Tema Nel. TeopeTndeckne OCHOBBI MOCTPOEHHUS CUCTEM BOOPYKEHUS 3E€HUTHBIX
PAKETHBIX BOWCK

3ansatue Ne 14. IIpyuHIMIBI HOCTPOEHUS CUCTEM aBTOMATHYECKOTO
pEryIMpPOBaHHUs, UCIIOJIB3YEMBIX B CUCTEMAX BOOpykeHUs 3PB.

VY4eOHbIe BONPOCHI
1. CucteMbl aBTOMaTHUECKOTO PETYIUPOBAHUS PAIUOTICPEIAIONINX YCTPOHUCTB.
2. CucTeMbl aBTOMaTHYECKOTO PETYIUPOBAHUS PATUOTIPUEMHBIX YCTPOUCTB.

1. CucTeMbl aBTOMAaTHYECKOT'O PETYIHUPOBAHUA PAAHUOIICPCAAIOIINX YCTPOﬁCTB.

Cucrema, B KOTOpOHM Bce paboune U YNpaBlIEHYECKUE Olepanuu
BBITIOJIHAIOTCS 0€3 HEMOCPEICTBEHHOI'O y4acTUsl YeJIOBEKa, HAa3bIBACTCS cUCMeEMOU
asmomamuyeckozo ynpaenenus (CAY). Ecnu xe yacTh oneparuil BBIMOIHSIETCS
JIIOJIBMH, TO TOBOPSIT 00 asmomamusuposannou cucmeme ynpasienusi (ACY).

[IpuknaaHas  WHXEHEpHAass  AUCUUIUIMHA,  M3ydalollas  OPUHIIMIIBI
MOCTPOEHUSI M METOJIbl pacyeTa CHCTEM aBTOMATHYECKOrO YIpaBJeHUS,
Ha3bIBAETCA TEOPHEH aBTOMATHYECKOTO YIpaBICHUS.

Kak mo0as orpacib HayKM | TEXHUKH OHA MMEET CBOM CHelU(pUYecKue
ONpeJieNieHHsl, TEPMUHBI W 3aKOHbl. PaccMOTpuM  HEKOTOpblE U3  HUX,
HE0OX0IUMBbIE ISl TOHMMaHUs Y4eOHOro MaTtepuania.

B ocnoBy noctpoenus CAY mnonoxkeHbl 0OlIME MPUHIMIBI YIPABICHUS,
peanuzanus KOTOPBIX MO3BOJISIET yBS3aTh 3aJIaHHbIN JITOPUTM
(GYyHKUMOHUPOBAHUS C GAKTUUECKUM COCTOSTHUEM cucTeMbl. K HUM oTHOCATCSA:

- IPUHIUIT YIIPABIICHUS 110 33]1al0IIEMY BO3/IEHCTBUIO;

- IPUHIMUI YIIPABIICHUS ITyTEM KOMIIEHCAIIMK BO3MYILIEHUS (TOMEXH);

- IPUHIUI YIIPABIIEHUS C YY€TOM 00paTHOM CBS3H;

- IPUHIUIT KOMOWHUPOBAHHOTO YIIPABICHUS.

CyTh mepBOro M3 HHUX, HA3bIBAEMOTO TAKXKE MPUHIUIIOM PA30OMKHYMO20
ynpaeieHus, COCTOUT B TOM, 4TO yrpasistomuid curaan U(t) dopMupyercs mytem
(YHKIIMOHAILHOTO MPeoOpa3oBaHus BXOJHOTO curHaia X(t) 0e3 ydera 3HauYCHUS

CHUT'HaJIa Ha BBIXOAC CUCTCMBI:
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U(t) = F[X(®)].

CAY, peanuzytonias moo0HbIM MPUHIIUI, HA3bIBACTCS PA3ZOMKHYMOLL.

[Ipu wucnonp30BaHWM BTOPOTO MPUHIMINA yopaBistomui curHan  U(t)
dhopMupyeTCs ¢ yueToM BO3MYIIAIOIIET0 BO3eUcTBUA f(t), TO €CcTh moMexu. ITOT
MPUHIIKIT o0ecreunBaeT OoJjiee TMOKOE YIpaBlieHHE, HO MPUMEHUM JIUIIbL B TOM
cilly4yae, KOrja TIOMeXy MOXHO u3MepuTh. CrnenuanbHOE€  YCTPOMCTBO,
BOCIIPUHHUMAIOLIEE IIOMEXYy, HE TOJbKO OIpEAeNseT €€ MapamMeTpbl, HO U
dbopMuUpyeT MONOTHUTEIBLHBIA CHUTHAJ, TOJaBaeMbli Ha OOBEKT YIPaBIICHHUS.
ANropuT™M ympaBi€HUS B JAaHHOM CJydae COJIEPXKHUT HHPOpMALMIO Kak o
3aJ1al01leM, TaK U O BO3MYILAIOIIEM BO3/CHCTBUU:

U(t) = F[X(1), f(t)].

[IpuHuun ymnpaBiaeHus Mo OOpaTHOW CBA3U oOecreunBacT (popMHpOBAHUE
ynpasisomero Bo3aeicteus U(t) ¢ yueTom (aKTHUECKOro 3HAYEHUS! BBIXOJIHOTO
curtana Y(t), yacTb KOTOPOTro B BUAE KOHTPOJIBHOTO cUrHana Z(t) Bo3Bpamaercs
Ha BXOJ cucTeMbl. Ero Ha3pIBalOT TakXe MPUHLUIIOM 3AMKHYMO20 YNPAGIEeHUs
WIN TIPUHLUIIOM YApAGIeHusi no 3aMKHymomy Kowmypy. Ero airoputm Moxer
OBITH IPE/ICTABIICH B CIAEAYIOIIEM BUJIE:

Ut) = F[X(1),Y(1)].

B CAY, peammyionux mOAOOHBIA  MNPUHIMI, aBTOMAaTHYECKOE
YIPAaBISAIOIIEE YCTPOMCTBO CTPEMUTHCS JIMKBUIUPOBATH BCE  OTKIOHEHUS
BBIXOJHOTO curHaia Y(t) OT ’KejlaeMOro 3HAaY€HUsT HE3aBHUCHUMO OT MPUYUH,
BBI3BABIIMX 3TH OTKJIOHEHWsI, BKJItOuUas Jto0Oble BHenrHue nomexu f(t), a Taxke
M3MEHEHUs TapaMeTPOB CaMOIl CUCTEMBI.

[loaTOMy Takue cCHCTEMbl HALLIM IMIMPOKOE PacHpoCTpaHEHUE B TEXHUKE, a
MOHsATHE 00 OOpaTHOW CBSI3U SIBISCTCS OJHUM K3 OCHOBHBIX B aBTOMAaTHUKE U
KHOEpHETHKE.

Kombunuposannoe ynpasnenue npeacTaBisieT coo0i coueTaHue MPUHIIUIIOB

YHPABJICHUA IO pa3OMKHYTOMY H 3aMKHYTOMY IIUKJIaM OJHOBPCMCHHO.
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Knaccupuxanus CAY ocymecTBiasercs 10 Haubojee BaXHBIM HX
cBoiictBamM. Tak, B 3aBUCMMOCTH OT UEIM YIPABICHHUS  Pa3IAYalOT
CTaOMIIM3HUPYIOILUE, TPOrPAMMHbBIE U CIAEASIINE CUCTEMBI.

Cmabunusupyrowjeii Ha3bIBACTCS aBTOMATUYECKasl CHUCTEMa, aJTOpPUTM
KOTOpOH oOecrneunBaeT MOAJIEp)KaHUe YIPABISIEMOW BEIMYUHBI HAa TMOCTOSHHOM
ypoBHe. IlpuMepaMu MOTYT CIyXKUTb PETYJIATOPbl CKOPOCTH, HANPSKEHUS,
TEMIIEPATYPBI, CAMOJIETHBIE ABTONUJIOTHI, CUCTEMbI aBTOMAaTHUYECKOTO yIPABICHUS
4aCTOTOW aBTOT€HEPATOPOB, ABTOMATUYECKON PETYIUPOBKH YCUIICHHUS U JIP.

IIpoecpammnou Ha3bIBA€TCS aBTOMAaTHYECKas CHCTEMA, aJITOPUTM KOTOPOU
U3MEHSAET YIPABIIEMYI0 BEJIMYMHY B COOTBETCTBUM C 3apaHee 3aJaHHOU
¢byukuuen. [Ipumepamu SBISIOTCA pa3IuyHble TPEHAXKEPbI, CTAHKU C YHCIOBBIM
MIPOTrPpaMMHBIM YTIPABIIEHUEM, CUCTEMBI CIIETION MTOCAJKH CaMOJIETOB, aBTOHOMHOTO
YIPABJIEHUS MOJIETOM PAKEThl HA HAYAJIbHOM Y4aCTKE TPAEKTOPUH U JIp.

Cneoswyeri Ha3bIBaeTCS aBTOMATUYECKas CHUCTEMa, QJITOPUTM KOTOPOid
M3MEHSET BBIXOJHOM CHTHAJI B 3aBUCHUMOCTH OT 3HAYEHUS HEU3BECTHOI'O 3apaHee
IIEPEMEHHOr0 CurHaja Ha Bxojae. Ha »TOM mnpuHUUIIE NMOCTPOEHBI CUCTEMBI
aBTOCOIPOBOXKJICHUS LEJEH MO JAIBHOCTH, CKOPOCTH U HANPABICHUIO, CHIJIOBBIE
CHEASIINE CUCTEMBI YIPABIECHUS IOJOKEHUEM AaHTEHH M IYCKOBBIX YCTaHOBOK
pPaKeT, paguOTEXHUYECKUE CUCTEMBI TEJICYNPABICHUS U CAMOHABEICHUS PAaKET U
T.J.

CAY, B koropo#t ynpapisomuid curHan U(t) BeipaOaTbIBaeTCsi TOJBKO Ha
OCHOBE BHEUIHMX CHUTHAJIOB, HA3bIBAETCA CUCTEMOU C PA30OMKHYMOU UYenblo
YNpaeieHus.

Eciu xe curnan U(t) dopmupyeTcss ¢ ydeToM KaK BHEIIHUX, TaK HU
BHYTPEHHMX CHUTHAQJIOB, TO CHCTE€Ma Ha3bIBaeTCA 3amxkHymou. B 10100HBIX
CUCTeMaxX YIpaBJSIOIIMNA CHUTHAN dYallleé BCEro BhIpabOaThIBA€TCS B pe3yibTaTe
CpaBHEHUS BbIXOAHOM BelMUMHBI Y (t) ¢ 3ama0mumM curnaiom X(t):

U(t) = &(t) = F[X(0) - Y(O)].
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Taxoil cioco® ympaBieHUs Ha3bIBACTCS ynpasieHuem no omkioHeHuro (1o
omunbke, paccoriacoBanuio). CaMu Ke CHCTEMbl HAa3bIBAIOTCA CuUCHeMaMu

asmomamuyeckoeo peayruposanusi (CAP).

B 3aBucuMocTH OT HaJIU4YUS HIU OTCYTCTBUA OIINOKH B YCTAaHOBUBHICMC:

(cratuueckoM) pexume pabotel CAY mnoapasznensioTcss Ha cmamuueckue W

acmamuyeckue.
X(t) l OTanoHHOe 3HauyeHue
RIOHER CO | crnaxusawwee
ynpaslieHus > HMCKpMMMHaTop » yCTpOﬁCTBO I
A
Z(t) WcnonHuTensHoe
YCTPOWCTBO

Puc. 1. ®ynkunonansHas cxema CAP

CucreMbl aBTOMAaTHYECKOTO perylupoBaHus, wucnoiaszyembie B PJIC,
npeAcTaBisaioT coboit 3amkHyThie CAP. Hx ocHOBHas 3amaya o0OecCHeuuThb
CTaOMJIM3AIMI0 3HAYEHHs 3aJaHHOr0 MapameTpa OoOBbEKTa YNpaBJIECHHUS: YaCTOTHI
reHeparopa, Kodp¢uuueHTa ycuileHus ycwiurtens, (a3zoBoro ciaBura B
KOPPENISUOHHO-(DUIBTPOBOM KaHaJe.

B cocrtap Takux CAP Bxoast (puc.l):

- 00BEKT yNpaBICHUS;

- JUCKpUMHUHATOpP, (U3MepseT OMHUOKY MEeXAy TEKYIIMM 3HaYeHUEM
KOHTPOJUPYEMOI'0 IMapaMerpa U HTAJIOHHBIM 3HAYEHUEM M (POPMHUPYET CHUTHAI
ommbku (CO));

- CrJIa)KMBarollee YCTPOMCTBO (HAa OCHOBaHMM HM3MepeHHoro 3Hauenus CO

dbopmupyeT yrpaBJisiolee BO3AeHCTBUE, ISl MUHUMU3ALMHA OIIUOKK);



5

- UCTIOJTHUTENIbHOE YCTPOUCTBO (HA OCHOBAHUH YIIPABJISIOLIETO BO3IEHCTBUS
OCYHIECTBIISIET KOPPEKTUPOBKY MapamMeTpoB OOBEKTa YIpaBieHUs, A0 TEX IOp,
MOKa CUTHAJI OIIMOKHN HE CTAHET paBeH HYJIIO).

B paamonepenaronux ycrpoiictBax (PITY) PJIC CAP, kak mnpasuiio,
MpeaHa3HaAYeHb! sl CTAOUIU3AIMHA YaCTOTHI.

Paccmorpum CAP PIIY Ha mnpumepe cuctemMbl CTaOWIM3alMM YaCTOTHI
B0o30yuTens normiepockoi PJIC.

OOBEKTOM YIpaBiICHUS CIYXHUT 3aJalOlMi TeHepaTop BO30YIUTElNs, Kak
MpPAaBWIIO, OTO OTPAXKATEIbHBIM KIMCTPOH Majloh MoOIIHOCTH. Bo Bcex
nomnepoBckux PJIC ayig moBblIeHUs CTAOMJIBHOCTHM YacTOThl BO30yIUTENS
MPUMEHSIOTCS TepMOCTaThl. TepMmocTaThpoBaHue (MojaJiepKaHUe CTaOWIbHON
TEeMIIepaTyphbl TEHEPATOPHOrO Mpudopa U 0OBEMHOTO pe30HaTOpa) obecreynBaeT
YMEHBIIEHUE YXOJ0B YacTOThl, HO HE YCTPaHAET UX MOJHOCTHIO. [loaTomy m
CTPOUTCSI OT/IeTIbHASI CUCTEMAa aBTOMATUYECKOM moIcTpoitku yacToThl (AITY).

JuckpumuHatopoMm AIIY choyXWUT 4YaCTOTHBIM JUCKPUMHUHATOpP, CHUTHAI
OLIMOKA KOTOPOTO TMPSMO MPOMOPUMOHANEH PA3HOCTH MEXAY OJTATIOHHOM
4acTOTOM M 4YacTOTOM BO30yauTens. DTaloHHAas YacTtoTa (Qopmupyercs, Kak
MPaBUJIO, BBICOKOCTAOWJIBLHBIM  KBAapIEBBIM  TEHEPATOPOM U IEMOYKOU
ymHO)kuTened yactotel. CO mpencraBisger coOOW YpOBEeHb HANpSKEHHs 3HAK
KOTOpPOTO OINpeaeNsieT HaIpaBJICHUE OTKJIOHEHHMS 4YacTOThl OT HOMHHAJIA, a
3HAYEHUE IPOMOPLUHUOHATIBHO BEITNYNHE OTKIIOHEHHUS.

JI1s1 mepecTpOMKM 4acTOThl KIIMCTPOHA MOJKET MCIOJIb30BATHCS, HAIIPUMED,
MEXaHHUYEeCKOe H3MEHEHHE o0bemMa OOBEMHOTO pPe30HATOpa, KOTOPBIM CIIYXKUT
y3KOIOJIOCHBIM (UIBTpOM B Bo30Oyautene. B Takom ciyyae HCIOJHUTENbHBIM
YCTPOMCTBOM CIYy>KMT IIaroBbld JBHUrateiib (T.. 3JIEKTPOABUTATENb KOTOPBIN
BMECTO IIOCTOSIHHOT'O KPYTOBOI'O BpallleHUs1 pOTOpa 00ecreyruBaeT NoBOpOT poTopa
Ha CTPOro OMNpEeNEJCHHBIM Yroj — HIar) MeXaHW4YeCKH CBA3AHHBIM C MOPIIHEM B

00BEMHOM PE30HATOPE.
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Posib crinaxkuparomero ycTtpoucTtBa B TAakKOM CHCTEME OYE€BHUIHA — II0
3HaueHnto CO OHO AOMKHO cPOPMUPOBATH YNPABISIOMUNA CUTHAN JJIsl IIarOBOTO
aBuratens, u GopMupoBaTh ero 10 Tex nop, noka CO He 00paTUTCs B HOJMb.
Cucrema  AIIY  nepematumka  pomiepoBckoir  PJIC  mosHOCTBRO
aBTOMAaTH4YeCKas, €€ HacCTpOWKa IMpOBEpsAETCS B MPOLECCE  IUIAHOBOTO

TeXHUYECKOro o0ciykuBanus (Hampumep 1 pa3 B mecsiin).

2. CructemMbl aBTOMaTUYECKOTO PETYIUPOBAHUS PAJUONIPUEMHBIX YCTPOMCTB.

CucremMbl aBTOMAaTUYECKOIO PpEryJUpOBaHUS TMPUEMHUKA MO3BOJSIOT
obecneunTy TpeOyeMyr TOYHOCTb OIPEICNIECHUS KOOpPAMHAT LeJIed B
IIPOCTPAHCTBE.

Kpome Toro, cucreMbl aBTOMAaTHYECKOI'O PETyIMPOBAHUS TO3BOJSIOT B
aBTOMAaTHUYEeCKOM pexume (0e3 ydacTus 4enoBeKa) MOAJAEepKUBaTh TpeOyemble
3HaueHUs KOd()PUIUEHTOB ycuneHus u (pa3oBbIX CABUTOB B KaHalax.

PaccMoTpyM HEOOXOIUMOCTH BHEAPEHUS B PaJUONPUEMHOE YCTPOMCTBO
(PIIpY) PJIC CAP. Hna sToro cineayeT ydecTb, YTO TOYHOCTb H3MEpPEHHUS
CUTHAJIOB OmHUOO0K 1o BceM uMepsieMbiM PJIC koopanHaTam HanmpsiMyro 3aBUCUT
OT HACTPOWKH MprueMHHKa. KOoJIMYecTBEeHHO 3Ty 3aBUCUMOCTb MO3BOJISIET OLIEHUTD
NeJeHrallMOHHAs XapaKTepUCTHKA.

Jlns  ManmbIX  YIJIOBBIX — paccoryiacoBaHuid (@A)  MeJieHralMoHHas
xapaktepuctuka CC@ BbIpa)aeTcsi COOTHOLICHUEM:
UC0opA=Kp=¢0A- K1 ((Kp/Kx)-Up-Cos(vp-r2)pA--.
rae: K - koappunrent nepegaun OJ] no HanpsIKEHUIO;
K(P,Kz - K03(ppUIMEHT nepeiayu 0 HAMPSKEHUIO Pa3HOCTHOTO U

CYMMAapHOT'O KaHAaJIOB;

UO — aMINIUTyld CUTHAJId OIIOPHOT'O KaHaJIa,

y(p-yZ - (1)330BBIC CABHI'H B Pa3HOCTHOM U CYMMApPHOM KaHaJIaX;



7
1 - K03QPUIUEHT, XapaKTepU3yIOIIHi CYMMapHYIO JUarpaMmy
HaIpaBJICHHOCTU aHTCHHBI,

QA - yrojl Mexly HallpaBJI€HUEM Ha LEJIb U PABHOCUTHAJIbHBIM.

To4HOCTP H3MEpEHHs YIIOBBIX KOOPAWHAT CYHIECTBEHHO 3aBUCUT OT
cootHomenuss K, u Ky, crabunpnoctn ammmuryast Uo, U  pa3HOCTH
ANEKTPUUECKUX JUIMH MPUEMHBIX KaHAOB (Ye-Yz), KOTOpbIE B MpOIECcCce
(YHKUMOHUPOBAHUS MOTYT MEHSTHCS 1O CITy4allHOMY 3aKOHY.

J1J1st TOBBIIIIEHHUS] TOYHOCTH U3MEPEHUSI HE0OX0IUMO 00€CTICUNTD:

paBeHCTBO BO BpeMeHH Kod(dunnentoB nepegaun Ko u Ks,

crabmipHOCTh U,

paBHBIN (a30BbIN CABUT B KaHaJax.

AHanornyislie 3aJja4dl BO3ZHHMKAIOT NpHU 00ECIEUEHUH TOYHOCTH U3MEpPEHUs
. IuckpumunanmonHas xapakrepuctruka CCJl nmeer BUI

UCO)Iz quﬂ -(Kﬂ/KZ)'UO‘COS(Y}I-YZ)AI[.

Jlist crabunM3anuu yKa3zaHHbIX mapameTpoB B coctaB PIIpY BBeaeHs
CUCTEMBI aBTOMATHUYECKOTO PETYJINPOBAHMUS:

APY — aBTomaTnueckoit peryiaupoBku ycuienus (Uo);

ABY — aBromaTnueckoro BeipaBHuBaHus ycuieHus (Ko = KJ[ = KX);

AP® — aBrOMaTM4eckoro peryiaupoBaHus ¢as3bl ONOPHOTO CHUTHasa
(yA=yo=yZ).

APY, ABY u AP® mnoctpoeHbl MO OJHOTUIHBIM CXEMaM, MO3TOMY
paccMOTpUM MPUHLKN UX MOCTpOoeHUs Ha npumepe APY.

Cucrema APY npennasnauena mnpezactaBisieT coboir mudposyro CAP c
acTaTu3MoM l-ro nopsuka.

3amaua cucrembl APY — cTraOuiu3upoBaTh BBIXOJHOM CHUTHaJN TJIABHOTO
YCWIMTEINS IPUEMHUKA TOYHO Ha 3HaueHuun Uo.

Huckpumunatopom B APY ciyxart: dazosiii gerektop (DJ1), padboraromniuii
B PEKHUME aMIUTUTYIHOTO AETEKTOpa, MpeoOpa3oBaTeilb HANPsXKeHUs B LU(DPOBOMH

kon (ITHK) u norapudmuueckuii mpeobOpaszoBatenb. DJ[ mo3BosiseT HW3MEPUTH
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Puc. 2. YopouienHas ctpyktypHas cxema APY

XapakrepucTuka jiorapugmuyeckoro mnpeodpazosatens (JIII) momobpana
TakuM oOpazoMm (puc. 3), 4TO HOMHUHaIbHOMY 3HaueHH0 U0 COOTBETCTBYET

BxoaHoM ko JIIT — 21, KoTopoMy COOTBETCTBYET BBIXOAHOM KO «0».

Mxken nn(aB)
g MpyMaHaK orpaHrYesuA
__________________________ oo
-
- e I
| - - I
e
- |
o |
2 P |
Ll
/ I
Mopor cpabateizakne P4 I
0 7 21/ {5z Ni koa nHK(es)
I 1
I 7| I
| A 1
3 | v | I
| |
| I I
| |
. / ! |
' I
! I |
<) [P L Ty |
H i MpREREK orparHEesmR 1
1 1 1

Puc. 2. Xapakrepucrtuka JIII APY
Ecnn xe 3HaueHnne Uo HE COOTBETCTBYET HOMHUHAIY, BBIXOJHOW Kox JIII
OTJIMYAETCA OT HYJI U MOCTYHAaeT Ha CrIaKMBAIOIIEE YCTPOMCTBO — CYMMATOp U
HaOop siueex O3Y.
B O3V xpansarcs ynpasnsomue koabl APY nns oObekTa yrnpaBlieHHS —

IIAaBHOTO  YCHIIUTCIILA. KomuuectBOo  s4eek onpeacsicTCa MaKCHMAJIbHBIM
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BO3MOXHBIM YHCJIOM ILieJiel, KOTOpbIe OJHOBPEMEHHO MOXET 00paldaThiBaTh
MIPUCMHUK.

B cnyuae momydyeHust HeHyleBoro koja omuoOku ¢ Beixonaa JIII, aTot kox B
CyMMATOpE€ CKJIQJbIBACTCS C ynpaBisromuM koaoMm APY wu3 sueiiku O3V u
nojiyueHHasi cymma 3anuceiBaetcss B O3Y. HoBoe 3HaueHue yrpaBisiomero Kojaa
MocTymnaer Ha oObeKT yrpasieHus: — raaBHbiil yeunurens (I'YC). OcobeHHOCThIO
['YC sBusieTcss BO3MOXXHOCTh OTEPATUBHO MEHITH KOA((UIIMEHT yCHIICHUS TOJ
JEUCTBUEM YIPABIAIONIETO HU(POBOro KOAa 3a YTO €ro Ha3BaJU AJIEKTPOHHBIM
nudpoBeiM arteHioaropoMm (DA T'YC). Usmenenue koddpdunmeHta ycuieHus

MMPpUBOAUT 3HAYCHHUC Uo k HOMMHHAITY.

SAIIAHUE HA CAMOCTOATEJIbBHYIO PABOTY:

IIo BTOPUTH MAaTCpUAJ JICKIINN.



