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TMBHOCTb.

[TpuMeHeHMe TOAYPa3AEACHHON KaMephl Ha AU3EAIX
Pa3AMYHBIX TUIIOB II0Ka3aA0 BO3MOKHOCTb YBEAMYEHUS
5KOHOMHUYHOCTHU ABUTATeAS IPU paboTe Ha AU3EABHOM
TonAuBe. C ADYro¥ CTOPOHBI, KaK IIOKA3aAW MCCAEAO-
BaHUs, IPOBEACHHBIE HAa HECKOABKUX YeThIPeXTaKTHBIX
Auzensix ¢ kamepow cropanusi LITHUAW (puc. 1), auseaun
MOI'YT OBITH IPUCIOCOOAEHEI K paboTe Ha Pa3sAUYHBIX
TOIIAMBAX IIPaKTUYeCKU 6e3 U3MeHeHUs MOIIHOCTHBIX

U 3KOHOMUUYECKUX IT0Ka3aTeAel. TakuM o6pa3oM, MOJK-
HO CoueTaTh YAyYIllleHHe KOHCTPYKIIUU A3eAel C pellle-
HUEeM 3aAa41 UX MHorotonAuBHocTtu [1 —10].

W3 yucha KaMep cropaHusd, IpUMeHseMbIX 3a pyoe-
SKOM U 00eCIIeurnBaoONX 00beMHO-TINEHOUHOE UAY IIPH-
OAMDKaroleecs K INeHOYHOMY cMeceoOpa3oBaHue, Hau-
OoAee HMIMPOKO M3BECTHA KaMepa CropaHUsa (pUpMBI
MAN (®PT'), Tak Ha3bIBaeMast Kamepa ¢ Impoieccom M.



Puc. 1. Cxema KaMepsl CropaHusi ¢ KOABI[€BBIM BHXpeM
(LITHUAWN): cxeMa ABHIKEHHS BO3AYLIHOIO 3apsipa
n (akeroB TomAHMBaA

[MpuHIMTIKNAABHOE OTAMYHME KaMepbl M OT KaMephl
UOHWAW coctouT B TOM, 4TO B KamMepe M co3paercs
BpaljaTeAbHOEe OTHOCUTEABHO OCH ITUAMHADPA ABVJKEHUE
BO3AyXa.

Aunzean ¢ M-mponeccoM MUMeIOT BBICOKYIO TOIIAMB-
HYIO 9KOHOMHYHOCTE B IIIMPOKOM AMAlla30He CKOPOCT-
HBIX ¥ HaTPY30YHBIX PESKUMOB, IIPOIECC CTOPaHUsI IIPO-
UCXOAUT B HUX ITOYTH GECIUIyMHO (IIPaKTHYeCKU He IIPOo-
CAYIIMBAETCs Ha (pOHE APYTUX IIIYMOB ABUTATEAST), AAS
HUX MO>KHO MICIIOAB30BaTh Pa3AWYHBIE TOIIAMBA C MHTEP-
BanoM kuneHust 45— 400°C.

B kamepe LIHMAM (puc. 1)oprann3oBaHHOE ABUIKe-
HIe BO3AYIIHOTO 3apsaa 00yCcAOBAUBaeTca (pOpMOM Ka-
MepHl ¥ IlepeTeKaHueM Ta30B MPU ABUJKEHUHU TTOPIITHS
I1pu 5TOM BpalllaTeABHOE ABUJKEHUE Ta30B BOKPYT OCH
ITUAUHAPOB HeE SIBASIETCSI HEOOXOAUMBIM U B OOABIINHCT-
Be CAyYaeB IPaKTUYeCKU OTCYTCTBYET.

B xamepe cropanus ¢upmel MAN ¢dopcyHKY ycTa-
HaBAMBAIOT HAKAOHHO CO CMeIlleHUeM OTHOCUTEABHO OCH
nuanHApa. B kamepe ITHUAM Hapsiay ¢ TaKUM IOAOKe-
HHEeM (OPCYHKA MOJKET YCTaHABAMBATLCS TaK)Ke BEPTU-
KaAbHO U B LeHTpe. Bce aT0 penraer kamepy LIHWMAU
0OoAee YHUBepCaAbHOU. He nMes: IpeuMyIecTB B OTHO-
LIeHUW 3KOHOMMYHOCTH, Kamepa M o6ychraBAMBaeT
MEHBIITYI0O CKOPOCTh HapacTaHUsI AQBAEHUSI IIPU Cropa-
Huu [1—10].

B oTuX OTHOIIEHUSIX elé Aydllle 3apeKOMEeHAOBaAN
cebs1 pa3pereHHBIe KaMephl (pUc. 2, 3, 4) cocrosiiue u3
ABYX IIOAOCTEY HAAIIOPIIHEBOM U OTAEAEHHOM, COeAnHe-

HHOM C HAAIIOPIIHEBOM OAHUM MAU HECKOABKUMU KaHa-
AaMu HeGOABIIIOrO cedeHus. BcaeacTBre 3TOrO HaroaHe-
HHE OTAGACHHOU YaCTU KaMephl B IIPOIecce CKATHsI OCY-
LIECTBASIETCSI IPY 3HAUUTEALHOM Ilepelajpe AABACHUH,
YTO CO3AAeT B HEM WHTEHCUBHEIE TYPOYAECHTHOCTH U
repeMelIuBaHue PACILIANBAEMOrO TOIIAUBA C 3apPSIAOM
BO3AyXa, MaAO 3aBUCSIIEe OT KOAUYECTBa ¥ MacCOBOU
CKOPOCTH BIPBICKMBAEMOI'O TOIIAUBA.

BTopast xapakTepHasi 0cCOGEHHOCTD Pa3AeAeHHBIX Ka-
Mep 3aKAI0YaeTCsI B TOM, YTO, XOTsI YaCTh UX [IOBEPXHO-
CTH OXAQKAQETCSI MeHee MHTEeHCHUBHO, YeM CTeHKU He-
pa3peAeHHBIX KaMep, OHU UMEIOT IOBLIIIEHHYIO TeMIIe-
patypy [7, 9, 10].

BuxpeBble KaMephl IIapOBOH, IIUAMHAPUYECKON AU
00YK000pa3HOM (POPMBI PACIIOAAralOT B TOAOBKE OAOKaA
OMAMHAPOB UAW B BepXHEH 4acTu GAOKA IUAWHAPOB U
COEAMHSIIOT C HAATIOPIIHEBLIM IIPOCTPAHCTBOM KaMePhl
CropaHust OAHUM-TPEeMsI KaHaAaMU [TUANHAPUIECKOY AT
OBaAbHOM (DOPMEI (PUC. 2a), BEIIOAHSIEMBIMU B ropsiuel
BCTaBKe KacaTeALHO K OKPY’KHOCTH KaMephl. DTO CO3Aa-
eT B KaMepe OpraHW30BaHHLIN BUXPb. TOIAMBO ITOAQeT-
Cs, KakK IpaBUAO, IITU(PTOBOMU UAU KAAITAHHON (DOPCYH-
KO¥ B HAllPaBAEHUU K IIOBEPXHOCTHU TOpsTYeli BCTaBKU.
Mengromuicg NOABINM (pakKeA PaCIBIACHHOTO TOIIAMBA
XOPOIIO PacIpeAeAsieT TOIAUBO B 06 beMe KaMepkl, 4TO
TI03BOASIET UCIIOAB30BATh MaAble 3HaueHud (a=1,15+1,4).

B anseasix Marbix pasmeprocTeit (D <80 mMm) He yaa-
eTCsI AOCTaTOYHO YAOBAETBOPUTEABLHO OPTaHMU30BaTh CO-
BeplIeHHOe cMeceobpa3oBaHye IIPY HeIIOCPEACTBEHHOM
BIIPBICKE TOIIAMBA, TaK KaK AASI 9TOT'O MHOTOCOIIAOBEIE
PACIBIAUTEAN AOAJKHBEL UMETh AaMeTPhI OTBEPCTHUH Me-
Hee 0,15—0,2 MM (4TOOBI CO3AATH BHICOKVE AABAEHUS
PaCIBLIAMBAHUS), HO TaKUe PACIBIAUTEAN OBICTPO 3aKOK-
coBeIBatoTcs [10].

BmecTe ¢ TeM pa3pereHHBIE KaMepHl UMEIOT U CY-
L[eCTBEHHLIE HEAOCTATKU. BCAeACTBHE BEICOKMX CKOPOC-
Tel ABUYKEHUS 3apsipad (YTO MPeAOIIpeAEAIeT ITOBBIIIEeH-
HBIY KOB((UIIMEHT TENAOOTAQUU) U OOoAee Pa3BUTOU
TIOBEPXHOCTY, OMBIBAEMOY rOPsTYNMYU r'a3aMy, TEIIAOBLIE
IOTEepU y 3THUX KaMep 3HAUUTEAbHO Goaee BEHICOKHUE,
yeM IIpU HepasAeAeHHBIX KaMepax. [ToaToMy y auzeneit
C pa3peAeHHBIMU KaMepaMU CTOPaHUsI YAeAbHEIE PacX0-
ABI TOIIAMBA Ha Pe’KMMaX OCHOBHEIX PA00YMX Harpy30K
Ha 10 —20 1/ (A. c.'9) GOAee BLICOKHE, YeM IIPU Hepaspe-

Puc. 2. PazperéHHbIE KaMepbl CrOPaHUsS OBICTPOXOAHBIX AM3eAeil (KOHCTPYKTUBHOE HCIIOAHEHME):
a, 6 — BuxpeBbie KC; B, r — mpepKamMepHoe cMeceoOpa3oBaHue
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AEHHBIX KaMepax, 3aMeTHO YXYAIIAIOTCsI ITyCKOBLIE Ka-
JecTBa Au3eAel, Hen30esKHa ITOBLIIIeHHAsI OTAQYa TellAa
B OXA@KAQIOIILYIO cpeAy. [Ipu cropaHum ToAMBa AaBAe-
HHUE B KaMepe BO3pacTaeT, HECKOABKO IIPEBHIIIas AABAE-
HUe B IJUAMHApPeE (pHUC. 23, 6), BCAEACTBHE YeTr0 IIPOAYKTHL
CropaHUsi BMeCTe C BO3AYXOM M HECTOpeBIIeH 4acThIo
TOIIAMBA II€PEeTeKaroT B IUAUHAD, FAe IPOUCXOAUT UX
MAABHENIIIee ITepeMellINBaHye C BO3AYXOM, 3aKAIOYEHHBIM
B HAAIIOPIITHEBOM IIPOCTPAHCTBE, ¥ MHTEHCUBHOE ABIKE-
HUe Hecropesuiero Tomnausa [10].

AAST CORpalleHUs TepUoAa 3aAePKKU BOCIIAAMeHe-
HUS BIPBICKUBaeMoe (DOPCYHKOM TOIIAMBO OOBIYHO Ha-
MIPaBASIETCSI Ha IIOBEPXHOCTH HEOXAAKAAEMOM B Kamepe
BCTaBKU.

B oTeuecTBEHHOM aBTOTPaKTOPHOM AM3EAECTPOEHUU
TIOAYYIHAY PACIPOCTPaHEHNEe BUXPEBbIe KaMephl Cropa-
HUA c(heprudIecKor (POPMEI C HEOXAAKAAEMOM AU TEIIAO-
U30AUPOBAHHON BCTABKOW M OAHUM COEAUMHUTEABHBIM
KaHaAOM (pHuc. 2a, 06). Hauayumue pe3yAbTaTEHL IO TOII-
AVBHOM S5KOHOMUYHOCTHU AU3EAeH C BUXPEBBIMH KaMepa-
MU CTOPaHUs], IIPY UCIIOAB30BaHUY IITU(PTOBEIX PACIIEI-
AUTeAeH C YTAOM KOHYycCa pacublauBanus 4 — 15° poctu-
TalOTCs IPY MHTEHCUBHOCTH BUXPEBOT'O ABUKEHHUS BO3-
pyxa Q=25—40 [10].

IMpeakamepsl (puc. 2B, r). OTAeAeHHasi OT OCHOBHOM
KaMephl COEAMHUTEABHBIM KaHaAOM IIpeAKaMepa Ipep-
CTaBASIET IIOAOCTb, 00'beM KOTOpOoM cocTaBasieT 20 — 35%
o6'beMa IIPOCTPaHCTBa cKaTusl. [ToAOCTh pa3melreHa B
TOAOBKe OAOKA U COeAMHEHA OAHUM UAU HEeCKOABKUMU
KaHaAaM¥ OTHOCHUTEABHO HEOOABIIIOTO CeYeHUs C HaA-
TIOPIIHEBLIM IIPOCTPAHCTBOM.

ITpu xopa€e CRaTHUsI BO3AYX IlepeTeKaeT U3 IUANHAPA
B IIpeAKaMepy, IIPU 3TOM B IIOCAeAHEN 00pa3yroTcs BUX-
peBble ABYKeHUsI. TOIAMBO BIPHICKUBAETCS Yepe3 OAHO-
COIIAOBOM PACIBIAUTEAD C HEOOABIINM KOHYCOM PACIIBI-
AVBaHUs BO M30e’KaHNe ero OCepaHust Ha GOKOBBLIX CTEH-
Kax IpepkaMepnl (puc. 2B, T). B mocaepHelt TONAMBO
BOCIIA@MEHSIETCsI, HO M3-3a HEAOCTaTKa KUCAOPOAA CTro-
paeT 4aCTUYHO, BHI3LIBAsI IIOBLIIIIEHUE AQBACHUSI B IIPEA-
KaMepe 10 CPaBHEHUIO C AQBACHHEM B-IMAMHApe Ha 10—
15 xkrc/cm? (1—1,5 MITa).

IToa pAe¥icTBHEM CO3AABIIETOCS ITeperasa AQBACHUS
ropsiye ras3sl C OCTaABHOM 4aCThIO TOIIAWBA BEIOPACHI-
BAIOTCSI Yepe3 COeAMHUTEALHBIN KaHaA B HAAIIOPIITHEBOE
IIPOCTPAHCTBO.

K nmpenmytiecTBaM nIpepKaMepHOro cMeceobpa3oBa-
HUSI OTHOCSITCSI MaAble CKOPOCTH HapacTaHUs AABACHUSI
¥ HEBLICOKME MaKCHMaAbHbLIE AABACHUS I[TUKAA B OCHOB-
HOU KaMepe, COCTaBASIIOlIIMe Ha IIOAHOM Harpyske Oe3
HapayBa 2 —4 xrc/(cm? rpap) (0,2—0,39 MIla/rpaa) K
65— 70 krc/cm? (0,4 —6,9 MTITa), a Tak’Ke BO3MOKHOCTb
0e3abIMHOM paboTsl A0 o= 1,3+1,25 [10].

HepocTaTkoM mpepkaMepHOTO cMeceoOpa3oBaHUs
SIBASETCS TPYAHBIHN ITyCK AU3eAel Oe3 CIleIMaAbHBIX Mep
(A@SKe IIpU YBEAMYEHHOMU CTelleHu cyKaTtud € = 17+21) us-
3a GOABIIIOTO OTHOIIEHUSI BHYTPEHHEN IIOBEPXHOCTU
KaMepsl CropaHus K ee 00BeMY.

[ToBEBIIIEHHEIE TETIAOBLIE ¥ THAPABAMYECKHE [TOTEPY,
CBsI3aHHLIE C IIepeTeKaHWeM TOIAMBA U3 IIMANHApPA B
peAKaMepy ¥ 00paTHoO, a TaKKe IoTepy Ha BUXpeobpa-
30BaHUe U paCILIANBaHVE TOIIAMBA MHTEHCUBHELIMU I10-
TOKaMM I'a30B, IPUBOAST K YBEAWIEHHUIO YAEABHOTO pac-
xopa TonamBa Ao 200 — 220 r/(a. c.u) [270 — 273 1/ (kBr9))
M AU3eAed CpeAHUX M OOABIINX pa3MepHoOcTel [6 —8].

CeMeNCcTBO MHOTOTOIIAUBHEIX IIPEAKaMEPHEIX AM3e-
Aett pupmbl Katepniuarep (KC opHOM uX MOAeAel IIpU-
BeAeHa Ha PUC. 3 BKAIOYAET HECKOABKO MOAEAEH C pas-
AWYHBIM YXCAOM ¥ PACIIOAOKEHUEM ITUAMHAPOB: YETHI-
PEeXIUAMHAPOBBIM C PSAHBIM PACIOAOKEHUEM MOIITHO-
cThbio 320 A. €. MIECTUIMAMHAPOBLIN PSIAHBIN MOIITHOCTHIO
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Puc. 3. Kamepa cropaHusi MHOTOTOINIAMBHOIO IIpeAKaMepHOro
Auseas ¢pupmsl Karepnuarep LVMS 1050
(KOHCTPYKTHBHOE HCIIOAHEHUE)

480 A. c., BOCBMUITUAMHAPOBLIM V-00pa3HbIN MOITHOCTHIO
640 A. c. Hamboaee MOLTHBIN AM3eAb MoaeArn LVMS 1050
uMeeT 12 MUAMHAPOB ¢ V-06pa3HbIM PaCIIOAOKEHUEM.
OH pa3BuBaeT MOITHOCTL 960 A. . Ipu YucAe 060POTOB
2800 B MuHYyTY; AaMeTp OUAUHAPOB D=114,3 MmM; x04,
nopurHsa S= 139,7 Mmym; pabounii 00séM V, = 17,22 A; cTe-
neHb ckaTus €= 19,5. ABUraTeAb mMeeT OUYeHb BHICOKOEe
cpeatee 5 (HeKTUBHOE AABACHUE P, AOCTUIAoIlee Ha
HOMHHAALHOM peskuMe 18 xr/cm?

AM3eAb C IpepAKkaMepoy MaAoTo Iepelapa AaBAEHUS
(MBM). MHOIroTONAUBHBIN NpeAKaMepPHBIM AU3EAb
MBM (®OPT) co3paH Ha 0Oase MpepKaMepHOTO AM3EAs
OGBIYHOTO THUIIA C BO3AYIIHLIM OXAQKACHUEM, UTO CaMO
1o cebe yrKe ClIoCOO6CTBYET AOCTHKEHUIO MHOTOTOIIAVB-
HocTu. KC TakoTO AM3eAs MpUBEeAeHa Ha puc. 4.

Boaay1irHo-BcrioMoraTeAbHBIe KaMephsl. BosayiiHo-
BCIIOMOTaTeAbHBIEe KaMephl COCTOST U3 BO3AYIIHON Ka-
Mephl, PaCIIOAOKEHHOU B I'OAOBKe OAOKQ, M I'A@BHOU
KaMephbl B HAATIOPIITHEBOM TTIOAOCTH. B OTAMYME OT BUXpe-
BBHIX KaMep U MpeAKaMep TOTIAMBO MOAAETCs He B AOTIOA-
HUTEABHYIO, & B HAAIIOPIIHEBYIO IIOAOCTH, KOTOPasi MO-
JXeT UMeTh Pa3AuyHyro KoHdpurypanu:o [10].

Mo aanabiM ucnbitanuyt LTHUATA, (LlenTpasbHast
Hay4YHO-UCCAeAOBaTeAbCKasd Aa00PaTOPUsl TOKCUYHOCTHU
ABUTaTeAeM) KOMIIOHEHTHI OTPaOO0TaBIINX ra30B AU3EAet
C pa3AeAeHHBIMU KaMepaMy CTOpaHus MeHee TOKCUYHBI
10 CPaBHEHUIO C KOMIIOHEHTaMU OTPabOTaBIIINX ra30B
AM3EeAel C HEeITOCPEACTBEHHBIM BIIPLICKOM (TabA. 1).

AaBAeHUs U TeMIIepaTyphl CTOPAHUS DU PA3ASAEeH-
HBIX KaMepaX TakyKe HUKe, YeM IIPU HeITOCPEACTBEHHOM
BIPBICKe. Tak KaK OKUCABI @30Ta 00Pa3yroTcs, IIPeKAe
BCero, MpY HaAUIUU CBOOOAHOT'O KMCAOPOAA U BHICOKUX
TeMIlepaTypax, TO eCTeCTBEHHO, UYTO IIPU Pa3AeAeHHBIX

Puc. 4. Kamepa cropasuss MHOTOTONIAMBHOIO IpeAKaMepHOro
Auseast pupmMsl MBM (KOHCTPYKTMBHOE HMCIIOAHEHHE)



Tabauna 1

OcpeAHEHHAs OlleHKa TOKCUYHOCTH (r/A. ¢4 (r/KBT4)) Au3eAeit ¢ pa3peA€HHbBIMH KaMepaMy U C HeloCpe ACTBEHHBIM BIIPHICKOM TOIAMBA

Aunzean Anzean
TokcuuHble ToxkcuuHBE
KOMITOHEHTBL C HEIOCPEACTBEHHBIM KOMITO HEHTBI C HEIOCPEACTBEHHBIM
BI/IXpeKaMepHLIe BI/IXpeKaMepHLIe
BlTpLICKOM BlTpLICKOM
8—12 20—25 0,3—15 2-5
OKHCABI a30Ta (109 —16,3) (27.2—34) Okmce yraepoaa (0,4—20) (27—6,8)
Ca 05—1,5 2-2,5 VA GBOAODOADL 0,2—0,3 0,3—0,5
xa 0.7-2) (27-3,4) AOPOAL 0,3—0,4) 0,4—0,7)
Pyre/cm? Puy,krc/cm?
Pz,
MIla % f o
s \ MIlal g0
80 s+
! i~ 50
| ~
6T 60 | - o, o )
'. = hBD
sl |
&0 T 2 \ 4
; 20 1
T 20 ' l 10 \
| ~~
B 80 &0 BMT 40 80  @,zpad
a0 40

Puc. 5. MHAMKaTOpHasi AmarpaMMa AHM3eAs
npu cMeceo6pa3oBaHUM:

1 — o00BpéMHOM;
2 — NAEHOYHOM [P“ — A@BA€HHE B IMAHUHApE)
Py

BMT ©, Tpan

Puc. 7. Xapakrep AuarpaMMbl AaBA€HHSI B IIUAMHAPeE
NpeAKaMepPHOTO AU3EAS:
1 — HajA OUAMHApPOM; 2 — B IpeApKaMmepe

KaMepax cropaHust QU3NKO-XUMHUYECKHEe U TeMIIepaTyp-
HBbIE YCAOBUSI MEHBIIIe CIIOCOGCTBYET UX 06pa30BaHUIO
[9, 10].

AHTAWCKOM AM3eAeCTPOUTEABHOM hupMoii [TepkuHC
pa3paboTaH Ipouecc AT GBICTPOXOAHOTO AM3EASI MAAOTO
THHOpa3Mepa 6e3 HapAyBa C HEIIOCPEACTBEHHEBIM BIIPHIC-
KOM TOIIAMBE, C HU3KOM TOKCHUYHOCTHIO KOMIIOHEHTOB
0TpaboTaBIINX I'a30B — OAU3KOM K TOM, KOTOpas AOCTH-
raeTcst IpU pa3AeAeHHBIX KaMepax CropaHusl.

AobGaBuM, 4TO B cocTaBe AuU3eAbHEIX COY cypoB
BHYTPEHHETO IIAABaHUS IPEUMYIIEeCTBEHHO KCIIOAB3Y-
IOTCS TAaBHBIe (IpoIrlyAbcuBHBIE) pusdeau ¢ KC tuna Mec-
ceabMaH, Tuna lappsep, kamepsl HHUAUW [6—9].

Puc. 6. IaMeHeHne AaBA€HHS 3a IE€PHOA CrOpaHUs
(BUXpeKaMepHBIN AHM3EAB):
— B BHUXPeBOH KaMepe; _____._ — B
LIUAMHApE

AAsT BCTIOMOTraTeAbHBIX ABUTATEAel Yallle BCero uc-
TIOAB3YIOTCSI OBICTPOXOAHBIE AU3EAU C BUXPeKaMepHBIM
cMeceoOpa3oBaHUEM U TOPOUAAABHBIMM KaMepaMU B
MOPIIHEe, MeHee YYBCTBUTEAbHBIE K KQ4eCTBY TOIIAMBA
[3—9].

Ha puc. 5, 6, 7 npepcTaBAeHBI XapaKTepHble HHANUKA-
TOPHbIE AMArpPaMMbl Pa3HBIX AU3EABHBIX ABUTATEAEH C
Pa3AMYHBIMU CIOCOOaMU CMeceoOpa30BaHUsI, YTO AQET
BO3MOJKHOCTb CYAUTH O AUHaAMUKe IIpoljecca CrOpaHus
B KC pa3HBIX KOHCTPYKIUM, O UX BAUSHUU Ha >KECT-
KOCTb paboyero uKAa AU3EALHOTO ABUTaTeAs [11— 14].

BBIBOABI.

1. Ilpu npuHATUN pellleHUMN 10 IIePEeBOAY AU3eAel
Ha aAbTepHATUBHBLIE BUABI TOIIAMBA (popMa KaMmephl Cro-
paHus UrpaeT OAHY U3 TAABHBIX POAEl IIPU pearr3alluu
VH>KEHEPHBIX TEXHUUYECKUX MEPOIIPUSITUN.

2. BaXXHBIM (paKTOPOM U MOTUBaMU UCIIOAL30BaHUS
ABT sBAsieTCS OAHOBPEMEHHOe pellleHUs 3aAay CHU Ke-
HUS TOKCUYHOCTU OTPabOTABIINX I'a30B AU3EAeH U 110-
BBIIIIEHUS UX SKOHOMUYHOCTH, YTO AOCTUTAETCS UCIIOAD-
30BaHUEM IIOAYPa3AEAEHHBIX KaMep CTOPAHUs B AU3EAIX.

3. 3HaUUMOCTBh SKOHOMUUECKOM OIleHKU ylepba oT
3arpg3HeHUsl OKpy’Kalolleld CpeAbl OoTpaboTaBIIUMU
raszaMu ABUTaTeAel IIpeAllonaraeT AaAbHeHIIee CoBep-
IIeHCTBOBaHUE 3aKOHOAQTEABHOM Oa3bl B 9TOM HaIllpaB-
AEHUU.
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OMCKHMM rOCYyRapCTBEHHbIH
TeXHHYECKMH YHMBEpCMTET

CNOCOBbl YMEHBLLUEHMS 3ATPAT
SJEKTPMYECKOM SHEPTUM

HA NMEPEKJNTFOMEHME TOKA

B MHOYKTUBHOM HATPY 3KE

C 3A[1AHHbLIM BbICTPOEUCTBUEM

B cratbe paccmaTtpuBaloTCs pasnMyHble cnoco6sl YCKOpP€eHMS TOKa NpM NnepeKniovYeHn
€eroe MHAYKTMBHOﬁ Harpy3ke npu oONyCTMMbIX 3aTpaTax 3ﬂeKTpl1"IeCKOﬁ SHEepruu.

Kniouesbie cnoBa: 6bICTPOAEHCTBME NEPEKMIOYEHMS TOKA, 3aTPaThl INEKTPHUECKON 3HEPIMH,
MH[YKTMBHasi HAarpy3Ka, 3Hepr1si MarHMTHOro Nons.

B pa3sAmMYHLIX yCTPOMCTBaX aBTOMATUKY, SAEKTPOHHU-
KU IPUMEHSIeTCSI KOMMYTAIIUs TOKa B OOMOTKaX, CO3Aa-
IOIIVX 3aAQHHYIO BEAMYMHY MarHUTHOTO oAs. [1pu aToM
HEOOXOAMMO OCYIIECTBASITH KOMMYTAIIUIO TOKA TaKUM
o06pa3oM, 4ToOBI OLIAO 0OeCcIIeYeHO AOCTATOYHO BBICO-
Koe OBICTPOAEMCTBYE IIPU AOITYCTUMEIX 3aTPaTaX dAEKT-
PUYECKOM S3HEPIUU UCTOYHUKOB ITOCTOSTHHOTO HATIPsIKe-
HUS. B 9TOM cAyuae BO3HMKAIOT M3BECTHLIE HECOBMECTH-
MbIe TpebGOoBaHUS, KOTAQ HEOOXOAUMO OAHOBPEMEHHO
00eCIeunuTh BEICOKOE OBICTPOAENCTBUE (BBICOKYIO Kap-
THHY HapacTaHUs TOKa) ¥ MaAoe IOTpebAeHUe DAEKTPH-
YeCKOM SHepruu Ha CO3AaHUEe MAarHUTHOTO TTOAS.

B cBsI3u ¢ 3TUM BO3HHMKAET KaK 3ajpada 06eclIedYnuTh
HEOOXOAMMYIO CKOPOCTb YCTAHOBAEHUS TOKA B MHAYK-
THUBHOY HAarpy3Ke, Tak ¥ 3aAava TalleHusl SHepruy Mar-
HUTHOTO IIOAS, 3allaC€HHOM B 3TOM MHAYKTUBHON Harpys-

Ke. [Tporjecct rameHyst IIOAst HAarpy3Ke B AQHHOM CTaThe
He pacCMaTpPUBAIOTCH.

PaccMoTpuM pa3anyHBIE CIIOCOOBI YCKOPEHUS yCTa-
HOBAEHUSI TOKA IIPM 3aAQHHOMN BEAMYNHE MHAYKTUBHOCTH
0oOMOTKH (L,), aKTUBHOM COIIPOTUBACHMU €€ (R ), Arn-
TEABHOCTU (PPOHTA HAPACTAHUS TOKA (I, ) ¥ 3aAQHHON

BeANYVHE TOKa B yCTAHOBUBIIEMCS peskUMe (zycm) VAU
L’
yem
sHepruw MaruutHoro moas (W = T)

Crnocob 1. YBeandeHHe OBICTPOAEMCTBUS 3a CUET
BKAIOUEHUS IIOCAEAOBATEABHO C Harpy3KOM 0aANaCTHOTO
conporuBaeHust (R).

Ha puc. 1 cxemaruuecku u300pa>keH IPOCTEUIIUN
TIePEKAIOYATEAD TOKA B MHAYKTUBHO-aKTUBHOM Harpy3Ke,
COCTOSIIINY M3 IIepeKAIovYalrolero sneMenTa K, ncrou-



K
E R,
R, L
R,
Puc. 1.

HUKA IIOCTOSHHOIO HANps>KeHUS U UHAYKTUBHOMN Ha-
rpy3ku. B KauecTBe KAtoua K ucnIoAb3yeTcs AUGO IIOAY-
IIPOBOAHMKOBBLIM TPUOA, AMOO APYTOM SAEKTPOHHBIN
KArou. Harpyska B TaKHUX cXeMax OOBIYHO HIYHTHUPYETCS
AHAOAOM C IIeABIO YMeHBIIIeHUsI BRIOpOCa Halps>KeHUsd,
BO3HUMKAIOIIEro Ha IePEKAIOYalolleM 3AeMeHTe B MO-
MEeHT ralleHusl MarHUTHOI'O IIOASI HarPY3KU.

TTpeAIOAOKHM, UTO B MUHAYKTHUBHOM Henu L, R, He-
06xX0AMMO POPMUPOBATH UMITYALCHI AAMTEABHOCTBIO t,
IpuuYeM IepeAHUN (PPOHT UMITyAbCA TOKA AOAKEH OBITH
MHOTO MeHbllle IUPUHBL ero, TO ecThb t, <<t . Tak Kak
aKTUBHOE COIIPOTUBAEHME HArpy3Ku OOBIYHO MaAoO, TO
CIIPaBEAAUBO COOTHOIIEHUE

L
rozR—“»t
0

op!

TAe 7T, — COOCTBeHHasI IOCTOSTHHAs BpeMeHU MHAYKTHUB-
HOY Harpy3KH.

OTMeTUM TakXe, YTO TPeOOBaHUA K 3aAHEMY (PPOH-
TY He SIBASIFOTCSI KpUTUYeCKUMU. [Ipu mpoTekaHuu ycra-
HOBUBIIIETOCSI TOKA B Harpy3Ke 3aracaeTcss MarHUTHAas

.2
Lﬂlycm
sueprus W, = —

MrHoBeHHO€e 3HaueHUe TOKa BO BpeMsi UMITYABCA
olipependeTCd COOTHOIIIeHUueM

t

lﬂ(t) = ia.ycm.(l -e™ )'

L

e 7, = —————
AC T TR, + R + R,

— IIOCTOSHHAs BpeMeHHU C y4eTOM

. E
GAaAAACTHOTO COINPOTUBAEHUS, luyem = 5 5 5 !
p © MM T R4 R +R,

R, — AomoAHMTeABHOe GaANaCTHOE COIPOTUBAEHUE,

BKAIOUAEMOE AAST YMEHBIIIeHUs IOCTOSTHHOM BPEeMEeHH.
ECAM CUMTATh, YTO TOK AOCTUTAET YCTaHOBUBIIIETOCS

3HaYeHHs 3a BpeMsa t=t, =31, TO ecTb KOraa

i,(t= tqbp) = 0,9iycm., TO IIPY 3aAAHHOM BeAWYVHE HH-

AYKTHUBHOCTY Harpy3Ku U 3aAaHHOM BpeMeHU yCTaHOB-
AEHUs TOKA IOAHOE AaKTUBHOE COIPOTHUBAEHUE Ielu
AOMKHO OBITH PaBHO:

RE:RO+R1+R5:?;£.

®p

(1)

OOBIYHO MCTOYHHMK HANps’KeHWs U HaMarHW4uuBa-
IOIIlast OOMOTKA Lelld Harpy3KU UMeIOT AOCTAaTOYHO Ma-
AOe aKTHMBHOE COIIPOTUBAEHHE, TOTAQ MOKHO 3aIIMCaTh,
4TO R~R . AAsi IDOCTOTHI PACCYKACHUN HE YUUTHLIBAEM
TaK>Ke CONPOTUBACHHE KAIOYa B OTKPBEITOM COCTOSTHUH,
YTO BO MHOTHX CAy4YasX BIIOAHE AOIyCTHMO. Toraa cpea-

HiA MOIITHOCTB, HOTpe6A§IeMa§I OT NCTOYHHKA ITIOCTOAH-
HOT'O HAIIPpsAXKEeHUs ITpu CI)OpMI/IpOBaHI/II/I UMITyAbCA TOKa

1
c gacroroir f = T (T — nepmop CAepAOBAHUSA UMITYAB-

COB), OIIPEAEAUTCSI CACAYIOIIUM 00pa3oM:

t

1%, - 1 .
P :73:1 —e ")Zdet+?fuLH(t)zLH(t)dt:

cp yem
T 0

=i ymfRz t?” + W, f.
IToacTaBAds B 3TO BRIpa’keHHe BMecTo R; (1), mo-
AydaeM
6t, 6t,
P, =W,fl +1| =W, f—".
op op

(2)

W3 BeIpakeHUd (2) CAeAyeT, YTO MOBHIIIEHHE KPY-
TH3HBI HapaCTAaHUS TOKA IIPU NIePeKAIOYeHUU eTO Pac-
CMaTpPUBAEeMBIM CIIOCOOOM MOJKHO IMOAYYHUTEH TOABKO IIy-
TeM YBEAWYEHUs MOUIHOCTUA UCTOYHUKA MUTAHUS, KOTO-
pasi pacceMBaeTCs, B OCHOBHOM, Ha 0AAAACTHOM COIIPO-
TuBAeHUU. Ha puc. 2 mokazaHa 3aBUCHUMOCTBb CPeAHeN

1
NOTpeOAsIEMOM MOITHOCTU OT ~— IIPU OIIPeAeAeHHOM

op

HIMPUHE UMIYALCOB U YaCTOTE CAEAOBAHUS UX.

MOIITHOCTh UCTOYHUKA TTOCTOSHHOTO HATPSIKEHUS
MO>KHO CHU3UTH (He U3MEHSISI AAUTEABHOCTH (DPOHTA UM-
IyABbCA), €CAU IIYHTUPOBATHL GAAAACTHOE COIIPOTUBAEHUE
YCKOpSIOIe eMKOCTBIO (pHUC. 3). Toraa MosiBAseTCs BO3-
MO’KHOCTb YMEHBIITUTH BEAUYNHY 3TOTO COIIPOTUBACHUSI
¥ TeM CaMbIM CHU3UTH HaIlPsKEHUE UCTOYHUKA MTUTaHUS.

W3 paccMOTpeHUst IePEeXOAHBIX IIPOIIECCOB B MU,
TIOKA3aHHOM Ha PUC. 3, CAEAyeT BEIpayKeHUe HalpsKeHUS
Ha KoHpeHcaTope C [1]:

E+R!
u(t)=——2[1-e %1+t
() R1+Rg[ (1+ 1) (3)
o +a _R _ 1 . 1
rae 5:172. OC]_TH' aZ_RéC' ﬂo—LHC'

Hcxopsa u3 (3) TOK, IPOTeKarolul yepe3 UHAYKTHUB-
HYIO HarpysKy

dt R

0

i,(t) (4)

[Tocae moapcTaHOBKH U () B (4) ¥ COOTBETCTBYIOIUX
IpeoOpa30BaHUM, IOAYYUM:

[ W =W W

M1

1/t

Puc. 2.

™
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=Y
(<]

Puc. 3.

iH(t):g[l—e’ﬁ‘(1+%)]. (5)
0

ECAM CYUMTATh, UYTO HEPEXOAHOM IPOIeCcC 3aKOHUMT-
cst, koraa L, (t =1,,) = 0,9, To AAs MOMeHTa BpeMeHH
t=t,, WCIOAB3Ys (5), MOXKHO IIOAYYHUTH

0,91

om =[1—e7 (1 + e 1+

St _ St
%)]:lycm[l_ Tp)]'

3amnuiieM 3To BhbIpAa’>KeHHe B BUAE!

01

ot
14+ 22
( ) )

—dt,
=e mp'

(6)

1 0603Ha4UM dt, =m; TOTAQ, pelnB rpaduiecku (6)
OTHOCUTEABHO IlapaMeTpa M, IMIOAYYUM:

m=5t,,~3,3. @

YToOBI yCTAaHOBUTE 3HepreTudeckul ad@eKT, IoAy-
YaeMbIM 3a CYeT IIYHTUPOBAHMUSA GAANACTHOIO COIPO-
TUBAEHUSI eMKOCTBIO IIPY TOM K€ CaMOM BPEMeHHU yCTa-
HOBAEHHUS TOKa B Harpyske, Kak U B IIePeKAIOYATEAE
puc. 1, OIpeAeAM BEAHUHHY CONPOTHBAeHMsS R, . Ecam
aKTUBHOE CONPOTHBAECHVE HArpy3KU U BHyTPEHHEE COII-
POTHUBAE€HHE HCTOYHHKA IIOCTOSHHOTO HAIPSIKEeHUS
AOCTATOYHO MAaABI, a ITapaMeTpHl Llelu 00eCIeYnuBaroT
KPUTUYECKUN PEXXUM, TO CIPABEAAUBEI CAEAYIOIIME
COOTHOIIEHUS:

R/ =0,5p = 0,50,L, = ”TL“ ,

0

(8)

a, 1 1

_ _ _ 2z
2RIC JLC T, ©)
rae T, = 27,/L,C — mepuop COGCTBEHHBIX KOAeOaHUU

IOCAEAOBATEABHOro Kourypa L, C.
BripaskeHue (9) MO>KHO 3alllCcaTh B BUAE:

T,

R/IC =0,
° 4

(10)

W3 (7), c ygeToM TOro, 4ro o, =0, MO’KHO OIIpEACAUTH

IIOCTOsIHHYIO BpeMeHU (R;,C), a UMEHHO:

t
R/C =&,
C =66 (11)

IMTpupaBHuBas npassle yacTu (10) u (11), onpeperum
T, ¥, IOACTaBUB IIOAYYEHHOR BhIpaKeHue B (8), moaydaem:

,  165L,
R6 = 71: . (1 2)
dp

TakuMm 06pa3oM, 6aAAaCTHOE COMTPOTUBAEHHUE, OIpe-
AEASTIoITee OCHOBHBIE IOTEPU SAEKTPUYECKOM MOIITHOCTH
WCTOYHHMKA MOCTOSHHOTO HATIPSI)KEHUS, B pacCMaTpUBa-
eMoM cxeMe 110 CPaBHEHUIO CO CXeMOM, ITOKa3aHHOM Ha
puc. 1, MoXXeT OBIThH ITOYTH B ABa pa3a MeHbIIIe.

Tenlepb HETPYAHO ONIPEAEAUTH CPEAHIOIO MOIITHOCTD,
noTpebAsIeMyIO AQHHBLIM II€PEKAIOYaTeAeM TOKa, eCAU
Y4eCcTb, 9YTO K MOMEHTY yCTaHOBAEHUSI TOKa €MKOCTh
C 3apsi’KaeTcsi AO HATIPSI)KEHUST MUTAIOIIEero NCTOUYHUKA:

L. 2
pc :l icmRétu+ﬂ+g —
L i 2 2
3,3t, 3,3t,
=Wyl —%+2 |~ W,f . (13)
bp bp

Ha ocHoOBe cpaBHeHUS TOAYYEHHBIX BEIpayKeHUM (13)
U (2) Ard IepeKAarodaTeAeli Toka puc. 1 u puc. 3 MO>KHO
CAEAAQTh BBIBOA, UTO LIYHTUPOBaHMUE OAAAACTHOTO COIIPO-
TUBAEHUS €MKOCTBIO II03BOASIET (IPU IPOYUX PaBHBIX
YCAOBHUSX) IIOYTH B ABa pa3a CHU3UTH IIOTEPU IAEKTPU-
YeCKOM MOIIHOCTH B CAydae (POPMUPOBAHUS IIAOCKHUX
UMIIYyABCOB TOKa OIIpeAeAeHHON aMIAUTYABL. OAHAKO,
KOI'A@ CTaBUTCS 3aAa4a 110 pa3paboTKe e peKArodaTeAed
TOKa, 00eCIeYnBaroluX KPyThle (DPOHTHl UMIIYABCOB
B MHAYKTHUBHBIX [IeIISX IIOBBIIIEHHONW MOITHOCTH, U 3TOT
Ccr1oco0 IepeKAIOUeHUs OKa3blBaeTCsd TakykKe HellpueM-
AeMBIM — BBUAY OOABIINX 3aTPAT SAEKTPUYECKOM MOIII-
HOCTHU OT MCTOYHUKOB IIMTAaHUSI U TPYAHOCTEeMN BrIOOpa
KOMMYTHUPYIOLIUX 3A€MEeHTOB.

Cnocob 2. [lepekAtoueHNe TOKA B UHAYKTUBHBIX Ile-
X ¢ (popcupoBaHUeM IIpoliecca YCTaHOBAEHUS OT AO-
TIOAHUTEABHOI'O UCTOYHUKA IIOBBIIIIEHHOTO HalPSKEeHUS.

Ha puc. 4 cxemaruuecku m300pa’keH IIepeKAloua-
TeAb, 00eCIeunBaloOIuY BEICOKYIO KPYTHU3HY HapacTa-
HUA TOKa B UHAYKTUBHOM HarpysKe 3a CueT MCIIOAb30Ba-
HUA Ienu (HOPCUPOBAHUY, IIOAKAIOYaeMOM Ha BpeMs
dopcupoBaHug IepepHero poHTa MMIyAbca. [lepe-
KAIOYaTeAb COCTOUT U3 MCTOYHUKA MOBBIINIEHHOI'O Ha-
npsokenus E|, mepekarodaroniero saeMeHTa K, HU3KO-
BOABTHOI'O UCTOYHHKA E,, IIePEeKAIOYAIONIero dAeMeHTa
K, KOTOpEIM NIOAKAIOYAET MCTOYHUK E, B MOMeHT
BEIKAIOWeHMs1 K, 1 obecneduBaeT NpPOTeKaHHE TOKA B
Harpyske BO BpeMsd IIAOCKOY YacTu UMIyAbca. Ecau mipe-
HeOpeub COIPOTHUBAEHUEM KAIOYA B OTKPBITOM COCTO-
SIHUY, TO MTHOBEHHOe 3HaueHMe TOKa B Harpys3ke IIpu
TIOAKAIOUEHUM UCTOUYHMKA (DOPCUPOBAHUS OIIPEAEASTETCS
COOTHOILIIEHHEM:

(¢
)= ———|1-e"|
R, e
TAE T, MOCTOSIHHAsi BpeMeHH (DOPCUPYIOUIETO
KOHTYDaA.

B momeHnT t=t¢p, TO €CTh KOTAA TOK B Harpyske Ha-
pacTaeT A0 3aAAHHOU BeAMYHMHEL, KAIOY K, BEIKAIOYAeTC,
a K, — Braroyaercs. [locae 3TOro MoMeHTa BpeMeHHU
XapakTep U3MEeHEHUs TOKa B Harpy3Ke 3aBUCHUT KakK OT
apaMeTpoOB IIell OCHOBHOTO NCTOYHUKA IIUTAHU, TaK
¥ OT BEAWYUHBI TOKQ, IPOTEKABIIETrO Yepe3 Harpy3Ky B
MOMEHT 3alnMpaHus Kaoda K,. EcAM IpUHATHL KAIOYM
K, u K, upAcaAbHBIMY, TO OIIPATOPHOE BEIPAKEHUE TOKA
HArpy3Ku UMeeT BUA;

E i(t = ty,)L,
i R, + R, +pL,



Puc. 4.

rae I, (t=t, ) — 3HaYeHMe TOKa B Harpy3ke K MOMEHTY
cpabaTbiBaHUSA KAoda K,

ITocae COOTBETCTBYIOUIUX TPe0Opa30BaHUM IOAyYA-
eM BpeMeHHOe BhIpakeHUE AAST TIAOCKOM YaCTH UMITYAb-
ca ToKa:

Ipu t>t,
E t t
L)=—2—(1-e® |[+ilt=t,)e " (15
R, +R, P (15)
rAe 1, — CyMMapHasi IIOCTOsIHHAA BpeMeHM KOHTYpPaQ,

obpasyroulerocs nocae 3ameikanusa K, Ecau Beanmunna
Hanpsokenus E, BeIOpaHa Tak, 4To

i = ln(t = tq)p)l

R, +R,

TO, KaK CAeAyeT U3 BeIpaKeHU: (15), B MOMeHT cpabaThl-
BaHMsA KAloua K, ycTaHaBAMBaeTCsI IAOCKAas YaCTh UM-
IIyAbCa TOKa. TaKoM pesKuM (hOPCUPOBAHUS B AAABHEN-
1meM OyAeM Ha3bIBaTh ONTHMAABHBIM. EcAu yKazaHHOe
BBIIIIe YCAOBUE He COOAIOAQEeTCH, TO OYAeT UMETh MeCTO
5KCIIOHEHIIMaAbHOE U3MeHeHNe TOKa C IIOCTOSIHHOM Bpe-

MeHU T, = % (AAST cAydast, KOTAQ BHYTPEHHee COIPOTHB-
0

AeHme HU3KOBOABTHOTO UCTOYHHMKA HAMPSI)KEHUST AOCTa-

TOuHO Mano). Ha pmc. 5 mokazana ¢opma umIryabca

TOKa IIPM Pa3AMYHEBIX 3HaueHusaAx E,.

CpeaHsist MOITHOCTD, TOTpebAsieMast OT UCTOUYHUKOB
NUTaHUS IPU OITUMaAbHOM (POPCUPOBAHUY, OYAET PaB-
Ha CyMMe IIOTePh SIAeKTPUUYECKOM MOIITHOCTH OT UCTOY-
HUKa GOPCUPOBAHUSA U UCTOUHUKA E,;:

Pcp= Pcpl + Pcpz'
rAe Pcpl — CpepHdAdA MOIIHOCTD, HOTp€6J\H€M8ﬂ OT UCTOY-
HuKa E .
p — CpeApHdsd MOIIHOCTD, HOTpe6J\HeMaH OT HM3KO-

cp2
BOABTHOI'O MCTOYHHKA Ez.
Pcpl olIpeAeAdeTCd CACAYIOIUM 06pa30M

1 fpp
i = 7 [ W01, (00

0
Ecam yuwects, urto E,>>E, R,=R,<<R, TO mame-
HeHUe TOKa B Harpy3Ke OT MOMeHTa (=0 A0 t={ pp MOIKHO
CYMTATh AMHEWHEIM, TOTAA U, ,(t)=E, mosromy

t,
EK "
P, === [udt,

T 0
raAe K = £yt = Lyp) = IYL
td)p td)p

LA, L,

3amensis  E, = HAtH =" nmoayuaem:

&p

-2 2
AL by

P
cpl M=
T 2t,, ty

Arsg P B CAydYae COOAIOAEHUS YCAOBULA

EZ
C})p) = R + R. CIPaBEAAMBO BBIDAXKEHHeE!
0 i2

cp2'

i(t=t

t, —t P2 L (t —t
=E,i % - (

P yer T

cp2

CpeAHHﬂ CyMMapHasaA MOIDHOCTBb 6YA€T oIpepe-
MTBCS BBIpAa>KeHUuEeM:

.2
lCTLH (tu _t )
P, =W,f+ YTT (ty = tyy) = Wy f| 1+ =22 (16)

H _Hn
2

TaxkuM o6pa3oM, Ipu (popcUpoBaHUU pe’kuMa lepe-
KAIOUEHUS TOKa B UHAYKTHBHOM Harpy3Ke 3aTpaThl dAeK-
TPUYECKOHN MOITHOCTH OIIPEAEASIOTCS TOABKO aKTUBHBIM
COIPOTHBACHHEM MHAYKTUBHOU LIeN ¥ 1IPpY 7,>>{, OHU
BO MHOT'O pa3 MOI'YT ObITh MeHbIIle, HE)KEAU B IIPEAbI-
AYIIUX CAy4dagx. OTO BUAHO U3 CPaBHEHUS BhIpa>keHUU
(16), (2), (13).

Cnocob 3. IlepekaroueHUe TOKa C pPe30HAHCHOU
dopcupyrollel nenso.

Ha puc. 6 cxemaTruuecku H300pa>keH IepPeEKAIO-
YaTeAb TOKA C eMKOCTHBIM (DOPCHUPOBAHUEM IIpoliecca
YCTaHOBA€HUSI HaMarHU4uBarolero Toka. B atom cmno-
co0e, TaK >kKe KaK 1 B IIPEABIAYIIIEM He pacCMaTpUBAIOTCs
TIPOLIECCH], IPOTeKalolyie B MOMEHT (DOPMUPOBAHUS 3aA-
Hero poHTa.

PaccMmoTpuM npuHIuUI paboTH IepekAtouaTead. [1pu
pasoMKHyTOM KAtode K; eMroctb C, 3apsiKaercst OT
HUCTOYHUKA IIOBLIIIEHHOrO HAIIPSAJKEHNUS Yepes 3apspAHoe
comporuBAeHue R A0 BeanuuHsl E,. B MoMeHT mmeperaro-
YeHHUs TOKa KAlouM K, u K, OAHOBpEeMEeHHO OTKPLIBAIOT-
cst. EMrocts C, 3apsDKeHHast A0 HanpsokeHust E,, Hauu-
HaeT paspsikarecst mo nenu C, K, L, R, K, Tlockoab-
Ky B IepBOHAYaAbHBIM MOMEHT BpeMeHU HallpsyKeHHe
Ha eMKOCTU MHOI'0O OOABIIle HAllPsI>KeHUsI OCHOBHOTO UC-
TOYHUKA IUTaHUSA, (POPMUPYIOLIEr0 IAOCKYIO YaCTh UM-
IIyABCOB, TO AMOA VD oKa3bIBaeTCs B HEIIPOBOAAILIEM COC-
TOSHUU U 4epe3 Harpys3Ky TedeT TOABKO Pa3paAHBIN
TOK.

ITpu AOCTATOYHO MAaAOM @KTHBHOM COIIPOTHUBAEHUU

L
Harpysku R, << |—*u R >> L. ¥ BBICOKOM AOOPOT-
C, 3 C,

HOCTH KOHTYpa, Iponecc pa3psjpa KoAeOaTeAbHBIN U
OIIMCBIBACTCsA M3BECTHBIMU BbIPA>KEHUAMU!

EEE In

Puc. 5.
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Puc. 6.
i, = E, Sinﬂteiﬁt, 17)
t)=E te® + O sin pje ™
u,,(t) = E(cos pte +Esmﬂ)e . (18)

% R
TAE ﬂ: a)g—‘rz, 6:%, a)OZ#

’ LC,

9
ITpu R,<<p oTHOlIeHHe E <<, Torpa (18) MOXXHO

YIIPOCTUTH:

u,,=Ecospte™ (19)

OO0rrynO E, BEIOMPAIOT MHOTO OOABIIIe HAIIPSKEHUS
OCHOBHOTO UCTOYHUKA MUTAHUI, KPOME TOr'0, U3 BbIpa-

xenutt (17) u (19) crepyer, uro npu ¢ = % TOK AOCTH-
raeT MaKCMMaAbHOT'O 3HaUeHUS U B 3TOT MOMEHT BpeMe-
HU HallpsDKeHUe Ha KOHAEHCATOpe MOJKHO CUUTATh PaB-
ueiM E,. Koraa pasps>KeHHBIM TOK AOCTUTaeT MaKCH-
MaAbHOTO 3HAUEHUS, a HallpsyKeHNUe Ha eMKOCTHU I1apaeT
A0 BeanunHH E,, KAtou K| 3aKphIBaeTcs.

Onpepensis xapaKTep U3MeHeHUs TOKa B UHAYKTUB-
HOM IJellM NIOCA€ BHIKAIOYeHHMs K, yYUTEIBAs XapaKTep
n3MeHeHUs TOKa Ha epepHeM poHTe (17) u npuHuMast
3@ HAYaAO OTCYeTa BpeMeHU MOMEeHT cpabarbiBanus K,
MIPUXOAUM K CAEAYIOIIeMY BEIpa’KeHUIO:

i(t)= E, e sin Bt + By e |+
BL, R, + R,
-
T 2
+it=—) "
2p
bis bis
0>t<—, —<t<t,
28 28 u (20)
rae 1,(t = ZL) — 3HQUeHMe TOKa B Harpy3Ke B MOMEHT

BLIKAIOUeHHs K.
Ecau BeAnuMHa HaNps>KeHUsI MCTOYHKKA E, BEIOpana
TaK, 4TO

o

_r ) = E, e ¥~ E,
= = PO —
2p° BL, Ry + R, + Ry
TO eCThb MMEeeT MECTO ONTHUMAALHBIA PEeXUM (POpCH-

POBaHUs, TO IOCAE BEIKAIOUEHUS KAToda K, TOK B Harpys-
K€ OCTaeTCs HeM3MEHHBIM, & AMAUTEABHOCTD IIEPEAHETO

it

m pOoHTa UMIIyAbCA TOKA B 3TOM CAy4Yae MOJKHO CUUTATH

PaBHOM YyeTBepPTHU IlepHoAd KOAeOaHUM, BOZHUKAIOIIUX

/4
B KoHType L, C,, a MMeHHO t(pp =55
ype L, P 28

Taxum 00pa3oM, AT oOecIieueHUs 3aAaHHOTO BpeMe-
HU YCTAQHOBAEHHUS TOKa B Harpyske HeOOXOAUMO COOT-
BETCTBYIOIINM 00Pa3oM PacCuuTarh BeAndnHy C,, a pst
o0eclieueHUsI HEOOXOAUMOI'O CKayKa TOKa B Harpyske,
OIIPEAEASTh BEAUUYMHY HallpsKeHUsd UCTOYHUKA (popcu-
poBaHug ncxopd us (17) u (20).

Ha puc. 7 nokasaHa popMa UMIYABCOB TOKa IIpU
Pa3AWYHBIX 3HaUEHUSIX HAlPsSyKeHNs (OPCUPOBAHUT AT
OIpeAeNeHHON BeAMINHBI eMKocTH C

ITpu AOCTaTOYHOM BBICOKOM AOOPOTHOCTHU KOHTYpPa
L,R,C » MOIIIHOCTB MCTOYHMKA (dopcupoBaHUg MOKHO
OIIPEAEAUTH CAEAYIOUIUM 00pa3oM:

C,E?
Pcp1 = f + PR3'
2
raAe PR3 — MOUIIHOCTB, pacCerBaeMasd HA 3apPAAHOM CO-

npotuBAeHuu R, Vian

_2sap

2
l—e ™ | = C¢E1
2R, 2

o 1 Ex
Py, = — | ()R, dt = - —L342 f,
R3 _([3() 3 T

~ =

rae 7,,,~C,R, — IOCTOSIHHAs BpeMeHH LIellN 3apsIAQ eM-
KOCTH, t,,,— BPeMs 3apspa €eMKOCTH.

EcAu npeneGpeyn IOTEPSIMU SHEPIUY Ha aKTUBHBIX
3AeMeHTaX B IpoIiecce pas3psipa GopCUpyrolen eMKoCc-
TH, TO MOYKHO CYUTATb, YTO

P, = C,Ef ~ 2W,f.

ITpu dopMupPOBaHUU IPSIMOYTOABHBEIX HUMIIYABCOB
TOKa (tu>>t¢P) BbIpa’keHUEe AAS CPEeAHEeM MOIIHOCTH,
noTpebAgeMOro OT HU3KOBOABTHOTO HCTOYHUKA
NUTaHUS, KaK U B IIPEABIAYIIEM CAydYae, OLPEAEAIeTCs
CAeAYIOIIVM BEIpaKeHUEM

Toraa MOAHAST MOITHOCTD, TOTpebAsieMasi PacCMOT-
PEHHBIM ITepeKAloYaTeAeM OT UCTOUHUKOB E, 1 E,, GyaeT
paBHa

U ep | (21)

]ﬂ'ﬂ

T P ;

Puc. 7.



CpaBHUBag BeIpakeHud (16) u (21), caepyeT oT™me-
THUTBb, 9YTO B CAyd4ae eMKOCTHOIO (pOpCHUpPOBaHUs IIepe-
XOAHOTI'O IIPOIecCa OT UCTOYHUKOB IIUTAHUS IIOTPEOASI-
€TCSI HECKOABKO OOABITIast MOIITHOCTE, HEJKEAU B IIPEABI-
AYILIEM CAydYae, OAHAKO 3TOT CIOCOO IepeKAIOYeHUS
TOKa UMeeT BeCcbMa CYIIIeCTBEHHEBIE ITPENMYIIIECTBA ITePea,
pPaccMOTPeHHBLIM BO BTOPOM cItocobe, Tak KaK B TAKOM
IepeKrAloYaTeAe B KauecTBe (POPCUPYIOMIUX KAIOUEH MO-
T'yT OBLITH UCIIOAB30BAHBI KAIOUY, YIIPABAsieMbIE TOABKO
110 MOMEHTY BKAIOUEHHSI (TUPUCTOPEHI, TUPATPOHHI), a
CAEAOBaTEABHO, ITOSIBASIETCSI BO3MOKHOCTD PACIINPEHUsI
Aralia3oHa MOIIHOCTe! (DOPCHUPOBAHHLIX IIePEKAIOYa-
TeAel TOKa.

Ha ocHOBaHMY IPOBEAEHHOTO aHaAM3a PaCCMOTPEeH-
HBIX CIIOCO60B (POPCUPOBAHUS ITIEPEXOAHBIX IIPOIECCOB
MOJKHO CAEAQTH CAEAYIOIIEe BEIBOABL:

1. VI3 paccMOTpeHUs TePeXOAHBIX IIPOIECCOB B aK-
THUBHO-UHAYKTUBHOHN Harpy3Ke CAEAyeT, UYTO CPeAHsS
MOIIIHOCTE, TOTpebAsieMast OT UCTOYHUKA [TUTaHUsI, IIPO-
opIHOHaAbHA KOMMYTHPYEeMOH MarHUTHON SHEPTHUH U
06paTHO MPONOPIIMOHAABHA AAUTEABHOCTH IIpoliecca
nepekarouateasi. [loTepyu SA€KTPUYECKOW MOIITHOCTH
COKpAIAloTCA IIOYTH BABOE, €CAU OAAAACTHOE COIIPO-
THUBAEHUE ITYHTUPYETCS YCKOPSIIOIEeH eMKOCTBIO, BEAH-
YMHAa KOTOPOM BLIOMPAETCS U3 YCAOBUSI IOAYUEHUS KPU-
THUYECKOTO PEe’KUMa.

YOK 621.51+621.565.945

2. BBepeHMe mMIIyAbCHOTO (DOPCUPOBAHUS IIpoliecca
TIePEKAIOYeHHUsI TT03BOASIET MHOTOKPATHO YMEHBIIUTH
noTpeOAeHUe 3AeKTpUYeCKOU s3Hepruu. [IpuMeHeHUe
€MKOCTHBIX HaKOIIUTEAEH IIPH eMKOCTHOM (pOpCUpOBa-
HUHY II03BOASIET MCIIOAB30BaTh TUPUCTOPHLIE KAIOUH U,
CA€AOBATEABHO, PACIIMPUTDH AMANIa30H MOITHOCTEN UHA-
YKTUBHBIX Harpy3ok.

BubanorpaguyecKuil CIMCOK
1. TeopeTHyecKye OCHOBEI SAEKTPOTEXHUKH : yuel. AN BY30B.

B3t T.2/ K. C. Aemupusau [u Ap.]. — 4-e u3a., pon. — CII6.:
IMurep, 2006. — 575 c.

IIOITIOB AHnartoauii IleTpoBHY, AOKTOP TeXHUYECKHUX
Hayk, npodeccop (Poccus), npodeccop kadeapsl «Teo-
peTudeckasi u ob11asd IACKTPOTEXHUKA Y.

KYPAKVHA Oasbra IlaBAOBHA, KaHAVMAAT TEXHUYECKUX
HayK, polleHT (Poccug), pouieHT KadeApks! «TeopeTuyec-
Kasi 1 00111asi SAeKTPOTEXHUKAY.

Appec pnst iepenncku: kop toe@mail.ru

CraTthsa noctynmuaa B pepaknuio 14.02.2014 r.
© A.II ITomos, O.II. Kypakuna

U. A. AHBAPEB

OMCKHMM FrOCYyAapPCTBEHHbIH
TeXHHYECKMH YHMBEpCMTET

KOMBUHMUPOBAHHbIX CITOCOB
PEF'YJIMPOBAHMS TEMMEPATYPHbIX
PEXXMMOB MO/1YJIbHOM YCTAHOBKM
BO3AYLUIHOIO OXJIAXXIAEHUS TA3A

CocTaB M 0CO6EHHOCTH ONTMMaANbHOM PabOThl YCTAHOBOK BO3AYLUHOIO OXJIAXKA,eHMsl ra3a
(YBOT) Ha komnpeccopHbix cTaHumsix (KC) 3aBucHT OT paaa ¢hakTOpoB, Cpefn KOTOPbIX
MOXHO BbIfIenMThb Crnoco6 perynMpoBaHmsi TeMNepaTypHbIX PeXMMOB [AucKpeTHbIY, YacToT-
HbI¥). MpHMeHeHMe LWeCTMBEHTUNSTOPHBLIX ABO NpM AMCKPETHOM pPerynMpoBaHiM NO3BONsieT
obecneuntsb 6onee BbICOKYIO €r0 TOYHOCTb, CHMKEHHME NOTPebNsieMOM MOLLHOCTH NPMBOS-
HbIX ABHraTenen. B pspe cnyyaee Ans wecTMBeHTMASTOPHLIX ABO Lienecoo6pasHbiM MOXKeT
6bITb NPMMeEHEeHHe KOMOHHMPOBAHHOTO AUCKPETHO-YaCTOTHOrO CNoco6a perynMpoBaHMst
TeMnepaTtypHbix pexxumos YBOI. MpoBefeHHbIH aHanM3 NOKa3bIBaeT, YTO NPUMEHeHHe
KOMOWHMPOBAHHOIO AMCKPETHO-YAaCTOTHOrO Cnocoba perynMpoBaHusi Ansi LeCTMBEH-
TMRSTOPHLIX ABO CBS3aHO C M3MEHEHMEM CPOKa OKYNaeMocCTH B AManazoHe 10—25 %.

KniouyeBble cnoBa: YCTAHOBKA BO3[YLUHOIro OoXJla<XAeHus rasa, peXxum oxnarKaeHus,

l'IaCTOTHO-perynl‘ipythll‘i nPHMBO4 BEHTUNATOPOB, SKOHOMMS IJIEKTPO3HEePIrun.

[NosrieHUE 3P (PEKTUBHOCTU HEIIOCPEACTBEHHO YC-
TAHOBOK BO3AYIIHOTO OXA&KAeHU 4 rasza (YBOI') pa3su-
BaeTCcd B ABYX HallpaBAeHUIX [1—6].

C OAHOM CTOPOHBI, B IIA@HE COBEPIIEHCTBOBAHMS KOH-
CTPYKIMHU pa3paboTaHbl HOBBIE allllapaThl BO3AYIIHOTO
oxrakpenus (ABO) tuna ABI'B-83, ABI-BM-83, ABT-
85MI’, B KOTOPBIX YBEAMYEHO KOAUUYECTBO BEHTUAATO-
poB (6 IIT.) ¥ MOHMKEeHA MOUTHOCTD IIPUBOAHOTO ABUTA-
TeAd (13,0 1 6,5 KBT cooTBeTCTBEHHO). YBeAUUeHHE KO-
AMYEeCTBa BEHTUAATOPOB Oo0ecrieyrBaeT Goaee paBHOMED-
HBIY 00AYB TENIAOOOMEeHHOU ITIOBEPXHOCTHU 1 6OAee BBICO-
KYIO TOYHOCTb B AOCTHJKeHUH TpeOyeMOoro TeMueparyp-

HOTO YPOBHSI OXAa’kKpaeMoro rasa. [Ipu 3TomM oTAmYu-
TeABHOU 0COOeHHOCTBhIO 06aaparoT ABO Tmnma ABI-
85MI" (6 BEHTUASITOPOB MOIIHOCTBIO 110 6,5 KBT), KOTO-
pble Ipu HeOOABIINX IIOTEPSX TENAOBOMU 3(h(heKTUBHOC-
TH 06eCIIeYNBAIOT CYLECTBEHHYIO 9KOHOMUIO dIAEKTPO-
SHEPTUY Ha IIPUBOA BEHTUASITOPOB 3a CYET pa3peskeH-
HOM OpraHu3aIuy TPyOHOIO ITyYKa M, COOTBETCTBEHHO,
CHUJKEHUS eT0 @9POAMHAMHUUECKOTO COIIPOTUBAEHUS 10
OXAAKAQIOIIEMY BO3AYUIHOMY IOTOKY [1, 6].

C Apyro¥ CTOPOHBI, B IIA@HE COBEPIIeHCTBOBAHUS
cucTeM aBTOMaTU4yecKoro ynpasaeHus (CAY) ¢ LieAbro
AOCTVDKEHHUSI ONITUMAaABHOM TeMIepaTyphl OXAAKACHUS
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QQ.'T‘
Thic.kBT*4ac

100,00
2ABr-75C \

80,00 \
60,00 / \

40,00 - M < é-.; *

- ABM-85MI | f

20,00

4
0,00 i--

1 2 3 4 5 6 7 8 9 10 1" 12
MecAL bl

Puc. 1. Pacxop BAEKTPO3HEpPIrMU Ha NMPUBOA BeHTHATOpPOB ABO rasa
AASL MOAYABHOHN YBOI mpu AMCKPETHOM M 4aCTOTHOM
PperyAupoBaHuU IIPOU3BOANTEABHOCTH:
— — AWCKPETHOE PEryAHNPOBAHNE; smmsmss — YAaCTOTHOE peryAupoBaHHe

a 0

Puc. 2. KoMOMHUPOBaHHBIN AUCKPETHO-4aCTOTHBIN
crioco6 peryamposanusi AP-UP

a — IpH 4YeThIpeX BKAIOYEHHBIX BeHTHASITOpax AP m AByX BeHTHAdTOpax 4P;

6 — IpH ABYX BBIKAIOYEHHBIX BeHTHASTOpax AP u AByX BeHTuAsiTopax YP
QS.'T‘
Thlc.kBT*4ac ’l

(4
40,00 ‘.’
ABI-85MI
(120P)

30,00

= @
s

©

20,00

1 2 3 4 5 6 7
mecsLbl

10 11 12

Puc. 3. Pacxop BAEKTPOIHEpPIrMU Ha NMPUBOA BeHTHAATOpPOB ABO rasa
AAS MoAyABHOI YBOTI ¢ kommoHoBKo# (8AP-44P)
IPpH PEeryAupOBaHUU IPOU3BOAUTEABHOCTH:
— — AVICKPETHOE PEryAHPOBAHNE; smmsmms — A-YACTOTHOE peryAupoBaHUe

rasza Ipd MUHHMAABHBIX 3KCIIAyaTaIlMOHHBIX 3aTpaTax
ccopMupoBaHbl 3 (PeKTUBHBIE TeMIIEpATyPHBIE PEKU-
MBI TPAHCIIOPTUPOBKYU I'a3a B TOM YUCAe 3@ CUYeT YacToT-
HOI'O peryaupoBanus ux npusopos (YPII) [3—23].

ITpu sToMm npu npoekTupoBanuu YBOI HeoO6xopuMO
peuuTs Bonpoc 1eaecoodpa3nocTu npumenenust YPIT
He TOABKO AL ABYX-, HO U AAS LIECTUBEHTUAITOPHEBIX
ABO.

Peaansanusa Ka>kKpA0TO U3 CIIOCOO0B PEryAUPOBAHUS
(AMCKpEeTHBIM, YaCTOTHBIN) B TOM AU UHOM CTEIIeHU CBSI-
3aHa C OollpepeAeHUeM OITUMAaABHOM TeMIlepaTyphl OX-
A@KAEHUS Ta3a t;’,’ji . B npakTuKe IpoOeKTHPOBaHUSA IPU-
HSITO, YTO TOAOBBIE DKCIIAYATAI[AOHHEBIE PACXOABI 09
Ha IIPUBOA BEHTUAITOPOB AOAKHEL OIIPEAEAATHCS IIOCAE-
MOBATEeABHO AAS Ka’KAOTO Mecslla IIpU CpepHel TeMIle-

paTrype Hapy>XHOTI'O BO3AyXad 1 000CHOBaHHOM 3HAYEeHUU
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Puc. 4. Pacxop >AeKTPOIHEpPruM Ha NPHUBOA BEeHTHUASTOpPoB ABO raza
AAS MoAyABHOI YBOT ¢ kommoHoBko# (4AP-8UP)
IPpH PEeryAupOBaHUU IIPOU3BOAUTEABHOCTH:
— — ANCKPETHO€ PEryAHPOBAHNE; smsmmms — A-YaCTOTHOE PEeryaAupoBaHUe

AQ,p
ThiC.KBT*uac

P

//

140,00

AQan
120,00 3KOHOMMUA
100,00 ot OP-4YP

/ % NPOLEHT

80,00 ‘ —
3KOHOMWH
60,00 / Srononm

40,00 ?/T
20,00

\
0”’_-’_-.‘—‘
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yncno BeHTUNATOPoB YP - m

Puc. 5. DKOHOMUS pacxopa 3AEKTPOIHEPru¥Ml Ha IPHUBOA
BeHTHASTOPOoB ABO raza mopAyAbHON YBOI AAsT pa3AMYHOro KOAHMYECTBa
ABUraTeael BEHTUASITOPOB, oCHameHHbIx YPII:

— — HKOHOMHSI PAacCX0Aa SAEKTPOIHEPIrUY; smmsmss — MPOLEHT 3KOHOMHUHU

t;’,’;; , KOTOpast MOKeT OBITh IIOAyYeHa Ha 3Talle 3Hepre-
TUYECKON OITHMMU3AIIUU TEXHOAOTHMYECKOro ydacTKa
(TY) marucTpasrbHOI'O Ta30IIPOBOAA. YPOBEHD t(‘,’gj obec-
TeyrBaeTCs IIPU AUCKPETHOM PeryAupOBaHUM — KOAHU-
4eCTBOM BKAIOUEHHBIX BeHTUAITOPOB ABO, a npu yac-
TOTHOM PEryAUPOBAHUU IIyTeM U3MeHeHUs UX IIPOKU3BO-
MATEABHOCTH.

AaHHas 3apada IIO3BOASIET OIIPEAEAUTH T'OAOBBIE
3KCIIAyaTallMOHHBIE PACXOABL Ha IIPUBOA BEHTUAITOPOB,
HUCIOAB3YS rpadukK 3arpy3ku KC, mocaep0BaTeABHO AAS
Ka’kKAOTO j-I'O Mecdlla IPU COOTBETCTBYIOIIeN CpepHel
TeMIlepaType Hapy’KHOTO BO3AyXa tg . OLleHUB Kanu-
TaAbHBIE 3aTPaThl Ha CTPOUTEABCTBO YBOI' ¢ pa3aAmyHbI-
mu TunaMmu CAY, MOXHO CAEAAQTh BHIBOABI O palliOHAAD-
HOCTU CIIOCcO0a peryArupOBaHUs IPOU3BOAUTEABHOCTHU
BeHTUAATOPOB ABO rasa.

B xauecTBe AOKAABHBIX KpUTepHueB 3(pPeKTUBHOCTHU
YBOT 1ipu 3TOM MO’KHO IIPUHATE IOTPeOAeHNE SAEKTPO-
sHepruu N_, ee ctouMocTk C__, a TakyKe CPOK OKyIIa-

aa! oxa'

emMocTu 7, [6]. Toraa npu Ce30HHOU BKCIAyaATAIllUU B

TeueHrne 12 MecsIeB 3apayy ONTUMU3AIUN MOXKHO
chOPMYAUPOBATE CACAYIOIIUM 00pa3oM:

v =opty(t¥.t,t,,CAY ABO)
U

U={tr =2 =} ' o

OXA OXA

wae ¥ = AN CoTog ot ={ec? ot = {1/ )
tK :{txj } ]:1'172

B HacTosmee BpeMs HaXOAAT LIMPOKOE PacIpocTpa-
HeHMe Kak 00I11elleXoBas, TaK U MOAyAbHAs OpraHu3alus
dopmupoBaHug YBOTI'. Pe3yAbTaThl pacueTOB MOAYAB-
"ot YBOT opnot uz KC OOO «l'azmpom TpaHcras
CaukT-IleTepOypr», BEIIOAHEHHOM Ha 06a3e ABYX
11eCTUBEHTUAITOPHBIX ABI-85MI" AU ABYXBEHTHUAATOD-
HBIX 2ABT-75C 1pu AUCKPETHOM U 4aCTOTHOM CIIoCcO0ax
PeryAupOBaHUsA UMeIOT CXOXXUU C 00llelneXoBOM Op-
raHu3alyel xapakTep U IpUBeAeHE! Ha puc. 1.
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Kaxk caepyeT U3 IpuBeAeHHBIX I'PaUKOB CHUKEHUE
3aTpaT SAeKTPO3HEPruu npu ucrnoabzosanuu YPIT ara
MoayAbHOM YBOI Ha 6a3e ABI'-85MI omyTumo HUXe,
yeM anas 2ABIC-75C.

Anrg mopyabHOM YBOI Ha 6aze AByX amnmapaToB
2ABT-75C ropoBas 3KOHOMUS PACX0Ad SAeKTPO3HEPTUH
IpUHUMaeT 3HaueHUe okoAo 304 Teic. kBT.uac, uTo coc-
TaBASIET OKOAO 43 % B CpaBHEHUU C AUCKPETHBIM PETyAU-
poBaHueM. A IIpU UCIIOAb30BaHUH ABYX IIECTHUBEHTUAS-
TOpHBIX ABO Tnna ABI-85MI' npunuMaeT 3HadeHUe
165 ThIc. KBT.yac uamu 41 % B cpaBHEHUU C AUCKPETHBIM
peryAupoBaHUeM COOTBETCTBEHHO.

O11eHOUHBIM CPOK OKYIIaeEMOCTH BHEAPEHUS CUCTEMBL
YPI1 B 3TOM CAy4Yae COCTABUT IPUMEHUTEABHO K alllla-
patam 2ABI-75C B npeaeaax 0,8 —0,9 aer, a ara ABI-
85MI" — B npepenrax 3—3,5 aer.

[pu 5TOM HEOOXOAMMO OTMETHTE, YTO 3aTPATHI IAEK-
TPOSHEPTUM IIPU YaCTOTHOM PETyAUPOBAHUU AAS MO-
AyApHOM YBOI Ha 6a3e ABI-85MI B 11eAOM B TeueHUe
Ce30HHOM 3KCIIAyaTalluu MeHbllle, yeM arsd 2ABI-75C.

TakuMm o6pa3oM, HECMOTPS Ha HECKOABKO OOABIITUN
CPOK OKyIIaeMOCTH, HeOOXOAUMOCTEL OCHAIeHUS Yac-
TOTHBIM IIpeo6pa3oBaTeAeM OOABIIEr0 YUCAA IAEKTPO-
ABUTaTEeAEH C yY4eTOM MEeHBIINX COBOKYIHEIX 3aTpar
3AeKTposHepruu npumeHeHue YPIT aag MOAYABHEIX
YBOT Ha 6a3e He TOABKO ABYX-, HO U AAS IIIeCTUBEHTH-
asaTopHBEIX ABO IIpu UX KPYTAOTOAUYHOM 3KCIAYyaTalluU
SIBASIETCS LIeA€COOOPa3HbIM.

BmecTe ¢ TeM npy UCIIOAB30BAHUU IIECTUBEHTUAS-
TOPHBIX ABO BO3MOXHO IIpUMeHeHHe KOMOUHUPOBaH-
HOT'O AUCKPETHO-YaCTOTHOI'O CIioco0a PeryAupoBaHUs
TeMIlepaTypHBIX pe>xxuMoB YBOT'. Ilpu 3ToM 0pHA 4acThb
BeHTUAITOPOB ABO mpu AMCKPETHOM pEeryAnpoBaHUM
(AP) MmokeT mMeTh ABa pexuMa (MDYHKIMOHUPOBAHUSA
(BKAIOUEH, BLIKAIOUEH), & ApyTrasl 4aCTh BEHTHUASTOPOB
IIPM 4aCTOTHOM peryaupoBaHum (UP) o6AapaeT BO3MOIK-
HOCTBIO NIAABHO MEHSITH CBOIO IIPOM3BOAUTEABHOCTH
(puc. 2).

AaHHBIN CIIOCO6 CBsI3aH C HEKOTOPOU MOTeper 3KO0-
HOMUM 3A€KTPO3HEPIrUHU 3a cueT ucrnorb3doBanmua YPIT,
OAHAKO IIPeAIIoAaraeT U CHU KeHUe 3aTpaT Ha (hOpMUPO-
BaHMe U (PYHKIMOHUPOBAHVE CUCTEM aBTOMATHIECKOTO
ynpaBAeHud B pamKax CAY ITIA B nieaom. KomM6unuU-
POBaHHBIY AUCKPETHO-YaCTOTHEBINM CIIOCO0 peryAupoBa-
HUS TeMIlepaTypHBIX pe;kxuMoB YBOTI' Mo>keT OBITH HH-
TepeceH U B CAy4yae OrpaHUYeHUY KOMIIOHOBKU 0060py-
poBaHUA B 6h0ke CAY I'TIA B paMKax MOAYABHOM TeX-
HOAOTHH.

Toraa Ipu ce30HHOM 3KCIIAyaTalluu B TeueHue 12 Me-
cAlleB 3apadyy ONTHMHU3AUM KOMOMHUPOBAHHOTO
MUCKPETHO-YaCTOTHOI'O CIIOCO0a PEryAupPOBaHUS MOKHO
C(OPMYANPOBATH CAEAYIOLIUM 00pa3oM:

oxa!

v =opty(t¥,t,t., CAY ITIA)
U

, 2
U= {17 =2 =" CAY ITIA} @

OXA
tr = {ei b =) )

rae Y = {N;;/\'COXA'TOKYH }'

to={t) } j=112.

Pertenre paHHOM 3apaum OBIAO paccMoTpeHo aast KC
C MOAYABHOM KOMIIOHOBKOM YBOI Ha 6aze AByX IIeCTHU-
BeHTUAATOPHBIX ABO Tuna ABI-85MT.

B kauecTBe OAHOTO M3 BapbUPyeMBIX I1apaMeTpoOB,
onpepeastomux TpeboBanusg K CAY I'TIA, ucnoab3oBa-
AaCh AOAS BeHTUASTOPOB YBOI', mMeromux 4acTOTHOE
peryAvpoBaHue, APYTMM BapbUpPYeMBIM IlapaMeTpoM
SIBASIAOCH KOAMYECTBO OTKAIOUEHHBIX BEHTUASITOPOB U3
uncaa, uMerommx AP. Tak, HannpuMep, Ha puc. 3 oroOpa-

>xeHa MoAyAbHass YBOI cocrogmias u3 AByx ABO (12
BEHTHUASTOPOB) ¢ ponert UP, paBroit 1/3 (8AP-4UP), npu-
4yeM KOAUYECTBO OTKAIOUEHHBIX BEHTUASITOPOB U3 UNCAQ,
uMmeronux AP paBHO 2.

TakuM 06pazoM AAS Ka>KAOT'O BapuaHTa AUCKPETHO-
4acTOTHOM KOMIOHOBKY NAP-mYP (m=1—12, n=12—m)
OblAa TPOBEAEHA ONITUMU3AIMS d9HepreTU4eCKuX 3arparT
Ha OXAaKAeHUe raza B YBOI npu pa3sAuuyHOM KOoAude-
cTBe (n1) OTKAIOUEHHBIX BEHTUASITOPOB M3 YMCAAQ N, UMe-
romux AP B 3aBUCHMOCTH OT YCAOBHM 3KCIIAyaTalUuHn
(j-#1 mecarm).

B wactrOCTH, A MOAYABHOM YBOI ¢ KOMIIOHOBKOM
(8AP —4YP) ObiAu paccMOTPEHBI BapUaHTHI C KOAMYECT-
BOM OTKAIOYEHHBIX BeHTUAATOPOB nl1 =0 — 8 (B 3aBUCHU-
MOCTH OT Mecslla 3KCIIAyaTalluy) U3 YucAa n=_8, uMe-
romux AP. Hauayuiui BapuaHT AMCKPETHO-4aCTOTHOI'O
peryaupoBaHug (npu nl=38,8,6,2,1,1,1,1,1,2, 2,4
MASI COOTBETCTBYIOIIETO j-TO Mecslia) oToOpaskeH Ha puc. 3.

Ang MoayapHOM YBOIT ¢ komMnoHoBkol (4AP-84P)
OBIAM PACCMOTPEHBI BAPUAHTHI C KOAMYECTBOM OTKAIO-
YeHHBIX BeHTUAITOPOB n1 =0 —4 (B 3aBUCUMOCTH OT Me-
cslla 3KCIIAyaTalmy) U3 uncaa n =4, umeronux AP. Hau-
AYYIIUY BapUaHT AUCKPETHO-4YaCTOTHOTO PeTryAupOBa-
Hug (mpu nl1=3,3,1,0,0,0,0, 0, 0,0, 0, 0 pAps cooT-
BETCTBYIOIILETO j-I'0 Mecslla) OToOpaskeH Ha puc. 4.

Kaxk caepyeT U3 IOAYYEHHEBIX PE3YABTATOB, C YBEAU-
YeHUEeM AOAU BEHTHUASITOPOB UMEIONUX YaCTOTHOE
peryAupoBaHKe 3KOHOMUS 3AEKTPOIHEPTUU 3@ CUET
ucnoab3oBanusa UP Bospacraer. Tak, Hanpumep, AAG
koMnoHoBku 8AP-4UP makcuMaAbHasi 3KOHOMUS
3AeKTPO3HEPTUHU 3@ MeCHI] COCTaBAsIeT OKOAO 7,03 ThIC.
kBT.yac, a ropoBasi 3KOHOMHS — OKOAO 59,63 TrIC.
kBT.4ac, 4To cocCTaBAsIeT COOTBETCTBEHHO IOPSAKA
72,47 % u 14,87 % B cpaBHEHUU C AUCKPETHBIM PETyAU-
poBaHueM.

Anst komroHoBKY 4AP-8UP MmakcuManbHAas SKOHOMUST
9AEKTPOIHEPI'UU 3a MECsI] COCTaBAIeT OKOAO 13,18 Thic.
kBT4ac, a ropoBasi sKoHOMUSI — OKOAO 106,08 TrIC.
kBT.4ac, 4To cocCTaBAsiIeT COOTBETCTBEHHO IOPSAKA
26,46% u 32,35 % B CpaBHEHUU C AUCKPETHBIM PETyAU-
poBaHueM.

Ha puc. 5 oTpaskeHbl pacyeTHbIe 3HAUEHHUST PACXOAOB
3AE€KTPOSHEPIuu Ipu AUCKpeTHOM (AP) U AucKpeTHO-
vacTtoTHOM (AP-YP) cnocobax peryAupoBaHus Ad pas-
AMYHOI'O KOAUYECTBa ABUTaTeAed BEHTUAITOPOB, OCHA-
mieHHbIx YPTT.

TakuM 00pa3oM, U3 IPUBEACHHBIX Pe3yAbTATOB pac-
YeTOB MOJKHO CAEAATh CAEAYIOIINE BBIBOABL:

1. B pesyarraTe npumMmenenusa YPI1 paa MoAyABHOM
YBOT nHa 06a3ze pAByx anmnapaTtos 2ABI'-75C ropoBast sKo-
HOMUSI PACXOAd DAEKTPOIHEPTUU COCTABASIET IOPsIAKA
43 % B CpaBHEHHU C AUCKDPETHBEIM PeryAupOBaHUEM.
CpoOK OKyTnlaeMocCT! BHeApeHUs cucTeMbl UPIT cocTaBuT
0,8—0,9 ropa.

2. TopoBast 5KOHOMUSI PaCXO0AQ IAEKTPOIHEPTUU MO-
AyabHOM YBOT', BEITOAHEHHOU Ha 6a3e ABYX LI€CTUBEH-
TUAATOPHBEIX ABO Tuna ABI'-85MI" nmpunHuMaer
3HaueHue 41 % coorBeTcTBeHHO. CPOK OKYIIAeMOCTH
BHeppeHus: cucrtembl YPIT — 3 — 3,5 ropa.

3. 3aTpaTel 3A€KTPO3HEPruy NIPU 4aCTOTHOM pery-
AWPOBAHUU KaK A MOAyAbHOU YBOI Ha 6aze ABI-
85MI' B eAOM B TeueHHe CEe30HHOW 3KCIAyaTalluu
MeHble, yeM arst 2ABT-75C.

4. INpumenenue YPIT aaa MopyabHEIX YBOI Ha Oaze
1eCTUBEHTUAATOPHBIX ABO ¢ MaAoM MOILIHOCTBIO AEK-
TpoABurareArei (ABI-85MIT) nmpu MX KPYTAOTOAUYHON
SKCIAyaTallud IIPUBOAUT K OLIYTHUMOMY YBEAHMUYEHUIO
CpOKa OKyIlaeMOCTH (B 2-3 pa3a [0 CPaBHEHUIO C ABYX-
BeHTUAATOPHBIMU 2ABI-75C), HO B AOIIyCTUMBIX IIpeAe-
AaX MPUHSATHIX A OOBEKTOB ra30BOM ITPOMBIIIIAEHHOCTH.



5. [lpuMeHeHNe KOMOMHMPOBAHHOTO AUCKPETHO-4ac-
TOTHOTO CII0CO0a PETYAUPOBAHUS TEMIIEPATYPHEIX pe-
>xuMoB YBOI cBsI3aHO ¢ HEKOTOPOU NOTepel 3KOHOMUU
3AEKTPO3HEPTHUH 3a cueT ucnoab3oBanug YPI1. Hanpu-
Mep, At BapuanTa 4 AP-8UP npumepno Ha 10%, a ars
BapuaHTa 8AP-44P Ha 25%. OapHAKO IpeAlioraraeTcs u
CHUJKeHYe 3aTpaT Ha (hopMHPOBaHUe U (DYHKIMOHUPO-
BaHMeE CHUCTEM aBTOMAaTHYeCKOI'O YIIPABAEHUs B paMKax
CAY ITIA B 11eAoM.

6. KoMOMHUPOBAHHBIN AMCKPETHO-YaCTOTHBIN CIIO-
co0 peryAupoBaHUS TeMIlepaTypHBIX peXxumoB YBOI
MOJKeT OBITb MHTEpPEeCEeH M B CAy4Yae OIPaHUYEHUH II0
KOMIIOHOBKe 000pyAOBaHUS B OAOK-O00Kce CAY ITIA B
paMKaX MOAYABHOM TEXHOAOTUMU.
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JiMneukMi rocygapcTBeHHbIN
TEXHMYECKMH YHMBEpPCHMTET

OLLEHKA OBECIMNEYEHMY
BE3OTKA3HOCTM
SNEKTPOCHABYXEHMUS NOTPEBMUTEJIEMA
NP UCNOJIb3OBAHMMU B CUCTEME
BPEMEHHOM U3BbITOYHOCTM

Cymecraywmue meToabl o6ecneyeHuss 6e30TKa3HOCTH CUCTEM 3nekrpocua6me|-|m| npe-
AYyCMaTpHuBalOT BBE€AeHHe M36bITOYHBIX MOLLHOCTEM, YTO BeAeT K pocrty o6bémoB 3Hepro-
no1’pe6neHm| M 3KCNAyaTaLMOHHbIX pacxofoB. B cratbe onMcbiBaeTcs B3aMMOJENCTBHE
JJIeMEeHTOB 3nem’pmecuoﬁ CUCTEeMbI B YCJIOBUSAX BpeMeHHOﬁ M36LITOYHOCTU HAa OCHOBE
TeopuM Cﬂy‘laﬁHle MMNYNbCHbIX MOTOKOB. anBeAéH npumep pacyeta U3MeHeHUs NapameTt-
POB CXeMbl 3ﬂeKTpOCH36>KeHHSI Cycrt QHOBKOM B HeM 3neKTpMYecKoro Hakonmrens. MpoaHanu-
3MPOBAHO COOTBETCTBUE PaCieTHbIX U TEOPETUYECKMX NapPpaMeTPOB; fJaHa OLleéHKa COOTBeTCT-
BUS NONMYY€HHbIX pe3YyJibTaTOB TeXHONOrM4eCKH HeOGXOAhMbIM. MonyyeHHble pe3ynbTarbl
No3BONAIOT OTCNeAUTb U3MEeHEeHUE BNIUSIHUS BpeMeHHOﬁ M36bITOYHOCTM Ha 6€30TKa3HOCTb
3ﬂeKTpOCHa6)KeHMS| norpe6men9| NPH Pa3fiMYHbIX NapaMeTpax CUCTeMbl, UCNONTIb3YyeMOoro
HakonMTena U ANMTeNbHOCTAX OTKAa3OB.

KnioueBble cnoBa: BpeMeHHas M36bITOYHOCTb, CMCTEMA 3ﬂeKTpOCH36>KeHH9I, HaKomMuTe b,

6e30TKa3HOCTb.

PacnipocTpaHéHHBIM CIIOCOOOM IOBHIIIEHNUS HAAEK-
HOCTH (DYHKIIMOHUPOBAHUS CUCTEM IAeKTPOCHAOKEHUS
sIBASeTCS BBeAeHUe U30bITOYHOCTel. [IIMpOKO NCIIOAB-
3yeTcsl B 9AeKTPOCHAOKeHUN CTPYKTYPHOE pe3epBUPO-
BaHme [1]. HepocTaTKaMu CTPYKTYPHOM U30BITOUHOCTH
SIBASIIOTCS IOTPEOHOCTH B OOABIIOM YHCAE 3AE€MEHTOB,
IIOABEPraloluXCsl pe3ePBUPOBAHNUIO, U BEICOKOHAAEIK-
HBIX ITI€PEKAIOYAIOIINX 3AeMeHTOB. OTO BBI3BIBAET MIPO-
THUBOpeure MeKAy TpeOOBaHNEM K CHUJKeHUIO 9KCIIAya-
TAalMOHHEIX PACXOAOB Ha COAEpP’KaHHe U IIOKYIIKY pe-
3epBHOrO 000OPYyAOBaHUA U TpeOOBaHUEM K oOecliede-

HHIO 0€3aBapUMHOCTHU 3KCIIAyaTalliH, YTO B YCAOBUAX
M3HOCA CyIIeCTBYIOero 000pyAOBaHUSA U POCTA JAEK-
TponoTpebGaeHUs TpeOyeT KaK pa3 HaAnure pe3epPBHBIX
MoIfHocTe. PazpaboTka CIIoCOO0OB pellleHus AQHHOU
IPOOAEMBI PAaCCMaTPUBAETCS IPY YaCTUIHOHN IMTOAAEPIKKE
nporpamMmmMbl YMHUK 1o npoekTy «AnmnapaTHBIHN
KOMIIAEKC OIIeHKHU ¥ OINTUMU3AINN (PYHKIMOHUPOBAHUS
BBICOKOBOABTHOI'O OGOPYAOBAHUSI».

Pa6oThl, BEIIOAHEHHBIE paHee [2 —4], TOoKa3aAH, 4To
OAHUM U3 ITyTeN CHU)KEHHS 9KCIIAyaTaIlMOHHBIX PACXO0-
AOB IIPH OAHOBPEMEHHOM COXpaHeHU! 6e3aBapUMHOCTH
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ITpoomKHUTENbHOCTD PadOThI

Puc. 1. O6AacTH ONTHUMAABHOTO HMCIOAb30BaHUSI Pa3sAMYHBIX
THIIOB aBTOHOMHBIX MCTOYHHMKOB TOKa: Puc. 2. CTpyKTypHasi cxeMa pPacyeTHOH CHCTEMBI
3AEKTPOCHaOKeHHUsI:

1 — aKKyMyAsSTOpHble OaTapeu; 2 — COAHeYHbIe GaTapew;
a) A0 BBeAeHHsS] M30BITOYHOCTH; 0) C HAaKOIHMTEAEeM

3 — BAEKTpPOXMMHYECKHE reHepaTopbl;
4 — gpepHbIe PeaKTOpPBI;
5 — paAMOM30TONHBIE MCTOYHHKH [5]
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Puc. 3. BAusiHue BpEMEHHOIr0 pe3epBa Ha M3MEHEHUE BEPOSITHOCTH OTKa3a CHCTEMbI

IpH Pa3HO AAMTEABHOCTH BPEMEHH BOCCTAaHOBAGHHs O :
1 —npuP,=P,=0,5 2 —npu P,=P;=0,83 —npu P, =P, =0,9
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Puc. 4. B3anMoCBsI3b BEPOSTHOCTH PabOThI CHUCTEMBbI
M BpeMeHHU Pa3pSIAKN HAKOMHTEAS: Puc. 5. 3MeHeHne BpeMeHHM NMUTAHUS CETH OT HAKONMHMTEAs
— 5 1 — 4 1 B 3aBHCHUMOCTHU OT BpeME€HU BOCCTAHOBAEHHUSI CUCTEMBI:
a) mpu A, =10"rog™'; 6) mpu A, =0,5-10"rog™; a) TeopeTHueckmii rpaduK; 6) pacueTHash KpuBas

A, =2-10"rog™

B) mpu *x



paboTHI IBASIETCST NCIIOAB30BaHNE B CHCTEMaX BpeMeH-
HOU M30BITOYHOCTU. AASL OCYIIECTBA€HUS BPEMEHHOTO
pe3epBUPOBaHUS B KQUECTBE YCTPOUCTBA AN HAKOIIAE-
HUSI DAEKTPUYECKOTO 3apsiAd B CUCTEMe MOJKeT OBITh
HUCIIOAB30BaH aBTOHOMHBIM HCTOYHHUK TOKA (Aaree «Ha-
KONHUTEAB»). BLIOOD THIla HAaKONHUTEAs], YPOBHS Tpeby-
€MOM MOLTHOCTYU U pecypca ero paboTsl 3aBUCST OT K-
CIIAyaTaIlMOHHBIX IIapaMeTPOB Pe3epPBUPYEMON CXEMBI
(puc. 1).

PaccmoTpuM BAMSIHYE HAKOIUTEASI HA PaOOTy SAEKT-
pounpuéMHukoB III Kareropuu, 3AeKTpocHaOXeHUe
KOTOPBIX AOIyCKaeT ITUTaHUe II0 OAHOW AMHUY, B TOM
4ucAe ¢ KabeAbHOM BCTaBKOM, eCAU OOeclledeHa BO3-
MO>KHOCTDB IIPOBEACHUS aBapUUHOI0 PEMOHTA 3TOM AM-
HUHU 3a BpeMsi He 60Aee OAHUX CyTOK. B obijem cayuae
TIPEACTaBUM Pe3epBUPYEMYIO CXeMy KaK COBOKYITHOCTD
TIOCAEAOBATEABHOTO, IIaPAAAEABHOTO ¥ CMENIaHHOI'O CO-
eAVHEHUsI DAeMEeHTOB, obeclIeYnBaOIUX MTUTaHUE
noTpebuTeAs (Ha puC. 2 YCAOBHO He NokasaH). [IpuHuMa-
eM H3BEeCTHBIMH BpeMs HapaOOTKU Ha OTKa3 Ka’KAOU
BeTBU OAOKOB CMelllaHHOTO coepnHeHust A u C; BpeMst
BOCCTAHOBAEHUS Ka’kKAOTO dAeMeHTa 0, 1 BepoATHOCTh
paboTsl 3aeMeHTOB B u D.

OmnmcaHme B3aMOAEHCTBUSI IAEMEHTOB DAEKTPHUYEC-
KOM CHCTEeMBI B YCAOBUSIX BPEMEHHOU M30LITOYHOCTH
BBLIIIOAHMM Ha OCHOBE MaTeMaTH4eCKOro anmapara Teo-
pHuH CAyYaWHBIX UMIIYABCHBIX IIOTOKOB [6]. ByaeM cuu-
TaThb, YTO B CUCTEMAaX C BPEMeHHEIM pe3epBUPOBaHUEM
OTKa3bl 000PYAOBAHUSI, C AAUTEABHOCTBIO BOCCTAHOBAE-
HUsI, MEeHbIIIe BpeMeH! IIOAHOT'O Pa3psiAd HaKOIIUTEAs
t,, He OKA3BLIBAIOT BAMSHUS Ha PaOOTy CUCTeMEL B aToM
NPUOAVKEHUM 3HAYUMBIMU MOJKHO CYWUTATh OTKA3HI,
AAUTEABHOCTH BOCCTAHOBAEHUSI KOTOPHIX IIPEBHIIIAET
BpeMs pa3psiAd HaKOUTeAsI. BepOsSITHOCTD MX MTOSIBAEHUS
TIPY DKCIIOHEHIIMAABHOM 3aKOHE PaclpPeAeAeHsI BpeMe-
HH BOCCTaQHOBAEHUSI CUCTEMBI MOKHO OIIEHUTH COTAACHO:

ﬁnu = ﬁnujgnuﬁnu(gﬁgl (1)

rAe ﬁm u B,,(0) — cpeapHsasa 4acTOTa M IAOTHOCTDH Be-
POSITHOCTY PaCIPEASACHUSI AAUTEALHOCTH He ITOCTYyIIAe-
HUS 3apsIAa B HAKOIIUTEAD, COOTBETCTBYIOIINE OTKa3aM
060PYAOBaHUSI, TIOABEPITIIET0CsI BpEMEHHOMY Pe3epBU-
POBaHMIO; O — AAMTEABHOCTb BpeMeHU BOCCTaHOBACHUS
IpU HAAWYU Y BPEMEHHOI'O pe3epBUPOBAHUS.

Toraa n3MeHeHHe BepPOSITHOCTH OTKasa pe3epBUpy-
€MOM CHUCTeMBI YAOOHO OII€HUTH!

Ap:M~100%'

Py @

TAe P U p,, — BEPOATHOCTEL PAOOTHL CUCTEMEI Oe3 Bpe-
MEeHHOM U30BLITOUHOCTHU U C €€ UCIIOAB30BaHUEM COOT-
BETCTBEHHO.

I'padhuk n3mMeHeHUs: BEPOSITHOCTH OTKa3a Py BBeAe-
HUU BPEMEeHHOI'0 pe3epPBUPOBaHUS IPUBEAEH Ha puc. 3.
BraHO, 4TO pUCK BO3HMKHOBEHUS OTKa3a IIPU yCTAHOB-
Ke HaKOIIUTEeAs] B pacCMaTpUBaeMOM CUCTEME SAEKTPO-
CHaO>KeHUsT 3HAUUTEABHBIM 00Pa30M 3aBUCUT OT HAAEK-
HOCTHU 3A€MEeHTOB pe3epBUPYEMOM CXeMbl IAeKTPOCHA0-
s>keHUs. Tak, Ipu BpeMeHHOM pe3epPBUPOBAHUU CXEMBI
C HapEKHOCTBIO COCTaBASIOIIMX eé saeMmeHToB 0,5, Be-
POSTHOCThL OTKa3a CHUyKaeTcs Ha 75 %. OApHaKO ¢ poc-
TOM HAAEXHOCTHU COCTABASIOIIUX CXEeMBI SAEKTPOIINTA-
HUSI, BAUSIHUE BpeMeHHOTO pPe3epBUPOBaHUS CHUYKAETCS,
¥ IIPU TIOBHILIEHUY BEPOSITHOCTU PabOTHl SAEMEHTOB A0
ypoBH4 0,9, BepOATHOCTE OTKa3a CUCTEMBI YMEeHBIIIaeTCs
Ha 19%. [Ipu 3TOM C POCTOM IIPOAOANKUTEALHOCTU
9AEKTPOIUTAHUS OT Pe3ePBHOI'0 UCTOYHUKA d3PPEKTUB-

HOCTb HUCIIOAB30BaHUs BpeMeHHON U30BITOUHOCTU MO-
HOTOHHO CHUJKAeTCsd BIAOTH AO OTPUIlaTEABHEIX 3Hade-
HUM Ap. DTO TOBOPHUT O TOM, YTO MCIIOAB30BaHUE Bpe-
MEeHHOTO pe3epBa B pacCMaTpUBaeMoy cxeMe, IIpH Iepe-
PBIBaxX 3AeKTPOCHAOKeHNs, HeOOXOAUMBIX AN PEMOHTA
UAU 3aMeHBl IOBPEKAEHHOTI'O 3AeMeHTa CUCTEMBL, AAU-
TEABHOCTBIO OoAee 7,5 yaca, He IPUBEAET K YBEAMYEHUIO
0€e30TKa3HOCTHU 110 CPAaBHEHUIO C CUCTEMOU 6e3 HCIIOADb-
30BaHUA pe3epBa.

Kaxk BupAHO U3 puc. 1, AA pe3epBHOTrO IUTAHUA I10-
TpeOUTeAe OT aBTOHOMHBIX UCTOYHUKOB, MOI'YT OBITh
WCIIOAB30BAHbLI Pa3AWYHBIE TUIBI HaKomuTeaeu. [lpu
3TOM MM BPEMEHHOTI'O Pe3ePBUPOBAHUSA SIA€KTPOIIPUEM-
HukoB Il kaTeropuu Haumboree NPEAITOUTUTEABHBLIM
NIPeACTaBASIETCS HUCIOAb30BaHUE aKKyMYAdTOPOB, Ha-
AEKHOCTB U CPOK CAY’KOBI KOTOPEIX BO MHOI'OM 3aBUCHAT
OT UX EéMKOCTU. AeMCTBUTEABHO, UCIIOAB30BaHUE U3-
OBITOYHOM EMKOCTH aKKyMYASITOPa COIIPOBOYKAQETCS He
TOABKO YBeAMYeHUEM IIPOAOAKUTEABHOCTHU €ro pa3pgapa
Ha HArpy3Ky, HO U y’KeCTouyaeT TpeOOBaHUSA K LUKAY
3apsipa/mepesapsipg, B YaCTHOCTH K BEAMYMHE TOKOB U
BpeMeHHU 3apAAa, T.K. IPOAOAKUTEAbHAd paboTa akKy-
MYASITOPa B pe’XuMe HEeIIOAHOTO 3apsSAa Pe3KO CHUKaeT
CPOK ero cAy>XObl. [To3TOMy AAd IIOBBIIIEHUS CpOKa
CAY’KOBI aKKYMYASITOPOB B CAydae UX HCIOAB30BAaHUS
B KaueCTBe HaKOIIUTeAeH B cCXeMaX BpeMeHHOI'0 pe3ep-
BUPOBAHHUSA E€MKOCTh aKKyMYAITOPOB >KEAATEABHO
BBIOUpATh U3 TpeOOBaHUA MUHUMAABHO AOIYCTHMOTO
BpeMeHHU UX pa3pspa. B To jxe BpeMs IPOAOASKUTEAD-
HOCTBH pabOTHl HAKONUTEeAd Ha HAarpy3Ky B 3HAUHUTEAb-
HOM CTelleHU BAMAeT Ha 0e30TKa3HOCTh paboTHl CUCTe-
MBI C BDEMEHHBIM pe3epBUpoBaHueM. PaccMoTpuM B3a-
UMOCB43b 00beMa HaKOIIUTEAS C IIOBBIIIEHNEM BepPOsIT-
HOCTHU paboThI cucTeMHl (puc. 3). [1pu aTOM yYuUTEIBAEM,
4TO, COTAACHO [4],

t,
Ap = Ii,, [ 60,,8,,(0)0 (3)
0

TAe ﬁg o ¥ B,,(8) — cpeaHsisi YacTOTa M MAOTHOCTD BEPO-
SITHOCTU pacCIpeAeAeHUd Nay3 B 3AeKTPOCHAOKeHUU,
COOTBETCTBYIOINIUX BpPEeMeHU BOCCTAHOBAEHUS
3AeKTPOOOOPYAOBAHUSA YaCTU CUCTEME], HaXoAdlleNncs
IOCA€ HaKonUTeAst; 0, — BpeMst BOCCTAaHOBACHUSI pe3ep-
BHUPYEMOI'0 3AeKTPOOOOPYAOBAHUS.

PesyabTaThl pacyera (3) npuBeAeHEl Ha puc. 4. Bua-
HO, UYTO C YBEAMUYEHVEM BPeMeHHU Pa3psipa HaKOIIUTEAs
6€30TKa3HOCTb CUCTEMBI HEAMHEHHO Bo3pacTaeT. Takum
00pa3oM, IOBHIIIIeHNEe 0e30TKAa3HOCTU 3AEKTPOCHAOKe-
HUSA SAeKTPOIPUEMHUKOB III KaTeropuu BO3MOKHO KaK
IIyTeM IOBLIIIEHUS BpeMeHHU pa3psiaa HaKOIIUTEAS IPU
BpeMeHHOM Pe3epBUPOBaHUY, TaK U CTPYKTYPHEIM pe-
3epBUPOBAHNEM CUCTEMBI SJAEKTPONIUTaHUs. B mocaep-
HeM CAydae (puc. 2) u30bITOYHOE CTPYKTYPHOE pe3epBU-
poBaHUe B 3HAUUTEABHOM CTelleHU yMeHbIIaeT 3pdek-
THUBHOCTD IPUMEHEeHUsI BpeMeHHOU U30BITOYHOCTH IIPU
pellleHUN 3aAa4Yl IIOBBIIIeHUS O0e30TKa3HOCTU (PyHK-
IMOHUPOBAHUS SIAEKTPOCUCTEMEL. TakuM 06pa3oM, MOK-
HO IIPEATIOAOIKUTD, YTO AASI OOeCIliedeHUsI BpeMeHHOTO
pe3epBUPOBAHUS IIPU COKPAIEeHUN HEIIPOU3BOAUTEAD-
HBIX M3AEPIKEK B HAKOIIUTEAE, BpeMs pa3psiad HaKOIIUTe-
ASI AOAJKHO OBITH PABHO BpeMeHU BOCCTaHOBAEHUSI CHC-
TeMHbI (puc. 5, npsiMas a). PaccMoTpyM, Kak U3MEHUTCS
3 PeKTUBHOCTb BPEMEHHOI'0 Pe3ePBUPOBAHNUS, €CAU B
obecreueHe MUHUMAABHON EMKOCTH aKKyMYASITOPQ,
BpeMs pa3psipa HAKONUTeAd OyAeT OTAMYATHCS OT
BpeMeHH, HEOOXOAUMOTO AAST BOCCTAHOBAEHUSI CUCTEMEL.
IMoAaraem, 4ToO HAaKONMUTEAb OOAAAQET EAMHUYHOM IIPO-
U3BOAUTEABHOCTBIO, IIOTEPU B CETU OTCYTCTBYIOT.
Toraa:

™
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Puc. 6. Aoarst obGecrieyeHUs] HEOOXOAMMOIO YpPOBHS
6€30TKa3HOCTH aHAAU3HUPYEMON CHCTEMBI AASI Pa3HBIX
3HA4YeHNN BpeMeHHN €€ BOCCTaHOBAEHHS

_ 7, —1)-6,

- (T) — lim,v( — (pnx BX BX. 4
Hpux v (1 - pm,v() ' ( )

rAe p, 1 sz' 5)“ — BEPOATHOCTb pa6OTBI, HNHTEHCUB-

HOCTBb OTKa30B M BPeMsl BOCCTA@HOBAEHUS CUCTEMEL Ha
BXOA€ HaKONUTeAs; | — MHTEHCHUBHOCTD IIOTEPH CETH;
Y — IpOM3BOAUMTEABHOCTBEIO HAKOIHUTEAS; P,  — Be-
POSITHOCTB OCYIIIeCTBAEHUS IUTAHUSA 3IAEKTPOOOOPYAO-
BaHUS Ha BEIXOAE HAKOIUTEAS.

PesyabTaThl pacuera (4) IpUBEAEHBI Ha PUC. S (KpU-
Bad 0). VI3 Hero caepyer, 4To C yBeAUYeHUEM BpeMeHU
BOCCTQ@HOBAEHUSA CHCTEeMBl YBEeAUYHUBAETCH pa3HUILA
MEe>KAY PearbHBIM M TEOPETUYEeCKUMY 3HAUeHUSIMU Bpe-
MeHU IUTAaHUS CeTHU OT UCTOYHUKA. DTO OOBICHAETCS
CHUJKEeHUEeM BepPOSATHOCTU PAbOTHI CUCTEMEL C POCTOM
BpeMeHHU BOCCTAHOBAEHUS €€ SIAeMEeHTOB IIPU HaAUUUU
BpeMeHHOM U30BITOYHOCTH.

C 1meAblo OLleHKH 0OeclledeHUs1 TpeOyeMOoro ypoBHs
0e30TKa3HOCTH pacCMaTpUBaeMoOM CUCTEMEI (PHUC. 2) IpU
BBEACHUU B €€ CTPYKTYPy BPEMEHHON M30LITOYHOCTH
IIPOBEAN @HAAU3 TeOPETUUYECKOU U PacuéTHOU KPUBHIX,
IPEACTABAEHHBIX Ha PUC. 5. AAS 3TOT'O HALLIAW AOAKO AAMI-
TEABHOCTH OTKa3a, B TedeHHe KOTOPOU IUTaHUEe CeTH
OTCYTCTBYeT, OTHOCUTEABHO IIOAHOI'O BpeMeHU BOCCTa-

(s = )
HOBAEHHS KaK ~—2%_—mix’ . 1009% . OTHAB IOAYYEHHYIO

Bhx
BeAanunHy oT 100% (Tpebyemas BeAuunHa 0€30TKa3HOC-
TH), IIOAYUYHAU IIPOIeHT obecliedeHUs HeOOXOAUMOIO
YPOBHA 0€30TKa3HOCTU (PYHKIIMOHUPOBAHUS CUCTEMBI
IpY pa3HOU AAUTEABHOCTU BpeMeHU BOCCTAHOBAEHUS
(puc. 6).

BBIBOABI.

1. BeiBuAM, UTO AASI BEIOPAHHOM B KauecTBe IIpuMepa
ceTH, BBeACHNE BPeMEeHHOU U30BITOYHOCTH [TI03BOASIET
CHU3UTH BEPOSITHOCTH OTKa3a CUCTEMBI 6oAee 4eM Ha
25%.

KHMKXHOS NOAKQ

621.3/H64

2. [Tokasaan, 9TO M3MEHEHHUE BAUSHUS BPEMEHHOI'O
pe3epBUPOBAHUS HAa BEPOSITHOCTH PabOTHI CUCTEMEI SIB-
ASIETCST HeAMHEHMHOW 3aBUCUMOCTBIO, U OTIPEAEASIETCST KaK
YacTOTOM OTKAa30B, TaK U IlapaMeTpaMy CaMOro HaKOIH-
Teast. TakuM 00pa3oM, AAST AOCTUIKEHUST HEOOXOAMMOTO
YPOBHSI 6€30TKa3HOCTY CHUCTEMBI BBEACHHEM BpEeMeH-
HOTO pe3epBUPOBaHUSI BO3MOKHO BapbUPOBATH Kak I1a-
paMeTphbl CaMOM CUCTEMBI, TaK U BpeMsi pa3psipa HaKo-
MIUTEAS.

3. BBISICHUAY, YTO pearbHOe BpeMsl MIUTAHMS CUCTEMBI
OT HAKOIHUTEAsI OTAMYAETCsI OT TeOPETUUYEeCKH HeobXo-
AVMOro 3Ha4ueHwus1. [Ipu 3TOM ¢ pOoCTOM BpeMeHU BOCCTa-
HOBAEGHUSI CHCTEMBI CHHJKAeTCs AOASI obecliedyeHUs
HEeOOXOAMMOro YpPOBHsI 6€30TKa3HOCTH CHUCTEMEI, YTO
BHOCHUT CBOM KOPPEKTUBHI B IIPOIECC BLIOOPA pe3epBHO-
T0 UCTOYHUKA.
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M. A. KPUBOLLENH

OMCKHMM rOCYyAapCTBEHHbIH
TeXHHYECKMH YHMBEpCMTET

K BONMPOCY O COBMECTHOM PABOTE
BEHTMIIATOPOB B CETM BbITSIXHbIX
KAHAJIOB CUCTEM BEHTUNSALMM
YXUNbIX 3 AHUA

B cratbe npMBeieH aNropmMTtm onpepfeseHns peXkimoe pa60ﬂ=| BEHTUMNATOPOB NPM UX COB-
MECTHOM pa6ore B C€THU BbITSHXKHbIX KAHANOB CMCTEM BEHTHUIISALMM XKMJTbIX MHOTO3TaXKHbIX
3aHMM. I'IpeAcraBneHbl npMMepbl pelleHns KOHKPeTHbIX 3aay Mo dHHOMY aJliTOPHUTMY U
npPoaHaNM3UPOBaHbl HEKOTOPbI€ BO3MOXKHbIE CllyYaM COBMECTHOM pa6on,| BEHTMNSATOPOB.

KnioueBble CNoOBa: cMCTeMa BeHTHAISILMM, [eL|eHTPanM30BaHHAs BEHTHMAISILMS, COBMECTHAs!
paboTa BeHTURSITOPOB, KO3 MPMLIMEHT MECTHBIX CONPOTHUBEHMHA.

CuHcTeMBbl BEHTUASAIIUY JKUABIX 3AaHUMN IIPOEKTUDY-
IOTCH, KaK IIPaBUAO, C eCTeCTBEHHEIM IIOOYKAeHUEM ABU-
SKeHUs Bo3pyxa. [IpUTOK Bo3ayxa IpeAycMaTpUBaeTCs
yepe3 OTKPLIBAIOLIMECS CTBOPKU OKOH AMOO IIPUTOY-
HBIe YCTPONCTBA C Per'yAUPyeMBIM OTKPBIBAHHUEM, YAQ-
AeHHe BO3AyXa — 4epe3 BBITSKHBIE KaHaABl, PACIIOAO-
>KeHHBle BO BHYTPEHHHUX CT€HAX UAU BEHTUASIITUOHHBIX
oarokax [1—3].

OpHaKO Ha CTaAMU SKCIAyaTallUuM K BBITSKHBIM Ka-
HaAaM 3a4acTyIO IOAKAIOYAIOTCSH KYXOHHBIE BBITSKKH,
OCeBble UAU KaHAaAbHBIE BEHTUAATOPHI CAHY3A0B, KAAAO-
BBIX U APYTHUX IIOMeIlleHUH.

B pesyabTaTe cucTeMa BeHTHUALIINHU, 3aIIPOEKTUPO-
BaHHas KaK ecTeCTBeHHasl, HaUnHaeT paboTaTh B peyXKu-
Me AelleHTPaAu30BaHHOTO MEeXaHUYEeCKOTO YAAAEHUS
BO3AYXa, IpUYEM C [IEPUOANYECKUM BKAIOUEHUEM (BBIK-
AIOYEeHHEM) OTAEABHBIX BEHTUASATOPOB. CAepyeT oTMe-
TUTb, YTO XapaKTEePUCTUKU BEHTUASITOPOB, IIOAKAIOYEH-
HBIX K OAHOM CeTHU BBITSKHBIX KaHAAOB, MOT'YT BapbUPO-
BaThCSI B AOCTAQTOYHO IIMPOKUX Ipeperax. [TocaepacT-
BHUS — CYLLeCTBEHHOE HU3MeHeHNUe IIPOEKTHOTO BO3AYXO-
oOMeHa IIOMellleHUM, HapylleHue paOOThl OTAEABHBIX
BBITSIPKHBIX KaHAAOB BIIAOTH AO MX OIPOKUABIBAHUS |1,
2]. B cAy4ae BBIIIOAHEHUS CUCTEMBI BEHTUASAIIUY 3AQHUS
C BepPTUKAAbHBIMU COOPHBLIMU KaHaAaMU M KaHaAaMU-
CIIlyTHUKAaMHU, BO3MOJKHO IlepeTeKaHue BO3AyXa MeKAY
OTAEABLHBIMUM KBapTupamu [3]. PacueTr u nporuo3uposa-
HHe TaKUX CUCTEM BBI3bIBaeT 3HAUUTEABHBIE 3aTPyAHEHUS.

B o01ieM caydae IIOCTaHOBKA 3aAa4U MOXKeT OBITh
cthopMyArpOBaHa CAeAyIOIIUM OOpas3oM: K KaHaAaM
(BO3AYXOBOAAM) BBITS’KHOM CUCTEMBI BEHTUASAIIUN IIOA-
KAIOUYEHBI BEHTUASATOPHI C 3aAQ@HHBIMU XapaKTepPUCTU-
KaMU «A@BA€HUE — PacXop BO3AyXa». BeHTUAATOPEI MO-
ryT paboTaTh Kak OAHOBPEMEHHO, TaK ¥ Pa3HOBPEMEH-
HO. Heo6X0AMMO OIIpeAEAUTHh PAacxop BO3AyXa Ha OT-
MAEABHBEIX y4YaCTKax CeTH IIPU Pa3AUYHBIX pe’kuMax
paboThl BEHTUASITOPOB.

B KauecTBe ponylIeHUY IPUHUMAIOTCH:

— a’poAMHaMHUYeCKasi CeTh repMeTUYHa;

— TEeIIAOBOM U BETPOBOM Ilepemnapbl AABAEHUMN OT-
CYTCTBYIOT;

— COIPOTUBAEHUE Ha IIPUTOKE B KBAPTUPHI OTCYTCT-
ByeT.

[MpunnunUarbHast cxeMa BBITS)KHBIX KaHAAOB, Xapak-
TepHu3yrolilag OOIyI0 IOCTAHOBKY 3aAaui, IIpeACTaBAe-
Ha Ha puc. 1.

W3BecTeH psip paboT [4 — 6], onuCHIBAIOIINX pellle-
HUe 3aAa4U y4eTa COBMECTHOU pabOTHl BEITSKHBIX BEH-
TUASITOPOB B CETU BO3AYXOBOAOB.

IMTocaepOBaTEABHOCTD pacueTa COBMECTHOM pabOoTHL
BEHTUASTOPOB IIPU U3BECTHBIX XapaKTEePUCTUKAX BeH-
TUAITOPOB U TeOMETPUUYECKUX pa3Mepax dAeMeHTOB
(y4acTKOB) a3poprHaAMUUYeCKOM CeTH, COTAACHO paboTaM
[4 —6], MO>KeT OBITh IIPEACTABAEHA CAEAYIOIIUM 00pa3oM:

— OIIPEAEASIIOTCS CyMMapHbIe IIOTEPU AABACHUS BO3-
AyXa Ha KaKAOM ydacCTKe CeTH;

— K3 XapaKTePUCTUK Ka’KAOTO BEHTUASITOPA BBIUU-
TAIOTCA CyMMapHBIe IIOTEPU A@BA€HHS AO TOYKU CMe-
LIeHUS;

— MOAyYeHHBle XapaKTEePUCTUKU CKAAABIBAIOTCSA
(cymMMupyeTcs pacxop IIpU OAWHAKOBOM BEAUUYUHE AAB-
AeHUsd);

— CyMMapHEBIe [IOTePH AABAEHUS Ha IIOCAEAHEM
y4acTKe IPUHUMAIOTCA 3@ XapaKTePUCTUKY CETH;

— TOYKa IlepecedyeHNs XapakKTePUCTUKU CETU U CyM-
MapHOM XapaKTepHUCTUKU BEHTUAITOPOB ABAsIeTCS pado-
yell TOYKOU CeTH, MOKA3bIBAIOIlel pacXop U A@BA€HUEe
BO3AyXa Ha BBEIXOAe M3 COOPHOTO KaHaha;

— pe>XXuM pabOoThl Ka>XAOI'0 BEHTUASITOPA B TOYKe
CMEIIEHUs OIIPEAEAIETCSI AMHUEH TTOCTOSTHHBIX AQBACHUH,

I}

BBIXOJ U3 CETU

N
A -

-
=
Bentunsto
/” BEPXHET0 3Taxa
L {—
:v\/‘— Bentunsaro
/~ IPOMEXYT. dTaxka
L
BenTunaro
/" TIepBOro 3TaXka
L <:|

Puc. 1. IIpuHIUNIMaAbHaAsA CXeMa BBITSJKHBIX KaHaAOB,
XapaKTepusylomasi o0IlyI0 IOCTAaHOBKY 3ajAaydu

BEPXHHI 3Tax

IPOMEKYTOUHBIH
9Tax
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Puc. 2. Onpeperenne KMC TpoiiHMKa NMpH COBMECTHOH paboTe BEHTUASITOPOB

IPOBEAEHHOU Yepe3 paboyylo TOUKY AO IlepecedyeHUs
C XapaKTepPUCTUKAaMU BEHTUASITOPOB B TOYKE CMEIIeHUs.

OpHaKo, IpU YUCAEHHOM pacyeTe IOAOOHBIX 3aAay,
npobaeMa BO3HHKaeT y’Ke Ha IIepBOM 3Talle — IIpU
OIlPeAEAeHUU CYMMapHBIX II0Tepb A@BACHUS BO3AyXa Ha
y4acTKax a’pOAMHAMUYECKOU CeTU (IIOTepPb AABAECHUSA
B MECTHBIX COIIPOTUBAEHUSIX IIPU CMEIIeHUN IIOTOKOB).

B pabore [4] cymMMapHBIe IOTePU A@BAEHUS (AUHEMN-
HBIE ¥ MECTHBIE) 3aAaHBI OIIPEASAEeHHON BEAMUYNHOH, a
B paboTtax [, 6] mpuMepHl pacyeTa BOBCE OTCYTCTBYIOT.

EcAam Ha yyacTKe uMeeTCd CMellleHHe INOTOKOB
(TPOMHUK UAU KPECTOBUHA), TO AT OIIPEAEAeHUST MeCT-
HBIX IOTEPH AABAEHUS HEOOXOAMMO 3HATh PAaCXOABL BO3-
AyXa Ha BCEX ero OTBETBAEHUIX. B 3TOM u 3akArouaeTcsa
OCHOBHAag IIpobaeMa IIpU pelleHUU MOAOOHBIX 3aAady,
TaK KaK IIPU 3aA@HUU PacxoAa OAHOI'O U3 BEHTHUASITOPOB,
paboTarlleM Ha OTBETBAEHUE, He U3BECTHBI PACXOABL
BO3AyXa Ha APYTMX OTBETBAEHUSX.

AaHHYIO IIPOOAEMY IIpepAaraeTcs pellaTh UCXOASL
U3 TOrO, 4YTO, IIPU COBMECTHOU paboTe B CETH, BEHTUAS-
TOpaM HeOOXOAMMO IIPEOAOAETH OAMHAKOBOE COIIPOTUB-
AeHUe, Tak Kak, IIpU YCTaHOBUBIIIEMCS Pe’KUMe, CyMMap-
HBle IIOTEPU AABAEHUS IIOCAE TOUKM CMellleHUs AOAKHEI
OBLITH PaBHHIL. B 3TOM cAy4Yae IIpHM pa3AMYHEBIX IIepernapax
DABAEHUM, PaCXOABl BO3AyXa Ha OTBETBAEHUSAX OYAYT
OIIPEAEAITHCS TOUYKAMU IlepecedyeHU AMHUN IIOCTOSTH-
HBIX AQBAEHUH U XapaKTEePHUCTUK BEHTUASITOPOB.

PaccmoTpuM onpepereHEe KO3(hDUIIMEHTOB MeCT-
HBIX COIPOTHBAEHUN TPOWHUKOB Ha KOHKPETHOM
npumepe (puc. 2). B touke 1 paboraeTr BeHTUAITOP 1 C
Xapakrepuctukou p, = f (L,) (puc. 206, xpusas 1). B
TOYKe 2 paboTaeT BEHTUASITOP 2 C XapaKTepUCTUKON
p, = f(L,) (puc. 206, kpusasa 2). B Touke 3 mponcxopuT
CMellleHUe IIOTOKOB BO3AYXa, IOCAE Yero BO3AYX IOCTY-
rnaeT Ha y4acTokK 3.

EcAu cymMMapHBIEe IIOTEPU AABAEHUS IIOCAE TOYKU
CMellleHHs (CONPOTUBAEHUE IIOCAEAHETO y4acTKa) OYAyT
PaBHEL p,, TO PACXOA BeHTUAATOPA 1 OyaeT paBeH L, a
BeHTHASITOPA 2 — L,. Pacxopa Bo3ayXa MOCAe TOUKU CMe-
menus OypeT paseH L, = L, + L,. 3Hasd AMaMeTpel, 110
dopmyram [7] uam Tabaunam [8] MOXKHO OIPEAEAUTH
KMC TpoiiHuKa IIpu IOTEePSIX A@BAEHUS Ha IIOCAEAHEM
Y4acTKa p,. AHAAOTUYHEIM 00Pa3oM MOIYT OBITh OIpe-
Aenedbl KMC TpoliHMKa IpU IIOTEPSIX AQBAEHUS Ha I10C-
AepHeM ydacTke p, — p, (pacxoanl L " u L,").

CAeAyeT OTMETUTD, UTO AAS TOTO, YTOOBI 3aAaBaThCS
pacxopaMu Bo3AyXa OoAee TOYHO, HEOOXOAUMO OIlpe-
AEAUTH U BBIYECTb U3 XapPaKTEPUCTHUK BEHTHUASTOPOB
CyMMapHbIe [IOTePU A@BAEHUS Ha MHAMBUAYAALHO IIpe-
OAOAEBAEMBIX BEHTUAITOPAMH y4aCTKaxX AO TOYKU CMe-
meHus 6e3 yuera KMC TpoliHUKa (KpeCTOBUHEI).

Ha ocHOBaHUU BBIIIEN3AOKEHHOTO, IIPEAAATAETCs
AATOPUTM pellleHUs 3aAaYld COBMECTHOM palOTHI ABYX
1 60Aee BEHTUASITOPOB (puc. 3).

[MTpouarrocTpupyeM pellleHHe 3aAau¥ 10 AQHHOMY
aATOPUTMY Ha IIpEMepe COBMECTHOH PabOTHI ABYX BEeH-
TUASTOPOB C PA3AMYHBEIMU XapaKTepPUCTUKaMU (pUc. 4).

Bentuaarop 1, uMeromuil XxapakTepUCTUKY 1, Iipe-
OAOAEBAET y4acCTOK 1, BEHTUAATOP 2, UMeIOIIUM XapaK-
TEPUCTHUKY 2, IPEOAOAEBAET y4acTOK 2. CyMMapHBIe II0-
TepU AABAE€HUS BO3AyXa Ha ydacTkax 1, 2 6e3 yuera
KMC TpoiinukoB paBHHl R, R,. CyMMapHEle IOTepHu
MAaBAeHHS BO3pyxa Ha ydacTkax 1, 2 ¢ yuetom KMC
TPOMHUKOB — R, vicir Ry xivicrr XAPAKTEPUCTUKY BEHTH-
ASATOPOB 1, 2 B TOYKe CMelleHus PaBHBL 1-R | o, ¥ 2-
R, «mcor CyMMapHast XapaKTepUCTHKA BEHTUASITOPOB B
TOYKe CMeIleHus 1+2—R, ,vpci — Ry i kmerr CyM-
MapHBIE IIOTEPU AABACHHS HA IIOCAGAHEM Y4YacTKe R,
MIPUHUMAIOTCS 3@ XapaKTePUCTUKY CETH.

Touka PT (puc. 4) — pabouas To4Ka CeTH, IOKa3Hkl-
BaroIasg A@BAeHIE U PAaCX0A BO3AyXa Ha BEIXOAE U3 CETH.
Touku A, u B, XapakTepu3yIoT PeKUM PaOOTEL KaKAO0-
O BEHTHASITOPA B TOUKEe CMeIleHWs, TOUKu A u b —
pe>XuM Ka>XAOI'0O BEHTUASITOPA Ha BXOAE B CETh.

PaccMoTpuM pe3yAbTaThl pacyeTa Ha KOHKPETHOM
npuMepe. K c60pHOMY KaHaAy a3pOAMHAMUYECKON CeTH,
BBLIITOAHEHHOM U3 KPYTABIX BO3AYXOBOAOB, AMaMETPOM
150 MM, IPHUCOEAUHSIIOTCS ABa KaHaAd CITyTHUKa AUaMeT-
pom 100 MM. K Ka>KAOMY KaHaAy-CIIyTHUKY ITIOAKAIOUEH
BEHTUASITOP C U3BECTHOM XapaKTepUCTUKOu. B kauecTBe
BeHTUASITOPA 1 IpuHAT BeHTUASTOP BenTc BKO100, Ben-
TuAdTOpa 2 — BernTc BKO150. Pe3yabTaTh pacueTra coB-
MeCTHOU paGOoTHl BEHTUASITOPOB B CETH IIPEACTaBAEHEI
B TabA. 1. 'padhuyeckoe npepcTaBAeHUE pellleHUe 3aAa-
4y COOTBETCTBYET PHUC. 4.

AHaAu3 pe3yAbTATOB IIOKA3bIBAET, YTO BEHTUAITOPHI
cymmapHo yaaaswor 220 m3/4 Bozayxa (Touka PT), us
KOTOPBIX 55 M*/4 BO3pyXa MOAQeT BEHTUASTOP 1 (Touka
A) u 230 M°/4 Bo3ayXa TOAAET BEHTHAATOP 2 (TouKa B).
ITpu sTOM BeHTUAATOD | IIPpEOAOAEBAET COIPOTUBACHUE
21 I'la (Touka A), BEHTUASITOP 2 IIPEOAOAEBAaeT COIpPO-
TuBAeHUe 30 [1a (Touka Bb). Ha nocaepHeM yyacTke BeH-
TUAATOPEL 1, 2 BMecTe IIPeOAOAEBAIOT COIIPOTUBAEHUE
6 I'la (Touka PT). CymMapHBIe IOTEPU AGBAEHHS BO3AyXa
Ha WHAMBHAYAALHOM y4acTKe BEHTHASITOPA AO TOYKM
CMeIlleHHUs OIIPEAEASIIOTCS KaK Pa3HOCTb AABACHUS BEH-
TUASATOPA U A@BA€HUA pabouell Touku. To eCTb CymMMap-
HBbIE ITIOTEePH NHAMBHUAYAALHOTO y4acTKa 1 paBHBL: 21 —
6=15T1a (A-A,); cyMMapHEIe IOTePU UHAMBAAYAABHOIO
yuacTtka 2: 30 —6 = 24 Ila (B-B,);

AHaAm3upyst pe>XKUMBI COBMECTHOM pabOTHI BEHTHAS-
TOPOB, CAEAYET OTMETHUTD ellle OAUH BO3MOJKHEIN Bapu-



( Hauano pacyera )

3ajiaHIe TEOMETPUUECKHX Pa3MEPOB a3POJMHAMHYECKOI CETH U BEHTHIIATOPOB C N3BECTHBIMH
xapaxrepuctiukamu Pi(L;). Beroop Hanbornee ynaneHHOTo (OTHOCHTEIBHO BBIXOA W3 CETH) BEHTUIISATOPA C
XapaKTepUCTHKOH p;(L,)

OmnpeneneHne cyMMapHbIX OTePh JAaBJISHIS R; HA yJ9acTKe, HHANBHAYAIEHO IPE0J0JIeBaeMOM BEHTHIITOPOM 0e3
yaera KMC TpoiiHHKOB NpH pacxoaax Bo3ayxa oT 0 10 Ly, """ ¢ marom AL, n
BEIYUTaHUE M3 XapaKTEPUCTHKH BEHTHIIITOPA NOTYYEHHBIX II0Teph AaBieHMs: pi(Li) - R;

Bri6op
CIIEYIOMmEro
BEHTUJISTOPA

CyMMapHbI€ NOTEpU JaBICHUS
HMHIUBHIYaJIbHBIX y9aCTKOB (R;) OIpeneneHs!
JUIsl BCEX BEHTHIIATOPOB?

Onpenenenne KMC TpoiiHuKa B TOUKE CMELIEHHs IOTOKOB BO3/yXa MEPBBIX JBYX BEHTHIISATOPOB IPH AaBJIE€HUsAX OT 0
JI0 Prnax € ATOM Ap, ¥ pacueT CyMMapHBIX 0TEPh 3THX BEHTUISATOPOB HA HHAWBUIYATBHO PEOIOIEBAEMBIX
yuactkax, ¢ yaetoM KMC TpoitHUKOB Rj.xmc, TIPH pacxoaax
Bo3ayxa or 0 10 Ly, " ¢ marom AL

Brrauranue U3 nepBOHAYAIBHBIX XapaKTePHUCTHK (IIEpPBBIX ABYX BEHTHIATOPOB ITONTYIEHHBIX CyMMapHBIX II0TEpPh
napieHns, yauTeiBaromx KMC tpoitHikoB pi(L;) - Risxmc, U CIOKEHHE MOTyIEeHHBIX XapaKTePUCTHK NEPBBIX IBYX
BEHTHIISTOPOB: p1(L1) + pr(Ls) — Risxmc — Rosxme

Ja

T

Onpenenenne CyMMapHEIX NOTEPh JABIEHNU R HA y4acTKe, COBMECTHO NPEOJI0JIEBAEMOM BEHTIWIATOpaMH, 6e3 yueTa
KMC TpoHHHKOB IpH pacxofax Bo3ayxa oT 0 0 Ly, ™" ¢ marom AL, 1 BEIMHTaHHE U3 CYMMAapHOI XapaKTePUCTHKA
BEHTHJISITOPOB MOJTYICHHBIX 1OTePh JaBlieHus: Z(pi(L;) — Rixvc) — R;

Omnpenenerne KMC TpoliHuKka B TOUKe CMEIICHHUS TOTOKOB BO3/yXa COBMECTHO PabOTAIOMIMX BEHTHIISITOPOB U
CITEYIOLIETO BEHTHIIATOPA [IPH JABICHIAX OT 0 110 Py € IIAroM AP, H pacdeT CyMMAapHBIX IIOTEPb 3THX
BEHTHISITOPOB Ha MHIMBU/YAJIBHO PEO0JIEBAEMBIX yIaCTKaX, C YIETOM

KMC TpoHHHKOB Rj:Mc, IPH pacxofax Bo3ayxa oT 0 10 Ly, ¢ marom AL
|

BrlunTaHHE TOTYYEHHBIX CYMMAapHBIX ITOTEPh JAaBJICHUS U3 CYMMApHOH XapaKTePHCTHKU BEHTHIATOPOB, C YIETOM
KMC tpoitanka: Z(pi(Li) — Riskmc) — Rj+kmc 1 IEPBOHAYAIBHON XapaKTEPHCTHKHU CIIEIYIOIIEr0 BEHTIIATOPA, C yIeTOM

KMC T]:)OI’IHHK&: pmllc l(LCJIC}l) — RCJ|CJL+KMC

CIi0)eHHe TTOTyIEHHBIX XapaKTePUCTUK (CYMMapHOM ¥ CIIEAYIOIIEro BEHTHISTOPA):
z:(pi(l‘i) — Ri+KMC) — Ri+KMC + DPeses (Lmlql) — RCJ|CIL+KMC

OmnpeneneHne CyMMapHbIX OTePh JAaBISHHS Ry Ha ITOCIEIHEM YIacTKe CETH, IPHHIMAEMOM 3a XapaKTePHCTHKY CETH
NpH pacxoax Bo3ayxa oT 0 10 Ly, ™" ¢ miaroMm AL, ¥ OCTpOEHHE XapaKTEPUCTHKU CETH TIPH JaHHBIX PacXo/ax.
ITocnenoBatensHOe onpenenenne padouei Touku cety (PT) u pexxnMoB pabOTHI KaXKI0r0 BEHTIIATOpPA

—

( Konern pacuera )

Puc. 3. AATOpUTM pelIeHus 3aja4ydl COBMECTHON paboThl ABYX U 0OAee BEHTHASITOPOB

VYuactok 3

Touka cMmemeHus
(TPOHHHK)

VYyactok 2

BeHntunsarop

Yuactok

a 0

Puc. 4. PacyerHas cxema (a) 4 peXxMM COBMECTHOM PaGOTHI BEHTUASTOPOB (0)
K pelieHu0 3ajayu COBMECTHOM pa60T51 ABYX BEHTUAATOPOB B CE€TU BBITS)KHBIX KaHAAOB
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Tab6auna 1

Pe3yaAbTarhl pacyeTa Cc OBM €CTHOH paGoThl 2 BEHTHUASITOPOB

Homep 3
BeHT opa Mapka BeH THAATOpa Pacxop Bosayxa L, m™/u Aasrenue p, Ila
BenmuasaTop 1 BenTc BKO 100 55 15
Benmuasarop 2 Bentc BKO 150 230 24
Pa6ouas Touka (PT) — 285 6
ﬁ II p I
2
XapaxTepucTuka
ceTn
CymMapHast
XapaKTepHCTHKA

Bentunsarop 1

-L

a

Puc. 5. PacyeTHaa cxema (a) ¥ peXXmM COBMECTHOW paboOThl BEHTHASTOPOB (06)
K PElleHUI0 3a)pa4yd COBMECTHON PaboThl ABYX BEHTHASITOPOB
B CEeTHU BBITSIJ)KHBIX KAdHAAOB AAS Cquaﬂ OIIPOKHUABIBAHUSA

o —

4
o
3
R ] R, UeTBEPTHIH
J\ L ITaXK
T ®e
b Bentwmsitop 4
R .
R A3 TPETUH
JX ITaXK
!
Bentwmasitop 3
1 o—
R, -
o I
o
| BenTusarop 2
HepBbIi

Zi <:| ATaX

Puc. 6. PacyueTHasi cxeMa K pelIeHUIO 3ajAayd COBMECTHOM
paboThl YeThIpeX BEHTUASITOPOB

Puc. 7. IlocarepOBaTEABHOE ONpPEAEAE€HUE PEXKNMMOB
COBMECTHON paboThI:
a) 1 u 2 BeHTUAATOPOB; 6) 1 ,2 m 3 BeHTUAATOPOB; B) 1 ,2, 3
u 4 BEHTHUASATOPOB; B CHCTE€ME€ BEHTUAAIIMNU MHOIOJTA’>XHOTr0O
3AaHUSI AASI CAydas, KOTAQ XapaKTePHUCTHKH BEHTHUASITOPOB
OAVHAaKOBBI

Puc. 8. ITocrepoBaTeAbHOE ONpEAEAEHHE PEKMMOB COBMECTHOHM pPabOThI:
a) 1 u 2 BeHTUAATOPOB; 6) 1 ,2 U 3 BeHTUASTOPOB; B) 1,2, 3 U 4 BEHTHUASTOPOB;
B CHCTE€ME BEHTHASIUN MHOrO3Ta)XHOTO 3AAHUS AASl CAydas, KOTAA XapPaKTEPHCTUKU BEHTUASITOPOB Pa3ANMYHbI



Tabauna 2

Pe3yAbT aThl pacyeTra

COBMECTHO# PaGoThl 4 BEe HTUASITOP OB C O AMHAKOBBIMH XapaKT epy CTHKaMU

BeHI;IZ]T;fOpa Mapka BEHTHUAATOpPA Pacxop Bosayxa L, M*/u AaBrenue p, I'la
Bentunsitop 1 Bentc BKO 100 36 27
Bentunsitop 2 Bentc BKO 100 46 24
Bentunsitop 3 Bentc BKO 100 55 21
BenTunsTop 4 BenTc BKO 100 60 19
Pa6ouast Touka (PT) — 197 8

Tab6auma 3

Pe3yAbTaThl pacyeTa C OBM €CTHOI PaGoThl 4 BEHT UAITOPOB C Pa3AUYHBIMU Xa pPaKTepH CTUKaMU

BeHI;IE/Df;rpopa Mapka BEeHTHAATOpA Pacxop Bosayxa L, MY/a Aasrenne p, Ila
Benruasarop 1 Benrtc BKO 150 1yp60 250 42
BenruasaTop 2 BenTc BKO 150 160 45
BenruasaTop 3 BenTc BKO 125 65 38
BenruasaTop 4 BenTc BKO 100 40 26
Pa6ouas Touka (PT) — 365 15

aHT (pUC. 5), IpU KOTOPOM paboyas TOUKa OKa3bIBaeTCs
BBIIIIe OAHOM 13 XapaKTePUCTUK BEHTUASATOPOB (MaKCHU-
MaAbHOU BEAWYMHBI A@BAeHUS). B pesyapTaTe pesxum
PpabOThI 3TOT'0 BEHTUASITOPA IEPEXOAUT B 0OAACTH OTPU-
IaTeAbHBIX pacxopoB (II kBappanT). 13 3TOro crepyer
TO, YTO BTOPOU BEHTUASITOP IIPEOAOAEBAET AABAEHUE,
CO3)AaBaeMoe IIepBBEIM BEHTUAITOPOM. B UTOre BeHTHAS-
TOP, IpeAHAa3HAUeHHBIN AN YAQAEHUS BO3AyXa, HAUMHA-
eT paboTaTh Ha IpUTOK. Ha cTapum npoeKTHpoBaHud I10-
MOOHBIX CHCTeM HEOOXOAUMO YUUTHIBATh AQHHBIN (haKT.

PacueT moAOGHBIX CAyUYaeB, IPU KOTOPBIX IIPOUCXO-
MUT OIIPOKMABIBAHUE OAHOI'O U3 BEHTUASITOPOB, BEI3HI-
BaeT 3aTPyAHEHUs, CBsI3aHHBIE C OTCYTCTBUEM XapaKTe-
PHUCTHUK BEHTUAITOPOB B 00AACTU OTPUIIATEABHBIX pac-
X0p0B (puc. 5, II kBappaHT).

CAepyeT OTMETHUTD, YTO B CAy4Yae yCTaHOBKU BEHTU-
ASITOPOB C OAMHAKOBBIMU XapaKTePUCTUKAMU BO3MOIK-
HOCTB OIIPOKUABIBAHUSA OAHOI'O U3 HUX UCKAIOUEHQ, Tak
Kak pabouas TouKa Bceraa OyAeT HUJKe XapaKTepPUCTUK
BEHTUAATOPOB, @ PeXUM PabOThl Ka’KAOI'O BEHTUAATOPA
HaXOAUTHCI B OOAACTHU IIOAOKUTEABHBIX PacXoOAOB
(I xBappaHT).

Boaee croKHOM 3apauell IBASETCS pacuyeT COBMeCT-
HOY paboTHI TpexX U 60Aee BEeHTUAITOPOB. B KauecTBe
npuMepa, paCCMOTPUM COBMECTHYIO paboTy deThIpex
BEHTHUASITOPOB B CUCTEME BEHTUASIIIMU MHOTO3Ta>KHOTO
3paHug (puc. 6). [TocaepoBaTeAbHOE pellleHUe AQHHOM
3aAa4¥ IIPEACTAaBAEHO Ha PUC. 6, 7 AAI CAyYaeB, KOTAQ
XapaKTePUCTUKU BEHTUAITOPOB OAMHAKOBEI (PUC. 7) AU
pa3AuuHbL (puc. 8).

BenTuAATOPEL 1-TO —4-r0 3Ta’kel UMEIOT XapakTe-
pucTuku 1 —4 U UHAUBUAYAABHO IIPDEOAOAEBAIOT y4acCT-

KM, CyMMapHble IIOTePU AABA€HUS KOTOPBIX, BKAIOYAs
KO3 PUITUEHTH MECTHBIX COITPOTUBAEHUYN TPONHUKOB,
COOTBETCTBEHHO PaBHBI R, — R,.

KpuBag 5 — ecTh pe3yAbTaT COBMECTHON pabOTy
NIePBBIX ABYX BEHTUAATOPOB, KpuBagd 6 — 1, 2 u 3 BeH-
TUAITOPOB, KpHUBasg 7 — BCEX YeThbIpeX BEHTUAITOPOB.
KpuBas 8 siBageTcs XapaKTepuUCTUKOM cetu. Pe>kuMbl pa-
OOTBI BEHTUAITOPOB COOTBETCTBYIOT TouKaM A, E, B u A.

B Taba. 2, 3 npepcTaBAeHBl pe3yAbTATEl PacuyeTOB
MASL CAydaeB, KOTAQ K CETU IIOAKAIOUEHBI BEHTUAITOPEI
C OAMHAKOBBIMU UAU PA3AUYHBIMU XapaKTePUCTUKAMU.

CAepyeT TaKKe OTMETHUTh, YTO IIPU OTKAIOYEHUU
BEHTHUASITOPA Ha OAHOM U3 3Ta’Kel HallpaBAeHUe ABHKe-
HUS BO3AyXa B KaHaAe AQHHOIO 3Ta’ka U3MEHHUTCS Ha
MIPOTHUBOIIOAOJKHOE, TO €CTh BO3AYX, YAAQASIEMBIN APYTHU-
MM BEHTUASITOPAMY, OyAeT IIOCTYIaTh B IOMellleHue. AAsS
HUCKAIOUEHUSI AQHHOTO HeJKeAQTeABHOTO 0OCTOATEABCTBA
Heo0OX0AHMMa YCTAaHOBKA OOPATHBIX KAQIIAHOB B Ka’KAOM
BEHTUAAIIMOHHOM KaHaAe.

BrIiBOABI.

1. Pa3paboTaHHBIN aATOPUTM I[IO3BOASET IIPOU3BO-
MATH PacyeT CUCTEM BEHTUASIIMU MHOTOITa KHBIX 3Aa-
HUY C AelleHTPaAU30BaHHBIM MeXaHUYEeCKUM YAAAeHUEM
BO3AyXa IIPU COBMECTHOU paboTe AByX U OOAee BEHTHU-
ASTOPOB, IIPU U3BECTHBIX XapaKTepPUCTUKaX BEHTUASITO-
POB U reOMeTPUUYECKUX pa3Mepax a3poOAMHaMUYeCKON
CeTH.

2. B pelleHTpPaAM30BaHHBIX CUCTEMAaX BEHTHUAAIIUU
BO3MOJKHA CUTYyalUs, IIPU KOTOPOM IIPOM30MAET OIIPO-
KHUABIBaHUE OAHOTO U3 BEHTUASITOPOB, B pe3yAbTaTe 4ero
BO3AYX HauHeT IIOCTyIlaTh B IIOMellleHUe, YTO B CUCTe-
MaxX BEeHTUAALIUU HEAOIIYCTHUMO.

™

-
~N

7102 (0€L) ZsN JMHLOIG UISHhAVH UMIOWO

WIULIIdIHE "VIMHXILOdINIVE



OMCKWW HAYYHbIA BECTHUK N2 2 (130) 2014 ’

3. BO3MO>XHOCTb OIIPOKUABIBAHUS OAHOI'O U3 BEHTHU-
ASITOPOB YKa3hIBaeT Ha HEOOXOAUMOCTh 00s13aTeAbHOMU
YCTaHOBKU OOPATHBIX KAQIIAHOB BO BCEX BBITSKHBIX Ka-
HaAaXx.

4. AAs OTIpeAEACHUS PEJKUMOB PabOTEL BEHTUASITOPOB
B CAy4asIX ONIPOKUABIBAHUS TPEOYIOTCS XapaKTePUCTUKNI
BEHTUASTOPOB B 0OAACTU OTPUILIATEABHBIX PACXOAOB.
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ONPEAEJNIEHME TOKOB B OBMOTKAX
OAHOMA3HOIO TPAHCHOOPMATOPA
OANS PEJIEMHOM 3ALLMTBI

NP BUTKOBOM 3AMbIKAHUM

B fgaHHOM pa6oTe ONMCLIBAIOTCS NPOCTasi MaTeMaTHIecKas MOfeNb Afisl ONPefieNeHUsi TOKOB
B 06MOTKax OfHO(Ya3HOro ABYXO6MOTOUHOrO TPaHC(hOPMaTOPa NPM BUTKOBOM 3aMbIKaHMM
B OfJHOM M3 €ro 06 MOTOK, a TaK)Ke NPOCTON METOJ IKCIEPUMEHTANBLHOM NPOBEPKM pe3yib-
TaTOB MOJENMPOBaHMS C UCMOSNb30BAHHEM AOMNONHNTENEHOM O6MOTKM.

KnioueBsie crioBa: ogHOa3HbIM TPaHC(POPMaTOP, BUTKOBOE 3aMbIKaHMe, peneiHasi 3aLumra,
MaTeMaTMYecKasi MOfienb, 3KCepPMMEHTanbHasi NPOBepPKa.
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Kaxk nokaselBaeT MpaKTUKa 3KCIAyaTalluy MOIIHBIX
0AHO(MA3HBIX TPAHCHOPMATOPOB SAEKTPUIECKUX CTaH-
IUY ¥ NOACTAHIIUMY, a TaK)Ke TpaHC(opMaTopoB PyAHO-
TePMUYECKUX IIPOU3BOACTB HAa BUTKOBBIE 3aMBIKaHUSA
(B3), B Hux npuxopurcsa Ao 60 —80% OT BcexX aAeKTpHU-
YeCKUX NTOBPesXKAeHUH. [1Ipu 3TOM AAS 3@IIUTHL OT SAEKT-
PHUYECKUX IIOBPEKACHUN UCIIOAB3YIOTCS MaKCUMaAbHas
TOKOBas, IIPOAOABHAA AU depeHIIMarbHAI U ra3oBasg
3amuThl [1, 2]. OpHaKO MakcUMaAbHas TOKOBad U IIPO-
MOABHad A depeHIIMarbHAd 3alUThl UMEIOT HU3KYIO
YyBCTBUTEABHOCTHh K B3, a razoBas — 3HAuUTEABHOE
BpeMs cpabaThIBaHUS.

Boaee uyBcTBUTEeABHEBI K B3 OBICTpOAEMCTBYIONIHE
3alIUTHl Ha BCTPOEHHBIX U3MePUTEABHBIX IIpeo0pa3oBa-
TeAdX pa3AnMuyHBIX TUNOB [3]. MIx paboTa ocHOBaHa Ha

U3MepeHUY MarHUTHBIX TTIOTOKOB paccesiHus 0OMOTOK.
[MoaToMy AAS peaAn3aluy TaKUX 3allUT HEOOXOAUMEL
BEAMYMHBI TOKOB B 0OMOTKaxX TpaHcgopmaropa mpu B3
BO BCEX JKCIIAYATaIlMOHHLIX Pe’KUMax.

MeTopbl pacueTa [3, 4] TokoB npu B3 cAOXHBL U
HEeAOCTATOYHO TOYHBI M3-3a OOABIIOIO KOAMYECTBa
YPaBHEHUM U AONYIIeHUN B MaTeMaTHIeCKON MOAEAU.
MeTop pacyeTa TOKOB [5] OCHOBaH Ha 3aMeHe B pekuMe
XOAOCTOTO X0Ad TpaHCchOpMaTopa 3aMKHYBIIUXCSI BUT-
KOB B IIEPBUYHON OGMOTKE OTAEABHON KOPOTKO3aMKHY-
TOM OOMOTKOM. DTOT METOA IIPOCT, HO TakK’Ke HeToueH
¥ He II03BOASIET IIOAYYaTh TOKU ITpu B3 B pesxuMe Har-
py3Ku TpaHcdopMaTopa.

C BBICOKOM TOYHOCTBIO MOKHO OIIPEAEAUTH TOKU B
obMoTKax TpaHchopmaropa npu B3 skcnepumen-
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Puc. 1. B3 B AByxo0MOTO4YHOM TpaHcdopmaTope:
a — pacuyeTHasl cxeMa;
6 — BeAHMYMHBI TOKOB B O0MOTKax TpaHcdopMaTopas 3aBHUCHUMOCTH
OT YHCAA BUTKOB B AOIOAHUTEABHON OOMOTKe

TaABHBIM IyTeM. OAHAKO TaKOM CIIOCOO CAOXKEH, Tak
KaK A eTo peaAu3aliuy TpeOyroTcd HapyllleHue U30A5-
IIUU AASI BLIBOAOB M3 OOMOTOK. B paHHOM paboTe aTu
NIPOOAEMEBI PeNIalOTCI CAEAYIOIIUM 00pPa3oM.

C yueToM [5] myTeM COIOCTaBA€HUS PE3YyABTATOB
pacueTa U 3KCIIepUMeHTa ONPEAEAIEeTCS BO3MOKHOCTD
3aMeHBbl ABYXOOMOTOYHOIO TpaHcdopMaropa npu B3
TPEeXOOMOTOYHBIM C OAHOM 3aMKHYTOM HaKOPOTKO 00-
MOTKOM. [Tpu 3KcmiepuMeHTax 3Ta 0OMOTKa HaMaThIBa-
eTCsI AOTIOAHUTEABHO. ECAM IIOTPEITHOCTE MOAEANPOBa-
HUSI OK&)KEeTCSl IIPUEMAEMOM, TO TOTAQ MOAEAUPYIOTCSI
TOKHU B IIePBUYHOU MAM BTOPUYHOM 0OMOTKax nipu B3 B
ABYXOOMOTOYHOM TpaHcdopMaTope.

TpexoO6MOTOUHOMY TpaHC(OpMaTOpPy C IEPBUYHOMN
¥ BTOPUYHOM OOMOTKAMM M3 W, I W, BUTKOB, & TaKXXe C
KOPOTKO3aMKHYTON OOMOTKOM U3 W, BUTKOB COOTBETCT-
BYyeT pacuyeTHasl cXxeMa Ha puc. la ¥ cucreMa ypaBHEHUH

U1 = j1(R1 + X))+ jj2X21 + ijXH;
0 =jIi X, + LRy + R, + jX, + jX,) + JL X0 (1)
0= jj1X1x + ijXZK + jK(RK + Rg + ij)l

rae Z,=R,+jX, u Z,=R,+jX,— conpoTuBreHus1 nep-
BUYHOW M BTOPUYHOM OOMOTOK; Z =R _+jX — comn-
POTHUBAEHHE AOIIOAHUTEABHOM 00MOTKY; Z =R +jX —
KOMITA€KCHOE CONIPOTUBAeHUE Harpysky; X u X, X,
u X,, X,u X, — CONPOTUBAECHUS B3aUMOUHAYKI[UU
0OMOTOK; 1;, 1, ¥ 1 — KOMIIA@KCHI ACMCTBYIOIIEro 3Ha-
YeHMs TOKOB B 0OMOTKax TpaHcdopmaropa.
AAst Takoro TpaHcdopMaTopa
R =R, n Ry=R,,,
rae R, u R, — aKTUBHBIE COIPOTHBACHHUSI HEITOBPEJK-
MAEHHBIX IePBUYHON U BTOPUYHOMN OOMOTOK ABYXOOMO-
TOYHOTO TpaHcdopmMaTopa.

AxTrBHEIE compoTuBAeHMst R, 1 R, a Taxoke compo-
THBACHHE R KODPOTKO3aMKHYTOM OOMOTKHM MOJKHO pac-
CUUTATH 10 U3BECTHOMY CEUEHUIO U AMUHE UX IPOBOAA.
Ha npakTuke ux Ipollje U3MePUTh C IOMOIIBI0 MOCTa
TIOCTOSAHHOTO TOKaA.

HMHAYKTHBHBEIE COIDOTUBAEHUSI OOMOTOK IIpu B3 Ars
MaTeMaTU4eCKOM MOAeAU TpaHcdopMaTopa B 3aBUCUMOC-
TU OT THUIIA OOMOTKU MOTYT OIIPEAEAITHCS [I0-Pa3HOMY.
Hanpumep, Tak Kak peKOMeHAYIOT B [6] u [7]. OpHako
IIPOIIle UX OIIPEAEAUTH 3KCIIEPUMEHTAABHEIM IyTeM [8].

EcaAm AOITyCTHTB, 9TO TOK XOAOCTOTO X0Aa I Tpanc-
dopMaTopa YUCTO PEaKTUBHBIN, TO C AOCTATOUHOU AASI
peAedHOM 3alIUThl TOYHOCTBIO HHAYKTUBHOE COIIPOTUB-
AeHHe HeIIOBPe’KACHHOU MePBUYHOM 0OMOTKH a3kl X,
TpaHcopMaTopa MOKHO ONPEAEAUTh KakK

o

X, = U,/ 1. (2)

Tak Kak WHAYKTHUBHBIE COIPOTHBAEHHSI OOMOTOK
MPUHSTO CYNUTATD IPONOPIIMOHAABHEIMU KBAAPATY BUT-
KOB, TO B 3TOM CAyYae COGCTBEHHBIE NHAYKTUBHBIE CO-
IPOTUBAEHUSI OOMOTOK B 3TOM MaTeMaTHUUeCKOM MOAEAU:
- . - 2. - 2
X, = an' X,= X@(wzq)/w“p) P X = X@(WK/w@) . (3)
TAe W, U W, — YHCAO BUTKOB B HEIIOBPEXAECHHBIX
epBUYHOM U BTOPUUYHOM OOMOTKaX TpaHcdopMaropa.

[1pu 5TOM B3aUMHBIE HHAYKTVUBHEIE COIPOTUBACHUS
0OMOTOK

X, =X, =X

K1 1K 1) (
X = X = an (WK/ W1¢)(W2q)/ Wnp);
X12 = X21 = an

[TorpenIHOCTL MOAEAMPOBAHUS TPEXOOMOTOYHOTO
TpaHchopMaTopa C KOPOTKO3aMKHYTOM OOMOTKOM IIPO-
Bepsinach B AabopaTopuu [1aBAOAGPCKOTO rOCYAQPCTBEH-
Horo yHuBepcurera uM. C TopalirelpoBa Ha opHOdA3-
HOM ABYXOOMOTOYHOM HKCIIEPUMEHTAaAbHOM TpaHCdOp-
marope TT-6 ¢ HeIIpepBEIBHLIMU KaTYIIeYHBEIMI OOMOTKA-
MM B OAWH IIPOBOA, A@HHBIE KOTOPOTO IIPUBEAEHHI B
TabA. 1. KopoTKo3aMKHyTast 0OOMOTKA U3 W, BUTKOB BbI-
TIOAHSIAACH KYCKOM OAHOKUABHOTO MEAHOTO KabeAst AAU-
Houi 1,5 meTpa u conporusrenueM R, = 0,02 Om. Conpo-
TUBACHUE AyTU RA cuuraroch paBHEIM 0,005 OM, TO eCcTb
3aMepPEeHHOMY IIEePEeXOAHOMY COIIPOTUBAEHUIO KOHTAK-
TOB KOMMYTHPYIOIIEro YCTPONUCTBA.

Pe3yABTaTHI MOAEANPOBAHUS M OKCIIEPHUMEHTA TOKOB
B OOMOTKaX 3KCIEPHMEHTAALHOTO TPEeXOOMOTOYHOTO
TpaHcdopMaTropa C KOPOTKO3aMKHYTOM OOMOTKOM B
pe’KrMe Harpy3KH IIPUBEAEHEI Ha puc. 16, rae mepBuie
TIOKa3aHbl TOACTHLIMU AMHUSIMU, @ BTOPBIE — TOYKaMU.
Pe3yAbTaThI MOAGAUPOBAHUS 3TUX JKe TOKOB IIpu R =0
Ha 3TOM PUCYHKe IIOKa3aHbl TOHKUMU ANHUSIMU.

AmHanm3 NIpUBEACHHEBIX Pe3yALTATOB pacdeTa U dKCIIe-
pUMeHTa IIOKa3bIBaeT, YTO MaTeMaTUYeCKas MOAEAb
Tpexda3Horo TpancdopmMaropa ¢ KOPOTKO3aMKHYTON
OOMOTKOM ITO3BOASIET C TOYHOCTBIO A0 10% OIIpeAensiTh
TOKHM B €r0 06MOTKax. OTO AdeT OCHOBAaHME IIOAAraTh,
YTO MCIIOAB30BaHME HTOU MaTeMaTUIECKOU MOAEAN AAST
pacueTta TOKOB B OOMOTKAaX ABYXOOMOTOYHOTO TpaH-
cdopmaTopa npu B3 mo3BOAUT ITOAYYATE UX C aHAAO-
TMYHOU TOYHOCTBIO.

KpomMme TOrO, 3TOT aHaAM3 ITOKA3bIBAET, YTO UCIOAD-
30BaHMeEe AONOAHUTEABHON OOMOTKU B POAM KOPOTKO-
3aMKHYTBIX BUTKOB IIO3BOASIET IIPOCTO U C AOCTATOYHOM
TOYHOCTBIO OIIPEAEASITH OKCIIEPUMEHTAALHBIM Iy TEeM TO-
ku 11pu B3 B 06MOTKax TpaHCchOpMaTOpOB AIOOOM MOIII-
HOCTU M CTOMMOCTY 0€e3 IIOBPEKACHUS UX U30AIIUN.

OmnpepereHre TOKOB B AByXOOMOTOYHOM TpaHCQOp-
MaTope npu B3 nepBuyHO 0OMOTKE C IIOMOIIIBIO IIPEA-
AOJKEHHOU MaTeMaTu4eCKOH MOAEAU OCYIIEeCTBASETCS
IpY YMCAE BUTKOB

W, / w“p);
(4)

(Wyq 7 Wyg)-

™
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Tabauna 1

ITapaMeTpsl KCIle pUMe HTaABHOT 0 TpaHC(hopMaTopa

TMapamerprr TpaHcdopmaTopa TT-6 Ob6o3nauenue | Beanuuna
Hamnpsxenne nuranus, B U, 404
Tok XxoAOCTOro XoAa TpaHcgopmaropa, A T 0,055
Tok Harpysku B IEepPBUYHON OOMOTKe TpaHCdopMaTopa, A Iy 2,95
Tok Harpysku BO BTOPUYHON OOMOTKe TpaHcdopmaropa, A Ty 4,95
Y cAO BUTKOB B I PBUYHOM 0OMOTKe Wig 504
UK CcAO BUTKOB BO BTOPHUYHOM OOMOTK e Wi 296
Yucao 3aMKHYBIIUXCS BUTKOB Wi (1-3)
AKTUBHOE COIPOTUBAEHUE IePBUYHON 00MOTKH, OM Rigp 2
AKTUBHOE COIPOTUBAEHUE BTOPUYHON 0O6MOTKH, OM Rog 1
AKTUBHBIE COIIPOTUBAEHUS Harpy3ku, Om Ru 44
MHAYKTHBHOE COINpOTUBAEHUE HAarpys3ku, Om Xu 0

W, = (w

| —wJ)aw, = w

1a 2¢°
Tak Kak aKTUBHBIE COIIPOTUBACHUST IIPUHSATO CUUTATD ITPO-

IIOPOVOHAABHBIMU KOAUYECTBY BUTKOB B O6MOTKe, TO

R, =R, (w,/w, )i R,=R, i R =R (w, /w,). (5)

Co6CcTBeHHEIE MHAYKTUBHBIE COIIPOTUBACHHUST MaTe-
MaTHUYECKOM MOAEAU

— 2. - 2.
X =X oW/ w5 X=X, (Woy /W)
X, = X@(WK/W@) .
B3aumHBIe MTHAYKTHUBHBIE COIPOTUBASHUST MaTeMaTH-
YeCKOU MOAEAH

XK1 = X1K = X1q‘> (WK/ W1q‘>)'
XKZ = XZK = Xhtb (WK / W“i)) (qu) / W“T’)' (6)
X = Xy = Xy Wi/ W) (W, /W)

Ha ToyHOCTH MOAEAMpPOBaHUS TOKOB IIpu B3 3Hauu-
TEeABHO BAUSET TOUHOCTH OIIPeAeAeHUSI COIIPOTUBACHUSI
pAyru. OHO 3aBUCUT OT pgpa (PaKTOPOB B BHAE TOKa
3aMBIKaHUS, MUHBL AYTH, A@BAeHUS U Tak Aaree. Ecan
[9] o cxeMe Ha puc. 2a Ayra TOPUT B LIelIU U3 aKTUBHOI'O
R, + R, u peaktuBHOro X, CONPOTHUBAEHMUI, & TaKXKe
HMCTOYHMKA HanpsiKenus E , To

ER,
Us TR
(R +R,)" +

TAE U/\ — AeHWCTBYyIOIlee 3HaUeHNe IIePBOY rapMOHUKH
HanpsokeHUd Ha Ayre. [Nocae ympoleHuil u npeobpa-
30BaHUS 3TOr'O ypaBHEHUS
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:‘Z1+Z'1+Z'O+3Z‘

R
3,/(E, /901,) -1

(7)

A

rae R, — MMHUMaABHOE PAcCTOSHUE MEKAY TOUYKaMU
KOPOTKOT'O 3aMBIKaHUSI, IPUHUMAETCSI PAaBHBIM ABOMHOM
TOAIIVHE U30ASIUY IIPOBOAHUKA; Z], 22 u ZO — com-
POTUBAEHUS IPAMON, OOpPaTHOMU U HYAeBOM IIOCAEAOBA-
TEABHOCTH, OIIPeAeAsieMble U3 COOTBETCTBYIOIEeH SKBU-
BAACHTHOM CXEMEI IOBPEKAEHHEIX OOMOTOK; Z — COII-
POTHUBAEHUE MEKAY 3aMKHYTHIMU BUTKAMU U OCTAaABHOM
YaCcThIO ITIOBPEXKAeHHON 00MOTKHU Iipu B3.

CyIIecTBYIOT U ADYTHIE METOABL OIIEHKY BAUSIHUS AY-
T'Yl Ha BeAWYNHY U (DOPMY aBapUHHOIO TOKa, KaK, Hallpy-
mep, B [9, 10].

Pe3yAbTaTH MaTeMaTUYeCKOI'O MOAEANPOBAHUS TO-
KOB 11pu B3 B nepBuUYHOM 0OMOTKE Ha 9KCIIe pUMEHTAAD-
HOM TpaHchopmaTope TT-6 B peskuMe HArpys3Ku Ipu
R =0,13 Om nmpuBepeHbl Ha puc. 2a. ConocTaBAeHue
PUCYHKOB 16 1 2a IOKa3bIBaeT, YTO IIPYU MAABIX BEAUYU-
HaX W, TOKM B IIEPBUYHON ¥ BTOPUYHOM OOMOTKAX Ha
HUX OTAWYAIOTCSI He3HAUUTEAbHO. Pa3amume BeAnuuwH
TOKOB B KOPOTKO3aMKHYTLIX BUTKaX OOABIIIE. DTO BEI3-
BaHO B OCHOBHOM M3MeHEeHNEeM B3aMMHEIX MHAYKTUBHBIX
COIIPOTUBAEHUM B MaTeMaTUYeCKOM MoaeAH (1) 3a cueTr
yMeHbIIIeHUsI BUTKOB W,. Bce 3TO AaeT OCHOBaHUS IOAA-
raTh, 4To Ipu B3 B nepBUYHON OOMOTKe IIOTPEUIHOCTD
MOAEAMPOBAHUSA TOKOB B OOMOTKax OyAeT HECKOABKO
ooarle 10 %. UTo BlIOAHE YAOBAETBOPSeT TpeOOBaHUSA
peAeliHOU 3alUTH TpaHCcdopMaTopa oT B3.

ITpu B3 Bo BTOpUYHOM O0OMOTKE ABYXOOMOTOYHOTO
TpaHcgopMaTropa
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Puc. 2. BeAnunHbI TOKOB B 0OMOTKax TpaHcdopMaTopa B 3aBUCHUMOCTH OT B3 B mepBHYHOI M BTOPUYHOH OOMOTKax
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AKTHUBHLIE COIIPOTUBACHUS B 3TOM CAYyYaAe OIIpEAeAd-
I0TCA KakK

1! - WK)'

R, =R, R, =R, w /w,; R,=R, (w,,— W, )/W,,. (8)

Y
Co6CcTBEeHHBIE MHAYKTHUBHBIE COIIPOTUBAEHUS 3TOU
MaTeMaTU4YeCKOU MOAEAU

19!

X, = X
X

1@); XK = an)
= Xip ((Wy, — W)/ W“p)z. 9)

(W /w, q))2;
2

B3auMHBIe THAYKTHBHBIE COIPOTUBAEHUST MaTeMaTH-
YeCKOU MOAEAU

X = X = an (WK/W1¢)'
X = Xy = Xy (w,/ W1¢)((W2¢ -w,)/ w“p); (10)
Xy = Xy = an ((qu) —w)/ Wnp)'

Pe3yAbTaTHl MaTeMaTHYECKOTO MOAEAUpoOBaHus B3
BO BTOPMYHOM OOMOTKE Ha 9KCIIePUMEHTAAbLHOM TPaHC-
¢dopmarope TT-6 npu Harpyske u R =0,13 Om npuse-
MeHBI Ha puc. 20. Kak u B 3ToM cayudae, B3 B nepsBuu-
HOY OOMOTKE IIOTPEIIHOCTh MOAEAUPOBaHUs OyAeT He-
CKOABKO 60Able 10%.

BBIBOABI.

1. OkcniepuMeHTaABHO TOKHM B3 B 0OMOTKax TpaHCc-
dopmaTopa Npu HeOOABIIOM YHUCAe 3aMKHYBIINXCS
BUTKOB C TOYHOCTBIO AO 10% MO>KHO OTIPEAEASITE C TIOMO-
IIBIO AOTIOAHUTEABHON OOMOTKH.

2. IlpeproskeHHass MaTeMaTUYECKasi MOAEAD TIO3BOAS -
€T PacCUUTHIBATh TOKU B OOMOTKaX OAHO(A3HOI'O TPAHC-
dopmaTopa Npu HeOOABIIOM YHUCAe 3aMKHYBIINUXCS
BUTKOB B AIOOOM M3 HUX C TOYHOCTBIO, YAOBAETBODSI-
[o11el TpeboBaHMs peAeMHOM 3allUThl TpaHcdopMaTopa
ot B3.
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roT. «k KOHCTPYKTOPCKO-TEXHOAOTrHYEeCKOoe 00ecrieyeHne MalllMHOCTPOUTEABHBIX IIPOU3BOACTB», KAB-
TOMaTHU3al[UsI TEXHOAOTUYECKHUX IIPOLIECCOB ¥ IIPON3BOACTB» As 0akaAaBpoB / B. A. Ky3oBkuH, B. B. ®u-
AaToB; MocCK. roc. TexHoA. YH-T «CraHkua». — M.: IOpaiir, 2013. — 430 c.

[NpuBeaeHE! GU3UYECKUE OCHOBLI SAEKTPOMAarHUTHLIX SIBACHHH; PACCMOTPEHEB! SAeKTPUUYECKHe 1 MarHUTHLIE Ilapa-
MeTpBl MaTePUAAbHEIX CPeA U UX BAUSIHYE Ha XapaKTEePUCTHKU SAeKTPOMAarHUTHOTO IOAs. [Toka3aHbI CIIOCOOE!
MaTeMaTH4eCKOT0, SAeKTPOAMHAMUYECKOTO ¥ CXeMOTEXHUYECKOT'O OIIMCAHUS IAEKTPOTEXHUYECKUX U SAKTPOHHBIX
yCTpoHCTB. [IpuBeAeHE IPUHITUIL KOMIILIOTEPHOTO MOASANPOBAHUS SIAEKTPUUECKUX YCTPOMUCTB, & TAK)Ke OIMCAHUS
THUIIOBBIX IIPOIPAaMMHBIX KOMIAEKCOB. CooTBeTcTByeT DepeparbHOMY rOCyAAPCTBEHHOMY 00pa30BaTeABHOMY CTaH-
AAPTY BBICIIEro IpogeCcCHOHAABHOTO 00pa30BaHUs TPEThero IOKOAEHU. A CTYA€HTOB BY30B, O0Y4YaroIIUXCs
110 WHKEeHEePHO-TeXHUYEeCKUM HaIIPaBACHUSIM U CIIEITMaAbHOCTSIM.
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M. A. TPETbSKOBA

TIOMEHCKMH FOCYAapPCTBEHHbIH
APXMTEKTYPHO-CTPOMUTENbHLIM YHHMBEPCUMTET

COBPEMEHHbBIE MOA4XOA4bl

K MOAEPHU3 ALIUA
LLEHTPAJIU3OBAHHOIO
TENJIOCHABXXEHMUSA HA OCHOBE
BHEAPEHUSA TEMJIOHACOCHDbIX

YCTAHOBOK

B cTaThe NpefcTaBneHbl OCHOBHbIE NPOGNEMbI LLeHTPanM30BaHHOIO TeNNoCHabXKeHns Ha
6aze T3L, u BbINONHEH 0630p COBPEMEHHBIX MOAXOAOB PELIEHHS BbifeneHHbIX Npo6nem
Ha OCHOBE BHEAPEHMS TENSIOHACOCHBIX YCTAaHOBOK.

KnioueBble cnoBa: cuctema LLeHTPpalIM30BaHHOIo TennocHabkeHusl, TeNNOBOM HacoC,
TennoBble CeTH, 3Heproc6epe>|<euue.

BBepeHme. BEI6Op OCHOBHBIX HCTOYHUKOB dHEPTIUU
TIPY IPOEKTUPOBAHMH U CO3AAHUY SHEPro3(d(PeKTUBHEIX
CHUCTEM TEeNAOCHAOKEHMUSI JKUABIX U OOIIIEeCTBEHHBIX 3A3-
HUY SIBASIETCSI, IIO CYTH, HauboAee OTBETCTBEHHOM 3aAa-
4yel, IOCKOABKY OCHOBHas 1ieAb OepeparbHOTO 3aKOHA
or 23.11.2009 N 261-®3 — ymMmeHbIIeHHe OOBeMa UC-
TIOAB3YEeMBIX PECypCOB, MOTPEOASEMEBIX, B YaCTHOCTH,
Ha HY’KABI TETIAOCHAG KEeHHUSI IIPX COXPaHEeHUH COOTBET-
CTBYIOIIETro IIOAE3HOT0 3(pdeKTa OT UX NCIOAB30BaHUSI.

B mocaepHee BpeMst Bce dallle BCTPeYaeTCsT OTKa3s
OT I]eHTPaAN30BaHHOI'O TEIIAOCHAOKEHUS B IOAB3Y Me-
Hee 3 (HEKTUBHLIX ACIIEHTPAAN30BaHHBIX UCTOYHUKOB
TenAa. LleAblo AQHHOM CTaTbU CTAarO 3HAKOMCTBO C
poOAEMaTHKOM IIeHTPAAN30BaHHOIO TEIIAOCHAOKEeHUST
Ha 6aze TOLl, 3aHHMaAIONIETO 3HAYUTEABHYIO 4YacTh
sHepreTnueckoro 6aranca P®, u 0630p coBpeMeHHBIX
TIOAXOAOB K MOAEPHU3AIUY [IEeHTPAAN30BaHHOTO TEIIAO-
CcHaO’KeHUsI Ha OCHOBE BHEAPEHUS TEIIAOHACOCHBIX yC-
TaHOBOK.

TpaAunoOHHOE EHTPAAN30BaHHOE TEIIAOCHa0Ke-
Hue Ha 6a3e TOII. Cucrema TPaAULIMOHHOTO TEIIAOCHA0-
JKeHMsI 00ecIieuruBaeT TEIIAOBOM 3Hepruei okoAo 75 %
Bcex norpeburenreit B Poccuu. I'lpu atom okoao 35 %
MOTPEOHOCTH B TEIIAOBOM SHEPTUU 00EeCIIeYnBaIOT Tell-
AO(PUKAIMOHHBIE CUCTEMEI, TO €CTh CUCTEMBI, B KOTO-
PBIX MCTOYHMKAMU TENAOTHI CAy’KaT TOLl pasanunon
moiHocTH [1]. OTnyck Tenaa ¢ TOL] obecnieunBaeTcs
3a cueT OTOOPOB TeNAO(MHUKAIIMOHHBIX TYPOUH. DTa CUC-
TeMa OblAa pa3dpaboTaHa B 1950-e roabl U CyllleCTBEHHO
He U3MEeHSIAACh C MOMEHTa CBOEro IIOSIBA€HUSI.

C TepMOAMHaAMHUYECKOM TOYKU 3PeHUsT, KOMOMHUPO-
BaHHOE IIPOU3BOACTBO SAEKTPOIHEPruy u Ternna Ha TOL]
ropaspo 6oaee 3¢ppeKTUBHO, UueM pa3peAbHOe IIPOU3-
BOACTBO DAEKTPOIHEPTUY Ha KOHAEHCAIIMOHHEIX TEIIAO-
BBLIX DAEKTPOCTAHIIUSX U TellAa KOTeABHEIMU. BmecTe ¢
TeM IIpUMeHeHUe I[eHTPAaAM30BaHHEBIX CHUCTEM TeIIAO-
CHaO’KeHUsI B HACTOsIIIee BpeMsI IMeeT CAEAYIOIIHe OC-
HOBHBIE HEAOCTATKU:

1) BBICOKUM YpOBEHb IIOTEPH TEIIAOBOM 3HEPruUU B
TEIIAOBBIX CETSX;

2) IOBBIIIEHVE CTOMMOCTH TOIAMBHO-3HEpreTude-
CKHX PecypcoB;

3) U3HOLIEHHOCTh TEIIAOBBIX CeTell U 000PyAOBaHUA,
a CAeAOBAaTeALHO, U BEICOKUH YPOBEHbD 3aTpaT Ha SKCIIAY-
aTaluIo TENAOBBIX CeTel;

4) HapylIeHNe IT'IAPAaBANYECKUX PESKUMOB TEIIAOBBIX
ceTel U, KaK CAGACTBHE, IIOAYUEHYE KHEAOTOIIOBY U «IIe-
PeToIoB» 3AaHUY;

5) oTCyTCTBUE MHBECTUIIUN Ha TEXHUYECKOe IIepeBOo-
Opy’KeHVe U HeCOOTBETCTBHE TPAAUIIMOHHO IIPUMEHSI-
€MBbIX TeXHOAOTHH TENIAOCHAOKEeHNsI COBPEMEHHBIM Ha-
YYHO-TEXHUYECKUM U 3KOHOMUYECKUM TpeOoBaHUAM [2].
HepenieHHOCTb 3TUX TEXHUYECKUX U DKOHOMUYECKUX
npobAeM HEeraTMBHO CKa3bIBAeTCsI Ha KaUeCTBe U JHep-
reTuyeckon 3(pPeKTUBHOCTHU TEIAOCHAOKEHUSI.

B HacTosiIee BpeMst C 1IeABIO TIOBBIIIEHUS U PA3BUTHS
NIPEUMYIIIECTB TEIAOPUKAIUY MHOKECTBO TPYAOB YUEHBIX
TIOCBSIIEHBI MOASPHU3AIIUY CYIECTBYIOIIEH CHCTEMEI C
HUCIIOAB30BaHUEM TEIINOHACOCOHEIX YCTAHOBOK HAIIPaBACH-
HEBIX Ha IIOBBIIIEHNE SHEePreTUIeCKON 3(p(heKTUBHOCTY U
pa3padOTKU KOMOWHUPOBAHHBIX CUCTEM [3— 5], KOTOpHIE
OO'BEAMHSIIOT B ce6e CTPYKTYPHBIE SIAEMEHTHI IIeHTPaAN30-
BaHHBIX U ACLIEHTPaAN30BaHHBIX CCTEM TETINOCHAOKEHSI.

IIprMeHeHUe TENAOBBIX HACOCOB B KayeCTBe IIKO-
BBIX MCTOYHUKOB. OparoB M. E., Illapanos B. U., Yay-
kuH I1. E., MopaoBuH B. A. Ha 6a3ze YABIHOBCKOI'O rocy-
AAPCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA ITPEANOIKH-
AU cIIOCOO TeIAOCHaO)XeHUs [6], 10 KOTOPOMY OCHOB-
HYIO TETIAOBYIO Harpy3Ky IIeHTPaAM30BaHHOMN CUCTEMEI
TENAOCHAOKEHUsI IMOKPHIBAIOT GAa30BBHIM HCTOYHUKOM
TENAOTH], B Ka4eCTBe KOTOPOI'O UCIIOAB3YIOT CeTeBLIe
NIOAOTPeBAaTEeAN TeNAOPUKAIMOHHBIX TypOuH TOLI, nmu-
KOBYIO TEIIAOBYIO Harpy3Ky IIOKPBLIBAIOT aBTOHOMHEIM
UCTOYHHUKOM TEIAOTEI (TeIAOBEIe Hacock!). [Ipu moHu-
JKeHUU B IIOAQIOUIel MaruCTpPaAX I[eHTPaAM30BaHHOMN
CHCTeMBI TeIIAOCHAOKEHUST PACX0AQ CETEBOM BOABI, KOHT-
POAMPYEMOI'0O AQTIYMKOM PACXOA’d, HUKEe 3aAaHHBIX
BEAWYNH aBTOHOMHBIM MCTOYHUK TEIIAOTEI UCIIOAB3YIOT
B KauecTBe 6a30BOro, AAS Uero MeCTHYIO CUCTEMY Tell-
AOCHaOKeHUd IOTPeOUTEAST OTKAIOYAIOT OT IIOAQOIeN
U 06paTHOM CeTeBBIX MarucTpasel IeHTPaAu30BaHHOM!
CHUCTEeMBI TEeIIAOCHAOKeHU s 3aII0PHBIMU OpraHaMU.

[TpeuMyIiecTBOM 3TUX TEXHOAOTUU SBASIETCSI BO3-
MO>KHOCTB IIPH @BapUHMHEBIX cuTyanusx Ha TOL] u mepe-
005X C LIeHTPaAM30BaHHBIM TelIAOCHAaOKeHHeM B paboTe
OCTAIOTCSI aBTOHOMHBIE MICTOYHUKY TEIIAOTHI aOOHEHTOB,
YTO IIO3BOASIET 3aIIIUTUTH CUCTEMY TEIIAOCHAGKEeHUST OT
3aMep3aHus U CYIIeCTBEHHO ITOBBICUTE €€ HaAEKHOCTD.
B 3uMHee BpeMs Takasi CUCTeMa IIO3BOAUT COKPATUTh
NIOTepU IIPU TPAHCIIOPTE TEIIAOBON SHEPIruH.
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Puc. 1 Cucrema TenaosHeprocHa6xenmnsa (Aanunrosa B. B., Chrasuna B. C.):
1 — maporeHepaTop, 2 — mapoBasi TypOuHa, 3 — JAeKTporeHepaTrop, 4 — MOAOrpeBaTeAM NMUTATEABHOH BOABI,
5 — TenAooOMeHHHK 6 — KOHAeHcaTop 7 — moTpebuTeAb, 8 — TenAoBoH Hacoc, 9 — TenA0OOMEeHHUK BoAa—(peoH,
10 — rpapupHs, 11,12,13 — Hacocsl morpe6uTteaeit tenaa, 14, 15, 16 — TenA00OMEHHHMKH AAS HarpeBa CETEBOM BOABI

L4 m

Puc. 2. Cnoco6 tenrocHaGxenus CreHuHa B. A.:

3 — KoHAeHcaTop, 8 — mcnapureAb, 4 — KoMmipeccop, 1 — ApocceAb TeNAOBOro Hacoca, 6 — OToOHmUTEAbHbIE IPUOOPHI,
5 — CMeCHTEeABHBII HacoC, 7 — PeryAsTop pacxopa, 2 — PEeryAsiTop TeMrnepaTrypbl CUCTEMbI OTOIIAEHHS],
T1 — moparomjas MarucTpaisb TenAoBoi ceru, T2 — oOpaTHasi MaruCTpaAb TEMAOBONM CETH

IIpuMeHeHNe TEeNAOBBIX HaCOCOB, NCIOAB3YIOIMUX
00paTHYIO CeTeBYIO BOAY B KaueCTBe NCTOYHUKA HU3-
KONOTeHIUaAbHOTO TenAa. Aanuaos B. B., Chasun B. C.
MIPEANOSKUAU CUCTEMY TeIIAOdHeprocHab>kxeHus [7], B
CBOEM CEeTeBOM OTOIHUTEABHOM KOHTYpE COAEpPIKallyIo
TEIIAOBLIE HACOCH!, YCTAHOBAEHHBIE B MaruCTpaAb OOpaT-
HOM BOAHI (puc. 1). [Tocae mepepaun Ternna NOTpeOUTEAIM
OAHOM rpynmnsl 14, Bopa ¢ TeMmueparypoi 60°C nocryna-
€T B UCIAapUTEeAb TEIIAOBOTO Hacoca 8 M, 0XAa’KAAsICh
Ao 10 °C, Bo3BpamaeTcst Ha TOLl, a HarpeBaemasi B TH
BOAQ UCIIOAB3YETCSI ADYTOY I'PYIIION NIOTPeOUTEeAE.

[MToxo>Xu¥ BapuaHT CHUYKEHUS TEIAOBHIX IIOTepPb
npearoxkua CtenuH B. A. B oTanune oT BEIIIE N3A0KEH-
HOTO CIIOC00a, «IIepeoxXAaKACHUEe» TEIIAOHOCUTEAS, T10-
AABaeMoro OT IIEHTPAABHOT'O NCTOYHUKA, OCYIIEeCTBAS-
€TCsI B TEIIAOBOM HACOCEe OAHOTO U TOTO JKe TEIIAOBOTO
IIyHKTa (puc. 2) [8].

l'opsauas Bopa u3 marucrpasu T1 yepes peryadarop
TeMIepaTyphl 2 I0AQeTCSI B OTONIUTEABHEIE IPUGOPHL 6
CHUCTEMBI OTOIIAEHUSI, TAE OXAQKAQETCS, @ 3aTeM HalpaB-

AsieTcsd B 0OpaTHYIO MarucTpasb T2. HacTb OXA@KASHHOMU
BOABI OOPATHOM AMHUU CUCTEMBL OTOIIACHUS OTOMPaeTCs
AASI HarpeBa B KOHAEGHCATOpe TEIIAOBOTO HAacoCa, Apyrast
MIOCTYIIaeT B UCIIAaPUTEAb. AAST TOAAEPIKAHUS 3aAaHHBIX
3HQUEeHUH ITapaMeTPOB TEIIAOHOCUTEAS], TOCTYIAOIIero
B CHCTEMY OTOIIAEHUSI, YCTAHOBAEHBI PETYASITOP TeMIIe-
pPaTypHL 2 1 peryasTop pacxopa 7. CHU)KeHUe TeMIiepa-
TYPHI BOABL B OOpPaTHOM MarucTpaAu T2 TeAOBOU CeTU
YMEeHBIIIAaeT TeTIAOBLIE IIOTEPU B TEIIAOBOM CETH, a TaK)Ke
IIPY TOM K€ PacXOAe YBEAWYWBAET IIPOIYCKHYIO CIIO-
COOHOCTb TENIAOBOW HArpy3KU TEIIAOBOW CETH.

Taxk xe CteHuH B. A. [9] IPeprOIKUA OCYILECTBAITD
TIOAOTPEB CETEBOM BOABI CHauaAa B TEIIAOHACOCHOM yCTa-
HOBKE 3a CYeT YTUAM3AIIUY TellAa KOHAEHCAIy 0Tpado-
TaBIIIErO Tapa TYpPOWHEI, & 3aTeM B CeTeBLIX IIOAOTPEBa-
TeASIX TENAO(PUKAIIMOHHBIX YHEPIOyCTaHOBOK U ITUKO-
BOM BOAOI'DEMHOM KOTAE.

Vcnoab3oBaHME TENAOTH KOHAEHCAIIMN OTPaboTaB-
mrero B TypOuHe Napa B HU)KHEH BETBU KaCcKaja YBEAU-
yuBaeT KITA cTaniuy, Tak Kak OTOOPHBIN Iap, paHee
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Puc. 3. CucreMa 1EeHTPAAU30BAHHOTO TENAOCHAOGKEHMS, rOpsiyero U XOAOAHOrO BOAOCHAO’KeHUS:

1 — TpyGONmpoOBOA HMCXOAHON BOABI, 2 — YCTAaHOBKa AASl OYMCTKU BOABI, 3 — TeNmAO(MUKAIMOHHBIN NMYYOK KOHAEHcaTropa
naposoii Typ6unsl TOLl, 4 — TpyOonmpoBoA ceTeBOH BOABL, 5 — HCIapureAb, 6 — KoHAeHcaTop, 7 — KoMIIpeccop,
8 — saeKTpoABHraTeAb, 9 — pPeAYKIHUOHHBIN KAamaH, 10 — 06ak-aKKyMYASITOp ropsiieii BoAbl, 11 — 6ak-aKKyMyASITOp
XOAOAHO¥M BOABI, 12, 13 — Hacocsl, 14 — NUKOBBII BOAOTPEHHBIN KOTEeA, 15 — TEeNAOBON NMOTPeOUTEAD
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Puc. 4. Cxema OAHOTPYOHOH CHCTeMBbI TENIAOCHAO’KeHMs:

1 — KOHAEHCATOp MapoBBIX TYypPOHMH; 2 — IMOABOA M OTBOA BOABI CHCTEMBI TEXHHYECKOTO BOAOCHAOXXeHMs; 3 — KOHTYP
LUPKYASIIUOHHON BOABI KOHAeHcaTopoB; 4 — THY saekrpocTraHuuu; 5 — ceTeBas BoOAa M3 MCTOYHHKA TEXHHUYECKOTO
BOAOCHA0O KeHus;; 6 — XHMMBOAOOYMCTKAa CETEBOM BOABI; 7 — MaruCTpPaAbHBIA TEMAOIPOBOA; 8 — IHMKOBBIA KOTEA;

9 — ropoackue norpedoutrean tenAorb;; 10 — ropoackme THY; 11 — nukosbiii kotea THY;

12 — norpe6urean tenaorbl or THY; 13 — oxaakpeHHast B ucnapureasx THY Boaa, mocrynaiomasi Ha HY>XABI TOPOACKOTo
BOAOCHaO keHHus; 14 — ceTeBas BoAa Ha HYJXABI OBITOBOr0O M TEXHOAOTMYECKOTO TOpsiYero BOAOCHAOKeHHS

TIOCTYTAIONINH B CETEBOM IIOAOTPEBATEAD, HAIIPABASIETCSI
B TYPOMHY AASl BEIDAOOTKU AONOAHUTEABHOM 3A€KTPO-
SHEeprum.

Ha mepBEbIl B3rAsIA, IPUMEHEHME TEAOBBIX HACOCOB,
HUCIOAB3YIOIIVX B KQUeCTBe UCTOYHMKA TeIAa 06paTHYIO
CeTeBYIO BOAY, IIPU y4eTe IIOAHOW CTOMMOCTH TeIlAd
HesKoHOMIYHO. Ho ecar HOBast cucreMa II03BOASIET COK-
paTuTh TenaonorpedaeHue Ha 25— 40 %, To Takoe pelile-
HUe CTaHOBUTCS IleAecoobpa3HbIM [10].

ITpuMeHeHNe TEeNAOBBIX HAaCOCOB AASI CHUJKEHHS
TeMIlepaTypHOro rpadguka renaoceru. Tomunros B. I
U TrpyIIa IOA ero pyKOBOACTBOM IIPEAAOSKUAM CIIOCOO
IIeHTPaAU30BaHHOTO TenAOoCHabxeHud [11,] 3akaroua-
IOLIKMCA B TOM, 4TO OT TOL] ceTeByrO BOAY € TeMIleparTy-
poi, 0OyCAOBAEHHOM PEXUMOM OTIyCKa TEIAOTHI «IIO
ropstaeMy BOAOCHAGKEHHUIO» TIOAQIOT B YAQAEHHBIH (Harl-
puMep, BHyTPUKBapPTaAbHBIN) TEIIAOBOM IIYHKT, 000PY-

AOBAHHBIV aOCOPOIMOHHBIM OPOMUCTO-AUTUEBBLIM TeIl-
AOBBIM HacocoM. Hu3KOIOTe HIIMAABHYIO TEIIAOTY CeTe-
BOM BOABI IIEPEAAIOT BOAE, IIUPKYAUPYIOIIEH B OTOIIH-
TeAbHOM KOHType. CeTeBYIO BOAY, OXAQKACHHYIO AO
TeMIlepaTyphl, OOyCAOBAEHHOU IpaUKOM «Topsidero
BopOocHaOkeHus» (mpuMmepHo 30 °C), Bo3BpallaioT Ha
LIeHTPaAbHBIN TeIAOBOM IYHKT (TOL]) o Tpy6onposo-
Ay 2 0OpaTHOM CeTeBOU BOABI.

TakuM 0Opa3oM, ONMMCAHHBIM CIIOCOO IEHTPAAU30-
BAaHHOTO TeINAOCHaOXeHUsT obrapaeT OGonree BBLICOKOU
SKOHOMUYHOCTBIO 3a CUET CHUYKEeHHUS II0Tephb B TPyOo-
IIPOBOAAX IIPSIMOM U 0OPATHOU CeTeBOU BOABI, YBeAUYe-
HUS BHIPAOOTKU SAEKTPOIHEPTUN Ha TEIIAOBOM TIOTpe-
OGAeHMHY, YMEHBIIeHUsI OO beMHOI'O PACX0AQ CETEBOM BOABI
3a cueT CHIDKEHUS TeMIIepaTyphl IPSIMOM CeTeBOM BOABL,
YTO IIPUBEAELT K CHUJKEHUIO SIAEKTPOSHEPTUHY Ha TIepeKa-
YHBAaHUE TEIIAOHOCHUTEAS.



[puMeHeHVe BTOPUYHLIX SHEPreTHYEeCKUX PeCYPCOB
TOLl B KauecTBe MCTOYHMKA HU3KOIOTEHIIMAALHOTO
TeImAa A TEIIAOBBIX HaCOCOB

Hauboaee 3KOHOMUYHBIM, C TOUKM 3peHUS COKpallle-
HUSI TENAOBBIX IIOTEPD, SIBASIIOTCSI CXEMBI, B KOTOPBIX
upyliiee Tenro oT TOLl ABASeTCS TOABKO UCTOYHHUKOM
HU3KOIIOTEHIIMAABHOT'O TeIllAa A TEIIAOBOIO Hacoca U
He HarpeBaeTcs apoM U3 OTOOPOB TYpPOUHEL.

AnpproneHKO A. . 1 rpymma oa ero pyKoBOACTBOM
Ha Oaze CapaTOBCKOIr'o IOCYAQPCTBEHHOTO TeXHUYECKO-
ro yHuBepcureta [12] padpaboTaru CUCTeMY IJeHTPaAU-
30BAHHOTI'O TEIIAOCHAOKeHHs, TOpSYero U XOAOAHOTO BO-
AOCHa0O>KeHUs, BKAodaroIyto TOL], coeAuHeHHYIO TPy-
OOIIPOBOAOM CETEBOM BOABI C YAAAEHHBIM TEIIAOBBIM ITyHK-
TOM, OO0OPYAOBAHHBIM TEIIAOBBIM HAcOCOM (puc. 3).

HcxopHad BoAa IIpOKaYuBaeTCsd 4yepe3 TenAoUKaIlu-
OHHBIM IIy4OK 3 KOHA€HCATOpa NapoBOM TypOUHEL, TAE
HarpeBaeTcsd 3a CUeT KOHAeHCalluK 0TpaboTaBIIIeTo apa
Typ6uHbl. Harperas v ounieHHasi OT BPEAHBIX IIpUMe-
celf, MUTbEBasi BOAA [TIOAQETCSI B TPYOOIIPOBOA U TPaHC-
TIOPTUPYETCSI AO YAAAEHHOT'O TEIIAOBOTO ITYHKTA (HAIIpU-
Mep, BHYTPUKBAPTAAbHOTI'O), 0O0OPYAOBAHHOI'O ABYMs
KOMIIPECCUOHHLIMH TEIIAOBLIMU HacocaMu. B o6oux Ten-
AOBBIX HaCOCAX HU3KOIIOTEHIIMAALHYIO TEIIAOTY CeTeBOU
BOABI IIepeAaloT paboyeMy TeAy TEIIAOBOrO Hacoca B
HUCIIapUTeAe 5, B pe3yAbTaTe 3TOTO OXAAKAECHHYIO BOAY
TIOAQIOT B 6aK-aKKyMYyASITOP XOAOAHOU BOAEL 11. KoHpeH-
canuio pabouero Teaa TEIIAOBOI'O HACOCQ, UCIIOAB3yeMO-
ro pag I'BC, ocyIiecTBASIIOT ceTeBOM BOAOH, IIOAABAeMOM
u3 Tpyoonposopa oT TOLI-4. HarpeTyro B KOHAeHCATOpe
CeTeBYIO BOAY AO TeMIlepaTyphl rops4ero BOAOCHaOXe-
HUS HAIIPABAFIOT B 0aK-aKKyMYASITOP ropsiueli Boasl 10.
KoHupeHcaruio pabodero Teaa BTOPOro TEIIAOBOI'O HACO-
ca IIPOU3BOAAT OOPATHOM BOAOM OT TEIIAOBOTO IIOTpeOu-
TeAss. HarpeBas mocaep0BaTEABHO BOAY B KOHAEHCATOPe
6 BTOPOTr'O TEIIAOBOTO HACOCa U MUKOBOM BOAOTPEHHOM
KOTAe 14, ee OAQIOT TENIAOBOMY IIOTpebuTeAto 15.

Takum oOpa3oM, olucaHHag CUCTeMa [eHTPaAUu30-
BaAHHOI'O TEIIAOCHAOXKEHUS, TOPSIEro U XOAOAHOI'O BOAO-
cHaOKeHUs 00napaeT OOAee BEICOKOW 3KOHOMUYHOCTBIO
3a cueT TOro, 4TO:

1. CucremMa COAEPIKUT AUIIL OAMH MarmucTPaAbHBIN
TPyOOIIPOBOA CETEBOM BOABI, 0OeCIIeYnBAIOIINY Harpy3-
Ky OTOIIAEHUS, TOPSUero U XOAOAHOI'O BOAOCHAOKeHUS.
ITpu aTOM TeMIIepaTypa ceTeBOM BOABI MOKET OBITE 30 —
40°C, 4TO CHUJKAET TEIIAOBLIE IIOTEPU U 3aTPATHL B TeIl-
AOBBHIE CETH.

2. I'lponiecc HarpeBa OumIlleHHOM BOABI Ha TOL] BepyT
AWIIBL B TeIAO(UKAIMOHHOM ITyUYKe KOHAEHCATOPa, UTO
He CHUJKaeT BLHIPabOTKY dIAEKTPOJIHEPIur Ha CTaHIUH.

3. BolpaBHMBaHVE CYyTOYHBIX IPaUKOB ropsiaero u
XOAOAHOTO BOAOCHAOKEeHUS OCYIEeCTBASETCS 3a CYeT
YCTQHOBKU 0aKOB-aKKYMYASITOPOB, UTO IIO3BOASET UCK-
AIOUUTH COPOCHI U3OBLITKOB BOABI B KaHAAM3AIUIO.

IMTponenko B. IT. [13] npeprosKUA cXeMy, B KOTOPOU
TenAoTa KOHAEHCAIMM OTpaboTaBIIero Iapa TypOuH
SAEKTPOCTAHIIUI YaCTUYHO UAU ITIOAHOCTBIO UCIIOAB3Y-
eTCsI B KaYeCTBe HU3KOIIOTEHIIMAaALHOTO UCTOYHNKA Tell-
AoTel (HITWT) mapokoMIpeCCHUOHHBIX TEIIAOHACOCHBIX
ycraHoBoK (THY), pacnioroskerHBIX Ha TOLI-4 (puc. 4).
Boaa nocae ounctu u Harpesa B THY nopaeTcs no opHO-
TPYOHOM CHCTeMe B 0OCAYKMBaeMBbIN ropoa. Boag, nepe-
AaBaeMasi II0 MaruCTPaAbHOMY TEIIAOIIPOBOAY 7, AGAUTCS
Ha ABa [IOTOKA: IpeAHa3HAUYEHHBIN AAST OTOIIAEHUS TIOT-
pebureaent 9 (c UCIIOAB30BaHUEM ITUKOBOTO KOTAA 8) U
M oOecliedyeHUS Harpy3oK OBITOBOTO U TeXHOAOIHYe-
CKOT'0 rops4ero BoAOCHaOKeHUs 14. [IoCKOABKY TeMIie-
paTypa BOABI IIOCAE OTOIHUTEABHEIX TPUOOPOB COCTaB-
Aget 40 — 50°C, To 3TOT TeMIepaTypHBIM IOTEHIUAA HUC-
MIOAB3YyeTCs C IOMOIbIo ropoackux THY 10, umeromux

CBOM KOHTYD TeNAOCHa0KeHMs IIOTpebuTeAel 12, Takke
BKAIOYAOIITUH IMMKOBEIE KOTABI 11. OXha’kKAeHHAsI B MCTa-
puteaax THY ceTeBas Bopa 3aTeM HAIPaBASETCS B CUC-
TeMY 'OPOACKOTO BOAOCHaOkeHUs 13.

AOCTOMHCTBAMU TAKOM CUCTEMBI SIBASIOTCS:

— obecrieueHue TpebOBaHUS dHEPreTuuecKoi 0e30-
TMaCHOCTY B YaCTHU HEAOITyCTUMOCTU UCIIOAB30BAHUSI MO-
HOTOIIAUBA (ra3a) 60Aee IIOAOBUHBI TOIIAMBHOTO OaraHca
TOPOAOB U PETHMOHOB;

— VAyYIIeHHe d9KOAOTHU KakK B 0OCAY>KUBaeMBIX T'O-
poaax, Tak u B MecTax pasMmemeHuss KOC, ASC, rae
CHUYKAETCSI TEIIAOBOE 3arpsi3HeHUE CPEAH;

— YAyUIlIeHHe S5KOHOMHYECKHX IT0Ka3aTeAel IAEKTPO-
CTaHIIMU 3@ CUEeT AOTIOAHUTEALHOM BLIPAOOTKU TEIIAOTHI.

3akaodeHue. [TopBOAsI UTOTM 0630pa COCTOSTHUS U
MMEPCIEeKTUB PA3BUTHUS IIeHTPAAU30BaHHBIX CUCTEM TeTl-
AocHabOkeHUs Ha 6a3e TOLl He0OXOAUMO OTMETUTE, YTO
IMeHTPAAU30BaHHOE TENAOCHAOKEeHe UMeeT HeOCIIOPHU-
Moe npeumytiecTBo. Ho B cBs13u ¢ psiAOM IIpoGAeM uMe-
eTCsl TEHAEHIIUS K IIePeX0AY Ha AelleHTParn30BaHHOe
TenAocHabkeHne. OCHOBHOM HEAOCTATOK — IIOTEPU B
TEIIAOBBIX CeTsIX. B HacTosiIee BpeMs C IeABIO TTOBBIIIIe-
HUSI ¥ Pa3BUTHS IIPEUMYIIECTB TeINO(MUKAIMY MHOKECT-
BO TPYAOB YUEHBIX ITOCBSIIIIEHBl MOAEPHU3AIIUHY CYIIeCT-
BYIOIEH CUCTEMEL C MCIIOAB30BaHUEM TEIIAOHACOCOHBIX
YCTaHOBOK.

HuTerpaius TeXHOAOTUHY TEIIAOBBIX HACOCOB B CUC-
TeMy KOMOMHUPOBAHHOM BEIPAOOTKM TEIIAOBOU U 3AEKT-
PUYECKOY SHEPIUM IPUBEALT K YBEAMYEHUIO BLIPAaOOTKY
SAEKTPOSHEPTHUHU 3a CUET CHUKEHUS MOTEPh B TEIIAOT-
paccax Ipu CHUJKEHHUY TeMIIePaTypPhl TEIIAOHOCUTEAS B
MarucTpansiX, @ TAakKKe IIPHU TOM JKe PaCXOAe K yBeAnde-
HUIO IPOITYCKHOM CIIOCOOHOCTHU TENAOBOM ceTu. [ToBEI-
1eHue 3(p(HEeKTUBHOCTU UCIIOAB30BaHUS SHEPIUY TOIIAU-
Ba IIpUBeAeT K CHI>KeHuIo BeIOpocos CO,,. INepexop Ha
HU3KOTEeMIIepaTypPHHBIY TpapuK B TEIIAOBBEIX Marucrpa-
ASIX, KPOMe CHU)KEHUS TETAOBBIX IOTEPh, IPUBEAET K
YBEAMUEHUIO PeCcypca, CHU)KEHUIO aBapUUHOCTHU TEIIAO-
TPacC ¥ CHUKEHUIO UX CTOMMOCTH 3a CUET UCIIOAB30Ba-
HUsI 60Aee ASNIEeBBIX TEIIAOU30AUPYIOIINX MaTepPHUanOB.
B mepcriekTrBe pearbHO BBEAEHUE Pa3HbBIX Tapu@oOB Ha
TenAo oT TOL] — B 3aBUCHMMOCTH OT IIOTEHITUAAA.
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TIOMEHCKMH FOCYAapPCTBEHHbIH
APXMTEKTYPHO-CTPOMUTENbHbIM YHUMBEPCUTET

3HEPIrOCBEPEYXEHME
HA KYPFTAHCKOM T3L-2

3A CYET YTMIIM3ALMH
HU3KOMOTEHLUANIbHOM TEMNOTbI

B cTaTbe aHanNM3MPYIOTCS BTOPMYHBbIE SHepretMiyeckne pecypcbl KypraHckom T3LL-2. Paccum-
TaHbl XaPAKTEPUCTMKKM TEMNNOBOIO HAacoCa, BHegpsiemoro B cxemy IMNY-T3C. Liensto uccne-
JAIOBaHMS CTan 0630p BTOPHUHBIX JHEPreTHMYECKMX PeCYPCOB MAPOra3oBOM TEMNIOBOM INEKTPO-
CTaHLMM M OLLEHKA BO3MOXKHOCTM MX MCMOJIb3OBaHMS B YTMIIM3ALlMOHHOM TENSIOHAaCOCHOM

YCTaHOBKe.

Kniouesble cnoea: naporasoBble TeMIOBbIe 3JIeKTPOCTaHL MK, TEMNOBbIEe HACOChl, BTOPMYHbIE

JHepreTM4yeckue pecypchbl.

B ycAroBUSAX MOCTOSSHHOIO pOCTa IleH Ha TOIIAUBO,
HaOAIOAQIONIErocs B IIOCAEAHUE I'OABl, OCOOEHHO aKTy-
AABHOM SIBASIETCS pa3paboTKa HOBBIX TEXHOAOTUM dHEP-
rocOepeskeHusd C IIeAbI0 00Aee IIOAHOT'O UCIIOAB30BaHUSA
sHepropecypcos. CyllecTBeHHOe 3HayeHue IIproodpeTa-
eT BHEAPeHHe PalluOHAABHBIX CIIOCOO0OB 3KOHOMUHU OP-
raHWUYeCKOI'0 TOIIAMBA Ha KPYIHBIX IIPOMBIIIAE€HHBIX
npeAnpugaTuax. [TpoBeAeHHEBEIY 0030p AUTEPATYPHI U CTa-
TeU IIoKa3aa, YTo BOP TenAOBLIX ABUTaTeAeH SIBASIIOTCS
3HAQUUTEABHBIMHU U B TO K€ BpPeMsI UCIIOAB3YIOTCS HEAOC-
TaTOYHO.

YTuAu3anys HU3KOMOTEeHIIMAAbHOM TEIIAOTHI IIPY I10-
MOIIY TeNAOBBIX HacocoB (TH) Ha mapora3oBvIX Tell-
A0BBIX 3aeKkTpocTaHnuax (IMI'Y-TOC) OyaeT criocobcCT-
BOBAThb COBEPIIEHCTBOBAHUIO ACHICTBYIOIEeH TEXHOAOT UK
NIPOU3BOACTBA 3AEKTPUUYECKON U TeIIAOBOM 3HEPIHuH, a
TaK>XKe YMEHBIIIeHUIO Harpy3KU, OKa3biBaeMOM TOIIAUB-
HO-3HepreTUYeCKUM KOMIIAEKCOM Ha OKpPY KaroIIyO
CcpeAy, 3@ CUeT CHUJKeHUs TEeNAOBBIX BEIOPDOCOB U IIO-
TpeOAeHUS TeEXHUYeCKOU BOABL. KpoMe TOro, yBeAUuuT-
Csl AOASL aABTEPHATHUBHBIX UCTOYHUKOB 3HEPTUU B TOII-
AWBHO-3HepPreTU4eCKoM OaraHCe CTPaHBbI.

[Tpoanaaru3upyeM BTOPUYHBIE 3HEPTeTUYECKUE pe-
cypchl aHeprooaoka I1I'Y-110 Kyprauckoi TOLI-2.

ApeHa’kHas CUCTeMa BKAIOYAeT B ce0sd ApeHa kKHbIe
CHCTeMBL KOTAOB-YTUAN3ATOPOB, IIapOIPOBOAOB BEICO-
KOT'0 ¥ HU3KOI'O A@BAEHUS, TapOBOY TypOUHEI U I'PA3HO-
ro KOHAeHcaTa. ['ps3HBIN KOHAeHCAT APeHa )KHOM CUCTe-
MBI CAUBAETCs B eAMHBIN 0aK, U AASI TIOAAEPIKAaHUS ero
TeMIlepaTyphl B Ipeperax 25— 30 °C ucnoab3yeTcs
yMATrdYeHHass BOAQ 3aMKHYTOTO KOHTypa OXAaXKAeHUS
00OpYAOBAHUS U MeXaHU3MOB OAOKa.

CucreMa OXAKAEHUS (CUCTeMa TEXHUYECKOI'O BOAO-
cHaO>KeHUs) IpepHa3HaueHa A OXAKAEHUS BO3AYXaA
B BO3AYXOOXAAAUTEAIX I'eHepaTOpPOB IIapOBOM U raso-
BBIX TypOmMH; Macaa B Macarooxaapureasx [1T u I'TY;
paboueli >JKUAKOCTU CTaHIIMU BaKyyMuposaHug I1T, moa-
IIUITHUKOB HAaCOCOB U APYI'OTO BCIIOMOTaTEABHOI'O 060-
PYAOBAHUS 3HEPTrOOAOKA.

OHa COCTOUT U3 TpeX 3aMKHYTBHIX KOHTYPOB:

1. KoHTyp oxAaXKparolilel BOABI Ha OXA@KAeHUe 000-
PYAOBaHUS U MeXaHW3MOB OAOKa IIpepAHa3HaueH AL T10-
DAUU OXAQKAQIOIIEN BOABL Ha BO3AYXOOXASAUTEAN T'eHe-
partopa I1T, Ha MacrooxrapuTenu [T, Ha TenA0OOMeEH-



HUKU CTaHINY BakKyyMupoBaHus [1T, Ha XONOAUABHUKYU
0TOOPOB P06 BOABL U ITapa OAOKA, Ha OXAQAUTEAU KOH-
AeHcaTa OAOKOB aBTOHOMHBIX KOHAEHCATOPOB, Ha OX-
AAAUTEAU TPSI3HOTO KOHAEHCATa, Ha OAOK CUCTEMBI OX-
raxpeHud I'TY, Ha BO3AYXOOXAAAUTEAU 3AEKTPOABU-
rareaed ceTeBhIX HAacoCOoB. CrucTeMa OXAKACHUSI UMeeT
CAEAYIOIIVe XapaKTePUCTUKU!

— TeMIlepaTypa Ha BXOAE OXAa’KAQIOINasi BOAA —
32 °C;

— TeMIlepaTypa Ha BEIXOAE OXAa’KAAQIOIasi BOAA —
40 °C;

— MAacCCOBBIT PACX0A, OXAAKAQIOIIAST Bopa — 548,9 1/y;

2. KOHTYp OXA@KAQIOIIEN BOABL IIOALIUIIHUKOB MeXa-
HU3MOB ITpeAHa3HaYeH AN TIOAQYY OXAAKAAIOIIEH BOABL
Ha OXAAXKAEHUE MTOAITUITHUKOB AeTHHUX U 3UMHHUX CeTe-
BbIX HacocoB (CHA, CH3) u oxraxpeHUe MacAa B Mac-
AooxrapuTenstx Mmacaoctaunui CH3. CucreMa oxaaskAe-
HUS UMeeT CAEAYIOIe XapaKTePUCTUKU!

— TeMIlepaTypa Ha BXOAE OXAa’KAQIOINasi BOAA —
25 °C;

— TeMIlepaTypa Ha BEIXOAE OXAa’KAAQIOIasi BOAA —
32°C;

— MAaCCOBHBIN PacXOp OXAaXkparoias Bopa — 101/4.

3. KoHTyp TeXHHUYEeCKOM BOABL (OXAKAQIOIIEN BOARI)
Ha TeNAOOOMEHHHMKYU 3aMKHYTBEIX KOHTYPOB OXAaXKAA-
Iolle ¥ BOABI 00OPYAOBAHUA U MeXaHU3MOB IIpeAHa3Ha-
YeH A ITIOAQUU TeXHUYECKOM BOABLI Ha TEIIAOOOMEHHUKN
3aMKHYTBEIX KOHTYPOB OXAQKAQIOIIEH BOABI 060PYyAOBa-
HUSI 1 MEXaHU3MOB M CAYKHUT AAS OXAQKACHUSI BOABI
KOHTYPOB. OXAa>XAQIOIasi Cpepa KOHTYpa TeXHUYEeCKOHN
BOABI, TIOA@BaeMasi Ha TEIAOOOMEHHUKU ABYX APYTHUX
3aMKHYTBIX KOHTYPOB, CHUJKaeT TeMIIepaTypy B HUX, a
3aTeM MAET B IPaAUPHIO. B rpapnpHIO IOCTyTaeT Takke
OUPKYASIIMOHHAS TeXHUYeCKasi BOAQ, OXAaKAAIoIast
KOHAEHCATOp IapoBOM TypOUHEL. TeMIepaTypa TeXHHU-
YeCKOM BOABI (B 3aBUCHUMOCTH OT C€30Ha) A0 TEIMA000-
MEeHHMKOB cocTaBasgeT 14 — 32 °C, mocae TermnooOMeHHM-
KOB — A0 40 °C.

BakyyMHO-KOHA€HCAIITMOHHAs CUCTeMa TYpOMHEL
UMeeT CAeAYIOIye TapaMeTPhl OXAAKAQIONIEH BOABL:

— HOMMHAABHBIN pacxop — 4600 1/4;

— TeMIlepaTypa BOABL Ha BXOAE B KOHAEHCATOP —
14 °C;

— TeMIlepaTypa BOABI Ha BEIXOAE U3 KOHAEHCATO-
pa — 28,9 °C.

O11eHUM TEIAOBYIO MOIIHOCTb M TeMIlepaTypHBIN
YPOBEHBb TEIIAOBBIX BTOPUYHLIX SJHEPreTUYEeCKUX pecyp-
coB (puc. 1). Hauboab1ryo TeMepaTypy IMeeT OXAaK-
Aarolasi Bopa O0OPYAOBaHUSI U MeXaHU3MOB OAOKQ,
WCIIOAL30BaHMe ee B KAaYeCTBe NCTOYHNKA HU3KOIIOTeH-

IIMAABHOTO TellAa OyAeT CIOCOOCTBOBATh YBEAUUEHUIO
Ko3(dunmeHTa TpaHCPOpPMaIU TEIAOHAaHOCHOM yCTa-
HOoBKU. HO pacxop ee HeGOABIION, CAEAOBATEABHO ee
TEINAOBYIO MOILIIHOCTb O0Ae€e palliOHAaABHO UCIIOAB30BaTh
AASI COOCTBEHHBIX HYKA, HAIIPUMED, AASI TOPSTYETO BOAO-
cHaO>XeHUsI UAM HarpeBa BOABI Ilepep XBO.

TenAoBYIO MOIIHOCTD OXAQKAQOIIIEN BOABI BAKKYM-
HO-KOHAEHCAIIMOHHOMN CUCTCTEMBL MOJKHO HMCIIOAB30BaTh
AAST COOCTBEHHBIX HY KA (HaIIpUMeD, AASI HarpeBa TeXHU-
gecKoU BOAH! ntepep XBO) n/uAm AAs HYKA TOPOAQ.

INpepraraemMble HaMU cXeMBl yTuAn3anuu BOP ITT'Y
IpeACTaBAEHEL Ha PUC. 2.

Omnenka BOP Kyprancko# TOL]-2 (TexHUYECKOH BO-
MBI, OXAQKAQEMOMH B rpapUpHE) OCYLIECTBASIETCS 110 I10-
KaszareasaM [1]:

1. Beixop BOP — xoanuectBo BOP, obpasyromuxcsa
B IIpollecce IPOU3BOACTBA B AQHHOM TeXHOAOTMYeCKOM
arperare 3a eAUHUITy BDEMEeHH.

2. BeipaboTka 3Hepruu 3a cuét BOP — KoAamyecTBO
SHepruy, IIoAydyaeMoe IIPU UCIIOAb30BaHUM BOP B yTuAu-
3allMOHHOM yCTaHOBKE.

3. Vicnoab3oBanrne BOP — KoOAMYECTBO HCIIOAB3Y-
eMOH y IoTpeOuTeAel 3Hepruu, BelpabaThHIBAEMON 3a
cuéT BOP B yTMAM3AIIMOHHBIX YCTAaHOBKAX.

4. DKoHOMUS TOIAMBA 3a cueT BOP — KoamuecTBO
TIEPBUYHOTO TOIIAUBA, KOTOPOE S3KOHOMUTCH B Pe3yAbTa-
Te UCIIOAb30BaHug BOP.

MaKcuMaAbHBIM YaCOBOU BBIXOA TeIAOBOTO BIOP
coctaBasgeT 73,46 'kan/4gac mpu TeMIepaType BOAHL,
MoCTyHawIel Ha oxAaakpeHUe, — 28,9 °C, nocae ox-
AaKAeHMS — 14 °C 1 pacxoae oXAakparoled BOAbl —
4600 1/4.

PacueTHasg MakcuMaAbHasA 4acoBasd BEIpaOOTKa 3HeP-
Uy 3a CY€T yruausdauuu BOP nipu nomoiu TenaoHacoc-
HOM ycTaHOBKU cocTaBUT 89,26 I'kanr/gac. PacueTt ocy-
LIIECTBASIACS II0 METOAMKE, IIPUBEACHHOM B [2], OCHOBHEIE
IIOKa3aTeAUu IPeACTaBAeHEL B TaOA. 1.

MaKkcuMarbHO BO3MOJKHOE YaCOBOEe UCIIOAB30BaHUE
B3P cocraBut 100%, Tak Kak B HacToslllee BpeMs TEIIAO-
CHaO’KeHNe ITOPOAA OCYIIECTBASIETCS Ha O0a3e TOPOACKUX
KoTeAbHBIX. Kypranckas TOLI-2 ocymiecTBAsIET TOAQUY
ropssueil BOABI TOABKO AASI IOAIIUTKH OTOIHUTEALHOM
cucteMbl. Pacxop BOABI Ha ropop, 6e3 MOAIIUTKY COCTaB-
aster 2000 TouH. [Tpu TemnepaTtypHoM rpaduke 115/70
MaKCHMaAbHas TelAoBast Harpy3ska cocraBut 90,97 I'kan/
4ac.

MakcuMaAbHO BO3MOYKHAs 4aCcoBasg 3KOHOMUS TOII-
AWBa (IPUPOAHOTO rasa) 3a cueT BOP (c yueToM rasa,
UAYILEro Ha BBIPAOOTKY dA€KTPUYECKOU SHEPrUU AAS
IpUBOAA KOMIIpeccopa TeIAOHACOCHOW YCTaHOBKHU,
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Puc. 2. Cxema yTHAM3ALUU TENAOTHI TEXHHYECKOH BOABI TPAjAUPHU:

1 — kosAeHcartop IIT; 2 — rpapupHs; 3 — IUPKYASIIUOHHAsi HaCOCHAasl CTaHIUS,
4 — TenAOOOMEHHHKH KOHTypa OXAa’KAamlleill BOABI Ha OXAa)kAeHHe 000pyAOBaHUS
M MeXaHHU3MOB OAOKa; 5 — TeNAOOOMEHHHKH KOHTYpa OXAakKAalolneil BOABI MeXaHH3MOB;

6 — ucnapureasb; 7 — KoMmmpeccop; 8 — mpuBop KoMmmpeccopa; 9 — KoHAeHcaTtop; 10 — Apocceab

Ta6aumna 1
PacuyeTHble IIapaMeTPbl OAMHOYHOTO TeMAOBOTO Hacoca
ITapamerpet 3HaueHus:

Twun paGoyero areHra R717
TemnepaTypa UCIIapeHUs XAaAOHA 12
TemnepaTypHBIY HallOp Ha XOAOAHOM KOHIle MCIIapuTeAs, A 2
Tleperpes paGouero areHTa Iepep KOMIPECCOPOM 8
TeMnepaTypHBIM HaIllOp Ha XOAOAHOM KOHIIe KOHAeHcaTopa, A 3

TemnepaTypa KOHAGHCALUH t, 118

TeMmnepaTypa ceTeBOI BOABI B IIPSIMOM AMHMH (Ha Bbxope u3 THY) 115

TemnepaTypa ceTeBO BOABI B 0OOPaTHOM AMHMH (MAyIel Ha Harpes B THY) 70
BHyTpeHHUI OTHOCUTEABHBIN K.ILA, KOMIpeccopa 0,8
Pacxop, ceTeBoi BoabI, HAyLIeH Ha HarpeB Ha opuH TH, M 178,85
Pacxop HU3KOIOTEHI AABHOIO HCTOYHIKA TETIAQ, M. 368,89
Pacxop dpeona 5,36
CreneHb cxaTust paboyero areHta 12,16
TTpoueHT APOCCEAUPOBaHHUSA 23,1
MoIHOCTb NPUBOAA KOMIIpeccopa 3627,08
Koaddunuenr npeobpazosanus TH 23

K.ILA. KOTAOB, K.ILA, ITT'Y) cocTaBur 5403,71 m*/4ac rasa AAST KOTEABHOM:

uAu 6,236 T.y.T./4ac.

. y Kk = 1k, (2)

PaccMoTpuM IpUMeHeHue MpepraraeMo HaMU CXe-
MBI C TOUKHY 3pEHUsT ONTUMU3AINU IIPOIlecca HarpeBa
ceTeBOU BOABI pAd HY KA oTonaeHusd u 'BC. OcHoBHag
3ajaya — IIOAYYUTDL MEHBIIHEe 3aTpPaThl TOIAMBA IIPU
3aA@HHOU BBHIPAOOTKE TEIIAOBOM SHEPTrUU.

OKOHOMUSI TOTIAMBA IIPU COTIOCTABAEHUHU TEIIAOCHA0-
JKEHUSI C MTOMOIIBIO MAaPOKOMIIPECCUOHHBIX TEMAOBBIX
HACOCOB M KOTEABHBIX OIPEAEASIETCS:

AG = Gk (1 — Kk / KtH), (1)

rae GK — pacxop TomaumBa B KoTeabHOU; KK, KtH —
KO3(PUIMEHTH NCIOAB30BAHUS I€PBUYHOMN dHEPTUM
B KOTEABHOH M TEIIAOBOM Hacoce.

rae NK — KO3 (PUIHEHT IIOAe3HOTO AeUCTBUSA KOTAQ.
AAd TENIAOBOTO Hacoca:

Kt = ¢'ms3(nTa), (3)

rAe @ — KO3 (puLMeHT mpeoOdpa3oBaHus; 193 — KO3(h-
(PUIMEHT TTOAE3HOTO ACHUCTBUS MMPOU3BOACTBA IAEKTPO-
SHEPIVY B CAydYae NCIIOAB30BaHus TH ¢ 3AeKTpOoIIpruBOAOM;
NTA — KO3 @UIIMEHT MMOAEe3HOTO AEUCTBUS B CAydae
HUCIIOAB30BaHUS TEIIAOBOTO ABUTATEAST (ABUTaTEAb BHYT-
peHHero CropaHusi, IapoBasi UAM ra30Basi TypOUHa).

B KOTeAbHOM AAST BBIPAOOTKU TETIAOBOM SHEPTUU UC-
TIOAB3YETCsI Ta30BOE TOIIAMBO C OO'bEMHOM TEIIAOTOH CTO-



panusa 7900 xkxar/M° (33080 KAK/M%). 3a OTOIHUTEAL-
HBEIM Ce30H pacxop Traza cocTaBUT 46,70 MaH M° (nmpu
KO3 pUIeHTe IIOAe3HOI0 AUCTBUSA KOTAOB NK = 90 %,
TIOAe3HOM BEIPAOOTKe TENAOTHI B KOTeAbHOU 320,03 ThIC.
I'kan B roa).

Ans Kyprasna npopAOAKUTEABHOCTE OTOIIUTEABHOI'O
ce3o0Ha cocTaBasieT 216 auelt, uan 5184 4, T.e. cpepHeua-
COBasi TEIIAOBasi Harpy3Ka CHUCTEMBI TEIIAOCHAGKeHUs
(BRAIOUass motepu B cucTeMe) cocraBaser 320030/
5184=061,73 I'ran/u. CAepAOBATEALHO, TEIIAOHACOCHLIN
TEIIAOUCTOYHUK AOAJKEH COCTOSITh M3 BOCBMU arperaTon
TEIAOBOM MOIIHOCTEIO 110 8 I'kan/u.

[Mpu paboTe Ha UCTOYHUKE HU3KOIOTEHIIMAABHOTO
Temaa ¢ Temmeparypoit 14°C (yruamsupyemoe Temao
T3L]) u cpepHETOAOBOM TeMIlepaType HarpeToM BOABL
temrocetu 100°C umeeT K03(pPUIIEEHT IPeoOpPa30BaHMUS
o=27

OKOHOMUSI TOIIAMBA 38 OTOIUTEALHEIM ITEePHUOA COC-
TaBuT: AG = Gk (1 — nr/(¢ma3)) = 46,7 (1 — 0,9/
(2,7°0,35)) = 2,22 MAH M°.

ITpu crouMocTH rasa Ha MecTe IOTpeOAeHHUd 2,5
py6./M® TOAOBAsT SKOHOMHES B AGHEKHOM BBIpa’KeHUHU
cocTaBuUT 5559 ThIC. pyO.

Ha ocHoOBe NOAyYeHHBIX AQHHBIX MOJKHO CAEAATh
BBLIBOA, UTO BCE paccMarprBaeMble HU3KOIIOTeHIIUaAb-
HBIE TEIIAOBBIE BTOPHUYHEBIE JHEPreTUYeCKUe pPecypchl
TOLl cBOAATCS B CUCTEMY OXAKAEHUS TEXHUYIECKOU
BOABL B rpapupHe. BOP TOL] BO3MOJKHO MCIIOAB30BaTh
AASI HaTpeBa CeTeBOM BOABI CUCTEMEI TEIIAOCHAOKEeHUS

YOK 621.319

ropoAa B TEeIIAOHACOCHBIX YCTAHOBKAaX. DKOHOMUS TOII-
AMBA 3@ OTONUTEALHBIM IIEPUOA COCTABUT 2,22 MAH M,
uam 5559 THIC. PYO.

[Npumenenue THY 6yaeT croco6CTBOBATE COBEP-
LIeHCTBOBAHMIO ACUCTBYIOLIEN TEXHOAOTUHN IIPOU3BOA-
CTBA 3AEKTPHUYECKOM U TeIIAOBOM BJHEpPruu, a TaKKe
YMeHBIIeHUIO Harpy3KH, OKa3blBaeMOM TOIAUBHO-3HED-
reTUYeCKUM KOMIIAEKCOM Ha OKPYJKAalollyIo CpeAy 3a
CcueT CHU>KeHUS BBIOPOCOB 3arpsI3HAIOLINX BellleCTB, II0-
AydaeMBIX IIpU COKUT'aHUU IPUPOAHOTO rasa. Kpome To-
IO, YBEAUYHUTCSI AOAS aAbT€PHATHUBHBEIX MCTOYHHUKOB
SHEPrUy B TOIIAUBHO-3HePreTUYeCKOM OaraHCe.
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SNIEKTPOCTATUYECKAY OBPABOTKA
TOMJIMBOBO34YLLUHOM CMECHU

OnucaH cnoco6 NOBbILLEHUSI MOAHOTbI CrOPaHMsl TOMNSIMBOBO3/YLIHON CMeCH B pabouem
ob6beMme ABMraTens BHyTPEHHEro CropaHusi BO BCEM AMana3oHe PeXMMOB IKCTyaTaLMM
Aeurarenst. MpeanokeHa 3neKTPHYECKas CXEMa YCTPOMCTBA INEKTPOCTaTMYECKOH 06paboTKH,
JaH anropMTm ero paboTbl, OCHOBaHHBIM Ha Pe3yJbTaTax M3MEeHEHUsI KOHLIEHTPaLMHM CUHIeT-
Horo kucnopogpa. MokasaHa BO3MOYKHOCTb YBenMuYeHHsl 3¢hcheKTMBHOM MOLLIHOCTH, KPYTSLLie-
ro momeHta Ha 10 % npu OJHOBPEMEHHOM CHMIKEHMM KoHLeHTpaum CO Ha 9—12 %.

KniouyeBble cnoBa: gsurarens BHYTP€EHHEero CcropaHms, TOMNJIMBOBO3yLUHasA CMeChb, NIeKTPO-

cTaTMyecKas obpaboTka.

BeepeHme. B HacTosmee BpeMsa OAHOU U3 aKTyaAb-
HEIX sIBAsIETCS IpOOGAeMa pecypcocOepeskeHUs U MOBBI-
IIeHUSA 5KOAOTHYECKON 6e30I1aCHOCTH, IOCAEAHEE TIPH-
MEHHUTEABHO K TPAHCIIOPTY, UCIOAB3YIOIIEMY KaK CHAO-
BLIE arperaThl TEeIIAOBBIE ABUTATEAN, CBOAUTCS K pellie-
HUIO 3aAQ4Y¥ YMEHBIIEeHUs] TOKCUYHOCTH BHIOpacCHIBa-
€MBIX B aTMOC(epy BPEAHBIX BEIIeCTB, IIPU COXPaHeHUN
SHEePreTUYeCKUX IIapaMeTpPOB ABUTATEAS] BHYTPEHHETO
cropanug (ABC). PemieHne nocraBA€HHOU 3apaui BO3-
MO’KHO 06ecIieueHreM COOTBETCTBUSI BDEMEeHHEBIX UHTeP-
BAaAOB, OIIPEAEASIEMEIX BpeMeHeM, B TeueHue KOTOPHIX
MIPOUCXOAUT CropaHue TOIAMBHO-BO3AYIIHOM CMecHu

(TBC) B pabouem oobeme ABC, u BpeMeHeM, OrpaHu-
YyeHHBIM (pazamu razopacupeperenus [1, 2]. 3BecTHO,
uyTo BpeMs cropanust TBC npu sKcnayaTanuy aBTOMO-
OMABHOTO TPAHCIOPTa B TOPOACKOM pPE’KUME MHOTO-
KPaTHO M3MEHSIEeTCS B CBA3U C U3MEHEHUSIMU PEXUMOB
pa6orst ABC OT XOAOCTOro X0OAa AO pe’kuMa ITOAHOM
Harpy3ku. ITo3ToOMy M3BeCTHBIE CIIOCOGHI YIIpaBACHUS
noaHoTOoU cropanusi TBC, Takve Kak HauaAbHas PeryAn-
POBKa yTAa OllepeskeHUsT 3a’KUTaHusl, BLIOOP IPODUAS
KyAQuKa paclpeAeAuTeAbLHOI'O BaAd, U3MeHeHHe COCTaBa
TBC u 1.11., He 06ecneunBaloOT MOAHOTEI cropanusi TBC
B paboueM oO0beMe ABC BO BceM Anaria3oHe pe’XxuMOB
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Puc. 1. 3aBUCHMOCTh SHEPTrUM aKTHUBALUU OT HANPSKEHUS IPH IAEKTPOCTAaTUYECKON 00paboTke

1 — BpeMs MHAYKIHMH B CPpeAe BO30YKAEHHOrO KHCAODPOAQ;
2 — CHWXEHHe TeMIepaTypbl BOCIAAMEHEHUsI B CpeAe BO30Y)KAEHHOr0 KHCAOPOAA
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Puc. 2. T'paduk Hu3mel TeMnepaTrypsl BOCIAAMEHEHHUSI 1 BpeMeHU MHAYKIHMHU:
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Puc. 3. I'paduk nponecca socnramenenns TBC (E, =0,12 Ax/cm?)

KT

3, 4 — KpuBas nepeMellleHus1 BBIIYCKHOTO0 KAamlaHa

6a30BbIil BapHaHT 0e3 HCIOAB30BaHHUSI yCTPOMCTBA 3AEKTpPOCTaTH4YecKoi obpaborku TBC;
C YCTAaHOBKOHM YCTPOMCTBa 3AeKTpocTaTuyecKoil oopaboTrku TBC u o6epHenHoit TBC;




SKCIAyaTallu¥ ABUTATEAS, YTO COIIPOBOKAAQETCS ITOBHI-
LIEHHBIM PaCXOAOM TOIIAMBA M YBEAMYEHUEM IKOAOTH-
YeCKOM Harpy3KH IIpu BEIOpoce B aTMocdepy HeoTpa-
0oTaHHOrO TOIAUBA [3]. Pe3yAbTaThl HCCAEAOBAHUM, BI-
TIOAHEHHBIX HaMU paHee [4 — 6], moKa3aAu BO3MOKHOCTD
pellleHus IOCTaBACHHOM 3aAa4Y IIyTEM YIIPaBACHUSI ITOA-
HoToM cropanusa TBC BryTpu pabouero o6sema ABC.
[MoBhINIEHYE IOAHOTEI CTOPAHUST AOCTHUTAAOCh HAMHU 3a
CYeT CHIDKEHUsI BpeMEeHU MHAYKIINY U HU3IIeN TeMIiepa-
TYpPBI BOCIIAAMEHEHHUS 38 CUeT (POPMUPOBAHUSI MOHOB
CHUHTAETHOTO KHMCAOPOAA IIPU DAEKTPOCTATUUYECKOH 06-
paborke TBC. B HacTos1iell paboTe NPeArOKEHO YCT-
poMcCTBO 3AeKTpocTaTuueckoy obpadorku TBC, obec-
reyyBarollee aAAlITUBHOE M3MeHeHUe KOHIIeHTpaluu
MOHOB CHHTAETHOTO KMCAOPOAA B 3aBUCUMOCTH OT pe-
>XKUMOB paboTsl ABC, npu KoTopoM HabOAIOA@eTCS COOT-
BETCTBUE BPeMeHHBIX MHTepBanoB cropanus TBC dazam
ra3opacipeAeAeHUsI.

MeToAMKa 1 HHCTPYMEHTHI HCCA€AOBaHMs. V3BecT-
HO, YTO dAEKTpOCcTaTmieckass o6paboTka BO3pyXa CO-
MIPOBOKAQETCsI YBeAUUEeHVEM KOHITEeHTPAIIUY PAaAUKaAOB
O, H, OH u npuBopuT K 00pa30BaHUIO B HeU CHH-
raetHoro kucaopopa O2(alAg) [7]. Paccmorpum BAMsSHIE
usMeHeHus KoHIlleHTpanuu O2(alAg) Ha mporiecc cropa-
Husa TBC B paboueM o6veme ABC. Ilpu nopxure TBC
MaAOMOIITHBEIM UCTOYHUKOM BOCIIAAMEHEHUSI (IAEKTPU-
yecKast ICKpa) CKOPOCTh BOCIIAAMEHEHUsI B 3HAUUTEAD-
HOM CTeIIeHU 3aBHCHUT OT BpEMeHU MHAYKIIUH, T.e. Bpe-
MeHeM 3alla3AbIBaHUsI CAaMOBOCIIAAMEHEHUs], T.K. UCKPa,
nonapasa B TBC, HarpeBaeT HEKOTOPHIM 0ObEM CMECH, U
B TO JKe BPEeMsI IIPOUCXOAUT OXAAKACHUE UCKPHL:
tog = Lung exp(- aE /T)/a, (1)
rae {,,, — BpeMs UHAYKIMY FOPEHHs] B OTCYTCTBUU BO3-
Oy>KAEHHOM CpeABl; o — KO3(pDULMEHT UCIIOAB30BaHUI
sHepruu ypoBH4, a=0,2 ... 1; E*=0,96; 3B — sHeprusa
YPOBHS; G,— CTelleHb BO30YyXKA€HM KUCAOPOAR; T —
TeMIlepaTypa peakIiuu.

YuureiBag, uTo BpeMs Iipoliecca cropadusg TBC BHyT-
P¥ IMAWHApPA OTpaHU4YeHO (ha3aMy ra3opaclpepeAeHus,
MO>KHO IIPEATIONOJKUTD, UYTO YMEeHbIIeHNe BpeMeH! WH-
AYKIIMK NIPUBOAUT K Oonee MOAHOMY cropanuto TBC.
W3 (1) oupepeAuM yCAOBUE MOHHU3AIMM BO3AyXa Kak
coctraBHOM yacTu TBC, mpu KOTOPO¥ BO3MOYKHO COKpa-
L[eHre BpeMeHU WHAYKIIN:

o, > exp(- aE'/T). (2)

ByaeMm cumTaTh, 4TO 30HA IOpeHUs,, BO3HUKIIAS B
HeKoTopo# obaactu TBC, OyaeT pacnpoCTpaHAaThCA B
cropory Hecropesiieli TBC. PacnipocTpaneHue dhpoHTa
30HBI TOPEHUsI B 3aMKHYTOM COCYA€ XapaKTepU3yeTcs
HOPMAaABbHOM CKOPOCTEIO TOPeHHU U, PaccMOTpUM COB-
MeCTHOe IIPOTeKaHHe MIPOLeCCOB IIepeHoCca TeIAOIIPO-
BOAHOCTHU, AUPPY3UN ¥ XUMUYECKOM KMHETUKH [8].

1/2

Tep =T, —
uy =|x/n,<—7=w

1 0

. 3)

rae n, — nAoTHOCTh TBC, T, — TeMmmeparypa ropeHus,
T, — TeMmepaTypa BocnaameHeHust TBC, w — cpepHsis
CKOPOCTb pPeaKIIUM rOpeHus, y, — KO3 (OUIIUEHT TEIIAO-
npoBopHOCTH, T, — HavaabHas Temneparypa TBC.

CkopocTts ropenust TBC, copepskaiieit CUHTAETHBIN
KHCAOPOA, U*, OTAWYAETCSI OT HOPMAAbHOU CKOPOCTHU I'O-
PeHUs Uy, U B AMHEHHOM NPUOAMKEHUH MOXKeT OBITh
onpeAeAeHa COOTHOIIEHUEM:

u = u,(T,/T; )2 @

rAe 7 — TeMIlepaTypa BOCIAAMEHEHHUs B CpeAe BO30YK-
AEHHOI'O KMCAODOAQ.

W3 (4) BUAHO, YTO CKOPOCTH 'OPEeHUs 3aBUCUT OT
OTHOIIIeHUd TeMIlepaTyp BocnaMeHeHus TBC B HenoHU-
3UPOBAHHOM ¥ MOHU3MPOBAHHOM COCTOSHMHY, T.€. B 3Ha-
YUTEABHOM CTeIeHU 3aBUCHUT OT CTelleHH UOHU3AluU
TBC. OnpeaeAnM BAUSIHHME CUHTAETHOTO KMCAOPOAA Ha
TeMIlepaTypy BocnrameHeHus TBC:

Epo /T, = (Epw —aE' T, ~1)+G ()

rae E, — oHeprus akThBanuu BocnrameHenus TBC;

G = f(a,00,E\T]) — k03Gh UIHEHT, yIHUTHIBAIOUIHLL
BAUSHME HOHM3AIUM BO3AyXa KaK COCTAaBHOM 4YacTH
TBC.

Pe3yAbTaTEl HCCAEAOBAHUM, BBHIIIOAHEHHBIE HAMHU Pa-
Hee [4] IOKa3aAu, YTO NIPU 3aAAHHOMN CTeIleHU BO30yiK-
Aenusi o, TBC IpPOMCXOAUT CHUKEHHE TeMIepaTyphl
BOCIIAAMEHEHUS:

AT =T, -T,. (6)

O1leHUM BAUSIHUE 3A€KTPOCTaTUUYeCKON 00paboTKU
Ha TeMIlepaTypy BOCIIAAMEHEHUs U BpeMsl MHAYKIIMH.
OHeprus akrtuBanuu Bocnaamenenus TBC E, - ompe-
AEASIeTCsI KOHIIeHTpanye NTOHOB CHHIAETHOTI'O KMCAODO-
Ad N ¥ IIpU IIOCTOSTHHOM PAaCXOAE BO3AYIIHOTO ITOTOKA
3@BUCHUT OT KOHCTPYKIIUU 3A€KTPOAHOU CUCTEMHL [2] u
BEAWYMHEI HaIpsDReHUst U MeXXAY DAEKTPOAAGMY, NOHU3H-
pyloluMu IIOTOK (puc. 1).

Buano, uTO npm 3HaueHusxX HaupsokeHus U meHee
5 KB, BcAeACTBHIE TPeOOAAAQHST IIPOTIECCOB PEeKOMOMHA-
uuy BO30OYKACHHBIX MOHOB, U3MEHEHUN HAIPSKeHUs
HE COIIPOBOYKAAETCSI 3HAUUMBIM U3MeHeHHeM dHepruu
AKTUBAIMU CUHTAETHOTO KUCAOpoAa E . B unrepsane
oT 5 A0 60 KB pocT HanpsisKeHUsT COITPOBOKAAETCST HEAU-
HeWHEBEIM yBeAMYeHHeM DHepruu aktupauuu E . Tlpu
3HAQUEHUsIX PA3HOCTH IIOTEHIIMAAOB MEJKAY BO3AEHCTBY-
IOIIUMU SAEKTpoAaMU cBhIlIe 60KB, B AQHHOM DAEKTPOA-
HOM CHCTeMe THUII Pa3psipa IePeXOAUT B AYTOBOM, UTO
NPUBOAUT K MHTEHCHBHOMY OOPa30BaHUIO O30HA 1 OKUC-
AOB a30Ta, HaAWUYYe KOTOPHIX, B CBOIO OUYePEeAb, BBI3EIBaA-
IOT CHVDKEHHE 9KOAOTHYeCcKUX Iokazarerert ABC 1 yMeHb-
LIeHNe ero Cpoka HapaOOTKU Ha OTKa3 BCAEACTBHE UH-
TEHCUBHOTO OKHCAEHUSI MeTaAAMdYecKux dacrteu. T.o.,
BUAHO, YTO MaKCHMaAbHasi KOHIIEHTPAaIsi HOHOB CUH-
TAETHOTO KMCAOPOAA AOCTHUTAETCsI IIPU DIAEKTPOCTaTHYe-
CKOM 00paboTKe B pe’KUMe TAEIOIero pa3psaa (puc. 2).

BuaHOo, 9TO 3A€KTpOCTaTUYECKast 06paboTKa IPUBO-
AUT K 2-KpaTHOMY HEAMHEMHOMY CHU)KEHHIO BpeMeH!
uHAyKImu ¢ 100 mc po 49 Mc (puc. 2, kpuas 1). CHKe-
HUE BpeMeHU MHAYKIIUY COIIPOBOKAAETCS HEAMHEHHBIM
YMeHBIIIeHUeM TeMIlepaTypsl BociaameHnenus AT (puc. 2,
KpuBas 2) Ha BeAnunHy A0 50 °C c 298 °C po 248 °C.

V3MeHeHmMe HU3MIEH TeMIIepaTyphl BOCIAAMEHEeHUs
BCAEACTBUE YBEAWUEHMsI KOHIIEHTPAI NOHOB CUHTAET-
HOTO KHCAOPOAA BAWsIET Ha moAHOTY cropanusi TBC B
pabouem oO0beMe ABC 3a cueT yBeAnYeHUS IIPOAOAIKU-
TeABHOCTH ropeHus c f, Ao L, (puc. 3).

Buano, uTO BpeMd pabodero nukia B 4-raktHoM ABC
IpY HeM3MEeHHBIX (pa3ax BIyCKa U BEHIIYCKa (puC. 2,
KpuBasi 3 1 4 COOTBETCTBEHHO) OrpaHUYeHO BpeMeHeM
IOAbEeMa KAAIIAHOB Ha BEAMYUHY S, ¥ AAST PacCMaTpH-
BaeMOTO CAyYast COCTaBAsIeT 59 Mc. AAsT yBeAMdIeHUsT dd-
(heKTBHOCTY IIpOliecca CrOpaHus HEOOXOAUMO, YTO ObI
06AaCTh ropeHust (KpuBasi 1), HaXOAMAACH IPEUMYIIeCT-
BEHHO BHYTPY BPEMEeHHOTO MHTepBaAa pabodero I[uKAa.
Kak BUAHO B CAydYae 3AEKTPOCTATHIECKOU 06pPaboTKU
(kpuBas 2), 06AaCThb TOpEeHUsI CMellaeTcs: OAUXKe K MO-
MEHTY BOCIIAAMEHEHUs], 3a CUeT CHUJKeHUsI HU3IIeH TeM-
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Puc. 5. Cxema sAeKTpHYecKasi IPUHIUIINAABHAsI YCTPOMCTBA IAEKTPOCTaTUYeCKON 00paboTKu




neparyphl BOCIAAMEHEHUsI ¥ BpeMeH! UHAYKIIUYU rope-
Husa TBC. BcaepcTBue 3TOro Bo3pacTaeT MAOLIAAb I10-
ABIHTETPAABHOM KPUBOM (KpUBas 2), a CAeAOBATEABHO,
U 3(pdPeKTUBHOCTD IIpollecca cCropaHusd. Tak Kak yCAO-
BUsI pabGOTHI ABUTATEAsI 3aBHUCSIT OT MHOTHUX (PaKTOPOB —
pe’>kuMa Harpy3KHu, 000pOTOB KOAEHUYATOI'O BaAd, paspsi-
SKEeHUsI BO BIIyCKHOM KOAAEKTOPE, TUIIa TOIIAUBA, TO AAS
Ka’KAOTO CAydYas CyIeCTBYeT CBOs ONTHMMaAbHasg KOH-
LeHTPAaIYsI MOHOB.

Ha puc. 4 npuBeapeHa GAOK CXeMa aATOPUTMA yIIPaB-
AeHVEeM HalpsoKeHUeM Ha HOHU3UPYIOMINX SIAEKTPOAAX
C IIeABI0 06ecIeYeH s COOTBETCTBYSI BDEeMEHHEBIX UHTeP-
BanoB cropanust TBC ¢azam razopacnpeapesrenus ABC.

AAst pearm3anyiy aAQITUBHOTO U3MEHEHUsT KOHIIEHT-
paluy MOHOB CHHTAETHOTO KUCAOPOAA B paboueM 00'b-
eMe ABC 1o npeprOKeHHOMY aATOPUTMY pa3paboTaHo
YCTPOMCTBO 3AEKTPOCTATUYECKOU 0OpaboTKuU (puc. 5).

YCTPOUCTBO IAEKTPOCTATUUYECKOM 06pabOTKU COC-
TOUT U3 IpeoOpa3oBaTeAs HallpsaKeHUsd, OAOKa HOpMa-
AW3aIny, OAOKA YIIPABAEHUS U CUCTEMEL SAEKTPOAOB (Ha
cxeMe YCAOBHO He ITOKa3aHa). [Ipeobpa3oBaTeAb HALIPS-
KeHUSI BBLIIIOAHEH II0 ABYXTAaKTHOU CXeMe, yIIPaBAsi-
romias Mmukpocxema DD2 (popMupyeT UMIYABCHI, OTKPBI-
Bamolllye IollepeMeHHO CUAOBBIE TPAH3UCTOPEL VI1 u
VT2, koTophle co3paioT nepeMeHHyo JAC B IepBUY-
"ot uenu oomoTok I, III Tpancgopmaropa T1. C BTO-
puuHol ooMoTku | Tpanchopmaropa T1, uMIyAbCcHOE
HaIpsDKeHUe MOCTYyIIaeT Ha 5- KaCKaAHBIM YMHOKUTEAD
HaIps’KeHUd (Ha cXeMe yCAOBHO He IIOKa3aH).

CurHaA ¢ U3MepUTeAss KOHIIEHTPAIUY IIOCTyIIaeT B
OGAOK HOPMaAM3alH, BHITOAHEHHBIN Ha OllepPaIiiOHHOM
ycuantene DAL:1, ¢ BEIXOAQ OIIEPAIMOHHOTO YCUAUTEAS
CHUT'HaA IIOCTyTIaeT B GAOK yIIpaBAEHUSI Ha aHAAOTOBBIN
BXOA IIPOrPaMMHUPYEMOTO AOTHYECKOTO KOHTPOAAEpa
(TTAK) DD1.

BAoK yIpaBAeHUS peaan30BaH Ha IPOrpaMMUPYeMOM
AorudeckoM KoHTpoarepe ([TAK), usmepsiomem ypo-
BEeHb U CKOPOCTH M3MEeHEeHUs] KOHIIEHTPAIluu NOHOB B
30He cMeceo0pa30BaHus, ¥ B 3aBUCUMOCTH OT 3aIIpOr-
PaMMUPOBAHHOI'O AoruyYecKoro 3akoHa U={(K) peryau-
PYyeT CKBa)KHOCTBb UMIIYABCOB YIIPaBASIOIIed MUKpPOCXe-
MbI DD2. Takum o6pa3oM yaaeTcs AOOUTHCS. HENIPePHIB-
HOTO U OBICTPOAEHCTBYIOIIETO YIIPAaBAEHUSI dHEpruen
akTuBanuy BocrnraMmeHeHuss TBC u, B COOTBETCTBUU C
AOTMYECKHMM 3aKOHOM, 3anporpammupoBars B [TAK. OTo
TIO3BOAUT OIlePATUBHO KOPPEKTUPOBATH BpeMs NHAYK-
IHY TOPEHUs ¥ HU3NUIYIO TeMIIePATyPy BOCIIAAMEHEeHUs
TBC onrtuManbHBIM 00pa3oM, HOBHIIIag 3(pheKTUBHOCTD
rpoliecca CropaHus.

OKcnepuMeHTaAbHas IPOBEPKa CAEAAHHEIX IIPEATIO-
AOXKeHHuM o ToM, uTo noHuzamnus TBC mo3BoaseT poc-
THUYb AYYIIETO COOTBETCTBUSI BpeMeHU cropaHus TBC
BpeMeHH paboyero IMKAA BHIIIOAHEHA HaMH Ha 6a3se
psiAHOTO, 4-IIUAMHAPOBOTO, 4-TaKTHOT'O, O€H3WHOBOTO,
Kap6ropaTopHOro apurateas BA3-2106 ¢ pabouuM o0b-
eMOM IIUAMHAPOB 1569 cM® 1 3 (peKTHUBHOM MOIIHOCTELIO
53 kBT (mpu 5400 06/MuH). AopabGoTKa ABUTATEAS AAST
BBLIIIOAHEHUST UCCAEAOBAHUM BAUSHUS IAEKTPOCTATHYE-
CKOM 00pabOTKM 3aKAIOUYaAaCh B YCTAHOBKE yCTPOMCTBA
aAeKTpocTaTrudeckor oopadoTku TBC Ao kapOroparopa.
YCTPONCTBO 3AEKTPOCTATUUYECKOM 00pabOTKM CO3AaBa-
AO HAIPSAXXKEHHOCTb 3AEKTPOCTATUUECKOTO IIOAS AO
20 kB/cM, 4TO IpU CKOPOCTU IPOKAYKY BO3AYyXa B 30HE
cMmeceoOpazoBanus 15— 50 M/c obecniednBaro GopMu-
POBaHUe TACIOIIETO Pa3psAa C S3Hepruel akTUBaluU A0
0,12 Ax/cm®. Pe3yABTaTEl S3KCIIEPUMEHTAALHOTO UCCAL-
AOBaHUS ITOKa3aAH, uyTo npu nonusanum TBC c mocTosH-
nou E, =0,12 Ax/cM®, yBeanuenme 3ppeKTUBHONU
MoOITHOCTH € 51 A0 56 KBT pocTuraeT MakcHUMyMa Ha
yacrorax 4550 MuH', IpU 3TOM HAOAIOAQETCS TaK’Ke

yBeAndeHUe Kpyrauero MomMeHTa ¢ 0,16 po 0,163 kH'Mm
u cumwxkaetcsa KoHuenrpanus CO ¢ 2,7 po 2,3%. Ilpu
U3MeHeHHUHU YacTOThl BpallleHUd POCT 3P(PeKTHUBHOU
MOIITHOCTHU B ITPOIIEHTHOM COOTHOIIEHUU CHUYKAACS C
10% a0 1 —2% (mpu yacToTe 060poToB 650 mun''). [Tpu-
MeHeHUe OIITUMU3AIUYN DAEKTPOCTaTUYeCKOM 06paboT-
KU II0 IPEAAOKEHHOMY aATOPUTMY ITOKa3aAa0 BO3MOIK-
HOCTBb COXpaHeHUs YBeAndeHUs 3 (PeKTUBHOM MOIIIHOC-
TU U KpyTdallero MoMeHTa Ha 10 % Ha BceM Auana3oHe
YaCcTOT BPAIllEHUI KOAHYATOro Baaa oT 650 Ao 4550 muH',
IpU OAHOBPEMEHHOM CHU>XKeHuu KoHIeHTparuu CO Ha
9...12 %.

3akaloueHue. B pabore Teopernuecku 060CHOBaHa
¥ DKCIIEPUMEHTAABHO IOATBEP>KACHA BO3MOKHOCTh yBe-
AWYeHUS IOAHOTHL cropaHus TBC B paboueM oO0beMe
TENIAOBOTO ABUraTeAsi. [IpeproskeH aaTOpuUTM oGecie-
YeHUsi COOTBETCTBUS BpeMeHu cropanus TBC Bpemenu
pabouero nukaa ABC myTeM apallTUBHOM 3A€KTPOCTa-
Tuyecko ob6paborku TBC. TlokazaHa BO3MOXXHOCTH
yBeAndeHUsA 3(PeKTUBHOMN MOIIHOCTU KPYTAIEro Mo-
MeHTa Ha 10% TpU OAHOBPEMEHHOM CHU>KEHUM KOH-
nenTpanuu CO Ha 9—12 %.
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KHMKXHOS NOAKQ

621.3/T33

TeopeTnyeckue OCHOBBI IAEKTPOTEXHUKH : y4eO. IAEKTPOH. U3A. AOKAABHOIO pacIlpoCTpaHeHus :
c6. 3apau / OMI'TY ; cocr. : B. 3. KoBaaés, O. II. KypakuHa. — OmcK : I3p-Bo OMI'TY, 2014. — 1 0=3a.
onrt. Auck (CD-ROM).

COOpHUK BKAIOUAET 33Aa4Y 110 TEOPUU AMHEMHBIX IfeTIel ITOCTOSIHHOTO ¥ CUHYCOUAAABHOI'O TOKA B YCTaHOBUBIIEMCST
U NIePeXOAHOM pe’KUMaX, TpexdasHBIX Ielel, HeAMHEeNHBIX Ilellel IIOCTOSHHOI'O TOKa M IIepeMeHHOro TOKa, a
TaK>Ke AWHUY C paclIpeAeAeHHBIMU ITapaMeTpaMu. [TpuBOAATCS 3aAa4M AN CAMOCTOSITEABHOTO pellleHus. [IpepHa3Ha-
YeH AAG CTYA€HTOB 3a0UYHOM M AMCTAHIIMOHHOM, a Tak’ke BeuepHeM U AHEeBHOM (opM OOyUeHUsS dAeKTpPOTeX-
HUYECKUX CIIeIIMAaAbLHOCTEMH,

621.3/®33
dDépopos B. A. Teopernyeckue 0CHOBBI IAEKTPOTEXHUKHU. ANHENHbIE IAEKTPUYECKUE IelU | KOHCIIEKT
Aeknmit / B. A. ®épopos ; OMITY. — Omck : U3p-Bo OMITY, 2014. — 1 0=3A. omrt. Anck (CD-ROM).

PaccmaTpuBaroTCs BOIPOCH TEOPUU AMHEWHBIX 9IAEKTPUYECKUX Ilenel. [Ipu MoAroTOBKe AQHHOT'O KOHCIIEKTa UC-
IIOAB30BaHBI HauboAee 3HAaUUMble MaTepHaAbl U3 U3AQHHBIX B HACTOsAILee BpeMs Y4eOHUKOB 110 TOD AAL BBICIINX
yueOHBIX 3aBepeHUU. [IpepHazHaueH AAS CTYAEHTOB cliellmarbHOCTel 140211, 210106 ouHOM, OYHO-3a0UYHON U
3a09HOM (hOpM OOyUeHUsd, B TOM YHUCAE C UCIIOAb30BAHUEM AUCTAHIMOHHBIX TEXHOAOTUN OOy4YeHUS.

621.3/381

ApHCT A. A. YCTOMYNBOCTh Y3A0B Harpy3Ku : y4e0. 3AeKTPOH. U3A. AOKAABHOIO pacIlipoCTPaHeHUs:
yu4e06. mocobue / A. A. OpHct, K. . Hukutud ; OMITY. — OmcK : YI3p-Bo OMI'TY, 2014. — 1 0=3A. omT.
Auck (CD-ROM).

[MTpuBeAeHBEL OCHOBHBIE ITIOAOJKEHHUS PACYeTOB YCTOMUYUBOCTHU SAEKTPUUECKUX CUCTEM U Y3A0B Harpy3Ku B CUCTEMax
3AeKTPOCHaOXKeHUd. PacCMOTpeHBI KpDUTEPUU U METOABL pacyeTa CTaTUUYECKON U AMHAaMUYeCKOW YCTOMYMBOCTHU B
AaHe AMCHUIAWHEL «YCTOMYMBOCTD Y3A0B Harpy3KH 3A€KTPO3HEPreTUUYECKUX CUCTeM». [IpuBeAeHBI 3aAaHUS, UC-
XOAHBIE A@HHBIE U IIPUMEPH! BBIIIOAHEHUS KYPCOBOM paboTEHL. YueOHOe TocoOHe IIpepAHa3HauyeHO CTYAeHTaM AUCTaH-
IIMOHHOM, OYHOM, BedepHeM 1 3a09HOM popM 00yueHUs crienrarbHOCTU 100400 «DreKTpocHaGKEHUE» AAST KyPCOBO-
T0 ¥ AUIIAOMHOI'O IIPOEKTHUPOBAHUS U pacyeTaM CTaTHYeCKOM U AMHaMUYECKOHM YCTOWYNBOCTH.

621.1/T80

Tpyxumuii, A. A, ITaporazoBbie yCTaHOBKH 9A€KTPOCTaHIIMI : yueO. M0CcoOue AASI BY30B 110 HallpaBA€HUSIM
MOATOT. « JHEPreTHYeCKOoe MalIHOCTPoeHne» u «Terno3HepreTuka u tenaotexuHuka» / A. A, Tpyxumit, —
M.: 3p-Bo M3OU, 2013. — 646 c. — ISBN 978-5-383-00721-1.

PaccMoTpeHBI TepMOAUMHAMUUYeCKUE€ OCHOBBI KOMOMHMPOBAHHBIX U [TaPOra30BhIX IIUKAOB; OCHOBHBIE XapaKTePUCTH-
ku yruauzanuoHHbIX [IIY, ITI'Y ¢ napasreAbHOM CXeMOH, C AOJKUTAHUEM, C ra30I1apoOBOM TypOMHOM, COPOCHEIE
Iy, TII'Y ¢ BBICOKOHANIOPHBEIM IIapOTeHepaTopoM, C HarpeBOM NHUTATEABHON BOABI BEIXAONHBIMU razamu I'TY.
W3A05keHBI 0COOEHHOCTH TEXHOAOTMUECKOTO Ipoliecca naporazopoil TOC; IpuHIUNINAABHEIE TEIIAOBEIE CXEMBEI
YTUAM3AIMOHHBIX OAHO-, ABYX- U TPeXKOHTYPHBIX [1I'Y, UX pacueT; KOHCTPYKIIUU OOAOTIAYMBAHUSA I'a30BEIX TYPOUH
U KOMIIPeCCOPOB, POTOPOB, KaMep CropaHms, KOPIyCOB M ONOP pOTOpa, yHAOTHeHuUM ['TA yTHAM3AIMOHHBIX
IITY. IlpuBepeHBEl HOMEHKAQTYPa U TEXHUYECKHUE XapaKTePUCTUKYM COBPEMEHHBIX MOITHBIX 3HEPTeTUYeCKUX OTe-
yecTBeHHBIX ['TY, I'TA cdupmMm Siemens, Alstom Power, GE Energy, Mitsubishi; o0coOeHHOCTY KOHCTPYKIIUY KOTAOB-
YTHUAM3ATOPOB U IIaPOBBIX TyPOUH AAS YTUAUIAIMOHHEIX [1'Y, KOMIIOHOBOK OAHO- U MHOTOBaAbHBIX [1I'Y B Mamun-
HoM 3are TOC. OnucaHbl pe’KUMBI paboTHl YTUAU3AIUOHHEIX 1Y 1 UX 3HepreTUuecKue XapaKTepUCTUKY; TeXHUYe-
ckoe ob6cayskuBaHHue ['TY B mpollecce >KM3HEHHOTO IIMKAQ; TeXHOAOTHSI ITyCKOB MOHOOAOKOB U AYOAB-OAOKOB;
aBapuriHele pesxuMel [1I'Y. [IpepHa3HaUeHO AAST CTYA€HTOB BY30B, O0YYaIOIIMXCS IO CIIeNUaAbHOCTH «['a30TypOuH-
HBle, IapOTYyPOUHHBIE YCTAHOBKY U ABUTQTEAU», MOJKET UCIIOAB30BAThCA CTYACHTaMM, OOy4YarolIMMUCS 110 HallpaB-
AEHUAM IIOATOTOBKHU « TeIIAOSHEPTreTUKa U TEIIAOTeXHUKa» U « DHepreTuyeckKoe MaIIMHOCTPOEHUEY,
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