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VK 378

MOJITOTOBKA KAJIPOB B OBJIACTHA BO3OBHOBJISIEMOM SHEPTETUKHA
N OHEPI'OCBEPEXEHUS B PECITYBJIMKE BEJIAPYCb
Xpyemanes B.M.*, Kynoac C.I1Y, Bawmosoii E.T'Y, Hawwnckuii B.A.?
1Beﬂ0pycc1<uﬁ HAYUOHAIbHBIU MEeXHUYeCKUl YHusepcumem
ZMeOfC()yHapodeld 2ocyoapcmeennblil Ikonocuyeckuu ynugepcumem um. A./[. Caxaposa

B cootBercTBru ¢ HanmonaneHoi nporpammoii «Pa3Butue MECTHBIX, BO3OOHOBIISIEMBIX U He-
TPAIUITMOHHBIX dHEProucTouyHUKOB Ha 2011-2015 roxpl miiaHupyeTcs oOecredeHne 3a cueT coO-
CTBEHHBIX 3HepropecypcoB k 2015 r. ne menee 30% mnoTpebiaeHHs KOTEIBbHO-TIEYHOTO TOIUIMBA
(32% k 2020 1.).

VYcnenrHoe pemeHne yKa3aHHBIX BBIIIE 33J1ad, CBSI3aHHBIX C 00ECIIEYEHUEM SHEPreTHYECKON
0€30MacHOCTH Hallei CTPaHbl, a TaKKe OCHOBHBIX mojoxeHuil Jupextussl Ne3 «OxoHoMus u Oe-
PEXIMBOCTD — TJIaBHBIE (PaKTOPBI IKOHOMHYECKOM Oe3omacHocTH rocyaapctBa» Ilpesunenta Pec-
nyosinku benapyce B 3HAUMTENBHON CTENEHM 3aBUCUT OT HAJIMYMS BbICOKOKBAJIM(UIUPOBAHHBIX
KaJIpOB B ATOI 00JIACTH.

B Pecnybnuke benapych oprann3oBaHa MoJAroToBka CHelMaiMCTOB B 00J1aCTH 3Heprocoepe-
’KECHHUS ¥ BO3OOHOBIIIEMBIX HCTOUHHKOB SHEPTHH Ha BCEX YPOBHSIX 00OPa30BaHMS:

® Ha [1EPBOM CTYNEHU BBICIIEr0 00pa30BaHMs: HHKEHEP-IHEPrOMEHEDKED;

® Ha BTOPOM CTyNEHHU BBICHIErO0 OOpa30BaHUS: MAarucTp BO30OHOBISEMBIX YHEPreTUUYECKHX
pecypcos;

e KaJpbl BbICIIEH KBaJU(UKALMKM: KaHAMJAT HAYK MO CHELHATbHOCTH «DHEProyCTaHOBKH
Ha OCHOBE BO300OHOBJISIEMBIX BU/I0B SHEPTUMY;

® [IOBBILICHHE KBaJU(UKALUU O HamnpaBieHHIO «Bo0300HOBIsIEMble MCTOYHUKU SHEPrHUU.
DHeprocOepeKeHUE».

Jlnst ynoBieTBOpeHHs] TpeOOBaHUI HKOHOMMKH CTpaHbl B CIIELUAIUCTaX B OOJIACTH 3HEp-
rodpPEeKTUBHBIX TEXHOJIOTHI 1 dHeprocoepexerus B 1998 r. 8 BHTY 0w pa3zpaboran y4eOHBII
IUIAaH U CTAHAAPT CHELUAIBHOCTUH «DHEProdapPeKTUBHbIC TEXHOJIOTHH, SHEPreTUYECKHA MEHEeI K-
MeHT», B 2007 r. ero HoBas pefgakuus. B HacTosiiee Bpems pa3paboTaH HOBBIM CTaHIApT CHEIU-
aJIbHOCTH C YYETOM 4-JIETHET0 CpoKa O0yUeHHUsI.

CornacHo kinaccuukaTopy MO JaHHOW CHENMaIbHOCTU NMPEAYCMOTPEHBI CAEAYIOIIUE CIEeIU-
JIA3aLMN:

e DHeprodp¢eKTUBHbIE TEXHOJIOTUU B SJHEPIETUKE;

e DHeprodGHeKTUBHBIE TEXHOIOTUH XUMUYECKON MPOMBIILIEHHOCTH;

e DHeprod(p(eKTUBHBIE TEXHOJOTUU B MPOMBIIIIEHHOCTH M JKUJIMIIHO-KOMMYHAJIbHOM XO-
3HCTBE;

e DHeprodpeKTUBHBIE TEXHOIOTUU B arpONPOMBIIIJIEHHOM KOMIUIEKCE;

e DHeprod(p(HeKTUBHBIE TEXHOJIOTUH B JIECHOM KOMIIJIEKCE,;

e DHeprodpGeKTUBHBIE TEXHOJIOTUU U SHEPTETUUECKUI MEHEKMEHT Ha TPAHCIIOPTE;

e MeHeI’KMEHT BO30OHOBIISIEMBIX IHEPTeTHUECKUX PECYPCOB.

B nacrosmee Bpemst Pecniyonuke benapych moaroroBka cnenuaaucToB B 00J1acTH BO300HOB-
JSIEMBIX UCTOYHUKOB HEPTUH U SHEPrOCOEpeKEHUs IPOBOIUTCS CIEAYIOUIMMHU By3aMHU:

e BHTY (cneumanuzanus «OHeprod@@QeKTUBHbIE TEXHOJOTMH B MPOMBIIUIEHHOCTH
1 KWJIMITHO-KOMMYHAJIBHOM XO03SIIICTBEY);

e bI'TY (cnenmanuzanuu: «HeprodhdeKTUBHBIE TEXHOIOTHH XMMUYECKOH MPOMBIIIUIEHHO-
cT» U «Heprod3(pPeKTUBHBIE TEXHOIOTHH B KHJIUIIIHO-KOMMYHAJIBHOM X03SIHCTBEY);

e MI'DV um. A.Jl. CaxapoBa «MeHEIKMEHT BO30OHOBIIIEMBIX YHEPTETUIECKUX PECYPCOBY.

KBanudukaiys BBITYCKHUKOB CIEIUATBHOCTH «DHEProd(pQeKTUBHbIE TEXHOJIOIUH, YHEpre-
THYECKUN MEHEKMEHT) - «HXKEHep — YHEPrOMEHEKEP.



[uka AMCHUIUINH crienuanu3anui «Heprod((HeKTUBHBIE TEXHOJIOTHH B MPOMBIIUICHHOCTH
U KWJIMIIHO-KOMMYHAIbHOM XO3SIIICTBE) BKIIIOYAET:

e Termi000MeHHbIE IPOLECCH U YCTAaHOBKU;

¢ TepMoaMHAMUKa PEAIbHOTO Ta3a;

e DHeprodddexktuBHOCTh B XKKX;

¢ Tenoo’HepreTuYeCcKue CUCTEMBI;

e [IpuxnanHbie aceKThl MEXaHUKHU KHUJIKOCTHU U ra3a;

¢ busHec-manupoBaHue 3HeprodPGHEeKTUBHBIX MTPOCKTOB (KypcoBas padboTa).

[y aucUUIUIvH crenuanu3anud «MeHeDKMEHT BO300OHOBIISIEMbIX SHEPreTHUYECKUX Pecyp-
COB» BKIJIIOUAET:

e buosHepreTuka;

e BerposHnepreruka;

e ConHeuyHas ¥ reoTepMalibHasl SHEPIreTHKA;

e ['uaposnepreruka;

e DKcIuTyaTanusi 000pyZI0BaHUS BO30OHOBIISIEMOI SHEPTeTUKH;

e MeHeKMEHT BO30OHOBIISIEMBIX SHEPTETUIECKUX PECYPCOB;

¢ OCHOBBI IPOCKTHPOBAHUS 00OPYAOBAaHMS BO3OOHOBIISIEMOW S9HEPT ETHUKH.

Jlyis TOBBILIEHUS] YPOBHS 3HAHUW B 00JIaCTU 3HEProcOepekeHusi BCeX BBITYCKHUKOB BY30B
Pecnyonmukn benapyce B yueOHbIe MiiaHbl BBeAeHA AucUUIUIMHA «OCHOBBI 3HEProcOepeKeHUs,
KOTOpasi mpeaycMaTpUBaeT U3yuyeHUE B pamKax JEeKIUOHHBIX (16 4.), mabopaTopHblil (IpakTUie-
ckux) 3aHsaTuit (16 4.):

® HOPMAaTUBHO-TIPABOBOM 0a3bl U MOJUTUKA CTPaHbI B 00JIACTH SHEPTOCOEPEKEHNUS,

® IpUMEHEHUS SHEProd(HPEKTUBHBIX TEXHOIOTUM, BO30OHOBIISIEMBIX HCTOYHUKOB YHEPTHH;

® OpraHu3aly SHEeProcOepeKeHUs B Pa3IMUHBIX OTPACIISAX SKOHOMUKY;

® BOIPOCOB SHEPreTUUYECKOI0 MEHEPKMEHTA U ayAHTA.

Iloozomoska macucmpos. B 2012 r. MI'OY um. A.JI. CaxapoBa pa3paboTana mnporpamma
poeCCHOHATFHON MarucTpaTyphl MO HAPaBICHUIO «MeHEeIHKMEHT BO300OHOBIISIEMBIX SHEPTeTH-
YecKUX pecypcoBy, kotopas 23 aBrycrta 2012 IloctanoBnenuem MunucrepctBa odpasobanus Pec-
nyosimku benapycs Nel03 Baecena B meiictByrommii O0mierocyrapcTBeHHbIN Kiaccudukarop Pec-
nyonuku berapycs OKPB 011-2009 (cpok o0yuenus 1,5 — 2 roga).

B Hacrosimee Bpemsi paspabarbiBaeTcsi HEOOXOJUMOE METOAMYECKOe U MaTepUallbHO-
TeXHH4eckoe obecrnieyeHne Juist OTKpbITHs ¢ 2015-16 y4u. rona cnenuanu3anuu «MeHeIKMEHT BO3-
OOHOBJISIEMBIX JHEPreTHYECKHUX PECypcoB» M MNPO(PECCHOHAIBHON MarucTparypbl IO 3TOMY
HarpasieHuto B bBHTY.

Iloocomoska kaopos evicueli kearuguxayuu. [pukazom Briciieit arTecTaliuOHHON KOMHMC-
cun Pecnybmuku benapyeb ot 12 umions 2007 r. Ne 111 yTBepxaeH macmnopT CHEHHATIbLHOCTH
«05.14.08 — oHEproycTaHOBKH Ha OCHOBE BO30OOHOBIISIEMBIX BUJIOB SHEPTUI.

[ToaroroBka KaHAMAATOB TEXHUYECKUX HayK mo creunanbHocTu 05.14.08 ocymectBisercs
B benopycckom arpapro-texundeckoMm yHusepcutere (BI'ATY). B BI'ATY pabotaer cnienunanusu-
poBansbli coser [[ 05.31.01, koTopoMy pa3pelieHO pacCMOTPEHHE NUCCEPTALUN MO yKa3aHHOU
CHEIHaTbHOCTH.

Tosviwenue kganugurayuu cneyualucmos 8 001acmu 80300H08IAEMOU IHEPLEMUKUL.

Cormacio mpukazy MwunaucrepctBa obpaszoBanmsi Pecryonmuku bemapycs ot 09.08.2007 r.
Ne528a BHTY u MI'QY um. A.Jl. CaxapoBa BKJIIOUEHBI B IEPEUCHb YUPEKICHUIH 00pazoBaHMs 1O
MOBBIIECHUIO KBATH(PHUKAIIMN KaIpOB 110 BOIIPOCAM SHEPro- U pecypcocOepekeHnst 1 BO30OHOBIIsIe-
MBIX UCTOYHUKOB 3HEPTUH.

[To 3ananuto MunucrepcTBa obpazoBanusi Pecnnyonuku benapyck npoBeaeHsl HE0OX0AUMbIE
noJAroToBuTeNbHBIE padboTel, MDY nm. A JI. CaxapoBa pa3paboTan y4eOHO—-METOAUYECKHI KOM-
IUIEKC JJIs MOBBIIEHUS KBaTU(UKALUK CHENUAIMCTOB MO HampaBieHHuio «Bo3oOHOBIsieMble HcC-
TOYHUKH SHEPTUH. DHEProcOeperkeHUE».



Mamepuanvno-mexnuueckas 6aza no02omosKu Cneyuanucmos 6 obnacmu 60300H08IAEeMOl
sHepeemuku. B By3ax, OCyIIECTBISIOMINX MMOATOTOBKY CIELUAINCTOB PA3JIMYHOIO YpPOBHS B 00Ja-
CTU 3HEeprocOepexeHus 1 BO30OHOBIIIEMbIX HCTOYHUKOB YHEPrUH, CO3aHa HeoOXoaumas gabopa-
TopHas 0a3a JUIsl MIPOBEAEHUS NMPAKTHUECKOW MOATOTOBKU YYAIIMXCS M HAYYHBIX HCCIIEIOBaHMM.
B vactHocTH, B MI'OVY um. A.Jl. CaxapoBa co3qan y4eOHO-HAy4YHBII KOMIUIeKC «BonmMay - neHTp
BO300HOBJISIEMBIX HMCTOYHUKOB »SHepruu. Ha Tepputopum KOMIUIEKCa TIOCTPOEH Yy4eOHO-
TOCTUHUYHBIN KOPILYC JUIsl CTYZEHTOB M IIPENoAaBaTeseil, ciylarene KypcoB MOBBIILIEHUS KBalIu-
¢bukanuy ¢ yaeOHbIMHU KJIacCaMU U Hay4YHBIMM Jlaboparopusimu. JlabopaTopHble pabOThl IPOBOAT-
Csl Ha peaJbHOM OOOPYIOBAaHUHM BO30OHOBISIEMOI PHEPTreTHKH (CONHEUHBbIE (OTODIEKTPUUECCKUE
Oarapeu, COJTHEYHbIE BOJIOHAIPEBATENIbHbIE KOJJIEKTOPBI, BETPOIHEPreTUYECKHE YCTAHOBKH, TEILIO-
Boi Hacoc, MUKpol DC, coBpeMeHHas KOTellbHas Ha JPEBECHOM TOILIMBE, 000pyn0oBaHUH J1abopa-
TOpUM OMOTa30BbIX TEXHOJIOTUM). JJabopaTopuu 1o 3HEprocOEpe EeHNI0 CO3AAHbI TAKXKE IPAKTUYe-
CKHU BO BCEX BY3aX CTpaHBbl.

Taxkum oOpa3om, B Peciybnuke benapych B HacTosiee BpeMsl CO3JaHO HEOOXOIMMOE METO-
aryeckoe obecrieueHne, MaTepualbHO-TEXHUYECKas: 0a3a, MMeeTcsl KBanu(uuupoBaHHbIE TIPEno/a-
BaTEJIbCKUE KaJ(pbl Ul OCYLIECTBICHHS OJrOTOBKH CIIELUAINCTOB B 00JACTU SHEProcOepexeHus
Y BO300OHOBJISIEMBIX HICTOYHUKOB SHEPTHH Ha BCEX YPOBHIX 00pa30BaHMSL.



VK 536.42:661.426

MOAEJIMPOBAHUE U OIITTUMU3ALUS BAHIEHHBIX HCITAPUTEJIBHBIX
I'PAIUPEH
Lobpezo K.B. ! Xemmacusn Kawarnu M.M.?
1Beﬂ0pycc1<uﬁ HAYUOHATIbHBIU MEeXHUYeCKUL YHUsepcumem
2HHcmumym meno- u maccooomena um. A.B. Jlvikoea HAH benapycu

bamennsie ncnapurensuble rpagupau (BUIY) saBistoTcs BaXKHEHIIMM 31€MEHTOM CHUCTEMBbI
oxnaxaeHus Boapl KOC u ADC. I'opsiuas Boga pa3OpbI3ruBaeTcs HaJl OPOCUTENIEM, 00J1a1al0IUM
OOJBIION TUIONIANBI0 MOBEPXHOCTH M, CTEKas MO HEMy, OTIAAeT TEIUIO B BO3AYIUHBIA MOTOK.
[Ipu 5TOM HMMeeT MecTO HCHapeHUe BOJbl U OTHOCHTENbHAs BIXKHOCTb BO3JyXa MpUOIMKAETCS
Kk 100 %. TeruoTra ucnapeHus Biard U3bIMAeTCs U3 OTOKA BOJbI IPUBOAS K CHUKEHUIO €€ TEMIIe-
patypsl. Jlanee Boga B KamenbHO- CTPYHWHOM BHje momanaer B 6acceiin BUIT u manpasisieTcst 00-
paTHO KOHJEeHcaTop, puc. 1. Pacxon oxnaxaaromnieil BOAbl B COBPEMEHHBIX TEIUIOBBIX CTAHIUAX J0-
cturaet 100 ThICSY TOHH B Yac, mpu 3ToM A0 1,5, 2 % BOABI MOXKET TEPATHCS B TIpoliecce ucnape-
HUSAL.

S
S
(Yol
—
Topsauasn
l BO/IA
=
} ‘ OxJakaeHHast

| BOAA

Puc. 1 - Cxema GamieHHOW nCapUTEIbHON IpaUpHU:
1 — HamopocUuTenbHOE TPOCTPAHCTBO; 2 — KAIUICYJIOBUTENH; 3 — pa3OphI3rUBaTEIH;
4'—opocutenb; 5 — 30Ha AOXKI; 6 — bacceitH

Berep — oauH U3 BakHeHINX (PaKTOPOB, BIUAIOMUX HA npousBoauteabHocTs BUT. Ero Bo3-
neiictBue Ha pabotry BUIT umeer cnoHBIH XapakTep: OHO HEJIMHEHHO M CBSI3aHO
C mpoueccamu BHyTpeHHer aspoauHamuku bUI. MccnenoBanus moka3plBarOT, YTO MOJHBIA pacxom
MapoBO3IYLIHONW cMecH M OTOMpaeMmasi OT TEIJIOHOCUTENs 3HEPrusi HEIMHEHHO 3aBUCIT OT BETpa
IIPU €ro MaJIbIX CKOPOCTSX, 3aTEM YMEHBIIAIOTCA C POCTOM CKOPOCTH BETpa U3-3a «3allUPaHUsD) BbI-
XOJHOTO CEYEHHs BUXPEBBIMH OOpa30BaHUSMHU, a TaKXKe€ CKBO3HOTO MPOAYBAaHHS IPOCTPAHCTBA
II0JI OpOCUTENEM (30HBI 10Xks). Takoe yMEHbIIEHHE TPOU3BOIUTENBHOCTH MTPOJOJIKAETCS BILJIOThH
70 KpUTU4ecKoi ckopocTu BeTpa U, a mpH JanbHeHeM yBeInYeHUH CKOPOCTH BeTpa MpPOU3BO-
nurenbHOCcTh BUI pacrer.

W3 u3BecTHBIX METO/0B yIpaBiieHus: adpoauHamukoil BUI', kpynHomaciitabHoe 3aBUXpeHUE
IIOTOKA SIBJIIETCS OTHOCHUTEIBHO JIETKO peanu3yeMbIM [1] M MOITOMY MOXET paccMaTpuBaThCs
Kak HanOoJiee epCIeKTUBHBIN B HACTOSIIIEE BpEMSI.

B nmanmHOM nokiane uccineayercs BIMSHUE adpOJMHAMMUYECKUX 3jeMeHTOB BUI', takumx
KaK BETpPONpEerpaguTesbHble CTEHKU B 30HE JOXKAS U AeIIEKTOPbl B HATOPOCUTEILHOM MPOCTPaH-
CTBE, Ha Mpou3BoAUTENbHOCTH BUI' B ycinoBHsX BeTpoBbIX Harpy3ok. C 3TOH LIEIbIO UCIIOJIB30BAHO
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3-MepHOE MOJENMPOBaHUE CUCTEMBbl cTaHmapTHeIMU cpeactBamu CFD [2]. Bepudwukauus mpo-
IPAMMHBIX CPEICTB M MOJEJIEH MPOBEIECHA NP MOMOIIN 3KCIEPUMEHTAIbHBIX JTaHHBIX MOJIY4YEeH-
HbIX U1t Muackor TOII-4. [TonHas MOIIHOCTH TEIJIOOT/AAYU BBIYUCIISUIACH KaK (DYHKIHS CKOPOCTH
BETpa Ul pa3IMuHbIX a’pojarHaMudeckux KoHurypauuii BUI'. B wactHOCTH BapbupoBaics yroi
YCTaHOBKH J1e()JIEKTOPOB B HAJOPOCUTEILHOM IIPOCTpaHCTBE. PaccMaTpuBanoch KOMOMHUPOBAHHOE
UCIOJIb30BaHUE J1e(hJIEKTOPOB B HAZOPOCUTEIHHOM MPOCTPAHCTBE U BETPONPErPATUTEIIbHBIX CTe-
HOK B 30HE JOX/s. Pe3ynbTaThl HCCIeI0BaHUs MOTYT OBITh MCIIOJIB30BAHBI JUISI ONITUMU3AIMHA KOH-
CTPYKLIHMH JACHUCTBYIOIIMX U BHOBb MPOeKTUpyeMbIX BUT .

B xauectBe mporortumna s uccnenoBaHuid B3sta BUI TennoBol 3n€KTpUYECKOW CTaHUUU
By-JIxun B 1. Illanxaii, Kurtaii (puc. 1), umeromas Beicoty 150 M, auameTrp ocHoBanus 114 m
U BBICOTY BXOAHBIX OKOH 10 ™. PacyeTHwlii JOMEH TpEACTABIsUT U3 Ce0S LMIUHID
¢ pamuycoM u BeicoToi 500 M. JlomeH pazbuBasics Ha 1,8 MUUIMOHOB CTPYKTYPHUPOBAHHBIX
U HECTPYKTYpPUPOBAaHHBIX (THOpHIHBIX) sueek. Pa3mep ceTku obecrednBai yCTOWYHBYIO CXO/IU-
MOCTb UTE€palUil U COXPAHSUICS OJHUM M TEM K€ Ul BCEX pacyeTHBIX BapuaHTOB. PazMep sueek
TUTABHO YBEIIMYUBAJICS OT CTEHOK TPAJMPHU K niepudeprn pacdeTHON 001acTy.

PaccmatpuBanuce Tpu koHdurypanuu cucremsl: BUI 6e3 J0MoNHUTEABHBIX adPOAMHAMUY €-
cKux sneMeHToB (puc. 2.a), BUI" ocHamennas nediaekropamMu B HaJOPOCUTEIBHOM MPOCTPAHCTBE
(puc. 2.b) u BUI" ocHamenHas BeTponperpaguTeIbHBIMI CTEHKaMH U JIe(IEKTOpaMu B HAJJOPOCH-
TEITBHOM TI OCT%aHCTBe OJTHOBPEMEHHO (pHucC. 2.c). YTIbl YCTaHOBKH Je(JIEKTOPOB COCTABIISUIN
a=90° 70° 60° 52° u 45° (M3MepeHbl OT TOPU3OHTANIBHOM T1JI0CKOCTH). BhicoTa BeTponperpaau-
TEJIBHBIX CTEHOK PAaBHA BBICOTE BXOJIHBIX OKOH BUI'.

™\

Puc. 2 - Cxemsl paccmaTpuBaembix BUI. Mogens ¢ 16 nednexropamu (0) u nedaexropamu
U BETPOIPETpagUTEIbHBIMU CTEHKaMH (C)

OpocuTenb, BMECTe C CONPSKEHHBIMU 3JIEMEHTaMU (OTOPbl OPOCUTENS, TPYOOIIPOBOIbI, Kall-
JIeyJIOBUTEIIN) MOJISIHPOBAJICS TIPH TOMOIIM BCTpoeHHO# Bo Fluent™ monenu «paauaropay». Tem-
neparypa «paauaropa» MpHUHUMAaIach MOCTOSHHOM. J[Ba OCHOBHBIX MapameTpa, XapaKTepHU3YIOIIHNX
panuaTop - KOXQQPHUUHUEHT ra30JAMHAMHUYECKOrO CONPOTUBICHUS U KOI(D(UIUEHT TEmIOOTAaYH -
OLICHUBAJIUCh HA OCHOBAHMHU IKCIEPUMEHTANbHBIX JaHHBIX. Koadpuiuent temioornaun paauaro-

pa hth HEMOCPCACTBCHHO CBA3aH C BEJIMYMHOM KOHBEKTHBHOT'O MOTOKA. Ero BeauunHa Oblita noJry-

YeHa MyTeM HaCTPOMKHU PacyeTHOIro 3HaU€HUs MOTOKA MMapOBO31YIIHON CMECH Ha dKCIIEpUMEHTAIlb-
HO MOJIYYEHHYIO BEJIMUMHY 3TOr0 IOTOKA [4] MpH 3a1aHHBIX BHEIIHUX YCIOBUSX.

3ona noxas BUIT MmonenupoBanack kak BeIcOKonopucTas cpeaa. Ilopucrocts Obl1a onpese-
JeHa ucxoas u3 o0bema Kareidb BOJBI IIPU 3alaHHOM €ro pacxojie U CpelHed CKOPOCTH Ma/leHus
u cocraBmia M=0,998 misg craHAapTHBIX pacueTHBIX MapaMmeTpax 3agauu. [lorepu umiynabca moTo-
Ka MpHU B3aUMOJEMCTBUU C KaIIIMU PAaCCUUTHIBAJIUCH B COOTBETCTBUU C MOJIEIbIO TOPUCTON CPEIbI
FLUENT.

B cooTBeTcTBUU ¢ IPUHATON MOJAENBIO [2], MBIKEHHE Ta3a MOJEIMPOBATIOCH B KBA3UCTAIHO-
HapHOM »JiiyiepoBoM mnpuOMMKeHnu. PaccmaTtpuBaiicss ogHO(a3HbI MapoOBO3AYIIHBIA MOTOK, HC-
M0JIb30Bajlach k-& Mozenb TypOylIeHTHOCTH. 3ajaya OMKChIBalach YPaBHEHUSIMU HEPa3pbIBHOCTH,
HaBpe-Crokca a1 HEC)KMMAaeMO BA3KOW KUAKOCTU M YPABHEHHEM COXPaHEHMsI SHEPTUU.
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Mogens He BKIIIOYAET pacyeT TeryloThl (a3oBbIX mepexonoB. [loaTomy Ui onpeneneHUs
MOJIHOTO TEIUIOBOro OajlaHca B CHUCTEME HAMU IMPUHATA TMIIOTe3a SKBUBAJIEHTHOCTU (aHAJIOTHH)
TEIUIO ¥ MaccolepeHoca B 30HE OPOCUTENS U 10K IS.

JIByMepHBIE KOHTYpBI IIOJI1 Temreparyp Ha BbicoTe h=30 m mnpuBeneHbl Ha puc. 3
st BUTT kordurypanmii «b» u «C». Bapuanus temneparypsl 1o ceueHuro 6T, Xxapakrepusyromast
HEOJIHOPOJAHOCTh TEIUIOOTAAYU OPOCHUTENS, a TaKKe a’pOJMHAMUYECKOE CMEIIeHHE B HaJOpOCH-
TEJIbHOM IIPOCTPAHCTBE MIPEJICTABIECHA HA PUCYHKE.

Pacyertsl moka3bIiBaloT, UTO yBEIMYEHHE CKOPOCTH BETpa B 00ILEM cllydyae MPUBOAUT K POCTY
BapHalliy TEMIIEpaTyphbl B CEUCHUH. B TO ke Bpems, HaBeJeHHOE Je(IeKTOpaMH BpalleHUE MOTO-
Ka, CHIDKACT 3Ty BapHaluio. B ycinoBusx mruis Bce koHburypanuu BUIL («a», «b» 1 «C») renepu-
PYIOT CXO0KH€ KapTHHBI paclpeesieHus TemnepaTrypsl. Bo3mylienus temnepaTypsl, FeHepupyeMble
nedrexTopaMu He3HAYUTEIbHBL. Jlaske cinalblii BeTep MPUBOIUT K 3aMETHOM MOTEPE OCEBOM CHUM-
METPUHU MOTOKA U MOJIS TEMIIEPATYp U YBEJIMUYEHUIO BapHallMd TEMIIEPATYphl 110 CEUEHUIO, pUc. 3,
JeBasi KOJoHKa. Bapuanus temnepatypsl 6oJiee 3HAUUTENbHA MPU UCIIOJIb30BAHUK BETPOIPErpaIu-
TEJNbHOM CTEHKU. AHAJIN3 MOKa3bIBAET, UTO CUCTEMa C KOH(UTYpaIrei «C», BKIIOYAIOIIasl KaK BeT-
porperpaauTenbHble CTEHKU, TaK U Ae(PIEKTOPHI B HAIOPOCUTEILHOM MPOCTPAHCTBE, Ooee rpdek-
TUBHA JJISi TOMOTCHHU3AIlMKA TEMIIEpaTypbl 10 CPABHEHHIO C CHCTEMOW «D». MOXHO 3aMETHTh,
YTO B 3TOM Cllydae a’poAvHAMHMUEcKas KapTHHA IIOTOKAa BO3MYILEHa cuibHee. B pesynbrare Bpa-
LIEHHE MOTOKA IPUBOJUT K YMEHBIICHUIO BapHalluy TEMIIEPATyphl B cllyyae JOCTaTOYHO CHIIBHOTO
Bpamenus (o= 60 u 45°).

Be3 neekTopos a=60° o= 45°
0T=20K 0T =2,1K 0T=2,1K
\/é’/
L
=
&
I
-)
L
=
N
I
=)
0T =5,1K 0T=73K 0T=5,1K

Puc. 3 - [Tons Temneparypsi razoBoit (a3el B ropu3oHTaibHOM ceueHun BUI (h = 30 m) Bapuarus
TemrepaTypbl 0T MpH pa3IHYHBIX CKOPOCTIX BeTpa. Kondurypamms «by.
Crnesa Hanpaso — 6e3 geduekTopos, o= 60° u a = 45°

Jnst Toro, 4ToObl Xapakrepu3oBars padory BUI' Hamu pacuutan oOImMi MaccoBBIH pacxon
napoBo3aymHoii cmecu G, Bemmumna pacxoma SBISETCS HHTETPAIBHBIM  ITOKA3aTeleM,
OTpaXKaroIuM Kak 3 QekTUBHOCTh TeruiooOMeHa B BUIT, Tak u ee a’dpoanHaMHUECKUE KadyecTBa,
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B TOM 4YKCIIE M IPH B3aUMOJIEHCTBHH ¢ BeTpoM. IIpy MasbIX yriax ycTaHOBKH Je(aeKTopoB o < 45°
Ha0JII0IaeTCsl HEKOTOPOE TOPMOKEHHE TTOTOKA. YTON yCTaHOBKH eiekTpoB o ~ 60° obecrieunBaet
YBEJIMUEHHBINH pacxo/ BO3yXa IIpU CPEJHEM U CUIIBHOM BETPE.

MomHOCTh TEMJIOOTAAYM TEIUIOHOCUTENSI — OCHOBHOM MapaMeTp XapaKTepHU3yHOIIUi
TEIUIOBYIO paboTy rpaaupHH. JaHHBI mapameTrp TECHO CBs3aH, HO HE AKBHUBAJICHTCH IOJHOMY
MacCOBOMY MOTOKY OXJIaxaaromiero Bo3ayxa G, BBUAY HEOJHOPOAHOCTH IOJISI CKOPOCTEH MOTOKa
B ceueHuM opocurens. Ha puc. 4 BuaHO, 4TO 10JIHAS MOIIHOCTb TEIIOOTAuu P YIJIe YCTaHOBKHU
nedaexropa o = 45° (cunbHoe BpamieHue) npu ckopocTH Berpa Ups = 12 M/cex MakcuMabHa
HECMOTpPSI Ha TO, YTO IOJHBIM PAcX0J BO31yXa OTHOCUTEIBHO HU30K IPU TAKUX K€ BHEIIHUX
YCIIOBUSX.

---¢--- bes gedneKropa —a—a=90
50000
—&— =70 ——a=60

85000

--¢- 0 =45

80000

75000

70000

Qtet, kBT

65000

60000

55000 | | 1 | | ]

U.s, m/cex
Puc. 4 - MoniHOCTh TETUTOOTIAYH TETUIOHOCUTEISI B TPAAUPHE Kak (PYHKITUS CKOPOCTH BETPa;
KoHGwurypanus «b»

PaccmoTpuM BapuaHT KOHGUIypalluyd TpaJupHU «C» KOI/la BETPONpPErpauTelbHbIE CTEHKU
YCTAQHOBJICHBI OJHOBPEMEHHO - ¢ JediexkTopaMH B HAJIOPOCUTEIBHOM IpOCTpaHCTBE. Takas
KOH(uUrypauus cyiecTBeHHo MeHsieT padoty BUT'.

3HayeHne KPUTHYECKOI CKOpPOCTH BeTpa yMeHbIIaercs ¢ 8 10 4 — 6 M/cek U OJJHOBPEMEHHO
amruntyna Gyskunid G, = f(Urer) yMeHbIaeTcss Ha BenmuuuHy nopsiaka 3000 kr/cek. AMIUTUTYna
M3MEHEHHUs MOIHOCTH TeIIooTaAauM Kak (yHkiuu ckopoctu Betpa Q' = f( Uyer) ymenbmaercs
COOTBETCTBEHO:

JlaHHBIe, IPECTaBICHHbIE Ha PUC.6 TOKA3BIBAIOT, YTO YTOJI YCTAHOBKHU Je(IeKTOpoB o = 45
oOecneurBaeT Hawiayunime ycioBusi padotel BUI' mpu cpennem u cuiibHOM BeTpe. OTOT 3G (deKT
TpeOyeT Oojiee AETaNbHOTO aHAINW3a M, B YAaCTHOCTH, HCCIICOBAHUS BIUSHHUS T'€OMETPUUYECKHX
rapamMeTpOB BETPO3arpaAuTeNIbHBIX CTEHOK Ha padoty BUI.

0
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---+—-- Ges nedneKTopa —8—a=90
—+—a=70 —x— =60
¥ =52 --e-a=45

90000 ,
85000
80000
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Puc. 5 - MomHOCTh TEMIOOTAAYHN TEMJIOHOCUTENS B TPaJupHE Q""kak (GYHKIMSI CKOPOCTH BETPA;

14

KOH(UTYpaLust «C»

IIpogeMoHcTpUpOBaHa HeENHMHEHHass 3aBUCHUMOCTb ~TEMIOBOH mnpousBoautenbHocTH BUIT
OT CKOPOCTH BETpa C MUHHUMYMOM (KpUTHUYECKasi CKOpOCTh BeTpa) mpu Ucg~8 M/c st Mmopenupye-
Mo cucteMbl. Mcnonab3oBaHHE KPecTOOOpPA3HBIX BETPOMEPETOPOJIOK CYIIECTBEHHO HE M3MEHSET
KPUTHYECKYIO CKOPOCTh BETpa, HO YIYUIIAeT €€ TEIWIOBYIO paboTy NpHU YMEPEHHOM U CHUIHLHOM
BeTpe. COBMECTHOE UCIIOJIb30BaHUE BETPONEPErOPOIOK U 3aBUXPUTEINIEH B HAJOPOCUTEIBLHOM IIPO-
CTpaHCTBE MOXKET MOBBICUTH P dexktuBHOCT, BUI™ Ha Benmmunny 10 20-30 % mpu yriie yCTaHOBKH
3aBuxputeneil o = 60°. PacueTsl MO3BONAIOT aHANM3MPOBATH adPOIMHAMHYECKUE CTPYKTYPHI, BO3-
Hukatoiue B BUI" u omHOPOIHOCTH TI0JII CKOPOCTEH B 00JIaCTH OPOCHUTEIIS.

Pe3ynpraThl Mccie0BaHUS MOTYT OBITH MOJE3HBI sl ONTUMHU3AINN KOHCTPYKIIUH TPAIHPEH,
B TOM YHCJIE U MIEPCIIEKTUBHBIX TPATUPEH «THOPHIHOTOY» TUTIA.

N
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COCTOSIHUE U TEPCHEKTUBHI PA3BUTHUS PEJEVMHOM 3AIIUTHI
U ABTOMATHUKH BEJIOPYCCKOM SHEPTOCUCTEMBI
Pomaniox ®.A.%, JToman M.C.2, Ilesandun M.A.>
1Beﬂ0pycc1<uﬁ HAYUOHATIbHBIU MEeXHUYeCKUl YHusepcumem

2040 «bensnexkmpomonmascnanaoxay
*I'TIO «BEJIDHEPT O

benopycckas sneprocucrema — 310 B niepByro ouepenb ['TIO «bemsnepro», KOTopoe BKIIOUA-
er B ceds 30 oprammzamuii, B ToM uncie MoHTaxHble (OAO «lleHTpO’IHEPTrOMOMHTAK,
OAO «OnekrpoueHTpMOHTaX», OAO «boOpHCKIHEPrOMOHTaX» | 1p.), cTpoutensHbie (I'TI «ben-
sHeproctpoit», OAO «bencenbanexTpoceTbeTpoity, OAO «3anaadneKTpoceTbCTpOo» U Jp.), Hajla-
nounble opranm3anuu (OAO «bemuepropemuananakay, OAO «bemdnekTpoMOHTaKHATIAKANH JIP.)
u npennpusaTus, npoekTHele HMHCTUTYTH (PYII «benTOW», PVII «benHUIIW3uepronpom»,
PVII «bemneprocersiipoekt»), 3aBoanl (OAO «benoozepckuit OM3»u ap.), yapexaenus odopazo-
BaHusa (YO «MUHCKUI TOCYJapCTBEHHBIN SHEPreTUUECKUM KOJUIEHK») M BHEprocHalxarouiue
npennpustus: PYII «bpectanepro», PYII «Burebckanepro», PYIT «"omensaneproy», PYII «I'pox-
Ho3Hepro», PYII «Munckanepro», PYII «Morunessnepro». Taxxke B coctaB ['TIO «bemsnepro»
Bxoaut PYII «OlY», KoTOpoe OCYyLIECTBIAET HENPEPHIBHOE ONEPATUBHO-AUCIETYEPCKOE YIPAB-
JICHHE YHEPTOCUCTEMOM.

CpennecnivucouHass 4YHMCICHHOCTh TIE€pCOHANla MPEANPUSTHNA M OpraHu3aluid, BXOMSIIUX
B coctaB ['TIO «bemnepro», cocrapmsier 63457 uenosek (manubie Ha 01.01.2014r.). YcranosueH-
Hasg MoOUIHOCTh benopycckoil sHeprocucremsl -~ — 92212 MBt, koTopas BKIIOYaeT
B ce0si 12 OCHOBHBIX OJJEKTPOCTAHIIMI BBICOKOIO JABIICHUS, 28 MaJbIX 3JEKTPOCTAHIIUH,
23 ruapocTaHurU U 1 BETPSIHYIO YCTaHOBKY.

Kpynueiimme crannuu: Jlykomnbckast [POC — yeranosnennas mourHocts 2890 MBT, bepe-
3oBckas [ POC — 1385 MBt, Munckas TOI-4 — 1035 MBT.

I'TIO «bemsHepro» BKItOYaeT Takke: | MOACTaHIUIO C BBICIIMM HOMHUHAJIBHBIM HaIPSHKEHU-
em 750 kB (IIC 750xB «benopycckasi»), 27 moacraniuii — 330 kB; 10 moacranuuit — 220 kB;
>800 moacranmmii — 110 kB. Obmas nporsbkeHHocTs juauN 220-750kB — 7054 xm (BJI 750 kB —
753 xkm).

DNEKTPOIHEPTreTUUECKUE CETH U CUCTEMbl XapaKTEpU3YIOTCS CIEAYIOIMMU OCHOBHBIMH Ia-
pameTrpamu:

- HenpepbIBHOCTBIO ITPOU3BOJCTBA U MOTPEOICHUS ANEKTPOIHEPTHH BO BPEMEHH;

- BBICTpOTEUHOCTHIO pacHpOCTpaHEHUs! 3JIEKTPOMAarHUTHBIX BO3MYILIAIOLIUX BO3JEH-

CTBUH;
- Hen30e)HOCThI0 BOSHUKHOBEHMS TOBPEXKICHHUH.
[TosTOoMy, ocHOBHOE Ha3HaueHHe ycTponcTB P3A - aT0:
— Jlokanu3auusi MOBPEXKIEHHOTIO 3JEKTPOOOOPYIOBaHUS WM JIUHUM DJIEKTPUYECKUX Ce-
TCH;

y- OTkitroueHne MOBPEKIECHHOT0 000pyI0BaHUS WIIN JIMHUH;

- ABTOMaTHYECKOE BOCCTAaHOBJIEHHE HOPMAJIBHOIO pexuma paboThl (BOCCTaHOBIECHHE
HaIpsHKEHUs);

- [IpenoTBpailieHne HEHOPMAIbHBIX PEXKUMOB TAKMX, KaK ACUMHXPOHHBIM XOJ, KadaHUs
U Apyrue€ HEHOPMAJIBHBIE PEXKUMBI.

OneHuBasi KOJIMYECTBEHHBIN aHanu3 ycTpoiictB P3A B benopycckoii sHeprocucreme Heo0Xo0-
JUMO OTMETHUTh, YTO MPOUCXOJUT MOCTOSHHBIM POCT F€HEPUPYIOIUX MOIIHOCTEHN, pa3BUTHE DIIEK-
TPOCETEBOT0 KOMILJIEKCA, MOBBIIIEHNE OTBETCTBEHHOCTH 3a OecrepeO0iHOCTh 3JIeKTPOCHA0KEHUS
notpeduteneit. U B csa3u ¢ atum, ¢ 2006 no 2013 r.r., konuuecTBo ycTpoiicts P3A B sHeprocu-
creme, HempepblBHO pacter. KommuectBo yctpoiicts P3 yeenumummocs ¢ 91500 yctpoiicTs
B 2006 roxy no nopsaka 98500 (Beipocno Ha 7,7%) ycrpoiicts B 2013 rony, aHamoru4Has KapTHHA
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U 110 YCTPOICTBaM aBTOMAaTUKH, KOJIMUECTBO KOTOPBIX BbIpociio ¢ 22700 no 25400 ycTpoiicTs (poct
noutu Ha 12%).

Oumansl PYII-00mHepro ¢ HanboNbMUX KOIHYECTBOM ycTpoiicTB P3A: MuHCckue kabemnb-
ueie cetu (5109 ycrpoticts, 33,5% U3 HUX MHUKpOIpOIECCOpHbIE), KIuMoBHUCKHE 3IEKTPOCETH
(3213, 2,0%), Cayuxue snexrpocetu (2967, 16,5%), I'poanenckue IC (2721, 39,1%), Morunes-
ckue OC (2614, 38,8%).

Kak usBectHO Bce ycTpoiictBa P3A BhINoNIHEHBI Ha 3 3JIEMEHTHBIX 0a3ax, 3TO AJIEKTpoOMeEXa-
HUYECKUE yCTPOWCTBA, MUKPOAJIEKTPOHHBIE (CTATHUECKUE YCTPOICTBA, BBINOJIHEHHBIE HA TPaH3U-
CTOpax, ONEpPAlMOHHBIX YCHIUTENSAX, TUPUCTOPAX U JIPYTrUX DJIEMEHTaX) U MHUKPOMPOILECCOPHbIC
ycrpoiictBa. Ha ceronusminuii nens 0osee 95% BBITyCKaeMBIX YCTPOMCTB COCTABISIIOT YCTPOWCTBA
Ha MUKPOIPOIIECCOPHOH 3neMeHTHOU Oa3e. IIpoBojasi KadyecTBEHHBIM aHaNu3 yCTpoucTB P3A
Ha o0bekTax bermopycckoil SHeprocucTeMbl MOYKHO BBIIEIUTD, 4TO B ceTh 220-330kB crnenyromniee
cootHomenue (mo aanusiM Ha 01.02.2014r.): P3A Ha syeKTpoMEeXaHUUYECKOU 3JIEeMEHTHON 0aze —
52,2%, Ha MukpodsiekTpoHHou — 17,3%, Ha mukponpoueccopuo — 30,5%; B ceru 110kB cootHo-
menwust cnexyromme: 65,4% - 8,0% - 26,6%; B cetu 35kB: 83,0% - 0,3% - 16,7%; as Tpancdopma-
TopoB u aBTorpaHchopmatopoB — 81,6%, 3,5% wu 14,9%; nna P3A TeHeparopos:
50,8% - 18,2% - 31,0%; nns pacnpenenuTenbHbIx ceteit 3,5-10kB: 68,2% - 0,6% - 31,2%. B nenom
o I'TIO «bemsuepro»: 70,4% - 2,57% - 27,03%. T.e. npumepHo TpeTh ycrpoiicTB P3A cocrapmusitor
YCTPOMCTBA, BBIMOJHEHHBIE HA MHKPOIIPOIIECCOPHOM 3eMeHTHOM 6a3e. OHaKo Ba)KHO OTMETUTH
u 10, uTo Oonee 50% oT uncna Bcex yctpoiicTB P3A ucuepmanu cBoil HOPMATUBHBINA CPOK CITY>KOBI,
HO HECMOTPS Ha 3TO, IMPOJIOJDKAIOT HAXOAUTHCS B paboTe W BBINOJHATH cBou (pyHKImuU. Jlns npu-
Mepa, Ha o0bekTax B Poccuiickoit ®enepannu (mo nanasiM OPI'POC) mpolieHTHOE COOTHOIIEHHE
MUKpornpoleccopHbix ycrpoiictB P3A 23,9% ot obuiero umena ycrpoictB P3A, mpuuem emé
B 2007 r. gaHHBIN NPONOPIIMOHATBHBIN MTOKA3aTelb COCTABIISUT TOJABKO 2,8%.

Ecnu nenaTh KauecTBEHHBIM aHAIN3 MUKPOIPOLIECCOPHBIX ycTpoiicTB P3A no npousBoaute-
JISIM, TO MOKHO BBIJIEJIUTD CIEIYIONINE UHIUKATUBHBIC Tpynibl: P3A A BO3AYIIHBIX U KaOeIbHBIX
munmnit 110-750kB (ABB — 55,43%, SIEMENS - 17,9%, MiCOM — 11,72%, General Electric —
5,11%, OAO «bemnexkrpomonTaxxknanaaka»- 1,99%), P3A Boznymnbix nunuii 35 kB (ABB —
9,17%, SIEMENS - 0,89%, MiCOM — 7,1%, General Electric — 4,14%, OAO «benaiekTpoMoH-
taxHanaaka»- 50,89%), P3A TtpasnchopmaropoB u aBrotpancopmaropo (ABB — 22,9%,
SIEMENS - 2,76%, MiCOM - 15,17%, General Electric — 5,47%, OAO «bemaiekTpoMOHTaX-
Hanmaaka»- 25,44%), P3A pacnpenemurensHbix ceteii (ABB — 9,21%, SIEMENS - 1,38%, MiCOM
— 9,32%, General Electric — 1,42%, OAO «bemnekTpoMoHTaKHaaaKa»- 68,68%), P3A reneparo-
poB (ABB — 46,98%, SIEMENS — 7,76%, MiCOM — 13,79%, General Electric — 5,17%). B uenom
no ['TIO «bemsueproycienyromue mudpsl MO MUKPOIpPOILECCOpHBIM ycTpoiictBam P3A: OAO
«bemnexkrpomonTaxkuanaakan- 54,28%, ABB — 16,91%, MiCOM - 10,3%, SIEMENS - 3,61%,
General Electric — 2,44%,).

B nenom mo Poccuu ananoruvHasi cuTyanusi: OCHOBHBIE (DUPMBI-TIPOU3BOIUTENH YCTPONCTB
P3A, ycranosnenusix Ha o0wekrax EHOC crmemyromme: SIEMENS — 24,3%, «3KPA»- 22,9%,
ABB - 11,8%, «Ypamueprocepsuc»- 9,5%, Alstom — 9,4%, General Electric — 4,9%.

Heo6xomumo oOpaTuTh BHUMaHuE Ha O0JbIOe pasHooOpasue pupm-npousBoauteneit P3A.
Bcero na o6nekrax ['TIO «bemynepro» HacuuThiBaeTcs 6osee 15 mpousBoaUTENEeH MUKPOMIPOIIEC-
copHbIX ycTporcTB P3A. Bee 3Tu ycTpoiicTBa, a 4aCTO U yCTPOMCTBA OJTHOTO M TOTO e MPOU3BO-
JUTENs, TOCTPOCHBI Ha Pa3HBIX TIaT(GopMax U UMEIOT MePCOHALHOE MPOTPAMMHOE O0ecTieueHre 1
T.1. Y BeCh orpoMHBIi 00BeM HHPOPMALIUH O IIIUPOKOM CIIEKTPE YCTPOMCTB JOJKHBI 3HATH CIEIH-
anmuctel CP3A u OTJI, yTo HaKIaABIBAET BBICOKHE TPEOOBAHMS K X KBATU(UKALIUU.

CymiecTByIOT ~ ompefielieHHble  MpoOsieMbl B 00JacTH  OOYyYEHHsI  CHCIHAIHCTOB
o P3A: cymecTByrorias cuctemMa BBICIIETO U CpeIHe-CIEIUAIbHOTO 00pa3oBaHus HE MOXKET MO/I-
TOTOBUTHh KAa4e€CTBEHHBIX CIICIIHAINCTOB, CIOCOOHBIX JKCIUTyaTHPOBATh COBPEMEHHBIE CHUCTEMBI
P3A. [ToaTomMy TOMOTHUTENEHBIM 00y4YeHHUEM MPUXOIUTCS 3aHUMAThCSl HA MeCTax, IpUYeM Herpe-
peiBHO. Hepenko mepcoHan ocBaMBaeT HOBYIO TEXHHKY IMOCPEICTBOM CaMOOOYUYEHHUS HEMOCpe.-
CTBEHHO Ha 3Tare €€ BHEIPEHUs.
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B 20062013 rr. mpoueHTHOE COOTHOILIEHHE MPaBUIBLHONH paboThl ycTpoicTB P3A ocraercs
NpUOIM3UTENBHO Ha OJMHAKOBO BBICOKOM ypoBHE (99,72-99,82%). HecmoTpss Ha pocT uymcia
YCTPOUCTB M Ha pabOTy CBEpX HOPMATHBHOI'O CPOKa CIIykObl ycTpoiicTB P3A, skcrutyatupyromemy
MepcoHaly yaaercs paboTaTh JOCTaTOYHO 3PPEKTUBHO U MOAIEPKUBATH YPOBEHb MPaBUILHOMN pa-
00THl Ha JOCTOWHOM ypOBHE. DTOT IOKAa3aTellb BBIIIE, YEM aHAJOTMYHBIC MMOKA3aTeNd B CTPaHaX
CHI'. Tak noxka3arenb, npeactabieHHblid B goknaae OAO «®Dupma OPI'POCy» xondepenun «Pe-
neitHas 3amuTa u aBromaruka sHeprocucreM. P3A 2014» B r. MockBa miisi 00bekTOoB Poccuiickoii
anekTposHepretuku coctaBui B 2013 roay: 99,27% (mns MII 3amut — 99,12%). lanublii mokasa-
tenp B npenpayume roast (2007 . — 99,18%, 2008 r. — 98,87%, 2009 r. — 98,75%, 2011 r. —
98,86 %, 2012 r. — 98,89 %).

JlJis1 yCTPOHCTB 3IEKTPOABTOMATHKY U MPOTUBOABAPHITHON aBToMaTHKU (DA u [TA) mpoueHT
MPaBWIbHBIX cpabaTbiBaHuil HeMHOTO BhIIE (99,9%), yem ans ycrpoiicts P3A. OOuiee uncio cpa-
OareBanuit — oxono 11000 B rog.

B cBs3u ¢ pocTOM KOJIMYECTBA YCTPOWCTB U PAa3BUTHEM CETEH, MOBBIIIACTCS TAK)KE U OTBET-
CTBEHHOCTh 3a OecriepeboiiHoe aekTpocHabxkeHus motpeduteneid. [lo kaxmaomy c¢Ooro B padbote
000pynOBaHUs IPOBOAUTCA JIETAILHOE paccieloBaHue U MOApoOHbIN aHann3. Hane)xxHOCTh paboThl
ANEKTPUYECKUX ceTel (KaK BHICOKOBOJIbTHBIX, TaK U PACIPENEIUTENbHBIX) U 3JIEKTPOOOOPYI0BaH Usl
ANEKTPOCTAHLIUN U MOJCTAHIIUNA HAIIPSIMYIO 3aBHCHUT OT paboThl cityk0 P3A.

AHanu3 HenpaBWIBHOHN pabOTH ycTpoiCTB P3A mpHBeneH Mo KaTeropusiM: BCero (10 Mpuiu-
HaM, CBSI3aHHBIX C AKCIUTyaTanuei P3A) u oTAeNbHO U3 3TOTO YKCIa KOJIMYECTBO cpabaThIBaHU 110
BUHE TnepcoHana. [IpoaHamu3upoBaTh MONTYYEHHYIO CTATHCTUYECKYIO HH(OPMAIHIO JIOBOJIBHO
CIIOKHO, T.K. HAOJMIOAAIOTCS KaK BCIUIECKU TaK U CHUIKEHHS YMClIa OTKa30B 1o rogam. OOBbEKTUB-
HYIO IPUYUHY 3TOMY SIBJIEHUIO JaBaTh CJI0XHO, HO CJIEAYeT OTMETUTh 3HAYUTENbHBIN BKJIa/ 11epco-
Haja B MOJJIEp’KaHre BBICOKOTO MPOLIEHTA MPaBUWIbHOK padboTel ycrpoiicTB P3A. HecMotps Ha Bce
CJI0)KHOCTH, BBICOKYIO OTBETCTBEHHOCTh M OIPAaHHMYEHUE CPEJCTB HA HKCIUIYaTal[MOHHYIO JIEATEb-
HOCTb, JaHHAsI KPUBAs HE PACTET 3HAUUTEIHLHO BBEPX, a KONEOJIEeTCS B ONPEICIICHHOM JIhana3oHe.

OTaenbHO cheayeT BBIACIUTh aHAIU3 paboThl ycTpoicTB P3A Ha MUKpPOIPOLIECCOPHOM 3i1e-
MenTHOM 6aze (MII). Hossie MII-ycTpoiicTBa pu MpaBMUIIBHOM MOJIX0/E K MX SKCIUTyaTalluu U COo-
OTBETCTBYIOIIECH KBaTU(HUKAIMKA OOCTY)KMBAIOLIETO MEPCOHANAa 10 CPAaBHEHUIO C AHAIOTUYHBIMH
yCTPOMCTBAMHU, BBHIMOTHEHHBIMU Ha MHUKPOSJEKTPOHHOMN U AJIEKTPOMEXaHUYECKOW 3IIEMEHTHOM Oa-
3e, OoJiee HaJleKHbI, 0071aat0T O60Jiee BHICOKOW OBICTPOIEHCTBUEM, TIPOIIE B SKCILTyaTaIluu, 0oee
TOYHBI B M3MEPEHUSX, OOJiee UYBCTBUTEIbHBl K MUHUMAIbHBIM 3HAUEHUSM aBAPUNHBIX U HEHOP-
MaJIbHBIX ITapaMeTpoB, OoJiee yAOOHBI B AKCIUTyaTallMi, KOMIAKTHBI U T.JA. Takke He0OX0IUMO OT-
METHUTh, YTO aPXUTEKTYpa, IPUHIIAILI TOCTPOCHHUS U aNTOPUTMbI (DYHKIIMOHUpPOBaHUS cucteM P3A
ocTaroTcs TakuMu ke, kak U 30-40 et Hazaxa. T.e. P3A B 3TOM 1utaHe oHa U3 caMbIX KOHCEpBa-
TUBHBIX OTpacieil 3IEeKTPOIHEPTEeTHUKH, XOTS U TyT He 00XoAuTCcs 0€3 HOBOBBEICHHUI M MHHOBAIU-
OHHBIX TEXHOJIOTHH, YTO B MEPBYIO OYEpeab CBA3AHO C MIPUMEHEHHUEM MHUKPOIPOLIECCOPHOMN TEXHHU-
KU. YTO Tak)Ke HaKJaJbIBAaCT ONpeeIEHHbIE TPYIHOCTH, U B YACTHOCTH HETIPEPhIBHOE OOHOBJICHUE
ycrpoiictB P3A (t.e. MII-ycTpoiicTBa, uro Bhilyckanuch B Hayane 2000x rogoB yxe HE IPOCTO
HE KyOuTb Ha pPBIHKE, HO MU KOMIUIEKTYIOIIME K HUM, HaTH y MOCTaBUIMKOB U MPOU3BOAUTENIEH
BeCbMa MPOOJIEMaTHYHO), HECMOTPSI Ha MOPOH TPOMKHE 3asiBICHUE PO «yHUBEPCAIBHOCTh) amia-
paTHOM 0a3sl IS JaHHBIX YCTpOMcTB. Takke cieayeT OTMETUTh HEOOXOAUMOCTh BBITIOTHEHUS J10-
MOJIHUTENBHBIX PpabOT MO ONPEAETICHUI0 AJIEKTPOMarHUTHOW COBMECTUMOCTH Ha O0OBEKTax
ITIO «bemuepro» mnpu ycraHoBke XOTs Obl 1 komriekta MII-3anmuT, 4To CBSA3aHO ¢ KPYIMHBIMU
3aTpaTami.

Anamusupys cratuctuky 3a 2006-2013 r.r. mo MHKpOIpPOLIECCOPHBIM 3allluTaM JUIsl CETU
6-35 kB, BuaHO, 9TO KOJIMYeCTBO ycTpoicTB Ha MII 31eMeHTHOM 0ase /Ui TaHHOTO KJlacca ceTei
¢ 2006 roga pocio B IPSIMOJIMHENHON 3aBUCUMOCTH, OJHAKO B IOCIEIHHUE TOABI TEMIIBI pOCTa KO-
JIMYECTBA YCTPOMCTB HEMHOI'O CHU3HWIMCH. Takke BBIPOCIO M YMCIIO MPaBHIIBHBIX cpabaThIBaHU,
a YMCJIO0 HENMPaBWIBHBIX Cpa0aThIBAHUU SIBIISIETCS TOCTATOYHO MAJIBIM, U HET 3HAYUTEIHHOTO MPHU-
pocTa Yrciia HeMpaBUIbHBIX CpaOaThIBAHUN JUIsl TAHHOTO THUIIA 3alIUTHBIX yCTpoicTB. Takum oOpa-
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30M, nanHble MII-ycTpolicTBa JOCTAaTOYHO HAJEKHBI, HECMOTPSI Ha UMEIOIIUE MPOOJIEMBI M CIOXK-
HOCTH, BO3HUKAIOINE IIPY UX IKCILTyaTalliy, B TOM YHCJIE CBSA3aHHBIC C X PA3HOTHUIIHOCTBIO.

Amnanoruynasi kaptTuHa U Juis ycTpoiictB P3A oGopynoBanus HanpsbkernueM 110-330 kB.
KonnyecTBo 3THX yCTpONCTB MOCTENEHHO yBenuuuBaercs. KonnyecTBo mpaBHIIBHBIX cpadaTbiBa-
HUW TaK)K€ HEIPEPBIBHO PaCTeT.

OnHoit w3 3amay mepcoHana ciayk0 P3A W 2IeKTpOTEXHUYECKUX JIAOOPATOPHI SIBIISCTCS
OIIpe/ICJICHUE MECTa MOBPEXKIACHUSI HAa JUHUAX 3nnekTponepenad 6-750 kB. T.k. nunum cern 35-
750xB MMEIOT 3HaYUTENBHYIO IPOTSHKECHHOCTD, B TOM YHUCJIE JUIMHBI JUHUI COCTABISAIOT B CPEOHEM
g 35-110kB — 16,7 kM wm 20,6xm, a g cetu 220-330kB - 48km u 54,66 kwm,
a st BJI 750 kB — 753 kM. Ilpu otkmrouenun nuauid, ocooenHo st BJI 330 kB u 750 kB, Heo6-
XOZMMO 3HaTh TOYHOE MECTO MOBPEXKIEHUS WM YYaCTOK, TJ€ MPOU3O0ILIO0 MOBPEXKIECHHE, YTOOBI
YCTPaHHUTh €r0 Kak MOXHO ObicTpee. [t aToro ciayxar ycrporictBa OMII. Takke gaHHbIE yCTPOU-
CTBa CIyXaT WM JUIsl PErHCTPAlU aBapUHHBIX COOBITHHA. DTH (YHKIMU MOTYT BBHIMONHATH U MII-
YCTPOMCTBA 3alUThI, HO B TO %€ BPEMsI BCE PABHO OCTAETCS HEOOXOIMMOCTh YCTAHOBKU OTACIbHBIX
PErucTpaTopoB aBapUUHBIX cOOBITHI. OCHOBHBIC MMPOU3BOAUTENN YKa3aHHBIX YCTPOMCTB, HKCILTya-
TUpYIOIUXCSl B JaHHbIE MOMeHT Ha obOwbektax [TIO «bemsnepro» spustores: OO0 «llapmay,
00O «Peruna-P», 3A0 «Pagnyc Aromarukay, OOO HIIII «Dkpa» u npyrue.

YuCIEHHOCTh COTPYIHHUKOB CIIy’KO P3A 1 31eKkTpoTeXHUUECKUX J1abopaTtopuil sHeprocHad-
xaromux npennpuatuii 1 PYIT «OY», o0cayXuBarOImuX U 3aHUMAIOIINXCS BOIPOCAM IKCILTya-
Tauuu yctpoiictB u anmnapatypsl P3A cymmapuo no I'TIO «bemsnepro»na 01.02.2014 r. cocrapins-
€T: UH)KEHEPHO-TEXHUYECKHE paOOTHUKHU - 575 CIEUaIUCTOB U AJIEKTPOMOHTEPOB - 521 pabOTHUK,
T.e. cymmapHo 1096 uenoBek (~1,5% ot obuiero uucna pabotHukoB benopycckoii sHeprocucre-
MBbI). BOJBIIMHCTBO CIENMANMCTOB MMEIOT 3HAYMTENBHBIA OMBIT paboTel: 61% OT HOpMaTHBHOMN
YUCICHHOCTHU JJIs1 MHKCHEPHO-TEXHUUECKUX PAOOTHUKOB U 56% N5 3JI€KTPOMOHTEPOB.

OAO «bendnekTpoMOHTa)KHaIaIKa»- OJHO U3 BENYIIUX WHKUPUHIOBBIX IPEIIpUITUN B Oe-
nopycckoi 3Heprocucteme. Ilpennpustue ocHoBaHo B 1964 1. xkak MUHCKUI TeppUTOPHATIBHBIN
HaJIaJIOYHBIM y4acTOK TpecTa «DJIEKTPOLIEHTPMOHTax». OCHOBHOH BUJ JesTenbHOCTH 10 1991 ro-
Jla - HaJlaJl0YHble pabOThl HA KPYIHBIX 3HepreTuyeckux oowvekrax (Munckue TOL-3 u TOLI-4, Jly-
komiibekast I'POC, Kypckas, Cmonenckas, HosoBoponexckas ADC u ap.) B 1992 roay na 6aze
MMUHCKOrO TEeppUTOPUATIBHOIO ydacTKa OblJIO 00pazoBaHO benopycckoe MOHTaXHO-HalaJ04uHOE
npennpusaTie «bensaeKTpoMoHTaKHaTaIKa.

B cnoxHblit sSkoHOMUYeckuit nepuoa 90-x rr. npennpusTue AMBEPCUPUINPOBAIO CBOIO Jes-
TEIbHOCTh, MOMUMO HAJaJKH CTAJlO BBINOJHATH MPOEKTHHIE U MOHTaKHbIE PAaOOTHI, BBHIMYCKATh
3JIeKTpOTeXHUYecKoe obopynoBanue. B 1991 roga Ha npeanpusituu copMHUPOBAHO CIELHATIbHOE
koHcTpykTOpckoe Oropo (CKB), xoTopoe 3aHumaercss pa3pabOTKOW M BBITYCKOM ITH(DPOBBIX
ycrpoiictB. B TecHom cotpynnudectBe CKb co HayyHBIMH clieualucTaMu 3HepreTuyeckoro da-
kynbrera BHTY Obln pa3paboTaHbl OCHOBHBIE MPUHIUIBI U AITOPUTMBI PENIEHHON 3allUThl Ha
MHUKpPOIIPOIIECCOPHOM 0a3e, MPOBEASHBI UX MCCIIEOBAHUS, U3TOTOBJIEHBI ONBITHBIE 00Pa3lbl U BbI-
MoJIHEHbl uX ucnbiTaHuss. B 1998 rogy Obul HayaT CepuiHBIA BBITYCK MHKPOIIPOLIECCOPHBIX
ycrpoiictB peneriHoil  3ammrtel. C 2000 roma B cTpykType «bennnekTpoMOHTaxHaIal-
Kan(yHKIIMOHUPYET UCCIIEAOBATEIbCKUIN IIEHTP, KOTOPBI 00BeaUHSAET TpH J1abopatopuu: nH(Op-
MAaIMOHHBIX U3MEPUTENBbHBIX CUCTEM, CHEMATbHBIX U3MEPEHHH U 3KCcIepUMeHTallbHas JadopaTo-
pus CPEACTB PEIECHHOMN 3alUThl U aBTOMATHKHU.

Ha ceromusmuuii nenb OAO «bensneKTpoOMOHTaXHATAAKa» - BEAYIIUNA pa3pabOTUMK MHK-
pomporieccopubix ycrpoiictB P3A B benapycu. YcrpoiictBa P3A npounsBoactea «bendnexkTpoMoH-
Ta)XKHaJIaKa» MOJHOCTHIO 3aKpPhIBAIOT MOTPEOHOCTH MOHMKaroumx nojactanuuii 110 kB u Huxe.
Jluneiika MHKPOIPOLIECCOPHBIX 3aIUT MPOU3BOACTBA «bendnekTpoMOHTaXKHAaAKa) BKIIIOYAET B
ce0si TepMUHAIBI 3aIUTHI JIMHUI C OJTHO- U IBYCTOPOHHUM NUTAHUEM, 3aLIUTHI IO HAMPSDKEHUIO U
4acToTe, 3alIUThl BBOJAHBIX M CEKIIMOHHBIX BBIKIIIOUATENEH, 3JIeKTpoIBUraTenel, oOcHOBHOM nudde-
PEHLIMAIBHOM U pe3epBHOM HE3aBUCUMOM 3allUThI TPaHCPOPMATOPOB, TU(HEpEeHIINATBLHON U AYyTO-
BOHM 3alIUTHl COOPHBIX IIMH. 3HAYMTENbHAs 4acTb MUKPOIPOLECCOPHBIX 3aIIMT pa3zpaboTaHa IO
roCylapCTBEHHBIM IIPOrpaMMaM MHHOBALIMOHHOTO pa3BUTHs W UMIOpTo3aMmelleHus. Bexerca pas-
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paboTka TepMHHAJa AUCTAHIMOHHOM 3amuThl TUHUH 110 KB, BBITYCK KOTOPOTO MO3BOJIUT PELIUTH
cuctemy P3A pacnpenenurenpHbix noactanmuii 110 kB momHoCThI0 Ha 6€TOPYCCKUX YCTPOKUCTBAX.
O6beMm Beimycka ycrpoiictB P3A — 2500-3000 ycTpolicTB B Tofi, 00IIee KOJIHMYECTBO MPOU3BEIACH-
HBIX ycTporcTB — 60mee 25000.
Tepmunansl P3A mpousBozactBa «benaneKTpOMOHTaXHaIAAKa» YCTAHOBJIEHbl M YCIEIIHO
SKCILUTYyaTUPYIOTCS Ha 00BbEKTax Bcex o0yacTHhIX sHeprocucteM Pecnybnuku benmapych, Ha Kpyn-
HBIX NpoMblIeHHbIX npeanpuatuax (benA3, MA3, Munckuil TpakTopHbIil 3aBoa, benopycckuit
METAJLTypruuecKuid 3aBoj] U Ap.). a TaKXKe B psiie poccuiickux sHeprocucreM («benropomneproy,
«bpsHcKk3HEproy, «Mocanepro», «HoBropogsuepro», « TromeHbaIHEPrONM 1IP.).
OAO «bemanekTpoMOHTaKHANIAAKa» - MHOTONPO(PHIBHOE MPEANpPUATHE C COOCTBEHHBIMU
KOHCTPYKTOPCKOM, MPOM3BOICTBEHHON M HMCIIBITaTeNbHON O0asamu. [Ipeanpusitie BHIIONHSAET TOJ-
HBIM KOMILIEKC paboT MO MPOEKTHUPOBAHUIO, TTOCTABKE, MOHTAXY, HAJAJKEe, PEMOHTY, HUCIBITAHUIO
U CEpBUCHOMY OOCIyXHBaHHUIO 3Heprerndyeckoro obopymoBanus, ACY TII, ACKYD, KUIIuA.
«bemnexkrpoMoHTaXKHANaAKa» Mpon3BoauT: ssueiiku KPY, KCO, BakyyMHbI€ BBIKJIIOYATENM 10 JIU-
nen3un Siemens AG; HU3KOBOJBTHBIE MIKA(BI MOCTOSTHHOTO M MEPEMEHHOI0 TOKa; MUKPOIPOIIEeC-
copHble ycTpoiictBa P3A u koHTposuiepsr; 6i10ku nutanus; BU-annapatypy nepenayu KOMaH/I.
Itat OAO «bemiekTpoMoHTaXHATAAKA» - 600 YenmoBek, 00Jiee MOJTOBUHBI HMEIOT BBICIIIEE
oOpazoBanue. CpeqHuil BO3pacT COTPYIHUKOB — 0Koo 35 ner. B'tom umese Oonee 100 BbicOKO-
KBaJTM(UIIMPOBAHHBIX HAJIQTYMKOB, 00JIAJAIOIIUMH OIBITOM M HaBBIKAMU pabOTHI KaK yCTpOiCTBa-
mu P3A npouszBoactea OAO «bemsaeKkTpoMOHTaKHATAIKA», TaK U IpYrux fpousBoautenei (ABB,
Siemens, General Electric, Alstom, Areva u np.). llltar ynpaBiaeHus MEPCIEKTUBHOTO Pa3BHUTHS,
KOTOpOE 3aHMMAaeTCs Pa3padOTKOM U MPOU3BOACTBOM ycTpoiicTB P3A — 53 yenoseka.
HanpasnenusimMu nepcrnektuBHoro pasutusi cucreMbl P3A B benopycckoii sHeprocucreme
SIBJISIFOTCSL:
1. 3amMeHa ycTpOHCTB Ha 3JIEKTPOMEXAHUUYECKON M MHUKPOIIEKTPOHHOM AJIEMEHTHOU 0aze
Ha MUKpOIIpoLieCCOpHBIe ycTporicTBa P3A.

2.  TloBcemectHoe Baeapenue cucreM ACY TII (SCADA) Ha 00beKTax SHEPreTUKU U WH-
Terpamus B yKa3aHHbIX CUCTEMAX YCTPOUCTB pEIeHHOM 3alUThl U aBTOMATHUKHU.

3.  Buenpenue umdpoBoil MmoacTaHIWU, TA€ B3aUMOJEHCTBHE YCTPOWCTB OPTaHU30BAHO
Ha TOPU30HTAIBHOM ypoBHE 110 ipoTokoay IEC 61850.

4.  Buenpenne Real Time Digital Simulator (RTDS) - coBpemeHHOro cumyIsiTopa mepe-
XOJHBIX MPOLIECCOB IHEPTOCUCTEMBI.
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VK 501.22:621.763

HOPMAJIMBALUSA TEIINIOMEXAHUYECKOI'O COCTOSHMUSA ITAPOBBIX TYPBUH
Kanunuuenxo A.C. 1, Kanunuuenxo B.A.l, 3enesen A.E. 1, Pakesuy B.I1°
1Eefz0pycc1<uﬁ HAYUOHAIbHBIY MEXHUYECKUL YHUBEPCUMEem
2040 «bensnepeopemuanaokay

OnbIT 3KCIUTyaTalliM MHOTOLMJIMHIPOBBIX MApOBBIX TYpOMH I0Ka3ajl, YTO BO3HUKAET P
po0JIeM, CBA3aHHBIX C TEIJIOBBIMU MEPEMEIICHUSIMH Y3710B TypOoarperatoB. [Ipu sToM, cHITbI Tpe-
HUS TIOBEPXHOCTEH CKOJIbKEHHs KOPITYCOB ITOJUIMITHUKOB U IIIOHOYHBIX Y3JI0B LIMJIMHIPOB OKa3bl-
BAaIOT CYIIECTBEHHOE BIUSHHE HA MEPEMEIICHUE KOPITYCOB MOAMMIHUKOB. Hapyiienus B Terinome-
XaHUYECKOM COCTOSIHUU TypOOarperaTtoB OrpaHHMUYMBAIOT IEKTPUUECKYIO M TEIJIOBYIO MOIIHOCTh
TypOMHBI ¥ BIMSIOT Ha HaJIE)KHOCTb OOOPYAOBaHUS, B YACTHOCTHU: - HETIOJIHOE TEMJI0BOE pacIInpe-
HUE TypOMHBI NP MIPOrPEBE U IYCKE; - HEJOBO3BPAT KOPILYCOB MOIIMITHUKOB B UCXOAHOE I10JIO-
KEHHE TOCIIE€ OCTHIBAHUS LMJIMHIPOB U (PyHIaMEHTa TYpOMHBI; - HEIPOTHO3UPYEMOE M3MEHEHHE
BUOPOCOCTOSTHUSL BAJIONPOBO/A TYpOUHBI IIPU EPEMEHHBIX peXnuMax; U 1p. Bee atu aedexrsl npsi-
MO WJIM KOCBEHHO CBSI3aHBI C HEPACUETHBIM IEPEMEIICHUEM KOPITYCOB MOANIMIHUKOB MO (yHIa-
MEHTHBIM paMaM, a TaKXKe OIOPHBIX JIall 110 IIOHOYHBIM Yy3JIaM.

Heo0xoauMo mpuHHMaTh BO BHUMAaHHE Takke Ae()EeKThl W OCOOEHHOCTH (YyHIaMEHTOB
U ONOPHBIX KOHCTPYKLHMH KOPIYCOB IMOJIIMITHUKOB, ITOCKOJbKY Ha HEKOTOPHIX TypOMHAX MMEET
MECTO HEpaBHOMEpHas ocaaka (pyHIaMEeHTOB. BeiencTBue 3Toro Kopiyca NOAIUIIHUKOB HE TOJIb-
KO OCEJAal0T Ha Pa3HYI0 BEJIMUYUHY, HO M OTKJIOHSIOTCSA OT BEPTUKAIM IO OAHOM WJIM JIByM IJIOCKO-
ctsiM. [lepeunciennsie qeeKThl TPOSBIAIOTCS B PA3IMYHBIX TEPEMEHHBIX PEKUMAX IKCIUTyaTaIH
napoBbIX TypOuH. Hambosnee HeOIaronpusTHBIM peXUM € TOUKU 3pEHMS IMPOSBICHUS IEPEKTOB
TEIUIOBBIX PACIIMPEHHI — €CTECTBEHHOE OCTBHIBAHUE M3 TOPSUETO COCTOSIHUA. B 3TOM pexume Mo-
&KeT ObITh ONpe/ieieHa BeJIMYMHA TEeIJI0BOr0 HEBO3BpAaTa pacIiupeHusl TypOUHBI 110 KOpIlycaM MoJ-
[IMITHAKOB JI0 XOJOIHOTO COCTOSTHHSL.

Crnenuamiucramu OAO «bensnepropemHanaka» Obuia pa3paboTaHa KOHCTPYKTOPCKas U TeX-
HOJIOTHYECKasi JOKYMEHTAIHs 110 YCTaHOBKE JIeTaliel N3 aHTU(PPUKIMOHHBIX MaTEPHAJIOB MO KOH-
KpeTHbIe Y376l TpeHus. Haubonee ya0BiIeTBOPAIOUIMMHU 110 CTAOMIBHOCTU U JIOIYCTUMBIM BEJIMYH-
HaM TPUOOTEXHMUYECKMX XAPAKTEPUCTHK ISl BCEX Y3JIOB MApPOBBIX TYPOHWH SBISIOTCS KOMITO3HUIIH-
OHHBbIE MaTepHajbl C MAaKpOTreTepOreHHON CTPYKTypoH, pazpaboTaHHbIe ydeHbIMH bermopycckoro
HAIIMOHAJIFHOTO TEXHUYECKOT0 YHUBEPCHUTETA.

Komno3uimonHele 'MaTepHalbl IMOJYyYEHBl C HCIOJIb30BAaHHMEM JIMTEHHOW TEXHOJOTHH,
9TO 00ECIIeYNBAET HU3KYI0 CTOMMOCTB MO CPAaBHEHHIO C KOMIIO3UTaMH, IMOJYYEHHBIMH METOJaMHU
MOPOILIKOBOM METAJUTYpIMM W MO3BOJSET M3TOTaBIMBATh JOCTATOYHO KPYIHBIE AETaNd JHOO0H
(bopMBI.

BriepBble JMThIE KOMIO3MIIMOHHBIE MaTepuanbl ObUIM MpUMeHeHbl Ha TypOune T-250-240
(ct. Ne6 Munckoit TOLI-4) B 1998 1. Bo Bpemst aBapuiiHOT0 KanmuTaJIbHOTO peMoHTa B 1998 1. 661110
IPUHATO PELICHNEe O MPUMEHEHUH KOMIIO3UIIMOHHBIX MAaTEpUAJIOB ¢ MAKPOTE€TEePOTreHHON CTPYKTY-
POi ISl yCTpaHEHUs BBIIICONMCAHHBIX JePeKToB. /s yBenmueHus MOIBUKHOCTH KOPITYCOB ITOJI-
IIMITHUKOB TIACTHHBI M3 KOMITO3UIIMOHHBIX MaTepHAJIOB YCTAHOBWIJIM B IJIOCKOCTU CKOJIBXKEHHUS
(GbyHIaMEHTHOW pambl U MOIOIIBEI KOPITyca MOIIAITHUKA, a JJISi CHU)KEHUS! BEPOSTHOCTH 3aKIIHHHU-
BaHUS MPOJIOJBHBIX IITIOHOK — OBUIM YCTaHOBJIEHBI KOMITIO3UTHBIE BCTABKH B MPOJIOJIbHBIE IITTOHOY-
HBIC T1a3bI BCEX KOPITYCOB MOAIIUITHUKOB. [Tocie BBIOTHEHHS BCEX ATUX MEPONPHUITHI OBIIH TPO-
BE/ICHBI TEIUIOMEXaHMYECKUE UCIBITAaHUS TYpOUHBI, KOTOPbIE MOATBEPIAMINA MPABUIBHOCTD MPUHSI-
TOTO pEIICHUS ¥ TIOKA3alHd IOJIOKUTEIBHBIN 2(P(QEeKT TPUMEHEHUS! JUTHIX KOMITO3UIIHOHHBIX
MaTepHaoB.

Bo Bpems kanutanbHOoro pemonta B 2003 r. O6butM 00CiI€AOBaHbI KOpITyca MOAIIUITHUKOB,
KOMIIO3UIIMOHHBIE BCTaBKM M MPOJOJIbHBIE HIMOHKU. MHCTpyMEHTaJIbHBIE U3MEPEHUs IMOKa3alu,
YTO COCTOSTHHE BCEX ITHX 3JIEMEHTOB XOpOIIee, CIeOB M3HOCA KOMIIO3UTHBIX MAaTepHAIOB HET,
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Ha MPOAOJIBHBIX IITIOHKAaX HET HATUPOB WJIM 33UpoB. B HacTosmiee BpeMs: TypOUHA SKCIUTyaTHPY-
eTcs, M €€ COCTOSIHUE TAKXKE OCTAETCSI XOPOLIHM.

B nepuon ¢ 1998r. mo 20014r. B 6enopycckoil SJHEProcucTeMe MEpOIPUATHS 110 HOpMAIH3a-
LU TEIUIOBBIX NE€PEMEIIEHUN TypOUH C MPUMEHEHUEM TOJBKO pa3pabOTaHHBIX KOMIIO3UIIMOHHBIX
MaTEepHaliOB WM B COYETAHWU C JIPYTUMH AHTU(QPUKIMOHHBIMH MaTepHallaMH BBITIOJTHEHBI Ha
[IECTHAAIATH Pa3IMYHBIX THIOB TypouHax: K-300-240, T-250-240, T-100-130, T-180/210-130,
I1T-60-130/13, TIT-65-130/13, TK-330-240, I1T-50-130/13, I1T-135/165-130. To ecTh, OXBaYCHBHI
IIPAKTUYECKH BCE BU/IbI TYpOUH OEI0PYCCKON SHEPreTUUECKOM CUCTEMBI.

Kak moka3pIBaeT ONBIT IKCIUTyaTallul 3THX TYpOMH pa3paboTaHHAs TEXHOJOTUH HOpMaJH3a-
LIUM TEIUIOBBIX IEpEeMELICHUH TYpOUH ¢ UCIOJIb30BAHUEM JeTaje U3 KOMIIO3UIIMOHHBIX MaTepHa-
JIOB C MaKpOTe€TEPOreHHON CTPYKTYPOH IMO3BOJISIET MPAKTUYECKH MOJHOCTHIO PEUIMTH MPOOIEMBI,
00yCIIOBJIEHHbIE OCAJKON (YyHAaMEHTOB, TEIUIOBBIX NEPEMEIIEHUN MHOIOLMINHAPOBLIX TYpOUH.
Pemiens! 3a1a4n MO yJIydlIeHHI0 BUOPOCOCTOSIHUA. B 11€7IOM 3TO MO3BONMIIO CHATH OTPAHUYCHUS
[0 peXHMaM JKCIUTyaTtaluuu TypOoarperara. HakonjaeHHOro omnelta JOCTaTOYHO AJs IPUMEHEHHUs
JTAHHOM TEXHOJIOTUH Ha TYpOMHE JI000T0 TUIIA IPH HATUMYUH MTPOOJIEM TEIUIOBBIX PACIIUPEHUI.

OKoHOMUYECKUH 3PPEKT 0T MPUMEHEHUs pa3pabOTaHHON TEXHOJIOTMU PEMOHTA ¢ IpUMEHe-
HUEM KOMIIO3ULIMOHHBIX MAaTepuajioB € MAaKpOTeTEepPOr€HHON CTPYKTYpPOH  CIIOXHO OLIEHUTh
U3-32 HEOOXOAMMOCTH yyeTa OOJbIIOr0 KoJudecTBa (akTOpoB. MOXKHO OLEHHTH AJS 4aCTHOI'O
cirydasi, Hanpumep, T-250-240 YTM3 ¢ npuMeHEeHHEeM JIUTHIX KOMIO3HIIMOHHBIX MAaTEPUAIOB IPU
CHATUU OTPaHUYEHUH 110 JABYXCTYNEHYATOM CXeMe MOJO0rpeBa CEeTeBOW BOJABI IIPU ONPEIECICHHOM
pexxume padoThl.

IIpennonaraemblil 5KOHOMUYECKUN FPHEKT onpenensics cpaBHEHUEM HEOOXOAUMOro KOJu-
YecTBa YJEJIbHOTO Pacxo/ia TEIUIOThl Ha BBIPAOOTKY 3JE€KTPOIHEPIUH MO OJJHO- U JIBYXCTYIIEHUATOM
cXeMe IOJI0rpeBa CETeBOM BOJIbI NMPH PABHBIX MIEKTPUUECKOW U TEIUIOBOW Harpyskax. s sToro
MCTIOJIb30BaHbl HOPMATHBHBIE SHEPreTUYECKHE XapakTepucThku TypOounbl T-250-240 Munckoi
TOL-4. Jlo npoBenenus paboT M0 HOpMAIN3ALUKU TEIJIOMEXaHUYECKOr0 COCTOSHUS TypOuHa pabo-
Taja B OAHOCTYIIEHYaTOM PEKUME.

ITpu mMomHocTH 610ka N=200 MBT (cpeaHsis MOIIHOCTH OJI0Ka 3a Iofl) U TEeIJIOBOI Harpys3ke
Qr=180 TI'kam/gac, ynmeapbHOE KOJWYECTBO TEIIOTHI IO OJHOCTYIICHYATOW CXEeMe paBHO
ql=1370 xxan/kBT, ynenbHOE KOJMYECTBO TEIUIOTHI 10 [JBYXCTYIEHYaTOH CXeMe pPaBHO
q2=1350 kxan/kBr. Ilpum cpegHeil romoBoil BBIPAOOTKE 3IEKTPOIHEPTHMH OAHUM OJIOKOM
D =1 200 000 kBt/4 moay4um roJOBYI0 SKOHOMHIO KOJHMYECTBA TEIUIOTHI IO MPUOIU3UTENBHOM
omerke B rox 24x10° Mdkan wmm 3721 TonH YCIIOBHOI'O TOIUIMBA. B mepecdere Ha HaTypalbHOE
toruiBo (Ma3yT M-100) 310 coctaBnser 2700 TOHH. DT0 SKOHOMHYECKHH 3(h(EKT mocTuraercs
TOJIBKO 32 CYET CHATHUS OTPAHUUYEHUH 110 ABYXCTYIIEHYATOM cXeMe MOJ0rpeBa CETEBOM.

Takum o00pa3oMm, pa3paboTaHHbIE TEXHOJOTHS PEMOHTAa M KOMIIO3MLMOHHBIE MaTepHabl
C MaKpOIeTepOreHHOW CTPYKTYpO#l MO3BOJIWIM MOCIE PEKOHCTPYKIIMM MapoBbIX TypOMH obecrie-
YUTh UX TEIJIOMEXAHUYIECKOE COCTOSTHIE HAa YPOBHE BHOBb CMOHTHUPOBaHHBIX. Pab0ThI M0 HOpManu-
3allUY TETJIOMEXaHUYECKOI'0 COCTOSIHMS TypOOarperaroB OXBaThIBAE€T MPAKTUUECKU BCE TUIBI IPU-
MeHsieMbIX B PecniyOmnke benapych TypOunbl. ViMeromuiicst onbIT MO3BOJISIET UCIIOIB30BaTh pa3pa-
OOTaHHYIO TEXHOJIOTHIO JJI1 PEKOHCTPYKIIMH JIFOOBIX MAPOBBIX TYpOUH.
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VK 65.01

K BOITPOCY PA3BUTUA DHEPI'OOBECIHHEYEHUA ITPOMBIIIJIEHHBIX TEILJIO-
TEXHOJIOI'MM U CUCTEM TEIIVIOCHABKEHMUS B BEJIAPYCH. B3IJISI]]
B BJIMKAUIIEE BYJIYIIEE U OBO3PUMYIO TIEPCIIEKTUBY
Pomaniwx B.H.
benopycckuii nayuonanvHwulll mexHuueckuil yHusepcumem

Beenenune

B cBs3u ¢ HEOOXOAUMOCTBIO pa3pabOTKK HOBOM JOJITOCPOYHOU CTpATErnu COBEPILEHCTBOBA-
Hus 3xkoHoMUKH benapycu Ha nepuon 10 2030-2050 r.r., rapMOHUYHO COYETAIOIIETO HHHOBAMOH-
HbIE ¥ BOJIIOIIMOHHBIE U3MEHEHUSI X03IHCTBEHHOT0 MEXaHU3Ma, YPE3BbIYaHO aKTyalbHO OIpejie-
JUTHCS C TEHACHUMUSMHU JAaTbHEHIIEr0 Pa3BUTHUS CHCTEM TEIUIOCHAOXKEHHS U JHEProCHAOKEHUs
MPOMBIIIJICHHOCTH, HPEIIPUITUS KOTOPOM B OCHOBHOM Macce HCIONb3YIOT TEIIOTeXHOJIOTHH.
Vxe k 2015-2020 r. B MHUpe MPOTHOZUPYETCS PE3KUI pOCT CTOMMOCTH BCEX PECYPCOB, UTO BHI3OBET
naJiecHue MPOU3BOJICTBA Ha (DOHE PACTYIIETO 3arps3HEHHs OKPYKAIOLIEH CPeAbl, U BBI3BAHHOE UM
u3MeHeHue knumata [1, 2]. B aToit cBs3mM pazpaboTka nmepBoOYepeAHbIX Mep MO MOATOTOBKE KO-
HOMHMYECKOTO MEXaHM3Ma CTPAHBI K TPSIYIIAM U3MCHCHHSIM Ha CHIPhEBBIX U QHEPTCTUUYCSCKUX PHIH-
Kax ¥ HE0O0X0/AMMa, U OYeHb CBOEBPEMEHHA.

Hcxonnoe cocrosiHue

besycnoBHO, pa3BUTHE CHCTEM TeIIOCHAOXKEHHs, HA KOTOpble npuxoautcs a0 40 % mnorped-
nseMbIX B benapycu TOIMIMBHO-3HEPIeTUYECKUX PECYPCOB, NOJIKHO OBITH CBA3aHO C dHEprocoepe-
xeHreM. CerogHs HEOOXOAUMO HE MPOCTO MOBBIIICHHE, & KapAUHAIBLHOE yBennueHue 3P GeKTuB-
HOCTH HCIIO0JIb30BAHUS SHEPropecypcoB Ha BCEX CTaAMUAX: MIPOM3BOJCTBA, NEpeJaud U UX NOTpeo-
neHus. CucremMa TEIIOCHAOXKEHUS SIBISETCS Ba)KHOW COCTAaBISIONICH CO3/IaHHOTO B IOCIIEIHHE
60 JieT XO3SIMCTBEHHOTO KOMILIEKCA CTPaHbl. DTOT KOMIUIEKC HE MOXET ObITh KapJUHAILHO H3Me-
HEH JaXke 3a JIECATHIETHE U3-32 OIPAHUYCHHOCTH PEeCcypcoB (PMHAHCOBBIX, JIOJCKUX, BPEMEHHBIX
U T.IL.

Kaxxnplii  XO3SIICTBEHHBIN KOMIIJIEKC XapakTEepHU3yeTCs CIIOKMUBILEHCS WHIUBUAYATbHON
CTPYKTYpO# dHeprobdananca, BKIIOYAIONICTO IEPBUYHbBIE U BTOPHYHBIC SHEPTOPECYPCHI, TTOOOYHbIE
MOTOKHM dHeprun. UTo XapakTepusyeT XO3siCTBEHHBINH KoMIuIeke Benapycn? Ipexie Beero, pas-
BUTas Ta30Basi HHQPACTPYKTypa B IIUPOKOM CMBICIIE: Fa30TPAHCIOPTHAS CHCTEMA; TEIIOTEXHOJIO-
THH, OPUEHTHUPOBAHHbIE Ha MPHMEHEHHWE MPHUPOJHOTO Ta3a; CIEHUATHCTHI, MOATOTOBICHHBIE
JUTsL pabOTBHI C ITUM TOTLTUBOM.

Hcnons3yemsie B benapycn nepBuuHbie dHEpropecypcbl cocrapisiior 0,3 % MUPOBOTO TO-
TpebneHus, B ToM uucie a0 ~0,5 % notpebnenus npupoaHoro rasa [5]. Ecau Mel npekpatum Bcs-
KYIO JIeSITEJIbHOCTh, CBSI3aHHYIO C MOTPEOJICHUEM TOIUIMBA, OYEBUIEH (DAKT, YTO 3HAUUMBIX U3MEHeE-
HUW HU B DKOJOTUYECKOW CUTYyallud, HU B 00BEMAX 3amacoB HEBO30OHOBISIEMBIX SHEPTrOPECypcoB
Ha ruiaHeTe 3emiis He npou30iiiér. OHaKo 3TO HE 0O3HAYaeT, YTO Mbl HE JOJIKHBI OEpEKHO OTHO-
CUThCS KaK K OKpYyKalolled cpeie, Tak U MOTPeOJICHHI0 MEPBUYHBIX JHEpropecypcoB. Bmecte
C TeM, He TPEACTaBISETCS PasyMHBIM «0eXaThb BIIEpelM IUIAHETHI BCEW», MHTEHCHBHO pa3BUBAs
TEXHOJIOTUH YHEProodecredeHnst, KOTOphIE CETO/IHS B CPABHEHUHU C abTePHATUBHBIMU PEIICHUSIMHU
KpaliHe 10poru, a IOTOMY BEAYT, 110 OOJBIIOMY CUETY, TOJIBKO K IEPEPACX0y CTOJIb HEOOXOIUMBIX
ctpaHe cpeAcTB. [Io cyTH, OHUM MHBECTHPYIOTCS B Pa3pabOTKy U MPOU3BOACTBO COOTBETCTBYIOIIUX
TEXHOJIOTUI U 000pYAOBAaHUS B OTAEIbHBIX, 3aMETHM, JaJIeKO HE O€HBIX, CTPaHAX.

Bonee B3BelIeHHO ClieyeT pacCMaTpUBaTh M MCIOJIH30BAaHHE BO30OHOBISEMBIX UCTOYHUKOB
sueprun (B1D), koToprie, KOHEUHO, MPUBIIEKATEIbHBI, HO OOBEKTHBHO HE CIIOCOOHBI 00ECTICYUTh Y
HAac HEOOXOAMMOTo M3MeHeHHs cutyannu. BUD MOXHO M HYXHO pa3BUBaTh, HO HEe B yiepd

! BTOpI/I‘lHLIe SHEPropecypcol — I3TO HpeO6pa3OBaHHBIe MOTOKH DOHEPruM: DJICKTPOIHCPIHsS, TCIJIOBAA ISHCEPIUAd
C pa3jInYHbIMU SHEPrOHOCUTEIIAMMU. B 3TOM KOHTEKCTe MCIOJIB30BaH TEPMUH «BTOPUYHBIC SHEPTrOpeCypChI». U_II/IPOKO
HCIOJIb3YyEMOC IIOHATHE BQP, HC COBCEM KOPPEKTHO n BHOCHUT ImyTaHuny. HOBTOMY B CTaThC,
KaK MpeANrCbIBACT COOTBECTCTBYIOIAA JIUTEPATYpPaA, IPUMEHACTCS TCPMUH «ITo6ouHbIE OHEPropeCypcCh».
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(3a cuéT) MPOMBILIUIEHHOCTH U YHEPIeTHKE, OTBJIEKas U 0€3 TOro orpaHHYEHHBIE PECypCHl OT Ooee
paJvKaIbHBIX LIAroB MO COKpAILlEHUIO MOTpediieHns uMmoptupyemoro torumBa. [lary6Ho u 3a-
rpy’KaTh peajbHBII CEKTOP SKOHOMHUKHU CBSI3aHHBIM YBEJIIMYECHHEM Tapu(OB Ha AJIEKTPOIHEPIHIO,
KOMITEHCUPYS 3aTPaThl HAa MOKYIKY 3JEKTPOIHEPTHUH Y MPOU3BOAUTENEH MOIYYSHHYIO MTpeodpaso-
BaHUEM HYHEPIUU BETPa, COIHEYHOTO U3ITyYEeHHUs, HCIIOJIb30BaHMs Ororasa u T. 1.
AHaNOTMYHBIN MOAXO0/ B YaCTH B3BELUICHHOCTH PEILICHUI, CIIpaBeJIB U B OTHOLICHUH SKOJIO-
ruu. He cnenyer BBoAUTh Ype3MepHbIe, HEONPaBIaHHbIE TPeOOBaHUS, HAIIPUMED, 110 BEIOpOCaM OK-
CHJIOB a30Ta, 3aTPYJHSSA, a TO U OJOKUPYS BBOJ SKOHOMUYECKU BBITOJIHBIX YCTAHOBOK, HaIlpUMED,
Ha 0ase ra3o0-TOPIIHEBBIX arperaTtoB, J1aBas JAOPOTY IPYrHM, HampuMmep, ra30TypOMHHBIM, MHAKPO-
TypOMHHBIM yCTaHOBKaM, MEHEEe SKOHOMHYHBIM U 0oJiee 3HEpPro3aTpaTHbIM MPUMEHUTEIIBHO K HC-
MOJIb3YEMBbIM Ha MPOMBIIUICHHBIX MPEANPHUATHAX THIIOpa3MepoB. B pesyibTare Takoid 3a00TsI 00
9KOJIOTMH Mojdy4yaeM B 1,5 pa3a Gosnbline BHIOPOCH! AMOKCHIA YIiIepo/ia OTBETCTBEHHOIO 3a MapHU-
KOBBIN 3P exT, 60ppda ¢ KOTOPBIM MPHOOPENa CTaTyC NEPBOCTEIIEHHONH MUPOBOH 33/1a4H.
Hcxons u3 ckazaHHOro, HAa HaIll B3TJIS, MPEACTaBIsieTcss Haubosiee 1eIecoo00pa3HbIM Aalb-
HeHIne maru 1mo pa3BUTHIO dHeprocOepekeHus B bermapycu opHeHTHpOBaTh Ha KCIOJIB30BAHUE
MIPUPOIHOTO T'a3a, pa3BelaHHBIX 3allacoB KOTOPOro, o oneHkaM PAH u npr3HaHHBIX MUPOBBIX HH-
CTUTYTOB, XBaTUT Ha 200—250 j1eT pH COXpaHECHUH HBIHEITHErO YPOBHS SHepromnorpedienus|6—8].
Heus06exHbli pOCT 1IEHBI IPUPOIHOTO ra3a MOKHO KOMIEHCHPOBATh 3HAUNUTENIbHBIM (10 40 %) 1mo-
BbIeHneM 3¢ ekTuBHOCTH ero ucmnonb3oBanus [9]. Kpome Toro, BBOA aTOMHOM 3J1€KTPOCTAHIINN
Ha TPETh CHU3UT €ro MOTpeOJIeHHE B DIIEKTPOIHEPTETUKE.
PasBuTne 3HeproodecneveHust
CornacHo KOHIENIIUN HHTEHCUBHOTO dHEprocoepexeHus:, chopmynupoBaHHoU mpodeccopom
A. JI. KiltouHMKOBBIM, TIOYTH YETBEPTh BEKa BO3IJIABJSIBIIMM (DAKyJIbTET MPOMBIIUICHHON TEIUIO-
sHepreTuku MDU, crienyer, 4yTo A TOCTHXKEHUS MAaKCHMAaJIbHOTO SHEProcOeperaroniero mnoTeH-
[yajia HaJl0 pacIupATh CUCTEMY, SHeprocOeperarmyr 0azy, BOBJICKaeMyl0 B MPOIECC palloHa-
nmu3anuu 3Heproucnons3oBanus [10, 11]. DTo kiIroueBoif MOMEHT, HAa KOTOPBIA cieayeT oOpaTHTh
BHUMaHHe. Pacupenue sneprocOeperaromieii 0a3bl yCKOPHUT PELICHUE CTOSIIEH mepe HaMu TI10-
OanpHOI 3a7aun o0ecrieueHus: OTHOCUTEIBHOU 3HepreTudeckoii 6e3omnacHoctu. K coxanenuto, ad-
COJIFOTHAs SHEpreTUYecKasi 0e30MacCHOCTbh Ha CErOJHs, CJAEAYET IPU3HATh, HEJOCTHKUMA.
Memoodonozus snepeocbepesicenus. Apec rHeprocOeperaroiero NoTeHIa€a M3BeCTeH, 3TO
TEIUIOTEXHOJIOTMH, KOHEYHAs! CTaHsl YHEProMCIIONb30BaHus, pajl KOTOPOH, COOCTBEHHO, U 100bI-
BAIOTCS TIEPBUUHBIE SHEPIrOPECYPChI U Ile TEOPETUUYECKHE 3aTpaThl HA NMPOBEACHUE TEIIOBOM 00-
paboTku 3avactyio He npeBbinatoT 10 % daktuyeckoro suepronorpednenus [10, 11]. Ananoruy-
Hasl CUTYalMsl, XOTS M HECKOJBKO JIyulllas, ¢ TeMJI0CHA0XKEeHHEM ropoJIOB M MOCEIKOB TOPOJICKOTO
THUIIA, I71€ TPeOyeMblil IPOPBIB B CHUKEHUU MOTPEOICHHS TOIIMBAa MOXET OBbITh 0OecreueH, B Oc-
HOBHOM, 3a CUeT pacIlupeHus sHeprocOeperaromieii 6a3pl. TpaIuloHHAas METOJUYECKasi OCHOBA
pelieHns npobemMbl 3HEProcOepeKeHNs, OTIINYAoNIasIcs JUCKPETHOCTbIO SHEPTreTHUECKOro aHa-
JM3a B Y3KUX I'PaHHULAX OTAEIbHBIX TEXHOJIOIMYECKHX arperaToB M B paMKax YaCTHBIX MEpOIpHsi-
TUH, OKa3bIBAeTCS HEJOCTATOYHOM Ui HMCCIEAOBAaHUN, HAllEJICHHBIX Ha BBISBICHHE IPEIEIbHO
MIOJTHOTO Pe3epBa YHEProcOepeKeHMs B TEXHOJOTMUECKUX KOMIUIEKCAaX MaTepUaibHOTO MPOU3BOI-
CTBa, OCHOBHOE sJIpO KOTOPOT'0, KaK 3TO HU CTPAHHO 3BYYHUT, YACTO HAXOJIUTCS MIPEUMYILECTBEHHO
BHE (PM3NYECKHUX I'PaHMI] OT/EIbHBIX KOHEUHBIX IPUEMHHUKOB HEPTHUH — B 30HAX KOHTAKTa TEXHO-
JOTMYECKUX MOJIYIIPOAYKTOB U IPOAYKTOB C OKpysKarwouen cpenoil. [loatomy npeanocsinkoi pa-
JIUKaJIbHOIO CABHra B pEHIEHHH MpoOJieMbl SHeprocOepekeHus B cepe MaTepuaibHOro Mpou3-
BOJICTBA SIBJISIETCS BHEJIPEHUE HOBOW METOIMYECKO OCHOBBI, 0a3UpPYIOIIEHCs] HA CUCTEMHOM MOJI-
xone [10, 11]. 'maBHBIE 0COOEHHOCTH ITOM METOJIOJIOTHU:
1.  OOBEKTOM 3HEPreTMYEcKOro aHajlu3a CIIyKaT 3aMKHYThIE OTpacjeBble TEXHOJOrHYe-
CKH€ KOMIUIEKChl MaTepUaIbHOTO MPOU3BOJICTBA, KOTOPBIE TOJBKO U MOTYT (OpPMHUPO-
BaTh 0a3y MOMCKa KpyMmHOMAacITabHOTo 3HEeprocoeperaroiiero ¢ dexra.

2.  KOHKpEeTHBIM CpeICTBOM TOMCKa KPYITHOMACIITaOHOTO dHEprocoeperammero 3pdexra
BBICTYIIAET IIOJIHAs COBOKYIHOCTBH BBISBIIIEMBIX TEXHOJIOTMYECKUX, DHEPIETUUYECKUX,
TEIUIOTEXHUYECKUX U TEeXHUYECKUX MEPONPUSITUNA MHTEHCHUBHOI'O 3HEProcOEpEeKEeHMUS.
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[Tpu 5TOM B YCIOBHSIX MHOT'OCTYNEHUYATBIX TEXHOJIOTHI 0co00€ 3HaueHUe MpHodpeTa-
I0T TEXHOJIOTHYECKHUE MEPOIPUSITHSL.

HenocpencTBenHo mpeanpusTHs TOHKHBI aKTUBU3UPOBATHCS pabOTHI HAIIPaBJICHHbIE HA!

1.  BeigBienue u pazpaboTKy 3HeprocOeperaronmx peleHuil CylecTBYIMUX TeIIoTeX-
HOJIOTUH.

2.  MopnepHHu3anuio TEXHOJIOTUN U UX sHeproobecneueHus. [locnennee Hanbosee IpocTo
OCYILIECTBUTDH Ha 0a3e KOreHepaluy KaK TPaAULIMOHHON, TaK U TEIIOTEXHOJIOTUYECKOM.
Ecnu tpaaunnonHas KoreHepanus pacufpseT Tero(rKaluio KOJINYeCTBEHHO, BOBIIE-
Kasg B MPOLECC KOMOMHUPOBAHHOW BBIPAOOTKH PHEPrONOTOKOB MEJKHE MOTpeOUTEeNn
TEIJIOBOM SHEPTUH, TEIIOTEXHOJIOTHYecKasi KOreHepalus paciupsieTr TermiopuKauio
Ka4yeCTBEHHO, BOBJICKAsl B HEIO MOTPEOUTENEH TEIIIOBOM YHEPTUH, TPEOYIOUINE Haeallb-
HO-Ta30BbI€ TEIUIOHOCUTENIH U BBICOKOTEMIIEpAaTypHbIE OPraHUYECKUE TEIIOHOCUTEIH.
TemnorexHomornyeckass KoreHepanus, pu KOTOPOW JBUTraTely BHYTPEHHEIo cropa-
HUS BCTPAUBAIOTCA HEMOCPEICTBEHHO B TEIUIOTEXHOJOTHIO, Oojiee BbIroana. Bo-
MEPBBIX, IIOTOMY, YTO UCIIOJIB3YETCs YK€ YCTAaHOBJIEHHOE TEIJIOYTHIM3ALUOHHOE 000-
pydoBaHHe, KOTOPBIM SIBJISIIOTCS TEXHOJIOTUYECKUE YCTAaHOBKHU. BO-BTOpBIX, UMEET Me-
CTO 3aMeIllEHUE MPSIMOTO CKUTaHUs IPUPOIHOTO ra3a i NPOBEACHUS CPEIHE- U HU3-
KOTEMIEPaTypHBIX TEIUIOBBIX ONEpaluid, rie OHO HauMeHee 3PHEeKTHBHO C TePMOIH-
HAMUYECKHUX MMO3ULUMN.

[Ipu pazymMHON 3HEPreTUYECKON MOJUTUKE paclpeaesieHHble UCTOYHUKU, MOIIHOCTh KOTO-
pBIX yXe ceronHsa B crpaHe npesbicuna 0,6 I'Bt u moxer npeBbicuth 1 ['BT, criocoOHBI cytie-
CTBEHHO 00Jsieruuth obecrneuenue rpadukon anekrponorpednenus OOC benapycu. AKTyalbHOCTb
MOCJIETHETO 00YCIIOBJIEHA IPEICTOSAIIUM BBOJIOM B cTpoit benopycckoit ADC.

3. YTtunuzanuio cOpOCHBIX TOTOKOB:

3.1. Cpenne- 1 BBICOKOTEMIIEPATYPHBIX.

3.2. HuskoreMmepaTypHbIX C MOMOIIbIO aOCOPOIMOHHBIX TemnoBbiXx HacocoB (ABTH),

00eCIeUnBaOIINX YK€ Ha CErogHsANTHeM ypoBHEe He MeHee 40 % CHmKeHHE pacxoja
TOIUIMBA U, TJaBHOE, (PMHAHCOB Ha TIOJNYYEHHUE CETEBOI BOJBI U TEXHOJIOTMYECKOM Tro-
psiYer BOABI.

4.  3ameHy SJEKTPOIHEPTHN MEXaHUYECKOM, TeIIOBBIMU (DOpMaMK SHEPTUH JIJIST KPYITHBIX
norpedureneil. ITo U 3aMeHa BIEKTPUUYECKOT0 IMPUBOJA PA3INYHBIMU TEIUIOBBIMU JIBU-
raTeisiMH, Mpekae BCero ABUraTesIMH BHYTPEHHETrO CrOpaHus. DTO 3aMeHa MapoKOM-
MIPECCUOHHBIX XOJIOAMIBHBIX MAalIMH a0COPOIMOHHBIMH YCTAHOBKAMHU IPH HAIMYAU
JIeIIeBON TETJIOBOM 9HEPTHH KOr€HEPALMOHHBIX HCTOYHUKOB U € OI00HBIX.

5.  BeiTecHeHue penyuupoBaHus (IpOCCETUPOBAHUE) MTOTOKOB aIMa0aTHBIM PaCIIMPEHU-
€M C BbIPAOOTKON 3JIEKTPO’HEPTuu (YTUIM3ALMOHHbIE Ta30BbIE U MAapOBble TYpOUHBI).
[Ipu sToM 11€71€C000pa3HO PACCMOTPETh HECKOJBKO 10 MHOMY HMCHOJIb30BaHUE IMapo-
BBIX OTONUTENBHBIX KOTEIbHBIX C CETEBBIMH MapOBBHIMHU IMOJOTPEBATEISIMH, JOMYCTH-
Masi Harpy3Kka KOTopsIxX MoxeT nocturath 30 ['kan/gac.

be3yclioBHO, AJs pelleHus CTOALIMX 3ajad TPeOYIOTCs KBaTM(PUIMPOBAHHBIE KaAphl, KOTO-
PBIX B HAcTOsLIEe BPEMs OCTPO HE XBaTaeT M HEOOXOAMMO He(pOopMalbHO Pa3BUBATh CUCTEMY HX
IO OTOBKH.

Tpebyercst ycoBepiIEHCTBOBaTh CUCTEMY TEHAEPHOT0 OTOOpa HcIoyHuTeNel npoekToB. Ce-
TOJHS 3a4acTyI0 OTIAETCS NPEANOUYTEHUE OPraHU3alMsIM, KOTOPbIE, B KOHEYHOM CUETE, TUCKPEIU-
TUPYIOT MPOEKTHBIC PEIICHUs, IIOCKOJIBKY HE MMEIOT HH OIBITa, HU KaJpoB Tpedyemoi kBanmudu-
Kaluu, HO OepyTCs BBIMOIHUTH PabOThI P MUHUMAIIBHOHN OIJIaTe, PacCUUTHIBAs MPUBJIECUYb CIIe-
[AAJIMCTOB, YaCTO CIy4alHBbIX.

Heo6xoanMo obecrieunTs 3aKyIKH COBPEMEHHOTO, BBICOKOI(D(PEKTHBHOTO 0O0OPYIOBaHUS
U JOOUTHCS OTBETCTBEHHOCTH CIIELUAINCTOB 3a MPUHATHIE perieHus. PopMalbHO 3TO UMEET Me-
CTO, Ha JIeJie U3-3a OTCYTCTBUS KBaJM(UKAIMK U (WIN) FOCYyJapCTBEHHOMN MO3UIMU Y 3aKa3YHKOB,
MOCTABIIMKH O00OpYyI0BaHUS JOOMBAIOTCS PEIICHUN MCXOJS U3 CBOMX YACTHBIX MHTEPECOB, 3apy-
YHUBILIUCH 3a4aCTYIO MOJIEP’KKON HHCTUTYTOB, IPU3BAHHBIX UCKIIIOYUTh MOJ00HOE. SIpKuii mpumep
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TOMY - HEONPABIAHHO IIHPOKOE PACHPOCTPAHEHUE MHUKPOTYPOMHHBIX U ra30TypOMHHBIX yCTaHO-
BOK Ha IPOMBILIUIEHHBIX MPEIIPUATHAX C UTHOPUPOBAHUEM BCEX TEXHMKO-DPKOHOMMUYECKHX IOKa-
3areneil 1 He0OXOAUMBIX PAaCUeTOB.

OnHaKo U 3TOr0 HEAOCTATOYHO JJIsi 3KOHOMUKM bemnapycu u, B 3TOM KOHTEKCTe, /Ui 10CTH-
KEHHUS pe3yabTaTa, B KOTOPOM OCTPO HYXKIAETCS XO3SIMCTBEHHBI MEXaHU3M CTPaHbI, HEOOXOIMMO
pacupenue 3Heprocoeperaronieid 6a3pl ¢ BBIXOAOM 3a I'PaHMLbI NPEANPUITUN MyTeM 00beauHe-
HUS UX TEIUIODHEPTreTHYECKUX CHCTEM C CHCTEMaMH TEIUIOCHA0KEHUS U MHBIMH CUCTEMaMH SHEp-
roo0ecrneyeHns CONpPsKEHHbIX HACEIEHHBIX IYHKTOB. B pe3ynbrare Takoro oObeAMHEHUs, U 3TO
3aCiIy’)KMBaeT BHUMaHUs, OyJe€T UMETh MECTO PACHIMPEHHE U M3MEHEHHUE COCTaBa TEIUIOI€HEPUPY-
IOLIMX UCTOYHHUKOB CHUCTEM TEINIOCHAOKEHHsI, YTO, B KOHEUHOM UTOTe, IPUBEIET K KAaUECTBEHHOMY
M3MEHEHHUIO NOCIEAHMUX MOA0OHOr0 TOMY, YTO MMEJIO MECTO B JBajlaThble IoJbl IPOLUIOTO BEKa
B CCCP. Torma Obu1 cienan 1mar o U3MEHEHHUIO BCEH CYIIECTBOBABIICH CHCTEMBbL 9HEProcHa0Xe-
HUS: arpoOMPOBAH MEpeXo/ OT aBTOHOMHOTO TEIIO- U 3JEKTPOCHAOKEHHUSI K KOMOMHUPOBAHHOMY
IIPOU3BOJICTBY COOTBETCTBYIOIUX YHEPIOPECYPCOB

B namem ciyyae peds uaeT 00 HCIIOJIB30BAaHUU B CHCTEME LIEHTPAIM30BAaHHOIO TEIIOCHAO0-
KEHUS NOOOYHBIX YHEPIETHUECKUX MOTOKOB IIPOMBIIIICHHOTO POU3BOACTBA M HE TONBKO Hapsay
C TPAAULIMOHHBIMU TEIUIOMCTOYHUKAMU, TAKUMH KakK KoTesbHble 1 TOLI, paboTa KOTOpbIX OCHOBaHA
Ha MOTpebIeHUH EPBUYHBIX 3HEpropecypcoB. K moGoyHbIM NOTOKAM, O KOTOPBIX 3/1€Ch UJET Peub,
CIIEYeT OTHECTH, MPEkKAE BCEro, HU3KOTEMIIEPATypHBIC TEIUIOBBIC IMOTOKHU, B M30BITKE 00pa3yro-
mMecss Kak IpU peai3allid HPOMBIIUICHHBIX TEIUIOTEXHOJOIMM, TaKk M B JKWIHIIHO-
KOMMYHAJIbHOM XO035HCTBE (KaHAJIN3allMOHHBIE CTOKH).

JHepreTuyeckas 0a3a CHCTEM TEIJIOCHA0KEHHS U ee pa3BUTHE

Huszkoremneparypusie (10 50 °C) TenoBble MOTOKH, KOTOPbIE B TON WM MHOM CTENEHU Op-
raHNW30BaHHbI, COCTaBIAIOT He MeHee 30 % TemIoBbIX BBIOPOCOB MPOMBIIUIEHHBIX MPEIIPUATHI.
[TockonbKy Bce MOTpeOJIeHHE PHEPTUU MPOMBIIUICHHBIME MPEANPUSATHIMU, B KOHEYHOM CUETE,
pacceuBaeTcs B OKpYXKarolllel cpezie B TEII0BOM (popMe, HETPYTHO ONPEAETUTh BETUUYUHY U OTMe-
TUTh 3HAUUTEIbHBIA MOTEHIMAJI PacCMaTPUBAEMOIO TEIJIOBOIO MOTOKA, MOCKOJIbKY Ha MPOMBIII-
JeHHOCTh npuxoaures 10 40 % sHepropecypcoB, pacxoayeMbIx B crpane. KoMMyHaabHOMY X03s1i-
CTBY TpeOyeTcs MPUOJIN3UTEIBHO TAKOE K€ KOJIMYECTBO SHEPTOPECYPCOB, KaK U MPOMBIIIIEHHOCTH,
T. . Te e 40 % obero norpediaenns. Pacxogyemas cucreMaMy ropsiuero BOJIOCHa0KEHUs YHEp-
I'vsi, B KOHEUHOM UTOT€, TAK)KE PACCEUBACTCS B OKPYXKAIOUIEH cpesie ¢ KaHATM3allMOHHBIMU CTOKa-
MU M, KaK MPUHATO CUUTATh, cocTaBisieT 10 30 % sHepruu, HeoOXOAMMON cHUCTeMaM TeIIoCHa0-
xkeHns. OHaKoO HU3Kasg TeMIleparypa YHOMSHYTHIX MOTOKOB KOMMYHAJIbHBIX W TPOMBIIUICHHBIX
HE TI03BOJIIET MX IOBTOPHOE NPAMOE UCIIOIb30BaHHE.

Cpenneremneparypubie (1o 120 °C) TemoBble BbIOPOCHI HMPOMBILIUIEHHBIX NPEANPUATUI
U, B psAle CIy4aeB, TEIJIOBBIE IMOTOKU C 0oJiee BBHICOKOW TeMIlepaTypod HCIOJIb3YIOTCS YaCTUYHO
WIA BOBCE HE MCHOJB3YIOTCA M3-3a OTCYTCTBHs crpoca. IIpu 3ToMm, Kak mpaBuiIo, MOTEHLUAIbHbIE
MOTPeOUTENH, TaKNe KaK CHUCTEMBbI TEINIOCHAOKEHHSI, PACIIOJIOKEHHbIE IO COCEJICTBY C UCTOYHUKA-
MU BbIOpPAChIBa@MbIX TEIJIOBBIX MOTOKOB, HUTHOPUPYIOTCS. Mexay TeM, 00bEM 3THUX TEIJIOBBIX BbI-
OpoCOB, X 3HeprocOeperaroufil TOTeHIIHal COU3MEPHUM C BBILICYMOMSHYTHIMH HU3KOTEMIEpa-
TYPHBIMU TTOOOYHBIMH TETJIOBBIMM IMOTOKAMHU MPOMBIIIICHHOTO Ipou3BojcTBa. Hampumep, beno-
PYCCKMI  METaUTyprMUeCKUd 3aBOJl, MO JaHHBIM »HHeproaynuta, B 2000 T. pacceuan
TEXHOJIOTUYECKHE IMOOOYHBIE TEIUIOBBIE MOTOKM B BO3AYIIHBIX OXJIAJUTEISX C TeMIepaTypoin
U B 0o0beMe JOCTaTOYHBIX JUIsl TeruiocHaOkeHus T. KiIoOMH B MEXOTOMHUTEIbHBIM NEPUOJ,
T. €. JUISl 3aKpBITUS TIOTPEOHOCTH TOPSYEro BOJOCHAOXKEHHs ropofa, a 3To 30 % motpebHOCTH Cu-
cTeMbl TeriocHaOxkeHus. M 3To BenmnynHa sHeprocOepekeHrns MOXKET OBbITh TOJIBKO yBEJIMYEHA 3a
CUeT YTHJIM3alUU HU3KOTEMIIepaTyPHbIX MOTOKOB JIMOO0 3aB0JIa, THOO KOMMYHAJIbHBIX HA BEIUYHHY
10 (100 % — 30 %)-40 % = 28 % o6mieit moTpedHOCTH TerTocHaOKeHus. B uTore MokHO paccuu-
THIBAaTh Ha CHI)KEHUE MOTPEeOIeHNs TOIUIMBA Ha TEIUIOCHa0KeHue ropoja nopsaka 50 %.

KorenbHble B cucTeMe TEmIOCHA0KEHUSI CTpaHbl 3aHUMAIOT OJHO M3 JOMUHUPYIOLIUX MECT,
MHOTHE M3 HHUX SIBJISIOTCS MPOU3BOJICTBEHHO-OTONUTEIBHBIMU. PA0M ¢ HUMH, B OOJBIIMHCTBE
CITy4aeB, UMEIOTCSI POMBIIIUICHHBIE TTPEIIPUSATHSI, Ha KOTOPBIX T€ FJIU WHBIE TETUIOBBIE HU3KOTEM-
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nepaTypHbIe OTOKH MPEANPHUITUN PACCEHBAIOTCS B OKPYXKAIOIIEH cpeie rpaJupHsIMHU CHCTEM 000-
POTHOTO BOJIOCHAOKEHUsI, WJIM cOpachIBalOTCs B KaHanu3auuio. CBA3aHO 3TO C TEM, YTO TeMIepa-
Typa UX HHM3Ka U HE MO3BOJISICT HAMTU MOTpeOUTENeH TEIIOThl OXJIAXIEHHs 3TUX MOTOKOB. Tak,
bopucorckoe CII «®pebop» OOO, o npubIu3UTEeIbHBIM OLICHKaM, cOpachlBacT B OTOMUTEIbHBIN
MEPUOJI Yepe3 UCHAPUTENIbHBIC IPAIMPHU TEIIIOBOM MOTOK MOIIHOCTHIO 10 6 MBT. TexHnonoruue-
CKHI, HEMIPEPBIBHBIN COPOC TEIMIOTH cUcTeMOl 0060poTHOTO BogocHa0)eHUuss OAO «MO3BIPCOIbY,
B IEPBOM MNPUOTUKEHUHU, OLIEHUBACTCS MOTOKOM MOIIHOCTHIO 110 20 MBT. 3aBon «llomumupy»
OAO «Hadtan» BbIHYX/I€H HENPEPHIBHO pacceuBaTh 4epe3 I'paJupHU TEIUIOBOW MOTOK MOIIHO-
ctbto 0T 100 MBT B otonurensHbiii nepuoa 1o 200 MBT B MexxotonuTenbHblil nepuos. Otaenou-
Hbl€ IPOM3BOJCTBA MPEANPUATUN JIETKOW HPOMBIIIJICHHOCTH COpPachlBalOT B CPEAHEM B CYTKU
He MeHee 20 I'J[x ¢ kaHaIM3alMoOHHON BOIOM, UCIIOIb30BaHUE KOTOPOI BO3MOYXKHO U BHYTPH CaMMX
IPEANPUATUI HECMOTPSL Ha TO, YTO MPOU3BOJICTBO OPHEHTHPOBAHO HA NMAPOBOM TEILIOHOCUTEID.
Vcnonp30BaHue TEIJIOTHI CTOKOB OTAEJIOYHBIX NMPOU3BOACTB BO3MOXKHO M BHEUTHUMH MOTpeOUTE-
asamu. Bo Becex ciywasix, 0 IpeBapUTeIbHbIM OLIEHKAM, JIOCTUIAaeTCsl 3aMETHOE yiyulleHue Qu-
HAHCOBOI'O MOJOXEeHUs mnpeanpusatuii. OTMETHM ele pa3, 4YTO BCE HNEPEUYUCIIEHHBbIE IIOTOKU
HE UCIIOJIb3YIOTCS, TIOCKOJIBKY UX TEMIIEpaTypa HU3KA.

CeronHsa U3MeHHMIIACh TEXHUUYECKas 0a3a, HapuMep, NOABWIHCE 3 dekTuBHBIE a0COPOLIMOH-
Hble TerioBble Hacockl (ABTH), no3Bosstomuye H3MEHUTh CUTYaLMIO C yTUIM3alKell HU3KOTeMIIe-
paTypHBIX TEIUIOBBIX MOTOKOB M IPHHECTH 3HAYUTEIbHYIO (PHHAHCOBYIO BBITOMY.

Texnuueckas 0a3a

Ecnu roBoputh 00 yTunu3anuu cpeHeTEMIIEpaTypPHBIX IOTOKOB U IIOTOKOB ¢ 00J1€€ BBICOKOI
TEMIIEPATYPOH, TO BOIPOCHI BO3HUKAIOT JIMIIL B OTHOLUEHUM COITIACOBAHUS M B3aMMOBBITOJHOIO
00BbETMHEHNSI MHTEPECOB PA3TMYHBIX CYOBEKTOB XO3SHCTBOBAHUS U MPEANPHUATHN, TIOCKOIBKY He-
00X0MMOE TEXHHUYECKOe oOecrieueHue, NpexkJie BCEro, TemIo0OMeHHbIe anmnapaThl, B TOM 4HCIe
U yCHEIHO padoTaroliye Ha MOTOKaX 3arpsA3HEHHBIX, arPECCUBHBIX U APYTUX Cpell, UMEIOTCS B J10-
craroyHoM accoptumente. Ilpexne Bcero, sto TemnooOMenHuku TTAMW, Beimyckaemble
00O «Kenp» B r. 'omenp, MHUPOKO HM3BECTHBIE B CTPAHE M XOpOIIO ce0s 3apeKOMEH/I0BaBIINE
Ha NPOTSHKEHUU Aecsatuiietus [14].

CeronHs cutyalsi U3MEHWIACh U, B JIONOJHEHUE K U3MEHEHUSIM B OLIEHKE YHEPropecypcoB,
HOSIBUJIUCHh HAJ&KHBIE U YAOOHbIE B AKCIUTyaTaluy aOCOpOLIMOHHbIE OPOMHUCTO-IUTUEBBIE TEIIO-
Bble Hacochkl (ABTH), nonyuuBimue HazBaHue ymiepoB [16]. OHU AOCTATOYHO JElIEBbIE, BBITYC-
KalOTCs PSIIOM KOMITAaHUM C MUPOBBIM UMEHEM, YTO KOCBEHHO CBHJIETEIILCTBYET 00 MX MOMYJISIPHO-
CTH U IIMPOKOM IPUMEHEHUU B pa3BUThIX crpaHax. Hanpumep, ABTH naubonee ycnensHoi B mupe
U HIMPOKO M3BECTHOM y HAC KuTaiickoi koproparueir BROAD. Ilepuon nx skcrityaTaliMi cOCTaB-
nset 20 net, B X01€ KOTOPBIX HE HYXHBI PacXoJIHble MaTepuaibl. TO, KOHEYHO, IIPU YCIOBHH OT-
BETCTBEHHOM 3KCIUIyaTallMy, YTO IPU HAINYMU KBAJTU(UIIMPOBAHHOTO MEPCOHAJIA U OMBITA B YCIIO-
BUsiX benapycu He siBisieTcst mpobsieMoi. JlomoTHUTEIbHOM HArpy3KH Ha SKOJIOTUIO TIPH UCIIOJIB30-
BaHnu ABTH He coznaercs. X Tunopa3smepHsbIil psJl OXBaTbIBAET AUANA30H OT AECCATKOB KUJIOBATT
710 IECSITKOB MEraBaTT MOIIHOCTH OTIIyCKaeMOIr'o TEIJIOBOI'O MOTOKAa CETEBOM BOJIbI, HATpEBAaeMOM
1o 85 °C, 4To A0CTaTOYHO Ui peuieHus 000o3HaueHHOH 3amaun. YTunusupyioT ABTH Ttennosbie
NOTOKH B inariazone temmneparyp ot 12 qo 50 °C. TemnoBbie TOTOKH ¢ OoJiee BHICOKON TeMIiepaTy-
poii 1esnecoobpa3Ho, Kak JI0Ka3aHO, UCMOJIb30BaTh HenocpeacTBeHHo. [TpuBogom ans ABTH, u ato
BaXKHO, CIIY>)KMT OTHOCHUTENIBHO JelleBasl TeIuioBas 3Heprus. Bo3MOXkHbIE TEMJIOHOCUTENN: map,
JBIMOBBIE Ta3bl, IEperpeTas BoAa, HaAKOHEII, TOIUIMBO XHUJIKOE U razoo0paszHoe. B mocneanem ciy-
yae HMMEETCS] BO3MOXKHOCTh YBEIIMYMBATH MOIIHOCTH OTHYCKaeMoro mnoroka temiorsl oT ABTH
U BBIMOJIHATH (DYHKIIMU BOJIOTPEHHOrO KOTJIA M 32 CUET JAOMOJHHUTEIBHOTO MOTPeOJIeHHUs TOILUIMBA
CBEpPX TOT0, YTO TpeOyeTcst sl yTUIN3AUN UMEIOIIErocs TEMI0BOro nmoToka. COOTHOIIEHHE MOTO-
KOB, cocTaBisitorux 6ananc sHeprun ABTH, onpenensercsa ux snepreruueckum KITJ[ (oronurens-
HbIM KO3 duimeHToM, korpduunenToM npeodpa3zoBanusi). CerogHs 3TO COOTHOIIEHHE TaKOBO:
YTUIU3UPYEMBIl HU3KOTEMIEpaTypHbI MOTOK — 40 %, 3aTpaTbl SJHEPIUH TEIIOTEHEPUPYIOLIETO
ncrouarka — 60 %, moTok TemioTsl ceTeBoid Bosbl — 100 %. CooTBETCTBYIOMNE PEIICHUS TTPOCK-
TUPOBIIMKOB (II0 CX€MaM HCIIOJIb30BaHUS M MOAOOPY MapaMeTpoB TEIJIOHOCHUTENEH) MOTyT obec-
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neunth pabory ABTH c Gonee BbICOKMM KO3(hGUIIMEHTOM MpeoOpa3oBaHMsl, U CHU3UTH 3aTPaThl
SHEPTUH TEIUIOTeHEPUPYIOIIEro UCToUHUKA ¢ 60 10 45 %, COOTBETCTBEHHO YBEIUYMB BKJIAJl YTHIIU-
3UpYyEMBIX [TIOTOKOB M CHHU3MB JIOJIIO [IOTOKA TOIIMBAa. B ciyuyae mmpokoro ucnoaszoBanus AbTH
COOTHOIIEHHE BECOB YTUIU3UPYEMOTO TEIUIOBOTO MOTOKA U 3aTpaT TEIJIOTHI TEIUIOIeHEPUPYIOLIIM
MCTOYHUKOM MOXKET OBITh HECKOJIBKO YIIYUIIEHO M 32 CYET 3aMHTEPECOBAHHOCTH H3TOTOBUTENEH
B U3MEHEHUHU XapaKTEPUCTUK TEIJIONEpeIaloNIuX My4yKkoB TeriooomMennukoB ABTH.

Opnnaxo yxe cerogust ABTH obecrieunBarot, pu conpsiKeHUH ¢ KOTeNbHbIMH, 10 40 % 3Ko-
HOMHH TOIUIMBA U, COOTBETCTBEHHO, CPEJICTB HA €0 MOKYIIKY, YTO KpaiiHe BakHO. Beab TorMBHAS
COCTaBIISAIONIAsT c€0ECTOMMOCTH OTIYCKaeMOW KOTEJIbHON TEIUIOBOW HEPTUH BBHICOKA M MOXKET J0-
cturatb 90 %. OnpaBIaHHO, B 3TOM CBSI3U, OXKUJAHUE BBICOKHX SKOHOMUYECKUX IMOKA3aTeNei mpo-
eKTOB MoOJIepHM3aluu. EcTecTBeHHO, HEOOXOAMMO HAJMYME COOTBETCTBYIOIIUX MOOOYHBIX TEIJIO-
BBIX [TOTOKOB.

W3 paccMOTpeHHsI ClIeAyeT, 4TO MpoOsieM, HEpEIIaeMbIX B TEXHUYECKOM IU1aHe, HeT. OcraeT-
sl JIMIIb 3aMHTEPECOBATh MPEINPUITHS U OPTaHU3AlMK PA3IMYHBIX BEJIOMCTB B IEpPEX0/e K Kaue-
CTBEHHO HOBOH CHCTE€ME LEHTPAIN30BAHHOIO TEIUIOCHAOXKEHUS, U ITOT MEPEXO CTaHET NOCTOM-
HBIM OTBETOM Ha BBI30B BPEMEHHU.

BriBOaBI

1.  TemnorexHonoruu, Oa3upyroImuUecs Ha HCIOIb30BAHUH IMPUPOAHOTO Tas3a, SBISIOTCS
OCHOBHOM 0a30ii SHEProcOEpeKEeHUsI B PECIyOJIMKe U, B 3TOM CBSI3U, 1IE€JIECO00PA3HO
JalbHENIINE IIard M0 Pa3BUTHIO YHEProoOecledeHrs] U IHEProcOepeKeHUs] OpUeHTHU-
pOBaTh B HAINpPaBJICHUH TOBBIIEHUS 3PGEKTHBHOCTH HMCIIOIB30BaHUS UMEHHO ITOTO
TOIUIMBA C T€M, YTOOBI MOTPEOHOCTH B UMIIOPTE MPUPOJHOTO raza CHU3MIACH Ha JIECAT-
KU TIPOIEHTOB.

2.  JlanbpHeiilee pa3BUTHE dHEProcOepekeHus, OPUEHTUPOBAHHOTO HA peaU3alfi0 MaK-
CHUMAaJIbHOTO 3HEProcOeperarpIero NoTeHunaina, J0HKHO 0a3upoBaThCs Ha IPUHILIUIIAX
CUCTEMHOT'0 MOJIX0/1a, KOTOPbIE U 3JI0KEHBI B OCHOBY KOHIICTIIIMA WHTEHCUBHOTO SHEP-
rocOepexeHusl.

3. HeoOxomumMo paccMOTpeTh BOHPOC O KaYECTBEHHOM HM3MEHEHUU CHUCTEMBI TEIJIOCHA0-
KEHHUSI TOPOJOB, IMPEIyCMaTpUBAIOUIEM OOBEIMHEHHE TEIUIOIHEPTeTUYECKIX CHCTEM
MIPOMBIIIJICHHBIX Tpeanpuaruid, sHeprocuctemMbl u JKKX B yacTH HCHOIB30BaHUS
B CHCTEME LIEHTPAJIM30BAHHOTO TEIIOCHA0KEHUS TOOOYHBIX SHEPTETUYECKUX TTOTOKOB.
DTO MO3BOJIUT CHU3UTh MOTPeOJIeHHE TOIUIMBA cucTeMaMH TerutocHaOxenust Ha 30 %,
YTO MPUBEAET K IKOHOMUU 10 10 % moTpeldiisieMbIX B CTpaHe MEPBUYHBIX SHEPTOpPECyp-
COB, YIIYYIIUT SKOJOTUYECKYIO OOCTaHOBKY, OOJIETYHUT MOKPBITUE CYTOUHBIX TpadUKOB
reHepalyuu AJIEKTPOIHEPIUH, YTO aKTyallbHO ¢ BBOAOM ADC u, B CBS3M C 3TUM, obecrie-
YUT JAJTBHEUIIYIO0 CHCTEMHYIO SKOHOMUIO TOILJIMBA.

4. Jlns cornacoBaHUs M O0OBbEIMHEHUSI HHTEPECOB PA3IUYHBIX CYOBEKTOB X034HCTBOBAHUS,
HEOOXOAUMO CO3/IaHHE COOTBETCTBYIOLIEH 3aKOHOJATEIbHON 0a3bl, peryaupyromen
B3aUMOOTHOIIICHUS MPEANPUSITHI MIPOMBIIIJIEHHOCTH u BOJIOIIPOBOJ/IHO-
KaHaJIM3aMOHHOTO XO0341CTBa, C OJTHOM CTOPOHBI, MPU UCIOJIB30BAHUH HX TEIIOBBIX
MIOTOKOB B CHCTEMaX TEIUIOCHA0KEHUSI 00BEKTOB KUITUIIHO-KOMMYHAJIBHOTO X035HCTBA
W DHEPreTHKH, C APYroi cTOpoHBL. TexHuuyeckas 0a3za U KBATU(PUIIMPOBAHHBINA MEPCO-
HaJ JUIsl pealu3aluy MpeagaraeMbix u3mMeHeHuil B benapycu umerorcs. CoBpeMeHHbIe
anpoOupOBaHHBIC TEXHOJOTHH TaKXKe AOCTYIHBI, M UX BHEAPEHHUE HE SBISETCS Mpodiie-
MOH.

W3noxeHHOe yKa3bIBaeT Ha L[e1eco00pa3HOCTh U HEOOXOIMMOCTh BHECEHUS B IUJIaH MEPCIeK-
THUBHBIX HallMOHAIbHBIX MPOEKTOB, MPUOPUTETHBIX Ha 2016-2030 r. Bxonaumx B pa3zpadarbiBae-
MbIii gokymeHT «Ctparerusi. Pecriyonmka bemapycb-2030: dhopMupoBaHre 3KOHOMHUKH 3HAHUI
MOJIOKEHHE 0 HEOOXOAMMOCTH Pa3BUTHS CUCTEM LIEHTPAJIM30BaHHOTO TEINIOCHA0KEHHMSI 32 CUET HC-
MOJIb30BAHUS TTOOOYHBIX TETUIOBBIX MMOTOKOB MPOMBIIUICHHBIX MPEANPUATUH, CTAHIIMA OYUCTKH Ka-
HaJM3alMOHHBIX CTOKOB Ha 0a3e aOCOpPOIMOHHBIX TEIJIOBBIX HACOCOB, YTO, MO MPEIBAPUTEIHHBIM
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OLICHKaM, OGCCHC‘{I/IT CHM>XXCHHC HOTpCGHCHI/IH TOIIJIMBAa CUCTECMaMHU I_IeHTpaJII/I3OBaHHOFO TCIIII0-
cHaOxeHus He meHee 30 %.
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ITPOI'PAMMHO-BBIYNCJUTEJBHBIN KOMIIJIEKC ARRES JIJISI AHAJIM3A
PEXKUMOB U ITOTEPH 2JIEKTPOOHEPI'MU PACIIPEIEJIUTEJIbHBIX
SJEKTPHUYECKHNX CETEM 0,38-10 xB
@ypcanos M.U., Maxapesuu B.B., Mvuuxosey E.M.
bBenopycckuii nayuonanvueiii mexnuueckuii ynusepcumem

JleMOHCTpUpyeTCsl yCOBEPILIEHCTBOBaHHAsl Bepcusl mporpaMMHoro kommiekca ARRES; pas-
padotranHoro B HUMJI «DnekTposHepreTuueckue CUCTEMBbl M UX aBTOMAaTHU3allUs» SHEPreTHYeCKo-
ro ¢axynabTera benopycckoro HaMOHAIBLHOTO TEXHHYECKOTO YHUBEPCUTETA.

Kommieke npeaHasHayeH Ui peleHHs IUPOKOro Kpyra 3KCIUTyaTallMOHHBIX UM IPOEKTHBIX
3aJ1a4 pacuéra U aHaJIM3a peKUMOB U NIOTEPh 3JIEKTPOIHEPTUU PACIIPEIEIUTEIBHBIX JISKTPUUYECKUX
cereit 0,38-10 xB.

DKCIUTyaTallMOHHBIE 3a/a4H:

1. Pacuér mapamerpoB pexuma U MOTEPh SJIEKTPOIHEPIUM B IEKTPHUUECKUX CETAX
0,38-10 kB mo pexumHbIM naHHBIM cetell 6—10 kKB Ha OCHOBE cxeM pachpeAeTUTEeNbHBIX JTUHUN
(PJI) 0,38-10 kB B onHONMHEWHOM HCIOJIHEHUU C yKa3zaHueM uucia ¢a3. B kadecTtBe pexuMHOMN
nHGOPMAIIUN UCTIONB3YIOTCS Ipa)uKi aKTUBHBIX W PEaKTUBHBIX HArpy3ok BBojaoB 6—10 kB cuio-
BBIX TPaHC(HOPMATOPOB, MOTYUYEHHBIE [0 JaHHBIM U(PPOBBIX CUCTEM y4YeTa UM Pacue€THBIM IyTeM
Ha OCHOBE (DAKTOPHOTO aHAIM3a WU MPOITYCKH JIEKTPUYECKON IHEPTUU IO OTXOJSMIIMM JIHHUSM
6-10 xB. Kpome Toro, 3aarorcsi cpejHie MOIHOCTH aKTUBHBIC U PEAKTUBHBIE MOIIHOCTU U TUIIO-
BbIe TpaduKu moTpeduTene exkrpuyeckux cereit 0,38 kB.

2. ITodasublil pacuér mapameTpoB pexxuMa U HOTEPhb JIEKTPO3HEPruu. Meroauka 1mos3-
BOJISIET BBINOJIHATH PacuéThl TEXHUUYECKUX MOTEph deKTposHepruu B cersax 0,38-10 kB Ha ocHoBe
1o(a3HbIX CXEM 3aMELCHHUS.

3. Pacuér nmapameTpoB pexuma U IOTEPH JJIEKTPOIHEPIHH 110 JAHHBIM HArpy3oK I10-
TpeOuTenei mpu KOAUPOBAaHUM CXEMbI CETH 1O(a3HO.
4. Pacuér napameTpoB pexumMa 1 oTepb JIEKTPOIHEPTUH 110 JaHHBIM ['Y 1 n3BeCTHOM

MIOJIE3HOM OTITYCKE KakJIOMy HOTpEeOUTENt0 (OIUIaYeHHOM MOTpeOHuTeNneM 3JIEKTPOIHEPrun), MpU
sToM mapameTpsl 'Y pacrpenenstorcss NPOoNnoOpHMOHANIBHO JaHHBIM MO OIUIaTe 3a MOTPEOIEHHYIO
ANIEKTPOIHEPIHIO.

o. OnTumanibHOE NOAKIIOYEHHE Harpy30K 1o (azam — ONTUMAaJIbHOE MOAKIIOUYEHUE 10~
TpebuTenei mo ¢aszam ¢ 1eIbI0 JOCTUKEHUS MUHUMYyMa HECUMMETPUH TOKOB U HaNpsKEHUH.

[TomuMoO 3KCIUTyaTallMOHHBIX 3a7ad KOMIUIEKC MO3BOJISIET PellaTh 3a/1aydl MPOEKTHUPOBAHUS
(MonepHu3anmn) neKTpudeckux ceteit 0,38 kB:

1. DOnexTpuueckuid pacuéT mpoektupyeMoil pacnpenenurenbHod  auHMH - (PJI),
IZI€ BBINOJIHAETCSI CYMMHPOBAaHNE NIPOEKTHBIX HArpy3ok npoexktupyemoi PJI, nanee onpenensercs
MIOTOKOpacIpeiesieHNe, PACUUTHIBAIOTCA TOKH U MOTOKH MOIIHOCTH 1o yyacTkam PJI, HampsokeHus
B y3Jlax W TNOTEPHM HANPSDKEHHA 110 y4dacTKaM, IIOTEpPU MOIIHOCTH IO  y4acTKam
U TOKM OAHO(A3HBIX, NBYX(a3HBIX U Tpex(a3HbIX KOPOTKHX 3aMbIKAHUI BO BCEX Y3J1aX CXEMBbI
npoekTupyemMoit PJI.

2. Bb160p KOMMYTallMOHHBIX aIapaToB Ha TOJOBHBIX yyacTkax JuHHUH. [Ipenmaraercs
CIIUCOK BCEX MOJAXOJSALIMX IO PACUETHBIM MapaMeTpaM IMPEIOXPAaHUTENEH U aBTOMAaTUYECKUX BBI-
KJIFOYaTeIed U3 CIIPaBOYHUKOB.

3. Bri0op umcna u MOITHOCTH TpaHC(HOPMATOPOB MpOEeKTHpyeMol mojactaHuuu. [Ipo-
W3BOJIUTCS BBHIOOpP THINA HArpy3Kd TMOACTAHLMM C XapaKTepHbIM pPAacuETHBIM CE30HOM
U CPEIHECYTOYHOM TeMIlepaTypol IpelycMaTpUBaeTCsl PpPE3EpBUPOBAHME C  COCEIHUMU
MOJICTAaHIIUSIMU.

4. Omnpenenenue r1abapuTOB TMpH IMEPEXOJie Yepe3 WHKEHEPHBIE COOPYKEHHUS.
ITo BrIOpaHHOMY ydacTKy npoektupyemoit PJI Oyzaer rpaduuecku oToOpakeH BEIOpaHHBIN y4acTOK
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PJI (mponét) ¢ peanbHON KpUBOM MPOBUCAHUS MPOBOJA M OTMETKOM rabapuTa y MHKEHEPHOTO CO-
OpY>KEHHUS.

S. OntuManbHOEe MOAKIIOUCHHE MOTpeduTenell mo ¢azam Mo KpUTEPUSIM MHHHMYyMa
HECHMETPHUHU TOKOB U HanpsDKeHUH ((pa3upoBKa).

Jnst ynoOCcTBa BOCHPUATHS UCXOIHOW MH(POpPMALIUHU TIpeuiaraeTcs TadnuyHast u rpadudeckas
dbopMbI ee nipeacTaBieHus. B kauecTBe ucxoqHol HHPOpPMALIMK UCTIONB3YIOTCS TOMIOJIOTHS U Hapa-
METPBI CXEM 3aMEICHHUS U PEKUMHBIC JJAHHBIE: CPEIHUE MOIIHOCTH U TUTIOBBIE rpaduKu MoTpedu-
Tenel anmekTpuueckux cereit 0,38 kB, mo cetn 6—10 kB rpaduku akTUBHBIX U PEaKTUBHBIX Harpy-
30K BBOJIOB 6-10 kB cuioBeix TpanchopmaropoB 35-750 kB, monydeHHbIe 1O JaHHBIM ITU(POBBIX
CUCTEeM y4€Ta WM OTIYCKH 3JIEKTPUUYECKON SHEPTrUu Mo JaHHBIM MPUOOPOB yuéTa Ha OTXOISMIHUX
nuHugx 6-10 xB.

I'paduueckoe oTobOpaxeHue cxembl GOPMUPYETCS HA OCHOBE TOIMOJIOTMH CETH W MpeaycMat-
pHBAET JIBa peKUMa:

1. Coznanne rpaduueckoro oroopaxkenus cymiectByromniei cxemsl PJI 0,38 kB Ha oc-
HOBE 3aKOJAMPOBAHHOW MH(POPMALIUU B TAOIUYHOM PEAKTOPE.
2. Coznanme HoBoii cxembl PJI 0,38 kB B rpadnueckom pegakTope.

Kommnexkc ARRES npezcrasisier mupokue cepBUCHbIE BO3MOKHOCTH MO BBOAY UM Iepepa-
0O0TKE TOMOJOTUYECKOW M PEeKUMHON HHPOpMAIH, YAOOHBIH HHTEphEUC 0TOOpaxeH s, IpeaBa-
PUTENIBHOTO IPOCMOTpa, eyatu U Kouseprauuu B MS Excel Bcex pe3yiibraToB pacuéra.

BriBoa: PaccMOTpeHHBIN KOMILIEKC UCIIOJIB3YETCS BO MHOTHX CTPYKTYPHBIX MOJIpa3/IeICHUsAX
sHeprocucteMbl Pecnyonuku  benapycs: PVYII  «Morunéanepro», PVYII «bpectaneproy,
PVII «I'ponnosnepro», PYII «I'omensaHeproy», NmpuMeHseTCsl B y4€OHOM MpoIecce MPH BhIMOIHE-
HHUM KYPCOBBIX U IMIUIOMHBIX ITPOEKTOB.
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VK 699.8:620.9

SHEPTETHUYECKASI CEPTU®UKAIINA 3JAHUN U ONPEIEJIEHUE
NX XAPAKTEPUCTHUK DHEPI'OIIOTPEBJIEHUSA
Anyghpues B.H.
benopycckuii nayuonanvHwili mexHuuecKull yHugepcumem

OaHuM M3 MEepCHEeKTUBHBIX HAIMpPaBIIEHUN pecypcocOepekeHUs SBISETCS CHUKEHHE 3aTpaT
SHEPrUM U JPYTUX PECYPCOB MPU SKCILTyaTaluu 31aHuil. MI3BecTHO, UTO AIUTENIBHOE BpEMS Ipajio-
CTpOMTENbHAs MOJIMTUKA MUMEeJa SKCTCHCUBHBIA xapaktep. Ilpu cTpoutenbcTBe 37aHUI onpenensi-
IOUIMM OBUIO BHEAPEHHE TEXHHUYECKUX PEHICHUH CHIDKAIOUIMX CTOMMOCTb CTPOUTENBCTBA. TaKoi
MOJIXOJT MPUBOAUI B OOJBIIMHCTBE CIy4YaeB K POCTY YIEJIbHBIX 3aTPaT TEIJIOBOW U AJIEKTPHUUECKON
SHEPrUM NP MOCIETYIOIEH IKCIITyaTallii IOCTPOEHHBIX 3/1aHUI. 3HaYUTEIbHBIA POCT CTOMMOCTH
SHEPropecypcoB MPHUBEN K HEOOXOIUMOCTH MEPEOCMBICICHUS MTPEKHUX MPUHIUIOB TPOSKTHPOBa-
HUS ¥ CTPOUTENLCTBA 37aHNI B HAPABJICHUH 00Jiee PAllMOHAIBHOTO HCIIOIb30BAHMS SHEPTHH, [ITH-
POKOTO MpUMEHEHUsI SHEProd(PPEeKTUBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB, MATEPUAIOB U UH)KEHEP-
HBIX CUCTEM.

B crpanax EC 0a3ucHpIM g0KyMeHTOM B 3TOM obnactu sBisiercst Hupextusa 2010/31/EC
DHEpPreTUUEeCKUe XapakTePUCTUKU 3AaHuil [1], KoTopas onpenenser TaK’Ke OCHOBHBIC MOJIOKEHUS
1o sHeprocepTudukanuu 3nanuit. s ummnementanuu J{upekTuBsl pa3paboTaH psiji CTaHAAPTOB,
PErIaMeHTUPYIOIIUX HOPSA0K OLEHKU OTJEJIbHBIX HHKEHEPHBIX CUCTEM 3/IaHUM.

B Pecnybnuke benapych sHeprocOepekeHrne B HACTOSIIEE BPEeMsi TAK)Ke SBISETCS aKTyallb-
HBbIM HalpaBJIEHUEM JESITEIbHOCTH, UTO OTPAXKEHO B PAJI€ 3aKOHOJATEIbHBIX U HOPMAaTUBHBIX IIpa-
BOBBIX aKTOB. B 3TOf 4yacTH BO3MOKHOCTH BBEIEHUSI CUCTEMBbl SHEPreTUYECKOW cepTH(UKALUU
3naHuil Oaszupyercss Ha mnojoxkeHusix JupektuBbl Ne 3 Ilpesunenta PecnyOnuku benapycs,
Vkaze [Ipesunenta PecniyOnuku benapyce Ne 433, 3akone PecriyOnuku benapycs «O06 sneprocoe-
pexxeHun» [2,3,4]. Bo3MOXHOCTh BBEIICHUSI CUCTEMBI JHEPTETHUECKON cepTU(UKAIMK 3IaHUH OC-
HOBBIBAETCS HA peanu3alu nojoxxkenuit crareit 11-14 3akona Pecnybnuku benapycs «O0 sHepro-
coepexeHnn» [4], KOTOPBIN yCTaHABIMBACT NMPUHIIUITEI TEXHUYECKOTO HOPMHUPOBAHUS, CTAaHIAPTH-
3allUd, TONTBEPXKIEHUS CcooTBeTcTBHUs TpeboBanusMm THIIA B o0nactu TEXHHYECKOTO
HOPMHUPOBAHHS W CTaHIAPTU3AINNKA M 00CCICUCHHsI SIMHCTBA N3MEpEHUN B cepe 3Heprocoepexe-
HUS, KOTOPBIE PEMIAMEHTHPYIOT palllOHAIBHOE UCIIOIb30BaHNE TOIUIMBHO-D)HEPIETUUECKUX PECY-
COB U MX HKOHOMHUIO, a TaK)K€ YCTaHaBJIMBaeT oOlIre TpeOOBaHUS K MOPSIKY MPOBEACHUS SHEpPTre-
TUYECKOTO OOCIIeZIOBaHUS NPEANPUSATHHA, YUpEkKACHUH, OpraHu3aluii, KOTOpble MOTyT OBITh HC-
10JIb30BAHBI IIPU YCTAHOBJIEHUHU 001aCTH NPUMEHEHUS YHEPreTUUECKON cepTU(UKALNN 3TaHUI.

B PecnyOnuke benmapych aelicTByeT cucreMa cepTH(HMKAIMM, MPABOBbIE OCHOBBI KOTOPOH
ycTaHoBJIeHbI 3akoHOM Pecryonuku benapyce «O0 omieHKE COOTBETCTBUSI TPEOOBAHMSIM TEXHHUYE-
CKUX HOPMATUBHBIX IPABOBBIX AaKTOB B O0JACTH TEXHUYECKOTO HOPMHPOBAHHS W CTaHAApTU3a-
uun»[5,6]. Takum 00pa3oM, BHEIPEHUE YPHEPTETUUECKON cepTu(dUKAIMU 3JaHUNA MOXKET OBITh pea-
JIM30BAaHO B paMKax CYIIECTBYIOILIEH 3aKOHOIaTeIbHON Oa3bl.

Bmecte ¢ TeM, npu HaJIWYUM OTAEIBHBIX TEXHUYECKMX HOPMATUBHBIX MPABOBBIX aKTOB I10
ONpeJIeNICHUIO TapaMeTPOB dHepromnoTpedaeHus 3nanuii [7, 8], B Pecyonuke benapyck otcyTcTBy-
€T pa3BuTas, KOMIUIEKCHas CUCTEMa CTaHAapTOB, PETIAMEHTHUPYIOIIUX TIOPSI0K ONpeaeseHUs
OHEPreTUUECKUX XApaKTEPUCTUK 3AAHUN U UX OLEHKY. M3 IByX BO3MOKHBIX BAPUAHTOB PEIICHUS
JTAHHOM 3a7a4uu: pa3pabOTKU COOCTBEHHON CHCTEMBI WM ajantanuu ctanaaptoB EC, BeiOpaH BTO-
POl BapHaHT M MPOBOAUTCS paboTa MO BBEACHUIO CEPUHU €BPONEHUCKUX CTAHAAPTOB IO Ompejaese-
HUIO SHEPTeTUYECKHUX XapaKTEePUCTUK 31aHUN U TIOKa3aTenel ux 3Heprodp@GeKTUBHOCTH B KAUeCTBE
HAIMOHAJIBHBIX C UJCHTUYHOI CTENEeHBI0 COOTBETCTBHS, a TaKXKe pa3paboTka HAIlMOHAJIBHBIX MPH-
JI0’)KeHUH K HUM. B yacTHOCTH mepeBe/ieHbl U MPOLUIA HPOLeAyphl COTJIacOBaHUS CTaHIAPTHI, CBSI-
3aHHBIE C ONpECICHUEM MapaMeTPOB CUCTEM OTOIJICHHS U ropsyero BojocHaOxenus. [9-15]. Psan
CTaH/IapTOB HAXOJATCS Ha CTAJUH MOJATOTOBKU K PACCMOTPEHHUIO U coriiacoBaHusiM. OcOOEHHOCThIO
MIO/IX0J1a K CTaHAApPTU3aLMU METOJOB OMNPEIEIICHUS SHEPreTUUECKUX XapaKTEPUCTUK JAHHBIX WH-
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KEHEPHBIX CUCTEM SBJIECTCS MX MOJApAa3JelICHUE Ha MOACUCTEMBI: POU3BOACTBA TEIUIA (TEIIOBBIE
IYHKTBI, KOTJIbI, TEIJIOBBIE HACOCHI, COJTHEUHBIE KOJIJIEKTOPHI U T.1.), paclpeieneHus Temina (up-
KYJISIIMOHHBIE KOHTYpBI, CUCTEMBI TPYOOIIPOBOJOB) M IEpeauu Teria (OTONUTENbHbIE NPUOOpHL,
BOJ10pa300pHbIe MPHOOPBI TropsyYero BojocHadxkeHus). Mcxons u3 yka3zaHHON CTPYKTYphl, OIpese-
JsieTcss MOTPEOHOCTh B TEIJIOBOM M BCIIOMOTAaTENbHOM SHEPIUH, PEKylepUpyeMble U HE PeKyIepH-
pYEMBIE TEIJIOBbIE TIOTEPH [T KaXKI0M U3 MOACUCTEM U JJI1 HUHXKCHEPHOW CUCTEMBI B LICJIOM.

[To 3aBepuieHnt0 paboT 1Mo AaHHOU mporpamme nepedeHb THITA monomHUTCS HAIMOHATBHBI-
MU CTaHAAPTaMH C UICHTUYHOM CTENIEHBIO COOTBETCTBHS €BPONECHCKUM CTaHAAPTaM, YTO IO3BOJIUT
YCTaHOBHTH MOPSAJOK KIACCU(PHUKAIMH 3AaHUN 10 UX SHEProd(PPEeKTUBHOCTH, U YCTAaHOBHUTH TPEOO-
BaHUA K COJCPKAHUIO U MOPSAIKY COCTaBJICHMS 3HEPreTUYECKOIo IacropTa MpU MPOESKTHUPOBAHUH
Y DKCIUTyaTalluy 3JaHUN.
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CTHK U MOKa3areneil 9PPEeKTHBHOCTH CUCTEMBD.
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YK 339.9

O HAYYHO-TEXHUYECKOM U UHHOBAIIMOHHOM COTPYJIHUYECTBE AI'TY,
BY30B POCTOBCKOM OBJIACTH, IOI'A POCCHUM U PECITYBJIMKH BEJAPYChH
IIpoxkonenxo H.H.

Jlonckotl cocyoapcmeentblil mexHuyecKull yHugepcumem

Hanumonanenas akaneMuka Hayk bemapycu npeancrasuina [lnaH-mpocnexkT crpareruu pa3Bu-
Tus SKoHOMUKH benapycu mo 2030, B paMkax KOTOpOro, Hayka U 00pa30oBaHHE PaccMaTPUBAOTCS
OCHOBOM MHHOBAIIMOHHBIX pa3pabOTOK, BUAEHUS, MCIIOJIB30BAaHUS PECYpPCOB, OPraHU3aLUK IPOU3-
BOJICTBA.

OnHUM U3 Ba)KHEHIINX UHCTPYMEHTOB HHHOBALIMOHHOTO Pa3BUTHsI HAyKH U 00pa30BaHuUs BbI-
CTYHarT MeXrocyaapcTBeHHbIE 0ObEAMHEHNS, PEIIAIONINEe 3314l HHTEIPallui PECYPCOB B chepe
MHHOBaIMi, oOecrieunBas pelleHHe 3aJadd Iepexoaa 3KOHOMHMK PoctoBckoit obnmactu Poccun
u benmapycu Ha HOBBIN TEXHOJIOTHYECKUH YKIIAL.

B JloHCKOM TrocyaapCTBEHHOM TEXHHYECKOM YHHUBEpPCUTETEe BeleTcs Oosblias paborta
B paMKaX POCCHICKO-0EIOPYCCKOr0 COTPYAHHYECTBA, KOTOpas ONpeenuia HE0OXOAUMOCTh CO-
31aHust MeXrocy1apCcTBEHHbIX OObEIMHEHUH - MeXIyHapOoJAHOTO MCCIE0BATENIbCKOIO LIEHTpPa
KOJUIEKTUBHOTO nojib3oBaHusi CorozHoro rocynapcrsa (MULIKIT CI') u MexxHannoHaJlbHOTO KOH-
copuuyma o0pa3oBaTeNbHbIX, HAYYHO-UCCIIEOBATENbCKUX OpraHu3alui U npou3BoAcTB «HoBbIi
27eMEHT». PyKOBO/ICTBO AESTENBHOCTHIO BBILIIEHA3BAaHHBIX CTPYKTYp ocyuiecTBisieT OO0beIuHEH-
Heli LleHTp MHHOBALIMOHHBIX O0Opa30BATENbHBIX, HAYYHBIX MCCIEJOBAaHUN U IPOU3BOJCTB
(O AT'TY). Qupextop OLL AI'TY n.m.H, mpodeccop H.K. Kapmosa.

OcHoBHbI€ LIenu MeXyHapoJHOTO UCCIEA0BATEIbCKOTO eHTpa COX3HOr0 rocyjapcTba co-
CTOSIT B 00€CIIEYEHUH BBHIOJHEHNS (YyHIAMEHTAIBHBIX M MPHUKJIAIHBIX WHHOBAIIMOHHBIX pa3pado-
TOK, UCHOJIb3ys YHUKAJIbHOE aHAJMTUYECKOE, UCIBITATENbHOE U TEXHOJIOTHYECKOe 000pyL0BaHKeE,
a Tak ke TOTEHIHAT POdECCOPCKO-TIPEIOIaBaATEILCKOT0 COCTaBa U Hay4HbIX paboTHUKOB JII'TY,
Bysos, HUU PoctoBckoii obnactu, FOra Poccun u Pecniyonuku benapyce.

MeskHaAIMOHAIBHBIA KOHCOPLUYM MPHU3BaH PellaTh KOHKPETHHIE 3a/1a4M, a IMEHHO CII0CO0-
CTBOBaTh peajln3alliil HHHOBALMOHHBIX HAYUYHBIX pa3paboTOK B POMBIIUIEHHOE IPOU3BOJICTBO.

Ha cerogusimnuii neHs popMann3oBaTh BeAYIIMECS MPOEKTHbIE pa3pabOTKU B paMKax BbIIlIE-
Ha3BaHHBIX CTPYKTYp Bblpazuiu xkenanue HOOY, BI'Y, BHTY, BI'VUP (benopycckuii rocynap-
CTBEHHBIH YHUBEpPCUTET HH(pOpMAaTUKM U paauodnekTponuku), 'Ll «benmukpoananus, I'HIIO
«IInanap», Mucturyr cucremusix uccienosanuil B AIIK HAH benapycu, I'ocynapcrBenHas kop-
nopauus 1o aromHoi s3ueprun «Pocarom» (OAO «IIpubopnsiii 3aBoa «Curnan»), OAO «KonuepH
Pamnosnexrponnsie TexHonorun» (OAO «Kb «Ceszp», «BHUU «'paguent», OAO «THUUC»,
OAO «HUUM CUUC») OAO «Kopnopauust «Taktudyeckoe paketHoe BoopyxkeHue» (OAO «I'opu-
30HT») U IpYTHE.

O6benunenHsIM Lentpom AT'TY chopmupoBaH KOMIUIEKC MHHOBALlMOHHBIX MCCIIEIOBAaHUM,
BKurouarotuit cebiie 500 nmpoekToB. Yuénsie PoctoBekoit o6mactu, FOra Poccun u benapycu co-
CPEOTOUMIIN YCUJIMSA Ha TYMaHUTApHOM, MEIULMUHCKOM, XUMHKO-OMOJIOTMYECKOM, arporpOMBbIIII-
JICHHOM, WH)XEHEPHOM, (U3MKO-MaTEeMaTHUYeCKOM HaIpaBIeHUSIX, MH(OPMAIIMOHHBIX, MHUKpPO -
1 HAHOTEXHOJIOTHSIX.

TemaTnka mpoekToB paszHomiaHoBa: «Pa3paboTka 3KOJOrMUYECKH Oe30IMacHBIX TEXHOJIOTHH
YTHWIN3AlUA ¥ TIPUMEHEHHST OTXO0JI0B HEe()TEra30BOro KOMILIEKCcay, «BrIpannBanue ceabCKOX035i-
CTBEHHBIX PACTEHHH MO CHCTEME MajJ000BEMHON TEXHOJIOTHUY, «ATPOIPOMTEXHOJIOTHS 3KOJIOTH-
YecKOoro 3emienienusi», «l'eopaauoaokaliioHHas JUarHocTHKa 00beKTOB MHPPACTPYKTYPbI aBTOMO-
OUJIBHBIX M KENEe3HBIX J0por», «IlomydyeHue n3HOCOCTONKUX MOKPBITUI U UX MPUMEHEHHUE B aBTO-
MOOWJIBHOM TpaHCIOpTE W MeauimHe», «Pa3paboTka oOIIel cxeMbl TUIaBKU TOJI0JIe/la B pailoHe
ANIEKTPUUECKUX ceTei», «Co3aanne GoToANHAMHYECKIX MOJIEKYJISIPHBIX CUCTEM JJIi MOHUTOPHHTA
HKOJIOTMYECKOTO COCTOSIHUSI BOJHBIX pecypcoBy», «PelieHne KOMIUIEKCHBIX MpoOJieM IO camo-
YIJIOTHSIOMIMMCS. O€TOHAM U CYXHM CTPOUTENIbHBIM CMECAM», «/IMarHocTMka OLEHKH U pHUCKa
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Ipepa3pyLIaloIIero COCTOSHUS MOTEHIIMAIBHO ONACHBIX KOHCTPYKIMM C LENbI0 NIPEAOTBPALLEHUS
WJIM TUKBUJIAIIUU TTOCIIEICTBUIN aBapUU, TEXHOTEHHOM KaTacTpodbl» U Jpyrue.

VHHOBAITMOHHBIE HCCIIEIOBAaHUSA OCYILECTBIIIOTCS B MEXIyHapOIHBIX HAay4HO-yueOHO-
MIPOM3BOJICTBEHHBIX J1TA0OPATOPUSIX, KOTOPHIE BXOJAST B OPraHU3AIMOHHYIO CTPYKTYpY MexayHa-
POJHOTO HCCIeoBaTenbekoro nentpa. Takue mabopatopun padorator B BI'Y, OAO «MHTerpam»,
AI'TY, BY3ax, HUA, Kb FOra Poccuu. [lepcoHanbHblil cOCTaB MPEACTABICH BEAYIIIMMHU YYCHBIMHU.

O6bvenuuennsM Leatpom AI'TY chopmupoBan komrieke u3nenuit (mopsaka 200) TOTOBBIX
K CepUITHOMY IPOMU3BOJICTBY, BKIIIOUAIOLIUI 000pyI0BaHUS i pa3pabOTKU JOHHBIX OTJIOKEHHH,
ropHo100bIBaroIee 000pyI0BaHKE, TPOTPAMMHBIN KOMITIEKC 3PPEKTHBHOTO YIIPaBICHHUS MPOLIEC-
coM (popMHpOBaHUS MOE3/10B, 36PHOOYUCTUTENBbHBIN arperart (paspadorku JAI'TY), obopynoBanue
IUIsL CYHIKH M 00e33apa’KuBaHMsI 3€pHA, MPEANOCEBHON 00pabOTKU CEMSH CEIbCKOXO038HCTBEHHBIX
KYJIbTYyp; 00€33apa)KuBaHKe 3€PHOBOM OCHOBHI JiJIsl IpuroToBieHus komoukopmos (THUMC) u ap.

[Ipencrasnser unrepec CBY [lactepuzatop s o6e33apaXKUBaHUS KUIKAX TPOAYKTOB: MO-
JI0Ka, COKOB, BUHA, JIETCKOT'O IMUTAaHMsI, KOHCEPBOB. BrICTpoeHa TeXHOJIOTUYECKasi PONU3BOACTBEH-
Has nenouka: TaraHporckuil HayuHo-uccienoBarenbckuit Macturyr ceszu — OAO «I'opuzoHT» —
OAO «Iponmamy. Dta yHHKanbHas pa3paboTKa 0OECIEYUT COXpaHEHUE HATYPaJbHBIX KauecTB
MIPOAYKTOB 0€3 HCIOJIb30BaHUS KOHCEPBAHTOB.

HestensHOCTh MeEXrocynapCcTBEHHBIX OOBEIUHEHMI TO3BOJUT OCYIIECTBUTH BHEAPEHUE
IIPOEKTOB B IIPOMBIIIJIEHHOE [TPOU3BOJICTBO, PEATN30BaB HA MPAKTUKE TEXHOJIOTMUYECKYIO LIEMOUKY:
WHHOBAIIMOHHBIM POEKT - MHHOBALMOHHBIN MPOIYKT — MOTPEOUTENh U TOCTYKUTh B MEPCIEKTHUBE
HeoOXo MO 0a30ii IS BXOXKICHUS B YKOHOMUYECKOE TPOCTpaHcTBO EBpasuiickoro Coro3a.

B AT'TY pa3paboransl OcHOBHBIE MoNI0KeHUS CTpaTeruy MHHOBAIIMOHHOTO Pa3BUTHUSL HAYKU
u obpazoBanusi PoctoBckoit o0nactu, FOra Poccun u Peciyonnku benapyce.

Crparerus popmupyetcs Ha nepuon 10 2030 roga v BKIitoyaeT peanuzaiuio [Iporpamm:

- VHHOBanmMOHHOE pa3BUTHE HAyKH, OOpa3oBaHMs W TeXHOJOTWH PocToBckoil obmactw,

IOra Poccuu u Pecniy6nuxu benapycs;

- Pa3BuTre nnHOBanMoHHOM HHPpacTpYKTypbl COIO3HOTO rOCYAapCTBa;

- [ToxroroBka kanpoB st PoctoBckoit oomactu, FOra Poccun n Pecniy6nuku bemapych.

[IporpaMMbl CTPYKTYPUPYIOT KOMIUIEKC KPAaTKOCPOYHBIX, CPEIHECPOUYHBIX, JIOJIOCPOYHBIX
WHHOBAIIMOHHBIX MPOEKTHBIX Pa3paloToOK. [IpOeKThl BBICTYMAIOT OCHOBOM CTPaTernyeckoro IMpo-
IrPaMMHUPOBAHHUS, KOHTEKCTOM KOTOPOTO BBICTYNAET COLIMAIbHO-3KOHOMHYECKas Cpeia.

B xauecTBe nMUIOTHBIX MPoekTOB CTpaTernu MHHOBALIMOHHOTO pa3BUTHs HaAyKu M oOpa3oBa-
HUS TPEeUIoKEeHbl: MeXIyHapOAHbIH HCCIEA0BATEIbCKUN LEHTP KOJUIEKTUBHOTO I0JIb30BAHUS
Coroznoro rocyaapctBa (MULKIT CI') u MexHaunoHaabHBII KOHCOPLHMYM 0Opa30BaTENIbHBIX,
Hay4HO-UCCJIEN0BATEIBCKUX OPraHu3aluil U Iponu3BoACTB «HOBBIN 21eMeHT».

Peanu3anus NHUIOTHBIX MPOEKTOB MO3BOJIUT CO3/1aTh MHHOBALIMOHHYIO HH(PPACTPYKTYypy, CIO-
COOCTBYIOIIYIO MHTETPAIUN pecypcoB, (HOPMHUPOBAHUIO KOHKYPEHTOCIIOCOOHOTO MHHOBAIMOHHOTO
CEKTOpa Hay4HbIX MCCIIEI0BaHUN U pa3pabOTOK, OPUEHTUPOBAHHYIO HAa MOJEPHU3ALNIO SIKOHOMHK
PoctoBckoii obnactu, FOra Poccun u PecniyOnuku benapych Ha ocHOBe peanbHO AeHCTBYIOLIEH
TEXHOJIOTHYECKOHN 11eMTOYKH — WHHOBAIMOHHBIA MPOEKT — MHHOBAIIMOHHBIM MPOAYKT — MOTpedu-
TETb.
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VK 621.311. 017

OINEPATHUBHBIE PACUETHI IOTEPH DJIEKTPOYHEPT N
B DJIEKTPUYECKUX CETSX 0,38-10 kB O9C BEJIAPYCH
@Dypcanos M.U., 3onomoii A.A., Maxapesuu B.B.
benopycckuii nayuonanbHwili mexHuuecKull yHugepcumem

ITon omepaTUBHBIMU pacueTaMH IOHHMMAETCs ONpPEAETICHHUE HArpy304YHBIX MOTEPh JJIEKTPO-
SHEPIUU HAa OCHOBE PEXUMHOHN MH(pOpMAIMU (3IEKTPOIHEPTHH, AKTUBHBIX U PEAKTUBHBIX MOIIHO-
cTed, K03((UIMEHTOB MOIIHOCTH, TOKOB, HANpPsDKEHUI) ONEpPATUBHO I0JIy4aeMOM IO JaHHBIM
JUCIETYEPCKUX BEJOMOCTEH, ONEPATUBHBIX U3MEPUTEIbHBIX KOMIIJIEKCOB U aBTOMAaTU3UPOBAHHBIX
CHCTEM ydeTa U KOHTPOJISI MIEKTpoIHeprun. Panee nmpoBeaeHne TakKUX pacyeToB B AJNEKTPUUECKUX
cersax 0,38 — 10 kB He mpencTaBisIoCh BO3MOXKHBIM M3-32 OTCYTCTBHUSI HEOOXOIMMBIX PEKHUMHBIX
naHHbIX. B O6mmkaiimme ronel B PecniyOnuke benapyces npenycMmarpuBaercst ycTaHOBKa HUGPOBBIX
y4€TOB AIIEKTPOIHEPTUU HA BCEX HM3KOBOJIBTHBIX BBOAax 6—10 kB nuTaromux TpanchopmaTropos,
JMHUAX CBS3M C COCEIHUMH SHEPronopa3/IeeHUsIMU U TOJIOBHBIX y4acTKaX PacHpeienuTelbHbIX
muani 6-10 kB, T.e. oxumaercs mpakTuyeckas 0OBs3Ka MU(POBBIMH YIETAMH BCEX TOUYEK MOCTYII-
JeHus anexkTpuueckoi sHepruu B cetd 0,38—10 kB, uTo Kak pa3 M [03BOJSAET BBINOIHATH Olepa-
THUBHBIE PACYETHI TOTEPD JIEKTPOIHEPTUH B JAHHBIX CETSAX METOJAMU, paHee HE MPUMEHSIBIIMMHUCS
13-32 OTCYTCTBHSI HEOOXOAUMBIX PEKMMHBIX TaHHBIX.

Pazpaborana MmeToamMKa OINEPAaTUBHOTO pacuéra IMOTEpPh JIIEKTPOIHEPTHH, MO3BOJISIOIIAS
OIpeNIeNIATh MOTepu B 3ekTpuyeckux cersx 0,38 kB Ha ocHOBE peXMMHON MHpOpMaLUU ceTei
10 xB. [Ins BBINOJIHEHMS] ONEPATUBHBIX PAcu€TOB TEXHMUECKHUX IOTEPh JJIEKTPUUECKYIO CETh
0,38-10 kB B pacuétHoM mepuoge HEOOXOAMMO MPEACTABIATH B BHJIE COBOKYMHOCTH MO(]a3HBIX
CXEM 3aMEIIEHUS.

B kadectBe McxoqHON MH(OPMALUU UCHOJb3YIOTCS TONOJIOTHS U MapaMeTphl CXeM 3aMellie-
HUS ¥ peKUMHBIC JAHHBIE: CPETHUE MOIIHOCTH U THIIOBBIC TPAapUKHU MOTPEOUTENEH HIEKTPHIECKUX
cereii 0,38 kB, mo cetu 6—10 kB rpaduku akTHBHBIX U peaKTUBHBIX Harpy3ok BBojaoB 6-10 kB cu-
J0BBIX TpaHchopmatopoB 35-750 kB, monydeHHbIe 10 JaHHBIM U(PPOBBIX CHCTEM y4ETa WIIH B pe-
3yJIbTaTe MOJICIIMPOBAHUS IPA(PUKOB NMEKTPUYECKUX HATPY30K Ha OCHOBE (DAKTOPHOT'O aHAIU3A.

MeTtoauka colepKUT CTPYKTYPHBIM aJrOpUTM ONEPATUBHBIX PAacu€TOB TEXHUYECKHX MOTEPh
B ceTax 0,38-10 xB:

1. Ha ocHoBe rpa¢ukoB Harpy3ox BBooB 6—10 kB ompenensiroTcss akTUBHBIE U peak-
TUBHBIE MOIITHOCTH HAarpy30K N-X moTpedureneit cxem 3amerenus cetu 0,38 kB 3a k-ii yac pacuér-
HOTO MepHoJIa.

2. [To HMM BBIYHCISAIOTCA TOKM B (a3HBIX W HYJIEBBIX MPOBOJAX BETBEH B CETH
0,38-10 B.

3. PaccuunThIBaroTCsl Harpy304Hble MOTEPU aKTUBHOM MOIIIHOCTU B BETBSIX pacHpeien-
TEJILHBIX JTHHUM.

4, PaccunTeiBarOTCA COBOKYIHBIE ITOTEPU IIEKTPOIHEPIUU B CETU B BUIE CYMMBI TEX-
HHYECKUX ITOTEPH AIEKTPOIHEPTUU B BETBAX BCEX CXEM 3aMEIICHUS.

BriBoanl

1. PazpaboTtana MeTO/JMKA OMEPATHBHOTO pacdyéTra MOTEepPb DJIEKTPOIHEPTUH, MO3BOJISIONIAS
OTpeeNsATh MoTepu B dMekTpudeckux cersx 0,38 kB Ha ocHOBe pexuMHON HMHpOpMAIUU ceTeit
10 kB

2. IlpennoxxeHHasi METOJIMKA MO3BOJISIET MOBBICUTh TOYHOCTh OMPEAENICHUS MOTEPh AJIEKTPO-
sHepruu B ceTsax 6-10 kB 3a cy€T 6oee TOUHOTO pacnpeiesieHHs] Harpy30K MeXIy TpaHchopmaro-
pamMu OTPEOUTENHCKUX TIOJICTAHIIHMA, 0 CPABHEHUIO ¢ TPAJAUIIMOHHBIM pacmpe/ieieHneM Harpy3Ku
HIT mpomopIimoHAIbHO YCTAHOBJIEHHBIM MOITHOCTSIM TpaHC(HOPMATOPOB MOTPEOUTEIBCKUX TI0/I-
CTaHLIUM.
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3. Meroauka 1o3BOJISIET AaHATIM3UPOBATh BEIMUMHY MPUPOCTA MOTEPh B YKA3aHHBIX CETSIX W3-
32 HECHMMETPUYHOTO MOIKIIIOYCHUS MOTPEOUTENeH M CXeMHONH HECUMMETPHUH 3a CUET modasHoro
pacuéra cxem 6-10-0,38 kB.

Cnucox ucnoib308aHHbIX UCOYHUKOB

1. ®ypcanoB M.I., Onpenenenue u aHaau3 NOTEPh IEKTPOIHEPTUN B AIEKTPUUECKUX
ceTsix aHeprocucteM. - Mu.: YBUIL npu YII «bemneprocoepexenney, 2005.- 207 c.: wi.
2. ®dypcanoB M.U., 3omotoit A.A., Makapesud B.B. Y4ér moTpeOUTEIbCKIX SHEPTO-

HMCTOYHHKOB B pacu€Tax pacupeneauTeIbHbIX dJIeKTpuueckux cerei 6-10 kB. «M3B. BeIiCHI. yueOH.
3aBeZieHUi U sHepr. o0benuHennii CHI. Dueprerukay. - 2011. - Ne 4. - C. 15 - 17.

3. ®ypcanoB M.U., 3omotoit A.A., Makapesuu B.B. Pacuér pexxumMoB ¥ moTepb MOIII-
HOCTH B aekTpuueckux cerax 0,38 kB ¢ yu€rom nmoBTOpHOTro 3a3emiieHus HyJeBOTO mpoBojia «H3B.
BBICIII. Y4eOH. 3aBe/ieHui U 3Hepr. ooveaunenuit CHI'. Dueprerukay. - 2007. - Ne 5. - C. 5 - 18.

4. [IpaBuna ycrpoiictBa snexkrpoycraHoBok / Munsnepro CCCP - 6-e u3z., mepepad.
u gon. — M.: DHeproaTtomusaar, 1986 - 648 c.: ui.
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VK 628.543.1

OUYUCTKA CTOYHBIX BOJJ HA COOPYKEHUAX C HU3KUMU PECYPCO-
N DOHEPI'O3ATPATAMU
Mypuna A.I'., Auyghpues B.H.
benopycckuii nayuonanbHsili mexHuuecKull yHugepcumem

B Hacrosiiee Bpemsl IPaKTHKa IPOCKTUPOBAHUSA U CTPOUTEIBCTBA CUCTEM BOJOOTBEICHUS
HEOOJIBIINX HACEIEHHBIX ITYHKTOB U OTACIBHBIX 00BEKTOB OCHOBaHA HA MPUHIIUIIAX MCIIOJIB3YEMbIX
IV CO3JaHUs MHXEHEPHOH MHQPACTPYKTYpbl OOJBIIMX HACEICHHBIX IYHKTOB C OpraHM3aluei
LEHTPAJIN30BaHHBIX CUCTEM KaHanu3auuu. Co3naHue LNEHTPaIM30BaHHBIX CUCTEM BOJOOTBEAEHUS
B CEJIbCKOM MECTHOCTH M OTAEIbHBIX OOBEKTOB SBISETCA BECbMA 3aTPaTHBIM, OCOOCHHO IPH HEOO-
XOJUMOCTH TPAHCIIOPTA CTOYHBIX BOJ HA OUYMCTKY Ha 3HaYUTeNbHbIE paccTosiHus. C apyroii ctopo-
Hbl 3acTpoilka ©e3 OpraHuM3alliyd BOJOOTBEIEHUS, NPUMEHEHHE IPUMUTUBHBIX CaHUTApHO-
TEXHUYECKUX YCTPOHCTB B MHIMBHUAYAJIHHOHN 3acTpoiike (BBIrpeObl) U TPAJUIIMOHHBIX MPOCTEHITNX
COOPYKEHHH JUIsl OYMCTKU CTOYHBIX BOJ HEOOJBILONW MPOU3BOAUTEILHOCTH Il CEJIbCKUX HACEIIEH-
HBIX MYHKTOB (1OJs (UIbTpAaluu) BEAET K 3HAYUTEIbHOMY HEraTUBHOMY BO3JCHCTBHUIO Ha OKpY-
KAIOLLYIO Cpely, YXY/IIaeT CaHUTApHYI0 OOCTaHOBKY, JieJlaeT MPOXKHUBAHUE JIFOJEH B TaKUX ycio-
BUSIX BECbMa HEKOM(OPTHHIM. B CBsI3M C ueM, akTyallbHOM 3a/1aueli SBIseTCs pa3padoTKa TEXHUYe-
CKHX PpEUICHMH CBS3aHHBIX C OYMCTKOM CTOYHBIX BOJ B HELEHTPAIN30BaHHBIX CHCTEMAax
BOJIOOTBE/IEHHUS, KOTOpbIE Obl 001a/1aal HaJEeKHOCTBIO, IPOCTOTON B KCILIyaTallui, SKOHOMHUYHO-
CTbIO, XapaKTE€PU30BAINUCh Obl HU3KUM IHEPronoTpediieHueM U MO3BOJISIIM 00eCHeunBaTh BBINOJI-
HEHHE COBPEMEHHBIX MPUPOIOOXPAHHBIX U CAHUTAPHBIX TPEOOBAHMUIA.

Kak u3BecTHO, Haubosiee pacHpOCTPaHEHHBIMU BUAAMHM OYHMCTHBIX COOPYKEHHH, KOTOpbIE
HCIOJIb3YIOTCS JIUISl OYUCTKHU CTOYHBIX BOJ MAJIbIX OTJCNBbHBIX OOBEKTOB SBIIAIOTCS OMOJIOrHYECKHE
IPYyZbl U 0 PUIBTPALMH.

[Ipu npoctoTe yCTpoicTBa U HAJIEKHOCTh PA0OTHI OMOIOIMUECKUX MPY bl IPU MUHUMAIbHOM
TeKyILeM 00CIIy)KHBaHUH, OHU IOJIBEP’KEHBI 3aUJICHUIO, XapaKTEePU3YIOTCsSI HU3KOH CKOPOCTh OKHUC-
JUTEIBHBIX MPOIECCOB, 0OCOOEHHO B YCIOBHUSX HU3KHX TEMIIEpaTyp M TpPeOYIOT 3HAYMTEIbHBIX
IIoWaAen Ui UX pa3MELCHUS.

[Tona gunpTpanuy K HACTOSILIEMY BPEMEHH MOPAJIBHO YCTapeiaH Kak BHJl OUYHUCTHBIX COOpPY-
KEHMM, U X DKCIUTyaTallusl OKa3blBAE€T 3HAYMTEIbHOE HEraTUBHOE BO3ACHCTBHE HA OKPYKAIOLIYIO
cpeAy H3-3a MPOCAYMBAHMS 3HAYMTEIBHOM YacTH PacxojJa YaCTUYHO OYMINEHHOW CTOYHOW BOBI
B IPYHT U €€ MOCJIEIYIOIIEro NOonaganys B IO3eMHbIE BOJbl. KpoMe Toro 3kcrulyaranus Takux co-
OpPYKEHHUI CONPOBOXKAACTCS HEMPUATHBIMM 3allaxaMH, Pa3MHOKEHUEM HACEKOMBIX M T.A. B cooT-
BeTcTBUU ¢ BonHoii crparerneit Pecnyonuku benapyce miianupyercst cokpaienue k 2015 rony uc-
MOJIb30BaHus 1ojeit punbTpannu B benapycu Ha 50%.

B cBs13u ¢ uem, akTyalbHBIM SBJISIETCS MTpobOiieMa B 3aMeHe noiiell puiabTpanun Ha Oosnee co-
BepIlleHHbIe U 3 (ekTuBHBIE coopykeHHs. OIUH U3 BO3MOXKHBIX BAPUAHTOB ISl HELEHTPAIU30-
BaHHBIX CUCTEM TPUMEHEHUE COOPYKEHHMH ¢ OMOJOrMYECKOW OYMCTKOW CTOYHBIX BOJ B HCKYC-
CTBEHHO CO3/IaHHBIX yclioBUsAX. CylllecTBYET psJl pa3HOBUAHOCTEN TaKUX COOPYKEHHM, KaK MpaBU-
J10, 3aBOJICKOI'O M3rOTOBJIEHUS B KOTOPBIX MCIOJIb3YIOTCS IPOLECCH OYMCTKH AKTUBHBIM MJIOM WM
OMOIIEHKONW. BoMbIIMM MpenMyIecTBOM TaKUX COOPYKEHUM SIBJISIETCS UX KOMIAKTHOCTh. BmecTte
C TeM, UX XapakTepu3yeT Oojiee BBICOKAas CTOMMOCTh U CYIIECTBEHHOE dHEPronoTpedieHue, cBs-
3aHHOE C HEOOXOIMMOCTBIO CO3/IaHUS a’pallii UJIOBOW CMECH.

Kak anpTepHaTHBHOE pelIeHUE 337aYll OYMCTKU CTOYHBIX BOJ OTIEIBHBIX OOBEKTOB MOXKET
paccMaTpuBaThCsl MPUMEHEHHE TPYHTOBO-PACTUTEIBHBIX IUIOMIA/IOK, B KOTOPHIX JII OYHCTKH HC-
MOJIB3YeTCs CIION (PUIBTPYIOIIEH 3arpy3KH M BIArojto0uBas paCTUTEIbHOCTh, KOTOPasi BhICAXKHUBa-
eTcst HaJl GUIBTPYIOIIEH 3arpy3KOu.

IIpocToTa rpyHTOBO-PACTUTEIBHBIX IUIOMAA0K ONpeAenseT ux d3PPeKTUBHOCTD Il OYUCTKU
CTOYHBIX BOJI HEOOJIbLINX HACENIEHHBIX MYHKTOB. [Ipu co31aHuu TakuX COOPYKEHHH MpPH YCIOBUU
ONTUMANIBHOTO Ui HUX penbeda (ykiaonsl B npeaenax 0,005-0,01) oHu XapakTepu3yroTCs MUHH-
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MaJIbHBIM PacXO0J0OM 3HEPIUU IIPU HUX DKCIUTyaTalllH, YTO IO3BOJISIET UCIIOIB30BATh UX B CEIBCKUX
paiioHax M pailoHax, B KOTOPBIX OTCYTCTBYET pa3BHUTasi HHKEHEpHasi HHYPACTPyKTypa.

B Hacrosimiee BpeMs npaBuiia IpOEKTUPOBaHUE aHHOTO THIa coopykenuil B THITA Pecmy6-
IuKH benapych NeTalbHO HE PErNIAMEHTUPYIOTCA. B CBSA3M ¢ 4eMm, OOHOM M3 3a7ad CBSI3aHHOM ¢
o0ecreYeHneM IMUPOKOTO MPUMEHEHHUS TAKUX COOPYKEHH, SBISIETCS MPOBEIEHUE HCCIEOBAHUI
[0 aJIaNTalluyd TEXHUYECKUX PELIeHUH K KIMMaTHU4ecKuM ycioBusM PecnyOnuku benapyck u pas-
paboTKe yCOBEPIICHCTBOBAHHBIX KOHCTPYKLUI TAKUX COOPYKEHUH.
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VK 334.732

HOBBIE MOJAEJIN ®PUHAHCHUPOBAHUA NTHHOBALIUOHHBIX MTPOEKTOB
B DHEPT'ETUKE
Anexcees I0.1'., ’Kypxesuu M.B.
benopycckuii nayuonanvHwili mexHuuecKull yHugepcumem

Jlist co3aHus ¥ pa3BUTHS MaJIOrO U CPEJHEro MpealpUHUMATEIbCTBA YPE3BbIYaliHO BaXKHA
¢uHaHCOBas MOAJIEP’KKA HA HAYaJIbHOM dTare. baHKu OTKa3bIBalOTCS KPEIUTOBATH MHOTHE TPE]-
IPUATHUS, HAXOAAIIMECS Ha HA4YaJIbHOM JTalle pPa3BUTHUS, OTHOCS UX K BBICOKOPHCKOBBIM BIIOXKEHU-
aM. CrienuanucTsl BeHIypHBIX (POHJ0B, OAHKOB, KPYIMHBIX KOMIIAHWH, yCHEIIHbIE OM3HEC AHTEIbI
OTMEYAIOT ClIeAYIOIINE MPOOIEeMbl: HEAOCTATOUHO Pa3BUT CEPBUC IO CBEIEHUIO IIPOEKTHBIX KOMAH/[]
C MOTCHLUUAIbHBIMA MHBECTOPAMH, HET CHCTEMBI NPUBJICUCHHS IEHEKHBIX CPENCTB (PUINUIECKUX
JIMILL JUIs 1eJIeBOro (PMHAHCHPOBAHUSI KOHKPETHBIX NHHOBAILIMOHHBIX ITPOEKTOB.

OnHUM M3 BBIXOJIOB U3 CUTYallUH SIBISETCA CO3JaHHMe KpayadaHAMHIOBBIX miIatdopm. ITo
MIO3BOJIUT HCIOJIb30BATh TEXHOJOTHM JUIsl OOJIErYeHUs JBMDKEHUS KaluTaia U JPYyrdxX pecypcoB
IUISL CO3AAHUs MPEIIPUATHI Majoro Ou3Heca, B TOM YHCJE B TEX CIydasx, Korga OaHKH OTKa3bIBa-
10T B KpeauToBaHuu. CyTh KpayJpaHIMHIOBON MIaT(OpMbl B TOM, YTO OHA HO3BOJISET pa3MellaTh
Ballld UCH PEeaTH3alMA KOMMEPYECKOTO MPEeANPHUATHS OHJIAlH, a 3aTeM 00eCcleYnBaeT HHBECTOPAM
BO3MOKHOCTbh IPUOOpPETaTh aKLMU WIK J0JIU B co3jarouieiics kommnanuu. Ilnardopma sisercs mno-
CPEIHHUKOM MEXIy MpeaNpUHUMATEISIMA U WHBEcTOpaMu. Emie oqHO mpenMymiecTBo Kpayadan-
JIMHTa TI0 CPABHEHUIO C TPAJULMOHHBIMH 3aliMaMu 3TO BO3MOKHOCTB IIPEANpUHUMATENEN OLICHUTb
OOIIECTBEHHBIN HHTEpEC K cBOel nmpoaykiun. Kpayndanaunrosas miatdopma — MiHTEpHET cepBHC
10 cOOpy CPEeICTB HA KOMMEPYECKUE U OJIar0TBOPUTEIbHBIE HeH [1].

Henu ayis cOopa cpeacTB MOTYT OBITH COBEPLIEHHO Pa3HbIMH, HAIpUMEp MOJAJIEPIKKA CO CTO-
POHBI OKJIOHHUKOB MY3bIKaJIbHOW I'PYIIIBI; NOJAEPKKA MOJUTUYECKUX KaMIIaHuH; (pUHaHCHpPOBa-
HUE CTapTan-KOMIAHWKA M Majoro Ou3Heca, CO3/aHhe CBOOOIHOTO MPOTPAMMHOTO OOECTICYCHHS.
B3amen siroiu mosydaroT MOpajibHOE YJOBJIETBOPEHHUE, MOIapKH, YIIOMHUHAHUE B CIIUCKE aBTOPOB,
JOCTYI K JIOTIOJTHUTENIbHBIM MaTepHajiam, MPaBo pemaTh CyAb0y MPOeKTa.

VHTepecHblil U NpaBUIIbHO NPENOJIHECEHHBIN MPOEKT, 0e3 nmpolieM MoXKeT HabpaTh ayauTo-
puto B 10 ThIcsiu yenoBek 3a napy AHed. Benp MexaHu3M oueHb MPOCT, JOCTATOYHO HECKOJBKO pa3
Ha)XaTh KHOMNKY MBIIIN, BBECTH JaHHbIE KPEIUTHOM KapThl U OTIIPaBUTh cBOI B3HOC. Hanbombinit
BKJIa/I KpayA(aHIuHTa B pa3BUTHE OM3HEca 3aKIIF0YaeTCs B MOIEPKKE CTAPTAINOB. BBIXOJ HA PhI-
HOK U MPOJIBMKEHME [2].

WHnnmaTopsl MPOEKTOB M MHBECTOPHI OTMEUAIOT CIIECAYIONINE MPOOIEMBI: HEJOCTATOYHO Pa3-
BUT CEPBHC IO CBEAECHUIO MPOECKTHBIX KOMaHJ C MOTEHLUUAIbHBIMA HHBECTOPAMH, CYIIECTBYIOLIUE
(UHAHCOBBIE MHCTPYMEHTHI TMOMJIEPKKHA MaJoro OM3HEca HE COOTBETCTBYIOT €T0 pealbHBIM II0-
TpeOHOCTSAM, OrpaHMUYCHBI BO3MOXXHOCTH HAYMHAIOUIMX MHHOBATOPOB IPHUBIIEYb CTApTOBBIN Kamu-
TaJI, MOJyYUTh TPAHTHI, 3aiiMbl B KpeauTsl. Co3nanue KpayndaHauHrOBOM TIATGOPMBI TOTEHIIU-
aJIbHO 00ECIIeYNBAET BO3MOYKHOCTh NPUBJICUECHUSI MHBECTUIMI B MHHOBALIMOHHBIE IPOEKTHI.

Kpayndasmuarosast miaTgopma MpUBICYCHUST MHBECTUIIMOHHBIX CPEACTB — KAYE€CTBEHHO HO-
BbIi MH(QPACTPYKTYpPHBIN 3J1€MEHT MHHOBAILIMOHHON MHQPACTPYKTYpPbI, CIIOCOOCTBYIOIINMN: YBEIIH-
YCHUIO pealn3alliil WHHOBAIIMOHHBIX ITIPOEKTOB, OOECIICYCHHIO KayeCTBEHHOTO MEHEIKMEHTa
HAa CTaJM{ TPUBJICUCHHUS] WHBECTULUH JUIsI MHHOBAIMOHHBIX MPOEKTOB, YNPOLIEHUIO BOBIICUECHUS
MPECTaBUTENICH HAYYHO-TEXHUYECKOTO CEKTOpA, BBICIINX y4eOHBIX 3aBEICHUI W MOTEHIIMATBHBIX
MHBECTOPOB B IMPOIECC KOMMEPLUAIU3ALNN Pa3pabOTOK U MHHOBAIIMOHHBIX MJEH. CTUMYIHMPOBa-
HUIO HHBECTHUIIMI B MHHOBAIIHOHHBIE C(hephbl IKOHOMHUKH.

[TpsmbiMu 3a1a4aMu Kpay($aHAUHTOBOM TUIAT(GOPMBI SBISIOTCS MpPOBEIEHHE MOCTOSHHOU
KaMIIaHWH 110 cOOpY CPENICTB Ha KOMMEPYECKHE MPOEKTHI U HHPOPMAIIMOHHOE 00eCTIeYeHNe yJIacT-
HUKOB MHBECTHLIMOHHOM AeaTenbHOCTH. K ToarocpoyHsIM 3a1ayaM MOKHO OTHECTH CHCTeMaTH3a-
Ul ¥ aHaIW3 WHHOBAIIMOHHOW NESATENBPHOCTH, CO3[aHue 0a3 JaHHBIX WHBECTOPOB W TPOCKTOB
C BO3MOKHOCTBIO CTATUCTHUYECKOTO aHAJIN3a PHIHOYHBIX MPEANOUTCHHUH.
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[lepBpiM HampaBieHUEM KpayA(QaHIAUHTOBOW IUTATGOPMBI SIBISIETCS €€  JIeATEIBHOCTh
KaK KOMIUIEKCa MEPOIIPUATHN 110 OTOOPY, OIIEHKE M TTOJATOTOBKE WHHOBAIIMOHHBIX MPOEKTOB U KOM-
MaHU K THBECTUPOBAHUIO (O MHBECTUIIMOHHAS CTA/IUS).

Btopeim HanpaBieHueM KpayadaHIuHTOBON TIaTGOPMBI SBJISETCS €€ IeATeIbHOCTh Kak 0a-
3Bl JJAHHBIX, COepkKaias HHHOPMAIUIO O YIaCTHUKAX WHHOBAIIMOHHBIX MPOIIECCOB (FOPUINICCKUX
1 (PU3UYECKUX JIMIAX, MHHOBAIIMOHHBIX MPOEKTaX, 3asBKaX MHUIIMATOPOB MPOEKTOB HA MPHUBJICYE-
HUE MHBECTHIINNA, 3asIBKaX-TIPEIJI0KEHUSX HHBECTOPOB Ha (PMHAHCHPOBAHKE ITPOCKTOB.

N tperbum HampaBieHHEM KpayadaHIUHTOBOW TUIATGOPMBI SBISETCS €€ JeATeIbHOCTh
KaK CEpBUCA, KOTOPBIMN MO3BOJISET KJIMEHTAM O3HAKOMHUTBCS C MPOEKTaMU U HAWTH MEPCIEKTUBHBIN
1 3P GEeKTUBHBIN MPOEKT 711 (PMHAHCOBHIX BIIOKEHUH, MPOBOJIUTH KaMIaHUHU 1O cOOpy CpeACcTB
Ha KOMMEPYECKHUE MTPOEKTHI.

OCHOBHBIE HAIPaBJICHUS OKa3bIBAEMBIX YCIYT KpayadaHauHTOBOH MmIaT(opMsl SBISIETCS CO-
JIEHUCTBUE B MPUBJICYCHUN WHBECTUIIMOHHBIX PECypCcOB (OKa3aHUE MOMOIIM B MPOBEACHUH KCIEP-
THU3bl TIPOCKTA, OIIEHKA MPOEKTa; MOMOIIb B MOUCKE M MPHUBJICUYCHUH CTPATETMYECKUX ITapTHEPOB
W MHBECTOPOB) U MOMOIIb B YCTAHOBJICHWU KOHTAKTOB M 3aKJIIOUYEHUU XO3SMCTBEHHBIX CJIEJIOK.
Taxoke marGopmMoil MOTYT OKa3bIBAThCS YCIYTH IO AKCIIEPTHOMN OreHKe Y(M(PEKTHBHOCTH MPOEKTA,
MpeABAPUTEIILHON OIICHKE CTOMMOCTH OM3HEca, MOATOTOBKE M CONPOBOXKIECHUIO OCHOBHBIX YCIIO-
BUM WMHBECTULIMOHHOW CJENIKM, HWHBECTHPOBAHHIO MPOEKTOB, MOJOOpPY MPOEKTOB, TEXHOJIOTHU
JUISl 3aKa34YMKOB U MHBECTOPOB, MOATOTOBKE JTOKYMEHTOB JIJIl PETUCTPALIMU IIPEANPUATHS, TOATO-
TOBKE JJOTOBOPOB, BHYTPEHHUX JIOKYMEHTOB (DPUPMBI, SJIEKTPOHHOMY JOKYMEHTOOOO0POTY.

JIJIss MHBECTOPOB MOJKET HCIIOJIB30BATHCS JIBE MOJAENN (DUHAHCHPOBAHUS: aKIIHOHUPOBAHUS
Y MUKPOKPEIUTOBAHUS KOHKPETHBIX ITPOCKTOB.

[Tpouenypsl, CBSI3aHHBIE C AKITUSIMU, CIIOKHBI TSI HEOOIBIINX Kpay/(haHUHTOBBIX TPOSKTOB.
Uro06sl n30exaTh M3IUIIHUX TPYIHOCTEH MIaTGOPMBbL UCHONB3YIOT HECKOJIBKO Mojesei. Moaens
COTPYJHHYECTBA, MOTECHIIMAIBHBIX CIIOHCOPOB MPUBJICKAKOT KAK YWICHOB 3aKPHITOT0 MHBECTULIMOH-
HOTrO Ki1y0a, a MmpeajokeHue He Aenaercs myonuuno. KimyOHas Mojienb, MHIUBUyalbHbIE BKIIA/IbI
OOBETMHSFOTCS U TIEPEIAI0TCS FOPUIMYECKAM OPTaHU3AIMSIM, KOTOPhIC HHBECTUPYIOT B TIPOSKTEHI.

[Ipu ucnonp3oBaHUU MOJIETH MUKPOPUHAHCUPOBAHUS (PU3HUECKUE JTUIA TIPEOCTABISIOT He-
0O0JIbIIMEe CyMMBl MHUIIMATOPAM IPOCKTOB B BUIE KPEIUTOB HA COTJIACOBAHHBIX CTOPOHAMH YCIIO-
BUsX. Mcronb3yroTcs 1Be OCHOBHBIE MOJENN. Moenb MUKPOKPEAUTOBAHUS, MUKPOKPEAUTOBAHKE
SIBJISIETCSL TIPEIOCTaBICHUEM (DMHAHCOBBIX YCIYT KJIHEHTaM C HU3KUMH JOXOJaMH, KOTOPBIE HE
HUMEIOT JIOCTyIa K OAHKOBCKUM M COIMYTCTBYIOIIUM ycCiIyram. JleHbru coOpaHbl TONIMON U yIIpaBIis-
IOTCSI TOCPEAHUKOM. Mojienib KpeIuTOBaHUsL «OT OJHOTO K APyroMy», (puHaHCOBas omepanus (3a-
€M), KOTOpasi MPOUCXOJUT HEHOCPEACTBEHHO MEXAy (PU3MYECKHMH JIMIaMH 0e3 MOCpeTHUYECTBa
TPAIUIIMOHHBIX (PMHAHCOBBIX YUPEKIECHUN. 3aiMOABIIBI MOTYT OJIOJDKUTH HEOOJBIIYIO CYMMY Jie-
HET U KaKOW-TN00 KOMIIaHUH.

KpayadangunroBas 1uiargopma — 3TO, B MEPBYIO Odepeib, BUPTyadbHass WHBECTHUITMOHHAS
MOJIEJIb, TJIABHOM LEIBI0 KOTOPOU SABIIETCS ITOMCK CPEICTB 10 HHHOBAIMOHHBIE ITPOEKTHI.

B Pecniybnuke benapych peiHOK KpayadaHauHra coBepiieHHo He pa3BuT. [Iporecc cozmanus
Tako TIaTGOPMBI BKITIOYAET B ce0sl 2 HaMpaBlIeHUs: MApKETHHIOBas M peKjIaMHasi KaMIIaHHH.

MapketunroBass kammnaHusi. [lmaHupyeTrcss HMCMOAB30BaTh OMBIT KpYyMHEWIUX TuiaTdopm
B MHpE, KOTOPbIE BHEIPSIOT aHATN3aTOPl CTATUCTUKY U PEHTHUHTU MOMYISPHOCTH I OLEHKU d -
(heKTUBHOCTH CBOEM paboThl. /{151 mpuBlieUeHUs TOCTOSIHHBIX MOJIB30BaTENeH M YBETUUCHUS TOCe-
IIAEMOCTH caiiTa KpayaQaHAUMHTOBOU MIaTGOpMbl HEOOX0aUMa pa3paboTKa peKIaMHONW KaMIIaHHH,
KoTOpas BKJIIOYAET B cebs BBIITYCK 51 pacchUIKyY pPEKJIaMHBIX OyKJIETOB
B OpraHU3allii WHHOBAIIMOHHOW MH(DpacTpykTypsl PecyOonuku benapych u nIpyrux cTpaH, peru-
CTpalMIO B CIIPAaBOYHHMKAX M KaTajorax ceTd VHTepHeT, KOHTEKCTHYI0 U OaHHEPHYIO pPEKIaMmy,
pa3sMELIEHHEe CCBUIOK HAa  BHEUNIHUX  pecypcax, OpPraHu3alMi0  DJIEKTPOHHOM  ITOYTHI
Y PacChUIKH, HAITMCAHKE, PACChUIKA M pa3MeIlleHUE Ha Apyrux NHTEpHET pecypcax Mmpecc-penn3oB.

Takum oOpazom coznanue KpayAapaHAUHTOBON MIaT(GOPMBI TO3BOJIUT CO3AaTh HOBBIN A dek-
TUBHBIM MEXaHU3M KOMMEPIIHATU3AINN HAYYHO-TEXHUYECKUX Pa3pabOTOK, MEPCIEKTUBHBIX UICH
MOJIOJIBIX YYEHBIX U MOJJAEPkKATh HAUMHAIOIIME WHHOBALMOHHBIE MPOEKTHI. TakKe HallMOHAJIbHas
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KpayaQaHIuHroBas miaTgopMa JacT HOBBIA TOMYOK B PAa3BUTHUHM HAIMOHAJIHHONM MHHOBAI[MOHHOMN
CUCTEMBI.
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VIK 621.311

OBECHEYEHHME KAYECTBA JIEKTPUUYECKOM SHEPTUA
B CUCTEMAX JJIEKTPOCHABXEHHUS ABTOHOMHBIX OBPA3LIOB
BOOPY/XEHUA
Yymarxoe C.A, Marawun A.H., Cyxooonos IO.B.
Boennas akaoemus Pecnyonuxu benapyce

TpaauumonHo npu pa3paboTKe U MOJIEPHU3ALUHN BOOPY)KEHHUs OOJIbIIe BHUMAHUE YIEIAETCS
COBEPIICHCTBOBAHHIO HWH(POPMALMOHHBIX MPOIIECCOB W OTHEBBIX BO3MOXHOCTEW TEXHHUKH,
TOTJa Kak SHEPreTHYEecKHe IMPOLECCHl, MPOTEKAaroIIue B 00paslax BOOPYKEHHs, HPAKTHUYECKU
HE MCCIICJIOBAHBI.

Cucrema snekrpocHabxkenns (COC) sBisgeTcss HEOThEMIIEMOI 4acThl0 aBTOHOMHOTO 00pasiia
BoopyxkeHus (AOB), 6e3 koTopoii ero GpyHKIIMOHHPOBaHUE HEBO3MOXKHO. 3anada COC kak (HyHK-
[IMOHAJILHOW CHCTeMBI 00pa3iia BOOPY>KEHHs, COCTOUT B OecriepeOoiHOM 00ecTieueHuN moTpeduTe-
JIeH DIIEKTPUYECKON SHEprHel TpeOyeMbIMH HOMUHAIAMHU U KA4eCTBOM BO BCEX PEKAMaX paOOTHI.
[Tpu co3maHny BEICOKOMOOMIIBHBIX 00pa3lloOB BOOPYKEHHUS K 3TUM OOIIMM TPEeOOBaHUSAM J0OaBIIs-
IOTCSI HOBBIE, B BUJIE )KECTKHX OrpaHNYeHHH Ha MaccorabapuTHble okazarenu COC.

OnexTponuTaHue aBTOHOMHOro AOB  MOXET OCYLIECTBIATHCA = OT TOCIHEPrOCETH
B IIYHKTE IOCTOSHHOM IHMCIIOKAllMM, a TaK € OT CPEACTB aBTOHOMHOTO 3JIEKTPOCHAOKEHHUS
(CADC) npu BBINIOJIHEHUY 33aJa4 1O MPEIHAa3HAYEHUIO (CM. PUCYHOK 1).

u(t)

locaHeproceTh , A i YHKLMOHAMNbHOE
‘ obopyaoBaHue
L i(t)

—1 Cuctema ocBeLleHUs

Cuctema
KOHOMLIMOHUPOBaHUS
M BEHTUNALUK

i(t)
A /\— Heynpaensembin

npvBoa

/\/\ i(t) /\/\ Ynpasnsiembiii
npvBoLg,

Puc. 1 — Ctpyxtypa o6opynosanus AOB; nuckaxenus popm norpediisseMoro Toka
Y TITAIONIETO HATPSHKCHUS

CoBpeMeHHbIN 00pasel] BOOPYXKEHHUS BKJIIOYAaeT B ce0s 00opynoBaHUE, KOTOPOE YCIOBHO
MOJKHO Pa3JIeUTh Ha CIEIYIOUIHE TPYIIITHL:
—  (¢yHKUHOHAJIBHOE 000pYAOBaHHE, O0ECTIeUHBalOIee peleHre HH(OPMAIIMOHHBIX 3aa4
6oeBoii paboter AOB;
—  cucTeMa OCBEILICHHMS,
—  cucreMa KOHAMIMOHUPOBAHUS U BEHTHIIALNH;
—  MPUBOAHOE 00OPYyIOBAHHE.
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JlanHOE 000pyIOBaHNE UMEET B CBOEM COCTABE BBIIIPSIMUTENN, HHBEPTOPHI, MPeoOpa3oBaTeIn
4acTOThl U JIpYrHe MOTPeOUTENH, BOJIbT-aMIIEPHBIE XapaKTEPUCTHUKU KOTOPBIX HenuHenHbl. Hamu-
qHe TaKUX MOTPEOUTENCH MPUBOIUT K UCKAKCHHUIO (DOPMBI ITOTPEOIIIEMOTO TOKA, a B CIIy4ae MHUTa-
Hus AOB ot CADC — K ucKkakeHH10 (GOpMbI MTUTAIOIIET0 HANPsOKeHHs (cM. pucyHoK 1). JlaHHBIC
HCKa)XCHUS OTPULIATEIBHO BIMSIOT HA MUTAIOIIYIO CETh IEPEMEHHOTO TOKA, KOTOPOE BBIPAXKACTCS:

B YXY/ILIEHUH 3JIEKTPOMAarHUTHOH COBMECTUMOCTH 000pYIOBAHUS;

B YBEJIMYEHUH ITOTEPH SHEPTUU B CUCTEME,

B ITOBBILLIEHUH BEPOSITHOCTU BO3SHUKHOBEHUS pE30HAHCHBIX siBieHU B COC,

B HapylIE€HUU pabOThl CHELUAIBHON BBIUMCIUTEIBHOW TEXHUKHU, YCTPONCTB pesleHHON
3alUThl U aBTOMATHKH,

B YCKOPCHHOM CTAap€HUEC N30 OCHOBHOI'O 3J'I€KTpOO60py,I[OBaHI/I$I,

Kpome Toro (cM. pucyHOK 2) HCKaKEHUS IPUBOJIAT:

K CHIDKEHUIO TTapaMeTpOB TPAHC(POPMATOPOB, MUTAIOLINX AIEKTPOHHBIC HATPY3KU

K yBEJIMYEHUIO JAeicTBytoniero 3HaueHuss Toka (I) u TemoBeix mnoteps (P)
MpHU yBeJIMYeHUU Kod(pduimenta rapMmonnyeckoro nckaxenus (THD)

K COKpAIICHUIO CPOKa CIIy:KObl 000py0BaHHUs, HA MPUMEP, NMPH KOA(D(UIIHEHTE HCKa-
KCHUS HAIpsDKEHUS TUTaHus, 0m3koM K 10 % cokpaiiieHne cpoka CIty)KObI COCTaBIIsET
s ogHO(MAa3HBIX BJIEKTpUYecKUX MamuH 32,5 %, and Tpéxdas3HbIX SJIEKTPUUECKUX
MammH 18 %, mis Tpancopmaropos 5 %.

CHuXeHune akTMBHOM cocTaBnsitowen  POCT gencTeyrowero 3HaveHus Toka (/)

MOLLHOCTU TPAHC(hOPMaTOpOB, M TennoBbIX NoTtepb (P) Nnpu NCKaXeHMn

NUTaKOLWKUX INEKTPOHHbIE HAarpy3Ku HanpsKeHus
o A
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0
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(%

Temoawe notepm (P)
— e QICTBYIOWEE 3Ha4eHIE TOKA (Imns)

Puc. 2 — BnusHune uckaxeHui

HckakeHne TOKOB M HAINpsDKEHWM NPUBOAUT K IOSBICHUI0 HEAKTUBHBIX COCTABIISIOIINX
MOIIHOCTH (CM. pUCYHOK 3), KoTOpble MOT'YT Aocturath 30%. HeakTuBHbBIE COCTABISIONINE MOIITHO-
CTH HEO0XOIMMO KOMIIEHCUPOBATb.
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Puc. 3 — HeaktuBHEIC COCTaBJIAIOINME MOIITHOCTHU

Beiie uznoxenHoe npuBoaut K tomy, 4to B CADC AOB npumMeHsIoT NepBUYHbIE HCTOYHH-
KM C CYILECTBEHHO 3aBbIIIEHHON MOIIHOCTBIO. AHajJH3 IOKa3bIBAET, YTO JIAHHOE 3aBBIIIEHUE CO-
craBisieT 2 u 6onee pasa.
B nacrosimee Bpemst B Benymux rocyaapctBax mupa (CHIA, fAnonus, [Beuus, Poccus)
OoJblII0€ BHUMAaHUE yJEJISIeTCsl BONPOcaM pa3paboTKH COCOOOB U CPENICTB, MO3BOJISAIOIINX yCTpa-
HUTbh HETaTUBHOE BIIMSHUE HEAKTUBHBIX COCTABISIONIIMX MOIIHOCTH Uil oOecredeHnus TpedyeMoro
KayecTBa 3JIEKTPOIHEPIUH U YCTPAHEHMs B3aMMHOTO BIMSHUS MapajuleIbHO paboTaromero ooopy-
JIOBaHMs CO CTOPOHBI MUTAOUIEH CETH, T.€. CO3JaHUI0 CHUCTEM YIPaBJIEHUS MPollecCaMu TeHEepUpo-
BaHUs, IEPEaul U PaCIPeNeACHUsI dJIEKTPUUECKON SJHEPTUN.
Ha ceronusumauil JeHb CYIIECTBYIOT TEXHUYECKHE BO3MOKHOCTH Pa3pabOTKU CHCTEM KOM-
MEHCALMU HEAaKTUBHBIX COCTABJISIOIMX MOIIHOCTH Ha OCHOBE aKTUBHBIX (puibTpoB (AD).
B nocnegnue rojipl 3aMETHO yBEJIMYEHHE KOJIMUYECTBA MyOJIMKAIMil B POCCHHCKON M 3apy-
OeXHOM JUTEpaType, MOCBAIIEHHbIX aKTUBHBIM (DMIIBTPaM, BOIIPOCAM aBTOMATHUYECKOI'O yIpaBiie-
HUS U MCCIEJ0BAHUIO KAaueCTBA KOMIIEHCALIMHM HEAKTUBHBIX COCTABJISIONIMX MOIIHOCTH HOCpEN-
ctBoM A®D. OgHako, BONpockl 3PGEeKTUBHOTO peryiupoBaHus AP u nucciegoBaHUs JOCTUTAEMBbIX
PEryJIMPOBOYHBIX, (PUIBTPYIOLUIMX U KOMIIEHCAIIUOHHBIX CBOMCTB C YYETOM OCOOEHHOCTEH paboThI
aBTOHOMHBIX 00pa31oB BoopyxkeHus oT CADC He uccie10BaHbl.
Cucrema KOMIIEHCAIIMM HEAKTHBHBIX COCTABIISIONIMX MOIIHOCTH MOJKIIIO-YaeTCs Mapaljielb-
Ho cucteme CADC — AOB u gomkHa BKIIOUaTh B ce0s (CM. pUCYHOK 4):
—  U3MEpUTEIIbHYIO CUCTEMY, PEIIAONIYIO 33a4y BBIYMCICHUs TACCUBHOM COCTABIAIOIIEH
MI'HOBEHHOTI'O TOKa;

- CHCTEMY YIPaBJICHHS, OCYIIECTBISIONIYI0O TpeoOpa3oBaHUE MOJYYEHHOTO TOKA B CHT-
HaJl 3aJJaHNs TOKA aKTUBHOTO (DMIIBTPA;

- CHCTEMY YIpaBJIEHUS! CUJIOBON YaCThl0, KOTOpas MpeoOpa3yeT CUrHAJ 331aHUs TOKA aK-
TUBHOTO ()MJIBTPA B 3aKOH MEPEKIIIOUCHHS CUIIOBBIX BEHTHIICH CUIIOBOI YacTy;

- CHJIOBYIO 4acCTh, KOTOpast YOPMUPYET TOK KOMIICHCALUH.
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Puc. 4 — CprKTypa CHUCTEMBbI KOMIICHCAlIlU HCAKTUBHBIX COCTABJIAIOIINX MOIIIHOCTU

N3BeCTHO HECKOJIBKO OCHOBHBIX CcI0c000B ynpaBieHust AD, pa3paboTaHHBIX B pa3HOE BpEMSL.
Bce oHu MoryT OBITH IpeCTaBICHBI KaK psAJl IPOCTHIX JEHCTBUMH, BBINOIHAEMBIX TEMU WM UHBIMU
y3JIaMH CHCTEMBI YIIPABICHUS, U MOTYT OBITh B KOHEYHOM MTOTE CBEJICHBI K CIIEIYIOIIEMY:

1.  BblUKCIIEHUE TACCUBHON COCTABISIOLICH MIHOBEHHOI'O TOKA/ HAIIPSKEHUS CETH;

2.  mpeoOpazoBaHHE TOIYYEHHOTO ToKa 3amaHuss AD B 3aKOH MEPEKIIOYCHHUS CHIIOBBIX

BeHTHIIeH AD.

Brrunciienne macCHBHOM COCTAaBINSIIONICH MTHOBEHHOTO TOKa MPEJIaraeTcsi MPOBOIUTH IO
BBIPQKEHUSAM JJIS1 aMIUTUTY/ U HaYaJIbHBIX (pa3 TapMOHUYECKUX COCTABISAIOLIMX TOKA, MOJYyYEHHBIX
Ha OCHOBE aHaJIM3a BPEMEHHBIX MapaMeTpoB KpuBoi Toka [2]. IIpenMyiiecTBOM 1aHHOIO METo/a
ABJIAETCS BBICOKOE OBICTPOAEIHCTBHIE, OCHOBAHHOE HA OJIHOBPEMEHHOM BBIYMCIIEHHH aMIuTya |,

U HavanbHbIX (a3 |/, CHEKTPalIbHBIX COCTABIAIOIIUX 3a 1/2 mepuoja MOBTOPEHMS TOKA U OTKAa3

OT HUCTIOJIb30BaHUS MOJIOCOBBIX (PHIIBTPOB.

ITpeoOpa3oBaHue MOAYUEHHOro TOKa 3afaHus AD B 3aKOH MEPEKIIOUEHHs] CUJIOBBIX BEHTU-
neit AD u CUHTE3 alrOpUTMa YIPABICHHS TPEAJIaraeTcs MpoOBOIUTH B KJIACCE CHCTEM ONTHMAJb-
HBIX 110 OBICTPOAEHUCTBHUIO HA OCHOBE TEOPHH CHHPAIBHBIX BEKTOPOB [3].

Pa3pa0Ootka m BHEIpeHHE YCTPOUCTB KOPPEKIMH KadecTBa AIEKTPUUECKON SHEPTUU Ha OCHO-
B€ aKTUBHOT0 (PWIIbTPA B CHCTEMax 3JIEKTPOCHAOKEHHsI aBTOHOMHBIX 00pa31ioB BOOpYXeHUs obec-
MIEYHUT:

—  CHHYCOUJAJIBHOCTb (DOPMBI HANIPSKEHUS U TOKA MUTAIOLIEH CeTH;

—  KOMIICHCAIIHIO HEaKTUBHBIX COCTABIISIFOIINX MOIHON MOIIHOCTH;

—  yBeJHMYEHHUE CPOKa CIIYKObI 31eKkTpoodopymnoBanus Ha 20-30%:

— CHHKEHHUE TIOTEePh B JeKTpoodopyaoBaHuu 10 20%;

- CHIDKEHHE MOIIIHOCTH MEePBUYHBIX UCTOUYHUKOB CADC;

—  CHIDKEHHE Pacxoja TOIUIMBA MEePBUYHBIX HCTOYHHKOB CADC.
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VK 608.3

INATEHTHAS UHOOPMAILIUS KAK HHCTPYMEHT IIOBBIIIEHUS
KOHKYPEHTOCIHOCOBHOCTH HOBBIX TEXHUYECKUX PELIEHUN
B DHEPI'ETUKE
Kanunun A.1O.
benopycckuii nayuonanvHblll mexHu4ecKuil yHusepcumem

OpnHOM U3 KIIIOUEBBIX 337au pa3BUTHUsI SKOHOMUKH COI03HOIO rocyiapcTBa siBisieTcs o0ecme-
YeHHEe KOHKYPEHTOCHOCOOHOCTH 3HepreTuyeckoro cekropa Coro3Horo rocynapcrsa. /s storo
HE00X0AMMO, YTOOBI CO3/1aBaeMble U BHEPSEMbIE TEXHUYECKHUE PEIICHHS B TAHHOM CEKTOPE COOT-
BETCTBOBAJIA MUPOBOMY TEXHHUYECKOMY YPOBHIO.

Ilon TEXHUYECKUM YpPOBHEM IIOHUMAETCSI OTHOCUTENIbHAS XapaKTEpUCTHKAa, OCHOBAaHHAs
Ha COIIOCTABJIEHUU COBOKYIIHOCTH I10Ka3aTelledl TEXHUYECKOIO0 COBEPLICHCTBA OLCHMBACMOIO pe-
meHust U 6a30BbIX 00pa3oB. [Ipy 3TOM MOA TEXHUYECKUM COBEPIICHCTBOM, IIOHUMAETCSI COBOKYTI-
HOCTb HanOoJiee CyIECTBEHHBIX CBOMCTB, OMPEAEIAIOIINX KaueCTBO, U XapaKTePU3YyIOLIMX HAY4YHO-
TEXHUYECKHUE JIOCTUKEHUS B Pa3BUTHM JAHHOIO pelleHus. TeXHUYECKOEe COBEPIICHCTBO XapaKTe-
pHu3yeTcsi HAOOPOM MOKa3aTesel U BhIPaXKAETCs] COBOKYIHOCTBIO MX 3HAUCHHH.

TexHnueckuil ypoBeHb J0JKEH OLIEHUBATHCSI HA BCEX dTanax >KU3HEHHOTO LIUKJIA IPOIyKIUU
(TEXHUYECKHX pEIIeHU) — ¢ Hayana pa3paboTku, Koraa GopMupyercs UaeanbHblil 00pa3 Oyay-
e MpoayKIMH, O dTarna MacCoOBOIO IIPOM3BOJICTBA, & TAKKE €€ BHITECHEHUS C phIHKa OoJiee co-
BEPLICHHBIMH 00pa3iaMy IPOAYKIMH aHAJIOTHYHOTO Ha3HAYEeHU .

Jliia obecrnieueHnss COOTBETCTBUSI MUPOBOMY TEXHUYECKOMY YPOBHIO 0CO00€ 3HAYEHHE UMEET
aHaiau3 naTeHTHol uHpopmanuu. CTOUT OTMETUTh, YTO 0 OLEHKaM 3KcrepToB okojio 60% ceene-
HUN cojepXkallluxcsi B NAaTEHTHOM HMH(OpMalMHU OTCYICTBYET B JPYI'MX HCTOYHHMKAX Hay4dHO-
TEeXHUYECKON MH(OpMaIH.

[TaTenTHast HHPOPMAIUSA — 3TO COBOKYIIHOCTh CBEJCHUM O pe3ybTaTax Hay4YHO-TEXHUYECKON
JeSTeNbHOCTH, COJIepXKAIUXCA B ONUCAHUAX, [MPUIIATaeMbIX K 3asBKaM M IaTE€HTaM Ha uU300pere-
HUS, O IPABOBOM CTaTyCe MAaTEHTOB, 00 YCIOBUAX peaTM3ally MIPaB, BHITEKAIOIINX U3 TATCHTOB.

B cpaBHeHuu ¢ npyrumu BuAaMu MHQOPMaLUU MaTeHTHas MHpopManus o0nagaer cieayro-
IIUMH IPEUMYIIECTBAMM:

1. SIBnsiercs HamOosiee Ba)KHOM YacThblO HAyYHO-TEXHHUECKOW HMH(OpMAIMH, T.K. SBISETCA
OTpa)XEHHEM pe3yJibTaTa HayYHO-HMCCIEI0BATENbCKUX W OMNBITHO-KOHCTPYKTOPCKHX, MpPEUMYIlle-
CTBEHHO NPHUKIATHBIX padOT, HAPABJICHHBIX HAa Pa3paOOTKy HOBBIX MM COBEPLICHCTBOBaHMUE U3-
BECTHBIX TEXHUYECKUX PEIIEHUH, KOTOpbIe Oy1yT HETIOCPEACTBEHHO UCIOIb30BaThCA.

2. D10 camas HOCJIEIHASA Ha JaTy MoJayu 3asBKH MHPOPMALUSA O JOCTUTHYTOM TEXHUYECKOM
YpOBHE B TOM 00JIaCTH, K KOTOPOM OHA OTHECEHa, TaK KaK 3asBUTENN BCEr/la CTaparoTcs MoJaTh 3a-
SBKY KaK MOYKHO OBICTPEE C TeM, YTOOBI OJTYYHTh MOHOMOJIBHOE ITPABO HA UCIIOIb30BAHUE.

3. OpurmanpHO MMyONMHUKyeTCcs B MAaTEHTHBIX JTOKYMEHTaX, KIAacCU(UIMPYIOTCS 0 €IHHOMN
MexnyHapoanoit mareHTHOH kiaccupukanunu (MIIK), yTo 3HauMTENHHO 00JEr4aeT MOMCK JOKY-
MEHTOB 110 HYy’KHO! TEMaTHKeE.

4. [TarenTHast MHPOPMAIUSA U TATEHTHBIE JOKYMEHTHI M3/1al0TCSI B COOTBETCTBUU CO CTaHAap-
tamu BOUC. JIokyMEHTbI MMEIOT YETKYI0 YHU(DHUIIMPOBAHHYIO CTPYKTYpPY, UYTO B 3HAUUTEIbHOU
CTEIEeHH 00JieryaeT 3HaKOMCTBO € cofiepaKalieiics B HUX HH(pOopMaIuei.

5. @opmyia n300peTeH sl, B KOTOPOIl H3/1araeTcs CyIecTBO MPeiiaraéMoro HOBOTO peleHHs
3aJ1a4M, COAEP>KUT INEPEUYEHb KaK M3BECTHBIX paHee NPU3HAKOB TEXHMUYECKOTO PELIEHUS 3aJauH,
TaK U HOBBIX IIPU3HAKOB, HA OXPaHy KOTOPBIX MPUTS3aeT 3asBUTENb. HOBbIE MPU3HAKH — 3TO MYTh
npubIMKEeHUs K HanboJiee MOJTHOMY YIOBJIETBOPEHHIO OOIIIECTBEHHBIX TOTPEOHOCTEH.

6. IIpu cocTaBiieHUHN OMHUCAHUS TPeOYEeTCs MOKa3aTh MPEABICTOPUI0 TEXHUIECKOTO Pa3BHTHS
710 3asBJISIEMOT0 PEIIEHHs] U YE€TKO ONPEAETUTh Pa3Iuunue MEXAY TeM, 4TO ObLIIO M3BECTHO U TEM,
yto npearaercs. [1oaToMy mpakTUYeCKH KaXK[0€ ONMHMCAaHUE - 3TO UCCIIEOBaHHUE MPEALIECTBYIO-
LIET0 TEXHUYECKOro ypoBHS. Bo MHOrmx ciay4asx ONMCAaHMsI CONPOBOKIAKOTCS MOSCHSAIOIIMMU
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YepTeKaMH, a TEXHUYECKOE PEIICHHE OMUCHIBACTCS KaK B CTATHUECKOM IOJIO0XKEHUH, TaK U B IUHA-
MUKe (B paboTe) ¢ mpuMepamMu UCIIOJIb30BAHUS.

7. B KaXJOM MAaTeHTHOM JOKYMEHTE COAEPKUTCS MH(OpMAIHs O CTpaHE MPOUCXOXKICHHUSA,
3asiBUTeNe, MaTeHTOoOo0MaaTelie, aBTOpax — U300peTaTeNiaxX U CTpaHe UX MPOKUBAHUA, O TEPPUTO-
pHH, HAa KOTOPOI AEHCTBYET UCKIIIOUYUTEIHLHOE IPAaBO MaTeHTO00IagaTess Ha peaaraeMoe TeXHuU-
YeCKOe pelleHue.

8. Eciiu cBeneHUs B MaTeHTHOM JIOKYMEHTE OMYyOJIHMKOBaHBI, TO J000e nuIio, Gupma, mpen-
MPUATHE WK OpPraHu3alus TeX CTPaH, e N300peTeHre He 3aperucTpUpOBaHoO (MMaTEeHT HE BbIAAH),
UMeeT BO3MOXXHOCTh UCIIOIB30BATh €ro 0e3 pa3pemieHus MaTeHToo0aaarens 6e3B03Me3IHO.

9. O3HakoMJIeHHE C MaTeHTHOW MH(OpMAIMEl JaeT BO3MOXKHOCTh HE TOJIBKO OICHUTH UJIEHO,
MIOJIOKEHHYIO B OCHOBY M300peTeHUs], HE TOJBKO JaeT BO3MOXKHOCTh HCIOJIB30BaTh M300pETeHHE
0€3B03ME3/IHO, €CJIM OHO HE 3alllMIICHO MaTeHTOM Ha TEPPUTOPUU CBOEH CTPaHBI, HO €IIe JaeT OT-
MPAaBHYIO TOYKY JJIsl TBOPUYECKOTO MOUCKA HOBBIX PELICHUH, COBEPILIEHCTBOBAHUS U3BECTHBIX U CO-
3/1aHUs1 HOBBIX U300pETEHUH.

10. Kaxnplif maTeHTHBIA JOKYMEHT COJCpPKHUT OOIIMpHBIE OHOIMOrpadguyeckue CBEACHUS,
KOTOpbIE HAXOJSATCS Ha ero nepBoi ctpanuie. Kaxnaplil snement oubmuorpaduu uaeHtuduuupy-
eTcs ABY3HAYHBIM HU(POBBIM KoaoM (kozsl INID), KoTopbie SBISIOTCS OOMIETIPUHITHIMHE TSI BCETO
MHPOBOTO COOOIIECTBA U CIIOCOOCTBYIOT MOHMMaHUIO OuOIMorpauyecknx JaHHBIX Oe3 3HaHUS
S3bIKa, HA KOTOPOM ITaTEHTHBIA JOKYMEHT U3/aH.

Hocurenem marentHo# nndopmanuu sBiseTcss IAaTeHTHBIN JTOKYMEHT.

[laTeHTHBI JOKYMEHT — 3TO O(pUIMAIBHO MyOIUKYEeMBI U HEMyOIUKYeMBbIi JTOKYMEHT, CO-
JepXKalluid CBEJEHUS O pe3yiabTaTax HayYHO-HCCIEeIOBATEIbCKIX, MPOEKTHO-KOHCTPYKTOPCKUX
U JIPYTUX MOJ0OHBIX paboT, 3asSBICHHBIX WM MPU3HAHHBIX H300PETEeHUSIMH, TIPOMBIIIIIICHHBIMA 00-
paslamu, MoJe3HbIMU MOJICTISIMU, COPTaMU PAaCTEHUH, a TaK¥Ke CBeleHus 00 oxpaHe IpaB H3o0pe-
TaTelnel, maTeHTo00aAaTeNel, BIIaIebIIeB CBUACTEIFCTB O PETUCTPAIIMH TOBAPHBIX 3HAKOB, 3HA-
KOB 00CTy>KUBaHUs, HANMEHOBAaHUIN MECT MTPOUCXOKIACHUS TOBAPOB.

K mareHTHBIM JOKYMEHTaM OTHOCSTCS O(HIMAIbHBIC MyOJMKAIIMH MATEHTHBIX BEIOMCTB,
BKJIIOUAIOIIHE:

- odunmansHbEIe OI0JUICTEHHY;

- OIMCaHUs K 3asiBKaM Ha U300peTCHNUS,

- OTIMCaHMsI N300PETEHUH K MaTeHTaM;

- OTMCAHUS TOJIE3HBIX MOJEIIEH K MaTeHTaM;

- OIIMCaHMSI COPTOB PACTEHMIT K TATEHTaM;

- CBEJIEHUS O MPOMBIIUICHHBIX 00pa3ax;

- oduIMaIbHbIC YKa3aTeIH MAaTeHTOB Ha 0OBEKTHI MPOMBIIIJIEHHON COOCTBEHHOCTH;

- oduIHMaTbHBIC MYOIHKAIIMU O PETUCTPALIUY TOBAPHBIX 3HAKOB M 3HAKOB OOCITYKHBaHMUS;

- M3MEHEHHS B COCTOSIHUH TPABOBOI OXpaHbl 00BbEKTOB MPOMBIIIUIEHHONW COOCTBEHHOCTH;

- €)KETr0IHbIC OTUETHI MATEHTHBIX BEJIOMCTB CTPaH MUpA.

AHanu3 HaTeHTHON HH(OpPMAIMK OCYIIECTBISIETCS B XOJI€ NATEHTHBIX HCCIEeI0BaHUM.
ITpu >TuM MpoLece MpoBeAECHUS MAaTEHTHBIX MCCIIEOBAHUIN BKIIIOYAET CIEAYIOIINE OCHOBHBIE 3Ta-
TIBI:

- pa3paboTKa 3a7aHus Ha IPOBEICHUE MMAaTEHTHBIX HCCIEeI0BAHUM;

- pa3paboTka periiaMeHTa oucka nHpopMammm;

- MOUCK M OTOOp MATeHTHOW M JAPYrod HayyHO-TEXHHYECKOH U KOHBIOHKTYPHO-

KOMMeEpUecKoi HHpOopMaIii;

- COCTaBJIEHHE OTYETa O MTOUCKE;

- o0paboTKa, cucTeMaTH3alks U aHaJIn3 0TOOpaHHON HHpOpMaIHH;

- 0000111eHUE Pe3yabTATOB U COCTABJIEHUE OTYETA O MATEHTHBIX HCCIIeI0OBAHUAX.

B HacTosimiee Bpemsi 1MOJ MATEHTHBIMH HCCIIEIOBAHUSMH TOHHUMAIOTCS WH(POPMAIMOHHO-
aHAJIMTUYECKHE UCCIIETOBaHMs, POBOJMMBIE B TPOLIECCE CO3/1aHUs, OCBOCHUS U peaU3aluu Mpo-
IYKIIUU C LENbI0 00ecredeHus] BHICOKOTO TEXHHUECKOTO YPOBHSI W KOHKYPEHTOCIIOCOOHOCTH ATOM
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MIPOAYKLIMM, a TaK)KE COKpALIEHUsS 3aTPAaT Ha €€ CO3JaHue 3a CYET UCIOJIb30BAaHUS MHUPOBOIO WH-
(dhopmarmoHHOTO pecypcea.

B 3aBucuMOCTH OT CTaaui U 3TAIlOB KM3HEHHOI'O LUKJIA IIPOJYKLUU ITAaTEHTHBIE UCCIIEI0BA-
HUS pa3jIMyaroTcs 10 TUIY PEIIaeMbIX 3a/1a4 C BBIJICJICHUEM TPEX BUAOB MATEHTHBIX UCCIICIOBAHUMN:

1. [TaTeHTHO-UH(POPMALIMOHHBIE — TPU TNPOTHO3UPOBAHHUH, BBISBICHUM TEHACHUIUH
Y HANpaBJICHUW pa3BUTHUS OTPACIICH, MOJOTPACIEH TPOMBILIIEHHOCTH WIN MPOAYKIINH, IPU IJIAHU-
poBanuu u nposeaenun HUP, npu moarotoBke K MpoeKTHBIM pa3paboTKaM.

2. [laTeHTHO-TEXHMYECKUE — MPEALIECTBYIOT CTaAUU IMPOEKTHBIX, KOHCTPYKTOPCKUX
U TEXHOJIOTHYECKUX paboT, pa3paboTKe 3CKU3HBIX MPOEKTOB, MPU CO3/IaHUH OIBITHBIX 00Pa3loB,
UX CEpUMHOM MPOU3BOJCTBE U COBEPILICHCTBOBAHUU TEXHOJIOTUH, IPOLYKIHUU.

3. IIaTeHTHO-KOHBIOHKTYPHBIE — IIPEIIIECTBYIOT PACIIUPEHHOMY BOCIPOU3BOACTBY
U MIPU PACIIUPEHHOM BOCIPOU3BOCTBE, MPHU JUKBUIAINH Y3KUX MECT IMPOU3BOACTBA, IIPU 0OOCHO-
BAHWM YTUJIM3ALIUH.

B ocHOBe 3THX UCClIe10BaHUI — OCTOSIHHOE COIMOCTABICHUE CBOEH MPOAYKIUU C MPOAYKIU-
el KOHKYPEHTOB, CBOETO MOPT(eEIIs MaTeHTOB ¢ MopTdeneM KOHKYpeHTOB. 1lpu KamaoM 13 JaHHBIX
BHJIOB [TATEHTHBIE UCCIIEIOBAHUS BKIIOYAIOT CTATUCTUYECKUM aHAIIN3 U COACPKATEIbHBIN aHAIN3.

Takum 00pa3oM, IPOBEACHHUE MATCHTHBIX UCCIICIOBAHUHN MPECTABIISICT COOOM JICHCTBEHHBIN
MHCTPYMEHT MO 00€creyeHNI0 KOHKYPEHTOCTIOCOOHOCTH HOBBIX TEXHHUECKHUX pElIeHUl, Ha OCHOBE
COIIOCTABJICHUS U aHalM3a pa3padaThIBAEMbIX TEXHUUYECKUX PELICHUH U JY4IIUX CYLIECTBYIOIIUX
aHaJIOrOB.

Cnucok ucnonb308anmbix UCHOYHUKOS

1. YnpaBieHue Ka4eCTBOM M KOHKYPEHTOCTIOCOOHOCTHIO MPOMBIIINIEHHOW MPOAYKIIUU Ha OC-
HOBE TMATEHTHBIX HccienoBanmii: Meroanueckoe mocobue / D.I1. CkopusikoB. — U3a. 3e, Ilepe-
cMmoTp. u gom. — M.: Ilatent, 2006. — 150 c. : wi., TabII.

2.  Meroauyeckue peKOMEHIAIMK 110 TPOBEACHUIO MATEHTHBIX  HMCCIICOBAHUU.
O.I1. Ckopnsikos, T.b. Omaposa, O.B. Yensiea — M.: BHUUIIA, 1997. — 171 c.

3. I'ocynapctBennsiii ctangapt Pecryonuku bemapycs CTh 1180-99 «IlatentHbie uccneno-
BaHusa. CopepkaHue U MOPSAIOK MPOBEACHUS.
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VIK 621.311

CTPYKTYPHBI CUHTE3 ABTOHOMHBIX CUCTEM DJIEKTPOCHABXKEHUSI
Kaproyxuu /].B., Manawun A.H.
Boennas akaoemus Pecnyonuxu Benapyce

B Hacrosiiee Bpemsi BaXXHOE MECTO B CTPATETUU Pa3BUTHUS JIEKTPOIHEPIETUKH 3aHUMAIOT aB-
TOHOMHBIE cucTeMbl ekTpocHabkeHust (ACDC). B mocnennee Bpems ACOC nonydarot Bce Oojiee
[IMPOKOE PACHPOCTPAHEHUE B CUCTEME JIEKTPOCHAOKEHHUS HE TOJIBKO CHEMAIbHOTO, HO ¥ O0IIEro
MPUMEHEHUS. YKa3aHHbIE CUCTEMbI UCIOJIb3YIOTCS MMOYTH BO BCEX 0OJACTIX HAPOJIHOTO XO3SHCTBA.
OO6nactu MPUMEHEHHUsI TaKUX CHCTEM OXBATHIBAIOT Pa3IMYHOIO POJa 3JIEKTpoarperarsl (CTamuo-
HapHblE, MEPEeIBWKHBIE) M YIPaBIsSEMbIe JJIEKTPOMEXaHUYECKUE CHUCTEMBI - (CTPOUTEIHHO-
JIOPOXKHBIE, TPAHCIIOPTHBIE, TEHEPATOPhI, KOTOpble pabOTal0T Ha CTaTHYECKUEe MpeoOpasoBaTein
Y4acTOTHI U AJIEKTPOMAILIUHHBIEC arperaThl), CUCTEMbI Oecriepe0oiHOro NUTaHus: OTBETCTBEHHBIX IMO-
TpeOUTENEH, B TOM YHCIIE COBPEMEHHBIX BBIYMCIUTEIBHBIX KOMILIEKCOB. CTPYKTYpa TaKUX CUCTEM
ANEKTPOCHAOKEHHUS M COCTaB UCTOYHUKOB AIIEKTPOIHEPTUU OMpeAeNsatoTcs KaKk oOummu TpedoBa-
HUSMU, TIPEIbIBISIEMBIMU K CUCTEMAM 3JIEKTPOCHAOKEHUS JTF000r0 Ha3HAUEHUs, TaK U CHEeLHUallb-
HBIMH TPeOOBAHUSMU, XaPaKTEPUIYIOIIUMH OCOOEHHOCTHU 3JIEKTPOCHA0KEHNSI KOHKPETHBIX 00BEeK-
TOB.

OpHako, MCTOYHHKHU DJIEKTPOIHEPTUU ABTOHOMHBIX CHUCTEM SJEKTPOCHAOXKEHUs HapsaLy
C OYEBUIHBIMU JOCTOMHCTBAMH UMEIOT U 3HAYUTENbHbIE HEIOCTATKH, OCHOBHBIE U3 KOTOPBIX — BbI-
COKHI1 pacxoj] TOIUIMBA Ha BeIpaboTKy 1 kBT4 anekTposnepruu u 6osbias macca ACIC.

OCHOBHBIM CHOCOOOM YIIYHIIEHUSI TeXHUYeCKUX mMokaszarencii ACOC sBisercss BBIOOp HcC-
TOYHUKOB H mpeoOpa3oBaTeNell  AJIEKTPOIHEPTHMM €  YIYYIIEHHBIMH  JKCIUTyaTallMOHHO-
TEXHUYECKUMH XapaKTEpPUCTUKAMU U3 COBOKYIHOCTH M3BECTHBIX TEXHUYECKHUX PEIICHUMN, BBIXOJ-
HBIE MTapaMeTPbl KOTOPBIX yIOBIETBOPSIIOT TpeOOBaHUAM MTOTpeduTeneii. OqHaKo, TakKhue CTPYKTYpPhI
ACDC B KOMILIEKCE MOTYT OBITh HE ONTHUMAIBHBIMU, C TOUYKH 3pEHUSI UX KpUTEepHEB d2PPeKTHBHO-
ctu (Macca ACOC, pacxoj TOIIIMBA U T.I1.).

B ocHOBe paHee OTMEUEHHBIX HEIOCTATKOB CUCTEM AJIEKTPOCHAOXKEHUS JIEKHUT OTCYTCTBHE
HAy4YHO 00OCHOBaHHBIX MeTOAUK onTumu3aud ACOC, 4To HE MO3BOJISET pa3padbaTbiBaTh CUCTEMbI
ANEeKTpOoCcHaOXkeHUs TpeOyeMoro KauecTBa, 000CHOBBIBaTh TpeboBaHus i paspadotku ACIC, ko-
TOpBIE MO3BOJIAT YJIYULIMTh OCHOBHBIE IMOKa3aTeld O0OBEKTOB, B COCTaB KOTOPBIX BXoIaT ACOC,
3a CYEeT BHEJIPEHMSI HOBBIX TEXHOJIOIUI B AIEKTPOCHAOKEHHH.

B Hacrosiiee BpeMs CyIECTBYeT OOJbIIOE KOJIMYECTBO pabOT, CBA3AHHBIX C ONpEIeICHUEM
ONTUMAJIBHOW CTPYKTYPhl PA3IMYHBIX TEXHUUYECKHUX OO0BEKTOB. OJHAKO JaHHbIE pabOTHI HEBO3-
MOKHO HaIpsIMyI0 HPUMEHHUTH K 3anade cuHTe3a cTpykTypbl ACOC. [loaToMy cymecTByeT ocTtpas
He00X0IMMOCTD HpOBe/ieHUs! CTpykTypHoro cunreza ACOC no BbIOpaHHOMY KpuUTepHIO 3 dek-
TUBHOCTH.

Kak npaBuno, nokazarenu kputepus 3¢p(HEKTUBHOCTH (KaUTATIOBIOXKEHUS, SKCITyaTallluOH-
HbIE 3aTPaThl U YAEIbHBIE 3aTPaThl HA €AMHUILY MOLIHOCTH) SIBJISIOTCSI OCHOBHBIMU TPU MPOEKTH-
poBanun ACOC. 3HaueHue STUX TMOKa3aTeled 3HAYUTEIbHO YBEJIMYUBAETCS, €CJIU K CHCTEMeE
TIPEbSIBIIAIOTCS TOBBILICHHbIE TPeOOBaHUS K OecriepeO0MHOCTH 3JIeKTPOCHA0KEHNU I, TOKa3aTeNsIM
HAJEKHOCTH (DYHKIIMOHAJIBHBIX 3JIEMEHTOB, kKauecTBY annekTposHepruu, KI1/l u maccorabaputHbIM
I10Ka3aTeNsIM.

Kputepuii 53gpexTnBHOCTH, OLIEHUBAIOLINI MaccorabapuTHBIMU MOKa3aTeNIIMU, OXBaThIBAET,
KaK YCTAHOBJICHHYIO MacCy M 00beM (pYHKIIMOHAIBHOTO 3JIeMEHTa, y371a, 0JI0Ka, MOJACUCTEMBI, CH-
CTeMbl, TaK U YJEJNbHYI0O HUX MaccCy, a Takke Oo0beM, Ha €IMHHUIly YCTAaHOBJIEHHONW MOUIHOCTH.
g tpancnioptHeIx ACOC BaKHBIM MOKa3aTesleM SBJIAETCS Macca TOIUIMBA. MUHHMMU3alusa mac-
corabapuTHBIX Mmoka3areneil TpancnopTHbIX ACOC sBhseTCS IPUOPUTETHBIM KPUTEPUEM B HX pa3-
pabotke. B pe3ynbTare BBIIIECKa3aHHOTO MPU PEIIEHUH 33[auyl MMOBBIIICHUs TeXHUYecKol 3 dex-
tuBHOCTH ACOC B KadecTBe KpuTepus >PGEKTUBHOCTH MPUHSIT KOMIUIEKCHBIN MOKa3aTesb «I10-
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XOJHas Macca», B KOTOPOM YUYHThIBaeTcs, Kak cymmapHas Macca ycrpoiictB ACOC, Tak n macca
TOIINBA, PACXOYEMOTr0 3a UK ()yHKIIMOHUPOBAHUS TEXHUUYECKOTO OOBEKTA.

B pesynbraTe nmpoBeaeHHOro aHanu3a BapuaHToB noctpoenuss ACOC cocraBieHa 0000mieH-
Has rpadoas mojaenb ACOC (pucyHok 1).

Puc. 1 — O6o6mennas rpadosas moaens ACOC Buna

Bepiunnamu 0600mmenHoi rpadosoit mogenu G = (X i HQ) ABJISIOTCS (DYHKIIMOHAJIbHBIE
y3761 (Tabnuia 1), a pedpamu — BUIBI SHEPTHUH.
Jlist yno06cTBa pellieHns ONTHMU3AMOHHOM 3a1aun rpadosas mogens G = (X i HQ) Oy-
QY]
SHepruu, a pedpamu rpada spisrorcs GyHkuroHanbHble Y316l ACOC (pucyHOK 2).

I'padsl yamoOHBI ipu ommcaHuM JIOOBIX cTpyKTyp CAD, B TOM YHCIE€ ¢ MHOTOCTYIEHYATHIM
peoOpa3oBaHMEM IEKTPoIHEPTHU. I'padbl KOaUPYIOTCS MaTpULlaMU UHIMICHIUN (PUCYHOK 3).

JIeT TpencTaBiieHa B Buje rpadoBoit mogenu G = (S F. ) , B KOTOPOM BEpIIHHBI SBISIOTCS BUIBI
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Tabnuya 1 — Bepuwunwl 0600wennoi cpagosoii moderu G = ( X Hq )

Bepmmna
rpadoBoit HanmenoBaHue TEXHHUECKOIO YCTPONUCTBA
MOJEJIN
X1 BeH3nHOBBIN KapOIOPAaTOPHBII IBUTATEIND
X2 beH3MHOBBIN MHKEKTOPHBIN JBUTATEINb
X3 BeH3MHOBBIN ABUTATElb C HENOCPEICTBEHHBIM BIPHICKOM TOILIMBA
Xa Jn3eNbHbIN IBUTATEIIH
X5 Jln3enbHbli ABUraTens ¢ TypOOHAyBOM
X I"a30BEIi1 IBUTATETH
X7 ["a30TypOMHHBIN BUTATEIH
Xg KomnnekTopHbIi reHepaTop MOCTOSTHHOTO TOKA
X9 beCcKOIUIEKTOPHBIN IreHepaTop MOCTOSIHHOTO TOKA
X10 CHHXPOHHBIN FeHepaTop C ANEKTPOMArHUTHBIM BO30YKIEHUEM
X11 CHHXPOHHBIN TEHEPATOP C MArHUTOAIEKTPHUECKUM BO30YKICHIEM
X12 CHHXPOHHBII FeHepaTop ¢ CaMOBO30YKIEHUEM
X13 ACHHXPOHHBIN T€HEPATOp ¢ CaMOBO30YKJICHUEM
X14 3apsIHO-paclpeiEIUTENIBHOE YCTPOHCTBO
X15 AKTuBHBIN BeIIpsiMuTenb (400B)
X16 IIpeoOpasoBarens nocrosaHoro HanpstkeHus(400B > 12/24B)
X17 NuBeprop Toka (380B 501'1)
X18 WuBeptop Toka (380B 400I'1)
X19 Onekrposneprus (12/24B)
X20 Onekrposneprus (380B 501')
X1 Onekrposneprus (380B 4000'1)
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DH-us ras.

<%§%

OnekTpuyecKas SHeprus
reHeparopa

AT

Ay
I|-1|-1|-1|-1]|-1]|-1|-1J0|0|0O]O
Iljojo|o|o|o|0|0|O|OfOfO
[Mfofo]Olofo|o|o|Of0O|O]O
V111|112 |1]-1f-1]-1]
V|o|o|o|0]|0]|O0]O0j1]1]1]1
..l[oJloJojofo|O0|O0O|o|o]|ofoO
OICICICICICIVIGCICE )@

Puc. 3 — Marpuna unuuaenuuit rpagosas mogens ACOC Buna G = (SQ, F )

B Buay cymectBoBaHus 00ibIIOT0 pasHOOOpa3us BapuaHToB CTPYKTYp ACOC HeoOxo1umo
OTIPENICNIUTh ONTHMAJIHHOE KOJMYECTBO M THUIIBI YHEPTETHUECKUX KaHAJIOB, COBOKYITHOCTh CTPYK-
TypHBIX 51eMeHToB ACOC.

dopmasu3anus 3a1a4u.

O603HauNM:

53



KoJm4yecTBO 3HepreTudyeckux kaHaioB COC aBroHomHbIX OB u BT (snekrpoarperatoB) co-
craBisier w=1,2,..,Z;

Z n
M,coc = z zAmo, womi T ZAm worj T ZAm P ok + My
Wt = — yaensnas maccel COC aB-
TonoMHBIX OB u BT;
rae i=1,2,..,n — BApUaHT NMPUBOJIHOTO JBHUTATEIIS;
j=1,2,...,m — BapuaHT TreHepaTopa;
k=1,2,...,p — BapuaHT npeoOpa3oBares 3EKTPOIHEPTUH;

Am,, Am_, Am y
K m y,Z[eJ'IBHBIe MacCChbI IMPUBOJHBIX JABUI'aTCIICH, reHepaTopOB

U peoOpa3zoBaTeseil NeKTPOIHEPI MU COOTBETCTBEHHO;
Tik — Macca OTPeOIIIEMOr0 TOIUINBA 338 YCTAHOBICHHOE BpeMsl pa0OThI;

HoM — HOMUHAJIbHBIE MOIIHOCTH MPUBOJHBIX JIBUTaTeseH, reHepaTopoB U Mpeodpas3o-
BaTeJel AIEKTPOIHEPTHUH COOTBETCTBEHHO.
OrpaHuueHus 3a1a49u:
1. O6mas momaocts COC aBroHOMHBIX OB 1 BT nomkHa ObITH OOJIBIIE MAKCUMAaJIbHO
noTpedIIIeMOil MOIITHOCTH HArpy3KOM.
2.  Dueprernyeckuit kanam ACOC HOIKEH MPEACTaBIIATh COOOM OTACIBHBINA 3JIEKTpOarpe-
rart.
z

Z Pm' 2 Pmpeﬁ

w=1
i=j=k=w
3anaya ontumuzauuu cTpykrypsl COC aBToHOMHBIX OB u BT umeer cnenyromyro mocra-
HOBKY: OIPEACIUTh MUHUMYM I1eJIeBOi PyHKIIMU B BUAE yAenabHOM Macchl COC aBToHOMHBIX OB 1

BT:
Maremarudeckast MOJIE/Ib 3aaqM;

F(Am,,Am,,Am_,m, Z ZAmal Pt Am P Zp:Ammk-P +m,, [—> min
k=1

0! ns! HOM] Homk
w=1\_i=1 j=1

IIPU YCIIOBUHU

Z Hi Pmpeo

I=j=k=W
Bripaxxenue (1) u cricrema ycioBuit (2) sBAse€TCS MaTeMAaTUYECKON MOJENbIO 3a7jaun Ompe-
JeJIEHUs] ONTUMalIbHOro coctaBa CTpykTypel COC aBToHOMHBIX OB 1 BT B mpsiMoil moctaHOBKe.
OHa OTHOCHTCS K KJIaccy 3a/1ay JI€TepMUHUPOBAHHON, TUCKPETHON, OJHOKPUTEPUATILHON ONTUMHU-
3aLUH.
Jliia ee pemieHus: MOXKHO MCIOJIb30BaTh mporpammHoe obecnieuenne MS Excel nnu marema-
Tryeckue makeTsl THa Mathcad, Matlab, Mathematica, Maple u ap.
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VK 532.517.2

MOJEJUPOBAHUE TEYEHU HEC)KUMAEMOM )KUJIKOCTH
C HECTABHUJIbHBIMH BA3KOILIACTUYHBIMUA CBOMCTBAMHU
B KAHAJIAX C IPENIIATCTBUAMU
Bapgonomeesa O.U., Xeopenxos /1.A., Ilonos JI.H.

Hbicesckutl cocyoapcmeeH bl mexHUu4ecKutl YHugepcumem
umenu M. T. Karawmnuxoea

N3BectHO [1-3], 4TO BHYTpPEHHHE TEYCHUS C TETUIOOOMEHOM B KaHajaX C MPEMATCTBHAMU Xa-
PaKTEpU3YIOTCS OCOOCHHOM CTPYKTYpOW MOTOKA, COAEPIKAIIeH CYIIECTBEHHBIE N3MEHEHHS MPOEK-
U CKOPOCTH M LHUPKYJALHUOHHBbIE 30HBL. Bmecte ¢ TeM mogoOHbIe TeueHUs HEPTEHpOayKTOB
B MPOTOYHBIX YaCTSIX TEXHUYECKUX YCTPOUCTB HedTemnoObruH, HedrenepepaOOTKH U TOTUIMBHBIX
XO35IIICTB MOTYT MMETh HECTAOWJIbHBIE BS3KOIUIACTUYHBIE MOKa3zaTenu. Tak, JBHXKYIIMHCS Ma3yT
Mapku M100 npu temneparype menee 50°C paccMaTpuBaeTcs y>Ke Kak MCEBIOIIACTHYHAS KU I-
KOCTbh [4], YTO BHOCHUT OIpe/ieJICHHbIE KOPPEKTUBHLI B CTPYKTYPY TEUEHHUS M MOXKET OKa3bIBaTh 00-
paTHOE BJIMSIHUE UHEPIIMOHHBIX IPOLIECCOB Ha TEIIOBBIE |3, 6].

Jliia pacyera mpoIeccoB TMAPOAMHAMUKHN U TEIUIOOOMEHA, HPOUCXOJSAMIUX B KIACCHYECKUX
CUCTEMax XpaHEHMsI U MOJaud KHUJKOro TOIIMBA, aBTOPAMU IPUMEHSIIACh MaTeMaThyecKas Mo-
nenb [6], paspaboTaHHas Ha OCHOBE ABYXMEPHBIX HECTAllMOHAPHBIX ypaBHeHUI HaBbe-CTokca, 3a-
IIMCAaHHBIX B €CTECTBEHHBIX (CKOPOCTb-JaBJIEHHUE) NIEpEMEHHbIX. B Hacrosmel cratbe paccMarpu-
BAeTCsl HECKOJIbKO MHOM MOJXO0/, OCHOBAHHBII Ha MCIIONIb30BAHUM YPABHEHUH TUHAMUKH HECKUMa-
emoii (0 =CONSt) HEHBIOTOHOBCKOW KUAKOCTU B MPEOOPa3OBaHHBIX (@ - 3aBUXPEHHOCTb, | -

(bYHKIHSI TOKA) TEPEMEHHBIX U CTEIIEHHOT'O PEOJIOTHYECKOr0 3aKOHa!
ow o(uw) . o(Vw) _ é_f 82(,Ueff ) +§_Xx Oty @) +77_§ az(y;ueff o) N

+ &4
at ot "V oom  p 08 p 0 yp on
1 nyJa(y:ueffa)) oT
+ | 1y~ = 9N, —
yp[ Yy ) on Y on
oy oy oy n, \ow
g + +n? + -2 | =y, 1
S« 022 S o¢ nyanz My v Jon -y 1)

rae U ¥ V - IpOeKIUH BEKTOpPa CKOPOCTH IO OCSIM X M Y COOTBETCTBEHHO; | - TeMIEpaTypa;

A

a=—, A u f - Kodh(UIHEHTH TeMIepaTypOIpOBOAHOCTH, TEIFIOEMKOCTH ¥ TEMIIEPAaTypPHOTO

ACHIMPEHUS - KUIKOCTH, -  TEMJIOEMKOCTB; = B - 3(dexkTuBHAA BI3ZKOCTD;
o e kO30 :

k=p{exp1o[exp10(9,855 — 3,745IgT)-0,8]10°} u N - Mepa KOHCHCTCHLHMH M MOKA3aTENb HEHBIOTO-
HOBCKOTO TIOBEICHHSI KHIKOCTH,

2 2 2 2
O =2 (fx a—uj + [ny ﬂj + (X] + [ny &l + &, ﬂj - UHTEHCUBHOCTh CIBUTOBBLIX Jaedopma-
o¢ on y on " 0g

AU,
3a cyer BBEJCHHS HOBBIX HE3aBUCUMBIX NepeMeHHbIX & U 7 cuctema (1) ¢ koaddunrentamu

& Ny, Eon My (rme &, = a%x U T. JI.) QIalITUPOBAHA JUISl PACYETHBIX 00JIACTEeH MOKPBITHIX MPSi-

MOJIMHEHOM OpPTOTOHAJIbHOM HEPAaBHOMEPHOM CETKOW CO CTYHIEHHUEM Y3JI0B B IMPOAOJIBHOM M ITO-
MEPEYHOM HANpPaBICHUAX B MECTaxX, I/I€ OXKUAAIOTCS OOJBIINE TPAJUCHTHl MCKOMBIX BEIWYHH.
Kpome Toro, cucremy ypaBHEHHI HEOOXOIUMO JOIMOJHUTH HAa4ajdbHBIMU U CIEAYIOUIUMHU TpaHU Y-
HBIMU YCIIOBUSIMHU:
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—  Ha BXOJI€ B PaCYETHYIO 00JIaCTh 3aJJal0TCSI YCIOBHS HEBO3MYIIIEHHOTO MTOTOKA
U=Vo(y), ¥ =Vo(y)(Ay+By*), v=0=0,T =T;
—  Ha ocH (IUIOCKOCTH) CUMMETPHUHU CTaBSITCS YCIOBUS
ou ot
oy oy

—  Ha BBIXOJIE 3aJIal0TCS «MSTKHE» yCIOBUS

o’u _ov oy 0w 0T _
x> ox* oxt oxP o oxP

Ha TBEPHABIX TIOBEPXHOCTSX BBICTABISAIOTCS TrpaHuyHble ycnoBus |, mmbGo I pona
U1 TeMIepatypsl U ycioBue Toma 1is BUXps.

KoHeuHO-pa3HOCTHBIE annpoKCUMAaIMK ITPOU3BOIHBIX, BXOIALIUX B ypaBHeHMs (1) Tpaauum-
OHHO [7] BbIpaxaroTcsi B BUJIE:

op b 4,
— ~ —— (rne ¢ =(w,T)) A1 NPOU3BOJHBIX 110 BPEMEHHU;
ot At

—  LEHTpaJbHBIX Pa3HOCTEH NJs Mpou3BOAHBIX ypaBHeHus Ilyaccona, mpoekuuii ckopo-

cTei, a Takxke MU y3nOHHBIX U HCTOYHUKOBBIX WICHOB YPaBHEHMI [TEPEHOCA;

- cxembl Toppanca [8] 11s1 KOHBEKTUBHBIX NPOU3BOJHBIX B MEPBOM U TPETHEM ypaBHE-

HUU CUCTEMBI.

[TonydyeHnHble TakuM 00pa3oM KOHEYHO-PA3HOCTHBIC aHAJIOTW YpaBHEHHS IMEpPeHOoca 3aBHX-
PEHHOCTH M SHEPIruM YA0OHO peliaTh MPOI0JIbHO-TIONEPEYHON NPOTOHKOM. [[s pemenus ypaBHe-
Hus [lyaccona mist pyHKIMHM TOKa BIOJHE MPUEMIIEMO HCIIONB30BaTh METOJI MOCJEI0BATEIBHOM
BepxHel penakcanun. [IpencraBieHHbIe HUKE Pe3yIbTaThl OBLIM MOJYYEHBI METOJOM YCTaHOBIIE-
HUS IO BpEMEHH.

Ha puc. 1 nokazano cpaBHeHHE TPOQHIICH CKOPOCTH JTAMUHAPHOTO CTAOMIN3UPOBAHHOTO Te-
YeHHs] B TPyOe C pPa3NMYHBIMU MOKA3aTesIMH CTEHEHH, IMOJIYYEHHBIX YHUCIEHHO U PACYETOM
o popmye [9];

0 .

VIV
20 1—n—u -4

1.6

1.2

0.8

0.4

0.0 y/R

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Puc. 1 - PacueTHble npo¢uim cCKOpocTu:
1, 3, 5, 7 — uucnennsiit pacuer npu n=1.0, n=0.9, n=0.8, n=0.7 cOOTBETCTBEHHO;
2,4, 6, 8 — pesynbraThl pacueroB o popmyne (2) npu n=1.0, n=0.9, n=0.8, n=0.7 cooTBeTCTBEHHO

n+l
3n+1 n
vV =Ver (ﬁ} 1‘(%] - @)
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T

il “
)

Puc. 2 - Pe3ynbprathl pacueToB 00TeKaHUsI MIPETATCTBHI B TpyOe: a) — TMHUM TOKA MPU O0TCKaHUU
BBICTYIIa HAa CTEHKE; 0) — BEKTOPHOE I10JIE TIPU O0TEKaHUH LIEHTPATBHOTO Tea (TOpU30HTATIBHBIN
MacimTad B MATh pa3 MEHbIIE MacITada 1o BepTUKaIIN)

OTHOcHUTENbHOE PACXOXKACHHUE 3HAUYEHUI BO BeexX cinyyasx He mpesbicuio 0,15 %.

Ha puc. 2 nokazaHsl THAPOAMHAMHYECKUE CUTYALUH, [IOJIyYE€HHBIE B pE3yJbTaTe pPacueToB
TEYCHH OTHOCHTENIHHO BBICTYIIA BBICOTOW Ha TMOBEPXHOCTH CTEHKH TpPYyObl (puc. 2, a)
U IIEHTPAIBHOTO TeJa PaJuyCcoM MPpH 3HaYeHUH 00001eHHoro yncna PeitHonbaca:

24
Re! — (ZR)nVCP.np -
k(6n+2)"
8 n
paBrHoro 2000. 3mech HAIJSIIHO TPEICTABISIOTCS OOJACTH JIOKAJIHHOTO TIOBBIIICHHUS CKOPOCTH

Y 30HBI BO3BPATHO-IUPKYJISIIMOHHOTO ABMOKEHUS KUIAKOCTU. [l XapaktepHbix ceueHuid «l-1» u
«l1-11» moctpoens! rpaduKku N3MEHEHHUSL OCEBOM CKOPOCTH IO pagualibHOM KoopauHate (puc. 3, 4).

u/Vep
25

20 o S s S S e e e s e e e

ol e e e

D=t - ——n=09

15 ¢

10 r

05 ¢

0{0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
05 b

Puc. 3 - VI3ameHeHune npo10JIbHOIM CKOPOCTHU MO painyCy TPYOBI 3a MPEMSTCTBUEM B BUJIE BBICTYIIA
B ceuenuu «l-1» (puc. 2, a)
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u/Vep

Puc. 4 - VI3aMeHeHune MpoI0JILHON CKOPOCTH IO PAJNYCy TPYOBI 32 IPETSTCTBUEM B BUJIE
neHTpanbHoro tena B ceuenuu «ll-11» (puc. 2, 6)

Kak cnemyer u3 puc. 3, Ipu CHIDKCHUH IOKa3aress HaOII0JacTcs yBEIIMYCHHE OCEBOU CO-
CTaBJIAIOIIEH CKOPOCTU MPUMEPHO A0 YPOBHS cpe3a MpensaTcTBus. B cuiny 6ananca MaccoBoro pac-
X0Jla 3TO TIPUBOIWT YBEIHUYCHUIO IUPKYISIIMOHHONH OO0JAcCTH B MPOJOJIHLHOM HAIPABJICHHU.
[Ipy ABMKEHUU XUAKOCTU 3a MHWJIMHAPUYECKUM IEHTPaIbHBIM TEJIOM YMEHbBIICHHUE MPUBOIUT
K 0oJiee CYIIECTBEHHBIM IPaJIMCHTaM CKOPOCTH BOJIHM3U CTEHKH, B TO BPEMs KaK aHAJIOTHYHBIC W3-
MEHEHHUsI BOJM3U OCH CUMMETPUHU B 00JACTH BO3BPATHO-IUPKYJISIIMOHHOTO TEYCHUS CTAHOBSITCS
MEHee 3aMCeTHBIMH, HaunHas ¢ n=0.8.
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VK 620.9 : 327 : 628.5

SHEPITETUYECKASA BE3OITACHOCTD COIO3HOI'O TOCYJAPCTBA:
MMPOEKTUPOBAHUE BYJAYHUIEI'O
KAK TOUYHAS HAYKA
Kupos B.B. 1, Céoiiuaxos K.0.
1HHcmumym amomHot snepeuu um. U.B. Kypuamosa
T ocyoapcmeeHHas nyoaudHas HayuHo-mexHudeckas oubauomexa Poccuu

B XX Beke npousonuin coObITHs, KOTOPbIE HENb3sl ObLJIO MPEIBUAETh HA OCHOBE ITPOLLIOTO
OIbITa W MPEABIAYIIMX MPEACTABICHUN O UYEJIOBEYECKOW AEATENbHOCTH Ha 3emie. MOKHO A0Jro
NEPEUUCIIATh «HOBOCTHY IOCIEIHET0 BEKa U YIUBIATHCA CKOPOCTH UX MOCTYIUIEHHUS, HO y BCEX
STHX HOBILECTB €CTh OJHO OOIee CBOWCTBO: MO aTOMHBIM MpPEICTABICHUSAM, BCE BTO Mallo-
SHEPIreTUYECKUe TIOCTUKEHHUS, — BCE OHM CBA3aHBI C MEPEX0aMH B IEKTPOHHBIX 000JI0UKAX aTo-
MOB U COCTaBJIIIOT CKPOMHBIH, B JIy4IIIEM CIy4ae, AECSTOK JIEKTPOH-BOJILT HA OAMH aKT Ipeodpa-
30BaHMsI SHEPIUU. ITO OOCTOATENBCTBO TapaHTUPYET HaM «OeaHOCThy. CyllecTBEHHAst YacTh pas-
BUTOTO 00IIecTBa MPOCTO OOpeveHa Ha npeObIBaHNE B HUIIETE M HEBEXKecTBE. UTO OBl MBI HU Jiena-
JIM, CKOJIbKO OBl HU I€4aTald KOHBEPTUPYEMOH BalIOTHI M KyJla Obl Mbl HM OTCBUIAJIM IEPEBOJIbI
JCHET IO 3eMjie, 3TO O03HAyaeT TOJIBKO CHMBOJIMYECKYI0O HH(OPMALMOHHYIO OIEpPAIHIo,
r7ie 3a OrPOMHBIMU MUJIJIMAPAAMHU YUCEJT HE CIIPATATh SHEPreTHYECKYI0 HMILETY U Halle Oeccuine
nepeJi HEYyMOJIMMBIMH NPUPOJHBIMU IPOLIECCAMH.

C Touku 3peHus pealbHOM SHEPreTUKU U PealbHOM SKOHOMUKHU B XX BeKe MPOU30LLIO €I1H-
CTBEHHOE PEBOJIIOIIMOHHOE COOBITHE: MBI HAYYHJIUCh UCIIOIH30BATH BHYTPUATOMHBIC CHJIBI, TJI€ HA
OJIMH aKT IpeoOpa3oBaHUs SHEPIMM Mbl MOJy4aeM MMJUIMOHBI IEKTPOH-BOJBT. V3 BHyTpHAaTOM-
HBIX C(ep «IOIYI0» HEBEPOATHOM, KOJOCCATbHON dHepruerd. CHuTyanusi B rojioBax JIIOJEH crana
abcypaHoil. MBI BCce MPUBBIKIIN XKHUTh B YCIOBUAX e(DUIIUTA PECYPCOB, OPOAMBILETO CBOETO poja
CyEBEpHbIE OTHOILEHUS K 4acTHOM coOCcTBeHHOCTH. Kak HaM MOHSATH, YTO TaKOE «OTKPBITHIN 3HEP-
reruyeckui cuér»? Benap paxe npu J1000M ypOBHE HCIOJIb30BAHUS SHEPTUU YEIOBEKOM 3alacoB
SICPHOTO TOIUIMBA B 3€MHOM KOpE XBaTWT HAa MHJUTMOHBI JieT! OrpaHHYMBarOmuM (HakToOpoM CTa-
HOBMTCS HE Hallle Oeccuiiue, a Hallla HEFOTOBHOCTb HCIOJIb30BAaTh HOBbIE BO3MOYKHOCTH.

SIBJIeHUe A/1ePHO-KOCMUYECKOI0 HHKJIAa

Bes npupoaa 3emiin BMECTE € YEJIOBEKOM KUBET BHYTPHU COJTHEUHOT'O BOJOPOIHO-YIIIEPOJHO-
KHCJIOPOAHOTO IMKJIA. B ero npeaenax MoKHO HaOI0JaTh TaKKe dy/ieca, KaK 3aMKHYTOCTb CAMOT0
IIUKJIa, KOT/la CO3/1aHue U pa3pyllieHne cOallaHCUPOBAHbI TaK, YTO HUKOT/Ia HE BO3HUKAIOT OTXO/IB,
HE HaKaIUIMBAIOTCS «HEHYKHbIE» YacTu. B ero ¢gyHnaMeHTanbHbIX Mpolieccax SKOHOMHO y4acTBYET
HeOoJIbIIOe KOJUYECTBO EMEHTOB. CHapyKu Takue Majo-HalpspKeHHbIE YHEPreTHYecKue Mpo-
LIECChI, KaK, HAaIpuMep, (POTOCHHTE3, HE UCIOJB3YIOT HANPSHKEHHBIE XUMUYECKHE peakluu ¢ y4ya-
CTHEM XJIopa, (hTopa, HATpusi. DTU «CUJIbHBIE» PEAKLUHU CIPSATAHbI, KaK MPABUJIO, BHYTPU KIIETOK,
U BHEWIHUN MHUp OT HMX 3amuuiéH. 1 cam nmo cebe, Bech 3TOT LUKJ paclookKuics B Mpejaenax,
OrpaHUYEHHBIX BHEIIHEH rpaHuieil ouocdepsl 3eMian «CHapyXu» U 3JIEKTPOHHBIMH 000JI0YKaMU
aTOMOB «U3HYTPU».

MoHO cKa3aTbh, YTO COJIHEYHBIH BOJAOPOAHO-YTIEPOTHO-KUCIOPOAHBIM UK BO BCEX CBOUX
cpefiax 00JsalaeT B LEJIOM BHYTPEHHE IPUCYHIEH Oe30MacHOCTbIO M BPEMEHHOCTb JIOOBIX €ro
BHYTPEHHUX MMOCTPOEHHI HE IPO3UT BPEMEHHOCTBIO CAMOMY LIUKITY B IIETIOM.

BbIxos B KOcMOC ¥ OCBOEHUE SAEPHBIX peakuil YeT0BEKOM MPUHLIMIIUAILHO HAPYUIWIN I'pa-
HUIIBl 3aMBIKAHUS 3TOTO IMKJIA — €r0 CHOCOOHOCTH YTHUJIM3UPOBATh BCE OTXOJIbI, OJHOBPEMEHHO
CO3/1aB MPEINOCHUIKH BXOXKJIEHUS B HOBBIH, siiepHO-KOcMudeckuil 1uki. [lo ananoruu ¢ coiHeu-
HBIM OHOC(HEPHBIM IMKIIOM, I/I€ CYILECTBYET KPYTrOBOPOT BOJIbI, YIJIEKHCIIOTO Ira3a U IPYTUX OCHO-
BOOOPa3ymOIINUX COCIUHEHHUH, SIEePHO-KOCMHUECKUN LUK 00JalaeT CIEAYIOIMMH BaXXHEHIINMU
cBOWcTBaMM: 1) BHYTpeHHE NpHCYyIas 0€30MacHOCTh MO0 OTHOLICHHIO K OHochepHOMY LUKIY; 2)
MOTEHIIMAJIbHAs 3aMKHYTOCTb; 3) yCTOMYHMBOCTH OOpPATHBIX CBSI3EH ISl 0OeCrieueHusl CTalluOHApHO-
IO COCTOSIHUSL.

59



Uro Takoe CTallMOHApHOE COCTOSIHME C TOYKM 3PEHMsI pa3BUTHs IPOM3BOJCTBA SHEPrum?
OueBuaHO, yTOOBI M30€XKaTh aBapuil THNA YepHOOBUIHCKOM, HalO0 yOpaTh BCAKUE HEYIPaBIIsieMbIe
JMHAMUYECKHUE MPOIecChl B 00JIACTH SHEPreTUKH — HE HaJl0 €€ pa3BUBATh BBIIIE JOIMYCTUMOTO
YpOBHSL M TOJJCPKUBATh HAa TaKOM YPOBHE, /i€ TapaHTHUPOBAHHO LMKJI MOXET OBITh 3aMKHYT.
DOHepreTuka o0JagaeT yCTOWYMBOCTHIO HA OIPECIICHHBIX CBOETO POAA «KBAHTOBBIX YPOBHSIX)»
U MPEIIOYUTAET CTYIIEHYAThIe IEPEXObL, a B CIIy4ae MPOrPECCUBHOIO Pa3BUTHUS BO3ZHUKAET HECTa-
OUIIBHOCTH, HEPABHOMEPHOCTD, OTCYTCTBYET LIEIOCTHOCTD.

Yro Takoe besas 3emus

['pynmna y4yeHbIX U MHKEHEPOB U3 Pa3HbIX CTpaH MOCTAaBMJIA IEepesl COOOH BOIMPOC: BO3MOXKHO
JIM CO3J1aTh MUPOBYIO SHEPTETUUYECKYI0 CUCTEMY, KOTOpas MO3BOJISIET, C OAHOW CTOPOHBI, OPraHU30-
BaTh MPOU3BOACTBO SHEPIHH, JOCTATOYHOE JJIS YIOBJIETBOPEHHs BCeX MOTpeOHOCTEH oOmecTBa,
C Ipyroi — 06ecrneyuTh HOPMAJIbHOE COCYIIIECTBOBAHHE YEJIOBEKA U IIPUPOIBI.

[{enocTHBIN MOAXOX B PAa3BUTHUM MUPOBOU HEPreTUYECKON CUCTEMBI, COOTBETCTBYIOIINE EMY
TEXHOJIOTUM 3aMKHYTOr'0 TOIUIMBHOIO LIMKJIA, IporpamMma MpOU3BOACTBA U MOTpedienus 6ezomnac-
HOM M 3KOJIOTUYECKU YMCTOM PHEPIUM M YHUUTOKEHHUS BCEX OTXOJ0B, — BECh ATOT KOMILIEKC IOJTY-
4yl Ha3BaHue «benas 3emisi».

AHanu3 COBPEMEHHOTO COCTOSIHUS SHEPIeTUKHU C TOUKH 3PEHUSL €IMHOM CUCTEMbI 3eMJIU 1103-
BOJIUIT ChOPMYITUPOBATH CIEAYIOIINE TPeOOBaHMsI, IPEABIBISAEMbIC K SHEPreTUIECKON CUCTEME.

Llenocmnocms. DHepreTHUEcKas CUCTEMa JOJDKHA OBITh IEIOCTHOM, T.€. BKIIIOYATh B ceOs
BCE CTaJIMU MPOU3BOJCTBA U MOTPEOJICHUS SHEPTUN — JOOBIYY U TPaHCIOPTUPOBKY TOILIUBA, MPO-
U3BOJICTBO, IIepe/lady M HCIOIb30BAaHUE SHEPIrUU U YTHIIM3ALMEO OTXOJ0B, IPUYEM K OTXOJaM OT-
HOCHUTCSI caMa YHEPreTUYECcKasi CUCTEMa 110 OKOHYaHUU €€ I€ATeIbHOCTH.

Ogpgpexmusnocms. PazHuna MEXAy KOTUYECTBOM IMPOU3BEICHHON >HEPrUM M SHEpreThye-
CKMMH 3aTpaTami (100bI4a ChIPbs, TPOU3BOJCTBO, TPAHCIIOPTUPOBKA U YHHUTOKEHHUE OTXOIOB)
JI0JKHA OBITH HACTOJIBKO BEJIMKA, YTOOBI YIOBJIETBOPUTH BCE NOTPEOHOCTH B SHEPTUU.

bezonacnocme. JHepreruueckas cuctemMa B IEJIOM U BCE COCTABIISIOIINE JIEMEHTHI JOJKHBI
00aaTh CBOMCTBAMH BHYTPEHHE IpHUCYIEH O€30IIaCHOCTH, T.€. IPH JIFOOOM BO3JICHCTBUU HA CH-
CTeMy, BKJIIOYasi 3eMJIETPSICEHHE, B3PbIB, 3aTOIJIEHHE, MOKap, TUBEPCHIO HIIM OLIMOKY OrepaTopa,
HE/IOMYCTHMOE BIIUSTHHE HA OKPYKAIOILYIO CPEy AOKHO OBITh IETEPMUHHPOBAHO UCKITFOYEHO.

Haoesicnocmo ynpasnenus. HafexxHoCTh yripaBiIeHUs JOJKHA 00eCIedrBaThCs JOCTATOUHOM
IIPOCTOTOM B3aUMOJICHCTBUS MEXAY ONEPATOPOM U CUCTEMOM NMPOU3BOJICTBA U NOTPEOIEHUS dHEP-
I'MH, He TPeOYIOIIel BEICOKOT0. YPOBHS [TOJITOTOBKH MEPCOHANIA.

I'apanmuposannocms pecypcos. CucteMa JoikHa ObITh 00ecIedeHa 3anacaMy ChIpbsi U TOTI-
JMBa JJI IPOU3BOJCTBA HEPTUU B KOJIMYECTBE, JIOCTATOYHOM JJIS yJIOBJIETBOPEHMS BCEX DHEpre-
TUYECKUX MOTPEeOHOCTEN UeI0BeYeCcTBa Ha JUIMTEIbHBIA IEPUO/.

Peyupkynayusa. ToNAMBO NOMKHO BO3BPAIIATHCA B SHEPreTUUYECKUM LUK JJII TOBTOPHOTO
MCIOJIb30BaHUs A0 MOJHOM YTHIIM3AILMH C EJIbI0 U3BJIEUEHUS U3 HETO MaKCUMAaJIbHO BO3MOXKHOIO
KOJIMYECTBA YHEPIHH.

bezomxoonocms. JloOb4a chIpbs, MPOU3BOJICTBO, TPAHCIIOPTUPOBKA, HCIOIb30BAaHUE SHEP-
I'MU U TIepepaboTKa OTXO0JI0B HE JIOJKHBI IPUBOAUTH K HAKOIUIEHUIO OTPUIATENbHBIX MOCIEICTBUI
Ha BECh CPOK JEITEIbHOCTH YHEPreTHUECKON CUCTEMBI, T.€. CUCTEMA JIOJIKHA ObITh 0€30TXO0THOM.

buonetimpanonocms. DHeprocucreMa He JIOJDKHA BO3MYILATh MPHUPOJHBIE OMOJIOTMYECKHUE
LUKJIBI [T0 BOJIOPOJY, a30TY, YIIIEpOy, KUCIOPOAY H T.1.

OTH TpeOOBaHUS SIBIISIOTCS HE TOJIBKO KEJIATENIbHBIMU, HO U 00s3aTEIbHBIMH, TaK KaK CMST-
YeHHE UX B MPOLUIOM MPUBOIMIO K CO3JAHHUIO CHCTEM, IMPHUHIUIINAIBHO HE TapMOHHU3UPYEMBIX
B YCJIOBHSIX Pa3BUTHUS LMBUIIM3AIIH.

Bo3moxknoe Oyaymee Poccun

B coBpeMeHHOM MHpe HaKOHEI-TO MOSBUJIACH WAES CO3AAaHUS LEIOCTHOM MH(PACTPYKTYpHI
SHEPronH(POpMaIMOHHOTO MO 3emiu. JIOCTHKEHNS B pa3BUTHH MaJIO3HEPT€TUYECKUX MPOIIECCOB
OYEBHJIHBI U OECCIIOPHBI, HO OHM HE PEIaoT BOIpoca MpeonosieHus BceoOmien 6eqnoct. Poccust
CO CBOMM IIOJIO’)KEHHEM Ha 3emJjie Moryia Obl 3alOJHHUTH IYCTOTY B NPUHLMIIMAIBHOM PEIIEHUU
HHEPreTUYECcKUuX MpobdieM B MUpe. TO He UMEET HUKAKOro OTHOILIEHUS K IEMOHCTPATUBHOMY BO-
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€HHOMY IIPEBOCXOJICTBY, K IIPaBy Ha PACIpPEAEICHUE YHEPreTUUECKUX PECYpPCOB, KO BCEM BUIaM
IPOTUBOCTOSHUS B 3TON 00JIACTH.

Pons Poccun ceifuac BUAMTCA HAM B TOM, YTOOBI OTKPBITH BO3MOXKHOCTH ISl MTOTPEOUTENS
CBOOOJHO HUCIOJIb30BaTh MUPOBBIE SHEPreTUYECKHE sIIEpPHbIE pecypchl. Jlyule Bcero ata poJib Bbl-
paskaeTcs pyCCKUMH CIIOBaMH «peajibHask IIEIPOCTh», IOTOMY UTO OHA IM0100HA HEOTPAaHUUYEHHOMY
0aHKOBCKOMY CU€Ty B JII0O0OM MecTe 3eMIld, OTKPBITOMY JUIsl JIF0OOr0, JKENaoLero KakumM-1o 3¢-
(eKTUBHBIM 00pa30M HCHOJIB30BATH 3TY SHEPIUI0. DTO MOMYTHO NOTPeOyeT U3MEHEHUSI SKOHOMHU-
YEeCKUX LIEHHOCTHBIX INpEJICTaBlIeHU 0 OoraTtcrBe M OEJHOCTH, B TOM YHUCIIE U MEPEOCMBICICHUS
caMoro MOHATHS «AeHbIM». [1o CyTu NeHbru — 3TO PHEPrUs, €AUHAS BAIIOTa 3EMIIN.

VYxe ceiiuac B MUpeE, U B TOM uucie B Poccun, co3gansl AIEpHbIE PEAKTOPBL, KOTOPbIE MOTYT
OBITh 3aMKHYTHI B OOIIMI SHepreTrdeckuii UK. OHU OTBEUYAIOT CaMbIM CTPOTHM TPEOOBAHHIM
0€30I1aCHOCTH U MPAKTUYECKHU HE 3arpsA3HSIOT OKPYXKAIOLIYI0 Cpelly paAHOaKTUBHBIMU OTXOAAMHU.
B 3Tux peakropax sAepHOE TOIUIMBO INEpPeNaéT NMPOU3BEAEHHYIO SHEPIUI0 LUPKYIUpPYIOLIEMY Ts-
KEJIIOMETAUIMYECKOMY TEIUIOHOCUTEINI0, HANPUMED, CBHHIIOBO-BUCMYTOBOMY, KOTOPBIN SBIISIETCA
U HKpaHOM, 3alUINAIONIMM BHEUIHIOK cpely. B ciaydae moboro HapymeHus padOThl peakTopa —
CHAapy>XH WU BHYTPH, TEIUIOHOCHTEIb 3aMEP3aeT U TEM CaMbIM HCKJIKYAET BCIKOE 3apa’keHUe
BHEUIHEN cpesbl, TO €CTh BO3/AyXa, MOYBbI, BOJABl U T. JA. be3omnacHOCTh, KaK CBOWCTBO OOBEKTA
HE JOIyCKaTb HENPUEMIIEMBIX CUTYyallUd, AOCTUIAaeTCs NPUHLUINAIBHBIM YCTPONCTBOM M CBOM-
CTBaMH CaMOro0 annapara, a He TOJIbKO TPeOOBAHUSIMU OpraHU3alui 10 Ha/JA30py U KOHTPOJIIO.

B cBo€ Bpemsi ObuIM IPOBE/ICHBI HCIIBITAHUS TAKOTO THIIA peakTopa Ha BO3JeHcTBUE CO CTO-
POHBI BHELIHETO MOJIPbIBA, YTOIJICHUS, OJDKUTaHUS U IPYrUX BCEBO3MOXKHBIX crioco6oB. Hu onHa
U3 aBapuil HE NpHUBEIa K 3aPaKEHUIO BHEIIHEH Cpellbl, @ TOJBKO K IPEKPALEHUIO IIPOU3BOJICTBA
AJIEKTpOdHEprun. PeakTop 3amuiiéH oT BO3IEHCTBHS YedoBedeckoro (akropa. Bpemsi paboTsl Ta-
KOro peaktopa 0e3 meperpy3ku TOIUIMBa MOKET ObIThb BecbMa JUIMTENbHBIM. [locie okoH4aHus
UKJIa paboThl, aKTHBHAS 30HA, 3aMOPOKEHHAs B _TEIUIOHOCUTENE, MOXET OBITh MOJHOCTHIO 3aMe-
HEHa M OTIpaBiieHa Ha nepepaboTKy. Takoil peakTop B 3aBUCHMOCTH OT ITPOU3BOAUMON MOIIHOCTH
MOJKET 00ECIIEYHUTh AITEKTPOIHEPTHEN U TEIUIOM OOJIBIIMHCTBO MOTpedUTENel — O0NBIIOE CeNo, TO-
poa U T. 1. 3a Bc€ BpeMsl HKCIUTyaTalllK, PeaKkTop He TpeOyeT KBaNU(UIUPOBAaHHOTO YIPABJICHUS CO
CTOPOHBI uesoBeka. [IpuMeHeHne Takux anmnapaToB JMKBUIUPYET HEOOXOAUMOCTb JIMHHBIX JIMHUN
NIEKTpoINepeay, C COOTBETCTBYIOLIUMHU ITOTEPAMHU B HUX.

B nensx nepepadotku orxogoB ADC B HacTosee BpeMs pa3pabaThiBalOTCs TEXHOJIOTUH 3a-
MBIKaHUSl SAECPHOTO TOIUIMBHOIO IHMKIA C TaK HA3bIBAEMBIM >KMJKOTOIUIMBHBIM «PEAKTOPOM—
MYCOPILHUKOM», CIIOCOOHBIM IIEpepaboTaTh BCE OMACHBIE JTOJTOKUBYIOMINE PaTuOHYKIUAbl. DyHK-
LU AJIePHOTO TOIUIMBHOTO IMKJIA — 3TO NpUEM BCeX BUAOB OTXOJIOB U MX NepepaboTka AJs MOoJy-
YEeHMsI CBEXKEro TOIUIMBAa U MaTepuanoB. Kpome Toro, Takoil peakTop-MyCOpPIIUK — 3TO YHUKAIBHOE
YCTPOMCTBO /JIsl MPEBPALIEHNS XUMUYECKOTO U JIF000T0 JIpyroro BHJa OpYXHs B MOJIE3HbIE MaTe-
puansl. [lo cyTu, 5TO €IMHCTBEHHOE BO3MOXXHOE CETO/IHS pEIIeHHe MpoOiIemMbl MaccoBoi 3 dek-
TUBHOM YTHJIM3ALMU HACIIEINUS XOJIOAHON BOMHBI.

IIporuosupyemsbie u3MeHeHH

B ‘mepByro ouepenp, 3TO BKIIYEHHE JOJITOCPOYHOIO CTPATErMYECKOIrO IJIaHUPOBAHUS
B Pa3BUTHE PHEPreTUKU. DPPEeKTUBHOCTh TEXHOJIOTMH MPOU3BOACTBA U BTOPUYHOIO HCIIOJIb30Ba-
HUS SJICPHOTO TOIUIMBA, TaK HA3bIBAEMOE «3aMbIKaHUE SJEPHOrO IMKJIa» TpeOyeT cojepiKaHus
IiaHa kak MuHUMyM Ha 100 et (Bpemsi, HE0OXOAUMOE Ul YABOCHHUS SIEPHOTO TOIIMBA HE MEHEe
50 set). Bo-BTOpBIX, HEOOXOIUMO PACCMOTPETh UCXOHBIE MOCBUIKH Ul IOCTPOSHHS HOBOM Mak-
podKoHOMHUKH. JleTampHas pa3paboTka SKOHOMUYECKOTO ToIsl «bernoit 3emmm» — 3To 3a/1a4da, KOTo-
PYIO MOJKET PpeIIUTh BBICOKOKBAIM(UIIMPOBAHHBIM KOJJIEKTUB HKOHOMHUCTOB pa3HBIX CTpaH.
B-TpeTbux, mepexo/1 OT CyIIECTBYIOIIEH SHEPreTUKU K 0€30M1acCHOM IHEPreTUKe C 3aMKHYTHIM TOTI-
JIMBHBIM IIMKJIOM O3HA4aeT, 4To 001re TpeOoBaHMs K IIETIOCTHOM SHEPreTHYecKoi crucreme npuoo-
pETaloT CTaTyC IOPUANYECKOT0 3aKOHA. JTO O3HAYAET TAKXKe IMEePEeX0]] OT SHEPTeTHKH, ONHUparoIe -
Csl HA CyMMY 3aKOHOJATENbCTB OTAEIBHBIX CTPAH, K DHEPIreTUKE, CYLIECTBYIOLIEN B MPOCTPAHCTBE
MEXIYyHapOJAHOIO IIpaBa U JeHCTBYIOLIEH B 1yXe BCeoOUMX MpaB YeIOBeKa.
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OueBUAHO, KpOME TEXHUYECKHUX, HEOOXOAWMO pelarh COMYTCTBYIOIIME COIUAIBHO-
T'yMaHUTApHBIE BOMPOCHI, TO3TOMY MBI npejyiaraeM co3aaTth Ha 6a3ze 'TIHTB Poccuu npu yaactum
uHctutyta Kypuarosa LleHTp 10 MEXKYIbTYPHOMY B3aUMOJCHCTBHUIO C IENBIO Pa3pabOTKu cTpaTe-
TUM Pa3BUTHS SHEPreTHKU M HOBbIX MaTepuanoB. [lnanupyercs, uro Llentp Oyner pemars cieay-
IOIIKE 3a/1a4U:
- OTOOp TEXHOJOTWHM, NPUTOJHBIX B CHCTEMaX 3aMKHYTOrO TOIUIMBHOTO IIMKJIa
Ha OCHOBE TpeboBaHuil «bemoit 3eMny,

- OLICHKA TOCIEACTBUNA NPUMEHEHUS OTIECIbHBIX TEXHOJOTMH B MHPOBOM 3HEpreTH4e-
CKOM CHCTEME B LIEJIOM Ha JI0JTr0€ BPEMs U C TOYKH 3PEHHUS SKOJIOTMYECKON MPUTOIHO-
CTH;

- pa3zpaboTka MporpaMMbl IEpexojla OT CYIIECTBYIOUICH JHEPreTUYEecCKON CHCTEMbI
K HEPreTUYECKON CUCTEME Ha MPUHIMIAX €JUHOI0 3aMKHYTOI'O TOIUIMBHOI'O IIUKJIA;

— oTOOp B €IUHBIN OaHK JaHHBIX COBPEMEHHBIX TEXHOJOIMH M OLEHKA MX MPUTOAHOCTH
KaK COCTaBJISIFOIMX LEIOCTHBIX SUeeK-TPEANPUITUN, TOTPEOISIOMINX SHEPTHIO;

Pacrnionarasice B 6ubnuoreke, LleHTp He MMeeT 3aKpbITOH MH(POpPMAUUH, U €T0 MPOEKTHl pea-
TU3YyIOTCS B MH(GOPMAIIMOHHOM TpocTpaHcTBe. B LlenTpe paboTaroT yueHble, WHXEeHEPbl, SKOHOMU-
CTbl, OM3HECMEHBI, IOPUCTBI U JIOAN OPYTHX CIEeNHUaTIbHOCTEH, 0ObEIMHEHHbIE HJIeeH 11eTOCTHOM
MHUPOBOM CTPATErHMH SHEPIETUKH B pa3HbIX ee acnekTax. JIroboe rocyqapcTBO MOXKET MPUHATH yda-
CTHUE B PA3BUTUM ABTOHOMHBIX SKOJOTMYECKH YHUCTBIX CHUCTEM MallbIX U CPEIHUX MPEANPUATHN
Ha CBOEH TEpPpUTOPUHU IYTEM NPUHATHS COOTBETCTBYIOLIEH IOCYIapCTBEHHOW MpPOrpammbl. JTO
MO3BOJIUT MECTHBIM MHCTUTYTaM U MPEANPHUATUSAM 3aIUIIATh HUHTEPEChl SJHEPreTUYeCcKoi be3omac-
HOCTH MHTEPECHI TOCyIapcTBa B OpraHax €ro yrpaBlIeHHs, YYHUTHIBATH OCOOCHHOCTH pPEruoHa U
BO3MOKHOCTH €0 Y4acTHs B MHTETPATUBHBIX MUPOBBIX IPOLECCaX.
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VK 628.18

NCHOJb30BAHUE NTHHOBAIIMOHHBIX TEXHOJIOTUH B OBJIACTH
BE3OITACHOCTHU NPU CTPOUTEJBCTBE NIPOMBIIIJIEHHBIX U BOEHHBIX
OBBEKTOB
baenukos A.C., Anopywresuu A.U., Aoamwok O.HU.
benopycckuili nayuonanvuwlii mexHuuecKuil yHusepcumem

ATOMHAsi 3JEKTPOCTAHIMS SIBISIETCS CTPATETHYECKH BAXKHBIM OOBEKTOM TOCYAApCTBA,
Ha TEPPUTOPUH KOTOPOTO OH BO3Be/IeH. BbIXxoa U3 cTpost Takoro o0bekTa, a TeM Ooliee aBapusi, Biie-
4eT 32 c000H KOJIOCCaIbHBIA SKOHOMHYECKUH YPOH, 0TKa3 B paboTe KOMMyHHUKaIUi. OIHAKO XyKe
BCEro TO, YyTo cama 1o cebe aBapus Ha ADC BieueT 3a co00il OrpoMHbBIE JIOACKUE U TEPPUTOPH-
anpHbple Totepu. B 1986 rony mpowmsomnuia aBapusi Ha UYepHoObuibckoit ADC, a B 2011 romy
Ha smoHckoil ADC ®dykycuma-1. O0Ge aBapuu MU TOKEIEHITNE MmocieacTBusa. 2 Hosops 2013
rona [lpesunent PecnyOnuku benapycs A.I'. Jlykamenko noganucan yka3 Ned99 «O coopyxxeHun
Benopycckoit aTOMHOM 3JIEKTPOCTAHLIMK Y.

Apapun Ha UADC u Ha @ykycume-1 ABUINCH OCHOBAHUEM JJIi OCOZHAHHME BCEMHU WIEHAMU
MHPOBOTO  COOOIIECTBA  HEOOXOAMMOCTH  CEPbE3HOTO  IEPEOCMBICICHUSI  TpeOOBaHUM
K O0€30MacHOCTH, Kak K 0a30BOMY YCJOBHIO JaJbHEWUIIETO0 pa3BUTHs aTOMHOH SHEpPreTHKH,
B CTOPOHY HX YyXecToueHus. Hempocras MexxayHapoiHas 00cTaHOBKa, COOBITHS B cOceHEeN YKpa-
WHE, TIPUCYTCTBHE YTPO3bl MPHUMEHEHHS TEPPOPHCTUYECKAX aKTOB — BCE 3T OOCTOSITEIHCTBA 3a-
CTaBJIAIOT MPUMEHSATh HHHOBAIIMOHHBIE TEXHOJIOTUHU B 00JIacTU Ge30macHOCTH cTposiieiics Ha OcT-
pogerkoi momajake benopycckoit ADC.

s 6enopycckoit ADC Obut npuHT poccuiickuii mpoekT ADC-2006 nokonenus II1+. bnu-
xaimunii ananor — Jlenunrpazackas ADC. ADC-2006 siBisiercs pazsutueM TsHbBaHbckol ADC mo-
crpoenHoi B Kutae no npoekty OAO «CII6ADII» U caaHHOW B KOMMEPUECKYIO HKCIUTyaTaIHIo
B 2007 roxy. [1o MHEHHIO BEIyIIUX SKCIEPTOB, TsaHbBaHbCKass ADC sSBISICTCS OJHOU U3 CaMbIX Te-
PENOBBIX U OE30MACHBIX ACHCTBYIONINX ATOMHBIX CTAHIIMI B MUpE.

Ha nactosmuii MomeHT TpeboBanus Poccuiickoit henepanuu B 00J1acTu O€30IMaCHOCTH aTOM-
HBIX PEAKTOPOB SIBJISIOTCS CaMbIMU KeCTKUMHU B Mupe. Paktudecku 70 % croumoctu ADC cnaraer
3amuTa peaktopoB. Beero peakrop OctpoBenkoit ADC momyuut cBbiie 100 akTUBHBIX U MACCHB-
HBIX CUCTEM 3alllUTHI.

OcCHOBHBIE PUHITUIIBL 0€30I1aCHOCTH, MOJI0KEHHBIE B OCHOBY MPOEKTHUPOBAHUS OEIIOPYCCKOM
ADC:

1. Ipunyun. 2ny60K09UENIOHUPOBAHHOU 3aUUmMbl U NIAHUPOBAHUE 3AUJUMHBIX MepO-
npusmui. 3aluTa PeakTopa COCTOUT U3 IIATH YPOBHEH: NPENOTBpAILEHUE OTKA30B M HapYLICHUH
HOpPMaJIbHOW 3KCIUTyaTallli, KOHTPOJIb HApYIIEHUH HOPMaJIbHOM SKCIUTyaTalli, oOHapyKEHHUE OT-
Ka30B M MpPEJOTBpAIICHUE aBapuil, YIpaBJICHUE TKENBIMU aBapUsIMH M JIOKaIu3alus BbIOpoca,
IUTAHUPOBAHUE 3alIUTHBIX MEPONPUATUN (T.€ CHI)KEHHE pUCKa JUJISl HACEJIEHHA M OKpYKarolen
Cpelbl 3a CYET a]MUHUCTPATUBHBIX MED).

2. lpunyun camozawuwennocmu peaxkmopHou yCmMaHo8KuU: PEaKTOp CaMOCTOSATEIbHO
B ClIy4ae BOBHMKHOBEHMsI HELITATHBIX CUTYallMH MPEKPAIIAEeT PEAKIUH IEICHUH.

3. bapvepvi 6esonacnocmu: Hanuuue HE MEHEE YEeThIpeX He3aBHCHUMBIX OapbepoB 0e3-
OITACHOCTH, IIPEMSITCTBYIOUINX PACTIPOCTPAHEHMIO PAJUalMK 3a IIPEAEIBI IOUIaIKH CTaHIUH.

4, MHnoeoxpammnoe 0ybnuposanue kaumanos besonacrocmu. B ciiydae BbIXoaa U3 CTPOs
OCHOBHBIX CHUCTEM O€30MaCHOCTH BKJIIOYAIOTCS CHUCTEMbI YIPABJICHHUS 3allPOSCKTHBIMH aBapHUIMU:
CUCTEMY yJAaJIeHHUs] BOJOPOJa; CUCTEMY 3alllUThl IEPBOrO KOHTYpa OT MPEBIIICHUS 1aBIEHUS; Mac-
CHUBHYIO CUCTEMY OTBOJA TEIUIAa YEPE3 NMaporeHeEpaTophl; MACCUBHYIO CUCTEMY OTBOJA TEIUIA OT 3a-
IIUTHOW 00OJIOYKH; YCTPOMCTBO JIOKATU3AIMK paciuiaBa (JOBYIIKa pacriaBa). JIoBymika pacruiaBa
— YHUKaJIbHas CUCTEMa POCCUICKOTO IMPOU3BOJCTBA, OHA MPENOTBPALIAET BBIXOJ PaAHOAKTHBHBIX
AJIEMEHTOB 3a Mpeesibl TepMETHYHON 000JI0UKH MpH J1I00bIX clieHapusx. Hannumne komruiekca mep
0€30IacHOCTH, BKJIIOYas HaJM4YUE JIOBYIIKH paciuiaBa, no3poiauio MAI'ATO npusnare TsHbBaH-
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ckyto ADC (Kurait) camoit 6e3omacHoit B mupe. benopycckas ADC siBusiercst konueit JIeHuHrpan-
ckoilt ADC-2, mpOoTOTUIIOM KOTOPOM, B CBOIO 04epeb, sABigeTcs TsaubBanckas ADC.

5. Ilpumenenue naccusnvix cucmem bezonacnocmu. IlaccuBHBIE CHCTEMBI 0€30MacHO-
CTH He TPeOYIOT HCTOYHUKOB PHEPTHH U 00ECIICUMBAIOT OCTAHOBKY PEAKTOpa U OTBOJI OCTATOYHOTO
TEIUIOBBIZICTICHHS 33 CUET €CTECTBEHHBIX 3aKOHOB IPUPO/IBI.

6. Konyenyusa 6ezonacnocmu. OHa npenycMaTpuBaeT CpeicTBa MPEeIOTBPALCHUS aBa-
pHUI U CPEICTBA YIIPABICHUS 3AIIPOCKTHBIX aBapUM.
7. Kynomypa 6e3zonacnocmu na eécex amanax dCu3HeHHO20 YUKIA. DTO BHYTPEHHSA

MICUXOJIOTHYECKasi M KBATH(PUKALMOHHAS TOTOBHOCTh M CIIOCOOHOCTH MEpCOHAja CTAaHIIMK K 0bec-
MIEYEHUI0 ee Oe30I1aCHOM KCILTyaTaluy.

8. CobcmeeHnubie cuibl U CpeoCmea 2panicOaHCKol 000POHbL U YPe38bIYAUHbIX CUMYA-
yuii. COOCTBEHHBIE CHJIBI M CPEJCTBA I'PaKJaHCKOW OOOPOHBI M Ype3BbIYAMHBIX CHUTyalUd mpea-
CTaBISIIOT COOOW IITATHYIO CTPYKTYPY, HAXOISIIYIOCS B MOCTOSHHON 0OO€BOW TOTOBHOCTH OIepa-
TUBHO NPEIOTBPATUTh MOCIEACTBUS 11000 aBapuu. IllTatHas cTpykTypa nogo0HOro poja ABiseT-
Csl YHUKQJIbHOM 0COOEHHOCTBIO POCCUHUCKUX MTPOEKTOB.

9. Ipunyun evibopa niowaoku AIC 6 mecmax, e0e omcymcmeyrom 3anpewaroujue
¢axkmopyel. Hanipumep, 1Mo pocCHIICKUM HOpMaTHBaM, CTPOUTEIILCTBO HA TOM MECTE, TJe pacroia-
rajach ctanuus Oykycuma-1, 3anperieHo.

OcHoBHBIMU (pakTOpaMu B 00JIaCTH BOGHHOW 0€301MAaCHOCTH OOBEKTA, YYTEHHBIC B IPOEKTE
ADC, sBrsoTcs obecrieueHre 1eOCTHOCTH JBOWHONM 000J0YKHM peakTopa OT MaJeHHs camolieTa
BecoM 110 400 TonH (Boeing 767, sBusBiuuiics npuunnoii Tepakta 11 centsops 2001 roga B CLUA,
BecuT 0KoJio 190 TOHH) U OT pacnpocTpaHeHHs yAapHOU BOJHBI BO PpoHTe, naBineHuem ao 30 klla
(4TO sIBIISIETCA CpeHEN 30HOM pa3pylleHHs OT yAapHOU BOJHBI SAEPHOTO B3phIBa, PACCTOSHUE 5 KM
OT LIEHTPa Ha3eMHOI0 JIEPHOTO B3pbIBa MOIIHOCTHIO 1 MT). [IBo¥iHas 3amuTHast 000104Ka peaKTo-
pa COCTOMT M3 JIByX KOHTYPOB — BHYTPEHHEH M Hapy)XHOH 00010uku. TommHa BHyTpeHHEH 000-
no4ku coctapisier 1200 MM BBICOKOIIPOYHOrO HaNpsKEeHHOro xenezoberona. M3Hyrpu 3ta 00o-
JI0OYKa OO0JIMIIOBaHA YIJIEPOAMUCTON CTallbl0 TOMMMHOM 6 MM mis oOecriedyeHHs O€30MaCHOCTH.
Buemnss o0onouka umeer TommuuHy 800 MM K 3alIMIIAET PEAKTOP OT BHEUIHUX BO3EHCTBHM.
Kpome Toro mpeaycmMoTpeHo obecnieueHre IpeaoTBPAICHUE TUBEPCUOHHBIX U TEPPOPUCTHUECKIX
aTak CWJIaMHU MOApa3JeNieHUs] BHYTPEHHUX BOMNCK — CIELUAIBbHO OTOOpPaHHBIX IO MOpPAJIBHO-
MICUXOJOTMYECKUM U JEeJIOBBIM KaYeCTBAM BOCHHOCIYKAIUX.

enu npoekra ADC-2006 mpu TSKEIBIX aBapusAX: 00eCHEeUnTh OrpaHUYEHHE MOCIEICTBUN
aBapUil C TSHKENBIM MOBPEKICHUEM aKTUBHOW 30HBI I HACEIICHUS U OKPYKAIOLIEeW Cpenbl, uc-
KIIIOYUTh HEOOXOJMMOCTh SKCTPEHHOH 3BaKyalluu U JJIMTEIBHOTO OTCEIEHUs IPaXKJIaHCKOro Hace-
JIEHUs, OTPAaHUYMTh 30HY IJIAHUPOBAHUS 3aIMTHBIX MEPONPHUSATHH ISl HAcelEeHUs pajuycoM
He Oosiee 3 kM. JIOCTHIKEHHMIO 3TOM L€ CIIOCOOCTBYIOT YUTEHHbBIE B MPOEKTE BbIIICIEPEUHCIICH-
HbIe KOHIen U Oe3onacHocTH. Cuctembl benopycckoit ADC ciocoOHBI 00ecnieunTh 0€30MacHOCTh
HACEJICHUS B CITy4ae BO3HUKHOBEHHS IIPOEKTHBIX U 3alPOEKTHBIX aBapuil. OTHaKO SKOHOMHYECKUN
YpOH JUIsl HAIlero rocynapcTBa OUYEBUIHO OT 3TUX aBapuil OyneT Benuk. [loaToMy odeHb Ba)XHO
npeoomeépawjams yrpo3bl BOGHHOI'O XapaKTepa Ha CTaJluu UX IMOSBIEHUS, He 00nycKams YCIEIIHO-
ro HopaXeH!s BAXKHbIX 00beKTOB A1l paboTsl ADC.
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VIK 621.311

OMNPEJAEJEHHUE JOITYCTUMBIX IEPEI'PY30K MACJISIHBIX TPAHC®OPMATOPOB
C YYETOM PEAJIBHBIX TPA®UKOB DJIEKTPOITIOTPEBJIEHUS
Anuwenko B.A., Koznoeckas B.b., Paokesuu B.H., Konocosa U.B.
benopycckuii nayuonanvHblll mexHuueckuil yHueepcumem

MOIIIHOCTh CHIJIOBBIX MAaCIISIHBIX TPAaHC(OPMATOPOB BHIOUPACTCS UCXOAS U3 SKOHOMHUYECKOH I1e-
J1eCO00pa3HOCTH peXUMa pabOThl U HAJEKHOCTH JIEKTPOCHAOKEHHUS MPUEMHUKOB AJIEKTPOIHEPTUH
IIPY YCIIOBUH, YTO HArpy3KH TPaHC(HOPMATOPOB HE JOIKHBI IPUBOIUTH K CHIPKEHHUIO MX HOPMAJIbHOTO
Cpoka ciyXObl WM TapaHTUPOBaTh €r0 HE3HAUUTEIbHOE YMEHBILICHHE NpU OONBIIMX HArpy3Kax
I10 TOKY.

Upe3mepHo OOJbIINE U JUTUTENIbHBIE IEPerpy3KH TPaHC(HOPMATOPOB CYILIECTBEHHO CHUKAIOT UX
Ha/I&KHOCTD M CPOK CITY>KOBI M3-3a MOBBIIIEHHOTO U3HOCA U30JISIIMU OOMOTOK B pE3yJIbTaTe HarpeBa.

C npyroii CTOpoHbI, HEIOUCIIOIb30BAHUE TTOTECHIIMAILHON MEPErpy304HOi CLIOCOOHOCTU TpaHC-
(opMaTopoB NMpUBENET K HEOOOCHOBAHHOMY MPEXKAEBPEMEHHOMY OTKIIIOUCHUIO MOTPEOUTENeH I1eK-
TPORHEPTUH U CYIIECTBEHHOMY SKOHOMUYECKOMY yIIepOy.

CornacHo ctannaprty [1] HopManabHBIE PEKUMBI CUCTEMAaTHUECKUX HArpy30K TpaHcpopmaro-
POB MPEACTABIAIOT COOON MUKINYECKIE HEaBapUIHHBIE PEXKUMBI C HOPMAJIBHBIM COKpAIEHHEM CPO-
Ka CIy>KOBbI, SKBUBAJIECHTHBIM €r0 COKPAILEHUIO NPU NPOAOLKUTEIBHOW paboTe ¢ HOMUHAIBHON
Harpy3koi npu temiepatype oxjaxaaromieit cpeasl 20 °C. Heyuer uzMeHstoneicss temneparypsl
OXJIQXKIAIONICH Cpeibl MOKET 3HAYMTENILHO (10 JBYX M 0oJiee pa3) MU3MEHSATHh JOMYCTUMYIO IPO-
JOJKUTETBLHOCTD MEPETPy3KH.
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Puc. 1 - Z[OHYCTI/IMBIC CUCTCMATUUCCKNEC HAI'PY3KU C HOPMAJIbHBIM COKPAIICHUEM CPOKa CJ'Iy>K6]':>I

npu 6. =20°C: K, - kooddpuunenra nayansroi Harpysku; K, - koadduumenra neperpysku
ocC

Ha TouHocTh omnpeneneHus J0MyCTUMOM Heperpy3ku MOKET NOBJIUATh HEyYeT (aKTUIECKOTo
TEIIOBOPO COCTOSIHUS TpaHc(hopMaTopa B MOMEHT BpemeHu 1,, mpeamecTByroumii Hadany mepe-
rpy3ku (pucyHOk 2). HeyueT npeapicTopun Harpy3kud Ha MHTEpBajie BPEMEHH, MPEALIECTBYIOLIEM
TeperpysKe, MOXKeT CHH3UTh TOYHOCTb ONPE/ICNICHHS JITUTEIbHOCTH Teperpy3ku Ly .

K>

Ky

0 t1 244

Puc. 2 - DkBUBaJICHTHBIN ABYXCTYNEHYATHIA rpauK HArpy3Ku

Takum 006pazom, HEyUeT NPEIABICTOPUH, T. €. PaKTHUECKOro rpaduka Harpy3Ku J0 HACTYIUIe-
HUS NIEPErpy3KH, a TAaK’Ke BO3MOKHBIX H3MEHEHUH KpaTHOCTHU NEPErPy3KH B MPOIIECCE €€ Pa3BUTHS,
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MO>KET MPUBECTH K OOJBIIMM MOTPEIIHOCTSM OIPEEJICHUS JOIMYCTUMON JAIUTEIBHOCTH TIeperpys3-
KU ¥, KaK CJIEJCTBUE, K HEJOIMYCTUMOMY IIEpETPEBY N30JIAILMH OOMOTOK MJIM HETIOJTHOMY HCIIONb30-
BaHUIO HOMMHAJIBHOW MEPerpy304HOi CIOCOOHOCTH TpaHC()OPMATOPOB, YTO OTPAHUYHMBAET BO3-
MOYXHOCTB TIOJIHOTO YAOBJIETBOPEHUS 3allpocoB morpeduteneid. [loaTroMy nelcTByromuii ctanaapT
[1] HACTOATENFHO PEKOMEHAYET MOTPEOUTENSIM JIeNaTh CBOM COOCTBEHHBIE PACUETHI TOIMYCTHMBIX
Harpy3oK Ha OCHOBE 0oJiee pealbHBIX IPaKOB HATPY3KH.

CBs3b MEXIy KpaTHOCTBIO MEPErpy3KH U OOYCIOBICHHOH €10 KpPaTHOCTHIO TNPEBBIIICHUS
TEMIIEpaTypbl N30JSIMA OOMOTOK HaJl TEMIEpaTypol OXJIaKAAIOIIeH Cpeabl OTpaXkaeT WHEPIHOH-
HOE 3BEHO MEPBOT0 MOPSIIKA C ePEeIATOYHON (PyHKIMEH

Kk
W(P)=— @
TP+1
rac BXOAHBIM CHUTHAJIOM ABJISACTCA KPATHOCTH IEPETPY3KH, BBIXOAHBIM — KPaTHOCTH MPCBBINICHUSA
d

TeMmneparypsl Haubojiee HarpeToil Touku Tpancdopmaropa; P = a — omeparop auddepeHmpo-

Banus; K — kod(dummuenT nponopuuoHanbHOCTH.

Ecam kpaTHOCTh meperpy3kd H3MEHSIETCS, €€ MOXKHO MPEIACTAaBUTH PSJIOM HaKJabiBa-
IOIUXCS. CTYMEHEK KPaTHOCTH, CIBUHYTHIMH OTHOCHTEIHHO Hayajla MEperpy3kd Ha HHTEPBAJIbI
BPEMEHHON JUCKpeTH3anuu npouecca. OcpeHeHne ya00HO MPOU3BOAUTH METO/IOM IKCIOHEHIIU-
QJIbHOTO CTJIQKUBAHUS

K,(t)= 0K, (t)+[1-a]K(t ~h), @
rae Kl(t) — OCpeIHEHHAss KPaTHOCTh Harpy3kd B MOMEHT BpeMceHH 1 ; Kl(t - h) — TO K€ B IIPEbI-

Ny MOMEHT BPEMEHU (t - h); h — uaTeppan Bpemeny aucKpeTH3aIMK Iporecca.

Hcnonb3ysi pekyppeHTHOE COOTHOIICHHE (2), MOKHO HEMpPEpPHIBHO OTCIIEKUBATH OCPEIHEH-
HYIO KpPaTHOCTh HEPErpy3Kd M TaKHM CIIOCOOOM KOCBEHHO KOHTPOJIHMPOBATH TEIIOBOE COCTOSHUE

tpancdopmaTopa. JlonmycTumas JIUTEIbHOCT HepeMeHHOi neperpy3ku t;; B MomeHT Bpemeny
Kz (t) __Ks (3)
2\t ™

K, (t)-K,(t)

rne K, — kpatHoCTh meperpysku, COOTBETCTBYIOIIAs! JOMYCTHMOMY IIPEBBILICHHUIO TEMIICPATypbl

L= T In

HanOOoJIEe HArPETON TOUKH T, -

3nauennss K, MoxHO paccunrars o gopmyse:

&
K3:K2_(K2_K1)'eT' (4)
3HaueHusa Kl, Kz, tn OepyTcs U3 PEeKOMEHIyeMbIX cTaHaapToM [1] Tabmuil JOMyCTHMBIX

IIPU pa3HOH TEMIIEpaType OXJIAXKIAIOLIEH Cpeibl Harpy30K

PaszpaOorana MeToauka i ONpeAeSeHUs JOMYCTUMON MPOAOKUTEILHOCTH CHUCTEMaTHde-
CKOM HeaBapUHOW Meperpy3Ku pacrpeaeIUuTeIbHbIX MACIISTHBIX TPAHC(HOPMATOPOB, YUUTHIBAIOIIAS
M3MEHEHMs KpaTHOCTEH meperpy3ku Ha HHTEpBajle BpEMEHH €€ CYIIECTBOBaHMS M M3MEHEHUs Tell-
JIOBOTO cocTosiHUs TpaHchopmaTopa. [IpuMeHeHne 3Toif METOIMKH MO3BOJIHT TOBBIIIATh TOYHOCTD
OTIpeJIeJIEHUs TOIYCTUMOM MPOIOJIKUTEIBHOCTH CUCTEMAaTHYECKUX MEPErpy30K U B KOHEUHOM UTO-
re HaJIeXKHOCTh paboThl TpaHC(HOPMATOpa U CUCTEMBI AIEKTpOCHA0KeHUS B 11eioM. Peanuzanus me-
TOJIMKH TpeJIoJaraeTcs mocpeacTBOM MOHUTOPHHTA Harpy3ku TpaHchopMaTopa Kak OJHOM U3 3a-
7ad aBTOMAaTH3UPOBAHHOW CHCTEMBI KOHTPOJISI M YUeTa AIEKTPOIHEPT HH.

Cnucok ucnonb308anHblX UCTMOUYHUKOS

1. TOCT 14. 209-97 (MDK 354(1991)). PykoBoacTBO MO Harpy3ke CHUJIOBBIX MAaclISIHBIX
TpaHc(hOpPMaTOPOB.
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VJIK 622.2; 621.7

MPOBJIEMbI DJHEPTOBE30ITACHOCTHU 'OPHOAOBBIBAIOIIIUX
NPEANPUSTUN BEJAPYCHU
Tonaxoe A.JI., Mucnuxoe B.A., L{viowcux B.C., Epoxun K.A., Mo3zeosenxo M.C.
Vuumapnoe npeonpusmue « Mucmumym 2oproco oena»

OCHOBHBIMHU 3HEPTrONOTPEOUTENIMI MHOTHUX MPOMBIIIJIEHHO Pa3BUTHIX pernoHoB benapycu
SBIISIIOTCSI TOPHOAOOBIBAIOIINE MPEANPUATUS. Tak, HapuMep, TOJIBKO Ha TOPHBIX MPEANPUITHSIX
OAO «benapycpkanuii» rogoBoe MoTpeOICHUE JICKTPUUSCKOM YHEPTUU COCTABIIsAET 00JIee OJTHOTO
MUJUIMAp/a KHIOBATT-4acOB, MPUPOIHOTO raza — okojo 300 MHJUTHOHOB KyOWYECKHX METPOB.
YcTaHoBIEeHHAs MOIIHOCTh 000pyAoBaHus cocTaBisieT Oonee 700 meraBosbTaMIiep. YUnuThIBas TO,
410 Beero B benapycu 3a rox norpebdiisercs 37 MIIIHapA0B KUJIOBAaTT-4aCcoB, 3TO 3HAYUMO.

[ToaToMy BaxHBIM SIBJISIETCS YMEHBIIEHUE PacXoJa TOIIMBHO-DHEPreTHUYECKUX PECYpCOB
Ha MPOU3BOJICTBO JIEKTPUYECKOM M TEIUIOBOW PHEPTUU 32 CUET NIPUMEHEHHUS BRICOK03((HEKTUBHOTO
SHEPreTHYECKOro 000pyI0BaHUs, SHEProcOeperarIuX TEXHOIOTH, a TakKe COKpaIleHHsl TOTephb
pu 100b14e, nepepaboTKe U TPAHCIOPTUPOBKE MPOAYKIIMH.

OcHOBHBIE 2HEPro3aTpaThl Ha TOPHBIX MPEATNPUATUSIX CBSI3AHBI C TOOBIYEH MOJIE3HBIX UCKOIIa-
€MBIX, UX TIepepadOTKOM.

YacTp 3TUX 3aTpaT HE 3aBUCHT OT 00beMa JOObIUM (TIOCTOSIHHBIE 3aTPAThI), YaCTh - 3aBHCUT
IIPOIMOPLIMOHAJIBHO OT 00beMa J00bIBa€MOM TOpHOW Macchl (I1epeMeHHble 3aTpathl). [lepemenHbIe
3aTpaThl IPOUCXOAAT B Mpolecce JOOBIYM MOJE3HBIX UCKOMAeMbIX (pa3pyllieHue, TPAaHCIIOPTUPOB-
Ka), ux nepepaboTku (ApoOneHue, oboramieHue, cyuika). [locrossHHbIE 3aTpaTbhl MPOUCXOIAT
B Oonpiieil Mepe Ha YpPOBHE CTPOUTENBCTBA T[OPHOTO MPEANPUATHS, U  YaCTUYHO
BO BpEMs €ro IKCIUTyaTalluy, T.€. UAYT Ha MOAJIep:KaHnue CO3JaHHOW MHPpacTpyKTypbl. OHU OTHO-
CATCS Ha ce0ECTOMMOCTh BBITYCKaeMOU MpoayKiuu. [ljis X CHIKEHUS BaKHO KCIIOJIb30BaTh MOJI-
TOTOBJIGHHbIE K  OTpa0OTKE  MECTOPOXKJICHUSA ~ Haumbojee  ONTUMAJIbHBIM  CIIOCOOOM,
B TOM YHCJIE TTOBBIIIAS U3BJICUYCHUE TTOJIE3HOTO NCKOMAaeMOTO.

B nacrosimee BpeMss UHCTUTYT TOpHOTro /i€a pelaeT 3aJadu 10 paldoHAJIbHON 0oTpaboTKe
octaBmuxcs 3arnacoB CTapoOMHCKOro KalWWHOTrO MectopokiaeHus. Cpean yke BHEIPEHHBIX
U BHEJIPSIEMBIX B HACTOSLIEE BPEMsl ITPE/IJIOKEHUH - CEJIEKTHBHAs BbIEMKa C OCTaBJICHHUEM B IIaXTe
nycToi mopojsl [1]; - oTpaboTka jJaBaMM 3aracoB ¢ MUHUMAJIbHBIM OCTABJICHUEM IIEJTUKOB; - M3-
BJICYCHHUE TIOJIE3HOTO MCKOIMAEMOT0 M3-TI0]I paHee MOAPa0OTAHHBIX YYACTKOB IIAXTHBIX Mojiei [2].
CoBMmecTHO ¢ ronoBHbIM mpeamnpusitueMm - 3A0 «Comuropckuit Uuctutyt IIpoGnem pecypcocOe-
PEXEHUs C ONBITHBIM IPOU3BOACTBOM» BEAyTCsl pabOThI MO pa3paboTKe, MOJAEPHU3AMH TOPHO-
[IaXTHOM TEXHHUKH JJIsl MpeAfiaraeéMbIX HOBBIX TeXHONOruil. BHenpeHue NaHHBIX MPEATIOKEHUN
MO3BOJISIET cOepedb IHEPropecypchl Ha MOJITOTOBKY HOBBIX YYaCTKOB.

Nwmerores u Opyrue, B HacTOsLIEE BPEMs HE MCIIONb3YEMbIE BO3MOYKHOCTH IO CHHMIKEHHIO
sHeprosarpar.

O pasmenieHny oboratuTenbHON (padpUKK MO 0OOTaAIIEHUIO KATMITHON pyabl Mo 3emieil 3a-
JyMBIBaNIKUCH eme 25-30 net Hazaz, B 80-e To/pl MpoNuIoro Beka. Toraa TaHHbIA TPOEKT, B KOTOPOM
Y4acTBOBAJIM U CHENMAIUCTHl IHCTUTYTa TOPHOTO JAesa, OblT MPHUOCTAHOBJIEH HA CTaJUK pabovero
MpoeKTHpoBaHus. [[s ero peanuzanuu TpeOOBAIUCH OOJBIINE TUTOMIAAH, YTO JJISI KAIIUUHBIX PY/I-
HHUKOB SIBJISITIOCH MPOOJIeMaTHUHBIM U3-32 HU3KOH YCTOHUMBOCTH TOPHBIX BBIpaOOTOK. OIHAKO € TeX
MOp TEXHOJIOTUH HIATHYJU C YETBEPTOr0 TEXHOJIOIMYECKOTO YKIIaJa Ha MIECTOW, U PElIUTh aHHbIH
BOIPOC CTAJIO IMpoIe. DTO MOTpedyeT B CBOIO ouepeab pa3paboTKu Oojiee COBEPIICHHON TeXHOIIO-
UM TI0 3aKJIaJIKe OTXOJ0B OOOraimieHus: B BbIpaOOTaHHOE MpocTpaHcTBO. OJHAKO U 3TOT BOIPOC
IIPU COBPEMEHHOM YPOBHE pa3BUTHs HAyKH M MAIIMHOCTPOSHHS] MOXKET OBITh pelleH B Ooiee Ko-
POTKHE CPOKH, YEM TPU AECATUIICTHS Ha3a/l.

Eme oguuM HampaBiieHueM siBJsieTcss BHenpeHue Ooinee 3(h(hEeKTUBHONW TEXHOJIOTHMH OTOONKU
MI0JIE3HOT0 MCKomaeMoro. 3a nociennue 40 neT npousolen cyluecTBeHHbIN (Oosee, ueM Ha mops-
JI0K) POCT 3HEProBOOPY>KEHHOCTH TOPHBIX HpeAnpusaTuil. OAHAKO 3TO HE MPUBENIO K CYIIECTBEH-

67



HOMY IIPOPBIBY B pOCTE NMPOU3BOAUTEIBHOCTH TPYAa, 00bEM J0ObIUM YBEIMUYUBAJICS CYIIECTBEHHO
MEHBIIMMH TeMnaMu. VI3MEHUTh 3Ty TEHACHIIMIO Ha HaIl B3TJIS MOKHO, UCIOIb3Ysl APYTrue MpuH-
UMbl Pa3pyILICHUs] TOJE3HOro Hckomaemoro. Cpeau MepCreKTUBHBIX MOTYT OBITh NPHUMEHEHBI
MOJIXO/JIbI, UCIIONIB3YIOIIUE JAaBHO U3BECTHBIE, HO €Ille¢ HE BHEAPEHHBIC MPEIJIOKEHUS, B T.4. 2P PeKT
ANEKTPO-TUAPABIUIECKOTO ynapa, oTKpeIThiii KOTkuabIM JI.A. [3, 4]. CymHOCTh 3TOro 3ddeKrra
COCTOHUT B TOM, YTO MPHU MPOXOKICHUU DIEKTPOpaspsa BHICOKOTO HANPSKEHUS Yepe3 KUIKOCTh
B OTKPBITOM WJIM 3aKPBITOM COCYJI€, HEKOTOPBII 00BbEM 3TOW KUAKOCTH, HAXOAAIINICA B MEXKIIICK-
TPOJHOM IPOCTPAHCTBE, MTHOBEHHO BCKHUIIAET, B PE3YyJIbTaTe YEero B COCYyJe 00pa3yercsi ra30xu/I-
KOCTHAsl CMECh, CIIOCOOHAS BBI3BATH MOIIHBIA 3HEPTreTUYECKHI UMITYJIBC. ITOT 3((HEKT MOKHO HC-
M0JIb30BaTh KaK JUI HEMOCPEICTBEHHOTO BO3/ICHCTBUS Ha TOPHBIE MOPOJIBL, TaK U MPHU pa3padoTKe
HOBBIX THIIOB Pa0OYHX HHCTPYMEHTOB.

B MoOCKOBCKOM TOCYAapCTBEHHOM MAIIMHOCTpOHWTENIbHOM yHHBepcuTeT (MAMM) Ob1 cO-
3MaH  J1abopaTopHBId  oOpasen; (MakeT) YCTaHOBKHM 3JIEKTPOTHIIPABIMYECKOTO mepdoparopa
JUTSI TIPOBEJICHUST UCCIICIOBAHUM U CHATHS pabO4YuX XapakTepucTHK [5, 6]. Ilonxom, mpruMEHEHHBIH
JUTSL CO3JIaHus TaHHOTO TepdopaTopa, MOKET OBITh TIEPEHECEH U HA HOBBIA pabOYMii OpraH 100bIY-
HOro KoMmOaiiHa.

OmnbITHas yCTaHOBKA JUIsl pa3pylIeHUs OCTOHHBIX, JKEJIe300€TOHHBIX M KaMEHHBIX KOHCTPYK-
UA METOJOM JJIEKTPOTHAPABINYECKOIO TEIUIOBOTO B3pbIBa CO3/laHa B ['pojHEHCKOM rocyaap-
cTBeHHOM yHHBepcuteTe uMm. S.Kynanst [7].

VIMITynbCHBIN 3TIEKTPUUECKUN pa3psii co3[aBajcsl B 3allOJHEHHBIX BOAOW MLIMypax, Mpoly-
PEHHBIX B paspyliaeMoM Matepuaie. B pe3ynabprare  3JIEKTPUYECKOro TMpo0O0sS KHIKOCTH
U TEPMHYECKOTO pacuiupeHus (opMUPYEMOro IIa3MEHHOTO KaHajga MPOUCXOIUT 3¢ (heKTUBHOE
npeoOpa3oBaHne YHEPTUN MOIIHOTO MMITYJIbCa TOKAa B YHEPIUIO YAapHBIX BOJIH U OBICTPO Hapacrta-
IOIEr0 MMITYJIbCca JaBJICHUS Ha CTeHKHM KaHaja. CymmapHOe BO3JEHCTBUE 3TUX (PAKTOPOB BeIET
K 3apO>K/ICHUIO U Pa3BUTHIO CUCTEMBI PAIUAIbHBIX TPEIIMH U, B KOHEYHOM CUETE, pa3pyILIEHUIO Ma-
Tepuana. B HacTosiee BpeMs BEAYTCS MEPEroBOPHI O MPOAOIDKEHUHN UCCIIeIOBAaHUN ISl pa3pyliie-
HUS

Peanuzanus s¢ddexra 3meKTpOruapaBiInuecKkoro yaapa B IByX MepeyrcICHHBIX BbIIIE MPOEK-
Tax yKa3bIBalOT Ha BO3MOKHOCTb CO3JaHMsI HOBOI'O DPEXYILIEro MEXaHW3Ma TFOpHOro KomOaiiHa.
B nacrosiee BpeMst IHCTUTYT FOpPHOTO J€/1a pacCMaTPUBAETCS BO3MOXXHOCTh MCIOJIB30BAHUS ITHX
OTIBITHBIX YCTAaHOBOK JUIsSI TPOBE/IEHUSI UCHBITAHUHN Kak Ha KaiauiiHbIX pyaHukax OAO «benapychb-
KaJIMi», TaKk U Ha rpaHuTHBIX Kapbepax PYIIII «I'panut».

Emie ogHMM Ba)kHBIM HampaBiIeHUEM 3HEProOe30MacHOCTH TOPHOA00bIBAIOIINX MPEATPUATUI
SBJISICTCS MCIIOJIb30BaHUE HX BO3MOXHOCTEH JJIs1 BBIPAOOTKH aJbTEPHATUBHBIX BHUJOB IHEPTUU.
Haubonee akTyaabHbIMU /1711 IPOMBIIIJIEHHOCTH OYJyT TaKHe albTEPHATHBHBIE UCTOYHUKU SHEP-
TMH: BETPOBBIE, COJIHEYHBIE, I€OTEpMaJIbHbIE. BOJIBIIMHCTBO TOPHBIX MPEANPUATUN B MpPOLECCE
CBOEH pabOTHI MOJIYHAIOT OTXOMAbI, KOTOpPBIE CKJIAJMPYIOT B BHJE OTBAJOB, 3aHUMas IOJE3HYIO
wiomazab. IMEHHO Ha 3THX 00BbeKTaX MMEET CMBICI pacrojlaraTh BETPOBbIE YCTAHOBKU 1O PSAY
MIPUYMH: BO MEPBBIX BETPSAKH OyIyT pacroiaraThCsi BBICOKO HaJl OBEPXHOCTHIO 3eMJIM (a TaM Kak
M3BECTHO CKOpPOCTh BETpa BBIIIE YEM Yy IMOBEPXHOCTH), a BO BTOPBIX MO3BOJUT HCIOIH30BATh
OTUYYXKJCHHYIO TEPPUTOPHUIO.

Ha tepputopun npeanpusaTuii pacroiokeHO OOJbIIOe KOJIWYECTBO 3/1aHUM U COOpYXKEHUH
9TO M aIMUHUCTPATUBHO-OBITOBBIE ITOMEIIEHHUS, CKIa/lbl, FapaXXu U MHOTHE JPYTUE, KPbIILINU KOTO-
PBIX IPEKPACHO MOAXOMAT AJII YCTAHOBKU COJIHEUHBIX MOJysei. [[oBEpXHOCTh OTBajOB TOXKE MO-
KET OBITh MOKPHITA COTHEUYHBIMU MAHEISIMH.

CoBpeMeHHbIe TOpHBIE MPEANPHUATHS PabOTaAIOT HA JOCTATOYHBIX TTyOMHAX, I/1e TeMIlepaTrypa
MIOPOJ1 TOPa3/io BhIIIE HYJISI U HEU3MEHHA B TeueHue Bcero roja. Ha stux npeanpusarusx ans odec-
MEYEHUS] HOPMAJIBHBIX YCIOBHM pabOThl MPEAyCMOTPEHA BEHTWJISALUS MOA3EMHOTO MPOCTPAHCTBA
MOCPEACTBOM 3aKauMBaHMsI CBEXKETO BO3/1yXa C MOBEPXHOCTH, OJHAKO, B 3UMHEE BpPEeMsl, KOrJa TeM-
nepaTypa Ha HOBEPXHOCTH OITyCKAETCs HIKE HOJIs, MT0IaBaeMblil BO3IyX HEOOXOIUMO MOJIOTPEBATh
10 WocoBbIX (+2...+5 °C) orMeToK. B oTiinunm oT 1mogaBaeMoro Bo3ayxa UCXOMASAIINA MMEET IM0-
CTOSIHHYIO TEMIIEpATypy BHE 3aBUCUMOCTH OT BPEMEHU I'0Jia, YTO JEJAeT €ro UaeaabHbIM HCTOUYHMU-
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KOM 3HEpPruu JUisl TEIUIOBOro Hacoca (T.e. TUAPOTEPMAlIbHBIM UCTOYHUKOM 3Heprum) [8]. Takumu
e TeMIIepaTypHBIMU CBOWMCTBaMHU 00Ja/laeT U OKpYXarollasi MopojAa B MOJ3EMHBIX TOPHBIX BbIpa-
00TKaxX, TEIJI0 KOTOPOH MOIAEP)KUBACTCS 38 CYET BHYTPEHHETO TEILIa 3eMIIH.

BHenpenue anpTepHATUBHBIX TEXHOJOTUH MOJNYUYEHUS 3JCKTPOIHEPTHH U Teria B TOPHOIO-
ObIBaroIee MPOU3BOACTBO pHOOpeTaeT Bce OOblIee 3HAYSHUE MTPH CYIIECTBYIOLIEH IHEPTOEMKO-
CTH TEXHOJOTMYECKHX MPOIIECCOB, OJHAKO, BHICOKAs CTOMMOCThH IEepBOHAYaJIbHBIX 3aTpaT Ha HC-
CJIeJIOBaHUSI, KOHCTPYMPOBAHUE U MPOCKTUPOBAHUE BHIHYXKIAET OTKJIAbIBATh BHEIPEHUE SHEPIO-
cOeperaroux TeXHOJIOTHI Ha «3aBTpAIIHU JeHbY». Perienne 3Tol 3a1a4u MOXKET ObITh YCKOPEHO
IIPU COBMECTHOW peau3allii JaHHBIX MPOEKTOB B paMKaX COIO3HOI0 rocynapctsa. Uto memano-
BaYXHO, 000pYyI0OBaHME I 3TUX TEXHOJIOTHIl B OOJNBIIMHCTBE CIy4YaeB YACTHUHO JHOO MOJIHOCTHIO
yKe ceiiuac MOKHO MPOU3BOAUTH B MECTE€ UX BHEApPEHUs. {15 KaquiHbBIX PYJTHUKOB U TPAHUTHBIX
KapeepoB benapycu oHO MOXkeT ObITh M3rOTOBJIEHO B TOM k€ CONUTOPCKOM MHCTHTYTE MpoOIeM
pecypcocOepeeHusi ¢ OMBITHBIM ITPOU3BOJCTBOM M €ro JIOYEPHHUX CTPYKTYpax, IPYTHX TOPHO-
MalIMHOCTPOUTENBHBIX NpeanpusaTusx Conuropcka.
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VIIK 662/997

CHUCTEMBI TEIVIOCHABXEHUS 1 TOPSTYET O BOJJIOCHABXEHWSA 3JAHUI
C IPUMEHEHUEM HU3KOTEMIIEPATYPHBIX NICTOYHUKOB TEIIJIOTHI
Iloxomunos B.B., Kuoosuu U.C.
benopycckuii nayuonanvHwili mexHuuecKull yHugepcumem

B Pecny6inke benapych Ha TemiocHaOkeHHE MHOTOKBAapTUPHOIO JKMIJIOTO (JOHIA pacxony-
ercsa 6onee 35 % cymmapHOro MOTpeOIeHUsI OPraHUYecKoro TormuBa. OJHON U3 CYIIECTBYIOUIMX
aJIbTEPHATHB OPraHUYECKOMY TOIUIUBY SIBJISETCS] UCIOJIb30BAHNE MECTHBIX M BO30OHOBIISIEMBIX HC-
TOYHHUKOB SHEPrUU C IPUMEHEHHUEM COBPEMEHHOIO OOOpYyHOBaHUS i1 HX MHCIOIb30BaHMS,
B T. Y. TEIJIOBBIX HACOCOB, YTUJIM3ATOPOB TEIJIOTh! YAAISIEMOT0 BO3/1yXa, (OTOINEKTPUUECKUX MIpe-
o0pa-30Bareieil, reIMOCHCTEM TEIUIOCHA0KEHUS M TOPSYEro BOJOCHAOKEHHS.

B pamkax mpoekra [TPOOH/I'D® «IloBbimenne sHepreTrdeckoi 3P PeK-TUBHOCTH JKUIIBIX
3nanuit B Pecriybnuke bemapyce», peamusyemoro [Iporpammoii passutus OOH u JlenapramMmeHToM
no sHeprospdextuBHocTH ['occranpapra PecniyOnuku benapych npu (guHaHCOBOH mopnepxke
['mo6anpHOro 3KOJIOTHYECKOroi ()OHIa, OCHOBHOC BHUMAHHUE yJEISIeTCS pa3padoTke M obecrede-
HUIO 3G (EKTUBHOIO BHEAPEHHS] HOBBIX METOJIOB MPO-EKTUPOBAHUS JKUJIBIX 3AaHUN U CTPOUTEIb-
HBIX HOPM, IIPOEKTHPOBAHUIO U CTPOUTENBCTBY TPEX JEMOHCTPALIMOHHBIX MHOTO3TAXHBIX >KMUIIBIX
3/1aHui MaccoBBIX cepuil B I'ponHo, MuHcke 1 Morunése, peleHno BOIPOCOB, CBS3aHHBIX C CEp-
TudUKaMe 31aHui 1Mo YpoBHIO 3HeprodddexrnBHocTH. HannoHAIBHBIM  HCIIOTHSIONIMM
areHTcTBOM siBisiercst [lemaprameHT no 3Hepros¢ddexrtuBHocty I'occranmapra PecriyOnuku bena-
pycb. OCHOBHBIMU ITAPTEPAMU MIPOEKTA BBICTYNAIOT MUHUCTEPCTBO apXUTEKTYPhI U CTPOUTENILCTBA
Pecniy6nuku benapycs, OAO MAIINU, VII «uctutyT ['poaHOrpaxaaHnnpoexT», MoruieBckuii
obmucnonkoM. TIpoeKT cTaBUT CBOEH IEIbI0 CHIKEHUE NOTPEOJICHUS SHEPTUN TIPH CTPOUTEIbCTBE
U 3KCIUTyaTalluy JKUJIBIX 3/1aHUHM U COOTBETCTBYIOLIEE COKpAIllEHUE BHIOPOCOB MAPHUKOBBIX I'a30B.
Jlig Kakaoro U3 TpEX IEMOHCTPALMOHHBIX MHOTOATAXKHBIX JKWIBIX 3[JaHUIN peanu3yroTcs pa3iuy-
Hbl€ BapUaHThl CHCTEM TEIJIOCHAOKEHHsI ¢ KOMOMHALMEH pa3InYHbIX BO30OHOBISEMBIX HUCTOYHU-
koB  sHepruu. OcHOBHble  mpoekTHbie  paboTsl  BbmoaHstores  YII  «MHCTUTYT
I'POAHOI'PAXKIAHITPOEKT», I'll «lductuTyT )xunuma — HUIITTUC um. Ataesa C.C.»

TenoBele HacOCH! SIBJIAIOTCS. IPU3HAHHBIM SHEProd(PPEKTUBHBIM U IKOJIO-TUYECKU YUCTHIM
TEIUIOTeHEPUPYIOIIUM 000pyAOBaHHEM. B Mupe eXerogHo BBOJITCS B SKCILTyaTallMIO OKOJIO
2 MUIH. TEIUIOBBIX HACOCOB Pa3HBIX TUMOB M MOIIHOCTH. [lo mpornosy MexayHapoaHOU 3JIEKTPO-
texHndyeckoit komuccun (M3K) k 2020 roay B pa3BUTHIX cTpaHax 75% TemocHaO)eHHs (KOMMY-
HaJIbHOT'O ¥ MPOMBIIIJIEHHOT0) OyIeT OCYHIECTBIIATHCS C MOMOIIBIO TEIIOBBIX HacocoB. OCOOEHHO
MHTEHCUBHO TPUMEHSIOTCS TEIJIOBBIE HACOChl B CTpaHax 3amagHod EBponsl nm CkaHauHaBuUM
(8 T'epmanun, BemukoOpurtanuu, IlIBeiuapuu, Ascrpum, Ilonsme, HIBenuun, Hopserunm).
B nocnennee gecsaTuiieTre peaau3yroTcs MUIOTHBIE POeKThl B Poccun, Ykpaune u Kazaxcrane.

B nocnennue roas! B PecniyOnuke benapych NpuHAT psiJ pelieHui 10 MO-BBIILIEHUIO 3HEpre-
TH4ecKoil 3PPEKTUBHOCTH KUITUIIHOTO CTPOUTENILCTBA U MO TapU(PHOI MOINUTHKE, KOTOPbIE 3HAYU-
TEABHO TOBBICHJIM KOHKYPEHTOCIIOCOOHOCTh TEIJIOBBIX HACOCOB KaK MCTOUYHUKOB TEMJIOCHA0KEHUSI
HOBOI'O MHOTOKBapTHUPHOTro XWIoro ¢onna. CrnocoOCTBYIOT 3TOMY U MUPOBBIE TEHACHLUU TEXHU-
YeCKOro COBEPILIEHCTBOBAHUS M 3KOHOMHYECKOTO CTUMYIMpoBaHus. Onpenensomumu Gakropamu,
JAIOIIMMH OCHOBAHUE PACCMAaTPHUBATh TEIUIOBBIE HACOCHI B KAUECTBE HCTOUHUKOB TETJIOCHAOXKEHHUS
MHOTOKBAPTUPHBIX XKHUJIbIX TOMOB, SIBJISIETCS] X SHEpreTHYecKasi U sKojorudeckas 3 pexTUuBHOCTb,
KOIJa TeIJIoBasi SHEprus reHepupyercs B MecTax ee MOTpeOJeHus, a TOIUIMBO Ui BBIPAOOTKU
ANEKTPUYECKON PHEPTUU CKUTAETCS BHE JKUJIBIX pailoHOB. HU3KONMOTEHUMANbHBIMU MCTOYHUKAMU
tertotsl (HITUT) muis TemiaoBBIX HACOCOB MOTYT OBITh: BBITSKHOW BO3JyX; Ha-pY>KHBIM BO31YX;
TPYHT; CTOYHBIE BOJIbI; MMOJA3EMHBIE U MTOBEPXHOCTHBIE BOJIbI; IBIMOBBIE T'a3bl COOCTBEHHOM KPBIIII-
HOM KOTEJIbHOM Ha IPUPOJHOM ra3e; BTOPUYHbIE TEIUIOBBIE IOTOKU NIPOMBIIIIIEHHBIX PEITPUITHNA
n 00BEeKTOB KOMMYyHaJIbHOTO x03siicTBa (TBOP); TermmoHocHTEns CymECTBYIOMIEH CETH TEIIo-
cHaOxxeHus paitona ot TOLI.
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Hapyxusiii Bo3nyx siBisiercs cambiM octynHbiM HITUT HeorpanndyenHoro oobema. D¢ dek-
TUBHOCTh €r0 UCHOJb30BaHUS B PecrnyOnuke ornpenensieTcs 0COOCHHOCTSIMH Kiaumara. Tak, i
yCIIOBUH T. ['pOJIHO 1O JAHHBIM MHOTOJICTHUX HAOJIOJCHUN MPH PACYCTHOM IS OTOILICHUS TEMIIe-
paType Hapy>KHOTro BOo3/1yXa paBHOM MUHYC 22 °C NpOAOIKUTEIbHOCTb CTOSHUS TEMIIEPATyphl HU-
xe Munyc 15 °C cocraBiiseT TOIBKO 0K0JIO 2 % OT MPOIOJKUTENBHOCTH OTOMMUTENIBHOTO TIEPUO/IA,
a Huxe MuHyc 10 °C — 0k0510 7 %. YuuThIBasi TEXHUUECKHE BO3MOKHOCTH COBPEMEHHBIX TEIJIOBBIX
HACOCOB, MO’KHO paccMaTpuBaTh HapyKHBIA Bo3ayx kak nepcrektuBHbd HIIUT, ocobenHo mpu
orpanndeHHbIX pecypcax HIIUT npyrux Bumaos.

I'pyHT BEepXHUX CJIOEB 3eMJIM, TaK K€ KaK U HAPYKHBIA BO3IYyX, MIPEICTaBIsAET cCOO0M TEIIo-
BOI aKKyMyJIITOp HEOTpaHHUYEHHON eMKOCTU. D(PPEeKTUBHOCTH HCIIOIB30BAHUS TEIIOTHI TPYHTA
OTIpe/IeTISIeTCS, TJIABHBIM 00pa3oM, TEMIIEPATYPHBIM PEKUMOM TPYHTA B TOJIOBOM IIUKJIE U 3aBUCUT
OT €ro COCTaBa, BIAXXHOCTH, TEMIIEpaTypbl Bo3ayxa U ap. Temneparypa rpyHTa B 3MMHUN NIEPUOJ
Ha riryoune 0,8 m cocraBisier ot 1...3 °C, a Ha rimy6une 1,5 M — 2...7 °C. TeXxHH9eCKH BO3MOKHBI
CUCTEMBI 0TOOpa TEIIOTHI TPYHTA C MPUMEHEHUEM TEIJIO0OMEHHUKOB U3 IUIACTUKOBBIX TPYO pas-
HOTO JIMaMeTpa: TOPU3OHTAIBHOTO UCIONHEHUS (3MEHKHU, METNIM U Jp.), YKIaJAbIBaEMbIC C 3ariy0-
nenueM Ha 1,5-2,0 M B TpPyHT, U BEPTHKAJIBHOTO (30H/ABI) — B CKBOXHUHBI Pa3HOW TIIyOMHBI
WIH B ONIOPHI (YHIaMEHTOB 3/1aHuil. B ycnoBusx pedunmra cBOOOIHOM OT 3aCTPONHKH TEPPUTOPUN
MPUMEHEHHE TOPU30HTATBHBIX TEIUIOOOMEHHUKOB MMEET OTrPaHUYEHUS, [TO3TOMY OTOOp TEIIOThHI
OT TPYHTa BO3MOXKEH TOJILKO C MPUMEHEHHEM Pa3lIMYHBIX KOHCTPYKIHHM BEPTUKAIBHBIX TEILUIO00-
MEHHHUKOB.

CrtouHbIe BOJBI OUYEHb MEPCINEKTUBHBIN, HO MOKA Majl0 UCIOJIb3YEMbIN I TEIJIOCHA0KEHUS
MCTOYHUK HU3KOIMOTEHIIUAIHHON TEIIOTHI, YTO OOYCIOBJICHO MX OMOJIOTHMYECKON U KOPPO3UOHHOMN
arpeCcCUBHOCTHIO, HEPAaBHOMEPHBIM PEKMMOM ITOTOKA B KaHATU3AIMOHHON ceTr. OOBEMBI U TeMIIe-
paTypa OBITOBBIX CTOYHBIX BOJI 3aBHCST OT YPOBHS MHXKEHEPHOT0 0JaroycTponcTBa, MPUBBIYEK KU-
TeNel U TeMIepaTrypbl BOJAONPOBOJHON BOJbI. Ha BBITyCKax TOMOB MX TeMIlepaTypa U3MEHSETCS
B uHTepBaie ot 15 °C o 35 °C npu cpennem cytrouHoM 3HaueHuu 24 °C. [IpobnemMsl yTuan3anuu
YaCTUYHO PEIIAIOTCS MPU MCIOIB30BAaHUM TEIJIOTHI TOJIBKO «CEPBhIX» CTOYHBIX BOJ (OT BaHH, YMBbI-
BaJIbHUKOB M KYXOHbB), YTO BO3MOKHO NP CO3AAHUU B JKUJIBIX JOMaX JBYXTPYOHBIX CHCTEM OTBE-
JICHUsI CTOYHBIX BOJI: «CEPBIX» WU OT TyajeToB. KoMmmakTHbIE YCTaHOBKH YTHUJIM3AIMH TETUIOTHI
CTOUYHBIX BOJ, BKIIFOUAIOIINE T€pPMETUYHBIE PE3EPBYAPbI-YCPEIHUTEIN [TOTOKA, MOTYT Pa3MeIaThCs
B MOJ[BajiaX JIOMOB.

D¢ PexkTHBHOCTh MPUMEHEHHUS TEIIOBBIX HACOCOB B CPAaBHEHUHU C APYTMMH HCTOYHHKAMH
TETJTIOCHAOKEHUS OTIPEIEISIETCS 110 TPEM KPUTEPHUSIM: DHEPTETUUECKOMY, IKOJIOTHIECKOMY U IKO-
HOMHYECKOMY. DHepreTudeckas 3Q(eKTUBHOCTh PACCUUTHIBACTCS 1O BETUYMHE OXKHIaeMOU exe-
TOJIHOM YKOHOMHH TMEPBUYHOTO TOIUTHBA. JKOJornyeckas 3(pPeKTUBHOCTh MPUMEHEHHS TETUIOBBIX
HACOCOB BBIpaXAaeTCsI B MX BO3MOXKHOCTH COKpallaTh Ipu paboTe OJHOBpEMEHHO (u3nueckoe
U XMMHYECKOE 3arpsi3HEHUE OKpYXKarollel cpelbl. DKOHOMUYEcKas oleHKa 3((EKTUBHOCTH BbI-
MOJIHAETCS 1O MPUBEJICHHBIM 3aTpaTaM, BEJIMUYMHE KOHOMHH €XKETOAHBIX JKCIUTyaTal[lMOHHBIX 3a-
TpaT, CPOKY OKYIIAEMOCTH €IMHOBPEMEHHBIX KaNUTATbHBIX BIIOXKCHHUHN U TOXOTHOCTH.

VHTEHCMBHOCTD COTHEYHOM PHEPTHH 3aBUCUT OT Teorpadudeckoil MUPOTHI U JTOKAIBHBIX aT-
MoC(hepHBIX ocoOeHHOCTel. Paamanonnsii pexkum bemapycu aHaJIOTHYeH MHOTHUM CpPEIHEEeBPO-
MEHCKUM CTpaHaM C Pa3BUTHIM MPUMEHEHUEM COJHEUHOH PHEPruU B OOJIACTH T€IHMOAPXUTEKTYPhI
JIOMOCTPOEHUSI U TPATIOCTPOUTEIHCTBA, U B 00JIACTU TEIUIOBBIX TEIMOCHCTEM TEIUIOCHAOKECHUS
U Topsiuero BojocHaOxeHus. B 1eHTpanpHON EBpore romoBoe KOIWYECTBO COJHEYHOW MPSMOM
U paCCEesHHOW DJHEPrMM Ha TOPU30HTAIbHYIO MNOBepXHOCTh cocrtasisger 1000...1400 kBru/m?
(B I'epmanuu — 1200, B benapycu -1100 kBru/m%). B ['epmanuu, BenukoOpuranuu, [lBelinapumn,
Ounnsaanu, CIIA u np. cranax ans OOJBIIMHCTBA BHOBH BO3BOJUMBIX OOBEKTOB MPHUMEHSIOT
MPUHIUIIBI «COJTHEYHOU a;)XI/ITeKTypBI», CHUXAIoIlMe Tero3aTparsl Ha otorieHue Ha 30...60%
10 ypoBHs 10...40kBtu/M” B ro ipu cpoke OKymaemMocTH 2...4 ToJa, a B HEKOTOPBIX IMPOEKTax —
CO CHWXKEHHMEM KanmuTaibHbIX 3arpaT. Haumnas c¢ 80-X roaoB, mpaBUTENbCTBO ['epmMaHuu Ha-
CTOWYMBO TIPOBOJUT TMOJUTHUKY BHEAPECHHS «COJTHEUHON apXUTEKTYphI» M rennoTrexHuku. K Hacro-
SIIEMY BPEMEHH, B CBSA3M C OTKa30M OT aTOMHOM 3HEpPreTHKHU, [ epMaHus OpUEHTHUPYETCS Ha IMOo-
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BCEMECTHOE HMCIOJIb30BaHHE BO3OOHOBIIIEMBIX HCTOYHUKOB SHEPIUH, KaK 3TO ObLIO MPUHSITO B AB-
CTPUHU HECKOJIBKO JAECSITUIIETHI TOMY Ha3a].

W3 npakTuky NpOEKTUPOBAHUS U 3KCIUIyaTallUU T'€IMOCUCTEM M3BECTHO, YTO IKOHOMUYECKU
ONTUMAJIBLHBIMU JIJIS1 KJIMMaTa — aHajora benapycu sIBISIIOTCSI TeTMOCUCTEMBI, 3alIPOEKTUPOBAHHbBIE
Ha xkommerncanuto 40...70% roaoBbIX TEII03aTpaT, HEOOXOIUMBIX HA HYXKIBI TOPSYEro BOJAOCHAO-
xenus. [Ipu Oosiee BEICOKOH CTENEHH KOMIIEHCAIIMH PE3KO BO3PACTaIOT KalUTaJIbHbIE 3aTPaThl.

VY CII0BHO COBPEMEHHBIE I'EIMOKOJUIEKTOPHI MOXKHO Pa3/IeUTh HA IEIMOKOJUIEKTOPHI C OJIU-
HapHBIM OCTEKJICHHEM U TeJIMOKOJUIEKTOPHI C MOBBIIIEHHON Teriou3ossnuei. Cpeau mociaeaHux
MOMYJISPHOCTD IPUOOPENN TpyOUaThie BAKyYMHPOBAHHBIE KOJJICKTOPBHI.

Jlia KTUMaTHYeCKUX U AKCIUTyaTallMOHHBIX yclioBUM bemapycu Gosee cCOOTBETCTBYIOT COJI-
HEYHbIE IUIOCKUE KOJIJIEKTOPBI C OJMHAPHBIM CBETOIPO3PAayHBbIM HOKPHITHEM. B MIockux remuo-
KOJUIEKTOPaxX MPUMEHSETCS 0ObIYHOE OKOHHOE CHIIMKATHOE CTEKJIO, BBIACPKHUBAIOIIEE yaaphbl KpYyM-
HOTO TpajJia ¥ 3HAYUTEIbHbIC U3rHOAIINEe HATPY3KH, a TAKKe CTEKIA CO CIeNUaTbHOU HAPYKHOM
MOBEPXHOCThIO 0€3 «OIECTKOCTHY», KOTOpasik UCKIIOYAET OTPaKEHHUE COJHEUHBIX Jy4el MpH yrie
nageaust MeHee 30 rpan. KommekTopsl co crienuanbHbIM CTEKIOM 0e3 «O0IECTKOCTH» UMEIOT Oosee
BBICOKYIO CTOMMOCTh. Cpok city:k0b1 60siee 20 jeT, rapaHTHHHBIA cpok - oT 1 g0 10 neT.

KosiekTopsl ¢ TEMIOM30JUPYIOLIMM CBETOIIPO3PAYHBIM MOKPBITHEM 10 CBOMM XapaKTepH-
CTHKaM ONTHMAaJbHBIM 00pa30M MOAXOAST AJsl KIMMATHYECKUX YCIIOBUH BBICOKOTOPHOM MECTHO-
CTH.

VY CIOBHO TeIMOCHUCTEMBI MOAPA3NICISIIOT Ha HeOOoNbIIue, cpeiHre U KpymnHbie. Takoe pasme-
JICHHE CBS3aHO C MPUHIUIHAIBHBIME PA3IMYMsIMUA B KOHCTPYKIHUHU 3TUX TeluocucteM. [t Kpym-
HBIX TeTMOCUCTEM, UCTIOIB3YEMbIX IS MHOTOKBAPTUPHBIX JKUIIBIX IOMOB, IPUMEHSIOT CKOPOCTHBIE
IUIACTUHYAThlE TEIUIOOOMEHHUKHU, OTAEISIOLINE KOHTYpP TEIMOKOJUIEKTOpa OT KOHTypa ropsdyero
BOJOCHAOXXEHUSI C TIOMOMIbIO IPOMEKYTOUHOTO MEXKIY HHUMU KOHTypa Cc OydepHbIM OakoM-
AKKYMYJIITOPOM EMKOCTBIO Golree 4 M.

KpymnHble rearocucteMbl IPUMEHSIOT TakKe B COUCTAHUH JIPYTHUMH BO300-HOBIIIEMBIMH HC-
TOYHUKAMH TETJIOBOH YHEPTUH, YTO TMO3BOJISIET 3HAYUTEIHHO OBBICHTH SHEProd(PEKTUBHOCTH CH-
CTEeM 3/1aHUS B TEYEHHE BCEro Trofa.

[Ipu KOHCTpyHpOBaHKE MeIMOCUCTEMBI U HU3KOTEMIIEPATYPHOIN CUCTEMbI OTOIUIEHUS CIEAYET
YUUTHIBATh OCOOEHHOCTH, CBSI3aHHBIE C MOHTAYKOM U JKCILTyaTallueil CUCTEM.

Jlna nosbiieHust 3¢ (HEKTUBHOCTH MCIIONb30BaHMs TEIUIOBOIO HAacoca U TEM-JIOBBIX CeTel
IpearoaraeTcs HUCIONb30BaHUE «HHKOTEMIEpaTYpPHbIX CHCTEM OTOIJIeHMs» 3aaHus. KauecTBo
TEIJIOBOr0 KOoM(opTa OTAIJIMBA€MbIX OMEIIEHUN MOBBIIIAETCS NMPU 3HAYUTEIBHOM MOHUKEHUU
pacu€THOI TemmepaTypbl TEIUIOHOCHTENS CUCTEMBI OTOIJIeHHs. Takue cucTeMbl Ha3bIBAIOTCS HU3-
KOTEMIIEPATYPHBIMH U MaKCHMAJIbHAsi TeMIepaTypa TEIUIOHOCHTENs B HuX 3amaércs ot 450 °C
10 700 °C. TIpakTHKa COBPEMEHHBIX CHCTEM HU3KOTEMIIEpaTypHOro BojsiHOro otomienus (CHBO)
00yCIIOBJIEHa B OCHOBHOM HCIIOJIb30BAHNEM HU3KOIOTEHIIMAIBHBIX, B TOM YHCII€ BO3OOHOBIISEMBIX,
MCTOYHHUKOB DHEPTUH, SHEProdGeKTUBHOCTh KOTOPBIX 3HAYMTEIHHO MOBBIIIAECTCS MPU CHUKEHUU
TeMneparypbl Ternonocurens mMenee 500 °C. K HuM3KOTEMIEpaTypHBIM MCTOYHMKAM OTHOCST Ie-
JIMOCUCTEMBI, TEIIOBBIE HACOCHI, YTHJIN3AaTOPBl TEIJIOBBIX COPOCOB, CUCTEMBI C aKKYMYJSATOpPaMHU
TEM-JIOBOI SHEPruu, HU3KOTEMIepaTypHble KOHIEHCATHbIE BOJOTPEWHbIE KOTJbI, 3HEProddpex-
TUBHBIE HHU3KOTemreparypHble TerioBele ceTd. CHBO TexHMuecku peanusyroTcs B BHJIE CUCTEM
HAHOJILHOTO, ITaHEIbHOIO U KOHBEKTUBHOTO OTOIJICHUSI.
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VIIK 620.97

HNCHOJIB30BAHUE SHEPI'OCBEPETI'AIOHIEI'O IOTEHIUAJIA ITIOTOKA
MNPUPOJHOTI'O I'A3A
Jlegkoe K.JI.
Pecnybnuxanckoe unnosayuonHoe yHumapHoe npeonpusmue
Hayuno-mexnonocuuecxkuii napk BHTY «llonumexnuxy

s Pecnyonuku bemapyck u Poccuiickoit @enepanuu OJJHUM U3 OCHOBHBIX HAaIpaBIIEHUH
pa3BUTHUSA SABJISIETCS dHEprocoepekenne. B cBA3M ¢ 3TuM, 0COOEHHO aKTyaJbHBIM CTAHOBUTHLCS pac-
CMOTpPEHHE BO3MOKHOCTH HCIOJIB30BaHUS BTOPHYHBIX SHEPIOPECYPCOB, TAKUX KaK SHEPTHS U30bI-
TOYHOTO JIaBJICHUS MPUPOAHOro raza. OHa oOpaszyeTcsl B XOJ€ MPOLIECCOB MOHUKEHUS JTaBICHUS
MPUPOJHOTO ra3a J0 3HaueHHH, TpeOdyeMbIX norpedurento. /lapneHne NpupoaHOTO ra3a cHadaia
CHWXaeTcsi Ha razopacnpeaenurenabubix crannusax (I'PC) ¢ 3,5 — 7,5 MIla mo 0,3 — 1,2 Mlla,
3ateM Ha razoperyinstopubix nynkrax (I'PIT) mo 0,005 — 0,6 MlIla. J{ns nmoHW>XEHUs TaBJICHUS 10-
TOKOB TPAJAULIMOHHO MPUMEHSIOT IPOCCEIUPOBAHKE, IPU 3TOM MMPOUCXOIUT AUCCUIIANNS TOTECHIU-
QJIbHOW DHEPTUH, CBA3aHHOW C M30BITOUHBIM JIaBJICHHUEM ra3a. Takoe IMoJjoxeHne Ob1o OBl OnpaB-
JAaHO B YCJIOBUSIX HAJMYMsI JEHIEBON dHEPTUHU, JIMOO MPU OTCYTCTBUM HEAOPOTUX U HA/ICKHBIX Ma-
IIMH, CUCTEM AaBTOMAaTUYECKOI'O YIpaBIEHUS, OOECIeUuBaIOIMX O€3yCIOBHOE IPOTEKaHUE
mpolecca, B KOTOPOM CHIIKEHHUE JaBIICHUS, SBISIOIIeecs IeneBbiM 3((HEKTOM, COMPOBOXKIACTCS
000YHBIM 3(pPeKTOM — SHEProoOMEHOM C BHEIIHUMHU 00BEKTaMu B (pOopMe TEXHHUECKOW PadOTHI
B pesynbrare yero, 0cOOEHHO aKTyallbHOM CTAaHOBUTBHCA 3a/ladya CO3[aHUs YCTPOMCTB, obec-
[EYMBAIOIIMX CHUKEHHUE JIaBJIEHUS ra30BOr0 MOTOKA ¢ OAHOBPEMEHHBIM OJOKMPOBAaHUEM pacces-
HUS DHEPTUU CPEJIbl, HAXOASIIEHCS TPy N30BITOUHOM JABICHUH, U MapalljieIbHbIM UCIIOJIb30BaHU-
€M HM30BITOUYHOIN 3HEpPIruM JaBJICHUS JUISl MOJTYYEHHUS 3JIEKTPOSHEPruu. JTO 3HAUUTENBHO CHU3HT
pacxoj MPUPOAHOTO T'a3a U YMEHBIIUT 3aTPAThl HA BEIPAOOTKY AJIEKTPOIHEPTUH.
Ha pemenue npo0iieMbl yTUIM3allUK 3HEPTUM HM30BITOUYHOTO JABJIEHMSI MPUPOJHOIO rasa,
U HampaBlieHa WHHOBaIMOHHas yctaHoBKa Typ6oCdepa. OHa Mo3BOJISET HCIONIB30BAaTh HU3KOMO-
TEHLUAJIbHbIE SHEPrOPECYpPChl, TAKUE KaK 3HEPIUI0 M30BITOYHOIO JABJIEHUS U TEIUIOBBIE OTXOJIbI
JUTS BBIPAOOTKU 3JIEKTPOIHEPTUH, IIPU 3TOM paboTast 6e3 noTpelieHns TOINBA, a JIUIIb UCTIOIb3Ys
4acThb YK€ 3aTPau€HHOM dHEPruu AJis CBOEro (PyHKIIMOHUPOBAHUS.
Bce cymecTByromue ycTaHOBKH, 0oJiee U3BECTHBIE KaK TypOoAeTaH/Iephbl U pacIIupPUTEIbHbIE
MaIIMHbI, SBJSIOTCS OJHOCTYIIEHYATHIMU, pabOTalOT B y3KOM JMAaNa3oHe JaBJICHUH U pacxoja npu-
POJHOTO rasza, a TakXe CYIIECTBYIOT Cepbe3Hble NMPOoOJIEMbl C HEOOXOIMMOCTBIO MOI0TPEBa Tasa.
B Typ6oCdepe nprBeaeHHbIE HEIOCTATKH OTCYTCTBYIOT, 3TO IOCTUTHYTO 33 CYET MPHUMEHEHUS HO-
BOT'O, 3allaTEHTOBAHHOI'O HMPHHIMIIA MHOI'OCTYIIEHUYATOr0 PACIIMpPEHUsl MOTOKA M €ro IoJ0rpeBa
MeXay cTynensmu. Takum oopazom, TypooCdepa npeacraBisieT co00il BEIXOI HA HOBBIM YPOBEHb
B IPOEKTHUPOBAHUH TypOOMAIIINH.
B nepcriektuBe, ais BeIpaOOTKU 3JEKTPOIHEPTHH, TOMUMO HCIIOJIb30BAHUS YHEPIUU U30bI-
TOYHOTO JJaBJIEHNs IPUPOJHOTO ra3a, MIaHUPYeTCs IPUMEHEHUE APYTUX BUIOB HU3KOIOTEHIMAIb-
HBIX 9HEPrOpeCypcoB, TAKUX Kak:
a TemnnoBble 0TXO0/IbI (Topsivasi BoJAa WM Map C MPOU3BOJACTB, JIBIMOBBIE Ia3bl, OMYTHBIE
rasbl, BBIXJIOIIHBIE Ta3bl TPAHCIOPTHBIX CPENICTB, TEIJIOTA BhIAENIsAeMas TpaHCPOpMAaTO-
pamu 1 T.1.).

- DOHeprust U30BITOYHOTO JaBJIEHUS BOJASHOTO Mapa, KOTopas OyneT HCIOIb30BaThCs
Ha IIPOU3BOJCTBEHHBIX KOTEIbHbIX.

- HuskonoTenmnuanpHOE TOTUIMBO (ApeBecHOe, Topd, JIUTHUH, cojioMa, OMoMacca U T.11.),
B TOM YHMCJIE U MECTHBIE BUBI TOILJIMBA.

- Bosmoxno unTerpupoBanue TypooCdepsl ¢ ycTaHOBKaMU allbTEPHATUBHOI SHEpreTH-
KM (T€0TepMaIbHOM U COTHEUHOM ).

Ha fanHHBIE MOMEHT pBIHOK JHEProcOeperammux YCTaHOBOK MAalloil  MOIIHOCTH
JUIS YTHIIM3AlMKM HEPTUH U30BITOYHOTO JIaBJIE€HUS MPHUPOJHOTO ra3a MpaKTHUeCKu He chopmHpo-

73



BaH. CyIIeCTBYIOIINE PEIICHUS HE COBCEM YIOBIETBOPSIOT TPEOYEMBbIM MapamMeTpaM ra3oBOW CH-
cTembl. JlemaeTcst ynmop Ha yCTaHOBKH OOJBIION MOITHOCTH. B TO BpeMs kak BO BCeM MUpe HaOJI0-
JaeTcs TCHICHIUS K TIEPEeX0.ly OT OOJIBIION SHEPTETHKHU K MaJloi, 60Jee MAaHEBPEHHOW U TIEPCIICK-
TUBHOM.

Hcxonsa u3 ocobennocreir Typ6oCdepsl, €€ OCHOBHBIMH MOTPEOHTENSIMU OYyIyT CpeaHue
Y MaJible MPOMBIIUICHHbIE MPEANPUATHS C TOCTOSIHHBIM NOTpeOIeHHEeM NMPUPOAHOIO ra3a u obia-
JIArOIINE TETJIOBBIMU M30BITKaMU (BOJa, KOHJICHCAT, Hap, JIbIMOBEIC Ta3bl, BEHTBBLIOPOCH U TIp.), KO-
TOpbIE MOTYT OBbITh UCIOJIB30BaHBI JIJIS [IOI0rpeBa ra3a. BripabaThiBaeMylo SHEPTHUIO 1iesiecoo0pas-
HO HCIIOJIB30BaTh HA COOCTBEHHBIC HYKIBI TIPS IITPHUSITHSL.

[Ipumenenune Typ6oCdepbl MO3BOIHUT MOBBICUTH IHEPTrodIP(HEKTUBHOCTh M PEHTAOETHHOCTD
MIPOMBIIIJICHHBIX MPEATNPUATHI, CHU3UThH MOTPEOICHNE TIEPBUYHOTO TOTUIMBA M HArPy3Ky HA OKpPY-
KAIOIIYIO Cpelly, 3a CUET CHIKEHUS KOJIMYECTBA 3arps3HAIOIINUX BRIOPOCOB.
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VK 621.311.1

HEPCIHEKTUBbI IPUMEHEHU S CBOBOJHOIIOPIIHEBOT'O ABUT'ATEJIA
B CUCTEME DJIEKTPOCHABXEHUSA ®YHKIIMOHAJIBHOI'O OBOPYIOBAHUA
ABTOHOMHOI'O OBFBEKTA
Manawun A.H., Menorcuncrxuiit A.b.
Boennas akaoemus Pecnyonuxu benapyce

B nacrosimiee Bpems B cucteme aekrpocHabxkenus (CIC) pyHKImoHaIsHOTO 000py10BaHUs
aBTOHOMHOT0 00bekTa (AQO) MpUMEHSIOTCS SHEProyCTaHOBKM Ha 0a3e nBUTaTeNell BHYTPEHHEro
cropanus ([IBC) ¢ kpuommnHo-maTyHHbIM MexaHu3MoM (KIIIM) v CHHXpOHHBIX T'€HEPaTOPOB
(CI') Ha ocHOBe 2JIeKTpHYeCKOi MamuHbI Bpamenus (OMB)[1,2].
AHaM3 CyIECTBYIOLIMX 3HEProycTaHOBOK mokaszai, yto KII/] mx He BeauK M HaxoIuTcs
B npezenax ot 21% no 34%, a cpenuss ynenbHas macca npesbimaeT 25 Kr/kBt. IlpuunHHO# 3TOTO
ABJIIETCS CaMM COCTaBJIsAoLIME 3HeproycraHoBky, a umeHHo J[BC ¢ KIIIM. B coBpemennbix JIBC
HMCTOYHUKOM MHOTHMX HEJOCTATKOB, @ UMEHHO: MEXaHUYECKHUE MOTEPH; YXYAILICHNE S3KOHOMHYECKUX
1 MaccorabapUTHBIX MOKa3aTelel; yMEHbIIEHUE MOTOPECypca U HaJAEKHOCTH JABUTATENS SBIISAETCS
KIIIM. Kpome Toro 3aTpaThl Ha U3TOTOBIIEHUE KOTOPOTO COCTaBISIOT 25-40 % oT cebecTomMocTu
JBUTATEIIS.
B nacrosiiee Bpems B psje 3apyoexubix crpal (Poccun, CIIA, [Benuu, @panuuu u Benu-
KOOpUTaHMM) HHTEHCUBHO BeAyTcs padoThl no ontuMuzanuu napamerpos JIBC. Ocobblit nHTEpEC
mpeJicTaBiIseTcs K uccineaoBanuio ceoboanonopurHeBoro asurareis (CII/). B koncrpykuuu CIT/]
orcyrctBue KIIIM, uto onpenenser cienyoomue ero A0cTouHcTBa[3]:
- €IMHCTBEHHOCTh KHHEMATUUYECKOM Maphl (MOPHICHb-IIMIUHAP) 0€3 Harpy30K MOPIIHS Ha
uunuHAp yBennuusaeT motopecype CII no 30 Tbic. u.;

- BO3MO>XHOCTh U3MEHEHUS aMILITUTYAbl OTHOCUTENIBHBIX NIEPEMEIICHUI MOPIIHS, a, Clie-
JIOBAaTEJIbHO, W CTENEHU CXKATHUsl, YTO NPUBOAUT K BO3MOXNKHOCTU PabOThI JBHraTelNs
C pa3IM4YHbIMU BUJAMHM TOILINBA;

- YMEHBUICHUE 4YMCIia ABMKYIIUXCs AeTaned cymectBeHHO yBenumuuBaeT KIIJ[ no 50 -
65% u ynensnyto maccy go 1,1 — 1,8 xr/kBt CIT/L;

- MOBBILIEHUE KECTKOCTH U MEXAHUYECKOM HaJIe)KHOCTH KOHCTPYKIIMH B LIEJIOM;

- CIIOCOOHOCTh paboTaTh Ha CBEpXOEIHOM TOMIMBHOM cMecu (10 65 uacteil Bo3nyxa
K OJTHOM YacTH TOIUTMBA) BMECTO TaK Ha3bIBAEMOM CTEXHOMETpruUecKkou - 14,7:1;

- BBICOKHE ITYCKOBBIE KaUeCTBa MTPU HU3KUX TEMIIEPATypax;

- BBIOPOCHL BPEAHBIX OKCHI0B a30Ta (NOX) OJIM3KHU K HYIIO;

- HU3KHE 3aTPaThl IPU SKCILUTyaTallul U PEMOHTE;

— CHU)KEHHE PacXo0J10B Ha MPOU3BOJICTBO.

Jlia ucnons3zoBanus CIIJl B xkauecTBe NMEPBUYHOTO JBUTATENsl SHEPreTUYECKOW yCTaHOBKU,
TpeOyeTcst 3JIeKTPOMEXaHNYEeCKUI MpeoOpazoBaTelb BO3BPATHO-TIOCTYNATENBHOTO JBM)KEHUS, OJI-
HHUM M3 BUIOB KOTOPOTO SIBJISIETCS TMHEUHBIN T€HEPATOP.

Jlns mpuMepa paccMOTpuM Oojiee MOAPOOHO OAHOMOIYJIBHYIO CTPYKTYPY JABYXTaKTHOTO
CITIBC c onmo3uTHBIM pacroioxkenueM nuiuuapos u JIDT (puc.1).
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DAEKTPONPHBOJ

KI/1araHa -
Paritite JICKTPONPHBOL
BITYCKHOC  TTopuienn LmimHAp  KJianaHa
Knanan ortsepcTne Bivcrios
Llnaunap Ilrox llopwenn BIITyCKHOC
OTBEpCTHE
— : ——
=
YerpoiicTo
BI[yCKHOC BIIPBICKA
Verpoiictso oTBepcTHe TOILJIMBA
BIPBICKA Bnycknoe
TOIIHBA Cpeya OTBEPCTHE SApmoN\Maruutsl \Karymku  Cpeua

Puc. 1 - Cxemaruueckuii pazpe3 apyxiuiaunapoBoro CIIIBC ¢ onmo3uTHbIM
pacnosnoxxeHuem nuiauHApoB U JIOI™ mexay Humu

Jeyxumnunapossiii CITIJIBC, ¢ onmo3uTHBIM pacrosiiokeHueM HuiIuHApPoB U JIDI mexmy
HUMH, UMEET MOPIIHEBYIO TPYIIY, COCTOSILYI0 U3 ABYX INOPUIHEHW, COCAMHEHHBIX JKECTKUM IITO-
koM. lluknuuecku moBTOpstOlIEeecs aBlI€HHE ra30B B IPOLECCE CrOpPaHMs TOIUIMBA COOOIIAET
IIOPLIHEBOW T'PYIIIE BO3BPATHO-TIOCTYINATEIbHOE ABMKEHUE. MexXy NOPIIHAMY Ha IUTOKE 3aKpel-
neHa mojBwkHas MarHuTHas cuctema JIOT'. Tlogswknas marautHas cucrema JIOIT pasmemiaercs
BHYTPHM KOHCTPYKIIMU CTaTopa ¢ cucreMoil oOMOTOK. [Ipu BO3BpaTHO-MOCTYNATEIbHOM JIBUXKEHUU
LITOKA C 3aKPEIUICHHOM Ha HEM MArHUTHOM CUCTEMOW BHYTPH CTaTOpa W B3aUMOJECUCTBUU MX Mar-
HUTHBIX I0JIE MIPOMCXOJUT BO3HUKHOBEHME IEKTPOABIDKYLIEH CHIIbl B OOMOTKax cTaTopa.
B cymnocTu 310 1 ects npuniun aevicteus CITABC ¢ JIDI'. Kpome Toro, snexkTpuyeckas MaiiuHa,
pabotas B pexxume asurarens, odecneunBaer ctapt CIIIBC. DnexTponHas cuctema ympaBlieHUs
JIOJKHA OCYIIECTBIISATh KOHTPOJIb IBUYKEHUS MOPIIHEHN [UIst 00ecriedeHns ONTUMAJIbHOTO TEPMOAU-
HaMHUYECKOI0 LMKJIA, a TAKXKE IMO3ULUOHUPOBAHUE MTOPLIHEH, IPENOTBPALLAs UX COYAAPEHUE C Io-
noBkamu HWIMHIPOB [4,5]. IlosTomy CIIZIBC ¢ JIDT" nMeeT MUKpOIIPOLIECCOPHYIO CUCTEMY YIpaB-
JICHUS C YEThIPbMsI OCHOBHBIMU PEXHMaMHU pabOThl: PEXUM I'€HEpaTopa; PEeXHUM 3JIEKTPOJBUTaTe-
JS; PEXKUM KOHTPOJII U PEKUM  PEryJupoBaHus. PexXuMbl KOHTPOJII U PETyJIUpPOBAHUA
OCYILECTBIISIOTCS] aBTOMATUYECKU KaK ITPU 3aITyCcKe, TaK U IPU paboTe 3JIeKTporeHepaTopa.

JIOTIOJIHUTENBHBIM TIPEUMYIIECTBOM IS CUCTEMbI 3JIEKTpOCHAOXkeHUs! (PYHKIIMOHAIBHOTO
00OpyJOBaHUS  CHELOOBEKTa  SBISETCS  MOJYJIbHOCTh  CTPYKTYphl ~ SHEPrOoyCTaHOBKH.
T.e. sHepreruyeckasi yCTaHOBKa COCTOMT U3 (PYHKIIMOHAJIBHBIX M KOHCTPYKTHBHBIX 3aKOHUEHHBIX
YHU(UIUPOBAHHBIX MOJYJIei. MOMyIBbHBIA MPUHLIUI HOCTPOSHUS YIPOILIAET PELICHNEe BaXKHbIX 3a-
Jad Juisi CUCTEMBI 3HEProcHa0XkeHusl (yHKIIMOHATIBLHOTO 000pYJ0BaHUs CIIEI0OBEKTa - obecreye-
HUS BBICOKOW HaJEKHOCTH M )KMBYYECTH 3a CUET PE3EPBUPOBAHUS OCHOBHBIX Y3JI0B CUCTEMBI DHED-
rOCHa0KEHUs, TaKKe MPU HEOOXOIMMOCTH MO3BOJHUT U3MEHITh MOLIHOCTh SHEPreTUYECKON ycTa-
HOBKH, YTO IIOBBICUT 3KOHOMMYHOCTb CHUCTEMbI 3HeprocHabkeHus. Kak moka3plBaeT NpakTHKa
3HAYUTENbHBIN TEXHUKO-3KOHOMHUYECKUN 3((EKT MOYJIbHOTO MOCTPOEHUS! SHEPTeTUYECKON ycTa-
HOBKH 00eCTIeUMBAETCs IIPU €€ IKCIUTyaTalluH 3a CUET COKPAIEHUSI BpEMEHU TEXHUUECKOro o0ciy-
KUBAHUS U YCTPaHEHUS! HEUCIPABHOCTH.

OTcyTcTBHE NMHEMHOIO reHepaTopa ¢ ONTHUMAJIBHBIMU MapaMeTpaMy OIPaHUYMBAET NpUMeE-
Henue CIIJ] B kaduecTBE NMEPBUYHOIO JIBUTATENS SHEPreTHUYECKON YCTAaHOBKH, MIO3TOMY OCHOBHOM
3ajadeil mpu paspaboTke sHeproyctaHoBku Ha 6aze CIIJ] sBnsercs onTUMH3anMs HapamMeTpoB
U pEXHUMOB pabOThl JIMHEWHOT'O 3JEKTPUUYECKOTo reHepaTopa. s penienust nocTapieHHON 3a1aun
HE00XO0/AMMO, OCYIIECTBUTH BBIOOP CTPYKTYpHI JIMHEHHOI'O TeHepaTopa ¢ y4eTOM JTUHAMHYECKHX
xapakrepuctuk CIIJI u pazpaboTaTh MareMaTH4ECKYI0 MOJIE€Tb YHEPrOyCTAaHOBKH Ha 0a3e cBOOO-
HOTIOPILIHEBOT'O JIBUTATENS C LENbI0 YTOUHEHUS €€ TapaMETPOB U XapaKTEPUCTHK, C OCIEAYIOIIUM
UCCIIETIOBAaHUEM BBIOPAHHOM CTPYKTYpBI JIMHEHHOTO IeHepaTopa ¢ MOMOIIbIO MPOTPaMMHOTO KOM-
wiekca ANSY'S, MaTemaTH4eCcKON OCHOBOM KOTOPOTO SIBJISIETCS METOJ, KOHEUHBIX 3JIEMEHTOB, C 11e-
JIBI0 ONTUMU3ALMU [TAPAMETPOB U PEXKUMOB PAOOTHI JINHEHHOTO 3JIEKTPUUECKOTO T'eHepaTopa.
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Taxum 00pazom, MPOBEICHHBIN aHAIN3 MOKA3bIBAET, UTO PEIIMB 3a/1a4y, ONTUMH3AINU Mapa-
METPOB U PEKUMOB PabOTHI TMHEHMHOTO AJIEKTPUUECKOr0 FeHepaTopa, Ha CETOAHSIIHUN JIeHb CyIIle-
CTBYIOT TEXHHYECKHE BO3MOXXHOCTH pa3pabOTKH MEPCIEeKTUBHOW dHeproycraHoBkH Ha 6aze CII/]
st COC  dynkuuonansHoro obopymoBanus AQO. IlpumeHeHHE, KOTOPOW TMO3BOJIMUT TOBBICUTH
HAJE)KHOCTb, KUBYUYECTb, IKOHOMUYHOCTb, SHEPT€TUUECKUE U MaccorabapUTHbIE MOKAa3aTelu CH-
CTEeMBbI 3JIEKTPOCHA0KEeHUs PYHKIIMOHAIBHOTO o0opynoBanusi AO.
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VJK: 331.54

BJIUAHUE CTPATEI'NU B OBJIACTHU YIIPABJIEHUS YEJIOBEUECKUMHA
PECYPCAMMUM HA PABBUTHUE BPEHJIA PABOTOJATEJIS B PASPE3E TOIIJIMBHO-
SHEPTETHYECKHNX KOMIIAHUI
Meoseoesa E.A.

Mockoeckuii cocyoapcmeeHHblll YHUBepcumem 9KOHOMUKU, CIAMUCTIUKU
u ungpopmamuxu (MOCH)

B HacTtosummii MOMEHT HalM4Yue W3BECTHOrO OpeH/Ja Ha pPbIHKE B LEJIOM, HE TOJBKO
B cthepe nestenpHOCTH TOK, CTAaHOBUTCS HEOOXOMMBIM YCIOBUEM YCTOWYMBOTO MOJIOKEHHS KOM-
naHuy, (PakTopoM ee KOHKYPEHTOCHOCcOOHOCTH. OJHAKO B OOJBIIMHCTBE CIY4aeB B POCCHUHCKHUX
YCIOBHSX 33j1aua MPOJBMKEHHS CBOJUTCS K MPOABIKEHUIO HETIOCPEACTBEHHO TOBapa, HO He OpeH-
na. CriennanucThl B 00JacTH MapkeTuHra B cexkrope TOK, kak mpaBuiio, CUMTAOT MPUOPUTETHOM
KpPaTKOCPOYHYIO 3aj[auy YBEIMUYCHHsS 00BbEMOB J0OBIUHM, JAOJIHM KCIOpPTA, HE Mpechaenyst Ipu 3TOM
LeJIU JIOBEJCHHS 0 CO3HAHUS MOTpeduTenss odpaza KOMIAaHUU, (GOPMUPOBAHMS TOJIOKUTEIBHOTO
OTHOIIEHHUS K €€ OpeHy, CO3/1aHus MTOJIOKUTEIbHBIX ACCOLIUALIIMA.

C Touku 3penuss uzMmepeHusi 3¢p(HEKTUBHOCTH, MOMHUMO TPAAUIIMOHHBIX KPUTEPHEB, TaKUX
KaK y3HaBa€MOCTb, UHTEHCUBHOCTb BXOJSIIET0 MOTOKA U T.J., KpallHE BaKHO aHAJIM3UPOBATh TEKY-
YECTh KaJpOB, KOTOpasi C BBICOKOM CTENEHbIO JTOCTOBEPHOCTU M B NMPUEMJIEMBIE CPOKU OTpaKaeT
curyanuto. Mimest B BULy BHYTPEHHIOIO OOCTaHOBKY B KOMIAHHH U 3HAS 3TOT MOKA3aTelb, €Tr0 MOX-
HO 3 PEKTUBHO KOPPEKTUPOBAThH KaK C MPUMEHEHHEM TPAJAUIMOHHBIX HHCTPYMEHTOB MapKeToIora
n PR-cnenuanucra, Tak 1 HECTaHJAPTHBIMU MOJXoAamMu. Hampumep, mociie Toro Kak MapKeToJaor
MOpsAJIKA MOJIYTro/la 3aHUMaeTCs MoJ00POM MEepCoHala, ero B3IJISA] Ha MPOJBUKEHHE CEPhE3HO Me-
HSETCS.

Ha ceropssimnuil AeHb ynpaBlieHUE YEJIOBEYECKUMH PECYpCaMH CTalO OJHUM U3 CTPATETH-
YEeCKUX MPUOPUTETOB KOMIAaHUM, paboTaromux B TOK, uro mpuBeno Kk akTUBHOMY Pa3BUTHUIO pe-
KpYTMEHTa Ha pbIHKe. [I0CTOSHHBIN POCT Crpoca HA pa3NUYHbIE TPYIIBI IepcoHaNa, 00yCIOBICH-
HbI HEOOXOAMMOCTBIO (POPMHpPOBAHUS KaJIpOBOrO pe3epBa — 3HAUMMas TEHICHIMS CETOMHS.
Bonpoc o npuBnedeHnH BBICOKOKBATU(UIIUPOBAHHBIX KaJIpPOB — OMBITHBIX MEXaHHUKOB, MH)KEHE-
POB — OUYE€Hb aKTyajieH JUIsl OOJIbIIMHCTBA KOMIIaHUN. CTpEeMUTENIbHOE pa3BUTHE OTPAciu, YBEIU-
YeHHue 00bEMOB MPOU3BOACTBA, OTKPBITHE HOBBIX IPOEKTOB PE3KO YBEINYMIIO MOTPEOHOCT B TAKHX
cnenuanuctax. Komnanuy HHBECTUPYIOT 3HAUUTENbHBIE CPEICTBA B UX MPUBJICUEHUE, YAECP)KaHUE
U pa3BUTHE.

JlJ1 BBICOKOTEXHOJOTHYHBIX OTpaciield MpOJBUKEHHE KOMIIAaHUM Kak padoTozarens eiie 60-
Jlee TECHO COMPSATaercss ¢ MOCTPOSHHEM OpeHa, YeM B APYTUX CerMEHTax. DTO CBA3aHO C TeM,
YTO COTPYIHHUKH, TapTHEpHl, KIMEHTHl SBISIIOTCS OJHUMH M TE€MH K€  JIIOJbMHU
B Pa3Hble BPEMEHHBIE MPOMEXKYTKH. Takoe TeCHOe CONpsKeHUEe O0YCIIaBIMBAET MOJUTHUKY KOM-
IJIEKCHOTO MOJX0/a B IPO/IBM)KEHUU U JENIaeT pa3yMHbIM 00beIMHEHNE KOMMYHHUKAIIMOHHBIX KaM-
naHui. Kaxxaas akTMBHOCTb, MHULIMMPOBaHHAsL OpraHU3allei, 10JKHAa HeCTH B cebe 3aaady moJ-
kperuienust HR-Openna.

ITo MHEHHIO 3KCTIEpPTOB B 00JIACTH PEKPYTMEHTA , HA KaJPOBOM PBIHKE CHEIMATIUCTHI HedTe-
ra3zoBoi cgepbl SBISIOTCS OYeHb Je(UUIUTHBIMU. [ TaBHBIM U CaMbIM BOCTPEOOBAaHHBIM HaIlpaBlie-
HHeM sBIsieTcss OypeHue U TOBbIIIeHHME HedTeoTnauum IuiacToB. HexBaTka  Kaapos
B OypeHuu CBsi3aHa, MPEXJE BCEro, CO 3HAUUTEIbHBIM CHUKEHHEM ero o0beMoB B 1990-x ronax.
[Tockonbky 0O0BEMBbI pabOT CHIBHO COKPAaTWIMCh, CHHU3MJICS HabOp Ha 3Ty CHELHaIbHOCTh
B yueOHbIE 3aBE/ICHUs, a MHOTHE CHEIHAIUCTHI nepenpoduirpoBanuck. IloaTtomy npu coBpemeH-
HOM pocTe 00beMOoB On3Heca HeTera3oBbXx KoMnaHuii B Poccun, MOJIOBIX CIIEIMATUCTOB B Oype-
HUU KaTaCTPOPUUECKH HE XBaTaeT.

Cepbe3sblil 1epuIMT KaapoB HaAOIIOAAeTCsl M B HAIMpPaBICHUM OXPaHbl TPyJa, JKOJIOTUU
U TPOMBINUIEHHON Oe3omacHocTH. CrenuaiucTbl 3TOro npouis AOJKHBI COOTBETCTBOBATh
HE TOJIBKO POCCUHCKUM, HO U 0oJiee )KeCTKUM MEXKIYHApOJHBIM CTaHAAPTaM, KOTOPBIX HMPUACPKH-
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BaeTcs OOJBIIMHCTBO MpEICTaBIeHHBIX B Poccnn MexxayHapoaHbix komnanuid. OgHako mpodeccu-
OHAJIOB, Y/OBJIETBOPSIOLIMX 3TUM TpeOOBaHMSAM, B Hallell CTpaHe Ha CETOAHSIIHUHA J€Hb OYCHb
MaJio. AHAJIOTUYHAsA pobJemMa CylmecTByeT B cepe JOTUCTUKU M 3aKyNoK. B CBs3M ¢ aKTUBHBIM
pa3BuTHEM Ou3Heca He(TerazoBblX KoMmmaHud B Poccum, yBenMUMBaIOTCS OOBEMBI 3aKyIOK
U TPAHCIIOPTUPOBKU MaTEpUaNoB U 000pyI0BaHUs U3-3a pyOexa. [t oOieHns ¢ mocTaBIuKaMu
U OpraHM3alUsAMHU JOCTaBKU I'Py30B HEOOXOIMMO BIJIQZICHWE KaK MUHUMYM AHIJIHMHCKUM SI3BIKOM,
a JIy4dlle 3HaThb HECKOJIbKO MHOCTPAHHBIX S3bIKOB.

IIponiecc mepexona Ha JByXypOBHEBYIO cUCTeMy oOpa3oBaHus B Poccum XOTh yxe U IIpo-
M30I1Ie]I, HO TOBOPUTH O MOJIHOM €r0 HEMPEPHIBHOM U MOJTHOIICHHOM JIeiicTBUM HeMb3s. [loTpedyeT-
Csl eIlle HeMaJIo JIET JJIs BOIUIOILEHUS U/IeH YCTOMUMBOro ()yHKIMOHUPOBaHUS B kH3Hb. 110 MoeMy
MHEHHIO, COBETCKAsi CUCTeMa 00pa30BaHMs MOJTOTOBKH CHEIHAIMCTOB TEXHUYECKUX CEHaTbHO-
creit 6buta pazymMHOM. OHa cocTossa U3 TPEX YPOBHEH — peMeciIeHHbIe, 103JHee TPOPTEeX yUHIIUILA,
TOTOBUBIINE PabOYUX, TMOJIUTEXHUKYMBI, BBIITYCKABIINE CIEIIMAINCTOB CPEIHEr0 3BEHA, U BY3HI,
JaBaBlIye 0ojiee Cepbe3HYI0 MHKEHEPHYIO NOAroToBKY. Ceiuac e OOJIbIINHCTBO MOJIOBIX JIFOACH
CTPEMHTCS MOJIyYUTh BBICIIEE 00pa30BaHKE, B PE3yJIbTaTe Yero BO3HUKACT JAePHUUNAT pabounx Kaji-
poB. B yuwiniia nmoytd HUKTO HE WJAET, a T€, KOTOpPbIE 3aKAHYMBAIOT WX, HE Bcerda paboTaroT
1o nmpogeccuu.

Tspxenas BHEIIHEAKOHOMHMYECKAs! CUTYyalllsl BbI3Baja MajJieHne LeH Ha He(Th, KOTOPOE COBIa-
JI0 ¢ KPU3UCOM Ha (pMHAHCOBOM PBIHKE, TOPOAMIIO PA3TOBOPHI O TPSAYIIEM CHHKEHUH 00BEMOB J10-
ObIUM YIJIEBOJIOPOJIHOTO ChIpbsi. MHOIME 00€CIIOKOEHbI, YTO 3TO MOKET MOBJIEYb 3a CO00M COKpa-
LIEHHE NHBECTULIMOHHBIX IPOIPaMM U, KaK pe3yJIbTaT, IPUBECTH K COKPAIIECHUIO ITEpCOHaa.

Opnako, IO JaHHBIM MCCIENOBAaHUSA KOMIIaHUM Mercer , IPOCIeKNBAETCs aJcKBaTHas IMHA-
MHUKa B IOHW)KEHUH IPOLIEHTHOIO COOTHOILEHHUS B pa3pe3e yBOJIbHEHMI: Tak, Ha koHel 2014 r.
Tosibko 20 % KoMmmaHuii HaMepeHbl COKPATUTh YHCIEHHOCTh, a B 2015 roay nanHas nudpa yMeHb-
maercs 10 11%.

B xone comnmonoruyeckoro orpoca, npopeiaeHHoro komnanueir HeadHunter , corpyanuku
pa3HbIX HEPTEra3oBBIX KOMITAHUH OTMEYArOT O0COObI cTaryc «l aszmpomay, Mmo-mpekHeMy coxpa-
HSIOILLErO BBICOKYIO IPUBJIEKATEIBHOCTh CPEAU POCCUMCKUX KOMIIAHUH Ul KaHIuAaToB. Ero npe-
MMYILECTBAMU KaHIUAAThl HA3bIBAIOT BBIIUIATY CTONPOLIEHTHOM «Oenoi» 3apaboTHON IJiaThl, BbI-
COKMH YpOBEHb OXpaHbl TpyJa M BHUMaHME K TexHMKe Oe3omacHOCTH. OJHAKO, COMCKATEIH
B He(pTEra3oBOM CepBHUCE MO-TNPEKHEMY MPEINOUNTAIOT TPYAOYCTPAUBaTLCS B 3apyOEKHbIE KOMITa-
HuM. 1o uX MHEHHIO0, IPUBJIEKATEAbHOCTh HHOCTPAHHBIX paboTo/aTeNnel onpenensercs 6oaee Bbl-
COKMM YpPOBHEM COLMAlbHON MOJIEPKKH, BKIIOYarOllell 00ydeHHEe U pa3BUTHE COTPYIHUKOB
3a c4eT KOMIIaHWHM, IPOrpaMMy JOOPOBOIBHOIO MEIUIIMHCKOTO CTPAXOBaHUS AJIsi paOOTHUKA U €ro
CeMbH, OECIIPOIIEHTHBIE CCY/Ibl U BO3MOKHOCTb CTAXHPOBKU 3a PyOEKOM.

Couckarenu mpu NOUCKE pabOThl B POCCUHCKUX KOMIAHMUAX BCE OOJNbIIE MHTEPECYIOTCS HC-
TOpUEl KOMITAHUM: KaK M IJie OHa paboTaia, Kakue UMEIOTCs IUIaHbl pa3BUTHS Y PYKOBOJCTBA, 00-
palaroT BHUMAHUE Ha €€ UMUK Kak paboToJaTensl, penyTalHio Ha MEXIyHApOJHOM U POCCHH-
CKOM pBIHKaX, MPOMU30ILEAIINE BHEIIHNE U BHYTPEHHUE U3MEHEHHUs B CTpykType. U yxke Ha ocHoO-
BaHUM BCEW COOPAHHOW M3 pa3HBIX MCTOUHUKOB MH(OPMAIIUM ONPEIENSIOT, HACKOIBKO UM OyneT
HMHTEPECHO TaM paboTaTh. DTO TOBOPUT O TOM, YTO CHELMAIUCTaM B MEPBYIO OUepe/lb BaXKHbBI CTa-
OUIBLHOCTH M AETIOBask PEIyTalus OpraHU3alHH.

Campble cepbe3HbIE IIAHCHI CTaTh BTOPBIM Mocie «l'a3mpomay pOCCHICKUM OpeHIoM, MpOo-
OMBLIMMCS B MUPOBYIO CYNEPIIUTY, €CTh Y KOMIAaHUU «JIyKoin», mpu yciaoBuM, 4TO HE(PTIHON TH-
TaHT IeJIeHANpaBIeHHO 3aiiMeTCsl HapallMBaHUEM CTOMMOCTH CBOEro OpeHjaa. DTo sBIsSETCS
HarJsIIHOM MJUTIOCTPALMEel TOro PHIHOYHOTO OOCTOSITENIBCTBA, YTO CTOMMOCTH OpeHJla He paBHa
cTOMMOCTH KoMmmaHuu. OHa omnpenensercs cyObeKTUBHBIMU MMOKA3aTeIsIMU y3HABA€MOCTH KOMIIa-
HUH U €€ UMUJIKA B I1a3axX MOTPeOUuTeIs.

[Iponsuxenune OpeHa — 3TO BakKHAsl YaCTh KOMMYHHMKAIIMOHHOM CTpaTeTuu KOMITAHUH, KO-
TOpas 3aJeHCTBYET KaK TpaJuLHUOHHbIE MHCTpyMeHThl HR, PR u MapkeTHHroBoill mHOIIEPKKH,
TaK U COBPEMEHHBIE TEXHOJIOTHH C IPUBJICYEHUEM UHTEPHET-PECYPCOB U COLIMATBLHBIX MeIna.
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[TyOnukanuu Ha COOCTBEHHOM CaiiTe W OTPacleBhIX pecypcax CIocoOCTBYIO HE TOJNBKO YBe-
JUYEHUIO Y3HaBaeMOCTH OpeH/a, HO U MOMCKOBOMY MPOJBHKEHHIO. ECII TOBOPUTH 0 KaKUX-TO TO-
Ka3arensax, 10 KOTOPBIM MOXHO aHaJIn3upoBars ycrnemHocTs HR- u PR-crpareruu, To 310 4ncio
nyOauKanui, UX MPOCMOTPOB, MOJMUCYUKH B COIMEANA, MPOCMOTPHI IPOMOPOJIMKOB, MOJIIHUCKH
Ha BUICOKAHAJI, OT3BIBBI pAOOTHUKOB U COMCKATENEH, MPOIIEHT HEraTUBHBIX MYOJIUKAIMi OT o0111e-
ro YUCIA.

[lomBonst UTOT, MOKHO KOHCTaTHPOBATh, YTO paboTa B HE(PTAHOW OTpACIM MO-TIPEKHEMY
OcCTaeTcs MepCleKTUBHOM, Tak Kak B Poccuu ceroanst ona crabuibHee APyrux o0jgacTeil MpoMBbIIil-
JneHHocTd. Bo BpeMeHa, KOTOpbIe MPUHATO HA3bIBaTh TPYAHBIMH, HE CTOUT OOJIE3HEHHO pearupo-
BAaTh Ha BO3MOKHOE BPEMEHHOE TOHM)KEHHE YPOBHS JOX0/1a, & TPAHCIUPOBATh CBOUM COTPYAHUKAM
3TO HYKHO KaK IOJIE3HbIN KU3HEHHBIN OIBIT.
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VIIK 620.9

BAPHAHT CO3JJAHUSI BETPOSHEPIOYCTAHOBKH MAJIOM MOIITHOCTH
C YAYUHIEHHBIMHU TEXHUKO-O9KOHOMUNYECKUMU IMTOKA3ATEJSAMHA
Yepeunckuiu B.JI., Jllo6uux O.A.
benopycckuii nayuonanvHwili mexHuuecKull yHugepcumem

Maiible BeTpOBbIE TypOMHBI — 3TO TYpOMHBI C MOIIHOCTBIO T'€HEpaTopa OPUEHTHPOBOUYHO
10 50 kBT, KoTOpble UMEIOT XBOCTOBYIO JIONACTh ISl OPUEHTALIUU 110 BETPY.

Otuersl MeXIyHApOIHOIO HEPreTUYECKOr0 areHTCTBA MPOTHO3UPYIOT3HAUYMUTEIBHOE pac-
[IMPEHUE PHIHKA MAJOMOIIHBIX BETPSHBIX TypOuH nepuos A0 2020 roga npu COBOKYIIHOM CpemHe-
roj1oBoM Temie pocra 29,7 %.

OcHOBHBIMHU (haKTOpaMH, CIEPKUBAIOIIMMHU PA3BUTHE MAaJOH BETPOIHEPIeTHKH, SBIISIOTCS
JOpPOroBU3HA 000PYIOBaHMs, BEICOKHE CTApPTOBBIE CKOPOCTU BeTpa InpeiaraeMbix BOY. Pemenu-
€M MOI'yT CTaTb HMMIIOPTO3aMEUIEHHE C 3aKOHOMEPHBIM CHM)KEHUEM IIEHbI, ONTUMHU3aLUs KOH-
ctpykiuu BOY mnsa yenoBuii pecriyosmku. Poct ymcna uicnosib30BaHHBIX Masibix BOY mpusener
K MOITYJIIPU3AIMK CaMOM HJer BO30OHOBIIsIEMOM SHEepreTHKH 1 BOY B wacTHOCTH.

Hebousbmas BeTpoBast TypOuMHa OOBIYHO COCTOMT M3 CJIEIYIOLIEr0 MUHMMAJIbHOIO Habopa
KOMIIOHEHTOB:

- BETPOKOJIECA C ONPEACIECHHBIM KOJIMYECTBOM JIONACTEN;

- EKTPUYECKOTO TEHEPATOPA;

- TOPHU30HTAILHOOCEBBIE BETPOTYPOUHBI, KaK MPABUJIIO, OCHAIICHBI €IIe ¥ XBOCTOBOM JIO-

IIaCThIO /IS IOBOPOTA BETPOKOJIECA IPOTUB BETPA.

I'eneparop — 3TO LIeHTpalbHasl YaCTh BETPSIHON TypOUHBI.

Ham TpeOyeTcsi HU3KOOOOPOTHBIN SJEKTPUYECKUIM TE€HEPaToOp, OCh KOTOPOro HAMPSIMYIO CO-
€IMHEHA C OChI0 POTOpPA, TaK KaK IPMMEHEHHUE NOBBIIAKOIINX PELYKTOPOB CYIIECTBEHHO YMEHbIIIA-
et KII/I, ycioKHAeT KOHCTPYKIMIO U CHUKAET HaJIEKHOCTD.

B kauectBe reneparTopa Obl pa3paboTaH reHepaTop Ha MOCTOSHHBIX MarHUTax.

Mennbsie 0OMOTKH 0€3 KEIEe3HOTO CepAeUHMKa (BO3AYIIHBINA CEPACUYHUK) MO3BOJISIO CHU3HUTH
TOPMO3HOM MOMEHT IpU 3aIyCKe BETPOTYPOUHBI.

B nanHO# TexHOMOTHYECKOH IIeMOYKe MpoeKTHpoBajgack BOY co ciaeayrommumu UCXOIHBIMU
napaMeTrpamMu: HOMHHaibHas MomHOcTh — 300 BT, pa3mepbl NOCTOSHHBIX MAarHUTOB -
58 x 75 x 12 mMm. [lnameTp poTopa, UCXOJS U3 3TUX NApaMeTpoB, MOIY4YWICAd paBHBIM 260 MMm.
TommmHa cranu poropa 3MM. PaccrosiHue Mexny nmapaMu MarHATOB Ha pa3HbIX poTopax — 28 MM.
Bec aByx coOOpaHHBIX POTOPOB CO CTYNHUIIEH U MarHUTaMu — 6,3 Kr.

Puc. 1 - Buza piieMeHTOB:
a - BUJ] IBYX COOpaHHBIX POTOPOB C MOCTOSTHHBIMU MarHUTaMuU
0 - BUA OOJIBILION U MaJIOU MEIHBIX OOMOTOK
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Bbutn mpousBeneHbl UccaeI0BaHus ABYX 0OMOTOK U3 MEIHOW POBOJIOKH.

Jlnst BBIOOpA ONTUMAIBHOIO BapuaHTa OOMOTOK ObLT MPOBEAEH Psifl OMBITOB XOJOCTOrO X0/
M KOPOTKOTo 3aMblkanus. [Ipu BpameHnn Bana reHepaTopa ObLTH U3MEpEHBl HANpsHKEHKE (B OIBITE
XO0JIOCTOTO X0/1a) M CHJjia TOKa (B OMBITE KOPOTKOTO 3aMbIKaHUs). OCHOBHBIE XapaKTEePUCTUKH Ipe-
CTaBIICHBI B TA0JIMIaX U Pe3yIbTaThl BU3YAIM3UPOBAHKI HA rpadukax.

Tabnuya 1 —Xapaxmepucmuxu mManou 0OMomKu

Maast 0OMOTKa
[Tnomaap oKHA Soxna s 8,5
[Tnomaas monepevyHoro ceYeHus: MPOBOJIOKH Suposonoxn MM° 0,75
Yuciio BUTKOB W IIIT. 150

Tabauya 2 —Xapaxmepucmuxu 00160 0OMOMKU

Bonemas ooMoTka
ITnomans oxkHa Soxna oM* 22
ITmoniaap monepeyHoro Ce4eHusi IPOBOJIOKU Snposonoxn MM 15
Yuciio BUTKOB w IIT. 80

W3 rpaduka Ha pUCyHKE 2 BUAHO, YTO Ha INPOEKTHOE HampsikeHue B 2,5 B reneparop
BBIXOJUT TPU CKOPOCTH BpaiueHus, paBHoW 480 00/MUH, YTO KOTOpas SIBISETCS OCTATOYHO
Oonpumiol. Jlns mojydeHHs STOW 3aBHCHMOCTH ObUIa CO37aHa SKCIEpPUMEHTaJbHAs YCTAHOBKA,
COCTOSIIAs U3 POTOpa C ABYMS IapamMH HMOCTOSHHBIX MAarHWTOB W CTAaTOpa ¢ MEAHOH OOMOTKOM,
cocrosumie u3 80 BHUTKOB MenHOro ImpoBojaa, cedenueM 1,5 kB.MM. Takum oOpasom,
JUId JOCTMKEHMs HampsbkeHus B 2,5 B HeoOxonumo okono 960 nepecedeHHil MarHUTHOIO OIS
JUI KaTylLIKd B CEKyHJy. JTa Iudpa sBIsSeTCs OTHPABHON s NPOEKTHpOBaHUS poTtopa BOY,
KoTOopbIit Mor ObI ipu 100-140 06/MuH pa3BUBaTh NPOEKTHOE HanpsoKeHne B 14-15 B.
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BETpOKoJeca
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Onbit KOPOTKOro 3ambiKaHUA

o e \\3/131

Cuna ToKa, A
=
N <
(6]

o
~
Ul =
.
.

. eeellee 60/bLIASA

o
w
n

0,25 il"

0 100 200 300

CKopoCTb BpaleHua Bana, 06/muH

o

Puc. 3 — 3aBucumocTb CHIIBI TOKA Ha OJIHOI 0OMOTKE BEeTpOreHepaTopa OT YKcia 000poToB
BETPOKOJIECA

Ha crarope 3ammaHupoBaHo pasMmenieHne 9 MeaHbIX 0OMOTOK CEKTOPHOW (POPMBI M3rOTOB-
JICHHBIX M3 MEJIHON MPOBOJIOKH ceuenne 1,5 Mm%, Takoe ceucHme BBIIEP>KUBAET JJIUTEIBHO IIPOTE-
KaloIui Tok cuioi 23 A , 4yro npu HanpsbkeHu 14 B naer mMakcumanbHyr0 MouiHOCTh 322 Br.
Hanpsixenue rereparopa paBHoe 14 B BbIOpaHO MCX0/s U3 BO3MOXHOCTH 0O€CIIeYeHus JoCTaToy-
HOTO 3apsIIHOTO TOKA aKKyMYJIATOpHOM Oarapeu HampsbkeHueM 12 B.

IIpu mpoexkTHpoBaHUM BeTporeHepaTopa ObLIO HCCIAEIOBAHO J(Ba BHMJA POTOPOB: C JBYMs
U ¢ TpeMs JonactaMu. [l 6e3peayKTOpHON CUCTEMBI BasKHBI 00Jiee BBICOKHE CKOPOCTH BPALICHUS
BeTpokoJieca. Jlyumume nokasaTenu, B CMbICIE YIPOLICHUs] U3rOTOBJIEHUS, OaJaHCUPOBKU U JOCTH-
XKEHUs 0oJiee BBICOKUX CKOPOCTEH BpalLIEHMs, ObLIM Y MOJAEIU C JBYMs JionacTsiMU. PUcK BO3HHK-
HOBEHHUs1 0oJiee BBICOKOTO YPOBHS ILIIyMa KacaeTcsi, CKOpee, YCTAaHOBOK OOJbIIONW MOIIHOCTH, IJie
3BYKOBOE BIJIMSIHUE Ha OKPYXEHHE CO CTOPOHBI 00OpYyHOBaHMS BEIHMKO. B pesymbrare ans naib-
Heillero NpoeKTUpoBaHKsl BEIOOP ObUL C/I€TaH B CTOPOHY JABYXJIONACTHOIO arperara.

XBOCT BETpOT€HEpaTOpa OPUEHTUPYET TYpOUHY Ha BeTep. Korna Berep MeHseT HalpaBlieHuE,
OH OKa3bIBAaeT JJaBJIEHUE Ha OJIHY U3 CTOPOH XBOCTOBOH JIONACTU U OPUEHTHPYET TypOUHY K BETpY.
B Mozensx co ckiIaAbpIBalOIIMMCS XBOCTOM, XBOCT TaKKe Y4acTBYET B 3alllUTE TypOUHBI OT CUJIb-
HBIX BETPOB. JTa CUCTEMa IaCCUBHAs1, TaK KaK IIPUBOAUTCS B IEHCTBUE CUIION BETpA.

OcHoBHasl ujest 3aKiI04aercs B IOBOPOTE BETPOKOJIECa OT BETpa MPU JOCTHKEHUU KPUTHYE-
CKOT'O 3HA4Y€HUsI CKOPOCTH BeTpa. KOHCTpYKTHBHO Hanbosiee MpOCThIM U OoJiee HaZeKHBIM CIIOCO-
OOM MOXKET CTaTh BO3BPAT B MCXOJHOE TOJIOKEHHUE O] IEUCTBUEM CHIIBI TSDKECTH, JEHCTBYIOMIEH
Ha XBOCTOBYIO JIONACTh. JIJI1 3TOr0 OCh MOBOPOTA XBOCTA AEJIAETCS HE MapajuIeNbHON BEPTUKAIb-
HOM OIOpPHOI1 OCH, @ BBIIIOJIHAETCS 101 HEOOIBIIUM YIJIOM. B pe3ynbpTaTe npu cUIbHOM BETPE XBO-
CTOBas 4acTh HE IPOCTO MOBOPAYMBAETCS, HO €lle U MOAHUMAaeTcs BBepX. [Ipu ocinabeBanun BeTpa
XBOCT CAMOCTOATEIBHO OIyCKaeTcs M MOBOpauMBaeTcs, oOecreunBasi BO3BpaT BETpOKoJeca B HC-
XOIHOE pabouee MoJIoKEeHHeE.

Ha XBOCTOBYIO 4acTh AEUCTBYET JABAa MOMEHTA: CO CTOPOHBI CHIBI BeTpa My U CO CTOPOHBI
CHJIBI TSKECTH M;. DTH MOMEHTHI CHJI BPALLAIOT XBOCTOBYIO YaCTh OTHOCUTENIBHO OCH, Ha KOTOPOH
3aKpEIJIeH XBOCT K OCHOBHOM BepTUKalbHOM ocu. Cuctema BeTporeneparopa OyJaeT HaXOIUThCs
B PaBHOBECHM IIPU PABEHCTBE 3TUX MOMEHTOB. [Ipu macce xBocroBoi yactu 0,48 kr cucrema 3a-
IIUTHl HA4HET paboTaTh MPHU JOCTHXKEHHUU BETPOM CKOPOCTH 6 M/c. JlJi MOBBILIEHUS TPEAEIbHON
CKOPOCTH HOPMAJILHOT'O PEXXHMMA CIIEYEeT YBEIMUNUTh Maccy XBOCTa.

JlaHHOE MepoIpUsTHE OTHOCUTCS K cepe dHeprocOeperarmx MEPONPUITUNA, TPOBOJIUMBIX
Ha sHeproucrouHukax. Ilog 6a30BbIM BapumanToM OyleM NOHUMAaTh SHEProcHaOXeHHue JoMa
OT pallOHHBIX JUHUH 3JIeKTpornepeaay 1no AecTByoumM Tapudam. Baprant ¢ mpoekToM BKIIIOYAET
B ce0s OJTy4YEeHHUE IEKTPUIECKON SHEPTHUH OT BETPOYCTAaHOBKH.
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Tabnuya 3 — Ioxazamenu 3¢hgpexmuenocmu npoexma
npu nompeobieHuU 31eKMpOIHEPUL G1LA0eTIbYEM 6empPOYCIMAHOBKU

Pacyernas BenmunHa PesynbTar pacuera
IIpocroii cpok okynaemoctu (Ty), et 2,2 u menee 10 ner
Jlunamuueckuii cpok okynaemoctd (T5), et 2,6 u paBeH 15 ner
Buytpennsis Hopma oxoaHocty (Eyy) 6onbmie 10%
Wupexc npubsuibaocTH (11,,) 1,7 u 6onee 1

Tabauya 4 — I[okazamenu 3¢ exmusnocmu npoexma
npu npooaice INeKMpoIHepaUU 8 Cemb

Pacuernas BennunHa PesynbTar pacuera
ITpoctoii cpok okymaemoct (Ty), et 1,6 u menee 10 ser
Junamuueckuii cpok okynaemoctu (T,), net 1,7 u paBeH 15 ner
Buytpennsis Hopma noxoaaoctu (Eyy) 6onbie 10%
Wunexc npudsuibaocTH (11,) 2,4 u 6oree 1

BriBoaBI

Pa3paborana mMozenb BETPOIHEPrOyCTAHOBKH Majol MOITHOCTH C OOJCTYEHHBIM JBYJIONACT-
HBIM POTOPOM; C T€HEPATOPOM IPSMOTO TPUBOA HA IMOCTOSHHBIX MAarHUTaX C BO3IAYITHBIMU CEp-
JICYHUKAMH OOMOTOK; MMAaCCUBHOM CHCTEMOM 3aIIMTHI OT BBHICOKMX CKOPOCTEH BETpa; MOHMKEHHOM
CTapTOBOW CKOpPOCTh BeTpa. [lodydeH Malblii CpPOK OKYIMAeMOCTH MEPOIPHUATHSI, YTO TOBOPUT
00 3¢ peKTUBHOCTH TPUMEHEHHUS Pa3padOTKH.

JlaHHasi KOHCTPYKITHS TTOKa3ajaa XOpPOIIHE IMOKa3aTell, OYAeT UCIOJIb30BaThCs IS CHaOXKe-
HUS YaCTHOTO JIOMa 3JIEKTPOIHEPrHel U MOXKET CIYKUTh 00pa3loM JJsi CO3JaHMs aHATIOTHMYHBIX
BETPOArperaTtoB U MOJCIBIO IS JAITBHEUIIETO YCOBEPIICHCTBOBAHUS BETPOIHEPTrOYCTAHOBOK Ma-
JIOM MOIITHOCTH.
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VK 538.911

CTPYKTYPA U IIOPOT MEPKOJISIIIMY TOHKUX IIJIEHOK Niyx(Nb205)100.x
Cemenenxo K.U., Cmoeneti O.B., Kawupun M.A.
Boponestcckuii cocyoapcmeennviii mexHuueckuil ynugepcumem

Beenenune

[Torck HOBBIX MaTEpPHANIOB SIBJSETCS BaXKHBIM acCEKTOM Pa3BUTHS ajlbTEPHATHUBHOW SHEpPre-
Tukd. OJTHUM M3 IEPCTIEKTUBHBIX HAMIPABICHUN B Pa3pabOTKe TAKMX MATEPUAIIOB SIBIISIETCS HCIIOJIb-
30BaHHE€ HAaHOCTPYKTYPUPOBAHHBIX MaTEpUaAJIOB JJIsl CO3JaHUs TBEPIOTEIbHBIX aKKyMYJIATOPOB BO-
nopoja. B yacTHOCTH, /U JAHHOM LIETU MOTYT OBITh UCIOJb30BaHbl I'PAHYIMPOBAHHBEIE HAHOKOM-
MO3UTHl  METAJUI-TUANIEKTPUK, B KOTOPBIX THAPUIO000pA3YIOINIMM MaTepuajoM  SIBISETCS
HAHOCTPYKTYPHUPOBaHHAs MeTalInuecKas ¢asza, a TudJeKTpudeckas (pas3a BHICTYAET B POJIM pasjie-
JSIOLIEH cpelibl, CIOCOOCTBYIOMIEH (POPMUPOBAHUIO FPAHYIMPOBAHHON CTPYKTYPBL C pa3MEPOM Me-
taymnaeckux 3eped or 1 mo 100 M [1]. B kayectBe merammnueckoil (assl BRIOHMPAIOT CILIaBBI
Ha ocuoBe Mg miu Ni, kak a3 dexruBHBIE THAPHI000pasyomue cucremsl [1]. B kauecTBe nusiek-
TPUUECKON COCTAaBIIAIOLIEH KOMIIO3UTa BBIOMPAIOT COECJUHEHHE KOTOPOE XMMHMUECKHU HE JOJIKHO
B3aMMO/ICIICTBOBATh C METAJUIMYECKOM (a3oii, a KpoMe TOTO AOHKHO MPOSABISATH KaTaTUTHUECKUE
CBOMCTBAa TO €CTh YCKOPSATH IPOLIECCHI MOIJIOIIEHUSI U BBIIEICHUS BOJOPOJAA, a TAKXKE CHUXKATh
TeMreparypsl peakiuii. COBOKYIMHOCTbIO TaKMX CBOMCTB oOmanaeT okcua Huoobus Nb,Os, sBisto-
HIUICS XOPOUIUM KaTtayin3aTopoM [2]. B manHoi#1 paboTe mpoBeACHO HCCIeI0BaHNE HAHOKOMITO3UTA
Nix(Nb205)100-x, KOMITOHEHTBI KOTOPOTO B TTOJIHOH MEPE COOTBETCTBYIOT MPUBEACHHBIM KPUTEPHSIM.

Lenbro pa®oTHI SBISTIOCH YCTAHOBJICHHUE TEMITEPATYPHBIX TPAHUL] YCTOWYMBOCTH HAHOKOMIIO-
3UTHOW CTPYKTYpbI B LIMPOKOM MHTEpBaJIe COOTHOIIEHUM MeTauinyeckKast/iuaiiekrpudeckas dasa,
MOCKOJIBKY, TTOTJIONICHNE M BBIACICHHUS BOJOPO/a TBEPAOTENLHBIM aOCOPOCHTOM, TO €CTh 00pa3o-
BaHUE U Pa3lIOKEeHUE TUApUa, TpeOyeT JOMOTHUTEILHOrO HarpeBa 1 He0OX0AUMO YTOOBI HCTIONb-
3yeMblii MaTepua sIBISUICS TEPMUUECKH YCTONYUBBIM.

Metoauka

Oo6pasipl Nix(NbOs)i00.x B BHIAE TOHKHMX IJICHOK IOJYYEHBI METOJOM HOHHO-JIy4EBOTO
pacnbuieHUsT COCTaBHOM MuIIeHH. OCcOOEHHOCTH TEXHOJIOTUM NOJIY4YeHHs OOpas3loB OMMCaHbI
B pabore [3]. [lnenku omHOBpeMeHHO ocaxnaiach Ha cutaioBble (CT-50) u crekisHHBbIE
no/uiokku. TommmHa 00pa3LoB  KOHTPOJIMpOBajack € TMoMollslo HHTepdepomerpa MUU-4
U cocTaBisia ~ 3 MKM. M3MepeHre KOHIIEHTpallul XUMUYECKHX 3JIEMEHTOB, BXOJSAUIMX B COCTaB
00pa3ioB, IIPOBOAMIIOCH METOJIOM AJIEKTPOHHO-30H10BOT0 PEHTTEHOCTIEKTPAIbHOTO
MUKpOaHaJu3a, Ha CKaHUPYIOLIEM PEHTIreHOBCKOM MuKpoaHanuszarope JXA-840. B coorBercTBUM
C TOJYYEHHBIMHM pE€3yJbTaTaMM, HMHTEpBal KOHIIEHTPALUil HUKeNs B IOJy4YeHHBIX OOpasuax
3+67 ar. %.

OTxuru 00pasioB IPOBOJMWINCE B BAKYyMHOM KamMepe C OCTaTOYHBIM JaBJIEHUEM 1-10° Ia
B TeueHuu 30 mMuHyT. [ vccnenoBaHus CTPYKTYpbI INIEHOK OTXKUTH npoxoauiu npu 450 u 570
°C, nns omnperesieHnss KOHLEHTPALUK MOpora MEpKOJALHMKA OTKUru nposoaunaucek npu 300, 400
n450 °C.

@a30BbIi COCTaB KOMIIO3UTOB HCCIENOBAJICS € Momoubio audpakromerpa Bruker
«D2 Phaser» ¢ MemHbIM aHOIOM. AHATU3 TPEACTABICHHBIX AU(PAKTOrPAMM MPOBEJCH C UCIOIB30-
Banuem nakera DIFFRAC.EVA.V2.1.

Pe3yabTaTsl

AHanu3 3HadeHmit sHTpormmM obpasoBamms okcuma Ni u Nb  (AH°=-601 [k Moms ™
n AH°=-1898 K}I}K'Mom{l COOTBETCTBEHHO [8]) MO3BOJISIT MIPEAMOIOKUTD, UTO MPU HAITBUICHUH CH-
crembl Ni-Nb-O nomxHo nponcxonuts 00pa3oBaHHe KOMIO3UTHOM CTPYKTYpbI. JlJsl moaTBepIKae-
HUS JAHHOTO MPEANOJIO0KEHUS MPOBEIEHO OIpeeleHNe KOHIIEHTPALIMOHHOTO MOJIOXKEHUs Mmopora
MIEPKOJISILIMU B MOJIy4YEHHBIX IJIeHKaX. [lomokeHne nmopora nepKosALUM ONPEAEIAIOCh 0 KOHIEH-
TPaIIOHHOM 3aBUCHMOCTH YAEIBHOTO 3JIEKTPOCONPOTUBIICHHS 00pa3oB B COOTBETCTBUU ¢ [5]. 3a-
BUCHMOCTb COIIPOTHUBIIEHHS OT cocTaBa, n3mMmepenHas npu 20 °C, npuseneHa Ha puc. 1.
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Puc. 1 - KoHnieHTpanuoHHasi 3aBUCUMOCTb Puc. 2 - KonnentpanuroHHas 3aBUCUMOCTh
AJIEKTPOCOMPOTUBIICHUS TNIEHOK YAEIBHOIO 3JIEKTPOCONPOTUBIICHUS TIICHOK
Nix(Nb205)100-X B HCXOIHOM COCTOSIHHH Ni-Nb,Os B ucxonHoM cocTosiHUA
U TIOCJIE OT)KUIOB

Bun 3aBUCMOCTH 3JEKTPOCONPOTHBIICHUS OT KOHIIEHTPAIWU MPOBOJSIICH (a3bl (HUKENS),
TUIUYEH JJIsI KOMIIO3UTOB METaul — AudJIeKTpuk [4]. 3BecTHO [5], UTO KOHLECHTPAIMIO MOpOTa
MEPKOJISIUU B KOMIIO3UTaX MOJKHO OIPENCIUTh MyTEeM IMPOBEACHUS H30TEPMUUYECKOTO OTKHUTA
KOMITO3UTOB BO BCEM HMHTEpBaJIe KOHIEHTPALUNA METaININYeCKoi (a3bl, ¢ MOCIEAYIOUUM U3Mepe-
HUEM DJIeKTpoconpoTuBieHUsA. KoHIEHTpanuio MeTamia, MpU KOTOPOM HSIIEKTPOCIHPOTHUBIICHHUE
OCTaHETCs IMOCie OT)KUTOB HEM3MEHHBIM, TPUHUMAIOT 33 KOHLEHTPALUIO TOpOra MepKOJIALNN 1aH-
HOTO KOoMmo3uTa. OnpeieieHue KOHIEHTPAIMOHHOTO MOJ0KECHHS TTOpora MEepKOJIAIUA KOMIIO3UT-
Ho meHku Ni-Nb2OS5, ocyiiecTBisioch Mo pe3ylibTaTaM COHOCTaBICHUSI CONMPOTUBIEHHS 00pas-
1I0B, HAXOSIIMXCA B MCXOJHOM COCTOSIHMH, W MOABEPrHyThix oTxkuram mpu 300, 400, u 450 °C
(puc. 2).

Ou4eBUIHO, YTO 3HAYCHHE KOHIICHTPALMH HHUKEIS MPU KOTOPOUM 3JIEKTPOCONPOTHUBICHUE HE
3aBHCHUT OT TeMIIepaTyphl OTXkHTra, HaxonuTcs B auamasone 28+30 ar %. [lomydyeHHoe 3HaueHUE
KOHIICHHPALIUU TTOPOTa MEPKOJISIIIUN MOKHO CUMTATh 3aHUKEHHBIM, ITOCKOJIBKY OOBIYHO MOJI0KEHUE
Mopora NepKoJsuu cooTBeTcTBYeT 45+50 at. % Mertannuueckoit ¢dassl [5].

Jly1st uccienoBanus BIUSHUSI TEPMHUYECKOTO BO3JICUCTBUS HAa CTPYKTYPY MOJTYYEHHBIX TUICHOK
Ni-Nb205 6butn 0TOOpaHBI TPH KOMIIO3UTa, YbH COCTaBbl HAXOIAMJIKCH JI0, BOIU3U U 332 IOPOTOM
nepkossiuuu (3, 27 u 47 at. % Ni, COOTBETCTBEHHO).
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1000} - Ni-Nb,0, (3% Ni)
- Ni-Nb,0, (27% Ni)

- Ni-Nb,0, (47% Ni)

Ni (111)

N
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1020 30 40 50 60 70 80 90 100 110 120

Puc. 3 - ludpaxrorpammsl ucxoqabix mieHOK Ni-Nb,Os.

Ha puc. 3 mpencraBieHsl audpakTorpaMMbl OT TIUJIEHOK B HMCXOJHOM COCTOSIHUU.
N3 ananuza mudpakrorpaMM MOJYYEHHBIX OT ATHX 00pasIoB HaOIIOJaeMbIe TTUKH MPUHAIICKAT
dase kybuueckoro uuxens ¢ I'LIK pemerkoit (a= 3,524 A). C yBenuuenuem conepskaHUs HUKEJS
B 00pasiax, HaOJIr0AaeTCsl 3aKOHOMEPHBIA POCT MHTEHCUBHOCTH MUKOB. Takke Ha nudpaxkTorpam-
Me MPUCYTCTBYIOT HIMPOKHE MAaKCUMYMBI, B 00siacTu yrioB oT 15 mo 40 rpal., KOTOpbIe XapakTep-
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HBI ISl BEIIECTB ¢ aMmopdHON cTpykTypoil. Ilo Bceil BUIMMOCTH B UCXOAHOM COCTOSIHHHM, TUICHKH
Nix(Nb205)100-X cocTosAT M3 rpaHya KPHUCTAUTMYECKOTO HHUKENS, PAaCTBOPCHHBIX B aMoOp(HO
MaTpHIle U3 OKCHIa HUOOUS.

Jliia o6pasna ¢ conepkanueM Hukens 47 aT %, yaanoch IpoBecTH pacueT pazmepa 3epHa (L)
¢ nomoupio pasnoxenus lllepepa, ucxoas u3 reoMeTpun NMUKa, C y4€TOM allapaTHOTO YILIUPEHUS
MTUKOB OT KOMITO3UTOB B UCXOJIHOM COCTOSIHUU.

-k
L=——— 1)
cosO-f
rae A — JuiHa BoyiHBL, K — ko3 duimeHT 3aBucsmmii or (GopMbl MUKa,  — IIMPUHA ITHKA
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B pesynbrare
6,5 HM.
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Puc. 5 - lnudpakrorpaMmMbl OTOXKEHHBIX
mpu 570 °C mrerok Ni-Nb,Os.

Puc. 4 - ludpakrorpaMmbl OTOKKESHHBIX
mpu 450 °C mrerok Ni-Nb,Os.

Ha puc. 4 npuBenens audpakrorpamMmsl oToXKeHHBIX npu 450 °C meHok. Y3 coBmecTHOTO
aHanuza nuddpakrorpaMm OT UCXOAHBIX U OTOMOKEHHBIX IJICHOK, CIEIyeT BBHIBOJA O MX TEpPMHUE-
ckoii crabminpHOCTH A0 450 °C. DTO MOATBEPHKAACTCS CXOJCTBOM paccMarpuBaeMbix auddpaxro-
rpaMM U COXPAaHHOCTBIO pa3Mepa I'paHyll HUKENs, YTO TOBOPUT O MOCTOSHCTBE (Pa30BOT0O COCTaBa
U cTpyKTYphl. IIoBTOpHBIN oMU MpoBoaMIiIcs Ipu Temneparype 570 °C, 6n1u3Kkoil k Temneparype
HOJHOM KpHcTauu3anun okcupa Huodust Nb,Os, mo manHbM pabotsl [7]. Pesynbrarel pacuera
pasmepa 3epHa no (opmyie (1) mus obpasua ¢ coaepkanueMm Hukens 47 at %, TpencTaBICHBI
B Tabnure 1.

Tabnuya 1. Pasmep 3epen paccuumanuwix no gpopmyie (1)

Pasmep 3epHa, HM ITorpemHocTs, HM

5,6 0,5
35,6 2

Cocrostaue o0pa3ua

Orxur 450 °C
Omxur 570 °C

B pesynbrate oTxkura npu 570 °C mieHka KpUCTAIIM3YeTCs, O YeM CBUJIENbCTBYET MOSBIIE-
HHE HOBBIX MMMKOB Ha AU(paKTOrpaMMax MpeACTaBICHHBIX Ha pHC. 3, a TaK)Ke yBEIHMUEHHE pa3mepa
3epeH HUKens 10 35 HM (cM Tabnuny 1).

W3 ananuza nuddpakrorpaMM BBIICHUCHWIM, YTO B IUICHKE 110 TPEKHEMY NPUCYTCTBYET (a-
3a YHUCTOrO HUKEJSA, MPH 3TOM IMOSBUJICS HA0Op THKOB OT ¢a3bl okcuga Huooms NbyOs,
a TaKkKe NHKH, KOTOpble HE YAAJIOCh CBA3aTh C (pa3aMH MCXOJHBIX KOMIIOHEHT, BXOJSIINX
B COCTaB IJIEHKU. DTO YKa3bIBA€T Ha TO, YTO BO BpeMs OT)KUTra Morja o0pa3oBarbes (pa3a umerolas
B cBoeM coctaBe Ni, Nb u O. HensBecTHbie SKCIIepMEHTaIBHBIC TUKH XOPOIIO OMUCHIBAIOTCS (a-
30i MHTEPMETAINTMYECKOTO0 COEAMHEHUS HUKeNs W HuoOus. JlaHHbIN (akT moarBepkaaeTcs pado-
Toi [8], B KOTOpO# yKa3bIBaeTcsl TeMIlepaTrypa o0pa3oBaHMs Takoro coequHenus ke 535 °C.
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BoiBOaBI

[Monyuennas cucrema Niyx(Nb205)100-x, B HCXOIHOM COCTOSTHHH, XapaKTepu3yeTcs aMophHOM
CTPYKTYpOM ¢ HamumuueM Kpucraumdeckux rpanyn ['IIK Hukens. @opMupoBaHue KOMIIO3UTHOM
Cpelbl, IPEeMMYILECTBEHHO CojepKallell Be pa3zienbHble (a3bl: THIPHI000pa3yIolIero MeTauia
Hukenss Ni u auanexTpuka karanuzaropa okcuna Huooust Nb,Os mo3BosisieT Ucmonb30BaTh MOTY-
YEHHBIN MaTepual Jyisl HAChIILEHUS BOJIOPOAOM.

Pe3ynpTaThl peHTIT€HOCTPYKTYPHOTO aHAIHM3a MOATBEPKIAIOT, YTO TUIEHKU 00J1a1al0T TePMHU-
YeCKOHM cTaOuIbHOCTBIO ipH Harpese 10 450 °C, tak kak cTpyKTypa U ¢$a3oBblid cocTaBa 00pasoB
COXPAHSIIOTCS. pa3Mep 3€peH HMKEINs MPaKTUYECKH He M3MeHseTcs. Bce 3To maer mpennochbuiku
JUIS IPUMEHEHHUS MTOJIyYeHHOT0 MaTepHalia B UKIMYECKUX IMpolieccax copOuuu 1ecopOIuu BOIO-
pona.

Tepmudeckuii omxur npu 570°C npuBoauT K (HOPMHUPOBAHMIO B IUIEHKAX (pa3bl, KOTOpAs
MIPEUMYIIECTBEHHO OMHCHIBaeTCs (ha3oil CTEXMOMETpHUYHOro oOkcuna Huoous NbyOs. Taxoke
BO BpeMsi OTXHra obpasyeTcs ¢asa, MpeCcTaBISIoNnee XUMUISCKOEe COeTUHeHUE U3 1eMeHToB Ni,
Nb u O, BXOIsIIMX B COCTaB ILICHKH.
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VJK 608.2

COBPEMEHHBIE METO/1bl CHUKEHUS THIPABJIMYECKUX IIOTEPH
KOPITYCA CYJHA
bymoko E.B., bByanak M .IO., Coxon B.A.

bBenopycckuii nayuonanvuwiii mexnuueckuii ynusepcumem

CHukeHHne 3Hepro3arpar U MOBBIIIEHUE CKOPOCTH JABM)KEHHUS CY/IOB SIBJIIETCS BECbMa aKTy-
ATHHOW W BAYKHOM TEXHUYECKOM MPOOJIEMOM, pa3perieHrne KOTOPoid Ha COBPEMEHHOM 3Tare Mo3Bo-
JISIeT CYIIECTBEHHO MOBBICUTH A(P(PEKTUBHOCTH MCIIOJIB30BAHHS PEUYHBIX CYI0B. Jl0BOJIBHO MepCHeK-
TUBHBIM JUIA 3TUX LENEeN SIBISETCS MCIOIb30BaHHE PACTBOPOB TUAPOJUHAMUYECKH AaKTHBHBIX Be-
IIECTB.

OpuuM u3 Hambosee MUPOKO HCIOJB3YEMBIX METOJIOB CHM)KEHUS THAPABIMYECKOIO COMpPO-
TUBJICHUS SIBJISIETCA I0Ja4a Ha KOPIYC pacTBOPOB T'MIAPOAMHAMMUYECKH AKTUBHBIX BEIECTB, CHU-
xKaromux KodhuuueHT ruapasindeckoro tpeHus. Hambonee nemeBbIMU M HMIMPOKO MpPUMEHsE-
MbIMM BeulecTBamu sBiisgercs noiauakpuwiamuy (ITAA) n nommdtunenokcun (II0) (Pucynok 1),
SIBJIAIOIIEECS] BHICOKOMOJIEKYJISIPHBIMU BEIIECTBAMHU, IIIMPOKO MPUMEHSEMbIMH B COBPEMEHHOMN TeX-
HUKE HE TOJIbKO JUIsl CH)KEHUS THAPABINYECKOTO COIPOTUBIIEHNUS, HO U B Ka4eCTBE (DJIOKYJISHTOB,
UCIOJIb3YEMBIX ISl OCAXKICHHSI MEIKOJUCIIEPCHBIX TBEPIbIX YacTHI] B cycneH3usax. O0a ykazaH-
HBIX BELIECTBA BBIIIYCKAIOTCS COBPEMEHHOM IMPOMBILUIEHHOCThIO KaK B BUJE Tejieil, Tak U B BUJE
TBepAbIX yacTull. Hanbonee mupokoe pacpocTpaHeHHe MOJYUMIN BEIIecTBa, IPUMEHSIEMbIE B BU-
Ji€ TBEPABIX YACTHII.

* IloIHAITHICHOKCHI  -| | HonnakpuaiaMug -
HeHOHOTeHHOE COeIHHEHHE HOHOTCHHOEC COCTHHEHHE,
CIEOVIOIIETO XPL\IH‘-IE’:CKOFO' | CIEOYHINETO XHMHYIECHOTO
COCTaR4a. COCTaEa.

i
i
[—C‘H2 4 CH2 -0 —]'n. —CH, — CH — CH, — CH —

Il Il
C=20 C=20
. L
NH, OH

Puc. 1 - 'mppoaunamuyecku akTuBHble MaTepuainsl (TAM)

[IpuroToBieHue pacTBOPOB MOJIMAKpUIAMHIA M IOJIMITHIEHOKCUIA SIBISETCS JIOCTATOYHO
CJIO’)KHOM TeXHUUYECKOW mpobseMoid. [Ipu conmprKOCHOBEHUH YacTUIIBI C BOJIOW HA €€ MOBEPXHOCTH
obpasyercs 000s10uka rens. Jlisi MpenoTBpAIlEHUs CIMIAHUSA OTIACJIBHBIX YacTHIl MEXIy co00ii
C IIeJIbI0 HEJIOMYIIEHUs 00pa30BaHMsl KOMbEB, KOTOpBIE B lalbHEHIIIEM MTPAKTHUECKH HE PACTBOPSI-
I0TCS, HEOOXOJMMO MPOLECC PACTBOPEHUS COBMELIATh C WHTEHCUBHBIM IE€PEMEIINBAHUEM.
Mg npurotoBienus pactBopoB '’AM Haumbosiee 4yacTo MpPOLECC PACTBOPEHUS OCYILECTBIISIOT
B UMEJUIEPHBIX MeEIlalKaXx.

CHU3UTH TUAPABINYECKHUE MOTEPU MOXKHO C TIOMOIIbIO O€3peareHTHhIX M PeareHTHBIX METO-
hi(0):3

be3peareHTHbIE METO/IbI BKJIIOYAIOT B CEO0sI:

a) BBEJICHUE B MIOIPAHUYHBIN CJIOHM ra30BbIX MY3bIPHKOB;

0) co3JlaHNe Ha OOTEKAaeMbIX JKUAKOCTHIO TOBEPXHOCTSAX HEPACTBOPUMBIX THAPOPUIIL-
HBIX WJIHA THAPO(POOHBIX MOKPBITUH;

B) TEXHOJIOTMYECKUE U KOHCTPYKTOPCKUE IPUEMBI.

PearenTHble METO/BI CHIKEHUS THIPABIMYECKUX MTOTEPh BKIIIOYAIOT B ceOsl:
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a) pacTBOpEHUE T'MAPOJMHAMUYECKH AKTUBHBIX BEIIECTB HEMOCPEACTBEHHO B IOTrpa-
HHUYHOM CJIO€;

0) BBEJICHUE B IOTPAaHUYHBII CJIOH 3apaHee NPUTOTOBJIEHHBIX PACTBOPOB I'MJPOJIMHA-
MHUYECKH AKTUBHBIX BEIIECTB.

Haubonee npocTbiM cioco00M MHTEHCU(DHUKALMU PACTBOPEHHUS SIBIISCTCS YBEITUUYEHUE CKOPO-
CTH BpallEHUs Bajla UMIIeIUiepa, OJaroaaps YemMy MOBBIIIAETCS CKOPOCTh JABMXKEHHUS MMOTOKA B JKU/JI-
KOCTH B €MKOCTH Memasiki. OJJHaKo NpU yBEIUYEHUH YacTOThI BpAIIEHUs Bajla HEOOXOAUMO UMETh
B BUJY, YTO OJJHOBPEMEHHO C YBEIUYEHUEM CKOPOCTH JBUKEHHS NOTOKA MIPUTOTABIMBAEMOrO pac-
TBOPAa YBEIMUYMBAETCS BEIMYMHA KacaTelbHBIX HANPSKEHUM, BO3JIEHCTBYIOIIMX Ha MOJEKYJIbI
['AM, B pe3yibTaTe 4ero MpPOMCXOAUT MX AECTPYKIHMsS, T.€. MaKpOMOJEKyJa OOJbIIOTO pa3Mepa
paspymaeTcs Ha HECKOJIBKO MOJIEKYJ ¢ 0oJiee KOpOTKO# 1enoukoil. [Ipu aToM 3¢ heKTHBHOCTH BO3-
JEUCTBUS BEIIECTBA HA PACTBOP CYIIECTBEHHO MOIOHUYKAETCS, MO3TOMY YBEJIMYMBATH 4YaCTOTY
BpAILlICHUS HMIIEIEpa MEMIAJKH HEOOXOAMMO CTOJIKO JIMIIB O TOTO 3HAYEHHUs, IPU KOTOPOM
HAYMHAET MPOSBIATHCS NECTPYKIUS MAKPOMOJIEKYNIL. DTO sBJIEHHE HEOOXOAWMO KOHTPOJIUPOBATH
B IIpoliecce pa3pabOTKH U MCCIeI0OBaHUS BCEX KOHCTPYKLIUN UMITEIIIEpa.

VHTEHCUBHOCTD PAacTBOPEHHUS MOXET OBITh TAaK)K€ IMOBBIIICHA 33 CUET PE3KOro MepuoauYe-
CKOTO MU3MEHEHMSI CKOPOCTH JBHKeHUs yacTull ['AM no TpyOonpoBoAy, 4TO MOXKET ObITh JOCTUT-
HYTO IIyTE€M HCIOJIb30BaHUS TPYO C M3MEHSIOMIEHCS TUIOMIA b0 MTOMEPEYHOTO ceuenus. B kauecTse
TAaKoro TpyOOIpOBOAA MOXKHO NPUMEHATh TpyObl BeHTypH, MocCiieqoBaTelbHO PacHOIOKEHHBIE
apyr 3a gpyroM. Ha pucynke 2 noka3ana (opmysa onpeaeneHus: HeHTpobexxHoro yncna PeitHomns-
7ica, KpUTEpUsI NHTEHCUBHOCTH NIEPEMELINBAHUS CYCIIEH3UH.

HHTeHCHBHOCTE IEpeMENIHBAHASA CYCIIeH3HH B
ANNapaTax ¢ MemaJIKaMH onpeIenseTcs
HeHTPoOe:RHEIM KPpHTepHeM PeHHOIBCA:

p'n-d?

Re . =
! [T

II¢ p — ILIOTHOCTE IIep eMeNTHBaeMoii cpest;
11— 7acTOTa BpPAIeHH HMITeIepa MeNTaIKH;
d — ZHaMeTp JTonacTel HMIeIepa MeAaTKH;
| — THHaMHYeCKHH Ko3(Q(HIIHSHT BA3KOCTH.

Puc. 2 — ®opmyna onpenenenus yncna Pelinonbaca

D¢ (hekTUBHOCTh PACTBOPEHUS MOKET OBITh TaKKe IMOBBIIIEHA 32 CUET BO3/AEHCTBHS Ha pac-
TBOPSIEMBIN MaTepHuall yJIbTpa3ByKa. YIIbTPa3BYKOBbIE KOJeOaHHs YCKOPSIOT IIPOLECC PACTBOPEHUS
U CHIDKAIOT SHEPreTUUECKHE 3aTpaThl, CBI3aHHBIE C NIOJydyeHUe pacTBopoB I'AM.

Bce u3BecTHBIE YCTpONCTBA M METOJbI BO3JACHCTBYIOT HA HMHTEHCUBHOCTH DPACTBOPEHUS
3a cYeT MyJbCallMi CKOpOCTEH M CBA3aHHBIX C HUMHU AaBieHud. Ilpu 3TOM HEOOXOaMMO UMETh
B BUJy, YTO BOBHMKHOBEHME JAECTPYKIMH HEJOMYCTUMO, T.K. IPUBOJIUT K PE3KOMY CHUKEHHIO 3 (-
(bexTUBHOCTH AelcTBUS BemecTB. Ha pucyHke 3 mpejacTaBieHbl MyJlbCalliy AaBICHUS I JIONacT-
HbIX umnenepos 1, 2, 5. Ha pucynke 4 - cxeMa yCTaHOBKHU JUIsl U3MEPEHUS MyJIbCallui JaBICHHUS.
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Puc. 3 — Ilynbcanuu qaBieHus ISl JIOMACTHBIX UMIICIIEPOB
a - paBHOBEJMKHE JlonacTu (ummemep 1);
0 — pa3HOBeNHKHeE JonacTu 6e3 nepdopauunii (ummoenep 2);
B — pa3HOBENMKHE NTephOpUpPOBaHHEIE JIONACTH (uMmmesuiep S).

Puc. 4 — Cxema ycTaHOBKH JJIsi U3MEPEHHUSI MYIbCAIIUNA JaBICHUS:
1 — éMKOCTB; 2 — BaJll MEIIANIKK; 3 — UMITIEIIIED; 4 — MaTYuK; 5 — mpoBoaa; 6 - ocuuiuiorpad

OnHUM U3 BO3MOKHBIX BAPHAHTOB MHTEHCU(HUKAIIMU MTPOLIEcCca PACTBOPEHUS SBIISETCS TaKKe
UCIOJIb30BaHNe KaBUTauu. OAHAKO TPOLECC KABUTALUU TAK)KE BBI3BIBAET AECTPYKIIMIO MAaKpPOMO-
JEKYIL

OpHMM U3 MyTeW CO3MaHUM ITYJIbCALUNA CKOPOCTEN U JAABJICHUN SABIIETCS MEPUOJUYECKOE U3-
MCHCHHEC YaCTOThI Bpalll€HUs BaJla MCIIAJIKH, COIIPOBOKAAOIICCCA MEPUOANICCKUM YBCINUCHUCM
VI TTIOHWKEHUEM CKOPOCTH JIBMXKEHUS KUJIKOM (pa3bl B eMKOCTH MEIIAIKH U COOTBETCTBEHHO J1aB-
JICHUSA B IIOTOKE. OI[HaKO IKCILTyaTalud MCIIAJIKU B TAKOM PEKUME IPUBOAUT K 6I>ICTpOMy BBIXOY
U3 CTPOs IPUBOJHOTO ABUrareis B Memanke. [IpoBeneHHbIE paHee UCCIIEN0BAHNS YCTAHABIMBAIOT,
YTO BBIIIOJHCHHUE IMONICPECUYHBIX BBIPE30B HA JIOMACTAX CHOCO6CTBy€T MOBBIIICHWIO YaCTOTHI ITyJIbCa-
Ui 1aBIeHUN M MHTEHCU(PUIMPYIOT MPOLECC PACTBOPEHUS, TEM CaMbIM CHIDKash YHEpPro3aTpaThl.
Ha pucynke 5 npeacraBieHbl KOHCTPYKLIMH UMIEIJIEPOB, HHTEHCU(PULIIMPYIOLIUX TMpoliece, pa3pa-
6oTaHHBIX Ha Kadenpe «KopabnecTpoeHue M rUapaBIMKa» U MPEACTaBISIONUX CO00 nMMeepsbl
C PaBHOBCIMKHMHU JIOMACTAMH, HA KPOMKAaX KOTOPBIX BBIMMOJIHCHBI BBIPE3bI, YTO CYIICCTBCHHO WH-
TeHcuuuupyer npouecc pactBopeHuss I'AM. PazpaGoranHbple KOHCTPYKIIMH HMIIEIIEPOB MO3BO-
JSIOT CO34aTh MYJIbCAlMA CKOPOCTEH M JTaBJIIEHWW IPU MOCTOSTHHOW YIVIOBOW CKOPOCTH BpallleHUS
Baa. DPPeKT JocTUraeTcs 3a cueT UCIOIb30BaHUs JonacTel pasHbIX AuameTpoB. biarogaps sto-
MY, B COOTBETCTBHH C (OpMYJION puc.2 Kaxaas JIONacTh 00eCleynBaeT JABHKEHUE MOTOKA C pas-
HBIMU CKOpOCTAMHU. [Ipy 5TOM IuIomany NoBEpXHOCTH BCEX JIONACTEN OJJUHAKOBBI.
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KorcTpykuun pazpaboTaHEBIX EMIELIEPOB,
HHTeHCHPHUHPYIOMHEX NPoNece nepeMemHBAHHS H

Puc. 5 — uccnenyembie UMIEIIEPHI:
1 — cranaapTHBIN YETHIPEXIONACTHBIA UMIIEIIIED;
2 — UMIeIiep ¢ pa3sHOBEIUKUMU JIONACTAMU; 3 — SKBUBAJICHTHBIN UMIIEIIEp;
4 — pa3HOBEIMKUIl UMIIEIIEP C BEIPE3aMU HAa KOPOTKHX JIONACTSX;

5 — pa3HOBEJIMKHI UMIIEIUIEP C BIPE3aMH Ha KPOMKAaX M TOPIAX JUIMHHBIX JIOTIACTCH;
6 — pa3HOBEJIMKHI UMIIEIUIEP C BBIpE3aMH Ha KPOMKaX BCEX JIOMACTEH

[IpuroroBneHue UCXOAHBIX pacTBOPoB 'AM M3 MOpOITKOOOPA3HOTO MOJIMAKPUIIAMHIA OCY-
LIECTBJISETCS C IOMOIIBIO MEMIAJIOK, ITPEICTABICHHBIX HA PUCYHKE 0.

Puc. 6 — MemaJiku i1l MPUTOTOBJICHUS PacTBOpa MOJIMMEpa

Db deKTnBHOCTH paCTBOPEHUSI MOKHO KOHTPOJIUPOBATH IIyTEM M3MEPEHUs BI3KOCTH PAaCTBO-
pa. DKCHEpUMEHTHI MOKa3aJH, YTO JUIUTEIBHOCTh PACTBOPEHHS OKa3bIBAaeT CYIIIECTBEHHOE BIMSHHE
Ha KOD(PQUIMEHT THAPABINYECKOTO TpeHus. ['padmk 3aBUCHMOCTH BSI3KOCTH OT JUTMTEIBHOCTH
pacTBOpeHUs U300paxKeH Ha PUCYHKE 7.

Y CTaHOBIIEHO, YTO KHHEMAaTHYECKUH KOA(P(OUIIMEHT BSI3KOCTH CHIBHO 3aBHCUT KaK OT 4acTo-
ThI BpalllEHUs UMIIeIIepa, Tak U oT yrucia Pelinonbsaca (Pucynku §8,9).
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1 — umnennep cTaHAAPTHBIN; 2 — UMIIEIUIEP C Pa3HOBEIMKUMHU JIONACTAMU;
3 — uMMneriep YKBUBAJICHTHBIN
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Puc. 8 — 3aBucumocTsb BsI3KOCTH OT uncia PeitHonbaca
1 — umnennep cTaHIapTHBIN; 2 — UMIIEJJIEP C Pa3HOBEIMKUMH JIONACTAMU; 3- UMIIEJJIep SKBUBaA-
JICHTHBIN (JUIMTEIBHOCTD NepeMeniuBaHus 90 MUHYT)
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Puc. 9- 3aBHCHMOCTB BSI3KOCTH OT YaCTOTHI BPAIlCHHUS

1 — cTanmapTHBINA YETHIPEXIION

acTHOM HUMIICIIICP,

2— HUMIICJIJICP C Pa3HOBCIIMKUMMU JIOMMACTAMU,
3 — DKBHBAJICHTHBIN HUMIICIIIICP
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BriBoa

beimu pazpaboTaHbl M U3TOTOBJIICHBI HOBBIE BBICOKOA()D(PEKTUBHBIC UMIICIUICPHI C PA3IAYHON
KOHCTPYKIIMEH JIomacTel, CyIeCTBEHHO HHTeHCU(UIIMPYIOIUe Tpotiecc pactBoperus. Co3naHHbIe
BapHaHThl UMIIEIJIEPOB MO3BOJISIIOT HE TOJBKO MOBBICUTH KAYECTBO PacTBOPA, HO U CHU3UTH SHEP-
ro€MKOCTh MPOLIECCA PACTBOPEHUA. Y CTAHOBJIEHO TAKXKE, YTO 3a CUET MOJa4u KaueCTBEHHOr'O pac-
TBOpA TUAPOJIMHAMUYECKH aKTHBHBIX BEIIECTB HAa KOPIIYC Cy/IHA, PE3KO CHUIKAETCS TUJIpaBlIMye-
CKO€ CONPOTHUBJIEHUE MEXKIY KOPIIYCOM U KUAKOCTBIO, B KOTOPOUM OH JIBUJKETCS, B PE3YJIHTATE UETO
CHIIKAIOTCA 3aTPaThl SHEPTUM HA €0 MePeIBUKEHHUE.
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VIIK 334.021

PA3BUTHUE KAJIPOBOI'O TIOTEHIIUAJIA ITPEJNPUSITUNA TOIIJIMBHO-
SHEPTETUYECKOI'O KOMILIEKCA HA OCHOBE BHEJIPEHUSI UTHHOBAIIUIA
Hsanosa-1llsey JI.H., Toakauesa C.B., I'opoviu FO.C.

Mockoeckuii 2ocy0apcmeeHmblll YHUSEpCumem 3KOHOMUKU, CIAMUCIUKU
u ungpopmamuxu (MICH)

OneIT 5KOHOMHYECKH Pa3BUTBHIX W PA3BUBAIOIIMUXCS CTPAaH TOKA3bIBae€T, YTO HAYYHO-
TEXHUUYECKUH MPOrpecc COMPOBOXKIAETCS MOBCEMECTHBIM PACIPOCTPAHEHHEM HMHHOBAIIMOHHBIX
MPOIIECCOB HA BCe CQepbl KUZHEACATEIBHOCTH MHPOBOTro coolmiecTBa. B Hacrosiiee Bpemsi OH
TECHO CBSI3aH C YPOBHEM Pa3BUTHsI M1 MHHOBALIMOHHBIM MOAXOJOM K MPUHUMAEMbBIM YIIpaBlieHYE-
CKHAM PEIUICHUSM H CTPATETHSM Pa3BUTHs TaKMX HETEXHOJOTHYECKUX MOHSTHH, Kak (PUHAHCOBAs
NesITeNIbHOCTh, MAPKETUHTOBas JIESTEIbHOCTD U YIIPaBJIEHHE YelIoBeUeCKUMH pecypcamu. B Poccuu
B IIEJIOM 3Ta KaTEropusi MHHOBAIIMOHHOTO Pa3BUTHUSI HACTOJILKO MaJia, YTO MPAKTUYECKU HE3aMETHA
B MUPOBBbIX MacmTabax. M He TOIbKO B MUPOBBIX MacliTadax, HO B CTPYKTYPE POCCUHMCKHUX OpraHu-
3alMid  yIeNBbHBIA BEC OpraHW3aIfii, OCYIICCTBISIONUX TEXHOJIOIHMYECKUES, OpPraHU3alUOHHBIC
U MapKETHHIOBbIe HHHOBAIIUK COCTABIISCT HE3HAYUTEIIBHBIN MpoLeHT (puc. 1).

10
9
8
7
6
5
4
m 2010
3
2 m 2012
1
0
YaenbHbll BeC YaenbHbll Bec YaenbHblii Bec
opraHusauui, opraHusauui, opraHusaumi,
OCYLLLECTBAABLUNX OCYLLECTBAABLUNX OCYLLECTBAABLLMX
TexHo/ormyeckme OopraHunsauMoHHble MapKeTUHIroBble
MHHOBaLMK WHHOBaLUMK MHHOBaLMK

Puc. 1 - Y nenapHbIil Bec opraHu3aiiuii, OCyIeCTBISIONINX TEXHOJIOTHUECKUE, OPraHU3aIMOHHBIE,
MapKETHHTOBbIE MHHOBAIIMH, B O0IIIEM UKCIIe 00CIeOBaHHbBIX OpraHU3aIHii,
B IIPOLIEHTaX

3a nmepuoa ¢ 2010 mo 2012 rox oH BeIpoc Ha 1,2 % MO TEXHOJOTUYECKHMM MHHOBAIIHSM, a HE-
3HAYUTENIbHAs MHHOBAIMOHHAS aKTHBHOCTh OpraHU3aliii B 00JacTH OpPraHU3alMOHHBIX M Mapke-
TUHTOBBIX UHHOBAIIMA UMEET MOHMKAIOIIYIOCS THHAMHUKY.

Takas >xe nWHaMUKa HaONIONAaeTCs W B TOIUTUBHO-dHepretudyeckoMm komruiekce (TOK)
(puc. 2).

A BMecTe ¢ TeM, KaK ObIJIO OTMEUEHO BBIIIE, HETEXHOJIOTHYECKUE MHHOBAIIMY HAIIPABIICHBI HA
pa3BUTHE CTOJb BAXHBIX (PAaKTOPOB MHHOBAIIMOHHOW JESITEIBHOCTH, KaK (PUHAHCHI, MAapKETHHT,
MEPCOHAIl U MHOT'O€ JPYTOE.

Ha cerogusimauii 76Hh HETOCTATOYHOCTh OPTaHU3aIMOHHBIX HOBOBBEJIEHUN OCOOEHHO HEra-
TUBHO CKa3bIBAETCS Ha COBOKYITHON MHHOBAIIMOHHOW aKTUBHOCTH POCCUMCKUX MPEAIPUATHH, B TOM
YHUCJIE B TOIIMBHO-?HEPTETHYECKOM KOMILJIEKCE.
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12

W 2010
M 2012

YaenbHbll BeC YaenbHbili Bec YaenbHbll BEC
opraHusaumi, opraHusaumi, opraHusaumi,
OCYLLECTBAABLLMX OCYLLECTBAABLUNX OCYLLLECTBAABLUMX
TexHoJiormyeckme OopraHusauMoHHble MapKEeTUHIOBbIE
WMHHOBaLUK MHHOBaLUMK WMHHOBaLUK

Puc. 2 - Y nenbHBIN BEC OpraHU3aIHid, OCYIIECTBISIONNX TEXHOJIOTHUSCKHES, OPTaHU3aIIHOHHBIC,
MapKETHUHTOBbIE HHHOBAIMH B ceKTOpe «J[00bIua Moae3HbIX NCKOMaeMbIX; 00pabaThIBaIoIe Mpo-
M3BOJICTBA; IIPOMU3BO/ICTBO M PACIIPEICIICHUE FIEKTPOIHEPTHH, T'a3a U BOJBI», B 00IIEM YncIiIe 00-
CJIEIOBAHHBIX OpraHU3allui, B MPOIEHTaxX

OteuectBennblit TOK pacnonaraer 3HauuTENbHBIM 00bEMOM YEIOBEUYECKUX PECYPCOB, OJHA-
KO Ha CErOAHSIIHUN JIEHb B KIIOUEBOM CEKTOPE POCCUHCKON 3KOHOMHUKHU OCTPO OLIYIIAeTCs HEA0-
CTaTOK BBICOKOPA3BUTOI'O YEIOBEUECKOro IMOTEHLUaNa, MPEICTaBIEHHOI0 KBaIM()ULHUPOBAHHBIM
MIEPCOHATIOM, CIOCOOHOTO BHEIPEHUIO U PEATTH3AINH MHHOBAIIMOHHBIX POILIECCOB, COMPOBOKIAI0-
IIUXCS TIOBCEMECTHBIM PAaCIpPOCTPAHEHUEM HOBBIX TEXHOJIOTMH M NMPUHLUIOB pabOThI, KaK B MPO-
M3BOJICTBEHHOU cdepe, Tak U B QYHKIINOHUPOBAHUH allliapara yrnpaBiIeHHUsL.

OueBuAHO, YTO BO3pACTaHUE POJIM YEJIOBEYECKOT 0O (haKTopa, KaK JABMIKYIIEH CHUIIbI COBPEMEH-
HBIX MHHOBAIIMOHHBIX TIPOILIECCOB a0COIIOTHO OOBEKTHBHO, MMOITOMY CO3JaHHE MHHOBAIIHOHHOTO
MH(GOPMALIMOHHOTO 00eCTI€UeHMsI, BJIOKEHHUsSI B TEXHUYECKOE OCHAIeHHE U (PMHAHCUPOBAHHUE HC-
CIIEZIOBAaHUI U Pa3padOTOK HEOOXOIMMO, HO HEAOCTATOUYHO 3((HEKTUBHO O€3 TOBHIIIEHHUS 3HAYNMO-
CTH 4€JIOBEYECKOro KanuTaia i pa3pab0oTKH HHHOBAIMOHHBIX YIPABICHYECKUX PEIICHUH.

[IpyHuMast BO BHUMaHue JaHHbIe (aKTOpPbl U apryMEHTHI, 11€JeC000pa3Ho OOpaTUTh BHUMA-
HUE Ha OTPOMHBIHN, HO HEAPHEKTUBHO UCIOIB3YEMBIH UeIOBEUYECKUN MOTEHLIUAI B OTE€YECTBEHHOM
TOIUIMBHO-3HEPI€THYECKOM KOMILJIEKCE.

OnuH U3 CaMbIX Ba)KHBIX KPUTEPHUEB, XapaKTEPU3YIOLUI Pa3BUTUE U KAUECTBO YEJIOBEUECKO-
ro IoTEHUHMana - oOpa3oBaTeiabHbId (HAaKTOp, KOTOPBIM SIBISETCS KIHOYEBBIM AJIS HPEINpUSITUN
TOK, Tak Kak JUIsi MOJIEPHU3ALIUU OTPACIIH, BHEIPEHUSI COBPEMEHHOT0 000py/10BaHUs, TPUMEHEHUS
MHHOBAIIMOHHBIX TEXHOJIOTUN TPEOYIOTCSI BBICOKOOOPAa30BAHHBIE CIIELUATUCTBI.

3a nepuon 2005-2012 rT. BBIMYCK CHELUATNCTOB € BBICHIMM IpOoQecCHOHAIBHBIM 00pa3oBa-
HHUEM yBeIUUUJICA He3HaunTenbHO: ¢ 11,3 ThIc. wen. B 2005 rony mo 15,1 teic. wen. B 2012 rogy
[0 HAaNpaBJICHUIO TOATOTOBKH «T€0JIOTHS, pa3BegKka M pa3paboTKa IMOJIE3HBIX HCKOMAEMBIX»,
a TI0 HampaBJIEHUIO «IHEPreTHKa, JHEPreTUYecKoe MAaIIMHOCTPOEHUE U JJIEKTPOTEXHHUKA» -
¢ 22 thIc. yein. 1o 23,8 Thic. yen [1].

[To MHeHwut0, Kak paboToaaresnel, Tak U IpeacTaBUTeNel yueOHbIX 3aBeACHHM, YPOBEHb 3Ha-
HUN MOJIOJIBIX CHELMAIUCTOB, B TOM YHCJIE B DHEPI€TUYECKUX OTPACIISIX, HUKE, UEM Y BBINYCKHU-
KOB MpexHUX JieT. [lpuunH 371ech HeckoiabKo. Bo-mepBbix, 00ydeHHe HBIHEIIHUX CIEHUaIlNCTOB
erie OoJble OTOPBAHO OT MPAKTUKH, 4eM B coBeTckoe Bpems. Ceituac BY3bl He1ocTaToOuHO aKTHB-
HO 3aHUMAIOTCS pacIlpe/ie]IeHUeM CTYIeHTOB HU Ha MPAKTHUKY, HU MOCJIE€ OKOHYaHUS BBICIIUX y4eO-
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HBIX 3aBEJICHUN. A TIpU Mepexojie K MaccoBOMY OakanaBpHaTy OCHOBHOM MPOOJIEMOi CTallo COKpa-
eHue 00bEMOB TTPOU3BOACTBEHHON MOATrOTOBKU. Kak BUAHO W3 pUCYHKOB 3,4,5 OIS BBITYCKHHU-
KOB I10 IBYyM HAalpaBJIEHUSIM IMOJATOTOBKH, KOTOpPBIE TPYIOYCTPaUBAINCh CAMOCTOSITENbHO UM HE
MOJTYYHJIH HampaBlieHne Ha padoty ¢ 2006 roga o 2012 ro cokpatriiach He3HAYUTENIBHO [1].

Bo-BTophiX, naboparopHoe 00OpyaoBaHHE B OONBIIMHCTBE y4eOHBIX 3aBEJCHHN OCTalOCh
Ha TOM K€ YPOBHE, UTO OJIMH-/[BA J€CIATKA JIET Ha3all. B-TpeTbux, N3MEHUJI0Ch OTHOLIEHHE paboTo-
Jatens K BBITYCKHUKY y4eOHOro 3aBeieHus. Kak paHble MOJOAOTrO CIEHUAINCTa JOYYUBAIN
Ha MPOU3BOJICTBE, TAK U CeYac, TOIbKO celyac pyKOBOJCTBO IIPEANPHUSITHS CTapAETCs B3ITh Ha pa-
00Ty yXe roToBoro crnenuanucra. Hamm yueOHble 3aBeIeHUs CIerKa OTCTAlOT OT Pa3BUTHs OTpac-
JIY, ¥ 324aCTYI0 UM HE XBaTAaeT CPEACTB ISl IPEOAOJIEHUS 3TOTO Pa3phIBa.

VYuurbiBas 3auMHTEpecOBaHHOCTh Mpeanpusatuii TOK B BBICOKOKIACCHBIX cHEIMaNUCTax,
He0o0X0IMMO 0OJIbIIIe OPUEHTUPOBATHCSA HA BHEIPEHHE OpraHU3allMOHHBIX WHHOBALMM, CBA3aHHBIX
C IPUBJICYCHHEM U BHYTPHOPTaHU3AIMOHHBIM Pa3BUTHEM BBIITYCKHHUKOB BBICIINX yYeOHBIX 3aBEIeC-
HUW U MOJIOJBIX CIIELIUATIUCTOB.

100% -~

80% - 4.5
6,3 7,5
B CamocToATeNlbHO

60% TPYAOYCTPOUANCH

M3 BbiNnycka He noay4ynam

0% - HanpasieHuAa Ha paboTy

H /3 BbINyCKa NOAY4NAM

HanpaeaeHuAa Ha paboTy
20% -
M Bcero

0% -

BbinyweHo reonorus, passesKa 3HepreTuKa,
CnewumnanuncTos, 1 paspaboTka 3HepreTMyeckoe
-20% - BCEro nosiesHbIX MaLKNHOCTPOEHME "
MNCKOMaeMbIX 3/1IeKTPOTEXHMKA

Puc. 3 - HanpaBnenue Ha paGoOTY BbITYCKHHUKOB, OKOHYHMBILIUX OYHBIE OTAEICHUS TOCYIapCTBEHHBIX
Y MYHHIIMIIQTBHBIX BBICHIMX Y9€OHBIX 3aBEJICHHUH, 110 TPYIIaM CIeIHaTbHOCTEH 1 HAllPaBICHUAM
noArotoBku B 2006 r. (Ha 1 okTA0ps; B IpOIEeHTaX)
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100% -~

90% -
80% -
70% -
. B CamocToATe/IbHO
60% 1 TPYA0YCTPOUAUCH
[ .
50% I W3 BbINYCKa He NoNyYnnun
40% - HanpasaeHua Ha paboty
30% - B /13 BbINyCKa nonyy4naum
HanpaBneHuA Ha paboty
20% -
M Bcero
10% -
0% -
BbinyLieHo reosiorus, passegKa 3HepreTuKa,
CneLmnanncros, 1 pa3paboTka 3HepreTMyeckoe
BCero nonesHbix MaLLUMHOCTPOEHME K
MCKOoMaemMbIx 3NEKTPOTEXHMKA

Puc. 4 - HanpaBnienue Ha paboTy BbIITYCKHUKOB, OKOHYMBILIUX OYHbIE OTAEICHUS TOCYAaPCTBEHHBIX
Y MYHHIIMIIQTBHBIX BBICHIMX YY€OHBIX 3aBEJICHUH, 110 TPYIIAM CIIeIHATbHOCTEH 1 HallPaBICHUAM
noarotoBku B 2010 r. (Ha 1 okTa0ps; B HpOLIEHTaX)

100% -
90% -
80% -
70% -
B CamocToATeNbHO
0, -
60% TPYLO0YyCTPOUAUCH
0, -
50% I M3 BbINYCKA He Noay4Ynnun
40% - HanpasneHua Ha paboTy
30% - B N3 BbINyCKa noay4ynnum
HanpasieHuAa Ha paboTy
20% -
M Bcero
10% -
0% -
BbinyLieHo reosorus, passeaKa 3HepreTuKa,
cneumanncTos, 1 paspaboTka 3HepreTuyeckoe
BCero nonesHbIx MaLIMHOCTpOEHME U
MCKOMaeMblIX 3/IEKTPOTEXHUKA

Puc. 5 - HanpaBnenue Ha paboTy BBIITYCKHHUKOB, OKOHYMBILIUX OYHBIE OTAEIECHUS TOCYAAPCTBEHHBIX
Y MYHHIIMTIQTBHBIX BBICIIMX Y9€OHBIX 3aBEJICHHUH, 110 TPYIIaM CIeIHaTbHOCTEH 1 HallPaBICHUAM
noarotoBku B 2012 r. (Ha 1 okTa0ps; B mpoIeHTaX)

Bo3MOXHBIMU HalpaBJIEHUSAMU Pa3BUTH KaJpOBOrO NOTEHIMAIA MOTYT CTaTh:

—  TIOBBIIIEHUE AKTUBHOCTU NPEINPHUITHIA B COTPYIHUYECTBE C By3aMU IpU CO3AaHHUU
TEXHOJIOTHYECKUX TarhopM (BCIEACTBHE 3HAYMTEIBHBIX MATCPUABHBIX 3aTPaT 3TO
BO3MOKHO TOJIBKO B KPYITHBIX KOHIIEpPHAX UJTM XOJIIUHTAX);

—  3aKJIIYECHHE KOMIUIEKCHBIX JIOTOBOPOB O COTPYJHUYECTBE MNPEANPUATUN C BY3aMH,
IIPEeyCMaTPUBAIOIIUX 1IEJIEBOM MpUEM, NOJArOTOBKY M TPYAOYCTPOWCTBO CHELHANIN-
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CTOB, COBMECTHYIO Hay4HO-HCCIIEIOBATEIbCKYIO PabOTy, MpOo(ecCHOHAIBHYIO Iepe-
MOJrOTOBKY U MOBBIIIEHNE KBAIN(UKAUN pAOOTHUKOB, CIIOHCOPCKYIO 1€ATEIbHOCTS;
BHEJPEHHE MOJIEIH IyalIbHOTO 00pa3oBanHus (1o npumepy ['epmanun);

CHIKEHME JepUIMTa KBATM(PHUIUPOBAHHBIX MPENOAAaBaTENIbCKUX KaJpOB 3a CYET HpH-
BJIEUCHMSI TPAKTUKOB U CTAXKMPOBOK IIperoiaBaTeeil B KOMIaHUAX.

Cnucok ucnonb308anHbix UCMOYHUKOB

Marepuansl caiita «®enepanphas ciayxkba I[ocymapcTBeHHON —craTHCTHKA». [/
http://www.gks.ru.
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VK 65:620.98

COBEPUIEHCTBOBAHUE CUCTEMBI YITPABJIEHUS DOHEPT'OOBECIIEYEHUEM
KAK ®AKTOP YCTOMYUBOI'O SJKOHOMHNYECKOI'O POCTA NPOMBIIIJIEHHBIX
IPEJINPUSATUA
Bbocomonos A.B. 1, Hlavixun /1.B. 1, Cmpyros I H. 1, Manesuu U.X.?
1Bop0Heofc0KuL2 20CY0apCmMBeHH bl YHUBEPCUMEM UHICEHEPHBIX MEXHOI02UN
2Beﬂopyccmﬁ HAYUOHATIbHBIU MEeXHUYeCKUU YHUusepcumem

ONEKTPOIHEPTETUKA SBJIICTCS BAXXHEHIIEH COCTABHOW YacCThIO TOIUIMBHO-DHEPrETHUYECKOTO
KOMILJIEKCA CTPaHbl, 00JIaJaeT PsIOM Cenn(UIECKUX YepT, JENAIOUINX e¢ HeMOX0XKel HU Ha OJHY
OTpacib NpOMbINUIEHHOCTH. [1o cymiecTBy, OHa 1ODKHA OBITh PU3HAHA OTPACIIBbIO HALMOHAIBHOTO
XO3SICTBA, MOCKOJIBbKY MPOHHU3BIBAET BCE €ro c(epbl. DHEPreTuKa, Kak M BCE XO3SMCTBO HaIleH
CTpaHbl, I10Ka eIlle POOKO BCTYIAET B PhIHOYHBIE OTHOIIEHUS, MIMEHHO [103TOMY OpraHU3al|s dHep-
TeTUYECKOTO X031CTBA HA MPEANPUSTHH SBISCTCS aKTyalbHON M BaKHEUIIEH TeMOW [T OAPO0-
HOT'O PaCCMOTPEHHSI.

DHeproobecrieyeHne NPEANPUATHIA MPEAYCMaTPUBAECT COBOKYMHOCTh CPEJCTB W METOJIOB,
IpeAHAa3HAuEHHBIX Ul pa3pab0oTKU M NPUMEHEHUs YCTAaHOBOK M CUCTEM HPOU3BOASLIMX, TpaHC(hOp-
MUPYIOIIMX, PACOPEACISIONNX U MOTPEOSIONIMX TEIUIOBYIO, IEKTPUYECKYI0 U MHBIE BHJIbI 3HEp-
ruu, obecneuynBarone (pyHKIMOHUPOBAHNUE MPOMBIIUICHHBIX HPEANPUATHA. DHEpreTHyeckoe Xo-
3ICTBO COBPEMEHHOIO ITPOMBILUIEHHOTO MIPEANPUATUS HApSAAY € OOIIMM JIEKTPOTEXHUYECKUM 000-
PYZAOBaHHEM BKJIOYAET B ce0sl 3HAUUTEIbHOE KOJIMYECTBO YHEPIOCHIOBOrO U TEIIOMEXaHUYECKOIO
000py/I0BaHUsI.

Vcnonb30BaHue KOMIUIEKCHOTO aHAIN3a OLUEHKU Y(PGEKTUBHOCTH M NOTEHIIMAaIa 3KOHOMUY e-
CKOTO pOCTa OTEYECTBEHHOW MHUIIEBOH MPOMBIIIICHHOCTH IT03BOJIMIO C(HOPMHUPOBATH 0a30BbIC
IPENOCHIIKY YCTOHUYMBOTO pa3BUTHs MPEINpUATHI B paMKax oOecreueHus! SHepreTudeckoi 0es-
ormacHOCTH. JlaHHOE YCIIOBHE SIBJISICTCS Ba)KHEHNICH COCTABISIONMICH (DOPMUPOBAHHS TOPOKHON
KapThl KOHKYPEHTHBIX [IPEUMYILIECTB B YCAOBUAX HECTAOMIBHOCTU INI00ANbHBIX pbIHKOB. Obecrme-
YEeHHE PHEPTreTHUECKON OE30MTaCHOCTH - 0JTHA M3 OCHOBHBIX 33a4 SHEPIreTHYECKON TOJIUTUKH CYyOh-
€KTa PBIHOYHOT'O XO351CTBOBAHHUS, IPEACTABIAIONIAs TPAKTUYECKUI UHTEPEC I IHUPOKOTo Kpyra
Hay4yHOU U mpo(deccuoHaIbHOM 001IECTBEHHOCTH.

DHepreTuyeckas 0e30MacHOCTh MPEICTaBIsAEeT OO0 eIUHBIN KOMIUIEKC B3aMMOCBS3aHHBIX
AJIEMEHTOB CUCTEMBI YIPABIEHUS MPEINPUATHS. DHEPreTUUECKUE PUCKU ONPEIEISIFOTCS KaK BHEII-
HUMH (T€OMOIUTHYECKUMH, MaKpPOIKOHOMUYECKUMH, KOHBIOHKTYPHBIMHU) (hakTOpaMH, Tak U c00-
CTBEHHO COCTOSIHUEM U (PYHKIIMOHUPOBAHHEM DHEPIeTUYECKOT0 CEKTOpA CTPAaHbI. YKa3aHHbIE (ak-
TOPBI,  CHCPKHUBAKOT HE  TOJBKO  pa3BUTHUE  MPEANPUATHI,  OTpacied  DKOHOMHKH,
HO U SIBJISIOTCS OJHOBPEMEHHO HMCTOYHUKOM YIpO3 3HEPreTHYECKO 0e30MacHOCTH BCEW CTpaHbI
[3].

OcHoBHbIE (DYHKIIMM YIIPaBJICHUS SHEPreTHKOW MPEANpHUATHs MPOUUIIOCTPUPOBAHbl HA pU-
CyHKe 1.

JlanHbIe (PYHKIIMH OCYIIECTBIIIOT B OTNPEACTICHHBIX 001acTAX NeSTeIbHOCTH, CPEIH KOTOPBIX
CeUU(UIHBIM JJI1 SHEPTeTUKU MPEANPHUITUS SBISAIOTCS: MOTPEOICHNE SHEPrUH; UCIOIb30BaHUE
SHEPTUH; SKCIUTyaTalUsl SHEPreTHYEeCKOr0 U SHEPrOMCIOJIB3YIOUIETO O000PYAOBAHUS;, PEXKUMBI
HHEProcHadKeHUs U paboThl YHEProoOOpYJOBAHUS; HAJEKHOCTh JHEProcHaOXKEHUs U PpabOTHI
SHEProoOOPYI0BaHMS; BHYTPUIIPOU3BOACTBEHHBIN (BHYTPHU NPEAIPUITHS) SHEPTOHAA30P.

OmnpeneneHue ypoBHSI SHEPreTHYECKoi O0e30MacHOCTH MPOMBIIUIEHHOTO MPeINpUsTHs J0J-
’K€H OCHOBBIBATHCS] HA METOJI€ MHANKATUBHOIO aHAJIA3A.
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' OCHOBHBIE ®VHKIIUU YIIPABJIEHUS SHEPTETUKON

et | mTTTTToomomes . FTTTTTTTmoms
i_ OPTAHM3AIIUA | : YUET : i AHAJIM3
CTPYKTYPBI OTepPaTHBHBII PETPOCIIEKTHBHBIH
B3aMMOOTHOLIEHUI CTaTUCTUYECKUHN OIEpaTUBHBIN
nHdopmanuu OyXrantepcKui TeKYIIUit

=T~ T T T T T T T T T T T T T T T T T 1 I_ ________________________________ 1
|m-m - mmmmmmmmm oo 1 IUJIAHUPOBAHUE | ' KOHTPOJIb U PETYJIMPOBAHUE
. HOPMHPOBAHHME | S S IS 4 SeTe===s '
' \ OTepaTUBHOE TeKylee
TexyIee TeKyIee OIepaTUBHOE
HepCHEeKTHBHOE

Puc. 1 - OcHOBHBIE (DYHKIIUU yIIPaBICHUS SHEPTETUKOM MpeANPUATUS

MeTox WHAMKATUBHOIO aHajaM3a HMeEET JOCTaTOYHO IPOCTYK CIPYKTYpY, IO3BOJISIET
HE TOJBKO OIICHUTh YPOBEHBb YHEPreTUUECKON O€30MacHOCTH OTIACIBHOTO MPENNPUATHS, HO U OT-
CJIe)KMBATh €r0 U3MEHEHUE M0 HAIIPABICHUSM BO3JICHCTBUS OTAENbHBIX YIPO3, a TAK)KE CPABHUBAThH
MPEANPUATHS OTPAcid U PeruoHa I0 3TOMY MokaszaTento. TlprMeHeHne MHIUKAaTUBHOTO aHaIu3a
IpUJAeT CTPOMHOCTb, MOCIEOBATEIBHOCTh U OOOCHOBAHHOCTh C/IETIaHHBIM BbIBOJAM. MeToJ Mo-
KET OBbITh JIETKO CKOPPEKTUPOBAH M aJalNTHUPOBaH JIIsl OLEHKM SHEPreTHYecKod Oe30MacHOCTU
C YY4ETOM OTpAaCIEeBOM, TEXHOJIOTMYECKOH, PErMOHaJIbHOW U TNpoyel creun@uku HccIeryeMoro
npennpusaTis. OCHOBHbIE IOKa3aTeNM WHIMKATUBHOIO aHalM3a SHEpPreTH4ecKoid O0e30macHOCTH
IpUBEJCHbI B Tabnuue 1.

AHanu3 nokaszai, YTo BaKHEHIINM MOKa3aTeNeM, XapaKTepU3YIOLUM paboTy IPOMBIIIIEHHO-
ro MpeanpusaTus, sABIseTcs cedecTouMOCTh NpoAykuuu. OT ee YpOBHS 3aBUCAT (PUHAHCOBBIE pe-
3yNbTaThl JEATEIbHOCTH NMPEANPUATHS, TEMIIbI PaCIIMPEHHOIO0 BOCIPOU3BOICTBA, (PMHAHCOBOE CO-
CTOSTHUE XO03SHCTBYIOINX CYObeKTOB. Ce6ecTOMMOCTh OMpeessieTcss Kak CTOMMOCTHAs OL[eHKa HMC-
M0JIb3YyEMBIX B IPOLECCE NMPOU3BOJACTBA NPOAYKIMH (paboT, yCayr) NPUPOIHBIX PECYPCOB, CHIPbS,
TOIJINBA, MaTepHaliOB, YHEPTUU, OCHOBHBIX (DOH/IOB, TPYAOBBIX PECYPCOB, a TaKXkKe APYTUX 3aTpar
Ha ee MPOM3BOJICTBO U peain3amuo [1].

[TosToMy ee cHukKEHUE - BaKHEHIIMN MCTOUYHUK pocTa NpuObUM npeanpustuidi. CoBpeMeH-
HbI€ PHIHOYHBIE YCIIOBUS XO3HCTBOBAaHHUS BHECIM YKOHOMUYECKHE KOPPEKTUBHI B CIIOKUBIIYIOCS
CXEMY LIEHTPAIM30BaHHOIO SHEProCHAOKEHUS MPOMBIIUICHHBIX MPEINpUATHI: 3HEepreTHyecKue
KOMIIaHUHU pabOTalOT MO BBIFOJHBIM LIEHAM, KOTOPbIE YYUTHIBAIOT HE TOJIKO 3aTpaT Ha ee Mpou3-
BOJICTBO, HO ¥l HEJJOCTATOK MHBECTUIIMI B YHEPTETHUECKYIO OTPACIIb.

Benenctre 3aBUCUMOCTH OT TEPPUTOPHANIBHBIX HHEPreTUUECKUX KOMIIAHUNW M HEIOCTaTKa
TEXHUKO- S9KOHOMUYECKHX BO3MOKHOCTEH Il BO3BEJCHUS COOCTBEHHBIX YHEPreTHUECKUX MOIIHO-
CTeH, KPYITHBIE POMBIIICHHBIE TPEANPHUIATHS BBIHYKIEHBI IPHOOPETATh Y HUX JOPOTOCTOSIIIYIO
TEIUIO- U AJIEKTPOdHEpruto. JlaHHOe 00CTOSATENBCTBO BICUET 32 COO0I POCT ce0ECTOMMOCTH OTede-
CTBEHHBIX MPOMBIIIJICHHBIX TOBapOB M CHIDKEHHE HX KOHKYPEHTOCIIOCOOHOCTH Ha pBHIHKE.
Jlnist yMEHbBIIEHHUS 3aBUCUMOCTH OT SHEPreTMYECKHX KOMITAaHUHM U CHMXKEHMS BEIMYMHBI SHEPreTH-
YeCKOM COCTaBIISAONIEH CeOECTOMMOCTH MPOU3BOAMMON MPOIYKIIMH KPYIHBIE SHEPrOEMKHUE MpO-
MBILUIEHHBIE TOTPEOUTENN BCE Yallle MePeXoIAT Ha albTEpHATUBHBIE BU/IbI YHEProoOeCIIeUeHHUS.
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Tabnuya 1 - [loxazamenu uHOUKAMUBHO20 AHANU3A
9Hepeemuueckou 6e30nacHOCmU NpeOnpUsmus

TpakroBka Dopmyiia ObocHoBaHME
1. Tonst cOOCTBEHHOMU TeHEpaIin 9= Veen + Voap X 100% Vo1, — 00BEM TIOTPEOIAEMO IIEKTPO-
M UCNOJIb30BAHME BTOPUYHBIX - HFOOT/:L 0 SHEPTHUH OT COOCTBEHHOM reHepaIiy 3a

OHEPreTU4CCKUX NUCTOYHUKOB

roj, TeiC. KBT-4;
Visp- 00bEM TIOTPEOIISIEMOIA HIIEKTPO-
SHEPTHUH, 33 CUET UCIIOIB30BaHusI BOP,
ThIC. KBT-4;

roJ o
Vrmp' CyMMapHbIl 00beM MOTpeOIIsie-
MOW SHEPIruU 3a rof, Teic. KBT-4.

2. apukatop, XxapakTepusyro-
ITUH BIMSTHUE IO SHEpreTHde-
CKOIi cocTaBJsIOLIEH B cebecTo-
MMOCTH TIPOAYKIIMU HA SHEPre-
TUYECKYI0 0€30MaCHOCTh

3
w=<1—33H>><100%

061

3,4 - CyMMa 3aTpat npeAnpHsITUI
Ha JJIEKTPOIHEPTHUIO B TOJI, THIC. P.;
3061 — CyMMa 3aTpar Ha IIPOU3BOJICTBO

MPOAYKIIAN B TOJ, THIC. P.

3. Mamukarop, OTpakaromui

3E
Y ="—22 % 100%

JEg,; — 6a30BBII MTOKA3aTEh YHEPTOEM-

BIIUSIHHE yIEIbHON 3HEPTOEMKO- 3E KOCTH HPOAYKUUH, KBT-u/mT.;
CTH IPOAYKLUH NPEIIPUATUSL HA JE — nokazarens yaeapHON SHeproem-
€ro SHepreTHYEecKyro Oe3omnac- KOCTH MPOAYKIINH aHAITU3UPYEMOTO
HOCTb IpeanpusTus 3a rog, KBr-u/mr.
4. Y nenpHas 3HEProOEMKOCTh I/;fo(ff;) OIl — 06emM TpOU3BOJICTBA PO TYKITHH
NPOAYKIWH, TOKa3bIBAKOIIUI JE = O_H Ha TPEAIPUITHH B T'OJI, LIT.
pacxon IEKTPOIHEPTUH Ha TIPO-
M3BOJCTBO €/I. IPOAYKINHU
5. DHEPronpoU3BOAUTENLHOCTh 3I = 1

JE

B nacrosimiee Bpemsi IPOMBIIUIEHHBIE MPEANPUSATHS U dHEpPreTuueckrue oObEAUHEHUs B3au-
MOJICHCTBYIOT B YCJIOBHSIX PhIHOYHBIX OTHOLICHUH. J[aHHOE 00CTOSITENBCTBO CTABUT IEPE]] IHEpre-
THUKOM IPOMBILUIEHHBIX IPEINPUITUM Psijl aKTYalIbHbIX 3a/1a4 (PUCYHOK 2).

AHanusupys IpUMEpBl peaju3alii IIPOEKTOB 10 CTPOUTENIBCTBY Ha OTEUECTBEHHBIX IIPO-

MBIIUIEHHBIX HPEIIPUITUAX COOCTBEHHBIX SHEPreTHUYECKUX MCTOYHUKOB, MOKHO C/ENAaTh BBIBOI,
YTO OCHOBHOW NPHUYMHOW JAHHOM TEHAEHIUH CTaJO CTpeMJICHHE O00ecleduTb, B COBPEMEHHBIX
YCIIOBHUSIX XO3SIICTBOBAHUS, TEXHOJOTUYECKHUI MPOIECC JAOCTYIHON 3HEprue coOCTBEHHOro Mpo-
U3BOJICTBA.

BaxHpIM MOMEHTOM IIpH pacyeTe CpoKa OKYIMAaeMOCTH KalmUTaJbHBIX 3aTpar, ABJSETCS MOJI-
HBIA y4eT BCeX 3aTpaT, CBA3AHHBIX CO CTPOUTEIHCTBOM COOCTBEHHOI'O MCTOYHHMKA 3HEpruu. Yacto
IpU UX TOJCYETE YUUTHIBAIOT TOJIBKO CTOMMOCTH CTPOUTENBCTBA AHEProOi0KoB, MUHU-TOIL] -
II0JIB3YSICh LIEHOBBIMU I1OKA3aTENIIMUA UX IPOU3BOJAUTEINIEH, a TaK XK€ 3aTpaTbl HA PEKOHCTPYKIIMIO
ANEKTPUUYECKUX, TEIUIOBBIX, Ta30BbIX CETEl BHYTPEHHETO SHEPTrOCHA0KEHHUS.

OnaHaxko BBIABICHHBIE CIIOXKHOCTH HE OCTAHABJIMBAKOT YHEPIOEMKHUX IPOMBIIUIEHHBIX MOTpE-
ourteneil YHePruK, CTPOUTh COOCTBEHHBIE T€HEPUPYIOIINE MOLTHOCTU B CTPYKTYPE IHEPreTUUECKUX
xo3siicTB. Ha prucynke 3 npencraBieHsl pelaroniie apryMeHThl JAHHOTO PEILEHUS.

[IpoBeneHHBIN aHATUTUYECKUN PACUET MO3BOJISIET 3AKIIOYNUTH, YTO PACXOAbl HA COOPYKEHUE
COOCTBEHHOTO0 MCTOYHHUKA YHEPTUU HEOONBIION MOITHOCTH MPOMBIIIJICHHBIM MPEANPUITHEM OKY-
MAIOTCS B CPEeTHEM 3a 2 - 5 JIET, 4TO MPHUBJICKATEIBHO JIJIT UHBECTOPOB [2].
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AKTyalbHbIE 337]a41 YHEPrOCUCTEMBI IPOMBIIIUICHHBIX MPEANPUATHIA

PEryjidpHOC U 6CCH€p€6OI>'IHOG obecreueHrne TeXHOJOTHYECKOIO nmponecca BCEMU BU-
JaMu SHEPIrun

]
BHEJJPCHUE MPOTPECCUBHBIX CIIOCOOOB MPOU3BOJICTBA, PACIPECIICHUS U UCIIOIb30Ba- |
HUSl DHEPTHH, I CHIDKEHHS DHEPreTHYECKOW COCTaBISIONIEH ce0eCTOMMOCTH IIpO- i
) MBIIIJIEHHOM TIPOIYKIIMH !
]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
[}
¢
5
s
g_

y4eT WMEIOIIUXCS BO3MOXKHOCTEH IO HCIIOJNIB30BAaHUIO BTOPHYHBIX JSHEPTETHUECKUX
pecypcoB (BOP) - roprounx OTXOJ0B XMMHUECKUX MPOU3BOJICTB, TEIIOTHI OT TPOU3-
BOJICTBEHHBIX MTPOIECCOB U TOTOBOM MPOAYKIINH, OCOOEHHO B SHEPTOEMKHUX ITPOU3BOJI-
CTBax

pa3paboTKa U BHEAPEHHE aBTOMATU3UPOBAaHHBIX CUCTEM 3Heprocoepesxenus. Ilorromy
COBPEMEHHbBIE IPOMBILIUICHHbIE NPEANPUATH BCE Hallle MEPeXOaiT K ICLEeHTPaNIn30-
BaHHOMY HJIM COBMEIICHHOMY (KOMOMHHPOBAHHOMY) TETLIIO-, QIEKTPOCHA0KEHHUIO

Puc. 2 - AxryanbHble 3a/1a41 YJHEPTOCUCTEMBI IIPOMBIILICHHBIX MPEATIPUATHN

OcHOBHBIE (PaKTOPBI CTPOUTEIHCTBA COOCTBEHHBIX T€HEPHPYIOLIIX
MOIIIHOCTEN B CTPYKTYpPE IHEPreTUUECKUX XO3AUCTB MPEAPUATHIA

BO3MOXXHOCTb KPYIJIOTOAWUYHOI'O -~ MCIIOJIb30BaAHUA H606XOI[I/IMOFO KOJIMYECTBA TEIIOBOM
n 3H6KTpH‘ICCKOﬁ OHCPIruu

OTCYTCTBHE OOJIBIINX 3aTpaT Ha TPAHCTIOPTUPOBKY SHEPTUH

OTCYTCTBHE TIEPEKPECTHOTO CYOCHIUPOBAHUS JIBTOTHBIX TPYIII OTPEOUTENEH SHEPTHH 32 CUET
IIPOMBILUIEHHOTO MTPEANIPUSATUS

BO3MO>KHOCTH HCIOJIB30BaHMs B Ka4ECTBE TOIUIMBA Ul IMPOU3BOJCTBA 3IEKTPHUECKON U TEII-
JIOBOW 3HEPTUN BTOPUUYHBIX MPOAYKTOB TEXHOJIOIMUYECKOr0 MPOLECCa: TEMIa JBIMOBBIX Ia3oB,
KOHJIEHCAaTa M COPOCHBIX BOJI, TeIJia OT TOTOBOW MPOJYKIUH, XUMHUUECKOW SHEPIHH OT OTXO-
JIOB TIPOM3BOJICTBA

NEPCIEKTHUBA MTPOAAKH U3JIMIIKOB SHCPIrU Ha PErUOHAJIBHBIX OHEPIrETUYCCKUX PhIHKax

Puc. 3 - OcHOBHBIE (haKTOPHI CTPOUTEITHCTBA COOCTBEHHBIX T€HEPUPYIOIINX MOIIHOCTEH
B CTPYKTYp€ DHEPIreTUUYECKUX XO3SANUCTB NPEAIPUATUI

Hannune coOCTBEHHOrO0 MCTOYHUKA DSHEPrUM TapaHTHUPYET HHEPreTHYeCKUd MHUHUMYM
IUI OCYILIECTBICHHS TEXHOJOTHUYECKOro mporecca. Takum o0pa3oM, ylpaBlIeHHE YHEPreTUYECKUM
XO3SICTBOM MPOMBILIUIEHHOTO MPEANPUATHS - 3TO TPYILOEMKHH mporecc, Tpedyroumii 3¢ dexTus-
HBIX OPraHU3aIIMIOHHO-3KOHOMHYECKUX U MPOU3BOJICTBEHHO-TEXHUUECKUX PELICHHI.
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YK 608.2

BJIMSTHUE BOJOPOJTHOM IVIA3MBI HA SJIEKTPUYECKHUE CBOMCTBA
HAHOKOMIIO3NUTOB (C040FE4oZ|"20)X(A|203)100.X
Tpeaybos U.M., Tamvankun I' K., I pebennuxos A.A., Cmoeneii O.B.
Boponesicckuii cocyoapcmeennviii mexnuueckuil ynugepcumem

ITpoBeneno HCCIIEZIOBaHUE UIEKTPUUECKUX CBOWCTB HaHOKOMIIO3UTOB
(Co40Fe40Zr20)x(A1203)100-x B MCXOIHOM COCTOSIHUM U TOCJE THAPHUPOBAHHUSA B BOIAOPOIAHOM
mwia3me. MccnenoBanbl TeMiepaTypHble 3aBUCHUMOCTH JIEKTPOCONPOTUBIIEHUS! HAHOKOMITO3UTOB
(Co40Fe40Zr20)x(AI1203)100-x B untepBasie 77 — 273 K mociie HaX0X/ACHUS B BO3YIIHOW H BO-
JOPOAHOM IU1a3Me. Y CTaHOBJICHO, YTO 110CJI€ HaBOJOPaKMBAHUS IIa3MOM BEJIMUYMHA CPEHEro YHC-
J1a JIOKAJIM30BAHHBIX COCTOSIHUI <N> yMEHBILAETCS, B TO BpeMsS KaK 3HA4YEHMsI MJIOTHOCTH AJIEK-
TpOHHBIX cocTosiHMIA Ha ypoBHe Depmu g(Ef) yBenmuuBaercs. Ilpeanonaraercs, 4To 3TO CBS3aHO
C 3aI0JIHEHUEM HOHAMHU BOJIOPOJIa OOOPBAHHBIX CBS3EH aTOMOB METalIa, HAXOISUIMXCS B MaTpPHULIE,
u cMmeuieHueM ypoBHs depmu BCleICTBHE H3MEHEHMsI COOTHOLICHUS MEXAY 3aloJIHEHHBIMU
¥ CBOOOJHBIMH SHEPTeTUYECKUMHU YPOBHSIMH B 30HE JIOKAIM30BAaHHBIX COCTOSTHUH.

BBenenne

Ha ceropnsamHmii 1eHb BOAOPOAHAS SHEPTETHKA SBISETCSA OJHOM M3 MEPCHEKTHUBHBIX, OYpHO
pa3BuBaroIuxcs obnaacredt Hayku. [lo cpaBHEHHIO ¢ TPAAULIMOHHBIMU YHEPTOHOCUTEISIMH, BOJIOPO.L
UMeEeT psjl MPEUMYLIECTB: KOJOTHYecKasi YNCTOTa, IIMPOKOE PACpOCTPAHEHHUE B IIPUPOJIE U BO3-
o0HOBIsIeMOCTb. OJHAKO, UCIIOJIb30BaHUE BOAOPOAA IO CUX MOP HE HALUIO IIUPOKOTo MPUMEHEHUS
IIOCKOJIbKY ITOJIyYE€HHbIE K HAaCTOSIIEMY BPEMEHU MaTepHajibl HE BIIOJIHE YAOBIETBOPAIOT TpeOoBa-
HUSIM [0 MaccOBOMY U OOBEMHOMY cojepxaHuio Bojgoposa. ITostomy mpoGiema moucka HOBBIX
a71copOUpPYIOLIUX BOJIOPOJ MaTepUaIOB OCTAE€TCs aKTyajbHOU. BO3MOXKHBIM BapHaHTOM pPELICHUS
3TOM MpOoOJIeMBbl SIBJISETCS HUCHOJIb30BAaHWE HAHOTPAHYJUPOBAHHBIX MaTepHajoB B KauecTBe aj-
copOumonnoii cpeasl [1]. [Tomumo 3TOTO, HE B TOJTHOM Mepe OTpadOTaHBI METOABI OE30MaCHOTO
HaBOJOpPaKMBAaHUS MaTepHaioB, HE TPEOYIOLME BHICOKUX AAaBICHUN Ui Temreparyp. O6a daxro-
pa HEOOXOOMMBI i YBEIWYCHHUS IMPOHHUKAIOIIEH CIOCOOHOCTH BOJOPOJAa B TBEPAYIO CpeLy
U TOBBILICHUS €r0 PEaKIMOHHON CIIOCOOHOCTH: TUCCOLMALMU MOJIEKYJI BOIOPOJia U 00Pa30BaHUIO
rUAPUA0B. MOXKHO MPEANoNoKUTh, YTO €CJIM BOAOPO] OYAET HaXOIUThCSl B MOHU3MPOBAHHOM CO-
CTOSTHUM, TO MPOILIECC HABOJAOPAKUBAHMS OYyJEeT OCYIIECTBIATHCS B MEHEE (OGKECTKHX» YCIIOBHSIX
10 CPAaBHEHUIO C MOJIEKYJIIPHBIM BOJAOPOIOM.

C yueToM BBILIEH3II0)KEHHOT'0 LEJIbI0 JTaHHOH paboThI ABJISUIOCH UCCIIE0BAHUE BO3MOXKHOCTH
HABOJIOPAKMBAHUS HAHOTPAHYJIMPOBAHHOIO KOMIIO3UI[MOHHOTO MaTepuaia, 3a CYeT BO3JEHCTBUS
Ha Hero BoJopoaHoi BY mia3mel.

B kauectBe 00bEKTa UCCIE€IOBaHMSI BbIOpAHbI HAHOTPAHYJIMPOBAHHBIE KOMIIO3UTHI
(CogoFes0Zra0)x(Al203)100-x, TOCKOIBKY BCE METAITHUECKHE DIIEMEHTHI, BXosiue B ux cocras (Co,
Fe, Zr, Al) crtoco6HBI popmupoBaTh TUipHIbl. KauecTBEHHO M KOJIMYECTBEHHO aJcopOLus BOJO-
poJia HAHOKOMIIO3UTaMH OLIEHUBAJIACh IO U3MEHEHUIO UX JIEKTPUUECKUX CBOUCTB.

Meronuka

B pabore wuccienoBaHbl rpaHyaupoBaHHble HAHOKOMIO3UTHI (Cog0Fe40Zr20)x(Al203)100-x
B HIMPOKOM HMHTEpBaje KOHIETpanuuu metamuinyeckoil ¢asel (40 < x, at. % < 55). Komno3utsl
cOpMHPOBaHBI U3 METAUIMYECKUX TPaHy] JUaMeTpoM 2—8 HM, cllydyaiiHbIM 00pa3oM pacrpeje-
JICHHBIX B 00BbEeMe JAMAIEKTPUIECKor MaTpuilbl okcuaa amroMuuus Al,Oz. OOpasiisl MoaydeHbl Me-
TOJIOM MOHHO-JTy4eBOI'O PACIBIICHUS COCTAaBHBIX MHIIEHEH B aTMOc(epe aproHa C Mocieayromen
KOHJICHCAllue MaTepuajia Ha CUTaJUIOBbIE MOJUIONKKHA. XUMUYECKUH cOCTaB 00pa3loB KOHTPOJIU-
pOBaJICS PEHTT€HOBCKUM 3JIEKTPOHHO-30HI0BBIM MUKPOAHAIU30M.

B kadecTBe MeTOoJa TUIPUPOBAHUS HUCIIOJIB30BAIaCh BOJOPOIHAA IIa3Ma, YTO HE IMpearnoa-
raer HarpeB oOpas3IoB 10 BHICOKUX TEMIEpPaTyp U UX 00pabOTKy MPH BBHICOKUX JaBieHusX. s mo-
Jy4yeHUs BOJAOPOJIHOM IUIa3Mbl Obla pa3paboTaHa SKCHEPUMEHTAlbHAs YCTAaHOBKA, COCTOSIIAS
13 KBaplLeBOIO peakTopa, BakyymHou cuctemsl 1 CBY neuwn [2].
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Panee ObUTO TOKA3aHO, YTO HAXOJSCh B Ta30BOM IUTa3Me, MaTepHall TOJIBEPTraeTCss TEpMUYe-
CKOMY HarpeBy, 4TO MO>KET 3HAUUTEJIbHO BIUATH HA €ro AJIeKTpudeckue cBoiictBa. KoMmnosunnon-
HBIE IJIEHKH, HAXO/ACh B Ta30BOM IIa3Me HarpeBaroTcs 10 Temreparypsl nopsaka 400 °C [2]. ITo-
3TOMY MPEXKJE YeM MOMECTUTh 00pa3ilbl B BOJAOPOJHYIO IUIa3My OHHU BBIICPKUBAIKCH B ILIa3Me,
32)KUTAaeMON B OCTaTOYHOM BO3aymiHOW atMochepe (P ~ 2:10* Topp), B TedueHuu 45 MUHYT. ITO
o0ecrneunBano MpoTeKaHHe MPOIECCOB pellakCcallii U MO3BOJIAJIO UCCIEeOBaTh BIMSHUE BOJOPO-
HOM TJIa3MBI Ha OTOXKEHHBIX 00pa3iax. TeM caMbIM, UCKITIOYAIOCHh BIMSIHIEC TEPMUIECKOTO OTKH-
ra Ha BO3MOXKHbIE U3MEHEHUS (PU3NYECKUX CBONCTB KOMIIO3UTOB IOCIIE HAXOXKICHUS B BOJOPOIHOM
mazme. OOImast JIMTEeNbHOCTh Ipollecca HAaBOAOpaXUBaHUs cocTaBisuia 150 MuH, OJHAKO, IO-
CKOJIbKY TIPOILIECC TOPEHHUs IUIa3Mbl HE ObLI HempepbiBHbIM [2], mosiHOe 3G GeKTHBHOE BpeMs
HAXO0XICHUS KOMITO3UTOB B IJIa3Me BOJIOPOA COCTABIISIIO 25 MUHYT.

Tak xKak HAHOKOMIIO3UT MPEACTABIIAET COOOM TOHKYIO IUICHKY, TO JUISl UCCIIEA0BAaHUS CTEIICHH
€ro HaBOJOPAXKUBAHHUS HE MOTYT NMPHMEHSTHCS METOJbI HEMOCPEICTBEHHOTO M3MEPEHHS KOJIHUe-
CTBa aIcOpOMpPOBaHHOrO BoAopoa. [Ilpu HaBOJOpOKUBAHUM HAHOKOMIIO3UTA aTOMBI BOJIOPO/Ia MO-
T'YT MIPOHUKATH KaK B AMAJICKTPHYCCKYIO MATPUILY, TAK U B METALIUYECKYIO ¢a3y. B momnepkossiu-
OHHBIX HAHOKOMITIO3UTAaX, TO AJIEKTPOHHBIN TPAHCIIOPT B HEM OMpEesieTcs HePeHoCcOM 3apsia ye-
pe3 IMAJIEKTPUUECKYI0 MaTpuily (Tak Ha3blBaeMasl MpbDKKOBas mpoBoguMocTh [3]). Taxoit
MEXaHHU3M KpaiiHe 4UyBCTBUTENICH K CTPYKTYpPHBIM JAe(eKkTaMm, UMEIOMUMCS B AUAJICKTPUKE U Ha MH-
Tepdeiice TUINEKTpUK-Tpanyna [4, 5]. Eciu nmpeamnoinokuTh, 4To aTOMbI BOJIOPO/1a, a1cOpOUpOBaH-
HbIE KOMIIO3UTOM, MOTYT CO3/1aBaTh JIOKAJIM30BaHHBIE COCTOSHUS B 3aIllPEIIEHHOI 30HE AUAJICKTPU-
Ka TO aHAJU3 AJIEKTPUICCKUX CBOHCTB HAHOKOMITO3UTOB JO M TIOCJIC HABOJAOPAKUBAHUS TTO3BOJIHT
OLICHUTh CTENEHb HABOJAOPaKMBaHUA Marepuana. [loaTtomy B gaHHOW paboTe M3Y4EHO BIUSHUE
HABOJIOPAKUBAHUS Ha JJICKTPUUYSCKHUE CBOMCTBA KOMIIO3UTOB, KOTOPOE OILIEHWBAJIOCH MO M3MEHE-
HUIO TEMIIEPATYPHBIX 3aBUCUMOCTEH COMPOTHBIICHUS OOpa3lOB M3MEPEHHBIX B HHTEpBAJIEC
77 -280 K.

AHanu3 nomy4eHHBIX 3aBUCHMOCTEH OCYILECTBISJICS C IMOMOIIBI0 MOJIETeH MCIOIb30BaIaCh
MOJIETIb PE30HAHCHOTO TYHHEJIHMPOBAHUS MEKTPOHOB [3, 4] u Monenu Mota(Monenb MPBIKKOBOM
npoBoauMocTH) [5, 6] . Ilockonbky B HccleqyeMbIX o0pa3iax 3JMeKTPOIEPeHOC OCYIIECTBISETCS
TYHHEJTUPOBAHUEM DJICKTPOHOB I10 JIOKAJTU30BAHHBIM COCTOSHHUSM B JHIICKTPUUYCCKONW MaTpPHIIE,
MOJIENIb TIO3BOJISIET OLICHUTh CPEAHEE UMCIO JOKAJIM30BaHHBIX COCTOSHUN (<N>), MO KOTOPHIM
AIIEKTPOHBI TYHHEIHMPYIOT TPU JIBHXCHAHM MEXIY COCCTHUMH TpaHylaMu [4], a Takke OICHHUTH
IUTOTHOCTH JIEKTPOHHBIX cocTosiHul Ha ypoBHe Depmu g(Ey) [5].

Pe3yabTaTsl

Ha pucynke 1 npeacraBieHbl TeMIiepaTypHbIe 3aBUCUMOCTH 3JIEKTPUUECKOTO COMTPOTUBICHUS
06pasnoB (CosFes0Zr20)x(Al203)100x € Pa3IUYHBIM TPOICHTHBIM COAEPIKAHUEM METAUTHYECKON
(a3zbl 1ocie OTXKHUra B «BO3AYHIHOWY MmaazMe. C 1enbio MonydeHus 06osee JOCTOBEPHBIX pe3ynbTa-
TOB IPOBOJIUIIOCH U3MEPEHHE JIBYX 00pa3Ll0B OJJHOTO COCTABaA.

BenuunHa yneiapbHOro AJIEKTPUYECKOTO COMPOTHBICHUS R yBenMYMBaeTCs C MOHMKEHUEM
TEMIIEPATYPHI, YTO XaPaKTEPHO I KOMIIO3WIIMOHHBIX MAaTEPHAIIOB, B KOTOPBIX JJIEKTPOIIEPEHOC
OCYIIIECTBISIETCS TTOCPEACTBOM TYHHEIUPOBAHUSI IIEKTPOHOB M3 TPAaHYIbI B TPAHYITY IO JIOKAIINU30-
BaHHBIM COCTOSIHUSIM BOJH3U YpoBHS DepMu B IUAIEKTPUYECKOW Marpuile. Takas 3aBUCHMOCTH
MO3BOJISIET MPUMEHUTHh MOJeNd MOTTa M PE30HAHCHOTO TYHHEIUPOBAHUS ISl DIIEKTpPOIEepeHoca
B TOHKUX TIJICHKAX.
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Puc. 1 -. 3aBUCHUMOCTD yICIIBHOTO 3JIEKTPHYECKOTO COMPOTUBIIEHHUS OT TEMIICPATYPhI
HaHOKOMIO3UTOB (C040F€40Zr20)x(Al203)100-«x. Lluippamu Ha rpaduke mokazaHbl MPOLICHTHI
COJIEp KaHUs METAITHNYECKOM (hasbl

Jlnst pacuera cpemHero 4uciia JIOKaJTU30BAaHHBIX COCTOSIHUN <N> SKCIIEPUMEHTAIILHBIC 3aBU-
cumoctu (puc. 1) mepecTpauBaiuch B KOOPAUHATAX MOEIU HEYIPYroro pe30HAHCHOTO TYHHENH-
poBaHUs, puC. 2. 3aTeM, BBIUUCIISIICS YroJl HAKJIOHA TEMIIEPAaTypHON 3aBUCUMOCTH AJIEKTPUIECKOTO
conportusienus B koopaunarax IN(R/R,)(To/T), mokaszanuoii Ha puc. 2. B [4] Obu10 MOKa3aHo, 4TO
CYIIECTBYET OMpPEIEIEHHBIN TeMIIEPAaTYPHBIN HHTEPBa (OOBIYHO 3TO 00JIee BHICOKTEMITCPATYPHBIN
WHTEpBaJl), B KOTOPOM YHCIIO JOKAJIW30BAHHBIX COCTOSIHHMN, YYaCTBYIOUIMX B 3JIEKTPONEPEHOCE,
HE MEHSIETCS U ISl 9TOr0 MHTEepBaa TeMIepaTyp Yrol HaKJIOHA 3aBHCHUMOCTHU TaKXke OyJeT MOoCTo-
STHHBIM. B COOTBETCTBHM C METOJIMKOM, U3JIOKEHHOU B [4, 6] ObUIH paccYMTaHbI 3HAYCHUS CPEITHETO
YHUCJIa JIOKAIM30BAHHBIX COCTOSIHUM, MO KOTOPBIM 3JCKTPOHBI TYHHEIUPYIOT MEXIY COCEIHUMH
rpanynamu. B xauectBe 3Hauenuit To Oblna B3siTa Temmepatypa 273 K, B kauectBe Rg — conpoTus-
JIEHWEe KOMITO3HTa MPHU ITOU TeMIIepaType.

0,0 0,2 0,4 0,6 0,8
In(T,/T)

Puc. 2 - TemmnepatypHast 3aBUCUMOCTB cOnTpoTHBIICHHS KOMI03HuTa (Co40F€40Zr20)44(Al203)s6
B MCXOJIHOM COCTOSIHUM (KpuBas 1) 1 mocie HaBoJopoKuBaHus (KpuBas 2). 3aBUCUMOCTH IIOCTPOEHA
B MOJICTILHBIX KOOpAWHATAX [S] Ui ompeenenus ancia <n>. To = 273 K.

Hcnone3ys mozens MoTa U mepecTpauBasl SKCIEPUMEHTAIbLHBIE 3aBUCUMOCTH B COOTBET-
CTBYIOIIMX KoopauHartax [5, 6] onpenensuiuch 3Hauenus ((Ef) a1 KOMIIO3UTOB ¢ Pa3IUYHBIM CO-
JepKaHuEeM MeTayutnueckoi ¢asbl (puc. 4).
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Jlis  yCTaHOBIIEHUS KOJMYECTBEHHBIX W3MEHEHUU, BBI3BAHHBIX BIMSHHUEM BOJOPOJA,
Ha PUCYHKax 3 ¥ 4 MoKa3aHbl COBMEIICHHBIC KOHIIEHTPAIMOHHBIE 3aBHCUMOCTH <n> u §(Es), u3me-
peHHBIE B 00pa3Iax 0 U MOCje HABOJOPAKUBAHHUS.

AHanH3 MOJIYYCHHBIX JAHHBIX MOKa3ajl, 4To 00paboTKa KOMITO3UTOB B BOJIOPOJHOM ILIa3Me
HE MEHSET XapakTep 3aBUCHMOCTH KOMIIO3UTa B UHTepBaie temneparyp // — 217 K. B unrepsaie
217 — 280 K wma 3aBucumoctu R(T), u3MepeHHOH TIOCIIe HAaBOJOPOKUBAHUS KOMIIO3HMTA
(CogoFeq0Zra0)44(Al203)s6, HAOTFOMACTCS U3JIOM M YTOJl HAKJIOHA MPSMOM, ONPEACISIFOIINN BEIHYH-
Hy <n> MeHsercs (puc. 2, kpuBas 2). PacueT cpeaHero umcia JOKaJM30BaHHBIX COCTOSHHUN ITOKa-
3aJl, YTO HABOJOPOKMBAHUE MPAKTUYCCKU HE BIUSET HA BEIMUYMHY <N> B HHU3KOTEMIIEPATYPHOM
untepBajie 77 — 217 K, u 10 u mociie HaBoAOpOKUBaHUs oHa Obuia paBHa 1,87. OnHako, B HABOIO-
poxxernoM obpasiie (CosoFes0Zr20)44(Al,03)s6 B nuTepBane temneparyp 217 — 280 K 3nauenne <n>
yMeHbImiIoch ¢ 3,1 1o 2,70.

3,2 | E
3’0 A\ A <n>v|cx0,D.Hoe ]
28 o <r]>H2
R
ARy
V 22 O
2,0
1.8 &\@
1,6

35 40 45 50 55
CoFeZr, at %

Puc. 3 - 3aBHCHMOCTB CPEIHETO YUCIIA JIOKAITN30BAHHBIX COCTOSIHAIN OT MPOLIEHTHOIO COAEPIKaHuUs
metauindeckoit dassl s 00pasioB (CoFeZr)x(Al,03)100-x 10 U MOCIIE BO3ACHCTBHSI BOJAOPOIHOM

T1J1a3MBbI
21
10 - I T
A 9(E,) B ucxoaHOM cocTosiHNM
O g(E) nocne HaBopopaxmBaHns
‘T 20 %@
>
210
£
: ﬂ
(S]
— 19
Y
5" g7
o)
18
10

35 40 45 50 55
CoFeZr, at %
Puc. 4 - 3aBUCUMOCTD MIJIOTHOCTH JIOKAJIU30BAHHBIX COCTOSIHUNA OT MPOIIEHTHOTO COJIEPHKAHUS

Metauindeckoit ¢assl s 00pasioB (CoFeZr)x(Al,03)100-x 10 U MOCIIE BO3ACHCTBHSI BOJIOPOIHOM
TTa3MBI

AHanoruuHele pe3yabTaThl HAOMIOIATHCh Ha 00pa3lax ¢ pa3NuYHON KOHIIEHTpAIHel MeTa-
auueckor (asel. Y BcexX MCCIeI0BaHHBIX KOMITO3UTOB Ha 3aBucumocTH R(T), momydeHHoi mocie
HABOJIOPOXKUBAHUS, BOMTU3U KOMHATHOW TeMIIepaTyphl HAOIIOIaICs U3JIOM, a YHCIIO JIOKAIM30BaH-
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HBIX COCTOSTHUH JJIs TEMIIEPATypHOTO WHTEpBala, MpuMbIKatomero k 273 K, Bo Bcex ciydasx ObLIO
MEHBIIIE, YeM B UCXOJIHOM COCTOSIHHH (Tocjie oOpaboTKH B BO3IYIIHOMW IJIa3Me, HO J0 HaBOJOpa-
xuBanus). Ha puc. 3 nmpuBeeHbl KOHIEHTPAIMOHHBIC 3aBUCUMOCTH 3HAYEHUsI <N>, pacCUYUTAHHBIC
JUIsi 00pasIoB, MOJBEPTHYTHIX TEPMUUECKOW pejaKCcalli B BO3AYIIHOW mazMe (<N>ycxommoe PUC.2
KpuBas 1), U 3HaueHuss <N>, pacCUYUTAHHBIC ISl YUaCTKA C M3MEHEHHBIM YIJIOM HAKJIOHA BCIE[-
CTBHE HAaBOJIOPOKUBAHUA (<n>H2 pI/IC.2 KpuBast 2). XapaKTepHo, qTO0 KaK <N>ycxommoes TAK U <N>y2,
YMEHBINIACTCSl C YBEIMYECHUEM KOHIEHTPAIMU METATMYecKord (a3pl B 00pasie, 4TO THUITUYHO
JUTS HAHOKOMITO3UTOB METAILI-AUAJICKTPUK U CBSA3aHO C MPUOIMKEHUEM KOHIIEHTpAIlUu 00pasIioB
K ITOPOTY MEPKOJISIIINN U YMEHBIICHUEM IIUPUHBI UIEKTPHIECKOT0 Oaphepa Mex Iy TpaHyIaMu.

[Tonyuennsie pe3ynbrathl (puc. 3, 4) MO3BOJAIOT YTBEPKIATh, YTO BO3JEHCTBUE HOHOB BOJIO-
po/ia MPUBOAMUT K MU3MEHEHUIO MJIOTHOCTH JIOKAJIM30BAaHHBIX COCTOSIHUN Ha ypoBHEe Depmu U cpeji-
HEro0 4YHCia JIOKAJIU30BAHHBIX COCTOSHHMM, BOBJICUEHHBIX B PE30HAHCHOE TYHHEJIMPOBAHUE.
HauGonpime u3MeHeHUs] HAOMIOJAIOTCS B KOMIIO3UTaX ¢ MEHBINEH JOJIeH MeTaTNYeCKol (a3bl.
DTO AaeT BO3MOXHOCTb MPEAMNOJIOKUTh, YTO MOHBI BOJOPOJa B OCHOBHOM IMPOHUKAIOT B JAMAJICK-
TPUUYECKYIO MAaTPUILy M B3aUMOJEHCTBYIOT UMeHHO ¢ Heil. [lo Bceil BuamMocTH, 06ianas noaoxu-
TEJBHBIM 3apsAI0M, HOHBI aTOMAapHOTO BOJOPO/IA MWIIM 3apsKEHHBIE MOJIeKyibl H, B3auMoIeHCTRY-
10T ¢ JeheKTaMu MaTpHIlbl, (POPMUPYIOIIUMH JOKATU30BAHHBIC COCTOSIHUS, Ha KOTOPBIX HAXOJSATCS
ANEeKTpOHBL. B3anMonelicTBys ¢ nedexTamu MOHBI BOJOPOJA 3aMONHAIOT OOOPBAHHYIO CBSI3b, HC-
KIII04ask TakuM 00pa3oM, ee M3 mpolrecca dJeKTpornepenoca. TakuMu AeekTaMu MOTYT SIBISITbCS
HE3aKOHYEHHBIE CBSI3M aTOMOB METaNIMYecKoil (ha3bl, KOTOpbIE BCEr/aa HaXoAWTCA B o0beMe Ju-
ANMEKTPUUIECKON (ha3bl KOMITO3UTOB. BClIeICTBHE ATOT0 CyMMapHOE YHCIIO JIOKATM30BAHHBIX COCTO-
SIHUI B «IIPOBOJSIIEH LIETIOYKE» MEXAY COCETHUMU I'paHylaMu OYJEeT CHIKAThCS, YTO OTpakaeTcs
Y Ha CPEIHEM 3HAYCHUU BEIMYUHBI <N>.

N3meHeHne 3HaueHus II0OTHOCTHU 3JIEKTPOHHBIX COCTOAHMM Ha ypoBHEe DepMu MOKET mpouc-
XOJIUTH T10 JABYM NMpUYUHAM. Bo-TIepBbIX, B KOMIIO3UTaX MOTYT MOSBIISATHCS HOBBIC JIOKAIM30BAHHbBIC
COCTOSIHHS C PHEPrUsMU OMM3KUMH K Ef 1 ecnu 3TH cOCTOsIHUA OYAyT 3aIlOJIHATHCS AJIEKTPOHAMH,
T0 310 npuBeaeT K pocty g(Ef). OaHako monydeHHbIC IKCIIEPUMEHTAIBHBIC JaHHbIe (pHc.3) CBHIE-
TEIBCTBYIOT 00 OOpaTHOM: YHCIIO JOKATMU30BaHHBIX COCTOSHUN BOIM3U ypoBHS DepMU CHUKAETCS
MOCJIe HABOIOpaKUBaHUs. BO-BTOPBIX, MOKET MPOUCXOUTH CMEIIEHUE TT0JIOKEHUsT ypoBHS Depmu
OTHOCHUTENILHO 30HBI, B KOTOPOH pacHOIO0KEHBI JIOKaTU30BaHHbIE cOocTOsiHU. [Tockonbky B 001IeM
CJIydae YHCIIO JIOKAIM30BAaHHBIX COCTOSIHUUN C Pa3HBIMHU 3HAYEHUSMH DHEPTHUU HE SIBIISCTCS OJHUM
U TeM BEpOSTHOCTh TOTO, YTO MPH CMENICHUH YPOBHSI DepMu OH OKaxeTcsi B 00J1acTH ¢ 0oliee BhI-
cokuMm 3HaueHreM ((Ef) BecbMma BbhIcoka. [10-Bcelt BUAMMOCTH, B CITydae HABOJIOPAKUBAHUS JOIEP-
KOJIAITHOHHBIX KOMIO3UTOB (Co40F€40Z120)x(Al203)100-x HabOMIOIaETCSI MMEHHO Takasi CHTyaIus. 3a-
MOJIHEHUE aTOMaMH BOJAOPOa 00OPBAHHBIX CBSA3CH aTOMOB MeTaslia (BBICTYIAIONINX B POJIH JIOBY-
IIeK) TPUBOIUT K MEPEPACHPECICHUIO TIEKTPOHOB MEX1Y OCTABIIUMUCS JIOBYIIKAMH, YTO BICUET
3a co00# n3MeHeHne sHeprun Pepmu.

BoiBoabI

UccnenoBanbsl TeMrepaTypHble 3aBUCUMOCTH  JJIEKTPOCONPOTUBIICHUS HAHOKOMITIO3UTOB
(CogoFes0Zr20)x(Al203)100x B uHTEpBasie Temmeparyp 77 — 273 K mocie HaX0XICHUS B BO3AYIIHON
Y BOJIOPOAHOM MIa3Me.

VY CTaHOBIEHO, YTO TOCJIE HABOJOPAKUBAHUS IJJa3MOWM BEJIMYMHA <N> yMEHbUIAeTcH,
B 10 Bpems kak ((Ef) yBemuuuBaetcs. [Ipemonaraercs, 4To 3TO CBSA3aHO C 3alOJHEHHEM HOHAMU
BOZOPOJia OOOPBAaHHBIX CBSI3€H aTOMOB METallIa, HAXOSIIMXCS B MAaTPUIlE, U CMEIICHUEM YPOBHS
depMu BCIIECTBUE U3MEHEHHUSI COOTHOIIICHUSI MEXKY 3allOJTHEHHBIMU U CBOOOHBIMHU dHEPreTHYe-
CKMMH YPOBHSIMHU B 30HE JIOKAJTU30BAHHBIX COCTOSIHUM.
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VIK 621.311

®EHOMEH 30JI0TOI'O CEYEHHUS KAK ®AKTOP CTPYKTYPHOH
YCTOMYUBOCTU U TAPMOHUU JTUHAMHWYECKHUX CUCTEM
Kynaxoe I''T., Kpasuenko B.B.
benopycckuii nayuonanvHwili mexHuuecKull yHugepcumem

Jns  obecriedeHuss CUCTEMHOM UM CTPYKTYpHOM YCTOHYMBOCTM M TapMOHUHM CHUCTEM
B TEXHHKE M JPYTHX 00JacTAX HEOOXOAUMO YCTAHOBUTH MEXKy OCHOBHBIMH TOKa3aTEISIMU CHUCTE-
MBI COOTHOLIEHHMSI, COOTBETCTBYIOIIME 30JI0TOM IIPOIOPLHUHU. 30I0TOE CEYEHUE — 3TO TAKOE MPOIMOp-
LIMOHAJIHOE JIEJIEHUE OTpEe3Ka Ha JIBE€ HEpaBHbIE YAaCTH, IPU KOTOPOM BECh OTPE30K TaK OTHOCUTCS
K OousplIel yacTH, Kak caMas Oojbllas 4acTb OTHOCUTCS K MEHbIIEH WM, OJPYTUMH CIIOBaMH,
MEHBIIUI OTPE30K TaK OTHOCUTCS K OoJbIIeMy, Kak OonbIuii Ko Bcemy. 1o onpenencHue 3010To-
IO CEeUEHMs I0JIKHO BBINOJIHATHCS paBEHCTBO: 1/x=X/1-X, TO €CTh CBOMCTBA 30JI0TOI'0 CEUCHMS OIH-
CBIBAIOT KBAJPATHBIM YpaBHEHHEM: X +X-1=0, OIOKHTEIBHBIA KOPEHb KOTOPOTO OMPE/IEISIOT Bbi-
PaXKCHUEM: | _ @=0,618 (uucno dubonayun). XapakKTepHBIM MPUMEPOM HCIOIB30BAHUS 30JI0TON

2

IIPONIOPLIMY CIIY’KUT IEHTarpaMMa. Bce quaronany nsTUyrojpHUKA AEIAT APYr Apyra Ha OTPE3KH,
CBSI3aHHBIE MEXY co00M 30510TON mponopuueil. Kaxaplii KoHel NATHYrOJIbHOW 3BE3/1bl IPEICTaB-
JiseT CoOOM 30JI0TOM TPEYroJbHHUK, CTOPOHBI KOTOPOTO 00pa3yroT yroi 36° Mpy BEpIIMHE, & OCHO-
BaHUE, OTJIOKEHHOE Ha OOKOBYIO CTOPOHY, JCIIUT €€ B MPOMOPIIHH 3070T0T0 ceueHus (0,618/0,382).
Teopus uncen duboHaU4YM U 30J0TOTO CEYEHUs HENPEPHIBHO pa3BUBaeTcsa. Bo3HUKaIOT MHTEpec-
HbIE METOIbl PEIICHUsI psiia KHOEpHEeTHUECKHUX 3a/1ay (TeopHH MOoMCKa, UT'p, IPOrpaMMUPOBAHNUS,
OINTUMAJIHOTO YIPABJIEHMS) C UCIIOJIb30BaHUEM uncesl @UOOHaYYU U 30J10TOr0 CEUEHHUS.

B BHTY pa3paboran MeToJ1 CTpYKTYpHO-IIapaMETPUYECKOI ONITUMHU3ALIUN CUCTEM aBTOMATH-
YEeCKOI'o peryjaupoBaHus Ha 0a3e mepenaTouyHol (QYHKLIUHU ONTUMAIBLHOTO peryisTopa, B Iepeaa-
TOYHYIO (DYHKIIMIO KOTOPOTO B KaueCTBE KPUTEPHUS ONTHUMAIHLHOCTH BXOIUT 3a/laHHAsl IepenaToy-
Hast (pyHKIUS Pa3sOMKHYTOH CHUCTEMBbI IO 3aJaloIlleMy BO3ICHUCTBUIO, YMCICHHOE 3HA4YEHUE IMapa-
METpa ONTUMAIBHOW JTUHAMUYECKOW HACTPOMKH KOTOPOro OMPEAENSETCA IO MPABUIY 30J0TOTO
CEUeHUs, TZIe 3a LIeJI0€ IPUHUMACTCs BEJIMYMHA 3aa3bIBaHUs 110 KaHAILY PEryJIUpYIOLIEro BO3AEH-
CTBUS C Y4E€TOM MaKCUMAaJIbHO JOILyCTUMOM BETMYMHBI 3TOTO BO3JICHCTBUS.

MeTon CTPYKTYpHO-TIapaMETPHUUECKON ONTHUMH3ALUU IO3BOJIIET CYILIECTBEHHO YIIYYIIUTh
KAauecTBO PETYJIMPOBAHMSI TEIIOIHEPTETUUECKUX MPOLIECCOB MPU NEPEMEHHBIX PEeKUMax, 4TO MO3-
BOJISIET MOBBICUTh SKOHOMHYHOCTB, HAJIKHOCTh, JOJITOBEUYHOCTh PabOThl TEMJIOIHEPreTHYECKOIO
000py/10BaHUSl U YMEHBUINTH YIIEPO OT BHIOpOCA BPEIHBIX BEIIECTB B OKPYXKAIOIIYIO CPEY.
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VK 658.3.012.4: 338.439

COBEPIIEHCTBOBAHME KAJTPOBOW CTPATETMM B OBECIIEYEHUN
IPOJOBOJIbCTBEHHOM FE30ITACHOCTH
Bozomonosa U.IL*, Bacunenxko U.H.", Manesuy U.X.?
1Bop0He:>fccz<uL7 20CY0apCmeEeHHblll YHUBEPCUNMEN UHICEHEPHBIX MEXHOI02ULL
2Eefzopyccxuﬁ HAYUOHATbHBI MEeXHUYECKULl YHUGepCUumem

[TpoGiema obecrieueHHs MTPOJOBOIBLCTBEHHONW OE30MMACHOCTH CTPAHBI BBIIIA HA OJHO U3 BE-
OyIIMX MECT B MUPOBOM nonutuke. [IpooBoibcTBUE HApsiAy ¢ HEPTHIO CTANO BEAYIIUM (PaKkTOpoM
TCOTOJIMTUKHA HAIIErO TOCYAapCTBA. YPOBEHb MPOJIOBOJILCTBEHHON OE€30MaCHOCTH OMPEACTsSeTcs
(GYHKIIMOHUPOBAHUEM TPEX CHUCTEM: CHCTEMbI MOTpPEOJICHUs, 3aBUCSAIICH OT MOKYHATEIbHON CIIO0-
COOHOCTH HACENICHUSI U HACHIIIICHHOCTH MOTPEOUTEIHCKOTO PhIHKA, U IBYX CHCTEM, HATIOJIHSIO X
MOTPEOUTENHCKUN PHIHOK MPOI0OBOJILCTBUS.

Yka3aHHBIE CHCTEMbI B3aUMOCBSI3aHbI, UMCIOT KPUTHUYECKUE TIPECIIbI U OMPEACIISIOT TIPOI0-
BOJILCTBEHHYIO 0€30MacHOCTh cTpaHbl. Hacenenue 3emiau yBenMuuBaeTcs OBICTPHIMU TEMIIAMH -
6onee ywem Ha 1,4 % B rTox. Ilo mporHozam OOH, 4YHCIEHHOCTh HaceleHUS 3eMIU
B 2050 r. moutu B 4 pa3a NpeBBICUT KPUTUUECKUHN MOPOT YCTOUYMBOCTU OHMOChHEPHI.

Bwmecte ¢ Tem, macmta0bl rojioga B Mupe pacuupsitorcs. CeroiHs oOlee KOTUYECTBO JTIO-
Jeil, CTpaJalouMx OT HelOoeAaHus, Ha IaHetre mpeBbickiio 1 mupa. [THoxoe muTanue B3pOCIBIX
CHIDKAET pabOTOCIIOCOOHOCT U Pe3yJIbTaTUBHOCTD TPY/Ia, YTO IKOHOMHUYECKH HEAI(P(PHEKTUBHO.

KonnuectBo notpebisieMbIx Kalopuil BapbHpPyeT MO CTPaHaM U rojiaM B 3aBUCUMOCTU OT
TeHJIEPHON U BO3pacTHOM cTpyKTyphl HacesneHus. [lo nanupiM @AO, cpeqHEMUPOBO MOKa3aTeb
SHEPreTHYECKOr0 COJIepP KaHUs THEBHOTO PallMOHa MUTAHUS B pacueTe Ha OJIHOTO YEJIOBEKa COCTaB-
asn 2780 Kkaj, Toraa Kak B pa3BUTBIX CTpaHax oH Kojebaics B npenenax 3200-3600 kxain, B Poc-
cusg coctapisier 2300, B pa3BUBAIOIIMXCS CTPaHAX ¢ HU3KUM J10X00M cocTaniisil Ha 500-1000 kkain
HUXKE CPETHEMHUPOBOTO YPOBHSI.

B nHacrosiiiee Bpemsi B KauyecTBe KpUTEpUS OLIEHKH COCTOSHUS MPOIOBOJILCTBEHHON Oe3omac-
HOCTH MPUHSAT yJCIBHBIN BEC OTCUSCTBEHHOM MPOIYKIINHU B 001eM 00beMe TIPEIOKCHIS Ha BHYT-
peHHeM poiHke. Hanbonee BaxXHBIMU KPUTEPUSMU MIPOIOBOJIBLCTBEHHOM 0€30MacCHOCTU B MUPE CUH-
TalOTCS YPOBEHb CaMOOOECIICUCHUsI OCHOBHBIMU BHJIaMHU ITPOJIOBOJILCTBUS U YPOBEHb HX TMEPEXO-
JSIIMX 3aMacoB, paBHBIM npumepHO 17 % romoBoro motpebnenus. Bmecte ¢ teMm, Poccus mo cux
MOp HE BHINIIA HA PEKOMEHIyeMBbIil ypoBeHb (Tabnuna 1).

CrnenyeT OTMETHUTbH, YTO MOTPEOHOCTH B pAIMOHAIHHOM YIIPABJICHUU MPOJAOBOJIBCTBEHHOMN
0€30MacHOCTHIO0 00YCIIOBJICHA PSIIOM OOBEKTUBHBIX MPUUYNH: 3HAUUTEIILHOE COKPAIICHUE TTOCEBHBIX
ionaied B CeNbCKOXO3SIMCTBEHHOM cekTope skoHoMHKH AIIK; HHU3KMii BanoBoit cOop ypoxkas;
HU3KHE TEMITI YKOHOMUYIESCKOTO POCTa B JKHBOTHOBOJIYECKOM KOMILIEKCE; HU3Kas d(H(PEeKTUBHOCTH
yOOpKH yposKasi; TUCIAPUTET LIEH; POCT CYMMapHOW 3a/I0JDKEHHOCTH CehCKOXO03WCTBEHHBIX Op-
TaHU3aIi 110 BCEM 00s3aTeNbCTBAM; HU3KHI yYPOBEHH OOHOBJICHUS TEXHUKH B CEILCKOXO3SIH-
CTBEHHOM CEKTOpe, Hed(pPeKTUBHAS KaJIpoBas CTPATETHs U IpYTHE.

KampoBast cTtpateruss — 3TO OIpPEACICHHOE PYKOBOJCTBOM OpTaHHW3AIUU MPHOPHUTETHOE
HampaBlieHUWE JCWCTBUI, YYUTHIBAIOIIEE €€ CTPATErMYeCKue 3aJaud U PECYPCHbIE BO3MOXKHOCTH,
KOTOpBIC HEOOXOUMBI JIJISl JOCTHIKCHHSI JIOJITOCPOUYHBIX TIeJIel 10 (OPMUPOBAHUIO BRICOKOTIpOdec-
CHOHAJILHOTO, CIUIOYEHHOTO ¥ OTBETCTBEHHOTO KOJUICKTHBA.

JIroboe mpeanpusTie, KOTOpOe OPUEHTHPOBAHO HA YCIEIIHOE CYIIECTBOBAHWE M Pa3BUTHE,
B TOM YHCJIE U arpoNpOMBIIUIEHHOTO KOMIUIEKCa, TUIAHUPYET CBOIO JESATENBHOCTh HE TOJBKO Ha
OV KAMIIMN TIepUOoJT BPEMEHHU, HO M Ha mepcrekTuBy. OYeHb BaXXHYIO POJIb B 3TOM UTPaeT KaJpo-
Bas CTpaTerus OpPraHU3AINK, KOTOpas UMEET JOITOCPOYHBIN xapakTep ((hopMHpOBaHHE CHUCTEMBI
MOTHBAIIMH, TICUXOJIOTHYECKUX YCTAHOBOK, CHCTEMBI YIIPABIICHUS TIEPCOHAIIOM, CTPYKTYPHI ITepCo-
Hama TpeOyeT MHOTO BPEMEHH) M CBSI3b CO CTpaTerueil MpeanpusiThs B 1eloM (IpU W3MEHEHUU
CTpaTeTHH MPEANPHUATHS HEOOXOIUMO KOPPEKTUPOBATH U KAJIPOBYIO MOJIMTHKY: H3MEHHUTH CTPYK-
TYpY U YUCIIEHHOCTb MEePCOHANA, €ro KBaTU(UKAIUIO U HABBIKU, METO/IbI M CTUJIb YIIPABIICHUS).
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Tabauya 1 — [lompebaenue 0cHOBHBIX NPOOYKMOo8 numarus no Poccuu 6 200

CooTHolLIeHUE
O0ecrieuenue 3a
Panmonaneubie | [lorpebnenue Ha| motpebieHus K CUeT OTEde
[TpoayKTHl TUTAHHS HOPMBI ITOTPEO- Jyury Hacene- | PaMOHANBHOH | o o 1po-
JIEHHS, KT HHUS, KT HOpPME [TUTAHUS, o
% HU3BOJICTBA, %0
MsICO ¥ MSICOTIPOTYKTHI 75 61 81,30 61
Mouoxo 305 242 79.30 78
1 MOJIOKOTIPOJTYKThI
i‘;ﬂa“““e“poﬂyml’ 250 254 101,60 87
Caxap 30 39 130,00 60
Maco pactutensHoe 12 12,8 106,70 73
Kaprodenn 100 132 132,00 85
Osonm 150 110 73,30 84
DpyYKTHI U SITOABI 70 o4 77,10 40
X1eOHBbIe MPOTYKTHI 105 121 115,20 93

B ob6nactu pa3BUTHS arponpOMBILIIIEHHOIO KOMILUIEKCA [OCTaBlIeHa 1eJlb HE TOJbKONpUMe-
HEHHs I'PAMOTHOM KaJpOBOM CTPAaTEruu, HO U: YCTOMYMBOE PA3BUTHE CEIBCKUX TEPPUTOPUMU; CO-
3/1aHH€ YCJIOBUH JUIsl OBBIILIEHUS] KOHKYPEHTOCIIOCOOHOCTH MPOAYKIUH; BOCIPOM3BOICTBO UMEIO-
IIUXCS PUPOJTHBIX PECYPCOB, A3 (HEKTUBHOE MCIIOIb30BaHIE TPYAOBOTO OTEHITHATIA.

OTcro/1a BBITEKAIOT COOTBETCTBYIOIINE 3a/1a4ul. DTO, IPEXJIe BCero, 3pPeKTUBHOE UCIOIb30-
BaHUE 3€MJIM, KOTOPOE MPEAINOIAracT BHEAPEHNE MHTEHCUBHBIX 1 MHHOBALIMOHHBIX pecypcochepe-
ralolUX TEXHOJIOTUH U, caMoe IJIaBHOE, cTaHOBJIeHHUE 3¢ ¢dekTuBHOro coOcTBeHHUKA. C 3TOM 1ie-
JbI0 pa3pabaTbiBaloTCs cTpareru «ColuaibHO-3KOHOMUYECKOI0 Pa3BUTUSI MYHUIIMNIANbHBIX paii-
oHOB Boponexckoit obnactu 10 2020 r.», B pa3paboTKe KOTOPHIX MPUHUMAIOT Y4acTUE CTYIEHTbI
n yuensie BI'VUT.

Poccus B 2020 r. mo CpaBHEHMIO € TEKYIIUM IEPUOAOM YBEJINYUT MPOU3BOACTBO MUIIEBBIX
npoayktoB B 1,6-1,7 pa3a npu cpemnerofoBoM temrne rnpupocta 4,3-5,5 %. D10 npeaycMoTpeHo
MIPOEKTOM CTPATETuyu Pa3BUTHsS NMUIIEBOIN U NepepadaThIBaromieii IPOMBIIIJICHHOCTH CTPaHbl Ha Iie-
puox o 2020 r. Crparerust pazpadorana Muncenbxo3om PO u crana cocraBHoii acThio ['ocmipo-
rpammMmel pazsutusg AIIK ¢ 2013 no 2020 rr. Bmecte ¢ TeMm, B 3T0Oi BakHEHIIEHCOLMAIBHO 3HAYU-
MOI oTpaciau umeercs psii HpoOsieM, Ha pelleHrne KOTOPBIX HANpaBJie€Hbl, B TOM YHCIE, YCUIIUS
IIIIC BI'VUT: Hu3KUI ypOBEHb MCIOJIB30BaHUS MPOU3BOACTBEHHBIX MOIIHOCTEN; BBICOKHI N3HOC
OCHOBHBIX (POHJIOB B IPOU3BOJICTBE MUILEBBIX NPOAYKTOB cocTaBisieT 36 %; HU3Kas MeXaHU3aLMs
TpyAa  Ha '  TNPEeANpHATHAX  NUIIEBOM M mepepabarhiBaomieil  MPOMBIIICHHOCTH
(40 — 60 %);HECOOTBETCTBHIE Ka4eCTBa OTEYECTBEHHOTO 000PYIOBaHUSI MUPOBOMY YPOBHIO; HH3KOE
Ka4yecTBO BBIPa0aThIBAEMOTO MPOJOBOJILCTBUS; pe3Kasi cTpaTu(UKalUs HaceleHHs 110 YPOBHIO J10-
X0JI0B; HEJOCTATOYHOE KOJNYECTBO KBATU(UIIMPOBAHHOTO ITEPCOHAA.

Baxuelmmii (aktop pa3BUTUS MHTEIEKTYalbHBIX PECYpCOB HAIMOHAIbHON SKOHOMHUKHU -
TEXHOJIOTUYECKHE MHHOBAIIMM, OCHOBHBIMM TOYKAMHUPOCTA KOTOPBIX SBIIIOTCS TEXHUKYMBI, YHU-
BEPCUTETHI, MHCTUTYTHI, aKaJEMUM HAyK W JpYyrue HCCIENOBaTEIbCKHUE OopraHmszauuu. Bmecre c
TEM, CO3[aBaeMble, HallpUMEpP, B YHUBEPCUTETAX TEXHOJOTHUU MOTYT MPEBPATUTHCS B PHIHOYHBIM
IIPOJYKT TOJIBKO ITYTEM MEpPEAaud UX B MPOMBILUIEHHOCTh IOCPEICTBOM MPOIECCA, MOIYUYNUBIIETO
Ha3BaHME TpaHc(epa TEeXHOJOTUM, a TakKe 3a CUET MPHUBJIEUEHUS B MPOU3BOJCTBEHHBIN MpOLIEcC
BBICOKOKBAIM(DUITUPOBAHHOTO MEPCOHAIA.

Coznanue HOBBIX MPOAYKTOB MUTAHUS, MPEBOCXOASIINX MUPOBbIE 00pa3Ilbl, KOHKYPEHTOCIIO-
COOHBIX Ha BHEIIHEM DPbIHKE, HEPA3PBHIBHO CBA3aHO C MOMCKOM U aHAJIM30M MH(OPMALUHU O CYIIle-
cTByOIUX oOpa3uax. OnuH U3 BUOB HAyYHO-UCCIIEI0BATEIbCKON JI€ATEIbHOCTH - TAaTEHTHBIE HUC-
CJIEZIOBAHMSI, KOTOPBIE BXOAT B €IUHYIO CUCTEMY MH()OPMAIIMOHHOTO 00ECIeYeHHs HayYHBIX HC-
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CIIEZIOBAaHUM M pa3pabOTOK MPOAYKTOB MUTAaHUS. OMBIT 3apyOeKHBIX CTpaH MOKA3bIBAET, YTO BEAY-
mue (GupMbl Ha MH(MOPMALMOHHBIA MOUCK M aHAIM3 MOJYYEHHBIX JIOKYMEHTOB 3aTpauMBaIOT
ot 8 10 12 % ob1eit cymMbl, BBIJICIIEHHON HA MPUKIIAJAHbBIC UccienoBanus. [laTeHTHbBIE nccnenoBa-
HUS - OIMH U3 HauboJiee COBEPIICHHBIX HHCTPYMEHTOB CUCTEMHOIO U3y4EeHUs TEXHUYECKOTO YPOB-
HSl ¥ KOHKYPEHTOCIIOCOOHOCTH 00BEKTOB TeXHUKU. OHM MPOBOASATCS, B YACTHOCTH, C LEINIBIO U3yde-
HUS U OOOCHOBAaHMS NPUMEHEHUS HOBEHIIMX HAYYHO-TEXHUYECKUX IOCTHKEHHMH, a Takxke s
MIPEIOTBPALICHUS HEOMPABIAHHOTO JYOIUPOBAaHUS HMCCIEAOBAHUN U pa3pabOTOK U HCKITIOUCHUS
HapyLEH!sI, UCKITFOUUTENbHBIX IIPAB TPEThUX JIMLl HA 0OBEKT MHTEIIEKTYaIbHON COOCTBEHHOCTH.

Pemenue mpo6iemMbl MaccoBOTO oOecrieueHHs] HaceJIeHUs TOJEPAHTHBIMU K MH(OpMAIHOH-
HOMY BOCIIPHUSTHIO OPIaHU3MOM 4Y€JIOBEKa MPOJYyKTaMU MUTAHUS JIEKHUT B OoJiee IiyOOKOM H3yde-
HUM 3aKOHOMEpHOCTEH HH(GOPMAIIMOHHOTO BO3/CHCTBUS BHEUIHMX (DAaKTOPOB Ha YETOBEKA.
OueBuAHO, YTO MUTAHUE CITY)KUT MOLIHBIM PECYPCOM Ul 00ECIEUEHUS BBICOKOTO KA4eCTBa KU3HU
YeJI0BeKa W MOJHOMACIITaOHOE HCHOJIB30BAHUE 3TOTO PECYPCAINlO3BOJIUT KaueCTBEHHO HM3MEHUTh
3G HEKTUBHOCTh MHOTUX CTOPOH JKU3HEAEATEIbHOCTH.

Hayunslii noteHnman npodeccopcko-npenoaBaTeIbCKOro cOCTaBa BHICIIUX YUEOHBIX 3aBe-
JI€HUI B COBMECTHOH paboTe ¢ MpeAcTaBUTEISIMH aKaJAeMUYECKUX U HayJHO-HCCIIEN0BaTEIbCKUX
MHCTUTYTOB, a Takke padotHukamu AlIK, Oyner cnocoOCTBOBaTh: MOBBIILIEHUIO YPOBHS SKOHOMHU-
4YeCKOH, IPOI0BOJIbCTBEHHOM, MHHOBALIMOHHOM M 9KOJIOTHYECKO HE3aBUCHMOCTH CTpaHbI IOCPE/I-
CTBOM (1)OpMI/IpOBaHI/I$I HOBBIX 3HAHWH U HHTCJUICKTYAJIbHOI'O IIOTCHUHAJIA, IMOBBIIICHUIO YPOBHA
denepanusma u cratyca Poccun B cuctemMe MEXIyHapOAHOTO pas3jieieHus Tpyaa; GOpMUPOBAHHIO
[IUBWJIN30BAaHHOTO COIHUAILHO - OPUEHTHPOBAHHOTO OOIIECTBA CTpaHbl; (HOPMUPOBAHHIO OINTH-
MaJIbHOM CTPYKTYphl NPOU3BOJACTBA U Pa3BUTHIO ACCOPTUMEHTHOM MOJIMTUKU HA MPEIIpUATHIX
U B OpraHU3alMsIX; CO3JAaHUI0 MHHOBAllMOHHOTO U HAY4YHO - TEXHUYECKOro MOTEHIIMaja, [103BOJIs-
IOLIET0 BHEAPATh NPUHIMIINAIBHO HOBBIE TEXHOJOTMHM M BHIBI 000PYIOBaHMS Ha MPEANPUATHIX
PAa3JIMYHBIX BUAOB; TCXHUKO-TCXHOJIOTHYCCKOMY U (1)HHaHCOBO-3KOHOMI/I‘IeCKOMy Pa3sBUTUIO PETHO-
HOB, KOMIUIEKCOB, OTpacieldl W MpeanpusTHil; 3KOHOMHYECKOMY POCTY B cdepe mMarepuaabHOIro
MIPOM3BOJICTBA; CO3JAHHIO HOBOW MOTPEOMTEIHHOM CTOMMOCTH, YIOBIETBOPSIOIICH MOTPEOHOCTH
Y IPEANOYTEHHs pa3IMyHbIX IPYII HACEIEHHs; MOBBILICHHUIO IPOU3BOIUTEIBLHOCTH TPYAa, o0ecte-
YUBAIOLIEH MPUPOCT BAJIOBOTO BHYTPEHHErO IMPOJIYKTa M HALMOHAJIBHOIO JI0XOAa rOCyAapcTBa
u ero ¢enepaabHbIX OKPYroB; POCTY 00beMa MPOU3BOJCTBA HALIMOHAJIBHON TOTOBOM MPOJIYKLUU
U TOBBIIIEHUIO €€ 3KCIOPTHOIO MOTEHIINANA; MOBBIIIEHUIO0 KaueCTBa U KOHKYPEHTOCIIOCOOHOCTH
OTEYECTBEHHBIX TOBAPOB; CHU)KEHUIO 9KOHOMUYECKUX, (PMHAHCOBBIX, KOMMEPYECKUX U JPYTUX BU-
A0B PUCKOB B HpOI/I3BOI[CTB€HHO-OpFaHI/I?;aIII/IOHHOI\/'I ACATCIIBHOCTH NPCANIPUATHA, YITYYIICHUIO 9KO-
JIOTHYECKOW cpelbl OOMTaHMS YeTOBEKa; (HOpPMUPOBAHHIO MOTEHLUANa OM3HEC - MEHEKMEHTa
MPEANPUITHI, 00ECTIEYUBAIOIINUX TO3UTUBHOE PA3BUTHE MPOU3BOJCTBA, TPyJa U YIPABICHUS; TTO-
BBIIICHNIO Ka4eCTBA U YPOBHS >KM3HM HACEJICHMSI PETMOHOB M B IIEJIOM FOCYAApCTBA; YJIy4LICHUIO
YPOBHSI KOPIOPaTUBHOW KYJNbTYphl M 3TUKH OW3HECAa U JAPYTUM HamNpaBlIE€HUSM NEPCIEKTUBHOTO
pa3BuTHsa 3KOHOMHUKH Poccun. IIpy 3TOM BaKHBIM 3JIEMEHTOM SIBISIETCSI TAK)KE CETEBOE B3aUMO-
JIefiCTBHE BY30B M OTPAclIeBbIX NMPEANPUATUH, KOTOPOE JOJKHO Pa3BUBATHCA IO CIENYIOIIMM OC-
HOBHBIM HanpaBJICHUSAM: Opra"u3anus COBMECTHBIX 00pa3oBaTeNbHBIX, Hay4yHO-
HCCIIEIOBATENBCKUX MPOEKTOB, UCIOIb30BaHNE YHUKAIBHOIO 000pYI0BaHMsI, COBMECTHAs HAy4YHO-
uccneioBaTenbckasi paboTa U caMoe OCHOBHOE B JIaHHOM B3aMMOJIEHCTBHE — IiefieBOe€ O0y4deHHe
CTYJICHTOB, C LIEJIbIO pean3allii KaIpoBOil CTpaTeruu.

[TonroToBka KOHKYPEHTOCHOCOOHBIX, KBaIM(PUIMPOBAHHBIX, BOCTPEOOBAHHBIX CIIEIHAHU-
CTOB, HpO(i)eCCI/IOHaJ'H)HBIe KaueCTBa W KOMIICTCHIHWHN KOTOPHBIX, COOTBETCTBYIOT 3allpocaM COBpPC-
MEHHOT'O pBhIHKA TpyJa U TpeOOBAHUSAM KaJpOBOM CTpaTErHH, MO3BOJIAT B YCIOBUAX INI0OanU3aluu
SKOHOMHKH POCCUHUCKHM MPEANPHUATHSAM MOBBICUTH CBOIO KOHKYPEHTOCIIOCOOHOCTh M 3((eKTHB-
HOCTh (DYHKIIMOHUPOBAHMS. A peanu3aius MOTEHIHala MOKET SBISATHCS HHCTPYMEHTOM pEIleHHs
npoOsieM M HMHHOBAllMOHHBIM HaIlpaBJIeHHEM OOeCHedeHHs IpPOAOBOJILCTBEHHON 0€30MacHOCTH
Poccun.
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VK 65.014

OOPMUPOBAHUE U PABBUTUE MACOIMPOAYKTOBOT'O KIIACTEPA
KAK HAITPABJIEHUE YKPEIIJIEHUS ITPOJJOBOJIbLCTBEHHOM BE3OITACHOCTH
Mazomeooe M. J]. ! Llomapes UE?
"Wockosckuil 20pPOOCKOU nedazocudecKull yHugepcumem
2Mockosckui 20Cy0apcmeeHHblll YHUGepCUumem 3KOHOMUKU, CIMAMUCmuKy

u ungpopmamuxu (MICH)

Ilepexon nponoBosibcTBeHHOTO cekropa AIIK Ha mmmopro3amenieHue BbI3bIBaeT HEOOXOU-
MOCTH TOBBIIICHUS KOHKYPEHTOCIIOCOOHOCTH OTE€YECTBEHHOH MPOJYKLUMU U NIPUMEHEHHS a/1eKBAT-
HBIX METOJIOB 3alIUThl UHTEPECOB POCCUMCKUX NMPEANPUATUHI, B TOM YHUCIIE MACHOU NPOMBIIIICHHO-
cTh. 3apyOeKHBI U OTEUECTBEHHBINH ONBIT XO3AHCTBOBAHUS CBUAETEIBCTBYET, YTO OJHON U3 3(-
(GeKTUBHBIX Mep SBIAETCS OObEOUHEHHE YCWIMH TOBAapoNpOU3BOAMUTENEH. DTO  CTalo
MPENOCHIIKOW BHYTPH- M MEXKOTPACIEBOM MHTETpallU MPEANPHIATHN pa3HBIX chep SKOHOMUKHU
IIyTE€M CO3JaHUs TOPU3OHTAIBHO M BEPTUKAIbHO MHTETPUPOBAHHBIX KOMIUIEKCOB U APYIMX 00B-
eIMHEHH, BKJIIOYasi KJIACTEPhl, B COCTAB KOTOPBIX BXOJAAT MPEANPHITHS PAa3HOTO MpOouiis aes-
TenbHOCTH, OHAKO y4YeHblE U CHELMAIMCThl OTMEYAIOT, YTO YCHEIHOMY (YHKIMOHUPOBAHUIO U
Pa3BUTHIO JaHHBIX (POPMHUPOBAHUN MPETIATCTBYET OTCYTCTBHE MEXAaHU3MOB, HO3BOJISIOMNX 3P Pek-
TUBHO YIIPaBIATh TAKOTO pojJia OObEINHEHUSIMA M COBMECTHO PELIaTh TEKYIIHUE U CTpaTernyecKue
3ajaud. B 37Ol cBA3M TpedyeTcs METOIMYECKUI MOJIXOJ, MO3BOJSIOIIUN KOOPAUHUPOBATH €S-
TEJIBHOCTh Pa3HBIX 110 OTpaciIeBOMY MPOMUIIO MPEANpUATH U 00ecrieunBaTh Oojiee TeCHbIE B3au-
MOOTHOILIEHUS XO3IMCTBYIOIINX CyOBEKTOB B COCTaBE KiacTepa.

HccnenoBanue COBPEMEHHOI'O COCTOSHHSI MSCHOW HPOMBIIIJICHHOCTH U psfa Apyrux cgep
SKOHOMMKH T0Ka3ajo, 4TO CPEU Pa3HbIX TUIIOB KJIACTEPOB MPUOPUTETHON (HOPMOU SBIIIETCS MEXK-
oTpaciieBasl KJIaCTEpU3aLUs, B KOTOPOM NPUOPUTETHBIM SIBIISIETCA PAa3BUTHE NMPEANPUATHI OTpac-
Jei, CONPSKEHHBIX OOIIHOCTHIO TEXHOJIOTUYECKOTO 1IHUKIIA.

dopmupoBaHUE KacTepoB Ha 0asze MpeAlpHUSITUN MACHOW NMPOMBIIUIEHHOCTH U CBSI3aHHBIX
oTpacieil 00beKTUBHO 00YCIOBICHO UX TEXHUKO-KOHOMHUYECKUM COCTOSTHHEM. MsiCHast TIPOMBIIII-
JeHHOCTh Poccum He TOJbKO oOecreduBaeT HacelleHHe OCHOBHBIMM IPOJIOBOJIBCTBEHHBIMU TOBA-
pamu, HO ¥ BO MHOTOM OIpeJeNsieT yca0oBUs (DYHKIMOHUPOBAHUS U Pa3BUTHS, CBSI3aHHBIX C HEU
OpraHu3aIMii CeIbCKOro X03HCTBA, KOMOMKOPMOBOI, KOHCEPBHOM, MUIIEBKYCOBOM U Ipyrux cdep
SKOHOMUKH. B coctaB MsiCHOI TpoMbIliuieHHOCTH Poccuu BxoauT okoso 500 MsacokoMOWHaTaMu
(20% 13 KOTOPBIX B HACTOsIEEe BPEMs HE pabOTAIOT), @ TAK)KE HECKOJIBKO ThICAY 1IEXOB, MPEANpH -
TUH 00ILenuTa, OCYIIECTBISIONMX MepepaboTKy Msica. Pe3ynbrarsl UX Ae4TeIbHOCTH HEOJAHO3HAY-
Hbl. C 0/1HOM cTOpOHBI, B 0Tpaciu 3a nepuosa 2000-2012 rr. orMevaeTcst pocT 00bEMOB MPOU3BO/I-
CTBa OCHOBHBIX BHJOB MNPOAYKUUHU. Tak, MpOM3BOACTBO Msica M MSCONPOIYKTOB | Kareropuw,
a TaKke KoJ0aCHBIX M3AETHH YBEIUYMIOCh IOYTH B 2,5 pasa, a 1o MCHBIM nonydadpukaram (6e3
MPOAYKIIMK MPEeANpHUSATHI OOIIECTBEHHOIO MUTaHusA) - 6oiee yem B 5,5 pa3. C apyroil cTOpoHBI
B cpaBHeHUHU ¢ 1990 r. pocT 06beMOB MPOM3BOJCTBA COCTABMJ MO KOJOACHBIM M3zenusM 7%,
1O MSICHBIM moirydabpukaram - 29,%, a 1Mo mpou3BOJCTBY Msca, BKIIOYas CyONnpoayKThl | kaTero-
pumy, - B 2,3 pa3a MEHbLIE.

OTtedecTBEHHBIN PHIHOK MACHOHN MPOAYKLHH B HAaTypaJbHOM BBIPAXXEHUHU B CPEIHEM YBEIHU-
ynBaeTcs Ha 4-5% B roxa. Henocraromas 1051 BOCIONHSUIACH 3@ CYET UMIIOPTA, COCTABIISAIOLIETO
30% eMKOCTH HalMOHAJILHOTO phiHKA. OOIee moTpedieHne Msca B pacueTe Ha OJHOTO >KUTEIS
Poccun (npu HOpMe, pekomeHnoBanHoW yueHbiMH PAMH — 80 kr), coctaBnser okojo 62 Kr,
B TOM YHUCJE MPOIYKTOB MSICHOM TacCTPOHOMHM (BKJIIOYas pa3jMuYHble BHJbI KOJOAc, COCHCOK,
capJiesieK, MACHBIX JIeIUKaTecoB) - okoio 13-15 kr/ro.

HccnenoBanue mo3BOJIMIO ONMPENEIUTh (PaKTOPhI, CIIOCOOCTBYIONINE KOHCOIUIAIUS POCCHIi-
CKUX TMPEINpUATHI MACHOW MPOMBIIUIEHHOCTH, CPEIH KOTOPBIX: A€(UIUT MICHOTO CBHIPbS, HEJO-
CTaTOK (DMHAHCOBBIX CPEACTB JUISl €0 3aKyNKH, HU3KUH YPOBEHb MCIOJIb30BaHUS MPON3BOACTBEH-
HBIX MOIIHOCTEH (Ha HEKOTOpPbIX mpennpusatusx 10 30 %), Beicokue Tapudbl Ha SHEPrOpecypcHl,
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a TaKKe CUIbHBIA M3HOC 00OpymoBaHus (Ha psne msicokomOuHaToB cBbime 50 %). Tompko 35%
MPEeANpPUATHI UMEIOT OTBEYAIOIINEe CAHUTAPHBIM TPeOOBAaHUSM OUYUCTHBIE COOpYykeHus. Jlomis Tex-
HOJIOTHYECKOT0 000pyoBaHus SKCIuTyaTupyemoro ceime 10 ner npessimaer 60%, a 6onee 20 ner
— 10 %, OG6muit ypoBeHb MexaHmu3aiuu coctapisieT 40 %, a aBTOMaTU3aIuy MPOU3BOJICTBA HE JI0-
cruraet 10%. Kak cienctBue - pacxof] CEIbCKOXO035MCTBEHHOTO ChIPbsl HA | T TOTOBOM MPOIYKIUU
Ha 20-30 % BblllIe, YEM B Pa3BUTHIX CTPAHAX.

B 3TuX ycnoBusX INIaBHOW 3aJadeil JAHHOW OTpaCiM SBISETCA HE TOJIBKO HACBILIEHHUE POC-
CUHCKOTO pPBIHKAa COOCTBEHHOW MSCHOW MPOAYKIMEH, HO W CO3/JaHHE YCIOBUU JIs BBIXOAA
Ha BHEIIHWE PBHIHKU. PereHuio MaHHOH mpoOIeMbl MOKET CIOCOOCTBOBATH MEXKOTpacieBas Kia-
CTepU3aLUs.

MeskoTpacneBoii KjacTep MpeIcTaBisieT co00i HHTErPUPOBAHHYIO U AUBEPCH(PHUINPOBAHHYIO
CTPYKTYpPY, COPMUPOBAHHYIO 110 HHUIIUATUBE CAMOCTOSTEIbHBIX MPEANPUITUNA - TPEICTaBUTENEH
pa3HBIX OTpaciieil 3KOHOMUKH Ha KOHKPETHOM TEPPUTOPHUH, C IENIbI0 HanboJiee MOoHO peaTn3auu
00BEIMHEHHOTO MOTEHIIMaNa; OCYIIEeCTBICHHs 00Ieil KOHKYPEHTHOW MOJIUTUKH, WHHOBALMOHHON
IIPOrpaMMbl pa3BUTHS, CHUKEHMSI 3aTPaT, YKPEIICHUSI DKOHOMMUECKHUX B3aUMOCBSI3€M; BeICHU (Ha
OCHOBE KOOTIepalliy U CIeHUaNIU3alNK TpyJa) NPUObUILHON XO03SIICTBEHHOM JAEATEILHOCTH BCEMU
CyOBbEKTaMH U KJIACTEPOM B II€JIOM; BBIX0Jla Ha TPAEKTOPHIO YCTOWYMBOrO pa3BUTHA. JlaHHBIN TUI
KJIacTepHU3alluid CHOCOOCTBYET MOBBIILIEHUIO HAyYHO-TEXHUUYECKOTO IOTEHUUANa MpeaIpUsTHA,
YIYYIIEHUIO KauyecTBa IMPOJYKLUH, CHIKEHUIO M3ACPKEK, POCTY KBATU(PUKALMOHHOIO YPOBHS
MepcoHaNa, TOCTYIHOCTH MHBECTULIMN, BHEIPEHHIO MHHOBALIMOHHBIX MPOEKTOB U 0OECIICUCHHUIO
MIPOOBOJIBLCTBEHHOM Oe3omacHoCcTH. OTIM4re MEXOTPACIIeBBIX KJIACTEPOB OT IPYTrUX THIIOB Kila-
CTepHBIX (OPMHUPOBAHUI COCTOUT B PAJE YHUBEPCAIbHBIX U CHEHUATU3UPOBAHHBIX MPHU3HAKOB,
K KOTOPBIM OTHOCATCS: IWBEPCU(DUIIUPOBAHHBII XapaKTep, BO3MOXKHOCTh paCIIUPEHUs TPAHHUIL JesI-
TEJILHOCTH 32 IPEJieIibl PErMOHa WIIA CTPaHbl U T.J.

Onupasch Ha TO3UIMIO PAJIa YUEHBIX, BbIACIEH PSI IPEUMYIIECTB KJIACTEPa, KOTOPbIE MOKHO
pa3rpaHUYuTh Ha JBE IPYIIIBL: BHEIIHUE U BHYTpEeHHHUE [1].

K rpymre BHENIHUX MPEUMYILECTB OTHOCSATCS: HAHOOJIee MOJTHOE yIOBIETBOPEHHUE TOTPEOHO-
CTeH B TOBapax M yCiIyrax; yKpersieHue W/WIW pacHIMpeHue JOJH PhIHKA; MOBBIIICHHE JOCTYITHO-
CTH MHBECTULUI U MHHOBALIMOHHOW aKTMBHOCTH; CO3/IaHUE JIONOJHUTENIbHBIX PabOUnuX MECT, CHU-
YKEHHUE BEPOSITHOCTH HETaTUBHOI'O MPOSIBJICHUS PUCKOB U T.J.

B cocTtaB BHYTpeHHHX MPEUMYIIECTB KiIacTepa BXOAST T€, KOTOPbIE CIIOCOOHBI OKAa3bIBAaTh
BJIMSIHME HA PAa3BUTHE OTJIEJIBHOTO MPEANPHUITUS U KJIACTepHOro o0benHeHus B 1ieoM. K HuUM oT-
HOCSITCSI: MOBBIILIEHUE MPOU3BOAUTENHHOCTH U YPOBHS HUCIIOJIB30BAHMSI MPOU3BOJCTBEHHBIX MOII-
HocTeil; 6oee cBOOOHBIM JOCTYI K HCTOYHHMKAM ChIPbs, MHBECTUIMSM, KBAIU(UIIUPOBAHHOM pa-
Ooueil cuie, MHpOpMALMK; NPOBENEHUE Ha OoJee BHICOKOM YPOBHE HAy4yHBIX MCCIIEI0BaHUI
U BHeJpeHHe MHHOBalMH; 3((EeKTUBHOE BHINOJIHEHUE MApKETUHTOBOW, JOTMCTHYECKON U ApYrux
(GyHKIMI; CHUKEHUE 3aTpaT, a TakKe 1IeH Ha Pecypchbl U TOTOBYIO MPOJYKIMIO; YIYyYIlIEHUE pe-
3yJIbTaTOB XO3SMCTBEHHOU NEATENBHOCTH MPENNPUITHI KiIacTepa U MHTETPUPOBAHHOW KOMITAHUU
B LIEJIOM U T.[.

K menocrarkam KiacTepusalui MO>KHO OTHECTH: BEPOSITHOCTh YXYALIECHUS NOKa3aTeNnen es-
TEABHOCTU OTIEJIbHBIX MPENNpPHUATHI KilacTepa (BbIPYUKH, peHTAa0EIbHOCTH U Jp.) U3-32 HEPABHO-
MEpPHOTO Pa3BUTHUS KOMIIAHUHM Pa3HBIX OTpaciieil KIacTepHOro oObeAMHEHHs; HECOOTBETCTBUE Ka-
4ecTBa ChIpbs MOTPEOHOCTSAM MPOMBIIUIEHHOTO POU3BOCTBA, YTO NOTPEOYeT KPYIHBIX UHBECTH-
WA JUIs  yIay4lIeHUs KauyeCTBEHHBIX XapaKTePHCTUK CBIPHEBBIX PECYpCOB; Teorpaduyeckyro
OTJIAJICHHOCTh PsiJia OpraHu3alfil - MOTEHIUATBHBIX y4JacTHUKOB kiactepa (HUMU, By3wr u ap.)
oT 0a3MCHOTO MPEANPHUATHS; BO3MOXKHOCTh 00J€e BBITOJHBIX MPEUIOKEHHH CO CTOPOHBI JPYTUX
Mpe/ICTaBUTeNe PhIHKA; OTCYTCTBUE METOJUYECKUX PEKOMEHIalui 1Mo (OPMHUPOBAHUIO MEXaHU3-
Ma, crocoOcTByrOMEro 3¢ (HeKTHBHOMY (DYHKIIMOHUPOBAHHUIO U PA3BUTHUIO MICONPOAYKTOBBIX Kia-
CTEpOB.

Knacrepy, cpopmupoBanHOMY Ha 6a3e MACHOW NMPOMBIIUIEHHOCTH 11€/1eCO00pa3HO BKIIOYAThH
MIpe/ICTaBUTENEN CIEeAYIOINX KI0UEBbIX OTpacieil: MiconepepadaThiBatoNIle MPEINPUITHS; Cellb-
CKOXO3MCTBEHHbIE OPTaHU3ALMH — POU3BOAUTEIN MSCHOTO CBIPbS; a TAK)KE 3€pHA U IPYroi Mpo-

117



IYKIMU PAcTEHHEBOJACTBA; MUILICBKYCOBBIC MPEANPUATHS; KOMOUKOPMOBBIC 3aBOABI; 3JIEBATOPHI,
XJICOONPUEMHBIE MPEANPUITHS; 3epHOIepepadaThIBatOIUe NPEANPHUITUS (MYKOMOJBHBIE, KPYIIs-
HbIE); OpraHU3alliy MUIIEBOIO U CEJIbCKOXO3SIMCTBEHHOIO0 MAIIMHOCTPOEHHUS; KOMIIAHUH, CIIelua-
JU3UPYIOIMECS Ha TapOYNAaKOBOYHOM IPOM3BOJICTBE; (PMHAHCOBO-KPEIUTHBIE YUPEKICHUS; Opra-
HU3AIMH 110 CTAaHJAPTH3AIMHA M CePTU(UKAIIUK CHIPbSI U TOTOBOM MPOAYKIMH; HAy4YHO HCCIeI0Ba-
TeJIbCKUE UHCTUTYTHI; BBICLINE yUEOHbIEC 3aBEICHUS U JIP.

OnHoit u3 npobiaeM, MPEMATCTBYIOMIUX PAa3BUTUIO KIACTEPHBIX OObEIMHEHUH, SIBIISETCS He-
JOCTaTOYHO cOANaHCUPOBAHUE JEATEIbHOCTH IPEANPHUITUI — yYaCTHUKOB Kiactepa. B 31oil cBszu
HE00XO0/IMM MEXaHU3M YIIPaBIICHHS, CIIOCOOCTBYIOIIUHI YKPEIICHUIO B3aMMOOTHOIICHUI ¥ B3aUMO-
NEeUCTBUS XO3ANUCTBYIOIIMX CYOBEKTOB B COCTABE MEXOTPACIEBOI0 KJI1acTepa,

[Tonx TakuM MEeXaHU3MOM CJIeyeT TTOHUMATh — COBOKYITHOCTD IIeJIeH, TPUHIUIIOB, (YHKIHUH,
METOZ0B U MHCTPYMEHTOB (aKKyMYJIMPOBAHHBIX B COOTBETCTBYIOIIMX YIPABIEHYECKUX BO3JEH-
CTBUSIX), OIPEAEISAIOUMX XapaKTep SKOHOMHYECKMX OTHOIIEHUH M pe3yJabTaThl, JTOCTUTHYTbIE
B IIPOIIECCEe XO35IMCTBEHHON EATEIbHOCTU U PAa3BUTUSA CYOBEKTOB KilacTepa U OObEIMHEHHUS B lie-
JIOM B CPETHECPOYHOM U JI0JITOCPOYHON NEPCIEKTUBE.

MexaHu3M ynpaBieHHs KJIACTEpOM JOJKEH o0ecredrBaTh: UMIEpAaTHB MPUOPUTETOB Lienel
pa3BUTHA KJacTepa B LI€JIOM; MApUTETHOCTh (IOCTH)KEHUE OallaHca) MHTEPECOB BCEX YYAaCTHUKOB
00bEeIMHEHNUs; COOJIIO/ICHUE CTaHJapTOB KayecTBa MPOAYKIMH BO BCEX 3BEHBAX TEXHOJIOTMYECKOM
LIENOYKH KJIACTEPHOM CTPYKTYphI; OXBAT BCEro Ipoliecca Npeodpa3oBaHus PECYpCOB B KOHEUHYIO
IPOAYKIHIO; CHHXPOHHOCTbh B3aUMOJICHCTBUS CYyOBEKTOB OOBEANHEHUST; YUET POl e TeIbHO-
CTH (CHeuualu3alyu) OpeInpUsITHi KilacTepa; MOHUTOPUHI W aHAJIW3 JEATEJbHOCTH KiacTepa
U IPEANpUATUN B €ro cocTtaBe (JUIsl BBISBICHUS OTKJIOHEHUWH) M IPUHATHUS aJE€KBAaTHBIX PELICHUIH;
a/IeKBaTHOCTh IIJJAHOB M IPOTHO30B JMHAMUKE pPBHIHKA; KOHTPOJIb OCHOBHBIX MAaTepUalIbHO-
BEIIECTBEHHBIX U (DMHAHCOBBIX MOTOKOB; HUBEIMPOBAHHE HEIaTUBHOI'O BO3JCUCTBUS BHELIHUX
¥ BHYTPEHHHX (PaKTOpOB Ha (pMHAHCOBO-IKOHOMHUYECKHE ITOKA3aTeNM; B3auMOIpruemMieMbie (cOa-
JAHCUPOBAHHbIE) IIEHbI JJIS BCEX YYaCTHUKOB TEXHOJOTMYECKOM ILIETIOYKM KiacTepa, a TaKxke
Ul MOTpeOUTENel ero MpoayKUUHU; CBOEBPEMEHHOE pa3pellieHue BO3HUKAIOLIUX MPOTUBOPEUUI;
TPaHCIIAPEHTHOCTD AEATEIbHOCTH; OCBOCHUE NHHOBALMOHHBIX TEXHOIOTH.

HccnenoBanue mokasano, 9to st 3G (eKTHBHOTO pa3BUTHS KIACTEPOB MSCHOW MPOMBIIIICH-
HOCTH HEOOXOJIMMBI CIIEAYIOLINE YCIOBHS: TOCY1apCTBEHHAs! U PerHOHAIbHAS MTOAJCPHKKA JAEATeNb-
HOCTH TIO 3arpy3Ke MOIIHOCTEH MsconepepadaThIBalOUINX MPOU3BOACTB; yJIyUllleHHEe KayecTBa Chl-
pbsl M MIPOAYKLMH; CHUXKEHUE 3aTPaT, Tapru(oB, LIEH, TPAHCIIOPTHBIX M3JEPHKEK; COBEPLICHCTBOBA-
HUE CUCTEMBbI COBITA; YMEHBIIEHHE YHMCIa MOCPEIHUKOB JUIsl pealu3alud NpOAYKIHMU 1o Oosee
HU3KUM II€HaM | T.1. [2].

Peanu3zanust JaHHBIX YCIOBUW Ha MPAKTUKE MO3BOJIUT MPEANPUATHSAM MSICHOW MPOMBIIIIECH-
HOCTH M CEJIBCKOT'0 XO35IICTBA B COCTaBE KJIacTepa YKPENUTh MEXXO031HCTBEHHBIE OTHOILIEHUS, I10-
BBICUTh 3aMHTEPECOBAHHOCTH B YBEJIMYEHUH OOBEMOB IPOU3BOJICTBA BHICOKOKAYECTBEHHOM U J10-
CTYITHOM I10 LIeHE MPOIYKIINH.

WHuTerpanus pa3auyHbIX OoTpaciieil MPOMBIIIIEHHOCTH B paMKax OJHOTO MsconepepadarbiBa-
IOLIETO KJacTepa HO3BOJMT JTOCTUYb CIEIYIOLIMX MO3UTHBHBIX PE3yIbTAaTOB: 00ECIIEUUTH 3aLUTY
OT BHEIUHEH MpPOJOBOJILCTBEHHON arpeccuy; YKpemuTh B3aUMOOTHOIIECHUS MEXAY CyObeKTaMu
pasHBIX OTpacieil HIKOHOMMKH; YCKOPUTh MPOJBHKEHUE MPOAYKIMHU K MOTPEOUTENIO; YIYy4LIUTh
MaTepuaIbHO-TEXHUYECKYIO 0a3y; CHU3UTh LIEHbl Ha MACHYIO MTPOIYKIIUIO; CO37aTh HOBbIE paboune
MECTa; MOBBICUTh YPOBEHb KU3HU HACEIEHUS U T.1.

Jlyia pacumpeHns MaciiTaboB BHYTPEHHETO MPOU3BOACTBA, MOBBIIMIEHUS KOHKYPEHTOCIIOCO0-
HOCTHU MPOAYKIUH M YKPEIUIEHUs POI0BOJILCTBEHHONW 0€30MacHOCTH HEOOXOAMMO PELIUTh 3a/1a4u
B CJIEIYIOIIUX 00JIacTAX: pa3paboTKka MEXaHW3MOB B3aUMOJEHCTBHS Y4aCTHUKOB KJIacTepa; pa3BH-
THE CBHIPbEBOI 0a3bl HA OCHOBE COBPEMEHHBIX TEXHOJIOTUH; FapMOHM3ALUS POCCUMCKUX TeXHHYe-
CKUX PErJIaMEHTOB M CTaHJIaPTOB C MEXIYHAPOAHBIMU; BHEJIPEHHE MHHOBAIMOHHBIX BHICOKOTEXHO-
JIOTHYHBIX MPOU3BOJICTB; YJIyUIIEHHUE MTOATOTOBKU KaJIpoOB; cO3JaHue OpEeHI0B MPOAYKIMH U Ipe-
NpUSATHM  KJacTepa; COBEPLIEHCTBOBAaHHME HOPMATHUBHO-TIPAaBOBOW 0a3bl M MEXaHHU3MOB
roCyapCTBEHHOI'O PETYJINPOBAHHUS.
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[Iponecchl co3maHusi U pa3BUTHUS KJIACTEPOB MOTYT OTIMYATHCA B 3aBUCMMOCTH OT 4HMCIA
YYaCTHUKOB, TMOCTaBJICHHBIX I€JIel, B3aMMOOTHOLIEHUN MEXIYy €ro y4acTHUKaMU, MEXaHU3Ma
ynpasneHus. [IpoBeneHHOEe uccileJOBaHME IO3BOJMIO pa3padoTaTh METOAMKY MEKOTpPAciIeBOU
KJIACTEPU3ALMH, TPEAYyCMATPUBAIOLIYIO CJICIYIOMINI alrOpUTM AeUCTBUM [3]:

1. YcraHoBieHrne OCHOBHBIX OPraHU3AMOHHBIX PUHIIUIIOB KJIACTEPU3ALIIH.

2. OmpeneneHre Y4acTHUKOB KiacTepa. BaxHbiM ycrmoBueMm 3(pQeKTUBHON KiacTepu3aluu
SIBJISIETCSI UHTETPUPOBAHUE BCEHl MPOU3BOJICTBEHHO-TEXHOJIOIMUYECKOM LETIOYKH B PaMKax OJHOTO
00bEeINHEHUS.

3. ®opMupoBaHUE KOOPAMHALMOHHOTO LIEHTPA KJIAcTepa.

4. Pa3paboTka MexaHM3Ma YIpaBiCHHs U KOMMYHHKAIMil. MeXOTpacieBbiM KiacTepam
HeoOxoMMa KOMMYHHKAIIMOHHAs IaTdopma, odecreunBaroias ooOMeH nHpopMaluei, BKiodas
ee cucTeMaTU3alltIo U Iiepejadyy y4acTHUKAM KiacTepa.

Pe3ynbTaThl MPOXOXKIEHUS KAXIOTO 3Tara ONPEACSIOTCS CIEAYIOIUMU OCOOCHHOCTSIMHU:
LeJM KJacTepa, pa3Mep Kiactepa (YMCiIO YYaCTHUKOB), YCIOBUSA (PYHKIIMOHUPOBaHUS (COCTaB KO-
MaH/Ibl MEHEPKMEHTa) 00beM (DMHAHCOBBIX PECYPCOB H T.JI.

Hcnonb30BaHue MpeyioKEHHBIX METOJAMUYECKUX PEKOMEHAALNN IIPU COOTBETCTBYIOIIEH roc-
YAApPCTBEHHOM TOJJEPKKE IO3BOJUT MSICONPOAYKTOBBIM KJIacTepaM CO3AaTh IPEANOCHUIKH
JUIA Tiepexo/a Ha Oosiee BBICOKHI YpOBEHb SKOHOMHUYECKOTO pa3BuTHs. Takum obpa3om, peanusa-
M Ha TPAKTUKE KIIACTEPHOTO IO3BOJIUT 3HAYUTEIBHO YIYUIIUTh 3KOHOMHUYECKHE PEe3YJIbTaThl
U TIOCTPOUTH OoJiee cOanancupoBaHHble U (P (HEKTUBHBIC B3aUMOOTHOILICHUS MEXAY Pa3HBIMH CEK-
TOpaMH YKOHOMHUKHU U 00€CIIeUUTh PO I0BOILCTBEHHYIO O€30TIaCHOCTD.

Cnucox ucnoib308aHHbIX UCMOYHUKOB

1. PyxoBoacTBO MO (HOPMHUPOBAHHIO KJIACTEPOB — OCHOBHBIC HArpaBiIeHUS (POPMHUPOBAHUS
U YOpaBJCHUs KJIACTEPHBIMH HMHULMATUBaMU //BHyTpueBporieiickas CBA3b KJIACTEPOB.
[lepesoq MUI'CY PAI'C npu [Ipe3uneure PO.

2. MaromenoB M.JI., lomapeB U.E. TloBbiienne 3ppeKTUBHOCTH ACITETLHOCTH MPEIIpU-
ATUN MSCHOM NMPOMBIIUIEHHOCTH Ha OCHOBE kiactepuzanun. //Bectauk MI'AJIA, 2012,
Ne 6.

3. Maromenos M.JI., Homapes M.E. Meronuuecknii OAX0 K YINPaBICHHIO CyOBEKTaMU
MsicoriepepadaThIBAIOIIETO - KjacTepa IMyTeM CO3/aHUSl  KOOPAMHAIMOHHOIO  IIeH-
tpa.//Bectauk MITAJIA, 2013, Ne 5.
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VK 621.316

AHAJIN3 DJIEKTPOJJUHAMUYECKON CTOMKOCTH BO3YIIHBIX JIIT
HAIIPA’KEHUEM 110-220 xB
Cepeeti .U., Ilonomapenko E.I'., Knumxoeuu I1.1.
benopycckuii nayuonanvbHwili mexHuuecKull yHugepcumem

CornacHo npaBuiIaM yCTPOKCTBA AJIEKTPOYCTAHOBOK MPOBEPKA NEKTPOJIUHAMUYECKON CTOM-
KocTd 1poBoioB BJI HeoOxonnMa, eciii JeHCTBYIOIIEE 3HAUEHUE EPUOANUECKOIO TOKAa KOPOTKOIO
3ambikanus (K3) npesbimaer 20 kA. [To ganasiv PYIT «bemdneprocerspoex» Toku K3 Ha 110
u 330 kB nocturator B benapycu 3540 xA. Oxugaercst uX 3aMETHBIN POCT B CBSI3U CO CTPOUTEIb-
ctBoM benopycckoit ADC.

B anexrpudeckux cersx 110-220 kB MockoBckoro pervuona, oyarogapsi CTalliOHAPHOMY Jie-
nennto cetd, Toku K3 naxomstca nHa ypoBHe 3040 kA, a He 130-140 kA npu HOMHHAIBHOM
HanpspkeHnu 110 kB u 70-80 kA npu 220 kB, npu oTcyTCcTBUM J€NIEHUS CETH.

B noxiane miist pemieHusi akTyalibHOM 3aJ1a4d UCCIIEA0BAHUM AJIEKTPOJUMHAMUYCCKON CTONKO-
cTi 1poBoaoB BJI, pacnoyiokeHHBIX 1O BEpIIMHAM MPOM3BOJILHOIO TPEYrOJbHUKA, B IPOJIETAX
0O0JIBIION JUIMHBI IPUHATA pacueTHas MOJEIb MPOBOJIa B BUEe TMOKON pacTsHhKUMOMH 1o 3akoHy ['y-
Ka HUTH.

Brluucnenue 351eKTpoJMHaMUYECKUX YCUIIMI TPOU3BOAUTCS 10 3aKOHY buo-CaBapa-Jlamnaca
B BEKTOpHO-TIapaMeTpuueckoM Buje. IlocraBnena kpaepas 3aja4a JUHAMUKY IIPOBOJIOB C Hayallb-
HBIMH U KPaeBbIMH YCIOBHUSIMHU. BBITIOTHEHA OLIEHKA JOCTOBEPHOCTH PacyeToB MO pa3paboTaHHOM
komnbioTepHoii mporpamme LINEDYS+ ¢ wucnonp3oBanmeM ONBITHBIX JaHHBIX Electricite
de France.

[TosnydyeHo npuOIMKEHHOE YCIIOBUE 3JIEKTPOAMHAMUYECKOH cTolikocTu npoBooB BJI no no-
MIyCTUMOM JIMHE MposieTa. BhIONIHEH KOMIBIOTEPHBIM aHAIW3 MMapaMeTPOB U ONPENETIECHbl TOKH
anexkTpoanHaMuyeckoit croiikocty BJI 110 u 220 kB a1 TUIIOBBIX KOHCTPYKLUH ONOpP IO YCIOBH-
SIM JIOTTYCTUMBIX CONMKEHUN U TSKEHHM HPOBOAOB. Y CTAHOBJICHBI ATUHBI IIposieToB BJI, HaunHas
C KOTOPBIX TOK JIEKTPOJMHAMUYECKOW CTOMKOCTU OTPAHUYMBAETCS 10 YCIOBHUIO JONYCTUMBIX TSl-
xeHuil. [Ipu MeHbIINX UIMHAX — M0 YCIOBUIO AOMYCTUMOrOo cOmkeHus. VX BeIunHbI IpU HOMU-
HanpHOM HanpspkeHun 110 kB nexar B nmamazone ot 20 10 35 KA B 3aBUCUMOCTH OT MapKH MPoO-
Boja u ero Beca. s nponero BJI 220 kB gnunoit ot 100 10 400 M TOKHM 31€KTPOIMHAMHYECKOM
CTOMKOCTH T10 YCJIOBHUIO cOMMMXeHHUs] nocturatoT 50 KA, a Mo KpUTEpUIO JOMYCTUMOIO TSDKEHUS HE
npesbimaroT 20 KA.

Takum o00pa3zom, IpU TPOEKTUPOBAHUU HOBBIX U PEKOHCTPYKIMM aAeWcTByrommx BJI
110-220 kB Heo6Xx0AUMO BBITTOIHATH MPOBEPKY JIEKTPOJANHAMHUYECKON CTOMKOCTH. [l 3THX 1e-
Jeil peKOMEeHAyeTcsl HCIoJib30BaHue KommbioTepHoM mnporpammbl LINEDYS+, pa3spaboranHnoii
B BHTYV.
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VIK 621.311

NHOOPMALNNOHHOE U TEXHUYECKOE OBECIIEYEHUE
HUHTEJUIEKTYAJIBHBIX BO3AYIIHBIX PACIIPEJAEJUTEJBbHBbIX
SJIEKTPUYECKUX CETEM
Kanenmuonok E.B., Masypek FO.A.
bBenopycckuii nayuonanvuuiii mexnuueckuil ynugepcumem

Smart Grid — 3T0 MHTErpanusi TEXHOJIOTUI 3JIEKTPOIHEPIETUKH, SJICKTPOHUKH, TEICKOMMY-
HUKAIUi, CCHCOPOB, IPOrPAMMHOT0 00ECTIEYeHHUS U MATEMATHKH.

WuTennekryanbHasi pacrpeneuTeNbHas dIeKTpudeckas cetb (wim cetb Smart Grid) — 3to
KOMIUIEKCHAsl ~ JJIGKTPOJHEpreTHYecKas CHCTeMa, KoTopas 0O0ecleunBaeT < pacmpeesicHue
AJIEKTPUUYECKONW PHEPTUU MEXAY IMYHKTaMHU NOTPEOJIEHUS M CUCTEMHBIH KOHTPOJIb MapaMeTpOB
ANIEKTPUIECKON CETH.

PacnipenenurensHas anekrpudeckas cetb Smart Grid Bkirodaer B ceOst:

® JIMHUY 3JIEKTPONepeIauyl pasHbIX KIIaCCOB HOMUHAIBHOTO HATIPSKECHHS;

e MyHKTHI CEKIIMOHUpOBaHus (Sectionalizers);

e KOMMYTaIMOHHBIE amaparsl (Switches);

¢ MH(HOPMALMOHHO-U3MEPUTENBHYIO CUCTEMY MOHHMTOPHHIA, THATHOCTUKU W YIPaBIICHHS
anekTpudeckoit cetsio (Operations);

e pacripeieJICHHbIC UICTOYHHKH eKkTpruaeckoit sHepruu (Distributed Generation);

e pacripesieJieHHbIC HAKOMUTENH dNeKTpruueckoi sneprun (Distributed Storage);

® KOHEYHBIX OTpeOuTeNeil anekTpudeckoil suepruu (Customers).

OtnuunrtensHO 0ocoOeHHOCThIO cetn Smart Grid sBiIseTCS YCHICHHE HHTETPAlldH BCEX
CYOBEKTOB 3JIEKTPOIHEPIeTUKH M MOTpeOuTenedl Ha 0a3e IBYCTOPOHHEIO0 KOMMYHHUKALMOHHOTO
oOMeHa.

B wactu ucnonmHeHUsS TUHUE dekTponepenadn cetb Smart Grid moapa3zymMeBaeT CIOXKHYIO
Pa3BEeTBICHHYIO CeTh. [IpMHIMI TpajUIIMOHHOTO PAJUAIBHOTO MOCTPOCHUS PACIPENeTUTEIbHON
AIIEKTPUUYECKONW CETH 3aMEHSETCS CIIOKHOW HECTPYKTYPHPOBAHHOW CETHIO C HAJIIMYHEM ITyHKTOB
CEKIIMOHUPOBAHHUS, MaJIbIX TeHEepallii, HAKOIUTEeH SHEPIUn.

[MynkThl cexipoHupoBanus (Sectionalizers), moMUMO aBTOMATHYECKOTO CEKIIMOHUPOBAHMUS
JIMHUHN 3JIeKTporepeaau, 00eCceunBaoT peaan3auio GyHKIUNA peneifHol 3anuThl 1 aBTOMaTHKH,
ydeTa JIeKTPOIHEPTHH, TSIEMEXaHUKH U JIp.

KommyTannonsslie anmnapaTsl B cetu Smart Grid umerot csou ocodeHHoctu. Ilpexne Bcero,
HEOOXOJMMO OTMETHTh HWHTETPAlri0 (QYHKIUA JAPYrHX YCTPOHCTB B HMHTEIUICKTYaJIbHBIX
KOMMYTAIlMOHHBIX amlmaparax.

WudopmMannoHHO-U3MEpUTETIbHAS CUCTEMa MOHHUTOPWHTA, JWArHOCTUKH U YIPaBJICHUS
anekTpuyeckoit cethio Smart Grid (Operations) cTpoutcs Ha OCHOBE WH(OPMAIIUH, MTOCTYMAOIEH
OT CaMOM CETH.

WNHdpopmanys mocTynaeT oOT HWHTEUIEKTYaJbHBIX 3JEKTPOHHBIX ycTpoiicTB (intelligent
electronic device — IED), koTopble BKJIIOUAIOT B ceOsl NIEPBHUYHBIC PE0OPA30BATENIN U YCTPOICTBA
o0paboTtku U nepenaun naHHbIX. CoBpemeHHble IED mo3BomsioT momydaTs OpMbI KPUBBIX TOKa
W HaNpsDKCHUs, UX CHUMMETPHYHBIE COCTABIISIONINE, MOIIHOCTh, YaCTOTY, a TaK)Ke HAKaIUIUBaTh
M3MEPEHHYI0 HMH(OpMaIUIO, pEeaJu30BhIBATh 3alpPOTrPAMMHUPOBAHHBIN  ITOPUTM  JeHCTBUI
U TiepeaBaTh JaHHbIE Ha IYHKTHI U LIEHTPBI cOopa 1 00pabOoTKU JaHHbIX.

B mnacrosimee Bpems ans cetw Smart Grid TOpou3BOAMTENM peIaraioT  HOBBIE
«UMHTEeJUIeKTyaJlbHble AaTdyuku» (Smart Sensors), KoOTopble MOryT paboTaTh aBTOHOMHO
¢ cOOCTBEHHBIM KOMMYHUKAIIMOHHBIM HHTepdeiicom uinu B komOunauu ¢ [ED.

s obecniedenust nHopmannoHHOro obMeHa JaHHbIMH B Smart Grid mpenycMOTpeHo
UCMOJIb30BaHUE ITUPPOBBIX KOMMYHUKAIMOHHBIX ceTel U MHTepdeiicoB oOMeHa naHHbIMU. CBs3b
MOJKET OCYIIECTBIISITCS IO PAa3MYHBIM KaHajaM: TI0 BBICOKOBOJIBTHBIM IPOBOJAM JIMHHA
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anekrponepenaun (PLC-cBs3b ot anri. Power Line Communication), HU3KOBOJIBTHBIM TPOBOIAM,
onTH4eckuM kabensm u T.4. s oOMeHna nHdopmaimel ycTpoicTB noacTanui cetu Smart Grid
paspaboran crangapt MOK 61850. TpeOoBaHus 1O CHHXPOHU3AIMU TOCTYIAMOIIUX JaHHBIX
BO BPEMCHH PCAJM3YIOTCS JABYMS METOJaMu — ¢ noMompio GPS cHrHamoB MM KOMITBIOTEPHOU
CeTH.

CoBpeMEHHBIE CHUCTEMBI YYeTa JIEKTPOIHEPTHH HarnboIiee MPUOIMKEHBI K TPEOOBAHUSAM CETH
Smart Grid: MHOTOTapU(pHBIE MHKpPOIPOLECCOPHBIE CYETYMKH DIIEKTPOIHEPTUU HE TOJIBKO
BBITIOJIHSAIOT M3MEPEHUS, HO W CIIOCOOHBI BBINIOJHATH HEOOXOJWMBIC pPAacUeThl, CBS3bIBATHCS
C IPYrMMHU aHAJIOTUYHBIMH CUETYMKAMH, TIepeIaBaTh HH(YOPMAIIUIO 110 KaHAJIaM CBSI3H.

Pacnipenenennsie ucrounuku (Distributed Generation) u nakonutenu (Distributed Storage)
AJIEKTPUUYECKON PHEPTUU SBIIOTCS 00s3aTenbHbIM arpulOyrom cetr Smart Grid. OcoOeHHOCTBIO
JaHHBIX JIEMEHTOB CETH SIBIIICTCS KX HEOOJIbIIasi MOIIIHOCTh U HECTaOMIBHOCTH paboThl. [losTomMy
IUIE CHUHXPOHM3ALMU C CEThI0O PAacCMaTPUBACMBIX JJIEMEHTOB TPEOYIOTCS HWHTEIUIEKTYaJbHbIE
VIIPaBJISIONIUE YCTPOUCTBA.

Koneunsie mnotpeburenu snextpuueckoil sHeprun (CustomerS). B cerm Smart Grid
OCHAIAIOTCS  YIPOIIEHHBIMH  MHOTOTAPHU(HBIMH  MHKPOIPOIECCCOPHBIMH  CYETYMKAMHU
AJIEKTPOIHEPTUH.
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VK 681.121

CTPYHUHBIN PACXOJOMEP-CUYETUHK
3woun U. A.
Hayuonanshwiii uccnedosamensvcruti yHusepcumem « MOy

[lepcrieKTUBHON C TOUKH 3pEHUS HaJKHOCTH U 0€30I1aCHOCTHU 3KCIUIyaTalluy IpU KOHTPOJIE
MIOTOKOB arpecCUBHBIX, MOXKApO- U B3PHIBOOMACHBIX BEIIECTB, a TAKXKE KUJIKOCTEH, COIepKaIInX
aOpa3uBHBIC BKIIOUEHUS SBISAIOTCS CTPYHHBIE PACXOIOMEPHI U CUETUUKH, ICHCTBHE KOTOPBIX OCHO-
BaHO Ha MEPHOAMYHOM IIPUCOCAMHEHUH CTPYH BSI3KOM HMIKOCTH K TBepaoi crenke [1], [2].

OAHOBPEMEHHO C MPEUMYILIECTBAMH, CTPYWHBIM pacXx0JOMepaM CBONMCTBEHHBI U HEJTOCTaTKU
KJlacca TUAPOJMHAMHYECKHUX PACXO0JIOMEPOB — UYBCTBUTEIBHOCTh pabouel XapaKTEPUCTHKH K U3-
MEHEHUIO (PU3MUECKUX CBOICTB M3MEpSAEMON Cpeabl, YTO MPUBOAUT K BOSHUKHOBEHHIO JIOTIOIHU-
TenbHOU morpemHoctd. Ha mpakTuke Hanbosiee pacnpoCTPaHEHHON NPUYMHON BO3HHUKHOBEHHS
JIOTIOJIHUTEIBHOMN MOTPEIIHOCTH SIBJISIETCS H3MEHEHNUE TEMIIEpaTypbl U3MEPIEMOIl CpeJibl B MpoOLiEC-
ce uzmepenus [2].

KonnuecTBeHHBIM BBIPa)KEHUEM KaYECTBEHHOI'O MTOHITHS «TOYHOCTh PacX0J0Mepay SIBISETCS
MHCTPYMEHTAJIbHAS MOTPEIIHOCTh pacxonomepa. MHCTpyMeHTallbHas MOTPEHIHOCTh OMpeeisaeTcs
HOPMHUPYEMBIMH METPOJIOTMYECKUMHU XapaKTEPUCTUKAMU PacXxo0/l0Mepa, a UMEHHO, OCHOBHOM U J10-
MOJIHUTENBHON TorpemHocTsMu. OCHOBHAS MOTPEUTHOCTh UMEET MECTO B HOPMAJIBHBIX YCIIOBHUSAX
SKCIUTyaTallMu cpeAcTBa M3MepeHus. JlononHuTenbHas NOrPEIIHOCTh BOSHUKAECT MPU W3MEHEHUU
HEKOTOPBIX BEJIMYUH, Ha3bIBAEMBIX BIUSIOMIMMH [3].

CoBpeMeHHbII ypOBEHb MUKPOIIPOLIECCOPHON TEXHUKH MO3BOJISIET U3MEPATh YaCTOTHBINA CUT-
HaJl, MOCTYHAIOUIMI OT JaTyuka KojJeOaHUW CTpyd C NPeHeOpeKMMO Majod MOTPEIIHOCTHIO
10 CPaBHEHHUIO C OOLIEH MOrpelHOCThIO PACX0l0Mepa, TaKUM 00pa3oM, Haubosee BaXKHON YacThiO
npubopa ¢ TOYKU 3pEHHsI €r0 TOUHOCTH, SIBIISICTCS MEPBUYHBINA MpeoOpa3oBaTesb, B KOTOPOM IMPO-
HCXOJUT TPeoOpazoBaHUe PacXoia M3MEPSIeMOM Cpelabl B 4aCcTOTy KOJEOAHHWH CTPYH KHIKOCTH.
YacToTHO-MOIYTMPOBAHHBIN cUTHAN (HOPMHUPYETCS HEPBUYHBIM IMpeoOpa3oBareieM B BHUJE HM-
MyJbCOB JIABJICHUS CIIOKHOW (popMmbl. Vimeann3upoBaHHO, B 3aBUCIMOCTH OT KOHCTPYKIHH TTIEPBUY-
HOTO TMpeoOpa3oBaressi, MOKHO MPEACTABUTh T€HEPUPYEMbI CHUTHA B BHJIE MPSMOYTOJIBHBIX
WIN CHHYCOMAAJIBHBIX HMIYJIbCOB JaBJIEHMs, 4acTOTa CJEJI0BaHUS KOTOPBIX IMPONOPLHMOHAIbHA
HU3MEPSIEMOMY PACXOAY, a aMIUIUTYAa — JIUHAMHYECKOMY JABJICHHUIO CTPYH >KMJIKOCTH Ha JATUYUK
MOJIOXKEHHUS CTPYH.

s GpopmMupoBaHUsi B3aUMOCBS3HU JOMOIHUTENBHON MOTPENTHOCTH CTPYHHOTO pacxogoMmepa
U TEMIIEpATypbl U3MEPSIEMON Cpe/bl MPUMEHEH TPAJULIMOHHBIN METOJ] — CPaBHUBAJINCH Oe3pazMep-
HbIE€ XapaKTEPUCTUKH H3MEPSIEMOr0 MOTOKA KUAKOCTU [4]. B yacTHOCTH pacxomoMep-CUEeTUUK,
npeoOpa3zoBaresib. KOTOPOr0 MOKa3aH Ha puc.l, ObUT MOOYEPEeTHO UCIBITAH Ha BOJE U KEPOCHUHE
MIPH CTa0MIM3HPOBAHHON TeMIEpaType C U3BECTHBIMU BEJTMUYMHAMU TUIOTHOCTHU M BSI3KOCTH.

[TepBbIM B3 KpUTEPHUEB TMOI00MS TEUEHUS B TIEPBUYHOM MpeoOpa3oBaTesie CTPYHHOTO pacxo-
nomMepa siBnsiercs yucio Peitonbaca (Re). Bropeim kputepuem nonobus siisiercs uncio Ctpyxa-
a5t (Sh).

O603naunM Kak fo(Q) pabouyro XapakTepHCTHKY CTPYWHOTO MEPBUYHOIO Mpeodpa3oBaTeis —
3aBUCHMOCTh YaCTOTHI CJIEJJOBaHMSI MMITYJIbCOB OT BEJIMYMHBI IMPOXOSAIIEro pacxonaa. BemnunHa
f(Q)" mpexncraBmser coboit cymmapHOe BpeMsi, IPOTEKAIOIIEe OT OJHOTO MOMEHTA OJHOTO Iepe-
KIIIOYEHUS! CTPYH U MPOXOKJIEHUSI CUTHAJA MO JIMHUM MOJIOKUTENbHONU oOpaTHOi cBsizu (JI[TOC)
710 APYyToro.

B nepBuuHOM npeobpazoBaTesie CTpyHHOTO pacxoaoMepa sl yA00CTBa MpeICTaBIeHHs T'eo-
METPUYECKOT0 IM0100Ms TOIOJIOTUH NEPBUUYHBIX MpeoOpa3oBarenell B KadecTBE JIMHEHHOro mac-
mrada UCOIb3yeTcs NIMPUHA COTLIA.

123



|- T
Puc.1. - BHemnuii BuJ nepBUYHOTO MpeoOpa3oBartess CTPyHHOTo pacxoaomepa (paboydasi cpena —
KUJKas MponaHoOyTaHoBast cMech, pacxon 1o 70 i/muH, naBienue 15 atm.)

HasnauyeHHble KPUTEPUH MOJ00MS MO3BOJISIOT AJIsI JIFOOOH HEM3MEHHONW TCOMETPHH MEPBUY-
HOTO IpeoOpa3oBatessi M0 W3BECTHON paboucii XapaKTEPUCTUKE, B YACTHOCTH, IKCIICPHMEHTAILHO
MOJIYYEHHOM /ISl HOPMAJIbHBIX YCIIOBHM, TIOCTPOUTH Oe3pa3MepHyI0 pabouyro XapaKTepUCTHKY BH-
na Sh(Re). bespasmepHas pabodasi XapaKTepUCTHKA TO3BOJISCT PEIIMTh O0OPATHYIO 3a71a4y — OIpe-
JICITUTh TEOMETPHI0 paboyeii YacTH MEPBUYHOIO MpeoOpa3oBarelis MPU 3aJaHHBIX HOPMATbHBIX
YCIIOBHSIX KCILTYaTalluK: THIIE )KUIKOCTH (IUIOTHOCTU M BS3KOCTH), BEIMYNHE PACX0/a U 3aJaHHOI
toyHocTd. Ha puc. 2 mokaszaHa Oe3pasmepHas XapaKTEPHCTHKA HUCIBITAHHOW MPOTOYHOH YacTH.
CoBrajicHue pe3yIbTaTOB SKCIIEPUMEHTa Ha BOJE M KEPOCHHE COOTBETCTBOBAIO TOYHOCTH IKCIIE-
PUMEHTATBHOW YCTAHOBKH.

W3 ananm3a KpuTepueB Moao0Ous CIEAyeT, YTO €IWHCTBEHHBIM (DaKTOPOM, OMPEACIISIONINM
BIMSHUE (DU3UUECKHX CBOMCTB M3MEPSIEMOM CPEIbl HA Pa3MEPHYIO paboUyi0 XapaKTepPUCTHKY, SB-
JIIeTCd KHHEMaTH4ecKasl BI3KOCTE. III1oTHOCTE I/I3Mep$[eMOI>'I CpCabl HC OKa3bIBACT BJIMAHHWA HA O0O-
MOJHUTEIBHYIO MOTPEIIHOCTh CTPYHHOTO pacxogomMepa min cuetyrka. OIHAKO, CIIEAYyeT OTMETHTD,
YTO IUIOTHOCTH OKA3bIBACT BIMSHHE Ha IMHAMHUYCCKOE JABJICHHE CPEIbl, KOTOpoe (GUKCHpYeTCs
JATYMKOM ITOJIOXKEHHUSI CTPYH W BIIMSACT Ha JMara3oH M3MEPEHUs Mpudopa, a MMEHHO Ha HUXKHIOK
rpaHuIly AUana3oHa U3MEPEHUs.

WHCTpyMEHTaIbHOM a0COMIOTHON MOTPEITHOCTRI0O A CTPYHHOTO pacxojoMmepa B PEXHME
CUETYMKA HAKOIUIEHHOTO 00BbeMa SIBJIAETCA 00BEM JKHIKOCTH HJIHM ra3a, KOTOPBIN MPOXOAUT Yepe3
MIEPBUYHBIN MPe0Opa3oBaTelb 3a BpEMsI OJTHOIO HMITYJIbCA.
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bespasmepHas xapakTepUCTHKA TO3BOJISET ONPEACTUTh padOUyl0 XapaKTEPUCTUKY TMPOECKTH-
pyemoro mpubdopa Ha 3aJaHHBIC pa3MeEPhl MPOTOYHON YaCTH WJIM M C YU€TOM CBOWCTB pealIbHOM pa-
004Yeil JKUAKOCTH B HOPMATBHBIX YCIOBHUSX.

Pabouyro XapakTepuCTUKy CTPYHHOrO TIEPBUYHOTO MpeoOpa3zoBaTeis, IMOJyYCHHYIO
JUIS YCIIOBUH OTJIMYHBIX OT HOPMajbHbIX 0003HaunM Kak fr(Q). yis HOpMaabHBIX YCIOBHUU HH-
CTpyMEHTaJIbHAs TOTPEIIHOCTh paBHA OCHOBHOW morpemHocT. [Ipu HapymieHHH HOpPMalIbHBIX
YCIIOBUH, B YACTHOCTH TPHU BBIXOJIC TEMIIEPATYPhl U3MEPSIEMON Cpe/bl 32 HOPMUPOBAHHBIN JHara-
30H, MHCTPYMEHTAJIbHAs TOTPEITHOCTh MPEICTABISET OO0 CyMMY OCHOBHOW M JIOTIOJIHUTEIHHON
norpemHocTei. OueBUHO, YTO TOTIOTHUTENbHAS TOTPEIIHOCTh At 33 OJTHH UMITYJIbC BBIUYUCISIETCS
KaK pa3HOCTh:

Ar=QH(Q)" — QFH(Q) = Q[f(Q)™ - f{(Q)™].

3HaHue xapakrepa ms3menenus passoctd [fo(Q)™! — f(Q)™] or TemmeparypsL mozBoseT BBE-
CTH B OJIOK TIpeoOpa3oBaHus cUTHaNa (YHKIINIO, KOPPEKTUPYIONIYIO BU pabodei XapaKTepPUCTUKH.
Koppekuust pabodeit XxapakTepUCTUKU MO TEMIIEPAType MO3BOJISET 3HAYUTEIHHO CHU3UTH BEIUYHHY
JOTOJTHUTEIBHOM MOTPENTHOCTH PACcX0J0Mepa Ha BCEM JHMANla30HE BO3MOXKHBIX TEMIIEPaTyp JKC-
roryatanuu. [Ipu 3ToM MposIBIISIETCS TENbIH pajl HETaTUBHBIX C TOYKHU 3PEHUST KOHKYPEHTOCIIOC00-
HOCTH TIprOopa (HaKTOPOB: MPOUCXOJUT HE3HAUUTEILHOES, HO yIOPOKAHHE KOHCTPYKIIUHU ITprOopa,
YCIIOKHSIETCSI KaTMOPOBKA 1 TTOBEPKA, HECKOJIBKO CHUYKACTCS HAIC)KHOCTB.

[IpenBapuTenbHBI aHAIM3 PACUETHBIX MOJIENCH Mpolecca MEPEKIOYeHUs CTPYH IOKasal,
9TO MPU CHUKCHHUH BS3KOCTU MOTOKAa (POKYC CTPYH CMEIIAETCsl BBIIIC MO TCUCHUIO, YTO TOBOPHUT
O CHIDKCHHH KCKIITMOHHOW CIOCOOHOCTH CTPYH. DTO MPHUBOJUT K IMAJCHUIO Tepernaga JAaBICHHUsI
Ha JIMHAA OOpaTHOW CBSI3HM, C OAHON CTOPOHBI M CMEIIACT TOYKY IMPUCOCTUHCHHUS CTPYU K CTEHKE
HWKE T10 TEYCHUIO ¢ Ipyroi. Takum oOpa3om, HaOIIOJAIOTCS 1BA B3aUMHO YHUYTOXKAIOMIMX (HaKTO-
pa — CHIDKEHUE YPOBHS DHEPIMHM B JIMHUW OOpPAaTHOM CBS3W W CHIDKEHUE JHEPTUH, MOTpeOHOU
IUIsL TIEPEKITFOUEHUS CTpyH. B 3TOM ciydae pemaromuM GakTopoM CTaHOBUTCS MOBEICHHUE MOTOKA
B JITIOC.

[IpenBapuTenbHbIC MCCIIEOBAHUS MMOKA3aIH BO3MOXKHOCTh CYIIIECTBOBAHHUSI TAaKOTO B3aWMO-
JCHCTBUS CTPYH U CHTHAIa OOpaTHOW CBSI3H, NPH KOTOPOM BIIMSIHHE BS3KOCTH ITOTOKA Ha YaCTOTY
KoJIeOaHUH CTPYH B JOCTATOYHO NIMPOKOM JMama3oHe yucea PeliHombana OyneT MUHUMAbHBIM
WJIM BOOOIIE OTCYTCTBOBATH.

BTopoii 0cOOEHHOCTBIO CTPYIHBIX PACXOJOMEPOB SIBISETCS TO, YTO BO3MOXKHO MOIyYEHUS
JAHHBIX HE TOJIbKO 00 00BEMHOM pacxoje, HO M JIaHHBIC O IUIOTHOCTH >KUIKOCTH W IOJO0OHBIE
yCTPOICTBAa TO3BOJISAIOT MPOBOAMTHE KOHTPOIb MAacCOBOTO pacxoja XUAKOCTU. [[ns peanuzanuu
YKa3aHHON (yHKIIMH HEOOXO0AUMO H3MEPUTh UMITYITBC CTPYH.

[Mpu manbIx pacxonax HMIYJIbC CTPYH JOCTAaTOYHO Ca0BIH, MO3TOMY K YCHJIUTEIBHO-
JIETEKTOPHOMY Y3ITY, TPEABSIBISIFOTCSI 0COObIe TPEOOBAHUS C TOYKH 3PCHHS HAJIEKHOCTH JCTCKTH-
poBaHMs. 3agaya OMpeAeNieHus] IUIOTHOCTH IMepeKaunBaeMol cpeabl 00YCIOBHMIIA KaueCTBEHHBIH
MEPECMOTP CXEMOKOHCTPYKTUBHOTO PEIICHUS YCHIIUTEIBHO-ICTEKTOPHOTO y3JIa, B KAYeCTBE KOTO-
pOro MPUMEHEH CHHXPOHHBIN JETEKTOp, YeM U obecreueH TpeOyeMblil ypoBeHb HAJESKHOCTH MOKa-
3aHUI Mpudopa.
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BU3YAJIM3ALUSA TEIIVIOBBIX IOI'PAHUYHBIX CJIOEB XKUJIKOCTHU OKOJIO
HAT'PETBIX TEJ METOJIOM JIABEPHOI PE®@PAKTOI PAOUN
Beoswkuna A.B., Ilasnos U.H., Canponoe M.B., Torkaues A.B.
Hayuonanvnuiii uccnedosamenvcxuti ynusepcumem « MOH»

AnHoTanus. [IpuBeneHo onvcanue JBYXIBETHOM JIa3€pHON M3MEPUTEILHON CUCTEMBI U Me-
TOJIMKU TIPOBEJCHUS IKCIIEPUMEHTAIBHBIX WCCIICAOBAHUHA (PU3NUYECKUX MPOIIECCOB B MPO3PAYHBIX
KHUJKOCTAX C IMOMOIIBI0 METO/1a Jla3epHOoi pedpakTorpaduu U METo1a paccesiHUsI TUIOCKOTO Ja3ep-
HOrO IIyyKa Ha MEJKUX YacTuuax. [lokazaHbl mpuMepsl BU3yalu3alud IPAJUEHTOB TEMIIEPATyphl
U OIpeieleHHs TapaMeTPOB TOHKUX MOTPAHUYHBIX CIOEB KMJIKOCTH OKOJIO HAarpeThIX TeJ pa3iind-
HOW KoH}uryparuu. Onrcana METOIMKa MPOBEACHUS HIKCIICPUMEHTA U TIPUBEICHBI PE3YAbTAThI BH-
3yanu3aliyi BUXPEBBIX TEUCHUI OKOJIO HArpeBaTEeIbHOTO 3JIEMEHTA, TIOMEIIEHHOTO B BOJY.

KiroueBble ciioBa: nasepHas pedpakrorpadus, JazepHasi BU3yalnu3anus MOTOKOB, TEII000-
MEH B >KHJIKOCTH, IOrPAaHUYHBIEC CJIOU, ABYXI[BETHAS JIa3epHas U3MEpUTEIbHAs CUCTEMA.

[Torpanuunble ciou UrparOT OOJIBLIYIO pOJIb B padoTe BCeX TEIUIOBBIX HPUOOpPOB Harpena
U OXJIKIEHUS KUIKOCTH, ompenensis 3¢gdextuBHocth ux padotsl u KITJ. McenenoBanus 3Tux
TOHKHUX CJIO€B KOHTAKTHBIMU METOJIaMU CYLIECTBEHHO 3aTPYAHEHbI X Majol TodMHON. Yucnen-
HbIE METOIbl pacyeTra MpoILEecCOB TPEOYIOT 3HAUUTENBHBIX 3aTPAaT BPEMEHU M BBIYUCIUTEIBHBIX pe-
CYpCOB H3-32 TPEXMEPHOCTH 33/1a4 U HECTAI[MOHAPHOCTH Tpomecca. [ToaTtomy cymecTByeT HE00-
XOJUMOCTb CO3J[aHHsI HOBBIX METOJIOB MCCIIEAOBAaHUS TEIUIOBLIX IpoleccoB. OMHUM U3 TaKUX Me-
TOJIOB SIBIISICTCS METOJ JlazepHOU pedpakrorpaduu [1,2].

Bce TemnioBble TOTOKU KUIAKOCTH SIBJISIFOTCSI ONTUYECKH HEOJHOPOIHBIMHU CpEAaMH, B KOTO-
PBIX IPU PaCHpPOCTPAHEHUU JIA3EPHOr0 Iy4yKa HaOJIONAETCsl ero pedpakius, KoTopas U3MEHSET
HaMpaBlIEHUE €0 PACIPOCTPAHEHHsI, TOITOMY BO3HHKAET BO3MOXHOCTh pa3pabOTKHU HOBBIX Ja3ep-
HBIX U3MEPUTEIBHBIX CUCTEM.

Meton nazepHoit pedpakrorpaduu OCHOBaH Ha 30HAUPOBAHHUH CPEAbl CTPYKTYPHUPOBAHHBIM
nazepupiM u3nydeHuem (CJIN), mudpoBoii peructpanuu pe@pakiuOHHOW KapTUHBI (pedpakTo-
rpaMMbl) U €€ KOMITbIOTEPHOI 00pabOTKe ¢ HEeNbI0 BOCCTAHOBIICHUS MapaMeTpoB cpenbl. Mcmnonb-
30BaHUE COBPEMEHHBIX HU(POBBIX METOJOB PErHUCTpallui U 00pabOTKU pedpaKkTorpaMm MO3BOJISIET
pemaTbh 0OpaTHYIO 337a4y BOCCTAaHOBICHMS NMPOdUIIst TeMIepaTyphbl U MPOBOAUTE KOJIMYECTBEHHYIO
JMarHOCTUKY HEOJTHOPOJHOM CPebl OJTHOBPEMEHHO C €€ BU3yalnu3aliei.

Ha puc. 1 nokazana cTpykTypHas cxema Jj1azepHoi pedpakrorpaduueckoi cucremsl [2]. U3-
nmydeHue jasepa 1 mpeoOpa3yeTcsi ONTUUECKOM CUCTEMOM 2 B CTPYKTYPUPOBAHHOE JIa3€pHOE U3ITY-
4eHHe 3, KOTOpOe IMPOXOs YEPE3 ONTUUECKN HEOTHOPOAHYIO Cpelly 4, COAEPIKalLYy0 HarpeThle Hiu
OXJIQXK/ICHHBIC TeJa B KUAKOCTH oOpasyeT 2D-pedpakTrorpaMmy Ha MOJIYIPO3PAuHOM IKpaHe S.
Hanee uzobpaxenne 2D-pedpakrorpammsl peructpupyercs uudpoBoil porokamepoit 6, nepenaet-
csl B KOMIIbIOTep 7 M 00pabaThIBaeTCsl ¢ MOMOUIbIO CHELMAIBLHOTO MPOrPaMMHOI0 0OeCTIeUeHHUs.
B HmkHEM psy moka3aHbl dTanbl GOpMHpPOBaHUS pedpakTOrpaMMbI U3 y3KOTO IMydka U rpaduk
oIpeeIeHHON 3aBUCMOCTH TEMIIEPATypbl B IOTPAHUYHOM CJIO€, IO KOTOPOMY BOCCTaHABIUBAETCS
TEMIIEpaTyPHbIE XapaKTEPUCTUKN MOTPAHUYHOTO CJIOSI.
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Pucynok 1 — CtpykTypHas cxema JiazepHoit pedpakrorpaduueckoi cucremsl: 1 — maszep, 2 —
OnTHYEeCKHi OJI0K, 3 — OJOK CKaHMPOBaHUS ITy4Ka, 4 — HcciexyemMas cpefa,
5— muddy3Helii okpan, 6 — nudposas porokamepa,
7 —T1IK, 8 — rpadguk TemrepaTypbl

OCOoOEHHOCTH HCCIIEIOBAHUS TIOTPAHUYHBIX CIOEB KUAKOCTH pepakTo-rpapuueckuM MeTo-
JIOM paccMaTpuBalIUCh B padborax [3-5]. B xauecTBe nmpumepa B Tabauie | npuBEaCHBI TUITHYHBIC
pedpakTorpaMMBbl, XapaKTEpH3YIOIIHE MOTPAHUYHBIE CIIOU KUAKOCTH OKOJIO HArPETHIX Tel [4].

Tabnuya 1 — Peghpaxmoepammuvl niocko2o 1a3epHozo nyuka,
npouieoue20 0K0JI0 Hazpemovlx mei
OOwbekThl U ycnoBus ocBe- | dopma u HampaBieHUE 30H- Pedpakrorpammsl
HIECHUS JTUPOBaHUs 00BEKTA
Humaaap — [UITT mpoxouT
I10J] OCHOBAaHHEM CIUIOIIHOIO
LWIMH]pA

ToncrocTeHHBIN TUIUHAP —
ITJIIT npoxXoauT 1oz OCHO-
BaHUEM LIWJIMHAPA

ﬁ- olm

[Tap — TIJITT mpoxoauT nox
HW)KHEN TOUYKOM HAarpeToro
mapa

Ha ocHoBe Merona nazepHoil peppakTorpaduu paccesHus JTa3epHOTO U3JIyYE€HUS Ha MEJIKHX
yacTulax Ha Kadenpe pusnku um. B.A. @abpukanra HUY "MDOU" pa3paboraHa AByX1BETHas Jia-
3epHas CUCTeMa, peAHa3HAuYEeHHAas JUIsl U3MEPEHUsI paclpe/IeIeHHs TEMIIEpaTypbl OKOJIO HAarpeThIX
TeJI B KHUJIKOCTH U BU3yaJIM3allMy TEUEHHUH M0 paccesHHOMY n3nydeHuo [6]. Cxema pa3paboTaHHOM
JIBYXIIBETHOM JTa3epHOM CUCTEMBI MPUBEACHO Ha puc. 2(a,0). B cucremMe 0THOBPEMEHHO HCTOJB3Y-
10TCs 2P PEKTHI paccestHUA Ja3epHOro U3TyYeHHs Ha MEJIKMX YacTHUIaX U ero pedpakius u3-3a rpa-
JMEHTA MoKa3aTess npenoMieHus cpeabl. CucteMa npepHa3HadyeHa JUIsl UCCIEJOBaHUS TUHAMUYe-
CKUX TETUIOBBIX MPOIIECCOB B MPO3PAYHBIX JKUIKOCTAX, a TAKXKE JJIS BU3YAIN3alUU TIOTPAaHUYHBIX
CJIOEB OKOJIO HAarpeThIX TEIl.

B cucreme npumMmeHstoTcs Ba jlazepa, paboTarolue B pa3IMuHbIX CIEKTPabHBIX JUana30Hax
U B pa3IMyHBIX pekumax. Pedpakrorpaduyeckuil kaHan (puc.2a) COCTOMT U3 Ja3epa ¢ OJIOKOM
(GbOopMHPOBaHUS CTPYKTYPUPOBAHHOTO JIA3€PHOIO M3ITydeHHUs 1, uccieayeMol KIOBETBI C YKHMJKO-
CTBIO 2, B KOTOPYIO MOTPYXKarOTCsS HarpeTble WK OXJIaXICHHbIE Tela 3, MOIyIpo3payHoro 3KpaHa
5. PedpakTopaMMbI perucTpUPYIOTCS C MTOMOIIBIO ITU(POBOH GoToKamepsl 6. YKa3aHHBIC DJIEMEH-
Thl YCTaHOBJIEHBI Ha ocHOBaHUM 7. KoopauHaTHHK 4 TMO3BOJSET MEpeMelaTh UcCleayeMble Tena
B TpEX HAIPaBJICHHUSX.
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Bropoii kaHan npeaHa3HaueH sl PETUCTPALUU PAaCCESTHHOIO YacTuliamMu u3nydeHus. OH co-
CTOUT U3 Jazepa 9 ¢ 610koM (HopMHPOBAHUS CTPYKTYPUPOBAHHOTO JIA3EPHOTO U3TYUYCHHs B BUJE
IUIOCKOTO JIA3€PHOTO MyYKa, PACIPOCTPAHSIIOIIErOCs MapaJlIeNbHOr0 (PPOHTATBHON CTEHKE KIOBETHI
2. PaccesiHHOE Ha YacTUIAaX U3JIy4eHHE peructpupyercs mudpopoit kamepoit 10. PedpakTorpammer
c kamep 6 u 10 06pabaThIBalOTCS C TOMOIIBIO CHEIMATBLHOIO IPOTPAMMHOTO 00ECIIeYeHUsI Ha KOM-
nptotepe 8. [Ipu ncnonb30BaHUN UMITYJIBCHOTO J1a3epa U COOTBETCTBYIOIIEIO MPOTrPaMMHOI0 obec-
IIEYEHUSI BO3MOXKHO MOJIYUYUTh PACIPENEICHUE CKOPOCTEN YacTHUI] B IIOTOKE.

o

2 ! 6

a) 0)
Pucynok 2 — JIsyxuBerHas pedpakrorpadudeckas ycTaHOBKa: @) cxema: 1, 9 — nazepsl,
2 — KIOBETa C BOJIOW, 3 — HArpeToe WK OXJIKIEHHOES TJI0, 4 — KOOPIUHATHHK,
5 — nuddyzuelii 3kpaH, 6, 10 — uudpossie hoToKamMepsl, 7 — OCHOBAHHE CUCTEMBI,
8 —IIK, 6) ¢ororpadus crucrems

[Ipy ucnosp30BaHUM J1a3epa HENPEPBIBHOIO ACUCTBUS U CKOPOCTHOM BUAECOKAMEPHI U3MEPH-
TeJIbHAas CUCTEMA I03BOJIET MOJYUYNUTh KAPTUHY TEIJIOBBIX [TOTOKOB, [0 KOTOPOW pacCUUTHIBAIOTCA
TaKM€ XapaKTEpUCTUKH IpoLecca HArpeBaHUsl WM OXJIAXJACHUS KakK: I0JIeé CKOPOCTEH OKOJIO HC-
CIIeTyeMOTo 00beKTa (CKOPOCTh IBUKEHHS YACTHI] B CpeJie); MOJIsl TPaJUeHTOB TEMIEpaTyp B pas-
JIMYHBIX CJIOSIX U 30HAaX JKUAKOCTH; XapakTep (JaMUHAPHBIM WK TypOYJISHTHBINH) JBU)KEHUS CI0EB
KHUJKOCTU B pa3IMYHbIX (pa3ax HarpeBa WM OXJIAXKIEHUS >KMJIKOCTH; MOJIe TpaJleHTa TemMrepaTy-
PBI Cpebl; BpeMsl HarpeBa Wil OCTBIBAHUS; CTENIEHb OJHOPOJHOCTH HarpeBa WM OCTBIBAaHUS KU[-
KO CpeJibl.

[Tonmy4yeHHbIe Ha YCTaHOBKE pepakLMOHHbIE KApTHHBI MO3BOJISIOT OLEHUTh N'€OMETpUYECKHe
pa3Mepbl XapakTEpHbIX 30H OKOJIO HCCIEIYeMOIro O0bEeKTa, HalmpHUMep, TOJIIMHY MOTPaHUYHBIX
CJIOEB WIN BBIIBUTD 30HBI C HECTALlMOHAPHBIMH TEYEHUSIMH.

B xauecTBe HarpeToro Tena A UCCIEeI0BaHUS TEIJIOBBIX MOJIEH U BbI3BAHHBIX UMU KOHBEK-
LIUOHHBIX TE€UYEHUI pacCMOTpEH TpyOUaThlii CIMpabHBINA HarpeBaTeIbHBIN JI€MEHT, TOMEIEHHBIH
B XOJIOZHYIO Boay [6].

Ha puc. 3a noka3aHbl KOHBEKIIMOHHBIE TOTOKM BHYTPU BUTKA 4epe3 9 CEeKyH[ MOCIE BKIIIOUE-
HUS HArpeBaTENIbHOTO deMeHTa. Puc. 36 neMoHCTpupyeT n300pakeHus, OJIy4eHHbIE B pepaKTo-
rpaduuecKoM KaHaje U3MEPUTEIbHON YCTAaHOBKU MPH MPOXOXKAECHUH JIA3€PHOTO MydKa MOJI TEM Ke
HarpeBaTeJIbHBIM 3JIEMEHTOM, HaXOSIIEMCs B XOJI0JHOU BOJIE.

128



Pucynok 3 — Buzyanu3zaius TEIUIOBBIX MPOIECCOB B HATPEBATEILHOM DIICMEHTE:
@) BU3yaJlM3alys IOTOKOB [0 PACCESIHHOMY U3JIy4eHHI0, 0) pedpakToramMmma mpomuie/ (ero miocko-
O Iy4Ka CHU3Y HarpeBaTeIbHOIr0 3JIEMEHTA

[IpuBeneHHbIE MaTEepHUalbl HATJIATHO WUTIOCTPUPYIOT CIOKHYIO CTPYKTYPY TEIUIOBBIX MOJEH
10/l BUTKaMHU TPyO4aTOro HArpeBaTeIbHOrO 3JIEMEHTA, a TaKKE BO3HUKAIOIIMX B HCCIIEAyEeMOM
30HE TeUEHUH KUKOCTH.

3akirouenne. Co3/laHa 3KCIEpPUMEHTAIbHAs YCTaHOBKA JUIsL OJHOBPEMEHHOW PETrUCTpaluu
TEIUIOBBIX MOJIEH OKOJIO HArpeBaTeIbHOTO AJIEMEHTA M BH3YyalH3alldd MOTOKOB >KUIKOCTH BOKPYT
HETO C MOMOIIBIO0 PACCESHHOTO JIa3epHOTr0 M3IydeHus. MeTo] na3epHoil pedpakrorpaduu mo3so-
JSIeT MCCIeI0BaTh TOHKHE TEMIEPAaTypHBIE CIIOU B KUAKOCTH OKOJIO HarpeThiX TBepAbIX Teid. Pas-
paboTaHo mporpaMMHOE OOecreueHue, MO3BOJIAIONIEe BOCCTAHABIMBATD TPAIUEHT TEMIEPaTyphl
OKOJIO HarpeThIX Tell B )KUJIKOCTH.

Pazpaborannas u3mepuTenpHas CHCTEMa MOXET ObITh HCHOIB30BaHA Il HAYYHBIX TEIUIO(pU-
3UYECKUX HCCIEAOBAHUN, TaKUX KaK W3y4eHHE TOHKHX TOTPAHUYHBIX CIOEB >KUIKOCTH OKOJIO
HarpeThIX TeJl, BU3YyaJIU3alluM CJIOKHBIX NOTOKOB KMJIKOCTH B TEIUIOBBIX M XUMUYECKHX YCTAHOB-
kax. Oco0eHHO 3TO Ba)XXHO JUIsl IPOBEPKHU PA3MUYHBIX THIIOTE3, UCIIOIB3YEMBIX B KOMITbIOTEPHBIX
METOJIaX pacyera NOrPAaHUYHBIX CJIOEB KUJIKOCTH.

B y4eOHbIX memsx Ha 0aze JaHHOW YCTaHOBKH MOXKET OBITh MOCTaBJIEH IIENbIM psf 1adopa-
TOPHBIX pabOT ISl CTYIEHTOB TETUIO(PU3MUECKUX CIIEIUATBHOCTEH 110 BU3YaIU3allud U H3yYCHUIO
3aKOHOMEPHOCTEH TeIIonepeaul OT HarpeThIX METANIMYECKUX TeJl pa3HooOpa3Hoi (opMeI k pas-
JIMYHBIM JKUJIKOCTSIM, IEPEMELLINBAaHUS PA3IMYHBIX )KUJIKOCTEH B pa3HOOOPA3HBIX YCIOBHUSX.
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VIK 621.311

MHNOBBIHNIEHUE KBAJIM®UKAIIUU CIIEHHUAJINUCTOB B OBJIACTU ACY
SJEKTPOTEXHHUYECKHUM OBOPYJOBAHUEM U B OBJIACTU BBIBOPA
3JIEKTPOOBOPYTOBAHUSA 1JIS1 DJEKTPOCTAHIINM U TOACTAHIIUMA

Anmonoe A.A., 9o ' Y.
Hayuonanvnoui uccnedosamenvckuil ynugepcumem « MO

AKTYyaJIbHOCTD

B Hacrosiiee Bpemsi, Ha 00beKTax 3JIEKTPOIHEPIreTHKH, HAOII0AaeTCsl NHTEHCUBHOE BHEApe-
HUE COBPEMEHHOTO0 000pYOBAaHUS, BBIIIOJIHEHHOTO B COOTBETCTBUU C MEXIYHAPOIHBIMU CTaHAAD-
tamu, pazpadboranapiMu |EC, IEEE. D10 u xabemu 6 — 35 kB omHO(da3zHOro ucnosHeHus ¢ U30J15-
[UEeH U3 CIIMTOTO MOJHUATUIICHA, OBICTPOJCHCTBYIOIINE TOKOOTPAHUYHBAIOIIME ABTOMATHUECKUE
BBIKJIIOUATEIN, MUKPOIIPOLIECCOPHBIE TEPMHUHAJBI PEJICHHON 3alUUThl U aBTOMATUKH, aBTOMAaTH3H-
POBaHHbBIE CUCTEMBI YIIPABJIEHUS JIEKTPOTEXHUYECKUM 000pYyI0BaHUEM 3IEKTpOycTaHOBKU (ACY
OTO). [Ipoucxoaut ycoBeplICHCTBOBAaHUE METOAUK pacyeTa KOPOTKUX 3aMbIKAHUI U OLIEHKH Tep-
MUYECKOr'0 BO3JICUCTBUSI HA 000pyAOBaHuE B mpoliecce dKcuryaranud. Kadenpa «nekrpuueckue
cranuum» HNUY «MOW» sBasercs aBTOpOM BceX JIEHCTBYIOIIMX HOPMATUBHBIX METOJIMK pacuera
KOPOTKHX 3aMbIKaHui. KpaTkocpodHbie MpOrpaMMBbl TOBBIIICHHS KBATU(PUKAINHA B 3TUX 00JIACTSIX
IPEJCTABIAOTCS 3(PPEKTUBHBIM CIIOCOOOM MOJJIEPKAHUSA BBICOKOTO MPO(PECCHOHATBHOIO YPOBHS
CHELMAIMCTOB MPOEKTHBIX U IKCIUTYaTUPYIOIIMX OpraHU3aIuii.

BBenenne

B HNY «M3W» na 6a3ze kadeapsl «IIEKTpUUECKUE CTAHLIUI» IIPOBOASTCS Ha IMOCTOSHHOMN
OCHOBE KypChI ITOBBIIIEHUS KBATU(DUKALUY 110 IBYM IIPOrpaMMaM:

- aBTOMaTU3UPOBAHHbBIE CUCTEMBI YIPABIICHUS JJIEKTPOTEXHUUECKUM oOopynoBanueMm (ACY
2TO);

- pacyeT TOKOB KOPOTKOI'O 3aMbIKaHUsl M BBIOOp 000pYyIOBaHUS IS 3JIEKTPOCTAHIMI U NOA-
CTaHIINI.

Metoauueckue martepuasbl M KOMIIETEHLUN IpernojaBaTeiieil HENpEepbIBHO COBEPIICHCTBY-
forcsi, [1], B TOM umcie, 1Mo pe3yiabTaTaM Hay4HO-HUCCIIEAOBATENbCKUX pPA0OOT, BBIIOIHIEMBIX
B MOMU. boinbmioe BHUMaHUE YACISIETCS MPAaKTUYECKUM HaBBIKAM pacueTa M BbIOOpa 00opymoBa-
HUS, TIOCTPOEHUS] aBTOMATU3UPOBAaHHBIX CUCTEM yrpasieHus . [lo pe3yiabratam oO0ydeHus mpoBo-
JUTCSI KOHTPOJIb MPUOOPETEHHBIX 3HAaHUI 1 HaBbIKOB. CllyIIaTessM, YCIEUIHO MPOoIEeANnM 00yye-
HUE, BbIJIAETCS YI0OCTOBEPEHHE O KPATKOCPOUHOM MOBBIeHUH KBanuukaunun HUY «MDN».

Kypc «ABTOMaTM3MpPOBAHHBbIE CHCTEMbI YIIPABJIeHHA 3JIeKTPOTEXHUYECKUM 000py/10Ba-
HueM (ACY ITO)»

OO6yuenue npoBoAUTCS Ha ydeOHO-ucciemoBarenbckoM monmroHe ACY OTO xadenps
«nextpuyeckne cranumy HUY «M3OUy». [Tonmuron ACY 3TO npezcrapisier co00if BHICOKOTEX-
HOJIOTUYHYIO YCTaHOBKY, OCHAIIEHHYIO COBPEMEHHBIM 000pYJOBaHHEM, MO3BOJIIOIIMM OpraHU30-
BaTh KaK 3(Q(PEKTHUBHYIO MMOJTOTOBKY CIEIHATUCTOB, TaK U HCCIeI0BaTeNbCKie paboThl Ul cO3/a-
HUSL U JKCIUTyaTallud WHTEUIEKTYaJIbHbIX 3JIEKTposHepreTuueckux cucrem [2, 3]. Ilomauron mo-
CTPOEH Ha OCHOBE MHUKPOIPOLECCOPHBIX YCTPOMCTB P3A pa3HBIX NpPOM3BOAUTENEH, CBA3aHHBIX
C peasbHBIM MEPBUYHBIM 000pyA0BaHNEM JTa0opaTopuil Kageapsl 1 UMUTAaTOpaMU CUTHAJIOB Ha Oa-
3e koMiuiekcoB PETOM.

CTpyKTypa nmoJIMroHa

OcnoBoii ACY OTO sBnsercs nporpammao-texHuueckuii kommeke (I1TK), Bxirouarommii
o0opy/noBaHUE BEpXHEro (cepBepa, CpeliCcTBa JOKAJIbHON BBIYMCIUTENBHON CETH; aBTOMAaTH3UPO-
BaHHBIE paboune mecta (APM) onepatuBHoro nepconana, ciyx6 P3A u ACY) u Huxaero (Habop
CHEIHATM3UPOBAHHBIX U MHOTO(QYHKIIMOHATIBHBIX MHKPOIPOLECCOPHBIX YCTPONCTB, HEMOCPEa-
CTBEHHO CBSI3aHHBIX C OOBEKTOM YIpaBlieHHs) ypoBHeH, puc.] Mmutanus paGboTbl H3MEPUTEIBHBIX
TpaHCcPOPMATOPOB, JUCKPETHBIX BXOJIHBIX U BBIXOJHBIX CHTHATIOB oOecrieunBaeTcss PETOM-61.
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OOBEKTOM yIpaBJIEHUS SBISETCS AJIEKTPOYCTAHOBKA, COCTOSINAS W3 paclpeleNUTeNbHbIX
YCTPOMCTB HECKOJIbKUX ypoBHeH HanpspkeHud. PY CH 0.4 kB, IIIIT, KPY-10 kB npencraBieHbl
B BUAC PCAJIbHBIX HIUTOBBIX yCTpOfICTB, MNPUMCHAIOMUXCSA Ha COBPECMCHHBIX JJICKTPOCTAHIUAX
Y TIOJICTaHIIHSIX.

Puc. 1 — Yuebno-uccnenosarensckuit moaurodn ACY OTO: a) ¢pparment nonurona ACY
OTO; 6) dparment KPY 10 kB

IIporpamma o0yueHnust

1.  MukpormporeccopHble YCTPOUWCTBA 3alIUT U YIPABICHUS Il PA3IMYHBIX BHIOB IPUCO-
enuHeHUd. BxonaHbple W BbIXOAHBIE curHaibl. Peamusyembie ¢ynkuuu. TokoBble nenu. llenu
HanpspkeHus. OrepaTuBHBIC TICTIH.

2.  Koucrpykrusnoe ucnonnenue U9Y. Moaynu YCO. Ludpossie untepdeiico.

3.  Peanm3ammsi BTOpUYHBIX LENEH JUIS Pa3IMYHBIX BHUJOB MPHCOSAWHEHUN B BHJE IIUTO-
BBIX YCTpOHCTB. IIpoeKTHO-KOHCTpYKTOpCKas AOKYMEHTAlus (MPUHIUIHAIBHBIE ¥ MOHTa)XKHbIE
CXEMBI).

4.  Oprammszanusa 1uudpoBeix cereil. CereBble KoHIleHTpaTopbl Ethrnet. Onrtuueckue
u MenHble cBsa3u. CeTb Ha ocHOBe RS-485. [IpeoOpazoBarenu unrepdeiico. Cepepa cbopa u 00-
pabotku unpopmaruu. CtangapT MOK 61850.

5.  Omneparopckuit untTepdeiic MDY. Opransl KoHTpods U ympasieHus. ['paduueckuit
skpaH. PaboTa ¢ MeHIO. MecTHOE ynpaBiieHHE MPUCOSTUHEHNEM ¢ TToMoIbio DY,

6. IlporpaMMHBI MHCTPYMEHT KOH(GHUIYPHUPOBAHMS WHTEIUIEKTYaJbHOT'O YCTpOMCTBa 3a-
IIUTHI U YIIPABICHHUS.

7. OcHoBHblE (pyHKIIMM B cucTeMe HabmoaeHus u ynpasieHus SCADA: ocymiecTBieHue
uHTepdeiica yenoBek-MalnHa; 00padoTka COOBITHI U aBapUIHBIX CUTHAJIOB; BHIIIOJHEHHE pacye-
TOB U BblJaya OTYETOB; peajin3allusi aBTOMAaTHYECKOro ynpasieHusi. Pabora oneparopa (Habmroze-
HUe, yrpaBlieHne, paboTa ¢ )KypHaiamMu COOBITHH, TPEH b, ApXHUBHI).

8.  Paspabotka cucremsl ynpasineHus. @opmupoBanue 0asbl JaHHBIX NepeMeHHbIX. Opra-
Huzanus cesa3u ¢ MDY, Cozmnanne moap3oBarenbckoro nHTepdeiica.

Kypce «PacueT TOKOB KOPOTKOI0 3aMbIKaHHUsI U BBIOOP 000pypOBaHMs AJIsl JIEKTPO-
CTAHIUI U MOACTAHIUIN»

[Iporpamma Kypca paccuMTaHa Ha CHELMATMCTOB MPOEKTHBIX OpraHu3aluil (JeKTpuuecKas
9acTh DJEKTPOCTAHIIMNA ¥ TIOJICTAHITNI ), IEpCOHAIa PACYETHBIX TPYII AKCILUTYaTHPYIOIIUX OpTaHu-
3aluil TEHEPUPYIOLIETO U NEKTPOCETEBOr0 KOMIUIEKCa. 3aHATHUS IPOBOJAUTCS B KOMITBIOTEPU3UPO-
BaHHBIX Kjaccax HUY «MBW» ¢ ucnonap3oBaHrEeM MPOrpaMMHOTO 00€CTICUEeHHsI, pa3pad0TaHHOTO
crienuanucTamMu Kadeapbl «JIeKTPUUECKUe CTAHIIMN» U HIMPOKO UCIOIB3YEMOT0 B OTE€UECTBEHHOM
sHepreTuke. bonbioe BHUMaHHUe yAeIsIeTCsl 3aKPEIUICHUI0 TEOPETHYECKOT0 MaTepralia Ha MPaKTH-
YECKHX 3aHATUAX.

131



IIporpamma o0yuenust

1. Pacuer KOpOTKHX 3aMbIKaHUN B 3JIEKTPOYCTAHOBKAX MEPEMEHHOT0 TOKA HAIMPSKEHHEM
10 1 kB (mo T'OCT P 50270-92) u cBbimie 1 kB (mo TOCT P 52735-2007);

2. Pacuer KOpPOTKHX 3aMBIKaHHH B 3JIEKTPOYCTAHOBKAX OMEPATUBHOIO MOCTOSTHHOTO TOKA;

3. Bribop o6opynoBaHus 3JEKTPOYCTAHOBOK MEPEMEHHOTO TOKA U 3JIEKTPOYCTAHOBOK OIIe-
PaTUBHOTO MOCTOSIHHOTO TOKA;

4. Pacder 3alUT W BBIOOp 3AIIUTHBIX allapaToB B HU3KOBOJBTHBIX 3JIEKTPOYCTaHOBKAX
(mo 'OCT P 50030-2010);

5. Pacuer mapameTpoB Kabemneil BHICOKOTO HAIPSOKEHUS C U30JIALUEH U3 CIIMTOTO TOJIHUITH-
JIeHa;

6. CocTtaB COBpeMEHHON CHCTEMBI ONEPATUBHOTO MOCTOSIHHOTO TOKA. THIBI aKKyMYJSITOD-
HBIX Oatapeil, 3apsIHbIX YCTPOICTB, UX BOJIbT-aMIEPHbIC XapaKTEPUCTUKH;

7. O030p ¥ aHANMU3 OTEYECTBEHHON M 3apyOEKHOW HOPMATHBHOM JOKYMEHTAIlUH IO TPO-
BEpKE M BBIOOPY 000pYI0BaHHUS.

IIporpamMHoe o0ecnevyeHne, HCNOJIb3yeMoe B Npolecce 00y4eHus

GUFAULTS — pacyeT TOKOB KOPOTKOTO 3aMbIKaHHUS B AJICKTPOYCTAHOBKAX MEPEMEHHOTO TO-
Ka HampsbkeHueM cBbiie 1 kB;

GUEXPERT- pacuer TOKOB KOPOTKOTO 3aMbIKaHHsI B JIEKTPOYCTAHOBKAX MEPEMEHHOTO TOKa
HarpsbkeHueM 10 1 kB;

GUSELECT - mocTtpoeHne KapT CEICKTHBHOCTH 3aIllMTHBIX aIlllapaToOB CEeTel MEPEeMEHHOTO
ToKka HanpspkenueMm 0,4 kB;

GUSETSDC - pacyer KOPOTKHX 3aMbIKaHUN B AJIEKTPOYCTAHOBKAX MOCTOSHHOTO OINEpaTHB-
HOT'0 TOKa HanpspkeHueM 24 - 220 B;

GUMAPSDC - noctpoeHue KapT CEJICKTUBHOCTH 3AIUTHBIX allapaToB CETEH MOCTOSHHOTO
OIlepaTUBHOIO TOKa HanpsbkeHuem 24 — 220 B;

GUCABLES — pacuer napametpoB kabemnei ¢ U30asSueii U3 CIIMTOrO MOJUATUIICHA;

NEPLAN (pa3paborunk «BCPy», llIseiiniapus), ETAP (pa3paborunk «OTl», CIIA) — mHO-
royHKIIMOHAJIbHBIE TPOTPaMMHBIE KOMILIEKCHI IO PacdeTy yCTaHOBUBIIMXCS PEXKHUMOB U KOPOT-
KHX 3aMbIKaHUH B 3JICKTPOYCTAHOBKAX.

Kadenpa «Onexrpuyeckue cranumumy HUY «MDOW» mnpuriamaer CroenuainucToB-
AIIEKTPOIHEPTETUKOB MPOUTH KPATKOCPOUYHOE TOBBIMICHHE KBATU(UKAIIMH B O0JACTH TPOCKTHPO-
BaHUs, SKCIUTyaTallid W HWCIBITAHUSA OOOPYIOBAaHHS AJIEKTPOCTAHIIMN W TMOJACTAHIIUN B COOTBET-
CTBUU C TPpeOOBAaHUSMHU OTEUECTBEHHOH U 3apyOeKHOI HOpMATUBHOM 0a3bl.

Cnucox ucnoib308aHHbIX UCOYHUKOB

1. KopoTkue 3aMbIKaHus ¥ BBIOOP 3JE€KTpooOOpyIoBaHUs: yueOHOe mocoOue st By30B //
N.I1. Kproukos, B.A. Crapmunos, O.I1. I'yces u ap.; nox pen. N.II. Kproukosa, B.A. CrapmuHo-
Ba. — M3natennscknii Jom MOU, 2012 — 568 c.

2. borpanos N.A., I'yce IO.I1., ITonsxkos A.M., TpopumoB A.B. KommiekcHoe oOyueHue
CHEIMaTMCTOB KaK CPEACTBO MOBBIIMICHNUS HAJAECKHOCTH MPEANPHUATHI IEKTPOIHEPTETUKH // DNek-
TpooOopyaoBaHue: FKcITyaTanus U peMoHT - 2014, - Nel. C. 18-23.

3. I'yces IO.IL., TonsaxoB A.M., Tpodbumor A.B Yuebno-uccnemgoarenbckui moauron ACY
AJIEKTPOycTaHOBOK // Tpyasl MeXayHapoIHOW HaydHO-MeToaAndYeckoi koHpepeHuuu Mudopmaru-
3anus HEKeHepHoro oopazoBanust — 2012. C. 283-284
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OB30P CBA3YIOIIUX BEIHLIECTB B CUHTAKTHBIX IEHAX JIJISA
TEIJIOU3OJISIIIUOHHBIX KOHCTPYKIIMMA OFBbEKTOB DHEPTETUKH
Puiocenxos A.B., Jlocunoea H.A., bensesa E.B., Jlanun E.E., [Ipuwenog A.®.

Hayuonanvnuiii uccnedosamenvcxuti ynusepcumem « MOH»

AHHOTaNUA

CraTpsl IOCBSILAETCS TEMJIOU30AUOHHBIM ITOKPBITUSAM, IPUMEHsAEMBbIM B 3HepreTuke. Oco-
00e BHUMaHHE YJelseTcsl CHHTAaKTHBIM II€HaM, CO3JaBacMbIM C HCIIOJIb30BaHHEM MHUKpochep
U pa3IM4HOIo pojia cBs3yroImux. [IpoBoauTcs aHamu3 UCIOIB3YEMBIX B CUHTAKTHBIX HEHAX CHIPbSL.
Hcnonb3oBanne Mukpocdep B CTPYKType CHHTAKTHBIX IEH OINpEAeseT UX TEIUIOU30JIMPYIOIUe
CBOHCTBa, 00ECIIEUNBACT CHM)KEHUE IUIOTHOCTH M TEIUIONPOBOAHOCTH MaTepHaja, B TO BpeMs Kak
CBSI3YIOLIME BellecTBa 00eCreunBalOT MEXaHMYECKYI MPOYHOCTh U TEPMOCTAOUIILHOCTB TEIIO-
M30JISILIUOHHOTO MOKPBITHS.

KioueBsble ciioBa

Tennounzonsauus, KOHCTPYKIMH, TEIUIOU3O0JIALIMOHHBIE MAaTepHalibl, CHHTAKTHbIE TI€HbI, MUK-
pocdepbl, KOMIO3UIIMOHHBIE MaTEPHUAIIBI, TETIONPOBOAHOCTh, MEXaHHUUECKAst IPOYHOCTh

1. BBenenue

CeromHsi Ha pHIHKE TEIUIOM3OJSLMOHHBIX MartepuanoB (TM) mpeacrTaBieH MUPOKUNA KIlacc
TEIUIOU30JISIIMOHHBIX OKPBITHH, CO3/1aBaEMBbIX C UCIOIb30BAHUEM PA3JIMYHOIO POJIA CBA3YIOLIUX U
MUKpoc]ep, Tak Ha3blBaeMble CHHTAKTHbIE MeHbl. CHHTAaKTHbIE MEHBI - BUJ Ta30HANOJHEHHBIX
KOMITO3MIIMOHHBIX MOTMMEpHBIX MaTepuaioB ([IKM), HanoJTHUTEISIMA B KOTOPBIX CIYXKAaT IOJIbIC
chepuyuecKkre 4acTUllbl, PABHOMEPHO pachpe/ielieHHbIe B CB3yromeM. Sueiiku B Takux MeHax 00-
pa3yroTcst
HE BCIICHHBAHHMEM IMOJUMEpPa, a Ojarogaps BBEACHUIO MObix Mukpocdep [1]. Hanuume B coctaBe
MUKpocdep AeTaeT ero, Mo CyTH, 3aKPHITONOPUCTHIM MAaTEPHATIOM.

[Ipou3BoaUTENN CUHTAaKTHBIX IEH MPEANAraloT HCIOIb30BaTh MX KakK JUIS TEIIOM3OJISAIUU
OTpaXXIAIOMINX KOHCTPYKIUH 31aHUI W COOPY>KEHUH, TaK M JUIS 3alIUTHl MPOMBIIUICHHBIX 00BEK-
TOB, 3KCIUTyaTUPYIOUIUXCS MpU Temneparypax 1o 600 °C, nanpumep, TPyOOIIPOBOJIOB U SHEPTeTHU-
4yeckoro ooopyaoBanusi. Bmecte ¢ TeM, BeTpeuaroTcs myOauKaluu ¢ pe3ko OTpULATEIbHbIMU OIEH-
KaMHM 3TOTO BHJIa TEIJIOU30JISILMOHHBIX MOKPBITUH [2]. OCHOBaHUEM Ul KPUTHKH CIyXKaT PEKJIaM-
Hble MaTepuaibl psaaa (QUPM-TPOU3BOJUTENEH, KOTOpPbIE YKa3bIBAlOT 3HAu€HHE KO3(PQuIeHTa
terionpoBogHoctu TTII ~ 0,001 B1/(M'K), u xak cneactsue pekoMeHAanuu GOpMUPOBATH CIOM
TEIUIOU30JISIIUH, HallpUMEp, Ha OBEPXHOCTU TPYOOIPOBOJA CUCTEMBI TEINIOCHAOKEHHS C TeMIIe-
patypoii TeruioHocurens ~ 150 OC Tommmmoii Beero 1+2 Mm. OCHOBHOI IIPUYMHOU TAKUX MPOTHU-
BOpEUUIl SBISETCS Majasi M3YY€HHOCTh CBOMCTB CHMHTAKTHBIX IEH MPUMEHUTEIBHO K BBICOKOTEM-
nepaTypHbIM 00bEKTaM, OTCYTCTBUE UX KIACCUPUKAIIH.

KonnuecTBo n KauecTBO BBEIEHHBIX MUKpOc(hep ornpenenseT TEeIIou30IMpYIolIue CBOCTBa
MaTepuaja, py 3TOM BO3HHUKAIOT COMYTCTBYIOIIKE 3(P(EKTHI: MOBBIIEHUE BA3KOCTH M BO3ZHUKHO-
BEHHE WJIM YCWJICHHE MPOYHOCTH CUCTEeMBI [3-5]. YV OONBIIMHCTBA M3YYEHHBIX HAIOJHEHHBIX CH-
CTeM OOHapyKHUBaeTCs KPUTHYECKas CTENEeHb HAINOJHEHHMs, BBIIIE KOTOPOM HaOI0AaeTcs: peskoe
U3MEHEHHE 3HAUCHHUI PEOJIOTHYEeCKUX TTapaMeTPOB U MPOYHOCTHBIX TOKa3aresei [6].

Beenenue B momumepsl MUKpochep, Kak M MPOYMX HAMOJHUTENEH, COMPOBOXKIaeTCs PopMHU-
POBaHMEM HOBOI'O KOMILIEKCA CBOMCTB KOMITO3ULMN. DTOT MPOLECC SBISETCS PE3yJIbTaTOM MEX-
(a3HBIX B3aMMOJICHCTBUI HA TpaHUIIE pa3/eia MOJIUMEp - TBEPJOE TEI0, K KOTOPBIM, Ipexk/Ie Bce-
ro, OTHOCATCS a/ICOPOIMOHHBIE WM MOJIEKYJISpPHbIE B3aUMOAECHCTBHS, KOTOPBIE SIBISIFOTCSI OTBET-
CTBEHHBIMH 32 aJre3ui0 Ha MexQa3zHOU rpaHule, (u3nyeckre, MEXaHMUECKHe U JIpyTue CBOMCTBA
HAIOJIHEHHBIX cucTeM [7]. Hemano BaXKHBIM SBJISETCS ONTHMAIBHBIA BHIOOP COUYETAHUS MOJTUMEPa
U HanoJHUTENA. MeXaHn4ecKre CBOMCTBA HAIOJIHEHHBIX KOMIIO3ULUN MOTYT MEHATHCSA B 3aBUCH-
MOCTH OT (OpMBI YacTULl HamoJHUTeNs. HeoOXoaumo y4duThIBaTH HE TOJBKO MpHpoay, dhopmy
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U XapakTep paclpeaesieHus] YaCTHUI] HAMOJHUTENSA, HO U UX B3aMMOJIEUCTBHUE MO TpaHUIIE pa3iena
das [8].

B cBoio ouepenp CBA3yOIIME BEIIECTBA B COCTAaBE CHHTAKTHBIX IIEH 00ECIEYMBAIOT
MEXaHUYECKYIO TPOYHOCTh U TEPMOCTAOMIIBHOCTD TETNIOM3O0JISIIUOHHOTO MTOKPBITHUS, @ TIPU UCIIOJNb-
30BaHUM HA MOBEPXHOCTU METAUIMYECKOW MOJJIOKKH, JIOMOJHUTEIbHYI0 aHTUKOPPO3HMOHHYIO 3a-
muty [4, 9-10].

Ilenpto HacTosero 0030pa SIBISETCS BBIABICHUE HAWOOJIee TEPCIEKTUBHBIX CBS3YIOIINX
BELIECTB I U3TOTOBJICHUS CUHTATKHBIX MEH, MIPeIHa3HAaYeHHbIX JJI1 UCIOJIb30BaHUs B TEILIOU30-
JSTUOHHBIX KOHCTPYKIUSAX SHEPTETUIECKOT0 000PYAOBAHUS U TPYOOIIPOBOIOB.

[Ipu moAroToBKe CTaThU aHAIMW3UpPOBANACh U 000OIIaIack NaTeHTHas WH(OpMaLUs, JaHHbIE
y4e0HO-METOINYECKUX MOCOOUN M HAYYHO-TEXHUIECKUX NMEPHOANUSCKUX H3TAHUM.

2. AHaJM3 NaTeHTHO uHGoOpManKu

B tabnuime 1 mpeacraBieHbl MaTeHTHI, onUchiBaomue TM, HAOTHUTENSIMA B KOTOPBIX SB-
asroTCest Mukpocgeps [6, 11-21].

Haubonbiiee pacpocTpaHeHHe sl TIOTYYCHHS] CHHTAKTHBIX TICH HAIUTK CBS3YIOIIME Ha OC-
HOBE OpPraHMYECKUX MOJUMEPOB: aKPUJIOBBIE JIATEKCHI U AMOKCHIHBIE CMOJbI, NEHOMOINYPETaH,
Onarojapst TOMY, 9TO OHU XapaKTEPHU3YIOTCS BBICOKOM are3uei, Kak K MeTaJuTy, TaK U K MaTeprary
mukpocdep [1]. C nenpto noBbICUTH 3PHEKTUBHOCTh KOHeuHOro Matepuana B [TKM BBomsaT pas-
JUYHBIE T0OABKU: TUTACTU(UKATOPHI, AHTUITUPEHBI, TUCTIEPraTOPhl, CTAOMIH3ATOPBI U TUTMEHTHI.
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Ta@mua 1- Ilamenmur, onucslearwue meniousoIAYuUOHRble Mamepuaibl C UCNO1b30BAHUEM Mquocgbep

Hanonauremm

Cas3yromee

Hpyrue nobasku

OYHKIIMOHAILHOCT,
Makc. TeMIepaTypa npruMeHEHHUs

3anoJIHCHHEIC BO34Yy-

AKpUIIOBBIN JaTeKc.

ITenoracurens Sotro-145;

TCHJ'IO-, TUAPOU30JIALNA, UIIYMOIIOIJIOUICHUC,

XOM KepaMHUYeCKHUe W KoncepsaHnr; aHTUKOPPO3MOHHAS 3alllUTa, OTHECTOHKOCTD,

KpEeMHHEBBIC,  Oeras [TurmeHT; HU3HOCOCTOMKOCTh. T€pMOCTONKOCTD MOKPBITHUS

caXka; a’porenb; Hucneprarop; 600 — 650°C, ko3(hpuIMEHTOM TEIUIONPOBOJI-

BCIIyYCHHBIM BEpMHU- 3arycTuTens; Hoctu 0,001 Br/mxK

KYJIUT; Bona;

BCITyYEHHBIA IEPITUT I'mnpodobuzarop

Monaudurmposannsie | [lonmnyperan. - IloBbIIEHHAsT HPOYHOCTH MaTepuana, IIo

30JIbHBIE MHKPOC(EpBI CPaBHECHUIO C HE MOIU(DUIIMPOBAHHBIMU MUK-
pocdepamu, CHUKEHIE BIAromorIOMEHUs B 2-
7 pas.

CrexnsHHble, Kepa- | JlaTekcHas koMmo3uis: romonoiumep akpu- | Boma, ITAB (OII-6, OII-7, OII-10, | Tepmocroiikocts 10 150°C.

MUYECKHe, TIOJIMMEp- | J1aTa, CTHPOJAKPHWIATHBIN comoimumep, OyTa- | MpaKcaHOINbI), MHTMEHTH (IBYOKHCH | [loBBIIIeHHE cTeneHW AaHTUKOPPO3UHMHONH U

HbI€, 30JbHBIE W WX | JUCHCTUPOJIBHBIN COMOJMMEpP, TIOJHUCTUPOI, | TUTaHA/  OKCHUI ITMHKA), OTHECTOWKHE | TETUIOM3OJSIIHOHHON 3alIUTHI

cmecu (pasmep 10-500
MKM)

OyTaJIMCHOBBIN TOJHMMEpP, TOJUXJIOPBUHHIIO-
BB MONMMEp, MOJMypeTaHOB(DH MmosuMmep,
MOJIMMEP WM COMOJIUMEP BUHUIIALIETATA.

J00aBKM (TPUTHAPAT ATFOMUHUS, MOJIU-
¢dochar amMmmoHus1, OOpAT MUHKA, CIIIO/A,
acoect), IlpeoOpa3oBarens p>KaBUMHBI
[TPJI-2, nvHrHOUTOPBI KOPPO3UU (HUTPUT
Hatpusi, OEH30aT HATpHs, XpoMmar Tya-
HUJIMHA,  TETPAOKCHXpOMAaT  IMHKA,
AKOP-1, HI'-203)

CrexnsHHBIE  W/WIK | DTOKCHIHOE CBSI3YIOIIEE. OTBepanuTeNIn M3 TPYNNbl aMUHHOTO W | Bricokas aaresus k Tpyoe.

MOJIMMEPHEBIE aMHJIHOTO THIIA

CreknsHHBIE MHKpPO- | DMOKCHIHASA CMOJA. I'miupaunoselii a¢up kuciot ocdopa; | Koaddumuent rermnonposoanoctu 0,02 — 0,03
cdepsl OTBEpAUTEIH Bt/mMxK

AJIOMO-CUIINKATHBIE

HarpueBoe n/vinm KaaueBoe )XUAKOE CTEKIIO.

Xapaktepuszyercsi TWIOTHOCTBIO Ha CXKaThe J0
11 MIla u x03hpPUIHEHTOM TEIUIONPOBOIHO-
ctu 0,16 — 0,175 Bt/mxK

CMech MeETauIu3upo-
BaHHBIX ¥ HEMETAJLIH-
3UPOBAHHBIX KepaMH-
YeCKUX MUKpochep

Ctupon-akpwIOBBIA JIATEKC, HATPUEBOE KHJI-
KO€ CTEKJIO, HU3KOMOJIEKYJISIPHBIN CHIMKOHO-
BBII Kay4yK.

[loBeImeHHas 3almuTa OT TCIIJIOBOIO M DJICK-
TPOMAarHuTHOI'O U3JIyYCHHUS.

GET
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Oxonuanue mabauyol 1

q)yHKHI/IOHaJ'II)HOCTI:,

Hanomaurenn Cas3yromee Hpyrue nobasku MaKc. TeNyIepaTypa IPHMEHEHHS

CrexnsHuble MHKpo- | [TonnopranocminokcanoBeiii  61ok-comonumep | Hurpun 6opa OrHecToiikoe MOKpHITHE.
cdepbl Jlectocun CM (TV 38.03.1.006-90) u cumnok-

CaHOBBII Kay4dyK HH3KOMOIEKyJsipHbi CK

TH® (A TY 38-103129-77).
Kepamuueckue u | Cmecb OyTaaHeH-CTUPOIBHOTO KaydyyKa M aKk- | YTJIepOJuCThie MHKPOBOJIOKHA, THI- | YIyYIIEHHAs aare3ws, NPOYHOCTh Ha pa3pbiB
KPEMHHEBBIC MHUKPO- | PHIIOBOTO ITOJIMIMEpA. MeHT (OKCHJ| TUTaHa, CBUHIIOBEIN KpoH), | 2,4 kre/MM?, TermmonpoBogHocTs 2900 — 3400
chepsr BOJA. apr/(c.CM.K).
3omnpHbie  MuKpocde- | [leHomonmyperaH. - [InoTHOCTH 51 Kr/M°, TIPOYHOCTH HA CIKATHE
pBI 1,36 MIla, xo3¢ddureHTOM TEIIONPOBOAHO-

ctu 0,124 Bt/mxK

CrexnsiHable  MHUKpO- | [leHonmonuyperas. - [Ipounocts Ha cxarue o 0,95 MIla. YmeHs-
cdepsl [IEHHE TOPIOYECTH MaTepHaja M0 CPaBHEHUIO

¢ TIITY. TnotHocTs 51-75 kr/m®
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3. Ces3yomue KOMIOHEHThI. TepMoIIacTbl H TEPMOPEAKTHBBI

Baxneiimeli 3agadeit mpu u3rortoBiaeHuun TM sBisieTcst moaoop cBsizyroiiero. OcHOB-
HbIE XapaKTEPUCTUKU (POPMUPYEMOTro KOMIO3UTHOTO MaTepHaja, TaKhue Kak AMara3oH pado-
yuxX TemIepaTyp, yAapHas MPOYHOCTb, BOJO- M aTMOC(EPOCTOMKOCTh, XUMHUYECKAsl CTOM-
KOCTb, TIPEUMYIIECTBEHHO OMPEEISAIOTCS TUIIOM MaTpHIlbl. B KauecTBe CBA3YIOIIMX KOMIIO-
HEHTOB HCIOJIb3YIOT OPTaHUYECKUE, HIIEMEHTOOPraHNYeCKHe U HEOPTaHUYECKUE TOJIUMEPHI.
[To Tumy TEXHOJIOrMYECKOW NepepadOTKU OPraHUYeCKUe M 3IEMEHTOOPTaHWYECKHE MOJIMMe-
PBI MOKHO pa3/IeUTh Ha JBa OOJIBIINX KJIAcCa: TEPMOIUIACTUYHBIE U TEPMOPEAKTHUBHBIE.

[TepepaboTka TEpMOIUIACTOB OCHOBaHA HA WX CHOCOOHOCTH TPU HArpeBaHUH BBIIIC
TEMIIEPATypbl CTEKJIOBAaHUS MEPEXOAUTh B AJIACTUYHOE, a BBIIIE TeMIIepaTypbl TEKy4eCTH
U TEMIIepaTyphl IUIABJICHUS - B BSI3KOTEKY4Yee COCTOSHHE M 3aTBEPACBATH MPH OXJIAXKICHUU
HUKE TeMIlepaTypbl CTEKJIIOBAaHUS U TeMIleparypsl IuiaBieHus. [IpenmymiecTBoM TepMoIuia-
CTOB SIBJISICTCS TEXHOJIOTUYHOCTD MEPepadOTKH, BEICOKAs yaapHasi IPOYHOCTh, TPEIIUHOCTO-
KOCTh, 10JATOBeYHOCTh [22]. K TakuM CBA3YIOLIMM OTHOCSATCS: MOJHOJICHUHBI, MOJHITHICH-
TepedTanat, anudarndeckue MoIuaMuIbl, TOIU(OPMaNbIETUI, MOJTUUMHUIBI U MHOTHE JpY-
rue. OIHAKO TEPMOILIACTHI HE JIMIIEHBI HEIOCTATKOB, OCHOBHBIM M3 KOTOPBIX SIBJIIETCS
HU3Kask TEPMOCTOUKOCTH [23].

[To cpaBHEHHIO C TEPMOIUIACTUYHBIMU TEPMOPEAKTUBHBIEC CBA3YIONIUE 0071a1at0T Oojee
MIMPOKHMHU BO3MOXXHOCTSIMHA PETYJIMPOBAHUS BS3KOCTH, CMAuMBAIOMICH M MPOMUTHIBAIOIICH
cnocobnoctu. 3nenus Gpopmupyembie U3 peaKTOILUIACTOB XapaKTePU3YIOTCSl BBICOKON Mexa-
HUYECKOM MMPOYHOCTBIO U TEIUIOCTOMKOCTBIO, OHAKO, IO YAAPHON BA3KOCTH U TPEIIUHOCTOM-
KOCTH, OHH YCTYTAIOT U3JIEIHUSIM U3 TEPMOIUIACTOB. TepMOpEaKTUBHbBIE CBSI3YIOIINE XapaKTe-
pu3yroTcs 00pa30BaHUEM CETYATHIX CTPYKTYP B Pe3yJbTaTe MOJIMMEPH3AIHMUA PEAKIIMOHHO-
CIIOCOOHBIX OJINTOMEPOB WJIM HHU3KOMOJEKYJSPHBIX MOHOMEpoB. B mocnenHee Bpems
HIMPOKOE PACIPOCTPAHEHHUE IMOJYYUI METOJl M3LOTOBJIEHUS MOJIMMEPOB HAa OCHOBE PEaKIU-
OHHOCIIOCOOHBIX OJIUTOMEPOB. TUMIMYHBIMU MPEACTABUTEIIMU MAaTEPUAJIOB, MOTYyYaeMbIX Ta-
KAM TIyTeM, SIBJISFOTCS ATIOKCUIHBIE CMOJIBI, MOIMI(UPAKPIIIATH U MouypeTanbl. CBOMCTBA
MOJIMMEPHBIX MaTEPUaIOB BO MHOTOM 3aBUCAT OT pacHpeesieHus Mo TUMY (YHKIIMOHAIbHO-
ctu (npuposa GyHKIMOHAIBHBIX TPYIIN) UCXOJHOTO OJMIOMEPHOTO Chipbs [24]. OcobeHHO
YyBCTBUTEIbHBI (PU3MKO-MEXAaHUYECKHE XAPAKTEPUCTUKU K HAIMYUIO B PEAKIIMOHHOCIIOCO0-
HBIX OJJUTOMEPAaX MHOTO(QYHKIIMOHAIBHBIX OJIMTOMEPOB, KOTOPBIE CO3MAIOT JAe(EKTHI B MPO-
CTPAaHCTBEHHOW CTPYKTyp€ CeT4aroro nmnosuMmepa. Tak, Hampumep, y MOJUYpPETaHOB
C YBEIMYEHHEM MHOTO()YHKIHMOHAIBEHOU (DPAKIIMK OJUTOMEPOB CHMIKAETCS MOAYJNb YIIPYTO-
CTH, IPOYHOCTh HA Pa3PbIB U IUIOTHOCTh MPOCTPAHCTBEHHOM ceTku [24].

[TepcneKTHBHBIME CBSI3YIOIUMHE JUTSI CO3[aHUS TETUIOM30JSIIIMOHHBIX MOKPBITUH SBIISI-
I0TCSl MOJIMMEPHBIE MATPUIbI, HCToNb3yemble st npurotosieHus [IKM [25]. OcHoBHbIe
KJIACChl OPTaHMYECKNX M 3JIEMEHTOOPTaHWYECKHUX TOJIMMEPOB CHCTEMATH3HMPOBAHBI HAMU TI0
XMMHYECKOMY CTPOCHHIO 3JIEMEHTapHOT0 3BeHa (Tabnuia 2) [26].

Tabnuya 2. Xapakmepucmuku popmupyemozo colpusl

Kitaccr! cBsasyrommx OcHOBHBIE XapaKTEPUCTUKH (POPMHUPYEMBIX
MaTEpHaJIOB
1 2

TepMopeakTUBHbBIE CBSI3YIONIUE

['mudranuBbie CMOJIBI

0]
I

i i
R— O%CHE—Cl'H—C'Hg—O—C' C'—O}H
OH @ n

MensieHHO OTBEpXKAECHUE, IPU KOMHATHOM TeMIlepa-
Type, COMPOBOKIAIONIEECS 3HAYUTEIBHOW YCaIKOMN
MaTtepuana ¥ GOPMHUPOBAHUEM XPYIKHX MOKPBITHA.
[TosnydyeHHbIe MOKPBITUS 00JIaJalOT aHTUKOPPO3HUOH-
HBIMH CBOWMCTBaMH, Xopoiei aTmochepocToiiko-
CTBIO U TEPMOCTOMKOCTHIO 110 150°C
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OTBepkaaroTcs MpU KOMHATHOW Temmeparype. OT-
JMYAI0TCS XOPOIIeH ajare3neil K CTEKIOBOIOKHY, Oy-
Mare U Metaiam. [lpu orBepxaeHun HabIrOaeTCA
MHUHHMMAaJIbHAs ycaJka IOKpbITUH. [IoKpeITHS yCTOM-
4yuBbI 10 TeMiieparypsl 80 — 100°C

OtBepxxnatorcs npu HarpeBanuu g0 170 - 180°C ¢
00pa3oBaHKEM TBEPJOTO MOJUMEPOB, CTOUKUX K BO-
JIe, OPraHUYECKUM PACTBOPUTENISIM U KHUCIIOTaM, 3a
HCKJIFOYCHUEM CEepPHOM M a30THOM kucioT. CTabuiib-
HbI 1py HarpeBanuu 1o 200 - 250°C

XapakTepU3yrTCsl JINHEHHBIM CTPOEHUEM MOJIEKYII.
OO6b1uno oTBepxnaatoT npu 150 - 200°C B mpucyt-
CTBUM TekcameTuiieHTerpamuna (6-14%). O6nanator
BBICOKOU BOJOCTOMKOCTHIO. [Ipu TemnepaType Bbiliie
280°C HaunHAIOT MOCTENEHHO ACCTPYKTYPUPOBATHCS

Pe3onbHble (beHondopmanberuHbe
CMOJIBI
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HaBomaunsle  ¢eHonpopmaIbIeruaHbe
CMOJIBI

OH OH OH
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CH,OH CH,
VYperaHoBble ~ cMOJIbI  (IIOJINYPETaHBI,

(ITY)), Ha ocHOBe ypeTaHOBOW TpPYIIIBI
BUJIA!

i
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OTBepxACHUE JOCTUTACTCS MPU KOMHATHOM TemIie-
patype 3a 30-150 mun. He pactBopsitorcs B Bojae U
TPaJAUIIMOHHBIX PACTBOPUTEISIX. XapaKTEPU3YIOTCS
BBICOKOM a/Ir€3MeH K CIEeNYIOLUM MaTepraiaMm: TKa-
HU, Oymara, JepeBo, CTepJIo, MTYKATypKa, METaJIIbL.
CTOHKOCTb K CTapEHHUIO HECKOJIBKO pa3 BBILIE, UEM Y
HMCKYCCTBEHHOTO M HATypaJbHOTO KaydykoB. OCHOB-
HOM HEJIOCTAaTOK - FOPIOYECTh U TOKCUYHOCTH BBIJIE-
neHui. /lnamna3on paboyux TeMmreparyp U3IeIui co-
JepKamux ypetanosble rpymisl oT -50°C no +130°C

3HOKCI/I21HBI€ CMOJIbI, COJACpKAT B MOJIC-
KyJIC HC MCHCC JIBYX J3IOKCHUIHBIX T'PYIIIL
Buaa:

>C' C'/

\/ "

0

Bo3M0OXXHO OTBEpKJIeHHE IIPU KOMHATHOW TeMIlepa-
Type C UCIOJb30BaHUEM KaTaJHU3aTOPOB, U IIPH IO-
BhbIIeHHOH Temneparyp (170 — 220°C B Teuenue 40-
20 muH). IIOKpbBITHS, XapaKTEepU3YIOTCS XOpoIlei
BOJI0 — W XHUMHYECKOW CTOMKOCTBIO. TepmocToii-
KOCTb OIIPENENSIETC XUMUUECKUM CTPOCHHUEM CETKH,
KOTOpPO€ 3aBUCUT OT MPHUPOJIbI OTBEPAMUTENS U HaXo-
nutcs B nuanazone 150 - 320°C. dopmupyemsblie no-
KPBITHSI OTJINYAKOTCS] XPYNKOCTBIO

KpeMHuiioprannyeckue CBsI3yromme

TepMuueckoe WIM KaTaIUTHYECKOE OTBEPKIACHUE.
[TokpsITHS XapaKTEpU3yIOTCS BOAOOTTAIIKUBAKOIIUMH
CBOMCTBAMH, MOBBIIIEHHOM  TEPMOCTOMKOCTHIO,
YCTOMYMBOCTh K O30HY M arpecCHUBHbIM cpenam. Mc-
MOJIB3YIOTCA B KAYECTBE 3aIUTHl OT KOPPO3UU. Dia-
CTUYHOCTb, TBEPAOCTh U MPOYHOCTH CUIMKOHOBBIX
pPE3UH, 3aBUCHUT OT CTENEHU CIIMBAHUS MOHOMEPOB.
[Ipu HU3KMX TemmepaTypax MHOKPBITUS COXPAHSIOT
3JJACTUYHOCTb, HE MOJABEpPraercs crapeHuro. HMx
CBOWCTBA OCTAIOTCSl MOCTOSHHBIMU JI0 TEMIIEPATypy
370°C
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[Tonumepuszausi MOXeT ObITh OCYILIECTBICHA Kak
tepmuuecku (300 - 350°C B unHepTHOU aTtmMocdepe),
TaKk U XUMHUUYECKH. [IOKpBITHS NpeACTaBISIIOT ceTya-
TYI0O MaTpHUIly C MOBBIILIEHHON MEXAaHWYECKOU Mpoy-
HOCTBIO U TEPMOCTOMKOCTBIO. B 3aBUCMMOCTH OT TH-
a B3aMMOJICUCTBUS MEXK]y OCHOBHBIMH LICTISIMU MO-
ryT  OTHOCUTCA K  TepMOILIacTaM, KOTOpbIE
XapaKTePU3YIOTCS  TOBBIIIICHHONW  CTaOMIBHOCTHIO
280°C, a kpatkoBpemeHHo 10 400°C

TepMoIuIacTUYHBIE CBA3YIOIINE

[Tonuoneduns

1. [TonusTuien

2. [MonmunponuineH
3. [Monuctupon

OnacTUYHOCTh MOJUATUIECHA 3aBUCUT OT IMJIOTHOCTU
U CHUXKAETCS C €€ pOCTOM, IIpU 3TOM yBEJIIMYNBACTCS
KECTKOCTB IIOJINMEPA.

[TonunpornuineH UMeEeT caMyro BBICOKYIO IIPOYHOCTh
pu u3rude cpeu BCexX TEePMOILIACTOB.

[TonuaTHIIEH U MOJUATWICH YCTOMYUBBI K JEHCTBUIO
BOZBI, BOASHBIX IIapOB, OPraHUYECKUX PacTBOpUTE-
JIeH, MUHEPAJIBHBIX KUCIIOT U LIEJI0YEH.

Crupos1 XOpOILIMH JAWAIIEKTPUK, OO0JIaZaeT HU3KOH
TEIJIONPOBOAHOCTBI0 M XPYIKOCTBIO. YCTOWYMB K
JNEHCTBUIO OPraHWYECKUX PACTBOPUTENEH, KOHLCH-
TPUPOBAHHBIX PACTBOPOB IIECIIOYEN U KUCIIOT.
Marepuanbl, MojlyyaeMble Ha OCHOBE MoOJUOJIe(U-
HOB, UMEIOT TeMIeparypy 3kciutyarauuu jgo 140°C

[Tonustunentepedranat (II12TD)
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n

Temnepatypnslii uHTEpBan sKcryatanuu 1o 170°C.
Bonokna u3z IIOT® ob6magaroT BBICOKOM NpOUYHO-
CTBIO, DJIACTUYHOCTBIO U XMUMHUYECKON CTOHMKOCTBIO.
[Tnenku Ha ocHoBe [IDT® HE mpomycKarOT Mapsl BO-
JIbl, KHCJIOPOJIa, a30Ta U Mapbl paCTBOPUTENIEH

Anudarrdeckue moJuaMUIbI, COJAEPKAT B

OTM4aroTCsl BBICOKON TBEPIOCTHIO, TPOYHOCTHIO HA
M3rud U U3HOCOCTOMKOCThIO. TemmepaTypa sKciya-
taruu 0o 215°C

OCHOBHOM IleNU IOJMMEpPa aMHUIHYIO
rpyHIy:

O
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PacTBOpHMBI B COOCTBEHHBIX MOHOMEpAX, CIO0XHBIX
a¢upax, apoMaTHUYECKUX U XJIOPUPOBAHHBIX YTJIEBO-
noponax. Husmme mnonuakpunaTtsl pacTBOPUMBI B
alleTOHE U HEPaCTBOPUMBI B HETOJISIPHBIX PACTBOPH-
Tensx. TeMreparypbl pa3MsrdeHus IMOJIMAKPUIATOB
Ha OCHOBE alM(aTHUECKUX AUKAPOOHOBBIX KHCIIOT
nexat B obnactu 30 - 240°C, a Ha OCHOBE apoMaTu-
YeCKUX AUKAapOOHOBBIX KHCJIOT B uHTepBaie 120 -
350°C. Temmneparypa pas3loXeHHs Ha BO3JyXE€ CO-
crasiuser 300-350°C

139




Oxonuanue maoauywl 2

2

DToporIacTsl

o
FoF o,

Temmeparypa GopMoBaHHs pa3IMYHBIX MapoOK (TO-
poIIacTOB HaxoauTcs B auamnasoHe 150 - 327°C.
@dTOpOorIIacThl XapaKTEPU3YIOTCS BBICOKOW 3JICKTPH-
YECKOW MPOYHOCTHIO, HU3KUM KOIPPUITUECHTOM Tpe-
HUS, CTOWKOCTBIO K arpecMBHBIM cpeiaM, atmocde-
poO-, KOPPO3MOHHO- M PaJAUAIMOHHOCTOWKOCTHIO,
ci1aboi  Ta30MPOHHUIIAEMOCTBIO, HETOPIOYH, Hepac-
TBOPUMBI BO MHOTHX OPTaHHYECKUX PACTBOPUTEISIX
1 BOJIC

ApOMaTI/IquKI/Ie IIOJIMaMH b1

OTHocATCSA K 4HUCITy HanOoliee >KeCTKOICITHBIX CHH-
TETUYECKHUX IMMOJMMEPOB. PasMsrdaroTcs mpu Temrie-
patypax 300 — 400°C. PacTBOpUMOCTb U TEILIOCTOM-
KOCTb apOMATHYCCKUX IIOJIMAMHUJIOB 3aBHCHT OT
HAJMOJIEKYJIIPHOU CTPYKTYpPhI (hopMHpyeMOro Io-
aumepa. IlomuMmepbl TaHHOIO Kjacca MacIITaOHO
MIPUMEHSIFOT JIJIS TIPOM3BOJICTBA BBICOKOIIPOYHBIX Op-
FaHUYECKUX BOJOKOH

[Tonucynbdonst

(o}

OO6nagaroT CTOWKOCTBIO K PaJliOaKTUBHOMY H3JIyde-
HUIO, XUMHUYECKOM CTOMKOCTBIO K pacTBOpam LIENO-
4eil, ciabbIM pacTBOpaM MUHEPAJIBHBIX KUCIOT, Cila-
ObIM M HACBIIIEHHBIM PAcTBOPaM MHUHEPAIbHBIX CO-
ne, amu@aTUdecKux YriieBOAOPOAOB, MOTOPHBIX U
IU3eIbHBIX TOINNB, HeTaHbIX Macen, [TAB. Ilepe-
pabatsiBatorcs ripu 300 — 380°C

[Tonusdupkerons! (I19K)

ant;

Haubosee mmpoko UCHOIB3YyeTCsl B MPOMBIIUIEHHO-
ctu nmommdupadupkeron (I139K) ¢ remneparypoit
mnasienusa 340-390°C. O0magaer BLICOKOH TEILIO- U
OTHECTOMKOCTBIO, CTOMKOCTHIO K Y@ H3Iy4ECHHUIO,
ropsiuei Boje U napy

[Momudpenunencynsdun ([IOC)

O

XapakTepus3yeTcsl MOBBIIMIEHHOW KECTKOCTBIO U yJia-
POIPOYHOCTHIO, CTAOMIIBHOCTBIO Pa3MEPOB MpPU JJIH-
TENbHBIX HArpy3kax, UCKIIOUUTEIbHON XUMUYECKOU
CTOMKOCTBIO, B TOM 4YHCIE€ K aBTOMOOMJIBHOMY U
aBUAIMOHHOMY TOIUIMBY. OTiMYaloTCs HU3KUM
ypoBHeM Bojonornomenus (1o 0,02%). Ssnsrotcs
nuaneKTpukoM. [lokpeiTuss Moryr paborarh HoOCTO-
sHHO npu Temneparype ot 60°C no 220°C u BbIAEp-
YKUBATh KpaTKOBpeMeHHBIN Harpes 10 270°C

B nocnennee BpeMsi akTUBHO pa3BUBAETCS HANpaBJICHHE TUOPUAHBIX MATPHIl, coueTa-
IOIMX TEPMOIUIACTUYHBIE U TEPMOPEAKTUBHBIE KOMIIOHEHTHI, YTO MO3BOJIIET PEain30BaTh
MIPEUMYIIECTBA IBYX OCHOBHBIX KJIACCOB CBSI3yIOMMX. KOMMO3WTHBIE MaTepHualibl HA OCHOBE
MPEJICTABICHHBIX TMOIMMEpOB (Tabnuima 1) MCHONB3YIOTCS MPAKTUYECKH BO BCEX O0JIACTAX
MIPOMBINIUICHHOCTH: DHEPreTHKE, aBUAIlUH, KOCMOHABTHUKE, aBTOMOOUIIECTPOCHUH, CYTOCTPO-
€HUU, CTPOUTENIHCTBE MTPOU3BOJICTBE OBITOBON TEXHUKU, MEIUIIUHE.

N3 tabnuier 1 BUIHO, 9TO TEPMOCTAOMIBHOCTh OPTAaHUYECKUX M AJIEMEHTOOPTaHUYe-
ckux nonumepoB He npesbimaet 400°C. OnHako BBeIeHHE CIICIUATBHBIX 100aBOK MPUBOIUT
K TIOBBIIIEHUIO TETUIOCTOMKOCTH OPraHWYeCKUX MOJUMEpoB. Hampumep, CHIIMKOHOBBIE CMO-
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ae1 mpousBoacTea Dow Corning moanuimMpoBaHHbIE HEOPTaHUYECKHMMHU IMUTMEHTAMH, Ta-
KMMH KaK aJTIOMHHHUEBAasl acTa U OKHUCIIbl METAJUIOB MOTYT MCIIOJIb30BaThCsl B BBICOKOTEMIIE-
paTypHbIX cpenax, BIuioTh 10 760 °C [27].

4. Heoprann4yeckue BsKyIMe BellleCTBA

[ToMMMO OpraHM4ecKuX CBSI3YIOLIUX, OJHUM M3 HEIOCTATKOB KOTOPBIX SBJISETCS BBICO-
Kas CTOMMOCTb, CUHTAKTHbBIE II€HbI MOJY4YalOT U HA OCHOBE HEOPraHWYECKUX BSIKYIIHUX Be-
mectB [16]. B yka3zaHHOM maTeHTe Jisi CBA3BIBAHUS 30JIbHBIX MUKPOC(Ep UCIIOIB3YIOT KK -
Koe crekiso. [IpuMeHeHne B KadecTBE MaTpHUIbl HEOPraHUYECKUX COEIUHEHUN UMEeT psin
IPEUMYIIECTB: JOCTYIIHOCTb, HU3Kasi CTOMMOCTb, BO3MOXHOCTh MCIOJIb30BaHUE KOMIIO3ULU-
OHHOI'0 MaTepuaJla Ipu BBICOKUX TeMIIEpaTypax.

PaccMoTpuM OCHOBHOH KJIacC MUHEPAJIbHBIX (HEOPraHUYECKHUX) CTPOUTENBHBIX BSIKY-
MUX coearHeHnd. K MuHepanbHbIM BSDKYIMM OTHOCSATCS BEILECTBA, CIOCOOHBIE O] BIIMSI-
HUEM BHYTPEHHHUX (PU3MKO-XMMHUYECKHUX MPOIECCOB MEPEXOAUThH U3 JKUAKOTO MM TECTO00-
Pa3sHOro COCTOSIHHSI B TBEPJOE, CBS3bIBAas IPU 3TOM B €IUHOE LEJI0€ APYTrHe KOMIIOHEHTHI.
Bspxyie marepuansl, IpUMEHSIEMbIE B CTPOUTENIBCTBE, 1O CIOCO0Y OTBEPKACHHUS MOpa3-
JeNIAI0T Ha BO3JYLIHbIE BSDKYILME M THApaBiIndeckue Bskyuue (tabnauua 3). BosayiiHble
BSUKYILME MaTepUajbl CIIOCOOHBI OTBEPAEBATH U JIOJITO COXPAHATH CBOIO IMPOYHOCTH TOJIBKO
Ha BO3JlyXe; BO BJIAXKHBIX YCIOBHSX OHHM Pa3MOKAIOT U OBICTPO TEPSIOT MPOYHOCTH (HAIpH-
Mep, BO3/yIIIHAsI U3BECTh, THIIC, MIIMHBI) [28].

Tabnuya 3. Cmpoumenvhvle 6axcyujue Mamepuaisl

Heoprannueckue BsoKymne Crioco0 oTBepKICHUS

N3BectroBbie (B ocHoBe Ca(OH),)

I'nunst (Al,O3 u Si0;)

I'm6cossie (CaSO, ¢ 0,5H,0 mmm CaSOy,) Bosmyrimbrit

Marnesnansasle (ocHOBHOM KommoneTH MgO)

Kunkoe crexno (Na,O(SiO,), n/umn K,0(SiO,),)

[Munco-niemenTHO-MIyIIIONAaHOBOE BsikyIee BemiecTBo (I'LIIIB):
50-75 % ctpoutensusblii runc, 15-25 % noprianauemedt, 10-
20 % aKTUBHBIX MHHEPAIHHBIX T00ABOK

= Bo BnaxxHO1 ¥ BO3IyIIIHOM cpejie
Cuctemsl, COCTOSIINE U3 COCTUHEHUN YEThIPEX OKCHIIOB:

Ca0 - SiO; - A1,05 - Fe;03, kK HIM TaK)Ke OTHOCSATCS BSKYIITHE IT-
tpunruroBoro tuma (MCaO-nAl,03, CaSO,)

B cuctemax, cocTosiux W3 COSAMHEHUN YEThIpeX OKCHAOB (Tabmuia 2), B 3aBUCHMO-
CTH OT IpeobIalaHusi OHOTO U3 HUX BBLACISIOT POMAaHIIEMEHT, CUJIMKATHBIE IEMEHTHI (B TOM
qucie NOPTIAHTLUEMEHT), AIFOMUHATHBIE IEMEHTHI (TJIMHO3EMUCTBINA LIEMEHT) U BSOKYILIUE 3T-
TPUHTHTOBOT'O THMA (pacHupstonecs u 6e3ycanounbie 1eMeHTsl) [29]. OmimuutensHo# uep-
TOW HEOPraHMUYECKUX CBSI3YIOIIUX SBJISAETCS MOTEPS IUIACTUYHO-BA3KUX CBOWCTB IIPHU «CXBAThI-
BaHUM», TO €CTh (POPMHUPOBAHUS CTPYKTYPBI C MOJIEKYJISIPHBIMU CBSI3IMU. B kadecTBe miactu-
¢unupyromeii  100aBKM K LEMEHTaM HCIONb3YIOT TJIMHY, Oylarojaps €€ BBICOKOH
MJIACTUYHOCTU U CIIOCOOHOCTH YAEpP>KHUBATh BOJY HA MOBEPXHOCTU CBOMX TOHKOMCIIEPCHBIX
YaCTHII.

B nocnennee necstuierne CTpEeMUTENIBHO BO3PACTaeT YUCIO pabOT MO MPUMEHEHUIO
CTEKJISTHHBIX TMOJIBIX WM IIFOMOCHIIMKATHBIX MUKpOC(ep B KIaO4YHBIX pacTBopax. B paborax
[30], [31] o6ocHOBaHO MpHMEHEHHUE TTOIBIX MUKPOCHED C HETbI0 CHUKEHUIO TUIOTHOCTH U TETI-
JIOIPOBOIHOCTH LIEMEHTHOTO KaMHsl, a TaKkKe 00JerdeHus KJIaJOoYHbIX pacTBOpoB. Hanpumep,
B ctathe [32] omucana pa3paboTka cocTaBa CTPOUTEIBHBIX CMECEH Ha OCHOBE IMOJIBIX aJTFOMO-
CHJIMKATHBIX W CTEKJIIHHBIX MHKpocdep. bbuio HalieHo, 4YTO onTuMaibHas IJIOTHOCTb
(< 600 kr/M*) u kod(dummentT TemronposoxHoctr (0,16 Br/(MxK)) nocruraercs npu Beibope
B Ka4eCTBE HAIOJHHUTEIS IMOJBIX CTEKISIHHBIX MHUKpochep. ABTopam cratbu [33] ymanock mo-
JyYUTh LIEMEHTHBIA KJIaJI04YHBIN PaCTBOP IJIOTHOCTBIO B CyXOM coctosiHuu 400 kr/m® IIpU BBE-
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JICHUH TIOJIBIX CTEKJSIHHBIX MHKpocdep 10 50%. B pabore [34] mus yBenmyeHus aare3uitHoM
MPOYHOCTH LIEMEHTHO-MHHEPAJIbHON MAaTpPHULIbI, COAEpIKAIlel MoJble CTEKJISHHbIE MUKpoche-
pBl, pa3paboTaH KOMIUICKCHBIM HaHOpa3MepHbIi Moaudukarop. [IpemioxeHnslii MoaudukaTop
MO3BOJISIET CTPYKTYPUPOBATh OETOHHYIO CMECh, YBEIMUYUTh CLEIICHHE HA TPaHuUlLIe pasfena ¢a3
MaTpHuLa-MUKPOC(Epsl U TOBBICUTH BSI3KOCTh CHCTEMBI, 0OecrieunBasi 0JJHOPOJHOCTh pacrpe-
JeNIeHUs] HATOJHUTENS Mo o0beMy. Marepuasnbl, ONHCAaHHBIE B PAaCCMOTPEHHBIX paboTax,
HAaIlIM IPUMEHEHHUE B CTPOUTEIILHOM OTpaciy.

Ceronus Bce 6ombliie Bo3pacTtaeT NOTPeOHOCTh B 3 (HEKTUBHBIX COBPEMEHHBIX BBICOKO-
TEMIIEPaTYPHBIX TEIUIOM30JIIMOHHBIX MaTepuanax [35]. s BeIcOKOTeMIepaTypHbIX 00bEK-
TOB HCHOJB3YIOT (ochaTHbIe CBSI3YIONIME, HA3BIBAEMBIX B TEXHUKE «CBS3KW». Takue coenu-
HEHUSI OTHOCSTCSI K KOHLIEHTPUPOBAHHBIM BOJHBIM PAacTBOpPaM HEOPIaHUYECKUX IONMMEPOB,
KOTOpBIEC OTHOCATCS K Heopranudeckum kiesm [36]. [To cTpykType pacTBOPOB THIIOBBIX CBSI-
30K BBIIEJSIOT JIBE IPYNIbL: 1) pacTBOPHI LIEIOYHBIX CHJIMKATOB U aJIOMOCHJINKATOB, 2) pac-
TBOpHI (pocharoB. Ha poccuiickom pblHKE MPEICTaBICH MIMPOKUN aCCOPTUMEHT OTHEYHop-
HBIX KJeeB, kak Ha ocHoBe (ocarubix cBsi3ok (ADC, ABOK, AX®DC), Tak U HaA OCHOBE
amomocuinkaroB (KO3-3, HC-11I, HC-1). Heopranuueckue kiien 00Jagat0T psIOM MPEUMY-
IIECTB: HE TOKCHUYHBI, TIOXKAapO-, B3PHIBOOE30MACHBI, XapaKTEePU3YIOTCS KHCIOTOYIIOPHBIMHA U
3alIUTHBIMU CBOWCTBAaMH, a TaK)Xe BBICOKOHM paboueil TemnepaTtypoii — 10 2000°C. s npu-
JaHUS KJIeSIM WM U3AENUSAM Ha UX OCHOBE CIIOCOOHOCTH paboTaTh B YCIOBUSAX BBICOKMX TEM-
neparyp B CBSI3KY BBOJST JIOMOJHHUTENIbHBIC OTHEYIOPHBIC HAMOJHHUTENH, Takue ka SiO,,
Al,03, Fe;03 ¢ pazmepom 3epen 1 mxm [36].

ABTopamu pabotsl [37] Obl1a MOTyYeHA ChIPhEBasi CMECh ISl U3TOTOBJICHHUS TEIJIOM30-
JSIMOHHBIX M3AETHHA, BKIIOUYaromas GochaTHOE CBA3YIONICE, TITMHO3EMCOACPKAIINNA KOMITO-
HEHT U B KauecTBe 3anoiaHuTens ¢ocdarusie Mukpocdepsl. TemnepaTypa sKcIIyaTayu mno-
nydeHHoro cocrtaBa coctaBmia 1200°C. Amomoxpompocdarroe cpsasyromee (AXDC) wuc-
HOJB3YIOT B KayecTBEe IUICHKOOOpasyromero kommoHenra. Tak, B marenre [38] omucan
orHe3amuTHBIN coctaB Ha ocHOBe ADXC, orBepautens OCA-1 1 cTeKISHHBIE MEKPOC(EPHI.
Jannsiif coctaB o0janaeT yaydlIEHHBIMH TEXHOJOTHYECKUMHU CBOWCTBAMH, B YaCTHOCTH,
CIIOCOOHOCTBIO K BCITYYHBAHMIO MPU HOBBIIIEHHBIX TEMIIEPATYpPaXx.

H3BecTHO moy4yeHHe xKapocToiikoro GochaTHOro Marepuana nepeMEeHHON MIOTHOCTH
[39]. XKapocroiikue maTtepuaibl MepeMeHHON TUIOTHOCTH pa3pabOoTaHbl 32 CYET MOCIOWHOTO
BBEJICHUS HAIlOJIHUTEJNEH, B KaU€CTBE KOTOPBIX ObUIM 0TOOpaHbI MIAMOT, OTpaOOTaHHbIH KaTa-
mu3zotop UM-2201 u amoMocuiinkatable MUkpocdepbl. OCOOEHHOCTBIO MPUTOTOBIEHHOTO
JAHHOTO COCTaBa SIBJISIETCSI CAMOIIPOU3BOJILHOE 3aTBEPAEBAHUE B PEKUME U30TEPMHUUECKOTO
CUHTE3a 3a CUET BBEJACHUS AIFOMUHUEBOM MYJpPbI WM ATFOMUHHEBOTO MTOPOILIKA.

Hcnonb3oBanue GochaTHbIX M aTIOMOCHIMKATHBIX CBSA30K JJIsl M3TOTOBJIEHUS TEIUIO-
M30JISIIMOHHBIX MaTepUaioB Ha OCHOBE MUKpoc(hep HEAOCTATOUYHO U3yUEHO Ha CETOIHSALIHUN
JeHb. Bmecte ¢ TeM SBISETCS OYEBUIHBIM NEPCIEKTUBHOCTD MX MPUMEHEHUS B KOMIIO3ULIH-
OHHBIX MaTepHaliaX C LETbI0 paCIIMpeHHs nuara3ona pabouux temmepatyp TM. Ilostomy
IIPEJCTABISIET HHTEPEC UX NalbHENUIEE U3yUCHHE.

Anckyccus

CymiecTByeT MHEHHE CIELMAIUCTOB, YTO NPAKTUYECKH BCE IPHUMEHSEMBIE Ha CEro-
AHSIIHUA JI€Hb TPAJAMIMOHHBIE TEIUIOM3O0JIALMOHHBIE MaTepualbl MOJBEPKEHbI OBICTPOMY
CTapEHUIO0 U pa3pyLICHHIO, PEeabHBI CPOK MX IKCIUTyaTallMM, KaK IPABWJIO, HE MPEBBIILIAET
necstu set [39]. IlosTtoMy 00BEKTUBHO CYHIECTBYET HEOOXOAUMOCTh B MOUCKE U MPHUMEHE-
HUU HOBBIX TEIUIOM3OJIALIMOHHBIX MAaTEpUAJIOB, OHUMHU U3 KOTOPBIX SIBIISIOTCS CHUHTAKTHBIE
neHbl. EcTh Bce OCHOBaHMS YTBEpKIaTh, YTO CUHTAKTHBIE MEHBI B OnMKkaiiiiee Bpemsi OynyT
IIUPOKO BOCTPEOOBAHBI U CTAHYT KOHKYPEHTOCIIOCOOHBIMHM Ha PHIHKE TEIUIOM3OJISILIMOHHBIX
MaTepuasoB.
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3akiiloueHue

Hcnonp3oBanne MUKpocep B CTPYKTYype CHHTAKTHBIX IEH OMpeelisieT UX TEIION30-
JUPYIOIINE CBONCTBA, 00SCIICUNBACT CHIDKEHUE TUIOTHOCTHU M TEIIONPOBOAHOCTH MaTepUaa.

Cas3yrolye BEHIECTBA B COCTaBE CHHTAKTHBIX IEH 00eCreYrBarOT MEXaHHYECKYIO
MPOYHOCTh M TEPMOCTAOMILHOCTD TEIUIOM3OJISIIIMOHHOTO TOKPHITUS. [IpenmmyrecTBoM uc-
MOJIb30BAaHUS TEPMOILIACTOB B KAUECTBE CBSA3YIOLIUX SIBISETCS TEXHOJIOTMYHOCTh UX Mepepa-
0OTKH, BBICOKAs yAapHas MPOYHOCTb, TPEUIMHOCTOMKOCTh, JOITOBEYHOCTh. OrpaHHYECHUEM
UX UCMOJb30BAaHUS B TEIUIOU3OJISIIMOHHBIX KOHCTPYKLIUAX TPYOOIIPOBOJOB M IHEPreTHUECKO-
0 06OPYIOBAHKS ABIACTCS OTHOCHTEIBHO HU3Kas TepMocToiikocTh (~ 200 °C). Tepmopeak-
TUBHBIC CBSI3YIOIIME XapaKTEPU3YIOTCS BBICOKOM MEXaHWYECKOM MPOYHOCTHIO U TEPMOCTOM-
KOCTBIO, OJIHAKO, TI0 YIapHOW BSI3KOCTH M TPEHIMHOCTOMKOCTH, OHU YCTYMAIOT WU3ISIHIM W3
TepMoIUIacToB. TepMOCTaOUIBLHOCTh OPraHUYECKUX U DJIEMEHTOOPTaHMYECKUX TIOJUMEPOB HE
npesbimaer 400°C. OmxHako BBEICHHE CHEIUAIBHBIX JO0ABOK MPUBOAUT K 3HAYUTEIHHOMY
MOBBIIICHUIO TEPMOCTOMKOCTH OPraHUYECKUX MOJUMEpPOB. Bbicokas TepMOCTOHKOCTH (710
2000°C) dochaTHBIX U aTIOMOCHIMKATHBIX CBSA30K JEJAeT MX BEChbMa MEPCIEKTUBHBIMU IS
MCIIOJIb30BaHUsl B TEIJIOU3OJSIIUOHHBIX KOHCTPYKIUSAX TPYOOIPOBOJOB W IHEPIETUUYECKOTO
000py1I0BaHUs, OHAKO TPEOYET TOMOJHUTEIBHBIX UCCIICIOBAaHUMH,
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YIK 620.178.1

HUCCJIEJTOBAHUE MEXAHUYECKHUX CBOUCTB METAJLIA
B JIOKAJIBHBIX CTPYKTYPHBIX 30HAX KOHLIEHTPALIMU HATIPSI)KEHU
U3JIEJIUA SHEPTETHYECKOI'O OBOPY/JIOBAHUS
Mamwnun B.M., [lemuoos A.H., Mapuenxog A.IO.
Hayuonanvhoiil uccnedogamenvckuii ynusepcumem « MOy

Kax u3BecTHO, /U1 METANIMYECKUX MaTEPUAJIOB U U3JEIUM XapaKTEpHO HaJIU4ue pa3-
JUYHOTO poja KoHUEeHTpaTopoB HanpsokeHuil (KH) — yyacTkoB manbix pazmepoB, o0ianaro-
IIMX IOBBIIIEHHBIMA OCTATOYHBIMU HANPSUKEHUSIMU. B 3aBHCHUMOCTH OT NPOMCXOKICHUS
pa3nuyaroT KOHCTPYKTHBHBIC, METAIIyPrU4e€CKUe, TEXHOJIOIMYECKHE M SKCIUTyaTalllOHHBIE
KH. Haubosee mpoOaeMHBIMH SIBIISIIOTCSI CTPYKTYPHBIE 30HBI KOHIEHTPAIMNA HATPSHKCHUN
(C3KH) — nokanbHble 00bEMBI METaJlIa, B KOTOPBIX HAMPSHKEHHSI MOTYT MPEBbIIIATh HOMH-
HaJIbHbIE Ul JAHHON KOHCTPYKLMH, & UHOTJIA U IOCTUraTh 3HAUEHUI pa3pyllaloliyuX HaIps-
skeauit. TunmmunaeiMu C3KH sSBAAIOTCS CKONJICHUS IUCIIOKAIIUM, ITOJIOC CKOJIBKEHHUS, HEMe-
TAUTMYECKUX BKIIFOYeHUH U 1p. CoBpeMeHHbIe (PU3NIECKHE METOBI M TEXHUYECKHE CPECTBA
KOHTpOJsl Mo3BoJsAtoT oOHapyxkuTh C3KH Ha Makpo-, Me30-, MHKpOypoBHiX. OjgHako
HauOO0JIbIINE TPYAHOCTH IPU OOHAPYNKEHUH U MOCIEIYIOIEM HCCIEI0OBAaHUU IPEICTABISIOT
C3KH Ha Me30- 1 MUKPOYPOBHSIX, KOTZJa UX MPOTSDKEHHOCTh COCTABIISIET HECKOJIBKO JECSITKOB
MHUKpPOMETPOB.

B pabote npencrasnens! pe3ynbraThl ucciepoBanus C3KH, oOHapy)XeHHBIX METOIOM
MarHuTHOHM mamsiti Metayuta (MIIM) B TpyOax maporeperpeBatelis KoTioarperara u3 CTaiu
10X13T'12bC2H212. Ilpu rugpoornpeccoBke ObuIM BBISIBICHBI T€YM Ha IPSIMOJIMHEHHBIX
y4JacTKax HEKOTOPBIX TpyO. B pesynbTare uccienoBaHus MUKPOCTPYKTYPBI METallIa B MECTax
npoTeyeKk ObLIM BBIABICHBI TpeluHbIl (puc. la), a takke C3KH TexHomormueckoro npouc-
XOXKJICHHSI, B KOTOPBIX HAOII0aeTCs CKOIUICHUE 1MOJI0C cKoibxkenwus (puc. 10, 1B). Mccnemo-
BaHMUs Ha ONTHYECKOM MHUKpockone ¢ yBeauueHuem 1000x (puc. 1B) meramna B BeplIHHE
C3KH mnoxka3anu, 94To cpeAHsisi JUIMHA MOJ0C CKOJIBXKEHUS COCTaBIsAeT ~ 15 MKM, a paccTos-
Hue Mexnay Humu 0,5-1 Mxwm.

a B
Puc. 1. - JedexTsl, BoisiBneHnbie B TpyOe u3 ctanu 10X 130'12BC2H2/12: a — TpemuHsl,
x100; 6 — ckoruteHue nonoc ckonbxkenus, x100; B — Bepmmnaa C3KH, x1000
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OLeHUTh MEXaHUYECKUE CBOMCTBA METAJIJIa B TAKUX 30HAX KOHIEHTpAIMU HANPSKEHUN
BechbMa npoliemMaTuyHo. B HacTosiiee BpeMsi ¢ HTOMOIIbIO METO/1a UHIEHTUPOBAHUS HAa MaK-
POYPOBHE MOXHO OMPENIEIATh MAaKPOTBEPIOCTD, MPEALI TEKY4eCTH, BPEMEHHOE COMPOTHUBIIE-
HUE U paBHOMEpHYIO nedopmanuio. OgHako, B Majbix 00bEMax MeTaiia, Korjaa HHIAEHTUPO-
BaHME MPOUCXOIUT HA ME30 U MHUKPOYPOBHSX, BO3ZMOXHO OIpPEAENICHUE TOJbKO ME30- WIIU
MUKPOTBEPOCTH, T.K. HE CYIIECTBYET YETKMX METOJUK OIpPE/EICHHs XapaKTePUCTUK MPOY-
HOCTH M IUIACTUYHOCTH METaJljIa TI0 XapaKTePUCTUKAM ME30- U MUKPOTBEPIOCTH.

JIns1 OLIEHKH MEXaHWYEeCKHUX CBOMCTB B Majbix 00béMax Meraiia B C3KH Obuto mpe-
JIO’)KEHO MPOU3BOAUTH UHJAeHTHUpoBaHue MeTtauia BHE C3KH Ha mMakpoypoBHe (0THeuaTok c
JMaroHaibio 0, puc. 2) ¥ Ha MUKPOYPOBHE C MaJIOl HAarpy3Koii (OTHEeYaToK ¢ AuaroHaibio da,
puc. 2). OTHollIeHHEe, YUYUTHIBAIOIIEE U3MEHEHUE TBEPIOCTH METallIa MPU MEPEX0ie ¢ MaKPO-
YPOBHSI HA MUKPOYPOBEHb, UMEET BUJI:

B _ HVMPIKpO (1)
HVMaKpo
N T vadPN SR APRATEN G &]
dls H\‘YMaKpo '.-; oL ! \\ AW \"‘"\ o AR o\ e\
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Puc. 2. Cxema onpeneneHusi MEXaHUUYECKUX Puc. 3. Onpenenenne MexaHU4ECKUX

cpoiictB B C3KH merogom nnaentupoBanusi  cBoiictB Metaia B C3KH tpybonpoBoaa u3
cramu 10X13T'12BC2H2]12

Panee [1] ObUIO yCTAHOBIEHO, YTO ATOT KOA(GGHUIMEHT [, YUUTHIBAIOLIUI BIUSHHUE
MaciITabHOro 3@ QeKra Ha XapaKTEepPUCTUKU TBEPAOCTH METaljia, HE 3aBUCHUT OT CTPYKTYPHO-
MEXaHUYECKOr0 COCTOSIHUS METaJuIa U SBISETCS KOHCTAHTOM 11 KOHKPETHOI'O MaTepuania.

3atem, ompeaenuB MukpoTrBéprocth B C3KH (oTmewarok ¢ auaroHanbio ds, puc. 2)
¥ 3Has 3, MOXKHO paccUMTaTh 3HaUeHHe MakpoTBEpaocTH Metaia B C3KH:

C3KH
HVC3KH _ H MHKPO
Makpo B . (2)

Jns uccnenyemoit C3KH Oblii mpoBeieHbI HCTIBITAaHUS MeTaljla MUKPOMHICHTHPOBA-
HUeM c onpezaeneHneM mukporsepaoctn HVO0,01. [Ins meramia, pacrosiOKEHHOTO BHE
C3KH, ObuIM mpoBeAeHBl UCHBITAHUS MaKpO- U MUKPOMHICHTHPOBAHHEM C ONpEeICHHEM
makpotsepaoctu HV10, muxporBepnoctu HV0,01 u kosdpduuuenta B = HVO0,01/HV10.
3Has Ko PHUIUEHT B, MOXKHO ObLIO paccunTaTh MakporBeproct HV10 = HVO0,01/B mist me-
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tayia B C3KH. Pe3ynbraTsl ncnbiTaHuii 1 pacu€ToB MpeAcTaBieHbl B Tabmuie. [IpuHumas
MPUMEPHO pPaBHBIMM 3HaueHHUs MakporBepaoctu 1o Bukkepcy HVI0 u  Bpunemno
HB> 5/187,5/5, MO)KHO OBUIO OLIEHUTh BPEMEHHOE CONMpPOTUBICHHE Gp MO HBjs5/18755 Meramia
B C3KH u BHe C3KH mno I'OCT 22761-77. U3 tabaunbl BUAHO, YTO TpupaiieHue Acp B
C3KH 3a cuer fedopMALHOHHOTO YIPOYHEHHs cocTaBmiIo 265 H/imm? (27 k['/mmP).

Pe3ynomamui onpedenenusn mexanuyeckux c6oucmse memanid
mpybonposoda uz cmanu 10X131'1265C2H2]]2

HV, kx[/mm?| HV, k[/mm? B OB, H/mm? (KF/MMZ) op, H/MM? Acg, H/Mv? (KF/MMZ)
BHe 3KH B 3KH BHe 3KH (KF/MMZ) B 3KH B 3KH
MakpoypoBeHb MakpoypoBeHb
176 HV1p | 263 HVyp 1485
MHUKpPOYpOBEHb ’ 579 (59.0) 858 (87.5) 279 (28.5)
261 HVo01 | 390 HVo 1

C ucnonp30BaHMEM TOJTYYEHHBIX pE3yJbTaToB ObUIa MPOBEACHA pacyETHas OIEHKa
npupamienus Hanpsbkenuss B C3KH o mogenu Teitniopa [2] 1 KpUTHYECKOTO HAIpPSHKEHMUS,
HeoOxoaumoro st oOpazoBanus TpeuuHbl, 1o monaenu 3unepa-Ctpo [3]. ComocraBieHue
pacuéTHBIX 3HAUEHUN HANPSDKEHUN C SKCIEPUMEHTAIBHBIMH, OMpPEIeIEHHBIMU METOJaMU
MUKPOHUHJIEHTUpOBaHus [ 1], mokazano ux OJIM3KOe COBIAICHHE.

Cnucok ucnoib308anHbIX UCTOYHUKOS
1. Martronun B.M., Jlemunos A.H., Mapuenkos A.}O. Onpeznenenne mexaHnuue-

CKHMX CBOMCTB MeTajula B 30HaX KoHUeHTpaiuu Hanpspkeruil (3KH) nznenuii mammuocTpoe-
Hus // Texunonorus metaios. 2009. Ne7.—=C. 19-22.

2. Npanosa B.C. u np. Posib auciokanuii B ynpouyHEHUH U Pa3pyIICHUH METall-
noB. M.: Hayka, UMET um. A.A. baiikoBa, 1965.

3. bepnamreiin M.JI. CtpyxTtypa nedopmupoBaHHbIX MeTamioB. M.: Meramyp-
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VIK 621.31

COBPEMEHHBIE TEXHOJIOI'MHA PACYETA KOPOTKHX 3AMBIKAHUM
N INIJIAHUPOBAHUA PAZBUTUSA PACITPEAEJIUTEJBHbBIX DJIEKTPUYECKHUX
CETEH
Anmonos A.A., I'yces IO.11., Tpogpumos B.A.
Hayuonanvnwiii uccnedosamenvckuii ynugepcumem « MOH»

Beenenue

[ToBrbileHNE cripoca Ha AIEKTPOIHEPTHUIO, & TaKXKe YBeJIHMUeHUEe TpeOoBaHUM MoTpeOu-
TeJIel K HAJCKHOCTH 3JIEKTPOCHAOKEHHSI U KaYeCTBY DJICKTPOIHEPTrUU MPUBOAAT K HEOOXO-
JUMOCTH pa3BUTHUS U MOJIEpPHU3ALMHU paCIIpee/InTEIbHbIX ceTeil. B HacTosee Bpems B pac-
NpeJeTUTENbHBIX CeTAX AaKTUBHO BHEIPSAETCS HOBOE 00OpyaoBaHME: KaOend ¢ H30JSAIHeH
U3 CIIWTOTO IMOJIMATUJIEHA, BAKYyMHBIE U 3JIETa30BbI€ BBIKIOYATENIN, MUKPOIPOLIECCOPHBIE
TEPMUHAJBl 3allUT, PACIIUPSAETCA HCIOIb30BAHUE PE3UCTUBHO-3a3EMJICHHOM HEUTPAIIN.
[IpyHUIMIIIAaTbHO HOBBIM /I PACHPEIEIUTENbHBIX CETEH ABIISIETCS IMOSBIEHUE pacHpeeieH-
HOU reHepanuu. MisMeHeHue yciaoBHil AKCIUTyaTallui U TpeOOBaHUM K IUIAaHUPOBAHUIO PA3BU-
TUS pacIpeeNUTEIbHBIX CEeTe 00yCIaBIMBalOT HEOOXOAUMOCTh PUMEHEHHSI COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTMI MOJEIMPOBAHUS JJIEKTPHUUECKUX CETEH, IPU OLICHKE IIPUHUMAae-
MBbIX TEXHUYECKUX perieHun [1].

PacyerHble MoeIM pacnpeae/JMTelbHbIX ceTel

Ha xadenpe «Onextpuueckue cranium» «HUY «MBOWy» HakorieH 3HAYUTETbHBIN
ONBIT MOJEIMPOBAHUSA M KOMILUIEKCHBIX PAacdyeTOB PACIPEACIUTEIBHBIX CETEH CpPEIHEro
Y HU3KOI'O HalpspbKeHUW. B kauecTBe MHCTpyMeHTa JJI CO3/1aHMS PACUETHBIX MOJEJEH pac-
IpEEIUTENbHBIX ceTell ucroiib3yeTcs: nporpaMMHbli koMiiekc NEPLAN, koropblil Obn
BbIOpaH u3 OOJBIIOTO YMCIIAa OTEUECTBEHHBIX M 3apyOeKHBIX CHEIHMATU3UPOBAHHBIX MPO-
rpamm.

[Tporpammusiii komiiekc NEPLAN mpencrasisier coboit Habop u3 42 monyneit [2],
KKl U3 KOTOPBIX NpEeAHA3HAYEH JUIS PEIIEHHUs KOHKPETHOM 3aJadyu, HalpUMep: «pacder
TOKOB KOPOTKOI'O 3aMbIKaHUS», «HAACKHOCTb», «ONTUMHU3ALUSA MOTOKOB MOIIHOCTU» U T.J.
BoinonHeHue x0310roBOPHBIX PaldOT, HO 3aKa3aM CETEBBIX KOMIIAHWMW, MO3BOJIMIO Kadeape

«DNEKTPUYECKHE CTAHIIMN» HAaKOMMTh OIBIT pabOThI CO CIEAYIOIUMHU MOTYJISIMU ITPOrPaMMBbI
NEPLAN:

1. Network Reduction — moayns co3ganus Mojenu ceTd. Moaynb pacroyiaraert
WHCTPYMEHTAMHM JIJIsL BBOJIA DJIEKTPUYECKOM CETH B MOJIENb M €€ OTOOpaKEHNS,

2. Mopynn st pacueTa TOKOB KOPOTKOTO 3aMbIKAHHS M YyCTAaHOBUBIIMXCS PEXU-
MOB;

3. Over Current Protection (Selectivity Analysis) — moxysb TokoBbix P3A u ana-
JIN3a CeJIEKTUBHOCTH;

4, SQL Database Driver — mporpamMHblIii apaiiBep [ist paboThl ¢ 02301 TaHHBIX;

5. NEPLAN Programming Library (C/C++) — GubnuoTeka Juis mporpaMMHUpOBa-

aus B NEPLAN.
[Tpu BBIOOpE MpOTrpaMMbl BHUMAaHUE YACISIIOCH CISIYIONIM (pakTopam:

1. HOJIEPIKKA AIEKTPHUECKUX CXeM OO0JIBIION pa3MEepHOCTH;

2. BO3MOXXHOCTH CO3JIaHHSI IIEHTPa KOJJICKTHBHOTO TIOJIH30BAHUS C yJAICHHBIMHU
KJIMEHTCKUMHU MECTaMH;

3. BO3MOXKHOCTh 3KCHOpTa/MMMoOpTa 0a3 JaHHBIX B €AUHOM (popmare, COBMECTH-
MoM ¢ CIM monensimu, coorBeTcTByrommmMu MOK 61970;

4. HAJIMYMe BCTPOSHHBIX HWHCTPYMEHTOB IPOrPAaMMHPOBAHUS, MO3BOJISIOIINX

YUYCCTh HEJIMHEUHEIE COIIPOTUBJICHUA BHCKTqueCKOﬁ AYyTH, TEIJIOBOH CIraZl TOKa KOPOTKOTI'O
3aMbIKaHUA, YTOUHCHHOC BIIUAHUC IT'CHEPATOPOB U JIBHFaTeHeﬁ B y3JIaX HarpyskKu 1 ap.,
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S. BO3MOXKHOCTh aBTOMAaTH3aIlMK OOHOBJICHHUS PAacueTHOW MOJENH U GOpMHUPOBa-
HUS IPOTOKOJIOB C pe3ybTaTaMH PacueToB.

Cpenu BBIMOJIHEHHBIX XO3J0TOBOPOB, B paMKax KOTOPBIX ObLIM pa3pabOTaHbl pacuert-
Hble Mojieu B iporpamme NEPLAN, M0OXHO BBIIEIUTH CIIEIYIOIITHE:

1. Pa6otsr o noroBopy ¢ OAO «MOI3CK» «Co3nanue pacyéTHoll MOAEnu TO-
KOB KOPOTKOTI'O 3aMbIKaHUs /sl 00macTHOM pacnpenenuteabHoit cetn OAO «MOD3CKy;

2. Pa6ote o gorosopy ¢ OAO «MOICK» «Oxkazanue yciyr 1o pacuery ycra-
BOK YCTPOWCTB PEJICMHOM 3aIUThI U aBTOMATUKH B AieKTpuueckux ceTax OAO «MOICKy;

3. Pa6ots! o norosopy ¢ OAO «Pycl'uapo» Pacuer anexTpuueckux napameTrpos
cxem nutanus cooctBeHHBIX HY) 11 [ DC (TADC) dunumanoB OAO «Pycl'uapoy.

Pacuernbie Moenu copepxkar HHPOPMAIUIO, KaK O MIEPBUYHOM (IITMHBI, TMHUH, TPAHC-
dbopMaTophl, KOMMYTAIIOHHBIE ammapaThl), TaK U BTOPUYHOM OOOpPYIOBAaHUU (H3MEPUTEIb-
HbIe TpaHchopMaTopsl, pene). B Moxens Takke BkItoueHa HHpOpMamus 00 yCTaBKax 3amluT
U BPEMSITOKOBBIX XapaKTepUCTUKaX IperoxpaHuresneil u pene. PazpaboranHble Mojenu mo3-
BOJIUJIM, HA OCHOBE €IMHOT0 KOMIUIEKTAa UCXOJHBIX JTAHHBIX, PELIUTh Psij 3a4ad, CpeIu KOTO-
PBIX:

® pacyeT TOKOB KOPOTKOI'O 3aMbIKAHUS M OCTATOYHBIX HANPSDKEHUH BO BCEX Yy3iax
CXEMBbI M Pa3IUYHBIX PEKUMAaX pabOThI;

® IPOBEpKA TEPMHUYECKOW CTOHKOCTH M HEBO3TOPaeMOCTH Kabeel;

® [POBEpKa YYBCTBUTEIBHOCTH 3ALIUT M MOCTPOCHUE KAPT CEIEKTHUBHOCTU C yYETOM
pazbpoca BpEMATOKOBBIX XapaKTEPUCTUK PEIEHHBIX 3aIIUT W IJIABKUX IPEAOXpPaHUTENIEH,
puc. 1.

e pa3paboTKa PEKOMEHJAIMil M0 3aMEHE 3JIEKTPOMEXaHUYECKUX 3alIUT MHUKPOIpPO-
[IECCOPHBIMU TEPMUHAJTIAMHU;

® BBISIBJIICHUE CIA0BIX MECT B CETAX, MEPErpy30K, OTKIOHEHUNH OT HOPMATHBHOIO Ka-
YeCTBA AJIEKTPOIHEPTHH.

1000 5

100 gumEE - -

0.100 5+

|=P11 .2 lkmax=6,732

[-ncasd c.1 kmax=12

00 + +
0.010 kA 0,100 kA 1.0 kA ~ | (10.56v) >

3

100 kA 1000 kA

F -+ -+ —— -+ A—+—+—++++H
0010 kA 0.100 kA 10 kA — 1 (10.56V) —> 100 ki 100 kA 1000 kA

P3 ®-16 : NC384 ¢.1 - KN ®-16 "NC384 - PMN11" (I>)

KN @-16 "MNC384 - PM117: MC384 ¢.1-PM11c.2

ACBE-3x240-10 (kpuBar Tepmuueckol cToikocTk kabens)
* P3aq4:PN11c2-"PN11 aud - TN41" (I2)

P11 Au 4 - T4 PMN11¢.2-TN41 ¢.2
ACB-3x120-10 (KPMBAA TEPMUUECKOR CTOMKOCTH KaBens)
P3B-1:TN42¢.2 - KN "TN42 - KTN131" (1>)

AN -"KTA131" D KTM131 - T

Puc. 1. KapTa cenekTuBHOCTH 3alIUT
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HNHpopmManoHHBIE MOIEIH

OpnHuM U3 TpeOOBaHUM, PENBABISIEMBIM K COBPEMEHHBIM IIPOrpaMMaM, sBJISIETCS BO3-
MOXHOCTh OOMeHa wWH(pOpMaMeld ¢ MPOrpaMMHBIMH TPOJYKTaMH JAPYTHX KOMIAHHU.
s atux neneit B EBpore 6b1u1 pazpadoran crangapt MOK 61970 (CIM), koTopslii B HAacCTO-
A11ee BPEMsI aKTUBHO BHEJPSIETCS KPYIMHEHIITMMHU POCCUNCKUMU 3JIEKTPOCETEBBIMUA KOMITAHU-
samu. [ns B3aumoneiictBus ¢ apyrumu CIM-cOBMECTHMBIMM MPOTPAMMHBIMU TTPOJTYKTaMHU
NEPLAN mpenocraBisieT BO3MOKHOCTh SKCIIOPTA U UMIOPTa 0a3bl JaHHBIX B popmare SQL,
coJepaKaliei MoJHy0 HHPOPMALIHUIO O PACUETHOM MOJIENHN AIIEKTPUUECKON CETH.

[TomMuMO B3aMMOJEHCTBUS C APYTMMHU IIPOrpaMMaMH, BO3MOXKHOCTb IKCIOpPTa U MM-
nopra 0a3bl JaHHBIX IO3BOJSET ABTOMATHU3UPOBAaTh IPOLECC BBOJA MCXOJHBIX JaHHBIX
¥ 00eCIeYnTh KOHTPOJIb JJOCTOBEPHOCTH UCXOAHBIX JTaHHBIX.

Ananrtanusi IporpaMMbl

D¢ dexkruBHOCTH Hcnonb3oBanus nporpaMmMbl NEPLAN MOXHO MOBBICHTH 32 CUET ee
ajanTalyMy 1oj crneuupuyuecKkue 3agadd paspadordyMka mozenu. s 3Toro B mporpaMme
NEPLAN mnpenycmorpen moaynb «NEPLAN Programming Library» (NPL). Monyns NPL
npezcTaBisieT co0oi Habop U3 BCTPOEHHBIX OMOIMOTEK IPOrpaMM, Ha OCHOBE KOTOPBIX MOJIb-
30BaTelb MOJIY4aeT BO3MOKHOCTh CO3/1aBaTh COOCTBEHHBIE MOANIPOrPaMMEBI Il aBTOMATH3a-
nuu pacueToB. [lonap3oBaTeNbcKre MOAIPOrpaMMBl 3aIlyCKalOTCsl HEIOCPEACTBEHHO U3 IIPO-
rpamMMbl NEPLAN. [locie 3amycka noanporpamma Oeper ynpapieHUE Ha ce0si, IpU 3TOM OHa
MOXeT oOpamarbcs K BCTpOoeHHbIM ¢QyHKuusAM nporpammbl NEPLAN u BHemHum, cneunu-
JIBHO pa3padOTaHHBIM MPOrPaMMaM.

Hanuume BCTPOEHHBIX MHCTPYMEHTOB IPOTrpaMMHUPOBAHUS IIO3BOJIMIO DPEATU30BaTh
cnenyromue GyHKINH:

1. ObecneueHne TOMOJIOTNYECKOr0 KOHTPOJISI BBOAUMOM CXEMBI,

2. ABTOMaTHYECKOE U3MEHEHHUE MOJI0KCHHUS KOMMYTAIIMOHHBIX annapaToB U IO-
TOKOBBIA aHAJIM3 T'€HEPUPYEMBIX CXEM, MO3BOJISIOLICC aBTOMATHUYECKU AHAIU3UPOBATH pe-
YKUMHBIE OTPaHUYEHUS JJI1 PEMOHTHBIX COCTOSHUI CETEH.

3. ABTOMaTH3a1Msl PACUETOB TOKOB KOPOTKOT'O 3aMBIKaHMsI 111 IPOBEPKU TEPMHU-
YEeCKOH CTOMKOCTH W HEBO3rOpaeMOCTH Kabesel M BhIOOpa YCTAHOBOK 3aIUT C YY€TOM BCEX
0COOEHHOCTEH aHAIM3UPYEMOH pacpeeTUTEIbHOM CEeTH.

4. KomnekcHslil aHanu3 pe3ysbTaTOB PacyeTOB.

BriBoabI

OnbIT co3/1aHusl pacUETHBIX MOJIENIEl paclpeieTUTENbHBIX CeTel MOATBEPIII BO3MOX-
HOCTh 3¢ dexkTuBHOrO Ucnonb3oBaHus mporpammbl NEPLAN a5 pemieHust MPOKOro Kpyra
3a/1a4 dKCIUTyaTalluy U TJIAHUPOBAHUS Pa3BUTHUS SJIEKTPUUECKHUX CETEH.

Hanunune B mporpamme NEPLAN Bo3MoO)xHOCTH MMMOpTa/sKcnopTa 0a3bl JaHHBIX U
BCTPOEHHOTO sI3blKa MPOTrPaMMHPOBAHUS MO3BOJSET 00ECIEeUUTh BBICOKYIO 3(P(EKTUBHOCTh
CO3JIaHUs M MCIOJb30BaHUS PACUETHBIX MOJIENIEH pacHpeeNuTeIbHbIX ceTei 0oMbIoil pas-
MEPHOCTH.

CH0XHOCTh OCBOEHHMS NMPOrPaMMHOI0 oOecreueHus!, 00J1aJalolero MupoKuMu (QyHK-
UOHAJIBHBIMUA BO3MOYKHOCTSIMU ISl TUIAaHUPOBAHUS Pa3BUTHS U ONTUMHU3ALUU KCIUTyaTalluu
pacnpeAeNnTENbHBIX CETEH, MPEAIOoIaraeT co3JaHue METOIUYECKOro LEHTpa s CO3JaHMs
HOBBIX M COIPOBOXKJIEHUS paHee pa3padOTaHHBIX PaCUETHBIX MOJENEH, a Takke, IS MOAro-
TOBKH KaJIpOB JJIs1 paOOTHI C MOJIEIISIMH.

Cnucok ucnonb306aHHbIX UCHIOYHUKOG
1. I'yce FO.I1. MHTennekTyanbHbIM ceTsIM Poccnn KOMIUIEKCHYIO MHTEUIEKTYaJIbHYIO

noanepxky MOU // Tpyner Bropoit Bcepoccuiickoit HayqHO-TIPaKTHUECKOW KOH(DEPESHITUH
«[loBbIlIeHNe HAAEKHOCTH W I(PPEKTUBHOCTH OSKCIUTyaTallMH dJICKTPUUECKUX CTAHIIHHA
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u s"eprerudyeckux cucrem» - JHEPI'O-2012 (Mocksa, 4-6 utonsa 2012 r.). — M.: U3narens-
ckuit nom MOBH, 2012. C. 26-31.

2. NEPLAN Packages // NEPLAN Power System Analysis and Engineering. Zurich,
Switzerland. URL.: http://www.neplan.ch/html/e/e_electricity packages_default.htm.
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VIK 621.314.2

®A30IIOBOPOTHOE YCTPOMCTBO C THPUCTOPHBIM YIIPABJIEHUEM
Acmawes M.I"., Pawumos I1.A., Hosuxoe M.A., @edoposa M.U., ' onooos A.B., Posckos A.H.
Hayuonanvnwiii uccnedosamenvckuii ynugepcumem « MOH»

@Da30roBOPOTHOE YCTPOUCTBO C TUPUCTOPHBIM yrpasieHuem (PIIY) sBasercs oaHoi
U3 NEPCIEKTUBHBIX Pa3pabOTOK B 00J1aCTH TMOKMX (YIPaBIsEMbIX) CUCTEM 3JIEKTpOIIepeaun
IIEPEMEHHOTI0 TOKA (B MHOCTPAHHOM JINTEpaType U3BeCTHHIX Kak cucteMbl FACTS).

OIIY cozpaér Ga3oBblil CABUT MEXAY HAIPSKEHUEM MEPBUYHBIX IIUH U HAIPSDKEHUS-
MU BTOPUYHBIX LIIMH IIYTEM BBOJA BOJIbTOA00aBOUYHOIO HAIIPSKEHUSI B MECTE YCTAHOBKH, YTO
MO3BOJIAET YIPABIATH MOTOKAMHM MOILIHOCTH B JIMHUAX II€pefad nepeMeHHoro Toka. biaroga-
psl IPUMEHEHUIO PUOOPOB CUIIOBOM 3JIEKTPOHUKU (TUPUCTOPOB), MOBBIIIAECTCA HAIEHKHOCTb,
CPOK Ci1y>k0bl, MHOTOKpPaTHO yBenuuuBaeTcs ObicTpoaeiicTeue ®PIIY no cpaBHeHUIO ¢ aHao-
THYHBIM YCTPOMCTBOM - (pa30moBopoTHEIM TpaHchopmaTopom (PIIT).

Bomnpocsl pazpaborku noiaynpoBogHukoBbix PIIY Ha ocHOBe ynpaBisieMbIX CHIIOBBIX
KJIIOYEH HampsIMyIO CBSI3aHbI C HM3YYEHHMEM 3JIEKTPOMArHUTHBIX IPOLECCOB BO BCEX Y3Jax
YCTPOMCTBA. DJIEKTPOMArHUTHBIE MPOLECCHl B CTaTUUYECKOM pexume padorsl IIY obycnos-
JIEHBI TEKYILIEM COCTOSIHUEM JJIEKTPUYECKON CETU. DJIEKTPOMArHUTHbIE IPOLECCHI IpU Tepe-
kiroueHu PIIY 3aBUCAT HE TONBKO OT COCTOSIHUSL 2JIEKTPUUECKON CETH; HO U OT aJITOPUTMOB
yIpaBiaeHUs] TUPUCTOPHBIMU KitouaMu. OCOOEHHOCTH MPOTEKAHMSI 3JEKTPOMArHUTHBIX IMPO-
ueccoB B PIIY onpenenstoT HAIEKHOCTh NEPEKITIOYEHUS YCTPONUCTBA.

OKcrnepuMeHTalIbHbIE HcceaoBanus TupucTopHoro @IIY no cux nop He NPOBOAUIIUCE.
B Poccuu naGopatopueit npeoOpazoBarensHoii TexHuku um. K.A. Kpyra OAO «OHUH» co-
3/1aHa SKCIIEPUMEHTAJbHAsI YCTaHOBKA (PU3NYECKON MOAETH (a30MOBOPOTHOTO yCTPOICTBA
no 3akazy OAO «®CK EDCy. [IpoBeneHHbIE SKCIIEPUMEHTAIBHBIE UCCIEIOBAaHUS PaOOThHI
@OITY 0Ka3bIBAIOT O SBHOW HEOOXOIMMOCTH TaKUX MCCIECIOBAHUHN, MOCKOJIBKY IMOJy4YEeHHBIE
3JIEKTPOMAarHUTHBIE IIPOLECCHI B PSAAC CIy4aeB OTIMYAINCh OT AHAJOTUYHBIX, HO PACCUUTAH-
HBIX HAa UMUTAIIMOHHOM Mojenu. B pe3ynbrare npuxoanaoch He TOJIBKO KOPPEKTUPOBATh Ma-
TeMaTH4eckue Mozenu s1eMeHToB @IIY, HO u co3naBaTh HOBbIE METOIMKH ISl U3MEPEHUS
apaMeTpoB 3JIEMEHTOB, HEOOXOAUMBIX JUIS aI€KBaTHOTO OTPaKEHUS MPOTEKAIOIIMX MPoLIec-
COB.

DKCIepuMeHTalbHas yYCTaHOBKa (pu3nueckod mojenu (Pa3omnoBOPOTHOTO YCTPOWCTBA
(®M OITY) no3Boiser UcCciIeNOBaTh MPOTEKaHWE MPOILIECCOB B CHIIOBOM YacTH U CHCTEME
yhpaBiaeHUs] TPUOIMKEHHO K PeabHBIM YCIoBUAM 3Kciutyatauuu OITY, npoBeputs pexumsl
paboThl 000pyAOBaHUA, BKIIOUas HanOoJiee YyBCTBUTENIbHBIE 3JIEMEHTHI CHJIOBOM YacTH —
TUPUCTOPBI.

BropbiM Ba)XHBIM MOMEHTOM SBJISETCSI NPOBEpKA alropuTMoB ympasiaeHus PIIY,
a Takxke paboTOCIIOCOOHOCTH CHUCTEMBI YIPABICHUS B YCIOBHUSAX PEAJbHBIX AJIEKTPOMAarHuT-
HbIX HoMex. OTpaboTka aIrOpUTMOB PabOThI CUCTEMBI YIPABICHUS, TUAaTHOCTUKU U 3aIIUTHI
QOIIY.

[TpoBenenue mapauleTbHOTO HCCIEAOBaHMS, Kak Ha (u3nyeckoil yCTaHOBKe,
TaK 1 Ha MaTeMaTH4YE€CKOW MOJIENH JJaeT BO3MOXXHOCTh YO€IUThCA B aJeKBaTHOCTU IPOTEKa-
IOIUX B HUX IPOLECCOB, CKOPPEKTUPOBATH NapaMeTpbl MaTEMaTHUYECKON MOJEIN U TEM Ca-
MBIM MOJYYUTh MOITHOE CPEACTBO IS pacyeTa u nmpoektupoanus OIIY.

Takum o0pazom, 3ajada MCCIEJOBAHUS JIEKTPOMArHUTHBIX IPOLIECCOB B CHUJIOBBIX
cxemax nonynpoBoaHUKOBbIX DIIY, ananusza u pazpaboTKu aarOpUTMOB YIpPaBICHUS, yUU-
TBIBAIOIIX COCTOSIHUE YHEPrOCHUCTEMBI, SIBJISETCSI CBOEBPEMEHHOM M aKTyalbHOM, U TpeOyeT
JIETATBHOTO PaCCMOTPEHUS.

HccnenoBanue BoimonHgercss OAO "DHUH" coBMecTHO ¢ cOTpyAHUKaMHu Kadeapsl
[TpompbinnenHoit anektponrku HUY «MOW» B pamkax npukiaaHoro mpoekra "Paspaborka
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aBTOMAaTU3UPOBAHHOIO y3JIa PETYIUPOBAHUS TPAHCIIOPTHBIX [IOTOKOB MOIMHOCTU B MHTEIUIEK-
TYaJIbHOM pachpeleTuTeIbHON AJIEKTPUISCKON ceTn" ¢ (PUHAHCOBOUM MoaAepKkoii MuHH-
crepctBa oOpa3oBaHus U Hayku Poccuiickoit @eneparuu (mpoekt RFMEFI57914X0045)
Y IPUMEHEHUEM YHUKAJIBHBIX HAYYHBIX YCTAaHOBOK.

Cnucok ucnonvb308anHbIX UCTMOYHUKOB

1. Hosuko M.A., Ilanduno .., Pammuror II.A., PemuzeBuu T.B. Ananus
MPOIIECCOB OJTHOBPEMEHHON KOMMYTAIlUA THPUCTOPHBIX MOCTOB B MPEOOPA30BaATEISAX C MHO-
rooOMOTOYHBIMH TpaHChOopMaTopamu. IiaeKkTpudecTBo,Ne6, 2013.

2. AcrameB M.T'., [Tandunos JI.U., Pammmros [1.A., PoxxkoB A.H. Anamms crioco-
OOB yIpaBJICHUs KJIIOYaMH THPUCTOPHOTO MOCTa rmepeMeHHoro toka. M3sectuss PAH: DHep-
retuka Ne4, 2014.

3. I'omonoB A.B., PemuzeBuu T.B., ®egopoBa M.U. Texuuueckue cpencrsa 3a-
HIUTHl U JUATHOCTUKH THPUCTOPHOTO MPEeoOpa3oBaTelisi B COCTaBE MOIIHOTO (Da30mOBOPOTHO-
ro ycrpoicrsa. ['mobanu3amnus Hayku: nmpobieMbl U nepcnekTuBbl. COOpPHUK cTaTteld Mexmy-
HApOJHOW HAy4YHO-TIpaKTU4eckor KoHbepenmuu, 7 ¢eBpans 2014r. Yacte 2. Yda: PUIL]
bamly.
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YK 621.311.17

I'MbPUAHBIE SOHEPTETUYECKHUE KOMIIJIEKCBI TAPAHTUPOBAHHOI'O
9HEPI'OCHABXEHUA
Taeynos M.I'., Bacvkoe A.I"., Abpamernko J].M.
Hayuonanvnoui uccnedosamenvckuil ynugepcumem « MOH»

Pa3BuTHe J10KaIbHBIX YHEPreTUUECKUX CUCTEM, HE BKIIIOUEHHBIX B CHUCTEMY LIEHTpa-
JU30BAHHOTO 3JIEKTPOCHAOKEHMs, B 3HAYUTEIBHOM CTENEHH CBSI3aHO C MCIIOJIb30BaHHEM
MECTHBIX JHEPreTUYECKHX PECYpPCOB, B TOM YHUCIIE BO300HOBISEMBbIX. OJIHAKO YCTaHOBKH
Ha OCHOBE BO300HOBJIIEMBIX UCTOYHHMKOB 3Hepruu (BUD) o61anaroT oJHUM CyLIECTBEHHBIM
HEIOCTaTKOM: B OTCYTCTBHE aKKyMYJISITOPOB SHEPTUHU OOJIBIION €MKOCTH HE UMEIOT rapaHTUi
oOecrnieueHus MOTpeOUTeNeil SIEKTPOIHEPTUU Ha YpOBHE, onpeneneHHoM [TV .

Ha cerognsmnuii 1eHb B MUPE HE CYIIECTBYET €IMHOIO CUCTEMHOI'O ITO/X0/1a K 000C-
HOBAHUIO CTPYKTYPBI U IapaMETPOB TMOPUIHBIX YHEPIOKOMILIEKCOB C yYETOM PEXKHUMOB pa-
0OTBI TEHEPUPYIOIINX YCTAHOBOK U moTpeduteneil perynsaropos. s 3¢ deKTuBHOrO npume-
HEHMsI TEXHOJIOTUH Masoil pacnpenenéHHON SHEPreTUKU BaXKHBIM YCIOBHUEM SIBISETCS Y4ET
crnenu(UKH JIOKATBHOTO CIPOCa, MaKCHUMAJIBHOE MCIOJIh30BaHHUE MECTHBIX YHEPropecypcoB
Y BO300OHOBJISIEMBIX UICTOUHUKOB 3HEPTHH, €IMHCTBO BCET0 SHEPrOKOMILIEKCA — OT FeHepaluu
JI0 TIOTPEOUTEIA.

[Ipeyiaraemslii B paboTe MOJX0/1 OCHOBaH Ha KOMILJIEKCHOM OOOCHOBAHUU MapaMeT-
POB T€HEpHUPYIOLIEH, HaKalIMBaIOLIEH, Nepeatollei, pacupeaensomeid U noTpedstomen
4acTel JOKaJIbHOM 3HEProCUCTEMBI, KOTOPYIO Ipe/laraeTcsl Ha3blBaTh «TUOPUIHBIM SHEpre-
TUYECKUX KoMIuiekcom». [Ipu pa3paboTke MHTEIEKTYyalIbHbIX paclpeesIEHHBIX SHEpreTHye-
CKUX CHCTEM C HMCII0JIb30BaHUEM BO300HOBIIIEMBIX HCTOUHUKOB HEPIUH CYILIECTBEHHOT'O I10-
BBIIIICHHUS SHEPTeTUYECKON A(P(PEKTUBHOCTH MX PAOOTHI MOKHO JTIOCTUYD ITyTEM KOMILIEKCHON
ONTUMU3ALMU PEKUMOB PabOTHl T€HEPATOPOB, aKKYMYJIUPYIOIUX YCTPOMCTB M MOTpeOHTe-
JEeH-perynaTopoB B €IMHOM IpoIiecce ONTHUMU3AUK. B mpoekTHOM npakTuke pa3Hble opra-
HU3AIMM PELIaloT 3TOT BOIPOC MyTe€M 3KCIEPTHOH oreHku. B mpemiaraemoii padore ocy-
IIECTBIISETCS peain3alysl JaHHOTO KOMIUIEKCHOTO MO/AX0/1a K ONTHUMM3AIMN UHTEIIEKTyalb-
HBIX THOPHUIHBIX SHEPTOKOMILIEKCOB.

I'oBOpst O cucTEMHBIX CBOMCTBAaX CUCTEM IHEPrOCHAOKEHHUS, HEOOXOIUMO paccMaTpHu-
BaThb OCHOBHBIE 3JIEMEHTBI, KOTOPbIC (POPMHUPYIOT LIEJIEBYIO U TEXHOJIOTUYECKYIO CTPYKTYpPY
pacnpene€éHHON 3HEPrOCUCTEMBI, COCTOAIIEH M3 MHOXKECTBA JIOKAJIbHBIX CaMOOallaHCUPYIO-
IIUXCSI YHEPrOy3JIOB, OOBEAMHEHHBIX JTUHUAMHU OOMEHa pe3epBHONM WM OaJaHCHUPYIOIIEH
MOIIIHOCTBIO.

DHEpProcucTeMbl BKJIIOUAIOT B CBOW COCTaB MOTpPEOUTENEH, (OPMUPYIOIIUX CIIPOC
Ha 3JIEKTPUYECKYIO, TEIIOBYIO, MEXaHHUYECKYIO U Jp. BUJbI OTPeOIseMON SHEPIUH, MPOn3-
BoAMTENEH (TeHepaTopoB) TpeOyeMbIX BUAOB SHEPIUU, CPEACTB JOCTABKH SHEPTUU MOTPeOuU-
TEJ0, THOKYIO CUCTEMY pe3epPBHPOBAHUS MOCTABIIUKOB 3HEPTHH U 3PPEKTUBHOTO yrpaBiie-
HUSl BCEMU 3JIEMEHTaMH CHUCTEMBI.

BaxxHpIMH 0COOEHHOCTSAMHU MaJlbIX SHEPTOCUCTEM SIBIISFOTCS:

- KaXIbl JHEProysen MpeAcTaBisieT co0o0il JokanbHylo sHeprocucremy (JIoDC)
CO CBOEH TeHepupYIOLIeH, TPaHCTIOPTHON U MOTpedIIsttomeil HHPpacTpyKTypoii;

- €IMHUYHAs MOIIHOCTh UCTOUYHHUKOB U MOTpEOUTENeH SHEPruu COU3MEPUMBI C MOIII-
HocTbIo JIoDC;

- PeXUM pabOThl KaXKAO0T0 3JIEMEHTA BIUSET HA YCTOMYMBOCTh U HaJAEKHOCTh pabOThI
OCTaJbHBIX 2JIEMEHTOB U Beer JIoOC;

- JHepreTUyeckasi 6€30MacHOCTh SHEPTOY3JIOB TIOCTUTAETCs 3a CUeT UX caMoOallaHCH-
POBaHUS U YIPaBIIIEMOCTH MOTPEOUTENEH.
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I'uGpunnelil sHepreruueckuit kommuieke (I'9K) — Texuudeckas cucrema, 00beaMHSIO-
11asi B paMKax €JUHOT0 TEXHOJIOTHUYECKOTO IIPOLEecca FeHEpaTOPhl IEKTPUIECKOM, TEII0BON
U Jp. BUJIOB DHEPIMM PA3JIUYHBIX TUIIOB, aKKYMYJSTOpPBI 3HEPIHH, CPEICTBA KOMMYTAlUMU
U 1epeslauy SHEPIUH, a TAK)XKe aKTUBHBIX TOTpeOUTENEH.

Hcnonbs3oBanne 3HEPreTHUECKUX YCTAaHOBOK Ha ocHOBe B B maibix sHeprocucre-
Max 3aTPyIHEHO OTCYTCTBHEM y HUX BO3MOXHOCTEH OOecredeHus: rapaHTUPOBAHHOI'O SHEP-
rocHa0XeHHUs, YTO JIEKHUT B OCHOBE MOJICIH YIPABICHHUS TPAIAUIIMOHHBIMU YHEPrOCUCTEMaMH
— OT NPOEKTUPYEMOI'0 UCTOYHMKA SHEPruM TpeOyeTcsi BbIpabOTKa SHEPrUU B TOUHOM COOT-
BETCTBUU C Irpa)uKoM MOTPeOICHHs SJHEPTUH B 3aJJaHHOM HHTEpBajie BpeMeHH. C CUCTEeMHOU
TOYKHU 3pEHHs 3TO NIPUBOAUT K HEYU€TY 3JIeKTpocTaHIMi Ha ocHoBe BIID B GanaHce sHepro-
CUCTEMBI.

IIpeononenue 3Toro 3aTpyIHEHHUsI OOBIYHO UILETCS B 00JaCTU CO3AaHUS AKKYMYJIATO-
POB 3JIEKTPOIHEPTUH.

VYXKe N0CTaTOYHO JAaBHO B JIMTEPATYPHBIX MCTOYHMKAX YIOMHMHAETCA HUIACSI O TOM,
4T0 3P PEKTUBHOCTH MCIIOIB30BaHMS U30IMPOBaHHBIX B nomkHa MOBBIIATECS MYTEM pas-
BUTHS PETyIUPYEMbIX HArpy3oK, KOTOpble MOTYT HCIOJIb30BaTh 3HEPrHIO B JI000€ BpeMs,
a II0JTy4yaeMblii B pe3ysbTaTe X paboThl MPOAYKT MOXKET XpPaHUThCS 0€3 yCTPOMCTBA TOPOTUX
COOpY’KeHHH (BOOMOABEM, IIOMOJ 3€pHA, APOOJIEHNE CYXUX KOPMOB, OTOIUIEHUE C IPUMEHE-
HUEM TEIIOBBIX aKKyMYJIITOPOB).

AHanu3 pe3ynbTaTOB YMCICHHBIX 3KCIIEPUMEHTOB IO MOJCIMPOBAHHIO SHEProcHao-
KEHHS HACEIEHHOTO ITyHKTa, MOKa3aa 3()()EeKTUBHOCTH MPEIIOKEHHBIX OIXO0I0B MO OINTH-
mu3zanuu Beero I'OK B 1esom — u ero resepupyrouiei 4actu, u norpedurens. Vcnoabs3opa-
HUE 0aKOB-aKKyMYJISITOPOB, BBIINOJIHSIOIIUX POJb aKKyMYJSATOpa, MO3BOJIAET CYILECTBEHHO
yBenu4uTh a0st0 BUD B sHeprodanance Takoro norpeouTess.

[Tokazano, 4To 3()(h)eKTUBHOCTL HCIOJIb30BaHUsI BI1D MokeT OBITh IOBBIIICHA MTYTEM
pasBUTHS NOTpedUTeNelH-peryaTopos (morpeduteneil 3Hepruu 1 norpedurenei cBoOOAHOM
MOIITHOCTH ), KOTOPBIE MOT'YT HCIIOJIb30BaTh SHEPTUIO B JIFOO0OE BpEeMs, KOTJa €CTh MPHUXO] pe-
cypca BUD.

D¢ dexruBHOCTS UcTIONb30BaHuA I DK Bo3pacTaeT 1mo mepe Toro, Kak ero moTpedis-
IOlIas 4yacTh CTAHOBUTCS MEHee TpeOoBaTeNbHONW K OecrepeOOMHOCTH 31eKTpOCHA0XKEHUS,
T.€. IPU CHIDKEHUH TpeOOBaHMiA MOTpeOuTeNs K OecriepeOONHOCTH IIEKTPOCHAOKEHHUS TIOSIB-
JsieTcs. BO3MOXKHOCTh OoJiee IMHUPOKOTo Hcnosib3oBaHus BUD, uTo mpUBOAUT HE TOJIBKO
K CHWKCHHMIO TOIUIMBHBIX 3aTPaT, HO M YCTAaHOBJIEHHOW MOIIHOCTH pe3epBupyromeit AI'Y.
[Ipu sTOM yBEnMUMBAETCA JA0JS CBOOOJHON MOIIHOCTH, BbIpabaThIBAEMOM yCTaHOBKAMHU
Ha ocHOBe B, koTopas MoXkeT ObITh UCIOB30BaHa JUIsl pabOThI OTPEOUTENA-PETYIIATOPA,
a ONTUMM3ALMS CTPYKTYphl notpeduteneit DK mo3Bosisier CHU3UTH 3aTpaThl Ha AU3EIbHOE
TorutnBo Ha 50 %.

Bo3Mo>KHBIE TEXHHUECKUE PELICHHSI TOTpeOuTeNeii-peryasTopoB:

- Cucrembl  Temio- M XJaJOCHaOXKeHUs, o00oOpynoBaHHbIE  Oakammu-
aKKyMYJISITOpaMH Teruia (X0J10/1a);

g Cucrtembl BOJOCHAOKEHUSI C THUIPABIMYECKUMHU aKKyMYJsATOpamMHu (BOJIOHA-
HOPHBIMU OAIIHAMU, BOAOXPAHUIUILAMH BOJAOX03IHCTBEHHOTO Ha3HAYECHNU ).

Ha xadenpe 'BUD HUY «MDOW» HauaTel paboThl IO pa3pabOTKE TUIOBBIX THOPHUI-
HBIX DHEPreTHYECKUX KOMIUIEKCOB, NMpEJIHA3HAYEHHBIX JJIS TapaHTUPOBAHHOIO TEIJIOCHAO0-
KEHUsT TOoTpeOuTeNneld W BOJOCHAOKEHHS BOJOIOIB30BATEICH U  BOJOMOTpeOUTENEH.
Jns ycnemHo# U 3pPekTUBHON paboThl TMOPUIHBIN SHEPreTUYEeCKU KOMIUIEKC JI0JKEeH
OBITh OCHAILEH MHTEJJIEKTYaJIbHOW CHCTEMOW yIpaBlIeHUs, IPEICTABISIS U3 ce0sl MHTEIUIeK-
TyaneHyto cetb Microgrid.

Lenbto mpoekTa SABISETCS: MOBBIIEHUE YHEPreTHUecKoil 3 (HEeKTUBHOCTH WHTEIIEK-
TyaJIbHBIX JHEPreTHUECKUX KOMIUIEKCOB PACIpEAENIEHHBIX JHEPrOCUCTEM HAa OCHOBE COB-
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MECTHOTO HCIIOJIb30BAaHHUSI MECTHBIX HCTOYHHUKOB HSHEPIUH, AKKYMYJIHPYIOUIUX YCTPOWUCTB
Y YIIPaBIIsieMbIX MOTpeOUTENeH SHEPTHHU ITYTEM PEKUMHOTO 000CHOBAHHS UX TTAPAMETPOB.
3amaun IPOEKTa U BO3MOXKHBIE ITyTH MX PELICHUS:

- OIIpe/eNICHNEe B3aMMO3aBHCUMOCTH PEXKUMHBIX ITapaMeTPOB T'€HEPaTOPOB SHEPTeTH-
YEeCKUX KOMIUIEKCOB, aKKyMYJISITOPOB M YIPAaBISEMBIX MOTpeOUTENeil SHepruu B cHCTEMax
pacnpeielleHHOM SHEPTeTHKH;

- pa3paboTKa NPUHIUIIOB U AJITOPUTMOB MHTEJUIEKTYaJIbHOTO YIIPABJICHUS PEKUMAMH
pabOTHI TMOPHIHOTO SHEPTETUYECKOTO KOMITIEKCa;

- pa3zpaboTka METOJMKH 0OOCHOBAHHS CTPYKTYPHI M IIApaMETPOB THOPHUIHBIX SHEPTe-
THYECKHX KOMIUIEKCOB Ha OCHOBE COBMECTHOT'O MCITOJIB30BAHUS TPAIUIIMOHHBIX 1 BO30OOHOB-
JSIEMBIX MCTOYHHKOB DHEPTUH, aKKyMYJIUPYIOIIUX YCTPOHCTB, YHPaBIsEeMbIX MOTpEOUTENeH
U CPE/ICTB MHTEIUICKTYaJbHOTO YHPABIECHHUS MU U CUCTEM DPacIpe/leIeHHON BHEpreTHKU
Ha Pa3IMYHBIX CTAIUSAX UX MMPOCKTUPOBAHHUS.

[Tpennaraercst MO3IEMEHTHOE MOJICIIMPOBAHUE BCEX Y3JI0B KOMIUIEKCA, YTO TTO3BOJIHT
BKJIIOYATh pa3pabOTaHHBIE MOJIENIM B COCTaB MPOrPAMMHBIX CPEJICTB JUCIIETYSPCKOTO yIpaB-
JICHUS, aBTOMAaTH3UPOBAHHOTO YIPABJICHUS M aBTOMAaTH3MPOBAHHOTO NPOSKTHPOBAHMS STHX
YCTaHOBOK M SHEPTeTUYECKUX KOMITJICKCOB C UX YYaCTHEM.
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Puc. 1. IIpumep nosnemeHTHOrO Moaenupoanust BOY

Jlnia obecriedeHus aJanTUBHOCTU M HAaJ€KHOCTH, B CUCTEME HEOOXOAMMO yYUTHIBATH
U3HOC 000pYy/I0BaHMs, TPOTHO3 KIMMATUYECKH YCIIOBHIA, 3araca TOIUIMBA U PacXOJHbIE MaTe-
puanbl. Ha ocHOBe 3THX naHHBIX (opmupyercss Hanbosnee 3¢(GEeKTUBHbBIN TIAHOBBIN pEeXUM
paboThl KOMIUIEKCA, KOTOPbI KOPPEKTUPYETCS B peaJbHOM BPEMEHH Ha OCHOBE M3MEHEHUS
BHEITHUX JaHHBIX.

Bropoii mar nocTpoeHus TaHHON CUCTEMBI, 3TO pa3paboTKa aAANTUBHBIX WM MUHTEN-
JIEKTYaJbHBIX aJrOPUTMOB. 3a/laya 3TUX aJrOPUTMOB B peajbHOM BPEMEHHU OLEHUTh BEIHYH-
HY OTKJIOHEHUS OT IUIAHOBOT'O peXHMMa U BbIIATh PELIEHUE 10 NPEJOTBPAIICHUIO HEUCIIPAB-
HOCTU WJIM JIOKaJU3allMu HeucnpaBHOCTH. Ha ocHoBe KOTOphIX OyAyT (opmupoBaThCs
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YIpaBIIAIONINE BO3ACUCTBUS U PEKOMEHIOBATHCS BO3IACUCTBUS Ui YBEIHUCHHS APPEKTHB-
HOCTH paOOThI KOMILJIEKCA.
@ YHKIMOHUPOBAHUE TAKOM CUCTEMBI IT03BOJIUT:
e  (CHU3UTH DKCIUTyaTallMOHHBIE 3aTPaThl 10 MUHUMYMA;
e (CHu3UTh HEOOXOAMMBIN 3amac TOILIMBA JJISl TapaHTHPOBAHHOIO MCTOYHMKA MUTAHUS U
CIIPOTHO3ZUPYET €0 pacxo/;
e [loBbicUTb OOIIYIO HAIEKHOCTb JIEKTPOCHAOKEHUS IOTPEOUTEISL.
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YIK 531.01

KOMIIBIOTEP B KYPCAX MEXAHUKHU U MEXATPOHUKHU B HUY MDMU:
OT IIOCTPOEHUS YPABHEHUM 1O AHUMAIIUA
Kanycmuna O.M.
Hayuonanvnuiii uccneooeamenvckuti ynusepcumem « MOH»

B noxkmane oTtpak€H OombIT MpUMEHEHHUsI CUCTeM KoMIbroTepHou anredpbl (CKA): nu-
nensuonHoir Mathematica u ceobonHo pacnpocrpansiemoir Maxima, B mpernoiaBaHuu KypcoB
«Teopernueckass MexaHuka», «JluHaMHKa MeXaTpOHHBIX cucTeM» B HanumoHambHOM mccie-
JIOBaTEIIbCKOM YHHMBEpCHTETE «MOCKOBCKHI SHEPTeTUUECKUI MHCTUTYT» Ha Kadeape Teope-
TUYECKOW MEXaHUKU U MeXaTpoHukU. Onucana metonuka ucnoib3oBanus CKA mpu Beimos-
HEHMU CTYAEHTaMM IIEpBOTO W BTOPOTO Kypca pacdy€THO-rpaduueckux paboT mo pasienam
«Crartukay, «Kunemarukay, «/[nHamuka», a Takke IpU MOATOTOBKE CTYyACHTAMH CTapPLIMX
KYpPCOB U aCIMPAHTOB KypPCOBBIX, KBATH(PHUKAIMOHHBIX OaKaJaBpCKUX paboT, MATUCTEPCKUX U
KaHIUJATCKUX aucceprauuid. [IpeacraBnensl npuMepsl NOCTPOCHUS U PEILIEHNS YPABHEHMIA,
IIPOBEJCHUS NTapaMETPUUECKOI0 aHalIKu3a, CO3/aHUs aHMMAlLlUM B 3ajJjayax CTaTUKHU IUIOCKOMN
CHUCTEMBbI CHJI, KHHEMAaTUKH MHOTO3BEHHBIX YIPABISEMBbIX MEXAHU3MOB, AMHAMUKH HEr0JIO-
HOMHBIX CUCTEM.

[Ipaktuka ucnonp3oBanusi komnbstorepa B HUY M3U nmeer naBHioro ucroputo. Ilpo-
¢deccop 1.B.HoBOX1JIOB, U3BECTHBI COBETCKHM U POCCUHCKUN yUEHBIN, 3aJ0KUJI OCHOBBI
npuMmeHenuss 9BM B mpenogaBanuu Teopetndeckord mexaHuku [1]. Hauunas ¢ 70-x romoB
JIBAJLIATOrO BEKa, ThICAYU CTyAeHTOB MOMU mponun U OpoXxoAsaT B HACTOsILEE BPeMsI Mpak-
THUKYM [0 PELICHUIO 33Ja4 MEXaHUKH C TOMOLIbI0 KOMIIBIOTEPA.

[IpencraBuTenu HaydyHO-MeToanueckoil wmkoJibl M.B.HoBoxkuioBa, kK KOTOPBIM OTHO-
CUTCA U aBTOp JOKJIaJa, PYKOBOACTBYIOTCS CIEAYIOIMIMM IPUHIMIIOM: CTYJIEHTa CIEAYyeT
YUUTh IOCTPOEHUIO MOJIETIEN MEXaHMYECKUX CHCTEM M MPOBEICHUIO UX YUCIEHHOTO, aHAJIH-
TUYecKoro, rpadudeckoro aHanusa. KoMmnbroTep ¥ mporpaMMHOe oOecrieueHne paccMaTpH-
BaloTCs Kak 3((eKkTuBHBIC U YAOOHBIE MOJIPYYHBIE CPEACTBA B ATOM 00pA30BATEIBHOM IPO-
ecce.

B nauane oOyueHus CTyJI€HThI BpYUHYIO COCTABIISIOT YPAaBHEHMsI paBHOBECHUS U JIBUXKE-
HUS PAa3IMYHBIX MEXAHWMUYECKUX M DICKTPOMEXaHUYECKUX CHUCTEM U OOpaIaloTCs K KOMIIBIO-
Tepy AJs MOJIY4YeHMs] U aHaJIW3a YMCIEHHOTO pelleHusl OCTPOEHHBIX ypaBHeHu. Ha cineny-
IOLIEM JTAalle OHM Y4aTCs COCTAaBIISITh U CAMU YPaBHEHMS C MOMOILBIO KOMIIBIOTEPA, a TAKKE
CTPOUTH NMPOCTENIINE aHUMAIIMN Ha OCHOBE PEIICHUs ITUX ypaBHEHHUIl. B BbIMyCKHBIX Oaka-
JaBPCKUX pabOTax, MAarUCTEPCKUX U KAaHAMAATCKUX TUCCEPTAIUSAX CTYAEHTHI M aCIUPAHTHI
INPOBOAAT aHAIM3 JMHAMUKU CIIOXKHBIX YIPABISEMBbIX CHUCTEM, HCIOJb3YSl KOMIBIOTEPHOE
MOJIEJIMPOBAHNUE, BKIIIOYAIOLIEE MMOCTPOECHUE I€OMETPHUYECKUX WIIOCTPALMNA M aHMMAIMH.
CKA Mathematica u Maxima siBIsitoTcs TpeBOCXOAHBIMU MHCTPYMEHTAMH KakK Tpero/iaBaTe-
JIs1, TaK ¥ CTYJI€HTa Ha BCEX dTanax o0y4eHusl.

Crynentst HUY MODU u3ydaroT TEOPETUUECKYI0 MEXaHMKY B TEUEHHME OJIHOTO WM
JIByX CEMECTPOB Ha IIEPBOM U BTOPOM KypcaX U BBINOJHSIOT 3a 3TO BPEMs OT TPEX 10 MATU
CaMOCTOSITENIbHBIX pacy€THO-TpapUUYECKUX 3aJaHUN C TOMOIIbIO KOMIIbloTepa. s BbIIOJI-
HEHMsS KaXJOro U3 3aJaHuil pa3paboTaHbl dJIEKTPOHHbIE METOJIUYECKUE YyKa3aHM-
nporpammbl Ha si3bikax Mathematica u Maxima [2-6]. [pakTuka mokasana, 9To CBOOOHO
pacripocTpansiemas Maxima, XoTs ¥ ycTymaeT BO MHOTOM JinlieH3uoHnHoi Mathematica, mo-
KeT ObITh JO0CTaTOYHO 3(PPEKTUBHO HUCHOIB30BaHA B Yy4yeOHOM mporuecce. [Iporpammer
Ha O0OMX SI3BIKaX COJEpKAT TEKCTOBbIE M MCIIOJHSEMbIE SUEHKH, B KOTOPHIX pa3MeIleHb
yCIIOBUS 33/1a4 B BUJE TEKCTa, PUCYHKOB U TAaOJHII, TEHEPATOPHI CIy4YailHbIX 3HaYEHHUH napa-
METPOB JUIsl UHAUBUAYAIBHOIO 33JaHNs, ONMCAaHUE TIOCTAHOBOK 3a/1a4, METOJUYECKHE yKa3a-
HUSl K BBINIOJIHEHUIO 3aJlaHUM, a Takke pa3oOpaHHble mpuMmepbl. CTYAEHT, MOJIYYHUB TaKHe
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IPOTPaMMBI-IITIA0JIOHBI, PEAAKTHPYET UX B COOTBETCTBUU CO CBOMMH WHAMBHUIYaTbHBIMH 3a-
JAHUSAMU.

B uwactHOCTH, IpH M3ydeHnu pazzaena «CraTukay TpeOyercs BbIMOIHUTEH pacyér C-1 u3
[1] mo onpeneneHuIO peaklmii CBSI3ei COCTaBHOM KOHCTPYKIIUM, TOTOJHEHHBIM UCCIIEI0BaH U-
€M 3aBHCHMOCTH peakliuii BHYTPEHHHUX CBsI3€l OT Beca Ted KOHCTpyKuuu [2]. OnHo u3 3a1a-
HUil o pasneny «KuHemaTuka» MOCBSIIEHO MCCIEIOBAHUIO YIPABISIEMOrO JIBUXKEHUS MHO-
rO3BEHHOT0 poOoTa Manumynsaropa [1]. B atom 3aganuu poOOT MOJDKEH MPUOIUZUTHCS K Jie-
tann D, nBwxyieiicss mo M3BECTHOMY 3aKOHY. Y4alMecs CaMOCTOSITEIbHO COCTaBIISIFOT
YpaBHEHHUS JIBH)KEHUS po00Ta, HAXOAAT X YMCIEHHOE PELIEHUE U CTPOAT C IMOMOILBIO IIPEA-
JIOKEHHOM MporpaMMbl-1Ia0JIOHa aHUMALMIO BCErO MEXaHW3Ma WM TOJIBKO JBYX TOYEK,
cxBara pobora M u neramu D. Ha puc. 1, puc. 2 npencraBieHsl Kaapsl aHUMaIul podora
¥ Jetany st Bapuanrta Nel6 3amanus, mosrydeHHble ¢ momomnipio Mathematica u Maxima co-
OTBETCTBEHHO.

AHVMMaLUMA [»]ilk
Hau. koophn. OeTalM X pg —o78
Had. xoopn. Oeranu ¥ pg —12

Puc.1. Kanp anumaiinuu po6oTa-MaHUIyIATOPA, OTYy4EHHBIH
¢ nomomero Mathematica

"Trajektory M —e—
Trajektory D ——
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Puc.2. Kaap anumarum poboTa MaHUITYISTOPA, TOTYYEHHBIN ¢ ToMotbio Maxima
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[Mpu u3ydyenun pasziena «/luHamMuka» CTYJICHTHI BHIMOJHAIOT ¢ ToMomsio Mathematica
u Maxima pacyérsl M0 JUHAMHKE MaTEepUAbHON TOYKH, HAXOAAT TUHAMHYCCKHUE PEaKIIUU
HecOaIaHCUPOBAHHOTO POTOPA, COCTABIIAIOT U pelatoT ypaBHeHus Jlarpanxka |l pona mamn-
HBI C KYJIMCHBIM TpHUBOJOM. [Iporpamma-mabioH Ha si3pike Maxima mis pacuéra peakuuit
poropa pa3paborana ¢ ydactueM ctyaeHToB |l kypca [5].

CryneHTsl cTapmux KypcoB M acnupaHTbl ucnoib3yloT CKA npu m3yueHum kypca
«/luHamMuKa MEXaTpOHHBIX CHUCTEM» U JPYTUX KYpCOB, B MCCIIEOBAHUSX MPHU BHITOJIHEHUH
BBIMYCKHBIX U JMCCEPTALIMOHHBIX padoT. CoTpynHukamu Kadeapbl B METOAMYECKHX ILEIiX
pa3pabotan BeO-caiiT "KoMmbroTEepHBIE TEXHOJIOTHH B MexaHuke" [7], Ha KOTOPOM B OTKPBI-
TOM JIOCTyNE HaxonaaTcs mporpammbel Mathematica mocTpoeHus ypaBHEHUN AUHAMUKH HEro-
JIOHOMHBIX CHCTEM, JIMHEApU3alluu ITUX YpaBHEHUH, IOCTPOEHUS U MCCIEI0BaHUsL XapaKTe-
PUCTUYECKOIO YPAaBHEHHUs CHUCTEMbl JMHEApPU30BAaHHBIX YpaBHEHMM u 1p. B wactHoCTH,
Ha caiiTe IpejcTaBieHa MporpaMma IoCTPOEHUsI AaHMMALUU JBUKEHUN OJHOKOJIIECHOTO pO-
6ota. Pe3ynbTar paboThl 3TON MporpamMmbl B BUJ€ aHUMAalLlMK BO3MYIIEHHBIX ABM)KCHUM JIHC-
Ka SIBJISICTCS HAIJIAIHON WILIIOCTPALUEH ITOHATUS YCTOWYUBOCTH 110 JIAIyHOBY.

Ha xadenpe Benyrcst Hay4dHbIle pabOTHI [8,9], OTHOCSIIHECS K UCCISAOBAHUIO JUHAMUKHI
OJIHOKOJIECHBIX POOOTOB reoMeTpuyecKuMu MeTogamu. l[loaydyaemble Ipu 3TOM C MOMOILBIO
CKA Oudypkannonnsie auarpammsl [lyankape-UeraeBa u Cmeiia, SBASIOIINECS T€OMETPU-
YECKUMU TPEXMEPHBIMU 00pa3aMu CTAI[MOHAPHBIX JBMKCHUH, a TAKKE aHUMAIIHSI JIBYDKCHUH,
OTBEUAIOLIUX TOYKAM STUX MOBEPXHOCTEH, CHOCOOCTBYIOT JIyUIlIeMy MOHUMAHHUIO JUHAMUKH
poOOTOB, Aenas BO3MOKHBIM y4acTHE CTYJIEHTOB KadeaAphl B HayuHbIX padoTax.

Hcnonb30BaHHE COBPEMEHHBIX KOMIBIOTEPHBIX METOAOB B MPENOJABAaHUU U UCCIEN0-
BaHUSX MO3BOJISIET MMOBBICUTh UHTEPEC yUalllUXCsl K MPEAMETY, clesaTh 0ojee colepKaTeb-
HBbIM U HarJIIHBIM aHaJIU3 npejiaraeMbix 3aaad. [lonydenssiit onbiT npuMmeHeHuss CKA mo-
MOTaeT OCBOEHUIO APYTUX MPOPECCUOHANBHBIX KOMIIBIOTEPHBIX CUCTEM.
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YIK 621.314

MHOI'O®YHKIIMOHAJIbHBIN PETYJISITOP KAUECTBA SJIEKTPHUECKOM
JHEPI'MM
Jlenanos M.I'., Kucenes M.I".
Hayuonanvnuiii uccneoosamenvcxuil ynusepcumem « MOH»

B TpexdasHbIx cuctemax 371€KTpOCHAOKEHHsI OCHOBHBIMU IapaMeTpaMH, XapaKTepu-
3YIOLIUMH Ka4E€CTBO 3JIEKTPOIHEPTUH, SBJISIOTCS OTKIIOHEHUE HANPSKEHUSI OT HOMUHAJIbHOTIO
3HAYCHMS, UCKAKEHUE TOKOB U HAIIPSDKEHUM, BEJIMYMHA HECUMMETPUM HaNPsKEHUN W TOKOB.
VYXyameHue KayecTBa 3JIEKTPOIHEPTHHA OOYCIOBICHO OTPAaHMYCHHON MOIIHOCTBIO MCTOYHU-
KOB JIEKTPO’HEPINH, HETMHEUHBIMU NTOTPEOUTENAMH, a TAK)Ke HArpy3Koil MHIAYKTHBHOTO Xa-
paxtepa [1]. CaHmkenue K03QGUIueHTa MOIIHOCTH (COSY) MPUBOAMT K POCTY IOTEPh TPH IIc-
penade 3JIeKTpOIHEPruu. BbICOKOYACTOTHBIE TAPMOHUYECKHE COCTABIIAIOIINAE TOKA U Hampsi-
KEHUSI TaKK€ IMPUBOAAT K YBEIWYEHHUIO IOTEPh M HApYUIEHUIO « paObOThHl PA3IUYHBIX
JNEKTPOTEXHUYECKUX yCTPOUCTB. HecuMMmeTpus HanpshKEHMM XapaKTepU3yeTcs HaJlUudueM
B Tpex(a3zHOU CeTH HANPSHKEHU 0OpaTHOM M HyIJIEBOH IMOCIIEA0BATEIFHOCTEH, YTO MTPUBOAUT
K JIONIOJHUTEJIHBIM MOTEPSAM MOIHOCTH U YXYALICHUIO PEXUMOB U IIapaMETPOB €€ pabOThl.
Hanoxxenue HampspkeHU M TOKOB OOpaTHOW M HYJEBOW IOCIEIOBATEABHOCTEH MPHUBOIUT
K pa3HbIM JONOJHUTEIbHBIM OTKJIOHEHHSM HampshKeHUs B (a3ax M K yBEIMUEHHIO TOKOB
B OT/ENBHBIX (azax. VcKiIrounTenpHOe 3HaUCHHE NMEET MpodiiemMa meperpy3Ki HeUTpaibHO-
ro IpoBOJA, B KOTOPOM CKJIAAbIBAIOTCA TOKH HYJIEBOU ITOCIIENOBATEIBHOCTH M FapMOHHYE-
CKHE COCTABIIAIOIINE C TPOMHOW YaCTOTOM 110 CPABHEHHUIO ¢ OCHOBHOM.

Huszkoe kauecTBO JIEKTPUUECKON SHEPIUU XAPAKTEPHO Ul CUCTEM JIEKTPOCHAOKEHUS
00BEKTOB JKIWJINIIHO-KOMMYHAIBHOTO XO3AHCTBA, O(UCHBIX 3AaHWH, KOTTEIKHBIX IOCEIKOB
U JIPYrUX HOJOOHBIX MOTpeOuTeneil, UMEeIouX 0O0JbIIOe KOJUYECTBO PA3IUYHbIX OJHO(Da3-
HBIX HETMHEWHBIX Harpy3ok. Mcmonb3yemsle B HacTOsIIee BpeMsl CpeAcTBa (GUIbTpaIuu rap-
MOHMK U CUMMETPUPOBAHUSA TOKOB IIPH ITOMOUIN NACCUBHBIX JIEMEHTOB UMEIOT PsAJl OTPaHHU-
YeHWH W CYNIECTBEHHBIX HEJOCTATKOB, YTO HE ITO3BOJISIET OOECIEUUTHh 3JIEKTPOCHAOKEHHE
notpeduTeneit ¢ TpedyeMbIMU MOKa3aTensIMu KadecTBa. JJaHHas mpobiema pemaercs nocpe-
CTBOM CO3/]aHHsI BBICOKO3(DPEKTUBHBIX YCTPONCTB MOBBIIIEHUS] KauecTBa 3JEKTPOIHEPTUU
(KOMIIEHCAallM HEaKTHBHOW MOILHOCTH) Ha 0a3e BHIIPSIMUTEIbHO-UHBEPTOPHBIX Mpeodpazo-
BaTeleld ¢ EMKOCTHBIMU HAKOMMTEISIMU SHEPTUU (CTATUYECKUX KOMIIEHCATOPOB M aKTHBHBIX
¢mibTpoB) [2]. Yinydnienue XapakTepUCTHK MOJOOHBIX YCTPOUCTB JOCTUraeTcs pa3padoTKoil
JITOPUTMOB BBICOKOYACTOTHOTO MMITYJILCHOI'O YIIPaBJIEHUs MpeoOpa3oBaTeNsiMu.

MHoro¢pyHKIMOHAIBHBIN PETYJISTOp KauecTBa 3JEKTPOIHEPTrUM Ha OCHOBE CHIIOBOTO
AIIEKTPOHHOIO yCTPOHCTBAa KOMIIEHCAIIUY HEAKTUBHON MOIIHOCTH BBIMOJIHAET TPU (YHKIIUH:
CHIDKEHHE HCKaXeHUs (hOpMBbI TOKa, MOTPEOISIEMOro U3 CETH; CUMMETPUPOBAaHHE TOKOB B (a-
3aX CETH; KOMIIEHCAllUs PEAaKTHBHOM MOIIHOCTH. YCTpPOMCTBO MOJKIIOYAETCS HEMOCpe.-
CTBEHHO K LIMHAM MUTaHHs NoTpeduTesne, odecrneunBas noTpedieHrne TOIbKO aKTUBHOM CO-
CTaBJISIFOIIEH MOIIHOCTU 3@ CYET MOBBIIIEHUSI KOA(P(UIIMEHTa MOIIHOCTH, YMEHBIIECHUS KO-
sddunmenta rapmoHnueckux uckaxkenuit (THD) u kommeHcanuu oOpaTHOM M HYNIEBOM
IIOCJIEI0BATEIbHOCTEN TOKA.

I[Ipunuun padorsl. PerynsTop BBHINOJIHEH HAa OCHOBE CHJIOBOTO 3JIEKTPOHHOTO Mpeoo-
pa3oBateis, Ha CTOPOHE NMEPEMEHHOT0 TOKa KOTOPOrO BKJIFOUEHBI APOCCENH, COETUHEHHBIE C
anekTpuyeckoit cetrvio (Puc. 1). [IpeobpazoBarens mpenctaBiser codoi TpexdasHyro MocTo-
Byto cxeMy Ha IGBT-tpan3ucropax. Takoi mpeoOpa3oBaTellb CIIOCOOCH T€HEPUPOBATH TOK
npou3BOJILHON (a3bl. Takum 00pa3oM, KOMIUIEKCHBIA BEKTOP BBIXOJIHOTO TOKA MOXKET H3Me-
HATBHCS B YETHIPEX KBAJPAHTAaX OTHOCUTENIHHO BEKTOpA HAIMPSKEHMSI, YTO COOTBETCTBYET BbI-
OPSIMUTENIEHOMY M MHBEPTOPHOMY peKUMaM pabOThl ¢ PETYIMPOBAHUEM PEAKTUBHOM MOII-
HocTU. PopMa TOKa Jipoccesiel onpeensieTcsl BBIXOIHBIM HaNpshKeHHEeM B Kaxa0H ¢aze npe-
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obpaszoBartens. Co3nanue TpeOyeMbIX BBIXOIHBIX TOKOB OCYIIECTBISIETCS METOJIOM IIMPOTHO-
umitysbecHo Monyisinuu (IIIMM) BeixogHOTO HampspkeHus mpeoOpasoBatens. Ha cropone
MOCTOSIHHOTO TOKa IMpeoOpa3oBaTeliss MOAKIIOYEH KOHJIEHCATOp, oOecreyrBaomuii padboTy
npeoOpa3oBaTelisi B Ka4eCTBE MCTOUHUKA HAIPSDKEHUS (MHBEpTOpa HarpsbkeHwus ). J[ist rene-
PUPOBAHUS PEAKTUBHBIX TOKOB, (PUIBTpAIMM TAPMOHUK WJIM YCTpaHEHHs HeOallaHCa TOKOB
CETH Ha CTOPOHE MOCTOSTHHOTO TOKa Mpeo0pa3oBaTelisi OCTATOYHO HUCIOIh30BATh KOHICHCA-

TOp HEOOJIBIION EMKOCTH.

Cethb

380B/501'u
o o 9 o

n

[1peoGpasoBaTesib Hpoceenu

ng

a

_|

A}(A) (A

Harpvaka
Puc. 1. biok-cxema peryaaTropa KaueCTBa 3JICKTPO3HCPIrUun

(BK — 6510k xonzaencaropo; CY — cuctema yrnpaBicHHUS )

Cucrema yrpaBiieHUs IpeoOpa3oBaTesisi, BHIMOJIHEHHAs] HA OCHOBE MHUKPOKOHTPOJUIEPA
(DSP), nonyuaet nHGpOPMAIIHIO C JaTYUKOB HAPSHKEHHH U TOKOB. VI3MEpAIOTCS HANPSOKEHUS
U TOKH Harpy3KH, TOKH JPOCCEICH W HaNpsHKCHHE Ha KOHIEHCATOpHOM Oioke. Mcmonb3ys
9TH BXOJHbBIE CUTHAJIBI, CUCTEMA yIpaBieHUs GOPMUPYET MO 3aJaHHOMY alTOPUTMY UMITYJIb-
Chl YNpaBJCHHS TPAH3UCTOpaMHU MpeoOpa3oBarens. B cucreme ympaBieHHs pPEryisTopa,
CTPYKTYpHasi CXeMa KOTOpO# MmoKa3aHa Ha Puc. 2, MOXKHO BBIICTIMTD JIBa OCHOBHBIX (DYHKIIH-
OHAJILHBIX OJIOKA, BBIYHMCIISIONINX OMOPHBIC CHUTHAIBI TOKOB M HampspkeHuid. [lepBwlii 010K
oTpezieNiieT HEaKTUBHBIE COCTABJISIONINE TOKA HATrPY3KH, KOTOPbIE JOJKHBI OBITH CKOMIICH-
CUpPOBaHbl. BTOpO# 0JIOK BRIMUCISICT CUTHAIBI HANPSHKCHHMA, TPEOYEeMBIX ISl (HOPMHPOBAHUS

COOTBCTCTBYIOIIINUX TOKOB.
Ugabe)  lLiabe ,l lewabe | Ue
OAIY
Beiuncnenue

& OMNOPHBIX

s’ TOKOB
cosm/ -
‘ Icudy

Beruucnenue
OMOPHBIX |-
HanpsaKeHui

Perynsarop
HarpsameHns
KOHJIEHCATOpA

Puc. 2. Ctpykrypa cuctemsl yrnpaBieHHs] MHOTOQYHKIIMOHAIBHOTO PETYsSTOpa
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ANTOPUTMBI YIPaBICHHUsI OCHOBAaHBI HAa HMCIOJIB30BAHUHU MPeoOpa3oBaHus TpexQasHbIX
KOOpJMHAT BO BPAIIAMONIYIOCS CHHXPOHHYIO CHCTeMy KoopauHaT (abc/dg-mpeobpa3oBanue)

(3]
sin 9 sin(S—E) sin(8+ﬁ) a
d, :z. 3 37 b 1)
] 3 cos 9 COS(S—Z—;) cos(8+2?n)

rae a, b, ¢ —curnanel Tpex ¢as; di, (1 — COCTABISIOIINE MPOCTPAHCTBEHHOTO BEKTOpA TO-
Ka/HaNpsODKEHUS B CHHXPOHHBIX KOOpPJHMHATaX; U = ot — (a30BbIil yroa KOOPAMHATHBIX OCCH
duq (da3a CHHXPOHM3MPOBAHHBIX CHIHANOB). biok (a3oBoil aBTOMOACTPOIKH - 4aCTOTHI
(DAITY) rerepupyeT rapMOHUYECKUN CUTHAJI OCHOBHOM YacTOTHI B pa3e ¢ HampspDKEHUEM Qa-
3p1 A. DTOT OJIOK peanu3yercs Kak CHUCTeMa peryjMpoBaHMs Ha OCHOBE OOpPaTHOMN CBs3U
no (aze CHHXpOHU3UPYEMOro curHajia. B pesynbrare d-cocraBisitomias HampsDKCHUS OyneT
MIOCTOSIHHOW TIOJIOKUTEJIbHON BEJIMUMHOM, a (-COCTABJISIOIIAsl CTAHOBUTCS PaBHOM HyI0. Ta-
KUM 00pa3oM, 0-cocTaBIIsIOIIas TOKOB COOTBETCTBYET aKTUBHOMY TOKY, a (-COCTaBIISIOIIAS
paBHA aMILUIUTYJE PEAKTUBHOM COCTABJISIFOLIEH OCHOBHOM rapMOHUKH. B Cilyuae HelnMHEHOM
W/WI HECUMMETPHYHON Harpy3ku d0-KOMIIOHEHTBI TOKOB COJICPXKAT IEepeMEHHYI0 (Koieba-
TEJIBHYI0) COCTABJIAIOLIYI0, OOYCIOBICHHYIO BBICIIMMHU FapMOHHMKaMU W/HMIU OOpaTHOH Io-
CII/IOBATENILHOCThIO TOKA. J[JIsl MOJydeHHs OMOPHBIX CHUTHAJIIOB TOKOB B ((Q-KOOpIMHATAX
(BBIYMCIIEHUSI UX IOCTOSIHHBIX COCTABIISIOIIMX) HMCIOJB3YKTCS (QUIBTPHl HUXKHHUX YacTOT
(®HY) ¢ muanManbsHOHU (ha30Boif 3aepKKON U KodhduIieHToM ocinadienus. s ymnpasie-
HUSl TOKaMM PETyJsITOpa HE0OX0IMMO CO3/1aBaTh Ha BBIXOZE MpeoOpa3oBaTeliss COOTBETCTBY-
forme HanpspkeHust merogom IIIMM. PerynmmupoBanue Toka oOecriednBaeTcsi MOCPEICTBOM
OTpHLIATENIbHOM 00paTHOMN cBsI3U, Perynarop HanpspkeHUs KOHAEHCATOpa o0ecrednBaeT Moj-
JIEp’)KaHUE HAa KOHJEHCATOPax MOCTOSHHOI'O HOMMHAJIBHOTO YPOBHS HamlpsKEHUS, KOTOPbII
JIOJKEH OBbITh CYLIECTBEHHO BBIIIE aMIUIUTY/bI JIMHEHHOIO HANpsKEHUs, KOTOPOE JJOCTUTaeT-
Csl B Cllydae HeyINpaBJsieMoro 3apsja uepes3 AUoAbl Ipeodpa3zoBaTes.

@OuabTpanus rapMOHHMK TOKa. B pexxrMe akTUBHON (UIBTpALlMK PETYIISATOP KayecTBa
AIIEKTPO3HEPTUH T€HEPUPYET TAPMOHUYECKUE COCTABIISIIOIIME, COOTBETCTBYIOLUE FapMOHU-
KaM TOKa C HauOoJjbllel aMIUIUTYA0H, MOTpebasieMoro HellMHEHHON Harpy3koi. AJITOpUTM
BBIYHCIICHUSI CUTHAJIOB 3aJ]aHUsl TOKOB OCHOBaH Ha Mcroyib30Banuu abc/dg-mpeobOpazoBanus
OTJIENBbHO IJI KaXKAOW KOMIIEHCHUPYEMOI rapMOHUKH [4]. YuunTeiBasy, uyto 5-g1 u 11-1 rapmo-
HUKHA COOTBETCTBYIOT OOpaTHOM IMOCIIE€0BATEILHOCTU TpeX(a3HOro CHUrHalla, JJIs BbIUMCIIE-
HUS ONIOPHBIX CUTHAJIOB HUCTIOJb3YyeTCs MpeoOpa3zoBaHue KOOPAUHAT JAJsl 0OpaTHOM mocieno-
BatenbHOCTH (@bc/d;0z), a mocrosiHHBIE cocTaBistomUe B Oy J2-KOOpAMHATAX OMPEACISIOT
aMILTUTYAY TpeOyeMoil TapMOHUKHU TOKa. AHAJIOTHYHO, JJIs BEIYUCIEHUs 3-i1 1 9-11 rapMOHUK
IpUMEHsIeTCS TpeoOpasoBaHne KOOPAUHAT I HYJIE€BOM MOCIe10BaTEIbHOCTH.

Ha puc. 3 mokasasbl pe3yabTaTbl MOAEIUPOBAHUS YCTPOICTBA B PEXXMME KOMIIEHCALIMH
rapMOHMK TOKa JUIsl XapaKTepHOW HEIMHEWHON Harpy3ku — BBIIPSAMUTENS B KaxkAoW ¢aze.
B cnexTpe Toka Harpy3ku NMpHCYTCTBYET 3HauuTenbHas 3-s1 rapmonuka (150 I'ry). ®opmupy-
eMble MOAYJIMPYIOIINE CUTHalbl coaepxkar 3, 5, 7, 9 u 11-to rapmonuku. @opma ToKa, 1Mo-
TPeOIIIEMOTO U3 CETH, CTAaHOBATCS OJIM3KOM K cuHycouanbHOW. ['apmonuku 3 u 9 3ambika-
I0TCSL MEX]ly PErYJISITOPOM U Harpy3Koil, odecrednBas, TaKUM 00pa3oM, pa3rpy3Ky HEHTpau.
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Toxn HarpyskH 1 npecOpa3oBaTes
T T
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Puc. 3. Pe3ynbraTel MOIETUPOBAHUS PETYISATOPA KaUecTBa SJICKTPOIHEPIUU B PEKUME

aKTUBHOHM (HIIBTpALIH

CumMeTpUpOBaHNe TOKOB. B pexxuMe CUMMETpUPOBAHHS TOKOB PErYJISITOP TeHEpH-
pyeT TOKH, KOTOpbIE COOTBETCTBYIOT OOpaTHOM M HYJIEBOW MOCIEAOBATEIBHOCTSIM TOKOB
Harpy3ku [5]. OmopHble CHTHaJbl BBIUUCIAIOTCS C HCHOJb30BaHUEM O, - KOOpAWHAT

u do o - KOOpAUHAT.

KomMrmiproTepHoe MOACTMpPOBaHUE PEKUMa CUMMETPHPOBAHUSI TOKOB TIPOBOJIMIIOCH MPH
pe3UCTUBHOM HecOanaHncupoBaHHOU Harpyske (Puc. 4). AmMmutyna notpebisemoro Toka a-
3bI B B 1Ba paza MeHbIe TOKOB Opyrux ¢a3. B pe3ynbrare KOMIICHCAIIMN HYJICBOW U 00pat-
HOM NOCTIeI0BATENBHOCTEN TOKOB MPOUCXOIUT BhIpaBHHUBaHUE (a3HBIX TOKOB ceTu. Hynepas
MOCJICIOBATEIPHOCT, TOKA MPOTEKACT B HEUTPAIBLHOM IPOBOJE MEXKIY PEryIsTOpPOM

u Hany3K01>i, a TOK B HeﬁTpaﬂBHOM IMPOBOAEC CETH CHUIKACTCA MPAKTUUCCKH OO0 HYJIA.

166

50

i, A Toku peryisropa
T T
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Puc. 4. MOIIeJ'II/IpOBaHI/IC peiKruMa CUMMCTPHUPOBAHUA TOKOB
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PA3PABOTKA ITMHAMMYECKNX MOJIEJEN MUKPOMEXAHUYECKHUX
YCTPOMUCTB C DJIEKTPOCTATUYECKUM HAKATOM I'MBKHX JIEHT
Yemunos B.®., Cmenanos A.C.

Hayuonanvnuiii uccnedosamenvcxuti ynusepcumem « MOH»

OcHoBHasl 3a/ladya MUKPODJICKTPOMEXaHUKU — CO3/IaHWE HE MMEIOUINX aHaJOrOB MHUK-
POMEXaHNYECKUX KOHCTPYKIIMI IIMPOKOI0 Ha3HAYEHMUSL.

CymecTByeT 00J1aCTh MUKpO3JIeKTpoMexaHndeckux cucteM (MOMC), mpencraBiieHHAs
IUICHOYHBIMU €MKOCTHBIMHM YCTPOICTBaMH, B OCHOBE IPHUHIMIA ACUCTBUSI KOTOPBIX JIEKUT
ANEKTPOCTATUYECKUN HAKaT TMOKUX MPOBOASILIUX JICHT Ha IUAJIEKTpUYECKyto mieHKy. Oteue-
ctBeHHbIMU yueHbIMU U3 CO PAH Obutn ucciieoBaHbl 3a1a4d O TPUTSKEHUU YIPYTOM JIeH-
ThI K JUAJIEKTPUYECKOHN TUIeHKe [1], IMOHCKUMU Y4EHBIMU PACCMOTPEH HakaT JICHTHI B BJIEK-
TpocTaTudeckoM Mukpokianane [2]. B mauane 2000-x 6bu1 pa3zpaboran 3¢ dekt npeodpaso-
BaHUsl HDHEPrHUH, OCHOBAHHBIM Ha AJIEKTPOCTATUYECKOM HAKaTe YINPYroil MeTalInyecKou
JICHTBl HA MOBEPXHOCTh CErHEeTORIeKTpuueckol mieHku [3]. McenenoBaTenn paccMoTpenu
NPUMEHEHHE HaKaTa B PsJieé YyCTPOUCTB, TAKUX KaK MUKPOJBHUIaTeNIb MOCTYNATENLHOTO THIIA
[3] 1 MUKPOUHKEKTOPbI MUKPOCTPYH KUAKOCTH [4].

Llenbto uccienoBaHusl SBJISETCS pElIeHHEe HAYYHON MpoOieMbl B 00J1aCTH CO3/1aHUs HO-
BbIX Mojieneil coBpeMeHHbIX MOMC ¢ 351eKTpoCcTaTHYeCKM HaKaToM, a TakyKe MpezCcTaBiie-
HUSl METOJIOB UX aHAJU3a.

Jlis nocTrKeHUs TOCTaBIEHHOM LIEJIU PELIatoTCs CIIEAYIOIUE OCHOBHBIE 33/JaUU:

- pa3paboTKa KOHCTPYKTHBHBIX CXEM U JAMHAMHUYECKUX MOJEJCH MUKpOABHUraTesen
Y MUKPOCEHCOPHBIX YCTPONCTB C CUCTEMOM IJIEHOUHBIX EMKOCTHBIX MUKPOAKTIOaTOPOB;

- aHAJIM3 PA3JIMYHBIX PEKUMOB JBUKCHHS YCTPOICTB;

- OTIpe/ieNieHne 00JIacTe NOMYCTUMBIX MTApaMETPOB CHUCTEMBI JJIsi TPEOYEMBIX PEKHMOB
paboThl yCTPOICTB;

- pa3zpaboTKa IPOrpaMMHOr0 00eCTIEUEHH I aHAIMTUYECKOTO U YUCIIEHHOTO aHalln3a
Pa3IMYHBIX PEKUMOB JIBHXKEHUS YCTPOUCTB.

Pa3pabaTbiBaeMble yCTpOIICTBA MOTYT HCIIOJIB30BAaThCsl MPH IMOCTPOEHUHM CUCTEM
yIIpaBJIEHUS U AUArHOCTUKH, UCITOJIB3YIOIIMXCS JJIsl pelleHus 3a/1a4 0e30MacHOCTH U obcIe-
JIOBaHMsI OOBEKTOB TEIJIOBON M @TOMHOM SHEPreTUKHU, CO3/IaHUU OJOKOB M3MEPEHUS YCKOpe-
HU, JaTYMKOB JaBJICHHs], B CHCTeMaxX HaBUTallMl MOOWIIbHBIX pOOOTOB U aBUOHUKH.

MeTtonbl HcCIeAOBaHUS MEXaHMKO-MATEMaTHYECKHX MOJeNel MOJ0OHBIX YCTpPOMCTB
OTIpeNIeNAI0TCs CHeNn(PUKON H3ydaeMbIX 0OBEKTOB U BKJIIOYAIOT B CEO0s:

- TEOPHIO0 EMKOCTHBIX 3JIEKTPOMEXaHUYECKUX CTPYKTYP;

- ACUMITOTHYECKUE METObI HEJIMHENHON MEXaHUKH;

- METOJIbl MATEMaTUYECKOTO MO/IETUPOBAHNUS U aHATMTUYECKUX BbIUMCICHUH.

Jlnis onvcanust TMHAMUKH paccMaTpuBaeMbix MOMC Heo0X0AMMO cleyIoIne KiIacChl
CHUCTEM YpaBHEHMI:

- muddepeHMaTbHbBIE YPaBHEHUS s TOTEHIMAIOB 3JIEKTPOCTATUYECKUX TOJeH
¢ KOMOMHaLMEN MOJIBUKHBIX M HETIOABM)KHBIX IPAHULl EMKOCTHBIX CTPYKTYD; IO pe3yIbTaTam
pEILIEHNUs, KOTOPBIX ONPEENSIETCS MEKTPOCTATUUECKOE JAaBICHUE HA NIOIBUKHBIX TpaHUIAX;

- HenuHelHble nuddepeHIanbHble ypaBHEHHUS JUIs KpaeBOW 3ajaud IMpOJI0JIbHO-
MOTNIEPEYHOro M3rnda ruOKUX JIEHT (CTepXKHEW) MepeMeHHON JUTMHBI MPH ACUCTBUH IJIEKTPO-
CTaTMYECKOTO JaBJICHUs (HEIMHEHMHOCTh CBf3aHa C OONbLIMMH JAepopMalUsIMH JIEHT U UX
IIEKTPOCTATUYECKUM HArpyKEHUEM); MO0 Pe3yJbTaTaM pELICHHs] KPaeBOM 3aladyM OIpeneis-
IOTCSI peaKI|u JICHT Ha Maccy padodero anmementa MOMC (cnaiinepa);
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- muddepeHanbHbIe YPaBHEHUS IBI)KEHUS Mace ciaijiepa ¢ HeMTMHEHHOM npaBoi da-
CTBIO; TIO pe3yJbTaTaM MHTETPUPOBAHUS AHAIU3UPYIOTCS PEKUMBI JBUKEHUS Cllaiiiepa Ipu
HAJIMYUU HANPSHKEHUS Ha 00KIIaIKaX eMKOCTHBIX CTPYKTYD.

KomruiekcHoe perieHue Bceld COBOKYMHOCTH A depeHIInaIbHbIX YpPaBHEHUN JJICK-
TPOMEXAHMUECKOW CHCTEMBI CO CTOJIb CIOKHBIMH I'DaHHYHBIMU YCIOBHSAMHU TpeOyeT paspa-
OOTKH COOTBETCTBYIOIIUX YUCICHHBIX MPOLIETYP.

B nmannoit pabore kaxmas u3 chopMyTUpOBaHHBIX BBIIIE 33[a4 PEIIAIOTCS CaMOCTOS-
TEJIbHO MPU UCIIOIb30BAHUH PA3JIMYHOTO POJA YIPOILAOIIMNX JOMYIIEHUH.

PeBepcuBHBIN AJIEKTPOCTATUYECKUI MUKPOABUTATEIb BpalieHus (puc. 1) coaepx uTt po-
Top 1 ¢ ynpyrumu nentamu 2a, 26, cratop 3, ¢ mocieA0BaTeIbHO HAHECEHHBIMU MPOBOISI-
UM CJI0€M 4, CETHETOAIEKTPHUECKON TUIEHKOH 5, cuctemy ynpasienus: u nuranus (CYwull)
6, TaT4YMK YIJIOBOM CKOPOCTH 7, U MPUBOAMUTCSA B JIBUKEHHWE CUCTEMON MHUKPOAKTIOATOPOB.
Jlentsl 2a, 20 ¥ MPOBOISAIINI cJ0i 4 00pa3yIOT KOHACHCATOPHI IEPEMEHHON EMKOCTH.

Puc. 1. KOHCprKTI/IBHaH CXEMa MUKPOABUTATECIIA

B makere kommnbroTepHO# anredopsl Maple cMomemnpoBata JHHAMHAKA MUKPOAKTIOATOPa
B [IIarOBOM pexkuMe [6], B Ipoliecce pa3roHa U B KBa3WyCTAaHOBUBIIIEMCS peskume [7, 8].

Ha ocHoBe npuHsATON TUHAMUYECKOW MOJEIN MHUKPOJBUTATENS BPAIICHUS C YYETOM
KauecTBa CONPSDKEHUS KOHTAKTHUPYIONIUX MOBEPXHOCTEH (JIEHTa — IUICHKA) MOCTPOSHBI €ro
KBa3HCTAI[OHAPHBIC XapakTepucThku. Ha 6aze NBYXCTENEHHON ympyro-mMaccoBOW MOJENN
MHKPOAKTHOATOpPAa BBIITOJIHCH CpaBHI/ITeJ'II)HI)II\/JI AHAJIN3 MPOCKAJIb3bIBAHUA JICHTBI HAa Hadallb-
HOM 3Tare BO3JACUCTBYIONIET0 UMITYJIbCa HANIPSDKEHUS MIPH y4eTe CUIT are3uu.

MukpoMexaHuuecKoe CEHCOpHOe YCTpOHCTBO [9] (puc. 2) BKIOUYAeT B ce0si 4yBCTBH-
TENbHBIA dJ€MEHT | MasSTHUKOBOTO THIA C YIPYTUMHU JieHTamu 2a, 20, ocHoBaHue 3. UyB-
CTBHUTEJBHBIN dJIeMEHT |, nmeromuii nepdopaioHHbIe 0TBEPCTUS 6, TOCPEICTBOM TOPCHO-
HOB 7 IPUKPEIIJICH K paMKe 8.

Puc. 2. KoHCTpyKTHBHas cXeMa MUKPOCEHCOPHOT'O YCTPONCTBA
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@YHKIIMOHUPOBAHUE YCTPOIICTBA BO3MOYKHO B Kau€CTBE M3MEPUTEINS CHIIOBOTO, KUHE-
MaTUYECKOI0 BO3MYILIEHUH B IPSIMOM U B KOMIIEHCAITAOHHOM pPEXUMax.

Omnpenenensl 00JIACTH JOMYCTUMBIX 3HAYEHUH OCHOBHBIX TapaMEeTPOB MUKPOCEHCOPHO-
0 YCTPOMCTBA UCXOJ U3 BEJIMYUH JIONYCTUMBIX MEXAHMYECKUX HAIPSKECHUN U MAKCUMAJb-
HBIX YIJIOB IIOBOPOTA CEUEHUH JIEHT, a TAK)K€ OT BEJIMYMHBI JIMHEWHOMN 30HBI AJI YyBCTBHU-
TEJIBHOCTH YCTPOUCTBA.

[TocTpoena nuHeHas MOJENb CEHCOPHOTO YCTPOWCTBA. Y CTaHOBJICHBI BIUSHHS 0a30-
BOT'O HaNpsDKEHUs U 0a30BOrO YyIiia HAaKJIOHA JIGHT HA BEJIMYHUHY YyBCTBUTEIBHOCTH CUCTEMBI.
YcTaHOBIIEHO, YTO YBeNMYeHHE 0a30BBIX HANPSHKEHUS U YIJla HAKJIOHA JICHT MPUBOJMT K IO-
BBIIICHUIO YyBCTBUTEIBHOCTH.

Ha cnenyromux sranax npoekra OyayT pa3padoTaHbl KOHCTPYKTHBHBIE CXEMBI U JHHA-
MUYECKHE MOJEIN MUKPOJABUTATENIed, MUKPOCEHCOPHBIX YCTPOMCTB C CUCTEMOM €MKOCTHBIX
TUIGHOYHBIX MHUKPOAKTIOATOPOB CO BCTPOCHHBIMU MHE30JIEKTPHUECKUMH MPEeoOpa3oBaTes-
Mmu. [Ipeanonaraercs, 4To yka3aHHbIE MOJEIN MUKPOYCTPOMCTB MO3BOJIAT pealu30BaTh pas3-
JIMYHBIE BapUAHTHI ABMKEHUs pabodero ajeMeHTa (ciaiiepa): MocTynaTelbHOe Wi Bpalla-
TEJIbHOE; MPU ATOM HaKaT TMOKUX CIIOMCTHIX JIGHT MUKPOAKTIOATOPOB OYAET OCYIIECTBIATHCS
Ha IUIOCKHUE JIN0O0 HMINHIPUYECKHE TOBEPXHOCTH MOJIIOMKEK.

B pamkax ykazaHHbIX Mojienieil OyyT BBINOJHEHBI CIEAYIOUNE pa3paboTKU:

- ONPEJEIIEHbl CTATUYECKUE XapAKTEPUCTUKU IIbE30Ipe0Opa3oBaTeIieit;

- pazpaboTaHa METOAMKA pacueTa 3JIEKTPOCTATUYECKOTO MAaBJEHUS, EHCTBYIOIIETO
Ha FMOKHUE JIEHTHI NP UX HAKaTe B HEOJHOPOJIHOM 3JIEKTPOCTATUUYECKOM I0JI€ IPHU HaKaTe
Ha HUIMHAPUYECKHE IIOBEPXHOCTH MOJI0KKH;

- YCTAHOBJICHO BJIMSIHUE YIPYTrO-MacCOBBIX MapaMETPOB MUKPOAKTIOATOPOB Ha JUHA-
MUKY MUKPOJBUTaTENEN U UyBCTBUTEIbHOCTh MUKPOCEHCOPHBIX YCTPOUCTB;

- OTIpE/ICJICHBl BIUSHUS BHEUIHMX BHOPALMOHHBIX BO3/JCHCTBHI Ha XapaKTEPHCTUKU
MOMC.

HccnenoBanust MO MPOEKTY BBIMONHAIOTCS MpH moaepxke Poccuiickoro donna ¢yn-
JaMeHTaabHbIX uccienoBanuii (mpoekr 12-08-01072-a), coera mo rpantam Ilpe3umenra
Poccwuiickoit @enepanyu (modenutenb KoHKypca 2013 roma Ha paBo MOTYYCHUS CTHIICH AN
[Mpe3unenta PO monoapiM yuenbiM 1 aciimpantam Ne CI1-4911.2013.3).
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