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fnasa A
Beepenune B TeXHUKY NPONOPUMOHaNbLHLIX KNanaHoB

AptHo WmuTT



Beepenne B TeXHUKY NponopLioOHanbHBIX KNANaHos

C nomMouwki NPUMEPa MOMHO HarfiAQHO NMOACHWTE BO3MONK-
HOCTW NPONOPUMOHANBHON TEXHUKH.

OnA 3T0ro BO3sMEM MOTOMHYHO NWHWID CBAPKW ANA W3roTo-
BNEeHWA aBTOMOBKbHBIX KY30BOB!

Mepen TeM, Kak HEKOTOpbIE aBTOMOGUNKMCTLI CMOTYT Camo:
CTOATENbHO MPOBEPATH TEXHUYECKWE BO3MOMHOCTH YCKOpe-
HUA CBOEro aBTOMOBWIA, HEKOTOPbLIE Y3Abl KOHCTPYKUUA
EUle BO BpPEMA MPOU3BOACTBEHHOW ¢hassl noaBeprakwTeA
Ype3BbLIYARHO CTPOroMY YCKOpeHwo. Ecnu npoaHanuswpo-
BaTb AuMarpamMmMy Ha puc. 2 OTHOCUTENLEHO YCKOPEHWA AeTa-
neil aBTOMOBUNBEHOrO KY30Ba Ha MOTOYHOW NMHWW CBapKW,
TO MONYYawTCA BenW4WHbLI, KOTOPble B NepecyeTe COOTBET-
cTBYIOT yokopenun B npegenax 0 — 100 km/uac B TeyeHue
npumepHo 11 cekyHA.

Ha noTtouHoli nuHWM cBapKi Npou3soanTcA cbopka 1 ceapK-
BaHMe JAeTanedl Kysoea, KOTOpbIE FRYNNWMPYIOTCA BOKPYr
naatchopmMel. Ha HECKONBKUX NO3WMUWAX MNW, NyYLUe FrOBOpPA,
nyTem HECKONBKKWX NPOM3BOACTBEHHbIX LWIATr0B NPOM3BOANT-
CA TaKOW TeXHOMNOr MYeCK A NpoLece.

JAns atoro NpUNogHUMAOTCA UK ONYCKAKTCA 0AHOBPEMEH-
HO BCE MOABEMHBLIE NO3ULMK, YTOBLI NPOM3BECTH YCTAHOBKY
Ha pabovyl MO3WUMIO, T.e,, YCTAHOBKY B 30HE CBapO4HbIX
Knewiei.

Mpuem B KaxKAOM Crly4ae NOArOTOBNEHHbIX MOHTaXHbIX Ae-
Taneih M3 NUCTOBOro MEeTanna OCYLWECTBNAETCA nocepennHe
nojgkema npu 3amegnieHHol ckopocTtu. "CkopocTs npuema’’
He nomkHa npeselwats 0,15m/cex. B npoTuBHOM cny4ae
6yayT BbibopacklBaTbCA aBTOMATHYECKH BNOMEHHLIE ABTaNK
u3 nuetoeoro metanna. C Apyroil CTOPOHLI, 0AHAKO, onepa-
UMM Mo NOABLEMY WUMKM ONYCKAaHWMID AOMXKHLI NPOU3BOAUTLECH
no Mepe BOIMOXKHOCTU BLICTPO, T.8. 3KOHOMWYHO.

370 ABNAETCA BOIMOXHEIM NPU WENONL30BaHWKM Mponop-
UMOHENBHOKW ruapasnuku. [pu peweHun BbilWEYKa3aHHOW
npobremel 6e3 UCNonNb30BaHWA NMPONOPUMOHANEHOW TeXHU-
KW Heobxogwmo ByaeT, HanpuMep, 3HAYMTENLEHO MOHW3NTL
MaKCMManbHyl ckopocTe. [Npuwnock Bkl MpUMEHATL 3a-
MEATALLWE KNanaHel € COOTBETCTBYIOLWMMIK Harpy»aemMsi-
MW MEXEHWYECKWM cnocobom KynavykamW ANA YCKOopeHus
1 3aMeANEHWA, a8 TaKyKe PerynATopbl NOTOKAa ANA 3agaHus
CKOPOCTU, W, ECTECTBEHHO, rMApPOpacnpefenuTen AnA Han-
paBneHuws. HapAaay c 6onee BbICOKUMU pacXofamu Ha npu-
6opbki, HECMOTPA HA MOHWKEHHLIE BEAMYMHBLI YCKOPEHWA ¢
CKOPOCTYW, PelleHnA AaHHOW npobnembl Gbino Bl cBAZEHO C
nposeaeHuem Bonee KECTKOro, HETOYHOr0 1 Herubkoro pe-
MUMA.

MponopunoHansHan ruapaenvka obecneyvsaer, Takum ob-
pazom, Bonee nnasHOE pelweHne, HECMOTPA Ha To, 4TO BY-
oyT mnepemellaTscA BonbiluMe Maccel W AocTurateeA Gonee
BbICOKME BENWUYMHbLI YCKOPEHWUA 1 CKOPOCTHI.

A2

Puc. 2: Oduw yumuHop, 8TOPOLU YURUHOD CIIYXCUT 8 KayecT-
8e pesepeHoz0 YunuHdpa, npueoduT e dedcTeue NocpedcT-
GOM MeXaHUNECKUX YCTPOUCTS 00HO8PEMEHHO 8Ce NO3UYUL.

Puc.3: Tpebyenioe 007 npoyecca ycKoperua 460 n/mun.
Macnonood 6a8neHUEM NOCTABNAET KK YMYTATOPHBIL 6NOK,
pasmeujerHsl i cneaa. [nacrunyarerd wacoc runa V4, pac-
nonoxceH s cnpaea, 3an0AHAET aKKYMYIATOp 80 6REMA
“HenodeiHeiX " $Has.

Cnpaaa paamMewjaeTca NponopuuoHansHelti pacnpeoeiu-
Tens Tuna 4 WRZ 25.



BeepeHue B TEXHUKY NPONOPUMOHANEHBIX KN2NaHOB

D = 140 mMm ] 12 noaBEMHBIX MO3MLAN
d = 100 mMm

H = 450 mm

Vpake, = 0,5M/cek. %
Quaxe, = 460 AMY/MUH. +

p = 110 paufcm? i

Onyckanue

o TTEET

X T \ TOPMOSHOW KYNadoK
[ ™—— AHanoroeeliit uHULKMaTOP

Tadet b

1 cek.

Ly 45 i
0,05 m/cex. il

0,15 m/cek.

0,5 m/cex.

/

w
L%

Puc. 4 [IpUHUUNUATEHAEA CXEME 2UDPOMEXAHUYECKO20 NPUE00a Ha NOTOYHOU NTUHUU C8aPKU (Hasepxy) u e20 x0d nepemetyeruti
Ha Juazpamme (cnpasa eHu3y) .
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Beepenue B TEXHWKY NpONoOpUWOHaNnb6HbIX KNanaHoe

MponopuuoHaneHeie KnanaHel W NPONOPUWOHansHbIe Haco-
Cbl CO CBOUMW PErynnpyemMbiMK 3NEKTPOMarHuTaMmun npep-
faraloT COOTBETCTBYHLWME MHTepdeicsl ANA 3NEKTPOHHOTO
ynpasneHuA W BCNeAcTBME 3Toro obecneynBaoT BOnblYio
OMNEpaTUBHYH NOABMMKHOCTb TEXHONOrM4YECKMX NPOLECCOB
Ha cneunanm3svpoBaHHbiX MalluHax WMNK CTaHKax, BKNHK4YaA
ceobogHo NporpaMmmMmUpyemMsie YNpaeneHuA W NPUBOALI.

TexHu4ecKWe NPeiMYLLECTBa NPOMOPLUOHANbHLIX npubo-
POB 38KNI04AKTCA MPEXAE BCEr0 B KOHTPONMPYeMbIX Nepe-
Xxogax nepeKnoYeHun, nnasgHomM ynpasneHum 2a4aHHBIMK
SFHaYeHUAMA 1 B coxpau.lermn KOonM4YecTBea FHHD&BJ‘IH'IGCKHX
npubopoB AnNA ONpeAeneHHbIX 3afaHuid No ynpaBneHwno,
Bnarogapa 3TOMYy BHOCWTCA BKnal B YMeHbLUEHWE pacxofa
ChIpDbA “ MaTennanos gns ruapasnu4ecKmx KOHTYpOB.

MocpeacTEOM NPONOPLMOHANBHLIX KNaNaHoB MOXHO Npouns-
goavTh Gonee rnpocTeie, 6onee BLICTPLIE W TOYHLIE TEXHO/O-
rMYecKe npoueccki NpU OJHOBPEMEHHOM YNy4lEHWW Npo-
Luecca nepexknioyeHuA. BeneacTeve KOHTPOAWPYEMbIX Mpo-
LLIECCOB MEpeK NIUeHNA MOXKHO 1U3Berate NMKOB BABNEHWA.

Bonee anuteneHbiid CPoK cNyxBbl MEXAHWYECKUX W ryapa-
BIMYECKWX 3ANEMEHTOB KOHCTPYKUMM — 3TO elle OAHO npeu-
MYLLECTBO TaKOro Buaa paboTsl.

dnexkTpvYecKan MoAava CUrHanoBs ANA HANpPasneHWA W pac-
Xxoaa mnu anA rugpaBnuyecKoro gasneHA npepocTasnAwwT
BO3MOXHOCTL Pa3MELUaTs MPOoNopLMOHankHsIe NPUGopLI He-
focpeAcTBEHHO Y NoTpebuTena. Beneacreue atoro yny4wa-
eTcA AMHAMMUECKAR XapaKTepucTuKa ruapaBAvyecKkoro yn-
pasneHus.

WHTeHCcMBHOE NpUMEHEHHE NPONOPLMOHanNbHLIX Npubopos
HaBnioganock y NONbL30BaTenel ruiapaBnvukKn TONbKO TOraa,
Korna Ha rMApaBnUYecKoM PohiHKe cTanyu npeanaratscA nNpo-
CThi€ MO CBOEA KOHCTPYKUUM npubopel. Takue npuGopel He
OTNHYaTCA 3Ha4YUuTenbHbIM 05p630M oT CTQHREPTOI:! npo-
rpamMMei ruapockcTeM. Bbino Wcnone30BaHo ANA HUX paxe
no Mepe BO3MOXHOCTWM MHOIO AeTanei unu y3noB W3 cTak-
AapTHOWM NPOrpaMmMel FMAPOCUCTEM.

UlupokomMy NpYMeEHEHUO TPOMOPLMOHANEHON TEXHWUKI CO-
feficTBORANA TAKIKE, B KOHUE KOHLOB, pa3paboTika HagexxHo
paﬁo‘rau}u.l.ux M MPOCThIX 3NEeKTPOHHbIX KapTt BB{JOI‘IEF!CKOFD
thopmara.

InAa kaxaoro BMAa NONOPLUOHANLHLIX NPUBOPOB BbIN CKOH-
CTpYWpoBaH YCUAWTENbL, KOTOPLIA COAEPMUT creumcbuuec-
KVIo ANA npubopa aneKTPoHMKY.

Kak npaBuno, cloga BKIKYaHOTCA !

— CcTabunusauwma HanprRXXeHUA

— o6pasosaTent nuHerHoW BeicTpoMeHAtoWecs yHKUMK
C HachlLLEeHuem

— obpazosatens divHKUWK

— NOTEeHUWOMETPLI 38RaHHLIX 3HAYEHMA

— pene 3afaHHblX 3Ha4eHi

— MMNYNBCHO - MOAYIMPOBaHHaA OKOHeYHaA CTYMNEeHb

A4

Puc.5: lMponopyuoransssild pacnpedenutens tuna 4WRZ,
IMeKTPOHUKA yhpasierus

Puc.6: lMponopuuokansHstd nanad 018 02paHuseHus
OQaenenus Tuna DBE, anexTpoHuKa ynpasneH us

Puc.7: [llponopyuoransrsie pe2ynaTopsl NOToKa
runa 2 FRE. 3nexTpoHuKa ynpasnedus



—

BeefieHHe B TEXHUKY NMPONOPLHNOHANbHBIX KNanaHoe

Kakue thyHKUMM BO3MOKHO Byner NpoM3BofnTL AN Kakue npubopbl UMEIOTCA B pacnoprMeHny,
YKa3kIBaETCA B HIKENpPUBEeHHOM 0630pe.

KnanaHs! gnra
Or paHU4YeHA gaBneHmnA

NpPAMOTO ASKCTBIWA
6e3 NO3NUMOHHOr O perynu-
pOBaHWA yNpaenAwowero

NOpLLHA

+

MPAMOTO ABACTBWA

C NO3NLMOHHBIM
perynupoBaHuem

no BeiGopy
KnanaHbl NOCTOAHHOMK
pazHoeTU AaBneHuia

Knanansl ana
OrpaHMYeHnA JaBneHuA

2 HEMpPAMOro AENCTBMA
npAMOro AercTeWA
| ¢ NO3UUKMOHHBLIM Perynu-

pOBaHWEM YNPABNALLEro
NOpPLLIHA

+

6e3 no3nUMOHHOro
perynuposaHua

no BbiBopy
KNnanaHsl NOCTOAHHOM

Da3HOCTU AaBneHMii PefyKUMOHHLIE KNanaHsl

MNPAMOro AENCTBWA

He3 NO3UILMOHHOrO
perynupoBaHus

HEMNPAMOrO AEWCTBKA, C K
Be3 NO3MUMOHHOI O perynu-
poBaHMA ynpaenARWero

nopLHA

+

PeayKUWOHHbIE KNanaHb!

no ssibopy HENPAMOro AelicTBuA
KnanaHbl NOCTOAHHOW

Pa3HoCTV ABENeH WA

6e3 No3MUMoOHHOro
perynuposaHua

PerynaTopsl NOTOKa
C MO3NLMOHHLIM perynu-
POBAHMEM BTYNIKHK

Anathparmbl
Yeunurenu u
| perynupyrolve yeunurenm,
Ipoccenu | COrnacoBaHHbIe ©

| KOMMOHEHTaMW Nponop-

€ MO3ULMOHHBIM perynu-
UWOHaNEHbLIX KNanaHos

poBaHWeM BTYNKW
nwacpparmsi

AS




BeeaeHve B TEXHUKY NPONOPULUOHANLHBIX KNanaHoe

Dnna 3aMeToK

AG



'masa B
MponopunoHanbHbie Knanavbl, NPUOOPHaA TeXHUKa

ApHo Wmurr



MponopukonansHkle KNanaHsl, NpuGopHan TexHKMKa

PETYNWPYEMBIE 3NTIEKTPOMATHUTLI

Perynupyemeie 3NEKTPOMArHWTLI ABNAKTCA CGBA3YIOLWMM
3BEHOM MEXKAY 3NeKTPOHUKON U MAPasnuKoi.
Perynupyemsie 3nekTpoMarduTel OTHOCATCA K rpynne no-
ABEMHBIX 3NEKTPOMArHuToB, [ponopuMOHanbHO 3NEKTPKH-
YeCKOMY TOKY, KaK K BXOAHOW BefivuHe, OHW BbipaboThi-
BAOT CHMNY M NEpeMeELLeHME, KaK BbIXOAHYHO BENUYUHY.

B 3aBMCHMMOCTW OT MPaxKTUYECKOro NPUMMEHEHWA paznnualoT-
CA:

— 3neKTPOMarHWThI C 8HaNOTrOBOA XapakTepucTukoh “ne-
pemMelleHne — TOK ", TaK HasbiBaemble " perynipyemsbi
no NoAremMy 3NeKTpoMarHuTbl "

]

— 3NEKTPOMAarHWTel C 0CO60 ONPEAENEHHOR XapaKTepUCTH-
KOW "cuna — pacxoA”, Tak Ha3biBaemble ”perynupye-
Mbl€ MO CUNe 3NeKTPOMAarHiuTs! .

AnA NpoRopuUMOHAaNEHOrD TOKY WM3MEHEHWA BbIXOAHOW Be-
NUYMHBEL CUMLI U NEPEMELLEHUA MOMXKHO MPUMEHATL TOMLKO
3INEKTPOMArHUTEI NMOCTORHHOIrD TOKA. JNEKTPOMAErHWUTbI fe-
pPEMEHHOMO TOKA B CBA3W CO CBOMM 3@BUCUMbIM OT NOABEMA
noTpebneHdnem ToKa AONKHbI 2aHWMAaTh CBOE KOHEYHOE No-
noskeHWe rnogbema Mo Mepe BoIMOXHOCTY Ge3 npomeane-
HUA,

InexKTpomarHiT, perynnMpyemelil B 3aBUCHMMOCTH OT CHILI

Mpk aneK TpoMarHuTe, perynvipyemMmom no cune, perynupyer-
CA CMNa aNeKTPOMArHWTa NOCPEACTBOM M3MeHeHWA Toka " i”
MpY 3TOM AKOPL 3NeKTPOMarHuTa He NPOU3BOAMT SHAYNTENb-

HGro noabema.

—=— perynupoaia
no cune F

perymupylowwii| - rnotew-
ycunutens © umomeTp.

~ 0OBpaTHadA CBA3L N0 TOKY

Becrneacteve o6paTHOW CBA3W MO TOKY B 2NEKTPUYECKOM
YCUNUTEeNne 3NeKTPOMArHWTHLIA TOK, a Takum obpazom, n
ANeKTPOMArHWTHaA cwuna, NOAAEPXKUBAIOTCA MNOCTOAHHOW
BENMUMHLI AaXKE NPW W3MEHEHWM CONPOTWBNEHWA NeKTpo-
MarHuTa.

3HauMTensHOW 0COBEHHOCTRIO PEryNUPYEMOro Mo cune 3neK-
TPOMarHuTa ABNAETCA rpamvyeckan xapaKTepucTuKa “cuna
— nogbem"”.

3OnekKTpoOMarHUWTHaA cuna oCcTaeTcA NOCTOAHHOW BenuYnHbI
no BCeMY gWanasoHy nogbvema Npy OAMHEAKOBOM TOKE.

OnA AeMOHCTPUPYEMOro 3NeKTPOMAarHuta noALkem cocTta-
gnAeT okono 1,5 mmM. TakKoi AManasoH Mcnonb3yeTca.

MoHTaxkHbIl 06bem 3nNeKTPOMAarHwWTa, perynvpyemoro no
cune, HeBONLLIOH BENUUUHEI. 3TO 0BYCNOBNEHO KOPOTKKUM
nogkemMomM. bBnarogapa 3ToMy NpMMEHRETCA MeKTpomar-
HWT, perynupyemMsinn Nocune, ANA NPONOPUWOHaNbHbIX pac-
npegenuTenei 1 HanopHeIX KnanaHos. [pW 3Tom aNeKTpo-
MarHwTHaA cwuna npeoGpaz0BLIBaETCA B rWApaBnuYecKoe
AaBneHue.

Perynupyemsiii 3neKTPOMarHutT — 3TO peErynupyemsblid, pa-
BOTAOLWIWIA B Macne, 3NeKTPOMarHuT NOCTOAHHONQ TOKaA.

" t 800 ma
. 600 ma e
"5 . ; /_ 400 ma /\ . i
w ;
- 2 : V 200 ma
= rad o

AOALEM §
> (M)

“oKono 1,5 MM

e

Puc. 1: Pezynupyemsiil 3neKTpoOMazHuT no cune

Puc.2: Mpauveckan xapakTepuctuxa “cuna - nodvem”
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MponopuMoHansHbie KNanakbl, npubopHan TexHuka

3neKTPOMAarHWUT, perynnpyemeli No noabLemMy

Mpw sneK TROMArHuTe, peryaupyeMom nNo Noasemy (puc. 4J,
NOMOMeHue AKOPA PErynMpyeTch NOCPeACTBOM 3aMKHYTOrQ
KOHTYpa perynupoBaHvA W YAEepKWBaeTcA HesaBucumo ot
NPOTUBOABKCTBYIOLIEN Cwibl, ECNW TaKaR cuna ByaeT aei-
cTBOBATE B AONYyCTUMOM paboyem ananazoHe.

C nomoLLbi0 PerynnipyemMoro no noaseMy 3NeKTPOMAarHuTa
MOryT, HanpuMep, HeNopeacTBeHHO NPUBOANTLECH B nencT-
BME MPONOPLMOHaNbHLIE pacnpeaenuTeni, perynAaTopel no-
TOKa, @ TAK)Ke HanopHeie KNanaHel, W YNPasnATeCA B noBom
nonoxaHn nogbema. Noagsem MarHUTa COCTaBnAeT B 3aBU-
CUMOCTN DT KOHCTPYKTHWBHEIX NapameTpos 3 — 5 MMm.

DNEeKTPOMarHIAT, PErynupyemMsii no NoALeMy, NPUMEHAETCA
MPeNMYLLECTBEHHO, KaK YXe 0MnChiBanock Bbllle, ANA 4e-
ThIPEXNMHERHLIX MPONOPUMOHANBHLIX KManaHos NPAMOTo
AGHUCTBUA,

B couetaHuu ¢ aneK TPUYECKON OBPaTHON CBAZLID NOARBDHKU-
BaAIOTCA MaNno# BeNWYMHbLl TWUCTEpPe3Inc u norpewHocTs Nos-
TOPAEMOCTU 3neKTpomarHuta. Kpomi TOro, BOSHWKaloWwuUe
rpoAMHEMUYECKIWE CUMTbl HA 3aTOPE KNanaHa perynupyloT-
cA {(OTHOCMTENLHO Manasa cuna aneKTpoMarHuTa no cpaBHe-
HWIO € BO3MYLLAIDLLIUMMI cUnamm) .

MpW KnanaHax HENPAMOro AeiCTBWA 3apAKaeTcA ynpaenae-
MbIM FUAREBNMYECKWM fasneduvem 6onswan YCTaHOBOYHAEA
noBepXHOCTL, VMEIOLUMECA B PaCMOPAMXKEHUM NepecTaHoBoY-
Hbig YCWNWA BCNeaAcTBWE 3TOrO HeO,ﬂHHBKOBOF‘I BENHWYUHBI, W
BO3MYLWEKOLUIME CHllbl HE CANEHO BAWAKT B NPOUEBHTHOM OT-
HoweHuK. MoaTomy MOryT KOHCTRYWPOBaTLCA Nponopuuo-
HanbHbIE KNanaHel HeNpPAMOro AEACTBUA Bez anexTpuyec-
KOW 0BpaTHOX CBA3N.

\ . |
ﬁ \
\_—_—_—___
I Nam—
e 10
Ay :
=
LB
e
~ noavem s [mMm)
" 'DMM nogbema courﬁercreyer noAHOCTEI0 m,mamvmm

' anaktpomarunry

f

Puc.3: Mpaduveckan XxapaKTeRPUCTUKE, INEKTROMAZRUT,
pezynupyemsill no nodvemy

ABTHMK‘
mapemew,el-l MH

perynnposaﬂne
; I“D l'IOﬂ'bEMY 5

perynupymmun Vchnmenh co CpﬂBHEHMeM
:ianaHHOH M AEHETBMTBanOM BEJ'!H’-MH

| NOTEHUWOMETP

Puc.4: Pezynupyembili 3neKTpOMazHUT € pezynuposasuem ho cune
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MponopunoHansHbie KnanaHsl, npubopHan TexHuKa

NPONQOPLUOHANBHLIE PACMPEAENUTENN

MNponopuroHanbHbli pacnpeaenuTens CRYXWT ANA OKala-
HWA BO3NEWCTBMA HA HanNpagfeHWe W BenuYnHy OGbEMHOFO
pacxoaa.

NponopukoHansHeli pacnpenenuTent NPAMOro AeACTEWA

B ceA2U € AaHHLIM KNanaHom ByAyT ONUCLIBAaTLCA TaKXe B
BUOE NPUMEDa TaKue XapakTepHble NYHKTbI ANA ONUChiBae-
MbIX B MOCReayollemM W3NoMEHUH NPONOPLUMOHENEHBIX pac-
npeaennTenei, Kak rucTepesnc, TOUYHOCTL NpY NOBTOpeHUH,
YNPaBnAOWMIA NopLIeHb, NPUHUNNAANLHBIE NaHHbIE K rpa-
thuuecKON XapaKTEpUCTUKE W K BPEMEHHOW XapaKTepucTu-
K@ YNPaeiALLErO MOPLLHA.

Puc.5: lMponopyuoranstibit pacnpedenurefis NPAMG20
dedcreua Tuna 4 VWRE 10 ¢ anextpuyeckod obparHol
C8A3LID, IMEKTPOHHOE YNPasieHue

Kak npw nepexniouarowem pacnpegenviene, AencTeyeT pe-
rynMpyemsiid aneKTPOMarHuT HenoCcpeACTEEHHO Ha ynpa-
BINAKOLWMIA KNanaH.

Mpusuun peRcTenA

K OCHOBHLIM COCTABHLIM YaCTAM KnanaHa OTHOCATCA KOp-
nyc (1), OAVH WAW ABA PErynupyembix anexk TpomarHnTa (2)
¢ aHanorOBOi XapaKTepUCTMKOWA "nepemelieHne — Tok”,
l"lpH WCNoNHeHWMKW Ha pPue. 6 cHoaa BKNHO4ETCA elle HHAOY K-
THBHBIWA AaTYuK nepemeltedia (3}, ynpasnAwLLWA NopLweHs
(4), a Takxe 0AHA WNK ABe BO3BPATHbLIX NPYXKHbI (5) ,

Ecnu He ByayT npusefeHbl B NeACTBUE 3NEKTPOMArHUTLI,
TO YNpaBnAlWWA nopweHs (4) ByaeT YAepXKMBATHLCA noc-
peacTBOM BO3ZBPATHOM NpyxuHbl (5] Ha cpeaneir nosuuun,
MpueeaeHe B ABUCTEMWE YNPaBNAIOWEro MOPLHA ocyulecT-
BRAETCA HENOCPeACTBEHHO YEpe3 PerynupyemMblilt anekTpo-
MarHmT.

Mpu uzobparkeHHOM Ha PUCYHKE NOPLHE 3aKPbITO COBAM-
HeHue mexay P, A, B u T. Ecnm 6yaeT, Hanpumep, Bo3byx-
AatseA anexTpomMardmt A (cneea), To OH NepeaBuHET ynpa-
BNAOLWWA NoplleHs BNpaBo. byaer HanaweHo coeguHeHwe
P=>BuA-=T.

Yem Boille GyaeT Tenepk NOCTYNAIOWMWIA CUrHAN 13 3NeKTpu-
Yeckoro ynpaeneuus (nogpobHoe onucaHWe cM. B pasaene
"3neKTPOHMKAE YNPaBneHwA ANA MNponopuvoHanbHeIX Kna-
naHoes"), TeM panswe Gyaer nepeABMraTbCA BNpPaBo ynpa-
BRAKWKEA nopweHs. Moasem, Takuv 0bpazom, NPONOPUKO-
HaneH aNeKTpuYecKoOMY curHany. Yem Bbie noaosem, Tem
fonblie NPOXOAHOE ceueHue W Tem Gonblue 06weMHbIA pac-
xo4. TleBbli anekTpoMarHuT Ha puc. 6 npeaycmaTpUBaETCA

Puc.6: llponopyuoransHeil pacrpedenurens npAmMozo 0elicTeuUA ¢ 3MeKTpuyeciol 06paTHOU C8A3LI0
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lMponopuMoHankHble KianaHsl, NPUBOPHAR TexHNKa

C WHAYKTUBHLIM AaTYMKOM NepemelleHwA. Takon AaTiuK
pErucTpUPYeT AeiCTBUTENbHOE NONOMKeHWe YNPaBnALWero
MOPLUHA M " CUrHanNUaupyeT” ero B BWAE 3NEKTDUYECKOro
curHana (B BONLTax) 23NeKTPOHHOMY YCUNWTEMD Aponop-
UMOHENLHO NOABLEMY.

MocKoNbKY AGTYMK NEPEMEWEHMA YCTPOEH C ABOWHBIM
NoALEMOM, KOHTPONUPYIOTCA BCMEACTBUE 3TOr0 2 NOnoXe-
HUA Nepex NIYeHUA .

Kpome TOro, pe4b WAET 3AECH O rEpMeTUYHOM MCMNONHEH N
(noa pagnenwem}, ANA KOTOPOro He TpebyeTcA Mpeaycma-
TPMBaTh HWKAKOro MPUCOEAMHEHWA NUHKKW OTBOAA YTEUKU
macna. BecreacTeue aToro He TpebYETCA TakiKe RONONHUTENL-
HOrO YNAOTHEHUA, 3TO 3HAUNT, YTO HUKEKOW AONONHUTEN.-
HbliA KOIMMOUUKMEHT TPEHWA He OKasblBaeT OTPWUaTensHoro
BO3AEMCTBUA HA TOMHOCTL KanaHa.

B 3neKTPUMECKOM ycunuTene CDaBHMBaeTCA ASHCTBWTENL-
Hag eBenuuwHa (aelicTEWTENsHaA NO3WUWA YNPaBNAIOWET O
NOPWHA) C NPEABapWTENbHO 3afaHHLIM 3HaYeHWem, 3aAaH-
HOI BENWUYMHOMK. Peus WMOET 3AECt O NO3MUMOHHOM KOHTYpE
aBTOMAaTWMYECKOro ynpaBneHuA, KOTOPLIA Pacno3HaeT cylle-
CTBVIOLUME OTKNOHEHWA MEXAY NpeasapuTensHO 3afadHbIM
aHaYeHueM {3afaHHaR BenuuMHa) W ABACTBUTENbHbIM 3Ha4e-
Huem (QeACTBUTENbHAA BENWYMHA ) U NPOWIBOAMT NOMNPaBKK
fYTEM COOTBETCTBYHLMX CUrHaNoB K ONpeAeneHHbIM IneK-
TpPOMarHuTam.

Ha npakTvKe 370 03HAYaET, YTO B 3aBUCWMOCTY CT pa3mepa
KNanaHa rUCTEPEsWS, a TaKKe TOYHOCTe MpW NOBTOPEHWUU
KnanaHa, cocTagnAioT okono <1%.

MucTepeanc B oBLIEM MOKHO 0X8paKTEPU3OBATh, KAK 338BU-
CMMOGTh OAHOFO COCTORHUA OT MPEXKHUX COCTOAHMIA.

Ecnu curHan GyaeT NpoxoanTs, HayuHan ¢ 0 po makcumane-
HOFO 2HAYeHWR, @ NOTOM CHOEa B 0bpaTHOM HampaBneHuu,
TO NopweHs BYAET 3aHUMAaTh B KAXAOM cnyyae NonokeHue,
KoTopoe GyAeT NpoMopuMOHansHO chrHany. BriTexaowee
OTKNOYEHWE MpPU OAWHAKOBOM 3a8HHOM 3HAYEHWW, KOTO-
poe, oAHaKko, GYAET YCTaHABNWBATBCA, WCXOAR W3 pasHoro
HanpaeneHuA [Hawuan C HU3KOro, a TaxKxe BLICOKOrO 3Ha-
YEHMA } , HA3LIBAIOT MMCTEPE3nC MNK MOrPeLHOCTL TUcTepesu-
ca (puc. 8).

To4yHOCThL NpY NOBTOPEHUW
{rak>ke Ha3zbIBAETCA BOCMPOKW3IBOAUMOCTSIO)

MNMoa aTKUM NOHATMEM NOAPA3YMEBaETCA AWANasoH, B Npeae-
nax KOTOpPOro NpW ycTaHOBKE OAHOrO 1 TOrD e BXOAHOrO
curHana GyayT AOCTUraThCA BbIXOfAHBIE CUrHanel. Mo oTHO-
LWEeHWI0 K YNpaBnAlWweMyY MNOPLLHID 3TO O3HavYaeT, 4To npw
NOBTOPHOW YCTaHOBKE OAHOrD W TOTD XKe 33AaHHOro 3Haue-
HWMA OTKNOHEHWE OT No3nuWKM GyaeT cocTasnATe < 1% (npn
WRE) .

KnanaH cornacHo puc. 7 He umeeT Aatuvka nepemetleHHA
Ha aneKTpomarHute. BeneAcTBre 3aTOroO HE KOHTRONUPYeTCA
[AOMONHUTENBHO NO3WUMA NOpWHA. B pesynsTate 31010 BbI-
TekaeT CHOBa B 33aBUCMMOCTW OT padmepa KnanaHa rucrepe-
anc B 5 — 6% ¥ TOYHOCTL Npwu NOBTOpeHUd B 2 — 3%.

BhiBalOT TaKwWe cnyyan, Npy KOTOpbIX TakaA TOYHOCTL ABNA-
8TCA BNONHE JJ.DCT&TO’-FHDI‘;L BCHEﬂCTBHe 3TOro TaKoe KOH-
CTPYKTHBHOE UCNOMNHeHWe NpeacTasnAeT cobok Aeluesoe pe-
LweHKe JaHHOW NpoBnemel.
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¥ npaBnsiolLMiA NOPLIEHb, KOHCTPYKTUBHOR UCMONHERNEe

Kak 310 NeMOHCTPUPYETCAH Ha u3obparkeHnn B pazpese {pue.
6), ynpaBnAOWKA MNOPLIEHb OTMMHEETCA OT CTaHAapTHOro
NOpLWHA pacnpegenuTens. Ox npepycmaTpuBaeTcA C MeM-
BpaHonoaoBHEIMI NPOXOAHEIMI CEYEHUAMK ApOCCenbHbIX
oTREpCTUA TpeyroneHoi dopmel. Takue ceueHWA COAEBWCT-
BYIOT MONYYEH WO NPOrPECCUBHON PECXOAHOM XapaK TepUCTH-
K (puc. 9).

Puc.7: lponopyuck. pacrpedenurenls NPpAMO20 delicreusn
runa 4 WRA S 6e3 06patHol c8A3l, IMeKTPDOHUKA ynpas/l.
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BxoaHow curnan | (ma)

Puc.8: lNucrepesuc

.

Pacxon Q

'_.

XOA NOPLIHA § MM BXOAHOW curHan |

Puc.9: [pagusecxas xapaxreptcruxa Q-h
unu epauieckan xapaxkrepucruxa Q -/



MponopunoHansHbie Knanaxbi, npubopHan TexHuka

¥YnpaenAaolwuMe KpPOMKW MNOPWHA TPeyronbHoi ¢opmbl
(puc. 10}, a ynpasnAowMe KPOMKK KOPNYca 0CTaloTcA Npu
Boex NO3MUMAX NOPLUHA BCErAa B 3auenneHun Apyr c ApY-
roM. 3TO IHAYWT, MTO BCErAa MMeeTCA B HaNW4WMK onpeaeneH-
HOE NPOXOAHOE CeYeHre B thopme TpeyronbHUKaE.

Takum 06pazom, He BbIBAET HU OAHOW NO3NLUK, KaK 3TO Xa-
pakTepHO ANA CTaHAAPTHLIX pacnpeaenuTeneii (nepexniouaro-
w|x), Ha KoTOpok 0be TaKue KPOMKW NWLLL B peaynbTare
"XONOCTOro xo4a”" BXOAAT B CUENMEHWE WMNW OTUennATCA
APYr OT gpyra npwn oTKpbiBaH 1\,

Kpome Toro, Bceraa APoccenupyloTcA BNYCKHbIE N CANBHbIE
OTBEPCTUA.

Puc. 10: CwmeweHHbIe CROCCENUPYIOUUE NA3b! N0 OKPYNC-
HOCTU NOpiwHA u OnuHHBIG X00 nopuirs obecneyugaioT
XOPOUWIVIo PA3PELUBIOWYI0 CROCOBHOCTS

Mo3uuuA NepexiodeHnA
anexkTpoMarHuta “b" -

e BT \-Yli-'
' chosuoe oﬁosuaqeﬂ ue
Ha cxew'; "E"

Mo3UUKMA NEPEKMIOHEHUA
_anexTpomarHuta "h”

)z:: 'T H‘H b

choaﬂoe oﬁnanaqenne
Ha cxeme B =k

Puc. 11: [Mepexpoitue nepermoyaeuiezo pacnpedenurens
AY 25, ycnognoe obozravenue Ha cxeme "E”
(3axpsiTas cpedHan nosuyua)

Puc. 12 MMepexpeiTue nponopyuoHansHo20 pacnpedenurend
AY 25, yenoeroe oboznaverue Ha cxeme “E”
(3aKpbiTan cpedHAR NOIUYUA)
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MponopunoHansHbie KnanaHel, NpUBopHanA TexHWKa

PacxoaHan xapaKTepucTnka

Ana Toro, 4uTobbl MoxHO 6biA0 Beeraa onTUMansEHo UCROSk-
30BaTh MaKc. X0f NOPWHR, BeinKu onpegenedbl ANA pasnuy-
HbiX HOMWHanNBHbIX PECXOL0B COOTBETCTBYHOWMWE nonepey-
HbIE CEMEHWA KYNAYKOB YnpasneHua.

Ana HarnAgHOro NpefcTaBneHWA NPWBOAATCR HWKe OAWH
npumep u rpaMuecKan xapaKTepUcTKa.

B Hanw4uMn umeoTcA cnegyuwmne TEXHMYECK NE gaHHBIE ANA
YCTaHOBK W

— YCTaHOBNEHHOE 4aBNeHue B cncTeme p = 120 6ap
— paeneHine Harpy3skwu npu paboueih ckopoctn  p = 1106ap
— DaBneHWe HarpyaKu npu yckopedHom xoge p = 606ap

— TpefyemMoe KONMMYECTBO NPOTEK a0 LEH XXUAKOCTY ANA
AanasoHa paboyell cKopocTH Q= 5-— 20n/muH.

— Tpebyemoe KONUYSECTBO NPOTEK A LUEN XIUAKOCTH ANR
AWanas. CKopocTyh yokopen. xeaa Q= 60 — 150 a/muH.

HdonyeTum, 4To 6Bbin BbiGpaH NPONOPUMOHANBHLIA KianaH,
KaK 3To genaeTcA 0BbIYHEIM 0Bpasom, B BUAE CTaHAAPTHORO
nepexniovarowero knanana (anA O = 150 n/mMuH. HoMuHanL-
Horo pacxopna) . Takas owmnbKa, KOTOPaA AenaeTcA, K coxa-
FNIEHWH, OMEHbL Y3CTO, MOBEAET K NONYYEHMIO CNeayoWmnX Be-
TIVYWH

— NOTEpA AABNEHWA HA KNanaHe NpU YyCKOPEHHOM XoAe
pv =120 — 60 = 606ap
Qrpeb.yer.xoaa = 60 — 150 n/muH.
— NOTEPA JaBneHrA HAa KnanaHe npw paodyem xope
pv =120— 110 = 106ap
Qpes.pas.xosa = B — 20 n/mu.

YcKopeHHsIi xoR ,

Pacxon Q= 150 n/mwH. npun pv = 606ap AocTUraeTcA Npu
3afaHHON BenuWunHe, cocTaenawwei oxkono 66%, Q= 60
n/MUH. — npu 38AaHHOM BNeuYKrHe, COCTaBNAIOWEN 0KOND
48%. OcTtaeTcs B pacnopAXeHW ANana3oH perynupoBaHuA,
cocTaBnalowmit Tonsko 18%.

PaBouuk xon

AnA ycranoskk paboumx CKOPOCTEW OCTaeTcA B pacnopake-
Hui Tonbko 10% (47% 3ananHoro avaveHua npy 20 n/MuH.,
37% 3agaHHOro 3HayeHwA npyw 5 n/muH.) oT oBwero guana-
30Ha perynupoBaHur. [1pn rucrepesunce kKnanaxa, Hanpumep,
B 3% (= 30%, B3ATbIX NO OTHOLLBHWIO K AWANA3oHY pery-
nupoBaHuAa B 10%), cTaHyT 2aMETHBIMYU 3aTPYAHEHUA NpY
YCTaHOBKE B CBA3W C NNOX0H pa3pelualoLleil cnocoBHOCTLIO,

: ; = 10 6ap nocr.
20 6ap nocT.

30 6ap nocT.

50 6ap nocr.

60 Hap nocrT.
=100 6ap nocT.

pacxog e n/uk.

v = noTepn AaBneHwA

Puc. 13: Xapakrepuctuika "pacxeo - HomuHansHeli ok ™ 8aa 150.0/Muk., HOMUH2ABHOZO Pacx0da npu noTepe GasneHun Ha

KnanaHe @ 106ap.
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MponopuMoMansLHele Knanakel, NPUGOPHaA TEXHKUKA

Haw esifop 6bin Bl npasunbHbiM, ecnid Bbl Ml BbiGpany,
HanNpUMEp, KNANaH COTIacHo CNEAYIoLLeA rpaduveckon xa-
pakTepucTuke (puc. 14):

— YcnoBuA Npy YCKOPEHHOM XoAag

JanaHHOE 3HAYEHME HAXOAMTCA B Npeaenax 66% — 98% (60
150 n/muH. ) . BeneacTewe 3T0M0 AMANA30H HacTPOMKW COCTa-
suT 32%.

— Ycnosur npu pabovem xoae

JagaHHOe 3HaAueHWe HAXOAWTCA Temepb B npeaenax 36% —
63%, oTcioAa BLITEKEET, YTO AMANazoM perynuposki Gyaer
3HaYUTENsHO BONbLLE BeNUUUHL, B BCNEAYTBME 3TOro obec-
NeyuBaeTCA NyyllaR paspewaolan cnocobHocte. OaHospe-
MEHHO, NPOVCXOANUT, BCTECTBEHHO, OTKOHEHe noa BO3A8H-
CTBUEM TOUHOCTM NPK NOBTOPEHWW,

BpEMEHHﬁH XapaKTepucTUKa ynpasnAUlero nopLiHa

Ouarpammbl, NpuBeAeHHbIE B MOCNEAYIOUIEM M3NoMeHuu,
AEeMOHCTPUPYIOT MepexoaHyio thyHKUMIC YnpaBnRiowero
NOPLUHA NPU CKaYK006PaZHOM, 3MeK TPUYECKOM, BXOAHOM
curHane (puc. 15 v 16).

Mepexoa ¢ OAHOI NO3ULWK Ha APYTYI0 NPOUCXOANT Be3 " Ko-
neBanunii ¢ Bonbiuok amnnutyaHoi”. loplweHs nepemelua-
eTCA B TeYeHWe OTHOCUTENBHO KOPOTKOrO BPeMEHW W, Hec-
MOTPA Ha 370, ¢ AeMNMUPOBAHMEM Ha HOBYHO MO3MLMIO.

Take umeeTcA B pacnopAXKeHuy Boneilue BpeMeHU Ha ycTa-
HOBKY ANA NPOBEAEHUS MPOLECCOB YCKOPEHMA U TOPMOXe-
HWA, Yem 31O TpebyertcA.

ianawe (CyMMa NIepenaRa AGBTIHUT Ha APOCCERMPYIOUEl KPOMKE MOAS0AE U chuea)

. HOMMHanEHLIHTOKEB % gg

Puc. 14 XapakTepucTuka “pacxod - HOMUHaMbHbIG TOK ” ONA HOMUHANEHO20 pacxada & 64 n/mun. npy noTepu GasaeHus Ha

xnanane e 106ap.

- uamenenue curHana 0 = 100%

v

/[

/

20 40 60 80100 0 20 40 £0 g0 100

. BpeMA t B MreK.

Puc. 15: fMepexodrar yHryus Npu CKavKO0BPazHOM,
INCKTOUYECKOM, BXOOHOM CUZHENE, UIMEHEHUE CUHANA
25 > 75%

Puc. 16 : [Mepexooran PyHKYUR NPU CKaYKO0BPa3HOM,
INEKTPUNECKOM, BXOGHOM CUZHANE, LUIMEHEHUE CuzHana

0~ 100%
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MponopuMoHansHbie KNanaHbl, NpUBopHan TexHUuka

YckaopeHwe, 3ameqneHue

Mpu onucsiBaemMom BHa4ane NpuUMepe YCTaHOBKHK pedb Wwina
06 YCKODeHWW nnatchopmbl C AGTaNAMY ABTOMOBMNBHOFO
KY30Ba. Takoe YCHOpeHue unn TaKe 3amefnneHude rlvapo-
UMNUHAPa MNW TMAPOABUIraTENA O3HaYaeT USMeHeHWe NoCTy-
NaloLWLero KONWYecTsa & efuHULY BpemeHu. amerieHne Ko
AMYECTEA MUAKOCTH B Hanpagnedwn + uan — NpPOU3BOAWT-
CA Yepea NPONOPLMOHaNLHLIW KnanaH. 3anaHHoe 3HaueHve,
B TE4YEHWE KAKOro BpeMeHu TarKoe W3MEHEeHWe KOonWuYecTea,
a BCNeAcTBME 3TOr0 M NO3ULKMK YNPaBnAKLWEro NOPLUIHA,
fAOMKHO YCTaHaBNUBATLCA B INEKTPOHHOM yNpaBneHwn pe-
rynMpyemMeix mardutos. HasHauaemoe 3neKTPOHWKOW 3a-
[AHHOE 3HaYeHWe W3IMEHAETCA B Te4eHWe 3a0aHHOro BpeMeHHn
¥ [OCTraeT YCTaHOBNEHHOrO B BMAE KOHEYHOTO SHAYeHUR,
3a4aHHOr0 3HAYeHUWA.

AneKTpUYeCKWIA Y3en KOHCTPYKUWMK HaseigaloT obGpasosate-
nem GbICTPOM3MEHAIOLLEACA MUHERHON dYHKUKWN C HacbiLLe-
HWEM, AVana3oH BpeMeHW ANA W3IMeHeHWA 3HavYeHwA Npen-
crasnAer cobBoit BpemA BeICTPOU3MEHRAIOLIEHCA NUHEAHON
thyHKLUMN C HACLILLEHUEM.

‘ : ~ Hanp., Makc,

“TOK, 3afaHHOoe 3Ha4eHe B Ma

BDEMH [ GEKyHAax

Puc. 17: ﬂuazpamma 70K - 8pemA”

K npumepy: WameHeHwe 334aHHOMO 3HAYSHWA, Ha4MHaA ¢
"0" Ha maKc. B TeweHWe 2 cexyHa.

-+ KOPOTKOE BPeMA Ha ycKopeHue, BONLLUOE YCKOpeHUue

K npuwmepy: WameHeHwe 3aaHHOr0 3Ha@YeHWA, Ha4YMHaA C
“0" Ha MaKc. B TeveHue 5 cekyHa.

- AONTOe BPeMA Ha YCKOPEHKE, MENoe YCKOPEHue

Mpu npouecce TOPMOXKEHHWA NPOUCXOANT WIMEHEHWE zajaH-
HOro 3Ha4YeHWA COOTBETCBEHHO C BHICOKOro 3Ha4eHWA Ha mMa-
Noe 3HaveHue.

B cBA3M € 2NeKTPOHUKON yNpaBneHuA o6 3ToM elle pa3 By-
pet Gonee noapoBHO ONWCLIBATECA B AanbHellem {(cm.
"3NeKTPOHWKAE YNpagnexsuA ANS NPonopuvoHanbHbiX Kna-
natos”) .

Mpegen mowHocTH

Kak ANA nepeknoNarwmx pacnpefenwrenei, TaKk W AnA
NPONOPUWOHANbHBIX K1aNaHoE, CYWECTBYOT Npeaensl MO
HOCTH, cOBRIDAEHUE KOTOPbIX CNEAYET Y4UTbIBaTL, 3aCNYKH-
B3ET MHTEPECA NPU 3TOM XapaKTepucThKa KNanaHoB NpAmMo-
ro geictewA Ge3 AaTyMkKa nepemelteHud. Tarkoke npyu 6onb-
Lwem 3HaueHu Ap He NoBbILWAETCA KOMWMYecTeo MpaTeKaio-
UIEA *KNAKOCTW CBbille Npeaena mouiHocTw. MopuieHs cam
3aTArMBaETCA Noa BD3,[I.EI7!CTBHBM rmapoanHaMuYeckK X cun.
B AaHHOM chnyvae Noatomy MOMHO roBopwuTe 06 "ecTecT-
BeHHOM " npenene MOLLHOCT K.
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KaKoil noplueHs Byaer BeIGUPAaTLCA ANA YCTAHOBKW B 3aBW-
CHMOCTI OT Pacxofa Wi KaKoMmy pasmepy nopuka Gyaer
OTAABaTLCA NPEAnoYTeHwWe, 3aBMCKT OT YCTaHaBnMBaemMoro
pagnesun B cucteme. O6 atom Byaer Bonee noapobHee onu-
CLIBATBCA HAa OCHOBaHUWM NpWMepoB B pasaene “Kpurepuwu
ANA OfpefeneHWA NapaMeTpos YNPAaeneHWA Npu Mcnone3o-
BaHWW NpONopLAOHaNHEIX KanaHos”.

BeipaxaAce B OBWEM, MOXHO CKa3aTb, 4TO cneayert, OAHa-
KO; CTPEMWTBCA K TOMY, 4TO6bl 3aAaHHOe 3HaveHWe ANA
MAKCUMaNbHOro KonuyecTsa nouty aocturano 100%.

JuanasoH ynpaeneHua (pa3pelualowlan cnocobHacTb}

Moa MOHATMEM ”puanasoH ynpasneduA” (Ha npakTtuke Y-
noTpeBnAETCA YacTo TakKe MOHATUE " AWANasoH perynupo-
BaHWA ") noApasymeBaeTCA COOTHOLWIEHWE Mexay MWHA-
ManbHLIM 4 MaKCWManbHEIM pacxoaamu.

[nA nponopuMoHansHoro pacnpeaenutens Ges gatuuka ne-
pemelerua (Tvn WRA) npepycmatpusaeTcR ananasoH yn-
pasnenmna 1:20. MNpu maxe. konuuectee B 40 n/muH. co-
crasun 6l camblid Manbi pacxos 2 n/MnH.

3HaUUTENLHYI0 PONL NPW 3TOM MrpaeT NOrPeWwHoCTs NOBTO-
peHWA, KOTOpaA, BbIPaXaACA B BUAE BENW4MHBI, AOMKHA Ne-
WaTh 3HAYUTENBHO HKKE, YEM CAMbIA Manbii pacxoaq,

JnA nponopuuoHansHbiX pPacnpefenqTensii ¢ faTuMKom ne-
pemettierua (Tun WRE) auanasoH ynpaeneHuA Bbipaxaerch
npumMepHo B Buae cootHowenruA 1: 100.

KOHCTPYKTHBHbIE MCNIONHEHWA NOPLUHEN

HwxenpueeneHtblie KOHCTPYKTUBHLIE MCNONHERWA MOPLLHEH
MOMHO BCTPEYaTh NPEUMYLLECTBEHHO Ha MPaKTHKe:
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Puc. 18: Yenosusie 0603naverua Ha CXeME € NEPEXOOHLIMU
Pyryuamy



MponopunoHaneHbie KnNanaHsl, NpuBGoOpHan TeXHWKaA

( ) Mpn vcnoaucm oﬁcanaﬂenww Ha cxeme Eln W1
: _P‘*A__QualcciB—FT_- Q!Z
fi ' . P=>B =0i2 LA T -Qmaﬁc..

I

(* *) Mpu YCAOBHOM 0603HAYEHNIA Ha cxeme E2Z w W2:

: P—=A l.].’? | BT = Qmaxc.

| ; : P—=B = _Qma_xc_,| .A —*-_T- ‘- Q2

{* 2. *) ﬂput vcnonuom Dﬁo:mananuu Ha cxeme E2 W W3
P -+ A = Qmarc| B >T = aakpsito

P"’B=Q-’?ié;‘*-’l’f=ﬁmﬁx¢._

Puc. 18a: PacxodHbie xapakTepucTury nopiuxed

Mpumeps! K OTAENbHEIM MOANGWKAUWANM NOPLUHER

MopweHs E

Moplieds E OTNKMYaETCA HauNyywelh TOPMO3HOW xapakTepu-
cTukoi. MpoxogHeie cevennn notoka P +A wn B =+ T,
aTake P =B w A = T, oamHakossie. OH npMMeHAeTCA
fO3TOMY NPU LWAKMHAPAX CUHXPOHHOTO XOA4a WNW, KaK 3To
n300paraeTcA Ha puc. 20, npw ruapoasuraTenax.

> 36ap

Puc. 19: fMopwers E ¢ 4UAUHOROM CUHXPOHHO20 X004

Mpu ruapoaBUraTenax peKoMeHayem npeycmaTpuBath no-
Aa4y NUTaHWA B TMHWKM noTpebuTenA cornacHo puc. 20.

Bo3MoXKHLIE OBpa3cBaHMA BaKyymMa MOFYT Bei3BaTh Y MA-
ApoaBWraTteneit NOBkIWEeHHLIN YPOBEHS LLIYMAE.

Ecnu aBuratens AOMKeH YASPKUBATLCHA TOYHO MNOA HArpYys-
KO, TO B TaKMX cny4yaAx cneiyeT NPeaycMmaTpuBaTh, Kak
3T0 NPUHATO BOOGLLE, CTOAHOYHLIA TOPMO3.

Ecnu gsuratens 6yaer Bes Harpysku, TO He NPOU30AAET HU-
KaKoro ApeidoBOro CMeLLeHUA NoA BO3AEACTBUEM Macna
yTeuKw y ABUraTenna 6onblueid BenManHol,

36ap

Pwc. 20: fopwers E ¢ eudpodeuéér&nem

Mpw TaKom NepexknioYeH ¢ LWAWHAPOM C COOTHOLUEHWEM
nosepxHocTeld Ay : Ag = 2: 1 cneayeT BbiGUpaTh NOpLUIEHb
C COOTHOLIEHWEM OTBEPCTWA Apocceneit Tarkeke 2:1. Tako-

MYy YcnoBuio cooTeeTcTeyeT nopweds E1 (Takoxke nopuieHs
W1).

Puc.21: Mopuiers E1 ¢ dugbghepenyuansHbiv UUTUHGpoM
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MponopuuoHansHele KnanaMsl, NPUGOPHAA TeXHUKA

Ha cnenylowem ackuze (puc. 22) narnagHo nsobpaxaoTtca

B2aUMOLENCTBWA. YUACTKU [APOCCENUPOBAHNA CUMBONMIU-

pYIOT MNpOXCAHLIE CEYeHUA B NPONOPUACHaNbLHOM KranaHe.

B aeiicTBumM Q1/Qz2 = JAp1/!/Ap2
ecnu Q2 =2+Q1
WM NPOXogHbie ceyeHuA cMHaAKOBbLIE,
Torna BbiTekaer  Apl/Ap2 £ Q12/Q2?
oTCHOAS G o
Apz2 = (Q24/Q1<) = Ap1
-=>  Ap2 2 4 Apl

Puc.22: 3asucumocts pacxoda OT nepenada oaanenull

Takoe BzaumogeicTBmne HarNRAHO AeMOHCTPUPYeT, YTo Tpe-
BGyeTcA YeTeipexKpaTHbIN nNepenag AaBneHwd ANA TOro, 4To-
6k} NPV OAWHAKOBOM NMPOXOSHOM CEYEHUI NPONYCTUTE ABOWH-
HOE KOMWYECTBO.

Mpy OTHOLIEHMM NOBEPXHOCTA MOPIWHA K KONbUESOW No-
BepxHoCTK Kak 2 : 1 COCTaBUT OTHOLIEHWE pasHOCTK AaBne-
HWIA NPV DAWHEKOBOM MONEPEYHOM CeYEeHWMK APOCCenA, Han-
pumep, ana P—+A u B —»T, ka4 : 1,

Ecnu cunel uHepumu, TMOANEXKaL|Me TOPMOXEHWHO, NoTpe-
BYIOT CO CTOPOHBI NOPLUHEBOFO KONbUa NPOTHEOLABNEHNE,
KoTopoe npessiwaetr V4 paBouvero pasfieHWA, TO B TaKOM
crnyvae MONHO YCTaHOBMUTL, YTO B Pe3ysibTaTe KBaApaTHOW
B2aUMOCBA3U mexay Ap 1 O cTopoHa NOpWwHA He Gyger
NONHOCTLH 3aMONHEeHa.

C nomowsio nopwHA E1
(P = A = 1/1 npoxogHoe ce4eHne 1
B - T = 1/2 npoxoaHoe cedeHue )
Mnu Npv nopwHe E2 HaoBopor, Takux NpobneMm MOXHO 13-
Geratb.
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MopuweHs E3
(NMpocum Takske 0GpaTUTE BHUMAHWE HA CXEMY MepexnkYe-
HuA W3.)

Moplweds E3 npumeHAeTcA AnA Toro, yToBkl Npy UMNMHAPe
C COOTHOWeHWeM nnowanen Kak 2:1 coxpaHwTe OTHOCK-
TenbHO NPOCcThiM cnocobom anthdepeHUnansHY0 CXEMY.
O6paTHbIA KNanaHd MOXHO WCMOSb30BaTh TakKe Kak npome-
HMYTOUHYIO NNUTY.

Puc.23; MMopuwens E3 ¢ dughgheperyuansHeim Yunundpom

Mopwens W

Mpw uunuHape C© OAHOCTOPOHHWM LWTOKOM M COOTHOLUe-
Huem nnowagen 1:1, npepoTepaliaeT nopweHs W ynnosa-
HWE HeHarpy»XeHHOro UKNMHAPA NOoA BOZNEMCTBHMEM YTEYKHK
macna. Ha cpesHed nosuuum cywiectTeyeTceass oT A B T
pasmepom B 3% OT HOMWHANBHOIO NONEPEYHOr O CeYEHNA.

Puc. 24 : lMopuwers W ¢ dudbghepeH yuansabim YUnuHopom



MponopunoHansHble KnanaHsl, NpMGOPHaA TeXHNKa

MNopiuens W1, nopwens W2

Y Takoro nopLuHA, KakK Wy nopwHA E1, cooTtHoweHWe OT-
BEpCTHiA ApOCcenA cocTaenAeT 2: 1 AnA YUNUHAPOB C COOT-
HoweHwem noBepxHocTer kak 2: 1 w, Kak y nopwHA W Ha
cpejHel No3MuUY, CYLLECTBYET cBA3L OT A U B K T pasme-
pom B 3% OT HOMUHANLHOrO NONEPEYHOr 0 CeYeHKA.

MNopweHs W3

C nomowpso nopwHA W3, Kak u c noMowsw nopHA E3,
peanusyetcA audihepeHunansHoe nepeknoueHne. Boneact-
BWE 3TOr0 He NPOVNCXOAMT HUKAKOM YyNpPYroi 0TAa4M uunnH-
Lpa rnocne TopMoxeHnA, nockoneky B = T pasrpyxaetca.

Puc. 26 ; fughibeperyuansHan cxema ¢ nopuHem E,
CcOOTHOWeH Ue niowaded

Apyruve npyumeps) NepeKNYeHA

Ha puc. 27 wzobpan@erca yuiuHop ¢ OGHOCTDOHHUM WT0-
KOM, cOOTHOWeH e niowadel cocraender noyru 1: 1. Bep-
TUKaNsHOE pasvmetyerue c BECO8bLIN ypasﬂoaewusaﬂum,
Mpumensnerca nopuwexs WI1. Becosoe YpasHOBEUIUGaHUe
OCYWECTRARETEA NOCPEICTEOM K/anaHa OnA OZpaHuyeHus
gdagnedus (DBDs ... ) npamozo dedcreus ¢ 3anupaHueM mnu-
Hul YuAuHOpa, c80600HbIM OT YTEYKU Macna.

Ha puc. 28 uzobpamwaerca {UAUHOPD ¢ OOHOCTOPOHHUM LUTO-
KOM, C cooTHOwWeHuem nnoujadeld 2: 1 u dugpgepeHytiarts-
HOU cxemod. BepruxkansHoe paaMewienue ¢ eecoseiM ypas-
HOBEWUBAHUEM, Kranak ¢ hopwhem W1.

M2 X—9

Puc. 28
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MponopuwnoHansHeie Knanaksl, NpUBOPHaA TexHuKa

3anupatve, cBOGOAHOE OT YTEYKHW Macna { puic. 29}

Ws-3a oTHOWeEHUL dasnenull He Moyer obecneyusaTscA 3a-
nupavue 6e3 YTeyKU Macia nocpedcTeom co80eHH020 00-
paTHOz0 kaanara. B TaKom ciy4ae HeoBxodumo npedycmo-
TpeTe OefroKkupyemMsle 0BparHbie KNanarsl ¢ npucoeduHe-
HUeM TuHUL 0Te00a yTeder macna. Ha npumepe 0eMOHCTpU-
pVerTca 3anupaHue, ceoB00Hoe OT yTedKl Macna, 018 060ux
HanpasneHuld GeLiterLd.

Puc.29

MNpyv Takom NepeKnioMeHH, HECMOTPA Ha ynpasnAemMsii ob-
paTHBIA Knanad ¢ NpUCOEANHEHMEeM NWHWK OTBOAA YTeuex
Macna, cnegyer y4nTbliBaTk OTHOLWeHWe Aasnedui. Ecnwm oT-
HOLLEHWA NABNEHWHA NPEeBLICAT OTHOLWEHWMA Mnowlaaei, To
3TO MOYKET NOBECTH K HEPaBHOMEPHBLIM ABUXKeHNAM * ¥,

B Takom cny4ae ynpaefneHve 3anopHsIiM KNanaHom cneayer
npeaycMOoTpeTs Ha nNepuiepuun, a He ¢ NPOTUBONONOMHON
CTOPOHbI, K&K 3TO IEMOHCTPUPYETCA Ha usobpakeHun,

[pyroil BOZMOXHOCTBIO ANA 3aNMPaHUA MOMKET NoCnYXuTe
MCMONb30BaHWE CMWBHOMO 3arfOpHOrO KRarnaHa NocTOAHHON
pasHocTV pasneHwit (cm. B paspene " KomneHcauun Harpys-
K € MOMOULbH KNanaHa NoCTOAHHON pasHOCTH AABAEHWH" ) .

** (OfpallaiiTe BHUM3HWE Ha NOACHEHWe B TexcTe |
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Y kasauuA ANA UCNONL30BaHMA HA NPAKTHKeE

CnepyeT cneguth 3a Tem, 4ToBbi NPUCOBAUHEHWE KNanaua A
CcOeAUHANOCHL ¢ NpHMcoeaUHEHUEM A UMNHHAPAE, T.€. CO CTOPO-
HOIl NOpLIHA. ITO KacaeTcA B 0COGEHHOCTW KNanaHos E1,
W1, E3 u W3, HO Ha 310 AOMKHO 0BpallaTeCA BHUMAaHWe
TaK)Ke MPY OCHOBHOM MOpLUHE, NOCKOMNLKY B KnanaHe Gonee
KopoTKKA nyTe o1 A —=T.

OnNTUMAaNbHBIE AMHAMMYECKWE BEfIMYMHLI MOTYT AOCTMraTh-
CA TONBKO TOrAd, KOrga coefuHeHWA MeXxay nponopuvo-
HanLHLIM KnanaHom u noTpebutenem (ruApoudnnHAp, ru-
ApoaBuratens} npeaycMaTpWBaloTcA NO Mepe BO3MOMKHO-
eTH KopoTKumu. MD3TOMY YeTbipexnuHeRHsli Nponopuro-
HanbHbLIA Knanad wenonb3yeTcA MpPeuMyLLecTBEHHO TaKuUM
ob6pazom, 4Tobb BeIx0dbl A 4 B coeauHAnuce ¢ oboumu
npYcoeanHEHUAMMU PEBEPCUPYEMON BbLITECHUTENLHOW Kame-
pbl Ha CaMOM KOpOTKOM nyTH. TonbKo Takum obpasom
NPeayCMOTPEHHOE COMETAHWME BXOAHOTO W BbIXOAHOrO CO-
NPOTWBNEHWA, G COEAWHEHWEM NOCPEACTBOM obLero nop-
LUHA, 436T BOBMOMHOCTE OKasbiBaTh WHTEHCWBHOE BO3AEN-
CTBUE Ha NPOTEKAHME ABMKEHWA.

MakCUMansHO BO3MOMKHOE YCKOPEHNE CHCTEMb! NPYXUHHOM
Macchl, KOTOpYIO NpeacTaenAeT cobon Kaxpaan rmapocucte-
ma, onpeaenfAeTcA NOCPeACTBOM BPEMEHU YCTAHOBKN ruApa-
BnyMYecKkoro npubopa wny NOCPEACTBOM CaMOW CUCTEMBI
NPY*UHHON Macchl.

B pasmene "KpuTepui ANA ONpeAensHuA NapameTpoB ynpa-
BAEHWUA C NOMOLLbIO NPONOPLMUOHANBHbIX KNanaHoB” 310 By-
NET HarnAAHO JeMOHCTPUPOBAThCA MOCPEACTBOM NDUMeEpOB
no Bbi4WUCNEHA0.



MponopuxoHanbHble KNanaHbl , NPHBOPHAA TexHuKa

TponopuvoHansKeIA PacnpefenuTent HENPAMOrO ABACTBHA

KaK npu NepekNioYarWnX pacnpefenuTenax, TaK 1 npM npo-
NOPLMOHANBHLIX KnanaHax, NPeABapuTENbHO YCTaHaBNWEa-
toTcA BonblUKe YCNOBHLIE NPOX0AkLl. TakKke u B 3TOM cny4ae
3TO NPOM3BOAMUTCA MOTOMY, 4TO TPeByloTCA nepecTaHoBOY-
HbIE YCUNUA ANA CMELeHUA OCHOBHOIO 20M10THNKA.

O6bIKHOBEHHO KNanaHsl 4O TWnopasmepa 10 npAmoro Aeir-
CTBWA, @, Ha4uHaA ¢ Tunopazmepa 10, OHW HeMpPAMOTD Aeid-
CTBWA,

MponopUMOHaNEHEI pacnpeaenuTens HENPAMOro ASHCTBUA
{puc. 33) coctowT w3 ynpaenrowero knanawa (3) c pery-
nMpyembiMu anekTpomarnutami (1) u (2), rnaeHoro kna-
nana (7) c ocHoBHLIM nopwHem (8) 1 ueHTpupyoLWen Npy-
SKUHOM, @ TAKKE U3 PerynupoBOYHOM NPYXUHLI (9) .

B kayecTee perynupyemoro aneKTpOMarHuTa MCnonb3yeTch
BapWaHT C XxapaKTepucTuKon "cuna — Tok ",

OnA Toro, utobbl MoXHO 6kiNC Nony4uTb obliee Npeacta-
BleHWE, NPUBOAMTCA B NOCMNEAYHIOLEM NPUHLWN ABUCTEWA B
ynpoLleHHon dopme

MocTynaiowmin OT 3NeKTPUYECKOro YNPaBNeHUA curHan npe-
o6pazoBaeTcR B perynupyembix snexTpomarkutax (1) wnm
(2} B nponopunoHansHy cuny. B cooTeetcTBUn C CMNOH
Mbl Nony4YWm Ha Beixoge (A wnu B) ynpaenaowero knana-
Ha {3) maBneHue. DTo gaBneHue O0KazblBaeT BO3ALHCTBME HA
MOBEPXHOCTs OCHOBHOMO NoplHA {8) U cMewaeT ero K npy-
skrHe (9) po Tex Nop, NoKa MeX Ay YCUAWeM NPYXWHsl U
curiold paeneHun He ByAeT cYLECTBOBAaTs paBHoBecwe. Xoa
MOPLIHA, @ BCNEACTEBWE 3TOTO W NPOXOAHOE CeveHue, 3a8u-
CUT OT Hanopa AaBMeHWndA, AEHCTBYIOLLEro Ha NOBEPXHOCTL
noplwHA. JnA oKazaHWA BNWAHUA Ha AaBNEHME MOXHO npa-
MeHATL KnaraW ANA OrpaHuMeHWA faBneHHA KN PeayKuM-
OHHBIA KNanaH.

OnuckiBaeMblid 306Ch KNanaH uMeeT PeAYKUMOHHBIR KnanaH
B KayecTBe YNpasBnAKILEro knanaHa. [peumyllecTeo npwu
3TOM 2aKMHO4YEETCA B TOM, YTO Macno B NWHWW YNpasneHuA
Teuer He NOCTCAHHO.

TpexnuvHelHelil perynaTop aasnenus (puc. 30} coctouT B
OCHOBHOM M3 2-X perynupyemsix anekTpomartintos (1) u

(2), kopnyca (3), ynpaenAtouwero nopwHa (4) n 2-x n3-
MEpPUTENBHBIX MOPLIHEN ANA U3MepeHuA aasneHna (5) n (6).

Perynupyembiit 3neKTPOMarHuT npeotpa3oseiBaeT 3NeKTPU-
YECKMIA CUrHAN B NPONOPUMOHANbBHYI0 CUNY, 3TO 3HAYUT, 4TO
NOBbILEHWE YNPaBNRIOWET0 TOKA YBeNWYNBaeT COOTBETCT-
Bylowwnn 06pasom cuny aneKTpoMarHnTa. YcraHoBneHHan
CUNa 3NEKTPOMErHWTa OCTABTCA NOCTOAHHOW BeNW4WMHBI BO
BPEMA BCEro X0Aa PerynuposaHun.

Korga anexTpomarHuThl He BYAYyT npuvBeAeHbl 8 AedCTBME,
KaK 310 uzobpaxkaercA Ha puc. 30, ynpaBnAULIWA NopLUeHb
(4) ypepskusaeTcA Npy>KUHaMW Ha cpeaHeit noauuwm. MNpu-
coegvHeHnAa A u B coeguMeHel ¢ npucoeguHeHem T, w
BCNeACcTBUE 3TOFO GHW HE HaxOBATCA Noa paeneduem. Mpu-
coeauHeHue P 3akpoito. Ecnu, Hanpumep, GyaeT BKNOYETL:
ca anexTpomarduut B (1), 7o cuna anekTpomarHuta aedicT-
BYET Yepes NopLieHs ANA uamepeHWA aasnedun {B) Ha ynpa-
BRAWLLWA nopwes (4) 1 cMmellaeT TaKoW NoplUeHs BNPaBgo.
Beneacteue aToro macno Tewet o7 P KA. MpwcoeguHeHue B
ocTaeTcA nonpexHemy coeauHexHsim ¢ T. [JlasneHue, BO3-
poswee B npucoesdHeHun A, 3apAxaeT AaBneHveM uepes
panuanLHoe CBERNEHOE OTBEPCTUE B YNPABNAOLWEM NopLIHe
(4) nopweHs anAa usmepesua pasneHunA (6) . BeiTexkaowan
oTcloaa cwna JaBNeHnA NPOTWBOAENCTBYET CUNne 3nexKTpo-
MarHuTa W CMellaeT ynpaenawolni noplwens (4) B Hanpa-
BNEHUUM 3aKPbIBAHWA, KOTAA MEXAY ABYMA cunamu Byaer
LOCTUraTLCA PAaBHOBECHE,

l'pa,cl:_mqecxoe ycnosHoe 0603Ha4YeHe.
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Puc.30:

TpexnuneliHeit nponopYUoHansHeil pezynaTop daenenus Tuna 3 DREPE, npumenaemMsill Kak ynpaenaowul Knanak
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MponopumnoHansHbie Knanakel, NPUGOPHAA TEXHUKA

WamepuTenbHbiil noplueds (6) onupaetcA Npu 3TOM Ha TON-
Karens anekTpomaruuta (2) .

CoeaureHue P — A npepbIBaeTcA, AaBneHne B pabouem npu-
coequHEHA A NOAAEPXUBAETCA NOCTORHHON BEMUYUHBI.
MoHWKeHWe 2NeKTPOMAarHUTHOM cvnbl NoBeaeT K 06pasoBa-
HWH W3BLITKA CWAbl A2BNEHWA Ha YNPaBnAOWEM NopLiHe
{4) . MosTomy NpovzoHAeT CMeWeHne TaKoro NOPWHA Bne-
BO.

Uepea coeAWHEHME MPWCOBAUHEHWA A — T MOXeT BbITe-
KaTh FMAPABIMYECKOE MACMO W COOTBETCTBYIOWMUM 06pa3om
NOHMMKATLCA AABNEHWE.

PagHOBECME CMN O3Ha4aeT B CBOI OYepeab ciabunuaauunto
AABNeHWA, HO Tenepe Ha 6onee HU3KOM YPOBHE. B nonoe-
HUW MOKOA — PerynupyemMbiil aneKTpOMarHnT obecToueH —
OTKPbITEl NpucoeavHeHuA A wnu B Kk T, 3T0 3HauuT, 410
Macno MOXeT BecnpenATCTBEHHO Teyb B Bak v B unu A By-
per Ges pasnenwA. OQHOBPEMEHHO NPEPbIBAETCA COeAUHE:
Hue P = A nnu P = B.

C nomMoLei0 YNPaBnAIOWEro KNAnaHa BUACW3IMEHREM Mbl,
TakuM 06pazom, AaeneHe B NPUCOEAUMHEHWAX A nnu B npo-
MOPLMOHANEHO SNEKTPUHECKOMY BXOAHOMY CUrHany.

Ecnu xamepsl {10) » {12) 6yayr Ges paeneHwA, T.e, Au B
YNpasnAloWero KnanaHa, To OCHOBHOW KnanaH (8) 6ynper
VAEDKMBATECA LEHTPUPYIOLLEH NPYXUHOM {9) B cpegHem
MONOMEHWU.

Tenept AasaiiTe pacCMOTPUM AelicTBue Ha OCHOBHOW nop-
LieHb.

Ecnu, HanpwmMep, cHoBa 6yaer so3byxAaaTecA aneKTpomar-
HWT B, TO ruapaBnnYeCcKOe Macno NocTynuT NUbo BHYTPU W3
icaHana P, nuBo cHapy»xn Yepes npucoeanHenne X nocpea-
CTBOM YNpasnalolWero KnanaHa 8 kamepy (10) . Tam Hapa-
CTET AaBreHwe NponopuvoHanbHO BXOAHOMY CuUrHany. Or-
ClOfa BbITEKANOWAA CUNA NABIIeHUA NepeasuraeT OCHOBHOM
nopiueds (8) k npysxunde (9) (pue. 33a) po Tex nop, noka
ycunue npy#uHbl U CMNa A3BNEHUA He YpaBHOBECATCA. Be-
AKMUMHA GABNEHUA B NMUHWA YNpaBneHuA ONpeaenAert, Takum
o6pazam, No3ULMIO NOPLUHA, BCneacTewe aToro ocsofoans-
weecA membBpaHoobpasHoe NonepevyHoe ceveHwe, a B pes3ynb-
TATE 3TOr0 KOMMYECTBO NPOTEKALLEN NAKOCTH.

KOHCTPYKTUBHOE MCMONHEHNE OCHOBHOrO 30M10THWAKE COOT
BETCTBYET WCMNONHEHWIO MPONOPUMOHANbHLIX pacnpeaen-
Tesnei NPAMOro AeRCTBUA.

Ecnu ByaeT BBOAWUTLCA B AGHCTBUE INEKTPOMArHUT A (2),
ycTaHasnueaeTcA 8 kamepe (12) aaeneHwe, cOOTBETCTBYHO-
uiee curHany. Takoe fasneHve nepemMeLlaeT OCHOBHOW NOp-
weHs {puc. 336) cHoea Kk npyxuHe (9) yepes xecTKo coe-
AuHeHHyto ¢ nopwHem Tary {13) .

MpykinHa (9) Beina NnpeaBapuTensHO HATAHYTAa MEKLY CBOW-
MW onopaMiK U Ge33asopHO NOAOrHaHa MeXAY KPbILKOn i1
KOpNycom.

MpumeHeHue opHOW NpPysUHbl ANA oBoux HaMNpagneHia
NOPLUHA 0BecneuneaeT B COMETAHWW C NOATOHKOW MpW oAu-
HAKOBOM CWrHane OOWHAKOBOE OTKNOHEHWE ANA Kamaoro
HanpasneHuA. Kpome TOro, NOABECKA OMOp NPYrKuHbl OT-
ANYaeTCA YPE3BLINAMHO MankIM FMCTEPe3UCoOM.

Ecnu 6yaeT pasrpyxaTbCA Kamepa nof, AaBNeHUEM, Npykn-
Ha ycTaHaBNWBaeT YNPaBNAOWMA NOPLIEHL B CpeHee nono-
HEHME. WNmewTecA BOIMOMKHOCTHM ANA NOABOAA ruapaesnuvec-
KOro macna (BHYTPW 1 CHapyskv ), a Takoke ANA OTBOAA M-
ApaBNUYECKOro Macna (BHYTPW W CHapysu), Kak n npw
“NepexnioYarWwMx” pacnpeaenuTenax HenpAMoro LencTBuA.
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Puc. 31: AponopyuoHansHbili pacnpedesiurens HeNpaAmMo20
delicreua Tuna 4 WRZ, nexTpoHtiKa ynpagneHsus

TpeGyemoe aaBneHvie ynpasnewnd COCTABMNAET  PSi mum.
306ap ¥ Psrmaxe. = 100 6ap.

MicTepeawic cocTagnAeT npumepHo 6%.
TouHoCTs NPY NOBTOPeHUM cocTasnAeT 3%.

Mpadmueckan xapakTepucTnKa nepexopgHoi diyHKLuuK Npr
CcKaYk0o6pPasHOM 3NEKTPUYECKOM BXOOHOM CUrHane NoKa-
3piBaET TaKXe 34ech, YTO YNPasNALIMA NOpLeHs Nepeme-
LIAETCA HA CBOK HOBYIO No3nuMo (puc. 32) 6es konebarni
€ BonbLWOoN aMnAnTYAoH. 3To O6BACHAETCR TEM, YTO LEHTPW-
pyIOULaA MpYyXkWHa Kpenkaa. Beneacrewe aToro He okasbiBa-
0T HUKAKOro BO3AEWCTBUA HAa NO3ULMIO MOPLWHA TAKKe K-
ApOAUHAMUYECKIE CHMbl,

 owenoume caruana 0 100%

\
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20 40 60 80100 O 20 40 60 80 100

| epewn tEmoex.

Puc.32: flepexoduan gyrKUUA NpU cKa4Ko0bpaIHOM
FNEKTPUNECKOM 8XOOHOM CU2HanNe



MponopuMoHansHeie Knanavsl, NpuBOPHAR TeXHHUKA

Puc.33: flponapyuoranskeili pacnpedenurens Henpamozo detcreus Tuna 4 WRZ ¢ 00HOCTOPOHHUM
" YeHTPUPOBAHUENM NPYHCUHBI "
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MponopuUcHaNbHBIE KNanaHel, NPUGOPHAnR TeXHNKA

B cBA3M C 3TUM CMEJYeT OTBETUTH Ha YacTO NOBTOPRIOLMIACA
BOMPOC:

“CnenyeT nW OTAaBaTk NpeanoYTEHWE NPONCPUKXOHANLHLIM
pacnpegenuTenam ¢ oDpaTHOW CEA3LI0O N0 NepeMelleHUID
NoOpLIHA NPY CPABHEHWA C APYrHMWA BUAAMW UCNONHEHWA i

CooTBeTCTRYET ASACTBWTENLHOCTW TO OBCTOATENLCTBO, YTO
BOCNPOM3BOANMOCTE MO3MLIMN GCHOBHOMO NOPLUHA MpW 3neK-
Tpuueckon 06paTHOW CBA3U NO NepemeLLeHno, NPy odnHa-
KOBOW TemnepaTtype macna, nexut B avanasode 0,01 mm.
YyuTblBaTh CREAVET, OAHAKO, TAKKE W TO, YTQ pasnnyHbie
Temneparypkl Macna (20...70°C), apeiicd oT uameHeHuA
TEMrMepaTypbl ABTYNKE MEpeMELEHUA U COeAMHUTENBLHOMO
PLIYBHKHOrD MEXaHU3Ma BbI30BYT UIMEHEHUA No3uumn nop-
WHA, KOTOPLIE NPy U3MepeHnu B naGoparopuu thupmel Man-
HecmanH PexcpoT coctasnanu 0,03 ... 0,04 mm, npn ofiiem
X0ge Ha NOpLUHE NPONOPUKOHAaNEHOTO pacnpeaenMTens TUNa
AWRE10 B8 4mm. BoecnpoussoAMMOCTL NPONOPUMCHENL-
HbIX PachpenenuTeneld HeNPAMOro AWCTEMA B Mporpamme
thupmbl ManHecmanH PeiepoT, Tunos 4 WRZ | nexuT B AWa-
nazore 0,06 ...0,07 mm. [peid ot nameHeHnA Temnepary-
pbi 30€ct OTCYTCTBYET, CYLIECTBYET HenocpeacTseHHan 06-
patHan ¢BA2b NpykuHel. OBLIMIA XOA NOAAETCA Pa3MEpoM B
5.5 MM,

XopoulaA BOCTIPOU3BOAMMOCTD Y KNanaHoB Tuna A4WRZ po-
cTmraeTcA, Gnarogapa BbICOKOMY KO3MNUUEHTY MKECTKO-
CTW CUNOBOW MPYXWUHbLI HA OCHOBHOM MNOPLUKE B CO4eTaHnn
C UEHTPUPOBaHNEM MPYXWHbLI C ManbiM TpeHuem {nonycte-
pa) — 6onbwne NEPECTEHOBOYHBIE YCHMANA MO OTHOLIEHUWIO
K BO3IMOHbLIM BO3MYLAICLLIMM BO3AENCTBUAM.

JnekTpuueckas o6paTHaR CBASL ANA NPONOPUMOHANBHBIX
pacnpenenvTenci NPAMOro AedcTenA ABNAETCA yenecoob-
pasHoin, MOCKOMLKY COOTHOLUEHWE MeXay BO3HUKaLWWMK
BO3MYLLAOWKMA BO3ACACTBUAMU W UMetoLLericA B pacnopA-
KEHUM 3NeKTPOMarHUTHOR cuNoli HeBLIrDAHOe (OTHOCKTENb-
HO Manaa 3NeKTPOMAarHWTHaA cuna no oTHOLIeHWe K BO3-
MYLLAIOWWM BOSAENCTBUAM ) .

Bonbluog 3HaueHWe ANA obecneveHwA xopolweid BOCMPOuU3-
BOAMMOCTH MpOLEcca YNPagneHA Kak ANA NponopLroHant:
HbIX pacnpeaenwuTencil NpAMOro AeAcTBWA, TakK W ANA Npo-
NOPUWOHANLHLIX pacnpeaenuTeneil HeMmpAMOro AEACTEWA,
8 nporpamme GpmMel PEKCpoT UMEoT TOYHO W3roTOBNEH-
Hble, Y3KOW (hOpMbI KaHaBKUW TPRYronbHOro NpodunA B y-
NpaBnAIOWKWX NOPLUHAX.

MexaHuuecK e TPEHWA, EbI3BaHHbLIE TRKKe W3-3a Hanu4yuA
YACTML, 3arpA3HEeHMA B Macne, OKaskIBaloT BO3AeHCTEME HA
BOCNPOU3IBOAUMOCTL TONMbKO TOrAa, KOrjaa OAVHAKOBOE 3a-
flaHHOe 3HaYeHWe AOSKHO YAepXWBATbCA AONroe BpemA —
athpexT 3acopeHun. MNpn GhICTPhIX W3MEHEHWAX 3agaHHOro
3HaYeHuA, KOTOpkIe B HaCcTORLWEe BpeMA ABNAKOTCA CTaM-
papTHeiv TpeboeaHuem, NPeAbABMAEMbIM MOYTH KO BCEM
yCTaHOBKAEM, BNMAHWE KO3(hGULNEHTa TPEHNA YDESBLIYERHO
He3HauuTeNsHoe. 3aTBOP KNanaHa yAepXKWUBAaeTCA NOCTOAH:
HO B COCTOAHWMW TPEHWA CKONBXEHWA.

Bo spems NpOBeeHUA ONepauuid No perynMpoBaHuio BaX:
HBIM ABNAETCA, YTOGLI MCMONHUTENBHBIWA BNOK, T.&., Nponop-
UMOHANLHKLIA pacnpenenuTens, Takww oBpazom, HapAAY ¢
XOpOLeid BOCTIPOUZBOAUMOCTEIO W HE3HAUMTENLHLIM FucTe-
pe3nCOM, OTIIMYANCH ellle XOpoLIei AMHAMWUKON. OaHaKo aTo
MOMET LOCTMIaThCA ¢ MNOMOLLBID NPONOPLWUOHANEHOMO INeK-
TPOMArHUTHOrO yNpaBNeHwA (MHAYKTHMBHOW 3nexkTpomar-
HWTHOM CUCTEMbI) C HEAOCTaTOYHbIM CoBepluieHcTBOM. [lo-
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Puc. 34 : fllponopyuonansHeiti pacnpedenurens npAMoz0o
dedieTaus 663 0OpaTHOU C8A3U NO NOMOMERUIC NOPLUHA
Tuna 4 WRA 10, sneKTposuKa ynpasnesus

Puc.35: MponaopyuoHansHeti pacnpedenuresis npAmMo2o
deticTguA ¢ 0GparHod CEA3LI0 NO NOMOIEH U0 NOPUIHA
runa 4 WRE 10, 3neKTpOHUKE yNpasnedus

Puc.36: fllponopyuoHansistid pacnpedenurens HenpAMozo
Qeticreus 6e3 06paTHOU C8A3U N0 NOMNONCEH IO NOPLUIHA
runa 4 WRZ 10, anexTpOHUKE ynpagieHus



MponopuunoHanbHbie KNaNaHb!, NPUBOPHAA TeXHWKa

3TOMY ANA TaKWX CNyYaee PEKOMeHAYETCA YNpaBneHve noc-
pefcTBOM CEPBOKNANaHos (ABWratens C PerynvpyemMoiv
BPALLUAIOWMM MOMeHTOM)  (cm. Ha pue. 37) . Perynuposoy-
HaA XapaKTepUCTMKA Y TAKWX YCTPOACTB ¢ 06paTHON CBAZLID
nyywe, ecnu BypeT NpeaycMaTpyMeaThCA CepeoynpasneHue.

MpenmMyLUeCTBO MNPONOPUMOHANEHBIX pacnpepenuTenes He-
NpAMOro AelcTenA BGes obpaTHOW CBA3M 3aKN4YaeTCA B
TOM, 4TO ¥ HUX Bonee NPoOCcTan KOHCTPYKUMA 1M HE3HAYWTENb-
Hble Pacxofdbl HA ANEKTPOHUKY, Hanpumep, oTrnagaeT Heob-
XOAMMOCTb B OTAENLHOW NpoKnaake kabena Npw aKpaHupo-

Puc. 37: Yersipexnuwelineti pezynupytoujull Knanan
HENpAMO20 GedcTeun ¢ 0GPaTHOL CEA3AI0 NO NONONEH U0
nopwsA Tuna 4 WRD 16, 3nextporuka ynpasnerus

BaHHONM WCMOMHEHWW NO3MUWOHHOro aatuuika. Beibop "vep-
Horo unw Benoro” peweHwAa — 33" wad "npoTUB” No Te-
me “oBpaTHan cBA3b N0 NONOXEHWH NOPLUHA HA NPONOPUKO-
HansHOM pacnpegenwrene” — ABNASTCA HEBLINONHWMbIM.
ToneKO B 3@BMCMMOCTM OT chyyas MpUMeHeHWA u ero Tpe-
GOBaHMIN MOXKHO HENTK Ny4llee peleHue.

B 3aknoyeHUe K OMNACAHWID NPONOPUMOHANBHLIX pacnpepe-
NUTENeR crneqyeT B BWAE pEe3toMe MNOAYEPKHYT WX camble
rnagHele ocobeHHOCTI:

1. KOHCTPYKUMA KaK Y 4YeTbipexnunHenHblX TPexno3uluoH-
HbIX pacnpefenuTeneil ¢ NpPY*uHHLIM UeHTPUPOBaHWEM
CpeAHero rnonoMeHna.

2. HesHauyuTensHanA YyBCTBUTENLHOCTL K 3arpASHEHMAM.

3. ¥YnpasneHvwe HanpasfeHWeM W pacxofomM 06beAUHAETCA
B ofHOM YcTpohcTee. [NnA BbINOAHEHWA NPOrpaMm He
TPeBYETCA HWKAKUX AOMONHUTENbHLIX pacnpeaenuTened
n Apocceneil ANA ABMKEHUA YCKOPEHHOrO W 3aMmenneH-
Horo xopoB. llepexodbl € OAHOW CKOPOCTW Ha APYTYHO
OCYLUECTBNAKTCA HE CKaYKkamu, a NNasHo,

4. OTHOCHMTENLHO ANMHHBLIE X0AbI NOPLUHA KaK WY MepeKnw-
YaLWUX pacnpegenurenen.

5. [oTpebuTent HenpepsiBHO HaxOLWUTCA NOA AABNEHWEM B
pezynbTare BO3AENCTBUA 2-X YNPABNAKLLAX KPOMOK Ha
snycKe U BeINyCcKe,

6. B coyeTaHMu ¢ INEKTPOHWKOM YNPaBNeHWA MOMXHO DUYeHb
MPOCTO W HAAEKHO Peanu30BaTe NPOUECCHI YCKOPEHWA U
3aMenneHuA.

e RN

C

e

Puc. 38: [fuazpanima “crOpOCTs - nepemelyerue”

A = YCKOpEHUWE UNK 3aMeflieHne
B = pasnuiHbeie CKOpOCTA
C = 0CTATOYHEA CKOPOCThL nepeq OCTAHOBOM

BpemA Ha yCKOpeHuWe W 3aMeaneHine NpegBapuTeNkHO Ba-
AAKTCA 3NEKTPOHMKOW ¥ HE 38BUCAT OT FMAPaBNMHECKNX
BO3AEUCTBMA ( BAIKOCTE Macna) .

. nOTpEﬁl‘IEHHE TOKE KaK W Y 3NeKTpoOMarHMToe nNocToAH-

HOrMo TOKa.



MponopumoHanktHbie Knanamel, npMBopHaA TEXHUKA

NPONOPUMOHATNBHLIE HAMOPHLIE KNAMAHBI

OHM cny>aT ANA 3NEeKTPUYECKON ANCTAHUMOHHOWA YGTaHOB-
KW REBNeHWA, Npw 3TOM MMEETCA BO3MOMKHOCTL AONOMNHU-
TensHO OKa3blBaTh BO3AENCTBYE 3NEKTPHYECKUM cnocobom
Ha MOBbIWEHUE ¥ NOHWKEHWe AABNEHUA BO BpemeHn. [lasrne-
HUe, TaKUM oBpasomM, MOMKET U3MEHATLCA € NOMOLLLID 3NeK-
TPMYECKON 3afAaHHON BENWYMHBI B COOTBETCTBUM C TpeboBa-
HUAMM NPOLECCA UK MOATOHATECA K TaKKM TpeboBaHWAM.

MponopuMcHaNLHLIA KNanaH ANA OrpaHnueHuA NasneHnA
NPAMOro AeAcTBUA

MponopuMoHansHbiil KnanaH ANA OrpaHWYeHnA aAaBneHuA
BbINOMHEH B BWOE CeAenbHOW KOHCTRYKUMn. OH cocTouT us
kopnyca (1), perynupyemoro anexTpomarHuta (2) ¢ wH-
AYKTUBHBIM AaTunkom Mepemellenua (3), ceana knanaHa
(4), koHycHoro 3aTeopa (5), @ TaK ke U2 NPYXUHbI CXHATUR
(8} (puc.41).

Perynupyemsiii 3NeKTPOMarHuT npeacrasnret coboid anek-
TROMarHWAT, PEryIMPYEMbIi No Nepemewternto. O 3ameHAeT
3[ECh AC HEKOTOPO CTENEHW pYYHYIO NEPECTAHOBKY Nocpea-
CTBOM pPErynupoBOYHOro wn1Hgens.

MpenesapuTenbHaa YCTaHOBKA 3aAdHHOMO 3HAYEHWA uvepe3
YCHNUTENL CNOCOBCTBYET BbINOMHEHUIO XOAA aneKTpomar-
HUTOM, NPONOPUMOHANBHOIO 33lAHHOMY 3HauYeHuln. Tak oM
ANeKTPOMarHUT NpeaBapuTensHO HAaTAMMBAET NPYXUHY CXKa-
TvA {6} nocpencTBOM ONOpLl NPYXMHbI (7) W Haxumaet
KOHUYECK WA 3aTBOp Ha ceano. [MosuuwA onopel NpyXUHb!
(T.e. AKOPA 3NEKTPOMArHWTa) , a BCNeACTBUE 3TOM0 KOCBEH-
HO YCTAHOBKA AABNEHUA, PErUCTPUPYETCA WHAYKTUBHBIM
NaTYAKOM MpemelleHMA 1 KOHTPONUPYETCA BMECTE C 3MeK-
TPOHWK O YNpaBneHA B KOHTYpPE MO3UUWOHHOTO Perynupo-
BaHWA. BO3HMKAIOWME OTKNOHEHWA Perynvpyemon Benuyu-
Hbl OT 33AaHHOFO 3HAYEHWA KOPPEKTUPYITCA CO CTOPOHbI
annapaTypsl NO perynuposaHuto. C NoMOoULLI0 TaKOro NpuH-
UMNa WCKMOYaeTCA 3nexTpomarHuTHoe TpeHuwe. OBecneun-
BABTCA YpPeIBbI4aiHO TOYHOE, BOCMPOM3BOAWMOE YGknue
NpeagapuTenbHON 3aTAMKM NPYXKWHBLI!  CUCTEPe3Huc < 1%
MAKCMMENbLHOro [JaBneHyMA HacTPOWMKKW, TOYHOCTL MPW Noe-
ropeHnn: < 0,5% makcuManbHOro A3aBNEHUR HacTPOUKW.

MakcumansHoe gaBneHne HacTPOWKK 3aBUCUT OT CTYNEHW
naeneHuA {25 6ap, 1806ap, 315 6ap) . PasnuuHele cTyneHn
OOCTUrATCH MOCPEACTBOM OTNUNAIOWMXCA APYr OT Apyra
Ceden KnanaHvoe, T.e., OHW QOCTUralITCA B pesynbTaTte pas-
NUYHBIX NoNepeYHbix ceveruin cefen. MNockonbKy cuna anexk-
TPOMarH1MTa OCTaeTCA OAMHAKOBOW BENWYMHLI, HAaNBbLICLIEA
CTYMNEHL SaBNEHWA UMEET HaMMeHbLUee NonepeyHoe ceveHue
ceana.

Ha rpathuyeckoil xapaKTepucTHKE B KavyecTsa npumepa AnA
cTyneHw aasneHuA B 256ap MOXHO YCTAHOBWUTL, YTO MAKC.
faBneHWe HACTPOMKIW 3aBUCHT eLLLe ¥ OT pacxoaa.

Mpu 3agaHHoin BnewunHe “07, Npu nepepeise B cHabXeHun
3NEKTPO3HEPTUEH [NA PErynupyemoro 3neKTpomMarHnTa
uwnyu npv nonomxe KabenAa Ha AATYNKE NepemMelleHUA yoTa-
HAaBNMBAETCA CaMOe HU3KOe JasneHue HacTpoiku. (JTo 3a-
BUCWT OT CTYNEHU [aBNEHUA W Pacxopaa.) .
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Puc.39: Mponopyuoxansisil Knanax 008 02paH useH ua
dasnenus npamozo delcraun Tuna DBETR, younureas
runa VT 5003
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 Kpwsen 12 pacxoa = 2n/mun.
Kpusan 24 pacxoa = 4 n/mus.

 Kpusan 3~ pacxon = 6n/mun.

 Kpveaa 4 » pacxoa =

: Kpﬁalain:&-gpa'e-%o =

Puc. 40: Jaanerue HacTpolKu e 338uUCUMOCTY OT HaNpA-
WEHUA 3a0aHHO20 IHaYeH UA



MponopunoHanbHbie KnanaHsel, npubopHan TexHuka

Puc. 41: [MponcpuyucHansHbil knanan 0na Ozpanusenun dasneHus npAamMoze delicTeun Tuna DBETR ¢ no3uyuoHHbiM pezyiiu-
poeGaruen npedaapuTensHol 3aTANCKY NPYICUHbL!

B cBA3M C 3TUM CrieayeT elle YyNnoMAHYTh NpyxuHy (8) . Oxa
rpeaHasHaYaeTcA ANA Toro, Ytobel Npu curHane "0” Takwue
ABWXKYLLKECA AeTanW, Kak, HanpyMep, AKOpL, CMOrnM oTo-
ABMraTsCA Hasag AnaA Toro, utobbi 4OCTUraTh BCEraa camoro
HU3KOTO Py, - ECNM KNanaH 6yaeT BCTPOeH BEpPTUKAanNbLHO,
TO OH BYAET CNY>KUTL, KPOME TOro, ANA KOMNEeHcalMi4 mac-
Chl AKOPA.
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MNMponopunoHansHbie KnanaHel , NPUGOPHAA TEXHUKE

MNponopunoHanbHbIA Knanaw paA
OrpaHMueHVUA QABNEHWA HenpPAMOTO eHCTBUA

[nA GONbLUIEro KONWYECTBA MPOTEKaOWen KUAKOCTH Apu-
MEHAIOTCA KanaHbl HENpAMOro AeVCTBUA.

KnanaH cocTouT u3 ynpaenaniero knanada (1) c perynupy-
eMbim aneKTpomarHuTom (2}, no BeiGOPY € NpeAOXpainTenb-
HEIM YCTPOMCTBOM OT MakcHMMansHoro AasneHun {3}, n ua
rnagHoro knanava (4) ¢ ocroBHeIM nopwHem (5) (puc. 44).

OcHoBHasA MyHKUMWA LaHHOrO KnanaHa cooTBeTCTBYET “HOp-
MansHOW” yHKYWW KnanaHa ANA Or paHnveHWA RaBneHnA
HENPAMOro AeicTBWA. Pa3HULA 3aKNOYAETCA B Hanuyn 6no-
Ka nNpeaBapuTensHoro perynuposaHuA. [IpyxuHa ckatum
3aMEHASTCR PEryNUPYeMbIM 3neKTpomarHutom. 3To pery-
AMpyeMbiil  3NeKTPOMArHWT ¢ “PerynnposKoi no cune”.
OnpeneneHHoi cune Toka, NPeABapUTENLHO 33AaHHON Yepes
3NeKTPOHUIKY YNPaBneHnA, COOTBETCTRYET, TaKUM 0bpazom,
MPOMOPUUMOHANEHAA CUNA Ha KOHYCT KacKaaa YNpasneHuA (6).
Boriee BeicOKWit TOK Ha BXOAE cOABACTBYET 06pPa3aBaHMo
BonblUeH CUNbl SNeKTROMarHMTa, a BCnejcTBUe 3TOr0 O3Ha-
yaeT Boree BLICOKYIO YCTAHOBKY AasneHuA; Honee HU3IKui
TOK Ha BXoAe BneueT 3a coBod Bonee HUIKYHK YCTAHOBKY
paenedun, MNMonyvaemoe oT cucrems! fasneHue {npucoean-
HeHue A) oKa3sbiBaeT BO3ASiCTBUE HA OCHOBHOW MOpLUEHb
(5). OpHoBpEMEHHO CO3[AETCA B CUCTeME AABNeHWe Yepes
nuHmo ynpasnedua {10}, npeaycMOTpeHHYO ¢ connamMu (7,
8, 9), ¢ Harpy>eHHOWN NPYXHWHOW CTOPOHL) OCHOBHOIO NOp-
wra (11) . Yepes conno (12) Takoe nasnerme cucTeMbl OKa-
3pIBAET BO3AGKCTEME HA KOHYC ynpaenAiollero kackana (6),
NPOTUBOABHCTBYA MPW 3TOM CHNE PErYNWPYEMOro IneKTpo-
marHmTa (2) . Ecnv cuTeMHOe gasneHue NpesbiLIAeT 3anaH-
HYI0 B COOTBETCTEWW C CUNOI 3NeKTPOMArHUuTa BENUYHHY, TO
Torga OTKPpbIBaeTCA KOHYC YNpaBnAiolero Kackajaa (6).
TvuapaBnMYecKoe Macyio MOXET Terneps Teys 4Yepes npucoe-
avrerne Y (13) «k Baky. Cneayer cneauTb 3a Tem, 4TobuI
3TG NpOBOAWUNOCHE Beerna 6e3 AaBneHnA,

BeneacTene KOMBUHALWA COMI B NUHWA YNPaBneHWA BO3HNU-
KaeT Tenepb NEpenaa AasneHuil Ha OCHOBHOM nopluHe (6} .
Takol nopleHs NPUNoOAHUMAETCA € CEANa U OTKPbIBaeT coe-
anHeHwe mexxay A v B (Hacoc = Bak) .

JAnA nNpefoXpaHeHWA CUCTEMbI MPOTUE HEAONYCTUMO BbICO-
KMX TOKOB HA perynwpyemom snexTpomarHute (2), Kovo-
pble B NPWHYAUTENEHOM MOpPAAKE Bbi3LIBADT obpa3zoBaHune
BLICOKMX AABNEHWA, MOXKET MO KENaHWi AONONHUTENLHO
BCTPaNBaThCA Har PYKEHHbLIA NPYXWHOW KNanaH AnA or paHi-
YeHWR NABNEHWA B KEYECTBE MNPEAOXPAHUTENBHOIO YCTROW-
cTBa OT MakcumansHero aasnedun (3) . Takoh knanas mo-
WeT OAHOBPEMEHHO B3ATL Ha cebA (yHKUWIO NO Npejoxpa-
HeHio Hacoca,

Mpu ycTaHoBKE AABNEHWA Ha NPEAOXPaHUTENBHOM OT MaKCK-
MENBHOrO AasneHus ycTponcTee (3) cneayeT yywTbiBaTk
PacGTOAHNE HACTPOAKW K MAaKC. YCTaHOBKe QaBneHuA AnA
TOro, 4To6slI Takoe ycTpoicTeo cpabathiBano AeHCTBUTENb-
HO TOMNBKO MPW NMKAX AaBNeHWA.

Takoe paccTOAHUE AOMKHO COCTOBNATL, KakK OPMEHTUPOBOY-
Hoe 3HaveHne, okono 10% makc. paboyero AaBngeHwA.

K npumepy;

makc. paboyee gaBneHWe NOCPEACTEOM 3/1IEKTROHWKK ynpa-
BreHud = 100 6ap, ycTaHOBKA NPEAOXPaHUTENBHOTO YCTPOH:
¢TBa oT MaKcumaneHoro gasnedur = 110 6ap.

PaznuuHbie cTyneHu aasnedus (K npumepy sgecs: 50, 100,
200, 3156ap) AocTurawTcA CHOBAa MOCPEAGTBOM pPasnny-
HbiX Nonepe4Hkix ceveHuwit ceana. Hapaay ¢ 0bbiuHbIMK Fpa-
chuueckumn xapakTepucTukamu “Pabouee AaBneHve B 33BU-
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cUMOCTH oT pacxoaa” U ' Camoe HM3KOe AaBNneHe HacTPoR-
KW B 3aBUCUMOCTIA OT pacxoga”, BaxHYH pOnb WMrpaeT eule
B3aUMOAECTBME MEXKAY BXOAHBIM AaBrneHWem v noTpebne-
HWEM TOKa.

B kauecTBe npumMepa nonaeTcA rpadmuecKan xapaKTepucT-
Ka anA crynedu gasnednA g 200 6ap. MaxcumaneHoe nasne-
HKE OAHOW CTYMEHK AaBNEHWA AOCTUIaETCA BCErAa Npy maic.
toxe B 800 ma. Ha npakTuke 310 03HauaeT, 4To BbibupaeTcA
TonbKo Tpebyeman cTyneHs faBneHuwA, a He Gonee BbICOKaA,
anA Toro, yrobel obecneywsanack NO MEpPe BO3IMOXNHOCTH
HawAyuLLasd pa3peLlanllan cnocobHoCT.,

[paiii AEMOHCTRPUPYET TaKke HarNAZHO, YTO BonbLWKWA ru-
cTepesnc BO3HMWKAEET BCEraa Torga, Korga GV}J.ET NpUMEBHATLCA
ApYroe aneKTpuYeckoe ynpaenenue, Hanpumep, He VT 2000
Be3 Nynscauum.

MocpeacTBOM AGHHOMO KNanaHa MoryT QOCTUIaTEGA CNeayto-
Wue napamMeTpel:

TNMuHeitHaa 2aBucKM. “ Tok — BxoaHoe naenenwe”: *3,5%

TOYHOCTE HA NOBTOPEHKE: <L+ 2%
Mwerepesuc: +15%
PeoMeHayeman TOHKOCTL hunbTpaumn: = 10 MK
(HanopHLI# dMNLTP B NOLBOAALLEN NUHMN)
e CTYMNEHb
'@ 160 |- pasnexHvA —
o w | 2006ap | -
0 ;'-": 140 - : H 1 /,
Z 120 = : |
-'.-:3._'109;' — rucrepesue /;‘ =
R Ges nynbcaum .
2 80 ‘ VI U _i_gnncwpeanc i
8 o [ ynkcaumen
= | 30Ha HEYYBCTBM-,
8 80| renpHocTu T |
i s el
8 a0 /H
20 A
PR _
- 0 100 200 300 400 500 600 700 800_
. noTpe6nenve Toka (ma)

Puc. 42 : 3asucumocTs 6x00H020 dagneHud or noTpebile-
HUA TOKa

Puc. 43 : fiponopuuenanskslli KA3anad A 02paHuYenus
dasnerua HenpAMOozo delcteus Tuna DBE, 3neKTpOHUKE
ynpaeneHus




MNponopumoHansHbie KNanaHb!, NpuGOpHAaA TexHWKa
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Puc.44: fponopyuonansisit Knanar 0 0zpanuden us 0aesienus HeNpAM0o2o elcTaus ¢ NPeGOXPaHUTENbHbIM YCTPOUCT8OM
OT MarKcumMansHo20 daeneria Tuna DBEM
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| 6es NpPeAoOXpaHUTENBHONO ¢ NPEAOXPAHUTENBHLIM
| YCTPOWCTBA OT MAKC. YGTPOWCTEBOM OT MaKe.
‘ AasneHxA o : nagnedua =
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MNMponopunoHanbHbie KNanadel, NpUGOpPHaA TeXHMKAa

MponopuMoHansHbIM PEAYKUNOHBIA KnanaH
HenpAMoro peicTeuA Tuna DRE

Cuna aneKTpOMarHuTa, Kak W Npu BkILEONUCaHHOM Knana-
He ONA OrpaHuYeHUA AIBNEHUA, OKa3biBaeT HENOCPeACTBEH-
HO BO3AEHMCTBMWE HA YNPaBNAOLWWMA KOHYC.

YcTaHOBKA AABNeHWA B KaHane A Npow3BOAUTCA B 3aBWCH-
MOCTI OT TOKAa C NOMOLLIO PeryNApYeMoro 3nNeKTpoMarHu-
Ta(2).

Ha noauuun NoKoA — 3apaHHoe 3HadYeHue "0" (oTcyTcTBY-
T AaBNeHue unu pacxoa Y B) — yaepxueaet npyxuuHa (10)
BCTaBKY OCHOBHOIO MOPLUHA Ha ee MCXOAHON nosuuyuw. Coe-
OWHEHME MeEemAY B wu A 3dKPbITO. BCBB.EI.CTEIHE aroroc noga-
BIAETCA CKAY0OK B MOMEHT TpOraHuwA.

JaBneHue B KaHane A 0OKa3LIBaeT BO3JeHCTBME 4epes fu-
HUMIO YrpaeneHuA (6) Ha nosepxHocTs (7) OcHOBHOro nop-
wHA. OT KaHana B seger kaHan ynpasnexvA (8} uepes oc-
HOBHOW MOPLUEHb K PerynATopy manoro notexa (9) . Pery-
NATOP Manoro notoka (9) noaaepKUBAEET NOTOK YNpPaBnAo-
LWero mMacna NocTORHHOW BenuyMHbLl He3aBWCcUMO OT Nepena-
0a aagneHuin mexay kananamun A u B. Ot perynatopa mano-
ro notoka (9) norTok ynpasnAKLWErc macna noctynaet B
NonocTe YCTAaHOBKK npyxuHbl (10) u Yepes ceepneHsie or-
gepctuA (11) n (12} nocpepcrsom cegna knanawna (13) ue-
pez nunmwo Y (14, 15, 16) B Bak.
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MponopunoHanbHble KnanaHbl, npubopHan TexHnka

WenaeMoe 3Ha4YeHe AaBMEHMA B KaHane A npeABapuTenbHO
3afaeTcA Ha COOTBETCTBYHOLWEM ycunutene. Perynupyembiid
3NEKTPOMAErHWT HaXXUMaeT KOHYCHbIR 3aTBOp KnanaHa (20)
K cenny knanaHa ( 13) v orpaHnurBaeT gasneHKe B NONOCTU
ycTaHoBkW npyskubl (10) A0 YCTaHOBNEHHOW BenuunHb:.
Ecnu gaenenue B kaHane A Byper Huxe, YeM NpeaBapuTens-
HO 3afaHHOe 3HaueHue, To Gonee BbiCOKOe faBneHwe B No-
NOCTH YCTaHOBKW npyskutbl (10) nepeasuraeT OCHOBHOM
nopilueHs Bnpaso. CoeanHerne oT kanana B kK A oTKpbiBa-
EeTCAH.

Ecnn B A 6ygeT AOCTUrHYTO yCcTaHOBNEHHOE AasneHve, 70
Ha OCHOBHOM nopiiHe GyaeT npeobnagate paeHoBecwe cvn.

aasnedme B A+ nnowags nopwHa (7) =

JaBneHye B NONOCTH YCTAHOBKHK NMpywuHbl (10) +
younue NPYHuHb)

Ecnw paeneHue B A MOBLICATCA, TO NOpLUEHL CMeLLAeTCA
BNEBO B HANPaBNeHWW 3aKpbiBaHuA B K A.

Ecnn B cTOA4Yem cronbe mMacna (Hanpumep, UMnuHAP Ha yno-
pe) notpeByercA NoHM3WTe AaBneHue B A, TO Ha 334310WEM
NOTEHLUOMETPE COOTBETCTBYIOLLErQ YCunuTena Ccneayert
npeaBapuTenbHO YCTAHOBWTL AaBneHwe, koTtopoe Gea npo-
MEANEHns BYAET B HANUYMK B NONOCTH YCTAHOBK W NPY>KHUHbI
(10) . Gonee ssicoKoe pasnenve B A Ha nosepxHoctu (7)
OCHOBHOFO NOPLUHA NPWKUMaeT OCHOBHOW MOPLUEHL K pe3b-
Goson sarnywke ( 18) Ha ynope.

CoeavHenve mexkay A v B 3aKpeITo, @ COgAnHEHME Mexay A
U Y oTKpbITo. Younue npyxuiel (17) okaseisaer 803AeHCT-
BWE HA FUAPABAMYBCKYIO cUny Ha noeepxHocTw (7) ocHOB-
Horo noplHa. Ha Takoil No3uuuKn OCHOBHOIO MOPLIHA Ha-
NOPHAR KUAKOCTh MOXKET MOCTYNaTh W3 KaHana A 4Yepe3 yn-
paBhalwWwy kKpomky (19) kK Y B Bax.

Ecnu pasnedve g A NOHW3UTCA 40 A8BSIEHWA B NOMNoCcTH yc-
TAHOBKW MPyXuHbl + AP W3 NPYXWHbI, 3aKPbIBAET OCHOB-
HOW MopLLUEHb Ha yNpaBneAtolled kpomke A k Y Gonbline
yrpasnAioWKre OTBEPCTAA BO BTYNKE,

QcTaTouHaA pasHOCTs AaBneHuwid okono 106ap K HoBOMY
3a]aHHOMYy AABNEHMI0 B A Pasrpy’kaeTcA TONBKO eule Ye-
pe3 TOHKOe ynpasnAloulee OTBepcTre {22) . Bnaroaapn aTo-
MY AOCTWraeTCA XOPOLWaR NepexofHan Xapak TepucTuia Ges
cybBrapmoHnteckux KonebaHuiA RaBneHuA.

AnA cBoBOAHOr0 0BPaTHONO TEYEHWA K3 KaHana A Kk B mox-
HO MO »enamuo BcTpouTs obpatHeid knanad (5). OpHa
yacTb NOTOKAE Macna u3 KadHana A TeuyeT npu 3TOM 0JAHO-
BPEMEHHO Yepe3 OTKPhITY YNPEBARIOWYID KPOMKY {19)
OCHOBHOTO NOPLHA 0T A nocpeacTeom Y K Baky.

Puc. 46: lMponopuuoransHsid pedy K YUOHHLIT KNanawH
Henpamozo deticreun Tuna DREM 20, snexTporuKa
yhpaeneHus

Tun DREM

AnA ruApaBnuYecKoro npeaoxpaHeHWA OT HeAcnycTumo
BbhICOKOrNrQo 3INexKTpUYecKoro YNpaenAowWwero ToKa Ha pery-
ﬂpr’-&MOM anexrpomarﬂme, KOTOFI]:H:! Bbi3biBAET B NpU-
HYOAWTENBHOM NOpRAAKE Ha npucoeanHeHIn A BbiCOKMKE Aa-
BREHUA, MONET BCTPaUMBaTLCA MO KEeNaHWIo Har pyXeHHsIA
NPYXAHOW KNanad ANA OrpaHWMMEHWA MAKCcWManLHoro Aa-
snewmn (21) .

YKazauwe: Ecnu HanopHaA »WMAKOCTb TeueT 06paTHO 4epes
oBpaTHeiin KnanaH (5) u3 xavana A B Kanan B, oaHoBpe-
MEHHBIA napanneneHbll NoToKk 4epes Y B 6Gak oxasbisaer
BOZAEMCTBME Ha NPOLECC TOPMOXEeHWA NoTpeBuTenA Ha A,
korga B kaHane B TopMoOkeHue NPONIBCAUTCA C NOMOLLBH
apoccenA (HanpuMep, € NOMOLLBIO NPONOPUMOHANLHONO pac-
npegeniTena) .

[inA orpaHuyeHVA gaBneHnA B kaHane A TpeTwi NyTe AKY
ABNAERTCA HENPUIrOAHbIM.
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Puc.47: [Mpaduveckoe ycrosroe obo3rHaverue
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MponopunoHanbHble Knanakbl, NpuGopHan TexHuKa

MNponopunoHansHbii peoyKUMOHHEIA KNanaH
Henpamoro aedcTenA Tuna DRE30

YeTaHOBKA AAaBNeHWA B KaHane A NpoW3BoOAWTCA B 3aBMCK-
MOCTHK OT TOKAE NOMOLLLH Perynupyemoro afexTpomMarHuTa.

Ha nosnumn NoKoA — OTCYTCTBYET AaBreHvie B KaHane B —
OTKpbITa BCTaBKa OCHOBHOro nopuwHA (4} ws kaHanaB e
KaHan A,

[asnenve B8 KaHane A OKa3blBEET BO3ABWCTEBME HA HUKHICKD
CTOPOHY OCHOBHOrO MOPLWHA B HaNpaBneHwu 3aKpbiBaHUA,
a gaeneHve YNpaenAwLLero KnanaHa — Ha CTOpPOHY Npyu-
Hbl OCHOBHOrO NOPLILHA B HANPaBneHW OTKPLIBAHWA U3 Ka-
HanaBe A.

Ynpasnawulee mMacno oTBupaeTcA M3 Kanana B w Tever ue-
pes ceepneHoe oTeBepctue (6), perynaTop NOCTOAHHOrO No-
toka (9), ceepneHoe oTBepctue (7), ceano knanawa (10)
Ha KOHYCHOM 3aTBope KfanaHa (8) w yepes kanan Y 8 Gak.
B 2aBMCUMOCTI OT 3NEKTPUYECKOrO 3aaHHOT0 3Ha4YeHWA Ha
perynvpyemom 3anekTpomarkute (2) ycTaHaBnMBaeTcA Ha
ynpaenaAlwem Knanade { 1) paeneHue, KOTOpoe OKadbigaeT
BO3AeHCTBUE Ha CTOPOHY MPYXWHbLI GCHOBHOrO NopiuHA. Ha
no3uLMK perynupoBaHMA OCHOBHCOTO nopwHA (4) wmacno
nocTynaet M3 kaHana B 8 A Takum oBpasom, 4T0bbI faBne-
Hve B KaHane A (ycTaHOBKa YynpasnAolWero knanada +
NPY>XUHbI OCHOBHOTO MOPLUHA ) He NPeBbILWanocs.

Ecnv notpebuTens HE BYAET ABMraThCA Ha NpucoednHEHWI
A (Hanpumep, NOplUeHL YANUHAPA Ha yNope) W ANA KaHana
A nocpepcTEOM perynapyemoro aneKtpomarHuta (2} 6y-

OeT YCTaHOBMNEHO HW3KOE [aBMeHve, 3aKpblBaeT OCHOBHOWM
nopuieHb (4) coepvHeHvie u3 kaHana B 8 A ¥ OTKpbIBaeT
04HOBpEMEHHO CoefWHEHWe U3 KaHana A B NONocTs yCTaHoB-
KW MNpymHb ocHoBHOro nopwHA (4) . B aTom nonoxeHuu
MOMeT PazrpyxathcA obbem CKaTwA B Kadane A uepes yn-
pagnAoWwiA knanad (1) v npucoeanHexue Y.

[nA ceoBoaHoro o6paTHOrO TeYeHUA 13 Kavana A B B mox-
HO BCTPaWBaTh NO }enaHuo oBpaTHeIi Knanad {11) .

Puc. 48 : [Tponopuuonansrsil pedy KYuOHHbLI Knanax HehpR-
mozo deticteus Tuna DRE 30, anexkTporuKa ynpasnenusn
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MponopunoHanbHbie Knanawel , npubopHan TexHHKa

APONOPLUOHANBLHLIE PEFYNATOPLI MOTOKA

JByxnuHeAHpIA NPONOPUNOHANBHLIA PErynATOP NOTOKA C
NORKNOYEHHBIM KNanaHoM NOCTORHHOW pasHOoCTH AABNeHWA

{ave)

JByxnuHelHs1id NPONOPUMOHANEHLIA PEryNATOp NOTOKE MO-
WeT perynupoeate 3afaHHbIi CO CTOPOHBLI INEKTPUYECKOrD
3aAaHHOrO 3HaYeHWA NOTOK Macna NpeMmyLUecTBEHHO B 3a-
BHCMMOCTM OT AaBneHuA W Temnepatypel. K cambim Bax-
HbIM AETANAM KOHCTPYK UMW oTHOcATeA: Kkopnyc (1), pery-
NPYeMBIA 3MEKTPOMArHuT € MHAYKTYBHBIM AaTHUKOM fe-
pemetitedmna (2), usmeputencHaa anadiparma (3), knana
NOCTOAHHOW pa3HOCTW jgaeneHwid (4), a Takke oBpaTHBIA
knanad (5) , MOHTaX KOTOPOrC NPOM3BOANTCA MO KeNaHuHo.

YcTaHoBKa NOTOKa Macna onpejenfeTca ¢ NMOMOLLI 38AaH-
HOro Napamerpa 3NeKTPUMECKOrO CUrHana | 3aaaHHoe 3Have-
Hre) HA noTeHuuomeTpe. Takoe NPeABAPUTENBHO 3HA4EHWE
BbipabaThiBAET Yepe3 aNeK TPOHUKY ynpasneHus (Hanpumep,
yeunutens Tuna VT 5010) cooteetcreyrolwmid ToK, a Berea-
CTEME 3TOF0 NPONOpPUXOHankHLIH NOALEM HA PErYNDYEMOM
INeKTPOMArHUTe (3NeKTPOMAarHuT, Perynupyemeld no no-
nvemy) . B cooTBercTBMM ¢ 3TUM NepeaBUraeTcA M3Mepu-
TeneHaA awadparma (3) BHW3 1 ocBoBoXaaeT NpoxoaHoe
ceveHue. MNo3numnA waMepuTenbHOW Anadparmel 30HAUPYET-
CA WHOYKTUBHLIM OaTYMKOM nepemeiteHuA. Vmerowmech
B HanW4yuW OTKIIOHEHWA OT 33[aHHOT0 3HaYeHUA KOPPeKTH-
PYIOTCA NOGPEAGTBOM pErynupoBKW. KnanaH nocTORHHONA
pasHOCTH A@BMeHWi MOoJAEMKMBaeT nepenag AaBNeHWid Ha
MIMepUTEnsLHOW Auathparme BCErfa NOCTOAHHOW BeNUYUHEI,
BecnepctBue 3TOro NOTOK MECNa HE 3aBWMCUT OT Harpysku.
YpoBHaA KOHCTPYKLUWA W3MepUTenbHOR auadparmsl obec-
NeYMBaeT HE3HAYUTENbHEIH TEMMERATYpHLIN Apefd.

Mpu 3apaHHom 3HayeHmn 0% uamepuTensHan Anadparma

Puc. 50: HeyxauHeldnsill nponopyuoHansHbit pe2ynarop
noroka Tuna 2FREG, anexKTpoHuKa ynpaanesus

sakpeiTa. pu nepepbiBe B CHaGXEHUM INEKTPO3HEPTWen
wnu nonomie kabena Ha AaTYMKE NEPEMELLEHWA 3aKpbiBa-
eTCA M3MepWTENsHAR auadiparma.

HaunHaAa c 3apaHHoro 3HayeHuWA B 0%, BO3MOXeH nMyck B
xop 6e3 ckaukos. MNocpeacteoM 2-X NYTeBbiX KOHTAKTHLIX
WKH B 3NeKTDUYBCKOM YCUNUTENe MOMET U3MepuTensHan
Avathparma OTKPLIBATLCA MAKW 33K PbIBATHCA € 3aMEANEHWEM.

Yepez obpaTHeiit Knanad {5) BoamoxHo oBpatHoe TedeHue
ns BeA.

Puc.51: (TponopuuoHanbHeid peynarop noToxa
runa 2FREG
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MponopunoHanbHble KNananbl, npuGopHan TeXHWKa
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McnonHesue ¢ BHELUHWM 3aNWPAHMEM KNanaHa NOCTOAHHOM
Pa3HOCTH AaBneHni

Beoa B AeHCTBME, 8 TAKKe OCHOBHAA hyHKUMA, TaKoro Kna-
naHa COOTBeTCTBYIOT ViKe ONUCAHHOMY BbilLe ABYXNWUHEAHO-
MY NpOMNOPUMOHANEHOMY DEFyNATOpY noToka. fAonontu-
TenkHO, 0fiHaKo, NpeAyYCMaTpVBAETCA ANA NOAABNEHWA CKay-
Ka B MOMEHT TPOraHMA NpY OTKPLITOR WEMepuTenkHOW ava-
thparme (3) (zagaHHoe 3HaveHue Gonewe “0") zanupaHue
KNanaHa NOCTOAHHOW pasHocTy aasneHuid (4] nocpeAcTBOM
npucoeauHedua P (6) (pue. 52). BHyTpeHHee coeluHeHwue
{7) mexay npucoeawHeHvem A 1 geficTBYOWENA NOBEPX-
HOCTBIO KMianaHa NOCTOAHHOW pasHocTw aasnenwd (4) 3ak-
pbiTo. BmecTo 3TOro AedcTBYET Yepes BHeLUHee Npucosau-
HeHue P (6) maenedue B P nepen pacnpepenutenem (8) (cm.
npyMMep MepeKnioYeHnA ) Ha KnanaH NocTOAHHOW pa3HOCTH
gasneHwii (4) v yaepkueaer ero, NPOTWBOAEWHCTBYA Yycu-
nvio npysuHel (9) , Ha noawumm 3akpeiTuA. Ecnu pacnpeane-

Puc. 52: BHewHOe 3a1upastie KKitanasa NOCTOARKHOU pasHocTy dasneHud

nutens (8) Byaer BKNOYATLCA Ha NEBYHD NO3VUMIO NEPEKNIO-
yeHwnA (coeguHede P -+ B), 70 KnanaH NOCTOAHHON Pa3HOCTH
nasneaunia (4) torga ByaeT nepenBUraTeCA C 3aKPLITOW MO3K-
UMM HA NO3MUWIo perynuposaduA. Beneacteue atoro npe-
AOTBPALLEETCA BO3MOXHOCTE CKaYKa B MOMEHT TPOraHuA.
MocpeacTBOM NPUMEHEHMA Pa3NUYHBIX M3MEPHUTENbHBIX AMa-
thparm MOryT AOCTUraTeCA NpPM 3agaHHoM 3HaveHun B 100%
pPa3anuuHeie Makc. MOTOKW. XapakTepucTuyecKue Kpuesle
Ha pue. 53 HarnAQHO AEMOHCTPUPYIOT TAKWE BapuaHTbl.

Mpu COOTBETCTBYIOWLEM WCAONHEHWK NOMNEPEeYHOTO CeYeHuR
AnathparmMel AOCTUTaeTCA TakiKe AManasoH TOHKOW perynu-
pPOBKW, Hanpumep, Ao 2 n/mun. (puc. 54). InexTpuveckoe
3afaHHOe 3Ha4eHue MoxeT nobeim 06pasom NNaBHO Bapbl-
poeate mexay 0 u Makc. BenudnMHOW. YacToTHaA XapakTepu-
cTuika (OBLACHEHUA K NOHATUIO " 4acTOTHAA XapaKTepucTi-
Kka" cm.B pazgene " Beegerne B TEXHUKY cepBoKnanaHoB”. )
AEMOHCTPMPYET CKOPOCTh AENCTBWA Knanava (puc. 55).

perynuposakue notoka (A = B)
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Puc. 53: 3asucumocTs paxoda OT HANPAMEHUA 330aHH020
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Puc. 54 : 3asucumocTs pacxoda OT HanpAMeHUs 3a0aHHo2o
FHAYEHUS NPU KNaNaHax ¢ Npo2peccusHol XapaKTepucTuKor
U CKaYKoM YCKODEHHO20 Xoda



MponopunoHaneskbie KnanaHsl, NPpMGopHaA TexHuka
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Puc.55: YacrotHam XapaKTepueTuKa

deyxnuHeAHbIA NpONopUKHOHANLHLIA PEryNATOP NOTOKAE ¢
I'lpen.BKHIGMEHHHM KnanaHom nocroanuoﬁ PasHoCcTH gaene-
wui (AY 101 16)

JNaHHbIA BWA KOHCTPYKLWK KnanaHa ynoMWUHaeTCR IWllb
ewle ANA WcHepnaHHocT wanaxerua, OgHako He "Toneko"”
M3-33 TOTO, 4TO TAKOM KNanaH He UrpaeT cyLUecTBeHHONH po-
M, a NOTOMY, YTO 3MeKTpudyeckoe npeobpasoBaHne CUrHa-
NOB WM FWAPaBNUYECKAnA 4YacTb, COOCTEEHHO rOBOpPA, BCEM
AEaBHO W3BECTHbI. Mi3MeHeHWe MOonepevHoro ceveHuA Nnpoua-
BOOMTCA MOCPEACTBOM X0Qa perynupyemMoro no xogy anek-
TpOMarHuTa. B pesynbtaTe 83aMMOASHCTEMA AWCKOBOH AMA-
¢hparmbl 4 KNanaHa NOCTOAHHOW PAazHOCTY AABIEHWA BbIPaE-
6arTeiBaeTcA QYHKUMWA NO PErynupoBaHWIo NOTOKA.

PacxofHble XapaKTepPUCTUKM MOTYT GbiTh B 3aBNCUMOCTU OT
thopmbl anathparmbl NMBO NUHENHBIMKW, NWBO NPOFpeccHB-
HbBIMUK.

Puc. 66 : JeyxnuHelHsil nponop yuoHanstsid peeynaTop
noroka Tuna 2FRE 10, anek TpOHUKE ynpasnenys
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MponopuwoHanbHele KNanaHe!, NPUGOpHaA TexHuKa

JByxnuHeiiHbIA NPONOPUMOHaNELHBIM ApOcCens
{BcTpoennsii KnanaH

JaHHan kKomBryHauuA NpMGOPOE, ANA 6oNee KPYmHeiX 06bem-
HbiX pHCXOHOB, MOMET MNPUMEHATLCA KakK LpOCCenb {;:u-ta-
t¢parma) wAM B COYETAHUW C KNEnaHom NOCTOAHHOW pas-
HOCTW AABNEHWA ANA perynupoBaHWA OOBEMHOrN0 pacxofa.
K o6GnactAm NpUMeHEHWA OTHOCATCA, Hanpumep, yrnpasne-
HWA MpeccaMn MNW YNPaBneHWA AnA mallvH, nepepabartel-
BaloWux nnactmaccy. HecmorpA Ha Bonswue konuyecTsa
npoTeKatoLlel KUAKOCTH, Yy Npubopa BbicOKaAa AMHAMWY-
HOCTL, @ BCNEACTBME 3TOM0 HEZHAUNTeNLHELIE 3aTpaTel Bpeme-
HW Ha NEPeKNKYEHHE.

JByxnuHeliHbli NPONOPLMOHANbLHLIA Apoccens — 3TO AMC-
KOBaA anachparma, y KoTopo# XOA 0TK PbiTHA NpeiBapuTesb:-
HO 3aAaeTCA NOCPEACTBOM 3NEeKTPUHYECKOro 3afaHHOro 3Ha-
YEeHUA.

Dpoccens nocTaBnAeTcA Kak roTOBbIA K MOHTaWYy y3en ¢
MOHTaKHbIMK rabaputami cornacHo DIN-cTanpapty 24 342.
B kpeitwky (1) BBuHYeHs! BTyNKa (2) ¢ nopuwHem Awnadgpar-
mbl (3), a Takyke paTuMK nepemeuleHwid (4) w Bcnomora-
TeneHoe ynpasneHwe (B), BKnoYan perynupyemsii 3nexT-
pomarnut {6} .

HanpaeneHue notoka oT A K B. MNpucoeanHexne nuHuK yn-
paBneHuA X cregyeT COEAUHKUTL C NpUcoeanHeHuem A. Cane
cUCTEMBI YNpaBneHWA cnesyeT npeaycMaTpusats K Gaky no
BO3MOHKHOCTH ©e3 AaBNEHWUA.

Mpu zapanHom 3Hauerun "0 (perynupyemsiid snekTpomar-
HUT {6) o6ecToueH) nasneHue OKaspiBaeT BO3OEACTBME B
npucoenHeHU A Yepes NUHUK yrpagneHua X 1 ynpaenaio-
Wit nopweHs (10) AONONHWTENBHO HA MPYKWUHY B Kamepe
(8) . NopweHsb anacparme: (3) 3akpeiT.

Ecnn Byger npepasapwiensHO 38A8BaThCA 3aAaHHOE 3Haue-
HWe, To B yeunuTtene (7) npovzoiaeT cpaBHeHue Mexay 3a-
DaHHON (BHEWHWA curHan) W AeACTBWTENsHOW (BO3BpaT
B WCXOJHOE NONOXKeHWe CUrHana AaTyMKa nepeMelteHun) se-
nu4kHaMmu. B COOTBETCTEWK C PA3HOCTHLIM 3HaYeHem NpPpous-
BOAWTCA YNpaBneHne perynnpyemMsiM aneKTpomMardutom (6)
C MOMOLLBH TOKA.

3nexTpomMarHuT nepemetiiaeT nopiens (10) K npysxwHe (11).
B peaynbTaTe B3aMMOLEHCTBMA APOCCENMPYIOLWMX 2MEMeH-
708 {13) ¥ (14) B NONOCTH yCcTaHOBKW MpyKuHbi {8) ycra-
HaBNWBAETCA AABAEHME TaKMUM 0OpPasoOM, YTO HarpyKeHHbLIN
NpyKWHOM noplieds avadparmbi (3) 3aHUMaeT no3nUMIo
COFNacHo YCTaHOBKE 33JaHHOr0 2Ha4eHUA W BCNeACcTBWE 3TO-
ro onpeaenAeT KONUYECTBO NPOTEKALUEHR MUAKOCTH.

Mpw npexpalieHuy Nojaum TOKa WKW Npu nonomke KabenA
aBTOMATMYECKM 3aKDbLIBAETCA NopLueHs anapparmel (exema
3alWKThl ) . COCTaBHLIE YaCTU KOHTYpa perynupoBaHuA Mo no-
NOXEHWID COTNACYIOTCA APYF € APYrom Takum o6pasom, 4To
3a/laHHOE 3HAYEHUE 1 XO0a NOPLUHA Anathparmel (3) oTHocAT-
€A APYr K Apyry npamo nponopunoHansho. OTcropa Beite-
KaeT, YTO ANIA NOCTOAHHKbIX pasHOCTeN AaBNeHUA Ha AWathpar-
me 06bemMHbId NoTok oT A K B 3asucuT ToNbKO 0T X0aa nop-
WHA guadparMel U rEOMETPUHMECK X rabapruToB OKOLW KA {9).

JnA cucTemsl ¢ NHERHBIM 3aKoHoM oTkpeITUA (FE..C10/L)
8 NEACTBAW MPAMAA MPONOPUMOHANBHOCTE MEXAY 3JafaH-
HbIM 3Ha4YeHWeM M OBbeMHbIM pacxogom. KeaapatHeid 3a-
KOH OTKpuITWA (ncnonnenne FE..C10/Q) o3mnavaeT, 470
BMECTe ¢ 33AaHHLIM 3HAYEHWEM B KBajpaTte yBenuYuBaeTcA
obLeMHbIN pacxop.

O6e rpadmvecKiue XapakTepUCTHMKKW AA0T HarnAgHbIe NOAC-
HEHUA K 3TOMY.
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Puc.57: Jeyxnunednsill nponopyuoHanstsiti dpoccens
Tuna FE..C, 3neKTpOHUKE ynpaaneHus
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Puc.58: PacxodHan xapaKTepUCTUKA, NPO2PECCUEHAsR
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Puc. 59 : PacxoOHaA XapaK TepucTuKa, nurelinan



MNponopumonaneHbie Knanavs , NpUBoOpHan TexHUKa
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Puc. 60 : Aeyxnurelinsiti nponopyuoHansHsit Opoccens ( ectpoennerld knanar) tuna FE..C
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MponopunoHansHebie KnanaHel, npubopHan TeXHUKA

MOHTAX, BBO[, B IKCNNYATAL UK
rMAPABIMYECKIX NPONOPLUNOHANBHEIX KIaNaHos
M Texyxon 38 HUMHK

1. O6wwni o63o0p

[nA oBecneveHnA Geaykopu3HeHHON (DYHKLUWOHENLHO! CNOo-
cOBHOCTH NPONOPUMOHANEHLIX KNAaNaHoEs, NPOCHM JOMNOMHMK-
TenbHO cOBNAaTL YKa3aHUA B

— Karanorax

— npasunax Cow3a HemeuKux uHxxeHepos (®PI7),
"BBOA B 3KCNNYATALWIO FTMAPABIUMECKWX YCTAHOBOK W
TEXYX0n 33 HiMK "
{ Cotoz Hemeukux ukxenepos N°3027).

2. MonTam

2.1 MNpaBuna ANA NPOBEAEHNA MOHTaHE

Mepen Tem, KaKk MOHTMpPOBAaTL KnanaH Ha YcTaHOBKe, cre-
AyeT NpoBepWTb, COOTBETCTBYET Ny 0Go3HaueHwe Knanaxa
€ A3HHLIMK 33K2a3a.

1. Copep)xaHue B HUCTOTE:

— Cneayer cobrioaaTs YUCTOTY NpW MOHTae npubopos n
NpoNoOPUVOHANBHEIX KNANaHOB B OKPYXaOLWeR Cpeae:

— Bak crnegyer NpeAoXpaHuTe OT BHELWHWX 3arpA3HeHWiA
nyTem ynnoTHeHWA.

— Tpy6onpoeasl 1 HaK nepes BcTpaMBaHuem cnefyer O4u-
CTUThL OT 3arpA3HEHUN, OKanuHbl, NECKa, CTRYHKK U T.M.

— B Tennom COCTORHMM WREOFHYThIE WNKM CBapHble TpyObI
cneayeT B 3aKnioYeHwe obpaGortate TpaBneHuem, npono-
NacKath W CMazaTe Macnom.

— MMpw ouncTKE He CReaYeT NPUMEHATL BOMOKHUCTYH TKaHbL
WK cneumMansHylo Bymary.

2. He cneayeT NpuMeHATL TakWe yNNoTHWTENbHbIE MaTepra-
Nbl, KaK NeHbKaE, WNaKNesKa unn ynnoTHUTeNnLHan neHTa.

3. Ann ofecneYeHwA BbICOKOW KECTKOCTWM CHUCTeMbI, Chieny-
eT usberats NpumeHeHwA rubxux TpyboONpoBOAOE MeX-
Ay KnanaHom u notpebutenem.

4, OnA TpybonpoBoaos NpUMEHATL BECLIOBHLIE, TOYHLIE NO
pasmepam, cTansHbie TpyGbi cornacko DIN-cTtanpapTy
2391/C.

5., CoeguHMTENbHLIE NMHWUKA MeXxay noTpebuTenem v Knana-

HOM 0OM¥HbLI BbITh KakK MOXHO KOPOTKWAMM ;
peEKOMEHAYEM MOHTHMPOBaTh NPONOPUMOHaNLHLINA KNanaH
noGnuwxe K noTpebuTento.
KayecTBO NOBEPXHOCTH KperexHOA NoBEPXHOCTU BOITK-
Ha cocTaBnATh Rtgaxe =4 MK, a8 POBHOCTL Tako# no-
BEPXHOCTW [OMkHa cooTeetcTBoEaTe <0,01mMm Ha
100 MM anuHbl .

6. KpenexHble BUHTEI A0MAHs! COBNAAaTh ¢ YKasaHHbIMU B
Karanore rabapuTamy, a TakKe OHWU A0MKHbI 3aTATVBATL-
€A € 3848HHLIM KPYTALMM MOMEHTOM,

7. B kavecTBe 3anpaBOYHOr0 U BEHTWNALUMOHHOIO UNLTPE
pEKOMEHAYETCA MPWMEHATL BO3AYILUHBIA hMabTp G Mac-
NAHOW BaHHOW. Pasmep oTBEpPCTHA B cyTE ROMKEH COCTa-
BNATL = B0 mK.

2.2 MonokeHne MOHTaXa

[nA moHTa)ka MOXHO BbliBupate nw6oe NonoXkeHue, npeu-
MYLLLECTBO OTAAETCA MOPU3OHTANbHOMY MOHTaXKY; OAHAKO,
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€cnv NponopuMoHankHeIl Knanad Gyaer ycTaHagnueaTheR
Ha noTpebuTene, creayeT chefuTb 3@ Tem, 4ToBLI Knanas-
HbIW NopweHs BN pacnono)ew NapannensHo ¢ Hanpagne-
HWEM YCKOPEHWA NoTpebuTena.

2.3 3nexkTponpucoenWHEHne

Kak npoussoauTs NpycoeAnHEHWE, ¢M. Ha COOTBETCTBYIO-
Liel cTpaduue B Karanore.

CrneumnansHele BWAbl 3allMTbl TpebyloT ocobbix MEeponpwA-
‘I'Iﬂﬁ, KOTOPbIE YKa3blBalOTCA TakixKe Ha COOTBETCTBY!OLLI,Eﬁ
CTpaHuue B Karanore.

3. Beoa B aKcnnyarauwi

3.1 Pabovan HUAKOLTb

CneayeT npuHUMaTh BO BHUMaHUe yKasaHuA B KaTanore !
B ofwemMm MOryT NPUMEHATLCA crneayiowue pabouue »ua-
KOCTH .

— muHepansHoe macno HLP cornacio DIN-cTaHaapTy
51525

— pacTBOpPLI NONWIAMKONA B BOAE

— achips! octhopHOR KUCNOThI

Ecnu noTpeByetcA NpUMEHATL Apyrve pabouue MUAKOCTYH,
npocumM o6pawaTLCA K Ham 3a uHopMaumnei.
PekomeHOyeMbIE W3rOTOBUTENEM TemnepaTypsl pabouux
MUAOKOCTEA He cneayeT No Mepe BO3MOXHOCTK MpeBbiliaTh
ana toro, 4robsl MOXHO BbINC NPOBOAWTL MPOUECC NPH
MArKkx gna paboyer KUAKOCTH YCNOBUAX.

Ona toro, 4To6sl 0BecneyuBanack HeWIMEHHAA XapaxkTepu-
cTuKa NapameTpos cpabaTbiBaHWA YCTAHOBKW, peKOMEHAY-
eTCA MOAAEPHMBATE TEMNEPATY Py Macna NOCTOAHHOW Benw-
yiHel £+ 59C) .

3.2 CooTBercTByeT nv TpeGoBaHuAM NpUMEHABMbIA yNnoT-
HUTENLHLIA MaTepuan ?

IlnA TpyaHo BocnnameHnemsix paBouux >kwaxocted HFD,
a TaKe AnA TemnepaTyp = 90°C, ponkeH MapKkupoBaTbeA
Tun nocpegeteom "V,

3.3 duneTpaumn

— JnA NUNOTHOrO YNpaBAeHWA C Uenst YANWHeHWA CPoKa
cny:kBbi, cneayetr nNpumeHATb GuneTp duneTpauuio Ha
gxoge B8 10 MK aBconTHbIX, 0AHAKO MOXKHO TaKKe npe-
AYycMaTpuBaTe TOHKOCTb thunbTpauuy, YKasaHHyl Ha
COOTBETCTEYIOLWMX MHDOPMaLUOHHBIX TUCTax B KaTanore.

— JonycTiMaA pa3HocTe AJBNEHWA Npu HanopHeix huns-
Tpax pomxHaA GkiTh Bbiwe pabo4ero gasneHuA.

— PekomeHgyem NPUMEHATL GUNBTP6I C MHAMKEUWER 38rPA-
IHEHHOCTH.

— Bo BpeMA CveHbl GUNLTPOB CNeayeT cNeAnTs 38 TeM, 4To-
f6sl cobnwaanace ocobaA wicToTa. B npotuBHOM cnyvae
3arpA3HEHWA Ha CNWBHOW cTopoHe dqmneTpa BYAeT nona-
AaTk B CUCTEMY W BEI3OBYT NOBPSXASHWA.
3arpAsHEeHWA Ha BNYCKHOW CTOpOHE MNOHWXKEKT CPOK
cnyBbl hunkTpo3INeMeHTa.
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maesa C

KomneHcauua HarpysKu c
NOMOLLLI0 KNanaHoB NOCTOAHHON Pa3sHOCTU laBNeHUIA

Outep KpeTty,



KoMneHcauua Harpy3Ku ¢ NOMOLLLID KNanavos MOCTOAHHONM PAa3HOCTH NaBneHni

Puc. 1:
TpaghuiecKkan xapax TepucTUKa OpOcCens
NPGROPUUCHAITEHO20 pacnpeceuTena

KNAMAHbI NOCTOAHHOW PASHOCTHU JABIEHUIA

Bce 00 cux nop NpeacTaBNeHHbIE NPOMNOPUNOHankHbIE pac-
npeaenvuTenn ABNAITCA TOALKO APOCCENAMM, ¥ KOTOPLIX C
nEMEeHeHMEM OTHOWEHWY AaBNEHWI U3MEHRAETCA TaKKe 06b-
eMHbIi pacxod. Ecnn noBsiwaeTcA AaBneHue Harpysku Ha
notpebutene, yMeHbLIgeTcA oB6bemMHEINW pacxod. Apoccenud B
KaecTBe ynpasnArwyx npubopos NosToMy TONLKO Toraa
uenecooBpasHbli, Korga Harpysku He konebnoTeAa unu ma-
no kKonebnwTeA.

TunwuHaa rpadriecKan XapaKTepucTuka gpoccens usobpa-
¥WaeTcA Ha puc. 1. OTYETNIUBO BUOHO M3IMeEHeHWe 06beMHOro
pacxopfa B 3aBUCHUMOCTH OT CHUWEHWA AaBNeHWA KnanaHa,
KOTOROE NpyW NOCTOAHHOM AaBNeHW HAacoca n baxKa saBucKUT
B CBOQW Quepefb HENOCPEACTBEHHO OT AaBneHWA HarpysxKu.

Py=Ps - 4PL- 4PT

pv = CHUMEHWe faBNEeHWA KnanaHa

pS = cuCTEMHOe flasfieHWe = MOCTOAH. BENW4MHa
ApT = npaeneHue 6aka = NOCTOAH. BENUYUHA

ApL AaBNEHUE HATPY3KKM = MNEepemeH. BENnYnHa
MocpeacTeOM COOTBETCTBYOWMUX NpMBOPOB W ycTpohcTa
AOMKHEl KOMNEHCUPOBaTLCA BbilUEONUCaHHbIE BAMAHWMA Har-
pYy3KH.

OSsomuuih pacxon O & nlewan.
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KomneHcaunsa Harpy3KH ¢ NOMOLLBIO KNIENaHOR NOCTOAHHON PasHOCTH RaBneHui

KomneHcauua Harpy3Ky ¢ NoMoLLsio ABY XNHHeAHoro
BNYCKHOTO K/1anaHa NOCTOAHHON Pa3HOGTH NaBneHHH

Mpy NpPHMEHEHNW ABYXNMHEMHOro BMYCKHOro Knanada no-
CTOAHHOI pasHOCTW RasneHWit — puc. 2 — nepenag aasne-
HUWIA Ha NOABOAALLEIA KpPOMKe APOCCENA NPONOPUMCHANEHO-
ro KranaHa NoAfep*uWBaeTCA MOCTOAHHON BENUUUHEL.

KonefaHuA NaBneHWA Har py3Ku v W3MeHEHWUA JaBleHWA Ha-
coca, TakWM 06pasoM KomneHcMpytoTcA. 370 O3HauaeT oa-
HaKO TAK e, MTO pacxofl He MOXET YBEAUYMBaTL 3a CHeT no-
BLILWEHWA faBneHA Hacoca. Knanan BcneacTBue 3TOro Aon-
YKEH BMBUPaTLCA NO CEOEMY HOMWHANLHOMY PacXOoAy cornac-
HO npaBuny — Ap KnanaHa NocToAHHOW PasHOCTH LaBNEeHWA.

DyHKUuKA ABYXNUHEHHOro BNYCKHOrO Knanada NOCTOAHHOM
PazHOCTH QaBNEHUI

Mpwn ABYXNMHEAHOM BMYCKHOM KnanaHe NOCTOAHHOW pas-
HOCTWM OdBNeHWH BKAHMAOTCA NOCNefoBaTensHO Apyr 3d
ApYrom perynuposodHan aAnadiparma Al v WamepuTensHan
avatparma A2. [nA NoNokeHnA PABHOBECUA MOPLIHA A0
HO YKa3biBaThCA, UTO Nepenaf nasneduin Ap = pl — p2 Ha
WEMepuUTenLHOA Auatparme OCTaeTcA NOCTOAHHOW Benn4n-
HbI MPY NEpeMEHHOM AaBneHAn noTpeburena. AnA nonoxe-
HWA paElHOBeCHﬂ B II.EHCTEIHM, He NpuHKUMman BO BHUMAaHKME
rH,ﬂpOﬂ,HHaM WYBCKYH Chny, cnegyroLuiee:

p1®* AK = p2* AK + FF
oTClofa BbiTEKaeT

Ap = p1 — p2 = FF/ AK = noctonaH.

Mockoneky 6biNa BCTPOEHA MArKan
NpYy)KWHa U XoA perynuposaHuA KoOpoT-

—
|

Prarpyzxka

. MepEKUAHOH :

KnanaH

. NPENOPUNOHENbHBIN-
~ pacnpeasnuTans

a

.
L
.
|
i

b

By XS HbIT
BOYCIKHOR

~—_ KnanaH

NOCTOAHHON
PasHOCTi
[dBAEHUA

KUiA, U3MEHEHNE YCUNMA NPYHUHBI HE3-
HayuTensHOe, @ BCNEACTBWE 3TOr0 ne-
penaa AaBMeHWiA MoYTH MOCTOAHHOW
BENWYiHbI.

Perynupyiolwmi 30NOTHWK MOXEeT U3-
MEHATL MOMNEPEYHOE CEeYEHWE perynu-
posoYHO grachparmel Al TonbKO TOT-
aa, Koraa 6yneT npecAoneeartskea ycu-
nve npyxuHbl. ®yHKUMA No peryna-
poBaHWio NoToKa GyaeT thteK TMBHON
TONLKO TOrAa, KOrpa Hapy»Han pas-
HOCTb AaBneHuin pP — pZ 6ynet bonk-
we, yvem Fg/Ak (npaeuno —Ap) .

Ecnm npu Gonswewm pacxoae Gyger
NOBLILLATLCA TUWAPaBNMYECKOE COMPO-
TUBREHWE, TO [AOMKHA MOBBLILATHCA
TaKIKe HapyXHAA PA3HOCTL AdBNeHWN
anAa Toro, u4tobel ofecneyusanack
thyHKUWA 1O PerynMpoBaHuw noToKa.

Puc. 3:

[IpuHyunuansHas cxema
Leyxnunelinsili enycKHoU KRanax
nocToAHHOU pasHocTU dasneHud
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Komnexcauun Harpy3Ku ¢ NnoMoLLH KNanaHoe NOCTOAHHOM Pa3HOCTH MBHGHHFI

JByxnuHeRHbIR BNYCKHOH KNanad NOCTOAHHOW PasHOCTK
paenexni B kanane P tuna ZDC
{ucnonHeHve B npomexyToMHON NauTe )

KnanaHel Tuna ZDC 10 ABNAKTCA KNanaHaMmu B NPOMEXYTou-
HOW NAMTE NPAMOro AENCTBUA W ABYXNMHEWHOrO N Tpex-
NUHERHOT 0 UCNONHEHUA.

OnHu cny:ar AnA KoMNeHcauuwK Harpy3skKu, Kak BCMNyCKHble
KnanaHbl NDCTOAHHOW Pa3HOCTW AaBNeHWA B KaHane P.

B OCHOBHOM TaKKe KfanaHel GOCTOAT W3 kopnyca (1), yn-
pagnAlLWero NopwHa (2), npymwuHel cxatuA (3) ¢ onopoii
npyuHp! (4) u kpeiwku (B) co BCTPOEHHLIM NEPEKUAHLIM
knanaHom (6] .

MpyrkuHa cxxatua (3) yoepxwsaeT yNpagnAlowiui NOpLIeHb
(2) B oTkpbiTOM NonoxeHun oT P K P1, Koraa pasHocTs Aa-
eneHuin P1 = A unu P1 — B meHbwe pecAtu 6ap. Ecnu pas-
HOCTb pAaBneHwi npesBoict 106ap, GyaeT nepepBUraTbCcA
NopLUEHs 40 Tex Nop BAEBO, noka He ByaeT BoccTaHOBNEHA
CHOBa PasHOCTL AABNEHWIA,

CurHan v YynpasnAIWeEe Macno MocTynawT BHYTPW uepes
nwHuo ynpaenedua (7) w3 kanana P1. Tpebyemoe ynpasna-
wwee macno (Kadan X) aAnA nponopunoHanbHbIX KanaHos
Henpamoro gewcteuA (4 WRZ) moxeT oTBUpaTLCA BHYTPM
13 KkaHana P.

TpexnuHeiHsiid KnanaHd MNOCTOAHHOW PasHOCTW AaBNEHUIA OT-
AMYEETCA TONBLKO MO UCNOAHEHWIO NMOPLUHA.

L ByxnuHeHsIe U TPEXNMHERHbIE KNanaHbl NOCTOAHHOM pas-
HOCTW AaBNeHui nNpeanarakwTcA B ucnonHeHwAax AOY 10,16 w
25.
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Puc.4: feyxaurelisrd enyckHol KianaH noCTORHHOU pasHocTy 0aentenud e Kaname P runa ZDC

C3



KomneHcauMa HarpyaKu ¢ NOMOLLLLI0 KNanaHOB NOCTOAHHOM DA3HOCTH RABNEHWA

Ecnu ¢ noMmowkso 066I4HBIX NPOMOPUMOHANLHBIX KNanaHose

He3 KnanaHoB NOCTOAHHOM PA3HOCTM AaBNEeHWA By aeT ewe p0-

cTurateca paspelualouian cnocobHocTe 0BbeMHOro pacxoaa

1: 20 npu Knanadax ¢ NPy»<MHHLIM Bo3epatom unun 1 : 100

NpKn KNanaHax ¢ Bo3BpalleHrem anek Tpudeckimm cnocobom, To
MpX MCNONBL30OBAHWU KNaNnaHoOB NOCTORHHOK PasHOCTH Aasne-

HWI TaKoW AnanasoH ByAeT elle 3HAYMTENLHO PaclUMPATLEA.

Ha puc. 5 n30bpaxaoTcA KPUBLIE, KOTOPbIE AEMOHCTPUPYIOT
Paspeluanwy cnocoBHOCTL TUNMYMHOTO NPOMNOPLUMOHAaNEHO-

ro KnanaHda ¢ KnanaHom NOCTOAHHOW pasHOCTH AaeneHwit. B

npueegeHHoM MpuMepe AOCTUraeTCA pa3peluaiuan cnocob-

HOCTL 06bemMHoro pacxoaa 1: 300, 3aBMcMMOCTE KONWYECT-

Ba AABMIeHUA NO BCEMY AMaNa3oHy xopowan.

100
2 1.0
= m. 3 3 '”.
o 08
aa I
X
g 06 |7
A o
o 150
 pAsWOCTL AGBMEHWH PS — pL B Gapax

Puc.5:

Paspewaiowan cnocoGHocTs 00H020
NPONOPUUOHANEHO20 PachpedenuTens
€ BRYCKHBIM KAaNaHoM NOCTOAHHOU

C B03pacTaloWMM pacxofoM AOMMKHA YEENUYWBATLCA TaKkKe
HapyHaR NOCTOAHHas PasHOCTL LaBneHwi (pS — pL) ana
Toro, 4Tobel obecneynsanack (DYHKUWA NO PerynupoBaHnio
pacxofna, 3TO 3Ha4uT, 4To pacxod Gonblwe He AOMKEH JaBu-
ceTs 0T Ap.

3aBucUMOCTs TaKOW HAPYKHOW PasHOCTM AaBREHWA OT pac-
®0Aa AEeMOHCTPUPYETCA Ha puc. 6.

pazHoCTy GaaneHuti

**

Ecnu, Hanpumep, 3axoTenoch Bbl NPoM3BOAHTL paBoTy npw
Q= 100n/MrMH, 1 nNpn aaeneHwn Harpysxkwm p = 1206ap,
To noTpebosarnca Bkl Hanop Hacoca

Phacoca = Puarpyaxa T Paun. = 1206ap + 22 Gapa = 142 6apa.
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Tpagbuveckan xapaK TepucruKa
Praun, - Q

c4



KOMRNeHCauMA Harpy3Ku ¢ NOMOLLBIO KNanaHos NOCTOAHHOW PasHOCTH RAaBNeHWA

Puc. 7:

fponopuyuoxansysild pacnpedenuyTens HenpamMo20 dedcrTeunr
AWRZ ¢ @nycKHbIM KAaNaHOM NOCTOAHHOU pazHoCTu Oassie-
sult ZDC — snyck ynpaeiRIcwezo Macna esypu — yenoin-
HEHUE & NPOoMexcyToYRod naute

Mpu UcnonHeHUn Knanaxa MOCTOAHHON Pa3HOCTU AABNEHWH,
BCTPOEHHOM B NPOMEXYTOYHYIO MAKTY, 8 COYETAHWUU C Mpo-
MOPUMOHANEHLIMI PAaCNpeAeTMTENAMK HENPAMOro ASHCTBMNA
cnegyetT NpPWMeHATs, KaK MPaBuno, NPONOPULMOHANbHbINA
KfanaH B MCNonHeHWy “ BAYCK YNPaBnALWEro Macha cHapy-
wun”. KnanaH nocTOAHHON pasHOCTU AABNEHWI-MOXKeT Npu-
MEHATLCA MpU 3TOM B WCNONHEHUW “YNpaenalllee mMacno
BHYTPM wnu cHapyxu”. B coueTaHu ¢ NponopunoHansHel-
MW pacnpefenuTenAM NPAMOro AeRCTBUA LONKEH NPUMEH-
ATBCA KranaH NOCTOAHHOW PAasHOCTW GaBAEHWH B McnonHe-
HUM “YNpaBnAKLWEee Macno CHapy»u”.

Hu 8 Koem cny4ae mMacno He AONXKHO NONaaaTe K Npwucoesn-
HeHuto X, MOCKONLKY NpU NPONOPUUOHANbHLIX pacnpeaseny-
TenAX NPAMOro AEHCTBWA Ha 3TOM MECTE He NpeaycMaTpu-
BaeTCA YNAOTHEHKWe.

Puc. Ba:

[TponopuucHansHbid pacnpedenurTens NPAMO20 0elcTeun
4WRE ¢ 8nyCKHbIM KIaNaHOM NOCTOAHHOU pasHocTu dasse-
Hull ZDC — @nycK ynpasnawuwezo Macna CHapymc —
UCnOAHEeH e & NpoMexy TeuHol naure

Puc.8b:

fponopyuonansHsd pacnpedenurens HENPAMO20 delcTHUR
4WRZ ¢ enycKHeIM KRanaHoM NOCTOAHHOL pazHocTu da-
anenuli ZDC — 8RycK yYnpasnawowezo Macia CHapyxu —
UCNOMHEHUE 8 NPOMEN Y TOYHOL NAUTE
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KomneHcauua Harpy3aKu ¢ NOMOLLLI KNEaNaHOB NOCTOAHHON pPa3HOCTM faBneHui

KomneHcauma HarpysKu ¢ NOMOLLBLI0 TPeXNMHeAHOoro
BNYCKHOrO KnanaHa NocTOAHHOW PasHOCTH faBNeHniA

Lo cux Nop onuchbIBanuckL gByxXnwHEHsIe BNYCKHLIe Knana-
Hel NOCTOAHHON Pa3HOCTH AABNEHUA, KOTODLIE NPUMEHAKITCA
NpPeMMYLLECTBEHHO Ha CTAaUWOHapHbIX yeTaHoBkax. Tpexnu-
HeiiHbie KNianaHel NOCTORHHONA pasHocTy gaeneHwii (pue. 10)

NPUMEHAKITCA, HECMOTPR Ha YNY4LeHKe K.N, 4., PeKe, HO OHN
MOryT B HEKOTOPbIX CAY4aAX NpOCTLIM obpa3zom nepeHana-
KUBATLEA M3 ABYXNUHENRHLIX BNYCKHLIX KNanaHoB NOCTOAH-
HOI pa3HOCTU AaBNEHMA MyTem CMeHeHWA nopHA. OTsoA
HArpY3KK OCYLIECTBNARTCA TaKKM ke 06pa3om, Kak y ABYX-
NWHERHBIX BIYCKHBIX KanaHoB NOCTOAHHONM pasHOCTH aasne-
Huit. Paspeluarmowad cnocoBbHOCTE U 33BMCMMOCTL OT KONKWYecT-
Ba paBneHuA ¥ HUX TaKUe e KaK 1y ABYXNUHEeRHLIX BNYCK:
HBIX KNanaHoB MOCTOAHHON pazHoCTU paBneHuil. OHu npu-
MeHAKTCA MNPy B3aMMCAERCTBHUM C HACOCAMM C MOCTORHHBIM
paboyum obbemMom.

DyHKUUA TReXNUHERHOro BNYCKHOrO KNanaHa NoCTOAHHOM
PasHOCTU NaBneHun

Mpu NpYMEHEHMW TPEXNUHEWHOro BNYCKHOro KnanaHa no-
CTOAHHOW pPazHOCTW AEBNEeHWI PacnonoXeHsl NapannensHo
MECTKO YCTAHOBMEHHaA WamepuTenbHaA Awachparma A2 w
nonepeYyHoe ceueHue avadparmel Al, perynupyemoe knana-
HOM NOCTOAHHOM pasHoCTY AasneHuA. PerynuposoyHan ana-

chparma Al ocBobmkaaeT 30eck CNUBHOE NONEpPEYHOE CedeHre.
[lnA NonoMeHWA PaBHOBECHA PerynupYIoWero 30n0THUKA
AedcTByeT cnefywollee (He NpUHYMMAER BO BHWUMaHUE Curbl
TPEHVIA W FMAPOAMHAMUWYECKIE CUNBI )

pi® AK = p2eAK + FF

Ap =p1 - p2
= FF/AK = nocrosH.

Takum 0b6pazom, CHOBa YAEKUBAETCA
NOCTOAHHOW BNENYVHEI NEpenaa Aasne-
HUI Ha WM3MepuTenLHOR avadparMe 1
BCNeACTBKE 3TOro obecneynBaeTcA He-
3ABMCUMBIN OT WM3MEHEHMWIA AAaBnNeHnA
pacxog Q.

Mo cpaBHeHWO C© ABYXNUHEAHLIMK
KnafnaHamu I'IOCTQHHHO;! pasHoCcTn na-
BAeHWA, Y KOTOPLIX HACOC AOIMKeH No-
CTOAHHO BhIpabaTbliBaTh MaKC. AaBne-
HWe ANA OrpaHWYeHWA gaBneHua, pabo-
yee HaBneHwue npyv NpUMeHeHWW TReXx-
HHHF}F‘HOI‘D KnanadHa HOCTDHHHO;I pas-
HOCTU AaBneHuit 6yaer Tonbko Gonb-
e AagneHun NoTpeduTena Ha nepenas
paeneduii Ap Ha usmepuTensHon ana-
tparme.

BcneacTteue aToro noTepA MOLWHOCTH
meHble. [pu npumereHuy nopwHa W
B NpOnopumonansHom knanaHe (A u B
Ha cpeaHeil No3nLLMK CORAWHAKITCA ¢ Ba-
KOM) NPOMCXOAWT LWPKYNAUKA OT Ha-
coca K BaKky ¢ NoANopoM pasmMepom pe-
rYynNMpyemMoni pasHocTy gasneHun — Ap.

Puc. 10: flpuxyunuansHan cxema
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KoMRNeHcauun Harpy3Km ¢ NOMOLbI0 KNanaHos NOCTOAHHON Pa3HOCTUA AaBAeHWH

BaxHbie YyKa2aHMA K NpUMeHEeHWI0 BNYCKHOMD KAanaxa
NOCTOAHHOW Pa3HOCTY faBneHui

Ha enycke pazmewleHHsleé KNanaHsl NOCTOAHHON PasHOCTK
0ABNEHMA, KEK W3BECTHO, WMEKT TOT HEAOCTATOK, YTO OHK
B Cnyvae 3ana3fbiBaHWA paboTakmT HenpaswnsHo, B 0CcoBeH-
HOCTW TOrAA, KOraa AaBneHWA 3anasfibiBaHWA Bbille 3a4aH-
HOrO MPY)XMUHON Nepenaaa faBneHnin 4NA KPOMKWN BNYCKHO-
ro 4poccena.

CxeMil, OCHAWEeHHbIE NEepeKUBHLIM KNanaHom, He MOoAarT
Bonblue pasneHwe Bo BpeMA thassel 3ana3abiBaHvAa co CTopOo-
Hbl BAycKa {A), a AaBneHue co CTOpoHsI Beinycka (B, fpue.
17), KoTopoe B 3TOT MOMEHT BYAET BbILUE, M BbI3bIBAIOT OT-
KpsiBaHWe KnanaHa ¢ MOCTOAHHOW Pa3HOCTbH AaBNeHwA.
BeneacTeue atToro nosbillaeTcA 06LemMHbliA pacxof Noj Bo3-
,ﬂ,&ﬁCTBMEM nponopunoHanesHoOro KnanaHa,

Mpueoa X04eT NPOW3IBOAUTL YCKOPEHWe. ITOMY MpOTUBO-
AEMCTBYET ABUXEHUE B HaNpaBneHue 3aKpbiTUA NpPONopuno-
HankHOro knanata. Co cTopoHbl Bnycka athdeKTUBHO npe-
noTepawlaeTcA KaswtauwA. Mpuson noa BozgedicTerem npo-
CTOrC ApOCCenUpPoBaHIA (He perynupyemoro pacXoaom) ocra-
HaBNWBAETCA C 3anazAbiBaHUeM.

Mpu cxemax nepexntoveHun ez NEPeKUAHOrO KnanaHda mMo-
YeT BO3HWMKHYTE MOA BO3AEACTBHEM NOAAEDKMBAHWA MNO-
CTORHHOM BEAWYWHBI BNYCKHOro nepenaja AasneHnii s npu-
BOAE KaBWTauwA, KOTOpasa MOXKeT BbI3BaThL 3HaYyuTenbHbIE
NOBPeXALHUA B 0COBEHHOCTU Y MHAPOABUraTENeH.

C nOMOLLBI MOHTaXa NoANOpsLl B BUAE TOPMO3HOTO Knana-
Ha (puc. 13) wnu wanopworo knanaua (puc. 12) moxert
NPVBOML TOPMO3UTLCA C PerynMpoBaHnen.

Ecrn e 6yaeT MMeTbCA HU OAHOM W3 oBeux Noanop, 4onx-
HO OrpaHwuMBaThcA NPUMEHEHWe BMYCKHOrO KnanaHa noc-
TOAHHOM PazHOCTM Laeneduii ANA NPUBOAOE C NOMOLWLK On-
pefleneHHOr 0 NONOXUTENBHOr O HAaNpPasneHun Harpy3KHu.

M

Puc. 11: PaameweHHsil Ha 8NycKe KNanaq nocToRHHO
pasHocTu dasmeH
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Puc. 13: Topmoznol knanak Kkax noonopa
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KomMneHcaLMA Harpy3KW ¢ NOMOWEID KNanaHoB NOCTOAHHON PazHOCTH NaBNeH i

Topmo3Hoii knanan Tuna FD (inanau, 3anvparouwui pacxon)

Knanau, sanupaio WMl pacxoa, COCTOUT B OCHOBHOM W3 KOp-
nyca (1), rnagHoro KoHyca (2), scnomoratensHoro nop-
wHa (3), ynpasnAtowero nopwHA (4}, nopwHA 3anasasisa-
HuA (B) v gemndupyrowero yeTpoicTea ynpasneHun (6).

Y Hero cnepyroimve GyHKuAnM @

— YNpaenAemMblii 3aNopHbIi KnanaH, Ges yTeuku macna

— KfanaH, 3anvupaniuii pacxoa; OH perynupyeT BbiTeKaio:
wri notok macna Q2 B cOOTBETCTEMMA C NOABOAWMEIM
notokom macna Q1 ¢ NPOTUBONONOXKHOW CTOPOHLI NOT-
pebutena. Mpu uMnuHAPax cneayer npu 3Tom HabnwaaTtk
33 oTHOWeHWeM nnowaaer (Qz2= Q1 - ¢).

— BainacHbLIA KNanaH, TeK KaxK B NPOTUBOMONOXHOM Hanpa-
BReHWUM cBoBOAHBIA NOTOK

— BTOPWYHBINA KNanad AnA OrpaHWYeHrA AaBNEHUA B CBA3W
€ AONOAHUTENLHLIM NpuUcTpauBaHuem (MpepocTaBnNAETCA
BO3MOXHOCTE TONMLKO Npu NaHUesomM UCHONHEHUH ) .

Monvem Harpysku

Mpu ceoGogHom npoTekaHud oT A K B OTKpLIT rnaBHbIl
koHyc (2). Mpu noTepe A3EneHUA NOA AaBNEHWE Harpysku
{Hanpumep, pazpbiB TpYBONPOBOAa MexcAy pacnpenenvre-
nem W NpucoeauHeHWem A) 3aKpbIBAETCA HEMNOCPEACTBEHHO
rnaBHbliA KoHye (2) . Takana hyHKUMA AOCTUraETCA MOCPEea-
CTEOM COBAWHEHWA CTOPOHLI Harpyzku (7} ¢ kamepon (8) .

OnyckaHue Harpysxm (cm. Ha puc. 74)

Hanpasnenne notoka npu 3tom oT B kK A, lpucoeanHeHne
A gnanaHa, 3anupalollerc pacxoj, coefuHAeTcA ¢ B6akom
yepez pacnpegenurens. CTopoHa NOPLWHA Ha LWWNWHAPE 3ar-
PYXAETCA KONWHECTBOM MAacna, KOTOpoe COOTBETCTBYET pa-
Bo4uM YCNoBUAM,

OTHoweHWe AAaBNeHWA YNpPaBeHuA Ha npucoeanHeHun X K
DAaBNEHW0 Harpy3kw Ha npucoeanHerun B = 1:20.

Mpy aocTwKeHUM JaBneHwA YNpagneH A Ha NpUcoeaHeHuu
X (1/20 paBneHwA Harpysku) npouzoigeT NpeasapuTens-
HaA pa3rpy:2Ka rnagHoro KOHYca; wap B rnagHoM KOoHyce
NPUNOAHWUMABTCA € Ceana noOCPeACTBOM YNpPaBNAKLWEro
noptwHAa (4} .

BcnegcTeuwe atoro pasrpyaetca kamepa (8) uepes ceepne-
Hbie OTBEPCTWA BO BCNOMOraTensHOM nopluHe (3) yepescTo-
poHy A K Baxky. OgHOBpPEMEHHO NOCTPEACTBOM NMPOADALHOMD
ABWHKEHWA BenomoratensHoro nopuwHda (3} B8 rnasHom Ko-
Hyce NpepbiBaeTcA NOAaYa AABNEHWA HAarpy3KW B Kamepy (8)
13 kameps B. B pesynstate aTOr0 rnasHein koHyc (2) ruapa-
cTaTHyecKy ypagHoBelweH. [o3uumnA ynpaenAroLLLero NOPLUHA
(4) npw 3TOM cReaylollan : TOPUEBaA NOBEPXHOCTL Npunera-
eT K rmagHoMy KoHycy (2), a ero 6ypTUK Npuneraet K nop-
wHio (5} . Ha Tpebyemoe anA oTKpeIBaHWA B K A gasneHwe
Ha NpucoeauHeHMn X OKa3bIBAETCA Tenepk TONbBKO elle BO3-
AedcTBUE CO CTOPOHBLI MpyxuHbl B Kamepe (9). HavanbHoe
AaBneHve ANA OTKpLIBaHWA coeguHedua B k A cocrtasnaer
206ap; anA NONHOro OTKpbIBaHMA TpebyetcAa 50 6ap.
BaammogencTere Mexay AaBneHWenm ynpasneHuA, NPoxXoa-
HbIM ceYyeHUEM OKHa W Ap 4Yepes coenuHenue B k A anpe-
NENAET KONUYECTBO BbITEKAILWEro MAcnd B HENOCPeACTBEH-
HOIM 33aBUCMMOCTH OT NOCTYNADWEro KONWYECTRA Macna K
notpebutento. BecneacTeue 3TOr0 WCKIMIOYAETCA  BOIMOXK-
HOCTh HEKOHTPONUPYEMOTo onepexxeHuA noTpeburena.
XapakTepmcTniKa OTKPbIBAHWA WM 3aKPbIBAHWA TOPMOIHOro
KnanaHa AOMKHA NOAJABATLCA BO3JEWCTEUIO NMOCPEACTBOM
nNpUMeHeHA Apoccena ¢ OBPaTHeIM KNANaHoM 8 NUHUU X —
B CNMBHOM APOCCEMAPOBaHWA.
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Puc. 14: Knanaw, 3anuparowypul pacxod
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Komnencauyua Harpy3xKH ¢ NnOMOLWbLI0 KhanaHoe NOCTOAHHOW pasHocTH ME.I'IGHH“

Mononkenwne YKOMNAeKTOBaAHWA CUCTEMbI

1. OrpaHuyeHKe NpPefensHoro NaBneHnA

Ecnu nonocTs YCTaHOBKW MPY>KMHGLI COrNacHo n3obpaxeHunio
Ha puc. 15 GyaeT NpeaOxXpaHATLCA NOCPEACTBOM KnanaHa
AMA OrpaHWYeHUA AABNeHWA, TO ANA NPUBOAA MOXET A0CTU-
raTeCA OrpaHvveHne npenensHOro AaeneHxA.

2. Ap perynupyemsiid

MNepenan AaBneHwid ANA MNOAKJIHYEHHOTO APOCCENA Onpe-
AenAeTca, Kak ywe BsIN0 ONUCcaHo, © NOMOLWbLID nNpeasapu-
TeNkHOro HaTAMKEHWA BCTPOEHHOW NPYXHUHBI.

Echw OTBOA HAarpysKu cornacHo w3oGpaxeHuo Ha puc. 16
6y/AeT NPOBOAWTLCA HYepes KnanaH ANA OrpaHU4YeHWA nasne-
HWA, TO PAa3HOCTL AABNEHWIA Ha ipoccentHOR KPOMKE MOXET
MMNaBHO M3MEHATBLCH.

Puc. 15: BryckHod knanaH nocToaHRol pasnocru daanesul
€ 02PEHUNEH UIEM NPEOETEHOZ0 OF8ITEHUR

Puc. 16:

Pasmnocrs Gaenenuti ( Ap ),
peyAuUpyemMan ¢ NOMOuL0 KIanana
dilA o2paHuer A 0as/ieHun
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KomneHcauwa HarpysKn ¢ NOMOLILLH KNanaHos NOCTOAHHON Pa3HOGTY pasnenui

KomneHcaumA Harpy3xu ¢ NOMOLLBI CAWBHLIX KNanaHoB
NOCTOAHHOW Pa3HOCTY AABNEHUA

B cuctemax c peBepcupOBaHMEM HanNpasneHwA Harpysku
NPUMEHEHMWE BIYCKHBIX KNanaHoB NOCTOAHHOW pasHOCTN Ad-
BREHMIT BO3MOMHO NWWE C OFroBOpKoW. B Takux cnydvaax
yacTo npwberawT K WCMONb30BAHWUIO CNMBHLIX KNAaNaHos no-
CTORHHOM pasHOCTW AaBneHuWi. B 3aBUCMMOCTW OT OTAENLHO-
ro cny4and NPUMEHEHMA MOXHO MPOW3BOANTE pasmMelleHue
KnanaHoB B OAHOM WMnuv B 060KXx NpucoeanHeHnAxX NoTpedu-
Tens.

CAvBHON KNanaH NocTOAHHOM pPazHOCTW AaBneHWi pacnono-
IeH Beerga mexay notpebnutenem i KnanaHoM W NoAAepMA-
BaET NOCTOAHHON BENWYUHBLI Nepenaj AasneHuid ot A unu B
K BaKky.

AnA HomuHaneHLIX paamepoB 16, 25 n 32 umetoTca cnuBe-

Hble KnanaHel MOCTOAHHOW Pa3HOCTHM AABNEHWH, KOTOpbIe
MCNOMNHEHB! KAK CMOAYEA KOHCTPYKUKMA BMECTO 0bwenpurHA-
ThiX 30M0THAKOB. Takum obpasomM OAHOBPEMEHHO HHTErpK-
pyetcA dyHKuMA Tpebyembix 00bIYHO ANA BEPTUKAnNbHbLIX
Harpy3oK OTKPbIBaeMbiX 06PaTHLIX KNanaHoe, NOCKONbKY
Takue KnanaHel MOCTOAHHOWM PA3HOCTW A@BNEHWIA 3aNNParT
Ges yTeuku macna. Kpome Toro, MOXHO OTKa3aTbCA OT WUC-
nonL308aHWA MNepenyckKHbix 0BpaTHeix Knananoe. Cegenb-
HbIE KOHYChl NPUNOAHWMAIOTCA MPoOCTO NpW NOTOKE, Hanpa-
BAIEHHOM B NPOTUBONONOMKHYHK CTOPOHY, ¥ NPEAOCTABNAIT
BO3MOXHOCTL ANA 06bemMHOro pacxoga B ofowx Hanpaene-
HUAX.

Puc. 17: flpumep cxembl NEPEKIIYEHUR ONIA CTUBHORO K12
naa nocroAHHoU pasHOCTU 0381eH Ll CudRYEUd KOHCTPYKYUY

Harpyaxa




KoMneHcauna Harpy3Ku ¢ NoMOLLLI0 KNanaHoB NOCTOAHHOW PasHOCTH BaBneHui

CrnmeHol 3anopHeIi Knanad NOCTOAHHOM PazHOCTM AARNEHUA

KoHeTpyKUWA cocTouT B OCHOBHOM U3 Kopnyea (1), BcTa-
Bok KknanaHa (2.1} » (2.2) a TaKxe U3 KnanaHa agnA orpa-
HUYeHnA pasneHua (3) .

Pazmep v HanpaeneHue NoToka mMacna NpegBapuTenbHO 3a-
AaeTcA Ha 3a4alouler NOTeHUMOMETpE NPOoNopUVOHaNLHOro
pacnpeaenuTens.

Ecnn Byaet, Hanpumep, Hacoc BKNOYATLCHA K NPUCOEANHe-
HUKO A, HANOPHaA XAAKOCTE NOTEMET Yepe3 BCTaBKY Knana-
Ha (2.1) K noTpeButenw. Beraska (2.1) Gyaer urpath posb
npw aToM obBpaTHoro knanada. OgHOBPEMEHHO HaNpPaBnAeT-
CA 13 HAaCOCHOT D NOTOKAa NOTOK YNPaBNAKLWEro Macna Yepez
ynpagnawwmia nopwexs (4.1), KoTopslA AeiAcTBYET B Kade-
CTBE KOMMEHCHPYIOLLEro HarpyaKy peErynaTopa noTtoka, B
wamepy (5). Takolh noToK ynpaeneHWA noBbilLAeT gasne-
Hue Nepef KnanaHom Ans orpaHuLdeHus aasneHwA (3), ko-
Topoe yepe3 conna (6) v (7) noaeoawTcAa Kk ynpaBnRoLe-
My noplHo (4.2) co cTopoHs! B.

JlONoNHUTENLHO COEAMHABTCA CNUBHOE OTBEPCTME knanada
ANA OrpaHuyeHus AasneHvA ¢ xkadanom T. Ynpasnawowmi
fopweHs (4.2) oTKpeiBaeT pasrpy3ouHblid Kouye (8} npo-
THE MMEloLWerocs AasneHsna Harpyskwv (maxc. 3156ap) B

nonocTu ycraHoeku nNpyxudel (9). Mpu atom pazrpyaou-
HeIf KOHYC (8) 3aKpbiBaeT coEAUHEHWE K AaBNEHUWHD HArpy3-
KW, B NonocTy YeTaHOBKMW MpY»KuHbl (9) vMEeTCA B Hanu-
YMM B PE3YNLTATE YMeHLLeHWA OABNEHUA HA Pa3rpy30uHOM
Kouyce (8) paBneHue neped NPONOPUMOHANbHbIM pacnpe-
nenutenem B KadHane B. Takum e obpasom nedcreyeT Ta-
KOE OaBNEHWE HA KONbUEBYIO CTOPOHY W TOPUEBYHO NMOBEPX-
HOCTL YNpaenAroLlero nopwHAa (4.2) .

Mepenap paeneduit ot B k T uepes nponopuMoHanbHbIi
pacnpegennTens, TakuM o6pa3om, NOCTOAHHOW BENUYUHBLI.
Takoil nepenag AJ&aBNEHWA PErynUPYETCA YNPaBAAMLLEeA
kpomkoi {10) W BbIYMCNABTCA NYTEM BbIMMTEHWMA OT pPas-
HocTU gasneduid B kamepe (11) younua npysxudel {12).
Yeounue npyxiddel (13) HeaHauuTensHOE.

Ecnu Hacoc ByaeT BKNWOMaTLECA OT NPONOPUMOHANLHOrO pac-
npeaenvTena K B, BctaBka knanaHa (2.1) 6yaeT AeHCTBO-
BaThk B A, KaK YKe ONUChIBanochk BbilLe.

N A =
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Puc. 18: M3oBpaweHue cAUBHO20 2aN0PHO20 KAanaHa nOCTOAHKHO pasHocTy dasnenull e pazpese
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KomneHcauna Harpy3iKH ¢ NOMOLILBH KNanaHos NOCTORHHON PasHOCTV RaBNeHni

Brumauue

MpW MPUMEHEHWUM CNMBHOTC 3aNOPHOTO KfanaHa MocToRH-
HO PA3HOCTM AABAEHUA Ha UWNWHAPAX € PasHeiM OTHOWE-
HMEM NNOLWAAEIA FPO3MT OMACHOCTb, YTO NPOWSBOWAET Npe-
oBpasoBaHue AABNEHWA (cp. perynaATop noToka Ha cnuge)
Ha WTOKORBOW CTOPOHE LWnnHAPa,

Ecnu noTpebyercAa NpeacTBpawiaTe TaKoe npeobpazoBaHue
AABNEHWA, PRKOMEHAYETCA NPEeAYCMOTPETb YXe YNOMAHY-
TYH KOMBUHBUWIO U3 BAYCKHOTO Kfanaxa NoOCTORHHOW pas-
HOCTW AaBneHui U TOPMO3HOIoO KnanaHa.

4 WF!Z . W‘l - 30
Z0C.. - 20
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Puc. 19:

BnycrHol knanak nocroaHHod
pasHocTu dasneHuti BMeCTe ¢
TOPMO3IHEIM KNIANaHOM



KomMneHcauna Harpy3sKu ¢ MOMOLLLH KNanaHOB NOCTOAHHON pasHOCTM AaBNeHMAM

Mpenensl BOIMOMHOCTEN NPUMEHEHWA 1
BO3MOMHOCTH NO PEaNU3aLUK CXeM

Kakue ynpagnednA MOMHO peanuM3oBaTh C NOMOLULK CAWB-
HOro 3anopHOro KnanadHa NocToA HHOH Pa3sHoCTh nasneHvn ?

Bece ynpaBneduA ANA MacnaHbix ABUraTeneu, UMNMHAPOB ©
ABYCTOPOHHUM LLUTOKOM UNW ANA WWNWHAPOB C OLHOCTOPOH-
HUM WITOKOM, ecnv npeobpa3oBaHMe OaBNeHrA Ha Konbue-
BOI CTOPOHE UWNwWHAPa, KOTOPOE Nony4YaeTcA B CBA3W C UG-
NoNb30BaHWEM CMUBHOMO 3aNOPHOro KnanaHa nNocToAHHON
pPAaZHOCTH AaBNEHWH, YYNTbIBaETCA.

Kakwe ynpaen. HEBOZMOXXHO Peanu30BaTh C NOMOLLEIO CAMB-
HOrO 3aMOpHOroc KNanaHa NOCTOAHHOW PA3ZHOCTW faBneHu: 7

Ecnun noTtpeGyetcA npepoTepalliaTte npeobpasosaHue gasne-
HWA Ha KONLUEBON CTOPOHE, TO TOF A3 cNEAYeT NpegycMaTpu-
BaTb BMYCKHOW KnanaH NOCTOAHHOW Pa3sHOCTM AABNeHWiA.
KnanaH, 3anupawuii pacxog, Ha ctopoHe B aelcTByeT Kak
TOPMO3HON KnanaH (cm. Ha puc. 19).

OudipepenyuansHyo cxemy (pue. 20} He ABnAeTcA BO3-
MOMHbIM PEeanu3oBaTh € NOMOLLbLIO CAUBHOMO 3aNopHOro
KnanaHa NOCTOAHHOW pasHocTh AasneHunid. Ana atoro Tpeby-

&TCA NPUMEHATL BMNYCKHOM KnamnaH NMOCTOAHHOW pazHOCTW
faBneHui.

Mpy BbIABUraHWA LUWNWHAPA COOTBETCTRYET MaKCUMAaNbHOE
TOpPMO3HOE AAaBMNEHWe Hanopy HAcoca, W 3TC ABAABTCA, Kak
Npaguno, AOCTATOMHbLIM.

Mpwn ynpaenenuu nnyHxepHbim uunueapem (puc. 27) Tpe-
ByeTcA NpeAycMaTpuveaTb ANA NEPEMELUEHUA BBEPX BIYCK-
HOW NOCTOAHHOM pasHoCTKU AaBneHWA (KpacHsIi useT), a gna
nepemMeLllleHua BHU3 — CAWBHON 3aNOpHLIV KNanaH NocTosAH-
HOM pasHOCTH AaBneHui (3eneHbId useT) .

Puc. 20

Puc. 21
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Komnescaums Harpy3Ki ¢ NOMOLLEI KNanaHoE NOCTOAHHOW PA3HOCTH AaBNEHWH

[nA Gonblumx KONWYECTE MPOTEKAKWENA KUAKOCTA MOMKET
npeaycMaTpUBaTbCA KOMMEHCAUWA HarpysKu ¢ MOMOLUBIO
ABYXNUHEHHLIX BETPOSHHEBIX KNANaHoB ¢ yHKUMUeR yYMmeHb-
wenuA gasneduA {DR) wnw ¢ thyHkuuelt orpaHu4eHnR aa-
snedun (DB) .

JBYXNWHeAHLIY KNanas NOCTOAHHON Pa3HOCTU AaBNeHMi
¢ (hyHKunel ymeHbLleHuA AaBReHUA

JByXxnuHedHsId BCTPOEHHBIA KnanaH ¢ dyHkuved DR cne-
AOYET BCerpa pasmellaTh B HanpaereHun NoToka nepen Apoc-
CENUPYIO LIUM 3NeMEHTOM AIA TOro, YTo6bl 06ecnednTs thyHK-
UMI0 NOCTOAHHOM G Nepenana AaBneHwiA Ha Apoccene,
Ynpasnawwme KpoMKn ABYXNMHENHbLIX BCTPOEHHBIX Knana-
HOE NpedycMaTpUBEIOTCA ANA WCNONL30BAHWA B KauecTee
KOMTMEHCALUM HArpY3KA.

LnA poctatouHoro feMndMpoBaHUA ABYXMUHEHHOrO BCTPO-
eHHOro KnanaHa, s o6LemM; BCTPAaMBaeTCA B KpbiliKe conno,
NoMepeyHoe ceueHue KOTOPOro COrnacoBLIBARTCA C COOTBET-
CTEYHOLIMM YCIIOBHBLIM NPOX0AOM.

MpW pasnuuHbIX CNY4aAx NpUMeHeHUA MoxeT BbiTh BbIFOA-
HEIM OTKPbIBaTh ABYXNMWHEAHbIA BCTPOEHHLIW KnanaH Ges
AemnthMpoOBaHKUA 1 3aKPbIBaTh NOA KOHTPONEM Yepes conno.
MoaTomy WMEIOTCA MCNONHEHWA KPbIWEK C gpoccenem ¢ o6-
PaTHbIM KNanaHoMm B IMHWW YNPaBeHwA.

>

1
I
|
|
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F——————————
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I
I

#

v :

Puc.22: Heyxaurelinsitd actpoeHHbill KNanay ONA KOMNEHCAtUU Hazpy3Ky
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KomneHcaunMA Harpy3Ku ¢ NOMOLWbI KNanaHoB NOCTOAHHON PasHOCTU AaBNeHWA

OvpeKTMBbL! ANA NPOEKTHPOBAHWKA

Mpumepbl cxem

Puvic. 23: Jdsyxnuredssit Knanax nOCTOAHHOU pasHocTu
daenenuil Ha anycke Ap = 86ap

Puc. 24 : HeyxmuxeldHsid KNanaH nOCTOARHOU pasHoCTU
daeneruti Ha caiuge Ap = 86ap

Puc. 25; deyxnuHedHpill knanaH nocTOAHHOU pasHocTy
Gaenenuli Ha cruge Ap = 15... 18 6ap

Puc. 26 Jsyxnunelnsiti knanat nocToORHHOU PA3HOCTU
Bagnewuti Ha anycke Ap pezynupyembit

Puc. 27 : HsyxmunelHbiti knanaw nocToORHAOU pazHocTu
Oasnenuti Ha criuge Ap pezynupyemert

Puc. 24

noyoK - e _]
YnpaEnaoLLero o~ =
‘macna i

Puc. 25

Pwuc. 27
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KomneHCalMA HarpyaKkm ¢ NOMOLWLI0 K1anaHoB NOCTOAHHOM PasHoOCTH [aBAeHnd

BrumaHue :

Mpu uMnNUHApax ¢ OTHOwWeHWem nnowagen = 2:1 cnepyer
CcneanTh 3a Tem, YToBkl CCHOBHOW NOPLUEHL NPONOPUWOHEb-
HOFO pacnpefenuTenA UMen OTHOLLIeHWE OTKPLIBEHUA Apoc-

cenetd 2: 1.

1) KomneHcauna Harpyskmy 4NA NONOMUTENbHLIX U OTpUUa-
TENLHBIX Harpy3oK ANA UWNWMHAPOB W MacnAHkIX ABWra-
Tenei 6es auddepeHunansHbIX CXEM C NOMMUECKMMY 3ne-

MeHTamn.

6 pasnaHuMe nopnopa 6aka 3 bapa




KomneHcauuA Harpy3xKu c NOMOLILIC KNANaHoB NOCTOAHHOW PasHOCTH AaBneHui

2) KomneHcayua Harpy3axky ANA NONOMKUTENBHLIX ¥ OTpMUA-
TeNbHbLIX HArpy3oK AnA UWANWHAPOB € OTHOLLEHWEM NNo-
wagev 2:1 c audhdiepeHUMansHORW CXeMoi C NorvyecKun-
MU 3NEMEHTAMM.

IR AONE
o=z il

Vo2 oA

YIS

A B
I\ 1
})>< KT >k
= il >1< '
a . PE T e
®
 eible el S S e e s e L L L 8

? paeneHwnA nognopa Gaxa 3 6apa

Puc. 29
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KomneHcauus HArpy3aKu ¢ NOMOLLBIC KRanaHoe NOCTOAHHON Pa3HOCTH AaBNEeHUIA

TpexnuHenHbid KNanaH NOCTOAHHON faBneHni

¢ hyHKUUerd orpaHuMeHA AaBNeHnA

BetpoeHHbift knanaH ana diyHKUUK OrpaHUYeHNA LaBneHuA Ha npucoeavHerun B). OH pacnonoeH scerga napannens-
WCNOMHEH B BuUAe TONOTHUKOBOrO CeAensHoro KnanaHa 6es HO ¢ APOCCENUPYILLUM INEMEHTOM.

pasHocTW nnowagei (OTCYTCTBYET MOMNe3Han MNOBEPXHOCTh

Puc. 30

Ll

Puc. 31: TpexnuHetibili Knanan ¢ NOCTOAHHOU Pa3HOCTEIO Puc. 32: TpexAauneldHsil KNanax ¢ NOCTORHKHOU PpazHOCTBIO0
dasnenuti Ap = 86ap daagnenuti Ap pe2ynupyemerii
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KomMneHcauua Harpy3KK ¢ NOMOLLGI0 KNaNaHOE NOCTOAHHOW PasHoCTM JaBneHni

Puc.33: Tpexnuwelinsidl knanaHd ¢ NOCTOAHKOU pasHocTsr daenenull Ap, ¢ 0zparHuyeHuem npedensHozo 0aeneHus u
anexTpuyecKoli pazzpysxkol
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KomneHcauua Harpy3Kkv ¢ MOMOLLBH KNanaHoe NOCTOAHHOMW Pa3HOCTH AABNEHNM
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KomneHcauua HarpyaKy ¢ ROMOULLH KJIaNaHOB NOCTORHHOMW DA3HOCTH NABNEHUIA

KomMneHcauMA Harpy3xy ¢ NOMOLLbID
ABYKIIHHE“HOI"U Bc'rpoennoro Knanada

Mocobue npu npoexKTUpOBaHUWM ANA NpaBunsHoro asibopa
TUNOpPa3Mepa NOrMYECKHX 3IEMEHTOB

EcnuByoyT NpUMEHATLCA NOrWMECKWE 3NEMEHTBI NO YMeHb-
wenuie paenedwna (DR) B KavecTse KnanaHa NocTOAHHOW
pPasHOCT AABNEHWI ANA perynMpoBaHUA pacxoaa, ANA GyHK-
LUK YMEHBLWEHWA A3BMEHWA C LeNbio Beibopa TMNOpaimepa
HENb3IA PYKOBOACTBOBATECA IpadMHeCKUMK XapaKTepreTK-
KamMu, NPUBEAEHHEIMK B KaTanore. B nocneayowem nanome-
HUK BYAYT NPUBEAEHL! ANA TAKOro CNy4Yan NpUMeHeH s feil-
cTBYOWME KpuTepuun andA BslGopa 1 1x o6ocHOBaHWe.

Mpenen MOLWHOCTA NPW PErYNUPOBaHWA AaBNEHHA

Mpu yHkuuw DR pasneHue ynpaeneHwA ANA CTOPOHbLI NPY-
WHHbI 0OTEUpaeTCA HENOCPEACTBEHHO Ha BbIXOAE BCTABKM
{em. puc. 36 ) .

Mpegen MOWHOCTM ROCTWraeTCA TOrpa, Korga ycunue npy-
WuHbI ByaeT KOMNeHCUPOBaTLCA NOCPEACTBOM MMMYNLCHBIX
cun notoka. Mpevebperas HeCTaWMOHAPHON YacTeio, NONYYa-
eTcA aKCcuansHaA KOMMOHEHTa TaKoW UMNYNLCHOW Ccunbl ANA
N306paKeHHOro Ha puc. 35 KOHTpOnsHOro 06kemMa U3 CooT-
HOWeH WA

Fakc.= 0 * Q(mE*cos o + WA)

rae
Fakc. = CWNa B aKcranbkHOM HarpagneHun
0 = MAOTHOCTbL TeKYLUEH Cpedbl

Q = oBbemMHLIW pacxoa

(WE, (DA = CKOPOCTL Ha BXOAS UMK Ha BbiXoae
o Yron Memgy Hanpasn.noToKa W ocLio 30N10TH.

B paHHoM cnyvae Bbluvcnenwne Faxc. CBA33HO € YPE3BbIYaA-
HbIMW 3aTPYAHEHWAMM, NOCKONbKY Yron « easa nwn Gyaer
ONpeaenuTh € A0CTaTOYHON TOYHOCTLIO M3-38 OTHOCUTESLHO
CNOXHbIX FEOMETPUYECKIX NAPaMETPOB YNPaBNROLLEeH Kpom-
K WA BCNeacTBME HEe3HAYMTENbHOrO PacCTOAHWA MeXay
NOBOPOTOM U BLIXOAOM W3 KOHTPONBHOro 06beMa.

Puc. 35

Puc. 36

Onpenenuts Fakc. NyTeM 3KCNepeMEHTa MOMNHO, OfHAKO,
AOBONLHO NPOCTO. —
MpegsaputensHoe HaTAMXeHMe NPY#uHLl F1 M3BecTHO.

Ecnu Faxc. 6yaeT Gonewe F1, nepegBuraeTcA noplieHe B
HanpageneHnn sakpeiTvA. Takan Touka, kotopas npu DR no-
L8EeTCA BCNEACTEME TOro, YTO pacxod BonbLue He MOXeT yBe-
NWYMBATECA, MOXKET OMNpefenATbCA B 33BMCMMOCTW OT pas-
HOCTH gasneHnin Ap.

Mpesen MOLWKHOCTM ApY perynuposannn notoka (pacxopa)

Ecnu noruyeckue anemeHTbl ByayT NpUMEHATECA B Ka4ecTBe
KnanaHda ¢ NOCTOAHHOI pasHOCTLIO AaBNeHKWi ANA perynupo-
BaHWA NOTOKa, NPOM30IAeT oTBOP AABNEHWA ANA NONOCTH
YCTAaHOBKY NPY»UHLI NO3aAK PerynupoBoYHOIA fuaparms)
(nponopumoHaneHeiid kKnanav) fpue 37) . Mpu perynuposa-
HUM NOTOKA Npegen MOWHOCTW AOCTWUraeTcA Torga, Korga
CYMMa W3 OMMCLIBAEMbIX BbIWE WMMYNbCHbIX cwn Faxc.,
ApBl gvadparMbl ¥ BOZMOXKHOW ApL coeguHWTENBHOW nw-
HUW KOMMEHCUpYeT younue npyskuiel F 1.

F1 = Fakc.+ ApBI® AK + ApL ® AK
AK = TNOBEPXHOCTb NOPLUHA

BhilleyKasaHHkIE B3aMMOAEACTBUA W306PAKAIOTCA Ha AMA-
rpammax (puc. 38 v 40) ana OY 32 n 40,

FopuaoHTanbHble MUHUM K306pPaXKaloT HesaBncHMbLIE OT Mo-
TOKA NpeABapUTenbHbie HAaTAMXKEHMA MpY»uHLl F1, B3ATbIE
MO OTHOLLEHWIO K COOTBETCTBYHOLLEA NOBEPXHOCTH MOPLUHA
AK kak Ap.

F1/AK = nocrosH.

[aHHbIe NUHUW 2aKAHYMBAKOTCA B MONYYEHHLIX HAa OCHOBaHMK
M3nMepeHuid ymeHslienwA pasneHwA (DR} makcumansHbix
pacxofax, NPV KOTOPLIX YCUNWA NPYKAHBI KOMNEHCUPYIOT-
CA 3@ CYeT ruapouHaMuyeckux cun. CoegnHwTensHeie nn-
HWW TAKKUX KOHEYHbIX TOYEK NPEACTABNAIT coBoH hyHKLMIO.

Faxe./ AK = f(Q)
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KomMneHcauua Harpy3aku ¢ NOMOLLLI0 KNanaHos NOCTOAHHOW PaHoCTV RaBNEHNHA

. .F.QW;F!‘P;W@. i
wadparma

Puc. 37

JINA Kaxaoh npy#xuiHel MOXHO CYWTHIBATL UMEIOLLYIOCA B
pacropArkeHuit Ha AnadparmMe W NMHKWAX PA3HOCTL LaBneHuin

ApBL + ApL = (F1 — Faxe.)/ AK

ANA ONpefeneHHoro pacxopa Kak paccroaHue obewx Kpw-
BbiX

Fi/AK = nocvonaH. n Facc. [AK = f(Q)

MNpumep

Ynpaenenuve ana Q = 340 n/MuH. 4OMKHO KOMMNEHCUPOBATh-
cA ¢ Harpyskoil nocpeacTeom DR -norvk (penyxKunorHein
NOTVYECK WA INEMEHT) .

Bbin ebiGpat Knanad tTuna 4WRZ32E360, T.e. 360n/munH. npu
10 6apax o6uiero nepenana AasneHuii Ha KnNanaxe, a 3TO O3Ha-
uzeT b6Gap pasHocTy AaBneHuin Ap Ha onHY yNpasARKILYIO
kpoMKy, ann 340 n/muH. TpeGyetcA, Takum o6paszom, cne-
AVIOLAA pa3HOCTb AaBneHnid Ap Ha ynpaBnAowWwen KpoMKe:

Q = QNe*~/ Ap/ApN

Ap = (Q/Qn)2e ApN

Ap = (340/360)2e5 = 4,456apa= b [6ap]
QN = HomMWHaNbHLIA pacxoa KnanaHa

ApN = HOMWHanbHaR — Ap KnanaHa

Ap = Tpefiyeman pasHocTe AaBneHnini Ap

Ha ocHoBaHuu rpadivNecKux xapakTepucTUK MoHO Byaer
Tenepb BoIGPaTh COOTBETCTBYIOLLNIA NOT UMECKUIA BNEMEHT.
Mpu noruke LC32 DRB0 6binoc Gl B pacnops:KeHuu ana
knanada npu 340 n/mMuH. TONBKO Pa3HOCTL AaBNEHMW AD,
cocTaBnAwLWwad okono 3 6ap, a 370 O3Ha4YaeT, YTO PAa3HOCTL
gaeneHuid Ap Ha knanade Geina 6bl CANWKOM Manon AnA
Toro, 4To6s1 obGecnednTs TpebyemMbii pacxoa.

62| Faxe. FI

' F1 - Faxe.
] e L i ApBL + ApL = T L S
- ucnonHexwua 80: Ak _
o F1
10 ANA: wcnonHeHwA 80 /
. [ /
2 s | Fom
: = 1(Q)
: Ak
6 | venonvenue 50 et
4 | ucnonterve 40 // :
_ | vcnonHenue 20 |
8. W W oo o0

Puc.38: [lIpeden MOWHOCTU NPpu NPUMEHEHUU O8YXIUHEUH020 GCTPOEHHO20 Knanana LY 32
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Komnencauua Harpy3sKu ¢ NOMOLLsI0 KNaNnaHoB NoOcTOAHHOA PasHOCTA AaBNeHWA

Puc. 39: Knanaw nocroamHol paznocty dagnedudd
¢ pezynupyenoli pazHocTso daenenul Ap

WmeeTca Teneps BO3MOXKHOCTE NOBLICUTL Ap MOCPEACTBOM
COOTBETCTBYHLWKUX MEpONPUWATHEA N0 NPOBOAHOMY MOHTaMy
(cm. puc. 39) . B padHom cnydae, oAHaKo, cRegyet npume-
#ATe ucnonHedwe LC 32 DR40 (c npysuHoi B 4 Gap) .

Apyroi ansTepHaTuBOii ByAeT BbIGOP BOnbLUEIH CXEMHOW NO-
rukn LC40DR80. 310 b6yaer gonyckate Nnpu Q = 340 n/muH.
Ha [POCCENMPYIOLWEn KpoMKe knanaHa Ap s 7 6ap.

 6ap
1

iA0

Fakce. F1
AK AK nP“MEP ann ApBL ¥ ApL i —Fl « Fare. = 763[3
wenonHenwa 80 : Ak
F1 '
AnA: ucnonHeHwA 80 — i =
|
| ! ’FBKC
| = f(Q)
Ak
menonHeHune 50 7 Gap <1 |
| 1
venonHeHue 40 -
ucnonHenme 20 I
L e - 800 1000

Puc.40: [lIpeden mowHocTY npu nNpumeHeH Uy 08y XIUHedHo20 8CTpOEHHO20 Knanakta Y 40
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KomneHcauwa Harpy3xu ¢ NOMOLLLI0 KNanaHoB NOCTOAHHOM NAIHOCTH NABNEHMA

AnA zameTok
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masa D
INeKTPOHUKA YNpaBneHuA ANA NPONOPUNOHANbHbLIX KNanaHoB

Xepubept depp



-

JNEeKTPOHWKE YNPABNEHMA ANA NPONOPUMOHANLHLIX KNANaHOB

Onpepenenme NOHATHIA ¥ 0GLACHEHKMA

B pavHom pazaene 6yleT cHavyana onuCLIBATLCA CAMBIE BaK-
Hbl@ Y3kl INEKTPOHUKKM YNPaBNEHUA ANA NPONOPUMOHETL-
HeIX KNENaHOB ¢ NOHATHMK, PyHKUMER 1 BNoK-cxemamm.

[JaHHkill paznen JonkeH NOCAYXWUTs Nocobuem ANA Tex, KT
A0 cuX MOpD COBEPLUEHHD He 3aHWMarncA Takumu npobnema-
MU MW O4YeHb PEAKO CTANKWUBANCA C HUNW.

O6pazogaTent nuHeAHbIx hyHKUWA ¢ HackILLeHWeM

Q6pazoBaTens NMHERHbIX YHKUMIA C HacklWeHueM oBpa3sy-
eT M3 CKauykooBpazHOro W3MeHeHWR 334aHHOrO 3HaYeHWA,
Ka8K W3 BXOOHOro CWrHana, MenneHHO BO3pacTaloWui unwm
yBEIBaKOLWMIA BLIXOAHOW cHrHan. BpemeHHoOe MaMeHeHue Bbl-
XOMHOro CUrHana MOMeT perynypoBaTteCA C NOMOLLLK MO-
TEHUWOMEeTPa.

MpuHuwrn aedcTBUA 06pa3oBaTENA NUHERHBIX HYHKLMKA C Ha-
CbiLEHWEM OCHOBAH Ha TOM, 4TO KoHgeHcaTop C ¢ Beigep»x-
KO¥ BpeMeHW 3apAKaeTCA, B PE3YNbTaTe aToro MeldnNeHHo U
NOCTOAHHO W3MeHSEeTCA BbIXOAHOE HanpaXeHwe Npu BXo4-
HOM cKaukoobpasHoM curHane.

Ha nogsilleHWe BbIXOAHOrO HaMpPAKEHUA MOXHO 0Ka3biBaTb
BO3AENCTEBME C NMOMOLULIO NepeMeHHoro conpotheneHua R
W BCNEACTBWE 3TOr0 ONPeAEnATL CKOPOCTh 3apAAKN KOHAEH-
caTopa.

YcraHoBneHHoe BPeMA NUHEMHOW IYHKUMM C HACckILLEeH uem
GepeTcA Boerga No oTHoweHuw K 100% 3apaHHOro 3Have-
HUA (BXOAHOM-CKaUuK00BpasHbLIiA curHan) .

Mpumep

YcTaHOBNeHHOe BPEMA NUHEMHOW YHKLUM C HACLILLEHWEM
make. beex. npu 100% 3apaHHoOro sHaveHwAa: ecnu Gyger,
Hanpumep, YCTaHOBNBHO 3a8gaHHOE 3HaveHve Ha 60%, To Ta-
KOE 33aHHOE 3HaveHWe BYAET ye QOCTUraThCA, NPUMEPHOD,
no ucTe4eHu 3 CeKYHA.

Puc. 1: O6pasoearent NUHEUHEIX BYHKUYUU C HacbIWeHuem

= , Hanpawep, okavok ¢ O wa 100%
= 100% — [
g
(=
;;J :
=
s
a8 :
= % I
& , : o
s  BPEMA T
|, Hanpamep, crcavorcc 100% wa 0
= 100%
z
=
5 o
s
o o
E
3 .
R R
“m\ S

BHIXOAHOM crHan UA |

£ 100%
e S
g :
S
|
“_"g.\_
e | |
L . . s

VcTaHosneHHoe Bpemﬂ nuueuuon q:yukuuu I
‘g Hacslmeuuem : :

- t

ycTaHuaneuuoe BpeMﬂ AAHEMHON cbyl-n{uuu
; ic Hacslmeunem

Puc.2: Cravxoobpasrsid cuzHan, epems JuHelHoU Gy HK YU ¢ Hackiterntem
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3nex TPOHMKA YNPaBNEeHUA ANA NPONOPUMOHANLHLIX KhanaHoe

100%

 60%

BXOAHOK curHan UE
(3amanHoe 2HaueHwe)

o

O EpemA nuHeHHOR dyhKuMA
Y chacsumenmem t (oo

-

- 100% -

BX0AHOM curtan Ue
{3ananHoe anaverine)
o))
=]
o
=y

¥

@iosahon g g
 BpeMA NMHERHORN GYHKLUM
_cHaceiuenvem t (cex.)

Puc. 3: Bpema nuHeldnall hynKyuu ¢ HacsI WEHUEM 8 3a@UCUMOCTU OT 8X00H0Z0 cuzHaNa

MmnynscHo-mMopy nMpOBaHHAA KOHeYHaA CTYNneHb

B koHeuHoR cTYMeH nNpoucxoauT npeobpazosaHune Hanpa-
eHWA 3alaHHOT 0 3HAa4YeHWA B TOK 3NEKTPOMarHuTa.

OnA Toro, 4yToBsl NO Mepe BO2HOMHOCTY NOALRDMHNBATE HEZ-
HauYUTEensHOW BeNW4YKMHbl MOLWHOCTL noTepb KOHEYHOW CTyne-
Hi, @ BCREACTBKUE 3TOFO TERPMMWUECKYH HArpys3xy ynpasnaAto-
wei nepgoxkapTel, TOK 3NeKTpoMar4uTta noaeepraerca WUM-
I'IVJ'IH:HDFI MOLYNALWK.

MocpencTBOM reHepaTopa TaKTOBLIX UMY NECOB yCTaHasnu-
B3ETCA TaKTOBaA YacTOTa B 33aBUCUMOCTM OT TUNA KNanaHa.

Mpumep

B 3aBMCUMOCTH OT COOTHOLWEHWA ANWTENLHOCTM BKITHOYEHWA
U SHUTENAEHOCTY BbIKAKYEHWA MOUWHOM0 BbIXOAHOMO TpaH-
3McTOpa U3MEeHABTCA Nojladya TOKa K INeKTPOMArHnTy.

3a4aHHOE SHAYEHUE

NeKTpo-
MarHuT

¥

Puc.4: UnmnynscHO -mOOyIUpOGaHHaR KOHEYHad CTYNeRb
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JnexTpoHMKa YNpaeneHWA ANA NPONOPUMOHANLHLIX KNAaNaHos

- a) Koweunan cryness nosmoct

a onpeaenenmeii Tox ladd,

- + UL

o nacmﬂn | achh.

e e '_ winpKHa
S - :_-:_-: nMnynsea

Puc.5: UmnynscHo -Mo0ynupoganHan KOHEYHas CTYNeHs NONHOCTLI0 MOOYILUPO8AHHAR U OTYACTU MOOYNUPOBaHHER
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3neKTpOHUKA YNPABNEHA ANA NPONOPUMOHANBHBIX KNANAHOB

Mutanne HanprxeHuem

MuTaHue Hanpr>keHWEM ANA BCEX NPONCPUMOHANBHBIX KapT
YCUUTENA MOXET OCYLLECTBIATLCA COrnacHo n3obpa)keHuo
Ha puc. 6.

[nA NATaHUR HanpAKeHWeM NPUMEHRAETCA B KaXAOM Cny-
yae 2 33KUMa ANA NOBbILWEHWA HaAgXHOCTW KOHTaKTa
(puc. 7).

a) CrnameHHOE NOCTORHHO® HanpRKeHHe
U= 308 .. 358 5 :
(I \
308= 0o
35B=
L 2
| 6) MonxocTeio MOCTUKOEOR BhINPAMNEHNE
COOTBETCTBYET OAHOasHOMY
ABYXMONYNEPUCAHOMY BbiNPAMAEHNIO
Ushd. = 288 +10% = 2168 ... 2648
I 1
| .
| 24Badd. == ==
+10% !
!
B) Tpexdasusih MOCTHK -
CODTBETCTBYET TpexthazHoMy: i
ABYXMONYNEPMOAHOMY BbINPAMANEHWIO
Uspd. = 28 Babd. ... 3583
28 Badd, A0 -
35 Badd.
i o
|

Puc.6: fMuradue nanpAxeHuem
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 Hanpamep:  |VT 3000-5-30

32a

HaNpRXeHnem

o

26a
26¢

Pue.7

Mpumep

Cxema pacfpeAeneHnA HanprXeHUA Ha KapTax YcunwTena
noaaeTcA Ha npumMepe o4HOMasHOro ABYXNONYNEpUOAHOro
BoinpAMneHuA (puc. 8).

B nepsom y4acTKe NpoMcxoanT npeobpazosaHue NpegjocTa-
BMAEMOro B Pacropf)eHuWe u3 cety noTpeGuTena Hanpaxe-
HuAa B 2208 nepeMeHHOro ToKa 8 HanpaxkeHue 8 24 B NOCTOAH-
Horo Toka. OHO NOABOAUTCA K KapTe YCUINTena.

Bo BTOpOM YHaCTKE MPOWCXOAUT CraaxuBaHue BXOAHOrO
HanpPRAMEeHWA.

B TpeThem yyacTKe MpoMCXOAuT npeobpazoBaHue CrnasmeH-
HOrO HaNPAMXeHUA B cTabUNKM3NPOBaHHOE HanpaxeHve s 18 8.
MocpeacTeom BsiGopa HOoBOW onopHoi Touku MO Mei nony-
YUM B2ATOE MO OTHOLUEHWIO K 3TOM TOYKK cTabunuanpoBax-
HOe HanprRXKeHue, cocTaBnAwee + 9B.

JinA Bcex KapT yeunuTenA cneqyeT YuuTeIBaTh Cneayiolee:

— Younutens MOMET BbITAMMBATECA TONbKO TOrAa, Koraa
OH Heg GVHET nog, 3aneKTpHYecK MM HaNpARXKEHUEM.

— M3MED&HHH Ha NO3WLKWK NOCTOAHHOM 0 HanpAXeHNA.

— Hons namepenua (MO} nossiwes Ha +9 B Mo cpaBHEHWIO
¢ HanpAXeHnem nuTtaHuA B8 0 B.

— He coeaurAaTe MO ¢ Hanpasxenuem nutanun O8.

— He coeauHATL ycnosHoe rpadwueckoe oboaHayeHwe 3a-
ZEMNEHUA HA MHAYKTUBHOM AaTUMKE MEepemMelLeHIA C Ha-
npaxeduem nutaHina 0B,

— PaccToAHWe OT paguonpubopoB AOMKHO COCTERNATE, Kak
mMuHuMYM, T M.

— [MepexoYeHMA 3aaHHBIX ZHAHEHWNI NPOMIBOAUTL TONLKO
NOCPEACTBOM KOHTAKTOE, COOTBETCTBYIOWMWX ANA TOKOB
< 1 ma.

— [Mpou3eecTy IKPAHUPOBaHWE ANA NUHWA 3a4aHHOTO 3HA-
YEHUA W NWHUMIA WHAYKTUBHOMO AaT4Ka nepemeLLeHuni.
JKpaHUpoBaHKUe AOIKHO BbiTe € OJHOW CTOPOHBI OTKPbLI-
TLIM; €O CTOPOHLI NepoKapT YCTaHOBUTb Ha HanprAXe-
Hue nutannA 0B.

— YknagblBaTe cheayer MarHuTonpoBOoAa He BBHAU3KM TOKO-
MPOBOAALLMX CHUNOBLIX NUHWMA.



o

QJIEKTPDH“KG YNpasneHWA QA NpONCPUWOHaNbHbIX KNanaHos

o M

+18e
r'y T +9e
~—|— Os
¥y Os |+ -98
e b e D

Puc. 8: Odnogiaznoe 08yxnonynenuooHoe esInpamMiaeHLe

YcTpoicTeo ANA onpenenednA MecTa noepexaeHuA kabena

YcTpoWcTBO ANA OMpeaenesua MecTa NoBpeKAeHUA KabenA
KOHTPONUPYET NOABOAALLYIS NUHWID K ABTYUKY Nepemelle-
HWA. B cny4ae nospexpaeHuid, Hanprumep, Npu paspbiBe oa-
HOW W3 TPEX XKD COeAUHUTENLHOro KabenAa nnA natyuKa ne-
pemeuleHunin obecToynealoTea 06a anexkTpamarHuta A v B.
KnanaH npu nonomre Kabensa nepemeLlasTca Ha CBOW cpej-

HIHOK NMO3nLWK.

O6pazorarent cKaukooGpazHoi dyHKLMM

Obpaszoesarent ckaykooBpasHoid dyHKLMKM BblpabaToiBaer
Npy 3agaHHbIX HanpAeHUAxX Bonewe 100 ME nocToAHHBING
BbixogHol curHan. MMpW 3afaHHLIX HaNPAMKEHUAX MeHbLUe
100 Me BbIXOAHOW cUrHan coctaenAeT 08.

BrixogHol curHan o6pazoBatenAd (QyHKUWW BbI3bIBEET Ha
aNeKTPOMAarHMTe CKayoK Toka. TakoW cKa4oK TOKa CNYKUT
ANA BLICTPOro NPecAOneHWA NepeKpPsITUA NONOKUTENLHOro
NepeK peITUA NPONOPUKOHaNbHBIX KNanaHos.

+Ua 4

100% { P

-0,1v 100%; '
- UE +0,1 B -+ UE
- 100%
vy —Ua

] UE

Pwrc.9:

O6pasosarens ckavkeobpaznol yHKyuL
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3neKTPOHMKA YNPAENEHWA AfIA NPONOPUMOHANEHLIX KN2N3HoB

Puc. 10: PID -pezynaTop

Pvc. 11: Cymmarop

Puc.12: Hueeprop

D6

PerynATops! Ha NPONOPUNOHANLHBIX KapTax YCUIuTens
PerynaTopsl NPONOPUMOHaNkHLIX KApT yCunuTena ontnmu-
3MPOBaHbI CMEUMAnbHO No OTHOWEHWIO K Tunam KnanaHos,
Perynatop NOAdeT B 3aBUCMMOCTM OT PasHOCTH 3aAaHHOro
— pedcTBUTENLHOTO 3HAYEHWIA BbIXOMHON CUrHAN, KOTOPBINA
YNpaBnAeT UMMYJLCHO- -MOAYNUPOBAHHONA KOHEYHOH CTY-
neHkIo.

CymmaTopsl

CymMaTopsl Ha NPoOnopUAOHaNnEHBIX KapTax YCMHTEHH\

NpesHazHayalTeA ANA CYMMUPOBAHWA LBYX HamprXeHud, \
NPy 3TOM UHBEPTUPYETCA CUTHAN CNOMKEHNA. \

UHeepTopbl

WHBEpTOpsI Ha MPONOPUMOHANBHBIX KApTaX YCUAUTENA npea-
Ha3HAYalOTCA ANA NepemMeHbl NoNAPHOCTH BBEAEHHOO HanpA-
HKEHWA.

NoveHynomerp

MoTeHUMOMETP — 3TO aKTUBHBIW (oMW-
4eCKUI} pesMETop ¢ MepeMEHHBIM OT-
BOAOM {CKONB3ALLMM KOHTAKTOM) .
Ecnv NpynoxuTh NOTEHUMOMETD CBOW-
wn koHuamu k 0B 1 10 B, TO Ha cKOMNb-
JALLEM KOHTAKTE MOXHO OTEOAWTbL
noboe NpOMEXKYTOUHOE 3HaYeHWe B
npegenax 0 ... 108.

TMpumep

Mpu nepectavoske B8 60% MOXKHO HAE
CKOML3ALLEM KOHTaKTe OTBOAMTL Ha-
npAxeHwe B 6 8.

Puc. 13: lMorenyuomerp



JINeKTPOHNKE YNPABNEHWA ANA NPONOPUMOHANBHBIX KNANaHOB

Tok nogmarHU4UMBaHWA

Tok nogmarHWYMBaHMA — 3TO TOK
aneKTROMarHmTa., Kak Tonkko Kapta
younurena ByaeT npunerats K Hanpa-
JKEHWIO MUTaHWA U KnanaH 6ygner npu-
COEBAMHBH K YCWINWUTENO, B Hanuuuun
ByaeT TOK noamMarHW4MBaHWA MarHw-
Ta. OH CNVUT ANA NOAAERKUBEHWA
TAKTOBOW 4acTOTel, ANA NpeaBapUTenb-
HOrO0 HamarHWYMBEHWA 3NeKTPOMAr-
HATE U CORBICTBYET TOMY, 4TO ANEKT- i T
pOMarHuT knanaHa GeicTpo 3anycka- L TR OCMITIRN
eTcA B AGVCTBWE CO CBOEA OCHOBHOM S e
Nno3vuwMK NPy BbI3OBE 3a43HHOMO 3Ha- Pat esn e ]
ugHKen. - !

KnanaHHbiA
nopLeHs

“HHYKTI‘IBHHE [aTYMiKK NepemelleHnA
Ha KnanaHax

: K"aT'yLuKa .1 ;

MHOYKTMBHBIR AaTYAK NepemeLleHrA
cnyuT ANA BECKOHTAKTHOrO M3mepe-
HUA X048 NOPLUHA.

W3MEPREMOE
nepemelueHue

BIXOAHOW = |
‘curHan T

~ Toukazamepa |

VHOYKTUEHEBIN AaT4MK MNepemMeLleHinA : : —

COCTOUT W3 LMNKHAPWYECKOrO KOpny- .. . BemMOBynATop

a8 YYBCTBUTENLHOTO 3MEMEHTA, B KO- 3 Rt

TOPLIM NOTPY*XAeTcA W3MEPWUTENbHBIN

AKopb ¢ heppoMarHUTHLIN cepaevHu- e o

KOM M3MepHTENLHEIR AKOPE

Y " T COTOWT M E e - C (heppoMar HUTHLIM
YBCTBWTENLHLIA 3NEMEHT COTO 3 Bl T e e, : cepAesHUKOM

ABYX KaTylieK, KOTOpbLIE B3aUMHO o

COeAMHAITCA 1 0BPaszyHT UHAYKTUB-

HbIA NONYMOCTUI.

KaTyuica 2

c

MHAYKTYMBHLIA A8TYAK NepemMeLLeHuA e
ERUTENAST dwraiime RCCRRALTRON NGy~ Puc. 14: Cxema uHQyKTUHBHO20 0aTyuKa NepemeuieHus
wen vactoTel 8 2,6 Kru. Amnnuvryaa
TAKOA HecyLiell 4acToTbl OTnWYaeTcA
Apyr oT Apyra Ha BbiIXOAe B 3aBUCU-
MOCTM OT MO3UUMK UIMEPUTENLHOr O : S
AkopA. B pe3yneTaTe CMELLEHMA u3- : :
MEPUTENBHOFO AKOPA W3MEHABTCA WH- - (+)U A o
OYKTUBHOCTL KATYLUEK. e

L sl

(jolL= peakTnBHOE CONPOTUBNEHWE }

BmecTe ¢ MHAYKTUBHOCTLIO U3MEHRAET-
CA TaK}e conpoTueneHne nepemeHHOo-
ro Toka Zw W BCNEACTBUE 3TOTO Bhki-
XOAHaA aMNNKTY A3 YacToThl.

Ecnu uamepuTencHbid AKOpe Gyaer
HaxOOMWTLCA Ha CpegHer No3uummM, To
BbiXOQHAA amnnuTyaa 6yaer cocra-
BnATL Us.

Ecnu w3mepuTensHbld AKOPb Gyaer
OTKMOHATLCA, TO BbiXO4HAR AMMNANTY-
aa (pue. 15) 6yger cmewarscA B Ha-
npaenedun US1 nnu US2.

JdemonynATop npeobpa3oBbiBaeT Be-
NWYUHY BLIXOAHOW aMNNUTY ALl B COOT-
BETCTBYIOLIWA CWUrHan MOCTOAHHOIO
HaNPAXEeHWA.

Pue.16: BeixadHan amniuryda, usmepentan Ha ToYKe 3amepa 1, coznacHo puc. 14
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IneKTpoOHMKa YNIPABAEHHWA ANA NPONOPUMOHANBHLIX KIanaHoe

NPONOPUUOHANBHbLIA YCUNUTENDb
ANA NPONOPUWOHANBHBLIX KNANAHOB

[nA pa3zHoobpastbix NPONOPUMOHankbHbIX KNanaHos Bbink
paspaboTaHbl W CTAHA3PTUPW30BaHbI ANEKTPUYECKUe KapThl
ycunuTenA esponeiickoro gopmara 100x 160 mm. Onepe-
JefeHHOMY BWAY NPONOPUWOHENBHBIX KNanaHoB npeaHas-
HaYaeTCA TaK)Ke COOTBETCTBYIOLWAA SNeKTpUYecKan kapTa
younutenA AnA Toro, 4Tobkl obecneunsanucb onThmaneHaA
HACTPOAKa, a BCNeACTBWE 3TOMO W ONTUMalbHBIE PE3YNLTaTh).

MponopunoHansHbie YCcUKTENKM NOAPA3AENAOTCA 34eCk Ha
2 rpynnol ;

— NPONOPUWOHANEHLIE YCUNUTENYW ANA KNanaHos Ges anek-
TpKuecKo# oBpaTHON cBA3K (ANA perynuvpyemMbix No ycu-
AV 3NEKTPOMarHUTOB )

— MNPONOPUUOHANEHLIE YCUAUTENW ANA KNaNaHoOB C aNeKTpu-
vecKoid 06paTHON CBA3LI0 NPONOPUWOHENLHOTO 3010THWU-
Ka (AnA perynupyemMbiX no XOo4y 3neKTpomarHUToB ).

MPOMOPUNOHATINBHBIE YCUNWTENW ANA KNANAHOB
BE3 3NEKTPUYECKON OBPATHOW CBA3K

MponopuMoHansHbie YCHAUTENH AR
NPonoOpUHOHaNbHLIX HANOPHbLIX KNAMNaHOB

Ha ocHOBaHWW NpuseaeHHOW BNoK-cxemel Byaet B nocne-
OYIOLLEM ONKChIBATLCA MPUHLWN GeRCTRMA NPOMOpLWOHaNk-
HOMO YCUAUTENA.

K sasumam 24ac (+) v 18ac (0B) npuknaasisaeTea HanpA-
HMEeHME NuTaHwA .

Ha kapte yemnutena (1) Takoe HanpAXeHWe NUTaHWA crna-
YKUBABTCAH W W3 3TOrO HanpAXeHuA 8 * 9 B.

CrabunmauposaHHoe HanpAXeHue B £ 98 cAyxuT:

a) ANA NWTAHKWA BHELWHWX WU BHYTPEHHUX MNOTEHUOMETPOB
+ 9B oreoantca Ha 10ac
— OB oreoanTcA Ha 16ac

6) ANA NMTaHWA BHYTPEHHWUX OMEPaLUOHHEIX YCUnuTenen.

Ha kapTe ycunurena cuant noteHumometTp R2 ana ycraHos-
KW 3aaHHOro 3HaveHns. JAna 1oro, 410661 MOXHO BeINO OT-
peryniposaTe Ha R2 3apanHoe HanprxeHwue, cnefyer nof-
BECTWM K BXOAY 3afaHHOro sHaveHwAa 12ac ctaBunuanposaH-
Hoe HanpmkeHue + 9 B.

3apaHHOE HanNpAXeHue, CHATOoe Ha noTeHuuomeTpe R2, nog-
BOAMTCA K 06pA3oBarenty NVHEWHON yHKLWK ¢ HacklLie-
Huem (2) .

OBpazoBaTens NUHEAHOW YHKUMKW G HackiweHwem (2) Bbi-
pabarsiBaeT U3 CKaykooBpPa3HOro curHana MeaneHHo Hapa-
CTaLWWin N NOTYXALWMKA BbIXOgHOHW curHan., KpyTuaHy
HAPacTaHWA BbIXOQHONO CWrHana, T.e. M3MeHeHWe BO Bpe-
MEHU, MOXHO pEerynnMpoBaTk C NOMOLLLI0 noTeHunomeTpa R3
(anA NUHERHON hYHKUWW C HacklLWEHWEM YCKOPEHUA) W no-
TeHuywometpa R4 (anA nuHeltol diyHKUWK C HacblWeHWenm
3amMegneHus ) .

YKkazaHHoe Bpems NUHEHHON (IYHKLWMW C HackILLlEHWeMm, co-
craenAmee 5cekyH, MoxkeT obecneymBaTbCA TOMLKO MO
BCEMY AWanasoHy HanpaxeHua (HaunHan ¢ 0B 1 KoHuan + 6 B)
C W3MBPEHWEM Ha rHeaAax U3MepWTenbHOW Uenu 3aaaHHoro
3HaueHuns ) . 3agaHHoe HanprXeHue B + 98 Ha Bxoae cocTa-
BWT HanpreHWe B + BB Ha rHesnax M3mMepuTenbHon Lenn

D8

3a/@HHOr 0 3HaYeHUn.

BeixogHoM curHan obpa3ogarenA NuHeAHoW hyHKLUKW ¢ Ha-
ChbilleHreM NoAgaeTcA K WMIYNBCHO-MOAYNVPOBaHHOR KO-
HeYHOW cTyneru (3), a TakKe curHan HanpaeHWA NoTeH-
uvometpa R1.

Ha noteHuuometpe R1 MOXHO YcTaHOBNWEATE TOK nogmar-
HUYUBEHMA ANA PerynupyeMoro aneKTpomarHuTa.

KoHeuHaa cTyneHnb {3) ynpaBnAeT perynupyemMbiM 3NeKTpo-
MarHnTom makc. nocpeacteom 800ma. Tok vepes perynu-
pPYEMBIA ANEKTPOMArHUT MOMKET U3MEPATLCA B FHE3Ae Wame-
puTenbHOM uenn X2 Kak nocToAHHOe HanpAsxkedve (1e.=1a)

1

vy

TouKkw 3aMeépa Ha NPONOPUMOHANLHOM YCHAKTENE

BHumanue

smeperue npouasoguTcA Ha MO3ULMK MNOCTOAHHOIO Hanpa-

KEHWA.

1) U3mepeHne HanpaRKeHUA nutaHuA B + 24 B Ha 3axumax
24ac npotme 18ac

2) WamepeHue cTabunuanpoBaHHOrD HanpAXeHuA * 9B

+ 9B Ha 10ac npoTue 14ac
—9p Ha 16ac npoTue 14ac

3) Namepedue 3a0aHHOrO HanpmkeHuA, HauuwHaa ¢ "0" wu
KoH4an + 6 B, Ha rHe3fe U3MEePUTENbHOW LEnu 3aaHHoro
3HaveHua X1

4) Namepedue Toka 3nekTpomarHuta, HauuHaa ¢ "0" 1 KoH-
uan 800 ma, Ha rHesae u3mepuTensHon uenn X2
(18 =1a).

Mpumep ynpasnesua
CDEJ‘J,VI{.IU.L&H 3dHATOCTE NPUCOBIVMHEHWA DCTAETCA NOCTOAHHOW:

— npucoeguHenue knanaHa k 22ac u 20ac
— Hanpr}eHne nuTaHuA B 248 K 24ac (+) wn 18ac (—)

MpuHunn geAcTENA

— [OweTaHuMoHHaA nNepecTaHoBKa NOCPEACTBOM NOTEHLWO-
MeTpa ¢ BbIZ0BOM Yepes pene

— JOWCTAHUMOHHO BEIKMIOYATE NUHERHYI0 HYHKUWIO C Hackl-
LIeHMEM ONA YCKOPeHWA 1 3aMenneHnA.

Puc. 16: [lponopyuoxansubid yeunurens runa VT 2000540



a'JISKTpOHKKﬂ yNpasneHMA ANA NponopuMoHanbHbiX KnanaHos

3afaHHOE SHAUBHUE

LRy BB |
r-—-ﬁ—"——-———"r‘_——.——.-—-—'O'—"O__——-——-—————'—| |
2a 32a | 14ac ! Fl
? 1 32AAHHOE 3HaNeHHE
520 XUlp .. +66 |
| Amc el — -1J |
2 Al @ LR‘F = TOK NOAMarHuY. ]
AuththepeHUNANEH. BXOR ) - ; R2 = makc. 10K |
ot ) Tk L VT 2000-S-40  |Ra= apemn mueino?
‘DYHKLMN € HACHI LI
| ; | ANR_yeKOpeHUA !
- . . R4 = spepA nuHeAHoN |
BROA L 12ac : hyHKUMK C HackIWL. |
. NoTeHUMOMETpa 'Yt-'azi R3 : R4 ANA 3aMeANEHUA |
Bac _l lﬁ‘l :
1085 ==
+. : l
?B 14ac RE4 I: |
NoNHOCTEIG OB e : e ) ; ; B
MOCTUKOBOE =98 0 i T_': :"T :
BLINPAMIEHKE _1 @
248 3hd. +10% +248 '??—439— = : ; | aneKTpo-
HanpH#. NMTaHuA Oe Lot e MEFHUAT
TpexdasHeiil MOCTMK 100 Fu/ 200 ry MB = Ma
288 . ... 358 39P. |

Puc. 17: 3anarocre npucoedunerud NponopyuoHansHozo yeunurena tuna VT 2000540
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3neKTPOHUKA YNpaBneHinA ANA NPONOPUMOHANEHEIX KNanaHos

B kavecTBe AOMNOMHEHWA K ONUCAHHOMY BbILLE NpONoOpUKO-
HankHoOMY YcunuTenio npegycMaTpueaeTcA NPoNopuUMUoHan:
HuIl yeunuTens € B perynupyemMesimMu OTpesKamMu BpemeHw
NUHEAHON PYHKUWKM C HAChILLEHWEM.

OH COOTBETCTBYET B MPUHLIMNE YCUIUTENIO C OAHUM perynn-
pyeMbIM OTPE3KOM BpPEMEHW NWHERHOW (YHKUWW C Hackl-
WEHWEM W pacronoraeT TaKumMK ke BO3IMOXHOCTAMM ANA
npPUMeHeHWUA.

[avHaa kapTa ycunutenA 6bifla YKOMMIEKTOBaHA ellle ¢ no-
MOLLLIO AOMNOMHWTENBEHOW CBEMHON MNaThl CO WTEKEPHbIM
pazeeMoM. BraropapA eToMy NpPefOCTaBNAETCA BO3IMOXK-
HOCTL HAa3HayaTh KaXKAOMY Bbi2OBY 330aHHOr0 3Ha4YeHWA
BPEMA NWHENHOW (DYHKUUK € HACkILLEHWEM, KOTOPOE MOMET
YCTaHABNUBATLCA OTALNBHO.

Bhi30B 3apaHHoro zHavenwa R1 npepHasHavyaeTcR BpemeHu
nuHeitHol yHKUMU © HacklweHneM 11 (C BOZMOMXKHOCTLIO
ycTtaHaBnueaTte Ha R11)

Bbi30B 3aflaHHOro 3HaveHuA R2 npepHa3HauaeTCcA BpemeHW
nuHeiHol thyHKumM ¢ HachiweHuem 12 (¢ BO3IMOKHOCTbIO
ycraHaenueaTs Ha R12)

Bhi30oB 3afaHHOro 3HavyeHWA R3 npeaHasHavaeTcA BPEMEHW
NUHENHOR hyHKUMK ¢ HacslweHneMm t3 (¢ BOZMOMHOCTLHO
ycraHasnueate Ha R13)

BeizoB 3agaHHOro 3HaveHuWA R4 npegHazHaYaeTcA BpeMeHuU
nuHelHoN yHKUMA C HackilWeHnenm t4 {c BOAMOMKHOCTLID
yctaHasnueate Ha R14)

Ecni 6yaeT oTAYLLIEHbI BCE 38[1aHHbIE BENWYUHLI, TO (e
TUBHLIM OYOeT BPEMA NWUHEAHOW BYHKUWKW C HackILEHWEM
t5, C BO3MOXKHOCTRIO YeTaHoBkK Ha R10.

Puc. 211 STuredusili yeunurens tuna VT 3006 530
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IneKTpoOHWKA YNPaBASHUA ANA NPONOPUMOHANBHBIX KNanaHos
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IneKTPOHMKE YNPaBNEHKA ANA NPONOPLUMOHaNbHLIX KNanaHos

Mpumepel ynpagnewua

Cne.qvtomaﬂ 3@HATOCTE NpUCOEfUHEHWA OCTaeTcA nMpw A
AOM 3anycke B OeiCTBUE YCUNWUTENA OAUHEKOBON.

— npucoeavHeHne anekTpomarHuta A K 24a n 30a anek-
TpomarHuta B k 28a n 22a

— HanpAXexue nutaHuA 8 +24 & Mexay 32ac (+) u 26ac
(0B)

1) Kak mokHO uunmHap (Unu macnAvelid Asurartens) nnas-
HO 3aNycKaTbh B ASHCTBUE C NMOMOLLLIO NPONOPUMCHans-
HOrC KnanaHa u NMHeAHOr 0 YeUNTEeNA, MArKo TOpMOo3nTs
M OCTaHaBNMBaTbh Ha OMpeeneHHoM mecTe 7

HDOTEKEHH@ ABVXXEHUN OOMMHO NpoW3BOAMTLCA COrnac-
HO Auarpanmme 3aBUCMMOCTU CKOPOCTH OT BpemMeHin

{puc. 23).

OneKTpUMECKWA MOHTEX YCHMNWTENA cneayeT MNpousBo-
AWUTb COTNacHO MOHTAXKHOI CxeMe coeauHenuin (puc. 24 ).

Onvcanue NPOUEcca NepeKnioyeHnA

Komaupga 3anycka ANA BbIABWKEHWA UMNWHAPAE NOAAETCA C
NoMOLLbH 3aMbikaollero KoHTakTa (1) . Pene K1 n K2 npw-
TArWMBAKTCA, NpWU 3ITOM rnocpegcTBOM coggrMHEHWA KOHTakK-
ToB B cepuu athcheKTUBHbLIM ByAeT TONbKO curHan ot R2 ye-
pes K2 Ha noTeHuvomerpe R2 cneayer noaromy ycraHo-
BUTL YCKOPEHHbIA X04.

B cOOTBETCTBMM C YCTaHOBNEHHbIM Ha R8 BpemeHenM NUHENA-
HOWM hYHKLMMK C HackILLLEHNEM YCKOPAETCA X084 UWMNUHAPa RO
Tex nop, NoKa He ByaeT AOCTUraTLCA YCTaHOBNEHHaR Ha R2
CKOpPOCTh.

C OQOoCTUXKeHWeM KOHeYHOro BbiKnouaTena (2) pasmeikaio-
Wi KoHTakT (2) npepsiBaet noaavy nutanua K K2 w pene
ornyckaercA. Benegcreue atoro adichek TMBHLIM CTAHOBUTCA
R1 (K1 ocraetcAa BKIHOMEHHLIM} W UMAWMHAP OTTOPMaXUBE-
eTca Ha 3aMegneHHbIl XOA. KoHeuHbld Beiknwovatens (3)

B8bI3LIBAET B KOHEYHOM WUTOTE TaK)Ke OTNyCcKaHne pene K1 u
UWAVHAP OTTOPMa)kKMBAeTCA A0 LOCTMMEHWA COCTOAHWA NO-
KOR.

C nomouiblo 3ambikaoilero KoHTakTa (4) BkmwovaetcA 8
AencTeue oBpaTHLIN X0A UWNVMHAPRAE, NPpYU 3TOM YCKOPEHHBIN
X0o4 ycTaHoenveaetcA Ha R4, a 3aameanerHbin xon — Ha R3.
OcTtansHble onepauun ANA NpoBefeHWA oBpaTHOrQ XOoAa
NPOM3BOAATCA B COOTBETCTBMM C OMepaunen No BblABMXE-
Huto. k'

Mpu 3TOM ABRAETCA Ba&XHLIM M Ha 3TO cneayet ofpaTuTs
BHUMEHWE, YTO NPpW NepeKro4eHuid cnegyet wiberats Hen-
peaHaMepeHHbIX CKa4YKOoB NoTpebuTenA.

Mpu Becex onepauMAx NO YCKOPEHHOMY U 3aMeANneHHoOMY XO0-
4y B AAHHOM NpumMepe B3ATL! 6LINK OAMHAKOBLIE NOKAzaTe-
N 1 3aMeaneHvA.

Takoe BpeMA NUHERHOW yHKUMK C HackIWeHWeM YycraHa-
BNMBAETCA Ha noTeHunomeTpe RB.

1
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SJ'IBKTT)OHHKE ynpasneHwnA ANA NPONOPUMOHANLHBIX KNanaHoBe

. (oesgg o hpeagz

- 2iMLO0W yiHERDXEOL
e ag
Es.:m..:.._ aunauduen

g BHE+
5 gn; F ou -difespr

auHaUweduNg

mOﬁ Qv_!._.uD—a D_n_._.uﬂxno_._..

@ anHen|
-odiMaue

_ WanHAMIS0EH 0 MMNHHAD MOHUBHML Bwadse = BY
v “ienodinsue Bt EUHEBHMAHIEWTIOU HOol = oy
_ g " 1eWodiNate HUY BUHEEMAUHIBWTOU HO1 = Gd
: . .ms:w:mrw.m_.‘wxmaﬁwﬁn vy 'S TH IH

.q. 1umiew o
nn_._.v_mzm

v e

wwo,r _...

m—._ :mv.w:n mG

.. i, e i dima b

vk weumoundosod

Pue. 24 : Monramran cxema coeduneruid

D15



— Bbi30OB 3a0aHHbIX IHAYEHUH NocpeacTeoM NporpaMmmHoro

unomerpsl R1 go R4 pelicTByHT B KaYecTBE OrpaHWum-
Tenen

WkH BHEWHWX NOTEHUUOMETPDOB, T. 8., BHYTPEHHWe NoTeH-

ynpasneHua ot 3Y (5PS)

2) MNocTaHoBka 3a4ayn, Kak onucbiBanocs B 1-m npumepe,
0OfHaKo

— YCTaHOBKAa 3alaHHOro 3Ha4eHWA NPOM3BOAWTCA C NOMO-

3HEKTPOHKK8 ynpasneHnA ONA NPONOPUMOHANbHBIX KNanaHoRs
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JAneKTPOHUKA YNpPaBNeHnA ANA NPoNopuNoOHanbHbiX KRaNaLoe

3] B paHHOM criyyae 3anycKarTcs B AeWcTsue 06a aneKTpo-
MarHuTa A ¥ B c nomoweo BHEWHero noTeHuMomMeTpa.
MoTeHunomeTp NONyYaeT NUTaHue Ha CBouX 0Boux KoHUax
B BuAe cTaBUNWM3NPOBAHHOTO HanpAKeEHWA, COCTaBMNAIO-
wero * 9p. OTBOA BHELLHErO NOTEHUWOMETPE Npeaycma-
TpuBaeTcA Ha Bxoae 12a. BHyTpeHHui noteHuwomeTp R4
AEVCTBYET KaK OrpaHWuWTens BHEeLLHero NoTeHuMomeTpa.

Mpumep

Mpu 100%-m BxoAe 3agaHHOro 3HayeHuA Ha 12a nocpepcT-
BOM BHELUHErQ MOTeHUUOMETpPa MOMHO M3MEeHATL C NOMO-
LWk BHYTpeHHero noteHuwomerpa R4 3HavumocTe o7 O po
100%. MNocpeacteom BbI30BA pene K4 BoIKkNOYaETCA YCTaHO-
ENeHHOoe 3afaHHOe 3HaYeHMe, T.e., 3TO 03HAYAET, YTO 3NeKTPO-
MarHmT A N aneKTpomardut B cTaHoBATCA aKTUBHEIMU.
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IneK TPOHKKA YNPABNEHWA ANA MPONOPUNOHANLHLIX KAAMNAHOB

NPONOPLUOHATBHbIM YCUNTUTENL ANA KNANAHOB
C SNEKTPUYECKOM OBPATHOWM CBA3bLID

MponopuroHansHLIN yeunurens AnA
NpONOPUMOHANBHBIX pacnpepenurenei NPAMOro AeHCTBUA C
06paTHON CBAZLID

Ha ocHOBaHWW W30HBPaXKeHHON BROK-CXeMbl AEMOHCTPWDY-
eTCA NPUHLMIN ASHCTBUA NPONOPLMOHANLHONO YeuanTens,

WNa anexkTtpocetu notpebutena B 220 8/ 3808 esipabaTeiBa-
eTcA HanpAXeHWe MUTaHUA ONA KapThbl NPONOPUWOHANLHOro
YCUNUTENA € MOMOLLLbIO TRaHcOpMaTOpPOB C BeINPAMUTENEM.

K saxumam 22ac (+) v 28ac (08} npuknanbisaeTcA Hanpa-
seHWe nutaHuA. Ha kapte ycunutena (9) Takoe HanpAxe-
HUE MWTEHMA CFN@XKWBABTCA WM U3 3TOrO HanprxeHuA obpa-
3yercA cTabUnu3MpOBaHHOE HanprXeHue B * 98.

CTabunuaMpoBarHoe HanprxXeHnue B £ 9B cny»uT AnA

a) MWTEHUA BHELWHWX UMY BHYTPEHHUX MOTEHUWOMETPOB C
BOSMOKHOCTLIO 0TEOAA Ha 26a (+ 98) uHa 24a(—9e).

6) NUTaHUA BHYTPEHHUX ONEPaLMOHHBIX YCunuTenek

Ha KapTe YCWNWTenA CMAAT 4 NOTEHUMOMETPA Af1A YCTaHOB:
Ky sapanHoro anaveHua R1, R2, R3 v R4 (13).

Ana Toro, utobbl MOXHO BbinNo OTPerynupoBath 3ajaHHoe
HanpAXeHue, CNeAyeT 3auMbl BXOAOB 3aAAHHOMO 3HAYCHUA
20¢, 20a, 14a, 14c coeawHuTs CO CTaGUAN3NPOBAHHLIM Ha-
nprxeHuem 8 + 9B Ha 3aMKUMe 26a unu —9 B Ha 3auUMe
244a.

ECnu BX0abl 330aHHOro 3HaueHnA 6yayT npunoxens) Kk +98,
TO 3NEeKTPOMarHiT A cTaHer akTuBHbIM. DnekTpoMarHut A
pacnonoseH Ha aakuMax 2a n 32a.

Ecny BXOAbl 3aQaHHOrD 3HAYeHWA OByayT MNpUnoweHbl K
— OB, TO3NeKTPOMaErHuT B cTaHeT aKTUBHbIM. 3neKTpoMar-
uuT B pacnonoxex Ha amxkumax 2¢ 1 32c.

YoraHoBNEHHbIe 3aaaMHeie HanpmkeduAa R1, R2, R3 » R4
BbI3bIBalOTCA Mepes pene (12) K1, K2, K3 n K4. Onw pac-
fonoseHsl Ha sakumax 12¢, 12a, 16a, 16¢.

HanpsskeHue BLI30BA pere MoxeT OTBOAUTLCA HE 3aKUMe
24¢ W npuKnaasiBaThcR 4Yepe3 cBobOAHbIE OT MOTEHUMana
KOHTaKThl K BXxoaam pene 12¢, 12a, 16a, 16c.

Mpu BsizoBe 3anaowmnx noteHuwomerpos R1 ... R4 Bbipa-
GaTbiBaETCA Ha BXO4e ofpasoBaTend NUHeHHoN dyHKUMK ©
HacsitleHmem (1) craukoobpasHbIi curHan.

O6pasoBarens JIMHEAHOW QIYHKUMK C HaCkILLEHWEM {1) BbI-
pabaThiBaeT W3 CKauKDO6PaZHO HAPACTAKLUENO BXOAHOTQ
CUrHana MEANneHHO HapacTaloLWWA EsIxoaHOM curHan. Bpema
HapacTauuA (KpyTW3Ha) BbIXOAHOrD CUrHana MOXHO pery-
nMpoBaTh Ha noteHuvometpe PS (BpemA NUHENHON DyHK-
LMK C HacklWernem ) .

YKasaHHOe BpeMs NUHEeRHOW hyHKUMK C HabiLeHWeM, co-
cTaBnaollee Make. 5 ceKyHA, MOXET oBecneynBaThc TOMb-
KO MO BCEMY AMAanasoHy HanpaxeHwA (HayvHaa ¢ 0 1 KOH-
yan + 68, C M3MEPEHWEM Ha MHE3Aax M3MEpUTENLHOM Lenw
2aflaHHOrO 3HaYeHuA) -

3apanHoe HanprRxeHwe B T 9B Ha BXOAe COCTABUT HANpPAMXe-
Hue B £ BB Ha rHE34aX W3MEPUTENLHOMW ek 3aRaHHOr0 3Ha-
YeHuA.

Ecnu Ha Bxoge o6Gpa3osaTend NUHeHon QyHKUWMKA C Hachi-
wenvem (1) GyaeT BKAWYATLCA MeHLLIAA BenuUUHa, YeM
+ 98, To BpeMA NuWHERHOW thYHKUMW C HackILLeHWeMm Byaer
COKPAaWaTheA.

D18

BoixoaHoH curHan oBpasosartena NUHeRHOW iyHKLUU C Ha-
ceiervem (1) noctynaer Kk cymmatopy {3) u k obpasosa-
Tenio cKkauykoobpasHoit dyHikummn (2) . Obpasosatens cKad-
koobpazroi dyHkuwy (2) BbipabaTbiBaeT Ha CBOEM BbIXO-
ne ckavykooBpasHyw (YHKUWIO, KOTOpPaA CYMMWPYETCA B
cymmaTope (3) ¢ curHanom yckopenua obpa3osaTena fin-
HeWHOM dyHKuMM ¢ Hacwiwenvem (1). CkaukoobpasHas
yHKuMA TpebyeTca AnA BbICTPONO NPOXOMAESHWA Yepes Hy-
nesoe rnepekpsiTHe Knanada.

Takoil ckavyok Gyaer aHeK TUBHEIM NPWU ManklX 3a@HHbIX
HanprxeHnax (Hwke 100me) . Ecnn 3apaHHoe HanprxeHue
gosepacTeT Ha 6Gonee BbLICOKYID BenuduHy, obpazosatens
ckaukooBpazHoi yHKUMK (2) Gyaer BbipaBaTe MOCTOARH-
HEIA curHan.

BoixoaHoi curHan cymmatopa (3) nopaeTcA Kak 3apaHHOe
snaueHne K P1D -perynaTopy (4) .

OcumnnATop {6) npeepauiaeT curHan NoOcTOAHHOrO TOKa B
curHan nepemerHoro Toka (vacToTa 2,6kru). Tako# cur-
Han oKasbiBaeT BO3AEWCTBME HE UHAYKTUBHLIA AaTuMK ne-
pemetteHwA (11).

Daruuk nepemeteHwi (11) mameHAer B 3aBUCMMOCTW OT
NO3NLMKM NOPWHA KNanaHa nepemMeHHoe Hanprxexwue. Cur-
Han nepemMeHHOro HarnpAXeHMA BO3BPALLABTCR W3 AeMOAYNA-
Topa (7) Kak curHan NnocTOAHHOTO HanpAMKEHNA.

Cornacyrowmi yeunurens (8} ycunueaer noctoAHHOE HaNpA-
WEHWe A0 MaKc. HanpAxeHuA B = 68 (mMakce. xo4 NOPLUHA ) -
BLIXOAHOW curHan cornacywouwero ycunutena (8) noaso-
autes K P1D-perynatopy (4) Kak AeACTEWTENbHOE SHAYEHNE.

PID-perynatop {4} ontumuposad cneuuankHo Ha TUN Kna-
faHa. OH NoaaeT B 3aBUCAMOCTM OT Pa3HOCTU 3anaHHOW W
NeHCTBUTENLHOW BenuuMH curHan. Tawkon BLIXOQHOW ynpa-
BRAET KOHEYHOW CTyMeHbio (5) ycunutena,

YeTpolicTeo andA onpeaeneHWA mMecTa NOBPeXAEHUA kabenA
(10) KOHTpONWPYeT NOABOAALLYIO NMUHWID K AATHAKY nepe-
mewieHwii {11) u B cnyyae pediexTa obecTounBaeT 06a anekx-
TpomarHuta (A n B).

Puc. 27: flponopyuonansuert yeunurens Tuna V15005510
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JneKTpoHUKaA YNPABNEHUA ANA NPONOPIHOHANEHEIX KNaNaHOB

K BhilwenznomeHHOMY chefyer elle fobasuTs cnegyrouiee:

a) AuddepeHumantHblil BXOJ, 334aHHOM0 3HaYeHUA B npeae-
nax 0 —*10e Ha Bcn Ba.
JlaHHbI BX00 NpUuMeHAeTCA ANA obecnevyeHA BbICOKOOM-
HOro pazfeneHun KapTel YCUNWTENA KNarnaHa v BHelwHei
3NEeKTPOHHOW CUCTEMEI YIPABNEHWA.

6) Mocpeacteom BbizoBa pene K6 nepexknioyaeTcA BbIXOA
30ac—98 Ha +9B.
BcneacTEvMe 3TOro nNpu NPUCOEAMHEHWH MOTEHUWOMETPA
« 30a pocruraeTcA nepemeHa NONAPHOCTU 3aAaHHbIX
3HAYeHWNA.

g) MNocpencTeoM Bbizoea pene K5 wyHTHpyetcA obpa3osa-
Tenk NWHENHOW YHKUWKA € HackileHWeMm, T.e., 3TO 03Ha-
YaeT, 4To OH Byaer eHe hyHkuwuw. Bcneacteue atoro cra-
HeT athdheKTUBHON HauMeHBbLIAA ANUTENLHOCTL BPEMEHMW
NUHENHOoN (DYHK LMW C HACkILLLEHUEM .

Toukn 3aMepa Ha NPONOPUNOHANLHOM YCHNUTENE

BHumaHue

1) WamepeHue HanprAxeHuAa nuTaHwA B + 248 Ha 3axmUmax
22ac npotus 28ac

2) Vameperue cTaBunnsnpoBaHHOro HanpsxXeHuA B = 9B
+ 9B Ha 26a npotus 26c
—9Og na 24a npotue 26c

3) MamepeHue HaNPRXKEHWA BbI3DBaA pene
+ UL Ha 24c npoTue 28ac

4) WMamepeHue zaiaHHoOro HanpaAXeHuA, HayuHaa ¢ 0 1 KoH-
yan = 6B, Ha rHE3Ae N3MEPWTENLHON LLENK

5) Wamepenwe aeicTBUTENsHOrO HanpAXeHuA, HayuHan ¢ 0
M KOHYaA * BB, B rHE3AE U3MEPUTENLHOTO NpuBopa Aen-
CTBUTENLHOIO 3HAYEHKUA.

BenwynHa AelcTEMTENBHOrO 3Ha4eHUA COOTBETCTBYET XO-
AY NOPLLHA.

D20



3IIGKTPDHI!KH YyNpasneHMA AnA NPponopuMOHansHeIX KNanaHoB

_Ana sameTtok
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INeKTPOHWKE YNpaseHuA ANA NPONOPUMOHANBHBIX KNaNavoB

AnA 3ameToK

D22



:Fnaaa E
KpuTepun nona onpepenedHnA napameTpoB ynpaBneHuAa c
NOMOLLLIO NPONOPLUUOHANbHLIX KNanaHoB

Ponana 3Bansa



Kputepun ana onpefeneiiA NapameTpos YNpagneHna ¢ NOMOLLLID I'II'JDI'IODII,HOHSJI“_EI:IMK Knananoe

Mpepucnoeue

[nA npoBegeHWA BblYMCNEHWA, YTODL! YCTaHOBWTE napame-
TPbl TMAPABNMYECKOro YNpPaBneHWA, cnefyet onpepenvte
Tpebyemsie noHATUA. Cioga OTHOCUMTCA TaKiKe ACHEA yera-
HOBKA HaMpaBneHWA YCUNKUA, CKOPOCTEN, YCNOBHbLIX 0603Ha-
YeHWA W T.N. 370 OBNErYuT NPOBEAEHME BbIYMCNEHWIA C No-
MOLLBHD NPpOFrpamm BLIYVMCNUTENBHOW MaLLWHLI W NOCNYAAT
ANA NYYWEro B3aMMONOHUMaHWA.

B nocneaywoLem nanoxedum ByayT npueeaeHbl onpeaeneHns
MNOHATWIA anA BhIMMCNEHWA ANA UWIKMHAPOB W .B.era*reneﬁ,

E1



KpnTepun ona onpepeneHuA NapaMeTPoOB YNpas/eHua ¢ NOMOWBLI0 NPONOPUHOHANLHBIX KNANAHOR

MpueoALI LUIWHAROM

Pue. 1

Mpumenremeie GykBeHHbie 0bo3HaUEHWA U pasMepb!

DK
dA
dB
di1
d2
h

hK

AK

AR
AA
AB
KA
KB
Aw
VA

Ve

11
12

E2

= AUaMETP NOPLUIHA

= auameTp wToka 1 co cTOPOHLI A
= guameTp wToka 2 co cTopoHsl B
= nuameTtp TpyObi €O CTOPOHLI A
= guameTp Tpybki cO cTOPOHLI B

= X04 uunmHapa

= NyTh NEpeaABMKeH A

= NO3WUMA NOPLUHA C
CcamMoi HM3K0W cOBCTBEHHON YaCTOTOKW

= Anowaagb uik I'IDEEpXHOl:Tb NOPLUHA CO
cTopoHbl A wnn B

= KONBLUEEAA NOBEpXH. co CTOPOHbLI A unwn B
= KOMNbUEeBaRA NOBEPXHOCTL CO CTOPOHLI A

= KONbLUEBAA NOBEPXHOCTL CO CTOPOHLI B

= QTHOLEHMe nnowlanein AK/AA

= OTHOLWLeHue nnowaneit AK/AB

= peicTeyowan (addexT.) noBepxHOCTL

= 06BEM UMNWHAPAE NPYU NO3VMUWK NOPLLHA C
MUHMMansHOR cOBCTBEHHOM YacTOTON ANA
KONLLEBOW NoBepxH. AA CO CTOPOHbLI A

= ob6beM UMAWHAPAE NPWY NO3ULMK NOPLUHA C
MUHUMAaNLHOK coBCTBEHHON YacTOTOW ANA
KOMNbLEBOM NoBepxH. AB co cTopoHsl B

= anuHa TpyGonposoaa, cTopoHa A
= anunka Tpy6onposoaa, cTopoHa B

[am]
[wm]
[vm]
[aw]
[am]
[wm]
[wm]

[wm]
[em?]
[em?]
[om?]
[em?]

[em’]

[em’]
[mm]
[mm]

Vi
Viz
V3
Va4

Apu

oB6bem Tpy6onpoBoaa, cTopoHa A [em?]
o6bem TpyHonpoeoaa, cTopoHa B [em?]
nonHsii 06BeM , cTopoHa A [cm]
nonkbii 06bem, cropoHa B [em?]
CKOpOCTL LiMnuHApa [micek.]
CKOPOCTL MACHAHOrO NOTOKE

B TpyBonpoBoae, cTopoHa A [micex.]
CKOPOCTs MACSIAHOT 0 NOTOKA

B TpyBonposoae, cTopoHa B [m/cek.]
ABMXKYLLAACA Macca Ha uMnuHape [&r]
YCKOpEHUe [m/cex?)
cTaTuyeckan Harpyska (U3 aonu maccei) [H]
cTatudeckan cvna ( ycwnue o6paboTKwm

VAW YCHUnue NpeccoBaHna) [H]
cuna TpeHuA [H]
YCKOpPAOLLAA cuna [H]
cymMmapHan ¢cuna [H]
Hanop Hacoca [aaH/cm?]
noTepy Hanopa B TpyBonpoBoAe [pan/cnm?]
AaBneHWe YCKOpeHUA

Fa/ (10 - Aw) [Aaw’cmz]
CKOPOCTHOW Hanop

pa+ (Fs+FR}/ (10 Aw) [ aan/cm? ]
cTaTUMecK il Hanop

FG/{10- Aw) [aan/cm?]



KpWTepuu AnA onpefeneHUA NapamMerTpoB yNpasnesna ¢ NOMOLLLIO NPONOPUNOHANBHBEIX KnanaHoe

L 0
. N m >
Dk — 4 + +—
da L Va Vs de
Vi X
l I X

T

Vi || || Vez
Ap1 sl I K Ap2
a : b
pe
Puc. 2
Ap1 = noTepA faBNeHuA Ha yNpaenalowen KpomKe 4 V' = obLLUge ycunesue [1/cer.]
- - /
P—AwmA-T [Aan/cm™) ASv = oWwKWBKa CMHXPOHM3aLAN [mm]
Ap2 = OTERA ARSREHIA HA YIDERIAIGUEN KpoMIKe 2 ASP = oWKWBKa NOMLKUOHUPOBAHIA [mm]
P—-BumB-T [ an/em*]
2 sB = NyTb YCKOpPEHWA [ ]
pv = CyMMapHaA NoTeps faBneHnA knanana [AaH/cm”] .
sV = nepemeweHe ANA NOCTORHHOW CKOPOCTH MM
ak = 0B6BbEMH. NOAaYa ANA NNIOwW. NopLHA AK[am”/mMuH.] : HEnMEd e P [ne]
L = fepemelleHe ¢ 3aMeaeHHBIM XOA0M MM
QR = pbLemMHanA Noaaya AnA P = = A [mand]
KOMNbLEBOW NosepxHocT AR [am?/mun.] Vs = CKOpOCTh 3aMeANEHHOr o0 X0Na [ mm/ceK.]
Qa = obbvemHan nojaya ana tB = BpPEMA Ha YCKOpeHue [ce.]
KO/BLEBOI NOBEPXHOCTH AA [am®/mun,] tv = BpeMA ANA NePEMELLEHNA ¢
Qs = obbemHanA nogava anAa . MACTOAHHOW CKOPOCTLIO [cex.]
KONbLEBOR noBepxHocTn AB [am*/mun. ] s = BPEMA LNA 3aMEANEHHOrO XOAa [cex.]
or = ofveMHanA Nojava Ha NpucoeanHeH Hacoca e = OBLEE BPEMA NEPEMELLIEHUA [cex.]
NPONOPLUMOHANEHOrO KnanaHa [ ara®/naun. ]
Emacno = MOAYNb 3NAaCTHUMHOCTHU Macna
1,4 - 107 [kr/cm - cex?]
C1 = JKECTKOCTb NPYXXKUHbI CO CTOPOHLI A [Him]
Gz = EeCTKOCTb NPY>KMHbI CO CTOPOHL! B [H/M]
w0 = coBCTBEHHAaA 4acTOTa He3aTyXakLmnX
KonebaHWi CMCTeMbI [ 1/cex.]
Hz = coBCTBEHHARA YacTOTa He3aTyXarwmX
KonebaHwit cMcTeMbl B repuax [ru]
frnan. = KpUTMUYECKAA YBCTOTA KNanava B repuax [ru]

(yrnoean 4acToTa Npu 3anasasis. no qaze 8 900)

Wy = KpWTWY. 4acTOTa KNnanaHa B paa/cek. [1/cex.]
(yrnosan yacToTa npw sanazaeis. no dase 8 90°)
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KpuTepwu ANA ONPEAeneHUA NapaMeTpos YNpaBneHnA ¢ NOMOLLLIO NPONOPUMOHANLHLIX KNanaHos

+ Fx + Fk
+F5tlllm +F5tlllm
B .
de |
+ F RI Dk + F RI - Dk
A A
+ Fk
Auddepenumnantieiil WMAMHAP MayHxepHbIA BMNUHAP
BEPTHKANEHOW KOHCTPYIKUWA,
RBYCTOPOHHEro AeicTRUA + Fst m
B
ds e
. D«
+ F I —
> dafe
A
| +F
: +Fstm K
Llnnuuap cuHXpoHHOrO Xopa,
BCErna + Fst m
' B ABYCTOPEHHOTrO AeMCTRHA
+ F nt D« + F RI Dk
o dn fe »{ da
A | A
I - Fk
A uthdreperinanbHbil UANUHOP OudbdepeHunancHbIl BLANWHAD
NOABECHOM KOHCTPYKILWM, fIOABRECHON KOHCTRPYKLUWM,
ABYCTOPOHHEr O OencTBnA OfIHOCTOPOHHET O AERCTBWA

Pue. 3
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KpuTepuu AnA onpeaeneHnA NapamMeTpos YTPaBNeHNA © NOMOLLLI0 NPONOPUMOHANBHBIX KAaNaHOR

O6bACHEHWA K Maccam, Harpy3sKam, cunam

a) Macca "m"

OnA BbIYWCAEHUA YCKOPAKLWEA cunkl U ANA BblYUCNEHWA
cOBCTBEHHOM Y8CTOThI AOMKHA NPUMEHATLCA BCA ABWKYLUAA-
CA Macca He3aBMCUMO OT HanpaBNeHuA ABUKEHUA.

Ecnu Mexay BBWKYLLEACA Maccoid U NpUBOAOM pacronoxe-
Ha nepega4a, To HeoBxoawmo GYAET ONPEefEnATL NOHMKEH-
HYH 3K BUBANBHTHYIO Maccy.

Macca W3MEHRETCA COMNacHo KBAaApaTy puiuaXXHOW nepeps-
YW UNU NepeaaTouHoMYy Yucny !

6) Cratuueckan Harpyska FSt

Flpu NogHWMaHKUK KU ONYCKAHKWKW MacCbl Macca AoMm<Ha noa-
HWMAaTBCA MKW ONYCKAETLCA KaK Harpysxa.

Mpu ropusoH TanbHOM ABMWKEHUN Maccel Harpyska Fst = 0.

Harpyska nameHAeTcA NWHEAHO BMECTE C MIMEHEHWEM Dbl
yaxHOW Nepenayy Unu NepeaaTouHoro uMena.

g) Cratuyeckan cuna FK
[nA BeipabGaTeiBaHUA NPUWKWMHOMO YCUIMA, younuA aedop-

MaunM WNu cHnbl pesaHrnA NpMBOo4 A0/KEH NPefocTaBuTL B
pacnopAMeHWe CTaTUIECKYID chny FK.
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KpHTepuu AnA onpefencHvA NapameTpos YNPasneHus ¢ NOMOULLI0 NPONOPUMOHANLHLIX KNanaHos

Mpueons! aEMraTenem NMHEAHOrO M BPaWlaTeNbHOro ABWIKEHNA

| Fr . Jst
| m |+<"
_____ e ——=
_ r
n i= nu/N
M
- lnuH, M stred,
- Mkred, M cred
5
va b4 Vi
C: A B Cz
Ap1 o [T e Ap2
a o g uN v b
1 - /
P T +
P

Pwc.4: [Tpusodsi dsuzatenem nuHeliHO — 8palaTeIsHOz0 O8LHIeHUA

MNpumensaemsie GyKBeHHbIe 0G03HAYEHMA U pa3Mepbl

d1
d2
I
12
VL1
Viz
V1
Va2

VA

VB

nM

Fst

E6

]

paouni obbem

AAaMeTp TPYBsi CO CTOPOHbI A
nuamerp Tpy6kl CO cTOpOHLI B
nnwHa TpyBonpoBoga co cTopoHbl A
AnuHa TpyBonpoBoaa co cTopoHel B
ofvem Tpy6ONpOBOAA CO CTOPOHBI A
obbvem TpybBonposoaa co cTopoHel B
obuwwmi o6bem co CTOPOHEI A

oBLMiA 06bem co cTOPOHLI B
CKOpOCTL NOA HarpysK o

[cmsa’oﬁ.]
[Mm]
[mm]
[mm]
[m]
[em®]
[em’]
[em?]
[em’]

[ m/cex.]

CKOPOCTE NOTOKA Macna B8 TpyGonposoae

€O CTOPOHLI A

[m/cex.]

CKOpOCTL NoTOKa Macna 8 Tpybonposoae

cO CTOpOHbI B

YrnoBoe ycKopeHue

4yneno oGopoOTOB Ha BEAOMOM Bany
yucno oHopOTOB Ha BeayLUEM Bany
ABMKYILAACA Macca

CTaTMYeCcKan HarpyzKa

[micex.]
[ 1/cex?]
[ 1/mun.]
[ 1/MuH.]

[kr]

[#]

FK
FR

JM
JG
JR

Mst
MK
Mc
pp
Apv
pa
ps
Ap1

Ap2

n

I}

cTaTUYecKan cuna
cuna TpeHuA

[H]
[®]

MOMEHT MHEPLM MacChl Ha BEAOMOM 3BeHe | Krmz]

MOMEHT WHEPUWW ABUTATENA U
MOMEHT WHEPUWMW MEXaHW3Ma nepenay

CYMMApPHBIA MOMEHT MHEPLWW Macchl Ha

gegomom ageHe (J +Jm - i%)

[KFMz]

[Ker]

MOHWXEHHBIN MOMEHT WMHEPLWUKW Macchbl Ha

gegomom 3sere (JG/i?)

CTAaTHUYECK M MOMEHT, Ha BEEAOMOM 3BEeHe

cuna - MOMEHT, HA BEAOMOM 3BEHE

cuna TPeHUA - MOMEHT, Ha BEAOMOM 3BeHE

Hanop Hacoca

[KI“M2]
[Hm]
[Hm]
[Hm]

[naHfCM2]

noTepu AasneHuA (Hanopa) B Tpy6onpos. [uaa!cm’]

AasneHne Ha ycKopeHue

CTaTHYECK OE QaBneHWe

[naw/em?]
[ aan/em?]

noTepA A3BNEHWA Ha YNPaBnALLel Kpomie

P—AuwunnA-T

[naH/CME]

noTepA AaBMEHWA HA YNpPaBnALWENA KPOMKe

P—-BumB-T

[aan/cm?]



e

KpuTepuu ans onpeneneHvaA NapameTpoB YNPaBNeHnA ¢ NOMOWbLI0 NPONOPUMOHANbHBIX KNanaHos

Inon, M stred,

MKr_ed-, M cred

' N

C2= C1

di
Ll
I
C1
A
L-
—"? —i
a ™
=

Pue.5: fpusodsr deuzareiien 8palarenbioz0 OGLOKEHLA

pvobiy. = 061lan NOTepA AaBneHnA KnanaHa [aan/cm?]
Qp = obbemHaA Noaaya Ha NpUCoeaAnHEHWK Hacoca

NPCNOPUWOHaNLHOro Knana4a [ n/mnH. ]
Emacna = MOAYNb 3NACTUMHOCTK Macna

14 - 107 [kriem - cex.?]
C1 = eCcTKOCTL NPY’KWHBI CO CTOPOHBI A [H/m]
Cz = KEBCTKOCTb NPYHUHbI CO GTOPOHL! B [H/m]
w0 = coBCTBEHHEA 4acTOTa HEe3aTyXaWwmx _

KoneBaHunii cueTeNbl [ 1/cex.]
hz = cOBCTBEHHAA YACTOTA HE3aTYXaroWux

KonebaHniA cMcTeMbI B repuax [ru]
fxknan = KPWTMYECKAA 4acTOTa KnanaHa 8 repuax [ru]

(yrnosas yacToTa NPy 3anNazaeie. no gase B 900)
Wy = KPUTMYECKaA vacToTa KnanaHa 8 paa/cex. [ 1/cex.]

(yrnoBan yacToTa Npu 3aNasasie. no thaze B 909)
A = oblee ycuneHue [ 1/oex.]
ASv = owwbKa cHHXpoH. (npoaonsHoe nepemew,. ) [mm]
Afx = pwwrbKa cvHXPOH. Ha NPUBOAHOM ABUTaTENE [mam]
Aax = oWWBKE CUHXpOHU3aLUMK HA Beaomom sany  [mMm]
AXp = owu6Kanosuy. (npoaonsHoe nepemewl. ) [mm]

Pm
Pw

sB
SV

55

B
av

Vs

iB
tv
is

G

ownBKa Ne3uu. Ha NPUBOAHOM ABMIaTENE [0]
oumMbKa NO3MUMOHUPOB. Ha BEAOMOM Bany [°]
NyTb NepeasuKeHna [mm]
nNyTh YCKOPEHUA [mm]
fepemMelye-due AnA NOCTOAHHON CKOPOCTY [nma]
nepemMeLleHue c 3aMeAEHHBIM X040M [mm]
Yron nepemelleHnA Ha BEAOMOM Bany [°]
Yron YCKOPEHWA Ha BeA0MOM Bany [®]
yron repemewy. AnA

A= NOCTOsH. Ha BEAOMOM Bany [©]
CKOpOCTh 3aMelNleHHOro xoaa

{ npoaonsHoOe NepemelleHuE ) [ Mm/cex.]
uncno obopoToB 3ameAneHHOro xoaa

Ha BEAOMOM Bany [ 1/nun.]
BPEMA Ha YCKOpeHue [cer.]
BPEMA 4NA NepemMelLl, ¢ MOCTORH. CKopocTsio [cek. |
EPEMA ANA 3aMeASIeHHOr 0 X0Aa [cex.]
CYMMapHOe BpeMA NepemMeLLeHnA [cek.]
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prrepuu ANA onpefeneHnA NapameTpoB YNPAaBENeHWA ¢ NOMOLWLLI NPONOPLMOHANLHBIX KA3NaHOR

B cOOTBETCTBUM C OCHOBHLIM NpAMEHeHWeM MponopuMOoHarnb-
HbIX pacrnpefeniTeneii, a UMeHHO ANA YCKOPEeHHUA, nepeme-
WeHUA U 3aMeANleHuA MMAPaBNMYecKy NepeaBuraeMeix Mace,
cnegyeT npW BbiBope MapameTpoB ANA ynpaBneHwAa onpe-
LENATL ENaeMoe YCKOPEHWUE UMK 3aMeaneHue.

370 He cneayeT NpoM3BOANTE, OAHAKO, NPOU3BONLHO.

BO3MOKHEA BENMYMHA YCKOPEHWA WMNKY 3aMedneHuR 3aBUcuT
OT pasnuuHbIx PaKTOPOB!

1) Bpemna 3ameaneHHOro X00a u BpemMa Ha YCKOpeHue ana
pPaBHOMEPHOTD YCKOPEHWA

Ha puc. 6 n3obparkaeTcA hiu3nyecKkoe B3aMMOARHCTBIE MExK-
Oy BpemeHem Ha yCcKOpeHue, YCKOpeHuem ¢ LOCTUraemMon
CKOPOCTLIO.

Bpemna Ha yeKopeHue

v = CKOpOCTb [m/cer.]
a = ycKopeHue [m/cer 2]
tB = BpemA Ha ycikopeHue [cek.]

Ha ocHOBaHWKM NONYYeHHbIX KPUBLIX MOMHO ACHO YCTaHO-
BWThL ewle Luenecoobpa3Hoe BPEMA Ha YCKOpeHWe, ANA onpe-
AENEHHOW KOHBYHOW CKOPOCTH.

HeuenecooBpasHbim GyaeT BoIBMPaTh YCKOPEHWE CAWWIKOM
Honblwow BenuunHel [ HUXKHAA NpenenbHaA NUHWA — XKENTbIN

U.BET}, nocKonsKY Npy 3ToM 3KOHOMWA BpEMEHW Ype3Bbl-
4yallHO HeaHa4yMTenbHanA.

3aHwxKeHHOe yckopeHue (neeanA NpefensHan NWHWA — 3ene-
HbIi LBeT) nosneyeT 3a coboi oueHb BONLLUYI ANUTENLHOCTL
BREMEHW HE YCKOPEHWE.

Ha awvarpamMmMe OTHETIMBO MOMKHO YCTaHOBWUTL, 4TO YCTaHa-
BNUBAEMOE BpeMA ANA NUHERHOW GyYHKLUK C HAcLIWEHMEM
6yaeT Honslwe poctatouHoro B npeaenax 0,1 — beek.

1,15
151
1,05
1,0
0,95
0,9
085 -
08
0,75
o7
0,65
06
0,55
05

0,45
0,4

035
03
0,25
0,2

0,15
0,1

0,05

T ts [cek.]

Bpema Ha yckopeHUe W
BpEMA 3aMefNneHuA QA
PaBHOMEPHOIO YCKOPEHMA

v= 20 m/cex.

v= 15 m/cek.

1,0 m/cek.

Puc.6: Bpems Ha ycxoperue u epema 3amedner us Ona pasHoMepH020 YCKOpeHUs
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KpuTepuy AnA onpeneneHun NapamMeTpoR yNpasneHuA ¢ NOMOWLI0 NPONOPUMOHANBHBIX KNanaHos

2) MyTe 3amenneHua U NYTh YCKOPEHUA ANA
paBHOMEpPHOr 0 YCKOpPEHUA

Ha pue. 7 naoBpaxkaerca HarNALHO (U3M¥ecKoe BIaUMOAEA-
CTBUE MEXAY MYTEM YCKOPEHUA WNU TOPMO3HbLIM MyTeM, yc-
KOPEHUEM 1 NPW 3TOM PasBUBAHILLEACA CKOPOCTbID.

MyTh YCKOPEHWA WNKM NYTh 3aMeaneHns

Hanpumep, aAnA Toro, 4T0bsl NPOM3BECTA 3aMeAneHKne ¢ on-
PEHEneHHON CKOPOCTLIO Ha MEHbLUYHI BENUYMHY CKOPOCTH,
TpebyeTcA COOTBETCTBYIOWMIA nyTs, KOTOPBIA Ha NPaKTUKe
ﬂpenBaplﬁTeﬂbHO Fa03ETCA YWMCTO 3MOUMOHANLEHO, HO 60nb-
Wel YACTBIO CAULLIKOM KOPOTKON BENUYUHbI.

Tpw 3TOM CReayeT NPUHKMMATL BO BHUMAHUE, 4TO NYyTh YCKO-
DPEHWA UKW NyTh 3aMeAseHWA M3IMEHRETCA C M3MEeHEHWEM
CKOpPOCTU B kKBaapaTte | KpacHaA NUHUA ) .

JINA [BOIHOIA CKOPOCTH NepefBIMKEHNUA TpebyeTca weThipex-
KpaTHOW NyTW ANA YCKOPEHWA UK 3aMENNEHHA.

Take No OTHOWEHWIO K MYTH, MOXHO YCTaHOBWTL, 4TO No-
BbILUEHWE YCKOPEHWA HA CAWLWIKOM BBICOKYIO BENUYUHY HE
ABnAeTcA uenecoobpasHeIM (xenTeiit UuBeT) .

Kpome toro, npu Bbibope YCKOPEHWA cneayeT Takxe yuu-
ThIBaTh NPEAYCMaTPUBAEMYIO ANA ITOTO IHEPT U0

YCKOPAIOWan cuna

LABMEHWe YCKOPEHUA

260

B 33 8

MyTe ycxkopennA
W NY¥bL 3amMmennedHvn
AnA paBHOMEPHOro YCKOpeHnA

v= 10 m/cex.

= 2,0 m/cek.

v= 15 m/cek.

Puc.7: fyTs yoKopeHus u nyTs 3amednesus ONA DasSHOMEPHOZ0 YCKOPEHUA
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Kpurepuu anA onpefensHvA NapamMeTpoB YNPasneHua ¢ NOMOLLLIO NPONOPUUOHANLHLIX KNanaHos

3) CobcTBeHHAA HacToTa

Ewe oaHum BaxHbIM thakTopom npu Beibope ycKOpeHWA
ABnAeTcA cobcTBeHHaAa Yactota. Oua mABnAeTcA Mepunom
CTaOUNBHOCTU M HECTIKOCTH CMCTEMBI.

Ecnu yckopenue 6yaeT BbiBGpaHo, HeCMOTpA Ha coBCTBEH-
HYH0 4acTaTy, CNMILIKOM GONLLUIOR BENUUUHBL! Unu COBCTREH:
HaA yacToTa BYAET 3aHWKEHHODH, TO cHcTema cTaHeT BUGpK-
poBaTh.

AnA notpebuTensA, UWMNUHAPOB W ABUrdTenns 3To NoBeaeT K
HEPABHOMEPHBIM ABMHEHWAM .

COGCTBBHHEIFF 4acToTa rugpasnuyecKoro no1'pe6m'enn MO-
ET BbINMCNATLCA TAKWM ke oBpaszomM, KaK Mpu MexaHu4ec-
KOW cucTeme npyxwHa — macca, C NOMOLLLI HECTKOCTHU
npy»mnHbl C 1 NepeMelllaeMol Macckl m cornacHo hopmyre:

C = HECTKOCTh NpyxuHel [H/Mm]
m macca [Kkr]

CooteetcTeeHHbIM 06pazom BeIMMCNRETCA coDCTBEHHARA Yac-
TOTa NPW BPaLLaTENsHOM ABMMKEHWW COrnacHo hopmyne:

C = MECTKOCTh NPY>HB! [H/pan]

J MOMEHT MHepLWun Macchl [rkrm?]
Ax 4

Ax2

Ax1

Puc.8: Cpasnerue mexaruvecKkold/2udpasnuieckod
npyHcURB!

E10

KecTKOCTL CUCTEMbI:

CpaBsHeHWe MexXaHWYecK oM/ ruAPaBNNYECKOA NPYHUHGI
ANA uMnNUHAPOB

AHaNOrMuHO BbIYMCNABTCA MECTKOCTb MPYXMHbI
ANA BpallaTenbHOro ABWXEHUA

Ha ocHoBaHuu auvarpammbl W GoOpMYNsl ANA BbIMMCAEHWA
MECTKOCTM MPYXUHbl BbITEKAET, YTO Nnowans nopluHAa A
aomkHa BbiTh MO Mepe BO3MOXHOCTW BonblwoW, a BbicoTa
cronBa macna h — no Mepe BOZMOMKHOCTY MANOKN BENUYKHDI,
ANA Toro, 4Tobbl 0BecneyMBanack BLICOKEA KECTKOCTh NpYy-
»uHbl C.

3To GTHOCWTCA NPEXKAE BCEra0 K TEOPETUMECK UM BCaUMOAEH-

CTBMAM.

Ha npakTtuke, ogHako, onpegenAlnTca NOCPEACTBOM KOH-
cTpyKumMy pabouve nepemMeLieHWA, a BCneacTeue 3Toro B
KaXaoM cny4ae TpeGyemsliid xon uuvnuHapa. JddexTuBHan
MOBEPXHOCTE MOPLUHA Aw MOMET, 0AHAKO, OTHOCUTENEHO
Mano BUAOWUIMEHATLCA.

TpyBonpoBoabl MEXAy UMNUHAPOM W “yNpasnAWUM Y-
TROMCTBOM " pacxoaa A0NKHbl BbiTe N0 MEPE BOSMOKHOCTH
KOPOTKWUMK.

OnuHa Tpy6onpoBoaoce MexAy HacoCOM U KNanaHoMm He
WIrpaeT NpW 3TOM HWKAKOW ponu A0 Tex Nop, NoKa He Byper
BO3BHWUKATL HUKAKWUX BTOPMKEHWA AaBNEHWA MpW BHE3anHom
oThope macna.



KpuTepun anA onpefeneHyA NapaMeTpoBs YNPaBnesyua ¢ NOMOULLI0 NPONOPLWOHANLHLIX KAANaHoB

PexXiMB} [aBNEHWA HA APOCCENbHbIX KPOMKaX
B thaze ycKopeHua w B diaze TOPMOMNEHKA,
a TaKe NPy NOCTOAHHON CKOPOCTH

OnAa oTaensHeIX Daz ABWIKEHWA TPeDYWOTCA PaznuuHbie you-

NWA Ha WWNWHADPE N MEcnAHOM aBuUraTene.

Mpu NOCTOAHHOM HaMope Hacoca NO3TOMY NOTEPA AaBlIeHUA
Ha YNPaBnAKWMX KPOMKax MPONopuMoHansHoro KnanaHa
6yaeT B COOTBETCTEMA C 3TUM DAZNUMHON BENUYUHBI,

3TC MOMHO NPOAEMOHCTPUPOBATL NOCPEACTEOM MPUMEPE.

[aHHsie BenUYUHbI:

m = 700 [kr]
F = 7000 [H]
Fst = Fesin30° =7000+0,5

= 3500 [H]
v = 20 [m/cex.]
s8 = 2580 [ mm]
FR = 0 [H]
{Mpwu gaHHOM BblYMCTIEHUY He yuuTbiBaeTcA FR.)
YcokopeHue
a =v2/(2esBe10-9) [m/cex?]
a =22/(2+250210-3) =8 [m/cex?]
Bpemna Ha yckopeHue
te =vla=2/8 = 0,25 [cek.]
Y KasaHue:

MpW APOCCENbHOM YNPaBneHnn ycKopeHue a — 370 cpeaHee

YCKOpEHHe.

Tpebyemble YCUNWA NPU NepeMELLEHN BBERX !

Fst =3500 [H]
Fro =mea=700¢*8 = 5600 [H]
YcxopeHue

Fa = Fst+ Fa = 3500 + 5600 = 9100 [H]
lMocToAHHAA CKOPOCTL

FG = Fst= 3500 [H]
3amennexue

FG =Fst—FA = 3500-5600 = —2100 [H]

TpebyeMble YCUTTUA NPKU NepeMelieHi BHA3 !

Yckopenue

Fc' = — Fst+ Fa= — 3500 + 5600 = 2100 [H]
MocToAaHHaA ckopocTe

Fc = —Fsi= —-3500 [H]
3ameaneHve

FG =-Fst-Fa= -3500- 5600 = —9100 [H]

Puc.9

Puc. 10

Pue. 11
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KpuTepuu AnA onpeaenelinA NapameTpos ynpasneHusi ¢ NOMOLLLI0 NPONOPUMOHANBHEIX KNanaHos

Paameps uwnnHppa,
obbeMHaA NOMAaYa ¥ faBneHUe B cMCTEME

DK = 50 MM

dB = 36 MM

AK = 19,64 cm?

AR -] 9,45 cm?

h = 700 MM
Omaxc. Ak = 235,6 AN IMUH.
Quaxc.AR = 1134 AM/MuH.
pP = 100 pan/cm?

Hanop Hacoca pP = 1{]0[MH/CM2] ECTKO 3apaeTcA AAA
[AHHOT0 CRY4aA NpUMeHeHWA (aKKYMYNATOPHAA YCTaHOBKa).

Puc. 12: [llepemeujerue eaepx

Kakwve [aBNeHWA YCTAHABAWMBAKTCA MpW OTAENsHLIX hazax
ABUMEHWA ?

a) MepemeweHne BBEPX

anaApl = Ap2 = = >

FG/10 = Ake(pP — Ap1) — AR® Ap2

Ec/10 = AkepP — AKke® Apl — AR* Ap1

Ap1 = (AK* pP — FG/ 10)/(AK + AR)
¥YcKopeHwe

Ap1 = (19,64 * 100 — 9100/ 10)/(19,64 + 9,45)
~ 36 [aav/em?]

pv = 28 Apl1 = 72[aan/cm?]

MocroRHHAA CKOPOCTL (KpacHaA JIMHKA )

Ap1 = (19,64 ¢ 100 —3500/ 10)/(19,64 + 2,45)
= 55 [aanfem?]

pv = 20 Ap1 = 110 [aan/cm?]

3amennenve (Kpachan NUHUA)

Api = (19,64« 100 + 2100/ 10)/ (19,64 + 9,45)
= 75 [nan/cm?]

pv = 2 ¢ Ap1 = 150 [ nan/cm?]

E12

Puc. 13: fMepemewerue sHuU3

6) MepemeuwieHne BHA3

anaAp =Ap2 — — >

FG/10 = ARe(pP — Ap2) — AK* Ap1
FG/10 = ARepP — ARe®Ap1 — AKe Ap1
Ap1 = (AR®pP — FG/ 10)/(AK + AR)

YckopeHue
Apl =(9,45° 100 — 2100/ 10)/(19,64 + 9,45)
=~ 25 [nav/cm?]

pv =2eApl =50 [man/cm?]
MocToAaHHaA cKOpPOCTh

Ap1 = (9,45 ¢ 100 +3100/ 10)/(19,64 + 9,45)
= 43 [naH/cm?]

pv =29 Ap1 = 86 [aan/cm?]

3amenneHue
Apl = (9,45 100 + 9100/ 10)/(19,64 + 9,45)
= 64 [pan/cm?]

pv = 2eApl = 128 [aaH/cw?]

Mpu BBOAE B IKCMNYaTaUU ynpaeneHws GbINo ycTaHoBne-
HO, YTO NyYlIe BCEro rOAUTCA MPONOpUUOHaNLHLIA pacnpe-
fenvTens

Tuna 4 WRZ16 E1 — 100 ...

(0 = 100 am®/MuH. npu Ap = 10 aan/cm?
€ COOTHOLLEHWEM YNpPaBNAWMX KpoMok 2 : 1) .

MNposepka NOACYETA MNOTEPh ASBAEHWA HA YNPABARAIOWMX
KpaMKax NPONOPUWUOHANEHONC KNanaHa U Ha COOTBETCTBYH-
lMX OTBEPCTUAX B NPOUEHTHOM OTHOLWEHUW NOATBEPXKAGHT
avo.



KpuTepuu Ana onpeseneHyn NapameTpos yNpagneHUA ¢ NOMOLULI NPONOPUMOHANBHBIX KIanaHoe

CooTBETCTBEHHO NOTEPAM AABNEHWA HA YNPaBNALWWX KPOM-

Kax NPONOPLUMOHANEHOro K narnaHa OTHOCATCA CHOfla NpK Nepe-
MeLeHu BEEPX (KpAcHaA NWHWA) HOMWHanbHblE TOKW Y-
npaBneHvA, B3ATbIE B NPOUEHTHOM OTHOLEHUA.

pacxon B AM3/MuH.

480
400 -
o A
&
300 R
Q= 235am"/mun. /
200 7
7,
y/
100
~
0 aaMep.ne‘Hwel n.omgHH_

e e
: HQ_MHH_BJ'IBHMFI TQ_K 8% | _: .
@PV-.-;-o.n_aHfCMz- NOCTORAH. : .P\l’. '1ﬂD.na'ﬁfc_nﬁ?_i_1_o:'rog_n_

Puc. 14: lpagpuy. xapaxrepuctuxa Q - | 0na HOMUHATLHOZO

pacxoda & 1000m>/mut. npu notepe daen. knan. e 10 dan/cm*

CpasHeHue ¢ NPONopUNOHaNEHRIM KNanaHoMm

Tuna 4WRZ16 E1 — 150 ...

(Q = 150 gm®/mun. npn Ap = 10 paH/cm® ¢ COOTHOLUGHMEM
ynpasnAwwmx Kpomok 2 :1) nokassiBaer, YTO NOplueHs
cnvwKom BorbLIOoR W No3ToMYy obecneynBaeTca NnNoxan pas-
peLsaroulan cnocobHOCTL pacxoaa.

pacxof B oMY/ mMuH.

480
5/
400 g
&;/
- 300
- /

Q= 2350M/MUH.

200 7
100
0 3amMmennedHueg ﬂ‘:‘l[‘.TDRH. I

253 40 50 60 70 80 90 100
HOMMHanbHBIA TOKB %
(D) pv= 10 aan/cm? nocrom. - @ pv= 100 nan/cm? nocronn.

[AnA pelweHnA aanHoW npobnemsl NO yYNpasneHu He pexo-
MeHAYETCA TaKs>ke MOHWKAETL Hanop Hacoca ANA NOny4Y4eHWA
fHonee BLICOKOro rMAPaBNUYEcKoro K.n.a.

MuHumaneHo TpeGyeMoe AaBNEHWE MOMKHO BLIYUCTUTEL C NO-
MOLLbI MaKcuMansHOoW oBLel cunbl NpU YCKOPEHUA U MU-
HUManNLHON OBLWeN NnoTepy aasnenuA (= 10 pan/cm?) Ha yn-
paBARIOLLMX KPOMKaX APOCCENWPYIOLLEro anemMeHTa.

Buiuvcnenmne Tpebyemoro Hanopa Hacoca npu
cnepyoWwmnX YCNnoBnax:

[NepemeLieHe BBEPX

anaApl = Ap2 = 5 pan/em® - — >
Fac/10 = Ake{pP — Ap1) — AR® Ap2
FG/10 = AKeppP — AK*® Apl — AR ® Ap1

pP = [FG + Ap1*(AK + AR) )/ AK
= [9100/10 + 5+ (19.64 + 9,45)]/19,64
~ 54 panfcm?

MNepemelleHre BHN3

anaApl = Ap2 = 5 pan/em? —

Fa = AR (pP — Ap2) — AK ® Ap1

Fa = AR®*pP — AR®* Ap1 — AK ® Ap1

pP = [FG + Ap1 * (AK + AR)]/AR
=[2100/1+5- (19,64 +9,45)] /9,45
~ 38 nan/em®

Hanop nacoca 6bin uabpar: pP = 55 pan/em?

MepemelleHwe BBEpX

Puc.16: [MTepemeujerue eeepx

Puc.15: Mpaguveckan xapaxrepucruxa Q-1 dna
HOMUHANBHO20 pacxoda & 1500m3/mun. npu
notepe dasneHus Knanana e 10 dan/cm?.
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KpwTepuu ANA onpeneneHun NapamMeTpos YNPaEieHkA ¢ NOMOLLLI) NPONOPLUUOHANLHEIX KNaNaHOB

Mpu NepemeLLEHW BBEPX YCTaHABIMBAIOTCA CNELYIoLLne

napameTpei:

YckopeHue

Apl = (19,6455 — §100/10)/(19,64 + 9,45)
=~ 6 pan/cm?

pv =2+ Ap1 ~ 12 pan/cm?

MocToAHHaA CKOPOCTh

Apl = (19,64 ¢ 55 — 3500/10) /(19,64 + 9,49)
=~ 25 pau/cm?

pv =2+ Apl = 50 gan/cm?®

3ameanenune
Ap1 = (19,6455 + 2100/10)/(19,64 + 9,45)
= 45 pan/cm?

pv =2eApl = 90 aau/em?
pacxoa B AM®/MuH.
480
400
"
-~ A
W 4
Q= 235 am?/mun, 4
47
200 '
r e \
| A6
100 |
W=
0 Famegnedue i NOCTOAH.
253 40 50 60 70 80 90 100
HOMUHANBHEIA TOK B %
1) pv= 10aan/cm” nocTofAH. pv= 100 ganfcm* NOCTOAH.
D ? @pv= 100 nan/cm’

Puc.17: lpadivveckas xapaxrepuctuica Q-1 dna
HOMUHANEHO20 pacxoda & 156am*/muH. npu
norepe dasnexus Kranawa e 100aw/cm?.

Mpu nepexone ¢ NOCTOAHHOA CKOPOCTLI0 Ha 3aMEANEHKE CU1-
cTembl TpeByeTcA Npw TAKOM Hanope Hacoca 6onee BbICO-
KO€ W3MEHEeHWE B MPOUEHTHOM OTHOLIEHWW XOAA MOPLUHA,
4em npu pP = 100 pan/cm?.

Takoe UBMEHEHWE B npoueHTHOM OTHOLWEHWK XoAa NOopLUHA
Ha I'IDOI'IODLI.I-‘!OHEIHI:HOM KnanaHe Bbi3bIBAET B COOTBETCTBUM
¢ 2TwM 6OnbLWYK ANMTENLHOCTH BPEMEHW YcTaHOBKU. Bo
BPEMA 3TOW haskl NPOMCXOANT TOMBKO HE3HAUNTRNEHOR YBe-
nu4eHwe 3aMeAneHKA.
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Kpurepun AnA onpefeneHnA NapaMeTpos YNPasneHua ¢ NOMOLULLI0 NPONOPUMOHANBHbIX KnanaHose

BeiMMcnenne noTepyu fasneHmAa Ha
AROCCENbHbLIX KPOMKAX uerhlpexnuueﬁuhlx
NPONOPUMOHANLHLIX pacnpepenvuTenai

€ Y4eTOM OTHOLUEHWA NNOWAAW WKWIMHADPA 1

OTHOLUEHWA OTKPLITUA YNPAaBAAKWWY KPOMOK Ha Knanade

MponopuroHanbHele pacnpependTeni NOCTaBNAKTCA Cepui-
HO € COOTHOLWeHMeM ynpaenAWmux kpomok F=1:1 n
F=2:1.

Mpy BbIYMCREHUW NOTEPKM ABNEHMA Ha YNPAaBNAKLUMX KPOM-
Kax cregyer yuuTbiBaTe F B COOTBETCTBMW C COOTHOLUEHMEM
NNOWAaAen LMnuHAPOoB.

B 3aBWCMMOCTW OT TOrQ, ABMAETCA Ny Nnowaas AA Gonblie
nnowanu AB wnu HaobopoT, NPUMEHAETCA B MNOCNEAYHOWKMX
BbIYMCNEHMUAX

AA>AB - —->X=F

AB > AA— —>X=1/F

An _As

Puc. 18

[nA BoigBYKEH A UWMNKMHAPA (CTOpoHa NpUBoAa A B AeiCTBUNW

KonwiecTBo npoTexaw e skuakocTu ( pacxoa) P—+A

QA = o e=Asae~\/Apl
ASA = ceoSoguoe nonepevHoe ceMeHne APoCccena

Ha YNpPaenAKLLen KPOMKE MponopuUrnoHEnh-
HOro Knanava o7 P —>A

=Qa/( o *~/3pT)

CooTHOLWeHWe YyNPasnAWMX KPOMOK Ha Nponopl. KnanaHe

s B Asa

AsalAsB =X

ASB = csoGopHoe nonepeyHoe cedeHue ApOCTEnA
Ha YNPaBnAower KpoMKe NpanopuroHant:
HOro KranaHa or B =T

— 3B AsB = AsA/X
ana ASA npumensietca QA7 (a @ A/ApT)

-— ASB =Qa/( o o~/ Apl*X)

KonuyecTBO npoTeKawwen suakoct B =T
QB = (L ® ASB®+/Ap2

s \VAap2 =QB/( o = AsB)

anA Ase npumeHretca QA /(o o /ApT1eX)

NVAp2Z = QBe a o JApPT e X/ (0 *QA)
Ap2 =QB2/Qa2e Ap1e X2

-—>

KonuuecTea NpOTEKaKILLENR »KMAKOCTHM OTHOCATCA K Nnoula-
AAM UMNUHAPOB KaK

QB/QA = AB/AA
npu npumexeHus 8 Ap2

-—5 Ap2  =AB2/AAZeApl e X2

PasHoBecHE CyN NpY BbIGBMKEHWW LUNKWAPE
Fa/10 = Aae[(pP - Apv) — Ap1] — AB = Ap2
ana Ap2 npumenaerca ABZ/ AaZ e Api » X2

FG/10 = Aae(pPr — Apv) — AAae Apl —
— ABeAp1 e X2 Ap2 /AnZ

YpasHeve ymHoxaeTcA Ha AA2
AAZ® FG/10 = AA3e (pP — ApV) — AAe Ap1 —
— Ap1eX2e g3

MNpw BTArMBaHWW uunuHApa {cTopona npusoaa B)

—FG/10 = As* [(pP — ApV) — Ap2] — AA =+ Ap1

—Fa/10 = As e [(pp — Apv) — AB2/AaZ e Ap1 e X2] -
— Aae Ap1

YpaBHeHE YMHOXaeTCA Ha AA”

—~ AAZ e FG/10 = AAZe AB e (pP — ApY) —
— AB?e X2e Ap1 — AA3 e Ap1

Ha ocHOBaHWW NoTeps faBNeHuR AnA OTAEeNbHbIX YNpaBnAko-
lWKX KPOMOK, ANA BblABWKEHUA W BTArMBaAHUA UMNWMHAPOSE,
MOXHO ONnpefenvTe OOLWYK NOTepH AaBneHWA KnanaHa w
COOTBETCTBYIOUIEE KOMAWYECTEO NPOTEKAIOWEN MKUAKOCTH
{pacxoa) .

Cneayer BuIBMpaTk BCEraa HAMMEHBLLYH Pa3HOCTL AABNEHKA
{Ap) anA HanBONbLUErD KOMNWYECTBA NPOTEKAKLEN MUAKO-
¢ty {pacxoga)l .

Mpumep:

O6bwwan pazHocTs AaBneHuit knanada Ap = pv = 2 - Apl

ana Q= .. [ﬂMsf’MHH.].
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Kpuvepuy AnA onpeaeneHnA NapameTpoB YNPaBNeHUA ¢ NOMOLLLI0 NPONOPUNOHaNbLHLIX KNanaHos

TouHocTh nyTa sgamefneHuwa npy JamefneHun,
33BUCMMOM OT BPEMEHH

TenaeHuuA HanpaeneHa K Bee GonblUeMY NOBLILEHUAIO CKO-
pPOCTH MNEPEMELLEHWUA € TeM, YT0ObI NOHMU3NTL ANUTENLHOCTE
BCMOMOrarensHoro BpemeHu. 370 BGyAeT, OAHAKO, Ueneco-
o6pazHeIM TOMBKO TOrAa, Korga nyTh 3ameaneHuA Gyaet
NOCTOAHHOWN BENWYMHEI NPKY BCeX paboynx pexkumax.

an WIMEHEHUAX NYTW 3aMeflieHMA cnejyeT YYuTbiBaTh 6o-
nee ANUHHLIA nyTs AnA HOHSVHBI:I CHKOpOCTW.

370 cBAZAHO C PACXO/OM BpemeHu |

V [m/cex.]

V = 1 [m/cex.]

az = 3,75 [mfcex?]

air = 4,5 [m/eex?|

S= 01 [w'cek,]

e |
0 10,2 0,24 ts [m/cex.]
tepr te2

=

Pue. 19: ITyrs zamednedus ApU UMEHBHUL OnuUTens-
HOCTU 8PEMEHL 3aMEONeHUR

Kakue hakTopsl MOTYT M3MEHATL NyTh 3aMeaneHuA ?

a} HSMEHEIGHE ANMTENLHOCTHU BpEMEHW 3ameaneHmMa
| nnHeitHo - HapacTaroLee BO3ABHCTBME )

B naHHOM cnyuae nponopuMoHankHaA rvApasnuKka c snek-
TPOHHbIM  NMHERHO-HapacTalLWMNM BO3AESHCTBUEM  WMEET
NPeviMyLLLECTBO NPW CPaBHEHMU C FMAPEBMWYECKUM Bpeme-
HeM rMepexnyeHnA. Xopowo BbINOAHEHHAA 3MEeKTPOHHAER
NUHeAHaA cyHKUWA ¢ HackiWeHWeM He NoOABEpraeTea IHa4YW-
TENLHLIM M3MEHEHUAM NOA BO3ABHACTEMEM TEMNEPaTypPb).
Lna toro, 4toBbl MOMHO BbiN0 AEMCTBWTENBHO KCMONL30-
BaTL TaKOE NPeMMYLWECTBO, CreayeT crneqnuTb 3a Tem, 4Tobbl
BpemMA NWHerHHO-HapacTallero BO3AEWCTBWA He BbibUpa-
NOCL CAWLIKOM KOPOTKOW ANWTENLHOCTH, T.8. 38 TeMm, YTo-
6bl 06ecneynBanock AOCTaTOYHOE PECCTOAHUE K COBCTBEH-
HOMY BpEMEeHW NepeKntoYeHna MPONCpPUMOHANBHOTO YCT-
poicTea.

MuemoHuYecKoe NPaBuno rnacuT:
M#H. BpeMA NUHeHO-HapacTalolWero Bo3aedcTBUA > 2 X
rMAPaBNHMYecKoe BPeMA COBCTEEHHOrO NepeKyeHA.

MMgpaenuyeckoe BpemMA COBCTBEHHOro NEpexnYeHnA no-
ASeTCA B TeXHUYECKOWN LOKYMEHTAUWA ANA NMPONoOpUnoHaEnb-
HbIX YCTPOWCTS ( peakumnA Ha eanHUYHOE BO3fJENCTBYE) |
BrnwvAHWe nameHeHUA BpemMeHM nHHeI:"IHO-HapaCTEIOI.Ll.EI’O BO3-
JAEMCTRMA eMOHCTPMPYETCA Ha avarpamme (cm. puc. 19).
BoiuucneHMe NoKassiBaeT, 4TO B AaHHOM cry4ae Npu samel-
nednrd v = 0,1 m/cex. MOXKHO M3MEHATb NMYTh 3aMefneHHOo-

E16

ro xona sS Ha 22mm. Tpefyemoe ANA 3TOMC BPEMA COCTa-
enret tS = 220 mcek,

s81 = (v+vs)/2eiB1

= (1+01)/220,2=0,11[m] = 110[mm]
sB2 = (v+vS)/2etB2

=(1+01)/220,24 = 0,132[m] = 132 [mm]
AsB = 22 [mm]

ts ana ss = 22 [mm] npun vs = 0,1 [m/cex. |

ts = sS/vs = (22+10-3)/0,1 = 0,22 [cex.]
= 220 [m/cex.]

6) PaanuuHan AnuTensHOCTE BpEMEH 3ana3fbiBaHuA B
ANeKTPUYECKOM CUrHane

O6paboTka INEKTPMYECKUX CUIHANOB OT KOHEYHOI O BhIK 110
YaTenA BNNOTL A0 BX0AA 3a4aHHbIX 3HAYeHWH Ha ANeKTPOHHOW
KapTe O0MKHE BbiTh KOPOTKOW NO CBOEH ANUTENBHOCTA U He
LOMMHE NOABEPraTLCA HUKEKUM W3MEHEHUAM BD BPEMEHW.
WameHeH e Bpemenn sanazasieaHua B 10 Mm/cex. Bbi3OBeET
npy 1m/cex. uameHedve nytu 8 10 Mm. [na 3toro notpe-
ByercA npu nonsyvei ckopoctn B 0,1 [m/cex.] ts = 100
[m/cex.] Bpemenn.

—

i
[
I

R |
B INEN b 40 el

10 [mlcex.]

Li

1 [m/cex.]

Puc. 20: Myre 3amedneHun NpU U3nMeHeH Uy epeVieHu
3aN330k18aHUA

Myrs 8 10 [mfcex.] npn v = 1 [micei.] =10 [rmm]
Bpema anA 10 [mm] npu vS = 0,1 [MJ"CEK,] =100 [m/cex.]

e) Uamenenue ckopocT v EBCAEACTBUE PA3NWUHOW PasHo-
¢t pagneHwin Ap Ha ynpaBnAwWwux KPOMKax nponop-
LMOHANLHOro Knanava

Mop BRWAHWEM BA3ZKOCTWM WAMEHAEBTCA KOMW4YECTEO NpoTe-
KawWerd XUAKOCTY (pacxoa), a BCnNeacTBUE 3TOr0 U CKO-
POCTh, ¥ NOTPebHUTENA.

YnpasnaAwliMe KPoMKKA Ha MPONOPUMOHANEHLIX YCTROMCT-
Bax YCTPOeHbl B Buge awadparm ana Toro, 4tobel nogaep-
SKUBATE BNWAHWE BAZKOCTH HE3HAYUTENbHEIX Pa3MepoB.
W3amepeHuA, NPOBEAEHHbIE HA MTMAP3BNUYECKNX YCTaHOBKaAX,
NoKasanu, 4To Mnpu W3MEHEHUAX TEMNEepaTypbl W3MEHEHWA
Ap B TpyGonpoBopax, pe3bbOBbIX CoeAnHeHwAx, Bnokax
YNPagneHna B MPOLEHTHOM OTHOLWEHAW 3HAYNTENBHO BbiLle,



KpuTepun AnA onpeaeneHUA NapameTpoB yNpasneHWA ¢ NOMOLLLI NPONOPUMOHANLHLIX KNanaHos

1
AP nuuua

notpeburenn

L

]
" e
; wm : ATM.,..,

P i AP nuHun Hacoca |
u 6aka

@ pp = 100 [pan/cm?]
L |

Puc. 21: flareps dagnerus 6 0OHOU 2udpocucTene

HemM M3MeHeHWA Ap Ha camom NpuBope ynpaBneHuAa pacxo-
AoM.

Takue nameneHnA Ap BbI3bIBAIOT, €CTECTBEHHO, U3MEHEH e
pacxona.

BnawAHWe Ha NyTe saMeaneHun GyAeT NPOAEMOHCTPUPOBAHO
NOCPeACTBOM DAHOrO NpUMepa.

]

aaH/cm?] npu 50°C
nav/cm?] npu 20°C
pav/em?] npu 50°C
aan/em?] npu 20°C

Ap nuHur notpebuTtena
Ap nuHun notpeGuTens
Ap NUHUK Hacoea
Ap NMHUWKM Hacoca

I
(o w TR & 2 (R = 5 TR -3

[}

Ap uaMeHeHwWa Ha L
NPoONopUMOHaneH. Knanade = 5 [paH/cwm® |
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KpwTepum LnA onpepeneHuA NapameTpoR YNpaBneHWA ¢ NOMOLLLI NPONOPUHOHANLHLIX KNANEHOE

Wsmexenve CKOPOCTH NOM, BO3AEHCTEWEM MIMEHEHWA
BA3KOCTH B TPYGONPOBOAHON crucTEMeE

WamepenHan oBLuan noTepA AagneHwWA kKknanaHa B 55 paH/ em?
Ha KnanaHe MpPoOWCXOAMUT NpW TeMnepaType Macna B 50°C B
CBA3W C YCTEHOBNEHHbIM Hanopom Hacoca pP = 100 nan/cm?®
W 0TOGpaHHLIM BpalalWUM MomeHTom asuratens. Wame-
peHHaR MaKc. CKOPOCTL COCTABAAET NP 3ToM v = 1,3 m/cex.

Mpwu HM3KOI TemnepaType macna cocTaensAer obulan noTepa

AABREHWA KnanaHa ewle Tonsko Ap = 50 paH/cm?® .

CKOpOCTL nepemMellerns npn Temnepatype 8 20°C BbiTeKa-
er us

20°C - — > v = ve./Api1/Ap2

= 1,3¢+/50/65 =1,24[m/cex.]
Ap1 = notepn aasnexws Ha knanave npn 20°C
Ap2 = noTepn aasnenuA Ha knanase npn 50°C

Myt yckopeHWA 1 3aMeAneH A COCTaBNAIT Npu

50°C — —>sB =Vv2/(2ea)e 103
1,32/(202)¢10% =422,5[mm]

1]

20°C - —>sB =Vv2/(2%a)* 103

1,242/(2+2)# 103 = 384,0 [mwm]

WsmeHeHve nyTh 3amenneHna == 38,5 [mm]

MoTepA AaEneHnA Ha NPONOPUMOHANEHOM KnanaHe
Ap = 50 [paH/cm?] oTHOCUTENBHO BLICOKAER.

WexoaR u3 noTpeBHOCTA B 3HERrvy, HanpalwuBaeTcA Camo
coBoi NoHWKEHWe AaBNEHWA B CUCTEME.

OTHOCKMTENBHO U3IMEHEHWMA NYTWU 3aMenneHuA TaKkue mMepo-
NPUATHA HE PEKOMEHAYIOTCA, KaK 3TO [EeMOHCTpWPYETCA
Ha OCHOBAHWW HWHENPUEBEEHHOTD BbIYMCNEHWA.

Mpu ycnosuu, 4To MUHWMansHaA obLlaA NoTepA AaBNEHWA
KnanaHa cocTaenAeT npw Temnepatype Ao 20°C Ap =10
[n.am’cm“] M 4TO COOTBETCTBEHHO novepam Tpy6GonpoBopa
npu 50°C Ap = 15 [man/cm?], BbiTexaer:

50°C - — > v = 1,3 [m/cek.]
20°C - —> v = ve~/Apl/Ap2

= 1,32/ 10/15 = 1,06 [m/cex.]

Ap1 = noTepA gseneHun Ha kKnanaHe npa 20°C
Ap2 = notepn gasneHuA Ha Knanade npn 50°C

MNepemelieHe Ha YCKOPEHWE U NEPEMELLEHME 3aMeAneHnA
COCTABARIOT NpU

50°C = — >sB = v2/(2ea)e 103
1,32/ (22)e10°

v2/(2ea)e 103
= 1,062/(292)+10% = 281,6 [mm]

]

= 4225 [mm]

20°C — —>sB

Mamenerne Nyt 3amMeaneHHoro xoaa okono 140 [mm]
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Takoe uzmMeHeHue I'WTH 3AMBANEHHOr0 X0Aa HE BO3HWKEET
npu ynpasneHuu c KOMMEHCALMEW Harpyaku ¢ MOMOLLbIO
KianaHa NOCTOAHHON PasHOCTH AaBMEHW, NOCKOMLKY Nepe-
naa naanewﬁ Ha Yy4acTkKe ApoCccennposaHnA nogaepxuBa-
eTCA NOCTOAHHOW BenUUXHbI.

Mpu ApoccensHOM yNpaBneHuw cneayet BeiGupath nepenan
QaBMeHW Ha KnanaHe GOnbILUEN BENWUYWHBLI ANA TOFO, 4TOBLI
pasbpoc nyTn 3amMefneHHOro XoAa NoaAepXK1eaTs MEHbLLIEH
BeNUYKUHbI,

Cneayer ewe obpaTUTe BHUMaHWE Ha TO, 4TO NPX Manom yc-
KOpeHun TaKaA AononHuTensHaAa Ap Byaer MeHblen Benu-
4MHbI, B TO BPEMA KaK Mpy BbICOKOM YCKOpEeHWW TaKan Be-
NAYMHA AOMKHE YCTAHABNMBATLCA BhIlLE,

Takan, B NepeEbIl MOMEHT KaXyYLIaAcA BbICOKOW, yBbITOY-
Haf SHepruA B CBA3W C APOCCENWPOBAHWEM BOIHWUKART B pe-
3ynbTaTe BLICTPOro ABWXEHWA Y NOTpebUTENA TONkKO KpaT-
KOBPeMeHHO,

MpK BLHICOKUX CKOPOCTAX NepemeLLeHuA (OpUeHTUPOBOYHOE
3HaueHve > 1 Mm/ceK.) n nNpu BeLICTPO NPOMCXOAALLWX Npo-
LLeCCaX MO YCKOpPeHWID, YYWThIBEA AMHAMUYECK e CBOWCTBA,
He Gy4eT BO3MOMXKHbLIM MPUMEHATE KnanaH NOCTORHHOW pas-
HOCTW AaBNEHUA.

NlpoccensHoe YynpagneHwe, OAHAKO, EbI3OBET CAUWIKOM
BonbLuUe U3MEHEHUA NYTH 3aMefneHva.

MpuMeHeHe 3NEKTPOHHOrO YGTPOWCTBA ¢ 3ABACHMEIM OT
nepemMeLLeHUA 3aMeanieHnen NPUHECET NpU TAKNX DbICTPbIX
OBHWAEHMUA X SHEI‘-IHTEJ'Ibeiﬁ peayneTat B OTHOLUEH MW NOCTORAH-
CTBA MYTW 3amelNeHiuA, 8 BCNeACTBUE 3TOMC B OTHOLIEHWA
NOCTOARHCTEA BPEMEHU HAXOXKAEHWA B NyTH (puc. 22) .

MponopuMoHankHbLIA KNanad 3akpbiBaeTcA NnasHO B 3aBU-
CUMOCTKW OT NepemMelleHdA., rl\f'l'h nepeaBUHKEHWUA PErncTpu-
pyeTcA NMB0 aHanorosbim, nGo uugpossim cnocobom.

A KOHEUHbI
BblKNoYaTeNL
v [m/cek.]
V1 Y

|

nyTe samennenus s [Mm]

Puc. 22






KpWTepu anA onpepeneHuna NapamMeTpos YNPagneHus C NOMOLLLIO MPONOPUKOHANLHBIX KNANaHos

Hau6onblwan paGoyalm NOBEPXHOCTL M3 OBOMX BbIUMCNEHMA
onpeAenrReT pasMepbl UMnuHApa.

Ecnu ByAyT uaBeCcTHbI pabo4aR NOBEPXHOCTL W BPEMA Ha YC-
KOpEeHWE, MOKHO B COOTBETCTBWM C 3TUM BbI4YMCIIHTL Tpe6y-
eMbli HaNop Hacoca.

LnA yckopexwa

Mpu NOCTOAHHOW CKOPOCTM N MAaKC, cune

"10" =* MUHWMAaNLHaA NOTEPA A3BNEHKA H3 NPONOPUMON, KNanaHe.

Ecni 6yayT u3BecTHbl paGovyaA NOBEPXHOCTE W Hanop Haco-
ca, BbINUCMARTCA BPEMA Ha YCKOpeHue.

Mpu nNpUBOAE MAcNAHOrO ABUIraTENdA BEIYMCTIAEBTCA paBoymnid
o6bemM ABUraTeNA Npw APOCCEnsHOM ynpasneHu AnA ycKo-
peHuA 1 3ameaneHnA.

Ja/i?ee = (VG Ap)/(20=1T)

Ap = 1/2¢[(pP - ApV) - pS]

€ =w/tB

w =IIenei/30

ps = [(Ms + Mc)e 20« I1]/(i* Va)
Ja/i2eTlenei/(30et8) =

= Ve/(20 1) 1/2{(pP — ApV) —
— [(Ms + Mc) » 20 # 1]/ (i* VG)}

Ap = Tpefyeman pasHOCTh AaBNeHuid

AMA YCKOPEHNA [ASHJCM?']
JG = OGLUMA MOMBHT MHEPLUN HE BEAOMOM BaNy [rerma?]
i = yucno o6op. {n) asvraT./uncno obop. (n) eenomoro Bana
VG = paGouwit 06bem neuratens [em?r06.]
() = YrnoBaa cKOpOCTh [1/cex.]
£ = yrnosoe ycKopeHue [1/cex ]
YRazaHue:

Ecnu Bo Bpema a3sl N0 YCKOPEHWMIO B AeCTBUW ByaeT Mo-
MEHT Cunsl MK,_ TO TAKYH cuny chefpyert CYyMMWpOBaTe G
MOMEHTOM Harpysxku Ms.

[na nocToAH. Yicna 0BOPOTOB U MAKT. MOMEHTE CHnbI MK

"10" = MUHUMENLHEA NOTEPA ASBNEHUA HA NPONOPUWDHENEHOM
KnanaHe,

Bonbluuii paGoynii obvem ONpeAenAeT BeiBop MacnAHOMO
ABUraTens.

Ecnu ByayT uzgecTHbl pabovynid o6bem 1 BpeMA Ha ycKope-
HWe, MOXHO BbIYMCINTE TPebyeMblid Hanop Hacoca,

ANA YCKOPEHURA

AA NOCTOAH. Yucna o6opoToB U MaKe. MomenTa cunel MK

10" = MUHUMANEHAA NOTEPA AEBNEHNA HA MPONOPUWOH. Knanane.,

Ecnu 6yayT v3BecTHbl pabouwic obbem ABMraTeNA W Hanop
Hacoca, MOXHO BbIYMCNTE BPEMA Ha YCKOpeHwne




KpuTepuu AnA onpefeneHWA NapameTrpos YNpPaBneHua ¢ NOMOLLLI NPONopUMOHansHbiX KianaHos

Onpepenetne Tpebyemoil pabouei NOBEPXHOCTH LUIMHAPA
ANA YNpaBReHniA ¢ KOMNEH caumnei HarpysKkn

Mpu ynpaeneHun ¢ KOMMEHCALMEN HArpy3KKM B PacnopRike-
HUW UMeeTCA NONHOe aasneHue (pP — ApV) 3a BblveTom Ap
KnanaHa NOCTOAHHOI pasHocTv aasneHwi (8 pad/cm?) u 3a
BLIYETOM MOTEPM AdBMeHWiA Ha ApoccenbHON KPoMKe NoTpe-
6uTena nocne Haxa (8 aan/cm? ) .

PaGouan NOBERPXHOCTL BbIYMCNAETCA ANIA YCKOPEHWUA unw 3a-
MenneHwA

LNA NOCTOAHHOM CKOPOCTU 1 MaKce. cunbl FK

"16" —* MUHMMBNLHAA NOTEPA AABNEHWUA HE NPONOPUMOHENEHOM
KknanaHe + Ha KnanaHe NOCTOAHHON Pa3HOCTH ASBMNEHWH

PaBouaA nosepxHocTb AW Bonblied BENWUMHLI ONpeaenAeT
paamep UMnUHApPa.

Ecnu M3BecTHbl paboyvan MOBEPXHOCTE W BPEMA Ha YCKOpe-
HUWE, MOXHO BIMMCNMTL TpeByeMbiil Hanop Hacoca,

ANA YCKOPEHWA

ANA NOCTOAHHOM CKOPOCTU WM MaKc. cunbl FK

16" = MUHUMAaNEHEA NOTERA D4BNEHWA Ha NPONOPUWOHANEHO M
Knanade + Ha KnanaHe NOCTORAHHON pAa3HOCTH AaBnNenni

Ecnv n3eecTHsl paoyan NOBEPXHOCTE M HANOP Hacoca, MOXK-
HO BbIYMCNIWTL BPEMA HA YCKOpeHue

Mpu NpUECRE MACTAHOTO ABUraTensa BLIYMCARETCA pabounii
o6vem anA YNpagneHus ¢ KOMNeHcaukWel Harpysxku AnA
YCKOpPEHWA W 3amMefneHMA

ANA NOCTORHON CKOPOCTH W MaKC. MOMEHTa cuibl MK

"16" = MUHMMaNLHaA NoTepA AaBRSHUA H3 NPONOPUNDHATEHOM
KnanaHe + Ha KnanaHe NOCTOAHHOMN PE3H0CTH .an.l'IBHlﬂ"'l

Ecnu 6ynyT W3BecTHel paBounid o6bem 1 BpeMA Ha ycKope-
HWe, MOMHO BblumMcnvTs TpeByemblit Hanop Hacoca ANA yc-
KOpeHWA

"16" = MUHMUManNbEHEA NOTERA SAEAEHUA HE NPONOPUMOHAENEHOM
Knanave + Ha KNanaHe NOCTOAHHOM PAa3HOCTHM AasneHui

Ecnu 6ypyT w3BecTHb! paboyam NMoOBepXHOCTb M Hanop Ha-
coca, MOXHO BbIMUCNUTL BPEMA HA YCKOpPEHUe
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KpuTepun ona onpepeneHA NapamMeTpoB YNPABNEHWA ¢ NOMOLLLID NPONOPUUOHANEHLIX KNanaHos

BuiuncneHue n snuAHne coGcTEEHHON YacToThl B
rugpasnaMyecKux cCUCTemax

YHe yNnoMWHAnNoCk Bbille, COBCTBEHHAA 4acTOTAa ARNABTCA
MEPUIOM KayecTBa NPUBOAA, 8 TaKKe MIHMMaNsHO BO3MOMK-
HOE BPEMA Ha YCKOpPEHMe.

HOnA BhIYUCNEHWA TOYHOR COBCTBEHHONR 4acTOTbl CHUCTEMBI,
nonkHLI BbiTh W3BECTHLI PasnWyHble NapameTpsl, Kak, Han-
pyMep, MexaHMYecKoe TpeHe W BA3KOCTh Macna.

Takue napamerpsi GbIBaOT 4acTO Heu3BecTHbl B dhase Npo-
ekTUpoBaHuA. Ha npakTuke, oAHBKO, MOMXET BbiTh gocTa-
TOYHbIM, ecnik ByaeT sesluvcneda coGCTBEHHAaA 4acToTa He-
FaTYXaoWKx KonebaHWil W Ha OCHOBaHWW aTOro BYAYT BkI-
BefeHbl "onbkIiTHBIE AaHHble"”,

AnA Tore, 41066l MOXHO BBINO Ny4lle NOHATE, KAk Bbl4Ync-
nATL coBCTBEHHYID 4acTOTY He3laTyxawwux KoneGaHui B
ruapaBnNUYECKOl cucTeme, NpUBNEKAaeTcA ANA HarnNAAHOCTYA
cpaBHeHuwe ¢ coBCTBEHHON 4acTOTOW MexaHW4eCKOW cucTe-
Mbl MpY3KUHa - Macca.
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KpuTepuu AnA onpeaeneHA NapamMeTPoB YNPasneHnA ¢ NOMOLLLI) NPONOPUMOHANLHLIX KNanaHos

CobcreenHan yacTora 6e3 3aTyxaHunA

ANA UMWNWHAPOB CUHXPOHHOTO XOAa
C 0Ll MaKC.
Aw = sthdrexTaHan (paGouan) nnowans Hacoca
h = XOR UWWRMHL,
. hi2 |
VL1 = V1 = obwem TpyGonpoBoga hod C.....
Vi2 = \/2 = oBuem TpyGonpoeoaa
VA = VB = ofbem umnuHppa
V3, V4 = obsemul Macna Memay perynupyomnm Knanaiom
n uununppom (V1 + VA) 1
Emacna = MOAYNbL 3NAacTUYHOCTH Macna
A’ﬁ L 1
Va
O6uwimi KoHPHUUKEHT XKeCTKOCTH NPYMUHLI i A

Cosy. =C1 + C2
= 29[ AW’ - Emacna/ (V1+h/2/10 - Aw)]
=2 [ AW - Emacra/ (V1+VA)]
= 2 [ AW’ - Emscna/ V3]

JIxkBUBANEHTHAA CXema
BEbileYKazaHHOW cucTeMbl NPYIKUHA - Macca

F = yeunue npymuHb
T = pnuTensHOCTh OAHOrO NonHoro Konebauwa
5 = XOoAa NyXMuHbl

Kone6axue BbileyKa3aHHOW CUCTEMDbI
npy»uHa - macca
6e3 3aryxaHuA

MMpockonuyeckan YacToTa
CMCTEMbI NPY)XKHA - Macca

W0 = +/ Cobu./m [1ecex.]

Cob6crBeHHan yacrTorta

:
7

I1/2

3/2 11

Puc.23: CobereerHan vacTtoTa Ges 3aTyxanus ¢ UNUHODOM CUHXPOHHG20 x0da
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Kputepuu onAa onpeneneHnA NapameTpoB ynpaBneHWA ¢ NOMOLLLH nponopunoHanbHbiX KnanaHoe

Onpenenexne co6CTBEHHOM YAaCTOThI C NOMOILBIO FUAPOUHANMHAPA
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Puc. 24: LunuHdp ¢ cUHXpOHHBIM XO000M

C1 = AA? - Emacna/ [ (AA ® h/2/10) + VL1]
C2 = As?+ Emacna/[ (AB ® h/2/10) + VL2]

w0  =4/(C1t +C2)/m

Ha cpeaHeii nosuumy uunvHapa coGCTBEHHAA 4ACTOTa MUHW-
HanLHON BENMUYNHLI, KOrAa NOBEPXHOCTE NOPLUHEBON0 KOMb-

ua AA =AB u VL1 =VL2.

Macca
Xoa uMnuHapa

Xoa umnuHapa Apd MKH,
coBCTEEHHOM YacToTe

Mnowage NopwHA

Mnowage Konsya

Obbem TpyBONPOBOAE CO CTOPOHLI NOPLUHA
Obrem TpyBONPOBOAS CO CTOPOHS! KOMbUE
Moayns snactuaHocTn = 1,4 ° 107
HecTKOCTL NpYHHKHL) CO CTOPOHEI NOPLWHA
HecTKOCTE NPYHUHE! CO CTOPOHLI KONbUE

E 24

[Am]
[Hm]
[1/eex.]

m [rr]
h [mm]
hK [mm]
AK [em?]
AR [cm?]
Vi [em?]
Viz [CM:‘"]
Emacna [Kr{cm.cek?]
1 [HM]
C2 (1]

Puc. 25: Judibeperiuanbhbit YUnuHop

C1 = Ak? - Emacna/ (AK * hk/10 + VL1)
C2 = AR? - Emacna/ [ AR @ (h — hK)/10 + VL2]

[Hm]

[Hm]

MoskHOo BblYMCUTe NO3nWMio NopwHa h K, npu kotopon 06-
LR NPYXKWHHEA HArPY3Ka MUHUMAaNbLHOK BENUYUHBI.

(C1 + C2)mare.= AK?® Ewmacna/VL1 +
+ AR2 e Emacna/ (VL2 +AR * h/10) ana h=0

(C1 4+ C2)maxc.= AKZ ® Emacna/ (VL1 +AK - h/10)+
+ AR2® Ewmacna/VL2 anA h=h

Ecnu Byaer auddepedumpopatecA ypasHedue ana (C1 +
C2), moxHo Beivucnute (C1 + C2)mun. M COOTEETCTBYIO-
WK 3TOMY X0a umnuHapa hiK:




Kputepuu ona onpegenenus napameTpoB YNpaeAeHWA ¢ NOMOLWbLH NPpONOPUMOHANLHEIX KNanaHoe

OnpeneneHue coBCTEEHHON Y4aCTOTLI ANA FMAPOLMIMHADSE ¢
NOMOLLLIO PereHepaTuBHOro nepexnion. ( andidep. cxemsi )

Onpepenedue coGeTBEHHOM YaCTOTH! ANA FMAPOUWMIMHAPAE C
YNpPaBneHHeM NOCPeCTEOM KOMMEHCALMN Harpy3aKu

- h -
' T v
Ak
] f m
VL2
A J._
< T
Puc. 26
C1 = Ak?- Emacna/(AK* h/10 + VL1) [Hm]
o =+/C1/m [1/cex.]

Mpu pereHepaTUBHOM NepeKNOYeHUM € KONMbUEBOW CTOPOHbI
AR NpW BblABMHYTOM UWMNWHAPEe OTCYTCTBYET JKECTKOCTh
npyxuHsl C2.

OBocHoBaHue

CTOpOHa MOPLUHEBOrD KONbUA HaxOAWTCA MOA BO3AEHCT-
BYEM MOCTORHHOIO gasneHmA ppP. Brewnrwe CHibl, KOTOpPbIE
OKa3bIBadT EID3ABF‘ICTBHE Ha uMnuHAp, HE BbI3bIBEKOT NOBbLI-
WEeHWA aBneHuA C 3TON CTOPOHbLI UMIMHAPE — OTCYTCTBY-
ET NOBLIWEHKE l"IDOTMBDﬂEﬁCTBVH)LuEI:H CUNlbl B 3TOW Kamepe
uunmHAapa.

Caman HW3KaA »ecTKOCTL NpyxuHel C1, a BCheACTBUe 3T0-
ro camMaa HW3KaA coBeTBeHHaRA YacToTa, PacnonoXedHa npw
nopwHeeom xoge h .

Puc. 27

C2 = AR?" Emacna/ (AR® h/10 + VL 2] [Hm]
m0 =+/C2/m

Takke Npu YyNpaBneHWAX ¢ KOMMEHCAUNER Harpy3ku Mox-
HO MPOW3BOAWTL BbIMUCMNEHUA TONLKO C NOMOLUBH YKECTKO-
CTH NPYXKMHBI CTOPOHLI LMNWHAPA.

CropoHa 6e3 KOMMNEHCAUWM Harpyaku HaxoguTcA nof Bo3-
JefcTBMEM MOCTOAHHOMD CKOPOCTHOTO Hanopa ApoccenbHOoW
KPOMKW ANA BbITEKAKOLWEro mMacna (Npy BNyCKHOM KnanaHe
NOCTOAHHOW pasHOCTY AasneHuA ) .

[ 1/eex.]

BHewHne cunsl He Bbi3bIBAOT HUKAKOMo NOBLILWEHWA AaBne-
HWA, 8 BCTIEACTBUWE 3TO0 HE OKa3blBalOT BO3AEACTBMA Ha No-
BblleHWe YCUINKA C aToM CTOPOHL!.

Caman HM3KAaA XECTKOCTE NPYMuHbI, 3 BCNEACTBME 3TOFO ca-
mMaA HM3KaA coBCeTBEHHAA 4acToTa, BO3HUKEET NpM BABUHY-
TOM WMAKHAPE.
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KpHTEpIM-l AnA onpepeneHWA napameTpos ynpasneHnuA ¢ NOMOLUWbLID nponopuMoOHanbsHEIX KnanaHoe

OnpepeneHre coBCTBEHHOW YacTOTbI ANA FMAPONPHUEOADE C
NOMOLLEI) ABUraTEner

Puc. 29

Puc. 28

C1 =[VGf(2'H)]2‘EMamar'

{[ (VG/2 + VL1)e 104] [Hwm/pan)
C2 =[VG/(2#I1)]2® Emacna/

I(VG/2 + VL2)® 104] [Hm/paa]
wp  =+/(C1+C2)/Je [1/cex.]
MOMEHT MHEpPLUN MacCh! Ja [krm?]
Pabounia 06bem ABUraTenA
UAKOro Tonnuea VG [cm3/06.]
O6sem Tpybonposoaa Vi1 [em?]
O6wem Tpy6onposoaa VL2 [em3]

Monyne 3nactuudoct 1,4+ 107 Emacna [Kricm. = cex 2]
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Mpu ynpasneHuW ¢ KOMNEHCAUNEA Har PY3KKW MOXHO Npows-
BOAWTL BbLIMWCNEHWA TOMNBKO C NOMOLLbHO HECTKOCTH NPy K-
Hbl OQHOW CTOPOHE! ABUraTENA.

CTopoHa Ge3 KOMMEHCAWWW HarpysKu HaxogwTcA Noa BO3-
[efcTBMEM NOCTOAHHOIO CKOPOCTHOrO Hanopa ApaccensHom
KpoMKKW 4nA BhiTEKawLWero macna (npu KnarnaHe NocToOAH-
HO#M pasHOCTYM AaBneHui Ha Bxoae) .

BHewHue cunbl He BbI3bIBAOT HUKAKOr0 NOBLILIEHWA AaBne-
HWA, 8 BCNeACTBME 3TOMO He OKa3blBaloT BO3AGNCTBWA HA no-
BbiLUEHWE YCUNUA C 3TOW CTOPOHBI.

womun.= ~/C1/JG

[1/cei.]






KpuTtepnn anA onpepeneHuA NapameTpoe YNpaBneHuA ¢ NOMOLLEI NPONOPUKOHANEHEIX KNANAHOB

ARA CKOPOCTH V
[m/cex. ]
v=0,5 I v=1 |v=15 | v=2

BhITEKEET
yckopenwe/3amMepnenue
L [M)“UEK‘;E]
0,138 0,277 0,416 | 0,555
0,277 0,55 0,833 1,11
0,416 0,833 1,26 1,66
0,555 1,11 1,66 2,22
0,833 1,66 25 3,33
1,111 2,22 3,33 4,44
1,388 2,07 4,16 5,55
1,666 3,33 50 6,66
1,94 3,89 5,83 T
2,22 4.44 6,66 8.88
2.5 5,0 75 10,0
207 5,56 8,33 11,11
3,05 6,11 8,16 12,22
3,33 6,66 10,0
3,61 7,22 10,83
388 | 7./8
4,16 8,33
4,44 8,89
4,72 9,44
5,0 10,0

Y kazaHue

MuHUMansHoe BpeMA YCKOPEHWA /3aMeaneHUA MOXKET onpe-
AENATLCA NOCPEACTBOM 3-X XapaKTepHbiX BeNnUMH:

1. MuHnManbHOe BpeMA YCKOpPeHUR/ 3aMeANeHUA B 3aBicH-
MOCTH 0T cOBCTBEHHON YacToThl w0 [ 1/cex.]

2. MuHMMansHOe BPeMA YCKOPEHWA / 3aMeAneHnA onpesena-
eTCcA NoCpeACTBOM YCTAHOBNEHHOMO Hanopa Hacoca.

3. MuHUMAansHoe BpeMs YCKOPeHWUA /3aMeANeHA OrpaHuym-
BaeTcA NOCPEACTBOM rWAPaBAMYECKOro BpemeHu cobet-
BEHHOTO MepPeKIYeHNA NPonNopunoHansHoro npubopa.
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KpHTBpHH ANA OnNpepeneHWA Napamerpoe ynpasneHWA ¢ NOMOLLI NPpONOPUWOHaNbLHLIX KNanNnaHoBe

AnA 3ameTok
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KpM‘I'BpMH ANA onpefeneHMA NapameTpoeB YNpagieHMA ¢ NOMOLLLI0 NPONOPLWOHaNLHBIX KNANaHOB

OnA 3ameTox
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BeeneHue B TeXHUKY CepBOKNanaHoB

Ovutep KpeTtu






BeepeHue B TeXHWKY CEpBOKNAanaHoe

Pazuuua
MEeXAYy UeNbio YNpaBneHuA U KOHTYPOM peryiuposaHna

Llens ynpagneHuA

o T

Ecnu ByneT BKOYaTLCA BbIKMOMaTENL “a@”, TO TOrAa npo-
NOpPUMOHANbLHEIA YeunuTens “b” BBOAWT B AeHCTBKE Nponop-
UMOHAMBHbIA pacnpeaenuTent COTNacHo MNPeABapPUTENLHO
yCTaHOBNEHHOMY 3aaHHOMY 3Haveruio. [1ponopunoHanbHbIA
KnanaH oTKpbiBaeTCA, 1 HUOKOCTE HAYMHART ﬂ-pDTeKBTb.

Wrok umnuHapa "Z" nepevewiaeTca.

Ecnun Tenepe Byaer BeiaguraTees TpeBoBaHWe OTHOCUTENLHO
TOro, 4To6L1 NOpLUeHs LWUAKHAPA DCTAHOBWIICA MNPUW BKHOYe-
HWM BbLIKAKOYATENA "a” Ha onpefesieHHOM, BOCMNPOW3BOAW-
MOM MECTE, TO 3TO ABNAETCA BO3MOXHBIM TOMNBKO C Oro-
BOPKON.

MpUyMHLl TAKOTO ABNEHUA:
— Perkum NepeKnuYyeHA nponopuuoHankHOro KnanaHa ma-
MEHABTCH B 3aBUCUMOCTU OT BA3KOCTH Macna.

— MMoTepa maBneHWA Ha KNnanaHe U3MEHAETCA Ha OCHOBAaH UK
_  3aBWCUMbIX OT BA3KOCTK noTeps B TpyBonpoeoaax.

— PaznuyHaa Ap ob6ycnaenueaet pasnuuHble pacxopsl, @
BCMEACTBUE 3TOMO W PasfuyHbIe CKOPOCTH YCTaHOBKU LX-
nuHgpa.

== TODMOC'IHOFI NyTb UBMEHARTCH B 3dBMCUMOCTK OT NEpeasn-
raemMoin maccel 1 CKOPOCTH YCTEGHOBKH.

Bee 3Tv “BenuyurHbl nomex ' NONHOCTLIO BKNHOYATCA B pe-
3yNLTaTLI Lenu YyNpasneHnA.

. nponopuumo-

BbIKI0- ycunu-  HanbHbIA pac-
yarenb Tenb npegenurens  UWIWHAPD

a

b

C

Z

Puc. 1: Bnok-cxema uenu ynpasnerus

@

Puc. 2: Ynpaenedue c nOMOWBIO. NPONOPLLUOHANbHOR0 pacnpedenurend
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BeegeHne B TeXHUKY CepBOKNaNaHos

KouTyp perynuposaHna

MocpeacTeom noTteHumomeTpa P1 npensaputensHo Boibupa-
€TCA 3aAaHHOE 3HAa4YeHMe HANPAMEHWA, KOTOpPOe COOTBETCT-
ByeT onpegeneHHoi Nosuunn nopwHa. fekcTeuTensHoe no-
MOMKEHUE NOPLUHA, AeACTBUTENBHOE 3HAYeHWe, oToBparaeTcA
noteHunomeTpom P2 Takme kaxk HanpaxeHue. OBa HanpA-
EeHWA BbIYMTAOTCA ApYr OT gpyra Ha Bxofae ycunutena “ V",
T.e., 06pasyeTcA pPasHOCTL 334aHHON W AEeACTBUTENLHON Be-
NAWYMH, OWKMBKAE, OTKNOHEHWE perynupyemMon BenuydHbl OT
3agaHHoOro 3HaveHms. OwwnBka ycunuBaeTcA B ycunuTene
"V 1 B COCTOAHWMW TENEPb BO3BY®AaTe KaTyWKY cepBoKna-
naHa “SV". BeneacTBue aTOro OTKpPLIBAETCA cepBOKnanad v
nepemMeuiaeTcA NoplieHs. [py aTOM U3MEHAEBTCA TaKXKe No-
noyeHWe noTeHuuomeTpa P2, HanprxeHue AelcTBUTENLHOMW
BENWYMHEI MPUBNMMKEETCA NO CBOEMY pasmepy Bce Honblie
¥ GonblUe K HanpPAXEHWHD 3a4aHHOr0 3HAYEHWA W, KaK TOflb-
KO GYZET DOCTHIHYTO JKEenaemoe MONoXKeHWe, aHHynnpyer

ero. Bo ppema Takoro npouecca oWwWGKa ymeHbllaeTca M,
HECMOTPA Ha ycuneHue, KaTyllke cepeBoxknanaHa byper npe-
LOCTAaBNATLCA BCE MeHbLLUE W MeHbLLE TOKE B pacnopr>eHue.
3TO 03HAYaeT, YTO CepBOKNANaH NOCTENEHHO 3aKPLIBAETCA U
OTTOPMaXKiBaeT BCNeacTBWe 3Toro nopwexs. MNpu goctuske-
HUW »Kenaemol nosmumu owwnbika Byger coctasnate “0” u
KfanaH 3aKpoeTcA.

" MoHO YCTaHOBWTL, YTO MpW OTKPbLITON LEnu ynpaBneHwa

ONUCaHHbIE BEMWYMHBI NOMEX He OKa3blBalT Bonblue BAWA-
HWA WKW eABA Elle OKa3bLIBaT BIMAHKE Ha pe3ynbLTart B 3am-
KHYTOM KOHTYpe perynupoBaHus. 3T0 OTHOCMTCA K CyWecT-
BeHHbIM OCOBEHHOCTAM TEXHWKWM PerynvpoBaHvA, a Bcnen-
CTBWE 3TOr0 CepBOrnApaBnuK M.

. yYCunu-
3afjaHHoe = - E Tenb

CEpBOD-
KnanaH

3HavyeHue i L
: Ue D Ua

X nelictutensHoe
‘ZHAYEH e

cHUcTeEMa MaMepeHna
{natunk nepemerlieHna )

SV

K

Puc. 3: Ynpougenras 6rok -cxema KOHTYPAE pezynupoeanus

M

| P2

0

3anaroLimi
NoTeHLWoOMeTP

il

P1

NOTEHUWOMETP NeNCTEN-
TENLHOEro 3HaYeHNA A i B

cepBoKnanaH

T ;  yewautens

Puc.4: Kon TV peeynuposanud c NOMOUWbLH0 cepaoKianaqa
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Beepeune B TEXHUKY CEPBOKNANaHoB

MoHATHA, TEXHWYECK e BAHHLIE W WX 3Ha4YeHHe
AnA npyumMeH eHWA

[lna onvecaHWA cepBOKNanaHOB NpumMeHAaeTcA Bonblioe KO-
NMYECTBO NOHATHIA, 3HaYEHNE KOTOPsIX CREegYeT cHauana on-
peaenuTe 1 06bACHUTL.

1. CraTMueckue napameTpbl

1.1 HomidHaneHbIA pacxoq,

HomuHanbHeIW pacxoa vepe3 cepBoknanaH GepeTcA 60NL-
wei YacTbi NO OTHOLWIEeHMD K obWei noTepe AaBneHwsA B
70 Bap.

970, 0OAHAKO, He 03Ha4aeT, 4To paboTy MOKHO NPOU3BOANTE
Toneko npu notepe gasnexunn 8 70 6ap. MoxeT onpegennTs-
cA nobaa apyras paboyan Touka (pacxoa) .

/ Ap _
AprHom.

Q = Quom. ®

Quom. = HoMMHAaNEHBIR pAcXOA ApK

HOMMHaNbLHOI noTepe aasneHnA ApHom.

HomuHanbHeId pacxon scerfa DepevcA NO OTHOLUEHWID K
nonHo# ynpaenAeMocty cepsoknanana. Npu YacTuyHoW yn-
paBnAeMOCTH PacXod W3IMeHAeTCA NMPonopuMoHaNsHO OTHO-
LLIEHWK YNPABNABMOCTH.

1.2 PacxogHan XapaKkTepUCcTUKa

Bzanmoceass MEXAY pacxogom Knanada | 3NeK TpPUHECKUM
BXOAHLIM CUTHaNom MSOEDEKEETCH B paCXOLLHOﬁ XapaxKTe-
PUCTUKE.

B xapaKTepHble paboyne TOUK W
pabouan TOYKA BOKPYT HYNEBOW TOYKMW

paﬁoqan TOYKE B OTKPbLITOM COCTOARHWMK

I

A
A
B

3HaveHue paboued TOUKA ANA 330344 perynaupoBaHiA CcMo-
Tpu 1.3 (cTp. FB) .

200090 ycuneHun

—100-80-60 —40 —20

-+

- 110
- 100

80

60

- 5004 ycunenun

| | |

' 3

-100
- 110

TUNWYHAA pacxofHaA
XapaKTepucTUKa

1 1 |
20 40 60 80 100

HoMuHaneHb Tok [90]

Puc.b: PacxodHan xapaxkTepucTuka
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Ei Beenexve B TexHUKY CepBOKNanaHoB

~HaneRo

Hanpaso

+ Qéqo = 100 %

v}
Crra 100 % Ly
100 %
Qo = 100 %Y -Q
Haneso Hanpaso
+ Q&
Y« + Y
—» | —
¥.-Qa
HQHBBO+ O* uanpaap_
-Ya Lp+ Y

o |1

Hyneeoe nepeKpoiTHE
Mpwn noznumu ynpasnAwoLero 3onoTHuka Y =0
He MPOUCXOLUT HUKaKoro oGLeMHOro pacxoaa
(He TeyeT 06BEMHBINW MNOTOK) .

Ona Y >0 HenpepsiBHO TeueT 06beMHbIN
MOTOK Yepes YNpasnAlLyIo KPoMKY.

Il
o

Yo

MonoxuTensHoe nepexpsITE

[l poccenupyrolume ceyeHnA OCTATCA OTKPbITHIMU
B guanazoHe Y = Y0.

OnA Y > Y0 Teuer HernpepsiBHO OGbeMHbINA
NOTOK 4Yepe3 ynpaenAyo KpoMKy.

OTpuuarensHOe NEpeKpsITHE
B awanazoHe Y = Y0 HenpepsiBHO TEYET 0OBEMHBINA

NoTOK Yepes ofe ynpasnaAlmMe KPOMKW,
Ona Y = Y0 TeveT 06beMHbIA NOTOK elle TONbKO

Yepes OAHY YT PABARIOLLYI0 KPOMKY.

Puc.6: Pacx00HaA XapaKTepUCTUKAE ONA OTIWNAWUXER NEREKPLITUG 8 Hyneaod Toyke (royka A)
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BBEHEHHE E TEXHUKY cepBOKnanaHoe

1.3 PaameuieHune NepeKpeiTHA ANA 3a4a44 PerynupoBaHma

— [o3MUMOHHOE PEr yNWpoBaHwe W perynnpoBaHe AasneHun
Mpu NO3MLMOHHOM perynMpoBaHuK W PerynnpoBaHni Aasne-
HuA KnanaH paboTaet B paboyel Touke "A” T.e., BOKpYr Hy-
nesoi Toukwu. [AnA Takoro npumeHeHUA cneayeT BelGupate
HYfeBoe NepeKpsITWE Wnu oTpuuarensHoe nepekpeitie. MNo-
NOMWTENBHOE NEPeKpbITHE B AGHHOM Cly4ae He MOXKeT BbITb
MCNONb30BaHHLIM, MOCKONLKY CWrHanbl He NepeaarTcA B
npegenax AuWanasoHa NepeKpbiTUA, T.e., CUrHaNsI MOryT ne-
pefaBsaThCA BHE AWanailoHa NepekpbITUA Aanblie TONLKO B
vcKkaxeHHOM Bhae. Benepcteue aTora He npepocTasnAeTcA
BOZMOMKHOCTbL ANA CTAOWNLHOrO Perynuposanma.

— PerynupoBsaHue CKOPOCTKM UNK perynupoBaHie pacxona
Mpu perynupoBaHun ckopocTu KnanaH paboTaeT B pabouer
Touke “"B". B Takom cny4yae MOMeT NPUMEHATLCA NONOMNA-
TENBHOE MEepeK pbiTHE B HYNEBOW TOYKeE.

— 3anupaiollan yHKUMA NPY MNONOXUTENBHOM NEPeKphITUN

MonoxuTenbHOe NEPEKPLITHE HE ABNASTCA HASEMHLIM 3ann-
paHuemM. 3anupaHue BbiGupaetcA GONbLUEH YacTbi) ManeHb-
KWM AnA Toro, 4ToBkl BMECTE C OCTAWMMCA XOA40M elle
AocTuranca AOCTaTOlIthﬁ pacxog. B pe3ynbTaTe cMeLlLeHA
HYNeBoN TOYKM B CBA3M ¢ KONEBaHWAMY AaBNEHWA 1 Temne-
paTypekl WNW MNpW OLHOCTOPOHHEM 3arpA3HeHWM conna oT-
KpBbIBEETCA NOTOK B OAHOM HanpasneHuu W NpyMBOAMTCA B
ABMCTEME NPUBOA.

1.4 Ycunexsue no cKopocT NOTOKA

YewnneHwe B 06uieM NOMAETCA KaK COOTHOLLEHWME MEXAY Bbl-
XOAHBIM CUrHANOM W BXOAHLIM CUTHANOM.

YcuneHune no cKOpPOCTH NOTOKa MOXKeT BbITb BbipaxeHo, Ta-
KM 06pazom, ¢ NOMOLLLID CNefyoLLel thopmynel:

Takoe cooTHOLWeHWe npeacTagnAeT cobol cpegHUi nogLem
pacxoAHoi xapakTepucTukin. MNoabvem Takoro rpadmyecko-
ro w3obparkeHWA 3aBUCUT OT AABNEHUA B cucTeMe.

Ha OCHOBaHWKW QONYCKOB Ha W3roToBneHwWe BblTeKawT cne-
u1ansHo BOKPYr HYNeBsoi TOYK K OTAUYEIOLLIKMECA APYT OT ApY-
ra ycWneHuA (cM. pacxoAHYH XapakTepucTUKy Ha puc.6 ).
Mpu cMeHe KnanaHoB BCNEACTBME 3TOro mMoxkeT novpebo-
BaTLCA NPOVM3BOANTE NOAHANAAKY perynaTopa.

1.5 YyscTeuTensHOCTL K cpaGarsieadu " E”
M 30Ha pazbpocos "§”

— YyBCTBUTENBHOCTE K cpabaTsiBaHMio

Moa uyBCTBUTENLHOCTEIO K CPabaThiBaHKWIO NOMPa3yMBBAETCA
WM3MEHEHWE SNEKTPUYECKOrO CUrHana, koTopoe HeoBxoaumo
ANA Toro, 4Tobbl BbipaboTaTe N3MepUMOe U3MeHEHWE Pacxo-
fa, KOorga cvrHan, HadnmHaA ¢ TOHKK ocTaHoea, U3MeHAeTCA B
ONHOM W TOM e HanpasneHWy, B KOTOpoM Bl npousse-
JeH NOABOA K TOuKe ocTaHoBa. JlaHHkie nogatwTcA B % OT
HOMWHaNLBHOro TOKa.

— 3oHa pasbpocos
30Ha pazBpocoB — 3TO M3MEHEHWE 3NEKTPUYECKOrO BXOA-
HOFO CWMIHana, ANA Toro, YTo6LI NPOM3BECTW U3MEHEHUE pac-

F6

Puc. 7: YyecraurensHOCTh K cpabarsiearuro

xoAa, Koraa curHan Byaer W3MeHATbCA HaduHam C TOYKW
ocTaHoBa, B NPOTVBONONOMKHOM HanpasneHun. [laHHbie no-
nawTeA B % OT HOMWHaNLHOro TOKa.

YyBCTBUTENLHOCTL K cpabaThiBaHnio 1 30Ha pasbpocos npea-
cTaBnAT coboi, Takum obpazom, MepTEbLIE AKMATNA30Hbl, KO-
TOpbIE 0Ka3blBalT BO3AGACTBME HA KOHTYP perynupoBaHuA.

£

Q :['J"tf-mun.]:

g | vouka ocTanosa
] |
—>f{le— i[ma]

Puc.8: 3ona pasbpocos

Ecnu cepeOKnanaH fomkeH 6yaeT Npov3BOANTE KOPPEKLUWIO,
TO emMy noTpeByeTcA BXOQHOWM CUTHAN, KOTOPLIN B 3aBUCHMO-
CTW OT HaNpaBneHA Koppek UMK A0mKeH BbiTh BONbLIMM, 4eM
YYBCTEBUTEIBHOCTL K cpabaTkiBaHWio UNW 30Ha pa3Gpocos.

BxoaHoli cvrHan BOZHUKaEET B pe3yneLTarte norpew-HocT pe-
rynMpoOBaHWA, T.e., B Pe3yneTaTe PazHOCTM 3a4aHHON 1 gein-
CTBWTENbHOW BENWYMH, ITO 3HAYUT, YTO HEMNOCPEACTBEHHO
MO)KET OKa3blBATECA BO3AEWMCTBYVE € NOMOLLLK cepBOKNana-
Ha Ha AMana3oH PerynapoBaHvWA Npu NpeHebpemeH iy pemu-
MOB QEBJIEHUA 1 H3 BOIMOMHYIO TOYHOCTL MNO3ULKMOHUPOBA-
HWA NpY perynupoBaHun NoNoXeHua.



BreneHue B TEXHWKY CEPBOKNANaHOB

1.6 DyHKUKA 3BBMCVMOCTH [AENEHWA OT CUTHANa

Y7106kl MOXKHO OLINO NPOM3BOANTE KOPPEK LUK Ha NPUBOAE,
TpebyeTcA cooTBeTcTBYOUWIaA cuna. [o3ToMy xapakTep pac-
NpefeneHn AaBMeHuA Ha BeIXOAE Haj BXOAHLIM CHMIHANOM
umeeT Bonblioe 3HaYeHue, TaKon xapakTep pacnpeneneHuA
JABNEHUA W306PaXKaeTcA ¢ NOMOLLbLIO TpaduiecKon xapaK-
TEPUCTUK W AABNEHUA.

[padmuecKkan XxapakTepPUCTUKE AaBNEHWA 3aMNWCLIBaETCA NpK
3aMKHYThIX NPUCOSAMHEHUAX NoTpebuTtena.

1o B Al
el
i o

. .g,g;-ﬁ,'
60T

1Y o
20 Y

‘ :

Puc. 9: @yrryua sasuctumocTy QasfieHus OT cuzHana

1.7 Ycunenwne gasnedun

CooTHOWEHKWE MeXAy AdBNEHWEM Ha BbIXOAE W BXOAHbIM
curHanom ob0o3Ha4YaeTCA KaK youneHve AaeneHud.

Ha rpachuyeckoil xapaKTepucTUKe AaBNEeHWA MOxHO pasnu-
uMTh, KaKum 0Bpa3om cnefyeT OTKPbITh CEPBOKNanaH AnA
TOro, 4robsl NPEAOCTAaBNANOCE B PacNOpAMKEHWe AasneHue,
Tpebyemoe ANA KOppeKunuu.

OTKpbLITUE KNanaHa OCYLLECTBRETCA B CBOK OYepeak Ha OC-
HOBaHUM KOHTYpa perynuposaHuWA. Bcecnepctewe atoro cy-
LWecTBYeT HenocpegcTeeHHOe BNWAHWE YCWNneHua AaBneHuA
Ha TouHOCTb perynuposaHuA. CoobpasHo 3TOMY ycuneHue
NAaBNeHWA AOMKHO BbITh MO MEpe BO3MOMXKHOCTK BOnbLIMM.

Ha w3oGpameHHblX rpatiuKax XapaKTepucTUKW AasneHui
yxe 80% pasneHwA B CUCTEME WMEETCA B PacnopAXKEHUU
ANA KOPpeKUuWW NOrpellHoCTU PerynuposaHia npu 1% Ho-
MWHaNEHOro TOKa.

1.8 PacxopHan xapakTepucTUKa NpY HaNUYUK HarpysKm

CepeoruapaBnMiecknil NPUBOA cocTouT B o6Lem 13 cepeo-
KnanaHa u WANWHAPa unik ABWraTenA kKaw notpeGurtena. Ha
NBVMEHWA OKa3bliBAETCA BOSﬂBﬁCTBﬂe BCNEACTBWE TOra, 4to
nonaaaemmﬁ noTOK Macna apoccenupyeTcnA.

Mpw ycNoBuw, Y4TO B PaCOPAKEH W UMEIOTCA naeanbHble yo-
NOBWA, MacnaHbii MOTOK Yepes y4acToK APOCCenWpoBaHnuA

paewratens = plL. = p1- p2

Puc. 10: Yersipex kpomouroe dpoceensHoe ynpasneHue

MOYKHO BbIYMCNWTE NO creayiollein opmyne:

Mpwu atom nocpeacteom Q obozHavaeTcA MacnAHLIN NOTOK,
Y — KoachhvuMeHT perynupoBaHns (= NpoueHT. perynupos.
cm. puc. T7) u K — noctoAHHaRA, KOTOPaA YYATLIBAET reomMe-
TPMUYECKUE MapaMeTpsl YNPaB/AIOLWEro 0TBEPCTUA, MNYCTOTY
mMacna U T.n., a Ap — NOTepA JaBneHuA Ha YMNpasn. KpomKe.
MpucoeauHeHHBIM Ha AEeMOHCTPUPYEMOM Npumepe ABWra-
Tenk TpebyeT B 3aBMCHMOCTH OT Harpy3Ku fasneHne Harpysa-
kn pL. Ecnn ps npeacraenaet coboit aasneHne B cucteme,

TO OCTAETCA KakK NoTepA AaBneHua

MNpu HeHarpy eHHOM aBuraTene, T.e., koraa pL = 0, & pac-
MOPAKEHKW WMEETCA BCE CUCTEMHOE [aBleHue B KauecTee
Ap. MpoTekaer MakcuManbHbii MacnAHLIA notok. Mpu 3a-
6nOKUpOBaHHOM [ABWraTene Bce cucTeMHOe AasneHwe noa-
BOAMTCA K ABWraTtenio, MacnfHblif NOTOK TorAa pasHAETCA
HYMIo.
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BeegeHue B TEXHUKY CePBOKNanaHos
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Puc.11: Pacxodnaa xapakTepucTuKa npu Hanuyuu HazpysKu

2. Ouuamuueckmne napameTpsl

LNA TOYHOCTU PETYNWPOBAHWA NPUBOAA CNYKUT MEPUIOM
ero GCECTBEHHBH 4acToTa ¥ OTCHOAd BhiTEKawLes, BO3IMOM-
Hoe, obuee yewnenue, CoBcTBEHHaA yacToTa NPUBOAA ofpe-
AenAeTCA rNaBHbIM 06pa3oM NOCPEACTEOM AMHAMMKN Cep-
BoOKnanaHa.

JlaHHble O BpemMeH YCTaHOBKW He ABARIOTCA MpU 3TOM A0-
CTaTOYHBLIMKM ONIA ONUCAHWE AUHAMUYECKOW XapaKTepucTu-
ku. HawBonee ynotpeburenbHsIM BMAOM WCCNEA0BaHWA AW-
HaMMYBCKOW XapaKTepuCTUKI ABNABTCA MEeToA 4YacTOTHON
XapaK TePUCTHUKN.

Mpy Takom MeTOLEe cepBoKnanaH Bo3DYXKA3ETCA Nocpea-
CTBOM CWHYCOWAANbHbIX CMIHANOB W PErvucTPUPYETCA peax-
UMA KNanaHa Ha TaKue eurHansbi.

OTBeTHLIA curHan cepeoknanaHa (pacxop Q) ABNRETCA B
CBOIO OUepefib CUHYCOMAANBHEIM, HO MO CPABHEHUI C CUTHa-
NoM BO3BYXAEHWA, OAHAKO, Y HEro W3MEHeHHbIE aMNAnTy a
M nonoxexue asbl.

HayuHalT ¢ HU3KOM 4acToTel W NOBBLILLAKT TAKYH H4acToTy
NocTeneHHo. I'Iptn 3TOM MOMHO YCTAHOBWTh, YTO C NOBblILE-
HWeM 4acTOThl YMeHbLLUAeTCA BbIXOAHaA aMnnuTyaa W ABA-
KeHe KnanaHa no3agn BXOAHOro curHana ecerga npopon-
WaeT 3anazabiBaThb.

i1 = inaxe.
BXOAHON BbIXOAHOW
'y curHan Xe curHan Xa
+ £ L

cmeleHne has

—» § —

Puc. 12a u 12b: M206padeHus YacTOTHLIX XapaKTepUCTUK

BLIXOOHOW
curHan Xa

R

BXOAHO’
curHan Xe

BpemA t
[m/cex.]

cMeLleHu1e thas

o

BpemMA t
- [mfeek.]
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Beegenue B TEXHMKY CepBOKNanavos

2.1 flnarpamma Goge

Wzobpamenne Takux B3aMMOAEACTBMIA NpoW3BOAMTCA noc-
peacTaom Awarpammel Boge.

B paWwHom cnydae npencragnAeTcA COOTBETCTBYIOWEe COOT-
HOLLIEHWE MEXAY BbIXOAHOW BMNNUTYAOA W BXOAHOW amnnn-
Tynol Xa/Xe nocpeacTeom 4acToTel BOZBYXKAEHWA W MONY-
4aeTcA B PeayneLTaTe 3Toro "amMmnnuWTyAHaA XapakTepucTuka”,
3atem uzobparaerca cMmelleHue dasel BeIXOAHOrO cWrHana
Nno CPaBHEHWIO C BXOAHLIM CHMHANOM € NOMOLULK YaCTOThI
W NONYYaeTCcA B pesynbraTe 3Toro "(a3osan xapaKTepucTh-
Ka" Ofe xapakTepWcTUMKKM BMECTE 0BpasyrT avarpammy
Boae.
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Pvc. 13: Auazpamma bode

AMNIUTYAHEA XapaKTepUCTHKA NOAAaeTcA BOMbLUEH YacThio
B a6 {peumnbenax).

Mpu 3ToM B AefcTEMK

AnA uncTo KaYeCTBEHHOrO ONUCAHWA YACTOTHON XapaKTepu-
CTUKW onpepenAnvch NapameTpsl 4acToTel NpyM — 346 1 npy
—900,

Mocpeacteom f — 36 060zHauaeTcA 4acToTa, NP KOTOPOH
BbIXOAHOW curHan Q knanaHa saTtyxaet Ha — 346 no cpas-
HEHWIO C BXOAHbLIM CHMIHanom, 3T0 COOTBETCTBYET COOTHOLLe-
HU0 Xa/Xe = 0,707, 3vor napameTp onuckiBaeT OgHY ToY-
KY Ha aMNNUTYAHOR XapakTepueTnKe.

Yactota f —90° onuchiBaeT TouKY Ha hasoBoi xapaKTepw-
CTHKE, B KOTOPOW BbIXOAHOM CUrHan OTCTaeT OT BXOAHOIO
curHana Ha 90°,
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Puc. 14: Yacrornas xapaxtepucrua cepsornanana JY 10
C MEXEHUYECK O C8F3bI0

—90° yactoTa npu gasneHun p
J —90° yactota npu p = 140 6ap
--"""‘—
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Puc, 15: 3asucumocts or paGioyezo dasnetus

AuHaMuveckan XapakTepUCTUKE CepBOKNanada noasepra-
€TCA B 3HAYUTENLHOW CTeNeHW BO3AEWCTEMIO CO CTOPOHbI CH-
CTEMHOTO AaBNEHWA ps YPOBHA curHana |/ | vom.

Ana paBouero pasnexua 8 140 Bap MQKHO NPUMEHATL AdH-
HbIg HeMOCPeACTBEHHO C YaCTOTHON XapaKTepuCTMK.

OnA apyrux paGouux AaBneHwi cneayeT anA Toukn — 9009
B3ATYI0 U3 (Da30BOIM XapaKTepuCTUKK YacTOTY MOMHOMWUTh
Ha koadichulMenT, B3ATLIA ¢ puc. T5.
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CepBoKnanaHel, npuBopHan TeXHUKa

O6wuid obzop

Cepeoknanads! upmel PexkcpoT Beinu pazpaboTaHbl KaK
NPOMbILLINEHHbIE KAarnaHbl M COOTBETCTBYHT TpeboBaHWAM,
NMPeALABNEeMbIM K HUM CO CTOPOHLI MHAYCTPUKM, OTHOCUTENb-
HO HAOEKHOCTM, B3aMMO3aMEHAEMOCTH M NEr Koro obenyxu-
gaHuA. OHU YCTpOeHbLI COrnacHo UCMONHeHWIo U3 YHUDUUN-
poBaHHbIX BNOKORB.

Croaa oTHoEUTCA, MeXxay npoynum.

— MPUHUMNMANLHOE WCMONB30BaHWE CTAHAAPTHOW CXeMbl
npwcoeauHernAa cornacHo DIN -craHpapty 24 340 pnA
BCEX HOMMHANbHbIX BENUYKH

— B3aMMO3aMEHAEMOCThL CepPBOABUIaTENM UNKU NepBbIX CTY-
neHen

— BO3MOMHOCTE HOCTHUDOBK K CHApYy KK

— B3aumosameHAeMbId (UNbTPO3NeMeHT.B NepBON CTYNEHM!.

CepBok nanaHs! thvpvsl PexcpoT npeAcTagnAwT coboi Aanb-
HEWWWIA yHudWUMpoBaHHbI 6NOK B NPorpamMme NOGTaBoK
dupmbl ManHecmanH Pekcpor.

[MoHATHE "cepBO” NpUMEeHAETCA YPe3BbI4aiHO Pa3HOCTODEH-
He. BoipakaAck B 06WeM, NOCPEACTBOM TaKOro NOHATHA
o6o3HayaeTeA (PYHKUKUA, NPKU KOTOPOK ManeHsKNiA BXOAHON
CUrHan Bki3kiBaeT o06pazoBaHue HONLLIOrO BLIXOAHOTO CUF-
Hana (ycunurens) .

llupoko w3BecTHBIM ABNAETCA PYNEBOE CepBOYNpasBneHwe
8 aBTomobune, nNpM KOTOPOM TOT, KTO C HE3HAYUTENbHbIM
YCunvemM ynpaenAaeT pynem, nepefaeT BONbLUIOE YCWUIWE K
Konecam.

AHaNorMyHoO NPOUCKOAUT TAKIKE B CEPBOrMAPaBnuKe.
YnpaBnAwLWWIA CArHan Manol MOLHOCTW, Hanpumep, B
0,08 8T, MOXeT ynpaBnATL GONbLWKMMK MOLWHOCTAMW B HEC-
KOMbKO COTEH BaTT aHanoroBsIM cnocobom.

CepsoknanaH, Kak NpUBOAWMMBIA 3NeKTPUYECKUM cnocobom
r’umapagnUyeckKmin yeunuTenb, NPUMEHAETCA NPeUMYLLECTBEH-
HO B KOHTYpax perynupogaHuA, 3TO 03HAYaeT, 4To Npy 3ToMm
npeoBpa3yeTcA He TOMbKO 3NeKTPUYECKWI BXOAHOW CurHan
B COOTBETCTBYIOLLMI MacnAHbIA NOTOK, HO W W3MEpPAKTCA
OTKNOHEHWA OT NPeABapWTENbLHO 33aAaHHOM CKOPOCTH WUAW
NO3KMUKK 3NEKTPUYECKUM CNOCOBOM M NOABOAATCA K CEPBO-
Knanady 4NnA KoppexKumu.

Puc. 1: OdrocTynexvarsili HanopHsll cepeoKnanay
runa 408 T1EQ 2, 1-A cTynens azpezatHod cUCTEMbI
CEPBOKNANAHO8

Puc.2: Cepaopacnpedenurenu 4Y 10 ¢ mexanugdeckotl 06-
parsol ceazso Tuna 4WS2EM 10( cnpasa), ¢ anexTpuseckod
obparHod cerssio Tuna 4WS 2EE 10 (eneea) u 6apome-

Tpuseckot obparnod ceassio Tuna 4 WS 2EB 10 (nocpedure)

Puc.3: Odwoctyneryarsili pezynupyiowuli Kinanan
{cepeokxnanar) runa 4WS 1EQ6

Puc.4: [eyxcrynenyarsid nponopyuoHansHeit pacnpedenu-
rens Tuna 4WRV. e kavectee 1-1i cTynewu npumMeHserca pe-
ynupyrowudl knanad (puc. 3)
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Cepeoknananbi, NpubopHan TeXHWKa

CEPBOABUIATEMb (nosopoTHbii cepBOABUraTEnb )

CepsoaBuratens npeo6pa3oBbLIBAET Manbiil CUrHan ToKa B
NPONOPUXOHATNBHOE MEXAHUYECKOE ABUMKEHWE,

Y cepsoknanavos dupmel Pexcpor asuratens — 370 yc-
TpoiicTeo camo no cebe, OH MOHTUPYETCA 1 NPOBEPAETCA OT-
[ENLHO, @ TAKKEe MOeT B3aMM03aMeHATLCA. ITO obnervaet
TexXyxoA U NPOBeneHWe DEMOHTA.

"Cyxoi geuratens” oTaenAeTCA OT FMAPaBNIUYecKoro obopy-
NOBAHUA NOCPEACTEOM repMeTHYecKoro YNNoTHeHWA W CKOH-
CTPYWPOBaH cneayoumm o6pasom:

Akopb U3 MarHWTHOro “MArKoro” matepuana 3axKperndercs
NPY>KUHALLWM CrIoCOBOM Ha TOHKOCTEHHO, VYRpyroi Tpy6-
Ke, KOTOpaR OQHOBPEMEHHO HanpasNAET TaK Ha3biBAEMYIO
38CNOHKY W NMpefycMaTpuBaeTcA ANA TOro, uTobbl nocpes:
CTBOM TrepMeTn4ecKoro YNNOTHEHWA OTAENATb OT cpegbl
noj pasneHuem. 3acnoHka, TakKUM 06pasom, OTHOCWUTCH MO
CBOEI KOHCTPYKUMA K CepBOABWIaTeNto, a No cBoeii yHK-
UUKM — K rUApPaBNUYEcKOMY YCHITUTENHo.

Haw cepeogBuratens NpeacTaBnAeT coboit gBuratens ¢ Hen-
pepbIBHEIM MarHUTHeIM BO36YKAEBHUEM. C nomoib CTU-
pyeMeiX “MNOMKCHbIX BUHTOB" MOXHO HCTMpPOBAaTL 33a30p
Mexay AKOPeM W MoMocHbIM BUHTOM W ycTaHasnmeate on-
TUManbHLIA PEXUM ANA XapaKTepUucTUKK ABurarens.

[iBe, pacronosKeHHble Ha AKOpPe, KaTyLWKY HaMarHu4neawT
AKOpb. BeneacTeve aToro Ha Tpy6KY (BO3BpaTHaA npyXuHa)
GYAET OKasbiBaTh BO3AEHCTBUE MOMEHT.

MomeHT NponopuUMoHaned BenuyMHe YNPasnALLEro ToKa v
npw OTKMYeHHOM ynpaenswowem Toke (| =0) COCTABNA -
eT "0, nNpW 3TOM ycTanasnueaeT TpyOka (BosepartHas npy-
JUHa) AKOpPbL, @ BCNEACTBUE 3TOr0 TaKiKe 3acnoHKyY, obpar-
HO Ha CpPEefHIDK NO3MLMIO.

Mepenaya MOMEHTA TaKOW KOHCTPYKLMW CEpBOABUraTENA OT
AKOPA K 3aCNOHKE UMEET DYeBMAHbIE NMPenMYLIecTBa, Kak,
Hanpumep :

— OTCYTCTBME TPEHUA

— Manklit rucTepe3unc

— YNNOTHEHWE MEXAY HanopHOM cpeaoil 1 CepBOABUIaTenem
OTCYTCTBYET MarHWTHOE NONe B HaNOPHOM cpene

Puc.6: Cepsodeuzartens Gez obparnod ceAsu
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Puc.5: Konerpykxyua cepeodeiiearens

Puc.7: Cepeodsuzarens c mexarHuseckol 0BpaTHOd CeA3610



Cepeoknanatbl, npubopHan TexHuKa

1-A cTyneHb

Knanaubl Tvna 4 DSTEM2 — ato ogHoOCTyneH4aTkie Hanop-
Hblé CEPBOKNANAaHbI W CAYKaT ANA YMNPaBNeHUA C cepBOAEH-
CTBWEM MHOMOCTYNEHYaThIMU CEPBOK NanaHamu.

OHU COCTOAT B OCHOBHOM M3:

— cepeoaBuraTenda, Bo3ByAaemMOro ¢ NOMOLLbI NOCTORH-
Horo marHuTa (1)

— rrhapoycunuTens (2), BbINOAHEHHOr 0 KaK YCUNUTENb TUNa
“conno-3acnonKa”.

CepeonBurartens

CepsoABUraTents — 370 ABUraTtenk, Bo3ByKAaeMbii nocpea-
CTBOM NOCTOAHHOrO MarHuTa W OTAENeHHLIA NOCPEeACTBOM
repMeTHMYECKOro YNMOTHEHWA OT ruapasBnuyeckKoro obopy-
LOBaHuA,

Axkops (3) w3 MarHuTHOro MArKoOro mMartepuana 3aKpenna-
ETCA NPY>KUHALLMM cnocoBoM Ha TOHKOCTEHHOW, YNpyrok
Tpy6Ke (4). Takan TpyBKa HanpaBnAeT OAHOBPEMEHHO 3ac-
noHky (5) » oTgenAeT NOCPeacTBOM repMETWMHYECKOro yn-
noTHeHwA cepeoasuratens (1) or ruapasnuyeckoro ofo-
pyaosaHuA. C nomousio nontocHbix BuHTOoB (B) moryT oc-
TUPOBATLCA PACCTOAHUA Mexxay AKopem (3} W BepxHeid
NOMKCHOK NnacTuHoi (8) .

Mpu oavHaKOBBIX PacCTOAHWAX W BE3 3NeKTpuYeckoro yn-
PABNAOILEro GUIHANaG MarHMTHbIA NOTOK B 4-x wenAx (9)
Bynet oguHaKoesix paamepos. Ecnu katywkam (10) Gyger
NOAABATLCA ANEKTPUYECK UM YNPABNAIOWKMEA CUIFHAN, TO AKOPL
(3) Byner nepemeliateea. OnHOBPEMEHHO ¢ AKOpeM (3) 6y-
BET nepemeLLaTsbeA 3acnoHKka (5) .

BeipabaTteiBaemblid YNPABNAKLWWM TOKOM B AKope (3} mo-
MEHT OTHOCUTCA NPAMO NPONOPUWOHANBHO K 3neKTpudec-
KOMY BXOAHOMY CWTrHany v coCTaBnRET Mpu OTKAYeHHOM
ynpasnawowem Toke (| =0) “0". TMpu aTom yaepxuBaloTcA
AKOPb M 3acnoHKa nocpeactTsom Tpybku (4) Ha cpenHen
nosuumu.

MwopasnuyYecKuii ycunnTesb

MpeoBpasosaHue nepemeLleHUA 3aCNOHKW B rUapasavyec-
KYH BenWUYMHY NPOW3BOAUTCA B MMAPABNMYECKOM yoUnuTe-
ne (2). B kayecTBe rMgpaBnNWYecKoOro ycwnutena B AaHHom
cny4ae cucTema YCUneHuA Tuna “ conno-sacnonka” (pue. 8).

Cuctema coctouT 3 2-x HenogBwmkHeIx conn D1 u 2-x pe-
rynupoBouHbix conn D2. WmetolieecA B PACNOPAXKEHWAW Y-
paenAtoliee BaBNEHWE C ABYX CTOPOH MOHWKAETCA NOCPEACT-
Bom conn D1 v D2. Ecnv nonepeuHble cedenuA conn ByayT
OAMHaKOBOW BeNMYUHLI, TO C NOMOLLLLI COMn NOTepA Aasne-
HUA ByneT oauHakoBoii (Hanpumep, p = 100 6ap, Ast/Bst =
506ap, T=0).

C nepemelleHUenr 3acNoHKW U3MEeHAKTCA PACCTORHUA K pe-
ryMpPOBOYHLIM COMMaM, HanpuMep, NepemelleHie BNeBo:

PacctoAHue 3acnoHku npu D2 Brneso 6yner meHbile, Npu
D2 enpaBo — Bonelwe. B cooTBETCTBUM C 3TUM B 06paTHOM
HanpaeneHt U3MEeHAIOTCA AaBneHuA npu ASt u BSt, [asne-
Hue ASt NoBbllwaerca, aasnenne BSt noHwkaetcA. B KauecT
ge rogHoro AnA WCNONL3IOBAHUA CUrHana NPUMEeHAETCA pas-
HocTh AagneHuin Ast — BSt.

D, Dy

P.%Ifyz%—l%

T

Puc. 8: Mpuryun cuctems! yeuneHua Tuna “consto-3acnoxca”

Puc.9: Cxema T-0 cryneru
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CepsoxnanaHsl, npubopHan TexHuKa

LBeyxcTynexyarsie cepeopacnpegenvren
€ MexaHW4ecKon oGpaTHoW CBA3LID

LByxcTyneHyareie cepeopacnpegennTend cocTOAT B OCHOB-
HOM U3

— - cTyneHu

— mexaHuueckow obpatHom cea3n (3) B KauyecTse coeanHM-
TenbHOro anemeHTa mexxkay 1-M u 2-i cTyneHAMK

— 2-i1 CTYNEHW O CMEHABMOMN 30N0THUKOBOW BTYNKOMK (4)
¥ 1“3 coefMHEHHOrQ ¢ MexaHWuecKoil o6paTHOW CBA3LID
(3) ynpasnaowero nopwha (5).

2-a cTyneHs

C NoMOLLLI0 MEXEHMYECK O 0BpaTHOI ceAawn (3) ynpasnato-
Wi nopiers (5) coepuHAetrcA no4tn Ge33a30pHO C cepBo-
aeuratenem (1) 1-w cTyneHun.

MpuHUMN QencTBnA NPUMEHAEMOrO B AAHHOM Chy4ae Buaa
06paTHOI CBA3M OCHOBAH Ha 3aBWCKMMOCTW DaBHOBECWMA MO-
meHTOR oT cepeoasuratens (1) v BozspaTHoW npyxwuHe (3).

370 03HaYaeT, 4TO NPW HEOAWHAKOBbIX MOMEHTaX, Bbi3BaH-
HbIX B CBA3M C U3MEHEHMEM INEK TPUYECKOro BXOAHOI D CUr-
Hana, nepemelyaeTcA cHavana sacnoHka (6) wa cpeaHero no-
NOMEHWA MEXAY PerynupoBouYHbiMu connamu. [lpw atom
BbipaBaTLIBAaETCA Pa3HOCTL ABENEHWIA, KOTOpaA OKazbiBaer
BO3feACTBME Ha 00e TOPUEBbIE CTOPOHBI YMPABMNAMLErO
nopwHA. Yrpaenawwwii nopuweds (5) nameHAeT nog 803-
LeAcTeUeM pasHOCTW AaBneHui ceoe nonosweHue. Takoe us-
MeHeHWe MOoNoXeHWA ynpasnALLero nopwHA (5) Bhizbiea:
eT MCKPWBNEHWE BO3BPaTHOW NpyxmHel (3) go Tex nop, no-
Ka 3acnoHKa He ByAeT Takum oBpa3om TAHYTLCA Hasad B
CpefHee MOMNOXEHWe, YTO OCTAHOBWTCA OCHOBHOW NOPLLUEHbL
W MOMEHTEI BYAYT HAXOAWTLCA B PABHOBECUN.

Xop NOPLHA, NPONOPUUOHANLHLIA BXOAHOMY curHany, a
BCIEACTEME 3TOr0 W PACXOM, TOT 4@ HACTPAWBAKITCA HAHORO.
C NoMOuWb0 2 BUHTOB € BHYTPEHHUM LIeCcTUr padHukom (8),
KOTOpPbIE PacnonoKeHbsl CNesa v crnpasa B KpbllKax Knana-
HOB (9), MOKHD cMELLaTE MONOMEeHWE YNPaBNAWMKWX KpPo-
MOK 20M0THUKOBOW BTYNKK (4 ) no oTHOWEHWUIO K yNpaBnaAke-
wemy nopwHw (5) anA Toro, 4tofsl MOXHO GbIN0 OCTUPO-
BaTh FTMAPABIMUMECKYIO HYNEBYHO TOYKY.

OcofenHocT KNanavoe

Knanan [AHHOIO TWNa COOTBETCTBYET COMPAMEHHBIM pasmMe-
pam rnaBHOM cTyneHn ( BTOpoi cTyneHu) cornado
DIN -cranaapty 24 340.

Puc. 11: Hsyxcrynexyatsiii cepeopacnpedenurens
runa 4WS2EM 10

Puc. 12: : '
Heyxcrynenvarsild i
cepeopacnpedenurens |
C MExXaHuHecK ol |
0BpaTHOU C8AZLI0
Tuna 4WS2EM 10
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Cepeoknanahbl, npubopHan TeXxHWKa

PacxoaHeie KaApaKTepucTUKKW

B 3aBMCHMOCTM OT NPUMEHEH WA CePBOKNanaHa, Hapaay ¢ au-
HaMMUECKUMW NapameTpami, BaX<HbIMA ABMAITCA BCErO
[Ba ruapaBnvMyYyecKux napameTpa:

YcuneHue no CKOPOCTA W NepeKpeITie NopLHA (urpaer pe-
WAoo ponk ANA YcUneHuA fasneHun ) .

Y cunenue no ckopocth (puc. 13)

30N0THNKOBEA BTYNKA MMEET YeThIPEXYroNbHOEe YPaBNAI-
uiee oTBEpCTHE, KOTOPOE 0CBOBOKAAETCA CO CTOPOHLI OCHOB:
HOrO NOPLLHA B 38BUCMMOCTY OT BxogHoro curdana. WuprHa
TaKMX LLenei onpeaenAeT YCUNeHWe Mo CKOPOCTH ( Konuyecr-
BO Ha xo4 nopuHA ) . MNogaeTcA KONWYECTBO B NUTPax B Mu-
HYTY, KOTOpOE NpoTeKaeT rpu nageHwn aasneHvA 8 70 Bap
(1.e. 366ap oTP — A n 356apoT B —T) npw Toke Ha BXO-
ne 8 100%. MNpu BLICOKUX YCUNEHMAX NO CKOPOCTH M3ruba-
€TCA pacxofHanA XapaKTepucTuKa B pesynbTaTe HacbliWeHuA
Kopnyca.

Mepexpsitue nopwHa (puc. 74)

YeThipe ynpaBnAlOWUMX KPOMKKM OCHOBHOrO MOPLUHA NpM-
wnudossLIBalOTCA CUMMETPUYHO, piU 3TOM MOXET npous:
BOAMTLCA BLIBOP Mexay 4 pasvepamun NepexpbiTUR WK OT-
PULATENEHOrO MepeKpsiTHA (B % OT xoaa noplwHa) . B cny-
4ae MepeKpbITUA (= NonoXWTensHOro) npoTexaer rpadpu-
YECHKan XapaKTepuCTUKa B CPEHHEFI 30HEe NNouwe; YTevkKa 4e-
pes cepBOKnanan B HEﬁTpBHbHOM nonoMmxeHuid He3HavyMTEeNb-
HaA, YCUIEHWE OaBNeHWA Beicokoe. B cnydyae oTpuuaTentHo-
ro nepekpeiTUA (= HerateHoro) rpaduyveckan xapaKrepu-
cTKa BEAW3K CPeAHErD NONOMKEHA MOXET BbiTe KpyYe (ycn-
neHue no ckopoctu go 200%) . YTeuka yepes cepsoknanaH
B HEﬁTpaﬂbHDM nonoXxeHuW Bbille, YCUNeHWe AaBNeHnA Hes-
HaYuTensHoe,

[nagHsie BWAbl NPUMEHEHWA |

MepexpebiTue ynpasnaomero nopwHa A (+05 ... 1,5%),
No3WTUBHOE

MoawnTcA ANA KOHTYPOB PerynMpoBaHua CKOPOCTH.
MpenmyLLIECTBO: MEHLLWAA YTe4YKa Yepes CEPBOKNANEH B Hel-
TpansHOM NonoxeHun, 4em npu D",

MepeKpbiTie ynpaenaowero nopwHs B (=05 ... 1,5%),
HeraTMeHoe

FoauTcA ANA KOHTYPOB perynupoBaHuA NonoXKeHWA W KOH-
TYPOB perynMpoBaHuA cunbl.

MpeumMyLLecTe0: BLICOKOE AeMnUpoBaHue, oaHaKo 6onk-
LIaA yTeuka yepes CepBoKianaH B HedTpansHOM NONOXeHWK,
yem npu "D,

MepexpeiTue ynpasnawwero nopwHa C (+3 ... 5%]),
no3MTHBHOR

FoauTcA ANA ynpasneHWid v perynupoBaHuil ckopocty Ges
VYTEYK W Yepes CepBOKNanaH B HelTpansHoM NMoNoMeHWH.

MepexpbiTue ynpasnaAouwero nopwHa D (+0...0,5%) ,
Hynesoe

MoguTcA Kak yHuBepcansHOe MepeKpbiTie ANA KOHTYPOEB
PEryNMpoBaHUA CKOPOCTU, MONOXEHUA W CUJIbI.
MpeumyLecTBO: HeaHauUTeNLHan yTeyKa Yepes cepBoK nanax
B HEWTPAanLHOM NONOMEHUW, OaHaKo bonee HU3Koe aemndn-
poBaHue, yem npn “B".
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Puc. 13: fTone dohycka pacxo0HOU XapaKTepucTuKU
cepaoKnanana

. QTPHUUATENBHOE
fiepeKpLITHe
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XapaKTeprcTMKa npu
"HYNEBOM NEPeKpPLITUM"”

Puc. 14: [Tpuruyun nepexpsITus NOPUIRA




Ceproknanausl, npuHopHan TexHUKa

JAuHamuueckue ceROWCTEA CepBOpOCNpefenUTenA

O guHaMUMECKKMX CBONCTBAX NPUB0pa MOMXHO NONY4YUTb NPea-
CTaBNeHWe Ha OCHOBAHWW YacTOTHOW XapakTepucTuiku. Tex-
HUKMW N0 PEerynupoBaHuMiD YCTaHOBUNKW B KayecTBe MacluTa-
Ba oleHKM Y4acTOTY, B KOTOPOW aMNNUTYQHAA XapaKkTepw-
cTuKa coctanAeT —3a6. — 346 03HayaeT, 4TO 3aTyxaHue
AMNNUTY ALl BbIXOAHOH BenMumuHbl cocTanAer 30% ort Bxoa-
HOW BENWYMHBI.

Puc. 16 : Pacxo0Has xapaKk TepucTUKa NPU HARUUU Ha2py3-
Kku cepsopacnpedenurened AY 10 ¢ bapomerpuyeckold unu
anexTpuyeckold obparted ceaavio (donyck + 10%)
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CpaBHeHuMe 4acTOTHbIX XapakTepucTuk (puc. 23) cepeopac-
npeaenwteneid AY 10 ¢ mexaHuveckoin u GapomeTpuyecKon
0BpaTHOIM CBA3LH MOKAa3biBaeT, YTO Y CEPBOPacNPesennTenA
€ MexaHu4eckoW 0BpaTHOW CBA3LID NyYlune AMHAMUYECKWE
CBOWCTRA.
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CepeoknanaHbl, npuBopHanA TexXHWKa

JeyxcTyneHyarsie cepeopacnpefeniTens ¢
" BapomeTpuyeckon 0bpaTHOW cBA3LID"

Taxkme ABYXCTYNEHYaTLIE CEPBOpacnpenenwTenn COCTOAT B
OCHOBHOM M3
— 1-AcTyneHwn

— 2-li cTyneHn co cMeHAeMOoM 30N0THUKOBOW BTYNKORA (7)),

YNPaBNARLLEro NOPWHA (3) 1 PerynupoBoHHbIX NPYHH (4).

2-A cryneHb

PaszHocTb gagneHuid mexay obevmn Kamepami ynpasneHuA
(8) u (9) ynpaenawwero nopwhnA (3) nponopuroransHa
3NEKTPUHYECKOMY BXOAHOMY curHany 1-i cTyneHu.

B ofiecTouYeHHOM COCTOAHWUK YNPaBnAwLLKMIA nopweHs (3) ¢

YPaBHOBELUEHHLIM AdaBNeHVeM W YAEPIKMBAETCA B CPEAHEM
NONOMEHNM NOCPEACTECOM PEryNMpPOBOYHBIX MPYXKNH.

Puc. 18: deyxcrynenuarsil cepeopacnpedenurens
Tuna 4WSEB 10

MocpeacTBOM 3NEKTPUYECKOro BXOAHOMO CWArHana nepeme-
WaeTcA 3acroWka, BnarofapA aToMy BO3HWKAeT PasHOCTb
AaBNeHui mexny obenmu Kamepamu ynpasnedun (8) v (9).
Y npaenawllni noplueHb CMeLLaeTcA, @ UMEHHO A0 TeX nop,
noxka He Byaer obecneuuBaToCA PaBHOBECHE CUN B Pe3ynbTa-
Te pasHOCTW AABNEHWIA mexay obewmu Kamepamw ynpagene-
HuA (8) u (9) ynpasnstowero nopwHa (3) ¢ oaHok cTopo-
Hbl M NPYMMHOW W TMAPOAMHAMUYECKOW CMUIOR C NPOTUBONO-
NOXHOI CTOPOHLI.

MockonbKy perynypoBoYHLle NPpYkuHb! (4) Takke nmeloT
NUHEAHYIO XapaKTepuCTMKY, XOR YNpaBnaAtolero nopLuHA
(3), a BcneacTBMe 3TOr0 W pacxoj cepBopacnpefenyTens,
NponNoOpUMOHanbHbI BHBKTPM‘IECKOMV BXOAHOMY CcurHany.

OcoBeHHOCTH KNANAHOB

KnanaH AaHHOro Tuna cOOTBETCTBYET MPUCOEAMHUTERbHbLIM
pasmepam rnasHoh cTyneHu (2-id crynenu) DIN -craHpapta
24 340.
GunLTPO3NEMEHT B NepBol CTYMeHU moneT 6es ocobibix 3a-
TPYAHEHUI M3BNeKaTbCA ANA NPOBEASHNA TEXYX0A8 38 HUM.
Bnarogapa Tomy, 4TO Kamepa hunsTpa pacronoxeHa B CBOO
ouepeslb B KaMepe, B CUCTEMY WUPKYNALWK Macna He MoryT
NPOHUKaThL 3arPASHEHUA.
Mpu ocoGbix cNy4aAx APUMEHEHWA KNanaHoB BbirOAHBIM
Bynet npegycMaTpyuBaTh BHELUHEE YNpasreHwe ¢ GEPBOAEH-
cTevemM. MocKONbKY MPUCOEAWHWUTENBHBIE MNWThI COMNacHo
DIN -cTanaapTy He NpeaycMaTpUBEaOTeA © NpUCoeanHEHUEM,
MOMHO Mexay Nepeoii M BTOPOM cTyneHAMU NpeaycmaTpu-
BaTh MOHTAX MNPUCOEANHWTENBHON NNWTHI.
C nByx cropoH ofecnevyueaeTcA ypaobHaA AOCTYMHOCTE K
YCTPOWCTBY ANA TOYHOM YCTAHOBKK HYNEeBOW OTMETK K.
BatyxaHue aMmnauTyasl v caBwr thas 3aBMCUT Y cepBOKNana-
HOB ¢ bapomeTpuyeckon obBpaTHOW CBA3LID OT AaBNeHURA B
cucTeme 1 pacxoja. [1na Toro YyTobsl [OCTVYL ONTUMASBHbBIX
pe3ynLTaToB, A4NA Onpe-

AEeneHHbIX AWManasoHoB

paBneHua ycTaHoOBNWBA-
OTCA ONTUMaNbHBIE pe-
UMbl AnA  Npubopos.
370 KacaeTcA Takke on-
peneneuubix AvanazoHoes

TR ECT U

pacxoga. [Moatomy oTcro-
0a BbITEKAT pPaznn4Hbie
YACTOTHbLIE XapaK TepUCTh-
Ku.

Puc. 19:
Leyxcrynenyaresl
pacnpedenurens c
Bapomerpudeckol
0BparTHOll ce8A3LI
Tuna 4WS 2EB 10

G8



CeproknanaHbi, npuBopHan TexHuka

[ByxXcTynenyaTeie cepEOpacnpefenuTent ¢
3NeKTPHUYeCKO 0GpaTHOU CRAZLID

Knanaus! Tuna 4WS2EE10-30/..B.. npeacTasnawT coboi
OBYXCTYMeHYaTble rMapopacnpefenuTeny.

OHK COCTOAT B OCHOBHOM W3 !
— 1-# cTyneHu
— 2-i CTYNEeHW co CMEHAEMOA 30MOTHUKORON BTYNKON (3)

— MHAYKTWBHOrO garunka nepemMeleHun (4), cepgeuHu (5)
KOTOpOro 3aKpennAeTcA Ha ynpaenatowem napwHe (6) .

2-A cTYNeHs

YnpasnAwowuii nopleHs (6) coeanMHABTCA © MHAYKTUBHLIM
NaTyMKoM nepemelleHuA (4) nocpeAcTBOM COOTBETCTBYHO-
WEen 3NeKTPOHHOM cucTembl. Kak w3meHeHwe MonoxeHwa
ynpasnAwwero nopwHa (6), Tak n U3mMeHeHue 3agaHHoro
3HauyeHUA, BbIpabaTkLIBAOT NOCPEACTRBOM cepaeyHuka (5) e
KaTylwkKe aaTymkKa nepemeuieHua (4), K KoTopon NOJBOAKUT-
CA NWTaHWe B BWAE MEepeMEeHHOr0 TOKa, pa3HOCTHOe Hanpa-
weHwue.

Mpw cpagHeHWW 3a8aHHOW U LEMCTBUTENLHOW BENUYMH NPOU3-
BOAWUTCA C NOMOLLLID COOTBETCTBYIOLNX 3NEKTPOHHLIX YCT-
POACTE OUEHKA OTKNMOHEHWA W NOABOAUTCA pPe3yneTaT Takomi
OUueHKM K 1-i CTyneHn KnanaHa B BWAE OTKNOHEHWA OT HO-
MHHaNLHOr0 3Ha4eHWA. TaKOoW CUrHan NepemeLlaeT 3acnoH-
ky (7) mexay cboumu perynuposoYHsIMu connamm (8) .
Mpu aTom BbipabaTeiBaETCA Pa3HOCTE AdBNEHUI Mexay obeu-
MK Kamepamu ynpaenesus (9) v (10).

Ynpasnawuwuwi nopiseds (6) BMecTe ¢ 3aKpenneHHbIM Ha
Hem cepaeyHukom (5) MHAYKTUBHOro patymka nepemete-
HuA (4) emewaeTen Ao Tex Nop, NOKa 3afaHHOe 3HaYeHWe He
6Gyaer coBnagars ¢ ASACTBUTENbHbLIM 3HAYeHMUeM ; 33aCNoHKa
nepemellaeTcA obpaTHO Ha CPeAHIOID NO3NUWID.

B oTperynMpoBaHHOM COCTOAHWM Kamepsl ynpaensHua (9)
u (10) c BbipaBHEHHbLIM OABREHWEM, W YNpPaBRAOLWMEA NOp-

WeHb YAEPWUBAETCA Ha AaHHOW NO3UUMK PerynUpPOBaHUA.
AnA perynupoeandnA pacxoga oBpasyeTcA, 3To obycnasnuea-
eTCA MOoNoXeHVeM YNPaBnawwero nopwHA (6) no oTHowe-
HUK K 30noTHuUKOBOW BTYNnKe (3}, cooTeeTcTBYOWEE YII-
paBnAIoLWLEe OTBEPCTWE, KOTOpOE TOXE NPONOPUMOHANEHO
334aHHOMY 3HaUEHWMIO, KAK 1 XOA MOPLLIHA, a TakXe Konu-
YECTBO NPOTEKAOLLEN HUAKOCTH.

AnA 4acTOTHOW Xapak TEPUCTMKKW KINanaHa yCTaHaBnuBaeTcA
ONTUMankHbLIA PEXUM NOCPESCTBOM 3NEK TRPUYECKOrQ Youne-
HWA B 3NEKTPOHHOM cucTeme.

OcobeHHOCTH KhanaHoR

KnanaH paHHOro TvNa cOOTBETCTBYET MPUCOEAVHUTENBHLIM
paamepam rnaBHoi ctyneHu ( 2-id cTyneHu) cornacHo DIN -
cTaHgapty 24 340.

Puc. 20: feyxcrynenyarsilt cepsopacnpedenurens
runa 4WS 2EE 70

Puc.21:
Leyxcrynesyarsiti
cepeopacnpedenurens
¢ INeKTpUYECK U
0bparHoll ceA3bIO
runa 4WS 2EF 10

g 3 i
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Ceproknanausl, npuBopHan TexHWKa

CpasHeHMe ruApasnuyeckux WM AUHAMWYECKUX A@HHbIX Ag-
MOHCTPUPYET Pa3NUYUA TPEX CUCTeM 06paTHOM CBA3N.

CBASK

Cucrema : Mexakn- INeKTpU- | BapomeTpi-
‘0BpaTHou YecKan ygcKan ueckan
CTAHAAPTHO
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Ceproknanansl, NpuGopHan TexHUKa

TpexcTyneHvaTbie CepBOKNANaHsl ¢
aneK TpPU4ecKon o6pPaTHON CBAZLID

KnanaHel Tuna 4WS3EE.../.. npeacTaenAioT cOBOU TpexcTy-
neH4Yarbie cepBopacnpefenmTena.

OHu COCTOAT B OCHOBHOM W3 :
— 1-# cTyneHu

— 2-McTyneHu (3) Kak cTyneHb YCUNEHWA NO CKOPOCTH Anga
ynpasneHua 3-i cTyneHsto (4)

— 3-hcTyneHu (4) anAa ynpaeneHnWA pPacxoaom OCHOBHOMO
noToKa macna

— WHOYKTUBHOrO AaTYMKa nepemeliesuA (5), ceppevynux (6)
KOTOPOro 3aKpennABTCA Ha YNpasnAKWEM noplHe (7)
3-1 cTyneHu.

3-Aa cTyneHs

Ynpagnawiiii nopweds {7) coeAMHAETCA ¢ MHAYKTUBHBLIM
AaTumKkom nepemewseHun (5) nocpeacTBOM COOTBETCTBYIO-
Lle¥ aNeKTPOHHOM CUCTEMbI.

Kak wW3meHeHwWe nOnomeHWA ynpaBnalowero nopwHa (7),
TaK U W3MeHEeHUe 3aflaHHOro 3HaYeHWA, BeipabaTeiBaloT Noc-
peacTeOoM cepaedHuka (6) B KaTylwKax paTyuKa nepemellle-
Hua (B), K KOTOPLIM MOABOAUTCA B BUAE NUTAHWA NEpemMeH-
HBIA TOK, Pa3HOCTHOE HaMNpAXEHMKE.

Mpu cpaBHeH UM 384aHHON 1 AEACTBUTENBHOW BENUUUH NPON3-
BOAWTCA C MOMOLLBI0 COOTBETCTBYIOLUNX 3NEKTPOHHbLIX YCT-
POMCTB OLEHKAa OTKNOHEHWA U MOABOAUTCA Pe3ynbTaT TaKow
OUeHKMN K 1-i cTyneHy Knanada B BUAE OTKNIOHEHUA OT HO-
MUHaNLHOro 3HayeHuA. Takoii curHan NepemeLlaeT 3acnoH-
Ky (8) mexgy ofouMu perynvpoBovHbiMA connamu (9) .
Mpw aTom BhipabaTkiBaeTCA Pa3HOCTL AaBAEHUIA Mexay 06eur-
My Kamepamu ynpasnedua (10} u (14). ¥Ynpasnatowwmia nop-
weHs (11) cmewaeTca U NponycKaeT cOOTBETCTBYIOWEE KO-
nuYecTBO macna B Kamepy ynpasnedus (15) wnu (16). ¥Yn-
paBnACLLMA noplweHs (7) ¢ 3aKpenneHHbIM Ha HeMm cepaey-
HuKOM (6) WMHAYKTHBHOrO JaTtuvka nepemewieHwn (5) cme-
WaeTcA 40 Tex nop, noka He ByaeT coBnaaarts 3agaHHoe 3Ha-
YeHWe ¢ ABRCTBUTENbHLIM 3HAYEHUEM.

B oTperynupoBaHHOM COCTORHWK Kameps! ynpasneHua (15)
v (16) c BoipaBHEHHBIM gaBneHuem, U YNpasnAKLWKWA nop-
WeHb YAEPIKNBABTCA Ha AaHHOW NO3NULUN.

Ona perynuposaHua pacxoaa obpazyerca (aTo oBycnaenu-
BAETCA MONOXKeHWeM ynpasnawlero nopwHA (7) no oTHo-
WeHno K 30noTHUKORoKh BTynke (13) cooTeetcTeyOLIEE
YNpaBnAwliee 0TBEPCTUE, KOTOPOE TOXE MPONOPUNOHaNEHO
3a[aHHOMY 3HAYEHMID, KAK W XO[ NOPLUHA, a TakXe Konu-
YBCTBO NPOTEKAKOLLEN XKUAKOCTN.

YacToTHaA XapaKTepucTWKa KnanaHos YcTaHaBAWBAaeTCA Ha
ONTUMaNbHLIA PEXUM NOCPEACTBOM 3MeKTPHUYECKOro ycune-
HUA B 2NEKTPOHHOM crcTeMeE.

Puc. 24: TpexcTynenyarsil cepeopacnpedenutens ¢ aneKTputeckold obparHoll ceasso Tuna 4WS 3EE
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CepeoknanaHsl , npuBopHan TexXHUKa

PErYMWPYHOILWA KNANAH AY6

Ynpaenawwumi nopweHs perynypyroLlero Knanada no cpas-
HEHWIO ¢ CepBOKIanaHamMmn HeNPAMOro AeNCTBKE He ¢ noMo-
WL rYapaBnMYecKkoro NUAOTHOMD KianaHa {T1na “conno-
sacnoHKa”), a mexaHuueckum cnocobom nocpeAcTBOM No-
BOPOTHOMO CEPBOABUraTend,

Perynupylowmin KnanaH cocTOMT B OCHOBHOM W2 NOBOPOT-
Horo cepsopeuratens (1) w cTynedun c NpoAoNLHLIM 30/10T-
HuKom (3) B BUOE 4-nNWHERHOTO MCNONHEHWA.

Cepeogsurarens (1) npeacrasnAeT cobor 3neKTpoMexXaHuU-
yecK KA Npeobpa3oBaTtenb, KOTOPLIW NpeobpasoesLiBaeT anex-
TPUYECKWIA cUrHan B NiHeiHoe ABMXKeHMe KoHua BonTa (4).
OH oTAenseTcA OT FMAPOCUETEMbI MOCPEACTEOM repMeTHyec-
Koro ynnotHeHuA. Akops (B), Tpybka (6), paboTatolan Ha
u3rub, n bont (4) coenuHAwTcA APYr ¢ Apyrom Heasasop-
HO. BbicTynaioWwnii u3 geuratensa kouey 6onta (4) coeguHRA-
€TCA ¢ yNpasnAw KM nopludem (2) nocpeacTBOM COeAnHI-
TensHOM wranru (7). MecTkocTs Npy>kuHel Tpy6ku (6], pa6o-
Talollen Ha warwmb, NMPOTUBOAENCTBYET MPW nNepemeLleHun
6onta (4) ycunwio cepsopsuratenA. Bnarogapsa stomy Ao-
CTUraeTcA LUEeHTPUPYHOWMIA athrherT.

MepemelueHe ynpasnALWEro nopwha (2), a scneacTemne
3TOr0 W NPONycKHaA cnocoBHOCTL KnanaHa, NPonopuroHa .-
Hbl BEAUYMHE BNEKTPUYECKOrO BXORHOrO cCUrHana.

MgpaenuyecKan HyNeBaA TOYKa HCTUPYETCA MOCPeACTBOM
euHTa (8), KoTOpaA nepecTaHagnueaeT cMELLAEMYI0 B KOP-
nyce (9) akcnansHo zoneTHukoeyw BTYNky (10) no otHo-
LWeHUIo K yNpaenawLemy nopwHw (2.

K ocoBbim cBOWCTEBaM Takoro " ogHocTyneH4atoro” perynu-
PYHOLWero KnanaHa OTHOCWTCA |

— MarHuToanexK Tpu4eck il ( = BbICTPLIA) ABWraTtens, KOTO-
pblA NocpeacTsomM TpyBKK, paboTaollel Ha M3rub, oaHO-
BPEMEHHO YNAOTHARETCA ¥ UEHTPUPYeTCA.

— 30M0THUKOBAA BTYINKA WM NOPLUEHL BLINONHEHLI CO BCEMM
KayecTeamu “cepBomMexaHnaMa’, a 3TOM 3HAUMT, YTO pac-
XOfHaA XapaKTepucTUKa NUHeiHasA, reoMeTpPUYECKKUe na-
paMeTpbl YNpaBnALWKMX KPOMOK TOYHBIE.

— FUAPaBIMYECKOE W INEKTPWYECKOE AEMMhUPOBaHWE.

Puc. 25: OdHOcTYneHYarTsild peaynupyrowut KianaH ¢
npueodon 8 BelcTauUe C NOMOWLIO Ma2HUTOINMEK TP UYECK 020
cepsodeuzarena tuna 4WS 1E06

|

npobka ana
BbINYCKa BO3NYXa

7
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CepeoknanaHsi, npubopHaA TeXHWKa

Xoa ocHOBHOro nopwHA coctasnaer *0,4 MM, BCOOTBETCT-
BUW C MPUNOXEHHbIM Nepenasom AaBreHuid Nony4aeTca Ala-
rpamMma ¢ pacxofHOW XapaK TePUCTUKON NPKW HaNWYMK Har py3-
Ku Ha pue. 28. MNockoneky ABUraTens CO CBOMM nepectaHo-
BOYHLIM YCUNWEM MOXEeT npDTMED,qeﬁ;:TB-DBaTb ruapoanHa-
MAYECKIWM CUMEM TOMbKO A0 ONpeAeneHHbix Npeaence, npu
onpepenedHHoi "Ap” ocHOBHOM NOpLUeHL TAHETCA NOCTENeHHO
06paTHO Ha CPeLHIOK MO3WLMI0, HECMOTPA HA NOMNHbLIA BXoA-
HOoW curHan. Bonegoreve 3Toro yMeHbLUAeTCA nonepeyHoe ce-
YeHWEe OTBEPCTUMA W YMEHbLLLAETCA KONWYECTBO NpoTeKalsLein
HMUAKOCTH |

Ha avHammnyecKkmne cBOWCTBA TakoW adibexT, 04HAKO, MMEET
nonoxwuTtensHoe BnuAHue: CoeepwaetcA BeicTpee mankii
®0fl, 3aTyxaHue amnnuTyabl, Kaxk cnegcTByMe JUHaMUYECK X
NPefenoe KnanaHa, oCYLLECTRIAETCA B 38BUCHMMOCTH OT pas-
HOCTEN AaBneHwniA Ap noaske, 4em B COCTOAHMYW Ge3 pacxoaa.

Puc. 26 :00nocTynervarstti pezyi. knanad Tuna 4 WS 1E06
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Puc. 27: runuuroe uzobpaweHue hazoaoll xapaxrepuctiy npu p = 3156ap u Q= 15 n/muH.
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CepBoknanaHel, npuBopHanA TEXHWKE

NPONOPLUOHANLHLIA PACTIPEQENWTESNL 4WRV

BbllWeonkcaHHbIi pery nnpylowui Knanad MoxKeT NPUMeHATb-
CA TOYHO TakK e, KakK ﬂBvKL‘TVﬂE.‘H‘-IGTblﬁ cepBoKnanadH aAnA
YrpagieHnA NPoONOPUWOHANLHbIMKW KNanaHamu, ¢ 3MeKTpu-
yecKol 0BpaTHOK CBA3LID.

Takolt [BYXCTYMeH4aTslid NPONOpPUMOHANLHEIA Knanad oT-
NMYEETCA CBOVUMK XOpOLWWMK AWUHaMWYECK MK CBOI:ICTBEMH
M BLICOKOI TOYHOCTbIO BOCMPOM3BESEHMA. Y NpPaBnAKLNI
pacnpeAenuTeNt Mo CPaBHEHWIO C ABYXCTYMNEHYATLIM CEPBO-
KNanaHoM He PacxXoAyeT ynpasnAoLiee Macno.

Knanax npeaycmaTpueaeTcA ANA NPUMEHEHWA B 3aMKHYTOM
KOHTYpe perynupoBaHvA ANA PerynupoBaHWA CUMbl, CKOPO-
CTU W NONOMEHWA.

TS S

“"‘N'__H___,:wﬁ

I o~

Puc. 30 [TponopuuoHansHelid pacnpedenurens HenpAMo20 OeliCTEUA ¢ IAEKTpUYECKOU 0BpaTHOL ceassio Tuna 4WRV
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CepBoKnanaHbl, NpuGopHaa TexHWKa

AnRA zameToK
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CepBoknanansl, NpubopHan Texnuka

LOnA zameToK
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Ot ynpaBneHuAa K KOHTYpPY peryanmpoBaHunA

Ap+Ho Wmutt, Qutep Kpety,



Or ynpaenenua K KOHTYPY perynmpoBaHus

OT YNPABNEHWA K KOHTYPY PEIrYIMPOBAHUA

Kak nokasanu npumepsi BeiMucrneHnii, AnA esibopa napame-
TPOB YNPaBneH A ¢ NponopurMoHansHbIMK KnanaHamv Bo3-
MOXHEA TOYHOCTb YCTaHOBKM 33BUCHUT OT HECKONbKUX thak-
TOPOB, BbITEKAHLLAX HAa OCHOBAHWUW BCEA CUCTEMEI.

Mepen Tem, 4eM NepenTi K ONUCAHWO KOHTYPOB perynupo-
BaHUM, CNEAYET " N0 gopore Tyaa” paccMmoTpeTh eule 2 Buaa
ynpaBneHwi;

— 3FBUCUMOE OT BPEMEHU TOPMOMKEHUE

— 33BUCUMOE OT NEPEeMELLEHIA TOPMOXeHne

1. 3aBucMMOe OT BpPEMEHN TOPMOXKEHWE

Ecnw npwn ynpasneHni ¢ NOMOLLLH NPONopLWOHanbHbIX Kna-
NaHoB ANA NPOUeccad TOPMOXEeHWA B3ATe BREMA NWHENAHOoN
(PYHKUWA € HACKILLBHWEM, TO CUTYALMIO MOXKHO BYLET Bbipa-
3UTh CNeayLWum o6pazom:

1.1

KOHEYHbIR
EbiKNOYaTenb

a1=az=a

| sl st
V= CKOpPOCTH NOTPEGUTENA o
$= nepemelueHue noTpeburens
8= ycKopeHue nnu 3éﬁmnnemﬁe

Puc. 1

LlnnuHap nepemewaerca co ckopocTeio vi. MMpy aocTxeHun
KOHEYHOro BhiKNOYaTensa Npou3BOAMTCA MepexIayeHne co
CTOPOHEL! NPefBapuTeNbHO — YCTAHOBNEHHOTO 3HAYeHWA CKO-
poctu (nepemeitenvie 30M10THWKa ), Hanpumep, Ha v = 0, T.e,,
Ha ocTaHOB uunuHapa, CurHan 3afaHHoro 3Ha4eH A 3MEHAET-
CA B COOTBETCTBUW C YCTAHOBKOWN BPEMEHW NUHEIMHOW DyHK-
UM ¢ HackiweHuwem. OTctoa BbITEKaeT TOPMO3HOW NYTh,

Mpumep:

V= 0,8 m/ceK. ckopocTs nepemMeleHnn

th1= 0,2 cex. BpemnA TopmMoXxeHuA

->a=w

a= 0,8 (m/cex.) /0,2 (cek.) =4 [m/cex.?]3amenneHme

Topmo3zHOWM Ny ThL
sy =V{2/(2+2a)=0.8%(2+4) = 0,08 (M) =80 [mm]

Ecnu, Hanpwmep, B COOTBETCTBMM C paboyum npoueccom by-
BeT W3MEHATLCA CKOPOCTL, TO TOPMO3HOW NYTh, ECTECTBEH-
HO, ByneT ApYriMm, Npu HeW3MeHHOW YCTaHOBKe NWUHENHOM
thYHKLUWU € HackILWEHMEM.

Mpumep:

Vo= 1,2 M/ceK. CKOpOCTh NEPEMELLEHA

tpo=0,3 ceK. BpeMA TOPMOXKEHWA

->a= v/t

a= 1,2 (m/cex.) /0,3 (cex.) = 4 [m/cer.?] samennere

TopMO3HOA NYTh
Sp =vo2/(2+a)=1.22/(2+4)=0,18(m) =180 [mm]

3710 03HavaeT, Takwm obBpasom, uTo uunuHap byaert ocrtara-
ENWBATLCA HA PasvunUyHbIX NYHKTax. Ha ApaKTUKe 3TO O4YeHb
yacTo 2a6eigaeTecA (!), Korpac paznUuHbLIMW CKOPOCTAMMU
NMpou3BOAWTCA NepemMelleHe K TONKE ocTaHoBa.

1.2

BoamoxHocTeio AnNA Toro, 4Tobbl, WCXOAA W3 PA3NUYHBIX
CKOpOCTEH, NPUMATHU K OOHOW TOYKE OcTaHOBa, ABNAEGTCA OT-
TOPMaxKvBaHne Ha OTHOCHMTENLHO Manyr cKopocTe. TonbKo,
Ha4ylHaa c aTol CHKOpoOCTHU, NOCTYNaeT CUrHan ocTaHOBa Yepes
KOHeuHsI BbikNoYaTens E2. Ha puc. 2 uzobpaxaetca thop-
mMa KpWeoil. TOYHOCTL OCTEHOBa 34eCk AOBONLHO XOPOLUAA
(CM. K 3TOMY TaK>Ke W3NoXeHWA Ha cTp. E16).

- -);3_-;—— FIOHIKEHHBIN yexdﬁenﬁbiﬁ- xon
(samegnenHLId x0a )

Puc. 2

OpHako npw ckopocTAx V < Ymake. 3TO OCYLIECTBNAETCA 3a
CHET BPEMEHN.
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Ot ynpasneHuaA K KOHTYPY perynMpoBaHun

1.3 Lpyroi BO3MOMKHOCTbH ABMAETCA HA3HAYUTL KaXKaomy
3a0aHHOMY 3HAYEHWI CKOPOCTY IMHENHYIO (DYHKLMIO C Hackl-
weHvem, Ecnu, Hanpymep, CHOBa M3 pPasnuyHbIX CKOPOCTEN
3ax04eTCA NPWIATH K OAHOW W TOW )Ke TOYKE OCTaHoBa, To Te-
opeTHYyeckwu 3To ByneT BbIrNALETH TAKMM OpazoMm:

4

KOHEYH bk
BhiKM4YaTENDR

Puc. 3

MpwW cooTeeTCTBYIOLLEH YCTaHOBKE NUHENHON (YHKUMU C Ha-
ChileHWeM MONY4YUTCA, NPaBAa, OAWHAKOBLIA TOPMO3HOM
nyTb, HO ByAeT TepATLCA BpeMA (KaK 3To BWAHO Ha Npumepe
1.2, cM. K 3TOMY TaK»Ke WanoxeHna Ha cTp. E16).

Mpumep:
BozsMem ANA 3TOr0 paHblUe BbIYMCNEHHbIW TOPMO3HOW NYTh
8 180mmM (npu vz = 1,2 m/cek. u a =4 m/cex?)

OTcloaa BeITEKaT APy
vi= 0,8 m/cex. u Sp= 180 mm

3amepnerne

->a;=v2-108 /25 = 0,82:103/2-180 = 1,8 [m/cex.’]
v TpeBGyemoe BpemMA
->tp=v/a=08/1,8=0,44[cex.]

Pa3abpoc 3HaYeHWii B KOHUEBOA TOMKE Ha NpakTuKe Gyaet
GOMbLIMM, 4em B MpuBeAcHHOM npumepe 1.2, nocKonsKy
nepemMeLLeHue NPOM3IBOAWMTCA BCErAa C pasnnuHbIMKU CKOPO-
CTAMM.

3aeck cneayeT TakxXe elle pas HaNnoMHNTE O MaKCc. BO3MOX-
HbIX YCKOpPeHMAX/ 3ameaneHAX, YNOMAHYTEIX Ha CTPaHWUax
E27/E28.

Take Npu TaKoW KOHCTPYKLUMW cneayeT UMeTs ACHOE Npea-
CTaBneHue 0 rNpoBreMaTiKe TOYHOW YCTAHOBKM NMUHEAHOM
YHKUMW € HACLILLEHWEM, TdK 4TO TaKOe peLueHue AaHHOro
BOMNpPOCa He cnepyet HenpemMeHHO peKoMeH[0BaTL, ecnu 6Y-
peT npuaasathcA BoONbLUOE 3HAYEHWUE TOYHOW TOYKE OCTAHORA.

H2

1.4 [na Toro, 4Tobbl MOXHO BbINO PEanU3oBaTk CUCTEMY C
BO3MOKHO BOfiee BbICOKUM, AONYCTUMEIM 3amearneHsem no
cpaBHeHwio ¢ npumepom 1.3, cneaosano 6ui AnA ApYrOACKO-
POCTM YCTAHOBWTL eLLe OANH KOHEYHbIA BbIKIYaTENb,

K

Puc. 4

KoHeuHBIl Bbiknuatens E1 B gaHHoM cnydae 6bin pasme-
LieH Nozxe B COOTBETCTBUM C Gonee HUIKOM CKOPOCTLIO V1.
Mpw TaKom peLLieH HeoBXoAUMO GbiNo Bbl, TaKUM o6Gpasom,
ONA KaxKA0ro 3Ha4eHWA CKOPOCTU HasHa4uTb KOHEYHLIN Bbl-
Knuatens. PewleHue, Ha OCHOBaHWKW KOTOPOTO BhITEKAET
usoBpaxeHHan Ha puc. 4 XapaKTepyucTKa 1 NPy KOTOPOM He
npeAycMaTpUBaeTCA ANA Kax Aok CKOpocTH OTOENbHbIA KO-
HEYHbIA BbIKNIOYaTens, nNpeacrasnaAer cofoll saswcumoe OT
nepemMeLieHUA TOPMOXKEH 1.

2. 3aBvcuMoe OT NepeMelleHnA TOPMOKEH e

Kak y«e CTAHOBUTCA ACHO H2 OCHOBaHWW AAHHOTO NOHATKA,
TopMOXeHWe (3amenneHne) NpPoOU3BOAUTCA HE B 3aBWUCKMO-
CTW OT 3NEKTPMMECKON NWHERHOR dyHUWK C HackileHWem
BpeMeHy, 8 B 3aBUCMMOCTH OT NepemeLleHun noTpebuTens.

o

Puc.5

Ha awarpamme puc. 5 130BpaxaeTcA ACHO, YTC B AaHHOM
cryvae HesasBuWcWMO OT Pa3BUBAIDWLENCA CKOPOCTW Ha not-
peﬁnTene AOCTUraeTcA BCerga ogHa v Ta e TOYKa OCTaHOoRa.



OT yNpaeneHWA K KOHTYPY perynuposaHua

TOPMO3HON KYNaYoK

aHanoroBLi MHULKMATOP

Pwc. 6
Puec.7

i I | I I
+1 T i 1 ] —ot
2 6 10 Sy [Mm]

PACcCTOAHME  KYNaYKOBbIA MHMLWATOP

HDHMEHHEMOE HACTO HA NPaKTHKe KOHCTPYKTMBHOE WUCnorn-
HEHWE ONA TOPMOMEHKMA, 3aBMCMMOro OT NepemMeLLeHnA, npe-
AyCMaTpWBaEeTCA € TOPMO3HBIM KYNaiKom W aHanoroskim

AHaNoroBbIi MHULWATOP NpeAcTaBNAET COBOK aNeKTPOHHBIN
HECKOHTAKTHLIW NepeKnuaTens. B 3aBUCMMOCTH OT paccToR-
HUA K 3KEenesHoil geranu, Hanpumep, K Kynausky, OH oTaaet
Hanpaxenve. C nNpuBnmwkeHMem Kynauyka K WHULKWATORY
yMeHBLLIAETCA aHanoroBbiM 06pascM BbIX0AHOE HaNpAXEeHWe
no OB, vem MeHblle ByaeT pacctoAHue. TaKol cyurHan Han-
PAMEHWA NOCTYNAET K CAelWanbHo ANA 3TOr0 NpeaycMoTpeH-
HOMY YCUNUTENO W yNpaenAeT Takum obpasom perynvpye-
MbIMIA 3NEKTPOMArHATaMK1 NPONOPLMOHANEHOrO Knanada.
Ha 6nok-cxeme (puc. 9) nzobpaxaeTtca ynpaeneHuve nocpea:
CTBOM aHanorosoro wHuuwatopa. [nA ynpoueHvuAa uzobpa-
MWAETCA TONBKO OAHO MarHMTHOE YnpasneHUe.
BbIYMCNUTENBHLIA NPUBOP MAHUMASTLHbIX 3HAYEHWIA A8eT BO3-
MOMHOCTL CTAHOBUTLCA 3(h(eKTUBHEIM TONBKO MEHbLUEMY
U3 ABYX BXOAHbix curhanos (E1 = 3apaHHoe 3HaueHue, E2 =
OT MHUUMaTopa) Ha BbIxoAe.

YacTo NPUMEHAETCA, Kak aTo M3oBparaeTcA Ha Gnok-cxeme,
B COYETaHWM C aHanoroBsIM UHULKMATOPOM obpazoraTens 3Ha-
YeHWA KOPHA (puc. 8). 310 0Ka3bIBAETCA BLINDAHBIM Ha NpaK-
TUKE B CBA3M C 3KOHOMWEN BPEMEHW, NOCKONbKY NPOU3BO-
AVTCA ONTHManLHOE NepeMeLLieHMe Ha NO3UUMID, T.€8., Nepeme-
LWeHMWe C MaKC. BOIMOKHOR cKOpOcTb0. CKOHCTPYWPOBaH. Ta-
KUM 06pa3OM YCTaHOBKA ONvckiBaeTcA Ha cTpanuu. L8 v L9.

Ecnu aHanoroBbiit yYeT nepemelueHnA AommkeH 6b1Tb athdeK-
TUBHBIN TONLKO B AMAra3oHe TOPMO3HOro NyTu (Bceria oa-
H3 1A T3 e KOHEYHaR TOYKa), YCTaHOBKUW MOTYT OCHAWATLCA
He3aBMCHMO OT NYTW NepeaBrIKEHKA.

U curKan nocne
ofpazoBaTenA 2Ha4eHWA KOPHA

-...h/
\

7 -

CMIrHan WHULMATOP S

Puc. 8

3afaHHoe
axauenve +10e

WHuLKWaTopom (puc. 6).
K1

BBIMWCINTENLHBINA NpuBop
MUHUMANEHBIX ZHAYEHWIA

E1

| /N
* |

OCTaTOYHaR

CKOpOCThH ./r
i

HHHUWATO

\/_‘

obpazoBaTens |
3HaYeHWA KOpHA

o

E2

MarHuT A
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OT ynpagneHun K KOHTYPY PerynMpoBaHun

Opyroil BoaMOXKHOCTLIO ANA UCNONLICBAHWA Y4eTa nepeme-
WeHUWA NpU TOPMOMEHUW, 3aBUCUMOM OT MepemMelleHun,
ABMAEGTCA NpUMeEHEHWe NPOA0ALHOro NOTEHLWOMETPA.

NpoQoONbHBIA
NOTEeHUWOMETD

Puec. 10

Mpy TaKom BapWuaHTE TakKKe PerucTpPUPYETCA NepemelleHue
aHanorosbiM cnocobom NocpeacTBOM CHrHana HanpRMeHWA
1 nepepabaTk|BaeTCA Ha 3MEK TPOHHOW KapTe ycunuTena.

MockoneKy B TaKoMm ciy4ae npeoBpasoBbiBaeTCA BCe nepe-
MeLleHe KaK CurHan, npegocTaBnAeTcA BO3IMOMXHOCTL NOC-
PeACTBOM ANEKTPUYECKOro — YCWNWUTENA npeaBapuTentHo
BbIBWpaTe TaKke NGO xo4.

[o cux nop NpofeMOHCTPUPOBEHHBIE MPUMEpPLI CNeAyeT oT-
HecTu BeccnopHo k 0BnacTy ynpasneHuil.

370 3HEYMT, 4TO ABNCTBHUTENBHOE 3HAYEHME, Hanpumep, cKo-
POCTEL UMnuHApa, He ﬁyﬂ.eT W3IMEPATBECA W He '5VBET cpagHu-
BaTLCA C 3a4aHHbIM IHaAYBHWEM .

Mpw TakKMx cucTEmMax, eCTECTBEHHO, HA PE3YNLTAT OKA3LIBAIOT
BO34ENCTBME BCE BENMYUHLI NOMEX.

Ecnu notpebyeTcA KOMNEHCWPOBATL TAKUWE BNWAHWMA NOMEX,
CUCTEMA A0MXHAa NpefycMaTpuBaThCA Kak KOHTYP perynu-
poBaHuA.
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OT ynpaBneHnA K KOHTYPY perynupoBaHuA

3amMKHYThIA KOHTYD perynvpoBaHnA

MpeanockINKOW ANA NONYYeHWA NPeacTaBneHWA O B3aWMO-
LEWNCTBUAX B KOHTYpE perynupoBaHuA ABMAETCA 3HaHWe He-
KOTOPbIX OCHOB B TEXHWKE PerynupoBaHWA W MOHATHA B
AaHHOW oBnacTu.

Cambie BaHbIe B3avMOAeHCTBMA ByAYT onucaxsi B Buae 00-
30pa B NOCNEeAYIOWEM W3N0XKEHUU.

Mpu aToM He ByayT W3naratecA opMynbl U METOAbI BbIKC-
neHui, a ByayT HaNPOTUE ONWUCLIBATLCA hU3NYecKne B3aHMO-
[EMCTBUA HA A3LIKE, MPUHATOM B TEXHWKE perynuposaHuA.

Y7o cnefyeT NoHMMaTh NOA NOHATWEM " perynupoeanue” ?
Ha puc. 11 vzoBparaeTcA NPUHLKMNNENLHAA CXeMa coefnHe:
HWiA KOHTYpa perynupoBaHUA, HA KOTOpOWA NPWBOJATCA ca-
Mble rMaBHbIE NOHATUA.

3apanilan
genuuuHa ()W

perynu-

BenuYUHa
nomex Z

pytouee

perynvpyiouan
YCTROcTRO BENWYMHE Y

perynupyeman
BenuHMHa X

>

Puc. 11: lpuryunuansHas cxema coedurequll KoHTypa pezynupoean us

OnpegeneHue

Mpy perynupoBaHuv M3mMepAeTcA HENnpepsIBHO perynupyo-
LlaA BenuYrHa W CpagHunBaeTCA ¢ 3aldHHBIM 3HAMEHWEM. KaK
TONBKO Mexay o60uMMIA 3HaYeHMAMMW BO3HWKHET PasHoOCTb,
BbI3BaHHaA BENWYMHOW MOMEX, Ha perynupyemMoi ycTaHoBKe
6yner Nnpou3BeAeHa COOTBETCTBYIOWAA NepecTaHoBKa, KOTO-
pan AomKHa cornacoBaTh PerynMpyiowyo BEANYMHY C 2a4aH-
HbIM IHaYEHWEM.

3apaHHoe
JHayeHue

(+)
pery-
nATOp

—
[

perynupyuiee
YCTPOMCTRO

H3MEPU-

MEeXa-
HWU3IM
nepep.

|l | SEEEEEE

— TenbHaA
cucTema

peAcTBUTENbHAaA BenwdmHa X —

XW= oTKNOHEHWE OT HOMHHANLHOID 3HAYEHMA {w-x)

Puc. 12: llpumep pezyrupoeaHts NOMOMNEH LR
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OT ynpaeneHua K KOHTYPY perynupoBaHua

OnA KOHTypa perynupoBaHWA MNOMOXEHWA NpeaycmMaTpuea-
eTeA, Kak 1 ANA KaXKAoH CUCTeMb! No PEryUpPoOBaHWI, pery-
nUpyloLlee YCTPOMCTBO 1 0BBEK T perynupoBaHua.

B npueegeHHom npumepe (puc. 12) otHocuTea K perynnpyto-
lieMy yCcTpoicTey:

— perynatop
Taxoli perynaTop cOCTOUT W3 CPaBHWUBAIOLLETD YCTPOUCTBAE,
KoTopoe 06pazyeT pa3HOCTL 33aAaHHOW W AEACTBUTENLHOM
BENWUMH, U U3 PEryIIMPYIOLWErO YCUNUTenA.

— CHCTeME N3IMEPEHWA NONOXEHNA

O6BLeKT perynupoBaHuA BKNO4YaeT B cebr
— rWApPONPUBOA C FMAPOABUraTENEM U KNnanaHom

— MexXaHu4YecKue nepeaatolive anemerHT bl KaxK
nMexaHr3am nepegadn

MyTa
XOA0BOW BUHT

XapaKTepHsiM CBOWCTBOM perynapoBaHWA B 3TOM cnyyae
ABMNAETCA TAKMKE 3aMKHYTaA NWHWA PerynupoBaHuA, npu
KOTOPOI perynupoBaHne NpoM3EoAvTCA chedylouwmm obpa-
30M:

Mo3uuuA X canasok (= perynupyeman Benu4uHa) uamepa-
eTCA ¢ NOMOLLbH MaclwTaBHOM NUHEAKW 1 PerynuMpyIoLiero
YCUNUTENA W NpeacTaBnaet coboi AeiCTBUTENLHYIO BEMUYA-
HYy nonoxeHwA. 3agaHHaa No3uUWA NpeaBapUTensHO 2ajaeT-
cA MOCPeACTBOM 3afaHHOrO 3HadeHUA w ( = 3ajalollan senu-
yuHa) o6pasoBaTenem 3afaHHOTO 3HaveHwA. [NocpeacTBOM
o06pa3oBaHMA pasHOCTK 33faHHOr0 W AEMCTBMTENBHOMO 3HAa-
yeHW [ w-x) nonyyaeTCcA OTKNOHEHWe OT HOMWHAaNbLHOro
3HaYeHuA,

OTKNOHEeHWE OT HOMWHANLHOTO 3HAYEHWA NPOXOAWT 4Yepes
perynAatop. BeixogHoW curHan perynAtopa npeactasnAet
cobBoli perynupylolwyo BenuunHy v. Taxaa perynupytollan
Benu4YnHa y ABNAETCA OJHOBPEMEHHO BXOAHOW BENWYMHON
ofLeKTa perynupoBaHWA W ynpasnAeT Knanasom. Bpawa-
TenkHOEe ABUIKEHWE ABWraTenA nNpeobpazoBbIBAETCA C NOMO-
WL NPUBOAA LWNWHAENA B MPOAONLHOE ABWKEHUE Cana3oK,
BcnegcTeve aToro 3amMbIKaeTCA NOTOK CUrHanoe ¢ o6paso-
BaHWEM KOHTYPa PerynupoBaHua NonoxeHua.

Bnok-cxema

OTaenbHbIE 30HEI KOHTYPAa perynupoBaHuA, KakK, Hanpumep,
" 0BbEKT peryniposadna’ 1 " perynupytowlee yerpolicraeo”,
0603HaYalTCA Kak "3neMeHTs| KOHTYpa perynuposaHua”.
N3obpaeHne TaKWUX 3NEMEHTOB KOHTYPa perynupoeaHuA
ocyulecTBNAeTcA B obwem B chopme npAMOYroneHbIxX Gno-
KOB.

CoennHenve otaentHelX 6NoKoOB ¢ obpasoBaHWeM 3a8MKHY-
TOW NUHKWKA YNPaBNeHUA cocTaBut " Bnok-cxemy”.

MoTok curHanoe o603HaYAETCA NOCPEACTROM NUHWIA U CTpE-
NOK, NOKAazbl BAKOWWX HanpaeneHne.

Xapaumpucrmca nepexoaHoOro npouecca

BxoaHble curHansl unn “BxoaHbie BenvuuHe”, Xe, okassl-
BalT BO3MEACTBME HA OTAENbHLIE 3NEMEHTEI B KOHTYpE pe-
rYIUPOBaHUA. M3 TaKWUX CUrHanoB B 3aBUCHMOCTH OT “Xa-
paKTepUCTMKIN MEPexXoAHOro npouecca” 3anemMeHTa Npousso-
LATCA “BbiXCAHbIE BEAWYKMHLIY, Xa, W BCcnes 3a atum obpa-
baTeiBaOTCA AonkLUE.

H6

" Xapak TeprcTUKa NepexogHoro npouecca” BO2MPOUIBOANT
peaKuMi0 BhIXOAHOM BeNWYUHLI BO BpemeHW Ha nioboe 1ame-
HEHWe BO BPEMEHMW BXOAHOW BENUYUHBI.

Xe BXOAHON CKAYOK
1
o
t
Xa A BLIXOAHAA BENWYMHA
K
L
t
Xe Xa
= =20 s

Puc. 13: llpumep xapaxk TepucTuK REpexo0oH020 npoyecca

XapakTepHOoe W3MeHEHUE BXOAHOW BenW4vHbl NPeACTaBnAeT
cobol ckaukoobpaiHan yHKUMA, B KaYeCcTBE BbIXOAHOID
curHana nonyvyaeTcA nNpu 3ToM " peakuuA Ha ckadok” unu
"nepexofHaA thyHKUMA ",

Takan nepexonHaa dyHKUMWA 4YacTo yKasbiBaeTcA ANA Honee
TOMHOrO WNW HarnAAHOrO WM300paXkeHWA XapaKTepUCTUKK
MEpPEXQAHOro Npouecca OgHOTO NEMEHTE B CUMBOJIUYECK YD
BnokK -cxemy.

Hecmotpa Wa mosmoxkHoe MHOrooBpasve KOHCTPYKTUB-
HbIX 3NEMBHTOE OTHOCUTENEHO NPWBOPHOW TEXHUKW, WX Ne-
PEXOAHYID XapaKk TEPHUCTMIKY MOMKHO OTHECTH K HECKOMbKUM
OCHOBHbLIM TUMEM,

Takoe uWcyesHoBeHWE MHOrooBpaswA NPUBOPHOW TexHMKN
Npv Nepexoje ¢ peansHON TEXHUYECKOH CUCTEMbI K MaTemMa-
TUYeCKOW MOAenu, o6neryaeT uccnefoBaHue AMHaMUUECKWNX
MpPOUECCOB 1M NPeAOCTaBNAET BO3MOMHOCTh ANA COBEPLIEH-
HO OBLLMX BLICKa3LIBEAHUA O XapaKTepUCTWKE perynuposa-
HWA, HE3E2BMCKMO OT TOro, COCTOWT NW KOHTYD perynuposa-
HUA W3 3NMeKTPUYECKUX, MEXaHWYECKUX VAW APYIuX KOH-
CTPYKTUBHBIX 3MEMEHTOB.

3AneMeHTLl KOHTYpa peryfiMpoBaHuA MoryT noApa3fenAThCR
no ceoen XapaKTepucTUKe NepexogHoro npouecca c Dﬁpa-
30BaHWEM " MepeaaouLx OCHOBHLIX aneMeHToB” (puc. 74).



OT ynpaBneHuA K KOHTYPY perynupoBaHuA

1.) MponopunoHansHoe IBEHO

2.) MMponopuMoHanbHOE 3B8eHO
¢ 3ameanexnem 1-ro nopanka

3.) MponopunoHanbHoe 3BeHO

C 3aMefANneHMeEM 2-ro nopaAaKa
4.) WHTerpupyrouiee 3BeHO
5.) AuddepeHuupyiouiee 38eHO

6.) 3BeHo c 3anasabiBaHMEM

P-3eeHo

P-Tq-3BeHo

P-T2-3BeHo

|-3BeHO

—
S~
[

D-3BeHO

Tianaap.-3BEHO

Puc. 14 : [Mepedaroujue ocHoaHbIe 3neMeHTbI (36eHbA )

Mpwmepki i 3neMeHTapHLIM NepefaloLLIMM 3NeMeHTaM
(zeeHbAmM )

MponopuuoHansHoe 3gexo (P-aseHo)

Puc. 15

MNpy ckaykooBpasHOM W3MEHEHWW BXOAHON BenuuuHbl Xe
M3MEHABTCA TaKIKe CKaYKo0bpasHo BbIXOAHAA BenuunHa Xa.

BLIX0AHOW BEAWYMHON ABNAETCA

€ ycuneHuem NponopurioHaneHOro 3eeHa (oﬁaanaqaercn Tak-
XKe KaK nepexofHan KOHCTaHTa:' .

OTCKJJla BeITEKaET cumBONn 4nNA P-zgeHa

-).'(e- » Xa >

Puc.16: Cumeon dna P-3eeHa

K apyrum npumepam ana noAsneHusa P-3seda oTHOCWUTCH,
Mexay npouum, BzammoceAse U= R | mexay Tokom | u
HanpameHnem U Ha omumyeckom conpoTtueneHdnn R

Wnu B3aMMocen3s F = m*a Mexay YCKOPEHWEM a U CUNoNA
F Ha yckopAemoin macce m,

VAW WAEANbHEIA YCUNMTENL C MOHTa)KOM Ha CONPOTUBAEHUAX
(o6bACHEHUA cM. B pazaene” Mpunoxernue”) .
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OT ynpaBneHua K KOHTYPY perynanpoBaHunA

R2

t

Puc. 17: Yecunurens ¢ MOHTa}MOM Ha CONPOTUBIIEHUAX

MpW cKauKkoo6pasHOM W3MEHEHWW BXOAHOMO HaNpPAXEeHWA
U1 u3aMeHAETCA TakKe CKauKo0oBpasHO BhIXOAHOE Hanprxe-
Hue U2z.

BeixoaHoe HanpAXeHne — 3To

c ycuneHmem

Puc. 18

MuTerpupytoiee 3eeHo ( |-aseHo )
Bbix0AHOW cHMrHan nuHelHo YyBeNWYNBaETCA CO BpeMEHEM.

Takwe B naHHOM cnydae o6osHayaetcA K kak nepexopHan
KOHCTaHTa UNW KoahuLUWeHT ycuneHuna |-3eeHa.

Puc. 19: Cumeon dna l-3eera

Mpunep AnA NOABNEHWA |-3BeHa: rMAPOLMNUHAP
3aBuUcUMOCTE NPON3BEAEHHOr0 XoAa § 0T NOABOAWMMOro KO-
nuyecTsa macna Q.

H8

nnu rKApoABUIraTENL
3aBUCUMOCTL yrna cKpy4uBaHwvA Bana ABWratenA ot yrno-
BOI CKOPOCTW .

N NPHUEOA LUMKWHAENA
Mpeo6pasosaHue YmMcna 06OPOTOB WNWMHAENA B NPOLObHOE
ABUMHEeHWe.

Puc. 20

[nA NepemellieHnA s KaK BbIXOAHOM BENWYMHbI B ABUCTBUN
6yner:

npW NOCTOAHHOM YMcne 0G0POTOB WNKWHABNA N NEPEMELLEHNE § Gyaet
COCTOBNATE

370 3HAYWT, 4TO NepemeLleHue ByaeT NMHERHO YBenW4nBaTLCRA ¢ yBe-
NMYEHUEN BpEMEHA T.

Puc. 21



.01 YnpagneHuA K KOHTYPY perynupoBaHna

Authdreperunpyrowee 3geHo ( D-3seHo )

Benu4uHa sbiX0AHOr0 CMrHana 3aBucUT OT CKOPOCTU U3Me-
HEHWA BXOAHOrO CUrHana.

Xe 4

1 -
— =

€ = paurensuocts umnynsca

Xa ‘

Xa= K + Xe

Puc.22: [lepexodnas xapaxkrepuctuxsa

m

Puc.23: Cumeon dna D-38eHa

_. _ —P Ic

e "?—_I.. - .
_ U'i 2t eC-dlan

Puc. 24

Mpumepom anA D-3BeHa MOKET MOCHAYKUTL 3aBUCMMOCTB
U=_L~-I
HanpaxeHnA U oT MHAYKTUBHOCTM TOKa |

MU 3apAAHEIA TOK KOHAEHCATOPa ¢ eMKOocTeio C B 3aBucK-
MOCTH OT NPUNOXKEHHOrO HanpAxeHuAa Uc

“nK B3auMoceAss F = m- v (v = a) unu 3aBUCUMOCTL CUnbI
F ot ckopoctu v.

3BeHO ¢ 3anasfbiBaHuEM

B Havane neHTLl BO3HMKaAKOWEE KONWYECTRBO MaTepuana 0603-
HauaeTcA NMocpeACTBOM Xe, B KOHUE BbIbpackiBaeMoe Konu-
4ecTBO — Xa. B MOMEHT BpemeHW t KONWMECTBO B Havane
nextel coctoBnAeT Xe(t), noka KonuyecTso ByAeT TpaHc-
NopPTUPOBAaTLCA K KOHLY NeHThl, nporaeT spema Tt = |/v .

B momeHT BpemeHn t mbl Gygem umeTh, TaKKMM 06pazom,
KONWYECTBO, KOTOPOE B Ha4ane feHTbl 6bINO paHblUe Ha
Bpema Tt, T.e., Bo Bpema (t - Tt).

Orclona
BbLITEKAeT

Puc. 25: Hanpumep, koneetiepHar neqta
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OT ynpagfeHnA K KOHTYPY perynupoBaHuA

MponopuMoHanbHoe 3BeHO ¢ 3aMeanexuem 1-ro nopAaKa
P -T1 -3BeHo

Y .
//é m|——o- F —

Puc.26: llpumep dna P-T, -2eena

Ha maccy m oKasbiBaeT BO3AeNCTBME BHeWHAR cuna F u
NpOMopUMOHaNbHOE CKOPOCTH XUKOCTHOE TpeHne — R * v,

Moatomy GYRET B AEHCTEUK

Puec. 27: MMepexodnaa xapaxtepuctuxa P-Tq-38eHa’

KoneuHoe sHavyeHue K 6yger AOCTWUraTeCA TOMALKO NO UCTe-
YeHM ONpPeAencHHOro Bpemenn. [MHAMUYECKOE AEnCTBUE
P -T1-38eHa 3aKNH0YEETCA B 3aMeaneHnm oT Xelt) .

Puc. 28: Cumeon ons P-Tq-3eena

KacaTenbHaA K nepexofHoil xapaKTepucTiike npu t = 0 npu-
HUMaET KOHEeYHOe 2HaueH e K K MOMeHTY Bpemenu t = T.

T 0603HAYEETCA NO3TOMY KaK “nocToAHHas spemern” P-T1-
3BeHa.

MNocroAaHHaA BpeMeHU T, TaKWMMm 06pasom, ONnpenenser cko-
poOCTbL NOALEME.

MponopuKoHansHoe 3BREHO ¢ 3aMefneHnemM 2-ro nopAnKa
P - T2 -zBexo

P - T2 -3BeHO onpeaenAeTcA NocpeAcTBOM (hOpMY bl

KoHcTaHTy T HasLIBalOT TakKe NOCTOAHHOW BpemeHu, 6e3-
paamepHoe uucno D oBoaHauaer pemncupoBaHie, a K —
370 KoadhehlaumeHT nepenadun P -T2 -3seHa.

BzaumocBR3b Mexay cunoi F 1 caBurom X mexaHu4yecKon
cuctemel fpuc. 29).

€ = XKecTKOCTb NPY>UHbI
K = nponopumonansHo ckopocTy
' 3aTyxaHve
F =cuna

Puc.29: lpumep dnr P-Ty-36eHa
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OT ynpaeneHnA K KOHTYPY perynupoBaHuA

MepexonHana Xapakrepuctuka P -T2 -zpena

Puc. 32: Cumeon dna P-To-3eeHa

Puc. 30

AOna D > 1 B Hanu4ymK anepuoanyecKiin NPeAenbHbIA crnyyain
(puc. 30)

Puec. 31

Ona D <1 npoW3asoanT NEpPexofHan XxapakKTepucTHKa 3aTy-
xawwee KonebaHwe.

Ero yacrtoTa cocTasnaer

Wo=1/T

B paHHOM cliyyae rOBOPAT O Nepuoguyeckom criyyae u 06o3-
HayaloT moatomy P -T2 -3BeHO TaK ke KaK 3BeHO KoneGaHWi.

W3 Takoi nepexonHOR XapaK TepUCTUKY NPOMIBOAUTCA CUM-
gon P-T2-3BeHa, KOTOPbLIA AOMXKEH OCTABATLCA B AEACTBWW
ANA BCex cny4aes.
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OT yNpaBneHnA K KOHTYPY perynmpoBaHmna

ObbennHeHe INeMEHTAPHBIX
nepefawovx 3BeHbLEB

P-3BeHo Xa= Kp * Xe

Xa

F

P-T4-3BeHo

Ty X, + X, =Ko+ X,

Xa

-

Tk 42D T X+ By 5 Ko X,

P-T;-3BeHO
|-3BeHO X,= K | X (1) dt '
D-3BeHo Xa= Kp * Xe
._xe .:.l' .__)(_a_... :
T; -3BeHO Xam= K« Xg (-Ty)

JONGIRIE

Puc.33: InemerTapHeie nepedaroujue 38eHLA

Kak yxe 6bIN0 yNOMAHYTO BHavane, 3aAa4a perynuposaHun
3aKMIOMAETCA MpeXe BCEFrO B MPeoTBpalleHun BO3ACHCTEBUNA
CO CTOPOHBI BENUUUH NOMEX U PerynupyemMoin BeNu4nHbl.
PasgmeLLeHue, OAHAKO0, FOAWTCA Takke ANA Toro, 4Tobel Npu
W3MEHEHUAX 3a4aHHOro 3HaYeHWA NPUBECTWU B COOTBETCTBUE
QeWCTBUTENLHOE 3HAYeHWMEe Perynupyemoii BenuiuHel ¢ HO-
BbiM 3afdHHbIM 3HA4YEHMEM.

PerynupoBeaHue, TaKim o6pasoM, BbIMONHAST ABE 33A34u:
a) Joeepexmne A0 MUHUMYMA BEAHMYMH NOMEX.

6) JomkHa 6bITb OTPerynupoBaHa 3agatolian senuymna (cno-
COﬁHDCTb cneaoBats 38 U3AMeHEeHWAMK BXOAHOMD 3a0atn-
wero curHana) .

Oka3zaHue BOZAEWCTBMA Ha PerynvpyemMyr BenuuuHy nocne
WU3MEHEHUA 3a4al0Wel BENYMHLI UNy BENWYMHBEI NOMEX Tpe-
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GyeT, B 06LiEM, ONPeAeneHHbIX 3aTPaT BpeMeH! (cp. nepeaa-
TouHyw hyHkumio) . Ecnn, HanpumMep, BenuuvHa nomex By-
AeT YBENWYMHA CKa4yKooOpasHo, TO perynupoBsaHue Byner
pearnpoBath MyTem NOBTOPHOrO COFNAacoBaHWA CHa4Yana us-
MEHEHHOW perynupyemoi BenuuuHsl. JTO OCYLECTBARETCA
BCerfa ¢ 33AeDXKKOM, He3aBMCUMO OT TOro, Kakan dmanvec-
KafA CTPYKTYpa Y CUCTEMBI PEryNMpoBaHWA.

Mpu MexaHU4ecKon cucTeme, HaMpUMep BaxHYIO ponb wUr-
paloT UHEpPUWA Macchl ¥ TpeHue, B TO BPEMA KaK npw anekx-
TPUUECKMX CUCTEMaX MPOUCXORAT MpOLECChl Nepe3apAAKM.
BpemMeHHaR 3aBUCUMMOCTb PETYNWMPYeMOW BenuivHbi, OAHA-
KO, WrpaeT PeLLaloLLYo Ponb ANA perynupoBOYHON XapaKTe-
PUCTMIKN.

Ecnu Byger caenaHa NonbiTKa, HaNPUMEP, TaKyio 3a0ePKKY
NOAAEPKWBATE NO MEpe BO3MOMKHOCTM KOPOTKOW ANUTENb:
HOCTW 33 C4eT OYeHb MHTEHCUBHOIro BMELLaTensCTBa peryna-



Ot ynpaeneHnA K KOHTYPY perynupoBaHuA

TOpa Npy U3MEHEHUAX BEMMYWMH MOMEX, CMCTEME MOXeT No-
NacTs NOA BO3AEHCTBWE CUNbHBIX KonebaHwi.

Ecnu Tako# NepexolHbli Mpouecc 3aTyYXHET, TO KOHTYp pe-
rynuposaHua 6yner HaselBaTeCH yeTolunesiM. Ecnin koneba-
HUA He 3aTYXHYT, T.e., KOHTYP perynupoBaHvWA NPoOM3BOANT
HesaTyxawliue KoneGaHwA, To perynupoBaHue Gyaer o6o3-
HaYaTbCA KaK HeycTOWYMBOE.

Ecnu perynnposaHne GyZeT yoTOM4UMBLIM, TO OHO SOITKHO 1
8 jAansHelwem o6nagate CBOUCTBOM, NpU KOTORPOM OTKNO-
HEHUWe perynvpyemoil BennyrHbl OT 33aHHOM0 3Ha4YeHWA ocC-
TAETCA HUXe 23/1aHHOr0 3HAYEHUA.

Takue TpeboBaHWA OTHOCWMTENLHO YCTOMYMBOCTU W coBnoae-
HWA NPeABAPUTENLHO 33AaHHLIX OTKAOHEHWIA perynupyemoi
BENUYUHBI OT 334aHHOr0 3HaYeHWA ABNAITCA OBA3aTeNbHbLI-
M TpeBoBaHWAMUW K KOHTYPY PerynupoBaHus.

OueHb 4ECTO K KOHTYPY perynvpoBaHWA NpeabABAAOTCA U
Apyfrye TpeboBaHuA.

Tak, HanpvmMep, BPEMA HaNaaKu Ha ONPeseneHHbIN pexum
NpU M3MEHBHWAX 33[aHHLIX 3HAYEHUN WM BpeMA yCTaHoBne-
HUA PEryNMPOBaHVA NPU M3MEHEH I BENWMYNHLI NOMEX J0IK-
Hbl MCTEKATh B Mpegenax npeABapuTenbHO 3afaHHOro Bpe-
MeHW.

Takue TpeboBaHWA OTHIOAL He BbINONHAKTCA caMmu No cebe
6narofapa TOMY, 4TO K NPENBAPUTENLHO 3a0aHHOMY 0b6beK-
TY PerynupoBaHWA NPUCOEAUHATCA NMHOBLIe CMCTEMBI M3ME-
pPeHUA, CPaBHEHWA KM WCMNONHWUTENbHLIE CUCTEMbI M 3aMblKa-
eTCA KOHTYP PerynMpoBaHna.

Koutyp perynuposaHua 6Gyaer BHasane nnbo Heycroium-

BbIM, OYEHb HETOYHBIM, NMWGO OYeHb MeANeHHbIM.

Ona toro, yToBel KOHTYP PerynupoBaHrA CMOr BbINOMNHUTL
rpeabABRAEMbie K HeMY TpeGoBaHMAMY, ceayeT cobnioaaTts
onpeaengHHbIe NPUHLMNLI, B 0COBEHHOCTH 3TO KACAeTCR Bbl-
Gopa camoro perynatopa.

IOnAa Toro, 4Tobsl perynATop Gbin BeiBpaH NpaBuiLHO, ANA
ITOTO QOMKHO MMETBECA MO BO3MOXKHOCTU TOUHOE onucaHue
[MHAMUWHYECKOW XapaKTepUCTHKIK BCEX 3NEMEHTOB KOHTYpa
perynupoBaHuA.

Ha 3atom mecte msl He XoTuUM BOnee AeTansHO BAaBaTLCA B
noapobHOCTH OTHOCKMTENLHO GONbLIEro KONWYECTBA KPW-
TEPWEB YCTOWYMBOCTH, a CCbINaeMCA Ha CNeunanbHyo nuTe-
paTypy Mo BONpoCY TEXHUKWN PerynnupoBaHuA.

3aeck BYAYT NogaBaTheA 0BLIWE YKA3aHWA MO KOOPAUHALWK
onpefeneHHLIX PerynAToOpoB € UMeLWUMUCA obbeKTamu
perynupoBsaHuna.

Ha puc. 34 noka3uiBaeTcA, YTO PErynATOPLI NO CBOel Bpe-
MEHHON XapaKTepuwcTUKe AO/HKHbl COrMacoBbIBAaTBGA C ON-
pefeneHHbIM OBBEKTOM perynupoBRaHuA ANA Toro, 4Tobsbi
KOHTYPLI PErynupoBaHua Beiny yCcToRYMBEIMMN.

Moatomy TpebByTCA PErynATopkl ¢ pasnuYHONW BpemMeHHO
XapaKTepucTyKon,

YKaszaHuA K puc. 34:

3apaouies BO3AEHCTEWE O3HAYaET:
npUMeHeHue NpY M3MEeHEHW 3a4at0LLEN BENWYNHBI.

MNomexa o3Hayaer:
NpUMeHeHNE ANA KOMIIEHCALWM BENWYNH NOMEX.

e : ' 3apalollee ) T
ksl Hih;:nc;m B'agieﬁ::awe :_:]enpa: e
o 3 s FOAHBIN HBIA
IDaxbid yem P + nomexa G ety
] HEMHOro 3agawee
il s i L ik Bl BnsaercTEue
TOAHBIR 4em Pl ' roAHbIH
e yem PID S + nomexa
: 3ajaiouiee
i He 1 Xye 2 3 e
Nnoxo G nnoxo B
roauTCA : wem PID e
; ‘3apatotee nomexa
3apaouiee HE nomexa Bo3nencTBue fipy BpemMeHH
BO3fencTBre rogurca npyu BpeEMeHNW. 3aJepmKn
3anepxuKu :
i HEMHOT O 3afaroiee
He XyaxKe, XyoKe He B o
: : €, . - o3neicTeMe
 rOAUTCA yem PID ueni PID CORwicH + nomexa
japawoliee “ :
BO3AElCTBNE HEREMEOLNBIA nog&xa 3agaiues
(6ea ittt Rer BO3AECTRUE HaMexH
HEYCTOWYMBAA 3aMenneHun )
3aMEANEHNA ) : : :

Bribop 2001020 pezynaTopa Npu UMerRWeN. cs 00seKTe
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O7 ynpaBneHna K KOHTYPY perynupoBanus

MepeyeHs roaHbIX K yrnoTpeGneduio diyHKUMIA perynaTopa

HukenpyBeAeHHbIE PErYNATOPbI CMOrAn BTk peanusosan-
HbIMW, GnarogapA o6lemy YKOMNNEKTOBAHUIO OMNEPaunoH-
HOTO YCUNUTENA.

P-perynatop
(NpONOpUWOHAaNbHEA pPerynMpoOBOYHaR XapaKkTepucTiKal)

R1

Puc. 35

MponopuvoHansHan perynMpoBoYHan xapaxkTepucTuka —
aTO 3HAYAT, YTO BhiXOAHaR senvuunra UA W BxoAHaA Benu-
yviHa UE oTHOCATCA ApYr K ApYyry NponopuvoHansHo.

[inA nzoBpakeH. NPOBOAHOrQ MOHTEXa B AelicTenK hopmyna

Ry /Rg= xoahdunument ycunerua = Kp

[OnA oueHKW XapaKTEPUCTUKK perynupyrowero yeunuTena
WCMONL3YeTCA ero nepexoaHan xapakTepucTuika. Mon 3Tum
MOHUMAETCA BPEMEHHaA 3aBKMCUMOCTh BbIXOAHOrO HanpA-
wenuAa UA, korga exoaHoe HanpameHue UE nosbiliaeTcA
cKauyKoo6pasHOo C HYNA Ha YCTaHOBNEHHOE 3HaYeHue.

| uef

>

Puc.36: llepexodran xapakTepuctuKa P-peaynsropa

H14

P-perynaTop OTBEYaeT, Takum 0BpasoM, Ha ckauxoobpas-
HOE M3MEHeHWe BXOAHOW BenuudlHbl NOCPEACTBOM CKa4YKo-
06pasHOro U3MeHEHWA BbIXOAHOW BENWYMHBLI { perynupyto-
LuanA senvumHa) .

Mpevwmywectea P-perynatopa

— MpoCTanA KOHCTRYKUUA

— nerKan perynnpnsxa

— BblCTpan peak VA Ha MEMEHEHWE Pery upyemMoi BennyKHbl

Hegoctarku P-perynatopa

MocpeacTeomM P-perynATtopa HAKOrAa HE MOXHO ByaeT npe-
BpaTUTL PerynWpYEMYI0 BENMUYMHY CPA3y B 334al0LLYI0 BENW-
uuHy. Bcerga npuaeTcA CMMPATLCA C OCTATOYHLIM OTKNOHE-
HWeM OT HOMUHANBHOrO 3HaYeHUA, 3aBMCKMbIM OT Ko3dn-
WHeHTa YCUNEeHWA.

370 npoucxoauT noTomy, YTo P-perynatopy ans paboTkl
TpeGyeTcs OTKNOHEHME OT HOMWHANLHOIO 3HAYeHUA.

Ve > Ua y,

Puc. 37: Uzobpawenue P-peaynaropa & sude bioka



OF ynpaenesua K KOHTYRY perynuposanva

|-perynarop

Pwic. 38

Puc. 39: Hzobpawenue |-pezynaropa e eude Grioka

Perynatop, gefcTBYOWMWA MHTErpUpYioWwKWm obpaiom, obpa-
3yeT BPeMEHHOW WHTErpan BXOAHOW BenW4YWHbl. XapaxkTep-
HbIMW ABNAIOTCA NOCTOAHHAA BPEMEHW MHTEr pUPOBaHWA.
MocToAHHEA BPEMEHW WHTErpUPOBaHMA nogaeT Tpebyemoe
BPEMA, KOTOpPoe HeoBX0AMMO WHTEr paTopy ANA TOro, 4TobsI
Ha BbIXOAE AOCTHYb 3HAYEHWR HanpaskeHdwA Ua, npw ckauxe
HanpAxeHuAa Us Ha BXoAe.

WK e 0BpaTHOR 3HaYeHKe | KOAHULNEHT MHTEr pUPOBaHWA )

BxoaHoe HanpAxeHue UE npenctasnAeT coboid oTKNOHeHUE
perynupyemoi BenvynHbl OT 3843HHOI0 3HaYeHUA W - X = Xw
BoixoaHOe HanpAXeHWe npeAcTaBNAeT coBoOi perynupyto-
WY BENUYUHY

B cooTBeTCTBUM C MPOBOAHLIM MOHTaXOM BhIXOAHOW CMrHan
MHBEPTUPYETCA,

Cravok HanpaAskeHWA Ha BXOAE Bbi3biBaeT NPOMNopLUOHanb-
HOE BpeMeHH MIMEHEHME BbiXOAHOMNO HANpPAMEeHKWA.

Ocoboe cBoicTBO |-3BEHA 3aKnOMaeTCA, TaKum 0Bpasom, B
TOM, Y4TO BbIXOAHAA BENWYMHA BYAET M3MEHATLCA A0 TEX NOp,
noKa BxogHaA senvuvHa He ByaeT paBHATLCA Hymo. Beixoa-
HOE HanNpRXKEeHWe OCTaeTCA Ha NIDBOM 3HAYEHUM, KOrAa BXOA-
HOE HampreHue ByAET cOCTaBNATL HYNb (puc. 47).

1= L]
Uc
1
Puc. 40
>
= +
| |
|
—

Puc.41: Bpemenran duazpamma ona |-pezynaropa

Mo cpaeHeHmo ¢ P-perynAatopom He BeipaBoTaHHas |-pe-
rYNATOPOM PErynupyioLulan Benmn4liHa oTKAOHEHWA OT HOMU-
HanLHOrO 3HAYeHMA NPONOPUWOHENbBHA OTKADHEHWH OT HO-
MWHaNsHOrO 3HaYeHNA, 8 BPEMEHHOE M3MEHEHWE PEryIIMpyio-
LLiel BENWHMHEI NPONOPUUOHANBHO TAKOMY OTKJIOHEHWIO,

[efcTByOWKWA UHTErpypylolWMmM 06pa3omM perynATop non-
HOCTLIO YCTPaHABT B NPUHUWAMNE Kamaoe OTKNOHEHWe pery-
nupylowel BenuUMHLl OT 33aHHOMO 3HAYEHWA, MOCKONLKY
Aaske MUHWUManbHLIA BXOAHOW CUrHan co BpeMeHeM rpeepa-
TUTCA B BONLLUGH BRIXOAHOW CUrHAN.

Takomy NPEMMYLLECTBY, KOTOPOE BLIPAXAETCA B TOM, 4YTO
HE HYXHO MUPWUTLCR C HUKAKUM OTKIOHEHWEM perynupy-
weid BeNWYWHBl OT 3343HHOID 3HAYSHWA, NPOTUBOCTOAT, O~
HaKO, TAKXKe HEKOTOPbLIE HELOCTATKH.

Kak aTo uzobpaaeTcA Ha BPEMEHHO guarpamme |-peryna-
TOpa, pearwpyeT |-perynatop OTHOCWTENLHO MeAneHHO Ha
M3MEHEBHWE perynupyemoi senuyuHbl. OTcioga BeiTeKaeT
GonbliaR ANUTENBHOCTL BPEMEHIW YCTaHOBKM U MOMET Npou-
300ATH CUTIbHOR NepeperynuposaHine peryinpyemMoit BennuvHbl.
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OT ynpasneHuA K KOHTYpPY perynvposaHua

Pl-perynaTtop (NW-perynatop)

Puc. 42

Puc.43: Msobpawenue 0na Pl-pezynatopa e sude 6noka

Pl-perynatop (nponopuvoHansHO-UHTErpankHblid peryna-
Top) o6beauHAeT B cebe XOPOLUKME CBOMCTRAE MPONopUMoHan.-
Horo perynaTopa ( P-perynaAtopa) (6bicTpoTa) 1 uHTErpans-
Horo perynaTopa (| -perynAaTopa) {TouHocTs) .

Pl-perynATop xapakTepu3yeTCA MNOoCPeACTEOM KOHCTaHT Kp
1 K1, a TaKike BpemMeHW nogperynuposxu Tn.

Bpema noaperynupoBku Tn — 3TO BPeMA, KOTOpOe ANUTCA
A0 TEX MOop, NOKa MHTerpanbHaA COCTABNAKOLLAA HE NpOU3Be-
08T TO BbIXOAHOE M3MEHEeHWe, KOTOPOE NPOonopLUoHantHaA
COCTABMNAKLWAS WCMbIThIBAET HENOCPEACTBEHHO BMECTe C
BXOAHBIM CKaYKOM UMW, WHAYe BbIPaXKanACk:

XapakTepucTuka Pl-perynATopa cOOTBETCTEBYET XapakTepw-
cTWKe |-perynATopa, Y KOTOPOro Ha4ano AedcTeua Bypet
rnepeHeceHo Ha Gonee paHHUIA CPOK, 8 UMEHHO Ha BpeMAa noa-
perynuposku Tn (puc. 44).

JauHeiid perynATop BGonblUei YacTbld MPUMEHAETCA TOrAa,
KOrAa MpPONOPUMOHankHaA COCTABAAIOWAA 6bICTPO, HO He
ocoBGeHHO TOYHO, LOBOAUT BEMWYMHY MOMEX A0 MWHUMYMA,
B TO BpemA KaKk WHTerpanbHasd cOCTaBMANOLIAR Npelycwma-
TPUBAETCA ANA TOYHOrO AOBEABHUA OWMGKN 4O MUHMMYMA.

D-perynatop (A-perynAatop}

OuththepeHuupyowmin perynATop cpabaTbiBaeT Ha W3MeHe-
Hue ckopocTn AXW/At OTKNOHEHMA OT HOMWUHANBLHOTO 3HA-
ueHWUA .

Takoii perynaTop NOBEpPAETCA MO3TOMY TakXe He Mocpea-
CTBOM CKa4Ka, @ C MNOMOLLLI0 NHeRHO0BPazHo U3MEHRAD-
LLEerocA BXOAHOMO cUrHana.
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|-cocTa-
BRAHOWARA

Ki= Kp

: P-cocra-
KP BNANLLAR

. Yy

Puc. 44

x‘”‘ Y4
|
AXyy |I
T§=Kb -hll T ! :t—P
g é::u_ iz e Aﬁ"— Tp= (30 R{ ls]
- d}'(_::_(t) = RysBy Ti=Bs ..._G@

XapaKTepHsIM ABMABTCA KOHCTaHTa BPEMEHU BO3AEWCTBUA
no NponzeoaHoil TD wnn KoHcTaHTa perynatopa KD.

Hanneiin perynatop o6bl4HO NPUMEHAETCA TONLKO B COYe-
TaHWW C APYTUMK PErYNATOPaMN.



071 ynpasneHua K KOHTYpY perynupoBaHuA

PD-T1-perynatop (nponopuvoHanbHbid perynatop
¢ npepsapernem unn MN-T1-perynaTtop)

PID-T1-perynatop (nponopuvoHansHO-WHTErpansHo -and-
depeHumaneHblit perynatop nnu MW -T1-perynaTtop)

e e R2

Puc. 46

Y A

Xy Kp = Ty/Ty

Puc.47:Wz06pamenuve dna PD-T1-pezynaropa 8 eude 61o0Ka

Bpemennan sagepkka T1=C - R3 sameaAnAer BbiX04HOW
CUrHam u orpaH4MMBaeT ero B MOMEHTE BpEMEHW t= 0 Ha
XW - KP » TV‘IIT'I‘

(Kp=(Ry +R2)/Rg:  Ty=[Ry*Ra/(Ry +Ry)] - C)

Ecnu 6ygeT npoeepATbcA PD-T1-perynATop 6e3 BbigepKu
BPEMEHM C NUHENHON YHKLUMEN C HaCLIWEeHUeM, TO MOXHO
Nerko onpefenuTs BPeMA NpeaBapeHua.

xw 3 _ | o+ /T/

Xy * Kp= P-cocta
- BNAKLL

Xy * Kp= D-cocTa-
BAAOLW,
h T t

i A

L
=0 sy

Puc.47a: Xapaxrepucrtuxa PD-Ti-pezynarop

Bpems npeaeapeHun TV — 3T0 BpemA, KoTopoe TpebyeTtcA
anA P-cocTasnAwwWwel 4NA TOro, 4Tobbl 4OCTUYL 3HAYEHWUA
8bIXOAHOro curHana D-cocraenatowen, KOTOpPOe COCTaBNA-
erT B MOomMeHTe BpemMeHn t = 0.

Auvdbtheper unanbHan COCTaBNAOLWARA B MPONOPUMOHANLHOM
perynATope YCKOPAeT NPOLECC pPerynupoBaHuR, NOCKONbKY
TAKMWE CKOPOCTE W3MEHEHWA OTKNOHEHWA OT HOMWHAENbLHOr o
2HAYeHWA OKa3biBaeT BOSAEI:ICTBMQ Ha BbIXOAHDﬁ CcurHan.

PD-perynaTop, 0A4HAK0, UMEET cTaTUYECK YD OWKnBKY pery-
NWPOBaHWA, T.e. TaKKUM e 06pa3om Kak P-perynAaTop umeet
YCTaHOBUEBLLYIOCA OWWBKY perynupoBaHua.

Puc. 48

PID-perynatop npeactaenAetr coboi kKombBuHauuil Beex
Tpex TUNOB PerynATopos.

Hapagy c xopowwmu aumHamyyecKumu ceBoicTeamu, PID-
perynavTop OTNUYaeTCcA ewe TemM MPevuMyLIEeCTBOM, HTO MG-
KOYaeTCA CTaTUYeCKan oLWnMBKa perynupoBaHna.

Takoh perynATop ¢ perynupyeMsiMU KOHCTaHTaMu peryna-
TOpa MOMET NOAFrOHATLCA K MioBoMy 06beKTY perynuposa-
HWA. L

: 4
a4
Kp ! XW
X KpsTy/Ty f
o // Ky » Xiy
i R "
: i _
Tn b Ty &t

Puc.49

Perynupyiollaa Benn4vHa U3MEHAETCA CHaYana Ha BenuYMHy
{D-coctaBnaowan = gugpepeHunaneHan cocTagnaowas ),
3aBUCUMYHO OT CKOPOCTH M3MEHEHWA BXOAHOWM BENW4YMHbI
dxd/dt. Tlo UcTeueHUW BpemMeHw NpeaBapeHus perynupyo-
WanA BenuyuHa ycTaHaBnueaeTcA 00paTHO Ha 3HaYeHWe, KO-
TOPOE COOTBETCTBYET 30HE MPONOpUMOHANBHOMO perynupo-
BaHWA, M M3MEHAETCA MOCMNE 3TOr0 B COOTBETCTBWM CO 3Ha-
yeHuMeM |-cocTaBnAlWer (MHTEerpanbHoOM COCTABNAKLWEN ).

Kp=( Ry + Ra)/Rg

Tn=Rq+Cy ¢
Ty=Rz+Cy
T1=R3+Cy

Rs= pemndupyiowt. conpotuenenuve (cmotpu PD -perynart.)

- pemndupyrowan NOCTOAHHAA BPEMEH W
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Or ynpaBneHnA K KOHTYPY perynupoBaHua

KOHTYp perynnpoBaHlaA No NONOKEHW, 3NEKTPONPUBOR,

"ﬂef:v'l'l.l_ﬂp_v_'lom"ee : : o L
 YCTPOWCTEO :  cepBoKnanan

_W_' .Q Xw ) Ly

-X

MexaHuueckne
rappoasuratens nepenarane
SR 3BEHbA

CHCTEMa M3MEpEHWA NepeMeLLeHni

Puc. 50 Bnok-cxema pe2ynupyenozo no NoAoNEH U
InexTponpuaeoda

MepepaToyHanA xapaKTepucThKa
OTAeNbHbIX 3NeMeHTOB KOHTYpa perynvuposaHun

CepBoKnanaH W Harpy>keHHbI cepBoaBUraTent paccmaTpu-
BalOTCA KaK COeAWHEHHbie NOcneAoBaTensHo cUCTeMbl 2-ro
nopAAKa | NpONOPUNOHANEHOE 3BEHO C 3aMeAneHuem 2-ro
nopAaka, PT2-3eHo).

BcnepcTere MHTErpUPOBAHWA MpU NEpexofie ¢ YrNoBoi cKo-
pOCTW Ha YFon BpalleHWA Bo3HMKaeT 06LeKT perynuposa-
HUA KaK cucTema 5-ro nopAaaka (BosHukaeT B pe3ynkTare
YMHOXEHWA YpaBHEeHWI YaCTOTHOM XapaK TePUCTUKK OTAeNk-
HbiX 3BeHwes. CM. B creuwansHOW nuTepaType no sonpocy
TEXHWKUW PerynuposaHuna. ) .

CooTBeTCTBEHHO KpUTEpWAM ANA Bbibopa perynATopa AnA
MMEHLLErOCA B Hannuuu obbeKTa perynupoBanus Ha puc. 34
B KayecTBe perynATopa 6ein mabpan PID-perynatop.

Cuctema uaMepeHMA MepemMelleHmil paccmaTpuBaeTcA Kak
P-3geHo Bes 3amepneHwA, T.e., OHa pearvpyeTt Ha namMeHeHKne
BXOAHOW BenWYUHbl He3 3ameaneHua.

MuapoaBuraTens XapakTepu3yeTcA NOCPeACTBOM Nponop-
LUOHANBHOW NEpexXCAHON XapakTepucTMKW, B3ATOW MO OT-
HOLWEHWIO K YINMOBOW CKOPOCTH, W NOCPEeACTBOM MHTErpank-
HOWM XapakTepucTuKu, B3ATON MO OTHOLWEHMWIO K Yriy Bpa-
LEHUA.
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OT ynpaBneHwna K KOHTYPY perynumpoBaHunA

KouTyp perynMpoBaHuA N0 NOAOMKEHKID, NPUBOA LWAKHAPA

. perynwnpylouiee

LunuHap

yctpoicteo ~ cepBoKnanau

perynaTop

i énp_re_m? W3mMepeHnA rie'pglyiemeuuﬁ'

Puc. 51: Bnox-cxema pezynupyemozo o NofoMeH o
npueoa yLruHopa

MepepnaTouHan XapakTepucTMKa
OTAENbHLIX 3NEMEHTOB KOHTYpa perynupoBaHunA

CEpBOKJ’laI‘IaH W UMNMHAP B CBOK Ovepefb paccMaTpUBaOTCA

KaK COeAWHEHHBIE MOCNeA0BaTeNLHO CUCTEMBI 2-TO nopAaxKa.

MHTEFpMpDBaHME B AAHHOM Cny4ae pacnonoxeHo Ha nepexo-
[lé CO CKOPOCTH UKnnuHapa Ha Xog.

Take agecb coapaercA cucrema 5-ro nopaaka, KoToOpaR
Gyaer Bonee NoAPOBHO ONWCHLIBaTLCA HA cTpaHuue J4,

Mpu paccvaTpuBadum 0Benx BNOK-CXEM MOXKHO YCTAHOBMWTE,
YTO OHM O4EHbL MOXOXWM ApYr Ha apyra. BenepcTeue svoro
NOATBEDA3ETCA YTBEPKAEHWE Ha cTpaHwue J6, 4To npwm
nepexoie OT pPeanbHOM TEXHWYECKOW CUCTEMBI K MOoAenw
COKpAaLaeTcA MHoroobpazue BapuMaHTOB B NpMBOPHOM TEX-
HUKE.

MwapounnuMHAp OTNKWYAETCA MPOMNOPUMOHANLHOW nepexoa-
HOM XapaKTepHCTMKOﬁ, B3ATOW NO OTHOLWEHWD K CKOpOCTH
OBUKEHWA, U AHTEr pankHOW NepexoAHO XapaKTepuCTMKONr,
B3ATOW NO OTHOLUEHWHD K XOAY UMNMHAPAE.
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OT yNpaBneHnAa K KOHTYPY perynupoBaHvna

MoanunoHHoe perynupoBaHmne
(koHTYp cnepALel cucTeMs! )

ceppoKnanad

3aparWui
NOTEHLWO- 0 L
meTp §
s |  ofpasoBaven nuHeiHOW CEPBOYCWUINWUTENL SR2
. dynicunn ¢ Hacoimenem RAT .

Puc.b2: flpumep KOHTYPa pezynupoganua No NoNONERUO

MocpeacTBOM AAHHOW CXeMbl PerynMposaHusa npeaocTaBnA-
eTCA BOSMOXKHOCTE ANA PErynupoBaHUA He TONbKO NO3uUNK

UWMNUHAPA, HO M CKODPOCTH MepemMeLLeHA. : 2aaHHORB NONOKEHWE
MocnepoBaTenbHOCTE NPOXOMACHWUA CUrHANOR
lMocpeacTBOM NYCKOBOrQ cWrHana BKIIOYAETCA 3a4aHHOE
3HauyeHWe MONOeHWs AnA obpazomaTens NUHEIAHON hyHK-
S

UMK ¢ HackiWweHuem. BoixoaHOW curHan obpasoBaTens nuHe-
HOW (PYHKUWW C HacbllWEHWEM BO3PACTAET N0 UCTEYEHUM YC-
TaHOBNEHHOrO BPEMEHW NIMHEAHON (hYHK UMY C HackIWeHUEM
¢ 0 BoneT Ha yCTaHOBREHHOE Ha 3afarluem NoTeHUMOMETpe
3HAYEHUWE HaMpPAXKEHUA.

YCTaHOBNEHHOE BpemMA NUHERHON thYHKUWKM C HackIWEHWeM
COOTBETCTBYET MPW 3TOM CKODOCTU MepemMelleHna.

nepwémeﬁn&. s [mm]

y >

_Bpem~A t [cek.]

£ gl
‘BpemMA NUHeRHOH yHKUUKM
C HACLILLEHNEM

v= s/t

Puc. 63
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OT ynpaBneHuA K KOHTYPY perynuposaHua

PerynupoBaHKe 4acToThl BpaleHWA
(perynupoBanue cKopocTH )
¢ KOMMeHcaunen No BO3MYLLEHWID
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- ; NUHeRHOoN hyHK-
3anycK UMK C HACkILL. HA!_
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Puc.54: [lpumep KoHTYpa peaynupoe, YacTors! epaujeHun

MocpeacTBOM MYCKOBOMO CUIHanNa NOAKMO4YaeTcA K obpaso-
BaTeMmio NUHENHOW HYHKUWU C HAckILEHWEM YCTaHOBMEHHOe
3HayeHMe YMcna obopoToB..

3ajaHHOe 3HaYeHMe Ha BbiXOAe oGpasoBaTens NUHENHOW
dyHKLMY C HackiWeHWeM NOBLILLEeTCA B COOTEETCTBUM C yC-

TaHOBMEHHLIM BPEMEHEM NMHENHON (hyHK LMK C HacbILLEHWEM.

TaxkoW curHan MocTynmaer, BO-NepBbiX, YepPe3 MHBEpTop W
cyMM&"I’Op HenocpeAcTBEHHO K YCHMNOWUTEnto MOLLUHOCTHI, E-na-
rogapa aToMy KnanaH ByAeT BKNIOYaTLCA B AedcTBUE Henoc-
PeACTBEHHO © NOMOLLBI TaKOro 3afaHHoro 3HasennA. Ogxo-
BpeMEHHO CpaBHWMBAETCA 3afilaHHOe 3HaveHWe C perynupy-
eMoi BenuuyuHoW (MrHOBeHHOEe AeMCTBUTENbHOE Yucno o6o-
pomaj W pazsHOCTE NOAEETCA COBCTBEHHO perynaTopy.

¥craHaBNMBaOLWKIA CUMHAN PerynATopa NocTynaer K cymma-
TOPY ¥ OKa3blBaeT Tam BO3AENCTBWE Ha YCTaHaBNWBaOLLMA
cUrHan, KOTOPkIA HaNpPaBNAETCA K YCHMIMTENO MOLLHOCTH, a
BCNEACTBWE 3TOMD HA CEPBOKNANAH,

BnarogapA TakKoh cxeme nepexniYeHnsa KOHTYP perynvpo-
BaHWA MOXET pa3BuTh BGONee BbICOKWE JUHAMMUYECKME CBOR-
CTBA, NOCKONbKY ¢OBCTBEHHO PErynATOP CTAHOBUTCA aKTUB-
HbLIM TOMLKO MPW PasHOCTK 33AaHHOW U AGUCTBUTENMLHOW Be-
NUYUH.

H21



OT yNpaBneHwA K KOHTYPY perynnpoBaHua

PerynupogaHuwe CKOpPOCTH

MocpeAcTEOM KOHTYpa perynupoBaHuna, usobparkeHHOro Ha
pucyHre 56, NpefocTaBNABTCA BOZMOXKHOCTE ANA perynu-
pOBaHWA TONLKO CKOPOCTH.

VlckniyaeTcA BO3MOMHOCTE MNEPEMELWEHWA Ha onpepeneH-
HYH NO3NLKNKD.

MocnegosarensHOCTE NPOX0MAEHUA CUrHanoe

MocpeacTBOM MYCKOBOrO CUrHana BKMHHAETCA 3aAaHHoe
3HAYEHWE CKOPOCTY, YCTaHOBNEHHOE NPeABapuTeNsEHO Ha 3a-
[alowem MoTeHunoveTpe, B BUAE BXOAHOIO CUrHana Ha ob-
pasogaTtene nuHelHon thyHKUUW ¢ HackiweHuem RA1. O06-
pazoBaTens NUHEMHONW (MYHKUUKM ¢ HacbilLLeHWeM NOBbIWaeT
CBOli BbIXOAHOW CUrHaN B COOTBETCTBMM C YCTaHOBNEHHLIM
BPEMEHEM NUHEMHOW (DYHKLWK C HACkILLEHWEM C HYNA BONLT
Ha MMEHWIEecs B HANWYKIK 384aHHOE 3HAYEHWE Ha BXOAE.
Bpema nuHeiHOW (hyHKLMK € HackilWeHWeM — 3aTO Mepa ANA
YEKOpeHUA.

BeixoaHoW curHan o6pazoBaTenA NMHENHONW QYHKUWM C Ha-

chlleH1eM nogeoanTcA K cepeoycunutento (SR -ycunutens ),

CKOpOCTbh UMNKMHAPE PerucTpUpyeTcA AATUMKOM CKOPOCTU.
Curdan CKOpOCTW COrnacoBsIBaeTCA NOCPEACTBOM cOornacyro-
WEro YCUnuTena, KOTOpLIA Takke umMeeTca Ha KapTte obpa-
30BaTenA NUHelMHOW hyHKUWW C Hack|LEHMEM, CUrHANoM 3a-
DaHHOrO 3Ha4YeHnA.

CurHan sagaHHoro 3HaYeHuA cocTaBnaer, Kaxk npasuno, 0 —
10 BoneT. CornacoBaHuwe AEWCTBUTENLHOrO 3HaYBHUA O3Ha-
yaer, Takwum 0BpPa3zoOM, YTO CUTHan AERCTBUTENBHOrD 3Haye-
HUA MPU MAKCUManbHO JKenaemMon cKopocTU NYTeM onpeae-
NEHHOW perynupoBKK GByAeT cocTaBnATL Takoke 10 BONbT.

Takoi cornacoBaHHbIA CUrHaN AEHCTBUTENLHOTO 3Ha4YeHWA
NOABOAMTCA TAKMe K CepBOYCUNNTENHD.

B cepeoycunuTene NpoOUCXOOUT cpaBHeHue 3aaaHHOR v aen-
cTeuTensHol BenudurH. OTKNOHEHWe pPErynupyemMon Benn-
uMHbI OT 3alaHHOro 2HaYeHuA XW noasoguteA K Pl-peryna-
Topy. Pl-perynaTop o6pazyeT ycTaHaBNMBaOLWWA curHan Y,
KOTOpLIA NPUBOAWT BAENCTBME CEpPBOKNanaHd HenocpeacT-

\
/

]

0=

Puc. 65: Orxnwonenue © 3azemneruen ona Pl-pesynaropa
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BEHHO, TaK YTO BCMNEACTBWE 3TOro cornacoebiBaeTcA .U,EﬁCT-
BHTENbHAA CKOPOCTL C SE,G,BHHOFI CKOpPOCTbLIO.

Pl -perynATop wW3meHAeT CBOE BhIXQLHOE HanprxeHue A0
Tex Nop, NOKa pasHoCTk 3aAaHHON W AEMCTBUTENLHOR Benu-
4nH He Byaet coctagnATe “0” (cM. onucanue Pl-perynaTopa
Ha cTp. H18).

na Toro, 4To6bl NpenoTBpaTUTL Apeditosoe cMmeleHue Pl-
perynATopa, Wau AnA Toro, 4Tobkl 0GecneYnTh, YTO KOHAEH-
caTop He GyAeT 2apAXKaTeCA Npu cTapTe, PErynATOp OTKM0-
YaETCA € MOMOLLBI MYCKOBOTO CUTHana 4Yepes YCHnuTenb
£xXemMbl NEPeK NYEHUA C 3a3EMNEHINEM.

Ecnu pene d1 nputAHyTo, TO Pl-perynAaTtop BeiNONHAET CBOKO
HopManeHY dyHKLWIO Mo perynnposaHiio. Ecnu pene d1 6y-
DET OTNYLWeHo, To Torga o6paTHaA CBA3b ONepaLoHHOro ycu-
NWTENA KOPOTKO3aMKHYTa, a8 BCNEACTBUE 3TOr0 BbIXOAHON
curHan y pased “0" (nocKoneKy ycunedue coctasaaet "0”).

OTKNOYeHKWe © 3a3eMNeHWeM perynaATopa NpPoW3BOoAnTCA
NoOCPeACTBOM YCUITATENA CXembl nepexnioveHun (1) B sasu-
CMMOCTK OT NOCTYNMBLUErO 3a0aHHOr0 3HaveHnA, Yeunurens
CXeMbl NEepexMYeHns perynupyeTca Takum obpazom, 4To
ApW cUrHane 3anaHHoro sHavyeHua okono 100 Me perynaTop
Beper Ha ceBA BeINONHEHWE 33AaHWIA MO PEryNnUpoBaHWio.

B kauecTse AONONHUTENLHON CXEMbl MOHTEa 3Aeck U306pa-
aeTcA BTOpOW YCUNWUTENL CXeMil nepeknioyeHun (2), koTo-
pPhiit 0Ka3biBaeT BO3AEACTBUE Ha OTKNH4YEHWE perynatTopa c
3a3eMneHeN B 3aBUCUMOCTM OT ABMCTBUTENbHON BENUYNHbI
CKOPOCTH.

Ecnw, HanpwmMmep, 3afaHHOE 3HauYeHWe CKOPOCTW cKa4yKkoob-
Pa3H0 YMEHLLWWTCA A0 HYNA, GYABT OTNYLWeH COEAMHEHHbIA
C 3afaHHEIM 3HAYEHKMEM YCUNUWUTENb CXEMB| NEpeKNOYeHKA,

DVYHKUKIO perynatopa BozsMeT Teneps Ha ceba, oaHako,
ellle BTOPOW YCWIWTENb CXEMbI MEpeKni4YeHuA, coeauHeH-
HbliA C OEACTBMTENBHLIM 3HAYEHWEM, TaK 4TO ABWIXEHWE LW-
fMHAPA, COMMAacHO XapaKk TEPUCTUKE PETYTIATOPa, MOXMET BbiTL
noeegedo go "0,



Or ynpasneHnA K KOHTYPY perynupoBaHna
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OT ynpaeneHMA K KOHTYPY perynuposaHua

PerynupoBanue nasneHune

 cornacytouni
- yeunutens RA1

v -3apaHHOe
2HANEHME

|
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Puc. 57: [Ipumep KOHTYpa pe2ynupoearus 0aeeHus

K TpeTbeMy BaKHOMY KOHTYpPY perynupoBaHWA OTHOCWTCA
KOHTYP PerynupoBaHnA AaBneHunA.

Bnok-cxXema [faHHOTO KOHTYpa perynupoeaHnA oO4eHe No-
XOXa Ha NpefblAylWime KOHTYPbl perynuMpoBaHuA, Tak 4To
oTnagaeT HaaobBHOCTL NOAPOBHO ONKCLIBATL NOCNENOBATENb-
HOCTh NPOXOXKACHWUA CUrHAMORB.

O6wmit 0630p HA TEMY KOHTYR perynmpoBaHuA faBneHnA
C NOMOLLLIO CEPBOpacnpefenMTenn

Ecnu He Gyaer TpebOBaTbCA HUKAKKMX BO3MYLLAHOWMKX pacxo-
[0OB, Knanad paboTaeT BOKPYT CBOEA HyneBOW Touku. Boa-
MOXKHOe YCHUNeHWe KOHTYpa onpefienAeTcA NO3ToMy nocpej-
CTBOM CEpBOKNanaxa.

BnusAHKWe 0Kaz3biBalOT TaK e CBOMCTEA HanopHOMW Kamepsl, KO-
TOpbIe YUUTLIBAOTCH NOCPEACTBOM NMOCTOAHHOW BpemeHu T.

OueHka EO3MOXHOTO YCHMNEHWA KOHTYpa

KpuTUuecKOe ycuneHwe KOHTYpa Moyt NponopumoHanbHo
npoayKTy

Dy = nocroAHHan 3aTyxaHuA

Wy = cobcTBEHHaA YacToTa KnanaHa [ 1/cex.]
{uactoTa npu cmelueHuu thas 8 — 900)

T = nocroAHHaA BpemeHW HaNOPHON Kameps!

H24

Ecnn 3aTyxaHuWe aMnauTyAsl KnanaHa npu co6cTBeHHON Yac-
tote (—90°) Byner obosHavaTheA Kak Av B A6 (aeuwbe-
nax),

TO OTCHO4a EbITEKAET !

ANA cTeneHW 3atyxaHuA Dv 3TO 03HaYaert, 41o

[na nocroRnHol BpemeHy T B AeiicTBMM cneaylowee ypas-
HEHUE:

CXUMaeMblk 0Bbem macna

MOAY b 31aCTUYHOCTH

Kpg = ycuneHue KONWYECTBa AaBNeHWA KnanaHa
Kpg= QOmake. / Pmaxe. [cm3/cex./Bap |

m <
I

OnTuManbHOE YCUneHue KOHTYpa BY/AeT COCTaBNATE:




Or ynpaBneMnA K KOHTYPY perynuposanua

CozpaHue KOHTYPa perynupoBaHnus
€ NoMOLWLI0 NPUBOPHOWA TEXHUKK

OnA Toro, uTo6bl OTHOCWUTENBHO NPOCTLIM CNOCOBOM MOXHO
6bIN0 peanu3oBaTh Ha NPaKTUKe camMbie pa3HoobpasHbie KOH-
TYPElI perynupoBanuA, Beinu pazpaboTaHbl yHUBEpcantHble
INEKTPOHHbLIE KapTbl.

MocpencTBOM HanpAKeHWA Takux KapT MOMKHO co3aaBaThb
KaAblil a8HaNor oBeIN KOHTYD PerynupoBaHna.

06 arom yxe ynomMuwHanoce, Koraa npuBoANIUCE NPUMEPLI
KOHTYPOB perynMposBaHnA B OTAeNbHOCTW Ha Bnok -cxemax:
puc. 52: KoHTYp perynupoBaHua no rnonoxexHuio

puc, 54: KoHTYp perynMpoBaHuA 4acToTk! BpawleHWA
puc.56: KoHTYyp perynvwpoBaHuWA cKOpPOCTH

puc. 57: KoHtyp perynwposaHuA gasneHuA
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OT ynpasneHuA K KOHTYPY perynuposaHna
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Puc. 80: Brox-cxema cepeoycunurena runa SR1S30



OT ynpasneHuA K KOHTYPY PerynMpoBaHua

OnacHOCTL paspylUesMA WNW MNOBPEXAEHUA CUCTEMBI TUna
“cONNO-3acnoHKa” Fpo3AT TOrAa, Korja 6ynet NpuBOANTE-
cA B AeiiCTBMe CepBOKNanaH, a B cucteme He Byner B Hanu-
ynu paenexwa. NMostomy uenecoobpasHeim ByaeT npeaycma-
TpuBaTs AE6MOKMPOBKY ANA CEpPBOKNanaHa MocpeAcTsoM
pene AaBneHWA B rMapocKcTeMe uepes Bxoj Ga.

C 3TUM BXOAOM MOMHO 6yAeT CBA3LIBATEL eLie Apyrie, 3aBu-
CHMbBIE OT CUCTEMbI YCNOBKA.

Ha Tok KnanaHa HaknanbiBaeTcA AOMOAHMTENbHO Nocpe-
cTBOoM ocuunATopa (8) nymecupyrowwmii Tok (20mass) c©
nocToAHHLIMYK vacToTon (480 ru) v aMnAUTYA0N.
BcnegcTeMe 3TOFO YMEHbLIABTCA TUCTEPE3NC W NoBLIWLaeTcA
YCTOMYMBOCTE M NOPOT 4YBCTBUTENLHOCTY Knanaxa.
WameputensHeiit npwBop (9) Ha nepefHeld naHenu ycunu-
TenA NofasT TOK KnanaHa B WHAWKaLMK.

6) BTopo# perynatop (PID) (10} AnA HaNOMEHHONO KOH-
Typa perynmpoeasua. TGKOE OCHaWeHe MOXHO Npeaycma-
TpUBaTh AONONHUTENBHO MpPU HEOBXOAUMOCTH. XapakTepu-
cTWKa perynATopa Toraa NocpefcTBOM COOTBETCTEYIOLWEro
MOHTa}a BYAET A0CTUraTLCA B 3aBUCMMOCTH OT NpKWemMa cur-
HamnoB PerynaTopom.

KpaTkoe onvcaHue NpuHUMNa fLeicTBUA !

PID-perynaTop (10) cpaBHueaeT HanoxeHHoe Ha 30c 3aaaH-
Hoe 3HayeHuWe (Hanpumep, 3afgaHHOE 3HaueHWe CKOpPOocTH) ¢
MMEILLMMCA B pacnopameHnn Ha 28¢ AefcTBUTENbHbBIM 3Ha-
ueHvieM { Hanpumep, aelicTBUTENLHOE 3HaYeHWe ckopocTu). B
3aBMCUMOCTH OT Pa3HOCTKW perynATop noaaet (Ha 32a) coor-
BETCTBYIOLLWA CUrHAN HaNpAXKeHWA. Tak o cUrHan AoTikeH Te-
nepb nofaeaTeeA Yepes 28a ynpasneHuio ANA cepBOoKanaHa.
Pene K1 cny:uT npyv aTom ANA OTKKYEHWA C 3a3eMNeHUeEM
perynatopa (10}, ¢ BO3MOXKHOCTbH BbI30BE Ha 38MKUME 2a.

2. YuueepcanbHaa kapta (UK2)

[aHHas KapTa cNy>KUT ANA MOHTaxa NobsIx onepaBuoHHkIX
cxem nepekmoveHuii. OHa ocHallaeTcA NOCPeAcTBOM 3-X
LBORAHLIX ONEPALMOHHBIX YCunuTened U 5 NoTeHUUOMETPOB
HYNeBsol TOYKU.

Puc.B61: YwHuasepcansiaa kapra UK2
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Crneayiowve yHKLAW MOTYT NPeAYCMaTPUBAETLCA |

 paznuuHbie —
~ PerynATOpbl Eabail |

Pwc, 62

: mlnsptﬁp' :

Puc. 63

Puc. 64

Tpnrrép"l.llumna L — —

Puc. 65

AvdhepeHuwaTop 2(--— I dx/de X

Puc. 66

DNeKTPUYECKMI MOHTaM UMW YKOMNIEKTOBAHME MOCPEACT-
BOM 3M1eKTPUUECKUX YHUGWLMPOBAHHLIX Y3NI0B NOCPEACT:
BOM MOHT@XHbLIX KOHTAKTOB ANA NarhKK NPOWIBOAWTCA B
ABUCMMOCTU OT NOCTAHOBKMK 33/1a4.

CHabxeHune HanpAMKEHWEM KapTbl, 8 BCneacTeue 31oro v 6
OMEPALMOHHBIX yeunuTenei ( 3x ABOWHOWA 0NepaunoHHbIM
yeunuTens), AOMKHO MPOW3BOAMTHRCA MOCPEACTBOM CTabw-
NWEMPOBaHHOTO HanprxeHwA B T 158,



Ot ynpagneHvMA K KOHTYPY perynupoBaHuva
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OT ynpaEnesun K KOHTYpY perynupoBaHna

3. Kapra c oGpazoBatenem NUHeRHON hyHKUMU
c HaceiweHem RA1

Puc.68: O6pazoearens NUHEUROU BYHKYULY € HACKILWEHUEM
Tuna RAT1S30

B KauecTee CTaHAAPTHOrO OCHALLEHWA NpeAyCcMaTpuBaeTcA
Ha 2TOi KapTe aHanoroesiid 06pa3oBaTent NUHERHON hyHK-
UMK € HackilleHWem. B 3aBucmMocT OT HEOBXOAMMOCTU MO-
WET BbIBMPATBCA B KaXAOM cny4ae OAWMH W3 3-X Auanaso-
HOB NWHEWHOW hYHKLUW BREMEHM C HacLILWEHWeM npwu K3-
meHeHun HanpmxeHA 8 108

0,01 — 0,1 cex.
0,1 — 1cek.
1 — 10cex.

Bpema diyHKUMKM C HackIweHuem ana nepemellieHuA “ssepx”
1 "BHU3" cneqyeT ycTaHaBnueaTe Ha notedunomerpax P1 W
P2 ortnensHo. Takke BO3MOMHbLIM ABNAETCA YCTaHOBKE Bpe-
MeHW nuHelHoW (hyHKuMKU ¢ HacsiLeHuwenM no BeiBopy noc-
peacTBOM NeputhepuAHGro NoTEHLMOMETPa.

Kpome Takoro obpazoBaTens nuHeRHoW dyHKUMK, pacnono-
WeHbl eule Ha KapTe AnA ceoboAHOro 3aNeK TPUYECKOro MOH-
Taka 5 Apyrux OnepaurMoHHbIX YCUNUTENEH.

B cooTeeTCTBMM ¢ NPeAycMaTpUBaeMbiM, BOZMOKHEIM DCHE-
LieHKeM NpeaocTaBNAETCA BO3MOKHOCTb ANA MaKCUMAarnbHO-
ro YKOMMNEKTOBaHUA C NOMOLWBIO CNELYOLNX YCTPOHCTR:

2 perynaTtopa (P, Pl unu PID)
1 uueepTop

2 YeWUNUTENA CXemMbl NEPEKNIOYEHNA C MHAWBKAYANLHO
PErynvupyeMoi TONKON Nepex nYeHun.
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OT ynpagneHua K KKOHTYPY perynuposasua
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Puc. 69: Jawarocrs npucoedurerus 0bpazoearens nuHedHol dyHKkyul ¢ Hackiweruern RATS530



OT ynpasneHua K KOHTYPY perynupoBaHna

Hapany ¢ yxe onucaHHbIMW KapTamu WMEEeTCA, BCTECTBEH-
HO, ewle 6OoNbLWOe KONWYECTBO CTaHAAPTHbIX KapT, KOTOPbIe
NpeaYCMaTPUBAKOTCA ANMA NepepaboTKy aHanoroBbixX cArHa-
noe.

OrpaHuumTens -yecunutens BG1

Puc. 70: Ozpanuyurens Tuna BGTS30

E1 - 5
= B i UA

Puc. 71

C NOMOLLLI OrpaHUYUTENA-YCUIIMTENA MOXKHO, KaK npagu-
110, peanuaoearts 2 PYHKUWA:

OrpanuyeHine U YCUNEHWE CXeMBI MepeK NioueHun

OTaenbHbIE 3a0aHUA MOXHO NoApasfenvTs cnegyouum ob-
pasom:

1) OrpaHwnyeHne aHaNOroBbLIX CUrHaNoB

Mpu atom mowkHo Byner obecneqnBath (B 3aBUCUMOCTH OT
MOHTaMa) OrpaHuWyYeHWR YHWNOMNAPHO (o[HOMONOCHLIM OB-
pazom) unu BUNGRAPHO { ABYXNOMKOCHBIM 06pasom) .

2) PasHOCTHbIE CHMTHaNLI MOMYT Pacno3HagaTsCA NPW NPeebi-
LEHMY YCTAHOBNEHHbLIX CUrHANOB8 Kaxk Nomexa, KoTopamR B
23BUCHMOCTI OT MOHTAa, MONOKUTENbHONA AW OTPULATENb-
HOW NONApHOCTK, NOBY>KAZET YCMNWTENb HA BbINONHEHUe Ne-
pPEKNIoYeHNIA.

3) Yeunutens cxembl NEpexknioYeHWA ANA pacrno3HasaHwA
abCconoTHLIX CUIHANoB.

Bxonei E1 u E2 aeiicTBYOT CyMMUPYOWNWM cnocoBom, npu

aTom TOrga B Ka)XAom cny4de CpaBHWMBAETCH abconwTHOE

3HaveHWe WNW WHBepTUposaHHaA aBconoTHA BenuvuuHa (B

33aBUCUMOCTH OT MOHT&)K&} C NpejBapuTenbHO YCTaHOBNEH-

HOM TOYK O NMepexYeHuA,

4) CurHansl MOTYT 3an0MMWHaTLCA; CTUPaHWE NPOU3BOAUT-
cA nocpeacreom Reset.

Ha2



Ot ynpaBnedua K KOHTYPY perynupoBaHua

Puc.72: 3awarocTs npucoeduHerus o2paHuyuTens tuna BG1S830




Or ynpaBneHun K KOHTYDY perynupoBaHuA

Perucrpauma pesynsTaToB uaMepeHui

HemanoBsa)kHY10 pOfb B KOHTYPE PEryNUpOBaHWA WrpasT pe-
rUCTpauma UZMEpPEHHOro 3HaYeHUR, T.e., AEHCTBUTENLHON Be-
nuyrHbl. Henesa He cornacuTeca ¢ TeM 0BCTOATENLCTEOM, YTO
cucTema He MOXKET paboTaTh TOUHee, YeM perucTpauuA aei-
CTBUTENLHOW BENUYMHLL. VI3MepuTenbHbIe YCTPOACTBA NO3TO-
MY A0M¥HbI BbiTh MO BO3MOMHOCTA TOYHEE Ha KO3IDULMEHT
10, uem »kenaeman TOYHOCTL ycTaHoBKW. [peanoceinkol anA
LOCTUraemMoit TOMHOCTW ABNAETCA, eCTECTBEHHO, TakiKe Xa-
pakTepucTuka obbeKTa ( BpeMA 3anazgbieaHun ). ATo cnepy-
eT YUMTbiBaTb. PerucTpauus peaynsTaTtoB W3MepeHnin MoxeT
npoussoauTheA nubBo uudpoesiM cnocobom (¢ NOMOLWbLHO
uuthp) UnNK aHanoroebiM cnoco6om (CcooTBETCTBEHHO ).
OBLACHEHUA K NOHATUAM NOAAIOTCA HUXKE C NOMOLLLIO NpK-
Mepa ANA W3MEPEeHUA NepemMeLLeHun.

Kpome Toro, creayet pasfuyaTs vamepeHue npupalieHun
{MaMepAEMbIX BeNWYMH) U u3MepeHue aBCOMIOTHOrC 3Ha-
YEHUA.

PerncTpauMA U3MEPEHWA MPUPAULEHWA:
Becerpa NPUYACTIAKTCA K BENWYMHE BENIWYAHBI npuvpaweHnA
(MHKpeMeHTbI) MMU BeINMTLIBAKOTCA U3 Hee,

Perucrpaums M3mMepeHUA abConTHLIX SHaueHNA:
HEMoCcPeAcTBEHHOE W3DBPaXKeHUe BennYMHbI, NpW uucpoab-
CONTHOM W306paXeHMn cHayana B KOAWPOBaHHOM BuWAe
{T.e., B 3aKOANPOBaHHOM BUAE NOCPEACTEOM 3HAKOB) .

.Aﬁamomsa_ﬁ permcrTpaumna -
W3MEpEeHHbIX BeRNYNH

X CKOMNBIAMMIA
' KOHTaKT

+

L= nnuHa namepurensHoro yyactka _
Ug= npunosk. Hanpssxenue (wanp.,108)

o s : ~ UylUg=X'L
X= Uy » LUy

Ux= cuatoe HanprxeHwe
X= nepemell., NOANEK. UIMEPEHNIO

_ Uwndiposan peructpauua
M3MEPEHHBIX BENINYMH

UndipoBan perucrpauma N3MepeHHbIX BENWYUH:
PErVCTPaLWA pe3yneLTaToB W3MeEpPeHnA NoOCpeacTEOM eAuHNY-
HbIX Waros, NOAAAIOLMXCA YUCTEHHOMY ONpPefeneHuo.

AHaNOroBan PerMcTPauMA M3MEPEHHbIX BENUYWH:
nsobpakerue { BocnpovzeeeHne) W3MEPEHHON BEAWYUHBI
nocpeAcTBOM APYroli, aHanorosoi { cooTReTCTBYIOLEH ) BE-
AWYKrHE (HanpuMep, B BUAE HANPAXKEHKS )

Puc. 73

undposan peructpauns

aHanoroBaA pervcrpauvna

( Ananoroeoe uamepeHise
Bcerpa aGconTHoe. )

I

Kaxnan cTpoia MMeeT
CEOI0 3HAYMMOCTh.

Pue. 74
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OT ynpaBneHnA K KOHTYPY peryimpoBaHuA

1. Uamepenne nepemelleHnA

1.1 lMNMoTeHUMOMETP NPOAONLHOIC NEpemeweHnA
C NpOBONOYHON OBMOTKOW

MepemellleHne CHYMAETCA HEMOCPEACTBEHHO B BWAE HanpAa-
weHun. CurHan HanprRXeHWA NexuT Gonbluei YacTaio B npe-
genax +108 = 20e. Hawmerbluni NpUMeHAEMbIW CUrHan
coctaenAet 20 ms. 3To 3aBucKT, 0aHaKO, OT KayecTBa cHab-
WEHWA HANpAXKeHWem, T.e., 0T BO3HUKAWLWMX KonebaHui,
Tak 4To Gonbliei yacTeio guanaizoHd 30 ... BOmMB cneagyeT no-
NOXWTh B OCHOBY B Ka4ecTBE MOrYLLEro BbITe UCNONL30BEH-
HbIM CMrHana.

Llenecoo6pasHan anuHa uamepedna; 40 500 mMm

Mpumepbl TouHocTu uamepenuin: 500 mm = 208

— MWHWMankHO M3MepAeMan AnuHa

X = 500(mm) - 0,02(8)/20 (8B)

X = 05mm

1.2 MoTeHUNoMeTp U3 TOKOMNPOBOAALLEr0 NNacTuKa

Peub MAET 3AECHL O AaTUMKE NEpemMeLleH it ¢ ConpoTUBNEeHUEM
Uenu KoNneKTopa M3 NAAacTMaccsl (aHanorosoe uzMepeHue).
Wamepraeman anuvna: npumepHo ao 1000 mm

Pazpewatowan cnocobHocTs: 0,01 mm

HNocTuraemas TOYHOCTL TaKiKe B 3TOM CAy4ae 3aBMCUT OT
rogHoro K YnoTpebneHWo cUrHana, KoTopbLIiA YnomMuHaeTcA
B nyHkTe 1.1. [peumyllecTBO AAHHOro AaTyMKa nepeme-
WEHWA 3aKMNIOYaeTCA B HE3HaYMTENbHOM WM3HOCE W NYYLUEn
pazpewaioweil cnocoBHOCTM curHana (oTCyTCTBUE CKauykoB
B obmMoTKe} .

1.3 MHayKTvBHbIN aTYuK nepemeiieHmid (6eCKOHTAK THEI)

Mpw AaHHOW CWCTEME W3MEPEHWMA NEepeaBUraeTcA NOABWK-
HbIY, KPYrAbIA CTEPKEHb U3 MarHUTHOW MAFKOW CTan B Ka-
TYLWKe MNnM B cucTeme KaTyluek. B sasrcumocTi oT nepeme-
LWEeHUA W3MEHABTCA HAYKTUBHOCTL M3MEPUTENLHOW KaTyLU-
KW.

W3mepeHue Npov3BoaMTcA NpW NepeMeHHOM TOKE W MOCTO-
goi cxeme. (CMm. onucaHue MHAYKTUBHOrO faTtyMKa nepeme-
weHwi Ha cTp. D7.) .

HAudbdepeHunansible KaTYLWKW ¢ CTAMHLIM CEPAEYHUKOM
(puc. 75} ropATcA ANA M3MEPEHNA OYeHE ManeHbKUX nepeme-
LieHwit. YyBCTBUTENLHOCTH COCTABNALT 3A6Ch NPUMEPHO 2 MK.

cepaeYyHuK KaryuwKa

w

A5 AN P P
R RHAKHK]

Puc. 75

1.4 CrexnAHHaA wkKana {Cucrema usmepeHus AnuHel ¢ HMNY,
hOTO3NEK TPUYECK A METOA M3MeEpPEHNA )

VMamepeHne NPOU3BOAUTCA QUCKPETHO-UHKPeMeHTHBIM cno-
cobom, npu 3Tom oTOINEK TPWYECK K OLLY MbIBAETCA HAHECEH-
HOe Ha MacluTaGHOI nuHeliKe aeneHne peweTku (puc. 76) .
Mpu nepeaBMKeHUN MacWTabHOW NUHERKW NO OTHOLUEHWIO
K onpalwmvBaiolieMy YcTpoucTBY (hoTOZNEMEHTEI BbipabaTsi-
BalOT NEepuoaWYecKWe, MOYTH CUHYCOWAANbHbIE CUrHaMbI.
Mocne 3Toro NPoOM3BOAUTCA OUEHKE TAKWX CUIHANDB B 3NeK-
TPOHHOW cucTeme,

MockonbKy nochne BbIKAKYEHUA CUMCTEMbI M3MEPEHWA WU
npy NpeKpawiedHuu Noaaun Toka TepAeTcA B obliem cornaco-
BaHWe BEMINYWHLI M3MEPEHWA C No3WuuMel, MaclTabHan nu-
HelKa npegycmaTpuvBaeTcA JAOMNONHWTENLHO € OAHOW WKW
HecKOMbKKMMW MeTKamu oTcuyeta. [pu nepemeweHun yepes
OAHY W3 TaKux MeTOoK BbipabaTbiBasTCA AONOAHUTENLHLINA
curHan { onopHeIA enrHan) .

Wamepraeman anusa: 10mm go 30 M (B 3a8UCKHM. OT CUCTEMbI)
ToyHOCTb U3MepeHuA: = 1mMK 4o =10 MK (B 3aBKMCUM. OT cUcT.)

namnouka

Puc.76: Crexnanxan wikana

MUHHATIOPHAA

KOHABHCOP CTEHKAAHHAR

MeTKa /n.ﬂar.mﬂa s
orcYera olLYNbiBAHKMA KPEMHUWERbIE
; thovoanemeH Tl
pewerka

OULYNBIBAKUA
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Ot ynpaBneHuA K KOHTYPY perynnpoBaHuA

1.5 WMHAYKTUABHBLIN aTYNK NepemMeLLeHnin,
MHTEr pPUPOBaHHLIW B MMAPOUUNWHADE

ﬂ.aHHHH cucTema MsmepeHwA I'IEpE‘.'M&Ll},EHI»‘II:ﬁ BCTpaneaeTcA B
HanopHyw Kamepy ruapounnuHapa.

Puc.77

B 3asucumoOCTy OT KOHCTPYKTUBHOIO pAja uMnuHapa 4 gua-
MeTpa MOPLUHA BO3MOMHbI M3MepeHuA anuHe! 4o 1000 mm.

CHabkeHue HanprxeHuem: 2 o 58

1.6 YnbTpassyKoOBON Aa8TYMK NEpemeLLeHuni,
UHTErpUpOBaHHLIN B rUAPOLUNUHADE

MameperHHoe, abcontoTHOE 3HaYeHWe (nepemelleHne) mMoxeT
Bbi3bIBaTLCA J'IH.')SOE YMcno pas, He WCKamanAncL B pesynb'ra're
NPOCTOER, UCYE3HOBEHWA HanNpAXeHUA CeTU UNKU APYrux No-
mMex.

Puc. 78

Tpebyemad TOYHOCTb NO3ULMOHUPOBAHWA OMpPEeAEeNnAETCA
npv 3TOM Ha OCHOBaHWMW BUAA BbIXOAHOM0 CUrHana:

— aHanorosslid meton: 0 po 10 B NOCTOAHHOrO TOKAE
— uudpoBoi MeToA: paspelwarLyan cnocobHocTe 0,1Mm

WamepAeman gnvHa: o 2500 mm
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O1 ynpaeneHvA K KOHTYPY perynupoBaHvA

1.7 INazepHan cuctema usmepeHnii

[axHan cucTema cnykuT 4nA BecKoHTaKTHOrO ONpeaeneHnA
pasmMepoB AeTanei Mnu nosMuvii KpoMoK.

EnokK nepeaalollerc YCTPOWCTEa BeipabaThiBaeT Y3KYH NeH-
TY U3 Na3epPHBIX NYYel, KOTOPbIe KOHUEHTPUPYHTCA B 6noke
npuemHoOro ycTpoicTea Ha perexkTope. [lockoneky ceeto-
BanA MoNoca COCTOMT M2 TOHKOrO, BbICTPO NapannensHo cme-
WaLerocA ny4a, oTGpackiBaeT [eTans, YCTaHOBNEHHaA Ha
M3MEPUTENBHOM CTEHAE, OrpaHWyYeHHYH BO BPEMEHW TeHb.
MpuemHoe ycTpoKcTBO ONpeAenAeT BEPEMEHHDE paccTOoAHWe
BOKOBbIX CTOPOH TAKOW TEHW W MepefaeT Takue AaHHbie K
MUKponpoueccopHoMy 6noxky o06paboTKu gaHHbIX, KOTO-
pPblA HA OCHOBAHWW 3TWX AaHHBIX OMPEAEnAeT, Hanpumep,
rabapuTel geTanen.

MpuMepsl ANA MPUMEHEHWA CUCTEMbI MBMEDEHWIA !

Puc.79: Mzanmeperue paccroanud mexoy eanxkamu

Puc. 80: Onpedenenue nozulut KpoMOK (NO3UGUL UHCTPY -
merTa)l, 83410 N0 OTHOWEHUIO K ONOPHOU KpOMKe

ToYHOCTE M3MEPeHUA: HauuHaa ¢ £ 0,25 MK
W3mepaetcA aBconoTHaA BeAUYMHE M OTKIOHEHUE OT HOMW-
HanbkHOrO paimepa.

1.8 Tensopesuctopsl (DMS)

TeH30pe3ncTopPsl — 3TO YYBCTBUTENbHbLIE 3/IEMEHTHI, Y KOTO-
PbiX B 3aBUCKMMOCTM OT HArPY3KK, BbI3kIBAIOLENH YANVHEHWE,
W3MEHAETCA ANWHA W NOMNEPEYHOE CEYEHWE MPOBONOKM MNn

thoneru, Bcneacreme 3TOro M3MEHABTCA TAKKE CONPOTUBAEHUE.

Puc. 81: TewnaopezucTopst Uz Meraniuyeckol (ons2u

O6wenpuHATan AnvHa TeH3opesucTopos coctoenAet 3 ... 60
MM . C MOMOLLLH TaKKX TEH30PE3UCTOPOB MOXKHO M3MEPATH
MaMeHeHUa ANUHL! NpumMepHo A0 * 5% oT ux ANUHLIL.

1.9 YcrtpoitcTeo AnA npeobpa3oBaHuA Yrna NoBopoTa B KOA,
OaTYMK yrna noBopota

Take ¢ NOMOLLLIO YCTpOWCTEA ANA npeobpasoBaHuA yrna
NOBOPOTA B KOA NPeAOCTABNAETCA BO3ZMOMXHOCTL ANA U3Me-
peHuA nepemellieHuA. MepemelueHue Npu aTom nzobpaxaeT-
CA MOCPEACTBOM 3yBYaTON PErKW W LUECTERHW, LUNWHAENA W
ranku unu 3yBY4aToro Koneca UsMEpWTENBHOro YeTponcTBa
kak yrna. Mognexxawmit M3MepeHnio YYacToK NyTH Npu 3TOM
HE OrpaHuyMBaeTCA TEOPETUYECK U,

2. WamepeHue yrna

2.1 Konbuesoi noTeHuomerp

Yron nosopota uzoBpa)kaeTcA KakK aHanorosaf BennuYuHa
(HanpAxeHue) . MoTeHUHOMETP MOXKET BbiTh C NPOBONOYHOW
06MOTKOW Unk B BUAE PE3NCTUBHOrO 3neMeHTa M3 TOKOoNpo-
BOAALUEro NaacThKa.

MonesHbIA Yron MOXeT AoXoanTs npumepHo Ao 3509 makc.
CKOpOCTk nepecTaHoBkuW — ao 10000 06./MuH.
MoTeHuMomeTp cHaBxaeTcA nuTannem (uenecooBpasHeIM
6YAET M3 BbIXOAA OMNEPAUMOHHOIO YCUIMTENA) C NOMOLLEIO
+108.

MuHumaneHbIR yron: w= 3500-0,028 /208 = 0,35°

{NpK HaMMeHbLIEM, rOAHOM ANA UCMNONL30BAHWA CUrHaNe B
20mB) .

2.2 HakonuteneHoe ycTpoWcTBO ANA npeobpazoBaHwA yrna
NnoBOpOTa B KOA

HakonutensHoe ycTpoicTeo AnA npeobpazoBaHuWA yrna no-
BOpPOTa B KOJA BbIAAeT Ha 0AWH NOBOPOT OMpeaeneHHoe Ko-
NYeCTBO MMNYNLCOB — 3TO Mepa AJA NPOU3BEeHHOro Ny-
v {yrna wnu yvactka) .

Ha pany sakpennAeTcA KoaupylowWwnik Avck. Takoi auck
noapasaenAeTcA Ha OTAentHbie CerMeHThl, KOTOpkIe none-
pemMeHHO ABNAIOTCA CBETONPOHWLAEMbLIMU MW CBETOHENPO-
Huuaemsimy. OnpawmneaHne CerMeHTOB OCYLLECTBNAETCA No-
CPEAcTBOM WHbpaKkpacHbix (hOTO3NEK TPUYRCKMUX YCTPOUCTB.
MockonbKy HakonNUTenbHbIE YCTPOWCTEA ANA npeobpasoBa-
HWA YrNa NOBOPOTa B KOZ HENPepsIBHO OTAZKT WMMYILCHI,
HEe3aBUCAMO OT KONUYEcTBa MOBOPOTAa, MOryT 683 BCAKMX
3aTpYAHEHWA perMCTPUPOBaTLCA Take Bonklve nepemMelle-
HUA.

HanpreHve nuTaHuA: Gonsuwei 4acTelo + 58 NocToAH. TOKa
Cambiit Mansii war: 10 MK

2.3 Uudposoe abeconoTHOE YCTROWCTBO ANA
npeobpazosaHuA yrna nosopota B koa (Digitiser)

BbilweyKazaHHOE YCTPOWCTBO MOMET NMPUMEHATLCA B CUCTE-
Max W3MEpeHWA KM YNpaBneHWA, B KOTOPbLIX AOMKHbLI W3mMe-
pPATLCA YrNOBbIE U NUWHENRHBIE cMelleHWA. [Tpu aTom faHHoe
YCTpOWCTBO Npeobpa3ossiBaeT BpallaTensHOE ABWMEHWEe 8
3NeKTPUYECKUE CUTHAMNL], KOTOPLIE MOTYT NPUMEHATLCA ANA
vHAKWKauMK vnu ynpaenedua. Cambiid maneii War cocra-
gnaeT 10MK.

HzmepeHiie MoxeT NpOU3BOANTECA, KaK Mpasuno, aHanoro-
BbIM Unu uupoesimM cnocobom. Pazpeluatoan cnocobHoCTL
aHanoroeoi CMCTEMbI OrpaHuinBaeTcA B ofiem o 107 unu
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Ot ynpaBnesnA K KOHTYPY PerynupoBaHna

4, MSMGPEH HE QaBNeHWA , N3MepeHWe CUnkl

4.1 OatuvK AasneHuwA ¢ Mecnoson aaeneHua (DMS)

MNpwn TaKkom NPUHLWANE NPOUCXOAUT NpeocbpasosaHue faegne-
HWA B 3NEKTPWYECKWE CHMMHAlbI C NOMOLULH MECAO03, KOTO-
pble, HanpUMep, HanbINWBATCA VN HaKNEeMBaOTCA B BUOE
TOHKOM NNEHKW Ha WIMepAEMYI0 JaeTank (Hanpwmep, Ha
memBpany ) .

AnanazoH uamepeHuda nexuT B npegenax, HauwdaAa ¢ O u
KoH4aR cebiwe 10006ap. TowHocTs KONeBNETCA B 3aBKCH-
MOCTW OT KOHEYHOr O 3Ha4eHWA [KanasoHa M3MEPEHUA B Npe-
pgenax £0,2% — £05% (no oTHOWEHKWIO K KOHEYHOMY 3Ha-
YeHM0 Anana3cHa M3MepeHnA ) .

B npuHuuMne, ecTeCTBEHHO, MOXKHO NPOUMIBOAMTL TAKKe KOC-
BEHHOE W3MEPEHWE CWUMbl € MOMOLLBIO KaKaoro W3MepeHuA
AEBNEHUA, B3ATOMO MO OTHOWeEHWID K 3ththeK TUBHOM NoBepx-
HOCTK, HaNPUMEp, Ha LUNKUHApe.

B cooTBeTCTBMM C AMAnNa3loHoOM 4acToT (B 3aBUCMMOCTH OT
KOHCTPYKTMBHOTO MCMONHEHWA MecAo3kl, Hanpumep, a0
500 ru unv, Hanpumep, A0 HECKONbKWX ThICAY repu) mMoryT
M3MEpPATLCA W3MEHEeHWA AaBneHWid, a BCNeacTBUE 2TOrO Tak-
we NUKKU AaBNeHuid, B AMaNasoHe MUNINUCEKYHA W HUMHKe.

4.2 Mecnosza paBneHwn c
WHAYKTWEBHBIM AATUMKOM MepemMeLleHna

Ynpyrwii wnsrué membpadbl nog BOsgeiicTBMeM AaBneHus
MOXHO NMpeobpazoBate TakKe NOCPEACTBOM UHAYKTUBHOO
AaTYMKa NepeMelleHA B aNeKTpUYecKWid curHan. Nporub
cepefuHbl mMemOpaHbl OCYLUECTBAABTCA MPONOpUWOHAaNbHO
0Ka3biBALLEMY BO3AEACTBMUE AABNEHMIO.

4.3 MMbe30KBapueBLId faTyrK Raenennn,
MbE303NeK TPUYECKUE MECA 03I Chbl

MamepeHna gaBneHUA ¢ NOMOLLBIO KBapUeBkIX KPUCTanios
ropATcA B 0COBEHHOCTH ANA AMHAMWYECK WX NPOUECCcoR, T.e.,
ANA perucTpauMu Nynbcaunn WU NUKOoBLIX AasneHuWid. CtaTwu-
YeCKME M3IMEepPeHWA JaBMeHUA MOXXHO NPOU3IBOAUTL, OOHAKO,
TONLKO Ha MPOTAMKEHUKY HECKOMbKUX MUHYT.

MpuHUMN AENCTBMA OCHOBaEH Ha MNbE303NEKTpUvecKom 3d-
thekTe. Ecnu BypeTr AedcTEOBaTh CUNA Ha KBAPUEBbLIK KpW-

cTann B HanpaeneHWW ero Tpex oceid, To obpasyeTca Ha no-
BEepPXHOCTW, fexallieid BepTMKansHO K Harpy»aemMoH ocu,
aNeKTPUYECKUIA 3apag. IToT 3apaj, NpPAMOo NparnopuuoHaneH
fedicTeyrowei cune. Takum o6pasom NonyveHHOE 3NeKTpw-
YyecKOe HanpaAXKeHWe YCUNWBaeTCA Tenepk W NnpeobpazyeTcA 8
cuny Unu BenuuuHy gaeneHuA. MockonbKy HanpskeHwe BO3-
HukaeT 5e3 CYLLeCTBEHHOT O 3aMeEANEHHA U3MEHBHWA CUNbI Un
[ABNEHWA, TO YKa3aHHbIE B Havyane U3NoXeHuA AaTYnKn n3-
MepeHUA B 0COBEHHOCTWM XOpOLWO FOAATCA ANA AMHaMMUHec-
KWX M3MEPEH A,

Jluanazon vacToT pacnonoweH B npegenax 10 — 2+ 107 ru.

F(unu p)

Flunu p)

Puc. 83
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Ot ynpaBneHna K KOHTYPY perynupoBaHus

Mpunoxenne

B nocneaytowem 6yAeT ONUCLIBATBGA BKPATUE CaMble BaX-
HhIE NEKTPOHHbIE (DYHKUMOHANLHbLIE YaNbl, C KOTOPbIMM
4acTO NPUXOAWTCA CTANKWBATLCA B CBA3W C YNpaBneHMAMM
1 B 0COBEHHOCTH B KOHTYPax perynupoBaHuA.

Movenuymomerp

HOTEHU.HDMETD — 3TO0 OMWYECKOEe COMpPOTWBNEHWE C Nepe-
MEHHLIM OTBOAOM OT Pe3vcTopa (CKONb3ALWMIA KOHTAKT) .
Ecnu npunexuTe NOTEHULWOMETP ero KoHuamu, Hanpumep,
Kk 08 u k 10B, TO Ha CKONL3ALLEM KOHTAKTE MOXHO ByaeT
OTBOAMTE N0GOEe NpoMeXyTOuHOE 3HadeHue B npepenax 0 —
10B.

Mpumep:

Mpu nepecraHoBke Ha B0% MOMHO OTBOAWTHE HA CKOINbL3A-
iem KOHTaKTe HanpAxedve 8 68.

MoTeHuromeTp NPUMEHARTCA ANA

— YCTEHOBKW 3aAaHHOMO 3HayeHuA

3TO 3HAYMT, Y4TO BENWYMHA OTBELEHHOrO HanprAMeHWA cooT-
BETCTBYET Xenaemonmy ﬂ.e!?'lCTBHTEJ'IbHDMY JHavYeHH Kak ne-
pemelleHue, cUna unu, Hanpumep, gasneHue.

— pervcTpauvy NecTBMTENEHOMO SHAYeHWA
370 3Ha4YUT, 4TO OTBEAEHHOE 3HaYEHME HaNPAXKEHMA NpeacTa-
BNAET cODON NepemeLleHe, a BCNeACTBWE 3TOr O NMo3nLMIo.

Puc. 84: MNorenyuomerp

g m - 108
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. ' nepecTaHoBKa nnnu_ﬁ,ubmé‘rpaj B npouentax (%) _

OnepaunoHHLIA yeunurtens

OnepaumnoHHbIA yeunnuTens ABNAETCA KIAGCCHMYECKKWM Npea-
CTaBUTENeM TEXHUKY uHTerpankHeix cxem ( IC = uHTerpans-
Haa cxema). OH npeactasnAeT coBoOl MHOrocTyneHYaTs!
aHanoroBsI YCUAUTENbL € OYEHb BbICOKUM KO3MPULMEHTOM
YCUNEHUA, W MNOCPEACTBOM HAPYXXHOTO YKOMNAEKTOBaHWUA
LNA HEro BbIGMPAOTCA NapameTpsl ANA cambix pasHoobpas-
HbIX 3agaHuin.

MocpeacTBOM COOTBETCTBYIOLLIED Y KOMNNEK TOBAHUA MOTYT,
HanpuMep, peanu3uposaTbCcA CReAyoLme PyHKUNOHaNbHbIe
y3nel: oBpasoBatens NuHelHON GYHKLWKW € HAckILLEHWEM,
YCUNWTENs, WHBEPTURYIOLLEE YCTPOWCTBO, CYMMUpYloliee
yctpoicTeo, avddepeHuupyrollee YCTPOWCTBO, OrpaHuyu-
Tenb, pPasfuuHbIE PErYNATOPLI U T.A.

H40

. Ug4

Ugs

- Ugq= nnBepcuposatHsiil Bxoa
Ugo= HewHeepcuposaHHbiid BXOA

Puc. 85: Cumson OonepayucHHez0 YyCounuTena



O7 ynpasnesusa Kk KOMTYPY perynupoBaHun

JlnneiiHanA hyHKUWA G HAackIWEHWEM ,
obpazoBaTtens NUHeRHOW hyHKLWY C HACKILEHWEM

OBpasoeaTens NUHEHHONW YHKUWKU ¢ HackilieHWem obpasyeTt
W3 CKauyKooBpa3sHoro M3MEHEHWA 3aJaHHOr0 3HAYEHWA, KaK
BXOAHOrO CMrHana, MeaneHHo HapacTawWwWi unK Naaaowmi
curHan. VismeHeHune BbIXOAHOTO CUIrHaNa BO BPEMEHU MOK-
HO YCTaHaBNWBaTbL NOCPEACTEOM MNOTEHUUOMETPAE.

MpuHumn aeicTeuA obpazoBatenA NMHeNHOW MYHKUWM C Ha-
ChilLEeHWMEM OCHOBaH Ha TOM, 4TD KoHgeHcaTop C ¢ 2anasgsi-
BaHWeM 3apAaeTcA, 6narodapA 3TOMY BbIXOAHOE HarpAe-
HWE MEeANeHHO N HENPEPbLIBHO M3MEHAETCA NpKu cKaykoobpas-
HOM BXOAHOM CUrHane.

Ha HapacTaHve BbIXOAHOrO HaNpPrAXXeHWA MOMXHO OKa3k!BaTk
BO3aelcTBWe NOCPEACTEBOM NepeMeHHoro conpoTueneHua R,
a BCNeacTBMe 3TOr0 MOMHO ONPeaenATe CKOPOCTL 3apAAKHW
KOoHAeHcaTopa.

YcTaHoBNEeHHOE BpeMA NUHENHOW hYHKUMWKW € HachllWeHeM
HepeTcA BCerfa No OTHOLWEHWI K 3agaHHOMY 3Ha4yeHuio, co-
crasnAwemy 100% (sxoaHoi ckaykooBpasHbiid curHan} .

Mpumep:

YcTaHoBNeHHOe BpeMA NUHeHHON yYHKUMKA C HackilWeHnem
Makc, B Scex. npu 3agaHHom 3HakveHun B 100%. Ecnu, Ha-
npvmep, 6yaeT YCTAHOBMNEHO 3agaHHoe 3HauveHwe Ha 60%,
TO y»Ke MO ucTeueHWw npumepHo 3-x cekyHg Byaer gocTuv-
ratecA 3aAaHHOoe 3HaueHue.

Tak moxHO Gyaer NpefBapUTensHO 3aAaBaTh MNOCPEACTBOM
06pazoBaTenA NMHERHOW YHKLUWN C HEChILLEHWEM, Hanpu-
MEp, B KOHTYDE PerynupoBaHnA CKOPOCTY HAPacTaHWe CKO-
pocTu [YyCKOpeHWE) UKW B KOHTYPe perynvupoBaHiA nonomxe-
HWA CKOPOCTL. ¥CTaHOBNEHHOE BPEMA NUHERHOR hyHK LW C
HacbILLEHMEM COOTBETCTBYET B KOHTYPE PeryanposBaHuA no-
NIO¥EHWA CKOPOCTH NepeMelleHWA UMNMHApa, NOCKONEKY B
TEYEHWE 3TOrO BpemMeHu ByaeT AOCTUraTLCA NpeaBapuTenbHO
3amaHHaA No3uUWA.

Orpaunymntens

anJ"IO)KEHHC‘e BXO4HOE HanNpAXEeHWe OorpaHnYuBaceTcA Ha
NpeaeapuTENbHO 3aA3HHYI0 BENWYMHY KaK BhIXOOHOE HanpA-

Puc. 86 : O6pazogarens nuHelHod PyHKYuU ¢ Hackiujeruem

weHWe. OrpaHudeHue OCYLIECTBNARTCA NOCPeAcTBOM 0BOMX
npucoeauHeHuit 1(orpaHuieHe HaNPAMEH U, KOTOPbIe MeHb-
we "0") n 2 (orpaHuyeHWe HaNpRXEHWI, KOTOpbIe BonbLle
H’OJ’I’) .

Ve _ : (1) ] |(2) + Ua

+10E ' : . +108
: : . +68 DE —
0 - - = BN 7
t [cex.] " _/l ' -4 '—'——3—1——' t [cek.]
=108 : — =10p
Puc. 87: Oeparusutens. llpumep npoxoxdenus exo0no20 cueHana Ug u exodHo20 cuzrana Uy
Perynavop
PerynATopoM HasbiBaeTcA NpuBOP MNK y3en KOHCTPYKUMM,
KOTOPbIA NPOM3BOANT OCHOBHYH 0BpPaboTKy OTKIOHEHMA i perynaTop
OT HOMWHaNLHOrO 3HaveHwA. PerynAtop, Takum obBpasom, mﬁ:ﬂ
CPAaBHMBAET 3aaHHYH BENUYUHY ¢ BelCTBUTENLHOW BENUYM- P e BLIXOAHOM -
HOIM W NojaeT B 33BMCUMOCTW OT Pa3HOCTW 0BOUX 3HAYEHMWNA AeRcTBUTENE- EurHan >
COOTBETCTBYHOLLMIA CATHAN. HaA BENWYNHA=
Puc. 88
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O ynpaesneHus K KOHTYPY perynupoBaHuA

Younutens

Puc. 89

BoixoaHoe HanprkeHue UA BLiNO M3MEHEHD NO CPaBHEH MO
¢ BXOAHbIM Hanprxerwem UE wHa xkoadduunedT ycunedna
K. B 3aBUCMMOCTH OT YKOMNNEKTOBAHWA BbIXOOHOE HanpA-
JKEHMEe MpeTepneno nNepemMeHy MoONAPHOCTKM N0 OTHOLWEHWH K
BLIXOAHOMY HaNpPAMKEHUIO.

WnsepTupymouLee yerpoicTeo (uHBepTop)

U ISUA(=jUE]
+he +5e -
0 » 0 >
t [cex.] t [cer.]
-5B
Puc. G0

NHeepTupyollee ycTpOWCTBO Bbi3bIBaeT NepemMeHy nonap-
HOGTW BXOAHOrO HaNpAXKEHWA.

Hanp.: UE= + 568, scneact. 3Toro Ha Beixoge UE=—58,
unu UE= — 38, BcneacT. 3Toro Ha Beixoge UE= + 38

Takoe YCTPOWCTBO B pesynbTaTe 3TOF0 nNpeacTagnAeT coboi
yewnuTens ¢ KoadhuyueHToM yeuneHua -1.

CornacywLwwni ycunuTens

Puc. 91

C nomouwisi CcOrnacyiowlero ycunuTena OCYLecTBNAETCA
VpAaBHOBELUMBAHWE HANPAXSEHWA OTAaBaemMoro WamMepuTens-
HbIM 3EMEHTOM HanpmxeHuA (Hanpumep, makc.60B Bbi-
XOQHOro HanpaAXeHWRA TaxoreHepaTopa NpPW MaxKCUMAansHOM
umcne obopotoe) Ha 108 nocne COrNAcyrLLEro YCUIATENA.
Takue 108 COOTBETCTBYIOT TOr4a OMNPENENEHHOMY HWCHY
o6opoTos WK ONpeAeneHHON CKOPOCTW MNepemMelleHuA un-
nuHapa. CornacoBaHue TpeByeTcA AnA Toro, 4Tobel MOXKHO
6bIN0 CHORA 0BPabaThIBaTh CUrHAN B KOHTYPE perynupoBsa-
HUA.

H42

YcunuTtens MOLLHOCTH

BxopHoe HanpAxenue UE npeobpasoBbIBEETCA B yCUnMTENE
MOLLHOCTY B BbIXOHOW TOK, KOTOpbi# nponopunoHaneH UE

Hanpumep: UE 0 ao 108, | B MA 2 Tox marHuTa

Puc. 92



Ot ynpaBneHua K KOHTYpPY perynupoBaHua

Tpurreps: Wmurta (ST)

Tpurreps! WUMuTTa NpUMEHAKTEA KaK NMOPOrOBbLIE MePeK -
varenu. Ha o6eux awarpammax AnA BXOAHOTO W BbIXOLHOIO
cUrHanoe HarnAaHo wWaoGpaxkaeTcA WX yHKumA. Ecnn UE
6yaeT NpeBbiWwaTe onpeaeneHHoe 3Hauenue (U1), To Torpa
UA nepeckakuBaeT ¢ OQHOMO OrPaHUUMTENBHOMO IHAYEHUA
Ha apyroe. COOTBETCTEEHHO 3TOMY MEPECKaKMBaeT BbIXOA-
HOW CUrHan Ha npesHee 3HadseHve obpaTHo (Hanpumep, Ha
"0"), kKak Tonbko UE BYAEeT HWKe ONpeaeneHHOro 3Have-
HuA (U2).

BcneacTBre 3Toro B pacnopaAreHWe NpefocTaBnAIOTCA ABe
YeTKOD OnNpefeneHHblie TOYKHW NMepeKnio4YeHWA W NPW Npome-

HWYTOUYHLIX 3HaYeHWAX HE NPOUSBOAWTCA HWKAKOro nepe-
HKAKMEHWA.

Ecnu, Hanpymep, BO3HUKHYT B Nofade curHanos KonebaHua
B OZHOU cucTeme, TO Takue KoneBaHuA YeTpaHAaTeA.

suixofn Up

Puc. 93

Cymmupytoliee yetpoiicTeo (cymmarop)

MocpepcTEOM CyMMKPYIOWEro YCTPOWCTBa MOMHO CKNagkl-
BaTh [IBA CUMrHAanNa, cHab»KeHHbIX 3Hakamu. MNpn atom cneayet

cneavTb 3a Tem, 4TOObI MHBEPTUPOBANCA Pe3yNLTHUPYIoWN

BbIXOAHOW cUrHan.

BxoaHou curnan Ug,

 0BPATUMBIA BLIXOAHO
Ugy + Ugz.

~ owrwan |

L"t[w-«.l .

o Uga VY cexonnoit curnan Ugs

Hanp.,-28

Puc. 94
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BnunAxWe guHaMuMyYecKnMX CBOWUCTB cepBOKNanaHa Ha
KOHTYP peryanpoBaHunA

Autep Kpetuy



'maea J

BnanAaHue npuHaMU4ecKnX CBOUCTB cepBOKNanaHa Ha
KOHTYp perynupoBaHuA

Autep Kpetuy



BnuaHue auHamuKy CepBOKNanada Ha KOHTYDP PerynuposaHua

Mpepucnoeue

Ilenbto nocneaymolx W3nokKeHWid No TeXHWKe perynuposa-
HWA ABMABTCA

cnocofcTBOBaTE NOHWMAHWID B3aMMOAEWCTBMN B KOHTYpe
PErYNUPOBaHUA ¥ NOMOYL A@BaTh OUEHKY € HEKOTOPOW TOY-
HOCTBKD OMWAAEMbLIM CBOWCTBAM CUCTEMbI MO PErynrpoBsa-
HUIO.

Mpu 3TOM BYAYT UCNONbL30BaHLI MPOCTLIE MHEMOHWMECK e
npaexna BMECTO TPYAOEMKUX cnocobor paccmMoTpeHuA faH-
HOro BONpOCa.
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BnuAaHve AUHAMMKW CEPBOKNANaHa Ha KOHTYP perynupoBaHns

KoHTYp perynupoeaHmuA No NonoxeHwo

OnpegeneH1e NONesHoro ycunenna Kontypa " Kvopt” n ero
BNUAHWE HA PETYNUpOBaHMe.

CepBOYCHNNTEND.

| U - c&{.isl::.'!:l{’ﬂ;lm:l;l'..‘
= :-HEFPY?K?:' : : ﬂépgnhunuunp--" .
’?/ i R H—AMW
e ;
i ; :
ff/ﬁ';////;f///f///// AA, "W////M////////f//i’}//ﬁ’f/////
X X 4—

Puc. 1

1/A l’[idf

KptKIJ—.b Ka

|
- : -
Unevicrs.| l_‘"ﬂ‘“lf"il I_ P

et el

: Kx+ i
R . __.--"-naﬂuxl
. R | nepeme-! -

Puc. 2: ¥npowerHan 6ioK-cxema

Youneuuwe koHTypa Kv paBHo npow3BegeHuto KoadduumeH- KQ = yecunenue no ckopocTh
TOB YCMNEHWA nepefalownx 3BeHLEB B KOHTYpe perynupo- Kp = anekTpuyecKoe ycunexue
BaHuWA, Ki = nponopuxoHansHoe ycuneHume [ma/s]
Kx = ycunewne patunka nepemeednd [ma/s] [B/mm)
KpQ = ycwunenue Konm4yecTBa B 3aBUCUMOCTH
ot pasneHnA (cm. Ha cTp. H3)
A = nnowWwaas WunuHapa

Ha puc. 3 noppobHo waobpamaeTcA ypasHeHWe 4acTOTHOW
XapaKTepUCTUKM cornacHo npeobpasosaruio Nlannaca.
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BnwAHMe AMHAMWKN CEPBOKNANAHA Ha KOHTYP PerynupoBasuns

: L?eunn'renﬂ e cepBOKnanaH

s

| kpa/a

e W
i i R lx i
K A
S gd_zh ; 5_22 * 1!5 [ * *
wz iz I ;
| : |
UMANHAP

‘Fromex

- |
| AaTYMK |
! nepeme-!

 fumiie |

Puc.3: (lodpabran 6ok -cxema

Knanad W Harpy<eHHbil UWIMHAP PaccMaTpuBaloTcA Kak
nocneaoBaTensHO BKMHYAEMbIE CUCTEMbI 2-T0 NopAAKa.
XapakTepHeIm ABAAETCA ANA cepeonpueoaa (uunuHapa) xa-
pakTepucTMieckad uvacToTa (macca/MacnAHan npysuHa) .
Mepexon cO CKOPOCTY Ha YCTAHOBOYHOE NepemMeLleHme n2o6-
pa)kaeTcA NOCPEACTBOM WHTerpupogaHna (1/s).

MNMocToAHHAA BpEMEHN KOHTYPa PerynupoBaHmnA

MocToAHHaA BpemeHr nponopunoHansHa 1/Kv

MorpelHOCTL Y CTAHOBKHM

O6bivHo TpebyetcAa meHslwe 5% Toka knanaHa gnAa Toro,
4yToBbl B KOHTYPE DErynupoBaHUA MO NONOMEHMID AOBECTU
‘CKOpOCTe A0 HYINA, T.€., 4NnA TO0ro, 4TOoBLI KOMMNEeHCUPOoBaThL
cuNy NOMex, NMOCKOMNbKY He Mo3ke, Yem npw 5% curHana,
BCE flaBNeHWe B cuCTeMe NOANEKMT Koppexkumn (cm. ycune-
Hwe pasneduA, ctp. F7) .

lMorpelHoCTs YCTAaHOBKIK COCTABAAET NO3TOMY

Kv = ycunexuve KoHTypa

3710 3Ha4yMT, 4TO 4em BOnblUe yocuneHue KoHTypa Kv, Tem
BeicTpee cucTema.

[Mpw cTauvoHapHOM pexuMmMe ASNCTBYET ANA KECTKOCTH No
CpaBHEHUWUH C CUNOBLIMK NOMEXaMK Chegyiollee:

HecTkoCTs NO3TOMY NPONOPWMOHANLHE YCHUAEHWHD KOHTYpPa
1 06paTHO NPONOPLUOHANLHE YCUNEHUIO KONWYeCTEa RaBne-
HuAa KpQ.

VQ = yeunenue pacxoaa (em/cex.)
Vp = yeunenue pasnedun (Bap)

3710 ycuneHue JaBneqHuA-pacxoia Knanada + 3aeuciUman oT
AABMNEHWA yTeYKE Ha noTpeGuTene. YBenuyeHwe NOBEPXHOCTYH
YCTAHOBOYHOTD NOPLUHA wnn paboyero obrhema cepeoasura-
TENA MOBLILWAET KECTKOCTb NPOMOPUWMOHANLHO KBagpaTy
VYBENUYBHUA.

Ha ocHOBaHWI0 3TOr0 MOMKHO YCTEHOBUTE, YTO YCUMNEHWEe KOH-
TYpPa AOMKHO BhITe Kak MOXHO Bonbwmnm.

Yem Boile bynet BoibupatheA Kv, Tem meHblle ByneT nor-
pPeLUHOCTL YCTAHOBKW W TeM »KecTye ByLeT cucTema no oTHO-
WEHWIO K CUNam nomex.

Vmake. NPU 3TOM npeactagnAeT coboil ckopocTe, KoTOpaa
Gyner ycraHaBnvMBaTbCA, KOrAa cepBOKnanaH Gyger oTkphi-
egatecA Ha 100%.

OTciofa BbITeKaeT ewe, YTO HOMUHANLHLIA pacxon cepeo-
kKnamnaHa Q = A - vmakc. cnegyer BeIBUpaTe KaK MOXHO
MEHLLUWX pa3mMepoB.

Ha ocHoBaHMWM XapakTepuCTUKK YCTOMYMBOCTM HE WMEeTCA
BO3MOMKHOCTY BbIBUPaTe YCUNMeHWe KOHTypa nioBoi Befn-
YKHBI,

Ecnin yeunenve koHTypa Kv Byaet 6onblie, Y4eM KpuThyec:
KaA kpyroeas yactota Kvkpur., TO NpW nomexe cuctema 6y-
AeT noasepraTbCA KOﬂEﬁaHHHM, a 3ITo 3HAYWT, YTO CcKUCTema
Byaer HeyCTOMYMBON.
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BnuAHUe NMHAMWKKA CEPBOKNANaHa Ha KOHTYP perynupoBaHna

Kakoit BenWinHbl, TaKum oBpasom, AONKHO BeITbL YouneHne
koHTypa Kv maxkcumansHo ?

Cnepyer pasnuuate [Ba Cny4an :

a) Yactora cepeoknanaHa wy
{yacToTa npu cmeweHny (haz 3HAUUTENBHO BhILLE,
yem coBCcTBEHHAaR YacToTa Harpyskm wl.

B Takom cnyuyae MOMHO CHayana npeHebpedb AMHAMWYECK U~
MK CBOWCTBaMMK Y4acTHUHOWN cucTembl ¢ Gonee BeICOKOM coG-
CTBEHHOW 4YacTOTOW, B CBA3M C 3TUM KOHTYP perynupoBaHinA
MOHWXKABTCA 40 CUCTEMbI 3-10 NOpAAKa; ANA 3TOMO B AeN-

CTBYM YpaBHEHUE |

370 3Ha4MT, yTo YacToTa KV aomkHa BbiGUpPaTbCcA BO BCAKOM
cnyyae meHblued BenuurHbl, Yem KVikpit.

0D = Ge3paaMepHbid KO3MDHUUKEHT 28TYXEHUA

Ha puec. 4 w3o6paxaeTcA BpEMeHHaR XapakTepucTuKa OfHOo-
r0O TAKOro KOHTYpa perynyvpoBaHna 3-ro nopAnka B KadvecT
BEHHOM OTHOLLEHWW, NMpW 3TOM B KadyecTBe NapameTpos cny-
AT OTHOCWMTENbHOE 3aTyXaHWe U OTHOCWUTENLHOE YCWNeHue.
OtHocvTensHaa senuyuHa KVont. BbIBOAWTCA OBbLIMHD U3
TAKOW BPEMEHHOW XapaKTepuUcTUKK, T.e. U3 nepexonHoii xa-
pakTeprcTukuW, Ecnn npu aaHHom satyxadum KV Gyaer noa-
BEPAMBATLCA Manoi BENWYMHLI, TO B HannymMm ByaeT AOBOMNb-
HO MOHOTOHHO HAPACTaLLAA NepexoAHan XapaKTepucTUKa;
ecnu e KV Byaer oueHs BOMbWON BENWHMHBI, TO BOSHWKHET
CUMbHO Hano»eHHoe KonebaHwe.

Mcxonn 13 xoaa TaKoW NepexoaHon xapakTepyucTuky (nepe-
XOAHON peXkum), MOXXHO OMpefenvTh KPUTepuA KadecrTsa.
OueHb yacTo ynoTpebnaetcA | TAE-kputepuit (Integral of
Time multiplied with Absolute Error).

Puc.4: BpemernHan xapaK TEpUCTUKE KOHTYPE DEZynupo-
@aHuA 3-20 NopAdKA

Mocne atoro 6yaer cYyMTaThCA ONTWMANLHLIM TO YCUNEHWE
KOHTYpa, npu koTtopom [TAE-aHaveHwe Byaer mMuHuMans-
HOW BenuHHel. Ecnu Byaet BuaonameHATecA KV NMpW nocto-
AHHOM 3aTyxaHuu n BypeT HaHocuTeeA |TAE-3HaveHwe Hag,
OTHOCHUTENLHLIM yeunuem KV /WL , To B peaynLTaTe nonyYyuT-
cA n3obpameHue Ha puc. 5.

Ja

Pue. B

MosHO YCTaHOBWTL, 4TQ ANA AUana3oHa TMNWYHbIX Koathdu-
umeHToB 3atyxaHua (0,2 << D << 0,9) nexar ontumansHsie
ITAE -anauerua mexay Kviwn = 0,25 u 0,35,

OTcrona BeiTEKEET 1-2 NpaBuno:

Takoe yCUneHwne, HasblBaemMoe TakKxe YCUNeHWwem CKOpOCTH,
npeacraenaer cobon pesynbTaT YMHOMEHWA ropasnu4ec-
KOro ycuneHnna Ha aNeKTpU4YeCcKOe yornneHue.

6) YuntbigawTea ofie coGCTREHHBIE 4ACTOThI

Bcnenctewe aToro BO3HWMKaeT cuerema 5-ro nopagka. Xa-
paKTepmcerw YCTOFI'-IHBOCTH A3KT B WTOre AnA 3atoro Kpu-
TUYECKYIO YaCTOTY (0 KpWT. W KPUTUYECKOE YCUNBHUE KOHTY-
pa KVkput, KOTOpkIE 33BUCAT OT 06emx cOBCTBEHHLIX Yac-
TOT WV = CcOBCTBEHHOR 4ACTOThI KNanNaHa M wL = cCOBCTBEH-
HO YacTOThI HArpy3Kwu,

Kpmuqecnaﬂ YacToTa Wkput. BCerga MEHbLUE, YemM MeHbLWaA
W3 ABYX YacTOT WV K wlL .

Ecnu npeHeBperate KoathduuneHTamu 3aTyXaHWA, BbITEKAET
2-e NpaBEuno;



BnuAHWe gUHAMWKK CEPBOKNaNaHa Ha KOHTYP PerynupoBaHna

OnTumansHsIm ycuneHvem KOHTYDa NpK 3TOM ABNRETCA

3-e npasuno:

ToyHOCTL NO3MLUWAN W XKECTKOCTE NO OTHOLLEHWKD K Chnam no-
Mex TpeByHT BbICOKOIo 3NeKTUPYECKOro yeuneHuA Kp.
Mppagnuyeckoe ycuneHwe ROMKHO GbiTe MO3TOMY TONBKO
TaKol BENWYUHEI, Kak 3To ByneT HeobBxoaumsim (cp. norpeLu-
HOCTL YCTaHOBKHU) .

4-e NpaBuno :

Cl‘le.ﬂ.‘/ET nNpYMeHATE KNnanad nNno Mepe BO3IMOXKHOCTH C MeHb-
WM HOMWHANbHLIM pacxonom, Takum KnanaHom, Kak npa-
BWNO, ABNABTCA TAKMKe KnanaH ¢ Bonee BeICOKWUMW AMHAMU-
YECK MMM GBOF‘H;TBEMH.

OnpepeneHne XapaK TEPUCTUHECKUX HECTOT
CepBornanaH
HacTtoTHaA XapaKTepucTuKa cepBoKanada NoaaeTcA Ha rpa-

ryeckom n3obparkeHnn.

Uunuupp

Puc. 6: Onpedensrue cOBCTBEHHOU 4aCTOTSI C YUNUHOPOM
CUHXPOHHO2Q X003

E = MOAYNL 3NaCTUYHOCTKM Macna

14 -107 [kricm * cex?]
AR = KOnNblUeBaA NOBEPXHOCTb UMIMHAPE [om?]
H = Xxoa umnHgpa [em]
V = obuwii obbem mMacna Nogd AaeneHuem [em?]
m = macca [&r]

VLR = o6bem macna noa gasneHvem B Tpybonpoeoge

C KOMbUEBON CTOPOHBI LUNUHAPE [em?®]
wo =‘\/2"E0»‘J\Fiz)'{\o"'rT'l_)I [cex. ]
V. =Vi=Va2=AR*H/2 + VLR [cm?]

CobBeTeeHHaR 4acToTa MUHUMAanNsHOK BEBMWYKMHEI, KOrga uu-
NKUHAP HaxogWuTCA Ha cpem-teﬁ no3uumm.

 f—H 4+ X—*

(2]

Puc.?: Onpedenerue cobereennol yacToTs! nocpedcTaom
JuhhepernyuansHo20 YUunuHopa

E = moAynb 3NacTMMHOCTW Macna

1,4 107 [krfcm -« cex.?]
AR = KOfbUEBaA NOBEPXHOCTb UMNWHAPA [em?]
AK = noBepxHOCTb NOPLUHA UMNUHAPAE [em?]
V1 = o6bem macna co CTOPOHbI NOPLUHA [em?]
V2 = obBem macna co CTOPOHbI KOMbLA [ewm?]
m = macca [Kr]
H = xoa [em]
hK = X04uWnnHAPa NpU MUH. COBCTBEHHOW YacToTe [cm]
VLK = obbem Tpy6onposoga co cTOpoHbl nopwHa  [cm3]
VLR = o6bem TpyBGonposoda ¢ Konbuesoi cropoHsl [cm?]
wo =~/(C1+C2)/m

=

w0 =‘\/E'AK2!(V1‘m)+E'AHQI(VE'FH)
Vi = AKe®hK + VLK [em?]
V2 =ARe(H - hK) + VLR [em3]

CoBCcTBEHHER 4acTOTa MUHUMAaNbHOW BenuYuHbl, NPpU NO3U-
uuu umnuHapa hk.

CobcTeeHHaR YacTOTa rMAPORBUraTena

w0 =4/ 2¢(q2en2eE/(V1eJ)

q = paBouuid obbem [em?/06.]
V1 = oBvem macfia noa gasresuem [em3]
J = MOMEHT UHEPLMM MACChI [r/em?]
E = moayns anacTudHOCTU Macna

1,4 -107 [Kkr/cm - cex?)

Ecnu npu BeluMcneHWn npuBoAa ByAeT YCTAaHOBNEHO, YTO He
EyayT nocturatecA TpeboOBaHWA TOYHOCTH, TO YCUNEHME KOH-
TYpa MOMET MOBbIWATLCA 38 CYET COOTBETCTBYIOLIErD YKOM-
NNeKTOBaHWA perynaTopa.
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BnvAHWe AMHAMMKK CEpBOKNanNaHa Ha KOWTYpP perynupoBaHna

BuiumcnurensHblil npumep

—  50/36x100 XOA

A NN

|

Puc. 8
umnuHap 50/36 x 100 xon
Konbuesana NoBepxHocTb LMNuHapa AR j 9,45¢cm? M 418 o
nepemeLLaeman mMacea m = 500kr 4
Bpema nepectaHoBKW AnA xoaa 8 80mm  t = 400 mcex. Vonr. = 325/3 = 108 cex.
VABDIKUBAOLLLEE YCUNue FH = 6000w

MocToAHHAA BpeEMEH!
Muppaenuueckan coBCTBEHHAA 4acTOTa CUCTEMbI LMAWHAP- T = 1/V=1/108cex.” = 0,0092 cek.

macca
BoamowHoe BpemMA YCKOPEHWUA

v T8 = 5T = 50 mcex.

wo =~/ 2eEsARZ/(vem)
Bribop cepeoKnanaHa

Ecnu knanaH 6yaer mMOHTUpOBaThEA HENOCPEACTBEHHO Ha
MakcumansHaa CKopocTh

UMNKUHAPE, TO ANA YCTaHOBREHHOro ofbema B gencTeuu Oy-
AeT cneayrollee YpasHeH e :

V = H/2 e AR

Ecnu noAcTaenTe B BbILWENPUEELEHHOE ypaBHeHue ANA 0 o +
ero 3HaueHue, TO B Pe3yNLTATe BYAeT BbiTEKATh, YTO V makc.

wo =\/4-E-AH!(H-m}I

W0 = \/ 4 » 14 » 107(krlemicex?)» 9,45 (cm?) |
/ 10 (cm) o 500 (kr)

WL = W0 = 325cekx.”!

= i EiLEL, : k= lSDmcer?. t
fo = 581ruy

 le—— 400 mcex. ———»
[nA Toro enyvae, KOr4a co6cTEeHHaA YacToTa KnanaHa Gy-

[T 3HAYUTeNLHO Bbile, Yem CODCTBEHHER 4acToTa CUCTEMb)
UMNMHAP - Macca, B AGICTBUM ANA YCWIEHWA KOHTYpa KV 6y- Puc.9

AeT cnegyrouiee
. Vmare. = / (Tosuy. - TB) = 80 (mm) /(0,4 (cex.) — 0,050 (cex.))
Kv < Kvkpur. = 2D " wL (em.Hacrp. J 4, cnyyait a) Vmake. = 228 (mm/cex.)
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BavAHWe AMHAMUKKW CEPBOKNANaHa Ha KOHTYP PeryiupoBaHua

Tpebyemsiii pacxog
Q = Aey = 945 (cm?) » 22,8 (cm/cex.)

£ = 215,5{|:M3!ce:<.}
Q = 13 {(n/muH.)

BLibupaetca
cepeBoknanad ¢ QN = 20 n/muu. npu Ap = 70 6ap

BoiuucneHwe ycHNeHwA KOHTYpa, NpUMHMMAaA BO BHWMaHue
CcOGCTBEHHYIO 4acTOTY Knanasa

CoBeTeeHHAA 4acToTa KnanaHa Ha OCHOBaHWUW YacTOTHOW Xa-
paKTepucTUK K (Ccm. Ha pue. 70)

Alau) e Ay
1r ' 7T 1185
0 B T e 50 L
1 \"\,\ P y P a3 . (__.;gpi‘; | _
\\ \ NA ’/ Seii l fo6a308aA rpadinieckan xapakTepucTuKa
4 N Y 120 ¢ :
y\ 7/ S
N e T T
4 X A1 80 1,0 :
/ / )\ \ i ' [
. 3\ i )’
5 // /:/ \/ \ \\ N -75 .-0,9 /
6 /"/(' // \ p \\ "60;. 08 /
7 & d A1\ \\ \\ 45 0,7 /
8 /j/ \ M\ A g /
L \\ T \ T 0,6 /
8 R S
: - - - 0 o4l — ;
10 20 30 40 5060 80100 200 300 0 50 100140 200 250 300
wactora f (ru) S : patouee aasnetuve p (6ap)
Qp: 45 . ?-’5_11_!!\;154&', ZiN -
——— Qn: < 300/mun, ZiN -
—— Op:45 — 750/, 25% ziy
————— aNi < 30, 25% 2N .

Puc. 10: TunuyHoe uzobpaicerue 6az0800 YacTOTHOU xapakTepucTurct (cnesa) 1 2a8ucuMocTs YacToTsl OT paboyezo dasne-
Hug (cnpaeal 0417 cepeoOKIaNaH08 C MexaHuyecKol oBpaTHod CeA LI

OHPQAHHEHI'IE WV HA OCHOBAHWMKM MacTOTHOM XapaKTepucTKmW

wrkpnt. = OV & OLAOV + L) Ona =30 n/MuH. u 256% curHan
wipnr. = 534 & 325/(534 + 325) f —90° = 85kr npn 140 Gap
wpur. = 202 1/cex.

WL =2 7985 = 534 1/cek.

Kvonr. = 1/3 wrpur. = 202/3 = 67,3 1/cek.

J8



BnuAHKe OUHAMWKUW CEpPBOKNaNaHa Ha KOHTYP perynupoBaHna

CpasHeHue 0BOWX BbIYMCMEHHBLIX YCUNEHWIA KOHTYpa noKka-
3LIBAET, YTO B [A3HHOM C/y4yae KnanaH OKa3blBaeT CUNbHOE
BNWAHWE HA BOZMOXHOE YCUITEHWE KOHTYPE U B CBA3WN C 3THMM
Er0 CNeAyeT NpUHMMaTsE BO BHUMaEHwWe.

MocToARHHAA BPEMEHMW
T = 1/Kv = 1/67(1/cex.”’) = 0,015 [cek.]

BO23MOXHOE BPEMA YCKOPEHUA
Te = 58T = 0,075 [cek.]

Bribop cepaoKknanaHa
MakcumansHas cKOPOCTL

v_.

I |
I |
| |
| |
1 T
|

75 M(.‘-ﬁ'lf

75 -M-ceT, t :

e 400 Mt:alc-—-—"|

Puc. 11

Vmake, = §/ {Tobw. — TB)
Vmaxe. = 80 (mm) /(0,4 (cex.) — 0,075(cek.) )
Vmake. = 246 (MM/cek.)

Tpebyemebii pacxon

Q = A v =945(cm? - 24,6(cm/cex.) = 2325 [em’fcek.]
Q = 13.9[n/muHn.]

Bruibupaetca :
cepeoknanad ¢ QN = 20n/mun. npw Ap = 70 6ap

I'Im'epﬂ AdaBneHWA Ha KnanadHe

Ap = (Q/QN)2 * 70 (6ap) = (14/20)2 » 70 = 34 [6apa]

YeckopeHue
amaxe, = Vmare./ TB = 0,25(m/cex.) /0,075 (cex.) = 3,3 [Mfc&l(.zl

Yckopriowans cuna
FB = m e amake = 500(kr) ©3,3(m/cex.?) = 1650 [H]

TpebyemMmoe AaBNeHue YCKOPEHWA
PBuaxe = FB/AR = 1650 (W) / 945 (em?) = 17,4 [6apa]

MoTpeBHOCTE B AGBNEHUN ANR YAEPKMBAIOWErO YCUNINA
pH = 6000 (H) / 945 (cm?) = 64 [6ap]

Buiuncnenne AaBNeHUA B CHCTEME

{cm. B pazpene " KpuTepuu anA seibopa napameTpoB ANA y-
NpasneHnA ¢ MOMOLWLID NPONOPUWOHANBHLIX KnanaHos”,
ctp. 20) .

pp =2em=vyv/(Te e 10 = Aw) + Apv +
+ (Fst + FR) / 10 » Aw)

pP = 2 ¢ 500(kr} ® 0,25(m/cex.) /
/{0,075(cex.)® 10 ® 9,45 (cm?)) + 10 (6ap) +
+ B000(H) / (10 * 945 (cm?))

pP = 109 [6ap]

BeiGpan pP B 100 Gap
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BnuAHKWe MHAMWKW CEPEOIKJIANaHa Ha KOHTYP perynnpoBaHnA

OﬂpBﬂEBEH“E TOYHOCTH YCTAHOBKH

YcuneHune KOHTYpa
Kv = Kt e K2 o Kae Ka = 67 [cek.’!]

K1 = NeKTpUyecKoe ycunedue {ewe HGH3BE‘CTHO}

K2 = 20n/muH./ 10 BonsT = 33 (em¥/cex./BoneT)
K3 = 1/9,45cm? = 0,106 (1/cm?)
Ka = 10Bonbt/10cMm = 1 (Bonet/cm)
obipasosanve ycunTens ' cepsoKnanaH -anuligpe
nNorpelHocTen BEE e . o ;
Xoaa. 4 A%
=Q K1eF1 Kz e F2 Kse Fs
: 3 _ g
= | Xaevicrs.
ycrpoiicTeo cuctema
T~ CONpRAMKEeHuA W3MepeHunA Ks

Puc. 12

BriyneneHue K1
K1 = KV/(K2 » K3 » K4) =
= B7 (em/fcex./em) /
/{33 cm¥cer./BonsT) ® 0,106(1/cm?)) ® 1 (BOnbT/CM) )
K1 =19

MorpewHocTL CNeKeHWA

SN = Vmare./KV
Vmake. — 3TO 346Ch MaKCMManbHO BO3MOMKHaA CKOpOCTh,
KOrAd OTKPbLIT Knana.

SN = 250 (mm/icex.) / 687 (cek.™t) = 3,7 mm

ToyHoCTE YCTAHOBK MW
Ax = 5% o1 SN
Ax = 019 mm

[MorpelwHOCTY B CBA3M C BapyalWei NoKasaHWiA cepsoKnanada

Kakoi BenuuuHel 40MKHE BbiTk NOrpeWwHOCTe pPerynupoea-
HUA AnA Toro, 4to6bl cepBOKnanaH CMOr NPecAoneTs CEOH
BAPHALIMIO NOKA3aHWIA 7

Mpeanonoxum, uto KU = 0,2% oT HOMWHaNLHOro curHana

Ax = KU / (K1 = Kg)
Ax = 0,002 e 10 (V) /(19 = 1 (BOnbT/cm) = 0,001 cm:
Ax = 001 mm

J10

I'Iorpemnocm B CBA3W C N3MEHEHUEM HAEIrPY3KHK

npn AF = + 3000 H

Ina toro, yTo6ei MOHO BbINO KOMMNEHCUPORBATL TaKoe W3-
MEHEHWE HArpy3KW, KNanaH AoMmKeH OTKPbIBaTLCA Ha onpe-
AENEHHYI0 BEeNWYWHY, 3TO Bbi3bIBAETCA W3-3a MNOrPELWHOCTH
perynuposaHua Ax.

Ax = AF / (K1 o K2 » K3 ¢ Ka)
K2 npu atom ycunexue faBneHwA cepeEOKNanaHa.

Mpu 1% curHana B pacnopsa}eHun MMeeTca Ha noTpebuTtens
80% pasneHwA.

08 ¢100/ 0,1 (BonbT) = BOO Bep/BonsT
BCEACTBUE 3TOTO NMOTPELWHOCTL HArpy3Ku cocTaBnneT

As = 3000 (u)/
/(18 = 8000 (H/cm¥/ BoAbLT) @
® 945 (ecm?) * 1(sonst/cm))

s = 0,0022¢cm = 0,022 mm



BnuAHKE AMHAMKUKN CEPBOKNANAHA HA KOHTYD perynupoBaHuA

DnA zameTok
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Bnamanne puHamuKn cepBoKnanada Ha KOHTYP pPerynupoBaHna

Ana 3ameToK
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®PunbTpauma Ha rMapaBINYECKUX YCTAaHOBKAX C
cepBOKanaHamMm U NPoNoOpUMUOHaNbHbLIMW KnanaHamm

MapTun Paink






OunbTRAUMA HA FTMADABNMUECKMX YCTAHOBKAX C CepPBOKRaNaHamin U NponopuMoHanbibivia KnanalHamm

BarpazHexliA B0 BpeMA pabouero pewuMa

MpoHWKHOBeHWe 3arpA3HEHWI B rMApaBMiecKUWii Bak s -aa
HENOCTATOYHON BEHTANALMK 6aKa, yepes NPoxohsl Tpy6, y-
NNOTHEHWA LWTOKa NOpLWHA U T.n. JonA npoHUKarus Neinu
8 CUMNbLHOW CTEMeH 3aBUEUT OT 0BNacTy NPUMEHEHWA, HANPK-
Mep, K@MEeHHBIE Kapbepbl, AOPOMHOE CTPOMTENLCTBO, Ue-
MEHTHbIE 3aB0obl W T.MN.

3arpAzHeHrA U3 -3a NpUMeHeHWA CBEXero Macna

¥ cBe)Kero macna, nocTaBNeHHOoro NocTaBlWMKoOM Macna, va-
cTO BhIBAIOT HENOMNYCTUMO BhiCOKWE 3arpA3HEHWA ANA cep-
BOK/anaHoB 1 NMPONopUMOHanbHbIX KNanaHos B BUAE TBep-
Ablx Ten. Takue 3arpAsHeHusA HeoBxoaumo oTdMnLTpoBaTE
C NOMO LB CMOHTUPOBaHHLIX Ha YCTaHOBKE hUNLTPOB.
Mpur ycraHoBKax, HA KOTOPLIX NpenycMaTpuBaeTcA TONbKO
ofuH (UNLTP B CNUBHOW NUHWA, MOXKET, OQHAK0, TaKoe "3a-
NpaBoYHOE 3arpA3HeHMe” BbIZBATL YKe Npu Nponofackuea-
HWW YCTEHOBK W CUINbHOE NOBpEXXAeHWE HMCNOoNB3YeMbIX KOM-
NMOHEHTOR.

MoaToMy ABNASTCA HEOBXOAWMMLIM MNPOWIBOAWMTE 3aNpaBKy
CBEXEro Macna ¢ NoMOlibH arperata ANA Texyxofda 3a mac-
NOM WNKX BAWBATL MAc/io YEePes BCTPOEHHBIA B YCTAHOBKY
unbTp B CAWMBHOW NUHWMK, TAKUE YCTPOWCTBE CNBAYEeT TaK-
we NPUMEHATL MpW cMeHe Macna. [pumeHseMbld Tam TH-
LpaBNUYECKU hUnbTp AONKeH WMeTe TAKYH e TOHKOCTb
thuneTpaumm, KaK 1u duneTp B rMAPOCHCTEME.

Puc. 2: Azpezar dnm Texyxoda 3a Maciom

Puc. 3: Tafnuya cpasHeHus KIaccoe yucToTel

K2

Knaccel 3arpAasendocTy anA pabounx xupKocTen
Ha MAcNAHOW OCHOBE

Knaccel 3arpA3sHEHHOCTY NOJAOT CBEAEHUR O TOM, CKONLKO
yacTuy, onpeaeneHHoro pasmepa cogepxutca 8 100 Mmunnn-
nuTpax paboyeil KUAKOCTH,

OnpegeneHve Kiacca 3arpA3HeHHOCTW NPOMIBOAWTCA MOC-
PEeLCTBOM MOACHETA W YNOPALOYEHUA NO BENWYWHAM HacTWL
2arpAzHeHd. 3TO0 OCYLWECTBNAEGTCA NMBO ¢ NOMOLLLID MU-
Kpockona, nubo ¢ MOMOLWLID 3NEKTPOHHOrO CHYeTHMKE Yva-
ctul,. Mo cpaBHeHWIO € NOACYETOM YacTHL, C NOMOLWBK MuU-
KpOCKONA, MOACHET YaCTUL C MOMOLLLID 3NEKTPOHHOrO CYeT-
YMKAE 4acTWL, He NOAA3ETCA B TaKOW CTENeHW 3IMOLUMOHAENL-
HbIM BAWAHKMAM. HauWMHaR ¢ KOHUeHTpauuwu 3arpA3HEHWA
npumepHo nopAgka 10mr Ha 1 NUTp MKW NpW cUNEHOM no-
MYTHEHWW KWAKOCTW, 3arpA3HEHWE MOMHO YCTaHaBNWBaTL
TONLKO NOCPEACTBOM ONpeAeneHWA Beca rpAsu (Meton Be-
coBoro adanuza). [pu TakoMm meTofe, OAHAKD, He MOryT
KnaccuuuMpoRaTeCA OTAENbHbIE YaCTWUUbI 3arpAZHEHNA.
Bonbiled 4acTbld ABNAKITCA CEpPBOKNanaHsl ¥ Nponopuvo-
HanbHele KNanaHbl caMbiMW YYBCTBUTENbLHLIMW MO OTHOLE-
HUIO K 3arpASHEHUAM KOMMOHEHTAMW HA TWAPABANUECKON
ycraHoeke. MMoaTamy OHW onpegenanT Knacc obuiero sa-
rpAsHeHuA pabo4eit KUAKOCTH Ha MACNAHOKW OCHOBE, 3@ BCne-
cTBYE 3T0TO U TpebyeMyo TOHKOCTE (UnbTPa.

CrpyxTypa KnaccoB 3arpA3HeHHOCTH

B HacToAwee BpemA B pacnoprxkeHun umewTtcr b cuctem
knaccudmicauui { 1ISO — MexkayHapoprarn orpasuzauma no
ctaHpapThsaumn — 4408 wunn CETOP RP74H, NAS 1638,
SAE, Mil.std. 1246A). Kak 370 MOXHO YCTAHOBUTL C
NMOMOLLLID MPUBEAEHHOTO HUMKE CMMCKA, TAKWE CUCTEMbI MO-
ryT CpaBHWBATLECA Mexay cobon.

1S04406 | Yactnus | ACFTD [MILSTD| NAS | SAE
unm 1mn comepwa- | 1246 A | 1638 | (1963)
CETOP | < 10wk | wwe | (1967) | (1964)
RP70H EBI_.IJ.;‘?C s
mr/n

'26/23 [140000  |1000

25/23 | 85000 1000

2320 | 14000 100 700

21118 | 4800 12

20118 | 2400 | 500

2017 | 2800 11

20/16 | 1400 10 '

19/16 1200 | 10

18/15 580 9 B

T S R A

120 9 g 3 0
18/ 8 5 2
10/ 8 A 100
100 7 23 1
10/ 6 14 0,01

9/ 6 125 0
85 06 | i 00
5 03 50

6/ 3 0,14 0,001

/2 0,04 25

2 8 0.01 10




mHﬂpralﬁHﬂ Ha ruppagnuyecKMX YCTAHOBKEX C CEpBOKNanaHaMu W NponopuMoOHaneHEIMM Knanadamu

CrpykTypa 1SO 4406

Ha avarpamme Ha ock X nodakTcA pazmepkl Yactuly. Ha ocu
Y NpUBOAWTCA KONWYECBO YacTUL W 4aCTWLbI NOAPAE3AeNAOT-
cA no svicnam knaccos B npegenax 1 — 20. Hadecennans wa
axarpaMmmy nNpAaMan onucbiBaeT pacnpeaeneHie YacTyL B pa-
Bouel MUAKOCTM HA MacnAHOW ocHoge. Moabem nNpamMoi o-
npenenmAeTcA NOCPeACTEOM BHECEHWA BENMMMHbLI YacTul pas-
mepom B SMK v 1bmk. lNocpeacTBOM YCTaHOBKW Yucha
Kknacca y 4actuy B 5 Mk 1 15 MK onucsiBaeTcA npAman pac-
npeaeneHKA yacTul (cm. Ha puc. 4) .

ﬂﬂﬂ CepBOKNanNnaHos WM NponopunoHanbHblX KnanaHoe Tpe-

ByeTcA TakaA YMCTOTa Macna:
cepBOKNanaHs! 13/10 (kpacHana kKpuean )

nponopuxoHaneHeie knanadel  17/14 (cuHAR kpuean)

106 0603HaveHNe NPohsl

g 3
I 3
z e
o
& 0

B4
?: 12 e
§ :.; \
| —
A ;. i
g % \\ g
g 1 g
@ B (=]
=
= 102 1 |
2 e
;‘ 3.2
e 1.8
o (o ——— I
T 3
= :
5 s
B

2 5 18 15 28
PASMEP YACTUL & mk

Puc.4: CrpyxTypa knacca yucToTst coznacqo (SO 4406
unu CETOP RP 70H

Crpyxrypa NAS 1638

OtaeneHble pazmeps! YacTul, obveanHAOTCA B 5 guanasoHax.
ANA KaXporo AnanasoHa NojasTed B KaAOM Knacce, Ta-
KuM 0Bpazom, MaKcUMankHOe KONWYeCTBO 4acTul, (cm. Ha
puc. 5) .

Tpebyeman yucToTa Macna:
cepBoOKNnanaHsl NAS 4 no 8 (kpacHeiid guanas.)

nponopuronansHeie Knanadsl NAS 8 o 9 (cuHmii ananasoH)

Knacc 3arpazxesHocTy cornacio SAE

W3-33 OTHOCUTENLHO HEZHAYUTENLHOTO KOAWYECTEA KacCcos
aarpAzHedHocTy (9 yactuu/mn go 580 yactuu/mn) paHHbIN
Knacc 3arpAsHeHHOCTM NOYTU He UCMOoNb3YETCA.

' Mpemyuwecraa u Hegoctatk NAS 1638 no cpaeHeHuio
¢ 150 4406

Mpeumywecteo NAS1638:
nO,ﬂC'-il-‘lTaHHble YacTuukl! MOMMHO HEMEONEHHO OTHECTHM K O-
MpPeaeneHHoOMY KNaccy.

Hepnocratok NAS1638:

OrcyTtctRyeT TOYHOe OnKMcaHWe AEHCTBMUTENLHO CYLIECTRYIO-
Wiero pacnpeneneHuna Yactul,. Tpebyemblid KNacc MOXHO coB-
MAaTe TONBKO B OAHOM AWanasoHe paiMepos vacTwu. lo-
aToOMY NpW Knacocudukalun cornacHo ctanpapty NAS1638
crneayeT yKaskiBaTh YCTaHOBMEHHbIR AManNa3oH pasMepoB Ya-
CTHLL,

Mpeunyulecteo 1SO 4406:

Jaerca onucaHwe AEVCTBUTENBHOrO pacnpeneneHkuA YacTuu,
Mo»keT onwucbiBaTbCA Kaxgoe COCTOAHWE 3arpA3HEHHOCTW
HMAKOCTH.

Hepoctatok 1SO 4406:

MeTon oueHku, TpeBytownia Gonbiluvx 3aTpaT BpemeHu. K3-
MEpPEHHOE KONWYECTBO HYaCTWUll JOMMKHO cHavana npeobpaso-
BbIBAThCA B NOpAAKOBOe 4ucno. [locne 3Toro BO3IMOMHO
onwncaHue NPAMON pacnpeaeneHnn.

MakcumansHoe KONMYECTEO $acTul 3arpAsHenun B 100 M rufpaBnMYeciKoi JUAKOCTY NPYU Pasmepe 4acTuy

el 2
5-15 125 | 250 500 | 1000 | 2000
15-25 22 44 &9 178 356
25.50 | 4 Bl s o e
50-100 §i 2 3 11
>100 0 0 1 1 2

Knacc
RETT T
(8 256000 | 512000 | 1024000
| 45600 | 91200 | 182400
8100 | 16200 | 32400
1440 | 2880 | 5760
256 | 512 | 1024

K3






¢unh1'paum1 Ha ruapagnnyecKKX YCTaHOBKAX C cepeoKnanaHamm M NponopuuoHanbHbLIMKW KnanaHamn

IR depEnIManEHEI

- aHOMETP ;
pacxoaomep {H— Y pacxopomen
[Snewtp. N P L

CHETUMK : = T e
|— HACTULL MENLITY eMbIA
Ll hwnbT e
pesepeyap : Rkt ]
€O BEMDbIC- I} pe3epRyap ¢
KHBaEeMON H UCHALITYEMOMN |
KUAKOCTEIO [ MAKOCTHIO

cucTema
WCNBITAH WA

CHCTEMS BENPBICKK
BaHWA 3arpAZHEHNIR

Puc. 8: Cxema nepexmodeHus UCnbITaTENbHO20 CTEHO
coznacro 1SO45672

Ha ucneiTaTenbHOM CTEHAE NPEAYCMATPWBAOTCA 2 rnapasnu-
YEeCKUX KOHTYpa.

CucTema MCNLITAHMIA € PE3epBYAPOM, WMCMBITYEMOM >Xufi-
KOCTbIO, HAcOCOM, OXNakAEHWeM/HarpesomM, pacxoAoMe-
pom, GQUNbTPOM € UCNLITYEMbIM 3NEMEHTOM U MEKTROHHBIM
CYBTYUMKOM HBCTUL,.

KOHTYp BCNPLICKWBAaHWA C HACOCOM, OXMaX/JeHwem/ Harpe-
BOM, BCI'Ipb!CKHBﬁ!OU.lHM connom w“ BCﬂpblCKHBEEMOﬁ Hug-
KOCTb0. B 3TOM pesepByape >KWAKOCTL 3arpA3HAeTCA noc-
pencTBOM KOHTpOnsHoW rpasw (ACFTD) .

Mepen vicneiTaHWeM CUMLLAIOTCA 06 CUCTEMBI NMOCPEACTEOM
ynbTpadunsTpoe. McnsitaHne HaUWHAETCA NULLL TONBKO TOr-
03, KOTAa@ B CUCTEMAX WCALITAHWA B Hanuyun Byner TonkKo
npeanuMcadHOe KONWYECTBO 4acTyL, 3ar pA3HEHWA.

Xop npoeefeHnA UCNBITAHWA

M3 KOHTYypa BCMpLICKMBaHWA GyeT OTAAaBaTbcs Henpepsis-
HO HeBOoNbLUWIoE KOMUYECTBO MUAKOCTW B [NaBHbIA KOHTY].
3arpAsHeHHaA BCNEACTBME 3TOMO WCMLITYEMas KUAKOCTh
NoABOAUTCA K anemeHTy. OT6uparoTcA npobbl Nepes UCnbI-
TYeMbIM $UNLTPOM W NOCANE HEro, U B CHETYNKE ANA MoJjC-
YETA 4acTWLU 3arpA3HEHWA NPOU3BOAWTCA MNMOACYET TAKKUX Ya-
ctul,. OaHOBpEeMEeHHO W3MEpPReTCA PasHOCTL JaBneHuid, o6
paz0BaBLUAACA B pe3ynbTaTe 3ar pA3HEHUA.

Mepoi AnA cnocoBHOCTH K YAEPKUBAHWIO TPA3M | TOHKOCTH
hunbTpaumin) cnyxuT nokazatens x.

O6wee npumeuaHue: [lokaszatens fx OTHOCWTCA Bcerps K
yacTuuamM, KoTopeie Boneblwe, Yem paccMaTpUBEEMAR YacTu-
ua X. MNpw wameHeHWN pasHOCTW AaBNEHWIA Ha dmnbTpo3ne-
MEHTE M3MEHAETCA TaKIKe NoKasareNb 3x.

BriuMcneHue nokaszarena fx

MopgcunrtaHHbie 4acTWiubl 3arpA3HeHUid neped ¢UNbTPO3ane-
MEHTOM, KOTOPLIE N0 CBOEH BenuuuHe Gonblue onpepeneH-
HOrO pasmepa 4YacTuubl X, AeNATCA Ha NOACYMTAHHLIE YacTK-
ubl 3arpA3HeHuid nocne dunsTposanementa (loacynTeiBaeT-
CA OOWUHAKOBaA Benu4YuHa YacTuubl X, Npy OAUMHAKOBOW pas-
HOCTM AaBNEHW, B OLHO 1 TO e BPeMA. ) .

BeiuncnedHoe GezpazmepHoe yvcno npegcrasnaet coboii Tor-
na nokasartens fx.

HUCXOA,
AOTOK

1000 uactui > 10 mic/100 mn 1000 sact. > 10me/100mn
2 0,08 mr {ACFTD) = 10mr/n (ACFTD)

|

N2 HUCX. NOT. =~ X MK

YucneHH s npuMep:

oo 000 :
Py ?‘: = 10

BEMMYUHE 4ACTUU B MK

Bx =2 =50% crerens ouncTion (sucn.)
CREAHNA PE3MBE NOP = MUH. DA3MED YIDABI. $3CTI L

Puc. 9: Wzobpawerue oT0SNEHUA YaCTUY 3a2PA3HEHUA
nocpedcTeom BuMsTROINEMEHTOS

YwcnexHsin npumep

MN3mepeHHOe Yncno YacTiu:

Bocxogawwmi notok : 10000 vactuy > 3wk 8 100 mn
100 yacTiiy > 3mk 8 100mn

83 = nZ socxoanwwii notox / NZ nuexogrwwmii notox = 10000/100

A3 = 100 = 99% ovaeneHuA
(TaKxe 0BO3HAYAETCA KaK cTeneHb pasaencHuA )

Hucxopawwia noTok :

Havneblie o nokazatene $x 0603HAYaTCA KaK cenapupyo-
wan cnocobHocts (K.n.4.) cunsTpoanemenTa. MNpermyle-
CTBO 33KNIOYEETCA B TOM, YTO AnanasoH mexay 20% v 100%
MOXET LUMPOKO Pa3ABWraTe Cenapypylouly crnocobHOCTb.

BespazmepHiie nokasatenu Sx mMoryT B moGoe BpemA npe-
06pazoebiBaThCcA B MPOUEHTHbIE AaHHbIE Cenapupylwen
cnocoBHocTH (cMm. Ha pue. 10) .

3auem TpebYOTCA NaHHbLIe O NoKazaTene fx 7?7

MpeyKHWE GaHHLIE O TOHKOCTW WUNLTPAUWMK OCHOBaHLI Ha
Pa3NUYHBLIX BHYTPW3aBOACKWX MCNLITAHWMAX (PUILTPOB pas-
NWYHLIX NpouszsoguTener. Tonbko Bnarojapa yKasaHuo no-
cazarena Bx, YUMUTLIBAA Npu 3TOM BO3HMKAKLLYO PA3HOCTh
NaBneHWiA, ¢Tano BO3MOMHbLIM CPaBHMBATL AaHHbIE TOHKO-
CTH UNLTPaL MK PasNUYHBIX NOCTABLWKOE UNbLTPOB.
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¢Hl1pral.|,Hﬂ Ha ruApaBAUYECKHX YCTAHOBKAX C CEPpEOKNaNaHamMm 1 NPponopuroHansHbIMK KnanaHamn

[usamuuecku ruapasnuueckue Harpysaku, NMKKW 4aBneHuni
8 cBA3K ¢ BbICTPO BEINONHAEMLIMW ONEPauAMIA NO NepeK-
YEHUWID, MOMHWUEHOCHO W3MEHSAIOUIMECA MOTOKW M OTAWYaKD-
LMecA ApYr OT Apyra TemMnepaTypHbie AManasoHb), HENPUHA-
THE BO BHUMaHKe MHAMKAUMM 38rpA3HEHW — BCE 3TO He
OKa3biBaeT HebnaroNpWATHOrO BO3AENCTBUA HA 33fepiun-
BaloWKe crnobobHOCTY TAKWX 3NEMEHTOB,

Mpy GUNLTPOINEMEHTEX B CIMBHOW NHKWKM (CO BCTPOEHHLIM
fepenycKHbLIM KNanaHoMm ) nokasatenu Bx ponmkHLl noagep-
MUBATLCA A0 Pa3zHOCTU SABNEHWIA, KOTOpas BO MHOro pas
Bbille, Yem [aBfneHWe OTKPbITUA MEPernycKHOro Knanada
uny ToMKKU cpabaTbiBaHWA MHAMKaLWW 3ar PASHEHWA.

KoHeTpyKTURHbIe ocoBeHHOCTH BeTaMUKPOH -3NeMeHTOR

HanpasneHue NpoTeKaHWA: CHapy»Xu Bo BHYTpb. MuBepcuA
NPOTEKaHKA Pa3pPyLUKT MIBTRO3NEMEHT (OTPULATENbHbIE NU-
v fnaeneHun, obpasosarue BMATUH Ha hunbTpoIneMeHTax ).
B rvakux cnyyaAx cneayeT BCTPOMThL BLICTPO3aKpLIBaKOLWN-
ecA obpaTHble KNanadsl nocne unsTpoanemenTa. Mpekpac-
HO ofipaggan cebAa MOHTaX< Kopnyca (unbTpa co BCTPOEH-
HbIMW Kfanadamu ( Hanpumep, KOHCTPYKTUBHBIR pAA thunk-
Tpoe DFF) B Takux cnyyaAx.

3eeznoobpaszHoe cknaabieadue: [lnA oGecneveHus Gonblien
uNLTPYIOWE NOBEPXHOCTY, a8 SCNeAcTBUE 3TOT0 ANWHHOMO
cpoka cnyx6sl, NpegycMarpuBaeTcA 4nA GunbTpoanemeHTa
38e3A006pa3Ho cnoXeHHaA HabuBKa duneTpa (MaTtpuua) .
Cpok cnyx6Bbl dmneTpoanemenTos: Cpok cny»xbel nnu nH-
TepBansl MeXAy cMeHOW thuNbTPO3NEeMEHTOR yCTaHaBnusa-
HOTEA B 3aBUCUNIOCTI OT NOFMOTUTENEHOK cnocoBHocTH dhunk-
TPOB YOEpXUBaTk TPA3b. TakaA CcrocoBHOCTh MOKET 4pes-
EbIYaWHO OTNUYETLCA NPU OGMHAKOBOM 2/1eMeHTe, HO npw
pasnuuHbIX pabounx peskumax.

K BnuAowmMM thranyecKiM BenmyMHam oOTHOCATCA:

— HAarpy3Ka GO CTOPOHL! 3arpA3HEHWA CUCTEMBI,
— rUApaBnuMyecKan HarpyaKa anemeHTa,
— MOoNesHbtA CMNEKTP PasHoCcTK [aBNeHWA HA aNeMeHTE.

Harpy3aka co CTOpOHbI 3arpAZHEHWA cUCTeMbl ONpeaenAeTcA
NOCPeACTEOM 0BPasOBaHUA MPA3A B CUCTEME, AONW NPOHMK-
HOBEHMA TPA3W, PasMepa YacTWLl U WX KOMWYECTEa, a TakKe
NOCPEACTBOM BWAA 3ar PAZHEHWIA.

K snvAloWWM hU3MYECKUM BenuyuHaM ANA ruapasrmyec-
KOW Harpysku OTHOCATCA: MOBEPXHOCT MNLTPYIOWEro
3feMeHTa, NoToK, paboyar BA3KOCTh, @ TaK)ke paboyee Aa-
BNeHve v paBouan cpena.

Bnurowue rsndecKue BeNWYMHbI ANA 3MEMEHTOB Onpe-
AenATca NocpeacTBoM 3hdeK TMBHOMO ynagnMBaemMoro pas-
Mepa YacTul, BbICOKOW NOrNOTUTENLHOW cNocoBHOCTY nnb-
TPOB YOEPMUBATL TPA3L U KOHCTPYK UMM HaBueku cuneTpa.

Ona Toro, 4Tobkl ANA NOrNOTUTENBEHOW CNOCOBHOCTK yaep-
YUBATh FPA3L MOXHO Beino oGecnednBaTe NO Mepe BOIMOX:
HOCTY BOMbLUIKIA NONE3HBLIA CNEKTP PasHOCTU NABNEHWUN, pe-
KOMeHAYeTCA NpW onpeaeneHu TUNOPa3Mepa WCXOAUTL No
Mepe BO3MOMXHOCTM M3 He3HauyMTeNbHOW moTepu AABNEHUA
nNpy YMCTOM 3nemMeHTe. 3TO U30BPaKAETCA HArNALHO Ha puc.
12. 3aecs nopaeTcA pa3HOCTb DABNEHW Ha 3NeMeHTe npu
NOBbLILEHIMH 3arpA3HeHWA 1 paBioyero spemeHn. MoxHo Ac-
HO Pacno3HaTk, YTO NPW HE3HAYWTENEHOW HauansHOR pasHocTy
naenennii Ap BosmoxHoW ABNAETCA Gonee BolcOKaA peans-
HAaA MOrnoTuTensHaA cnocoBHOCTL YAEPMWBATh FPA3b, Yem
NpW BLICOKOA HaYankHOR pasHocTu nasneHun Ap. B oBowx
CNy4asX COCTaBNAKT MepenycKHOW Knanad, MHAWKAaTop 3a-
FPAZHEHWIA WMWY NOCTOAHCTBO Pa3HOCTW AABNEHWI 3NeMEHTA
BEPXHWI Npenen 4NA MaKCUMansHoW HarpysKu anemenTa.

: npeu.&n pasHoCTH /

srf_tmma nnn muw Katopa wpﬁsueﬂuﬁ mﬂﬁu nepenycnnan KnanaH,
liocm gaanenmu anemeHTs

. peaneHan ni:momw.nman

| CNocoGHOCTE vnepmmaa'rb
4 I‘pH 36

P

Pue. 12: OrBop 2pA3u e 3agUcumocTu OT HavansHol pasrocTu daenequld Ap
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Bei6op napamerpoe anAa diuneTpa

Pewarwwyw ponsk npy BeiBOpe COOTBETCTBYHWErQ ruapa-
BNMYECKOro unsTpa UrpaT, HapAay ¢ TpeboBaHueM OTHO-
CMTENbHO HAAEKHOCTH B AKCMNyaTauuu W cpoKa cny>kbBbi
ANA CEpBOKNaNaHoB M NPONOPUWOHAanNkLHLIX KnanaHoe, Tak-
Y& CTOMMOCTb YCTaHOBKW W 3KCNNyaTauMoHHbIe pacxonkl.
Bnaropapa Beibopy hunsTPOINEMEHTOB TOHKOR QUYUCTKU U
BLICOKOro KayecTsa, NPeaoCTaBNAETcHA BO3MOMKHOCTL 3Ha-
YWTenLHLIM 0BPa3oM YNyyLLaTs HAAEKHOCTE B 3KENNYaTauum
W CPOK cny»6bl CEpBOKNANaHoB N NPONoPUWOHanbHbIX Kna-
NaHoB.
Mpwu onpefeneHn TUNOpasmMepa PUneTpa, TOHKOCTH hUnbLTpa-
LMK M KOHCTPYKUWW (DUNbTpa cneayeT YYnuToiBaTh cnegyio-
LLWE KPUTEPWM
— YyBCTBUTENBHOCTE K 3arPASHEHVID CEPBOKNANaH0s n
NPOMOpPUMOHAaNLHbLIX KnanaHoe:
Cneayer ofpauwats BHUMaHWE HA TOHKOCTb (DUNbTPaLMK KUK
Tpebyemblit Knacc YNCTOThI.

— 06nacTb NPUMEHEHWA BCEM MMAPABNMYECKOW YCTaHOBKM
Mpwu atom cnegyeT obpaliate BHUMaHWE Ha BO3MOMKHYIO Ha-
rPY3KY CO CTOPOHbI 3arPA3HEHWA NOoJ BO3AEACTBUEM OKpPY-
satollel cpeakl (naGoparopHas ycTaHOBKAa UMW ycTaHOBKaA
Ha MeTannypruyeckom zasofe) .

— Onpepenexue pacxopa

Taxoi pacxop Moxker GbiTh BpeMeHaMW BbilUe, YeM MaKc,

obbeMHaA nofava Hacoca (Hanpumep, npu AuddepeH Lkans-

HbIX LWNWMHAPaX UnW CNUBHLIX NUHUAX W3 HECKONLKWX KOH-

TYpOB) .

— [onyctumoe naaeHve nasneHna { KOPNyec 1 anemedT)
MpPW YACTOM 3NIEMEHTE

Mpw HanopHsix dunsTpax:
1,0 6ap, npu YucTom 3remeHTe U pabovell BR3KOCTH.

Mpu hunbTPax B CIMBHOW TMHKK:
0,5 6ap, Npy YACTOM 2nemMeHTe U paboyeld BA3KOCTK.

Beibop enaemo#i TOHKOCTH thunbTRaLWNA

— HonycTtimas pazHoCTs gagneHunid duneTpoanemeHTa fon-
»KHA COOTBETCTROBATh YCNOBWMAM CMCTEMBI HA MECTe MOHTa-
wa thuneTpa

— [Homkna oBecneYyrwBaThcA COBMECTWUMOCTE MaTepuanos
thrMNLTPa ¢ HANOPHOM KK AKOCTEID

— PacyeTHOe gaBfeHne Kopnyca huneTpa
( pabouee pasneHue)

— OnpeaeneHite KOHCTPYKUKMIA UNbTRa:

Kakoro Buaa UHAMKATOP 3arpA3HEHWUA CHeayeT BCTPauBaTh
(c onTudecKOW, aNeKTPUYECKO N INEKTPOHHON WHAKKa-
uver) 7 Tpwn HanopHom cunbTpe He cheayeT BCTpawBaTh
HWKaKOro NepenycKHOro KnanaHa.

— Paboyaa TemnepaTypa Wnx pac4eTHaA Temnepartypa

PaameweHue hunLTPOB B KOKTYPE rMOPOCKCTEMbI

ToHKOCTL MALTPALKK, M3DPaHHEA B 3aBHMCUMOCTH OT Cny4an
NpUMEHEHWA, AOMKHE BbiTek OAMHEKOBOWM Y BCEX NPUMEHA-
eMbix DUNLTPOB B KOHTYPE ruapocucTemsi {rugpocucTema
— 3anNpOBOYHLIA U BEHTUAALWOHHLIA (hunbTpel ) -

Ha ycraHoBkax c Bbonee KpynHeIM OBheMOM Macna npows-
BOAMTCA Bonbluer YacTelo hWMNLTPAUMA OCHOBHOrO NOTOKa
nocpeacTeomM unsTpa B CAMBHON NKWHKUK | TOHKOCTE thune-
Tpaumn 20mk abe.) . Tpebyemeiin kKnacc YncToThl AnA pabo-
yeli cpeaskl AOCTUraeTcA ANA MPONOPUWMOHANLHBLIX KNanaHos
W CepBOKManaHoB NOCpeACTBOM WMCNONL3IOBaHWA HaNopHOro
thunbTpa ¢ Tpebyemoll TOHKOCThHY MNbTPALMK Henocpea-
CTBEHHO Nepef KnanaHom,

LononHWTeNsHO K TakoMy pasMelleHumo peKoMeHayeTcA
MOHTaX@ YCTaHOBKW thunbTpoeaHua B BalinacHol nuHumM
TOHKOCTBHO hunkTpaumnmn 5 mk abc.

BHumaHume: [lpM Takom pasmelieHuy UNLTPOE AOMHHbI
BbIBUPaTECA DOMbWIMX Pa3MepoB NapameTpsl ANA HaNOpHO-
ro uMNeTPa B CBA3M C 0XKMAEEMON BbICOKOW Harpy3Koit 3a-
rPA3HEHKUA,

knacckl 3arpaAsHesunAa | lMpeanaraembie ToH- MpumeHesne s
CETOP RP70 NAS1638 | wocTu hunbTpaumn
Somk [ >k [SEmPiuy  Px=>100
; : i CEPBOKNANAHOR NpW pat.

13 10 |4u5/3u4d X=3 3BT gasredun > 160 6ap.

- ] e CEpBOKNanaHos npW pab.

Rl s gL R R 36kIT. paBnenMU < 160 6ap

17 el 8uld | 7u8B X=10 NPONopUMOHANLHEX KNANEHoE
BbiBop hunbTPpO3INEeMEHTOB

Tun  [floctoAHcTEO|[TOHKOGTH Oﬁhsua%a}ms AnanasoHsl NpMMeHEHNUA

afeMeHTa | pasHocty |QUNBTPE- |  InemMeHTOR Ha

AaBreHun | UK upme Pexcpor
X . 3
; e 3 | .DO03BH/HC| nanopusii dmnerp,
5 | ROG3BNIEC] bnew s crwssian minir.
5 |...R005BN/HC| ¢ nepenycktibim knanarom;
10 . BOIBENEE). B segn Shepy
BN/HC 305ap. 3 |... D003 BN/HC $hUALTP B OTBETBACHUM,
5 |..D005BN/HC| $unsTposnemeHT Ann
1 0 - D 01 0 BN,I"HC NpoOMBIBEHWH -\I‘.CTE_HOBKH.
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Makc. paboyas TemnepaTypa GUNLTPOINEMEHTOB COCTaBNA-
et 100°C.

¢'HﬂthDQJ‘IEMEHTbI AOMKHBI NoABeprathCA KOHTPONH Ka-
YecTBa Npu ux uaroTosneHun (IS0 2942) .

BuiGop Kopnyca thunsTpa

Bua dunstpa  Onpepenesve Tunopasmepa dunsTpa
HanopHsii AP kopnyca +1-4p sriementa 1,0 Gep

thunetp

ounstpBeaus: | APyopnyca * T T APsnementa S<056apa
WO MMM T e et

KNAREHOM

NepenycKHsIM

DUnLTp B

unetp e | APopnyea + T ADanemenra 0.3 6apa
- OTBETBREHWU e Sl ne T i T -

&

| Hacoca okono
5 — 10% BMecTH-

o6vemHan nanaua

mocTh Gaka Ges
nepenycKkHora
Knanaxa

f = koadidbrureHT NOBLIWEHUA BA3KOCTH

BnuAHue BAZKOCTH Ha BLIGOP NapameTpoR ANA huneTpos

YK63bIBaeMble B FlpOCl'leKTa)( rpat:bmecxue xapﬁr('repncml-m
Kopnyca huneTpos U hUNbTPO3INEMEHTOB B3AThLl MO OTHO-
WeHMI0 K BAZKOCTK, HanpumMep, K BA3KocTH B 30 mm*/cek.
Ecnu pacuvetHan BA3KOCTb (Gonblel vacTelo paboyan BA3-
KDCTI:) OTKNOHASTCA OT TaKoW SESOBO;"F BA3KOCTK, TO No-
TepA faBneHvA Ha unbTpoanemMeHTe (3HaYeHWe Ha guarpam-
Me) QOFKHA NEPECYNTLIBATLCA HA NOTEPH AABNEHWA NMpPW pa-
Goueit BAZKOCTH.

Takoit nepecyeT OCYLIECTBNAETCA MNOCPEACTBOM Koathdiu-
uvieHTa NoBbILWeHWA BA3IKOCTK "f".

Onpepenenne Kosdthuumenta "f " ¢ noMoLWLbI0 pUarpaMmmel

Onpenenexnne kKoachthuumeHTa noBbIlWEHUA BA3KoCcTH "7

PacyeTHana cdropmyna no lMNMaHuepy - BadTnepy, " Paboyee noco-
Bue No NPoeKTUPOBAaHMIO TMAPaBIIMYECKMNX YCTaHOBOK, pabo-
TaloWMX Ha Macne, M ux aKkcnnyatauma”, 2-e usganue, 1969r.

OvanaszoH QocToBEpPHOCTH ANA Takoi dopmynsl nepecyeTa
nexwt 8 npegenax 30 — 3000 mm*/cex.

d

'Ko:it-hzbnuhem-f

a1+

pacosan rskocTs Y (Mm¥cex.)

0 30 70100 20030050 1000

Puc. 13: lpadiuveckoe uzoBpawenue KO3HPUYLIEHTE NEDECYETa BAZKOCTU
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munbrpauun Ha FrMApagnNUHECKMUX YCTAHOBKAX C CEPROKNaANaHamMm v NponopuMoHanbHLIMKU KnanaHamu

Tenepk cnepyeT NPOW3BECTU elle Pa3 BbIYACTIEHWA, UCXOA[A
u3 Gonbwero Tunopasmepa. Ecnun BeiuMcneHHan obllaa pas-
HOCTbL AABNEHWA BYLAET HUM¥E MaKC. HauyansHOW 330aHHOK pas-
HOCTH AaBNEHWH, TO ANA duneTpa Gbinn BsibGpaHsl Tpebye-
MblE NapamMeTpel.

Ana toro, 4yToBbl YNpPOCTUTL TAKOM OTHOCKMTENLHO CAOMXKHLIA
meToa paboTkl anA BbiGopa napamerpos dunbTPa, Npeayc-
MaTpUBAIOTCA AMarpamMmMel AfA ONPeAEneHna TUNopasMepos
thuneTpa.

Metog paboTel npw ucnons3oBaHWM fMarpamm Ana onpepe-
NIEHWA TUNOPAa3MEPOR

DF, LF, MDF = thunsTpel ¢ BN/HC-anemertamu i
| Ap =16ap, srR3xoers = 30 mmYeex.

g

B

g
a6CoMaTHAR TOHKOCTL hAbTPAaULAM

' pacueTHaA BenMiuHa Q'A B n/MiaH
. = ;
L=}

Puc. 16: Auazpamma dns onpedenequa Tunopasmepoes
hunsTpa Npu HANOPHLIX HUNLETPax

Toyka nepeceYeHURs KOMUYECTBA NPOTERAEIOLWENH HKUAKOCTH
{pacxopna) w ToHKOCTW dunsTpauum onpepenserT TUNOpas-
Mep nnbTPa.

Ecnw pacyeTHaR BA3KOCTL OTKNOHAETCA OT Neallen B OCHO-
BE AWArpaMmbl BAIKOCTU B 30mm*ceK., To KOAMuecTBO
NPOTEKAMLUEN KUAKOCTU CREAYET YBenWuuTb Ha Koatdu-
LUMEeHT nepecyeTa BAaKocTH 'f".

Mpumep:
NPONOPLMOHaNeHEIA KnanaH (NpeablayLwmi npumep)

Qauarpammer = 50 n/MuH. * 1,9 = 95 n/mun,
Onpenenedye TUNOPa3MepoB Ha OCHOBaHMW AMar PaMME|
(puc. 16')

Touka nepeceyeHUns KOMWYECTBE MPOTEKAWEN KUAKOCTH
g 95 n/MuH. ¢ TOHKOCTbIO thunbTpaurm B 10 MK HaxonoWTCH
B [ManasoHe AnA Twnopaamepa 160,

B pesyneTate aToro MPUMEHATLCA AOMMEH CNEeAYOWN
tuneTp: DF BH/HC160G10C1.X

[nA BeiBopa napameTpoB ANA GUNLTPOR B CNWBHOW NUHWN
{moHTa} B BaKe) cnenyeT NPMMEHATH CReAyoULIne AnarpamMmMbi
{puc. 17 u 18)

RF-hunetp ¢ BN/HG-3anemernTom :
Ap =056apa, sAswocTs = 30 mmcer. b
= 200 s e 3
5 s = 2
= 0T =
B 3
m 150 i
& o 2
Lol i ‘U-
o Z
2w 2
8w g

Puc. 17 Huazpanvma ona onpedenerus TUNOPasM. ghuris-
THOE Npu PunsTPax e cnusHelx nuruax ¢ O do 200.n/mun.

. RF-cunutp c BN/HC-anementom :

 Ap=0506apa, smaxocts = 0mmYcex.
i e e R R e il et
110 i %

o — —= 5

£§8388

- 300 ==

_pacuetsan senusiba Op B nfmuR
|
-~
%
Y
LY
aBCONIOTHAR TOHKOCTE hALTREUAN

100 = ==

Puc. 18: Auazpamma dnm onpedenexua Tunopasm. gunstpa
npu uneTpax 8 crnueHeix nunuax ¢ Q 0o 1200 r/muH.

Beibop napamerpos AnA unsTPOB npu hunbLTPpauKMu Tpya-
HOBOCNNamMeHAEeMbLIX UL KOCTeWN

Mpu dunbTpauuu TPYAHOBOCMITAMEHAEMbLIX >KUAKOCTEN B
BonbWKMHCTEE CNYYAEE MOTYT NPYMEHATLCA CepuiHEIe unb-
TPbl TONMLKO YCNOBHO.

B 3aBHCHMOCTI OT COCTaBA XWIKOCTY ClIEAYET NPON3BOANTL
M3MeHEHWA Ha Kopnyce unbTpa WK ero aneMeHTe.

Mpw dunbTRalun TaKMX XUAKOCTEW chneayeT yAenATh Oco-
6oe BHMMAaHWE COBMECTUMOCTM ¢ mMarepuanom duneTtpa. B
HACTORLLUEE BPEMA Y WM3rOTOBWTEI (DUNBTPOB HAaKOMMIOCh
[OCTATOMHO OMbITE ANA TOrD, YT0BLI MOXHO BbINO Npeano-
KUTb B 38BMCUMOCTY OT BWAAE MUAKOCTY CTOWKWE IMNbTPSLI.
Mpu 3TOM OTYACTWM cregyeT NpUMeHATE APYTHMe MaTepuans
v npegycmaTpyBaTe OnpefeneHHbie MeponpuATAA ANA npe-
NOOXPaHEHMA MOBEPXHOCTU. 3TO KAcaeTCA TAKMKE UHAWKATO-
POB 3arpA3HeHUA W APYruxX NpuHaanexxHocTen. Kpome Toro,
ANA TPYAHOBOCMNaMeHAEMbIX »KWAKOCTEN NO CPaBHEHWIO C
MWHEPAIBHLIMK Macamy PeKOMEHAYETCA NPUMEHATE thunb:
Tpel GonblKMx pasmepoi. 3To ABNAETCA HeobxoaMMbIM W3-
33 Gonee BLICOKOW XapaKTepUCTUKK U2HOCA KOMMOHEHTOB,
MbIMBHEIX OCTETKOB, 06pa30BaHWA MWKPOOPFraHusMoRB, a
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DUnbTPaUWA HA TUAPABNMMECKMX YCTaHOBKEX C CePBOKNaNaHamMu U NPponopunoHanbHbIMN KnanaHanu

TaK>Ke 1432-3a W3MEeHEeHWA CBA3LIBaLLEN CNoCcoBHOCTIN rpA3WX.
Mpwu BbIGOpE NapaMeTpoB ANA CUCTEMbl (IMNbTPaUMU PEKD-
MEHAYeTCA MNOCOBETOBATLCA € WSrOTOBWTENeM (huabTpPOB.

Boi60op napameTpoE ANA BeHTMNALWOHHEIX (hUNETPOB Gaxa

3HAYMTENEHOE BNMAHWE HAa rPA3EBYI0 HarpyaKy cUCTEMb! U-
MeeT AONA NPOHMKHOBEHWA rpA3W. B 3TOM OTHOBEHWW OCO-
60e 3aaHUe AOMKHA BLINONHATL BeHTUAAUMA Gaxka. TaxanR
BEHTURALMA [OMKHA NPesoTEPaLlaTs, YTeObl 3arpAIHEHWA
B OKpyXawlweil cpeie cMOrnM NPOHWKaTe B CMCTEMY, He-
CcMOTPA Ha oBmeH Bosayxa. HenpaeunbHo wnn HeBpexxkHO
NnpoexKTUROBaHHERA BEHTUNAUWMA pe3epeyapos MOYKET Bbl3bl-
BaTh AOMNONHUTENBHYHKI, CUMbHYIO Harpysky AnA KOHTYpa
huUnLTPaUMM, W BCHBACTBUE 3TOT0 310 BYAET yKopauusaTb
CpOK cNyxBbl (hUnsTpoanemMeHToB. 3Ha4eHWA MOLWHOCTU
BEHTUNAUMOHHBIX hUNbTPOB AOMKHBEI BbITe COrNacoBaHbl ¢
duneTpamu 8 cucteme. Mpu BbIGOPE NapameTpoB hUNLTPOR
NPOCUM Y4WTbIBaTh CNEAYHOWME TEXHUUECKUE AaHHbIE

ToHKOCTE hunbTpaunn: 3 = 100;

pacueTHan senvumHa AnA BoapywHoro dimnetpa: 10-kpaT-
Hoe maKc.KoneBaHuA 06bema B pezepByape ANA MUAKOCTH;

pacyeTHaA Pa3HOCTL BABNEHME NP YMCTOM (hUnbTPO3NEMEH-
Te u pacueTHo# Benuumte: 0,02 Gapa.

KOHCTPYKTHEHBIE OCOBEHHOCTY FMAPaBNMYECKUX (UNLTPOB

HanopHeii hunstp (MoHTaxk B NUHWK)

BbinycK |

-

(BHABTPOINEMENT -

MarHUTHaA feHTa

Puc. 19: Hanoptbii hunetp € paspesze (MOHTa}C & AUuHUL)

bunbTpbl AONXKHL NpUMeHATecA Bez nepenycKHbiX Krana-
Hoe. XUAKOCTs AOMXHE BCEraa NpoTeKartk Y4epes (uneTpo-
3NEMEHT B HanpaBNeHWU cHapy>u Bo BHYTPL (Mpocum yun-
ThiBaTbk CTPENKY ANA YKa3aHWA HanpasneHWA NMoToka Ha ro-
noeke tunbTpa.) . HenpemenHo cneayeT scTpamsaTb MHAW-
KaTOp 3arpAsHeHuWA dunsTpa.

Hanopubie dunkTpel ANA HENOCPENCTBEHHOro NPUCTpanBa-
HWA K NPONOPUMOHANLHBIM KJlanaHam W cepBOKanaHam.

Puc. 20

\W
N

§<
e ) §
; 3
N

K

Hanoprerd hunsTp, pasmewjeHHsiu
HeNocpeocTeeHHo oY KAINAHOM

bBnaroaapA TaKoMY pasMeLleHuIo hunb-
Tpa obecneumBaeTcA, 4TODbI MexAay
dJHHprDM W KnanaHom He Morno BbiTs

HUKEKWX 3arpAZHeHMA U YTobbl BMme-
cTe ¢ hyHKLUWeR KnanaHa cMmorna ocy-

APWA V9T VB

WECTENATLCA NMPOMBIBKE YCTAHOBKH.

K12



DunsTpaumA Ha rMopaenuyecKmMx YyCTaHOBKaX C cCepBOKNanaHamu ¥ nponopuMoHansHeIMKU KnanaHamm

®unbTPbl B CAMBHOA NWHWKA (MOHTaX B Bake)

hunNbLTPO3INEMEHT

|rprzseynoeuTens

* BLINYCK

Puc.21: @unstp 6 cnueHod fiunuu & paspese
(monTaxnc 8 Garxe)

Ana Toro, 4ToBbI MCKIMKYAIACH BO3MOMHOCTL OLUMBOYHLIX
BKMOYEHWIA HA KNAanaHax unv Apyrux rugpagnudeckux npn-
fopax, huNeTPbi B CNMBHOW NUMHWK NPUMEHAKTCA BONbLIER
YECThIO B COMETAHWM € NepenyCcKHbIMK KnanaHamu.
lMpoTekanue WUAKOCTH Yepes (bUNLTPOINEeMEHT OCYLLEeCTBNR-
eTcA, KAk MpaBuno, Bcergd B HanpaBneHWW CHapy»kKu BO
BHYTPE.

HenpemeHHo cneayer NpeaycMaTpyuBaTh MHAWMKATOP 3arpAas-
HEHWA UNbTPa, NOCKONBKY B APOTUBHOM CNy4Yae HE CMD-
HET PErUCTPHMPOBATLEA OTKPLIBAHWE NEPENYCKHOro KanaHa.
BrnarofapA MOHTaXY rpA3IEYNOBUTENA NpPEAOTBpALLAsTCA,
4TOBLI MPKX CMEHE 3NeMeHTa CMOIra NonaaaTe CUNLHO 3arpAs-
HEHHaA KUAKOCTL B BaK.

YkazaHHoe paBouee n3BbiTovHoe paBneHwe B 25 6Hap oTHO-
CUTCA K KOPMycy uabTpa npy 4MHaMUYECK ON HarpyaKe.

MHanwKauumn zarpASHEHHOCTA

Ona uHANKaUMA M KOHTPONA TOYKKW ANA CMEHbI UNW QYMeT-
KW MNbTPO3INEMEHTOB UMEIOTCA PasnuyHble KOHCTRYKTHE-
Hbie MCMONHEHVA MHAMKATOPOB 3ar pA3HeHHOCTW. Mpu onTi-
YECKOW MHOWKAUWK cieayeT creanTb 3a Tem, 4Tobbl OHa He
3aKpbIBaface NOCPEACTBOM AETaneil OBWMBKU, NOCKOMLKY
B TaKOM cnyvae oHa ByAeT ynycKateCA U3 BUAY. INeKTpU-
yecKMe MHOWMKEWLMA MOrYT MOHTUPOBATLCA Ha TRYAHOAOCTYN-
HbIX MecTax, NOCKOMbKY MHAMKAUWA MOMEHTA BREMEHU 4NA
NPOBeAEHMA TexXyxofa NPOU3BOAWTCA € MNOMOLUBH 4acTO
MPUMEHAEMOr0 3NeKTPHUUECKOr0 CHUrHana.

PLUHA

X04 No

YUCTaA CTOPOHA

Pue. 22: Inextp. uHduKkarop 3a2pA3HEHHOCTY PBULTPa

%04 NopluHA

\ o A T} 3arpAsHeHHan
o Rl 4 CTOpOHA

- A
- YuCTaA cTopoHa &

Pue. 23: Onruveckuld uHOUKATOD 382PA3HEHHOCTU AUNLTPE

3

N TN

Puc. 24 Ontuveckul UHOUKATOP CKOPOCTHOZO0 HANOPa
Ofif (huneTpO8 8 CAUBHOU MUHUU
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diuns'rpauun Ha rMapagnMyeckKuX YCTaHOBKAX ¢ CepBoKnanaHaMn M NPonopuMOHanbHbIMK KnanaHamu

AnA ocobkix chyyaee NEUMEHEHWA B PACNOPAXKEHUU MMEHT-
CA 3NeKTPOHHbIE MHAMKATOPLI 3arpA3HEHHOCTW. Takue WH-
OMKATODbl NPUMEHAKITCA ¢ BONbLIKMM YCNEXOM NPEeXae Bce-
ro Nnpv guHaMmuecKmnx NMPOWEBOACTEEHHbLIX YCNOBUAX B co-
YeTaHUW C 3NeMeHTaMy C BhICOKOW CTOWKOCTLIO MO OTHOLLE-
HUI0 K BLICOKOW pasHOCTW paBneHwil. Hanpumep: npv HU3-
KWX MpejensHeIX TeMNepaTypax Npu NYCKe WAv Npu Yactbix
NUKOBLIX AaBAEHWAX.

Takas 3NeKTPOHHas WUHAWKALWA NoORaBIAET A0 paboyei Tem-
nepaTypsl, Hanpumep, 8 32°C dyHKuMo uHankartopa. Tax-
e NOAABMATCA NMUKOBbLIE AaBNEHUA A0 ANWUTENLHOCTH AB#A-
CTBWA, COCTaBNAKIWER 9 ceKyHO4, WM He CMOryT no3Tomy
BKIIOUATL DYH KLU0 MHBUKATOPA,

ronoBKa
_unetpa

+ 20%

2483004

G [!W’('I‘!:l:l’fq

|2 .
%]
g
3  m—— R
e < | !
¥ MaKc. i
= 4400 wa i ®
m |

comm—

Puc. 25: 3nexrpostbill uHOUKATOD 332PA3HEHHOCTU
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3anpaBoMHbIiA W BEHTHNALNOHHLIA hunbTp

Pue. 26: 3anpacoyrsiti U 8eRTUMAYUOHHEIL BUNLTD
8 paspese







OunLTPaUMA HA rMAPaBNMMECK WX YCTAHOBKAX C CepBOKNaNaHami 1 NponopunoHanbtHbIMK KnanaHamMm

Ona 3aMeToKr
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Npumepbl BbINOAHEHHbIX YCTAHOBOK C
WCNONbL30OBaHWEM NPONOPUNOHANbHLIX KNanaHoB

n cepBoKnanaHoB

Nosed XyTTep






anM epbl CKOHCTPYWPOBaHHBIX YCTAHOBOK € OCHALLEHWEM NOCpeacTeomM NPoONOPUXOHANBHBIX KNAaNaHoOEB M CepEOKNanaHoB

PagwoynpaeneHue pAA MOHOPENLCOBOW NOABECHON AOPOTN
Ha ropHBIX pazpadoTKax

AnA TpaHcrnopTa Martepuana v NepeBo3KW Nojel npumeHa-
IOTCA Ha rOpHblx pa3paboTKax MOHOPeNnbCOBkIE MOABECHbIE
LOPOry € KaHaTHLIM YTpaBneHuem.

BrarogaapA NpocToi rnepecTaHOBKE CKOPOCTH, COXPaHARA npu
sToM Tpebyembie TAFOBLIE YCUNUA BO BCEM AWanNa3oHe CKOo-
POCTW BPALUEHMA, XOPOLO onpaefanu cebA ruapocTaTuyec-
Kue nepeaayu ANA TPaAHCNOPTHLIX YCTAHOBOK C KaHaTHbIM
ynpasneHuen.

NzmeHeHe obtema nogayun HAcoca, 8 BCneacTBUe ATOro cKo-
pOCTU [OPOrK, OCYLLECTBNAETCA B 3dBUCUMOCTH OT Aasfe-
HWA YNpasneHunA. Yron nogopoTa aKcwankHoO-NoplwHeBoro
Hacoca NPonopuMoHaned AaBneHumo ynpasneHnA AaTinuKa..

ﬂ,ﬂﬂ TOro, yTobLl obecneyusanach HenpepelBHaA TOTOBHOCTL
K BEBOAY B 3KCcnnyaTauwwo, NpeaycmartpueaeTCA ANA perynu-
poBaHwA AaBneHnA ynpaBneHwA, a BCNEACcTBWE 3TOro gnA
nepecTaHOBKW Hacoca, 2 CUCTEMBI

1]' cucTema ¢ TpeXﬂMHeﬁHblM nponopuvoHaneHbLIM
perynatopoM aasnedwAa 3 DREPGC (nos. 1)

2) cucTema ¢ annapaToM AWCTaHLWOHHOIO yNpasieHuA
2TH7 (noz.2), ynpaBnaeMoro oT pyKu.

L2

BrnoueHue B gedcTBMe perynATopa AasfeHWA NpOMZBOANT-
€A uepe3 paauoceAsk. [ANA 3TOro y MalliuHUCTa MMEeTcA B
PACcCNOPAKEHWW MEPEHOCHLIA pagvonepenatyvk. [lepenava
Ha BLICOKOA 4acToTe Mexay MepeaaTyikoM W NPUeMHUKOM
npoM3BOAMTCA B AuanasoHe uactoT okono 30mru. lNMony-
4eHHbIE 4acTOTHOMOAYNWPOBAHHLIE CUrHANLI OCHOBaHLI HA
UMhpoBOM MeTOAE MOAYNAUMW, TAK HA3LIBAEMOW KO[OBO-
uMnynbcHoin moaynAauun (KUM) , koTopelid no cpagHeHuto
¢ ApyrumMu MeToaamMu obecrnevrBacT MaKkcuManbHyo Hagex-
HOCTb CBA3MU.

MpWU pY4YHOM YNpPaBieHM NPUBOAOM XOAOBOrD YECTPOWCTBA
Yyepes annapaT AucTaHuWoHHOro ynpaenedna 2TH7 ¢ nocta
YNPEBAeHVA ONepaTop NoAAepKuBaeT CBA3b C MaLWHWUCTOM
noesaa 4epes paguoTenedioH. JnA nepeaayn paauocurHanos
CAYKUT PasMELLEHHbI BAOL YYACTKA NYTH KoaKcuankHbIA
abens.

Kaix nponopunoHansHelil perynatop gasnenunn 3 DREPBC,
Tak W annapaT AWcTaHuuoHHoro ynpaenedun 2TH7, Geinn
CKOHCTPYWPOBaHLI W AONYLEHLI K BBOAY B IKCMAYATAUMIO
COrnacHo HOpmam W npaBwnam 6Ge30NacHOCTW Ha TOPHbIX
paspaboTkax BVS.
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Mpumepbl CKOHCTPYWPOBaHHLIX YCTAHOBOK C OCHAWLEHWEM NOCPEACTEOM NPONOPUMOHANBHLIX KNAaNaHoB W CepBoKnanaHoe

Mpusop xopoBore ycTpoitcTea ANA BaroHeTKYW ONA
CMEHBI WUCTEPH Ha OJHOM CTanennaBuiLHOM 3aBofe
no npousBoAcTEY GeccemepoBCKOW CTanu.

DyTepoBKM KOHBEPTEROR M3HALLUWBAKOTCA W AOMKHLI BpeMA
0T BpemeHu Bo30BHOBNATLCA. [JnA 3TOro KOHBEpPTEp AON-
MKEH NepemMellaTsCA Ha PaznuuHele No3MuMK ¢ NOMOLWbLI Ba-
FOHETKMW ANA CMeHbl LACTEpH.

CmeHa uucTepH npokuzeonuTen B 4-x thazax:

1) HeMOHTMpOBaHHaR LMCTEpHA NepefBWraeTcA Ha nnoLiad-
KY ANA CTOAHKH.

Z7) BaroHeTka nepemMeilaeTcA Ha MecTo A0CTaBKK.

3) OTpeMOHTUpOBaHHaA UMCTEpHa MepemellaeTes K MecTy
npoayBK M.

4) CtapaA uMCTepHa NepemellaeTcA ¢ NNowaaKn AnA cToAH-
KU K MECTY JOCTaBKMH.

TexHuyecKue QaHHbIe:

OwameTp Tenemku 16 m
BeicoTa TenexKu ¢ umcTepHon 9 m
O6LW i BeC TENEXKK C UMCTEPHOW 1200 T

Makc. cKOpOCTe ABUXKEHUA TenexKK cocTaenaeT 15 m/MuH,
310 cooTBeTCTBYET uMucny o6opoToB Ha 4-X BeAywMX KO-
necax B 3,2mMuH. 1. CKOPOCTh ABWKEHWA AOSIKHA PEryiu-
pOBAaTLCA MMABHO, COBEPLUEHHO 6€3 TONYKOB W BbICOKOUYE-
CTBWTENLHO, HauWHadA npumepHo ¢ “0” no 15 m/MuH,

OTaenbHbie MNO3MUMKM LONMKHbBI 38HUMAaTbCA C OTHOCWUTENbHO
BbICOKOWM TOYHOCTRIO. B ogHOW TouKe nepeceveHUA BaraHer-
Ka BpallaeTcA BOKpYr cpeaHen yacTu Ha 900. Hna aToro
NPUNOAHUMAEETCA BaroHeTKa B KOMMJIEKTE W Nocne Bpalue-
HWA OMYyCKaeTCA Ha HOBYHK napy penscog. [lpwu arom To4-
HOCTb NO3WUMOHUPOBaHWA cocTaBnAeT * 30 MM; NpUHUMAR
BO BHWMaHWUE pa3Mepbl WU Macchl, 3TO [OBONLHO Bonbliaa
BenMunHa.

Bce onepauMy no NepeMeLLeHro YNpaBaaTcA ¢ NOMOLULH
nponopuuoHansHoro pacnpegenutens (noz. 1). Bospgedicr-
BWA B CBA3W C TPEHWEM O PenbChbl, HArPY3KOM, BAZKOCTRIO
W T.M. KOMMEHCUPYIOTCA MNOCPEACTBOM KNanaHoOB NocToAH-
HOWM Pa3HOCTW AaBneHunil Ha Boixoae B NuHuax A u B. Taxkue
KnanaHbl NOCTOAHHOW PazHOCTW AaBIEHWIA BCTPaWBAKTCA B
6NOK KaK ABYXMNWHEeWHble BCTPOEHHbIE KhanaHel ¢ iyHK-
uueil ymeHolweHun aasnequsa (DR -noruusckue anementsi) .
BeTpoeHHbie B KPbILWKY KNanavbl ARA OrpaHUMeHuA nagne-
HWA (Noz.3) npeaocTaBNAKOT BO3ZMOMHOCTL /A YCTAHOBKHY
pasHOCTK AaeneHuid Ap Ha avadhparme ( = NopiieHs nponop-
UMOHanNbHOro KianaHa). 370 ABNAETCA HEOGXOoAWMbLIM W3-
33 TOro, 4To NponopuuoHansHsid knanad WRZ 32 ne moxet
CNpaBuWTLCA C MaKc. pacxofom senwunHoh 8 624 am3/MuH.
Npu ECTKO YCTAHOBNEHHOK pasHOCTX AaBneHuid Ap B

8 nav/cm? knanaHa MOCTOAHHOW Pa3HOCTW [AABNEHWIA-Npo-
MEXYTOYHOM NNWUThl. Bonee BbICOKaA pPazHOCTb AABNEHW
Ap BbizoseT Gonbwiii pacxog. MponopunoHanbHeIA Knanad
nony4aeT NpeaBapuTEnsHO KOMaHAy OT PYKMW ¢ NOMOLILIO
A3TYMKa pyyYHOro ynpaeneHuA. AnA onepatopa npu aTom
O4YEHb Ba)KHO, YTOBbI ONpeLeNieHHbIW Yron OTK/IOHeHWA aar-
YMKa BCErga BbI2bIBAN OAMHEKOBYI0 CKOPOCTh. |d4KWE aHa-
norvuK Beerga 0BGecneYyuBaldT CMNMABHLIE KManaHbl MOCTOAH-
HOWM pasHOCTW AaBNEHWM, TakKe TOrpaa, kKorna GyanyT uzme-
HATLCA BbilleyKa3aHHbIe BO3ASHCTRUA.

L4

Mudpasnuyeckuti npusod x0006020 yeTPOUCTEE Ba20HETKU
018 CMEHbI YUCTEnH

Bazorerxa 018 cMersl QUETEPH YCTaHaaNuBaeTes Ha
NO3ULLI0 YEPE3 NEDECEYELHUE PENbCOBLIX Ny Tel
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I'Ipnmepm CKOHCTPYWPOBaHHbIX YCTaHOBOK € OCHAWEHWEM NOCPEACTEBOM NpONOpPUMOHANbHbIX KNANAHOB W CEpBOKNanaHos

3arpy3o4HbId, YoTaHaBNMBaeMbid BEEpX,
TAray B NPpOKAaTHOM LEXE

B npeskHWX KOHCTPYKTHMBHBLIX MCNONHEHMAX ANA Ynpaene- Takoli cnMBHOW KnanaH NOCTOAHHOM PA3HOCTU A3BNEHWH u-
HWA NOBOPOTHLIM LWWNKUHAPOM TpeboBanocs 8 npubopos. MeeT ABa B NMHWIA noTpebutena A n B nepexnwyawowmnxca
KnanaHa NOCTOAHHOM pPa3HoCTW OAaBMNeHWH, KOTopble npw
cpeaHem NoAoXeHWM NPONOpPUWMOHansHOro pacnpenenqTens
3anvpaloT Bes yTeukn.

Taxkuwe npuBopel coeguHAThE B oTAenbHocTy TpybBamu wnnu
HaacTpavBaTe Ha BNOK, a TakKe BCTpavBaTk B Hero, Beino
CBA3EHO C HEKOTOPbLIMW TRYLOEMKUMIK ONepauuamu.
OntumansHas ycTaHOBKa NpuBoOpoB W COrNacoBaHue Kx
Mexay coboi TpebyT BONbLOK 3aTpaThl BPeMEHN.

B HOBOM MCMONHEHWI € OCHAWWEHVEM NOCPEACTBOM Mponop-
UMOHANBHOrO Knarnava cneayer NpucoeiuHATL ELLE TOMbKO
0AWH Npubop NOCPeacTBOM NPUCOEANHUTENBHOW NAXTU, UK
HancTpaneaTe Takoin Npubop Ha BRoK, NOCKONBKY CNMBHOW
3aMopHbLIK Knanad NocTOAHHOW pasHOCTH AaBneHin YCTPOeH
KaK MpoMexyToYHaA nauTa.

160/100 x 800

FI: |
4 .
295 AM>/MUH. Af( AR i
. 484 gm3/muH. B T |

'Q Ay 30 - AK AR P
R |
. : re ~ |
Ay 30 160/100 x 800 :

AK= 2 x 201 = 402cm?
ny 52 AR= 2 x 1225 = 245¢cm? .
v= 0,2m/cex.

_-u——uﬂ'—l ManH. = 10T
' Omaxe, = 484 aM3 MuH.

I
firm
B

I

I

|

I

I

I

I

I o i
| _
I

I

I

I

I

o
<
L |
i
__..._.___:._
S g
il

L6



Mpumepb! CKOHCTRPYWPORAHHLIX YCTAHOBOK C OCHaWLeHWEM NOCPeACTBOM NPONOpUMCHaNEHLIX KNanaHoB W CepBOKaNaHoe
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I'lpume Pbl CKOHCTPYWPOBaHHLIX YCTAHOBOK € OCHALLleHMeM NOCPeACTEOM NPONOPUMOHaNkHLIX KNanaHoB W CcepEOKNanaHoB

MopvemHoe YCTPOMCTEBO HAa NOTOYHOW NHMHWMK CBAPKWA

MoToyHaR NMHWA CBAPKMW WCNOMb3IYETCA ANA WU3TOTOBNEHWA
KY30BOR nerkoeeix agTomobuneir. O6lan AAvHa ycTaHos-
KW coctapnAeT 30m. Bee 12 noAbeMHbLIX NO3UUMI BMecTe
NOAHMMAKOTCA WM ONYCKaKTCA C NOMOLLLI CMEeUMansHoro y-
cTpoicTea. MNocepeanHe nogbema NPOU3BOAWTCA NMPUEM MU
oTKnagbiBaHMe matepwana. CKOpOCTe NpuemMa He A0MmKHa
npessiware 0,15m/cex. AnA TOro, 4ToBbl BNOMXEHHbIE Ae-
TanwW U3 NVCTOBOro MeTanna He BblBpackiBanuck M3 YCTPOM-
ctea. C opyroi cTOpoHLI, ONepauuMy no nogsemMy unu onyc-
KEHUK AOMKHEI MPOW3BOAUTECA MO MEpe BOIMOXHOCTH Bhi-
cTpo.

B naHHoMm cny4ae NpUMeHAETCA I'IpDﬂO[l]LI,HDHEIJ"IbeIEl KnanaH
BMECTE € 3NeKTPOHHBIMK NpubBopamMmu AnNA 2aBUCUMOro OT
nepemeLlleHMA 3amegneHmnA,

JneKTpoHHbIE BeIKNWOYaTeNU NpubnumeHnA, Tak HasbiBae-
Mbie @HanoroBsie MHWUWETOPLI, NPOBOAATCA BOONb Xenes-
HbIX Kynaukoe. C npyuBnusKeHWeM WHMUMATOPa K KynaykKam
YMeHbLWaeTCA aHanoroebim CI‘IOCOSOM BbiX0ogHOE Hanpnme-
HWe 00 0 eoneT. Takoe Hanpa>eHe NOABOAUTCA K Cnelnanb-
HO ANA 3TOF0 NPefyCMOTPEHHOMY YCWUNWTENH WM YNpaBnAeT
Takum 0Bpasom perynMpoBOHHLIMIA MarHUTaMy NPonopLuo-
HansHoOro KnanaHa. Peus “naerT 3gecb He O perynupoexe, @ 0
3JaBrUcHMMOM OT FIEDEMGLLI,GHHH yl'lpaEIJ'IEHbiH C aHaJ‘IOFGBOE’I pe-
rucTpaumen nepemMelleHA B thase TOPMOKEHUA.

Kak AEMOHCTRPUPYETCA Ha NPUMEpE, CKOPOCTh MOKET MoHN-
WaTecA Ha noboil NO3UMUKMKM NogbemMa NoCPencTBOM Kynayka
A0 MoBoid BenUYKMHLI M CHOBA NOBLILIATECA 10 UCXOAHOW Be-
NUYMHEI.

Pewarwowyio pone urpaer npu 3Tom pacctoAHne X Kynauka
K COBAUHUTENBHOM NUHMIA 0BOUX KOHBYHbIX KYNauYKOoB.,

MockoneKy aHanorogaA pervcTpauna MepemelleHun A0xK-
Ha BeiTe ahdeKTUBHOW B AMANaszoHE TOPMO3HOro Ny Tu, Mo-
YT OCHALWATLCA NOCPEACTEBOM TAKMX YCTPOWCTB YCTAHOBKK
nBoN ANWHLI, KaK, Hanpumep, NPYBOALI XOA0BOro YCTROW-
cTBa.

TakaA TexHWKa NPUMEHAETCA NMPeUMYLLECTEEHHO B TeX Chy-
YaAx, KOrAa ¢ PasnUuHbIMKY KUHETUYECK UMW SHEPTUAMM 01-
HOro NpuBoAa TPeBYETCA MepeMeLlaTbcA Ha O4HY MO3HUMKID
C OTHOCMTENLHOW TOYHOCTLH MOBTOREHWA.

Ecnu ckopocTs npusosa Gyaet npumepHo Beiwe 1m/cex.,
TO e CRnegYET NpyHUMNKManeHO OTAOaTE NpeanaYTeHue nepeq
3amMegneHuvem, 3aBMCHUMbBIM OT BPEMEHM.

TpeByemere 018 npoyecca yerkoperua 460n/muH. nocra-
BAAET aKKYMYNATOpHbIU Gnok creea. llnacTunyarsid Ha-
coc V4, pacnonoxesHsilt cnpaga, 3an0iHAET ariKyMyia-
70p 8 HenodewiHbIX hazax. CrnpasapazMeujaerca nponop-
yuoHansHeU pachpedenurens 4WRZ 25,
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Odux yunuxdp, 8TOPOU YUTUHOP CAYMUT 8 KavecrTee pe-
3606H020 YUNUHOPE, NPUBOAUT 6 delicTeue NOCPedcTeom
MexaHuveckux yeTpodcere sce 12 nozuyul 00HO8pEMEHHO.



anMEDbI CHKOHCTPYMPOBaHHbIX YCTAHOBOK € OCHALUEHWEeM NOCPeAcTBOM NPONopLUHOHaNLHbIX KnanaHos ¥ CepBOKNanaHoBe

D= 140 mm
d= 100mm
H= 450 mm

Viare.uun. = 0.5 m/cex.
Vparce riopwr, = 0.6 M/ceK.
m = 8000 kr

Moguw, = 11520 kr

12 nogbLeMHbIX NO3MUKIA

nogsemHan

/LLIT:':'IH!‘E
/

r

i=12

nogsem

\\ TOPMO3HBIE KYNaYKM
P\-“\-

aHanoroBsIM MHULKMATOD

i BT v

p= 110gaH/cm?®

4 WRZ 25 W3-325-30

MpuHUMNWanNsEHaA cXemMa rmagpoMexXaHiniecKoro
npueBoga Ha NOTOYHOM MAHWK CpaBKu n
npoTeKaHWe ero ABKEHWE Ha anarpamme.

1cek.

h 4

450 mMm

0,5 m/cek.

0,15 micaK.
0,05 m/cek.

onyckKaHue

DONRANNANRNNY
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anMprl CKOHCTPYUPOBAHHBIX YCTaHOBOK C OCHalleHWeM NOCPENCTBOM NPORODUMOHANBHBIX KNanaHoB v CEpEOKNaNaHoB

XopoBoi UWAKMHAP LEeNHOro KOHBehepa

Ha crade anA ropaYeil NpoKartKkuW B KOHLE NONOCCOBOMO ropa-
YeNPOKaTHOro CTaHa [OMKHLI TPaHCNOPTMPOBATLCA KaTyLl-
KW ¢ HAMOTKOM HAa OTKPLITLIA cknan. TemmepaTypa KaTty-
weK Ha HamoTaHHOW neGeake cocTaBnAeT npumepHo 800 —
1000°C. Bo Bpema TPaHCMOPTMPOBAHWA KaTYLIKK LOMKHbI
oxnaxpaTkCcA npumepHo ao 500 — 600°C. Mostomy uen-
HOW KOHBeflep 4acTo MEepeMEeLLaeTcA CHapyKW OT uexa nog
OTKPLITEIM HEBOM ONpPeAeneHHbIA OTPE30K NYTH.

O6LWar AnvHa LenHOro KOoHBelepa ANA TaHCNOPTUPOBaHWA
rkaTywek coctasnAer 280m. Ha noswuuu nepepavu nepepa-
HOTCA KaTyLWwKK ¢ Bonee KOpPOTKoil, NPUBOAWMON B gelcTeue
nocpeacTBOM TWAPOABUraTens Lenu Ha wenb, NepeMellalo-
WVIOCA Ha ypoBHe nona. TakaAa uenb NPUBOAWMTCA B ABWCT-
BME C MNOMOLBK XOOOBOrC LWIMHAPE NPW PaBHOMEDPHOM
TakToBOoM Xxone 8 3600 mm.

B Hauane xoja npwBoa 3aWenKueaeTcA s uenw. Mocne Bobl-
MONHEHWA XOLa W PacuenfieHna 3alenKy Npueoaa Lene oc-
TAETCA HenoABuxkHoW BO BpemA obpatHoro xopa. lNMocne
BO3BPALLUEHUA B WCXOAHOE NONOMXEHWE HauyuHaeTca Torpa
HOBLIA TaKT, KaK TONLKO Ha NO3ZULKID Nepenayn byaeT nepe-
fAaHa HOBaA KaTylukKa.

B npumeHAaeMbIX A0 CUX NOP KOHECTPYKTUBHLIX WCMONHE-
HWAX YNpaBneHue nNpefycMaTpUBanock C YKOMNNeKToBa-
HWEM MNOCPEACTBOM HECKONBKWUX NpubBopos. OnTumansHanA
ycTaHoBKa Bbina cnoHoON U TRYL0EMKOWN,
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HoBOE KOHCTPYKTWBHOBR WCNONHEHWE YNPaBReHWA npeayc-
ManV‘IBaBTCH TONBKO B COYETaHWKM C NPONOPUWOHATNBHBIM
pacnpenenuTenem. Takoe ucnonHeHuwe oBOMAETCA HAMHOMO
Lewesne, a ero obenyxwueaHue ByaeT BO MHOro pas npolue.
YcTaHOBKAE NMYCKOBOr0 NUHERHO-HApacTakwero BO3AeHCT-
BUA, NUHEAHO-HAPacTaWero BO3AEACTBUA TOPMOXKEHWA,
a TaK>Ke CKOpOCTel, OCYLLECTBAAEGTCA NPOCThIM 06pa3om Ha
nepeaHei NnaHenu ycunutens.

Ynpaenewue 8 HOBOM KOHCTPY KTUBHOM UCNOMHEHUU ¢
YKOMIIBKTOBaH UM NOCPedCT8OM NpONoOPLYUOHANEHO20
pacnpedenurens,

AK AR
|
|
V2 vl
- AL
I.Il =‘;_: :§' .
Sli= S8
2| & all =
| B @0 o™ o2
= (9]
e (35}
A B

4 WRZ 32 W1-520

D = 220mm Mwun = 5607

d = 160mMm Muaxe= 28007

H = 3850mm AK = 380cm?

vi = 0222wmcex. AR = 179cm?

v2 = D.g-MJrCEK, Omarc= 6'84.RM3}'MHH.




anMEDbI CKOHCTRYMPOBAHHLIX YCTAHOBOK C OCHALLEHWEM NOCPEACTBOM NpONOPUWOHANbHBIX KNanaHOR v CEpBOKNanaloB
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Mpakge= 280071 |
AK = 380cwm? i it |
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MpUMepbl CKOHCTPYMPOBaHHBIX YCTAHOBOK C OCHALWEHNEM NOCPRACTEOM NPONOPUWOHANEHEIX KIaNaHOR W CEPBOKNANAHOB

Ynpagnexdwe pnd nogbeMHMKa ¢ NAaTHopMon ONA rpyaa,
nepeBO3WMOTC N0 BO3AYXY

K ynpaeneHuo npefLABNAIOTCA cnefyowye TpeboBaHuA
— NaBHOE YCKOPEHVE U TOPMOMXeHWe

— HE33BUCHMOE OT HarpysKu ynpasneHue CKOPOCTLID BO
Bcex thasax nepemeLyeHnA

— 3anupaHuve B COCTOAHWK NoKoA Oe3 yTeyex macna

— He3HauMTeNLHaA MOLIHOCTL NOTEPL NPU PexMMe patoTel
C HEpErynupyembimv HacOCOM

lMocToAHHAA CKOPOCTL, HE3ABUCUMO OT Harpy3Ku, AOCTHra-
eTcA Npw nepemeLlleHu BBepx NOCPEACTEOM TPeXIUHEMHOTO
BMNYCKHOrO KnanaHa NocTOAHHOM pPasHOCTM AasfeHuit {nos.
3) kak pBYXnwWHelHbie BCTROBHHLIE KanaHsl ¢ yHKumen
orpaHnyeHuA gasnedma (DB -noruveckue anemeHTsl) .

Takol KnanaH NOCTOAHHOKW Pa3zHOCTH AABNEHWA WMeeT pe-
rYNMPOBOYHYIO MpPyKuHY B 4 paH/cm®. B pesynbTate pas-
rpy3xKu nocpegctsom pacnpegenutens (nos.6) nopava Ha-
COCOM MPOW3BOAUTCA ¢ HEBOMBLIVIM AEBMNEHWEM, COCTABNA-
owum 4 nan/em?, k Baky. Knanan ana orpaduyeHua aasne-
HMA (No3.5) B NUHUKM QABNEHWA HArpyzaKuW NpPeaocTaBnser
BO3IMOXHOCTE BUWAOWMIMEHATL PAa3HOCTL AABNEHWIA perynu-

poeaHua. B paHHOoMm cnyuae yctaHoBKa 6kLina npouseeneHa
Ha 10 paH/cm? . MocpeacTBOM KnanaHa 41A OF paHUYeHuUs Aa-
BleHrA (N03.4) ycTaHaBNUBAETCA MaKCUMankHOe AaBneHue
Hacoca. [laBneHve Hacoca yCTaHABNUBABTCA asTOMAaTUHMECK U
npy nepemeLleH W BBepX Ha Tpebyemoe JaBneHue HarpysxKi
+ pasHocTbL AaBneHwi perynuposadua e 10 nan/em? Ha gua-
(hparme = Kpomka ynpaeneHun P nocne A.

B cocToAHUKM NOKOA 1 NPY NMEPEMELLEHWM BEEPX OTINHOYaeT-
CA 3NEeKTPOABUraTeNs Heperynupyemoro Hacoca. Moatomy
TpebyeTcA BCAEACTBUE 3TOro ANA cHabXeHWA yhpasBnAio-
LM MacnomM NponopuKoHankHoro Knanada (no3s. 1) v cnms-
HOro KranaHa NOCTOAHHOW Pa3HoCTK gaeneHud (noa. 2) ce-
AenbHbIA pacripegenutens (nos. 7).

[Nepenan paBneHui Ha ynpaBnAawwein kpomke A k T Bypet
NoAAePKMBAaTLCA NOCTOAHHOW BENWYMHBLI NMPK NEpeMEeLLEHUN
BHWU3 NOCPEACTBOM CMMBHOMO 3aNoOpHOro KfanaHa NnocToAH-
HOW pa3HOCTK AaeneHwit (noz. 2) . Beneacteue atoro Gyaer
NOAAEPKUBATLCA TaKM@ CKOPOCThL MOCTOAHHOW BenUYUHSLI,
HE3aBMCUMO OT M3MEHEHWI HArpPY30K.

LOononHWTENEHO CMWBHOW 3anopHbIA KNAaNad MNOCTORHHOMW
pasHOCTM jAasneHuid Beper Ha ceba 3anupaHue Bes yTeuek
Macna B COCTOAHMK NOKOA W QYHKUWIO 0BPaTHOro KnanaHa
npwy NepemMeLLeHn BBepX.

noALEMHUK C D = 140 mm
nnardopmoin iBm iRm H = 4m
:::;:;ﬁ?:‘::;:ﬁ?ﬂon vmarc. = 12,5 m/mMmuH.
Quake, = 385 am3/muH.
mmake. = 2071
o CNYCKHOIM KrianaHd NoCTORH-
B HOW pazHOCTK JaBleHnA |
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np“MEDbl CHOHCTPYWPOBaHHbIX YCTAHOBOK C OCHALLEHWEM NOCPERCTEOM NPONOPUMOHANIBHBIX KNanaHoB v CepBOKNanaHoB

Wrabeneyknagumk 8 GyMaKHOW NPOMBILUNEHHOCTH

LnAa Toro, 4Tobbl NpeAoTBpalaTE BOIMOXKHOCTE Npeobpa-
30BaHWA nasneHnAa Ha AuchdepeHUMansHbIX LMNMHAPEX, Npu-
MEHAETCA ABYXNWHERHbLIA BNYCKHOM KnanaH MOCTOAHHON
PazHOCTH AaBneHuid (MpomexyTouHan nnvra) .

OTpuuaTensHas (TAHYLWAA) Harpyaka Tpebyer Toraa npu-
MEHEHWA TOPMO3HOro Knanawa. Harpysxka pomkHa npuku-
MaThCA NPW NepemMeleH BHW3 TOPMO3HBIM KnanaHom 4nA
Toro, yTobe1 obecneYnBancA NOCTOAHHbIW Nepenas AaBneHun
oT P k B Ha nponopuUWoHansHOM pacnpefsnurens, cocTae-
nAwLwKui 8 Gap.

nOCOEJJ,CTBOM NEpeKKrAHOro KnanaHa OcyWeCcTBNAETCA OT-
BOO A@BNEHWMA Harpyskw B nuHuAax notpeburenei. Takoii
nepeKkWAHOR Knanad BCTpauBaeTCA B KNanaH NOCTOAHHOI
pasHOCTW AaBneHui.

125/90 x 1280 mm
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Mpumepsi CKOHCTPYMPOBAHHBIX YCTAHOBOK C OCHALEHWEM NMOCPeACcTEOM NPONOpUMOHANEHBIX KNaNaHos ¥ CEpROKIIaNaHoe

Tenexka-mMaHUNynATop Ha 2-x npeccax

Ha npecce ropAYero NpeccoBaHWA W FOPAYEr0 BONQYEHWA
W3roTaBNMBaOTCA rasoBsble 6GannoHbl. T paHcnopTupoBKa
Mexay Npeccamid U 3arpy3Koii 0CYLWEeCTRAABTCA NONHOCTLIO
aBTOMATWYECKW. TeneKa-maHWMnynATop, COCTOALLAA W3
BepXHel TeneKKu ANA NMPOLOAbHOrO NepemMeLleHuA U HUXK-
HEA TENEXKW ANA BABWIAHWA W BbIABUraHWA, BbIMONHAET
BCE BBWXEHUA.

3acnyXuBalT BHAMaHWUA 3A€CL OMepaunn Nno nepemeLleHuo
BepxHel Tenexkw. Makc. NyTe nepemMelleHWA COCTaBARET
6m. Ha Takom oTpeske NyTW A0MKHO MPOW3BOAWTLCA OT-
HOCWTENLHO TOYHO € MaplpYTOM ABWXEHWUA NepemelleHve
Ha B noauuuir. [NpuBop ocyuwecTBNAETCA HEMOCPEACTBEHHO
€ MOMOLLBK FUAPOABUFAaTENA, LWECTEPHW W 3yBuaTon penku.
IOna ynpagneHusa ABWMEHUAMUW MPUMEHAETCA MNPONOpUWO-
HanbHbIA pacnpegennTent HenpAMOro AercTBuA (nos. 1) Tuna
4WRZ16 E 100, JnexkTpuyeckoe ynpagneHue Npueoaa ocy-
LWECTBNAETCA C NOMOLLLID UMGPOBOTrO YCUNUTENA MNO3ULNO-
HuposaHuA VT4630. MNocpencteom TaKoro ycwunutena ne-
peMeLlaTCA FMapaBNMYecKne NPMBEoOALI NOCPeACTBOM Mpo-
MOPUNOHANBHBIX YNPAaBREHUIA UK YNpagneHuii ¢ NoMoLLbL
CEpPBOK/ANaHoB Ha Mo3vumv, KOoTopsIe NPesBapuTensHo 2a-
JaloTcA LMhpoBLIM cNocoBOM NyTeM AECATUYHOrO Yucna B
ABOWYHOM Kope. PerucTpauuA nepeMelleHusa OcYLUECTRAA-
eTca No cnocoby NpPWpaLLeHWs NOCPeACTEOM UMMYIECHOIO
JaTYMKa Yria noBopoTa vNn CTEKNAHHOW LUTPUXOBOM Nu-
Heiikwn. lNepea pOCTMMKEHMEM MO3WLMA NPOW3BOAMTCA TOp-
MOXHEHWe B 3@BWCMMOCTH OT MepeMeLieHnA, Npyu 3ToM 3a-
NaHHOe 3HauYeHWe KOHE4HOW CTYMEeHW KNanaHa NOHWKaeTcA
no Hyna. KnanaH Toraa 6yaer 2akpeit. [Npouecc nepemellie-
HWA YCTaHaBNUBAETCA C NOMOLLLIO NUHERHOW thyHKUMK Bpe-
MEHW € HacbilWweHwem. Yocunurens NpejocTaBnAeT BO3MOXK-
HOCTb MPOU3BOAUTL NO BLIGOpY NO3MUWOHHYIO NpenBapk-
TEABHYIO YCTAaHOBKY NWBO BHYTPW € NOMOLWLI0 5-pazpAfHo-
0 [eKagHOro nepeknoyatensa, NUMBO Take CHapy»u noc-
peacTeoM ceoB0AHO NPOrpaMMUPYEMOro ynpaeneHuA. Tak-
Ke MOMHO anbTepHaTUBHO NpefycmaTpuBaTe BHYTPU WA
cHapyXK 5-paspAgHYo MHAWKaUWIO MmecTononoxeduA. Mpu
npeaBapuTensHON MNO3ULMOHHOW YCTAaHOBKE CHapy»Ku noc-
peactsom nepudepuiitHora ynpasnedua (PC) uyucno nozu-
uwnin noboe. MNMpu NpeaBapuUTENbHOW YCTAHOBKE BHYTPW YuC-
N0 MO3ULMKA OrPaHWYNBAETCA LEBATHI0 NO2MUMAMK, YCTaHOB-
Ka CKOPOCTEA, MYCKOBLIX NWHENHbIX MYHKUWIA C HACcbILLE-
HUEM, TOPMOSHLIX NUHERHBIX hYHK LKA ¢ HackiweHuem (ana
CTapTCTOMHOTO pEeXUMa paboTsl) U TOPMO3HOro NyTW ANA
3aBMCMMOrO OT NepemellieHA TOPMOXXEHWA OCYLUEeCTBNAET-
CA Ha NepeaHel NaHenwn ycWnuTend NocpeAacTBOM MOTEHLWO-
meTpoe. [NosvunwoHHaA npegeapyTensHan ycTaHoBka anA b
no2uLuiA, KOTOpkIE NPEACTOUT 3aHUMaTh, MPOU3BOAUTCA CHa-
pyxu co cropodbl PC-ynpaenenun. lMepemelieHne B paH-
HOM CAy4Yae PerucTpupyeTcA MocpeiCcTBOM WHKPEMEHTalk-
HOIO MMMYMbCHOTO JaryuKa yrna noBopoTa pasMepoM B
1250 umnynecoe Ha oauH noBopoT. MNpw grameTpe wWecTep-
HuW d0 = 159 mm coctasAT 2 nosopota = 1M nNyTH Nnepeme-
weHwAa = 2500 umnynbcoB. TakKoe KONWMYECTEO WMNYNLCOB
YBENWYNBAETCA B YEThIPE pa3a B COOTBETCTBYIOLLEM YCTPOW-
cTBe Ha ycunurene. Takum obpasom 1M nyTW nepemelle-
HuR npeobpazossieaetcA 8 10000 umnynscoe (1 umnynsc =
0,1mm) . Beneactere 3TOro AOCTMIRAeTCA ¢ AOCTOBEPHOCTLIO
TpebByeman TOUYHOCTh MNO3UUWMOHUPOBAHWA, COCTARNAKILLAA
+ 1mm. [InA npouecca TOPMOXKEHUA MMEETCA HE YCUMTWTENE
g pacnoprxeHdun 10000 umnynecoe = 0 ... +108. Beiuwnc-
NeHHbIW TOpMO3HCKE nyTe coctagnAer 0,75m = 7500 wmm-
nynecoe. [nA npegoxpaHesuA ruapoaBuratend npu "aea-
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pUAHOM OCTaHOBe” — NPOMNOPUWOHANEHLIN KNANaH He 3aK-
pbiBaeTcA HonblWe Noj KOHTPONEM NOCPEACTBOM MNHERHOW
GYHKUUK BPEMEHM € HACKILWEHMEM WM TOPMO3HOI 0 YCTPO#-
CTBA, 3aBMCUMOTO OT MEPEMELLEHWA, @ NP MUHWMaNEHOM
coBCTBEHHOM BpemeHn 3aKpbiBaHwA okono 70mcex. —
npeaycMaTpUBaeTcH NepenyciKHoe W NoANUTOYHOE YCTPOHCT-
Bo (no3.2). AnAa Toro, utobbl ofecneysanocs 3anonHeHwe
CTOPOHLI NoABOA3, UenecoobpasHo GyaeT NpeaycMoTpeTs
obpatHelin Knanad (no3.3) ¢ gasneHuem OTKpeLITUA B 3 Gapa
8 NWHUK Baka.

T
i ppti= 100naHICM"

i aBvratene Q = 1265 cv /ab. d0 =158 mm
| Nmake. = 180 mun. vmaxe. =15 micex.

| ~ Qmakc. = 228 AMBfME'Im_ mmaxe. = 6000 kr




!'Ipnmeps: CHOHCTPYWPORaHHBIX YCTAHOBOK C OCHaWleHWeM NocpeACTEOM NPONOoPUNUOHANBHLIX KNaNnaHoE W CEPBOKNanaHoe

Y HuthuuMpoBaHHan KapeTKa

YHUDWLUPOBaHHbLIE KapReTKK Ha aBTOMAaTHYEC KON CTAHOYHOM
AVHKUK MMEeT B BONbLUWMHCTEBE CNyYaeB LMNMHADPb! C COOTHO-
wieHrem noBepxHocTen 1. 2.

B taxkux cny4yaAx npumMeHAeTcA guddiepeHuMansHan cxema.
KomnakTHele Gnoku ynpagneHwWA, CKOHCTPYWPOBaHHbIE B
BuAe yHuduuuposaHHsix yznoe Y 6,101 16, HapcTpau-
BalOTCA HEMNOCPEACTBEHHO Ha YHWUMHWLMPOBaHHbLIX LWIWH-
apax. MponopuwnoHansHeii pacnpepenvrens (nos. 1), wak
KnanaH ycKOpeHHOro xoga, NpefocTaBnAET BO3MOMHOCTb
ANA MNaBHOro 3anycka W TOPMOXKeHWA OTHOCWUTENLHO Bonb-
LMX KUHETHUYECKUX 3IHepTruiA. YacTo OCYLWEeCTBNAKTCA CKO-
poCcTW YCKOpeHHOro xoga Ao 25 m/MuH. npu yHudMuupo-
BaHHBIX Y3Nax ¢ onpegerneHWem BpPeMeHW Ha aBTOMaTW4ec-
KWX cTaHouHbIX nuHKAX. MNocpeacTBOoM pErynATOpa NOToKa
(no3.2) ycTaHaBNMBaeTCcA COrnNacHo OBLLEenpUHATOMY Me-
TOAY CKOPOCTL MNOAAYM.

MoanopHeid knanaH {No3.3), 3aBUCMMbIA OT HarpysKw, yc-
TaHaBNWBAETCA B KaaoW thaze npouecca no obpaboTKe as-
TOMaTHMYECKM HAa ONTUMANLHOE JABNeHune.

YcraHoBKa CKOPOCTH YCKOPEHHOro X043, a TakKe BenuuuH
YCKOpEeHWA 1 3aMegneHun, Npou3BOAWTCA NPOCTBIM CMOCo-
HoM Ha INEKTPUYECKOM ycunuTene.
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anM&pbl CKOHCTPYWpPOBaHHEIX YCTAHOBOK € OCHalleHUEM NOCpeacTBOM NpoNoOpUHOHaNbHbLIX KNAanNnaHoB W CEPBOKNaNaHoB

Ynpasnenue nnardropmoil B Teatpe

Tpe6oBanwA, NpefsABNAEMbIE K TMAPaBNnKe:

1) ABCONOTHO NNEBHLIN 3aNYCK WM TOPMOXKEHWe BCex

MPOLUECCOB ABUKEHWA
2) MnaeHO perynupyeman cKOpo

CTh

3) CUHXPOHHBLIA X0a 060MX NOBOPOTHLIX CTPEN
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MpuUMepbl CKOHCTPYMPOBAaHHBIX YCTAHOBOK ¢ OCHAULEHWEM NOCPEACTEOM NPONOPUHOHANBHBIX KNANAHOE U CepROKNANaHos

MpuBoA MexaHM3Ma NOBOPOTa NnaTHhopmbl

Mogsem u onyckaHwe nNnartopmsl OCYLLECTBNAEGTCA B KaX-
[OM CryHae NOCPeacTBOM OAHOMO WHAWHAPA AEHCTEYIOWErO
Ha NOBOPOTHLIX cTpenax. LlnnuHaps! WapHWPHO CoeAVHAIDT-
CA Ha XO40BOW TeNeKe W Ha MOBOPOTHO CTRENE NOABWMKHO
£O BCEX CTOPOH € NOMOLLBHI LWAaPHUPHEIX NOAWMAHUKOB,
MoabemMHOE ABWKEHWE W ABVKEH e OTIYCKaHWA OCYLLIeCTBNA-
{0TCA ¢ MOMOLLBI0 APONOPLAOHANbHEIX PACMPEABNMTENEA He-
npAMOro aencTeuA (no3.2) B 3aMKHYTOM KOHTYpe. Orho-
cWTenLHo HebonblLaR AMHAMKWKa MpUBOAa NpeaccTaBnReT
BO3MOMHOCTb NPUMEHATE Takve NpUBopsI.

B pesynbTaTe KUHEMATWKW CUCTEMBbI BO3HWKAIOT Yepe3 Xof
LWANMHADOE OYeHb OTNWMYAILLIMECA APYr OT Apyra cunbl. Kna-
naHb! NOCTORHHOWM pasHocTw pasneHwd (nos.1), npeaexnio-
YEHHbIE nNeped MPONOPUMOHANEHLIMKA pacnpefenuTenamMu,
KOMMNEHCUPYHOT BO3AEACTBME TAKUX OTIMYAOWUXCH APYT OT

apyra can. Perynuposka ponHa TOAbKO BbIPasHWTL Mor-
PELHOCTE CUHXPOHHOIO X0A3.

PerucTpalua yrina NoBOpOTa OCYLW,ECTB/IAGTCA NOCPEACTBOM
NOTeHUMOMETPOB C NOBOPOTHLIM ABWKKOM Ha TOYKE LWIWH-
APOB K XOA0BOW TENEMXKeE.

MpKU YMEOLIMXCA B PACMOPAMKEHUW OTHOLIEBHMAX Mnowanen
1: 2,54 HeBO3IMOMHLINM RBNAEGTCA NpPUMEHEHUEe CNUBHBIX
KNanaHoB MOCTOAHHOW pasHocTK gaBneHunid. [1o3aTomy HapA-
LY € BNYCKHbIMW KnanaHami NOCTOAHHOW pasHOCTW Aasne-
HUW B NWHMAX P, HEOBXOAVMO NPEAYCMOTPETh B NMHKMAX A
TOpMO3HbIE KnanaHs! (noa. 3). Beneactsue atoro obecneyu-
BAeTCA TaK»ke 3anupaHue Be3 YTeYKWU macna cTOpPoH AHWLLE
NOPLUHA NPU COCTOAHWK NOKOA.

2 uyvnmuppa 180/140x 3925
AK = 254 cm?
AR = 100 cm?

vmake. = 70 MM/ ceK.
vmun. = 4 mm/cex.,

AR

4
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MpUmMeps! CKOHCTPYMPOBAaHHLIX YCTAHOBOK C OCHALLEHWEM NOCPeLCTEOM NPONOPLMOHANLHEIX KNaNnaHOB W CePBOKNAaNaHoB

Mpueoa MexaHW3Ma BpalLeHWA NnaTthopMbl

BpalueHue (HaknoH) nnaTdopmbl BOKPYr ee cpedHeld ocu
OCyLLecTBNAETCA C MOMOLWLID TWAPOABUraTeNnA uepes 4ep-
BAYHYIO Nepepavy ¢ NepesaToyHbiM — oTHOoWeHWem 150 : 1.
CkopocThk BpauleHusA nnathopmMel BONMKHA perynvpoBaThCA
MNaBHo B Npejenax, HauuHaa noytn ¢ "0” go 1muH L, Mo-
3TOMY NPUMEHAEBTCA aKCHaNbHO-MOPLUHEBOH BbICOKOMOMEHT-
Hel rugpopeuraTens Tunosoro paga MCS. Takoit aswra-
TENb FapaHTUPYET MNPU CNOXMBLUKMXCA YCNOBUAX HesHauu-
TenkHbie KonebaHuA KpYTALWEro MOMeHTa U Hebonbwue Ko-
nebannA AasneHMA — MUWHMMAaNLHOe Yvcno obopoToB Hes
Ton4YKoB, cocrasnatowee 0,5 munt.

AnA KomneHcauuy Harpy3axku nNpeaBKnyaeTch nepen npo-
nopuMoHanbHbIM pacnpeaenutenem (nos.2) BRyCKHOW Kna-
naH NOCcTORHHOW pasHocTW pasneHwid (nosz.1). Hesozmomxk-
HbIM ABNAETCA MPWMEHATh CMAMBHOW KnanaH nocToAHHOW
pPasHOCTK AEBNEHWI BCNEACTBME 3TOr0, NOCKONbKY NpW pa-
Gouem pasriedav B 150 gan/em? BygeT CAMWKOM BbLICOKO
Harpy»<atecA aBurartens. JonycTMmos cymMmapHoe paasne-
Hue peuratenna coctasnAeT 300aan/cm?. OBpasyiowieech
20 BpeMA hazbl TOPMOXKEHWA TOPMO3HOE AaBNeHre cnedyert
nobasuTe K ABOMHOMY pabouemy gasneHwwo. Torga Gyamer
NpPeBbLILAaThCcA MaKCUManbHO [ONYcTUMOE CyMMapHoe pAa-
BrneHue.

BryckHOW KJianad nocTOAHHOW DAazHOCTW AABNEHWH BbI3bl-
BAET TOMBKO TOTAa KOMMEHCAUMW Harpy3aku = Noaaepra-
HWe MOCTORHHOW pasHocTH AaBneHwid Ap Ha aWadparme,
KOorga HanpagredHwe Harpyaku ByaeT nonoxurensHbim. [No-
3ToMYy B NWHWW noTpebuteneil A w B scTpoeHsl TopmMo3atkie
knanausl (no3.3). [pyroi 3agavei TaKux NpuBopos ABNA-
eTCA, WcxoaA 13 coobBpaxeHwia BesonacHoCTH, NPOM3IBOAMTL
3anyMpaHue B COCTOAHMM NokoA Bes yTedykwn macna. AnA Toro,
4yToBkeI NNaThopma YAepKMBanack Ha moboi nosuuumn — yTtey-
ka Ha aswratene! — pgeuWraTenb OCHallaeTCA NOCPeACTBOM
ruapagnuMieckiy oTNYCKaemoro NnacTUHYaToOro TopmMo2a.
YnpaeneHve nNpyeoacM, T.e., NPUBeAeHWE B AeWCTBUE NpO-
NOpUMOHANLHOr 0 pacnpefenuTend, NPOM3BOAUTCA OT PYKWU
C MOMOLLBIO PYYHOTrO YNpaBnAwLLEro AaTuMKa.
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anMEphl CKOHCTPYMPOBaHHLIX YCTAHOBOK C OCHALEeHWeM NoCpeacTBOM NPONOpLWOHANbHbIX KNanaHoe v cepeoKnanaHos

Mawmwnna AnAa nuTeA Nopg AasneHnem

Bricokue TpeboBaHWA, KOTOpPLIE B HacTOALLEe BpPemA npe-
ABABNAIOTCA K COBPEMEHHBIM MalUMHAM QNA [WUTbA NOA Aa-
BMEHWEM OTHOCUTENBHO MOCTOAHCTBA MNOKAa3aTeneil KauyecT-
Ba AeTanew, OTNWTbIX NOA AaBEHWEM, Bbi3bIBAKOT BCe 4alue
HeoBXoaMMOCTh B PErynMpoBaHiMK npouecca nuTeA Nog aa-
BneHvem, [uanason pa3bpoca TexHUYeCKMX AaHHBIX Aera-
neld npu atom B 9 pas mMeHbLUe, YeM NMpY MalLUWHax, Ha KOTo-
pbIX HE NMpeaycmaTpuBaeTcA perynuposanue npouecca. 06-
KaTKa WiM NYycK B AerMCTBME PerynupyemMon mMallvHbl yixe
3aKaHYMBAETCA NO MCTEYEHWMN TOMBKO HECKONBKUX WWMKNOB.
TpeGyemoe NOCTOAHCTBO MNoKasarenel KavyecTsa 4oCTUraeT-
CA Npw 3TOM.

Ewe oaHOW BO3MOXCHOCTBIO ANA NOBLILWEHWA KavyecTea, TaK-
ME NPV WM3rOTOBMEHUN CNOXHOW (hopMbl AeTanel, ABRNAEGTCA
BKMHYEHWE N3MEPEHUA BHYTPEHHEro AaBNeHWA MHCTPYMEH-
Ta B KOHTYP PerynuposaHuA.

OnpepenaetcA Ha OCHOBaHWMW TEXHOMOrMU XapaKTepUCTUKA
KPUBOW CKOPOCTK BCpLICKa.

X04 UHXEKUMOHHOrQ UWWNWHAPA PerucTpUpyeTcd ¢ NomMo-
WHI0 CUCTEMBI M3MEPEHWA MEPEMELEHNA ¥ COOTBETCTBYIO-
wum o6pazom obpabaTbigaeTcA. TakiiM 06pa3oM NOAYYEeH-
HOE RENCTBWTENLHOE 3HauYeHWe CPaBHUBAETCA C 3aAaHHBIM
3HaYeHWeM KPWBOW BCNpLICKa W NPOUZBOAATCH NONPaBKHU.
Mpu paeneHw BCNPbICKWBAHWMA UNW AABNEHWK MNOSNUATKK
MO3KHO, ecnu BydeT NPUMeHATLCA U3MEpPEHWE BHYTPEHHEro
AaBNEHUA WHCTPYMEHTa, OCYLUEeCTBWTE BHYTPEHHee pasne-
Hue thopMbl HE3ABMCUMO OT BA3KOCTU pacnfasa 1 04eHs ToY-
HO COrnacHoO 3aJaHHOI NpejBapuTensHO KPWBOKM AaBrneHuA
NoANUTKYN.

Mepek noueHne ¢ perynvupoBaHWA CKOPOCTHM Ha Perynuwposa-
Hue AdBNeHUR npouseectn nubo ”B 3aBUCKUMOCTM OT NYTK
BCcnpekicka”, nubo "B 3aBMCMMOCTU OT BHYTPEHHErO AaBne-
HWA Maccel .

CKOpocTHOW Hanop Npu NnacTuguKaumy BeIMONHAETCA TaK-
€ Ha OCHOBAHWM YCTAHOBNEHHOW Ha OCHOBAHWWM TEXHOMO-
K KPUBOWA.

Bce npouecchl MO perynupoBaHuio BbINONHAKTCA C MOMOLLbID
perynupytowero knanaHa 4WRDES2V. 3nextpoHHan pery-
nyUpylLWan annapaTtypa BbiNoNHeHa Kak MUWKponpoueccop-
HaA TexHuKa. AHaNnoOroBLIA PerynaATop ANA KNanaHa cKoH-
CTPYWPOBaH KaK perynATop TEXHUMECK WX CPEACTB.

e AK
y, —&\\--1\ T E = -
e H - 2 |
Vmake = 135 mm/cek. AR = VHKeKLMOHHBIA UMNMHAD
VmuH. = 2 MM/CBK. PR PK“’J_%— 5 : ggg::
H =480 mm

Owmarxe. = 1900 am/ MUH.
pmaxe. = 140 gan/cm?

O ravin. =30£1M31‘MHH.

= 5 nan/cm?

PMUH.

PETrYNATOP WU NEPeKNOUYeH e #| ynpasneHue riugpa- Cornpe
CKOPOCTh MOAMUTKE CKOPOCT- ._.: MawnHoi Bilixa L
BCMPbICKA  Benpeicka  Hoiwanop | o) ¥ noruvka
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.-.\-'-‘ :
S ;7 t g
b 4 4 SRR

L20
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Ana aameToK
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AnA zameTok
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