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CpaBHHTeﬂbele noka3arean AyrobbixX
cTaqaernaaByubHDbIX rneyer MNOCTOAHHOTIO
N rnepeMeHHOro Toka AaAd (IMTEHUHOTI'O

[pOH3BOACTBA

K.A. Eanzapos, M.M. KpyraHnckui, C.M. HexamMuH, A.H. YepHAK

000 «HIMd KOMTEPM»

Paccmompenst  KOHCMPYKMUGHble  0COOeHHOCMU,
a makxce 3Hepzemu4ecKue, MexHoaoeu4ecKue, K010~
sudeckue U IKOHOMUMecKue noxasamenu 0y208bix nevel
nepeMenHoz0 U NOCMOAHHO20 MOKA. Cepopmynupogarsi
npeumyuecmea nevel ROCMoAHHO20 MOKQ@ Npu Ux 3Kc-
nayamayuu 6 AUMeluHblx 4exax MauuHoCmpoumenbHblx
3a80008. OnucaHbl NPUHKUNGL HOCMPOEHUA U CIMPYKmMypa
COBPEMeHHOI cUCmeMbl A8MOMAMUHECK020 YnpasneHus,
UCnOIB3YEMOl 6 Oy208bIX nexax @upmol 000 «HID
KOMTEPM>.

Karoueswie caoea: 0y206as newb ROCMOAHHO20 MOKA,
nokazamenu pabomyi, cucmema aémomMamu3upoEanHo2o
ynpaenenus, AUMeuHoe npou3eoodcmeo.

HACTOSIIIEE BPEMs B IMTEHHbBIX LleXax MallK-
HOCTPOMTENBLHBIX TPEANPHUATHHA B KauecTBE
[UIaBWIBHBIX arperaToB IUMPOKO MCIIOJb-
3yI0TCSl JICKTPOLYTOBblE MEYH MOCTOSHHOIO TOKa
(ATIIT) ¥ nepeMEHHOro TOKa (ACIT). Dtn neum
WMEIOT aHAJOTUYHbIE MCIIOJIHEHUA OCHOBHBIX KOH-
CTPYKTMBHBIX 3J€MEHTOB, OIWHAKOBBIE CXEMbI 3a-
[PY3KM LWIMXTHL X CIMBA METAJNa, NCMOb3YIOT ONHH
1 Te Xe OTHEYTIOpHbIE MaTepHaibl, MO3BONSAIOT [IPH-
MEHMTb OJHM M Te Xe TeXHOJIOrMueckue Mpouecchl
MJaBAcHMS M JOBOIKM MeTajlia.
OnHAKO MMEITCA M CYLLECTBEHHbIC pasinyus
B KOMTIOHOBKE KOHCTPYKLIMY NIEUeH, XapakTepe BeAe-
HMS [UIABKM M B cocTaBe 00OpYIOBaHUS, YTO BbI3BaA-
HO pa3IMYMEM B XapakTepe (u3HyeCcKMX MpoLeccoB
B Ayrax NOCTOSIHHOTO M MEPEMEHHOTO TOKa, @ TAKXe
pazIMuMeM B XapakTepe B3aMMOIEICTBUS 2TEKTPO-
MATHUTHOTO TOJ5 TOCTOSIHHOTO Y [IEPEMEHHOr0 TOKa
¢ KMNIKOMETALTMYECKOH BAaHHOM. YUeT 3TUX pasfiu-

4Mit MO3BOJISIET ONPEETUTh 30HbI Haubosee shdek-
tusHoro npumeHeHus neyeit AT n ACIL

B otnuume ot JCI1 neyb NOCTOAHHOTO TOKA UME-
€T OLMH BEPTMKAIbLHO PACMOJOXEHHBIA CBOLOBBINA
3NIEKTPO/, KOTOPHI 3aKPEMUIEH B KOPIYCE /1EKTPO-
Joaepxareis v uepe3 OTBEPCTHE B LIEHTPE CBO/JA BBE-
JeH B MJ1aBWIBHOE NPOCTPAHCTBO AEKTPONEYH. JTO
nozsonseT BpinoaHats neun ATTITT 6onee razonnot-
nbiMu, uem JICTT, a Takke obecneunBaet bonee pas-
HOMEpHBIH MPOrpes WIMXTEI M HYTEPOBKH MO NEPH-
MeTPY BaHHbI (0€e3 JIOKANbHBIX NIEPETPEBOB ¢yTepos-
KM HAMPOTMB 3JEKTPOIOB U BoJiee HU3KOH CKOPOCTH
[UIaBJIEHUS HAa OTKOCAX B IMPOMEXYTKaX MEXIY 3/1eK-
Tponamu, Kak 3to umeet mecto B JICIT).

Anexrponutanue JIITT ocyiiecTriasiercs OT cne-
LIMATU3MPOBAHHOTO [TOJYTIPOBOAHUKOBOTO HCTOYHHM -
Ka nocrostHHoro Toka [1, 2], oTpyMuarte/lbHbIA Moaoc
KOTOPOTO COEIMHSETCS CO CBOJOBBIM 3/1EKTPOIOM
(KaTo0M), @ TMOJIOXKWTENbHbIA MOMIOC COCAMHAETCS
¢ KOHCTPYKIIMEN TOKOMOABOAA K MEPETIaBIsieMOMY
MeTanty (aHomLy).

UcTtounuk nurtanus AIITT npeacrapaseT coboi
KOMILIEKT 0BGOpYIOBaHMS, BKIIOYAIOLIMH CHIOBOH
TpaHcopmarop, Npeobpa3oBarenb OCTOAHHOIO
TOKA, CIIDKMBAIOLIME PEAKTOPBI, TEMIO0OMEHHHK.
[Ipy KOMIIAKTHOM OOBEMHO-TUIAHMPOBOYHOM pe-
ILIEHUU MO Pa3MEelIeHWIO TAKOro MCTOYHMKA B Me4-
HOM TIpOJIeTe CTalerUIaBUIPHOTO LieXa Ha HYJIeBOH
OTMETKEe YCTaHABIMBAETCS NeYHoi TpaHchopMarTop,
a HaJg HUM pasMellaercsi npeobpasoBareib MOCTO-
SHHOTO TOKA, CIJIaXXUBAIOIIME PEAKTOPBI M TENN000-
MEHHMUKMH.
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3NEKTPOTEPMHYECKOE OBOPYAOBAHHE

JlyroBble TMeYM TOCTOSIHHOTO TOKAa CTPYKTYPHO
ONTUMM3UPOBaHbLl N0 ObicTponeiicTeuio. Tak, mpe-
00pa3oBaTeb [MOCTOSIHHOTO TOKA OCHAllleH ObICTpO-
JIENCTBYIOLUMM 3JIEKTPOHHBLIM DETYIATOPOM C I10-
cTOsIHHOM BpeMeHH 6—10 Mc [3], obecrnieurBarOIUM
BLICOKYIO CTAOMJILHOCTL M HE3aBMCUMOE TOHKOE pe-
I'yJIMPOBAHHE TOKOBOIO PEXUMa B IUMPOKOM [Maria-
30HE U3MEHEHMS HATIPSIKeHUsI NeuHoit xyru. Kpome
TOrO, B COCTAB CHCTEMBbI YIIPaBJEHMS TEYbI0O BKIIIO-
4eH peryastop, obecrieurBalOLIMN MOoJAEpXKaAHUE 3d-
JAHHOTO YPOBHSI HATPSDKEHMST IYTH MYTEM OCEBOIO
nepeMellieHus CBOIOBOTO 3/1eKTpona, MPU KOTOPOM
TIPOMCXOIHUT M3MEHEHWE UIMHBI IYTH, C IMOCTOSIH-
Ho# BpeMeHH 0K0710 300—1500 mc. B cTranennasuiib-
HBIX IMeYax MepeMeHHOro TOKA UCIOJb3YETCs CpaB-
HUTEJBHO «MeUIEHHbIH» PEryJsiTOp, UCMONB3YIOLHH
B KA4eCTBE YIPABIAIOIIEr0 BO3ACHCTBHUSA TOJIbKO Te-
peMelleHHe 3JIeKTPOIOB MeUU.

Onextpuyeckui pexum JITIT, mocrasisieMbix
HayuHo-nipoussoacteeHHoM Gupmoil «kKOMTEPM»
obecrieynBaeT CHIDKEHWE YPOBHS KosieDaHU i Hanpsi-
AEHMsT IYTH B NepUO PacIUIaBIEeHHUS 10 CPaBHEHHIO
¢ JACII. DT0 gocruraercst 3a CUET YAEPXKAHUSA CBOLO-
BOTO 3JIEKTPOIAa HaJ YPOBHEM IIMXThI Oe3 3arnydne-
HMA B «KoJ04el» U no3sojseT Ha 10—15% no cpas-
nenuio ¢ JCII bosee nMoaHO UCTONb30BATh YCTAHOB-
JIEHHYIO MOILIHOCTB MeuHoro TpaHcdopmMartopa [4].

Hanmuuue OByx He3aBUCUMMO paboOTalOIIMX pery-
JSTOPOB TOKA M HANPSDKEHMS TIEYHOM AyTy Ha nevax
JITIIIT nosponsier obecrieuuBarb Ha HUX B MEPHOI
pacrinaBineHus Gojiee BHICOKYIO MO CPaBHEHUIO C Iie-
yamu JICIT cTaGWIbHOCTh 371EKTPUYECKOIO PEXMMA.
B HUX OTCYTCTBYET BO3AeHCTBUE TOKOB YT COCETHHX
(a3 apyr Ha Ipyra ¢ BOSHMKHOBEHHEM SIBIICHMI nepe-
Hoca MolHocTH. B Tpexda3sHbix neyax nepeMeHHOro
TOKA HECHUMMETPHIO PEXMMOB 1O (hazaM MOXHO CHH-
3UTH 33 CYET MCIOIbL30BAHHUSA BBITTYCKaeMbIX GUPMOit
000 «HIMT® KOMTEPM» cOBpeMeHHBbIX PEryisiTo-
pOB, HO, TEM HE MeHee, MOJHOCTbIO UCKIIKYUTh He-
cumMeTpuio no daszam u anekrponam B JCIT Henbss.
[Mpu xopouiei repMeTH3alMK U CTabWIBHOCTH JaBie-
Hud B nievax JAITIT naMkBMIMpyeTCcsl NOACOC BO3MAyXa
B pabouyee NMpOCTPaHCTBO, bGaroaaps YyeMmy odecrnedu-
BaeTcs HU3KMI 1o cpaBHeHuto ¢ mevamu JCIT yrap
IIMXTHI B IEPHOI pacruiaBineHus (He 6onee 3% B nevax
JITITIT u He meHee 9—10% B neuax ACIT), cHuxator-
Cs1 bLIera3oBbIGpockl No cpaBHeHUIo ¢ ieyamMu A CIT,
3HAYMUTENBHO YMEHBLUAETC M YPOBeHb IIyMma. Tak
Ha nieyn JTTITT-12 3ahuxcupoBaH cpelHHA YPOBEHD

wyMa 85 JIBA, a Ha psanom paboraioweit neun JICIT-
12 yposeHb wyma coctaisin 105—110 IBA [5].

Kpome TOro, He3aBMCHMMO IpYr OT Ipyra pabo-
TAlOWMEe PEeryJsiTopbl TOKa M HaNpspKeHWs MO03BO-
10T 6onee ahbdeKTUBHO MO CPaBHEHMIO C MeYyaMu
JICI1 no3upoBaTh TEIJIOBYIO HArpy3Ky Ha GyTepOBKY
BO BCE TMEPHObI TUTABKH.

OIHMM M3 OCHOBHBIX 3JIEMEHTOB 3JIEKTPOIIEYH 110~
CTOSSHHOIO TOKa SIBJSIETCSl KOHCTPYKLMSI TOKOITOI-
BOJA K WIMXTe (KOHCTPYKLIMS TMOIOBOIO 3JIEKTPO/A).
[TonoBBIM 271€KTPON COCTOMT M3 CTalIbHOI TOJIOBKH,
KOHTAKTUPYIOLLEH C XMIKHM METALIOM, ¥ MEIHOTro
BOJOOXJIAXKIAEMOr0 KOpITyca. 30Ha BOISIHOTO OXJIAX-
JIeHWsI BLIHECEHA 3a Ipeiesibl KOpITyca Ie4u, a /Ul KOH-
TPOJIsl 3@ TEIUIOBBIM COCTOSIHUEM TMOLOBbIH 3/IEKTPOI
cHaOxeH TepMonapamu. Ha neyax emkocTsio 10 30 T
crnieunanucraM Q00 «HIMP KOMTEPM» HakoruieH
MHOTIOJIETHUH OMBIT 3KCIUTyaTallMK MOAWH C 3J1EKTPO-
JaMUW OMHCAHHOM KOHCTPYKLUMH, DKCIUTyaTalMOHHas
HALEKHOCTh W cpok ciyx0bl noauubl ATTIIT ¢ nono-
BLIMM 2J1ekTpolamu, nocraiasiembiMu Q00 «HITD
KOMTEPM», u noauusl JCIT no naHHBIM 2KCIUTYa-
THPYIOIIMX TPEANPUATUH SKBUBAEHTHbI. braronaps
CrocoOHOCTH NMOAOBLIX 3MEKTPOIOB CaAMOBOCCTAHAB-
JIMBATBHCS B Mpoliecce TUTaBKH M BO3MOXHOCTH TOpsi-
YUX MEXIUIaBOYHbIX PEMOHTOB MOAWHBI PECYPC He-
npepbiBHON paboTbl MOJOBLIX 31EKTPOLOB COCTABIIAET
2—3 TBICAYM TUIABOK, MOCJIE Yero MOLOBbIH 3JEKTPO/
MPOXOAUT TEXHUUECKOE OOCITYKMBAHME M YCTaHaB-
JIMBAETCH Ha TeYb sl MOBTOPHOM 3KCIUIyaTalWM.
TeruioBbie HArpy3KKU U TeOMETpHUsl MOA0BOIO 3/1EKTPO-
Jla PaCCUMTHIBAIOTCS 10 CIIEUHWATBHOM METONMKE, pa3-
pabOTAHHON B KOMINAHWH.

HarnpsokeHue Iyru 1o XOoy TUIABKM CaMONpOM3-
BOJILHO CHIKAETCs OT MAaKCUMATIbHOI'O YPOBHS (BCKO-
pe nocJie BKIIIOYEeHUs NIeYH) 10 BETUYUH B 2—3,5 pasa
MEHDBIIUX (B KOHLIE TMepuHoaa PacIUIaBJeHMsS LIMX-
To1). JUIst ropgepxaHus BBOOAMMOM B NMeYb MOILHO-
CTH Ha MOCTOSAHHOM YPOBHE CHWXXEHHE HANPSKEHUS
KOMIIEHCUPYETCST  COOTBETCTBYIOLIMM JIUPEKTUBHO
3a7aBaeMbIM yBeJTWdYeHueM ToKa TyTH. C 3Toi Lenko
B KOHCTPYKIHIO MCTOYHHKA 3JIEKTPOIMTAHMA 3a-
JIOXKEHbl TeXHHYeckKMe pelieHus, obecrieyrnBalolIne
SKOHOMUYHYIO PEaTu3alliio PeXUMOB MakKCHUMallb-
HOM GJIM30CTU BBOIMMOM B MeYb MOLIHOCTH K YCTa-
HOBJIEHHOW MOLIHOCTY McTouHMKa [1, 2]. Huskui
YPOBEHb BbICLIMX TAPMOHMK TOKA, TEHEPUPYEMBIX UC~
TOYHWUKOM B MUTAIOLLYIO 3HEPrOCUCTEMY, 00ecrneyH-
BAETCH IYTEM MCITOJIL30BAHUS YKA3aHHBIX PEXMMOB,
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a TAKXe 3a CYET MNPUMEHEHUS MHOTOIMY/ILCHBIX CXEM
BBINPAMJIEHUS (HallpUMep, ABeHAIUATUIYILCHDBIX).

BaxxHbIM TEXHONOTHMYECKHM NPEUMYILECTBOM Te-
yeit JITNIIT siBasieTcst a3 heKTHBHOE 21eKTPOMarHuT-
HOe nepeMeliMBaHie BAHHBI METa1a MoJeM POXo-
ISILLEro Yepes Hee NOCTogHHOro Toka. [TpoBeaeHHble
M3MEPEHMA M MaTeMaTHYeCKOE MOAEJMPOBAHME MO-
Ka3bIBalOT, YTO B reyax eMKocThio ot 0,5 10 25 T cko-
POCTb ABHKEHHA XMIKOTO METANNa B LIEHTPAIbHOIA
4acTv BaHHbI cocrasnset 0,12—0,35 m/c, T.e. peanu-
3YIOTCS PEXUMBI Pa3BUTBIX TYPOYIEHTHbBIX TEUYECHMIA,
NP KOTOPHLIX B BaHHE obecneunBaeTcs ahheKTHBHOE
BbIPABHMBAHHE TOJEN TeMnepaTypbl M KOHLEHTpa-
LIMK BBOJAMMBIX B META/LT NMpHcanok. Mcnonb3osanue
SNMIEKTPOMATHUTHOIO  TEPEMELIMBAHUS,  HApsLy
C CO3MaHMEM B TMEYHOM MPOCTPAHCTBE BOCCTAHOBU-
TENIbHOH atMochepsbl, MO3BONSIET IKOHOMHEH pacxo-
noearte eppocnnassl. B OO0 «HI1P KOMTEPM»
ObLna paspaboTaHa MaTeMaTHYeCKas MOJIENb 1YTOBOI
MeYH NOCTOSTHHOrO TOKA, Ha KOTOPO# ObLIH pelleHbl
BOIPOCHI, CBSI3aHHbIE C BbIDABHMUBAHHWEM TeMmIiepa-
TYPHBIX TIOJIEH M KOHLEHTPaUMH MpUMECEil B BAHHE
AIIIT BcnencTsue 31eKTPOMArHUTHOTO MEpeMelH-
BaHHs pacmuiasa. Pesyabsrar pacuera nosas ckopocreil
B BaHHE MeYM MPeNCcTaBIeH Ha puc. |.

B AMNIT pacriaBasieMblit METaN1 KOHTAKTUPY-
€T TOJIbKO € @aHOIHBIM MATHOM 3NEKTPUYECKOM JIYTH,
a B JICI1 Ha MeTanne nmornepemMeHHO pacnonaralorcst
AHOMIHOE M KaToOHOe NATHA. [10CKONBKY I1I0THOCTh
TOKa M YOEJAbHLIN TEMJIOBON MOTOK B aHOAHOM NSIT-
HE Ha MOPALOK HUXE, YEM B KATOAHOM, TIPHM IJ1aBKe
B AINTIT ncnapsiercst 3HAYMTENBHO MEHbILIE METal-
7la M 11aKka M obpasyeTcs B 6—8 pa3 MeHbIUE MbLIH,
yeM npu rnaeke B ACI1. Yrap mmxtel 8 T T MeHb-
e Ha 5—7%, a pacxon (eppocriaBoB cHUXKaeTcs
Ha 20—30% [6—8].

Kpowme toro, npu nnasxe B AT T 3HauMTENLHOI
CTaTbeH DKOHOMMH SIBIISIETCSl CHMIKEHME T10 CpaBHe-
nuto ¢ J1CIT pacxona rpaMTMPOBAHHBIX 371€KTPOIOB.
B nureiinbix nexax Ha nevax JCIT yaeabHblit pacxon
rpaUTHPOBAHHBIX SMEKTPOJOB COCTABIAET HE MEHee

Puc. 1. Pacnpenenenne noist CKOpOCTH MeTaLia B BepTH-
KAJIbHOH IUIOCKOCTH B MEYH C JABYMS NOJOBBIMHM 3JeKTpoO-
JAMH

6 KT Ha TOHHY BBITUIaBIEHHOM cTanu, B nevyax AT
3TOT pacXol He NpeBbIIAET 1,5 KT Ha TOHHY.

Ocobenno apko npeumyectsa JAITIT nposisas-
I0TCS TOTAA, KOTAa B MEPHUO paciUIaBIeHUs HE MC-
NOAb3YIOTCSA Ta30KUCTIOPOAHBIE TOPENKH, MOoApe3Ka
LIHUXTbl KUCIOPOJOM M APYTHe TOTNOJHUTENBHBIE MC-
TOYHUKH XMMHMYECKOTO Terla, 3arps3HAIOIMe OKpy-
KAIOLLYIO Cpefy NapHUKOBBIMM razaMu U CO30a10-
wue B paboyeM MpOCTPAHCTBE NeYH OKUCIUTENBHYIO
atMocdepy. DTO aKTyanbHO Wi GOABLIOTO YHCIA M-
TeiHbIX 3aB0oN0B B Poccuiickoit Menepauuu, rue or-
CYTCTBYET BO3MOXXHOCTb WHTEHCHMBHOIO MCIOJIb30-
BaHWUA KUCIOPOIHBIX TEXHONOTMI M JABYXCTAIUITHO-
o TEXHOJIOTHYECKOTO MPOI1IECea ¢ JOBOAKON MeTanna
[0 3a1aHHOr0 XMMMUECKOIO COCTABAa M TEMIIEPATY-
pbl B arperate KOBUI-MeYb U APYTUX 3GhdEKTHBHBIX
B «00JIbLLOM» METAJLTYPIrMH METOIOB.

OcobeHHOCTBIO cTanen1aBUILHOTO TPOM3BOACTBA
B JIUTEHHbLIX LIeXaX ABNSETCA TO, YTO IOTOBBIH METaL1
M1 3aTMBKM (DOPM pa3naroT OTHOCUTENBHO METKHMHU
MOPUMAMHU W B PUTME, KOTOPBIH AMKTYET (JOPMOBKA.
Benieacteue 51oro B IMTEHHBIX Liexax He MCIONB3YIOT
KOBUIM C LUMOEPHBIMU 3aTBOPAMM M B CJIyyae ycTa-
HOBKa arperata KoBlli-ne4b, paboTaoLiero ¢ mmudep-
HbIM 3aTBOPOM, MOSIBAAETC HEOOXOAMMOCTh mepe-
JIMBa METa/L1a U3 TAKOTO KOBLLA B CTOMOPHBIF.

Ha nepenuB MeTanna u3 KoBla B KOBLI OGbLIY-
HO HE MIYT MO TEeXHONOTHYECKMM M TEXHMKO-
9KOHOMMYECKMM COOOpaXeHMsIM, a CIeJ0BATENbHO,
MO-NPEeXHEMY TPUMEHHUTETBHO K IMTEIHOMY NPOU3-
BOJCTBY BOCTPeOOBAHHBIM OCTAETCS KIACCHYECKMIl
ABYXIJIAKOBBLIM MPOLIECC B IYTOBOM 3]EKTPOMNEYH,
KOTOpast B 3TOM CJly4yae BBIMOJIHSET POJIb HE TOMb-
KO IUIaBMJIBHOTO, HO M TEXHOJIOTMYECKOrO arperara.
OTO HaKNalblBaeT CBOM TPeOGOBaHMA HA KOHCTDYK-
LIMI0 IYTOBOM NMEYU U TEXHONOTHYECKOE O opMIEeHHEe
1ieXa, 3aMMCTBOBAHHE KOTOPBIX M3 COBPEMEHHBIX Me-
TalIyPruyeCcKUX NPOMU3BOACTB [IPUBOAUT K OTPUIIA-
TEJIbHbIM MOCIENCTBHSIM.

Heobxonumo yuutsiarh, uto AT gopoxe
neueit JICIT na 10—35% u3-3a 3aTpat Ha monynpo-
BOIHMKOBBIM MCTOYHMK NHUTaHus. OIHAKO NPH He-
No/1b30BaHMH Gosiee MOLITHOI rasoouncTku Ha JICIT,
a4 TaKXe HMCNONb30BaHUM (UIBTPOKOMIIEHCHDYIO-
IIMX YCTPOUCTB A1 06ecrnieueHus 3a1aHHOrO 2Hep-
FOCMCTEMOI KauyecTBa NOTPeOIseMOi 31eKTPO3HEp-
TMM KalHTaNbHble 3aTpaThl A1 OGOMX BapMaHTOB
NIPUMEPHO OAMHAKOBHI, @ B HEKOTOPBIX C/Iy4asix Neuu
NepeMEHHOTO TOKA OKa3bIBAIOTCA LOPOXKE Teyeit mo-
CTOSIHHOTO TOKA.
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B KaxmoM KOHKPETHOM CJIyyae HeoOXOLMMO BbI-
[OJTHUTB JETANTLHBLIMA TEXHUKO-9KOHOMMWYECKHUI aHa-
JIV3 C Y4ETOM BCEX KOHCTPYKTHBHBIX M CXEMHBIX OCO-
enHocreit AT u OCII, a TakkKe TexHOIO0THYeE-
CKOTo rnpolecca.

B psine ciyyaeB 110 TEXHUKO-3KOHOMHYECKUM I10-
Kas3aTelsiM BeIOOp TUMA arperata IpakTUYeCKH Ipe-
nonpeneined. B ciaydae ecim ceTb 21eKTpocHaOXe-
HUS OYTOBLIX Me4Yel 10CTaTOYHO cnadast (MOLLHOCTH
KOPOTKOTO 3aMbIKaHHUSl MEHEE YEM B CTO pa3 IMpeBbl-
1aeT MOLIHOCTL TpaHchopMaTopa), Nneyb NMOCTOSIH-
HOrO TOKa UMeeT siBHoe npeumyLuectso nepen A CIT.
Bri6op B noab3y ATTITT He BeI3EIBAET COMHEHMM TaK-
e B CJIyyae BbITUTABKM BLICOKOKAaYECTBEHHOM CTAIH
(HM3KOYTJIEPOAMCTON WIM BBICOKOJEMPOBAHHOIA).
st 0cobo HU3KOYTIEPOAUCTOM CTAIW NPUHLMIHU-
a7bHOE 3HayeHue HMMeeT TMPaKTHYECKOe OTCYTCTBUE
HayrJaepoXUBaHHs METAIAa MAaTEPHUAIOM 3JIEKTPOIA.
[IpM BLITUIABKE NEpPErUIaBOM BBICOKOJIETMPOBAHHOM
CTAIM BAKHOE 3HAayeHHUe MMeeT OoJiee HU3KHUI yrap
JErMpYIOMX (OpUEHTHPOBOYHO Ha 20%) B reyu no-
CTOSHHOrO ToKa. M B TOM, M B IpYroOM cllydae J01o-
HUTEJIbHBIE 3aTPaThl Ha TOJYTPOBOAHMKOBBLIA MC-
TOYHMK [TMTAHKUSA OKYIIAIOTCSI MEHEE, YeM 3a TO/L.

Taxum obOpaszoM ciyyad TMOAKTIOUEHMS JLYTOBbIX
neyeil K MaJOMOIUHBIM CETSIM, a TakK€ BbIILIAB-
KY BbICOKOKAUeCTBEHHOM CTaJlM MOXHO CYHTaTb
30HAMH TMpeAnoOYTHTEILHOI0 TPHMEHEHHUSA neyem
JIIIIT. Ona ctanu 6oaee NpocTblX MapoK MPH HaTU-
YMK. BBICOKOMOIIIHOM MUTaK0IE ceTH BbIOOP MEX Iy
JIIIT u JCIT gomxkeH ObIT 00OCHOBAH TEXHWKO-
3KOHOMHYECKMMU PACYETAMH.

PaccMOTpUM TMEPCIIEKTHBB MPUMEHEHMS IyTOBBIX
CTajlerUIaBWIBLHBIX TTe4Yei NMOCTOSTHHOTO TOKa B Kaye-
CTBe TUIaBWJIbHBIX arperaToB B IMTEMHBIX 1lexax.

000 «HII® KOMTEPM» umeer OMbIT PEKOH-
CTPYKUMHM IYTOBOH TeYM TEePEeMEHHOro TOKAa €M-
KOCTBIO 25 T, KOTOpPBIH ITOKaszaia, 4yTo B Ilie4yax Ta-
KOro KJacca MMeEIOTCs OONblIWE pe3epBbl — 3aMe-
Ha TMIPABIMUYECKUX WCIOTHHUTENbHBIX MEXaHM3MOB
Ha COBPEMEHHbIE M BHEIpPEHME aBTOMATU3HUPOBAH-
HOI CUCTEMBI YIIPaBIEHMS MPOLIECCOM IUTaBKW MPU-
BEIM K COKDALLEHWIO UTMTENIbHOCTH LIMKJIA TUIaBKH
W K CHMKEHMIO YIE/IbHOTO Pacxo/a 3J1eKTPOIHEPIUHU.
O[IHAKO Nepexo/l Ha COBPEMEHHBIE UCTTOJHUTENbHbIE
MEXaHM3Mbl, ABTOMATHUKY W alanTUBHBIE AITOPUTMbI
VTIPaBJIEHUsS MMEIOT CYUIECTBEHHbIE OrPAHWYECHMS,
KOTOpble IPEOH0JeBalOTCsl TONILKO B Ie4Yax IMOCTO-
sgHHoro Toka. AIITIT vMMeloT NONONHUTENBHBIA pe-
3epB YAYYLUCHUA TIO TEXHUKO-3KOHOMHUYECCKHUM T10-

KasaTensiM, UCXOMIs U3 NIPCHMYILECTB JaHHOTO KJlacca
nieyeii. llenecoobpa3HbIM U NMEPCIEKTUBHBIM CIEIY-
€T CYMTATh PEKOHCTPYKIIMIO M MOIEPHU3aLMIO YCTa-
peswnx neyeit JACIT ¢ ogHOBpEMEHHBIM TEPEBOIOM
MX HAa [MOCTOSHHBIN TOK, KOTOPLIH IMO3BOJIUT peaiv-
30BaTh COYETAHWE TEXHONOTMYECKMX TPEUMYLLECTB
JYTOBBIX TMe4Yei MOCTOSTHHOTO TOKA ¢ JOCTOMHCTBAMU
COBPEMEHHBIX MCIOJHUTEILHBIX MEXaHU3MOB U CH-
CTEM aBTOMATU3UPOBAHHOTO YTIPaBJIEHHUS.

OuEHWINU SKOHOMMYECKYIO 3(dEeKTUBHOCTD TIaB-
KM CT&IM B 12-T OyroBOM MeYyu I1OCTOSHHOIO TOKa
N0 CPaBHEHWIO C IUIABKOMW B IMeYM NMEPEMEHHOro TOKa
TOM xe eMKOCTH. [IpHM 3TOM MPHHATO, YTO MPH IUIAB-
ke ctad B JITIIT skoHomurcst 5% TBEpOOIl WIMXTHI
no cpasHeHu10 ¢ ruiaekoii B JICTT, T.e. Ha NpOU3BOLCTBO
OIHO#1 ToHHBI )Xuakoro Merama B AT pacxonyercs
Ha 50 kr wuxtsl MeHbiue, yeM B JICI1, a Taxoke yuuThI-
BAETCH CHIDKEHME pacxona deppocruiagos Ha 20%.

Pacxon ¥ ueHbl LUMXTOBBLIX MaTepuaioB U dep-
pPOCIUIABOB MPH BLIIUIABKE | T YITIEPOAMCTON CTaIM
Ha OJHOM W3 MpellpusiTH perdoHa Ypana npea-
craieHbl B Tabn. 1 v 2 [9].

[1py CTOMMOCTH MeTajlla LKMXThL L1 IPOH3BO/I-
cTBa OOHON TOHHBI xuakol cranu 4075,0 pybnei
3KOHOMMS Ha wuxre coctaBut 203,75 py0. /T Xua-
Koro metajia, Ha ¢eppocruiaBax — 269,06 py6. /T

VienbHbIM pacxom rpad@UTHPOBAHHBIX 3JIEKTPO-
JOB [P TUIABKE B IEYH MOCTOSHHOTO TOKa COCTaBIsA -
et 1,5 Kr/T cTaiu, a B [e4y MepeMeHHOro ToKa Majion
M CpelHel eMKOCTH B JIyulueM ciydae — 7,0 KL

[Tpu cpenHeil ueHe rpacdhUTHUPOBAHHBIX 3JIEK-
Tponos 45000 pyd. /T 9KOHOMMUS 5,5 KI 3JIEKTPOILOB
Ha TOHHY BBITUIABJIEHHON CTanu MpH IJ1aBKe B I1€YH
JIIIIT cocrasur 247,5 py6. /T.

[Mpu 1w1aBKEe KaXIO0W TOHHBI MeTala ILUXTHI
B [1€YM MEPEMEHHOr0 TOKa 110 CPaBHEHHIO ¢ ILIABKOMH
B JIIIIIT nononHuTensHo okucnsiercs S0 Kr xenesa,

1. Pacxol M CTOMMOCTD INMXTOBBIX MATEPHAIIOB
npH BbIUIaBke | T yraepoaMceToil cTaau

Pacxon
Halt | Uena, |CToMMOCTD,
KOMMOHEHTBI LIHXThI =

KMAKOM | pyD. /T pyo.

CTaJIM, T
JloM cTanbHOM yriaepo- 0,604 |5000,0| 3020,0
JIMCTBINA
YyryH nepeaenbHbli 0,100 [10550,0] 1055,0
Bo3spaTbl TMTEIHOTO 0,386 — —
MpOK3BONACTBA
HToro: 1,090 4075,0
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M

2. Pacxon M cTOMMOCTb (DeppociiiaBoB
npH BbiwIaBke 1 T yTIepoAUCTOH CTATH

Pacxon
b HalT Llena, |CTOMMOCTD,

XKHAKOI | pyD. /T pyo.
cTanu, T

deppomMapraHel] 0,008 [46263,61 370,1

BBHICOKOYTJIEPOIUCTBIH

DOMHT78

Oeppocunnuuit @C45 | 0,0081 | 29209,2 236,59

MeppocHIMKOMapra- 0,0162 |45593,36| 738,61

veny MuCl12;17

HTroro 1345,30

YTO COMPOBOXKIAETCS JAONOJHUTENbHLIM BbLICIEHH-
eM 59 kBT-4 XMMHUYECKOTrO TeIJla Ha KaXIyl TOHHY
BBIMIABNIEHHOM CTaNIH.

[Ipu cpeaneit lieHe 31ekTposHepruu 1,12 pyod.
323 1 kBT4 CTOMMOCTBL OTOro Terula, COCTaBUT
66,08 py6. Ha ToHHY cTaty. CTOMMOCTb 3TOrO Ten-
na BbIYMTAETCS M3 0OLIEd IKOHOMMM/T 3arpar
npu ruiaske ctanu B ICII. B pe3ynbrare 9KoOHOMUYE-
ckHit 2(hHeKT OT UCTIONB30BAHUA TEYU MOCTOSIHHOTO
TOKA 110 CPAaBHEHMIO C NeYbl0 EPEMEHHOI0 TOKA CO-
cTaBUT 654,23 pyb. Ha TOHHY BbI[U1ABIEHHON CTalH.
[Tpu rogosom npoussoactee 30000 T KXMAKON cTanH
B 12-T AyTOBOI1 Me4M TOCTOAHHOIO TOKA 3KOHOMMYE-
ckuit addekT coctaBUT 0K0N0 19,6 MaH pyo.

B HacTos1lee BpeMs CTOMMOCTh peodpa3oBartens
MOCTOSIHHOTO TOKA JUIs 9TOM MeU COCTaBAsSIET OKOJO
10,8 maH py6. TakuM 0Opa3oM, OH OKynaeTcs B Teue-
HHeE NePBOro roaa 3KCrUyaTaluuu.

HayuHo-npoussoactBeHHo#  ¢upmoit  «KOM-
TEPM>», cnenmanusupyloliieiics Ha pa3paborke, M3-
TOTOBJIEHWUM M NTOCTABKE MIYTOBLIX eYei MOCTOAHHO-

ro Toka, pa3paboTaH CTAHIAPTHBIA MOLEILHBIA P
neyeit paznuuHoit emkocT — ot 100 xr no S0 T.

Psi1 neueil ¢ OCHOBHBIMM MapaMeTPaMH MPeACTaB-
neH B Taba. 3.

[Tpy NpoOeKTUPOBAHUU MEXaHMYECKOTro 000pya0-
BaHMs IYTOBbIX TIeuei HHUPMOii UCII0b3YIOTCS BbICO-
KOTMPOU3BOIMTENbHBIE TpacdUyecKe CTaHUMK C JIU-
LLEH3UOHHOM CUCTEMOM aBTOMATU3UPOBAHHOTIO MPO-
eKTHUPOBaHMA, MHKEHEPHOIO aHAM3a M TIOATOTOBKH
Npou3BOACTBA U3nenuit Solid Works.

OB6u1IMit BUA 1 KOMINOHOBKA 000pYI0BaHHUS THUIIO-
BOI1 YTOBO I€4YM NMOCTOSHHOTO TOKA MPEeACTaBIEHbI
Ha puc. 2.

B 3aBUCHUMOCTH OT €MKOCTH TEUYM KOXKYX MOXET
BBITIOJIHATLCH KaK C BOOOOXJILKIAEMBIMHM DJ1EMEH-
taMM, Tak M 6e3 Hux. Haumnasa ¢ eMKocTeil oKo-
0 15 TOHH st MOBBILIEHUS CTOMKOCTU (yTepoB-
Kk 000 «HITd KOMTEPM» pekoMeHIyeT ocHa-
LATh KOXYX MeYM BOAOOXIAXKIAEMBIMHA CTEHOBBIMH
aneMeHTaMu, 4To nosponseT Ha 40—50% cokpatuth
pacxol KMpruua B )yTepoBKe CTEH U ITOBBICUTH CPOK
ee Clyx0bl.

CBoJL Meyu MOXeT OBbITh BbINOJHEH KUPITUYHBIM,
BOJOOXTAXKIaEMbIM WIH KOMOUMHMpoBaHHBIM. HITD
KOMTEPM paspaboraHbl KOHCTPYKLHMU KOMOUHH-
POBaHHBIX CBOAOB U1 BCEX THUIIOPA3MEPOB IEYEi,
coBMellalomux B cebe Takue INpeMMyllecTBa KMp-
MUYHBIX M BOJOOXJIAXKIAEMBIX CBOIOB, KaK TIOBBI-
HIEHHAA CTOMKOCTh M D0Jiee HU3KUE TEIUIOBbIE MO~
Tepu. B KOMOMHHMPOBAHHOM CBOAE MCIONB30BAHbI
BOLOOXJIAX/IaeEMbIe 2NIEMEHThI B HauboJee TerIoHa-
MPSAXEHHOM WM M3HALIMBAEMOMR YacTH M OTHEYIOPI
B nepudepuitHoil 30He. B LeHTpanbHON Npusiex-
TPOMHOM 30HE MCIOJB3YETCH JMTad KepaMuuyeckas
BCTaBKa. Takoe pelieHue Mo3BOAsET TPY MUHUMab-

3. OcHOBHbIE MAPAMETPbI CEPHH AYTOBBIX NMeyeH NOCTOAHHOIO TOKA

[MapameTp AT1-0,1|411-0,25| AI1-0,5 | A11-1,5{011-3,0|AT1-6,0| AT1-12 | ATI-15| AI1-25 |AT1-50
HoMuHanbHasg eMKOCTh nedeit, T 0,1 0,25 0.5 0.5 3,0 6,0 12 15 25 50
MoOLIHOCTb HCTOYHMKA UTaHus, | 140 250 630 1600 | 2500 | 5000 | 9600 | 12800 | 18360 | 43200
KBA
HanpsokeHue nuTarowei 0,38 0,38 |0,38;6;(0,38;6;(0,38;6;| 6;10 | 6;10 | 6;10 | 6; 10; [ 10; 35
ceTH, KB 10 10 10 35
JlMaMeTp CBOAOBOTO 3JEKTPO- 75 100 100 200 200 250 300 400 500 | 555
12, MM nn 150 '

Yucao NogoBbIX 31€KTPOLOB 1 1 2 2 2 2 2 2 3 4
Pacxon anekTpoaHepruu, kBru/T| 735 660 560 540 530 500 495 480 405 380
[TpononKUTeNbHOCTL pacrinasne- | 40 40 32 36 46 50 60 55 45 36
HUsI, MUH
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rpammHoro obecnieuenuss EPLANElectric
P8, Mo3BOASIOIIETO NIPOBOAUThL BECh LMK
pa3paboTKM — OT NMPUHUMITHAIBHBIX CXEM
00 KOMIOHOBOK  3JeKTPOTEXHHUYECKHX
wkados.

Crpyxtypa CAY npeicrapjieHa Ha puc. 3.
MyHKIMOHAIBHO OHa Pa30MTa Ha 1Ba YPOB-
Hs. Ha HWXHEM YpPOBHE, OCHOBaHHOM
Ha TMPOrpaMMHpPYEMOM JIOTHYECKOM KOH-
tposnepe ([JIK), BBINMOJHAKOTCA 3adayd
cbopa 1 0bpaboTKK MHDOPMALMK OT 00b-
eKTa yIpaBJeHus] NOCPEICTBOM YCTPOMCTB
cBa3u ¢ obbvekToM (YCO), pacyer M BbLIA-
Yya ynpasisiloMX BO3NECHCTBUHA HA MCIOJ-
HUTEJIbHBIE MeXaHM3Mbl OObEKTa YIpaB-

Puc. 2. OOwmuii BUI M KOMNOHOBKA 000PY10BAHUSA IYTOBOMH Ne4H MOCTO-

AHHOTO TOKa:

] — KOXYX IeYd C YCTAHOBJEHHBIMH TMOAOBBIMH 3JIEKTPOLAMH; 2 —
cBOQ neuu; 3 — mopTai; 4 — CBOAOBbLIH 3JIEKTPO; 5 — monbKa; 6 —
3arpy304HOe YCTPOMCTBO; 7 — 3JEKTPOTHAPABIMYECKMH MEXaHHW3M
HAKJIOHA TIeYH; § — 3JEeKTponeyHoi TpaHcdopmaTop; 9 — ToKomnol-
BOJI IEPEMEHHOTr0 TOKa; /0 — BBINPSMUTENb; [/ — KOPOTKasl CETh (ToO-
KOTOABO/ TTOCTOSHHOTO ToKa); 12 — peakrop; 13 — TeTJI000MEeHHHK;
14 — dbyHIaMeHT neuw; 15 — pabouast romanka; /6 — MmyJIbT HakJI0-
Ha Ieun; 17 — KOMIUIEKT 3IeKTpoTexHHUecKuX mkados u CAY neun

HBIX [OTEPsIX TeIUla COKPATUTb PACXOI OTHEYIIOPOB
3@ CUeT 3aMEeHbl MX BOMOOXJIAXKIAEMBbIMH 3JIEMEH-
TaMH B UEHTPANbHOI 4YacTH, OBLIYHO TUMUTHPYIO-
el CTOMKOCTb CBOMA B LEJOM. TakoH MOIXOI 1o-
3BOJISIET YMEHBIUWTL PAcXol CBOJOBOrO KHpIM4a
Ha 80—90%.

3arpy3o4Hoe YCTpoWcTBO (no3. 6, puc. 2) ciy-
XMT U TIOAA4YM CBHIMYYMX LLIaK0o0Opasylwux 10-
GaBOK B Mneub, MTO3BOJISIET aBTOMATU3HPOBATh Moaavy
CBHIMYYMX MarepualoB, COKpallaeT BpeMsl MX I0da-
Yu, MPUBOAUT K DOJIee TOUHOMY IO3HPOBAHMIO MOP-
UMit, cokpaluas ¥ obsieryasi py4HOH TPy TU1aBWIIb-
muKoB. OCoDEHHOCTLIO TaHHOW CUCTEMBI SIBJISIETCH
BO3MOXKHOCTb BKJIIOUEHMSI €€ B CUCTEMY dBTOMATH3H -
posaHHoro ynpasaeHust (CAY) neuu ¢ ynpasieHHEM
¢ MOCTa TUIABWIBLIMKA, a TAKXKe OpraHu3aluu cbopa
¥ OTIPAaBKM JAHHBIX B LEHTPATU30BAHHYIO CHCTEMY
JUCIIETYEPCKOr0 KOHTPOJISA.

Cucrema AaBTOMATM3UPOBAHHOIO  YIIPAaBICHMS
Meyplo mocTpoeHa Ha ruiatdopme aBTOMaTH3alMM
Siemens Simatic S7—300, yTO ABAsAETCH HALEXKHbLIM
1 TTPOBEPEHHBIM BPEMEHEM pelueHHeM. bioku CAY
pasMelIaoTCs B HECKONBbKMX IIKadax W IybTax.
Pa3paboTka 2/J€KTPOTEXHMYECKON 4acTH INPOEKTa
BeIeTCS ¢ MCIOJIb30BaAHUEM JIMLIEH3HOHHOTO TpO-

neHusi. BepxHuil ypoBeHb, 0a3sHUpyIOILH-
¢l Ha npoMmbinieHHoM KoMnbioTepe (PC),
npejaHasHadeH LU pealusauMu QYHKUMA
uHTepdeiica ¢ onepatopom. Ha HeM BbI-
MOJHSIIOTCS 3a7auu  oToOpaxeHus UUd-
POBLIX 3HAueHWIl MapaMeTpoB Ipoliecca,
AHMMUMPOBAHHOE OTOOPAXKEHUE COCTOSTHUN
Y3710B TEXHOJIOTHYECKOro O0BEKTA, MOAT0-
TOBKA NMPOrpaMMbl TTABKM, apXHBUPOBAHUE
TEXHONIOIMUYECKUX MapaMeTPOB M COODUIEHMH U T. /L.

ArnnapatHasi 4acTb I1POrpaMMHO-TEXHMYECKOIO
KOMIIJIEKCA aBTOMATH3UPOBAHHOM CUCTEMBI YTIPaB-
JIeHUd AYTOBOI MeYn TOCTOSHHOTO TOKA BKIIIOYAET:

koHTponnep SIMATIC §7-317 2DP;

YCTPOICTBA HOPMMPOBAaHUA M TaJIbBAHUYECKOH
M30JISILIMKA aHAJIOPOBBLIX CUTHAJIOB;

ycTpoicTBa cbopa 1aHHbIX, pa3MeLICHHbIE Ha LK~
e PROFIBUS-DP, HanpuMep adCOJNIOTHLIHA 2HKOAEP
SIMODRIVE, npenHazHaueHHbIA UIs1 ONpeLesieHus
MOJOXEHUs 2JEeKTpoda, WMIKM DJIEKTPOHHAs M3Me-
putensHas cucrema UMG-507, npeiHasHau€HHas
U1 U3MEPEeHMs M MHIMKALIMK 3JIEKTPUYECKUX Napa-
METPOB;

ycTpoiictsa cOopa 1aHHbIX, Pa3MELIEeHHbIC HA [TH-
He K-BUS koHTpOANEpa;

MPOMBILJIEHHBIH KOMITBIOTED;

CEHCOPHBIN JUCILIEH.

Q6K BUI TyJIbTa yNpaBieHWsl TIEYbK Mpei-
ctaBieH Ha puc. 4. Ha uBeTHBIX JMHAMHU3UPOBAaH-
HBIX MHEMOCXeMax crajieBapy INpeloCcTaBIaeTCsl BCs
akTyaibHas MHbopmauus, HeoOXoaMMas [Uls KOH-
Tpons W YMpPaBIE€HWSl TEXHOJIOIMYECKMM MpoLec-
coM. JIpyxecTBeHHBII yroOHbIH HHTEpdEHc moMo-
raeT cranepapy 2(heKTUBHO YIPABIATE arperaTom
B Kax/1blif MOMEHT IJIABKH.
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HyokHui ypoBEHb

INDUSTRIAL
ETHERNET

nnK
CPU 317-2DP

L PROFIBUS

UMG-507 SIMODRIVE

Twapochnoson arperar
KPY

Tpancoprarop
BroamomuvmTens

Oammn SON00XNARIERHA
ORTHHKM TeunepaTypel

| e |

Puc. 3. OyHKIMOHATBHAS CTPYKTYPA CHCTEMBI YTIPABICHHS

OcHaleHue JUTCHHBIX TTPOU3BO/ICTB COBPEMEH-
HBIM  CTAleraBWIbHBIM 0DOpYIOBaHUEM — OH4
M3 KTIOUEBBLIX 3414y MallMHOCTPOEHMS, BAWSIOLIAA
Ha KAYecTBO M ceBeCTOMMOCTh KOHEUHOM MPOIYKIIHH.

MoaepHu3auus JeHCTBYIOLUX JICIT myrem 3ame-
Hbl MOpaIbHO U (HU3HMYECKH YCTAPEBILETO obopyno-
BaHMs, B TOM YMCJIE aBTOMAaTHYECKMX PEryasiTopos
WU UCIOJHUTENBHBIX MEXaHU3MOB, JA€T pe3yanaTb1,
1o sKoHOMHuecKOoN 3P GheKTUBHOCTH NPOUIPbIBAIO-
1LlMe BAPMAHTY HCIOJIbL30BAHMA aJeKTponeyen no-
CTOSIHHOT'O TOKa.

3aKJoyeHHe

YyuThIBas, YTO AYrOBbIE NEYM MOCTOSIHHOTO TOKA
MMEIOT PSAIL MPEUMYILECTB M0 CPABHEHMIO C MedaMy
T1epeMEeHHOT0 TOKa, UX NIPMMEHEHHE B IMTEHHBIX Lie-
XaX MalIMHOCTPOMTENBHBIX 3aBOJOB sIBIseTCA Oonee
MIPEANOYTHTEIbHBIM, OCOOEHHO MPH BbITLIABKE BRICO-
KOKAYeCTBEHHOI M HU3KOYTJePOIMCTOM CTallu, a TaK-
e NIPYU MaJIOMOLLHOM CUCTEME 371EKTPOCHAOXEHMS.

[1pu BHIMAABKE CTAIM PSAOBbIX MAPOK M HATMIHH
BLICOKOMOLIHOI CHMCTEMBI CETH BHIOOD THIA IyTrOBOH
neyr HeoO6XOAMMO TPOBOAMTL Ha OCHOBE TEXHHMKO-
KOHOMMYECKHX paCyeTOB.
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Puc. 4. TTynsT ynpasiesus Neubio NOCTOAHHOTO TOKA
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