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AHHOTAIIAA

BrinyckHast kBanupuKalnoHHas padoTa coAepk UT 94cTpaHulibl, B TOM YUCIIE:
MOSICHUTENIbHAsT 3amucka Ha 60 crpanummnax, 12 pucyHkoB, 1ltabmum, 18
oubnnorpaduyecKux UCTOUHUKOB, 6 MPHIIOKEHNH Ha 34 cTpaHUIaX.

KmroueBsie cnoa: OJIEKTPOBO3, OSJIEKTPOITPUBO/, TSTOBBIN
ATPETAT, TUPUCTOPHBI BBIIIPIMUTEJb, DJIEKTPUUYECKAS TSTA,
PEXXM PEOCTATHOI'O TOPMOXEHUA,®A30UMITYJIbCHOE
PET'YJIMPOBAHMUE, .

WBannukuii A.B. VYueOHO-MeTonuyeckoe o0OecleyeHHe TEOPEeTUYECKUX
3aHATUM Mo gucuumuiuHe «dHepretuka» : BKP/ A.B. UBanunkuii. Poc. I'oc. npod.-
nej. yH-T, UH-T UHX.-Tie. oOpa3zoBaHus, kad. sH. u TpaHc. Exar. 2018.

OOBEKT HCCIIeAOBaHHUS BBIMTYCKHOM KBaIM(UKAIIMOHHON paboTh: cHcTeMa
CUJIOBOTO 3JIEKTPOIPUBOJIA MPOMBIIUIEHHOTO TATOBOIO arperara nepeMeHHOro Toka
HII-1.

[Ipeamer  ucciaenoBaHWsl  BBITYCKHOM  KBaJIU(UKAIIMOHHOW  pabOTHI:
UCCJIEIOBAHNE BO3MOXXHOCTHU PAOOTHI CHJIOBOTO 3JIEKTPONPUBOJA MPOMBIIUIEHHOTO
TArOBOro arperara nepemeHHoro Ttoka HII-1 B pexume pexynepaTuBHOro
TOPMOKEHHUSL.

Ilenp coCTOMT B YJAYYIIEHWU TATOBO-IHEPrETUYECKUX XAPAKTEPUCTUK
AJIEKTPOBO30B TMEPEMEHHOIO0 TOKAa B YCJIOBHUSX pabOThl Ha MPOMBIIUICHHBIX
NPEANPUATHAX, 3a CUET MOJECPHU3ALNN CUCTEMbI CUJIIOBOTO 3JIEKTPOIPUBOAA.
BoimyckHas kBanu@uKanuoHHas pa0oTa MOCBSIIEHA MOAEPHHU3ALUU TITOBOTO
arperara HIII.

B nosicHuTenbHOW 3amuCKe BBIMTYCKHOM KBaJM(UKAIIMOHHOW palOTHI, B CBSI3HU C
U3MEHEHUEM CXEMOTEXHUKH CHJIOBOM BBIIPSAMUTEIBHON YCTaHOBKHM, IPOBEJIEHA
pazpabotka anroput™a ynpasieHuss CBY. PazpaboTaHHbIN alropuT™ MoaepKuBaeT
BCE IITaTHbIE PEXUMBI paboThl TA M pPEXUM PEKyNEepaTUBHOIO TOPMOKECHHS.

[IpoBenen ananmu3 paboThl dJekTporpuBoga TA ¢ moaepHusupoBanHoit CBY.



[TpoBenen pacuet 3xoHOMUYECKON 3((HEKTUBHOCTH BBECHUS PEKMUMA PEKyTepalii,
KOTOPBIA TOKa3ad, 4To MpH MojaepHu3anuu oaHoro TA, skoHomudeckuil 3¢ dexr
cocTaBisieT Okojio 1,5 muH. pyOnedl B Troja,CpoK OKYyHaeMOCTH MOJEPHU3ALNU

cocTaBiseT 2,5 roja.
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BBE/IEHHE

Ha xene3nbpix noporax Poccum m Ha BHYTPUIPOMBIIIJIEHHOM TPAHCIIOPTE BCE
cuibHee O00O0CTpsieTcsl MmpodiieMa CTapeHusi TATOBOrO IMOJBUXKHOTO COCTAaBa.
DakTU4eCKUd U3HOC 3MEKTPOBO30B AocTUT 70 %, 28-1€THUM HOPMATUBHBIA CPOK
ciryx0b1 BhipaboTanu 42 % snekTpornoe3noB, U3 HUX 20 % - co CPOKOM CIy>KOBI
cebimie 35 ger. CoOCTOSIHME TSTOBOTO TMOJBM)KHOTO COCTaBa XapaKTEpHU3yeTCs
BBICOKOM CTEMEHbI0 (PU3MUECKOTO U MOPAIBHOTO M3HOCA, BBICOKOM AHEPTrOEMKOCTHIO
u  Majod  sHeprodddekTuBHOCTHIO. [IpuMeHeHHe MOpalbHO  yCTapeBIIUX
PHEPrOyCTaHOBOK II€PBOIO W BTOPOrO IMOKOJEHUH (B MHUpPE BHEAPSETCA YXKe
YETBEPTOE MOKOJIEHUE) C HU3KMMH KOHCTPYKTHBHBIMH 3KcCIuryaTaumoHHbiMH KII/I,
BJICYET 32 COOOM HE TOJBKO MOBBIIICHHBIN PacXoj] SHEPTUU HA pabOUYUX pEeKUMaxX, HO
Y JIOTIOJTHUTEIIbHBIE SHEPro3aTpaThl HA AKCITYaTalMI0 U PEMOHT.

AKTyanbHOCTh paboThl. [IpOMBINIIIEHHBIA KEJIE3HOIOPOKHBIM TpaHCHIOPT
BBITIOJIHAET TE€PEBO3KM TPYy30B HA TEPPUTOPUU MPEANPUATAA U OCYIIECTBISAET
JIOCTaBKy CBHIpbsi OT MecTa ero J0OblYM K MecTaMm mnepepaboTku. PasBepHyTas
MPOTSKEHHOCTH €ro myTeil coctaBisieT 71% IiauHbl TUHUNA 00IEero MoJb30BaHUS, A
BBITNIOJIHSAEMBIA 00BEM MEPEBO30K MOUTH B 3 pas3a MPEBBIIIAET 3TOT MOKA3aTEb.

PaboTa NpOMBIIIJIEHHOTO TpPaHCIOPTa XapaKTepU3yeTcsi Oojiee TsHKEIbIMU
AKCIUTyaTallMOHHBIMU  YCJIOBUSIMU. Ero 0COOEHHOCTBIO SIBJISIETCS HM3Kasl, IIO0
CPABHEHUIO C MArUCTPAIbHBIM, CKOPOCTh ABUKEHUS, B OCHOBHOM, HE IIPEBBIILIAIOIIAS
40-50 km/u. [Toe3na mpu 3TOM MMEIOT OOJIBIIYIO MAacCy, 4acTo OJU3KYI0 K HOpMam
MaruCTpaJIbHBIX KEJIE3HBIX JOpor. B KkadecTBe TAroBOro MHOJIBHIKHOIO COCTaBa
UCIONB3YIOTCS TaroBbie arperatel (OI121, T192M, HIII), TennoBo3bl, 3JI€KTPOBO3bI

oreuectBeHHoro (BJIS0, HIIM2), u 3apy6esxxHoro npousBojctsa (cepuu Eb).

MOI[epHI/ISaI_II/IH TATOBBIX arperaroB, a TAKKC OTIACJIBbHLIX TATOBBLIX CIHWHHUIL
JOJIDKHA OBITH HaIrpaBJI€Ha Ha MPOJJICHUEC CPOKa CJ'Iy}K6I>I arperata M1 Ha IOBLIIICHUEC
3(1)(1)6KTI/IBHOCTI/I €ro HUCIOJIb30BaHWA 34 CUYCT NPUMCHCHHA COBPCMCHHBIX

TEXHUUYECKUX PELICHUH.
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Haunbonee wuHTEpecHbIM B IUIaHE MOJEPHHU3AIMM SIBISIETCS TMPOMBIILIICHHBIN
TATOBBIM  arperaT mepemeHHoro Toka HII-1. Tsaroseii  arperar  HII-1
pacmmdpobiBaeTcss Kak "HoBouepkacck mpombinuieHHbIH". OH Hucnonb3yercs AJis
TPAHCHOPTUPOBKHA TOPHOOOOTATUTENBHBIX KOMOANHOB, pPY/bl, MPOMBIIIIEHHOTO
0o00py/mOBaHus U APYTHX Ipy30B. 3aKa3 Ha pa3pabOTKy NAaHHOTO TATOBOTO arperara
(TA) Obu1 pman psaoM ropHOIOOBIBarOIMMX npeanpustuii  HoBouepkacckomy
AJIEKTPOBO30CTpOUTENHEHOMY 3aBoy. B 2003 roxy ObUT BBIMYIIEH MEPBBIN TATOBBIN
arperaTr. B naHHBII MOMEHT 3aBOJIOM BbIyILIEHO nopsanka 124 TA, npu 3T0M HIyT
IIOCTOSIHHbIE M3MEHEHUsI B CXEMAaX YOPABJICHUS JJEKTPOIPUBOIA W YIPABJICHHUS
BCIIOMOTaTEIbHBIM 000PYI0BAHUEM.

OnHako, TeXHUYEeCKHe XapakTepucTuku TA He 00ecreuynBaloT SKOHOMUYHOCTH
ero sKkcruryarauud. OJHOBPEMEHHO C 3JIEKTPOBO3AMHU ISl MPOMBIILIEHHBIX TOPHBIX
BbIPAOOTOK, 3aBOJI BBIMYCKAET MarkuCTpaJibHbIE AJIEKTPOBO3bI, KOTOPHIE OTIMYAIOTCS OT
MPOMBILUIEHHBIX YCIOBUSIMU 3KCILTyaTallu, mpoduieM myTyu u Harpy3kamu. HecmoTps
Ha TO, YTO TEXHUYECKOE 3aJaHue Ha pa3pabOTKy ObLIO NaHO B COOTBETCTBUH C
COBPEMEHHBIMU  TPEOOBAaHUSIMU, KOTOpPbIE TPEABABISIOTCS K MPOEKTHUPOBAHUIO
MPOMBIIIICHHBIX TATOBBIX arperatoB Ul OTKPBHITHIX TOPHBIX pa3paOOTOK, YIydIIeHUs
TATOBO-3HEPIETUYECKUX XaPAKTEPUCTUK HE TIPOU3OIILIO.

BriOpanHnas Tema BbITyCKHOM KBaTM(PUKAITMOHHON pabOThI: MOJICpHU3ALINS
AIIEKTPONPHUBOAA MPOMBIIUIEHHOIO TATOBOIO arperara siBsieTcsl akTyaabHOM JUIs
TSTOBBIX arperaTroB 3JEKTPOBO30B OTKPBITHIX TOPHBIX BHIPAOOTOK.

OOBEKT HCCIIeIOBaHMs BBIMYCKHON KBaIM(UKAIIMOHHON paboThl: cucTteMa
CUJIOBOTO 3JIEKTPOIPUBOJIa MPOMBIIUIEHHOTO TATOBOI'O arperara nepeMeHHOTro TOKa
HII-1.

[Ipeamer  ucciaenoBaHMsl  BBITYCKHOM — KBaIM(PUKAIMOHHOW  pabOThI:
UCCJIEIOBAHNE BO3MOXKHOCTU PabOThl CHJIOBOTO 3JEKTPONPUBOJA MPOMBIILIEHHOTO
TArOBOro arperara nepemeHHoro Ttoka HII-1 B pexume pekynepaTuBHOIO

TOPMOXKCHMHA.
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lenp  paboThI:  yidydllleHHE  TATOBO-3HEPTETUYECKUX  XapaKTEPUCTHK
3JIEKTPOBO30B IIEPEMEHHOIO TOKa B YCJIOBMSIX pabOThl Ha MPOMBILIUIEHHBIX
NPEANPUATHAX, 38 CYET MOJAEPHU3ALNH CUCTEMBI CUIIOBOTO JIEKTPOIIPUBOAA.

JUi JOCTHKEHMSI YKa3aHHOM 11eJIM ObUIM PEILEHBI CISAYIOUIUE 3a/1a4u:

1.Ompenenuts  (QakTophl, BIUSIOLUME HA pEAIHU3ALHI0  3JIEKTPOBO3OM
MaKCHMaJbHOW CHJIBI TSTM B YCJIOBHUSAX OIPAaHUYEHHON CKOPOCTH [BUKEHUS U
CJIOKHOTO TTPODUIIS Ty TH.

2.BbINONHUTh aHalM3 CYIIECTBYIOUINX (DYHKIIMOHANBHBIX U TEXHUYECKUX
BO3MOXKHOCTEM CHJIOBOTO THPUCTOPHOTO DJEKTPONPUBOJA U HX BIUSHUS Ha
XapaKTEPUCTUKHU JJOKOMOTHUBA.

3.Pacuetatb BO3MOKHOCTH BBEJEHHUS B CHUCTEMY CHUJIOBOI'O 3JIEKTPOIPHUBOJA
IPOMBIIUIEHHOIO  TArOoBOoro arperara nepemeHHoro Ttoka HII-1  pexwnma
PEKYIEPAaTUBHOTO TOPMOKEHHUSL.

4. BpIIOJIHUTE ~ pacdyeT  IKOHOMHUYECKOU 3¢ (HEKTUBHOCTH TaHHON
MOJIEPHU3ALUH.

Metoauka ucciaenoBaHUM: Ui pElIeHHs YKa3aHHBIX 3a7ad HCIIOJIb30BAIUCH
METO/Ibl TEOPUU SJIEKTPUYECKHUX LIENEH M MalllMH, METOJbl pacdyeTa JOKOMOTHBHOU
TATM, METOAMKA pacueTa HKOHOMUYECKOW 3(PPEKTUBHOCTH  MOIEPHU3ALUU

TEXHUYECKUX 00BEKTOB.
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1 AHAJIN3 XAPAKTEPUCTUK TAT'OBOI'O AI'PET’ATA HII-1 IIOCTAHOBKA
SATAYN MOJAEPHU3ALINNA

1.1 Kpatkoe onucanue o0beKTa MOACpHU3ALIUN

1.1.1 Ha3nauenue tsroBoro arperara HII1

Arperar Taroeeii nepemeHHoro Ttoka HIII, cocrosmmii u3 37I€KTpOBO3HOM
cekunn "O" M IBYX MOTOpHBIX aymnkapoB "I, mpenHasHaueH [Uisl SKCIUTyaTalluu Ha
KENEe3HbIX JOpOorax OTKPBITHIX TOPHBIX pa3paboOTOK, 3ANEKTPUPUIIUPOBAHHBIX
0JIHO(a3HBIM TEPEMEHHBIM TOKOM MPOMBIIUIEHHOW YacToThl 50 [l ¢ HOMUHAIBHBIM
HanpspkenueM 10000B.

Arperar paccuuTaH Ha pabOTy MpHY HAIMPsDKEHUW B KOHTaKTHOM cetu oT 7500 mo
11600 B, temneparype oxkpyxaromiein cpeabl or MuHyc S50 °C go mmoc 45 °C
(mpenenpHOE pabodee 3HAUECHUE) U BHICOTE HAJl ypoBHEM Mopst 10 1200 m.

DeKTpooOOPyAOBaHUE, YCTAaHABIMBAEMOE B Ky30BE arperara, pacCyuTaHo Ha

paboTy mpu TeMIiepaTrype okpykaroiei cpeibl oT Munyc 50°C o moc 60°C.

1.1.2 Onucanue padotsl cuitoBbix 1eneid TA HIT-1

[IpuHIMIIMAIBHBIC CHIIOBBIE cXeMbl TA M 00I1ee onrcaHue ero paboThl B
PEKHUME TIATH U PEOCTATHOTO TOPMOKEHHUS TPUBEACHO B MPUIIOKECHUU 1.

Bce maHHbI€ B3ATHI M3 KOMIUIEKTa TEXHUYECKON IOKYMEHTAIIMU HA TATOBBIN
arperat nepemenHoro toka HIII [2].

Ocoboe BHHMMaHUE ClIeyeT YACIUTh padoTe CUJIOBBIX BBINPAMUTENCH
anekTponpuBoga TA. Kak BUIHO W3 NPUHIUNHAIBLHBIX CXEM, Ha 3JIEKTPOBO3E
yOpaBJeHUsl yCTAaHOBJIEHO JBE CHJIOBBIC BHINIPSMUTENIbHBIE YycTaHOBKH (CBY)
Ul.1u U2.1, xOTOpBIE MUTAIOT Pa3HbIC TATOBBIE JIBUTATENH, Pa3/ICIICHUE HUJIET IO

Tenexxkam TA (BCCI‘O ABCHALATh TATOBBLIX JABUIATCJIA YCTAHOBJIICHHBLIX Ha IMICCTU
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Tenexkax). BempsmurensHas ycraHoBkal 1.1 nmurtaer tsaroBeie apuratenu M1; M2;

MS5; M6; M9; M10, a CBYU2.1 nBuratemu M3; M4; M7; M8; M11; M12.

1.1.3 YcTpoicTBO CHIIOBOTO BBITTPSIMUTES

QOyHKIMOHAIBbHAS CHJIOBAasg CXEMa BBIIPSIMUTENS IOKa3aHa Ha puUCyHKe 1.
Cxema COJepKUT MOCJIEA0BATEIbHO BKIOYEHHBIE MO IENH MOCTOSIHHOTO TOKa 6-TH
IJIEYEBOM BEHTWUJIBHBI MOCT Ha THpuUcTOopax l-4 u numomax 5-6 u 4-X miedeBo
BEHTWJIbHBIN MOCT Ha THpuctopax 7,8 u amogax 9,10. 6-tu miedeBoi BEHTUIIBbHBIN
MOCT TMOJKJIFOYAIOT K BTOPUYHOM 0OMOTKe TsroBoro TpaHcdopmaropa (Tp) co
CPEIHUM BBIBOJIOM, K KOTOpPOMY MOJKIIOYAIOT THUPUCTOpHbIE Iieun 3.4, a 4-x
IJICYEBOM BEHTWIBHBIM MocT 7,8,9,10 moakimo4aroT KO BTOPOM aHAJOTHMYHOU
BTOPUYHON OOMOTKE TSTOBOTO TpaHcopmaropa, TOJIbKO 06e3 cpennero BeiBoaa. [Ipu
ATOM HaNpsDKEHUS 000MX BTOPUYHBIX OOMOTOK 1o 660 B M cMMMETpUYHBIX CEeKLIMH
0OMOTKH CO CpeTHUM BbIBOJOM - 110 330 B.

Takas 2-Xx MOCTOBasi KaCKaJHasi CXxeMa BBIIPSIMIICHUS MMO3BOJISIET PEATIM30BATh

4-X 30HHOE€ PEryJUPOBaHUE BHIIPSIMICHHOTO HAIIPSKEHUS:

0,9(0 — 330); 0,9(330 — 660); 0,9(660 — 990); 0,9(990 — 1320) B.
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M1 M2 M5 M6 M9 M10

OBJl [0oB/I2 |0BA5 |OBJ6 |OBH9 |OBJI10

Pucynok 1 - @yHkuuoHanbHas cxema cuiioBoro snekrponpuBoaa TA HIT1

I[I/I aIl1a30HbI BHYTPU30OHHOI'O  PCTYJIMPOBAHUA  BBIXOJHOTO HaITps’KCHUA

BBINIPAMUTECIIA ITOKAa3aHbI B Ta6JII/IHe l.
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Tabnuna 1 - /IlnanazoHsl BHyTPU30HHOTO PETYIMPOBAHUS BHIXOJHOTO HAMIPSKEHUS

BBITIPSIMUTEIS
No 3onbl | [luamazon peryiaupoBanust | Ne oOMOTKH No mieua
| 0297 B I 3,4,5,6,10
1 297+594 B I+11 1,2,3,4,56,9,10
Il 594+891 B Eall 3,4,56,7,8,9, 10
A\ 891+-1188 B I+11+111 1,2,3,4,5,6,7,8,9,10

ITocnenoBarenbHo coeauHEHHBIE AUOABI 5,6 U 9,10 00pa3yroT nens paspsiaa
SHEPIrUM HaKaIlIMBaeMOW B MHIYKTHUBHOCTSIX Harpy3ku BbeIIpsiMutens: peaktope CP
U TATOBBIX aBurateiasx M1—M10,

OuepéaHOCTh BKIIOUEHUS TUPUCTOPOB 3a1aéTcsi cuctemoit ympasienus (CVY)
3JIEKTPOBO3a, IO CHrHajgaM KoTopoll Onoku ympasinenus (BY) Bempsmutens
GOpMHPYIOT HUMITYJIbChl yOpaBieHUs TUpUCTOpaMHu. Ouep&aHOCTh (AITOPUTM)
paboOThI BEHTUIJICH MPUBENICH B TaOHIIE 2.

Ha 1-ii 3ome (pabGotaer cexuus |Tp) perymupoBaHue BBIIPSIMIECHHOTO
HanpspkeHuss oT 0 no 297 B mpomsBoautTcs (ha3oBBIM peryJMpPOBAHUEM YIJIOB

BKJTIIOUEHUS (Ao TAPUCTOPHBIX 11 3 M 4 co curom 1o (ase B 180 s.rpa.

Ha 2-it 30ne (cexumu | u |l) Tupuctops! 3, 4 BKIHOYAIOTCA C MUHHUMAJIbHBIM
YIJIOM BKIIFOYEHHS (gg,,, OOecneunBas 297 B, a peryaupoBanue BoibTon00aBKH 0-
297 B obecneunBaercst THpUCTOpamu 1 u 2.

Ha 3-i1 3one (cexkuuu Il u Ill) Tupucropst 7 u 8 BkItOUAKOTCS C @y , JaBas
Heperynmupyemsie 594 B, a perymupoBanue BoasTOmoOaBku 0—297 B

00€CcneunBaETCs PEryJIMPOBAHUEM YIJIA Xper TAPUCTOPOB 3 U 4.

Ha 4-ii 3one (cexunu |, Il u 1l1) ¢ ap,,, paboraror Tupucrops 3, 4, ¢ a
TUpuCcTOphI 7 U 8, o0ecnieunBast HayabHOE HanpsbkeHue 297 + 584 =891 B, a

BOJIbTO100aBKY 0 — 297 B narot Tupuctopsl 1 1 2 ¢ dper

bP44.03.04.547.2018
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Tabnuna 2 - AIropuT™ MoIaYu UMITYJIbCOB yrpaBiieHus Ha mieun CBY

I[Ineun CBY
Pexum pabotel | Ne 3oubl | IlomsipHocTh
1 2 3 4 7 8
| + Qe
_ apez
T + Ape. X03a0
Tsara — Zpec 2050
I * pec %o
— apez do
+ A e X03q0 440
IV P 3a
— Ape. X03q0 do
+ a
TopmosxeHue I b=
— apez

B onucanuu v Tabnuile NPUHATHI CIETYIONIUE COKPAILICHUS
(per — YTOJl PETYAMPYEMBIH 110 (pase, MNONYYECHHBIA B pE3YIbTaTe peATU3ALUU
TpeOyeMbIX 3aKOHOB YIPaBICHUS;

Qy —yroa HE peryaupyeMbii 1o (ase, omnpenensieMblii Ha  OCHOBaHUU
NOTEHIUAIBHBIX YCIOBUN OTIIMPAHUS TUPUCTOPOB;

(Lozan — YTOJI HE PEryIMPYEMBId 10 (hase, onpeenseMplii OKOHYaHUEM KOMMYTAaLUK
OT yTia Q.

Huonet 5, 6, 9, 10 BkIrOUarOTCs caMu MPU NEPEXOAE HANPSHKEHU HAa HUX W3
OTPULIATENILHBIX B IOJIOKHUTEIbHBIE 00JACTH 3HAYEHUMH, T.€. MPAKTUYECKU B HYIIb
HanpsbkeHus ag = 0°.

Juarpamma HanpspkeHud Boinpsamutens B-OIII1-4500-1050 mpuBenena Ha

pHUCYHKeE 2.

bP44.03.04.547.2018
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Pucynok 2 - luarpamma Hanpsixennii Bernpsimurenst B-OIMI1-4500-1050

@DaKTHYECKH, KaXKJ0€ THUPUCTOPHOE IIJICYO COCTOUT U3 6-THM MapajuieIbHO
coequHEHHBIX THpUcTOpoB THma T1353-800-28-HTP TY 16-95 ME-AJ1.432641.009
TV, a nnoHOE 140 — U3 5-TH HapajUiebHO coeAMHEHHbIX Tuo0B J1253-2000-24
TV 16-729.220-79.

[Ipyu »TOM moOCHEenOBaTENbHO C  KaXIbIM THPUCTOPOM  YCTAHOBJICH

npenoxpanurens [II160, a ¢ KaxabiM IHOAOM — JBa MapalieIbHO COEAUHEHHBIX
bP44.03.04.547.2018
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npenoxpanutenss [I160. Yucrao mnocrenoBaTeNbHO BKIIOYEHHBIX NPUOOpPOB B
TUPUCTOPHBIX U JUOAHBIX IJICYaX PaBHO €IUHUIIE.

PaBHOMEpPHOE NeeHne TOKa 10 NapauIeIbHO COEAUHEHHBIM BEHTHIISAM C pa3opocoM
B npenenax +10% obecneunBaeTcsi KOHCTPYKTUBHO AUArOHAJIbHBIM IOJKIFOUEHHEM
TOKOBEAYIIMX IIUH U MOAOOPOM BEHTUJIEH IO NMAJACHUIO HAIPSDKEHUS ¢ pa3dpocoM B

kaxaoM 1ede B npeaenax 0,04 B mpu toke 400A.

1.2 Ananu3 cxeM TEeXHMYECKHUX PEIICHUN BBEACHMS PEKHUMa PEKyIepaluu U

MOCTAHOBKA 3a/1a4d MOJICPHU3AIUN

Pemienunsi BOMpocoB MOJEPHUBAIMU TATOBBIX arperaToB, BblTyckaembix 3A0
«IIpomKenPemMam» 1. HoBouepkaccka, ObLIM HampaBlieHbl Ha TIOBBIIICHHUE
MIPOU3BOIUTEIILHOCTH U CpOKa CIIy>kObl TA, MOBBITIICHUE HAZIEKHOCTU €T0 PabOThI 3a
CYET YCTAaHOBKH COBPEMEHHOTO OOOpYIOBaHMS B3aMEH YCTApEeBIIETO, YIyUIICHUIO
MPOTUBO-OYKCUPOBOYHBIX CPEJICTB, CHIDKCHHE JIMHAMUYECKMX Harpy3oKk Ha

aBTOCIIETIKE, YHHU(UKAIIMH OCHOBHOTO 000PYI0BaHUS.

OcHOBHOI KOHIENIIMEH OblIa U OCTaeTCs — MPOJJICHUE Cpoka ciy>kObl TA.
[Ipy »>TOM cneayer y4UTBIBaTh, 4YTO CIIOXKHBIE BapUaHThl MOJEpPHU3ALINH,
BKJIIOYAOIINE MAKCUMAJIBHO BO3MOYKHOE KOJIMYECTBO COBPEMEHHBIX YIIYUIICHUI
KOHCTPYKIIMM M JKCIUTyaTalMOHHBIX CBOMCTB JOJDKHO 3HAYUTEIBHO YBEINYUBATH
CPOK OKYIIaéMOCTM MOJEpPHM3allMM IPU W3BECTHOM OlPAaHUYEHHUM pecypca
MEXaHHYECKOMN YaCTH.

B Hacrosimiee BpeMss HaumOoJjiee palMOHAJIBHBIM  CUMTAETCS  BapHaHT
MOJEpHU3AIMHU:  «DJIEKTPOBO3  YIPABJICHUSA-CEKLIHS  AaBTOHOMHOIO  IHUTAaHMS-
MOTOpPHBIA AyMnKapy». OH peann3yeT yBeaudeHue npousBoauTenbHoctd TA Ha 10-
15% 3a cuer H3MEHEHUsS KOHCTPYKTHBHBIX JJEMEHTOB JBUTATENs, a TaKKe
OTJIMYAETCSl YCTAHOBKOM IBYX KaOMH Ha 3JIEKTPOBO3€ yIPABIICHHUS.

OCHOBHBIM TPEUMYIIECTBOM TAKOIO BapUaHTa SBJSETCA MOBBILICHUE CHUJIBI

TATH arperata 3a cueT yBeIW4deHHUs Kod(QUIMEeHTa CHEIJICHUS KOJEC C PelibCaMu

bP44.03.04.547.2018
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AMITUPUYECKHU OMpPEJIEIEHHOTO paBUIaMU TSATOBBIX pacyeToB TS
AIEKTPONOJABUKHOIO COCTaBa C IUIABHBIM PETYJIUPOBAHUEM TITM U YCTAHOBKOM
MUKPOTIPOIIECCOPHON CHUCTEMBbl YIpaBICHUsS JABUKEHHUEM. MUKpOIpoIeCCoOpHas
cUCTEeMa yNpaBJIEHUS MpPeIHA3HAYEHA I YIIPABICHUS TATOBBIM 3JIEKTPOINPHUBOJIOM B
peXUMax TITH U Pasrpy3KH, a MOBBIIIEHHUE CHJIbl TATU MPOUCXOIUT 32 CYET HOBOI'O
taroBoro  anekrtponasurarens CTK-650Y1, 0CBO€HHOro MNpPOW3BOJCTBEHHBIM
00BbEIUHEHUEM.

Ha mnpoTspkeHMH MHOTHX BapHaHTOB MOJIEPHU3AIMA HE paccMaTpUBaICs

BOIIPOC MCITOJIB30BAHUS [IEPEX0/IA OT PEOCTATHOI'O TOPMOMKEHUS K PEKYIIEPATUBHOMY.

[lepexoq ~ OT  PeOCTaTHOTO  TOPMOXKEHUSI K PEKyNepaTUBHOMY,
oOecrieunBaroIleMy BO3BpaT »SHEPrUU B CETh, Ha DJEKTPOBO3E€ C IUIABHBIM
TUPUCTOPHBIM PETYJIMPOBAHUEM HE BBI3BIBACT 3HAYHUTEIHLHOTO YCIOXKHEHUS W
yAOpOXKaHUS DJIeKTpooOopynoBanus. [Ipu sTom mpeoOpazoBaTeiab TOJDKEH OBITh
MOJIHOCTBIO  yMPABIAEMbIM, T. €. JUOJHBIE IUIEYHM HEOOXOAMMO 3aMCHHTH
TUPUCTOPHBIMHU.

PekynepatuBHOE  TOpPMOXEHHME Ha  DBJEKTPOBO3aX C  THUPUCTOPHBIMU
npeoOpa3oBaTesIMH  OCYIIECTBISETCS NPU HE3aBUCHUMOM BO30YXKJIEHUHU TATOBBIX
JBUTATEJIEN OT TUPUCTOPHOTO BO30OyauTesNs. [IocKoIbKY HanpaBiaeHUE TOKA B Mieyax
npeoOpaszoBarensi JOHKHO COXPAaHUTHCS, IMEPEeBOJl JBUTATeNle B TI'e€HEPaTOPHBIN
PEXKUM OCYIIECTBIISIETCS HM3MEHEHHEM HX TOJSPHOCTH, a IpeodpazoBaTens B
WHBEPTOPHBIN PEKUM — OTHUPAHHEM IUIEY, MPOBOJAIIMX TOK MPOTHUB HAMPSKEHUS
Tpanchopmaropa. IOTO BO3MOXKHO, KaK H3BECTHO, €CIM MPOTUBO(DA3HBIC TIJICUH
npeoOpa3oBaressi OTIHUPAIOTCS, U KOMMYyTallusi TOKa Ha HHUX 3aBEpIIAETCs €lle B
npezaenax Mmoyiynepuojia MHBEPTOPHOro pexkuma. [lpu 3ToM HEOOXOMM HEKOTOPHIM
yroi 3anaca 6 (pUCYHOK 3) 10 OKOHYaHHUs mojynepuoaa [1].

Ecnu kommyTanus He 3aBepIIMTCs B IIpeienax Mmoiaynepruoaa MUHBEPTUPOBAHUS,
TO B cleayromeM mnonynepuone (wt=m — 27) npud U3MEHEHUU TOJISIPHOCTH
HaMpspKeHus: TpaHcdopmartopa Mpou3oieT oOpaTHas KOMMYTallds M HampsDKEHHE

TpaHchopmaropa OyneT AecTBOBaTh COTJIACHO C 3.1.C. TAroBbIX aurareneit (T), a

bP44.03.04.547.2018
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TOK T€HEpPaTOPHOTO peKMMa B IIENU JABHUraTeneid OyJeT MHTEHCHMBHO HapacTaThb. B
3TOT MOJYNEPUO TPOUCXOANUT BBIIPSIMIIEHHE, T. €. JHEPTUsSl CETH NIEPENAETCA B LIENb
BBINIPSIMJIICHHOTO TOKa M COBMECTHO C 3Heprueil, renepupyemoit T/, HakamuBaeTcs
B MHIYKTUBHOCTSIX 1I€NH, B OCHOBHOM B CIVIAKMBAIOUIMX peakTtopax. B ciegyromem
NOJIyIEPHOJI€ TpPU M3MEHEHUU TMOJSIPHOCTH  HANpsDKeHUs  TpaHcopmaropa
BO30OHOBJISIETCS] MTHBEPTOPHBIN PEXKUM, TOK HAUMHAET Ma/laTh, HO K MOMEHTY Hayasa
WHBEPTOPHOH KOMMYyTanuu(wt = T — a)OH CYIIECTBEHHO TMPEBBIMIAET CBOE
3HaUYE€HHE B KOHIIE MEPBOro MOJIYNEPHO/Ia, KOTJa U MIPU MEHbIIIEM TOKE KOMMYTAaIIHs

HC 3aBCPIIMNJIIACE.
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Pucynox 3 - KpuBasi BEIIPSIMIIEHHOTO HANPSYKEHUSI B UHBEPTOPHOM PEXKUME

Taxum oOpazom, naxe OTHOKpPATHOE HapyIIEHHEe KOMMYTAIIMH B UHBEPTOPHOM
peXuMe NPUBOAUT K aBapUMHOMY HapacTaHuio Toka. CienoBaTesbHO, HAIEeKHOE

PEKyIIEPATHBHOE TOPMOXKEHUE MOXKET OBITh OOECIEYECHO JIMIIh MPU YCTOWIHBOU

bP44.03.04.547.2018
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pabote npeoOpazoBareneii B MHBEPTOPHOM PEXHMME C IOCTATOYHBIM YTJIOM 3amaca
M0 KOMMYTAIIUW, YIUTHIBAIOIUM BIIMSIHUE B IKCILTyaTaIMH MTEPEXOTHBIX MPOIECCOB.
OpHako yBENMYEHHUE 3TOTO yria BBI3BIBACT MOHWXKEHUE KOA(P(GUIIMEHTa MOIIHOCTU
peKymepaluu, modTOMy yroi § Hellb3sl MPUHUMATh MPOU3BOJIBEHO OOJIBIITHM.

OCHOBHBIM CpPEICTBOM TMOBBIIIEHUSI KOI(PPUIMEHTa MOUIHOCTH B PEXKUME
peKymneparyu SBISETCS aBTOMAaTUYECKOE PETYIMPOBAHUE yIJla @ WK yriaa ff = m —
a, O KOTOPOM HPHUHITO TOBOPUTH MPU PACCMOTPEHUH HHBEPTOPHOIO pPEXHUMA.
ObecnieunBaeTCsl MOCTOSTHCTBO YIJIa 3araca, HECMOTPS Ha TO, YTO yYrojil KOMMYTalluu
YMEHSIETCS IIPU U3MEHEHUHU HArpy3KU, HHAYKTUBHOCTH U aKTUBHOTO COMPOTHBIICHUS
HeMd  TMEepPEMEHHOT0  TOKa  BCJIEACTBUE  IEPEMEIICHHs]  DJIEKTpOBO3a B
MEXKMOJACTAHIIMOHHOM 30HE€ W W3MEHEHHUs YCJIOBUW NMUTAHUSA 3TOM 30HBI. Kazamock
OBI, UTO TIPU TAaKOM PETYJIMPOBAHUH yTrod § MOXKET ObITh HEMHOTHM Oouibiie 3 — 5°,
YTO COOTBETCTBYET BPEMEHU BBIKJIIOUYEHUS Jaxe HEObICTPOJAEHCTBYIOLIUX
TupucTOpoB (150 — 250 mKc).

OpHako MpakTUYECKH BO M30€KaHME HApYIIEHUS WHBEPTOPHOIO PEXHMa B
peanbHBIX YCIOBHSX 3KCIUTyaTalldyd 3TOT YroJl YCTaHABIMBAIOT paBHbIM 20 — 25°, a
4acTo W OOJBINMM, YTO BBI3BIBaET CHWXKEHHE Kod(duimenta momuoctu ¢ 0,85 mo
0,65 u menee. [IpuunHa >TOr0 — BIUSHUE KOJIEOATEIHLHOTO MEPEXOHOTO MpoIlecca,
KOTOPBI BO3HMKAET BO BPEMS KOMMYTAIlUd M PACTIPOCTPAHSIETCS 3a €€ TMPEaebl,
BBI3BIBass MTOBTOPHOE OTIHpaHUE IUIed MpeoOpa3oBarelis, TorAa KaK OHH JOJKHBI
OBITH HAJIS)KHO 3aMepThI B TIepeiesax yria o.

Jlyist TOrO, 4TOOBI BBECTU PEKUM PEKYIIEpPAIlMU B CHUJIOBBIX BBITTPSIMHUTEIHHBIX
ycranoBkax TA HIIl HyXHO 3aMeHUTh JUOAHBIE IUIEYH THUPUCTOPHBIMU H
YCTAaHOBUTh B  SKOPHBIC IIEMU  TATOBBIX  JIBUTATEJCH, CTaOMIM3UPYIOIIHE
COTIPOTUBIICHHUS, KaK IOKa3aHO Ha pHUCYHKE 4 (M3MEHEHUS B CXEME OTMEUCHBI
KPaCHBIM IIBETOM ).

OpHako ObUT TIPOBENCH aHAIM3 CXEMOTEXHHYECKOTO IOCTPOCHHUS CHUIIOBBIX
Herne OTEYECTBEHHBIX U 3apyOekHBIX 3JIEKTPOBO30B (C PEXUMOM pPEKyMHepaluu

snexrposueprun). Takux kak BJISO, BJISS, BJI92", pa3paGoTkoii, TEOpeTHUECKUMU
bP44.03.04.547.2018
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U SKCIEPUMEHTAIBHBIMU HCCIIEIOBAHUSIMU, KOTOpbIX 3aHuManioce BHUMXKTe [1],
[3], a Taxxke Rc5, GM10B, AEM7, Rc4RAIl IlIsenckoit dupmer «ASEA»;
anexkTpoBo3a 1044 Arctpuiickoit dupmsl «BryonBovary»; BB15000 dbupmbr « MTE»
u «Alston-Atlantic» [4].

Bce nepednciieHHbIe 31€KTPOBO3bI BBIMYILIEHHI B iepuo ¢ 1967r. mo 1993r. u

HMCIOT KOJUICKTOPHBLIC TAT'OBBIC ABUI'aTCIIHN.

RCTaﬁ RCTa6 RCTa6 RCTa6 RCTa6 RCTaG
M1(M3) [M2(M4) [M5M7) [Me(M8) [M9(M11) [M10(M12)

oBJl | [oBm2 | |oBA3 B/I12

~UB03.

o
O

PucyHnok 4 - @yHKIIMOHANIbHAS CXeMa peXUMa peKyIepaluu
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B mocnennue BpeMsi MpakTUYECKH Bce (UPMBbI 3aHMMAIOTCS Pa3pabOTKON U
BBIITYCKOM  DJIGKTPOBO30B C  OCCKOJUIEKTOPHBIMH ~ BEHTWJIBHBIMU  TATOBBIMH
JIBUTaTEIISIMH.

[leperpy3ka miied MOCTOB B PEXHUME IyCKa, KOTOpPash B BBIIPSIMUTEISIX C
MOJTYYIPaBIIEMbIMU MOCTAMU TMPUXOJUTCS HA JUOJHBIC TIJIEYH, HEIMpUeMIIeMa s
BBITIPSIMUTEILHO-UHBEPTOPHBIX npeobpazoBarenei AJIEKTPOBO30B c
pPEKyIIEPaTUBHBIM TOPMOXKEHHUEM, TIOCKOJIbKY BCE TUICUH ATUX MOCTOB JIOJDKHBI OBITH
TUPHUCTOPHBIMU.

JIns Takux HIEKTPOBO30B MPEANOYTHTEIIBHEE CXEMbl CEKIIMOHUPOBAHHBIX
MOCTOB. Tak, Juisi BbIIIE MEPEUUCICHHBIX SJEKTPOBO30B IMPHUHATA CXEMa
TPEXCEKIIMOHHOTO MocTa c HampsibkeHuem cexkumit AU, AU, 2AU, (pucyHok 5), ¢
YETHIPEX30HHBIM PETYJIUPOBAHUEM BBINMPAMICHHOTO HAMPSHKEHUS M CUHXPOHHBIM
MepexX0JI0M €O 2-i Ha 3-10 30HY.

Cyl1ecTBEHHBIM HEJOCTATKOM CEKIIMOHUPOBAHHOTO MOCTa SIBIISIETCS HU3KOE
WCIIOJb30BaHUE THUPUCTOPOB U COOTBETCTBEHHO IOBBIIEHHOE HX YHUCJIO B IIpe-
obpazoBarene. B TpeXCEeKIMOHHOM MOCTE W3 BOCBMH IUJIEY B IIOJHBIX 30HAX
paboTarT TOJBKO 4YeThipe. B cepennHe 30H pabOTalOT IMIECTh IUIEY, HO YETHIPE U3

HHUX C YACTUYHOU HArPYy3KOU.

o0 ~AU odo0 ~AU odo ~2AU o4
Oy A

PI/ICYHOK 5- HpI/IHHI/IHI/IaJIBHaSI cxema 3-x CCKIIMOHHOTO YIIPaBJICMOI'0 MOCTA

O

B OTE€YECTBEHHOM ITPAKTHUKCE JJIs1 obOecreueHus BKCHHyaTaHHOHHOﬁ

HaJI)KHOCTU MPHUHSITO, YTO IMpeoOpa3oBaTeNu 3JIEKTPOBO30B JOJDKHBI COXPAHATH
bP44.03.04.547.2018
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paboTOCTIOCOOHOCTh MPU MPOOOE OJHOTO M3 BEHTWUJIEH B 00O 1enu. B TaroBom
arperare HII1 B kaxaoM 1urede nmapajuiesibHO BKIIFOUEHBI TI0 IIIECTh THPUCTOPOB TIPH
3TOM MPH BBIXOJAE OJHOTO THUPUCTOpA M3 CTPOS CropacT BKIIFOYCHHBIH B €ro IeIb
IPEIOXPAHUTEIh OCTABIIHECS IMATh TUPHCTOPOB BBIICPKUBAIOT padodre Toku TA.
[MpuniunuansHas cxema ogHoro wieda CBY nmokaszana Ha pucyHke 6.

o

Trs [Jre res e [res [ree | LI

R
Z§</:1.1 Z§</:1.2 Z§</;1.3 Z§</:1.4 Z§</:1.5 Z&(/_.LG =C

o

Pucynok 6 - Cxema tupuctopHoro mieua TA HIT1

Tupucropasie  meun  cHaOxkaroT  pesuctopamu R (pucyHok  6),
o0ecrneYnBaroIUMU paBHOMEpHOE JeIeHne HaTPSOKEHUS MEXITY
nocienoBaTtenbHbiMi  BeHTWIsIMU. llemn RCumeroT TO ke Ha3HayeHHE TIpH
MEPEeXOHBIX Tpolleccax. THPUCTOPHI IUIeYa BKIIOYAOTCS HEOAHOBPEMEHHO. B
IPOMEXYTOK BpeMeHU At (pUCYHOK 7) MeXIy BKJIIOUYCHHEM TMPEANOCICIHEr0 U

MOCJIEAHEr0 BEHTUJIEH B MOCIEIOBATEIILHOW II€MU TOK 3aMBIKACTCS 4Yepe3 Ilielb
. .1
RCnocrnenqnero BEeHTWNISI W HampshDKeHHME HA HEW Upc = Ri to [ iAtue nomxuo

MPEBBIIIATE JOMYCTUMOTO MOBTOPSIOMIErOCS HAINpsKEHUA il Ttupucropa. l[lpu
BEIKIIFOUeHNN Tieda 1nemn RCopemoTBpamiaroT BO3AEHCTBUE HAa  TUPUCTOPHI
NepeHanpsHKeHUH, BBI3BIBAEMBIX IIPEPhIBAHUEM OOPATHOTO TOKa OOBEMHOTO 3apsija

TUPUCTOPOB.

bP44.03.04.547.2018
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Pucynok 7 - KpuBas HapacTtanus TOKa 1ieda BO BpEMsi KOMMYyTallU

Taxxe Takas cxema obOecnedyuT 0oJjiee YCTOMYMBYIO KOMMYTAIMIO BCEX ILIEY
CBY B uHBEpTOPHOM peKUME, NPU 4-X 30HHOU padoTe.
OCHOBHBIMM TIPEUMYIIECTBAMU TPEAJIAraéMoOro BapuaHTa MOJICPHU3ALUU SIBIISETCS

ITOBBIINICHHUEC DKOHOMHWYHOCTHU U HAACKHOCTHU pa60TI>I TATOBOI'O arperara 3a CUcT:

- TMOBBIIEHUS O€30TKa3HOCTH PabOThl  BBIIPSIMHUTENIBHBIX  YCTAHOBOK
(YBeJIMUEHHUE KOJIMUECTBA IMapajlyIeIbHBIX BETBEU MOIYNPOBOJHUKOBBIX MPUOOPOB U

HaJIM4KMe CaMOJUarHOCTUPOBAHUS);
- IOBBIIIEHUS Y100CTBa arperaiuu u oociyxuBanus TA;

- oOecreueHrss ONTUMAJIBHOTO pPEXUMa pabOThl HAa KOHKPETHOM Yy4YacCTKe
JBYDKEHUA (CTAOUITM3AIIMSI CUITBI TATH, CKOPOCTH JIBMIKEHUS, YIIPABICHUS CKOPOCTHIO

HapacTaHUs TOKA TATOBBIX JIBUTATENICH )

bP44.03.04.547.2018
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2 PACYET DOJIEKTPOMEXAHNYECKUX XAPAKTEPUCTUK TAT'OBOI'O
ATPET'ATA TIPM PEXXMUMAX TOPMOXEHNS C PEKYIIEPAIIMEN

2.1 XapakTepucTuKa TATOBBIX JIBUTaTeNIel, OTHECEHHBIE K 0001y KoJieca
[Ipouecc 0O6pa3oBaHus CHIIBI TATH Yy JJOKOMOTHBA C AJIEKTPUUECKOU TSTOMH, T.€.

Yy JIOKOMOTHBA C WHAUBHUAYAJIbHBIM SY6‘—IaTBIM IPpUBOAOM OT TAT'OBBIX ,HBHFaTeHefI

MOSICHSIET PUCYHOK 8.

I:2 I FK

A

Pucynok 8 - Cxema nepenaun ycuiauil y ABrxKyierocst koneca TA

[Ipu moctymieHun ToKa B TSTOBBIM JBUTaTelb Ha SIKOPE BO3HUKAET MOMEHT
M;, KOTOpBIY MepenaeTcsi Ha OCh JJOKOMOTHBA, 00pa3ys MOMEHT BpallleHUsl KoJyeca
M,. C ydyeToM noTepb B 3y0UaTOi Mape BHINOJIHSAETCS YCIOBHE

M, =22y (1)

&1

rae 1, — noTepu B 3yOuaToii mape.

Tak oTHOIICHHUE paanycoB €CThb ICPCAATOUYHOC YHUCIIO U, TO

M, = Myun,. (2)
Moment M, MOXXHO TpeACTaBUTh B Bujae mapel cuil F; u F,. Ilo ycimoBuro

HEU3MEHHOCTH JCUCTBUS MOMEHTOB OHM JIOJIKHBI OBITH OJHO3HA4YHHI T.C.

bP44.03.04.547.2018
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M, = Myun, = F

N_| W]

©)

Cuna F2 CTPEMUTCA CABHHYTL KOJIECO, B PE3YJIbTATC BO3HHMKACT pPCAaKIUA B BH/C

cunel F, paBHOU 110 MoayJmto F,

Myu
FK = Fl = FZ = ZTnZ.

(4)

B taroBom arperate HIIl ycTaHOBIEHBI TATOBBIE IBUTATENH MYJIbCUPYIOMIETO TOKA

HTK-650. Texunueckue JaHHbIC U XapaKTEPUCTUKHU JTAHHOTO JABUTATENSI IIPUBOISITCS

B Ta0uIe 3.

Ta6nuna 3 - OCHOBHBIE TEXHUYECKHE JTaHHbIe U XapakTepucTuku TOJ] HTK-650

HomunaneHo€
3HA4Ye€HUEB 15
HanmenoBanue
MUHYTHOMPEKHUME
paboThI

1 2
MoimHocTh Ha Baiy, KBT 650
Hanpsixenue Ha BbiBoax, B 1020
Tok, A 705
YacroTa Bparnienus, 00/MUH 470
KII, % 91,6
CreneHb BO30YXKIEHUS 0,95
KonruecTBo 0XJ1ak1ar0IIero Bo3ayxa, M°/MUH 70
Kiacc HarpeBOCTORKOCTH HU30JISIITUH: F
KaTYIICK MOJIFOCOB M KOMIICHCAITMOHHONW 0OMOTKH H
SIKOPHOU OOMOTKH
CompoTuBiiecHHe Menu OOMOTOK TIPH TeMIeparype
20, One 0,0207 + 0,00104
TJIABHBIX MOJIOCOB
ggg{(gﬁﬁmnbﬂmx IOJIOCOB M KOMIICHCAIIMOHHOM 0.0266 + 0.00133
SIKOPHOW OOMOTKH 0,0268 + 0,00134
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2.2 Pacuet 31eKTpOMEXaHMYECKUX XapaKTEPUCTUK TATOBOTO ABUTATEIS

Pacuer snexkTpoMexaHnuecKux xapakTtepucTtuk TsroBoro asuratens HTK-650
npousseneH B [10 «EXxcel». Tak kak xapakTepUCTUKH MAarHUTHOTO TIOTOKA JIBUTATEIIS
CHUMAIOTCSl BO BPEMsI MCIBITAaHUM, B pacyeTbl OHU OBUIM BHECEHBI IpaUuecKuM

MCTOJOM.

B mpunokeHnnn 4 TpUBEACH TpPHUMEpP pacdyera AICKTPOMEXaHUYECKHX
XapaKTEPUCTHK ¥ TPEACTABICHO CEMEHCTBO TpapuKOB, OTHECEHHBIX K Bally
neuratenst (pucyHok 4.1, B mpunoxenuun 4) u k 06oay kojeca (pucyHok 4.2, B

IPUIIOKEHUH 4).

Ha PUCYHKEC 9 moka3zaHbl TITOBBIC XapaKTCPUCTUKKU BCCTO TArOBOI'O arperara, Ha

OCHOBC JJICKTPOMCXaHUYCCKNX XaPAKTCPUCTHUK TATOBLIX JIBUTATEJICH.
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Pucynok 9 - Tsaroseie xapaktepuctuku TA HII1

Ha rpaduxe (pucynok 9) mo ocu abcmmcc OTIOKEHA CKOPOCTh TITOBOTO

arperara, a o OCH OpJIMHAT CHUJIa TATU KacaTeabHas (B KH).

Cunma Taru KacareibHas HaWJeHA YMHOXXEHHUEM Ha KOJMYECTBO TATOBBIX
JBUTaTeJIed KacaTelbHOM CWIIBI KaXaoro asurarens. [IoMuMmo 3TOro mocTpoeHsI
rpauKd MaKCUMAaJIbHBIX KAcaTeJbHbIX YCUIIMNA C y4eTOM KO3 UIIMEHTa CIETUICHUS
[6]

4,2
50+6v

Y(v) = 0,294 +

—0,00063v. (5)

KacarenpHas cuia cueIluieHus HalgeHa

Ec=P-4, (6)
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rIe

P — Bec TAroBoro arperara B TIpy>KeHHOM (3€JI€HbIM Ipaduk) U MOPOKHEM

COCTOSTHUM (KpacCHBIN rpaduk).

Kak BUJIHO U3 TSATOBOM XApaKTCPUCTUKKU Ha MaJlbIX CKOPOCTAX YCHIIHUC,

BbIIABACMOC TATOBBIM arp€rarom, OrpaHU4CHO TOJIbKO CHCITHBIM BECOM.

2.3 [1apaMeTphl peKMMOB TOPMOKECHHUS

Jlns obecrniedeHuss CTaOMIIBHOTO peXHMa pEKyIepaluu HEoOXOAUMO YTOObI

OJIC, BoipaOaTeiBaeMasi ABUTATEISIMH, OblIa OOJbINE HAMPSIKEHUS BTOPUYHOU

0OMOTKH TJIaBHOTO TpaHCc(popMaTopa 3a MUHYCOM MOTEPh B LIEMU

E, > Uy 2+ I(rﬂ + 7., + er), (7)

rae 1, = 0,0268 OM — aKTUBHOE CONPOTHBJIEHHE SKOPHOM LEMH TATOBOTO
JIBUTATEJIS,

Ter = 0,05 0M —  craOunmsupyloliee CONPOTHUBIEHHE B SKOPHOW LIENHU
TSTOBOTO JIBUTATENs [6],

[ = 500 A — HOMUHAJIbHBIN TOK peKMMa TOPMOKEHus 2],

7; — aKTUBHOE COIPOTHUBIICHUE IIABHOTO TpaHCchopMaTopa, paBHOE

_ U”'UK%
™~ p.-100%’ (8)
rne U; =330B—  HampsokeHne  BTOPUYHOW  OOMOTKH  TJIaBHOTO
Tpanchopmatopa [2],
U% = 4,15% — HalpsDKEHUE  KOPOTKOTO  3aMBIKaHMS  TJIABHOTO
tpancdopmaropa [2],
P, = 1848 kB - A — MOIIHOCTh KOPOTKOT'O 3aMbIKaHusl [2].
Orcrona, mo popmyie (11), 3/1C nBuraTteneit JOIKHO OBITH OOJIBIIIE
330-4,15 \ _
E, > 330 - V2 +500(0,0268 + 0,05 + ———==) = 512 B. (9)
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N3 hopmysl [6]
E = Co - n,(10)

OIIpCACIIMM MUHUMAJIbHYIO CKOPOCTDb BpalllCHUA ABUIaTCIIA

E
Nmin = 6}(11)

rnie CO =2,1B/(06/MuH) — smekTpoMarHuTHasi mocTtossHHas asurarens THK-
650, HaiileHa MPU HOMHUHAJIBLHOM TOKE BO30YXKICHHUS, IO DJICKTPOMEXaHUYCCKUM

XapaKTepUCTUKAM TSITOBOrO JABUTaTes [2].
512
Nin = 57 = 243,8 06/MuH.(12)

MunumanbHas ckopocTs TA, HeoOxoaumast sl yCTOMYHUBOTO PeKMUMa peKyTepauu

.D-60-10~6-
v = -D 60”10 n, (13)

rie D = 1250 MM — auametp koneca TA,

Z, 88
= Z—z == 4,19 — nepenaTo4yHOE YUCIIO PEAYKTOPA, Z1,Zy —
1

KOJIMYECTBO 3yObeB BeAylIeil U BEAOMOM IIECTEPHU KOJIECHO-MOTOPHOIO 0J10Ka,

_ 3,14-1250-10_6-243,8
min — 419

= 13,7 km/4.(14)

JlaHHasT MUHUMAabHas CKOPOCTb pPEXHMMa peKyllepaluyd Hac BIIOJHE
YCTPaWBaeT, TaK KakK, 3TOT PEKUM HCIIOJIB3YETCSI B OCHOBHOM JUIS IOJIJEPIKAHMS
CKOpocTH Ha YykioHax. Ha xenesHomopoxxksbix nyTsax Kaukanapckoro I'OKA,

OTpaHUYEHUS TI0 CKOPOCTH B OCHOBHOM cocTaBiisitoT 20 — 30 km/u.

Cucrema YHpaBJIICHUSA OOJIKHA oOecrnieynBaTh aBTOMATUYECKHUI nepexoa B

PEKUM PEOCTATHOTO TOPMOKEHUS MPY CHUKEHUU CKOPOCTU HUXKE Vi, -
[IprHnMaem:

- MNCPCKIIOUYCHHUE M3 PCKHUMaA PCKYICPATHBHOI'O TOPMOXCHHUA B PCKUM

PEOCTaTHOrO TOPMOKEHHUS MIPU
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__ 14km .

v, = ; (15)

q

- MEpeKIIOYeHHE M3 PEOCTAaTHOrO0 TOPMOXKEHHMSI B PEKyNEpaTUBHBIN MpH

ckopoctu TA
v, = vy + Av,, (16)

rae  Av, = 4kM/4 — CKOpOCTh ~ 3amaca  HeoOXoaumas  JJIsi  HMCKIIFOYCHUS

K0J1€0aTeIbHBIX MPOIIECCOB,

v,=14+4 = 18};—M. (17)
OcHoBbIBasich Ha Gopmyie (8), cuna TOpMOKeHUs OyIeT paBHA

B =P(i —w,) + QU — w)* (18)
* B JTAHHOM (I)OpMy.IIe OCHOBHOC COIIPOTUBJICHHUC ABUKCHHUIO IIOMOIaCT 3aTOPMO3UTDH

COCTaB.

[Ipumem cpenHer CKOpOCTh JBWKEHHS vV = 25KM/4, oTciojga cujia
TOPMOXEHUS, JJIS TOICPKAHUS JAHHOW CKOPOCTh COCTaBa, OyIeT paBHA
- IOPOXXHETO
B, = B,(i — wi(25)) + Qu(i — w5y (25)),(19)
- TPY>KEHHOT'O
B. = P.(i — w((25)) + Q.(i — wg(25)),(20)

r7€ 3HAYCHUS MEPEMEHHBIX CM. B MOANMyHKTax 3.1.2.2 u 3.1.3.3.

Pacuetsr poBenenst B [10 «EXcely, pe3ynbraTsl CHI TOPMOXKECHHS CBEICHBI B

Taduiy 4.

[Tpumep pacyeta nist 1-ro yyacTtka (CocTaB rpy»KEHHBIHN).

B, = 3530(36,5—2,341:)-;2725(36'5—0'75) = 718,5 kH. (21)
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Tabnuna 4 - Heobxonrumas cuina TOpPMOXKEHUS HA y4acTKax

Howmep yuacTka VYki10H, %o Harpyska Toph:;ig:;ﬂ, B,
kH
1 2 3 4
1 36,5 r 718,5
2 28,9 r 564,6
3 16,6 r 315,4
4 24,4 r 473,4
5 12,2 r 226,3
6 8,9 r 159,5
7 34,5 IT 254.,6
8 29,7 I1 217,9
9 10,4 IT 70,2
10 32,8 IT 241,6
11 29,7 I1 217,9
12 33,6 IT 2471,7
13 29,7 IT 217,9
14 35,0 IT 258,4

[Ipumep pacueta aJist 7-ro ydacTka (COCTaB MOPOKHUIA)

B,

__2255(34,5-2,89)+5395(34,5-0,85)

1000

= 254,6 kH.

28

(22)

bP44.03.04.547.2018



rie 1000 — xosdpdunmeHT cuibl, Tak Kak, BeC B pacueTax B TOHHa-CHjaX, a

YCUIIMEC OOJIKHO UBMEPATHCA B KUJIOHBHOTOHA

PacyeTbl MOIIHOCTH OTIaBaeMOil TATOBBIM arperaToM B CE€Th B PEXHUME
peKyrnepanuy J0BOJIbHO CIOKHBI U 3aBUCIT OT MHOTMX (akTopoB. i MOTydeHHs
YCPEIHEHHBIX JIaHHBIX BOCIOJB3YyEeMCs YIPOIIECHHBIM pPacdyeTOM, OCHOBAaHHBIM Ha
CHSTBIX XapaKTEPUCTHKAX C 3IEKTPOBO30B IepeMeHHoro toka BJISO" m BJISS',

nposeaeHubix BHUMKT [1].
Pacuetst npoBenensr B [10 «EXcel», nannbie mpencrabineHsl B Tadnuie 4
B kauecTBe npuMepa npuBeaeM pacdeTsl 11 1-ro yuacTka (tabnuuna 3).

AKTHBHasi 4acoBas MOIIHOCTb, OT/JaBaeMasl TATOBBIM arperatoM B ceTh (KBT)

HaxoauTcs 1mo gopmyie 23 [1]
P,=0378-1n, B v— AP, — AB, — AP, (23)

rne B, —kacarenbHas TopMO3Has cuia, KH,

v = 25 KM/4 — cpeaHsis CKOPOCTh IBUKEHHS 110 YYaCTKY,

1Ny = 0,98 — KIIJ] 3yOuaroit nepenauu [1],

AP, = (5%)P, — MOLIHOCTb NIOTEPH B TATOBBIX ABUraTeNsX [1],
AP, = (4%)P, — MOIITHOCTh ~ TOTeph B MpeoOpa3oBaTelisx, BKJIIOYAs
TpaHC(OPMATOPBI, CrIAKHUBAIOIIME PEAKTOPBI, BO30YIUTENM ISl HE3aBUCHUMOTO
BO30YXKICHUS B PEKUME TOPMOKECHHUS,
AP., — cpenHssi MO BpPEMEHU MOIIHOCTh, NOTpedssieMas BCIOMOTaTEIbHBIMU

MalllMHaMU U APYTUMH HArpy3KaMH LIeTed COOCTBEHHBIX HYX]I.
YacoBasi MOIIIHOCTh HEOOX0AUMast 171 COOCTBEHHBIX HYKJ TA
Py = Py + P - TIB + Py + Pypi(24)

rac P —HOTpe6H$IeMa$I MOIIHOCTD ,HBI/IFaTeJIeI;'I OXJTaXXACHUA TATOBBIX

fifo)
JIBUTATENICH;

P, — MOIIHOCTh JBHUTaTejell KOMMPECCOpPOB, padOTAIOIIUX B MOBTOPHO
KpaTtkoBpemeHHOM pexkume [1B = 40% [2];
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P,, — MoiHoCTh auratenei oxnaxaeaus CBY;

-

— moTpebisieMast MOIITHOCTh MPOYHX yCTpoicTB TA.
P,=6"-P,
P, =6-32 =192 kBr.
P=2-P-04,
P, =2-55-0,4 = 44 kBr.
Poy =2"P,
P,=2-75=15kBrT,
rie P — MOIIHOCTh COOTBETCTBYIOLIMX JIBUrareieil, a KodpPuuueHtsl  —

KOJIMYECTBO COOTBETCTBYIOIIMX JIBUTATEIICH.
P,, = 10 kBt [2],
P, =192+ 44+ 15+ 10 = 261 kBT.
[ToscTaBuM U3BECTHBIE 3HAYEHHS B GopMyIty (23) ¥ yIIPOCTHM €€

P,=0,378-0,98- B, - 25— 0,05- P, — 0,04 - P, — 261 =

9,261 B, — 261

1,09 (25)

[To dhopmyne (25) onpenenm 4acOBYIO aKTUBHYIO MOIIHOCTh, OT/JIaBAEMYIO TATOBBIM

arperaTtoM Ipu peKynepaTuBHOM TopMoxkeHuu. Ha mepBom yudactke

_9,261-718,5-261
- 1,09

P, = 5865,2 kBT - 4.(26)

B PEKNME pEOCTATHOI'O TOPMOKCHUA HOTpG6JI$IeMa$I MOHIIHOCTBH COCTABUT
P, = (0,055P, + 0,05P, + 261)n,,(27)

250,56
P ™ 0,9262

= 270,5 kBT - u. (28)

Bpewmsi, HeoOxoaumMoe A1t MPOXO0XKACHUS yUacTKa MPH CKOPOCTU V = 25 KM /4

_!
t—ﬁQ%
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13801073

tl = 25 = 0,055 4.

KomnnuectBo Bana‘{eHHOﬁ aKTUBHOM MOIIHOCTH ITPHU PCOCTATHOM TOPMOXKCHHUU

Ha 3aJaHHOM Y4YaCTKC
APp = Pp . tl,(BO)
AP, = 270,5- 0,055 = 14,9 kBt (31)

KosnuecTBOo oTAaBaeMon B CETh aKTMBHOM MOILHOCTH IIPU PEKYIIEPATHUBHOM

TOPMOKEHUU
AP, = P, - 1,,(32)

AP, = 5865,2 - 0,055 = 323,8 KBT. (33)

CyMmMapHasi BO3BpallleHHasi akTUBHAsI MOIIIHOCTh MIPH PEKUME peKyIepaluu 3a

12 4acoB cocTaBiigeT
P, = 2608,2 kBT.(34)
[Tpu Tex ke yCIOBUIX B PEXKHUME PEOCTATHOTO TOPMOKEHHS N3PACXOAYETCS

B, = 335,3 kBT.(35)

KoadduimenT MONIHOCTH NpU pPEKyNepaTUBHOM TOPMOXKEHHHM 3aBHCHUT OT
yria OTKPBITHS TUPUCTOPOB U Kosiebsercs ot 0,5 no 0,9. [Ipu pacuere ycpeaHEHHBIX

3H&‘I€HHI>1, €TI0 MOXHO ITPUHATDH

cos @ = 0,75%. (36)

* Pesynbratel uccienoBanuit BHUMKT [1]
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Tabnuna 5 - DHepreTuyecKkre NoKa3aTeNn PEKUMOB TOPMOKEHUS

Yacosas Bpewms
Topmo3. | [InuHHa Momg. | MonH.
Howmep | Ykiom, MOIIHOCTS | IPOXOXKI.
CWJIa, | y4acTka, peocrar. | pexyrmep.
y4acTka %0 pekynep. | Yuactka
kH. M kBT kBT
kBT .
1 36,5 718,5 1380 5865,2 0,055 14,9 323,8
2 28,9 564,6 1100 4557,3 0,044 11,9 200,5
3 16,6 315,4 1960 2440,5 0,078 21,2 191,3
4 24,4 473,4 860 3782,9 0,034 9,3 130,1
5 12,2 226,3 650 1683,3 0,026 7,0 43,8
6 8,9 159,5 1100 1115,4 0,044 11,9 49,1
7 34,5 254.6 5140 1923,7 0,206 55,6 395,5
8 29,7 217.9 3180 1611,7 0,127 34,4 205,0
9 10,4 70,2 460 357,3 0,018 5,0 6,6
10 32,8 241.,6 4120 1813,2 0,165 44.6 298.,9
11 29,7 217.9 3180 1611,7 0,127 34,4 205,0
12 33,6 247,7 3440 1865,2 0,138 37,2 256,7
13 29,7 217,9 3180 1611,7 0,127 34,4 205,0
14 35,0 258,4 1240 1956,2 0,05 13,4 97,0
> 1,24 335,3 2608,2

Paccuutannblit BO3BparT AKTUBHOM MOIIHOCTH SBJIACTCA YCPCAHCHHBIM IIOKA3aTCJICM,

paboThI TATOBOTO arperara 3a cMeHy (12 gacos).

[IpoBenemM BBIUKCICHUS SKOHOMHUHU DIIEKTPOIHEPTUU 3a JIPYyrue MPOMEXYTKH

BPEMEHHU.
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CpeanedacoBasi 3KOHOMUS 3IEKTPOIHEPTUU

2P+ P,
Pal‘{ = p12 ' kI/ICH’ (37)

rie Ky, =095 — kosddunueHT UCHOIB30BaHUS PEXKHMa  pPEKyINepalu,
CBSI3aHHBIM C OrPAHMYEHUEM ITOrO PEXHUMA M0 CKOPOCTH (CM.MyHKT 2.4.1), cpenHuii
no Kaukanapckomy I'OKy

Py = 2228082 0,95 = 233,0 kBT - 4. (38)

CpCI[HCI‘OI[OBaH 9KOHOMHMS SJICKTPOOHCPIruu

Pyron = Py1y - (Ztro,q — Ditroz — ZtTPl) “ Kag, (39)
rae  k,; = 0,98 — koaddunuent apapuitnoctu TA,
Yitroz3 = 96 4 — KONMMUECTBO YacoB npoduinakTuyeckoro pemonra TO3 B roxy,
Y.trp; = 480 4 — kommmuecTBO yacoB pemoHTa TP1,

Ytron — KOIMYECTBO 4acoB B rogy (2017 1),

Ytron = 2924 +30-4-24+31-7-24 =8784u.
Py ron = 233 - (8784 — 96 — 480) - 0,98 =
= 1874214,7 kBt = 1874 MBT.

CpennemecsiyHast SJKOHOMMUS JJIEKTPOIHEPTUU
_ Py roJ
F)3 Mec — 12 ) (40)

1874214,7
P3 Mec =

= 156184,6 kBT = 156 MBT (41)

Ha onun Taroseii arperar.
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3 UHCTPYKULUA 10 HAJTAAKE TUPUCTOPHOI'O ITPEOBPA30OBATEJIA.
OYHKIMOHAJIbHBIE U KOHCTPYKTUBHBIE U3MEHEHUMA [1PU
MOIAEPHU3ALINN CXEMBI TA HII-1

3.11HCcTpyKIMs N0 HaNaKe TUPUCTOPHOTO peoOpazoBaTeis

1HABHAYEHUE

Tupucrtopusiii 610k ¢ pazoummynbcHbM yrnpaBieHueM OUY69MSE (mpubdop)
npeaHa3Ha4yeH JJIsl pabOoThI B 3JIEKTPOIPUBOIAX.

[TpuOop nmoakIIOYAETCs K TPaH3UCTOPHOMY BBIXOAY PEryJsiTopa
(Beixon T), mo koTopomy B 1 pOBOM BHUE MepeaaéTcs 3aJaHHasi MOLUTHOCTb.

[IpuGop cocrour u3 paauaTtopoB, OJOKa YNpaBICHUS U TUPHUCTOPOB
upeanu3yeT (pasouMITyJIbCHBIN METO YIPABICHUS HArPYy3KOil.

Da30uMITyJIbCHOE yIpaBJICHUE MO3BOJISIET IJIABHO U3MEHSATh
3 (eKTUBHOCHANPSIKEHUE U MOILHOCTh HAa Harpyske. THUpHUCTOpBI KaXblil ceTeBOn
MOJTyTIEpUOI0Y YT OTKPBIBATHCS C peryiaupyemMont ¢a3oBoit 3aaepxkoit ot 0 go 180°

[Tpubop paccunmtaH Ha MakcUMalbHbI TOK A0 50 A u wucnonb3yercs s
ynpasieHus onHodaszHoi Harpyskorl o 9 kBt npu nHampsokenun 380 B. Jlns
yrnpaBieHus: TpExQa3zHoW Harpy3Kod K OAHOMY T-BBIXOAY PpETyJsiTOpa MOKHO

napasuiesIbHO MOJIKIIOYUTE ABa Uik TpHU O0jioka DY

20CHOBHBIE XAPAKTEPUCTUKUA

Ob6uue:

Bpewms cpabateiBanusi, He 6omee 10 Mcek

ConpoTuBiieHHE 30K MEXKTy BX0A0M U BeixozoM 10-6 Om mipu 500 B DC
Hanpspxenne npo6os mexay BxoaoM u Beixonom 1000 B

Pabouas temnepatypa okpysxatoieit cpeabiOt munyc 40 go +70°C*
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Tennoseienenue, He 6ojiee 52 Bt

Bxon:

Bxoanoe HanpspbkeHnue ynpasisitoniero curiana 5...30 B DC
Tok ynpasinsromiero curaana, ue 6onee 30 MA

Brixon:

KommyTtupyemslii Tok, He 6oiee 50 A

KommyTtupyemoe nanpsokenne  30..380 B A

3 UCTIOJIHEHUE, YCTAHOBKA U ITOAKJIIIOYEHUE [TPMBOPA

[TpuGop 1o YCTOMYUBOCTH 151 MPOYHOCTH K BO3/ICVICTBUIO
TEMIEPATYPHIOKPYKAOIIET0 BO3JlyXa COOTBETCTBYIOT rpymmne ucnoiHenus C2 mno
I'OCT 12997-84.

[Ipubop crnenyer  pa3Mmemiarb HOpU  OKCIUTyaTalldd B 3aKPbITHIX
MTPOU3BOJACTBEHHBIX MOMEIICHUAX, BIAXXHOCTh OKPYXKAIOWIErO0 BO3JyXa HE JOJDKHA
npesbimath 90% npu +30 o C, 6e3 koHaeHcauu Biaard. [Ipubop no ycroumBocTH
U NPOYHOCTU K BO3JIEUCTBUIO CUHYCOUJAJIBHBIX BUOpAIMI COOTBETCTBYET TIpYIINE
ucnosnnenust N1 mo 'OCT 12997-84.

[Ipubop mnpu dKCIUTyaTalMd JAOKEH OBITh 00s3aTEIbHO  pa3MelleH
BHyTpuCcWIOBOTOo Imkada. Bce BHemHue dactu mpubOpa, HAXOASIIHUECS O
HaMpsHKeHUEM(KOPITYC paauaTopa, KJI€MMbl COSIMHEHU ), TOJDKHBI ObITh 3alllUIIEHBI
OTCIIy4aiHBIX IPUKOCHOBEHHI K HUM BO BpEeMs paOOTBHI.

[Ipu MoOHTaxXke KJIeMMbl OJIOKA YIPABICHHUS COCOUHSIOTCS C KJIEeMMaMu
TPAH3UCTOPHOTO BBIXOJIA PETYISATOPA COOTBETCTBEHHO.

K cunpHoTOounbiM kiemmam MT1 u MT2 mnocnenoBaTtenbHO MOJAKIIOYACTCS
Harpy3ka (Hampumep, HarpeBarenb). CedeHHE MOJABOAUMBIX MPOBOJIOB AOJKHO

COOTBCTCTBOBATH BCIIMYHMHE KOMMYTHPYEMOI'O TOKA.
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Jlnia mydiiero oxnaxkaeHus: mpubopa Mpyu MOHTaXe ClieyeT oOpaTUTh BHUMaHUE Ha
TO, YTOOBI PaJAMATOPbI ObUIM OPUEHTUPOBAHBI BEPTUKAIBHO, a B HIKHEH M BEpXHE
4acTy mKaga UMEINCh BEHTUISLIMOHHBIE OTBEPCTHSI.

Jlisg 3amuTel mpubopa OT MEpEeHANpPsHKEHHUsST PEKOMEHAYETCS MapaulelbHO
tupucropaMm BkItoyaTh RC — nenouky. MomHocts RC BeiOMpaeTcsi, ucxons u3
MOIIIHOCTH Harpy3KHu.

[IpubGop HE COmEPKUT APArolEHHBIX METAJIOB, BPEAHBIX BEIIECTB M HHBIX

MaTcpHUuaoB, Tpe6YIOIHI/IX CIICOHUAJIbHBIX MCP IO YTHIIM3allUH.

AHAJTAJIKA ITPUBOPA

Hananouneie paboThl THPUCTOPHOTO MPEOOPA30BATENS BKIIOYAIOT:
1).u3mMepeHne U30JSLUN CUTTOBBIX LENe U 1lenel yrpaBieHus;
2).MpoBepKy pabOTOCIIOCOOHOCTU U HACTPOUKY Y3JIOB CUCTEMBI YIIPABJICHUS;
3).00111y10 TPOBEPKY PabOTOCTIOCOOHOCTH MPeoOpa3oBaTers.

N3mepenrie CONpOTUBIEHUS U3OJISIIIMM CUJIOBBIX IENed U 1enell ynpaBieHUs
OTHOCHUTEIILHO KOPIIyca U MEXIy COOOM JOJKHO MPOU3BOJUTHCS METAOMMETPOM Ha
500 B. ComnpoTuBiieHre U30JSAIMU JOJDKHO ObITh HE MeHee S MOwM. Ilpu uzmepenun
npeobpazoBarTesib HEOOXO0IUMO:

- OTKJIIOYHUTDH OT CETU U 3a3€MJIUTh.

- 3aKOPOTUTH MEXIYy COO0Ol BXOJHBIE M BBIXOAHBIC 3)KUMbl Ha aBTOMATHUYECKHX
BoiKTIOUaTesix Al u A2 (BeiBoasl A2, B2, C2 u 201, 229), a Ha KaXXJIOM CHJIOBOM
OJI0Ke - BBIBOJIBI BBIXO/Ia Iienei ynpasienus (19-20, 16-17, 8-7, 4-5, 2-1, 12-11).

- B OJIOKE MUTaHUs 3aKOPOTUTH MEXKIY COO0M THE3/1a KOHTPOJIBHOTO pa3bema.

- 6ioku CYPII, CYPB u JIITY oTKIII0YUTH, @ OTBETHBIE UX Pa3bEeMbI 3aKOPOTHUTH.

B kaudectBe Touek 3amepa Oepercs OJlHa U3 CUJIOBBIX II€Meil, a B CUCTEME
yhpaBieHus o01uii mpoBoa (1moa HoMepom 20 Ha BHEIIHEW KOpOOKE BBIBOIOB).

[Tocne 3amepa CONMPOTUBICHHSI HM30JSLUUU HEOOXOAMMO CHATH 3aKOPOTKH U

BOCCTAHOBHTL CXCMY.
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[lepen wamanmkoii mpeoOpaszoBaTenss K cwioBkiM BbiBogam (Al, Bl, Cl)
MOJIKJIFOYAETCSl HMCTOYHHUK TMEPEMEHHOro Tpex(a3HOro HampsbKeHHs W Ipu
BKJIIOYEHHOM BbIKIItouatene Q4 nened ynpaBieHUs IO CBEUECHUIO CHUTHAJIBLHOU
nammnbsl H3 mpoBepsieTcst npaBUIILHOCTD YepeoBaHus (pa3 MUTAIOIIEH CeTH.

O0beM U MOPSAIOK BBINOJIHEHUS HANAJOYHBIX pabOT, a TaKXke MpoBepKa
paboTococoOHOCTH OJI0KOB MTpeoOpazoBaTessi ONPEACIISIOTCS Mo TadauIe 2.

[locne  HacTpoiikh  OTHENBHBIX  OJOKOB  TPOBOJUTCA  IPOBEpKa
paboTOoCIOCOOHOCTH MTPeoOpa3zoBaTesis B TAKOM MOCIEA0BATEILHOCTH:
1) moakro9aeTcst oOpaTHas CBSA3b MO HAIPSIKEHUIO;
2) K BBIXOJly CUJIOBOTO BBIIIPSMUTEIS IOAKIIOYAETCSI HATPY30YHOE CONIPOTHUBIIEHUE
Ha TOK 5 A;
3) BKIIIOUAIOTCA aBTOMaTudeckue Beikiouarenu (Al u A2, A4) noteHIIuoMeTpomM
R41, na nnate CYPII BbicTaBsI€TCS BBIXOJHOE HAMPSAKEHUE CUIIOBOTO
BBINIPSIMUTEIS, paBHOE 460 B;
4) npou3BOaUTCA pEBEpC NMepekaoueHueM nepexitouarensd S2 B [TY, npu 3tom Ha
NIEPBOM MECTE BBIXOJHOE HANPSIKEHUE JTOHKHO CHU3UTHCS 10 HYJISA, a HA BTOPOM -
Bo3pactu 110 460 B;
5) dopma KpuBOil BBIXOJAHOTO HAMPSKEHUSI KOHTPOJIUPYETCs Ocuuiuiorpagom Ha
KOHTpOoJIbHBIX Toukax 10-20 B bC;
6) MpoBepseTCs MIABHOCTh PETYJIMPOBAHUS BHIXOAHOTO HAIPSKEHUS TPU U3MEHEHUN
CHUTHaJja 3a1anus noreHuuomerpom RS B ITVY.

O0BeM ¥ MOPSAOK BHIMOTHEHUS HATAJ0YHBIX paboT OJI0KOB TIpeoOpa3zoBaTes

npUBe/IeHbI B Tabnuie 6
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Tabnuma 6 - O0beM U MOPAIOK BBIIMOJTHEHUS HATAaI0UYHbIX PadOT 0JI0KOB

npeoOpazoBaTens

Bun onepanuun

[TopsimoK BBINOJIHEHUS

1

2

biok nmutanusa

[TpoBepka HanpsHKEHUS
MCTOYHUKOB MUTAHUS

Nsmepsercs BonsT™MeTpoMm PUI1 Ha
KOHTPOJIBHBIX TOUKAaX IPHU MEPEKIIOUCHUN
nepexyroyaTens S5, pacioJIOKEHHbBIX B TaHEI!
yIpaBJlieHHs. 3HAUYCHUS HANIPSIKEHUM YKa3aHbI B
Tabmn.3

[ToxcTporika HanpsHKEHU N

OcymectBiusiercst pesucropamu R1 u R2

Bun onepauuu

HOpHI[OK BBITIOJTHCHHUA

[InaTta cuctemsl ynpaBiieHHs U peryaupoBanus npeodpaszosatens CYPII

HOI[FOTOBI/ITGHBHI)IG orcpanmuu

[TepexiouaTens S1 ycraHaBIMBaeTcCs B
nojoxenue "Pydnoe"

[IpoBepka oTcyTCcTBUA
nedexroB B kanane CUDY

[Toaxmouenuem ocmmuorpada Ha BeIBoA 34
(oOmuit HyJb) ¥ IOOYEPETHO HA BHIBOBI 2, 3,
4,5,6 1 35 IpoBEPUTH HATUUUE IBYX
CABUHYTHIX Ha 60° (3JEKTPUUECKUN YTO)
UMITYJIbCOB. Y O€IUTHCSI B PABHOMEPHOM
CBEUCHHH CBETOJMOJIOB KaXKJI0TO KaHaia

[IpoBeputs
CUHXPOHU3UPYIOIIEEe
HaIpsOKEHUE

[MoaxmtounTs ocumiiorpad Ha BeiBoa 34 1
noouepeiHo Ha BbIBOJIbI 38, 30, 29, 28, 27 u 36.
dopMa HaPSKEHUN JOJKHA COOTBETCTBOBATh
puc. 16 (kpuBsie 3)

ITpoBepka HanpsKeHUS
ynpasiennss CUDY

BonbTMeTpoM npoBepsitoTCs 3HAYSHUS
HaIpPsDKEHU MEXY BBIBOJIOM 34 M BBIBOJAAMU:
31-15 B; 32 - munyc 150 B; 12 - munyc 24 B; 7
- munyc 30 B
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[Tpongomxenue TabauIb! 6

[TonkmouenueM ocuuiiorpada Ha BeIBOA 34 U
YcrpaHneHue acCuMMETpUn mThipb 02 ¢ momoibio pe3uctopoB R46
YOPABJISIIOUIUX UMITYJIECOB yCTaHaBIMBaeTCA OAMHaKoOBas (popma
HMMITYJIbCOB COTJIacHO puc. 16 (kpuBbie 4)

BpemeHHO yCTaHOBUTBH MEPEMBIUKU MEXTY
BbIBOoiamMu 194 34. Ilepeximouarens S3 B [TY
YCTaHOBUTH B NOJI0keHUE "PyuHoe", a
pesuctopoM RS B I1Y u3zmMeHsATh HanpsiKeHUE
3aganus. [Ipu peBepcupoBaHuM 3aaHUS
nepekiaroyatenem S2 [1Y HanpsbkeHue Ha
BbIBOAaxX 18 1 20 JOHKHO MEHATHCS OT 2 110 22
B B0 B3aMHO IPOTUBOMOJIOAKHBIX
HaIpaBJICHUAX

[TpoBepka paboThI perymisTopa
CKOpPOCTH

bnox perynstopa Bo30yxnenus PBC u nanens CYPB

Bx1royaroTcss aBTOMaTHYECKHE BBIKIIIOUATEIIN
Q3 u Q4. Paboroctiocoonocts CYPB
OIpeIeIIAETCS 0 CBEYCHHIO CBeTOArOaa V 14

[TpoBepka paboTocmocobHOCTH
CYPB

[lepexirouaresb yCTaHABIUBAETCS B
nosnoxxeHnue "Pyunoe" pesucropamu R46 u R4S.
BricTaBisercs MakCuMaabHOE U MUHUMAJIbHOE
3HAYEHHUS YIJIOB PETYIUPOBAHUS 110
octmiorpady, MOJKIIOUYEHHOMY Ha
KOHTPOJIbHBIE TOUKH A1-A8

Y cTaHOoBKa yIJIOB OTPaHUYEHUS

Bun onepanuun [Topsinok BBINOJIHEHUSA

[lepexmrouatens S1 ycTaHaBnuBaeTcs B
nonoxxenue "Pyunoe", a S4 na ITY B
nosjoxenue "ABromaTnyeckoe". 3HaueHUs
MaKCUMaJIbHOTO U HOMHUHAJILHOTO TOKA

BO30Y>KJCHHSI BHICTABIISIOTCS pe3rucropamu R18
u R23

YcraHoBKa MAaKCUMAJILHOTO U
HOMHUHAJIBHOTO TOKA
BO30YXKIEHUSI
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[Tpongomxenue TabauIb! 6

1
[TepexiouaTens S4 ycTaHAaBIMBAETCS B
YcTaHOBKa MUHMMAJIbHOTO nonoxxenue "Jlucranuuonnoe", a S1 —
TOKa BO30YKJICHUS "Pyunoe". MUHMMAaTBHBIA TOK BO30YKICHHUS
BBICTaBIISIETCA pe3ucTopoM R28.
[lepexmrouarens S1 ycTaHaBiuBaercs B
Ycrpanenue nosnoxxenue "Pyunoe". Pesucrtopamu R43 u R36
nepeperyanpoBaHus TOKa 0 OCHWIIIOrpady yCTaHABIUBACTCS
BO30YKICHHS MpueMJIeMOe MepeperyJupoBaHie TOKa

BO30YKJICHHS TIPU MEpEeKITtoUeHUH S1

YcraHoBka BpEMCHU

HePEXOIHBIX TPOIIECCOB
P P BO30YKIEHUS

BrictaBnsiercs pesuctopom R28 myrem
ocmuiorpadupoBaHusl KpUBOM TOKA

[TpoBepka paboTHI 3aAaTUNKA
UHTCHCUBHOCTHU

C nomouipto niepekioyarens S2 nojaeTcs
nosHoe HanpsikeHue. [IpoBepseTcs BpeMs
pa3BepTKH ocmuiorpadgom Ha 3axume 13

Jlormueckoe nepeknmoyaromiee ycrpouctso JIITY

[Tonaercs Hanpsbkenue ¢ pesuctopa RS ITY u
[IpoBepka pabOTOCTIOCOOHOCTU | MEPEKIIOYACTCS €r0 MOJISIPHOCTD

JIITY nepekirodatenem S2. Ceetoauosl YSu V53b
JIITY nomxHBI NEPEKITIOYATHCS

[TpoBepka y3ina 3anpera

3ambikaercs uenb S1-81. [lepexmouenune JIITY
HE JI0JKHO ITPOU30UTH

CuitoBoii 6710k BeITIpsiMuUTENS sKOpHBIX 1enel (bC)

[IpoBepka paboTOCIIOCOOHOCTH
0JI0Ka

[Tpu BrmrouenHort CUDY ocuuminorpad
MOOYEePEeTHO MepeKIouaeTcst Ha BeIBOABI 19-20;
16-17; 8-7; 4-5; 2-1; 12-11. Ha axpane
ocmuiorpada J0JKHBI ObITh IBa HMITYJILCA,
CABUHYTHIX Ha 60°

40
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OxoHyaHue Ta0IULBI 6

OtkmrogaeTcs THPUCTOP U BMCCTO HCTO

[IpoBepka UMITYJIbCOB noAxJovaeTcst peauctop 15 Om.
yhpasiieHHs (IpU Ocmumnorpadom uzmepsiercs: ammutyaa (12
HEO0OXOIUMOCTH ) B) 1 nnuTenbHOCTh UMITYJIbCA Y OCHOBAHMS

(400—500 mKkc)

OcyuectBiusiercst noreHuuoMmeTpamu R41, R42,
R43 nipu cpegHeM MooKeHUH NOTEHIIMOMETpa
R64, naxomsmmmcd B maneau CYPII.

Otctpoiika ¢a3bl
YIPaBJIAIOIUX UMITYJIHCOB

3.2 U3smenenus B cunoBoii cxeme TA HII-1

Buecenue wusmenenuii B cwioByro cxemy TA HIII He npexacrasnser
cinokHocTH. DyHKIMOHAJIbHAsE CXEMa B PEXKHUME pEKylepauuud IPUMET BUJ
NOKa3aHHbIA Ha pucyHKe 10.

Kak BUIHO W3 (DYHKIIMOHAIBHON CXEMbl, U3MEHEHHUS KOCHYJIUCh MOHTaXka 0OMOTOK
a2(a4) — x2(x4) rnaBHoro TpaHchopmaTopa, a TaK K€ MOHTaXKa CHJIOBBIX
BBIIIPSIMUTENBHBIX YCTAHOBOK, B KOTOpBHIX JBa Iuieda (5, 6) 3ameHstoTCs
TUPUCTOPHBIMU U U3MEHSETCS MOHTa)X CHJIOBBIX IIWMH. B SKOpHBIE LENH TATOBBIX
JIBUTATEJICH BBOMSTCS CTaOWMIM3UPYIOIINE COMPOTHUBIICHUSI, a B I[EMU BO30YKICHUS

BCTpPaUBAETCS YIPABISIEMbI TUPUCTOPHBIN MOCT.
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x1(x3) 1 x2(x4)
a2(ad)

———————— Q@ ————Q—————

" T o S

+ -
QR1.2 QR13 |
l
T I~
| L1
(L2)
—————— 1
OBJ11 OB/J12 OB/13 | OBJ112
I
I
I

Rc-ra6 Rc‘ra6 RCTa6 RCTa6 RCTa6 RCTa6
M1(M3) [M2(M4) [M5(M7) [M6(M8) | Mo(M11) [M10(M12)

Pucynok 10 - MonepuusupoBanHas ¢pyHkiuoHanbHas cxema TA HITI.

[Tepexmtouatens QR1 HaxoaUTCS B pexKUME peKyInepauu

Kak BugHO W3 (yHKIIMOHAIBLHOW CXEMBbI, U3MEHEHHUS KOCHYJIUCh MOHTa)Ka
obmoTok a2(a4) — x2(x4) rmaBHOro TpaHcopmaropa, a Tak K€ MOHTaXa CHJIOBBIX
BBITIPSIMUTENIBHBIX YCTAHOBOK, B KOTOPBHIX JABa TIwuieda (5, 6) 3aMeHSIOTCS
TUPUCTOPHBIMU M U3MEHSETCS MOHTQX CHJIOBBIX INIHWH. B SKOpHBIC IEMH TATOBBIX
JIBUTATEJICH BBOJSATCS CTAOMIM3UPYIONINE COMPOTHBIICHUS, a B LIEMH BO30YXKICHUS

BCTPAaWBAECTCA YIIPABIIIEMBIM TUPUCTOPHBINA MOCT.
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IIpr 5TOM rnaBHOM 3aJaded MOJEPHU3ALMHU SBISIETCA COXPAaHEHUE BCEX
(GYHKIIMOHATBHBIX XapaKTEPUCTUK TATOBOTrO arperata. Bce M3MeHEHHsI B CHIIOBOU
CXeMe, IIpH 100aBJIEHUHU CYLIECTBYIOINUX BO3MOKHOCTEN SKOHOMHUYHOCTH PEXHMOB
TOPMOXKEHHUS U 00ecreyeH sl TIIaBHOCTH X0/aa TA, COXpaHSIOT BCE PEXUMbBI TATH U

PCOCTATHOTO TOPMOKCHMUA.

3.3 KoHCTpYyKTHBHBIE U3MEHEHUS TATOBOTO arperara npu MoJIepHU3auu

KOHCTpYKTHBHO M3MEHSETCS MOHTaX INHWH TJIABHOTO TpaHCPOpMAaTopa M CHIIOBBIX
BBITIPSIMUTENIBHBIX YCTAHOBOK. B cxeMe yCTaHaBIMBAIOTCS MEpPEKIoYaTesid |
CTaOMIU3UPYIOIINE COMPOTHURJICHUS B SKOPHBIC 1NN TIATOBBIX JBHUTareiei. B menu
BO30Y)KJICHHsI TSATOBBIX JIBUTATEJEeH ycTaHaBiauBaeTcs mnepexmiodarens QR1 s
NOAKJIIOYEHHUS] YIPaBISIEMOTO BBIIPSAMUTENSE B I[eNU BO30YXKACHHUS TITOBBIX
nsurareneir. Ceoboanoro npoctpanctBa B TA HII1 nmoctaTouHo st pasmenieHus
JOTIOJTHUTETHHBIX OJIOKOB.

[TocnenoBaTenpbHOE TMOAKIIOYEHUE OOMOTOK BO30YXKJICHMSI TATOBBIX JBUTATEICH
MPOU3BOAMTCS  INTAaTHBIMA TOPMO3HBIMH  Tiepekmouatensimu  QP1  —  QP6
(npunoxenue 1, pucynok 1.1).

CxeMa CUJIOBBIX CeTel U onucaHue ee paboThl MPUBEIEHBI B IPUIIOKEHUH |

Jns oOecrieueHus HEO0OXOIUMBIX 3aKOHOB yIpaBJIEHUS CUJIOBBIMHU
BBIIIPSIMUTENBHBIMA YCTAHOBKAMU B MPOIIECCE MOJIEPHU3ALIMHI HY>KHO 3aMEHUTH OJIOK
CUCTEMBl YIPABIIEHUS 3JEKTPOBO3a (MM H3MEHUTh AJITOPUTM €ro padoThl)Ipu
IIEPEXOJIE B PEKHUM PEKYIIEPATUBHOTO TOPMOKEHUS.

[Ipn mepexone B peXHUM PEKYNEPATUBHOIO TOPMOKEHHS HEOOXOAMMO HW3MEHHTD
CXeMy ILeneil ympaBleHHs U 3allluThl, 00ECIEeYMBAIOUIYI0O KOMMYTAIMIO CHJIOBBIX

Eneun.
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3.4 VI3meHeHHe cuCTeMBbl yIpaBICHUS

Jlia obecrieueHus OMMCAHHBIX B MyHKTE 1.2 3aKOHOB yHpaBiEHUS! 3JIEKTPOBO3a B
pEeXHME TITU HY>)KHO U3MEHHUTh aJITOPUTM pabOThl CUCTEMBI yrpaBieHus. B Tabnuie
6 moOKa3aHbl YIJIbl YNPABJIEHUS IUIEYaMH CUJIOBOM BBIIPSMUTEIIBHOW YCTAHOBKH, a

TaK)Ke JUarpaMMbl HAPsHKEHU Ha Pa3IMYHBIX 30HAX paOOTHI.

B Tabmuue 7 nokazan anroputm padotel CBY B pexxuMme pekyrepanuu, a Takxe
JUarpamMMmbl BBIIPSIMIICHHOTO HAMpPSDKEHHs] MO 30HAM C yKa3aHUEM pabodux Iied
MOCTA.

JlaHHble anropuTMbl PabOThl HKCMONB3YIOTCA B OMNHUCAHHBIX B MOANyHKTE 1.2

OTEUECTBEHHBIX M 3apyOeKHBIX AnekTpoBo3ax [1], [3], [4], [5].

CpaBuuBas mratHyio pabory CBY HIIl B pexxume TArm ¢ MOAEpHU3UPOBAHHOU
CBY BujHO, 4TO pa3HHIA TOJBKO BO BKJIIOYEHHUM IUIEY BBIIPAMUTENS U paboTe
BTOPUYHBIX OOMOTOK TIJaBHOTo TpaHchopMaTopa (AMArpaMMbl BBIIPSIMIECHHOTO
HalpsDKeHUsT pUCYHOK 3 u Tabmuma 3). OTo 00ecnedyuT COXpaHEHUE BCeX
TEXHUUYECKUX XapakTepucTtuk TtaroBoro arperata HIIl B pexumax Taru u

PCOCTATHOTO TOPMOKCHMA.

KOHCTpyKTUBHO OJIOK YNpaBieHUs MPEACTaBIsET CO00OM KapKac CHUCTEMBbI
HECYIIUX KOHCTPYKIMA W3  allOMUHHEBOTO Tmpoduis. BHyTpu Kapkaca
YCTaHABJIMBAIOTCSl HAIMPaBISIONINE, MO0 KOTOPBHIM IMEPEMEIIAlOTCI CheMHbIE OJIOKH,
COCTOSIIIME W3 MEYAaTHBIX IUIaT C YCTAHOBJIEHHBIMM HAa HHUX JJIEKTPOHHBIMHU
sneMeHTamMu. K medyaTHBIM TiaTaM Kpemsitcsi Ha (UTYpPHBIX YroJiIKax TepeaHue
NaHeld C JJIEMEHTAaMU YIPAaBICHUS W HMHAWKAIMU. Ha 3TUX MedaTHbIX IJ1aTax
pAaCIIONIOKEHBl BWJIKM JJIEKTPUUYECKUX COCOUHEHHM I MOAKIIOUECHHS K APYTrUM

YacTsM CXeMbI 0JI0Ka YIpaBJIEHUS.

B Hmwxneil yactm Oioka HEOOXOAUMMO  pa3MecTUTh OJIOK  00orpena,

npeaHa3HAYeHHBIN 171 o0ecrieueHus 0JI0Ka B YCIIOBUSX HU3KUX TEMIIEpaTyp.
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B tabnune 7 nmokazan anroput™ pabotel CBY B pexxume pexymnepanun, a Takxke
JarpamMMbl BBIIPSAMIICHHOTO HAIMPsDKEHUS 110 30HaM € YKa3aHUEM pabouux Iied
MOCTA.

BremmpsimurensHas  ycraHoBka CBY  mnpenHazHaueHa IS BBIIPSMIICHUS
01HO()A3HOr0 MEPEMEHHOTO HamnpsbkeHus vactorTol 50 'l B mocTosiHHOE, IUIaBHO
pEryJIMpyEMOE HANPSKEHUE B LIENU MUTAHKUS LIECTU JBUraTelield MOCTOSHHOTO TOKa
TA. CBY cocroutr u3 0OJIOKa CHJIOBOIO, OJJOKa NUTaHHWS M OJIOKA JUArHOCTHKH,

KOHTPOJIMPYIOIIETO paboTy y3/70B YCTAHOBKH.

bP44.03.04.547.2018

45



Tabnuna 7 - Anroput™m padotsl CBY B pexxume Tru

[1neun npeobpazoBaTens,
30Ha OTIIPAEMBbIC TIPU yI1ax
ao aper
apez |
1-5 3u4 5u6
2-51 5u6 lu?2
3u4d
3-1 Tul 3u4d
5u6
4-g 7Tn8 lnu2
3u4d

46
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Tabnuna 8 - Anroputm padotsl CBY B pexxume pexynepanuu

[1neun npeobpazoBaTens,
3o0Ha OTIIPAEMBbIC TIPU yI1ax
ﬁ aper
1-1 _/./'/ ~ - 3u4
) Sub
e s
. - . //4_
T~ - _/ 7
7
2-51 - 1u2 3ud
5u6
apez R
N
l-amu - 7u8
2-51

VYcnoBus SKCILTyaTalin:

- BEpXHee 3HAuYeHHE MpeAeibHON pabouell TemmepaTypbl OKPYKAroIIero BO3IyXa

60°C;

- HIKHEE 3HaueHWE TPEeNeTbHON pabouell TemmepaTrypsl OKPYXKAIOMIETO U
0.

OXJIAKAAIOIIETo Bo3ayxa Munyc 50°C;
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- BepXHee 3HAYCHIE TeMIIepaTyphl OXJIAKIA0Iero Bo3ayxa 45°C;

- BBINIAJICHUE WHES C TIOCIICYIOIINM OTTauBaHUEM;

- BuOparus B quana3zone 9actoT 1-100 ' ¢ yckopenuem 10 M/CZ;

- OJWHOYHBIE yJaphl B TOPU30OHTAILHOM HAIpaBJIeHUU C yckopeHuem 30 m/c? u

JUTUTEIbHOCTRIO 40-60 Mc;

3.5 TpeboBanus k cucteme ynpasienus TA HII-1

B 3amaHuu Ha JMIUIOMHBIA TPOEKT HE CcTaBWjach 3agada paspabotku CAP
MOJIEPHU3UPOBAHHOTO 3JIeKTporpuBojia TaroBoro arperata HII1. Oxnako cucrema
ABTOMATUYECKOTO PETyJIUPOBAaHUS HMMEET CBOM OCOOCHHOCTH, KOTOPBIE HYXKHO
NEePEYUCITUTD:

1.B pexume TATHM cHCTeéMa aBTOMATHYECKOTO PETyJIMPOBaHUS JOJKHA paboTaTh B
JBYX pexumMa (pexuM paboTsl 3aaaeT MamHucT TA) [2]:

- crabuim3anus ckopoct TA;

- cTabWIM3aIusl TOKA TATOBBIX JIBUTATEIICH.

2.3aMkHyTbI KOHTYp CAP TOKa HacTpauBaeTcs Ha ONTUMYM IO MOAYJIO U HUMEET
nepenaTounyro ¢pyukiuio [13], [14]

1
2TE P2 +2Typ+1

Wian (1) = (42)

C xapakTepUCTHUKAMU:
- nmepeperynupoBanue § = 4,3% ;
- BpeMsl IlepBoro cornacoBanus t; = 4,717,

- BpeMsi epexoAHOro mpomecca t, = 8,47 .

3.3aMkHyTbIi1 KOHTYp CAP CKOpOCTM HacTpauBaeTcs Ha CUMMETPUYHBIN ONTHMYM.
[lepenarounas dhyukuus umeet Buj [10], [14]

1
8TZp2+4Top+1°

Wiamz () = (43)
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4.IlepexonHast XapaKTEpUCTUKA CUCTEMBI JOJDKHA UMETh CIIEYIOUIUE apaMeTPhI:

- nepeperynupoBanue § = 4,3% ;

- BpeMsl iepBoro cornacoBanus t; = 3,17, ;

- BpeMs IEPEXOAHOT0 mpouecca t, = 16,5T .

5.PexXuMBbI peoCTaTHOTO U PEKYNEPATUBHOTO TOPMOKEHHS, TOJKHBI HMETh TaKUE KE

XapaKTEPUCTHUKH, YTO U B pEKUME TATH [14].

Paznunia B 00patHbIX cBs3six u cucteme peryiaupoBanus. CAP toka crabunusupyer
TOK TOPMOKEHHUSI TATOBBIX JABUTATENEH (IKOpHBIE 1Ienu). PerynupoBka npoucxoauT B
YIPABJISIEMBIX BBIIPSIMUTENSIX BO30YKICHHS TATOBBIX BUTateneit [2], [14].

CAP ckopoCTH CHUMaeT CUTHaJ C JATYMKOB CKOPOCTHU U YIPABISIET BO30YKIECHUEM

TATOBBIX JIBUTaTENEH [2].

3.6 TpeboBanus k annaparype cuctemsl ynpasiaenus TA HII-1

B cBS3M ¢ TMOBBIMIEHHOW OMACHOCTHIO KEIE3HOAOPOKHOTO TPAHCIOPTA, CHUCTEMa
yOpaBJICHHUS JODKHA 00JalaTh BBICOKOW HAJIEKHOCTHIO, OOECIeYMBaTh BCE
U3JIOKEHHbIE peXuMbl paboTel TA, OBITH TIOMEXO- U BHOPOYCTONYMBOM,
BBIJICP)KMBATh OOJIBIIKE TIEPENaabl TEMITEpaTyphl U IO BO3MOYKHOCTH JTyOIUPOBATHCS
[6].

B kauecTBe mnpuMepa MOXKHO TIPUBECTH IMPOTPAMMHO-JIOTHYCCKUN KOHTPOJLIEP
«SimaticS7-400H», dupmbr «Siemens». JlaHHBIH KOHTpoJUIep 00JadaeT BCEMH
(GyHKIIMOHATBLHBIME BO3MOKHOCTSIMU W MMEET NyOJupyromlyr cuctemy. Ilpoct B

IPOrpaMMUPOBAHUHN U OTHOCUTENIBHO HE AOPOT.
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4 PACYET DKOHOMUYECKOU 2OPEKTUBHOCTUMOJEPHU3 AN
TAT'OBOI'O AT'PET'ATA HII1

4.1 DxoHomuueckuii 3¢(HeKT MoIepHU3ALIUU

[TepeBo3ka ropHO# Macchl U3 32005 K IpoOmiIbHOM (hadpuke Ha Kaukanapckom
['OKe ocymiecTBiIseTCs KENE3HOJOPOKHBIM TPAHCIIOPTOM Ha JJIEKTPUUYECKOU THATE.
OOBEKTOM MOJICpHU3ALINM sIBIIIETCSl TATOBBIN arperaT HII1 (amekTpoBo3 ynpaBieHus
+ 2 MOTOpHBIX aymmkapa). lleab — BBeIeHHE pexuMma peKynepanuu (Bo3BpaTa)

AIIEKTPOIHEPTUH IPU ABUKEHUH MO OTPULIATEIBHBIM YKJIOHAM (CIIyCKaM).

[TogpoOHBIE pacueThl yYaCTKOB PYJOBO3HOTO Kpyra C  BO3MOKHBIM

MPUMEHEHUEM PEKYIIEPATUBHOTO TOPMOKEHUS TPOBEJEHBI B IPUIIOKEHUU 2.

OxoHoMuueckuii d(DQPexT JocTUTaeTCs TIABHBIM 00pa3oM HIKOHOMHEH
AJIEKTPOIHEPTUH, a TaK K€ HEOOJBIIUM CHI)KCHHEM 3aTpaT Ha PEMOHT TATOBOIO

arperata. Kak cineactBue yaenieBieHue TPaHCIIOPTUPOBKU TOPHOM MACCHI.

[To pacueram mnpoBeneHHBIM B NyHKTe 2.4.4, CpeIHEro0Basi 3KOHOMMS

E)J'ICKTPOBHCPFI/II/I Ha OJHUH THFOBBIﬁ anCFaT COCTAaBJILICT
P, = 1874 MBT - u. (44)

DkoHOMHYECKHH 3(()EKT MPU 3TOM COCTABUT (B rof1)

Py-1,
3, ===, (45)

rie L, =1046,13 py6/MBT - 4 — 11eHa AIEKTPOIHEPTUH (CM. TIPUM. ),
k, = 5% — nonmwxkenne >3PHEKTUBHOCTH W3 32 HU3KOTO KOIPDHUIIMEHT MOIIHOCTU

(cos @ = 0,75) BO3BpaILlEHHOM 3IEKTPOIHEPTHH MIPH PEKYIEPATUBHOM TOPMOKEHHH.

_1874-1046,13

)
9 1,05

= 1867093 py6. (46)

Wunekc paBHOBECHOM IIeHbI Ha TMOKYNKY »JektposHeprun O2C VYpama ot

16.01.2017.
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Pacuets! npoBeensl ¢ moMotbio [1O «Excel».

DKOHOMHUYECKHI 3PGEKT OT CHUXKEHUS pacxofoB Ha peMOoHT TA U 3KOHOMHH

9JIEKTPOIHEPIUHU TToKa3aH B Tabsuie 9 [15]

B TA HIIl kpaliHe HeylmayHO CKOHCTPYUPOBAHBI OJOKH TOPMO3HBIX
conpotuBienuit (bTP). Kak cnenctBue storo, mo ganueiM LIPIIC YIKJIT OAO
«Bananuit», B cpeaHeM 3a TojA BBIXOJAMT M3 CTPOsl KaK MUHUMYM OJMH OJIOK Ha
kaxnoM taroBoM arperate HII1, u3 3a nmeperpeBa. Beenenune pexuma pekynepanuu
CHHU3UT TOKOBYIO Harpy3Ky Ha 3TH CONPOTHBIICHHs Oojiee yeM B jBa paza. [loatomy
MOKHO YTBEP)KIaTh, YTO BBIXOJ U3 CTPOS TOPMO3HBIX CONPOTHUBICHUN Oyaer
MPOUCXOINTh B JBa pas3a pexe. C DHEPreTHYecKOW TOYKM 3pEHUs IEeperpeB
TOPMO3HBIX CONPOTHUBIIEHUM IPEKPATUTCSA, HO OCTAIOTCS €lle KOHCTPYKTHUBHBIC

HEJI0YCTHI.
PesynpTaT pacuera skoHOMHUYECKOTO 3 (deKTa MPUBEICH B TAOIHIIE

Pacuet sxoHoMuu QJICKTPOOHCPIuU MpOBOANM, UCXOJA U3:

- IIEHa BO3BpAIlaeMOM AJIEKTPOIHEPTHH MPU PEKyTICPAITHH
,p = L, - ky = 993,82 py6/MBT - 4; (47)

- CpCI[HCI‘OI[OBOﬁ pacxon SJICKTPOIHCPIrun Ha PCOCTATHOC TOPMOKCHHUC

Pp = Pplq ’ thqr ’ kaB' (48)

rne  P,iq = 27,9 KBT - 4 — cpennuii pacxon 35ekTposHepruu 3a 1 gac,

p
Xtpur — KomuecTBo pabouux yacos TA B roxy,
k., = 0,98 — ko3 dunrieHT aBapUHHOCTH,
thqr = Ztro,q - ZtTOS - ZtTPli (49)
rae  Dittoz =964, Dtrp; = 4804 — KOIMYECTBO YacoB NPOPUIAKTHUYECKOTO
pemonta TO3 u TPI.

* TA pabotaet 11 MecsitieB (1 mecsil 3aiiMeT MOJIEpHU3ALINS ).

Pacuet sxoHOMUM QJICKTPOIHCPIuU IMpOBOANM, UCXOJA U3:

- [IEHA BO3BPAILlAEMOI JIEKTPOIHEPTHH IIPU PEKYTIEPALINH
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,p = 1, « ky = 993,82 py6/MBT - 4; (50)

- CPEIHETr0I0BOM PacXo/ 2JIEKTPOIHEPTHH Ha PEOCTATHOE TOPMOKEHHUE
Pp = Pplq ) thqr ) kaB' (51)

rne  P,iq = 27,9 KBT - 4 — cpennuii pacxon 35ekTposHepruu 3a 1 yac,

p
Xtpur — KOM4ecTBO pabounx yacoB TA B rony,
k., = 0,98 — ko3 duleHT aBapUNHOCTH,
thqr = Ztroa - ZtTO3 - ZtTPlt (52)
rae  Ytroz =964, Ytrp; = 4804 — KoOIMMUECTBO YacOoB MPOPHIAKTHIECKOTO
pemonta TO3 u TP1.
Xtpar = 8784 — 96 — 480 = 8208 y,
P, =279-8208-0,98 = 224,4 MBr;
- CPEIHEr0I0BOM BO3BpAT JEKTPOIHEPTUU NIPU PEKyIIEepaliiu

PpEK = Ipex1y * thqr ) kI/ICI'I ) kaB’ (53)

rne P

hex1a = 217,4 KBT -4 —  cpenHewacoBoil BO3Bpar 3JIEKTPOSHEPTHU DU

peKyrnepanuu,

k. = 0,95 — xoapdunreHT UCTONIB30BaHMS PEXKUMA PEKYIIEPALIUH,

Pyex = 217,4-8208-0,95- 0,98 = 1661,3 MBT.
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Tabnuma 9 - Pacuer skoHOMHIYECKOTO 3 dheKTa

HanmvenoBanue Jlo MonepHU3anuu ITocie MogepHU3aIUN Dddexr
paboThI U £'S
MaTepHaoB sl g5
2 M 29
a =
=S 5 &
S = g ) g oS = = ) = = = = = =
5| £2| | 2| ¢ ¢ S 21 o | ¢ 2 ° o
2 o s g, g,
S 8 & 3 3} o o o 3] o = o o o o
X o O E = - ~ ™ = — N %) — ~ )
MoHTax, 2 625 1 1250 ({1250 ({1250 | 1pas3s | O 1250 | O 1250 | 0 1250
JIEMOHTAK pa3 2 rojaa

BTP (6purana Bro

u3 2 cnecapeit

LIPTIC
Pemonp BTP 1 312,5 312,5 3125|3125 0 3125 |0 3125 | 0O 312,5
(1 cnecapn)
3amnacHbie 1 3120 3120 |3120 |3120 0 3120 | O 3120 | O 3120
9acTH
BTP
DNEKTPOIHEPTHS CTOMMOCTB B THIC.pYO.
3arpaumBaercs | 224,4 |1046,13 234 | 234 | 234 1748, 1885, | 1885
752 | 752 | 752 20 79 79
Otnaercs 1661,3 | 993,82 1513, |1651, | 1651,
45 04 04
HUroro 239 | 239 | 239 1513, |1655, | 1651, | 1752, |1885, {1890,
434 | 434 | 434 45 72 04 89 79 47

4.2 3arpatsl Ha obopynoBanue TA HTII1

JlanHasi BBIMyCKHas KBajdu(puKalumoHHass pabora moaepHmzaumu TA HII1
SBJIIETCS. MCCIIEOBATENbCKOM pPAabOTOM O BO3MOYKHOCTH BBEACHUSA pEXHUMA
pexynepanuu Ha TA. IIpoBecTH mOJHOE TEXHMYECKOE IMPOCKTHUPOBAHHE B PaMKax
y4eOHOTO0 TPOEKTUPOBAHUS HE TMPEICTABISIETCS BO3MOXKHBIM, H3-3a OOLIMPHOCTH
noJUiexkanx paszpaborku 3azad. Ilo sToil mpuumHe BBIOOP 000pYAOBaHUSA U
KOMIUIEKTYIOIMX He mnpoBoauics. B Tabmuue 20 mnpeAcTaBlieHO OCHOBHOE
o0opy/lOBaHHE TIOJUIeXkKAIlee YCTaHOBKE TMpPH MOJAEpPHU3ALMU  3arTpaThl Ha
yCTaHaBJIMBaeMoe 00OpyJoBaHHE yBenuyaT OanmaHcoByro ctouMocth TA HIIl u B

BHUJC aMOPTHU3AIUOHHBIX OTUYHMCJICHUM BO3BpPATATCA Ha IPCAIPUATUC, HO B I[aHHOﬁ
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CUTYalluu 3TUM MOXHO npeHeOpeub. [16]. Llenst B3saTH B oTaene cHadkenus OAO

«Banaauit» 1 B uHTEpHETE (IICHBI IPETHAMEPEHHO OKPYTJICHBI B OOJIBIITYIO CTOPOHY).

CaMblii  IOpPOrOCTOAIIMK  BJIEMEHT,  IPOrPAMMHO-JIOTUYECKHA  KOHTPOJUIEP
«SimaticS7-400H» dbupmbr «Siemensy BeIOpaH UCXOAS U3 TPEOOBAHMUS MOBBIIIICHHOM
HagexxHoctu [UJIK (manweiii [IJIK umeer ayOnupyroliyro CUCTEMY, HPOCTOM B
IPOrpaMMUPOBAHUM W HAAECKEH B JKCIUTyatanuu). OCTaJbHOE YCTaHABIMBAEMOE
o0opyioBaHue sBisieTcst koMmriektyromumu camoro TA HITI.

JIist perieHust IPOEKTHO-KOHCTPYKTOPCKUX BOMPOCOB MOJIEPHU3ALIMH TSITOBOTO
arperata HII1 wmoxer ObiTh mpuBiedeHo 3A0 «Pobutekc», KOTOpoe HaBHO
cotpyaunuaer ¢ OAO «Bananuit». 3AO «PoOuTtekc» NMPUBOIUIO MOJIEPHU3AIUIO

BBITIPSIMUTENBHBIX YCTAHOBOK Ha TATOBBIX arperatax EL-10.

B tabnuie 10 mpuBenensl 3aTparsl Ha MoaepHu3armoo TA HITI.
[Tpu 5TOM 11€Ha 3a yciyru OyaeT JoToBOpHas (1I€HbI B3IThl OPUEHTUPOBOYHO

10 aHAJIOTHUH C IICHAMH 3a TIPOBEACHUS MTOJ00HBIX PadoT).

Tabmuna 10 - Croumocts 000pyAOBaHUS

KommuecTBo Lena 3a 1
Hasanue | ex.c HAC, | O6mas nena
mIT., M
pyo.
1 2 3 4

1. TIJIK «SimaticS7-400H» 1 350000 250000
2. laruuk Hanpspkenus J{TH-09 2 2500 5000
3. Ilepekntouarenb KyJauyKOBbIN

6 18700 112200
nByxno3utinoHHsl TTK/[-32J1
4. Konrtakrop mueBMatuueckuii [1K 2 6400 12800
5. Biok cTabunu3upyromumx

4 40000 160000
conpotusnenuit BCP-180
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[Tponomkenne Tabnuis 10

1 2 3 4
6. Kabenp MexusIii 450 Mm° 14 5300 74200
7. llluna mennas 12 X 80 mm 8 6300 50400
HUtoro 664600

Tabnuma 11 - 3aTpaTsel Ha IPOBEACHUE MOJICPHU3AIINH

Bupa npenocraBineHHON yCIyTu JIOrOBOpHast CTOUMOCTb
3A0 «Poburekcy
1. IIpOEKTHO KOHCTPYKTOPCKUE PAOOTHI 110 600000
moaepum3anu TA HIT1
2. MoHnTax o6opynoBaHus 500000
3. [Iycko-HaaiouHbIe padOThI 300000
HUtoro 1400000

4.3 OneHKa MTHBECTHUIIMOHHOW MPHUBJIEKATEIbHOCTH MTPOEKTA

OKOHOMHUYECKOE OOOCHOBAaHWE WHBECTHIIMM B MPOEKT MOKa3zaHO B Tadnuue 12.

Hanorm na mpuObulb y4duThiBaTh HE OyAeM, TaKk KaK pedb MJET O BHYTPEHHUX

3aTparax NpernpusTUs.
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Tabnuma 12 - DxoHOMHUYeCcKOoe 000CHOBAaHNE WHBECTHUIIUN B MPOCKT B pazMepe

2064,6 ThIC.pYyO

1-iiron, | 2-iron, | 3-firox, | Uroro,

Ilokazarenu

TBIC.pyO | ThIC.pyO | THIC.pyO | THIC.pYyO
1. Oxonomuueckuii 3¢ dext,CF

1752,89 | 1885,79 | 1890,47 | 5529,15
(cm. Tabu. 19)
2. IuBecTuioHHbIe BiIOKeHus, [CB 2064.6
T. 4. CTOUMOCTh 00OPYIOBaHUS ’ 0 0 20646
(cm. Tabu. 20), 664.,6
3aTpaTrhl HA MOJEPHU3ALUIO
(cm. Tabu. 21) 1400,0
3. Yuctsii a¢ppext,NV

—311,71 | 1885,79 | 1890,47 | 3464,55
(m.1-m.2)
4. Kospdpunuent
JMCKOHTHUPOBaHUS,
k,=1/(140,14)" rne T-rog, 14% 0.877 0,769 0,675
— CTaBKa IMCKOHTUPOBAHUS
5. UuCThIN AMCKOHTUPOBAHHBIN _526,98| 924,07 | 220009 | 250718
noxon, NPV (cM. pacu. HUXKE)

Uucteii auckoHTHpOBaHHBIN 10X0oa( NPV )xapakTepu3yeT CyMMapHBIA OXOJI 3a
BECh PAcUeTHBIN MEPHOJ, MPUBEACHHBIN K HAYaJJbHOMY MOMEHTY BpeMEHU. UHCTHIi

nuckoHTupoBaHHbIA 1oxoa( NPV )onpenensem no dpopmyie 54

NPV; = YT_,(CF - k,) — IC, (54)

raie CF — sxoHommueckuii apdekr, TriC. pyo.,
IC — VHBECTUIIMOHHBIE BJIOKEHUS, ThIC. pyO.,
k, — k0> PUIMEHT TMCKOHTUPOBAHHUS, IIPH CTABKE

nuckoHTupoBaHus (14%).

UucTelit AMCKOHTUPOBAHHBIN J10X0.1 3a 1-if rox
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NPV, =1752,89-0,877 — 2 064,6 = —526,98 TbIC. pyO.

YHucThlii IMCKOHTUPOBAHHBIN JOXO/I 3a 2 roja

NPV, =1752,89-0,877 + 1885,79-0,769 —
—2064,6 = 924,07 ThIC. pYyO.

HucThlid TMCKOHTUPOBAHHBIN 10X0 3a 3 roaa
NPV; =1752,89-0,877 + 1885,79-0,769 +
+1890,47 - 0,675 — 2 064,6 = 2 200,09 ThIC. pyo.

[IpoBenem pacyer cpoka OKynaeMOCTH ImpoekTa. CpoK OKyImaeMOCTH — 3TO NEPHO/,
HauMHAs C KOTOPOTO E€AMHOBPEMEHHBIE 3aTPAaThl, CBS3aHHBIC C OCYIIECTBICHHEM

IMPOCKTA, IMCPCKPLIBAOTCA JOXO0AAMHA OT pCAJIU3alINHN IIPOCKTA.

Cpox OKymaeMOoCTH pacCYUThIBaeM 1o popmyie 55

IC

PP = Svemy

(55)

rne  YNPV =-526,98 + 924,07 + 2 200,09 = 2 597,18 TrIC. pYb,

2064,6

P=—=24rona.~2roxaab mec..
2597,18/3 A A
To ecTh uepe3 ABa rojia U MMATh MECAIIEB MHBECTHIIMH B TIPOEKT OKYIISATCA.

BrimonnuMm pacdet uHAEKca peHTabenbHOCTH poekTa. OTHOCUTENIbHBIE apaMeTphl,
— ©eCTb OTHOUICHWE CYMMAapHOM TEKYyIIeW CTOMMOCTM K TEKYyLleW Wi

€IMHOBPEMEHHON CyMMe 3aTpaT

Wunexkc peatadenprocTr(Pl)paccunteiBaetcs 1mo hopmyse 56

__ INPV
Ic

PI : (56)

WHJIEKC PEHTA0EIbHOCTH (JIOXOHOCTH) 32 TPH TOJa COCTaBUT

__25w;s_126
20646
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P CaJIn3anus JaHHOTO IIPOCKTA BbII'OJHA, T.K. MHACKC peHTa6eHBHOCTI/I, Ha OKOHYaHHUC
TPETBLCI0O TIoJa OT Haydajla pCaJIM3allhuH IIPOCKTA, OobIIe CIWHUIIBI, CPOK
OKYIIaeMOCTH COCTABJIACT JBa TIoda HW IIATb MCECALCB, IIpHU HCO6XOIII/IMI>IX

WHBECTUIIUSIX B NPOEKT B pazmepe 2064,6 TiCc.pyo
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3AKJIFOYEHUE

B 1umioMHOM 1DIpOEKTE IPOBEACH aHAlIW3 BO3MOYKHOCTH BBEICHUS PEKHMA
pekynepaunu Ha TaroBom arperare HIII.

B xone nccnenoBaHuil peleHbl CIEAYIOIIME 3a0a4n:

- aHaJU3 CXEMOTEXHUYECKOIO PEIICHHUs] MOJCPHM3ALMU CHIOBON BBIIPSIMHUTEIBHON
YCTAaHOBKHU U U3BMEHEHMI B CWIIOBOM cxeme TsaroBoro arperata HII1;

- IPOBEACHBI TATOBBIC PACUETHLIEIBI0 KOTOPBIX SBIACTCA aHAIU3 XapakTepa
JNEUCTBYIOLIMX CHJI Ha TITOBBIM arperar BO BCEX pexuMax padOTbl M pacyer
IIEKTPOMEXaHWYeCKnX xapakrepuctuk TA. Tak Ke mpoBEAEHBI PACUETHI
CHpSIMJIEHHBIX TIpoduiiel yuacTKOB MyTH pyaoBo3HOTo Kpyra Kaukanapckoro I'OKa;
- B CBSI3M C M3MEHEHUEM CXEMOTEXHHUKH CHUJIOBOW BBINPSIMHTEIBHON YCTaHOBKH,
npoBejieHa pa3paborka anroputma ympanieHus CBY. Pa3paGoTaHHBIH alroputm
NOJAJIEP)KUBAET BCE IITaTHbIE PEXUMbl paboTel TA M pexuM peKynepaTuBHOIO
TOPMOXEHUS;

- MPOBEJICH aHaIu3 padboThI AeKkTporpuBoaa TA ¢ MoaepHusupoBanHoit CBY;

- TpPOBEACH pacyeT HKOHOMUYECKOW dSPQPEKTUBHOCTH BBEIACHHUS pPEKHUMa
peKyrepanuu, KOTOpBIM TMOKas3ad, 4YTO TpU  MOJAEpHH3auuu oaHoro TA,
SKOHOMHUYECKUH 3(PeKT cocTaBisieT okoyo 1,5 MiH. pyOseil B rol, a OKynaeMocCThb
MOJIEPHU3ALMU COCTABIISAET 2,5 roja;

[lean m 3agauu, MOCTAaBJIEHHbIE B 33JlaHUM HA JUIJIOMHBIA MPOEKT, BBHIMOJIHEHBI B
nosHOM oO0beme. MccnenoBanus MOKa3bpIBalOT, YTO MOJAEPHU3ALIMS TATOBOTO arperara
HII1 BOo3MOXHA M NpU 3TOM JAOCTUTAIOTCA XOPOIINE TEXHUYECKHE U IKOHOMHUYECKHUE

ITIOKAa3aTcCiun.
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[MTPMJIOXKEHME 1

CXEMA CWJIOBBIX LIEIIEN TA HITI

Lernpb nepBUYHON OOMOTKH TATOBOTO TpaHchopmaTopa

[logximroueHue arperara K KOHTAKTHOW CETHM OCYIIECTBISIETCA LEHTPAIbHBIMHU
TokonpueMHuKaMu XAl unu XA2 unu 60koBbIMH TOKonpuéMHuKamMu XA3 - XAG6.
[Tonmwxkenne HampstkeHus ¢ 10000 B mo BenuuuHbl, HEOOXOIUMOW JJIsi MUTAHUS
TATOBBIX  3JIEKTPOJIBUTaTelieid,  BCIOMOTATENbHBIX  MAIllMH ©  YCTPOICTB,
OCYIIECTBISIETCS TATOBBIM TpaHchopmaropom T1, mepBuyHas 0oOMOTKa KOTOPOTO
MOAKJIIOYeHA K TOKONMPUEMHHUKAM uepe3 Jpoccenu mnoMmexomnonasienus L3, L4,
BBICOKOBOJIbTHBIE pazbenuautenu QS1, QS2, rmaBneli BbeIKIIOUaTens QF1,
Tpancopmarop Toka T2, U K penbcoBoi menu yepe3 TpaHnchopmarop Toka 17 u
KOpITyC arperara, B COOTBETCTBUHU ¢ pucyHkamu 1.1. n 1.2.

Hpoccenu L3, L4 npenHasHaueHnl JUIsi CHIDKCHHS YPOBHSA  PaJHONIOMEX,
co3/laBaeMbIX TpU pabotre arperara, pazbenunutenn QS1, QS2 - nis oTkaroueHUs
TpeX MEpPEeIHUX WIH 3aJHUX TOKOIMPUEMHHKOB, €CIM OJWH M3 HUX HEHCIPABEH.
PykosiTku pazbeAMHUTENIEH BBIBEICHBI BHYTPh BRICOKOBOJIBTHOM KaMephl.

['maBubiit BeIkTIOUaTenb QF1 mpegHasHaueH 718 OMEPATHBHBIX W ABAPUMHBIX
OTKJIFOYeHHUI TsAroBoro TpaHchopmaropa T1. Ilocne oTkiIoYeHUS TMepBUYHAS
oOMoOTKa TpaHcopmaTopa MOJKIIOYAETCA K KOPIYCY arperata HOXXOM TJIaBHOTO
BBIKJTIOUATENISl C IIEJIbI0 CHSTHUS WHAYKTUBHOTO 3apsna. Tpancdopmarop Toka T2
CIY)KUT JaTYMKOM ToKa I riaBHOro Beikmrodatens QF1. Tlpum kopoTkux
3aMBIKaHUSIX U TOKOBBIX IEpEerpy3Kax TIJIaBHBINM BBIKIIOYATENb OTKiIro4Yaercs. s
3alATHl OT aTMOC(EPHBIX M KOMMYTAIIMOHHBIX HAMpPSHKEHUH B KOHTAKTHOW CETH

MPEAYyCMOTPEH OrpaHUYUTEh TIepeHanpsbkenuil F1.
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Puc. 1.2 CunoBas cxeMa MOTOPHBIX TyMITKapOB
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Tpancdopmarop Toka T7 BeImOTHSAET GYHKIIUIO TaTYUKA TOKA JUTSI CUETIYMKA
aKTUBHOM dHepruu. HanpskeHne KOHTaKTHOU CETH U3MEPSETCS BOJIBTMETPOM
PV3, noakIr0oueHHBIM K OOMOTKE COOCTBEHHBIX HYI.

Cxemoil  OpemyCMOTPEHO  YEThIpeX  30HHOE  IUJIABHOE  PEryJHpOBaHUE
BBIIIPSIMJIICHHOTO HAMPSKEHUS.

Llern BTOPUYHBIX TATOBBIX OOMOTOK TSATOBOTO TpaHC(hopMaTopa U TITOBBIX
ANEKTPOABUTATENIEH B PEKUME TATU
HamnpsixkeHue Ha TATOBBIE 3JEKTPOABUTATENN TMOJACTCS OT BTOPUYHBIX TATOBBIX
00MOTOK TaroBoro Tpancdopmartopa T1 uepe3 BeimpsiMuTenbHbie yeTaHoBku UL.1,
U2.1. HanpsokeHusl ceKIuii mpu X0JI0CTOM X0Jie TpaHcopmaTopa cieaytomue: al-
Xl, a2 - x2, a3 — X3 u a4 - x4 no 660 B, HanpsbkeHne ocTadbHBIX cekiuii mo 330 B.
Jlnst  CHWKEHUsS TIOTCHIIMaJa OTHOCUTEIBHO KOopIyca TpU  aTMOoc(epHBIX
NEpPeHANpPsDKEHUSIX W CHIDKEHHMS YPOBHS PaJUONOMEX BBIBOJABl BTOPUYHBIX
0OMOTOK COE€IMHEHBI C KOPITycOM arperata uepe3 konaeHncaropsl C1 - C8.
3ammura TATOBBIX OOMOTOK M BBINPSIMUTEIHLHON YCTAHOBKH OT TOKOB KOPOTKOTO
3aMBIKaHUSI OCYIIECTBISICTCS, COTJIACHO PUCYHKY 6, C TMOMOIIBIO TOKOBBIX pelie
KA7 - KAl12, npu cpabaThiBaHUU KOTOPBIX OT OOMOTKHM COOCTBEHHBIX HYXK]I
nojgaercss HanpspkeHne 390 B Ha  OTKIIOHAKONIYHO  KaTyIIKy TJIABHOTO
BbIKJItouaresss QF1, KOTOpHI OTKITIOYAET TATOBBIA TpaHCHOPMATOP OT KOHTAKTHOU
CETH.

3amuTy TATOBBIX 3jekTpoasurareiacii Ml - M4 oT TOKOB KOpPOTKOro
3aMBbIKaHHS OCYLIECTBIISIIOT pene neperpy3ku KA1 - KA4.

ITepexmouarenn QP1, QP2 obecneunBaroT H3MEHEHHE HAIIPaBICHUS TOKA B
00OMOTKaxX BO30YXKICHHS TATOBBIX 3ekTpoasurarencii Ml - M4 u tem cambiM
M3MEHAIOT HAIlPaBIICHHUE IBUKEHUS arperara.

[Tepexmouarenn QT1, QT2 npennaszHadeHsl 111 cOOpa CXEMBbI pEOCTaTHOTO
TOPMO3a.

JIns CHWKEHMsSI TyJibCAllui BBIIPSMIICHHOTO TOKa B IENU TATOBBIX

AIIEKTPOJIBUTATENICH BKIIIFOUEHBI CrIIaXKuBatoiiue peakropsr LI, L2,
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JIist yMEHBINIEHUST TyJIbCAallUid TOKAa B OOMOTKax BO30YXKICHUS TATOBBIX
nBUrareneii oOMOTKH BO30YyxAeHUs IIYHTHPYIOTCs pesuctopamu R5. 1, R5. 2, R6.
1, R6. 2.

PerynupoBanue HampshKEHUsT Ha 3aKMMaxX TATOBBIX SJIEKTPOJBUTraTeNeh
OCYILECTBIISIETCS ITyTEM U3MEHEHUS yTJla OTKPBITHS TUPUCTOPOB BHITIPSIMUTEIBHBIX
yctanoBokU1. 1, U2. 1.

B ciyuae HeoOxomumocTH 000 TATOBBIM Anektpoasuratens Ml - M4
MOXET OBITh OTKJIIOYEH COOTBETCTBYIOIIMM OTKJIIO4aTenem apurateneit QSI3 -
QS16. IIpu »TOM OHOKMpPYETCS BKJIIOYEHHE COOTBETCTBYIOIIETO JUHEHHOTO
koHTaktopa K1- K4.

[Tutanue TATOBBIX AJIEKTPOJABUTATENCH OT UCTOYHUKA HU3KOTO HAMPSHKEHUS
(ceth nemo) ocymiecTBisieTcs yepes po3etku X| u pazweauautens QS17.

Hanpspkenue Ha 3akuMax TATOBBIX AJIEKTPOABUTATENIEH M, CI€IOBaTEIBHO,
Ha BBIXOJI€ BBIIPSIMUTENbHBIX ycTaHOBOK Ul. 1, U2. 1 uzmMepsiercs BoibTMETpaMu
PV1PV2. Or KOMMYyTalHOHHBIX MEpPEHANPSIKEHUN BOJBTMETPHl 3al[UIICHBI
konaeHcaropamuCl10, C11.

Tox mepBOro W TPETHEro TATOBOTO SIEKTPOJBUIATENSI HU3MEPSIETCS
amnepmetpamu PA 1, PA2, noakmouyeHHbIMU K U3MEpPUTENbHBIM IIyHTam RS,
RS2.

B menu kaxaoro sSIKOpsi TSATOBOTO 3JEKTPOABUTATENSI BKIIIOUEHBI JATUUKU
toka T16, T17, T19, T20, T24 u T25, COOTBETCTBEHHO, OOCCIICUMBAIOIINC
COBMECTHO € OJIOKOM MUKPOTPOIIECCOPHON CHUCTEMBI YIIPABJICHHS JIBIDKEHHEM A6
(MCVY 1) KoHTpOJIb TOKA TATOBBIX AJIEKTPOJBUTATEICH U OOPATHYIO CBS3h MO TOKY
C CUCTEMOM yIpaBJICHUS BBITPSIMUTEIIBHBIMU YCTAHOBKAMM.

[{enu TATOBBIX JAEKTPOABUTATEIEH B PEKUME PEOCTATHOTO TOPMOKEHUS
MIPU HAJTMYUU HAMPSHKEHUS] B KOHTAKTHOU CETH
TsAroBble 3JEKTPOJBUTATENIM B PEXKUME PEOCTATHOIO TOPMOKEHHUSI pabOTaIOT Kak

I'CHCPATOPHI IIOCTOAHHOI'O TOKA ¢ HC3aBUCUMBIM B036Y)KI[€HI/IGM.
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PeoctaTtHO€ TOpMOKEHHE OCYIIECTBIISIETCSI MyTEM TalllEHUs] YHEPIUU TATOBBIX
3IIEKTpOIBUTaTeNel B 6JI0KaX TOPMO3HBIX pe3ucTopoB R1 - R4.

Bce mepexiroueHuss B CHUJIOBOM LEMU IPU IEPEXOAE U3 pEKHUMa TATH B
PEXKUM PEOCTATHOTO TOPMOXKEHUS M HA0OOpOT MPOU3BOAATCA TOPMO3HBIMU
nepeximodatensimu QT1 u QT2. Ilpu mnepexone B pPeKUM PEOCTATHOTO
TOPMOKEHUS AKOPb KaXJOT0 TATOBOTO AJIEKTPOABUTATENS OTKIKOYAETCS OT CBOEH
OOMOTKH BO30YXJACHUS U MOAKIIOUYAETCS K TOPMO3HOMY PE3UCTOPY Ha BHIBOJHI 1 -
3, 5 - 6 Ha 2JIEKTPOBO3€ yIpaBJeHUs M Ha BBIBOALI 1 - 2, 3 - 4 HAa MOTOPHBIX
nymnkapax OrpaHuyeHuss TOPMO3HOIO TOKa Ha ypoBHE 650 A ocymiecTBisieTcs
o6moxom A6 (MIICY) no curnany gataukoB Toka T16, T17,T19, T20, T24, T25, a
TOKa BO30YyXAeHUs - faTurkamu Toka T18, T21.

OxnaxnaeHue OJIOKOB TOPMO3HBIX pesuctopoB R1, R2 ocymiectBisercs
MOTOpP-BEHTUJIAITOpaMu M5, M6, KOTOpbIE MOIKIIOYAIOTCS HA BBIBOJIBI PE3UCTOPOB
6 - 7 Ha PJIEKTPOBO3€ YIPABJICHUS M HA BBIBOJBI 4-5 Ha MOTOPHBIX AyMIIKapax, U
MUTAIOTCA HANpSKEHHEM [OCTOSSHHOTO TOKa, KOTOPO€ TOSIBIAETCS IpHU
NPOTEKaHUU TOKa SIKOpS 4Yepe3 TOPMO3HOW pPE3UcCTop € BbIBOAaMU S5 - 6 Ha
AJIIEKTPOBO3€ YIIPaBJICHUS U 3 - 4 HA MOTOPHBIX AyMIKapax.

[Ipn BbIXOZAE M3 CTpOsi MOTOp-BeHTH IsATOpa M5, M6 TOKOBBIE pene KAII,
KA18 ne Bkitouarcs u Ha Ojoke curHanu3anuu Al6 OyayT ropeTh CBETOAUObI
BTP B cooTBEeTCTBUU C pUCYHKOM 15.

TopmosubiM  miepexmodaterieM QT1 oOMOTKM BO30YXKIEHHS TITOBBIX
anextpoasuratencii Ml u M2 snektpoBo3a yrpaBiieHUS 1 MOTOPHBIX TyMITKapOB
COCAUHSAIOTCA IMOCIEAOBAaTEIbHO U KOHTakTopoM K6 mnoakmtoyaroTcss K
BBITIpsAMUTENBHOM ycTaHoBke Ul. 1 (k mmHe BO1), TOpMO3HBIM nepekitouaTeneM
QT2 06MOTKHM BO3OYXKACHUS TIATOBBIX deKTpojBurareneiit M3 u M4 snexktpoBo3a
VOPABJICHUS M MOTOPHBIX JYMIIKAPOB COEIUHSIOTCS IMOCIEJOBATENbHO U
koHTakTopoM K16 nonkirodaroTcst K BeIIpsiMuTenbHOM ycTtaHoBke U2. 1 (k muHe
BO2). Ha mocneanem nymmnkape 1end OOMOTOK BO30YXKIEHUS COCAMHSIOTCA C

mmHamMu BO3 1 BO4 nepemplukaMu, yCTaHAaBIMBAEMBIMU IIPU MOHTAKE arperara.

bP44.03.04547.2018

69



COop CHJIOBOM CXEMBbl pPEOCTAaTHOTO TOPMO3a 3aBEPLIAETCS BKIOYEHUEM
koHTakTopoB K6 u K16.

[lenu TATOBBIX AJNEKTPOJBUTATENEH B PEKUME PEOCTATHOTO TOPMOKEHUS
MIPU OTCYTCTBUU HAIPSKEHUSI B KOHTAKTHOW CETH
[Ipy MCUE3HOBEHHM HAIPSKEHUST B KOHTAKTHOM CeTH, OOMOTKM BO30YXKIEHHUSA
otkimoyaoTca or muH BO1, BO2 kontaktopamu K6 m K16. Ilpu ckopoctu
NBIDKEHUs arperata Bbime 30 KM/4 cxeMa peocTaTHOrO0 TOpMO3a HE COOMpaeTcs.
[Ipn cHwKeHun CckopocTH JBWkeHus A0 30 kM/u Onok ympabieHuss AS0
komriekca KII/I-3B oGecneunt Bimtouenue kontaktopoB K9, K19, koropsie, B
CBOIO OYepe/lb, MOAKIIOYAT OOMOTKH BO3OYKICHHS K SIKOPSIM TSITOBBIX JIBUTATEIEH
MI, M3 uepe3 TopmosHbie pesuctopel R1, R2. Tlpu CHMKEHUM CKOPOCTH
neumxeHust ot 20 km/4 1o 15 xkm/u Onok ympasnenus AS0 kommexca KII/I-3B
obecrnieunT BKIIIOYEHUE cOOTBEeTCTBEHHO KOoHTakTOpoB K8, K18 u K7, K17 xotopsie
BBIBOJIAT (IIIYHTUPYIOT) COOTBETCTBYIOIIME CTYNEHH TOPMO3HBIX PE3UCTOPOB,
YMEHbIIIAasi BEIMYUHY TOPMO3HOTO PE3UCTOpPA 1O BEIUYHHBI HEPETYIUPYEMOIO
pe3ucTopa ¢ BeiBojgaMu 1 - 3.

JlanpHelilliee  YMEHBIIEHHWE BEIMYMHBI TOPMO3HBIX PE3UCTOPOB  HE
NPEeAyCMOTPEHO, T. K. TOPMO3Has Cujia, cOo3/laBaemasi TATOBBIMM JIBUTATEISIMU,
JIOCTaTOYHA JJIs MOAAEPKAHUSL CKOPOCTH JIBHXKEHUSI 15 KM/4 rpy>KeHOro noesjia Ha
ciycke 40 %.

Jlnst 3amuThl 0JIOKOB TOPMO3HBIX pe3rcTopoB R1, R2 oT npeaenbHO JOMYCTUMBIX
TOKOB B II€MIM TOPMO3HBIX PE3UCTOPOB HA JJIEKTPOBO3E YINPABJICHUSI BKIIFOUYEHBI
tokoBbie pene KAIS, KA16, xkotopele mpu TOKE uepe3 TOPMO3HOU pPe3UCTop
cBbitie 670 A pa3douparoT cxemy peoCcTaTHOTO TOPMOXKEHHUSI C CaMOBO30YKICHUEM

AJIEKTPOJIBUTATEIIEH.

bP44.03.04547.2018

70



[MTPMJIOXKEHUE 2

ITPABUJIA TATOBBIX PACUETOB J1J151 TIOE3/ITHOM PABOTBHI
JIOKOMOTHUB 1 MOTOPBAT'OHHOTI O IIOBM>)KHOI'O COCTABA

To4YHOCTH pacueToB

Enunanier pusndeckux BenudnH JaHbl B MexmyHapoaHoi cucteme enunaunil (CH),
32 UCKIIFOUEHHUEM CHUJI (CM. IPUM.).

[Ipu TATOBBIX pacyeTax MPUHUMATH:

a) paccTositHHe — ISl 3JEMEHTOB Mpouis B MeTpax, A MEPEroHOB — B
KWJIOMETPAX C OJIHUM 3HAKOM TIOCIIE 3aISITOM;

0) yki0oHbl — B nipomuiLie (%o) ¢ OJHUM 3HAKOM IOCJI€ 3aMsATOM;

B) CWJIy TSITH, CUJIBI COTIPOTUBIICHUS U TOPMO3HBIE — B KWJIOTPAMM-CHJIAX — C
okpyrienuem 1o 50 Krc;

T)yIeNbHBIC CUJIBI — B KWAJOTpaMM-CHJIaX Ha TOHHY C JABYMS 3HaKaMu TOCIIC
3aMsTOM;

1) TOK — B aMIIepax ¢ OKPYTJICHHEM JI0 5 A;

€) CKOPOCTh — B KHJIOMETPAX B 4ac C OJJHUM 3HAKOM IIOCJIE 3aIsTOMH;

) Maccy COCTaBOB — B TOHHaX, TIPY30BBIX C OKpyrjieHuem nao0 50 T,
MaCCAKUPCKUX — 110 25 T;

3) 00IHMiA pacXo]] TOTUIMBA HA TSITOBOM Y4acTKE — B KHUJIOTPaMMax ¢ OKPYTICHHUEM
1o 10 kr;

M) OOmMiA pacxoj JIEKTPOIHEPTHU HA TATOBOM YYAaCTKE — B KHJIOBATT-4acax C
okpyriennem a0 10 kBT - y;

[Ipumeuanue. Ilo cornacoBanuto ¢ T'occranmaprom CCCP B IIpaBunax
WCIIOJIB3YETCSl €IMHUIIA CHJIbI KHJIOTPAaMM-CHJIa BMECTO HBIOTOHA (MHMCHMO
['occrangapra Ne 7/1-10-1249 ot 31.08.83).

K) YIeIbHBIM pacxoj TOIUIMBA — B KWJIOTpaMMaxX Ha TOHHO-KWJIOMETP C

okpyrienuem 10 0,1 kr/10% T - kM ;
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Jd) YAENbHBIM pacxoj] 3JIEKTPOSHEPTMM — B BaTT-4acaX Ha TOHHO-KUJIOMETP
[BT - 4/(T - KM)] ¢ OJHUM 3HAKOM IIOCJIE 3aMsATOM;

M) pacxoji BOJbl — B KMJIOTpamMmax ¢ okpyriaeHuem ao S50 Kr;

H) MEepPEeroHHoe BpeMs XoJa — B MHHYTax, pacuetHoe a0 0,1 mun, 11 rpaduka
JBKEHUS TPY30BBIX M MACCAKUPCKUX MOE3J0B MpH cKopocTsix a0 140 xkM/u ¢
OKpYIJIEHHEM 110 1 MUH, a ISl TACCaKUPCKUX MOE3/10B MPU CKOPOCTSIX JBUKEHUS
6onee 140 kM/9 1 MPUTOPOAHBIX TTOE310B — 110 0,5 MUH;

0) Temmeparypy — B rpaaycax Lleabcuss mpu npoBepkKe HarpeBaHus 110
oTnenpHbIM 3nemeHTaM pacyeta Jo0 0,01°C ¢ OKpyriieHHEM KOHEYHBIX
pe3yabTarosB j10 1°C.

['paduueckoe wuzoOpakenue 3aBucumocted. Ilpu rpaduueckoMm uzoOpaxeHuU
3aBUCHMOCTEM OJHOW NEPEMEHHOW BEIWYUHBI OT JPYrOM PYKOBOACTBOBATHCS
CJIEIYIOIIMMU OCHOBHBIMH MPABUIIAMHU:

a) Ha rpaduke 00s3aTENbHO HAJIMYME HYJIEBOW aOCHUCCHI, HYJIEBOW OpPAMHATHI U
IIOJIHOM CETKH;

0) MacmraObl AOJDKHBI OBITH BBIOpAHBI TakK, YTOOBI OMpeleSIeHHEe 3HAYEHUU
MEPEMEHHBIX MPU MOMOIN MUJUTUMETPOBOMN JTUHEHKH (MEXTy JTUHUSMU CETKH) HE
BCTpEYAJIO 3aTPYIHEHU;

B) OCH KOOPAMHAT BbIYEPUUBATH TOJIIIE IPYTUX JIUHUNA CETKH;

I') Ha OCAX KOOPAHMHAT MPOCTABIATH OyKBEHHBIE 00O3HAUEHUS MEPEMEHHBIX U UX
CAMHUILY U3MEPEHHUS.

[Topsinox pacueroB.TsroBeie pacueTsl BBINONHATH MO CHJIE TIrd Ha 000dax

JBWOKYIIUX KoJiec (1o KacaTeinbHO# cuie Tsru F).
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[MTPMJIOXKEHUE 3

PACYHET TAI'OBBIX XAPAKTEPUCTHUK ABVMKEHMSA COCTABA

3.1 Pexxumbl paboThl cocTaBa

B mponecce nBuKEHHS TATOBBIM arperar U JyMIIKApPbl WCIBITHIBAIOT B3aWUMHOE
BO3JICMCTBUE JPYr Ha Jpyra yepe3 ClLEMHbIC MPUOOPHI, a TaKkKe BO3JICUCTBUE OT
peNbCoB, BeTpa U T. A. B pe3yinbraTre AEUCTBUS 3TUX CUJI HA MOCTYNATEIbHOE
JBUKCHHE MOE3/1a HAKJIAIBIBAIOTCS MEPEMEMICHUS MOABUKHOTO COCTaBa BO BCEX
HaMnpaBJICHUSAX: TPOJAOJIbHBIE, TMOMEPEYHbIE W BEPTUKAIBbHBIE, a TaKKe
BpAILIATEIBHBIC JBUKEHHUSI OTHOCUTEIIBHO BEPTUKAJIBHON U TOPU30HTAIBHON OCEM.
[TosToMy IBMXEHHE MOE3/1a MO pesibcaM COMPOBOXKIACTCA YaCTUYHBIM BUJISTHUEM,
raJIONUPOBAHUEM, HAKJIOHOM U KOJICOaHHUSIMU JyMITKapOB U TSTOBOTO arperara.
JIns ynpolieHus paCCMOTPEHUS YCIIOBUM JIBUYKEHUS MPU TATOBBIX pACUYETAX MACCY
noe3zga NPUHUMAIOT COCPEAOTOUYCHHOM B IIEHTPE €ro TSHKECTH, a M3 BCEX
MEPEMENICHUN PACCMATPUBAIOT TOJIBKO IIOCTYIATEIBHOE €ro JIBHKECHHE IO
JKEJIE3HOJIOPOKHOMY MYTH M BpalllaTeIbHOE JBMIXKEHUE SIKOPEH TATOBBIX
AJIEKTPOJIBUTATENICH, JJIEMEHTOB TMepedadyd M KoJieCHbIX map. OcTalbHbIe
MIEPEMENICHNS] HE YYMTBHIBAKOT, A CHWJIbI, 3aTPayMBacMble HA HHUX, BBOJST B
COIPOTHUBJIEHUE JIBUKEHUIO U OTICJIbHO HE paccMaTpuBaroT [6].

JIns ananu3a xapakrTepa JIeMCTBYIOIIMX Ha COCTAB CHJI, IPOLIECC IBUKECHUS MOXKHO
pa3aeauTh Ha TPYIIIIbL:

- IBUKEHUE T10 MPSMOU;

- IBM)KCHUE HA CITYyCKE;

- IBIDKEHHE Ha MOJbEME.

1.ITpu 5TOM TIpOIIECC ABUKECHUS XapaKTEPU3YETCS TPEMS PSKMMaMHU JIBUKEHU S

- TSITa;

- BBIOET (XOJIOCTOM XO/1);
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- TOPMOXKEHHUE.
2 PexxuM Taru. B 3TOM citydae 1BUKEHHE MPOUCXOAUT € pabOTAIOIIUMHU TATOBBIMU
JABUraressiMu. PaBHOIEHUCTBYIOIAs BCEX CUII IIPU DTOM paBHA

R=F —W,, (3.1

rae R —paBHOneUCTBYrOIAs CUII;
F, — KacarenbHas cuia TArY,

W, — OCHOBHOE CONPOTUBIICHUE.

3 Pexxum BhIOETa — ABMKEHUE O€3 TOKA, MPU TOM PAaBHOJEHCTBYIOIIAs PaBHA

R = —W,. (3.2)
4 Pexxum TopMOkeHus. PaBHOAENCTBYIONIAs BCEX CUJT pPaBHA

R =—-(W, +B,), (3.3)

rae B, — topmo3Has cuna.
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PacueTt cTtatnueckux Macc 1 Beca IIOABHXKHOI'O COCTaBa

1 Macca T4roBoro arperaTta paBHa:
MOPOXKHETO (CM. MPUM. U IPUIIOKEHUE 2)
M,, =M, +n-M,, (3.4)
M,, =120+ 2-55 = 230T;

I'PY>KEHHOTO
Mar = Man + nMr (35)
M,.=230+2-65=360T,
rne M, My, M. — Maccel 3J€KTPOBO3HOM CEKIIMH, MOTOPHBIX JyMIKapoB H
HOMHHAJIBHOTO I'Py3a,
N — KOJIMYECTBO €AVHMI] IOJIBHKHOTO COCTABA.

Cpennsist Harpy3Ka Ha OCb:

IIOPOKHETO
Gon =~ (3.6)
230
Qon = 75 = 19,2 'T;
IPYKEHHOTO
360
Qsr = 17 =30T

[Tpumeuanue. CMm. Texunueckue xapakrepuctuku TA HIT1, mynkr 1.1.

2 Macca rpy30Boro cocrapa (Ipy30BbIX TyMIIKapOB):

IOPOYKHETO
M,; =n-M, (3.7)
M,, =11-50 =550 T;
IPYKEHHOTO
My = My, +n - M, (3.8)
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M,. =550+11-105=1705T,
A€ N — YUCIJO I'PY30BBIX TyMIIKApOB

M,, M. — macca nymnkapa 2BC105 u cpennss macca rpysa.

CpenHsist Harpy3Ka Ha OChb:

MIOPOKHETO
Ipy>KEHHOTO
1705

Qur = 16- 25,8 T.
3 Bec TaroBoro arperara paBeH (CM. IpUM.):
MOPOKHETO

By =My, - g, (3.9)

P, =230-9,81 = 2255 Tc*;

TPYy>KEHHOTO

P.=360-9,81 = 3530 Tc,

rie g = 9,81M/c? - cuna THKECTH.

CpenHsst Harpy3Ka Ha oCb (B KIC):
MOPOKHETO

Qon = 19,2 9,81 = 188,4 Tc;
TPY’KEHHOTO

qor = 30-9,81 = 294,3 Tc.

[Ipumeuanne: Ilo cornmacoBanuto ¢ T'occrangaptom CCCP B IlpaBunax

HUCIIOJB3YCTCA CAWMHHIA CHJIblI KHWHJIOI'paMM-CHJIa BMCCTO HBIOTOHA (HI/ICBMO

["occrannmapta Ne7/1-10-1249 ot 31.08.83).
4 Bec rpy30BBIX AyMIKapoB HaxoauM 1o gopmyie (3.9):

HOPOKHUX
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Q, =550-9,81 = 5395 Tg;
rPYKEHHBIX

Q. =1705-9,81 = 16725 Tc.

Cpennsst Harpy3Ka Ha ocb (B Krc):

ITOPOKHUX

Qon = 8,3-9,81 = 81,4 Tc;

IPY>KEHHBIX

q.. = 25,8-9,81 = 253,1 Tc.

3.2 Pacuet cOnpoOTUBIECHUI IBUKEHUIO OIBUAKHOTO COCTAaBA

1 OcHoBHOE YACIBHOC COIIPOTHUBJIICHUC MABWKCHUIO TATOBOI'O arperara Ha

3BEHBEBOM TyTH [ 7] onpenensercs no ¢popmyie
wy =19+ 0,01v + 0,0003v2, (3.10)
wy = 2,4+ 0,011v + 0,00035v72, (3.11)

IIe W, — OCHOBHOE Y/EIbHOE COMPOTHBIEeHHUE ABmKeHnto TA, Kre/Tc,

Wy, — OCHOBHOE YJICIbHOE COMPOTUBIICHUE BUKCHHUIO HA XOJIOCTOM
X0y, KT¢/TC,

¥V — CKOpPOCTh COCTaBa, KM/H.
2 OCHOBHOE€ YAENBHOE COMPOTHUBIICHHE T'PY30BBIX IIECTHOCHBIX TyMIIKApOB Ha

POJIMKOBBIX MOJAIIUITHUKAX [7] HaxoauTes 1o ¢popmysie

8+ 0,1v + 0,0025v2

wy = 0,7 + 7
0

(3.12)
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3 Pacyetsl u TpaduKM yIOeNbHBIX CONpOTHBICHUH moctpoensl B 10 «Mathcad

14», rpaduku OCHOBHBIX YAENIBHBIX CONPOTUBICHUN B (YHKIUU CKOPOCTH, IO

dbopmynam (3.10, 3.11, 3.12) nokazansl Ha puc. 3.1.

VY enpHblE CONPOTHUBIIEHUS HA OCHOBHBIE, paspemeHHble ckopoctd B YIKT

Kaukanapckoro I'OKa [8], moka3zansl B Tab. 3.1.

Tabmura 3.1
OCHOBHBIE YICIIBHBIC CONTPOTUBJICHHS IBHYKCHHUIO
CKOpOCTb, Wy, Wy, W o Wy
KM/4 KI'C/TC KI'C/TC KI'C/TC KI'C/TC
10 2,03 2,55 0,81 0,74
20 2,22 2,76 0,84 0,74
25 2,34 2,89 0,85 0,75
30 2,47 3,05 0,86 0,75

40

60
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Puc. 3.1 3aBUCHMOCTb OCHOBHBIX YJ€IbHBIX CONPOTUBIECHUMN ABUKEHUIO:
V — CKOPOCTh cOCTaBa, kM/4; ® (V) — yaensHoe conpoTuBienue TA, kre/Tc;
ox(V) — yaenbHOe conpoTuBiicHre TA Ha X0JIIOCTOM X0y, KI'C/TC;

o (V) — yIelIbHOE COTPOTUBIICHUE MIOPOKHUX TYMITKApPOB, KI'C/TC;

or (V) — yaeabHOE CONPOTUBIICHUE MPYKEHBIX AYMIIKapOB, KI'C/TC;
3.3 Pacuer nomyctuMoro Beca coctaBa

1 MakcumanpHBI BEC COCTAaBa, KOTOPBIM TATOBBIM arperaT MOXET IEPEBECTH,
3aBHCHUT OT yIJia mojabema (yKJIOHa) U APYrux (akTopoB, TAKMX KaK KacaTellbHas
Cuja TATM TIATOBOIO arperara, CjelOBaTENIbHO, HANpPSDKCHWS CETH, HaJIu4due
KPUBBIX U T.II.

[Ipu OTCYTCTBHMM HA PAaCYETHOM MOJAbEME KPUBBIX CUJIA TATH paBHA [6]
Fo=P(wg + i) + Q(wg +iy), (3.13)

OTKyZJa BEC COCTaBa

_E— P(wp + ip)

3.14
(w§ +ip) (3.14)
rne FE. = 1050 kH — kacarenbnas cuna tsru (cMm. myHKT 1.1.2),
P =P =3530Tc— Bec 3arpyXeHHbIX  JyMIOKapoB (CM.  MOAMYHKT

2.1.2.3).

2 Ha puc. 3.2 noka3aH TpeXMEpHbII Irpa@uk 3aBUCUMOCTH MaKCHUMAaJIbHOTO Beca
coctraBa (Q) ot yknona (i) u ckopoctu coctaBa (v). I'paduk coctasnen B [10
«Mathcad 14», o popmyse (9).

3 Kak BuaHo u3 rpaduka, puc. 3.2, MakCUMajlbHBII BeC COCTaBa B OCHOBHOM
3aBHCHUT OT YKJIOHA MYTH, MOATOMY CKOPOCTBIO COCTaBa MOXHO IpeHeOpeusb. Ha
puc. 3.3 mokasaH 3TOT ke rpauK B AEKapTOBOIl cHcTeMe MPHU CKOPOCTU COCTaBa
v = 30 kM/4 (cm. mpud. 3).

bP44.03.04547.2018

79



Ha rpaduke mapkepamu ormeuyeHo (MO ocu abcumcc) BEC TPYKEHOrO COCTaBa

(BEpXHHUI MapKep) U MOPOKHETO COCTaBA (HUKHUN MapKep).

Puc. 3.2 3aBucuMocTh MaKCUMaJIBLHOTO Beca cOCTaBa (OCh alIlIMKaT)

OT yKJIOHA (OCh OPJIMHAT) M CKOPOCTH COCTaBa (OCh abCIIHCC)

Qlv.1)

1x10° o

gx10°

Gec10) \

4=10

Puc. 3.3 3aBUCMMOCTh MaKCUMaJIBHOT'O BECA COCTaBa OT YKJIOHA IIyTH

80
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BeptukanpHbIM MapKepoM OTMEYEH MaKCHUMAIBHBIA YKIIOH >KEJIe3HOIOPOKHBIX
nytei B Kaukanapckom ['OKe (cm. mpui. 3) [8].

Kak BugHO u3 Tpaduka MOIIHOCTh TATOBOTO  arperata  IPEBBIMIACT
OKCIUTyaTallMOHHBIE HATPY3KW, U OTpaHUYCHHE HA BEC Ipy3a OyJeT HaKIaJbIBaTh

OT'paHUYCHUC 110 CHCIIJICHUIO.
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[MPMJIOXXEHUE 4
[MTPODOUJIIb ITYTU PYJOBO3HOI'O KPYT'TAKAUKAHAPCKOI'O 'OKA
Cnpsimnenue npoduis

1. I[Ipodunp myTu COCTOUT U3 OOJIBLIOTO YUCIA AJIEMEHTOB, PAa3HbIX MO KPYTH3HE
(YkJioHaM) W JajuHEe. 3Hasl BBICOTY TOJIOBKM pelibca HaJl YPOBHEM JUIsl TpaHUI]
Ka)KJ0r0 3JIeMEHTa PO Ul IyTH MOXHO OMPEICIUTD YKIOH dJIEMEHTa

P = 1000-(H,—H;)
S

: (4.1)

rne  H,, H; — pa3HOCTb OTMETOK BBICOT MEXJy HadajlaMu [BYX COCEIHMX
AJIEMEHTOB MPOPUIIS ITyTH, M;
S — JUIMHA DJIEMEHTA, M;

[ — YKJIOH 2JIEMEHTa, %o (TPOMHUILIIE).

1.2 JIns ynpouieHus pacuyeToB B TIr€ MPUHATO CIPSIMIISTh YYaCTKU MyTH, Pa3HUIIA
YKIIOHOB KOTOPBIX HE3HAYUTEIbHA, [IPX 3TOM YKJIOH CIPSIMIIEHHOTO Y4acTKa paBeH
_Xits; Xt

i = =
c S ¥s;

(4.2)

[Tpu 5TOM MOIKHO COOJIIOMATHCS yCIIOBHUE, padoTa 3aTpadeHHasi JIOKOMOTHBOM U
MOTOPHBIMH AYMIIKapamMu MpH JABMKEHUH COCTaBa J0JKHA ObITh paBHA paboTe 1o
CHPSMJIICHHOMY y4YacTKY.

1.3 B npuiioxeHnuu 3 TpPUBENICHBI TaHHBIE CHPSIMIICHHBIX YYaCTKOB PYIOBO3HOTO
kpyra Kaukanapckoro I'OKa [8]. B Ttabnuiie ykjJIOH Ha3BaH PYKOBOASIIUM

CIIYCKOM, TaK K€ JaHbl MAaKCHUMAJIbHBIC PA3PCHICHHBIC CKOPOCTH HA 3THUX ydaCTKaX.

Pacuer npoduiieit yqacTKOB MyTH
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1 Tlo mammpiM Mapkmehgepckoro otaena Kaukanapckoro I'OKa Obutm
COCTaBJIEHbl TaOJMIBI CHOPAMICHHBIX YYaCTKOB KEJIE3HOJOPOKHBIX IMyTel
pynoBo3Horo kpyra. Kaxnayio 12-Tu 4acoByl0 CMEHY OJMH TATOBBIM arperar
yCIIEBaeT CAENaTh YEThIpe XOJKH U3 Kapbepa Ha JpooumibHyio Gadbpuky. [loatomy
JUISL  YCpEAHEHHUsS pPe3yJIbTaTOB pacyeToB ObUIO BHIOpAHO YETHIpE YydacTKa
PYZIOBO3HOIO KpyTa:

- IOxHas 3anexp — OtBast Ne2 — ['maBHBIN Kapbep;

- I'naBHbIl kKapbep — [IpoOusnibHas — 3amnaaHblii Kapbep;
- 3ananHelil kapbep — poodunbsHas — CeBepHBbIi Kapbep;
- CeBepHblii kapbep — poOunbHas — KOxxHas 3a1exb.

2 Ecnau npeamnosiokuTh, YTO OJWH COCTAB MPOE3kKAET MO BCEMY STOMY
Mapuipyty, TO Mbl OXBaTbIBA€M MPAKTHYECKU BECh PYAOBO3HBIA KpPYT
Kaukanapckoro ['OKa. 310 mo3BoJISIET cli€NIaTh YCPEIAHEHHBIE PAcu€Thl HArPy30K
3a CMEHY IO BCEMY JKEJIE3HOJJOPOKHOMY MapKYy.

3 B npuioxeHuH 5 NpUBENEHBI CBOJAHBIE JaHHBIE CHPSIMIICHHBIX yYaCTKOB
Mo 3aJlaHHBIM MapiipyTaMm (Tabma. 5.1 — tabin. 5.4). Tak ke coCTaBJIEHBI JUOPAMBI
3Tux MapupytoB (puc. 5.1 — puc. 5.4). Ilo 3TUM AaHHBIM U CXEME€ OCHOBHBIX
xKene3HoiopoxkHbix myTel Kaukanapckoro ['OKa moxHO cynuTh o OONBIION
NPOTSXKEHHOCTH M Pa3BETBIECHHOCTH JKEJI€3HOJOPOKHBIX CETEH.

4 B cBA3M C TEM 4YTO, BCE UCXOJAHBIE XapaKTEPUCTUKHU TATOBOTO arperara
HII1 mbl ocTaBisieM MPEKHUMH U TATOBBIE XapAaKTEPUCTUKU MPOBEPEHBI (ITYHKT
2.2.1), TO Hac HHTEPECYIOT YYACTKM IIyTH Ha KOTOPBIX BO3MOXEH PEXKUM
peKyrnepanuu 3ekTpodHeprud. B Tabn.4.1 cBeleHbl BCe Yy4acTKM Ha KOTOPBIX

YKIIOH OTpHHaTeHBHBIﬁ, TaK XC ITPUBCACHDLI XapaKTCPUCTUKHU 3TUX YHACTKOB.
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Tabnuna 4.1-Yuactku nyteit KI'OKa ¢ orpuniatenbHbIM yKIOHOM

Howme Hauanpuas Koneunas Jluna
p TOYKa TOYKa VYkioH, %o | Harpyska*®
ydacTka ydacTka, M
ydJacTKa ydJacTka
1 P-265 PJI-2 1380 - 36,5 r
2 P-6 Kaprepnas 1100 -28,9 r
3 -3 11 1960 -16,6 I
4 IOxnas ®-3 860 -24.4 r
3) Bepxnsis P-6 650 -12,2 r
6 P-6 Kapsepnas 1100 -89 I
7 |prs Inaprbiit 5140 345 H
Kapbep
JpoOusnbHas 112 3180 - 29,7 IT
IOxnas P-295 460 -10,4 IT
10 |P-295 3ariaIHbIH 4120 ~32.38 1
Kapbep
11 JpoOumnbHast 112 3180 - 29,7 IT
12 | Cepepnan CesepHbIii 3440 _336 1
Kapbep
13 HpobunbHas I12 3180 -29,7 IT
14 | P-265 [03xcnaz 1240 ~350 i
3aJI€XKb

* «['» — rpyxensbiit coctan; «II» — mopoXkHMIA COCTaB.
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[MTPMJIOXKEHMUE 5

CIIPAMJIEHHBIE ITPO®WNJIN YHACTKOB IIYTUKAYKAHAPCKOI'O I'OKa

YYACTOK: FOXKHAS 3AJIEXXD — OTBAJI Ne2 — I'JTABHBIM KAPLEP

JlaHHBIE yYacTKa MyTH MPUBEACHBI B TabuIie 5.1

Tabnuna 5.1- JlanHble y4acTka MyTH 1T

< BricoTa Paznocth
HazBanue a JlnuHHA Harmpag-
KOHTPOJIbHOM = Hall BpIcoT, y4dacTka, Zfﬂ c? " nenme*
TOUKI c% ypOBI:eM (H, — Hy), 5, M , %0 *
MopsT*, M M

IOxHas 3amexnp +235,0
43,4 1240 35 7

P-265 s +278,4
= ~505 | 1380 |-365|

PJI-2 < | +2280
- 14 1020 13,7 7

P-1 +242,0
0,4 1260 0,3 7

P-2 +242,4
-04 1260 -0,3 \

P-1 +242,0
-14 1020 - 13,7 \

P/I-2 = +228,0
: 2,5 700 | 36 7

Kapbepnas % +230,5
= 31,8 1100 28,9 7

P-6 +262,3
- . -177,3 5140 -34,5 \

[

* JlaHHbI€ BBICOT MOJTyueHbI B Mapkieiinepckom otaene KI'OKa.

** VKIIOH paccuuTaH 1o Gopmyie
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i = w,@_l)

S

rne  Hy, H, — BbICOTa HAYaJbHOW U KOHEUHOU TOUYKH COPSIMIICHHOTO Y4YaCTKa.
*#* [Ipunaroe o003HauUEHUE HAMPABICHUS YKJIOHA B TATOBBIX pacueTrax.
[To namebiM Ta0n.6.1 B TIO «Excel» moctpoena amarpamMma CHpSMIICHHBIX

YKJIOHOB IYTH Ha 33/1aHHOM yd4acTke (puc. 5.1).

KO)kHasa 3anexxb - OtBan N22 - MaBHbIN K-p
300

278,4

262,3

250

200

150

100 35

50

0 2000 4000 6000 8000 10000 12000 14000 16000

Puc. 5.1 lIpoduinp yyactka myTu:

HO>xHas 3anexs — OtBan Ne2 — ['naBHBIN Kapbep
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YYACTOK: TJTABHBIU KAPBEP — IPOBUJIBHA S — 3ATTIAJTHBIN KAPHLEP

JlanHbIe y4acTKa MyTH NMPUBEICHBI B Ta0J. 5.2

Tabmauma 5.2
Haspanme Bricota Pa3znocth JUnmna
KOHTPOJIBHO Co- HaJ BBICOT, yuacTKa, YKOJIOH, Hamnpas-
TOYKHU Ba yposHem | (Hz — Hy), s, M %00 JIEHHE
MODSI, M M

1 2 3 4 5 6 7

e
177,3 5140 34,5 7

P-6 +262,3
-31,8 1100 - 28,9 N

Kapsepnas +230,5
= -25 700 -3,6 N

PJI-2 z | +2280
< 50,4 1380 | 365 ,

P-265 - +278.4
- 16,9 1440 -11,7 N

ITl +261,5
0 900 0 —

112 +261,5
94,4 3550 26,6 7

HpoOunbHas +355,9
-944 3180 - 29,7 N

112 +261,5
= 0 900 0 —

I : | +2615
2, 32,5 1960 16,6 7

®-3 = | +2040
21 860 24,4 7

HOxnas +315,0
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[Iponomxenue TabauIbl 5.2

1 2 3 4 5 6 Z
IOxHas +315.0
)E -4.8 460 |-10,4 \
P-295 = +310,2
3armaHbIH l§ - 1352 4120 | -32,8 N
Kapbep +175,0

[To namsbiM Ta6m.6.2 B IO «Excel» mocrpoena amarpamMma CHpsSMIICHHBIX

YKJIOHOB ITyTH Ha 3aJIaHHOM y4acTke (puc. 5.2).

400 +
355,9

350
315
294 5,310,2
300 278.4 /\
262,3 /ﬂy 261,5 \
250 @ 2615 261,5
230,5

200 / .
150
100

"4

50

un

0 5000 10000 15000 20000 25000 30000

Puc. 5.2 IIpoduis yuyacTtka myTu:

I'maBHbIi Kapbep — JpoOuinbHas — 3anagHblil Kapbep
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YYACTOK : 3ATIAJHBIN KAPBEP — IPOBMJIbHA S — CEBEPHBIN KAPLEP

JlaHHble yyacTKa MyTH NMPUBEJIEHBI B Ta0J. 5.3

Tabmuma 5.3
Haspamie BricoTa PazHocTh JUnmna
KOHTPOJIBHOI Cgo- Hax BBICOT, yuacTKa, yKi'IOH Harmpas-
TOYKH Ba | ypoHeMm | (H, —H;), s, M , %0 | nenume*
MODSI, M M

1 2 3 4 5 6 7

s
135,2 4120 32,8 7

P-295 +310,2
4.8 460 10,4 Ve

IOxHas S +315,0
é -21 860 -244 \

®-3 £ | +2940
i ~325 1960 | -166] N

ITl +261,5
0 900 0 —

12 +261,5
94,4 3550 26,6 7

HpobunpHas +355,9
-94.4 3180 - 29,6 \

12 +261,5
0 900 0 —

ITl = +261,5
E 32,5 1960 16,6 7

@3 2 | +2940
é 21 860 24.4 7

IOxHas +315,0
5,6 2480 2,3 7

CesepHas +320,5
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[Iponomxenue Tadbnuiet 5.3

1 2 3 4 5 6 7
CeepHas ’E +320,6
- § - 115,6 3440 | —-33,6 \
CeBepHblil = +205,0
Kapbep =

[To namseiM Ta6n.5.3 B IO «Excel» mnocrpoena auarpamMma CHpSMIICHHBIX

YKJIOHOB ITyTH Ha 3aJJaHHOM y4acTke (puc. 5.3).

400

3anagHbin K-p - ApobunbHana -CeBepHbIN K-p

350

300

250

200

150

100

50

355,9
315 315 320,6
310,2 94 29r_ \
/ 61,5 261,5 \
Zbl,5 261,5
/ \)5
175
0 5000 10000 15000 20000 25000

30000

Puc. 5.3 IIpoduis yuyacTtka myTu:

3anaaublil kKapbep — JpoounbHas — CeBepHBIN Kapbep
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YYACTOK: CEBEPHBIN KAPBEP — JIPOBUJIBHA S —-IOKHAS 3AJIEXD

JlaHHbIE y4acTKa MyTH IpUBEEHBI B Ta0. 5.4

Tabmuua 5.4
Haspanme BricoTa Pa3zHocTh JUnmna
KOHTPOJIBHO Co- HaJ BBICOT, yuacTKa, yIf)JIOH, Hamnpas-
TOUKH Ba | yposHem | (Hp — Hy), . M %0 JIeHue
MODSI, M M

1 2 3 4 5 6 7

o™
56,4 1680 33,6 Ve

PB-3 +261,4
8,8 940 9.4 2

Bepxuss +270,2
-79 650 -12,2 \

P-6 +262,3
= -31,8 1100 -28,9 \

KapbsepHas % +230,5
< _25 700 | =34 | ~

PJI-2 = +228,0
50,4 1380 36,5 Ve

P-265 +278,4
-16,9 1440 -11,7 \

Il +261,5
0 900 0 —

112 +261,5
944 3550 26,6 7

JpoOunbHas +355,9
= -944 3180 - 29,7 \

2 : | +2615
g 0 900 0 —

Il = +261,5
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[Iponomxenue Tabnuuel 5.4

1 2 3 5 6 7

1 +261,5
E 16,9 1440 | 11,7 2

P-265 < +278,4
é%* — 43,4 1240 | -35 \

IOxHas 3amexs +235,0

[To namabiM Ta6n.5.4 B IO «Excel» mnocrpoeHa auarpamMma CHIpSMIICHHBIX

YKJIOHOB ITyTH Ha 3aJJaHHOM y4acTke (puc. 5.4).

400

CeBepHbIN K-p - pobunbHasn - KD)KHaAa 3anexb
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Puc. 5.4 IIpoduis yuyacTka myTu:

I'maBHbIi Kapbep — JpoOunbHas — 3anagHblil Kapbep
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[TPMJIOKEHUE 6

[MTPUHIIUIIBI PA3OUMITYJIbCHOI' O YIIPABJIEHUA

[IpyHUMO yopaBia€HHS COCTOMT B TOM, YTO B IOJOXHUTENBHBIN IMOTYNEPUO.
MUTAIOIIET0 HAMpPsHKEHUS TUPUCTOP, MOJOOHO KIIOYY, OTKPBIBAETCS M TOJAET
HaIpsDKEHUE K JBUTATEIIo0 JIMIIb YacTh 3TOro nosynepuona. HampssxkeHue u TOk
Ha BBIXOJIE YIPABISIEMOIO BBIIPSIMUTENS COAEPKAT MOCTOSIHHBIE U NEPEMEHHBIC
cocrtapisitoue. J{ns ananusza paboThl ABUraTesi HOCTOSIHHOTO TOKA KaK 3JIEeMEHTa
AIIEKTPONPUBOIA HEOOXOIUMO HAWTH MOCTOSIHHBIE COCTABJISIOUINE HAMPSHKEHUS U
TOKQ, ONPEACIIIEMbIE KaK CPEAHUE 3HAYCHHUS dTUX BEJIUYMH 32 NEPUOJ U3MEHEHUS
HanpsokeHus: cetu. V3mensis mMomeHT ((a3y) OTKpPBITHS THUPHUCTOPA, MEHSIOT
CpelHee 3HAUYCHHUE HANpsHKEHUS Ha SKOpe M, TaKuM o00pa3oM, YIpaBIsSIOT
nsuraresneM. PaboTy mpocreiiel ABYXMOJYNEPUOAHON CXEMbl HIUIFOCTPUPYET
puc. 6.1.

K HuCTOYHMKY CHHYCOMIAIbHOrO HampspkeHus cetu U.c  ammmTynou
U,,noakmoueHa Harpys3ka Ruepes3 tupuctopubiii MmocT T'1 — T4. JluaroHajibHbIC
tupuctopbl T1,T4 v T2,T3 OTKpHIBAIOTCS MOMApHO, IMOOYEPEAHO B MOMEHT
BPEMEHHU, OIpEAeIsIEMbld yrjioM oTnupanus «. B unHTepBan a < wt < 180° k
Harpy3ke noaBoauTcs Hamnpsibkenne u = U, sinwt . Ha puc. 6.1, B kpuBasd
HanpsHKEHHUS HAa Harpy3Ke 3aKpaiieHa TEMHbBIM 1BETOM [9].

Tak kak Harpy3ka pe3uCTHBHAas, KpUBas TOKa MOBTOPSET KPUBYIO HaIpskeHus. B
MOMEHT BpeMeHu wt = 180° Tok ymeHbIIAeTcs A0 HYyJ M COOTBETCTBYIOLIAS
napa JIUaroHaJbHBIX TUPHCTOPOB 3aKPBIBAETCS. OTOT NPOLECC MOBTOPSETCA
KOKIBIM MOJYNEepuoa. YNPABICHHE TUPUCTOPAMHU JKEJIATEIbHO OCYIIECTBIATH
UMITYJIbCAMH BO3MOXHO MEHBIIIEH ATUTEIBHOCTH (TaK KaK €€ YBeJIMUEHUE CBI3aHO
C BO3pAacCTaHUEM MOLIHOCTH CXEMBbI YIPABJICHHS), HO HECKOJBKO MPEBBIIIAIOIINN
BpEMs BKJIFOUEHUS TUPUCTOPA, TO €CTh BpEMsS MEPEXOJa €ro M3 3arnepToro

COCTOSIHUSL B OTKpbITOoe. HeoOxoaumo Takxke oOecneduTh JOCTATOYHO KpPyTOH
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nepeHui (POHT YIPABISIONIETO UMITYJIbCA, YTO YMEHBIIIAET TOTEPU MOIIIHOCTH B

TUPUCTOPC IMPH BKIIFOYCHUH, a CJIICIOBATCIILHO, €0 HArpeB.

A
O UC t:
 SER 4
“ — U CY] l l l l l li
oy K12 Z N AA g
—  ITIH L
N
Uc
I'TIH [« CY |« t=
" PU l l lL
UBch-»cDH—»PH—»Y ‘_/SZ
Uy o | :
6) 6)

Puc. 6.1 OnHoda3zHblii IBYXITOIYHIEPUOAHBIN YIIPABISAEMbIi BHITPIMHUTENb:

a — MOCTOBas cxeMa; 0 — (yHKIIMOHATIbHAS CXeMa BEPTUKAIBHOTO YIIPaBJICHUS; B —
rpaduky HaMpsKEHUS Ha AJIEMEHTaX

PaccMoTpeHHbIl  (a30oBbIii METOJI yHpaBiCHUS MOXET ObITh peain30BaH C
NOMOIIbI0  (pAa30CABUTAOIIUX CHOCOOOB, OJHUM M3 KOTOPBIX  SIBISIETCA
BEPTUKAJIbHBI CHOCOO YINpaBlieHUs, OCHOBaHHBIM Ha CpPaBHEHHUU OMOPHOTO

HamnpspKeHus: (0OBIYHO MHII000pa3HOM (OPMBI) U TMOCTOSHHOTO HAMNpPsHKEHUS
bP44.03.04547.2018
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curHana ymnpasieHusi (puc. 6.1). PaBeHCTBO MrHOBEHHBIX 3HAUYEHUH 3THUX
HanpspKeHU# ompenenser a3y o, mpu KOTOpoil cxema BbIpabaThIBaeT HMMITYJIBC,
3aTeM YCUJIMBAaeMbld W TI0JIaBa€Mblii Ha YHOPABISIONIMI 3JIEKTPOJ THUPUCTOPA.
N3menenue (asbl o ynpapisIOUIEro UMITYJIbCa JOCTUTAETCS U3MEHEHUEM YPOBHS
HanpspKeHUsl curHana ynpasiieHust Uy, DOyHKIMOHANIbHAsE CXeMa YNpaBICHUs
npuBezeHa Ha puc. 2.1, 6. OnopHoe HamnpsiKeHue, BbIpadaTbiBAEMOE TeHEPATOPOM
nunooOpazHoro HampspkeHus ['TIH v cuHXpOHM3UPOBAHHOE C HANPSIKEHUEM CETH
C TMOMOIIbIO CHUHXpOHU3Mpyolero ycrpoiictea CVY, mnogacTcs Ha cXemy
cpaBHeHuss CC, Ha KOTOPYIO OJHOBPEMEHHO IMOCTYIMAET W BXOJHOE HANPSKEHUE
(curnan ympaBnenus)). CurhHain co CXeMbl CpaBHEHUs IIOCTyHaeT Ha
dbopmupoBatens ummyibcoB (OU), 3arem Hapacnpenenutenb umnyibcoB (PU), na
ycunutenu moiHoctd (Y), OTKyJa B BUIE MOIIHOTO, O0JaJaroIiero KpyThIM
bpoHTOM U peryaupyeMoro mno ¢ase UMIyJibca MOJAETCS Ha YHPaBISIOLIUN

IIEKTPOL.
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