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| UIIYU JACTYP
Kupum

Hactyp V36exucTon Pecniyonukacu  Ilpesunentununr 2015 #iun
12 urongaru “Onuii TabJIUM MyaccacallapuHUHT pax0ap Ba Meaaror KajapiiapuHu
KailTa Tali€pnail Ba MaJlakaCUHU OILIMPHUII TU3UMUHU SHAJIa TaKOMUJUIAIITHPHUIILL
yopa-tagoupnapu Tyrpucuaa”’ tu [1D-4732-commu, 2017 wwmn 7 deBpangaru
“V36exncTon Pecrny6nmMKacHHM SHAJa PHBOXKIAHTUPUIN Oyiimua Xapakatiap
ctparerusicu Tyrpucuga’tu [1D-4947-cormu, 2019 #imn 27 aBryctmaru “Onwmii
TaBJIMM Myaccacajapu pax0ap Ba IeJaror KaJpJapuHUHT y3IyKCU3 MajlaKaCUHU
OLIUPHUII TU3UMHUHU >KOpuid dTuml TyFpucuaa’tu [1d-5789-connmu dapmonmnapw,
myHudraexk 2017 #un 20 ampengarm “Oauil TabauM TU3UMHUHHU  sTHaJa
pUBOXIIAHTHpHUIT 4opa-Tanoupiapu tyrpucuna’tu [1K-2909-conmu Kapopuaa
OenruiiaHral ycTyBop Baszudanap Ma3MyHHIAH KeNuO YMKKAH XOJiJa Ty3WJraH
O0ynub, y 3amoHaBui Tanmabiap acocuja KaiWTa Tal€piail Ba majaka OIIMPHII
KapaCHJIApUHUHT Ma3MYHMHU TaKOMWUIAIITUPHUIL XamJa OJUM  TabiuM
Myaccacallapd TeIaror KaJpJapuHUHT KacOMN KOMIETCHTJIMTMHU MYHTa3aM
OIMPHUO OOPHIITHU MaKcaa KHJIAIH.

Ymly YKyB-yciyOuii-Maxkmya axOOpoT-KOMMYHHUKAIUsl TEXHOJIOTHSIIapH
JlaBpuJia 3aMOHABHI OOIIKapHIIl Ha3apusiacu (aHu 0I3apOJIUTH, UILIA0 YUKAPHUIILI
Kapa€HuJa KyJUIAHWINII MyaMMOJIapy Ba YJIAPHU XAJI STULI HYJUIAPUHU YPraHUII
oyitnya Mmyammosiap 0aéH STUJITaH.

MoayJHUHT MaKcaau Ba Basudasapu

Onuii TabiuM Myacacallapu I€Iaror KaJpJjapuHU KaWTa Tal€piiaml Ba
YIapHUHT MaJlaKaCUHU OIIMPUIN KYPCHHMHT MAKCAJAM Tearor KaJapJIapHUHT
WHHOBAIIMOH EHJIONIYBIIAP acoCHaa YKyB-TapOUsIBUH >kapa€HIapHU IOKCAK MIIMHIA-
METOJMK Japakajaa JIOMUXAJAIITUPHUII, COXaJard WIrop Taxpubanap, 3aMOHABUN
OWJIMM Ba MajakaJapHU Y3JIAITHPHII Ba aMATHETTA KOPUN dTUIIUIAPU YIYH 3apyp
Oynaguran kacOWii OwWIMM, KYHHMKMa Ba MaJlaKaJapUHU TaKOMIJLIAIITHPHII,

IIYHUHTJEK YIAPHUHT HXKOAUH (haOJITUTMHU PUBOXKIAHTUPHUIIAAH HOOpaT.



MopayanuHr Bazuganapu:
“Texnoynoruk xapaéHiap Ba HWIUIA0 YUKAPHUIIHMA AaBTOMATIAIITHUPUII Ba
Oomkapunr’ HyHaIWIIMAA TeAaror KaapJapHUHT KacOud OWiauM, KYHHKMA,
MaJIaKaJapUHU TAKOMWIJTAIITUPUII Ba PUBOKIAHTUPHULL;

-neaaroriiapHuHIr H)KOHHﬁ-HHHOBaHHOH Q)aOJ'IJ'H/IK JdapaXxaCHMHU OLIWPHUIII,

-MyTaxacCUCINK (aHTapuHU YKUTUII >kapaéHUra 3aMOHaBUN ax00poT-
KOMMYHHKAIUSI TEXHOJIOTUSJIApU Ba XOPWXKHMM TWUIApHU camapaid TaTOMK

OTHJIMININHHW TabMHWHJIAII,

-MaxcCycC (baHJIap coxacugaru SI’KI/ITI/IHIHI/IHI‘ HHHOBAIIMOH TCXHOJOTI'WATIAPU Ba

WIFOP XOPWKUN TaXpHOaJapuHU Y3JIalITUPHILL

- “TexHOJIOTHK >KapaéHyiap Ba HIUIA0 YMKAPUIIHM aBTOMATJAIITUPUII Ba
OomKapuur” HyHaIMIIKAA KaiTa Tal€piail Ba Majlaka OLIMPHIL KapaéHIapuHu (paH
Ba ulUIa0 YWKApUIIAArd WHHOBaUMsJap OWIaH Vy3apo HMHTErpalusiCUHU
TabMWHJIALLL.

Mopya 0yiiM4a TUHIJIOBYMJIAPHUHI OWJIMMH, KYHUKMAaCH, MaJIaKacu Ba
KOMIIETEHIMSAJIAPpUTra KyHHJIaJurad rajgadaap
“TexHosmoruk >kapa€Hnap Ba UIUIA0 YMKApUIIHU aBTOMATJIALITHPUII Ba
OOLIKApUIIT” KYPCUHM Y3JIAIITUPHUIL XKapa€HUIa aMalira OLIMPUIIaIural Macasanap
noupacuia:
Tunzenoeuu:

®aBTOMATHK OOIIKAPUII TU3UMIIAPHUHT MaTEMaTHK MOJICIIMHU;

® ABTOMATUK OOITKAPUII TU3UMJIAPHH Y3aTHUIl Ba3udaJapuHu;

®aBTOMATHK OOIIKAPUII TU3UMIIAPHUHT JUHAMUK XapaKTEePUCTUKATIAPUHU;

®aBTOMATUK OOUIKAPYB TU3UMJIAPHUHT OOLIKAPYB KYpCAaTKUYIAPUHU;

etacoauuil TabcHUpiap/la YM3UKIMW CTAl[MOHAp aBTOMATUK OOIIKAapHUII
TU3UMJIIAPUHU;
® HOUM3HKJIM TU3UMIIAPHUHT TabpU(H Ba XyCYCUSTIAPUHY;

e yi/IeHTU (DUKAIUSIIAIIIa MO CTPYKTYpacHu;



SUHTEIUICKTyaJl THU3UMJIApuja OOIKapwil O>Kap&HIApUHA  MAaTEMAaTHK
udoanarr;

e 00BEKTIIApHU OOIIKApUIIAa KYJJAHWIAJUTaH MoOJeJlap Ba MaTeMaTHK
MOJEJUIAPHU KypHII YCYIUIApH;

eax0bopoT TU3UMIIApU Ba TapMOKJIAPUHUHT Kiaccudukanuscu,
XapaKkTepUCTUKAJIAPH;

©ax00pOT TH3UMJIAPU Ba TAPMOKJIAPUHUHT TEXHUK Ba JACTypHil BOCHUTaJIapu
oyitnua ounumaapea 3za 6YJINIIN Kepek.
Tunznoseuu:

®ABTOMATUK OOIIKAPUII TUSUMIIAPHUHT Y3JIyKCH3 CU(DAT TaXJIUIT KAITUIII,

® YM3HKJIN OYIMaran TH3UMIIAPHUHT OAPKAPOPIIMTUHYU YpraHull,

®Ha30paT OOBEKTUHUHT CTATHK MOJICITMHU KYPHIII,

® MOJICJUTAIITUPUIIl Ba HACHTHU(PUKAIUIANI XaKHIa aCOCHN MabIyMOTIapHU
170562500108

©ax00poT OOIIKAPYB THU3UMIIAPUHUHT SIHTU BOCUTAJIAPUHHU WUFHINJA, WIITA
TyIUpUII Ba GongamanuInIa, IyHUHTACK, CHHAI, (OMIaJaHuIl YIyH TOTIIITUPHII
Ba TEXHUKABUM XU3MaT KypCATHIII;

e UIIJTA0 YUKAPUII KapaCHIaApUHU XaJTKapo pexalallTUPHIN CTaHIapTiIapu
ax00poT XaBCUBIUTUHUHT XyKyKUH-MEebEPUN Oa3acuHU;

® HOUM3HUKJIM aBTOMATUK OONIKAPUII TU3UMJIAPUHU HA30paT KUJIHIIL,

® OOIIKAPUIIl TU3UMHU CUHTE3JIalI;

®aBTOMATHUK OOIIKAPYyB THU3WMIIADHUHT OOIIKApyB KYpcaTKU4IapuaaH
dhoimanaHuI;

® 00BEKTIIAp CTPYKTYpa Ba apaMeTIapuHU WHICHTU(UKAIU AL,

® TCXHOJIOTHK OOBCKTIIADHU  OOIIKAPUIITHWHT aCOCHW TNPHWHIMILIAPA  Ba
cXeMaJapuHu; axO0opoT OOIIKAPYB TU3UMJIAPUHUHT ACOCHU TYpJapH, YJIapHUHT
MaTeMaTuK uQoJacuHU; OOIIKAPUII AJITOPUTMIIAPHHHM CHHTE3JIAIll Ba pean

00BbeKTIapra TaA0MK KUJIUII KYHHKMA BAa MAJIAKAJAPUHHU 3Tra/uIalld Kepak.



Tunznosuu:
® TMHAMUK >KapaéHIapHU MaTeMaTHK U oaaan;
eX0JIaT apameTpiapu Gpazocu yHyMuaH (HoiamaHuIIL;
¢ 0OIIKAPYB OOBEKTIAPHUHT JUHAMUK MOJCIUIAPUHU KYPHUIII ;
epakamiid OOIIKapyB aarOpUTMIIAPH;
® HEUMPO-HOAHUK TEXHOJOTUSUIApra AacCOCJaHTaH TEXHOJOTUK OOBEKTIapHU
OoMKapu,
©ax00pOT XaBPCUIUTHUHU TAbMUHIIAIIHUHT aCOCUM Hynapu,
©aX0OPOTHH XUMOSLJIANT KOHIEMIIUSACH, aX00pOT XUMOSICUHUHT CTPaTErUsCH
Ba APXUTEKTYPACU KOMNnemeHyuaiapua 3ra 0yIuiy JO31M.
Moay/iHHM TAIIKKHJI 3THII Ba YTKA3UII OYHHUYa TABCUSJIAP
“TexHONMOTUK >Kapa€Hiap Ba WNUIA0 YUKAPUIITHU aBTOMATJIAINTHUPUILI Ba
OoMKapuI” KypcH Mabpy3a Ba aMavil MallIFyJIOTJIap Makiauaa oiaud Oopuiiaay.
KypcHu yxkutuin >xapa€Huaa TabIMMHUHT 3aMOHAaBUN METOIJIApPH, IEJarOTHK
TEXHOJIOTHsJIap Ba axO0OpOT-KOMMYHMKAIIMS TEXHOJOTHSJIAPU  KYJUTAHWIUIIN
Ha3apaa TYTUJITaH:
— Mabpy3a Japciapula 3aMOHABUNM KOMIIBIOTEP TEXHOJIOTHsUIApU E€pAaMuIa
MPE3EHTAIMOH Ba 3JIEKTPOH-IUIAKTUK TEXHOJIOTUSJIAp/IaH;
— VYTKa3WIaJAUTraH aMaliiii MalFyJoTiIapAa TEXHUK BOCUTAJIAPJIaH, SKCIIpecc-
CYpoBiap, TECT CYpOBIapH, akJIud XyXyM, Typyxjid (UKpJaIl, KHYIUK
rypyxjap OujiaH WIUIall, KOJUIOKBUYM YTKa3Wil, Ba OOIIKa WHTEPAKTHB

TaBJIMM yCYJUIAPUHU KYJUIall Ha3apJa TyTHIIaIu.

MoayJJHHHT YKYB pe:Kajaru 00mKa MoayJiap OujiaH OOFJIMKJIUTH Ba
Y3BUMJIHUIU
“3amMoHaBUIl OOITKAPUIIT HA3apHUsICH MOAYJHU YKYB PEKaHUHT Maxcyc (anmap
omokugaru “‘bomkapuin sxkapa€HiaapuHM WHTEUIEKTyautamtupunr” (anu Ounan
y3Buil Oornmukaup. Ly Ouman Oup KaTopja MOMYJIHH Y3JAIITUPUIIAA YKYB

peXaHuHT 0o1IKa O10KIapy dhaHIapu OMIaH MyaisiH OOFJIMKITUK MaBXKYIJIHAD.



MoayJTHHHI 01 TabJAMMAATH YPHU

V36eKkucToH Pecry/TMKaCHHMHT PHBOXIAHHWIINIA 3aMOHABHI OOITKAPHII
Hazapusicd ¢GaHUHUHT YpHH IOKOpM Japaxkana Oynub, wunuiad YuKapuIIHU
3aMOHABHIl KypuiManap XucoOWra pHBOKJIAHTUPHIL, ABTOMATUK OOIIKapHII
TU3UMJIAPHU y3aTUI Bazudanapu, aBTOMATHK OOLIKAPUII TU3UMIIAPHUHT y3IyKCHU3
cudar Tax M yta 1oa3apd macana XxucoOnmaHaad. Yoy MyaMMOHH Xall STUIIAA
OupuHun HaBOaTmarm Basuda 3aMOHaBHI Tajabmapra >kaBoO OepyBuH
MyTaxaccuciapHu  Taépnam — xucoOmanagu. Iy  cababmu  Oywnpai
MyTaxacCUC/apHU Tail€piamn ydyH ymoOy coxa Oyiimya Tabiaum OepyBUM OJUN
TabJUM TH3UMH YKUTYBUWIAPWUHUHI MAJIAKACHHU OLIMpUIIAA ““3aMOHaBHU
Oomkapuil Hazapuscu” (paHu anoxuja YpUHHU rajjiaiiu.

MoayJa 0yiin4a coatjgap TAKCHMMOTH

No THHIIIOBYUHHHT
Moaya maB3yaapu YKYB IOKJIaMacH, coaT
= =
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= = = g
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1. | ABTomaTuk OOLIKApWII THU3UMJIIAPHUHT MaTEMaTHK
MoIenH 4121 2
2. | ABTOMaTuK OoLIKapuIn TU3UMIIAPHU y3aTuII
Basudanapu. ABTOMAaTHK OOIIKAPUII TU3UMIAPHUHT | 4 2 2
JUHAMUK XapaKTepUCTUKaJIapH
3. | ABTOMaTHK OOIIKApHII TU3UMIIAPHUHT Y3ITyKCH3 cudar
TaxIuaM.  ABTOMATHK  OOIIKApYyB  TH3MMIAPHUHT | 4 2 2
OoIIKapyB KYypcaTKUWIapu
4. | Taconupuit  TabcupiapAa UYM3UKIM Ba  HOYHUKIHU
CTalMOHAp aBTOMATHK OOMIKAPHII TU3UMIIAPH. 6 2 4
Kamu:

18 | 8 10




HA3BAPU MAIIFYJIOT MA3ZMYHHA

1-mMaB3y: ABTOMATHK OOIIKAPUII TU3UMJIAPHUHT MATEMAaTHK MO/IEJIH.

ABTOMATUK OOIIKApPHUII TU3UMIIAPK XaKUJa yMYMHH MabiIymoTiap.
ABTOMATHK OOLIKAPUIIl TU3UMIIAPHUHT MaTeMaTUK MOJICIIH.

2-MaB3y: ABTOMATHK OOIIKApPWII TH3MMJIAPHH Yy3aTHll Ba3udanapu.
ABTOMATHK 0OIIKAPHMII TU3MMJIAPHUHT JHHAMHUK XapaKTePUCTHKAJIAPH.

ABTOMaTHK OOIIKApUII THU3UMIIAPHHU Basudanapu. ABTOMATHK OOIIKAPHII
TU3UMJIAPUHU  y3aTUIl OOCKUYJIapu. ABTOMATUK OOUIKApUIN TU3UMJIIAPHUHT
JUHAMUK XapaKTepUCTUKATIAPH.

3-MaB3y: ABTOMATHK GOIIKAPHII TH3MMJIAPHUHT Y3JIyKcu3 cudat

TaXJIWJIN. ABTOMATHK 0OIIKAPYB TH3UMJIAPHUHT 00IIKAPYB KYPCATKHYJIAPH.

ABTOMATHK OOLIKAPUII TU3UMIIAPHUHT Y3IYKCU3 CU(ATUHU YPTraHMII TaXJIHII
KWIKII. ABTOMAaTHK OOIIKAPYB THU3UMJIAPHUHT OOIIKApyB KYpcaTKU4JIapH.
V36exnucron  PecryOnmkacuaa — ABTOMATHK — OOIIKAPHIN — TH3MMIIAPHHHHT
PHBOXJIAHUII MyaMMOJIIApH. Y30EeKHCTOH PecryGIMKACHHH PUBOKIAHTHPHII
Oyiinua 6axkapuiaéTrad Ba pexKalalTUPIINETTAH aCOCHM JTonxanap.

4-mag3y: Tacoau¢muii TabcupIapAa YU3NKIN Ba HOYMKJIU CTAIHOHAP
aBTOMATHK 0OIIKAPHUII TU3UMJIAPH.

Taconuduii Tabcup. Ynsukim cranmoHap aBToMatuk oomkapuiil. Tacoauduii
TabCUpJIApAA YM3UKIM CTAMOHAP ABTOMATUK OOUIKAPUIIHUHI  IOTYKJIApH.
Houmsuknu  aBTOMaTuk  OOMIKApUIN  TU3UMJIAPUHUHT  MyaMMoOJIapu  Ba

ad3aIITUKIapH.



AMAJIM MAIIFYJOT MA3MYHH
1- amayamii MAIIFYJIOT: ABTOMATHK OOIIKAPUII TH3MMJIAPH.
ABTOMATHK OOIIKApHII THU3UMIIAPHU Yy3aTHll Basudagapu. ABTOMATHUK
OOLIKApUII TH3UMJIAPHUHT JUHAMUK XapaKTEPUCTUKAIAPUHU YPTraHMILL
2- aMaJIMi MAIIFyJ0T: ABTOMATHK 0OIIKAPHII TU3UMJIAPHUHT y3JIYKCH3
cudart TaxyIuiIn.

ABTOMATHK OOMIKApUII THU3UMIIAPHUHT Y3JIYKCU3 cU(daT TaxXJIHI KHJTHIIL.
ABTOMATUK OOIIKapyB THU3UMJIAPDHUHT OOILIKApYB KypcaTkuujiapu Oyiinua
MacaJjiajiap €4uIl.

3- amaauii mamryaot: Taconupuii Tabcup/aapaa YM3HKIN CTAMOHAP
aBTOMATHK 0OLIKAPHII TH3UMJIAPH.

Tacomuduit Tabcupmap. Taconmuduit Tabcupiapga 4YWMBHKIA CTallMOHAp
aBTOMATHUK OOILIKAPUII TU3UMIIApU OYiinya Macaanap equul.

4- amanuii MaFryJaoT: Un3ukiau 0yjaMaran TU3UMJIap

Yuzukian OYynIMaraH THU3UMIIAPHUHT TabpU(PU Ba Xycycuariaapu. YW3HKIH
OynMaran THU3UMJIAPHUHT OapKapoOpJMTMHUA YpraHumi. bormkapum THU3UMHU
CUHTE3JIAIll.

TabJIMMHM TAIIKWI 3THII MIAKJIJIAPH
TabAMMHU TAIIKWII 3THUII MAKIJIapy aHUK YKYB MaT€pHald Ma3MyHU YCTUIA

UnulaéTraifa  YKATYBUYMHU — THHIJIOBUMJIAp  OmiaH  y3apo  XapakaTUHU
TapTUONAITUPUIIIHHI, HYIITa KYHUIITHA, TU3UMTa KEITUPUIITHU Ha3apaa TyTaIu.
MonynHu YKUTHIL jkapaéHua KyHuaard TAbJIMMHUHT TAIIKWII STUII IIAKIJIapyIaH
dbolnananuIagm:

- Mabpy3a;

- aMaJluil MaLIFyJIoT;

- MYCTaKWJI TabJIUM.
VKyB MIIMHA TAIIKMI 3TUII YCYIIUTa Kypa:

- ’KaMOaBUH;

- TypyXJu (KUYUK TypyXJjapnaa, KypTiukma);

- sIKKa TapTuoOaa.
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Kamoasuii mmiam — byHna YKuTyBuUM TypyXJapHUHT Owiuil (GaoausiTura
pax0apiauk Kuiand, YKyB MaKcaaura SpUIINII YYyH y3u Oenruiainrad JuaaKkTHK
Ba TapOMsIBUI Ba3udaapra SpuILIKLI yUyH XMIMa-XUJI MeToi1apaaH (oiiranaHaau.
Typyxaapaa mmviam — 0y YKyB TONIIMPUFUHU XaMKOPJIWKIA Oaxxapuil y4yH
TAlIKWI 3TUWITaH, YKyB >KapaéHuJa KUYMK rypyxiapaa ummampja (2 tagaH — 8
Taraya MINTUPOKYM) (aoa posib YHHAWIUTaH HUIITUPOKYMIIApra KapaTWiraH
TABIMMHM TAUIKHJ JTHII MAKIHIAP. YKUTHII METOJWTra Kypa TYPYyXHH KHUHK
rypyxJiapra, Ky Tiaukiapra Ba rypyxjapopa makira Oyium MyMKuH. bup mypoazu
2ypyxau uwi YKyB TYpyXJapu yuyH OUp TypAard TONIIUPHUK OaXKapUIIHU Hazapaa
Tyragu. labakanawean 2eypyxau uwi TypyxJjJapia Typjd TONIIMPUKIAPHU
Oa)kapUILHU Ha3apJa TyTaau.

Slkka TapTMOOArM mAakKJga - xap OUp TabIUM OJyBUMIa ajloxXuia- ajioxuaa

MyCTaKuJI Bazudanap 6epunaau, BazuGanuHr Oaxapuiviig Ha30paT KWIMHAIH.
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II. MOJYJIHA YKUTUIIJIA ®ONJTATTAHUIAIUT AH UHTEP®AOJI TABJIUM
METOIJIAPH

“buaraman /buaumuan xoxJjgaiiMan/ buané oagumM” Meroam - SHTHU
YyTunaauran Map3y Oyinda tamabasiapHUHT OupiaamMuu OMIMMIIAPUHU aHUKJIAI EKU
YTUITaH MaB3yHU Kail Japakaja y3aalTHPraHIuTiHA aHUKJTAIl YIYH HITATHIa M.
MeTonHu amanra omMpuIl y4yH cMH(} JIOCKacura siHTM YTHIaauraH MaBy Oyiinua
acocHii TymryH4a Ba nbopanap &3wmraau, Taadanap Oepuirad Bazudanu y3mapura
oenrunaiigu. FOxopupma Oepwiran TymryH4a uOOpajgapHU OWIUIN MakcaJauja

KyWMJaru Yu3Ma YA3uiajiu:

bunaman bunumariman bunmumnan xoxJjaliMad

Yumby mertomna Ttanabanap YKATYBUM TOMOHHJAH OepuiiraH BasudaHu sKKa
TapTuOAa €KM JKYTIUKIA >KaJBaJHU TYJIIupaad. SIbHM TaxMUHaH OU3 HUMAHU
OwiaMu3 yCTyHUZA pyHxaT Ty3ull QukpiapHu Toudanap OYiimya rypyxJaml.
bunumau XoxJilailMaH yCTYHM Y4YyH cCaBOJUJIap OJMII Ba CaBOJUIApHU Yidnad

oenrunap Kynuu. buz HUMaHu OUIANK YCTYHUTA aCOCUM (PUKPIApHU E3UILL
b-b-b MeToauHuHT ad3aauru:

v’ TanabanapHUHT (HaOJUIMTHHH OLIMPAIH

v’ SHIW yTHIAAWUTaH MaB3y OyinYa TabJIuM OJyBUMIAPHUHT OMIMMIIAPUHI
aHUKJ1amra épaam oepaan

v’ rtanabanap JUKKATH OMp JKOMTIa sKaMIIaHa Iy,

b-b-b MeTOAMHUHI KAMYNJIUTH:

e Oapua TanabmapHUHT OepraH (QUKpIAPUHU TaXJIUI KUJIUIT HMKOHUSTH

MaCT/IUTH;

e Tanabanap oObEKTUB KaBOO OEpMaCIUTH;
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buraman

bunnmariman

bunnman xoxaaiMan

AbTnapHuHr
MaTeMaTUuK
MOJEJIH.

AbTnapHunr

y3aTuII

(GyHKLIHSICH.

ABTOMAaTHK TU3UMJIAPUHUHT
JUHAMUKACHUHM  XHcoOnaml  y4yH
y3aTUIl Ba 4YacToTa (QyHIUsIIAPH
JIeTaH TyIIyHYa KHPUTUIUO, Oy
byamusmap AC map taxiawimaa
MyXUM pona  yiHaigu. Yoy
byHIUSIap  OpKaJd  4acTOTallu
ycyJapaaH doitnananumHo,
ynapHUHT acocua Jlamnac Ba @ype
y3raprupunuiapu €raau. Hacroranu
yCyJulap XaMm YU3UKIH Ba apum
xoyapaa orpu unsukim AC map

YUYYH XaM KYJUIaHWIQIH.

MareMmaTuk

TABCU(HU TY3H LI

Ouunaérran macanara MyBO(DHK
TaHJIaHTaH (UMK MOJICNl acocujia
MaTeMaTHUK TEHTrJaMajiap TH3UMU
&3mnmaau. by 6ockuuna, arap UMKOH
OyIica, TEHTJIaMaHUHT aXaMHUSTCH3
ab30Japu oJu0 TalIaHuo,
TEHTJIaMaJlap COAMaIaIITHPUIIAIH.
bynna TEHIJIaMaJlaH 0110
TallaHaéTraH  ab30  MacajlaHu
SUMIIA XAKUKAaTaH aXaMUSITCHU3
SKAHJIWTUIa MIIOHY XOCHJI KUJIWII

Kepax.
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MoaeaaoBuu

AJITOPUTMH

unuad YUKHUII Macajacu
MaTeMaTHK TaBCU(HUHT
TEHIJIaMallap ~ TU3UMHUHU  DYUII
yCYJIMHU TonuAaH nbopat. Moaen
KaHJail MaliMHaja, S’bHU paKaMiu
(PXM), amamor (AXM) é&ku
KOMOMHAaCHSsIIAIITaH (APXT)
MalIuHaJa aMalira ONIMPUITUIINTa
Kypa @JIrOpUTMHHU HIUIA0 YUKHII
yCyJu TaHJIaHAIU. Konkper

XucooJanr

Moaea Ba
XaKUKH I
KaAapaCHHUHT
MOCJIUTHHHA

AHHUKJIALI

MaIllMHACHHUHT TYPHUHU TaHJIAII
JYMiIa€Irad TeHIVIamMa Typu Ba
XHcoOJIam Xa)KMura OOFJIUK.
OockuumIa KapaCHHU
XapaKkTepIOBYU KaTTaJUKJIap
COTUIITHPUIIAJIN. AHUKJIUK 3Tapiiu
napaxanga Oynamaca, MaTeMaTHK
MOJIeNra Ty3aTHUIIl KUPUTHUII KepaK.
Mopemnant OockuuuIa
Kapa€HHUHT MaTeMaTUK MOJIeNu
TagKUK KUWJIMHAOH, OJIMHTaH
MaBbJIYMOTJIAp TaXJIMJI KAJTUHAAN Ba
HaTW>Kazaa KOHKpPET aMaJIni

HaTWKajap unuiad YuKuiaau

AbTnapHuHr
JTIUHAMUK

XapaKTEepPUCTUKACU

“Keiic-cTaan” MeTroau

14




Vrum
(YHKIUSICUHH KyPHIL

yCyJUIapHu.

HNurterpans 6Gaxosar

cudatu

Y3amuw Oy  YMKUIIJArd  y3rapyBUUHU
gyukyusacu - KAPHUIIIaru y3rapyBunra
OOLITaHFUY  HOJ  MIApPTJIApAAru
HHUCOATH  OpKajdu  aHUWKJIAHHO,
Jlarmmac TaCBUPH Ouian
udogamaHay. byrun €K
JJIEMEHTIIAPHUHI OYMUK €EKU ENUK
KOHTYypJIapH YIYH y3aTHUII
byHIMsIIapU MaBXKya 0Ynuo, yiap
y3apo bapxiuaup. YMyMan
OJITaHJIa, y3aTHIII byHIHICH
oriepaTop TEHIJIAMaHUHT
KHPHUIIAATH Y3rapyBUnuCHIa TYpTraH
KYTIXaTHUHT YUKUIIIArd
y3rapyBuucHIa TYpPTraH KyIIXaJaHH

HUCOATJIapu OPKAJIM aHUKJIAHA Y.

«Keiic-cTaam»— UHrIM34a cy3 6yimo, («case» — aHuK Ba3usT, Xoauca, «stadi»
— YPraHMOK, TaX,TWJI KAJIMOK) aHUK Ba3uATIAPHU YPTaHUII, TaX T KAJTUIIT acOCUIa
VKUTHUIIIHU aMajira OIIMPHUINTra KapaTWiraH METoJl XucoOmaHaau. Maskyp MeTon
nactinad 1921 i#wn lapBapn yHUBEpCUTETHAA aMalluii Ba3usATIAp/laH UKTUCOIUN
OomrkapyB ¢anmapuHu yprauumiaa GoiaaaHuin TapTuouaa Kyutanmirad. Keiicna
OUMK axOopoTiap/aH €KW aHUK BOKea-XOAMcCaJaH Ba3uaT cudaruia TaxJuid y4yH
doitnananum mymkuH. Kelic xapakatiapu ¥3 nunura KyiuaarujiapHu KaMpao oJiaju:
Kum (Who), Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka

(How), Huma-natmxka (What).
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“Keiic MeTOAU ’HH aMAaJIra OIIMPUII OOCKUYJIAPH

N dDaoaudaT HIAKJIA

OocKnwiIapu Ba Ma3MYyHH

<

1-6ockuu: Keiic Ba yHHHT SKKa TapTUO1aru ayIno-BU3yall HIIL;

ax0opoT TabMHMHOTH OwiaH | v' keiic OMaaH TaHUMUII(MATHIIN, 8y 00 EKH
TaHUIITHUPHUIILL Meaua IaKiaa);

v’ ax0OpOTHH YMYMJIAIITHPHIIL,

v’ ax0opOT TaxXJIMIH;

v MyaMMOJapHH aHUKJIAIIl
2-00CKHY: Keiicuu | v/ uuauBuIyan Ba rypyx/ia HIILIIALL;
AHMKJIAIITHPHMII Ba VKyB | v MyaMMoOJapHH  JON3apOidMK  HepapXHsCHHH
TOMIIMPUFHU OENTHIAIT aHUKJIAIII,

v/ acocHii MyaMMOJIM Ba3UsATHU OEITHIIAI
3-00CcKUY: Keiicaaru | v/ uHauBHIyal Ba TypyX/a HILIIALL;
acoCHii MyaMMOHM TaXJIHj | v\ MyKOOWII €4nuM MyIUIapHHU MIIA0 YHKHUIIL
ATULI OpKaiu VKyB|v Xap OWUp €YMMHHHI HMMKOHHUSATIApH  Ba
TONIIUPUFUHUHT CYUMUHU TYCUKJIAPHU TaXJIUJ KUJIHUIIL;
W3JIAllL, Xain 51Ul | v\ MyKOOWJI €4MMIIAPHH TaHJIalll

UynnapuHu Uiad YuKHII

4-6ockuu: Keiic eunmunu | v/ sikka Ba TypyX/a HIILIAILL;

CUMMHHU  [NAK/UIAHTHPUII | v\ MyKOOWJI ~ BapHaHTIApHM  amaiga  KyJUlall
Ba acOCJIalll, TaKIUMOT. MMKOHUSTIAPUHU acoCall;

v’ YOKOIMH-TIONMXA TAKIUMOTHHM TalEpIIallr;

v/ SKyHHU XyJioca Ba BasWAT CYMMHHHUHT aMajiniid

ACIIEKTJIADUHU EPUTHILI

Keiic. Tuszum cunTe3MHUHT acocuii Bazudacu yprada KBaJpaTUK XaTOHUHT

MHWHUMAJI KHFIM&THHH KCIITUpaaurad TU3UM  IIapaMCTpPJIIapUHHU AHHUKJIaIl
16



Keiicau 6a:kapum 60CKU4/JIapy Ba TONIIMPUKJIAP:

 Kelicnaru MyaMMOHHU KenTUpHO uWKapraH acocuil cababiapHu
Oenrwianr (MHAUBUIYa Ba KUYUK FypyXJa).

o JIBUTaTeTHUHT KyBBaTHMHHU Macaiiumn cababiapuHu MyXoKama
KWIMHT (KyQTIMKIapaary uii).

HA3APUU MATEPUAJLIIAP MASMYHU
1-MaB3y. ABTOMaTHK 0OIIKAPUII TU3UMJIAPHUHT MaTeMAaTHK MOJIEJIH.
Pexa:

1. AbTnapHuHT MaTeMaTUK MOJIEIIH.

2. AbTnapuuHr y3atui QyHKIUSCH.

3. AbTnapHuHT TUHAMUK XapaKTEPUCTHKACH.
Tasiny cy3 Ba udbopaJiap.

Poctnam o00bexTH, MaTeMaTHK MOJEN, MOJeIUIall, OOBEKT, TaBCU(HH,
QJITOPUTM, aBTOMATHK TH3UM, y3aTUIl (QDYHKIUSATIApU, YM3HKIHA, YacTOTa, EMHK,
OYMK, TU3UMJIAP, CTATUK, TUHAMUK, XapaKTePUCTHKA.

1. ABTiapHMHI MaTeMaTHK MO/EJIH.

Poctnamr o6bektn Ba APT ameMeHTIapu XyCycHSITIIapuHU TaBcuamiga
MaTeMaTUK MOJeJulalll  yCylIu KyJulaHwiaad. MaremMaTuk Moaesiam —
MOJICJUIADHA KYpHUIIl Ba YpraHuil OOCKWYIApUHU Y3 wuuMra osiaau. byHna,
ypranunaérran oObeKT YpHHra Mojen Ae0 aTalyBUM MOJIANN OOBEKT OJMHAIH.
Vpranunaérran 06keKTra YXIIAII MOICTHUHT jKapadHIapu 6oIKa GU3NK Xoucara
MOC, JICKUH OMp XuJ TeHrjamaniap OwiaH TaBcudiaHaau. MaTteMatuk Mopesiap
XycoOyiam MamMHajgapu €KU TYFpU aHajolId KypWIMacu OpKaJld amajra
OIIMpUIIaId. XHUCOOaIl MalluHagapuaa ypranuiaa€tral Xoauca €Ky sxapaCHHUHT
MaTeMaTUK TaBCU(GUHU OUp KATOp dJIEMEHTAp MaTEeMaTHUK orepacusuiap Oaxapud

TUuKJIaHaau. by onepacusiiap Oup HedTa SIeMEeHTIIapHU OWp BaKTAa YUHII €K OUTTA
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3JIEMEHTHHU Ky MapTa sumil OunaH Oaxapuianud. TYFpu aHamoriaum Mopesiap,
xucoOmamn MamuHacuaaH GapKiIu paBUINIA aIOXUAa dJIeMeHTIapra OyIMHMANIH.
VYnap 6onutanFuy HUCOATIapHU KypuiiMaja YTaéTran Xoauca XyCcycustiaapura Kypa
TUKJaWau. byHaa noumo mozaen Ba XakKUKWN Kapa€H mapaMeTpiiapd ypTacularu
Ovp MabHOJIM MOCHAIlyBH (TaHJIAHTAH aHAJIOTHS THU3UMHUTA Kypa) KypcaTull
MYMKHH. YPraHuiaérraH OOBEKTHHHI KMPHIIM Ba OOUIKAPYBYM HapaMeTpiapH
YypTacuaarn HuUcOaTaH aHUKJIOBUM TEHIJIaMajap THU3UMH MamemMamukx mascug
neuniIaan.

OOBEKTHUHT MaTeMATUK MOJEIIMHU KyPHIL Ba YHU YPraHuil Oup Katop y3apo
OOFMK OYNraH OOCKUWIApHU OaKapuIll AeMaKIup.

Monennam BazupacuHu aHUKJIAI:

-00BEKTHHU YpraHuil Ba TAaBCU(PHUHT IIAKIUTAHUILIN;

-MaTE€MaTUK TaBCU(HU Ty3HILI;

-MOJIEJIJIOBYM AITOPUTMHU UILLTA0 YMKUILL;

-OJIMHTaH MOJIEN Ba XaKUKUW XKapaHHUHT MOCIUTMHU aHUKJIALL;
-mMozesan (0OObEeKTHUHT MaTeMAaTHK MOJEINHU TaJAKUK KHJTHILL
-OJIMHT'aH MabJyMOTHHU TaXJIMJ KUJIALI.

Mopesuiam Ba3udacuHu aHUKJIAII - 6apya OOCKUYJIap WYUAA SHT MyXUMH,
YyHKHU MaTEeMaTHK MOJEJUIAIIHUHT aHUK Ba paBlIaH n(oaaTaHUIINIaH MacaJaHUHT
FUWIIMII WYJUTapu Keaud 4uKaau. MoJeallHUHT Makcaau Typiauda OYyiIuiiu
MYMKHH, JIEKMH YJApHUHI HErM3W YCKYHaJapHU ONTHUMaJ JOWHXajall,
JOMMXAJAIIHUHT Y3UHU aBTOMATJIAIITHPUIL Ba OOBEKTHU ONTUMAI OOIIKAPHILIaH
nbopar. Kyiiunran Oy Makcajara MaTeMaTUK TaBCU(DPHUHT yCIIYOUHM TaHJAIl XaM
OOFITHUK.

O0beKTHM ypraHum Ba TABCH(HUHI IHAKUIAHUIIM OOCKMYMJIA
MacaJlaHWHT HETHM3HWJard XoAucajap MeXaHu3Mu OyilicyHaauraH (yHKCHOHAI
KOHYHJap aHuKjiIaHaau. byOockuura KUpuIl Ba YHKHII Y3rapyBUWIApH;
FAJIa€HJIOBYM Ba OOWIKAPYBYM TabCUpiap OedruiaaHagv, KUPHUII Ba YUKHII

y3rapyBuuigapu ypracujaru OOFIAHWIN aHWKJIAHAAW, JacTIa0Ku TakpuoOamap
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yTKazunaau. ONMHraH MabiyMOTIap acocua >Kapa€HHUHT CTPYKTYpalu CXeMacu
TY3WJIA]IN.

MartemaTuk TaBcudHN Ty3ull. DYIa€Trad Macaiara MyBoQ UK TaHJIaHTaH
GbU3MK MOIeN acocuaa MaTeMaTHK TEHrIamanap Tusumu &3unaau. by Oockuuna,
arap HMMKOH OVica, TEHIJIaMaHUHT axXxaMUATCH3 ab30Jlapu OJM0 TanuiaHuo,
TEHIJIamMasiap coajaiamTupuiaau. byHna Tenrinamanan onub tanuiaHaéTral ab3o
MacaJaH! YYUIIA XaKUKATaH aXaMUSATCU3 YKAHIUTUTa UILIOHY XOCUJI KUJIUII KEPaK.

Mopge/u10BYM  AJTOPUTMHM UIUIa0 YUKHUII — MacallaCk  MaTeMaTHUK
TaBCU(HUHT TEHrJaMajiap TU3UMHUHU SYHUII YCYJIUMHU TONUIIAaH mbopar. Mopen
KaHaal MmamuHazaa, sbHu pakamin (PXM), ananor (AXM) €ku koMOMHaCHsIIAIITaH
(APXT) mamrHaa amaira omupUINIINTa Kypa aJrOpUTMHH UIILIA0 YUKUII YCYITH
Tansanaau. KoHkper XucoOjall MallMHACUHUHT TYPUHU TaHJAIl 3YMIaéTraH
TEHIJIaMa TypH Ba XUCOOJIAIl XaKMHUTa OOFIIHK.

Moaen Ba XaKHMKMH SKapaéHHUHI MOCJIMIHHH aHMKJAam OOCKUYHIA
JKapa€HHU XapaKTEpJIOBUM KATTAJIMKIAD COJUINTHUPWIAAU. AHUKIUK 3Tapiiu
napaxana Oyamaca, MaTeMaTUK MOJIENTa Ty3aTUIIl KHPUTHUIIT KEPaK.

Mopemnam 60ocKuuMIa *Kapa€HHUHT MaTeMaTUK MOJEIU TaAKUK KUJIUHAIH,
OJIUHFaH MAabJIyMOTJap TaxJWil KWIMHAAM Ba HATWXKaJa KOHKPET amaiui
HaTWKajap uiiad YuKuiIaIm.

2. ABTaapuuHr y3aTui GyHKIUSICH.

ABTOMATHK TU3UMJIAPUHUHT TMHAMUKACUHU XUCOOJIAIT yUyH y3aTHUII Ba 4aCTOTa
byHIMsAIapU JeraH TyllyH4Ya KUpuTuiuO, 0y ¢yHuusmap AC nmap taxjawimia
MyXuUM posl ViHaiau. YmoOy ¢yHUIUssIap OpKajdd YacTOTaIM YCyJUIapJaH
doitnanannnu6, ynmapHuHT acocuna Jlammac Ba ®dype y3raprupunuiapu Eraau.
YacroTanu ycysiap XxaM YA3MKIU Ba alpuM XoJuiapaa arpu yn3ukin AC nap ydyH
XaM KyJUIaHWJIA]IH.

Enau my y3rapTupunuiapHu KyJam OpKajid Y3aTHII Ba 4acToTa PyHIMsIIapura

ara OYJIUILIHU KYpailuK.
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Onguuarn mnaparpadaa altub yrunranunaek JlammacHuUHT TYFPUAAH-TYFPU
Y3rapTUpHIl YCYTUHU XaKUKUKA y3rapyBun QyHIUsICUTa Taa0UK 3TUO, OONUTaHFUY
HOJI IapTiap/aa oneparop TeHriaMacura 3ra OyJIuI MyMKHH:

AP)Xuud P)=B(P)Xuup(p)+e(p)3(p) » (6.1)
(2.29) popmynanan doitganaiirad xona y3aTui (PyHIUSACH XaKUaryd Ty-IIyHYaHU
KUpUTaMU3. Arap 4YH3UKIM THU3UMIIAD YUYyH CYNEPHO3UTCUS KOHYHU-STUHU
KyJutaiinuran Oyicak, (2.29) manm Oepuna€tran Ba Ky3FaTyBUHM TabCUPJAP YIyH
y3aTuil QyHIUSCUHU OJIUII MyMKHH:

X (P) _ B(P)
X,p(P)  A(P) (6.2)

K(p) =

K. (p) = X (P) _ C(p)
| Z(p)  A(P) (6.3)

Yiamuw ¢ynkyusacu - Oy uvukuigarn y3rapyBUMHM KHUpUIIIArd ysra-
pyBuHMra OOILUIaHFUY HOJ IIapTiapJard HUcOATH OpKalu aHuKIaHuO, Jlarutac
TacBupu OusaH udonanaHagu. bYFuH €KW 2JIEMEHTIAPHUHT OYHMK EKU EMUK
KOHTYpJIapu yuyH y3aTull QyHIUsIapu MaBxyn 0ViuoO, ynap y3apo dhapKauaup.
YMymaH odrasaa, y3aTuil (QYHIMSCH OINEpaTop TEHIVIAMAHMHT KHpULIAArud
y3rapyBUMCHIa Typrad KyIXaJHUHT YUKHILIAT Y3rapyBUYMCHIA TYPTraH KyIIXaaHu
HUCOATJIApU OPKAJIA aHUKJIAHA]IH.

ByHnall aHMKJIanUIMIIMK IIYHU KypcaTaJuKy, aBTOMaTUK TU3UMJIAPHUHT y3a-
T QyHIusicu OepuiaéTral €Ku Ky3FaTHIIl TAbCUPIAPUHUHT TypUTa sMac, 0ajaku
GbyHKCHOHAT  JJIEMEHTJIAPHUHT  MapaMeTpiapura OOFJIMK 9SKaH.  Y3aTull
byHiusinapu 0ab3aH KyuaumupuwiHune OUHAMUK KoI(hpuuenmu 1ed xam
aTanaau.

AC nap TaxJuiauAa 4acToTalu yCyJiap alloXuaa dJIeMeHTIapHUHT (OomKap-
HUHT, 0ObEKTHUHT, KYYaUTHPTUYHHUHT Ba X.K.) XaMmJla OyTyH TU3UMHUHT 4aCTO-Tacu
TaBCU(IApUHU KYPUO YMKHUIITA acociaHTaH. UM3nKIM TU3UMHUHT aCOCUN TecKapu
OOFJNAHUILIMHUA y3U0 TypuO Ba -MMNUMHU KUPHUIIMIa CUHYCOUJA IIAKIUAA TabCUP

KUPUTUJIAJAUTaH Oyiica, y XoJa TypFyHJIAITraH pekuMaa, TH3UMHUHT YUKUTIIIArHd
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XyJM YInaHjnaid yactorara sra OyiraH, JIKMH aMIUIMTyJa Ba (pasa >KMXaTHAaH

y3raua Oyyrav rapMOHUK (pyHIUAra 3ra OyaaMus:

X
i Xc}z.‘q

Xc&.‘q

1.1-pacm

O4uK TU3MMIIAPUHUHT KUPHUII BAa YUKUIIUJATH TapMOHHMK CHUTHAJIAPHU
TaxJ Il Kuilaaurad Oyscak, yactora (PyHKCISICHM OujiaH TaBcU(IaHAIUTaH YHUHT
XyCYCHUSITIapUHU aHUKJIAIll MyMKHWH:

_B(w) _ X, (iw)

YUK

.
A X () (1 gy

K (xw) dynuuscu xomniexkc uwacmoma pynyusacu kv coaaapok Ko,
OYMK THUUMIIAPDUHUHT uacmoma @ynuyusacu ned6 atanagu. Y aBTOMATHK
TA3UMJIAPUHU TAIIKWI 3TYBYM AJIEMEHTIAPHUHT MTapaMeTpJapura Ba 4acTOTacHUra
oornuk. Yacmoma gpynyusacunu y3atuil QyHIUSACUAATH 1 HU ocW Ta aIMaIITUPHIL
Wynu OunaH osmm MymKuH. ByHnaih anmamrupuimn OonutanFud O maptiapaa
muddepencuan teHramanapra Oypre Y3rapTUPUIIUHU KyJUlamira YXmarasiaup.
YacroTa QyHUMsACH TYypFyHJIALITaH MaXOypHil JaBpHil Xxapakatiap yayH KOMILUIEKC
Kydantupuin kodddunentnnn udoaanaiau Ba (1.4) popmyrna opkaiu aHUKIaHAIH.

Maxpaxxgaru MaBXyM KUCMUHU Taluiad 1000opub Kyituaarura sra 0ynaMus:

- B(wW)A(jw) N
K(jw) - p B, (W);
(jw) AGW)A( ) (W) + jBo (W) 15)

A(w)

Oy epna - MaXpPaXHUHT KOMILUIEKC KaTTAJIUTH;

21



Po(W)saQo (W) - gupi TU3UMSIAP YacTOTaIM (YHUUSICUHMHI XAaKUKAWA Ba MaBXyM
Kucmitapy. KOMITJIeKC KaTTaJIMKHU KypcaTruwid Iakiaa €3aaurad Oyicak, (1.5)

HUHT ypHUTa Kylujaarura sra Oyiamus:
K(iw) = A, (e (1 )

Oy epna

Ao() =K (jw) | = PE O+ QI

#s (W) =arctg[Q, (w)/ P (W) } (1 g)
(6.7) Ba (6.8)marm Ao (?) Ba (o (@) map, Moc X0JAa, KOMIUICKC KAaTTAIUKHHHT
Moayiu Ba aprymeHtunup. Ymaap K(KW) BEKTOPHMHI KOMIUIEKC TEKHCIUKIAru
KaTTaJITMHA Ba HYHanuImuHU Kkypcatamu (2.3-pacm). Yacrota (QyHUUSCHHUHT
MOJYJIA aMIUTUTYIaJJApHUHT KUPIIK Ba YUKUIIUAATW KAUMMaTIapUHU HUCOATUHU
owrnupanu. IllyHuHr y4yH yHuW OepwiraH 4acToTaJard amMmIuiuTTyna Oyiinda
Kydaiitupui koddduiienra ned ndogananca xam 6ynaBepaiu.

Xap Oup yactoTara apryMeHT Ba MOAYJIHUHT MabIyM OUp KUMMaTIapu, SbHU
aMHIUTMTYJa Ba ¢dazacu TYFpu Kenaau. byHna yukuijgaru y3rapyBUMHUA aMILIU-
TyacH Ba 4YacTOTacH 4YacToTa (PYHKCISUIapH OpKJM aHMKJIaHaAW. Y DIIEMEHT-
JAPHUHT Ba TU3UMJIAPUHUHT TAPMOHMK TEOpaHUIUIAPHU KHUPHUIIIAH YUKUIITAda
y3aTUIl KOOWISTHHM Oenrwiaiay (KUpUIIAard CUTHATHUHT aMIUTUTYyJacura Ba
¢dazacura HucOaTaH CWDKHUIN OOp €KkM WYK OYyaraH xojuapAa YHKUILJIATU

aMIUIMTYIaHU OPTULIVMHY €KW KaMaWUIINHU KypcaTau.

ajl

Py(w)

2.3-pacm
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ENUK TU3MMIAPUHMHT YacTOTa (PYHLUANAPUHM OYUK TU3UM YacTOTa (yHLHACH
KaOu KYpuO YNKHUIIT MyMKHH:

W (jw) = P(w) + QW) = A, (W)e*"™ 1 gy

ABTOMaTuKaaa, 4Yactora (yHUUsTIApU YTUIN  SKapaHJIapuHH, EKU

TU3UMJIADUHU TYpFyH €KUM HOTYPFYHH OJKAaHJMKIAPUHH AaHUKIAIAa KEHT
KyJutaHuinaau. Arap, OOpAUI0 KUPUILJATH Y3rapyBUMHU YMKUIIAATK Y3rapyBuMra
HUCOATH OJIMHCA, Y XO0J/a Teckapu vactota (yHuuscu xocun Oynaau. KyHruna
XOJUTap/ia YHUHT aHATMTUK U(oaacy KeHNHYAIMK Y3rapTUPUIIUIAP YUYH KyJIalup.
UyHku xap kaHgal peayn OYFuHIA cypatnard Kymnxajn napaxacu B(p) maxpaxmaru
Kynxaja napaxacu A(p) naH kmuukaup. Teckapu yactora GpyHUusicH

K™ (jw) = AW/ B(iw) =1/ K(iw) (1 10)

ABTaapHUHT TUHAMHUK XapPaKTEPHUCTUKACH.

Cratuk xapaktepucTMkKa — Oy YMKYBUM M KammanukHune Kupysuu

kammanuxk X 0an ypHamuiean mapmuboazu Kapamiuiueuoup .

it =¢p (x)

Cratuk XxapakTepucTukara Kypa Oapua »dJIEMEHTIap: YM3UKIA Ba

HOYM3HKIIWJIApra aXpaTujiiaau.

3.2. pacM. CTaTuK XapaKTepUCTUKA TypJIapu

()

JIMHAMHUK XapaKTepucTHKa — Oy UYMKYyBYM KarTaiuk W HH KypyBuH

KaTTaIuK X JdaH BaKT I[&BOMPIIZJIPIFI/II[&FH KapaMJIMJIIUTUAUD :
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U = ¢ (x,m) , nuddepercnan TeHrIamMa KypuHUIIAAA E3UITAIH.
JIMHAMHUK XapaKTePUCTHKAHUHT HKKH TYPH MaBKy/I:

a) eakm xapaxkmepucmukacu (ymyeuu) — yTyBUM PEKAMIA y3aTHIAETIaH

OYFUH XapaKaTUHU KUPUILKJATH MOTaHaId TAabCUPUHU KypcaTay,

o ¢ o
0) uacmomasuii xapaxmepucmuka — 0y 602UH YUKUWIUOA OPHAMUNAEM2AH
Maxcoypuit meopaHuMIAPHU 2APMOHUK MALCUPIAPU OPKAU YAKUPUI2AH OY2UH

Kupuwmwuoazu xapaxamaapuu épumaou. Arap X Ba Y HU KOMIUIEKC KYpUHHUIIIA

. ===/ .
e3myjica Ba ¥ *¥¥ X MYHoca6aTHapI/I OJIMHCAa KOMIUICKC Vy3aTyBUYH 6YFPIH

W(jw) == /=
Koe(DPUTCEHTH BYXKy/ra Keiaju : y oo

6y epaa XKW - KOMIIJICKC 4aCTOTa.

R NI )
J = V=1 =~v=1 g ommexc con

Arap yvactorara o ( 0 gaH oo raya ) OyJraH TypJiu Xujl KuiMaTiap 6epuiica,
YH/Ia KOMIUIEKC TEKHCIIUKIa KyIuiad HyKTajaap naiao 0ynaau, ynapHu Oup-Oupura

yJalia 4yacToTalu XapaKTePUCTUKA éKu 20002pag xocun 6yiaou.
JluHaMMKAa Ba CTATHKA TEHIJIaMAaJIapu

ABTOMATUK OONIKAPHUINI THU3UMHUHUHT HIUIAl CU(DATUHM YHU CTAaTHK Ba
JMHAMHUK XapaKTEepPUCTUKAIAPUHM TaxJiMi KuiauO Oaxonaca Oynmamu. TusuMHU
cmamux — xapakmepucmukaiapu — 1e0,  YpHATWIraH  XoJlaTJa  YWKHII
KOOpJIMHATAJIAPUHN  KUPHII TabCUpJIapura OOFJIMK  XapaKTepUCTUKaJIapura
aiiTunany. butTta kupuUI Ba OMTTa YMKUIITA 3Ta TU3UMIIap/ia OUTTa XapaKTEPUCTHKA
Oynmaaw, y THU3MMHHHT YpHAaTWITaH XOJJard KUWMATHUHM KHUPHUIIAArura
OOFIMKJIUTUHA KYpCaTau:

Xypu =B Yypu,
Oynna B- xywatupum koeddurnentu. Yn3ukmm TUzumiap yuyyH B=COHCT

Oynca, HOUMBUKIUKIAP yuyH P=¢(Xx). bup HeuTa kupuira 3ra TU3UMIIAP CTATHK

XapaKTepUcTUKaNap rypyxu Ouinan 0axoJiaHau.
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Tuzumnune OuHaMUK Xapakxmepucmukaiapu 1e0, Xap XWwil Tabcupiap
Tydaitnn Xocun Oyianuran YTKUHYM SKapadHiapra aTwiagu. Yiap TU3UMHU
y3aTHUII (QYHIUSACH aCOCUAA OJIMHUIIN MYMKHH.

VY3atum ¢pynmusicu (YD) ned, YuKHIl Ba KUPUILI KHAMATIApUHHI OTIEPaTOPIIH
(JIarutac Gyitnya) TacBUpuHU (HOJIJIaH Yanja OynaraH) OONUIaHFUY IIapTiIapu

X0J/1ary HucOatiaapura aitunaau. Arap TH3UM OUTTa KUpHUILTa 3ra 0yiica,

YHH y3aTUII PyHIIUSCH

~—

wip)- 212 (g.)
x(p

p—

oynanu, Oy epaa u(n), x(n)- 4anjaan mapTiapu HOJra TEHT

YUKHUIL Ba KHPUII KUWMATIApU OPTTUPMACUHU ONEPATOPIIA TaCBUPIIAPH,

arapjaa Oup HeuTa Kupuuira sra 6yinca, yuu (2.1) ra yxmam y3atuin pyHUUscH Xap

OMp KUpHUIL TabCUPU OYiTMYa OJTMHUIIN MYMKHUH, OOIIKa KUpULIUIap OYilndya KUpHIL
OpPTTHpPMAcCH HOJTa TeHT 1e0 (apa3 KUIuHaIH.

TYy¥pu pacuoHan KACPHUHT y3aTuill QYyHIUSACH

W(}’l): b,p" +b, p" .+ Dy

n n-1
c,p +cC, p T +..+C,

KYPUHHUIITA 3Ta, OYHAA Cye, 0, TAZUM MApaMETPIIapU OPKAJIM aHUKJIaHATUTaH
koepducuenTnap;, #>u. Yszatui (GyHUUSICH HOJJIApU Ba KyTONapw XaKUKUM E€Ku
KyIIIMa KOMITJIEKC COHJIAp OYJIUIITN MyMKHH.

Arapia Kupuil Tabcupu cudarthga TOFOHAIM OWpIUK  (QYyHUMsSAAH
dbolinananuica, OyHAA OJMHAIUTAH YTKUHYM >KapaéHHU YTKUHYMA (PYyHIUS
udonamaiinu. by dbyHIMS YUK KHAMAaTUHA BaKTTa OOFIUKIMTHHU KypcaTaau Ba
KyWlH1ard TeHrjiamMma ousaH udoanaHaiu:

o+ jw

1

T =T A S

YMmymuit xonma X(T)=Xy (T)+Xe (T), OyHAQ Xy ()- MAXKOYPUH TAIIKWIT dTYBYH,
y TOFOHANU OWPJIMK TabCUPUAA TU3UMHHM KydalTupuil Koep(UIIEHTUra TEHT;
Xe(M)-€pKUH TAUIKWJ TYBYH, TH3UMHHU SIHTH X0JIaTra YTUII XKapaHUHU Oaxoaaiau.

bapkapop Ta3umiapaa x.(T)-BakT YTUIIN OWIaH HOJTa UHTHJIAIH.
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Arapja KupHill TabCUpu OUpIUK UMITysc QyHius 6yiaca, OyHaa omuHaAUraH

xKapa€H uMIyacnu YTKuHIM QyHIuUs 1e6 aranaau:

r(t)=JI",
o+ jw

g0 = L{@(p)i=—— [ople "dp (43

Z o—jw

em)=y+(m)=").

Oxupru TeHrjiama UMMYJ CIU YTKUHYM (QYHIMSHH XOCHJIACH SKaHIUTHHH

aHIJIaTaau, TECKApU HUCOAT XaM TYFpu OVIiaau:
t
X(T)=[ g(t)dt .
0

Kupum Ttabcupu uxtu€puil x(m) makiara sra Oyica, yHAA TU3UMIAru

VTKUHYM jKapa€H KyHuaru TeHriiama OviaH aHUKJIaHUIII MYMKUH:
X(D)=IHX ()} =TT HAP)D(P)}-

TuznmaHN JTUHAMUK XyCYCUSITIIapUHU Oaxomaniia 4acTOTaIN
XapaKTepUCTUKANApJaH KEeHT (oiIajaHuIl >KOPUN KWIMHTaH. YJap TU3UMHU
rapMOHHMKAJIA @ YaCTOTaHW HOJIJIaH YEKCU3Taua y3rapraHjiard Tabcupra OViran
YKaBOOHM (pEaKCHsICUHU) XapaKTepauam:

Y(1)= Ag(@)e @ rox®)

By Tenraama ogaraa yacroraiu ABT 0apkapopaurnau xamaa yTKUHHYH
JKAPAEHUHM TAAKUKOT KWINIIAA MILIATHIIATH.

Amnaumyoa ea haza uacmoma xapaxmepucmuxacu (ADPYUX)

KOMILTEKCIM H(oaalapHUHT HUcOaTHAAaH udopar:
@(j0)- ") (4.9)
x(t)
Bynmay(t)=A_ (o))~  rapmMoHMKamM UMKMII ~CUTHAIH, OJATAa
KyWugaruya €3uianu:
o (jo)= A()e)  (4.5)

bynnaru A(e )-amruTya yactora xapaktepuctukacu (AUX)
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¢(w)-dazanm yactora xapakrepuctukacu (OUX):
o(©)=0,(0)-0 (o) (4.7)

AMIuiTy1a Ba (paza 4acTOoTa XapaKTEPUCTUKACH KOMIUICKCIIH Y3TapyBUaH
KuiiMaT OVJIranu ydyH YHM KyWHJIard KYpUHUIILIA E3UIT MyMKHH:
F(jo)=R(w)+ jQ() (4.8)
oyHna: P(0)- TH3BMMHH XaKMKHii 4acTOTA XapaKTePUCTHKACH, Q(v)-
MaBXyM 4acToTa xapakrepucrukacu (MUX).
YactoTa ®(O1co ), XapaKTepUCTHKACH (acOCHIa) TH3UMHH YTKUHYH X(M)
xapakrepucTukacu @yp eHu TeCKapu y3rapTupuil épaaMuaa OJIUHUIIH

MYMKHH:

x(T)zziTy(jm)@(jm)ewd@ (4.9)

—0

ABTOMAT OOILIKAPUII HA3APUACUAA JTUHAMUK XyCYCUSATIAPUHU TEKIIUPHUILA,
aitfHukca ADBT OapkapopiMruHU, KyN XoJjlapa YHHU JOrapupuMiM 4YacToTa
xapakrepuctukaitapugan (JIYX) ¢oiinananunanu. Ynap aBToMaT OOIIKapHII
TU3UMUHUHT JKapa€HUHU OepuwiraHiek IaK/UIAaHTUPAaIurad poCTIaruyjiapHu

Ty3WIMAaCHHH, XaM/la ITapaMeTpJIapuHN aHUKJIAIa KeHT KYJUTaHUIIa/IH.
A®DYX (4.5) TeHrnMacuHHM Yarl Ba YHT TOMOHJIaApUHU jorapudmiiao,
D (jo) = Ao)+ jo(o) (4.10)
CpHIIIaMH3.

byuna inA(w) Ba ¢(w) terunumya noecapugmau amniumyoa (JIAX) Ba

noeapugumau ¢paza (JI®X) xapakTepucTUKACH XUCOOIaHA M.
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Hkkurta kuiiMaTd €K yMyMHUH pakamiapd HuUcOaTHHM Oaxojall Y4YyH
gorapudmiu oupauk Kunubd necudenn (nb) umnatunanu. JI pakam Ouian yMyMHid

Tap3yu A pakamiu ypracuaard OOFJIaHMII KyWuaaru TeHIjiaMa
JI=20 nr A, [1B]

ownan 6epunaau. Mucois cudatuna A=10 connra 20 n1b Tyrpu kenaau. JIAX
Ba JIOX Tyrpu Oypyakiau KOOpAMHATATApU TU3UMHUAA TpaduKiIap KYpUHUIINAA
oepunaaun. Adcucca Ykuman jorapuumiza MacmTada » 9acTora, OpArnHaTa KU1
JIOX kuitmatu necudenna, ®UX kuiimatu rpagycaa (€ku paadanaa) Oup TeKucaa
KYWWJIQJIN.

ABTOMATHK OOIIKAPHUII TUSUMIIAPUHU YTKUHYH KapaCHUHU TAIKUKOT KU
yuyH guddepencuan €k MHTErpajd TeHIJamanapjaaH  (QoiijamaHuiaiu.
[TapameTpiiapu TyIIaHraH TU3UMJIAp YYyH Oy oanuii nuddepencuan TeHriamanap
OyJica, mapaMeTpiapy TaKCUMJIAHTaHJIap YUyH XyCcycui xocwianu guddepeHcuan
TeHrjaamMasnap Oowirad udogaraHaIu.

ADBT nuHamuK »apaéHjIapHU ypraHuII[a OJaTAa pOCTIaHAIUraH KUAMaTHU
Ba KypWIMaHU MyaWsH (u3ukaBuii TaOMAaTUHU dYeTAa KOJAUPUO OOIIKAPHUII
)Kapa€HUHM MaTeMaTUK MOJAENM OWiaH KU3WKUIIAIW. THU3UMHHM MaTeMaTHK
MOJICJIMHU SIpaTHIIJIa AUHAMUK 3BEHOJApJaH TalIKWI TONTaH Ty3WJMa CXeMacu
acoc KunuO onuHamu. JluHaMuK 3BeHOJapAa >kapaéHnap (u3MKa KOHYHJIAPH
acocuzaa nuddepencuan Eku onepaTopsiv TeHrIamanap ounan uponananaau. AbBT
outTa KyprwiMmacu Oup €ku Oup HedTa JUHAMUK 3BEHOJIAp OWJIaH TaKAUM JTUJITaH
Oy MYMKHH.

JIuHaMUK 3BEHOJIAp YUYYH OJIMHTaH AuddepeHcuan TeHriaManap MaKkMyacu
TU3UMHHU MaTeMaTHK MoJieu 0yub OyTyH Tu3um nuddepencuan TeHriaMmalapuiu
OJIMIITA XU3MAT KUJIAJIH.

YMyMmuil Xojja 2JIEMEHTJIAPHUHT EKU  TU3UMIIApHUHT 1uddepencuan
TEHIJIAMaJIapd HOYM3UKJIUIUP. AMMO MyBO3aHAT XOJaTHJAa KUYUK OFHIILIApa
HOYM3UK TEHIJIAMaJapHU TaXMHHUN YM3UKJIM TEHIJIaMallap OWIaH aIMaIlITHPCAK
oynanu. bynnait anmamtupuin nuddepeHcuan TeHrmaManapHu YA3UKIAIITHPULT
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ne6 aramaau. Houmsukmm kym y3rapyBuaH (QyHIMSUIApHH YW3HKIAIITHPUIIAA
KUYUK OFUIUIap ycnyOuman ¢oinananmnanun. bynma Vypuatwiran xonataa
y3rapyBud KUMMatiapra KU4uK orunuiap oepunuo, ynap Teilnop Katropura KH4uK
y3rapunmiap napaxacura Kapad Enunanm.

ABT ymly muddepeHcuan TeHIIamMaiap TU3UMU OuiaaH udogamaraxn

MaTeMaTHK MoJjienra 3ra f1e0 dhapa3 Kujlanauk:

x, ) k=12., n (4.11)

OyHJIaru x, — TU3UM KOOpAUHATAJIapH.

Arap HOYMBUKIH Xy (X1,X2,. . .,X,) DYHIUSIIAP YPHATUITAH X0=COHCT PEIKUMHH
KaHaaigup X arpoduna x. yupamaaurad Oyica, yHaa Oy TeHriamanap Tewmop
KaTopura UM MyMKHH.

Ymly X=XgotAXx MapTHU KaOyn 5tud, (4.11) Tenrmama Kyiuaaru

KYPUHHILA E3UITUILIN MyMKHH:

dAX, X, X,
= X (X g0 s X g9 vees X 19 ) + X, + AX ) + .
dt 0x, ox, 0x
0 n
Ax, + Fk(xl,xz,..., xn)
0
. OX, _
OyHIa Ax, -x KOODJAWHATAHUHT KWYUK OFUIILIAPH; . k=1,2,. H,
ox; |,
n=1,2,..., H — YpHaTWITaH PEXUM HYKTacHUJa XHUCOOJaHTaH XyCYCHUH XOcuiaap;

®,=(X1,X2,...,Xy) ¥3 TapKUOWZA UKKWMHUN Japakaid KAYUKIMKIAH TacT OyamaraH
XaIapHu  oiraH  QyHOMsuiap.  Xg=(X1,X2,...,Xs)=0 (2.12) TeHrmamanapman
YpHATHITaH PEXHM TEHIJIaMajap THU3UMUHU aiupuO, xamaa P=(X1,X2,...,Xy)
»'THOOpra oJIMaclaH KOJIUpcak, ¥y3rapMac kKoedduCHEHTIapra sra OFHUIILIAp
Oyiinya YM3WKIW TEHTJaMajap TU3UMHUHU OJlaMU3, yiap OWPUHYN SKHHJIAITUII
TeHTrJIaMaJlapuIup:

dAA, 0
=Ya,Mx,;, k=12, n
at I=1

0X
OyHIA Q=
oX
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ABT Hm TakpuOuil TaAKWK KWIHINIA YH3UKIA ABTOMATHK OOIIKApHII
HazapusacH MyXuM axamusrra sragup. Ly cababmm maTepHasIapHUHT KEATyCH
0aéuuaa acocuit TUKKaT ABTHUHT YM3UKIM Ha3zapuscura oepriaau. Hounsukim Ba
umiyn ¢ ABT  xapa€HnapuHUHT XyCyCHUSITJIapura KeJcak, yjap Maxcyc
KypHWJIaJiy, YyHKH YM3UKIN Hazapus EpaaMua Oy XyCcycusiTiiapHu ouud Oyimaiau.

Tu3uMHUHT Wi skapa¢HUa YUKUIIAru y3rapyBuM YidaHnuO, OelruaaHraH
(Oepunran) kuiiMar OWiaH COMUINTHPUIAAW (TECKapu alloka KOHYHHSATHIAH
doitnananunaan). Arap YMKUIIAAry Y3rapyBUrMHU OepuiIra KUAMaTIaH OFTaHJIUTU
aHUKJIAHCA, Y XO0JJla TU3UMra OOIIKapyBuUM Tabcup X KUpUTWIAAU. by Tabcup
YUKMIIJArd  Y3rapyBUMHM Oepuiran KuiMmar OwujaH Oup Xxun OyiaryHya
y3raptupan.

ABTOMaTHK TU3UMJIADUHUHT U1 pesKuMiIapu Oepuirad X, Ba Ky3FaTyBul 3
Tabcupiapra Oormukaup. KysraTyBuum Tabcupiap, ajgatiaa, OolkapuiaéTran
KaTTAJIMKHU OepuiraH KuWMatiapuaaH oruinura onubd kemaau. Jlactiabku
Oepuiran curHaia 3ca OOBEKTHUHI YUKUIIUMIATH Y3rapyBUMCHUHU O€NrujaHraH
KUMaTH BakT Oyiinua €k Oup Xuil y3rapMac Oynanu €ku y3rapyBuaH Oyiaau.

BOIKApUITHUHT  YM3HMKJIAM  KOHYHUSTIAPU  CO3JIATUYHUHT  YU3HKIH
TEHIJIaMacu OWliaH XapakTepUCTHKAJaHAAW; YH3WKJIA KOHYHHUATIA CO3JIarud
KUpUIIArd y3rapyBuM KWUWMAaTWra TMPOMOPCHOHAN OYyJraH CUTHaI HILIa0
YUKapaau, aupuM XoJUlapAa 3Ca KUPHUIJATH Y3rapyBUYMHUHI XOCHJIACHIa Ba
WHTErpajura MponopcuoHan Oynran curHain yukapaau. LIyHUHT yuyH Xycycwuii
XoJuIap/ia OOLIKAPUIIHUHT YM3UKIN KOHYHUITH €ku npornopcuoHan (I1-cozmaruy)
¢xku uHTerpauioBun (M-cosznarud) OYaMIIM MyMKUH. YHAAH TallKapy YU3HKIH
KOHYHUSIT mpornopcuoHan-audhepeHCuaioBuu (ITd-co3naruy) DN
nponopcuoHan-guddepencuamiorun (IMN/-coznarny) 6ynuimm MymMKuH, oaaTaa,
muddepencranioBun OOMIKAPUIT KOHYHHSITH MPOIOPCHOHAN €KW WHTErPayIOBUA
KOHYHUSITIap OWIaH KyJIJIaHWUIAIH.

BOLIKapUIIHUHT ATpU YM3UKIM KOHYHUATIAPU, KAaTOp XOJUIApJa, Maxcyc
XOJI/1a XOCWJI KUJIUHAAU (OnTUMall, ¥3-Y3WHU pocTiaml Ba Ooluka Tusumiap). by

OujlaH aBTOMAaTHUK TU3UMJIAP OenruiIanraH CI/I(I)aT Japaacura €TKasuJiaau. By
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KOHYHUATIIAP CO3JIAru4jiap XapakKTCPpUCTUKACUHUHI ST'PHU YU3UKIINIINTHU OuaH €xu

JIOTHK 3JIEMEHTIAPHUHT MaBXXyIJIUTY OUJIaH XapaKTepiapuIld MyMKHH.

UyHKkM yjap co3llarud TY3WIMIIMHU Y3rapTupajwiap. OrpU  YU3HKIH

OOIIKapuIl KOHYHUSITIIApU ABTOMATHK THU3MMJIapra ajoxuja XyCyCHUsTiap

KUpUTaOU.

Ha3zopar caBosuiapu

1. TU3UMITapUHUHT JUHAMUK TE€HIJIaMajapy AeTaH/1a HUIMAHU TyIIyHAcU3?

2. bokapwui skapa€HIapUHUHT TEHTJIAMacH J1e0 HUMara auTusaam?

3. TUnMK KUPHII CUTHAJIApUTa HUMaJap Kupaau?

4. CTaTUCTHUK Ba IMHAMUK XapaKTepUCTUKAJIAp XaKua HUMaJIapHu Ouiacus?
5. ¥Y3atum pyHuMsiapu Xakujaa HUManu ounacus?

6. Jlarutac Ba dype y3rapTupuiiapu HUManapaad uoopar?

7. KygalTupuiHuHT AMHAMUK KO3 uieHTr 166 Humara antuian?

8
9

. O4UK TU3UMIIAPUHUHT YacToTa PyHIusicU 1e0 aTanagu?

. Teckapu yactota QyHIIMSACH KaHAal KYpUHUIITA dra?

10. MaremaTuk Moaesuiamn Huma?
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2-Mabpy3a: JjieMeHTap 3BeHOJIap Ba YJIAPHUHT XapaKTepuCTUKAJIAPH.
Peixa:
1.2nemeHTap 3BeHOJIAp Ba YIAPHUHT XapaKkTepUCTUKAIapH
2. bupunuun TapTHOIM MHEPLHAI (AEPHOJUK) 3BEHO
1.91eMeHTap 3BEHOJIAP BA YJIAPHUHT XapaKTePUCTUKAIAPH

ABCnapuHuHr 3BeHONapu xap Xwil ¢GU3MKaBUM TabuaTra, WILUIALI
MPUHITUIINTA, KOHCTPYKTHB (opmara Xamjaa cxeMmajgapra OVIMHHUIIA MYyMKHH.
Jlexun Oy 3BEHOJAPHUHT JUHAMUK XyCYCUATIAPUHU YPraHUIia, TAAKUK KUIUIIIA
VHUHT YHKUIIHAATd Xamaa KAPHUIIUAArd KaTTAIUKJIApHA OOFJIOBYM TEHTJIaMa
MYXHUM POJIb YUHANIH.

Marematuk udomacu auddepennnan TeHrmama OwiaH wudoaamaHaauraH
3BEHOJIAPTa OUHAMUK 36€HO IEUUTIa/IN.

Tunuk guHAMUK 3BeHO Je0, TapTUOM WKKHIAH IOKOpU OYyiMaraH
muddepennuan TeHriaama ounan udoaanaHaIUrad 3BeHONIapra auTuiaaan. Yapra
acoCaH KyWH1ary 3BeHOJIap KUPAJIH:

1. Wueprusicu3s (IpomnopIiuoHa, Ky4auTHpyBYH) 3BEHO.

bupunuu TapTHOIM MHEpLUKAN (anepUoAUK) 3BEHO.

WNnean nHTErpaiioB4n 3B€HO.

2
3
4. Vnean nuddepeHnamioBuy 3BEHO.
5. TebpanyBuM 3BEHO.
6. bupunuu TapTHOIM TE371ATYBUU 3BEHO.
/. VkxkuHYM TapTUOIM TE€31aTyBUU 3BEHO.

Kyiinga mry 3BeHOJApHUHI BaKT XamJla YacTOTalIM XapaTepUCTUKaJapUHU
KYpuO YnKamus3.

1. Unepuusicu3 (MpONoOpuUMOHAJ, Ky4alTUPYBYH) 3BeHO. by 3BEHOHMHT
YMYMUH TEHTJIaMacH Kyiujaarunya udoanaHaim:

y(t) = K x(t), (5.1)

Oy epaa K — y3atum ko3 duuueHTy.

Bsz[aﬁ 3BCHOHMHI' YHMKHIIWIArvun KaTTAJIMK KUHPHUIOUAAIW KaTTaJIWKKa

HUCOAaTaH MPONMOPIIMOHAT PABUIIAA Y3rapau.
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By 3BeHora 3neKkTpoH Ky4yaWTHprud, MOTEHIMOMETP, TaXOreHepaTop KalOu

AJIeMEHTIIap MucoJI 0yia onaau (1-pacwm.)

Uk(x) #— I

a)

6)

Urr(y) SY

w(x)

8)

5.1-pacm. Inexmpon Kyuaimupzuy (a); nomenyuomemp (6); maxozenepamop (8), oy

epoa «» YKHUHZ QUIGHUWL Me3TUU.

(5.1) renrnamara Jlaruiac anMamTUpUIIIIAPUHA KUPUTAMU3

y(p) = K-x(p),
OyH1aH
y(p)
W (p) = =K.
x(p)

[ynpaii  xkuiub, MOPOMOPIIMOHAT  3BEHOHUHT
Kydailtupuin kosdduimentu «K» ra TeHr 6ynaau.
V3arum  QyHKUMSACH ~ OpKalM  3BEHO  €KH

XApaKTCPUCTUKAIIAPUHHU aHUKJIAlll MYMKHWH

h(t) = L'l{W (p)i} = L'l{K i} = K -1(t).
p p

l(f); h(t);

>
>

(5.2)

(5.3)

y3atum  (QyHKIUSICU

CUCTCMAaHHHTI BaKT

(5.4)

1

> [

YacroraBuii y3aTui QyHKIUSCHHNA aHUKJIAI YIyH y3aTuin pyHkuuscu W(p)

71a «P» HU «jo» OWJIaH aaMallTHPUIAIN
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W(jo)=K; Alw), ¢(0)=0,
L(w) =201y A(w) =201y K .
by 3BE€HONapHUHT 4aCTOTAIM XAPAKTEPUCTUKATIAPH S.2-pacM/1a KEIITUPHUITAH.

A V()

a) ADX 6) A A(w) AYY

>U(w) K

Y

(0]

A L(w) JIAUX
6) 1 (D((U) (DL]X 2)

201gK

Y > )

5.2-pacm. Amnaumyoa-pazanu (a); annaumyoa-vacmomanu (6); paza-vacmomanu (8);
Jo2apumux amnaumyoa Yacmomanu (2) xapaxkemucmuxaiap.

2. bupuHyu TapTHOJM HHepUHUAJ (ANEPHOAUK) 3BEHO. by 3BEHOHUHT

TEHTJIAMACH KyHWIard KYPUHUILITA 3ra.
y(t)+T¥: K - x(t) (5.5)
t

Oy epna K — y3arumn koaddunmrentu; T — BaKT TOUMUANITUTH.

RC, RL — 3amxwupiapu, y3rapmMac TOK Te€HEpaTop MBa JBHUTaTeliapu Oy

3BeHOora MucoJ 0yna onamau (5.3-pacm).

R L
@ I ] ] F——Y Y Y
Ui(x) cC =~ Ua(y) Ui(x) R Ua(y)
s s # 5
a) 6)

Us(x) Eny) 34




5.3-pacm. RC 3anxupu (a); LR 3an:kupu (0); y3apmac Tok reneparopu (6);

y3rapmac ToK JBHraTeJ (2).

(5.5) Tenrnamara Jlamnac y3rapTUpPHUIIMHA KUPUTUO, Oy 3BEHOHUHT y3aTHIII
(GYHKIUSICUHY aHUKJIAHMU3
y(p)+Tp-y(p) = Kx(p),

OyH/1aH

_y(p) K 5.6
W(p) = s (5.6)

Wuepruan 3BeHOHUHT YTKUHYU DYHKIUSICH

h(t) = Ll{W (p)i} - Ll{ K .i} —K(@-e T)1(t) (5.7)
p 1+Tp p

DKCIIOHEHTAa KOHYyHU Oyiinua ¥3rapaau (5.4-pacMm). Hmmynbcenu —YTKUHYA

GyHKUMSIHY KyWH1arnya aHukjIam MyMKUH (5.46-pacm).

o(t)=h'(t)= LW (p)} = Ll{ < }= K (5.8)
1+ pT p

h(t) A A w(t)

I

A\ 4
~

T

-

a) 6)
4-pacm. Ymkunuu xapakmepucmuka (a); UMnynsciu ymKuHuu xapakmepucmuka (6).

T

-

: > [ \
3BEHOHUHI YaCTOTAIM y3aTUIl (GYHKIUSICHHH XaMmjaa YHHHT YacTOTajH

XapaKTEPUCTUKAIAPUHU aHUKJIAII yuyH y3atuil pyHkiuscu W(P) na «p»HA «o»

OuaH anMaInTHpuIn kepax (5.5-pacwm).

W (jo) = __KAoJeD) K KT iy iv(w)
1+ joT  (A+ joT)1- joT) (1-0’T?) ~(1+e’T?)

U (w) = % — XaKUKUM KUCM;
1l-0T°)

V(w)=L2T2—M213xyM KHUCM.
l+0°T7)
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k

A(w>=\/u2(w>+v2(w>=ﬁ;
+o

V(o) .
¢ (w) = arctg = —arctg oT ,
«
. A
jV(UJ) A A(UJ)
K
K 1
w=oo |€e—
}q)(w)l: w=0 U(w) " w
V
©= T .
2
Y -p(w)
a) 6)

5.5-pacm. Amnaumyoa-gpazanu xapakmepucmuka (a); amnaumyoa-4acmomaiu
ea paza-uacmomanu xapakmepucmuxa (0).

3BEHOHHUHT JIOrapu(PMUK aMIUIUTYJIa YacTOTaau xapakrepuctukacu (JIAUX)

Kyhuaaru udoja épaaMuia aHUKJIaHAH:

_I
L(w)=201g A(a))_20lg| \/7 =20lgk-201yg Vi+ @’T?
1+o°T

by 3BeHoHUHT acumnroTuk JIAUXHuU

1
201lg K, O<w<l éxu 0<a)<T—6szeaHda,

L, (@) = | !
|L20 g K-201lg 0T, oT >1 éxu @ > — 6yreanoa ,
T

TeHrjaamMa OuiaH udoaanaHaIu.

. 1 .
[ynnait Kuamb, YaCTOTAHMHT O0<w <— OpaJUFUAard KuhWMatiiapuia
T

K=16ynranna L(w) XapakTepUCTHKACH adOciucca YKu OWJiaH MOC TylIaau, YyHKU
L(w)=20Ilg1=0. Arap K=1 6}”1Hca, yHAAa 10y 4YacToTa opanufuga L(o)

XapaKTEePUCTHKACH 20 Iy K OanmaHymmkaa adciycca YKura mapaiien Oyiarad TYFpu
. N 1 ~o .
YU3UK Oynamu. oT >1 €KU o > — Oynranaa L, (o) =-20lg oT Ta TeHr Oynaau (5.6-
T

pacMm).
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L(w), 06

40
oT =1, L(w)=000;
20
20IgK oT =10, L(w)=-2000;
0,1 1 10N\_100 T J wT =100, L(w)=-4006.
0,0
K1
-20 \<-20 06/dex
K=1
-40 -20 06/dex
5.6-pacm.

. 1 .
ynaait kO, naepuuan 3BeHOHUHT JIAUX cu TyTtaimn 4yactota o = — €KH
T

T =1 raya xed KaHjail y3rapuiicu3 KoJIaJ Iy Balll y 4acToTajaH KevuH -20 n6/aex
orum OVinya y3rapaim.

Xakukuid JIAUX L(w) acUMIOTOTHK L (w) XapaKTEpUCTHKaJaH OMpMyHYa
dapk kunaau Ba Oy dapk (dakaT TyTall 4acToTa o = 1 8ku T =1 na sur xara
T
Kuiimatra oJra OyaumO, y TaxmmHadH — 3,03 10 ra TEHI, SbHH
1
=-20lg ——=-3,0306 .

1
J1+@° J2

Amanuérna JIAUYX au anuk kypuil tanad kwmmaMmaiau. [Ilyaunr yayH yau

L(w) = L(1) =20 Ig

UKKUTa Oup-Oumpu buman TyTymraH TYFpH YM3MK KYPUHHUINMIA KypUIAJIH.

Jlorapudmuk (aza-gacToTanu XapaKTepUCTUKA ¢(w) = —arcty oT udoga Epaamuaa

aHuKIaHaau (5.7-pacm).

0,1 1 10 Wl
00 oT =0, ¢(w)=0";
Y BN S oT =1, ¢(o)=-45";
oT =, ¢(w)=-90".
-902
5.7 — pacm.
A\ 4

-¢(w) 1 .. . o
Tyram o = = €K oT =1 4acToTaja ¢(w) = —arctg 1=—45"Ta TEHT OYIHO, 11y

yactorara HucOatan JIOUX HUHT CHMMETPUSUIUTH YHUHT Y3UTa XOC XapaKTepiin
dazunatu xucobaHaIu.
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3. Unean uHTErpalioBYM 3BeHO. by 3BeHO

t
y(t) = K[ x(®)dt, (5.9)
0
TeHrama Ounaln udonananaau. by epaa K — y3atuin koadpuiiieHTH. YHra 3jiexkTp
CUFUM, UHIYKTUBJIMK, aliJlaHMa VK Ba X.K. MUCOJI OyJia oJia/iu.

(5.9) Tenrmamanu Jlannac 6yiinya TacBUPH KyHUIard KYpUHHUIILTA ATa:
K
y(p)=?><(p), (5.10)

3BEHOHMHT y3aTHUII (PYHKIUSACH

w(p)= LB _K (5.11)
x(p) p

By 3BeHOHU siHa acTaTUK 3BEHO /1€0 XaM IOPUTHIIAIN.

WNHTerpai 3BeHOHUHT YTKUHYU QYHKLIUACH

h(t) = LI{W (p)i} = Ll{ﬁi} = K -t-1(t) (5.12)
p pp
Ba UMITYJIbCIIM YTKUHYN QYHKIMAICH (Ba3H (QYHKIIUSCH)
w(t)=h'(t) = K (5.13)
5.806-pacma KeITUpUITaH.
h(t) A A w(t)
K
arctgK
> > f
a) 6)

5.8-pacm. Ymxunuu xapaxmepucmuxa (a); umnyavcau ymKunuu xapaxkmepucmuxa (0).

WNHuTerpan 3BeHOHUHT YaCTOTAIM Y3aTHUIL (PYHKIUSCH

W(jw)z_izﬁe”% (5.14)

jo o

oymuo, yHAa A(w) =

g | =

— aMILUTMTY/a 4acToTanu QYHKIHUS; ¢(0) = - — — Basa
2

yactoranu pyHkumsuiap (5.9-pacm).
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o 1@ ox pA@)  qux 6) PHX

> (D
w=eo  U(0)

A

w
l v
0

[

Y

-p(w)

5.9-pacm. Amnaumyoa-gpazanu (a); amnaumyoa-uacmomanu (6); paza-uacmomanu (8)

xXapaxkemucmukxanap.

3BeHOHUHT ADX cu (5.14) udogara MyBopUK KOMIUIEKC TEKUCIUTUHUHT
MaH(uii MaBXyMm YKM OujaH MOC TyIIaJd Ba YacTOoTa 0<w <o OYyJraHaa

KOOpJIMHATa YKU OOIlIMra TOMOH HyHalraHn 0ynamm.

Jlorapudpmuk  ammiauTyaa — vactoTanu — xapakrtepuctuka  (JIAUX)
K ,
L(w)=20lg A(@)=20lg —=20lg K -20lg » Hpona Epnamuaa anukiaaHagu (5.10-
w
pacm).

N
L(w), 06

40 \
201gK

20

w(ct)

00| o1 1 10 \Q
- K#1

-20 _ -20 36/0ex

K=1

-40
-20 96/9ex

o =1, L(w)=0006;
o =10, L(w)=-20006;
w =100, L(w)=-40006;
o =01, L(w)=20006;
®=0,01, L(w)=4006.

5.10- pacm.
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Jlemak, Oy 3BEHOHUHT L(w) XapaKTEPUCTUKACH KOOPJAMHATAJIAPH o =1 Ba
20 lg K OynraH HyKTaJgaH YTraH oFMa TYFpU YM3HK OO, yactoTa Oup Aekagara
Kynairasaa L(ew) opauHaracu 20 100 ra kamasau. LyHUHT y4yyH L(w)
XapaKTepUCTUKACUHUHAT ofuiy -20 10/nex (munyc 20 aenedemn oup nekanara ied

VKHIIain).

Ha3zopar caBoJuiapu

. TU3UMIIapUHUHT AMHAMHUK TEHIJIaMalapy JE€TraH/1a HUIMaHU TyIIyHacu3?

. borkapu sxapa€HiIapuHUHT TEHTaMacu Aed HuMara anTuinaau.?

. TUNHK KUpHII CUTHAJIJIApUTa HUMajap Kupaau?

. CTaTucTUK Ba JUHAMUK XapaKTepUCTUKAIAP XaKuJa HUMaJIapHU Ouiacus?
. Y3arum GyHuusnapu Xakuaa HUManu ounacus?

. Jlarutac Ba ®ype y3rapTupuiiapu HUManapaad uoopar?

. Kyuaittupumauar nuHamuk kosdduientu ned Humara autuiau?

. OUYHK TU3UMJIAPUHUHT YacToTa PyHIUsICcH 1e0 aTamagu?

O© 0 3 O »h b W N =

. Teckapu yactoTta (pyHUMsACH KaHAAl KYpUHUIITA 3ra?
DoiigaIaHUITaH a1a0uETIap
1. Norman S. Nise. Control Systems Engineering. New York, John Wiley, 7
edition, 2015. — 944 p.
2. Katsuhiko Ogata. Modern Control Engineering. Pearson Higher Ed USA,5
edition 2009. -912 p.

3. KOcymbekor H.P., Myxammenor b.U., T'ymomoB III.M. TexHomoruk
Kapa€HJIapHU Ha30paT KUJIUII Ba aBTOMATJIAIITUPHIN: TEXHUKA OJIUN YKYB
IOpTIapy Tadabanapy ydayH gapciuk. - T.. Ykutysun, 2011.-576 6.

4. TeXHONOIUK >kapaéHIapHH aBTOMATIAIITHPHII acoCIaph: YKyB Ky/IaHMa.
1,2-xucm. FOcynbekoB H.P., Urambepaues X.3., ManukoB A.B. - TomkeHT:
Tow ATV, 2007.

5. CeBunoB JK.Y. ABTOMATHK GONIKAPUII HA3apHsCH. YKyB KYJIaHMA.-

Tomkent:®an Ba TeXHnonorusap, 2017. -2480.
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3-MaB3y. ABTOMATHK OOIIKAPUII TH3MMJIAPHUHT Y3JIYKCU3 cudaT TaXTUIH.
Peixa:

4, ABbTnapunuHr cudat KypcaTKUUIAPH.

5. Vrum pyHKIUACHHN KypHII YCYIUIapH.

6. MnTerpans 6axonai cudary.

7. Xartonuk Kod3(phUlMeHTIapH.

Taanu cyznap ea ubopanap:xatonuk KoehUIMEHTIAPH, MOFOHAIN
CUTHAJLJIap, TAPMOHUK TabCcUpJap, WIAU3IH yCyJIapu, 0axoarl.

1. ABTaapunuHr cudat KypcaTKUuwIapu.

bomikapuin sxkapaéHUHUHT cUpaTUHHU TaXJIT KWIHMII yCYJUITAPUHE acOCaH HUKKH
rypyxra Oyincak Oynaau. bupuHum rypyxra YTuIl >kapaéHu 3rpu 4u3urd OYHnda
OoeBocuta cudaruHu Oaxornaml (aBTOMATHK THU3MUMIIAPUHHUHT U depeHnman
TEHIJIaMaJapUHA WHTErpaUialll yCyJUlapu), WKKUHYM Typyxra sca OWJIBOCHTa
Kymmmya ycyiap (cudar mesonnapu) kupaau. besocuta ycymnap nuddepeniman
TEHIJIaMaJapHU €UYHUINHU Tajad KWiaau; Kylmmmua ycyuiap sca auddepeHipan
TEHTJIAMAJIApHU euMac/iaH TypuO *kapaéHHUHT CUBATUHH alipuUM KYpcaTTHuIapruHH
AHUKJIAIl IMKOHUATUHH Oepajiu.

bomkapui skapaénura Oup Heda XWI KYpUHMINZArd Tanadnap Kyuuiaau.
[ynapnan Oupu rtpaduk Tamabmup. I'padwk Tamabnma myHnmaii Oup Opaiuk,
OenrumaHagvKy, yHIAH TallKapura OOIIKApWIIyBYM Y3rapyBUM TH3UMIa TabCUP
KWIyBYM Xap KaHall pean Tabcupra XaM 4ukuO kera onmaiimu. Ly OGepuiran
opaquKHUHT acocuil [lapamerpmapu OynuO yTuin >xapaHU BakTH T., OepuiraH
KUMAaT Xp, XaToOMMK A Ba OOIIKapuIa€TraH Yy3rapyBUMHUHT MakCHUMasl Japaxcaja
OpPTHO KETUIITHU Xyax CAHATAIWIIAP. benrunanran, Tanad KuauHaéTrad cudar opauru
¢ku Oepunaétran Tabcup Oyinuya OoLIKapWIIa€TraH Y3rapyBUMHHMHI OEJTHIIaHTaH
Kuiimatu €H-Bepuna Oynaau, €Exu Oepuia€rraH TaxMHUp OVilMua XaTOJIMKHU

KypcaTyBUM YM3HKKa HUcOaTaH 0ymanu (15.1-pacwm).
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1-pacm

Vrum kapaéuunu cudaTt KYpcaTKUYIapUHE AHHKJIALL,
YTum xkapaénaapn

Co3nanaérran OObEKTIap Ba YJIAPHUHI aBTOMAT CO3JIaTMWIAPH SKCILTyaTaTcus
KWIAII JKkapaéHua KYMMHYa HOMYBO3aHAT XoJyaTiapAa OyiaraHiukiapu cababmnu
ynapHuHr [lapamerpiapu BakT JaBoMuJa y3rapyBuaH OYiau0O TypHULUIMTH OWJIaH
taBcuuanagu. Co3naHa€TraH OOBEKTHUHI €KW CO3JIArMYHUHI HOMYBO3aHaT
peXUMIIapAa UIUIAIIMHAHT JaBOMUMINTH YIAPHUHT JHHAMUK XYCYCHSTIIAPH OKaJIH
aHUKJIaHA/IH, STHTU OMp pEeKUMIAH MKKMHYM PEXKHUMIa yTa OJUII KOOWIUSATH, SHA
Oepuiran pekuMra KaiTa OJUIILIUTY, OY3WIraH MyBO3aHATra YMKa OJUIUIMTY OUIaH
OeruIaHaIu.

[y cababmu ABT sneMeHTIapUuHUHT TUHAMUK XYCYCHSITIApU YTUII >KapacHH
OpPKATM AHWKIAHAIM. YTHII >KapaéHH KAHYaIM KUCKA BAKTIApHM Srajaca,
[lapameTpnapHuHr OepuiaraH KuiMaTiapiaH OFMIOM IIyHYAIMK KaMm  Oynuo,
AJIEMEHTJIAPHUHT JUHAMHUK XOCCANapd WIYHYaIMK sximy Oymagu. IIyHuHr yuyH
JUHAMUK XyCYCHATIapHHU OaxoJall yuyyH €Kd YTUII KapaéHU TaBCUPUATHHU KypHUII
Kepak €ku Iy YTum xkapa€HuHU TaBcuduoBun Epaamuu I[lapamerp-napHUHT
KUAMaTIIapUHU aHMUKJIAIl Kepak Oynanu. DJIEMEHTHUHT AMHAMUK XYCYCHUATIapu
XaKuJa YTUII Kapa€HUHUHI TaBCWJIOTMHU TAaXJIWJI KWJIMUII OPKAJIM TacaBBYpra sra
oymui MmyMmkuH. ByHUHT yayH 3ca, anbatTa, nuddepeHiyan TeHrIaMalapHd OVITHIL
kepak Oymamu. Ily Ttenrnamanu (yMyMHd WHTETpajHM) €UYMMH 3Ca YTHII

*Kapa€HUHUHT MaTeMaTuK upo1acuamp.
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ABBajUTapy XaM Co3Jaml OOBEKTIAPUHUHT, aBTOMAT CO3JIarHWIAPHUHT
muddepeHIran TeHIIaMalapy OJMHTaHaup. MacaiaH, WYKA CHUI JIBUTATEIH,
COBYTHIIl KaMmepacH, XaB3a, pecuBep, TPyOOKOMIIpECOp, KaTTUK Teckapu Oofia-
HUIIUIA CEPBOJIBUTaTel KaOWIAPHUHT TEHIJIaMallapy €K YJIapHUHT OMepaTop
KYpUHUIIUIApU OUPUHYM Japa)kadd JAUHAMUK TEHIJIaMaJlapHU aKC JTTUPHO,
Y3rapmac ko3 duiientnapu 6yinda oup xkuncau smacaupiaap. Ly aitubd yrunran
ANIEMEHTJIAPHUHT JIMHAMHUK XYCYCHSITJIapUHMA Oaxojlall Y4YyH 3ca IIyJapJaH
OupopTacMHM  YTHUII Kapa€HUHM KYpuO YUKUII erapiuaup; (MacayiaH
JIBUTAQTCITHUKWHH ).

VTHII apaéHUHMHT TaBCH(GUCHHM KYPHIIIA CYINEPIO3UTCHS KOMACHIAH
doinananumn  KyJadpokaup. ByHMHr MasMyHH KyWUmarvgaH uOOpaT: o — f (t)
KypuHUILIMIA MoaanaHyBul YTuil >kapaéuu Oup [lalTHUHT y3una KaOysl KWJIMHIaH
Mypakkad Tabcup K*o & + K* gpi -K* o 0p HUuT Hatmxacu 0ynuin Ouiian Oup Karopaa
yuTa YTUII JKapa€HUHUHT alreOpauk WUFUHAUCH KYPUHHUIINUIA OJIUIIN MYMKHH. By
aca JBUTaTeNra anoxunagaH Tabcup dtaétran K% @, -K* op«fku Kap agkabu
TabCUPJIAPHUHT HATIDKACHIA OJMHIAaH VTUIN KapaCHIApHUHT TMaio OYiIummiaaH

kenu6 ynkkaH Tapcuduuapaup. yHuHT yuyH

(1) xypunummaru quddepeHiman TeHrIaMaHy euraHan Kypa

P
r

N

“

(2) xypunummarn guddepeniman Tenrmamann @, = f ()0, f(t);0 = f(t)
OOFJIMKJIMKIIAP KYPUHHIIK/IA €9raH MaXKyJIPOKIUP.
KelinH ynapHu HAFMHIVCH OJIMHAIN:
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p(t) =9, (O +0, () +0,(1)
(1) popmynagarn yTum kapa€HUHUHT XYCYCHSTH YHH 4Yall TOMOHHW OWIaH
udoaanaHraHd, YHr TOMOHHM 5ca (akaTTMHA Y3raTyBUd TabCHUPHUHT KWHMATHHU
Ounnupranauru Ty(}ailiay 31eMEHTHUHI JUHAMUK XYCYCHATUHM OaxoJiall y4dyH
TEHTJIAMAaHUHT YMYMU HHTETPAJIMHHA TOIMIIHUHT X0XaTH 1oKaup. byrna (8.2) Hunar
OupopTa TeHIJIaMacHHU, MacalaH OUPUHYUCUHU euuIl kudosaup. by Tenrnmamanuar
omnepaTop KypUHUIIM KyHH1aruya:
o (1) ¢ =K%z ©)

Kymuniuk sneMeHTIapHUHT JUHAMUK XyCYCUSTIApU OUp AKUHCIIU OYIMaraH Yn3LIKINd
JUHAMUK TeHryamanap Owinad udonanaHaau. bymapra aBToMaT co3farvM4JIapHUHT
Ce3rup HJEMEHTIIapu MHCOJl Oyinya onagu. Arap Cynepro3viusi KOHYHUSATHIAH
¢olinananmwica OyHnall 3IEMEHTIAPHUHT TUHAMUK XYCYCHUSTIIAPUHU TaX W KWW
Y4yH MabJIyM OHp TEHIJIaMaHH TaHy1a0 om0, YHU Y3rapTUPWITaH MIakiga €310 OJuIl

MYMKHH.

S
>

Kyiinaaru rpaduknapaa (1-pacm) OupuHYM dapakaid TEHIJiamara sra OyjraH

AIIEMEHTIJIAPHUHT YTUI JKapa€HIapUHU TaBCU(PHUIIapU KEATUPUITAHAUP.
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/

bupuHun napakaiy TeHrIaMalv 3JIEMEHTIAPHUHT YTHII KapacHH.
a ) -IOFOHACHMOH KY3FaTyBUM TabCUp OCTHJIara, TeCKapu OOFJIaHHUIITa dra OyamaraH
TH/IPABIIMK CEPBOJIBUTATEIIHUKH ( 77 = 7], = COHCT) ;
1-A=d(7)IIpu Tcp2-A = Pp(T) Tca>Tea;
3 -A=d(1). Tcz> Te2 4 -, = f@

0) To HUHT Typiu KuAMaTIapuaa co3naHaérran oobekTHH 1 - X = d(T),2-9 -= P(T)
Tou>Tona; 3- ¢ = d(1) ; To 6ynranna; 4-¢ = ¢(1) Te>Tona;

B) Kywailtupuir kod3@duieHt Ko™ HUHT Typnu Xuil KuidMmariapuia co3/laHaéTraH
OOBEKTHUKU; 1 — o — f (1) K, “<K®p 1ma;2 —¢ =¢ (1) K2 ra4 — ¢ = ¢ (1) K*o3 T2 TCHI

oynranna; 3 - ¢ = ¢ (1) K*osra Tenr 6ynranaa; 4- ¢ = ¢ (1) @=0 na; S - ¢ = ¢ (1) Do

> ( nma.

WKkkrHYM Japakalld TeHrjamara osra OyJiraH »3JIeMEHTIAPHUHT YTHUII

»apa€HiapuHu TaBcuduiiapu Kyituaaru kypunumaa (16.2-pacm)

3
3

[

»
»
>

s
K®op1/pa-p2
~
|
N
L
7/
>

~qE:
N

2t K?

ra

<
<
v

K% p2/ (p2— p1)
| ——>
> | >
Asinv
| —»
o
o (T
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1/K,

Kol
VYo

3 —pacm

WNkkuHYM Japakaiad TeHrjgamara sra OViraH sJeMEHTJIADHUHT VTHUI >KapacHH

TaBcUpUIapu
a) a IEPMOIH KYTUILI JKapaéHiap; 1 - K —Pe e rammun 3TYBYH;
pz - p1
2-K? ﬁ | ** Tamkwua 3tyBuH; 3 - T> T Oynrangaru yrum xapaéuu;
2 M1

4) -T> Ty~ XOAmary YTHII sKapaéHu;

0) TeOpanyBuu yTuil xapaéuu; 1.3-A."A eruayBur SKCIIOHEHTAap,

2-A."cuH(T+Y), OpanyBud Tamkui dTyBumiap; 4-Tx qaru redpanyBuu xKpacuuap; 5-

Tin< T X0nmaru yTuin xapaéanapu;

B) My»accamilalllaH TecKapy OOFJIaHWIUIA CEPBO ABUTATEIAPHUHT TaBCU(DHUCH.
IOkopu napaxkagarm AMHAMMK TEHIJIamajiapra sra OyjiraH 3JeMEHTJIAPHUHT

YTHII jkapa€Hiiapy XaM Iy TapTuOAa y3ura Xoc Xycycusriapra asraaupiap.

2.V GyHKIMSCHHN KypHII yCy/LIapH.

2i/wt
+—>
|
| I
----- R A
= ——f— ]\ ——— .
m ' |
h™ __ ———- i_ o t I I
|
I I
I I
| | ‘
dh| Giman : Qi+1max
dr | |
]

i
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ABT paru yTui sxapa€Hinapy TH3UM TE3KOPIIUTH Ba 0apKapOPIUTUHUHT KYIaMU
XaKu/1a XyJaoca KWINIITa UMKOH Oepajiu.

ABT cudaru Tyrpucuaa tyna xynaoca Kuiuira [ToroHamm Tabcupaapaary YTui
*KapaCHn WMKOH Oepanau. byHmaili Tabcupnap TU3UMIIApAa KYIPOK yUpauIw.
Xaronuknapau kypranumuszziek, APC cudatu Tyrpucuia anoxuaa TONIIHUPYBYH Ba
TOMIMUPYBYM TabCHUPJIAP OCTUAA XyKM YHMKapuil MyMKHH. Mucon yuyn APC HuHT
HamyHaBu# Ty3mwmmmay (8.4pacM} Ba, yHna (=0 OyiraH XoNaTuHN Kypamus.

Pacmaaru x(T) ¢yHKIus OYiinya Kyiiuaaru cudart KypcaTKudiapy OeyriiaHaIu:

1) Oapkapop KuMMar — h_ =limh(t)TabCUp THUKIAHUII AHWKJINAJIN-
t—oo

rvHu udonaiany;

2) pocriaam BaKTM T. - KyWdaar HIapTaaH aHukiaHagu: t>t. Oynrannma

S

\h(t) - hﬁ\ < A0y epra A— TU3UM Te3KopauruHu udonaanouu [lapamerp (omarna,
A =5%h.);

3) yMKHII € JIM KATTAJMTHHUHI YCUII Te3JIMTM HyKTam HazapuzadH ABT
TE3KOPJIMTUHU U(POATIOBUYM OPTUKYA pocTIialliraya OyiraH BakT T;

4) TM3UM TeOpPaHUIIAPUHU UPOAATOBYH MAKCUMAJI POCTJIALI:

hm s
o =“"h—-100%

o

o 2r
5) xXycycuii TeOpaHMII 4acTOTACH W, = — : JTABOMHUTU3UMHUHT
t

XYCYCHI TeOpaHUIII TaBpH.
6) TU3UMHM CYHMIIMHUHT JIOrapu(pMUK JeKpeMeHTH I TeOpaHuIl )KapaCHUHU

i Oy epJ1a K iyax BA Ky tmvax — Y THIII XKapa&HU

i+ max

CYHMII TE3JIUTMHU Uopanaiam: d_ = In

OTPU YM3WFVHUHI MKKUTA €HMa-€H >KOWJIAILraH SKCTPEMYyMHMHI alMIMTYAAJIapy.
Jlorapupmuk CYHUII AEKPEMEHTH KaH4a Karra Oyjca, YTUI >KapaéHUHUHT CYHUIIH
HIYHYAJIMK Te3 Oynaau.

7) Co3na”HaéTran KaTTAJIMKKA HIOLUIOB OCPUINHMHI MAaKCHMMAJI

[ dh ]

TE3JIUT'U. LI J



Xap kaHmaili TeOpaHyBYaH jkapa€Hra dra OYyJIraH poCTaml TU3UMIIAPUHU
KypcaTiiral KypcaTKhajiapura Kapad TypuO pocTiaHaéTraH KaTTaJMKHUA pyxcat
ATWIraH OFUII OpPAIUFUAAH KAaHYAJIUMK OPTHO KETHIIM MYMKHHJIUTMHU aHUKJIAII
MYyMKWH.

YMyMan oiu0 Kapaiarahja, aBTOMATHK OomKapuil Tu3uMmiIapuaa 16.4-
pacMiaruaad (Qapkiav paBUIla, YTUII >Kapa€HIapu TypiiMya KypUHHIIUIApIA
OYIMITE MyMKHH. Y THII sKapaéHIapUHUHET 6apya KypUHHILTAPUHY aCOCaH TYPTTa
rypyxra 0yiuca 6ymaau (16.5-pacwm).

1 rypyx. TebpanyBum xapaén (8.5-pacmmarm 1-erpm umpuk). by xapaéu
MYBO3aHAT XoJaTHAaH 5% raya opTuO KETHUIIM MYMKHH OYyiraH KaiTa co3niaml
ko duIieHTH OnaH TaBcUdIaHaIH.

2 rypyx. bup Kkaiita cosnamnr amruutynacura sra 6yiran yrum sxapaéau (16.5-
pacMza 2-erpu 4nsuK).

3 rypyx. Ysrapmac xapaén (3-erpu umsuk). By xapaéHma cosnmaHaéTraH
KaTTAJIMKHUHT Y3rapyuill TE3MUIH OYTYH CO3Jalll BaKTH T, Muua Oyiranaa Oyam.

4 rypyx. Kaiita cosnamicu3 »xapacH (4-erpu uusuk). by xonma aHMKIMIMKKada

OyTyH TBaKT nuujaa Oynaau.

te

v

16.5-pacm. YTumi sxapaéau TaBCU(DUITAPUHUHT aCOCUN KYPUHHIILIAPH.

3. UuTerpan 6axonam cudaru. XaToauk KodGpuuneHTIapu.
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ABTOMAaTHK OOIIKAPHUII TU3UMIIApUIA YILIOY YCYJI, SbHA HHTErpajl yCyiau Oyinya
Oaxomamia, OOmKapWIll >KapaéHW AaBpd HUWga €'J1 KYWIJITaH XaTOJHKJIAPHH
OapyacuHU MMFUHANCHUHYU aHUKTall MyMKHUH. By aca Oomikapuinaérran y3rapyBUMHUHT
KaHmaiap QyHKIUsUTapu OYinda aHWK HMHTETPATHA XHUCOOMAIll OPKAIA amMalra
ommpwiaay. Marterpanm Oaxomamr  WHTErpajl  octujard  QYHKIMS — OpKalld
taBcu(anaau. MHTerpan ocrunaru GyHKIuUs NIyHIal TaHia0 OJMHAIAUKH, OyHIa
Oaxomamr yTuin >kapaéHu cupaTHHA SAXIIUH  EpUTHO Oepud, TeKIMpHIaéTran
aBTOMATWK TU3UMHUHT TEHI1aMaiapy KodhduiieHTIapy ouan noJaaHIILIN Kepak.

Arap TalKy Tabcup OMpIaMuM KECKUH y3rapyBud (QpyHKUHUs Oyica, y Xosja
TU3UMHUHT YTUII TaBcU(pUCH OwiaH OepwiraH KuUKWMAar Xs opacuaard dapk
OoIIKapuII >kapaéHua STPU YM3UK OWilaH OepuiiraH KUsIMaT Opacuiard ro3ara TEHT
OyNraH WHTErpajl XaTOJMK OWIaH XapaKTepilaHuImM MyMKuH (8-7,-pacm); 103a
KaHYaJIMK KUYUK OYJica NIyHYaIuK YTUI kapaCHUHUHT cudatu sxium 0ynaau. by
I03aHUHT KaTTaJUTU YTHUI Kapa€HU BaKTUTa Ba YTHUII KapaHU TaBCU(DUCUHUHT
makiaura Oornmukaup. HWHTerpan Oaxonam yCcyJd [O3aHM YTHUII KapaéHU
TaBCU(UCUHU KypMail TypuO XaMm XucOOJIalll UMKOHUSTUHUU Oepajiu; SbHU VTHIII
XKapa€HUHHU OMIIBOCHTA 0axoall MyMKUHIUP.

WNurerpan Oaxonam >kapa€HUHT MKKATA MYyXUM TOMOHJIAPUHH: CYHUII
TE3MUTMHA Ba YTUIN KapaCHUIArd OOIIKApWIAETTaH Y3rapyBUMHH — OFHII
Kartauruad udoaanaiimy. Marerpan 0axomianHuHT Typiid YCyJUlapyd MaBxyz OYIiuo,
ynapuu unwiabd yukuiaa JI.U. Mennenxmrram, A.A. Xapkesud, b.B. bynrakos, B.C.
Kyneb6akun, A.A. KpacoBckuii, A.A. @enradaymiap y3 XuccaiapuHyd KyIIUIITaH.

[lynapnan aipumiiapuHu Kypruo YUKaMu3.

0

o — 8

%o

t
16.6-pacm

Yu3ukiu uHTErpaJj 6axoJam.

Uy xypuHUIIMaary nHTErpandaxoamaad YTyl KapaéHu TaBCU(UCH MOHOTOH

paBuIla YCyBYaH Xapak Tepra 3ra Oyica, xamjaa OonuiaHFud KuiiMatiaap OyHaai
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YCYBUAHJIMK Taa0lapuHy KOHIUpraH xoJuiapnaa (orvnamanum MymkuH (16.6-

pacMm).

B. C. Kynebakun ycynu Oyitmua Mo Hu Oaxonam ydyH 3apyp OVyiran
uponann Tomamus. bup xuHcam auddepeHnran TEHrJIaMaHUHT KYPUHUIIN
Kyhuaaruia 0ynuo,

d"n d""x dx
a +a +.+a  —+ax=0 4)

dt"* dt

Oy epaa X=XuBa Xuqu(T) opacuaaru GpapkHu OUIAUPAIH.
Oxwupra udponanan oitgananud, 7.8-pacMaa KypcaTuiral 103aHu €Ku

o0 o0 n n-1
I, = [ xdt = —LJ' |_a d x +a, d 7X +..+a, d—X—|dt, (16.5)
g dt"* dtJ

CKH,

l,=-—1la +a +..o+a, X (6)

MHTErpaj OpKajlu aHUKJIAll MyMKHH.
dapa3z KWIAWIAK, YMyMUH XoJija OONIIaHFUY KUHWMaTiap KyHuJaard
Kuitmatiapra sra OyJICuH:
x(0) = x,,x"(0) = x,, x*(0) = X,, .. x"(0) = x_, (7)
VY xonga
X(20) = X" () = X"(20) = . = X" () = 0
HU XFCOOTa OJIraH XoJijja MyBO3aHaT X0JaT/ard TYpFyH TU3UM Y4yH ( ) HA YpHHUTA

| BoXea FAX et B X ©)

a

n

HU €3aMU3.
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Kypuau® TypuOAMKM, MOHOTOH YCHIN Xapa€HW y4dyH, MHTErpai Oaxojarl
oonutanrry KuiiMaTinap (16.8)Ba muddepennman Terrnamanap koeddurcreH-
Tiapu Oy¥nya OMp MyHYa OCOH yCyJiia aHuKiaHap skaH. (16.8)0¥yiinya Xxucoo-
JaHTaH |oHUHT KUAMaTH KaH4Ya KUYUK OYyca, IIyHYaJuK OOITKapHI >kKapaé-
HUHUHT cudaTy axim Oyiiau.

AmMMo YTuin xkapa€Hiiapu TeOpaHyBYaH €KH HOJABpUM KYPUHUIIIMIa Sra
oyica (16.6-pacm), kypmraérran 1o3anap X(T) rpadukaa Typiad Xujil HIIOpa-
napra sra 0yau6 (16.6.-pacMm) lounTerpan Oaxojalll KaTTAIWIU YTHIN KapaCHH
cudaTUHUHT XAKUKUM KUHMatiapra Moc KeaMaiau. byHpail Xoiutapaa
uHTerpamuaan Qoimanann6 [x| xaromukHuHr ABTOnOT KulMaTIapuaaH aHH-
KiIaHaguran MimHTerpan OaxonamHu KaOyid KWIMII Makcaara MyBO(QUKIUD.
Jlexun W1am xpcobnam onaraa Oup MyH4a KUHUHIWD.

Uusukim uHTerpan O6axoJlaltHUHT OomKa ycyiuapu [A2,3] na KenTupras

I, = [x’dt KBagpaT wuHTerpan 6Oaxojam. HonmaBpuii Ba TeOpaHyB4aH
0

Kapa€Hyiap yU4yH KYpUHUIIMAATY KBaJpaT UHTerpan 6axomnamiaad doigananumica
AXIIM HATWKara SPUINMII MYMKHMH. By X%(T) orpu umsuru Ba abTcucca YKu
yerapaianras ro3anu udonanaiau (16.8 -pacm). Koopnunaranapau gactiaOku
KHMaTIapuHU XHUcoOra OJIraH XOJJa XaTONHWK X Ta HucOatan WuHTerpan
Oaxomnanrau 6up xuHcau auddepeHiman TeHriaManap opkaiu xucoomnam JI. W.
MenneneB TOMOHUIAH TakiIu 3tunrad. by ycinyOHUHT FOsicH LIyHIaH HOOPaTKH,
nuddepeHiman TeHriaMa, XaTojIMkka HucbaTaH, KeTMa-KeT paBulaa X, Xb , X"
, . .. x"ra xynaiitupunu6 Gopunasepagu. ONMHraH H Ta TeHrJIamaga Oapda
y3rapyBumiap HyJra TeHr Ae0 oJuHUO (TypFYH TU3UM), OOLITaHFUY KUAMaTIapHU
XUCcOoOTa oJIraH XoJa XaJAMa-Xa MHITerpajuianu0 Oepritaiu.

Mucon TapuKacuIa UKKUHYY Japakaiu TeHTJIaMaHu KYprUo YhKaMu3

apXbbtaixbtax=0 9
x| Ba |X|p ra HaBOaTMa HaBOAT KymaTUpUO oJiray, UKKUTA TEHIJIamara sra

OynaMu3, CYHrpa yJapHU XaJMa-XaJ HHTerpajiaiMus:
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a,[x"xdt +a,[x'xdt +a,[x"dt = 0; (10)
0 0 0

a, [ x"x't+a,[(x),dt +a,[xx'dt =0; (11)
0 0 0

benrunamnuap kuputuod

[x*dt =1, (12)
Jox) de =1,; (13)
(16.12) Ba (16.13) napHu uHTErpasIarady,
1
azlz—aolozaoxoxl+zalx0; (14)
1 1
al, =—ax +=ax; 15
> > (15)
ra sra 6ynamms.

N ,Huuukapu0b tanuiad, a, koddgduiieHTIap, y3rapyBuaH X HUHT OONUTAHFUY
KUMMaTIapy Ba YHUHT XOCHWJIACH X, OWJaH aHUKJIaHAJWTaH KBaJpaT WHTErpal

OaxoJIaIHu OJIaMI3:

° 1
e e, (o AT ] (16)

N, tunnparun uaTerpan 6axonam dypwe y3raptupunuiapuaan GoianaHuiaral
XOJI/Ia 4acToTa TaBCU(pWIApU OpKAJIM XaM XHucoOgaHui MyMKUH (A.A. XapkeBu4
yCyIIN).

@ypBEHUHT TECKAPU Y3rapTUPUILLMHU €3aMU3
x(t) = L [ X (jw)e™ dw (17)
2z =,

<0 6ynranga X(1)=0 O6ynranmuru yuyH OypbeHUHT TYFPU Y3rapTUPUIINTa 3ra

oymamu3

©

X (jw) = [x(t)e ™ dt (18)

0
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X(xw) udomanu X(p) udomamaru p HU KW ra aiMamTupuin & au OuiaH

onmuHau.(16.17) ra acocan

dt = dt — jw)e™dw = — [ X (jw)d g 19
_!'x t J'a(t) t - :[O x( jw)e™ dw o :[o (jw) W:[O x(t)e ™ dt (19

0

(16.18) man ¢oinanann6d (16.19) HUHT YpHHTra, YaCTOTa MIIOPACHHU XUCOOTa OJIraH

xXoJraa

I, = }xzdt - i}ox (jw)X (= jw)dw = iﬂx (jw)” dw| (20)
5 27 °, 2r -,
ra sra Oyinamus.

(16.20) man opmyia 6u3ra MarTyM OYIIraH 4acToTa TaBcHpUCH X(KW) 1aH [X(5xw)[?
STPY YM3WFU Ba YacToTa YKU OWIIAaH yYerapajlaHraH FO3aHH aHUKJIAIl WMKOHUSTUHU
oepay.

Yacrora TaBcuducu mycoat Ba MaH(PHii yacToTanap yuyH XakKUKUi YKKa HrcOaTaH

CUMMETPHK Oy rariry cabadiu (8.21)Hu YpHUra KyHUIariHu 311 MyMKHH:
1 2
, :;j|x(jw)| dw (21)

by ycyn U, Hu yacTora TaBcudumiapu Oyinda I0KOpU Aapakalid TU3UMIIAP YUyH
0axosaiia XucoOmanuiapHd KaMauTUPaIH.

N, Tumuparu kBaapat unTerpai 6axonam A. A. KpacoBckuii TOMOHUIAH TaKJIA(}
ATWITaH, Au(QepeHran TeHrJaMaJapHUHr Koeddurcuennapuaad QoiaanaHuiil
HYJIM OMJIau XaM X|COOIaHUIIT MyMKHH [A. 4] .

Nurterpan OaxoJamiaa XaTOJIUKJIapHU KaManuTUPHUIL. K¥ypub
YUKWITaHUHTErpan Oaxonanuiapial Kaicuaup UHTerpan 0axoNallHUHT KaHJaanp
MHUHHAMYMJIapUra MOC K€JIyBUM TH3UMHUHT [lapameTpiapuHy Ba Ty3UIMIIMHN AaHUKIALI
(oiinanannin MyMKkiH. MacananuHr OyH/Iai KYHAIMIIM KYIIMMYa ONTUMAal TU3UMIIAPHUHU
UINUIA0 YUKUIIIA yupad Typajm.

Arap JeWnuK, THU3MMHHMHI KaHAaugup uKkuta [lapamerpuHu KUMMAaTHHU
(Macanan, aBaf} HM) aHMKJIAIl Kepak OyicuH. Y Xxonjga yHu 1y [lapameTp-mapHUHT

(GyHKUMsICH KYpUHUIIIIA €310, YIapHU XYCYCHI XOCHIANIAPUHU HOJIra TEHIIIAIITHPUO
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ogamu3. Cutema wuHTerpan Oaxojiall MUHUMYMU TaJla0MHU KOHIAUPYBYU

HoMmabayM [lapametprap o Ba B HUM aHUKTAlT IMKOHUSTHHHA OepajIu.

I = f(a,p)
ol(af )l oa =0 (22)
ol(ap)lop =0

AMMO aifpuM XxoJutap/ia KypuO YMKWITaH MHTErpan Oaxosanniap KypuiaéTran
[Tapamerpiiap 6yiinua MuHUMYyMTa 3ra 3Mmac. byHaai xonaa y3raya mynoxasajiapra
acocyaHuO (CTaTUK aHUKJIUK, TYPFYHIIMK 3aXUPAcH Ba X.K.) O€NTUIaHraH Jaxa MIMHA
MHTErpajl 0axoJsiall HATWXKACHIa OJIMHTAH KYITMHA XUCOOJANUIAPHUHT SHT KUYUK
KUMMAaTIapuHU TaHJIa0 OJIUIITa TYFPU KeIa/Iu.

Myan xam aTHO YTUII >KOM3KH, KYypuO YHMKWITaH WHTErpayl OaxoJjaiiiap
KaMUMJIMKIIApIaH XaM XOJHM 3Mac: MHTErpall KaTTaJUTMHU OWiaud TypuO YTl
)apaCHU KYPUHUIIM XaKuja Katxuil Gukp ounaupud O6Viamaiian. bynnan Tamkapu
MHTErpaj 0axoamn KUYUK OyJran YTUIl xapaCHUHY andarTa sxiy 6ynaam, 1e0 xam
Oymanu.

Mucon yuyH 8.7-pacMIaH WKKA 3IPH YM3UMKHU (Y3IyKCH3 Ba IITPUXJIAHTAH)
COJIMIITUPUO KYPaIMK. YIAPHUHT Xap UKKUCUHU XaM YTHII >KapaéHUHUHT BaKTH OUp
XWI: ATPU YM3UKJIApAaH OMpYM MOHOTOH Y3TrapuIllHH, UKKHHYUCH dca TeOpaHyBYaH
ubonann Owimupand. MOHOTOH kapa€H alipuM XoJulapja TeOpaHyBUaH >kapaéHra
HUcOaTaH KYyJUIaHUILTA KyJaH, JIEKHH TeOpaHyBYaH *apacH 103aCh MOHOTOH >KapacH
ro3acura Kaparasjaa kunuukaup. Illynra kypa M, HUHr MuHMMan KpMmamiapura Kypa
[lapamerprapyuay Tannad oy, yimiOy Xoima, TeOpaHyBYaH >kapa¢Hra acoCIaHaIM.
NoxkuiimaTiiapyi MUHUMAJUTAIITUPUII HAaTHKacKuIa oyiHrad Ilapamerpriap Kymmmua
TH3UMa KeCKUH TeOpaHyBYaH skapaéHiapra ytuimra onuo kenaau. [lyHuHUT yayH
Nytunmaaru kBagpat MHTErpa 0axosnail yerapananuo, yHuHr Ypauaa A.A. KpacoBckuii
TOMOHW/IAH TAKJIM() STIIraH TAKOMUUTAIITUPWITAaH MHTErpall 6axosaml yeyau KylaHuia

OOLIUTA TN,
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TakoMHLTAIITHPWITaH KBaJApaT MHTerpas Oaxosam. bomkapuin
cudarura YTUII kapa€Hy TE3MUTMHUHT TabCHUPUHHU XHcoOra onuml y4dyH, Tako-
MWUIAIITHPUITaH UHTErpasl 0axoamia, X0CuiIa Xb=/1X/IT HUHT Ba KOOPPUIIEHT T

HHUHT KHﬁMaTHapH KHPpUTUIITaHIUP:

I3=£[x2+r12(3—:)2}dt=.(|jx2dt+r12_|;(3—)t()2dt (24)
(16.24) man OupuHuM Xaj1, Ou3ra MabiyMm OYJIraH KBaapaT HHTerpai 6axoJaii U,
HU TaIIKWJ dTaJIH.
@ypre Yy3raprupuuuiapuaaH  ¢QoiinanaHuO, HONF OOUUIAHFWY IMIAPTIApAA,
Karop Yysraprupunviapian cyHr (16.24)udonanun KydWuaard KypuHUIIIA E3HII

MYMKUH:

p * dx 17 2
= [ x%dt +z,” [ (—)2dt = =[|X (jw)| dw +
: J; 1}[ dt ﬂ'([| |

+ rf;?ﬂx (jw)|2W2dw = i}(1+ 7, w?)|X (jw)|2dw (25)
0 T 0

TaxkoMunnamrupuiarad uHTErpan Oaxonam  auddepeHiuan TeHriama

K03 (ULIEHTIIapH OPKaJIX XUCOOJaHUIIN MyMKUH. by Oaxonamiian
w|_ 2 2 dx 2—| K 2 K
I, = [ x> +7, (=) |dt = [(x+7,x")°dt — 27, [ x'xdt 26
AP G e ] 29)

KYPUHUIINAA TaBCHUsI STUIUIIM MYMKHH OwiaH TusuM l[lapamerpnapu kuitmart-

napuHu MzuHTerpan MuHuMymu Oiinda tonuimaa GoigaiaHul MyMKHH.
(16.26)1aru oXuMpru MHTETPANIHHA XMCOO0JA0 TypuO, Xamaa TYPFYH TH3UM

yayH x(») =0 Ba XaTOJUKHUHT OomnutanFud KuhimMatiapu X(0) =X SKaHJIUTUHU

XucoOra oJrad xoJjaa

©

Iy = [(x+2'x) dt +77%, (27)

Nuterpan M3HUHT 5HT KWYWK KUKAMATIIApH, T1Xo?Xaa JOUMHUN y3rapmac
Oynranmuru cababiiv, MHTETPAHUHT (haKaT MUHUMAJ KUHWMaTIapyd OKaJIM aHUK-

JIAHAIA
1= [(xs o'x) o (28)
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Arap

x+11x6=0
o¥yica. ararpan M3 b Hosra TeHr OYaau.

(16.29) Tenrnmama TakCHMMJIAaHTaH y3rapyBumjapra sra OYiraH TEHTJIaMaHH
udoganaiiiv; y Kyiuaaru equmra sra
x(T)=¢"" (30)

Onunran udoaa ymoy xonga dKcTpeMan 1e0 ataayBud SKCIIOHEHTCHAI 3TPH
YU3HUKKA TAaaJUTYKJIUIUP.

N3 uHTerpanu MHUHUMAUTAIITUPUIIHUHT SHT SIXIIM TOMOHHM IIYHAAKH, Oy
AKCIIOHEHTara MOC TyIITaH Kapa€H uaean Kapa€HHU TAXMUHIANIN.

MareMartHK anmnapaTHUHT y3rapyBuaH XpcoOnapuaan Goimamaniiran Xomna, Xe(T)
AKCTPEMAJTHU KypMmacAdaH TypuO Xam CHCTeMaHUHT TaHna0d onuHrad Ila-
pametpiapuaa X(T) arpu 4u3uK Owiad conumtupuin MyMmkuH. [y makcanna X()
ra Taaunykian Msuaterpan ounan skctpeMan X (T) ra taamnykiau M.z unrerpan
opacuaaru ¢apk kuputunaau. by dapk. bupunuu y3rapysuu ned atanuob, X(1) srpu
gn3uK Xe(T) OMIaH MOC TYIIMO KOJITaH TaKAUp/a, HOJIra TEHT OYIIUIIN Kepak.

Ymymuit xonma WMz, TUODMpgarn yMyMIIAIITHPWITAH KBaJapaT HHTETpal
Oaxonamigad GorgananuIagd. YHH KaTTaIUTMHU aHuKjIamga B(T) HuHT KBagpar
1Ak KoopauHata X Ba YHMHT XOcwiacw Oyiinua kuputwianud. B(T) acocuma
Wn(T)=-(T) xocuna 1y3unub y Us,uHTterpan 6axonamnu udoaanaiiu:

dW (t)

l, = }v (t)dt = T— dt = —]idW (t) =W (0) (31)

By epna TypFyHIMK HyKTaW HasapuaaH 11y Hapca KaOyd KWIMHTAHKH,: —» o
oynranga W (= )=0,1=0 na sca W(0) 6ynanu. B(T) kBagpaT makiura Moc KeJIyBuH
W(t) maknau anukiam A.M. JIamyHOB ToMOHUIaH UCOOT KUuiuHraH. by ycyn Usan
Ba OolIKa Xap KaHJal yMyMJAIITUpWUITraH uHTerpan Wz,HM XucoOnamr y4yyH
KYJUTaHWIMIIKA MyMKUH [A.3.4.]. YMymnamTupwiraH HWHTerpaj 0axoJialiHu
MUHUMAJUTALITUPHUII YUyH y3rapyBuaH XucoOjaluiap yCyJIMHU KyJuiaca Oyiaau.
By 3ca Xen(T) XaTONMK y4yH SKCTPEMATHUHT TSHIVIAMACUHY TOTIUII UMKOHHUSTHHU

oepaau.
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Hasopar caBoJsiapu

1. Un3ukjii cucTeMaiapHy pOCTIAIHUHAT cU(aTUHU Oaxojanl ycyuiapu
KaHan?

2. Bbapkapop pexumiiapaa poctiam cupaTHHA 6axoail ycyiapu

Kannan?

HamyHaBuii Tpanecuon1aj XapakTepuCTUKACH KaHai?
V1kuHau »Kapa€HHUHT cudaT KypcaTKU4Iapy KaHaan?
Houunsuknu cucremMaiapau XyCyCUsTIApH.

Houunsukinu cucreMallapHUHT CTATHK XapaKTEPUCTHKATIAPH.
Hounsukiu cucremanapia MaBxya Oyiaurad MyBo3aHaT XoJaTliapu.

Yum xapaéunapu HumMa?

© © N o 0 &~ W

Xycycui TeOpaHUIll YacTOTacu HUMa?

DoigaJAHWITAH a1a0uéTiap
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IOpTIapy Tadabanapy ydyH papciuk. - T.: Ykutysun, 2011.-576 6.

. TeXHOJOTHK XKapadHIapHH aBTOMATIAIITHPHII aCOCIApH. YKYB KyIJUIaHMA.
1,2-xucm. FOcynbekoB H.P., Urambepaues X.3., ManukoB A.B. - TomkeHT:
Tow ATV, 2007.

. CesuroB JK.Y. ABTOMaTHK OOIIKAPHIN HA3apUACH. YKyB KyJUIaHMA.-

Tomxkent:®an Ba Texnonorusiap, 2017. -2480.
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4-mag3y: Tacoauduii TabcUpIaApAa YU3UKIU CTAIMOHAP ABTOMATHK

oomkapum Tuzumiaapu (ABT)

Pewxa:
1. AbTnapuaa TMHaMHUK aHUKJIUK TaXJIHIIH.
2. Tacomuduit Ttabcupnapga ABT onTuman y3arum  GyHKIUSICUHH
CUHTE3JIAIll.
3. Tacomuduii xapa€HaapHUHT CIIEKTPaJ 3UWINTH.
1. AbTaapuaa IMHAMMK AHMKJIMK TAXJIWJIH.
Tacomuduii pyHkuusiap Ba xapacunap OuinaH TaBcudIaHaIuraH TU3UMIIapra

TaCOI[I/I(l)I/Iﬁ CUurHauiap €KM CTOXACTHK TU3UMIIAP IIGIZHJI&I[H.

Tusumnapaaru s>kapa€unap Tacoauduil paBula coaup OYnAraHma HSHr KEHT

TapKaJll'aH 6I/Ip HCYTa MHUCOJLIAp.

1. CuHXpOH reHepaTop/a JIEKTP KYyWIAHUIINHU TapTUOTa COJMII TU3UMU, YHUHT

IOKH Kg’l'[ KUXaTaaH 3JICKTP SQHCPIHUACHHHA NCTCHMOJI KUJINIITa oor JINK (1 -paCM).

MTaxn 1

N

vl

2. VarapyBuan 1ok KypuHMImEAard Ttacomuduii Oy3WIMIIIAp, TEMHp HYIHUHT
XO0JIaTUJIaH KeJIMO YMKaauraH MyKOoTHUIUIap, €MOH 00-XaBO MIAPOWTHAA HIaMOJ
mamMoJii Ba OomIKajiap TEeMHp UyJulapja xapakaTiaHaJuraH TPaHCIOPT
BOCHTAJIAPUHU OOIIKAPHII TU3UMIIAPH.

3. lllamomHUHT TypOYJICHTIUTH Ba Y3rapuillM IMapOUTHAA KeMa XapaKaTHHH

OOIIKAPHUIIT TH3UMIIAPH
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4. Kuputum curHanu y30omumyanuk OwnaH €ku Ttaconuuil OynraH Ba onxataa
Ha30paT CUTHAJUIAPMHM YIIYalll, XapaKATJIAHTUPHII Ba Y3TapTUPUII OPKAJIH
Tacoau(uil apanantyB Typura sra OViraH Ky3aTyBHU OOIIKAPHILl TU3UMIIAPH.

5. Nuku Ba Tamku Oy3wiIMIIap HATHXKACHAA Talao OynraH Tacoauduil CUTHAIIAp
OOILIKAPUIIT TU3UMJIAPUHUHT HIIIANINTA CE3UJIapiid Aapa)kaja TabCUp KUJIMILIN
MYMKUH, Oy 3ca yJIapHu OOIIKapHIll BA CUTHAJUIAPHU (QUIITPIIAIll OPKAJIK YIapHUHT
TabCUPUHU MUHUMAJUTAIITUPUIIHY Talad KUIaIH.

[yngait kMO, CUTHAJUIAPHUHT HSXTHUMOJUN XYyCYCHUATIApPUAAH KEIuO YUKKaH
X0J/Ia YpTaua KBaJAPATUK XaTOHW MHUHMMAJUTAIITHPUIN YUyH TH3UMJIAPHU CHUHTE3
KWINII Ba3uQacyu IOKIaHa U,

Ymby MyaMMOHM Xall KWIMII y49yH Tacoauduil (yHKuusuiap Ba Tacoaudui
)apa€Hiap Ha3apusCH acociiapy OWJIaH TAHUIIMUII KEpak OyiIaau.

Tacoangui xapaéHJIaPHUHT KOPPEJANUOH GyHUMAIAPH.

Arap X(O) taxpuba HaTHXACUIA y OJJMHIAH AWTHO OYIMalIUraH IAKIra YTHIIN
MyMKUH Oynca, (yHkius Ttacoguduit ned aramagu . buTragan spaTuwiraxn
tacoauduil PyHKIUsUIap TYIJIAaMU Ba XyJIU 11y Tabwat Taconuduii xapaén ned
aTayaju.

Taconuduii xxapaén Ousra MmabiyM oup GU3UK XOAUCAHUHT Tacoau(uil TaBCUUHA
oepau.

TaxJiun KWK y4yH MYJDKaJUIaHraH OuTTa €KU KYNTruHa Tacoauduii TanOukoTiap

YeKCH3 TYIUlaMjaH HamyHa cudatuaa ypranunaau (2-pacm). Arap BakT KHHMaTH

t

cobur 6yaca ¢ =, 6us kuiimatnap TyrmaMuHM Kyiinparura onamus ¢ =4, Yoy

o Xy Xypeuus X, . ..
TyIIam <=« Tacoan(ui >kKapaéHHUHT KECUMH J1e0 HOMJIaHA U,
Taconuduii xapa€HIapHUHT aCOCUN XyCyCHUSTIapU Tacoauduii y3rapyBUUIapHUHT
XyCyCHUSTIIapura yxXmamianp, aMMO UKKUHUYMCHIAH (GapKiu yrnapok, 0y pakamiap

amac, 6anku QyHKIUsIapIup.
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VYnap Tacomudmii xapaéHamar (0 MareMaTHK KyTHIMIIMHH OHp JIaX3aJIHK
BaKITa  TYFpU  KEJaguraH  KUCMHUHI  MaTeMaTHUK  KyTHULIMIAa  TEHT
Kejamuran GyHkmus ae6 araigumap L :

m, (t) =M[X (0)].

Koppemsitcust QYHKUHACH TYIIYHYacH (aBTOKOPPEISLUs (GYHKIMACH) T (6.t +7)
Xap KaHJal BaKT KUIIMaTH y4yH TacoAu(pui )KapaEHHUHT TETUILUTH OYTUMIapUHUHT
y3apo OOFIMKIMK MOMEHTHIa TEHI OYJIraH MKKUTa apryMEHTHUHT (DYHKIUSCUHU

aHIrjiaTaau.

R.(t,t+71) =M[X () + X (t + O],

6y opma XO=XO-m (- pacoquduit GyHKIUAHUAT MAPKA3TATHPHITAH
KHUUMAaTH.
Kauon T =0 oro kopenauuon Basudacu reruuum 6ymumra Tacoauduii GyHkuuscu

s Terrmup: (6L +7)| _, =M[X* (0] =D, (1.

Kynuaua amanmuérna Ky3aTwiran Ttacoauduil >kapa€Hiap BakT YTHIIM OuiiaH
MabiayM Oup ypraya KuhmMat atpoduia TeOpaHMIILIapra sra Ba 11y OujlaH Oupra
BaKT Y3rapuiy OWIaH NajTaJlaHMaJIapHUHT aMIUIMTYyJacu XaMm, Tabuatu xam
y3rapmaiiau. bynnai xxapaénnap crarcuonap jae0 aTaiaiu.

YMmyMmad onraHjaa, kapa€H BakKTHTra OOFJIMK OYyimaraH xapakarcus Tacoaudui
xapaéH ne0 atananu. Arap Ou3 OyHJal XyCyCUATIapHU KyTHIlL, Y3rapyBUaHIUK Ba
aBTOKOppensaTcus (GYHKIUSCUHM OJICAK, CTAaTCHOHAPJWK IIapTiiapu KyHujaaru

HIaKJIHHW OJIadu.

m (t) =m_ =const; D (t) =D, =const; R (t,t+T) =R (7).
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Koppemsimmst  dyskmmsicn  Rx (0

Macodana koitamran —OyauMIap
opacuaard Tacoauduii anokanu Tapcuduraiiau . [yHu TabKUIaI KEpakKu, 0y

BAKT y3YHJIMIM Kaepaa dSKammurm MyxuMm osmac. Kawonm T =0orokopenacén
Bazudacu R, (*) makcuman Ba 3un Tedr. Bakr Yeumm U Oumman Gyiumiap

opacuaard Tacoauduit ajoka cycasau. Yoy R.(T) GyHKIMATa OOFIUKINK U 3-
pacMma KeITHPHUITaH.

Maknma 3 pacm. Y4 Xuil CcTalyoHap KapaCHIApHUHT KOPPEISIUOH
GyHKIHSIIapu OWp XWJI AUCTIEPCUATA dTa, aMMO TYpPJIM XWJI WYKH XYCyCHSATIapra
sra. Koppemsiuua ¢GyHKuMsuiapugaru TeOpaHUIIap —SUIUPUH  JaBPUIIMKHU
owrmupanu (erpu (1). (2) Ba (3) arpu YM3MKIAp JaBPUM KHCMIIapra 3ra sMac. Ba

IIYHUHT Y9yH OYIMMIIap opacuaary ajoka Te3poK 3aniamam.

> T Pucdll

Tacoguduii craTuuoHap >xapa€Hiap opacuaa 3proJuk kapaéHiap axpaiuo
Typaju.

Taconuduii >kapa€HIapHUHT SPrOJUKIWTH aMalUET YUYyH KyJa MYXUM
XYCYCHATAUD. DProJUKIMKHUHT XyCYCUATH Oy y30K JaBOM 3TaJuraH Tacoauuit
byHKUMSIHM  OuTTa OaxapwiMmiuaaH TacoAupuil >kapaéHHUHT Tacogudui
XYCYCUSATIAPUHU aHUKJIAIl KOOUITUSTH.

Eproauknuk xycycusty Kynuaarnda €3uiaam:

) 1 +T _+w
M[X ()] =m_(t) —%irgfi?['x(t)dt —g[jxf(x,t)dx.
bynnan kenub yuKaauKu, 3proAuK kapaéH yayH Tacoauuil pyHKIUSHUHAT YpTaua

KUMMAaTH, x(8) GurTa amalira OIIMPHUILJIAaH amajira
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OLIMPHIITaH [-T,T] npu T — oo, TYIIaMIas XHUCOOJIaHTaH ypraua
Kuitmatrada. buzna 6op: f(x0)- OynmuMIa ¥3 BakTHIa aHUKJIAHTaH Tacoauduii
(GYHKIMAHA TaKCUMIIAIT 3H4IUrd L-
EwTn60p GepuHr, cTaTcHoHap Kapaéh yayn [ (60 =/()um, () =m,.
CTaTrcHOHap JProJuK >apaéHHUHT KOPPEIATCHOH (yHKuuscH wudoga Owaax
1 T o .
R, (7) =lim — _fx(t) x(t +7)dt,
oenruiaHaau ~e 2T g
6y oapma X(O=xO-m. (- racomuduii GyHKIUAHMHT MAPKA3TAIITHPHITAH

KHUUMAaTH.

1 T o2
R (0) =lim— ([x (0)dt.
Ap =0 mor f

2. Tacoguduii ;kapaéHIaPHUHT CIIEKTPAJI 3HYINTH.

Tacomuduili QyHKUUSIHUHT TapKUOUN KUCMUJA ro3ara KejaJurad TeOpaHulll
yacTotajapu Oyimva Tacoguuil cTrauMoHap (QYHKUUSHUHT  JIHUCIIEPCHUS

S, (),

TaKCUMJIAHUIIHA TYFpunaH-Tyrpu @Dypbe KOHBEpPTALUICU OpKaJIA

Koppensinust  QyHkiusicu OwnaH  OOFMMK  OYiraH  ChnexkTpal 3uwinK — ae0

S. (w) = ‘RX (t) e /"dr.
atamagun R« (O i

FOxopuaaru nbopana koppensius QyHKUUSICUHUHT U()OJACUHY AJIMAIIITUPHIIL,

Ou3 oJ1aMu3

=]

1 T - - . 1 T - . o - .
_ . P 4 — 1 - jeot Lo Jet+) —
S () _ilg?o o7 _‘!x(r)x(t +T) e dt %%721" _‘!x(r)e dt X_ix(r +T) e dt

:%%%X(- ©)X () =%i_r’r010%‘X(jm)‘2.
[ysauHT yayH Tacoauuii xapaCHHUHT CIICKTPaJl 3UYINTH aMILTUTY1a KBapaTHra
MyTaHOCHOIUp (Tacoau(puil CUTHAII CIEKTPUHUHT KY4H).

[IyHUHT ydyH CIEKTpal 3WWIMK KYIMHHYA SHEPrHs YacTOTaCH CHEKTPU J1e0
aTaaim.

Amanuéraa xoppensaius GQyHKIUSICHHH CIIEKTPall 3UWIMKKA Kapald aHUKJIAIl YIyH

Teckapu Dype TpaHchHOpMATCHUICH KYIUTaHUIIAIH.
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R () :27; [S . (@)e’ do.

by udona, mynunrnex, tacoguduii GyHKIUSACH OIUO BapsSHC1 aHUKIAII YYyH

R _(O) zi Q}Sx (w)dw
xusmat Kunagu © =0 gopmynanan >tu6 27t % ,

[TapceBan udonacu cudarnia TaHUITAH.

AMaJIu MUCOJT

Bazudacu Oup cranuonap tacoauduil kapa€HHUHT CIIEKTpa 3UWIUTH OUp ATpU

kypum ubopar X (O 6ymrag R.(1) =N -3(v).

S, ()

bus TYFPUIAH-TYFPU Oype TpaHchopMalusICUIaH

y S.(@) = [N -5(z) e “"dt =N.
dbolanaHuIHA TOMIAMMU3 :

e

=1, ]B(t)d‘l'. =1.

=0

[ynu xucobra onau
[IyHUHT yuyH CHEKTpaj 3UYIMK TP - adTcucca YKura napaiien Oyiaran Tyrpu

qu3uK (4-pacwm, a).

ol

S T
{I.
] ]

»KapaéH OK IIOBKUH 10 aTanaiu.

By caBosira >xapaéHuHUHT Oapua yacToTanap 3

- I . nJyura oJjiaau, AeraH MabHOHU aHIJaragu -~ 0
1] LI

Pac 11.4 U

roKopura T ®0TeHr WHTEHCHBIAMIHW OwiaH. By

[lapceBan wudomacu Epmamuma Tacomuduii  QYHKUMSHUHT  Y3rapUITUHU

aHUKJIalMH3:

+o0

N -
TT

|
8

1 - 1 =
R (0O) =D, =— [S_(w)dw =—— [N -do =
L(0) ; 2TE_L]JQA(!) 1 2:1_:[ 1

- oo

byHnan kenub yukaauky, "oK MOBKUH" TypUAarv CUTHAIHU OJIUII YUYH >KUCMOHAH
WMKOHCH3 OYJTraH 4YeKcu3 SHEprusi MaHOau 3apyp.

ObTHOOp OEpUHT, aBTOMATUK OOIIKApYyB TU3UMJIAPUHUHI WHEPTHSICH Tydanau
Oapua rKopu uactoTanmap keuuktupwianu. Iy cababmu, wacTtoTa CHEKTpU
YeKJIaHTaH Tacoau(uil KapaCHHUHT XyCyCHITIapUHU aHuKIam Ku3uk (11.4-pacwm,
0):

N, avec|w| =w,,,,
S = .
< (@) 0, avec|w| > e,
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Bu3 sma €' =coswt+ jsinwt; HOCHUMMETPHK Yerapajgapiard (QyHKIUSHUHT HOJTa

TEHI SKaHJIUTMHU  Xucobra onub, Ou3 TakauMm HdTaguraH  uOOpaHH

- N sinw,,,. T
R (t) =— fN -cosmtdy =——X
.. o T
HnjiaramMms . HI/IXOHT 63H6 OJIUHT MAX
. N sinhw,,,t N
D. =R _(0) =lim—— P ® X
¥ * w0 T T

Tacoauduii >xapaHHUHT TapKaTUIITH
Myauar yuyyH Ttacomuduil skapaHHUHT 3HEprus MaHOau 3apyp OynraH Ky,
CIIEKTpaJI 3UYIIUTH CeK. , 0, YacTOTa OUJIaH YeKJIaHTaH @ max.
YM3HUK/IM CUCTEeMJIAPHUHT KUPHUII Ba YUKUIIMAA Tacoauduii
AKAPaCHIAPHUHT KOPPeISIINOH (PYHIUSJIAPH BAa CHEKTPAJ 3UJIHKIAPH

opacuaara ajJoxKa.

1. Husuxnu cucmemnaprHune Kupuwi 6a YUKUWUOA MACOOUDUL HCaAPAEHNAPHUHS

KOpPeNsaCUOH (OYHYUANapu 6a CNeKmpa 3UIUKIApu opacuoacu aioxd.

busz tpanchep QyHKUMACH OWIAH TU3MMHHMHIT KHPUTUIN YYyH KYJUIaHHJIaIud
tacomuduii curHan opacupard MyHocabarinapHu aHukigam W (S) upkumm Ba

curan Y (pacm 11,5 a).

.
al T i L'I A
— Wi — k4

Poc. 11.5

V3yHIMK Ba aMIUIMTyAa TYpTOypuakiaap KeTMa-KeTauru cudaTtuaa skca [ Ba
SrpU OpacHjard MaiJIOHHU TacaBByp KWiIuMHr , Oy spaa (5-pacm, 6). X(©) At

X, =x(v;) T ZIAT Kamvajimmm AT GuiaH TH3MMHUHT Xap 6up | myscura xaBoOHHH

TU3UMHUHT  O-QyHKIMSATa MaijoH OwiaH >kaBoOM OwWjaH — amMaIITHPHII

=XxAt,.

MyMKHH. TU3UMHUHT §-pyHKIHMsAra KaBOOW MabJIyM, UYHKH y OFUPJIUK

dynkimacH (uMmyncnm kaBob) me6 Hommamamm: @O =L H{W(S)}.nync Typm

o( =X, AT, pegr Y- T,) =w(t- T,)x(t,)AT.

tabcupr peakrerst O~ T maiinonn

bup karop umnyncnapra >xaBo0 Kyiugaruda 0ynaau.

(0 =Z y(t- ) :Z @t - T,)X(T, AT,
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y(t) = fw(t - D)x(t)dt

At— 0 Busna Ba aJIMAIITUPHIIIA OYJIraHaa yerapara yTHII

y(t) = tfm(ﬂ)x(t - 0)do.
y3rapyBunnap (- T =0 0
Onunran u6opanap Jyxamel HHTErpalMHM E3UIIHMHI MKKMTA LIAKIMHE SKH
ukknTa Qynkuusad PO jiurumEn Ba 6o1mkanapay anrnatagu X(@)-
Eumu X curman  tacoqudmii, cratumoHap Ba Oproamk  ae6  Qapas
KuIaiiauk . CUTHAIIApHUHT YU3HKIIM y3aTUIMIIH Tydainy, yukum curaann Y (0

xaM Oynaau

y(t) =+‘?'1Ir(8)x(t - 9)de.

Tacoauduii cTraTcHuoOHap Ba SProjIUK bu3 curHamHuHT

KOppensaoH QYHKIMACUHUHT Hoaacuny Tonamus Y VMyman onranna

.17
R, (7) _P_,n;f_!y(t) y(t +T)dt.

(V)

bus oy nbopanu YpHUHU

yv() = Im(B)x(t - ©)do y(+T) = J‘m(n)x(t +T- n)dn.
OocaMmus3 “% Ba 4

T +o0

R, (T) :limi fdt J'm(@)x(t - 0)do O]'w(n)x(t +T- 1n)dn.

Buzna 6op e 2T
1 T
lim— |dt =
Vupa ' 72T 1 1(OJAHUHT KOJITaH KUCMH Kyiiniarnya 3unaum:

o0 w0 D 1 T D
R, (7) = fw(@)d@ fw(n)HPP}of fx(t - 0)x(t+7T- n)dtH dn.

b el -T

1 T
%_im— Jx(t - 0)x(t +t- n)dt =R _(t+0-1n)
YYHKH 2T .y ,
ON3 HUXOMAT:
R, () = ]‘m(ﬂ)dﬂ Wj‘m(n)Rx (t+0- n)dn.
daxkarruHa ¢3unral noopa, YMKHUII Ba KUPHUIIA CUTHAJUIAPHUHT KOPPEIISAIIHOH

byHKUMsIIapu ypTacujgard MyHocabaTHU YpHaraau. AMmo Oy nOOpaHu amanuit

XUCOO-KUTOOMAp y4YyH HIUIATHII aH4ya Mypakkad. Kupuimr Ba 4uKUIIIard
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CUTHAJUIAPHUHT CIIEKTpal Ky4wlapu yuyH coana udoma onuHaau. ByHHHr ydyH

TVFpUIaH-TYFpu Oypbe TpaHcHopMaMACHHA KyHuaaruiap yayH KyJJIaHr R, ().

+o0

S,(@) = [R,(z) e dr =

+j,_£w((9)df9_g[m(77)Rx (t+6- n)dne ' dr O]‘m(é?) il g

- o0

+c0

jm(77)e- jfm?d?] JRX (z‘ + - 77)6_ jw(z+6- ?;r)dr.

.J‘m(e) -e’°do =W (- jw); fm(n)e"""”'dn =W ( jw);
Onunran udonana -=

+oo

R, (t+0- e " Vdr =S (w).
! Huxost 6uzna 6op

S, () =W (- jo)W (jm)S, (w) =W (jm)|” S(w).

lysuar yuayn, R«(®) wm S (@) Gomgapum 0OGBEKTHHUHT JIUHAMHK
XYCYCHATIIAPDHHU XHCOOra OJraH XoJiAa, Tacoqu(uil YUKUII CUTHATUHUHT
XYCYCHUSITJIAPHHN aHUKJIAHT 00BEKT. XYIH 11y HOOpalapHu UIILIATUIII MYMKHUH.

MOC KeJlaJuraH TU3UM MapaMeTpiapuHH TaHIAll y4yH M[IyHAad Kuiauo,
tacoauduit Oy3WINILIIAPHUHT TabCUPU THU3UMHUHT UIUTAITTHA
MHHAMAJUTAIITAPUIIT MYMKHH.

CUrHaJUTApHH YHM3MKJIM TH3UM OpPKAJIHM YTKAa3WIA KyJa MyXUM OYira
aNoXy/Ia XOJUIApHU KYpUO YHKHHT.

Alralinuk, y3atmmn QyHKumsacu Oyaran Tusum W (®) =Jjo  taconuduii

S, (@)

CUTHAJITa Jy4 KeJlaJau Keliun 4ukum curHand ydyH Owuszna

2
S,(0) =0’S. (@) fpsyy gKKH XHI dapkJan Sy (@) amanra OIIMPHUIIraH/a

kynaitupuiaaan «* ., [lynunar y4yH, tacoauuil curHamdu (apkuamjga 0Kopu
4acTOTaJ U TAPKUOUN KUCMIIAp T€3POK Ba Ky4JIM paBUILJIA Kydasiid, TACT YaCTOTAIIN
KHCMIJIapra KaparaHjaa. by IIyHW aHriataauku, Tacomuduii apamammin Oyiica,

q)apKJ'IOBLII/I XYCYCHUATIIAPHUHT TY3aTHUII 3aHXWPU TU3UMI'a KUPUTUIWIIN MYMKHH
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amac. AKC XoJifa, cH3 OOLIKAPUII TH3UMUHHUHI MIUIAIIKAA CE3WIapiH Japaxasna
EMOHJIAIIMIIIMHT U3 MYMKHH.

TUBUMHUHT YMKUIIMJIArW CIEKTpal 3UWIMK OOLIKapyB TU3MMHUHUHT
XYCYCHATIAPUHUHT akpanMmac Tabuatu Oyica, KHUPUII KOMHUAArW CIEKTpal
3UWIMKKA TEeHTI. By IIyHM aHIVIaTaAuKH, FOKOPU YacTOTalIM TapKUOWN Kucmiiap
1acasii Ba TU3UM YMKHUIIMIArd CUTHAJI TEKUCIIAHA U,

Tacoguguii Tapcupaapaa 0yJarad YM3UKIM CUCTEMAJTAPHUA XHCOOJIalII.

Munumasn ypraya KBaJAPaTHK XaTOJIU YM3HKJIU CUCTEMAJTAPHUHI CUHTE3M.

OHJM TalllKK CUTHAJUIap Tacoauduid Oynran €nuk nacragup OOLIKapyB TU3UMHHH

Kypub unkamus (6-pacm).

0 e . -
= IV il W) ——}
LE

laxnna :

= 9 - Tacoandwmit GoMKApHII XapaKaTH KOppensiys GYHKIUACH OUnaH R, ().

- (O mabym koppemsitenst Gunan Tacoxuduii 6y3mmim gyskuuscn 7 (0

e(t) - TH3uM XaToCH;

Wo (J®) . Gormkapuin 06beKTHHHHT y3aTHII (yHKIUSICH;

W (J®) - Gomkapuin MOCTAMACHHUHT y3aTHII QYHKIHACH.
apuanT 1. AUTaniuk: - TU3UMJa Tacoauduii, CTaTCMOHAP Ba CIIEKTpall
B 1. A 1) 9

3UYJIMKKA 3ra Oynrad OWTTa CUrHal Sy ()

2) f () =0.

Moc €(t) papuima ceKTpana XaTo 3U4JINTH
ymMmyMmuil udonaa 6unan

S., () =W, (o)|” -5, (o),

1

W, (jo) = : ;
g 1+ Wo (](D)Wd (jw) y3aTHIL (byHI(I_II/IHCI/I Kaepaa

XaTo OWiIaH €MUK TU3UM.
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XaTOHMHT KOPPENATCHOH (PYHKIMSICHHM aHUKJIAm yuyH Teckapu Dype

1 +a0

R_ (T) = J‘SCB (e’ "dw

ANIMAIITUPUIINAAH (PorJamaHuIl Kepak 27T

Arap T =06u3 [TapceBan udoaacura kencax, TeHINK
9

1 +o0
» :E_;[‘Seg (w)dow.

Cranmapt xa1o Pev =vDe-

Bapuant 2. Duau dapas xunmaitnuk 9 =0 pa (O Gy cnexrpan 3uuinkka sra
Tacoau(uii CTATCHOHAP CUTHAILIHD
S, (w).

Bupunuyu BapuaHTaaH ouzga S« () =W, G| =S, (.

- W, (jw)
T+ W, (oW, (jo)

ef

0€30BTANIMK CUTHAIMHUHI Xarocu Tydailnu xato Tydainu €Enuk macragup

OOLIKApyB TU3UMHUHMHT y3aTUII (PYHKUUACH Kaepaa . bBupuH4YM BapraHTra yXmamn:

+o0

—_ 1 JwT
R, (1) —E;!'Sef (e’ dm.

1 + oo
D, =5 :[Sef (w)dw.

B D

of — of

Bapuantr 3. bu3 Kyiluaaru mapTiapHd KaOysl KuilamMu3: MKKUTa Tacoau(uil
curman 9() pa Gomkanap GMp BaKTHUHT Yy3uaa OOIIKAPYB TM3UMHHHMHI KMPHII
kucmuza Xapakar kuaum [ (6 | BU3HMHT TH3MMMMU3 YM3HKIH SKAHIUTHHU 81712

TYTrad XoJiaa, CyliCprno3uTCus IMPpUHTCUIIN YHI'a MOC KEJIaau:

+

1 ; 2 A 2
D, =D, + Dy =—— J[|Weg ( _](r))| S, (W) +|we,.( _](r))| S ; ().

Arap HazopaT cUrHaiau Oy3WJIMII CUTHAJIW OujiaH KOppesisTcus PyHKUUsCcH OWIIaH
Oofmanran  Oynca, wHTEerpan Oenru  octuaard  udoda  Kylmmaruda

S. (@) =W, Gen|* -5, (@)

OGN A + Weo (- JOIWey (GaNS oy () + W, (AW, (= janS oy (),

+Wo G| -8, ()

Sor (@)= gazopar 9O curnanmuuHr Ba GE30BTA KHIYBYM CHTHATHHHT y3apoO

GormuKIMK QyHKIMsacH Kaepaa [ (O
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meaqa K8AOPAMUK XAMOAAPHUHE MUHUMAT MUKOOPUHU DOWKAPULL
MUSUMAAPUHU CUHME3 KUTULUL
TU3UMHU CHHTE3 KWJIWII MaTHJAa UKKATA CUTHAJ Maiao OVIMIIM MYyMKHH
OynraH Ba3zWAT r03ara KeJIMIIM MyMKHH: OOIIKapyB CUTHAJIA Ba 0€30BTa KUITyBUH
CUTHAJUIap, MKKaJacu XaM Tacoauduit xapakrepra sra. byHmail xonma, TH3UM
CUHTE3UMHUHT acocuil Bazudacu ypraua KBaapaTUK XaTOHUHT MUHUMAaJI KHAMAaTHHU
KEJITUPAJIUTAH TU3UM TapaMeTpiapyuHu aHUKJIAIUD, YHUHT KUMMaTH KyWHuJIaru

udonanan Qoiinananud aHUKIaHATH:
1 +T
o’ =D, =R (0) =lim— feg(t)dt =MIN.
oT

Cu3 ym0y MUHMMAaJI MUKJIOPHU UKKH Y71 OWJIaH TaAbMUHIAIIUHTU3 MYMKHH:

1. mapaMCTpuK CHHTC3HM aMajil'a OIIMPHIN, SbHHU THU3UM IIapaMCTpJIapUHHU

2.
aHUKJIAIl, YHUHT Ty3WIHIIAHA y3rapTupMacaad e’
2
2. muauman ¢ (TU3UMJIM-TIADAMETPHK CHHTE3) HH TabMHHJIANHIUTAH

TU3UMHMHT TY3WIHILIH Ba TapaMeTpIapyuHU aHUKJIAHT .
ITapaMeTpuK cHHTe3 KyHJaru KeTMa-KeTIMKAA aMara OIIUpPUIaIn.
1. AManuii SKcriepuMeHTall MabIyMoTiapiaH (oiiganu curHai Ba 6€30BTa KUITYyBUU
CUTHAJIHUHT KOPPENSATCUOH (yHKUMscMHU aHukiam. Keiimn Ou3 kxoppensTcus

byHKUMsIIapuHu  TYFpusian-TyFpu Dype y3rapTupamu3 Ba CHEKTpal 3UUIIHMKKA

S, (w) = ng (t) e “"d.
KCJIIaMU3: -

R, ()

Y —coswT- jsinwt

[Ilyan xucobra oiran xoJja - GyHK1IIMS OUp XWII Ba €

Ou3 OyHU oJIaMu3

+o0

S,(w) = J‘Rg (t) cos wtdr.

W, (jw)

2. bu3z Tacomuduit Hazopar CUTHAIH Ba 0€30BTa KWIyBYHU

TabCUP HATHXKACH/A 03ara KeJraH XaTo y4yH repuonIaAupuM TU3UMUHUHT y3aTHIL
dyHKumsIapuan xucomaiimuz Wer (J©)-
3. Terunum wuOopanmapHU HILIATHO, YMyMUNH XATOHHHI CHEKTPaJl 3UYJIUTHHU

xucobmaiivmuz e (@)-
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4. XaToHHUHT y3rapuiiuHu udoaa OuiaH aHUKIaHT

TU3UMUHUHT NTapaMmeTpiapu 6up Basudacu cudatuna [lapcesan , koapdunentnapu
Ba oeMentiap Bakru Cobur -, %> i 1 =12.3,...,n

5. Tenrnamanap THU3UMHHH 34HO, TapaMeTpIapHUHT COHJIU KUWMaTIapUHU
oD, /aoc,., j=12,...,n.

AHUKJIaHT

6. 5-Oannmnma OenrmimaHraH MapaMeTpIapHUHT COHJIM KuWMaTiapuHu udomgara

aJIMAIITHPUII
D.(a,,05,...,@,) Gz Pemin jprava kBagpaT XaToHH omaMu3 7 emn — v Dewn -
Arap xaro Cemn =Cecaim> gaepra Gyiaca eadm

MyaMMO XaJd KWIMHTAQHJIUTUHA aHIIaTagd. Arap TEHICU3JIMK KOHUKTHpMACA,
TU3UMHUHT TApKUOUK-TIapaMeTPUK CUHTE3U YIYH 3apypup.
TapkuOuii Ba mapameTpuk cuHTe3 ontuman (uirpmamHuar Wuenep ycyiau
acocujia aMmaira OINpUIaad. Y CyJIHUHT TAKIUMOTH 7-pacMa KeJITUPUIITaH.
By opma: W xaman - wucranran kupuimn curHamueu  Y(O kyiimpmarm udona
Oyiirya y3aTUIITHU aMajira Olupau :

L{y" ()} =W (s) -L{u()}.
Nkknaun kanan WM - ontuMammammupwirad TU3MM  TOMOHMAAH —amanira
OILMPHUIIA K Wop (5) F@®. my  MyHocabar  OWiaH  TU3MM

xarocu AWM =y () - y(©) me30Hra )aBoO OEPHUILU KEPAK

+T

, 1 i
o’ =D, =R, (0) =lim— [A’(t)dt =MIN.
A A A, (0) T ! ()

u it VIt

I Wisi— 1 Cus tusuMHu =~ Wer (S)
=171

ONTHUMaJl CHUTHaN (QUITpU

o izl + fis vin

IV, 15) = cudaruaa Kypub yukumuHrus Mmymkun P

Poc.11.7
TakJIn( MyaMMOHHU XaJl OJITUH, KUPUTHUII Ba YUKAPHIII

OWJIaH CUTHAJUIAPUHUHT KOpPENSITCHs (YyHKUUATIAPH YpTacuaaru MyHocabaTHU

kypu6 Y(8)- xyunananr koppenarcus GpyHKUUAIAPHU 311 Hoaa

+T

. 1
R, _%ITCE_.P](I)X@ - T)dt
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y() = [J'w(é’)x(t - 4)déa

Ndonanu HIIUIATHO, Kyhuaarua [IaKJira

+T e
R, (7) =¥im 1 fx(t - 7)dt jw(t?)x(t - deo
yramus: w2l g

Exu uHTErpaTCcHs KeTMa-KeTINTHHH Y3rapTupno, 6usaa 6op

R, (v) = }m(e)Rx (t- 0)do

Omnunran udoaa Wuenep-Xornd terrnamacu 16 HOMIIaHAIH.
Tyrpunan-tyrpu Oype Tpancpopmarcuscuian poigananu0, Ousz axxonnod ndomara
IPUIIAMU3

S (@) =W (j0)S (@)

EbT6op 6epunr, onuarad udona 6usra W (J®) kupumn Ba 4MKMII CUTHAIUIAPUHU
(maccuB HKCHOEPUMEHT HaTWXajdapu), SbHU YpraHuigaérraH xapaéHra ¢daon

apajlalmMacaaH , TUABUMHHUHI 9aCTOTAJIM TACBUPHWHHU dHUKJIAIITI'd KMKOH 6epam/1 .

W(jw) =5  (0)/S () .

XaTOHUHT Y3rapuIluHK aHUKJIAHT, Oepuiaran AW =y (0 - y(0);
- i 2
D, =lim Ijﬂ ‘O - [o@)d- 0)don de
TR JO 0

HopGepr Buep, MUHMMaI Japaxanard 3apyp Ba oTapiad mapt a- Gy ormpmuk
(GYHKUMSICH SKaHJIMTMHU UCOOTIaIU

@(M) Wuenep-Xon¢ TeHIIamMacura edumM OYIIUIIN Kepak:
R, (0) = fw,, DR, (O- n)dn

Buzga Gop "V orIP) TS, (0215, ().

Ammo  Were (J®) grcapust xommapaa ymby udoma GWIaH aHHKIAHTAH 4acTOTa

XapaKTEePUCTHKATIApU amaira omupud OYiaMmaiauran XycycusiTiiapra 3ra, 4yHKU

W,

THU3UM (J®) Gapkapop 6ynmaiini.

W,

[y myHocabar (J) Grnan GapkapopIIHK MIAPOUTHra MOC KENaJuraH MakOyII

Se (@) Mypakkab omuiapra OVIMHUALI KYJUTaHUIAIH:

(GYHKIHSHU TONWII YIYH
S, (w) =|‘I‘2(ju3)‘ =W(jo)W(- jw).
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S .
)

W (Jo) =—— :
[ysaan kennbd ynkaau " W(jow) V(- jw)

Kano6 Wnuenep ontuman y3atuml (QyHKUMACHHU KyWHMJaruya aHUKJIAII

MYMKHAHJIUTUHA UCOOTIaIH: W, (jw) =B(jw)/W(jm),
Blioy = [Beoe e B =—— ]" Vo o g,
KaepJa % : 2 JW(- jw)

Tabpudunapra mucostap kearupuar Wor (@)

1
1+’ GyHmail oK

S, (w) =

u

HA30paT KWIULI CHTHAIU CIIEKTPall 3UWIUTH OYJICHH
IIOBKMH Ba IIOBKUH OWIIaH S(jw) :CZ'Bsz[aH Tamkapu, 0Ous, J11e0
oumaman 4O U (O Gormuk smac. Werr (U KyzaTyB TU3HMHHH TONMIIMHTH3
Kepax .

Xan ToMoma Kuianmin tusumu yuyH W) =l mymumr yuym ¥7(O =u@©. gy
xucoora ¢ =u® + { () g3ym MmymMKun:

S . (@) =S, (@) S,(w) =S, (@) +S, (@)

By opma Su (@ =Su(® =0 33350 Gornuk 6Gyamaran curHamiapra HECOaTaH
>pTHOOpra onuHamy . FOKOpuaa KEeNTHPHIraH MablIyM OYJraH CIEKTpall 3HYIHK

udoaanapuHu anMamTupuo, O3 Xoaa oJIaMu3

S 1 S (@) 1, o 1+ c’+c’w’ Oxupru uOOpaHu OHUPIATHPYBUU
v — T 5, H\W) = - cC —m—.
S T 1+’ 1+’

OMMJIJIapra aXpaTamus3:

V1+c? + joc A1+c? Jmc

S, (W) =W(jo)W (- jow) =
1+ jo 1- jo

Onnunnan €3unrad nbopanap 6yiinya XucoomainMms:

At = 1 Jﬂ[‘Sy"‘e? () e d oy = 1 ]- (1- jw)e'*dw
27 JW(- jw) 277 A+ w?)W1+c? -
- - o ](r)C)

1~ e’dw

2”-:[(1+ je)(W1+c? - jwc).
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Onnuit kKacpiapra HHTErpaj Oenrucy octuaa GyHKIUSIHI KeHTaUTUPHUIL OpKaiu Ou3

oJIaMu3

Xucobmam ~ BU®)  yuym ryrpuman-tyrpu  @ypuep Y3rapHIIMHA  OJIMII
kepak, P(1). Gy sca y3 maBbaruga kBagpar kasc uunaa udona reckapu Dypuep
Y3rapuim Hatwxacuaup. Llyaunar yuyn y BU®) kpanpar kac nunpga 6y udonara
TeHr Oyaamu. Amanra omupHIn maptiapura acocnanu6 YW (S) | yur apum mapna

WJIAM3ra sra OyaraH MHTerpall mapTiapuHu oexop Kuinamus. Keitnn

1 1
c+fl+c? 1+ jo

B(jo) = [B0)e” *"dt =
0

Kepakiu y3atumn ¢yHKIMSICH IIAKIHA OJ1a]Id

W, (o) =t
opt .
EKH TopJoo+ 1

1 C
qacpa " eireWiee " e
[ynnpaii kw6, 0y Xoama MakOyn GuiaTp OMPUHYM Japa)kaid anepuoIuK
aJ0Ka XucoOJIaHaIH.
Xynoca KuiIMO IIyHH TabKUIARMU3KH, ONTHUMAN (GUITpJAll MyaMMOCH

Kanman ¢untpu épaamuaa Xxam xaid KWIMHUIIKM MYMKHUH. YOy ycysl Hazopar

" n

XapakaTIapuHUHT Kymumya apamamMacn YO pa  f(OTayccamar "ok
MIOBKMHU OYynran Tacoaubuit MapkoB ’kapaéHW Ba NIOBKWHJIAPHUHT THU3UMTa
kupumuny anrnatany . Curnamnap Y ga 7 (® Y3apo 6ormuk smac. XKucMonuii
KUXaTIaH

Cortum MmymkuH 6ynran sxapaén () Me3oHra MyBo(UK 5Hr MakOyJ1 6yaran
€MUK TU3UMHUHT peain3aTcus KWIMHAIUTaH YU3UKIIU OTIepaTOpH
MUHUMaJI CTaHAApT XaTo MaxCcyC HIUIa0 YHWKWITaH alrOpUTM TOMOHHIAH
TONWIaIU. YOy alropuTM aH4a KUHWH Ba XycycaH, Auddepentcran TeHriiaManu

€uuIl OuJIaH OOFJTHK

Puccartu, OyHUHT yuyH, KOUJa TapuKacKuaa, pakamiin Goinaanui Tajaad 3THiIaau
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KOMITIOTEp TEXHOJOTHsIIapuaan (porimananran xonaa ycywiap. Oxupuraa HaTHKana

Kanman anroputmu anroputm Ouinan Oup xui HaTwkanu 6epaan Wu enep, ammo

UKKUHUYMCHIAH (apKiau Yimapok, cu3 Tacoauduil Oapkapop OyiamaraH KHPHII

Tabcupiiapu OmiiaH HadakaT OapKapop XoJaT YuyH, 0Tk BaKTHHYAIUK PEeXUMIIAp

YUyH XaMm ONTUMaJ (PUIATPJIApHU CUHTE3 KUJIUILTa UMKOH Oepaju.

1.

Ha3zopar caBosuiapu

Uu3uKJid cHCTeMaJlapHU POCTIAIIHUHT cudaTuHU Oaxojam ycyiuiapu

Kagan?

© ©o N o gk~ WD

Bapxkapop pexumiapaa poctiaii cudatuHu 6axosail ycyiapu KaHaa?

HamyHnaBuii Tpanecruonian XxapakTepuCTUKacu Kanaam?

VTKnHuM KapaéHHUHT cudaT KypcaTKUdIapy KaHai?

ABTOMAaTUK OOIIKAPUIITHUHT KaH/Iai acCOCUM KYpUHHUIILIApH O0p?

KYBaTYB‘{I/I cucreMmaiaapra KaH,Z[aﬁ CucrcMajiap I(I/IpaI[I/I?

Onrtuman Oomkapuiil HUMa?

AJlanTHB cUCcTeMaliap HUMaaaH uoopar?

PoctnamnuHr acocuit KOHyHIJIapH KaHaam?

DoiigaJaHWITaH agaduéTaap

1. Kenneth Stafford. Alternative Fuels for Automobiles. 2008.
2. Richard Folkson, Alternative Fuels and Advanced Vehicle Technologies
for Improved Environmental Performance. Woodhead Publishing Limited, 2015.
(12-18 pp.)
3. Hua Zhao. Advanced direct injection combustion engine technologies and
development. Volume 1: Gasoline and gas engines. USA. Woodhead Publishing
Limited, 2010. (26-32 pp.)
4, Gasoline Engine Management: Systems and Components (Konrad Reif).
(cTp. 29-31, cTp. 100)
S. bazapos b.U., Kamayos C.A., BacunoB A.X. AnpTepHaTUBHBIE MOTOPHBIE
toriBa. -TamkenT: SHAMS ASA, 2014. -189 c. (18-27 cc.)

6. http://www.fueleconomy.gov
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AMAJIMT MAIIFYJOTJIAP MASMYHHA
1-  amanamii MAIIFYJI0T: ABTOMATHK 0OIIKAPHUII TU3UMJIAPUHUHT
y3aTuil (PyHKIUSAJIAPU.
Nmpan  makcaa:ABTOMATHK — OOIIKApUIN TU3UMIIApUIA TYpPIAU  XHUI
KAaTTAJMKIIAPHUHT y3aTUIll (QYHKIMSUIAPUHU aHUKJIAI.
baxapum yuyyH TONIUPUKIAP:
2.1-macaja
OnexTp 3aHKUpUHUHT (2.1-pacM) u Bay, KywIaHMIIra HUCOATaH y3aTHUI
dbynimsicu Ba qudpepeHnran TeHrIaMacuHU TOTTUHT.

Eunmn:2.1-pacMaa KenTUPUIITaH SJEKTP 3aHKUPUHUHT y3aTHII (PYHKIMSICUHA
1

TONMIAA KAapIIWJIMKHUHT onepaTop (opMacu— p. —MHAYKTUB, o ourM, R -
p

aKTUB Kapumiukiapaan (Oyepaa, _ 9 _nuddepeHnmamiam  pamsu  Eku
dt

onepatopu) dhoianaHuI Kyaanup.
2.1-pacMparu  eNeKTp 3aH)KUPUHH DKBHUBAJIEHT cxemara (2.2-pacm)

alJIaHTUPaMHU3:

C R(T.p>+T 1
z,(p)= ot p, - LR TTWPED o (2)
Tecp+1

RoL,p 1 CR,(T P +T, p+Y)

(22

R2+L2p Czp p(Tzc+T22p)

, T,. - r,c, (cex) (2.3)

2C

2.1-pacm. 1-macana yuyH cxema 2.2-pacM. DKBUBAJIEHT CXeMa
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Kerma- KeT ynaHraH KapIIWIMKIApAAa KyWIAHWII TYLIYBU KapIUWJIMKKA
IPOMOPIMOHANT OYNraHu YYyH OSKBUBAJICHT 3aHKUPHUHT y3aTHII (YHKIHACH

Kylugaruya TOmuIaau:

Uz(p)zzqm(p): Zz(p) (24)
u,(p) Z, () Z,(p)+Z,(p)

W (p) =

(2.1), (2.2) vu (2.4) ra KyiuO, FNIEKTP 3aHKUPHUHT y3aTHII (PYHKIUSICHHH

TOIIaMHN3:
R,(b,p>+b,p°+b,p’+b.)
W(p): 3 2 : ° - 24 : 3 2 (2'5)
R,(b,p” +b,p" +b,p+b,)+R(d,p" +d,p"+d,p" +d,p)
2 2
bo =T: T1c1 b1:T2 +Tz|_T1c; b, =T, +T,c1 b, =13

2

d, =Ty Toe + T,y a, =1,

1L " 2C

dy =TT}, d, =T/T,. +T,/T,,
Kypunaérran aexTp cXeMaHUHT Ky4JaHuIIra Hucoatan auddepeHiman
CXEMAacu KyWuaaru KypuHUIITa 3ra:
[R(b,p’ +..+b,) + R (d,p* +..+d,p)]u,(t) = R,(b,p° +.. +b,)u,(t) (2.6)
2.2-macaja
TpancpopmatopHUHT (2.3-pacm) u,Bay, Ky4JaHUIIra HucOaTaH

mupdepeHnran  TeHraamMacu — Ba  y3aTuIl  (YHKI  WUSICHHM  TOIMUHT.

TpancpopMaTOPHUHT ANEKTPUK KypcaTKuuiapu 2.3-pacmaa KeITHPUIITaH.

i
T
L, L,
= Wy Wz i 7
2-  2.3-pacm. 2.2-MacajlaydyHCXema

Euwm: TpaHC(bOpMaTopHI/IHF 6I/IpI/IH‘-II/I Ba MKKWHYU 9YyJIFaMHU 3aHXHUPpHOAATU
Ky4JIaHWIol MYBO3aHAaTHHUHT JII/I(l)(i)epeHHI/IaJ] TCHIJIaMaCHu Kyﬁpmarn KS’pr/IHI/IH_IFa
cra:

u, = ni, + L, pi, + Mpi, (26)

O=r,i, +L,pi, + Mpi, +u, (27)
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by epna, r, L,,i,—OMpramMuu dynFaM KapIIUIUTH, UHAYKTUBIUIH, TOKH; r, ,L,
,i, "MKKWJIAMYU YyJIFaMHUHT KapUIWIATH, WHIYKTUBJIUTH, TOKA; R —IOKJIaMaHUHT
KapIIMIUTH; u,u, —TPAHC(HOPMATOPHUHT KUPHII Ba YMKHUII KyWIAHUIUIAPH, M -
YyJFaMJIApPHUHT ¥3ap0 UHIAYKIUSIBUN KOIPPHUIICHTH.

(2.6) Tenrnamaman Tok wudomacunu  (2.7) wumdomara - Kyiicak,

TpaHcGopMaTOpHHUHT AU QepeHcran TeHrIaMacuHU TOaMu3:

€K
[(TT,-T)p" + (T, +T,)p+1u,(t) = —kz,pu,(t)  (2.9)
byepna,
L L M 2
T1=r—11,Tz= R+2r2 , lef,u: rl(:l—ﬂz) (cek), k = Rt

M

V LlLZ

AKMH OYJIraHd Y4yHM ~LL,, L.,-m ~o€KkuT,T,-T, ~00ynamu. bynma (2.9)

[Iynar y3aknu tpanchopmaTopiapaa OoraHUIl KO3PPULEHTH Oupra

TpaHC(HOPMATOPHUHT TEHTJIAMAaCH COJIaIaIlaIu:
3 KT, TP LU, () = —kr, pu, (D) (2.10)
CanT 1opuIl pexxuMu yuyH Kyiugarura ara 0ynamus:
4 Tp DU ® = —rpu®
(2.10) nuddepenuman  TeHriaamMa — acocuja  KywiaHum — OViinua
TpaHC(HOPMATOPHUHT y3aTUIll (GYHIIUSACUHU KyHn1aruda €3uIl MyMKHH:

U,(p) _  kryp
U,(p) (T,+T,)p+1

W (p) =

by wudomaman kypunu® TYpuOAMKH, TpaHchOpPMATOp  HHEpPCHAN
mubdepencuan Oyrun xucoOmanamu. TpanchopmaTtopHunr auddepeniman
TEHTJIaMacuaard MaH(Wi HWIIopa YWKWIN KYWIAHWIIWHUHT ($a3acu KUPHII
Ky4JIaHUIIUAH 180°ra(bap1< KWIMIIMHA KypCaTaiu.

2.3-MacaJjia

77



Cyct PC snextp 3amxkupuHHUHT (2.4-pacMm) u, Bay, KyWwIaHHIITa HUCOATaH

nuddepeHcran TeHrIaMacy Ba y3aTHil (yHKIUSCUHU TOIUHT.

Eunnn: Kynpuk enkatoku

UlClp . ulczp d
1= ) |2: y T, =RC,,T,=R,C,y p=—-:
T,p+1 T,p+1 dt

VHna,

1-TT,p°
(T1 p+ 1)(T2 p+1)

u,(t) = Liz(t)— R,i (1) = u, (t)
C

2
by udonanan nuddepennman Tenriama kenubd YUKaIu:

(T, p+ (T, p+Du, (t) = A—z2p2)u, (t) (2.11)

2.4-pacM. 2.3-MacanaydyHcXxema

VY3aTum GyHKOUsACH KyWH arura TeHr:

1-z'p 1-TT,p (2.12)

w(p) = =
(Typ+1)T,p+1) (T,p+1)T,p+1)

by epna, .z —11,.

2.4-macaJja

Enextp 3amxupga (2.4-pacM) ¢, -c,, R, - r,O0yNranma, anieKkTp
3aH)KUPHUHT Y3aTHI (QYHKIIUSCUHU TOIIHHT.

2.5-macaJa

I'unpaBnuk pemndepHuHr (2.5-pacM) y3atuil (QYHKIUSCUHUA TOIMWHT
(Xapakar KwIyBUYM Maccajap TabCUPU XHUCOOJAHMAMIM, KUPHUII KaTTaJIUTU

cudaruaa F Ky, YUKUII KAaTTAJTUTH CU(paTHAA . TOPUIEH CHIIMKU OJIMHCHH).
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Eunin: F kyurakapmuF, = ¢ x (e, —memmndepnan KoePUTIHEHTH )

nemrdepriam Kydd MaBXyll. YHIa Kydujgarura er adyiamus: p. - kF , Oy epiaa

X(p) k
k — c,*. byHIaH y3aTum QyHKuuscu kenud ynkagu:W (p) = m = ;

2.5-pacm. HunmHaupnu nopiieH
2.6-macaja
2.6-pacMa  KENTUPWITAaH TAacBUpP  KOHTYpJapHUHT  auddepeHiuan

TCHIJIaMAaCHUHH TOIIMHT .

2.6-pacM. 2.6-Macana yuyyH pacM

ABTOMATHK 0OIIKAPUII TU3MMJIAPUHUHI JMHAMMK
XapaKTepUCTHKAJIAPH

NmHuar makcaam: ABTOMAaTHK —Oomkapuil Tu3uMiIapuHUHT (ABT)
JMHAMUK XapaKTepUCTUKAIapy OMJIaH TAaHUILUII Ba YU3UKIIW JUHAMUK MOJIeJUTApHU

TaJKUK KUJIUII KYHUKMaIapura ara OYJIuiiL.

MacajlaHUHI KYHHJIHIIH
Taakuk Kumin 00beKTH cudatria OUTTa KUPUII Ba OUTTA YMKHUIITA dTa
YU3HUKH (YU3UKITAMITAPIIITAH) TMHAMUK CTAIMOHAP OOMIKAPHIN TU3UMIIAPH KYpHuO
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yukuiaau. byana oup ymaamnu ABTHHHT Moaenn KoMIuTeKe y3aTuil QyHKIUSICH
OYn6 moaMHOMIIAp HUCOATH KYPUHUIITNAA Kyingarunda ¢3unaan;

bys™ 4+ -4+ bys + by

a,s" + -+ a;s+a

Wi(s) =

Tonmupuk:

1. YTka3um QyHKUMSICUHUHT KyTOIapy Ba HOJUIAPUHU aHUKJIAHT:
(l— 1,n), J,(j= 1,m)

2. ABTHUHT WIIUTAIIMHA aHUKJIOBYM JuddepeHIran TeHIrIaMaly E31HT.

3. YTum Ba UMNyJIbC YTUI PYHKIUSITAPUHUHAT TpaUKIapUHA KYPUHT:

h(t), w(t).
Kuckaya Hazapuii MabJyMoTJIap

Kylingaru kypuHHAIIIATH YM3UKIN AU depeHuan TeHriamManap Ouian

TaBCU(IaHyBYM aBTOMATUK OomkapuTusuMunu (ABT) kypub ynkailiuk:

d™y(t) &1y (t) dyc

T - %.1F+ e @y + ay¥(t)
d"""u[ﬂ - 1u(t} du( ]

= byt By B — — + Byule), (1.1]

by epmau(t) —kupwu sxapacuu, Y(t) — yukum xapaéuu,
a;, b;,(i = 1,n,j = 1, m)-goumuiix kodddunuentiap, N, M (n®m)-
JIOUMHUAMCOHJIAP.

Omnepatop kypunuiuia (1.1) upoganukyiingarnyaé3uIMyMKUH:
AD)y()=B(D)u(t),

Oy ep na D - nuddepennmannart onepaTop(D def = %). TuzuMHUHT "KUpUIII-

YUKUIIT" y3TapTHPHUIIIN: % = % = W(D) (1.2)

oyepmaruW(D) oniepatop yrkasuii GpyHkuuscu e Oatanaiu.
Tusumnapau  Mojeiaml  ycyJulapujaH — Oupw, "KUpHUILI-YAKALI"

y3rapTUPHIIUIAPUHU HOJITa TeHr Oynaran Oouuianruy maptiapaa (1.2) ra Jlammac
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y3rapTUPHIIUIAPUHU KYIIa0 ONMHAIUTaH KOMIUIEKC y3aTHil (QyHKIusACH cudaTuaa

TaKIUM KWJIWIIIHP:

y(s) _ B(s) _
E = AGs) = W(S) (13)

byepna s-kommiekc ysrapyBuu. Omepatop (1.2) Ba xommuiekc (1.3) yzarum

byHKIUSIIapu opacujaard OOFIAHUINHU KYyWHIarun KYpUHMIAA E3MII MYMKHH:
W(s) = W(D)|p=s

B(S)kyn xaaHMHT WAH3JIapu OYyiraH KOMIUIEKC COHJIApHU Yy3aTHII

GYHKIUACUHUHT HOJUIapH, A(S) Kynm XaJH HMHTWIIW3IapU 3ca KyTOnapu ned

atananu.beBocuTa KUpUII Ba YMKUII Opacujiard OofjaHuIl Kyhumaru udoaanan

aHUKJIAaHAN:

y(®) = [ w(®)v(t — D)dr, (1.4)
by epmaw(t) — kommuieke y3atum Gyskiuscu\W(S)HUHT opurHHANH (SIBHH, TECKApH
Jlarutac  y3raptupunuiapy épramMuaa OJWHTaHM). BOIIKapHIN TH3UMIAPUHUHT
JMHAMHK XOCCajlapyd MaxCyC KYPHHHUIIJATH KHUPHII TabCUPJIAPHTa PEaKIUsICH
OwiaH xapakTepijaHaau, XycycaH, Oupiuk cakpam Ba d -yHkuus (menbra-
(YHKIMS) TABCUPUTA TU3UM YHKHINTHHUHT PEAKIUACH. AUTAMINK TH3UM KUPUILIUTA
Xesucan pyHkiusicu (oupaukca kupum)u(t) = 1(t),1pHu

_(0,nput <0,
1(t)_{1, nput > 0,

bepunran 6ycuH.

XeBucaiin QyHkuscuHuHT rpaduru 1,a-pacmaa kentupwirad. AT HUHT
OMpPJIMK cakpallra peakiusCh TU3UMHHUHT YTuin GyHKimsacu aed aramaau Ba h(t)
OmiaH OeNruiIaHa .

1-pacm. a) XeBucaiin pyukmausicu, 0) Jupak GyHKIuscu

Arapu(t) = d (t)Oysica, sbHM TH3MMHUHI KUpPHIIWra KyHugarada
anukianrad J{upak gyukmusicu (d -Gyukaus, ummynbe GyHKnus, 1-pacm) "oa, t=

06ynranga
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0, t& 0 Oynranna Oepwiranaard ABTHUHT peakIUSICUT M3UMHUHT HMITYJIbC

yruimyHKIusAcH aeiimnaan Ba w(t) Ounman Oenrmnanagu. lllyngait kkumumo,

KOMILJIEKC UMITYJIbC TabCHpUTa peakiusicu 1 w TI|1 W "l W

Cudaruga yagam MyMKHH. TU3UMHUHT UMITYJIbC Ba YTHUII QYHKIUSITIAPU
*(O =

y30p0 Kyliujaruda OOFJIaHTaH

R(t) = f tw(?)ciz f
o

Nuau 6axkapum TapTudun

Nmman  Gaxapumn  yuyH Control  System Toolbox mnakerunan
dorinananmnaau. ControlSystem Toolbox makeru Gomikapuin TH3UMIAPUHUHT
LTI-monemmapu (Linear Time Invariant Models) Ownan wnmiam — ydyH
MyJDKaJIaHTaH.

Control System Toolbox makernga TMHAMUK TU3MMHHA KOMIUIEKC Y3aTHIII
byHKIHsICcH cudaTraa aHHKJIOBYH MabIyMOTIap TyPH MaBKy/. BuTra kupuin Ba

OuTTa yukuiura sra OynaraH ysatuil (QyHkousicu kypunummaa LTI-tuzumun

nyquist(<LTI-o0bexT>) HallkBHCTHUHT YacTOTaBUH ro0 rpaduHu KyPHIL

XOCHJI KWJTYBYM KOMaHIaHUHT CMHTaKkcucu kKyiumaruya: tf ([om, ..., bl,bo], [an,
..., al,a0]), 6y epoa by, b\ - (1.3) naru B momuHOM KO3 GUITUESHTIAPUHUHT
Kaimatiapu, an, ...,a - (1.3) maru A mnomuHOM KO3 HIHECHTIAPUHUH
TKMUMATIIapH,

Wmun  Oaxapuiny dYyH — 2-)KafBaifa KEITHPWITaH — KOMaHjajap

KS’/J'IJ'IaHI/IJII/IH_II/I MYMKMHH.

2-xanpain. Control System Toolbox makeTnHUHT alipuM KOMaHaIapu

Hapaxacu k OynraH NOJMHOMHUHT winusnapunu tonum yuyyn MATLAB

TU3UMUHUHT  r00tS(P) komaHmacugaH Xam (oHpalaHuIl MYyMKHH, YIIOy
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Cunrakcucu Tascugu
pole(<LTIl-00bekT™) | Y3aruin GpyHKIUSCHHUHT KyTOJApUHU XUCOOIIAII

zero(<LTI-00bekT>) | Y3arum GyHKIUACHHHHT HOJUTAPUHHU XHCOOJ Al

step(<LTl-00bexT>) | VY3aTwum yTui GyHKIUSICUHUHT TPaQUTHHH KYPHII

impulse(<LTI- Nmiynbey QyHKIMSICHHUHIT paUIuHA KYPHIL
0OBEKT>)

bode(<LTIl-06vexT>) | JlorapupmMuk  yacToTaBwii  XapaKTEPUCTUKAIAPHH
kypuil (boge nuarpammacu)

koMaHjana P aprymeHnT cudatuna mouHoM KO3 PUIIMEHTIapUHUHT MaTpUIIACH
[PX, ...,p0] Oepunanu.

ABT HUHT IUHAMHUK XapaKTEPUCTUKAIAPUHU OJIMIIHUHT OOIIKA BapHAHTH
Control System Toolbox naketwHunr Tpaduk uHTepdeiicu - LTIviewer nan
doinananumaup. Y ltiview xomanmgacu épaMuaa 4akKupUIIaIu.

[ynaait Kuaub, UIUHU OaXKapuIll KyHuaard stTamiapjan noopar Oynaau:

1. Hazapuii MabIyMOTIIApHH YpPraHUII;

2. MATLAB tu3uMuHMHIITa TYUTypULI;

3. bepunran Bapuant Oyitnua tf-00beKT XOCH KHITHIIL,

4. ABT nunr nniamman udonanopuu qudpepeHunan TeHraaMaly Ty3Ul;

5. VY3artum QyHKIUSACUHUHT = 1,x} KyTOJIapUHU rootséxupole
KOMaHAaapuiad Goigaannd aHUKJIaIIL;

6. V3arum ¢yaknuscuauar 3 J V — |jTil) Homutapuau roots éku zero
KOMaHJajnapuian hongananud aHUKIAIIL;

LTI-vieweré kumoc koManaanapaan (2-xaasain) GpoiganiaHud TH3UMHUHT
JTMHAMUK XapaKTepUCTUKAJIapuHM, >KymiaanaH, yrtumr h(t) ¢yHkuumscn Ba
uMIysbe- yTuin W(t) yHKIUSITapUHN OJTHILL.

Mucou.

II- 34"
ABT nunr y3atum ¢pyakuuscu” KjS- + 4k- -f 4 5 6epwiras.
YHUHT JHWHAMUK Ba YacTOTABUM XapPAKTEPUCTUKAIAPUHU  OJIAMU3.

MATLAB Tu3uMHHHHI KOMaHajgap pexXUMuAa HILIaiMu3.
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1. Kyiingaru komanpanapau Oaxkapu OW Homiu LTI-o0bexTHH X0CH

KWJIaMH3:
» u=tf[[1 2],[3 4 5 3])
Transfer function: 3 + 2
33k3+45"°2+55+3

2. Y3arum GYHKIMACHHUHT KyTOJapW Ba HoJulapuHu pole Ba zero

KOMaHaaapuiad GoiiaiaHnd aHUKIauMu3.

» pole Cm)

ans=
-0.2639 + 1. 08251
-0.2639 - 1. 03251
-0.3055

» zero Cj

ans=

-2

3. Vrum xapakrepuctikacunn step(wW) komangacuaaH QoiiataHuo KypaMus

(2-pacm).

Step Response
0.9 T T T T T T T T

0.8 k!

Amplitude

Time {sec)
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2-pacM. Ytum ¢pyakmmscu h(t).

4. Nmnynbc xapakrtepucTukacuau impulse(w) komannacuman ¢oiinaranuo

Kypamus. Hatuxka 3-pacMaa KenTupuiraH.

Impulse Response

______________________________________________________________

Amplitude

CrszasndissadissiRraaTErrssedusiREasTerarsdrssrasurarsstusneneTsaTzgy
'

'
e B e T el i e

20 25

Time (sec)

3-pacm. UMmynbc-yTuiin GyHKIHSICH

2-amajanii MalryJaoT: ByruniapHudr amniuTyaa-¢asa (XapakTepucTHKA)
TaBcuduiapu

Numgan makcaa: ysartumn ¢GyHKIUscUra sra OVFUHHUHT aMIUTUTyJa-dasa

TaBCU(PUHU TOTIHILL

2.1-macaja
Ky#unaru y3atuin ¢pyHKIuscura sra OYFUHHUHT aMILTUTy1a-(pa3a TaBcuuau

TOIIUHT .
k
W(p)=—
p

Euum: byrunauHr ammmryaa-daza taBcupuHu Tommmiga p Jlammac

OTIEPATOPUHU jo» OWJIAH AIMAIITHPAMU3:
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ByFHHHH dHUK Ba MaBXyM KHCMJIApTra aXpaTaMH3: U (w) = 0 —aHUK KHUCM,

V(jo) = k_ MaBXyM KHUCM. @ Ta KuiimMaT 0epuo0 *aBall Ty3aMHu3 Ba ’KaJ[BaJl aCOCHIA
w

TaBcu( scaiMus:

10 V(jw) | U(®)
0,5k 2 0
k 1 0
2k 0,5 0
oo 0 0
w— 0
w-o0sc | /@
w=k
=2k
@ =00

2.1-pacm. UHTerpan OYFUHHUHT aMIUIUTY1a-(ha3a TaBcudu
2.2-macaJjia
Ky#unaru yzatuin ¢pyHKIusicura sra OYFUMHHUHT aMIUTUTy1a-(pa3a TaBcuuau

TOITUHI.

2.3-macaJja
pacmaa kentupwirad RC 3aHXUPUHUHT aMIUIATYy1a-(ha3a TaBCU(UHU TOTTUHT
(R=1 kOm, C=10 MKD).
Eunin: 3aHXKUpHUHT 4aCTOTaBUN y3aTHII (PYHKIUSACH KyHHIarura TeHr:
i joT
W(jo)=—— (2.1)

1+ joT

by epna, T = rc =10% .10 ° =10 ?c
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(2.1) udomanu Kyhugaru KYpUHUIITA KENTUpUO ojaMu3 (aHUK Ba MaBXyM

KHCMIIapra axpaTamMus3):

2+ 2 -4 2 -2
. . o' T . oT 10 "w 10w
W (jo)=U (o) + |V (0) = — | — = 5+ ] -— (2.2)
1+0°T 1+0°T 1+10 "o 1+10 "o

2

® ra Kuimat 6epuO, u (») aHHK Ba v (w) MABXYM KUCMJIADHUHT KUAMATIApUHU
aHuKJ1a0, ammuintyaa-dasza taBcudu Kypunaau (4.3-pacm).

C

—

Usnp RO U

@
@

3
v 4

2.2-pacm. {uddepennman 6yrun

Jeew)
250

i i 1
Jle=0 025 Q0 475 140 Yrw)
2.3-pacMm. [luddepentnan OVFUH Ba YHUHT aMIUTUTYaa-(a3a TaBcudu

KoMmIuiekec COHHUHT apryMEHTH KyHU1arura TeHr:

1 100
v =arg W (jw) = arctg — = arctg —— (23)
oT @

2.4-macaja
Ky#nngaru yzaruin @yHKIusicura 3ra anepuouk OVFUHHUHT aMILTUTYyAa-(a3a
TaBCU(UHU TOTIUHT:

k 5
1+Tp 1+0.1p

W(p)=

2.5-macaja
Kyitmparn y3arum ¢GyHKOUSICUTa 3ra  HUKKMHYM TapTHOIM  anepuoguK
OYFUHHUHT aMIUIUTyAa-(pa3a TABCU(PUHU TOIHHT:

Kk
p)_(1+T1p)(l+T2p)

W ( , k=8, T, =80 mcex, T, =12 mcex
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2.6-MacaJjia

Kyitnaaru y3aruimn ¢yHKIusicura sra TedpanMa OYFUHHUHT aMIUIATya-(asza

TaBCI/I(I)I/IHI/I TOIIMHT .

k
W(p)= k=1 &£=015 T=0,02 cex
2 2
1+2ETp+T p7)

2.7-MmacaJjia

2.4-pacMaa kentupuiaraH cyct auddepeHnuan KOHTYpPJIW Ky3aTyBUH

TU3UMHUHT aMIUTMTyAa-(pa3a TaBcu(puHN KypUHT.

(/)]
Bunll) g, ¢
”T ip) a+1p { eofy | Boml?
L 1+1p k'f ﬂf’f}zﬂ}

JViw)

. Ufw)
=100

-5

.—-,‘a

=75

2.4-pacm. Cyct nuddepeHiman KOHTYpIr Ky3aTyBYl TU3UMHHUHT aMIUIATY1a-

¢daza taBcudu

Tu3uM KypcaTKuwiapu:

k, =28 6/ pao; ky =1158; ¢, = 0.18L; jp =400; T =0.04cex; a =0,333; 7=0,01cex
pao | cex :

Tu3UMHUHT y3aTUIl PYHKIUACH:

1
k.k, —(a +7p)

C.J D(x +7p) kck
W (p) = & D=—

pA+7p)A+T,p) pA+zp)A+T p) c.j,

2.8-macaJjia

Anepuoauk OYFMHHUHT aMILUIUTY/Aa-4acToTa, (pa3a-4yacTora Ba aMILTUTY1a-

¢aza TaBcupIapUHU TY3HHT.
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V3atum koapdunuentrnu k = 1, Bakt y3rapmaccunu T = 2.5; 0.5 cek ne6

OoJlaMu3.

Arnepuoauk OYFUHHUHT y3aThIll (QYHKIUSICU KyHugarura TeHr:

W(p) =

1+Tp
p omepaToOpUHM jw ra aJIMaIITHPUO, aMITUTYAa-4acToTa Ba ¢aza-4acToTa

TaBcuQIIapura Moc paBHIIia ora 6y IaMus:
1
Vo
p(w) = arg[W(jw)] = —arctgwT

Alw) =

w ra kuitmataap 6epuob, A(w) Ba @ (w)Hu Tonamus. XucoOIanuIapHuHT
HaTmwkacu 4.1-kaaBanaa kypcatwirad. by xansanra myBoduk A(w) Ba ¢ (w)

TaBcuuiapu Kypuiaau (4.5-pacm).

2.1-xanBan
T=25 T=0.5

w A(w) | ¢(w) w Alw) | ¢(w)
0.5 0.622 | -51% 1 0.895 | -26°36
1 0.372 | -68%24’ 2 0.708 -46°
1.5 0.258 | -75% 3 0.554 | -56°18
2 0.195 | -78%8 5 0.372 | -68°12
2.5 0.158 -81° 7 0.279 740
3 0.127 | -82% 10 0.196 | -78%42
20 0.02 | -86°30° 50 0.04 | -87%48

Anepuoauk OYFUHHUHT amiuutyga-¢dasza TtaBcudu (2.5-pacMm) TYpTUHUH
. N k.
KBaJIpaHTJa OWJIalraH, JuaMeTpu k Kecumra TeHI, XakKuKuh VYKia (5; j0)

KOOpJIMHATa MapKa3uaa >KOMIaIrad spuM ToupaHu udoia dTaam.
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10 wlfcen

N - 30
10w lfrex - w,lfcex

-80
7=85cen 120
9 gy
g . Ulwy
w50 45 J v d
W =2
=7
s

2.5-pacMm. Anieproauk OYFuHHUHT ~ 2.6-pacm. KeTma-keTt ynanran
4acTOTaBUil TaBCU(IIApU: a— aMILIU- arnepuovK OYFUHHUHT YaCTOTaBUH
Tyaa; 60— dasza; B— ammutyaa-gasa. taBcuapu: a — aMmutyaa; 6 — gasa;
B — aMIUIUTYyAa-(a3a.

2.9-macaJjia

MkkuTa KeTMa-KeT yJIaHTaH anepuoauK OVFMHHUHT aMIUIUTYAa-4acToTa, ¢asa-

4acToTa Ba aMIUTUTY1a-(ha3a TaBcuIapuHu Ty3HHT.
YMmymuit yzatum kodgunuentuan k = k; = k, = 1, BaKT y3rapMacuHu
T, = 0.05 cex; T, = 0.12 cek neb onamus.

Aneproayuk OYFUHHUHT y3aTHII QYHKIMACU KyHHIarura TEHT:
k
(1+Typ)(1+ T,p)

p OIEPATOPHUHHU jw ra alIMaIITUPUO, aMIUIMTYAa-4acToTa Ba (paza-4acTora

W(p) =

TaBcu(Iapura MOc paBuIa ora 0yiaMus:
k

A(w) = [W(w)| =

\/(1 + w2T? ) (14 T2w?)

1

V(1 +0.052w2)(1 + 0.122w?2)
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p(w) = arg|[W(jw)] = —(arctgwT, + arctgwT,)
= —(arctg0.05w + arctg0.12w)
w ra kuiiMaTiap 6epud, A(w), ¢(w)sa W (jw)uu Tonamus. Xucobarniap
HaTwKacu 2.2-KajBaijga KypcarwiraH. By »kanasaara myBoduk A(w), ¢(w) Ba

W (jw) taBcudnapu Kypunaau (4.6-pacm).

4.2 -xanBai
w Aw) | ¢(w)
1 0.99 -10°
2 0.968 -19°
5 0.83 -459

10 0.572 | -76°30

20 0.272 | -112°30°

50 0.061 | -148°30°
0 1 0

2.10 byrunnapHuHr JoropugMuk aMmnuTyaa-gasa (xapakrepucTukKa)
TaBcuduiapu

2.10-macaja

Kyiinnaru y3atum (QyHKIusicura sra anepuoguk OVFUHHHUHT JorapuMUK
amriutyaa ¢a3a TaBCU(UHU TOIUHT:

100

W (p)=
1+0,05p

(2.4)

Eunmi: (1) udomara moc kemyBYM JorapudMuK aMILIUTyJa TaBcUbU

KyWUJIarura TeHr:

(2.5)

k
L(w) =20 gW (jo)|=20 lg ——==
J1+ (0T)?

(2.4) ndomara MoC KeIyBYM aCUMMTOTHK Jiorapupmuk amrumryna TaBcud 4.6-
pacMmaa kypcatwirad. AOcuucca YKu Oyin4a o7 KaTTaIUTH JIOTapuPpMUK
Maciitabia, opauHaTa YK OYHnYa L (w») KaTTAIUTH Jeru0en1a )KOIamTHPHUITaH.

(2.5) undomara myBodux acumnrotuk JI.A.T. (orapudpmuk amrumtyaa

taBcupu) wT =1 HykTama cuuHumra sra. CuHumman dvan Ttapadaa TaBcud
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ropuzoHTan 4u3uK Oynamu Ba 20lgk Gananmmukna skonnamand. CHUHUIIIAH YHT
tapadaa —201lgk orumra sra. Yactora Yku OnaH TaBCU(PHUHT KECHUIIUII HYKTACH,

ABbHHU Wy KCCUIINIIT YaCTOTACH KyﬁH,Z[aFH TCHITIMKAAaH aHUKJIaHaaH:

L(w,) = 20lg

k . k
=0 éxu w, = —.
W T T
TaBcuduaUHT HT KaTTa OFWII HyKTacu w'T = 1 HyKkrara TyFpu kenaau, (2.5)
udonanan xucoobnanca, 3 1b ra tenr. wT = 0.5 BawT = 2 na raBcuHUHT KHitMaTH

taxmuHaH 11b ra, wT = 1 + 1 Xyaynaa TaBcuHUHT OFUINN KyJa KHIUK OYiaau.

Liw), .
7 A
47 -0=—
\\\ ]
B Ltw)

N &2, -

g S || L] ww ~180
4 661 20 40 6080100 200 400600 1000 2000 o0 @, L
. ... \N\—' -7160
“20 \‘-‘ - 740
.."._9.?((1)) _ -/20
-40 Pt I -100
I(}r’/ 1 -90
-60 /’ =60
/ ~ 40
-80 7 -24
0

2.7-pacM. TusuMHUHT JorapudMuK TaBcudIapu
byrunnunr ¢asza taBcudu (4.4) udogara MyBohUK aHUKIAHAIN:
Y(w) =argW(jw) = —arctgwT (2.6)

Kuunk uactotamap xyayauaa ¢@(w) — 0 dasa Honra WHTHIAIM, KaTTa
gactoTanap xyayauaa y(w) — 90° ra uatunagu, wT = 1 na y(w) = 45° ra tenr.
(2.6) udomaman ¢asa TaBcudu, wT =1, y(w) =45° nykrara HucbGaran
CUMMETPHKJINTHA aHUKJIAHAIH.

(2.4) ndomama KenTUpUTAH anepuOAMK OYFUHHUHT (asza TaBcudu (2.5)

udonara myBoduk Kypuiaau (2.7-pacm).
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TaBcudHuu Kypunina Kyiiuaara xaasaiiad GoinaaaHuIam:

wT 0/005 | 0,1 0,2 0,5 1 2 5 10 20 00
lp(wT)’ =R’ ) 090 oan| 020’ 040 ) 0 )
0|-2°50 | -11°20 -26°30 -63°30| -78°40 .| -87°10
rpaf 5%40 459 84°20 90°

2.11-macaja

Kyitnaaru y3atuin GyHKIUSICHUTa 3Ta alepUOIUK OYFUHHUHT L = 20 Ig[ W (jw)]
JoTapu(PMUK aMIUTUTYIa U y (o) ha3a TaBCU(UHH TOIIHHT

100
1+0,05p

W (p)

2.12-macaJja

Ky#unaru yzatuin GyHKIMSICUTA dTa anepuoanK OYFUHHUHT L = 20 Igf W ( jw)]
JorapuMUK aMIUTUTYAA U y (w) pa3a TABCU(PUHU TOIHHT:

32

W -
(r) (1+0,01p)(1+0,22p)

2.13-macasia

2.8—pacMjia KeNTUPWITAH Ty3WIMAaBUN CXEMaHUHT L — 20 Igf W ( jw)]

JorapuMUK aMIUTUTYIA U y (w) Pa3a TaBCUPUHU TOTIHHT.

6.7 _8(p) ] [Usip) Ui, 8..4A)
Ke »{fdﬁl}p) e B _*‘y( r——,{?jpﬂ)p
M.

2.8-pacM. Y3rapyBuaH TOK POCTIArvu4jiy Ky3aTyBYd TU3UMHHHT Ty3UJIMaBUN

cxemacu

2.14-macana

2.9—pacM/ia KeNTUPWITAH TYy3WIMAaBUN CXEMAHUHT L = 20 Igf W ( j)]

Jorapu(MUK aMIUIUTYAA U y (w) Pa3a TABCUPUHU TOIHHT.

)
4. 8lp)

’/Cg[b 8\41«( (/]
ke = Ky Ky2 G
g‘-{VlK (p) Ta_p-'
"1
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2.9-pacm. Y3rapyBuaH TOK POCTIaruwiv Ky3aTyB4M TU3UMHUHT Ty3UJIMaBUN
cXxemacu

2.15-macaJjia

Ky#innarn y3atui GyHKIHSICUTA dTa anepuoaNK OYFUHHUHT L — 20 Igf W ( jw)]
Jorapu(pMHK aMIUTUTYA U  (») a3a TaBCU()UHN TOTTUHT

100

W(p)=—"""7"
1+ 0,05 p

3-AMaJinii MamFyJa0T: YM3HKIH Y3JIYKCH3 ABTOMATHK OOIIKAPHUII

THU3INMJIAPUHUHT CI/I(l)aTl/IHI/I TAaXJINJI KNJINI.

Nmpan maxkcax: Marnab gactypu Epaamuga Oup yayamiad YU3UKIN
y3aTyBYH TU3UMJIAPHU TAXJIUI KAWL

baxapuiaauran uuuiap:
Tu3zuM MOJEIMHUHT y3aTyBYM QYHIUS IAKIUAa KHPUTHIIIH.
“KyT6-Hoyutapu” makinaa Ba $as3o maxkianga dKBUBAJECHTIN MOACH KypUJIIH.
HNmmysic Ba yTUII XapaKTEpUHU KypUII YPraHUIIIH.

Typnu xapakrepra sra tuzumnapuu JITU Buewep oriHacuaa niuiaHu

(V)

YPTraHWIIH.

KupyBum curnannap unuia® YuKUIn xapaéHuia YM3UKIM TU3UMIIApra KUPHUIIT

YKapaCHIapUHU KypUIIHU YPraHUJIIH.
Amanuii nmuHUHr MATJIADB TH3uMuaa o0axxkapuiIuinm:

ABBaun Oepwiran BapuaHT O0yiinya koehGuceHTIapHu KUPUTUO OJIamMu3
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da3oaa TU3UM MOJICIIMHU KypaMu3
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> eer T-freqresp (£, 1
>> SEM1lOgK (W, aD3(C)) T=Ed)
> [4,r]=geasig - squars®, 41 i logx (v, aba (x) )
etais v e lmmitme) | e -gensigr squacet, 410 4
o] L > -l swmiun -
[#5un.

‘Eile Edit Miew Insert Tools Desktop Window Help
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4-Amasmii mamrryaor: Taconuduii Tabcupiapaa YM3MKJIN CTAMOHAD
AaBTOMATHK OOLIKAPHUII THU3UMJIAPH

Nmpan  makcaa:Tacomuduit  xkapaéHIapHUHT  CIIEKTpal  3UWIMTHHHU
aHuKam. Yu3MKIM CUCTEMJIADHUHT KUPHUII Ba YUKHUIIWAA Tacoaudui
JKapaCHJIAPHUHT KOPPEISCUOH (PYHIMSIIApU Ba CIEKTpall 3UWIMKIApU Opacuiaru
aJIOKaH! aHHMKJIaIl.
Tacomuduii QyHKIUSHUHT TapKUOMI KHCMHUAA fo3ara KelaguraH TeOpaHHMII
yacTotajapu Oyinya Tacoauduil craTcuoHap (YHKTCUSHUHT  JUCIIEPCHUS

S, (),

TaKCUMJIAHAIIA ~ TyrpuaaH-Tyrpu @Dype KoHBeprarcusicu OpKaJIA

Koppensatcus  QyHKuuscu OunaH  OOFIMK — OYJiraHclekTpal —3UWIMK — 11e0

S . (w) = ‘Rx (v) e '"dr.
aranamu B (7). !

FOxopunarn nbopana koppensarcuss QYHKUUSCUHUHT MU(POJACHHHM aJIMAIITHPHUII,

ou3 onamus
[es) 1 T o - 1 T o ] -
_ . o e — 1 - Jeot Lo Je(t+T) —
S () —ilg?o o7 _‘!x(r)x(r +T) e dt 11"15210721" _‘!x(r)e dt X_ix(r +T) e dt

1 1 2
=lim —X (- jo)X(jo) =lim — (X (jw)| .
lim =X (- jo)X (jw) rng‘ (jo)

[ysauHT yayH Tacoauduil xapaHHUHT CIIEKTPaJl 3UYINTH aMILTUTY1a KBapaTHTra
MyTaHOCHOIUp (Tacoau(puil CUTHAII CIEKTPUHUHT KY4H).

[IyHUHT ydyH CHEKTpal 3WWIMK KYIMHMHYA SHEPTHS YacTOTaCH CHEKTPU J1e0
aTayaju.

Amanuéraa xoppensaius GQyHKIUSICHHH CIIEKTPall 3UWIMKKa Kapad aHUKJIAII YIyH

teckapu Oypre TpaHchopmarcusacu KyulaHUIA U,

CR.(D) :271:”: [S. (e’ dw.

by udona, mynunraek, tacoguduil GyHKTCHUACH OJIMO BapsHC1 aHMUKJIANI YYyH

1 o0
_ R (0) =— J‘SK (w)dw
xu3Mmar Kunaau T =0 popmynanan >tu6 27y, ,
[TapceBan udoaacu cudaruaa TAaHUITaH.

AMaJIUH MHCOJI
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Bazudacu Oup cTarcuoHap Tacoauduii >kapaCHHUHT CHEKTPal 3UYWINTH OUp STpU

Kypuur uGopar X () 6ymran B«(¥) =N -0(v).

S, ()

bus TYFPUIAH-TYFPH Dype TpaHchopmanusicuIaH

o S, () = IN -5(r) e I"dt =N.
(bOI/II[aJ'IaHI/IHIHI/I TOIIaMM3 . - =

- jorT
e Jar

yau xucoOra onau

=0

=1, ]B(‘c)d‘r, =1.

[IIyHuHT yYyH CIEKTpal 3UWIHMK 3TPU - adTCHcca YKura mnapamien Oyiarad TyFpu

yn3uk (11.4-pacwm, a).

ol

S T
{I.
] ]

>I<apaéH OK IIIOBKHWH I[e6 aTajlaau.

By caBosira >xapaéHuHUHT Oapua yactoTanap V3

= | ., W4YWUra oJiaav, ACraH MabHOHH daHIJIaTaau - @0
i 0w

Pac 11.4 U

fokopura t©TeHr WHTEHCHBIWTH OwiaH. By

[lapceBan wudonmacu Eppamuaa Ttacogupuid  (QYHKTCUSHUHT  Y3rapUIINHU

AHUKJIaNUMH3:

+o0

N -0
275

- oo

|
8

1 = 1 =
R,\(O) —Dx —z_:[.sx((l))d(l) —E_!N 'd(t.) =

byHnan kennb ynkaauky, "oK MOBKUH" TYpUIaryd CUTHAJIHU OJIMII Y9YH >KUCMOHAaH
MMKOHCH3 OYJIraH 4YeKcu3 SHeprusi MaHOau 3apyp.

ObTHOOp OEpUHI, aBTOMATUK OOLIKAPYB TU3UMJIAPUHUHI WHEPTHSICH Tydanau
Oapua rKopu uactoTanap keuuktupwianu. Iy cababmu, yacTtoTa CHEKTPHU

YyeKJIaHTaH Tacoauuii xapaCHHUHT XyCYCUATIApUHU aHUKIAll KU3UK (4-pacm, 0):

N, avec|ow| <
S, () =| [ =

0, avec|e > e,

bus siHa €’ =coswt+ jsinwT gocuMMETPUK Yerapanapaard GyHKTCHSHUHT HOJIra

TEHI OSKaHJIUTMHU  Xucobra onub, Ou3 TakauMm JTaAuraH  UOOpaHU

r- N sinw,,,, T
R (t) =— fN -coswtdn =——— M
" i) T
uniatamMu3 . Huxost €316 onmHT ax
. N sinw,,,t N
D, =R (0) =lim——— 2w ® =T,
ol w0 T T

Taconuduii )xapa€HHUHT TapKAIUIIN
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Myauar yuyH tacomuduil xapaHHUHT SHEprus MaHOau 3apyp OyiraH Ky,

CHCKTPAJI 3UWINTH CeK. 4, 0, yacTOTa OMJIaH YeKJIaHTaH @ max.

YU3UKIM CUCTEMJIAPHUHT KUPUII Ba YMKUIIUAA Tacoauduin
JKapaéHIaPHUHT KOPPEJISICHOH (PYHIHAJIAPH Ba CNIEKTPAJ 3HUIHKJIAPH
opacujaaru ajoka.
bu3 Tpanchep ¢yHKIMACH OWIaH THU3MMHUHUHT KUPUTHII YYYH KYJUIaHWIAIA
tacomuduii curHan opacupard MyHocabarinapHu aHukigam W (S) upkumm Ba

curgan Y () (pacm 5 a).

al o T

— Wi — x

Poc. 115

V3yHIMK Ba aMmIDIMTyJa TYpTOypuUakiap KeTMa-KeTiauru cudaruma skca [ Ba
SIPU OpacHiard MaiJOHHH TacaBByp KuimmHr , Oy ospaa (5-pacm, 6). X(t) At
x, =x(t;) T, =IiAT

Kamaiinimu AT GuinaH TU3UMHHHT Xap Oup I mysicura jkaBOOMHHM TH3MMHHHT O-
dbyHKIMSITa MaOH OWIaH aBOOM OWJIAH aIMAaIITHPUIT MYMKUH.THU3UMHHHT O-

=XAT;. 3aBo6H MabIyM, YyHKH y OFUPINK QYHKIHSACH (MMITYICIH

dynknmsara 4
aBo0) 1e6 Homnanagu: @) =L {W(s)}.

IIyJIC Typu TabCUPH
peaKIys o(t-t,) MaiioHN A =xAT, repr y(t-T,) =w(t- t,)x(t,)AT.

bup karop ummyncnapra sxaBoO Kyiugaruda 0ynau.

YO =3 y(t- 1) =3 wt-T)x(x,)Ac

y(t) = J'w(t - T)x(t)dt

At— 0 Busna Ba aJIMAIITHPHUIIIA OYIIraHaa yerapara yTUIL

y(t) =jm(6)x(t - 0)do.
y3rapyBuumnap - =9 6
Osunran ubopanap Jlyxamen WHTErPaIMHU E3MIIHMHT WKKMTA IIAKIMHU EKH

ukkuTa Qynkrcuaan @) jiurumam Ba 6owmkanapau anrnatagu X(©-
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Dumu  X(O curman  Ttacommduii, crarcuomap Ba odproguk ne0  dapas
KuIainmik . CUrHaJUIAPHMAT YM3UKIIE y3aTUIAIIK Tyhainy, yukyin curaaan Y (0
xam Oymaau

+oo

. y(©) = fwm(O)x(t - 6)do.
TacoAu(pUI CTaIMOHAP Ba HPTOJAUK -5
buz CUTHAJTHUHT KOPPESATCUOH (GYHKTCUSICUHUHT udogacuHu

tonamuz Y (1) Vmyman onranma
1 T
R, (7) :knlf_!y(t) y(t +T)dt.
bus oy ubopaHu YpHHUHH

yv() = (}w(ﬂ)x(t - 0)do y(+T) = ]‘m(n)x(t +T- n)dn.
0ocamu3 o Ba =

T +o0

R, (T) :limi fdt J‘m(@)x(t - 0)do o}m(n)x(t +T- n)dn.
Tow 2T o )
busna 60p T - 0

n(oTaHUHT KOJITaH KUCMU Kyluaaruyia €3uiaau:

] s} D ) 1 T D
R, (7) —_iw(e)dﬂ_im(11)H¥%E_}fx(t - O)x(t+1- 11)dtH dn.

T
lim— [x(t- O)x(t+T- M)dt =R, (x+6- 1)
aynkn 2L -7 :

OU3 HUXOAT:
R,(v) = [m(0)dO f(R, (x+0- m)dn.

dakarrvuHa &é3unaraH  uOopa, UMKMII Ba KHUPHUILJA CUTHAJUIAPHUHT
KOPPENATCUOH (YHKTCUANIAPU YpTacuaard MyHocabaTHU YpHatagu. AMMO Oy
nOOpaHn amaluii XUCOO-KUTOONAp YUYH MUUIATHUIN aH4a Mypakkad. Kupum Ba
YUKUIIard  CUTHAUIAPHUHT  CHEKTpaldl Kywiapu y4dyyH coina udona
osimHaau. ByHuHr yuyH tyrpunan-tyrpu Oype TpancpopMaTCUsICUHU KyHuaaruiap

yayH kymianr Ry (0
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+oo

S,(w) = J‘Ry(z') e’ rdr =

+?_.£W(6‘)d9_£w(77)Rx (z + 6 - )dn.e’*dr ?m(g) eI g

- o0

+co

J}U(??)e' 19 o 4 IRx (z+6- e’ jerero-m) g

J‘U;(B) -e’°dO =W (- jm); J‘m(n)e Mdn =W (jw);
Oununaran udonana -=

+00

R (t+0- n)e " Vdr =S (w).
! Huxost 6uzna 6op

S, (w) =W (- jo)W(jw)S (w) =|W(j(u)|2 S(w).

R,(z) mm S, (@) Gomkapumn ~ OOBEKTHHHHT — IHHAMUK

[Ilyaunr  yuyH,
XyCyCUSTIapUHU XUcOOra oJraH Xojja, Tacoguduil YMKUIL CUTHAJTIMHUHT
XYCYCHUSITIAPUHUA aHUKJIAHT 00beKT. Xy U 11y HOOpaapHU UIIUIATUIL MyMKHUH.
MOC KeNaJuraH TU3UM MapaMeTpJIapuHu TaHIalll YYyH IIyHAal Kuiauo, Tacoguduit
OY3WIMIUIAPHUHT TAbCUPHU TU3UMHUHT UIUIANIMHUA MUHUMAJUIAIITUPUII MYMKHH.
CurHayuiapHy YM3HMKIM TU3UM OPKAJIM YTKA3UIIAA KyJa MyXUM OYyJraH ajoxuia
XO0JUTAPHU KYPUO YMKUHT.

Alraiinuk, y3atum Qyskumsacuy Oynran tusum W (J©) =jo  aconuduii

S, (w)

CUTHajIra Jy4 KeJlaau Kelivn 4wkum curHamd ydyH Ousna

2
Sy(@) =0 S (W) tyspm ukku XU dapkiamn S.(®) amanra OIIMpPHUITaHIa

kynadtupunaan @’ . IyHUHr y4ayH, Tacoau(uil curHaaHu (papKialina KOpu
4aCTOTaIM TAPKUOUI KUCMJIIap TE3pOK Ba KyWIHM PaBHIIJIAa Ky4asi/id, TaCT 4acTOTaIn
KHCMIIapra Kaparanja. by miyHW aHrmaraguku, Taconudwuii apamammumn Oyica,
(bapKJIOBUM XYCYCHUSITIIADHUHT TY3aTHUIIl 3aHXXKUPU TU3UMIa KUPUTHIUIIN MYMKHH
sMac. AKC X0JiJa, CU3 OOIIKAPUIIT TU3UMUHUHT WIUIANIKIA CE3MIAPIIN Japakasa
EMOHJIAIINIIIMHT U3 MyMKHH.

TUBMMHUHT YUKUIIUAArW CHEKTpal 3WWIMK OOlIKApyB TU3UMHUHUHT

XYCYCUATIAPUHUHT aXXpaiMmac TaOuath Oyica, KHUPHUII >KOWUIATH CIIEKTpall
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3UWIMKKA TEeHTr. By IIyHM aHTaTaAuKy, IOKOPU YacTOTalIM TapKUOWUN Kucmiap
nacas iy Ba TU3UM YMKHUIIHNIATd CUTHAJT TEKUCIIaHA U,
“Keiic-cTagn” MeTOIHN
Keiic-ctaau uHTIM34Ya case — aHUK Ba3usT, study — TabiuM CY3IapUHUHT
OMpUKYBUAAH XOCWI KWIMHIaH O0YiI10, aHUK Ba3UATIAPHU YPraHuUlll, TaxJInia dTHUIL
Ba WXTUMOMH axaMusTra d5ra HaTWKalapra SpUILUIIra acocjaHraH TablIuM

MCTOAUIUND.

Ma3kyp MeToA MyaMMOJM TablUM METOAWAAH (apKiId paBuLIAa peas
Ba3USTIAPHU YpraHUIL acOCHIa aHUK KapopJiap Kadys KWIKIITa acociaHaau. Arap
y YKYB KapaéHuJa MabIiyM OMp Makcajra 3puIIMil Wynu cudaTtuaa KyJaHuica,
METO/]l XapaKTepura 3ra 0ynaau, 6upop Oup xapa€HHU TaAKUK dTUIIIA OOCKUYIMA-
00CKHY, MabJIlyM OUp aJIrOPUTM aCOCHJA aMara OIIMPHUIICA, TEXHOJIOTHK KUXATHU

¥3uaa akc STTUPAJIU.
Keiic-cTaam MeTOMUHUHT KeJIM0 YUKHIIN XaKHIa MabJIyMOT

Yoy meron nactinad 1920 iiunga ['apBapa OuzHec MakTaOu1a KyUTaHUITaH.
["apBap 6u3HEeC MAKTaOWHUHT YKATYBUMWIApU OU3HEC WYHANHIIUIATH aclIUpaHTypa
OYyMUMU ydyH TYFpU KeNaJuraH JapClIMKIAPHUHT MaBXya 5SMACIUTHHU Te3
aHTnaiauIap. Yy MacajaHu €4ull ydyH OW3HEC MAaKTAaOMHUHT YKUTYBYHIIAPU
TOMOHHMJIaH KyHWIraH JacTiabKu KajaM eTakyd Ou3Hec amanuéTuuiiapuiaH
WHTEPBBIO OJIMII XamjJa MaHa Iy MEHEIKEPIApHUHT (DAONHMATH, YHTa TabCUP

ATYBYM OMUJLIIAP F03acuaaH Oatadcuit XucoOoT €3um OYu.

Keiicna ounk ax6opoTiapaaH €ku aHUK BOKea-X0JIWCaJaH Ba3usT cudaTuaa
TaxJ I Y4yH ¢oitnananuin MyMkuH. Kelic Xxapakatiapu ¥3 uuura KyiuJaaruiapHu

Kampad oJiaju:

e Kum (Who),

e Kauon (When),

e Kaepna (Where),

e Huwma yuyn (Why),

115



e Kanpnaii/ Kanaka (How),
e Hwuma-natmwka (What).

Keiic MeToauHu amMaJjira ommMpum 00CKu4JIapu
1.Keiic 6mnan TaHUITYB (MHIUBUTYaN)

2.Acocuii MyamMMOHM (YKyB MYaMMOCHHHM) aXparuO OJMII Ba YpraHuil

(MHAMBHIya Ba KUYMK TypyXJjiap/ia)

3.Fo;map WWFUII Ba MYaMMOHHWHI' M&K6yn CUMMHUHHN TaHJall, MOICIUIAIITHUPUII

(KUYHK TypyXJjapia)

4.Kelic eunMH Y4YyH Takjiu@ 3TUITaH FOSUIADHU TAaKAMMOTH, TaxJIMJI Ba Oaxonall

(YKUTYBUYM Ba KUYMK TYpyXxJjap)
5. Ketlic eunmu Ba TaBcusiap
(YKUTYBUYH, KHUUK IypyXJiap Ba UHAUBUIYa)
Keiic-MeToquHM amMaJira OIIMPYBYH YKUTYBYH (PA0TUATHHUHT 00CKHYJIApH
1) Tait€prapauk 00CKUYH;
2) acocuii O0CKUY: KeC-CTaJl METOAMHU amaJjra O PHIII;
3) Taxmiauii, 6ax0J0BYM OOCKHY.

1- 0ockuu: Taiiéprapank 00cKHYU. AyIUTOpUSAAH TallKapuaa Oa)xapuiiagurad
MypaKka0d MIMUN-TAAKUKOTYWIMK, YCIyOUil Ba KOHCTpYKIUsIAl (aoausiTUHU V3
yuura ojaud, YKUTYBUM XapaKaTJIApUHUHT KyHUJard U3YWJUTMTH OuiiaH OOFIIMK

Oynanu:

B xericuu sipataau (arap Tai€p kericaan QoigaraHuIMaca);

B TabJIMM TEXHOJOTUSCUHU JIOMUXATAIITUPAIN BA PEKATALITUPAIN;

B TtanabanapHu Tauépraiiau, yJapHUHT KeHC OWJIaH MyCTaKuj WIUIAIIA YYyH
VKyB Ba yCIIyOui TabMUHOTHU UILTA0 YUKAJIH.

2-00cKu4: Acocnii 00CKUY. Kelc-CTaau MeTOAMHU aMaJIra OIIHPHUI
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Acocuii 00cKu4ia YKUTYBYM XapaKaTIapUHUHT U3UWJUIMTH Kyiuaaru Taptuoaa

aMaJjira OomupuiIaaun:

B VKyB MAlIFyJIOTUTa KUPUIL,
B VKyB MaIIFyJIOTUHUHT aCOCU OOCKUYH;
B {KyB MaIIFyJIOTHUHUHT SKYHJIOBUYH-0aX0JOBYH OOCKUYH.

3-0ockuu: Taxamianid, 0aX0JJ0BYH 00CKHY

by VKUTYBUMHUHr ayauTopusiiaH Tamkapu ¢aonusata Oynub, y KyHujaaru

XapakaTiiap U34WUIMruaad uoopat Oynaau:

B yTka3uiaraH MalFyJaoT TaXJ WK Ba 0axX0IaHUIIIH;
B KelCHUHT TabIUMArH caMapajopJIuruHu 0axoJialii;
B TabJIMM TEXHOJOTHSICUTA Y3rapTHIIUIAPp KUPUTHII (3apyp OYiraHuma).

Tanadanap TOMOHMIAH KeHCHU €YU 00CKUYJIApPH

KaxoHn Ttaxpubacu KypcaTuiinya, arap Taja0ajlapHUHT KEUCHU XaJl STHII
TEXHOJIOTUSICH UKKUA OOCKUY/IaH nbopar O6yica, TabIMMU MaKcajjiapra dpUiiuiiia

sHaJla KYTIPOK camapara SpHIIUII MyMKHH:

Bupunun 0ocku4 — KeWcHM Xan JTUIN OViWya WHAUWBHAyal (ayIUTOpHUsiIaH

TaIlKapH) HIIL.

Nxkunum Oockuuy — Keiic Ounan Oupranukiga xamoa OYVimub (aymuropusiga)

UIIani.

Bupunuu 6ockuu — Keiicnu xan ymuw 0yiiuya uHOUBUOYa unl
manaoda mMycmaxui paguuioq.

1) keiic MmaTeprauIapy OWJIaH TAHUIIAIH,

2) TaKaUM STUJITAH Ba3UATHH YpraHaau, U30XJ1aiin Ba acociaiiau;

3) MyamMMO Ba MyaMMO OCTH MyaMMOJIapHHU aXpaTa/id, Ba3USTHU TaJKUK Ba TaxJIHII

KWINII yCYJUTAPUHU TaHJIANIN;
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4) 6epI/IJ'IFaH aMaJIui Ba3USATHU TaxJIWJI KWJIa/Iu, aXXpaTUJIrad MyaMMOHH XaJI 9THII

yCyJUlapy Ba BOCUTAJIAPUHU OENTHIIali/Id Ba acoCialiu;

5) Takiud >THIAAUTaH KApOPHU aMajra ONIUpHIN Oyinda TagOupiapHU HILIA0

YUKaaHu.

NxxnHum 00CcKHY — Keic Oyiimuya skamoa 0yaM0 uMnuiam Tajgadajap KH4YHK

rypyxJjapra 0yJauMHu0, OUpPrajukaa Keuc yCcTuaa HIIaimaam:

1) rypyx ab30JapUHUHT Ba3UAT, aCOCUM MyamMMoJIap Ba yJIApHU Xall ATUII HYJiapu

XaKUJaru Typju TacaBBYpJapuHU MyBO(DUKIAIITHPHUIIAIH;

2) eYMMHMHI TakiIu(] OSTWIraH BapUaHTIAPUHU MyXxoKama KWiaguiap Ba
Oaxonmaiiiunap, KyWuiaraH MyaMMO HYKTaW Ha3apuaaH yliOy Ba3usAT y4yH 3HT

MakOyJl BApUAHTHU TaHJIAIIaIu;

3) MyaMMOJIM Ba3WAT €UYMMHIa OJMO KeJlaguraH TaHJaHTaH Xapakarjiap HYIuHu
amMajra OIIMPHUINIHUHT aHMK KajgaMmOa-KajgaM JacTypuHH Oatadcumyl  HIuiad

YUK IUIIAP;

4) TakauMmoTra Tal€pilaHaauiiap Ba HAMOMWHUIN ATWUJIAAUraH MaTepualiHu

pacMUNIAIITUPUIIIAIN.

Keiic xapakarnapu y3 wunra xKyhiugaruiapHu kampad omanu: Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka (How),
Huma-natmxa (What).

“Keiic MeTOAU ’HH aMAaJIra OIUMPUII OOCKUYJIAPH

N DaouAT IAKJIN

0ocKn4Iapu BAa Ma3MYHH

1-60ckuu: Keiic Ba yHuHT | v/ sKKa TapTHOIArH ayad0-BU3Yyall HIIL;
ax0opOT TabMHMHOTH OmiaH | v/ Kelic OWIaH TaHUIMII(MATHIIA, ayIH0 EKHU
TAHUIITAPHIIL Mera MaKiaa);

v’ ax6OpOTHH YMyMJIAIITHPHIIL,
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ax00pOoT TaxXJIUJIH;

MYyaMMOJIApPHU aHHUKJIAIT

2-00CKUY: Keiicau
AHUKJTAIITAPUII  Ba  YKYB

TONIIMPUFHU OENTHIIaIt

DN A NI N

VHJABUAYAJ Ba TypyxJa UIUIal;

MyaMMOJIapHU  JON3apOJMK  HUEpPapXUSICHHU
aHUKJIAIIL,

ACOCHI MyaMMOJIH Ba3USTHH OSJITHIIAIT

3-00cKuu4: Keticmarn
aCOCHH MYaMMOHH TaXJIWJI

ATUII OpKaJIu VKYB

TONIIUPUFUHUHT CYUMHUHU
W3JIaIlI,

Xala OTHIII

UYIIapyuHu UIIa0 YUKHII

D NI AN

<\

WHIMBHIyaJl Ba TYpyX/1a HIILIaI,
MYKOOWII €4nM HYJIIapuHU UIIa0 YUKHIIL
oup

CYMMHHHTI Ba

xap MMKOHUSTIAPU
TYCUKJIAPHU TAaXJIUJI KUJIUIIL;

MYKOOWJI €4UMJIapHH TaHJIaIl

4-gocknu: Keiic eynmMuHuU
CUMMHHU  IIAKJIAHTHPHIII

Ba acocJjiall, TaKIUMOT.

SAKKa Ba I'ypyxXJda UIIJIAII;

MyKOOWJI ~ BapuaHTJIapHU  aMajijla  KYyJuUlall
VMKOHHUSTIAPUHU acOCIall;

KOJIAN-JIONNXA TAKIUMOTHHY Tal€pJallr;
AKyHUU XyJOca Ba BAa3WAT €YUMUHHMHI aMajiui

aCNEeKTIapUHU EPUTHUIIT

Keiic. Tu3dum cHMHTEe3HHHUHI acocuii Basudacu ypraya KBaJApaTHUK

XaTOHUHIT MHHHMAJ KHﬁMaTHHH Ke&JITUPAIUIraH THU3UM HIapaMEeTpJIapUuHH

AHUKJIALI

 Kelicmaru MyaMMOHHM KeJITUpUO YMKaApraH acocuil cababiapHu
OenrunaHr (MHAUBUIYaAT Ba KUYHUK TYPyXJa).

e JIBUraTeTHUHT KyBBaTWMHU macaiuil cababiapyuHu Myxokama
KWIHHT (Ky(QTIMKIapIary uii).
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TJIOCCAPUN

HNurauns tuauaaru

mapxu

Pyc TWIHIAIrd Iapxm

3’736616 TWIHAAlrn mapxm

Control Action, Shared

KonTpoab aeicTBuii 1o

Baxkr 6Viinua Tascupiap

Time Control action in | Bpemenn Ha3opaTu

which  one  controller

divides its computation or

control time among several

control loops rather than

acting on all loops

simultaneously

Control Action, | KonTpoanb neicrBui, | TabcupiiapHuHT
Derivative (Rate) Control | IuddepenuuanbHoe nuddepeHIran Ha3opaTH

action in which the output
is proportional to the rate

of change of the input

(meiicrBue) KouTposmp y
KOTOPOTO BBIXO/

HPOTIOPIIMOHATICH CKOPOCTH

YUKUII KNAMaTH KUPUII
KUMMATJIAPUHUHT Y3TapUILl

TE3JIMTUTa MPONOPCUOHAIT

MU3MCHCHHSIM BXOJIHBIX | OYJIraH TabCHP HA30paTH
JTAHHBIX.
Control Action, Direct | KourpoJasn neiicTBuii, | Tancupnap Hazoparwy,
Digital Control action in | geiictBust NPSIMOro | TYFpUIAH TYFPU paKaMITH

which control is performed
by a digital device, which
establishes the signal to the

final controlling element

uu(poBOro ynpapJieHUs B

KOTOPOM YIpaBJICHHUE
OCYIIIECTBIISETCS C
TTOMOIIIBIO udpoBoro
YCTPOMCTBA, KOTOPOE

YCTaHABJIMBAET CUTHAN IS
KOHEYHOT'0 YIPaBJISIOLIETO

OJICMCHTA

Oo1KapyB TabCcUpH OyH]1a
OoIIKapyB paKamiiu
KypuiMa €paaMmuaa
amMaJira olmMpuiaau Ba Oy
KypWiMa SIKyHUU
OOLIKapyB AJIEMEHTH YUyH

CUTHAJI YpHATaIH.
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Control Action,
Feedback Control action
in which a measured
variable is compared to its
desired value to produce an
actuating  error  signal
which is acted upon in such
a way as to reduce the

magnitude of the error

KonTtpoJab nelcTBUM

VYnopasnenue ¢ oOpaTHOMU

CBSA3BIO, B KOTOpOM
M3MEPSAEMBIN rapamerTp
CPaBHHUBAECTCSA C €ro

TpeOyeMOoro 3Ha4eHUs Jis
MOy YEHUS MIPUBOJIHYO
CUTHaja OMIMOKH, KOTOPBIN
JeHCTBYeT TakuM 00pazom,
YTOOBI YMEHBIINTH

BCIIMYNHY OITNOKH.

Tabcupnap Hazopatu,
TECKapH aJlOKaIu
OomkapyB ymoy Tabcupaa
yn4aHa€Trad napamerp
YHUHT OOTIaHFUY
KAHMMAaTH OWJIaH
COJIUIIITUPIIIATN Ba
CUTaHJI XaTOJUTHHU
AQHUKJIAITHU XaMJia
XaTOJMKHUHT KUHMaTHHU
KaMaluIly y9yH XHU3MaT

KWJIaIu

Control Action,
Feedforward Control
action in which
information  concerning

one or more conditions that
can disturb the controlled
variable is converted into
corrective action to
minimize deviations of the
controlled variable. Note:
Feedforward control action
can be combined with
other types of control to
anticipate and minimize
deviations of the controlled

variable.

KontpoJasb AefcTBUH,
JNEHUCTBUE C IIPOTHO3UPOBA-
HHUEM yIpaBJICHHUS, B
KOTOPOM uHbopMaIus
OTHOCHUTEIIBHO OJHOI'O WJIH
HECKOJIBKUX YCJIOBUH,
KOTOpBbIE MOTYT HapylIUTh

perynmpyemMon nepeMeHHON

npeobpaszyercs B
KOPPEKTUPYIOIINE
JICUCTBUS IS

MUHHMMU3ALUN OTKJIOHEHUU
pPETYIIUPYEMOU  BEIIMYUHBI.
[Ipumeuanue:

IIpenynpaBinenne  ympas-
JISTFOIIICE BO3/EHCTBUEC
MOXET COYeTaThCs c

OPYTMMH BHJAMH KOHTPOJIA

Tabscupiap Hazoparu,
OOIIKAPYBHU OJITUHIAH
Kypa OWIHII OpKaJId
TabCUP YTKA3UII OyHAa
ax0opoT Hazopat
KWINHAETTaH y3rapyBUMHU
KUiMaTuHU Oy3yBUU OUp
€ku Oup 34a MmapTIapHU
YHU KOPPEKTIIOBYU
TabCUPTa alJIaHTUPHUILL
OpKaJIi Ha3opaT
KMJIMHAETraH KaTTaJIukK
YeTJIaHUIIapUHU
MUHUMAJUIAIl Y9yH
ynuatwiaan. M3ox:
OOIIKapyBYH TABCUPHU
OJIIMH/IaH OOIIKAPHILL

HA30paTHUHT OOIIKA
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HJIs1 IIPOTHO3U-POBAHUA U
MHWHHMMN3 AN OTKJIOHCHUH

peryjaupyeMoi BeTuYHHBbI.

TypJiapu OujiaH
Ouprajvkaa UIUTATHIHIIHA
Ha3zopaT KWIMHAETraH
KaTTaJIuK
YeTIaHUILIaPUHA
MUHUMAJUJIAIITUPUIIT Ba
OJIIMHT'aH Kypa OJIUII

NMKOHHWHH 6epamz1

Control Action, High
Limiting Control action in
which the output never
exceeds a predetermined

high limit value.

KonTtpoJab NeiCTBUM,

BbICOKHE  OrpaHUYeHUs!
JEUCTBUSA yNpPABICHUS, B

KOTOpOM BBIXOI[HOﬁ CHUTHAJI

HHUKOTrAa HC IIPCBBINIACT
IMpCaABApUTCIIbHO
OIIPCACIICH-HOC BBICOKOC

IMpcacjIbHOC 3HAYCHHUC.

FOxopu yerapanu
TabCUPJIAP HA30PATH
OyHnai OolKapyBa
YUKHII CUTHAIA X€9 Ka4OH
pyxcar ATHITaH HT
IOKOPH YerapaBui
KAHMMAaTOaH OIIn0

KeTMauIu

Control Action, Integral
(Reset) Control action in
which  the output is
proportional to the time
integral of the input; i.e.,
the rate of change of output

Is proportional to the input

Kountpouab NeiCTBUM,

HNurerpansnoe  (CoOpoc)
JNEUCTBUS  yIpaBJICHUS, B
KOTOPOM BBIXOJIHOW CUTHAJ
POTNOPIIUOHATICH

WHTETPAJIy TI0 BPEMEHHU OT
BXOJIHOTO;

T.e. CKOPOCTb

HN3MCHCHMUA BBIXOJHOTO

CUTHaja MPONOPIHOHAIICH

Tabcupiiap Hazopatu
Nurerpan (pecet) Oynai
OoIKapyBaa YMKHIII
CUTHAJIU KUPUIII
CUTHAJIMHUHT BaKT OYinda
WHTETpaJnra
pOTIOpLIMOHAN OYaIu;
STbHU YUKHIIl CUTHATMHUHT

Y3rapuIl TE3JIUTH

BXOTY. KUPHIITA

IPOMOPCUOHATIAMD.
Control Action, Low | [leiictBue ynpajeHusi, | bomkapum tascupu,
Limiting Control action | Hu3kmii OrpanuueHue
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which the output is never
less than a predetermined

low limit value

JEHCTBHUS YIPABJICHMUS,
KOTOPBIN Ha BBIXOZE
HUKOI A HE ObIBaeT

MCHBIIIC, 4CM 3aJaHHOC
IpCACIIbHOC 3HAa4YCHUC

Hu3koul. KoHTposb

OOIIKApHIIl TABCUPH
gyerapacu, OONUTaHFAY
KAHAMAaTIaH KUPUIIJIATH
KAWMAT Xe4 Ka4OH KHIUK

OoynImaiiu.

Control Action,
Optimizing Control action
that automatically seeksad
maintains the most
advantageous value of a
specified variable, rather
than maintain it at one set

value

JlefictTBue,  ONTHUMM3ALMS
JIEUCTBUI YIIPABJICHUA,
KOTOpass ~ aBTOMAaTUYECKH
nmer D noxnepxuBaet
Haubosee BBITOJIHOE
3HAYCHUE YKa3aHHOU
IIEPEMEHHOM, a HE
NOAJEp)KUBATL  €ro  Ha
OJTHOM 3aIaHHOTO

3HAa4YCHHMHAI.

Tabcup, OomKkapu
TabCUPUHU
ONTUMU3ALHSICH,
KypCaTHUJIraH
y3rapyBUMHHU, aBTOMAaTUK
Tap3naa | uu Tonub >HT
KyJail xonarnaa yuuiao
Typaau, OeJruIaHrad
KuitMaTHU Oup Meépa

yliad TypoJiManu,

Control Action, Shared

KonTposb faeidcrBuii 1mo

Bakr 6yiinua Tabcupiap

Time Control action in | Bpemenu Ha3opaTu

which ~ one  controller

divides its computation or

control time among several

control loops rather than

acting on all loops

simultaneously

Control Action, | KouTpoanb neicrBui, | TabcupiiapHuHT
Derivative (Rate) Control | Iuddepenuuanbroe nuddepeHIran Ha3opaTH

action in which the output
Is proportional to the rate

of change of the input

(neiictBue) KouTposib y
KOTOpPOTO BBIXO/I

IMPpONIOPHHUOHAIICH CKOPOCTHU

YUKUII KUAMaTA KAPHII

KUHAMATJIIAPUHUHT Y3TapUILL

123




M3MEHEHHSIM BXOJIHBIX | T€3JIUTUTA TIPOIIOPCHOHAI

JAHHBIX. OyJnraH TabCHp HA30paATH
Control Action, Direct | KonTpoJan neicrBuid, | Tabcupiap HazopaTy,
Digital Control action in | geiictBus NMPSIMOTO | TYFPUIAH TYFPU paKamiiu

which control is performed
by a digital device, which
establishes the signal to the

final controlling element

HU(ppPoOBOro ynpapjeHus B

KOTOpPOM yIpaBJeHue
OCYILIECTBIISIETCS c
TTOMOIIIBIO 1dpoBoro
YCTPOMCTBA, KOTOPOE

yCTaHABJIMBAET CUTHAN IS
KOHEYHOT'0 YIPaBJISIOLIErO

JJICMCHTA

OolIKapyB TabCUPH OyH/1a
OOIIIKapyB pakaMiiu
KypwiMa épaamuaa
amaJra omupuiagn Ba oy
KypUiMa IKyHUN
OOLIKapyB JIEMEHTH YUyH

CUTHaJ YpHATAIH.

Control Action,
Feedback Control action
in which a measured
variable is compared to its
desired value to produce an
actuating  error  signal
which is acted upon in such
a way as to reduce the

magnitude of the error

KonTtpoJab AercTBUM

VYmupainenue ¢ oOpaTHOU

CBS3bIO, B KOTOpOM
U3MEPSAEMbIN rnapameTp
CpaBHUBAETCA c €ro

TpeOyeMoro 3HAYCHHS IS
MOJTyYeHUS MIPUBOHYIO
CUTHaJIa OIIMOKH, KOTOPBIA
JIEUCTBYET TaKUM 00pa3om,
YTOOBI YMEHBIINTH

BEJIMUYMHY OIIHUOKH.

Tabcupnap Hazopatu,
TEeCKapu ajoKaiu
OoikapyB ymdy Tabcupaa
y4aHa€Trad napamerp
YHUHT OOIUIaHFUY
KAMaTH Onitad
COJIMIITUPUIIAJIA Ba CUTAI
XaTOJIMTUHY aHUKJIAIHUA
Xamia XaTOJIMKHUHT
KUMUMAaTUHU KaMaluIln

Y4YH XU3MaT KWIAJIH.

Control Action,
Feedforward Control
action in which
information  concerning

one or more conditions that

Koutpouab JAeHCTBUH,
JNEUCTBHUE C IPOrHO3UPOBA-
HUEM  yIpaBJECHUs, B
KOTOPOM uHdopmaIms

OTHOCHUTCIBHO OAHOI'O HJIH

Tabscupiiap Hazoparu,
OoIIKapyBHU OJIIMH]IAH
Kypa OUTUII OpKaIu
TabCUp YTKA3uI OyHAa

ax0opoT Hazopat
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can disturb the controlled
variable is converted into
corrective  action  to
minimize deviations of the
controlled variable. Note:
Feedforward control action
can be combined with
other types of control to
anticipate and minimize
deviations of the controlled

variable.

HECKOJIBKUX YCIIOBUH,
KOTOpBIE MOTYT HapyLIUThb

PETYIIUPYEMOU TIEPEMEHHOM

npeoopaszyercs B
KOPPEKTUPYIOIIHE
JEeHUCTBUSA IS

MUHHUMH3ALUUN OTKIOHEHH
pEeryJiupyeMoi  BEIUYUHBI.
[Ipumeuanue:

[IpenynpaBnenne  ympas-
JIAIOLLEE BO3JICUCTBHE
MOXKET COYETAThCS c
OPYTMMHU BHJIAMU KOHTPOJIS
JUIsL TIPOTHO3U-POBAHUS U
MUHHUMM3ALUN OTKIOHEHHM

pETYJIUPYEMON BEITUYHUHBI.

KUJIMHAETTaH y3rapyBUYUHU
KUUMaTHHU Oy3yBUYH OUp
€ku Oup sYa MmapTiIapHU
YHU KOPPEKTIOBYH
TabCHUpra auJaHTUPHUII
OpKaJIM Ha30part
KWJINHAETTaH KaTTaJIuK
YeTJIaHUIUIAPUHU
MHUHUMAaJLIAI YY9yH
nnuiatwiIaau. M3ox:
OOIIKAPYBYM TAbCUPHU
OJIIUHJIaH OOIIKAPHUIII
HA30paTHUHT OoIlKa
Typaapu OuiaH
Ouprajvkaa UIUIATHIAIIHA
HA30paT KWJIMHAETTaH
KaTTaJluK
YEeTJIaHUIUIAPUHU
MUHUMAJUTAIITUPUII Ba
OJIIMHI'aH Kypa OJIUII

UMKOHUHHU Oepaau

Control Action, High
Limiting Control action in
which the output never
exceeds a predetermined

high limit value.

Kountpouab NeiCTBUM,

BBICOKHEC OrpaHNYCHUSA
HeﬁCTBHH YHpaBJICHUSA, B

KOTOPOM BBIXOJHOW CHUTHAJ

HUKOT/Ia HE TMPEBBIIIAET
IIpEIBaPUTEIBHO
ONPENEIICH-HOE  BBICOKOE

MpeACIbHOC 3HAYCHUC.

IOxopu yerapanu
TabCUPJIAP HA30pATH
OyHnai OomkapyBa
YUKHII CUTHAINA Xe4 Ka4OH
pyxcar dTHJITaH HT
IOKOPH YerapaBui
KAMMAaTOaH OIIn0

KeTMauIu
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Control Action, Integral | KonTpoJan newcrBui, | Tabcupnap HazopaTu
(Reset) Control action in | Murerpaabioe  (Copoc) | Uaterpan (pecet) Oynaaii
which  the output is | geficTBust ympaBieHus, B | OOIIKApyBIa YUKHUIII
proportional to the time | KoTOpoM BBIXOJHOHN CHTHAII | CHTHAJIA KUPHUIII

integral of the input; i.e., | nponopuoHancH CUTHAJIMHUHT BaKT Oyitnda
the rate of change of output | uaTerpaay mo BpeMEHH OT | HHTErpajKra

Is proportional to the input | BXomHOTO; T.e. CKOpPOCTH | MPOIIOPCHUOHANT OYIaau;
WU3MCHCHHUS BBIXOJTHOTO | S'IbHU YMKHII CUTHAJTMHHHT
CHTHAJIa TPOMOPIUOHAJICH | ¥3rapHuIll TE3JIUIH

BXOJLY. KHPHIITa

PONIOPCUOHATIIUD.

Control Action, Low | [leiictrBue ynpajeHusi, | boumkapum rascupu,
Limiting Control action | am3kuii OrpanundeHue | OOMIKApUII TAbCUPH
which the output is never | neiicTBus yIpaBJICHUS, | YeTapacH, OONUTAHFIY
less than a predetermined | kotopelii  Ha  BBIXOJE | KHHMATIaH KHPUIIArd
low limit value HUKOT 1A HE ObIBaeT | KNIMAaT Xe4 KaYOH KUYUK
MEHBIIIE, YeM 3aJlaHHOE | OVIMamIu.

HpeeIbHOe 3HAYCHHE

Hu3Kkou. KoHTpOJIh

Control Action, | leiictBue,  ontumuzanus | Tabcup, OOmKapuI
Optimizing Control action | nelicTuii yHOpaBleHUs, | TAbCUPUHU
that automatically seeksa d | koropass ~ aBTOMATHYECKH | ONTHMHU3ALIUACH,

maintains the most | mmer D mommepikuBaeT | KypcaTuiral

advantageous value of a | maubonee BBITOJIHOC | ¥3rapyBYMHU, aBTOMATHK
specified variable, rather | 3Hauenue yKa3aHHOH | Tap3zaa [l Hu TOmUO SHT
than maintain it at one set | mepemMeHHOM, a HE | KyJ1ail xoyataa yiniao
value NOAACPKHUBATH €ro Ha | Typaau, OenTuiaHraH
OJHOM 3aJIaHHOTO | KMiIMaTHU Oup Meépaa
3HAYCHUSI. yluiad TypoJIManiu,
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Accuracy Conformity of
an indicated value to an

accepted standard value, or

TOYHOCTH COOTBETCTBUS U3
YKa3aHHOTO  3HAYCHHUA K

IMPU3HAHHOMY, CTAHAAPTHOC

Anukyuk. Kypcatunran
KAIMaTHH OeNTrIaHrafd

KHﬁMaTFa MOCJIUTH,

true value 3HAQYEHUE, WU HCTHUHHOE | CTaHAAPT KUKUMaT, EKA
3HAYCHUE. XaKUKAW KUKAMAT.
Accuracy, Reference A | TouHocTb, cchbUlaThcs Ha | AHUKJIHK, KYPHJIMAHHHT

number or quantity which
defines the limit that errors

will not exceed when the

device is used under
reference operating
conditions. Note:
Reference accuracy
includes the combined
conformity, hysteresis and
repeatability errors. The

units being used are to be
stated explicitly. 1t is
preferred that a + and - sign
precede the number or
quantity. The absence of a
sign infers a + and — sign.
Reference accuracy can be
expressed in a number of
The

examples are typical:

forms. following

1. Reference accuracy

expressed in terms of the

HOMEp WU KOJUYECTBO,
KOTOpOE ONpENIEIIIET
npeaea, 4To OmHOKH He
OyJneT mpeBbIIaTh, KOTJa
[Ipubop wucnons3yercs B
YCJIOBUSIX AKCILTyaTallUH.
lpumeuanue: Ccblika
TOYHOCTh BKJIIOUAET B CeOs
KOMOWHUPOBAHHYIO
COOTBETCTBHUS, TUCTEPE3UC U
NOBTOPSEMOCTh  OIIMOOK.
[IpennoyTuTenbHO, CTABUTH
3HaKH + U - II€pe] YHUCIOM
WU KOJIUYECTBO.
OtrcyTrcTBUE 3HaKa + W -
nenaet BeIBOA. Cnpaska
OBITH

ToyHOCTE  MOXKET

BBIPAXKCHO B Pa3jIMYHbBIX

dbopmax.

[IpuBenenHbIe HUXKE
IpUMEpPHI SBJISIFOTCSA
TUMUYHBIMU:

AKCIUTyaTaTCcusl JaBpujia
COH €KH MUKJOpTa
acOCJaHTaH Xoaa
yerapaJlapHd aHUKJIall.
N3ox: AHuKInK 6enrucu
TUCTEPE3UC Ba XaTOJIap
TaKpPOPIUTUHUHT y3apo
KOMOUWHUpJIAIITaH
MYTaHOCUOJIUTUHHU V3
uyura oJiaju.

Onarpa + Ba -
UILIOpATIAPUHU COH EKU
MHUKJIOP OJIIMAAH KOWUII
MakcaJira MyBOQUKIUP.
Ymby 6enrunapHUHT
UYKIIUTU XYJI0CA KUJIULII
UMKOHHUHHU OCpaIv.
AHUKJIUK Typiu
makJjapaa
TaBCU(IAHUIIIA MyMKHH.
Kyiinna kentupunran
HIaKJIjIap HaMyHaBHUM

XUCOOJIaHAIH:
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measured variable. Typical
expression: The reference
accuracy is + 10F.

2. Reference accuracy
expressed in percent of
span.

Typical expression: The
reference accuracy is +
2% of span.

3. Reference accuracy
expressed in percent of
actual output reading.
Typical expression: The
reference accuracy is + 1%

of actual output reading.

1. Cchlika TOYHOCTh
BBIPAKAETCS B TEPMHUHAX
U3MEpPEHHAas TMepeMEHHasl.
Tunuanoe BBIPAXKEHHUE:!
Ccrplaka ToyHOCTB + 10f.

2. OcHOBHast TOYHOCTH
BBIpaKEHHAsT B MPOLIEHTaX
OT HaIla3oHa.

Tunumuaoe BBIpAYKCHUE:
OTanoHHas TOYHOCTH +

5% oT nuamasona.

3. CopaBoyHass TOYHOCTH
BBIPAKACTCA B IIPOICHTAX

OT (haKTHIECKOM

1. Auukimk Oenrucu
YJI4aHraH y3rapyB-4u
TEpMHHHU cudaTuga
kymanmnany. +1 Og

2. JlnamazoHn Oyitnda
dbouzma OepuiaraH aHUKJIUK
+ 7%.

®dakT O6yiinua pousaa

Oepwiiran aHUKJIUK 7%

Auctioneering Device A
device which
automatically selects either
the highest or the lowest
input signal from among

two or more input signals.

YCcTpoicTBO Y CTPOMCTBO,
KOTOPOE€  aBTOMAaTHUYECKU
BBIOMpACT CaMbIM BBICOKHM
17001 caMbIM HU3KAM
BXOJHBIM  CUTHAJIOM U3
yucia JAByX uiu Ooiee

BXOAHBIX CUT'HAJIOB

Kypunwma nkku €ku yHaaH
OPTHUK KHUPHIL CUTaHJUIapU
WYUJIAH DHT IOKOPU EKU
OHT KYWM CUTHAJIHU
ABTOMATHK Tap37a

TaHJIOBYM KypHJIMa.

Bode Diagram A plot of
log amplitude ratio and
phase angle values on a log
frequency base for a

transfer function.

bone mmarpamma ['padux
OTHOIIICHUS aMILTUTY ]
KypHasla U  (pa3blyrJIOBbIC
3HaYeHUS  HAa  YacTOTe
KypHaia 0a3bl VIS

nepenadn QyHKIHS.

boxe nuarpammacu
GyHIUSHY y3aTUIT YIYH
0a3a xypHaJu
yacToTtacuja azadypuak
Ba aMILTUTY/1a OpacHIaru
MyHoOca0ar rpaduru

XUCOOJIaHa M.
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Control Action The nature
of the change of the output
affected by the input of a
controller or a controlling

system.

KonTtpoJab nelcTBUM
Xapaxkrep M3MEHECHUSA
BBIXOJHOI'O CUTHAJIa BIIUSICT
Ha BXOJ] KOHTpOJUIEpa WU
KOHTPOJBHOTO rmakera

CHCTCMBEI.

Tabcupnap HazopaTu
YUKUII CUTHAJIMHUHT
y3rapuil Xxapakrepu
KOHTPOJIIEp KUPULLIU EKU
TU3UM Ha30paT MaKeTura

TabCUP YTKA3AIHU.

Control Action, Adaptive
Control action whereby
automatic means are used
to change the type or
influence (or both) of
control parameters in such
a way as to improve the
performance of the control

system

KonTposb jgeicTBHil, B
pe3yJbTare 4ero ACHCTBUE
AJlaITUBHOE  YIIPABJICHHE
ABTOMATHUYECKUE CPEICTBA
UCIIOJIb3YIOTCS ISt
W3MEHEHHMS  TUNA  WIH
Bnusaue (Mnmm o6a) wu3
napaMeTpoB  yIpaBJICHUSA
TaKUM o0Opazom, VIS
MOBBIIIEHUS
MPOU3BOJIUTENIb-HOCTH

CHUCTEMBI YIIPABJICHUS.

AnanTtuB TabcUpIap
Ha3zopaTH y OOIIKapyB
TU3UMUHUHT OUpop Oup
NapaMETPUHH TYPUHU EKU
TabCUPUHU 0ab3uja 3ca
MKKaJIACHHU XaM
Y3rapTUpHUII Ba YHUHT
HATUKACHJIa ABTOMATUK
Tap3/1a alanTuB
OOIIKAPUITUIIIHU

TabMHWHIJIAIII.

Control Action, Cascade
Control action where the
output of one controller is
the setpoint for another

controller

Koutpouab JAeHCTBUH,
KacKajHoe Kackang
yOpaBJ€HUs, TJA€ BbIXO]
OJHOT'O KOHTpOJIJIepa
3aJJaHHOC 3HAYCHHE IS

APYroro KOHTpOJIcpa

Kackannu tascupiiap
Ha30paTu KacCKajiu
Oomkapys, Oy epaa oup
KOHTPOJUIEPHUHT YUKUII
CUTHAJIU UKKUHYU
KOHTPOJUIEP YU4yH
Oepwuiran KuiiMar

XucoOanaau

Control Action, Shared
Time Control action in

which  one  controller

KonTposbs ngeidcTBuil 1mo

BpeMeHH

Bakr 6yiinua Tascupiap

Ha3opaTh
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divides its computation or
control time among several

control loops rather than

acting on all loops

simultaneously

Control Action, | KonTpoJn aeicrBmii, | TabcupaapHUHT
Derivative (Rate) Control | IuddepenuuanbHoe nuddepeHIran Ha3opaTH

action in which the output
is proportional to the rate

of change of the input

(neiicrBue) KoHTponb 'y
KOTOpPOTO BBIXO]I

MPONIOPIIMOHANIEH CKOPOCTH

YUKUII KNAMAaTH KAPHUII
KUMMATJIAPUHUHT Y3TapUILl

TE3JIMTUTa PONIOPCUOHAIT

M3MCHCHHSIM BXOJIHBIX | OYJITaH TabCHP HA30paTH
JIAHHBIX.
Control Action, Direct | KourpoJasn neiicTBuii, | Tarcupnap Hazoparwy,
Digital Control action in | geiictBust NPSIMOTr0 | TYFPUIAH TYFPU paKaMITH

which control is performed
by a digital device, which
establishes the signal to the

final controlling element

un¢poBoro ynpapjeHus B

KOTOpOM yIpaBJICHUE
OCYIIECTBIISETCS C
MTOMOIIIBIO rdpoBoro
YCTPOWCTBA, KOTOPOE

YCTaHABJIMBAET CUTHA ISl
KOHEYHOT'0 YIPaBJISIOLIErO

OJICMCHTA

Oo1KapyB TabCcUPH OyH]1a
OOIIIKApyB paKaMiu
KypuJiiMa €paamuia
amaJira olmMpuiIaay Ba Oy
KypWIMa SIKyHUI
OOILIKAPYB AJIEMEHTH YUYH

CUTHAJ YpHATaJIH.

Control Action,
Feedback Control action
in which a measured
variable is compared to its
desired value to produce an
error

actuating signal

which is acted upon in such

Kounrpouab AeHCTBUH

VYmpaBienue ¢ oOpaTHOU

CBSI3BIO, B KOTOpOM
U3MepsEMbIN rapamMeTp
CpaBHUBACTCSA c €ro

TpeOyeMoro 3HAYCHHS IS

MOJIy4eHUS MIPUBOIHYIO

Tabcupiap Ha30paTH,
TeCKapu aJoKaIu
OomkapyB ymoy Tabcupia
ya4aHa€Trad napamerp
YHHUHT OOUUTaHFUY
KAHWMAaTH OuJIaH

COJIMITUPUIIAIN Ba
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a way as to reduce the

magnitude of the error

CUTHaJIa OUIMOKH, KOTOPBIHA
JNEUCTBYET TaKUM 00pa3om,
YTOOBI YMEHBIINTh

BEJIMYMHY OIIUOKH.

CUTHAJI XaTOJUTVHU
AHUKJIAIIHU XaMaa
XaTOJMKHUHT KUMMaTUHU
KaMaWWIIN y9yH XU3MaT

KWJ1agau.

Control Action,
Feedforward Control
action in which
information  concerning

one or more conditions that
can disturb the controlled
variable is converted into
corrective  action to
minimize deviations of the
controlled variable. Note:
Feedforward control action
can be combined with
other types of control to
anticipate and minimize
deviations of the controlled

variable.

KonTtpoJab NeHCTBUM,
NEUCTBUE C IPOTHO3UPOBA-
HHUEM yIpaBJICHUS, B
KOTOpOM uHopManms
OTHOCHUTEIIBHO OJHOT'O HIIH
HECKOJIbKUX YCJIOBHUI,
KOTOpPBhIE MOTYT HapyUIUTb

peryinupyemMon nepeMeHHON

npeobpaszyercs B
KOPPEKTUPYIOIINE
JICUCTBUS s

MUHHUMU3AIUU OTKIIOHEHUM
pETyIUpPyEMON  BEJIMYUHBL.
[Ipumeuanue:

[IpenynpaBnenne  ympas-
JIAIOLLEE BO3JICUCTBHE
MOYET COYETaThCs c
JIPYTUMH BUJAMHU KOHTPOJIS
U1l TPOTHO3U-POBAHUS U
MHUHUMH3ALUN OTKJIOHEHUU

PETYIIUPYEMOU BEIIUYHUHBI.

Tabcupnap Hazopatu,
OOIIKapyBHU OJIIUH]IAH
Kypa OMJIUII OpKaJIH
TabCUp YTKA3UII OyHAa
ax0o0poT Ha3zopaT
KWIMHAETTaH Y3rapyBUYMHU
KUMMaTUHU Oy3yBUYM OUp
€xku Oup 34a mapTiIapHU
YHHU KOPPEKTIOBYU
TabCHUpra aujaaHTUPUILI
OpKaJIi Ha3opaT
KMJIMHAETraH KaTTaJIuK
YeTIIAHUIIITIAPWHH
MUHUMAJI-JIAll y9yH
niiatuiaau. M3ox:
OOIIKApyBYH TAbCUPHU
OJITUHAH OOITKAPUIII
Ha30paTHUHT OOIIKa
Typaapu OuaH
Oupranvka UILIaATHIAIITHI
Ha30paT KWINHAETTaH
KaTTaJuK
YCTIIAHUIIITIAPHHH

MHUHUMAJUTAITUPUIT Ba
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OJITUHTAH KYpa OJIUII

UMKOHUHU Oepaiu.

Control Action, High
Limiting Control action in
which the output never
exceeds a predetermined

high limit value.

KontpoJab e CTBUIA,

BbICOKHE  OrpaHHYeHMd
NEUCTBUS yIPABJICHUSA, B

KOTOpOM BBIXO,ZIHOP'I CHUTHAJI

HHUKOTZa HC IIPCBBINIACT
MpCaABApPUTCIIbHO
OIIPCACIICH-HOC BBICOKOC

MpCACIbHOC 3HAYCHUC.

FOxopu yerapanu
TabCUPJIap HA30paTU
OyHmai OomKapyBa
YUKUII CUTHAIN Xe4 Ka4OH
pyxcart ATWITaH HT
IOKOpH YerapaBuii
KAHMAaTaaH OLIno

KeTManIu

Control Action, Integral
(Reset) Control action in
the

proportional to the time

which output is
integral of the input; i.e.,
the rate of change of output

is proportional to the input

KonTtpoJab JeHCTBHIA,
(Copoc)

NEUCTBUS yIPABJICHUSA, B

HNuTerpanbHoe

KOTOPOM BBIXOJIHOWM CHTHAJI
MIPONIOPLIMOHAIIEH

UHTErpaly IO BPEMEHHU OT
T.C.

BXOJIHOTO; CKOPOCTh

HN3MCHCHUA BBIXOJHOTO

CUTHajJa MPONOPLHOHAIIECH

Tabcupnap Hazopatu
WNurerpan (pecer) Oynnai
Oo1KapyBAa YMKHUII
CUTHAJIA KUPUII
CUTHAJIMHUHT BakT Oyilnya
WHTErpajmnra
POTIOPCUOHAN OYIaau;
STbHA YUKHII CUTHATMHUHT

(V]

Yy3rapuiil Te3JIUTU

BXOJLY. KHPHIITa
TPOTIOPITHOHAIIIUD.

Control Action, Low | [lelictBue  ynpaJjeHusi, | bomkapuin tascupu,
Limiting Control action | am3kuii OrpanundeHue | OOIIKApHII TAbCUPH
which the output is never | neiictBus yIpaBJICHUs, | Yerapacu, OONUTAHFIY
less than a predetermined | kotopelii  Ha  BBIXOJE | KHHMATIaH KMPHUIIIArd
low limit value HUKOT A HE OBIBaET | KHIIMAT Xe4 KaUYOH KHYUK

MEHbIIIE, YeM 3aJaHHOe | OyIMaiIu.

HpeeIbHOe 3HAYCHHE

Hu3kou. KoHTposb
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Control Action, | [leiicTBue, ontumuzaius | Tabcup, GOMIKAPHUIIT
Optimizing Control action | geticTBuii yIpaBleHUs, | TAbCUPUHU
that automatically seeksad | koropas ~ aBTOMAaTHYECKH | ONTHMHU3ALUSACH,
maintains the most | umer D mojzepkuBaeT | KypcaTuiran
advantageous value of a | mambonee BBITOJTHOE | Y3rapyBUYWHU, aBTOMATHK
specified variable, rather | 3Hauenue yKa3aHHOM | Tap3aa [l Hu TomuO »HT
than maintain it at one set | mepemeHHOM, a HE | KyJlail xoyaraa ynuiao
value HOJUICP)KUBATh  €r0  Ha | Typaau, Oe/riiIaHraH
OJTHOM 3aJIaHHOTO | KUMaTHU Oup Meépra
3HAYEHHS. yliad TypoJIMaiiu,
Control Action, | KoaTposb Heiictue, | Tabcup Ha30par,
Proportional Control | [TporoprinonanbHOE OOIIKapyB TabCUPH

action in which there is a
continuous linear relation
between the output and the

input

NEUCTBUE YNOPABJICHUSA, B

KOTOpOH CYyILLECTBYET
HETPEPbIBHAS JUHEWHAs
3aBUCUMOCTb MEXKIY

BBIXOJO0M M BXOAOM.

IPOIMOPCHOHAN, KHPHII Ba
YUKHUII YpTacuja y3JIUKCU3
YU3HUKJIH OOFJIMKIIUK

MaBXY/I.

Accuracy Conformity of
an indicated value to an

accepted standard value, or

ToyHOCTH COOTBETCTBUS U3
YKa3aHHOTO 3HA4Y€HUsd K

IPU3HAHHOMY, CTAaHJAPTHOE

Anukiuk. Kypcatunran
KAHMaTHH OeJIriIaHraH

KHUMMaTTra MOCJIUTH,

true value 3HAQYEHUE, WM HWCTHUHHOE | CTaHAAPT KUKUMaT, EKA
3HAUCHHUE. XaKUKUU KUUMaT.
Accuracy, Reference A | TouHocTb, cchbUlaThCs Ha | AHUKJIMK, KypHJIMAHUHT

number or quantity which
defines the limit that errors

will not exceed when the

device is used under
reference operating
conditions. Note:

HOMEp WM KOJHYECTBO,
KOTOpO€E ornpezaenser
npenes, 4To OUIMOKM He
OyneT mpeBbIIaTh, KOTA
[Ipubop wucnonb3yercs B

YCJIOBHAX OKCILTyaTaluu.

JKCIUTyaTaIus JaBpua
COH €KH MUKJOpTa
acoCJIaHTaH XoJIJa
yerapajapHyd aHUKIIaIl.
W30x: AHUKINK Oenrucu

TUCTCPE3UC Ba XaToJaap
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Reference accuracy
includes the combined
conformity, hysteresis and

The
units being used are to be
stated

repeatability errors.

explicitly. 1t is
preferred that a + and - sign
precede the number or
quantity. The absence of a
sign infers a + and — sign.
Reference accuracy can be
expressed in a number of
The

examples are typical:

forms. following

1. Reference accuracy
expressed in terms of the

measured variable. Typical
expression: The reference
accuracy is + 10F.
2. Reference accuracy
expressed in percent of
span.

Typical expression: The
reference accuracy is +

2% of span.

3. Reference accuracy
expressed in percent of
actual

output  reading.

Typical expression: The

Ilpumeuanue: Cchuika
TOYHOCTH BKJIFOUAET B CeOs
KOMOMHUPOBAHHYIO
COOTBETCTBHUSI, TUCTEPE3UC U
MOBTOPSIEMOCTh  OIIMOOK.
[IpeanoyTuTenbHO, CTAaBUTH
3HaKH + H - II€pe] YHUCIOM
WM KOJIMYECTBO.
OtrcyrcTBUE 3HaKa + W -
nenaet BoIBOJ. Cnpaska
OBITH

ToyHOCTE MOXKET

BBIPA)KCHO B Pa3jIMYHBIX

dbopmax.

[IpuBeneHHBIC HIKE
MIPUMEPHI SIBIISIIOTCS
TUIINYHBIMU:

1. Ccolnka TOYHOCTh

BBIpAXKAETCSA B TEPMUHAX
U3MEpEeHHasd IepeMEHHasl.
Tunuunoe BBIPAXKEHHUE:!
Ccrplnka ToyHOCTE + 10f.

2.  OcHOBHas  TOYHOCTH
BBIpaKEHHAss B MPOLIEHTaX
OT JIMiaIta3oHa.
Tunuunoe BBIPAKECHUE:
DTaloHHas TOYHOCTH +

5% oT nuara3oHa.

3. CnopaBoyHasi TOYHOCTH
BBIpAXXaeTcs B MPOLIEHTaX

OT (haKTHYECKOMH

TaKpPOPIUTUHUHT y3apo
KOMOMHUpJIAIITaH
MYTaHOCUOJIUTUHHU V3
uyura oJjiaju.

Opatna + Ba -
UIIOPAJIAPUHU COH EKU
MHUKJIOP OJIIMIAH KOV
Makcajira MyBO(QpUKIUpP.
Ymby 6enrunapHUHT
UYKIIATY XYJIOCA KUJIMIII
UMKOHHUHHU Oepaiu.
AHUKJIHUK Typau
makJjapaa
TaBCU(IAHUIIIA MyMKHH.
Kyiinna kentupunran
HIaKJIJIap HAMYHAaBHUM
XUCOOJIaHa u:

1. Anukuk 6enrucu
YI4aHTraH y3rapyBuu
TepMUHU cudarua
kymnanuiaaga. +1 Od

2. Jlnamason Oyitnua
dbouzna OepuiraH aHUKJIUK
+ 7%.

®dakT Oyiinua pousaa

Oepwuiran aHUKIK 7%
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reference accuracy is + 1%

of actual output reading.

Auctioneering Device A
device which
automatically selects either
the highest or the lowest
input signal from among

two or more input signals.

YCcTpoicTBO Y CTPOMCTBO,
KOTOPOE€  aBTOMATHYCCKH
BBIOUPACT CaMbIM BBICOKHM
WA caMbIM HU3KHM
BXOJHBIM  CUTHAJIOM U3
yucia JAByX uiu Ooisee

BXOAHBIX CUTHAJIOB

Kypunma ukku €xku yHI1aH
OPTHUK KUPHIL CUTAHJIJIAPU
WYMIaH HT I0OKOPH EKN
OHT KyHU CHUTHAJIHU
aBTOMAaTHUK Tap3/1a

TAaHJIOBYU KypHJIMA.

Bode Diagram A plot of
log amplitude ratio and
phase angle values on a log
frequency base for a

transfer function.

Bone muarpamma ['padux
OTHOIIECHUS aMIUTUTY/T
KypHaiga M (a3blyrioBbIe
3HaYeHUs]  Ha  4YacToTe
KypHaia 0a3bl ISt

nepenadn QyHKIIHS.

Bbone auarpammacu
GyHIUSHU y3aTUIT YIYH
0a3a )KypHaIu
yacTotacuja hazadypuax
Ba aMIUIATY1a OpacUaaru
MyHOca0ar rpaduru

xXucoOaHagu

Control Action,
Feedback Control action
in which a measured
variable is compared to its
desired value to produce an
actuating  error  signal
which is acted upon in such
a way as to reduce the

magnitude of the error

KonTpoib aefcTBUH
VYmpaBiaenue ¢ oOpaTHOU
CBSI3bIO, B KOTOpOM
U3MEPSEMBIN rapamerTp
CpaBHMBaeTCA C ero
TpeOyeMoro 3HAYCHHS IS
TIOJTyYeHUS MIPUBOTHYIO
CUTHAJIa OMIMOKH, KOTOPBIN
JNEUCTBYET TakuM 00pa3om,
YTOOBI YMEHBIINUTH

BEJTMYUHY OIIMOKHU.

Tabwcupiap Hazoparu,
TECKapH aJOKaJIH
OoikapyB ymdy Tabcupaa
yn4aHa€Trad napamerp
YHUHT OOIIaHFUY
KAHWMAaTH OuJIaH
COJIULITUPUIIAIN Ba
CUTaHJI XaTOJIUTUHU
AHUKJIALIHU XaM/1a
XaTOJIMKHUHT KUMMaTUHU
KaMaluIy y9yH XU3Mar

KA.
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Control Action,
Derivative (Rate) Control
action in which the output
IS proportional to the rate
of change of the input

KonTtpoJab JIeCTBMIA,
AudpepenunanbHoe

(neiicrBue) KoHTponb 'y
KOTOPOTO BBIXO/]I

MPONOPIIMOHANIEH CKOPOCTH

TabcupiapHUHT
nuddepennan Ha3opaTu
YUKUII KNAMAaTH KAPHUII
KMMMAaTJIapUHUHT y3rapuil
TE3JIMTUTa MPONOPLIMOHAI

HU3MEHCHHSIM BXOJIHBIX | OYJIraH TabCHP HA30paTH
JTAHHBIX.
Control Action, Direct | KonTpoJan newcrBuid, | Tabcupmap Ha30paTH,
Digital Control action in | geiictBus NPSIMOTro | TYFpUIAH TYFPU paKaMIIH

which control is performed
by a digital device, which
establishes the signal to the
final controlling element

HU(ppPoOBOro ynpapjeHus B

KOTOpOM yIpaBJEHUE
OCYILIECTBIISIETCS Cc
MTOMOIIBIO udpoBoro
YCTPOMCTBA, KOTOPOE

YCTAaHABJIIMBACT CHUTHAJI JIA
KOHCYHOTI'O YIIPABJIAOMICTO
OJICMCHTA

OolIKapyB TabCcUpH OYyHJIa
Oo1KapyB pakamiu
KypuiMa €paaMua amanra
OLIMpUIIAIN Ba Oy Kypuima
AKYHUN OomKapys
AJIEMEHTH Y4YyH CHUTHaJ

(V]

YypHaTau.

Control Action, Shared

KonrTpoas peiictBuii 1o

Baxkr 6Viinua Tascupiap

Time Control action in | Bpemenu Ha3opaTu

which  one  controller

divides its computation or

control time among several

control loops rather than

acting on all loops

simultaneously

Control Action, | KoaTpoJn necreuid, | Tabcupmap HA30pAaTH,
Feedforward Control | nefictBre C mMpPOrHO3HPOBA- | OOMIKAPYBHU  OJIMHAAH
action in which | Huem  ynpaBieHus, B |Kypa  OWIMII  OpKalu
information ~ concerning | kotopom uHpOpMAIUs | TAbCUP YTKa3umm OyHaa

one or more conditions that
can disturb the controlled
variable is converted into
corrective action to
minimize deviations of the
controlled variable. Note:
Feedforward control action
can be combined with
other types of control to
anticipate and minimize

OTHOCUTEJIBHO OJHOIO HIJIA
HECKOJIbKUX YCJIOBHU,
KOTOpbIE MOT'YT HapylIUTh

PETYIIUPYEMOU TIEPEMEHHOM

npeobpaszyercs B
KOPPEKTUPYIOIIIHE
JICUCTBUS JUIS

MHUHUMH3ALUN OTKJIOHEHUU
pEryIupyeMOr  BEJIUYUHBL.
[Ipumeyanue:

ax0opoT Hazopar
KWIMHAETTaH y3rapyBUMHU
KUMUMaTUHU Oy3yBuUM OUp
€k Oup sya mapTIaApHU
YHH KOPPEKTIIOBUU
TabCUpra AMJIAaHTUPUIT
OpKaJId HazopaT
KMJIMHAETraH KaTTaJIuK
YEeTJIAHUILITIAPUHH

MHWHHMAJJ1a1l Y4YH
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deviations of the controlled
variable.

[IpenynpaBnenue  ympas-
JISIIOIIIEE BO3EHCTBUE
MOYKET coYeTaThCI c

OPYTUMHU BUJIAMU KOHTPOJIS
UL TIPOTHO3W-POBAHUS U
MHUHUMU3AUUNA OTKJIOHECHHUMN
pEryIupyeMoOr BETUYUHBL.

Control Action, High
Limiting Control action in
which the output never
exceeds a predetermined
high limit value.

Konrpoanb
BbICOKHE

JeMCTBUIA,
OrpaHnuYeHust
JNECUCTBUS  yIPaBJICHUS, B
KOTOPOM BBIXOJHOM CHUTHAa

HUKOTJla HE IIPEBbIIIACT
IIPEABAPUTEIIBHO
ONPENEICH-HOE  BBICOKOE

MMpEACJIbHOC 3HAUYCHHC.

UILTATHIAH. N30x:
OOIKapyBYd  TabCHUPHH
OJIIMH]IaH OomIKapwHII
HA30paTHUHT OOIIKKa
Typaapu Owtan
Ouprajvkaa UIUIATHIHIIHA
Haszopar KUJIMHAETTaH
KaTTaJINK
YeTIaHUILIAPUHA
MUHUMAQJUIAIITAPUIT ~ Ba
OJIMHTaH Kypa  OJIUII
UMKOHUHU Oepaau

IOkopn yerapajim
TabCUpIap Ha30paTu
OyHnan OomkapyBaa

YUKUII CUTHAIU X€4 Ka4O0H
pyXxcat dTHITaH 3HT FOKOPU
yerapaBun KUMMAaTIaH

oIIMO KeTMaian

Control Action, Integral
(Reset) Control action in
which  the output is
proportional to the time
integral of the input; i.e.,
the rate of change of output
Is proportional to the input

Kountpouab NeiCTBUM,
HNurterpansnoe  (Copoc)
JNEUCTBUS  yIpaBJICHUS, B
KOTOPOM BBIXOJHOW CHUTHAJ
MPONOPIMOHAJICH

UHTETpaly IO BPEMEHHU OT
BXOJIHOTO;

T.e. CKOPOCTb

WU3MEHEHUS BBIXOJIHOTO
CUTHajJa MPONOPLHOHAIICH

BXOJlY.

Tabcupiiap Hazopatu
WNurerpan (pecer) Oynnai
OoIKapyBaa YMKHIII
CUTHAJIU KUPUIII
CUTHAJIMHHUHT BakT Oyiinya
WHTETpajnra
pONOpLUUOHAN OYIaau;
S’bHU YMKHUILI CUTHAJIMHUHT
Y3rapuIl TE3JIUTH
KHPHIITa
IPOIIOPCHOHAILIUP.

Control Action, Low
Limiting Control action
which the output is never
less than a predetermined
low limit value

[eiicTBHe  ympaBJ/ieHUS,
HU3KUI Orpannyenue
JNEUCTBUS yIIpaBJICHU,
KOTOPBIN Ha BBIXOJIE
HUKOI/Aa HE ObIBaeT
MEHBILIE, YeM 3aJaHHOE
IIpEAEIbHOE 3Ha4YEHUE

Hu3kou. KoHTposb

bouikapui tascupu,
OOIIKapUII TAbCUPH
yerapacu, OOIIaHFUIY
KUAMAT/IaH KUPHUILIAru
KHMMAaT Xe4 Ka4YOH KUYHUK
oynmmaiu.
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Control Action, | leiictBue,  ontumuzanus | Tabcup, OomKapu
Optimizing Control action | aeiicTBuii yIPaBJICHUS, | TABCUPUHI
that automatically seeksad | kotopas ~ aBTOMAaTHYECKH | ONITHMHU3ALUACH,
maintains the most | mmer D mommepkuBaeT | KypcaTuUiraH
advantageous value of a | mambomnee BBITOJTHOE | Y3rapyBUYMHU, aBTOMATHK
specified variable, rather | 3HaueHne yKa3aHHOU | Tap3aa [l Hu Tonuo SHT
than maintain it at one set | mepemeHHOM, a HE | KyJlail xoyaraa ynuiao
value HOJUICP)KUBATh €0  Ha | Typaau, Oe/riiIaHraH
OJTHOM 3aJ]aHHOTO | KUMaTHH OMp Meépaa
3HAYCHUSI. yluiad TypoJIManiu,
Control Action, | KoaTpomib JleiicTBue, | Tabcup Ha3opar,
Proportional Control | [TporoprinonanbpHOE OOIIKapyB TabCUPH
action in which there is a | geiictBue ympaBieHus, B | IPOMOPCUOHAI, KHPHII Ba
continuous linear relation | koTopoit CYIIECTBYET | YMKHII YPTACHIA Y3IIUKCU3
between the output and the | HenpepbiBHAass ~ JUHCHHAS | YU3UKIIN OOFIMKIIHAK
input 3aBHCHUMOCTh MEXKIY | MaBXY/I.

BBIXOJO0M H BXOAOM.

138




AJJABHUETJIAP PYHUXATH

|. ¥30exkucron Pecnybsaukacu Ilpe3nieHTHHHUHT acapiapu

1. Mup3uées III.M. Byrok Kena)karuMuU3HM MapJl Ba OJIMKAHOO XaJIKUMU3
6rtan 6upra kypamus. — T.: “V36ekucron”, 2017. — 488 6.

2. Mup3uée LI.M. Mwinuii Tapakku€r HYyTUMU3HU KaTBHUAT OWJIaH TaBOM
STTUPUO, tHrU Gockuura KyTapamus. 1-xmnn. — T.: “Y36exucton”, 2017. — 592 6.

3. Mupsuéer I[I.M. XankuMU3HUHT PO3UJIUTH OWU3HUHT (haOHATUMHU3TA
Oepuiiran SHT oJiui 6axoaup. 2-xwui. T.: “3736CKHCTOH”, 2018. -507 6.

4, MupsuéeB LII.M. Huaru ynyr XaJKHUHT WUIIA XaM YJIyF, Xa€Tu EpyF Ba
Kenaxary GapoBoH Oymamu. 3-xmwin— T.: “V36exucron”, 2019. — 400 6.

5. Mup3uée II.M. Mwumii TUKIQHUOAAH — MWUIMHA IOKCAJIHII CapH.
4-xcnna.— T.: “V36exucton”, 2020. — 400 6.

1. HopMmaTuB-XyKyKHil XysKKaTIap

6. V36ekucron Pecriy6nukacunnnr Koncruryuuscu. — T.: V36ekucron, 2018.

7. V36ekucron Pecnybnukacununr 2020 vun 23 ceHTaOpaa Kadysl KWJIMHTaH
“TapmuM Tyrpucna’ru YPK-637-conmu KonyHn.

8. V36ekucron Peciybnukacu Ilpesunentunnar 2015 i 12 mons “Omwmit
TabJIMM MyacacaJJapuHUHI pax0ap Ba MeAaror KaJpJiapuHHU KaiTa Taiéprail Ba
MaJlaKaCUHM OIIMPHUII TU3MMUHHU SHaJAa TAaKOMWUIAIITUPHUIN Yopa-Taa0upiapu
Tyrpucuna’” tu [1D-4732-connn dapmonu.

9. V36ekucron Pecny6mukacu Ilpesunentununr 2017 iiun 7  ¢eBpanb
“V36exncTon Pecrny6nmMKacMHM SHAJA PHBOXKIAHTUPUIN Oyiinua Xapakatiap
cTpaterusicu Tyrpucunaa’ v 4947-connu OapMoHH.
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