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4.1. ®yukuuonajabHas cxema CAY

B ofuiem cayuae dyHKUHOHAMBHAA CXeMa CHCTEMbl aBTOMATHYECKOTO
yIpaBJeHHs UMeeT BHI, NpPeACTABJeHHHIH Ha puc. 2.1, rge NpUHATH cJe-
oyiomue ofozHaueHus: ¥V — yhpaeasoilee YCTPOHCTBO, BKAKUalOlIee
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B cefa 3Y — 3zajawiiee yCcTPOHCTBO, BhIpabaThiBaiolllee 3afalIHHA CHT-
Han xz(t); C¥Y — cpaBuuBawllee yCTPOHCTBO, BhIpafaThHIBAalOllee CHTHA
ownbku e(t) = z(t) — z,e(t); YIIV — ycunurtensHo-npeobpazosaTesbHOE
YCTPOHCTBO, BKJAKUYAOLIee B cefsd MOMHMO YVCHIHTENs M NMpeobpasoBaTenk
MM KODPeKTHpYIOIlee YCTPOHCTBO, KOTOpOe Ha OCHOBE CHTHAaNMa OLIHG-
ki e(t) u usmepeHHoro BoamyeHus f(t) BeipaGaTeiBaeT yrpaBasiollee
BosgedcTere u(t); MUY — ucnoaHuTebHOE YCTPOHCTBO, HEMOCPEACTEBEHHO
BO3IeicTByOMee HA 00beKT yrpaBnenua OY; U321 u UD2 — uyBcTBUTENB-
HEle 3JIeMeHTHl (IaTUMKH), H3Mepsiollke YNpaB/IsieMyr nepeMeHHyI ¥(t)
M BoaMylleHHe f(f) ¥ NpH HEOOXOAUMOCTH MPeolpasyiLUIHe HX B HHYIO (QH-
3HYECKY IO MepeMeHHy 0 (HanmpuMep, MeXaHHYeCKyH HIH TEIJOBYK B 37eK-
Tpuuecky); O — o6beKT ynpasaeHHs.

B panHoii rmaBe paccMaTpHBAIOTCH 3afauM, CBA3AHHBIE C MaTeMaTHYe-
CKMM omHcandeM (nH(pQepeHHATEHEIMH YDPABHEHHAMH H MepeJaToUHEIMH
(DYHKLUHSIMH) HEKOTOPBIX TeXHHYECKHX YCTPOHCTB, MCTOb3YEMEX B CHCTe-
MaX aBToMmaTHueckoro ynpasieHus (CAY) B kauecTBe YNOMAHYTHIX BHIIIE
3JIeMEHTOB.



4.2. YyBCTBUTEIbHbIE )JIEMEHThI — JaTYUKH

JlaTuMKH THHeHHBIX U YII0BLIX MepemMenmieHuid. B CAY nna uzmepe-
HHS JIHHeHHBIX W YIVIOBHIX NepeMelleHHH HCIOJb3YITCA JHHeHHEe W Bpa-
arounecs noreHuroMerpHueckue gatuvku (I1J1). Hna uamepenus yrio-
BEIX TMepeMelleHHH HCMoNb3yioTces Bpauamniinecs TpaHchopmatopel (BT)
H cenbcHHbl (C). Ha 3THX anemeHTax BRIMOJHAKT TaKXKe W CpaBHHBAKOLIHE
yerpoictia (CY). IlpuHuMn neficTBHS 3THX YCTPOHCTE, HX CXEMBEl H OCHOB-
HBEIE XapaKTePHCTHKH paccMaTpPHBATCA B JOBOJBHO 0OIIHPHOH JHTepaType
[1, 2, 5-8, 10]. ¥nomaHyTEIe BEIllIe MOTEHLHOMETPHYECKHe MATYHKH, Bpa-
aM0IHecs TpaHC(OpPMaTOPLHl MW CeJbCHHBI MPH HCCAeI0BAHHH AMHAMHKH
CUNTaTCH Oe3LHEepLHOHHEIMHE 3BeHBAMH C NepefaTouHOH (QyHKLUHeH

W(s) = k.,

roe k, — nepefatouHslil Kos(hdUIHEHT AaTUHKA.

Jl1s moTeHLMOMeTpPHUECKMX AaTYMKOB M Bpallawiiuxcs TpaHchopma-
TopoB Kos(guuuent k, onpepensercs KPyTH3HOH cTaTHUeCKOH XapakTe-
PUCTHKH, HO CcJelyeT WMeTb B BHAy, UTO [OJf BpallalwlluxcA TpaHcdop-
MAaTOPOB 3TO BEpHO MpPH MaJbX yIIax, HHaue HeoOXOOUMO VUHTHIBATH
HeJHHeHHOCTh XapakTepucTHKH. [lepepatounblii KoadduiuHeHT cenbcHHA,
paborawilero B TpaHcOpMATOPHOM pexHMe, TaKXe pacCUMTHIBAeTCHA M0
KPYTH3He XapaKTepHCTHKH, ONpefendeMod Mo cieaywoulel dopmyJe:

AU e
k=35

Tak, nanpumep, nepenatounas ¢pyakuusa [T tuna I1I1

W(s) =k, = 0,08 B/rpaz;

mpu |4] < 30°.

nepenatouHas dyukuua BT tuna BT-5
Wgr(s) =k, = 20 mB/yra. mun. = 1,2 B/rpag,
nepegatouHas GpyHKUuMA ceabcHHa Thna CI'CM-1
We(s) =k, = 1,92 B/rpan.

Jlns uaMepeHHs YIJIOBOH CKOPOCTH HCMOML3YIOT Taxorenepatopkl (T17) mo-
CTOSIHHOTO M MepeMeHHOro Toka. CTporo roeops, Mo DHHAMHUECKHM CBOH-
CTBAM HX MOXHO OTHECTH K alepHOOHYeCKOMY 3BeHY BTOpPOTO MOpSAOKa
C NepegaTouHol QyHKLHeH

. _ Urr(s) _ ferr
Wiels) =y = tema

rie Upr — Hanpskenue Ha Buxome 11, T} = L, /R, — snekTpuueckas mo-
CTOSIHHAS BpeMeHH, L, — MHOYKTHBHOCTE 0OMOTKH fKopsA, R, — akTHBHOe



COTIPOTHEJIeHHe 06GMOTKH AKOps, 1o — 3/eKTpoMexaHHYecKas TMOCTOSHHAS
peMeHd. Ho nockonsky skops TI coemuHeH ¢ BaJoM ABMTAaTesis, CKOPOCTh
KOTODOTO OH W3MepdeT, ero MOMEHT MHepIHH YUHTHIBAETCA TPH pacueTre
3JMeKTPOMEXaHHUECKOH MOCTOSHHOH BpeMeHH NBUraTefs B CYMMAapHOM MO-
MeHTe WHepuuu. YuuteiBas, uto 1| < 15, TT moxuO cuutate GeawiHep-
LHOHHEIM 3BeHOM ¢ mnepepatouHoft dyukunedt Wryr(s) = krr, roe krr —
nepenaTouHeld Koadduuuent TI, onpemenseMelii KPYTH3HOH CTaTHUYeCKOH
xapakTepucTHkH Urr(n).
Hanpumep, nepepatounas dyukuus TI tuna TII-75

Wrr(s) = krr = 20 MB - mun./06. = 0,19B - ¢/pan
a gna TI tuna IOI'-3TA
Wrr(s) = krr = 1 MB - Mun./06. = 0,0096 B - ¢/pan

OcHoBHBIE XapaKTepHCTHKH HEKOTOPHIX THMOB 11 mnpueenenw B [2, 10].

Hatuunku TemmepaTypbl. Jli8 H3MepeHHs TeMmepaTypekl B CHCTeMax
ABTOMATHYECKOTO YMPABJeHHS HCMOMbAYVIOTCH 3JeKTPOTEIUIOBEle MAaTUHKH:
tepmonapsl (111) u Tepmoconporusaenus (TC) [b, 6, 8, 10]. HaTtuuku sToro
THNA ¢ TOUYKH 3PeHHMA AMHAMMKH SABJAITCA anepHOIHUECKHM (MHEpPLHOH-
HLIM) 3BEHOM MepBOTO MOPAMKA C MepelaTouHoH (hyHKIHeH

__krn
HI(S} 1+ .'SJ__lrr"r,rl:l

roe Tl‘,-'.[ — MNOCTOAHHAaA BpeMeHH TepMOOaTUHEA, KOTOopad Konebnerca Aad
HEKOTOPEIX THIIOE AJATYHKOE OT Joqaei CeKyHIH 00 HeCKOJBKHX MHHYT,

kr — nepenaTouHbI# KO3(gUIHEHT TepMOAATUHKA, KOTOPHIH ONpeeaser-
€A KPYTH3HOH CTaTHYeCKOH XapaKTepHCTHKH.

4.3. Yeuaureau

B CAY wucnonbayioTcs Bce H3BeCTHBIE THME YCHIHTENEH: 3JeKTDH-
yecKHe, THAPABJIHUECKHe M THeBMaTHYecKHe. B KauecTBe 3/1eKTPHUECKHX
HCMONB3YVIOTCA MeKTpoHHEIe (DY) (NOaynpoBOAHMKOBEIE, THPHCTOPHEIE),
MarHuTHele (MY) ¥ anextpomamunuele (IMY).

JNeKTPOHHBIE YCUIUTENH. IeKTPOHHBIE YCUIMTENH MOXHO CUMTATH
Oe3LIHepLIMOHHEIM 3BEHOM C MepelaTouHoH (yHKIHeH

WT{S} = k}rc,



Mo HanpXeHHIo ky. PACCUMTHIBAETCH KaK OTHOLIeHHe BHIXOIHOTO Hampfxe-
HHS YCHJIHTENSA Uy, KO BXOAHOMY HamNPAMEHHIO Uy, Kye = Uy /Uy

MaruutHele yeunurenu. Hauboasliee pacnpocTpaHeHde B CAY mo-
JyuHia cXeMa IBYXTakTHOro peeepcueHoro MY [5, 8-10]. [lo nuHaMuue-
CKHM cBOHcTBAM MY 3TOro THNAa 3KBHBAJEHTeH anepHOLHYECKOMY 3BeHY
C nepelaToOYHOH (YHKLHeH

. Fay
Wiv(s) = —o.
my (s) (1 + sThyv)
Jlns yBenuueHHs Ko3(hHHULHEHTa YCHIEHHA HCMOAbL3YIOT BHYTPEHHOK 06-
paTHYI0 cBA3b. [locTosiHHAn BpeMeHH Ty a8 MY ¢ moJoxHTeNbHOEH
0BpaTHOH CBA3ILK PACCYMTHIBAETCH MO caAeayoled dopMye:

3
Ruwyq
0 2 !

4.fRyn'wJ-“ (1 - -5)

roe f — YAaCTOTa HanpAXeHHd MHTaHHA B T, R“ — AKTHEBHOE COIIPOTHEJE-

HHe HarpysKH, RE" — ofllee aKTUBHOE COMNPOTHBIEHHE LIENH YIpaBJleHHd
YCHJHUTENA ¢ YYeTOM CONPOTHBJAEHHA HCTOYHHMKA YIIpaB/fALIero CHrHana
B OM, wp H wyy — UHUCJI0 BUTKOB padouedl oOMOTKH W OOMOTKH yIIpaBJe-
HHA COOTBETCTBEHHO, 7 — KO3 (QHUHEHT MOJMOXHTeAbHOH 00paTHOH CBA3H.
KoadhHUHEHT yCHIeHHA M0 HANPAMeHHIO kyy BHUHCAASTCA MO dopMmyne

Ty =

k . llﬁll'il-!'EsL-,.l.‘xZ _ RH?EH
MY = = =
Ay, Ryu?_vn
roe ¢, — TOK B Harpyske, i,, — TOK B 0OMOTKe yTpaB/leHHS.

MaruutHue YCHAHTEJH PaCCHHTEHIEAKTCH OJA KdAI0T0 OTIAeJdBHOIC
CJydadn, CEpHﬁHG MPpOMEIIIIEHHOCTEIO He BREINYCEKAIOTCH.

DeKTpoMallHHHBIe yeuauTean. MY ucnonssyworea B CAY B cay-
yae HalWYHWA HCTOYHHKA MeXaHHYecKo#d 3Hepru (HampuMmep, OH3eNb
H T.1.). Fx npuMendawT o ynpaeaeHUd ABHraTeneM MOCTOAHHOTO TOKA,
Koraa TpedyeTcd BHICOKHH KO3(@ULUHeHT YCU/IeHHS 110 MOLLHOCTH. H3BecT-
HEl pa3qHuYHBEIE KOHCTPYKUMH 2MY [3, 5, 6, 8, 10]. 2MY ¢ nonepedHuIM
noJieM OMHCHIBAeTCH Nepe]aTouHod QyHKUHeH anepHoaHUYeCcKOro 3BeHa BTO-
poro nopagka

Uuux{sj — k'ﬁ_‘»‘]‘.&-‘
Uex(8) (1 +&Tv)(1+ &Tk)’

roe koyy — Ko3(QhHUHeHT yeuaeHHA 2MY, paBHuIl

komy = kika, ki =m /Ry, ke =mge/Rg,

Wonmy(s) =

Ry v Ry — akTHBHLIE CONPOTHBIEHHS OOMOTKH YIPABJEHHS W MOIe-
) K

peyHoil KOpOTKO3aMKHYTOH OOMOTKH COOTBETCTBEHHO, iy — KO3(Q(HIH-
eHT TNponopUHoHanbHOCTH Mexay 2I0C B monepeuyHol 0OMOTKe H TOKOM



yIIpaBJeHus, 1y —KO3(MMHULHEHT NPONOPLUHOHANLHOCTH MeX1Y BHIXOAHOH
ANC u TokoM B mnomnepeuHoii ofmoTke, Ty = Ly /Ry — mnocTosHHAA
BpeMeHH LienH yrnpasieHHs, Ly — HHAYKTHBHOCTL O0OMOTKH YyMpaBJeHHH,
Ty = Lk /Ry — NOCTOAHHAA BPeMeHH MonepedyHol uen#, Ly — WHIYKTHB-
HOCTL MoMnepeyHoil oOMOTKH. O0wuHO T = Ty, UX 3HAUeHHUH KoJebJTCeH
OT COTBIX [0 JNecATHIX AoJiell ceKyHAB. KosadhuUMeHT yCcHJIeHHA MO MOLL-

HOCTH /18 3TOro THna DMY mocturaer 10%.

4.4. UcnotHUTEIbHBIE YCTPOMCTBA U 00beKThI YIIPABJIeHUS

Jeurates NOCTOAHHOTO ToKa. JIBHraTe/lb [OCTOSHHOTO TOKA
C He3aBHCHMEIM BO30yKIeHHeM MOMKeT ObiThb [pelcTaBJieH CTPYKTYPHOH
cXeMoH, npuBefeHHOH Ha puc. 2.2, rae W,(s) —nepenatouHas dyHKIUA
OTHOCHTENIbHO YNpaB/JfAKLIero BosgeicTsus wu,, Wpyr(s) — nepenatounas

(DYHKLHMA OTHOCHTEJNBHO BO3MYILUEHHS — MOMEeHTa HarpyskH My.
Korga BuixomoM siBAifleTCsl YIJIOBAA CKOPOCTH, MepefatoduHas (MyHKIHA
NBHraTeNs Mo YIPaBIfAIIEMY BO3IeHCTBHIO u,

_ s _ B
Uy(s)  (TuTws® +Tus+ 1)

Wy [S} = H'ruw[‘g)

M 110 Bo3mylueHHwo M,

_ Qs) _ koo(Tas+ 1)
M. (s) (LT § +Tus + 1)

H‘r_ru [5} = H'I_‘-.-'] w {5 :I

3nece ky = l = e MepedATOUHHIH KOo3(hMUUHEHT AOBHUraTed [0
Ce Unraona
YIIpaBJeHHIO, ¢, — MOCTOAHHASN, 3aBHCALLAA OT MNOTOKA BO30YKASHHA H KOH-
CTPYKUHH ABHraTenfl, wezr = 1,0Wyom — CKOPOCTB XOJOCTOTO X0Aa, Wion —
HOMHHAJBHAA CKOPOCTh, Iy = Ly /Ry —
3MeKTpHUecKass TMOCTOAHHAA  BpPeMeHH
AKopA, Ljy — HWHIYKTHBHOCTH OOMOTKH
aKkopsi, sy — AKTHBHOE CONpPOTHBJIEHHE
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3MeKTpOMexXaHHuecKas MNOCTOAHHAA Bpe-
MeHH, J — NpHBeIeHHEIH K BaJy IBHraTe-
________________________________ i J1f CyMMapHHH MOMeHT HHepLHH Bpallia-
R.’rl _ -'rt":leR!rl
Celomn - LLr
nepenaToyHeld Ko3(hdUUHEHT ABHratend
Mo BO3MYLUEHHID (MOMeHTY Harpyaku) M,, ¢, — MOCTOAHHASA, 3aBHCALLAA,
KaK H €c, OT MOTOKA BO30YXKIeHUA W KOHCTPYKLHH [OBHMIATeNd, Uy,
HOMHHA/BHOE HanpaA:KeHHe ynpasneHus, My — nycKoBoH MOMEHT.

Puc. 2.2 OIIMXCA YacTedd, ko =



Jlnsg ©0JbIIMHCTBA OBUraTefefl BHINOJAHAETCA HepaBeHCTBO Ty <& Tyy.
[lostomy npu pacuere auHaMHKH CAY uacto mnosarawt Ty = 0. Ilpu
3TOM MepefaToyHble QYHKLHH IBHraTe/s Mo YIpaBlfdnlleMy BO3LeHCTBHIO
Wyw(s) 1 no Boamyweruo Wiy, (s) COOTBETCTBEHHO MPHHUMAIOT BHA

ﬂ{s} _ ka1 ﬂ{S] _ k.'-l?

U.(s) 1+l Wire(s) = M,(s)  1+sTn

W (s) =

Eciu 3a BEIXOAHYIO BeMHUMHY IBHTaTeNs MPUHATHL YroJ MOBOPOTA Basa o,
Fa

TO nepefiaToOuHLIe QYHKLHHK N0 ynpaeaawulemy BosfekicTsuo Wy, (s) u no

Bo3MyleHHI0 Wi, (s) HMeoT BHA

[ ): ©(s) Kal H",M:,:J[S) _ w(s) — ka2

Weel®) = 06y = ST+ Ty -

upls

[Ilpumep 2.1. OnpepenuTh nepeaaTouyHble QyHKIHH ABHraTeNd THNA
JIIM-20-H1/H2-01.

Pemwenue. J[Jlna geuratens jpgandoro THnma Tg = 0,0007 c,
Tw =035 ¢, wyuow = 29 B, nyuon = 9000 06/Mun, Mp = 60 rem,
Rg =218 Om.

[TpHBenem egMHHIIEI H3MepeHHA NMapaMeTpoBR ABUratess K cucreme CH:

M, = 60 rem = 0,0059 Hu, w,p,, = % = 949 pan/c.

CKOpOCTb XOJOCTOTO X04a ABHTaTensl wyx = l,5wyon = 1413 pap/c.
PaccuuTaem nepenaTouHule KO3 QHLIHEHTH ABHraTeNA MO YOPaBJISHHIO
U 110 BO3MYILLEHHIO:

1413 pa ~_ 0,0009-218 (Hat ) O
ha = —5- =487 B2, k= ———— = 0,044 —.
TCIF,[LH Noay4YHM NepelfaTodyHEIS q}}"HKL[HH OBHTaTe d
. 487 . 48T
Wauls) = 750355 Wuels) = s(1+0,35s)"
0,044 0,044
Witw(s) = ——,  Wito(s) = ———a—.
wols) = 1555 Warels) s(1 + 0,35s)

AcHHXpOHHBIe IBHraTen. Haubosee pacnpocTpaHeH UHAYKUMOHHBIN
nByxdasuelil aeuratens [1, 3, 8-10]. B nMHaMHYeCKOM OTHOLIGHHH acHH-
XPOHHBLIH [ABHraTejJb pacCMaTPHBAeTCS OTHOCHTENBLHO YIJIOBOH CKOPOCTH
Kak amepuoAMyecKoe 3BEHO W 10 YMpaBasiiolleMy BosaedcTBuio Wi, (s)
H 1o BoaMmyienuio Wy, (s):

4 _ k,'.‘ll T _ JE;,I_'L?
Wuw{s) 1+ 8Ty’ Ware (S} 14 8Ty’
Wap(s) = 2l Wiag(s) = 22—

ue S[1+ST3H"]|1 ¥ 3{1“‘5’1}”}’



rie napaMmeTphl ABHrATeNA BEIYHCAAKTCH M0 CAelyWIIHM q]Dp]"ri}-’ﬂHMI

w M, W
k.|: — ' wmzl,fm 3 rIC.QZ _”., TMrZ.JTp II,
- uyuﬂm s a 1'pu li":fn
roe t,, — MYCKOBOH TOK pOTOpA, PaBHHIA TOKY, MoTpebisieMOMY OT CeTH,

Jp — MOMEHT HHepLHH poTopa.

[Tpumep 2.2, OnpenenuTk nepefaTouyHee (DYHKIMH aCHHXPOHHOTO
peuratend tuna AJMl-32b. TexHHuecKHe XapaKTepHCTHKH NBHTaTe/]ad 3TOro
tana: Tar = 10 mc = 0,01 ¢, ngy = 7000 06/ MuH, Uyyomw = 40 B, M, =T x
x 107 Hwm, i,, = 3 A.

Pemenwue. ¥rnoeas CKOpPOCTh OBHIATEJA NPH XOJOCTOM XO4e

Wy = 2 732 pan/c.

50
PHCCLIHTEEM NnepeldTO4YHBIE KGS‘q]qJHU,HEHTH NBHraTenq:
hu = : — 18,3 pan/c, K= % —95.10~ %
TGF,H,EI NnepeldTOYHBIE q}}'rHKU,HH OBHTATEJHA
W (s) = %’fm, We(s) = ﬁ,
Wg (s) = 25.10~* Waro(s) = 95.107*

1+0,01s’ ~ s(1+0,01s)°

[eHepatop mocTofiHHOrO TOKa. [eHepaTop MOCTOAHHOIO TOKAa OMHUCH-
BaeTcA OHddepeHLHANbHEIM YpPaBHEHHeM MEepEOro NopAnka M OH 3KBHBA-
JIeHTEH anepHoiHueckoMy 3BeHy [6]:

UJ'{S:I kv

Wr(s) = = ,

v(s) Us(s) 1+ sl;
roe wup, w, — BBHIXOAHO® W BXOOHO® HAaNpsKeHHA TreHepartopa, kp =
— mp/Rp — nepenatouHslii Ko3(pHUIHEHT MO YIPaBJASOUIEMY BO3NeH-
CTBHI, Ry — aKTHBHOe COMNpPOTHBJeHHe 0OMOTKH BO30yKIeHHA, mp —

KOHCTAHTa, ONpelensanilas 3asicuMocTs Mexay J1C renepartopa E # To-
KOM BO30yxneHus i,, 17 — Lp/Rp — mNocTosiHHAs BpPeMeHH reHepartopa,
Ly — WHOYKTHBHOCTE 0OMOTKH BO30YXIeHHA.
[TepenaTouHan (yHKLHA reHepaTopa OTHOCHTENBHO BO3MYyLleHUS (i, —
TOKa AKODA) Oe(s)
(s
11’2{5} - IH{S:] - RH.

roe R;;] — dKTHEHOE CONPOTHBAEHHE LEMH AKOpH.




4.5. KoppekTupyrouue 3JieMeHTbI

[Ipu cunteze CAY ansa obecnedeHHs ee YCTOHUYHBOCTH U TpedyeMEIX
MoKasaTeeil KauecTBa HCMONb3YIOT KOPPEKTHPYIOLHE 3JeMeHTH, B Kaue-
CTEe KOTOPHIX MPHMEHAKT MNAaCCHBHEIE M AKTHBHEIE YeTHIPEXMONICHHKH,

ITaccHBHBIE 4YeThIPeXMOJWCHHKH. [laccHBHEE YeTHIPEXMOJAKCHHKH
NpeicTaBAAKT cOO0H cXeMbl H3 Pe3HCTOPOB, KOHISHCATOPOB H HHAYKTHB-
HocTel [D-T7].

[Ipu BHUMCNIEHHH NMepefaTOUHLIX (QYHKUHH 4eTHIPeXTONKCHHKOB y100-
HO BOCMOJB30BATLCA ONEPATOPHBIMH COMPOTHBJAEHHAMH: OMHUecKHM IR,
MHOYKTHBHEIM sL u emiocTHeIM 1/sC. TlpM 3TOM NacCcHBHEIE UYeThpex-
MOJKCHUKH MOMHO PacCYHTHIBATE KaK CXeMEl, COCTABJEHHBIE H3 OHHX
OMHUeCKHX conpoTHRAeHHH. O0Lan cXemMa NacCHBHOrO YeTHIPeXNO/CHHKA
MnoKasaHa Ha puc. 2.3, rie Z| U Z3 — ONepaTOpHEIE CONPOTURIEHHS.

[TepenaTouny (yHKLHIO TAKOr0 YeThHIPEXMONCHHKA MOMXKHO 3aMHCaTh
caenyw|m obpasom:

Us(s) _ Zewx(s) _ _ Zo(s)

V=T = 2l ~ 70 + Za()

[Tpumep 2.3. PaccuutaThk nepenaTouHyH QYHKIHI YeTHPEXMOAC-
HHKA, MOKA3aHHOro Ha pHc. 2.4.

| | Cl
11
c—{ 1 ' O o——
Ri
My £ 2 Uy i, R;, Uy
G . O O . O
Puc. 2.3 Puc. 2.4
Pemwenue. B naHHoM cayuae
B 1 B R, .
ZI{SJ o ]J.'"R|-|-SC| o 1+5RlC], ZE(S) _RQ,
B _ R+ R+ RiRaChs B
Zux{sj — Zl{Sj 4 ZE(S}I — 1 T R[C]S ’ Zum}-‘.{s} — R?'
[TosTomy
.  Ze(s) Tis+1
Wis) = 5 T T
R . _ RBR
roe k= Bt R, < 1,7y =RC,, T, = _R] +RQGI < 1.



Ecai coeqHMHHTb MOCeA0BaTeNBHO JBA MACCHBHEIX UeTHIPEXMOJKCHHKA
yepe3 pasfequTeNbHEH yCHAHTeAb (puc. 2.0), TO mepefaTtouHad (QyHKIHSA

3TOH LEOH
W(s) = Gt = Wil)keWa(s),

roe kye — Ko3hhUUUeHT ycHleHHd ycuautensa, Wi(s) u Wa(s) — nepena-
TOUHBIe (YHKIHHM UeTHIPeXMOJIOCHHKOB, BKJIKUEHHLIX HA BXOMe M BRIXOIE
YCHITHTEJIS.

Ata (opMyaa crpaBelJHBa MPH YCIOBHH, UTO BXOJHOE COTNPOTHEJIEHHE
YCHIHTE/IS1 JOCTATOYHO BEJMHKO.

AKTHBHbIE YeTbIPeXIMOJICHHKH MOCTOAHHOrO TOKa. B TakHux ueTH-
PexMONICHHKAX HCIOJAbL3YITCA onepaluoHHEe yeuauTenu (¥1IT) ¢ Brico-
KUM Ko3HiHeHTOM ycHaeHus k.. [4, 6, 7, 9]. O6mas cxema akTHBHOTO

YeTHIPEXMOMIOCHHKA MoKazaHa Ha puc. 2.6. [Tepepatouynan GyHKUMS TAKOTO

3/1eMeHTa

Wi(s) = 28) _ _ Za(s)

Uh(s) Z1(s) pH ye > 1.

[Tpumep 2.4. Paccuutarh nepenaTouyHyr (YHKIHK AKTHBHOTO 4Ye-
THIPEXMOJCHHKA, NMOKA3aHHOrO Ha pHc. 2.7.

Pewenue. B gaHHOM cayuae

1 R
1;"R2+SC2 o 1 +SR2{:‘2,

Zy(s) =Ry, Zs(s)=

Mostomy W (s) = —?g = -1 +k3T’ k= R] , T = Ry(s.
o—
n 221
G| 212 > 212 Hy
O * * O
Puc. 2.5
23

o 4>+ —o

o “1 Uz

O ¢ O




R,
L

Puc. 2.7
4.6. CpaBHuMBamwoLue ycTpoiicrea

Ha puc. 2.8, a nokazana cxema CY, BHIOJAHEHHAA HA JHHEHHEIX NOTeH-

urometpax 11, u lls, a Ha puc. 2.8, 6 — Ha KOJBIEBHIX MOTEHIIMOMETpaX
Il ulls.

M

Au
T T o O
iy uy g 1y _5]'11 IT, 'C‘_
I, I,

O “ué)
&

i

Puc. 2.8

B o00eux cxemax curHan oHOKH Aw = 0 npH paBeHCTBe 3a[a0LUIEro
CHrHAaMa )] M CHrHaJa oOpaTHOH CBA3H uso.

Ha puc. 2.9 nokazana mocToeada cxema CV.

B uacTtHOM cayuae B mieuu
MOCTA MOTYT OBITE BKJIOUEHH AK- O
THBHLIE CONpOTHEIeHHS R, Hs,

R; ¥ TepMoCONpOTHBIeHHe [i.
Ecsu BHINONHAGTCA yCJAOBHE paB-
HoBecHsi MocTa [l = HoHj, u,
TO CHMHaa owHokn Aw = 0.
B ofuwewm cayyae B Mieud Mo-
CcTa MOTYT OBITH BKJKYEHH, MO-
MHMO AKTHBHBIX COMPOTHRJIEHHH,
MHOYKTHBHOCTH H €MKOCTH. o

Cxema CY MomKer OBITE BHI-
MoJHEHA M Ha CelbCHHAX, H Puc. 2.9
Ha BpallawUHxca TpaHcdopMa-

Topax. [lpuHUMNHANBEHAA cXeMa TaKHX yCTPOHCTE MOeT OBITh MOKa3aHa
Tak, Kak Ha puc. 2.10.
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Cy
3y Iy

Puc. 2.10
ocH (3.

B KauecTBe 3apawmwmero (3¥) wH
npuemHoro (I1Y) yecrpoiicTe MoryT
HCIOML30BATECA M cedbCHHH  (CJI-
ceJibCHH-1aTuuK, Cll-cenbcHH-npHeM-
HHMK) M Bpallawlliiecs TpaHcpopMaTo-
pel (BT-1 u BT-2). Curnan owwudku
Aw = 0 npu paBeHCTBe YIJOB MNOBO-
poTa 3ajawlled OoCH o H NPHEeMHOH

Ha puec. 2.11 nokaszaHa cxema CY, BHINOJHEHHAasd Ha ONepalHOHHOM
YCHJAHTeJe (aKTHBHOM uYeThlpexnontocHHKe). CurHan owudkd Aw = 0 npu
PABEHCTBE HAMpSKeHHH u; = ug.

Puc. 2.11

Jlna Bcex mpHBeleHHHIX Brille cxeMm C¥ (puc. 2.8-2.11) cTpykrypHas
cxeMma nokazaHa Ha puc. 2.12, roe xz(t) — BXomHOH cHrHan, y(f) — CHrHam
obpaTHO# cBA3H, e(t) = key[z(t) — y(t)] — curnan owudku, kqoy — nepe-

nATOuHEIH KosguuueHnt CY.

T ]

€)= Ky [x(0) = ¥(0)]

Puc. 2.12

4.7. 3apanuns

Tabnuua 4.1
BapuanTsl 3amanui
Bapuanr 3ananue 1 3ananue 2 3ananue 3 3ananue 4
1 4.1;,4.2 43.1 44.1 4.5
2 4.1;4.2 4.3.2 4.4.2 4.6
3 4.1;4.2 4.3.3 4.4.3 4.7
4 4.1;4.2 4.3.4 4.4.4 4.8
5 4.1;4.2 4.3.5 4.4.5 4.9
6 4.1;4.2 4.3.6 4.4.6 4.10
7 4.1;4.2 4.3.7 4.4.7 411
8 4.1;4.2 4.3.8 4.4.8 4.12
9 4.1;4.2 4.3.9 4.4.9 4.13
10 4.1;4.2 4.3.10 4.4.10 4.14
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4.1. 3anumure nuddepeHIanbHOe ypaBHEHHE U TepeaTodyHble (QYHKIUU
JIBUTATENSI MOCTOSIHHOTO TOKa C HE3aBHUCUMBIM BO30yxaenuem tuma JI1IM-20-
H1/H2-04 no 3aparoiiieMy CUTHaIY U 110 BO3MYILEHHUIO I CIIy4yaeB, KOrja BbIXOJ0M
SBJISIFOTCSL YTJI0Basi CKOPOCTh U YTOJ MOBOPOTA.

Texunueckue xapakrepuctuku apurarensd: Ty = 0,19 ¢, Tq = 0,0012 ¢, My =
280 T'em, Ry = 5,4 OM, Uy = 14 B, ny 0 = 4500 06/MmuH.

4.2. 3anumuTe nepeaaTouHyo (YHKIMIO aCHHXPOHHOTO aBuratens Ttuna AJl-
25B OTHOCHUTENHHO YTJIOBOM CKOPOCTH U yTrila MOBOPOTA MO YIPABISIONIEMY BO3/CH-
CTBHUIO U 0 BO3MYIIECHHIO. TeXHWUECKHUE XapaKTepUCTUKU nBuratens: Ty = 17 mc,
Ny = 6500 06/MHH, Uy o = 40 B, M0, = 40 x 107* Hm.

4.3. CocraBuTh nepenaToyHble (YHKIUU JJIS TTACCUBHBIX YETHIPEXIOIIOCHHU-
KOB, IMIOKa3aHHBIX Ha pUCyHKax K 3ananusm 4.3.1-4.3.10.

4.3.1. Ry =15kOm, R, =5 kOwm, L, =20 I'n.

4.3.2. Ry =25kOm, R, =7 kOwm, L, = 11 T'n.
R
c‘:—|:]

~ =

b=

Hy

| THE .-k."l:l‘“
b
=
3 C

O

4.3.3. C; = 5 mx®, R; =30 xOwm, R, = 8 xOwm.
4.3.4. C; =16 Mx®, R, = 10 kOmMm, R, = 2 kOwm.

O

i

14

0

O :

4.3.5. C; =4 mx®d, R, =200 xOwm, C, = 1 MxD.

4.3.6. C; = 3 Mx®d, R, = 110 kOwm, C, = 1,5 MxD.
C,

' |
11

2 2 2
— ’ ~
F L .

4.3.7. Ry =5 xOwm, C; =20 MxD, R, = 8 kOwm, L, = 150 I'n.
4.3.8. R, = 8 kOwm, C; = 16 Mmx®D, R, = 10 kOm, L, =90 I'n.

R 1
O J O

i

O o O
4.3.9. R; =35 kOwm, R, = 12 Mx®, C; =20 mx®d, L; =80 I'H.
4.3.10. R; = 15 xOwm, R, = 22 Mmx®, C; = 10 mx®d, L; = 50 I'H.
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4.4. Onpenenute nepeaaTouHble PyHKIIMA aKTUBHBIX YETHIPEXOIIOCHUKOB

MTOCTOSTHHOTO TOKa, ITOKa3aHHBIX Ha puc. 4.13, a, 6.
R,

Cy Ry
¢ T o ’ﬂq
1 1
o—| > g i m— >0
" Uy U ] U5

O . O O . O

=1
n

Puc. 4.13. Ycnosue npumepa 4.4

BrlimonHuTe 3a1aHue Mpy CIeAyOMUX UCXOAHBIX TaHHbBIX:
4.4.1.a) R, =20 kOwm, C; = 10 mx®D;
0) Ri; =20 xOwm, C;; = 3 MKD, R, =40 kOM, R,; = 30 kOm, Cy; = 10 MxD;
4.42.a) R, =1 mMOwMm, C; = 1 MxD;
0) R{; = 10 kOwm, C;; = 1 Mk®D, Ry, = 30 kOM, R,; = 20 kOwMm, C5; = 6 MKD;
443.a)R, =0,1 MOwm, C; = 5 mxD;
0) Ry1 =5 kOwm, C;1 =2 Mk®D, Ry, = 15 kOM, R,; =35 kOwm, Cy; = 3 MKD;
4.44. a)R, =40 xkOwm, C; = 5 MxD;
0) Ry1 = 0,1 MOwm, C;; =5 Mx®D, Ry, =2 MOwM, R,; = 0,1 MOm, Cy1 = 5 MKD;
4.4.5.a) R, =20 xkOwm, C; = 2 MkD;
0) Ri; = 0,01 MOwm, C;; = 5 MKkD, Ry, = 0,02 MOMm, R,y; = 0,5 MOwMm, Cy; =1
MKOD;
4.4.6.a) R, = 0,3 xOwm, C; = 15 MxD;
0) Ry; = 12 xOwm, C;; = 8 MKD, R, = 20 kOM, R,; = 32 kOwm, Cy; = 12 MxD;
4.42.a) R, =1,3MmOwm, C; = 14 MxD;
0) Ry; =1 kOwm, C;; = 10 Mx®, R, =50 kOmM, R,; =2 kOwMm, Cy; = 3 MKD;
4.43.a) R, = 0,2 MOm, C; = 10 MxD;
0) Ry1 = 7 kOwm, C;1 = 2 Mx®D, Ry, = 17 kOmMm, R,; = 25 kOwm, Cy; = 1 MxD;
444 a)R, =30 xkOwm, C; = 0,5 MxD;
6) Ri; = 0,5 MOwm, C;; = 18 Mx®d, Ry, = 5 MOM, R,; = 0,12 MOwMm, Cy; = 2
MKD;
4.4.5.a) R, = 25 xOwm, C; = 4 MxD;
0) Ry; = 0,03 MOwm, C;; = 11 Mk®, R, = 0,05 MOM, R,; = 0,5 MOwMm, Cy; = 4
MKD;
4.5. JIna npuBeneHHo# Ha puc. 4.14 GJI0K-CXEMBI TTOCICIOBATEIFHOTO COSIHU-
HeHus OMY u nBUTartens MOCTOSHHOTO TOKA ¢ HE3aBHUCHMBIM BO30YKICHHUEM THIA
NIIM-30-H1/H2-05 3amucate nuddepeHnuanibHoe ypaBHEHHE U TepeaTOYHBIC
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(GYHKIIUA OTHOCHTEIILHO: a) yIIOBOM CKOPOCTH w, 0) yria moBOpOTa (¢ MPH CIEIY-
IOIINX UCXOIHBIX TaHHBIX:

st OMY: Ly = 60 T'n, Ry = 1,5 kOwm, Ly = 0,3 ', R = 1 Owm, kyyy = 10;

nns asurarens: Tg = 0,0012 ¢, Ty = 0,19 ¢, My = 250 I'em, Rg = 15,7 Om,
Uy yom = 27 B, Nyop = 6000 00/MuH.

— MY |— JIT S :

W, @
Puc. 4.14. Ycnosue npumepa 4.5

|

4.6. [lns mociemoBaTeIbHOTO COSAMHEHHS MarHUTHOTO ycwiHTenss MY, nBu-
rarens J[B MOCTOSTHHOTO TOKa ¢ HE3aBHUCUMBIM Bo30yxaenueM tuna J[1IM-30-H1/H2-
10A u taxoreneparopa TI" tuna TI'-4 (puc. 4.15) 3anummre nepeaaTounyro GpyHk-
LUIO.

[Tapamerpsr MY, BBIIIOJTHEHHOTO 10 IBYXTaKTHOW PEBEPCUBHOM CXEME, UMEIOT
cnenytomue 3Hauenus: wp = 200 BuTkoB, Wyp= 550 ButkoB, § = 0,95, Ry= 60 Owm,
R =160 Om, f =400 I'u, kyy = 8.

Texnnueckue xapakrepuctuku asurarend: Ty = 0,19 ¢, Tq = 0,0012 ¢, M =
280 T'em, Ry = 5,4 OM, Uy o = 14 B, 1y = 4500 06/MuH.

Kpytuzna xapaxkrepuctuku TI tuna TI'-4 k¢ = 10 MB - Mmun/o0.

M

H

H] i, i3] “.[.1.
— = MY e T +—=

L]
| ]

Puc. 4.15. Ycnosue npumepa 4.6

4.7. OnpenenuTs NepeaaTounyo (QYHKIUIO I OCIeA0BaTEILHOTO COSIUHE-
HUS JIBYX MTACCUBHBIX YETHIPEXITOIIOCHUKOB U OTIEpaIllMOHHOTO ycuutens (puc. 4.16)
IpU CJIEIYIONIUX 3HAYEHUSAX mapameTpoB: R;; = 50 kOwm, C;; = 20 Mx®D, Ry, = 20
KOM, R,; = 100 kOmMm, R,, = 15 kOMm, Cy, = 12 Mmx®D, Ry; = 1 MOM, Ry, =20 MOm.

Hapucyitte CTpyKTypHYIO CXEMY.
Ch Ry,
| ]
11

Puc. 4.16. Ycnosue npumepa 4.7
14



4.8. 3anucarh nepeaaTouHyr QyHKIIHAIO JJIS TIOCIE0BATEIPHOTO COCTMHCHUS
MACCUBHOT'O YETBIPEXIOIIOCHUKA U ONEPallMOHHOTO ycunutens (puc. 4.17) npu cre-
OYIOIMX 3HAaUeHUsX mapameTpoB: Ry = 10 kOwm, C; = 15 mx®d, R, =24 kOwm, C, = 21
MKD, R; =5 kOwm, (3 = 2 MkOD.

C C.

—| 1

R,

—_ (_.'a-.
- T

Puc. 4.17. Ycnosue npumepa 4.8

My

Y
b Tt

4.9. [1ns cxembl, SIBISIONIEHCS MOCTIEA0BATEIbHBIM COSAMHEHUEM TEPMOMaphl
TII 1 aKTUBHOTO YETHIPEXIIOIIOCHUKA (ONEPAIIMOHHOTO YCUIIUTENS ), TOKa3aHHOTO Ha
puc. 4.18, onpenenuts nepenatounyo GyHkiu. COCTaBUTh CTPYKTYPHYIO CXEMY.
3anucath quddepeHnaibHOe YypaBHEHHE.

[Tepenarounsnii kodhdumuent TII ktp= 4 B/rpan, nocrossuaas Bpemenn TI1
Trn = 0,9 ¢, mapameTpsl ONEPALMOHHOTO YCUIUTENS UMEIOT CIIECIYIOINE 3HAYCHHUS:
R; =100 kOmM, C; = 1 MKD, R, =5 kOm, R3 =40 kOm.

C, R,
| ]
11
‘RE
e B S o S S
m | L+
-
< R,
h Hrm M pax

Puc. 4.18. Ycnosue npumepa 4.9

4.10. lns moclieqoBaTEIbHOTO COCAMHEHHS aKTHBHOTO YETHIPEXTIONIOCHHKA,
anekTpoMammHHoro yeunutens (OMY) u nurarens (/IB) mOCTOSHHOTO TOKa ¢ He3a-
BUCUMBIM BO30yxenuem tumna J{[IM-20-H1/H2-11 (puc. 4.19) paccuurars nepena-
TOYHYIO (DYHKIIMIO M COCTABUTh CTPYKTYPHYIO CXeMy, 3anucarth AuddepeHimaibrHoe
ypaBHEHUE. 32 BBIXOJIHYIO BETMYNHY MPUHATH YTOJ IIOBOPOTA (.

Hcxomuslie jaHHbIE:

napameTpsl onepanuonHoro ycunurens: Ry = 100 kOwm, C; = 5 Mx®d, R, = 80
KOwMm;

napameTpbl OMVY: Ly =40 I'n, Ry = 1,5 kOm, R =3 OM, L = 0,4 T'H, kyyy =
20;

napameTpsl asurarens JIIM-20-H1/H2-11: Ty, = 0,35 ¢, Tq = 0,7 x 1073 c,
My =60 T'em, Rg = 10 OM, Uy 4o = 12 B, Ny = 9000 06/MuH.
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”2: MY ., JiB S T—

Puc. 4.19. Ycnosue npumepa 4.10

4.11. 3anumuTe nepeAaToyHyr0 (QYHKIUIO 3JIEKTPOHHOIO YCHIIUTENS, OXBa-
YEeHHOTO OTPHUIATENbHOM 00paTHOM CBs3bIO (pHUC. 4.20) MpH CIEAYIOUMX 3HAUYCHUSIX
mapaMcTpoOB: R3 =20 KOM, C3 =20 MK(D, kyc = 50, R11 = R12 = R22 =1 MOwm.

R

1
ai

Y

& T R,
Puc. 4.20. Ycnosue npumepa 4.11

4.12. 3anumuTe nepenaTounbie GyHKIUA KaKIOTO 3JIeMEHTa CUCTEMBbI, MTOKa-
3aHHOU Ha puc. 4.21. [IpuBeauTe CTPYKTYPHYIO CXEMY CHCTEMBbI. 3allUIIUTE Mepesa-
TOYHYIO (DYHKIIMIO CUCTEMBI U ee nuddepeHimanpHoe ypaBHeHue. B nanHou cucre-
ME HCIIOJIb3yeTCsl B KauecTBe HcmoigHuTenbHOro npurateis (MJIB) acuHXpoHHBIN
neuratens tuna AJ[-32b, B kauecTBe ycunuTens — JMEKTPOHHBIN YCUIIUTEND C Mepe-
narounoi ¢pyHkmuendn Wyc(S) = kyc. O0bekt perynupoBanus (OP) — kamepa, BHyTpH
KOTOpOM MOAJIEPKUBACTCS TeMIepaTypa ty, B Ka4eCTBE JaTUNKa HCTOIb3YeTCsS Tep-
momapa (TII).

Ucxonupie nanusie: Ry = 20 kOm, C; = 16 Mx®, R, = 10 kOm, ky. = 100, krp
=05 Typ=1c.

[apamerper AJI-32b: Ty = 10 mc, ny, = 7000 06/MuH, Uy oy = 40 B, M =
75-107* Hw.

K
[epenarounas Gpyukmus OP: Wy (p) = 1+;T ,rneky =2,Ty =2 c.
0
lME
“ R, W | oy [ % | uis ;‘* OP "+ 2 Uy,

Puc. 4.21. Ycnosue npumepa 4.12
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4.13. Ha puc. 4.22 noka3ana 0J0K-cxema CIeAIIe CUCTEMbl JUCTAHIIMOHHON
nepenayu yria. B cxeme npussaThl cieayromue o06o3Hauenus: CY — cpaBHUBAIOIIEe
yCTPOMCTBO, BbINONIHEHHOE Ha cenbcuHax CJI u CII, paboraromux B TpaHchopma-
TOPHOM pexume; OMY — 3JeKTpOMalIuHHbBIN ycunutenb, /B — MCIIOTHUTENbHBIN
neurarenb tuna JIIM-25-H1/H2-04, BBIXOAHBIM CUTHAJIOM KOTOPOTO SIBJISETCS YIoJl
noBopota Bana [; Pen — penykrop u PM — pabounii mexanusm. [lepenarounslii Ko-
s¢unuent CV: k., = 20 MB/rpan.

[TapameTtpsr JAIIM-25-H1/H2-04: Ty = 0,21 ¢, Tq = 0,001 ¢, M = 80 I'cm, Rgq
=107 OM, Uy you = 27 B, Ny = 2500 06/MuH.

[Tepenarounoe uuncio peaykropa i = 500.

[Tapametpsr IMY npunsts cnenyrommmu: Ty = 0,035 ¢, Ty = 0,4 ¢, k. = 104,

TpeOyetcsi: onpenenuTsh nepeaaTouyHble PYHKIUU BCEX DJIEMEHTOB CUCTEMBI,
COCTaBUTh CTPYKTYPHYIO CXEMY; 3alucaTh NepenaToyHble (PyHKIIMN Pa30OMKHYTON U
3aMKHYTOM CUCTEMBI; 3anucarh udepeHinaibHOe ypaBHEHUE CUCTEMBI.

cy 2 ;

3V ny - |
(FI——————1 7 - I
Y3/ muti s ?E | oMY e —*— PM
) g A ", ¥ ﬁ

l."l II." w

[ !

Ik 7y 5}

Puc. 4.22. YcnoBue npumepa 4.13

4.14. Ha puc. 4.23 mpuBeeHa CHUCTEMa aBTOMATUYECKOTO PETYTUPOBAHUS
TEeMIIepaTyphl, KOTOpas BKIIIOYaeT B ceOe cpaBHHBatoiee ycrpoiictBo (CY), moctpo-
€HHOE IT0 MOCTOBOM CXEME, B OJITHO U3 IIJIeY KOTOPOTO BKJIIOYEHO TEPMOCOIIPOTHUBIIE-
HUE R; — IaT4yuWK TeMIEepaTypbl; 3JIEKTPOHHBIA ycHIHUTENb (DY); UCIOTHUTEIbHBIN
neuratenb (M) mocToSsHHOTO TOKa ¢ He3aBUCHUMBIM BO30ykaeHueM tumna J[IIM-30-
H1/H2-08, penykrop (Pen), oobekT ynpasnenus (OY), kamepa, BHyTpU KOTOPO pe-
ryaupyercsa temneparypa ty, kinanan (Ki) — perynupyromuii opran o0beKTa, KOTo-
PbIil MEHSAET MPUTOK TEIJIOTO WJIM XOJOJIHOIO BO3AyXa [JIsl YIPABJIEHUS TEMIEpaTy-
pOM B Kamepe.

HUcxonHble TaHHBIE:

nepenarounbiii Kodpunuent CY kcy = 2, koapdunment ycunenus Y kyy =
30,

napametpsl JI1IM-30-H1/H2-08: Ty = 0,19 ¢, Tq = 0,0012 ¢, M = 350 T'cm,
Rgq =1,5 OM, Uy 4ou = 12 B, 13y = 9000 06/muH;

nepeaaToyHoe uncio peaykropa i = 103;

ko
1+pTy’

TpeOyetcsi: onpeneauTs nepenaroynble GyHKIUU BCEX AIEMEHTOB CHCTEMBI,
COCTaBUTh CTPYKTYPHYIO CXEMY, 3amucaTh MepeJaTOYHble (PYHKIUU Pa30OMKHYTOM
CUCTEMBbI M 3aMKHYTON OTHOCUTEJILHO BBIXOAHOI'O CUTHAJIA U CUTHAa OIMOKH, 3amu-
caTth AuddepeHuanbHOEe YpaBHEHUE 3aMKHYTOM CUCTEMBI.

nepeaarounas pyukuus OY: Wy (p) = rneky, =5T, =2c.
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Puc. 4.23. Ycnosue npumepa 4.14
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