuel. Renewable energy will
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increase 9 times by 2030 compared to 2010 and by 26 times by 2050. In its structure
there will prevail wind and solar power. It is expected to radically reduce the cost of
solar energy.

The environmental factor is currently one of the key points in the development
of energy. Legal and economic mechanisms are being created that stimulate the pro-
cess of transition to a new type of energy. Special requirements are advanced to mod-
ern nuclear power plants, this causes their high cost, several times more than for
Thermal Power Plants and Hydro Power Plants. The main cause of major accidents at
nuclear power plants is the human factor, but with the widespread automation of pro-
duction, this problem is not so acute. In my opinion, in the future consumption of re-
sources and production waste can be radically reduced due to a complex of new tech-
nologies in the energy sector.

Also, a serious problem is the depletion of natural resources, exhaustible non-
renewable fossil energy resources of nutrient origin - coal, oil, natural gas. The main
way to prevent the depletion of natural resources is rational and integrated use of
them, as well as the search for new sources of raw materials and the transition to new
types of energy and fuel. However, the transition to renewable energy can pose new
yet unknown problems to the world. So, wind energy can lead to higher temperatures
In regions where wind stations are installed, and mass installation of solar panels can
have a negative effect on the atmosphere.

The future of modern energy is at the intersection of science-intensive technol-
ogies, energy-efficient approach and ecologically correct choice!
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SCIENTIFIC PRODUCTS OF TPU

A. Shteyzel
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TPU is one of the huge universities in Russia, and of course it has a lot of its
own scientific products. So, | want to tell some information about it.

Complex cleaning and disinfection of industrial waste water
e ———

Appointment

The decontamination and purification of domestic waste water from a wide
range of impurities: improvement of organoleptic indicators, removal of organic pol-
lutants (oil products, phenol, methanol, etc.), the impact on pollution in the colloidal
form by converting them to filterable residue, removal of heavy metals, reduction of
COD, BOD, disinfection/sterilization of water.

The device of non-destructive control of metals and alloys " Termotest™

§

Control of metals and alloys according to the method of differential thermal
electromotive force (thermo-EMF) in laboratory and workshop conditions.

The device uses a radically new scheme for measuring the differential thermoe-
lectric power, eliminates the measurement error caused by contact resistance and the
heating of the cold electrodes in the measurement process.
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Robotic ultrasonic imaging

The hardware part of the scanner includes a number of innovative solutions in
the field of measurement technology, microelectronics, compact systems, parallel
computing and high-speed processing of large data sets.

Tomsk Polytechnic University has developed its own algorithms to reconstruct
the acoustic data method (DFA), which allows to obtain three-dimensional images of
the structure of the controlled object with high resolution in real time.

Navigation and telecommunication systems of the new generation

Appointment

Navigation and telecommunication systems of the new generation with the use
of GLONASS satellite navigation system and unmanned aerial vehicles for the mo-
bile teams and operations centers focuse on the use of the wide range of tasks. The
main purpose is: monitoring of the territory using unmanned aerial vehicles, and sup-
porting mobile groups for various purposes, including rescue groups, processing the
received information with visualization and communication through a variety of
communication channels to the control center.

The hybrid system of buffer accumulation of electric energy
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Appointment

It is used to match the modes of production and consumption of electric energy
in isolated energy systems, including several independent generating units, with the
aim of improving their energy efficiency.

Current phase

The present state of research is manufacturing an experimental model of the
hybrid system of buffer accumulation of energy for autonomous power plants of re-
newable energy, GSBI-2/5-SPT on peak power 2 KW.

There are many more other products in TPU, however they must be presented
separately.

REFERENCES:
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THE MAIN PROBLEMS OF ENERGY AND POSSIBLE SOLUTIONS
OF THEIR SOLUTIONS

V.0. Pilat
Tomsk Polytechnic University
Institute of Power Engineering, group 5B61

Energy consumption is an indispensable condition for the existence of man-
kind. Availability of energy for consumption has always been necessary to meet the
needs of the individual, to increase the duration and improve the conditions of his
life.

The history of civilization is the history of the invention of new methods of en-
ergy conversion, the development of its new sources and, ultimately, the increase in
energy consumption.

The first jump in energy consumption occurred when a person learned to obtain
fire and used it for cooking and heating their home. The sources of energy in this pe-
riod were wood and muscular strength of man. By the 15th century, a medieval man,
using working cattle, the energy of water and wind, firewood and a small amount of
coal, already consumed about 10 times more than a primitive man. A particularly sig-
nificant increase in global energy consumption has occurred over the past 200 years.

In the modern world, energy is the basis for the development of basic indus-
tries that determine the progress of social production. In all industrialized countries,
the pace of development of energy has outpaced that of other industries.

At the same time, energy is one of the sources of adverse environmental and
human impacts. It affects the atmosphere, the hydrosphere and the lithosphere.

Despite the mentioned factors of the negative impact of energy on the envi-
ronment, the increase in energy consumption had not caused much concern among
the general public. This went on until the mid-1970s, when numerous data appeared
in the hands of specialists, indicating a strong anthropogenic pressure on the climate
system, which threatens the global catastrophe with an uncontrolled increase in ener-
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gy consumption. Since then, no other scientific problem has attracted such close at-
tention as the problem of the present, and especially of the forthcoming climate
changes.

It is believed that one of the main reasons for this change is energy.

Three groups of basic problems related to meeting the growing demand for en-
ergy are considered: the shortage of energy resources and energy, the growing burden
on the environment, geopolitical and social threats. Based on the analysis of the “en-
ergy image" of the modern world, it is shown that the main way to solve these prob-
lems is to implement the concepts of energy saving and energy substitution. The main
reasons for the unjustifiably of high energy intensity of the Russian economy, the po-
tential for energy saving and state and public measures for its implementation are
given. The concept of energy substitution is disclosed - replacement of traditional
primary energy resources with auxiliary / alternative fuel resources and non-
traditional renewable energy sources, as well as development of alternative methods
of obtaining electric and thermal energy. An important role in ensuring the energy se-
curity of the formation of a fair world energy market was underscored.

Most experts come to the conclusion that solving the problem of meeting the
growing needs of mankind for energy at affordable prices and with minimal damage
to the environment in any of the forecasted options for energy development lies in the
way of implementing the concepts of energy saving and energy substitution com-
bined with increasing the volumes of traditional fuel production and involving it in an
increasingly large scale in the energy production of auxiliary / alternative fuel re-
sources. The concept of energy saving is to increase the efficiency of energy re-
sources management at all stages of their life cycle: from prospecting, exploration to
production of electrical and thermal energy, transport of energy to remote consumers,
its distribution and, finally, consumption. The concept of energy substitution means a
gradual transition from traditional fuel to non-traditional renewable energy sources,
as well as the development of new technologies for obtaining electric and heat ener-
gy, which in the second half of the century can substantially change the appearance of
energy, remove or at least reduce the acuteness of existing problems — those of re-
sources, environment and geopolitics.

References:
1. Ecological problems of energy supply of mankind. URL:
http://nuclphys.sinp.msu.ru/ecology/ecol/ecol05.htm.

2. Main energy problems and possible solutions URL.: http://izvestiya.tpu.ru
V. 319 Ne4 2011 Ushakov V. Ya. Accessed: 01 September 2017.
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ROTARY-SCREW-ENGINES

A.Y. Zubov
Tomsk Polytechnic University
Institute of Power Engineering, group 5B61

The relevance of this work is caused by the necessity of developing installa-
tions for distributed generation of energy using local fuels. There is a need for more
distributed energy sources not only in the form of heat, but also electricity. This is
important, for example, to remote and Northern territories of Russia that are without
centralized energy supply, as well as for new construction areas. In addition, the dis-
tributed cogeneration enables more efficient use of energy of fuel combustion and
minimizes the loss of energy transfer.

The aim of this work is to review the existing schemes and development of
power devices used for the production of electricity. On this basis, highlighted new
approaches to the development of engines suitable for distributed systems additional
energy sources are presented. The main research method is the thermodynamic con-
sideration of options power cycles. At the same time, important design features and
kinematic principles of the engine are analyzed. The degree of compression, as a con-
structive feature, here is crucial. The important role is played by the principle of bal-
ancing the active forces in the engine.

The results are as follows. There was proposed a new class of power machines,
suitable for installations of distributed energy production - rotary-screw engines. Ro-
tary-screw-engines may be used as expansion machines in a Rankine cycle. They can
also be used in cycles of engines internal and external combustion. These engines
have a high compression ratio. Radial and axial forces acting in the engines operating
on the proposed circuits are mutually balanced.

Key words: Electronic resource, distributed production systems, energy, man-
ufacturing, steam, steam engines, turbines, compressors, cogeneration the Rankine
cycle.
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DEVELOPMENT OF BLASTING TECHNOLOGY THAT REDUCES
THE HARMFUL IMPACT ON THE ENVIRONMENT

D.Y. Fazlyev
Tomsk Polytechnic University
Institute of Power Engineer, group 5061

In the modern world, the theme of ecology occupies an important place in our
life. Each branch of production shifts to more ecological methods of farming. Let us
consider the extraction of minerals. The preparatory stage of this case includes direct-
ly blasting. How do we make blasting work environmentally friendly?

The work in the direction of optimizing blasting operations was carried out by
the doctor of technical works Vitaly Komashchenko. In his scientific work, physical
modeling of parameters of blasting operations and forecasting the ways of deposit
development were made. According to the results of the physical simulation of blast-
ing operations, the ecologically clean blasting technology was developed, taking into
account the modern methods of breaking and optimal blasting parameters, combined
with an assessment of the role of strength properties and structural features of the ar-
ray, with the goal of obtaining a qualitative crushing of the rock massif. The regular
dependence of the quality of crushing on the grid of drilling and blasting wells was
also confirmed. Based on the results, the necessary ideas were put forward in the field
of reducing the technogenic impact of the mining and processing of iron ores. These
include:

1. Development of a general concept of environmental protection from techno-

logical pollution;

2. Improvement and introduction of rational parameters of drilling and blast-

ing operations.

In conclusion, | would like to note that the introduction of advanced modern
technologies for extraction and processing of iron ores, improvement and introduc-
tion of rational parameters of drilling and blasting operations provides economic ben-
efits by reducing the technogenic burden of mining enterprises on the environment
and improving the geo-ecological state of mining regions.
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THE METHOD OF CALCULATION OF SOLAR RADIATION

A. Alyunin
Tomsk Polytechnic University
The institute of Power Engineering, Group 5061

A vector of energy policy of peace is aimed at increasing the share of renewa-
ble energy sources (RES) in the global energy balance [1-3]. Accelerated transition to
carbon-free energy dictated by the situation on the global energy commaodities market
occurs.

It should be noted that in many regions there have entered short-term and long-
term programmes for the development of renewable energy sources. The European
Union programme "Europe 2020™ aims that by 2020 the share of RES in total genera-
tion would be less than 20 %.

Incoming to the surface, solar radiation is unstable and depends on many un-
changing and variable parameters. Unchanging from year to year, the parameters in-
clude: geographic coordinates and time zone location and the number of days in the
calculation period, time of sunrise, Zenith and sunset, duration of day, etc. Variable
parameters first need to include the following indicators: the presence of clouds, the
composition of the clouds, the air mass based on the changing pressure and tempera-
ture, the change in the thickness of the vertical column of ozone layer.

After defined time intervals, the calculation of direct, diffuse and total solar ra-
diation in the study area takes place. This work uses the main ideas presented in the
mathematical model Igbal.

In terms of time intervals (between sunrise and sunset), the basic meteorologi-
cal and astronomical parameters are defined which calculate the direct, diffuse, and
total solar radiation received on a horizontal surface in the study area. The calculation
is performed with a discrete step of one hour.

Table 1 Summary solar radiation arriving on horizontal surface in the settle-
ments by years of weather observations.
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The obtained results are located quite relatively close to each other. This sug-
gests that climatic processes in the middle and lower layers of the atmosphere are cy-
clical. Recurrence is dictated coming from the year of baric depressions, responsible
for long-term (seasonal) climate change in the study area [4].

Table 2 maps the results obtained with the well-known open sources such as
database NASA SSE [5].

Table 2.
Comparison of the mean annual values of total solar radiation with the data in [5].
AnpaH AkyTCK OnmskoH | Yepckum Tuken Cackbinax | BepxosHck |Ycrb-Moma
Settlement Aldan Yakutsk | Oymyakon | Chersky Tiksi Saskylakh | Verkhoyansk | Ust-Moma
Mean value, kW+h/m? 1219,58 1035,21 1012,51 868,30 751,10 754,81 894,25 940,35
[57], kBr-4/M* (KW+-h/m?) 1091,32 1084,15 1051,24 905,23 781,12 795,35 949,11 952,65

The methodology of determining direct and diffuse solar radiation is of crucial
importance. It is produced by solar radiation calculations for different localities of the
Republic of Yakutia, and also compared with the results of NASA SSE.
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FEATURES OF THE CREATION OF UNDERGROUND NUCLEAR POWER
PLANTS AND SOME ISSUES OF RADIATION COLD-FASTNESS
AND WORKING CAPACITY OF STRUCTURAL MATERIALS
OF THE REACTOR VESSEL

N.V. Nazarchuk
Tomsk Polytechnic University
Institute of power engineering, Group 5061

At present, in the energy balance of most economically developed countries,
nuclear power takes a solid place and continues to develop successfully. In 31 coun-
tries, 440 nuclear power units are operated with a total installed capacity of 359.9
GW, which accounts for about 17% of all electricity produced in the world, and in
some countries (Lithuania, France, Sweden, Japan, Belgium) more than half of the
energy produced is generated by nuclear power plants. For example, in France, nu-
clear power accounts for about 80% of the generated energy. Under construction are
30 power units with a total capacity of 31 GW, including in countries that previously
did not have nuclear power plants (Iran). Only in 2002, 7 power units with a total ca-
pacity of 5.9 GW were commissioned in the world (China, Korea, Czech Republic).

The cardinal way to improve the safety of nuclear power plants is their under-
ground location. The shelter of the roof from the natural rock of the nuclear and radi-
ation-hazardous blocks of the station localizes the consequences of any nuclear (even
beyond design) and radiation accident in a sealed underground space. The thickness
of the Earth's layer is a reliable protection against any external impact - the fall of
heavy aircraft, large meteorites, the use of concrete concrete shells, bombs, air and
space attack, as well as sabotage and terrorist acts.

The second important advantage of underground nuclear power plants is the
possibility of processing and storing radioactive waste in the underground space. This
eliminates the need for their transportation and the creation of special storage facili-
ties, which is fraught with a radiation accident.

An integral part of safety is the reliability and strength of the elements of
equipment, pipelines, structures, etc. The specifics of the operating conditions of
structural materials of the main units and equipment of nuclear power plants required
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the development of a new approach to the creation of structural materials, manufac-
turing technology and evaluation of efficiency.

The operation of the first nuclear submarines and experimental-industrial reac-
tors advanced the science of strength and metallurgy far ahead. Data on the change in
the properties of structural materials under the influence of neutron and gamma radia-
tion, on the change in the strength characteristics of structural materials under the in-
fluence of powerful neutron fluxes (1014 n / cm2 * s in thermal neutron reactors and
up to 1016 n/ cm2 * s in fast reactors neutrons), etc. A new section of material sci-
ence has been developed - radiation material science, which studies the properties of
structural materials and their variation under irradiation.

The further development of nuclear energy poses to solid state physics and ra-
diation material science a number of complex fundamental and applied problems re-
lated to the low resistance of materials under irradiation. The issues of operability and
reliability of construction materials are very relevant in connection with the increase
in the life of the projected and possible prolongation of the service life of operating
reactors to 60-80 or more years. Therefore, it is necessary to pay special attention to
the theoretical and applied questions of the influence of the time factor in the condi-
tions of the continuous growth of neutron irradiation and gamma radiation on a com-
plex of mechanical, chemical, corrosive and other properties.

The most important factors affecting the efficiency of structural materials of
nuclear power plants are hardening and embrittlement. It should be noted that there is
no superplastic and brittleness, but there are conditions under which steel and alloys
become superplastic and brittle. In such a case, a premature (with respect to the cal-
culated) brittle failure testifies to a reduction in plasticity that is unacceptable under
certain temperature-time or temperature-deformation cycles, when the metal can no
longer remove the overvoltage peaks, and they become commensurable with the
strength. This contributes to the advancement or growth of the existing fracture or the
inception and unacceptable development of it in time. Thus, the exhaustion of plastic-
ity is the determining factor in the operability of structures and their reliable opera-
tion. Increased metal propensity to brittle fracture due to loss of ductility and limits
the operational life of reactor shells.

The change in the physico-mechanical properties of structural materials in the
process of neutron irradiation is largely determined by the nature of the interaction of
the dislocation structure with a complex of radiation defects. The processes of for-
mation and evolution of radiation damage, the processes of their annihilation depend
not only on the conditions of neutron irradiation, but also on the structural state of the
metal at various stages of solid solution decomposition under temperature-time and
temperature-deformation cycles.

Restoration of the properties of structural materials is possible by creating con-
ditions that lead to the elimination of radiation-induced structural damage. Heating
the steel above the irradiation temperature increases the diffusional mobility of point
defects and is a prerequisite for the appearance of thermodynamic instability of vari-
ous radiation defects, thus creating conditions for the restoration of its physico-
mechanical properties. Therefore, one of the further ways to increase the efficiency
and reliability of nuclear power plants should be associated with the removal of radia-

132



tion damage to reactor shells when special annealing is applied to them to revive the
cold-resistance of ferrite-pearlitic steels.

Issues of radiation cold-brittleness, as one of the most important factors deter-
mining the operability and reliability of structural materials, are of great importance
in the case of emergency shutdown of the reactor. In this case, as a result of a sharp
drop in temperature, the cold-brittle fracture threshold transition occurs and metal
failure can occur without much work - the metal becomes unreliable.

The present work is devoted to the issues of creating specially protected under-
ground nuclear power plants, as well as the improvement of structural materials,
types of reactors, the prolongation of the operating life of the PPU, and the removal
of the radiation impact on the population and the environment.
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REAGENTLESS METHODS OF WATER TREATMENT AT TPPS
AND NUCLEAR POWER PLANTS

N.I. Berezikov
Tomsk Polytechnic University
Institute of Power Engineering, group 5061

The main share in the generation of electricity in Russia comes from steam tur-
bine power plants that use organic fuel (coal, gas, fuel oil), and nuclear power plants
that use nuclear fuel. At the same time, the most developed coolant for Thermal Pow-
er Plants and Nuclear Power Plants is natural water from surface or underground wa-
ter sources, which are subject to the following requirements:

Low corrosive aggressiveness.

High heat capacity and thermal conductivity.

Low viscosity.

Small cross section for the capture of thermal neutrons.
Chemical, temperature and radiation resistance.

Poor activation.

Non-combustibility, non-toxicity, explosion safety.

. Low cost.

Disadvantages of water as a coolant are as follows:

1. High cross section for the capture of thermal neutrons.
2. Radiolysis - decomposition under the influence of ionizing radiation.
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3. Relatively high activation.

4. Corrosion aggressiveness.

5. Low boiling point.

Advantages of natural water as a coolant include:
Cheapness and prevalence in nature.

Low viscosity.

High heat capacity.

Relative simplicity and mastery of cooking.
Non-combustibility, non-toxicity, explosion safety.
Good heat transfer properties.

Natural water contains various impurities in its composition. For this reason, it
can not be used for energy purposes without prior chemical treatment. Chemically
treated water in power engineering is required for various purposes: filling and feed-
ing the circuits of nuclear power plants, for steam boilers, evaporators, steam con-
verters and so on. Traditional water treatment schemes consist, as a rule, of two inde-
pendent and sufficiently isolated stages. This is due to the fact that natural waters
contain in their composition impurities removed at different stages and classified ac-
cording to their degree of dispersion into:

1. coarsely dispersed impurities;

2. colloid-dispersed impurities;

3. ion-dispersed impurities.

In connection with the different degrees of dispersion of water impurities, wa-
ter treatment methods are conventionally divided into preliminary and final.

In the first stage of treatment, called pre-cleaning, coarse-dispersed and colloi-
dal impurities are removed from the water. Removal of coarse impurities is achieved
by sedimentation. In this case coarse impurities are precipitated and the water is fil-
tered on clarifying (mechanical) filters. Flotation methods also apply to methods for
removing coarse impurities.

To purify water from colloidal impurities, volumetric coagulation, reverse 0s-
mosis, electrophoresis, water clarification in hydro- and multicyclones are used.

To the precipitation reagent methods of water pre-treatment belong liming, so-
da lime, magnesian de-silification.

Colloidal-dispersed impurities are discharged from water by organizing a spe-
cial reagent coagulation process. With coagulation, other positive effects are also
achieved - reduced alkalinity and deferrization (since chemical reagents are intro-
duced into the treated water).

The second stage of water treatment is final. At this stage, true dissolved impu-
rities are removed from the water either by softening methods (removal of stiffness
cations) or by demineralization methods (removal of cations and anions, including
silicic acid) by filtering water through ion-exchange resins (ion exchangers) or by
thermal distillation or joint technologies - thermal desalination with post-treatment on
ion exchangers. At the final stages of purification, membrane-based (non-reagent)
water purification methods combined with ion exchange are also used. The water is
degassed, i.e. deaeration and decarbonisation occur.

G N
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Membrane water treatment - advanced water treatment technologies are reverse
osmosis, nanofiltration, ultrafiltration, microfiltration of water that every year inten-
sively supplant obsolete traditional water treatment technologies and filters.

Membrane water treatment plants are a product of high technologies, based on
natural process of water filtration. The main filter element of such an installation is a
semipermeable membrane (cartridge). This membrane has a porous structure.

Under the influence of external pressure, the initial water, squeezed through the
pores of the membrane, is divided into two streams: filtrate (purified water) and con-
centrate (concentrated solution of impurities). The filtrate is supplied to the consum-
er, and the concentrate is drained into the drain. The nature of the delayed impurities
depends on the size of the membrane pore. Impurities, the size of which exceeds the
membrane pore size, can not physically penetrate the membrane.

Membrane methods of water purification are classified by the membrane pore
size in the following sequence:

Microfiltration of water (membrane pore size 0.1 - 1.0 um);
ultrafiltration of water (membrane pore size 0.01 - 0.1 um);
nanofiltration of water (membrane pore size 0.001-0.01 pum);
reverse osmosis (membrane pore size is about 0.0001 pm).

All complex schemes of water purification, regardless of the requirements for
the quality of treated water, are made up of typical elements. Thus, in the first stage,
if the quality of the treated water requires it, water clarification devices are used, in
which coagulation is carried out together with liming, magnesia desulfuration and fil-
tration through mechanical filters. For the softening of water in the second stage, cat-
ionization schemes are used-sodium cationization, hydrogen-cationization or sodium-
hydrogen-cationization, hydrogen cationization with "hunger" regeneration of filters,
etc. When desalinating water, cationization schemes are used in conjunction with an-
ionizing schemes. The most varied combinations of these elements are the prepara-
tion of water of any required quality.
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INTERNATIONAL COMPETITIVENESS OF THE RUSSIAN NUCLEAR
POWER INDUSTRY

A. Bukarinov
Tomsk Polytechnic University
Institute of Power Engineering, Group 5061

The problems of energy supply and energy security are one of the most actual
in the modern world economy and international economic relationships. The stocks
of traditional organic energy carriers are decreasing, the contradictions between the
exporting countries and the importing countries of various energy resources are also
increasing.

One of the directions of solving these problems is the large-scale development
of energy production, which is not connected with organic fuel. At the same time, the
need to include a reliable, environmentally and competitive source of electric power
capable of carrying the basic load into the world energy balance allows us to talk
about the non-alternative nature of the development of nuclear power in the coming
decades.

Russia is one of the world leaders in the peaceful use of nuclear energy, and it
IS necessary to say that this role in the world nuclear energy market should grow with
the growing role of nuclear power in global economic processes.

Currently, the world market of nuclear fuel cycle (NFC) services has a strong
competition. In this regard, Russia needs a whole range of measures to improve own
competitiveness in nuclear power plant construction markets, nuclear fuel production
and processing, nuclear technologies, and the training of highly qualified personnel.

For this, there are all possibilities. Russia is the largest nuclear power and has a
large number of nuclear power plants, facilities for the production and processing of
nuclear fuel. The presence of high technology, a significant raw material base, skilled
workers, relatively low production costs, geographical location and stable economic
growth of the industry are the competitive advantages of the nuclear power industry
of the Russian Federation. Since 2007, there has been a large-scale reform of the
Russian nuclear industry.

It is necessary to develop new uranium deposits, introduce modern highly effi-
cient and environmentally friendly energy-efficient nuclear technologies, to more ef-
ficiently and actively use the export potential of the Russian atom in the construction
and engineering of nuclear power plants, supply and reprocessing of nuclear fuel.

Currently, there are a lot of new nuclear energy markets, such as China, India,
Indonesia, Vietnam, Iran, Brazil, Venezuela, South Africa, Egypt, Malaysia and other
countries. The competitive struggle for these markets will become a serious test for
Russian companies because the main rivals are France, Germany, the United States,
Japan, and the United Kingdom.

Currently, there is a global rethinking of the part of nuclear power in the world
energy balance and plans to build more nuclear power stations in the World. At the
heart of the current large-scale demand for nuclear power are the following main
trends:
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e Violation of the balance of supply and demand for fossil fuels. Reduction of
primary oil and gas supplies due to limited resources and insufficient in-
vestment in development within the previous decades against the backdrop
of growing demand from rapidly developing national economies.

e Increasing requirements for energy security, the strategic priority of most
national economies is the diversification of sources of energy production.
Unlike organic fuel, uranium, which is the basic element of nuclear energy,
is evenly distributed geographically and has a high energy intensity, which
makes it possible to create strategic reserves of raw materials much more ef-
ficiently and on a long-term basis.

e Climate change and reduction of greenhouse gas emissions. The need to
create sources of energy production that do not produce CO, allows us to
talk about nuclear energy, along with hydropower, as a non-alternative and
environmentally friendly source capable of operating under the base load
regime.

For the period that passed after the Chernobyl nuclear power plant accident in

1986, both the technological and operational safety of the nuclear energy has in-
creased significantly. Security systems have undergone serious modernization at all
operating power units, and modern nuclear power plants are built using multi-level
security systems, including passive ones.

The globalization processes taking place in the world affect the world nuclear
energy. As experience of leading states shows, nuclear energy is international, and its
further development is directly connected with international economic cooperation
and cooperation. At present, nuclear companies and firms are merging into transna-
tional corporations in different regions of the world, the development of which was
the development of world nuclear centers.
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INVESTIGATION OF SEARCH POINTS FOR THE POINT OF MAXIMUM
POWER FOR THE INCREASING SIGNAL INVERTER VOLTAGE
TRANSDUCER

Y. Titov
Tomsk Polytechnic University
Institute of Power Engineering, Group 5061

The relevance of the work is determined by the need to increase the energy
efficiency indicators of power conversion devices for the needs of alternative energy.
Currently, more attention is being paid to alternative sources of energy, including so-
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lar energy, due to rising prices for non-renewable energy sources. However, the gen-
eration of solar energy has a number of problems associated with the cost of photo
panels, their utilization and imperfection of energy conversion devices of these sys-
tems. All this requires the creation of power supplies on the modern element base and
their control systems, which allow achieving high energy efficiency indicators. To
solve these problems, the method of searching for the maximum power point of the
boosting voltage converter for solar energy sources using known search algorithms is
chosen.

The purpose of the study: the study of various search algorithms for the point
of maximum power for systems based on solar cells; development of the structure
with the best indicators of efficiency and speed on the basis of the considered typical
schemes for converting the energy of solar batteries and their control algorithms; the
creation of a physical layout of the final device and the evaluation of its indicators.

Research methods: a review of literature sources on standard schemes of solar
energy converters must be based on DC- DC converters and search algorithms for the
maximum power point, a comparative analysis of available data with the use of com-
puter simulation tools. Both simulation methods with the help of the Matlab / Sim-
ulink program and prototyping with the appropriate experiments are used: adjustment
of the PI controller, simulation of different levels of blackout of the solar battery, es-
timation of the efficiency of the converter.

Results. Simulation models for the perturbation and observation method (adap-
tive and nonadaptive) and the method of increasing conductivity must be developed,
and a study has been made of their applications for different illumination levels. The
software for the microprocessor control system of a two-phase up-converter voltage
converter has been compiled, and a number of simulations different levels of illumi-
nation of the solar battery to evaluate the efficiency of the experimental setup. In the
paper, the accuracy of finding the point of maximum power to a value equal to 99%
was obtained for a variant with an adaptive step change algorithm. In the experi-
mental study, similar accuracy values corresponding to 95-96% were achieved, with a
10 ms quantization time (for the non-adaptive perturbation and observation algo-
rithm).

The studied must include the device based on the up converter (PPN), which is
part of the structure of the inverter for solar batteries as the most promising in terms
of mass-size indicators and efficiency. The functional diagram of such a system is
shown in Fig. 1 [1].
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Fig.1. Functional diagram of solar inverter
To extend the range of operation of the solar inverter, a constant voltage con-
verter is used as an intermediate link between the solar battery (SB) and the network
inverter, which can also monitor the maximum power point tracking (MPPT), its
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block diagram is shown in Fig. 2. As such an energy converter, lowering, boosting,
inverting converters or a converter designed according to Cook's scheme can act.
Such schemes provide high efficiency due to the reduction of the number of power
elements, while the weight and size parameters of the filter are minimized by high
conversion frequencies. One of the main ways to increase the energy efficiency of
photovoltaic systems is to realize the mode of selecting the maximum power at the
corresponding point of the current-voltage characteristic of the solar battery. In Fig. 3
gives examples of the current-voltage characteristics and the volt-watt characteristics
(VCI) of the photomultiplier KSM 160 [2].
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Fig.2. Structure of solar energy converter
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THE HARMONY INITIATIVE: WHAT S PROS AND CONS?

K.A. Gutova
Tomsk Polytechnic University
Institute of Power engineering, Group 5061

The World Nuclear Association (WNA) announced the Harmony Initiative, on
the intensive development of nuclear energy in the world. The purpose of this pro-
gram - the creation of up to 1,000 GW of new nuclear capacity by 2050. Implementa-
tion of the declared goal will allow the nuclear power plant to take about 25% of the
world's energy balance. How will this affect market participants? What are the ad-
vantages and disadvantages?

The main thesis of the program is humanistic, not commercial. Electricity
should appear where it is needed. According to the UN, today more than 1 billion
people in the world do not have access at all to electricity. These are, for example,
many residents of Tanzania and Mozambique, Angola and Nigeria, Cambodia and
Ghana. The lack of electricity, in turn, significantly hinders the economic develop-
ment of these countries.

The International Energy Agency predicts growth of energy consumption by
about 17% in the world until 2050. Even the satisfaction of this additional demand
will require the creation of a significant amount of capacity, and the role of nuclear
power in ensuring the growing demand should be quite significant, according to
WNA. Many experts of the nuclear industry are confident that the missing part of the
energy needs to be produced at nuclear power plants.

Firstly, this is due to the high efficiency of existing plants (it is about 30-34 %).
Secondly, the energy generated at nuclear power plants is cheaper than the energy re-
ceived at thermal power plants. And the most important advantage of the NPP (Nu-
clear Power Plants) is the environmental friendliness of the energy received.

The importance of the last point is emphasized by the existence of the Paris
climate agreement, which was ratified by 96 UN member states in 2015. Its main
goal is to keep an increase in the average temperatures on the planet at the level of
more than 20°C, and ideally - to fix at the level of 1.50°C (old-mark — indicators
temperature on the Earth in preindustrial epoch of the 19 century). Most scientists be-
lieve that such a level would allow to avoid development on the planet uncontrolled
natural cataclysms that will lead to the death of a significant part of the humanity. It
Is believed that today the average temperature increased by about 1 °C. Within the
framework of the document, each country assumed commitment to contribute to re-
ducing emissions of CO?. A fund is also created in the amount of up to $ 100 billion
for assistance to the less well-off States. The developed countries are required to sup-
port the fund's financing in the amount of amount annually.

The security paradigm remains an important barrier to the development of nu-
clear energy. It is necessary to maintain high standards of nuclear safety, constantly
drawing public attention to the role of nuclear power plants in reducing emissions -
today it is obviously underestimated. Despite the environmental friendliness of the
electricity produced at the nuclear power plant, these power plants are subject to the
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highest requirements for ensuring the safety of production. The whole world remem-
bers the accident at the Fukushima-1 nuclear power plant, which occurred in 2011.
This led to radioactive contamination of the adjacent territories, as well as water and
air in the whole of Japan.

Undoubtedly, the possibility of implementing the announced development pro-
gram is still controversial. In the world, there are two opposite trends in the develop-
ment of the nuclear industry. While the developed countries are trying to reduce the
number of nuclear power plants and power units, switching to alternative energy
sources, developing countries, on the contrary, are launching the construction of new
plants.

So, perhaps, if the program "Harmony" did not exist, it would be worthwhile to
come up with. After all, often a clearly marked goal, flavored with a humanistic mes-
sage, even if it seems too ambitious, is capable of leading oneself.
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PENETRATION OF RENEWABLE SOURCES IN MICROGRIDS: EFFECTS
OF MILP BASED CONTROL STRATEGIES

A.A. Kurganovskiy
Tomsk Polytechnic University
Institute of power engineering, Group 5AM7CH

Abstract: The rapid growth of the Distributed Generation (DG) concept has
given technical issues regarding the integration and control within the grid nodes. A
predictive control strategy integrating renewable and non-renewable sources as well
as energy storage within the grid, is a potential solution to face with the mentioned
issues. The behavior of a smart building of 30 apartments has been considered in this
work. The Hybrid Renewable System has been controlled by a Model Predictive
Control (MPC) strategy. The HRS includes sub-systems for the conversion of renew-
able energy sources as well as non-renewable ones connected to the main grid. Sev-
eral scenarios have been tested under different weather conditions and in terms of re-
newable sources penetration. Results obtained with the MPC control strategy have
been compared with a Rule Based Control (RBC). Results show that the use of MPC
improves the integration of the residential microgrid with the renewable sources con-
nected to the grid thanks to the predictive system smoothing out the energy demand
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profile and absorbing the peak production from the photovoltaic and wind farms,
even in the cases of higher penetration.

Residential Microgrid

The design of Microgrid power systems is a crucial and complex aspect that is
highly affected by local weather [1] of each subsystem within the Microgrid. The Mi-
croGrid layout here considered is based on a battery bank is connected directly to the
DC Bus, which in turn controls the system voltage. The residential load and the pow-
er grid are connected to the DC Bus through an AC/DC converter and the FC and PV
are connected to the DC bus through DC/DC converters.

The definition of the residential load is crucial, depending on appliance tech-
nology and individual scheduling strategies, as well as on social factors, household
occupation, regional culture, lifestyle, etc. Therefore, special attention was given to
the definition of residential load, through the use of probabilistic data, in relation to
the most common household appliances found, the probability of use and usual hours
in the areas around Rome lItaly, considering lighting, electric boiler, electric oven, re-
frigerator, microwave oven, PC, TV-set, dishwasher, washing machine and dryer.

Control Models

Rule-based management system (RBC)

The RBC strategies have been extensively investigated when dealing with mi-
crogrid power management for their simplicity and robustness consisting in rules
based on threshold values and pre-established operating constraints. A voltage based
model was implemented and validated against experimental data.

Model predictive control (MPC)

The MPC strategies with MILP formulation have been tested, obtaining out-
standing performances, in experimental microgrids in Athens or in the Savona cam-
pus. The results have shown a good performance and computational processing ca-
pacity of the proposed algorithm, and there is still room for improvement.

Forecasts

The sun radiation forecast for Rome/lItaly, related to the period of simulation,
has been implemented into the MPC algorithm via data provided by CNMCA (Italian
Air Force Meteorological Service) and the real weather data, has been measured at
the weather statDue to the lack of real historical data for residential applications, the
daily simulations of the load profile of a model house have been defined with a ran-
dom simulator for a period of 4 years, subtracting from the profile generated, the
curves of the house appliances controlled by the MPC algorithm. The procedure
adopted to determine the errors is based on a simple linear regression of the two-data
series, composed of the meteorological forecasts error at time k and at time, k + 1.
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COMPARISON OF MONOCRYSTALLINE AND POLYCRYSTALLINE
SOLAR CELLS

M.A. Urnarenko
TOMCKUI MOJIMTEXHUYECKAN YHUBEPCUTET
OHUH, rpynmna SAM7Y

Which solar cell is better - monocrystalline or polycrystalline? To answer this
question, you first need to understand the difference between them.

The first thing that catches your eye is the appearance. In monocrystalline ele-
ments, the corners are rounded and the surface is uniform. Rounded corners are asso-
ciated with the fact that in the production of monocrystalline silicon, cylindrical bil-
lets are produced. The homogeneity of the color and structure of single-crystal ele-
ments is due to the fact that this is one grown crystal of silicon, and the crystal struc-
ture is homogeneous.

In turn, polycrystalline elements have a square shape due to the fact that rec-
tangular billets are used. The heterogeneity of the color and structure of polycrystal-
line elements is due to the fact that they consist of a large number of heterogeneous
silicon crystals, and also include a small amount of impurities.

The second and probably the main difference is the efficiency of the conver-
sion of solar energy. Monocrystalline elements and, panels based on them have today
the highest efficiency - up to 22% among the commercially available and up to 38%
in the space industry. Monocrystalline silicon is produced from high purity raw mate-
rials (99.999%).

The commercially available polycrystalline elements have an efficiency of up
to 18%. The lower efficiency is due to the fact that in the production of polycrystal-
line silicon is used not only primary silicon of high purity, but also secondary raw
materials (for example, recycled solar panels or silicon waste from the metallurgical
industry). This leads to the appearance of various defects in polycrystalline elements,
such as crystal boundaries, microdefects, carbon and oxygen impurities.

The third difference is the price of a solar battery. Naturally, the price of a bat-
tery made of single-crystal elements is slightly higher per unit of power. This is be-
cause of the more expensive manufacturing process and the use of high purity silicon.
However, this difference is insignificant and is about 10%.

As can be seen from this list, for a solar power plant it does not matter which
solar panel will be used in its composition. The main parameters - the voltage and
power of the solar panel do not depend on the type of elements used and it is often
possible to find panels of both types of the same power. So the final choice is for the
customer. And if it does not confuse the heterogeneous color of the elements and a
little larger area, then probably he will choose cheaper polycrystalline solar panels. If
these parameters are of important to him, then the obvious choice is a slightly more
expensive single-crystal solar panel.

In conclusion, 1 would like to note that according to the EPIA European Asso-
ciation in 2010, the production of solar batteries by type of silicon used in them was
distributed as follows:

143



1. polycrystalline - 52.9%

2. monocrystalline - 33.2%

3. amorphous and the like - 13.9%

So polycrystalline solar panels in terms of production occupy a leading posi-
tion in the world.

INTELLECTUAL POWER SYSTEM WITH ACTIVE-ADAPTIVE

NETWORK

B.B. IlepeboeBa
ToMCKHI NOJIMTEXHUYECKUN YHUBEPCUTET
OHHH, rpynma SAM7Y

The power grid complex in the Russian Federation mainly develops by tradi-
tional principles today. The power grid complex should go to innovative way of de-
velopment, otherwise, in the future it will not be able to meet the necessary require-
ments. It is a prerequisite for the formation of the concept of Intellectual power sys-
tem with active-adaptive network (IPS AAN). Its creation is linked with the devel-
opment of the following technologies:

Flexible Alternative Current Transmission Systems (FACTS)

Overhead line and DC link based on modern converter devices with micro-
processor control

Wide Area Measurement Systems (WAMS) - checking the parameters of
the electric network mode online, with using modern technical equipment of
processing and transmitting information.

High-speed communication

Microprocessor technology for information processing and equipment con-
trol

For the IPS AAN with the necessary properties, in the near future requires the
development of innovative technology platform, which includes the following main
directions:

modern equipment with improved economic and environmental characteris-
tics

automatic control systems in pre-emergency and normal modes

possibility of connection with new automatic systems, which using renewa-
ble, recycled and alternative energy sources

New information resources and technologies to assess situation and take
quick and correct decisions

Competent scientific, design and educational foundations

These directions are based on the following technologies:

Fault current limiters (switching, superconducting, or semiconducting)

The energy storage devices of different types and applications

Devices based on high-temperature superconductivity

Self-diagnosis system of equipment "on-line" mode
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Optical measurement systems and digital substations, based on its
Modern systems of relay protection, emergency and security management;
Multi-chamber insulator arrester
Frequency-dependent resistors to limit the high-frequency switching and
lightning surges

e Software and information management systems

Intellectual power system with active-adaptive network it is a grid of new gen-
eration, based on the principle of multipurpose management of its work and devel-
opment. The goal of the IPS AAN is the rational using all types of resources (natural,
social, industrial, human) for reliable, qualitative and effective electricity supply of
consumers.

THE MAIN PROBLEMS OF POWER ENGINEERINGAND POSSIBLE
SOLUTION

O.A. Krivenko
Tomsk Polytechnic University
Institute of Power Engineering, Department of Foreign Languages, 5A63 group

Nowadays, electricity is playing a huge part in our life. Today, humanity can-
not do anything without such an amazing achievement: neither to cook, nor to rest,
etc. But it is not so simple with electricity, is not it? Electricity consumption is in-
creasing every day and every hour. Moreover, it follows that energy problems only
grow daily.

The first problem that stands out is connected with the exhaustibility of raw
materials for electricity generation, and in fact today about 80% of electrical energy
Is generated from such resources. Also, this problem is complicated by the fact that
raw materials for energy are distributed unevenly [1].
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Fig. 1. Energy supply of the countries of the G-7 and Russian Federation
(the ratio between the capacity of energy resources to the amount of their consump-
tion)
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In many countries there is lack of energy recourses, such countries are forced
to buy them in "energy-rich" countries, which obviously affects their economy and
GDP. Consequently, they are dependent on such countries, as well as on everything
that happens in these countries, for example, revolutions, etc.

The second problem is connected with ecology. This problem worries people
every year more and more, it grows with the increase in energy consumption. Be-
sides, today there is such a situation that emissions of the energy industry into the at-
mosphere are about 50%. All energy pollutes and worsens our ecology. And all this
has a bad effect on the weather and causes a greenhouse effect[2].

The third problem, one of the most important and dangerous for people, is that
energy-deficient countries accuse energy-rich countries of unfair division of energy
resources. Some countries have repeatedly tried to divide the energy resources of
countries with political, economic and even military methods.

The most effective method of solving these problems will be the replacement
of traditional energy sources with non-traditional ones. Unconventional sources are
more environmentally friendly and energy-deficient countries can be independent
from the seller countries because most of the traditional electricity resources are in
the Northern countries. Some countries (Germany, the Netherlands, etc.) have set a
goal that they will soon switch to non-traditional electricity[3-4].

Others, % a

Reneable energy, %
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Fig. 2. Sources of electricity in Germany
Nevertheless, this option is not suitable for countries where there are unfavora-
ble climate conditions for non-traditional energy sources, for example, Russia. About
a fifth of our country is in the harsh conditions of permafrost, where it is simply im-
possible to switch to this kind of energy and there people will still have to use coal,
gas and other sources of electric power for a very long time.
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SOLAR BATTERY: ADVANTAGES AND DISADVANTAGES

V.A. Stamikova
Tomsk Polytechnic University
Institute of Power Engineering, group 5061

To date, the issue of solar energy is discussed by many scientists. It is mainly
the pros and cons, advantages and disadvantages, paying much attention to the envi-
ronmental friendliness of this equipment, etc. Yet, there are both good and bad sides,
and all this must be carefully weighed and pondered over to make the decision of ex-
ploitation of solar power plants.

Let's consider this topical issue in more detail. The main resource of the solar
battery is sunlight, which leads to a number of advantages, such as: renewability, un-
like fossil fuels - coal, oil, gas, which are not restored. According to NASA data, for
about 6.5 billion years, the inhabitants of the Earth have nothing to worry about - as
much as the Sun will warm our planet with its rays until it explodes.

Abundant, since the potential of solar energy is enormous - the surface of the
Earth is irradiated with 120 thousand terawatts of sunlight, which is 20 thousand
times higher than the world's need for it. In addition to other advantages of solar en-
ergy, it is available in every point of the world - not only in the equatorial zone, but
also in the northern latitudes. Due to the fact that in systems on the solar resource
there are no moving nodes, as, for example, in generators, the generation of electrici-
ty is noiseless.

Moving to solar panels as an autonomous energy source, the owners of fre-
quent houses receive tangible savings. It is also important that the maintenance of so-
lar energy systems is characterized by low costs - it is only necessary to clean the so-
lar cells several times a year, and the manufacturer's warranty on them is usually 20-
25 years. Such energy has a wide range of applications - it also produces electricity in
regions where there is no connection to a centralized power supply system, and desal-
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ination of water in Africa, and even the supply of energy to satellites in the near-earth
orbit.

Not in vain, the solar energy has been recently called "people's” - this name re-
flects its integration into the electricity supply system at home, both in the case of
photovoltaic and thermal elements. Every year, technologies in the production of so-
lar cells are becoming more sophisticated - thin-film modules are introduced directly
into the building materials at the stage of erection of structures. The Japanese Sharp
company - the leader in the production of solar panels, has recently introduced an in-
novative system of transparent storage elements for window glazing. Modern
achievements in the field of nanotechnology and quantum physics allow us to talk
about a possible increase in the power of solar panels 3 times.

However, despite this, solar energy belongs to the category of an expensive re-
source — perhaps, this is the most contentious issue of all the positive and negative
aspects of its use, and also sunlight is not available at night, on cloudy and rainy days.
One of the important parameters of the electric power source is the average power
density, measured in W / m? and characterizing the amount of energy that can be ob-
tained from a unit of energy source area.

In conclusion, | would like to note that solar energy is one of the most promis-
ing sources of alternative energy. At the moment, the technology of manufacturing
and accumulation of sunlight is far from perfect, but developments are under way and
in the near future, the people can get an environmentally clean, powerful source of
energy that will replace all natural resources.
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INITIATION OF ELECTRIC DISCHARGE. METHOD OF COVERING THE
ELECTRODE

A.S. Makarov', E.Y. Sokolova?, Y. Yushkov®
Tomsk Polytechnic University™**
Institute of Power Engineering, group SA5A!
Foreign languages department’
Department of Systems and Networks®

Basically all electrohydraulic technologies include «electrohydraulic effect».
«Electrohydraulic effect» is the transformation of electrical energy into mechanical
by powerful discharge in liquid [1]. One of the main problems associated with using
electrohydraulic technologies is the ability to form a discharge channel in a conduc-
tive medium such as technical water, cement and clay drilling fluids [2]. The increase
of working liquid conductivity leads to dramatically increase of pre-breakdown loss-
es. Electrode coating by a dielectric layer allows significantly reducing working gra-
dients, tracing the breakdown spot in order to ensure the task geometry and reducing
power losses. The basic feature of this method is the use different coating materials to
initiate the discharge in conducting liquids. Such initiation of electric discharge in
liquid has several advantages comparing with others. It allows making a discharge in
high conductive liquid and decreasing the voltage level [3].

The main goal of the project was to create a computer simulation of electrodes
covered by different materials using ELCUT software and then to compare the exper-
imental data with the computer model. The end of the pointed part was cut and stayed
uncovered. Firstly the electrode without coating was considered (Figure 1).

Figure 1. Field strength of the electrode without coating
In accordance with the values of electric field strength obtained by simulation
we can conclude that the discharge will star its developing from the end of the elec-
trode and partly from the triple point (meeting point of metal, isolation and dielec-
tric). Now let us compare the results obtained in the course of the experiment with the
computer model.
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Figure 2. Fast camera frames

As we can see in the photo (2) the discharge really starts from the electrode tip
and its triple point. Then the experiment was conducted with ceramics (&=20) coat-
ing.

ELCUT is able to simulate discharge in different environment accurately which
enables to study the effect of a coating material without using laboratory equipment.

We also conducted simulation with polystyrene(s=22) and came to the con-
clusion that the higher the dielectric constant is the higher field strength at the elec-
trode tip.

150



Figure 3. Field strength of the electrode covered by polystyrene
In order to check this conclusion we made simulation with strontium titanate (
£ =2310). If our assumption is right the field strength will be at the electrode tip.

i !
I\

Figure 3. Field strength of the electrode covered by strontium titanate
As we can see in Figure 3 our assumption concerning the effect of dielectric
constant on the electrode tip was true.
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TYPES AND KINDS OF POWER STATIONS

D.l. Gordeyev
Tomsk Polytechnic University
Institute of Power Engineering, Group 5A63

Depending on the energy source, there are the following types of power sta-
tions:
1. Thermal power plants (TPP), which use natural fuel;

2. Hydraulic power stations and hydroelectric power stations, which accumu-
late energy. They use the falling water energy;

3. Nuclear power plants (NPP), which use the nuclear decay energy;

4. Diesel power stations (DPS);

5. Solar power plants (SPP);

6. Wind power plants (WPP);

7. Geothermal power plants (GPP);

8. Tidal power stations (TPP).

Today, energy is classified as traditional and non-traditional energy. Tradition-
al energy mainly consists of electric power engineering and heat power engineering.

The most convenient type of energy is electricity. The conversion of primary
energy is produced in power stations.

Russia generates a huge amount of energy. It is mostly produced by three main
kinds of stations: nuclear, heat and electric power stations.

About 70% of the world energy is produced in thermal power stations. TPP are
usually built on fuel extraction areas or energy consumption areas. Hydraulic power
stations are built on the flowing mountain rivers, so the biggest hydraulic power sta-
tions are built on Siberian rivers Yenisey and Angara.

Nuclear power plants are situated in areas with consumption of much energy
and lack of energy (i.e. western part of Russia)

The main type of stations in Russia is thermal power plants. They produce
about 67% of Russian energy. Their accommodation is determined by fuel and con-
sumer factors. The most powerful of them are located on areas with a huge amount of
fuel. Stations which use caloric and transportable fuel are consumer-oriented.

Nuclear power plants differ from the TPPs in that the boiler is replaced by a
nuclear reactor. The natural nuclear fuel of NPP is uranium. For biological protection
from radiation they use concrete layer several meters thick.

When we combust one kilogram of coal, we can get 8 kilowatt/hour of energy
and at the expense of 1 kilogram of nuclear fuel we get 23 million kilowatt/hour of
energy.

The energy of water is used in hydroelectric units. There are 3 types of these
units:

1. Hydraulic power stations;

2. Tidal power stations, which use the energy of tides and low tides;

3. Hydroaccumulative stations, which accumulate and use the energy of reser-

voirs and lakes.
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To sum up, the main resources of energy are solid fuels, oil, gas, water, the en-
ergy of the uranium core’s decay and decay of other radioactive substations.

All main types of power have a negative effect on nature and environment.
Thermal power stations pollute the air, slags of stations, which are coal-fired, occupy
a huge territory. HPP plain river reservoirs lead to waterlogging. Nuclear power
plants are also very dangerous (i.e. the Chernobyl NPP)

The future conception is using unconventional energy resources: the energy of
the wind, tides, sun and the internal energy of the Earth.
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OPERATING CONDITIONS FOR CURRENT TRANSFORMERS
IN TRANSITION MODES AND THEIR INFLUENCE ON RELAY
PROTECTION

A.V. Pavlova
Tomsk Polytechnic University
Institute of Power Engineering, Electric Power Engineering, group 5SAM74

Current transformers play an important role in the power system, because they
allow controlling the parameters of the transmitted electricity, and install relay pro-
tection and automation devices in power transmission lines.

As in any other device, current transformers have losses. Because of this, not
all of the primary current is transformed into a secondary circuit. These losses cause
the current error. In addition, the current flowing in the secondary circuit is somewhat
shifted to the phase relative to the primary current, which causes the angular error of
the current transformer.

Basically, the losses depend on the state of the magnetic circuit of the trans-
former. While the iron core is not saturated, a directly proportional relationship exists
between the primary and secondary currents. If an increase in the primary current, the
degree of iron saturation of the magnetic circuit increases and the characteristic be-
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gins to deviate from the straight line. At the same time, as the load of the secondary

circuit increases, the degree of change in the characteristic increases.
In Figure 1: 1-ideal characteristic, 2-real curve for the nominal load of the sec-

ondary circuit Z,,,, 3-real curve for a larger load of the secondary circuit Z;> Z;,om
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Figure 1. Dependence of the secondary current on the primary in the CTs

Under the transition (dynamic, non-stationary) process or regime in electrical
circuits is understood the process of transition of a chain from one steady state
(mode) to another. Transient processes occur during any changes in the electrical cir-
cuit: when connecting and disconnecting the circuit, when the load changes, when

emergency conditions occur (short circuit, wire break, etc.).
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Figure 2. Waveform of a short circuit current on a transmission line

The working conditions of the CTs in protection and automation devices differ
significantly from the operating conditions in the measurement schemes. Current
transformers intended for measurement have a certain accuracy class and operate in
steady state mode with a primary current not exceeding the rated current. In relay
protection and automation devices, current transformers must perform their functions
at currents significantly higher than rated currents under transient conditions.

A special effect on the operation of the current transformer is provided by the
aperiodic component of the primary current appearing in the transient mode. It is
transformed into a secondary circuit of the transformer with a greater error, the slow-
er they decay. In other words, as the decay time increases, an increasing proportion of
the aperiodic component of the primary current is expended on magnetizing the cur-
rent transformer magnetic circuit. Features at short circuits near to tires of powerful

power stations.
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Along with this, the permissible response time of relay protection and automa-
tion devices is reduced. Consequently, at the moment of operation of these devices,
the aperiodic component of the magnetizing current is many times greater than its pe-
riodic component.

All this leads to the fact that the closed steel magnetic cores of current trans-
formers are subject to strong saturation with aperiodic current components and, con-
sequently, to a sharp decrease in their magnetic permeability. This leads to an unac-
ceptable increase in the errors of such current transformers in transient modes. Partic-
ularly large errors occur when a residual magnetic flux of the aperiodic component of
the magnetizing current is retained in the magnetic circuit of the current transformer.

It should be borne in mind that it is much more difficult to provide the neces-
sary accuracy of the operation of CTs in transient regimes than in established ones.
To improve the performance characteristics of CTs in steady-state and transient
modes allows the use of new methods for constructing CTs (for example, optoelec-
tronic CTs), and by using the following methods of limiting errors:

e creating paths for the aperiodic component of the primary current in addi-

tion to the CT magnetization branch;

e increasing the magnetic permeability of the magnetic circuit in saturation

mode;

e elimination or reduction of residual induction in the magnetic circuit;

e Limiting the maximum working induction in the CT magnetic core and re-

ducing the magnetic permeability.

In the transient process, the transformer begins to operate in saturation mode,
I.e. When the magnetizing current grows much faster than the working magnetic flux.
There are several ways to combat the residual magnetization of the core, as with one
of the main causes of saturation.

One of the methods is the use of current transformers with cores without steel
having linear properties. But the use of such current transformers can be very limited,
due to the low power of the secondary windings. The second method (the most com-
mon) is the production of cores made of electrical steel having non-magnetic gaps.
This method, in comparison with the use of cores without steel, allows the construc-
tion of smaller cores. However, in Russia, current transformers with such cores have
not been manufactured and are not manufactured.

DAS SELBSTANDIGE HAUS — DAS SONNIGE KRAFTWERK PLUS DER
WASSERSTOFF

M.M. Osmolovskaya
Nationale Polytechnische Forschungsuniversitit Tomsk
Energetisches Institut, Lehrstuhl fiir Automatisierung von Warmeenergie Prozessen,
Gr. 5BM74

In der Schweiz ist das erste selbstindige Haus eingesetzt und besiedelt, in dem
die energetische Unabhingigkeit mit Hilfe des Wasserstoffes gewéhrleistet wird. Ist
«das Mehrwohnungshaus der Zukunft» von der Fliche 1000 m° im Ziirichs in Briitten
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aufgebaut. Die Wohnungen im selbstindige Haus sind vermietet. Im Haus méchtig
isoliert die duBerlichen Winde (Wirmeleitfihigkeit U = 0,11 Wt/m?K), die Deckung
(U =sind 0,15 Wt/m?K), die sehr warmen Fenster (U = 0,6/m?K) verwendet.

Die Wirme wird mit der Hilfe geothermisch der thermischen Pumpe von der
Macht die 28 Kilowatt erzeugt. Im Keller sind die riesenhaften Kapazititen flir die
Aufbewahrung der Warme gelegen. Das heile Wasser wird in der reinsten Weise —
flieBend, mit Hilfe der Module des frischen Wassers erzeugt. Ein obligatorisches
Element energieeffizient ist die Liiftung mit die Riickspeisung der Wéarme zu Hause.
Es ist die zentrale Ventilationsanlage mit der Effektivitidt 83 % in diesem Fall be-
stimmt. Fiir den Schutz vor dem Erfrieren wird die Zufuhr der Wéarme aus dem Raum
verwendet, in denen die Batterien bestimmt sind. Im Haus darf man nicht das Fenster
ein wenig O0ffnen, man kann vollstindig 6ffnen. Es ist zwecks der Minimierung der
energetischen Verluste gemacht — dass die Bewohner zufillig im Winter die offenen
Fenster nicht abgegeben haben. Wenn es der Energie, die vom sonnigen Kraftwerk
hergestellt wird, fiir die Versorgung der Bewohner ungentigend ist, betritt die Sache
der Wasserstoff. Mit Hilfe des Brennstoffelementes wird die Elektroenergie und die
Wirme erzeugt. Nach den Berechnungen, das Bediirfnis nach der Nutzung des Was-
serstoffes kann nur im Laufe von 20-30 Tagen im Jahr im Januar entstehen. Die Be-
wohner des Hauses zahlen fiir das Licht und die Warme nicht, wenn im Rahmen des
bestimmten Budgets bleiben, das 2200 kWt*h im Jahr durchschnittlich bildet.

Der Wert des Hauses hat 5,3 Million Schweizer Franken + 0,8 Million — der
Mehraufwand auf die besonderen ingenieurmassigen Systeme. Diese Zahlen nehmen
«den Wasserstoffteil» — Elektrolyser, der Kapazitiat fiir den Wasserstoff und die
Brennstoffelemente nicht auf. Sie sind fiir das gegebene Objekt im Rahmen
«HHUOKP» gewihrt und ithr Wert wird nicht angewiesen.

Die Liste der verwendeten Quellen:

1. Internet-Ressource http://renen.ru/avtonomnyj-dom-solnechnaya-
elektrostantsiya-plyus-vodorod/

2. Internet-Ressource http://deutsch-online.ru/urok

3. Internet-Ressource http://www.perspektivy.info/

Wissenschaftlicher Betreuer: Ju.V. Kobenko, Prof., Dr. habil., Lehrstuhl fiir

Fremdsprachen des Energetischen Instituts der Nationalen Polytechnischen For-
schungsuniversitidt Tomsk.
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VORTEILE DES AKTIVEN BLITZSCHUTZES

V.A. Vajtovitsch’, J.V. Kobenko?

Nationale Polytechnische Forschungsuniversitit Tomsk™?
Energetisches Institut, Lehrstuhl fiir Stromversorgung von Industriebetrieben, Gr.
5GM7V*

Lehrstuhl fiir Fremdsprachen?

Neben traditionellen Blitzstdbchen aus dem Ende des zwanzigsten Jahrhunderts
begann eine neue Technologie, der sogenannte aktive Blitzschutz, angewendet zu
werden. Im Gegensatz zu klassischen, passiven Optionen, die auf das Erscheinen ei-
ner Blitzentladung im Handlungsfeld reagieren, Der aktive Blitzschutz ist im Ver-
gleich zu herkdmmlichen Schutzmethoden ein ingenieurtechnisches System, das im
Falle eines gefahrlichen Gewitters den Blitzstrom kiinstlich anzieht und sicher in den
Boden leitet, um der natiirlichen Blitzentwicklung zuvorzukommen und dadurch eine
groflere Flache zu schiitzen.

Der duflere Blitzschutz dient dazu, ein Objekt vor der Zerstérung durch einen
direkten Blitzschlag zu schiitzen. Der Blitz ist eine atmosphérische Entladung, die in-
folge der erhohten Spannung im Raum zwischen den Wolken dem Boden entsteht.

Der neue Blitzschutz wird in Form eines Stifts hergestellt, der einem herkomm-
lichen Pin-Lighting-Stab dhnelt. Allerdings ist es mit einem aktiven Blitzkollektor
ausgestattet. Ein eingebautes elektronisches Geriat am Ende des Stifts hilft bei der Er-
zeugung von Hochspannungsimpulsen. Wihrend eines Gewitters breiteten sich die
Impulse aus, fangen den Blitz und richten ihn auf den Boden. Der Einsatz von akti-
vem Blitzschutz ermdglicht es, Gebaude und Strukturen vor direkter Blitzeinwirkung
sowie aus den Sekundarwirkungen des Blitzes zu schiitzen.

Der aktive Blitzschutz wird in Hafen, auf Baustellen oder an dicht belebten Or-
ten eingesetzt. Zu seinen Vorteilen gehort die Beibehaltung des ésthetischen Erschei-
nungsbildes des zu schiitzenden Objektes, wodurch die Materialkosten und der Um-
fang an notwendigen Installationsarbeiten gering bleiben. Der Einsatz des aktiven
Blitzschutzes bietet eine erhebliche Kostenersparnis, hat eine deutlich erweiterte
Blitzschutzzone.

Der aktive Blitzschutz ist eine moderne Entwicklung und ist nicht in den gel-
tenden technischen Vorschriften auf dem Gebiet der Russischen Foderation zu fin-
den. Deshalb konnen solche Systeme nicht zum Schutz von Industrieanlagen einge-
setzt werden, die spezielle MaBtoleranzen und Genehmigungen erfordern.

Wissenschaftlicher Betreuer: Ju.V. Kobenko, Prof., Dr. habil., Lehrstuhl fur
Fremdsprachen des Energetischen Instituts der Nationalen Polytechnischen For-
schungsuniversitdt Tomsk.
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DRAHTLOSE UBERTRAGUNG VON ELEKTRIZITAT

A.J. Serbina’, J.V. Kobenko?
Nationale Polytechnische Forschungsuniversitit Tomsk™?

Energetisches Institut, Lehrstuhl fiir Stromversorgung von Industriebetrieben,

Gr. 5GM74*
Lehrstuhl fiir Fremdsprachen®

Drahtlose Ubertragung von Elektrizitit ist ein Verfahren zur Ubertragung von
elektrischer Energie ohne die Verwendung von leitfahigen Elementen in der el-
ektrischen Schaltung.

Bis 2011 haben erfolgreichen Experimente mit der Ubertragung von Energie in
der GroBlenordnung von zehn Kilowatt im Mikrowellenbereich mit einer Effizienz
von etwa 40% stattgefunden. Die Wissenschaftler haben es geschafft, den Strom auf
eine Entfernung von mehr als 500 Metern erfolgreich zu iibertragen.

Power Transmission Technologies:

1.

Ultraschall-Methode. Der Sender emittierte Ultraschall; Der Empfanger
wiederum hat das horbare in Strom umgewandelt. Zum Zeitpunkt der
Prisentation erreichte die Ubertragungsstrecke 7-10 Meter und die direkte
Sichtbarkeit des Empfangers und Senders war notwendig. Die verwendeten
Ultraschallfrequenzen beeinflussen Menschen und Tiere in keiner Weise.
Methode der elektromagnetischen Induktion. Die iibliche Anwendung
der Resonanz elektrodynamischen Induktion ist die Aufladung von Batteri-
en von tragbaren Geréten, wie Laptop-Computer und Handys, medizinische
Implantate und Elektrofahrzeuge.

Elektrostatische Induktion. Elektrostatische oder kapazitive Kopplung ist
die Ubertragung von Elektrizitit durch ein Dielektrikum. Elektrische Ener-
gie kann in einer Empfangsvorrichtung verwendet werden, beispielsweise in
drahtlosen Lampen.

Mikrowellenstrahlung. Diese Methode wurde vorgeschlagen, um Energie
von orbitalen Solarkraftwerken auf die Erde zu {ibertragen und das
Raumfahrzeug zu versorgen, das die Erdumlaufbahn verlasst.

Die Lasermethode. Die Technologie der Kraftiibertragung mit einem Laser
wurde bei der Entwicklung neuer Waffensysteme und in der Luft- und
Raumfahrtindustrie untersucht und wird derzeit fiir kommerzielle und Un-
terhaltungselektronik in Niedrigleistungsgeriten entwickelt.

Elektrische Leitfihigkeit. Der Austausch eines isolierten Drahtes mit at-
mosphirischem Feedback zur Ubertragung eines leistungsstarken Hochfre-
quenz-Wechselstroms ist zu einer der Methoden der drahtlosen Kraftiiber-
tragung geworden. Dariiber hinaus wurde die Moglichkeit der drahtlosen
Ubertragung von Elektrizitit nur durch die Erde untersucht.

Das Ziel des weltweiten Funksystems ist es, die Ubertragung von Energie mit
Rundfunk und direktionaler drahtloser Kommunikation zu kombinieren, was es er-
moglicht, zahlreiche Hochspannungsleitungen loszuwerden und die Vereinigung von
Stromerzeugern auf globaler Ebene zu fordern. In Zukunft ist es geplant, eine grof3e
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Menge an Solarenergie zu nutzen und fiir verschiedene terrestrische Zwecke an-
zuwenden.

Wissenschaftlicher Betreuer: Ju.V. Kobenko, Prof., Dr. habil., Lehrstuhl fiir
Fremdsprachen des Energetischen Instituts der Nationalen Polytechnischen For-
schungsuniversitit Tomsk.

NUTZUNG VON SOLARENERGIE

B.J. Schtscherbina’, J.V. Kobenko®
Nationale Polytechnische Forschungsuniversitit Tomsk, Energetisches Institut'?
Lehrstuhl fiir Elektrische Antriebe und Ausriistung, Gr. 5GM71*
Lehrstuhl fiir Fremdsprachen®

Die Solarenergie ist ein Strom von Photonen. Und doch ist es einer fundamen-
talen Faktoren, die Existenz des Lebens in unserer Biosphire sicherstellen. Sonnen-
licht ist nicht nur im klimatischen Aspekt, sondern auch als alternative Energiequelle
aktiv genutzt werden.

Im Allgemeinen ist die Nutzung von Solarenergie in folgenden Bereichen sehr
gefragt:

Landwirtschaft;

Energieversorgung von Sanatorien und Pensionen;

Raumfahrtindustrie;

Elektrifizierung von abgelegenen und unzuginglichen Regionen;

Straf3e, Garten und dekorative Beleuchtung;

Der Bereich der Wohnungs- und Kommunaldienstleistungen (Warmwasser,
Hausbeleuchtung);

e Mobile Gerite.

Heute wird die Sonnenstrahlung zweierlei genutzt: zur direkten Umwandlung
in elektrischen Strom (Photovoltaiken) und zur Wassererwarmung (Solarkollektoren).

Die Umwandlung von Sonnenenergie in elektrische Energie erfolgt in der so-
genannten Lichtschranke. Das Hauptelement einer solchen Batterie ist der zwei-
schichtige Aufbau aus Halbleitermaterialien mit unterschiedlicher Leitfahigkeit. Un-
ter der Einwirkung von Sonnenlicht beginnen die an den Grenzschichten konzentrier-
ten ungleichen Ladungen eine gezielte Bewegung und es entsteht der elektrische
Strom. Mit anderen Worten beginnen die Halbleiter als eine Art Elektroden zu arbei-
ten. Dabei erfolgen keine chemischen Reaktionen, und somit ist die Struktur in der
Lage, sehr lange zu arbeiten.

Fiir die Umwandlung von Sonnenenergie in Warme werden spezielle Gerite,
Solarkollektoren genannt, eingesetzt. Sie werden in drei Typen unterteilt: Flach-, Va-
kuum- und Luftkollektoren.

Das Funktionsprinzip der ersten beiden Arten von Solarkollektoren ist iden-
tisch. Das Kiihlmittel passiert durch die Heizeinheit des Kollektors und wird auf eine
bestimmte Temperatur erhitzt. Es tritt dann in den mit Wasser gefiillten Warmetau-
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scher-Tank und gibt die gespeicherte Energie in den Behilter zuriick. Das erhitzte
Wasser wird der Wasserleitung oder dem Heizsystem zugefiihrt.

Der Hauptunterschied zwischen Flach- und Vakuumkollektoren besteht in der
Konstruktion des Heizmoduls oder Absorbers. In flachen Gerdten hat er die Form ei-
ner schwarzen Platte, an deren Innenseite ein schlangenartiger Schlauch fiir den
Wirmetrdger befestigt ist. In Vakuumkollektoren sieht der Absorber wie ein Glas-
rohrsystem aus mit den mit Kiihlmittel gefiillten Stangen in seinem Inneren.

Im technologischen Bereich dient die Solarenergie zur Stromerzeugung. Son-
nenkraftanlagen ermoglichen die Elektrifizierung von abgelegenen und schwer zu-
ginglichen Regionen oder eine deutliche Reduzierung von Heizkosten eines privaten
Hauses.

Vorteile von Solaranlagen:

e Autonomie;

Stabilitat der Stromversorgung;
Wirtschaftlich;

GroBe Ressource (iiber 20 Jahre);
All-Saison-Nutzung;

Einfache Nutzung.

Der Hauptnachteil der Nutzung von Solarenergie sind die hohe Kosten und
sehr grof3es Gebiet deckt ab.

In 2017 Jahre in den Vereinigten Arabischen Emiraten begann der Bau der
weltweit grofften Stromerzeugungsstation mit Solarenergie. Es wird eine Kapazitit
von 1000 MW haben. Dieses Solarkraftwerk in Dubai wird geregelte Energie zu
liefern und Strom auch im Dunkeln zu erzeugen.

In den nichsten 5 Jahren wollen die Franzosen 1 Tausend km Strecken mit
Sonnenkollektoren bauen.

Wissenschaftler sagen, dass bis 2022 Solarkraftwerke der Welt die Macht der
Kernkraftwerke tiberholen konnen.

Wissenschaftlicher Betreuer: Ju.VV. Kobenko, Prof., Dr. habil., Lehrstuhl fiir
Fremdsprachen des Energetischen Instituts der Nationalen Polytechnischen For-
schungsuniversitidt Tomsk.
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CEKLMSA 11. }
METOJI0JIOTHSI ®OPMUPOBAHMS M OLIEHKHA KOMITETEHLIUIA B
MOATOTOBKE UHKEHEPOB B OBJIACTH SMART SYSTEMS

IMPOBJIEMBI 1 IIEPCIIEKTUBbI BHEAPEHUSA SMART-OBPA30OBAHUSA
B NTIPOLHECC OBYYEHUSA CTYAEHTOB

E.A. IToragaes’, E 0. Ky3uerosa®
ToMCKHMI NOJINTEXHUYECKUI yHI/IBepCI/ITeTl’2
VK, AuKC', CYM?

B nacrosiiee BpeMs Bce cepbl YETOBEUECKON KU3HU TaK WM MHAYE CBSI3aHBI
¢ wHGOPMAIMOHHBIMU TEXHOJOTHUSMH, BBICIIEE OOpa3oBaHWE TaK)KE BOBJICYCHO B
3TOT Tpouecc. PazButrie coBpeMeHHOT0 00pa30oBaHUsl HE MOXKET 0A3UPOBATHCS TONb-
KO Ha BIUSHUU YEJIOBEYECKOTO KamuTaia, Tak Kak COBPEMEHHOE MTOKOJICHUE OTINYa-
€TCsl MOOMJIBHOCTBIO, TOCTOSIHHOM MOTPEOHOCTHIO B COIMATIBHOM MEJUa U JIOCTYIIE K
MHTEPHETY, K TOMY € CYIIECTBYIOIINE y4eOHUKH MPENOCTABISAIOT 3aBEIOMO YCTa-
PEBIIUI KOHTEHT €Ille Ha MOMEHT PUOOPETEeHHs, OTCIOla U UHbIE TPeOOBaHUS K Op-
raHu3anuu mpoiecca ooydeHus. OOydeHue MpecTaBUTENIe HOBOTO IMOKOJCHUS B
COOTBETCTBUM C TPATUIIMOHHOM MOJENBIO 00YYEHUsSI 3a4acTyl0 MPUBOAUT K MOTEpE
HMHTEpeca K MpeAMETy WM MOJHOMY HMTHOPHUPOBAaHMIO mpenojaBatens. B cBsizu ¢
TUM HEOOXOAMMO B 00pa30oBaTEIbHOM MIPOLECCE CHENaTh aKIEHT Ha MOOMIBHOCTD
MOTPEOJICHUS KOHTEHTA, WCIOJIb30BaHUE PA3JIMYHBIX CEPBHUCOB, TEXHUUYECKUX
CPEICTB, TMPUBBIYHBINA I COBPEMEHHBIX CTYACHTOB HTEpHET, TEXHOJIOTHUYECKHE
WHHOBAIMM, MO3BOJIAIONINE KAU€CTBEHHO M3MEHUTH B3aWMOJICUCTBUE C CYOBEKTOM.
Tako#t momxom k oOydeHHto, Kak Smart - oOpa3oBaHHE TMO3BOJSET YIOBICTBOPUTH
COBpPEMEHHbBIC TPEOOBAHMSI.

[IpoGnema BHeApeHust SMart-obpasoBaHusi B MPOIECC O0yUCHHUs, 3aKITI0YACTCS
B MEPCIEKTUBAX €r0 Pa3BUTHUSA, a TAKKE CIIOCOOHOCTH 3aMEHUTh TPAJAUIIMOHHBIE CIIO-
coObl 00yUYeHHs, UCTIOJIb3yeMbIe B PaMKax BBICIIETO MPOGeCcCHOHAIBHOTO0 00pa3oBa-
HUSA - JIEKIIMH, CEMUHapHI U T.11. KpoMe Toro, mo00ii Bu 00pa3oBaHus CTATKUBACTCS
C mpoOJieMON M3MEpeHUsl KauecTBa MOJIyYeHHBIX 3HaHUU. [loaTomy 1enbio paboTh
SBJISICTCS BBISIBJICHUE HAanOoJIee aKTya bHBIX MPOOJIeM peaan3alnu dJIeMEHTOB Smart-
oOpazoBanus Ha npumepe HU TIIVY.

Ha npoTsbkeHun moclieHUX JIET BEAYIIME €BPOMNEHCKUE YHUBEPCUTETHI YKE
AKTUBHO BHEJIPSAIOT TEXHOJIOTHUHU AJIEKTPOHHOTO OO0YUYEHHMsI Ha BCEX YPOBHSX 00pa3o-
Banus [1]. MHorue kpynHeimue kommanuu CIIIA akKTHBHO MCIOJB3YIOT 3JIEKTPOH-
HbIE€ KYpCHI JIJI 00Oy4EeHHSI U CIIOCOOCTBOBAHUIO KapbepHOro U MPoheCCHOHAIBHOTO
pOCTa CBOUX COTPYIHHUKOB.

Bompocamu ymHOTO 00pa3oBaHus 3aHMMAETCs OONBINON KpYyr y4deHbiX. [Ipo-
BOJISITCSL MCCJICIOBAHMS TIPUHIIMIIOB TIOCTPOCHHS SMart-o0pa3zoBaHus, aHATU3UPYIOT-
csi 00pa3oBaTebHbIC PE3yJIbTaThl €r0 BHEAPEHUS M OPraHW3alMOHHBIC aCHeKThI [2].
Pa3zpabateiBatorcst Mojenu Smart-oOpazoBaHusi, HampaBiICHHbIE HAa PACKPBITHE IIO-
TeHIMaja cTyaeHTa 21 Beka B mporecce ooyuenus [3].
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s GonbmmHCcTBa 3apyOexHbix BY30B anekTpoHHoe oOpa3oBaHUe SIBISETCS
OJIHUM M3 BOXHEHUIIUX pecypcoB, oAHaKO B Poccuu anekTpoHHOE 00ydeHHe JocTa-
TOYHO HOBOE HaIpaBJICHUE, HO YK€ OTMEUYaeTCs POCT pbIHKA MOJ0OHOTO BUIa 00Y-
YEHUS U YCUJIEHWE KOHKYPEHIIMU BY30B 32 KOHTHHI€HT 00y4arouuxcsl.
OCHOBHBIM 3JeMeHTOM SMmart-oOpa3oBaHus SIBISETCS CUCTEMA DJIECKTPOHHOTO
oOy4eHusi, MpU KOTOPOH Mporecc 00y4eHHUs] OCYIIECTBIISIETCS C MPUMEHEHHEM WH-
dbopmallMoHHbIX TexHoJorui. Ha ceronmssiiHel 1eHb HW3BECTHBI CJIEAYIOIIUE WH-
CTPYMEHTBl JJIsl CO3JaHusl JAucTaHIMOHHBIX KypcoB: MOODLE, DOCEBO,
WPCORSEWARE, Atutor, Bitrix, WebTutor u 1. 1. B wactooctn, B8 HU TIIVY wnc-
nonb3yercs cuctema MOODLE. KonndectBo mpernonaBareneil, XoTst Obl €TUHAXTbI
MPUMEHSIOIIUX CUCTEMY JJIEKTPOHHOTO OOy4eHHs B Y4eOHOM MPOIECCE COCTaBIISIET
52,4% [4].
[Tporecc 3meKTPOHHOTO 00YYEeHHs, JOHKEH OBITh KAUYECTBEHHBIM, JOCTYITHBIM
JUTSL BCEX MOJIb30BaTeNeH, B JJI000M yIOOHOM MecTe, U He JOJIKEH MCKIIIoYaTh IMOJI-
HOCTBIO M3 3TOrO Ipolecca MpenojaBaTelis, MIMEHHO OH JIOJDKEH CTaTh KIHOYEBBIM
3BEHOM, 00ECIIeUNBAIOIINM IPO(ECCUOHATIBHOE Pa3BUTHE 00YUaIOLIETOCs.
BHenpenus cucteMbl 31€KTPOHHOTO OO0y4deHHs] B 0Opa3oBaTENbHBIM MPOLECC
UMEET psiJl HECCOMHEHHBIX MPEUMYIIECTB, TAKUX KAK:
e - noBbileHUE YPHEKTUBHOCTH 00Pa30BATEIHLHOTO MPOIIECCa;
e YIy4IIeHHE KauyecTBa 0Opa30BaHMUs 3a CUET HUCIIOJIb30BAHUS HOBEHIIINX HMH-
(hopMaIMOHHBIX TEXHOIOTHIA;

® IEepCcOoHAIM3ALMS 00YUEHHs CTYJCHTOB B YCIOBHUSX KOJUIEKTUBHOI'O 00yde-
HUS (BO3MOKHOCTh BbIOOpa MHAMBHUAYAIbHBIX TAPaMETPOB OOyUEHUS: ypO-
BEHb CJIOKHOCTH, TEMII, PEKUM pPabOThI);

® HampaBJIEHHOCTh Ha (OPMUPOBAHHUE NMPO(PECCHOHAIBHBIX KOMIIETEHIIMN U
JIOCTHKEHHUE PEe3yJIbTaTOB OOydYeHHs, a HE Ha MOJYYCHHE TEOPETUUIECKHUX
3HAHUI;

® CHCTEeMAaTUYECKUW aHaJIM3 HEJOCTATKOB M MPOOETOB B 3HAHHIX O0ydaro-

IIUXCSI, TTITAHUPOBAHUE MEPONIPHUATHI 10 UX YCTPAHEHUIO;
® JCIOJb30BAaHUE AJBTEPHATUBHBIX UCTOUHUKOB MO3HAHUsI, O0Jee YIIOTHEH-
HBIX, CTPYKTYPUPOBAHHBIX M AKTUBHO ()YHKIIMOHUPYIOIIUX PECYPCOB,;

® TIPO3PavYHOCTH 00Pa30BATEIHHOTO MPOIECCa JIJISl BCEX €r0 YYaCTHHUKOB,

® YBEIMYCHHE KOJIMYECTBA OKAa3bIBAEMBIX 00pa30BaTENbHBIX YCIyT Ha 0Oasze

cyiecTBytoiei nudpactpykrypsl BY3a;
® pa3BUTHE KOMMYHHKAaTHUBHBIX CIIOCOOHOCTEN 00y4aemMoro B pe3ysbTare co-
YeTaHUs TPYIIOBLIX U HHAUBUAYATbHBIX (OpM 0OyUEeHUS, UCCIEA0OBATEb-
CKOM, HAy4YHOH JIESITEIIbHOCTH C UCTIOJIb30BAHUEM CETEBBIX TEXHOJIOTHUH;

® WCKJIIOYCHHE YelIOBEYeCKOro (akTopa Ha OTICNBHBIX JTamax mporecca
oOyueHus (IeaIaiiH BBITIOJHEHUS 3a/IaHUs, OLIEHKA pPe3yIbTaToB, pEKOMEH-
JAlnN).

® CHIDKCHHE ayJJUTOPHOM HArpy3KH Ha npenojaBarencii [5].

OpnHako 2JIEKTPOHHOE 00yUYeHHEe HeCeT B ce0e HEe TOJIBKO TOJIOKHUTEIbHBIN (-
¢dext. HegoctaTku Monenn o0ydeHUs OCHOBaHHOW TOJIBKO Ha 3JIEKTPOHHBIX Kypcax
OYEBUJHBI, K HUIM MOYXHO OTHECTH OTCYTCTBHE MHAMBHIYaIbHOTO MOJXOJa, MOCTO-
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STHHOTO KOHTPOJISI Ha/l 00YYIarONTUMUCS, KOTOPBIA SBIISETCS MOIIHBIM CTUMYJIOM, OT-
CYTCTBHME KOMMYHUKAIIMU MEXKIY OOy4YaIOUTMMUCS W TpenojaBaTeieM, U Kak Ciel-
CTBHE HEBO3MOXXHOCTh IMOIIMOHAILHON OKPACKU 3HAHUSI.

B HacTosAmmMii MOMEHT IOCTATOYHO IIUPOKO PACIPOCTPAHEH THIT CMEIIAHHOTO
oOydeHus1, KOTJIa NEKTPOHHOE B ayIMTOpHOE 00pa3oBaHKE JOMOJHSIOT APYT APYTa.
B HanmonanpHOM HccieoBaTeIbckoM TOMCKOM TIOTUTEXHUYECKOM YHUBEPCHUTETE B
2016 roay ObUT TPOM3BENCH OMPOC CPEI CTYACHTOB 00 HCIIOJIb30BAHUU AJIEKTPOH-
HBIX KypcoB B yueOHOM miporiecce [4]. [To pesympraTtam omnpoca okoiio 70 % cryeH-
TOB HE MIPU3HAIOT MOJIE3HOCTH AICKTPOHHBIX KYPCOB, 3TO MOKHO OOBSICHUTH TEM, UTO
3a4acTylo MPEToaBaTeIN CTAJTKUBAIOTCS C HEXBATKOW BPEMEHU Ha BeqeHue odiaitH
oOyueHusi, HEBO3MOKHOCTBIO MOCTOSTHHO OOHOBIATH MH(POPMAIIUIO U TOAOTPEBATH
WHTEpEC CTYJAEHTOB K cBoeMy Kypcy. K ToMy ke copepskaHue 3JeKTPOHHBIX pecyp-
COB OCHOBAHO HE Ha MOTPEOHOCTH OOYUAIOMIUXCS, a HA TEOPETHIECKOM IPEACTaBIIE-
HUM MaTepuaia, KOTOPBI HE SIBISETCS YHUKAIBHBIM, a 3HAYUT U BOCTPEOOBAHHBIM
cpenu ctyneHToB. K ToMy jke HECOBEPIIIEHCTBO TEXHUUECKON 0a3bl 1JIsl AJIEKTPOHHBIX
KYPCOB BBI3BIBACT HEJOBEPHE K TAKOMY pOAY OOYYEHHS KaK CO CTOPOHBI CTY/JICHTOB,
TaK | MpernoaaBaTeseH.

XoTs noAamJsoiiee OOJBITUHCTBO CTYICHTOB BUAAT MOJIOKUTEIbHBIN 3 deKT
OT BHEJIPEHUsS TAKOTO TUIAa 00y4YEHUS, HEIOCTATKU BCE K€ MPUCYTCTBYIOT, KOTOPHIE
JOJDKHBI TINATEIBHO HM3y4aTbCsl M YCTPAHATHCS ISl MOBBIMICHUS 3(PGHEKTUBHOCTH
oOy4eHHS W 3aMHTEPECOBAHHOCTU CTYICHTOB. B CBS3M ¢ 3THUM KpoMe MOCTOSTHHOTO
MOHUTOPHHTA CPEIX CTYICHTOB M IPEIOaBaTEIIbCKOTO COCTaBa O KadeCTBE SJICK-
TPOHHOTO OOy4YeHUsS, HEOOXOIMMO BOBJIEKATHh CTYACHTOB B YIYUIICHHE IpoIecca
Smart-o0ydeHusi, 1aTh UM BO3MOXKHOCTH BJIMSTH Ha COJAep)aHue W (HOopMy H3ydac-
MBIX KYPCOB.

Hcnonp30oBaHne TakuX KYpPCOB JUIsi TYMAaHWTAPHBIX CHEIUATBHOCTEH TPEIo-
CTaBJISIET BO3MOXXHOCTh M3Y4YeHUsI OOJbIIero o0beMa MHGOPMAIMK IUCTAHIIMOHHO,
TOT/Ia KaK B TEXHUYECKUX CHEIUATBHOCTAX HEOOXOJMMO BECTU TUAJIOT HEMOoCpe/l-
CTBEHHO ¢ mpenojiaBarenieM. O0mieHne Ha GopyMax JJisi IEPBBIX MOXKET BBICTYNATh B
Ka4yeCTBE KOHCYJIbTAallMM, CEeMUHApPOB. JlJIsI TEXHUYECKUX CIELUATIBbHOCTEN ONTH-
MaJbHO MCIIOJIb30BaHUE SMart-oopa3oBaHus B KAYECTBE JIOMOJHUTEILHOTO UCTOYHU-
Ka MHGOPMAIIMH O MPAKTHYECKON NESITEIbHOCTH MOCPEICTBOM PabOThl B BUPTyallb-
HBIX TIpo(eccroHaIbHO-HAMPABIEHHBIX J1a00paTopusix, JM00 B MPOIECCE U3yUEHUS
Marepuana, KOTOPbIi BBI3bIBAET HAUMEHBIIIEE YHCI0 BOIPOCOB CO CTOPOHBI 00 yJaro-
IITUXCS.

Taxoke CTOUT OOpaTUTh BHUMAHUE HA TO, YTO JIEKTPOHHOE 0O0YYCHHUE JTOJKHO
JaBaTh CTYJICHTaM HE TOJIBKO 3HAHUWSA, HO W yMEHUS, MPodhecCHOHATbHBIC HaBBIKH,
CIIOCOOHOCTh K HAyYHO-HCCIIEIOBATEIBCKON JIEATCILHOCTH, Pa3BUBATh IMyHKTyallb-
HOCTB W 0053aTelIbHOCTh. JIJIs1 3TOr0 HE0OX0IUMO CO3/1aTh BUPTYAIbHYIO CPEAy Mpo-
M3BOJICTBEHHBIX IMPOIECCOB, MAKCUMAIBHO MPUOTMKEHHBIX K PEaTbHBIM, OCOOCHHO
ATO BaXKHO MPHU CO3JAHUM KYpPCOB JJISI TEXHUYECKUX CIEIUATBHOCTEH (IJIEKTPOIHEP-
reTHKa, MAIMHOCTPOCHHE W METauio00paboTka, |T-crenuanucTsl U Ap.), TaKk Kak
HEJIOCTATOK MPAKTUYECKOTO OMBbITa HETaTUBHO CKA3bIBACTCS MPHU TPYAOBOU JESATEIb-
HOCTH BBIITYCKHHUKOB, TJI¢ HEOOXOIUMO MPUMEHSITh TEOPETUUCCKUE 3HAHUS HA TIPaK-
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THKE B YCJIOBHUAX CXKATBIX CPOKOB U MPOAYMBIBATH NOCIEACTBUS NPUHSTHIX PEILICHUM
Ha HECKOJIBKO I1aroB BIEPE.

[Ipu pasyMHON MHTErpaldy 3IEKTPOHHOTO U ayJJUTOPHOTO OOY4YEeHUS, OTKPbI-
BAaIOTCS HOBBIE BO3MOXHOCTH JJISI MPENOJaBaHUs, MEPECTPOCHUS U ONTHMU3ALUU
y4eOHOTO Mpoliecca Pa3IudHbIX AUCIHUILUIMH, B COOTBETCTBUH C TPEOOBAHUSIMU HOBO-
ro IMOKOJICHHSI CTYJIEHTOB, NJI1 KOTOPHIX VHTEpHET SIBISETCS UCTOYHMKOM 3HAHUH,
yJIOBJIETBOPEHUS HHTEPECOB U CIIOCOOOM COLIMAIbHOM KOMMYHUKAIIUH.

JINTEPATVYPA:

1. King E., Boyatt R. Exploring factors that influence adoption of e-learning
within higher education // British Journal of Educational Technology. -
Vol. 46. — 2015. - pp. 1272-1280.

2. Vladimir L. Uskov, Robert J. Howlett, Lakhmi C. Jain, Three Dimensions
of Smart Education // Springer International Publishing, Switzerland 2015

3. Kim, Meeyong, Bae, Youngkwon, Development of a Smart Education
Model for Field Application of Smart Education // Journal of Internet Com-
puting and Services, Volume 13, Issue 5, 2012, pp.77-92.

4, PGBYHBTaTBI OIIPOCOB Hpenoz[aBaTeneﬁ n CTYACHTOB 00 HCIIOIB30BAaHUU
AIIEKTPOHHBIX KYPCOB B Y4eOHOM Ipoliecce [DIeKTpoHHBIN pecypc] //
DJIEKTPOHHOE o0yueHue B TITY. 2015. URL:
http://portal.tpu.ru:7777/eL/news/news?pid=1071098&n=69794 (mara 006-
pamenus: 05.05.2017).

5. llyrenko E. H. Ponap coBpemMeHHBIX MH(GOPMALMOHHBIX TEXHOJIOTHH B
o0ecCreUeHNH caMopeaIi3allii CTYICHTOB B By30BCKoM o0yuenuu // O0pa-
30BaHME W HayKa: COBPEMEHHbIE TPEHJIbI: KOJUIEKTHBHAs MOHOrpadus. -
Yeb60okcaper: [THC «MuaTepaktus mitoc», 2016. - C. 163-174.

Hayunsiit pykoBoautens: A.FO. Umbixano, k.¢unoc.H., nouent UOHT TITY.

IHNPUMEHEHUME CMAPT-CUCTEM " CMAPT-TEXHOJIOFI/Iﬁu
B OBJIACTH BBICHIEI'O OBPA3OBAHUN: CPABHUTEJIbHBIN
AHAJIM3 OCHOBHbBIX COBPEMEHHBIX KOHIEIIIINN

J.A. UmbIxamno
ToMCKMI IOJINTEXHUYECKUN YHUBEPCUTET
PU3NKO-TEXHUYECKUI UHCTUTYT, rpynna 0A62

B Poccuu yxe Ha npotsbkeHuun 6osee, uem 4 siet (¢ 2013 r.) peanusyercs npo-
eKkT «5-100» B COOTBETCTBUM C KOTOPBIM IUJIAHUPYETCS MOBBICUTH MPECTUKHOCTD
POCCHIICKOTO BBICIIIETO 00Pa30BaHMs M BHIBECTH HE MEHEE, YeM IISITh YHUBEPCUTETOB
M3 YKCJia YYaCTHUKOB MPOEKTA B COTHIO JIYYIIIUX BY30B IO BEPCUU TPEX aBTOPHUTET-
HBIX MHpOBBIX peituHroB: Quacquarelli Symonds, Times Higher Education wu
Academic Ranking of World Universities. JlaHHBII TPOEKT CTHMYJIHPOBAT HAYAJIO
npoBeneHust peopM B POCCHMCKMX By3ax. VX ocyiecTBieHHe OJKHO CO3/1aTh
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MPEINOCHUIKU JUIsl COBEpPIICHCTBOBAHUS YIPABICHUS By3aMH, MOJEPHHU3AINH y4yeO-
HO-JTA00OpAaTOPHOTO OO0OpPYAOBaHUS, YIYYIIEHMH KadyecTBa OOpa30BaTENIbHBIX IMPO-
rpaMM U MPoY.

OpHako 1151 TOro, 4ToObI OBITH JTYUYIIIMM, COBPEMEHHBIM BY30M MHUpa, HE00XO-
JUMO HE TOJBKO COOTBETCTBOBATH TEM WJIM HUHBIM (POPMAJIbHBIM KPUTEPHUSIM Kak,
HaIpUMep, HAIMYKE ONPECICHHON 0 UHOCTPAHHBIX CTYJEHTOB MM KOJIMYECTBO
nyOJIuKaluii B BEAyIIMX HAYYHBIX KypHAJax Mupa u T.1. Jlyunie coBpeMeHHbIE BY-
361 MHpa - 3TO 3aKOHOJATEIM MOJbI B 00JacTH BbIciiero oOpa3oBaHus. VIMeHHO B
HUX CO3/AI0TCS, a 3aTe€M MOJy4aloT BceoOlee pacnpoCTpaHEHHEe U TPU3HAHHE MHO-
rue HOBbIE TEXHOJOruu o0ydueHus. Hampumep, cpenu aBropos E-learning theory, mo-
CIIy’)KMBIIIEH TEOPETUYCCKOW OCHOBOW JUIsl CO3JIaHUs W NMpUMeHeHHs e-learning kyp-
COB, UCIIOJIb3YEMbBIX BO MHOTUX YHUBEpPCUTETaX, B TOM uncie u B TITY O Puyapa
3. Maiiep (paboran B Kammdpopuuiickom yauepcutere B Canra-bapOape, yHHBEp-
cutet 3anuMan 48-¢ mecto B 2016-1917 rr. no peittunry THE-QS World University)
u [[xon Ceuiuiep (YHuBepcuteT Anenanspl, 142 MecTo B TOM K€ pEHTHHTE).

B cooTBeTcTBUU ¢ KAKMMU TPEHAAMHU JIOJDKEH CTPOUTH CBOIO JIEATEIBHOCTH CO-
BpeMeHHbIN yHUBepcuTeT? Llenp naHHOW paboThl — MpEICTaBUTh OCHOBHBIE COBpE-
MEHHbIE KOHLIETIMU, OPUECHTUPOBAHHBIE HA PEILIEHUE MPOOJIEM, CBA3aHHBIX C BHE[I-
PEHHEM CMapT-CUCTEM M CMAPT-TEXHOJOTUHN B CUCTEMY BBICHIETO 00pa30BaHU.

[ToueMy UMEHHO JlaHHBIE KOHILIETIIIMY OKA3aJICh B IEHTPE HALETO BHUMAaHUsA?
OTBeT AOCTATOYHO OYEBHUICH — B TOMCKOM MOJUTEXHUYECKOM YHHUBEPCHUTETE YK€ Ha
MOPOTSKEHUH HECKONBKUX JIE€T BHEAPAIOTCS DJIEMEHTHI CMapT-CHCTEM U CMapT-
TexHosoruu  (e-learning  Kypcel,  JJEKTPOHHBIA  JOKyMmMeHTooOopor,  IT-
HH(PPaACTPYKTypa, BHEAPEHUE JIEMEHTOB AHEprocOeperammmx TexHoaoruit). Onna-
KO BO3MOXXHOCTH CMAapT-CHCTEM M CMapT-TEXHOJOTH HAMHOTO IHUPE, YeM TO, YTO
MBI UCIIOJIb3YEM YXKE cervac.

B HacTosiiiee BpeMsi MOXHO BBIIEIUTh HECKOJBKO KOHIIENITYaJIbHBIX MOJXO-
JI0B, OpPUEHTHUPOBAHHBIX HA CO3JAaHME U BHEAPEHUE CMapT-CUCTEM M CMapT-
TEXHOJIOTMI B 00J1acTh BbIcIIero oOpa3oBaHus. Cpean HUX MOXHO BBIJIECIUTH KOH-
LEeNIUN cMapT-00pa30BaHMsl, TEXHOJIOTUH PACHIMPEHHOT0 OOYYEHHs, CMapT CpeJibl
00yueHus.

Konnernmuust cmapr-oOpa3zoBanus. B coBpemeHHO# TuTepaType HET €IUHOTO
nojaxoja K ee uHrepnperanuu. OIUH U3 MEPBBIX MOAX0A0B ObLT CHOpMYIHPOBaH
skcniepramMu komnanuu IBM. Onu onpeaenunu cmapT-oOpa3oBaHUE KaK MEXIUCIU-
IUTMHAPHYIO CUCTEMY 00pa30BaHus, OpPUEHTHUPOBAHHYIO Ha yUYAIINXCs, CBI3aHHYIO CO
IIKOJIAMH, KOJUIEDKAMH, TEXHUKYMaMH U YUPEKACHUSIMHU MOATOTOBKU KaJIpOB, U UC-
MOJIB3YIONTYI0 TEXHOJOTHH: alaliTUBHBIE 00ydYaroIIre MporpaMMbl U y4eOHBIE TTOPT-
dbonmo ISl CTYACHTOB, COBMECTHBIC TEXHOJOTHH W IHU(PPOBOE OOYUCHHE, PECYPChI
IUI yYUTENeH U CTYACHTOB, KOMIBIOTEPU3UPOBAHHOE aJMHUHHUCTPUPOBAHUE, MOHU-
TOPHUHT ¥ OTYETHOCTh YUHTENICH O pe3yibTaTax 00ydeHus B Kiacce, coop Oosee 1mo-
ApoOHOM nH(popMaLUK 00 ydaluxcs, OHJIaiH-pecypchbl 00yUYeHHs Ui CTYICHTOB BO
BCEM MUDE.

WHoit moaxo K MOHUMAaHHUIO CMapT-0Opa30BaHUs MpEJCTaBiIeH B padore M.
Kokkomu, A. T'apcus, [1. Mapecko, JI. Cranranemnnu [1]. OHE onHCBHIBAIOT yMHOE 00-
pa3oBaHHe Kak 00pa30BaHUE B YMHOH Cpelie, MOAAeP)KMBAeMON HHTEIJIEKTYaJIbHbIMU
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TEXHOJIOTHSMH, C MCIIOJIb30BAHHEM HHTEUICKTYAIbHBIX HHCTPYMEHTOB M MHTEIUICK-
TyallbHBIX YCTPOWCTB. YMHOE 00pa3oBaHHE - 3TO TOJBKO BEPXHUH YpOBEHBb, OHO
Tak)Ke BKIIOYACT B ceOsl IPYTHe acleKThl, KOTOPBIC TaKXKe MOJKHBI pacCMaTpPHBATh-
cs, a UMeHHO: 1) oOmeHne (communication); 2) coOUMaIbHOE B3auMMOJCHCTBUE; 3)
TpaHCIopT; 4) ynpasieHue (aIMUHUCTPUPOBAHUE U KYPChI); 5) collMalibHOE obecte-
yeHue (06€30macHOCTh W 37I0pOBhe); 6) ymparieHue; 7) ymnpaBieHUe YHEprucu; 8§)
XpaHEHUE TaHHBIX U TOCTaBKa; 9) oOMeH 3HaHusMu; 10) IT-undpactpykrypa.

Takke Jy1si onmucaHusi POILIECCOB 3BOJIIOIMU CMApPT-00pa30BaHUs B 3apyOeikK-
HOM JUTEpaType HCIOJB3YETCS] TEPMHUH «TEXHOJOTUU PACIIUPEHHOTO OOYYCHUS
(technology-enhanced learning). Dto moOHSITHE HCHOAB3YyEeTCS I JIEMOHCTpAIIUU
THOKOCTH B PEKUME COBPEMEHHOTO 00yueHHUs. TeXHOIOTHU MOTYT OBITh pean30Ba-
HBI TTIOCPEJICTBOM COIMAJIBHBIX CPEICTB KOMMYHHUKAITUH, CIY’KO CETeBOro OOIIECHUS
WIA CPENICTB /ISl CBSI3M, BHEAPEHHS MX B COJEpKaHUe 0OydeHus [2], B uccienosa-
HUSI, KOMMYHUKAIIUU U COTPYAHUYECTBO [3], B mpoiiecchl TBOPUYSCKOTO CaMOBBIpaXKe-
HUs1 MostosiexkHu [4], 1 onleHkH y4eOHBIX mporpamm [5]. JIaHHBIM KOHLIENT MOTYEPKHU-
Ba€T CUTYAIMIO, KOTOPas CIOKUIACh B 00pa3oBaTenbHOM chepe B CBSI3U C Pa3BUTHEM
MOOUIILHOW CBSI3H, CPEJICTB KOMMYHHKAIIMH U TIEPCOHAIBHBIX OBITOBBIX MPUOOPOB C
HOBBIMH ITPOTPAMMHBIMH BO3MOKHOCTSIMH. B 3THX YyCIOBHSIX MOOMIBLHOE OOyYCHHE
CTaJI0 OCHOBHOM MapaJIirMON «TEXHOJIOTUH paCIIMpEeHHOro o0ydeHus». MoouibHOe
oOydeHne O TIePKUBACT UCITOJIb30BAHNE MOOUITLHBIX YCTPOUCTB U (DOKYCHpPYETCS Ha
MOOWJIBHOCTH ydarierocs. B JomosHeHne K 3ToMYy, TOIepKKa BE3AECYINX TEXHO-
JIOTHH BBI3Baja MAbHEUITNE U3MECHECHHS, a IMEHHO MEepexo/l 00yIeHUSI OT MOOHIIb-
HOTo OOy4eHUsI B CTOPOHY Bezjecyniero ooyueHus. Ceituac 00yuyeHre MOXKET MPOXO0-
TUTh B M1000€ BpeMs U B JIIOOOM MecTe 0€3 OrpaHHYCHUS] BPEMEHH, MECTa WIH Cpe-
1wl [6].

Bmusane cmapt-TexHomormii Ha  (OpPMHUPOBAHHWE KOHICMIUM  CMapT-
obpaszoBanus (Smart education) mosieksio 3a co0Oil MOSABICHHE KOMILJICKCA HOBBIX
TEXHOJIOTHH, Takux Kak Cmapr-mpocku, CMapT-3KpaHbl, a TaK)KE HOBBIX KOHIICTITY-
albHBIX HaeH, Takux kak Cmapt cpema oOyuenus (Smart Learning Environment),
Cmapt xamnyc (Smart Campus), Ymusie yuutens (Smart Teachers), Uutemnekry-
anbHbIe yueOHble coobmiectBa (Smart Learning Communities), Cmapt ayautopun
(Smart Classrooms) u mp.

Konmnemnuss Cmapt cpeabl o0ydenus (Smart Learning Environment) mpen-
cTaBiieHa B pabotax /. XBanra [7]. [laHHYI0 KOHIICTIIIMIO OH OMpPEACIACT, KaK TeX-
HOJIOTHIO, TIPH MCIIOJIb30BaHUM KOTOPOW MPOUCXOMNUT aJalTalus U 00eCrednBaeTCs
COOTBETCTBYIOIAS TOIEPKKAa 00ydaeMbIX (PYKOBOJICTBO, OT3BIBBI, IMOJACKA3KUA WIIH
WHCTPYMEHTBI B HY)KHBIX MECTaX M B HY>)KHOEC BpeMs Ha OCHOBE y4eTa MoTpeOHOCTeH
OTJICTBLHBIX YYEHHUKOB, KOTOPBIE MOTYT OBITH ONPE/CIICHBI IyTeM aHaIn3a uX o0yde-
HUS, TIOBEJCHHS, TTPOU3BOAMTEIILHOCTH M OHJIAWH-KOHTCKCTOB pPEajbHOTO MHpA, B
KOTOPBIX OHU PacrojoxeHbl). HTeIeKkTyanpHas cpeaa o0ydeHus: OpPHCHTHPOBaHA
Ha KOHTEKCT CHUTYallUW YYaITUXCsl WM KOHTEKCT PEaJbHON Cpelbl, B KOTOPOW yda-
muiicst HaxoauTes. THTemIeKTyanpHas cpea o0ydeHus CrocoOHa mpejiarath MrHoO-
BEHHYIO ¥ QJIAlITUBHYIO TOJJICPXKKY YUaIIUMCS ITyTeM HEIOCPEICTBECHHOTO aHAIN3a
MOTPEeOHOCTEN OTACNBHBIX YUAIINXCA C Pa3HBIX TOUEK 3peHHs. YMHas cpena oOyde-
HUS CIIOCOOHA aanTUPOBaTh MOJB30BaTEIbCKUN MHTEPQEC (CTIocoObl mpeacTaBie-
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HUsl uHGOpMAIUN) U coaepkaHnue oOpa3oBaHus (HampuMep, CTHIIb 00y4eHus) B CO-
OTBETCTBUU C JIMYHBIMU (PAKTOPaAMU U MPEIMNOUYTCHUSIMU OTJAEIBHBIX YUAITUXCS.

Cmapr kammyc JI. Kyok [8] ompenensier kak HOBYIO MapagurMy MBIIUICHUS,
KOTOpasi OTHOCHUTCS K IIE€JIOCTHON MHTEIJIEKTYyalIbHOM cpejie KaMIlyca, BKIIoUarolen
HECKOJIbKO HaIlpaBiIeHUN (YHKIIMOHUPOBAHUS YHUBEPCUTETCKOTO MHTEIIEKTA, TAKUX
KaK ILIEJIOCTHOE JJIEKTPOHHOE O0y4YEHHE, COIMaTbHbIE CETH W KOMMYHHUKALUU JJIs
COBMECTHOU paboOThl, SKOJIOTHYHOCTh U YCTOMYMBOCTh MH(GOPMAIIMOHHBIX U KOMMY-
HUKAIIUOHHBIX TEXHOJOTMHA C TOMOLIBI0 WHTEJUIEKTYaJbHBIX CHCTEM YIPAaBIICHUA
JaTYMKaMHU, 3alIUTHOE U MPO(UIAKTUYIECKOE MEAUIIMHCKOE OOCITy:KUBaHHUE, UHTEII-
JEKTyalbHOE YNPABICHHUE 3IaHUSMH C aBTOMAaTU3HPOBAHHBIM KOHTPOJIEM U HAJ30-
pPOM 3a 6€30MaCHOCTBIO, a TAKXKE YIPABICHUEM U OTYETHOCTHIO B KAMITYCE.

Ywmubie yuntens (Smart Teachers) — 3To akTHUBHBIE YUaCTHUKHA YMHOTO KaMITy-
ca. Kak yrBepxxnaer Abymnman U. [9] pyHKuIMOHMpOBaHHE YMHOTO KamIlyca 3aBH-
CUT OT CTpATEruu, BKIIOYAIOIIEH JIt0/Iel, OOBEKThl U MOCTOSHHYIO MOAJIEPKKY Ipe-
nojiaBaresueu, a Takxke 3()PEeKTUBHOE HCIOIb30BAaHUE TEXHOJIOTMH. YMHBINH KamIlyc
BOCTpeOYyeT YMHBIX yUUTENEW U MPEJOCTaBISAET UM YMHbIE HHCTPYMEHTBI M IOCTO-
SHHYIO TIOJIEPXKKY JIJIsl BBIIOJIHEHUS CBOEH pabOThl, OLICHUBAsI UX I€1aroru4ecKyro
3¢ (HEKTUBHOCTH C UCIIOJIB30BAHUEM MHTEIIEKTYaJbHBIX OLIEHOUHBIX (DOPM.

KoHuenT uHTEIeKTyallbHbIX Y4€OHBIX COOOIECTB (PUKCUPYET OCOOEHHOCTH
TpeboBanuii Cmapt coobmecTBa. OHM 3aKII0YAIOTCS B ClIEAyOMEM: 1) B pa3yMHOCTH
(okpy>karomias cpesia BOCIPUHUMAETCA JIaTYUKaMU ), 2) YCTPOHUCTBA C TTOAKII0OUAeMOM
CEThIO MIPUHOCAT UHGOPMAIIHUIO O BOCIIPUATUH B CETh; 3) JOCTYNMHOCTH (MHGOpMALIUS
nyonukyetcs B MHTepHeTe M JOCTymHa i MoJib3oBateliel); 4) MOBCEMECTHOCTH
(moJsib30BaTeNId MOTYT MOJy4YaTh MOCTYyN K MH(opManmu udepe3 MHTEpHET B J1r000€
BpeMs U B JIIOOOM MecTe); 5) oOUTEeNbHOCTU (TI0JIb30BaTENb MOXKET MyOJIMKOBATh
MH(pOpMaIUIO Yepe3 CBOIO COIMATIBLHYIO CETh); 6) caM OOBEKT JIOKEH OBbITh TOCTYII-
HBIM U aJpeCyeMbIM; 7) BUIUMOCTH U JOTMOIHIEMOCTH (CKphITasi HHGOpMAIIHs CTa-
HOBHTCS JIOCTYITHOM (BUIMMON) IyTeM epeocHalieHus ¢pusndeckoit cpenpi) [10].

TakuMm 00pa3oM B COBpEMEHHOMW JHUTEpaType MpPeICTaBIeH CIEKTP Pa3INuHbIX
KOHLICNIIIMMA, paccMaTpHUBAIOIIMX BOIPOCHl BHEAPEHHMS CMapT-CUCTEM M CMapT-
TEXHOJIOTUI B cUcTeMy Bbiciiero oopasoanusi. OneiT TIIY moka3siBaeT, 4To HEKO-
TOpBIE DJIEMEHTHI TUX KOHIICTIINI, B OCHOBHOM CBsi3aHHBIE ¢ IT-uHppacTpyKTypoH,
XpaHEHHEM U IepeAadeil TaHHBIX YK€ HAIJIM CBOIO PEAIM3ALMI0 B OTE€YECTBEHHOU
cucteMe Boiciiero oopazoanus. OQHAKO IPYTHUE IEMEHTHI TUX KOHIIENIUN, B 0CO-
OEHHOCTH, MMEIOIIHME OTHOIIEHHE K OpPraHu3alyy COLUUATBHOTO B3aUMOJEHCTBUS,
0€30MacHOCTH M 3JI0pPOBbIO, TPAHCHIOPTY, YIPABIECHUIO HE TOJIBKO HE PEalM30BaHbI,
HO JaXXe HE paccMaTpUBAIOTCS B KAayeCTBE MPUOPHUTETHBIX JJIEMEHTOB IJisl OTeYe-
CTBEHHBIX YHHUBEPCHUTETOB. MOXET ObIThb UMEHHO MO3TOMY HAIIM BY3bl IOKA €Il
ciuikoM jainekud oT TOP -100 MUpOBBIX PEHTHHTOB BEAYIINX YHUBEPCUTETOB MUPA.
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COIIUAJIBHO-OTBETCTBEHHBIN BU3HEC: SMART-TEXHOJIOTH B
PEIHIEHUU IMTPOBJIEM JIIOJAEU C OTPAHNYEHHBIMHA
BO3MOXHOCTAMU

M.A. Xanneera, .b. Apnamikun, A.JO. Umbixano, M.A. MakueHKo
ToMCKHI NOJIMTEXHUYECKUN YHUBEPCUTET
HUCI'T, UOHT

B coBpeMeHHOM MUpe MOKHO BBIICJIUTH JBYX COBPEMEHHBIX TPEHJIOB B cepe
COIIMATIbHBIX HAayK, MEHEI)KMEHTa U UH(GOPMAIIMOHHBIX TEXHOJIOTUM, KOTOPhIE HAXO0-
JISIT CBO€ OTOOpa)KEHHE M B CUCTEME BBICILIETO MHXKEHEPHOTO oOpa3oBaHus. [lepBriii
TPEHJ CBSI3aH C CO3/1aHuEeM 0e30apbepHBIX YCIOBUN KU3ZHENEATEIbHOCTU JIOAEH C
OTpaHUYCHHBIMU BO3MOXKHOCTSIMU, KOTOPHIE CHIKAIN OBl CTENEHb N30JUPOBAHHOCTH
JTAHHOW KaTeropuu JIOeH OT 00IIecTBa, MO3BOJISIN Obl peann3oBaTh MOJACIb WH-
KJIFO3UBHOTO o0ImecTBa. BTopoit TpeHa — ucnonb3oBanue CMapT-TEXHOJIOTHH IS
MO/IJICPKKU M Pa3BUTHS TMPOIECCOB KU3HEACSITEIILHOCTH 00IIeCcTBa, BeAyIee K Io-
BBIIIICHUIO KAYECTBA JKU3HU U MOBBIIIECHUIO 3PGEKTUBHOCTH PEIICHUA COIMAIbHBIX
npoOiem. Bo3Hukaer HEOOXOIUMOCTh MOJATOTOBUTH CHEIMAIUCTOB, KOTOPBIE CIO-
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COOHBI MHTETPUPOBATh YKa3aHHbIE TEHACHIUN MPUMEHUTEIBHO K PELICHUIO TPOoOiieM
JFO/IeH ¢ OrpaHUYEHHBIMHU BO3MOXHOCTSIMH [1]. B ToMCKOM MOJUTEXHUUYECKOM YHU-
BEPCUTETE PEANU3yeTCsl MPOCKT B 00JIACTU MAaruCTEPCKON MOJArOTOBKH, HANpaBJICH-
HBIM Ha (opMUpOBaHHE KYpCOB, B paMKax KOTOPBIX Yy CTYJIEHTOB OyayT copMupo-
BaHbI CIEAYIOIIME KOMIETECHIINH:
® [IOHUMaHUE POJIU U MecTa OM3HEca B PEHICHUH COIMAIbHBIX MPOOJIeM Co-
BPEMEHHOT'O O0IIECTBA;
® [IOHMMaHuE cneuu(UKU NpoOJIeM JIOJEH C OrPaHUYECHHBIMU BO3MOXHO-
CTSIMU;
® OCMBICIICHHE OCHOBHBIX TEHJICHIIMI B Pa3BUTHH COBPEMEHHOW TEXHHKHU,
MacmTaboB M MEPCHEKTUB MPUMEHEHUS CMapT-TEXHOJOTUM B CO3/IaHUU
OJIaroNpUATHOMN CpeJibl AJIs dKU3HU JIIOJIEH U CIOCOOHOCTh X BHEJIPEHUS;
® BIAJCHUE METOJAMH CO3JaHUs U peann3aluu OU3HEC-TIPOEKTOB MO UCTIOIb-
30BAHHMIO CMAPT-TEXHOJOTMU B CO3JaHUU 0€30apbepHOI cpeabl s JUL C
OTrpaHU4YEHHBIMUA BO3MOKHOCTSIMHU.

Kypc pa3pabotan B anekTpoHHO# cpene (Ha miargopme LMS Moodle). I1po-
1[eCC MPENOIaBAHMS MPEO0JIAraeTCsl OCYUIECTBIATh B (hopmaTe web-mogaepKKH.

JlJ1 0Te4eCTBEHHOM HayKU U CUCTEMBI BBICIIETO 00pa30BaHus, a TaKxe Ou3He-
ca — 3TO HOBBII MPOEKT, NOCKOJBKY Y HAaC HEOOJbIIOE KOJIUYECTBO OTEYECTBEHHBIX
CmapT-TexXHOJ0THM (M TO OOJIbIIIee KOJUYECTBO UX pealiu3yeTcs B chepe 000pOHHOM
IPOMBIIITIEHHOCTH). /{151 Ou3Heca TakoW MPOEKT TaKKe MPEeACTaBIIAETCS WHHOBAIU-
OHHBIM, TIOCKOJIbKY MPAKTHUKa pEeUIeHHs IPOOJIEM JII0IeH ¢ OrpaHUYEHHBIMH BO3MOXK-
HOCTSAMM B Hamlel crpaHe (akTHUYECKH OTCYTCTBYET, HO MpPUMEHEHHE CMapT-
TEXHOJIOTHI B c(epe 3aHATOCTH ITOU KaTeropuu HaceneHus (3to 8% Hacenenus Poc-
CUH) MOXET CYHIECTBEHHO U3MEHUTh CUTYal[MIO0 HA PBIHKE TPY/a, a TAKXKE COI[UAIb-
HBIN CTaTyC U CTENEHb COIMAIbLHON aKTUBHOCTH ATOM COLMAIbHOM rpymmbl. Tem 60-
nee, uyto [IpaButenscTBO PP B KauecTBE MPUOPUTETHOIO HAIPABIICHHUS PACCMATPH-
Ba€T BO3MOXXHOCTb CO3/IaHUsI MAaKCUMaJIbHO 0€30aphepHO Cpe/ibl JIs JIML C OTpaHU-
YEHHBIMH BO3MOKHOCTSIMHU.

[Tonydyenue OynymuMu CrieMATIMCTAMU O HAIIPABJIEHUIO MaruCTEPCKOM Mo/I-
TOTOBKM KOMIIETEHIIMH B cepe cMapT-TEXHOJOTMH U MX HCIIOJIb30BAHUS B pamKax
KOHUEMNIMKY COLMATbHO-OTBETCTBEHHOTO OM3HEca IJIsi peleHUs: mpobiieM JroAeu c
OrPaHUYECHHBIMA BO3MOKHOCTSIMU CTaHET CYLIECTBEHHBIM KOHKYPEHTHBIM IPEUMY-
LIECTBOM BBIITYCKHUKOM I10 JTAaHHOW MarucTepCcKOM mporpamMmme TOMCKOro MojJuTeX-
HUYECKOIO YHUBEPCUTETA [0 CPABHEHUIO C BBITYCKHUKAMH JIPYTUX BY30B Ha PHIHKE
TpyAa. DTO MOATBEPKAAET TE3UC O TOM, UYTO MPOEKT aKTyaJeH U BOCTpeOOBaH CEro-
JTHSL.

TOMCKHN NOJIMTEXHUYECKUW YHUBEPCUTET OPUCHTUPYETCS Ha ICATEIBHOCTH
BEIYIIUX MUPOBBIX YHHBepcuTeToB — 3T0 Nanyang Technological University (Cun-
ranyp), Royal Institute of Technology (IlIBenusi), Massachusetts Institute of
Technology u Stanford University [2]. B Nanyang Technological University yue6-
HBI TJIaH BKJIIOYAET 3 AUCLUMIUIMHBI, COJIEpKaHUE KOTOPBIX KOPPETUpPYET C coaep-
»KaHHEM Kypca, IpeyiaraeMoro B pamkax Hacrosiiero npoekta. B KTH Royal Insti-
tute of Technology BByucOHOM ITaHe MMeeTCs 2 Kypca, CoAepKaHue KOTOPBIX KOp-
penupyer ¢ npeaiaraeMbiM mpoektom, 3to: Industrial Transformation and Technical
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Changes (Ilpombinennsie TpaHchopMalii U TEXHHYECKUE M3MEHEHus1); Perspec-
tives on Industrial Management (IlepcrieKTHBBI MPOMBIILIEHHOTO MEHEIKMEHTA).
Bce mporpammel oOydenuss B KTH mpencraBieHsl ¢ momolnpio  BebO-Kypca.
Massachusetts Institute of Technology npennaraer nanpasienune MIT Sloan MBA,
KOTOPOE MOKHO paccMaTpvBaTh B KaueCTBE aHAJIOTa HampaBlieHUS «MeHEIHKMEHTY.
JIBYXJIETHSS TIpOrpaMMa COJICPKUT (aKyJIbTaTUBHBIE KYPChl, KOPPEIUPYIOIIUE C 3a-
SIBIICHHBIM MPOCKTOM: PeBomoninoHHOe Ventures: Kak MpuayMaTh U pa3BOpAYHBATh
TpaHC(HOPMATHBHBIC TEXHOJIOTHU. JTO KYpC 110 IOCTPOSHHUIO B POPMHUPOBAHHIO HJICH
U OpraHu3alui A yCKOpeHusl nHxeHepHbIx peBomornuii. Global Lab Health. Kypc
OPHEHTUPOBAH HAa IMPOEKTHI B 00JACTH CTpaTerwd, OW3HEC - MOJETH WHHOBAIHU,
orepanuii, MapKeTUHTa U TEXHOJIOTUH, Pa3paOOTaHHBIX JJIS PEIICHUS KOHKPETHBIX
0apbepoB, BBISBICHHBIX B KaXKIoW mapTHepckod opranusamuu. B Leland Stanford
Junior University y4eOHbII TUTaH BKJIIOYAET B cE€0sl JIEKTHBHBIC KypCHI, TOATOTOB-
JICHHBIE C YY€TOM KOHKPETHBIX MHTEPECOB oOydarommxcs. Ito oomee yem 100 kyp-
COB, TIpejyIaraeMbIx exeroano, Hanpumep: Problem Solving for Social Change (Pe-
IIeHre mpoOJIeM IS COIMAIbHBIX U3MeHEeHHI). Kypc HampaBiieH Ha MOMCK pelIeHUN
COLMANIBHBIX MPOOJIEM, KOTOpbIe TPEOYIOT NEHCTBUN CO CTOPOHBI HEKOMMEPYECKHX
opraHu3saiuii, OusHeca, npaBuUTeNIbCTBA; INNovation and Management in Health Care
(MaHOBanMu W ympaBlieHHE B 37paBooxpaHeHwH). Kypc packpbhIBaeT, Kak CTPOHTCS
Ou3HEC B COBPEMEHHOM 3/IpaBOOXpaHeHNH. B pamax Kypca paccMaTpuBarOTCs HOBBIE
IT-TexHOMOTHH, B TOM YHCJIE CHCTEMa SJICKTPOHHBIX 3alUCel JaHHBIX, a TAK)KE CTHU-
MYJIBI JUUISI KX TIPHHSTHS.

Takum oOpa3zoM, HauboJiee MUPOKUN CHeKTp KypcoB mpemyaraet Ctandopa-
ckuil yauBepcuteT. [10CKOIbKY HHUITMATHBEI TIPENoIaBaTeleii TaHHOTO YHHBEPCUTE-
Ta IPUBEJH K CO3/IAHUIO MHHOBALIMOHHOM 30HBI MUPOBOTO 3HaUYeHUSI — CUIIMKOHOBOM
JOJMHBI, TO MBI TTOJIaraeM, 4To MpeagaraeMblii HaMHu Kype Takke OyaeT crmocoOCTBO-
BaTh Pa3BUTHIO WHHOBAIIMOHHOTO M COIMAIBHO-OTBETCTBEHHOTO MBIIUICHUS Y CTY-
neHToB, ooyuatomuxcs B TITY u apyrux By3ax.

Kypc HaleneH Ha MOATOTOBKY CTYJCHTOB:

® K pa3paboTKe COOCTBEHHBIX MPOEKTOB COIMATHLHO OPHEHTHPOBAHHOTO Xa-

paxTepa JiIsl JIUI] ¢ OTPAHUYCHHBIMUA BO3MOXHOCTSIMH,

® K MCIOJB30BAaHUIO CMApPT-TEXHOJIOTHN B MPOU3BOJACTBEHHON cepe ams co-

31anus 0e30apbepHO Cpeabl;
® K HMCIOJIB30BAHUIO CMAPT-TEXHOJIOTHH JJIsl peanu3aiu Ou3Hec-TIPOEKTOB;
® K HCIIOJIb30BAaHUIO COBPEMEHHBIX CIOCOOOB OIEHKH A((PEKTUBHOCTH OH3-
HEC-TIPOEKTOB C MCIIOJIb30BAHMEM CMapT-TEXHOJIOTUH /IS JTF0/IeH C OTpaHu-
YCHHBIMH BO3MOXKHOCTSIMU;

® K IOMCKY U 00OCHOBAaHHIO BO3MOXHBIX MyTECH COTPYIHUYECTBA C OpraHaMHU
rOCYJapCTBCHHON W MYHHIIMIIAJIbHON BJIACTH M YINPABJICHUS B PEIICHUU
po0JIeM JIFOJICH ¢ OrpaHMYECHHBIMU BO3MOYKHOCTSIMHU MTOCPEICTBOM TIpUMe-
HEHHUS CMapT-TEXHOJIOTUH B paMKaX Pa3IMYHBIX (OPM COLUATBHOTO TIPE]I-
IPUHUMATEIIHCTBA,

® K OCO3HAaHUIO OTBETCTBEHHOCTH 3a NMPHUHITHE CBOUX MPO(ecCHOHATHHBIX

pelIeHUI
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Kypc coctouT u3 3-X OCHOBHBIX MOJYJIECH:

Monynb 1. ConnanbHO-OTBETCTBEHHBIN OM3HEC: CYLITHOCTh U (DYHKIIUH.

Monayne 2. JIronu ¢ orpaHM4€HHBIMH BO3MOKHOCTSIMH: KOHIIENITYaJIbHBIE MO-
JeJId, MEeXAYHapOAHbIE aKThl M poccuiickas crneunpuka. KonnuecTBeHHbIE U Kade-
CTBEHHbIE [TOKa3aTeIn UHBaIMAN3auuu B Poccun u Mupe. bapbepsl, CBI3aHHBIX C UH-
BaJIMJTHOCTHIO.

Mopynp 3. Smart-TeXHOJIOTUH B pELIEHUH MPOOJIEM JII0AEH C OTPAaHUYEHHBIMU
BO3MOKHOCTSIMU

Oco0oe BHUMaHUE B Kypce YAENAeTCs U3YUCHHIO OIbITa Pa3BUTHIX CTPAH MUpPa
(CeBepHoit AMepuku u 3anagHoil EBpoOIbI) U OIbITa pOCCUMCKUX KOMIAHUN B pas-
BUTUHU COIMAIIBHO-OTBETCTBEHHOTO0 OHM3HECA, B MCIOIB30BAHUHM CMapT-TEXHOJIOTHI
IUISL pEeIIeHUs] POOJIeM JIMIl ¢ OrpaHUYEeHHBIMU BO3MOKHOCTsMH [3]. Taxke Oymyt
PAacCMOTPEHBI BOIIPOCHl B3aMMOZEHCTBUS OWU3HEC-CTPYKTYpP M OPraHoB rocynap-
CTBEHHOT'O U MYHHIIMIIAJILHOTO YIIPAaBJICHUS B PELIEHUU MPOOJIEM JIIOJEH C OrpaHu-
YEHHBIMH BO3MOKHOCTSIMH ITOCPEICTBOM ITPUMEHEHUST CMAPT-TEXHOJIOTUH.

ToMcKuli TOJINTEXHUYECKU YHUBEPCUTET B paMKax MHUIMATHBBI MUHHCTED-
cTBa OOpa30BaHUS W HAYKHM CPOPMHUPOBAT CEMb CTPATETUUYECKUX aKaJEeMHUYECKHX
equaul] (CAE). CAE — 3To HanpaBiieHHEe JESITEIbHOCTH By3a, MHTETPUPYIOIIEE B ce-
0e Hay4HbIE HCCIIEIOBAaHUS U 00pa3oBaTeIbHbIE IPOrPAMMBbI B paMKax €IUHOTO Mpo-
exra. OOmiass HampaBieHHOCTh CAE ToOMCKOro MOJUTEXHUYECKOTO YHUBEPCHUTETA
(oOpa3zoBaHue M HayKa) 3aKJIIOYAETCS B TOM, UTO BY3 MPETEHAYET Ha MO3UIUOHUPO-
BaHME ce0sl B KaYECTBE BEAYILEr0O MUPOBOIO YHUBEPCUTETA B 00JACTH CO3/IaHUA pe-
cypcoapdheKTUBHBIX TexHonoruil. KimoueBbiM paktopoM pecypcorhHeKTUBHON OpH-
eHTauu 00pa30BaATEIbHON UM HAYyYHO-UCCIENI0BATEIBLCKOW CTPATErHH By3a SIBIIAETCS
reHepalysi MHHOBAMOHHBIX MJIEH U UX COLMabHAs MOJE3HOCTh. DTO YETKO OTpa3u-
J0Ch B (POPMUPOBAHUU CTPATETMUECKUX AKATEMUYECKUX EOUHUL «SIepHble TEXHO-
JIOTHU JUTsl OHKOJIOTUNY, «JII01 1 TEXHOIOTUN», « IKOIHEPreTUKA» U T.[.

[Tpoekt «CouunanbHO-OTBETCTBEHHBIM OM3HEC: SMart-TeXHOJIOrMH B pElIeHUU
npo0JieM JItoJIel ¢ OrpaHUYEHHBIMU BO3MOKHOCTSIMUY BITOJIHE YETKO BIIMCHIBACTCS B
0003HaYEHHYI0 00pa30BaTENIbHYIO CTPATETHI0 U MOKET HCIOJIb30BaThCS B psle Ma-
THUCTEPCKUX TporpaMMm MeHemkMeHT (nmpodumiib «OKOHOMHUKA W yIpaBiIeHHE Ha
npennpusaTusix»), Uunosatuka (npoduinu «IIpeanpuHumaTenbcTBO B MHHOBALMOH-
HOU JICSITENIbHOCTHY, «Y CTOMYMBOE pa3BUTHE TOPOJICKON cpeibl»), [Ipuknannas ma-
TeMatuka ¥ uHpopMatuka (mpopuib «MaremaTHUYeCKue METOJbl B 3KOHOMHKE,
HayKe M TEXHUKE»), DIEKTPOIHEPreTUKa U 3JIEKTPOTEXHUKA U Tak nanee. C momo-
IIbI0 KypCa BO3MOXKHO YCHJIMTh OJATOTOBKY MO psAly KOMIIETEHUUN, MPONUCAHHBIX B
JAHHOM 00pa30BaTENbHOM CTAaHJAPTE: TOTOBHOCTBIO JAEHCTBOBATh B HECTAHIAPTHBIX
CUTYalIMSIX, HECTU COLIMAJIBHYIO U ATUYECKYI0 OTBETCTBEHHOCTh 3a MPHUHSTHIEC pellie-
Husa (OK-2); ciocoOHOCThIO MCTOIB30BATh KOJUYECTBEHHBIE U KAU€CTBEHHbIE METO-
IbI 71 IPOBEICHUS IPUKIIAIHBIX UCCIEAOBAHUN U YIIpaBiIeHUs OU3HEC-TIpoLeccaMH,
TOTOBUThH AaHAJIUTUYECKHE MAaTepUalIbl O pe3ynbTaTtaM ux npumenenus (I11K-4); coo-
COOHOCTBIO 0000IIaTh W KPUTHUECKHU OIICHUBATh PE3yJIbTAaThl UCCIEIOBAHUN aKTYy-
aJIbHBIX MPOOJIeM YIpaBJICHUs, MOJTYYCHHbIE OTEUECTBEHHBIMU U 3apyOeKHBIMU HC-
cienoBarensamu (ITK-7).
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PA3BUTHUE SMART-TEXHOJIOI'M1 B COBPEMEHHOM )KU3HU

JK.A. Hypmanos®, M.M. CeméHoBa’
ToMCKHI MOJIUTEXHUYECKUN yHI/IBepCHTeTl’2
U®BT, ®BTM, rpynna 4AM71"

WK, TMCIIP, rpyrma 8JIM712

CornacHo «Haekcy kadecTBa ropoJickoi cpeap» ToMck 000rHall MpovKe ro-
pona CPO, nadpas 173 6amna u3 300 Bo3moxkHbIX [1]. Takum obpa3zom Tomck crai
caMbIM YAOOHBIM JiJisl )KWU3HU TopogoM CuOupu, HO SIBJISIETCS JIU OH JCHCTBUTEIIBHO
TakoBbIM? «MHAEKC KayecTBa rOPOACKOW CPEAb» OLCHUBAECT PA3JIUYHBIE ACTIEKTHI
KU3HU ropojia Mo CIEAYIONIMM IOKa3aTelisiM: 0e301acHOCTb, KOM(pOPT, 3KOJOTrUY-
HOCTb, UJIEHTUYHOCTh U Pa3HOOOpa3ue, COBPEMEHHOCTh Cpefibl. Tpu U3 MATH aCIeK-
TOB UMEKOT HM3KHW MOKA3aTelIb COBPEMEHHOCTU CPENbI, YTO SIBJISIETCS HEIOIYCTH-
MBIM B BeK IUGPOBBIX TexHoiorud. OmaHol u3 mpobiem Tomcka SBISETCS OTCYT-
crBue jgoctynHoro Wi-Fi coenuHeHHs Ha yauIax ropoja, KOTOpoe MOIJIO Obl, K
MIpUMEPY, MO3BOJUTH ABTOMOOMJIMCTaM, BOCIOJIb30BABIIUCH CICIHAIBHBIM MPUIIO-
KeHUEeM M30exaTh MpoOok Ha goporax. [loaToMy B naHHOM JOKIajie mpesiaraeTcs
PacCMOTPETh BO3MOMKHBIE MYyTH YCOBEPIICHCTBOBAHUS OOIIETOPOACKOTO MPOCTPaH-
CTBa.

Yto Takoe COBpeMEeHHBIN U YyI00HBIN ropoa? OAuH U3 BO3MOXKHBIX MOAXOI0B
K OIICHKE COJCPXKUTCS B pamkax konmernuuu «Smart-City». Uro xe mpeacraBisier
coboit «Smart-City»? [To cyTu 370 yHHBEpcalbHass KOMIUIEKCHAs cucTeMa nHdopma-
IIUOHHOM MOJAEPKKH, KOTOPAsk BHIMOJIHAET JIB€ OCHOBHBIE (DYHKIIUU: — 00ECTICUNBAET
KJIFOUE€BOW MH(pOpMalLUeld BCe YPOBHU FOPOACKON MCIIOJHUTEIBLHOM BIACTH; — MPEao-
cTaBisseT UHTepGenchl 0OpaTHOM CBS3H, YE€pe3 KOTOPhIC HMCIOJHHUTENIbHAS BJIACTh
MOKET BO3/ICHCTBOBATH HA OIpEIeNICHHbIE C(hephl TOPOJCKON KU3HU, TTOMAAIONTUE B
30HY €€ OTBETCTBEHHOCTH [2].

B uem ee nonw3a? Bo-nepBbixX, peanu3aius 3TO KOHUEIINN OJTHO3HAYHO T0-
BBIIIAET KAUYECTBO KMU3HU HACEJIEHUsI PErMoHa. Bo-BTOpBIX, 3TO CHUKEHUE 3aTpaTr Ha
AKCIUTyaTaIio HHPPACTPYKTYPHI 32 CUET aBTOMATH3AlUA PYTHHHBIX MPOIIECCOB TIO
YOPABJICHUIO TOPOJICKUM XO3SHCTBOM U CO3JaHUSI CPEICTB OOBEKTHBHOTO KOHTPOJIS
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3a paboTON TOPOJACKUX CIYKO. B HBIHENMIHMX XKECTKMX HYKOHOMHUYECKUX YCIOBHSX,
COMPOBOXK/IAIOIIMXCA COKpPAIIEHHEM KOJM4YecTBa JEHEr, B TOM 4uciie U B cdepax
KKX, ontuMuzanus TEKyIIMX MPOLIECCOB — €/Ba JIM HE CaMOe€ TMOIYJISIPHOE PEIICHHE.

KiroueBbIM cBsi3yromuM 3BeHOM «Smart-City» siBisieTcss HeKOTOPBIi orepanu-
OHHBIN LIEHTP, KOTOPbIN aKKyMYyJIUpYyeT B ceOe MH(OPMAIUIO OT HUXKECTOSIINX CH-
CTEM U SIBJISIETCSI BHICOKOYPOBHEBBIM arperaTropom yIpasJisioluX Bo3ACHCTBUH.

Crnenyromuii ypoBeHb 332 HEHTPAIbHONW KOHCOJIbIO — YPOBEHb KOHKPETHBIX 00-
JacTeil TOPOICKOro XO35UCTBA, B KAXKIOM U3 KOTOPBIX CTOAT CBOM 33JIa4M U CBOU IO~
KazaTenu 3PPeKTUBHOCTH cO cBoel crienudukoii [2]. I B ¢BsI3u ¢ 3TUM Kaxaas Ta-
Kasi 00JIaCTh YIpPAaBIISIETCS OTICNIBHBIM NpuiIokeHneM. Hampumep, mpuiioxeHue mo
«YMHOMY YTPaBIECHUIO TOPOJICKHM OCBEUICHHEM», KOTOPOE MO3BOJIAET 3a/1aBaTh C
[EHTPAJIbHONW KOHCOJIM OOIIYIO MOJUTHUKY YIPABICHUS CBETOM B rOPOJE U ONTHMHU-
3UpOBATh 3aTPAThl HA DJIEKTPUUECTBO U ONEPALMOHHYIO MOAIEPKKY OCBEIICHUSI.

EctecTBeHHO, sl BOIUIOIIEHUS 3TOW KOHIEMIMU B U3Hb HEOOXOAMM psif
TEXHOJIOTHI U MOCTPOEHHBIX Ha 0a3e 3TUX TEXHOJIOTHM PEIICHUM, TO3BOJISIONINX Pe-
aM30BaTh «YMHBIN TOPOJI» C TEXHUYECKON TOUKH 3PCHHUSI.

MO>XHO BBIICIIUTH YEThIpE 0A30BBIX AJIEMEHTA B TEXHOJOTUYECKON CTPYKTYpE
«YMHOTO TOPOJIa», @ UMEHHO: UHTEPHET BeIeH, TEXHOJIOTHYeCcKasi KOHIEIIUs KOTO-
pPOTO MO3BOJIAET COOUPATh HYKHYIO HH(MOpPMAIUIO OT 0OBEKTOB M 0OeceunBaeT 00-
paTHYIO CBS3b C HUMH; MHGPACTPYKTYpPY MEpeaaun JaHHBIX, CBA3BIBAIOULYIO MPUIIO-
KEHUS ¢ 00BEKTaMU TOPOJACKON MHGPACTPYKTYPHI; CUCTEMBI aHAJIN3a JAHHBIX, M03-
BOJISIFOIIME U3BJICUb U3 OOJIBIIOTO0 00BhEMa JJAHHBIX MOJIE3HYI0 UH(POpPMAIUIO; CUCTE-
My arperanuy U YHU()HUKAIUW JaHHbBIX, PU3BAHHYIO YIIOPSI0YATh M CHHXPOHU3HUPO-
BaTh OTPOMHBIC IIOTOKH JIAHHBIX [2].

[{ens manHO# PabOTHI - BBEISIBUTH OCHOBHBIC IMYTH, IMPEOI0JICHIE KOTOPHIX 03-
BOJIUTh MHOTHM TOpoOjlaM CcTaTh Mo-HactosmeMy «Smart-City» Ha nmpumepe bapceno-
HbI, KoTopas B 2015 roay 3aHsa mepBylO CTPOUKY B PEUTHHIE BBICOKOTEXHOJIOTHY-
HBIX TOPOJIOB MO0 BEpCHH OPUTAHCKHMX aHAIMTUKOB U3 Juniper Research [3].

Wcnanus Obuta OJHOM MX TE€X CTpaH, KOTOpbie HauOoJiee CHIBHO MOCTPAIaIH
ot kpusuca 2008 rona, U B UEJIOM €BpPOIEHCKUE CTPAHbl BOCCTAHABIUBAIUCH MOCIE
HEro OYeHb MEJJICHHO. M B 3THUX CJIONHBIX IKOHOMHUYECKHX YCIOBUAX MPABUTENb-
cTBO bapcenonsl MpUHSIIO pelieHne MPeBPaTUTh UCTIAHCKUN TOPOJ] B MPOCTPAHCTBO,
TJI€ BCEM YIIPABIISIOT JAHHBIC U UHTEIJICKTyaJIbHbIE CUCTEMBI.

B 2011 rony xanaungat B Mapbl bapcenonst XaBbep Tpuac cnenan BHeIpeHHE
TEXHOJIOTHI B TOPOJICKOE YIPABJICHHE YaCThIO CBOEH M30MpaTenbHOil kamnanuu. OH
YTBEPKAAJ, UYTO OT ATOTO MyHKTA HAMIPSIMYIO 3aBUCUT IKOHOMHUYECKOE Oaromoiaydue
ropoza. [locne ero n3dpanus Hayagach pean3alys KOMILUIEKCHONH MPOrpaMMbl «Y M-
HbIi Topoy B bapcenone». Ee rinaBHOM 1enbi0 ObUIO yIydIIUTh 3(PGEKTUBHOCTH TO-
POJICKUX YCITyT, PEIIUTh BOMPOC YCTOMYMBOTO PA3BUTUSA TOPOAA U IPOOIIeMy 3arpsi3-
HEHUS OKPYIKAIOILIEN CPEbI.

Koneuno, y bapcenons! Ob11 cepbe3HbIN (PYHIAMEHT /IS 3allyCKa TaKOTO MPOo-
€KTa: Tociie TOTO Kak 35 JieT Ha3aja B TOPOJIe COSTUHUIIN ONITOBOJIOKOHHBIMU KaOes-
MU JIBa MYHUITUTIAJIBHBIX 3/IaHUS, CETh BBICOKOCKOPOCTHOTO MPOBOJIHUKA MOKPHLIA
800 xm? Karamonuu. [lonroroBka k Onumnuiickum urpam 1992 roma npesparuia 3a-
OpOIICHHYIO TEKCTUIbHYIO (PaObpUKy B TEXHOJIOTHYECKUIN KIIACTEP U TUTAHTCKUN WH-

173



KybaTtop crapramnoB - @22. Oaua w3 nydmmx ¢(yTOOmbHBIX KiIyOooB Mupa, FC
Barcelona, nputsiruBaer TypuctoB u uaBectuiuu, a Ha MobileWorldCongress - exe-
TOJIHYI0 KPYIHEHIITYI0 B MUpPE BBICTABKY MOOUJILHON MHIYCTPHUU - CHE3HKAETCS OKO-
710 90 Thicsy yuacTHUKOB. bapcenona - 6oJibliie 4em ropoji, 3T0 MUPOBOU OpEHI.

Kpome toro, Ha 0aze ontuueckoil cetu padotatot ropojckue [oT cucremsr. C
IEJIbIO TMOBBIIIEHUS! SHEPTOodDPEKTUBHOCTU B ropojie Obl10 ycTanoBieHo 19 500 ywm-
HBIX MPUOOPOB yueTa MOTpPeOJeHUs dIEKTPOIHEPTUM. ['opoxkaHe BHIOPACHIBAIOT MY-
COp B MyHHUIIUNAJIbHBIE TPUEMHHUKH, OCHAIIIEHHBIE CEHCOPaMH, KOTOPbIE OTCIICKHBa-
10T HAIIOJTHEHNE KOHTEHHEPOB U ONITUMU3UPYIOT Mpoliecc coopa 0TXO0B.

Hossie nudpoBsie aBTOOyCHBIE OCTaHOBKH bapcenoHsl BooOIe MpeBpaTHIIN
oXXujaHue aBToOyca B MPUITHOE BPEMAINPEIPOBOXKICHUE: MOMUMO MOApOOHEeHIIeH
nH(}OpMAIMU O PACTIUCAHUM JIBIKCHHSI 371eCh MMeEroTcs 3apsaaku USB, GecriaTHbIA
Wi-Fi, Taxke MOXKHO CKa4aTh CHEIHATBHBIC MPHIOKEHHS, YTOOBI y3HATH OOJIBIIE O
ropojie

JleTeKTophl CBETa U METAJLIA ONPEIEIISIIOT, CBOOOHO UJIH 3aHSATO MAPKOBOYHOE
MecTo. OHM IOMOTAIOT BOJUTENSIM MOTOLMKIIOB HATH MECTO ISl CTOSIHKH, ITOKa3bl-
Basi JOCTYITHbIC BAPHAHTHI B MOOWIIbHOM Iipuiiokenun Appark B. Htorosbeie gaHHbIC
OTIPaBJISIIOTCS B aMUHUCTPALIMIO TOpoJia, MOMOrasi yiayylllaTb CUCTEMY PacIoJIoxKe-
HUS TAPKOBOK.

®doHapu cO CBETOAUOJAMHU COKpAIIAIOT pacXobl HA OCBEIIEHUE U ONTUMHU3U-
PYIOT mojady Heprun. PaboTaroT oHM B 3aBHCUMOCTH HE TOJIBKO OT BPEMEHHU CYTOK,
HO U OT TOTOJHBIX YCJOBWI: BIQXHOCTH, TEMIIEpaTypsl M YpPOBHS 3arpsi3He-
Hus Bo3ayxa.Kpome toro, y hoHapeii ectb CeHCOpPHI, KOTOpbIE aBTOMATUYECKH YOaB-
JSI0T UIPUOABISIIOT APKOCTh CBETAa B 3aBUCMMOCTH OT HAJIM4Ms NEIIEXO00B Ha YyJIu-
nax. Hadonapsx Taxxe pazmemniaercs obopynoanue s Wi-Fi u ceHcopsl, KOTOpbIe
CJIEJIAT 3a 3arpsi3HEHUEM TOpPOJICKOrO BO3AyXa, IepenaBas MHPOPMAIUIO TPaBUTENb-
CTBEHHBIM CiIy’k0aM. Bce 3Tu Mepbl NpuBEIN K CHUKEHUIO NOTPeOJICHUS SHEPTUN B
cucTeMe ropojickoro ocsemienus Ha 30%.

WMHHoBaMu NpoHUKIM U B napku bapcenonsl. 31ech TEXHOJIOTUU WHTEpHETA
BelIeH UCTIONIB3YIOT AJII UPPUTAIIIN ¥ U3MEPEHHSI YPOBHSI BOJIbI B TOPOJCKUX (hOHTa-
HaX. CeHCOpbl MOHUTOPST BIAXKHOCTh W OCAJKH, TaK YTO B 3aCYIUIMBOM KJIMMATe
Bapcenona moxer Oonee 3h(PeKTUBHO MOJUBATH 3€JICHBIE HACAXKIACHUSI, KOT/a 3TO
HeoOxoauMo. JTa cucrema padoraer Ha 68% TEeppUTOPUU TOPOACKUX IMAPKOB, OHA
ITO3BOJIMJIA TOPOYy Ha 25% yBEIWYUTH MOJUB, COKOHOMUB IpuMepHO 555 000 moui-
JapoB B TOJ.

Takke CTOMT paccka3aTh 0 MHTErpUpoBaHHOU cuctema Sentilo (B mepeBojie ¢
S3bIKA ICTIEPAHTO - «CEHCOP»), KOTopask oObeauHseT MPUOOPHl HAOIIOACHUS BOJO-
cHaOKeHusl, CBETa, SHEPTE€TUKH, TOPOKHOM 00CTaHOBKH, YPOBHS IIyMa U T.J. - BCETO
oko010 550 gaT4YMKOB, KOTOpBIE COOMparOT MHGpOpPMAIMI0O 00 0O0CTaHOBKE B TOpPOJIC.
Bce nannble oTkpbIThIe. Tak 4TO OHM HE TOJIBKO MOMOTAIOT BIACTSIM ILJIAHUPOBATh
TOPOJICKYIO 3aCTPOMKY, MPOKIIAIKY HOBBIX IOPOT U MHXKEHEPHBIX KOMMYHHUKALIUH, HO
U SIBJISIIOTCS XOPOIIEeH OCHOBHOM Ui pa3pab0TOK HE3aBHUCUMBIX KOMMEPUYECKUX KOM-
TIaHUM.

BapcenoHa 3aHMMaeT BTopoe Mecto mocie Hpro-HMopka 1o ypoBHIO pa3BHTHSA
ropoackoi cetu Wi-Fi.
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http://www.22barcelona.com/
https://www.areaverda.cat/es/operar-con-el-movil/qusapparkb/
http://www.espanarusa.com/ru/news/article/594569

Peanmzamnusi cucreM yMHOTO Topofa COKOHOMHIIA TOPOIY NIEHbIM M Clelaja
HOTpeOJICHUE BOJBI M DJICKTPOIHEPIUu 0Oojiee pa3syMHbIM. TOJNBKO Ha BOJE TOPOJ
COKOHOMMJI 58 MHJUIMOHOB JI0JIAPOB, @ BRIPYYKa OT IUIATHBIX MApKOBOK J0cTHriIa 50
MHJUTHOHOB JIOJIIAapOB B To11. B ropoze 6bu10 co3nano 47 000 HOBBIX pabOYMX MeECT.
E>xerojiHast 5KOHOMUSI Ha DJIEKTPOSHEPTUH OlCHUBACTCS B 37 MUJUTMOHOB JIOJUIAPOB B
roJI.
Teneps xe pacCMOTPUM TYTH, MPEOJOJICHUE KOTOPHIX MO3BOJUTH TAKOMY TO-
pony, kak ToMCK cTaTh IEHCTBUTEIBHO YIOOHBIM U KOM(POPTHBIM IS )KH3HU Ha OC-
HOBE SMart-TeXHOIOTHI.
B nepByio ouepens 310 obOecnieueHre OOJbIIel YacTu ropojia HHPOpMaIuOH-
HBIMH TEXHOJIOTHSAMH [4], KoTOopas SABISCTCS OCHOBOM JIJIS:
e bonee rpdexTrBHOrO MCTONB30BaHUS PU3NUECKON HHPPACTPYKTYPHI (10-
POTH, CTPOUTEIILCTBO, SKOJIOTHUS M JAPYrHe (U3NUYCCKUE aKTHBBI) HA OCHO-
BE MCKYCCTBCHHOTO MHTEJUICKTA U aHAJIM3a JaHHBIX, YTOOBI MOICPKUBATH
CHJILHOE U 3/I0pOBOE YIKOHOMHUYECKOE, COLMAIBHOE, KyIbTYPHOE PA3BUTHE,
e D(ddexTHBHOrO B3aMMOJCHCTBUS C MECTHBIMH KHTEISIMH IO BOIpPOCaM
MECTHOTO CaMOYIPABJICHUS U JUIS MPUHSATHS PEIICHUA MyTEM HCII0JIb30Ba-
HUS OTKPBITHIX ~ WHHOBAIIMOHHBIX TPOIIECCOB WM AJIGKTPOHHOTO  yda-
CTHS, YIYYIICHUS] KOJUICKTHBHOTO pa3dyMma YYpEeXKICHHH Topojaa TMocpel-
CTBOM JJIGKTPOHHOTO YIPABJICHHUS, C aKIIEHTOM Ha y4acTHe Ipa)<aH U COB-
MECTHOE NMPOEKTUPOBAHHUE;

e (OOydeHwmsI, MPUCTIOCA0JIMBAHNS W BBOJAa HOBIIECTBA M TEM CaMbIM OoJiee
3¢ (HEKTUBHOTO M ONEPATUBHOTO PEarupoBaHUsS HA W3MCHCHHE CHUTYaIluu
MyTeM yJIyUIICHHUS HHTEJUIEKTa TOpo/Ia.

Bo-Brophix, peanuzarus «Smart-City» TtpeOyeT moaaep Ku CO CTOPOHBI MY-
HUIMITAJINTETA, TAK KaK HEOOXOAMMO CO3/1aTh HOPMAaTHUBHYIO 0a3y, peraaMeHTHPYIO-
myto nonstue «Smart-City», mexaHu3mbl ero paboTel u QuHaHCUpoBaHus. [lis
YCKOPEHHS MpoIiecca He0OX0IMMO COTPYIHUYATE C MEePEIOBBIMI KOMITAHUSMU B 00-
jJactu Smart-TexHoJoTruil.

B 3akirodueHue MOXKHO TOJYEPKHYTh, YTO KOHIEHIIHS TOJYYHIa JOCTATOYHO
IIMPOKOE PACIIPOCTPAHCHUE: B HACTOSIIMI MOMEHT B TOM MJIM HHOM 00beMe «Smart-
City» peann3oBaHa B pa3IMYHBIX TOPOJIaX MO BCEMY MHPY.
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4. YMHBIH TOpOJI [2JIeKTpOHHBIH pecypc] Il
https://ru.wikipedia.org/wiki/YMubiii_ropoj (nara oopamenus: 13.09.17)

Hayunbiii pykoBoautens: A.FO. Umbixano, x.¢.H., goueHt kadenpsr UOHT
NCI'T TIIY.

TEXHOJIOI'MU SMART SYSTEMS JIs1 KOPIIOPATUBHOI'O
OBYYEHUA

B.A. Tpodumosn
ToMCKHI NOJIMTEXHUYECKAN YHUBEPCUTET
NDOBT, ®BTM, rpynna 4AM7K

JluctaHiimoHHoe o0y4yeHue MepcoHalia Ha OCHOBE COBPEMEHHBIX MH(OpMaIu-
OHHBIX TEXHOJOTUN — OJUH U3 3PPEKTUBHBIX METOJOB COKpAIIICHHs 3aTpaT Ha 00Yy-
YeHHUE, YBEJIIMUCHUS OXBaTa ayJUTOPUU U MOBBIMIECHUS d(PPEKTUBHOCTU MOATOTOBKU
MepCOHAJIa B LIETIOM.

B pamkax cucteMbl JUCTAaHIIMOHHOTO OOYYEHHSI KOMITAHUM JOCTYIHBI CaMble
pa3Hble MHCTPYMEHTBI Pa3BUTHs TE€pCOHAa: TECTUPOBAHUS, BEOMHApPHI, BUICOKOH-
dbepenmuu, 4aThl, GOpyMbl, MOPTAIBI 3HAHUI U, KOHEYHO, AJIEKTPOHHBIE KYPCHI JH-
CTaHIIMOHHOTO OOydeHms. MIMEHHO OHHM OOBIYHO CITYXKaT OCHOBHBIM HAIOJHEHHUEM
CHUCTEM JUCTAHIIMOHHOTO OOYYCHHS U TPEJICTABIIAIOT HAMOOIBIINNA WHTEPEC KaK JIS
M0JIb30BATENICH, TaK U JIJIs caMOi KoMmaHuH. [1]

JluctaHnnoHHoe 00y4YeHHE B yNPABICHUH MEPCOHATIOM UTPAET BCE OOIBIIYIO
poJib. MOKXHO BBIIETHUTH CIAEAYIONINE MPEUMYIIECTBA TAKOTO MOAX0/A:

e (OOydeHne MPOUCXOAUT Oe3 OTphIBa OT pabouero mpoiiecca, MepcoHal He
OTBJICKAETCSl HA TIPOJOJDKUTEIbHBIC YUEOHbIE MEPOINPHUATHS, OH TOBBIIIAET
KBaJIM(UKAIIUIO HAa paboueM MECTE U B OTBEJICHHOE JIJISi 3TOTO BpeMs,

e MaccoBocTh 00yueHus: 6e3 reorpadUyecKux rpaHUI] JOCTHTAETCA 3a CUET
COBPEMCHHBIX MH(GOPMAIIMOHHBIX TEXHOJIOTHIA;

e KoHTposmb 00y4eHHUS Yepe3 WHCTPYMEHTHI CTATHCTHKH, TTO3BOJISIOIINE OT-
CII©KUBATh B PEATbHOM BPEMEHU MPOTPECC MOIb30BATENEH, a TaKKe CTPO-
UTh TJIO0AJIBHBIEC OTUETHI IO 00YYEHUIO MTEPCOHANIA;

o [llupoxuii HAOOP UHCTPYMEHTOB JIJISl TUCTAHIIMOHHOTO 00y4YeHus (0T DIIeK-
TPOHHBIX KYPCOB JTUCTAaHIIMOHHOTO OOYYEHHs 10 OOIIEHHS C peaTbHBbIM
npernojiaBaresieM Ha BeOuMHape) feiaeT o0yuyeHrne WHTEPECHBIM U Pa3HOO00-
pa3HbIM.

CucremMa JHCTAaHIIMOHHOTO SJIEKTPOHHOTO OOYYEHHS — 3TO IMPOTPaMMHBII
MIPOJIYKT, C TIOMOIIBIO KOTOPOTO BEIETCS YIPaBICHUE AUCTAHIIMOHHBIM O0YUCHUEM U
KOHTPOJIb €ro 3()pPEeKTUBHOCTH.

Jlyis 3arpy3Ku 3JEKTPOHHOTO Kypca TUCTAHIIMOHHOTO OOYYEHHS B CHUCTEMY
BA)XXHO, YTOOBI KypC ObUT «3alakoBaH» B CIICHMAIBHBIN OOIIENPUHATHIA hopmart, Ja-
mie Bcero SCORM (c anrmwmiickoro Sharable Content Object Reference Model —
«o0pasioBas Mo/iesIb 00BEKTa COACPIKUMOTO JIJII COBMECTHOTO MCIOJIb30BaHUs»). C
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MOMOUIBIO JTaHHOTO CTaHAApTa CHCTEMa MOXKET COXPAHSTh MpOrpecc oO0ydeHHs Co-
TPYJHUKA 10 KYpCy U HAKaIUIMBaTh CTATUCTUKY. [2]

Kaxnp1il monp3oBaTenb UMEET CBOM JIOTMH U Mapojb B CUCTEME, JOCTYIHBIC
€My KypChl, HCTOPHUIO TTPOXOXKJIEHHUA, TOCTYIl K JPYrUM Marepuaiam. AJIMUHUCTpa-
TOp CHUCTEMBbI KOHTPOJIMPYET MpollecC OOY4YEHHs, 3aBOJUT HOBBIX IOJIb30BaTENEH,
Ha3HA4YaeT KypChl, 3arpy»KaeT Kypchl B CUCTEMY.

[{uki co3nanus v pa3pabOTKU KypCOB JUCTAHIIMOHHOTO OOyUEHHUS BKJIIOYAET B
ce0s CIIeTYIOITNE ITAIIBI:

1. AHain3 MatepuanoB, HA OCHOBE KOTOPBIX OyneT pa3pabarbiBaThCs Kypce, U

METOJI0JIOTHYECKasi 00paboTka MaTepuaioB. JIaHHBIN ATan SIBIASETCS OJHUM
U3 CaMbIX Ba)XHBIX M BKIIOYACT B c€0s1 METOIOJIOTUYECKYI0 00pabOTKY TEK-
CTa, HaNHMCAHHUE CIICHApUS — YETKOE OMHCAHHWE Tojauu WHPOpMaluu B
npenenax OJHOTO Claija: TEKCTa, aHUMAaIuH, U300pakeHus, GopMaTHUpPO-
BaHMsI, MOCJIEI0BATEILHOCTH BOCIIPOM3BEICHUSI U TaK J1aJiee;

2. BusyanbHoe odopmiieHrne — qu3aiiH uHTepderica, ABIAIOLIErOCs HEOThEM-
JeMOU YacThIO JIIOOOTO 3JEKTpOHHOro Kypca. MHTepdeiic nomkeH ObITh
(GyHKIHOHATBHBIM, MPUBIEKATEIBHBIM U UHTYUTUBHO TMOHSATHBIM MOJIB30-
Bateno. OH 00s3aTeNbHO BKIIIOYAET B C€0sl: AJIEMEHTHI YIIPaBJICHUS, CUCTE-
My HaBHTallUM, CIIPABOYHBIN MaTepual, orjaBieHUE, pa3IuyHble BapUaHThI
NOMOUIM JJi1 pabOThI C 3JIEKTPOHHBIM KypcOM, IeyaTb HEOOXOJIUMOU WH-
dbopMmaruu 1 MHOTOE ApPYyroe. 31ech )K€ CO3AAeTCA M BH3yaTbHOE HAIOJIHE-
HUE KOHTEHTa Kypca: WUTIOCTPAIlMU K MaTepHhaliaM, CXeMbl, TpaduKH, mep-
COHaXH | TaK JaJee;

3. IIpousBoacTBo — cOOpKa Kypca B TOM MM HHOW IPOTPaMMHOM CpeJie;

4. BuenpeHne Kypca B CUCTEMY TUCTAaHIIMOHHOTO OOYYCHHS.

Coznanve TUCTaHUMOHHBIX KYpPCOB BKJIIOYAET BHIOOP ONTUMAJIBHOTO Croco0a
nojiayv MHGOpMaLKK 7S 1IeJIeBOM ayIUTOpUH, KOHTEKCT U 3a1aun o0ydeHnus. Kypce
JOJKEH OBITh MOHSTHBIM U JIOCTYIHBIM JJIi KOHKPETHBIX I0JIb30BaTeNel, paccKa3bl-
BaTh UM O HOBBIX 3HAHUSX M OOBSACHATH, KaK JIaHHbIE 3HAHUS MOTYT ObITh IPUMEHE-
HBI B TIOBCETHEBHOM paboTe.

JINTEPATVYPA:

1. TuxomupoBa E. )KuBoe oOyuenue: Uto Takoe e-learning u Kak 3aCTaBUTH
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EJVUHBIA SMART-YHUBEPCUTET. OT CJIOB K JJEMCTBHIO

M.B. HaGepyxun
TOMCKUH MOJIMTEXHUYECKUN YHUBEPCUTET
NDBT, ®BTM, rpynna 4AM7K

B npouecce passutus MHTEpHETa U KOMIIBIOTEPHBIX TEXHOJIOTMM, YHUBEPCHU-
TeTbl PoccnmM KakIpl pa3 CTAIKMBAIKMCH C 3a7a4€y HMCIIOJIB30BAHUSA HOBBIX WU
VIIYYIIEHHBIX TEXHOJOTMYECKHX HapaOOTOK M pellaju UX, MyCcKail U ¢ HEKOTOPOM 3a-
nep:xkkou. Harmpumep:
® [I0CJIE MOIYJIAPU3aLUU IEPCOHAIBHBIX KOMIIBIOTEPOB Y YHUBEPCUTETOB I10-
SBWJIACh BO3MOYKHOCTBH CO3JaBaTh KOMIIBIOTEPHBIE KJIACChl HE TOJIBKO IS
CHELMATUCTOB, O0YYaAIOIUXCA HAa TEXHUUECKUX CIIEHUATbHOCTAX, HO U JUIs
CTYZEHTOB I'yMaHUTApHbIX HalpaBJICHUH, yI0OBIETBOPSA OOBIUHBIE CTYEH-
yeckue noTpeOHOCTH. TO ecTh CTYAEHT, HaXOJALIUICS HE Ha 3aHATHSX, B
CBOE CBOOOJIHOE BPEMsI, MOXKET OECIPENSITCTBEHHO BOCIOJIb30BaThCS KOM-
IBIOTEPOM JUJIs1, HAlpUMeEp, MOMCKa HE0OX0AUMOI MH(pOpMaIuK, UCIIOIb30-
BaHUS BJIEKTPOHHOM OMOIMOTEKH (00 3TOM HMIKE), UCTIOJb30BAHUS KAKUX-
TO MPOrPAMM, Ha KOTOPBIE Y YHUBEPCUTETA €CTh JIMLIEH3Ns HA UCIIOJIb30Ba-
HUE U OOBIYHBIM CTYJIEHT HE MOXKET ce0€ MO3BOJUTh MOKYIKY JUIEH3HOH-
HOTO MPOAYKTA U T.1.;

® [IOCJI€ NIEPBBIX CKAYKOB PA3BUTHUS KOMIIBIOTEPHOM TEXHUKH, IOSBUIIACH
BO3MOXXHOCTh (POPMHUPOBATH 3JIEKTPOHHBIE 0a3bl JTAHHBIX YEro YroJAHO:
3JIEKTPOHHBIE OMOIMOTEKH, 0a3bl JaHHBIX CTYAEHTOB U 0a3bl JaHHBIX Mpe-
nonasareieil. Jloctyn Kk 3TUM 0a3aM OCyIIECTBISETCS MO KBOTaM, JaHHBIMU
aJIMUHUCTPATOPOM 0a3bl JaHHBIX, U3 OYTH JIFOOOTO MECTa B YHUBEPCUTETE,
C KOMIIbIOTEPA, KOTOPBIN MOJIKIFOYEH K CETH;

® Ppa3BUTHE JIOMAILHEr0 U OECIPOBOJHOIO MHTEPHETA MO3BOJIMIO CTYJEHTaM
Y TPENOAABATEISIM MOAKIIOUATHCS K CUCTEME BHE YHUBEPCHUTETA, BCE IO
TeM ke KBoTaM. ['1e-To Ha 3ToM 3Ttare Obula pHUyMaHa ujaes GopMHUpoOBa-
HUS B HEKOTOPOM POJIE€ COLUAIIBHON CETH, C JIMYHBIMU KaOMHETaMu U CHO-
co0aMM KOMMYHHMKallUM THMA CTYyJEHT-NPENoiaBaTellb, MpernoaaBaTelb-
IIpEnoAaBarTeilb, CTyACHT-CTYACHT U IIPENOAaBaTEIb-TPYIIIIA.

B nenom noaxox AT B HOT'Y CO BPEMEHEM ITO OYEHb BEpHAas CTpaTerus, HO
MOYTH BCE YHUBEPCUTETHI JTOMYCTHJIM OAHY OIIMOKY. B GoibIIOM KOJIMuYECTBE YHU-
BEPCUTETOB BCE ATHU yAO0OHBIE, MO OTIEIBHOCTH, CUCTEMBI NPUBEIHU K OYEHb HEKOM-
(GopTHOMY UX OJHOBPEMEHHOMY HCIOJIb30BaHHIO. KOHEUHO ke, aBTOPOM HMeEeTCs
BBU]Y, UTO AU pepeHuanus He 0JJHO3HAYHA U HEKOTOPbIE JIEMEHThl MOTYT OBITH
BCE K€ 00BEIMHEHBI B KAKOW-HUOY/Ib OJIMH CEPBHUC B HEKOTOPHIX YHHUBEPCUTETAX.

CaMblii TECCUMUCTUYHBIA TTpUMEpP. AOUTYPUEHT NOCIIE IIKOJIBI PEIIn MOCTY-
nuTh B yHuBepcuteT N. [Ipuas B npuéMHy0 KOMHCCHIO, aOUTYPUEHT OTIAeT HEe0O-
XOJIMMbIE OyMaru U 3amoJIHAET 3asBJIeHHE Ha 00pabOTKy U T.1. Y YHUBEPCUTETA €CTh
cucteMa AOUTYPHUEHT, B KOTOPOU OyIyIIHi CTYyI€HT MOKET MOCMOTPETh CBOEH peil-
THHT, CTaTyC CJ1a4yd JOKYMEHTOB U Y3HATh O BCTYNUTEIbHBIX DK3aMEHaX. Tak Kak 3T0O
CaMbIil MECCUMUCTUYHBIN BapUaHT CTYJEHTY HEOOXOAMMO CAATh BCTYMUTEIbHBIE K-
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3aMEHbI, a MPOBOJUTCS OHU B CUCTEME DK3aMEH, B KOTOPOW Tak ke paboTaroT CTy-
JEHTBI BCeX KypcoB. JlJig 3TOro abUTypreHTa PErucTpupyroT B 3TOH CUCTEME, OCHO-
BBIBAsICh Ha €ro JAHHBIX B3SATHIX U3 cucTeMbl AOutypueHt. [lociie cnaum s3Kx3aMeHOB,
CTYJIEHT MOCTYIAeT B YHUBEPCUTET (E€CIU HE MOCTYIAET, €r0 JaHHbIE e T0JIro0 BU-
cAT B 0a3e JaHHBIX AOUTYPUEHT U DK3aMeH) U €My HEO0OXOUMO TaK K€ 3aperucTpu-
pPOBAThCS B JINYHOM KaOMHETE MHCTUTYTA, MOJYUYUTh YUTATEIbCKUN OUIET (4TO UHO-
r71a MpEeACTaBISIET U3 ceOsl OTACNIbHBIA CEPBUC), BCTYNUTh B Pa3iM4yHbIC T'PYMIHI B
IPYTUX COUMAIBHBIX CETSIX M, YYUTHIBAs, YTO 3TO MECCUMHUCTHYHBIN TPUMEDP, MHOTOE
Ipyroe.

W B Takux peannsx >KMBET MHOI'O CTYIEHTOB. HeykiroxkecTb 3TOM cHTyanuu
BBI3BIBAET HUYTO, KPOME Pa3JIpaXEHUs, TaK KaK MCIIOJIb30BAHUE JAHHBIX CEPBHCOB
MHOTJa MPOCTO HeoOXxoauMo, Jrb0 o6s3aTenbHo. B nanHOM mpumepe He Oblia Omu-
caHa Takas CHCTeMa KaK CHUCTeMa JUCTaHIIMOHHOTO 0Opa3oBaHus (KOTOpas cama Io
cebe MMeeT OYeHb MHOTO HIOAHCOB, KOTOPbIE MPU CO3JaHUU OYEHb YACTO HE YUUTHI-
BalOTCs) U KOHEUHbIe 3Tanbl 00yueHus cryieHta (cnaya BKP, wnm nomyuenue nu-
IJI0Ma), T 0OBIYHO BCE MEPEXOAUT B «TPAJAULIMOHHYIO» OyMa)KHYIO BOJIOKUTY. [lpu
BCEX COBPEMEHHBIX TEXHOJIOTUAX, C KOTOPBIMU CTAJIKUBAETCS CTYAEHT IO Mepe 00y-
YeHUsl, paboTa ¢ OyMaXHbIMU JOKYMEHTaMU U OUYEPEAsIMU BbI3bIBAET Y OHOT'O KOTHU-
TUBHBINA IUCCOHAHC.

KoHeuHO ke, BCE HaXOQUTCS HE B TAKOM IUIAYEHOM COCTOSIHUU. CIEIUaINCTHI,
KOTOpBIE BBITYCKAIOTCS ¢ Kadeap MHPOPMATHKHU, YaCTO HMCIPABISIOT CUTYALMIO B
YHHUBEPCHUTETE, HO CTOUT IIPUMEHHUTh CUCTEMHBIN moaxo. [1]

JI71s1 BBITIOTHEHU TAaHHOW 3a71a4uul TpeOyeTCs:

® HaHATH cHeuuaiucTa (WM KOMaHIy pa3padOTUYMKOB), KOTOPBIE CIPOEKTH-
PYIOT €AUHBIA CEpBUC JUUIsl YHUBEPCUTETA. BIIOJIHE BO3MOKHO, YTO IOJIHAS
nepepadoTka He MoTpedyeTcs, U MOKHO OyJeT HCIOIb30BaTh YK€ CyIIle-
CTBYIOIINI CEPBUC (Camblii COBPEMEHHBIN U3 UMEIOIINXCS), KOTOPBIN «I10-
IJIOTUT» BCE OCTallbHbIE. Ba)kKHO MOHMMATh, YTO HA TAaHHOM 3Talle HE CTOUT
n30aBIATHCS OT «TPATUIUOHHOMY OyMakKHOU BOJIOKUTHI (TO €CTh CO3/1aBaTh
0a3y aHHBIX JOKYMEHTOB B CEpBHCE), O KOTOPOWH TOBOPHIJIOCH BBIIIE, TaK
KaK 3TO OYEHb CEPbE3HBIM IIar, ¢ KOTOPbIM HE CIPABUIIUCH JaXE Camble
KpYIHBIE 3anaJIHbIe KOMITAHWH;

e B JIeTHUI niepuo (WK JI0O0W APYroi mepuos 3acTosi yueOHOM JesTeabHO-
CTH) BHEAPUTH cucteMy. [locne aToro nepruoaa y CTy1I€HTOB, aOUTYPUEHTOB
U npenojanaTesiei Oy/eT OJUH CEPBHUC, KOTOPHIN BBIMOJHAET BCe QYHKIUU
HECKOJIbKUX MPEAbIIYIINX;

® aHaJIW3 NPOBEIACHHON pabOThl U PE3yNbTaTOB HA MPOTSXKEHUU ONpPEIesICH-
HOTO I1€PUO/1a, YCTAHOBJIEHHOIO0 aAMUHUCTPALIMEN YHUBEPCUTETA (OT MOTY-
roja). B nporecce ananuza OyayT YCTaHOBJICHBI BCE OIIMOKU M MCIIPaBiIe-
Hbl. Ha 1aHHOM 3Tane MOXHO OCTaBUTh TOJIBKO YacTh MPHUBJICYEHHOU KO-
MaH/Ibl pa3pa0OTUMKOB JIJIsl TOAJIEPXKAHUS CUCTEMBI «HA TUIABY»;

e 1uiaHupoBanve. OUeHb BaXKHBIM 3Tam, TaKk Kak B MPOLIECCE MPEIbIIyIINX
3TanoB MOI IPOU30UTH OYEPETHON CKAYOK B Pa3BUTHH KOMIIBIOTEPHBIX
TexHoJiorud u MHrepHera. Ha 3ToM 3Tame pemaercs, CTOUT JIU BHEAPSTH
Kakue-HUOYIb HOBBbIC (DYHKIIMH WU MPUCTYIUTH K TUTAHUPOBAHUIO 3aKITIO-
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YUTENHHOTO dTara, KOTOPBIA ISl aBTOpa 3HAYUT 3HAYUTENIbHBIA OTKa3 OT
UCTIONIb30BaHUs (DU3MYECKUX HOCHTENCH MH(pOpMAIMH, TaKUX Kak Oymara.
Ecnu pa3paboTuvku, BMECTe ¢ aJIMHUHUCTpallell YHHBEPCUTETA, PEIIar0T
BHECTH HOBYIO (D)YHKIIHIO B CEPBHUC, TO CIIUPATh pa3padOTKH 3aKPyIHUBACTCS
¥ HauMHaeTcs, PaKTUIECKH, C dTamna «A», Ha KOTOPOM HaHUMAIOTCSI HOBBIC
CTICIIMAITUCTHI, JTHOO MCTIOIB3YIOTCS UMEIOIINECs, U HAaYMHaeTcs padoTa Hal
HOBBIM OOHOBJICHHEM CUCTEMBI.

ABTOp mocumTal, 4To (PUHAIBHBIA ATAll HE CTOUT BIHMCHIBATH B YCJIOBHS BBI-
MTOJTHCHMSI 3a]1a4U COSUHEHUS Pa3HBIX YHUBEPCUTETCKUX CEPBHUCOB B €IMHOE IIEIIOC.
CnenaHo 3To OBUIO MO MPUYHMHE, YTO ATa S — U30aBJICHUE OT OyMaKHOM BOJIOKH-
ThI, B KAKOM-TO CMBICJIC SIBJISICTCSI yTOMTMYECKOM.

[TossBIEeHUIO TIEPCOHATBHBIX KOMMBIOTEPOB B oducax Ha 3amajae IpOpOUnIIU
YMEHBIITUTH BIBOE KOJUYECTBO MCIOIB3YyeMON OymMaru, HO JIMIIb YBEIUYWIH €€ B pa-
3pl. Mcnonbp3oBaHue OyMa)XHBIX HOCHTEJICH 3aceio B yMax dYeJOBEUecTBa OYCHb
cwibHO. [lo MHEHHIO aBTOpa, 3TO CBS3aHO C TEM, UYTO YEJIOBEK MOXKET HEMOCpe]-
CTBEHHO JIepKaTh B pyKax uH(MOpMaIuio, B €€ 3JIEMEHTapHOM BHUJIE, OH MOXET €€ TYyT
K€ YHUUTOXKUThH WIH MONPABUTH, HY U, B KOHEYHOM UTOTE, YEJIOBEYECTBO MPHUBBIKIIO
HCIIOJIb30BaTh OYMaKHbIE HOCUTEIH.

Pemenne mo oObeIMHEHUIO CEPBUCOB MOXET M PECypCcO3aTpaTHOE MEPOIPHsI-
THE, HO OHO:

® YBEJIMYNT TEXHOJIOTHUCCKHUI MPECTIK YHUBEPCUTETA,

® CKOpPOCTh pabOTHI C BHYTPEHHHMH CEPBHUCAMH YBEIMYHUTCS IS BCEX, KTO

MU TIOJIb3yETCS;

® TI03BOJIUT MHAYE B3TJISIHYTh HA HEKOTOPBIE CEPBUCHI U, BOZMOXHO, Tepepa-

00TaTh WX JJIs OOIIEH CHCTEMBI;
e CO37acT pabouyne MecTa U MeCTa JUIsS MPAKTUKAHTOB ¢ WH(GOPMAIIMOHHOTO
yHuBepcuteTa. [10SBUTCS BO3MOYKHOCTh CTAaTHCTUYECKH B IIEJIOM OIICHU-
BaTh CHUTYallUI0 B YHHUBEPCUTETAX, IOJy4aTh MOMCHTAJIBHBIC OTYETHI, B
CpaBHEHUU C OYMaXHBIMH OTYETAMU WIJIH OTYETAMH Pa3pO3HEHHBIX CHCTEM;

® [IpU TMPaBUILHOM HCIIOJL30BAHUH HCKOPEHHUT MPOoOJeMy 3aHSATOTO IMPo-
CTpaHCTBA, MPU KOTOPOU yKE UCKIIOUMBIINECS CTYACHTHI U HE MOCTYIHUB-
mue aOUTYPUEHTHI YIAISIOTCA W3 0as3bl JaHHBIX. [[1s MCKIIOUMBIIMXCS
CTYJIEHTOB, BCE ke, OyJIeT BBIJICJICHO HEKOTOPOE MPOCTPAHCTBO, TaK KaK IO
3aKOHY HEO0OXOJMMO XPaHUTH BBIMTYCKHBbIE KBaNU(UKAIMOHHBIC PAOOTHI U
poyre JOKYMEHTHI 00 yCIEBa€MOCTH.
B yeMm ke 3akiroyaeTcs pecypco3aTpaTHOCTh? Pecypco3aTpaTHOCTh 3aKirova-
€TCSl B TOM, UTO:
e TIepBOC BpeMs pabOThl HOBOW CHCTEMBI OYJIET HE TAKUM Ka4eCTBEHHBIM, KaK
MJTAHUPYETCS B aJbHEHIIIEM, TaK KaK cucTemMa Oy/eT B MpOoIecce TeCTUpO-
BaHUS;

® BO3HHUKHYT 3aTpaThl HA OIJIATy paboYeil CUJIbI U CO3/IaHUS CEPBEPHON KOM-
HaTHI (KETATEIbHO HECKOIBKUX CEPBEPHBIX, JIJISI COXPAHHOCTHU JaHHBIX);

® IOTPATUTCS MHOTO YEJIOBEKO-4acOB Ha MEPEHOC JAaHHBIX M3 pPa3HBIX 0a3 B

OJIHY.
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[To Bcemy Mupy, He TOapKO B Poccun, y BY30B cymecTByeT BOT Takas mpo-
OseMa, Ha KOTOpPYIO He oOpaiatoT BHUMaHus MHorue. Ilycts Poccust u He nner B Ho-
I'y CO BPEMEHEM, JEJIaeT TO HEMHOI'O C OTCTaBaHUEM, HO TYT elI€ €CTh BO3MOXKHOCTh
BBIPBATHCS BIIEPE U NTOJATh BCEM IIPUMED.
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UCKYCCTBEHHBIN UHTEJUIEKT — IPOBJEMBI IIPABOBOI
PETJIAMEHTALIUN

N.A. Kpemnes, /I.B. BeiMsiTHUHA
ToMCKUI MOJIMTEXHUYECKAN YHUBEPCUTET
UK, CYM

VYxe 6onee 70 net co qHA MyOJUKAUKM TPEX 3aKOHOB POOOTOTEXHUKU AM3eKa
A3UMOBa YEJIOBEYECTBO AKTHUBHO OOCYXJAET MPAaKTUYECKOE B3aUMOJEHCTBUE C PO-
o6oramu (Isaac Asimov, «XopoBoa», 1942 r.) [1]. IlepBriil 3akOH riIacuT: PoOOT
HE MOXXET IPUYUHHUTH BPEJ YEIOBEKY; BTOPOW: POOOT AOJIKEH MOAUYUHSTHCS YEIOBe-
Ky; TpeTui: poOOT [JOKEH 3a00TUThCS O CBoel O€30MaCHOCTH, €CIU  3TO
HE MPOTUBOPEYUT MEPBBIM JBYM 3akoHaM. BrocnenctBun A3uMoB A00aBHII K HUM
elle OAWH, HYJIEBOM MM YETBEPTHIA: POOOT HE MOKET HAaHECTH BpEN YEIOBEUYECTBY
WU CBOUM Oe37eHCTBHEM JOMYCTHTh, YTOOBI YeJIOBEUECTBY ObLII HAHECEH Bpel. 3a-
KOHBI 3TU ObUIM BBEJEHBI UCKIIIOUUTENBHO JIJISl TOTO, YTOOBI JIIOJSIM HE ObUI HAaHECEH
Bpea. TOUHO TaK K€ CTaBAT MPEIOXPaHUTENN Ha 3JIEKTPONPUOOpPHI, OCHAIIAIOT Oe3-
OMACHBIMUA PYKOSITKAMHU Pa3JIMYHbIE MHCTPYMEHTHI, YCTAHABJIMBAIOT CTOI-KPAaHbI U
pOYHe MPUCTIOCOOICHUS AJIs 3aIUThI. 3aKOHBI POOOTOTEXHUKHU - 3TO HE MpaBuUia, a
B OOJIbLIEH CTENEHU YeI0BEYECKIEe HHCTUHKTHI U C(OPMYJIMPOBAHBI OHU B TAKOM BU-
7€ UIMEHHO IS ojied. /s poOOTOB 3aKOHBI - HE MOCTYJIATHI, @ MOJEb OBEACHHUS.
OpnHako, Korja Mbl TOBOPUM O 3aKOHaX A3MMOBA, TO IOHMMAEM, YTO BCE K€ ATO HE
3aKOHBI B X MIPAaBOBOM MOHUMAaHUU, a JTUIb UMHATaLUs. C IOpUIUNYECKON TOUKHU 3pe-
HUS OHU HE CYUIECTBYIOT, XOTsI MOMBITKA MPUJATh UM HOPMATHBHOE COAEpP’KaHUE B
HACTOSIIEe BPEMsI YXKE IPETPUHUMAIOTCS.

B 2004 rogy SIAI (MHCTUTYT CHUHTYJISIPHOCTH MCKYCCTBEHHOT'O HMHTEJIEKTA,
CIIA) Obl1 OTKPHIT CalT, CO3AaHHBIN ISl OOCYXACHUS 3TUKU UCKYCCTBEHHOTO WH-
teqekta (M) u BO3MOXHBIX MOCIEACTBUM NPHUHATUSA 3aKOHOB B PEAIbHOW JKU3HHU.
DKCHepThl CYUTAIOT, YTO 3aKOHBI POOOTOTEXHUKH A3MMOBA HEOE30MACHBI, TOCKOJIb-
Ky, MOTyT oOyauth MM 3axBaTuTh BIacTh Ha 3emiie, UTOObI «3aIlIUTUTHY» JIOAEH OT
Bpena. B mapre 2007 r. [IpaBurensctBo HOxnoM Kopen Hauano pazpaboTky 3aKOHO-
JATEJBHOIO aKTa, MPU3BAaHHOIO HOPMHUPOBATH 3TUYECKHE U ITHUYECKUE B3aUMOOT-
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HOILIEHUSI MEXAY JtopMu U podotamu — Robot Ethics Charter nist pazpaboTunkoB u
nosib3oBareneil. B mapre 2012 r. po6ororexuuku CHIA npusBaini MUPOBOE HAyIHOE
COOOIIECTBO HayaTh pa3pabOTKy «ITHYECKOTO KOJAEKCa poOOTOBY», KOTOPHIM Oymer
PEryJIupoBaTh JEATEILHOCTh KaK OBITOBBIX, TaK M 00eBbIX poOoTOB. IIpu 3TOM BO
BCEX CJIy4yasX OCHOBOM JOKYMEHTOB CTaHOBSTCS MMEHHO 3aKOHbl A3HMMOBa, MpU-
3BaHHBIE ClIeNIaTh POOOTOB ATUUHBIMU. [10100HBIE TO3UIINK, KOHEYHO K€, UMEIOT Me-
CTO OBITh, HO BCE )K€ HECKOJIBKO ONEpekatoT coObITUsl. POOOTHI camu o cebe He Mo-
r'yT OBITh HM XOPOUIMMH, HU TUIOXUMH. MBI caMu JiernaeM ux Takumu. Ha cerogusm-
HUW JIeHb poOOT BOCHIPUHUMAETCS HaMH KaK BEllb, KOTOPYIO MOXHO KYIHUTh, pa3o-
OpaTh UM OTKIIOUYMTH. HO HENmb3st OTpUIaTh, YTO, CKOPEE BCETO, YXKE B OMKanIIMe
JECATUIETHS peBOOLMS B co3annn MM MoeT MoCTaBUTh YEIOBEYECTBY BOIIPOC:
OyayT i camu poOOTHI CUMTaTh ce0sl BEIIaMU U TBOPCHHUSIMH YEJIOBEKA WJIM CTaHYT
BOCIIPUHUMATh €01 paBHBIMH HAM JINYHOCTSIMU?
I'nmaBa coBera nupektopoB Mail.Ru u ocHoBarens kommanuu Grishin Robotics
Hmutpuit  ['pummH B cepenuHe JekaOpsi MOpencTaBWil — KOHLEMNIMIO 3aKOHA
0 pOOOTOTEXHUKE — I10 €r0 CJIOBaM, MEPBYIO B MHUpe. B nelicTBUTENbHOCTH, 110100-
Hbl€ KOHLEMNIMH, B TOM 4Yucie KyJa 0oJiee AeTaabHO pa3paboTaHHbIE, 00CYXKIal0TCs
HE IIEpBBI roJ, B TOM yucie B EBponapiiamente. ABTOp INpeuiaracT NpUPaBHATH
pOOOTOB OJJTHOBPEMEHHO K KUBOTHBIM U IOPUAMUYECKUM JIMLAM. «Y HCKYCCTBEHHOTO
MHTEJJIEKTa HET OHMOLMH, HONPU OTOM OH, Kak U KUBOTHBIE, CIOCOOEH
K CAMOCTOSITEIbHBIM JEHCTBUAMY. AHAJIOTHIO C IOPUANYECKUM JIULOM [ puiimH 00b-
ACHSIET TEM, 4TO POOOT TOXKE SABISIETCS «OCOOOW HOPUAWYECKOW KOHCTPYKLIHEH».
KoHuenuust 3akoHOIATeNbCTBA O POOOTOTEXHUKE [ 'pHUIIMHA TaKKe€ OCHOBBIBACTCS
Ha TpeX 3aKOHax poOOTOTEeXHUKH A3uMmoBa. [t poOOTOB JOIKEH OBITH CO3/IaH CIie-
LMAJbHBIA peecTp, aHAJIOTUYHBIA €IMHOMY TOCYIapCTBEHHOMY PEECTpPy IopuUanye-
ckux qui. K co3garensM poOOTOB MOryT NPHUMEHSTHCA TaKUE K€ MEphl, Kak
K BJIaJI€JIbLIaM UCTOYHUKOB ITOBBIIEHHOM OMAacHOCTU. B 3akitouenuu | 'puiiny npen-
JlaraeT 4eThlpe CUTYAlMH, B CIydyae KOTOPBIX BO3MOKHO IIPHUBJIEYEHHE K YIOJIOBHOM
OTBETCTBEHHOCTH:
e co3/aaHue poboTa AJis COBEPLICHUS MPaBOHAPYILIEHUN
® OTKJIIOYEHUE (DYHKIMI, OJIOKUPYIOIIMX BO3MOXXHOCTb MPUYMHEHHUS Bpena
YEJIOBEKY

e co3JaHue poOOTa, y KOTOPOTO TAKOTO OJIOKA HET ¢ CaMOT0 Havasa

® KOHCTpyHpOBaHHE poOOTa 0€3 OCO3HAHHS TOTO, YTO OH MOXET OBITh HC-
II0JIB30BAH JUJIs IPUYMHEHUS BPEAA YEIOBEKY

Takxum 00pa3om, eciiu B MUpE YK€ Ha4aJucCh pa3pabOTKH HOPM MOBEIEHUS PO-
OO0TOB MO OTHOIIEHHIO K YEJIOBEKY M MPABUJI COCYLIECTBOBAHUS YEJIOBEKA U MALTUHBI,
TO 3aKOHBI O 3alIUTe POOOTOB TAKXKE€ B CKOPOM BPEMEHU MOTYT CTaTh PEAlIbHOCTHIO.
Takue TOKyMeHTBI OyyT 3BOJIOLUOHUPOBATh. MOXXHO MPENOIOKUTh, YTO BHAYAIIE
poOOTHI OYAYT ONpeEeNsAThCA KaK BEeIlM WM MaTepralibHble LIEHHOCTH, OJTHAKO, C TO-
aBieHreM MouiHoro MM, onn OyayT CTaHOBUTHCS YaCThIO YEJIOBEUYECKOT0 00IlecTBa
U MOTPeOYyIOT CBOM MpaBa U UX 3alUTy. Yucio poOOTOB B MUpE MCUUCISAECTCS MUJI-
nmruoHaMH. Ha maHHBIM MOMEHT HMX 0O0Iee KoJIM4ecTBO Hen3BecTHO, HO B 2008 r. co-
riacHo o030py Mexnaynaponnoit ®eneparuu  PobGotorexnuku. (International
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Federation of Robotics) B mupe cymectBoBaio 6omaee 6,5 muH. po6otoB. OHu ob6pa-
3YIOT U 3aHUMAIOT OT/IEJbHYIO HUIIY: TEXHOJIOTHYECKYI0, OBITOBYIO U COLIMAJIBHYIO.

OauH u3 HamboJee Cephe3HBIX BOIMPOCOB JIOOOTO  3aKOHOAATENIbCTBA
0 poOOTOTEXHUKE — OTBETCTBEHHOCTh 3a TO, UTO cjaesiaeT podoT. B manHoM ciyuae
HEOOXO/IUMO YYUTHIBATh ABTOHOMHOCTh POOOTOB B MPHUHATUU peluieHud. Yem oHa
BBIIII€, TEM MEHBIIE OTBETCTBEHHOCTHU 3a €T0 MOCTYNKU JAOHKEH HECTH COOCTBEHHUK
WK Biajenen. YeM gosbiiie poOOT o0ydalcs 4eJIOBEKOM, TeM OO0JbIlle OTBETCTBEH-
HOCTHM JIOJDKHO JIEKAaTh HA YUUTENE, NMPU 3TOM HY)XKHO OTJIMYaTh MPUOOPETEHHBIE
OT Y€JIOBEKa CIOCOOHOCTH C TEMH, KOTOPBIM POOOT HAYUYHIICS CaM.

Bonpoc o ToM, kTo OyAeT oTBeuaTh 3a IPUUYNHEHHBIH MAaKCUMAJIbHO aBTOHOM-
HBIM POOOTOM yIIepO, MpeaIaraeTcsl pearh ¢ TOMOIIbIO 0053aTENbHON CTPaXOBKH;
TO €CTh B KOHEYHOM HTOr€ 3a MOCJIEICTBHS BCE-TAKM OTBEYAET NPOU3BOJIUTEID,
MycTh U B (hOpME CTpaxoBaHUs. DKCIEPTHI TAKXKE MpeIaraloT co3AaTh HoHI Uiu He-
CKOJIbKO (pOHI0B (IT0 OJHOMY Ha KAy KaTeropuio poOOTOB), KOTOPhIE OYyAYT IO-
ITOJIHATBCS 32 CYeT  OTYMUCIICHHMH OT IPOU3BOUTENEN Y PAcX0/10BATHCS
Ha KOMIIEHCALIMIO ylepoa OT 1elCTBUM poOOTOB.

OOcyxnaercss TakXKe CO3JlaHUE CHELMAIbHOM XapTUU POOOTOTEXHUKHU,
B KOTOpPOM OyJyT ONMMCaHbl 3TUYECKHE MPUHIIUIIBI pa3pabOTKN aBTOHOMHBIX arapa-
TOB. OHU TaKOBBI:

® pOOOTHI JOJKHBI AEHCTBOBATh B MHTEpECaX JIOCH;

e pPOOOTHI HE JOJIKHBI BPEUTH YEIIOBEKY;

® 1I0JIb33, KOTOPYK MPHUHOCAT pOOOTHI, JOHKHA OBITh JOCTYIHON BCEM,

B OCOOEHHOCTH 3TO KacaeTcss MEJUIIMHCKUX POOOTOB.

[TpUHLIMIIBI 3TH CXOHU C 3aKOHAMU poOOTOTeXHUKH A3umoBa. [Ipenmonaraer-
Cs1, YTO JIH00OH pa3zpabOTUMK POOOTOB AOKEH UMETh X B BUIY IIPH CO3JJaHUU HOBBIX
annapatoB. McxoaHblii koA poOOTOB JOKEH OBITh OTKPBIT UIsi BOBMOXHOCTH pac-
CJieI0BaHUs MHUUJEHTOB. 1o TeM ke cooOpakeHHsIM JT0J>KHA OBITh JOCTYITHA UCTO-
pust nerictBuii poboTta. Ilpu 3TOM Ba)xHO, 4TOOBI AUCKYCCHS MIPU CO3JaHUU XaAPTHUH
Obl1a MEXAMCLUMIUIMHAPHOM, € ydacTHeM (PuiIoco(oB, HMHKEHEPOB, COLHMOJIOTOB,
MHBIX CHELHUAINCTOB, a TAK)KE TAPMOHUYHOM, KOT/1a UJIEU JIJISl PETYIUPOBAHUS JOIIK-
HbI BBIIBUTATbCSI TEMH, KTO MOHUMAET MX COACPKAHUE W TMOCIEICTBUS MPUHSTHSL.
Ona pomxHa ObITh OCHOBATEIbHOM, MOCKOJBKY MOCHEIIHO BHOCUMBIE B 3aKOHOJa-
TEJIbCTBO M3MEHEHHUsI OOBIUHO HE OTJIMYAIOTCSI BBICOKOM pe3ysibTaTuBHOCTHIO. Korma
B 3aKOHAaX U MOA3AaKOHHBIX aKTaxX MOSBIIAIOTCS «3allJIATKW», 3TO MOXKET peliaTh Ka-
KHE-TO JIOK&JIBbHBIE 3a/1a4d, HO MPOTUBOPEUYUTH OPYTUM HOPMAaM, BCIIEICTBHE YErO
CTpaJaeT TEPMHUHOJIOTHS, BO3ZHUKAIOT MPABUJIA, HE COOTHOCUMBIE C CAMOM TEXHOJIO-
TUYECKOM MTPUPOION TPOLECCOB U BEILIEH.

[To manaeiMm OOH, k 2020 r. po6OTHI OYAYT HE TOJBKO MBIJIECOCUTH IMOJIBI U
CTpHUYb JIy’)Kallki, HO U OXpPaHATh JoMa, paboTaTh MOXAPHBIMU, 00yYaTh MOKUIIBIX
JII0JIEN OBJIAJICHUIO HOBOM, 00Jiee CII0KHON TEXHUKOHW, MPUHUMATh Y4acTUE B BOCITH-
TaHUM JieTei u T.1. M 3T0 TOJIbKO O mMpuMeHeHun poOOTOB B ObITy. HayuHble aKcrie-
PUMEHTBI, BOCHHbIE HYXK[Ibl, MEIUIIMHA U UHbIC HANIPaBJICHUS MPUMEHEHUs] pOOOTOB
JIENAI0T MPOrpecc MX Pa3BUTHS HEM30€KHBIM, a CTalO ObITh, U 3aKOHOJATEIHCTBO
OyZeT pa3BUBaThCA B COOTBETCTBUE C HYXKJIaMU Iporpecca. A cOrjlaCHO MHEHHUIO U3-
BecTHOro Oputanckoro ¢yrtypojora u3 British Telecom fna Ilupcona B 2020 r.
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ANIEKTPOHHBIE (POPMBI JKU3HM MOTY4aT KOHCTUTYLIMOHHBIE ITpaBa BO MHOTHX TOCyIap-
ctBax. KoHeUHO, NCXOAs U3 YpPOBHS Pa3BUTHUs TEXHOJOTMH U MaccOBOCTU POOOTOB,
CEro/iHsI MIPaBOBOW CTaTyc poOOTOB — 3TO (paHTacTHKa. Ho ¢ Touku 3peHHs HaydHO-
TEXHUUYECKOTO Iporpecca U HaONIOaeMOro YCKOPEHHs pPa3BUTHS YEJIOBEUYECTBA B
TEXHOJOTMYECKON cepe — BCE ITO OKUAAET HAC B HE OUEHBb OTAAJICHHOM OYAYIIEM.
B Hacrosimee BpeMs HEBO3MOXKHO JaXe MPEAIIOJIOKUTh, YTO K€ IIPOU30UIET, KOT1a
ATU CJIOXKHBIE CUCTEMBl CTAHYT CJIMIIKOM «YMHBIMH» M 3a CUET CaMOOOYYEHHS B
IIPOLIECCE CaMOCTOATENIBHOTO B3aUMOJCHCTBHS C BHEIIHEW CPEIOM HAYHYT JAEHCTBO-
BaTh BHE PAaMOK 3aJI0)KEHHBIX MPOrpaMM, HA OCHOBE MPHUOOPETAeMOro OIbITa pa3BH-
BATh U MONOJIHATH COCTaB U3HAYAJIBHO 3aJI0’KEHHBIX AJITOPUTMOB U IIPABUIL.
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YPOBHU MOTUBAIIUU K OBJIAJIEHUIO TBOPYECKOH
KOMIIETEHTHOCTBIO B OBJIACTHU «MHTEJJIEKTYAJIBHON
QJIEKTPOOHEPI'ETUKN»

T.B. MsicaukoBa
Uygalickuii rocy1apcTBeHHbI YHUBepcuTeT nMeHu M.H. YiapaHoBa

CoBpeMeHHbIe 3apyOeKHbIE U OTEUECTBEHHBIE Pa3pabOTKH AJIEKTPOTEXHHUYE-
CKOTO 00OpYyIOBaHMS JJI PHEPTETUKU TaK WJIM WHAYE CBA3aHBI C UACSIMHU CO3JaHUS
«/IHTEIUIeKTya IbHOU AJIEKTPOIHEPTETUKN». B HacTOsIIee BpeMsl 3HAUUTENIBHO MOBBI-
CUJICSI MHTEPEC K MPOMBIIIEHHOMY BHEJIPEHUIO TEXHOJIOTUH yIpaBiIsieMbIX (THOKHX)
muaui anekrponepenad (FACTS) u KOMIIEKCHOMY PEIICHHUI0 TIPOOIeMBbI mpeodpa-
30BaHUs JIEKTPOIHEPTETUKH B PAMKAX «YMHBIX)» JUHUU deKTponepenad [1].

[Ipu sTOM peanuzanysi HOBBIX TEXHMYECKUX PEIICHHUM, 3aMEHSIOUUX MpUMe-
HEHUE TEXHOJOTMU, MOXET BBI3BATh CYILIECTBEHHbIE MPOOJIEMBbI, O0YCIOBJICHHBIC
COBMECTUMOCTBIO HOBOTO U 3KCIUTyaTHUPYyEeMOro OO0OpYyAOBaHMs, TEXHOJOTUH, U 3a-
Tparamu Ha obciyxuBanue [1], a Takxke mpoOreMaMu MOATOTOBKH BBICOKOKBAIH(DHU-
LIUPOBAHHBIX KaApOB Mg «HTEIEKTyalIbHON AJNEKTPOIHEPreTUKn». CreruaanucThbl
B JIAHHOW OTPacC)iM JOJKHBI OBITh KOMIETCHTHBIMU, CBOOOIAHO BJIAJE€Th CBOEH MpPO-
deccueli 1 OPUEHTUPOBATHCS B CMEKHBIX O0JACTSIX NEATEIbHOCTH, YMETh 3 dek-
THBHO OPTaHM30BBIBaTH PabOTy HAa YPOBHE MUPOBBIX CTAaHIAPTOB, MPOSBISTH TBOP-
YECTBO U CAMOCTOSITEIBHOCTb.
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Otu TpeboBaHUs K crieruaiucTam st « IHTeIeKTyanbHOU 3JIEKTPOIHEPTETH-
Ki» 00yCIIOBJIEHO camMoi KoHIemniueit «Smart Grid», koTopasi yka3sIBaeT Ha HEO0XO-
JMMOCTh KapJAMHAIBHBIX TpeoOpa3oBanuii. [lepeuricium HekoTOpbie U3 HUX [1]:

ObICTpOE pa3BUTHE TEXHUYECKOTO MPOrpecca, U B MEPBYIO ouepeab Mpudo-
POB CHJIOBOM AIIEKTPOHUKH;

BO3pACTAIOLIUX POCT TPeOOBaHUM NOTpEOUTENEH;

HaMETHBIIIEECS CHUKCHHE HAIEXKHOCTH, B TOM YHUCIIE YBEIMYUBAIOLIUICS
pOCT u3HOCa 000PYAOBAHMUS;

NPOM30ILIEANINEe W3MEHEHUS YCIOBUH pabOThl SJIEKTPOIHEPreTHYECKOTO
PBIHKA;

HEOOXOMMOCTD TMOBBIIICHUSI TpeOOBaHUI HEProdhHEKTUBHOCTH, IHEPTO-
cOepekeHrs U 6€30MacCHOCTH, B TOM YHUCIIE IKOJIOTUYECKOM.

Taxkum oOpazoM, mepen OpraHM3aIMsSIMH BBICIIETO OOpa30BaHUS, PEATH3YIO-
IIUX TIPOrpaMMBbl M0 TEXHUYECKUM HaIpaBJICHUSIM, CTOUT 3ajaya 00eCreYuTh OKOH-
YaTeJbHBIN MIEPEXO0]] OT «YCBOCHMS 3HAHUI» K aKTUBHBIM JIEMCTBUSIM. VIMEHHO Takou
MTOJX0JT CMOYKET OOECIIeUNTh CHCIUATUCTOB I «HTEIIeKTyaIbHOM 3JIEKTPOIHED-
retuku». M 31ech OTHUM W3 OCHOBHBIX MOMEHTOB BBICTYIIAET MOTHUB K OBJIAJICHUIO
TBOPYECKOM KOMIIETEHTHOCTBIO, KOTOpas Ipu3BaHa (OPMHUPOBATh JIMYHOCTH T'OTO-
BYIO M CIIOCOOHYIO OBIIQJIETh TEXHOJOTHEH «VHTEIEKTyaIbHOM 3JIEKTPOIHEPreTH-

KHN».

Kak HU3BCCTHO, ITOAJIMHHBIM HO6YI[I/IT€J'ICM ,Z[CI>'ICTBI/I$I YCJIOBCKA BBICTYIIACT MO-
THUBALlKA, KOTOpasd B JaHHOM KOHKPCTHOM ClIydac, UMECT ABa COCTABJIAIOIIHX 3JIC-

MCHTA.

1. MoTuBanusi K OBJIaJEHUIO TBOPUYECKOM KOMIETEHTHOCThIO. OHA BO3HUKAET

TaM, TJI€ €CTh COCAMHEHHE 3aIPOCOB JOTUKHU pa3BUTUs «HTEIEKTyaIbHOM
AIIEKTPOIHEPTETUKN», U TOTOBHOCTh CYOBEKTa UX PEAIU30BBIBATH, T.€. JIIO-
003HaTENBbHOCTh, UHTEPEC K OBJIAJICHUIO HOBBIMH CHOCOOAMH AESATEIBHO-
CTH, CTPEMJICHUHU TIIy0’ke MO3HATh BHOBb HAOJIOJa€MOE WJIM aHAJIU3UpYye-
MO€, a TaK)K€ B IIOCTAaHOBKE BOIIPOCOB. IIoHATHEM «MOTHBALMA K OBJIAJIE-
HUIO TBOPUYECKON KOMIIETEHTHOCTHIO» 0003HaYaeTcs Mpolece, B pe3yibTaTe
KOTOPOTO JESTEeNIbHOCTh JUIsl CTyJIEHTa MPUOOPETaeT JIUYHOCTHBIM CMBICT,
CO31a€T YCTOMUYMBOCTh MHTEPECA K HEM M IIPEBpAIlaeT BHEIIHE 3aJaHHBIC
LIEJIM BO BHYTPEHHHE NMOTPEOHOCTH YETIOBEKa.

MortuBanus oTpaxaer NOTPEOHOCTh JIMYHOCTU B PA3BUTUU U NPOJYKTHB-
HOI peanu3aluu CBOEH TBOPUYECKOW KOMIETEHTHOCTH B obnactu «WHren-
JIEKTyaJIbHOU AJIEKTPOIHEPTETUKN». E€ OCHOBOI BBICTYNAIOT BHICOKUE TMPHU-
TA3aHUS CIEHUAIACTA HA CAMOPEATN3ALMIO ISl CO3/1aHUSI MTHHOBAITMOHHOTO
TEXHOJIOTUYECKOro 0a3uca 3JEKTPOIHEPreTUKU, KOTOpasi MPUHUMAETCS UM
KAaK TJIABHBIA NPUOPUTET. 3aJCHCTBOBAHUE TBOPUYECKOM KOMIIETEHTHOCTH
oOecrieynBaeT HaWIydllee yIOBJIETBOPEHHE MOTPEOHOCTH B camopeanu3a-
UM, CTPEeMJICHHE 00y4aeMOTr0 BHIIIOJHUTH JEJI0 Ha BHICOKOM YpOBHE Kaue-
CTBa BE3/IE, I'/I€ UMEETC BO3MOKHOCTD ITPOSIBUTH CBOE JIMYHOE MACTEPCTBO.
TBopYeCKkHe CIIOCOOHOCTH MPEACTABISIIOT COOOM CIIJIJaB MHOTHX KadecTB.
MHorue yuéHble CBA3BIBAIOT CIIOCOOHOCTH ¢ OCOOEHHOCTSIMU MbILIUIeHUS. B
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YaCTHOCTH, W3BECTHBIN aMepUKaHCKUM yu€Hblil ['mndopa, 3aHuMaBmuiics
npo0JieMaMy 4YEJIOBEYECKOI0 MHTEJUIEKTa YCTAHOBUJI, YTO TBOPYECKUM
JUYHOCTAM CBOMCTBEHHO, TaK HAa3bIBAEMOE, IUBEPICHTHOE MBILUICHUE.
JIrogu, oOnafaroIMe TAKUM TUIIOM MBILUICHHUS, TIPU PELIEHUN KaKO-Inbo
npo0JieMbl HE KOHLEHTPUPYIOT BCE CBOM YCWINS Ha HAXOXJICHUE €JIUH-
CTBEHHO NPaBUJIBHOIO PEIICHUs, a HAUMHAIOT UCKATh KaK MOXHO OOJIbLIE
BapuaHTOB. Takue J0AM CKJIOHHBI OOpa30BbIBaTh HOBBIE KOMOWHAIUM U3
AJIIEMEHTOB, KOTOPbIE OOJBLIIMHCTBO JIFOJAEH 3HAIOT U UCIOJIB3YIOT TOJBKO
onpenenEHHBIM 00pa3oM, WK (OPMHUPOBATH CBSI3M MEXKIY ABYMS dJIEMCH-
TaMU, HE UMEIOIIUMU Ha MEPBBI B3I HUYETO OOIIETO.

[TpoGiemMa MOTHBAIIMH K OBJIAICHUIO TBOPUYECKON KOMIETEHTHOCThIO s «IH-
TEJUIEKTYaJIbHOU 3JIEKTPOIHEPTETUKNY» BO3HUKAECT B CBSA3U C TEM, YTO MEXAHU3MBI
CaMOPETYJISLNY, CAMOYIIPABIICHUsI YKE CYLIECTBYIOT, HO Pa3BUTUE TBOPUYECKOU KOM-
IIETEHTHOCTH, €€ HAIIPABJICHHOCTH €Ille He 3aBeplieHo. Kak mokassiBaeT psl coBpe-
MEHHBIX HCCIIEOBAHUM, Pa3BUTHE CO3HAHUS MOJIOAEKHU 3aBUCUT OT TPEX OCHOBHBIX
(bakTOpOoB:

1. OT BHENIHMX COLMAIBHBIX YCIOBUH;

2. OT ME€XaHM3Ma MepeAayd COLMAIbHOIO OIbITa — CHUCTEMBblI OOpa30BaHMUI,

BOCIHIUTAHUS, COACPKAHUSA U HAMPABICHHOCTH I'OCYIAPCTBEHHON MOJIOAEK-
HOU NOJINTUKHU,

OT TOT0, KAKOE OTPAXKEHUE JTAHHBIN COIMAIIBHBIN ONBIT HAMAET B COZHAHUU
B BHJIE MHTEPECOB, LICHHOCTEM, POJIEBBIX YCTAHOBOK, COIMAIBHBIX CTEPEO-
THTIOB U JIp.

Uto kacaeTcs BHEIIHUX COIUANIbHBIX YCIOBUM, TO, M0 MHEHUIO YUEHBIX, MO-
CTPOCHHUE MHTEIJIEKTYabHOU CETH JOJKHO CTaTh CTPATETHYECKUM KYPCOM Pa3BUTHUS
pacrpeeauTeILHOTO JIEKTPOCETEBOT0 KOMIUIEKCA, MOPa3yMEBAIOIIUM YEThIPE OC-
HOBHBIX CErMEHTa COBEPIICHCTBOBaHUS [2]:

CHJIOBOTO OOOpY/IOBaHUS U TEXHOJOTMH Mepefadyd U pacupeiesieHus dJeK-
TPOIHEPTUH;

TEXHOJIOTUYECKOTO YIPABIICHUS;

CIEHHAIN3UPOBAHHBIX KOMMYHHUKAIIMOHHBIX U MH()OPMAITMOHHBIX
YCTPOWCTB;

aBTOMATHU3MPOBAHHBIX CUCTEM y4eTa U YIPaBIEHUS 3JIEKTPONIOTPEOICHUEM.

Heo0xoauMo Tak e OTMETHTb, YTO peau3aIiisi MOTHBOB K OBJIAJICHUIO TBOP-
YECKOW KOMITETEHTHOCTBIO OOYCIIOBJICHA HE TOJIbKO MEXaHW3MOM Tepeaadd COIH-
QJIBHOTO OITBITA, HO ¥ TE€M, HACKOJHKO TBOPYECKHE IIEHHOCTH BOCIIPUHUMAIOTCS €IIE
W TIeIaroroM Kak JKM3HEHHO BakHbIe. [Ipu 3TOM 3ajada memarora COCTOMT B CIIEIY-
romem [3]:

CO37aTh YCIIOBUS, NMPU KOTOPBIX KaXKABIH CTYJACHT CTPEMHUTHLCS IMPOSBUTH
TBOPYECKHE BO3MOXXKHOCTH, TUIOAOTBOPHO OPraHW30BaTh TBOPYECKYIO JICs-
TEJIBLHOCTh, OTCTOATh CBOW TO3HWIIMHU, HAJIATUTH JTOOpOKEIaTeIbHbIE OTHO-
IICHUS B KOJUICKTUBE;

co37aTh YCJIOBHS, HEOOXOIUMbIE CTYJIEHTY HJIsi TOTO, YTOOBI OH COCTOSJICS
Kak TipodeccroHan, B KOTOPOM 3aWHTEPECOBAHBI OyMyIIHe paboTOaTENH.
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C mo3uuuii CUCTEMHOTO MOJX0J1a, MPEAIOoJaraeTcs IMOJIYYeHHBIA Pe3ysbTar
OLIEHUBATh MO YPOBHIO C(POPMUPOBAHHOCTH ICUXOJOTHYECKONW CUCTEMBI JEATEIbHO-
CTH 00y4aroIllerocs, a Takke M0 YPOBHIO pa3BUTHUs OOLIETO, TEXHUYECKOTO HMHTEJ-
JeKTa (pa3IMIHBIX HHTEIUICKTYAIbHBIX, B TOM YHCIIE TBOPYECKUX CIIOcOOHOCTEH) [4].

[TorpebHOCTH, TpaHCPOPMUPOBAHHBIE B MOTHUBBI, CIIOCOOCTBYIOT (POpMHUPOBa-
HUIO Pa3jIUYHBIX YPOBHEH MOTHBALMU K OBJAJCHHUIO TBOPYECKONW KOMIIETEHTHOCTBIO
st « THTEIIeKTyalIbHOM AJIEKTPOIHEPTETUKN . BBITO BBIIETIEHO YETHIPE YPOBHS:

1. Huskuii ypoB€Hb MOTUBALIMH K OBJIAJICHUIO TBOPUYECKON KOMIIETEHTHOCTBIO

sl «HTeIJIeKTyalbHOW 3JIEKTPO3HEPIETUKI» CBSI3aH C TEM, YTO MOTPEO-
HOCTb B Pa3BUTUU TBOPYECKOW KOMIIETEHTHOCTH MOOYXJAE€TCSI BHEIIHUM
COLIMAJIBHBIM W Y3KOJIMYHOCTHBIM MOTHBOM (JIOJKHOCTHBIE 00SI3aHHOCTH,
ciry>keOHasi Kapbepa U T.10.).

2. Cpeanuii ypoBeHb MOTHBALMU JOCTHTAeTCsl TOTNa, KOrAa MOTPEeOHOCTH
JUYHOCTH HAaXOIUT ceOs B TUCLUIUIMHAX U MOAYJSIX y4yeOHOro IjaHa, Ko-
TOpBIE SBISAIOTCA HEOOXOAUMBIMU AJisi «VIHTEIUIEKTyalnbHON 3JIEKTPOIHEP-
reTuk». MoXXHO cKa3aTh, YTO Takas «IpeIMeTHas MOTPeOHOCTh» CTaHET
BHYTPEHHUM MOTHMBOM K OBJIQJICHUIO TBOPYECKONM KOMIIETEHTHOCTBIO IS
«MHTEINEKTyaIbHON 3JIEKTPOIHEPTETUKIY.

3. YpOBeHb BBIIIECPEAHETO CBSI3aH C TEM, YTO MOTPEOHOCTh JIMYHOCTU HAXO-
IUT ce0sl Kak B JUCHUIUIMHAX U MOAYJSIX y4eOHOro IUIaHa, Tak U B padboTe
ctyneHyeckoro HayyHoro oomecrBa (CHO). Takoe coderanue Takxke Mo-
JKET CTaTb BHYTPEHHUM MOTHBOM.

4. BpICOKMI YpOBEHb MOTHBALMU OTPAXKAET MOTPEOHOCTh JIMYHOCTU B pa3BU-
TAH U MIPOAYKTUBHOW PEATN3aLMHU CBOEW TBOPUYECKONW KOMIIETEHTHOCTH IS
«HTENNEKTYaIbHON DJIEKTPOIHEPrETUKN». E€ OCHOBOU BBICTYIIAE€T BBICO-
KO€ MPUTA3aHUE CIEHHAINCTA HA CaMOpEaIn3aliio, KOTopasi IPUHUMAETCS
KaK IJIaBHBIA IpuopuTeT. Ha 1aHHOM ypOBHE 3aMETHYIO pOJIb UIPAET MO-
TUBALMS JOCTHKEHUH. OHA XapaKTepHU3yeTcs CTPEMIIEHUEM JIMYHOCTH BbI-
IIOJIHUTH 3a/1aHUE HA BBICOKOM YPOBHE Ka4yeCTBa.

OnucaHHble ypOBHH MOTHBALMHU K OBJIAJCHUIO TBOPYECKON KOMIIETEHTHOCTBIO
s «HTEeIUIeKTyalIbHOM DJIEKTPOIHEPIETUKW» ITOKA3BIBAIOT HAIIPABJICHUE IIpoliecca
¢dbopmupoBanus MOTUBOB. OJIHAKO OCTHKEHUE BBICOKMX YPOBHEH HE 00s3aTelbHO
MpeoiaraeT npoxoxaeHue Bcex Oosiee Hu3kux [5]. [Ipu onpenenéHHo opranusa-
MU y4eOHOU AESATETLHOCTU OOJBIIMHCTBO OOYYAOIIMXCS MOXET C CaMoro Hauasa
paboTaTh Ha yYpOBHE BBIIIECPETHETO W BBICOKWN, HE MPOXOJs YPOBHEW HU3KUN U
cpennuii. Ho ecnu y oOyuaronierocs ciioXujiach HU3Kasi MOTHBALMs, TO 3ajaya Impe-
Mo/1aBaTesst - OOHAPYKUTh €€ U HATH CIIOCOOBI KOPPEKIIUH.
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METO10JIOTrusi ®OPMHUPOBAHUS 1 ONEHKA KOMIIETEHIIUI
B IOAI'OTOBKE UH)KXEHEPOB B OBJIACTU SMART SYSTEMS

A.M. Kaprun
ToMCKHI NOJMTEXHUYECKAN YHUBEPCUTET
HNHK, OTCII, rpynna 1BM71

TpeOoBaHusl K PpPa3BUTHUIO HMHTETPUPOBAHHOM HWHTEIIEKTYaJbHOM 0O0Opa3oBa-
TEJIbHOM CPEAbl, OCHOBAHbI B JOCTATOYHOM CTEIICHU HA PA3BUTHUU «Y MHBIX TE€XHOJIO-
TUi», a UMEHHO UHTEHCUBHOCTHU UX MPOHUKHOBEHUS B MOBCETHEBHYIO JKU3Hb.

Ha ceronnsimiauii 1eHb B COBPEMEHHOM 00pa30BaHUU OCYIIECTBISIETCS Tepe-
XOJl OT KJIACCUUECKOTo 00Y4YeHUsI K « YMHOMY» 3JIEKTpOHHOMY oOydenuto. [loHsTue
Smart (YmHoro) odpasoBanus — 1moja co0oit moapaszyMeBaeT 00JIbIIOH 00beM 00pa3o-
BaTeNbHBIX UCTOYHUKOB, MAaKCUMAJIBHOE PA3HOOOpa3ne MyJIbTUMEANNHBIX 00pa3oBa-
TEJBHBIX MPOrPaMM, KOTOPbIE MPUCTIOCOOICHBI TIOJT YPOBEHb M TOTPEOHOCTH CIyIIa-
tens [1].

JIyist ycrenmHoro pa3BUTHsl «YMHOTO 00pa3oBaHUs», BIUSHUE TOJBKO YEJIOBE-
YECKOro KamuTajla HelnocTtaroyHo. HeoOxoauMo M3MEHUTh camy 00pa3oBaTe/IbHYIO
cpeny, He MPOCTO YBEIUYUTh OOBEMBI MOCTyHarolel oOpa3oBarelibHON MH(pOpMa-
1IUM, & U3MEHUTH COJIEP>KaHHE CaMOU CHCTEMBbI 0Opa3oBaHusl. E€ MeTolbl, HHCTPY-
MEHTBI U Cpejlla JOJIKHBI U3MEHUThCA KaueCTBEHHO, MEpeXoj] K YMHOMY 00pa3oBa-
HHUIO HE0OXx0auM!

Konnenmus Smart-oOpa3oBanuss — THOKOCTb, MpeAIoiaramIias Haaludue
OOJIBITIOTO KOJIMYECTBA 00pa30BaTEIbHBIX HCTOYHUKOB, MAaKCUMAJIBHOE pazHooOpasue
MYJIBTUMEINA, CIIOCOOHOCTh OBICTPO M MPOCTO HACTPAWBAETCS TOJ[ YPOBEHb W TIO-
TpebHOCTH 00ydaemMoro.

[lepeHoc maHHOU KOHIEMIIMM Ha OOpa3oBaHWE HAXOJUTCS B HAYAJIBHOW CTa-
JIUU, TEPMHUHBI 1 OCHOBHBIE TIOHATHSI TPOXOIAT mporecc GopmupoBanusi. CKOPOCThH
BO3HUKHOBEHHUS HOBBIX TEXHOJIOTHI B MOCIEIHEE NECATUIICTUE 3HAUMTEIBHO BBIPOC-
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Ja, KKl TOJ] MPOU3BOAUTENM IMPEAJaraloT HOBbIE yCTpOWCTBa i mpodeccuo-
HAJILHOU JICATEIBHOCTH U KOMMYHHKarmi [1].

HoBbie untemnexkryanbabie SMART-TexHONMOruu TpeOyrOT U3MEHEHHUS ILIaT-
(dbopM, KUCIIONIB3YyEMBIX /IS TIEpelayn 3HaHUW U MUPOKOTO ucrnosib3oBanuss SMART-
YCTPOUCTB. DNEKTPOHHOE 00pa30oBaHUE TOJKHO CTAaTh OJJHOM M3 caMbIX OBICTPO pas-
BUBAIOIINXCS OTPACIIEH KaK ¢ TOYKH 3PEHHUSI COACPIKAHUS, TaK U C TOUYKH 3PEHHUS TEX-
HOJIOTHH ¥ MeToa0B 00yuenus [1].

CKOpOCTh pa3BUTHS 3HAHWUW U TEXHOJIOTHH JIOJKHA pacCMaTpUBAThCS KaK KpU-
TE€pUI KayecTBa CUCTEMbI O0Opa30BaHUS.

CoBpeMeHHOe 001ecTBO 21-ro Beka HaXOAUTCS Ha 3Tare U3MEHEHHS TEXHOJIO-
rHYecKoi mapagurmbl. MIHpOpMaIMOHHbIE TEXHOJIOTUH, KOTOPBIE OMPEICNIUIN CYIII-
HOCTh XXI BEKOB, YCTYNAIOT JOPOTY «YMHBIM TEXHOJIOTMSAM», OTKPBIBAIOIINM HO-
BbIIl CrI0CO0 pa3BUTHS - YMHAas SKOHOMHUKA, Y MHOE 00pa3oBaHue, Y MHOE O0IIECTBO.
N3menenue cpenbl oOydeHHs: Mepexod K OecnpOBOAHONW CETH, PacHpOCTPAHEHHE
YMHBIX TEPMUHAJIOB, pa3BUTHE MHTEIIEKTyaIbHBIX YCTPOMCTB.

PazButne Smart - oO6pazoBaHus - 3T0 HOBOE KaueCTBO OOIIECTBA, B KOTOPOM
COBOKYITHOCTh MCIIOJIb30BAHUS ITOATOTOBICHHBIMU JIFOJBMH TEXHUYECKUX CPEJICTB,
CEpBUCOB U MIHTEpHETa NPUBOAUT K KAUYECTBEHHBIM U3MEHEHUSM BO B3aUMOJICHCTBUN
CyOBEKTOB, MO3BOJISIFOIIMM I0JIy4aTh HOBBIE 3(P(EKTHI - COLMAIBHBIE, IKOHOMUYE-
CKHE U WHbIE PeuMyIliecTBa JuIsl Jtydinei xu3Hu. Cpena Smart-oO0ydeHus - 3T0 KOH-
Beprenius UKT u undpactpykrypsl MHTepHETa (CAUSHUE OHIAMHOBOIO pacrpese-
JICHHS MIPOTPAMMHOT0 00eCIieYeHUs U KOHTeHTa B (hopMe MysbTuMeana) [2].

KittoueBble aclieKTbl COBPEMEHHOTO Y MHOTO O0YYEHUS:

® UCIIOJIb30BAaHNUE HHTEPAKTUBHBIX YCTPOUCTB;

® OTKPBITHIE U IOCTYIIHbIE 00pa30BaTENIbHbIE PECYPCHI;

® CHCTEMBI YIIPABIICHUS.

VYiydiieHue CymecTBYIOIEH CUCTEMbl 00pa30BaHUsl COTVIACHO HOBBIM TpeOo-
BaHUSIM Y MHOM PKOHOMUKH U YMHOTrO OOIlleCTBa - TJIaBHAS MPUYMUHA JJI1 YMECTHO-
cTH BBeAeHUsT SMmart-ooyuenus (ymMmHoro o0y4enus). OCHOBHAs CYIIHOCTh KOTOPOTO,
3aKII0YaeTcsl B (POPMUPOBAHUU MH(POPMALMU U TEXHOJIOTMYECKON KOMIETEHTHOCTH
II€IaroroB 3JIEKTPOHHOW OKPYXKAIOIIEH CPEIbI.

B cBs3u ¢ BBelieHHEM «YMHBIX 00pa30BaTENbHBIX MMPOEKTOBY HAIIEJIEHHBIX Ha
peanuzanuu o6basienHoro FOHECKO Benymero mpuniumna dopmupoBanus 21-ro
Beka "oOpazoBanue /it Bcex" u "oOpazoBaHME yepe3 BCIO KHU3HB" - OylIeT CO3/1aHO
"Life Long Learning (LLL)".

YMHOe 00ydeHHEe MO3BOJIUT yBEJIMYUBATh JIOCTYITHOCTh OOpa30BaHUsl y4yWTe-
nei "Bceraa, Be3ie M B K000 BpeMs'', JacT IIaHC HE3aBUCHMO pa3BHUBATh TPACKTO-
pui0 MPOPECCHOHATBHOIO POCTa, OyIeT BBIPAaBHUBATH OOpPa30BATEIbHBIA YPOBEHD
yUHUTENIed TOPOoJa U CEIbCKUX IIKOJ, OTKPOET MyTh K MEXIYHAPOJAHOMY 00pa3oBa-
TEJILHOMY MPOCTPAHCTBY.

B cBere BBIIEYNIOMSHYTOrO, B YaCTHOCTH, MEpe]l MPErnoJaBaTeiasiMd CTOUT
BOIIPOC TOT0, KaK 00y4aTh COBPEMEHHOTO YYE€HHKA B cpelie YMHOro 0Opa3oBaHMS.
OHO JTOJKHO OBITh JIETKO YIPaBJsieMbIM, YTOOBI 00ECIEYUTh OPraHU30BAHHOCTH 00-
pa3oBaHUsA U THOKOCTH 0O0Opa30BATENILHOTO TMpollecca, U ObITh OOBEIUHEHHBIM C
BHEIIHUMU HCTOYHUKAMHU [2].
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MeTtonomnorust popMupoBaHUS U OIEHKH KOMIIETEHIINN B TIOJITOTOBKE WHIKEH €-
poB. [lonaraem, 4To HEOOXOUMO J1aTh ONpEIETICHUE OLIEHKE KoMneTeHui (puc.1).

OneHka KOMIETEHIIMU — HA0Op MHCTPYMEHTOB M METOJUK, TO3BOJISIIOIIUX Ha
OCHOBE aHaJii3a Pe3yJIbTaTOB OLIEHOYHBIX MEPOINPUSATUN, pa3pabaThiBaTh U COBEP-
IIEHCTBOBATh METOJbI OOYUYEHUSI U PA3BUTHUSI NIEPCOHAJIA C YUETOM MHAMBHUAYaTbHBIX
pPEe3yJIbTATOB OLIEHOYHBIX MEPONPUATUM I JOJDKHOCTH MHYKEHEpa- TECTHI, KEHCHI,
OIIPOCHI, AHKETUPOBAHUE, LICHTPHI OLEHKU, MOJCIMPOBAHUE YCIOBUM U MPOLIECCOB
paboThI, K3aMEH, poJIeBasi UTPa, ayJIUT, TAWHBIN MOKYIATelh, CAMOOIIEHKA, PEHTHH-
rn) [3].

;i Y70 Takoe KoMneTeHUNA?

HENOBEK [EACTBUSA PE3YNLTAT

Motusaums

3HaHuA Mo
H n v

BoinonHenune
pab6otbl

Lt a
>

KOMMNETEHL WA
HaBop KaYECTs (3HAHMIA, HABBIKOB, MOTMBOB, YCTAHOBOK),
CNOCOBCTRYILIMX YCMIBLIHOMY PELUEHUIO ONPeAENeHHLIX 3aaaY,
OMUCaHHbLIX B TEPMUHaX NoBeneHnA
Puc.1. Onpenenenue oreHKH KoMieTeHu [3].

Mopnenb KOMIETEHIUN — 3TO Ha0Op TpeOOBaHUM, MPEABIBISIEMBIX K COTPY/I-
HUKY Ha OTPeJIeJICHHOM TOJDKHOCTH C YYETOM CTpaTeruiecKux enen ooydenus. Mnu
- COBOKYITHOCTh 3HAHWM, HABBIKOB, JICIOBBIX W JUYHOCTHBIX KaueCTB, MTO3BOJISIONIAS
OynymeMy WHKEHEpY YCIICITHO ACHCTBOBATh MPHY peaTu3alliy MOCTABICHHBIX 3a71a4.
WNneanpHbA ipouiie — WACATbHAS CTENICHb BBIPAKECHHOCTH TEX WJIM WHBIX KOMIIE-
TeHIUH. JINYHOCTHBIE OMPOCHUKH - COCTOSIT M3 CIIMCKAa BOTPOCOB WM CYXKICHUH.
brnaromapst Tomy, 94TO B OMPOCHUKE MOYKHO CHPOCHUTH MPO YTO YTrOAHO, CYIIECTBYET
MHOTO pa3HBIX THIIOB OINPOCHUKOB pPa3HOTO TMpeaHa3HadeHus. K JTUIHOCTHBIM
onpocHukam otHocsatca: Hogan, MMPI u 16-PF, nuarnoctuka temmepameHnTta 1o
Crpensy, AizeHky, PycanoBy u mpocTbie ONpOCHUKH, cocTosimue u3 10-20 Bompo-
coB. Kak mpaBmjio JTUYHOCTHBIE ONMPOCHUKU TUATHOCTUPYIOT OCOOEHHOCTH XapaKTe-
pa, TeMIlepaMeHTa, MEXJIMYHOCTHBIX OTHOIICHWH, MOTUBAIIMOHHYIO U AMOIIMOHAIb-
Hyto cepy. TecTsl cmocoOHOCTEl- OaTapen BOMPOCOB, HANPABICHHBIX Ha JUATHO-
CTUPOBAHHE YPOBHS OOIIMX WM CHEIUAIU3UPOBAHHBIX CIHOCOOHOCTEW OyIyIero
WHXXEHEpa: WHTEJUIeKTa, KPEAaTUBHOCTH, BepOabHBIC CIIOCOOHOCTH, a0CTPAKTHOE
MbInieHue [4].
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BJIUAHUE TPEHUHI'OB HA KAYECTBO OBPA3OBATEJIBHOI'O
INTPOIECCA CTYJAEHTOB

A.B. Koxuna', B.C. CTapHmHOB2
ToMCKHI NOJIUTEXHUYECKUN yHI/IBepCI/ITeTl’
UK, CYM, rpymma 8/161
UCT, rpynma SUM71?

2

Crathsi MOCBSILIEHA UCCIEIOBAHUIO BIUSHUSI TPEHUHIOB B KOHTEKCTE Hedop-
MaJIbHOT0 00pa30BaHusl Ha mpoliecc (GOpMaITU30BaHHOTO CTAaHAAPTHOTO 0Opa30BaHUS
CTYJICHTOB U BBISIBJICHUIO 3HAYMMOCTH BHEAPEHUS HOBBIX CIIOCOO0OB moaauu UHGOp-
Manuu. B pesynbrare ucciaeaoBaHUs YCTaHOBJICHO, YTO BHEJIPEHUE TPEHEPCKUX Me-
TOJUK U TEXHOJOTHN OJIarOTBOPHO BIIMAIOT HA aJanTalldi0 CTYJEHTOB K MOJydaeMoi
npodeccuoHaIbHOW MHGOPMAIlUU, HA YCBAaMBaHUE TEOPUU U CIIOCOOHOCTH TpUME-
HATb NOJIyYEHHBIE 3HAHUS HA TPAKTHKE.

AKTyaJIbHOCTh JAaHHOTO HCCJIEAOBAHUS COCTOUT B TOM, YTO OHO MOKET CIIO-
coOCTBOBATh YIYUIICHHIO 00pa3oBaTeIbHOIO mpolecca, 4to mo3poiaut HU TITY
BBITH HAa KQYECTBEHHO HOBBIM YPOBEHb Pa3BUTHUSA M COOTBETCTBOBAThH MPU3HAHHBIM
MHUPOBBIM COOOIIIECTBOM CTaHJapTaM KadecTBa B 00J1acTH 0Opa30BaHuUs.

ToranbHas mepecTpoiika CUCTEMbI 00pa30BaHuUs B XOJ€ MPOBOJMMON B HACTO-
Aiee BpeMsi 00pa3oBatebHON pedopMbl MOapa3yMeBAET MEPEX0]l K HOBBIM METOIH-
KaMm 00pa3oBaTeIBLHOTO MpoIlecca CTYICHTOB, HAIICJICHHBIX HA Pa3BUTHE TBOPUYECKOM
AKTUBHOCTU JIMYHOCTH, MOBBIIICHUIO KAa4eCTBAa 3HAHWN, a TAKXKE OMUPAIOIIUXCS Ha
JOCTYIMHOCTh TpesiaraeMoi nHpopMaluu 1Jisg CTYJeHTOB. B cBsizu ¢ »TuM oOpazo-
BaTEJILHBIM MPOIIECC CTYJAEHTOB HYXK/IA€TCSl B HOBOM CHCTEME MOJIX0/J10B, 00pa3oBa-
TEJIbHBIX TEXHOJIOTUM, BIUSIONIMX HA MPO(PECCHOHATBLHYIO TOATOTOBKY COBPEMEHHO-
ro CHelHaIuCTa, CIIOCOOHOTO CaMOCTOSITEILHO pellaTh KaKk HayYHO-TEXHUYECKHE U
WHXEHEPHO-KOHCTPYKTOPCKHE 3a/layd, TaK M 3aJlayd, CBsI3aHHbIE C d(PPEKTUBHBIM
pacnpeneneHueM CBOETO BPEMEHH, OpraHu3aIiiell CBOero y4eOHoro mpoiecca Hero-
CPEIICTBEHHO, a TaK e CIIOCOOHOTO pellaTh 3aJa4yd HE TOJBKO JIOTHYECKUM METO-
JIOM, HO M 3BPUCTUYECKHUM. B CIIOKMBIIEHCS CUTyallud OJHOW M3 OCHOBHBIX 3a/ad,
HaIpaBJICHHBIX HAa TOBBIMICHUE KayecTBa 00pa30BaTEIBLHOTO MpoIlecca, SBISCTCA
MOJATOTOBKA KOMITIETEHTHOTO, THOKOTO CTYACHTA, CIIOCOOHOTO K MPOJYKTUBHOM TMPO-
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(beccuoHanbHON AESATENbHOCTH, K OBICTPOM aJanTaluy B HECTAHJAPTHBIX YCIOBUSX,
BJIQ/ICIOIIETO TEXHOJIOTUSMU JIMYHOCTHOTO PAa3BUTHS, CIIOCOOHOTO KCIOIb30BaAThH MO-
Jy4EHHBIE 3HAHUS MPU PEIICHUU CIOXKHBIX 3anad. Ha mpakTuke najeko He Bcernaa
CHEIUAIUCTBI C BHICHIMM 00pa30BaHUEM CIOCOOHBI pealn30BaTh MOJAOOHBIC 3a7a4H,
T.K. TPJAUIIMOHHAS TOJIrOTOBKA CIEIMAIIMCTOB, OPUEHTUPOBaHHAs HA (HOPMHUPOBAHUE
3HaHUW, YMEHUH ¥ HaBBIKOB B MIPEAMETHOM 00JiacTh, BCE OOJIbIIe OTCTAET OT COBpE-
MEHHBIX TpeOoBaHuN. OCHOBON 00pa30BaHMs CErOJIHA JIOKHBI CTaThb HE CTOJIBKO
yueOHbIe JUCIMILTUHBI, CKOJIBKO CIIOCOOBI MBILIUICHUS U ACITEIHHOCTH.

B cBs3M ¢ mepedyrciIeHHbIMU HESIMHU M 3aJja4aMy BCE Yallle BCTAeT BOIPOC O
BBEJICHHH B 00pa30BaTEIbHBI MPOLECC CTYAEHTOB METOAOB M TEXHOJIOIMIl Hedop-
MaJbHOTO 00pa30BaHUs, KaK JOMOIHUTEIBHOI0. AKTyaJIbHOCTh JAHHOTO MCCIEN0Ba-
HUSL COCTOUT B TOM, YTO OHO MOKET CIIOCOOCTBOBATH YIYUIICHHIO CaMOro o0pas3oBa-
TEJILHOTO MpoLecca.

CoBpeMeHHbIE TeHJIEHIIUU B HEPOPMaJILHOM 00pa30BaHUU COCTOAT B TOM, UTO
Mexay HedopMmanbHBIM 00pa3oBaHHEeM U (HOPMATM3OBAHHBIM CTAaHJIAPTHBIM yCTa-
HABJIMBAIOTCS OTHOILLEHUS B3auMojaonongHeHus. HedhopmansHoe oOpazoBaHue cTaHo-
BUTCS TUIATQPOPMOM JUIsl HOBBIX (pOPMATOB OOyUYEHHUS, JIsi BHIPAOOTKM HOBBIX CTaH-
JapTOB, TEXHOJOTUH W METONOB. B memarornyeckoil NmpakTHUKE CYIIECTBYET MHOTO
MIPUMEPOB BOBJICUEHUS MOJPACTAIONIETO MOKOJICHUS B Pa3IMUHbIE BUIbI HEPOpPMaIb-
HOro 00pa30BaHUs: y4yacTHE B CJIE€Tax, NMEAArornyecKuxX M CTYACHUECKHX OTpsiax,
JIETHUX JIarepsix JA0OpOBOJIBYECKOTO TPY[A, SIKOJIOTHYECKOMY OJIarOyCTpPOUCTBY, IO-
HCKOBOU JI€SITETBHOCTH.

YcnentHoe B3anMo0N0JHEHUE (POPMaIbHOrO U HepopManbHOro 00pa3oBaHUs
CTYJICHTOB B KOHEUHOM MTOT€ MOKET IMMPUBECTU K JTOCTHKEHUIO TOCTABICHHBIX LEIEH
10 HECKOJIbKMM HaIlpaBJeHUsIM U OyJIeT CIOCOOCTBOBATD:

e (HOpMUPOBAHUIO U YTBEPKIAEHUIO MO3UTUBHOW, AKTUBHOM JIMYHOCTH CTY-

JICHTA;
e OBICTPOIl aanTanuu K J0ObIM TPeOOBAHUSAM U YCIOBUSIM pabOTHI;
® YBEIIMYECHUIO 3HAYMMOCTH oOpa3oBaHus, MTOBBILIIEHUE oOmen

1 Ipo(heCCHOHATEHON KOMIIETEHTHOCTH CTY/ICHTOB;

¢ VYBEIMYCHHUIO W BOCTPEOOBAHHOCTH HOBBIX 3HAaHWUN M yMeHUH, GopMupoBa-
HUIO YCTOMYMBOW MOTHBAILIMU K O0OYUYEHUIO B TEUCHHUH BCEH JKU3HU;

® peanu3aluu CHOCOOHOCTH CTYACHTOB K CTPATETUYECKOMY IJIAHWPOBAHUIO;

® JaNbHEHIIEMY PACIIUPEHUIO BO3MOKHOCTEH MO HAXOXKICHUIO TBOPUYECKUX
MyTEeH perieHus TOCTABICHHBIX 3a71aY;

e Haubonee d>(PGHEKTUBHOMY MNPUMEHEHUIO TOJTYUYCHHBIX TEOPETUUYECKUX
Y TIPAKTUYECKUX 3HAHUU NI OCYIIECTBJICHUS OOIIECTBEHHO 3HAYUMBIX BU-
JIOB JIEATEIIbHOCTH YYaCTHUKAMH JETCKUX M MOJIOJCKHBIX OOIECTBEHHBIX
00BbEeTUHEHUH.

K xapakTepucTKaM KOHKPETHO TPEHEPCKOW IEesATEILHOCTH B KOHTEKCTE He-

dhopMaabHOTO 00pPa30BaHUS OTHOCSTCS:

® JIMYHBINA MOAXOJ K KQXKJIOMY CTYJIEHTY, OPUEHTAIUS Ha 3alPOCHI TPYIITIHI;

e 0co00e BHUMaHUE K 00pa30BaTEIbHBIM MOTPEOHOCTSIM CTYIEHTOB;
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® BBICOKUN YPOBEHb MEPCOHAIBHOW aKTUBHOCTU OOYYalOIIMXCS, OTCYTCTBUE
NPUHYIUTEILHOTO XapaKkTepa, OCHOBAHHOCTh HA COOCTBEHHONW MOTHUBAIIUU;

® BHYTPEHHSSI OTBETCTBEHHOCTh OOYYAIONIMXCS 3a Pe3yJibTaT 00pa3oBaTesb-
HOM J1€ATEeIbHOCTH, BBICOKHI JINYHOCTHBINA CMBICII 00YUYEHUS;

® pa3BUTHE KAYECTB JIMYHOCTH, OOCCIICYMBAIONMINX OJArONMPHUSATHBIC MPEIo-
CBUIKM  JJIi  JOCTOMHOM  JKM3HM, a TakKe€  YCIEIIHOTO  y4acTHs
B OOIIICCTBEHHOM, HAYYHOH U TPYJIOBOM JEATECIbHOCTH;

® THOKOCTh B OpraHU3alluy U METO/1aX 00y4YeHHUS;

® OpraHu3alys OTHOLIEHUH MEXIY Y4aCTHUKaMHU 00pa30BaTesIbHOTO MpoIlec-

ca Ha B3aMMHOM YBa)KCHUH, y4aCTHH.

OpHUM W3 IPUMEPOB YCTEITHOTO B3aMMOIOTIOJIHEHUS (popMaIbHOTO U HEOp-
MaJLHOTO 00pa30BaHUs CTY/ICHTOB SIBIIIOTCS TPEHUHT, HANpPaBJIEHHBIC HA KOMAH]IO-
oOpa3zoBaHue. TpeHUHIH MO KOMaHI00OPa30BaHMWIO MOMOTAIOT YIYUIIUTh MPOLECC
B3aMMO/JICUCTBUS MEXKTY YICHAMU KOJUIEKTUBA, TOOUTHCS BHICOKUX PE3YJIbTATOB Jes-
TEJILHOCTH CTYJICHTOB TakK k€ B yueOHOM mporiecce. [IporpaMMbl U ynpakHEHHs pas-
paboTaHbI C LENBI0 CO3JaHMS MO3UTHUBHBIX MEPEMEH COIUATBLHO-TICUXOJIOTHYECKOTO
xapaktepa. B manpheiimem 3To nmomoraet 3pPexkTuBHO paboTaTh B peaibHBIX YCIIO-
BUSIX, CIOCOOCTBYET OOIIEMY OpPTaHU3AIMOHHOMY Pa3BUTHUIO TPYIIIIHI.

TpeHuHr Mo KOMaHJ1I000pa30BaHUI0 OTHOCHUTCSI K CHCTEME aKTHBHOTO O0yue-
HUSI, HAIPABJIECHHOM Ha:

® pa3BUTHE KOMMYHUKATUBHBIX HABBIKOB YUaCTHUKOB;

® YCOBEPIICHCTBOBAHUE CIIOCOOOB OOIIIEHHS B KOMaH/IE;

® OCBOCHHE HaBBIKOB OOPATHOM CBS3U;

® OTTAYMBAHHUE MPOIECCOB MPUHATUSA PELICHUN C YYETOM MHEHHS BCEX 4Jie-

HOB KOMaH/Ibl;

® [IOJy4Y€HHUE yJIOBOJBCTBUS OT COBMECTHBIX BUJIOB JICATECIILHOCTH;

e (opmupoBaHUE CTAaHIAPTOB MO3ZUTUBHOCTH COIUATILHOTO OKPYKEHUSI.

[TpumeHsis TpeHUHTM KOMaHA000pa30BaHus, TPEHEPHI CTABST Mepes co0on oc-
HOBHYIO 3ajla4y: MOKa3aTh MPEUMYIIECTBA KOMAHIHOW paOOThl, MPUBUBATH YMEHUE
TOBEPSITH, (OPMHUPOBATH KOMAHAHBINA AyX. [ pynme cTylAeHTOB MPEACTOUT JajibHEH-
masi CoBMecTHasi paboTa, KOTOpYI OpraHu3oBath Oosee 3PGEeKTUBHO MOMOTYT Tpe-
HUHTH. YTIpaXKHEHHs HAa TPEHUHTaX KOMaHI000pa30BaHus pa3padaThIBAIOT C YYETOM
pELIEHNs CIIEYIOMNX 3a1a4:

® CO3JaHUE MOJIE3HbIX HEHOPMaTbHBIX OTHOIICHUH;

MOBBIIIIEHUE OTbITA KOMaHJHOTO B3aUMOICHCTBUS;

MOHUMAaHUE JIMYHOCTHBIX 0COOEHHOCTEH PYT ApyTa;

YCTAaHOBJICHHUE JIOBEPUTEIIbHBIX OTHOIIICHHUIA;

yMEHHE MPUHUMATh PEIICHHS] C yYeTOM MHEHHUS BCEX WICHOB OJIHOM KO-
MaH/Ibl.

Hampumep, ynpaxHeHue Ha KomaHjooOpazoBanue «Tpomuukay. OcCHOBHas
1[eJIb TPEHUHTA 3aKJI0YaeTCsl B MPOBEJACHUH UCIIBITAHUNA Ha ONpPEAEICHUE CIIOYEH-
HOCTHU U TeprneHus komaHabel. CleHapuil pacCUMTaH Ha MPOSIBIICHHUE KOMaHJIHBIX PO-
neit ydyactHukoB. Beck mponecc 3anumaer 30-40 munyT. KoamdecTBo 4eloBEK B
rpytire Bappupyetcs oT 8 10 30 4esioBeK, B 3aBUCUMOCTH OT COCTaBa IPYIIIIHI.
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B yueOHOU aymutopun HEOOXOAMMO BBUIOKHUTH 3MEHKY M3 CKOTYa U Oymaru
¢dopmara A-4. lllar 3MelKH JOJKEH OBITH TOCTATOYHO OOJIbLIMM. TpeHep MOsICHSIET,
4TO Nepe]l yJyacTHUKaMHU siA0BUTOE 00soTO. Hauamo M KOHel pacroyioKeH B 30HE
3meiiku. IIpeogoneBas 00510TO, HEOOXOAMMO COOJIIO/IATh OIpPENEICHHbBIE MpaBUIIa:
HaXOJUTBHCS B KOHTAKTE CO BCEMM YYaCTHUKAMHU KOMAH/JIbI, Pa3pbIB CBA3KHA O3HAYACT,
YTO HAYMHATh MIPOXOJUTH 0OJIOTO MpUAETcs 3aHOBO. KacaHue 3emiu npupaBHUBAET-
Csl K TOMY, YTO YYaCTHUK Ha4MHAECT TOHYTh. KOMaH/1a MpOXOaUT 3Tal Urpsl CHadasia.
B nrtore tpenep 3amaeT ydyaCTHHKaM BOIIPOCHI, ITOJIY4YaeT HA HUX OTBETHI U AHAJIU3H-
pyer cutyauuro. Jlocturnm i Bel Henu? Yto nomemano? Moskere 1M ropauThCs pe-
3yabTaTamu’? Kakue BbIBOJBI CAENIANN U3 YIPAKHEHUS !

Peanusyemblie B HacTosIIee BpeMs MporpaMMbl HeOpMaIbHOTO 00pa3oBaHus,
C BKJIIOYEHHEM B HETO TPEHEPCTBA KaK 3JIEMEHTA, BCEIEI0 000TalaloT U YIyqIlaioT
KaueCcTBO MOJYy4yaeMoro oopa3zoBaHus OJaroapsi INMPOKOMY BOBJICUEHHUIO CTYIEHTOB
B 00pa30BaTeNbHBIN MPOLIECC, alanTalul K CI0XHBIM HPO(QECCUOHATIbHBIM JUCIIH-
IUIMHAM, Pa3BUTHIO JMYHOCTU U T.A. HepopmanbHoe 0Opa3oBaHuE y4acTHUKOB 00-
IIECTBEHHBIX OOBEAMHEHUN HOCUT MOCTOSIHHBIM U cUCTeMaTH4ecKuil xapakrep. Ta-
KO€ BKJIIOUEHHE TPEHEPCTBAa B 00pa30BaTENbHBIN MpoliecC 00YyYeHHs CTYAEHTOB IO-
BBIIIIAET KaU€CTBO OCBOEHUS MPENOIaBaeMbIX NMPOPEeCCUOHANBHBIX AUCHUIUIMH. [Ipo-
IpaMMbl TPEHEPCKON EATENBHOCTH CIIOCOOHBI BOCIIUTHIBATh Y CTYIEHTOB JIMJEPCKHUE
U KOHKYPEHTOCHOCOOHBIE KadyecTBa, YCWJIMBATh HHTEpPEC K Mpoleccy oOydeHus
1 00€CTIeUYnBAIOT CTyZIEHTaM BO3MO>KHOCTh CHUCTEMAaTU3UPOBAHHOTO
Y OpPraHU30BAHHOIO OCYILECTBIIEHUS 00pa30BaTEeIbHON AESTEIbHOCTH.
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KYPATOPCKASA AEATEJBHOCTDb KAK TEXHOJIOI'USA PA3BUTUA
OBHIEKYJbTYPHbBIX KOMIIETEHIIUU CTYJAEHTOB

A.B. Koxuna', B.C. CTapHII/IHOBZ
TOMCKUH MOJMTEXHUYECKAN yHI/IBepCI/ITeTl’
UK, CYM, rpymma 8/161
UCT, rpynma SUM71°

2

B nHacrosiee BpeMsi oCTpo CTOUT BOMpPOC (pOpMHUpPOBAHUS JTUUHOCTH, KOMIIE-
TEHTHOH B MPOECCHOHATBHON JEATEILHOCTH, CIIOCOOHON K COIMAIBHON ajjanTaIluH,
K TBOPYECKOMY IMOUCKY U YBEPEHHOU B CBOEM MECTE B MOCTOSHHO MEHSIIOIIEMCS] MHU-
pe. YcnemmHas agantanys B CTYyJI€HYECKON XKU3HH SIBISIETCS HAYaJIOM JalbHEHUIIEro
pa3BUTHS KaXKJOTO CTY/ACHTa KaK CIEIUaNNCTa B BRIOPaHHOUN 001acTH, UMEHHO IO-
TOMY B BY30BCKOHW cpejie HEOOXOJUMO TaKO€ HalpaBJICHHE KaK KypaTopckas Jes-
TEJBHOCTH [1].

B TomckoMm [lonuTeXHUYECKOM YHUBEPCUTETE AJIsI TOMOIIM B aJanTalluy nep-
BOKYPCHHKOB HMMEETCS CIJICIYIOIINE TMOAPA3ACIICHUs] KYypaTOPCKOW NE€ATEIbHOCTH:
HNuctutyT kypaTtopoB U CTylneHUECKH cOBET KypaTopoB. MHCTUTYT KypaTOpoB ObLI
co3nad B 2002 romy B IeJSIX COBEPIICHCTBOBAHUS BOCIHUTATENILHON pabOThI CO CTY-
nentamu. Kak nmpaBuiio, TaHHBIMU KypaTOpaMH SIBJISIOTCS MperoaaBaTeu ¢ kadenp,
Ha KOTOpPBIX Tpynna Mmpoxoaut oOyudenue. Kyparopsl oOecrieunBaroT aJanTaluio
MEPBOKYPCHUKOB B paMKaxX Y4eOHON M COLMAIBHOM ACSATEILHOCTH, (POPMUPYIOT Y
CTYJICHTOB HE00XOauMble MPOGECCHOHAIbHBIE W OOIIEKYJIbTYPHBIE KOMIICTCHIIUH,
MIOMOTaIOT CTYJEHTaM B BbIOOpE JTUUHOK 00pa30BaTEIbHON TPAEKTOPUH U BOBJICKAIOT
B Hay4HYIO JeATeIbHOCTh. CTyJIE€HUYECKH COBET KypaTOpOB — MOJIOAEKHOE oOIe-
CTBEHHOE€ JIBUKEHHE, KOTOPOE COCTOUT M3 AKTHUBHBIX CTYJICHTOB CTapIIMX KypCOB,
TOTOBBIX MTOMOTaTh NEPBOKYPCHUKAM MPEOA0JIETh OCHOBHBIE CIIOKHOCTH, C KOTOPBI-
MU CTAJIKHUBAETCS MOYTH KaXIblil MEPBOKYPCHUK. Takue CTYIAEHTHI MPOXOIAT MPE.-
BapUTEIBHYIO TOJATOTOBKY B IIKOJIE KypaTOpOB, TJle MPOUCXOAUT oOydeHue 3¢ dex-
TUBHOMY B3aMMOJICHCTBUIO C I'PYIIOW, OPATOPCKOMY HCKYCCTBY, OCHOBAM BEJICHUS
TPEHUHTOB W WJie€ HAaCTaBHUYECTBA B IeJoM. [[aHHOE JBMXEHHE 00pa30BaoOCh B
2004 romy Onmarogaps CTyJIeHTaM DJIMTHOTO TEXHUYECKOTO 00pa3oBaHus, MO3Ke CTY-
JIEHYECKOE KypaTOPCTBO CTAJI0 pa3BUBATHCA OJjarofapsi Kyparopam JHEpPreTU4ecKoro
MHCTUTYTa. MakcuMaibHOE pa3BUTHE CTYAECHUYECKOE KypaTopcTBO nmpuodpeno B 2017
roay, Korja CTyJIeHY€CKAN COBET KypaTOpOB BowIel B cOBET cTyaeHTOB TI1Y. Llenbro
nesitenbHocTH CTy/I€HUECKOTO0 COBETa KypaTOpOB SBJISIETCS MOBBIIEHUE 3PPEKTUB-
HOCTH aJlaliTallid NMEepBOKYPCHUKOB. CTy/I€HUECKUI COBET KypaTOpOB 00€CIeurnBaeT
MH(pOpMHUPOBaHUE W aKTUBHOE BOBJICUCHHUE CTYACHTOB MEPBOr0 Kypca B pa3IU4HBIC
HalpaBJICHUs BHEYUYEOHOU JesATEeTbHOCTU, OKa3bIBAET MOMOIIL KypaTopaMm B (hOpMHU-
POBaHUU Yy CTYJIEHTOB HEOOXOMUMBIX MPOGECCUOHATBHBIX M OOIIEKYIbTYPHBIX KOM-
neTeHnwmii [2,3].

Oo6pazoBatenbabie porpammbl B TITY 1mo3BOMsIOT chOopMUPOBATH Y BBITYCK-
HUKA WH)XCHEPHBIX CHEIUATBHOCTEH CIIOCOOHOCTh MOOEXKIaTh B YCIOBHSIX KOHKY-
peHIuu U paboTaTh B KoMaHae. [ Toro, 4ToOb! yCHenHo paboTaTh B KOMaHAE Ha
MOCTABJICHHON 3amayueil, HE0OXOUMO 3aHSATHCS PA3BUTHEM COIMATIBLHOW KOMIIETECH-
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nueit crynenta. ConuanbHas KOMIIETEHTHOCTh SIBISIETCA Oa3MCHOM, MHTETpasibHOM
XapaKTEPUCTUKON JIMYHOCTH, OTpaXKarollel €€ TOCTUKEHHSI B PA3BUTUU OTHOLLICHHI
C JAPYrMMH JIOJbMHU, 00€CIIEUMBAIONICH MOJHOIIEHHOE OBJIAJICHUE COIMAIBHOU pe-
ATBHOCTBIO U JAIONIEl BO3MOXKHOCTH 3(P(PEKTUBHO BHICTpauBaTh CBOE TMOBEJCHHE B
3aBUCHUMOCTH OT CUTYAllUd U B COOTBETCTBHM C MPUHATHIMH B COLIMYME HA JAHHBIN
MOMEHT HOpMaMH H LIEHHOCTSIMH [4].

CrpykTypa conuasbHOM KOMIIETEHTHOCTH COAEPKATEIBHO IPEJCTABIECHA CO-
BOKYITHOCTBIO  TMOJIUTHYECKOM W COLUHMAIBHO-DKOHOMHYECKOW,  COLHAIBHO-
KOMMYHUKATUBHOM, MOJIUKYJIBTYPHOU, MH()OPMAIMOHHO-UHCTPYMEHTAIBHON U WH-
JTVBUYaTbHO-TUYHOCTHOU KOMIIETEHTHOCTEH. B KaueCcTBe IICUXO0JOTO-
OPUEHTUPOBAHHBIX CTPYKTYPHBIX KOMIIOHEHTOB MBI BBIJICISIEM 3HAHUS M yMEHUSA
(KOTHUTUBHBI KOMITIOHEHT), XapaKTEPUCTUKU MBIIUICHUSI (MHTEIUICKTYaJIbHBIM KOM-
MMOHEHT), ONBIT  TOBEIACHUS,  JACATEIBHOCTH, OOmEHUus  (IesATeIbHOCTHO-
NOBEACHYECKUN KOMITOHEHT).

st popMupoOBaHUs COIMAIBHON KOMITETEHIIUU CTYIEHTOB HEOOXOAMMO:

® U3Yy4YCHHUE CIEIHUATBHBIX JUCIHUIUIAH JIOJKHO OBITh MPO(PECCHOHATIBHO OpU-

SHTUPOBAHO, 0OJIarojaps 4YeMy pa3BUBAIOTCA COlMalIbHBIE M Tpodeccro-
HaJIbHbIE KOMIIETEHIINH;

® 3aJ0KUTh B OCHOBY OOYUY€HHUs B By3€ MPHUHILMIBI UHTETPALlUA U TYMaHU3a-
MU, HOPM KOPHOPATUBHOMN KYJNbTYpbI, MATPUOTUUYHOTO OTHOIIEHUS CTY-
JIEHTOB K CTPAaHE U BY3Y, a TAK)KE TOJEPAHTHOTO OTHOILICHMS K IIPEACTABU-
TEJISIM IPYTUX HALIMOHAIBHOCTEM;

e o0ecrneunTh MPaBO BHIOOpA JTMYHON 00pa30BaTEIBLHON TPACKTOPHUH CTY/ICH-
Ty st GOPMUPOBAHMS Pa3HOCTOPOHHUX HABBIKOB W 3HAHMM, KOTOPHIE MO-
I'yT IOMOYb HHXEHEPY B pab0oyeM Mpolecce;

® [PEIJIOKUTH MPOEKTHYIO JEITEIbHOCTh B KQUECTBE MHCTPYMEHTA MEKIINY-
HOCTHOTO B3aMMOJICHCTBHS MTPH pealM3alliK MOCTABJICHHBIX 3a1a4 [2,4].

CryaeHT-KypaTop BMECTE C NIpernojaBareiaeM-KypaTtopoM (OpMHUPYIOT IUIaH
paboThI ¢ TPyNIoOi, HA OCHOBE KOTOpPO# Beaercs padbora mo aganTanuu. JlaHHBIMH
MEPONPUATHSAMU  SABISIIOTCS  «4Yac KypaTopa», IOCEHIEHWE MY3€€B, KYJIbTYpPHO-
MacCCOBBIE MEPONPUATHS, IKCKYPCUU Ha MPOPUIbHBIE TPEANPUSTUS U MHOTHUE JIPY-
rue. Yac KypaTopa sSBIsSeTCS BaKHEUIIIEH COCTaBIAIONICH B (HOPMUPOBAHUM YHUBEP-
CaJIbHBIX KOMIIETEHIIMN CTYJAEHTOB, HA HEM MPOBOJATCS MEPONPHUATHUS HA 3HAKOM-
CTBO M KOMaH/000pa3oBaHue, Liefienoiaranue, TaimM-meHepkMenT. 1o pesynbratam
JAHHBIX 3aHSATUN KOJUIEKTUB CIUJIOYAETCsl, IEPBOKYPCHUKU Y3HAIOT HOBOE O CBOHX
OJIHOTPYNITHUKAX U ce0e, BOOAYIIEBISIOTCS Ha JaTbHEHITYI0 padOTy U BKIIFOYAIOTCS
B AKTUBHYIO JXM3Hb. TakKe CTyAEHTBI-KYpaTOpbl U MPENOJaBaTEIn-KypaToOpbl KOH-
CYJIbTUPYIOT CTYACHTOB-TIEPBOKYPCHUKOB IO Pa3HBIM BOINPOCAM: OT MPaBHJI MPOKU-
BaHUSl B OOIIECKUTHH U KYJbTYPHO-MACCOBBIX MEPONPUSTHI 10 BO3MOXKHOCTH CTa-
KUPOBKH 32 pyOEKOM U TeMATHUK HAYYHBIX pa0OT B YHUBEPCUTETE.

bnaronaps HanpaBlIeHUIO KypaTOPCKOW AESATENbHOCTU U 1I0OPOBOJIBHOMY yya-
CTUIO B JAHHOW MPOTrpaMMe€ KypaTOpOB MOKHO CJI€JIaTh BBIBOJ, YTO CTYIEHTHI-
MEPBOKYPCHUKH MOTYT Pa3BUBATLCS B MHTEPECYIONTUX MX 00JIACTAX, IOHITH, B KAKOU
oOnacTu OHHM OBl XOTENU paboTaTh B JabHEUIIIEM 1 CHOPMHUPOBATH AKTUBHYIO TPaX-
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JTAHCKYIO TIO3UIMIO, B CUMOMO3€ JaHHBIC Ka4yeCTBAa M 3HAHUS YXKE€ MOCIMOCOOCTBYIOT
Pa3BUTHIO MPO(HECCHOHANBHBIX ¥ YHUBEPCAIBLHBIX KOMIIETCHIIUH [5].
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3arnaBue ¢ TUTYJIBHOTO 3KpaHa. — CBOOOAHBINA NOCTYN U3 ceTH IHTEpHeT.
— Adobe Reader. Pexum JOCTyma:
http://www.lib.tpu.ru/fulltext/c/2015/C43/V3/065.pdf

2. O.A. Huxkudopona, A.A., Ceuenona, W.I1. Kanununa. Metonuueckoe mo-
coOue st paboThl KypaTOpoB akajeMudeckux rpyri: CrnpaBoYHUK Kypa-
Topa akagemuueckoi rpynmsl 1 kypca Tomck: U3a-Bo Tomckoro noaurex-
HUYECKOro yHuBepcurera, 2017. — 85 c.

3. Ilonoxkenue 0 AEATENBHOCTU CTyIEeHTOB-KypaTopoB B TIIY. YTBepxkaeHa
npukazom oT 04.04.2016 Ne34/ox.

4. bukrtaruposa ['.®. ®opMupoBaHue cOUUaIbHBIX KOMIETEHIUN CTYAEHTOB
MeJarorTMYeCcKuX CreruaibHOCTe U HamnpapieHuil / CoBpeMEHHbIE MPo-
Onembl Hayku U obpaszoBanus. — 2011. — Ne 4. URL: https://www.science-
education.ru/ru/article/view?1d=4748 (nata obpamenus: 05.10.2017).

5. bennckas E.A. Ilporpamma ajgantaiuuu CTYJEHTOB MEPBOTO Kypca K BY30B-
ckoit cpene [Dnextponnsiit pecypc] / E. . bensckas, E. B. Crapuesa //
JIMHrBUCTUYECKHE U KYJIbTYPOJOTHUYECKHE TPATULIUA U THHOBALIUH: TE€3UCHI
noknanoB XVI MexayHapoaHOW HaydHO-TIPAKTUYECKON KOH(EPEHITNH,
Tomck, 11-13 okts6pst 2016 1. / HarmonanwsHBIN HCclIen0BaTeIbCKU ToM-
ckuii nonutexunueckuit yausepcuret (TITY); mox pen. FO. B. Kob6enko ; K.
A. T'mpdanosoii. — Tomck: U3n-Bo TITY, 2016. — [C. 168]. — 3arnasue ¢
TUTYJIBHOTO 3KpaHa. — CBOOOIHBIN qoctyn u3 cetu Mutepuer. Pesxxum no-
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Hayunbiii pykoBogutens: U.b. Appamikun, a.¢.H., npodeccop kadp. UOHT
HUCTT TITY.
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} 5 CEKLIWS 12.
MO HEPBBIIi IHAT B HAVKY (1JIs] IIKOJIbHUKOB)

BATAPENKA HA BOJIE: MPOLLJIOE U BYIYIIEE?

M.P. Xupyxun
JIuueit npu TOMCKOM MOJIMTEXHUYECKOM YHUBEPCUTETE

AKTYaJIbHOCTDH MCCJICAOBAHUS

CeroHs IpakTUYECKH B KKJIOM JOME NPUMEHSIOTCS T'aJIbBAHUYECKUE U aAK-
KyMyJsiTopHble 6arapeiiku ot 1,2 1o 12 B — Bcem u3BecTHbIE MCTOUHUKH YHEPTHH
JUIsl TIOPTATUBHOW IEPEHOCHOW TEXHHMKH. baTapeiKu TakKe OYEHb aKTyaJbHbI UL
MyTEIIECTBEHHUKOB, OTOPBAHHBIX OT Ojar uuBwin3auuu. OObIYHbIC TaTbBAaHUUECKHE
OaTapelKu CpaBHUTEIBHO HEIOPOTH, KOMIAKTHBI U YAOOHBI B HCMOJIb30BaHuU. O-
HAaKO OHU HMEIOT PsiJi CEPbE3HBIX HENOCTAaTKOB. Hanpumep, HeakKypaTHas TpaHCIIOp-
THUPOBKA, ITONAJAHUE BJIATH, PE3KUE U3MEHEHUS TEMIIEPATYPBI CHIIBHO CHUXKAKOT CPOK
ciyx0bl O6arapeek. [Ipu KOPOTKOM 3aMbIKaHUU WJIM YCTAHOBKE OaTapeiiku B HEBEp-
HOW MOJIIPHOCTH BO3MOXKHA T€4b 3JIeKTpoiuTa. Kpome Toro, ranpBaHuueckue Oata-
PEUKH SIBISIFOTCS OAHOPA30BBIMU M UMEIOT OIPAaHUYEHHBIN CPOK rOAHOCTH. JIydmmmu
XapaKTepUCTUKaMH 00Jaal0T aKKyMYJISITOpPHbIE OaTapeiiku, KOTOpble MOXHO 3apsi-
’aTh OT CETH U UCIOJIb30BaTh MHOTO pa3. Ho 1 1leHa TakuX yCTpOMCTB CyIIECTBEHHO
Bbie. AKkyMyssiTopsl tuma «lIporpecc PB», cpok ciyxk0bl KOTOpBIX MpuUMepHO 12
net, croar okosno 30000 py6. Bnagenbupl akKyMyJIsTOPOB JIOJKHBI TOMHHUTB, YTO
nepenajbl B HAPSHKEHUU TIPU 3apsiIKe MOTYT HEOOPaTUMO UCTIOPTUTH TAKOE 10POroe
YCTpOMCTBO. BaXKHO OTMETUTH, UTO CYIIECTBYIOT CEPbE3HBbIE MPOOJIEMBI C YTHIH3A-
e 6atapeek U akKKyMyJIsITOPOB, UX HEJb3sl BHIOpAChIBaTh BMECTE C OBITOBBIM MY-
COpPOM, TaK KaK Ha CBaJIKE OHU M3-3a HEOJArONpHUITHBIX (PAKTOPOB XPAHEHUS BBITYyC-
KAIOT HapyXKy CHJIbHEUIINE SA/bl, OTPABIIAIOIINE BOY, 36MIIFO U BO3IYyX.

Bo3mokHO 51 co3maHue OaTapeiiku, JMIIEHHOW yKa3aHHBIX HejocTtaTtkoB? B
1804 r. B meuatu ObUIO omHcaHO M300peTeHne pycckoro ¢usnuka Bacumusa [lerposa,
KOTOPBIM COOPYAMII dIeKTpUUecKyro Oatapero u3 4200 yepeayronuxcsl IIMHKOBBIX U
MEJHBIX KPY>KKOB, Pa3/IeJICHHBIX TKAaHBIO W 3aJUTHIX OOBIYHON MPECHON BOJIOM.
Hampsixenue 6atapeu Bnedatiisuio — 1500 B, Ho u rabapuTsl ObLIM JOBOJBHO BHY-
mutenbHbl — 40x200 cm.

eab uccaenoBaHus

[enbro uccaeaoBaHus SIBISETCS co3qaHue OaTtaper co CTaOMIIbHBIM HaIpsKe-
HUueM 12 B, IpyKeCTBEHHYIO K HKOJIOTMHU, KOMIIAKTHYIO U YJOOHYIO B HMCIOJIb30Ba-
HUU JUIsl TUTAHUS] TOPTATUBHON OBITOBOM TEXHUKH.

[lepBbiM miarom paboThl ObUIO OMpejAesieHre HeoOXOAUMOIro 4Hcia map IJia-
CTHH MeIb-IMHK U UX radbaputoB. IIpoBegeHHbIE ONBITH MOKA3alIM, YTO OT IUIOMIAIN
IJJACTUH HANpPSKEHUE 3aBUCUT OYEHb HE3HAUUTeNIbHO U cocTaBisieT 0.7-0.8 B Ha ma-
py. Tok oT miomaay MmjiacTUH 3aBUCUT U yBelnuuBaeTcsa npumepHo Ha 30% mpu
YBEIIMYEHUH TUIOIIAU TJIACTUH C 25 cm® 10 100 m°. HampsixeHue MEXy Iapou Iia-
CTHH TeM OOJIbLIE, YeM MEHBIIE PACCTOSIHUE MEXAY IIaCTUHAMH, TO3TOMY B Kaue-

198



CTBE BOJOIPOHHUIIAEMOT0 H30JIATOpa OblIa HCIOJb30BaHA TOHKAs CHHTETHYECKas
TKaHb.

Kaxxnas mapa miactuH pa3meniaercst B oTaenbHou sueiike (puc. 1). C momo-
b0 NEPEMBIUKH JIACTUHBI IPUKIEUBAIOTCS APYT K APYTY U MOCIIE BBICBIXAHUS KIIES
JIOTIOJTHUTENBHO MPOMA3bIBAIOTCS MO IIBaM TepMeTukoM. Yucio siueek B OaTapee —
16, uto obecnieunBaeT HanpspkeHue 12.2 B. IlnacTuHbl B coceTHUX sUCHKax COCau-
HEHBI MOMapHO (MeIb-IIMHK) KOpoTkuMH (1,5 cM) MenHbIMU TpoBoJHUKamMu. Bce
SYCUKHY MTOMEIIAI0TCS B )KECTKUN Y€XO0JI C OTBEPCTUSIMU TSI BEIBOJOB (pHC. 2).

Jliis Gatapeun MOXKeT ObITh UCIOJIb30BaHa OOBIYHAS BOAOMPOBOAHAS BOJA. JKC-
NEPUMEHTHI MOKa3ajH, YTO MOIIHOCTh OaTaped yBEIMYMBAETCS MPUMEpPHO Ha 15-
20%, ecnu TOACOIUTH BOMY, HO TOT/Ia HA TUIACTUHAX TOSBISICTCS] OKUCHAS TIJICHKA U
ux TpeOyeTcs OYMINaTh Kax/ple 3 JHS, HHaue Harpsbkenue uepe3 10 nHel cHmKaeT-
cs mpaktuyecku Ha 60%. OnTUMaNbHBIN pe3ynbTaT ObUT MOyYeH MpU MPUMEHEHUU
JUCTUJUTUPOBAHHOM BOJBI.

HpuHuun gecTBUSA YCTPOUCTBA

[Tapa nMHK — Mellb MPENCTaBIsAECT COOOM TaIbBAHUYECKUN DJIEMEHT (JIEMEHT
Jauuams-Slko6u), KOTOPBIH MPpeodpa3yeT XUMHUYECKYIO DHEPTHUIO, 3aKII0YCHHYIO B pe-
areHTax (oKuCIWTele M BOCCTAHOBHUTENE), B DIEKTpHYEeCKyw. B MpoIrecce OKUCIUTEIbHO-
BOCCTAHOBUTEIBHOW PEAaKIMU BOCCTAHOBUTENb OTHAET JIEKTPOHBI, TO €CTh OKUCIIS-
€TCs; OKUCIIMTENb IPUCOEIUHSAET AIEKTPOHBI, TO €CTh BOCCTAHABIMBACTCS, NMPUYEM
3TH PEaKUUU MPOUCXOAAT OJTHOBPEMEHHO, B €AMHCTBE, O€3 OTPHIBA OJHOTO OT JIPYTO-
ro.

IIpenmyiiecTBa U3roTOBJICHHOH OaTapeun

CronMOCTh MaTEpUanoB JJIsl OJHOTO YCTPOMCTBAa HECOMOCTAaBHUMO Maja Iio
CPaBHEHUIO C aKKyMYJIATOPaMH, UMEIOIUMHUCS B Tipofake. CpoK TOAHOCTH MPHU Tpa-
MOTHOH 9KCIUTyaTallid M CPOK XpaHEHUS BPEMEHHO HEUCIOJIb3yeMol OaTapeu, eciu
MJIACTUHBI CyXHe, MPAaKTUYEeCKH HeOorpaHWuueHHbI. baTapes skoiornyecku 6e3omnacHa,
BCE€ €€ COCTaBHBIC YaCTU MOKHO YTHJIM3UPOBATH C OBITOBHIM MYCOPOM.

["aGapuThl M3rOTOBIIEHHON Oarapen OoJibllle radapuTOB CTAHAAPTHBIX TMPO-
MBIIICHHBIX aKKyMYJISITOPOB, HO Macca MeHbIe (6e3 Boabl). TpaHcropTupoBka Oa-
Tapeu B TOXOAHBIX YCIOBUSAX Y00HA, €CJIM HECTH BOJIY B OT/IETILHON €MKOCTH.

BuiBoabI

Menno-1inHKOBast O6arapesi, odecrieunBaroias cradbmipbHOEe HampsbkeHue 12 B,
MOET OBITh M3TOTOBJICHA W3 HEIOPOTHX MATEPUAIOB, HMEIONTUXCS B IITMPOKOM JO-
CTyTIE.

JlnmuTenpHas SKCIepUMEHTalIbHAs MPOBEpKa Mokasajia paboTocrnocooHOCTh Oa-
Tapeu I Ka4eCTBEHHOTO OCBEIICHHUS TOMEIICHUHN UOTHBIMH JIAMITAMH.

B nanbHeiiiieM aBTOpbl HAMEPEHBI YBEJIIMYUTH MOIIHOCTH OaTapeu ajisi obec-
MEYCHUST KAYCCTBEHHOM 3apsJIKM MOOWIIBHBIX TeiaehoHOB. JIJIT 3TOro, B 4aCTHOCTH,
MJIAHUPYETCS U3TOTOBIICHUE CHEIUATLHON €MKOCTH JUTsl pa3MEIeHUs TIJIaCTHH C TI0-
MouIpto neyatd Ha 3D nmpunTepe no ueprexy puc. 3. B TITY umeercss BO3MOXHOCTh
HareyaTaTh JaHHYIO JeTalb OeCIIaTHO, CTOMMOCTh MaTepuayia OLICHUBACTCS MPU-
MepHO B 600 py6. Ompoc 95 pecrmoHneHTOB MoKa3aj, 4To 84 U3 HUX OXOTHO MPUOO-
penu Obl MoJ00HYI0 GaTapero AJI UCTIOIh30BaHUS B OBITY.
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OO6mmuii BU TOTOBO# STUCHKH
TJIACTHUHBI U3 HHHKOB&?JI- (I)/IOMigISaH
miactika 106x106 Mm nnactinel 100x100 Mm
< / /

A |
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.\ y ]

MepeMbIuKa MecTta cruda

Puc. 1. IlosicHeHHs K IpoLecCcy U3roTOBJIEHUS SYEHKH U OOIIUNA BUJT TYEHKH

J
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Puc. 2. BHemHuil BUJ1 M3rOTOBJICHHON OaTapeun
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Puc. 3. Ueprex ansa neuatu Ha 3-D npunTepe, €eMKOCTD JIJIsl pa3MelIeHUs TUIACTHH
Hayunsiit pykoBoautens: B.B. Illectakosa, nouent kad. 39C DHUH TIIY.
TEPMOI'EHEPATOP

P.I1. PaOunauu
MAOY rumuazug Ne 51 r. Tomck

ABnenue tepmoaddekra ObUI0 OTKPHITO B 1822 r. HemeukuMm ¢usukom T.U.
3eebexoM. CyIIHOCTh OTKPBITHS 3aKI0YAeTCs B TOM, YTO IPU HarpeBaHUU MECTa CO-
eAuHeHus (cmasi) ABYX pa3HbIX METAIOB MEXAY MX CBOOOJHBIMH KOHLIAMH, UMEIO-
UMK 0oJiee HHU3KYIO0 TeMIlepaTypy, BO3HHUKAEeT Pa3HOCTb MOTEHILMAJIOB, WM TaK
Ha3bIBaeMasi TEPMO3JIEKTPOABIIKYIIAs cuila. Ecau 3aMKHYTh TaKOM TEPMOAJIEMEHT Ha
COTIPOTHBIIEHUE, TO MO LENHU IMOTEYET JJIEKTPUUeCKHil Tok. Takum oOpa3om, mpu
TEPMOIIEKTPUYECKOM SIBICHUH MPOUCXOTUT IMpsiMOe MpeoOpa3oBaHUE TEIUIOBOM
SHEPTUU B IEKTPUUECKYIO.

[{enpto manHOM pabOTHI SBISAETCA U3TOTOBICHUE JCHCTBYIOIIETO TEPMOTEHEpa-
Topa. JlJi1 U3roToBIEHUS TEpMOTeHepaTopa ObLIM UCIIOJIB30BAHBI TEPMOMAPHI JKEIE30
(cTasib) — KOHCTaHTaH, KOTOPbIE€ OBLIM COEIMHEHBI TTOCIEOBATENBHO.
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TepMonieKTpoIBIKYIIIAsl CHJIa Ha KaKIYIO Mapy >Kele30-KOHCTaHTaH paBHA 5
MB mipu pasHuile TemnepaTtyp HarpeBatens u xojomwibHuka 100 rpagycoB. Tepmo-
napbl COSIMHSAIOTCS MOCPEACTBOM JIATYHHBIX KJIEMM M pacrojiaraloTcs Ha KOpIyce
(puc. 1). Yucno nap paBHo 22. CoequHstoTcs napsl 1o madiaony puc. 2. Teniaouso-
TS TTap 00eCneunBaeTCs 3a CYET MPUMEHEHHSI TEPMOYCAIOYHBIX TPYOOK.

Kopmyc TepmorenepaTopa Obl1 M3roTaBiIeH U3 (POIBTHPOBAHHOTO TEIIION30JISI-
IIMOHHOTO MaTepHalia, TePMHUUYECKH yCTOMYMBOTO KaK K BBICOKHM, TaK U K HHU3KUM
TEeMIIEPATYpPaM.

[ 60

245

A
v

310 105

Puc. 1. HOIICTaBKa, BHYTPCHHCC KOJbIIO, BHCITHCC KOJIBIIO

1

Puc. 2. Kopniyc Tepmoreneparopa u repmonapsl (20 map): 1 — BEIBOBI 1151 HATPY3KH,
ux aHa okoiio 18-20 cm, 2 — moAcTaBKa, 3 — BHEIIIHEE KOJIBIO, 4 — BHYTPEHHEE
KOJIbLIO, 5 — XKapomnpoyHas BCTaBKa, 6 — TepMonapa

Harpesarenem uisi Topsiuero crasi CiIy>KaT CBEUKHU i TOPTOB, OXJIaJAUTEIEM
JUTSL XOJIOAHOTO CIasi — KYCOYKH JibJ1a, IOMEIICHHBIE B aJTFOMUHUEBBIE THIIb3bI OT CBE-
yek. ['uib3bl MPUKIEUBAIOTCS HA MOJACTABKY 10 MEPUMETPY BHEIIHETO KOJIbIIA.

202



Termnonepenaya K ropsiYUM CIAsIM OT IJIAMEHU TPOUCXOJUT ITYTEM KOHBEKIIUU
3a CYeT MeTaJNIMYEeCKNUX IJIACTHH.

JInst ropsiYMX CIliaeB KOHBEKITMOHHBIC IJIACTUHBI BBIPE3aHbl B (JOpME KpecTa U3
CTJIbHBIX MOJIOCOK. OHU MEXaHUYECKU KPEISITCA Ha KapOIpPOYHOUN BCTABKE.

JInvHa OTHOM MIaCTHUHBI OKOJIO 5 M, mmpuHa 1,5 cm. Ilnomans 7,5 cM>.

Htoro Ha 1 mpoekTt HyxHO 20x7,5 = 150 cM? XKECTH.

OxJaxJeHue XOJOAHBIX CMaeB TepMomnap OT KyCOUYKOB Jibjia TAKKE OCYIIECTB-
JSIETCS 32 CUeT IUIACTHH, BBIPE3aHHBIX M3 TOHKOW MmemHou (onpru. IlmactuHbl 3a-
KPEIUISIIOTCSI HA BHEITHEM KOJIbLIE C MOMOUIBIO Kiiesl. BMecTo nbjia MOXKeT OBITh MpHU-
MEHEHO MTPOCTOE BO3AYIIHOE OXJIAKICHUE.

XOJIOJHBIE CITaW TEPMOIJIEMEHTOB JICKTPUUECKN U30JIMPOBAHBI IPYT OT APyra
3a CUET M30JISIIMOHHBIX CBOMCTB BHEIIHETO KOJIbIIA, & TOPSAYHUE — 32 CUET U3OJSALMOH-
HBIX CBOMCTB KOJIbLIA U3 KAPOIPOYHOU PE3UHBI.

M3roTroBieHHBIH TepMOTreHepaTop HMeeT 22 TepMomapbl U OOecreyuBacT
HaIpsHKEHUE X0JI0CToro xoaa okoio 100 mB.

Hayunbiii pykoBoautens: B.B. lllectakosa, k.T.H., noueHt kadp. 93C SHUH
TITV.

OIIPEJAEJIEHME 1O30BbIX HAI'PY30K IIPU PABOTE
C HEUTPOHHBIM HCTOYHUKOM

B.A. Typkacos
MBOY JIuuei npu TITY r. Tomck

SlnepHble TEXHOJOTUM B HAIM JIHU MOJYYWIA IIUPOKOE PACHPOCTPAHEHUE B
IIPOMBILIIJICHHOCTH M HayKe. B 4YacTHOCTH, MCIOJIB3YETCS HEUTPOHHBIA HMCTOYHUK
Am-Li. Tlpunimn pa®oThl TaKOro HMCTOYHHMKA OCHOBAaH Ha HCIYCKaHWU aiib(a-
YaCTHI[BI CO CTOPOHBI alib(pa-aKTUBHOTO M30TOMNA Ha JIETKUNM METasll C 1EJbI0 BHIOU-
BaHUs HEUTPOHA. TaKOM MCTOYHHUK MMEET CIUIOLIHOW CIEKTP HEUTPOHOB M BBICOKHU
¢dbon ramma-uznydeHusi. OTcrofa BHITEKaeT HEOOXOAMMOCTh COOJIIOIaTh HOPMBI pa-
TUAIMOHHON 0€30MMacCHOCTH MpH pabOTe ¢ TAKUMHU UCTOYHUKAMM.

Cornacao HPB-99/2009 cpenHsisi MIOTHOCTh NMOTOKA HEUTPOHOB C DHEPTHUCH
4 M5B He nomkHa npesbimath 13,1 em?*c™ s HEUTPOHHBIX UCTOYHUKOB, a CyM-
MapHasi MOIITHOCTh JI03bl OT HEUTPOHHOIO W raMma- U3JIyYeHHUs] HE JIOJKHA MPEBbI-
maTh 3HaueHue B 2 Mk3B/4. COOTBETCTBEHHO ATU TPEOOBAHUSI JOJIKHBI OBITH COOJTIO-
JIEHbI IPU pab0Te ¢ UICTOYHUKAMU MOHUZUPYIOIIETO U3ITYUEHUSI.

N3BECTHO, UTO MIIOTHOCTh MOTOKA HEUTPOHOB, KAK U MOITHOCTH J03bl HOHU3H-
PYIOILIEro U3JIy4eHUs, OT TOUEUHOI0 UCTOYHUKA YOBIBAET C paccTosiHueM. B cooTBeT-
CTBUU C OTUM OblJa TIOCTABJICHA CIEAYIONIasl IIeJIb: HAXOXKJICHHUE pacIpeaeiieHus
IJIOTHOCTH MOTOKA HEUTPOHOB U MOIIHOCTH J103bl CMEIIAHHOTO OISl HIOHU3UPYIOIIE-
r'0 U3IYYCHHUS IS M30TOIMHOTO MCTOUYHMKA AM-LIi, B 3aBUCHMOCTH OT PacCTOSIHUS 10
HMCTOYHUKA.

Pacnpenenenne mioTHOCTH NOTOKA HEUTPOHOB B 3aBUCUMOCTHU OT PACCTOSHUS
710 UCTOYHUKA ¥ MOIIHOCTh J03bl OT HEUTPOHHOTO HU3IYyUYEHHS] PETUCTPUPOBAIOCH C
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nomoibio 6oka nerexktuposanus bJIKH-03, a MouHOCTh 10361 raMMa-u3IyYeHUS —
¢ nomotisto BJIKI'-05. Mudopmarius ¢ 6J10KOB AETEKTUPOBAHUS 3aIllMChIBAJIach B He-
npepbiBHOM peskume Ha [1K ¢ momotbio mpoduiibHOro IporpaMMHOro o0ecreyeHus
Atomtex.

B pesynbpraTe paboThl ObLIO MOJYYEHO PEKOMEHyEMOE€ MUHUMAIBHOE PaccTo-
SIHUE JJ1s1 paOOThI C JAHHBIM UCTOYHUKOM C IIEJIbI0 00eCTieueHUs palialliOHHON 0e3-
OMacHOCTH, KOTOpoe coctaBmiio 30 cm.

JINTEPATVYPA:

1. bexman W.H., PanuoakTuBHOCTh U paguanus: Mocksa 2006. — 581c.
2. PAIUALIUA. do3s1, addexTsl, puck. IlepeBoa ¢ anrmuiickoro F0.A. ban-
HukoBa. M. «Mup» 1990. — ctp. 12.

Hayunsiit pykoBogutens: C.C. Uypcun, accuctenT kadenpst GOV TITY.
HOJYYEHUE DKOJOI'MYECKA YNCTOI'O TOIVINBA - BOAOPOJA

I1.A. Konecuukoga, [.C. Konymnaesa
MBOY COIII Ne120 r. HoBocubupck

B HameMm mupe MHOTO MpoOJIeM - OJJHA U3 HUX DKOJOTHUA. YXYALIEHHE IKOJIO-
TMYECKOr0 COCTOSIHMSI BO3AYIIHOTO OacceilHa MpeACTaBISIET CYIIECTBEHHYIO omac-
HOCTb JiJ11 OOJIBIIMHCTBA KUBBIX OPTAaHU3MOB. 3HAYUTEIBHYIO MPOOJIEMY CO3/1aeT aB-
TOTPAHCIIOPT, pabOTAOMINI HA TPAJIULIHUOHHOM >KHIKOM TOIIMBE. YacTUUHBIM pe-
IIEHUEM JaHHOW MpoOJIEMBI SIBJIETCS 3aME€HAa OCHOBHOI'O TOIUIMBA Ha 00Jiee 3KOJIO-
TUYHOE - ra3oMoTopHOE. [TockoabKy MeTaH U MponaH-OyTaH JEHIeBIe KUIAKOTO TOT-
JMBa, MEPEBOJ] ABTOTPAHCIOPTA HA HETO MO3BOJUTH CHU3UTH JICHEKHBIC 3aTpPaThI.
Bricokoe oborareHne Takoro TOIUIMBA BOJOPOJIOM MPUBEIET K MOBBIIMICHUIO TeMIIe-
paTyp cropanus u OoJbIIeil skojgornyHocTH. Kpome Toro, maHHbI BUJ TOIUIMBA
HaXOJIUT CBOE MPUMEHEHUE B KUJIHIIHO-KOMMYHAILHOM XO3SHCTBE, ra30TypOUHHBIX
arperarax, TOIUIMBHBIX 3JIEMEHTaX U JIp.

TpanuiroHHbIe CIIOCOOBI MOTYYEHUs BOAOPOIa MaTod()(PEKTUBHBI IJIs1 TOCTHU-
’KEHUSl TMOCTABJICHHON LEIW MO pPsiAy NMPUYMH, TaKUX Kak OoJsbllias 3Hepro3arpart-
HOCTb, JUIMTEIIHOCTD, CJI0KHOCTh MPOLECCa U YCIOBUN MPOBEICHUS peaKuu, 00JIb-
e BbIOPOCHI OKCUIOB yIiiepoja B aTMocdepy.

AnbTEpHATUBHBIM CIIOCOOOM IMOJIYYEHUSI METAaHO-BOJAOPOIHON CMECH SIBIISIETCS
KaTaTUTHYECKUI MTUPOJIN3 JIETKUX YTIEBOAOPOAOB. JJaHHBIN POLIECC OCYIIECTBISAECT-
Csl IPU OTHOCUTENILHO HU3KUX TeMieparypax (500-700°C) na Ni-comepkamux kara-
JM3aTopax, B XOJI€ PEAKIIUU MbI TIOJydaeM MOOOYHBIA MPOAYKT — HAHOBOJIOKHUCTHIH
yriepoa (HBY), koTopblii cMokeM UCIIONIB30BaTh Janee. B mpepiaraemoil TeXHOI0-
TUU METAHO-BOJIOPOJIHASI CMECH MPOU3BOJAUTCS B OJHY CTAJIHIO.

OcHOBHOM TIpoOIEMOii Tpolecca sIBIsIETCsl ObICTpast 1e3aKTUBAIIMS KaTallnu3a-
TOpa, NpUYNHA KOTOPOW CBsI3aHA C MOKPBITHEM AKTHUBHOI'O LIEHTPA YIJIEPOJHBIM Ma-
TEPUATIOM.
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B xone uccnenoBanusi ObUTM MPOTECTUPOBAHBI KATATU3aTOPhI C MPOIICHTHHIM
coaepxanrem Hukens 10-90 %. [To pesynapTaraMm 3KCIEPUMEHTOB OBLIO yCTaHOBJIE-
HO, YTO MpHU TOBEIICHWU JABJICHUS U MOHUKEHUEM TEMIEepaTypbl YBEIUYMBACTCA
KU3Hb KaTaju3aropa u BbeIxo] Bogopoja. [Ipu naBnenun 1 atmocdepa Bpemst KU3HU
KaTanu3aropa COCTaBWIJIO 2 Yaca, yAelabHbIM BbIxo Bogopoaa 20 i./rp. kat. [Ipu no-
BBIIICHUH JIABJICHUA JI0 5 aTMoc(ep BpeMs KU3HHU KaTaau3aTopa YBEIMYUIOCH B 16
pa3 u coctaBuio 32 yaca, a yAeIbHBIN BBIX0OJI BOJIOpo/ia 784 j./rp. Kart.

B nanHoii pabote mpencraBieHa BBICOKOA(Q(PEKTUBHAS TEXHOJIOTHUS MOIYICHUS
METaHO-BOJIOPOJTHOTO TOIJIMBA M HAHOBOJOKHUCTOTO YTJIEPOJa C MHUHUMATbHBIM
yIiepOoM TSI OKPYXKAromeld Cpefibl M OTHOCHUTEIBLHO HU3KUMU 3aTpaTtaMu. Takxke
YCTaHOBJICHO, YTO YBEJIMUCHHE JABJICHUS OJAaroTBOPHO BIHUSIET HA MPOTEKAHUE MPO-
necca.

10

9

8 -

;‘ .l t

CCM MX2 MH2 MH1 MX4
O6pasey

Puc. 1. YaenpHbIi BBIXO/T BOJAOPOA JJIsl TOJYYEHHBIX KaTaau3aTOPOB

Ha pucynke 1 mokazaHo, 4To0 HaumOOJIBIIUNA BBIXOJ BOJIOPOJia JOCTUTAJICS HA
katanuzarope CCM, mpuroToBJIEHHOTO MO METOTY CILIABJIECHUS COJIEN MeTaloB. Ero
3HAQYEHUE COCTABWJIO UyTh MEHBIIE 9 MOJIb/Ty,. UyTh MEHBIIMN yAEIbHBIM BBIXO
ObLT Moay4deH Ha Katanu3atope MH1 — 0koJio 6 MOJB/Ty,,. Y ACTIBHBIN BBIXO] KaTalu-
3aTopoB MX2, MH2, MX4 BapeupoBajica B nuamnazoHe OT 2,8-4 MOJIb/Ty,;. Takum
0o0pa3om, OKa3aHO MEPCIEKTUBHOCTh UCIOJIB30BAHUS KaTaau3aTopa, MPUroTOBJICH-
HOT'O METOJOM CIIJIABJIICHHS COJICH METAJIJIOB.

YAensHblid Bbixogd Hy, Moss/ruat
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OCHOBHBIE IPUHIUIIBI ITPOEKTUPOBAHUSA CETH
IJEKTPOCHABXKXEHUSA

O.A. Om
MAOY I'mmuazug Ne 8, r. ToMmck

['paMOTHOE MPOEKTUPOBAHUE CETU AIEKTPOCHAOKEHHUS — OJHO M3 OCHOBHBIX
YCIOBUII MUHUMH3ALUU MOTEPh 3JIEKTPUUECKON 3HEpruu U 3¢(HEeKTUBHONU padOThI
J000TO MPEPUSTHUS.
[lenb naHHOM pabOTHl — CIPOEKTUPOBATH CETh IEKTPOCHAOKEHUS ISl U30JH-
poBaHHOI 3HeprocucteMbl. COracHO YCIOBHIO 33[aud B OJTHOM U3 MajlO HACEJECH-
HBIX pailoHOB Ha BOCTOKe Poccum ObIIM OOHApYKEHBI MECTOPOKICHHS TOJE3HBIX
MCKOMIAeMBIX — CITIOJIBI U anatuTa. Takke B JAaHHOM pailoHEe ObLIO OTKPHITO HEOOIb-
10€ MECTOPOKIAEHUE IPUPOJHOIO ra3a. PaloH HaXOaUTCS HA 3HAYUTEIBHOM yJIaje-
HUU OT CHUCTEM 3JIeKTpocHaOxeHus. [Ipu3HaHo HelenecooOpa3HbIM CTPOUTEIHCTBO
CIIEMAIBHOM BO3YIITHOM JIMHUU JJIA JIEKTpOocHaOXKeHus1 paiioHa. [locne Tmiartens-
HOW OIICHKM DHEPTEeTUYECKUX PECYPCOB paiioHa ObUIO MPUHSATO PEIICHHE peain3o-
BaTh CUCTEMY M30JMPOBAHHOTO AJIEKTPOCHAOKEHUSI. DTO 03HAYAET, YTO BCSI IHEPIHUs,
HeoOxoaumasi Il paboThl JBUTaTeseil, CTAHKOB, TPAHCIIOPTEPOB U T.JI. HA MECTO-
POXKICHUSIX OyZeT BbIpadaThIBaThCSl HA MECTE, ANEKTPOCTAHIIUSIMH MajIOi MOIIIHOCTH.
JlanHast MecTHOCTh ObUIa HM3ydeHa reojioramu-tonorpagamu. B pesymnbrare
MPOBEJCHHBIX UMM MCCIEIOBaHUM ObUIa ONpe/esieHa IUIoUIa/iKa, MOAXOAAIas A
CTPOMTENbCTBA paboyero mocenka (MCTOUHUKM YUCTOW BObI, 3alIUIIEHHOCTb OT
BETpa, OTCYTCTBHE 3a00JIOUEHHOCTH), a TAK)KE IUIOIIAJKH, Ha KOTOPBIX MOKHO IO-
ctpouTh Anekrpocranuuu (ICT):
e Tazorypounnytro DCT — psiioM C MECTOPOXKJIEHHEM Ta3a Ha CKaJIbHOW MO-
BEPXHOCTH;

e Mukpo runposnextpoctaniuio (MKI'DC) — Ha peke, rie ecTb €CTeCTBEH-
HBII Tiepenaj] BHICOT 3 M;

o Berpsuyto OCT — psanom ¢ HEOOJIBITUM, HO OYEHBb TTTyOOKUM 03epoM (TIIy-
ouna 50 M), B yienbe, rle MOCTOSHHO IYIOT BeTphbl. CpemHsiss CKOPOCTh
BeTpa 15 m/c.

BOnu3u pabouero nocenka u AByX MECTOPOKIECHUMN JOJKHBI ObITh COOPYKEHBI
MOJICTAaHITUH — IPUEMHO-PACTIPEICTUTEIbHBIC TyHKTHI AIEKTPUIECKON YHEPTHH.

Takum oOpaszom, U30JUpOBaHHAS JIEKTpoIHepreTuueckas cucrema (39C) Oy-
JeT BKJIIOYaTh B ceOsg 6 OOBEKTOB: TpU MOACTAHIIMU W TPU AJIEKTpOCTaHIMH. Bce
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00BEKTHI IOJDKHBI OBITH CBSI3aHBI APYT C IPYTOM BO3AYIITHBIMH JIMHUSMU SJIEKTPOTIE-
penayu.
HapucyiiTe BO3MOKHbIE BAPUAHTHI MPOKJIAJIKHN JTMHUMN.
[Ipu 3TOM JOJIKHBI OBITH BHITIOJIHEHBI TPEOOBAHMUS:
e CymMapHas JIJTMHA BO3AYIIHBIX JIMHUN CETH JOJDKHA ObITh MUHHMAJIbHA;
e Kax sl noTpeOuTeNb JOJKEH NOJy4aTh MUTAHUE 110 IBYM JIMHUSIM;
e Haumxyamum cuuTaem pexum, KOrJa OJIHA JIMHUS BBIBEJACHA B PEMOHT U
OJ/IHA JIMHUA aBapUHHO OTKJIIOYEeHA. [Ipr 3TOM 3JIEKTpUUECKOE CONPOTUBIIE-
HHUE MEXAY camMol ynalieHHOW mnojacTtaHuued u camor MoumHou OCT He
JIOJKHO TIPEBBIIIATh 12 0.€., Tak Kak B 3TOM ClIydae HANpPsKCHUE Ha IIMHAX
MOACTAHIIUU OyACT HUKE KPUTUUECKOTO.
Pacuer conmporuBieHuii BeauTe B 0.€. (OTHOCUTEIBHBIX €IUHMIIAX). 32 CIUHU-
Iy IPUHUMAEM CONPOTUBIICHUE JIMHUH, JIJIMHA KOTOPOW paBHA JJIMHE CTOPOHBI KBaJI-
pata. Jlyns ynpornieHus pacueToB JJIMHA CTOPOHBI KBajpaTa Oblila IPUHATA paBHOM 1.
Ha puc. 1 nmoka3ansl 1Ba U3 BOCBMH BO3MOHBIX BAPUAHTOB MPOKJIAJIKA CETH.
Ha ocHOBaHMU W3JI0KEHHBIX BBIIIE TPeOOBAHUN ONTUMAIBLHBIM SBJISIETCS BapUaHT,
MOKa3aHHbBIM HA puC. 1, a.

JIud.5 Jlun.

UTnu.4 M3

TTe.6 Jun.5

/]
// JHH,3 HI/IH.Gf /
JIun.Z //
JIun.1 ‘( ' JIun.1 W JIun|2
{ o] .

a 0
Puc. 1. BapuanTel Tononoruu cetu

Hanee ajisi cipoeKTUPOBAHHON CETH HEOOXOAMMO OBLJIO BHIOpaTh HOMHUHAJIb-
Hoe HanpsikeHue cetu Uy, HoMUHAIbHOE HaNpsKEHUE CETH BJIMSET KaK Ha TEXHU-
KO-2KOHOMHYECKUE MOKA3aTeJIM, TaK U HA TEXHUYECKHUE XapaKTEPUCTUKU CETH.

[Ipy NOBBIIEHUHM HOMUHAIBHOTO HANPSIKEHUS YMEHBIIAIOTCA TOTEPU MOITHO-
CTH U DJIEKTPOIHEPTHUH, T. €. CHIDKAIOTCS IKCIUTYTAllMUOHHBIEC PACXO/Ibl, YMEHBIIIAIOTCS
CEYCHHS MPOBOJIOB, PACTYT MPEACIbHBIE MOITHOCTH, MTepeaaBaeMbIe MO JIMHUSIM, 00-
JIeT4aeTcsl MEepCIeKTUBHOE pa3BuTue ceth. Ho, ¢ Ipyroil CTOPOHBI, YBEIMUYUBAIOTCS
KaluTaJOBJIOKEHUS HA COOPYKEHUE CETH.

HomunansHOe HampspkeHue onpenensercs no dhopmyne Mnnapuonosa as ca-
MOTO 3arpY»KE€HHOI'0 Y4acTKa CETH:
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rae | - pouaa muHuE (kM), N - ydcno nenei auaud (1 wmm 2), Pra- MommoCTS
(MBT), npoTekaromias o caMou 3arpyK€HHOHN JTUHUMU.

HeoOxoaumo 66110 BRIOpaTh OJIMH BapUaHT U3 IIKaJIbl HanpsokeHuit: 6 kB, 10
kB, 35 kB. B gannom cinydae 10 kB oka3anoch onTuManbHbIM HAIIPSYKEHUEM CETH.

TakuM 00pa3oM, CIPOEKTUPOBAHHAS CETh YJIOBJIETBOPSIET BCEM IPEIbSIBICH-
HBIM TPeOOBAHMSIM U MOXKET O0ECIEUUTh HAJEKHOE ANIEKTPOCHAOKEHUE TPEAIpHS-
TUH 1O AOOBIYE MOJE3HBIX UCKOMAEMBIX.

Hayunslii pykoBogurens: M.B. Ilomnos, ct. npenogasarens HI'TY.
THIBI ABUTATEJEH PABOTAIOIIMX HA COJTHEYHOM YHEPT U

C.P. KypGoHos, A.A. Uypunos, A.A. Kypenoun
MAOY TI'mmuazus Nel2, r. Tomck

BBenenue

[IpocToTa POTOAIEKTPUUECKUX ABUTATEICH AeNaeT UX UJCaTbHBIMU KaHIua-
TaMU JJIs1 TIOJTHOCTBIO aBTOHOMHOTO MCIOJIb30BaHUs, TPEOYIOIIErO THICSYH PadOunx
yacoB 0e3 He0OXOAMMOCTH OOCTY>KUBAHUS, HAIPUMED, SIS MepeKadyrBaHus Bobl. B
(OTORNEKTPUUECKUX JABUTATEINIIX CBETOBASI SHEPTHS TPeoOpa3yeTcsi B MEXaHUYECKYIO
0€3 MCMOJIB30BaHMS MIETOK WJIM CHUJIOBOM JIEKTPOHUKU. ITO JOCTUTaeTcs Oyaromaps
UCIIOJIb30BaHUIO0 (HOTOTATBbBAHUYECKUX DJIEMEHTOB, KOTOPHIE ONTUYECKU KOMMYTH-
pytotcst 3atBopoMm. [Ipu cHuKeHuU 11eH Ha (OTOrajdbBaHUYECKUE DJIEMEHTHI (POTO-
AIEKTPUYECKUE JBUTATENN CTAaHYT OoJiee MOCTYNMHBIMUA W HAJCKHBIMU, MO CpaBHE-
HUIO C OOBIYHBIMU. TakKe, TaKue ABUTATEIN MOXKHO IIUPOKO MPUMEHSITH B pailoHax
0e3 LEeHTPaJIbHOTO d3JIeKTpocHaOKeHus. [laTeHT Ha JaHHBIA BUI JABUTATENEH YKe
JABHO CYIIIECTBYET, HO HAYYHOM JUTEPATYyPhI IO ITOM TeME OUeHb MaJio [ 1, 4].

Puc. 1. BapuanTsl cuctemMbl (hOTO3IEMEHT-IBUTATEIh
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@PoT03/IeMEHTHI + ABUraTe b OCTOSTHHOT O TOKA

B nanHoil cucteme cBeTOBasi SHEPTHUs MpeoOpa3yeTcsi B MEXAHUUYECKYIO clie-
ayromuM oopazom. CHavasia SHEprusi CBeTa mpeodpa3yeTcsl B JIEKTPUUYECKYIO IHEP-
ruto. CBeT momnajaeT Ha COJHEUHYIO OaTapero, KOTopasi B CBOIO ouepeilb BhIpadaThI-
BaeT MOCTOSIHHBIN TOK U 3apsKaeT aKKyMYJISITOpHbIE OaTapeu (aKKyMmyJsiTOpHble Oa-
Tapeu B JaHHOW CUCTEME SIBJISIOTCA HEOOA3aTENbHBIM JJIEMEHTOM M MOTOMY MOTYT
OTCYTCTBOBaTh). Jlanee, mapajuieibHO C aKKyMyJIATOpaMu MOAKIIOYEHO JABUTATEINb
noctossHHoro toka (UIIT) [1, 2]. B pe3ynbTate yero yxe 3JeKTpUUECKas SHEPrUs
peoOpa3yeTcss B MEXaHUUECKYI0. DTO caMas IIpocTasi cucteMa mpeoOpa3oBaHuUs CBe-
Ta B IBIKEHHE (pUCyHOK 1 a), koTopas oOecrieunBaeT HAJEKHOCTh OJIaroapsi TOMy,
YTO MPU MHTEHCUBHOM CBETE M3JIMIIKHA HAKAIUIMBAIOTCA B AKKYMYJISITOpaxX, a B TEM-
HOE BpEMS CYTOK aKKyMYJISITOPHI BBIIAIOT HAKOIIEHHYIO SHEpruto. B pe3ynpraTe mo-
Ty4aeTcs OecriepeboitHoe cHaOKeHue aBUrartens nekTpudectBoM. Ho BMecTe ¢ Tem,
st pabotel AIIT TpeOytoTes meTku (pUCyHOK 2), KOTOPBIE MOABEPKEHbI MEXaHUYe-
CKOMY M3HOCY M YacTbIM IMOJIOMKaM. DTOT (haKTOp SIBISIETCS CYLIECTBEHHBIM HEJO-
CTaTKOM B M30JMPOBAHHBIX palilOHAX U CHIKAET HAJIEKHOCTh TAKOW CHCTEMBI.

Puc. 2. JII1T: 1 - moAmMAITHAK, 2 - KOJJIEKTOP, 3 - METKH 4 - SIKOPh 5 - TOTOJHUTEIb-
HBIE TI0JI0Ca, 6 - 0OMOTKA BO30YKJI€HUS, 7- CTAHMHA
®oT031eMEHTBI + CHJIOBasI JJIEKTPOHUKA + 0eCLIeTOYHbIH ABUTaTEe/Ib

Jpyrum BapuaHTOM CHCTEMbI, MOXKET SIBISTHCSA MPeoOpa3oBaHUE COJHEUHON
DHEPTHU B MEXaHWYECKYIO C UCTIOIh30BAHUEM CHIIOBOM DIIEKTPOHUKH (pucyHOK 1, b).
K nmaHHOU CHIIOBOU 3JEKTPOHUKE, B YACTHOCTH, OTHOCUTCS UHBEpTOp. MHBEpTOpOM
ABJISIETCSl YCTPOMCTBO MpeoOpasyroliee MOCTOSIHHBIA TOKa B MEPEMEHHBIN C U3MEHe-
HUEM BEJIMYMHBI HAIPSOHKEHUS, 0OBIYHO, OH MPEJCTABISET COOOW TeHepaTop Mepuo-
JTUYECKOTO HaNpsHKeHHs, 0 hopMe MPUOTMKEHHOTO K CHHYCOUIE, WU JUCKPETHOTO
CUTHAaJA.

Bce Te xe conHeuHble 6atapen MpeoOpas3yroT CBET B 3JIEKTPUUECTBO, KOTOPOE
3amacaeTcsl B akkyMysisiTopax. K aTuM akkyMmyssiTopaM MOJKITI0OUAETCsl Mpeoopa3oBa-
Tellb, a K HEMY B CBOIO OY€pedb — JBUraTellb IepeMeHHoro Toka |3, 4]. bnaronaps
HaJIMYUIO MHBEPTOpPA B CUCTEME, MOKHO OTCJIEKMBATh TOUYKY MAKCHUMaJlbHOM MOII-
HOCTH (DOTO3JIEMEHTOB B pe3yibTaTe uero, 3p(GEeKTUBHO ynpaBisaTh umu. Ho Tyt
BO3HUKAET APYroil BONPOC, CBA3AHHBIN CO CTOMMOCTBIO U pa3MePaMH JaHHBIX UHBED-
TopoB. KpoMe TOro, HageKHOCTh JAHHOW CBSI3KH B CYPOBBIX KIMMAaTUYECKUX YCIIO-
BUSIX BBI3bIBACT COMHEHUSI.
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®oTo31eMeHThI + IBUraTe]b MEPEMEHHOI0 TOKAa = (POTONIEKTPUYECKHH
ABUTaTeb

Takke cyniecTByeT Apyrol BapuaHT BBIIOJHEHUs aABurarenei. CHavana sHep-
I'Msl CBETA MPeoOpa3yeTcsl B AJIEKTPUUECKYIO SHEPTUIO0 IEPEMEHHOI0 TOKa. JTO Mpo-
UCXOAUT Onarojapst MCIONb30BaHUIO (OTOIEKTPUUECKUX 3IIEMEHTOB, KOTOPbBIE
KOMMYTHUPYIOTCSI 3aTBOPOM, MEXaHUYECKH CBSI3aHHBIM C POTOPOM. 3aTEM HCIOJIb3Y-
€TCsl IBUTATENb [IEPEMEHHOIO TOKA, KOTOPBIM MPEBPAIAET AIEKTPUIECTBO B MEXAHU-
4yeckylo sHepruto. JlaHHas cucremMa Has3bIBaeTCs (DOTOIICKTPUUYECKUN JBUTATENb
(®3N) (pucynox 1, ¢). IMorennmansao, ®3]] 001a1al0T HU3KUMHU OTEPAITAOHHBIMH
3aTpaTamu (TIOBCEIHEBHBIC 3aTpaThl KOMIAHUH JJI BeACHUs OU3Heca, MPOU3BOICTBA
TOBapOB U YCJIYT) U KallMTaJIbHBIMH pacXoJaMH (KaruTall, UCIOIb3YOUINICS KoMIa-
HUSMU JUTSI IPUOOPETEHHS WM MOJCPHU3AINN (PU3NIECKIX aKTHBOB). DTO 00YCIIOB-
JICHO TEM, YTO B JAHHOW CHCTEME HET IIETOYHOM CHCTEMBI, a TaK ke He TpeOyroTcs
peodpazoBaTesb NOCTOSTHHOIO B NepeMeHHbIN TOK. C Jpyroil CTOpOHbI, OTCYTCTBUE
MHBEPTOPA M HAJM4KME BPAIIAKOLIErocs 3aTBOpPa CO3Jal0T HOBBIE OTPaHUYEHHUSI, KOTO-
pBIE MOT'YT OTPaHUYUBATH ITPOU3BOAUTEIIBHOCTD CUCTEMBI.

IToreHMaILHOE IPUMEHEHHE

OCHOBHBIM KpUTEpHUEM aBTOHOMHOH paOOThl HM30JIMPOBAHHBIX IHEPrOCUCTEM
ABJISIETCS. UX HAIE)KHOCTh. Tak, @POJ] MOXKHO NPUMEHSTh U30JIMPOBAHHO U HUCIIONIB30-
BaTh, HAI[pUMEP, KAK aBTOHOMHBIE MOTOP-HACOCHI JUIsl IPOKAYKH BOJABI U3 CKBAKUHBI,
IUTSL OPOLIEHUS KYJbTYp WIH AJI1 XpaHEHUs BOJAbI B pe3epByape. s paboTsl Hacoca
Tpedyercs BbixoaHast MomHOCTh oT 100 mo 200 Bt. Mcnonk3oBanue jionacted mo3-
BoJisieT npeBpaTtuTh @I/ B BeHTUIIATOP. Tak BEHTUIIATOP, 3aKPETUIEHHBIN HA KPBIIIE
B COJIHEYHBIN JI€Hb, Oy/l€T OCYILIECTBIISTh BEHTWISALUIO MTOMEIIEHUH, TOrga KaK HO-
yblo — HeT. [ Takoi paboThl, TpeOyeTcs BbIXOAHAss MOITHOCTh okosio 50 BTt. [py-
TMMU BO3MOKHBIMU MPUMEHEHHUSIMU MOTYT ObITh COJTHEYHBIE 30HTUKU C OXJIAXKIACHU-
€M, COJIHEUHbIE BOJOHATPEBATEIM, MEJIBHUIIBI U UTPYILKH.

JINTEPATVYPA:

1. L. Petru, C. Ungureanu, Contribution concerning the building of some so-
lar-electric engines. The solar- electric engine with the rolling rotor, Sym-
posium on Unconventional Electrical Machines (ELS 2005), Suceava, Ro-
mania, Sept. 2005.

2. J. Bobitski, D. Ilwrnski, Investigation of photoelectric motor with stationary
axial diaphragm, static and dynamic characteristics, Optoelectronics review,
vol. 12, no. 1, pp. 85-90, 2004

3. J. Appelbaum, Starting and steady-state characteristics of DC motors pow-
ered by solar cell generators, IEEE Transactions on Energy Conversion, vol.
EC-1, no. 1, pp. 17-25, 1986.

4. S.R. Bhat, A. Pittet, B.S. Sonde, Performance optimization of induction mo-
tor-pump system using photovoltaic energy source, IEEE Transactions on
Industry Applications, vol. |A- 23, no. 6, pp. 995-1000, 1987.

Hayunbiii pykoBomutenb: B.B. I'peuyminukoB, accucteHt kadeaper I39C
OHUH TIIV.
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PABOTA ®OTORJEKTPUUECKHUX IBUTATEJIEN

A.A. Yypunos, A.A. Kypen6un, C.P. Kyp6onos
MAOY rumnazus Nel2 r. Tomck

BBenenue

B HacTosiiiee Bpemsi B HayKe JiefaeTcsi Bce OOJIBIIMK YIOp Ha BO30OHOBIIsie-
MbI€ UCTOYHHUKHU SHEPruv. TaKMM MCTOYHUKOM 3HEPIUM SIBJIECTCS COJHEYHBIA CBET.
Hcnonp30BaHne JaHHOTO THUIIA SHEPTHH aKTyaJlbHO Kak Ui yAaJeHHBIX MOTpeOuTe-
Jed, TaKk U JAJI1 aBTOHOMHOW paOOThl HEKOTOPBIX arperatoB. B 4acTHOCTH, TaKMMH
yCTpOMCTBaMH MOTYT OBITh (DOTOIIEKTPUUECKUE BEHTUIISITOPHI, KOTOphIe ObI paboTa-
T JUTSL OXJIQXKIEHUS TEIUINL B COJIHEUHYIO JKAPKYIO ITOTO1y.

[lenp manHO#M pabOTHI— MOKa3aTh (U3NYECKUE MPHUHIMIBI PabOThl (POTOIIEK-
Tpuueckux asurateneit (O@3]]). OcHoBaHUEM I PACCMOTPEHUSI ITHX JBHUTaTelNeH,
ABJIIETCS TOT (PAKT, UTO B HUX OTCYTCTBYET LIETOYHAs CHUCTEMa, a TAKKE€ MHBEPTOP
MOCTOSIHHOTO TOKa B MepeMeHHbIN. /[t mpocToThl, OyAyT OnMCaHbl 3JIE€MEHTApHbIE
OO /1, umeromue oaHy ¢a3y u ABa nojroca (Ba 3y0ua ctaTopa U ABa 3yOla poropa).
OueBHIHO, UTO JBUraTesd ¢ Tpems U Oosee pa3zaMu U OOJBIIMM KOJUYECTBOM IIO-
J0COB (MM 3yOLIOB pOTOpa) UMEIOT OoJiblIee MpaKkTUYEeCKOe MpUMEHeHHe, Oaroja-
psl yBEJIMYEHHOMY KPYTSIIEMY MOMEHTY U 00JerdeHHOMY camo3ainycKy. Ha Bcex pu-
cyHkax, OykBel HB (HampaBieHue BpailieHUs) 0003HAUaIOT HAMpaBJICHUE BPAILICHUS
IIPOTUB YaCOBOM CTPEJIKHU.

OaHONOJIAPHBIA (POTOITEKTPUYECCKUI CHHXPOHHBIN ABUIaTe/b € IOCTO-
SIHHBIMHM MATHUTAMU

[lepBble KOHCTPYKLHMH OJHOMOJSPHOTO (POTOINEKTPUUECKOTO CHUHXPOHHOIO
nsuratenst ¢ noctosHHbIMU Marautamu (CAIIM) mpennoxxkunu U 3anmaTE€HTOBAIH
Edward Hall 8 1945 r. [1] u Sepp Braeutigam B 1967 r [2]. Onu coctosuin u3z CAIIM,
onHo# ¢otoransBannueckon siueriku (PV1) u 3arBopa (pucynok 1 a). CAIIM npen-
cTaBisieT co0oi oaHO(a3HYIO JBYXMOIIOCHYIO MAIlIMHY C HEMArHUTHBIMU 3YObSIMH,
MOCTOSIHHBIA MarHuT y KOTOPOM HaxoauTcs Ha poTope. OnHodaszHas KaTylIka sKops
C TOJKIIFOUYEHHBIM K HEeHW (DOTODIEMEHTOM paCIOIOkKEHBI Ha ctatope. JlaHHbIN BUA
JIBUTATEISI SIBIISIETCSl OJHOMOJISIPHBIM, ITOCKOJIBKY HAIpaBJICHHE TOKAa B KaTyLIKe
OCTAeTCs IMMOCTOSTHHBIM.

[TomaroBast paboTa ABUTaTelNsl JAHHOTO THUIMA MOKa3aHa Ha pucyHke 2. [Ipen-
nojaraeTcsi, 4To HayalbHBI yroa poropa HaxoauTces B mpeenax ot 0° go 180°, B
pe3yabpTare 4ero, 3aTBOp MO3BOJISET monacth cBety Ha PV1. B cBoro ouepens, PV1
CO3/J1a€T TOK I, KOTOPBHIA HAMArHUYMBACT KATYIIKY SKOPS, YTO MPUBOIMUT K TOMY, YTO
pPOTOpP HAayMHAET BPAIIATHCA MOJ JECHCTBUEM CHJIbI OTTAJIKUBAHUS M MPUTSKEHUS.
ITocne nosopoTa Ha 180°, 3aTBOp 3aKphIBaeTCS, ¥ CBET IEpecTaeT nonanars Ha PV1,
B pe3yJIbTaTe Yero TOK | CTAHOBUTCS PaBHBIM HYJIIO, KAK 1 HAMAarHUYEHHOCTh KaTYIII-
ku sxopsi. Ilocne 180° na portop meiicTByeT TopMO3HOIT MoMeHT. IIpu J0CTaTOYHOM
MHEPLHH OH MPOJOJDKAET CBOE BPALIECHUE 10 TEX IOpP, IMOKA HE JOCTUTIHET IOJIOMKE-
nus B 360°, rae 3aTBOp CHOBa OTKpoeTcs. TakkuM 00pa3oM, MOIOKHTENbHBIA KPyTs-
M MOMEHT F'€HEPUPYETCS C MEPEPHIBAMH.
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Puc. 2. Tlpunnun pabotel ogHonosipHOro otodnexrpudeckoro C/ITM.

bunojspHbiil (OTOIIEKTPUYECCKUNA CHHXPOHHBIM ABUIaTe/b C IOCTOSIH-
HbIMHM MAarHUTAMH

KoHCTpyKIMM TaHHOTO THUMA ABUTATENs MOSIBUIMCh HEMHOTO MO3XKE YeM O/I-
HOMOJISIpHOro. [laTeHThl Ha KOHCTPYKIMHM MPUHALJICKAT TaKUM YYEHBIM Kak
Y. Nakamatsu [3], H. Izawa [4], G.J. Shea [5], W.A. Marrison [6]. Oxu cocTosin u3
CHIIM, nByx ¢oTtoransBannyeckux »saemMeHToB (PV1 u PV2) wu 3atBOpa
(pucynok 1 b). CAAIIM B naHHOM cilydae MpeacTaBisieT co0oi oHo(a3Hy0 ABYXIIO-
JIOCHYIO MAIlMHY C MAarHUTHBIMHU 3yObSIMH, MOCTOSSHHBIA MAarHuT y KOTOPOM Haxo-
auTcst Ha porope. OpHodas3Has KaTylIka SKopsl ¢ MOJKIOYEHHBIM K HEH BCTPEUHO-
napajuiebHO (POTORIEMEHTAMH PACIIONIOKEHBI Ha cTaTope. JlaHHBIM BUA JBUTaTelNs
ABJISIETCSL OUIIOJISIPHBIM, ITOCKOJIbKY HalpaBJI€HUE TOKA B KATYIIIKE U3MEHSETCS.

[Tomarosast pabota aBUraresns JaHHOTO THIA MOKa3aHa Ha pucyHke 3. IIpex-
TmojaraeTcsi, 4To HadalbHBIA yroa poropa HaxoauTces B mpepenax ot 0° go 180°, B
pe3ynbTaTe Yero, 3aTBOP MO3BOJISIET MonacTh cBety Ha PV1, Ho 6mokupyet PV2. PV1
CO3JIaCT TOK 1, KOTOPbI HAMArHMYUBACT KATYIIKY SIKOPS, YTO IPUBOJIUT K TOMY, YTO
pPOTOpP HAaYMHAET BPAIIATHCA MO JACUCTBUEM CHUJIbI OTTAIKUBAHUS U MPUTSKEHUS.
ITocne noBopota Ha 180°, 3atBop Grokupyer PV1, Ho oTkpeiaer PV2. Tok i MeHseT
CBOE HAIIPABJIEHUE, & BMECTE C 3TUM MEHSETCS U MOJSIPHOCTh KaTyllek skops. B pe-
3yJbTaTEe 3TOT0, POTOP MPOJOJIKAET BPALLIECHHUE MOJ JIEUCTBUEM CHII, BO3ACHCTBYIO-
IIMX Ha Hero. TakuM 00pa3oM, MOJOKHUTEIbHBIA KPYTAUIMI MOMEHT JAEUCTBYET Ha
POTOP HENPEPHIBHO.
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Puc. 3. [Ipunuun padotsl Oumnossiproro ¢poroanekrpuueckoro CIIM.
DOT0IEKTPUYECKUN BEHTUIbHbIA PEAKTUBHBIN ABUTaTE b
DOTOIIEKTPUUECCKUN BEHTWJIBHBIN peakTuBHBIM jaBurarenb (BPJI) Obur mpen-

noxen A. Coty B 2012 r. [7]. On coctosin u3 BP/I, oiHOM raqbBaHUYECKOW SUYCHKH
PV1 u 3atBopa (pucyHok 4). DHL B cBoto odepenp mpeacTaBiisieT coOoi oaHoda3-
HYIO MAIlIMHY C IBYMS 3yOIlaMu cTaTopa u AByMs 3yOriamu potopa. OgHodasHas Ka-
TYIIKA SIKOPS C TIOJAKIIOUEHHBIM K HEM (DOTORIEMEHTOM PacIoIOKEHbI Ha CTaTOPE.
doToranbBaHN4ecKas

- Aaueika
(HenoaswXxHas)

[:\ 3aTBop
(BpaLLaroLwmincst)
[ ] Xeneso

Puc. 4. ®oroanexkrpuueckuii BP/]

[TomaroBast paboTa ABUTaTelNsl JAaHHOTO THUIMA MOKa3aHa Ha pucyHke 5. [Ipen-
nojiaraeTcsl, 4YTo HauajdbHbIH yron poTopa Haxoaurtcs B npeaenax ot 0° 1o 90°, B pe-
3yJbTaTe 4Y€ro, 3aTBOp MO3BOJISET nonacTth cBeTy Ha PV1. B cBoto ouepens, PV1 co-
3[1a€T TOK I, KOTOPBI HAMAarHUYMBACT KATYIIKY SKOPS. 3a CYET CTPEMJICHUSI POTOpa
CKOMIIEHCHPOBAaTh M3MEHEHUWE MAarHUTHOIO MOTOKA, OH HAYWHAET MOBOPAYMBATHCS
CTPEMSCh 3aHSTh MOJIOKEHHE, TPU KOTOPOM MarHMTHBIM MOTOK cTatopa OyaeT mpo-
XOMIUTH 110 och potopa. Ilocie nosopora Ha 90°, 3aTBOp 3aKpBIBAETCA M CBET IEpe-
craet nomnagaTh Ha PV1, B pe3ynabTrare 4ero, TOK i CTAHOBHUTCS PAaBHBIM HYIIIO, KaK U
HaMaTHUYEHHOCTh KaTymkH sikops. Ilocie 90° Ha poTop neiicTByeT TOPMO3HOMH MO-
MeHT. [Ipu nocTaroyHol MHEPLMHU OH MPOAOJDKAET CBOE BpPALEHUE ITOKA HE JIOCTHUT-
HeT nonoxenus B 180°, rae 3atBop cHOBa oTKpoeTcs. TakuMm 06pa3oM, HONOKHUTENb-
HBIW KPYTALIMA MOMEHT F'€HEPUPYETCS C IIEPEPHIBAMMU.
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Puc. 5. [Ipunun pa6otsr Gporosnextpuueckoro BP/I.

CTOUT OTMETHTH, YTO CYIIECTBYIOT U Apyrue Buasl ®DJI, mpeanoKeHHbIe Ta-
KUMH ydeHbIMH Kak: H. Izawa B 1997 1. [8], Y. Morikawa B 2002 1. [9] u L. Petru ¢
C. Ungureanu B 2005r. [10].

JlaHHBIC ABHTATEIN HE PACCMATPHUBAINCH B 3TOU paboTe, MOCKOIBKY OHH HMe-
IOT HH3KHME DKCIUTyaTallHOHHBIC XApaKTEPUCTHKH WM BBICOKYIO CIIOKHOCTH KOH-
CTPYKIIHH.

JINTEPATVYPA:

1.
2.

3.

8.

9.

E.T. Hall, Solar motor, U.S. Patent: 3 296 469, issued date Jan. 3, 1967.

S. Braeutigam, Rotating advertising device, U.S. Patent: 3 325 930, issued
date June 20, 1967

Y. Nakamatsu, Apparatus for converting radiant energy such as light or heat
directly into turning force, U.S. Patent: 4 634 343, issued date Jan. 6, 1987
H. Izawa, Solar energy motor, U.S. Patent: 4 751 413, issued date June 14,
1988

G.J. Shea, Solar energy magnetic resonance motor, U.S. Patent: 5 408 167,
issued date April 18, 1995.

W.A. Marrison, Apparatus for converting radiant energy to electromechani-
cal energy, U.S. Patent: 2 919 358, issued date Dec. 29, 1959.

A. Coty, Automatically switched photovoltaic motor, EU. Patent: 2 380
261, issued date Jul. 20, 2012.

H. lzawa, Photovoltaic drive motor, U.S. Patent: 5 610 459, issued date
Mar. 11, 1997

Y. Morikawa, Optical actuator, U.S. Patent: 6 342 671, issued date Jan. 29,
2002.

10.L. Petru, C. Ungureanu, Contribution concerning the building of some so-

lar-electric engines. The solar- electric engine with the rolling rotor, Sym-
posium on Unconventional Electrical Machines (ELS 2005), Suceava, Ro-
mania, Sept. 2005

Hayunsiii pykoBoautens: B.B. I'peuymnukos, accuctent kad. 99C DHUH

TIIY.
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YCTPOMCTBO JJIsI HAKOILJIEHUSI KHHETUYECKOM SHEPTUA

P.A. MareppamoB
MAOY rumHazus Ne 12 r. Tomck

B Hacrosiee Bpemst Bce 6oJiee akTyalbHOW CTAaHOBUTCS HEOOXOAMMOCTh Oec-
nepeOONHOTO CHAaOXEHUsl dJEKTpUUYECKOoN sHepruei npennpustui. K coxxanenuto,
aBapyuM B SHEPTETHUECKON OTpaciii HEM30ESKHBI.

[lens manHOU paboOTHI — obOecmedeHne OecrepeOOHHOTO AIIEKTPOCHAOKCHUS
MOTpeOuTENE B Cilydae MOJOMKHA U aBAPUKWHOIO OTKJIKOYEHUS OJHOIO U3 T'€HepaTo-
poB anekrpoctaniiuu (ICT) B HEOOBIION N30JUPOBAHHON SHEPIOCUCTEME.

M3onupoBaHHasi SHEPrOCUCTEMA — 3TO OJHA WJIM JBE AJIEKTPOCTAHLUH, KOTO-
peie He coenuHEHbI ¢ ocTanbHBIMU DCT 3HEprooObeAMHEHUST TUHUSAMHA DJIEKTPOTIC-
penauu. Takas cuTyanusi xapakTepHa uisi HedrerazonoObiBaromiel orpaciau. Mecro-
POXKJIEHU Ta3a U He(PTH MOTYT HAXOJIUTHCA B TPYIHOJOCTYIMHOM yJIaJ€HHON MeCT-
HOCTHU U CTPOUTENBCTBO BO3AYIIHBIX JIMHUN SKOHOMHUYECKU HEBBITOJHO.

['MaBHBIM HEIOCTATKOB B M30JIMPOBAHHON CHCTEME BJICKTPOCHAOXKEHUS SIBIIS-
€TCs OTCYTCTBUE PE3€pBa MOIIHOCTH B CIIy4a€ aBapUUHOTO OTKIFOYEHUS OJHOTO Te-
HepaTopa. Eciu oiuH 13 renepaTopoB OTKIFOUMIICS, TO BOBHUKAET Je(DUIIUT MOIIHO-
CTH, B PE3yJbTaTe€ POTOPHI OCTABLIMXCS F'€HEPATOPOB HAYMHAIOT 3aMEIJISATh Bpalle-
Hue. YacToTa BpallleHUs CHIXKAETCSI OYE€Hb OBICTPO, 3a Mapy CEKyHJ OHAa MOXET CHU-
3UTHCS HIXKE KPUTHUECKOUN 4acToThl (46 1'1r), mocie yero aBapuiiHas aBTOMaTHKA BbI-
KJIFOUUT BCE TEHEPATOPBI.

Pemenue npo6iemMbl U3BECTHO — €CIIM OTKIIIOYAETCS OJMH U3 T€HEpPaTopoB, TO
HY>KHO BKJIIOUHUTH Pe3epBHBIN reneparop. Ho ans atoro Hyx)HO Bpems, okosno 30-60
C. DTO CJHMIIKOM JIOJITO, YAaCTOTAa CHU3HUTCS, T€HEPATOpbl OyIyT OTKIIOYEHBI, YTO
MPUBEAET K JIIUTEIBbHOMY (MUHYTBHI M Ja)K€ Yachl) MEPEPBIBY JIEKTPOCHAOKEHUSI.
Ecnu xe yepe3 cekyHAy Mociie OTKIIOUYEHUSI TEHEPaTOpa «BIPBICHYTH» B SHEPrOCH-
CTEMY HEKOTOPYIO MOIIHOCTb, 3TO JAacT BpPEMs aBTOMATHUKE BKJIIOUUTH PE3EPB U
npenotBpatut noracanue JCT.

B nanno# pabote ObU1a IOCTaBICHA 3a7a4a: pa3padoTaTh KOHCTPYKIIUIO MeXa-
HAYECKOTO HAKOMMUTENS SHEPIMH, OCHOBAHHOI'O HA MOTEHIMAIbHON SHEPIUMU MOJHS-
TOTr'O TPy3a, KOTOPBIM MO3BOJUT MPEAOTBPATUTh CHUKEHUE YACTOTHI B M30JUPOBAH-
HOI MaJIOMOIIHOM SHEPrOCUCTEME 3a CUET BHIPAOOTKH MOIIHOCTU HEe MeHee 160 kBT
B TeueHue 1-oif MuHyThl. OJIUH U3 BApUAHTOB YCTAHOBKHU — COPOC Ipy3a B IIaXTY.

Bo-nepBeix, ObuIa paccunTana riayOrHa IIaXThl U Macca rpysa Juisl OJTy4eHUs
MomHocTH 160kBT.

[To pe3ynbTaTaM pacy€ToB ObLI COCTABIIEH rpauK 3aBUCUMOCTH MOIIIHOCTU OT
MaccChl, KOTOPOH IOKa3aj, 4To sl BbIpaboTku MourHOCTH B 160kBT He 00Xxomum
rpy3 Maccoit 16000 kr u nraxrta riyouron 300 m.
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Puc. 1. KoHCTpyKIIUSI MEXaHUYECKOTO HAKOIUTEISI SHEPTUU

Crneayromum 3TanoM padoTsl cTasl BEIOOP rpy3a. Mbl paccMOTpeNn Takue ma-
Tepuaibl KaK 4yryH, OETOH, IECOK U Takue (Hopmbl Kak KyO, map, uunusap. [lo pe-
3yJbTaTaM pacdeTa CaMbIM BBITOJHBIM BAapUAHTOM CTaJl AJTOMHHHUEBBIA LIWJIAHIP
HAIlOJIHEHHBIN ITECKOM.

MOXHO OTMETUTH JOCTOMHCTBO YCTPOWMCTBA ISl COXPAHEHUS KUHETUYECKOU
SHEPruM. DHEPIHUIO, 3aMaCEHHYIO NP MOJHATUU TBEPIBIX TEJ, MOKHO BBICBOOOAUTH
32 O4eHb KOPOTKOE BpeMs. OrpaHUYEHHE HA MOIY4aeMYH0 C TaKUX YCTPOMCTB MOII-
HOCTb HAKJIaJbIBAE€T TOJIBKO YCKOPEHHE CBOOOJHOTO Ma/IeHUsi, ONpEAeIAolee Mak-
CUMAJIBHBIA TEMII HapacTaHUs CKOPOCTH Iajaarouiero rpysa. Ilpu stom Bpems xpane-
HUsI OJTHAK/IBI 3aIIaCEHHON DHEPIUU MPAKTUYECKA HEOTPAHUYEHHO, €CJIA COXPAHATH B
MOPSZKE TPY3 U JIEMEHTHI KOHCTPYKIIUH, ITPEAOTBPAIATh MEXaHUYECKUE II0JIOMKU U
T.II.

BeiBoa: CrpoekTupoBaHHasi cucreMa BblpabaThiBaeT 3a 1 muHyTy 160 KBT
MOIIHOCTH, YTO MO3BOJISIET NMPEIOTBPATUTh CHUKEHHUE YACTOTHl U ABAPUHNHOE OTKIIIO-
yeHue Bcex renepatopon OCT.

Hayunsblii pykoBoautens: C.M. FOnuH, k.T.H., noueHT kad. 99C SHUH TI1Y.
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OCBOEHHME BUOOHEPTETHYECKUX MATEPHUAJIOB -
AJIBTEPHATUBHBIX HCTOYHUKOB SQHEPI'MU

K. VKOHHHKOBA', I.A. Bii3HIOK’
MBOY I'mmuasust Ne56 r. Tomck™
TOMCKUH MOJIMTEXHUYECKAN yHI/IBepCHTeT2
OHUH

WHuTepec K albTepHATUBHOW DHEPTUU M JSHEProCcOEPETAONINM TEXHOJIOTHIM
HapacTaeT. M3ydyeHne u mOHMMaHUE COBPEMEHHBIX TEXHOJOTHUN TMOJYyYEHUS allbTep-
HATUBHBIX UCTOYHUKOB DHEPTUU — ITO HE TOJBKO COEpEKEHUE IHEPTETUICCKUX pe-
CYypCOB M CHIDKEHHWE JICHS)KHBIX 3aTpaT, HO M CITOCO0 YCIEIIHOTO PEIIeHUs YKOJIOTH-
YECKUX, COMUAITBHBIX U TYMaHUTAPHBIX MTPOOIIEM.

Ha ceromusiniamii 1€Hb CYIIECTBYEeT MHOXECTBO HANPaBICHUH albTepHATHBOU
SHEPTrUU: BETPOBAsl DHEPrUsi, SHEPTUs PEK, TUAPOTEPMATIbHBIE CHCTEMbI, SHEPTHUS
NPUIMBOB U OTJINBOB, COJIHEYHAs SHEPTHs, OnosHepreTuka u ap. [1-2].

Hcnonb3oBaHue MepevrCICHHBIX YHEPIEeTUHYECKUX UCTOYHUKOB TpEOyeT B Tie-
PHOJT CO3/IaHUsI DHEPTOYCTAHOBOK MOBBIIIICHHBIX KAMUTAIOBIOKEHUM. [{151 G0IbIITNH-
CTBa X BUJOB XapakTepHa Majasi IUIOTHOCTh MOTOKA U U3MEHYMBOCTH BO BPEMEHH,
41O TpeOyeT OOJbIIME «IEePEeXBaThIBAIOIINE» IUIOMAIU (IPUEMHBIE TOBEPXHOCTH
COJIHCUHBIX YCTAHOBOK, TUIOIIA/Ib BETPOKOJIECA, MPOTHKECHHBIC TUIOTHHBI MTPUITHBHBIX
ANIEKTPOCTAHIMK U T. 1.). HO M3-3a BBICOKOTO YpOBHSI CaMOO0OECIICUCHHSI U IKOJIO-
TUYHOCTH MPOM3BOJCTBA MPH HU3KUX AKCILTyaTAllMOHHBIX 3aTpaTax MEpPBOHAYATLHO
BBICOKHE KA TAIOBJIOKCHUS BIIOCIEACTBUN OKYTAIOTCA.

B Hacrosmmem cooOmieHnn paccMOTPEHBI MPEMMYIIECTBA M HEIOCTATKA HC-
MOJIb30BaHUST OMOdHEPTeTHYECKUX MaTeprasioB. OTIEHEHBI TEPCIIEKTUBBI OCBOCHHSI U
OKCIUTyaTallii OMOra30BbIX CTAHIINI Ha TeppuTopuu 3ananHoi Cubupu [3-7].
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HEPCIIEKTUBBI IPUMEHEHUSA CYIIEPKOHAEHCATOPOB

C.B. Msicoenos, E.B. SIkyxuHna
MBOY COIII Ne120 r. HoBocubupck

B ckopom BpemeHu HanOoliee MPUMEHSIEMbIMU YCTPOMCTBAMU JIJIsl XpaHEHUS U
Nepeaaun SHEPrun OyIyT SIBISIOTCS CYNIEPKOHAEHCATOPHI.

Cynepkonaencaropsl (CK) — mpubopsl, B KOTOPBIX MPOUCXOAAT KBa3HOOOPOT-
HBIE JJIEKTPOXMMHUYECKHE 3apsaHO-paspsanble npoueccbl. CK cocroar m3 amekTpo-
JOB, CACIAHHBIX U3 MAaTEPUAIOB C Pa3BUTOM BHYTPEHHEW MOBEPXHOCTHIO, Pa3/ICIICH-
HBIE CENapaTopoOM U MOMELIEHHBIE B KOpITyC. BHYTpeHH:s cpena cynepKkoHaeH caTopa
3aI0JIHEHA DJIEKTPOJIUTOM.

B kauecTBe 37€KTpOJHOrO0 Marepuajga OOBIYHO MPUMEHSIOT BBICOKOAMCIIEPC-
HBII yriaepoa. DTOT MaTepuasl 00yialaeT Pa3BUTON YAECIbHONU MOBEPXHOCTHIO, KOTO-
past IOCTHTaeT THICAYH M°/T,  XOPOIIO IEKTPONPOBOICH. BHICOKOINCIIEPCHBII Y-
JIEpPOJ MPEICTABIEH B BUAEC AKTUBUPOBAHHOIO YIJISA, CaXKH, HAHOIIOPUCTBIX MaTepua-
JIOB.

B xozxe paGoThl uist co3AaHus CyNepKOHIEHCATOpa MPUMEHSUINCh HAHOKOMIIO-
3ULIMOHHBIE MaTepHallbl, COCTOSIIUE U3 TEPMOPACUIMPEHHOr0 TpaduTa, HAaHOBOJIOK-
HHCTOTO YIJIEPOJa U aKTUBUPOBAHHOTO YTJIS.

Tepmopacmmpennsiii rpadput (TPI') - mMarepuan, KOTOpslid 00MagaeT HUZKOM
TJIOTHOCTBIO, UMEET OTPOMHOE KOIMYECTBO Makpomnop. TPI' umeeT BbicOkue 3Haue-
HUSI eMKOCTH 33 CYET BBICOKOH Y/IEIbHOI OBEPXHOCTH, TOCTHTatomIei 350 M/T.

HanoBonokuuctsiii yrnepoa (HBY) - aro rpanynsl neperuieTeHHble MEXIY
co00i yriepoIHHIMU HAaHOBOJIOKHAMH. Y IeJIbHAsl MIOBEPXHOCTH cocTaBisieT 117 M2/,
a pazmep nocturaet 10 MkM. B Kommuiekce 3TU CBOMCTBA (BbICOKAsk MPOYHOCTh, BbI-
COKasl 3JIEKTPO- U TEIIONPOBOAHOCTD) JIE€TAOT JAHHYIO PAa3HOBUIHOCTh YIIEPOIHBIX
HAaHOMAaTEpHAaJIOB MEPCIEKTUBHOM JIs1 MPUMEHEHUs1 BO MHOTHX oOjactsx. Hanpumep,
B KAaueCTBE HAITOJIHUTEJBHBIX MaTE€pPUaJOB JUIsl CYNEPKOHAEHCATOPOB U 3JIEKTPOXU-
MHYECKHX JaTYUKOB.
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AKTUBUPOBaHHBIA yrojib (AY) — 3TO yriaepoJ, NOJyYEeHHbIH MYyTEM CKUTaAHUS
PHCOBOM MICTYXH W MOCJEIYIONeH XumMudeckoi oopadoTke. ITomydeHHBIH NPOTYKT
MIPEACTABIISIET COOOM MITKUI MaTepuall, JIETKO pa3MelbyaeMblil 10 pazMepa 35 MKM C
YAEIBbHON OBEPXHOCTHIO COCTaBIAtoIEeH 169 M2/

BBIIO yCTaHOBIJIEHO, YTO €MKOCTh CYNEPKOHICHCATOPOB HA OCHOBE TEPMOpac-
HIMpEeHHOro rpaduTa paBHa 176 O/r.

Matepuansl ObIIIM MCCIEAOBAHBI Ha YJIEJIBbHYIO MOBEPXHOCTb IMPH IOMOIIU
ycranoBku Quantachrome NOVA 1000e meTomoM HHU3KOTEMITEpaTypHOU aacopOIuu
azota. Kpome TOro, oHM HMCCIEAOBAINCH HA YAEIBbHYI0 EMKOCTh B TPEXDIIEKTPOAHON
siaeiike rpu momorn ycranoBku Elins P-30SM.

Y cTaHOBIEHO, 4TO yAenpHas EMKOCTh KoMno3uTa TPI' co ckopocTeio pa3BEpT-
ku 2,5 MB/c mocturaer 169,8 ®@/r, nigs HBY 36,7 ®/r, a AY 19,8 ®/r ¢ TeM ke noka-
3aTeJieM CKOPOCTU Pa3BEpTKH. YJenbHas moBepxHocTh oOpasuoB TPI' u HBY co-
crapisieT 45 M%/r 1 227 M°/T COOTBETCTBEHHO.

C nmomo1p0 pacTpoBOil MUKpocKomuu (puc. 1) ycTaHOBHIIM, YTO pa3Mep 4va-
ctull BapbupoBaics ot 20 10 40 Hm.

g, T £ .
| I T R T Y T

SUB000 10.0kV 9.6mm x100k SE(U) 500nm
Puc. 1. Caumox ob6pasma TPT’

JINTEPATYPA:

1. Conway B.E. Electrochemical Supercapacitors. Scientific Fundamentals and
Technological Applications. New York: Kluwer Academic/ Plenum Pub-
lishers, 1999. — 685p.

2. DIJIEKTPOIHBIA MaTepuaj I CYNEepPKOHICHCATOPOB HAa OCHOBE HAHOCTPYK-
typHoro yriaepoaa / C.JI. Peso, .M. byazynsk, b.1. Paunii, M.M. Ky3u-
muH // DnexkTpoHHas obpaboTka marepuanoB. — 2013. — T.49, Ne 1. — C.
71-75.

3. Chemical treatment of graphite nanoplatelets and their use in supercapaci-
tors / A.A. Shibaev, S.I. Yusin, E.A. Maksimovskii, A.V. Ukhina, A.G.
Bannov // Russian Journal of Applied Chemistry. — 2016. — Vol. 89, iss. 5.
—P. 739-745.

219



4. BnusHue (QpakimoOHHOTO COCTaBa TPaHYyJWPOBAHHOTO HAHOBOJIOKHHCTOTO
YIIEPOHOTO HAMOJHUTENS HA ANEKTPO(PU3NYECKHe CBOMCTBA MOKCHIHBIX
komno3uToB / A.I'. bannos, H.®. YBapog, I'.I'. KyBmmnos, H.P. IIpokor-
gyyk, D.T. Kpyteko, JK.C. [llamok, K.B. Bumnesckuit // Xumus, TexXHOI0-
I'Usl OPraHUYECKUX BelecTB U onotexHosorus. — 2014, — Ne 4, — C. 31-34.

5. Heyen Manw Xuey, Kopoboukun B.B. Crioco0 mojgydyeHus: akTHUBUPOBAHHOTO
yIJIsl U TUOKCUJA KPEMHUS U3 PUCOBOM IIeNyXu [DIEKTpOHHBIN pecypc] //
«SCI-ARTICLE.RUy: snekrpon.HayuH. xypH. 2014. Nel12. URL: http://sci-
article.ru/stat.php?i=1408911852 (nara obpamenus: 12.02.2017).

Hayunsiit pykoBoautens: M.B. [lonos, ct. npennogasarens HI'TY.

O ITOJIYYEHUU KAPBUJIA BOJIb®PAMA B IIVIASME AYT'OBOI'O
PA3PAIA IIOCTOAHHOI'O TOKA

E.b. AkumoBa
MBOY Jluueii npu TITY r. Tomck

Kapbun Boibppama o6siagaeT BRICOKUMHU (PU3UKO-MEXAHUYECKMMH CBOMCTBa-
MU: BBICOKas TeMIlepaTypa IUIaBJICHHUS, BbICOKAs TBEPAOCTb, HU3KUN KO3()PUIUEHT
TPEHHUsI, CTOUKOCTh K XMMHYECKHA aKTUBHBIM CpellaM, KOPPO3HHM M OKHUCIEHUIO [1].
brnaronapsi cBoeld BBICOKOW TBEPIOCTH KapOuJ Bojdb(ppamMa MUPOKO MPUMEHSETCS B
MIPOU3BOJICTBE TBEPJABIX CIUIABOB, MCIOJb3YEMbIE B PEXYIIUX U OYpPOBBIX HHCTPY-
MEHTaX, OTBETCTBEHHBIX JIETANIAX C BHICOKOW M3HOCOCTOMKOCTHIO [2], PuibTpoB, Ka-
Tanu3aTopoB [3, 4], TOMIUBHBIX 3JeMEHTOB U Oatapei [5]. CymiecTByeT MHOXKECTBO
METO/IOB MOJIYYEHUS MOPOIIKOBOro KapOujaa Bosibppama, B HACTOSIIEE BPEMsI MOITY-
JsipHA Tpylnmna METOAOB IMOJIy4eHUs KapOujaa Bosib(paMa, OCHOBHAs Ha TEeHEpaluu
J1a3Mbl B MHEPTHOM aTMocdepe, Harpumep, B Bogopoae [6, 7]. OxHum u3 BO3MOXK-
HBIX H3BECTHBIX HCTOYHMKOB IUIa3Mbl sIBiseTcs IyroBoil paspsn [8]. Ilpu stom
OOBIYHO BBICOKHE TEMIIEPATyphl MIPUBOJAT K 00pa30BaHUIO KPYIHBIX (MKM) YaCTHUIL
JaXe B CIIy4ae UCIIOJIb30BaHUS MCXOIHBIX HAHOPA3MEPHBIX pearcHToB [6].

C uenpio peanu3aluu 3JIEKTPOIYTOBOTO CHHTE3a Kapouaa Boiabppama B ToM-
CKOM TMOJMTEXHUUYECKOM YHHUBEpPCUTETE cOOpaHa 3KCIepUMEHTaNIbHAs J1abopaTopHas
yctaHoBKa. CrucTteMa COCTOUT M3 CHIIOBOTO TpaHCPOopMaTopa ¢ BBIIPSIMUTEIEM C pa-
6ouuM TokOM 110 200 A ¥ BO3MOKHOCTBIO IUIABHOTO PEryivpoBaHus. Perucrpanus
ANEKTPUUECKUX MapaMeTPOB MPOU3BOAUTCS MPHU MOMOIIU UG pPOoBOro ocruiorpada
RIGOL DS 1052E, a taxxe DaTuMKOB TOKa M HampsbkeHus. B 30Hy popmupoBanus
IYyTOBOTO pa3psja 3akjaJblBaeTcsi CMECh BOJIb(Ppama U yriepojia B BHUJE MOPOIIKA,
coctosiiiero u3 18% macc yriepona (rpadura) u 72% macc Boiasdpama. B paccmart-
pUBAaEMOI CHUCTEME MPOBEAEHA CEPHS U3 5 DKCIIEPUMEHTOB, B KOTOPBIX U3MEHSIIACH
JUIUTEJIbHOCTh BO3AECHCTBUS TUIa3Mbl JyTOBOTO pa3psia Ha UCXOJHbBIE PEareHThl OT 5
¢ 10 20 c. B xoie 3KCrepuMEHTOB MOJIEPKUBAJICS TOCTOSHHBIM YPOBEHb CHJIBI TOKA
— 0K0JIO 165 A; a5eKTposl, caenaHHbie u3 rpaduTa, B3BEIMHUBAINUCH 10 U MOCIE TPO-
BeJieHUs 3KkcrniepuMenTa. [locie mpoBeneHust HIKCIEpUMEHTa MOPOIIOK COOUPAJICS CO
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CTEHOK 3JIEKTpoAoB. OCHOBHBIE MapaMETPbl CEPUM 3KCIEPUMEHTOB NPHUBEACHBI B

tabnuite 1.
Tab6. 1. OcHOBHBIC IMapaMeTPhl CEPUHU MTPOBEJCHHBIX YKCIIEPUMEHTOB.

No t, C M,y T maHoz[a mKaToz[a hile}} maHoz[a Io- mKaToz[a meOL[yKTa! m'3p03HH

' o, T r cre, T noces I’ T. amomas I
1 5¢ 2T 426 | 5340 407 53,38r | 1,961 0,19r
2 10 ¢ 21 546 | 5340r 5,13r 53451 | 221r 0,33r
3 10 ¢ 2T 4491 | 53,54r 424 53,40r | 226T 0,25r
4 13 ¢ 2T 469 | 5344r 4,56 53,39r 1,96 0,13r
5 19 ¢ 2T 511r | 53,44r 4,68 T 5344r | 2,16r 043r

B Tabnuie BBeneHsI cienyromme 0003HaueHus t — BpeMs ToIepKaHUs TyTo-
BOTO Pa3psa, M, - Macca UCXOAHBIX PEAreHTOB, My, o — MACCa aHOJIA MEePET IKC-
MNEPUMEHTOM, Myyona mocze — MACCa aHOJNA TOCJE MPOBEACHUS SKCIIEPUMEHTA, aHAJIO-
THYHO - Mygroma 10— MACCA KATOJIA A0 IKCIEPUMEHTA, Miyroma mocre — MACCA KATOJIA TIOCTE
AKCIIEPUMEHTA, Mpponykra — MACCA MOTYYEHHOTO B HKCIIEPUMEHTE ITOPOIIKOBOIO MaTe-
PHANA, M5 anona — MACCA IPO3ZUH AHOJIA B XOJI€ IKCIIEPUMEHTA.

Takum oOpa3zoM, B HacCTOsIIIEH pabOTe MPeICTaBIEHbI JaHHBIE CEPUH IKCIIEPHU-
MEHTOB U JIUTEPATypHOro 0030pa Mo MOJIyYeHHIO KapOuaa Boibk(dpama B Miazme ay-
TOBOT'O pa3psijia MOCTOSIHHOTO TOKa, CTEHEPHUPOBAHHOTO MPH TIOMOIIM COOpaHHOM J1a-
OopaTtopHOl ycTaHOBKH. B nanpHeiiiem OyaeT u3ydeH BOIIPOC 3HEpPro3arpar uzyda-
€MOro Ipoliecca MyTeM aHaJIu3a OCLIJIOIpaMM TOKAa U HampsDKEHUs; OyJeT mpoaHa-
JU3UPOBAaHA TeEMIIepaTypa 3JIEKTPOJOB B 3aBUCUMOCTH OT BBIACIUBLICICS B CUCTEME
SHEPruM; NPOAYKTHl OyIyT MpOaHAIM3UPOBAHbBl METOJAMU PEHTTEHOBCKON AU(pax-
TOMETPUU U IJIEKTPOHHOU MUKPOCKOIIUH.
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Hasnauenue: JlanHO€ yCTPOMCTBO MOXKET MPUMEHSATHCS JIJISl IOJICBETKU, UHIHU-
Kalluy, TUTaHUS MaJIOMOIIHBIX (hoHApUKOB. Tema paboThl: B JaHHOW paboTe OBLIO
MPOBEJEHO UcTbITaHuE cxeMbl PomaHoBa Alekcannipa BacunbeBuua PomanoBa — ka-
yepa PomanoBa. bria npoBepena ero padota. beut HamoTtan TpanchopmaTop Ha cep-
JICYHHK YaiieyHoro ucnoiaHeHus. TpancopmaTop ObIT HAMOTaH corjlacHO cxeme 1.
[Ipu wucnpiTaHuAX cxeMa paboTana HEYIOBIETBOPHUTEIBHO, KOHJIEHCATOP OBICTPO
paspsiKajcs U CBETOAMObI OBICTPO Taciu. bbuta mpoBejieHa padoTa Mo U3MEHEHUIO
obmoTok TpaHchopmaTtopa. IlomoxkuTenbHbIEe pPE3yNbTAaThl ObUIM TIOJYYEHBI TMPHU
BCTPEYHOM HAMOTKE 2 0OMOTOK TpaHCcPopMaTopa U yBEIMYECHUE EMKOCTH KOHEHCa-
TOPOB M MOJ00pE CONMpOoTUBIEHUs. bbuin 1mogo0paHbl CBETOAMOABI, TOPAIIUE SpUE.
JlanHast cxema mpH 3apsAKe KOHJEHCAaTopa B TeueHHe 1 MUHYTBHI OT OaTapeuku 9
Bonbt mo3Bossiia paboTaTh yCTPOMCTBY B TeueHUe CyTOK. [IpuHIiun paboThl: npu
MOJKJIIOYCHUU UCTOYHMKA MUTAHUS KOHAEHCATOPbI 3apspkatoTcs. [locne moctmxkenus
Ha 0aze TpaH3uctopa 3HadyeHus B 0,5 BoabT, TpaH3UCTOpP OTKPHIBACTCS, BCIEICTBHE
yero yepe3 ooMoTky L1 u L2 npoxoauTt uMmnynbcHbIN TOK. ITOT TOK HaBoaut DC B
TUX OOMOTKAax, KOTOPBIM CO37aeT MArHUTHBIA MOTOK B CEPJICUYHUKE M HABOJHUTCS
OJIC B oOMoTtke L3, BcieacTBre 4Yero 3akuMrarorcs cBeToamonbl, yactora SOOkI .
DT1OoT *Ke MoToK B 00MoTke L3 coszmaer mpotuBo3/IC u 3akpbeiBaeT Tpan3ucTop. Ko-
r/1a TPAH3UCTOP 3aKphIBACTCs, PH Crajae Toka Bo3HHKaeT MpoTuBoIJ[C B 0OMOTKE
L1 u L2 Bo3zaukaer DJIC B o6MoTke L3, KoTOpas OTKphIBAaET TPAH3UCTOP U TaK IPO-
1ecc 3anuKiIrMBaeTcs. HempepbIBHOCTD MpoIiecca BO3HUKAET M3-3a MaJIOTO MOoTpedIie-
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HUSI TOKa caMOi cucTeMbl. CBETOAMOAbl YTUIU3UPYIOT TOK, BBIIIE TOKA UCTOYHUKA
nutaHua. CBETOAMOIbI IPUMEHSAIOTCS JIsI HACTPOMKHU M YTUJIM3AalMU "' IuiHero" To-
Ka. BeIBOA: /151 TOCTOSTHHOM pabOThl CXEMBI MOXKHO JOTOJHUTh CXEMY aHTCHHOM IS
noJj/Iep>KaHus CTaOMIIBHOM paboThl TeHepaTopa. DJIEKTPUYECKas 1eMb MpeICTaBIcHa
Ha cxeMe Ne2. JlononHenue anTteHHOM (cxema Ne3) cxembl Ne2 MO3BOJIMT yBEIMUUTD
BpeMsi pabOThI CBETOJIMOIOB Oosiee 4eM B 2 pasa. [l «BeuyHOro» cBedeHus: Tpedy-
IOTCSI IOIOJIHHUTEIILHBIE NCCIIEIOBAHHS.
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