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Hacroauwee yueb6roe nocobue paccuura-
HO Ha cTYydeHTOo8 cneyuarbHocTu «Botyucau-
TeAbHas TexHuKka», Ho mosceT 6biTo noaes-
Hbim cTyOenTam Opyeux . cneyuanbHocrel,
U3YHAIOUUX QHAN0208ble BbIYUCAUTEAbHBLE
MauLuHbL.

ITocobue mooscer 6biTo Takde peKomer-
008aHO uHiCenepam U HayuHoiM pabOTHU-
Kam, ucnoasv3yrouwum 8 ceoeil pabore 8bi-
YUCAUTEAbHYIO TeXHUKY.



I'arasa I .

OCHOBHBIE MPUHLMNbI MOCTPOEHUS AHAJIOTOBBIX
BbIYUCJIUTEJIbHbIX MALIUUH

YHHBepcaJlbl-‘lble aHaJoroBble  BHIYMCJHTE/bHble  MalIHHBI
obulero Ha3HayeHUsl cofepxat psij GJIOKOB, BBHIOJHSIOIIHUX Cle-
Iylolllie MaTeMaTHyecKHe omepanHu: aiarebpanyeckoe CyMMHpPO-
BaHue, Macuita6Hoe mpeo6pa3oBaHHe M MHBEPTHPOBAHHE, HHTE-
rpUpOBaHHe, YMHOXeHHe Ha MOCTOSIHHbIHA M nepeMeHHbH Ko3(bu-
LHEHT, TepeMHOXeHHe IBYX NnepeMeHHbIX U (pYHKIHOHAJNbHOE Ipe-
o6pasoBanne. CoennHeHne GJIOKOB MexAy co6oit obecrneunBaer
BBIMIOJIHEHUE KOMIJIEKCHBIX BBIYHCJUTEJNbHBIX OMepauui.

1. AareGpanyeckoe CyMMHpOBaHHe

Onepanusi anre6panueckoro CYMMHDOBAHHSI BBINOJIHSIETCS
C TNOMOLIbIO YCHJIUTEJS] NOCTOSIHHOTO TOKAa C HEYETHBIM YHCJIOM
KackauoB ¥ 6GOJbIIWM KO3 (GUIMEHTOM YCHJIEHHSl, OXBaueHHOro
riy60KOH aKTHBHOH OTpPHLATEJbHOH OODATHOH CBSI3bI0 H HMEIO-
L1ero HeCKOJIbKO aKTHBHbIX BXOMHBIX CONPOTHBJIEHHH.

CxemMa CyMMHpYIOLLEro YCHJKTEJS NpejcTaBjena Ha puc. 1,
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Ecan npeHe6peub BeqHuMHOH TOKa, NOTpebasieMOro BXOAHOM
nenbro YCHAHUTEJSA, TO ypaBHEHHﬂ, onmuchbiBawUine 3Ty CXEMy, MO-
ryr 6GBITh 3aMHCaHbl B cjeaywuieM Bujae:
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2. MacuwitaGHoe npeoGpa3oBaHie U MHBEPTHPOBaHUE

Onepauus MacuitaGHOro npeo6pa3oBaHUst U HHBEPTHPOBAHUSA
NPOU3BOAUTCSI TIPU HCIOJb30BAHHH OJHOTO BXOAA CYMMHPYIOLLEro
ycuaurens. ns MHBepTHPOBaHHS (NepeMeHbl 3HAKa) MCHOJb-
3yeTcs cxeMa C paBHbIM BXOAHbIM CONPOTHBJEHHEM H CONMPOTHB-

JieHHeM o6paTHOH CBSI3H.

3. HHTerpupoBaHue

Onepaunﬂ HUHTErpHpOBaHHUsA TaKXe BLINOJHAETCA € NMOMOLIbLIO
YCHAUTEN S MOCTOSIHHOTO TOKa C HeyeTHBbIM YMCJOM KacKadoB ' H

60JbIHM KO3(p(HUHHEHTOM YCHJEHHS, OXBaYeHHOTO eMKOCTHOMH

oTpuuarenpioii obpaticft ceg3rio. TIpennosiokHM, UTO TOK, IO-

TpebasieMblii BXOJHOH ILeNblo yCHJHUTeNsl, NpeHeOpeXHMo MaJl.
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Torza cucreMa ypaBHEHHi, ONHCHIBAKOLiasi cXeMy, NPHBEAEHHYIO
Ha pHC. 2, UMeeT BHI:
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Cucrema (3) CBOAHMTCS K JHHEHAHOMY nmp(pepeﬂuua.anOMy ypaB-
HEHHIO NepPBOro MOPSAAKA -
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pelticHie KOTOporo npu noctrossHioM Uy, HMMeer BHUA:

t
U= — (0 [1 ¢ 0% )
[Tpu mocratouHo GosbuioM R
U pux = Uaxt (6)
a 4Js cayyasi nepeMeHHOro BXOJHOTO HanpsKeHHUs
t
Unix = — pos S) U,y dt. (7)

4. YMHOXKeHHe HA NOCTOSHHbIA KO3 PUUHEHT

Onepailvsi yMHOXKEHHS Ha MOCTOSIHHBIA KO3 (MHUUEHT COOTBET-
.CTBYyeT omnepauuu MacwitabHoro npeo6pas3oBaHusi. Urto6b o6ec-
HEYM1b BLIIOJIHEHHE 3TOH Olepaudy, HeoOXUAMMO YCTAHOBHTb
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COOTBETCTBYIOLIHE OTHOUIEHHS BEJHYHH CONMPOTHBJEHUH OOPAaTHOM
CBSI3H K BEeJMYMHAM BXOJHBIX CONPOTHBJEHHH ycuauTeseid. Kpome
TOTO, B aHaJIOTOBbIX BBIYHCJHTEJNbHbIX MamuHax MH-2, MH-7,
UIIT-5 pasi yMHOXEHHS Ha NMOCTOSIHHBIH Ko3(duuHeHT mnpeny-
CMOTpPEHO NpPHUMEeHeHHe MOTEHIHOMETPHUYECKHUX AeJIUTeNed Hamnpsi-
JKEeHUs. '

5. YMHOXXeHHe Ha mepeMeHHblii KoaduunueHt

Onepauust yMHOXKEHHs Ha nepeMeHHbI KO3()GhHIHEHT BhINOJI-
HsIeTCs C MOMOLIbI0 cXeMbl, U306paxkeHHOH Ha puc. 3. BrixomHoe
HanpsikKeHHe MeXJy ABHXKKOM U «3eMJiedl» OyneT paBHO

r
¢ Uaux = Uax R (8)

Ec¢an nBHXOK MoTeHUHMOMETPa ne€peMellaercsi TakuM o6pasom,
4YTO BeJHUHHA r SIBJASieTCs1 3afaHHOH (yHKIHell BpeMeHH, TO BHI-
X0JHOe HarpsikeHde Oy[eT pPaBHO NPOM3BENEHHIO BXOMHOrO Ha-
NpsiXKEHUsl Ha nepeMeHHBbIR Ko3pduuueHt. IToteHunoMerp o6b1UHO

. BBINOJIHSIETCS] B BUJ€ CTOCEKUHOHHOIO JeJH-

U Tessl, a NnepeMellleHHe [BHXKKA TNOTEHIHO-
MeTpa B (YHKLHU BpeMeHH obecrneuyrBaeTcst
[1aroBbIM HCKaTeJaeM M CXeMOH KOMMYyTa-
LU H.

” : o 6. IlepeMHOXKEeHHe ABYX NepeMeHHbIX

y/ Bo Bcex omnuchiBaeMbIX HHXKE€ MalUHHAX
. Ubux nepeMHOMeHHe JBYX MepeMEHHBIX MPOM3BO-
JQUTCSl CXeMHO#H peasM3aunell BLIpaXKeHHsI:

ab= & [(@+bP—(@—bp]. (9

= _ Anre6pauueckoe cyMMHpoBanue nepe-

Puc. 3. MIOXaeMbIX BeJUUHUH (@ U b) NPOU3BONHMT-

cs ¢ moMmollblo conpotusaenuii. Bossegenue

B KBaJApaT OCYLIECTBASETCS] METOAOM KyCOUHO-JIHHEHHOH alpOKCH-

Mauuu napabosibl C MPUMEHEHHEM IHOLHBIX 3JIEMEHTOB. CyMmu-

pOBaHHe OTPE3KOB MPSMLIX H MOJlyuetHe BEJIHUHHbI TPOU3BCACHHS
NPOM3BOJUTCS C NMOMOILbIO CYMMHPYIOLIErO YCHJIUTRS.

\

7. ®yHKuHOHAJbHOE npeoGpa3oBaHue

Dra onepauns MNPOU3BOJMTCS MCTOAOM KyCOUHO-JHHEHHOH
anpokcuManuu QyHKLUWH, OAMexKAIHX BOCpou3BeneHuio. Anpo-
KcHMauHsi (yHKUHH NpoM3BOLUTcst 11—13 orpeskamu myTem 3a-
MeHbl Tpe6yeMOil 3aBHCHMOCTH (QYHKLUHeHd BHAA:

y=fX)=yo+kx+ N bx—x,,). (10)

i=1



SaBHCH‘MOCTb BHA:

y=>0b,(x—x, ) (11)
peasu3yeTcs C MOMOILBIO JHOLHOTO 3JeMeHTa, H306paKeHHOoro Ha
puc. 4. Ilpu 3TOM BeaMuuHA HAYasibHOrO 3HAYeHHs X, . YycTa-

HaBJ{BAeTCs MepeMellleHHeM MNOJ3YHKa NOTEeHLUHOMEeTpa «, BeJH-
yHHa Ko3adouunenta b, HU3MeHsieTCsl NepeMellleHHeM MOJ3yHKa

“Eon

/"Eon/

Puc. 4.

noreHuyoMerpa B, a 3Hak KodbpuuHeHTa b; MeHsieTcs B 3aBHCH-
MOcTH OT 3HaKoB HampsiKeHMH Up,y M E,; ¥ H3MeHeHHS cXeMbl
BKJIIQUEHHSI AHOAA. ] '

Bennunna yo obpasyercsi ¢ NOMOILBIO NOTEHLUHOMETpPA, MOA-
KJIOUEHHOTO K HCTOYHHKY HampsiXKeHHs! MOCTOSIHHOTO TOKa; BeJH-
upHa kx o6ecneuHBaeTcs C MOMOILbIO MOTEHUHOMETPa, Ha BXO[
KOTOpOro rnocrynaer BXOAHOe HanpsikeHue U,. CyMMupoBaHue
BCexX ujieHoB BblpaxkeHus (10) u mosyueHHe BeJMUYHHBI ¥ MPOU3BO-
JLATCS1 C MOMOILBIO CYMMHPYIOLIEr0 YCHJIHTES.



rsasa II

OBIIASS METOAHWKA PELHEHUSI CHCTEM
OBbIKHOBEHHbBIX JH®®EPEHLLHAJIbHbBIX
YPABHEHHHX HA ABM

NnoPAAOK NOATOTOBKH CHUCTEM NHPPEPEHL UAJIbHbIX
YPABHEHHUM K PEIIEHHIO HA ABM

AHnanoroBble BLIYHC/IHTENbHbIE MALIMHBL SIBJASIOTCST YCTPORCT-
BaMH C XKEeCTKHMH CBS3SIMH MeXAy O6JIOKaMH, BbINOJHSICLIMMH
onpelesieHHble MaTeMaTHYecKHe onepamuH.

IIpu peleHHH cHcTeM OGBIKHOBEHHBIX AH(depeHuHaNbHbIX
ypaBHEHHH Ha aHAJIOTOBBIX BBIUHUCJHMTENbHbIX MalIMHAX PEKOMEH-
nyercsi cob/l0faTh npejsaraeMylo nocJefoBaTesbHOCTL paboT:

1. IlpuBenenue 3agaHHOH CHCTeMbl YpaBHeHHWH K BHAY, ya06-
HOMY [Jisl MOJeJIHPOBAHHS.

2. CocraBJjiente CTPYKTYPHOH cXeMbl COeAMHeNHH Mexiy 6Ji0-
KaMHu.

3. Pacuer macuitaGoB BeJUUUH (H3BECTHbIX, MPOMEXYTOUHBIX
M HCKOMBIX).

4. Pacuer K03¢dHUUHEHTOB Nepefaud CYMMUPYIOILUX H HHTE-
TPUPYIOLLUX yCHIHTEJIeH.

5. ToaroToBKa (yHKUHMOHAJBIBIX TnpecobpasoBaTeneii (670-
KOB HEJIHHEMHOCTH) K pelleHHIO.

6. IToarotoBka 6/I0KOB mepeMellHOro Ko @HUUeHTa K pelue-
HHIO.

7. YcraHoBKa B ONepauHOHHLIX 6Jl0Kax paccuuTaHHbIX KO-
(puHeHTOB nepenauu. ‘

8. Coenunenue onepauvoHHbX GJIOKOB COTIACHO CTPYKTYPHOM
cXxeMe Ha KOMMYTalMOHHOM MOJie MalUHWHbI U MpPOBepKa MpaBHJIb-
HOCTH COeJHHEeHHH.

9. Ipo6Hoe pewlende 3agayd W TNPOBEPKA  BbIGPAHIIBLIX
MacwTaboB. :

10. Tlepepacuer MacuiTaboB U nepeHacTpoiika 6J0KOB (B cay-
yae He06XOIUMOCTH).

I1. BropuuHoe npo6HOe pellleHHe, H, B CJydde YJauyHOro Bbi
pa MacwrraGor, weenenoBaHHe 3aJaHHOH CHCT@MBl YpaBHEHHH
MallKHe.
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Huxe 6ynyT paccMOTpeHbl OCHOBHbIE H3 NMePeYHCJ/IeHHbIX BbILlIe
pa6or.

1. MpuBenenne 3ajaHHON CUCTEMbl YPaBHEHMIi K BHLY,
ynoGHOMY NJisi MOJeJHPOBaHUs

[1puBeneHune cucTeMbl K BUAY, YAOOHOMY AJsi MOLENHPOBAHHUS,
CBOAMTCS K TAaKHM [eHCTBMSM Haj 3a4aHHOi cucteMoil Audde-
pEeHUHaJbHbIX YypaBHeHHH, KOTOpble 06JIeryalT COCTaBJeHHE
CTPYKTYpHbIX cXeM. [IpuBefieHHe cHCTeMBbl ypaBHEHHH K BHAY,
yAOOGHOMY AJISi MOAEIMPOBAHHS, B OCHOBHOM 3aKJIOYaeTcsi B Bbl-
NOJIHEHUH Omnepauuil MOHMXKEHHs MOpsiAiKa 3aJaHHOH CHCTEMBI H
paspellleHH# YpaBHEHHH OTHOCHTENBbHO NPOU3BOAHBIX, UTO Jerye
BCETro paccMoTpeTb Ha npuMepe. [1ycTh 3apaHo ypaBHeHHe:

diz dz dz .
: : dz dy
TMocae NOACTAaHOBOK “Ht" =Y, At = X W pa3pelieHust OTHOCHUTEJIb-

HO NMPOU3BOAHBIX, ypaBHeHHe (12) npeo6pa3yercst K CHCTEMe Tpex
ypaBHeHHIl IepBOro MopsiaKa:

dz _
a =Y

dy n
=, - (18)
dx_
dt

Il

— (Ax + By + Kz + L).

M3 paccmorpenHoro npumepa BbITeKaeT CjeayloLlee NpPaBHJIO
npeoGpasoBanus, aBasiiolleecss o6UM AJs1 npeoGpa3oBaHUil .No-
JOGHOTO poJa M NMPHMEHUMOE K ypaBHeHHMsIM JoOOro Nopsiaka:
ecau 3adana cuctema k ypasuerud, 8 KOTOpoi Kaxcdoe u3 ypas-
HeHuli uMeeT COOTBETCTEEHHO My, Mz, Ms3,. .., M, NOPa0OK, TO
Takas cuctema npeobpaayerca  BblULEYKA3AHHbIM  CROCOGOM
K cucteme n ypasHexul nepsozo nopadka, ede:

n=.m+me+mg+ ...+ m, (14)

2. CocTaBJjieHHe CTPYKTYPHOI CXeMbl CO€AUHEHMIH
Mexnay 6Jokamu

CTpykTyphasi cxemMa MOAENUPOBAHUSI CHCTeMbl LU GepeHLH-
aJIbHBIX ypaBHEHHUil npeacTasisieT co6oil cxeMy CoOeIMHEeHHi one-
pauuoHHbIX OGJIOKOB B MOCJELOBaTes]bHOCTH, ONpenessieMoii 3a-
JaHHOH cuCcTeMOll ypaBHeHHIl.

Insi mocTpoeHUsi CTPYKTYPHBIX CXeM HCIOJIb3yeTCsi MeTO.
HessBHBIX (DYHKIHH, KOTOPBIN B NPHMEHEHHH K CXeMaM 3JIeKTpHue-

NrrAvry AanAnT
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Hble (HCKOMble) NmepeMeHHble CXeMbl CUMTAIOTCSl 3aJaHHLIMH H IO-
JAloTCsi Ha BXOAbl COOTBETCTBYIOLIMX OMepaIlHOHHBIX G6JI0KOB.
PaccMoTpuM npuMeHeHHe MeTOJ4a HesiBHbIX (YHKIMH Ha npumepe.
ITyctb. TpeGyeTcst cOCTaBHTb CTPYKTYDHYIO CXeMy [Jisi peLIeHHsi
cucrembl (13). HeusBectHble x, y H 2 MOTyT 06pa30BaThCsi TOJALKO
B pe3yJbTaTe UHTErPHPOBAHHS, HO NMPH MOCTPOEHUH CTPYKTYPHOH
CXeMbl HX HYXXHO CYUMTaTb H3BeCTHbIMH. [IpH 3TOM BeJHMUHHBI
X, Y, Z SIBJASIIOTCS] BBIXOAHBIMH BEeJIHUHHAMH COOFBETCTBYIOLIUX HH-
TerpUPYIOLUX YCHJIMTENeH, KaK 3TO U I0Ka3aHo Ha pHC. 5.
Ha Bxogax yKa3aHHBIX HHTETPUPYIOLIUX YCHUJAUTEJEH IOJKHbI
NeHCTBOBAaTb COOTBETCTBYIOLIMEe NPOU3BOAHbIE. YUMUTHIBAS, UTO
y= %, ax= %%, BBIXOJ YCUJIHUTeNs1 Y, clefyeT COeNHHHTb CO
BXOJOM Y3, a BXOA ¥4 C BoixogoM ¥s. [losyuennble Ha BbIXOAdX
WHTETPUPYIOILUX YCHJIHTeJeldl BeJHUHHBl 2, Y, X U BeauuuHa L
CYMMHPYIOTCS C MOMOUIbI0 ycuauTens Yi. Takum o6pa3om, Ha Bbl-
xone Y1 o6pasyercs HampsiKeHnHe, NPONOPUHOHAILHOE MPOH3BOA-

HOM —df— = — (Ax + By + Kz + L), xoTtopoe mojgaercsi Ha BXOJ

MHTETPUPYIOLLETO yCHIAUTeNst Y. YCHaUTeIH Y5 U Y6 cayXKat 445
M3MeHeHHsl 3HaKa NMepeMeHHbIX X H 2. AnasornuuniM o6pasom co-
CTaBJSIIOTCS1 BCe CTPYKTYpPHBIE CXEMBI.

. Bup cTpykTypHO#H cXeMBl 3aBHCHT OT TOTO, KakK BbIMOJIIEHL B
MalliuHe OT/ediblible onepamyontble 6jaoku. Tak, HanpuMep, B Ma-

!.
Y o +2
1 Bum-1 |, ez
| +
X F——r . F——ot¥
' 1| 6BM-2 |, ]
2 o -4
-X i +
-+ o— B3 |,
2 2
. -7 G ENENES |
-1 e—H
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wuHe MH-2 60K MHTerpupyioLlero ycuauTess BKAuaer B cebs
CYMMHDYIOILHH, HHTETPHPYIOLLHUH YCHIUTENH, a TaKXe YCHJIUTENH
3aflaids HayaJbHbIX YCJOBHH M nepeMenbl 3Haka. Ilostomy Bup
CTPYKTYPHOH cXeMbl. 6yleT OT/JHYaTbCs OT BbillleNpPHBEJEHHOM.
st Toit Xe cucreMbl ypaBHeHuil (13) mpu peweHun ee na MH-2
CTPYKTYpHasi cxemMa OyleT BHIIVISfeTb TaK, KaK I10Ka3aHO Ha
puc. 6.

Ha cxemax (puc. 5 u 6) He mokasaHbl COeJHHEHHS BBHIXOLOB
ycHauTeaei (6710KOB) co BXOAAaMH 3THX YCHJIMTeNEH, TaK KaK 3TH
COellIHEHHsT 3aTPYAHHAH Obl yTeHHe cxeMbl. CocTaBJsisi CTPYK-
TYPHYIO CXeMy, caefyel ofpalllaTb BHHMaHHe Ha (GopMy 3anHcH
CHCTEMBI. YpaBHEHHS, TAK KaK OT 3TOTO 3aBHCHT 3KOHOMHOE
HCIOJIb30BaHUe ycuauTesielt (6J0KOB) Mauiuubl. KosuyecTBo Hc-
noJib3yeMblX YyCHJHTeJeH Bcerga cjefayeT CBOAHTb K MHHHUMYMY.
[lpu cocTaBieHUH CTPYKTYPHBIX CXeM CJeAyeT TaKxe OTLaBaTh
npeanoureHye Gosiee mpocThiM 6a0kaM. Hanpumep, ecau omepa-
LIMI0 JeJIeHHsI MOXHO CBECTH NMyTeM HeCJOXHbIX npeoGpa3oBaHuUi
CTPYKTYPHOH .CXeMbl K OmepalyM YMHOXEHHsi, TO 3aMeHa G6JioKa
neJiernsi 6JIOKOM nepeMHOXeHusi 6yaeT Lesecoo6pa3Hoil, TaK Kak
650K neneHusi 6oJiee clOXeH U MeHee ToueH B paboTe, uem 6J0K
nepemioxeHus. Ciaenyer TakxkKe MOMHHTb, UTO NMOUTH BCe omnepa-
uMoHHble 6JoKH ABM Kpome OCHOBHOH MaTeMaTHYecKoil onepa-
1Y BBIMOJIHSIOT elle M JOIOJHHUTEJNbHYI0 — YMHOXEHHe BeJd-
upHb Ha (—1).

3. Pacuer macwraGoB BeJHUHH U onpeaeneHue KoadhpuuneHros
nepeaayM OnepauMOHHBIX YCHJAMTEJ e

B anajoroBbiX BBIUHCJAUTENbHbIX MalIMHAX BCe HCKOMble, MPO-
MeXYTOUHble U 3aJaHHble MepeMeHHble MPeLCTaBJISIOTCS COOTBET-
CTBYIOUIMMH MalIMHHBIMH MepeMEeHHLIMH; B 3JeKTPpoHHbXx ABM
OHM uallle BCero BbIPaKaloTCsl HaNpsiXKeHHsIMH AU TokaMH. CBA3b
MeXJly (U3MUeCKHMMH M MAllWHHBIMH MepeMeHHbBIMH B ABM ycra-
HaBJHUBAETCS C NMOMOLIbI0O MacuwiTaGHbIX COOTHOLUEHMH (MacuiTa-
60B). Maclwitabom uad MacwtabHBIM KO3 (HUHEHTOM ¢H3Hue-
CKOJ1 mepeMeHHON X 06bIUHO HA3bIBAOT HEKOTOPbIH MHOXKHTENb Ha
KOTOPBIH Hag0 pasjeNuTh 3HAaUeHHe MalIMHHOH mepeMeHHOH, 4YTo-
6bl MOJNYVUHThL 3HayeHHe HCKOMOH (hu3uyeckoll mepeMeHHOH X.

Takum o6pasom:

. U; 3tavyenve MalHuio# mnepeMenHnow

M=Yx — . (14)

X 3iauelne GpU3HMUCCKON nepemellnoi

Maciuta6ublit Koadpunent M, Bcerga uMeeT pa3MepHOCTD, €CJH
pa3sMepHOCTH (hH3HYeCKOH M MalUMHHOH NMepeMeHHOHl He coBna-
Aator. Tak HanpuMep, ecay BeJIHUMHA X W3MepseTcss B pajavaHax,
a BejuuvHa U, — B BoJIbTax, To pa3mepHocth M, Gyner:

o~
—
Ser
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B nensix MakCHMaJbHOrO MCNOJb3OBAHHS WIKabi ONEPAUHOHHBIX
6/710KOB MallMHbl MacliTaGHble KO3(h(UUMEHTb BbLIGUPAIOTCS M3
yCJIOBHS

Mx — U‘Makc . (16)
Xmakc
O6blyHO MaKCHMaJIbHOe 3HaueHHe MAalUMHHOH NepeMeHHOH aBHO
100 s. '

Bei6op maciutTa6oB HauHHaeTCs C OLEHKH MaKCHMaJlbHbIX 3Ha-
yeHHH nepeMeHHbiX. IIpenesbl HM3MeHeHHsT mNepeMEHHBIX MOTYT
ObITb 3ajJaHbl MM YCTAaHOBJEHBl, HCXoAs U3 (DHU3UYECKOH Cyl-
HOCTH -3afauu. Ec/iM yCTaHOBHUTb MakCHMaJibHble NpeJeJsibl HEeBO3-
MOXKHO, BbIGHPAIOT NPOU3BOJIbHBIE TIpPefielbl, KOTOpble YTOUHAIOTCS
nocje nepparo npo6Horo peweHusi. [1pu pewieHuu cucrem JinHed-
Hblx gHbdepeHuNaNbHBIX YPAaBHEHUH XKeJaTeNbHO NOJb30BAThCS
o6mum MmacwtaboM AJs BCeX NepeMeHHbIX U HX NPOHU3BOUHBIX,
KOTOpBIi 1Jis1 ONHOPOJAHbIX YpaBHeHHH onpenensieTcsl HayajbHbIMH
YCJOBUSIMH, a AJs1 HEOOHOPOAHBIX — npaBoil yactbio. [lpu Moge-
JIHPOBAHUH HEJHHEHHbIX CHCTeM YCTaHaBJHBAIOT HMHIHUBHIYyaJb-
Hble MaciiTabbl AJ151 KaX A0 U3 MepeMeHHbIX U HeJHUHeHHbIX 3aBU-
cHUMocTeH.

Macwtabbl nepeMeHHbBIX M KO3 UUHEeHTH Nepegayn oiepa-
IIHOHHBIX GJIOKOB pacCYMTHIBAIOTCS CJEAYIOIUHM 06pa3oM:

1. Kos¢pdruneHt nepegaus CyMMHPYIOLUIETO YCHJHTENsl MO
i-sxony 6yner paBeH

MC MMbl
b =2 g 17)

i s 0
M’c.'laraemoro

rae @,— NMOCTOSIHHBbIH KO3(p(dHLMEHT mepen i-ClaraeMbiM CyMMBbI.
Ecau B cocTaB cyMMbl BXOAMT MNOCTOsiHHasi BeaHuuna C, to M,
cjiaraeMoro [Js noAcTaHoBkH B (17) ompejesnsieTrcst no BHpaxe-
HHIO:
EBOII}:T
Me = 7222, (18)
eanitun
rae C — 3HaueHHe NOCTOSIHHOM BeJNHUYMHBI, E — HCTOYHHK NOCTOSIH-
HOrO HanpsixKeHusi B MauinHe (=350, =230, =100 8).
2. TloctosinHas BpemeHn RC 1iend HHTErpHPYICLIETro YCHJIH-
TeJiss OyleT paBHa

- bMyozunrerp. pen (19)
cMynrerpasa

rae b — nocTOsIHHBIA Ko3(bdHIHMEHT, onpejessieMblii CXeMOil Ma-

LIMHBI, ¢ — MOCTOSIHHBIH K03(h(ULHEHT, CTOAIIMH Tnepes NpPOH3-
BOIHOH: ‘
3. Macwra6 npousseienusi Gyaer paBeH

My, = RM M, (20)
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rie & — ko3 bbuLKMeHT, onpénensieMbili cXeMoH 6J10Ka nepeMHOXKe-
Hus, paBublil 0,01 gasi 6oabLIMHCTBA GJIOKOB.

4. MacwtabHble COOTHOIIEHHS AJsi (YHKIHOHAJBHOTO TMpe-
ob6pasoBanus (npd Habope Ha (DyHKUHMOHa/NbHOM mpeo6pasoBa-
Tesle GQYHKUMH BHAA y = [(X) onpenensitorcs no ¢popmyJsaam:

U
M= S @)
M = UyMaKC X
y Yuaxe

5. Macura6 Bpemenu (tpebGyercss A TOro, 4To6bl YCKOPHTD
MJHM 3aMelJINTb pelleHHe YpaBHEHHs) onpexessietcss no ¢op-
MyJam:

_ , T o
nupu 7 =t, Mt:t_= 1 — HarypaJbHHIi1 MacuiTa6 BpeMeHH,
P T .
npu 7"<t, M,= +— < 1 — yckopeHHBIH MaciuTab BpeMCHH,
. T o
npu 7>t M,=— > 1 —3ameaneHublii mactaG BpeMeHH,

rae ¢{ — peanbHoe, T — MalllUHHOe BpeMsl.

Macmita6 BpeMeHH BBOAMTCSI NYyTEM MPONMOPLUHOHANBHOTO
H3MeHeHUs KO3((UUHEHTOB Nepefayd HHTETPUPYIOUIUX YCHJIH-
TeJgeii. \

Tak, ecid NpH MOAEJMPOBAHHUHM ‘B HaTypaJbHoM MaclTabe
BpeMeHn RC uenp uMmena BeauuunHy (RC), To mpu nepexoje K
YCKOpeHHOMY (3aMeaJieHHoMYy) MacuiTaby BpeMeHH 110Basi BeJH-
unga (RC)r nenu BuiuncasgeTcs no gopmyde:

(RC)r = M,(RC),. (22)

I[Tpumep. (RC); =2 cex; npu BBeJleHHH YCKOPEHHOTo Mac-
wra6a Bpemenu M,, pasuoro 0,2, nosoe 3nauenve RC nenu 6yjer
paBHO

(RC)r = M,(RC);=0,2-2=0,4 cex,

npu M, paBHoM 2 (3ameanenuwii Mmacumra6), (RC)r =2:2=
= 4 cex. '

4. MoaroroBka GYHKIMOHAJbHbBIX npeoﬁpasoaaTeJleﬁ K peuleHHio

B coBpeMeHHbIX aHAJOrOBLIX BHIUHCAHTCALHLIX MAILIHHAX uallle
BCEro MPUMEHSIOTCA (yHKUHOHAJbHBIe NPCo6pa3oBaTe/, BbINIOJ-
HeHHble Ha JHOAHBIX 3JeMeHTaX. [ToaToMy HuXKe M3/I0KeHa METOo-
[I¥Ka MOATOTOBKH K pelieHHI0 (YHKIHOHAJbHBIX npeobGpa3oBare-
Jeil nHa AMOAHLIX 3JeMentax. Henuneiinas 3aBucuMOCTb ((DYyHK-
una) MeKeT 6uThL 227ana AWANUTHUECKH, B BHMAe Ta6J/MIbl HJIH
rpacpm(a. B nepBbiX ABYX cayyaax TpeOyeTcs BbIYE€PTHTb rpaduk
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dyuxkuuu B KoopauHaTtax Uy, Ugux ¢ yueToM macmraGHbix €O-
oTHoleHu#t. Macwra6 wu3o6paxeHus QyHKUMM Ha Trpaduke
JeJaTeJbHO B35Tb BO3MOXKHO GOJIbIIHM.

[MocaegoBaTeqbHOCTL paGoT MO MNOATOTOBKEe (YHKUHMOHAJb-
Horo mpeo6pasoBareJisi K pelLIEHHIO:

1. Ha BbluepueHHOH KPHBOH OMpeje/isioT KOJHMYEeCTBO JIHHEH-
HBIX OTpe3KOB, aNMPOKCHMHpYIOWMX 3aiaHHylo ¢ynkuuio. Ilpu
3TOM KOJIHUECTBO JIMHEHHBIX yYacTKOB M MX OPHEHTalHs 3aBHCAT
OT 3aJaHHOH TOYHOCTH ampOKCHUMaluH. JIHHeHHble yYyacTKH HyMe-
pyorcs.

2. OnpenensiloT 3HaueHHs apryMeHTa W QYHKUHH AJs TOYeK
COMpSIXKEHHst JIMHEHHbIX OTPE3KOB (B BOJBTAX).

3. 'YcTaHaBAMBAIOT HOMep KBajpaHTa M 3HaK BXOJHOTO Ha-
NpsKEHUs1 AJs KaX[0ro JHHEHHOro OTpesKa.

4. 'CoctaBasiior Ta6aully HacTPOHKH (YHKIHMOHAJbHOrO Ipe-
oGpasoBareJs.

Tak, eciu 3afana QyHKUMS y = x2 [uisi uHTepBana 0 < x <2,
u TpeGyercs TOuHOCTb ampokcumauuu 50/o (oT MakcuMyma), TO
criepBa OnpeaessiioT MaciuTab nepeMeHHOH X:

Ustyaxe __ 100

;7 Mx= T=50 [8/8()]

u mMacwrab QyHKUHH Y:

U ,
M, = —y—yw— = — =25 [s/ed].

Xamaxc

3areM BhuepuHBaiOT rpaduk (yHKUMH B KopoanHaTax Uy, U gux-
[Tocsie HaHeceHMsi 3agaHHON (YHKUMM Ha TpaduKk NPOBOAAT ABeE
BCIIOMOTaTe/bHble KPHBBIE, KOTOpble OTJHYAlOTCA OT 3alaHHOH
(DYHKIMM Ha BeJWUMHY JOMYCTHMOil IOTPEUIHOCTH anpoKCHMa-
[lMH, T. €. HAHOCAT KPHBbIE "

J=1(x) + Ay i y=1(x) — Ay,

roe Ay — safauias norpewHoctb (5%).
Tocsie 3TOrO NPOBOMSIT, HAYUMHAS C JIEBOTO KOHIA (X = 0) o6paso-
BAHHOTO «KOPHAOpa», JHHelHble OTPE3KH, KaK 3TO MOKa3aHo Ha
puc. 7. JluHeiiHble OTPe3KH He JOJIKHBI BBIXOLMTb 33 TNpeLeJbl
«Kopuaopa». B pesysbraTe anpokcHMalHi HaXOAST KOOPAHHATHI
TOUEK COMpsSIKEHHsI OTPe3KOB. YKa3aHHble KOODAHHATH Haua/la H
KOHIla OTPe3Ka MO3BOJISIIOT ONpeenTh KBapaHT, B KOTOPOM 110J1-
)KeH MPOXOAHTL OTPE30K, BXOLHOe HaTpPsKEHHE, Heo6XxonuMoe 1151
OTKPbIBaHMsl AHOJHOTO 3JIEMEHTa, M yroJ HakJoHa xapakrepH-
CTHKHM. B yHHBepcaJbHbIX (YHKUHOHAJbHbIX npeo6pasoBaresix
yMeeTcss BO3MOXKHOCTb YCTaHOBHTb [Jsi KaXXA0ro 3JeMeHTa Jio-
60ii KBaZpaHT, a06oe (B npenesax LKajbl + 100 8) HampsiKeHHe
OTKPHIBAHHA M YroJ HaKJOHa JIHHEHHOro OTpe3Ka. Bce 3ti nau-
Hble CBOASITCS. B TaOJHILY,
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) Ta6anua HacTpoiiku GyHKUHOHAABHOTO NpeoGpasosarens
(3apanHas dyHkuus y = x?)

Homep otpeska 1 2 3 4

Homep kBajpaurta 1 ! 1 1

3unag BXOJlOro Ia-

npsXKeHHs + + + +
ITanpsixenne ornup.

AMOJHOTO 3JeMeHTa 0 Totn Usirn Usyrn
3uaue e BLIXOA1O-

ro nampsKeHus la :

KOH1e oTpe3ka "*‘Unuxl +‘Unmx._, "|’Unmx3 +Unux‘

5. Moarotoska GJ0KoB mepeMeHHOro KoacdduuHeHTa K pelleHHI0
\,

IMoaroToBKa K pelleHHIo GJOKOB mepeMeHHOro Ko3hdHIHeHTa,
B KOTOPbIX HCMOJb3YIOTCSl L1aroBble HCKaTeNH, CBOAHTCSI K cJe-
LyloLeMy:

1. Inana3on ¥3MeHeHHs1 3aJaHHOK QYHKUMH [ () mpuBOLHTCS
B COOTBETCTBHME C AMAma30HOM .CTYNEHYaTOro H3MEHEHHs ILieu
JenuTens. '

2. BoluepuuBaetcsi rpaduk $YyHKIHH.

3. YcraHaBauBaeTcsl BpeMsl pellleHUs 3aflauM, HCXOAS H3 Yero
nLi6upaeTcs teMn paboThl (YacToTa) LIAroBOro Mckarteas. (Ha-
npumep, 1, 2 uau 10 «uiaroB» LETOK B CEKYHAY).

4. TlponsBoautcs rpaduueckas anpokcumaius GyHKiuu f(f)
KyCOUlO-1NIOCTOSIHHBIMM OTPe3KaMH B COOTBETCTBHH C BbiOpaHHOM
MPOLOJIKHTENLHOCTIO L1ara. '

5. Cocrasasiercsi Ta6Jula COeJHHEHHI OTMaeK AeJauTesisi Ha-
NPsXKEeHHs ¢ JJaMeJISIMH 11aroBOro UCKaTesl.

Tak xak MakcuMaJbHOe 3HaueHHe QYHKUHM BpeMenH f(f) Mo-
)KeT ObITb KaK GoJbllle, TaK U MeHbllle eHHHLb], a B OOLLEeM CJY-
yae U3MEHsIeTCs B BecbMa, LIMPOKHX Npejesax, TO CJelyeT B mep-
BYIO ouepeflb NMPUHATb Mepbl K TOMY, 4TOObl MOXHO OLIJIO HCNOJb-
30BaTh (C LleJIbI0 MOBLILIEHHSI TOUHOCTH) BeCb JeJUTeNb Hamnps-
xenus. Ilpu aTom nmepemenubiii Koapduuvent f(f) pasbusaercs
Ha B COMHOXHUTENSs:

[ (€)= af*(#), (23)

rae o — Ko3(p@UUHEHT, YUCJIEHHO paBHBIi MaKCHMaJbHOMY 3Ha-
yeHHI0 QYHKIHH f(f) Ha BceM auanasoHe H3MeHEHHsI apryMeH-
ta (f); f*(f) —rpadux u3MeHeHHUs] nmepeMeHHOTO Ko3(dduuHeHTa,
H3MEHADLICI 0CA B npegenax — 1 <[ ({) <1 (B yacTHOM cuy-



uae 0 < f*(f) <1). Hanpumeép, ecau f({)=# ana 0 <t<10,
To- f (f) = 100 f* (f).
Ecau nepemednble K03(MHUHEHTH BXOASAT B COCTAB MOJALIHTE-
n n

“ 1 !
rpajpHo#i (QyHKUMH B BHIE }_, fi () x;, = 2, afi (¢) x,, TO
i=1 i=1
NpH onpefeneHnH KO3PPHULHEHTOB NepeJayd CyMMHPYIOLIEro ycH-
JUTeNsl CJeAyeT MOJib30BAaThCs COOTHOLIEHHEM:

R() ML‘

(24)

/’

[Tpu onpenenenun Benuuunsl RC 1leNH HHTETPHPYIOLLErO YCHJIH-
Tesisi (B TOM cJayuae, ecJH uJjieH f;(f) x; HemocpeiCTBEHHO, HHTer-
pupyercsi) cjeyeT MOJb30BAaTbCs COOTHOLIEHHEM:

1 M d S
MOABLIHTErp. BeJ. i
AbiHTerp. Bei. (Ey?,z Maf,(t) x,), (25)

i=1

R‘-C-:

a;a; Mmﬂerpana

rfe a,— NMOCTOSIHHEI MHOXUTeJb mepej IMPOH3BOLHOH.

HleTku nepeMeHHOTo KO3 (HIMEHTa MEPeKJIOYaloTcs ¢ Jame-
JU Ha JlaMeJib uepe3 OTPe30K BpeMeHH, paBHbil Al = t—“ﬁ‘fﬁ, rue
m — uucao paGouux Jameseii warooro Hckateas (s WIIT-5
m = 100). Onnako BpeMst Af MoXeT GbIThb TOJBKO TaKMM, KOTOpOe
NpeaycMOTPEHO B cxeMme Maliuabl. Yale Bcero oHo paBHo: 2; 1;
0,5; 0,1 uau 0,05 cex. IToatomy Af ciaenyer B3sThb GJHKaANIIUM
66abmiMM. B pe3ynbraTe npoBedeHHOH anpoKCHMAUHMUM TrpacdHk
byukuuu f*(f) BbHIrASAMT, Kak nokas3aHo Ha puc. 8. Ilo 3Tomy
rpacduky cocraBasiercsi TabJula cOefMHEHHH, yKa3blBalollasi B
KakoM MNOpsiiKe NOJIKHB NPHCOEAUHATbCS OTNAHKH [eJuTensi K
JlaMeJIsiM L1aroBoro UcKaTeJsi:

Homep namean K 0 1 2 3 4 § 6 7 8 9 101112131415 16

Howmep ortmaiiku .
NeanTens 23 4638 99999 8777 8——

YKkasaHHas Ta6uula SIBJSIETCS OCHOBHBIM JOKYMEHTOM MAJisl Bhi-
NOJIHEHHA NaeK Ha KOMMYTalHOHHOM mnoJsie 6J0Ka mnepeMeHHOTro
Ko3(dHLHeHTa.

6. KommyTauus 6,10KoB MallMHbl U 0COGEHHOCTH
' KOMMYTaUMH B pPa3JHYHbIX MalIMHaX

[To cocTaB/ieHHOH CTPYKTYpPHOH cxeMe pellaeMoi 3ajaud Ha
KOMMYTAalHOHHOM I10Jle MaUIMHbl MPOU3BOAUTCS COeJHHEHHe oOre-
pauuoHHbIXx 6s0K0B. KoMMyTauuoHHoe moJie J0o60fi M3 MaLIMH
npencrasJsieT, cO60H y3eJ, B KOTOPOM OObeAHHEHbl BXOJAbl H BbI-
XOADbI BCEX OLEPALMURNbIX OJUKOB MdlUHbl. TAKUM 00pasuM, LIpu
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COCTaBJIEHHH CTPYKTYPHOH CXEMbl OTIPeNeNsioTCS HOMEePa M MecTa
6/10KOB, YU4acTBYIOILIHMX B pelleHHH 3agauyd. Ha KoMMyTauuHoHHOM
nose GJOKM cOeIMHSIIOTCS TMOGKMMH IwHypamu. Mas ymoGcrsa
KOMMYTalUHH M TOCJeayiollell NPOBepKH MPaBUJIBHOCTH COEJHHE-
HHS CJeflyeT NOJb30BaTbCSi KOMMYTAIlMOHHBIMH LIHYPAMH Pa3HOTO
useta. B HekoTopblx MalinHax (Hanpumep, MH-7) KoMMyTaluoH-
Hasi JJOCKa HeceT Ha ce6e (QYHKIHIO MOAKJIIOUEHHS] COMPOTHUBJEHHH
U KOHJEHCAaTOPOB KO BXOJaM ONepalHOHHBIX ycHaUTeJell U B 06-
paTHylo cBsA3b.. KoHAeHCATOpPbl M CONPOTHBJIEHHS MOAKJIOUAIOTCS
C NTOMOUIbIO TYMOGJIEPOB HJIH KOMMYTAUHOHHBIX IIHYPOB.

Ha KOMMyTalHMOHHOM IoJie OT[EJbHbIX MAIUHH BBINOJHEHDI
MHEMOHHUECKHEe CXeMbl ONepalOHHBIX GJIOKOB U YCTPOHCTB Ma-
LIHHBI, TOMOralolliie JIeTKO ODPHEeHTHPOBATbCS NPH KOMMYTaUMH
CTPYKTYpHO# cxeMbl. ITogknroueHde ycTpo#icTB MHAHMKALUH pellle-
HHS o (CTPe/IOYHbIX npH6GOpPOB, 3JEKTPOHHO-JIYyuYeBbIX HHAHMKATO-
POB H T. I.) K BbIXOJaM OMNepalHOHHLIX 6JI0KOB MAaLUHHBI MPOH3-
BOAMTCS C MOMOILBIO KOMMYTAallHOHHOH IOCKH.

B Hekotopeix Mawmnuax (Hampumep, MIIT-5) xoMMyTanmuou-
HOro noJist HeT. B 3TOM ciyuae BXOABI M BBLIXOABI ONEpPaLlHOHHBIX
6JI0KOB BbIHECEHbI C IOMOLLbIO CMEelHaJbHbIX THE3[ Ha JHULeBble
nanesau 6J0KoB. KoMMyTauus CTpyKTypHOH CX€Mbl NPOU3BOAUTCSH
HernocpelCcTBEHHO Ha MaHessix GJIOKOB, y4acCTBYIOLIUX B pellleHHH
3ajgauu. [Ipy 3TOM BXOJHBIE CONPOTHBJIEHHS, ,CONPOTHBJIEHHS] H
KOHJeHCcaTopbl 06paTHON CBSI3U MOAKJIOUAIOTCS C NTOMOLUBIO TyM6-
JIEpOB, DPAaCHOJIOXKEHHBIX Ha JIMLEBLIX MNaHeJasiXx OnepalHOHHBIX
6J10KOB. .

Jasi uckaoueHus rpy6bix omM60K B KOMMYyTalUH, Teperpy3ku
HJIH BBIXOJla M3 CTPOSi ONepalHoOHHBIX GJIOKOB, ClefyeT MaKCH-
MaJIbHO BHHMATeJbHO NMOAXOLHTH K COeAMHEHHIO GJOKOB Ha KOM-
MYTaLHOHHOM TOJie MaIUHHbI.



rraasa III

ONMHUCAHUE AHAJOTOBbBIX BbIYUCJIIUTEJIbHBIX
MAIIHUH

AHAJIOrOBASl BbIYHUCJIMTEJLHAS MALIHHA THIIA MH-2

1. Ha3aHaueHHe yCTAHOBKH M ee 00L1He XapAKTEPUCTUKH

AnanoroBast BhuMcAMTEeNbHAass MawmuHa tHna MH-2 npen-
nasHaycHa AJil MccyeJOBaHHs (PH3HUYECKHX NPOLECCOB, KOraa 3TO
HCCJIeJ0BaHHe MOXET ObITb CBElEHO K MaTeMaTHYeCKOMY MOJeJH-
pPOBaHHIO CHCTEM *OOBIKHOBEHHBIX HeJHHeHHbIX AH(depeHuHab-
HbIX ypaBHEHHH N0 1IeCTOro MOpsiAKa, COAepXKallKX B MNpaBbiX
yacTsax He GoJsee 10 mpousBegeHHH nepeMeHHBbIX, 10 HeJHHEHHBIX
3aBHCHMOCTeH H 12 cymMm.

MeoenennpoBanve yKazaHHBIX Bblle CHCTEM YpPaBHEHHH MOXKeT
NMPOHBOAHTLCS B TeyelHe BpeMeHH He Gosiee 200 ceKyHI.

MH-2 sBnserca ycTanHoBKOH CTPYKTypHoro tuna. Mogmenupo-
BaHHe clicTeM HeJTHHeHHbIX JH(PdepeHnHaNbHbBIX YPaBHEHHH B Ma-
iiiHe MH-2 npou3BoauTCsi 3JIEKTPOHHBIMH CXeMaMH C IOMOLIbIO
THNCBLIX olepauroHHbiX 6J10KoB. B coctaB MH-2 Bxoast cacayio-
live THIOBble 6JIOKH:

Baok uurerpupyitowero ycunurenas. (BYUN) — 6 wrT.
Baok cymmupytowero ycuaurens (BYC) — 2 »
Baok yeuauteneil nepeMenns 3naka (BYII) — 2 >
bBaok nepemuoxxenus (BIT) —10 »
I\iok ueauneitnoctu (BH) —10 »
bBuiok nepemennbix ko3adpduuuentos (BIIK) — 2 »
baok nocrosuubix kKoadduuvento (B) — 6 »

Maciutab BpeMend NpH MojenupoBaHuu mpuHaT 1:1 (maty-
paJnliniit); mpu 3ToM MH-2 o6ecneurBaeT BO3MOXHOCTb pPa6oThl
¢ BHelUIHe#l amnapaTypoil aBTOMAaTHYeCKOTrO peryJHpOBaHHUS HJH
ynpaBaeHds. BoaMoXHO yBesauueHHe Maciutaba BpeMeHH B Mpe-
penax o6Llero BPeMeHH HHTErPHPOBAHHS M YMeHblleHHe ero
Jo 1:100.
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OnepannonHble 6J10KM KOMMYTHPYIOTCSI MeXAy co6oii rH6KH-
MU LIHypaMHu Ha obliem KOMMYTAallHOHHOM T0Jle MH-2 B cooTser-
CTBHM CO CTPYKTYPHOH CXEMOHM, COCTaBJIEHHOH INpH MO/rOTOBKe
3ajauy.

Ha koMMyTauHOHHOe MNoJjie BbIBEJeHbl BXOAbl M BBHIXOLbI BCEX
OmepalnvoOHHbIX 6JIOKOB, BXOAbl CHCTEMbl PETHCTPALHH peLIeHHs,
a Takxe THe3la 1J1s1 CBSI3U C BHeIlHell anmapartypoii.

Tlepexon or 3amaud K 3ajaye OCYIIECTBJSIETCS H3MEHEHHEM
cXeMbl KOMMYTallMH ONepanHOHHbIX GJIOKOB, 3aMeHOH MacliTal-
HbIX KO3(@UIHEHTOB M MEPeHAaCTPOHKOH OTHEeNbHBIX OMNepalHoH-
HBIX GJIoKOB. JlJisi GBICTPOi NMOATOTOBKH OMepauyOHHBIX GJIOKOB
K pa6oTe npeaycMOTpeHa anmapaTypa KOHTPOJsSl H HACTPOfikil
6J10KOB.

2. OnepauunonHbie 6J1oku MH-2

baok cymmupyroweeo ycupurears (BYC) npeucrasisier coboii
OTHeJibHBIH omepauunonHblil y3en MH-2, npeanasnauennniii nms
BLINOJIHEHUS] OLHOBPEMEHHO Tpex pasAenblibiXx onepaliuii aare-
6panueckoro CyMMHUPOBAaHHSI BXOLHbBIX BEJIMUMH, 3a4alllIbIX B BHIC
HanpsKeHUil moctosiHHOro toka. CpeaHekBagparuytiasl Horped-
HOCTb CyMMUpoOBaHus G6GJioka cocrtaBaser 0,5%. B coctaB 6J0ka
BXOASIT TPH CYMMHPYIOILHX YCHJHTEJs, MOCTPOEHHBIX Ha G6ase
ycuautesss nocrosHHoro Toka tHna YIIT-12 (puc. 9). Cymmu-
pylouui ycuaurtenp 6/710Ka CYMMHPYeT 10 LIeCTH BXOMHbIX BeJIH-
YMH C OJHOBPeMEHHbIM MaclITaGHbIM npeoOpa3oBaHHEM MO KaX-
JOMY BXOAYy NyTeM H3MeHeHus Ko3(dduuueHTa nepegaud B mnpe-
neaax ot 0,01 no 50. Kaxnablii U3 Tpex CyMMHpYIOLIMX YCHJIUTE-
Jgeii 6;0ka pabotaer B pexxuMe ray6okoil oTpuLaTesbHOH o6paT-
HOH CBSI3H. YCHJHUTEJH NMOCTOSHHOTO TOKA GJIOKA SIBJSIIOTCS ChEM-
HbIMH. V3MeHeHUe KO3(d¢HIMeHTa Nepefayd Mo KaXXIAO0MY BXOLY
OCYLIECTBJISIETCS C MOMOLLbI0 CMEHHBIX BXOIHBIX CONMPOTHBJIEHHH
Ry, — Rgy, ¥ compotuBJenus o6paTnoii cBsisu Ro. B 6noke npu-
MEHSIIOTCSI CMeHHble cOompoTHuBJIeHHs1 Tpex Tunos (puc. 10). Ilep-
BBIH THII CMEHHOTO COMPOTHBJIEHHS] MpPEACTaBJSeT COGOH TOYHO
nogoGpanHoe (morpewHocTh nopsaka =+0,29/¢) MOCTOSTHHOE CO-
npoTuBJieHue BeauunHoH ot 10 kom no 1 meom. Bropoii THn cMeH-
HOTO COMPOTHBJIEHUS — IOCJeJ0BaTebHOE COeJHHEeHHe TIOCTOSH-
HOTO ¥ TMepeMEeHHOTO CONMPOTHUBJEHHH, NOMycKalolllee HEKOTOpble
H3MeHeHHs BeJMYUHbl conpoTuBJ/eHubl. ConpoTUBIEHHs BTOPOTO
THNA HMeIOT BeauunHbl oT 50 kom no 10 meom. Tpetuit THn cmen-
HOTO COMPOTHBJIEHHsI BHIMIOJHEH MO MOTEHLHOMETPHUECKOH CXeMe
1 o6ecrieynBaeT H3MEHEHHE BEJHYHHBI CONPOTHBJIEHHS B LIHPOKHX
npegesax ot Homuuasos 10, 30 u 300 mzonm.

I'Ipn 3KCIJIyaTallii MalllMHbl BbIXOAHblEe HaNpPsIKeHHs ycmm-
Tesiedl MoryT npeBbicuTh *+100'6. B 3TOM cayuae cpa6oraer cxema
MHAMKAIUK (CBEeTOBAsi CUTHAJM3allusi), NpeAcTaBjsioulass coOoH
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TOTEHIIHOMETPHUECKYI0 CX€MY, BBIXOJIHOe HampsiKeHHe KOTOPOH
nopaercsi Ha HeoHoBylo Jamny MH-5.

KOHCTPYKTHBHO 6J10K CYMMHPYIOLIErO ycHauTeNass odopmJeH
B BHJle CbeMHOro 6JI0Ka, Ha L1acCH KOTOPOTO pa3MellaloTcsi YCH-
JIUTEJIH, CMEHHble CONPOTHBJIEHUSI U MOTEHLHOMETpPbl peryJHpPOBKH
cxeM uHAMKauuu. Ha snueByro naHesb 6/10Ka BbIHECEHBI THe3na,
COeIMHEHHble CO BXOJaMH M BBIXOLAMH yCHJIHTeNeH, U TPH HEOHO-
BBIX JIaMIbl CX€M HHIHMKAIMH.

Baok ycuaurened nepemerol 3naka (bYII) npencrasasier co-
601 OoTHeNbHBbIH onmepanHoHHbIH y3en MH-2, BeimosHsowuit one-

R

_ Bxaa Bs
1(7) 2(4)
R, R
. B 2
Tan i o — Busa
{(7) { 2(1)
Ry Ry "
TMI?E o— k\—-Hn
1(7) :
——  Boixgg
—
— 2(11)
Ry
Puc. 10.

pauMio mepemenbl 3HaKa LIECTH PasjHuHbix BeanuuH.” BJok co-
croutr u3 6 ycunurteneit Tuna YIIT-12. Kosdoduuuenr nepemaum
KaxJaoro ycunurens 6Joka paBeH enuuune (puc. 11). Bce Bxon-
Hble CONPOTHBJIEHHSI H CONMPOTHBJIEHHsT 06PaTHOH CBSI3H YCHJIHTE-
Jeit (R1— Ri2) mpoOBOJIOYHbIE, BBIMOJHEHbI C BHICOKOH TOYHOCTBIO
(0,1°/6). KoHCTPYKTHBHO OGJIOK YCHJIHTeJE€lH MepeMeHbl 3Haka
odopMJIeH aHaJOrMuHO 6JOKY CyMMHUpYOLLEro ycujautensi. Cxemol
MUHIMKALUMH YPOBHS BBIXOLHOTO HampsiXKeHHs B GJIOKe OTCYTCT-
ByloT. ['He3na st KOHTPOJsSI 3a BXOAHBIMH M BLIXOLHBIMH Hampsi-
JKEHHSIMH BbIHECEHb! Ha JHLEeBYIO naHesab 6Joka. '

Baok unreepupyrowezo ycuarureas (BYH) npencrasisieT co-
6061 oThaesbHLIN onepaunoHHbIH ysen MH-2, koTophlit BeinoJsieT
cJeaylolie onepauui: CyMMHPOBaHHe I1LIECTH BXOAHbIX BeJIMYHH,
HHTErpUpOBaHHEe MOJYUYEHHOH CyMMbl O BpeMeHH, CYMMHPOBaHHe
3HaueHHs MHTErpaja ¢ HauaJbHbIM 3HayeHHeM NepeMeHHO, H3Me-
HeHMe 3Haka uHTerpasa. CpeqHekBaApaTHUYHAsL MOTrpeLIHOCTD 6JIO-
Ka He npeBbImae-r 0,5%/¢ OT MakcUMaJbHOH BeJUYHHBI HHTerpasa

npu KC = 2 cex 3a 100 ceX HHTerpMpoBaHHS.
24
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BJIOK cOCTOMT M3 ueTbIpeX YCHJUTeNeH TMOCTOSIHHOTQ TOKa,
OXBaueHHbIX OTpHLATeNbHOH 06paTHOH cBf3blo (pHC. 12):

Ycunurtens CyMMHPYWI HH CO CMEHHBIMH BXOAHBIMU
CONPOTHUBJEHHAMH H CONPOTHBJIEHHEM OGPaTHOH CBSI3H; MOCTPOEH
Ha 6ase ycuaMTeNsl NMOCTOSTHHOTO Toka Tuna YI1T-12. Hanuuue B
6J10Ke OTAEJIbHOTO CYMMHPYIOIIEro yCHauTeNss objeryaer BHIGOP
ONTHMAJIbHbIX MaCIITa6HbIX COOTHOUIEHHH H MO3BOJISEeT BBIAEJIUTD
NIPOM3BOAHYIO IiJIsl HCIONb30OBAHUS ee B APYTUX IessX.

Ycuaureas HenoCpPeACTBEHHO MHTET pH-
PyloWwHi ¢ eMKOCTHOH OTpHLATeJNbHOH 06paTHOH CBSI3bIO; MO-
CTpoeH Ha 6ase yCHIMTeNs NOCTOSIHHOrO Toka Tuna YIIT-13; Bh-
MOJIHEH CO CMEHHbIM BXOAHbIM CONPOTHBJEHHEM M NMOCTOSIHHOH
eMkocTbio (Co1t = 2 mk¢h) B uenu o6paTHoil cBsisu. B cxemy uHTe-
FPUPYIOLIEr0 yCHUJIMTeNss BXOAAT [Ba MOJISIPH3OBAHHBIX peJie
rtuna PII-7, xoHTakTel KOTOpBIX ynpaBasiioT ero pa6otoit. Kou-
TakT Ki noaKk/a04aeT ceTKy HHTErpupyIOLLEro YCHINTENS] KO BXOJ-
HOMY CGHPOTHBJIEHMIO Ha TNepHOL HHTErpUPOBAHMSI H K lenH
«Cbpoca» (compoTHBJAeHHe Ro) BbIXOLHOrO HANPSIXKEHHSI YCHIH-
renst npu «Ot6oe» (Bo3BpaTe K MCXOAHOMY cocTosiHH0). Kon-
takT K2 OTKJIIOuUaeT BXOJHOC HANpsKellne OT YCHIUTEJIsI B peXUMe
«OcTranoBKa» M MOAKJIOuaeT ero B pexxuMe «Ilyck» (MHTErpupo-
BaHue).

Hnst paGoTel B pexxMMe NepUOAM3AUMH NpPH MaJoOH BeJHUMHE
MCPHOLA  TIOBTOPEHHST B CXeMe HHTErpHUPYIOILEro YCHJAUTEJIS
lpeAycMOTpeHa [OMQJHHUTeNbHAass €MKOCTb B Lend o6paTHOH
cBsi3¥. BkiloueHue IONOJHHTENLHOH €MKOCTH OCYILECTBASETCS
tym6aepom T (MaciitaG BpeMeHH); npu 3TOM MacuitTab BpeMeHH
ymeHbuiaercss B 100 pas (Coz = 0,02 mxgh).

Ycuaurteab 3amgaHMss HayadbHBIX YyCAOBHUH
C IBYMS BXOAaMH; CYMMHpYET HanpsiKeHHs] HauyaJibHbIX YyCJAOBHH
C pe3yJbTaToOM HHTerpupoBanus mnpousBoanoi. Kosdpoduument
nepefayd Mo NMepBOMY BXOAY, Ha KOTOpPbIH MOJaeTcst WHTerpads,
paeeH JBYM, a MO BXOJYy 3a4aHHs HayaJbHbLIX YCJOBHH—eIHHHLE.

Pacuer RC uenu B 6J10Ke WHTErPHPYIOLLETO YCHIAUTENSE BEOET-
csi mo opmyase (19), roe b = 2.

BbigeseHne cucTeMbl 3aJaHHsi HayaJbHbIX YCJOBUH B CXeMY
OTHEJbHOTO YCHJIMTeNS, BKJIOUEHHOTO 32 HHTErpHPYIOIULHM YCH-
auresjeM, oGecrneudBaeT O6e3blHEPLUHOHHOCTb BBOJA HayaJlbHbIX
yCJIOBHH.

BbixoqHOe HanpsixKeHHe YCHJHTENS 3adaHHsl HayaJbHbIX yCJ0-
BHil sIBJIsSIeTCS BBIXOJHBIM HanpsikeHneM bYW (c oTpuuarenbHbM
3HAKOM).

Ycunurteab TepeMeHBH 3HAaKa ¢ KOIQPUUHEHTOM
nepenaud, paBHbBIM eIUHHLE; BHIOJHEH Ha 6a3e VCHJIHTENs MO-
cTosiHHOro Toka tuna YIIT-12,
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Taxum o6pa3om, BbiXxoaHOe HampsnpkeHdHe 6JIOKAa BbIpa)Kaercs
dopMmysoil;

Use = 7z §(2U8x)dtruﬂy (23)

0 ‘i=1

Jas WHAMKAUUM TpeBblIIeHWs] BBIXOANBIM HaNpsKeHHEM
ypoBHs *+100 g cayKaT NOoTeHUHOMETPHUECKHEe CXEMbl CHT'HAJIH3a-
UM ¢ HeoHoBo# Jamnoit MH-5. CxeMbl CHrHa/JM3alWH YCTaHOB-
JIeHbl Ha BbIXOJe CYMMHPYIOILEro YCHJHUTeNS] U YCHJHUTENs mepe-
MeHbl 3HaKa. KoHCTPYKTHBHO 6J10K OQOpMJIeH aHajoruyHo 6Jio-
KaM, NpHBelleHHbIM Bhbillle. B KauecTBe MHTErpuUpyOLIHX eMKOCTeMH
NMpUMeHeHbl KOHAEHCATOphl BLICOKOH TouHOcTH (nopsiaka 0,29%).

Baok nepemnoscenus (BIl) mnpenHasHaueH MAJs1 TMOJyYEHHS
NpOU3BeleHUs] JBYX 3HAKONepeMEeHHbIX HalipsiKeHHH, U3MeHsIo-
wuxcs B npegesnax =100 . [lorpewHocTh 6J10Ka JIEXKHUT B IIpe-
neqax 0,5 8 npu 100-BosIbTOBOI BHIXOAHOMH LIKaJe.

B ocHoBy mocTpoenusi cxeMbl 6J10Ka MOJIGKEHO COOTHOLIEHHE:

T a+40b172 a—b 2 .

o= [ %547 - [552]" e
CxeMHO 3TO COOTHOLLEHHEe peaJiu3yeTcsi MPUMEHEHHEM CYyMMHPYIO-
LHX Lermeil Ha MacCHUBHLIX 3JIeMeHTax W AMOANBIX KBajpaTOpOB
(puc. 13). Aare6panyeckoe CyMMHPOBaHHe BXOAHbIX HaMpPsKeHHH
OCYIULECTBJSIETCS C MOMOLLBIO conpomBJlelmﬁ R1— R4 (mpoBoJiou-
Hble CONMPOTHBJIEHHUsi BeauuHHoH mo 100 xom). B cxeme ucnosb-
3yIOTCSl YeThlpe CYMMHPVIOIWHX YCTPO#icTBa, ABa H3 KOTOPHIX
npeaHa3HaueHbl AJ1s1 MOJIYYEHHSI CYMMbl BXO/LHBIX BEJHYHH a U b,
a [IBa APYrux — [Js1 NOJYYEHHs] PAa3HOCTH BXOJLHbIX BEJHUHH.
Jlast nosyyeHust CyMMB! H Pa3HOCTH BXOJHBIX BEJMUHH Ha BXOMIbI
CYMMHPYIOILHX YCTPOHCTB MOAAIOTCS BeJHYHIILI @ W b U paBHbie
.UM 110 BeJIMYHMHE, HO oOpaTHble MO 3HAaKy BeJHYUHBl —a W —b.
Bxoabl CyMMHUPYICHIHUX YCTPOHCTB COeAMHEHLI Mexay coboil Tak,
UTO MpH JM060i  KOMGUHALMH 3HAKOB BXOANBIX BEJHUUH MepBbie
JIBa CYMMHUPYIOLIMX YCTPOHCTBA MCMOJbL3YIOTCS AJsi 06pa3oBaHus
TONBKO MOJIOXKHTENbHON CyMMbl BeqWudH a w b, a nBa npyrue —
TOJNLKO IJIsi OTPHLATEJBHON pasnocTH. Buigesacive cymMmMul 1 pas-
HOCTH CO 3HAaKaMHM IJIIOC U MHHYC COOTBETCTBEHMHO MPOHU3BOAHMTCS
KOMMYTHpPYIOWHMH auonamMu [i (@Ba ABOHHLIX AMOAA THMNA
6X6C). Harpyskoii KOMMYTHPYIOLIMX HHOAOB $IBJSIIOTCS ABa
¢dyHKUHOHAJbIble npeoGpa3oBaresisi, MOCTPOEHIble MO AHOLHOM
cxeMe ¢ OOIHUM [deJHTeseM Iia JaMmoBhix AHopax Tuna 6X6C
(d:— He). Bepxuuit  ¢ynkuHoHanbhbpii®  npeobpasonatenb
(puc. 13) 06pa3yeT MOJIOXKHUTEJbHYIO MOJYBETBL NapabosinyecKon
KPHMBOH, HHXKHHH — OTPHLATENbHYIO.

Taxum o6pasoMm, (YHKUHOHAJbHLIE npeoGpasoBaTesy BO3BO-
AT B KBaAPaT MOJIOKHTENbHYIO NMONYCYMMY H OTpPHLATENbHYIO

v T

H0AYypasHOLTh BE/iHYKHI G W b. DbixvjHble TUKH (pyHKu.MOHdJIbeIX
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npeo6GpasoBartesell anre6panyeckm CyMMHpPYIOTCS ¢ IOMOLLBIO
ycuauTens nocrosHHoro Toka tuna YIIT-12. Biok nepemHoxenus
NPUHIHIHANBHO JONYyCKaeT MoJiyyeHue NpousBeaeHus ab ¢ Jo6bM
3HaKOM. 3HaK NPOM3BeleHHs 3aBMCHT JIHIIb OT TOTO, B KaKOM
NopsJiKe NOoJaHbl Ha BXOA BeJIMUHHbI @, —a, b u —b. Ilpu ykasau-
HOM Ha puc. 13 uyepemoBaHuW 3HaKoB (+a, —a, —b, +b uau
—a, +a, +p, —b) obpasyercss NOJOKHUTENbHOE TMPOHU3BENEHHE
BeJquuud a U b. Tlpu npyrom uepemosanuu (+a, —a, +b, —b
un —a, +a, —b, +b) — 3HaK NpoU3BeleHHS OTPULATENbHbIH.

ITorenunomerpamu Iy (komnencaunus 1, komnencauus 2) BHI-
XO[HOe HampsiKeHWe 6JIOKa DeryJupyercsi NpH HYJIeBbiX 3Haye-
Husx Beauuud a u b. Iloresuvomerpamu Ile (Macwta6 1, mac-
wrab 2), NOAKJ/IIOYEHHBIMH K [EeJUTEJI0, BbIXOJHOe HarpsiKeHue
6J10Ka peryJupyeTcs NMPH MaKCUMaJbHbIX 3HAUEHHSIX BEJHUHH aQ
ub (£100 s).

HexoTopoe 13MeHeHHe BeJHUYHH CONMPOTHBJEHHI 6J10Ka MOXKHO
KOMIEHCHPOBAaTb, H3MEHHB CONPOTHBJEHHe OGpaTHOH CBS3H
(Macwtab) yCHJAUTENS] NMOCTOSTHHOTO TOKa (OOBIUHO MPH peryJiu-
poBKe 6J10Ka). YcuauTeNb CHaGXeH CXeMOH WHAMKAlWH NpeBH-
LIeHHs BbIXOAHBIM HamnpspkeHHem ypoBHsi =100 8. KoHCTpyKTHB-
HO 6JIOK MepeMHOXeHHs1 odopMJieH aHaJorHYHO GJIOKaM, ONMHCaH-
HBIM BBILIE.

DyHKyuoHarbHbLL - npeobpasosaTens (6/Lo;c ue/lunednocru)
mpejHasHayeH JJisi anmpOKCHMAalHH HeJMHEeHHO} q)yuxmm OJLHOH
nepeMeHHO# [BeHaAlaTbi0 — YeTBIPHAALATbIO JHHEHHBIMH oTpes-
kaMu. [lorpewHocTs 6sioka anasi GyHKOME THna y = sinx,
y =cosx npu |x]|< 90° nexur B npeneaax *=0,6 s.

BxonHoe Hanpsixxenue npeobpasyercs no tpebyeMoMy 3aKOHY
B 6JIOKE MEeTOJOM KYCOYHO-JHHEeHHOH ampokcHMauMH. AnpoKcH-
Mupyiouas GyHKUUS TNPEACTaBJseTCs B BHIe

Unux = Un -+ kUn; -+ 2} bi (Uax -U ) (25)

i=1

forn

Cxema 6Jsoka HequHedHocTH (puc. 14) copepxkut 12, IMOAHBIX
3JIEMEHTOB, 00/1aJaloUHX JIUHEAII0-TOMaHOi XapaKTePHUCTHKOH H
peasu3yIUX B BbpaXKeHuu (25) ugennr:

Unm = b (Unx - U‘om) (26)

Bce 14 oTpe3KoB CYMMHPYIOTCS ¢ MOMOLLLIO YCHJHTEJSI TTOCTOSIH-
Horo toka tuna YIIT-12. Beupy toro, uto cyMMHpYIOLIHil yCHIH-
TeJb MeHsieT 3HAaK BXOAHOH BeJHYMHbl Ha oOpaTHbIH, B 6J0Ke
MpeayCMOTpeH YCHJAHTeNb llepeMenb 3Haka (takxke YIIT-12).
st Kaxago# mapbel AHOLHLIX 3JeMeHTOB (puc. 14) B 3aBHUCH-
MOCTH OT KBajpanrta BbiOMpaeTcss TOT MJM MHOH 3HAK BXOHHOMH
pemynunnl. 3nax onpenendercd nonoxenuem nepewmiouatens Tl
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Howmep KBaJpaHTa onpenensercs mepekatouarenem Ila. Iloren-
uxan ornupanus auomos (U, ) perynupyercs nmoTeHuuomerpa-
MH Ri («orpaHHueHHe»). YToJ HaKJIOHA XapaKTEPUCTHKH IHOJ-
HOTO 3JIEMEHTa IIIAaBHO DPEryJHpYyeTCsi CONPOTHBJEHHEM Rz, CTy-
[eHYaTo — C TMOMOLIbIO BXOAHOTO CONPOTHBJIEHHS YCHUJUTES
(mepekarouaTesniem Ils) MK ¢ MOMOLIBIO CONPOTHBJCHHUST OGPATHOM
cBs3u ycuautensi (Kysy). Tak e peryjaupyercs HakJOH Hayalb-
HOTO yyacTKa anmpoKcHMHpyemoi KpuBoH (kRU,) | BeauunHa mo-
crosiHHON coctasasowei (Uo). BbIXOAHOM YCHAWTENb TNOCTOSIH-
HOrO TOKa CHabXKeH CHCTeMOH HMHIMKALMH NpeBbILIeHHsi BBIXOX-
HbIM Hanpsxenvem ypoBHst =100 8. KoncTpykTHBHO 620K 0hopM-
JieH aHaJnoruyno Apyrum 6jokamMm MH-2.

3. Ycuaureau NOCTOSSHHOrO TOKa

B mamune MH-2 npumeneHnsl YCHJIWTENH MOCTOAHIOTO TOKa
tpex tHnoB: YIIT-12, YTIT-13 u YIIT-14. Ycunurean tuna YI1T-12
u YIIT-13 (puc. 15) nmpencraBasitor co60il TpexKacKagHble YCH-
auTenu ¢ koddouurventom ycuienust 40 + 60 toicsiy (YIIT-12) u
150 + 200 toicsy (YIIT-13). Ycunurteau oGecneyHBaoT BbIXOLHOE
Hanpspkenne *=100 8 na Harpyske ot 13 xom u Bbie (YIIT-12)
u oT 130 kom u Buiwe (YIIT-13). Ycunureau YIIT-14 (puc. 16)
umeroT Koapduurent ycunenust 150—200 Toicsiu. Ycuaureab
VIIT-14 npennasHauen gns paboThl ¢ MaJibIM BHIXOAHBIM Hamps-
XeHHeM Ha Harpysky mopsizka 5 -+ 15 xom.

B pexunmMe orpunartesbHoil oOpaTHON CBSI3W UacTOTHAsl Xapak-
Tepuctuka yeuauteaeit YIHT-12, YIIT-13 u YIIT-14 aunneiina no
vyactotul 400 = 500 ey npu aMIVIUTyAe BLIXOAHOI'O HampsiKeHHs
=100 8. B ocHoBy ycuaureseil nojoxeHa cxema ¢ MOTEHIIHOMET-
pPHUECKMMH CBSI3SIMH MeXAYy Kackagamu. IlepBble Kackanbl
YIT-12 u YIIT-13 BuinosHeHbl no cxeme ¢ KaToAnoi crabuausa-
uueit apeiipa nyas. [lepsuiii kackag YI1T-14 BoimosHeH no He-
CHMMETPHYHOH MOCTOBOH cXeMe C OOLIMM KaTOAHBIM, CONPOTHBJIE-
nueM. CMellleHHe Ha CeTKy NpaBoil MOJIOBHHBI JaMilbl ofecneyu-
Baetcst 3a cuer KaHajsa MJIM. Bropoii kackan ycuaureneii Bcex
TpeX THIIOB BHINOJHeH Ha neHtole 6)K4. Tperuii kackan Bcex Tpex
yCHJIHTEJell BHIOJHEH MO HEe3KOHOMHYHOM MOCTOBOIl cXeMme, YTO
N03BOJISIET IOJNYYHTh BBIXOAHOE HampsiKeHHe JBYX 3HAKOB. B oT-
auure ot ycuautens YI1T-12, B koropom BHIXOJHOH KacKaj BbI-
nosiHeH Ha Jawmie 6[16C, BeixonHble Kackann B YIIT-13 u ¥YIIT-14
BbINOJIHEHH Ha neHTtole 6)K4. Ycuaurenn tuna YI1T-12 u YIIT-13
NPUMEHSIIOTCST B ONEpPaLHOHHBIX 6JI0KaX MalIMHBI, 4 YCHJHUTE]b
VIIT-14 — B 3JeKTPOHHBIX HYJb-HHIAHKATOPAaX CHUCTEMBl HACTPOH-
KM HyJell YCHJAWTeJiell B COUETAHHH C YCHJIMTEJ]EM MepPeMEeHHOro
1T0Ka u BuOponpevGpasosaieien (kadaa MAM).
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4. Cucrema nutanusa Mamuuni MH-2

dnekTponuraine MamuHel MH-2 ocyuwectBasiercs ot cetu
Tpexda3Horo HanpsiKeHus nepemeHHoro toka 220 g =109 npo-
MBILLJIEHHOH YacToThl. [loTpe6GsisieMasi MOILHOCTb OT CETH Iepe-
MEHHOro TOKa cocraBJgsieT okoJo 10 xg8r. IluraHue co6GCTBEHHO
MaLIMHBl OCYIECTBJASETCS CTAaGUIM3HPOBAHHBIM HampsXKeHHEM
220 8 (£2 + 3 8) ¥ cTaGUIN3NPOBAHHBIM HaNPSXKEHHEM MOCTOSIH-
Horo Toka + 110 8 ot 6soka nutanus tuna BCIT (670K crabuau-
3HPOBAHHOTO MUTAHHS).

[Torpe6uTensiMu 3Heprud OT HMCTOYHHMKA HANpsiXKeHHs mepe-
MEHHOTO TOKa SIBJSIIOTCS onepallHOHHble GJIOKM MaulHHbBl (MUTa-
HHe HaKaJjia JaMI uepe3 TpaHcopMaTopsl HakaJja, MUTaHue aHO[-
HBIX, CETOUHBIX M 3KPAHHBIX LleneH jaMn ycuauTeneit oT cTabGu/Iu-
3MPOBAaHHBIX KEHOTPOHHBIX BBINPSIMHTeNEH, oGecneyuBaloLIUX Ha-
npsixkenue + 350, —350 u —190 8).

OnepauuoHHble 6JI0KH pacrpesiesieHsl N0 CTaOUIH3HPOBAHHBIM
BLIIPSIMUTENSIM C YYETOM BEeJHUHH TOKOB, NOTPeOJisieMbIX KaxX-
abiM 6s0koM. O61iee KoMuecTBO cTaGUIH3HPOBAHHBIX BBHINPSIMH-
Teqell CB:

CB +350 6 —6 wir.
» —350 6—1 »
» —190 8 —5 »

(c yuerom moTtpe6JyieHus Toka ot crabunuszaropoB + 350 u —350 8
B npegenax 350 = 400 ma u ot crabunusaropoB —190 8 — B npe-
nenax 400 <+ 500 ma).

KOHCTpYKTHBHOE BBINOJIHEHHEe 6JIOKOB CTaGMIM3HPOBAHHBIX
BbIMPSIMUTENEH TNpefycMaTpUBaeT BO3MOXHOCTb  OTKJIIOUEHHS
NMUTaHHS'OT HEHCNOJL3YEMBIX B pelieHHH 6J10KoB. Bee 6j10Ku cTa-
6UNH3MPOBAHHBIX BHIMPSIMHUTENEH B3aHMO3aMeHsIEMbI.

5. Cucrema ynpaBJjeHus MmamuHol MH-2

YnpaBnenne MH-2 coCcTOMT H3 NSITH CAMOCTOSITEJIBHBIX CHCTEM:

CucteMa o6uiero ynpaBJieHHSs.
CucreMa CHHXPOHHM3aLHM Pa3BEPTKH BPeMENH.
CHcTeMa aBTOMaTHYECKOM Hacrpoﬁxu HyJel ycuaurene.
CuHcTeMa aBTOMaTHUECKOH HACTPOHKH CTa6HIH3ATOPOB.

-»  Cuctema 3ajalinsi HauaJbIILX yCJOBHA M KOHTPOJsS CXeM
KOMMYTalHH.

Cucrema obujezo ynpasrenus npegnasnauelia AJs Oneparus-
HOTO ynpasaenusi 6aokamu MH-2 («Ilyck», «OcranoBka», «Or-
60it»). «ITyckom» B cucteme ynpasaenuss MH-2 sBasiercss MOMeHT
llauajna HHTerpupoBalusi ypaBlieHH#H; <«OCTaHOBKOH» — MOMEHT
lIpeKpalleltsi UHTErPUPOBAHHUSA C 1LIEJbIO0 ONMpefesNeHNs] HCKOMBIX
nepeMeHHbIX B MOMEHT OCTAHOBKH, T. €. IPeKpallleHHe HHTerpHupo-
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BaHusi Ge3 BO3BpAaTa BEJHUHMH H YCTPOHCTB B HCXOMHOe MNOJMOKe-
HHe, KOTOpbIH ocyllecTBasieTcss B pexuMe «OTGoi».

OneparuBHoe ynpaBJéHHe MauwnHOi MH-2 ocyuecrBasiercs
C MyJabTa YyNpaBJjeHHsi. YNpOILUEHHAasi CXeMa CHCTeMbl O06LIero
ynpasJieHusl nokasaHa Ha puc. 17. Knonkoii «[Tyck» Bk/iouaercs
pene Pnl («Pa6ota»), onpeaensitollee HayaJo WUHTErpUPOBAHHUS.
Pene Panl, 6jokupysi ce6sl, BKJlouaeT MNoJNsipU30BaHHbIE peJie B
6n0kax uHTerpupytowux ycuauteneii BYHI1-TIP1 — BYUW6-TTP1
M CBOUM KOHTaKTOM MNOJKJ/IOYaeT peje NOBTOPHOro mnycka Pu4
K kHonke «[lyck». [Ipu 3ToM moJsisipH30BaHHbLIE peJjie BKJAKOUAKOTCH,
€CJM OHM mnoakJiodyeHbl TyMmOaepamu Tl kK ucTouHuky +110 s.
Jlamna JIH («Pa6ota») curHaausupyert o BKJwoueHUH pene Pal.
HopmanbHo pa3oMKHYTble KOHTaKThl peJjie BKJIOYAIOT, Kpome
TOro, 1) HaTUMK UMMYJbCOB M CEKYHAOMep, 2) peje ynpaBJeHHsi
paboToil maroBblX MckareJei 6J0KOB NepeMeHNIoro Ko3duuuen-
Ta (Ha cXeMe He MOKa3aHBbl).

Ilpu cpaGatbiBauun peae BYUI-TIP1 — BYU6-TIP1 kou-
takT Ki (puc. 12) oTKil0yaeT CeTKYy HITETPHPYIOLLETO YCHIHTENs
OT CONMPOTHBJEHHST Ro, MOAKJIOUEHHOTO MapaJjjiesbHo KOHAeHca-
TOPY B Liend o6paTHOM CBSI3M U MOAKJIOUAET K CETKe BXOJHOE CO-
nporusnedne Ry;. OIHOBpeMeHHO ¢ HayajJoOM HHTErpupoBallks
HauuHaeTcsl Mojaya UMIYJbCOB Ha GJIOKH NepeMeHHOro Ko3dgu-
uHeHTa W cekyHaomep. KHonko#t «OcTaHoBKa» BKJIOUYaeTCst
pene Pa2, xotopoe, 6/0kHpys ce6si OTKJIOYAET:

1. Llenn NMOJaun BXOAHBIX HANPSUKEHWH HA MHTETPHPYIOLLHE
ycuauteaun 6GaokoB BYHW1— BYH6 (kontak? Ko, cm: puc. 12)
BKJIIOUEHHEM MoJisipu3oBaHHbIX pene BYU-1-11P2 — BYH6—I1P2.

2. llenu nomayu uMnyJbcoB Ha OJIOKH NmepeMeHHOro kKo3ddu-
LMeHTa U CeKyHIOoMep.

3. Jlamny curnanusauuu JIH («Pa6orta») u Bkaouaer jamny.
curhanusanun JIH («OctaHoBKa»). ' T

VH1erpupoBaHyie MoxeT ObITb, KpOME TOTO, OCTAHOBJIEHO HM-
MyJbCOM C CeKyHAOMepa (NpH yCTAaHOBKe ONpe/eIeHHOr0 BPEMeHH
MHTETPUPOBAHHS C MOMOLIbI0 TyMOGJepoB Ha NaHeau CeKyHJO-
mepa). IloBTOpHBI mNycK CXeMbl OCYILLECTBJSETCS HaxKaTHeM
kronku Ku «[lyck». Ilpu atom cpaGarbiBaer pesne Pi4, nens Ko-
TOporo 6blla NMOATOTOBJEHA KOHTakToMm pene Pal npu nepsoM

Haxkatuu Kuonku Ku «Ilyck». I[Ipu cpaGateiBanuu pesne Pn4 Kon-
TaKThbl ero 1e6GJOKUPYIOT peJie PJ12 KOHTaKTOM KOTOpOro o6ecro-
ypBaiorest pene BYUI1-TIP2 — BYU6-TIP2. ITpusenenue Bcex
ueneil © 6so0koB MH-2 B ucxomHoe MOJIOXKEeHHE OCYLLeCTBJSETCS
HaxkatTueM KHomku «OTt6oit». [Ipu sToM BkJalouaercs penae Pa3,
CEBOMMH HOPMaJbHO 3aMKHYTbIMH KOHTaKTaMu J[e6JoKHpYylolllee
pene Pal («Pa6Gora») u Pn2 («OcraHoBka»). Kpome Toro,
pese Pn3 cBOMMH KOHTaKTaMHu BKJIOYaeT peje 0T60s1 Ha MaHeasiX
CHCTEM HaCTPOHKH HyJiell ycuauTenel, pese oT60si CHCTEMbl Ha-
CTPOWKKM cTabunu3aTopoB. aamny curianusanuu JIH («Ot6oit»).
[Ipu >3Tom pene Pa3 BKaouaer CBOMMH KOHTAakKTaMu peJje
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FOTOBHOCTH cXeMbl (Ha puc. 17 He MoKa3aHO), a pesie TOTOBHOCTH
B CBOIO Oyepelb MOATOTABJHMBAET LeNb NMyCKa MPH YCIOBHH HCXO-
HOro noJioxeHust 6JI0KOB mepeMeHHOro KosdduiueHra.

Kpome onucanHoro Bhillle pexxuma ynpasjendst B MH-2 npeny-
CMOTPEHO ympaBJjeHHe OT 3JIeKTPOHHO-JyYeBOTO HHIMKATOpa
(B pexHMe aBTOMAaTHYECKOTO MOBTOPEHHS PELIeHHs).

Cuctema cuMxpOHU3ayUlL PA38ePTKU 8pemeHu TpelHa3Hayela
1151 CHHXPOHH3aUHH paboTbl cXxeMbl GJIOKOB HHTETPHPYIOLLIHX YCH-
JUTeNel, cXeMbl BBOJA NepeMeHHbIX KO3((HLHEHTOB, CHCTEMbI
perucTpaunuu U cxeMbl oTcuera BpeMeHH. OCHOBHBIMH y3J1aMH 3TOMH
CHUCTEMBI SIBJSIIOTCSI JaTYHK HMIYJbCOB H 3JEKTPOHHBIH CEKyHJIO-
Mep (puc. 18). CuHXpoHHM3aUus MO BpeMeHH paboTLl BCEX Y3J0B

| o cépac”

kr o] o . e . o
wDOaur—gi 52 502 25 2 2 32
Jvek” .

:2

o & zL

2002y ‘Mau  20ey 0w Jey 2o 1o 05 0252u

Puc. 18.

MallHHbl 06ecneyrBaeTCst T€M, YTO MPH BKJIOUEHHH MALIHWHbI AaT-
YUK HUMIYJbCOB HAUHHAeT FeHEPHPOBATb HMIYJbCH CTaGUJIbHOM
4acToThl, KOTOPble NMOCTYMAlOT OAHOBPEMEHHO B GJIOKH mepeMen-
HOro Koz(ddHuveHTa, B CHCTEMYy DerMcTpallu H,Ha CeKyHIOMeD,
NPOU3BOJSAILHI CUET KOJIHUECTBA HMIMYJbCOB, T. €. (haKTUYECKH
oTcyeT BpeMeHH. JlaTyuK UMINYyJbCOB COCTOUT M3 KBApleBOro reHe-
paTtopa, pa6orawiuero Ha yactote 1000 ey, ¥ mepecueTHbIX sUEEK.
[TepecueTHble suefiKH mOtTpPoeHbl Ha (AHTACTPOHHBIX ,CXeMax
(mepecuer Ha 5) .M Tpurrepax (mepecuer Ha 2). B pesyabrarte
nepecyeTa HMIYJbCOB, MOCTYMNAIOIIUX C KBapleBOro reHeparopa,
Ha BBIXOJle NaTUHKa MMIYJbCOB MOXKHO MOJNY4aThb UMNYJLCH CJle-
aylowux vacrot: 200, 100, 20, 10, 5, 1, 0,5, 0,25 2y. Tpurrepunie
U (aHTacTpOHHbIE siueiikH, Gsaronapsi cBoeMy 3aMOMHHAOLIEMY
‘CBOUCTBY, MO3BOJISIIOT HCKJIOYUHTb OLIHOKY MO BPEMEHH NpPH IO-
BTOPHBIX MyCKax MaUIHHBI.

[TepecueT uMNy/IbCOB KBApLEBOrO reHepaTopa HauWHaeTCsi NpK
3aMblkaHUU KoHTakra pese Pal («Ilyck»). [Ipu ocTaHOBKe Ma-

munu pene Pnl ofecrounBaercyd, ¥ nocTynneHHe HMIVIALCOR npe-



Kpawaercsi. Uto6br c6pOCHTh MOKa3aHHe NMpeblAyILero cyeTa, Ha
IaTYHK MMnyJabcoB mojaercs BpyuHyilo (Ku «C6poc») mnoten-
uuan —350 8, mocTynawlKi Ha CETKHU JlaMIl MEPECUETHBIX AUeeK,
yeMm JOCTHraeTcsi BO3BPAT HX B HCXOLHOEe MOJIOXKEHHe. DJIEKTPOH-
HBlH CeKyHAOMep BKJpuaeT B ceOs THNOBOH 3JeKTpoMexaHHue-
ckuil cuetynk umnysabcoB DMC tuna CB21M/100 u Bocbmupas-
PSILHYIO TPUITEPHYIO MepecyeTHYIo cXeMy C JHOLHOH CXeMOil COB-
najgeHus U TymMOJepHBIM KOMMyTaTopoM (puc. 19).

YcraHoBKa TymM6JepHOro KOMMyTaTopa (omnpejesieHHbIH ABOHY-
HbIHl KOJ) onpefessieT NPOJOJKHTENbHOCTb PeLIeHHs], 10 OKOHYa-
HMH KOTOPOTO Ha TPUITEPHDH INepecueTHOH cXeMe YCTaHaBJIHU-
BaeTcst (B pe3ysbTaTe NepecueTa HMIYJ/bCOB C AAaTYHKA) TOT Ke
kod. [1pu paBeHCcTBe KOLOB Ha TyMOJEepHOM KOMMYTaTope M mepe-
CcYeTHON cxeMe Ha KaToAHbIH nmoBTopuTeab (Km) ¢ nuoaHo# cxembl
coBnajiedus moctynaer ummysabc. Harpyskofl KaToaHOro mnosTo-
puTeas siBasietcs o6MoTKa pesie Pa2, npou3BoAsiiLero ocTaHoOBKY
peuienHsI. Ha nepecueThylo cXeMy HMMyJbCh TMOCTYNAlOT uYepes
ycTpoiicTBo mepekaioueHust yactor (ITU), ¢ moMoubio KoToporo
BbiGupaeTca Ji06as M3 4YacToT -MMmyJabcoB. Yepes ¢opmupoBa-
tesb (P) uMnyabchl MOAAIOTCS Ha MepPecueTHYIO CXeMY, 3JEKTPOo-
MexanuHyeckuil cueTuuk umnyJabcos (IMC), nmpousBoasilUi cuer
KoJiHyecTBa MMNyJbcoB ¢ MoMmeHTa «[lyck» mo mMoMenta «Ocra-
HoBKa». EMKoOCTb BOCbMHMpa3psiiHOH NepecyeTHOH CXeMbl COCTaB-
nsier 256 wumnyJascoB. [lpu ucnosnb3oBaHWM Bcero nHamnasoHa
YaCTOT MOXHO TMOJIYYHTL CJeAYIOLlHe 3HAyeHUs IJisi BPeMeHH pe-
IeHHUs: oo

Bpems peulenns HUHTepBan

cex cex

0,1— 25,6 0,1
0,2— 51,2 0,2
' 0,5— 128 0,5
1 — 256 1

2 — 512 2

4 —1024 4

Cucrema asromarTu4eckoi HAcTPOUKU Hynsed yYycuasuteisel
CAYXHT [Js1 yMeHbIIEHHs1 NOTPEIIHOCTeH, BbI3BAHHBIX Apeidom
HyJell ycunuteneil. Hactpoiika HyJseii MOXeT NPOM3BOAUTHLCS KAK
nepej pelleHHeM 3ajauyd, Tak M B Mpoliecce pelleHHs.

CucreMa HacTpO#KHM COCTOMT M3 TPeX OJHOTHIHBIX MNaHeje
aBTOMaTHYeCKOH HACTPOMKHM YCHJHTeNedl W TpeX 3JeKTPOHHBIX
HyJb-uHAHKaTOopoB. Kaxnas u3 Tpex naHesell HacTpoilku ob6cay-
XKuBaeT 25 ycHJHTeNeH NMOCTOSTHHOTO TOKa, MOoOoYepeNHO MOAKJIO-
YaeMbiX K OJHOMY HyJb-HHAMKaTOpy. BJIOKH, BKAOYaOLKe B ce6s
HaCTpanBacMDIC yCHJHTC/AH, COCAHICIL ¢ MaNuCJaLIC abBToMaTHiC
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CKOH HacTPOHKH ABYMS GYHKIHMOHAJBLHLIMH CBSI3SIMH — Ha MaHeJb
aBTOMATHKH TIOCTYNaeT H3MepsieMOe HAMpsiKEeHHe OT CeTOK mep-
BbIX KaCKaJOB YCHJIMTeNel, a yuepe3 NOTEeHIHOMETPHI NaHeH aBTO-
MaTHKH NOJaHO NHUTaHMe LeNell CeTOK BTOPbIX KaCKaJOB YCHJIH-
Tesell. YnpouleHHas 6JIOK-CXeMa, MOSICHSIOLLAs] MPHHIMI PabOThi
CHUCTeMBbl HACTPOHKHM HyJel, moka3daHa Ha puc. 20. Cerka Ha-
crpauBaeMoro ycuauteas (YIIT Ne 1) mopknioueHa yepes puabTp
(Rp Co) w maroswii uckarenp (1-IIH) k sexkTponHomy HyJb-
unaukatopy (DHU). B 3aBucuMOCTH OT 3HaKa BBIXOQHOTO Ha-
npsikenuss DHU nonasipusoBanHoe pesie TP momkmawoyaer Hcrou-
HUK HanpsikeHnust E yepe3 werku psiga 3-111M marosoro uckarens
K MarHuTHHIM MydTam JjesBoro Bpauenus (MJI-1 — MJI-25), uau
uepes 2-1IIM k mydram npaBoro Bpawenus (MIT-1— MII-25).
Hlerkn 1-IIIW, 2-IIIH, 3-IIM mnepekaoualOTcss CHHXPOHHO,
nostoMy npH Hactpoiike YIIT Ne 1 MOryT BKJIOUHTBCSI TOJBKO
MydTel MJI-1 unu MII-1, BoixoAHast OCb KOTOPBIX BpalllaeT MoJ-
3YHOK IOTEHLIHOMEeTpa aBTOMAaTHYeCKo# HacTpoiiku Ri-1. B 3aBu-
CHUMOCTH OT TOro, Kakas H3 MY®T BKJIOYMJIACH, MOTEHLHOMETP
GyneT BpallaThCs BJEBO MJHM BIPABO, TeM CaMblM MOACTPaHBas
Hyab ycuaurteas YIIT Ne 1. BpaleHue noTeHUHOMETPOB OCY-
uwecTBasiercss apuratesem [l yepe3 moHuxKawolui pexykrop P.
B n1060if MOMeHT BpPeMeHH BpalLlAlOTCs TIPUBOMHbLle LIECTEPHH
Bcex 50 MydT, HO ABHKeHHe Ha MOTEHLHOMETD TepelaeTcsl TOJAbKO
yepe3 Ty MydTy, KOTOpas COOTBETCTBYeT BbIGPAaHHOMY YCHJIH-
teqo. [TocaenoBatenbHO ¢ moTeHUHOMETpPaMH Ri1 — Ri_25 BKJIIO-
YeHbl MOTEHUHOMETPBl R2-1 — R2-25, KOTOPBIMH MOZKHO MOJIb30-
BaThCsl NMPH PYyYHOH HacTpoike HyJel ycuautenelt. [Ipu okoHua-
HHM HaCTpPOHKHM J1060r0 M3 2D ycuauTteseil, MOAKIIOUEHHBIX K Ia-
HeJIM, CHCTeMa aBTOMAaTHYeCKH IePeXOQUT K HacTpoiHKe chenyio-
wero ycuautens. Ha naHesap ynpaBjieHUst CHCTEMOH HaCTPOHKH
BLIBEJI€Hbl CHTHAaJbHblE JIAMIIBL, IO KOTOPHIM JIETKO OMpefesisieTcsl
HOMep HacTpaWBaeMoro ycuiauressi. B cayyae HeHcipaBHOCTH MO-
CJIEHETO WJIM HEBO3MOXXHOCTH HAaCTPOHKU BKJIOUAETCS 3BYKOBASsI
curHaju3auusi (3BoHOK). Bce Tpu namHenum HacTPOHKH MoryT
pa6oraTh Kak mapaJiieJIbHO TaK W NMOCJellOBATeNbHO.

DneKTpoHHBIH HyJab uHAMKaTop THna DHM-1 npeacrasaser
co60ll YCHJIUTE b C MaJbiM Apefi(poM Hyas (coyeTaHue THIOBOTO
yeuaureass YIIT-14 u ycunurens mepeMeHHOro Toka ¢ BHOpomnpe-
o6pasoBatesieM Ha BxoJie U Bbixome). Kosdbduumenr ycunenus
3JIEKTPOHHOTO HYJb-HHAMKAaTOPa MOXET YCTAHaBJIHBATbLCS B Mpe-
nenax ot 500 go 1500, T. e. YYBCTBUTENbHOCTL HYJL-HHAHKATOPA
no BXoay Jexut B npenenax ot 0,5 no 2 ma. «pehd» HanpshKe-
HUSI HA BBIXOJEe HYJb-HHIHKatopa He npeanuaeT 0,3—0,5 38 3a
7—8 uacoB pa6oThl.

CucTema aB8TOMATUXECKOL HACTPOUKW CcTAb6UAU3ATOPOS cCay-
JKMT. /ISl YMEHbIIEHHS NMOrPelIHOCTel, BOSHHKAIOWHX BCJAEACTBHE
HecTaGHJIbHOCTH HOMHHAJIOB NMUTaOWKX Hanpspkenuil. Cucrema
COCTOHT M3 TNaHeJd aBTOMAaTHYECKOH HAacCTPOHKH, 3JIEKTPOHHOrO

1
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HYJIb-HHANKATOPa U MUCIOJHHTENbHBIX 3JIeKTPOABHUTaTeel, pa3me-
IeHHBIX B GJI0KaX cTa0UIu3aTOPOB. B OCHOBY CHCTEMBbI' [I0JIOXKEH
NPUHLUHI KOMIIEHCALlMOHHOTO CPaBHEHHS HAaMNpsIXKeHHsl cTaOUIH3K-
poBanHOro Buinpsimuteasi (9CB) c nanpskenunem 6atapeu (3Ta-
JIOHHOe HamnpsiKeHHe). YmpolueHHasi 6JIOK-CXeMa CHCTEMbl aBTO-
MaTHYeCKOH HacTPOHKW cTabu/IM3aTOpPOB mpuBedena na puc. 21.
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BhixonHble HanpsiKeHHsi CTaGUIH3aTOPOB yepe3 JaMeslbHOe MoJie
warosoro uckareas (1-II1) mnocnenoBaTenbHO NOAKJIOUAIOTCS
K peaureaio Rz — R3. K cpenHeil Touke nesuTensl yepe3 KOHTAKThI
pese N moukjaouaeTcss 3TajoOHHOe Hanpsbkenue E,; (6arapes).
BHe 3aBHCHMOCTH OT 3HaKa BbIXogHoOro HampsixkeHusst 9CB 6ara-
pes E,; BkJloyaercs Bcerja BCTPEUHO MO OTHOLIEHHIO K BBIXOJ-
HoMy Hanpsikenuio DCB. DTo pocTHraercs nepekyoYeHHeM KOH-
takToB pene N: ecan Ugyx DCB monoxuTenbHoe, TO KOHTaKThl
nepekaiouatotcss B nosoxenue I, ecan U,y DCB orpunaresn-
Hoe — B mosoxenue 2. Takum o6pasoM, B TOuKe a Bcerjga obpa-
3yeTcst Pa3HOCTb 3TAJIOHHOrO HANPSKEHHs M YaCTH HalpsiKeHHs,

crrirvinamara & privona CR QTa NDaWOCTE VCUNTURALTCH SNPK-
CIIMACHMUIU U LBolAlVAc T2, Lo palaliis JhRernoactlan 205
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TponueM Hyab-uHaAMKaTopoM DHU. K Brixony SHU nonkatoueno
noasipusoBaHHoe pejse IIP. B 3aBHCHMOCTH OT 3HaKa pasHOCTH
akopb pese TIP 3amblKaercsi ¢ MpaBbIM HJM JIEBBIM KOHTaKTaMH.
Yepes sikopb pese IIP Ha samMesbHBIe MOJISI LIATOBOTO KCKATeJNs
2-IIK un 3-IOU nmoakmouaercss nanpsixkeHue ~ 6,3 6. Bece Tpu na-
MeJIbHBIX 10J151 L1aroBOro HCKaTesisi KOMMYTHPYIOTCS C ABHXKKaMH
CHHXPOHHO, NMo3TOMYy npH Hactpoiike DCB Ne 1 (KouTakt / moss
1-IN) namenbuble mons 2-1IK u 3-1IIU koMMyTHpyIOTCS CO CBO-
UMH ABHXKKaMu HAeHTHYHO. C sikops [P Hampsikenue mepemen-
Horo Toka 6,3 8 monaercsi (uepe3 2-IIIU uau 3-IIIHM) na o6MoTKH
Bo36yxnenus asuraresneil i — 2. Ecan sxops TP nopkaiouen
K NpaBOMY KOHTaKTy, TO IlepeMeHHOe HanpsixeHue 6,3 g momgaercs
K mpaBbiM 0OMoTKaM B036yxaenus [1B msurarens. B stom cay-
yae NBHXKOK IOTeHIMOMeTpa Ri, MOCaXeHHOro Ha BaJ IBHraTess,
Bpamaercs BnpaBo. Ecau TIP moakJioueH K JieBOMY KOHTaKTYy,
IBHUXKOK IMOTEHIHOMeTpa Bpallaercs BJeBO. [loTeHUMOMETPOM
IIPOM3BOJUTCS MOJACTPOHKA cTabHinu3aTopa A0 TeX MOp, MOKa pas-
HOCTb MeXx1y E;; M uacTblo BEIXOAHOro HanpsiokeHus DCB' He 6y-
JeT CBelleHa K HYJI0 (MJIHM K OOMycTHMOMH BesuuuHe). [To oKoHua-
HHUM HAaCTPOMKH ONHOro cTabu/H3aTOpa CycTeMa NepeKayaeTcs
Ha HaCTPOWKY CJelylOLLero U T. X. YIpaBJjeHue paboToil cHCTeMbI
MOCTPOEHO TaK, YTO MO OKOHYAHHW HACTPOHKM nocaenHero (12)
crabuaM3aTtopa CHCTeMa BHOBb Bo3Bpauraercs K mepsomy DCB
HJIM OTKJlOuaeTcs.

B canyuae HeucnpaBHocTH DCB MM HEBO3MOXKHOCTH €ro Ha-
CTPOMKH BKJIOYaeTCsi 3ByKOBas CHTHa/ju3auus (3BoHOK). Kpowme
aBTOMAaTHUeCKOH HAcTPOHKH GJIOKOB cTaGHIM3HPOBAHHBIX BBIIPS-
MuTeJeil mpegycMOTpeHa pyuyHasi HacTpoOHKa.

Cucrema 3a0aHUS HAYANbHOLX YCAOBULL 1L KOHTPOASL CXeM KOM-
MyTayuyu BKJOYAaeT B ce6s MOTEHUHOMeTPhbl 3aJaHHs HayasbHBIX
ycJIoBH# Ha GJIOKM UHTErPUPYIOLIHX yCHJAHTe e, BOIbTMETPBl A5
H3MEePEHHs] BeJHUHHbl HAMpsKEHHs, COOTBETCTBYICLIEro Hauasb-
I'LIM 3HAYEHHAM NepeMeHHBIX, Aea ycuiauteas tuna YIIT-12 pasn
06pa3oBaHKsi HaNpsiKeHHH MHUTAHUS TOTEHLUHOMETPOB 3a]aHHs
rauaJbHBIX YCJOBHH, 'uTO o6ecrneynBaeT Takxe BO3MOKHOCTb
OJHOBPEMEHHOIO H3MEHEHHs] 3HAKOB M BeJHMUHMH HayaJbHbIX yCa0-
Buiil, 1 xoMnencatop (Ha Gaze YIIT-12) nas n3mepenus uanpsi-
JKCHUH C TOUHOCTBIO N0 Tpex 3HaKoB. Cxema CHCTeMbl NpHBeHeHa
na puc. 22. [loreHnMomMeTpbl 3aflaHusi Hauyaabhbix ycaoBuit ITi,
BOJBTMETPLl H OPTraHbl yIpaBJeHUs 3afaHHeM HayaJbHbIX YCJO-
Buii (tym6aepwt T1, Tz, Tq, T5) pacnosoxenbl 1a NPUOGOPHBIX NaHe-
six MH-2. Komnencatop na 6ase YIIT-12 ¢ Tpexaekamneim npo-
BosounbiM conpotuBiaenneM (TIIC) B ob6paThoii cBA3u ofecneuu-
BaeT H3MEeHEeHHEe BBIXOAHOTrO Hampsi:keHus B auanasoHe ot 0 no
+111 8 crynenuaro uepe3 0,1; 1 unu 10 8. Ha nanenn xomnenca-
TOpPa KOHCTPYKTHBHO OOGbEIHHEHBI: BCE€ TPH YCHJIMTEJs MOCTOSH-
HOTO TOKa ¥1, ¥, ¥s, ranbBatoMerp I', nepekJjioyaresb COIPOTHB-
JCiiHA KOMIiCHCAiopa, Ilie€peniiiouateib BHia palduim IIPK-I,
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nepekaiouatenb TPexaeKagHOTO COMPOTHBJIEHHS KOMIeEHcartopa,
nepeknaoyatenb «Bpibop Beanmuunel» I1PK-2, nepekiiouatesb
«Ildkana ranbBanomeTrpa», Tym6aep «Maciita6 HauyaJbHBIX yCJO-
BUH», TyMOsepbl [Jis1 NepeKNIoYeH’s] 3HaKOB HayaJibHbIX YCJIOBHUM
¥ KOMIIEHCHDYIOLLEro HanpsiKeHHs.

Hanpsixkenus nuranus notenuuoMerpoB I1i 3aganus navasb-
HBIX YCJIOBHH MOCTYNAIOT C BLIXOLOB ycHauTeseit ¥1 (—) u ¥z (+).
3HaKy 3THX HANpsKEHHIl U3MEHSII0TCS Ha o6paTHble TyM6aepoM T3
VismeHeHHe BeJMUMH HAMpPsXKEHHs HayaJbHBIX ycjaoBuil B 10 pas
(MacmTab HayasdbHBIX YCJOBHH) mnpousBogutcss Tymbaepom Tz
(c 10 Ha 100 8 u HaoGopoT): OTKAOUEHHE (MJH MOAKJICUEHHE)
HampsiKeHHH HauyasabHBIX ycjoBHE ot BYU mpousBogutcst TyM6-
aepom Ti. Tym6aepom Te mpousBoautcs Bei6op 3Haka. Tym6-
aep T4 mnopkaouaer DBYHW Kk BHellHeMy HCTOUHHKY Ha-
yanpHbiX ycsaoBuit. Tym6aep Ts otkawouaer (B caydac HeOOGXOAH-
Moctd) BoabTMeTpbl o1 BYHM. M3aMeHeHHe 3HaKa BBIXOZHOTO Ha-
NpsiKeHUs] KoMIeHcaTopa npousBoautcss TyM6aepom Te.

Tlpu npoBepke HauaJbHBIX YCJOBHH HJM H3MEpPEeHHH IepeMeH-
HBEIX- C TIOMOILBIO KOMIIEHCATOpa BHIXOXL cooTBeTcTByloulero bBY U
¢ nomouiplo nepekatouarenss [TPK-2 nopkitouaercs K rajbBaHO-
merpy. Ha BTOpO#l BbIBOL rasbBaHOMeTpa MogaeTcsi KOMIEHCH-
pywolilee HanpsixKeHHe. I3MeHeHHeM BeJIMUMHBI (@ TakXKe 3HaKa)
nocJieiHero A0GUBAIOTCS PaBHOBECHS CTPeJIKH TrajibBaHOMETpa.
IIpn 5TOM UyBCTBUTEJBLHOCTH rajibBAHOMETPa MOCTENEHHO YBeJIH-
ypBaercs (nepekutouatesnb [TPK-3). o nosoxeHuio pyuyek Tpex-
J€KaJHOTO COMPOTHUBJIEHHS ONpefessieTcsl 3HaueHue HU3MepsieMor
HanpsikeHusl. KOHTpPoJb cxeM KOMMYTalUHH NpPHU 3aJaHHBIX Ha-
YaJIbHBIX YCJOBHSIX IPOM3BOLUTCS MyTeM BBOJa B NMpaBbie YacCTH
ypaBHeHui po6GaBouHoro ujeHa («KoHTposibHasi BeJHuUHHA»),
of6ecrneyuBaOLIer0 PaBeHCTBO NPOU3BOAHOH HYJ0. KoHTposbHas
BeJiMUHHA (paBHAs IO BeJHUHHe MPOU3BOJHOH W obGpaTHas IO
3HaKy) HabupaeTcsi Ha KOMIlEHCAaTOpe M MOJAeTCss Ha KOMMYTa-
nuogHoe noJse (kjaemma «Koutposb»). Ilpu 3TOM mnepekJioua-
teab [IPK-2 craButcs B 7-e nosoxenue. Ha KoMMyTauHOHHOM
noJsie KieMMa «KoHTposib» coenuHsieTcst ¢ KiaemMmoli «Bxox mpous-
BogHO#H» cootBercTBylomero BYU. Ilepekniouarens [TPK-1 npu
3TOM CTaBHUTCs B mosioxenue «Koutpouans.

6. Hekotopnie npuemsbl paGorbi Ha MawuHe MH-2
(annaparypa oGCAYyXUBaHUA M UHAUKAUUH)

[ToarotoBka omepauuolHbix GJOKOB K pelueHnto, npodumak-
THUECKHe M PeMOHTHble MepONpHATHS Ha MallhHe TNpPeANoJaralT
npoBeJeHHe ONpefeJeHHbIX paboT, CBA3aHHLIX CO CMNeHHasbHOH
anmaparypoii 06Cay>KMBAHHS U KOHTPOJSI MallUIIbl.

B cocraB anmapartypnl 06CJaYy:KHBAHHS M KONTPOJS BXOIST
caeaytoutne OJ0KH, KOHCTPYKTHBHO He BKJIOUEHHbIe R COCTAR
MH-2:
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“MyAbT NMPOBEPKH H HacTpoiiku 6J0K0B OMepalHOHHEIX YCHJIH-
reseit ([IBY-1);

NyJbT NPOBEPKH U HACTPOHKU GJIOKOB HepeMHO}KEHHﬂ H HeJlH-
HEeHHOCTH (HBH 1).

Jnst HacTpoiku 3amaHHBIX Koacpcpuunemoa nepenatm B CyM-
MHPYIOIIEM yCHJHTEeJe H HACTPOiKH RC LenH B MHTETPUPYIOLLEM
yeunutene bYW  moagkmiouaercss crmenuasibHbIMH LJIaHTaMH K
nyabty I1BY-1 (puc. 23). IMyabr [1BY-1 o6ecneunbaer BO3ZMOX-
HOCTb HAacCTPOHKH Ha HyJb (BPYYHYIO) BCeX YeThipex ycHJjuTesei
6Ji0oKa ¥ yCTaHOBKY 3aaMHOro KosaddHuienTa nepefaut o Kax-
JOMYy M3 IIeCTH BXOJOB CYMMHpYIOILEro ycuauteasi. B cocran
IIBY-1 Bxopsr: _

1. Yeunurenn nocrosinioro toka (YII), B 1nemu o6patHoii
CBSI3H KOTODOTO BKJIOYEHO [ByXAeKanHoe compoTtuBierne. [lpu
usMenedvn kosdouuvenrta nepegaun YII (3a cuer uaMmeHenus
BCJIMUMHBI ABYXJAE€KagHOTO MpoBoJoyHoro cornpotusieuns (OI1C)
nennu o6paTHOH CBsI3H) obecleynBaercst 1ojaya Ha BXOIbl JTpOBe-
pseMbix ycnauresaell Hanpspkenuit ot 0 po =110 6 (wikana «Epu-
HULLI» U «JlecATKH»). DTU HanpsiKeHHsi NOAKJIOUAICTCS KO BXO-
laM npoBsepsieMbIx ycuaurteseil yepes tymOaepn Ti— Te (Bcero
18 Tym6aepos). 3HaK NMOJaBae€MOro HaNpSKEHHS MOXKET GbiTh
u3mened Tym6aepom Tz, Mcnoab3ysi cootHomenme:

Ywx Ry
UBX — RHX ’

MOXKHO NpPH H3BECTHOM CONPOTHBJeHHH Ro (MM Ry) Tak mopgo-
OpaTb conpoTuBJeHHe R, (MM Ro), 4To MX OTHOLIeHHe OyneT
OTBe4aTh 3aJlaHHOMY KO3 (HuUHeHTy nepepaud ycuautenasi. Bxox-
110€ ¥ BbIXOLHOE HallpSXKelHus 1IPU 3TOM H3MEePSIOTCSI 110 C'l‘peJlOll-
noMy npubopy G.

. KarogHblit noBroputesb (KH) UMeloHUi 60AbLIOe ona-
110e H MaJioe BbIXOAHOE CONPOTHBJIEHUS, 6Jarofaps uemy Inpume-
HseTcsl KaK IMPOMEXYTO'HOe 3BeHO NP HacTPoiike 1yJeill nmpose-
psieMbIx ycuaurtedseii 1 YI1 B MoMellT U3MepeHHs 1O CeTKe MepBoii
JaMnbl ¢ nomoubio rajsbBaHoMmerpa ‘nysabta (KII wuckaouaer
yMeHbllleHHe YYBCTBHTEJbHOCTH OTCYETa H3-3a MaJIOro CONMpPOTHB-
JieHUsl rajbBaHoMerpa). KOHCTPYKTHBHO MYJIbT MPOBEPKH YCHJH-
TeJlell BLIOJIHEH B BHje HacrosbHoro npu6opa. Ha suuesoit na-
HeJIM MyJbTa pasMelleHbl pyuku HacTpoiiku Hyqaell YIIT u gpyrue
opraunl ynpasJseHusi. Ha 6OKOBLIX maHessix NyJbTa pasMelleHb
14-KOHTaKTHble pa3beMbl, yepe3 KOTOpble K NYJbTY NMOAKJIIOUAIOT-
ca BYH, BYC u BVYII, a TakXe 3/ieKTponHTaHHe OT CeLHAJbHOIO
ucroyHuKa. [1yabT AJs MpOBepKH M HACTPOHKH 6J0KOB MEpPeMHO-
KeHus u HenuHelHocTH [IBH-1 (puc. 24) Mcnoab3yeT KOMIeHca-
HUOHHBIH MPHUHIMIT H3MEPEeHHsT HanpsiKeHHH, T. e. TPUHIUN CPaB-
HeHHs BbIXogHOro HampsixkeHus 6soka (BIT u BH) c coorserct-
BYIOILHM (3TaJIOHHBIM) HanpsiKeHHeM, MOJaBaeMbiM C MyJIbTa.
Myavr TIBH -1 cocTouT W3 msiTi yCHAHTEAEH, 4€1bipe us KU1OPbIX
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(V1— ¥4) npemnasHaueHbl [J1si NMOAAUH HANPSIKEHHs Ha BXOJbl
6J0Ka nepemMHoxenus (+a, —a, +b, —b) nan 610Ka HeMuHel-
HocTH (+a, —a), a nateiit (¥Ys) — AJs nojJayy HalpsKeHHs CpaB-
HMBAeMOro C BBIXOJAHbIM HampsiXKeHHeM HacTpauBaeMoro 6Ji0Ka.
Ycuaurean Yi, Y3 4 Y5 HMeEIOT NMOCTOSIHHOE ITPOBOJIOYHOE COIPO-
THBJIEHHEe BO BXOJHOM lienH, paBHoe 350 KoM, U mepeMeHHOe Tpex-
JeKaJiHoe CONpPOTHBJIEHHE B Lieny 06paTHOH CBS3H, H3MEHSIOLeecs
B npeneaax ot 0 no 100 xom uepe3 | xom. Ycunureau Y2 u VYa
HMEIOT MOCTOSHHBIN KO3((HUIMeHT nepegayd, paBHbLIM eHHHIE,

3!
%

Ry

o

T

| 60 (54) 205

Puc. 24,

H cJyXaT AJs H3MEHeHHS 3HaKa HampsiKeHHil, NMojgaBaeMBIX CO-
OTBeTCTBENIO ¢ Bbixofa Y1 v Ys. KpoMme ycuanteseil, nyabt co-
ACPKHUT BOJbTMeTp co wkagamu 0,3, 1, 10,. 100 6, cayxamuii
HHIMKATOPOM INIpH HacTpoidke O6a0KoB. Hacrpoiika Hynas ycuiau-
TeJlell TyJ1bTa M YCHJHUTCJS HacTpauBaeMblX GJIOKOB NMPOH3BOJHT-
Cs TaKXe C MOMOUIbIO KAaTOAHOTO0 MOBTOPUTEJsS (aHaJOrHYHO
ITBY-1). KOHCTPYKTHBHO MyJbT BBIMOJHEH B BHIE HacTOJbHOIO
npubopa, Ha JIMIEBYIO NaHeJb KOTOPOTO BbIBeJeHbl BCE OpraHbl
yNnpaBJeHHs! NYJbTOM. ' .
Unaukauuss pewenus Ha MawmuHe MH-2 npoussoiures
C TIOMOILbIO  3JIEKTPOHHO-JYYeBOTO HMHAMKATOpa HJAH C T0-
MOLUbIO CTPEJOYHbIX MPHOOPOB, YCTAHOBJEHHLIX HA MPHOGOPHBIX
nanesisix MH-2. Boixon mo6oro u3 onepauuonHuix 6jaokos MH-2
COelMHSIeTCS CO BXOLOM HHAMKAaTOpa Ha KOMMYTAIMOHHOM IOJie
MH-2. dnekTponHo-nyueBasi Tpy6ka uHaukaTopa (tuna 13J1036)
MMeeT NJMTeJbHOe mocjecBeyeHue (mopsinka 30—50 cek), uto
no3posisieT Ha6/104aTh AJHTeJNbHble IPOHECCH IIPH  XOpoLIeM
3aTeMHeH# 3KpaHa OT MOCTOpOHHero cBera. Crpésoulble MpH-
60ph (RONETMETDE!) MOAKAICUENL! X DBLIXOAaM OJiOKOB khierpu-
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PYIOLIUX YyCHAHTeNeH W MO3BOJISIOT ¢ BBICOKOH TOYHOCTBIO H3Me-
pATb 3HaueHHs nepeMeHHbIX. KpoMe BhillleOMHCaHHBIX MPHGOPOB
MHMKAlLHH pellleHHss MOTYT ObITb NpDHMeHeHbl JIo6ble [Apyrue
(et poBhlil ocuuanorpad, camonucusl ¥ 1. m.). Mamusa MH-2
npucrnocobseHa AJs NOAKJIOYEHHsS Ha3BAHHBIX YCTPOHCTB WHIH-
KaluH.

AHAJIOTOBASI BHIMUCJIMTEJbHAS MAIIWHA THMA MH-7

7. HazHavyeHue ycTaHOBKH M ee oGLiHe XaPAKTEPUCTHKH

AHanoroBasi BbBIUHCAHTeNbHAss MawuHa tHna MH-7 npen-
HasHaueHa AJIS1 MCCeJOBaHHUS MEePeXOAHBbIX NMPOLECCOB B YCTPOil-
CTBax aBTOMAaTHYECKOTO peryJHMpOBAHUS W YHPaBJIEHHS, OMMCHI-
BaeMblX CHCTeMaMH OOLIKHOBEHHBIX HeJHHeHHbIX aHddepeHy-
albHBIX YpaBHEHHMH N0 LIECTOro MOPsJKa BKJOUHTEJNbHO, COAep-
JKalMX B NPaBbIX YaCTAX JO YeTbipeX HeJHHeHHBIX 3aBHCHMOCTEH
WU NPOM3BeleHUH M HeJHHeHHble 3aBHCUMOCTH, CBOHCTBEHHbIE
CHCTeMaM aBTOMAaTHYeCKOrO peryJHpOBaHHS M  YNpaBJeHHS
(00T, cCyXoe TpeHHe, OTpaHUYEHHE U 30HA HEUYBCTBUTEJHHOCTH).
YcranoBka MH-7 gaBnsiercs masora6apuTHON MaUIMHONH HACTOJb-
HOT'O THIIa HEBBICOKOH CTOMMOCTH W TNpeJHa3HaueHa IJsi LIKPO-
KOro NpHMeHeHHsl B Pas3JHMyHBIX 06sacTsix TeXHHKH. Mopenaupo-
BaHHe MOXKeT NPOU3BOJUTLCS KaK B peXHUMe OJHOPa3oBOTO pe-
[IEHUs], TAK H B PEXXHUMe aBTOMAaTHYECKOrO NMOBTOPEHMS PellIeHHs.
BpeMss MomenupoBaHus 3agaud Ha MH-7 cxeMoif ynpaBieHus He
orpanuueHo. PekomennyeMmoe Bpemsi peuenus go 100 cex.

B KOMILIIEeKT aHaJIOroBOH BBIYUCJAUTENbHOH MawmuHel MH-7
BXOJSIT:

OcHoBHo#t 610k MH-7.
Baox muranus SCB-6.
D/IeKTPOHHO-JyueBOH HHAHKaTOp THma H-5.
Coenunuresbible Kabeaqy ¥ KOMMYTaLHOHHbIE LIHYDBI.

K mamnne MH-7 mMoxer ObIThb MOAKJOUEH GJIOK IMOCTOSTHHOTO
3anaaabiBanusi Tuna BI13-1.

Onepaunonnble 6s0ku Mawmuusl MH-7 noctpoenbnl Ha 06ase
THIIOBOTO YCHJIUTEJISI OCTOSIHHOTO TOKa ¢ GOJIbIIMM KO3(hHIHen-
TOM YCHJIEHHS, OXBAaU€HHOT0 r1y060KOil OTpHIaTeNbHOH 06paTHOH
cBA3bl0. B ocHOBHOM 6J10Ke MalllMHB pa3melleHo 18 ycunurenei
MOCTOSIHHOTO TOKa, 10 KOHIEHCAaTOpOB, COMPOTHBJIEHHS, HHOAB I
cMeHHble 6JIOKH (YHKIHOHAJAbHBIX NpeoGpa3oBaresieil U MePeMHO-
KeHusi. PasjvuHble cOYeTaHHsi 3THX 3JeMEHTOB U OJIOKOB C YCH-
JIUTEJIIMH TOCTOSIHHOT'O TOKa Jal0T BO3MOXHOCTb NOJy4aTb OTHO-
CHTeJbHO pasHoOOGpa3Hble CXeMbl COeLHHeHHH OnepalHOHHBIX
6JI0KOB, ¥ BHIMOJIHATEL CJeNYIOlLHe MaTeMaTHuecKHe ONepaluH:

1) cymMmHpoBaHHe C Pa3JIMUHBIMH ‘KO3(ppHLHEeHTaMH mepe-
Jlauu No BXojam;
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2) MHTErpHPOBaHHE C OCHOBHBIMH MOCTOSHHBIMH BpeMenu 0,1
¥l cex unu co 3HaUE€HUSIMM MOCTOSTHHOH BpeMeHH, NJIaBHO yCTa-
HasauBaeMmolt B npexpenax or 0,01 mo 1 cex;

3) ¢yHKuHOHAJbHOE NpeoGpa3oBaHue BUAA Y = [(X);

4) nepeMHOXEHHe IBYX NepeMeHHBbIX;

5) MopmenupoBaHMe HeJHHEHHBIX 3aBHCHMOCTeH, THIIMYHBIX LJI5
CHCTEM aBTOMATHYECKOTO DeryJMpOBAHHUS U yNpaBJieHHUS.

CoenuHeHHe yCUJIUTeNel TOCTOSTHHOTO TOKA C 3JIeMeHTaMH HJIH
6J0KaMi NPOM3BOAUTCS Ha KOMMYTALMOHHOM IOJie, HaXOAsLeM-
cs Ha BepXHeH maHesu MauuHel. Ha KOMMyTauuOHHOe moJie BBI-
BeJleHbl BXOJbl M BBHIXOJbl ONePaLlHOHHBIX GJIOKOB W rHe3ma [JJis
COeJIHHEHHs MAalllMHbl ¢ BHeLIHeH anmmapaTypou.

8. OcHoBHOIi 6J0K MamuHbl MH-7

B cocraB ocHOBHOro 6/10Ka MallUHBI BXOLSAT:

TPH MJIaThl YCHJIUTEJEH NMOCTOSSHHOTO TOKa;

KOMMYTalHOHHOE TOoJIe ¢ 3JeMEeHTaMU BXOAHBIX Lenel u nene
0o6paTHBIX CBsi3el;

KOMILIEKT CMEHHBIX 6JIOKOB (hYHKIHOHAJbHOTO npeobpa3oBa-
HHUSl U NepeMHOXEeHHs,;

°  cucTeMa ynpaBJieHHs,, KOHTPOJISI H CHTHAaJH3alHH. _

I1rara ycuarureseli nOCTOAHKO20 TOKA KOHCTPYKTHBHO o6benu-
HSIeT LIeCTb yCHJIHTeJIell MOCTOSHHOrO ToKa. Ha- Kaxjoit us tpex
B3aUMO3aMeHseMbIX NAAT yCUJHUTeJell pa3MelleHO 10 LIeCTb He-
3aBUCHUMBIX YCHJIMTeNell NOCTOSIHHOrO TokKa. JlJisi BHINOJHEHHS
BLIYHC/INTEJbHBIX onepauuil ucnosbsyiorces 16 ycusiureneit; npa
YCHJIMTENSl BHINOJIHAIOT CrelyalbHble GyHKUHH B CXeMe ynpasJe-
HUSl U KOHTpoJisg MalidHbl. B mamuHe MH-7 ucnosnb3yercsi ycu-
JUTeNnb nocTosiHHoro Toka YIIT-4 (puc. 25). D10 TpexkacKamgHbli
YCHJIUTEJb C NMOTEHLUHOMETPHUYECKOH CBSI3bI0 MeXAy KacKajaMy,
CO cxeMO# KaTOOHOH cTa6U/M3allU¥ B NepPBOM KacKage U MOCTO-
BOH CXeMOH B TpeTbeM Kackaje. YCHJHTeJb co6paH Ha pajguo-
aamnax 6HIC, 6)K8 u 6I16C.

OcCHOBHble XapaKTEPUCTHKH YCHJIUTEJIS:

1. Koadduuuent ycunenuss 6e3 o6paTHoil CBSI3H NPHOJHU3H-
TeJibHO 40 ThicAu.

2. [pefid BBIXOJHOTO HaNpsiKeHHs, NMPHUBELEHHBIH KO BXOLY
ycuJauTessi, He Bbille 3 M8 3a 10 mun.

3. ['opH30HTaNbHEIA YYaCTOK 4aCTOTHOH XapaKTePUCTHKH NPH
pa6oTé B pexkHMe TMepeMeHbl 3HaKa JEeXHT B mpegenax ot 0 10
100 ey.

4. BrixogHOe HamnpsiXKeHHe MOXeT H3MEHSITbCSl B TNpelenax
+=100 s.

5. MHHHManbHOE COMPOTHBJEIME NATPY3KH 25 kom (npu nopu-
KJIOYEHHH K BLIXONHOMY KacKajly JAOMOJHHTENLHOTO aHOMNOTO €O-

ATTY Ao
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Kommyrayuonnoe nose mawnnsr MH-7 pacnonoxeno na sepx-
Heil maHesM ocHOBHOro 6Jioka. Ha KoMMyTaunoHHOM mnose Bbi-
TNOJIHSIOTCS :

1) mocTpoeHue cxeM OnepauHOHHBIX 6JIOKOB;

2) coepvHeHHe onmepalMOHHBIX GJIOKOB MeX1y co6oii mpu co-

\ CTaBJIEHUH CTPYKTYPHOH CXeMbl [JIsl pelleHHs 3afauH;

3) . cocTaBjieHHe BCNIOMOTATEeJNIbHBIX CXeM J[Js1 BBIIOJHEHHS
onepaluy ynpaBjeHUs] U U3MepeHHs HanpsiKeHHi. ‘

Ha koMMyTauuoHHOM ToJie npuBeleHo H306paxkeHue 16-u pa-
Gouux ycuauTeneil. IlepBbiii cjeBa BepTHKaJbHbIN psj OmepaiH-
OHHDBIX yCHJIUTeNeH Y1 — Y4 npennasiaued st NOCTPOEHHS cXeM

2 +350

Puc. 25.

. \

CYyMMHpOBaHHSl. BXo# Ka[Ioro Takoro yCHJHTeJs BbIBEJeH Ia
IIeCTh MapaJJjieIbHO BKJIOUEHHBIX KjaeMM. KaxKiablii u3 ycusauTe-
Jicii HMEeT YeTbipe BXOLHBIX CONPOTHBJEHHS (4Ba MOCTOSIHHBIX W
JBa NepeMeHHbIX) H JBa CONPOTHBJIEHHUS B lienH o6paTHOH CBS3H,
KOTOpble MONKJIOYAIOTCS K CeTKe YCHJIMTENs C MOMOILbIO CIelH-
asibHbix cko6. K:ceTke sto6oro ycu.utenss (Hanpumep, ¥i) c¢ mno-
MOILbI0 KOMMYTALHOHHOTO ILIHypa MOXeT ObiTb MOAKJIOUEHO JIIO-
6Goe BXOMHOE CONMPOTHBJIEHHe M3 Habopa APYroro ycujutenas (Ha-
npumep, 16 Bxon). Bropoit psig onepanHOHHBIX ycHaHUTeJell
Y5—V¥s npenHasHaueH nJsi 06pa3oBaHUsl CXeM HHTErPHPOBAHHUS
CYMMb! WJIM CYMMHDOBaHHs1 BXOAHBIX BeAHYHH. B nemnb o6paTHOi
CBSI3H 3TOH I'PYNIbl yCHJIHTEJe MOXeT ObITb BKJIOUEH KOHJeHca-
TOD €MKOCTbIO | MK HJIM cOMpOTHBJIEHHe BeJHUYHHOH B 1 maom.
Tperuit psig ycuaurteneii Yo — Yi2 nogobeH nepBoMy psily yCH-
autesedt Y1 — Y4 VCHJHUTENH 3TOTO Psiga MOTYT BBHINOJHATH Ta-
KHe Ke GYHKUMA. UeTBepThlli paf ycuaureneil Yis — Yie siBaser-
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Cs1 JOMOJIHHTEJbHLIM. YCHIUTENH ¥Y13—¥16 MOTYT HCIOJB30BATLCS
B Pa3JIMYHBIX CXe€Max ONMepalHOHHbIX GJIOKOB; IBa U3 HHUX, HaNpH-
Mep, Yis, Y16 MOTYT HCNOJb30BaThCsl [Jisi O6GPa30BaHHUSI CXEM
MHTETPUDPYIOLUX YCHJAHTeNed. YCHIUTeNb Y17 MCHOJb3YyeTcs AJis
06pa3oBaHHsi CXeMbl KOMIIEHCAaLlHOHHOTO H3MEepeHHsl U MPOorpamMmm-
HOTo pelleHHsl, Yis— Qs nogayuyeHHst Hanpsixkenus —100 a.
B HMXKHell yacTH KOMMYTAUHMOHHOTO NoJisi 0603HAaueHbl CMEeHHble
6J10ki1  (DYHKLHMOHAJNBHOTO Npeo6pa3oBaHHS M TNePEeMHOXKEHHS
(B1—Db4) co BXomHBIMH M BBIXOJHBIMH KJeMMaMu. [dss o6Gpa3so-
BaHHsi GJIOKOB cNelLMaJbHBIX (YHKLHOHAJbHBIX HpeoGpa3oBarte-
Jged (modT, 30Ha HEUYBCTBUTENLHOCTH M T. A.) B NMPaBOi YacTu
KOMMYTAIMOHHOT'O MOJIS NOMeLLEeHbl HeJHHeHHble 3JeMEeHThl —
BOCEMb JHOAOB W .UeTblpe Mapbl NMOTEHLHOMETPOB.

Bxoabl ¥ BeIXOJbl ONepauMOHHbIX 6J0KOB Npu HaGope 3agauu
COeIUHSOTCS Ha HaGOpHOM NOJie, BbIIEJEHHOM B JieBOH 4YacTH
KOMMYTAlLHOHHOTO NOJIS NPSIMOYTOJIbHOH rpaBHpPOBKOH. B LeHTpe
Ha6oOpHOTO MOoJIsi pa3MellleHbl 64 KJaeMMBbl, COeIHHEHHblEe CO BXO.I-
HBIMH CONPOTHUBJIEHHSIMH yCHJINTesell. DTa rpynna KjiemMm o6Beje-
Ha NpPSIMOYTroJIbHOH paMKOH ¢ Haiamucbio «Bxoaw». B cpenneil
paMKe ¢ Haanuchio «BbIXxogbpl» pasMelleHbl KJEMMbl, COeIHHEH-
nble ¢ BeiIxogaMu 16 pabounx ycunureneir. s yno6¢cTBa KOMMY-
TAIUH 3TH KJIeMMbl TOBTOPEHBl UeThipe pa3a 10 CTOPOHAM MNPSMO-
yrosbhinka. Bo BHellHell paMKe pa3MelleHO Mo 4 KjJeMMbl BXOJOB
cMenublX 6J0KOB (QYHKUHOHAJNbHOrO mnpeo6paszoBanuss BxBl —
Bxb4, knemmbl «Bxong» u «Bbixon» 6J0Ka NMOCTOSHHOTO 3anasfbl-
nauun W 18 kjaemm «BHemHsis annmapartypa», KOTOpble cJayxaT
IJs COeHHEHHs ¢ BHeLIHeH anmapaTypod WJH AJs napajJesb-
HO#i paGoThl ¢ ApYyrod MaumuHOH. MeXIy BepTHKaJbLHLIMH TPYI-
naMu yCHJMTEJCH B LUEHTPAJIbHOH YaGTH KOMMYTALHOHHOFO MOJist
pacrosoKeHo 1ecTb FHe3[ NOMOJHHUTEJNbHbIX aHOAHLIX HAarpy3ok
IJIsT YMOUIHEHHs] BbIXCAHBIX KacKaJoB Yycuauteseil (Tpu riesna
¢ rpasupoBKeit b0 KoM M TpuM THe3ja c TrpaBUPOBKOH 20 xom).
Tam e pacrnoJioXKeHbl COeJHHHUTeNbHble THe3fa 6e3 rpaBHPOBKH
(Tpw rHe3na ¥ uiecth THe3f) M rHe3fa Al—A4, KoTopwle cayxar
DJis Tepefdaud HanpspKeHuss Ha HaGopHoe mosie (rwe3ga Al—A4
Ha KCMMYTaLHOHHOM H HAa6OPHOM MOJie COeJHHEHBl MexXay co6oH
B COOTBETCTBHH C 'PaBUPOBKOH).

1 Cmennble 6A0KU (PYHKYUORANbHO20 npeobpa3osanus u nepe-
MHOJMCEHUS BXOOSIT B COCTaB OCHOBHOro 6Jsoka MH-7: uetnipe
6J0Ka GyHKIHOHaAJNBLHOrO npeoGpa3oBanysi U ueThipe 6J10Ka mepe-
MHOXeHHs. B ocHoBHOM O6JioOKe MMeeTcsl yeTbipe siUelKH, ¢ TIO-
MOLbI0 KOTOPBIX CMeHHble GJIOKH BKJIIOUAIOTCSI B €ro CXeMy.
Taknum o6pa3oM, B pellleHHH 3afaud OLHOBPEMEHHO MOTYT yyacT-
BOBATh ueTbipe GJoKa (YHKUHOHAJIbHOrO npeo6pas’oBaHUsl HJIH
ueTblpe 6J10Ka MepeMHOXKeHUS (MM WX KOMOHHALHWs NMpH o6iieM
yucje He Gosiee yeThipex). =

DJIOK  (DYHKLUHMOHA/IbHOTO NPeoOpas0oBaHMsl BOCIPOM3BOAMT
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GyHKUMIO Y = f(X) B COOTBETCTBHH CO CJeEAYIOLIHM COOTHOILe-

HHEM:
10

y=[(0) + kx4 D a;(x—x; ), (28)
i—1
npuuem ]
npu %X, %=0,
npu X >x; . @=C.

TakuMm o6pas3oM, (YHKUHS, [OAJexallasi BOCHPOHU3BENEHHIO,
npeacTaBisieTcss B BHAe ajre6paHueckodl CyMMbl JBeHaauaTH
JIMHeHHbIX oTpe3koB. CxeMa CMeHHOro 6JoKa (yHKLUHOHAJbHOTO
npeo6pasoBanust (puc. 26) COCTOMT M3 MATH ABOMHBIX AHOAHBIX

Use
+¥

58"

Puc. 26.

siUecK M MOTeHUHOMeTPoB aJs 3anauus f(0) u kx. [Nepemewicnuem
IBHXKKa NoTeHUHOMeTpoB Ri(R:) (orpaHnHuyeHde no. x) ycramnas-
JIUBAETCS Xy, . ITorenuuomerpoM Rs(Ri) (HaGop F(x) u BXOi-
HBIMH conpoTHBJeHHsIMH (Rs 4+ Re) u (R7 + Rs) ycranaBauBaet-
cs HeoOXOOMMBIH YroJ HakJOHAa AJs KaXAOro U3 orpeskos. Ilns
U3MeHEeHHsl yrJjia HakJoHa BCeX OTPEe3KOB NPHMEHEHO H3MeHeHHe
BEJIHYHHbI COMPOTHBJIEHHs] 06paTHOM cBsA3n (Re, R, Ru1). Uame-
HEeHHe TOJIOXKEHHi [BHXKOB NMOTEHIHOMETPOB H Ko3(dduuHeHTA
nepefayd NPOM3BOAMTCS C MOMOLUbIO PyuYeK, CKOO U THe3H, BHI-
BeIeHHBIX Ha nepejHIol0 naHenb 6joka. Tym6iepsl Ti u Te cay-
KaT AJIS TepPeKJIoUeH st 3HaKa BXOJHOTO H 3aMUpaIOIErQ Halpsus
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skeHult; TymO6aepsl Ts u Ta — OJ51 nepeksiodeHUss MOJSIPHOCTH
nuonoB. Bee Tym6sepel HaxoAsiTCsl HAa 3afAHel naHesnu 6JoKa, NpH-
ueM KaX[blH BePTHKaJbHBbI psf (MHAEKCH TYMGJEpOB CBepXy
BHH3) COOTBETCTBYET NBOWHOH AuOAHON siuelike. [lyisi BKJIOUEHHS
JNBOHHOH OHONHONH sueldiKH B TpeOyeMbli KBaapaHT, TyMO6Jiephl
Ti1— T4 ycTaHaBAWBAIOTCS B MOJIOXKEHHE, COOTBETCTBYIOLlee rpa-
BHpOBKe Ha Gyoke. Ha 3amHell maHe/u pacnosioXXeHbl TaKXe rHes3-
na past ycranosku 3uaka f(0) u kx. Inast pa6oTbl 650K QYHKIMO-
HaJIbHOTO NMpeoGpa3oBaHHs AOJKeH OblTb COeIMHEH Ha KOMMYTa-
IIHIOHHOM ToJie ¢ ycuauteseM. [Ipi 3ToM coelMHSIOTCS KOMMYyTa-
IIMOHHBIMH LIHYPaMH BXOJbl M BbIXOABI 6JI0Ka W ycuJHTeJs1 (TOod-

Puc. 28.

ku A u 5). Ilpu atom B uenb 06paTHoil CBSI3M YCHJMTENS] BKJIO-
1aloTcs cConpoTHBJeHHs Re + Ri + Ru, W, ciegosartesbHo, conpo-
THBJIEHHe B Lend oOpaTHOH CBS3M YCHJIUTENS] Ha KOMMYTAlMOH-
IIOM TOJie OOJIKHO ObITb OTKJIOYEeHO.

ITocTpoenne cxeMm cnenuanbHbX (QYHKUHOHAJBHLIX mpcoGpa-
30BaTeslel JJIS  BOCTPOM3BEJEHHS THIMHUHBIX XapaKTEPHUCTHK
CHCTEM aBTOMATHUECKOTO PEryJHpOBaHUs U YNPaBJICHHS NPOU3BO-
JHUTCS C MOMOLIBIO AHOJOB U NMOTEHIHHOMETPHUECKUX cXeM. B coue-
TAaHUH C CONPOTHBJIENHSIMHU, KOHAEHCATOPAMH M YCHJIUTEJSIMH
3THMH 3JIEMEHTaMH MOXHO MOJEJHPOBATh Pa3JHUHbie XapaKTepH-
cTUKU (puc. 27).

CMeHHbI 6/10K nepeMHOXeHHsi (puc. 28) mocTpoed Ha KBaj-
paTtopax u peasu3yeT 3aBHCHMOCTb:

ab= —-l(a + b — (a — by, (29)
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C nowmowpio conporuBennii Ri— Rs u Rs— Rs mnpoucxogut
o0pazoBaHue CyMMbl H Pa3HOCTH TepeMeHHbIX. [IBe mapol KoMMy-
THPYIOIHX OHOJOB CJAYXKaT AJsi BbIOOPA 3HaKa CYMMBbl (NOJIOXH-
TeJbHOR) M PA3HOCTH (OTpHLaTe/bHOe HanpsikeHue). BosBegenue
B KBajJpaT MPOM3BOAMTCSl C MOMOLUbIO JHOAHOTO KBajpparopa.
BbixongHble TOKH 3JIEMEHTOB KBafpaTopa CYMMHPYIOTCS ¢ IO-
Molublo ycuauTtens. IlpaBunia BKIIOUEHHS CMEHHOTO 6JioKa B cXe-
My aHaJIOTHYHB NpaBUJaM BKJIIOYEHHS 6j0Ka QYHKLHOHAJIbHOrO
npeo6pasoBaresns.

9. Cuctema ynpapJeHHs, KOHTP2MSl M CHFHAJM3ALUH
mamuisl MH-7

Cucrema CJaYXHT [Jisi HaCTPOMKH, KOHTPOJAS M YNpaBJIeHHS
onepanMoHHBIMH GJIOKAMH W YCHJUTEeNsIMH. B Hee Bxomsit cije-
Jylole cXeMbl: '

ynpaBJIeHHS;

I1acTPOHKH HYJNS M KOHTDPOJIST YCHJAHTEJEH MNOCTOSAHHOIO
TOKA;

3a/laHHdsl HadyaJbHbIX YCJOBHH H MOCTOSIHHBLIX BO3MYLIEHHI;
KOMMEHCAaLlHOHHOTO H3MepeHHsl HanpsXKeHui;
NpPOrpaMMHOTO pexuMa pa6oThl.

Cxena ynpasienus cnyxut 1as obecrneucHus CAe1yIOWUX pe-
JKMUMOB paCoThl: «YCTaHOBKa HyJieH» (yCHJHTeJeld MNOCTOSHHOrO
Toka), «[lonrotoBka», «Pabora». B pexume «Iloaroroska» natu-
paercs 3ajiaya, yCTAHABJWBAIOTCS 3HaueHHs KO3(p(DHIHEHTOB
nepejayd U HacTpauBaicTCsl (YHKLUHOHAJbHblE ITpeoGpasoBaTe.
B pexume «PaGora» 3ajaloTcs HauaJibHble YCJAOBHS, TTOCTOSHHBIE
BO3MYILUeHHs, U peuiaercss 3agaua. [las Boi6opa pexxuMa paGoTol
cayxkat tym6aepnl Ty,, Tnp (puc. 29). B.pexume «YcraHoeka
nyas» tym6aep Ty, HaxoAMTCsS B MOJIOXKEHHH «YCTaHOBKa HYJs»;
npu 3ToM 1o uend A HanpspkeHHe nmojaercsi Ha o6MOTKH pese P,
Haxo#smuecss Ha myatax ycuautenel. Ilpu cpabaTwiBanuw
pesne P ero KOHTakKTBl. HaxoJsllHecs B LeNH CETKH, NepeBoAsT
yCHJIUTENb B pexxuM macurabHoro yeuautens (K =:0,3) ¢ 3asewm-
JeHHBIM BXxogoM. HacTpoiika Hy/ss NPOM3BOAHTCS NO BLIXOLY YCH-
autens. Hns nepexoga B pexum «lloarotoska» tymGaep Ty,
nepeBoAuTCs B mosoxenue «PaGora», a tym6aep T,,— B moso-
xeuue «ITogroroBkas. Ilpu 3tTom cpabarbiBalor pene Pi-—Ps,
KOHTaKThl KOTOPBIX pa3phiBAlOT LEeNH, CBSI3bIBAIOLLHE BBIXO/Ibl YCH-
JUTEJCH ¢ APYrMMH TouKaMu cxeMbl. Kpome Toro, cpaGatsiBaicT
pesie PUy — PHe, npousBoisiiuye MoAKJOUeHHe BXOLOB K CETKaM
B cXeMax HHTerpupylomwux ycuauteneir (puc. 30). B pexum
«Pabota» maliHHa BKJOuaercsi nepesonom tymb.aepa-T,, B 110J10-
xeuue «Pabora» (T,, naxomurcs Takxe B mnoJoxeHun «Pa-
6ota»). B 3TOM pexume NpPOU3BOAMTCS 3ajlaHHe HavyaJbHBIX
YCJIOBHH C MOMOLIBIO CXEMBbl 3aJlaHHsl HauaJbHbIX YCJOBHH U pe-
LIeHHe 3ajayl. 110c/1e0BaTeNbHOCTb PAadOThl peJie CXeMbl YIIPAB-
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JIeHHsl NOKa3aHa Ha BpeMeHHOH auarpamme (puc. 31). B cxeme
ynpasaenuss Mawuasl MH-7 npunsra cucTeMa NPHHYAMTEIbHOMN
cunxponusaunu. C BKiloueHnem TymOaepa To.o BKJIOUaAETCS
CHHXPOHHBIH nBuratesb (CJII), Ha Bajsy KOTOPOTO YCTaHOBJIEHbI
uyeThbipe KOHTAKTHblE 3Be3[JOYKH reHepaTopa HMIMYJbCOB, NpEpHI-
Balollde HanpsiXKeHHe IMOCTOSTHHOro TokKa ¢ yactoTod 1, 2, 5 w
10 ey. Ot 3Be3gouxku | ey HauuHaer pa6GoTaTb pesie CHHXPOHH3A-
uud Ps, 3aMblkas UM pasMblKasi C 3TOH 4acTOTOH CBOM KOHTaK-
Thl 1P5 — 5P5 B 1lensix cxeMbl ynpapsenusi. IIpy HaxaTHH KHONMKH
«ITyck» (1KuIl), B moMeHT maysbl, korga KoHTakT 1Ps 3aMkHyT,
cpabateiBaloT nyckoBele pese PITli, PIle, PIls, kotopble cBOMMHU
KOH1aKTaMu P, nepeBonsit WHTETPHDYIOLIHE YCHIIHTE/H H3 PeXH-
Ma 3aJaHHd HauaJbHbIX YCJOBHH B peXHM HHTErDHPOBAHHS
(puc. 30). Kourakr 1PIl: nogrotaBnvBaer uenb BKAKUEHHS peJie
PU; u PU2 unTerpupytomux ycunutesneil. 3Tu pese cpabaTbiBalot
Npd npuxofe uMmnynabca (KoHTakT 2Ps 3amblkaercs) u 6J10KHU-
‘pytorcst koHTakToM 1PH2. C 3TOro MOMeHTa HauMHaeTcsi pellleHHe
3apaud. Konraktel 2PU2 u-5P5 06pa3yloT lenb OTMETOK BpeMeHH
(na HaGopHOM noJie TPaBUPOBKH «1 ey»).

[Ipu Heo6xogMMOCTH GHUKCAUMM pelLleHHsl B KaKoH-mubo Mo-
MeHT BpeMeHH HaxkuMaetcsi KHonka «Octanoska» (KuO). C npu-
X0I0M HMMyJibca KOHTAaKT 4P5 3aMbikaeTcsi, H cpabarbiBaer peJe
ocTaHOBKH P4, KoHTaKT KoToporo 1P4 oTkiiouaer pene PUi, PHz;
MHTErpupoBaHHe MNpH 3TOM npekpawaercsi. Ha Boixogax uuTe-
IPUPYICIIHX YCHJIUTEJICH COXpaHsieTCsl HanpskKeHHe, COOTBETCT-
BYIOLLlCe MOMEHTY OCTaHOBKH. [IpH HEOOGXOAMMOCTH NMPOAOJIKEIHS
HHTErpUpPOBaHHS cHOBa Ha)kumaercss KHonka «Ilyck», u paspnbi-
paetcst kouTakT 2KuI1 B uenu pese Pi, KoTOpOe BBIK/IOUaETCs
npy NPHXOJe HMAyJbca, TaK KakK pa3MbiKaercss KOHTaKkT 3Ps.
Kourakr 1P4 3ambikaetcsi, cpabatoiBator pene PHi, PU2, uunrer-
pHpoOBaHHe NMPOLOJKAETCSI. -

RBosBpaT cxeMbl B HCXOIHOE MOJIOMXEHHE OCYLLCCTBJSIETCS Hia-
watueM Khonku «Kicex. nonoxenne» (KulIl). Tlpu 3tom orkmo-
uatorest pese PITy, PII:, PIls, PU1 1 PU2, 1 cxema Bo3Bpainaercs
B HCXOJHOE TOJIOXKEeHHe. )

Pa6oure COCTOSIHMSI CXeMbl yTparBJeHHsI OTMeualoTcst CHT-
HadbHbIMKM Jamnamu JIi — Hanpsekenue BJoueno, JIz — uexosn-
1Hoe noJoXerue u JIs — HHTErpHpoBaHie.

Ilpu pa6oTe MaliMHbI COBMECTHO C 3JIEKTPOIIHO- nyqenmm -
aukatopom HM-5M myck ee cXembl MOXeT OCYLUECTBJSITbCSI Kak
npu Haxkatiu KHonkH «ITyck» (peHM OJHOKPATHOrO pelcHus),
T4K U OT CHTHAJa, MOCTYNaloUero OT 3JeKTPOHHO-JIYUeBOro HH/IAH-
Katopa (peXHM aBTOMAaTHUECKOTO NMOBTOPEHHS PelleHHs).

B pexxuMe OJHOKPATHOTO pellleHHs HMMYJbC, 3amycKalounil
CXeMy pa3BepTKH 3JEeKTPOHHO-Jy4eBOTO HHAMKATOpa, nocTynaer
OT cXeMbl ynpaBJeHHsi o uend 5 B MOMeHT cpabaTbiBaHHs peJie
PV1 u PUs2. Tym6aep «Omuokp.— ITostop.» (T,,) Ha manenu

CTaloBdqeE

m
LITL yCTalioBJiChH B NOJiOmeHue «uAﬂUhp »,
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B pexuMme aBTOMaTHUECKOTO MOBTOPEHHs pEIIEHHH CXeMa
pasBepTKH HHAHKATOpPa ONHOBPEMEHHO C MUJOOOPa3HBIMU KoJe-
O6aHHAMH Bblpa6aTbiBaeT NMPSMOYTOJIbHblE HMIYJbCh, MOCTYNAIC-
lIMe B CXeMy ynpaBJjeHHs MawuHbl. Tym6aep T,, B 3TOM cayuae
yctaHaBauBaetrcsi B mnosioxeHdHe «[loBTop.», uenb GJIOKHPOBKH
peae PITi, PIle u PIls npu stom paspriBaercs. -

Cxema HAcTpOUKuU HYAA U KOHTPOAS YCuauTerel; NOCTOAHHO20
TOKa obecrneydBaeT HACTPOIKy HyJel 18 onepauHOHHBIX yCHJHTE-
Jei. YcTaHOBKA HyJied BBIXOLHOI'O HaNpsKeHHs YCHAUTeJaeH
NPOU3BOAUTCS HM3MEHEHHeM' HampsiKeHUs Ha CeTKe BTOPOro Kac-
Kajna ycunurenasi. s KOHTPOJIsS HYJed YCHAHTENeH HCIOoJb3yeTCs
cTpeJouHbli npubop Ha Tpu npepena usmepeHusi. Tymbaep Ts
«Mamepenne — KomneHcauysi», yCTaHOBJEHHbIH cJieBa OT NpH-
6opa, mosxKeH GbITb BKJIOUeH B moJsioxkeHue «l3mepenue», Ilpn
3TOM OAHA M3 KJeMM npubopa («—») aBTOMATHYECKH 3a3eM-
asercs. Bropas knemMa npubopa coeJHHEHa C THE3LOM KOMMY-

Tauuonnoro nojs Vi .Jlns HacTPoiKH BHIXOAB BCeX yCHJHTeJed
nocJieOBaTeNbHO IOAKJ/IOUAIOTCS BHELIHe#d LIHYpOBOH KOMMYyTa-

uueit x ruesgy Vi .YcTaHOBKa Hy/si MPOM3BOAMTCS CHAyaja IO
ikane npu6opa 100 g, 3arem mno wKaJje 2,5 6 U yTOUHseTCs MO
uikadge 0,1 s. '

KoHTposib 32 BBIXOJOM YCHJHMTeNEH 3a TpaHULbl JHHEHHOII
UaCTH XapaKTEPUCTHKH OCYLIECTBJSIETCS C IOMOLIbI0O HEOHOBbLIX
JamIl, NOOKJ/IIOYEHHbIX Yepé3 BBICOKOOMHbIE JeJHTEeNH K BLIXOAAM
yeuaureneit. [ToreHnuoMeTphl HacTpauBaIOTCsl TaK, YTOObI JlaMMbl
3aropesiuch NpH Hampsi)KeHHH Ha BbIxode ycuaurteds *105 e.

Cxema. 3a0aHUA HAYANbHBLX YCAOBUL U NOCTOSAHHbLY 803MYyU4e-
Huti COOEPXHT LIeCTb MOTEHLHOMETPOB, Ha KOTOpble IMOAaeTCst
nanpsixkenne 100 8. 3Hak HanpsiKeHHst yCTaHABJIHBaeTCs C TMoO-
moniplo TyM6GyepoB. [IBHUXKKH TNOTEHIHMOMETPOB BbIBelEeHbl HAa
rie3sa KOMMYTaUHOHHOTO MOJsi. DTH THe3[a BHEIIHHMH KOMMY-
TalMOHHBIMK IIHYPAMH COEIHHSIIOTCS CO BXOLAMH HHTErpUpYIO-
IUHX YCHJHTEJEeH, 0 KOTOPbIM 3aJaloTcsi HayaJjibHble YCJOBHS
(riesna Vs, Ye, ¥Y7. Vs, Y15 u Yie).

C noMoilbio cxeMbl 3aflaHHS HauaJbHBIX YCJOBHH MOXKHO MO-
JaBaTh M NOCTOSIHHBIE BO3MYIIEHHsI Ha JIOGOH M3 BXOLOB omepa-
LHOHHBIX 6/10KOB. KOHTPOAb 3afaHHsl HauaJbHbIX YCJAOBHH H TO-
CTOSSHHBIX BO3MYILIE€HHHA MPOHU3BOAUTCS MO CTPEJOYHOMY NMpHOODY.

Cxema KOMNEHCAYUOHHO20 UBMEPEHUA HANPANCeHUL CONEPKUT
MCTOUHHK 3TaJIOHHOTO HANpPSKEeHUsI (YyCHJIHUTENb C TpPeXAeKaaHbIM
COMpOTHBJEHHeM B Lenu o6parHOM CBsI3H) M - BOJAbTMETp Vi
(trym6aep Ts «U3mepenue — Komnencauus» BKAlOuaercs mnpH
3tom B nogoxeHnue «KomneHncauusi»). B cxeme ucnosbsyercs ycu-
autesab Yi7. Ecan Ha BXo4 ero mojaHo HampsiXKeHHe IVIIOC HJIH
muHyc 100 8, Ha BbIXO#e ero MoxeT ObITb MOJyyYeHO Jio0oe Ha-
npskenue ot 0 go 100 6, uepes 0,1 6. Jlnsi u3MepeHUst K THe3dy
npubopa Vi COOTBETCTBYIOLLErO 3HAKa IOJAeTCs BBIXOAHOE Ha-
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npsKeHHe ycuauTeas Y17, a K APYroMy MOIKJIOUaeTcss u3Mmepsie-
Moe HampsixKeHHe. YCUJIUTeNb NPU paboTe B 3TOM pexXHMe mepe-
KJI0YaeTCs B CXeMy «DTaJIOH. Hanp.» TyMOJepOM Ha KOMMYTalH-
OHHOM I10JIe MAIUHHbI.

Cxema npoepammnozo pescuma paboTbl BHINIOJHSET JOrHue-
CKYIO0 OMepalHio CPaBHEHHs ABYX BEJHYMH (C YYETOM 3HAKOB)
HJIM OCYILECTBJISIET BOCIPOM3BENEeHHE XapaKTePHCTHKH OTrpaHHue-
Husi (puc. 32). Dta cxeMa nocrpoeHa Ha 6ase ycuautens Vi,
KOTOPbIH BKJIouyaercss Tym6sepom B cxemy «[Iporp. pexum». I1pu

g +100
-{00

Y Puc. 32.

BBIMIOJIHEHHH ONepallid CpaBHEHHS TyMG6Jiep HAaXOZUTCS B MOJO-
keHun B (BkuatoueHo). IIpu paBeHCTBe BXOQHBIX BEJHUHH X1 H X2
BKJI04aetcsi pesie Po, KOHTAaKTbl KOTOPOro MOTYT OBITb MCHOJb30-
BaHbl [/ MaclITaGHbIX MepeKJIOYeHHH WM [Jsi OCTAaHOBKH pe-
ieHus (Tym6Jep Ha KOMMYTAallMOHHOM IOJie MALUUHBLI B MOJIOXKe-
e «OcraHoBKa — [lepekniouenue»). Bkiiouenue pesne Py Mo-
JKeT MPOUCXOAUTb KaK MPH Mnepexofie pa3HOCTH (X1 — X2) M3 OTPH-
HaTeJbHOR 06JacTH B NoJioXKHUTedbHYIO (TymOJep Ti B moJsoxe-
HUH «—>»), TaK U B MPOTHBONOJIOXXHOM HamnpaBJieHHH (TyMG-
gep T1 B nosoxeHuH «+>»). B cayuae nuaMeHeHUS BeJHUUHBLI X1
N0 JIHHEHHOMY 3aKOHY BKJIOUeHHs pese Po MOXHO MpPOM3BOIHTH
B 3aBHCHUMOCTH OT BpeMeHH. MoMeHT BKJloueHHss O6yner ompe-
JesATbCSl BeJUUYHHOH Xz.

ITpu Bocmpou3BegeHuu orpaHHueHus tym6aep T: (B — O)
J0JKeH OblTh ycTaHoBJeH B noJoxeHue O (oTkawoueHo), B 3Tom
cjayyae B lenb oOpaTHOIl CBA3M YCHJIMTENS] Y17 OKasbIBAalOTCS
BKJIIOU€HHDIMW COLPUTHBIIEHUST K3, R4, C TOMOIIBIO KOTOPLIX yCTa-
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HaBAMBAETCS Yrosl HaKJIOHA XapAKTEPHCTHKH W AMOJLHAsi OTPaHH-
YyUTeJbHAS 1IEI0YKa W3 MoTeHUHOMeTpoB Rz, Rs ¥ JBONHOro AHO-
na Jle.

AHAJIOTOBASl BBIYHCJIIUTEJIbHASL MALIUHA TUINIA UNT-5
10. Ha3HayeHHe YyCTAaHOBKM U ee O0IHE XapaKTePUCTHKH

AnanoroBasi BhluHC/aAHTeNbHAs MawnHa tuna MIIT-5 sBasiercs
MalUHHOH CTPYKTYPHOTO THNA W NpelHa3HaueHa [Js HCCJeoBa-
HUSl OMHAMHKH pPEryJjHpyeMblX OGBEeKTOB, ONMUCHIBAEMBIX CHCTe-
MaMH JIHHeHHbIX JU((epeHLHaNbHbBIX ypPaBHEHHMH [JO MAEeBHATOrO.
nopsiika BKJAUUTeNbHO. KoHerpykTuBHO Matuuna WUIIT-5 Bbimos-
HeHa B BHIe OT[eJbHBIX GJOKOB. B KOMN/EKT MallMHBI BXOAST:

BJyiokn onepaunoHHbiX ycuaurteneit tuna BOY-2 — 18 mwr.
Baokn mepemenHbix Ko3dpduunentos tuna Cb-3 — 18 »
Baoku mocrosinHbix K03 duuueHtos tuna Chb-4 — 18 »
BJsiok ynpaBiieHusi MalluHbI — »
CrneuvanbHbiii kBapuesblii renepatop CKI'-2 — »
PacnpenenutenbHble KOJMOAKH — »
BcnomorartenbHasi annapatypa [Jjsi NPOBEPKU

W HaJaaxku 6JIOKOB MallHHbI —
Ucrounuku nuranus tina SCB-1M —

»
»

[\l ] Ol st —

BJaok-cxeMa MaluuHBl npeficTaBjaeHa Ha puc. 33. Kommyranus
6JI0KOB MallHHbl MPOU3BOLUTCS € IOMOUIbI0 THOKUX LIHYPOB
HEMOCPEeJCTBEHHO MeXAY caMHUMH G6JIOKaMH B COOTBETCTBHH CO
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CTPYKTYPHOM CXeMOH, COCTaBJieRHO! NpH NOArOTOBKe 3afauu K
pewenuto. [asi 3Toil LenH Ha MepeHIO MaHeJlb OMEPalHOHHBIX
6/I0KOB MalllMHBl BBbIBEIEHBl KJIEMMbl, COeJUHEHIble CO BXO4aMH
M BBIXOJOM 6s0oka. Bpems peruenust 3ajmaun ma mamuue UIIT-5
1e J0JKHO npeBulinath 100 cex.

11. Onepauunonnble 60k mamuupl UTIT-5

Bbarok onepayuonnozo ycuaureas tuna 5OY-2 npenpcrabaser
co6oH OTAeabHLI ONmepanHONHLI y3eJ MalUuHuHBI, Mpegnasiavel-
ULIH /151 BBLIIOJIHEHHS] MaTeMaTHUeCKHX Omepaumuii CyMMHPOBA-
11Msl, HHTCTPHPOBAHHS, YMHOMXENHs] Ha ITOCTOSIHHBIE KO3 guinent
H HHBEPTHPOBAHMUS.

CxeMma 6s0ka BOY-2 (puc. 34) Brimo/iHeHa Ha OClOBe THIIO-
BOro ycusiutesas nocrosinoro roka YI1T-4 ¢ HaGopom 3jeMelToB
BO BXOJHOH Lenu M B Lenu obpaTHoil cBssu. HaGop saementon
o0ecrmeyHBaeT (IIPH COOTBETCTBYIOLIUX MepPEKJIOUCHHSIX Ha IaHe-
au 6J0Ka) BBIIOJIIIEHHE OJHOM M3 ueThipeX, BbILICYKA3aHHDLIX
MaTeMaTHYeCKHX Ollepalllii, a Takxe HX COBMellelide MpH 1Heol-
XOAUMOCTH.

ConporuBnenus Ri— Rs, noakJioyaempie k ¢erke YIIT-4
tym6aepamu Ti1— T4, o6Gpasylor Tpu Bxoma 6aoka Bxl-— Bx3.
Hns pacmupenus Bo3MoxHOCTeH 6J0Ka NPELYCMOTPEHO [OJ-
kaiouenue Kk BOY-2 cbeMNIbIX KOMOLOK ¢ TpeMsi BXOJHbIMH COINPO-
TUBJEHHSIMH B Kaxjuoi. [Toxkmiouenne kosoaku x YIIT-4 1ipouns-
BOJIHTCSl Yepe3 CleUHabHylo KIeMMy Ha Mauesn 6J10Ka, coeiH-
HEHHYI0O C CceTKo# 'ycuaurtensi. B nenb o6GpaTHO#l ¢Bsidu 6JiOKa
¢ nomoublo Tym6aepoB Ts — Ts nmogk/aouaeTcss OJHO H3 CONPO-
TBNeHUH R7— Ro u Koupencatop C (compoTuBieHHs1 R7-- Ry
MOTryT ObIThL BKJIOUellbl napaJJenbho). Takum o6pasom, Koaphu-
LHeHT nepefayd Ojsoka MoxeT OLITb YCTAHOBJEH B Npeaenax or
0,01 o 50, a mocTosiHHAasE BpeMeHH HHTETPHPOBAHHUSI MOKET IPH-
HUMaTb 01O M3 Tpex 3HaueHui: 0,01, 0,1 u 1 cex.

baok BOY-2 Moxer paGoTaTh Takke B peXHMe HHepPLHOH-
Horo 3seHa ¢ mocrosiHHbiMH Bpemenu 0,01, 0,1 u 1 cex. Ilorpeur-
HOCTb BBIMOJIHEHHSI HOMHHAJIOB COMPOTHBJAeHHH Ri— Ry u Kow-
ngencaropa C cocraBaser =*0,1%. Pexumamu pabortnl 6Gaoka
BOVY-2 ynpaBisioT KOHTakTbhl peJie, YyCTaHOBJEHHble B G6JI0Ke.
[TocaepoBaTenbHQCTh  paboThl  pesie  ONPEUEJIACTCS CHCTEMOMH
yNpaBJieHHs] MaLIHHDI.

Ha puc. 34 KoHTaKTbl pesjie HaXOQATCS B HCXOJHOM IOJOXKC-
nuu. dto coorBercTByeT B MawnHe WIIT-5 pexumy 3amanus Ha-
yaJbHBIX YCJOBHH (pesie CHCTeMbl YyIpaBjeHHss OGeCTOYEHDI).
Hanpsikende ¢ JBHXKKa NOTEHLHOMETpa 3ajalMsi HauaJbHbIX
YCJIOBHIH TMOCTyMmaeT Ha COMPOTHBJEHHe Rii, KOTOPOe uepe3 HOp-
MaabHO 3aMKHYyTble KoHTakThl 2Pk, 2Py u 1Py u 1P, nogkamio-
yeno k cetke YIIT-4. Koupencartop C LIYHTHPYeTCS CONPOTHBJE-
HueM Rio. TaKUM 0GPasoM, KOHACHCATOP B LieMH OOPaTHOM CBSA3H
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3apsiKaercs ¢ MOCTOsIHHOH BpeMeHu T = CRio [0 ypoBHs, ompe-
[leJIsleMOTO OTHOILLUEHHEM CONMPOTHBJEHHH Rio U Rii M BeJHYHHOH
Hamps>KeHHUsl, CHIMaeMOro ¢ ABMXXKa MOTEHLHOMETpaA.

ITpu nHaxaTtuu kHomnku «Ilyck» cucremMa ympam/jeHus Tnepe-
kawouaer KoHTakTel 2Py u 1Py B mosoxeHune 2. ITUM . caMbiM
konpencatop C ®cBo60OXKAAETCS OT LIYHTHPYIOLIETO AEHCTBHS CO-
npoTHB/NEHHs] Rio, H BXOAHblEe CONPOTHBJEHHS Ri— Rs nogkiio-
uatotcst K cetke YIIT-4. Baok BOY-2 nepeBoautcs B peXXuM HHTe-
rpupoBaHus. Pexum ¢ukcauuu obecrieudBaeTrcsi NMPH HaXaTHH
kuonku «OcrtaHoBKa», I[Ipu 3ToM pa3Mbikaercs kKoutakr 1Py ,0T-
KJ0YaoLWHUA BXOAHble CONPOTHBJIEHHS.

B ucxonHoe nosnoxenue 670k BOY-2 Bo3sBpaiiaercs npu Ha-
KaTHH KHONKHM «Mcx. mosoxkeHue» MJIH aBTOMaTHUECKH OT KOH-
TAKTOB IIArOBOTO HcKaTess 6JI0Ka ynpasJeHHs Maliutbl. B o6onx
cayuasix OJsi OvlcTporo paspsina kKoHngeucatopa C compoTuBJe-
HHe Rio WIyHTHpPyeTcs HeOOJbIIMM COMpOTHBJeeHeM Riz ¢ mo-
Molllbio KOHTakTa 2Pk (mcsoxenue 2). 3ateM KOHTaKT 2Pk Bo3-
BpallaeTcs B MOJIOXKeHHe I, uTo cooTBeTcTBYyeT pexumy «Hcx.
MOJIOKEHHED.

Cucrema ynpasaenus Mmawuuel WUIIT-5 uMeer mpunyauresb-
Y0 CHCTEMY CHHXPOHH3ALKH, NOITOMY NEpeKJIoYeHHe KOHTAKTOB
IIPOUCXOJUT B CTPOro (PUKCHpPOBaHHble MOMEHTH BPEMEHH, ompe-
JeJisieMble CHHXPOHH3UPYIOUIMM peJie 6J0Ka ynpaBJaeHUsi MALIHHBI.

Baok BOY-2 o6ecneurBaeT BHINOJHEHHE MaTeMaTHYECKHUX Ole-
pauuii ¢ norpelHocTbio He GoJee 19/. Ycunurenp YIIT-4 Beimoa-
HEeH B BHJe CbeMHOro 3JieMeHTa M couJsieHsieTcsi ¢ 6aokom BOY-2
¢ nmoMolblo pasbeMa. [IpuHuunuanbuas cxema YI1T-4 npusesnena
na puc. 25 (onmucanue maumuHbel MH-7). Ero ocHoBHBIe Xapakre-
PUCTHKH TIPHUBEJEHbl TaM Xe. |

Baok nepemennozo Koagpduyuenta tuna C5-3 B MauuHe
WIIT-5 péanusyer omepauuio o6pa3oBaHUsl NEPEMEHHOTo Ko3(-
(unMeHTa BO BPEMEHH, HCMOJb3Yysl JBa CTOCEKUHOHHBIX [de/uTess:
nanpsixkendss i v 2 ¢ ogHOBpeMeHHbIM YMHOXKeHHeM Ha Io-
CTOAAHHBIH KO3 (GHUHMEHT ¢ IMoMOLiblo Habopa CONMpPOTHBJEHHH
0, U 0,. TlocTosAHHBIH KO3(PGHUMEHT MOXKeT NPUHHMAaTh 3Hauye-
uus: 0,1; 0,25; 0,5; 0,75; 10.

[NpuHuunuasbHasi cxeMa G6JoKa MNpeAcTaBjJeHa Ha puc. 35.
BBoja mepeMeHHOro Ko3ddHuUMeHTa peasH3yeTcss METOJOM KyCou-
HO-NMOCTOSIHHOTO NpHGaHKeHHs. OCHOBHBIMHM 3JieMeHTaMH 6J/10Ka
CB-3 aBasiorcs: warosblii uckatens Tuna 1I150/4 ¢ koHTaKTHOR
rpynnoii, ABa CTOCEKUHOHHBIX AesuTenst Hampsukenus i u e,
naGopHoe moJie. « + », Ha KOTOpOe BbiBeJ€Hbl BCE TOUKH [eJH-
trens i, HaGopHoe mose «—» aasi peautens [z u HaGopHoe
rnoJie, Ha KOTOpOe BbIBEJEeHbl JiaMeJi LIaroBoro Hckareas. Pas-
BEpTKa IepeMeHHOro K03 duluHeHTa BO BpeMeHH OCYLLECTBJISETCS
IIAroBbIM ‘'HCKaTesJeM, Ha 3JeKTPOMAarHUT KOTOPOro IOCTYymaioT
MMIyJbChl OT FeHepaTopa WMIyJbcOB ¢ uacroroit 10; 4; 2; 43
i nau %3 ey. Hauajo M OKOHYdHHME 1OCHUIKH HMMILYJAbLUB UlLpE-
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nensieTcs cxeMoit GJoKa ynpaBJsieHusi MaliuHbl. [IpH Hcnosb3oBa-
HUM geauteneit i u 2 BeauuuHa nepeMeHHOro KosdduuueHTa
Habupaetcs B auanasoHe ot 0 mo '+1 uepes *=0,01. Kommyra-
UMsi 3aJaHHOTO NepeMeHHOro Ko3(d¢ulUHeHTa NPOU3BOJUTCS Ha
na6opHOM ToJie, Tie OTNAHKH LIAaroBOTO HCKaTess COeIUHSIOTCS
C OTmaiKaMM JejiuTesied MOJIOXKHUTEJbHOTO HJH OTPHLATENbHOrO

rUbr

=501,

Puc. 35.

3HAKOB, COTJIACHO COCTaBJIEHHON TabJulle HACTPOiKH. JlaHTenDb-
HOCTb OJHOTO pabouero uukgaa 6J0Ka MoxetT coctaBasaTh 150, 100,
75, 50, 25 n 10 cex B 2aBHCHMOCTH OT BbIGpAHHO# 4acCTOTH cJelo-
BaHUsA uMnyJabcoB. [lepenr Hayanom pa6oOThHl LIETKH LIArOBOTO
uckaresasl 6J10Ka HaXOASITCS B HCXOAHOM INOJIOXKEHHH (Ha HYJIEBBIX
gamensx). O6 3TOM CHTHANIU3UPYET KOHTPOJIbHAS JIAMIIOUKA, BbI-
BeJleHHasl Ha JIMLEeBYIO NnaHeJb 6J0Ka, leNb KOTOPOH 3aMblKaeTcsl
HOPMAaJIbHO 3aMKHYTHIM KOHTAKTOM T'OJIOBHOH KOHTaKTHOH Tpymbl
uckarteas.” C HauasoM NBUMKEHHMSI UIArOBOro MCKaTeJsl 3Ta JaM-
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nouka racHer. Ilpn HaxaTtum KHonku «Mcx. mosoxenue» Ha
nynbTe ynpasJeHHsi cpabaThiBaeT pesle BO3BpPaTa LIETOK MCKATeJ sl
Ha HyJeBylo Jameab. Ha suueByio naHenb 6J10Ka BBBOIHMTCSH
TyM6Jiep, C MOMOLIBID KOTOPOTO MOXKHO OCTAaHOBHTBH LIETKH HCKa-
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Tesist 6/10Ka Ha J1o60H JlaMesH, T. e. IPEBPAaTUTh NPU 3TOM Hepe-
MeHHbIH KO3(p(HULUEHT B NOCTOSHHBIH.

Baok nocrosinnoeo koagpguyuenta tuna CB-4 npuMensiercs
JUIS YMHOXEHUS] NepeMeHHbIX Ha IMOCTOSIHHBIE Ko3(@ULHeHT,
BeJMYMHA KOTOPOTO MOXeT yCTaHaBJMBaTbcs B npegenax ot 0
1o 1 yepes 0,001 ¢ morpemnocthio no 0,01%/. ITpunuunuanbuas

A V-~ ok O N
cxeMa GaoKa noxasaina ia puc. 35, Duiok Tuima CD-4 upepcras-



JsieT co6of cIBOEHHBbIH OJIOK, YTO NO3BOJISIET OJHOBPEMEHHO
HabUpaTh ABa NOCTOSIHHBIX KosddHuuHeHTa. Kaxpas u3s aByx
yacteil 6/10ka npencraBJsseT co60H TpeXAeKaaHBIH HeJHTeJb, CO-
¢raBaeHHblH u3 pexkan i, Hd2 v Hs. Hekaawt i u 2 cocTosT
u3 11 cekuuit (11 npoBosounbix conporuBienuit no 3000 ox u no
600 om coorBeTcTBEHHO), a AenuTeab s — u3 10 cekuuit compo-
TuJenueM 120 om kaxpasi. Cxema 6JioKa COCTaBjieHa TaKUM 06-
pas3oM, YTO KaxKApli C/AelylOLIUil [eJHTeJb LIYHTHPYET [Be CeK-
UMM NpeablaylLlero AeJuTessi, TPUUYeM CONMPOTHBJIEHHE KaXKAOTo
nocaeiyiollero [eJuTesis PaBHO CONPOTHBJIEHHIO ABYX CeKIHH
npeabiyuiero aeautenas. [Ipy TakoM coeluHEHHH NeJHTeN€H Bbl-
IEep>KUBAeTCsl YCJOBHe IOCTOSHCTBA BXOLHOTO CONMPOTHBJIEHHS
6s0ka CB-4 npu nmo6om noJioXKeHHH NepekJiouaTeeil, u o6ecrne-
YMBACTCSI BO3MOXKHOCTbL 3aJaHMsl IIOCTOSIHHOTO KO3dduuueHTa
C TOYHOCTBIO 0 TPEX 3HAKOB BKJJOUHMTENbHO.

12. Baok ynpasaenus mawunpl UIT-5

BJiok ynpaBiieHUst cyKHUT AJ51 HACTPOHKH, KOHTPOJISI U yNpas-
JieHHs paboToii G6JIOKOB ONEepaunyOHHBIX YCHJUTeNeH u G6GJOKOB
mepeMeHHBIX Ko3¢duuueHToB MaimuHbl, B cocraB 6/0Ka BxomsiT
C/leflyiolne CXeMbl:

HacTPOHKH U KOHTPOJIA Hyneu ycmm‘reneu

3aflaHdsl HayaJbHBIX yCJOBUH;

3aUNTEl U CHTHAJNH3alHHU;

VIIpaBJE€HUs] MALIHHBI.

Cxema HAcTpOUKU U KOHTPOAs HYAeld YCUAUTEACH TPOH3BOLUT
YCTAHCBKY HyJeH 12 ycuaurtened, BXOASILUUX B cocTaB OJIOKOB
onepauxoHubix ycuaureneii bOY-2. Hacrpoiika Hygeit kaxmoro
YCHJIHTEJIS] TPOM3BOAUTCSA C MOMOLIBIO- CIIBOEHHBIX COOCHBIX MOTEH;
LHOMETPOB, PYUKH KOTOPBIX BbIBeJ€Hbl Ha JIMLEBYIO maHe b 6J10Ka
ynpasaenusi. s KOHTPOJsS YCTAaHOBKH HyJeil ycuautese
CAYXKHUT BombTMETp, UMetounit 3 mkaasl (100, 2,5 u 0,1 8). Kon-
TpoJL, HyJell ycunuteseii MPOU3BOAMTCA B TOM CJyuae, Koraa
nepexaovuaTesb Ha JHUEBOH MaHeJad Haxoautcs B nosuuuu «IIpo-
BepKa Hyast». IIpy 3ToM BBIXOAB! KaXAOTO YCHJHTEJs MocJef0Ba-
TeJbHO ITOAKJIOUAIOTCS K Mpubopy nmepekJouaTesieM Ha 12 noJo-
KeHnui.

Cxema 3a0arus HAYAAbHbIX YCAOBUL COLEPKHUT NEBSATh COOC-
HBIX MOTEHIHOMETPOB, PYYKH KOTOPBIX BBbIHECEHBl Ha JIHILEBYIO
naneap G6JioKa ynpaBjeHHs. HanpsikeHne Ha NOTEHUHOMETPHI.
nojaeTcsi yepe3 InepekJiouarejbp (mo3uuus «Hau. ycaoBusy).
CCOTBCTCTBYIOILUMH TyMGJiepaMy MPOU3BOAUTCS U3MeHeHHe 3HaKa
3TOr0 HamnpsixKeHHUs, Tak UTO HanpsiKeHHe, COOTBETCTBYIOLee Ha-
yaJbHbIM YCJOBHSIM, MOeT ObITh YCTAHOBJEHO B [HanasoHe
or 0 no =100 8. JIBHKKH NMOTEHIHOMETPOB 3afaHHsl HauaJbHbIX
VCJIOBUH TOJIKMIOUEHK K JeRSTH  KIEMMAM, DACTIONOMEHHEIM

'PHI[OM C KJ1eMMaMH, COeJUHEHHbIMH CO BXOOHBIMU LENSAMH 3ana‘-
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HH5 Haua/bHBIX YCIIOBHI 6/10KOB  OnepalnHOHHBIX yCHHTENEH.
Jlng moAroTOBKM Liemell 3ajlaHMsl HauaJbHBIX YCJOBHH MNPOH3BO-
IMTCS KOMMyTauusi THOKHMH KOMMYTAlHOHHBIMH LIHYpaMH
MeXJy KJeMMaMH HadaJlbHbIX YCJOBHH M KJeMMaMu GJ0KOB Ore-
PaLOHHBIX YCHJIHTeNeH. Kompom; 3aJlaHMsl HayaJbHbIX yCJOBHIl
NPOM3BOAMTCS NPHOOPOM, KOTOpBIA MMeer aBe wwKajawl (10 u
100 8).

CxemoL 3auyutel u cueHaru3ayuu BKIOYAlOT B cebs pese-
OrpaHHyHuTe]H ¢ JO6GABOYHBIMU CONPOTHBJEHHSMU. DTH pese Nof-
KJIIOUEHB! K BbIXOZaM YCHJIMTeJIell MOCTOSIHHOTO TOKa GJIOKOB ore-
PaLHOHHBIX ycHauTeseld. Pese-orpaHuuutesib cpaGaThiBaeT B TeX
clyyasix, KOra BbIXOAHOe HamnpsiKeHHe YCHJHMTE/si IMpeBbiliaeT
JonycTUMble npefensl (+105 £5 8); npu 3TOM BKJOUaeTcs Uenb
CHTHAJIbHOTO peJie, KOTOpOe CBOMMH KOHTAKTaMM BKJIIOUAET CHT-
HaJIbHYIO JIaMIIOYKY M NpeKpallaeT HHTErPHPOBaHMUE.

Cxema ynpasienus maulurol o6ecreynBaeT: CHHXPOHHOE mepe-
KJloueHne pexxuMoB paboTel 6aokoB BOY-2, ynpasienne pa6o-
TOH GJIOKOB MepeMeHHOro Ko3(@uIHeHTa, NOoJyyeHHe OTMETOK
BpEMEHH, CUeT YMCJa UMOYJbCOB. B cxeme ynpaBjeHus HCMOJIb-
3yeTcss NPUHYAMTEJbHAsi CHCTEMa CHHXpOHH3auuH. s CHHXPO-
Hu3auud pa6otbl Bcex OJIOKOB M YCTPOHCTB MaIUHHBI CJOYXKHUT
reHepaTop UMMYJbCOB, COCTOSILIUI U3 NIpepbIBaTe/Isl H KOHTAKTOPA.
TlpepbiBaTesiu oopMJIeHE! B BHJe TPEX CMEHHBIX GJIOKOB M BKJIIO-
yaloT B ce6s asnektpoaBurareau tunma CJ1-60 ¢ nByms 3Be3mgou-
KaMHu Ha BaJay. Kaxpnas 3Be3qouka MMeeT OnpejesieHHOe KoJiHye-
cTBO 3y6uOB, uTo ofecrmeuMBaer MOJyuyeHHe Ha BbIXOJe TreHepa-
TOpa MMNYJbCOB caelylomux yactor: 10, 4, 2, 4/3, 1 u 2/3 ey. dT0
COOTBETCTBYET CJAEAYIOLIUM IlaraM Bo BpeMeHH AJjs GJIOKOB mepe-
MeHHoro Koa¢hduuuenra: 0,1, 0,25, 0,5, 0,75, 1 u 1,5 cex. Onepa-
THBHOE yIpaBJieHHe MaUIMHOH OCYLIECTBJISIETCS C NMOMOILBIO KHO-
nok «Ilyck», «OcranoBka» u «lcx. 1osoxeHues, pacnoyoKeHHbIX
Ha JMUeBOH maHesau 6JOKa yrnpaBJeHHS.



F'araga IV

3AIlAillrl, PEKOMEHAYEMBIE Ji1 PELWMEHHUS
HA MAIUUHAX MINT-5, MH-2 u MH-7

1. JinHeliHble cHcTeMbl’ 0ObIKHOBEHHbIX AH(pdepeHuHaNbHbIX
ypaBHeHHU#

3amaua Ne |. ABTOMOGHJb, OBHXKYLIHHCA CO CKOPOCTbIO
50 xm/uac no nNeAsiHOMY MOJO, pe3Ko TOpMo3uT. Ecau kosddu-
LUeHT TPEHHS MeXIYy LIHHAMH W JbIoM paBen k = 0,2, cnpasel-
JIHBO AH(depeHLMaNbHOe YpaBHEHHe:

d=S

rae S — maauHa NyTH B MeTpax, g — YyCKOpeHHe CBOGOLHOro mnaje-
HUS.
Onpeaenutp AJHHY TOPMO3HOTO NyTH (B MeTpax) W BpeMs TOp-
MOXeHHs (10 NoaHOH oCTaHOBKH). Maciuta6 BpeMeHH — peasib-
HBIH. ,

3anaua Ne 2. Peakrop pa6oraer HEKOTOpOe BpeMsi B yCTa-
HOBHUBLIEMCSl peXHMe U 3aTeM BHe3aNnHO OCTaHaBJuBaercs. V3o-
tonnl Homa (I135) u KceHoHa (Xel35) kK 3TOMY BpeMeHH CO3[alOT
Kouuentpauuio 7,25 101% y 3,05 1015 atoMoB B enuHHlle 06beMa
COOTBETCTBEHHO. 1135 mpespaulaercsi B Xe1%%, KOTOpbIH, B CBOKO Oue-
peib, MpeBpalllaeTcsi B OTHOCHTEJbHO YCTOHUMBHI He3uit Cstds,
STOT mpoluecc pacrnajza ONUCHIBAETCS CHCTEMOH ypaBHeHHH:

al

o =—0,1041, .
dd’ile_ = — 0,075 Xe + 0,104 1.

B cHcTeMe ypaBHeHHH yuTeHO, YTO OJHOMY yacy peaJlbHOro Bpe-
MeHH COOTBETCTBYeT OfIHAa CeKyHAa MallyHHoro BpeMeHH. Haiitu
KoHuleHTpanuyu I u Xe Kak QyHKUHUH BpeMeHH.

3apgaua Ne 3. He6Gosbwioii rpy3 mojaBelleH Ha HepacTSXKH-
MOH HUTH AMHHON { = 100 cm. Ecau npenedpeub conporupiennes
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BO34yXa, IOBeAeHHE 3TOr0 MAasATHHKA ONHCHIBAETCSI ypaBHEHHEM:

d¥% g
wm = ¢=—98¢.

OnpenenuTb MakCHMaJbHOE OTKJIOHEHHE MasiTHHKA, €CJH B MOJIO-
JK€HHH DaBHOBECHs eMy cooOLiaeTCsi TaHTeHLUHalbHasi CKOPOCThL
2 cm/cek, ¢ — yroJ OTKJOHEHHs MasiTHUKA OT MOJIOXKEHHSI PaBHO-
BecHs (B paguaHax).

3anpaua Ne 4. 3arpssHeHHas BOAa COAEPXKHT TPH TPYNIb
6aKTepuil, HMEIOIHX pa3/JHYHYIO CTefleHb COMPOTHBJISIEMOCTH
y6uBawlleMy AeHCTBHIO Ae3HH¢HuMpyoulero Bemectsa. Kaxaas
Tpynna MMeeT SKCMOHEHUHA/bHYI0 3aBHCHMOCTb BEDKHBaHHsS OT
npegBapHTesbHOR 06paboTKH. Bo Bpems nepBoit MUHYTH o6pa-
6oTku norubaer 50°%o 6akrephit I rpynmsl, 3006 — I u 200/ —
ITI rpynnel.

Cucrema ypaBHenHii, onuCblBaIOLas NPOLECC BbKMBaHUA 6ak-
TepuH, UMeeT BUL! )

dx

_F = — 0,693 X,
ay i

ar 0,358 Yy,

- dz

ar = — 0,223 2,

X, Y, 2 B ypaBHeHHsIX — KoHUeHTpauuu 6akrepuii I, II, III rpynn
COOTBETCTBEHHO. ¥ paBHEHHS YUHTBIBAIOT, YTO OJHA MHHYTa peaJib-
HOTO BPEeMEHH COOTBETCTBYeT OIHOIi CEeKyHIe MalUMHHOTO Bpe-
MeHd. Onpenenutb: 1) KOHLEHTPAUUIC KaXAOH rpynnel 6akTepui,
KaK (YHKUMIO BDEMEHM, €CJM HayajbHble KOHUEHTPalHH BCeX
rpynn Gakrepuil paBHbl 10° B KyOHuecKoM MHJJIHMeTpe; 2) mMoJ-
HOe KOJIMYECTBO BLIXKHBAWOWIUX OGakTepHil Bo BpeMeHH; 3) BpeMmsl
06pa6oTKH, HEOOXOAHMOEe [JISi YMEeHblIeHHs KOJIHYeCcTBa BCeX 6akK-
Tepuit 10 1%/0 OT HayaJbHOTO.

Sapaua Ne 5. Kavawwmasics nBepb Bo3BpallaeTcsi K NepBo-
1ayaJbHOMY TOJIOXKeHHI0 npyxKuHoi. [Ipu onpeneseHHOM MOMeH-
Te VHEepUWH LBEPH M ONpeJesieHHOM HeMN(HPYIOLIEM MOMEHTe
TPEHHUs IBHIKEHHE [IBepH, BbIBEJEHHOH H3 COCTOSIHMSI paBHOBeCHS,
OTUCBIBAETCS JIPI(.I)CbepeHIlHaJIbeIM ypaBHeHHeM:

052--&t-, + 0,2 - --1'— 18a=0,

rie o — YroJ OTKJOHEHHs [OBePH OT TOJIOXKEHHS paBHOBECHS
(B pagnanax). Kak wupoKo oTKpoeTcsi [Bepb, OTK/JOHEHHas B
HauasbHbIi MOMeHT Ha 10° ecau eif coobliaercss yraoBasi CKO-
poctb 90°/cex? Kak ponro ona Gyner kone6atbes? Macuwra6 Bpe-

MEHK PCdJlbﬂblYl
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3angaua Ne 6. Peuutsb cucremy nn¢¢>epenuuanbl{blx ypas-
HEHHi:

———Olj,

dy __ .
“ur = —001x— 0,001ty

Hauanbubie ycaoBusi: x(0) = 1; y(0) = 0.
MakcumanbHble 3HaueHUs nepemel—mbxx Xyake =1, Yuare=0,2.
Bpewmst pemienus: ¢ = 100 cex.

3amaua Ne 7. Pewnts cucremy anddepeHuHatbHbIx ypaB:
HEeHHUH:

.95..——001x 0,001 ¢
g = T ORI UL

Hauasnbubie ycnoBusi: x(0) = 0; y(0) = —0,32.

MakcuManbHble 3HAUEHHS MEPEeMBHHBIX! Xyae == 0,8; ¥, 1vc =
=0,32.

Bpems peutenus: £ = 100 cex.

3agaua Ne 8 Pemutb cucremy nuddepeHitnanbubix
ypaBHeHHH:

dx Oly,
) b _001x— 0,01¢
-?it—__ 3 X — U, !/

Hauvaabube yenosus: x(0) = 1; y(0) = —0,32. ‘
MaxkcuMasbHble 3HAUEHUS MEePeMEHHBIX: Xyue==1; Yya.==0,4.
Bpewms pewtenus: ¢ = 100 cex.

Bapaua Ne 9. Pewnts cuctemy nudgpepeHunasbueix ypas-
HeHHH:

A —=0,233y—0,23x 40,12

W —0814z—0421y |0,2u,

zlz

2 =0914u—0,1512 4+-0,1x,

B —3,804x— 0,724y — 1,032 — 3,046 4.

Hayanbuele ycaosus: x(0) =0,9; y(0) = 0,42; 2(0) = —0,5;
u(0) = —0,54.

Bpems pewennsn: { = 20 cen.
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3amaua Ne 10. Pemwnuts cucreMy nuddepeHunalbHbBIX ypas-
HeHUH:

& 00590—}-01010&—402{,

& 08v—459a—0397+10m

—“’ =0,8610v— 7,162 40,126 1 — 9,66 v,
d*(

ar s

Hauanbuble ycaosusi: a(0) =0,1; v(0) = o(0) =y(0) =0.
Bpems peuwtenus: ¢t = 10 cex.

3amnaua Ne ll. Pemwnth cucremy ﬂH(b(bepeHunaJleblx ypaB-
HeHH:

A = 0,433y —0,27x +0612,
‘;*:’—0512—0666x}0,457v,

& —0,660—0,182,

‘fi‘t— —0,33%x—0,355y — z— 0,517 v.

Hauaabuble ycnosusi: x(0) = 0,9; y(0) = 0,65; 2(0) = —0,65;
v(0) =0,78.

Bpewms pewenus: ¢ = 20 cek.

Gamaua Ne 12. Pemutb cucteMy auddepeHuHaNbHBIX YPaB-

HEeHHUH:
/

2~ —3,97—00450 +0,22¢,

_d% =80 —0,760v—58a — 0,343 1,
d“’ =0217+4+093v—-0210w—6,7a,
dt__o To.

Hauanbuble ycaosusi: a(0) = 0,095; v(0) = 0(0) =y(0) =

Bpewms pewenusi: ¢t = 20 cex.

3amaua Ne 13. Peumte cucrémy audpdepeHUHANbLHbIX
ypaBHEHHH:

4% —0,645y — 0,322 x + 0,257,

45 —0,8452— 0,458y + 0,14,
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& 0923u—0,6252 + 0,1z,

A4 — —1,336x 2,956y — 1,304z — 1,364 4.
Hauanbnwule ycioBusa: x(0) = 0,64; y(0) =0,8; z(0) = 0,72;
u(0) = 0,74.

Bpewmsi peutenus: ¢t = 18 cex.
Banaua Ne 14. Pewnrb cuctemy auddepeHunalbHbiX ypas-
HeHHH:

dx
i = 0,45y —_ 0,4\x. .

dy 3
dt—-——0,652 - 0’3:-1./’
dz

__&t_ = 0,644‘ u— 0'2 2.
du

=—0432x— 0851y — 1,212 — 1,854 u.
Hauaabhbie yeaoust: x (0) = 0,85; y(0) = 0,82; z(0) =—0,95;
u(0) = —0,68.
- Bpems pewenus: t = 15 cex.
3apaua Ne 15. Pewnts cucreMy auddepeHunanbHbiX ypas-
HEHHH:

‘fi’; =0,677y — 0,333 x - 0,552, )

A9 — —0556x 40432 + 0,361,
& — 0412240784,
du 9
= 1,36z2—0,412y — 0,21 x — 0,73 u.
Hauvanbnbie yenosus: x(0) = 0,77; y(0) = 0,58; z(0) =—0,72;
u(0) = 0,86.

Bpems pemenus: ¢ = 30 cex.
3apmaua Ne 16, Pewntb cucremy nuddepeHuHalbHbIX YpaB-
HeHHuH:

dx

i = 0,55 Y - 0,3 X,
dy _
7[—0,8552 0,2!/,
dz

W=O’833y - 0,1 2,

ar =0,931v—0,5u,
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—--—0303u)—025v

1'2. = —0,578x — 0,878y — 2,491z — 3,101 u —

dt
—3,827v — 0,825 0.

Hauanbubie ycJaosus: x(0) = 0,903; y(0) = 0,573; z(0) =
= —0,383; u(0) = —0,668; v (0) = 0,598; ©(0) = 0,92.
Bpems pewenus: ¢ = 20 cex.

2. HeJiHHelHHble CHCTEMbBI 0ObBIKHOBEHHBIX
auddepeHUHANbHEIX YPaBHEHUH

Sagaua Ne 1. Boma BhITekaer yepe3 Kpyrjoe OTBepCTHE
auametpoMm d = 2,54 cm, npojesaHHOe B CTeHKe BepPTHKaJbHOTO
UMJIMHApPHUYecKoro cocyna, nuamerpom D = 31 cm. CKopocTb BOAbI

B cTpye paBHa J/ 2gh, rie i — BbICOTa yPOBHs BOABI B LHJHHADE
OTHOCHTeNbHO LeHTpa orBepcTHs. CKOJNBKO BpeMeHu noTpebyer-
cs1, 4yTo6bl ypoBeHb BOABI yman c¢ 8,8 m no 2,8 m, ecau 3TOT npo-
IlecC ONMHChIBaeTCs ypaBHGHPleM‘

3apmaua Ne 2 Pewutb ypaBHeHue Bau-llep-l"lom:
dt’ +ele =G dt Fx=0,

rae ju — Koddduuyent, uMerounii sennuuny ot 0,1 no 1.
Hauanbhble ycJaoBHs:

¥ (0)=0; 2| e

Maxkcumadnblipie 3HaueHHs! NCPEMEHHDBIX!

dx
Xraee =3 < > =
Haw dt MAakKc¢

3agaua Ne 3. Peunth cucremy auddepenunanbibiX ypas-
HelHi:

dx 9 o
T Y
dy o .¢
= 2xy.

Hauanbrble ycaoBus: x(0) = 0; y(0) = 1.
3apaua Ne 4. Pewnrts cucremy ancddeperHunaibHbiX ypas-
HeHHH:
dx
dt
dy
ur =*

=—0.2x40,2x5° — 1.
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HauanbHbie yenoBusi: x(0) = 1; y(0) = 1.
3anaua Ne5 Cpenu HaceneHus: yucsaeHHOCTb0 1000 yeno-

Bek uMeercsa 10 Hocurese#t 3apa3Hoil 6ose3nu; 90 yesoBeK BbLI3JO-
poBesin U uMeloT UMMyHHTeT, a 900 yesoBeK MoABEpIKEHbI 3apa-
xenuo. Kaxawiii 60osbHOMN 3apaxkaer B cpegHeM | 310poBoOro, Ko-
TOpbI# mocje 14 nHeit Bbi3gopaBaMBaeT M mnpuobperaer HMMy-

HHUTeET.

3.
4

Haiitu xak QyHKUHIO BpeMeHHu:

x(t) — 4HCJO MOABEPIKEHHBIX 3apaKeHHIo,

Y (). — 4HCJI0 3apaKeHHHIX,

2(¢) — uucJI0 BBI3JOPOBEBUIMX M MNOJYUYHBLUINX HMMYHHTET,

dx
~jf — 2NMHIEeMUYECKYyI0 KPHBYIO, XapaKTepH3yIollyio NosBJe-

HHE CJyuaeB 3a60JieBaHus.
ypaBHeHl/Iﬂ; ONMHUChIBAKOLIHe 3TH SIBJEHHS, HMEIOT BHI!

dx
"37-= _ 0,001 Xy,

4 — 0,001 xy — 0,072y,
dz
Hauvanbubie yeqoBus: x(0) = 900; y(0) = 10; 2(0) = 90.

IepeyeHb peKOMeHAyeMO# JuTepaTypbl:

Kypc JeKuuii 1o aHajOroBHIM BBIYHCJIMTENbHBIM MallMHAM, YHTaeMbli

B MHUOU.
B. 1. KoraH: DneKkTpOHHBIE MOMAEJHpYIOIIHE YCTPOUCTBA H HX NpHMeEHe-

HHe Ags HCCJIEJOBAHUA CUCTEM 4BTOMATH4YE€CKOro peryJanpoBaHHus.

®duamarrus, M., 1959, 1963.
. U. 3tepMman MaremaruieckHe MaIlHHH HeNpepblBHONO [EACTBHA.

Mawrns, M., 1957.
H. E. Ko6puuckuit. MatemaTuyecKHe MauHHB HeNpepPLIBHOTO HAEHCT-

Bust. Focrexuspar, M., 1954,



OTJIABJIEHHWE

F'nana 1. OcHOBHbie NPHHLMNBI TOCTPOEHMs AHAJNOTOBHLIX BBIUHCIH-

TEJbHBIX MAIUHH

1. Anre6panyeckoe cymmupoBanue (3), 2. MacwraGHoe npe-
ofpazoBanne u nHBepTHpoBanue (4), 3. MHrerpupoBamie (4),
4. YMHOXeHHe Ha NOCTOAHHBIA Ko3dduuuent (5), 5. Ymuoxeie
Ha mepeMeHHbIH Kosdduuuent (6), 6. ITepemHoXeHHe ABYX lepe-
MeHHBIX (6), 7. ®yHKuHOHANbHOe mpeo6pasoBaHue .(6).

F'aapa Il. O6was MeTONHKa peLieHHs CHCTeM OGBIKHOBEHHbIX Audde-

peHLHaJbHbIX YypaBHeHuii Ha ABM . .

[MTopsiioK NMOATOTOBKH CHCTEM zmdpq)epeﬂuuanbﬂux ypaBHeHH
K pewenuto Ha ABM .

1. TlpuBenenne 3amaHHOI cHCTeMBr ypanueuuu P nmly, yu06
HoMy aas MmojeanpoBaHus (9), 2. CocTaBjeHHe CTPYKTYypHOil
cxeMbl coefuHeHuil Mexnay Gmaokamu (9), 3. Pacuer MacwraGoB
BeJMYHH U omlpefeseHHe KO3(h(UIHEHTOB mepefavud OnepauuoHHbIX
yeunuteneit (12), 4. TloarotoBka ¢yHKuHOHAJBHBIX TNpeo6Gpa3oBa-
renelt K pewenuto (14), 5. [ToaroroBka G6J0KOB mepeMeHHOro Ko3d-
tuuuedta K pewesuio (17), 6. KoMmyrauus 6/IOKOB MauiMHbl H
0cO6EHHOCTH KOMMYTAalUHH B pa3iHyHbIX MaluyHax: (18).

Fnapa IIl. OnHcanHe aHAAOroBHLIX BBHIYHCAHTEJbHBIX MAaLUIHH

AnanoroBasi BHUMC/AMTENbHAsi MamuHa THna MH-2
1. HasnaueHHe ycTaHOBKH H ee oOuiue xapax'repucnmu (21)
2. Onepanuonnsie 6moku MH-2 (22), 3. Ycunureau mnOCTOSTHHOIO

Toka (32), 4. Cucrema nuranus maumaet MH-2 (35), 5. Cucrema:

ynpasaenus maumudbsi MH-2 (35), 6. Hekotopele npHeMsl pa6oThl
na wmawuHe MH-2 (anmapatypa o6cayXHBaHHSI M HHIHKA-
uuu) (46).

AHnagnoroBasi BHUMCJAMTENbHAs MawmuHa THna MH-7

7. Haznauenue ycTaHOBKH H ee obuiue xapaxrepucmxu (50),
8. OcHoBHo#t 6a0k mawmaet MH-7 (51), 9. Cucrema ynpasJjieHus,
KOHTPOJIST M cuMrHanu3aumum Maumeet MH-7 (57).

AnanoroBasi BHUHCAHTeNbHas MawuuHa tina MIIT-5. .

10. HasnaueHne yCTaHOBKH M ee OOlje XapaKTepUCTHKH (63)
11. Onepauuonuste .6;oku Mamuus UIIT-5 (64), 12. Baok ympas-
nenrs Mauuuw UIIT-5 (69).

Faasa IV. 3apaun, pekoMeHayemble NJfi pelleHHs Ha MaWKHAX

UNT-5, MH-2, MH-7

Jluneiinble cucTeMbl OGBIKHOBEHHBIX Au(depeHnHaNbHBIX YpaB-
Heﬂnﬁ (71), 2. Henuneiinble cHCTEMBI 06BIKHOBeHHbIX anddépen-
uuanbhbix ypasHernit (7Gj.
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