MHWHOBPHAYKH POCCHUH

®EJEPAJIBHOE I'OCYJIAPCTBEHHOE BIO/UKETHOE OBPA3OBATEJILHOE
YYPEKJIEHHE BBICIIET'O OFPA3OBAHHUSI
«HUKETOPOJICKHM 'OCYJIAPCTBEHHBIN TEXHHYECKHHI
YHUBEPCHUTET UM. P.E. ATEKCEEBA»
(HT'TY)

Q6pazoBaTebHO-HAYYHbIN HHCTHTYT S/IEPHO JHEPreTHKH H TeXHHYecKoi Gu3uKHn
uM. akagemuka ©.M. MuTeHkoBa

BBIl'[yCKaIOIIIaSI Ka(pez[pa «nepHble PEaKTOPhI M SHEPTETUUECKUE YCTAHOBKHAY

YTBEPXKIAIO:

JlupexTop HHCTUTYTA
—— XpoboctoB A.E.
«01» urons 2020 r.

MeToanuecKHne peKOMEHAAMH N0 THCHMILIHHE
«Opranu3zanus ¥ NpoBeleHde HAYYHBIX HCCJIeJ0BAHMID)
OIl BO
nmo HanpaBjaenuio: 14.04.02 flnepHble pu3NKa H TEXHOJOTHH
HanpagneHHOCTb (TiporpaMMBbl): SlnepHsle peakTophl ¥ S9HEPTETHYECKHE YCTaHOBKH

Kpaaudukaunus BLINYCKHUKA: MAZUCHID

Ounas opma o00y4eHHst

r. Hwxauii Hosropox
2020 r



Leabio padoThl SBISIETCS U3YUEHHUE TUHAMUYECKUX CBOWCTB U NIEPEAATOUYHBIX
(YHKIMI TUTIOBBIX 3BE€HBEB CUCTEMBI aBTOMATHUUECKOTO peryaupoBanus. M3yuenue

QJICKTPOHHBIX aHAJIOTOB PCaJIbHBIX 0OBEKTOB.

OCHOBBI TEOPUHA

Cucrema apromaTnuyeckoro peryiaupoBanus (CAP) — coBokynHOCTb
AJIEMEHTOB, MpeIHA3HAYCHHAs VISl TTO/ICP>KUBAHUS 3aJJaHHON BEJIMYUHBI B
OIPEACIEHHBIX MPEJICaXx.

CAP cocrout u3 o0beKTa PEryIupoBaHus U aBTOMAaTHYECKOTO PETYIIATOPA.

OOmenpuHATHIN MOAXO0 ] IPU U3yYeHUU JuHAMUUecKux cBoiicTB CAP
3aKJII0YAETCS B OMPEICTICHUY U3MEHEHUS BBIXOIHOTO CUTHAJIA MPU CTaHIapTHBIX
BXOJIHBIX BO3JCMCTBUSX. Pa3nnyaroT BpEMEHHOM U YaCTOTHBIN aHaJIU3.

B cityyae BpeMEHHOr0 aHaau3a B KaY€CTBE CTAHAAPTHBIX BXOJIHBIX
BO3JICCTBUI BHIOMPAIOT CUTHAJIBI B BUJIC:

- IPSIMOYTOJILHOTO UMITYJIbCa (IPUYEM €T0 JUTUTEIIbHOCTh BRIOUPAIOT MHOTO
MEHBIIIEN XapaKTEPHBIX JIUTEIBHOCTEH MPOLECCOB B UCCIEAYEMOM CUCTEME),
BBIXOJHOM CHUTHAJI HA3bIBAIOT — MMITYJIbCHOM XaPAKTePUCTHUKOMN CUCTEMBI;

- €IMHUYHOTO CKayKa (CTYIEHbKH, TOJIUKA); BEIXOJHOW CUTHAJ HA3bIBAIOT —
MepPexXoHOH XapaKTePUCTUKON CHCTEMBI;

- TMHEMHOHN (PYHKINU.

B ciyyae yacTOTHOrO aHanm3a CTaHJIapTHOE BO3JICUCTBUE — CHHYCOUIAIbHBIN
curHajl. Pe3ynbratoMm aHanusa sSBJISIIOTCS IOJYYEHUE aMIUTUTYHO-4aCTOTHOM 1
(dazo-uactoTHOM xapakTepucTuk cuctembl (AUX n ®YX). AUX - 3T0 3aBUCUMOCTh
KodhunrenTa ycuneHus: CUCTeMbl OT 4acToThl, ®UX - 370 3aBHCHMOCTH (Ha30BOTO
CABUTa CUHYCOMJAIBHOTO CUTHAIA MEXIY BXOJIOM U BBIXOJIOM CHCTEMBI OT YaCTOTBHI.

Perynupyemblii 00BEKT B 00IIEM ClIydae CJI0XKEH, IOATOMY €ro pa30uBaroT Ha
MPOCTHIE COCTABJISIOIINE AIIEMEHTHI - 3BEHbSI. 3BEHOM CUCTEMBI HAa3bIBAIOT €€
AJIIEMEHT MW 9acTh, 00JIAAIONIYI0 OTIPE/ICIICHHBIMA CBOWCTBAMH B IMHAMHYECKOM
oTHolIeHUH. DHU3nyeckass OCHOBA 3BEHA HE UTPAET ONPEIEIAIONIEN POJIH.

[TpocTeitmumu TUOBbIMU 3BeHbsIMU CAP SBISIOTCS: yCWIMTEIIBHOE,
HMHTETPUPYIOIIIee, allepuoInuecKkoe, koyedarenbHoe, nuddepeHuupyomniee u

3aria3JbIBaromice.



B nHXeHepHOM MpAaKTUKE JJIS YIPOILICHUS aHAIU3a U PACYETOB MOJIb3YKOTCS
CUMBOJIMYECKHUM SI3bIKOM, OTIMCHIBAIOIIUM PEAJIbHBIC 3B€HbSI, COCTABJISIIONINE OOBEKT
peryJIMpoBaHUsl, MEPEIaTOUYHBIMU (DYHKITUSIMH.

IlepenaTounas GyHKIUSA ONPENCTACTCI KaK OTHOIIIEHUE 00pa3a BEIXOTHOTO
BO3JICCTBUA K 00pa3y BXOJHOTO BO3ICHCTBUS.

[TycTp MeX Iy BXOJAHBIM BO3I€MCTBMEM X U BBIXOJHBIM CUTHAJIOM Y MMeEETCst

JIMHEWHAs B3aMMOCBS3b, KOTOpasi B 00IIIEM CiIyuyae OMucChiBaeTCs ypaBHeHueM (1):
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BrimosiHUB HasT 00€MME YacTIMH 9TOTO ypaBHEeHUs npeodpazoBanue Jlammaca

IIPpHU HYJCBBIX HAYAJIBHBIX YCIOBHUAX, ITIOJIYYHUM:
r(s) - Y a.s* =x(8)Y b, 5",
k=0 k=0

Y(s) -D(s) =x(s) -k(s),

_Kk(s)
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Benuuunny £\S =(g) Ha3bIBAIOT NepeaaTouHon Gpyukuumei, a DS/ = D a,S
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- XapaKTCPUCTUICCKNM MHOTOYJICHOM.

Takum oOpa3oM, BBIXOHAsI BEJIMUKMHA Y ONpeensseTcsi COOTHOUIEHUEM
Y(S)=X(S)Z(S). )
[TosTomy Y(S) MOXHO TpaKTOBaTh KaK OTKJIMK 3B€HA HAa BXOJIHOE BO3JICUCTBUE BUJIA
X(S). llpuuem Y(S) nomydaercsi IpoCTbIM YMHOXEHHUEM 00pa3a BXOIHOTO
BO3/ICHCTBUA Ha MEPEAATOYHYIO (DYHKITUIO 3BEHA.
DJIEKTPOHHOE aHAJIOTOBOE MOJICJIMPOBAHUE MPOU3BOJIUTCS C IPUMEHECHUEM
OMepaIMOHHBIX ycwiuTele. Ha GyHKIIMOHAIIBHBIX CXEMax YCHIUTENb U300pakatoT

B BUC TPCYT'OJIbHUKA.
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Ycunurens uMeeT ABa Bxojia (IpsIMO U MHBEPTUPYIOIINIA) U OJTUH BBIXOJ.

Xapakrepusyercs nuddepeHunanbHbiM ko3 dunieHTom ycriienus (K, ) , BXOIHBIM

(Rs) ¥ BBIXOJHBIM (R4, ) COMPOTUBIICHUSIMU, & TAKKE aMILTUTYAHO-4acTOTHOU (AYUX)

u (azo-yactotHoit (PUX) xapakrepuctukamu. MaeanbHbIil yCUTUTEh UMEET

O0eckoHeuHoe ycuieHue - K, 06CKOHEYHOE BXOIHOE COITPOTHUBIICHUE - Ry, HYJIEBOE

BBIXOJIHOE COITPOTHUBJIEHUE - R, TUHENHBIE AUX 1 OUX.

B HacTosee BpeMst pa3paboTaHbl U UCIIONB3YIOTCS YCUINTENHN €

napamerpamu — K,=10° — 10°, R,=10" Om, R,,,=1 Om. C AUX u ®UX nuHEHHBIMY B

nmuarna3one yactot ot 0 1o 50 100 I

THUITOBBIE 3BEHbSA CAP

1. YcunurenbpHo€e 3BEHO

OnuceiBaetcs ypaBHenueM: Y=k X. Ilepenarounast pynkuus Z(S)=k.

Mogenupyercst CXeMOu:
R;
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JUis 5TOM CXEMBI CIIPaBeUIMBO K =- R
1

2. MHTeTrpupyIoniee 38€H0

dy 1
OnuceiBaercst ypaBHeHUEM: T Tz =X, Ilepenarounast pynkuus: Z(S) =TS

Moaenupyercs CXemMou:

. Usbzx

JList aToi cxemsl clipaBemninBo: 1=RC.

3. AnilepuoanyecKoe 3BeHO




dy
OnuceiBaercs ypaBHEHUEM T’ ot Y =kX | [lepenaTounast GyHKus Z(S) =
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5. InddepeHimmpyroiiee 3BEHO

k
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ax
OmnuceiBaercs ypaBHeHueM ¥ =T ot [lepenarounas ¢pynkuus Z(S) =TS

Mogenupyercs CXeMOu:

UG bIX

L

Jlnst aTou cxemsl cipaBemyinBo 7=R C.

6. 3ama3apIBaroiiee 38€HO

Peanuzyet ¢pyHKIMIO 3a1€pKKHU BXOHOTO CUTHAJIA HA 3aIaHHOE BpeMs £ .
Monenupyercs, HanpuMep, MPH IMOMOIIKM MarHUTO(QOHA BapHalield CKOPOCTH
JIBMKCHUS JICHTHI WJIM YUCIICHHBIMUA METOAaMH (B TaHHOH paboTe HEe
paccMaTpUBaIOTCs).

[lepenarounas ¢hyHKIMS 3BeHa Z(S) =exp(-1S),

Takum O6p3,30M, nepecaIaToOIYHbIC q)YHKHI/II/I JJIA TUIIOBBIX 3BCHBCB TAKOBBI:

- YCUIIMTENBHOE 3BEHO Z(S)=k;
1
- HHTETPHUPYIOIIEE 3BEHO 2(9)=7g "
k
- aIePHOANYECKOE 3BEHO 209=75 471"
- K0JIeOATEeIbHOE 3BEHO 2= 2 +75+1°
2 1

- nuddepennupyromiee 38eH0  Z(S)=TS;

- 3aMa3/AbIBarollee 3BeHO Z(S)= exp (-tS).

AHAJIN3 JMHAMHWYECKNX CBOMCTB AITIEPUOJJAYECKOI'O 3BEHA
[lycTh 00BEKT ympaBiieHHs 3a7aH MepenaToyHor (yHKIMEH, UMEIoIEend BU
anepuoandeckoro 3sena Z(S ) = 1/ (TS+1).
B Hnagasie paccMOTpUM MEPEXOJHYI0 XapaKTEPUCTHKY OOBEKTa YMNpaBIICHUS.
[lepexognasi XapaKTePUCTHKA - ATO PEAKIIUS CUCTEMBI Ha CKAYKOOOpa3HOE BXOJHOE
BO3/CHCTBUE.

BxomHoe Bo3nelicTBrE BO BpEMEHHOM 001acTH



Xt)=0 nput<y0,

X@t)=X, nput =0,

B JlammacoBckoit obmactu X(¢) = X,/ S.

[Tockonbky mepenaTounas GyHKIs 00bekTa ynpasienus Z(S) = 1/ (TS+1), To
CUTHAJI Ha BbIXOJIE O0BEKTA yIPABICHUS UMEET BU/T

Y(S) = Z(S) - X(S) = X / S(TS+1).

Jlyis monmydeHus SBHOTO BUa (DYHKIIUW BBITIOJIHUM OOpaTHOE TpeoOpa3oBaHue

Jlarutaca, Bocmoib30BaBIIKCh (opmynoi XKopaana.

Xapakrepuctuueckoe ypasuenue D(S)=S(TS+1)=0.
Ero xopuu S,=0, S>=-1/T.

[ToncTanoBka HalJIEHHBIX KOPHEN B Tpou3BoHYI0 dD/dS naet
D'(S;)=0;, D'(S;)=-1/T.

Oo6patHoe nipeoOpazoBanue Jlamnmaca umeeT BUI:

Y(t) =X,

1- exp

['padrueckuii BuA nepexoiHON XapaKTepUCTUKU allepHUOIMYECKOTO 3BeHa

MIPEICTABIIEH HA PUCYHKE.
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Tenepp HalileM aMIUTATYIHO-9aCTOTHYIO M (ha30-9aCTOTHYIO XapaKTePUCTUKA
(AUX u ®UYX) uccnenyemoro 3BeHa (AYUX - xk03pGdUIMEHT yCWIIEHUS 3BE€HA OT

YaCTOTHI, dYX - (I)aSOBLII‘/II CABUI' TAPMOHHYCCKOTI'O CHUI'HAJIa MCKIY BXOIOM H

BBIXOJIOM B ()YHKIIUU YACTOTHI).

Jliist aTOoTO B NiepenaTouHon GyHKIuu Z(S) = IIPOU3BENIEM 3aMEHY S Ha

78 +1



jo ¥ pa3fenuM NOJy4YeHHYI0 JpoOb Ha JEMCTBUTENbHYIO U MHUMYIO YacTU IIyTEM
YMHOKEHHUS YUCIIUTENS U 3HAMEHATENsl Ha KOMIIEKCHO CONPSKEHHBIA 3HAaMEHATENb.
B pesynbrare nomyunm:

1 -jor'+1l 1 To
JoT +1 - joT+1 To+l ' To+l.

Z(jw) =

Hanee naxoaum AUX

Z( jow )| =N Re* + Im? :;2
A1 +(Tw)

oYX
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Bun dpyskiun AUX n @YX npuBeieH Ha pUCYHKAX:
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MOPSAJOK BBIINTOJIHEHUS PABOTbBI
JIJ1st MoienTMpoBaHusT OOPATHBIX CBSI3€H MCIOJIB3YETCs AJICKTPOHHBIN CTCHI, B
COCTaB KOTOPOT'O BXOMST: IUIAHIIET, OJIOK MUTAHUS U DJIEKTPOHHO-TYIEBOM
octiuiorpad ( UHIUKATOD).
[lepen HagamoM paboTHI y MpemnoaBaTelis WIH y9eOHOTO MacTepa MOJIyIUTh

3aJ1aHHUC C YKA3aHHUEM BH A 3BCHLCB, ITOIC)KAIINX U3YYCHUIO.

BkiiroueHnne anmaparypsl U 10CJI€I0BATEIbHOCTh BbINOJHEHUSI Pa00ThI



l. Bxrounts 6510k nutanus nepeBojom tymoiepa "Cers'" B BepxHee
MIOJIO’KEHHUE.
2. BxuirounTts ocumuuiorpad (asis aroro tym6iep "CeTs'" nepeBonM B BEpXHEe
MOJI0KEHUE).
3. [IpeaBapuTensHO pydKH yNpaBieHUs: Ha OCHIIIIOrpad)e yCTAaHOBUTD B CIACAYIOIINE
TTOJIOXKEHUS:
"PazBeptka" 50 Mkc/men
"Vcunenne" 2 B/nen
4. lobuTbCsi CHHXpOHM3AIMY Jiyda ocuusuiorpada (yCToMuyuBOTro u300paykeHus
ocuuuiorpammsl) pyukamu "Crabunuzanusa” u "YpoBeHs'.
5. IlepexntoyaTenu Ha TJIAHIIETE YCTAHOBUTH B CIEAYIONIUE MTOJOKECHHUS:
"Pabora" 1,
"Briok curaanos” |,
"3BeHO" MOJKIIOYUTH UCCIETYEMOE 3BEHO.
6. Pyuxkamu "<> ", "T " u "Pa3BepTka" BbIOpaTh yn00OHOE [l HAOJIIOICHUS
M300paKEHUE MTEPEXOTHON XapaKTEPUCTUKU CUCTEMBI, TTOCIIC YETO 3apHUCOBAThH
MOJIYYEHHYIO OCIIUJUIOTPaMMY.
7. TlepexrouaTeu Ha TJIAHIIETE YCTAHOBUTH B CIIEIYIONTUE TTOJIOKECHHUS:
"Pabora" 1,
"Bnok curnaiioB" sin mt,
"QacTora" mocnemoBarensHo 1, 2, 3,...
8. Pyukamu " <", " T" u "Pa3BepTka" BHIOpaTh YJI00HOE /I HAOIIOACHUS
M300paXe€HNEe BXOHOTO Y BBIXOIHOTO CUHYCOU/IAJIbHBIX CUTHAJIOB.
9. U3mepuTh nepuoi CUTHAIOB HAa BCEX YaCTOTaX M 3alUCaTh pe3yJbTaT B TAOIHUITY.
10. 3anucaTh aMIUTMTY/IbI BXOJTHOTO M BBIXOJHOTO CUTHAJIOB, a Tak)Ke UX (ha30BbIi
CIBUT Ha BCEX YACTOTaX.
11. Ilepexnrouarenem "3BeHO" MOAKIIOUUTH CIEAYIOIIEE UCCIEYEMOE 3BEHO U

noBTopuTh 0. 5-10 atoro pazzaena.

OBPABOTKA PE3YJIbTATOB U3MEPEHUH
1. TToctpouTts nepexoiubie xapakrepuctuku, AUX n @YX ucciie10BaHHbIX

3BCHBCB.
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2. ITo nmepexoIHBIM XapaKTEPUCTUKAM PACCUUTATH ITOCTOSIHHBIE BPEMEHU U

KO3 (PUIIMEHTBI yCUIICHUS.

OPOPMJIEHUE OTUETA
1. Otuet opopmuTh Ha McTax nucue Oymaru gpopmara A4.
2. OT4eT JOMKEH COePKaTh CIEAYIOIINE OCHOBHBIC YACTH:

- opMyIIUPOBKY 1i€JId PadOTHI;

- rpaduYeCcKUil MaTEepHall ¢ pe3yJIbTaTaMU U3MEPEHUIA, & UMEHHO TIEPEXO/THBIC

xapakrepuctuk, AHUX n ®YUX ucciieIoBaHHBIX CUCTEM.

- pacyeT MOCTOSIHHBIX BPEMEHH CUCTEM.

- pacuet u nnoctpoeHne AUX nu ®UX cucreM, NCTIONIb3ys HAUICHHBIE TI0
MEPEXOJHBIM XapAKTEPUCTUKAM MTOCTOSIHHBIE BPDEMEHU U KOHCTAHTHI.

- BBIBOJIbI O TIPOJICIIAHHOMN paboTe.
3. I'padnueckue Matepualbl BBIIOJHUTh BpYUHYH0. OHU JIOJKHBI COAEPKATh SICHO
YUTAEMbIE OCHU U JICJICHUS, PA3MEPHOCTH UCIIOJIb3YEMbIX BEIUYUH, U3MEPEHHBIE

TOYKH U KPHUBBIC, HGO6XOI[I/IMI)IG INOsJACHCHHUA U T. 1.

KOHTPOJIBHBIE BOITPOCHI
1. HazoBute Tunoseie 3BeHbsi CAP, nx Haznauenue. [Ipunuun neicteus
3JICKTPOHHBIX AHAJIOTOB.
2. Uro Takoe nepenarouynas ¢pyHkuus 3seHa, AUX u ®YX?
3. UTo Ha3bIBA€TCSl BPEMEHHBIM M YaCTOTHBIM aHAJIM30M 3BeHa?

4. Yo Takoe XapaKTEpUCTUUECKOE YPaBHEHHE?

PEKOMEHAYEMAS JIMTEPATYPA
1. T'eiinep JI.b. BBenenue B TEOpUIO aBTOMaTHYECKOTO PETYJIMPOBAHUS.
MuHnck, 1967.
2. KmoeB A.C. ABromatuueckoe peryiupoBanue. M., 1973.
3.Tutue Y., lenk K. ITonynpoBogHukoBasi cxeMorexHuka. M., 1983.
4. TTuckynos H.C. luddepenimaibaoe u MHTErpaibHOe ucuucienue. M.,
1985.
4. T'op6aneBuy E.JI. Jleeunzon ®@.dD. AHamoroBoe MoICTUPOBAHUE CUCTEM

ynpasieHus. M., 1984.
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ITpunoxenue
N3mepenne AUX nu @YX cucreMsbl IpH MOMOILIH OCHUILIIOrpada
Hwnxe nmpuBeneH XxapakTepHbIA BUJ CUHYCOUIAJIBHBIX CUTHAJIIOB HA BXOJIE U BBIXOJE

CHCTCMBEI.

T —
e

Bx. curnan <>

BrIx. curaan \
— A

4B Ao

/ Aebix

T — 360°
0

1. OmpenenseM 4acTOTy CUTHAJIa KaK BEJIMYMHY, OOpaTHYIO niepuony, =1/t
(w=21f).

2. Koo duimeHT yCuiieHns Ha 3TOW YaCTOTE €CTh OTHOMICHUE - Agy/Aex

T
3. ®a3oBblil CABUT HAXOAUTCA 1O hopmyre ¢p=3 60T—x :
0

4. OtpunatenbHbIM (ha30BbIA CIBUT CUUTAETCS, €CIIM BBIXOJJHON CUTHAI OTCTAET OT
BXOJJHOTO.

5. Jlns u3MepeHui ucnoJib3yeTcs npaBasi 4aCTh CUTHAJIOB, T/1€ 3aBEPLICHbI
MEPEXOAHBIE MPOLIECCHI, BEI3BAHHBIC BKIIFOUCHUEM T'€HEpATOpa CUHYCOUIAJIBHOTO

CHUIrHajia.
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Leabio padoThl SBISIETCS U3YUEHHUE TUHAMUYECKUX CBOWCTB U NIEPEAATOUYHBIX
(YHKIMI TUTIOBBIX 3BE€HBEB CUCTEMBI aBTOMATHUUECKOTO peryaupoBanus. M3yuenue

QJICKTPOHHBIX aHAJIOTOB PCaJIbHBIX 0OBEKTOB.

OCHOBBI TEOPUHA

Cucrema apromaTnuyeckoro peryiaupoBanus (CAP) — coBokynHOCTb
AJIEMEHTOB, MpeIHA3HAYCHHAs VISl TTO/ICP>KUBAHUS 3aJJaHHON BEJIMYUHBI B
OIPEACIEHHBIX MPEJICaXx.

CAP cocrout u3 o0beKTa PEryIupoBaHus U aBTOMAaTHYECKOTO PETYIIATOPA.

OOmenpuHATHIN MOAXO0 ] IPU U3yYeHUU JuHAMUUecKux cBoiicTB CAP
3aKJII0YAETCS B OMPEICTICHUY U3MEHEHUS BBIXOIHOTO CUTHAJIA MPU CTaHIapTHBIX
BXOJIHBIX BO3JCMCTBUSX. Pa3nnyaroT BpEMEHHOM U YaCTOTHBIN aHaJIU3.

B cityyae BpeMEHHOr0 aHaau3a B KaY€CTBE CTAHAAPTHBIX BXOJIHBIX
BO3JICCTBUI BHIOMPAIOT CUTHAJIBI B BUJIC:

- IPSIMOYTOJILHOTO UMITYJIbCa (IPUYEM €T0 JUTUTEIIbHOCTh BRIOUPAIOT MHOTO
MEHBIIIEN XapaKTEPHBIX JIUTEIBHOCTEH MPOLECCOB B UCCIEAYEMOM CUCTEME),
BBIXOJHOM CHUTHAJI HA3bIBAIOT — MMITYJIbCHOM XaPAKTePUCTHUKOMN CUCTEMBI;

- €IMHUYHOT'O CKauyKa (CTYIEHbKHU, TOJIUKA); BEIXOJHON CUTHAJI Ha3bIBAIOT —
MepPexXoHOH XapaKTePUCTUKON CHCTEMBI;

- TMHEWHOHN (PYHKINU.

B ciyyae yacTOTHOrO aHanm3a CTaHJIapTHOE BO3JICUCTBUE — CHHYCOUIAIbHBIN
curHajl. Pe3ynbratoMm aHanusa sSBJISIIOTCS IOJYYEHUE aMIUTUTYHO-4aCTOTHOM 1
(dazo-uactoTHOM xapakTepucTuk cuctembl (AUX n ®YX). AUX - 3T0 3aBUCUMOCTh
KodhunrenTa ycuneHus: CUCTeMbl OT 4acToThl, ®UX - 370 3aBHCHMOCTH (Ha30BOTO
CABUTa CUHYCOMJAIBHOTO CUTHAIA MEXIY BXOJIOM U BBIXOJIOM CHCTEMBI OT YaCTOTBHI.

Perynupyemblii 00BEKT B 00IIEM ClIydae CJI0XKEH, IOATOMY €ro pa30uBaroT Ha
MPOCTHIE COCTABJISIOIINE AIIEMEHTHI - 3BEHbSI. 3BEHOM CUCTEMBI HAa3bIBAIOT €€
AJIIEMEHT MW 9acTh, 00JIAAIONIYI0 OTIPE/ICIICHHBIMA CBOWCTBAMH B IMHAMHYECKOM
oTHolIeHUH. DHU3nyeckass OCHOBA 3BEHA HE UTPAET ONPEIEIAIONIEN POJIH.

[TpocTeitmumu TUOBbIMU 3BeHbsIMU CAP SBISIOTCS: yCWIMTEIIBHOE,
HMHTETpUpYIOIee, alleproinueckoe, koyebdarenbHoe, muddepeHnupyroiiee,

3aria3JbIBaromice.



B nHXeHepHOM MpAaKTUKE JJIS YIPOILICHUS aHAIU3a U PACYETOB MOJIb3YKOTCS
CUMBOJIMYECKHUM SI3bIKOM, OTIMCHIBAIOIIUM PEAJIbHBIC 3B€HbSI, COCTABJISIIONINE OOBEKT
peryJIMpoBaHUsl, MEPEIaTOUYHBIMU (DYHKITUSIMH.

IlepenaTounas GyHKIUSA ONPENCTACTCI KaK OTHOIIIEHUE 00pa3a BEIXOTHOTO
BO3JICCTBUA K 00pa3y BXOJHOTO BO3ICHCTBUS.

[TycTp MeXy BXOJAHBIM BO3I€MCTBUEM X U BBIXOJHBIM CUTHAJIOM Y UMeEeTCst

JMHENHas B3aMMOCBSI3b, KOTOpPas B OOIIEM Cily4ae ONUChIBAaeTCs ypaBHeHHEM (1):

X Y n y
3BHO Zak — =
0

dk
S L 5 dt

()

o M§
S

QU

=

S

BrimosiHUB HasT 00€MME YacTIMH 9TOTO ypaBHEeHUs npeodpazoBanue Jlammaca

IIPpHU HYJCBBIX HAYAJIBHBIX YCIOBHUAX, ITIOJIYYHUM:
r(s) - Y a.s* =x(8)Y b, 5",
k=0 k=0

Y(s) -D(s) =x(s) -k(s),

K(s)
- ovls) =22 x(s).
OTKyna: D(s) (2)
(s) _K(8) . .
Bemuuuny 218/ =y HaspiBaloT nepesiatounoi hyukime,
a D(s) =3 a,S" - XapaKTePUCTUIECKUM MHOTOUJICHOM.
k=0

Takum oOpa3zoM, BeIXOAHAsl BeInurHa Y(S) onpenensercss COOTHOUIEHUEM
Y(S)=X(S)Z(S). 3)

To ectb BbIXOHOM curHan Y(S) siBI€TCS OTKIMKOM 3BE€HA HAa BXOJIHOE BO3/ICUCTBUE
Buna X(S). llpuuem Y(S) momydaercst mpocTbIM YMHOKEHHEM 00pa3a BXOIHOTO
BO3/ICHCTBUA Ha MEePEAATOYHYIO (DYHKIIUIO 3BEHA.

DIEeKTPOHHOE aHAJIOTOBOE MOJIEIMPOBAHUE TTPOU3BOUTCS C MPUMEHEHUEM
OMepalMOHHBIX ycunuTene. Ha GyHKIIMOHAIBHBIX CXEMaxX YCHIUTENb U300pakaroT
B BUJIE TPEYTOJbHUKA.

Ipsamoit
Bxonabr Bxon

NuBepcHbIn ®




Ycunurens uMeeT ABa Bxojia (IpsIMO U MHBEPTUPYIOIINIA) U OJTUH BBIXOJ.

Xapakrepusyercs nuddepeHunanbHbiM ko3 dunieHTom ycriienus (K, ) , BXOIHBIM

(Rs) ¥ BBIXOJHBIM (R4, ) COMPOTUBIICHUSIMU, & TAKKE aMILTUTYAHO-4acTOTHOU (AYUX)

u (azo-yactotHoit (PUX) xapakrepuctukamu. MaeanbHbIil yCUTUTEh UMEET

O0eckoHeuHoe ycuieHue - K, 06CKOHEYHOE BXOIHOE COITPOTHUBIICHUE - Ry, HYJIEBOE

BBIXOJHOE COMPOTUBIICHUE - Ry, TUHENHYI0O AUX U HysneBy10 OUX.

B Hacrosiniee Bpems pazpaboTaHbl U IPUMEHSIOTCS YCUIIUTENH € ITapaMeTpamMu

— K;=10°—10%, R,=10" Om, R,,,=1 Om. C AUX nuneiinoii, a ®UX Hynepoii B

muarna3one yactot ot 0 mo 1000w,

THUITOBBIE 3BEHbA CUCTEM ABTOMATHYECKOI'O YIIPABJIEHUA

1. YcunurenpHo€e 3BEHO

OnuceiBaetcs ypaBuenueM: Y=k X. Ilepenarounast pynxuus Z(S)=k.

Mogenupyercst CXeMOu:

R
R
US)C !
— U
) — R2
Jluist 5TOM CXEMEBI CIipaBeinBo K =- R
1
2. MHTeTrpupyIoniee 38€H0
dy 1
OnuceiBaercst ypaBHeHUEM: T Tz =X, Ilepenarounast pyHkuus: Z(S) =TS
Monenupyercst CXemMou:
i
Us R C
. Usbzx

Jlnst atout cxemul: T=RC.

3. AneproInyecKoe 3BEHO




dy
OnuceiBaercst ypaBHeHUEM 7' 7t Y =kX . [lepegatounast (pyHKLIHS

k

Z(5) :TS +1

Mopenupyercs cxemoi

—_— U6 bLX

o R
s atoit cxemel: T=R,. C, k =?

4. KonebareapHOE 3BEHO

a’y . dy
OnuceiBaercs ypaBHeHUEM 7, A +T, ot Y =kX .

k
T,S) +T,S +1

I[lepenarounas gynxuus Z(S) =

Mopenupyercs cXxeMou:

Uex R 1 R 5
—1 1 Usux

C; —— R;

Hf

R,

1 1 1 1 R,
+

JI1 3TOU cxeMbl 1, = - —1:
Jnst otoid exemsl Lt =% b o\ r e TR RC R, |

1
T2 ————— k:£+1-

- JRCR,C, > R,



5. duddepennupyroiiee 38eHO

dx
OnuceiBaetcs ypaBHeHuem Y =T o [lepenarounas dhyukuus Z(S) =TS

Mopenupyercs cXxeMou:

—

C R

)
-/

U8blx

L

Il aToit cxembl: T=R C.

6. 3amna3apIBaroinee 38€HO

Peanuzyet GpyHKIMIO 3a1€pKKHA BXOJHOTO CUTHAJIA HA 3aIaHHOE BpeMs £ .
Monenupyetcs, HalpuMmep, Py TOMOIIKM MarHUTO(hoHa Bapualueii CKOpoCcTH
JIBUKEHUS JICHTHI WJIM YUCIICHHBIMUA METOAaMHU (B TaHHOH paboTe He
paccMaTpUBarOTCS).

[Tepenarounas pyHkius 3BeHa Z(S) =exp(-1S),

Takum 00pazoM, nepeaaToyHble (PYHKIMU 17151 TUTIOBBIX 3BEHHEB TAKOBBI:

- YCUJIUTEIBHOE 3BEHO Z(S)=k;
1
- UIHTETPUPYIOIIEe 3BEHO Z(S):E’
k
- anepruoINIECKOE 3BEHO Z(S)= TS +1’
- KoJIe0aTeIbHOE 3BEHO Z(S)= (.52 +7S+1"
2 1

- nuddepennmpyromee 38eHo  Z(S)=TS;

- 3aMa3AbIBaroIlee 3BEHO Z(S)= exp (-tS).

AHAJIN3 JMHAMUWYECKHUX CBOMCTB AIIEPUOJJUYECKOI'O 3BEHA
[Tycth 0OBEKT ympaBieHHUsS 3aJaH MEpenaTOYHON (DyHKIHEH, UMEIomen BHl
anepuoauieckoro 3seHa Z('S ) = 1/ (TS+1).
B Hauane paccMOTpUM MEpPEeXOAHYI0 XapaKTEPUCTHKY OOBEKTAa yIpaBJICHUS.
[lepexognasi XapaKTepUCTHKA - 3TO PEAKIIUS CUCTEMBI Ha CKAYKOOOPa3HOE BXOJHOE

BO3JIEUCTBHUE.



BxoaHoe Bo3nelicTBUE BO BpEMEHHOM 00J1aCTH 3alMChIBACTCS TaK:

X)) =0 nput<yo,

X@#) =Xy nput =0,

B JlarutacoBckoii obnmactu X(S) = X,/ S., rae S — JlanmnacoBckas nmepeMeHHasl.

[Tockonbky mepenaroyHas PyHKIUS OOBEKTa YMpaBICHUS (aepruoandecKoro
3BeHa) - Z(S) = 1/ (TS+1), To curHasl Ha BBIXOJIE 00BEKTa YIPABICHUS UMEET BUJT

Y(S) =Z(S) - X(S) = Xo / S(TS+1).

Jlsist monmydeHus sBHOTO BUa (YHKIIUU BBITIOJIHUM OOpaTHOE TpeoOpa3oBaHue
Jlanumaca, Bocmosib30BaBIIKCh opmysioi XKopaana.

Xapakrepuctuieckoe ypauenue D(S)=S(TS+1)=0.

Ero xopuu S,=0; S,=-1/T.

[ToncTaHOBKa HAMIEHHBIX KOPHEH B BBIpaKEHUE JJIs1 TPOU3BOAHON dD/dS naet
D'(S))=0, D'(S;)=-1/T.

Oo6patHoe npeoOpazoBanue Jlamnaca umeeT BUI:

Y(t) =X,

1- exp

['padprueckuii Bua nepexoIHON XapaKTePUCTUKU allepHOIMYECKOTO 3BeHa

MPECTaBICH HAa PUCYHKE.

x(t)

Xo

(BXOJTHOM CHUTHAM)

()

Xo (BBIXOHOM CHTHAI)

// IIepEX0IHasA XapaKTePUCTHKA
' 3BEHA

= #T ™

Tenepr HalileM aMIUIUTYIHO-9aCTOTHYIO M ()a30-4aCTOTHYIO XapaKTePUCTUKU
(AYX u ®YX) uccneayemoro 3BeHa (AUX — 3aBUCUMOCTb KO3 HUIHEHTA YCUICHUS
3BeHa OT 4acToThl, ®UX - (a30BbIi CABUT TAPMOHUYECKOTO CUTHAJIA MEXIY BXOJIOM

H BBIXOJOM B 3aBUCHUMOCTH OT I-IEICTOTBI).
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JUia 3TOoro B mepeaaToyHol (PyHKOMM 3BeHa Z(S) = 3aMEHUM

75 +1

JlanmacoBCKyr0 NEpEMEHHYHO S Ha KOMIUIEKCHYKO YacTOTy jw W pa3aeiauM
INOJIYYCHHYIO ,Z[p06b Ha JICUCTBUTEIBHYIO MU MHUMYIO 4YacTH. [ 3TOro ymMHOXUM
YUCJIUTEIb U 3HAMEHATEIb (byHKuI/II/I Ha KOMIUIEKCHO COIPSKEHHBIM 3HAMEHaTelb. B

pe3yNbTaTe MONTyYUM:

1 - joT'+1 1 Tw

2 ) = _ o
(JO) =21 = joT+1 To+l ’To+l.

Hanee nHaxogum AYX

Z( jew) =N Re* + Im? =1 >
1/1+(Ta)}

oYX

p(w) =Arctg

I_m] IArctg(- Tw)
Re .

Bun pysnkimit AUX n @YX npuBeeH Ha pUCyHKax:

3

|ZOa))| |
1

(e
~

~
ev

. \ a)'
-7t/2

MOPAAOK BBIIIOJTHEHUS PABOTHBI
JIist MOIeTMpOBaHUS OOPATHBIX CBSA3EH UCIOB3YETCS SJICKTPOHHBIN CTCHI, B
COCTaB KOTOPOT'O BXOJIAT: TUIAHIIET W 3JIEKTPOHHO-TY4YEeBOM ociuiorpad
(MHAMKATOD).
[lepen HauagoMm paboOTHI y MPENOIaBaTENs WU Y4eOHOTO MacTepa MOTyIUTh

3a/IaHUC C YKA3aHNCM BHIa 3BCHLCB, IMOJICKAINNX U3YUYCHUIO.



BkiiioueHnne annapatypsbl ¥ M0CJ1€10BATEILHOCTh BINOJIHEHUST PAa00ThI
1. Bxmrounts 6510k iutanus nepeBogoM tyMmoiepa "Cerb" B BepxHee
MOJIOKEHHE.
2. Bxatounts ocuusuiorpad (s atoro tymonep "Cets" nepeBoanM B BEpXHEE
MIOJI0KCHUE).
3. [IpeaBapuTebHO pyUKH YNPaBIEHUS HA OCHHIIIOrpad)e yCTAHOBUTD B CIAEAYIOIINE
MTOJIOKEHUSL:

"PazBepTka" 50 mkc/men

"Vcunenne" 2 B/nen
4. JlobuThbCsi CHHXpOHHM3ALMU Jyda ocuusuiorpada (yCToiMuuBOro n300pa>keHus
ocyiorpamMmsl) pyukamu "Cradunmzanus’ u "YpoBeHs'.

5. TlepekiiroyaTeny Ha MIAHIIETE YCTAHOBUTD B CIICAYIOLINE MOJIOKECHHUS:
"Pabora" 1,
"biok curuanos" L
"3BeHO" MOJKIIOYUTH UCCIIEAYEMOE 3BEHO.

6. Pyukamu " <> ", "T " u "Pa3BeprTka" BbIOpaTh yn0OHOE [JIs1 HAOIIIOICHUS

M300paXeHre MepexoHON XapaKTEePUCTUKN CUCTEMBI, ITOCTIE YETO 3apHCOBaTh

MOJIYYEHHYIO OCHUJIJIOTPAMMY.

7. TlepexitoyaTenu Ha MJIAHIIETE YCTAHOBUTD B CIEAYIOUIUE MTOJOKEHHUS:

"Pabora" 1,
"Biok curHanos" sin wt,
"YactoTa" mocaegoBarenbHo 1, 2, 3,...

8. Pyukamu " <>"," T" u "Pa3Beptka" BbIOpaTh yno0HOE A1 HAOIIOICHUS

M300paX€HNE BXOHOTO W BBIXOJIHOTO CMHYCOMJIAJIbHBIX CUTHAJIOB.

9. M3ameputh nepuo; CUTHAJIOB Ha BCEX YAaCTOTAaX U 3alucaTh pe3yJbTar B TAOJUILY.

10. 3anucarh aMIUIUTY/ bl BXOJIHOTO Y BBIXOJHOTO CUTHAJIOB, a TakxKe UX (ha3oBbIil

CJIBUT Ha BCEX YaCTOTax.

11. Tlepexntouarenem "3BeHO" MOAKIIOUUTH CIEAYIOIIEE UCCIIEyeMOE 3BEHO U

MOBTOPUTH n1l. 5-10 3TOrO pazaena.

OBPABOTKA PE3YJIbTATOB U3MEPEHHMI
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1. TToctpouTts nepexoubie xapakrepuctuku, AUX n @YX ncciie10BaHHbIX
3BEHBEB.
2. ITo nmepexoIHbIM XapaKTEPUCTUKAM PACCUUTATH MTOCTOSIHHBIE BPEMEHU U

KO?((DUIMEHTHI yCUIICHUS.

OPOPMJIEHUE OTUHETA

1. Otuer opopmuTh Ha JMcTax nucuen Oymaru popmara A4.
2. OTYeT AOHKEH COAEPKATh CIEAYIOIINE OCHOBHBIEC YaCTH:

- popMyIHUPOBKY €N PabOTHI;

- rpaduyecKuil MaTepHall ¢ pe3ysibTaTaMyd U3MEPEHUI, & UMEHHO NIEPEXOIHbIE
xapakrepuctuku, AHX n @YX ncciie1oBaHHbIX CUCTEM.

- pacyeT MOCTOSIHHBIX BPEMEHU CUCTEM.

- pacuet u noctpoenre AYX nu @YX cucrtem, UCNONb3ys HAIEHHBIE 1O
NEepPeXOAHBIM XapaKTEPUCTUKAM MOCTOSIHHBIE BPEMEHU M KOHCTAHTBI.

- BBIBOJIbI O IIPOJIEJIAHHOM padoTe.
3. 'padmyeckure MaTeprasbl BHITIOTHUTH BpyuHYI0. OHU JOKHBI COAECPKATH SICHO
YUTAEMBIE OCH U JIEJICHUS, PAa3MEPHOCTH UCIIOJIb3yEMBIX BEJIUYHH, H3MEPEHHbIE

TOYKH U KPHUBELIC, HCO6XO)II/IMBIC IIOSJICHCHUA U T. 1.

KOHTPOJIBHBIE BOITPOCBHI
1. HazoBute Tunoseie 3BeHbsi CAP, ux HazHauenue. [Ipunuun aeicTBus
AJICKTPOHHBIX aHAJIOTOB.
2. Yo Takoe nepenarouyHas GpyHkuus 3BeHa, AUX nu @UYX?
3. YUto Ha3bIBaE€TCS BPEMEHHBIM M YaCTOTHBIM aHAJIM30M 3BeHA?

4. Yto Takoe XapaKTepUCTUYECKOE YPAaBHEHHE?

PEKOMEHAYEMAA JINTEPATYPA
1. T'eiinep JI.b. BBeaeHue B TEOpUIO0 aBTOMATUUYECKOTO PETYJIUPOBAHUS.
MuHnck, 1967.
2. KimroeB A.C. ABromaTuueckoe peryimposanue. M., 1973.
3. MenpHukoB B.M. JluHamuyeckue MpoOLECCHl MpU peryiupoBanuun ADY.
['oppkuit, 1987.

4. Turue Y., lllenk K. ITonynpoBoanukoBas cxemorexuuka. M., 1983.
11



5. [InuckynoB H.C. JInddepennuanpHoe u MHTErpalibHOE HcunciaeHre. M.,
1985.
6. 'opbanesuy E./I. JleBunzon @.®. AHanoroBoe MOJAEIMPOBAHUE CUCTEM

ynpasiienus. M., 1984.

ITpunoxenue

HN3mepenue AUX u @YX cucremMbl Npu NOMOIIH ocuuuiorpaga

Huxe IIPpUBCACH xapaKTeprIﬁ BHUJI CHHYCOUJAJIbHBIX CUT'HAJIOB Ha BXOJIC U BbIXO/IC

CUCTEMBI.
A
T —
9
Bx. curnan <>
A
Brix. curnan \
— A
4B o
/ Asbix
. v
T — 360°
1. OmpenenseM 4acTOTy CUTHAJIa KaK BEJIMYMHY, OOpaTHYIO niepuony, =1/t

12

(w=21f).

KoadhdummenT ycuneHus Ha 3TOH 9aCTOTE €CTh OTHOMICHUE - A gy/Asx
o TX
®da30BbIN CIBAT HAXOIUTCS IO popMyie ¢=3 60T— :
0

OTtpunarenbHbIM (pa30BbIil CABUT CUUTAETCS, €CJIM BBIXOJHOM CUTHAJ OTCTAET OT
BXOJHOTO.

JU1st n3MEpEHUH UCIIONb3YETC MpaBasi 4aCTh CUTHAJIOB, T1€ 3aBEPILIECHBI
IIEPEXOIHBIE NIPOLIECCHI, BBI3BAHHBIE BKIIIOUEHUEM T'€HEPATOPA CUHYCOUIAIBHOTO

CHUIrHajia.



OCHOBbBI TEOPUH
OOpaTHasi cBsI3b MIPaeT TJIABHYIO POJb B OCYIIECTBIEHUU CHUCTEM
aBTOMAaTU4ECKOI0 peryiaupoBaHus. CMbICH OOpaTHOM CBSI3U 3aKJIHOYAETCA B MOAAUE
YacTH BBIXOJHOI'O CUTHajla Ha BXOJ OOBEKTa YINpaBJIEHUS IOCJIE TOW MJIM UHOH €ro
obpaborkun. Ha mpakThke B OOJIBIIMHCTBE CIy4aeB MCIIOJIB3YIOT CHUCTEMBbI
aBTOMAaTHYECKOr0 YIpaBJICHHUs C OOpaTHOM CBsA3bIO, padoTarouieil Mo MPUHIUITY

KOMIIEHCAIIMK BO3MYIeHus (puc.1).

@— Z(5) — =

XS 25 e XS

Puc. 1. ®DyHKUMOHanbHAs CcXeMa BKIIOYEHHS OOpaTHOM CBA3M B CHUCTEME
YIPABJICHHUS.

Z(S) - nepenatouHas GyHKUMS OOBEKTA yIPABICHUS;

H (S) - nepenarounas GpyHKIUsE 0OpaTHOU CBSI3H.

S - nepeMeHHas Jlamaca

IepenaTrounas ¢pyHkuus cucreMsl (puc.l) 3anuceiBaeTcst B BULE

__ Z(S)
ws) 1+ Z(S)H(S) (D)

Pa3auyaior KecTKyl0 U ruOKyi0 odOpaTHblie cBsi3u. [Ipu xecTkoi 0OpaTHOI
ces3u H(S) = K. ITpu rubkoit oOpaTHoit cBsa3u H(S) siBasiercs pyHKIuen S.

CucreMbl TOJJISKAIINE YIPABIEHUIO MOTYT OBITh YCTOMYHUBBIMU, HEYCTOWYHBBIMH U
HEOIIPECIICHHBIMHU.

Cucrema ycToilumBa, €CJIM IOCJE MPEKPALICHUS BXOJHOTO BO3JCHUCTBUS €€
BBIXOJIHAsI BEJIMYMHA BO3BPALACTCA B COCTOSIHUE, ONIPENEIIEHHOE CTaTUYECKOU
XapaKkTEepUCTUKON cuctembl. HeycTolMumBOM cuCTeMa SABISACTCS, €CIU I10CIe
IIPEKPAILEHAS] BXOJHOIO BO3JECHCTBUS €€ BBIXOJAHAS BEJIMYMHA COBEPIIAECT
He3aryxaromne konebanusi (kosebdareiapbHasi HEYCTOWYMBOCTD). WIJIM HEOTPAHWYEHHO
BO3pacTaeT (PKCHOHEHIMallbHasg HeycTolunBocTh). HeompeaeneHHbIi cucTeMa

SABJICTCA B CJIydac, CCJIM IMOCJC IMPCKpallCHUA BXOJIHOI'O BO3I[€I‘/IICTBI/I$I BbIXOJHAasd
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BEJIMUYMHA (PUKCUPYETCS Ha TOCTUTHYTOM YPOBHE.

JUia  orBera Ha BOIpoCc 00 YCTOMYMBOCTH CHCTEMBl PETYJIMPOBAHUS
HEOOXOMMO aHAJIUTUYECKH MCCIEA0BATh KOPHU XapaKTEPUCTUYECKOTO MHOTOUJIEHA
D(S) (3HameHartens nepenaToyHOM (PYHKIMH, KOTOpas MMEET BHJI pallMOHAIbHOU

ApoOM), MyTEM PELLIECHUs] YPABHEHUS:
D(S) =a+a S+aS+..+a, =0 (2)
Jiist cucteM ¢ 0OpaTHOI CBA3BIO
D(S)=1+7Z(S)-H(S)=0 3)
Cucrema ycCTOWYMBA, €CIIM BCE JIEUCTBUTEIBHBIE YACTH KOPHEW 3TOrO
ypaBHEHHUSI OTPULIATEIIBHEIL, T. €. cpaBeyIuBO o < 0 B Sy = ax + 7 fr.

Ecnu MHHMMast 4yacte XoTd Obl OJHOTO KOpHS ypaBHEHUS (2) He HyJeBas, TO
BBIXO/IHAsl BEJIMUMHA MOXKET COBEpILATh KoJieOaTeIbHbIE JBMKECHUS.

Yacto mouck kopHeW ypaBHeHHUs (2) 3aTpyAHEH, MOITOMY I OLEHKH
YCTOWYMBOCTH CHCTEMBI YIPABIICHUS UCIIONb3YIOT KPUTEPHH YCTOHYMBOCTH.

Hampumep, npumenstoT anrebpandeckuii kputepuii Payca-I'ypBuiia, KoTopslii
CBUJETENBCTBYET, UTO CUCTEMA YCTOWYMBA, €CIIM B XapaKTEPUCTUUECKOM YPaBHEHUU
(2) Bce k03 DULTMEHTHI ay, dj,...A, TTOTOKUTEIIbHBI.

Kpowme Toro, npu crenenu nonunoma D(S) OonbllieM 4yeM J1Ba, HaKJIabIBAIOTCS
JOTIOTHUTEIIbHBIE YCIOBUS, B YACTHOCTH, MTPU N =3 HEOOXOAMMO, YTOObI a; a> > ay as,

anpun=4-a,aas-asa’ -apas’ > 0.

AHAJIN3 CUCTEMBI ABTOMATHYECKOI'O YIIPABJIEHUSA C
"KECTKOW OBPATHOM CBSI3bIO.
[lycTh 00BEKT ympaBiieHHs 3a7aH MepelaToyHor (yHKIMEH, UMEIoIend BUJ

uHTerpupytomiero 3seHa Z (S ) = I/ TS, a nepenarounas QyHKIUs 3Be€Ha 00OpaTHOM

cBs3u - H (S) = K (puc.2).

@— Z(S)=1/TS sy
X(S
& I THs) =k
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Puc.2. ®yHkImoHabHas cXeMa CHCTEMBI YIPABJICHHUS C KECTKOH OOpPaTHOW CBS3BIO. (JKeCTKast
o0paTHasi CBfI3b - XapaKTepU3yeTCcsl TeM, YTO CHTHaJl Ha BBIXOJE ILEeNU OOpaTHOM CBS3H

MpONnoOpuUUOHAJICH OTKJIIOHCHUIO BbIXO,I[HOfI BGJ'II/I‘II/IHBI).

B nauane paccMOTpuM MEpexoJHYI0 XapaKTePUCTUKY OOBEKTa YIpaBIICHUS C
OTKJIFOYCHHON OOpaTHOW CBSI3pI0 (NepexoaHasi XapaKTepUCTHKA - 3TO peakuus
CHUCTEMBI Ha CKaYKOOOpa3HOE BXOJIHOE BO3JICUCTBUE).

BxoaHoe Bo3nelicTBHE BO BpEMEHHOM 001aCTH 3aITUCHIBACTCS:

X)) =0 nput<yo,

X@) =X nmput =0,

B JlamacoBckoii oomactu: X(2) = X/ S.

[Tockonbky mepenatounas (yHkuus oObekra ympasieHus Z(S) = 1/ TS, To
BBIXOJTHASI BEJTUYHMHA:

Y(S) = Z(S) - X(S) = X,/ TS.?

O6patHoe npeoOpazoBanue naet: Y(t) = Xy-t / T , T.e. BIXOAHAsI BEIUYMHA

€CTh JINHEWHas QYHKIHSI.

[lepenarounast GyHKIUS CUCTEMBI C OOPaTHOM CBS3BIO

wis)= HS)____1 1

1
T1+H(S)Z(S) TS+K K LTS
K

Kak BumuM, 310 mepenaTounas QyHKIHS aniepruoIUIECKOTO 3BeHa, TTOCTOSHHAS
BpeMeHu KoTtoporo paBHa 1/K, a Kod(DPUIIMEHT yCWICHHUS B YCTaHOBUBIIEMCS
pexume 1/K..

BbIxo/1Has BeIMYMHA 3aMIMCHIBAETCS CIEAYIOINUM 00pa3oM:

X 1
Y(S)=Ww(S) Xx(§)="L ———
S K '{1+TS}

Oo6partHoe npeobpazoBanue Jlamnaca:

Xy

v() ==

1- exp

g
T

|

['pacdprueckuii BUA nepexoIHbIX XapaKTEPUCTUK MPEICTABIEH Ha puc.3.

A

x(1)

X
0

(a)




o
(0)

xO

Puc.3. TlepexoHble XapaKTepH-

0 T t CTUKU CUCTEM:
() 4 ]
X, (8) (6) - 6e3 oOpaTHOM CBS3U
k| (B) - ¢ 0OpaTHOM CBS3bIO
0 T/k p > (a) - BXOJIHOM cHUTHAI

Haiinem aMImimnTy 1HO-4acTOTHYIO B (pa30-9acTOTHYIO Xapaktepuctuku (AUX u
dUX) uccneayemoro oobekta (AUX - 3T0 3aBUCUMOCTDh KOXh(UIIMEHTA yCUIICHUS
oT yacToTbl, PUX - 3aBUCUMOCTH (PA30BOT0O CABUIa FTAPMOHUYECKOTO CUTHAJA MEXIY
BXOJIOM M BBIXOJOM OT YaCTOTBHI).

Buauane Beruncianm AUYX u @YX obbekTa ynpapieHus: 6e3 00paTHOM CBs3U

. 1 :
Jliis aTOrO B epenaTouHoit GpyHkuuu Z(S) =75 TPOHU3BEIEM 3aMEHY SHajw

H pa3aciiuM II0JIYYCHHYIO I[pO6I> Ha HCﬁCTBHTﬁHBHYI-O U MHHUMYIO 9aCTH:

. 1 o1
Z(jw) =——=0- j—

joT Tw
Hanee naxoaum AUYX :
2
Z( jol =V Re?+Im? =0+ L] =L
Tow Tw

OYX :

Tw

Im
e

w ) = Arct
p(w) gl %

= Arclg[

;

AUX u OUYX cucrembl ¢ O00paTHOM CBSI3bIO HAXOMSTCS CIOCOOOM,

il
2

AHAJIOTMYHBIM PACCMOTPCHHOMY BBIIIIC.

wes)=—-1!

B nepenatounoil ¢pyHKuMM K |, TS npousBoquM 3aMeHy S Ha jw U
MOJIy4aeM:
- T -jw
w(s) _1 1 : K _ 1 .[1_][T_‘“”
T jw T jw 2
1+ I- K|1+ Ta)]
K K K




AYX HaxoIuTcs Kak

Z(jo) = =

K-\/1+
To
K b

Bun pynkimit AUX u @YX npuseneH Ha puc. 4

dYX HaxoguTcs Kak

@p(w) =Arctg

(a)
A
l/ﬁ(’) T w’\B)
Puc.4. AMIUINTY THO-4aCTOTHBIE
> a, B 1 (pa3o-4acToTHbIE O, T' Xa-
/T @
Zh PAKTEPUCTUKU CUCTEM:
) n(/)7 w ( 6; a, 0 - 0e3 oOpaTHOI cBA3H;
B, T - C 0OpaTHOM CBSI3bIO.
n /T
0 P
arctg(- 1/k) (r)
- 1/2

MNOPAAOK BBIIIOJTHEHUSA PABOTDBI
JU1s MOZIETMPOBAHUS CUCTEM C OOPATHBIMH CBSI3IMHU UCIIOJIb3YETCS
AJIEKTPOHHBIN CTEH/, B COCTaB KOTOPOr0 BXOAAT: IUIAHIIET, OJIOK MUTaHUS U
AJIEKTPOHHO-TTY4YeBOM ocimiuiorpad ( HHIUKATOP).
[lepen nHauamom paboTHl y NpenojaBaTesis Wik yueOHOTro MacTepa MoJIy4YnuTh

3aJlaHu€ C yKa3aHUeM BUa OOpaTHON CBS3U CUCTEMBI, MOAJIEKAIIEH N3yUYECHHUIO.



BkiiroueHnne anmaparypsl U 0CJI€10BATEILHOCTH BINOJHEHUS PadoThI

1. Bxmrounts 6510k iutanus nepeBoaoM tyMmoOiepa "Cerb" B BepxHee
MIOJIOKEHHUE.

2. Bxmounts ocimuuiorpad (asis aroro Tymoiep "CeTs" mepeBoAUM B BEpXHEe
MOJI0KEHHE).

3. Pyuku ynpaBieHust Ha ocliyuiorpade yCTaHOBUTD B CIEAYIONINE TTOJIOKESHHUS:

"PazBeptka" 50 Ws/pen

"Vceunenune" 2 B/nen

4. J1obuThCsi CHHXPOHM3AIUY Jy4a ocuuiuiorpada (yCToMunBOro n300paskeHus
ocuuuiorpammsl) pyukamu "Crabunuzanusa” u "YpoBeHs'.

5. IlepexntouaTenu Ha IJIAHIIETE YCTAHOBUTH B CIEAYIOUIUE MTOJIOKEHHUS:

"Pabota" 2

"Biok curHanos" |

"OG6parHas CBsi3b" OTKIL

6. Pyukamu " <", " T" u "Pa3BepTka" BHIOpaTh y100HOE /I HAOIIOACHUS
M300paKEHNE MEPEXOTHON XapaKTePUCTUKHU CUCTEMBI, MIOCJIE YETO 3apHUCOBATh
MOJTYYEHHYIO OCHUJIJIOTPAMMY.

7. Bxmounts nepexitoyatens "OOpaTHas CBA3b'", yCTAHOBUTH 3a/IaHHbBIC
MPETo/IaBaTeieM BU/l U BEIMYUHY OOpaTHOU CBSI3U U JACHCTBOBATH COTJIACHO TI. .

8. [lepexiroyaTen Ha TUTAHIIIETE YCTAHOBUTH B CIICAYIOIINE TTOJIOKEHUS:

"Pabora" 2

"Biok curHanos" sin wt

"OOpaTHas CBsI3b" OTKIL

"YacroTa" - mociiemoBareipHO 1, 2, 3,...

9. Pyukamu " <", " T" u "Pa3Beprka" BbIOpaTh y100HOE JJIs1 HAOIIOICHUS
M300paXe€HNEe BXOJHOTO U BBIXOIHOTO CUHYCOUIAJIbHBIX CUTHAJIOB.

10. U3mepuTh nepruoj CUHYCOUIAIbHBIX CUTHAJIOB Ha BCEX YaCTOTAaX U 3alUCaTh
pe3yabTaT B TaOIUILY.

11. 3anucarh aMIIUTY bl BXOAHOTO W BBIXOJHOTO CUTHAJIOB, a TAKIKE UX

(1)330BBII>'I CABHI HAa BCCX HaCTOTax.

12. Bximrounts niepexitoyatens "OOpaTHas cBsi3b'', yCTAHOBUTD 33/IaHHbIE



MpernojiaBareieM BU/ U BEIMUMHY OOpaTHOM CBS3U U IEMCTBOBATH COTJIAcHO M. 11.

OBPABOTKA PE3YJbTATOB U3MEPEHUI
1. [TocTpouth nepexoHbIe XapaKTEPUCTUKU CUCTEMBI 0€3 00paTHOMN CBSI3U
U C BKJIFOUYEHHON 00paTHOM CBSI3bIO.
2. [Toctpoutrs AUX 1 ®UX cuctemsbl 63 00paTHOM CBSI3U U ¢ BKIIOUSHHON

o0paTHOM CBSI3U.

OP®OPMJIEHUE OTYETA

1. Otuet opopMuth Ha nucTax nucuend Oymaru popmara A4.

2. OT4eT NOMKEH COACPKATh CIEIYIONINE OCHOBHbBIE YaCTH:

- (opmynupoBKy 1511 padboThI;

- rpaduyeckuil MaTepHuall ¢ pe3yJibTaTaMUd U3MEPEHH, a UMEHHO
nepexoaHbie xapaktepuctuku, AUX n @UX ucciie10BaHHBIX CUCTEM.

- pacyeT MOCTOSIHHOW BPEMEHU CUCTEMbI 0€3 00paTHOM CBSI3U 110 ee
NEPEXOAHON XapAKTEPUCTHUKE.

- pacuet u noctpoenne AUYX u @YX cucremsl 6e3 00paTHOM CBS3H,
WCIIONb3YSl HAMIEHHYIO ITOCTOSIHHYIO BPEMEHH.

- pacueT MOCTOSHHOM BpeMeHU U Kod(uireHTa nepeaadn CUCTEMBI C
0OpaTHOM CBSI3bIO 10O €€ NEPEXOAHON XapaKTEPUCTHUKE.

- pacuet u noctpoerne AUX u @YX cuctembl ¢ 00paTHOM CBS3BIO,
HCIIOJIb3YSI HAalJIEHHbIE TTOCTOSIHHYIO BpeMEHU U KO3 (UIIUEHT MepeIayu.

- BBIBOJIBI O MPOJICNIAHHOM padoTe.

3. I'paduueckue maTepuaibl BHIMOIHUTH BpYUHY0. OHU TOJDKHBI COJEPKAThH
SICHO YATAaE€MbI€ OCHU U JIEJICHUS, Pa3MEPHOCTh UCIIOJIb3YEMbIX BEJIUYHH,

HN3MCPCHHBIC TOYKHN U KPUBLIC, HCO6XOI[I/IMBIG INOACHCHHUA U T. AO.

KOHTPOJIBHBIE BOITPOCHI
1. Kakue Buzbl oOpaTHbIX cBsizeil Bbl 3HaeTe?
2. Ha3zoBuTe KpUTE€pUH yCTOMYMBOCTH CUCTEM C OOPATHOH CBS3BIO.

3. Yro Takoe XapaKTepUCTUUYECKOE ypaBHEHUE?



4. B xakoM ciiydae cucTeMa C MOJIOKHUTEIIbHON OOpaTHON CBS3BI0 COXPAHSET
YCTOMYUBOCTB?
5. [louemy nipu aHanM3€ yCTOMYMBOCTH CUCTEMBI HCCIENYIOT KOPHU

XapaKTEPUCTUYECKOTO YPaBHEHUA?

PEKOMEHIAYEMAS JIMTEPATYPA
1. T'eiinep JI.b. BBeneHue B T€OpUI0 aBTOMATHYECKOTO PETYJIMPOBaHUsA. MUHCK,
1967.
2. KmoeB A.C. ABromatuueckoe peryiupoBanue. M., 1973.
3.Tutue Y., llenk K. [TomynpoBonHukoBas cxemorexHuka. M., 1983.
4. TTuckynos H.C. [luddepennuanbHoe n nHTErpaibHoe ncuucienne. M., 1985.
5. T'opGaneBuy E.JI. JleBunzon @.D. AHanoroBoe MoJeIMPOBaHUE CUCTEM

ynpasieHus. M., 1984.

[Ipunoxenue 1
N3mepenune AUX u @YX cucremMbl NpU NOMOIIH ocuuuiorpadga
Hwxe nmpuBeieH XxapakTEpHBIN BUJI CUHYCOUJATIbHBIX CUTHAJIOB HA BXOJIE U BBIXO/IE

CHCTCMBbI
X

Bx. curnan <>

Brix. curnan \
ol A

4B 4,

/ ASblx

10

7 — 360°
0



1. Onpenensem 4acTOTy CUTHaJA KaK BEJIMYUHY, OOpaTHYIO Nepuoay- =1/t
(w=27f).

2. KoadhurmeHT ycuiaeHus Ha 3TOH 9YaCTOTE €CTh OTHOIICHUE - A gy/A g

3. ®a3oBeIil cABUT HAxXoAUTCs 10 opmydie - ¢=3607/T)

4. OrpunaTenbHBIM (a30BBIA CIBUT CUUTACTCS, €CIIM BBIXOIHON CUTHAI OTCTAET OT

BXOJIHOTO.
JInst u3MEepeHn UCOJIB3YIOTCS MPaBasi 4aCTh CUTHAJIOB, TIE 3aBEPILICHBI

MEPEXOJAHBIC ITPOLECCHI, BLISBAHHBIC BKIIFOUCHUCM I'CHCPATOPA CUHYCOUIAJIBHOT'O

CHUIrHajia.

[Tpunoxenue 2

UB ST T

e - p—
/ UssIx, ¢ OC

/
/7

{, MKC
0

Puc.1. [lepexoaHbie XapaKTEpPUCTUKN CUCTEMBI C BKIIFOUEHHON 0OpaTHOMU CBSI3bIO U

0e3 Hee.

/A

68blX 86X

A\ (a)

. Tpan | \

o £ ki

(©)

o
ot

Y

(=
Y

-1t/2 % ¥ £




Puc.2. AMmintygHo-4yactoTHas (a) u pazo-dyactorHas (0) XapaKTEpUCTUKU CUCTEMBI

0e3 oOpaTHOM CBS3U

A8blx /AEX
A . (B)
%
‘\ﬁ\\ %
£, k'
0
@,rpan
A
(T)
O >
E— /1, k'

"N
\ +

| A

-7t/2

Puc.3. AMmintyiHo-4acToTHas (B) U pazo-yacToTHAs (T) XapaKTEPUCTUKHU CUCTEMBbI

C BKJIFOYEHHOU 00paTHOI CBA3BIO.

12



Leabro padoThl SBISETCS U3YUCHHE BIUSIHUS OOpaTHOW CBSI3W HA TIOBEACHUE U

YCTOWYUBOCTb pabOTHI CUCTEM aBTOMaTHuecKoro ynpasienus (CAY).

OCHOBbI TEOPUM
OOpaTHast CBfI3b WrpacT TIJIABHYIO pPOJb B OCYLIECTBIECHUHU CHUCTEM
aBTOMATHYECKOro peryiaupoBaHus. CMbICT OOpaTHOM CBSI3M 3aKJIIOYAETCs B IMOjaue
JaCTH BBIXOJHOT'O CHTHAJla Ha BXOJ 0OBEKTa YIpaBJICHHUS IOCIIC TOW WJIM WHOH €ro
oOpabotkn. Ha mnpaktuke B OOJBIIMHCTBE CIIy4aeB MCIHOJIB3YIOT CHCTEMBI
aBTOMATHYECKOTO YIPABJICHUS] C OOpaTHON CBs3bIO, padOTaromieil MO MPUHIUITY

KOMIIEHCAIlK Bo3MyIieHus (puc.l).

@— Z(S)

XS 1 sy e Y8

v

Puc. 1. ®yHkiuoHanbpHas cxeMa BKIIIOUEHUS! OOpaTHOM CBSI3U B CUCTEME YNIPaBJICHMUSL.
Z (S ) -nepenatounas GyHKIMS 0ObEKTA yIIPABICHUS;
H (S) - nepenarouyHas (yHKUHS OOpATHOM CBS3H.
S - nepemeHHas Jlamnaca

IepenaTounas ¢pyHkuus cucreMsl (puc.l) 3anucsiBaeTcs B BULE

Z(S) |
1+ Z(S)H(S) (1)

w(s)=

Pa3iuyaior kecTKy0 U ruOKyi0 o0OpaTHble cBs3u. [Ipu sxecTkoli 0OpaTHOI
ces3u H(S) = K. Tlpu rubxoit o6patnoit cBsazu H(S) sensercs GyHkuuen S.

Cuctembl nojjieKae yrnpaBIeHUI0 MOTYT ObITh YCTOMYMBBIMU, HEYCTOMUHUBBIMU U
HEOIPEICIICHHBIMU.

Cucrema ycroilumBa, €ClIM IOCJIE MPEKPALICHUS BXOJHOTO BO3JCHUCTBUS €€
BBIXOJHA BEJIMYMHA BO3BPAIIAECTCA B COCTOSIHUE, OIPEICICHHOE CTaTUYECKOU
XapaKTepUCTUKOM cucTtemMbl. HeycroyuBoM cucTeMa SBJISACTCA, €CIH IOCTE
MPEKpaIIeHus BXOJHOIO BO3JACHCTBUSA €€ BBIXOJIHAS BEJIMYMHA COBEpIIACT

He3aryxarome konebanusi (konebdareabHasi HEYCTOWYHBOCTD). WIJIM HEOTPAHUYCHHO

BO3pacTaeT (PKCHMOHEHIMalbHAas HeycToiunBocTh). HeompeaeneHHbIli cucTeMa



ABJISIETCS. B CIIy4ae, €CIIA IOCJIE MPEKpalleHUsT BXOJHOTO BO3JICUCTBUSL BBIXOJHAS
BEJMYHMHA (PUKCHUPYETCS HA IOCTUTHYTOM YPOBHE.

Jlis  oTrBera Ha BONpPOC 00 YCTOWYMBOCTH CHCTEMBI PETYIHPOBAHUS
HEO0OXO/IMMO aHAJTUTUYECKU UCCIEI0BATh KOPHU XapaKTEPUCTUYECKOTO MHOTOUJICHA
D(S) (3HameHaTensi mepenatoyHoil (PYHKIMU, KOTOpask UMEET BUJI PAlMOHAIBHOM
IpoOM), MyTEM PEIlICHUs YPABHEHUS:

D(S)=a+aS+aS+.+a, S'=0 (2)

Jliig cuctem ¢ 00paTHOM CBS3BIO

D(S)=1+7Z(S)-H(S)=0 3)

Cucrema ycTOWuYMBa, €CJIM BCE JICUCTBUTEIBHBIE YACTH KOPHEW 3TOro

ypaBHEHUS OTPULATENbHBIL, T. €. clipaBeyiiB0 o < 0 B Sy = ax + 7 [r.

Ecnu MHMMast acte XoTs Obl OJJHOTO KOpHS ypaBHEHUs (2) HEe HyJeBas, TO
BBIXOJIHAs! BEJIMYMHA MOXET COBEpIIATh KOJieOaTeIbHbIEC TBUKEHUSI.

YacTto mnouck KOpHEH ypaBHEHUs (2) 3aTpyIHEH, MO3TOMY [Jisi OLICHKHU
YCTOMYMBOCTH CUCTEMBI YIIPABJICHUS UCIIOIb3YIOT KPUTEPUH YCTONYNBOCTH.

Hanpumep, npumensoT anredbpandyeckuid kputepuil Payca-I'ypBunia, KoTopslii
CBUJETENBCTBYET, UTO CUCTEMA YCTOWYMBA, €CIIH B XapaKTEPUCTUUECKOM YpPaBHEHUU
(2) Bce k02 DUITMEHTHI dy, A, ...d, TTOTOKUTEIIBHBI.

Kpome toro, npu crenenu noiauHoma D(S) 6oJbIeM 4eM JIBa, HAKJIaIbIBAIOTCS
JIOTIOTHUTEIIbHBIE YCIIOBUS, B YACTHOCTH, MIPH N =3 HEOOXOAMMO, YTOOHI a; a> > ay as,

aHpI/In=4-a;agag-a4a12-aoagz>0.

AHAJIN3 CUCTEMBI ABTOMATHYECKOI'O YIIPABJIEHUSA C
"KECTKOH OBPATHOM CBSI3bIO.
[lycTh 00BEKT ympaBiieHHs 3a7aH MepenaToyHor (yHKIMEH, UMEIoIEend BU

uHTerpupytomiero 3seHa Z (S ) = 1/ TS, a nepenarounas QpyHKIIUs 3BeHa 00OpaTHOM

cBsi3u - H (S) = K (puc.2).

@— 7(S)=1/TS sy
X(S
© I THS) =K

A




Puc.2. ®yHKIIMOHaNBHAS CXEMa CHUCTEMbI YIPABICHUS C >KECTKOM 00paTHOM CBs3bI0. (JKeCTKas
o0paTHasi CBSI3b - XapaKTEpPU3yeTCs TEM, UTO CHUTHAJ Ha BBIXOJIE LIETIH 0OpaTHOU CBSI3U
MPOIMOPIIMOHANIEH OTKJIIOHEHUIO BBIXOIHOW BEJIMYUHBI).

B magane paccMOTpUM TEpPEXOHYIO XapaKTEPUCTUKY OOBEKTa YIPABICHUS C
OTKJIFOYEHHON OOpaTHOW CBS3bIO (MEpPeXoqHAsl XapaKTePUCTHKA - ITO PEaKIUs
CHUCTEMBI Ha CKaYKOOOpa3HOE BXOJIHOE BO3JICUCTBUE).

BxonHoe Bo3nielicTBHE BO BpEMEHHOM 001aCTH 3alIUCHIBAETCS:

X)) =0 nput<yo,

X@#) =Xy put >0,

B JlamacoBckoii oomactu: X(2) = X/ S.

[Tockonpky mepemarouHas (yHKIUs oObekTa ymnpamieHus Z(S) = 1/ TS, T1o
BBIXOJTHASI BEJTUYHMHA:

Y(S) = Z(S) - X(S) = X,/ TS.?

O6patHoe npeoOpazoBanue naet: Y(t) = Xy-t / T , T.e. BIXOAHAsI BEIUYMHA

€CTh JINHEWHAs (PYHKITHSI.

[lepenarounast GyHKIUS CUCTEMBI C OOPaTHOM CBS3BIO

Z(S) 11 1
w(s) = =— =
) IS IS+K
K

1+ H(S)Z(S) K |

Kaxk BHUJIUM, OTO II€pCaAaTOYHasA (i)YHKIII/ISI arIcpuoaANICCKOro 3B€Ha, roCTossHHas

BpeMeHu KoTtoporo paBHa 1/K, a Kod(DPUIIMEHT yCWICHHUS B YCTaHOBUBIIEMCS

pexume I/K..
BrixogHou curnan B JlanminacoOBCKOM MpPENICTABICHUM 3alMUCHIBACTCS CIEIYIOIIUM
obpazom:
X 1
Y(S)=W(S)-X(S)="3 ———7
N
K- |l+—

O6patHoe npeoOpazoBanue Jlaraca gaeT SBHbINA BUJI BBIXOJHOTO CUTHAA!

|

['padraeckuii B mepexoIHBIX XapaKTEPUCTUK MPECTaBICH Ha puc.3.

X

v(r) ==

l-exp-%-K

X(1)

X
0

(a)

\



()

()
X
0
0 T ;.
Y
X, (B)
0 T/ :r

Puc.3. Ilepexoanbie XapakTepUCTUKU CUCTEMBI: (0) - 6e3 00paTHOI CBS3H;
(B) - c oOpaTHOM CB3bIO; (a) - BXOJIHOM CUTHAI

Haiinem aMmiuTy1HO-4aCTOTHYIO M (pa30-4aCTOTHYIO XapakTepuctuku (AUYX u
dYX) uccnemyemoro oobekta (AUX - 3T0 3aBUCUMOCTh KOA(DPUIIMEHTA YCUIICHUS OT
yactoTel, ®YX - 3aBUCHUMOCTH (Da30BOro cIBHra rapMOHMYECKOTO CUTHAJIAa MEXKIY
BXOJIOM U BBIXO/IOM OT YaCTOTBHI).

Bnauvaine Beruncnium AUX u ®UX ob6bekTa ynpasiaeHus 06e3 o0paTHOH CBsI3U

. 1 .
Jlist aTOrO B MepenarouHoit GpyHkiuu Z(S) =7g TIPOM3BENEM 3aMeHy SHajw

U pa3jiesiuM MOJTYYEHHYIO Ap0o0b Ha IEUCTBUTEIHHYIO 1 MHUMYIO YaCTH:
Zejw) =\ —o- ;L
/ joT / Tw

Hanee naxoaum AUX :

/ 2
‘Z(ja)‘ =vVRe>+Im? =0+ L] :L
Tw Tw

L
Tow

AUX u OYX cucrembl ¢ 00paTHOM CBSI3bIO HAXOMSTCS CIOCOOOM,

n OUYX :
1

0

T
2

I
p(w) =Arctg{ _m] = Arctg
Re

AHAJIOTHYHBIM PACCMOTPCHHOMY BBIIIIC.

1 1
. W(S)=— .
B nepenatounoil ¢pyHKuMM (5) K |, TS npousBoauM 3aMeHy S Ha jw U

HOJIy4YaeM:



1 1 K 1 [T wﬂ
W(S)=— = 1= jl ——
> e L@ Ty Tw )’ [ ’
AYX HaxoauTCs Kak:
1 1
Z(jo) = =
b [Ta)]z JK? +(15)?2
K
dYUX:
_ _To
@(w) =Arctg e } ’

Bun pysakmmit AUX u @YX npuseseH Ha puc. 4

(a)
Uy =g 8
0 T W
@
4
0 -
)
-7t/2
0
2 /T ©)
0 P
arctg(- 1/k) (r)
-7t/2

Puc.4. AMmuTy1HO-4yacTOTHBIE (a, B) M (pa30-4yacTOTHBIE (0, T') XapaKTEePUCTUKU CUCTEMBL: a, O -
0e3 00paTHOM CBs3M; B, T - C OOPaTHOM CBS3BIO.



MOPAAOK BBIIIOJTHEHUS PABOTHBI
Jjist MOieTMPOBAHMS CUCTEM C OOpPaTHBIMU CBSI3SIMH MCITIOJIb3YETCS
AJIEKTPOHHBIN CTEH/I, B COCTaB KOTOPOTO BXOJAT: TUIAHIIET, OJIOK MATAHUS U
AIIEKTPOHHO-TTY4EeBOM octmuiiorpad ( MHAUKATOD).
[lepen HauaoMm paboTHI y MpernojaBaTesis Wik y4eOHOro Mactepa MmoiaydnuTh
3aJlaHue C yKa3aHUeM BUja OOPaTHON CBSI3U CUCTEMBI, MOJICKAIICH U3yUYECHHUIO.
Bkirouenne annapaTypbl M MOCJI€10BATEIbHOCTH BHINIOJHEHHUS PadoThI
1. Bxmtounts 0510k iutanus nepeBoaoM tyMmoiepa "Cers" B BepxHee
MOJIO’KEHHE.
2. BximounTts octmuuiorpad (asis aroro tymoiep "CeTs'" nepeBoANM B BEpXHEE
MOJI0KEHHE).
3. Pyuku yrnipaBiieHus Ha ocIiuuiorpade yCTaHOBUTH B CIIEYIONTUE TTOTOKECHHUS:
"PazBeprka" 50 Ws/pen
"Veunenne" 2 B/nen
4. 1obuThbCsi CHHXpOHM3AIMY Jyda ocuusuiorpada (yCToiMunBOro n300paskeHus
ocyiorpamMmsl) pyukamu "Crabunmzanus’ u "YpoBeHs'.
5. IlepexntouaTeny Ha IUIAHIIETE YCTAHOBUTH B CIEAYIOLIUE MTOJIO0KECHHUS:
"Pabora" 2
"Biok curHanos" |
"OOpaTHas CBsI3b" OTKIL

6. Pyukamu " <> ", " T " u "Pa3BepTka" BbIOpaTh ynoOHOE 1151 HAOIIOACHUS
M300pakeHNe MEePEeX0THON XapaKTEePUCTHKN CUCTEMBI, ITOCTIE YETO 3apHCOBaTh
MOJTYYEHHYIO OCHUJIJIOTPaMMY.
7. Bximounts nepexintoyaTens "OOpaTHas CBA3b'", yCTAHOBUTH 33/IaHHbBIC
IpernoaaBaTeeM BUI M BETUYHHY OOpPaTHOM CBSI3M M JACHCTBOBATH COTJIACHO TI. .
8. [lepexiiroyaTenu Ha TUIAHIIIETE YCTAHOBUTH B CIICAYIOIINE TTOJIOKEHUS:
"Pabora" 2
"biok curHanos" sin wt

"OOpaTHas CBsI3b" OTKIL

"Jactora" - mocienoBaTenbHoO 1, 2, 3,...
9 9 b



9. Pyukamu " <", " T" u "Pa3Beprka" BbIOpaTh yn00HOE JJIs1 HAOIIOICHUS
M300paK€HHE BXOJHOIO U BBIXOJJHOTO CUHYCOUAAIBHBIX CUTHAJIOB.

10. U3mepuTh niepruoj CUHYCOUIAJIbHBIX CUTHAJIOB Ha BCEX YaCTOTAaX U 3alUCcaTh
pe3yabTaT B TaOIUILY.

11. 3anucarh aMIIUTY bl BXOAHOTO U BBIXOJIHOTO CUTHAJIOB, a TAKKE UX
(ba30BbIi CABUT HA BCEX YACTOTAX.

12. BximrounTs nepekitoyatens "OOpaTHas cBsi3b'', yCTAHOBUTD 33/IaHHbIE

Mperno/iaBaTeieM BU U BEIHUMHY OOpPaTHOM CBSI3U M ICMCTBOBATH COTJIacHO . 11.

OBPABOTKA PE3YJbTATOB U3BMEPEHUI
1. [TocTpouth nepexoHbIe XapaKTEPUCTUKUA CUCTEMBI 0€3 00paTHOM CBSI3U
Y C BKJIFOUEHHON 0OpaTHOM CBSI3bIO.
2. [Toctpouts AUX 1 @YX cucreMbl 6€3 00paTHOI CBSI3U U C BKIIFOUEHHOMN

0o0paTHOM CBSI3H.

O®OPMJIEHUE OTYETA

1. Otuer opopmuTh Ha IucTax nucuen Oymaru gopmara A4.

2. OT4er IOMKEH COJIEPKATh CIEAYIOIINE OCHOBHBIE YaCTH:

- (opmynupoBKy 1enu paboThI;

- rpaduyeckuil MaTepHuall ¢ pe3yJbTaTaMyi U3MEPEHHM, a UMEHHO
nepexoHbie xapakrepuctuku, AUX n @YX nccnenoBaHHBIX CHCTEM.

- pacyeT MOCTOSIHHOW BPEMEHU CUCTEMBI 0€3 00paTHOM CBSI3U IO €€
MIEPEXOTHON XapaKTEPUCTHUKE.

- pacuet u noctpoenne AUX u @YX cucremsl 6e3 00paTHO CBA3H,
WCIIOJIb3YSl HAMJAECHHYIO TOCTOSIHHYIO BPEMEHMU.

- pacyeT MOCTOSIHHOW BpEMEHHU U KO3 (PUIIMEHTa epeaul CHCTEMBI C
00paTHOM CBS3BIO MO €€ MEPEXOTHON XapaKTEPUCTHKE.

- pacuet u noctpoerrne AYX u @YX cuctembl ¢ 00paTHOM CBS3BIO,
UCIIOJIb3Ysl HAlJIEHHBIE TTOCTOSTHHYIO BPEMEHU U KO3 (ULIMEHT Nepeiayn.

- BBIBOJIBI O MPOJICNIAHHOM padoTe.

3. I'paduueckue maTepualibl BBIMOIHUTH BpYUHY0. OHU JTOJKHBI COAEPKAThH



SICHO YUTACMBIC OCH U ACJICHUA, PASMCPHOCTD HCIIOJIB3YCMbIX BCIIMYNH,

HN3MCPCHHBIC TOYKHN U KPUBLIC, HCO6XOI[I/IMBIG INOACHCHHUA U T. AO.

KOHTPOJIBHBIE BOITPOCHI
1. Kakue Buzbl oOpaTHbIX cBsizeil Bbl 3HaeTe?
2. Ha3zoBuTe KpuTepuH yCTOMYMBOCTH CUCTEM C OOPATHOH CBS3BIO.
3. Uro Takoe XxapakTepucTUYeCKoe ypaBHeHuE?
4. B xakoM ciiydae cucTeMa C MOJIOKHUTEIIbHON 00paTHON CBS3BI0 COXPAHSET
YCTOMYHUBOCTh?
5. [loueMy nipu aHanM3€ yCTOMYMBOCTH CUCTEMBI UCCIEAYIOT KOPHU

XapaKTEPUCTUUECKOTO YPABHEHUS?

PEKOMEHIAYEMAS JIUTEPATYPA
1. I'eitnep JI.b. BBenenue B TeOpri0 aBTOMATUUECKOIO peryaupoBanusi. MuHck, 1967.
2. KimoeB A.C. ABTomaTuueckoe peryinpoBanue. M., 1973.
3. MenbnaukoB B.W. Jlunamuyeckue npoueccsl mpu peryiaupoanuu A2Y. I'opbkuid,
1987.
4. Turue Y., lllenk K. ITomynpoBoauukosas cxemorexHuka. M., 1983.

5. IMuckynoB H.C. uddepennmansuoe un nHTErpasibHOE Ucuncienue. M., 1985.
6. l'op6anesuy E.[1. JleBunzon @.®. AHanoroBoe MOJAEIMPOBAHUE CUCTEM
yrpasieHusa. M., 1984.

[Ipunoxenue 1
N3mepenne AUX u @YX cucremMbl NpU NOMOIIH ocuuuiorpadga
Hwxe nmpuBeieH XxapakTepHBIN BUJI CUHYCOUJATIbHBIX CUTHAJIOB HA BXOJIE U BBIXO/IE

CUCTEMBI A T
X

Bx. curnan <>

Beix. curnan \
ol A

4B 1,

/ ASblx
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7 — 360°
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1. Onpenensem 4acTOTy CUTHAJA KaK BEJIMYUHY, OOpaTHYIO nepuoay- =1/t
(w=27f).

2. KoaddurmeHT ycuneHus Ha 3TOM 4aCTOTE €CTh OTHOIICHUE - A gy/A g

3. ®a3oBbIil cABUT HaxoauTcs 1Mo hopmyne - ¢=3607/1

4. OrpunatenbHbIM (Da30BBINA CABUT CUUTAETCS, €CIIU BBIXOJAHOW CUTHAII OTCTAET OT
BXOJTHOTO.

JJist i3MepeHuil NCTIOIB3YIOTCS MpaBasi 4aCTh CUTHAJIOB, TJI€ 3aBEPIICHBI

MNEPEXOAHBIC ITPOLECCCHI, BLISBAHHBIC BKIIIOUCHUEM I'CHEPATOPAa CUHYCOUIAJIbHOTI'O

CHUIrHajia.

[Tpunoxenue 2

UB DT

/ UBbIx, ¢ OC

/
/7

{, MKC
0

Puc.1. IlepexoaHble XapakTEpUCTUKN CUCTEMBI C BKIIFOUEHHOW U BBHIKJIIOYEHHON 00OpaTHOM CBS3bIO.

8blX 68X

@, Tpa - . .
01 £, k'
(0)
0 = f, k'
-2 |——— x - X 11
S N N R A



Puc.2. AmmnutynHo-yactoTHas (a) u (a3o-yactoTHas (0) XapaKTePUCTHKU CUCTEMBI 6€3 00paTHOM

CBsA3HU

/4

8blX 8x

f, k'

E— /1, k'
% E__&

Puc.3. AMmutynHo-9acToTHas (B) U pa30-4acToTHAsS (T') XapaKTEPUCTUKH CUCTEMBI C

-7t/2

BKJIFOYCHHOW O0OpaTHOM CBSI3BIO.
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Henabo padoThbl SBISETCAd HU3YYEHUE JUHAMUYECKUX CBOWCTB TOYEUHOIO
SJIEPHOTO PEAKTOpPA HYJIEBOW MOIIHOCTH U BIMSHUS BHEUIHEH 00OpaTHOM CBSA3U HA €0

IIOBCACHUC U YCTOﬁqHBOCTb.

OCHOBHBIE YPABHEHUS. BBIBO/] IEPEJATOYHON ®YHKIIUA

TouyeynbIM  Ha3bIBAaeTCS  PEAKTOP, B KOTOPOM  TIpeHeOperarT
MIPOCTPAHCTBEHHBIM PACIPENEIEHUEM HEUTPOHHOW IUIOTHOCTU. PEakTopoM HyJieBOH
MOIIIHOCTH SIBJISIETCSL PEAKTOP, HAXOMSAUIMHCA B TEIUIOBOM PaBHOBECHH C
OKpYXaloLEeHd Cpelo, B CBSI3U C YEM B HEM OTCYTCTBYIOT BHYTPEHHHE OOpaTHBIE
CBsI3M, OOYCIIOBJICHHBIE  MOIMHOCTHBIMA W  TeMmmepaTrypHbiMu  3ddexramu
PEaKTUBHOCTH.

B oOmem Bujie ypaBHEHHsI KHHETUKH TAaKOI'O PEaKkTopa ¢ YYETOM IIECTH TPy

3alrra3bIBaronnx HCﬁTpOHOB 3aIIUCBIBAIOT CICAYIOIIUM O6p330M2

dn p- B [
_— = n -+ E A.c, +
ac 1 — iCi a

de; __ B
dt

(@)

I7€ N — IUIOTHOCTh HeWTpoHOB (1/M°), p - PEaKTUBHOCTH, | — BpeMs KU3HU
MTHOBEHHBIX HEHUTPOHOB (C),  — MOLIHOCThL MCTOYHMKA HedTpoHoB (1/M’c), P -
s dexTrBHAS 101 3ama3/bIBAIONIMX HEUTPOHOB, [ - JOJS 3ama3ablBarOlIUX
HEUTPOHOB 1-i TPYNIBI, C;i — KOHIEHTPAIMS SACP-U3TydaTee 3ama3bIBarolnX
HENUTPOHOB - rpymmel (1/M°), A — moOCTOsHHAas pacmaja saep-u3irydareseit
3ama3AbIBaOIIMX HEUTPOHOB 1-i rpynmsl (1/¢).

VYpaBHEeHUSI KUHETUKH 3HAUYUTEIHHO VYOPOIIAIOTCSA, €CJIM BMECTO IIECTH
BbIOpaTh O/IHY 3(P(PeKTUBHYIO IPYIITY 3aIa3/IbIBAIOIIUX HEUTPOHOB, UCHOIB3YS 3 U

A\ BBIYHCIIEHHBIE C UCTIOJIb30BaHuEM (PopMyIT

[3:2[31 )41 [3/}\.:2(61/)\.1)

[Tpu 3Tom ypaBHenus (1) 6e3 yueTa HCTOYHUKA HEHTPOHOB IPEOOPA3YIOTCS 10

YPaBHEHUN:

de ___ ?\.c+%n

dn =2 " P B n + 2Ac
dt 1 >

dt

OnpeneJmM B PCAKTOPC, KakK 00BEKTE YIIPABJICHUA, B KadYCCTBC BXOHHOﬁ
3



BEJIMYMHBl PEAKTHBHOCTB, 3 B Ka4€CTBE BBIXOJHON — HEHTPOHHYK IVIOTHOCTH U
BBIBEJIEM €I0 MEPENATOUHYIO (PYHKIUIO.

VYpasuenus (1,2) sBISIFOTCS HETMHEHHBIMA (ITOTOMY YTO C (hOPMATTLHON TOUKU
3pEHUsl COJEPKAT MPOMU3BEJIEHUE PN), T.€. ONPENENSAIOT PEAKTOpP KAaK HEIMHEHHBIN
oObekT ympaBiaeHus. Jlis mosiydeHHs TepelaToyHoM (QPYHKIUMH HEO0OXOJAMMO
JMHEeapu30BaTh ypaBHEHUE (2), A 4ero Mpou3BeeM 3aMEHY MePEMEHHBIX:

n=mny+dn;c=co+ d¢; p=po+ Op,

rae On, Oc, Op - Masble OTKIIOHEHHUS N, C, 0 OT CTAllMOHAPHBIX 3HAYEHUH- Ny,
Co, Po.

B paBHOBECHBIX yCIOBHSIX MPOU3BOIHBIE IO BPEMEHH PABHBI HYJIIO, TIO3TOMY

Co = Pno/IA, kpome TOTO, OUEBUAHO Po=0.

[logcTaBUB 3TU COOTHONICHUS B ypaBHEHUE (2) U npeHedperas nepeMeHHbIMU

BTOPOI'O MmopsAaKa MaJIOCTH, IMOJTyUHUM:

(3)

BemmonnuB mnpeoOpa3zoBanue Jlamiaca Haj ypaBHeHusMH (3), Hailnem
nepesaToyHylo (PyHKIHIO peakTopa MO PEaKTHBHOCTH Kak OTHOIIEHHE oOpasza
MaJIOTO  OTKJIOHEHMS HOPMHUPOBAHHOM HEUTPOHHOM IUIOTHOCTM K MAJIOMY

OTKJIOHCHHIO PCAKTUBHOCTH:

G(s) = on(s) _ 1
n,op(s) Is+Ps/(s+2)

4)
MOCTPOEHUE MOJEJIA PEAKTOPA 110 EI'O NEPEJJATOYHOM
O YHKIUU

Hns  dbopmupoBaHuss MOJAEIM TOYEHYHOTO peaKkTopa HYJIEBOM MOIUTHOCTH
BBITIOJIHUM PA3JI0KEHHE €ro mnepeaarouHoil ¢yHkuuu (4) Ha (QyHKIUOHAIBHBIC
AJIEMEHTBHI, MPEACTABISAIONIME COOOM JIIEMEHTApHBIE 3BEHbSI (YCHWJIMTEIBHBIE,
WHTETPUPYIOIIKE, allEPUOIUUECKHUE U T.1.):

4 1

G(s) = :%

S+A _T, Tis+l
sl +PBs/(s + 1))

s(s+A+B/) T, s(T,s+1)

(5)



rae T = 1/A; a T, = I/(M+) = I/B, (mockombky AI<<p).

PaznoxuB ¢popmyiy (5) Ha ciaraeMble, OTYUHUM:

Gs) ~t et (©)
B T,s+1 T;s Tys+1

rae Ts = B/A.

Taxum oOpaszom, JIETKO BUACTH, YTO JICKTPOHHAS MOJISIb PEAKTOPa COCTOUT U3
JBYX TapaJUIeIbHBIX IIeTNed, 3aMbIKaloNMXcs Ha oOmieM cymmatope. IlepBas nenb
COJICP>KUT TIOCIIE0BATEILHO COCTMHCHHBIC YCUITUTEIFHOE U allePUOINIECKOE 3BEHBS
W ONHUCHIBACT JWHAMHKY MTHOBEHHBIX HEUTPOHOB, BTOpas — COCTOUT U3
MOCJICIOBATEIBHO COEAMHEHHBIX WHTETPUPYIOIIETO U alepuoOJIHNYEeCKOr0 3BCHBECB U
OTpakaeT TOBEACHHUE 3arma3jbIBAIONINX HEHUTPOHOB. DJTa MOJIEIbh HCIIOIB3YETCS B

y4eOHOM IUTaHIIIETE TaHHOM J1abopaTOpHOU PabOTHI.
MNEPEXO/JHAS XAPAKTEPUCTUKA PEAKTOPA

[loBeneHne peakTOpHOM CHUCTEMBbl (M3MEHEHHE HEUTPOHHOW TIOTHOCTH),
OMMCHIBACMOM TepenaTouHor (yHkmmen (4), mMpu BO3MCWCTBHMM Ha HEE CKadka

PEAKTUBHOCTH aMILTUTYI0U Op B QYHKIIMH S 3aITUCHIBACTCS B BUJIC:

on(s) _ op _ 1
n, s G(s) =op s(Is +Bs/(s + 1)) 7

rae Op/s — mpeoOpazoBaHue Jlammaca CTYIEHUaToro ckayka pPEaKTHUBHOCTH
aMILTUTY 01 0.
[Tepenumiem 3T0 ypaBHEHUE B BHJIC

on(t) _ op S+ A

n, | sis+r+p/) ®)

Boimonnum oOpaTtHoe mpeoOpazoBanue Jlammaca cootHomenus (8) v moaydum

BPEMCHHYIO 3aBUCUMOCTDb HOpMHpOBaHHOﬁ HCI\/’ITPOHHOI\/’I IIJIOTHOCTH OT BPEMCHU



on(®) :6_p[1 + At - exp(- P
n, B 1

)] )
VYuursiBas, 4To I MaJbIX apryMEHTOB l+X = exp X (pa3jioKeHHe B Pl

Teitopa), nosryuum

n(t) =no[exp(%t) - %exp(— %t)] (10)

[TepBblldi KOMIOHEHT CYMMBI OINKMCHIBAET THUHAMUYECKHM IPOLIECC U3MEHEHUS
HEUTPOHHOU MJIOTHOCTH, 0OYCIIOBJIICHHBIN 3ama3/IbIBAIOIIMMUA HEUTPOHAMU, BTOPOM —
BbI3BAH BJIMSHUEM MTIHOBCHHBIX HEMTPOHOB M HA3BIBAECTCS CKAYKOM HAa MTHOBEHHBIX

HEUTPOHAX.

AMINVIMTYJHO-YACTOTHASA U ®A30-HACTOTHAA
XAPAKTEPUCTUKHU PEAKTOPA

[To3BONsIET MpeACKa3bIBaTh IOBEIEHNUE PEAKTOPA ITPU BO3JAECHCTBUU HA HETO
rapMOHUYECKOTO BO3MYLICHUS.
AUYX n ®UX peakTopa noJydarOT U3 NepeaTouHol GpyHKuuu (4) nyrem

3aMEHBI JIATUIACOBCKOW MTEPEMEHHOM S Ha j.

G(s) = on(s) _ 1

= = @)
n,op(s) Is+PBs/(s+2)

AUX peaktopa 310 Moyiab G(jw)
‘G(ja)) =vRe’+Im’ zi\/ w X

wl | 0* + (A + B/1)

DdYX 3anucreiBaeTcd TaKk

' +AB/1

wB /1 )

I
6 =arctg m o arctg (-
Re

HOPAIOK BBIITOJIHEHUSA PABOTBI
JInst MOJIeTMpOBaHUs CUCTEMBI UCITOJIb3YETCS SJIEKTPOHHBIN CTEH/I, B COCTaB
KOTOPOTO BXOJIAT: TJIAHIIIET, OJIOK MUTAHUS U DJIEKTPOHHO-TY4EeBOU OocImuiorpad

(MHAMKATOD).
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[lepen HauagoM paboOTHI y MPENoIaBaTesis Uiu y4eOHOro MacTepa MoIyduTh

3aJlaHHE C YKa3aHUEM BEJIMYMHBI OOPaTHON CBA3U CUCTEMBI.

Bkirouenne annapaTypbl ¥ M0CJ1€10BATEIbHOCTD BbINOJHEHUs Pad0ThI

1. BxtounTs 6510k iutanus nepeBoaoM tyMmoiepa "Cerb" B BepxHee
MTOJIOKEHHE.

2. Bxmounts ocimuuiorpad (asis aroro tym6iep "CeTs'" nepeBoAM B BEpXHEe
MOJI0KEHHE).

3. Pyuku ynpaBneHust Ha ociiyuiorpade yCTaHOBUTD B CIIEAYIONINE TTOJIOKECHHUS:

"Pa3Beprka" 50 Ws/nen

"Vceunenune" 2 B/nen

4. J1obuThCsl CUHXpOHM3AMU JIy4a ocuusuiorpada (yCToiMunBOro n300paskeHus
ocuuuiorpammsl) pyukamu "Crabunuzanusa” u "YpoBeHs'.

5. IlepexntouaTeny Ha IJIAHIIETE YCTAHOBUTH B CIEAYIOLIUE MTOJIOKEHHUS:

"Pabota" 3

"Biok curHanos" |

"OG6parHas CBsi3b" OTKIL

'

6. Pyukamu " <", " T" u "Pa3BepTka" BbIOpaTh ynoOHOE 1151 HAOIIOACHUS
M300paKCHUE TTEPEXOTHON XapaKTEPUCTUKU PEAKTOPa, TOCIIe YeTO 3apUCOBATh
MOJIYYEHHYIO OCHUIIOTPaMMY .

7. BIIOK CUTHAJIOB NIEPEBECTH B TIOJIOKEHUE Sin wt:

8. Pyuky “YacTtoTa” ycTaHaBIMBATh MOCJIEA0BATEIBHO B MOJ0XKEHU 1, 2, 3,...

9. Mzameputhb nepuoj; CHHyCOUAANIbHBIX CUTHAJIOB HA BCEX YACTOTaX M 3aIliCcaTh
pEe3yIbTaThI B TAOJIHILY.

10. 3anucath aMIIUTYIbI BXOAHOTO U BBIXOJIHOTO CUTHAJIOB, a TAKXKE UX
(ha30BBIN CABUT HA BCEX YACTOTAX.

11. Bxurounts niepexitouatens "OOpaTHas CBs3b', yCTAHOBUTH 33JIaHHYIO
npenojaBaTeeM Ui y4eOHbIM MacTEPOM BEIUYMHY 0OpaTHOM CBS3U U JCHCTBOBATH

corjiacto m. 6 - 10.

OBPABOTKA PE3YJBTATOB U3MEPEHUI



l. [TocTpouTh nepexoIHbIE XapaKTEePUCTUKN MOJICNIA peakTopa 6e3
oOpaTHOH CBSI3U.

2. [To nepexo/IHOM XapaKTEPUCTUKE BBIYUCIUTh MIOCTOSIHHBIE BPEMEHU U
KOHCTAHTBI, ITOJIyYUTh €€ aHATUTUYECKOE ONHUCAHUE.

3. ITocTponuTts NEpEXOaHBIE XAPAKTEPUCTUKH MOJIEIIN PEAKTOPA C
BKJIFOUEHHOM 00paTHOM CBSI3bIO.

4. [1o nepexoiHOM XapaKTepUCTUKE BHIYUCIUTD KOA(DPUIIMEHT yCUICHUS
eI 0OpaTHOM CBSI3H.

5. [Toctpouts AUX 1 @YX Mozenu peakropa 0e3 0OpaTHOM CBSA3U U C

BKJIFOUEHHON 0OpaTHOMU CBSI3bIO.

OPOPMJIEHUE OTUHETA

1. Otuet opopMuth Ha nucTax nucuend Oymaru popmara A4.

2. OT4eT HOMKEH COAEPKATH CIEIYIOIINE OCHOBHBIE YaCTH:

- (opmynupoBKYy 11511 paboThI;

- rpaduvecKkuil MaTepHuall ¢ pe3yIbTaTaMi U3MEPEHHM, 2 UMEHHO
nepexoinbie xapakrepuctuku, AUX n @YX uccien0BaHHBIX CUCTEM.

- pacyeT MOCTOSIHHBIX BPEMEHHU CUCTEMBI 0€3 00OpaTHOM CBS3H IO €€
NEPEXOAHON XapAKTEPUCTHUKE.

- pacuer u noctpoenue AYX cucrembl 6€3 00paTHOU CBS3U, UCIIONB3YSI
HalJIEHHbIE IOCTOSIHHbIE BPEMEHU U KOHCTAHTHI.

- pacuet kod(pduimenTa nepenayu e oOpaTHON CBA3U MO MEPEXOTHOM
XapaKTepUCTUKE CUCTEMbI C 0OPATHOM CBS3bIO.

- BBIBOJIBI O MPOJICTIAHHOM padoTe.

3. I'paduueckue maTepualibl BBIMOIHUTH BpYUHY0. OHU JTOJDKHBI COJEPKAThH
SCHO YMTAEMbIE€ OCH U JIETIEHUS, Pa3MEPHOCTh UCIIOIb3yEMbIX BEJIUYHH,

HN3MCPCHHBIC TOYKHU N KPUBBIC, HCO6XOI[I/IMLIG INOACHCHHUA U T. AO.

KOHTPOJIBHBIE BOITPOCBHI
1. UTo Takoe TOUYEUHBIN peaKkTOp HYJIEBOW MOIIHOCTH?
2. IlokaxxuTe nepexoIHbIe XapaKTEPUCTUKUA TOUYEUHOT'O PEKTOPa HYJIEBOW MOIIIHOCTH,
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MOJIYYEHHBIE TP TOUHOM PacyeTe MO YPABHEHUIO (2) U C MOMOUIBIO MEPEIATOYHOM
byukiuu. [losicHuTe NPUYUHBI pa3TUYHSL.
3. Kak BeirmsagsaT AUX To4edHOTO peakTopa HyJIeBOW MOIIHOCTH 03 00paTHOM CBSI3U

U C BKJIFOUEHHOU OTpHIIaTeIbHON 00paTHOM CBs3bi0? OOBACHUTE pa3IuyHUs.

PEKOMEHAYEMAS JIMTEPATYPA
1. T'eiinep JI.b. BBeneHue B TEOPUIO0 aBTOMATUYECKOTO PETYJIMPOBaHUsA. MUHCK,
1967.
2. KmoeB A.C. ABromatuueckoe peryiupoBanue. M., 1973.
3. MenbnukoB B.M. /lnnamuyeckue npoueccsl Ipu perynuposanuu SA0Y. I'opbkuid,
1987.
4. Turue Y., lllenk K. ITomynpoBoanukoBas cxemorexHuka. M., 1983.

5. IMuckynoB H.C. uddepenunansuoe 1 MHTErpajibHOe ucunciaenue. M., 1985.
6. l'op6anesuy E.J1. JleBurzon @.®. AHanoropoe MOACIMPOBAHUE CUCTEM

yrnpasieHusa. M., 1984.



[Tpunoxenue 1
HN3mepenne AYX nu @YX cucreMsbl IpH MOMOLIH OCHULIOrpaga
Hwnxe npuBeneH XxapakTepHbIA BUJ CUHYCOUIAIIBHBIX CUTHAJIIOB HA BXOJIE U BBIXOJE
CUCTEMBI

X

Bx. curnan <>

Brix. curnan \
o A

4B 4,

/ Agbl.x

T - 360°
i 0

1. OnpenensieM 4acTOTy CUTHANIA KaK BEJIMYMHY, 0OpaTHYIO IEpHoay- f=1/1
(w=27f).

2. KoadhpurmeHT ycuiaeHus Ha 3TOM 4aCTOTE €CTh OTHOICHUE - A gy/A g

3. ®a3oBbI cABUT HaxoauTed 1o ¢popmyne - ¢=3607/1

4. OrpuniatenbHbIM (DA30BBINA CIABUT CUUTACTCS, €CIIM BBIXOJAHONW CUTHAII OTCTAET OT
BXOJTHOTO.

JJist i3MEepeHui NCTIOIB3YIOTCS MpaBast 4aCTh CUTHAJIOB, TJI€ 3aBEPIICHBI
MepPEXO/IHBIE MPOIIECChI, BEI3BAHHBIC BKIIFOUCHHEM Te€HEpaTopa CUHYCOUAIbHOTO

CHUT'HAJIA.
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Henabo padoThbl SBISETCAd HU3YYEHUE JUHAMUYECKUX CBOWCTB TOYEUHOIO
SJIEPHOTO PEAKTOpPA HYJIEBOW MOIIHOCTH U BIMSHUS BHEUIHEH 00OpaTHOM CBSA3U HA €0

IIOBCACHUC U YCTOﬁqHBOCTb.

OCHOBHBIE YPABHEHUS. BBIBO/] IEPEJATOYHON ®YHKIIUA

TouyeynbIM  Ha3bIBAaeTCS  PEAKTOP, B KOTOPOM  TIpeHeOperarT
MIPOCTPAHCTBEHHBIM PACIPENEIEHUEM HEUTPOHHOW IUIOTHOCTU. PEakTopoM HyJieBOH
MOIIIHOCTH SIBJISIETCSL PEAKTOP, HAXOMSAUIMHCA B TEIUIOBOM PaBHOBECHH C
OKpYXaloLEeHd Cpelo, B CBSI3U C YEM B HEM OTCYTCTBYIOT BHYTPEHHHE OOpaTHBIE
CBsI3M, OOYCIIOBJICHHBIE  MOIMHOCTHBIMA W  TeMmmepaTrypHbiMu  3ddexramu
PEaKTUBHOCTH.

B oOmem Bujie ypaBHEHHsI KHHETUKH TAaKOI'O PEaKkTopa ¢ YYETOM IIECTH TPy

3alrra3bIBaronnx HCﬁTpOHOB 3aIIUCBIBAIOT CICAYIOIIUM O6p330M2

dn p- B [
_— = n -+ E A.c, +
ac 1 — iCi a

de; __ B
dt

(@)

I7€ N — IUIOTHOCTh HeWTpoHOB (1/M°), p - PEaKTUBHOCTH, | — BpeMs KU3HU
MTHOBEHHBIX HEHUTPOHOB (C),  — MOLIHOCThL MCTOYHMKA HedTpoHoB (1/M’c), P -
s dexTrBHAS 101 3ama3/bIBAIONIMX HEUTPOHOB, [ - JOJS 3ama3ablBarOlIUX
HEUTPOHOB 1-i TPYNIBI, C;i — KOHIEHTPAIMS SACP-U3TydaTee 3ama3bIBarolnX
HENUTPOHOB - rpymmel (1/M°), A — moOCTOsHHAas pacmaja saep-u3irydareseit
3ama3AbIBaOIIMX HEUTPOHOB 1-i rpynmsl (1/¢).

VYpaBHEeHUSI KUHETUKH 3HAUYUTEIHHO VYOPOIIAIOTCSA, €CJIM BMECTO IIECTH
BbIOpaTh O/IHY 3(P(PeKTUBHYIO IPYIITY 3aIa3/IbIBAIOIIUX HEUTPOHOB, UCHOIB3YS 3 U

A\ BBIYHCIIEHHBIE C UCTIOJIb30BaHuEM (PopMyIT

[3:2[31 )41 [3/}\.:2(61/)\.1)

[Tpu 3Tom ypaBHenus (1) 6e3 yueTa HCTOYHUKA HEHTPOHOB IPEOOPA3YIOTCS 10

YPaBHEHUN:

de ___ ?\.c+%n

dn =2 " P B n + 2Ac
dt 1 >

dt

OnpeneJmM B PCAKTOPC, KakK 00BEKTE YIIPABJICHUA, B KadYCCTBC BXOHHOﬁ
3



BEJIMYMHBl PEAKTHBHOCTB, 3 B Ka4€CTBE BBIXOJHON — HEHTPOHHYK IVIOTHOCTH U
BBIBEJIEM €I0 MEPENATOUHYIO (PYHKIUIO.

VYpasuenus (1,2) sBISIFOTCS HETMHEHHBIMA (ITOTOMY YTO C (hOPMATTLHON TOUKU
3pEHUsl COJEPKAT MPOMU3BEJIEHUE PN), T.€. ONPENENSAIOT PEAKTOpP KAaK HEIMHEHHBIN
oObekT ympaBiaeHus. Jlis mosiydeHHs TepelaToyHoM (QPYHKIUMH HEO0OXOJAMMO
JMHEeapu30BaTh ypaBHEHUE (2), A 4ero Mpou3BeeM 3aMEHY MePEMEHHBIX:

n=mny+dn;c=co+ d¢; p=po+ Op,

rae On, Oc, Op - Masble OTKIIOHEHHUS N, C, 0 OT CTAllMOHAPHBIX 3HAYEHUH- Ny,
Co, Po.

B paBHOBECHBIX yCIOBHSIX MPOU3BOIHBIE IO BPEMEHH PABHBI HYJIIO, TIO3TOMY

Co = Pno/IA, kpome TOTO, OUEBUAHO Po=0.

[logcTaBUB 3TU COOTHONICHUS B ypaBHEHUE (2) U npeHedperas nepeMeHHbIMU

BTOPOI'O MmopsAaKa MaJIOCTH, IMOJTyUHUM:

(3)

BemmonnuB mnpeoOpa3zoBanue Jlamiaca Haj ypaBHeHusMH (3), Hailnem
nepesaToyHylo (PyHKIHIO peakTopa MO PEaKTHBHOCTH Kak OTHOIIEHHE oOpasza
MaJIOTO  OTKJIOHEHMS HOPMHUPOBAHHOM HEUTPOHHOM IUIOTHOCTM K MAJIOMY

OTKJIOHCHHIO PCAKTUBHOCTH:

G(s) = on(s) _ 1
n,op(s) Is+Ps/(s+2)

4)
MOCTPOEHUE MOJEJIA PEAKTOPA 110 EI'O NEPEJJATOYHOM
O YHKIUU

Hns  dbopmupoBaHuss MOJAEIM TOYEHYHOTO peaKkTopa HYJIEBOM MOIUTHOCTH
BBITIOJIHUM PA3JI0KEHHE €ro mnepeaarouHoil ¢yHkuuu (4) Ha (QyHKIUOHAIBHBIC
AJIEMEHTBHI, MPEACTABISAIONIME COOOM JIIEMEHTApHBIE 3BEHbSI (YCHWJIMTEIBHBIE,
WHTETPUPYIOIIKE, allEPUOIUUECKHUE U T.1.):

4 1

G(s) = :%

S+A _T, Tis+l
sl +PBs/(s + 1))

s(s+A+B/) T, s(T,s+1)

(5)



rae T = 1/A; a T, = I/(M+) = I/B, (mockombky AI<<p).

PaznoxuB ¢popmyiy (5) Ha ciaraeMble, OTYUHUM:

Gs) ~t et (©)
B T,s+1 T;s Tys+1

rae Ts = B/A.

Taxum oOpaszom, JIETKO BUACTH, YTO JICKTPOHHAS MOJISIb PEAKTOPa COCTOUT U3
JBYX TapaJUIeIbHBIX IIeTNed, 3aMbIKaloNMXcs Ha oOmieM cymmatope. IlepBas nenb
COJICP>KUT TIOCIIE0BATEILHO COCTMHCHHBIC YCUITUTEIFHOE U allePUOINIECKOE 3BEHBS
W ONHUCHIBACT JWHAMHKY MTHOBEHHBIX HEUTPOHOB, BTOpas — COCTOUT U3
MOCJICIOBATEIBHO COEAMHEHHBIX WHTETPUPYIOIIETO U alepuoOJIHNYEeCKOr0 3BCHBECB U
OTpakaeT TOBEACHHUE 3arma3jbIBAIONINX HEHUTPOHOB. DJTa MOJIEIbh HCIIOIB3YETCS B

y4eOHOM IUTaHIIIETE TaHHOM J1abopaTOpHOU PabOTHI.
MNEPEXO/JHAS XAPAKTEPUCTUKA PEAKTOPA

[loBeneHne peakTOpHOM CHUCTEMBbl (M3MEHEHHE HEUTPOHHOW TIOTHOCTH),
OMMCHIBACMOM TepenaTouHor (yHkmmen (4), mMpu BO3MCWCTBHMM Ha HEE CKadka

PEAKTUBHOCTH aMILTUTYI0U Op B QYHKIIMH S 3aITUCHIBACTCS B BUJIC:

on(s) _ op _ 1
n, s G(s) =op s(Is +Bs/(s + 1)) 7

rae Op/s — mpeoOpazoBaHue Jlammaca CTYIEHUaToro ckayka pPEaKTHUBHOCTH
aMILTUTY 01 0.
[Tepenumiem 3T0 ypaBHEHUE B BHJIC

on(t) _ op S+ A

n, | sis+r+p/) ®)

Boimonnum oOpaTtHoe mpeoOpazoBanue Jlammaca cootHomenus (8) v moaydum

BPEMCHHYIO 3aBUCUMOCTDb HOpMHpOBaHHOﬁ HCI\/’ITPOHHOI\/’I IIJIOTHOCTH OT BPEMCHU



on(®) :6_p[1 + At - exp(- P
n, B 1

)] )
VYuursiBas, 4To I MaJbIX apryMEHTOB l+X = exp X (pa3jioKeHHe B Pl

Teitopa), nosryuum

n(t) =no[exp(%t) - %exp(— %t)] (10)

[TepBblldi KOMIOHEHT CYMMBI OINKMCHIBAET THUHAMUYECKHM IPOLIECC U3MEHEHUS
HEUTPOHHOU MJIOTHOCTH, 0OYCIIOBJIICHHBIN 3ama3/IbIBAIOIIMMUA HEUTPOHAMU, BTOPOM —
BbI3BAH BJIMSHUEM MTIHOBCHHBIX HEMTPOHOB M HA3BIBAECTCS CKAYKOM HAa MTHOBEHHBIX

HEUTPOHAX.

AMINVIMTYJHO-YACTOTHASA U ®A30-HACTOTHAA
XAPAKTEPUCTUKHU PEAKTOPA

[To3BONsIET MpeACKa3bIBaTh IOBEIEHNUE PEAKTOPA ITPU BO3JAECHCTBUU HA HETO
rapMOHUYECKOTO BO3MYLICHUS.
AUYX n ®UX peakTopa noJydarOT U3 NepeaTouHol GpyHKuuu (4) nyrem

3aMEHBI JIATUIACOBCKOW MTEPEMEHHOM S Ha j.

G(s) = on(s) _ 1

= = @)
n,op(s) Is+PBs/(s+2)

AUX peaktopa 310 Moyiab G(jw)
‘G(ja)) =vRe’+Im’ zi\/ w X

wl | 0* + (A + B/1)

DdYX 3anucreiBaeTcd TaKk

' +AB/1

wB /1 )

I
6 =arctg m o arctg (-
Re

HOPAIOK BBIITOJIHEHUSA PABOTBI
JInst MOJIeTMpOBaHUs CUCTEMBI UCITOJIb3YETCS SJIEKTPOHHBIN CTEH/I, B COCTaB
KOTOPOTO BXOJIAT: TJIAHIIIET, OJIOK MUTAHUS U DJIEKTPOHHO-TY4EeBOU OocImuiorpad

(MHAMKATOD).
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[lepen HauagoM paboOTHI y MPENoIaBaTesis Uiu y4eOHOro MacTepa MoIyduTh

3aJlaHHE C YKa3aHUEM BEJIMYMHBI OOPaTHON CBA3U CUCTEMBI.

Bkirouenne annapaTypbl ¥ M0CJ1€10BATEIbHOCTD BbINOJHEHUs Pad0ThI

1. BxtounTs 6510k iutanus nepeBoaoM tyMmoiepa "Cerb" B BepxHee
MTOJIOKEHHE.

2. Bxmounts ocimuuiorpad (asis aroro tym6iep "CeTs'" nepeBoAM B BEpXHEe
MOJI0KEHHE).

3. Pyuku ynpaBneHust Ha ociiyuiorpade yCTaHOBUTD B CIIEAYIONINE TTOJIOKECHHUS:

"Pa3Beprka" 50 Ws/nen

"Vceunenune" 2 B/nen

4. J1obuThCsl CUHXpOHM3AMU JIy4a ocuusuiorpada (yCToiMunBOro n300paskeHus
ocuuuiorpammsl) pyukamu "Crabunuzanusa” u "YpoBeHs'.

5. IlepexntouaTeny Ha IJIAHIIETE YCTAHOBUTH B CIEAYIOLIUE MTOJIOKEHHUS:

"Pabota" 3

"Biok curHanos" |

"OG6parHas CBsi3b" OTKIL

'

6. Pyukamu " <", " T" u "Pa3BepTka" BbIOpaTh ynoOHOE 1151 HAOIIOACHUS
M300paKCHUE TTEPEXOTHON XapaKTEPUCTUKU PEAKTOPa, TOCIIe YeTO 3apUCOBATh
MOJIYYEHHYIO OCHUIIOTPaMMY .

7. BIIOK CUTHAJIOB NIEPEBECTH B TIOJIOKEHUE Sin wt:

8. Pyuky “YacTtoTa” ycTaHaBIMBATh MOCJIEA0BATEIBHO B MOJ0XKEHU 1, 2, 3,...

9. Mzameputhb nepuoj; CHHyCOUAANIbHBIX CUTHAJIOB HA BCEX YACTOTaX M 3aIliCcaTh
pEe3yIbTaThI B TAOJIHILY.

10. 3anucath aMIIUTYIbI BXOAHOTO U BBIXOJIHOTO CUTHAJIOB, a TAKXKE UX
(ha30BBIN CABUT HA BCEX YACTOTAX.

11. Bxurounts niepexitouatens "OOpaTHas CBs3b', yCTAHOBUTH 33JIaHHYIO
npenojaBaTeeM Ui y4eOHbIM MacTEPOM BEIUYMHY 0OpaTHOM CBS3U U JCHCTBOBATH

corjiacto m. 6 - 10.

OBPABOTKA PE3YJBTATOB U3MEPEHUI



l. [TocTpouTh nepexoIHbIE XapaKTEePUCTUKN MOJICNIA peakTopa 6e3
oOpaTHOH CBSI3U.

2. [To nepexo/IHOM XapaKTEPUCTUKE BBIYUCIUTh MIOCTOSIHHBIE BPEMEHU U
KOHCTAHTBI, ITOJIyYUTh €€ aHATUTUYECKOE ONHUCAHUE.

3. ITocTponuTts NEpEXOaHBIE XAPAKTEPUCTUKH MOJIEIIN PEAKTOPA C
BKJIFOUEHHOM 00paTHOM CBSI3bIO.

4. [1o nepexoiHOM XapaKTepUCTUKE BHIYUCIUTD KOA(DPUIIMEHT yCUICHUS
eI 0OpaTHOM CBSI3H.

5. [Toctpouts AUX 1 @YX Mozenu peakropa 0e3 0OpaTHOM CBSA3U U C

BKJIFOUEHHON 0OpaTHOMU CBSI3bIO.

OPOPMJIEHUE OTUHETA

1. Otuet opopMuth Ha nucTax nucuend Oymaru popmara A4.

2. OT4eT HOMKEH COAEPKATH CIEIYIOIINE OCHOBHBIE YaCTH:

- (opmynupoBKYy 11511 paboThI;

- rpaduvecKkuil MaTepHuall ¢ pe3yIbTaTaMi U3MEPEHHM, 2 UMEHHO
nepexoinbie xapakrepuctuku, AUX n @YX uccien0BaHHBIX CUCTEM.

- pacyeT MOCTOSIHHBIX BPEMEHHU CUCTEMBI 0€3 00OpaTHOM CBS3H IO €€
NEPEXOAHON XapAKTEPUCTHUKE.

- pacuer u noctpoenue AYX cucrembl 6€3 00paTHOU CBS3U, UCIIONB3YSI
HalJIEHHbIE IOCTOSIHHbIE BPEMEHU U KOHCTAHTHI.

- pacuet kod(pduimenTa nepenayu e oOpaTHON CBA3U MO MEPEXOTHOM
XapaKTepUCTUKE CUCTEMbI C 0OPATHOM CBS3bIO.

- BBIBOJIBI O MPOJICTIAHHOM padoTe.

3. I'paduueckue maTepualibl BBIMOIHUTH BpYUHY0. OHU JTOJDKHBI COJEPKAThH
SCHO YMTAEMbIE€ OCH U JIETIEHUS, Pa3MEPHOCTh UCIIOIb3yEMbIX BEJIUYHH,

HN3MCPCHHBIC TOYKHU N KPUBBIC, HCO6XOI[I/IMLIG INOACHCHHUA U T. AO.

KOHTPOJIBHBIE BOITPOCBHI
1. UTo Takoe TOUYEUHBIN peaKkTOp HYJIEBOW MOIIHOCTH?
2. IlokaxxuTe nepexoIHbIe XapaKTEPUCTUKUA TOUYEUHOT'O PEKTOPa HYJIEBOW MOIIIHOCTH,

8



MOJIYYEHHBIE TP TOUHOM PacyeTe MO YPABHEHUIO (2) U C MOMOUIBIO MEPEIATOYHOM
byukiuu. [losicHuTe NPUYUHBI pa3TUYHSL.
3. Kak BeirmsagsaT AUX To4edHOTO peakTopa HyJIeBOW MOIIHOCTH 03 00paTHOM CBSI3U

U C BKJIFOUEHHOU OTpHIIaTeIbHON 00paTHOM CBs3bi0? OOBACHUTE pa3IuyHUs.

PEKOMEHIAYEMAS JIMTEPATYPA
1. T'eiinep JI.b. BBeneHue B T€OpUI0 aBTOMATHYECKOTO PETYJIMPOBaHUsA. MUHCK,
1967.
2. KmoeB A.C. ABromatuueckoe peryiupoBanue. M., 1973.
3.Tutue Y., llenk K. [TomynpoBonHukoBas cxemorexHuka. M., 1983.
4. TTuckynos H.C. [luddepennuanbHoe n nHTErpaibHoe ncuucienne. M., 1985.
5. T'opGaneBuy E.JI. JleBunzon @.D. AHanoroBoe MoJeIMPOBaHUE CUCTEM

ynpasieHus. M., 1984.

[Tpunoxenue 1
N3mepenne AUYX nu @YX cucreMbl NpH NOMOIIH ocHuIorpaga
Hwxe nmpuBeneH xapakTepHBIN BUJI CUHYCOUJAIbHBIX CUTHAJIOB HA BXOJE U BBIXO/JIE

CHCTCMBbI

Bx. curnan <>

Baix. curnan \
/ 8blX

T — 360°
0

1. OnpegensieM 4acTOTy CUTHANIA KaK BETMYUHY, 0OpaTHYIO epuoay- =1/t

(w=27f).




2. KoadhpurmeHT ycuiaeHus Ha 3TOH 4aCTOTE €CTh OTHOIICHUE - A gy/A g

3. ®a3oBbIi cABUT HaxoauTed 1o popmyne - ¢=3607/7

4. OrpuniatenbHbIM (Da30BBINA CIABUT CUMTACTCS, €CITU BBHIXOJAHOW CUTHAII OTCTAET OT
BXOJTHOTO.

JJist i3MEepeHui NCTIOB3YIOTCS MpaBasi 4aCTh CUTHAJIOB, TJI€ 3aBEPIICHBI
MePEXO/IHBIE MPOIIECChI, BEI3BAHHBIC BKIIFOUCHHEM Te€HEpaTopa CUHYCOUIAIbHOTO

CHUT'HAJIA.
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1. HEJIb PABOTDI

N3yuuTh METO/BI ONPEEIeHHs] KPUTHUECKOTO COCTOSIHUS PEAKTOPa, CIIocoObI
IpalyupOBKH CTep KHEN aBTOMAaTHYECKOTO pEryJIMpOBaHUS (AP) U
koMmrieHcupytonux pemietok (KP), ucnonb3yembie Mmpu peryJMpoBaHUM MOIIHOCTU
anepHoOi sHepreTudeckor ycrtaHoBku (DY) tuma BBOP. [lpuobpectu HaBbIKU
ynpaBieHuss Mozenbto DY, HM3yyeHue cTaTHYECKMX M JUHAMUYECKHUX
XapaKTePUCTUK PEAKTOpa HYJIEBOM MOIIHOCTH, OBJAJEHUE NPAKTHUYECKUMHU
HaBBIKAMU IPaAyUPOBKHU CTEPHKHEH.

2. OCHOBbBI TEOPUHA

2.1. YpaBHeHHMs KHHETHKH SIIEPHOTO PEAKTOPA C YUETOM OJTHOM
YCPEAHEHHOM TPYIIIIBI 3aMa3/IbIBAIOIINX HEUTPOHOB 3aIUCHIBAIOTCS B CIEAYIOIIEM
BHJIE:

dc _f
_P 1
Rl n- Ac, (1)

II€ 7 - INIOTHOCTh HEWTPOHOB, 1/M;

P - peaKTUBHOCTb;

/ - BpeMs JKU3HU MTHOBEHHBIX HEUTPOHOB, C;

¢ - MOIIHOCTh UCTOYHMKA HEUTPOHOB, 1/M°C;

¢ - CyMMapHasl KOHLIEHTPAIHsl MCTOYHUKOB 3alla3IbIBAIOIIUX HEUTPOHOB, 1/M°;
B - >ddexTuBHaAsA A0S 3aNa30bIBAIOIINX HEUTPOHOB,;

A - CpenHssA ITOCTOSIHHAS pacliaia SKBUBAJICHTHOM I'PYIIIBI 3aI1a3/1bIBAIOIINX

_ b

HEWUTPOHOB, ONpeeieMas Kak: Z(’. pi, 1,
i= Al

rae B; u Aj 2bdeKxTuBHasA 10 U IOCTOSHHAS paclaja i IPYIIb 3a1a3/1bIBaloIIUX

HEUTPOHOB, COOTBETCTBEHHO.

2.2. II1I0THOCTHh HETPOHOB B PEAKTOPE, BHIBEJIEHHOM W3 PABHOBECHOTO
COCTOSIHHMSI CKAUKOM PEAKTUBHOCTH X MPHU OTCYTCTBHU UCTOYHHKA, OIUCHIBACTCS
BBIPAKECHUEM:

nld) _ B M . P

TB-p VB-p By

exp
n fp-p

2)

)

C TedyeHrneM BpEMEHU BKJIaJl BTOPOTO SKCIOHEHIIMAIBLHOTO YWIEHA 3TOTO
COOTHOIIIEHUSI CTAHOBUTCS MPEHEOPEIKUMO MAJIBIM, TaK KaK JJIs PEryJIUPYIOIIUX
CTEp>KHEW B SHEPTeTUUYECKUX peakTopax p<<pf.

[TosTomy



n(t) zﬁ{jpno exp /;Epp . (3)

2.3. MeToa 0OpaTHOr0 YMHOKEHHS

DTOT METOJI HCHOJIB3YETCSA Il ONPEACHEHUS KPUTUYECKOTO IOJIOKEHHS
PETYJIUPYIOLIETO0 CTEepXKHs Oe3 JOBEIEeHUs peakTopa 10 KpuTuku. FcexomHoe
COCTOSIHHME - PEAKTOP IMOJKPUTHUYEH.

Ecmu x,49<l, TO peakTop 00JamaeT OTPUIIATEIHLHON PEAKTHUBHOCTBHIO U TpPHU
OTCYTCTBUHM MCTOYHMKA HEUTPOHOB B AKTUBHOM 30HE BEJIMYMHA HEUTPOHHOTO MOTOKA
B PEAKTOPE PaBHA HYJIIO.

Ecmn xe B peakTop MOMECTUTh HUCTOYHHK HEUTPOHOB, TO MOSIBUTCS
HEUTPOHHBIN MOTOK, KOTOPBIN OyAEeT CTPEMUTHCS K HEKOTOPOMY YCTaHOBHUBIIEMYCS
3HAYEHHUIO.

N3 ypaBHenuii (1) B ycTaHOBHUBIIEMCS peXuUMe pabOThl peakTopa, Korja

dn dc

HPOM3BOJIHbIE M0 BPEMEHH -~ =0 u T =0, (T.e. W CTATHYECKOTO COCTOSHHS
peakrTopa), Ciaeayer:
'O_lﬁn+/lc+q:0,
5 4)
“n- Ac =0.
[
Otkyna:
n=lt
: (5)

VYpaBuenue (5) moka3plBaeT HaJW4YWe OJHO3HAYHOW 3aBUCHMOCTH MEXY
PEAaKTUBHOCTBIO MOJAKPUTHUYHOIO PpEAKTOpa U BEJIMYUHOM YCTAaHOBUBIIEIOCSH

1

[

[y

B
.

[
g 2 40 a4 Hho H o

Puc.1. I'paduk 3aBucuMOCTH 00paTHOM MOITHOCTH 1/7
OT TIOJIOKEHUS PETYIHPYIONIEro cTepxkus H



3HAYeHHWs] HEUTPOHHOTO TMOTOKA. OTO TMO3BOJSIET IyTeM TOCIEI0BATEIBHOTO
W3MEHEHHUSI  PEaKTUBHOCTH  (T.€.  CTENEHHM  MOAKPUTUYHOCTH  PEaKTOpa),
OCYUIECTBJISIEMOTO 3a CUET M3MEHEHHUs TIOJOKEHUS OPraHOB PEryJMpPOBaHUS WIIU
n00aBJeHUsl TOIUIMBA, ONMPEICIUTh KPUTHUYECKYI0 MAcCy WIM TOJIOKEHHE CTEepPIKHS
yHpaBJIeHUs], HE JOBOJS PEAKTOP JJO KPUTHUECKOTO COCTOSTHUSI.

CornacHo 3TOMY METO/IY CTPOAT rpauK 3aBUCUMOCTH 00OpaTHOM MOITHOCTH 1/
N OT TOJIOXKEHHS PEryJHpYIOMIMX CTEpKHEM WM KOJUYECTBa TOIUIMBA, KOTOPBIN
MOJTy4aloT SKCIIEPUMEHTaIbHO. B mpoliecce 3xcneprMenTa NOTIOMIA0IIUNA CTEPKEHb
MOCTENIEHHO BBIBOJSAT M3 aKTUBHOM 30HBI HEOOJBIIMMH IIaraMHu C MPOMEXKYTOYHOMN
BBIICP)KKOW Ha KaXXIOW CTYNEHH MJis JOCTIKEHHS PAaBHOBECHOTO CTAIIMOHAPHOTO
COCTOsIHUA HEeWTpoHHOro mnoiid. IIpouecc ocraHaBiMBarOT, HE JOBOJIS PEAKTOP MO
KPUTHUECKOTO COCTOSIHHSA. 3aTe€M CTPOAT rpaduK 3aBUCUMOCTU 0OpaTHOW MOIIHOCTH
1/n ot xoopauHaThl crepxxHs — H (puc. 1). Jlns uaeanbHOro peakropa 3ToT rpadux
OyAeT mpsMoi TUHUEH. DKCTPANOAIUS MPSMON 0 MEePECEUeHUs: C OChIO aOCINCC U
JaeT KICKOMOE KPUTHUYECKOE MOJIOKEHUE MOTJIOMIAIOIIEr0 CTEPXKHS - Hg.

Ha mpakTuke 3TOT METO1 UCIIONB3YETCS TaKXKe VISl ONPEACIICHUS KPUTHUECKON
3arpy3ku peakrtopa. KpuTuueckoe TmOJOKEHUE CTEpXKHEH, ONpEeJesIeHHOE 110
YKa3aHHOMH BBILIE METOAMKE, HOCUT Ha3BaHHUE MOJIOKEHHSI XOJIOIHON KPUTUYHOCTH.

2.4. MeToa cTpeJIAIOIIEr0 MCTOYHNKA

[{enbr0 SKCIEPUMEHTA SIBJISIETCS OINPENCIICHUE CTEINEHU NOAKPUTUYHOCTH
peakTopa. McXoaHOE COCTOSHME - PEAKTOpP NMOAKPUTHUYEH, UCIIOIb3YETCS UCTOYHHK
HEUTPOHOB. METOZI OCHOBaH Ha OIPEACICHUM W3MEHECHUS IMJIOTHOCTH HEUTPOHOB,
O0OyCJIOBJIEHHOTO OBICTPBIM YJAJI€HUEM W3 aKTUBHOM 30HBI pEaKkTopa HCTOYHHMKA
HEUTPOHOB.

PaccmoTrpum mponecchl, NPOUCXOASIIME B peakTope. B craumoHapHOM
COCTOSIHUM HWCTOYHHMK HEHUTPOHOB 00€CNEeYMBAE€T KOHIIEHTPALMIO TIUIOTHOCTU
HEUTPOHOB B aKTHMBHOHN 30HE 719. B MOMEHT BpeMeHH =0 HCTOYHUK HEUTPOHOB C
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Puc.2. KpuBast uaMeHeHus MIOTHOCTA HEMTPOHOB BO BPEMEHU
MOCJIE U3BJICYEHN HICTOYHNKA HEMTPOHOB U3 AKTUBHOM 30HBI



MaKCHUMaJlbHO BO3MOXKHOM CKOpPOCTBbIO yjaanserca u3 peaktopa. [lmoTHOCTh
MTHOBEHHBIX HEUTPOHOB OBICTPO (CKaukoM) ymeHbliaetcs (puc.2). CKOpocTb 3TOro
npolecca ONpeAesseTcsl BpEMEHEM KU3HU MTHOBEHHBIX HEUTPOHOB, KOTOpPOE IS
pEaKTopa Ha TEIIOBLIX HEMTPOHAX paBHseTCs npuMmepHo 107c. 3a cuer 3Toro obmas
IUIOTHOCTh HEUTPOHOB TaKKe€ OBICTPO YMEHBIIAETCS IO 3HAUYEHUS 1.

3aTeM CKOpOCTh CIaJla HEUTPOHHOW IUIOTHOCTH OIPEAEISETCS BPEMEHEM
’KU3HU 3aIa3/IbIBAONINX HEUTPOHOB (1/4=52¢!) mosTOMY yMEHbIIIaeTCs 3HAYUTEITHHO
MeuieHHee. [1o3ToOMy  ypoBE€Hb MOIIHOCTM #; MOXHO YCJIOBHO CUMTAaTh
KBa3UCTaTUYECKHUM.

PeakTUBHOCTh PEaKTOPHOM CHUCTEMBI B JOJIAX [ ONpenesseTcs Mo aMILIUTyIe
3TOr0 OBICTPOTO YMEHBIIEHHUS] HEUTPOHHOU MJIOTHOCTH OT CTAlMOHAPHOIO 3HAYEHUS
Mo 10 KBa3UCTATUYECKOTO 7111 IO popMyIie:

p/ﬂzl’h/l’lo- I. (6)

2.5. Metoa cOpoca cTepKHs

[enbro sKCIIEpUMEHTA SIBISIETCS OMpEEIeHUe Beca CTepkHs. MeTo] OCHOBaH
Ha OMNpEJECICHUH HM3MEHEHUs IUJIOTHOCTU HEUTPOHOB, OOYCIIOBIEHHOTO OBICTPHIM
BBEJICHUEM B KPUTHUECKYIO aKTUBHYIO 30HY PEaKTOpa CTEPKHs yIpaBiieHUs (BBOJIOM
OTpHULIATEIBHON peakTUBHOCTH). MICXO/THOE COCTOSIHUE - pEaKTOp KPUTHUYECH.

[Iponecchl B peakTope aHaIOTMYHbI PACCMOTPEHHBIM B pasneie 2.4.

B craupoHapHOM COCTOSHMM IUIOTHOCTH HEUTPOHOB paBHA #o. B MOMEHT
BpeMeHU (=0 CTep)KEHb YINPABICHUS BBOJWTCS B PEAKTOp C MaKCHUMAaJlbHO
BO3MOXXKHOM CKOpPOCTBbIO. BcrnencrtBue ObICTpOro HMCUYE3HOBEHUS MIHOBEHHBIX
HEHTPOHOB 0OIIasi TUIOTHOCTh HEWTPOHOB BHAYaJie CKAYKOM YMEHBIIACTCS JI0
3HAYEHUsA 7, 3aT€M CKOpPOCTb CIaja HEUTPOHHON IUIOTHOCTH CYIIECTBEHHO
YMEHBIIAETCS, MOCKOJIbKY OIpEAesaeTCs BIMSHHEM 3alla3/blBAlOIINX HEUTPOHOB
(BpeMs KU3HU KOTOPBIX 3HAYUTEIBHO OOJIbIlIE BPEMEHM >KU3HU MIHOBEHHBIX
HelTpoHOB) (puc.2). IlonmyuuBinasics B pe3yJbTaTe pPEAKTUBHOCTh CHUCTEMBI
paccuuTbiBaetcs 1o Gopmyse (6). [Ipu n3BecTHON BEeIUUMHE NMEPEMEIICHUS CTEPIKHS
ynpasienust AH ero Bec MOXHO ONPeIeTUTh IO COOTHOLIEHUIO

M= (p/f) | AH. (7)

2.6. MeToa ycTAaHOBHBLIETOCS IIEPUOAA

[lenbro dKCIIEpUMEHTA SIBISETCS KaJIMOPOBKA M3MEPUTENS IEPUO/Ia PEaKTOpa
(mepuosiomepa), ONpENEIIEHHE Beca CTEP)KHs YIPABICHUS, OLEHKAa IOCTOSHHON
pacnaza MCTOYHUKOB — IPEIIIECTBEHHUKOB 3ala3[bplBaloOlUX HEHTPOHOB. MeTton
OCHOBaH Ha OIPENEJICHUH HW3MEHEHHUS IUIOTHOCTH HEHUTPOHOB, OOYCIIOBIEHHOTO
IIOJIbEMOM W3 KPUTHYECKOM aKTHBHOW 30HBI PEAKTOPA CTEPKHS yIPABICHUS (BBOJIOM
MIOJIOXKUTENIBHON PEAKTUBHOCTH). MICXOHOE COCTOSIHUE - PEAKTOP KPUTHYEH.

Paccmorpum  mponecchl, NpPOUCXOASAIIME B KPUTHYECKOM peakrtope. B
CTallMOHAPHOM COCTOSIHMU IJIOTHOCTh HEMTPOHOB paBHa #1o. B MOMeHT Bpemenu =0



CTEpPKEHb YIPaBJICHUSI CKAYKOM NMOJAHUMAETCA BBEpX Ha BenmuuHy AH. BenencrBue
BBOJIa TIOJIOKUTEJILHOW PEAKTUBHOCTH IUIOTHOCTh HEUTPOHOB BHauaje OBICTPO
YBEJIMYMBACTCS [0 3HAYEHHUS 7, TO €CTh HAOJIIOJAETCs CKAaYOK HAa MTHOBEHHBIX
HeritpoHax (puc.3, 1). JlanmpHeWmmii pocT HEUTPOHHOM TUIOTHOCTH MPOUCXOJUT
3HAYUTEIBLHO MEJUICHHEE, TOCKOJIbKY OOYCIIOBJIEH BIMSHHUEM 3aIla3/blBAIOIINX
HEHUTPOHOB C OOJNBIIMM BPEMEHEM J>KHU3HH. JTOT TOCTENECHHBIH Pa3roH peakTopa
OMMHCHIBAETCS (POPMYIION

t
T,
n(t) =n -e p. (8)
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Puc.3. 3MeHeHne II0THOCTH HEUTPOHOB BO BPEMEHU
IIPY BBOJIE MOJIOKUTEJIBHOM PEaKTUBHOCTH

rae 1T, — yCTaHOBUBILHICS IEPUOJ peakTopa (UK MEPUO] PEAKTOpPa).

OTMeTuM, 4TO MEpPUOJ PEaKTOpa - 3TO BpPEMs, 32 KOTOPOE €ro MOIIHOCTH
MEHSETCA B e pas.

BenuunHy BBEIEHHOM peakTUBHOCTH P/ff ompenensior no dopmyie (6), Bec
cTepxHs M — 110 cooTHotenuto (7).

[lepmon peakTopa HAXOAAT SKCHEPUMEHTAIBHO TO TpaduiKy W3MEHEHUS
MomHocT (puc.3, 2). [Ins BbIUMCIEHHS HEepUOAa HUCIHOJIB3YETCS COOTHOIIECHHE,
BBITEKAaloIee 13 ypaBHeHuUs (8):

-t
Tp =2 1 ’ (9)

n
In—=
n,

I€ 71 U Ny - 3HAYEHUS HEUTPOHHOM IUIOTHOCTM B MOMEHTBI BPEMEHH 7, U I,
COOTBETCTBEHHO.
ITockonbky



_B-p
L= . (10)

U, YUUTHIBAs 4TO p<<f, MOCTOSHHYIO pacrnaja UCTOYHUKOB — MPEAIICCTBEHHUKOB
3ara3AbIBAIOIINX HEUTPOHOB MOYKHO OIMPEAEIUTH M0 (opMyIie

Pr
sy (11)

3. OIMCAHUE JIABOPATOPHOM YCTAHOBKH

Jlist BBIMOSHEHUsST PabOThl MCIOJIB3YETCS CTEH, MPEACTaBISIONIUNN Cco00M
AJNIEKTPOHHYIO MOJENb ABYXKOHTypHOU SDY. Crenn BkiroyaeT B ceOs MOAEIb
TOYEHYHOTO pPEaKkTopa HYJIEBOM MOIIHOCTH, BOCIPOU3BOJAIIYIO JIHHAMUYECKUE
XapaKTEPUCTUKU PEAKTOPA C YUYETOM OJIHOW YCPEIHEHHOW T'PYIIIbI 3aI1a3bIBAIOLINX
HEUTPOHOB, MOJIENIb BTOPOr0 KOHTYpPA, 3JEMEHThl MOIIHOCTHOM M TEeMIEpPaTypHOU
0oOpaTHBIX CBSA3EH, CpPECTBA MHANKAIIUY U YIIPABIICHHUS.

4. TEXHUKA BE3OITACHOCTH

[lepen HawanmoM pabOTBl CTYACHT 00s3aH yOeIuUThCA B HAJIUYUH U
UCIPAaBHOCTH 3a3eMJIeHHs J1abopaTopHOM ycTraHOBKU. Ilpu orcyrctBumM win
HEUCTPABHOCTH 3a3€MJICHHUSI HEOOXOIMMO COOOIIUTH 00 3TOM WHKEHEPY.

[Tpu BbIMOTHEHUH PAOOTHI 3aMpPEIIaeTCs:

- CaMOCTOSITEIBHO BKIIOYATh M BBIKIIOYATh MPUOOPHI, HE BXOMAIINE B COCTaB
YCTaHOBKHU:

- OCTaBJIAATh 0€3 MPUCMOTPA BKIFOUEHHOE 000PYI0BAHUE;

- CaMOCTOSITEJIBHO YCTPaHATh JIIOObIE HEUCIPaBHOCTH, OOHAPY>KEHHBIE B
MpoIIecce BBHITIOTHEHUS paOOTHI.

HHOPAJOK BBIITOJIHEHUSA PABOTbBI

5.1. Ilepex Hayajom padoOTHI y MNpenojaBaTeNs WIM HHXEHEpa MOIy4YHUTh
MCXOJ/IHBIE JIAaHHBIE 10 3a/IaHUIO:

- TIOJIOKEHWE CTPENKU ykazarens «Bemnuwmna, oOpaTHass MOIIHOCTH» st
BBITIOJTHEHUS OIBITOB MO METO/AaM «CTPEIISAIOIIUNA UCTOYHUK» U «COPOC CTEPIKHS;

- HUCXOJHYI0 MOIIHOCTh PEAKTOpa [Jisi BBHIIOJHEHUS OMNBITOB MO METOIY
«aCUMIITOTUYECKUIN TIEPUOIY.

5.2. IloaroroBka crenaa K padore
5.2.1. BkarouuTh cTeHA EpeEBOIOM TyMOiiepa «BKil.» B BEpXHEE M10JI0KEHUE;



5.2.2. BeiBecTu crtepkeHb A3 B KpaliHee BepxHee mnosioxkeHnue. [{ns storo,
yOeIUBIINCh BO BKJIOUYEHUU JIAMIOYKH «I'OTOBHOCTB» Ha MHEMOCXEME, Ha)KaTb
KHONIKY «B3Bog». HaOmiomas 1o WHAWMKATOpPY TMOJHSATHE CTEPKHS, JOOUTHCA
BKJIFOUEHMS JIAMITOYKH BEPXHETO KOHIIEBOT'O BBIKIIIOUATETISI.

5.2.3. Ilepexirouarenu «MomtHoCTh UCTOYHHKA HEUTPOHOBY,
«Temmepatypubiii KOd()PUITUEHT PEAKTUBHOCTU» U «MOITHOCTHOU KOI(PPUIIUEHT
PEaKTUBHOCTW» TOCTABUTh B MOJOXKEeHUE «BBIKILY). OTKIIOYUTH aBTOMATUYECKUN
PEryISTOP MOIIHOCTH.

5.3. MeToa oOpaTHOIr0 YMHOKEHUS

- YCTaHOBUTH Iepekyirovarenb «MOIIHOCTh HCTOYHHMKA HEUTPOHOB» B
nosioxkeHue Ne 1 (B akTUBHYIO 30HY BBEJIEH HCTOYHUK HEUTPOHOB MOIIHOCTHIO Nel);

- HaxuMas KHomky «BBepx» AP, noansate crepxkenb AP nHa 100 cwm,
TMIOJIOKEHHE CTEPKHS BBICBEUMBAETCS HA yKa3arese nojoxenus AP;

- HaXKuMas kKHoniky. «Beepx» KP, noanste crepxenb KP Ha 75 cM, noJsioxkeHue
CTEP>KHS BBICBEUMBAETCA Ha yKazareie nojoxenus KP;

- no mnpubopy «OOpaTHBI TEpPHOT» CIECIUTh 3a U3MEHEHHEM TNepHoja
peakTopa;

- IS 3aBEPILCHUS MEPEXOJHBIX MPOLECCOB MOA0XKAATh OKOJIO 4-5 MUH, IOKa
HE YCTaHOBUTCS MEPUOL peakTopa I =oo;

- 3amMcaTh noka3zanue npudopa «Bennunna, oOpaTHAsT MOIITHOCTHY;

- nojaHATh crepxkenb KP Ha 10 cMm, Bbiepkath 4 MUH., 3a0MCaTh MMOKa3aHUS
npubopa «Bennunna, oOpaTHasi MOLTHOCTHY;

- TOBTOPUTH 3amepnl eme 3-4 pasa, pe3ysbTaTbl M3MEPEHUN 3aHECTH B
TalIuILy;

- MHOCTPOUTH TpadUK 3aBUCUMOCTH OOpPATHOM MOIIHOCTH OT KOOPAMHATHI
crepxHs KP;

- JKCTpamojiupys TOJY4YEHHYIO KPUBYIO JIO OCH aOCIHUCC, ONpeneIuTh
nonoxenue crepxHa KP — H, , mpu KOTOPOM peakTop CTaHET KPUTUUECKUM.

- U3MEHUTB TOJIOKEHUE CcTepKHA AP 1o 3aaHnio npenogaBaTens U HOBTOPUTh
OIBITHI JIJIs1 HOBOT'O MOJIOKEHHUSI cTepxkHS AP.

5.4. MeTtoa cTpeJiiloiero MCTOYHUKA

- BBECTU B aKTUBHYIO 30HY MCTOUYHHMK HEUTPOHOB, JJI YEro MepeKIroYyaTeilb
«MONIHOCTh HCTOYHUKA HEUTPOHOB» MOCTABUTH B MOJIOKeHUE No 1 ;

- noaHATh cTepkeHb AP Ha BeicoTy 100-120cMm;

- mnepememias crtepxkeHb KP, mobuthcs TOro, 4toObl cTpenka mpudopa
«BenuuuHa, oOpaTHasi MOIIHOCTH» pEaKkTopa oOKaszajlach Ha CEpPEIMHE IIKAJIbI.
[TopaGoTaTh Ha 3TOM ypOBHE HE MeHee 3 MUH;

- 3aMMcaTh MoKazaHus rnpudopa — 1/no;

- B MOMEHT BpeMeHU =0 BBIKIIOUYNTh UCTOUHUK HEUTPOHOB 30HBI NIEPEBOJIOM
nepekiroyaTess «MOIHOCTh HCTOYHUKA HEUTPOHOBY» B MOJIOKEHHE «0»;

- 4epe3 paBHbBIE MTPOMEKYTKH BPEMEHHU C MHTEPBAIOM He OoJiee 3¢ 3amichiBaTh



nokaszanus npudopa «BenuuyuHa, oOpaTHass MOIIIHOCTHY, BBITIOJIHUTh HE MEHEE TATH
3aMEpOB;

- IOJTy4YEHHBIE Pe3yIbTaThl 3aHECTH B TAOJUILY;

- IOBTOPHUTH OIIBIT €UIE HE MEHEE 2 IBYX pa3;

- IOCTPOUTH IPaPUK 3aBUCUMOCTH TUIOTHOCTH HEUTPOHOB OT BPEMEHHU;

- JKCTPANOJMPOBATh HAYaJbHBIM YYAaCTOK MOJYYEHHOU KPUBOM K MOMEHTY
BpeMeHH =0 (cM. puc.2, 1) u HaliTK 3HaYeHUE HEUTPOHHOU MIIOTHOCTH 71

- OMIPEICIUTh PEAKTUBHOCTH CUCTEMBI IO (hopmydie (6).

5.5. Metoa copoca crep:xHs

- BBIBECTU UCTOYHUK HEUTPOHOB U3 aKTUBHOM 30HBI, JUISl YETO MEPEKITIOYATEND
«MOIIHOCTh HCTOYHHUKA HEUTPOHOBY» JTOCTABUTH B MOJ0KEHUE «0»;

- noaHATh cTepkeHb AP Ha BeicoTy 100-120cMm;

- mnepemenias crepxkeHb KP, mo0uthcs TOro, 4troObl cTpelika mnpudopa
«BennunnHa, oOpaTHas MOIIHOCTH» PEaKTOpa OKa3ajlach HAa CEpEUHE IIKaJbl, a
nepuop peakropa 7ye;=o0. IlopaboTaTh Ha ’TOM ypOBHE HE MEHEE 3 MUH;

- 3amMcaTh Nokaszanus npudopa — 1/ny;

- B MOMEHT BpeMmeHu =0 onmyctuth crepxenb KP Ha 10cwM;

- yepe3 paBHbIE IPOMEKYTKH BPEMEHHU C UHTEPBAJIOM He OoJiee 3¢ 3amuchiBaTh
noka3anusi npubopa «Benuunna, oOpaTHas MOIIHOCTHY», BBHIIIOJHUTH HE MEHEE MATU
3aMEpPOB;

- MOJIYYEHHBIE PE3yJIbTaThl 3aHECTH B TAOJIULLY;

- IOBTOPHUTH OIIBIT EUIE HE MEHEE 2 pas;

- IOCTPOUTH IPAPUK 3aBUCUMOCTH TUIOTHOCTH HEUTPOHOB OT BPEMEHU;

- DKCTPANOJIMPOBATh HAYyajbHbIM YYaCTOK IMOJYYEHHOU KPUBOM K MOMEHTY
BpeMenu =0 (cM. puc.2, 1) 1 HailTh 3HaUeHHEe HEUTPOHHOM MJIOTHOCTH 711

- OIPEJENIUTh BEJIUUNHY BBEJCHHON pEaKTUBHOCTH 1O GpopMmyiie (6);

- onpenenuts Bec ctepxHsa KP o popmyine (7);

- BEpHYTHCS B HCXOJJHOE COCTOSIHUE CTAOMIBbHON MOIIIHOCTH;

- 3amUcaTh okaszanus npudopa — 1/ny;

- B MOMEHT BpeMmeHu =0 onycTuth crepxkeHb AP Ha 10cwMm;

- IOBTOPUTH OIIBITHI ISl 3TOTO CIIy4asi HE MEHEE TPEX Pas;

- onpenenuth Bec ctepxHs AP o ¢popmyne (7);

5.6. MeToa yCTaHOBMBIIETOCH Nepuo/a (onpeaeseHue BeJJUIYUHbI A )

- BKIIOYUTH BCTPOCHHBIM B J1a0OpAaTOpPHBIA CTEHJ aBTOMATHYECKUUI
MTOTEHIUOMETP B PEKUM PETUCTPALMU TEILUIOBOM MOUTHOCTH PEAKTOPA;

- BBIBECTH PEAKTOP B YCTAHOBUBILEECS COCTOSHUE IIPU MOILIHOCTH, 3aJaHHOMN
IIPEI0IaBaTelIeM;

- BBLIEPKAThb B TEYEHUE TPEX MUHYT U 3alUCATh 3HAYCHHUE YCTAaHOBUBLICKCS
MOIIHOCTH;

- B MOMEHT BpeMeHHU =0 IepeBecTH PEeaKTOp B HAJKPUTUUYECKOE COCTOSHUE
nepeMenienrem crepxxHs AP BBepx Ha 30 cwMm;
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- 3aMUChIBATh MTOKa3aHus npudopa c maroM 10cek, He meHee 20 3HAUCHU;

- IOCTPOUTH 3aBUCUMOCTbh MOITHOCTHU OT BPEMEHU;

- ONPEACIUTh BBEICHHYIO PEAKTUBHOCTh, UCIIOJb3Yysl U3BECTHBINA BEC CTEPIKHS
13 OIBITa 110 METOy cOpoca CTePKHS;

- OTIpeIeTUTH TIepro peakTopa mo Gopmyie (9);

- ONpPEAEHUTh IIOCTOSIHHYIO pacliaia UCTOYHUKOB — IMPEAIIECTBEHHUKOB
3aI1a3/IbIBalOIIMX HEUTPOHOB.

6. TPEBOBAHMUS K OTUYETY

6.1. Ortuer odopmiserca Ha auctax ¢opmara A4 KaKIbIM CTYAEHTOM
CaMOCTOSITEJIbHO.

6.2. OTYeT JOJIKEH BKJIIOYATh CIIEIYIOIINE OCHOBHBIEC YACTHU:

- TUTYJIBHBIU JIUCT;

- GOpMYITUPOBKY LIeJI PAOOTHI;

- IOCTPOEHHBIE IKCIIEPUMEHTATIbHBIE 3aBUCUMOCTH;

- pacyeTsl HCKOMBIX BEJIMYWH;

- TpadUUeCcKHil MaTepuan Mo pe3ysbTaTaM W3MEpPEHUIl BBIMOIHUTH BPYUHYIO.
OH [OKHBI COJAEPKATh SICHO YWTAa€Mble OCH M JIEJIEHUS, pPa3MEPHOCTH
UCIIOJIb3yEMbIX BEJIMYMH, U3MEPEHHBIE TOUKU U KPUBbIE, HEOOXOAUMbBIE MOSACHEHUS U
T.1.;

- BBIBO/IbI C ICHBIMU MOSICHEHUSIMU MOTYYEHHBIX PE3YJIbTATOB.

7. KOHTPOJIBHBIE BOITPOCHI

1. O0bsicHUTE B ypaBHEHUHU KUHETHKHU, YTO 0003HAYAIOT BEIMYMHEI p, f, A, L, ¢,
KaKoB HMX (DU3MYECKUN CMBICI M Pa3MEPHOCTh, KaKHe MPUMEPHBIC 3HAUYCHUS OHU
MOT'YT UMETh?

2. 3anumuTe ypaBHEHHWE KUHETUKU O€3 ydeTa M C y4eTOM 3ara3/bIBarollux
HEHUTPOHOB.

3. Uto Takoe 3P(PEeKTUBHOCTb CTEP)KHS PETyJIMPOBAHUS, B KAKUX €IMHULIAX
OHa u3MepsaeTcs?

4. OObsAcCHUTE, KaK IMOJy4YarOT ypaBHeHUE (6) sl pacueTra pPeakTUBHOCTH
PEaKTOPHOM CUCTEMBI?

5. Uto Takoe KBAa3WCTALIMOHAPHBIA YPOBEHb HEUTPOHHOW IIOTHOCTH? Yepes
KaKOM MTPOMEKYTOK BPEMEHH OH JIOCTUTAETCA?

6. Uto Takoe nepuoj peakropa?

7. IloyeMy HE TONTYCTUMO BHOCUTH B PEAKTOP PEAKTUBHOCTb, IMPEBBILIAIOIIYIO
BETTUYHHY [7?

8. B ueM pa3zHMIa MEXIy CTaTUYECKUMH MU JUHAMHUYECKUMH METOJAMU
KaJIMOPOBKU CTEPIKHEN?
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1. HEJIb PABOTBI

N3yunth OCHOBHBIE CTaTUYECKHE IPOrPAMMBI, HUCIOJIb3YEMbIE IPHU
pEryJIMpOBaHUM MOIIHOCTU SIIEPHON H3Heprerhueckoil ycranoBku (ADY) Tuna
BBOP. Tlomyunth mpencraBieHHe O MOIIHOCTHOM KOd(DpUIMEHTE pPEaKTUBHOCTH
peaKkTopa M HAy4HMTbCS SKCIIEPUMEHTAJIBHO ONPEIEIATh €ro 3HAaK W BEINYUHY.
[IprnoOpecTn HaBBIKK yNpaBiieHNus MOAENbio DY

2. OCHOBbBI TEOPUHA

2.1. CraTnuyeckoii nporpaMmmou peryjuposanus S19Y Ha3piBaeTcs xenaemas
3aBUCUMOCTh OCHOBHBIX [apaMEeTPOB YCTAHOBKH (pacxoja, TEeMIEpATyphbl, TaBICHNUS)
OT €€ MOUIHOCTH B YCTAaHOBMBIIMXCSA peXUMax. BbIOOp mporpamMmbl MpoU3BOAUTCS
HAa OCHOBAHHMM aHalM3a (PU3MYECKHX, KOHCTPYKTHUBHBIX, TEXHUKO—3KOHOMHUYECKHX
OCOOCHHOCTEM YCTaHOBKH, PEKUMOB €€ pabdOThl B DHEProCUCTEME U JIPYTUX
(bakTopoB.

Ha Bcex coBpeMennbix 61okax BBOP pacxos TermoHocuTenst nepBoro KOHTypa
G ue perymupyetcs. OObI4HO OJIOKM PabOTaIOT C TOCTOSHHBIMU PAaCcXOJaMH TPHU
W3MEHEHHM MOIIHOCTM B WIHMPOKUX Ipenenax. PaccMorpuMm — mporpaMmsl
PEryJINPOBAaHMS IPU MOCTOSTHHOM PACXOJ€E IO IEPBOMY KOHTYDY.

IIporpaMmma ¢ moCTOSIHHO# cpeaHeili TeMIepaTypoii B mepBOM KOHTYpe (puc.
1). CormacHo 3TOH TporpamMme CpeaHss TeMIlepaTypa TEIIOHOCHUTENS B PeaKTope
MO/IeP>KUBAETCS MOCTOSIHHOM (7, =const).

[TockonbKy ¢ pOCTOM MOITHOCTH peakTopa N MOAOTPEB TEIJIOHOCUTEIS B HEM
YBEIUYHMBACTCS, a CPCAHSS TeMIeparypa TEIUIOHOCUTENs 1, TOIICPKUBACTCS
MIOCTOSIHHOM, TO TEeMIIepaTypa Ha BBIXOJIE peaKkTopa JOJKHA pacTH, a Ha BXOJE
COOTBETCTBEHHO YMEHBIIIATHCS COTJIACHO COOTHOIICHUIO:

N:CpG(TBMx_TBx), (1)
rae C, — cpeaHsisi MaccoBask TEIIOEMKOCTh TEIJIOHOCUTEIIS;
Tsux, Twx — TEMIEpaTypa TEIUIOHOCUTEN Ha BBIXOJAE M BXOAE PEAKTOpA,
COOTBETCTBEHHO.

TerutoBass sHeprus, TmepeaaBacMas OT IIEPBOTO KOHTypa KO BTOPOMY,
onpenensercs: GopMyJIou:

O=aF (Tep-Tv), (2)

rae o — 3GdeKTUBHBIN KOG UIIMEHT TeIUIonepeadyl OT TEIIOHOCUTENSI MEPBOTO
KOHTYpa KO BTOPOMY B ITapOr€HEpaTopeE;
F — nutomanp Ternmoo0MeHHOM OBEPXHOCTH IMApOTEHEPATOPa;
T, —TeMmnieparypa napa BO BTOPOM KOHTYpE.

[Ipu ¢ukcupoBaHHON MIOmMAIN TerIooOMeHa F, MPaKTUYECKH HEU3MEHHOM
sbdexTBHOM KOA(PPULIMEHTE Temionepenadyd o U IOCTOSIHHOM  CpeaHeit



TeMIlepaType TEIUIOHOCUTENd NepBOoro KoHtypa I, oOecreueHue TpedyemMoro
TEIJIOChEMA U3 PEAKTOpPa MOMKET ObITh JOCTUTHYTO TOJBKO 32 CYET YMEHbIUEHUS
napameTpoB Iapa BO BTOpOM KOHType 7Ty (T.e. 32 CUET YBEIUYECHHS TeMIIEPaTypHOTO
Haropa Ha TEemI00OMEHHOW MOBEPXHOCTU maporenepatopa — Icp-1y). OT™METHUM, YTO
MIOCKOJIbKY TeMIlepaTypa Iapa Ha BbIxoje maporeHepatopa BBOP mnpaktuuecku
paBHO TEMIIEpaType HACBIILEHWS MpPU 3aJaHHOM JIaBJIICHHH, YMEHBIICHHE
TEeMIIepaTypbl apa CBOJUTCS K YMEHBIIEHUIO €ro JaBiaeHus P.

Ota nporpamMma HauboJjee 6JaronpusTHa Uil IEPBOTO KOHTYpa, TaK KaK B 3TOM
cillyyae Jjisi W3MEHEHHMS MOIIHOCTH peakTopa TpeOyeTcsi BHECTH HAUMEHBIIYIO
peakTuBHOCTh. O0ECeUnBalOTCs CTAOMIIbHBIE TEMIIEPATYPHBIE YCIOBUS Il IEPBOTO
KOHTYpa, 4YTO IMOBBIIIAET HAAE&KHOCTh paboThl ero obopyaoBanus. Kpome Toro,
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Puc.1. Cratudeckas nporpamMmma peryaupoBanus S0V ¢ MOCTOSHHON cpeiHeN TeMIlepaTypoit
TEIJIOHOCUTEIS IIEPBOT0 KOHTYpa:

1,2,3 — TeMrnieparypa TEIUIOHOCUTENS MEPBOTO KOHTYPa Ha BBIXOJE, CPEIAHSS U BXOJIE B PEAKTOD,
COOTBETCTBEHHO; 4 — IaBJICHUE 1apa BO BTOPOM KOHTYype

00BEM TEIJIOHOCUTENS TIEPBOT0 KOHTYpa MEHSETCSl HE3HAUUTENbHO, a 3TO 00JIeT4aeT
paboTy cUCTEM KOMIIEHCAIIUU 00BhEMA U PETYJIMPOBAHUS PEAKTOPA.

Henocrarkom mnporpaMmbl sIBisieTCSt HEOOXOAMMOCTb TOBBIIICHUS JIaBJICHUS
BTOPOr0 KOHTypa MpU TMOHUKEHUU MOIIHOCTH, UYTO YTSDKENseT 000pyaoBaHUE
BTOpOro koHrtypa. Ilpu stom tepmuueckuin KIIJ| nukmna ocraérca HU3KMM Ha BCeX
MOIIHOCTSX, TAK KaK HA HOMUHAJIbHOW MOIITHOCTHU JIaBJIEHUE Mapa, NOCTYIIAIOLIEro Ha
TypOWHYy, HIKE JOIMYCKaeMoro IO YCJIOBHUSIM paboThl BTOpOro KoHTypa. Ha
MMOHWKEHHOW MOIIIHOCTH, KOrja JaBieHue mapa Benuko, KIIJ[ mukia Takxke HH30K
M3-32 3HAYUTEIIBHOTO Mepenaja AaBJICHUS Ha PErYJIHPYIOIIUX KIIalaHax, 4YTo, KPOME
TOT0, YBEJIMYMUBAET UX U3HOC.

IIporpaMMa ¢ NOCTOSHHBIM JaBJIECHHEM BO BTOPOM KOHType (puc.2).
CornacHO 3TOM NporpaMMe MOAaBJICHHE Mapa B IMAPOrE€HEPATOpPE MOJJICPKUBACTCS
MOCTOSTHHBIM (P =const).



CornacHo 9TOM mporpaMMme OOecCIeueHHUEe TeIIOCheMa W3 aKTUBHOM 30HBI
peakTopa (TO €CTh MOJJIEepKaHWE HEO0OXOAUMOIo TEeMIIepaTypHOro Hamopa Ha
TEIJI0O0OMEHHOMN TMOBEPXHOCTH IMaporeHepaTopa) JOCTUTaeTCs 3a CYET YBEIWYEHUS
TeMIIEpaTyphbl TEIJIOHOCUTENISI Ha BBIXOJE U3 peakTopa. Takke yBEIMYUMBACTCS
CpEIIHSA TEMIIEPATypa TEIUIOHOCUTEIISI B aKTUBHOM 30HE.

Ota mporpaMma IIO3BOJISIET MPU TOM K€ pacu€THOM JaBJICHUU Iiapa
MOJIJIEP)KMBATh €ro 3HAYCHWE IIOBBIIIEHHBIM W B HOMHUHAJIBHOM DPEXHUME M, TEM
cambiM, TIOBeIcHTh Tepmuueckuii KIIJ[ Omoka. Ilockompky naBnenue P u
temneparypa 7, mapa BO BTOPOM KOHTYpE IIOCTOSIHHBI, €ro 0OOpyJI0OBaHHE
MPAKTUYECKN HE HAKJIAJIBIBAET OTPAHUYECHUN HA CKOPOCTh M3MEHEHHS MOIIHOCTU N
peakropa.

Henocratkom mporpamMbl ¢ TOCTOSIHHBIM JIaBJI€HUEM SIBJISIETCSI CYLIECTBEHHOE
M3MEHEHHE TeMIIepaTypbl Ha BBIXOJE peakTopa IMpu KOJICOAHUSAX Harpy3Kd
(mpubnu3uTearHO B 4 pasza OoJiblliee, YeM MO MporpamMMe C MOCTOSIHHOM cpeaHei
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Puc.2. Cratuueckas nporpamma peryiaupoBaHust 19V ¢ NOCTOSIHHBIM 1aBIEHUEM
napa BO BTOPOM KOHTYpe:

1,2,3 — TemnepaTypa TEIJIOHOCUTENSI IEPBOIO KOHTYpa Ha BBIXOJE, CPEHSAS U
BXOJI€ B PEaKTOP, COOTBETCTBEHHO; 4 — JaBJICHHE NTapa BO BTOPOM KOHTYpeE.

TEMIEPATypOil), YTO OrpaHNYKMBAET MaHEBPEHHBIE BOZMOXKHOCTH OJ10ka. Kpome Toro,
HeoOxomuma Oosbirast 3¢GGEKTUBHOCTh OPraHOB PETYJIUPOBAHUS peEaKTopa s
KOMIICHCAIIMM TeMIepaTypHOro kodgpduurenta peakTuBHOCTH. OJIHOBPEMEHHO
MOBBIIIAIOTCS TPEOOBAHUSA K CUCTEME KOMIIEHCAIUU 00BhEMA.

CTpemJjieHne MpPeo0/ieTh YKa3aHHbIEe HEJOCTATKHM NMPHUBEJIO0 K pa3padoTke
KOMIIPOMHCCHBIX IPOrpamMm.

Onna W3 HUX npuBelaeHa Ha puc.3. B 3Toi mporpamme ¢ pocTOM MOIIHOCTH
CpelHssi TemIepaTypa TEIJIOHOCUTENsT TIEPBOrO KOHTypa YBEIHMYMBACTCS, HO
MeJIEHHEE, YeM IO MPOTPaMMe C MOCTOSHHBIM JIaBJICHUEM Iapa BO BTOPOM KOHTYpeE.
JlaBieHne Tmapa TaKKe YMEHBIIAeTCs, HO MEIUICHHEee, 4YeM II0 TporpamMMme C



it P MI

280 \

s A J‘ff 4—,5
\ / 2
260 f L0
L0 e o SO 35
2

o 20 40 & & WWWAN%

Puc.3 KommnpomuccHas nporpamma peryiupoBanus A0Y:

1,2,3 — Temneparypa TEINIOHOCUTEIIS IIEPBOI0 KOHTYpa Ha BBIXOAE, CPEAHA

1 BXOJC B pCAKTOP, COOTBETCTBCHHO, 4— JAaBJICHUC I1apa BO BTOPOM KOHTYPC
IIOCTOSIHHOM CpEIHEN TeMIepaTypol TEIUIOHOCUTENSA NEepBOro KoHrtypa. [Ipu stom
o0Jier4aroTcst ycJioBUsi paboThI IEPBOTO U BTOPOTO KOHTYpA.

Jpyrum npumMepomM KOMIIPOMHUCCHOM MPOTrpaMMBI SIBJISIETCS Takasi, B KOTOPOM Ha
MaJbIX MOIIHOCTSX OJIOK paboTraer mo mporpamme P =const, a npu Oonbmux — Tgp
=const (puc.4).

MomHOCTh, IpU KOTOPOM COBEPLIACTCA MEPEXOJ C OAHOM MPOrpaMMmbl Ha
APYIYy10, 3aBUCUT OT IPENEIBHO JAOIYCKAaE€MOI'0 JAaBJIEHUs B MApOre€HEpaTropax M OT
0XKMJAEMOr0 JIMana3oHa 4YaCcTOTHBIX CHWKEHUMW Harpy3ku. [IpemmymiectBo
nporpaMMmbl puc.4 mepen mporpamMmoi puc.3 3akitoyaeTcsi B TOM, 4YTO BOJU3U
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Puc.4 [Iporpamma perynupoBanus 10V, npu KOTOPHIX Ha MaJIbIX MOIIHOCTSIX OJIOK paboTaeT o
IporpaMMe ¢ MOCTOSTHHBIM JIaBJICHUEM I1apa BO BTOPOM KOHTYpE, a MPH OOJIbIINX — C
ITOCTOSIHHOW CpeIHEN TEMIIEPATYPOU TEIUIOHOCHUTENS ITEpBOro KOHTypa. [lepekiroueHne
IIpOrpaMMsbl MpoucxoauT Ha 60% MOLTHOCTH.

1,2,3 — TeMnepatypa TEIUIOHOCUTENS MEPBOTO KOHTYPa HA BBIXOJE, CPEAHSSA U BXOJIE B PEAKTOD,
COOTBETCTBEHHO. 4 — IaBJICHUE I1apa BO BTODOM KOHTYDE



HOMHUHAJIBHOW MOILIHOCTH TMEPBbIA KOHTYp paboOTaeT Mo ONTUMAJIbHOM i ceds
IIpOrpaMMe: CPEAHSS TEMIIEPATYpa MEPBOr0 KOHTYpa MOCTOsIHHA 1 p=const.

2.2 TemnepaTypHbIii 1 MOIIIHOCTHOH KO3()(PUIIHEHTHI PEAKTUBHOCTH

B peakTtope, HaxonsmemMcss Ha JOCTaTOYHO BBICOKOM YPOBHE MOIIHOCTH, B
MPOLECCe LEMHONW PEaKUHMH JEJIEHUs MPOUCXOAHUT Pa3orpeB 3JIEMEHTOB aAKTUBHOM
30HbI (A3), u3-3a 4Yero WU3MEHSIETCS IUIOTHOCTh U HEUTPOHHO-(pU3NUecKue
XapaKTEePUCTUKU  KOMIIOHEHT A3:  TOIUIMBaA, TEIUIOHOCUTENISI M BCEX
KOHCTPYKIIMOHHBIX MaTepuaioB BHyTpu A3. B pe3ynbTare 3TOro MEHSIETCS HX
MOIJIOWAKOIIAS. U 3aMEJISIIoIas CIIOCOOHOCTH M, KaK CIEICTBUE, H3MEHSETCA
KO3 (DUIIMEHT pa3sMHOXKEHUSI HEUTPOHOB B A3, T. €. MEHSETCAd PEaKTUBHOCTh
cUCTEeMbI. VI3MEeHeHue peakTUBHOCTH, B CBOIO OUY€pEb, MPUBOJUT K MU3MEHEHUIO
MOIITHOCTH peakTopa, BOSHUKAET BHYTpeHHs oOpaTHas cBs3b (OC).

Takum o0Opa3oMm, BHOCMMAas H3-3a TEIUIOBOTO BO3JACHCTBUA PEAKTUBHOCTH
BBI3BIBAET W3MECHEHUE HEWTPOHHOM IUIOTHOCTH, KOTOpas B 3aBUCHUMOCTH OT 3HAKa
PEAaKTUBHOCTH, MOYKET BO3pacTaTh WJM YMEHBIIATHCS. ODTO SBJICHUE HA3bIBAIOT
TeMIepaTypHbIM 3P (HEKTOM WK 00paTHOM CBSI3bIO M0 TEMITEpATYPE.

Hamune OC CyliecTBEHHO M3MEHSIET NUHAMUYECKHE CBOMCTBA PEAKTOPHOU
CUCTEMBI, [I03TOMY €M YIEJSIOT JOCTATOYHO MHOI'O BHUMAaHUS.

Jlns kommdecTBeHHOW oreHKH 3(Pdekta OC mo TeMmmeparype BBOIUTCS
MOHSITHE TEeMIEpaTypHOTro Kod(d(HIMeHTa peakKTUBHOCTH TIO 3a/IaHHOW KOMIIOHEHTE
A3. B KkayecTBe TakUX KOMIIOHEHT HCIOJB3YIOT CpEIHUE TEMIEpPaTyphl
TEIUIOHOCUTEIS, TOIUINBA, 3ameuinTesa. Hanpumep, ko3 GUIMEHT peakTUBHOCTH 11O
TEMIEPAType TOIUIMBA ONPEAEISAETCS KaK OTHOIICHUE INPUPAILCHHUS PEAKTUBHOCTH
0p K TIPUPALLECHUIO TEMIIEPATYphl TOIIUBA 07

0.=0p/0T; 3)

B peaktope, pabotaronieM Ha JHEPreTUYECKOM YpPOBHE MOIIHOCTH, MpPH
M3MEHEHUU MOIIHOCTU (HEUTPOHHON IJIOTHOCTH) MEHSETCS TeMIepaTypa BCEX
KOMIOHEHT A3. DT0O U3MEHEHHUE HEOJIMHAKOBO JJISI Pa3IMYHBIX KOMIIOHEHT U UMEET
pa3Hoe 3ama3qplBaHue BO BpeMmeHH. Hambomee CHIBHBIM H OBICTPOJICHCTBYIOIINM
TeMrepaTypHbiM 3GGHEKTOM SBIICTCS U3MEHEHHE TeMIiepaTypbl ToruuBa. [losTomy
MIpU aHAJIN3€ UMEHHO €T0 YUYUTHIBAIOT B MEPBYIO ouepe/b. Takas siBHas B3aUMOCBSA3b
MEXJly Bapualiedl MOIIMHOCTH, TEeMIepaTypoll TOIJIMBA M PEAKTUBHOCTHIO
Ha3bIBACTCSI MOIIMHOCTHBIM 3(PdeKToM peakTUBHOCTU. JleMCTBUE MOIIHOCTHOTO
s dexTa peaKTUBHOCTH OCYILECTBIISIETCS Yepe3 TeMIeparypHbiid 3pdext!

KonuyecTBeHHO MOITHOCTHON KOA((PUIIMEHT PEaKTUBHOCTHU OIpPEEsSeTCs KaK
OTHOIIICHHE TPUPAIICHUS PEAKTUBHOCTH, BBI3BAHHOTO HW3MEHEHHEM MOITHOCTHU
peakTopa Ha BETUYHHY ON:

on=No 0p/ON, 4)
rae Ny — CTallMOHAPHBIN YPOBEHb MOIIHOCTH PEAKTOPA.



Jlnst oOecriedeHus: yCTOMYMBOCTH  HEOOXOAUMO, YTOOBI  MOIIHOCTHOM
KOd(PUIIMEHT PEaKTUBHOCTH OBLI OTPUIATENBHBIM (T.€. YBEJIMYCHHE MOIIHOCTH
peakTopa JOJDKHO TIPUBOJIUTHL K CHIDKCHHUIO KOd(PUIIMEHTAa Pa3MHOKCHHS
HEUTPOHOB). B TNPOTHBOIOIIOKHOM Cilydyae POCT MOIIHOCTH OyJeT MPUBOJIUTH K
BBOJY TMOJIOKUTEILHOW PEAKTUBHOCTH U PA3TOHY PEAKTOPa, YTO MOXKET IMPUBECTU K
aBapuH.

DU3NYECKH CMBICI MOITHOCTHOTO KO3 (HUIIMEHTa PEAKTUBHOCTH (ly MOXKHO
MIPOUHTEPIIPETUPOBATH CIICTYIOITIM 00pa3oM.

Jlis mepeBosia peaktopa (MMEIOMIEro OTPHUIATEIbHBIA MOITHOCTHON 3(deKT
pPEaKTUBHOCTH) C OAHOW PABHOBECHOM MOIIHOCTH Ny Ha Apyryro N; BHOCST
PEaKTUBHOCTb  BEJIMYMHON OJp, HanmpuMmep, MOyTeM TNEpPEeMELICHUs] CTEPKHS
ynpasieHus. [Ipu 3TOM MOIIHOCTH peakTopa OyAeT H3MEHSThCA CO 3HAKOM,
COBITaJAIOIIUM C BHECEHHOU PEAKTUBHOCTBIO. N3menenue MOIIIHOCTH
COTNPOBOXK/JIACTCSI  BBHIPAOOTKON  BHYTPEHHEM  PEaKTHMBHOCTH, KOTOpas MpH
OTPUIIATEIILHOM 3HAYEHUU O, OYyJIeT UMETh 3HAK IMPOTHUBOIOJIOKHBIH BHECEHHOM
PEAaKTUBHOCTU U MOCTENEHHO CKOMMeHcHUpyeT ee. [1lo JoCTM’EeHHM HOBOrO YpPOBHS
MOIITHOCTH PEAaKTUBHOCTh pEaKTOpa BHOBb OyneT paBHa Hymwo. Omnpenenus
MOJTYyYeHHOEC M3MCHECHHE MOIIHOCTH, BEJIMYMHY MOIIHOCTHOrO Kod(hQHuIneHTa
PEaKTUBHOCTU HAxXoAT 10 dopmye (4), rae

ON= Ni- N, (5)

3. OIMCAHUE JIABOPATOPHOM YCTAHOBKH

JIist BBIMOJHEHUsSI PabOThl MCHOJIB3YETCS CTEHH, MPEACTaBISIONIUNN CcOo00M
ANIEKTPOHHYIO MojJeNb ABYXKOHTYypHOU ADY. Crenn BkIo4aeT B ceOs MOJACIHb
TOYEYHOI'0 PEaKTopa HYJEBOM MOIIHOCTHU, MOJIE€NIb BTOPOTO KOHTYpa, 3JIEMEHTHI
MOIIIHOCTHOM H TeMIepaTypHOH oOpaTHBIX CBfA3€H, CpeACTBA WHIUKALMUU U
YIIpaBJICHUS.

4. TEXHUKA BE3OITACHOCTH

[lepen HawanmoMm pabOTBI CTYACHT 00s3aH yOEIUThCA B HAJIUYUH U
UCIPAaBHOCTH 3a3eMJICHHS J1abOpaTOpHOW yCTaHOBKH. [IpW OTCYyTCTBHHM WIH
HEUCITPAaBHOCTH 3a3€MJICHHUSI HEOOXO0IUMO COOOIIUTEL 00 3TOM HHKEHEPY.

[Ipu BhIONTHEHUH PAOOTHI 3aNPELIACTCS:

- CaMOCTOSTEIPHO BKJIFOUATh M BBIKJIIOYATh MPUOOPHI, HE BXOJISIIAE B COCTAB
YCTaHOBKH:

- OCTaBJIATH 0€3 MPUCMOTPaA BKIIOUEHHOE 000pYI0BAHUE;

- CaMOCTOSITEJIbHO ~ YCTpPaHSATh  JItOObIE  HEUCIPABHOCTH B CTEHJIEC,
OoOHapyKCHHBIE B TIPOIIECCE BHITIOITHEHUS pabOTHI.

5. MHOPAJOK BBIITOJIHEHUS PABOTBI
5.1. Ilepex HayajomM padoOTBHI y NpenojaBaTeNs WIM HHXEHEpa MOIYy4YHUTh
MCXO/IHBIE JIAaHHBIE 10 3a/IaHUIO:



- CPEIHIOI TEMIIEpaTypy MepBOr0 KOHTYpa, KOTOPYIO CIEAYET MOANEPKUBATh
TIPY BBIMTOJTHEHUY TIPOTPAMMBI C TTIOCTOSTHHON TEMIIEpaTypOou MepBOro KOHTYPa;

- JJaBJIeHHWE Tapa BO BTOPOM KOHTYpE€, KOTOpOE CIEIyeT MOJACp>KUBATH MPHU
BBITIOJIHEHUU [IPOTPAMMBI C TIOCTOSTHHBIM JIaBJIEHUEM BO BTOPOM KOHTYE;

- TIOJIOKEHHUE TMEepeKIItouaTeseil MOITHOCTHOW M TeMIEepaTypHOW 0OpaTHBIX
CBs3€Ml NJIi BBHINIOJIHEHUS 4YacTH palboThl MO OmpeaeNieHrto  koddduimenra
PEaKTUBHOCTH.

5.2. IloaroroBka crenga K padore

5.2.1. BKiIIOUHTh CTEH] TEPEBOIOM TymoOJiiepa « Bki» B BEpXHEe MOIOKEHUE;

5.2.2. BeiBecTu crep:keHb A3 B KpaliHee BepxHee mnosiokenue. [{ns storo,
yOeIMBIINCh BO BKJIOUEHUU JIAMIOYKH «I'OTOBHOCTB» Ha MHEMOCXEME, HaKaTb
KHOMKY «B3Bom». HaOmiomas mo WHAUKATOPY TMOIHATHE CTEPXKHS, JTOOUTHCS
BKJIFOYEHHSI JIAMIIOYKH BEPXHETO KOHIIEBOT'O BBIKIIIOYATEIIS.

5.2.3. [Tepexmrouarenu «MOIHOCTH MCTOYHUKA HEUTPOHOBY,
«TemmnepatypHbiii KOd()PUIMEHT PEAKTUBHOCTU» U «MOIIHOCTHOU KO3(PPUIIUEHT
PEaKTUBHOCTH» IIOCTAaBUTh B IOJOKEHHE «BBIKIL». OTKIIOYUTH ABTOMAaTUYECKUN
PEryJIATOp MOIIHOCTH. BKIIFOYUTE B CAaMONMCEL B PEKUME U3MEPEHUS MOILIHOCTH.

5.2.4. YcTaHOBUTH pacxoji MUTATEILHOU BOJBI 0KOJIO 15% OT HOMHHAILHOTO
(HOMHUHANTBHBIN pacxoa okoso 530 Kr/c).

5.2.5. YcranoButs crepxeHb AP B monoxenune 240-250cm.

5.2.6. llonnumast crepxenb KP wu nHaOmomas 3a mpubopom «OOpaTHBIM
MEepUOJI», YCTAHOBUTh TIEpUOJ pasroHa peaktopa 3c. Ilocme pocTukeHus
TEMIIEpATypPhl TEMIOHOCUTENS Ha BhIXoe u3 peakropa 300°C omycTuth crepskens AP
710 YCTAHOBJICHMSI IEpUOA pa3roHa paBHBIM O€CKOHEYHOCTH.

5.3. U3yueHne cTaTH4eCKUX Xapakrepuctuk SJ9Y

5.3.1. YcTaHOBUTH TEIUIOBYIO MOIIHOCTH peakTtopa SOMBT, mMaHunmynupys
crepxkHeM AP. YCTaHOBUTH CpEIHIO TEMIIEpATypy TEIJIOHOCUTENSI B PEaKTOpe
paBHOM 3aJJaHHOM TIperojiaBaTesieM CoIJIacHO 1. 5.1, MaHUNyJUpys pacxoJioM
MUTATEIHLHOM BOJIBI. 3amucath B TaOJIUILy OCHOBHBIE TEIJIOTEXHUYECKUE MapaMeTphl
peakTopa: [aBJEHHE Nlapa BO BTOPOM KOHTYPE, pPacXoj IUTATEIbHOW BOBI,
TEMIIEPATypPbl TEINIOHOCUTEIISI HA BXO/JIE U BBIXOJIE PEAKTOPA.

5.3.2. IloBroputs n. 5.3.1. mpu TemnoBod MomHOCTH peaktopa oT 100 mo
400MBt ¢ marom S50MBT, noanepxuBas 3aJaHHYIO CPEIHIO TEMIEPaTypy
TEIUIOHOCUTENS PEAKTOPA.

5.3.3. YcTaHOBUTH TEIUIOBYIO MOIIHOCTh peaktopa SOMBT, manumyaupys
crepxkHeM AP. YCTaHOBUTH aBJIEHUE Mapa BO BTOPOM KOHTYpPE PEAKTOpa, 3aIaHHOE
MPENoAaBaTeieM COINIACHO I. 5.1, MaHUIyIUpys pacxoJOM IUTATEIbHOW BOJBI.
3anucarh B TaOJMIy OCHOBHBIE TEIUIOTEXHHUYECKHE IMapaMeTpbl peakTopa: pacxojl
MATATEJIbHOW BOJIbI, TEMIIEPATYPhI TEIUIOHOCUTENSI HA BXOJIE U BBIXOJIE PEAKTOPA.



5.3.4. Tloroputk 1. 5.3.3. mpu TemIoBoM MomHOcTH peakropa ot 100 mo
400MBT1 ¢ marom 50MBT, noanepxkuBasi 3aJaHHOE JaBJICHUE Iapa BO BTOPOM
KOHTYp€ peakTopa.

5.3.5. Tloctpouts rpaduiku u3MeHeHUs TeroGu3ndecKkux mnapamerpos A0V B
3aBHCHUMOCTH OT MOIIHOCTH IIPU MOCTOSIHHON CpefHel TemmepaType TEeIJIOHOCUTENs
B IIEPBOM KOHTYPE U MPH MOCTOSHHOM JIaBJICHUH 1apa BO BTOPOM KOHTYpE.

5.3.6. OOBSICHUTH MOJSYYEHHBIE PE3YJIbTATHI.

5.4. Onpenenenune K03(PPUUHEHTOB PEAKTHBHOCTH

OnpenenuTs 3HAK W BEIMYMHY  TEMIEPATypHOro  (MOIIHOCTHOTO)
kod(pduneHTa PpeaKTUBHOCTH, COIJIACHO HUCXOJHBIM  JAaHHBIM, 3aJIaHHBIM
npenojasareneM. Jjis sToro:

- ycranoButb TymOneppl TKP u MKP B mnonoxeHnus, 3amgaHHBIC
MpenoaaBaTesieM;

- BeIBecTH SOV Ha cTauMOHapHBIM ypoBEHb TeroBoM MouiHocTH 200MBT,
MaHumyupys crepxkasimu KP u no6uBasch nonoxxenus crep:kusa AP Ha ypoBae 120-
140cm. TemnepaTypy TEIJIOHOCUTENS Ha BBIXOJIE M3 aKTUBHOW 30HBI MOAJACPKUBATH
Ha ypoBHe - 300°C, perynupys pacxoj NHMTATEIbHOW BOJBI. 3alMCaTh IMOJOKECHUE
crepxxkHeit AP u KP st aToro cocrostnus;

- yBeJIMYNATH MOWIHOCTH DY no 250MBT, manunymupys crepxaem AP.
Temreparypy TEMJIOHOCUTENSI HA BBIXOJIE W3 AKTUBHOW 30HBI MOJJEPKUBATH Ha
yposHe - 300°C. Ilpu stom nonoxenue KP e MenaTs. 3anucars nonoxenue AP ms
ATOTO COCTOSIHUS;

- BepHyTh DY Ha crauMoOHapHBIA YpOBEHb TeruioBoil momHocTH 200MBT.
[TOBLICHTh TEMIIEPATYPY TEILIOHOCHTENS Ha BBIXOJE U3 aKTUBHOM 30HBI — 350°C, He
MeHsis nonoxkenne KP, 3anucars nonoxkenune AP 11 3T0ro cocrosiHus;

- TOCTPOWUTH TpaduKu H3MEHEHUs IapaMETPOB YCTAHOBKHM OT BPEMEHH,
MOSICHSIOIIKE TPOUCXO/ISIIINE MTPOLIECCHI;

- OOBSICHUTH TMOJYYEHHBI pe3yabTaT M pacCUUTaTh TEMIEPATypPHBIA U
MOTITHOCTHOM KO3 (DHUIMEHTH PEaKTUBHOCTH (BeC cTepkHS AP B34Th U3 pe3ynpTaToB
BEHITIOJTHEHUS JTA00paTOpHOI paboThl Ned).

6. TPEBOBAHUA K OTUYETY

6.1. Ortuer odopmisierca Ha auctax ¢opmara A4 KaKIbIM CTYAEHTOM
CaMOCTOAITEJIbHO.

6.2. OT4eT JOJKEH BKJIIOYATH CIEAYIOIINE OCHOBHBIC YACTH:

- TUTYJIbHBINA JTUCT;

- GOpMYITUPOBKY 1I€JIH PAOOTHI;

- TMOCTPOCHHBIE CTATUCTUYECKUE XAPAKTEPUCTUKU MPOTPAMM PETYIUPOBAHUS
DY,

- METOJIUKY pacueTa 3HaKa ¥ BEIMYUHBI KOG (OUIIMEHTAa PEaKTUBHOCTH;
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- rpaduueckuil MaTepuaq MO pe3yJNbTaTaM HW3MEPEHHM, BbBIIIOJIHEHHbBIN
BpyuHyt0. OH JOJDKEH COJIEp’KAaTh SCHO YUTAEMbIE OCHU M JEJEHUS, Pa3MEPHOCTH
UCIOJIb3YEMBIX BEJIMYMH, U3MEPEHHBIE TOUKH U KPUBBIE, HEOOXOIUMBIE MOSICHEHUS U
T.1.;

- BBIBOJIbI C SICHBIMU ITOSICHEHUSMH II0JIYYE€HHBIX PE3yJIbTAaTOB.

7. KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe «Bec» 1 3 (HEKTUBHOCTD CTEPIKHSA?

2. Yto Takoe nepuoi peakropa?

3. UTo moHMMAETCs MOJ TEMIIEPATypPHBIM M MOIIHOCTHBIM KO3(puuueHTaMu
peaktuBHOcTU? KakoBa pazMepHOCTb 3TUX KOA(P(HULIMEHTOB?

4. B uyeM COCTOUT CYIIHOCTh (DU3HYECKUX SBJICHUW, NTPUBOAAIIUX K
MOSIBJICHUIO TEMIIEpaTypHOIl 0OpaTHOM CBSI3U?

5. Iloyuemy wu3MEHEHHE pacxojJa MHUTATEIIbHOM BOJbI BTOPOrO KOHTYpa
IPUBOJUT K U3MEHEHUIO HEUTPOHHOT'O TIOTOKA B peakTope?

7. Kakoif pomkHa OBITh 3aBUCUMOCTh  KPUTHYECKOIO  IOJIOKEHUS
YOPABJSIFOUIMX CTEP)KHEW OT YPOBHS MOIIHOCTH B PEAKTOPE C OTPULATEIBHBIM U
MOJIOKUTEBHBIM TEMIIEPaTYPHBIMU KOA(PUIIUECHTAMH.

8. Kak OynmyT MeHATbCS IUIOTHOCTh HEHUTPOHOB, TEMIIEpaTypa Ha BXOJAE U
BBIXOJIE U3 PEAKTOPA, CPEAHSSI TEMIIEPATYPA AKTUBHOM 30HBI Npu OTKiIroueHuun ['TIH
NEPBOrO KOHTYpa, €CIIM PEaKTOp HMEET OTPUUATENbHBIA TEeMIEPATypHBIN
K03 pureHT?

9. Uro takoe mporpamma peryimpoBanHus ADY? Kakue nporpammbr Bel
3Haere? Uem oOyciioBieH BbIOOP mporpaMm?

10. Kak OynyTt 3aBHceTh TemIiiepaTypa TEIUIOHOCHUTENS Ha BXOJE M BBIXOJE
peakTopa, CpeAHssi TeMmIeparypa B peakTope, JaBiI€HUE M TeMmIeparypa mapa oT
MOIIHOCTH IIPH CIEAYIOUINX YCIOBHUAX pabOThl yCTaHOBKH:

a) pacxoJ IO TEepBOMY KOHTYpPY U CpeAHssl TemIepaTypa B peakTope
IIOCTOSIHHBI;

0) pacxon 1o nepBoMy KOHTYpPY MEHSETCsl, JaBJICHHUE Iapa BO BTOPOM KOHTYpe
IIOCTOSIHHO.
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[Ipunoxenue 1
Tabanua Tennopmsmyecknx napametpos A3Y

No N Twx | Tox | AT | Top | P Gox [Tonoxenue | [Tosoxenue
onsiTa | MBT e e e oC MITa | xr/c CTCPIKHA CTCPIKHS
AP, cm KP, cm

1

2

3

4

5

n

13



	Входы
	R
	C
	R
	C

	R
	C
	T

	ОСНОВЫ ТЕОРИИ
	ТИПОВЫЕ ЗВЕНЬЯ САР
	1. Усилительное звено
	Описывается уравнением: Y=k X. Передаточная функция Z(S)=k.
	Моделируется схемой:
	2. Интегрирующее звено
	Описывается уравнением: . Передаточная функция:
	Описывается уравнением . Передаточная функция
	Моделируется схемой
	Описывается уравнением .
	Передаточная функция
	Моделируется схемой:

	Описывается уравнением . Передаточная функция
	Его корни S1=0; S2=-1/T.
	Подстановка найденных корней в производную dD/dS дает
	D1(S1)=0; D1(S2)=-1/T.


	ПОРЯДОК ВЫПОЛНЕНИЯ РАБОТЫ
	ОФОРМЛЕНИЕ ОТЧЕТА
	R
	C
	R
	C

	R
	C
	T
	ОСНОВЫ ТЕОРИИ
	ТИПОВЫЕ ЗВЕНЬЯ СИСТЕМ АВТОМАТИЧЕСКОГО УПРАВЛЕНИЯ
	1. Усилительное звено
	Описывается уравнением: Y=k X. Передаточная функция Z(S)=k.
	Моделируется схемой:
	2. Интегрирующее звено
	Описывается уравнением: . Передаточная функция:
	Описывается уравнением . Передаточная функция
	Моделируется схемой
	Описывается уравнением .
	Передаточная функция
	Моделируется схемой:

	Описывается уравнением . Передаточная функция
	Его корни S1=0; S2=-1/T.
	Подстановка найденных корней в выражение для производной dD/dS дает
	D1(S1)=0; D1(S2)=-1/T.


	ПОРЯДОК ВЫПОЛНЕНИЯ РАБОТЫ
	ОФОРМЛЕНИЕ ОТЧЕТА
	ОСНОВЫ ТЕОРИИ
	Для систем с обратной связью

	ОСНОВЫ ТЕОРИИ
	Для систем с обратной связью

	ОСНОВНЫЕ УРАВНЕНИЯ. ВЫВОД ПЕРЕДАТОЧНОЙ ФУНКЦИИ
	Разложив формулу (5) на слагаемые, получим:

	ПЕРЕХОДНАЯ ХАРАКТЕРИСТИКА РЕАКТОРА
	Перепишем это уравнение в виде

	ОСНОВНЫЕ УРАВНЕНИЯ. ВЫВОД ПЕРЕДАТОЧНОЙ ФУНКЦИИ
	Разложив формулу (5) на слагаемые, получим:

	ПЕРЕХОДНАЯ ХАРАКТЕРИСТИКА РЕАКТОРА
	Перепишем это уравнение в виде

	Рис.1. Статическая программа регулирования ЯЭУ с постоянной средней температурой теплоносителя первого контура:
	1,2,3 – температура теплоносителя первого контура на выходе, средняя и входе в реактор, соответственно; 4 – давление пара во втором контуре
	Рис.2. Статическая программа регулирования ЯЭУ с постоянным давлением пара во втором контуре:
	1,2,3 – температура теплоносителя первого контура на выходе, средняя и входе в реактор, соответственно; 4 – давление пара во втором контуре.
	Рис.3 Компромиссная программа регулирования ЯЭУ:
	1,2,3 – температура теплоносителя первого контура на выходе, средняя и входе в реактор, соответственно; 4 – давление пара во втором контуре
	Рис.4 Программа регулирования ЯЭУ, при которых на малых мощностях блок работает по программе с постоянным давлением пара во втором контуре, а при больших – с постоянной средней температурой теплоносителя первого контура. Переключение программы происходит на 60% мощности.
	1,2,3 – температура теплоносителя первого контура на выходе, средняя и входе в реактор, соответственно; 4 – давление пара во втором контуре
	1. Цель работы
	2. Основы теории


