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Advantages of High-Power Thyristors in Locomotive Rectifier Cabinets
Replacing Series/Parallel Small-Power Thyristors with Fully Crimped High-
Power Thyristors

Preface

Thyristors (also known as Silicon-Controlled Rectifiers, SCRs) are critical components
in locomotive rectifier cabinets, particularly in traditional electric locomotives and
modern diesel-electric traction systems. Early electric locomotives, lacking high-power
thyristors, utilized series/parallel connections of small- and medium-power thyristors to
meet system requirements. However, this approach imposed stringent demands on
thyristor parameters, resulted in bulky systems, and reduced reliability. With
technological advancements, replacing series/parallel small-power thyristors with fully
crimped high-power thyristors offers significant advantages in retrofitting locomotive
rectifier cabinets.

I. Historical Overview of Thyristor Development

1957: General Electric (GE) successfully developed the first thyristor, marking the entry
of power electronics into the era of controlled rectification. Early thyristors were
primarily used to replace bulky mechanical switches and inefficient vacuum tubes,
offering high-power control capabilities.

1960s: The concept of fast thyristors emerged, with research focusing on improving
switching speeds and reducing losses to accommodate high-frequency applications.

1970s: Reverse Conducting Thyristors (RCTs) were developed to simplify circuit design
and reduce system costs by integrating reverse-conducting diodes. Thyristors also began
to be applied in large-scale power systems such as High-Voltage Direct Current (HVDC)
transmission.

1980s: Innovations in gate drive technology, including optocouplers and integrated
driver circuits, improved response speed and stability. Derivatives such as bidirectional
thyristors (TRIACs) expanded alternating current (AC) control capabilities.

1990s: Thyristor technology entered a phase of high-frequency operation and modular
design, expanding into renewable energy applications (e.g., wind turbine inverters) and
electric vehicle (EV) charging systems.

Post-2000: The introduction of digital drive technology and intelligent control
algorithms, combined with wide-bandgap materials like silicon carbide (SiC),
significantly enhanced voltage/temperature tolerance and switching efficiency, enabling



support for more complex power electronic systems.

Application Expansion: Thyristors have become core components in smart grids, high-
speed rail traction converters, and industrial frequency converters. They continue to
evolve toward ultra-high voltage (e.g., >10 kV) and miniaturization (e.g., chip-scale
packaging), complementing IGBTs and MOSFETs in cost-sensitive, high-reliability
systems such as renewable energy integration and energy storage.

The evolution of thyristors, from early single-function devices to key components in
power electronic systems, has consistently focused on efficiency improvements,
integration, and adaptability to diverse scenarios. Future advancements in materials and
intelligent control will further solidify their irreplaceability in high-power applications.

I1. Physical Model, Internal Structure, and Circuit Symbols of Thyristors
1. Physical Model (Fig. 1):

a) Thyristor schematic symbol,

b) Semiconductor structure,

c¢) Equivalent circuit.
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Figure 1 Physical model of a thyristor

A thyristor comprises four semiconductor layers (P-N-P-N) forming three PN junctions.
In the blocking state, regardless of forward or reverse bias, at least one PN junction
remains reverse-biased. Unlike diodes, thyristors are controllable; unlike transistors,
their anode current does not scale proportionally with gate current. Conduction is
triggered when the gate current reaches a threshold (typically tens of milliamperes).
Once latched, the thyristor remains conducting (carrying currents from tens to thousands
of amperes) until the anode current drops below a holding value or a reverse voltage is
applied.

2. Internal Structure and Circuit Symbols (Fig. 2):



PAtR =RIR

K
0
G
I =34
BE
2] g 4
www. dzkfw. com. cn A

FE R

Figure 2 Internal structure and circuit symbols of a thyristor

3. Cross-Sectional Views of Alloy-Type and Fully Crimped Thyristor Packaging

Figure 4 Cross-sectional view of fully crimped thyristor packaging



II1. Specific Applications and Roles of Thyristors in Locomotive Rectifier Cabinets

1. Primary Functions of Thyristors in Locomotive Rectifier Cabinets

Thyristors are semiconductor power devices capable of controlled conduction under
high voltage and current conditions. In locomotive rectifier cabinets, thyristors are
primarily used for AC-to-DC conversion (rectification) and precise DC output control.

1.1 Rectification: A three-phase bridge rectifier circuit composed of thyristors converts
alternating current (AC) from the locomotive’s main generator into direct current (DC)
for traction motors.

1.2 Voltage Regulation: By adjusting the thyristor firing angle (phase control), the DC
output voltage can be modulated to control traction motor speed and locomotive velocity.

2. Application Scenarios for Thyristor Rectifier Cabinets
Thyristor rectifier cabinets are widely used in:

2.1 DC Traction Electric Locomotives: Examples include early Chinese models such as
the SS3B and SS4 series, which utilize thyristor rectifier cabinets as primary conversion
devices.

2.2 DC Traction Diesel-Electric Locomotives: Some diesel-electric locomotives employ
diesel generator sets to supply power, with thyristor rectifier cabinets providing DC
power to traction motors.

2.3 Transitional AC Traction Locomotives: Early AC traction locomotives used thyristor
rectifier cabinets as intermediate stages before mature main inverter technology became
available.

3. Technical Characteristics of Thyristor Rectifier Cabinets

3.1 High Power Handling: Thyristors withstand high voltages and currents, making them
suitable for high-power locomotive applications.

3.2 Controllability: Output voltage can be flexibly adjusted via firing angle control to
meet varying operational demands.

3.3 Reliability: Simple structure and long service life ensure stable operation in harsh
environments.

3.4 High Cooling Requirements: Thyristors generate significant heat during operation,
necessitating efficient cooling systems (e.g., forced air or water cooling).

4. Advantages and Disadvantages of Thyristor Rectifier Cabinets
Advantages:

4.1 Relatively simple structure and low cost.



4.2 Flexible control enabling smooth voltage regulation.

4.3 Mature technology with easy maintenance.

Disadvantages:

4.4 Relatively low efficiency and high energy losses.

4.5 Potential harmonic pollution to the grid, requiring additional filtering.

4.6 Unsuitable for high-frequency switching, limiting use in modern high-performance
AC traction systems.

5. Modern Developments and Replacement Trends

With advancements in power electronics—particularly the emergence of Insulated Gate
Bipolar Transistors (IGBTs) and Gate Turn-Off Thyristors (GTOs)—traditional thyristor
rectifier cabinets are gradually being superseded by advanced converter technologies.

Modern AC traction electric locomotives predominantly employ IGBT-based Pulse
Width Modulation (PWM) inverters, which offer higher efficiency and superior dynamic
performance.

Nevertheless, thyristor rectifier cabinets remain relevant for retrofitting older
locomotives or specific applications.

6. Case Studies
Examples from China’s early SS-series electric locomotives:

6.1 SS3B Locomotive: Utilizes a three-phase fully controlled bridge rectifier circuit,
where thyristors rectify AC from the traction transformer to drive DC traction motors.

6.2 SS4 Locomotive: Features optimized thyristor rectifier cabinet designs for improved
reliability and efficiency.

In summary, thyristors played a pivotal role in the evolution of electric locomotive
traction systems. While modern technologies have largely replaced their dominance,
their contributions to locomotive traction development remain irreplaceable.

IV. Technical Requirements for Series-Connected Thyristors in Locomotive
Rectifier Cabinets

1. Voltage Balancing

1.1 Issue: Manufacturing variations in static blocking characteristics (e.g., reverse
leakage current, forward recovery charge) can cause uneven voltage distribution among
series-connected thyristors.



Solutions:

1.1.1 Voltage-balancing resistors: Parallel resistors across each thyristor to equalize
static voltage distribution.

1.1.2 RC snubbers: Parallel resistor-capacitor networks to suppress dynamic voltage
imbalances (e.g., surge voltages or excessive dv/dt).

1.1.3 Zener diode protection: Parallel Zener diodes to clamp maximum voltage.

2. Trigger Synchronization
2.1 Issue: Trigger sensitivity differences may cause staggered turn-on of series-
connected thyristors, leading to voltage imbalance.

Solutions:

2.1.1 High-quality gate driver circuits ensure simultaneous trigger pulse delivery.

2.1.2 Balancing inductors or capacitors in the trigger circuit compensate for delays.

3. Thermal Design

3.1 Issue: Harsher operating conditions for series-connected thyristors require uniform
thermal management.

Solutions:

Implement efficient cooling systems (e.g., forced air/water cooling) to ensure uniform
temperature distribution.

V. Technical Requirements for Parallel-Connected Thyristors in Locomotive
Rectifier Cabinets

1. Current Sharing

1.1 Issue: Forward voltage-current characteristic mismatches may cause uneven current
distribution among parallel-connected thyristors, leading to overloading.

Solutions:

1.1.1 Current-balancing inductors: Small inductors in series with each thyristor’s anode
circuit.

1.1.2 Current-balancing resistors: Resistors in series with each thyristor’s anode circuit.
1.1.3 Device matching: Select thyristors with closely matched characteristics.

2. Trigger Synchronization
2.1 Issue: Non-simultaneous triggering may cause early-triggered thyristors to carry
excessive current.

Solutions:
2.1.1 Precision gate drivers ensure synchronized trigger pulses.
2.1.2 Balancing capacitors in the trigger circuit compensate for delays.



3. Thermal Design
3.1 Issue: Higher total power dissipation in parallel configurations demands effective
thermal management.

Solutions:
3.1.1 High-efficiency heat sinks or cooling systems.
3.1.2 Regular inspection of heat sink contact surfaces to minimize thermal resistance.

VI. Comprehensive Considerations for Series/Parallel Thyristors in Rectifier
Cabinets

1. Device Selection:

1.1 Prioritize thyristors from the same manufacturer and batch for parameter consistency.
1.2 Ensure voltage/current ratings include sufficient margins to avoid operating near
limits.

2. Protection Measures:

2.1 Overvoltage protection: Add RC snubbers in series configurations.

2.2 Overcurrent protection: Install fast-acting fuses or current sensors in parallel
configurations.

2.3 Short-circuit protection: Implement rapid protection devices in the main circuit.

3. Installation and Maintenance:
3.1 Ensure environmental compliance (temperature, humidity, vibration).
3.2 Regularly inspect thyristor conditions and replace aged/damaged devices.

VII. Case Study: Replacing Series/Parallel Small-Power Thyristors with Fully
Crimped High-Power Thyristors
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Figure 5 Circuit diagram of SS3B Locomotive’s Cabinet I & 11
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Figure 6 Physical photo of SS3B rectifier cabinet

1. Original Design of SS3B Locomotive Rectifier Cabinets:

- Cabinet I: 32 thyristors (KP600A/2800V) + 26 diodes (ZP800A/3000V).
- Cabinet II: 30 thyristors + 24 diodes.
- Total: 112 semiconductor devices (62 thyristors + 50 diodes), 800 kg per cabinet.

Figure 7 Retrofitted thyristors and diodes with heat sinks



2. Retrofitted Design with Fully Crimped High-Power Thyristors:
- Cabinet I: 12 thyristors (KP3600A/3000V) + 8 diodes (ZP4600A/3000V).
- Cabinet II: 10 thyristors + 8 diodes.
- Total: 38 semiconductor devices (22 thyristors + 16 diodes), 380 kg per cabinet.

Figure 8 Retrofitted thyristors and diodes with heat sinks
VIII. Summary
Series/parallel thyristor configurations impose high technical demands, requiring careful

attention to voltage/current balancing, trigger synchronization, and thermal management.
Proper circuit design and protection strategies ensure stable operation under high-

voltage/high-current conditions.

Replacing series/parallel small-power thyristors with fully crimped high-power
thyristors in locomotive rectifier cabinets—demonstrated in the SS3B retrofit—offers

the following advantages:

1. Enhanced Reliability: Eliminates voltage/current balancing issues and reduces failure
points.

2. Simplified Design: Fewer components, no auxiliary circuits (e.g., snubbers).

3. Higher Efficiency: Reduced losses from balancing elements.

4. Space and Cost Savings: Compact footprint, lower maintenance, and production costs.
5. Improved Dynamics: Faster switching and consistent parameters.

6. Retrofit-Friendly: Ideal for modernizing legacy systems.



Conclusion

The adoption of fully crimped high-power thyristors in lieu of series/parallel small-

power thyristors delivers transformative benefits in reliability, efficiency, space

utilization, and cost-effectiveness. This approach is particularly advantageous for

retrofitting aging locomotive rectifier cabinets, as exemplified by the SS3B case. With

ongoing advancements in power electronics, high-power thyristors remain indispensable

in high-voltage, high-current applications.
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NMpenmywecrtea 3ameHbl MaZIOMOLLHbIX TUPUCTOPOB, COeAUHEHHDbIX
nocneposartresibHO U napaninesibHo, Ha NO/IHOCTbIO obxKartble
BbICOKOMOLLHOCTHbIE TUPUCTOPDbI B BbINPAMUTE/IbHDBIX Luxad)ax
JIOKOMOTUBOB

AnHotanusi: [lpumeHeHHe THUPUCTOPOB (TAaKKE M3BECTHBIX KaK KPEMHHEBbBIE
ynpasisiembie BeipsimuTenu, SCR) B cCHIIOBBIX H1kadax JOKOMOTHBOB UMeET crucialHoe
3Ha4€HHE, OCOOEHHO B TPAJUILMOHHBIX 3JEKTPOBO3aX M HEKOTOPBIX COBPEMEHHBIX
JU3€EIb-AIIEKTPUYECKUX JIOKOMOTHBaX. PaHHME 3IIEKTPOBO3bI, H3-32 OTCYTCTBHUSA
MOIIHBIX THPUCTOPOB, UCIOJb30BAJIM MAJOMOUIHBIE W CPEIHEMOUIHBIE THUPHUCTOPHI,
COEIMHEHHBbIE MOCIJIEA0BATEIBHO U MApaIEIbHO, YTOOBI YIOBIETBOPUTH TPEOOBAHUS.
OTOT MOAXOJ HAKJIaAbIBaJl CTpPOrMe TpeOOBaHUS K IapamMeTrpamM THPUCTOPOB, YTO
OPUBOANIIO K OONIBIIMM 0O0BeMaM U HHU3KOW HalexHOCcTU. C pa3BUTHEM TEXHOJIOTHI
3aME€Ha MAaJOMOIIHBIX M CPEIHEMOIIHBIX THUPHCTOPOB HAa MOIIHBIE THUPHUCTOPHI C
MOJIHBIM ~ JABJICHUEM JJI YMEHBLIEHUsS IMOCIENOBaTENbHBIX U  MapajuieIbHbIX
COCIMHEHUM W MOAEPHU3ALMU CHJIOBBIX INKAa(OB JIOKOMOTHBOB IIpe[jaraeT
3HAYUTENbHBIEC TPEUMYILIECTBA.

1. Kpatkas ucropusi pa3BUTHs TUPHCTOPOB

1957: General Electric (GE) ycnemHo pa3paborana mepBblii THPUCTOPHBIN MPOIYKT,
YTO O3HAMEHOBAJIO BCTYIJICHHME CHUJIOBOM DJEKTPOHUKM B 3Py YIPABISIEMOTO
BBIMIpSIMJICHUS. PaHHWME THUPUCTOPHI B OCHOBHOM HCIOJB30BAIHMCH JJIsI 3aMEHBI
TPOMO3JIKMX MEXaHWYECKUX TMepeKirovareneii u Hed(HEeKTUBHBIX BaKyyMHBIX JIaMII,
npejiaras BO3MOKHOCTH YIPaBJIE€HUS! BBICOKOI MOITHOCTBIO.

1960-e roasr: brina BBeeHa KOHIEHIHS OBICTPBIX THPUCTOPOB, C UCCIIECTOBAHHSIMH,
COCPEIOTOYEHHBIMU Ha YIYUIIEHUH CKOPOCTH MEPEKIIOYEHUS U CHUKEHUH MTOTEPh
IUI aJjalTalliy K BBICOKOYACTOTHBIM MTPHIIOKEHHUSIM.

1970-e rogsr: s yIOBIETBOPEHUS MOTPEOHOCTEH MPOMBINIICHHOW aBTOMATHU3AIMU
ObLTH pazpaboTaHbl TUPUCTOPHI ¢ 0OpaTHOU npoBoanMocThiO (RCT), nnterpupytomue
VOBl C OOPaTHOM MPOBOIUMOCTBIO AJIsI YIPOIICHHSI KOHCTPYKITUH CXEM M CHIKEHUS
CUCTEMHBIX 3aTpaT. TUPHUCTOPHI TAK)KE HA4aJIl UCIIOJIb30BAThCS B KPYITHOMACIITAOHBIX
HHEPreTUUECKUX CHUCTEMax, TAKMX KaK BBICOKOBOJIbTHAs Mepejadya MOCTOSSHHOTO TOKa
(HVDC).

1980-¢ rompi: MHHOBamuu B TEXHOJIOTMHM YIPABJICHHS, TAaKU€ KaK ONTOMAphl M
UHTETPUPOBAHHBIC CXEMBI YIIPABJICHHUS, YIYUIIUIN CKOPOCTh PEaKIIUU U CTAOUIHHOCTb.
[IpousBogHbie ycTpoiicTBa, Takue Kak AByHampasieHHble TUpucTopbl (TRIAC),
paciMpuiii BO3MOKHOCTH YIIPABICHUS IEPEMEHHBIM TOKOM.

1990-e roapi: TexHonOruss THUPUCTOPOB Bouuia B (a3zy BHICOKOYACTOTHOTO U
MOJYJIBHOTO Pa3BUTHS, PACIIUPSSICh HAa HOBBIE PHIHKU, TaKW€ KaK BO30OHOBIsieMast
SHEpreTHKa (HampuMmep, MHBEPTOPBI NJIsi BETPOBOM HSHEPrUM) M CHCTEMBI 3apsSAKU
AIIEKTPOMOOMIICH.



ITocne 2000 roma: Baeapenue 1HMGPOBBIX TEXHOJOTHH  YIPABJICHUS WU
MHTEJUIEKTYJIbHBIX aJITOPUTMOB YIIPABJICHHS], B COUETaHUN C MaTepUaIaMu C IIUPOKOU
3anpeeHHo 30H0M, TakuMu Kak kapoua kpemHus (SiC), 3HAUUTENBHO YIYYIIUIIO
YCTOWYMBOCTh K HANpsHKEHUIO, TEMIIEPaTypHYIO YCTOMYMBOCTH U 3¢ (HEKTHUBHOCTH
NEePEeKITIOYEHUS, TTOIIEPKUBAs 00JIEe CII0KHBIE CUIIOBBIE AJICKTPOHHBIE CUCTEMBI.
Paciuimpenue mnpumeHenus: TUpHUCTOpPBI CTald KIIIOYEBBIMU KOMIIOHEHTaMH B
MHTEIJICKTYyalIbHBIX CETAX, TATOBBIX MPeoOpa3oBaTensix Uil BBICOKOCKOPOCTHBIX
MOE3/I0B U MPOMBIIIJICHHBIX YaCTOTHBIX MpeoOpa3oBarensx. OHM TakKe pa3BUBAIKUCH B
HaIlpaBJICHUU  CBEPXBBICOKOTO  HampsbkeHus (Hanpumep, Bbimie 10kB) w
MHUHHUATIOpU3aly (HalpuMep, KopIyca Ha ypOBHE YHIIOB).

Jononnss ycrpoiictBa, Takue kak IGBT m MOSFET, tupucTOphl NpPOAOIIKAIOT
npeiaraTb SKOHOMUYECKH S(()EKTHUBHBIE U HAJEKHBIC PEIICHUS B HHTETpaIiu
BO300HOBJISIEMOM 3HEPTUH B CETh U CHCTEMaX XPAHEHUS SHEPTUH.

OT paHHUX YCTPOWCTB C OJHOM (DYHKIMEH O KIIOUEBBIX KOMIIOHEHTOB B CHJIOBBIX
JJIEKTPOHHBIX CUCTEMAaX, TEXHOJIOTHsS TUPUCTOPOB pPa3BHUBAIACh BOKPYI ITOBBILICHUS
3¢ (PEeKTUBHOCTH, MHTETpallMM M aJanTallid K MHOXECTBY CclieHapueB. bynyiue
MHHOBAIIUY B MaTepuaiax U UHTEUIEKTyaJIbHOE yIpaBieHHUE elle OO0JIbLIe YKPENAT UX
HE3aMEHHUMOCTb B BBICOKOMOIIHBIX IPWJIOKEHUSX.

2. du3nueckasi MojieJib, BHYTPEHHSISI CTPYKTYPAa U YCJI0BHbIEe 0003HAYEHH S
THPHUCTOPOB

1. ®uznueckas Mmoaens (Pucynox 1):

a) YciioBHOE 0003HaYeHHE TUPUCTOPA, b) [TonmynpoBogHIKOBAs CTPYKTYpa, C)
DKBUBAJICHTHAS CXEMA.

a) b)

A N1| | N1
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Pucynok 1: Quzuueckasn mooens mupucmopa
TUpHUCTOpP COCTOUT M3 4YEeThIpeX cJIoeB U Tpex PN-mepexomoB. P-mernpoBaHHBIN
aHOJHBIA CJIOM HaXOJUTCS BHU3Y, 3a HUM cieayeT N-6a3zoBasi oOmacts, P-6azoBas
obnactb U N+ KatoAHbIil cioil. B OIOKHpyIOIIeM COCTOSHWHU, HE3aBUCHMO OT TOTO,



OPUJIOKEHO JM HpssMOe WiIM oOpaTHoe HanpsbkeHue, PN-mepexox ocraercs
OOpaTHOCMEIIEHHBIM. THUPHUCTOPBI SABISAIOTCA CHUMMETPHUYHBIMH  OJOKUPYIOIIUMHU
ycrpoiictBamu. [lo cpaBHEHHIO C IMOAAaMH, OHM MpEJIaratoT YIpPaBIsIEMOCTb; IO
CPaBHEHUIO C TPAH3UCTOPAMHU, OHHU HE JAEMOHCTPUPYIOT MPOMNOPLHOHAIBEHOTO
YBEJIIMYEHHUS] aHOJHOTO TOKA C YBEJIMYEHHUEM TOKa yIpaBiieHUs. TOJIBKO Korja TOK
YIPaBJIEHUS JOCTUTAET ONPEAEIEHHOT0 opora (0ObIYHO IECATKY MIIJIUAMIIED), aHO -
KaTo/J TMEepeXOAUT M3 OJIOKUPYIOIIET0 COCTOsHUA B mpoBoasmiee. [locme wauanma
IPOBOJAUMOCTH TUPUCTOP MOXKET BBIIEPKUBATh TOKH OT JAECSITKOB JIO THICAY aMIIEp, U
YOPABJISIIOIIUN 3JIEKTPOJ, KaK MPaBUIIO, TEPSIET KOHTPOJIb, NOAIEPKUBAsI COCTOSIHUE
MIPOBOJIUMOCTH. UTOOBI BBIKIIFOUUTH €0, aHOHBIN TOK JOJKEH OBITh YMEHBIIEH HUXKE
OIIPE/ICNIEHHOTO YPOBHSI WM MPUIIOKEHO oOpaTHOE HampsbkeHue. [lociie BhIKITIoueHUs
CIIOCOOHOCTB K YNPAaBJICHUIO BOCCTAHABIMBAETCSI.

2. BHyTpeHHss CTPYKTypa U yCIOBHbIE 0003HAUCHHUS:
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Pucynok 2: Buympennss cmpykmypa u ycioHble 0003HaA4eHUs MUpucmopa

3. ITonepevyHoe cevyeHHe CTPYKTYPHI KOPIYCa THPUCTOPA € NMOJHBIM JaBJICHHEM:
3. KoHKpeTHbIE NPUMEHEHUS U POJIM TUPUCTOPOB B CUJIOBBIX IMIKa(ax JOKOMOTHBOB

1. OcHoBHbIE (PYHKLIMHU TUPUCTOPOB B CUJIOBBIX IIKa(ax JOKOMOTHUBOB:

TupucTopsl  ABIAIOTCS  MOJIYNPOBOJHHUKOBBIMU  CWJIOBBIMH  YCTPOWCTBAMH  C
yHOPaBJIIEMON MPOBOJUMOCTBIO, CIIOCOOHBIMU padOTaTh MPU BHICOKOM HANPSLKEHUH U
O0onpmioM Toke. B cunoBbix mikadax JIOKOMOTHBOB THUPHUCTOPHl B OCHOBHOM
MCIIOJIB3YIOTCS sl IPeoOpa30BaHus IEPEMEHHOTO TOKa B IOCTOSIHHBIH (BBIIPSIMIICHHUE)
WJIU JJISI TOYHOTO YIIPaBJIEHUS BBIXOJHBIM ITOCTOSTHHBIM TOKOM.

1.1 ®Oynaknus BeimpsmiieHus: Yepe3 Tpex(dasHyro MOCTOBYIO CXEMY BBIIPSIMIICHUS,
COCTOSIITYIO U3 TUPUCTOPOB, IEPEMEHHBIN TOK, TEHEPUPYEMBII TJIABHBIM I'€HEPATOPOM
JIOKOMOTHBA, Tpeodpa3yeTcsi B IMOCTOSHHBIM [ HCHOJB30BAaHUS TATOBBIMHU
JBUTATEISIMH.

1.2 ®Oyukius perynupoBaHus HanpsbkeHus: [lyreM perynupoBaHus yria BKIIOUEHHUS
tupuctopa (pa3oBoe yHpaBIEHUE) MOXKHO HU3MEHATHh BBIXOJAHOE TOCTOSIHHOE



HaIPSHKEHUE, YTO MTO3BOJISAET YIPABIIATH CKOPOCTHIO TATOBBIX JBUTATENEH U ABUKECHUEM
JIOKOMOTHBA.

2. CueHapuy IpUMEHEHUS] THPUCTOPHBIX CHJIOBBIX IIKA(OB:

TupuctopHbsie CUIOBbIE IKAa(bl MIHUPOKO HUCHOIB3YIOTCS B CIEAYIOMUX THIAX
JIOKOMOTHBOB:

2.1 DOnexTpoBO3bl € MOCTOSHHBIM TOKOM: Hampumep, paHHHME OTEYECTBEHHBIE
anekTpoBo3bl cepun [llaocans (Hampumep, SS3B, SS4), koTopble HUCHOIB3YIOT
TUPUCTOPHBIE CHJIOBbIE IIKa(bl B KaueCTBE OCHOBHBIX IpeoOpa3oBaTENIbHBIX
YCTPOMCTB.

2.2 Jlu3enb-3JIEKTPUYECKHE JIOKOMOTHBBI C TOCTOSIHHBIM TOKOM: Hekotopsie
JU3EIIbHBIE JIOKOMOTHUBBI HMCHOJIB3YIOT JU3EJIBHBIE T'E€HEPATOPHBIE YCTAHOBKHU JUIS
M0/1a4¥ MHUTAHMS, & TAPUCTOPHBIE CHIIOBBIE IKA(PBI 00ECEYMBAIOT MOCTOSHHBIA TOK
JUISL TSTOBBIX IBUTATENIEH.

2.3 IlepexoiHbIE TOKOMOTHBBI C IEPEMEHHBIM TOKOM: HEKOTOpbIe paHHUE TOKOMOTHUBBI
C IIEPEMEHHBIM TOKOM, J0 IMOJHOIO Pa3BUTHS TEXHOJIOTUU TJIABHBIX UHBEPTOPOB, BCE
€llle MCIOJB30BaJM TUPHUCTOPHBIE CHUJIOBbIE IIKa(pbl B KAYECTBE MPOMEKYTOUHBIX
ATamoB.

3. Texuu4eckne XapaKTePUCTHKH THPUCTOPHBIX CHJIOBBIX IKA(OB:

3.1 Beoicokas MomHOCTb 00pa®oTKu: THPHCTOPBI MOTYT BBLAEPKHBATh BBICOKHE
HaIpsOKEHUS. U OOJIbIIME TOKH, YTO MOAXOJMT ISl NEPEeAadynd BBICOKOW MOIIHOCTU B
JIOKOMOTHBAX.

3.2 YmpasnsgemocTs: [lyreM perynnpoBanus yria BKIOYEHHS UMITYJIbCOB YIIPABJICHHUS
MO’KHO TMOKO peryMpoBaTh BBIXOIHOE HAIPsHKEHUE IS YAOBICTBOPEHUS Pa3InYHbIX
YCJIOBUH SKCIUTyaTaI|H.

3.3 HagexHocTh: THUPUCTOPBI MMEKIOT NPOCTYI0 KOHCTPYKIHIO, JIMTENBHBIN CpPOK
CITyO0BbI 1 MOTYT CTaOMIIBHO PabOTaTh B CYpOBBIX YCIOBHSIX.

3.4 Bricokue TpeOoBaHUS K OXJIAXACHHIO: V3-32 3HAYMTEIBHOTO BBIICIICHUS TEIIJIa BO
BpeMsi pabOThl CUJIOBbIE MIKA(Qbl OOBIYHO OCHAIIEHbl A(P(HEKTUBHBIMU CHCTEMaMU
OXJIQXKICHHUsI (HallpuMep, IPUHYAUTEIBHOE BO3YIIHOE WIM BOJASHOE OXJIAXKIEHNUE).

4. IlpenMyniecTBa U HEJOCTATKH THPUCTOPHBIX CWJIOBBIX IIKa(OB!
IIpenmyiecrsa:

4.1 OTHOCUTENBHO MPOCTast KOHCTPYKIUS U HU3Kasi CTOUMOCTb.

4.2 I'ubkoe ynpasiieHHe, MO3BOJISIONIEE MJIABHO PETYJINPOBATh HANIPSHDKEHHE.

4.3 3penasi TEXHOJIOTHS, TPOCTOTA OOCTYKUBAHMUSI.

Henocratku:

4.4 OtHOCUTENBHO HU3KASA (D(PEKTUBHOCTH, 3HAYNTEIHHBIC TIOTEPH SHEPTHH.

4.5 B0o3M0OKHOE rapMOHHUYECKOE 3arpsi3HEHUE CETH, TPeOYIolee JONOTHUTEIbHbIX
(GUIBTPYIOLINX YCTPOMCTB.

4.6 He mnonxomar sl BBICOKOYACTOTHBIX MEPEKIIOYANOIINX MPUIIOKEHUH, YTO
OTPaHUYMBACT HX HCIOIB30BAHUE B COBPEMEHHBIX BBICOKOIPOU3BOAUTEIBHBIX
CUCTEMAX C IEPEMEHHBIM TOKOM.



5. CoBpeMeHHO€e Pa3BUTHE M TEHIEHIMH 3aMEeHbI:

C pa3BUTHEM CHJIOBOM SJIEKTPOHHUKH, OCOOCHHO C TOSIBJICHHUEM HOBBIX CHJIOBBIX
ycTpoicTB, Takux Kak IGBT (GunosnspHbie TpaH3UCTOPHI C U30IUPOBAHHBIM 3aTBOPOM)
u GTO (TUpUCTOPHI C YIPaBIIEMbIM BBIKIIOUEHUEM), TPAAUIIMOHHBIE THPUCTOPHBIE
CWJIOBbIE IIKa(bl IMOCTENEHHO 3aMEHSIOTCS OoJiee MepeJOBbIMU TEXHOJIOTHSIMU
npeoOpa3zoBaHusl.

B coBpeMEHHBIX 3JIEKTPOBO3aX C MEPEMEHHBIM TOKOM TJIAaBHBIE IMPeoOpa3oBaTesn
o0bryHO ucnonb3ytoT [GBT-Moaynum B uHBEpTOpax C IMIMPOTHO-UMITYJIBCHOU
monymsiuern (PWM), mpemmaras Oosiee BBICOKYIO 3(P(EKTUBHOCTh M JIYUIIYIO
JTUHAMHUYECKYIO MPOU3BOAUTENHHOCTD.

OnHako THUPUCTOPHBIE CWJIOBBIE INKagbl BCE €II€ UIPAlOT BAXKHYIO pOJb B
MOJIEPHU3AIMHU CTAPBIX TOKOMOTHUBOB WJIU B ONPEICIECHHBIX CIICHAPUSAX TPUMEHEHHUS.
6. [IpakTyeckre npuMepsbl:

B kxauecTBe npuMepoB MOKHO NPUBECTH PAHHHUE OTEUECTBEHHBIE JIEKTPOBO3bI CEPUU
[Taocans:

6.1 JlokomoTtuB SS3B: Ucnomnb3yeT Tpexda3zHyo MOTHOCTHIO YIIPABIIEMYIO MOCTOBYIO
CXEMY BBINIPAMIICHUS, TPUMEHSIS TUPUCTOPHI JJIs BBITIPSMIICHUS IEPEMEHHOTO TOKA OT
TATOBOTO TpaHCPOpMaTOpa B MOCTOSHHBIN, TPUBOJIS B JCHCTBUE TATOBBIC JBUTATEIU
MOCTOSTHHOTO TOKA.

6.2 JlokomotuB SS4: JlanpHeWmas ONTUMH3alHAs KOHCTPYKUHUHA THUPHUCTOPHOTO
CUJIOBOTO 1TKada, MOBHIIIIEHUE HAIC)KHOCTH U 9(PPEKTUBHOCTH.

B 3akioueHum, TpPUMEHEHHE THUPHUCTOPOB B CHJIOBBIX INKadax JOKOMOTHBOB
MPEICTaBIACT COOOM Ba)KHBIM ATam B Pa3BUTHH JJIEKTPOBO30B. XOTS COBPEMEHHBIE
TEXHOJIOTUMA TOCTENEHHO 3aMEHSI0T HMX JIOMUHUPYIOUIYIO MO3ULHUI0, THUPHUCTOPHI
CBITPAIM HE3AMEHUMYIO pOJIb B DBOJIOLUM TEXHOJIOTMM JJIEKTPUYECKOM TATU
JIOKOMOTHBOB.

4. TexHuueckue TpeOOBaHMS sl MOCJIEIOBATEIBLHOTO COEAUHEHUSI THPUCTOPOB B
CUJIOBBIX IKadax JIOKOMOTHBOB

1. [IpoGneMsbl pacnipefesieHust HANPS>KEHUS

1.1 IIpobnema: N3-3a mpoOW3BOACTBEHHBIX BapHAIlUi CTATUYECKHE OJIOKHPYIOITUE
XapakTepUCTUKU (OOpaTHBIA TOK YTEUKH, 3apsA]l BOCCTAHOBJIEHUS W T.JA.) KaXIOTO
TUPUCTOPA MOTYT OTJIMYATHCSA, YTO NMPUBOIUT K HEPABHOMEPHOMY PpACHPEICICHHUIO
HaIPSDKEHUS TPU MOCIEA0BATEIbBHOM COETMHEHHH.

Pemrenus:

1.1.1 Pe3uctopsl s BbIpaBHHMBaHUs HanpsbkeHus: [lapanenbHble pe3uCcTOpbl s
BBIPABHUBAHUS HAIMPSHKCHUS HA KOKJIOM TUPUCTOPE I OATAHCUPOBKH CTATUYECKOTO
pacnpeneneHus: HarpsHKeHUsI.

1.1.2 RC-cna66epubie nenu: Ilapannensasie RC-1ienu (pe3uctop u KOHAEHCATOP) HA
KKJOM THUPUCTOpPE IJisi TMOJABJIEHUS JAMHAMHYECKOro JucOanaHca HaIpsKeHUs
(Hampumep, CKauyKy HampspKeHus Wik ypesmepHoe dv/dt).



1.1.3 3ammra crabunutpoHamu: B HEKOTOPBIX cllydasiX CTaOMJIMTPOHBI MOTYT OBITh
MOAKIIOYEHBl  MMAPAUIETBHO TUPHCTOpPaM Ui  OrPAHMYEHHUS MaKCHUMAJIBHOIO
HaIpPsKECHHUS.

2. CornacoBaHHOCTb BKJIFOUEHUS:

2.1 Tlpobnema: IlocnepoBaTelnbHO COEAMHEHHBbIE TUPUCTOPHI JOJHKHBI BKIIOYATHCS
OJIHOBPEMEHHO, HO Pa3Jinuvs B YYBCTBUTEIBHOCTH BKJIKOYEHUS MOTYT IMPUBECTU K
TOMY, YTO HEKOTOPbIE THPHUCTOPHI BKIIIOYATCS pPaHbIIE, BBI3bIBASI HEPABHOMEPHOE
pacrpeeneHue HanpsHKeHUS.

Pemenus:

2.1.1 BpICOKOKaueCTBEHHBIE CXEMbl YIpaBieHUsA BKiIoueHueM: ObecrneynBaroT
OJIHOBPEMEHHOE MOJIYYEHNE UMITYJIbCOB BKIIFOUEHUSI BCEMU TUPUCTOPAMHU.

2.1.2 banaHcHpOBOYHBIE HMHIYKTMBHOCTH WM KOHAeHcaTopbl: JloOaBiieHue
0aJIaHCUPOBOYHBIX WHAYKTUBHOCTEH WM KOHJICHCATOPOB B II€Mb BKJIIOYCHUS IS
KOMIICHCALIMH 33J€PKEK BKIIOUCHUS.

3. TermoBou pacyer:

3.1 IIpoGnema: IlocnenoBareabHO COEUHEHHBIE TUPUCTOPBI MOTYT paboTaTh B OoJjiee
KECTKUX YCIOBUSAX, TPEOYs 3(PPEKTUBHOTO yIIpaBICHUS TEILIOM.

Pemenust:

Ucnionp3zoBanre 3¢G(HEKTUBHBIX CHUCTEM OXJaXKJEHUS (Hampumep, NPUHYIUTEIHHOE
BO3/YIIHOE WM BOJASHOE OXJAXKIEHUE) Uil 00ecleueHus pPaBHOMEPHOIO
pacrpeneneHus TeMnepaTypbl Ha KaXKI0M TUPUCTOPE.

5. Texnuueckue TpeOOBaHUS ISl TAPAIJIEIBHOTO COEIMHEHUS TUPUCTOPOB B CUIIOBBIX
mkadax JOKOMOTHBOB

1. [TpobGneMsI pacripeesieHust TOKa:

1.1 IIpob6nema: N3-3a pa3nuuuii B BOJIbT-aMIIEPHBIX XapaKTEPUCTUKAX MapaslieIbHO
COEMHEHHBIE TUPUCTOPBI MOTYT UCTIBITHIBATH HEPABHOMEPHOE PACIPEAECICHUE TOKA,
YTO MPUBOJUT K NIEPErPy3Ke HEKOTOPBIX TUPUCTOPOB. Perienus:

1.1.1 UuayxkTuBHOCTH 1151 BhIpaBHUBaHUS TOKa: [lociegoBarenbHble MHIYKTUBHOCTH
(MHOYKTUBHOCTH JJI1 BBIPABHUBAHMS TOKA) B aHOJAHOM LIEMU KAXKJIOI0 TUPUCTOpA JJIA
OaJIaHCUPOBKH TMHAMUYECKOTO pacipeiesieHus TOKa.

1.1.2 Pe3uctopsl AJist BeipaBHMBaHUs Toka: [locnenoBaTenbHble PE3UCTOPHI B aHOAHOM
LEeNU KaKJI0ro TUPUCTOPa Jisi 0aTaHCUPOBKU CTATUYECKOTO PACTIPEEICHHS TOKA.
1.1.3 TTonGop no napamerpam: BeiOOp TUPUCTOPOB ¢ MAaKCUMaIbHO CXOXXHMH BOJIBT-
aMIIEPHBIMU XapaKTEPUCTUKAMHU JIJI MApAIIETbHOIO COCTUHEHHUS.

2. CoryiacoBaHHOCTb BKJIKOYEHHS:

2.1 TIpo6nema: IlapanienbHO COEIWHEHHBIE THUPUCTOPHI JIOJDKHBI BKIIOUATHCS
OJTHOBPEMEHHO; B IPOTUBHOM CITydae MEePBbIA BKIIOUMBIIUNACS THPUCTOP OYIET HECTH
OOJIBIIYIO YaCTh TOKA, YTO MPUBEIET K MEPETPy3Ke.

Pemenust:

2.1.1 Ilpeuu3uoHHbIE  CXEMBbl  ylpaBieHus  BkIoueHueM: (OOecrneuynBarOT
OJIHOBPEMEHHOE MOJIyYEHNE UMITYJIbCOB BKIIFOUEHUSI BCEMU TUPUCTOPaMHU.



2.1.2  banaHcupoBOYHBIE  KOHJAEHcaTtopbl:  JloOaBienwe  OamaHCHPOBOYHBIX
KOHJICHCATOPOB B II€Mb BKIIOYEHUS /1711 KOMIIEHCAIIMH 3aJIePKEK BKIIFOUCHHUSI.

3. TemoBoii pacuer:

3.1 Ilpo6nema: IlapannenbHO COETMHEHHBIE TUPUCTOPHI UMEIOT 00JIee BEICOKHE 00IIHe
NOTEpU MOIIHOCTH, TPeOys 23P(HEKTUBHOTO YIPABICHUS TEIIJIOM.

Pemenust:

Hcnonb3oBanue 3¢ (HeKTUBHBIX PaIUaTOPOB HIIM CUCTEM OXJIAKICHUS I 00ecTieueHus
TOT0, YTOOBI MOBBIIEHUE TEMITEPATYPHI KaXK0TO TUPUCTOPA OCTABAIOCH B JIOMYCTUMBIX
npeaenax.

3.2 Perymsapnas mpoBepka: PerymspHas mnpoBepka KOHTAKTHBIX ITIOBEPXHOCTEU
paauaTopoB sl M30€KaHUS YPE3MEPHOTO TETLIOBOTO COMPOTUBIICHHUS.

6. KommuiekcHbie cOoOpaskeHHsl AJ1s1 TOCIIE0BATENBHOTO U MAPAJIEIbHOTO COSIUHEHUS
TUPUCTOPOB B CUJIOBBIX IIKagax

1. BriOop ycTpoMCTB:

1.1 IIpeanoureHue TUPUCTOPAM OT OJTHOTO MTPOU3BOJIUTEIIS U TAPTUU JJIsI 0OECIICUEHUS
COTJIACOBAHHOCTH MapamMeTpOB.

1.2 Yyer HOMUHAJIBHOTO HANPSHKEHUSI U TOKA TUPUCTOPOB C JOCTATOYHBIM 3aI1acoM,
9TOOBI U30€XKaTh pabOTHI Ha TIpEJIEIE.

2. Mepbl 3alIUThI:

2.1 3ammra ot nepeHanpsbkeHus: JlobaBiaeHue nenel NorjaomeHnus NnepeHanpsKeHus
(mammpumep, RC-cHaG0epHBIX 1IeTIeH) B TOCIICI0BATEIIBHBIX TETISX.

2.2 3ammTa OT meperpy3ku 1o Toky: JlobaBineHue OBICTPOAEHCTBYIOIINX
peIoXpaHUTENEH WIH yCTPONUCTB OOHAPYKEHUSI IEPErPY3KH MO TOKY B MapalieTbHbIX
LETsX.

2.3 3ammTa OT KOPOTKOrO 3aMbIKaHUsS: YCTAHOBKA OBICTPOACHCTBYIOMIMX 3alIUTHBIX
YCTPOWCTB B TJIABHOM WENU [JIs MPEAOTBPAIICHUS TMOBPEKICHUS THPUCTOPOB OT
KOPOTKOT'O 3aMbIKaHUSI.

3. YcraHoBKa U 00CITy>KUBaHUE:

3.1 OO0ecneueHrne COOTBETCTBHS YCIOBHM YCTaHOBKUA TpeOOBaHUAM (Hampumep,
TeMIlepaTypa, BJIaXKHOCTb, BUOpaIusl).

3.2 PerynsipHasi mpoBepka pabouux YCJIOBUN THUPHUCTOPOB M CBOCBPEMEHHAs 3aMEHa
CTaphIX WUJIU MTOBPEKIECHHBIX YCTPOUCTB.

7. llpumep: 3ameHa MajJOMOILIHBIX TUPUCTOPOB, COEAMHEHHBIX IOCIENOBATEIHLHO U
rapasuiesibHO, Ha MOIIHBIE TUPUCTOPHI C MOJTHBIM JTaBICHUEM.
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Pucynok 3: Cxema cunosvix wkagpos

Pucynok 4: @omoepagpus cunosoeo wixagha snexmpososa SS3B.



3. KonmyecTBO 1 MOJIEIM TUPUCTOPOB U BHIPSIMUTEIICH, UCIIOJIb3YEMbIX B CUIIOBBIX
mkadax 10 MOJACPHHU3AIUH:

- llIxad Ne I: 32 Tupucropa, 26 BbIIpSIMUTETCH.

- [lIxad Ne II: 30 TupuctopoB, 24 BHIIPSIMUTEIIS.

- O011ee KOJIMYECTBO MOJIYITPOBOJHUKOBBIX KOMIIOHEHTOB: 62 Thpuctopa, 50
BhITIpsiMuTENel, Bcero 112 komnonentoB. Kaxpiit mikag Becun 800 kr.

- Monens Tupuctopa: KP600A/2800V

- Mogens BoinpsamuTtess: ZPS00A/3000V

Pucynok 5: Obwuii uepmedic 31eKMpPOHHbIX KOMNOHEHMO8 U paouamopa 6 coope

4. Tlocne 3aMeHBl MaJOMOULIHBIX THUPHUCTOPOB, COEAMHEHHBIX IOCIEIOBATEIBHO U
napajuieabHO, Ha MOIIHbIE TUPUCTOPHI C MOJIHBIM JaBJICHUEM:

- llIxad Ne I: 12 TupuctopoB, § BeIIPIMHUTEIIEH.

- [lIkacd Ne II: 10 TupucTopoB, 8 BBEITIPSIMUTEIICH.

- OOmiee KOJMYECTBO MOJYIPOBOJHUKOBBIX KOMIIOHEHTOB: 22 THpUCTOpa, 16
BbIIIpsAMUTENIEH, Bcero 38 komnonenToB. Kaxpiit mkad Becun 380 kr.

- Mognens Tupucropa: KP3600A/3000V

- Monens Boinpsmutens: ZP4600A/3000V



Pucynok 6: Obwuii uepmedic 31eKmMpOHHBIX KOMHOHEHMO8 U paouamopa 8 coope

5. Pe3rome:

Texuuyeckue TpeOOBaHMS IJIsI TOCIEAOBATEIBHOTO W MApaUICTFHOTO COCIUHEHUS
TUPUCTOPOB  BBICOKH, YTO TpeOyeT TINATEIbHOIO pPAacCMOTPEHHUS  BOIPOCOB
pacupeneneHus HamnpsbKeHHsl, TOKAa M COTJIaCOBAHHOCTH BKJIFOUEHHMS, a TaKkKe
COOTBETCTBYIOIIMX PEILIEHUI. braromaps pa3yMHON KOHCTPYKIHH CXEM M CTPATETUSAM
3aIUThl TAPUCTOPBI MOT'YT CTAOMIIBHO U HAJIE)KHO paboTaTh IPU BBICOKOM HaIPSKEHUU
1 OOJIBIIIOM TOKE.

3amMeHa MaJOMOUIHBIX TUPHUCTOPOB, COEAUHEHHBIX ITOCIEN0BATEIBLHO U MapajlIeNIbHO,
Ha MOUIHbIE THPUCTOPHI C TMOJHBIM JaBJIEHUEM B CHUJIOBBIX HIKadax JIOKOMOTHBOB
ABJISIETCSl PACHPOCTPAaHEHHBIM MOAXOJOM K ONTHUMHU3AIMU KOHCTPYKLHUHU, YCHEUIHO
IIPUMEHEHHbIM B MozepHHu3auuu SS3B. KoHKpeTHple NpeuMyIliecTBa U BBITOABI
3aKJIH0YAIOTCA B CIEAYIOIIEM:

1. IToBbIIEHHAs HA/IE)KHOCTH!

1.1 VYwmenbluieHue mpoOieM pacnpeieseHus HanpsHKeHUs/Toka: MajaoMolHble
TUPUCTOPBI, COEAMHEHHBIE MTOCIIEOBATEIBHO U NapauIeIbHO, TPEOYIOT PEIICHUH 1S
pacupeneneHuss HanpsDKEHUsT M TOKa, YTO MOJKET NPHUBECTH K IEperpy3ke WIn
NOBPEXKACHUIO. MOIIIHBIE TUPUCTOPBI MOTYT BBIIEP)KUBATh TpeOyeMOe HaNpsKEHUE U
TOK C OJTHUM YCTPONCTBOM, U30€Tasi ITUX CIOKHOCTEH.

1.2 CHuxeHne pucka 0TKa3oB: B mocienoBaTenbHbIX U HapaJIIeIbHBIX
KOH(UTypanusx 0TKa3 JII000ro TUpUCTOpa MOXKET MOBIUATH HA BCIO LieNb. MolHbIE
TUPUCTOPBI YMEHBIIAIOT KOJIMYECTBO YCTPOMCTB, TEM CAMBIM CHUKasl BEPOSITHOCTh
OTKa3a.

2. YpoieHHass KOHCTPYKLHS CXEMBI:



2.1 MeHnplie BHEMHUX KOMIIOHEHTOB: MaloOMOIIHbIE THUPUCTOPBI, COECIUHEHHBIC
MIOCJIEIOBATEIbHO M MapajUIeNIbHO, YacTO TPEOYIOT JOIMOJHHUTEIbHBIX KOMIIOHEHTOB,
TaKuX KaK PE3UCTOPbl [JIs1 BBIPABHUBAHUS HAIpPSDHKECHHS, WHAYKTUBHOCTH IS
BbIpaBHMBaHMs Toka U RC-cHaOOepHbIe IIENH, YTO YBEIMYMUBAET CIIOKHOCTh CXEMBI.
MoriHble THUPUCTOPHI MOTYT HCIOJB30BAaThCS HAMpPSIMYI0 0€3 JIOMOJHUTEIbHBIX
KOMIICHCUPYIOIIUX KOMIIOHEHTOB.

2.2 YupouieHHOE YINpaBjieHUE BKJIIOYEHHUEM: MOIIHbIE TUPUCTOPHI TPEOYIOT TOJBKO
OJIHOTO CHTHajla BKJIOUYEHMS, TOT/AA KaK TMOCJIEIOBATEIIbHBIE M MapaJulesibHbIC
KOH(UTyparuu TpeOyroT TOYHOH CHHXPOHU3ALNN HECKOJIBKUX CHUTHAJIOB BKIIIOUEHUS,
YTO YCIIOKHSAET KOHCTPYKIIUIO.

3. [loBbimenHas 3¢pheKTUBHOCTH:

3.1 CHmxenue norepb: Pe3aucTopsl 11 BEIpaBHUBAHUS HANIPSKEHUS U UHTYKTUBHOCTHU
JUISI BBIpDAaBHUBAaHMSI TOKa B IOCJEAOBATENBHBIX U IMapajuIeNbHBIX KOHMUTyparusx
TEHEPUPYIOT JTONOJHUTEIbHBIE TOTEPU MOIIHOCTH. MOIIHBIE THPUCTOPHI YCTPAHSIOT
3TH JIONIOJIHUTENIbHbIE KOMIIOHEHTBI, OBBIIIAsA 00111YI0 3()(PEKTUBHOCTB.

3.2 ONTUMH3UPOBAHHOE YIPABJICHHUE TEIIOM: MOIIHBIE TUPUCTOPBI KOHIIEHTPUPYIOT
IJIOTHOCTh MOLTHOCTH, O0JIeryasi IpOeKTUPOBaHUE (PPEKTUBHBIX CUCTEM OXJIAKICHUS.
B TO BpeMs Kak HECKOJBKO MAaJOMOUIHBIX THUPHCTOPOB B IOCJIENOBATEIBHBIX WU
napasuleIbHbIX KOHPUIypalUsiX CJI0KHEE YIPaBISITh TEILIIOM.

4. DKOHOMMS MECTa:

4.1 MeHblIe KOMITOHEHTOB: MOIIIHBIE TUPUCTOPBI 3AMEHSIOT HECKOJIBKO MaJOMOLIHBIX
TUPUCTOPOB, 3HAYUTEIILHO YMEHbILIAast KOJTUYECTBO KOMIIOHEHTOB M KOHOMSI MECTO JIJIsi
YCTaHOBKH.

4.2 VYupoieHHas MexaHu4deckass KoHCTpykuus: [locienoBarensHbple U napajjieibHbIe
KOH(Urypauuu TpeOyIoT CI0XKHBIX COCIUHEHUN U KPEIUIeHW, TOrja Kak MOIIHbIE
TUPHUCTOPBI YIIPOIIAIOT MEXAHUYECKYIO KOHCTPYKLHUIO.

5. CHmxeHue 3aTpar:

XOTSl MOILIHBIE TUPUCTOPBI MOTYT UMEThH 00Jie€ BBICOKYIO CTOMMOCTD 3a €IMHUILY, HX
oOIIe CUCTEMHbIE TPEUMYIIIECTBA OUEBHIHBI:

5.1 Cumxenue 3arpaT Ha nepudepuiinpie KOMIOHEHTh: Her HeoOxogmmocTu B
pe3UCTOpax MJid BBIPABHMBAHUS HAMPSHKEHUS, MHAYKTUBHOCTSX JJIsI BbIPABHUBAHUS
TOKa WM JIPYTUX JTONOJHUTEIbHBIX KOMIIOHEHTAX.

5.2 CHwKeHue 3aTtpar Ha 00CTy)KMBaHUEe: MeHbIlle KOMITIOHEHTOB 03HA4YaeT CHUKEHUE
yCWJIMH 1O OOCTY)KMBaHUI0O M 0Oo0jiee HHU3KHE JOJTOCPOUYHBIE SKCIUTyaTallMOHHBIC
3aTpaThl.

5.3 IloBbimierne 3¢PGHEKTUBHOCTH  TPOU3BOJACTBA:  YTPOIIEHHBIE  MPOIECCHI
MPOEKTUPOBAHUS U COOPKU MOTYT YCKOPUTH MPOU3BOCTBEHHBIE ITUKJIBI.

6. YayunieHHas AMHAMUYECKask TPOU3BOAUTEIbHOCTD:



6.1 bomee BbICOKas CKOPOCTh peakiuu: MOIIHBIE TUPUCTOPHI OOBIYHO TPEIararoT
JTy4IIie TUHAMHYECKHE XapaKTepUCTHKU (HAmpuMep, CKOPOCTh MNEPEKIIOUEHUs
yCTOMYMBOCTH K dv/dt), ananTupysce k 0ojiee CIOKHBIM YCIOBHUSM SKCILTyaTaluu.

6.2 CormacoBaHHOCTb napaMeTpoB: COrIacOBaHHOCTh MMAPaMETPOB OJTHOIO MOLIHOTO
TUPHUCTOpPA TIPEBOCXOAMT COTIACOBAHHOCTh HECKOJBKHX MaJIOMOIIHBIX THPHCTOPOB,
COCMHEHHBIX BMECTE, YIyUlliasi TMHAMUYECKYIO TPOU3BOIUTEIHPHOCTh CHCTEMBI.

7. Jlydiiie mOaXOAUT Ui MOJAEPHU3ALMHU CTAPBIX CHIIOBBIX MIKA(pOB JTOKOMOTHUBOB:

C pa3BUTHEM CHJIOBOM 3JIEKTPOHUKH TPOIECCH MPOU3BOACTBA MOITHBIX TUPHCTOPOB
MOCTOSIHHO YJTYYIIIAI0TCS, YTO MO3BOJISIET UM Y OBIIETBOPATH OOJILITUHCTBO TPEOOBAHUH
BBICOKOT'O HAaIPsKEHUA U OOJBIIOro Toka. B cumoBhIX mkadax J0KOMOTHBOB MOITHBIE
TUPUCTOPBI MOTYT IOCTUTaTh 00JIe€ BHICOKOU MIIOTHOCTH MOIIHOCTH U Ha/I€KHOCTH.

3akJjoueHune:
3amMeHa MaJIOMOIIHBIX TUPUCTOPOB, COCAUHEHHBIX MOCIEAOBATEIIbHO U MapaslieNibHO,
Ha MOIHBIE THUPUCTOPHl C TOJHBIM JIaBIICHUEM MpeJjiaracT 3HAYUTEIIbHBIC
IPEUMYIIECTBA B HAJEKHOCTH, ((PEKTUBHOCTH, 3aTparaXx M SKOHOMHU MeCTa, YTO
JelaeT WX Jy4YllUM BBIOOPOM [IJIi MOJEpPHHU3AIMU CTapblX CUJIOBBIX ITKadoB
JIOKOMOTHBOB.



