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3AJJAHUE HA KYPCOBOM MPOEKT
TEMA KYPCOBOI'O ITPOEKTA: CJIEAAIIASA CUCTEMA (CC)
Hcxonuble TaHHBIE

Oy~ HAMOOJBIIAS CKOPOCTH BPAILLEHUS UCIIOIHUTENBHOIO Bajla MPU paBHOMEPHOM
3aBOJIKE M aMIUINTY1a CKOPOCTH IIPX CUHYCHOM 3aBOJKE;

Euv- AMILIUTYZA YCKOPEHHS MCIIOJIHUTEIBHOIO Bajla IIPU CUHYCHOM 3aBOJIKE;

My - CTaTUYECKUM MOMEHT CyXOr'0 TPEHHS Ha UCIIOJIHUTEIBHOM Bally;

Ji - MOMEHT MHEpUHMHU Harpy3Kd UCIOJHUTEIBLHOTO Bajla;

O - CyMMa CTaTMYECKOM M KMHETHYECKON MOTPEeIIHOCTEHd NpPH paBHOMEPHOMH
3aBOJIKE CO CKOPOCTBIO My,

0,- JuHamMuyeckas MOTPEUIHOCTh MPU CHHYCHOM 3aBOAKE IPH aMIUTUTYIHBIX
3HAYEHUAX CKOPOCTH My U YCKOPEHHS Eny;

Nip - KII i- crynenu peaykropa;

o = lyax /IN (m1st IBUTATENCH MOCTOSIHHOTO TOKA) - JIOMYCTHMBIH KO3 GUIIMCHT
Heperpy3Ku 1o TOKY IPH ITyCKe TBUTATEIS;

¢@s; > /4 - 3amac o ¢a3e pa3OMKHYTOW CUCTEMBI;
tp - MakCHMaJIbHO JIOITyCTUMOE BPEMsl pEeTyIUPOBAHUS;
c% - MakcumaibHas BeJIMYMHA nepeperynupoBanus < 15%.

PexoMeHaylOTCS: THUDL W CepUsl JBUTATENs, TUI YCHWIHUTENS MOIIHOCTH, THII
WU3MEPUTETHFHOTO YCTPOMCTBA M CIIOCO0 TMHAMHYECKOW KOPPEKIIUU.

ConepkaHue KypcoBou padoThI

1. Beibop Tunopasmepa ABUraTelis U pacyeT peayKTopa.

2. Pacyer ycuintens MOIHOCTH

3. Pacyer  ko3ddummenta  ycuwieHHs — pa3OMKHYTOU CUCTEMBI,
AIIEKTPOMEXAHUYECKOW TOCTOSHHOM BpEeMEHM JBHraTess M 3amaca 1o Qase
HECTaOUJIM3UPOBAHHON CUCTEMBI.

4. CocraBiieHHE TEpenaToyHOd (YHKIHMH Pa30MKHYTOH CTaOMIM3WPOBAHHOM
CUCTEMBI, OIIPEACIICHUE €€ MMapaMeTpoB, nocrpoenne JIAUX u BprunciieHue 3anaca
no ¢a3ze u nokasaresell KauecTBa MepexoJHOro Npouecca.

5. Omnpezernenre napaMeTpoB MPeABAPUTEIBHOTO YCUITUTEIIS.

6. OdgopmileHHE TOSACHUTEIBHOM 3allUCKM € NPUHUUIHAIBHON CXEMOH,
YaCTOTHBIMU XapaKTEPUCTUKAMU U PE3YJIbTATAMHU OLIEHOK IIEPEXOJHOr0 Ipolecca
¥ OLIMOOK CUCTEMBI ITPU MOJEIIMPOBAHUN PEKUMOB 0JIaYH HA BXOJI CTYIIEHYATOIO
3HAYEHHUs yTJIa, PABHOMEPHOU U CUHYCOUIAJIBHON 3aBOJKH.



BAPUAHTBI KYPCOBOI'O ITPOEKTA U TEXHUYECKHUE JTAHHBIE
OJIEMEHTOB CJIEJAIIEN CUCTEMBI

Ta6HI/ILIa BapHuaHTOB CCc ABUT'aTCJICM ITIOCTOAHHOI'O TOK

N Ouwm , Eum , M, Ju ) tr, Ocx ) 9;( )
p/c p/c? H-m KI-M? C | rpax | rpan
I11 0,73 2,19 24,7 12,2 0,4 1
112 1,09 4,36 16,5 5,49 0,4
I13 1,46 5,84 12,3 3,07 0,4
114 0,69 2,07 52,1 15,2 0,4
I15 1,03 3,09 40,0 6,85 0,4
I16 1,38 4,14 26,1 3,81 0,4
117 0,702 1,40 70,05 32,6 0,4
I18 1,05 2.10 47,1 14,6 0,4
I19 1,40 2,80 35,4 8,23 0,4
1110 1,11 1,48 20 12,1 0,4
I111 1,01 2,22 25,1 5,3 0,4
1112 1,48 2,96 20,2 9,0 0,4
I113 | 0,689 1,38 39,2 12,9 0,4
1114 1,03 2,06 26,2 5,74 0,4
I115 1,38 2,75 19,6 3,23 0,4
I116 | 0,671 1,34 60,4 15,6 0,4
1117 1,01 2,02 40,1 6,93 0,4
I118 1,34 2,68 30,2 3,91 0,4
1119 | 0,678 1,36 43,1 17,2 0,4
1120 1,02 2,03 57,4 15,3 0,4
1121 1,36 2,71 43,0 8,60 0,4
1122 1,03 2,32 24,9 5,1 0,4
1123 1,02 1,53 44 4 18,3 0,4
1124 1,36 2,04 50 10,3 0,4

1125 1.3 2.6 12.0 2.0 0.4
126 1.2 2.4 14.0 4.0 0.4
1127 1.1 2.2 20.0 5.0 0.4
1128 1.0 2.0 24.0 6.0 0.4
1129 0.9 1.8 28.0 8.0 0.4
1130 0.8 1.6 32.0 10.0 0.4
131 0.7 1.4 60.0 40.0 0.4

R e e I e T e e e o e e e O e o e N e e N e N e T e N T = =Y IS SN
A G RGEEEEC E

1132 0.6 1.2 80.0 50.0 0.4




Ji1d Bcex BapuaHTOB:

0, - 0e3 yuera CTaTHUECKOW MOTPEUTHOCTH.

KII/] ogHoii mapsl 3aneruienus peaykropa nip = 0,97.

JIns1 mpenBapuTENIbHOM OIIEHKH NepenaTouHoro yucia peaykropa KIII penykropa
Oepercs 7, =0.8.

JlomyctuMblil KO3 (HULIMEHT Neperpy3Ku Mo TOKy sSKops o = 4.

Cepus neurareneu - CJI.

YM - MOCTOBOH YCWIMTENb C TPaH3UCTOpAaMHU B KJIHOYEBOM pexnMme. YacTtora
mynasTuBHOparopa f =400 I'w.

NY - 6eckonraktHbie cenbcunbl BJ[-160A u BC-155A B TpancdopmaTropHoM
pexume. =400 I'u, K. =40 B/pan.

Taxoreneparop CJI-M, Ky = 3,35-:102 B-c/pan, Jrr = 2,35-107 kr-M2.

Tun xoppekuuu: rudkast o0OpaTHast CBsI3b.



Tabnuua BapuanToB CC ¢ aCHHXPOHHBIM J[BUTATEJIEM

N Ouy € M Jy-10°3 tr, | O, | On,
plc p/c? H-m (kr-m?) C | rpaxm | rpax
Al 2,58 48,4 0,267 3,43 0,1 1,5 2
A2 5,05 96,6 0,183 0,856 0,1 1,5 2
A3 1,35 12,4 0,638 8,68 0,1 1,5 2
A4 2,20 449 0,319 2.17 0,1 1,5 2
A5 2,66 7,6 0,597 15,5 0,1 1,5 2
A6 5,31 60,7 0,299 3,88 0,1 1,5 2
A7 1,37 13,0 1,50 43,4 0,1 1,5 2
A8 2,74 26,1 0,748 10,8 0,1 1,5 2
A9 2,60 27,8 1,01 39,8 0,1 1,5 2
Al0 519 47,4 0,507 9,94 0,1 1,5 2
All 1,36 10,5 2,49 108 0,1 1,5 2
Al2 2,71 13,2 1,25 26,9 0,1 1,0 2
Al3 3,15 20,2 1,63 66,5 0,1 1,5 2
Al4 6,29 25 0,815 16,6 0,1 1,5 2
Al5 1,52 7,52 4,46 222 0,1 1,5 2
Al6 3,03 15,0 2,23 55,5 0,1 1,5 2°
Al7 3,08 19,0 3,08 65 0,1 1,5 2
Al8 3,17 25,6 1,54 29,3 0,1 2,0 2
Al9 1,49 8,39 6,38 83,5 0,1 1,5 2
A20 2,99 7,0 4,19 95,4 0,1 1,5 2
A21 3,50 6,2 4,40 74 0,1 1,5 2
A22 3,1 10,2 1,9 18,6 0,1 1,5 2
A23 1,62 4,19 49 220 0,1 1,0 2
A24 1,1 3,28 13,4 138 0,1 1,0 2
A25 4.5 5.0 0.05 0.02 0.1 1.0 2
A26 4.0 4.0 0.04 0.025 0.1 1.0 2
A27 3.5 5.0 0.2 0.03 0.1 1.0 2
A28 3.0 4.0 0.3 0.04 0.1 1.0 2
A29 2.5 4.0 0.7 0.08 0.1 1.0 2
A30 2.0 3.0 2.0 0.15 0.1 1.0 2
A3l 15 2.0 5.0 0.6 0.1 1.0 2
A32 1.0 2.0 10.0 1.3 0.1 1.0 2

JIns1 Bcex BapuaHTOB:
0, - 6e3 yuera CTaTUYECKOM MOTPEIIHOCTH.

KIIJI omHo# mapsl 3anerieHus peaykropa nip = 0,97.




JIns1 mpeiBapuTENIbHOM OIIEHKH NepenaTouHoro uucia peaykropa KIII penykropa
Oepercs 7, =0.8.

Cepus aurateneit OM-M. f =400 I'.

YM - nByXTaKTHBIN TPAH3UCTOPHBIN yCUIUTEND B Kitacce B.

Y - OeckonrakTtHble cenbcuHbl BbJ[-160A u BC-155A B TpancdopmaTopHOM
pexxume. f =400 I'n, Ky = 40 B/pan.

Taxoreneparop: TI'-5A. f=400T'w. Ky = 1,17-10 B-c/pax, Jir = 107 xr-m2,

Tun KoppeKIuu: )KecTkass 00paTHas CBSI3b.

TexHuueckue AJaHHbIC JBUTAaTEIEH MOCTOSTHHOTO ToKa cepun CJI

Tun Py, Us , Oy , 1, Fa, J,+,10°, d,
Bt B p/c A OmMm K2+ m? MM
CJI-321 38 110 314 0,6 27 59 8
CJI-361 50 110 314 0,8 25 69 8
CJI-521 77 110 314 1,1 8,5 127 10
CJI-569 175 110 377 2,0 3,6 265 10

TexHuueckue naHHble ABYX(a3HBIX aCHHXPOHHBIX JBUTaTeNel cepuu OM-M.

f=400 T
THH UH y PH y Mn'10-3, (,OH y \]5[ 10-8 Ry 1 Xy 1 D H
B Bt Hwm p/c ke - m? Om OmMm MM

OM- | 60 1,03 6,87 503 21,7 196 227 3
1M
OM- | 60 2,47 11,8 628 151,0 173 166 3
2M
OM- | 60 4,07 21,6 586 128 124 157 3
AM
OM- | 80 8,22 31,4 670 206 58,1 | 814 4
8M
OM- | 80 15,2 58,9 670 345 55,2 | 70,0 4
15M
OM- | 80 25,0 88,3 681 518 20,8 | 34,2 6
25M




TexHnueckne NTaHHbIE KPEMHHUEBBIX P-N-P TPAH3UCTOPOB

Tun Uo,B | Ik /A | B | Pw, Bt

T 5056 250 1,0 | 25| 5/1*
KT 814 B 60 15 |40 | 10/1*
KT 816 B 60 30 (25| 25/1*
KT 855 B 150 50 | 25| 40/1,2*
KT 865 A 200 10 40 [100/1,5*

T 860 B 40 2,0 |80 10/1*
* - Yucnurens: Py, ¢ TEINIOOTBOAOM
3HaMeHaTelb: Py, 0€3 TemI00TBOAa

TexHuyeckue NaHHbIE KPEMHUEBBIX JUOOB

Tun U,B I, A
K202 | 200 3
J1243B 200 5
J1243 200 10

TexHu4yeckue TaHHBIC OMOPHBIX TUOO0B (CTAOMIMTPOHOB)

Tun | Hanpsbxenue Toxk  |Makcumanensiii|lIpenensnas [ Ipsmoe nagenue

cTabuIn3aIuy, | cTadmin3a| MpsSMON TOK, | MOIIHOCTH, | HANpsbKeHwus, B

B U, MA MA MBT npu Toke 50 MA
JI814A 7-8,5 40 100 340 1
J1814b 8-9,5 36 100 340 1
J1814B 9-10,5 32 100 340 1
J8141 10-12 29 100 340 1
J814]1 11,5-14 24 100 340 1

[IIkana HOMUHAIBHBIX 3HAUYCHUH pe3ucTopoB (£5%)

1 11112 113 /15|16 (18 |20 |22 |24 |2,7 |[3,0 |3,3 |3,6
10 |11 |12 |13 |15 |16 |18 |20 |22 |24 |27 |30 |33 |36
100 | 110 |120 130|150 |160 | 180 | 200 | 220 [ 240|270 | 300 | 330 | 360

39 143 [47 |51 |56 |62 |68 |75 |82 |91
39 |43 |47 |51 |56 |62 |68 |/5 |82 |91
390 [430 [470 |510 | 560 |620 | 680 | /750 |820 |910




[IIkana HOMUHAIBHBIX 3HaUCHUH KOHAeHCcaTOpoB (+10%)

1,12 |15 |18 | 22 | 2,7 | 33 | 39 | 47 | 56 | 68 | 82
10 | 12 15 18 22 27 33 39 | 47 56 68 82
100| 120 | 150 | 180 | 220 | 270 | 330 | 390 | 470 | 560 | 680 | 820

TexHuueckue JaHHBIC MUKPOCXCM IJIA Hp606pa30BaTeHeﬁ

Tun U max , B U6 max ) B Ux6 max ) I min ) I5 min ,
B MA MA
1KTO1A 6,3 6,5 3,5 10 10
1KTO1b 6,3 6,5 3,5 10 10
1KTOIB 3,0 3,5 3,5 10 10
1IKTO1T 3,0 3,5 3,5 10 10
Knaccel TOUHOCTH CEIbCUHOB
| | xitace Il kmacc I11 x;macc
CenbCHUH JaTYUK +0,25° +0,5° +1,0°
CenlbCHH NPUEMHHK ‘ +0,25° +0,5° +0,75°
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METOINYECKHUE YKA3AHUSA

1. BBIBOP TUTIOPAZMEPA JIBUTATEJIS U TIEPEJJATOYHOT'O YUCJIA
PEJIYKTOPA ip

TpeOyemass MOITHOCTh Ha Baly JBUTATENSI OICHUBACTCS IO OJHOMY W3
CIEAYIOINX COOTHOLLICHUM:

PTpe6 =2M, ®,

PTpe6 = (2JH SHM t MH) (DHM;

PTp€6 =2(J,e,,+tM )o_..

BpiOop HEOOXOAMMOTO COOTHOIIEHUS OMNPEACNSICTCS JAaHHBIMU TEXHHUYECKOIO
3ajanud. BeiOupaercs Omwkailiumii TUHopasMmep JBHUrareiass ¢ HOMHUHAIBHON
MOIITHOCTBI0 PN>Prpes.
1.1. IIpenBaputenbHas OLIEHKA MEPEAATOYHOIO YK CIa PEAYKTOpa

1.1.1. CC ¢ gBuraresgeM IIOCTOSHHOI'O TOKa

N3 chnpaBouHol TAaOMWIBI JJIS BBHIOPAHHOTO JIBUTATENsl BBITHCHIBAIOTCS

HOMUHAJIbHBIC 3HAYEHUS HAINpPSKEHUs, TOKa U ckopoctu sikops Un, In ,on , a
TaK)K€ MOMEHT MHEPILIUH SIKOPS ABUTATENS Jyz U COTTPOTUBIICHUE OOMOTKH SIKOPS 51,

H i D
OMHHAJIbHBII MOMEHT JBuratens M, =—-.
®
N
Uy —Iyry
Koadpunment nporuBo3/JC oOMOTKH sikopss €= ——"—.
Wy
IN(UN_IN”,I)_PN
MowmeHT moTeph Ha Baimy aBurarennss Mg = o :
N

MakcuManbHOe HampspKEeHUE yCuiuTenss MOIMHOCTA Uy wax, 1 J00aBOUHBIN
PE3UCTOP R)IO]'[ ) OFpaHI/I‘{I/IBaIOIIIPlﬁ TOK SAKOPsA IIPHU ITYCKC , OIIPCACIIAIOTCA HyTéM
COBMCCTHOT'O  pCHICHUA ypaBHCHI/Iﬁ HKOpHOﬁ oernm s ITYCKOBOTO n

UyMMaX = aIN(R[l06 + 7",1 ),.
HOMHWHAJIBHOI'O PCKMMOB !
=/, R _+U,.
yYM Max N~ 106 N

JInana3oH BO3MOXKHBIX 3HAYCHHUH MEPEJAaTOYHOrO YHMCIAa peaykTopa Ip
OIPEICIICTCS KOPHIMH YPaBHEHHS Ip1, Ip2
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J M

— ¢ U o i)=(J +L)e i +—T4+M

ry + R YM Max HM D B ) HM D Im o
70T lpn p

JlomycTuMoe nepeaTouHOe YHUCIO PEAYKTOpa MOKET OBbITh BBIOpAaHO W3

cioBUA; i  <i <i _.
y pl p p2

OOBIYHO BBIOMPAIOT 3HAUYCHHUE Ip OJIFDKE K OOJIBIIIEMY KOPHIO Ip2.

JlommycTrMOe TepeaTouHoe YHCIO PEeIyKTOpa JIOJDKHO YIOBJIETBOPSITH TPEM
YCIIOBUSIM, 00ECTICUNBAIOIIUM HOPMAJIBHYIO PabOTy JABUTATEIIS:
YCJIOBHE IO CKOPOCTH ip o < (1,1..1,2) - ®

JIB.HOM °

ycnosue o Mmomenty M <@..HM o

YCIIOBUE 10 IEPETPEBY

J +JH(.2 2g? z‘§0,5+M2/i2n2 <M
AB lpn HM H P JB.HOM

J M
2H )8HMip +—+M_.
ipn o

rjae M}'{ :(Jm; +

1.1.2. CC ¢ nBurarenem nepeMeHHOTr0 TOKa

% 3 cnpaBquof/'I Ta6J'II/IIIBI JIIAA BBI6paHHOFO ABUTATCIIA BBIIINCBIBAKOTCSA
HOMHWHAJIbHBIC 3HAYCHUA HAIIPAKCHUA 0OMOTKH YIIpaBJICHUA UyN N MOIIIHOCTHU Ha

Bany Pn , myckoBoil MOMeHT Mm M CKOpPOCTH XOJIOCTOIO XOJa Wy , MOMEHT

UHEpIMU poTopa Jp , akTuBHOM Ry W peakTuBHOM Xy COCTaBIISIOMIMX
CONPOTHUBJIEHUS OOMOTKHU YIPABJICHUSI IPU 3aTOPMOKEHHOM POTOPE.

HomunanbHble 3HaueHUs MOMEHTa MN U CKOPOCTU ON TNPUOIMHKEHHO
ONIPEJICIISIFOTCS U3 COOTHOIICHUM:

P
— . _ — N
MN—yMrl ; O, =YO L, TAe Y = o

HI/IHeapI/IBOBaHHaﬂ MCXaHHNYCCKas XapaKTepI/ICTI/IKa JABUTATCIISL  OJIs1 CKOpOCTeﬁ
0<o <o . M =M -avv ;
I N B i I

B B
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JluanazoH JONMYCTUMBIX 3HAYCHHU TIEPEIATOYHBIX YHCEI PEIyKTOpa
OIPEICIICTCS KOPHIMH KBaJIPATHOTO YPABHEHHUS Ip1 U Ip2 :

M -anv i =|J + *H e I+ HLo .
I HM p 1B .2 HM p 1 m

[TepenarouHoe 4nciio peayKTOpa BEIOUPAETCS U3 YCIOBUSA: ip < ip < ipz'

Kpowme 3T0oro nepegatouyHoe 4nuciao peayKTopa AOJIKHO YIAOBIETBOPSATH TPEM
YCJIOBUSIM, 00ECIIEUHBAIOIIMM HOPMAJIbHYIO PaOOTy JABUTATEIS:

- vycioBue mo ckopoctt I ® < (1,1...1,2)® :
y p 0@ (L1.1.2)o =

- ycJoBHE IO MOMeHTY M| < (1,1.13)M y;
- - YCIIOBHE IIO IIEPETPEBY

J o+ T )2 i20,5+M2/i2n2SM ,
1B .2 HM D H/ p IIB.HOM
p
M= JH ) MH
rjue = + € I+ .
H IIB i oM P H
1211 lpn

p

1.2. Pacuer PCOAYKTOpPA C HTUIIMHAPUYICCKUMU KOJICCAMU

Penykrop ¢ Tpems mapamu 3areruieHui cXxeMaTHIHO n300pakEH Ha puc. 1.
[lepenarouHoe dYMCIO KaKIOW Mapbl 3alCIJICHHUS In1n OMpEACsSeTCS Kak
OTHOIIICHWE YHCIia 3yObeB BegoMoi mectepHu (in) K unciay 3yObeB BeaymieH (in-1)
WJIH OTHOIICHHE COOTBETCTBYIOIIMX JTMAMETPOB MJIH PAJNYCOB IECTEPEH:

e e
2= Y nan= Yl
1.2 1 n-1n n_1
rac e,

— O00O0OIIEeHHBIN TOKa3aTeNh, XapaKTePU3YIOIMUNA MICCTEPHIO
(mrameTp, paauyc WK 9UCIIO 3yObeB).

Hepez[aTquoe YUCIIO PECAYKTOpPAa OHpPCACIACTCA KaK IPOU3BCIACHUC
MNePCAaTOYHbIX YHMCCII BCCX IIAp SaHeHHeHI/IﬁI

I =1 -0 .1 .
p 1,2 34 n-—1n
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r-— " -
0. e, = |
HBEWrarens = e, = =|e; |
— — |
| |
| e, =—=|¢e, S Harpi/aka
| L - €| |
—m e e—  _— e — e — — — — — J
Puc. 1

Jnss MUHUMM3AIMKA MPUBEIEHHOTO K BaJly JBUTaTeIs MOMEHTAa WHEPIUU
pEIyKTOpa CHEAYET PACCUMTHIBATH IEPEIATOYHBIC YHCIA CTYIIEHEW map
3aIleIICHUI C UCIOJIF30BAHUEM COOTHOIIICHHUS

[Tpu 5TOM MepenaTovuHOe YMCIIO MOCICAHEH CTYNeHH In MOJKHO 3a/1aTh U3
YCJIOBHSL:
10 < in <15.
W nanee mocnenoBaTeNbHO CUMTATh MEPENAaTOUYHbIC YMCIA CTYINEHEH, MoKa
HE MOJIyYUM IepeaTOYHOe YWCIIO MEPBOW CTYNCHH I12, HE MpeBbImaromiee 2.
OOBIYHO YKCIIO CTYNIEHEH PEeyKTOpa HE MPEBBIIIAET S...6.
[Ipu 3TOM AOJKHO BBITIOIHATHCS YCIOBUE:
112<i34<..<lIn1n
[IpuBenEHHBIN MOMEHT K Basly JBUraTelis peayKTopa:

B Jry+Jy; J4t+Js J, o+, I,

J =J+ + + .+ + —
pen .2 .2 . .2 .2 ) .2 o ) .2
Iy Iy 1) ooly el Il
MomMeHT HHCPIHNHU CINIOIIHOI'O MUJIMHAPUYICCKOI'O KOJICCA:

w-p-b

Ji = L : Dl4 '
32

rie p - MJIOTHOCTh MaTepHalia, U3 KOTOPOTO U3roTaBIMBAIOTCS Kojeca.
Jist ctamu p= 7.7 * 103 xkr/m®
b - TommuHa Koneca
Di - nuameTtp i-ro Koeca.
Pacuer nuametrpoB Kosn€c BenETCS U3 YCIOBUS, YTO AUAMETPHI BCEX BEAYIIUX
HIeCTepEH 3alleTICHU OJMHAKOBBI:
D1=D3=Ds=...=Dn1 =>2d,
raed - auamerp Basia ABUTATEIIS.
KonuuecTBo 3yObeB Ha BEIyIIUX MIECTEPHIX TOKHO OBITh:
Z1=723=...=2Zn1215 (Z - 4ucno uenoe)
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JlnameTp mecTepHu ¥ KOJIMYECTBO 3yOhEB CBSI3aHbI COOTHOIICHUEM:
Di=m-Zi ,rtne m-—Moayib 3yda.
Mopynb 3y0a BeIOMpaeTcss paBHBIM OJTHOMY M3 CTaHJAPTHBIX 3HAUCHUU W3
IIKaJIbl MOJTYJIEN

CrangapTHas mKajia MOAYJIeH [MM]

mmv] | 03 | 05 10 | 20 | 30 | 50

O1eHKYy BEIMYMHBI MOJYJIS CJIeAyeT MPOBOAUTH M3 YCJIOBHUS OOECIeUeHUs
MPOYHOCTU 3YObEB, HCIMOJB3Ys M3BECTHOE COOTHOIICHUE W3 MEXaHUKH IS
pacuéra yJeJbHOro JaBjieHus Ha 3y0:

K, M,

GH = e (1)
K. bmy R,

rae My - MOMEHT Ha Bally Harpy3Ku;

R« - paguyc mocneaHei mecTepHu peIyKTopa;
Ky - tuHamMudeckuii K03 GHUITUEHT;

Ke k03 dunnenT nepekpoiTus;

Yy - ko pureHT popmsl 3y0a;

b - mupuHa mecrepHu;

M - MOJTyJIb.

JItst MUAMHAPUYECKUX, IPSMO3YOBIX MIECTEPEH C SBOJIBBEHTHBIM NMPOduUiIeM
3HauYeHUs K03(PPUIIMEHTOB TPUHUMAIOT PABHBIMHU:
Ki=17;K:=125;y=0,12; b=(5..10)-m = ¥-m.

J5g cTanbHBIX KOJEC JOMKHO COOTIOAAThCS YCIOBHUE:

0H31400Ky 2:1,372-108172=137,217 ). )
CM M MM

C yuérom (1) u (2) BenmmunHa MOIYJISI OIIEHUBACTCS KaK:
M . [H-™m]
R[m]-¥
[Tocne ouenku U BpIOOpA CTAaHAAPTHON BEIUYUHBI MOMAYJS YTOUYHSIOTCS
pasmepbl  Kon€éc penykropa. I[lpm 3TOoM, 00s3aTeIbHBIM SBJISETCS IEJ0€

m[MM] > \/0,02635
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KOJIMYECTBO 3yObEB Ha Kojiece. YTOUHSIOTCS MepeaTOUYHbIe Yuciia Tap U BCEro
PENYKTOpPa, PACCUMTHIBAETCS NPUBEAEHHBIA MOMEHT HHEPLIUK PEAYKTOPa Jp .

Ecnu Ha kakoM-1160 3Tamne pacuera peayKTopa He BHITOIHSIIOTCS KaKue-I10o
orpaHu4eHusi (Ha KOJIMYECTBO 3yObeB BEIYIIEH IIECTEPHU, 3aBBIIICHA BEINYNHA
Jp ,4HCIIO CTyIEHEH pEeXyKTOpa OYEHb BEJIMKO, 3ABLINICHBI 3HAYCHUS MOAYIS U
T.1.), CIIeyeT U3MEHUTh UCXOJHBIC JJAHHBIC: YHCIIO 3yOheB BEAYIEH MIECTEPHU U
ee AuaMeTp, BEITUYUHY .

1.3. IIpoBepka NPUTrOAHOCTH ABUTATENS C PACCUUTAHHBIM PEAYKTOPOM
Ha 3ToM 3Tare mpoBOAsATCS BCE TPHU MPOBEPKU C YTOYHEHHBIM 3HAYCHHEM I

¥ TIOJTy4EHHOM OLEHKOM Jp
- 10 MOMEHTY

. J . M
M =M -—aw i >[J +J'+J +-"lei+—2+M
1B o HM ' P B p iy M'p o

2
1,77 Y

(BCJ’II/I‘-II/IHa IMOTCPb MG YUYUTBIBACTCS TOJBKO JJIA ABUIATCIIA ITIOCTOAHHOTO TOKa);

- II0 CKOpPOCTHU
a)HMip S (1’1"'1’2)wnB.H0M;

- 110 MEPETPEBY

‘] 2 2:2 M2
- ) ‘c",wlp + | Hg)'
h

M > ((Jd6+J;+JW+

JIB.HOM =2 2

p'h P
Ecmu Bce HCPaBCHCTBA BLINIOJIHAKOTCS, TO BBI6paHHBH\/’I ABUTATCJIb C paCCYUTAHHBIM
PEAYKTOPOM MOAXOJUT AJIA HMCIIOJIB30BaHHA €TI0 B HpOCKTpreMOﬁ cucreme. B
POTUBHOM CIIy4ae BBIOMPAETCS IPYTOi ABUTATENb U Jajiee MPOU3BOIUTCS pacueT
HOBOT'O pEIyKTOpa.

2.PACYET YCUJIUTEJIA MOILIHOCTHU (YM)
2.1 Cunengias cucteMa ¢ IBUTaTeJIeM OCTOSIHHOI'O TOKa

YM coctouT M3 MOCTa C TPAH3UCTOPHBIMH Kitodyamu (puc. 2) u Osoka
ynpasieHust (puc.3). BpixogHeiM curHasioM YM  gBiseTcs  MOCTOSIHHAs
COCTaBJIAIONIAS HANPSKEHUs auaroHainu mocta Uy, , a BXOIHBIM — HaIpsHKEHUE
npeaBaputenbHoro ycunurens Upy .
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’_QP
C
=

i »
pﬁ’?
%:d

WD Y03
_I(:]_

T4 ( T :, T3
|l wra |l w3

Puc. 2. MocCT ¢ TpaH3UCTOPHBIMU KIIFOYaMU

e
N

Uy}
' >
R HE
Ur _I_ Uz Uﬂat
S - Uon = 1 O | Uy
0OY1
K1
e orz| U
R1 RE —«:\jF3
K2
4 P HE "
U 2 —
=4 1 — oMz | Uyz
Oy 2 -Uan
U,u;ll S
T
K
c om Un

Puc.3 biok ynpasienus
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[IpuHUMaOT HAMOOJIBIIYI0 OTHOCUTEIBHYIO 3aMKHYTOCTh KJIIOUEH MOCTa
m™=0,9 u HauOosblllee 3HAYECHUE HANPSHKEHUS MPEABAPUTENILHOIO YCHINTENS
Uiy max=10B.

Hanpsbkenne nutanuss Mocta Up M MakCUManbHBIA TOK KOJUIEKTOPOB
TPAH3UCTOPHBIX KIIIOUEH B pekrMe TycKa lk wax.

TpaH3ucTOpPbI MOCTa BHIOUPAIOTCS U3 YCIOBHIA:

UK3[L0H.>UO , IKILOH.>IK Max , ISM :IK MaX/ﬂ<ICI)T. oM 4

e lyraon=0,24 — nomycTUMBIA TOK (POTOTpaH3UCTOpA PEKOMEHIYEMOM
ornromnapsl Tunna AOT110T.

Hanpspkenue BeimpsiMmutenedd neneit ¢ororpansuctopoB paHo Up=10B, a
100aBOYHBIE COMTPOTUBIICHUS BHIOMPAIOTCS U3 YCIOBHS:

ry = Ub/ ICbT. non<< ry < Ub/ IB Max-

brok  ympaBnenust  paboTaeT MO  BEPTUKAIBHOMY  MPUHIUITY.
MynbeTuBuOpatop MB, HacTpoeHHblit Ha uactoTy fo=400ly, BbIpabaThiBacT Ha

BTOPUYHBIX 0OMOTKAX HarpsbKeHue B hopMe MeaH ipa.

Hampsokenne Ur mocTymaer Ha BXOJ MHTErpaTopa, BBINOJHEHHOTO Ha
onepaunoHHoMm ycwiurene OVY1. OnopHoe HanpsokeHne Uon Ha  BbIXOJE
UHTErpaTopa, UMEIOLIEro MUiIo00pa3Hylo (opMy, CpaBHMBAETCS KOMIApaToOpoM
K1 ¢ HanpsbkeHueM npeaBapuTeENbHOIO Y CUITUTEIS.

[IUpOTHO-MOAYJIUPOBAHHBIE ~ UMITYJIbCHl  TOJAIOTCSI HA  CBETOJAUOJIbBI
onronapel. g oOecriedeHuss TpeOyeMOro 3akOHA MOAYJISLMM YIPABIISIOLIUX
HanpsDKEHUM  KIIIoYel MOoCTa IpUMEHSeTCs HMHBEpTHpoBaHue. OmnopHoe
HaInpspDKEHUE MHBEPTUPYETCS MHBEPTOPOM Ha ornepauuoHHoM ycuiurtene OVY2, a
BBIXO/JIHBIE CUTHAJIBI KOMITApAaTOPOB JIOrH4ecKuMu snemeHTamu « HE».

['paduku curnanoB npeacTaBieHbl Ha puc.4.
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Tu
.
oIl UHF
U ] Tl [~
1 O T1

U,

Um

Uﬂz — ——
Um

U.IM

o

Tk —

Puc. 4. I'paguku BXOAHBIX U BBIXOJHBIX CUTHAJIOB

[lepyon uepemoBaHHWS HWMITYJIbCOB HAMNpsOKEHUST HAa HArpy3ke paBeH
nonynepuoxy meanapa I,=1/(2f0)=1,2510"3c.

BreixogHble HampsOKEHUST KOMIIAPaTOpPOB M JIOTUYECKUX — DIIEMEHTOB
nogatotcst Ha cBetoauosl onromnap OIl1-OI14. Hanpsixenus ynpapieHus: Uyi-Uysa,
MOJIBOAMMEBIE K TPAH3UCTOpPaM MOCTa, MOBTOPSIOT B ONPEICICHHOM MaciuTade
(GopMy wummynbcoB Ha cBetoguonax Uxi-Uy M COOTBETCTBYIOT COCTOSIHHSIM
POBOIMMOCTH TPAH3UCTOPHBIX KITFOYEH MOCTA.

Bri6uparor Uy = 10B u émkocts unrerparopa C = 0,1 mxd = 107 .

Ammmatyaa omopHoro HampspkeHuss paBHa Uy, IlocTossHHas BpemeHH
unrerpatopa T,=1/K,=RC ONPENEIIAECTCS U3 YCIOBUSA:

TI/I
2.U, = [K,U,dt
0

Koapduument ycunenus YM:
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2.2 Cnendiasi CUCTEMA C ACUHXPOHHBIM JIBUTATEIIEM.

Cxema [BYXTakTHOIO TpaH3UCTOpHOrO YM, pabotaromero B kiacce B,
npejcTaBieHa Ha puc.S. YM HarpykeH Ha OOMOTKY YMpaBJICHUS JIBUTATEIIS.
Harpy3ka 3amemaercst mMoOCleIOBAaTEIbHO BKJIOUEHHBIMM aKTUBHBIM Ry u
PEaKTUBHBIM Xy CONPOTHBJICHUAMH. BXOMHOW CHUTHaJI Ha NEPEMEHHOM TOKE
MOCTYyMAaeT OT MPEABAPUTEIBHOIO  yCHUJIWTENsS, B  Ka4eCTBE KOTOPOIO
pekoMeHyeTcs onepandoHHbi yeunutenab K140V (7. HanpspokeHre HachIeHUs
U JONyCTHUMOE€ MHHHUMAaJIbHOE COIPOTHUBJIICHWE HArpy3Kd OIEPAIIMOHHOIO
ycunuteds cocTaBisiorT Us=11,5B u R min=2kOm.

Puc. 5. Cxema 1ByXTaKTHOTO TPaH3UCTOPHOro Y M

[Ipy HOMUHAJIBHOM HANPsIKEHUU HAa OOMOTKE ynpaBieHus: Uy won aMILTUTYyAQ
BXOJHOTO CHUTHaja JobkHa ObITh MeHblle Us. Pexkomenayercss mOpuHSTH
HauOosbIIee AeicTByoMNIee 3HaueHUE Uny vax = 5SB.

KomrutekcHpli koadunmeHT ycrieHuss YM Ha Hecyield yactore mo=2-7-fo
(fo=400 I'm):

U,(j .
WYM(]a)):y(—Jw)—K .615”1(‘0),

Uny(ja)) ™
rjae
U X
Ky, SR LA lPlzarctg—y.
UnyMax RY

®azoBbiii caBur W1 Mexay BXOJHBIM M BBIXOJHBIM CHUTHaJIaMu YM
KOMITEHCUPYETCsl (PHIIBTPOM MpeBapuTeIbHOrO ycunurens. Takum obpazom, YM
u IIY MoxHO paccMarpuBaTh IO OTHOIICHHWIO K OTHOArOIEH CHTHAJIOB Kak
Oe3uHEePIIMOHHbIE 3BeHbs C Kodddunnentamu ycuineHus: Kyy u Kyy.

3anarorcs KIIJI tpancdopmaropos Tp1 u Tpz:
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_ Ra B . _ RY
nl - 2 an - 2 ’
R.B+(ry +ning ) Ry +(ry +1n3)1p)
rae: i U 2 — CONPOTUBIEHUS TEPBUYHOM ¥ BTOPUYHOM OOMOTOK

COOTBETCTBYIOIIUX TPAHCPOPMATOPOB,
N1=(W2/W1)1p1 ; N2=(W2/W1)1p2 — KO3 DUITUEHTHI TpaHCHOPMALIHH,
B - ko3dULMEHT yCUIIeHHs 110 TOKY TPaH3UCTOPA B CXEME C OOIIHUM

OMHUTTCPOM.

[Ipunumarot R, =RyN22 = 0,1Ry u naxoxar KI1J] KOIIEKTOPHOMI LENH.

=083.

Nk

— Ry _ 1
R, +R, +(r,+ rlnf)TlD2 R% . %
y N2

OO0111ast MOIITHOCTh HArpy3KH KOJUIEKTOPHOM ENu

u? P,
P =—__cos¥, Py =—.

y 2 2
JR, + X Nk
Haubonbias MOITHOCTS, BhiAesieMast Ha nepexojie K-3 tpansucrtopa

Uy~ [U singdgV2T

\/R§+Xy2 Mk
SE

1/I:\"§+X§ Ny

TpanzucTtopsl BeIOUparoTcs u3 ycnosus P, >P .

cos', =

P=

=0,26- cos¥, =0,31P,.

Hanpsixenue nuranust Uo<0,5Uk» son.

V2U gy

Koa¢ppunment tpanchopmanuu Tp2: n, =
oMk

AMILTUTY1a TOKOB KOJUIEKTOpA U Oa3bl:

_ \/EnZUYN . _ IKMaX _ \/EnZUYN

Ixmax - 2 5 7 6Max - 2 2 '
JRE+ X B JRE+x2.p
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AMHJ’II/ITYI[a BXOJHOI'O HAIIPS?KCHUA TPaH3UCTOpA:

n,~/2U_ R
U =U,+1 R ~I =2 M

BX.TpaH3 KMax ' '3 KMax ' 3 7
N

Koa¢pduument rpanchopmanuum Tpa:
UBXJpaﬂs _ n2U YN R')

n, = = .
U Iy Max nl ZYU Iy Max nl
Awmrutyna Toka lim nepBuyHO 00MOTKHM Tpancpopmaropa Tpi:
IlMax — I — Ilcmax — \/EUYN n2 . — \/EUVN n2n1
6 max ' 710 '
nl B ZYB ZVB

J2.u
BxogHoe cCoOnmpoOTHUBICHUE YCHIUTEIS R, = "YW‘XI OOJDKHO OFBITh
1max

6omnee 2kOm.
Ecim Rpx MeHbIIe 3TOro 3HAYEHHS, TO I Pa3BA3KH HCIIOIB3YIOT
AMUTTEPHBIN MTOBTOPUTENH (pHC.16).

3. [IEPEJIATOYHA I ®YHKIUAI HECTABUJIN3UPOBAHHOU
PA3OMKHYTOM CUCTEMBI

3.1. dyHKIMOHANIbHAS CXE€Ma Pa30MKHYTON HECTAOUIU3UPOBAHHOMN CUCTEMBI

JIns cuctembl ¢ IBUTAaTeNEM MOCTOSSHHOIO TOKA 3Ta CXEMa MpeICTaBIeHa Ha
puc.6. B Hee BxoaaT usMepurenpbHoe ycrpoiictBo MY, nmemomynstop M,
npeaBapuTenbHblii yerwumrens [1Y, ycuwnurens momuocty YM, asurarens /1B,
penykrop P u Harpyska H.

Jns cucTteMbl ¢ aCHMHXPOHHBIM [IBUTaTelIEM IE€PBOHAYAIBHO paccMaTpuBaemasi
byHKIIMOHATBHAS CXeMa He COAEPKUT Aemoayisatopa JIM.

B pacuerax npunumaem WY, M, IIY, YM u P 0Oe3uHepurioHHbIMU
AJIEMEHTaMH C COOTBETCTBYIOMUMHU Kod(duimentamu nepenadnt: Kuy, Ko, Koy,
KyM, Kp:]./'p

By A Ny VM s 4 P H

Puc. 6
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3.2. CtpykTypHasl cxema W nepeAatoyHas (QyHKUuUs JBHUrareis ¢ y4ETom
peayKTopa U Harpy3Kku

3.2.1.JIBuraresnab NOCTOSHHOIO TOKa
VYpaBHEHUS TUHAMUKH JIBUTATEIIS IPU SIKOPHOM YIPABICHUN UMEIOT BU/I:

Uy = (R/:[06 + 1, )i + C,0;

M, =C,i; 3

MaM:Mc+(JHB+JpI+JH+_2‘]H )dwﬂ i +MH.

icom dt P inm

Ha ocHoBe (3) monydaem auddepeHimairHoe ypaBHEHHE, OMMCHIBAIOIIICE
JTUHAMUKY JIBUTATEIIS:
TﬂBd—eroa =k U, -k ,(M, +_LMH),

B ye
dt ;

'
— H
rne T, = T (S +Jp +J + %) - IOCTOSIHHAas  BPEMEHHU
P

JABUI'aTCIIA,

1
k,; =——- X0>(hQUUMEHT nepenaun IBUraTeNs M0 HAIPHKEHUIO;
e

. (Rzloﬁ +r ;[)
N 2
Ce

HCpCXO)I K HpCO6p330BaHI/II-O Jlamaca IIPUBOJUT K YPAaBHCHHUIO IBUTATCIIA C

YYETOM pEayKTOpa M Harpy3KH, CBS3bIBAIOIIEE YroJ TMOBOPOTa HAarpysKu,
HaIpsKEHUS YIPABIEHUS U MOMEHTA Harpy3Ku:

ky, - KO3(PUIMEHT nepejayu ABUTraTessi IO MOMEHTY.

kmuyM(p)-kM(McﬂlnMH(p))

“(P) = o p D,

CrpykTypHas cxema JBUTATENs] MOCTOSSHHOIO TOKA C YYETOM pEeAyKTOpa W
Harpy3kHM Iokas3aHa Ha puc. 7:
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Mg - _1 - My
17
K
U = (g | 1 @ | 1 [Px
Puc. 7

3.2.2. ACUHXPOHHBIN IBUTaTENb
JInHaMUKa aCHHXPOHHBIX JIBUTATENIEN B MPEIeIaX CKOPOCTEN
0 <om<(1,1..1,3) o
AINMpPOKCUMUPYETCS CHCTEMOW YPaBHEHHMN

MI[B = bUy-a(DﬂB,'

. J,, .M,
M= T +Jp + T+ (el T
lpT] lpn
M -
_ . _ 7 mycek HOM | . )
roe b _MnyCK /UyC.HOM y a4= ’ MHOM - YM“YCK’
O 18, Hom
. 2 —
Opom =T Oxx > Y MHyCK _PHOM'

Ha ocnoBanuu (4) mnonyuaercs nuddepeHnnaibHOe
OIHCHIBAIOIICE TUHAMUKY aCHHXPOHHOTO JBUTATEIIS:

(4)

YpaBHEHHE,



IIB

- IIOCTOsAHHAA BPpCMCHHU IBUI'ATCIIA,

=b o K03 PULIMEHT nepeaun IBUraTess 0 HaMpPsKEHUIO;

—1
K, = A - K09 puIMeHT nepenaun ABUTATEIS 10 MOMEHTY.

Pemenue cucremsl (4) u mepexon K npeoOpazoBanHuto Jlammaca npuBOIUT K
AHAJIOTMYHBIM CBSI3SIM M TEpPEJATOYHBIM (PYHKIUSAM, YTO W JJIsl JBUTATEJS
IOCTOSTHHOT'O TOKa!

1
KU (P)-K, RMH(P)

p

¢, (p)=

p(T,, p+1)i,

Ha puc. 8

S

Kae

MOKa3aHa CTPYKTypHas CX€Ma aCHUHXPOHHOIO JBHUraTeis ¢
Y4ETOM PElyKTOpa U HATPY3KHU:

K

ip?

1+ ToeP

My

—L

Py

Puc.8
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3.3. Ouenka oOuero ko3puimenTa neperayu pa3soMKHYTOW CUCTEMBI

[lepenatounass  ¢GyHKIUS  Pa30OMKHYTOM  CHCTEMBI C  JBHUrarejieMm
IIOCTOSIHHOT'O TOKA UMEET BUJ:

K

Wy(p)=———"—, r1ae Kp=Kuy Ko Kny Ky Kuw 1ip,

p(Typ+1)

Jlyist cuctemMbl ¢ aCHHXPOHHBIM JIBUTaTeNieM B cocTaBe K, oTCyTCTBYET K.
Bennuuna o6miero ko3dduimenrta nepenayu cuctembl K, Onpesenser TOUHOCTh
CUCTEMBI TIPU OTPAOOTKE TUIIOBBIX BXOJHBIX BO3JCHCTBUN CHUCTEMBI. 3a/aTh TOT
WM  WHOW KOI(PGUIIMEHT MOXKHO U3MEHEeHHeM KodbhdumueHnTa nepenayu
PEIBAPUTETHLHOTO yCHIUTENS Kiyy.

B pexume paBHOMEPHOH 3aBOJIKH ONTHOKA CUCTEMBI Ocucr CKIAABIBACTCS W3
TpPEX COCTABJISIONIMX: OIIMOKA W3MEPUTENsl PACCOTIACOBAHUS Ouy, CTATHUECKOU
OIIHUOKU Ocr U KHUHETUYECKOU OIITUOKH Oxcpn-

JropToMm penykTopa B pacuerax mpeHedperaem.

6CI/ICT = 8I/Iy + 80T + SKI/IH )

[&2 2
rae SHy =8¢y +0¢;, Ocx— OMMOKA CENbCUHA-NIATYHKA,

Ocn - OITUOKA CeTbCUHA-TIPUEMHHUKA.

B ycraHoBuBLIEMCS pexuMe

8, =M, ——+M, ———;
I K 1K,

2 .
P Myky +imoy, + MK,

; ()
P l;n(SCI/ICT - 8Hy)

B ciyyae wucnonb30BaHUS AaCUHXPOHHOTO JBUTATENIsl B MPHUBEIEHHBIX
COOTHOIIEHHUSIX (5), OTCYTCTBYIOT ciaraemsie ¢ Mo .

[TonyuyeHHOE COOTHOUIEHUE, B 3aBUCUMOCTH OT KJIacCa TOUHOCTH CEJILCUHOB
U3MEPUTENS paccorjiacoBaHus, AT BO3MOXKHOCTh OLEHUTh TPU BO3MOXKHBIX
3HaueHus Kp.

Jnnamudeckass ommOka Oum(t) cucTeMbl ompenensercs mpu OTpabOTKe

CHUHYCOUJAIbHOTO BO3JICHCTBHS C MapaMeTpaMd SKBHUBAJICHTHOW CHHYCOHUIbI
@(t) = Asin Qt , KOTOpBIEC HAXOIATCS U3 CUCTEMbI YPaBHEHHIA:
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£, =AQ%; o, =AQ.

HM

JuHamudeckasi olmoKa MEHSETCS BO BPEMEHH 110 TAPMOHUYECKOMY 3aKOHY
C aMIUTUTYJI0N Ouwm, 1l09TOMY B pacuere amIUIUTyAHOE 3HAYEHHE ATON OIIMOKH
CBS3aHO C TapaMeTpaMH 3KBUBAJIEHTHON CUHYCOUbI B BUJIE:

A
&y S
L Go)

DTO  COOTHONICHHE  OMpeNeisieT TMOJIOKEHHE  MOAYJIS  YacTOTHOM
XapaKTEPUCTHKHU Ha 9acTOTe )

7, ()| Bi. (6)
UH
[Tomyyennsie  cooTHomieHus (5-6) 3amaroT Ha  JorapupMUYECKON
aMITUTYyAHO-4acTOTHOM XapakTepucTuke (JIAUX) pa3oMKHYTOW CUCTEMBI YETHIpE
KOHTPOJBbHBIX TOukH. [Ipruém Ha wactore Q) = 1 [1/C] oTKIaABIBAIOTCS 3 TOYKH,
onpenenseMbie (5) U oJlHa TOYKa Ha dactore ® = ), ompenensemas (6). JIJAUX
Pa30MKHYTOH HECKOPPEKTUPOBAHHOW CHUCTEMBI JOJDKHA IPOXOIWUTH  BBIIIE
KOHTpOJNBbHBIX TOuek. Ha puc. 9 mnoxazana JIAUX cucremsl, B KOTOpOH
U3MEPUTETLHOE YCTPOMCTBO BHIIIOJIHEHO Ha CEIbCUHAX 2-T0 Kjacca (Touka 2)
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W3meputens paccorjiacoBaHusi TpPeThEro kjacca TpeOyeT CIUIIKOM
oonpmioro K, (touka 3 ). Eciu BbhIOpaTh U3MEpUTEIb HA CEIbCHUHAX IIEPBOTO
KJ1acca, To Kp Henb3sd CHU3UTh, Tak Kak JIAUX noimkHa NpOXOAUTh HE HUXKE TOUKH
4, KaK MOKa3aHO MyHKTUPHOMW JIMHUEH.

[Tocne onenku Tpebyemoro 3HadeHUs: K, ompenensieTcss 4acToTa cpe3a Mcp
IyTEM PEIICHUS YPABHCHHUS:

. ‘:1.
jmcp (Tz[Bj('Ocp + 1)‘

N AaJJ€C OOCHHUBACTCA 3aI1ac 110 (1)336 Ha 9aCTOTC CpE3a paSOMKHYTOfI CHUCTCMBI

T .
Ecmn ¢4 SZ, TO HEOOXOJIMMO PEIIUTHh BOMPOC O CHHTE3E KOPPEKTUPYIOIIEH

0oOpaTHOM CBSI3HU.

4. KOPPEKIUA CIEAALIINX CUCTEM C UCIIOJIB3OBAHMEM
JIOKAJIBHBIX OBPATHbBIX CBSI3EN

4.1.Ucxonnasa JIAUX

Ucxonnas  JIAUX  pa3oMKHYTOH  CHUCTEMBI, MNPOXOAAIIAS  BBIIIE
KOHTPOJIBHBIX TOYEK, XapakTepuszyercss TpeOyeMbIM MHUHUMAJIBbHO JOIYCTHUMbIM
K03 dumeHToM nepenadn K, 1 4acToTol cpes3a Wep, KOTOpask ONpeAesieT MoJI0Cy
NPOIYCKAaHMUsI CUCTEMBbI U €€ ObIcTpozeiicTBue. Bpems mepexoaHoro mpouecca

CUCTEMBI OLIEHUBAETC 10 (hopMyJie

APICaLILY
p

(Dcp

Ecnu ObIcTpoaeiicTBUE CUCTEMBI OLEHUBAETCS KaK HEJOCTaTOYHOE, TO
ClIeZlyeT YBENNYUTh Kp, UTO MPUBEAET K YBEITUUECHUIO Wcp U OBICTPOICHCTBUS.

4.2. Koppekmusi ¢ TOMOIIbI0 THOKOW 00paTHOM CBS3BIO (IJIT CHCTEMBI C
JIBUTaTeNIeM MOCTOSHHOTO TOKA)
Ha puc. 10 mnoka3zaHa CTpyKTypHasi CXeMa CKOPPEKTUPOBAHHOU CUCTEMBI,

napaMeTpbl KOTOPOW OMPEAEIISIIOTCS] 3aBUCUMOCTSIMH:
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pK._K
K, =K K._ W = oc.
1 ny > oM oc(p) T p+l
KH K MK B
w, (p)= L
Tep+l1
4 Y
g K, wztpT W (p) :
W ip)
Puc. 10

Ha puc. 11 nokazana JIAUX wucxomuoit (Lp) ® CKOppPEKTUPOBAHHOM
(xenmaemoit) (Lx) cHUCTEMBI M JaHBl XapaKTCPUCTHKH OXBAaThIBAEMOW YaCTH
CTPYKTYphI L1 1 0OpaTHO# cBsI3U L.

JIAYUX ckoppekTupoBaHHOM cuctembl coBrmaaaeT ¢ JIAUX nucxoHoM cuCTeMbl Ha
4acToTax:

O<®MI U O ®3.

Puc. 11
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[lepenarounas GpyHKUMS CKOPPEKTUPOBAHHOM CHUCTEMBI:

K,(T,p+1)
W (p)=—>" :
p(Tip+D)(T5p+1)
1 1 1
rne 1) =—:;1, =—;15=—.
Oy Q) O3

Jns  oOecnieueHust TpeOyeMoro 3amaca Ha 4acTOTe€ Cpe3a CKOPPEKTHPOBAHHOMN
CHCTEMBI CIIeAyeT TOUKHU U3JoMa L, BEIOUpaTh U3 YCIOBUI:

i < 0,3cocp; O < 0,3 TL

TZ 3

Cnenyer  oOpartuThb BHHMaHHE Ha TO, 4YTO 4YacToTa  cpesa
CKOPPEKTUPOBAHHOM CUCTEMBI BCETJIa MEHBIIIE YACTOThI CPe3a UCXOJAHOU CUCTEMBI.
Kpome 3Toro, yeTBepTas KOHTPOJIbHAsI TOUKA, OMPEACIISIONas TOUHOCTh CUCTEMBI,
NPy CUHYCOMJAJILHOM BXOJHOM CHUTHAJIE JOJDKHA 00S3aTENIbHO pacroyiaratbCs
HIDKE L.

N3 puc. 11 cnenyer, 4To Ha YacTOTE (M1

T.=T,[cl, K, = 1 :
K’IT‘ KnyKyMK;[B(Dll

4.3 Koppekius ¢ MOMOIIbI0 XECTKOM OOpaTHOM CBSI3U (IJII CUCTEMBI C
ACUHXPOHHBIM JIBUTATEJIEM )

CTpykTypa HCXOAHOW CHCTEMBI COBMNAJAET CO CXEMOM JJISI CUCTEMBI C

KOppEeKIKeil ruOKoi oOpaTHOM CBS3BIO C OJHOM JIMIIL PA3HUIICH, YTO B CHCTEME
OTCYTCTBYET JEMOAYJATOP, a BMECTO HEro BBOAUTCSA JIOMOJHUTEIbHBIN
npeIBapUTEIbHbIA yecrmnuTedb Knyi. B coctaB Wa(p) BXOIUT mpeaBapuTeIbHBIN
ycunurens Kiys.
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Puc.12

Ha pwuc.12 noxkazanet JIAUX wucxomuoit cucremsl (Lp), JIAUX
ckoppektupoBanHoit (kemaemoi) (L,.) cucrembr u JIAUX cucremsl mnocrue
BBEJICHUS KECTKOM 00paTHOM CBSA3M, HO 0€3 JOMOIHUTEIBHOIO MPEIBAPUTEIHHOTO
yeunutens (Kny = 1).

s Ly u3BectHo 3HaueHue K, .

B ckoppekTupoBaHHO cucTeme [ o0ecrieueHus: TpedyeMoro 3amaca mno
(daze Ha yacToTe Cpe3a peau3yroT

oo = K; [1/c]

BBenenne x€cTkoil 0oOpaTHON CBSI3M yMEHBUIAET IOCTOSHHYIO BPEMEHU
VCXOJHOU CUCTEMBI:

1 1 T

B

K, * o, +K,K, KKK,

p cp

rne Kny:, = Ky UCXOQHOUM CUCTEMBI.
Bo cronpko ke pa3 ymeHbImaercss W oOmMM KOIDPHUIIMEHT yCHICHHS
Pa30MKHYTOM CHUCTEMBI:

K

p

K, = .
1 + KHyZKyM K,HB K’lTl'l Koc
OTtcros1a HAaXOIUTCS

Koy =14 K, K K K K

Cnegyer oOpaTuTh BHUMaHHE, YTO TMOJOCa MPOMYCKaHUS CHUCTEMBI,
CKOPPEKTUPOBAHHOM C TMOMOUIbIO KECTKOM OOpaTHOM CBsI3U, pacIIUpsieTCs W,
CJIEZIOBATEIILHO, PACTET OBICTPOAECHCTBUE CUCTEMBI.
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5. OITPEHEJIEHUE ITAPAMETPOB ITPEJABAPUTEJIBHOI'O YCUJIUTEJIA

5.1. llpenBapurenbHbiil ycunurednb 1 CC ¢ ABUTraTeneM MOCTOSIHHOTO TOKa

[TapameTpbl 1enu OOpaTHOW CBA3M HAXOAATCS TMOCIAE YTOYHEHHS BCEX
Ko PUIIMEeHTOB TMpsSMOM 1eMM KaHalla Tepelayd CUrHajga OIIMOKH OT
M3MEPUTEIBHOTO YCTPOMCTBA JI0 BXOAa YCHIHUTENSI MOITHOCTH. CHUrHAI ¢ ceJibCHA
npuéMurka (CII) mpoxoauT yepe3 orpaHUYUTENb , MOKa3aHHBIM Ha puc. 13. On
COCTOMT U3 OayutacTHOro pesucropa Rs W JByX BCTPEYHO BKIFOYCHHBIX
crabunutponoB VD1 u VD2.

CIT P, Re

<NV

< vD2 Yoy

Puc.13

Ouenka BenuuuHbl R Jenmaercs W3 yCIOBUS OrpaHUYEHUsS TOKa 4Yepes
CTaOMIIMTPOHA MPU MAKCUMAJIbHOM HaIpsiKEHUU, CHUMaeMoM ¢ Bbixona CII:

U -U

CIIMax

1

rae Ucr - HanpspkeHue ctadunn3anuu; le- Tok crabunusanun; Uer vax = 36 B

Bei6op Rs u Tumna ctabuinTpoHa TOJKeH obecrneunBarh orpanunueHue Uny
no moxynto jo 10 B. Orpanuuutens B JUHEHHOW 30HE HE BIUSCT HA BEIUYUHY
KoahuIreHTa nepeaayn H3MEPUTEINS paCCOTIACOBAHUS.

B kagecTBe nemomynsiTopa MOXKET ObITh HCIOIB30BaHA JII00Ast cXeMa Kak Ha
JMoJIax, TaKk U Ha TpaH3ucTopax. Ha puc. 14 B kauecTBe mpumepa mpecTaBicHa
cXema OJIHOMOIYNEPUOAHOro AeMoayiasTopa Ha mukpocxeme tumna 1KTO1A(B).

Kosdpdumment mnepemaun Takoro aeMOAyJsATOpa TPH  YCIOBUU, HYTO
kodhummeHT nepenaun Ktpi paBeH 1, cocTaBisieT

K,y =Y =0318.

Ha BBIXO/M€ AEMOIyISITOPA CTOUT CTIKHUBAIONUN (GUIBTP Ha pe3nucTtope Ry
u konaeHcarope Cp.

CT

Rs

v

CT Max
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Bri6op a51eMeHTOB (hUiibTpa JOKEH 00eCTeunBaTh OCIa0ICHUE aMILTATY b
NEePBOI rapMOHMKH Ha BbIXOZE PUIbTpa HE MeHee, ueM B 10 pas:

2'7['fceTI/I

10- o,

[IpenBapuTenbHblii  yCWINTENb CTPOUTCA Ha 0a3e  ONEepallOHHOIrO
yeunurens tuna K140V (7. Cxema ero mokaszaHa Ha puc. 15. DTOT yCUIUTEINb
umeer JaBa Bxoaa. [lo mepBomy BXoay —peanusyercs  Ko3(pQpuuueHT

R
nepegaun: K, = —.
y Rl
I
|l oy D1 R df-' CE: U.HM
A
Tp1 . /
el U
T|:|E
Puc.14
R
—L
B
I__‘:|1
U] Uny
R
C
T——" Urr
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[To BTOpOMY BXOZy peanu3yeTcs HepenarovyHas GyHKUUs Lenu oOpaTHON
CBSI3U
P +1 CR,p+1
[Tpu pacuere mapaMeTpoOB yCUIIUTEISE UMEET CMbICII 3a/1aThCSl CHavajla BETMYMHON
R B npenenax 10 kOM. HoMuHanbl ocTanbHBIX 3JIEMEHTOB ONPEACIIAIOTCA
OJIHO3HAYHO U J1ajie€ YTOUHSIOTCS B COOTBETCTBUU CO KO HOMHHAJIOB.

5.2. llpeaBapurenbubiit ycunutenb At CC ¢ aCHHXPOHHBIM JIBUTATENIEM

B cocraBe crendumien CUCTEMBI ¢ ACHHXPOHHBIM JIBUTATEJIEM OTCYTCTBYET
nemonaynstop. IloaToMy HampspkeHHME C BbIXOJA H3MEPUTEIBHOIO YCTpPOMCTBA
yepe3 AaMIUIMTYAHBIM oOrpaHuyuTenb (cM. puc. 13.) mnomaeTcs Ha BXOJ
MPEBAPUTEIBLHOTO  YCWIMTENSA, IOKa3aHHOro Ha puc. 16. DIeMeHTH
OTPaHUYMTEN U €ro MmapaMeTpsl ompenenstorcs Tak ke kak u maia CC c
JIBUTATEJIEM MOCTOSIHHOTO TOKA.

[IpenBapuTenbHbI yCHIIUTENh yAOOHO CTPOUTH HAa JBYX OIEPAIMOHHBIX
yeuutensax tuna K140V /17. Ha nepsom ycunurene (D1) umeercs nBa Bxoma. Ha
NEPBBIM BXOJl MOCTYyHaeT CUTHAI C M3MEpUTENbHOro yctpoictBa. I[lpu sTtom
RO

nyl —
Rl

peanuzyercs kodhduireHt nepenaun K

[To BTOpOoMy BXOHy peanuzyercd KO3(PQPUUUEHT MepeAadyd IO TpakKTy

00paTHO# CBSI3HU:

R
Koc:_o'
RZ
iZ1
I
Ry K
LR
Ds
I ‘ WT1
S
Rs
+15E0

Puc. 16
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[lenecoobpa3no 3amatbest BenmmunHo Ro = 10 xkOwm. 3HaueHus
COMNPOTUBJICHUIN BXOJHBIX PE3UCTOPOB OMNPEICISIOTCS MO U3BECTHBIM 3HAYEHUSIM
Kny1 1 Koc 1 yTOUHSIIOTCS B COOTBETCTBUH CO IIKAJIOW HOMUHAJIOB PE3UCTOPOB.

Ha Bropom omnepaunonnom ycunurene (D2) peanusyercs mnepemarouyHas
GbyHKIUS yCTPOMCTBA, KOMIIEHCUPYIOUIETO (Pa30BbIi CABUT HECYIIEH YacTOThl Ha
OOMOTKE yIPaBJICHUS] ACHHXPOHHOTO JIBUTATEIS:

R, CoR,p+1
Wz(P): 3 24P
X
274" : K e CR, <01— ¥
2 R 1Nz = U,
Ry 27‘[fceTH my. R4 Ry ancem

[Toctossnnass Bpemenu C1-R3 BBOOUTCA Il OTPAaHUYEHUS YCUIICHUS
BBICOKOYACTOTHBIX TTOMEX YCUIIUTEIIS.

Ecnau BXoAgHOE CONMPOTUBIICHUE YCUIUTENST MOITHOCTH MeHee 2 KOM, TOo Ha
BBIXOJI€ TMPEIBAPUTEIIBHOTO YCWJIMTENSI CTABUTCS IMUTTEPHBIA MOBTOPUTENbL Ha
Tpan3uctope VT1.

BxoaHoe conpoTuBieHNE IMUTTEPHOTO MMOBTOPUTENSI OIEHUBACTCS KaK:

R = fofs g
R, +R,,

Ecnu MakcumanbHasi amIUIMTy[a BBIXOJHOIO CHUTHAJIa ONEPallMOHHOTO
yeunurens coctapisier U = 10 B, To Ha BbIX0/I€ 3MHUTTEPHOTO MOBTOPUTENST OHA
noJkHa ObITh HE MeHee 5 B. DTo no3BoJisieT BbIOpaTh BeIUYUHY R»!

RBX > 5

U————>
R, +R,

Nmeer cMmbicn BoIOpaTh R, = Rex/2 ¥ yTOUYHUTH B COOTBETCTBUU CO MIKAJION
HOMUHaNOB. Bece pacy€rbl MOTYT MPOBOJUTCS B pa3MepHOCTH [KOM].
Tpan3ucTop BEIOUPAIOT U3 YCIIOBUIA:

2U% Ry + Ry 5
BX R3RBX
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6. OPOPMJIEHUE TTOSICHUTEJILHOM 3ATIMCKH

[TosicHuTenbHas 3amMcKa JOJDKHA COAEPXKAaTb Pa3BEPHYTBIM TEKCT C
pacyéTtaMy, 4YacCTOTHBIE XapaKTEPUCTUKHU, CTPYKTYPHYIO H MPHUHIUIHAIBHYIO
CXEMYy CHCTEMBI, CXEMy MOJEIH M pe3yJIbTaTbl MOJCIMPOBAHUsA IO OLIEHKE
apamMeTpoB MEPEXOJHOr0 MPOLEcca CKOPPEKTUPOBAHHON CHUCTEMBI M OLIMOOK B

THUIIOBBIX PCKHUMAX.
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COIEPKAHUE

SAZIAHUE HA KYPCOBVYIO PABOTY
BapuanTel 3amaHMii M TEXHUYECKHME JAHHBIC DJJIEMEHTOB CIEIALLEH
CUCTEMBI

METOJUYECKHUE YKA3AHUA

1

1.1
111
1.1.2

1.2

1.3

2
2.1
2.2

3

3.1
3.2
3.2.1

3.2.2
3.3

4.1
4.2
4.3
5.1

5.2

Boibop Tumopasmepa gBurareias W NIEpEelaTOYHOrO  YHUCIa
penykTopa ip

[IpeaBapuTenbHas OlEHKa MEPEJATOYHOTO YHCIIa PEAyKTOpa
Crnepnsuias cuctema c IBUraTtejaeM MOCTOSHHOTO TOKa

Crnepnsmias cuctema C IBUratejieM nIepeMeHHOro ToKa

Pacuer penykropa ¢ UHIUHIPUUECKIME KOJIECAMU

[IpoBepka IpUTrOAHOCTH ABUTATEINS C YIETOM PEAYKTOpa

Pacuét ycunurens momntHoctu (YM)

Crnepnsumias cuctema C IBUraTteiaeM NOCTOSHHOIO TOKa

Crnepnsmas cucremMa ¢ aCHHXPOHHBIM JIBUTATENIEM

[lepenarounass QyHKUMUS Pa30OMKHYTOM HECTAOMIM3UPOBAHHOM
CUCTEMBI

QOYyHKIMOHAIbHASL CX€Ma pPAa30MKHYTOW HECTAaOMIM3UPOBAHHOU
CUCTEMBI

CtpykTypHas cxeMa U mepefaToyHas (QyHKIUS JBUTATENs C
y4eTOM PEeNyKTOpa U Harpy3Kku

JIBurareinb MOCTOSTHHOTO TOKa

ACHHXPOHHBIN JIBUTATEIb

Orenka o6miero ko3¢ huirenTa nepeaadyu pa3oMKHYTON CUCTEMbI
Koppexkuus caeasiiei CucTeMbl ¢ UCII0JIb30BaHUEM JIOKAJIBHBIX
00paTHBIX CBA3CH

Ucxonnas JIAUX

Koppekius ¢ momomnisio 'OC

Koppekuus ¢ nomomsro KOC

Onpenenenre napameTpoB MPEABAPUTEIIHHOIO YCUIUTENS
[Ipensapurensnsiii ycunurens 1t CC ¢ gBATaTeneM MoCcTOSHHOTO
TOKa

[Ipeaapurtenbubiit yeunurens At CC ¢ aCHHXPOHHBIM
JIBUTATEJIEM

Odopmienue

Jlurepatypa
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