PaguonpueMHBbIe YCTPOUCTBA

-\\
———
OPJIOBCKUMU =

TOCYOAPCTBEHHDbIV
YHUBEPCUTET

nmveHu U.C. TypreHesa



MUHUCTEPCTBO OBPA30OBAHUS 1 HAYKU POCCUNCKOM ®EJIEPALINUA
®EJIEPAJIBHOE 'OCYJIAPCTBEHHOE BIO/IKETHOE
OBPA30OBATEJIbHOE YUPEXJIEHUE BBICILIET'O OBPA3OBAHIS
«OPJIOBCKUI 'OCYJIAPCTBEHHbBIN YHUBEPCUTET
UMEHU U.C. TYPTEHEBA»

B.T. Epemenko, A.Il. ®ucyn, B.B. Kazanos,
N.®D. Mamaituyk, A.B. Hozapaués

PaguonpueMHbie yCTPOMUCTBA

Opén
OI'Y umenn U.C. Typrenena
2018



VK 621.396.221 [TeuaTaercs o pemeHuo
BEK 32.884.1 peaaKMOHHO-U31aTEIbCKOTO COBETA
P15 OI'Y umenu U.C. Typrenesa.
ITpoTokon Ne 4 o1 26.12.201°F.

Penenzeursr:

JOKTOp TEXHUYECKUX HAYK, Tpodeccop, 3aBeayroiuil kapeapoi
MH(OPMAIMOHHBIX TEXHOJIOTUH U CUCTEM 0€30MacHOCTU
(benepaibHOrO roCyapCTBEHHOTO OIOIKETHOTO
00pa3oBaTENbHOTO YUPEXKACHHS BBICILIET0 00pa30BaHUs
«POCCUICKNI TOCYIAPCTBEHHBIN THAPOMETEOPOJIOTUUECKUI
yauBepcuteT» (r. Cankr-IletepOypr)

B.I'. bypnos,

JIOKTOp TEXHUYECKHUX HayK, mpodeccop, AMPEKTOp
HNucTuTyTa aBTOMAaTHKU U MTHGOPMAIIMOHHBIX TEXHOJIOTHIA
benepallbHOrO rocyAapCTBEHHOT0 OOKETHOTO 00pa30BaTEIbHOTO
YUpEeXKACHUS BBICIIETO 00pa30BaHuUs
«TamO0BCKUI TOCY1APCTBEHHBI TEXHUUYECKUN YHUBEPCUTET

10.1O. I' pomos
P15 PaguonpuemHuble ycTpoiicTBa: yueoHoe nmocooue / B.T. Epe-
MeHko [ ap.]. — Opén: OI'Y mmenn U.C. Typrenesa, 2018. —

160c.
ISBN 978-5-9929-0651-6

VYyebHoe nmocobue coAep>KUT MaTepuasl O Ha3HAYEHUH, OOIIMX MPUH-
UIaX MOCTPOEHUS, a TaAKXKE O MPUMEHEHUU PAAUONPUEMHBIX YCTPOMCTB
Pa3IMYHOr0 Ha3HAYEHUS.

Marepunan paccMoTpeH 1o TyaBaM: «PaauonpueMHbIE YCTPOMCTBA
¢ 1 poBoii 00padOTKOI CUTHANIOBY», «CHCcTeMa yIpaBieHus mpodeccuo-
HaJbHBIM PaJMONPHUEMHBIM YCTPOUCTBOM», «INEKTPOMATHUTHBIE TOMEXU
U TOBBIIICHHE MOMEXOYCTOMYMBOCTH NPUEMHHKOB», «PaauonpueMHble
YCTPOKCTBA Pa3INYHOrO HA3HAYEHUS».

[Ipenna3zHayeHo CTyAeHTaM, U3y4YarollMM JUCHUILIMHY «Panuonpuem-
Hble ycTpoiicTBa» B OpJIOBCKOM T'OCYJIapCTBEHHOM YHHMBEPCUTETE UMEHU
N.C. Typrenesa.

YK 621.396.221
bbK 32.884.1

Konnexktus aBTopos, 2018
ISBN 978-5-9929-0651-6 @'Y umenu U.C. Typrenena, 2018



COJIEPKAHUE

IIEPEUEHD COKPAIIEHUM .......cvoiviiiiiiciee e 5
BBEJEHUE ... e e 8

1. PAJIMOIIPUEMHBIE VCTPOMCTBA C LIU®POBOU

OBPABOTKOM CUTHATIOB ..o, 9

1.1.00mue cBeaeHUs 0 BHEAPECHUH ITUPPOBOM 00pabOTKH

CUTHAJIOB B TEXHUKY PAIUOTIPHEMA .. .ceuevnneennaennrrnnsennsennsenneennsennsennnns 9

1.2.OcHOBHBIE TUIIBI CTPYKTYPHBIX CXEM IUPPOBBIX

pagronpueMHBIX YCTPOUCTB (LIPTIPY) wuvvviiiiiiiiieiiic e 20
1.3.0006mEHHas CTPYKTypHas cxema IpoecCuoHaIbHOTO
LIPTIDY e 24
1.4.OcHoBHbIe XapakTepucTuku u napamerpsl HHPIIpY .................... 28
KOHTPOIIBHBIE BOTIPOCHI ... vvtueetueetuseesnerennessnnsessnseesnsaarnnneeesnsaeennnns 42
2. TEXHUYECKHME CPEJICTBA JIJIs1 PEAJINM3ALIMN 1HOC
B PAJJUOITPUEMHBIX YCTPOMCTBAX ...ccvvevriviieeeeiceeeee et 44
2.1. Ananoro-mudpoBsie MpeoOpa3oBaTeNn s pealu3aluu
OOPAOOTKHU PATTUOCUTHATIOB ..ceveeerneaeenaennaeennaennnsannnaeenneenmnaaeeennnnns 44
2.2.0c0o0eHHOCTH yCUIUTENEH Paguo4acTOThI 1Jisi paObOThI
C aHAJIOTO-IIU(POBBIMH MPEOOPABOBATEIIIMHU ..evvevvrrrrrnrernreennsersnnnenes 50
2.3.Cxewmpl BkiroueHus ALII B aHaaoroByro 4acTh NpUEMHOTO
TpakTa HU(POBOTO PATUOTPUEMHOTO YCTPOMCTBA +uvvvvrvvreerneernneanrennns 51
2.4.0Oco0EHHOCTH CTPYKTYPhI AHTHATAN3UHTOBOTO PUIIBTPA............ 54
2.5.1{udpossie curHanbHbie nporeccopsl 1t PIIpY ........oooiiienni. 58
2.6.Opranuzanus uarepdeiica uuppoBOro CUrHaILHOTO
npoueccopa k AT u ITAII B panuonpueMHOM YCTPOUCTBE ............. 12
2.7.YcrpoiictBa [IOC Ha 0aze nporpaMMUpPyEMbIX JTOTHUECKHUX
uaTerpalibHBIX cXeM (ITJIMC) mast PIIPY .o, 81
2.8.IIpoToTunupoBaHue MPOrpaMMHO-OIIPEISIIEMbIX 0JJOKOB
o200 (010102 (S 151200 ) : PP 85
KOHTPOIIBHBIE BOTIPOCHI ... vvvueetueerueesnesennssssnseesnseesnsanrnnnseesnseeennnns 90
3. CUCTEMA VIIPABJIEHUA ITPO®PECCHUOHAJIBHBIM
PAJJUO-TIPUEMHBIM YCTPOMCTBOM .....ocoveviiiiiiieeeeeee e, 92
3.1.00mue cBeieHUs O CUCTEME YIIPABICHUS
poheCCHOHATBLHBIM PATUOTIPUEMHBIM YCTPONUCTBOM ..uvvvvnneernnneennnnns 92
3.2.CucteMbl yIIpaBIICHUS, HACTPOUKHU U PETYIUPOBKU
poheCCUOHATBLHOTO PATHUOTPUEMHOTO YCTPOUCTBA .uvvvnrvrneernnanennssn 93
3.3. ABTOMATUUYECKAS PETYTUPOBKA YCHUICHHS +uvvvueernrerennerennneennnaees 101

3



3.3.1.Metoas! peryiaupoBanus KodphUIMEHTa YCUIICHUS ....... 105
3.3.2.PaznoBunnoctu cucteM APY 1 ux xapakTepucTHKA....... 109

3.3.3.Pabota snementoB PIIpVY coBmecTHO C 11€MbI0

00paTHON YCHIIEHHOU APY C 3aIEPHKKOM ...uvvvvvneeeiieeeeiieeeeennne, 114

3.4. ABTOMaTHYECKas PETYJTUPOBKA TYBCTBUTEIBHOCTH +.vvvvvrrevnnnens 119

3.5. ABTOMaTHYECKasl PETYTUPOBKA U3OUPATCIBHOCTH ..cvvneevnnnnnnn... 122

KOHTPOIIBHBIE BOTIPOCHI .. vvunertneesneeesnseesneesnnasssneeesnsannnnsssssnnseennns 122
4. PAJTMOTIPUEMHBIE YCTPONCTBA PA3JIMYHOT' O
HABHAUEHMS ....coovniii ettt e 124

4.1.PanuonpueMHbIe yCTPOUCTBA CUCTEM PaIuOCBsI3U

CIIELIAATBHOTO HABHAUCHIM . .. e ueetnenenenenenssessnsnesassssnsnenessananneaeenss 124

4.2.PaagnonpueMHUKH paIMOCTAaHIIUM TOABUKHON PAIUOCBSI3H ..... 129

4.2.1.006mme cBefeHus 0 paIuoONPUEMHUKAX PaJNOCTaHIIUM

00010370293 (0)7 0 T:Di 1 (01013 3 AP 129

4.2.2 Peanmuzanuu [{OC B paironpreMHUKaX CUCTEM

COTOBOM CBSIBH «.evvuueeeetieaeenneeeenaeeesnnseeesnnseesrmmaneesenneeeennseennnnnns 133
4.3.PagnonpueMHbIC YCTPOHUCTBA PATUOPETICHHON CBI3H .....c.uveeee... 142
4.4 . PagnonpueMHbI€ YCTPOUCTBA TPONOCHEPHBIX PATUOIUHUM ..... 148
4.5.PanqronpueMHbIe yCTPOUCTBA CHYTHUKOBOM PagUOCBS3H ......... 152
KOHTPOTBHBIE BOTIPOCHI .. tvueetneetneeaneeeneaenseeieennsesnseensannnnssennaennaeen 155

JIATEPATYPA ..t 157



AT
AUD
AITY
AIII
A®C
AUIIT
AUX
AD
BI®
BT
BOC
BAX
BT
BII
BY
I'B3
Ir'yH
JIKMB
Jlo4
hi
KT
KT/
KC
MB
HD
OB
or
ODT
0D
Tr
3y
TUTUC
TIPM
T
Mo
4

NEPEYEHH COKPAIIIEHUI
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— aBTOIIOJICTPOMKA YaCTOTHI;

— aHaJIoro-1M¢poBO MpeodOpa3oBaTElb,

— aHTEHHO-(PUAEpHAs CUCTEMA;

— aHaAJI0TOBAas YaCTh MPUEMHOTO TPAKTA;

— aMIUTUTYJHO-4aCTOTHAsl XapaKTEPUCTUKA,;
— aKTUBHBIN DJIEMEHT,

— OpIcTpoe TIpeoOpaszoBanre Dypre;

— OUMOJISIPHBIN TPAH3UCTOD);

— 0510k (hOPMHUPOBAHMS CUTHAJIOB;

— BOJIbT-aMIIEpHAs XapaKTePHUCTHUKA,

— BCIIOMOTaTeJIbHBIN reHepaTop;

— BXO/IHAS 11CTIh,

— BBICOKOYACTOTHEIE (KOJIcOaHus);

— IPYIIIOBOE BPEMS 3aJICPKKH;
—reHepaTop, YIpaBIIsSIEMbIH HaMPsHKEHUEM,
— ICKaMETPOBBIC BOJIHBI,

— JIaTYUK OMOPHBIX YaCTOT;

— ICJIUTEJIh YaCTOTHI;

— KBAPIUEBbIM I'€HEPATOD;
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— KoJIe0aTeIbHAsA CUCTEMA,

— METPOBBIE BOJIHBI;
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— OOIIUI SMUTTED;
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— MOCTOSIHHOE 3alIOMUHAIOIIEE YCTPOUCTRO;
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— IPUEMHHK;

— II0JIEBOM TPAH3UCTOP;

— MOJIOCOBOM (PUIIBTD;

— IPOMEXKYTOUHAS YaCTOTa,;
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BBEAEHHUE

Jucuumnna «PagnonpuéMubsie yCTpoilcTBa» B (heepaibHOM rocy-
JapCTBEHHOM 00pa30BaTEIbHOM CTaHAAPTE BBHICIIETO TPOPECCUOHATBLHOTO
oOpa3zoBaHus MO crenuaibHOCTH «VHPOKOMMYHUKAIMOHHBIE TEXHOJIOTUU
U CHUCTEMBI CIIEIUAIIBHON CBSI3U» OTHOCUTCS K CIECIUAIbHBIM JUCIUILIIN-
HaM. OHa MMeeT BaXXHOE CaMOCTOSTENIbHOE 3HaUeHHUE, Kak B popMHUpOBa-
HUU CICHMAIbHBIX 3HaHUHM, TaK U B NPO(EeCCHOHATBHOU IeATEeNbHOCTU
CIICIIUAIIUCTOB MO PA3JIMYHBIM PATUOTEXHUYECKUM CUCTEMaM CBSI3U U BE-
njaHus. 1o 00yCIOBJICHO TEM, YTO PAAUONPUEMHBIE YCTPOUCTBA SBJISIIOT-
Cs1 HEOThEMJIEMON M BaXKHON (PYyHKIIMOHATIBLHON YaCcThIO BCEX PAAUOTEXHU-
yeckux cucteM. OT mpaBWIBHOTO (YHKIIMOHUPOBAHUS PaTUOTPUEMHBIX
ycrpoiictB (PIIpY) B 3HaUMTEIHHON CTEIICHU 3aBUCAT MHOTHE KaueCTBEH-
HBIC TTIOKA3aTEJIM BCEU paJMOTEXHUUYECKOU CUCTEMBI B LIEJIOM.

PaguonpueMHubie yCTPOMCTBA MIUPOKO UCIIOJIB3YIOTCA B PAIUOCBI3H,
paguopeneiiHom, TponochepHol U KOCMHUYECKOU CBSI3H, PAJINO- U TEJICBHU-
3MOHHOM BEIAHWH, B CUCTEMAX: MOJBWXHON paJHOCBS3MU, paJIMOHABUTA-
1M, OECIIPOBOJAHOTO JIOCTYIA, PAJMOYIPABICHUS U PaguoTeIeMeTpUUe-
CKOIO KOHTpPOJIA pa3sHOOOpa3HbIMM OOBEKTaMH, PaJUOJIOKAIIMOHHBIX,
a TaKKe KakK OTHAEIbHbIE M CaMOCTOSATENIbHBIE PATUOTEXHUUYECKHUE
YCTPOKMCTBA.

B 3aBuCHMMOCTM OT Ha3HA4Y€HUsS PAAUOTEXHUYECKON CHCTEMBI IpPHU-
MEHSIOT TOT WJIA WHOM THUIl paJUONPUEMHHKA. CBSI3HOW, TEJICBU3UOHHBIN,
TEeIEMETPUYECKUM, TeNeyIrpaBleHUsl, Npo(PecCUOHAIbHbIE WU BellaTe-
JIbHBIE.

B nocnenHue roabl TEHACHIIMU PAa3BUTHUA TEXHUKW pPaguONpUEMa
00YCJIOBJICHBI B3aUMOCBSI3aHHBIMHM TPOIECCAMU PA3BUTHUS UHTETPATBHOMN
MUKPOIJICKTPOHUKH, BHEAPEHUSI METOJIOB M CPEICTB IM(PpOoBOit 00padboT-
KU CUTHAJIOB Y BBIYMCIIUTEIIBHON TEXHUKU U JAJIbHEUIIIETO OCBOCHUS MHUK-
POBOJIHOBBIX JIHana3zoHoB. KpoMe TOro, mosiBUIIMCh HOBBIE MOAXO/IbI K HE-
KOTOPBIM TEPMHUHOJIOTUYECKHUM, HAYYHBIM U TEXHOJOTMYECKUM BOMPOCAM
Y pENIacMbIM 33/1a4aM, KOTOPBIE CBSI3aHbI B TOM YHUCJIEC U C TEOPUEH IpHe-
Ma 1 00pabOTKH CUTHAJIOB, a TakXke B 1ejioM ¢ PIIpV.

C npyro#t croponbl, 3¢()EKTUBHOCTh HUCIOJIB30BAHUS CPEACTB pa-
JIMOCBSI3U OMPENEIACTCA HE TOJBKO CTENEHBbIO MX TEXHUYECKOTO COBEp-
IICHCTBA, HO M TEM, HACKOJBKO YMEJIO HHKEHEPHO-TEXHUYECKUN COCTAB
NPUMEHSET UX JJIsl PEIICHUS Pa3IMYHOro poja 3a7ady Mo 0O0ECTCUCHUIO
PaIuOCBA3H.



1. PATUOIIPUEMHBIE YCTPOMCTBA
C IU®POBOM OBPABOTKOM CUTHAJIOB

1.1. O06mue cBeeHNsi 0 BHeAPeHUH HU(PPOBOI 00padOTKH
CUTHAJIOB B TEXHUKY paJuonpuemMa

[MudpoBoe pagnonpreMHoe YCTPONUCTBO — 3TO PaAUONPUEMHOE YCT-
pPOMCTBO, KOTOPOE peanusyeT PYyHKIHUHU MO MPUEMY PaJIUOCUTHAJTIOB C HC-
MOJIb30BAHUEM JUCKPETHU3AIMY, KBAHTOBAHUS, IU(PPOBBIX METOI0B (DHIIBT-
panuu, AEMOIYJISAIUA U APYruX (QyHKIUN 00paboTKH U IpeoOpa3zoBaHUs
IPUHAMAEMbIX CUTHAJIOB BO3MOXHO OJIMKE K aHTCHHOMY Bxoay [2].

BHenpenne TexHukd mu@poBoii 00paboTku curHaioB (I1OC)
B PIIpY nmeeT cBOM TOCTOMHCTBA U HEJOCTATKHU.

OcCHOBHBIE TPEUMYIIECTBA HCIOJb30BaHUs IUGPOBON 00padOTKU
CUTHAJIOB Mepe] aHaiorosou B PIIpV:

1. Bonee BbICOKasi TOYHOCTH OOPAOOTKHM CHUTHAJIOB MO CJIOXKHBIM aj-
TOpUTMaM.

2. ['ubkas u onepaTuBHas MEPECTPOITKA AIITOPUTMOB OOPaOOTKH.

3. Bo3MOXHOCTh TPUMEHEHHS] UHTETPAITBHBIX MUKPOCXEM C BBICOKOM
CTEIIEHbIO UHTErPAIUH.

4. BpicOKas TEXHOJIOTHYHOCTh HW3TOTOBJEHUS W aBTOMATH3aINH
skcrutyaranuu yerporcts ¢ [HOC.

5. BO3MOXHOCTB cO3aHusl paJuONPUEMHUKOB C XapaKTEePUCTUKAMH,
HEJIOCTY)KUMBIMHU TIPU UCIIOJIb30BAaHUHU aHAJOTOBBIX METOJO0B 00pabOTKH
CUTHAJIOB.

OCHOBHBIE HEJOCTAaTKU HCMOJb30BaHUA HUPPOBOM 00pabOTKU CuT-
HaJIOB Iepe1 aHanoroBoit oopadotkoii B PIIpV:

— TIOSIBJIEHWE IITyMOB KBaHTOBAHUS;

— oOpa3oBaHue KaHAJIOB HAJOXKEHUS CIIEKTPOB MPU AUCKPETU3ALUN
aHanoroBoro curnana B AIIIL.

OO6oO1IeHHasT CTPYKTypHas cxeMa paguonpuéMHUKa C HUPPOBOI
00pabOTKO# CUTHAJIOB TIpecTaBiaeHa Ha puc. 1.1.

B coctaB 000OIIEHHOW CTPYKTYpHOM CXE€MbI pPaJUONPUEMHHKA
¢ nudpoBoi 00pPabOTKON CHUTHAJIOB BXOJISAT CJICAYIOIINE DJIEMEHTHI. aHa-
jgoroBas 4acth npremHoro tpakra (AUIIT); aHamoroBo-1ugpoBoi npeoo-
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pazoBareib (ALIT); nudposas yacte npuemnoro tpakta (LIUIIT); uudpo-
aHayioroBelii ipeoOpazoBatenb (IIAIT); ANI® — aHamOTOBBI MHTEPIIOJIS-
IIUOHHBIA PUIBTP.

Jc Jiu F
— AUNT S AL :>| uan:)| LAM | Ao [

Bxop Bbixop

Puc. 1.1. O0o01IeHHas CTPYKTYpHAas cXeMa paguonpuéMHIKa
¢ udpoBoii 06pabOTKOM CUTHAJIOB

PaccmoTpuMm ocobenHoCTH BHEApEHUS MUGPOBON 00pabOTKH CHUTHA-
JIOB B TEXHUKY paavonpuéma, JOCTOMHCTBA U HENOCTAaTKU IU(POBOMl 00-
pabOTKH paJuOCUTHATIOB B paguonpuemMHukax, Bbioop AT nms npeoOpa-
30BaHUs paariocurHaia B mMUGpoByO GopMy, a Tak ke pazdoepém 0000-
WEHHYIO CTPYKTYpHYIO cxeMy coBpemeHHoro L[PIIpY u e€ ocHOBHbIE Xa-
PaKTEPUCTUKH.

Ocobennocmu enedpenus [JOC 6 mexnuky paouonpuéma

[Ipuunnamu BHenpenus [HOC B TexHUKY paauonpuéMa sBISIETCS
HEOOXOIUMOCTD.

— HCIIOJB30BaHMS CI0KHBIX AJITOPUTMOB 00pa0OTKH;

— peanusauuu yHuBepcaibHbiX PIIpV;

— aJanTalMu K YCJIOBHUSM BEJACHUS PaTUOCBA3Y;

— peanu3aluu BbICOKOU cTeneHu unrerpanuu PlIpV;

— CHIDKEHUS MaccorabapuTHBIX Moka3arenei u croumoctu PIIpY;

— UCIOJB30BaHUS CPEJCTB ABTOMATHU3AIINH,

— HCHOJIb30BaHUSI AaBTOMATHU3WPOBAHHBIX CUCTEM CKBO3HOI'O MPOECK-
TUPOBAHMUS.

BeigenuMm psij ocodeHHocTel udpoBoit 00pabOTKHU pagruoCUTHAIOB,
KOTOpBIE, C OJTHOW CTOPOHBI, MPEIBSIBISIOT TOCTATOYHO JKECTKHE TpeOOBa-
HUS K aneMeHTHou 0aze PIIpV, a ¢ apyroi — oOieryaroT pa3paboOTKy ca-
MOM PJIEMEHTHOM 0a3bl, OPUCHTUPOBAHHOM Ha peau3aluio Iu(poBbIX pa-
JTMONIPUEMHBIX YCTPOUCTB.

NurencuBHoe BHeApeHue [{OC B TexHUKYy paguonpuéMa oObsICHSIET-
Csl CJIOKHOCTBIO MJIM HEBO3MOXHOCTBIO PEILICHUS Psifla MPAKTUUECKUX 3a-
71a4 ¢ MIOMOIIBIO0 aHAJIOTOBOM 00pabOTKH M BMECTE C TEM — MOBCEMECTHBIM
BHEJPEHUEM JIUCKPETHOU MUKPOIJIECKTPOHUKHU U paclIupeHueM (DYHKIIHO-
HaJIbHBIX BO3MOXHOCTEH U(POBOM BEIYUCIUTEILHON TEXHUKH.
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HecMOTps Ha mepeynciIeHHbIC IPUYUHBI (MM UCXOAS U3 MUMEIOIICH-
cs1 HeoOxoaumoctH) BHeApenus 1[OC B TeXHHKY paguonpuéma, UCIOJIb-
30BaHMe HUGPOBON 00paOOTKH PaJUOCUTHAIOB Ha IPAKTHKE CBSA3aHO
CO CHEIU(PUICCKUMH OCOOCHHOCTAMH (MJIM CO 3HAYUTCIBHBIMH TPY/I-
HOCTSIMH).

PaccMoTpuM, ¢ 4eM OHHU CBSI3aHBI, MCIOJIB3YS CICIYIONIYIO JIOTHKY
noctpoenus LIPIIpVY.

Jlozuxa eénedpenusn I{OC ¢ mexnuky paouonpuema

B mudpoBeIx nmpreMHUKaX OCHOBHBIC (DYHKIIMU BBIICICHHS IOJIE3-
HOT'O CHTHAJIa U NMPeoOpa3oBaHUs €r0 CMECH C IMMOMEXaMU OCYIIECTBIISIOT-
cs1 IU(DPOBBIMU YCTPOMCTBAMHU.

Pannocurnan Ha BeixoAe anTeHHbl LIPIIpV mpencraBmsieTcs coboi
aHajoroBoe HampspbkeHue. /s ero oO6paboTku B 1U(PPOBOM MPUEMHHUKE
HEO00X0AUM aHaJIoro-IM(PoBOI MpeoOpa3oBaTelib.

[IpyHIIMTIMATBbHO, Ka3ajdoch Obl, MOXKHO moakiaouath ALl Hemo-
CPEICTBEHHO K BbIXOJy aHTeHHbI (puc. 1.2), a mocme AIIIl BkarouaTh

ook LIOC.

fe
EAO UL[.BLIX
y AL HoC —)
BX.ALIT
UaH.BHX
HAI >

Puc. 1.2. Henocpeactennoe noaxiodenue ALl k antenHe
peaIn30BaTh HEJIb3S

[Tonp3ysick, HapUMeEp, MUKPOIPOLECCOPAMH, MOKHO PEaIn30BaATh
PETYIUPOBKY YCHIICHUS — ABTOMATUYECKYIO U MPOTPAMMHYIO, IMOJICTPOUKY
4acTOThl, ()a30BYI0 CUHHXPOHU3AIIMIO U T. 11.

1. Henocpeocmeennoe nookniouenue ALl k anmenne peanuzosamo
6 obwem cayuae Henvssa. Mexnay antenHod u ALl mHeoOxomum ycuiu-
tenb (puc. 1.3), mockonbky moaBogumoe k ALl HampspkeHHE JOKHO
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OBITH MOPSJIKAa HECKOJIBKUX BOJBT, @ YYBCTBUTEIHBHOCTH COBPEMEHHBIX pa-
JTAOTPUEMHHUKOB MOPSJIKA JIECATHIX 10JIEH MUKPOBOJIBT.

Epo <<U BX.ALIII (1.1)
rae Epg —YyBCTBHUTEIBLHOCTH IPUEMHHKA,

Ugx AL1IT — Tpebyemoe Bxoanoe Hanpsixerune AITIT.

Je

EAO UI_I.BBIX

VPU Al [—) oc =)

- UaH.BLIX

LAII >

\4

Puc. 1.3. BkatoueHue ycunurtens Mexxay anTeHHo u AT

B coBpemennbix ALl MUHUMaIbHO AONMYCTUMBIN IIar KBAHTOBAHUS
npumMepHo paseH 0,2 MkB.

PaccmatpuBas 1HOC, He06X0aMMO TOMHUTH O TaKOM MTOOOYHOM $IB-
JIeHM, KaK IIyM KBaHToBaHMs. I1lyM, mim ommOKH, HCKaXKEHUSI KBaHTOBA-
HUsI, BO3HMKAIOT IIPU IIPe0O0pa30BaHUY aHAJIOIOBOr0 CUTHajIa B IM(POBYIO
dbopMy 3a CYET HaIW4YMsI KBAHTOBAHHBIX YPOBHEHW B BBIXOJHOM CHTHAJIC
B OTJIMYHME OT CIUIOIIHOTO aHajJOTrOBOr0 BXOJHOro curHama (puc. 1.4).

[IlyM KBaHTOBaHUSA BBIPAXKAETCS B BHUIE CPEAHEHM MOIIHOCTH IIyma
2

paBHOﬁ ?_—2, rae  —mar KBaHTOBAaHUSL.

2. Cxema paouonpuemnuxa C AL[Il nauunamecs ne modicem, m.K.
ALTT umeem omuocumenvbHo 8blCOKUL KOIDuyuenm wyma 6 CpasHeHul ¢
opyeumu e2o kackaoamu [15]:

U _ .
( C Umjﬂm = 6020y, + 176 [1B]; (1.2)

rae (U % ) — OTHOIIICHHUE «CUTHAJ — IyM» Ha Bbixoae ALIIT;
I Anm

Npasp — 4ucio paspsnos (psaxocts AUII) npu paBHOMEpHOM KBaH-
TOBaHUM.
12



Kak m3Bectho [5, 12, 15], koaddunmeHT myma paaronpHeMHHKA
KaK MHOTOKACKaJHOM CXEMBbI B TIEPBYIO OUepenb omnpeaensercs Kodhdu-
IIMEHTOM IITyMa MepBOro kackana. Kax sl mocienyomui Kackal BIuseT
Ha OOmyl0 BeMMYMHY Kod(ddummeHta 1mIrymMa  paauolnpueMHHUKA
Niipa.o6m-HeM MeHblIe KacKaloB, TeM MeHblIe Kodpuunent uyma N;

IPUEMHHKA. Y CUJIEHHE 110 MOIIHOCTH BHOCAT MPEALIECTBYIOIINE EMY Kac-
KaJbl.

No -1,  N3z-1 Npy -1
+ + +...+ ,
rae N1,No,..Np — ko3gdunuent myma 1, 2, ...n Kackaga paauonpuem-

HUKA,
Kpl’Kva---Kpn — ko3 durment ycunenus 1, 2, ...n Kackaaa pa-

anM.o6H1 = Nl

TAOTPUEMHHUKA.

[ToaToMy ucX0/s U3 TPEOOBAHMI K pPaIUONPUEMHHUKY 10 IIymMam [5],
AIIIIl goikeH mpealiecTBOBaTh YCUIUTEIb, KOTOPBI MMeeT HEeOObIIOn
ko3¢ durueHT myma u 0061101 K03 OUITMESHT YCHICHUS.

3. Hunamuueckuu ouanazon AIL[Il ne coomseemcmeyem OuHamuye-
CKOMY OUANA30H) B6XOOHbIX CUCHANO8 paduonpuemuukda. JIMHaMUYECKUN
Jana3oH CoBpeMeHHbIX ObicTpoaeicTByromux ALII ¢ paspsaHocThio 8 —
14 nexxut B ipeaenax oT 50ab no 80 ab.

Hcxonst u3 CBOWCTB, HAapPUMEpP, ACKAMETPOBOTIO pAaAUOKAHAIIA, JIU-
HAMHUYECKUN JTMAIMa30H BXOJHBIX CUTHAJIOB B JEKAMETPOBOM JHAIA30HE
BoJiH nmpuMepHo 120...140nb.

JIlnHaMu4YeCcKkui auana3oH paauONPUEMHUKA — 3TO OTHOUICHUE MAaK-
CUMAJIbHO JIOIlyCTHMOTO HANPSKEHHS BXOJHOTO cHrHana Ep o K 9yBCT-
BUTEJIBHOCTH MIPUEMHUKA E 4(:

E
J1 =20lg —Anon [1B].
E 40

MuHuManeHbli ypoBeHb E 4 curnaia Ha Bxoze PIlpV onpenenser-

Csl YpOBHEM COOCTBEHHBIX IITIYMOB, T.€. p€aJIbHOW 4YBCTBUTEIHLHOCTHIO pa-
JTUONPUEMHMKA. MaKkCUMaIbHBIA ypOBEHb CHTHana Ep ;o orpanuden no-
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NyCTUMBIMH HEJIUHEHHBIMH HMCKa)XCHUSMH CcHUTrHana (M3-3a Ieperpys3Ku
BXOJIHbIX KackajaoB). TakuM o0Opa3oM, AMHAMHUYECKUN IUAIa30H pPaauo-
MIPUEMHHUKA XapaKTEepU3yeT NPeJesibl U3MEHEHUSI YPOBHS BXOJHBIX CUTHA-
JaoB E 4, mpu KoTOphIX obOecrneunBaeTcs JomycTumas noreps uHdopma-

[IUU, COJIEPIKAILCHCS B MOJIE3HOM CUTHAJIE.

Kak Oyner nokaszaHo B TJI. 2, TUHAMAYECKUN JAUANa30H paguonpuém-
HUKa MOXET OBbITh IOBEJICH 10 HEOOXOAUMO YPOBHS C MTOMOIIBIO CUCTEMBI
APY. Peanuzanus cucteMbl APY B paanonpueMHuke TpeOyeT HAIUUUS Ha
€ro BXOJI€ YCWIMTEJIEH C BO3MOXKHOCTBIO PETYJIUPOBKU KO3 PUIIUEHTOB
YCUJICHHS.

4. Vcnosue ocywecmenenusn AL[II. JIas MCKIOYEHUS BIUSHUS IITyMa
KBAHTOBaHWS Ha Ka4eCTBO MpuUéMa HEOOXOAMMO, YTOOBI a¢hghexkmusHoe
3Ha4eHue HanpsdCeHus cmecu cueHanra u nomex na éxooe ALl npegviuia-

110 wae keanmosanus U s¢pp.(C+1T) > 9-

B coBpemennbix ALl MUHUMaIbHO AONMYCTUMBIN IIar KBAHTOBAHUS
TaKOB, UTO TpeOyeTCs 3HaUUTEIbHOE yCuaeHue curnanon g0 AIIII.

5. Mownocms wiyma xeanmoBanus 0.0. 3HAYUMENbHO HUIICE YPOBHS

2
npunumaemozo cuenara: U, .. <<U 2pp.C-

6. Yucno yposmeii keanmosanus, paspsaonocmsv (YUCIO pa3psaoos)
u wae keanmosanus ALl 3asucsam om ounamuuecko2o ouanazoHa 6xoo-
HBIX CUCHATIO8.

OcHoBHBIMU 3HepreTruueckumu napamerpamu AL aBastoTcst ynciio

ypOBHEW KBaHTOBaHWs L, pa3psgHOCTh Npasp U IIAr KBaHTOBaHUA (.

DTH mapamMeTphl CBsI3aHbI MEXKY COOOM CIIETYIOIUMH COOTHOIIICHUSIMU

y n
- YUCIIOM YpOBHEH KBaHTOBaHus L =2 P%P;

—_ TIITT
- maroMm kBaHTtoBaHusa B AlIlIl = S , rne Uy, — Makcu-
Galhdane. nomol
MajbHOe BXxoaHoe Hanpspkenwe ALl (fampspkeHHe IMOJTHOM IITKAJIbI)

(puc. 1.4).
3aBHCHUMOCTh YHCJIa YPOBHEH KBAHTOBAaHMS OT JMHAMHYECKOTO JHa-
I1a30HA BXOJHBIX CUTHANOB ( /gy ¢) ONPEAEISEeTCs CIESIYIOIIM BhIpaKe-

HUECM.

L> /gx.c. (1.3)
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A Um,]x BxogHow curHan ,

1111

Ouwwnbka KBaHTOBaHUS

BbixogHow curHan
+ nocne KBaHTOBaHWS

0011+
0010 4
0001
0000

i_Lar ksaHTOBaHWs UBX
i )
”~

Ul'll.l.l

Puc. 1.4. Omubka KBaHTOBAHUS KaK (QyHKIIUS aMIUIATYIbI
B JIMAITa30HE 1aroB KBAaHTOBAHUS

IHpumep. Jlna peammzanuu LPIIpY B auanazone 1,5...30 MI'n
C YYBCTBUTEJIBHOCTHIO 1 MKB M B NMHaMHU4YeCKOM JUamna3oHE BXOJHBIX
curHasioB 12016 mnotpedyercs 20 - paspsaaseiii ALl ¢ pasmaxom
JUHEWHON aMruMTyaHou xapakrtepuctuku 0,2B, ¢ marom KBaHTO-

_~2C
Banus ( = 0,2MkB, ynciiom maros kBanToBanus L =27

7. Ocpanuuennoe ovicmpooeticmeue ALl ne nozeonsem ucnovso-
8amy UX Npu O0OCMAMOYHO BbICOKOU yacmome paouocuenaia (om decsam-
K08 00 comen mezazepy uiu oaxce 00 euzazepy). ALl uMeeT KOHESUHYIO
gactoty auckpermsamuu f,. HacToTa AucKpeTH3anuy CBA3aHa C YaCTOTOH

BxojaHoro curnana f. mo usectHol opmyite, onpenenseMoit TeopeMoit

Korenpaukosa (1.4).

[Ipru o00pabOTKE CHUTHAJIOB € YacTOTaMH, HE MPEBBIIAIOIIMMU
HECKOJIbKO aecaTkoB MI', ckopocts AL (mus AL mocnemoBaTeabHO-
ro MPUOJMKEHUS OHA COCTABJISET HECKOJBKO COTeH MBBIO/C Mpu pa3psiji-
HOCTH 10 12 OUT) 1MO3BOJIIET UCTOIH30BATh KIIACCHICCKUN MPUHITUI JTUC-
KpETU3allMk B COOTBETCTBHM ¢ Teopemoit Korenpnukosa (1.4), cormacHo
KOTOpPOM 4acTOTa BHIOOPOK JIOJIKHA OBITh KaK MUHMMYM B J[Ba pa3za 00Jib-
1€ BEPXHEHM 4acTOThI B CIEKTPE AUCKpeTH3npyemoro curnana. [Ipu stom
oIu(pOBKE MOJBEPracTCsl JUana3oH YacTOT OT MOCTOSIHHOW COCTaBJISAIO-
IIEH 10 TTOJIOBUHBI YaCTOTHI TUCKPETHU3AIUH.
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Jlns BeIOOpa 4acToOTHl AucKpeTmsamuu f, B 3aBHCHMOCTH OT Hecy-

el gactorel curnana f. u mmpunsr ero cnekrpa AFc MoryT GbITH HC-
I0JIb30BaHbI JIBa KJIFOUEBBIX BRIpaXKeHUS [6]:

fz[ > ZAFCH; 1.4)
— 4fC
A 2Ny -1 Sl
rne Nz =123... — nomep 30mpl HaiikBucTa, B KOTOPYIO IONAaeT HECy-

11asi CUTHAJIa,
AFC[— 1mupuna criekTpa BXOHOTO CUrHaa.

3onoii HaiikBrcra (KoTenpHHKOBA) Ha3bIBaeTCs IoJioca 4actoT oT O
hile} fII / 2. Bech 4acTOTHBIN CIIEKTP HEIUTCS Ha OECKOHEYHOE YMCJIO 30H

Haiiksucra, paBabIX 1o mmpune f, / 2 (puc. 1.5).

AKAHIT
Ny Ny Ny Ny Ny N, Ny
1 2 3 4 5 6 7

0.5fr  Sfr L5y 2x 25 3 3Mx

Puc. 1.5. Pactnipenenenue 308 KorensaukoBa (HalikBucta)
OTHOCHUTEJILHO YaCTOThI TUCKPETU3ALIUT

K pacuery 4acToThl JUCKpPETHU3ALUU CIIEAYET MOJXOAUTH OYEHb TIIA-
TEJIbHO, TaK KaK €€ MPaBWIbHBIN BHIOOP MO3BOJISET YIYUIIUTh COOTHOIIIE-
HUE «IIeHAa/Ka4eCTBO» PaJHOIPUEMHOTO YCTPOICTRA.

JIJ1s1 BBICOKOYACTOTHBIX CUTHAJIOB MCIOJIB3YETCS MOJ0COBast AUCKpe-
TU3AlUs, KOTOpas MO3BOJsIET OOONUTHU OrpaHUUYCHHE, HAKJIAIbIBAEMOE TE€O-
pemoii KotenbHukoBa ajisi 00pabOTKHU y3KOMOJIOCHBIX CUTHAJIOB, Y KOTO-
PBIX LIMPUHA CIIEKTPa MHOTO MEHbIIIE a0COIIOTHOTO 3HAYEHHUS IICHTPAJIb-
HOM 4YacTOThl. ITOMY YCIIOBUIO COOTBETCTBYIOT MPAKTUYECKU BCE PaJIUO-
curHanel. B stom cnydae Teopema KoTenbHHKOBa 3BYYHUT CIEAYIOIIUM
oOpa3zoM: Jyisi cOXpaHeHHs] MHPOpMAIIMK O CHUTHAJE 4acToTa ero JAUCKpe-
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TU3AIMH TOJKHA OBITh PaBHOM MJIM OOJBINEH, YeM yABOCHHAS IITHUPHUHA €TO
noJiocsl [4]. MaTeMaTH4YeCKH yCIIOBHE, KOTOPOE O KHA BBIIOIHAThH Yac-
TOTa JUCKPETU3AIIMH, OMTUCHIBACTCS BBIPAKCHUEM:

@1, -8Fcr) , , (21 +BFcr)
m A m+1
rje M — IPOM3BOJIBHOE IIEJI0€ YHCIIO, BRIOMpaeMoe TaKuM 00pa3oMm, 4To-
OBl BBITIOJHSIOCH cooTHOMeHUE (1.4).
Ucxons u3z . 7, meancoy anmennou u ALl neobxooumo, kpome ycu-
Jumersi, LOCMAasums npeoopazosamens yacmomsl. IIpeodpazoBaTens yac-
ToTHI (puc. 1.8)obecrneunBaeT NpUBEACHUE YaCTOTHI PaJIMOCUTHAIIA K TpE-

Fap AL[]'I):

OyeMOMY 3HAUYC€HHUIO YaCTOThI BXOHOTO HanpspokeHus AL (

(1.6)

1
F =F Séfﬂ

Bx AIII (fc max) p ALII

8. Ilpu ouckpemuzayuu ananozosozo cucnanra 6 ALl obpasyromcs
KaHaibl HanoxceHus cnekmpos. KaHaibl HallOKEHUsI CIIEKTPOB 00pa3yroT-
Cs 10 JIBa BO3JIE€ KaXKJI0W TAPMOHUKHU YaCTOThI TUCKPETU3ALINU:

£kf £ . (1.7)

Hanvuue xaHaloB HallOKEHUSI CIIEKTPOB B IUPPOBOM paUONPUEM-
HUKE aHAJIOTUYHO MOSIBIICHUIO MOOOYHBIX KaHAJIOB MPUEMa B aHAJIOTOBOM
pamguoTnpueMHUKE C TpeoOpa3oBareieM 4YacTOThl (MPUEMHHK IPSMOTO
peoOpa3oBaHus, CyNepreTePOINHHBIA MPUEMHUK).

KomOunanmonnsle 4actotsl B (1.7) SBISIOTCS 3epKaJIbHBIMUA OTpa-
KEHUSIMUA YaCTOThl CUTHAJIA OTHOCHUTEIBHO TAPMOHUK YACTOTHI TUCKPETHU-
3alluy ¥ JJIs1 OTJIWYHUS OT aHAJOTOBOTO MPeoOpa3oBaHUs HA3bIBAIOTCS U30-
bpasicenusmu nonesnozo cuenana (B 3apyOexHoi nureparype — Image).
PacnoyiocxeHne KaHaJIOB HaJIOKEHHUs CIeKTpoB (lmage — m3o0paxeHwsI
IOJIE3HOT'O CUTHAJIA) MPH AUCKPETHU3AIMU aHaIoroBoro curuaina B [{PIIpVY
noka3aHo Ha puc. 1.06.

AUX KaHaJIOB HaJIOKEHMS CIIEKTPOB Ha puc. 1.6 COOTBETCTBYET CiIy-
4aro, KOTrJa BXOJHOM PaJMOCUTHAJ ITOJAETCs BO BTOPYIO 30HY HaikBucra
(KorenpHuKOBa), Apyrue BapHaHTBl IOJAYM BXOJHOTO PaTUOCHTHAjA
nmoaApoOHO OyayT pacCMOTPEHHI B moi. 2.4.

s yugposwix paduonpuemHukos nooasieHue KaHauio8 HanI0HCeHUsl
CNEeKMpo8 He MeHee AKMYAaabHO, YeM OJisl AHANI0208bIX— HNOoOasleHue No-
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oouHblx KaHanos npuema. OUALTP, NMpeIHAZHAYCHHBIN JI MOJaBJICHUS
U300paKCHHUI TIOJIG3HOTO CHTHaia (KaHAjJOB HAJOXCHHS CIICKTPOB)
B uudpoBeix PIIpY, Ha3biBaeTCS anmuanausuneo8sim.

/1

‘KAL(H

I OK 1 1 I

AN
7

i ost fe fi L3 W

Puc. 1.6. Kananpl HaTOXXEHUS CIIEKTPOB MIPU TUCKPETH3AIMN aHAJIOTOBOTO CUTHAJIA
B L[PIIpV (BXx0mHO# paarocurHal mojgaeTcsi BO BTopyio 30Hy Halikucra):
OK — ocHoBHol kaHai; | —u3o0paxenus (Image)unrepecyroliero Curuaa;

f,[[ —4acToTa JUCKPETHU3AIlHUU, fC —4acToTa IIOJC3HOIro Curaajia

AHTHANAU3UHTOBBIA (PUILTP ISl MOJIaBJICHUS KAHAJIOB HAJIOKEHUS
criekTpoB HeoOxoauMo BkIOUUTh B LIPIIpY mexny antennoin m AIIIL.
Ha puc. 1.80n nokasaHn B cTpykType npecernektopa B Buje BLI.

CTpyKTypa aHTHAJIAN3UHTOBOTO (QUIBTPA, €0 OCHOBHBIC XapaKTEepHU-
CTUKU U MPUHIUI PadOThl OyyT MOAPOOHO pacCMOTPEHbI B oam. 2.4.

9. /lna manvix uckasicenuti, a makyice 0 pearuzayuu mpebdyemou
paspaonocmu ALl npu Ouckpemuzayuu HeNnpepvl8HO20 CUSHALA €20
cnekmp 0oJdHceH Oblmb o2panuder. JIns orpaHuYeHusl CIEKTpa MEXAY aH-
tenHo u ALIIl xpoMe ycunurteneil HeOOXOAMMBI aHAJOTOBBIE (UILTPHI
C BBICOKOM MPSIMOYTOJIbHOCThI0O AUX.

HUcxonst u3 sroro, mexay anteHHoul u ALl kpome ycumurens u
nmpeoOpa3zoBaTes 4acTOThl HEOOXOJMMO TOCTABUTH IOJOCOBOM (UIBTP,

pEeATM3YIONIMN 3aIaHHYIO MO0JIOCY MPOITYCKAHUS AFFE[ICID , PABHYIO CIIEKTPY

paguocursaia AF(Ij)HC C YYETOM HECTaOMIBHOCTH PAAUOINHUU.

AFAIT = AR + 20, (1.8)

Kpome sToro, mosioca mpomyCKaHHs BIUSCT Ha peajn3yeMyro pas-
psaaHocts AL (puc. 1.7).Ha nanHOM pHCYHKE 4acTOTy IpeoOpa3oBaHHMs
B 3TOM ClIy4ae HEOOXOJUMO 3aMeHsITh mosiocoi npomyckanus (1.8)c yue-
TOM BhIpaxkenus 1.4.
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Ha puc.1.7. 061acTh ¢ Ha3BaHUEM «CIIO)KHO» COOTBETCTBYET O0OJIb-
IIMHCTBY BBICOKOKAYeCTBEHHBIX AUCKpeTHBIX ALIIl, mpemmaraembix u3-
BECTHBIMH MPOU3BOAUTEISIMU MUKPOCXEM 0O0pabOTKH CMEIIaHHBIX CHTHA-
j0B. O61acTh B JIEBOM BEpXHEM YTy rpaduka «1oCcTaTOuHO JIETKO» OTHO-
cutcs K HepoporuM mukpocxemam Al nmu GonbimmM nudpoBEIM HHTE-
rpaJibHBIM cxeMaM co BcTpoeHHbIMH Allll, Hampumep, MUKPOKOHTPOJI-
aepam. O6acTh B MPaBOM HIDKHEM YTIIy HEpeanuzyema Jijisi 00JIbIIIMHCTBA
MPAKTUYCCKUX IEJICH, 32 HCKITFOYCHUEM YHUKAIbHBIX U3/ACINN, B KOTOPBIX
HET OTPAaHUYCHUM Ha CTOUMOCTb.

Pazymeercs, co BpeMeHEeM «cJo)kHas» 00jacTh Ha rpaduke Oyner
CIBUTATHCSI BIIPABO U BHU3, TO €CTh pousBoauTenbHOCTH ALIIT Oyaet mo-
BBIIIIATHCA. DTa TEHICHIIUS aHAJIOTUYHA CUTYallud ¢ MUGPOBBIMU MHUKPO-
CXEeMaMH, 3JIeCh Takke padoTaeT 3aKk0oH Mypa, KOTOpPBIN TJIacHT, YTO TPH-
pOCT IMHAMHUYECKOTO JHMAla30Ha HHTETPATBHBIX CXeM I 00paboTKH
CMEIIaHHBIX CUTHAJIOB COCTABIISIET B cpenHeM 2 nb B roj, a mpupocT pas-
psaaHoctu — 16uT B Tpu roza.

8
Ef 10 O SK| /
< Y\o \w /
= 12 a ,
=~ "6‘ Vd
M W
2 Z
16 7 ™
& 18 5 0*
é SK| _ - T =
= 20 9 O
é 77 O O
10
g 24 ~O
=
o, 26
S
A~ 32

10 100 1x 10 100k IM 10M 100M 10T  100°
Yactora nmpeoOpazoBanus (IuckpuTuzaimm), I'iy

Puc. 1.7. TpynHocTb peanuzaiuu Tpedyemoit paspsaHocta AL
B 3aBUCUMOCTH OT HY)KHOM 4acTOTBI MPeoOpa3oBaHus (IUCKPETHU3AIIMH)

[Ipu pazpaboTke cucTeM OOIIEro HAa3HAYEHUS WHXKEHEPY CIEAyeT
JEPKAThCS MOAANBIIE OT «HEBO3MOXKHOU» 00nacTu. OgHAKO UMEETCs OT-
poMHasi Macca cucrtem, TpeOyrommux AIlIl mmeHHo u3 3Toit obOmacTu,
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HarpuMep, NPOrpaMMHUpPyEMbIe PAIUOTIPUEMHUKNA U OBICTPOICUCTBYIOIITNE
MHTErpAIbHBIE CXEMBI JIJISl TEXHOJIOTUN OECpOBOIHON CBA3M CTAHIIAPTOB
IEEE 802.11, IEEE 802.16, LTE.

B pesynbrare, Bce MepeunCIICHHbIC BEJIMYMHBI B3aUMOOOPATHO OIl-
penensioT Bo3MOKHOCTh peanm3anuu ALl ¢ TpeGyeMoil pa3psaHOCTHIO
B 3aBUCUMOCTH OT HY)KHOM 4acTOTHI MpeoOpa3oBaHus (TUCKPETU3AIINHN).

10. Yucno paspsoos ALII Nyasp (paspsionocms npeobpazosanus)

makoice onpeoessiem mpedyemoe 3Ha4eHue Yacmoml 6X00H020 HANPsice-
Hust AL

- 1
p AU p

Takum oOpazom, pacCMOTpEeHHBIE MYHKTHI Joruku BHeApeHus 1[OC
B TEXHUKY pPaJHOIIPUEMa MO3BOJISIOT MPECTABUTh 000OIIEHHYIO CTPYKTY-
py HPIIpY, cocrosmyro M3 Takux 3JIEMEHTOB, KaK aHTE€HHA, I1OJIOCOBOM
¢unprp (BLI), yeumurens pagunodactotel (YPY) ¢ Harpyskoi B BHje IO-
JocoBoro GuibTpa, mpeodpasonareis yactothl (IIpY), 6aoka AL u Oito-
ka [1OC (uudpoBOro CUrHaJIBLHOrO IPOIIECCOpa).

Obobwas pe3yromamol, NepeuUcieHHble 8 NYHKMAX 102UKU eHedpe-
Hus [JOC 6 mexnuxy paouonpuema, MOMICHO 8blOEIUMb OCHOBGHbLE MUND
CMPYKMYPHBIX CXeM YUPPOBLIX pAOUONPUEMHBIX YCIPOUCTS.

1.2.OcHOBHBIE THIIBI CTPYKTYPHBIX €XeM HUPPOBBHIX
pPaAuoONPUEMHBIX YCTPOMCTB

Hannuue B cxeme L[PIIpVY ycunurens paanoyacToTsl, aHTHAIAW3UH-
roBoro (puiabTpa, mpeodpazoBarTels 4acTOThl U PUIBTPA COCPEAOTOUCHHOM
u3buparenpHocTd (. 1.1.1)npuBoauT K HEOOXOAMMOCTH JOIMOJHUTD CXE-
My IU(PPOBOTO PagUONPUEMHOT0 YCTPOWCTBA HJIEMEHTaMU OOECIeUu-
BarOIMMH 00paboTKy pagumocurHanga no AIIIl cormacHo oOmieit Teopuu
paauomnpuéma (puc. 1.8).

CrpykTypHass cxema 1UGPOBOrO PaJUONPUEMHOTO YCTPOUCTBA
(puc. 1.8) no ALIT npencraBisieT co00M CTPYKTYPY CYHEPreTePOIUHHOTO
npueMHuka. Cxema CynepreTepoauHHOrO NPUEMHHKA B PaJUOTPAKTE
LPIIpY npennasHaueHa 1y NPUBEACHUS PA3JIUYHBIX YaCTOT B JUANa30He
HACTPOUKH PAJIUONPUEMHUKA K HEKOTOPOM MOCTOSHHOW MPOMENKYTOUHOU
4acTOT€ M pealM3allid Ha ATOM YacTOTE€ OCHOBHBIX H30MpATENbHOCTU
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U ycuieHUS (4yBCTBUTCIBHOCTH), OOCCIECUYHBAIONIMX HOPMAIbHYIO
paboty AIIII.

A
~
N2 s
P | IMpecenexTop (TP‘[): : IIp4 : Sfira U
N ', WA cw o] wcm ol vira || arm —\ noc =
H BIl [ YPU [r>{ Cm | > AL noc —)
Py — I A — U
-4 I I
/ | fF , ﬂ I fnq= fl"' fC UaH.BBIX
/ | | oAl P>
/ | [
/ . L7 |
HACTPOHKA L
L D Ty

Puc. 1.8. CtpykrypHas cxema udpoBOro paguonprueMHOro yCTpoiicTBa
C BJIEMEHTaMH, 00€CIIeYMBAIOLINMH €0 paboTy COTJIacHO
o01eit Teopun paaronpuéMa

B cxeme Ha puc. 1.8. munamuueckmii auana3zon ALIIT (50...80 nb)

COOTBETCTBYET JUHAMUYCCKOMY AHANA30Hy CUTHAIOB HA MPOMEKYTOYHOM
yactore (60...701b):

Hatin = Ay
[TpeoOpa3zoBatenr yacToThl (cM. puc. 1.8) ocyimecTBisieT nmpuBee-
HUE€ 4YaCTOThl PaJUOCUTHAA K TpeOyeMOMY 3HAYEHUIO YaCTOThI BXOJHOTO
Hanpspbkenuss AL

1
fHLI = FTp AL SE f,[['

®unbTp cocpenoroueHHor m3duparenbHocTH (PCH) obecrieunBaet
Tpebyemoe orpannueHue crekrpa curtana (1.8)mepen ALIII.

3/1ech e MOXKHO y4ecTb TpeOOBaHUs MO0 HEOOXOIMMOCTU OrpaHuye-
HUS CIIEKTpa M3-32 OCOOEHHOCTEH peanu3aluu paJro4acTOTHOTO TPAKTa
mexay anTeHHoOW U AIIIl (ocoOeHHOCTEH CTPYKTYPhI KOHKPETHOTO THIIA
aHaJIOTOBOW yacTH npuemMHoro tpakta [[PIIpY).

K npeumyiiectBaM CynepreTepoIMHOB, TPUMEHSIEMbIX B IIU(PPOBBIX
paauoONpUEMHUKAaX, MOXKHO J00aBUTh CHM)KEHUE TPEeOOBaHUU K OBICTPO-
neiictBuro AL Npy CHYKEHWH CPEIHEN 4acToThl crekrpa curHama f,.

no mpomexytouHoil fry (cm. puc. 1.8) mm no fy =0, xak mpu
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npsIMOM  NpeoOpa3oBaHUKM YacTOTHl (MPUEMHHUKH MPSMOTo Tpeodpaso-
BaHMSI YaCTOTEI).

B mocnenHeM ciiydae mpu HECHHXPOHHOM TETEPOJMHE BO3MOXKHA
notepss nHGopMaruu O (a30BbIX COOTHOIICHHUSX M OTHOAIOIICH CHUTHAaJA.
YToOBI IPEeIOTBPATUTH ATy MOTEPIO, MPUMEHSIOT AByXKaHAIbHBIC KBaJIpa-
TypHBIC NPeoOpa3oBaTeIN YacTOTHl, KaK IMPHU MPSMOM IpeoOpa3oBaHUU
yacToThl (puc. 1.9).

CtpykTypHas cxemMa [U(PPOBOTO pPaAHONPUEMHOTO YCTPOHCTBA
(puc. 1.9) no ALII npexncrapiseT coOOH CTPYKTYPY HPUEMHHMKA MPSIMOIO
npeoOpa3oBanus ¢ (GOPMHUPOBAHWEM KBAJAPATYPHBIX KOMIIOHEHT TeEpen
ou(pOBKOM WM OCHOBHOM 00paboTkoi. JloOGaBieHHe KBaapaTypHBIX
KOMITOHEHT TO3BOJISIET B JaJIbHEHIIeH 00paboTKe aHAIM3UPOBATh KaK aM-
IUTATYY, Tak U a3y paguocurHania.

Jljis monmydeHus KBaipaTypHBIX BRIOOPOK PaIMOCUTHANIA OH pa3iens-
€TCsl Ha JIBE YaCTH U MOChUIAETCS Ha JIBa pa3HbIX cMecuTens. Ha Bxos BTO-
POTO CMECHUTENS MOCTyHaeT CUrHajl reTeponHa, caABuHy T Ha 90° oTHO-
CUTEJIbHO aHAJOTUYHOTO CUTHAJA, TIOCTYMAIONIEro Ha BXOJ MEPBOrO CMe-
CUTEJS, YTO JIeJlaeT AT CUTHAJbl OPTOTOHAIBHBIMU. Pe3yibTupyromue
CUTHAJIbI HA3bIBAOTCS CUH(A3HBIM U KBaApaTypHbIM, WK | u Q. Dtu cur-
HaJbl 3ateM ogHoBpeMeHHO omudpoBbiBatoTcs AL, Kaxmas BeIOGOpoU-
Hasl TOYKa Terepb BMECTO OJHOI0 3HaYeHus uMmeeT aBa — | u Q.

CM OHY

A UaH.BbIX
LIAM
N/ A f _ Fl_, =P D> o [
7 =\ Jp 1 ~
___________ G
Je i Je } I3 "
:' Bl » YPU -:—< e l& ” ALI,FI [> LI.L‘I AT
! Ipeceaexrop (TPY) | /2 | & aactroiika, (LIOC) [ >
s T T ®HY
J«HACTPOHKA» j Q
~ o
f c S F <~ M >
CM

Puc. 1.9. CtpykrypHas cxema nudpoBOro paguonpueMHOro yCTpoiicTBa
C KBaIpaTypHBIM IpeoOpazoBaHueM (C BOCCTAHOBIIEHUEM WH(OpMAIHH
0 (ba30BBIX COOTHOINICHUSX W OTHOAIONICH CHTHAIIA)

Hapsiny ¢ 3TUM NpUEMHHMKH TE€TEPOAWHHOTO THUIIA MO3BOJSIOT JOC-
TUYb BBICOKMX W30UPATEIHHOCTH M YYBCTBUTEIBHOCTH. [ JIaBHBIMU MPO-
OJleMaMH 3TUX MPUEMHUKOB OCTAIOTCA: MOJIaBJICHHE MOOOYHBIX KaHAJIOB
IpreMa Ha TapMOHMKAaX I'eTEepOJINHA, COIJIACOBAaHUs KBAAPATypPHBIX KaHa-
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JI0B 110 (pa3e ¥ HEBBICOKAs CIIOCOOHOCTh MHTETpAIllMi KOMIIOHEHTOB Ha OJI-
HOUW MHUKPOCXEME.

Heo0xoauMOCTh cOrjacoBaHusi KBAJPATYPHBIX KAaHAJIOB OTIAJAET
B CXEM€ MpPHEMHHUKA C aHaJoro-u(poBbHIM MpeoOpa3oBaHHEM CHUTHaja
Ha [TY u nudpoBBIM KBaapaTypHbIM mpeoOpa3oBaHueM dacToThl [9]. [lpu
ATOM 3HAYUTENIbHO Bo3pacTatoT TpedoBanus k ALIIl Ha monocy npomycka-
HUs, YacTOTy [MCKpPETH3allMM W JWHAMUYECcKud auarnas3oH. [lociemnnee
TpeOoBaHuUE SBJISIETCS HAWOOJIEE KECTKUM, MOCKOJIbKY JJII BBICOKOCKOPO-
ctopix AIIIl, paGoraromux ¢ yactoramMu auckperu3anuu ot 2 MI'1g
1o 41T, kaxaoe yABOCHHE YaCTOThI JUCKPETU3ALUH TPUBOJIUT K YMEHb-
IICHMIO pa3pelnenus Ha 1 out (cm. puc.l1.7).

TpeTbUM BapUAHTOM TOCTPOCHUSI CTPYKTYPHOM CXeMbl LUGPO-
BOIO0 PaJHONPHUEMHOIO YCTPOMCTBA SBIAETCS CXEMa, MPEICTABICHHAS
Ha puc. 1.10.

CrpykTypHasi cxema 1UGPOBOrO PaIUONPUEMHOTO YCTPOUCTBA
(puc. 1.10)mo ALIIT npeacrasisieT coOOM CTPYKTYpYy MPHUEMHHKA IIPSIMOTO
ycunenusi. B atom cimydae BII BbicTymaer B poJii aHTHAJIAM3UHTOBOTO
bunbTpa 1J1 MOoJaBICHUS KaHAJIOB HAJIOKEHHUS CIIeKTpoB. Y PY obecneun-
BAaeT 3aJIaHHBIM YpPOBEHb pamuocurHana Ha Bxoze ALIIl, mpu koTopom
BBITIOJIHSIOTCSI TPeOOBaHUs, MEPEUUCICHHBIE B TEPBBIX MYHKTaX JIOTUKHU
BHeapeHus [[OC B TexHUKY paauonpuema.

A LI,AI'I UaH.BI:aIX
Y .l @ [
—————— 7
o AUNT | |
fC | fC fC l“l I_I T L1.BbIX
— BI{ > YPU : > ALl I_I :> Lll ::>
i : Ipecenexrop (TPY) : (1OC)

/
¢ «HACTPOMUKA»

Puc. 1.10. CtpykTypHas cxema HUPPOBOro pagHOIPHUEMHOI0 yCTPOWCTBA
Cc mpocToi cxeMoit 06padotku 10 ALII

[Ipumenenue 1MPPOBOTO PAAMOMPHUEMHOIO YCTPOMCTBA C MPOCTOU
cxemoi oopadbotku no AIIII nenecoodpaszno, koraa k LIPIIpY He mpens-
SIBJISIIOT BBICOKHME TPEOOBAHUS 1O YyBCTBUTEIBHOCTU U M30MPATEIHHOCTH,
a paJuoCUTHAJI Ha BXOJE MPUEMHHKA 001aJaeT BHICOKUM U YCTONYUBBIM
COOTHOIIICHUEM «CUTHAJI/IITyM».
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Ncxonst u3 uznoxxennou jgoruku BHeApeHus [{OC B TexHUKy paauo-
npuema (moctpoerust [[PIIpY) o6oOmieHHas cTpyKTypHas cxema Iudpo-
BOTO PaIMONIPHUEMHOTO YCTPOUCTBA OyIET COMCPKATh.

— aHaJIOTOBYIO YacTh npueMHoro tpakta (AUIIT) wim pagno0ok;

— 0ok anajoro-mudpoBoro mnpeodopazosatens (ALIIl) wmu G0k
auckputusanuu 1 kBantoBanus (b/1K);

— mudposytro yacth npremMHoro tpakta (L{UIIT) wmm IIOC.

OO6oO1IeHHast CTPYKTypHas cxeMa LHU(PPOBOro paauoNpUEMHOIO
yCTpOMCTBA NpeAcTaBieHa Ha puc. 1.11.

Cocra AUYIIT Oyaer mnpenctaBisiTh COOON CyNepreTepoIMHHYIO
CXEeMY, CXeMy MIpsIMOTO MPeoOpa30BaHMs WU CXEMY MPSIMOTO YCHUJICHUS
(B caMOM TIPOCTOM BHJE YCHWIHWTEIh PaAMOYacTOTBI M aHTHAJIAH3HH-
TOBBIN (DPUITBTD).

UaH BbIX
LA g
@i [

AL AYnT [ | AL - LT | 2

(papno6nokK) (BK) (LOC)

Puc. 1.11. O60011eHHas CTPYKTypHas cxema 1iudpoBoro
PaAMONIPUEMHOTO YCTPOWCTBA

Haznauenue u coctaB ALIT u I{TUIIT OynyT paccMOTpeHBI aee.

JlocToMHCTBa U HEAOCTATKH ITU(POBOTO PATUONPHUEMHUKA CBSI3aHBI C
JTOCTOMHCTBAMU M HEIOCTAaTKaMH CXEM aHaJIOroBOW M IM(pOBOM ydacTeit
UPPOBOTO PaTUONIPUEMHHUKA.

1.3.0600ménnas cTpyKTypHasi cxeMa npogeccuoHaJIbLHOTO0
HPIIpY

O0001IeHUs CTPYKTypHas cxeMa NpodhecCHOHAIBLHOrO HU(PPOBOTO
PagroONIPUEeMHOTO YCTPOMCTBA MpeacTaBieHa Ha puc. 1.12.

Amnajorosas yacth npuemuoro tpakta (AYUIIT) mpennasHaducHa aJis
MPUBEJICHUSI PA3IMYHBIX YaCTOT B JHWAria30HE HACTPOUKH PaTuONPUEMHHU-
Ka K HEKOTOpOW MOCTOSIHHOM MpoMmexyTouHoW yactore fy u peanusa-
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IIMM Ha ATOM 4YacToTe MpeABApUTEIHLHON M30UPATETHLHOCTH U OCHOBHOTO
ycujieHus1, o0ecrneunBaromux HopMainbHyto padory ALIIL. YcioBus Hop-
ManbHOM pabotel ALl mpenmonararor, 4TO pPaguOCUTHAIBI Ha BXOJE
AIIITl umeroT BbIpaBHEHHBIA JUHAMHYECKAN JUANA30H, 3aJaHHOE COOTHO-
IICHUE CUTHA/ITYM>», IOCTOSHHYIO YaCTOTY W OTPAHHUYCHHBI 10 CIIEKTPY.

LIAI'I EﬂBbIX
(DHY) F
fC fnlI ULl,.BbIX
AUMT — AU LYNT =
i B

T T
A, B,C 1T [ D
BEPYn4 A
C D - o~
fr1 fr2 fr3 ﬂ
I 1L
" \ BY A Owncnnen
HEH N (LCD)
(MuKponpoueccop)
BPM (‘ CUCTEMHAs MarucTpanb k)
Brok MaHenb Bnok
ogy, N3y ynpasneHus nHTepdeicos

dntyg

Puc. 1.12. O600611eHHas CTPYKTypHas cxema MpoQeccuoHaNIbHOTO
1u(pPOBOTro PaIUONPUEMHOTO YCTPOICTBA

AUYIIT npencraBiseT coOOW JUHEHHYIO YacTh MPUEMHUKA (OTHOCH-
TEIBHO PaJMOCUTHANIOB). Ee OCHOBHOE Ha3HAaYeHUE C TOYKHU 3PCHHS oOec-
MEUYCHUS KaueCTBEHHOW paldOThl paJHoONpUEeMHHKa OyAeT IMOJAPOOHO pac-
CMOTpPEHO B I'11.3.

C Beixona AYIIT curnan Ha f;;y nmocrymaer Ha ALIL Ha nocrosn-

HOW f;7y c 3a7aHHBIM HOMHMHAJIOM CHUTHAJ MOXET OBITh OTHOCHTEIBHO

aerko omudpoBad. s sroro B Allll mpoucxoaut AMCKpeTH3aIus
Y KBAaHTOBAHHWE PaJMOCUTHAIA.

[Tocne omudpoBku BEIOOpKH paguocurHana ¢ Beixoaa ALl mogarot-
Cs1 TI0 IITMHE B ITM(PPOBYIO YaCTh MPUEMHOTO TPaKTa.

B HUIIT nmpou3BOaUTCA OCHOBHAS CEJIEKIUS CUTHAJIOB, AEMOIYJISI-
11l AHAJIOTOBBIX M JIUCKPETHBIX COOOIIEHMH, a IPU MPUEME JUCKPETHBIX
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COOONIEHUH €l1lle U TAaKTOBasi CHHXPOHM3AIM, IEKOJUPOBAHUE U IIUKIIOBAs
cuaxponuszanus. Kpome toro, B IUIIT MoxkeT OCymIeCTBISATBCS U Pl
IpYTUX ONEpalnii, HapuMep, OLECHKA MapaMeTPOB CHUTHAJIOB, CIIOXKECHUE
CUTHAJIOB NPHU PA3HECEHHOM IpPHUEME, MOJIABICHUE WU KOMIICHCALUS CO-
CPEAOTOUYECHHBIX MO CHEKTPY M UMIYJbCHBIX MMOMeX W T.1. Kak mpaBuiio,
nu@poBas 4yacTh MPUEMHOTO TPAKTa BKJIIOUAET OJIOK UPPOBOH 00padbOT-
KH, upoBoit curHainbHbIi nporneccop wiu [IJIMC. B HUIIT npoucxoaut
00paboTKa CUTHAJIOB B peajbHOM BpeMeHU. OcOOeHHOCTH U paboTa 3TUX
0JIOKOB OYJIyT pacCMOTpEHbI B mojr. 2.5 — 2.7.

[locne pemomynsuuu TpuHsATas uHOpMaALUsS C LHUPPOBOTO
BBIXO/1a (Uu.ebzx) MOCTyTMaeT Ha IU(POBYI0 OKOHEUHYIO amnmapatypy. [lpu
MIPUEME aHAJIOTOBBIX CUTHAJIOB IU(PPOBBIE 3HAUYCHUSI OTCUETOB JIEMOTYJIN-
POBAaHHBIX CUTHAJIOB IMOMNAJIalOT B MOCJIEAOBATEIbHO BKJIIOUEHHBIE UG-
po-aHajoroBeiii mpeooOpaszoBatenb (LAIl) wix QUIBTP HUKHHUX YaCTOT
(®PHY), rme mpeoOpa3yioTcs B aHAJOTOBBIA CHTHAl M IOCTYMAOT
Ha BbIX0[ (U 4}, 4,;) B @HAJIOTOBYIO OKOHEUHYIO amaparypy.

[IpodeccuonanbHoe 1UPpoBOE PagUONIPUEMHOE YCTPONUCTBO COAEP-
KUT U PSIT BCIIOMOTATEIIbHBIX OJIOKOB: 010K yrmpasienus (BY) Ha Mmukpo-
nporeccope, 1udpoBoit cuaTesatop dactoT (LICY), Og0K peryanpoBKH
ycwieHuss W 4gyBcTtBHTenbHOocTH (BPYwWY), Oiox perynmupoBku u30u-
patenbHocTH bBPU, manens ynpaBnenus, 0ok uHTEpdENcoB, OJIOK
OIEPAaTUBHBIX M IOCTOSHHBIX 3amoMuHarommx ycrpoiicts (O3Y, I13Y),
JTUCIUIEH U JIP.

[Hudposoit cunrezatop wyacror I[ICU obOecneunBaeT mnepeect-
poiiky I[PIIpY mno wacrore, Bo3aenictBys Ha AUIIT. B HexkoTophIx
tunax [IPIIpY npu cMeHe yacTOThl HACTPOUKH HEOOXOJIUMO HU3MEHUTH
1 XapaKTepUCTUKH UGPOBONH 00pabOTKM CUTHAJIOB. B 3TOM ciydae BbI-
xoaHou curHai ¢ [{CY gomxen Bo3aeiictBoBaTh U Ha [{UIIT. ITepectpoii-
ka LIPIIpY moxeT BbINOIHATHCS BPYYHYIO WJIM aBTOMATUYECKU, HAIIPUMED
B COOTBETCTBUM C HEKOTOPBIM aJrOPUTMOM, MPEAyCMaTPUBAOIINM
HaXO0XJCHUE ONTUMAJIbHON paboyell 4acToThl MyTEM 30HIUPOBAHUS pa-
JTVOJIMHUH TPHU COTJIACOBAHHOM MEPECTPOMKE NEPEIaTUNKa U TPUEMHUKA.

BJIOK perynmpoBKH yCUJIEHHS U 4yBCTBUTEIbHOCTU bPYnY, nsmenss
ycunenne AUIIT U 4yBCTBUTENBRHOCTh MPUEMHHKA, ITPOU3BOAUT ajariTa-
uuto LPIIpVY k ycimoBusam mpuema. Kak B aHanoroBbix, Tak u B [IPIIpVY
KOHEYHOU IENbI0 PETYJUPOBKU YCHIICHUS U YYBCTBUTEIBHOCTH SIBISECTCS
MOJIJICP>KAHNE HAWITYUIIETO B 3aJJAHHOM CMBICJIC Ka4eCTBa MPHUEMa B YCIIO-
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Busix m3Menstouieiicas IMO. B ananoroseix PIIpVY sra nenbp gocturaercs
3alIUTOM OT MEPErPy30K KACKAIOB TPAKTA, MPEAMIECTBYIOMMNX AEMOIYJIIs-
TOpY, U OOECIEUCHUEM ONTUMAJIBHOIO peKuMa padoThl JAEMOAYJISITOPA.
B [PIIpVY 3amura ot neperpy3ok kackagoB AUYIIT coxpaHnsieT cBoe 3Ha-
yenue. Ho Hapsay ¢ 9TuM 371ech HEOOXOIUMO TaKoe HampsHKeHUe Koseba-
Hus Ha Bxoje ALIT u Ttakue 3HadueHusa orcueToB B y3iax [UIIT, npu ko-
TOPBIX OTHOCHUTEJIbHBIM YPOBEHb IIYMOB KBAHTOBAaHHWS W OKPYIJICHUS
MHUHUMaJEH.

biok perynupoBku nzdupareabHoctd BPU n3mensier AUX, a uHorna
n OUX npuemnHoro tpakra L{PIIpY npu cMeHe BUIOB IPUHUMAEMBIX CHT-
HAJIOB U MIPU U3MEHEHUU MMOMEXOBOM 00CTaHOBKU. OCHOBHASI PETYJIHPOBKA
nzouparenbHocTu BeimonHsercs B L{UIIT Gmarogaps mpocToTe M3MEHEHHS
napametpoB L{OC.

[Ipu yBenmMueHUH YpOBHSA MOMEX MO COCETHEMY KaHAITY U HEH3MEH-
HOM YpOBHE CHUTHajia Jijii 00eCreueHs MaKCUMaJIbHOW MOMEXO0YyCTONYH-
BOCTHM 4acTO Cy»karoT mosiocy nponyckanus [{OC, 4ToObl UCKITIOUHUTH I10-
[aJIaHUE€ Ha BXOJ YYAaCTKOB CIIEKTpa C MajbIM OTHOLICHUEM «CHTI-
Hay/mym». [lpaBma, mpu 3TOM HECKOJIBKO YBEIMUMBAIOTCS HCKAKCHHSI
CUTHAJIA 32 CUET CYXKEHUS €r0 CIEKTPA.

M3MeHeHrne 4aCTOTHBIX XapaKTepUCTUK npuemMHoro tpakra L[PIIpyY
MPU U3MEHEHUH BHUJA MPUHAMAECMOTO CUTHAJIA WA CKOPOCTH Iepeaayu
coobmenuit bPU npoucxoauT moja BO3IEUCTBUEM YNPaBISIONIUX CUTHA-
JIOB C TIAHENW yMpaBjieHUs Wiu Oyioka uHTepdencoB npuemHuka. [lpu
ATOM CJIEAYET UMETh BBHUIY, YTO 3TO MOYKET OCYLIECTBIATHCA BPYUHYIO,
ABTOMATHYECKH I10 MPOrpaMMe WK B MPOLIECCE aIaNTalluy PAIUOJIMHUH,

Crpykrypa Bcex O1okoB I[PIIpY 3aBucut oT TOro, Ha pajauo- WU
MMPOMEXKYTOYHOM YaCTOTE MPOU3BOJUTCA AUCKPETHU3AUSA U KBAHTOBAHUE
KOJIeOaHUI B MPUEMHOM TPaKTE.

Kax ciencrsue:

a) BeimoiHeHnue ALIIl Ha pagmouacTore oOecmeduBaeT OoJjiee IOJI-
Hy10 peanuzanuio npeumymects [{OC u mo3BOJsSE€T UCKITIOUUTH U3 COCTa-
Ba LIPIIpY cunre3zatop 4wactoTel. OgHAKO NPU 3TOM IEPECTPAUBACMBIN
MPECENEKTOP JOJHKEH MUMETh Y3KYH0 IOJIOCY MPOIYCKAHUS U BBICOKYIO
npsAMOYroyibHOCTh AUX, a TpakT paauoyacToThl — JOCTATOYHBIN KO-
(ULMEHT yCUJICHHUS,

0) Mpu ITUCKPETU3aIMU U KBAHTOBAHWUHU HA MPOMEKYTOUHOW YacTOTE
CTPYKTypa 3HaUMTEIbHON yacTh TpakTa [IY u TpeboBaHMs K CHHTE3aTOPy
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yacToThl Masio paznuyarorcss y LIPIIpY u aHanoroBsix nNprHEMHHUKOB. JTO
3aTPYyAHSACT aJanTalui0 W OPraHu3alliil0 MHOTOKAHAIBHOIO TMPHUEMA,
HO o0Jjieryaer JOCTHXKEHHE HeoOXoaumoro KoddduiueHta ycuie-
Hust AUIIT m no3Bonsier mipu BBICOKOU TpsAMoOyrojibHOCTH AUX noBectr
mupuHy nojockl mponyckanus AUIIT 1o MuHUMaIBHO HEOOXOAMMOM IS
MPOXOXKJICHUSI BCEX BHUIOB PAJUOCUTHAJIOB. B pe3ynbTare CHHXKAIOTCS
TpebOBaHUsl K yacToTe AMCKpeTu3aluu u paspsaHoctu ALlIl, uyto 3naun-
TelbHO obserdaet peanu3amnuio AL u IOC.

1.4.0OcHoBHBbIe XapakTepucTuku u napamerpsl H{PIIpY

KauectBennsie mokazarenu LIPIIpVY ompenensdrorcs snexktpuyecku-
MH, KOHCTPYKTUBHO-3KCIUTYaTAIMOHHBIMUA U IIPOU3BOJICTBEHHO-DKOHOMHU-
YECKMMH XapaKTEPUCTUKAMH.

K OCHOBHBIM 3JEKTPUUYECKHAM XapaKTEPUCTHKAM PATAOTNPUEMHUKOB
OTHOCSITCSI YYBCTBUTEJIBHOCTh, N30UPATENHHOCTD, JUANAa30H pabounx vac-
TOT, BUJBl IPUHAMAEMbIX CUTHAJIOB, aMIUIMTYIHASl XapPaKTEPUCTUKA IIPHU-
€MHHUKA, JUHAMAYECKUN AUana3oH NPUEMHHUKA, JOIYCTUMbIE MCKAXECHUS
CUTHAJIOB, IOMEXOYCTOUYUBOCTD, JJIEKTPOMArHUTHAsi COBMECTUMOCTb.

CylIecTBYIOT I OTJINYHUS XapaKTePUCTUK U TTapaMeTPOB IUPPOBOTO
pagHONpPUEMHHUKA OT XapaKTEPUCTUK U MMAPAMETPOB AHAIOTOBOTO PaHO-
pueMHUKa?

Jlmg orBeTa Ha ATOT BOINPOC PACCMOTPUM U CPABHUM OCHOBHBIC
AJIEKTPUYECKUE XAPAKTEPUCTUKHU U APAMETPI ITUX PATUOIIPUEMHHUKOB.

Hyecmeumenvrnocmo

[Toa 4yBCTBUTENHHOCTHIO MOHUMAIOT CIIOCOOHOCTh NMPUEMHHUKA MPH-
HUMATh CJa0ble PaAUOCUTHAIBI.

BakHeluM KpuTepueM KauecTBa IU(PPOBBIX CUCTEM, KaK U aHAJO-
T'OBBIX, SIBJISICTCSI OTHOIICHUE «CUTHAI/TITYyM>.

B aHanoroBeIx cucTeMax 4yBCTBUTEIBHOCTb NMPUEMHHUKA OIPEHEIIS-
€TCsl KaK MUHUMAaJbHBIA YPOBEHb BXOJHOIO CUTHAJA, IIPU KOTOPOM HA BbI-
X0/J1€ MOJIy4aeTCsl CUTHAJ TPEOyeMOro KauecTBa.

JIJ1s1 IpUEeMHHUKOB TUCKPETHBIX CUTHAJIOB TpeOyeMoe KauecTBO OIpe-
JEJSIETCS. BEPOSITHOCTHIO OLIMOKHM MPU HEKOTOPOM 33JJaHHOM OTHOIIECHUU
«CHUTHaJ/IIym»,
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JInst uudpoBBIX CUCTEM 3Ta BEJIMYMHA UMEET HECKOJbKO MHYIO WH-
TEPIPETAIUI0 — OTHOIIIEHUE YHEPTUM HA OUT K CHEKTPAIbHOU MIOTHOCTHU
uryma.

o< i[B)
No
rne By — oHeprus curnana, nmpuxojsimascs Ha OAMH OUT mepeaaBacMoi
uHpopmanuu;
N — criekrpanbHast IIIOTHOCTH HIYMOB.

BenuunHa OTHOIIIEHUS] SHEPTUU HA OJWUH CUMBOJI, NIEPEJaBaEMbIi 110
KaHaJly CBSI3U, K CIEKTPAJbHOW MJIOTHOCTH IIYMOB B OOIIEM Clly4ae CBS-
3aHa C OTHOIICHHEM «CHTHAJI/IIyM» B TPaKTe Mepeadn CHrHaIa CIeIyo-
e popmyoi

Es _gnrWY
R

No
rae W —mupuHa mosiockl kaHana, I';
R — cuMBobHAs CKOPOCTh Iiepeauyu MHGOPMAIIMH 10 KaHalIy CBS3H,
cuMB/c.

CooTHOIIIEHUE MEX Ty SHEPTHEH Ha CUMBOJI M SHEPTHeH Ha OJIUH OUT
nepeaBaeMor MoJIe3HOW MH(OpMaIUU 3aBUCUT OT MPUMEHEHHBIX CXEM
MOJIYJISIITUU B TTOMEXOYCTOMYMBOTO KOJUPOBAHMS, T. €. OT YHCJIa OUTOB,
NPUXOASAIINXCS HA OJHU KaHAJbHBIM CHMBOJ, U U30BITOYHOCTH BBIOPAH-
HOW CXEMBbI KOJUPOBAHUS.

Yyecmeumenvhocmv yugposozo paouonpuemuuxa (peajibHas) MpH
npueme nUGPOBBIX CUTHAIOB — 3T0 HamMeHbinas BenmunHa DJIC (E4g)
win momHocTu (P4g) pammocurnana B aHTeHHE, MPH KOTOPOH HA BbI-
X0Jle¢ TpUEeMHHUKa OOeCTeunBacTCs MpeneabHas BEPOSTHOCTh OIMUOKU
Ha OouT [6].

Ilpumep: B ctangapre UMTS (s GSM) ucnonb3yrorest nudpoBbie
IPUEMHUKH.

HopMaTuBHBIMH JOKYMEHTAMHU JI MPUEMHBIX YCTPOWCTB CHCTEM
GSM BBeneHo moHsATHE OTaloHHOW uwyBcTBUTENbHOCTH (Reference
Sensitivity). DtanoHHas YyBCTBHTEIHHOCTh IPHEMHHKA a0OHEHTCKOIO
obopynoBanus cucteMbl GSM onpenensieTcs kKak MUHUMAJIbHBIN YPOBEHB
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CUTHaJIa Ha BXOJ€ aHTCHHBI, TP KOTOPOM BBIXOJIHAS BEPOSTHOCTH OILIUO-
ku Ha Omur BER (Bit Eror Rate)ne mnpeBbimaer 3agaHHOW BEIH-
unnb 10° [27].

HNHorma 4yBCTBUTEILHOCTh YA00HO XapakTepu3oBaTh Kod(hPHUIIMEH-
TOM 1yma npuemMunka N,y ,.

B LPIIpY npuemHbIi TPaKT MOXKET UMETh 3aMETHYIO HEJIMHEWUHOCTb,
a UHTEHCUBHOCTU CWTHaja W IIymMa B Harpy3ke HEOJHO3HAYHO IMepecyu-
ThIBalOTCA KO Bxoay. Ilo aToit mpuumne kodbduument myma L[PIIpVY
HE BCEIJIa JIOCTAaTOYHO MOJTHO (OJHO3HAYHO) XapaKTePU3YeT YYBCTBHTECIIh-
HOCTh npueMa [6].

H3oupamenvnocmo

N30upatenbHOCThIO Ha3biBalOT crnocoOHocTh PIIpY BwigensTe mo-
JIC3HBI CHTHAJ M OCHa0JATh JEHCTBHE MEMIAIONIUX CHTHAJIOB (ITOMEX)
C TIOMONIbIO PA3IUYHBIX CIOCOO0B peanm3alui u3dupareabHocTH (dac-
TOTHOW, BPEMEHHOM, MPOCTPAHCTBEHHOM, TIOJIIPU3AIIMOHHOMN).

YacrorHas uzbuparenbHocTh PIIpY ocHoBaHa Ha pa3anyuu 4acTOTHI
CUTHaJIa, Ha KOTOPYIO HACTPOEH PaAUONPUEMHUK, U 4acTOT nomeXx. Paznu-
YaloT OJITHOCUTHAIBHYIO U MHOTOCUTHAJIbHYIO U30UPATEIbHOCTD.

Yacrorras (manee mpocto) m3dupatenbHOcTh L[PTIpY ecth Mepa ero
MPUTOJHOCTH MPUHUMATD JKEJIATEIbHbIA CUTHAJI, HA KOTOPBIA OH HACTPO-
€H, U 0CJalJIATh Apyrue HekenaTeabHble curHaisl. Llenecoobpasno ¢ yue-
TOM TEXHHUYECKUX U SKOHOMHYECKUX (PaKTOPOB ISl KOHKPETHBIX KJIACCOB
MPUEMHUKOB JIOCTUTaTh MaKCUMaJIbHON m30upartenbHOoCcTU. Hexenarensb-
HbIE TPOSABJICHUS MEIIAIONIMX CUTHAJIOB MHOTOOOPAa3Hbl U OMPEACIISIOT
CJIeTyIONTME OCHOBHBIC BU LI n3bupatenpHocT LIPTIpY (puc. 1.13).

Onenku kadectBa LIPIIpY mo mro6oMy u3 BHIAOB 4aCTOTHOW OJHO-
CUTHAJbHOW W30UPATEIHLHOCTA HEOOXOIMMO MPOBOJUTH JIsI CKBO3HOTO
TpakTa MpuemMa B JMHEWHOM pEXKHUME, KOorja B Mpoleaype Mnpuema
3aaenctBoBaHbl Bce BuAbl [[OC, 3anokeHHblE B CTPYKTYypy TpakTa
npuema L{PIIpyY

Oonocuenanvnas (munetinas) usoupamenvnocms L[PIIpy

Hzoupamenvrnocmo no ocrnosnomy xanany npuema (OKII) xapakre-
pHU3YET KaueCTBO MpHUeMa MOJE3HOTO CUTHAIA B TTOJIOCE OCHOBHOTO KaHala
npuema ARy (puc. 1.14).
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OCHOBHOW KaHaJ MmpuéMa — 3TO MOJI0Ca YaCTOT, paBHAS 1O NIMPUHE
CIIEKTPY MPUHMUMAEMOTO PATUOCUTHAA ¢ YIETOM HECTAOMILHOCTH PaHo-
maunu (1.8)u ¢ cepenuHoii Ha yacToTe HacTpoiku npuémunka fq.

Nno OCHOBHOMY

OKI1
KaHany npuema
ofHOCUrHanbHas
(MMHenHas) Mo COCeaHUM CKM
KaHanam npuema
no nNoGoYHbIM KM
KaHanam npuema
no KaHanom KHC
HaJIoXeHUsl CrIeKmpoe
YyacToTHas
n3bupaTenbLHOCTb o wymam i
reTepoavHa
GrnokupoBaHve B
noaasneHve -
MYMbTUNIMKATUBHAS
CRIT >C nepekpecTHas v
moaynaLms
MHOrOCUrHanbHas
(HenmHeinHas) afauTUBHas VHTEPMOAYNSALMA oy
BTOPOro NopsaKa
m0n, -»c Y pAA 2
VHTEPMOAYNSALMA HM,

TpeTbero nopsaaka

(B TOM YMCne B COCEAHUX
KaHanax npvema, Bnaa)

2061 =1

Puc. 1.13. OcHoBHBIC BUIbI YaCTOTHOM n30uparensHoctu L{PTIpY

Uzoupamenvrnocmo no coceonemy xanany npuema (CKII) xapakre-
pU3YET KPYTU3HY CKAaTOB (PUIBTPOB COCPEIOTOUYCHHON M30UPATEIHHOCTU
WINA celieKuu (B ToM umcie MUdpoBbix). COCeTHUMH KaHAJIaMU MpHeMa
CUMTAIOTCS KaHAJIbl, PAaBHbIE MO IIMPUHE OCHOBHOMY KaHally MpUEMa
C pacCTpOMKOM, KpaTHOH noJtoce mpuema B 1, 2, 3paza (puc. 1.14),
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Puc. 1.14. N36uparensHocts LIPIIpY mo ocHoBHOMY U coceHUM
KaHaJlaM [TpuemMa

Hzoupamenvrocmo no novounomy xauany npuema (IIKII) xapaxre-
pusyer kadectBo L[PIIpY 1mo TOukam JIOKHBIX HACTPOEK, BO3HUKAIOIIUX
B CMCCHUTEJISX aHAJOTrOBOM YacTH mpuemHoro tpakta (ecau AUIIT mpen-
CTaBIISIET COOOM CyNepreTepoAMHHYIO CXEMY WM CXeMY IPSMOTro Mpeoo-
pa3oBaHus):

0 ey :\kfr T fOHp\,

rne f. —wuacrtora rereponuna, npuxonsamas uz CH B cmecurens AUIIT;
k =1,2,3... —HOMEp rapMOHHUKH YaCTOThI TETEPOJIH,
fOHp — npoMexyrouHas yactora (ITH), Ha KOTOpPYyIO MEPEHOCUTCS pa-

JMOCUTHAJ Ha BBIXOJI€ CMECUTETIS.

[ToOouHbIl KaHall MpuéMa — 3TO II0J0CAa YacTOT, HaXOJAIIascs 3a
npeaesaMyu OCHOBHOTO KaHaja NMpUEMA, B KOTOPOM MEIIAOUIAN CUTHAI
MOXET MPOXOAUTH HA BXOJ YCTPOWCTBA JEMOIYJSLIMU UM HA BBIXOJ pa-
nuonpuéMHuka. Hanbonee MHTEHCUBHBIMU SIBJISIOTCS 3€pKaJbHBIA KaHall,
KaHaJ MPsSMOro MPOXO0XKAECHUS, a TAKXKE MX MOJOBUHHBIE U KPATHbBIC 3HA-
YEeHUS 10 KaXxJaoMy cMecutento. Kpome Toro, BO3MOXHO 00pa3oBaHuE MO-
PaXXEHHBIX TOYEK MPHUEMA W3-3a MPOCAYMBAHUS U B3aUMOJICHCTBUS TapMO-
HUK CHTHAJIOB reTepoAnHOB (MHTepdepeHimonnpie cBucThl). B I[PIIpVY
BO3MO>KHO TOSIBJICHUE MOPAXXEHHBIX TOYEK, OOYCJIOBJICHHBIX CUTHAJIAMU
TAKTOBBIX YACTOT, YACTOT KBAHTOBAHHUS U T.II.

Hzoupamenvrocms no xananam nanoxcenus cnekmpos (KHC)

Kananbl HanoXeHHsI CIEKTPOB OOpa3ylOTCs MNpHU JTUCKPETU3ALMU
ananorosoro curdaia B AIIII udposoro PIIpVY. B cBs3u ¢ 3TuM, naHHbIi
BUJI M30UPATEIILHOCTH CBOMCTBEHEH TOJBKO IU(POBHIM PaguONpPUEMHU-
kam. KHC mnosBisitoTcsi Ha KOMOMHAIMOHHBIX 4YacTOTax, OMpPEAesIieMbIX
o popmyite (1.7).

O4eBHIHO, YTO TAaKOE K€ 3HAUYCHUE MOXKET MPHUHATh U JIMHEWHAas
KOMOMHAIIMS YacTOThl JAMCKPETU3allid, M CHUTHajla, PacHOJIOKEHHOTO
Ha OJTHOM M3 4aCTOT U300paKeHUIA.
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B coOTBeTCTBUU C pacCCMOTPEHHBIM SIBJICHUEM HA30BEM crieruduye-
ckuit st LIPTIpY Bunm ogHOoCHMTHAIBbHOM M30MPATENbHOCTH U30OUpame)ib-
HOCMbIO NO KAHALAM HAJIOJNCEHUS CNEeKMPO8 NoMexX Ha CHneKmpvbl OUCK-
pemuzayuu | - fg... T ot fg  momocel  mpUHMMaeMbIX  CHTHa-
JOB fC = fH fB-

N36upaTenpHOCTh MO KaHajdaM HaJ0KEHUS CIIEKTPOB XapaKTepU3yeT
kadyecTtBo [IPIIpY mo Toukam JIOKHBIX HAcTpoek, Bo3HUKarommux B AIIII
MpU aHaJoro-uuppoBOM MpPeoOpa3oBaHUU KaK OTOOPAKEHUS MOJE3HOTO
CHUTHaJla OTHOCHUTEJIbHO TapMOHMK 4YacTOThI AHMcKpeTH3anuu (puc.l.6)
U TPUBOJAIIMX K HAIOXKEHUIO CIEKTPOB IOMEX Ha CIEKTPBlI JUCKpE-
TH3AIUH.

Ecau ve momaBute KHC o AL, To mone3nyro wHGOpMAIHIO, CO-
JepKaIyocsl B CUTHAJIE, HEBO3MOXXHO OTJIMYHUTH OT €ro oOpasza B 001acTu
HaJIOKEHMUSI.

CrnenoBaTenbHO, s ITU(PPOBBIX MPHEMHUKOB MOJIABICHUE KaHAJIOB
HAJIO’)KEHUS CIIEKTPOB HE MEHEE aKTyaJbHO, YEM JIJI1 aHAJIONOBBIX MOJ1aB-
nenue [IKII. @unbTp, npeaHa3HauYCHHBIN ISl MOJIaBICHUS N300paKeHUM
noJie3Horo curxaia B uudpossix PIIpVY, Ha3piBaeTCs aHTHATAH3UHTOBBIM.

Ipumep: npu yacrore auckperusanuu f = 102,4MTI 11 Bceii 11010-

cel KB pagnocnekrpa fyy...fg = 1,5 ... 30OMI'11 ¢ yuerom crektpa auc-
KpeTH3alluu.

fI[ - fB fI[ + fB: 72,4 ... 132, MI 1.

Ha puc. 1.15npuBenena siektpomarautHas oocranoBka (OMO) Ha
Bxoae [PIIpVY u 3ammra COEKTpOB JUCKPETU3ALMUA OT HAJIOXKECHHUS CIICK-
TpoB noMex B o6O1iei nonoce ot C/AB, /1B, CB nuama3zoHa BOJIH 10 auara-
30Ha YKB pagno n TB Bemanus (4actoTHas och B JIOTapu(MUICCKOM
Mmactirabe).

Hzoupamenvnocmo no wymam cemepoouna (III') xapakrepusyer
CIICKTPAJIbHYIO YHUCTOTY W OTHOCHUTEIBHYK) HWHTEHCUBHOCTH IIIYMOB
Y TOOOYHBIX 00pa30BaHuil B TeTepoinHax cuHTe3aropa yactoT [[PIIpVY.

OueHuBaeTcsi OTHOLICHUEM

U
20lg| - | [n6]
I Jafp
YPOBHs IIyMOB rerepoarHa U K YPOBHIO HaIpsDKEHUS CUTHAJIA reTe-
poauna U npu paccTpoiike Aff.
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Hanuuue BIusHUS IIyMOB reTepoinHa 0OHAPYKUBAETCS MPHU OIIEHKE
nzbuparensHoctu no CKII mpu Tex paccTpoiikax curHaia, Korjia yBeJu-
YEHHE PACCTPOMKH XapaKTEPHU3YETCS 3aMEIJICHHBIM POCTOM YPOBHSI CHTI-
Haja, T.e. HacTymaeT HackimeHue u3duparenbHoctu mo CKII ¢ mocre-
AYIOIIUM OJIOKUPOBAaHUEM TPaKTa MpHUeMa MOIIHBIM CUTHAJIOM.

N\
/
__ /  3amwra obnactu (72,4...132.4 Ml'u)  °
e T I
/" 3amura cnekrpa KB curnanos ot | Ha/I0XKEHHs! CIIEKTPOB CHIHAJIOB
HUHTEPMOAYJIALMN U OJIOKUPOBAHUS /’ ‘l MCCTHOTO BCIIIaHH: Ha CIICKTPbI
CJIB, 1B, CB curHainos / \ nuckperuzaunu KB curnanos LPITpY

Mo KB paguosauuu ———e -
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IloJsi0ca nponycKaHusl AHTUHAJIAH3HHIOBOTO QUIbTPA
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Puc. 1.15. DMO Ha Bxozne LUPIIpVY u 3ammra crieKTpoB JUCKPETU3ALHNH
OT HAJIO)KEHUSI CLIEKTPOB MOMEX

B IIPIIpY Bcerma ucmonan3yroTcs rerepoauHbl. OHHM HEO0OXOIUMBI
Kak s peoopaszoBareneit yactorel B AUIIT, Tak u ana IUIIT, roe Hy-
KeH reHepatop 4dactoThl auckperm3amuu AllIl. CTaOUIbHOCTH YaCTOTHI
reTepOJIMHOB CKa3bIBaeTCs Ha cTabuibHOCTU HacTpoiiku I[PIIpVY. daszo-
BbIC IIIYMbl T'€HEPATOpPA YaCTOThl JUCKPETHU3ALUHMHU OKA3bIBAIOT TAKOE XK€
Biusinue Ha kadecTBO LIPIIpY, xak ¢azoBbie 1Iymbl reTeporHa B aHAJIO-
roBoM PIIpVY. OcHoBHOe BiusiHuE (DA30BBIX IIYMOB IPOSIBISAETCS B TOM,
YTO OHHM HAKJIAJbIBAIOTCS HA MOIIHBIE CUTHAJbI, YTO MPHUBOJIUAT K paclIv-
PEHUIO MX CIIeKTpa M, CJIEAOBATENbHO, K POCTY YpPOBHS IIYMOB BOJIM3U
YaCTOTHI IOMEXM.

Mmuozocuznanvuasn (Heauneiunasn) usoupamenvuocms I[PIlpy

bnoxuposanue (bia) 1mojie3HOro0 CUrHaNIa — 3TO HEJIMHEHHOE SBJICHUE,
KOTOPOE€ MPOSBISACTCA B HAPYIICHUE JTUHEUHON 3aBUCUMOCTH MEXK]Y aM-
IUIATYJIaMU CHUTHAJa Ha BBIXOJIE U BXOJE YCHWIIUTEIBHOTO TPAKTa Pajro-
npreMHuKka (YMeHbIIeHHe Kod(h(UIMEHTa YCUIICHHS) 0] BO3/CHCTBUEM
CUJIBHBIX MEIIAIOIIMX CUTHAJIOB C YaCTOTaMH, OTJINYAIOIIAMUCS OT YaCTOT
OCHOBHOI'O ¥ TOOOYHBIX KaHAJIOB MPUEMA.
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brokupoBaHue XapaKTEepHU3yeTCs CTENEHbIO U3MEHEHHSI CMECU CHUT-
Haja U [IymMa COOTBETCTBYIOIIEH HOMUHAILHONW YyBCTBUTEIHLHOCTH Ha BbI-

xone tpakra npuema Ugy B mpucyrctBuu momexu Upp MO OTHOIICHHIO
K YPOBHIO 3TOM cMmecH (curHana) B orcyrctBun nomexu U (. OueHuBaercs
JONTYCTUMBIM 3HaUY€HUEM KO3 duiineHTa 0JIOKUPOBAHUS

k5]l = M <02
Uo
a Taxke no BenuunHe Uy W paccTpoiike Afp; OJOKHpPYIOIIEH NOMEXH.
OneHuBaeTcs I CUrHaJIa HOMUHAIIBHON YyBCTBUTEIBHOCTU Ep Wim yc-
TaHOBJICHHOTO ypoBHA Epag= 1 MkB Ha BXOﬂe paJMONPUEMHUKA, B TOM

4pcie B OTHOCHUTEIBHONH METPHUKE ZO[IQ I [xbmkB| npu kg, <02
Ero
1 3aJJaHHBIM 3Ha4YCHUEM Affy.

Paccrpoiika 6nokupyromeii momexu Afyy :‘ fo— fH‘ U €€ YPOBEHb

Ug ¥ 1 mMxB mis Kg; <02 3amarores mo Tpakrty mpuema cHTHaia

B nipecenekrope (TPY), korma momexa HaXOJIUTCSA B €O TOJIOCE, MO TPaK-
TaM MPOMEKYTOUYHBIX YaCTOT, KOTJla ITOMeXa HaXOJHUTCS B MX IOJIOCE, 1O
tpaktam [[OC korjga momexa HaxoguTcsa B mojoce HuppoBoro GuiabTpa
MIPUHUMAIOIIETO CUTHAJIA.

llepekpécmnas moOoynsayusi — 3TO HEIUMHEWHOE SBJIECHUE, KOTOPOE
MPOSIBJIIETCS B TIEPEHOCE MOAYJISIIMU TTOMEXH Ha TMOJIe3HbIN curHai. [Ipu
JCHUCTBUM Ha BXOJI€ PAIUONPHEMHUKA MOJYJIMPOBAHHOW MOMEXHU HAPSIY
¢ apbexToM OJIOKHPOBAHUS TPOSBISAETCS U MEPEKPECTHAS MOTYJISIIMS.

brnokupoBaHue U MepeKpecTHass MOIYJISALNS CBS3aHBI TPOCTHIMHU CO-
OTHOIIEHUSIMHU

= 2k, < 002,
€ My, M — COOTBETCTBEHHO, FJIy6I/IHa MEPEKPECTHON MOIYJISALMA

CUTHaJIa IOMEXOM U rI1yOrHa MOYJISIUA TOMEXH.

Humepmooynayusi (B3anMHAsT MOIYJISIUS) — 3TO HEJIMHEHWHOE SIBJIC-
HUE, KOTOPOE 3aKJII0YaeTcs B TOM, YTO MPHU BO3ACHCTBUU HA KaKOU-IHOO
HEJIMHEUHBIN SJIEMEHT B YCUJIMTEIBHOM TpaKTe JBYX WU OoJiee TTOMEX

¢ wvacrortamMu fpyq, fryp, f3, ... Ha BBIXOAE 3TOro 3JIEeMEHTa BO3HU-
KAaeT CJOXHBIA CHEKTp HHTEPMOIYJALMOHHBIX KOJIEOaHUMH  BHJIA
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+ mffpp £ nfp + pfpg £..., eciim 4acTOTBI OAHOW MIIM HECKOJBKMX COCTaB-

JISIIOIIUX 3TOTr0 CIEKTpa COBNAIYT ¢ 4acToToil HacTpoiiku PIIpV, moboi
4acTOTOW MOOOYHOTO KaHajla MpHeMa WM KaHajla HaJl0)KEHUsSl CIEKTPOB,
TaKUE€ COCTABIISIOIINE YCWJIMBAKOTCS B YCUJIUTEIBHOM TPAKTE HapaBHE
C TIOJIE3HBIM CUTHAJIOM, HAKJIAJbIBAKOTCS HA HEr0, CHIXKAIOT OTHOLICHUE
CUTHAJI/IITyM M HCKa)KarOT IPHHUMAEMOE COOOIIECHNE.

Benuunna M +\n\ Ha3bIBACTCS MOPSIKOM WHTEPMOIYJISINH (B3aUM-
HOW MOJyIIANNN), TAe M N, P — COOTBETCTBEHHO HOMEpa TapMOHHK ITOMEX
¢ yactotaMu fpyq, o, fy3,. Hanboisiee omacHbl BO3nmelcTBHS Ha paguo-

MIPUEMHHUK UHTEPMOAYJISIIUHA BTOPOTO IMOPSAIKA \rﬂ +M =2 W MHTEPMOJIY-

JIALAA TPETHETO MOPSIKA ‘lﬂ +M =3, TaKk KaKk OHM MMEIOT MaKCUMAaIbHYIO

aMIUTUTYyly U HauOoJsiee OJU3KO PaCHOJIOKEHBI K OCHOBHOMY KaHaly
npuema.

WuTepmoynsmust Broporo nopsaka (MMy) B LIPTIpY tpedyer oco-
O00ro BHUMaHUsI, Tak Kak mnojocoBbie ¢uinbTpel Ha Bxoae LIPIIpY moryt

MMETh MOJIOCY MPOMYCKAaHUSI ITUPUHOM 00Jiee OKTaBbl f—B >2| u UM,
i
MOJKET BO3HHMKaTh Kak B mpecenekrope (AYIIT), Tak u [UIIT Takoro pa-
JTONPUEMHUKA.
B xyammx yciaoBUsSX HaxXOAUTCS OOIUN U MU(POBOM TPAKTHI ¢ HAU-

f
0oJiee IIMPOKON OTHOCHUTEIBHOM I10JIOCOM —B max Haubonee me6maro-
H

MIPUSATHOE PACIIOJIOKEHUE MEIIAIInX curHaiioB npu UM, B nekamerpo-
BOM JlMana3oHe noka3aHo Ha puc.1.16.

Ug Us Uo Uq

HOYb JIeHb

L T ol

fo fo fg U8MIL f; O6MIn 0 2f, fg 024MTn
a 9]

>

—n
=
N

g
=
=

|

—_ |p..-.-. ccee

—
=
=
N eeccccctecee
—h
=
N

Puc. 1.16. Hau6osiee HeOIaronpusiTHOE PacioioKeHUe MEIIarouxX
CUTHAJIOB MPU MHTEPMOIYJIAIIMUA BTOPOTO MOPSAKA B IEKAMETPOBOM
Jramna3oHe
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Ha pucynke 1.16,a, HOubIO, 00€ TTOMEXH HAaXOAATCA B palioHE CyO-

1
rapMOHUKH CUTHaja (22 foj, IIpH 3TOM Afpq = Afpp = Afyy, T.€.

A fH1+AfH2 = (% fo —Afnj +(% fo +Afnj = fo

BO3HHMKAET WHTEPMOJYJAINMS BTOPOTO TOpsAAKa Ha YacTOTe HacCT-
poriku LIPIIpVY.

Ha puc. 1.16,6, nHeM, ojHa moMeXa HaxXOJUTCS B pallOHE BTOPOM
rapMOHUKH cHMrHana (=2fg), a Bropas — BOmm3u curnana (=fy), mpu sTom
Afpq = My, = A, Te. A fpp +Afgo = (29 — Af) +(fo + Afpp) =
BO3HHMKAET TaK K€, KaK M B MPEIbIAYIIEM Clly4ae, HHTEPMOAYJISALMS BTO-
poro nopsaka Ha yacrtore Hactpouiku L[PIIpY. Jlanee B LIPIIpY a3tm co-
crapisironue (puc. 1.16a, 6) or UM, ycHauBalTCS B YCHUIMTEIHHOM
TpakTe€ HapaBHE C MOJIE3HBIM CHUTHAJIOM, HAKJIAJIbIBAIOTCS HAa HETO, CHU-
KaIOT OTHOIICHUE «CUTHAJI/IIIyM>» M HCKaXaloT MPHHIMAEMOE COOOIIECHNE.

KauectBo LIPIIpY mo UM, xapakrepusyercs OTHOCUTEIBHBIM YPOB-
HeM  (IpeBBIICHWEM)  HWHTEPMOIYJIHPYIONIUX  ITOMEX UHl(fnl)
51 UHZ(fnz) HaJ YPOBHEM HOpMHUpYMOLEro curHana Eag=1 mxB npu
pa3MeIIeHUH TIOMEX Ha 4YacTOTe OTHOCHUTEeIbHO curHama (puc.l.17).
OTHOCUTEIBHBIN YPOBEHb MPEBBIMICHUS TOMEX HaJl CUTHAJIOM Ha3bIBACTCS
3aTyXaHWEeM HWHTEPMOIYJIUPYIOUIUX MOMEX WM JTUHAMUYECKUM Juara-
30HO0M Do mo UM,

JUyuJ U
D, = 2000g ¥ -2 1] = 200y — > [xB] mpu Uy =U>.
Eao Eao
U 2 U 111
Um U2
fiy D2MTn fo fiia e fg D8MIu f,; OeMru 2 fi1 fo fg 024MTu
a o

Puc. 1.17. ITpumep HHTEPMOAYISUUU TPETHETO MOPSAIKA B IEKAMETPOBOM
JYana3oHe Uil IUPOKOMOJIOCHOIO TPaKTa
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WuTepmoaynsanus TpeThero nopsaka (MM3) onacHa 1 BCEX THUIIOB
PaJIMONPUEMHUKOB, TaK KaK MOXKET BO3HHKATh B TPAKTAX MpUEMa IPH JIIO-
OBIX pacCTpOMKax MOMEX OTHOCUTENILHO CUTHaJa, €CJIM pacCTpoiika MmoMex

HaXOJUTCS B OKTaBHOM oTHomeHuun f—fg =Af, f, — o = 2Af, f, — f; = Af .

DTOT BUJ UHTEPMOYJISIIIUA PACCMATPUBAETCS MOCIEIOBATENBHO IO
KaxxJiomy u3 TpaktoB npuema L{PIIpV.

B mnpecenektope M IMIMPOKOMOJOCHOM ITM(IPOBOM TpaKTe OIEHKA
MPOBOJUTCS HAa YacTOTaX BOJIM3M HMHTEHCHUBHO 3arpy>KE€HHOI'O y4acTKa
cnekTpa: Houb 2...8 MI'n, newb 6...24MI'11 (cm. puc. 1.17).

Ha puc. 1.17,a, Houbto, M3 BO3HHKAET Ha YaCTOTE HACTPOUKHU IITHU-
POKOIIOJIOCHOTO TPAKTa

2fH1_ fHZ = 2(f0 +AfH)—(fO +2AfH) = fo.
Ha puc. 1.17,6, nuem, Tak e, Kak M B IpeabiayiieM ciydae, MMs
BO3HHUKAET HA YACTOTE HACTPOUKHU MIUPOKOTIOJIOCHOTO TPAKTa

2fmm1 = iz =2 fo — &fry) - (fo — 28fpr) = fo.
B nto06om u3 y3komnosnocHsix TpakToB LIPIIpY ¢ paccrpoiikoii momex
B Mpejeiiax IMOoJIOCHI 3THX TpakToB (puc. 1.18) nuHamuueckwii amara-

30 D3 mo M3

Jufu u
D3 = 20@9%[1&] = ZO[I]gE—l’s[z[B] npuUq =U».

UH] U R
IT

v | &

Y

AN

S S T

Puc. 1.18. [Ipumep UHTEPMOIYIIALUUA TPETHETO MOPSAIKA
11 y3KOIIOJIOCHOTO TPaKTa

TpeboBanus mo AuHaAMHUYEeCKOMY Auana3oHy Dg MIMj3 Haubonee ixe-
CTKHE JIJIsl IIUPOKOTIOJIOCHBIX TpakToB, npeBbimarT 100 — 11(1b, mst y3-
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KomoJiocHbIX TpakToB AocTturaioT 90 — 100nb nmpu MuHMMaILHOM ypOBHE
HOpMUPYIOLIETO curHana Epg = 1mkB.

Cywecmseennvim omauuuem yugposvix PIIpY om ananocosvix s61s-
emcs Ux Xapakmepucmuka MHO20CUSHATILHOU U30UpamenbHOCmu no um-
mepmooyaayuu, KOTopas BIMSIET Ha TaKWE XaPaKTEPUCTUKH, KaK aMILIN-
TynHas xapakrepuctuka (AX), nnHamudeckuii quanaszon (JI/1) n momexo-
YCTOWYUBOCTh paIHONpHEeMHHKA [6].

Ecnu Ha BXO/€ aHAJIOTOBOTO PaguONpPUEMHUKA, HEIMHEHHOCTH Tie-
penaTouyHor (QYHKIIMKM KOTOPOTO aIMPOKCUMHUPYETCS CTETICHHBIM PSIIOM,
OPUCYTCTBYIOT CHUTHANbl JBYX 4acToT, frqM frp, KOMOMHALIMA KOTOPBIX

2T~ frrp (MM3) momamaer B mMOJIOCy TOJE3HOTO CUTHaia  (CM.
puc. 1.17, 1.18)70 npu yBeTUICHUHN aMIUTUTYIbI OJTHOTO U3 3THX KoJieOa-
Huit Ha 1 1b mHTEpMOIYASIIMOHHBIM TPOAYKT 3-TO MOPSIKA BO3pACTAET Ha
3 1b, 1. e. B kyOuueckoil npornopiuuu. B ciydae cuiIbHOTO YPOBHS OH IIO-
SBJISICTCS. HaJ OCTaJIbHBIMH IIIyMaMH, BbI3bIBasi TE€M CaMbIM YMEHBIIIE-
HUE IMHAMHYECKOro auamna3oHa pamuonpueMuuka (puc. 1.19) ¢ IJI

no Apm3(Dg).
Usoix 1 A
[nb] TTH NM;
N " 0 o AXnnean.
o0
?
) AXpean

]
.......................... Ve \
'( [ KOMIIpeCcCHsi CHIrHaJIa ;

‘ NpHU TOCTH/KEHUH |
- |
‘ BepxHeii rpanuust [T |

\_ J

mym

c--page---cc-escmccca-

Usvix.mind- - - -

Usc min UBX.}IOIIt"M:; Usx (Ed)
(Eanon) TK 15, [nb]

Puc. 1.19. Tlpumep u3MeHeHUs TUHAMUYECKOTO TUara3oHa
B aHAJIOTOBOM PaIMONIPHEMHHUKE ITPU BO3JCHCTBUHA HHTEPMOTYIISAIIUN
TPETHETO TOPsIJIKa
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[Ipy [OCTHXKEHWHM CUTHAJIOM Ha BXOJE OIPEIEICHHOTO YPOBHS
(TK1:5sx) OH HAYMHAET TIOCTEIIEHHO OTPAHWYUBATHLCS TI0 aMIUIUTyIe. Tod-
Ka Ha KPUBOW aMIIMTYAHOM XapaKTepUCTUKU (AXen;.. cM. puc. 1.19),
B KOTOpOM peanbHbld BbIxoAHOM curHan PIIpY ornumuaercs na 1 nb
OT UJCAIBHOTO B CIIy4ae JIMHEMHOW Mepenayu, Ha3bIBa€TCA TOYKOW KOM-
npeccuu B 1 1b (TKy).

JI714 aHaIoroBBIX MPUEMHHUKOB NapaMeTp uHTepmoayauuu MMs aB-
JSI€TCS OJTHMM M3 Ba)KHEWINNX, HA KOTOPBIN pa3pabOTYMK JOKEH oOpa-
TUTh BHUMAHHUE B TIEPBYIO OYEPEb. ITO TOUKA MEPECCUCHUS MTPAMON pOC-
Ta UHTEPMOAYJSIIHOHHBIX HcKakeHuit (MM3 . puc. 1.19)c npsmoit ume-
apHOM AX (HEeHOTO Kod(ddummenTa mepenaydn). OOBITHO KOMITPECCHS
CUTHaja MPU JOCTUKEHUM BEPXHEUW I'paHUIIbl TUHAMUYECKOTO Juara3oHa
MPOUCXOAUT PAaHbLIE, YEM JOCTUTAETCS JTaHHAs TOYKA MEPECEUYEHUs, IO-
ATOMY OHA JICKUT Ha BOOOpaKaeMOM MPOJOJLKEHUM MPSMBIX U SBJISIETCS
Teopernyeckoi Toukoi nmepecedeHus (TTII). U3 puc. 1.198uaHO, 9yTO YeM
OoJIbllIe B pAAMONIPUEMHHUKE JTOMYCTUMBIA YPOBEHb HHTEPMOIYISIIUOHHON
MoMexu TpeThero mopsiaka U gy ;6 1M 5 TEM TpaBee MpoJeraeT npsaMas

poCcTa MHTESPMOAYJISLHMOHHBIX HCKAKCHUH W TeM IuMpe (JIydine) auHa-
mMuuecku  auana3zoH  PIIpY  npu  uHTEpMOAYJSIIMKM ~ TPETHETO

nopsiaka s

WNuas xaptuna naomogaercs B uudposeix PIIpV. Jlns ALII mapa-
MeTp uHTepMOAy s M3 TepsieT CBOIO aKTyaJIbHOCTh, TTIOCKOJIBKY HH-
TEPMOAYJISIIIMOHHBIC MPOJYKTHI U3MEHSIOTCS HeIpeackazyemo (He sBis-
10TC  (PYHKIIMEH aMIUIMTYIel curHajia). [Ipu JOCTHXKEHWH CHUTHAJIOM
ypoBHs monHoM mKanbl Uy (puc. 1.20) He mpoucxoauT mocTeneHHOH

KoMmIipeccuu, kak B aHaiorosom PIIpV. B AIIIIl uudposoro PIIpVY umeer
MECTO JKECTKOE orpaHuueHue (KIUIMUPOBAaHUE) CUTHAJNA, MPHBOJAIICE
K PE3KOMY POCTY MPOAYKTOB UCKakeHUs. [Ipu ypoBHE CUTHAIA HUXKE IOJI-
HOW IIKaJdbl MHTEPMOAYJISIUMOHHBIE MPOAYKTBI OCTAKOTCS OTHOCUTEIBHO
MOCTOSIHHBIMU. JTO O3HAYa€T, YTO MPHU yBEIUYCHUU curHaia Ha 1 ab oHu
Takxe Bo3pactatoT Ha 1 nb. B amom u cocmoum cywecmeennoe omaudue
yugposvix PlIpY om ananozosuix.

YBenuueHne HMHTEPMOIAYJSALUMUA MOXKET HMMETh MECTO TOJBKO IIpHU
MPUOIMAKEHUU K YPOBHIO MOJHOM IIKajbl, a B kadecTBeHHbIX ALl moxer
BOOOIIIE OTCYTCTBOBaTh B MpejeiaX BCEro JMHAMUYECKOIrO Juara3oHa.
[IpyuunHOM TOTO, 4TO COBpeMeHHbIe AllIl HE mOoABEPkKEHBI BIUAHUIO WH-
TEPMOJYJISILIAM, SBISETCS TO, YTO B MapajUIeIbHBIX MpeoOpa3oBaTessax
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(mdr-koHBEpTEpax) Ha KIOYaX B KaKJIbIi MOMEHT BPEMEHHU JCHCTBYET
cTporo (hMKCUPOBAaHHOE HAIPSKEHHE, PAaBHOC CIMHUIIC MIIQIIICTO pa3psi-
na, oarogaps yemy KJIH4Yd pa00TaroT B JTUHEHHOM peKUME.

A Usoix NUM-=:e .°
3 ¢ AX
[HB] bo uaeas.
'dJ
2, TTI
o
L} ' ‘
' 'l ’
AHAJIOTOBBI YIKBUBAJIEHT ' o ’
ypoBHs1 1H(POBOro CHrHAJIA Y.
nosyuennoro AL ' :
] R T TR Lol bbb EEDIEN .
E : . KecTkoe orpanuyenne
E ¢ | B ALl npu gocTu:kennu ;
N yposus ITIII
AA ' : L (kIunnapoBaHue)
[(ommmmmmmmmmemecee e oo e s !
bl e
A
' 0
‘e Pe3koe Bo3pacTaHue
L )] §] (- r ~,“ npoayktoB UM;
----------------------------------- :'>: ' H
[ K
IocTosiHcTBO ) P
npoaykros M3 H HIyM
o
! )
oz I 4 o Vi
o i >
E U“H] U
; [ab]

UBX.IIOI'I."M3

Puc. 1.20. [Ipumep uzMeHeHus: AMHaMU4Yeckoro nuanazona B AIII
IIPU BO3JICHCTBUU MHTEPMOIYJIALIUN TPETHETO MOPSAIKA

[Tockonbky uHTEpMOAyJ s B npueMHukax ¢ AIIIl, pacnonoxen-
HBIM OJIN3KO K aHTEHHOMY BXOJY, MPAKTHUYECKHU OTCYTCTBYET, C YBEJIHMYE-
HHUEM CHUTHAJIa UMEET MECTO POCT JUHAMHYECKOTO JUANA30Ha, B TO BpEeMs
Kak B aHaioroswix PIIpY wu3-3a uHTEpMOAYJISIUMM TUHAMHUYECKUN THAaIa-
30H CHHJKAETCS.

OnHako HYXXHO TOMHUTB, YTO 3TOT BbIUTPHIN LUGpoBbIX PllpVY
nepesl aHaJoTrOBhIMU BO3MOXKEH, ecnu ALIIl pacrnonokuTe Hemocpenact-
BEHHO Ha BXOJE PAJUOINPHUEMHMKA, a 3TO MOKA HEBO3MOXHO. B cxeme
1u(ppPOBOro paguoIpUEMHOro ycTpoiicTBa Ha Bxojae nepen ALl TpeOyer-
Csl YCWJIUTEIb PaMOYaCTOThl, HETUHEUHOCTh AX KOTOPOro Mpu OOJIBIINX
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YPOBHSIX CUTHAJIOB M MOMEX M MPUBOJIUT K 0Opa30BaHUIO MHTEPMOIYJIS-
nuu. [loatoMy B HMQPOBBIX pagUONPUEMHBIX YCTPOMCTBAX MHOTOCHTI-
HaJbHAs M30MPATEIILHOCTh, a B OOJIBIICH CTENEHH — WHTEPMOMYJISLUS —
OyzeT BO37eHCTBOBATh Ha KAYECTBO 0OPaOOTKMU CUTHAJIOB, KaK U B aHAJIO-
TOBBIX PaANMONPUEMHUKAX.

OcranbHble 3AEKTPUYECKUE XAPAKTEPUCTUKU HUPPOBBIX PaTUOINPHU-
€MHHUKOB: Mana3oH paboyux 4acToT, BUAbl TPUHUMAEMBIX CUTHAJIOB, aM-
IUTMTYIHAsT XapakTEpUCTUKA MPUEMHUKA, JUHAMUYECKUN IUana3oH MpHU-
E€MHHKa, JIOMyCTUMbIE UCKKCHHSI CUTHAJIOB, TIOMEX0YCTOWYNBOCTD, JJICK-
TPOMarHUTHasi COBMECTUMOCTD CYIIIECTBEHHO HE OTIMYAIOTCA OT XapakKTe-
PUCTUK U TapaMeTpOB aHAJIOrOBOTO  PaJUONPHEMHUKA, U MOJIPOOHO
paccMoTpeHs B [2, 3, 6].

KoHTpoJibHBIE BOIIPOCHI

1. Ilepeuucnure 3tansl BHeApeHus [IOC B TeXHUKY paguonpuéma.

2. JlaWiTe ompeneneHne TEPMUHY «IIM(PPOBOE pagHOTpPUEMHOE yCT-
POKCTBO.

3. N3ob6pazute 00001IEHHYIO CXeMy paguolpueMHuKa ¢ MUGPOBOU
00pabOTKO# CUTHAJIOB.

4. KaxkoBbl OCHOBHBIE HEJOCTAaTKH MCIIOJb30BaHUs IIUPpoBoi 0Opa-
OOTKM CUTHAJIOB TIEpE]] aHAJIOTOBOM 00pabOTKO# B paguonpueMHUKE ?

5. Ilepeuncnure OCHOBHBIE MPEUMYIIIECTBA UCTOJIb30BaHUS TUDPO-
BOM 00pabOTKM CUTHAJIOB TEepe]l aHAJIOrOBOM 00pabOTKOM B paiONpUeM-
HUKE.

6. Ykaxwute, mo kakum npuaunHaMm AIIIl Henmb3ss HEMOCpPEACTBEHHO
MOJKJIIOYNTD K aHTEHHE.

/. KakuMu myTsIMA MOXHO TMPHUBECTH B COOTBETCTBUE IMHAMHUYE-
CKHMI JUaIa30H BXOJHBIX CHUTHAJIOB PaJIUONPUEMHOI0 YCTPOUCTBA K JUHA-
MuueckoMy auanazony AIIIT?

8. 3anumuTe aHAIUTUYECKOE BBIPAXKEHHUE JJIA OMPEACIICHUS YKCIia
yYpOBHEH KBAaHTOBAHUS B 3aBUCUMOCTH OT Pa3psAIHOCTH (YHCIIa pa3psaoB)
AIIII.

9. Kakue ycnoBus HEOOXOIUMO BBIMOJHUTH ISl HUCKIIIOYEHUS
BiaUsiHUS 1Tyma kBaHToBaHHsS ALIIl Ha xauecTBO mpuéma CUTHAJIOB B pa-
JTUOTIPUEMHHKE ?

10. 3anumure yciaoBue, onpenesnsoniee BbIOOp YaCcTOThl JUCKPETH-
3aruu ALIIT B 3aBUCUMOCTH OT 4acTOTHI BXOJITHOT'O palOCUTHAIA.
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11. Kakue 1OCTOMHCTBA U HEJOCTATKH TMOSBISIOTCS B PaJHONPUEM-
HHUKE IMPU HCIIOJb30BAHUA B AHAJIOTOBOM YacTH CYINEpPreTepOIUHHOU
CXEMBI?

12. Kakye TOCTOMHCTBA W HEAOCTATKH TOSBIISIIOTCS B PagUONPUEM-
HUKE TIPU MCIIOJIB30BAaHUM B aHAJIOTOBOM YaCTHU CXEMBI IIPSIMOTO mpeoldpa-
30BaHUA?
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2. TEXHUYECKUE CPEACTBA JUIA PEAJIN3ALINUU HOC
B PAJIMONIPUEMHBIX YCTPOMCTBAX

OgHuM M3 OCHOBHBIX (DAKTOPOB, OMpenesomux 3PHEeKTUBHOCTD
ucnonp3oBanus [{OC B PIIpV, aBnsiercss ypoBeHb pa3BUTHS SJIEMEHTHOU
0a3pl I peanu3anuu MudpoBoit 00padoTKK paauocurHanos. Mcxonas usz
OCHOBHBIX TUNOB CTPYKTYpHbIX cxeMm LIPIIpVY misg peanuzanuu L{OC B pa-
JTUOTIPUEMHBIX YCTPOUCTBaX, HEOOXOIUMO HMCIOJIb30BATh. YCUIIUTEIh pa-
JIM0YacTOThl, aHTHUAJIAM3UMHTOBBIM (PUIBTP; aHaOro-1u@poBoi Mnpeodpa-
30BaTenb; cxembl BKIroueHHs ALl B aHamoroByroo 4acTh MPUEMHOTO
TpakTa; MUQPpoBoit curHaapHbIN nporeccop — LICIT (i nmpocto cUrHab-
HBII Tpoleccop), Huppo-aHanoroseiii npeoodpazonsarens (LIAII); uHTEp-
deticel mudpoBoro curHaabHoro mporeccopa k ALl u I{AII; cxemsl co-
IJIACOBaHUS C OKOHEYHOM anmnapaTrypom.

PaccmoTpuM, Kak 0COOCHHOCTH XapaKTEPUCTUK U MapaMeTPOB TEX-
HUYeCKuX cpenactB s peanuzanuu [HOC OynyT BiIusATH Ha OCHOBHBIE
XapaKTEPUCTUKHU U MTapaMeTPhl PAIUONPUEMHBIX YCTPOUCTB.

2.1. Ananoro-undposbie NpeodpazoBaTeu I pean3annu
00padOTKM PaIMOCUTHAJIOB

CoBpemennas Ttenaenuust passutus ALl coctout B yBenuueHUH
CKOPOCTEH M pa3peliaroimx CIOCOOHOCTeH 00paOOTKH CHUTHAJOB MPHU
YMEHBIIICHUH YPOBHS MOTPEOISIEMOI MOIIIHOCTU U HAMPSKEHUS TTUTAHUS .

B Hacrosiee BpeMsi NTOCTYHMHBI KOMIIOHEHTBI, KOTOpbIE 00J1a/1at0T
YPE3BhIUANHO BBHICOKMMHU pa3pelialoiuMU CIIOCOOHOCTSIMU TMPU HUBKUX
HaMPSOKCHUAX MUTAHUS U MaJIoW OTPEOIsIEeMON MOIITHOCTH.

Ocob6ennocts AIIIl myis paguoONpUEMHOTO YCTPOMCTBA COCTOUT
B ToM, 4T0o AIIIl coBMmecTHO ¢ L[CII nomkHbI paboTaTh B pealbHOM Mac-
mrabe BpemeHu. Jyist obecneuenus Takoit pabotel ALl momxeH 3akoH-
YUTh BCE IIpeoOpa3oBaHUs aAHAJIOTOBOTO paJdOCHTHana B IU(poOBOM
B Ipejenax uarepBaia auckperusanuu 1/ f Jl ¥ Mepeaath BBIXOAHOM OT-

cueT Ha BxoJ LICII 1o mocTymieHus Cieayomero OTcueTa Ha €ro BbIXO/I.
Paccmotpum ocHOBHBIE pa3zHOBHAHOCTU CTpYKTYyp AL mma peanu-
3a1uu o0paboTKu paguocursaios B PIIpVY.
Haunbonee nonymsipasie AL s npunoxxenuit iudporoit 06padboT-
KU PaJMOCUTHAJIOB 0a3UpYIOTCS HA MATH OCHOBHBIX apxutektypax: ALl
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MOCJIE0BATEILHOTO MpUOKeHus, curma-aenpta ALIIl, ALl mapan-
aenpHoi oOpadotku (flash), ALIIT konseliepHoli obOpadotkm (pipelined)
u ALIII mocnenoBarensHoro cuera (Bit-Per-Stage).

Ocobennocmu ALl ons peanuzayuu 06pabomru paduoCuesHanIo8

AIIIT nmocnenoBaTeabHOrO MPUOIMIKEHHUS.

— pazpsagHocTh (pa3penieHue) no 16 our;

— MUHUMAJIbHOE BpeMs 3aJEP:KKH, MOXKET paboTaTh B PEKUME OJI-
HOKPATHOT'O MpeoOpa3oBaHus;

— HCIOJIB3YIOTCSI B MYJIbTHUIUICKCUPOBAHHBIX CHCTeMax cOopa JaH-
HBIX.

AIII nocnenoBaTenbHOro NPUOIMKEHUS MHOTO JIET OBUIN TJIABHBIM
HHCTPYMEHTOM IpeoOpa3oBaHus curHajia. HemaBHME yCOBEpIIEHCTBOBA-
HUS pa3pabOTYMKOB PaCHIMPWINA JHAMNA30H YaCTOT JUCKPETHU3ALUU ITHX
AIIIl no merarepu. Mcnonp3oBaHME METOAOB BHYTPEHHUX KOMMYTHpPYE-
MBIX KOHJIEHCATOPOB BMECTE€ C METOJaMH aBTOKAJIMOPOBKU pacCIIUpsET
paspermnraronryo cnocodHocts 3Tux AIIIl 7o 16 —Tu pa3psgoB Ha CTaH-
naptaeix CMOSqiporieccax 6€3 HEOOXOAUMOCTH B JOPOTOM TOHKOILIE-
HOYHOM J1a3€pHOM MOJICTPOUKE.

Curma-Jlenpra ALIIT:

— pazpsagHocTh (pa3penieHue) no 24 Our;

— mpeBocxoaHas auddepeHiuanbHas JHHEHHOCTS;

— BCTPOCHHBIN HPPOBOH GUILTP (BOZMOKHO C JTUHEHHOH (ha3oii);

— OoubIioe BpeMs 3a7CpKKH (BpeMs OXKHJAHUS BBIXOJHOTO CHI-
HaJja);

— TPYIHO MYJbTHUIICKCHPOBATHh BXOJbl M3-32 BPEMEHHBIX 3aTpaT Ha
YCTaHOBKY IUPPOBOT0 PUILTpA.

Curma-/lenpra ALl n3BECTHBI MOYTH TPUALIATH JIET, HO TOJBKO HE-
JaBHO TMOSBUJIACH TEXHOJIOTHS (U(PPOBBIE MEKPOCXEMBI C OYCHBb BBICOKOM
cTenieHbl0 mHTerpanuu, VLSI) mis ux mpou3BoJCTBa B BUAC HEIOPOTHX
MOHOJINTHBIX UHTETPAJIbHBIX CXeM. B HacTosiIee BpeMs OHH UCIIOJIb3YIOT-
Csl BO MHOTUX TPUIIOKEHUSX, T/Ie TpeOyeTcs HeA0pOTor, Y3KOMOJIOCHBIH,
3KOHOMUYHBIN ALl ¢ BEICOKMM pa3peiieHueM.

BricokockopocTabie apxuTeKTypbl ALILL:

— mapamtensubiii AL (Flash);

— cyoOuHTepBaNbHBIN (SUbranging)wiu kouseliepusii (pipelined);

— mnoclegoBarenbHoro cuera (Bit-Per-Stage).
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[Mapamrensusie AL (Flash ALIT) sBistoTcss caMbIM OBICTPBIM TH-
nmoM AIIIl, ucmonp3yromum OOJBIIOE KOJIMYECTBO KOMIIApaTOpoB, pado-
TAIOIIUX MapaslIeNbHO.

[IpuBenaennbie pasHOBUAHOCTH CTPYKTYp ALIIl nmsa peanmuzanmum 006-
pabotku paguocurtanoB B PIIpY obnanaioT cieayronmmMu xapakTeprucTh-
KaMu:

— HeJUHEWHbIE UCKAXKEHUS |

— JMHAMUYECKHUM Irana3oH BXOJAHBIX CUTHAJIOB,

— YacToTa JucKpeTtu3anuu (mpeodpa3oBaHus);

— Pa3psIHOCTD;

— IIIyM KBaHTOBaHWUS;

— IIIar KBaHTOBaHWS,

— UHCJIO0 YPOBHEW KBAHTOBAHUS;

— TapMOHUYECKHE UCKAKECHUS,

— aHaJoroBas IoJIoca MPOITyCKaHUs (IUIsl TOJIHOTO CHUTHAJIA M JUIS
MaJjIoro CUTHaja);

— OTHOIIEHUE «CUTHAI-IIyM>»;

— MHTEPMOYJISIUOHHBIE UCKAXKEHUS U APYTHE.

PaccMoTprM BO3MOXKHOCTH Hcroib3oBaHug ALl pis peanuzanmu
00pabOTKM PaJUOCUTHAJIOB Ha MPUMEPE JBYXKAHAIBHOTO aHAJIOTOBO-
nugpoBoro npeodpazoparess Ha Mukpocxeme 90081714.

AL na muxpocxeme 9008114 (puc. 2.1)

Mukpocxema 9008114 npencrasisier co00l AByXKaHAIbHbBINA aHa-
J0TOBO-1IU(POBOM IPeoOpa3oBaTElb.

90081141 ommdpoBbIBacT BHEITHUE CUTHANIBI, XPAaHUT UX B Oydep-
Hoi mamsatu tuna FIFO u BeIBOAUT MH(POPMAIIMOHHBIM MTOTOK Yepe3 WH-
tepdeiic moakmoueHus Kk mopty namata (MPORT) uudpoBbIX cUTHAIB-
HBIX TIPOIIECCOPOB, a TAK)KE COBMECTUMBIX MO UHTEep(PECy MHTErpaibHbIX
cxeM JuIs ganbHeeit oopadotku LCII.

Kpome Toro, 1mudpoBoii KOHTpOJIJIEp MO3BOJISIET BBHIBOAUTH JaHHBIC
HenocpeacTBeHHO ¢ Bbixoa0oB ALl (MuHys OydepHyro maMaTh U HHTEP-
deiic MPORT),manpumep, B 1288XK1T (Digital Down Converter).

Mukpocxema 9008114 npennazHadena ajisi MOCTPOCHUS MHOTOKa-
HaJbHBIX CHCTEM BBOJIa aHAJIOTOBBIX PaJHMOCHUTHAJIOB.

900&BI'1A moxkeT ObITH MCIIOJb30BaHa B KQYECTBE OOBIYHOIO JIBYX-
kaHanbHOTO AIIII, a Takxke 3amensr AD9225, AD9235, AD9237, AD9238,
AD9240, ADS850 (Analog Devices), LTC2246, LTC222&ingar
Technology).
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OcHosHnble XxapaKkmepucmuxu.

- MakcumanbHasi yactota npeoopaszoanus ogHoro ALIIl He meHee
20MI;

- MakcumanbHasi 4acToTa BXoJHOro curHaia He meHee 140MI1;

- bydepnas namsate Tuna FIFO rny6ounoit 4096*20T1cueros;

- BO3MOHOCTh HEOCPEICTBEHHOTO 10CcTyNna K BCTpoeHHbIM ALIIT;

- Nutepdelic namsTu, NO3BOJISIIONINI UMUTUPOBATH PEKUMBI PAOOTHI
SRAM, SDRAM;

- 32/16pa3psaanbii pexxuMbl padoTel mHTEpGeiica mamstu MPORT
¢ yactotou 10 100MI 11;

- BO3M0XHOCTh 00BEIMHEHUSI MUKPOCXEM B TPYIIIbI JIJI1 COBMECTHOM
paboTHl HA OJHOM BBIXOJHOM IIMHE JaHHBIX 1O BOCBMH MOJYJIEH B cOCTa-
B€ JIBYX TPy,

- [Torpebaenue He 6osee 350MBT;

- Ilutanue nudporoe: 2,5 B sapo, 3,3 B nepudepus; aHazoronoe:
3,0B; nomyctuMoe u3aMeHeHue HanpspkeHus +- 5 %0;

- JInamazon padbouux temmepatyp ot munyc 60 o miroc 85 °C;

- Kopnyc BGA-192, 1417 mm, mar 1 mm.

CrpykrypHas cxema AL 9008I'14 npencrasiena Ha puc. 2.1.

PaccMoTpuT QyHKIIMOHATILHOE OMMCAHUE CTPYKTYPHOU CXEMBbI IBYX-
kaHaigpHOro ALIIT 90081 141.

B coctaB apyxkananpHoro AIIIT 9008114 Bxoasar ciepyromue
ycrpoiicta (cm. puc. 2.1):

— naBa a”anoro-mudpossix npeodpazosatenss ALIIO u AIII1 pas-
PAIHOCTBIO 110 14 6uT;

— xoHTpoJuiep BeixogHoro mopra (OPC).

AIIIIO u ALIIT1 BkItOYarOT B ceOsI:

— cxeMy BbIOOpkH m xpaHeHUs (CBX), BBINIOJHSIONIIYIO (YHKITUU
3alIOMUHAHUS U XPAHEHUSI BXOJTHOT'O aHAJIOTOBOTO CUTHAIA;

— anpo koHBenepHoro AlIII, ocymecTBiustoniee HeNOCPEACTBEHHOE
nomaroBoe npeoopazopanue HanpsibkeHuii CBX B mudpoBoit ko,

— TEHEepaTop OMOPHOTO HAMPSHKEHUS, (OPMUPYIOIIUN CETKY OIOop-
HBIX HaNPSKCHUU 1 BHYTpeHHUX cxem ALILT;

— KOppEeKTop, oOecneyuBaroluii MpeoOpa3oBaHUE BBIXOJIHOTO
1ugpoBoro kojaa sapa B 14-pa3psaHbiil KO,

— BBIXOJHOU JipaiiBep, NpOU3BOJAIIMNA Bbilauy 14-pa3psiaiHoro mna-
pajieabHoro nudpoBoro koja B koutpouiep OPC;

— TEHEpaTop TAaKTOBOM 4YacTOThI, (POPMUPYIOIIUN IO BXOJHOMY
curnany ACLK curnansl cuaxponuszanuu GyHKIIHMOHaIbHBIX y3110B ALIIL.
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[Ipeo6paszoBannbie ALIIl BXomHBIC aHANOTOBBIC CHTHaNBI B 149as-
psaaHble mUdpoBbie Koabl (oTcueThl) BhimaroTcs mo muHam IN_DO [13:0]
u IN_D1[13:0] cMHXpOHHO, C TaKTOBOM 4YacTOTOH TIpeoOpa3oBaHUs
ACLK. Koasr orcuéroB ALII pacmmupsitorcss 10 16 —Tu pa3psioB BHEIII-
Humu 15u 16 6uramu IN_DO [15:14], IN_D1[15:14] ChopmupoBaHHbIe
Ha KaxjoM TakTte curHaia ACLK paByxOaliTHbIe paclIMpeHHBIE OTYETHI
noctynarT B KoHTposuiep OPC.

CocrtaBHBIE YacTH KOHTpOJIIepa BeixoaHoro nopta (OPC):

— nBa Onoka mamaru FIFO_L u FIFO_H pasmepom 4096x166ut
KaXXbIN,

— ykazarenb orcuétoB ADC_WR_ADDR;

— MYJBTUILIEKCOP BBIXOAHOTO MoToka ganubix MUX_OUT;

— KoHTpoJsuiep uaTepdeiica mamsatu MIC.

brnoku nmamatu FIFO_L u FIFO_H cocrasnstor Oydepuyto mamsthb
tuna FIFO nna xpanenust orcueroB ALIL. Kaxnawiii 010Kk mpeacTaBiser
coOol IBYXITOPTOBYIO MaMsTh. Ha oauH mopT Kaxaoro OJOKa MaMsTH
nocrymnarot orudpoannsie ganHsie ¢ ALIIT IN_DO[13:0]/ IN_D1 [13:0]
1 ¢ gononHuTenbHbIX BHemHUX BX0/10B IN_ DO 14, IN_DO 131 IN_D1 14,
IN_D1 15, koTopble 3aniCHIBAIOTCS B MaMsiTh B COOTBETCTBUU CO 3HAue-
HueM ykazatens orcuétoB ADC_WR_ADDR. 3nauenue ykaszaTensl WUH-
KpeMeHTUpyeTcs Ha 1 mocie KakJIoM 3alucu oTcueTa B maMsTh. Jpyrou
MOpT Kakaoro OJioKa TMaMsITH MOJKIIYEH K KOHTpoJuiepy uHTepdeiica
namsta MIC.

MynbsTumiekcop BoixogHoro notoka nanaeix MUX _OUT no3Bonsier
BbIIaBaTh Ha BRIXOAHYIO mHHY AaHHBIX DO[31:0] 1100 BHIXOIHBIC TaHHBIC
KoHTpoJuiepa uarepderica namaru MIC (aa Baemaem BeiBoge ADCO = 1),
a100 HEIMOCPEJCTBEHHO paCHIMpEeHHBbIE OTCYEThl, nmocTtynaromue ¢ ATl
(ADCO = 0).

Kontponnep unrepdeiica nmamsatu MIC obGecrieunBaer oOMeH naH-
HBIMH MEXIy JaHHOW CXEeMOW W WHTETpPajJbHBIMH CXEMaMH CEepUu
189 BMxx (MCM) wnm MUKpOCXeMaMHU JIPYTUX CEPHM, UMECIONTUMHU I1a-
pajuIeNbHBIA TIOPT MaMSTH, PU STOM TOJJIEPKUBAET PEKUM PabOTHI YCT-
poiictBa Tuna SRAM u ycrpoiictBa tunna SDRAM. Takxke xoHTpouiep
MIC mnonaepxuBaeT 0OMEH JaHHBIMH C BHemHed mamsateio SRAM/SDRAM
B pexume Flyby moa ynpasnenuem mopra mamsatu MCM. OOMeH TaHHBIM
C BHEIIHUMU yCTporcTBaMu npoucxoaut no muae D MPORT.

[Ipu mocTpoeHnr MHOTOKAHAJIBHBIX CUCTEM BBOJA aHAJIOTOBBIX CHUT-
HAJIOB MCIIOJIb3YETCS BO3MOXKHOCTh pazaenenns MukpocxeM 9008114 na
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JIBE aJIpECHBIC TPYIBI, a TAKKEe BO3MOKHOCTh OOBETUHEHUS OT OJTHOM JI0
geTeIpex MukpocxeM 900811 B cocraBe ogHO# aapecHOM Tpymmbl. Ta-
KM 00pa30M, MHOTOKaHajhbHas CHUCTEMa BBOJA AHAJIOTOBBIX CHUTHAJIOB
MOYET COCTOSITh MaKCUMYyM M3 BocbMHU Mukpocxem 9008115, pazoutsix
Ha JIBE aJPECHBIC TPYIIHI — MO YETHIPE MUKPOCXEMBI B KaXIOW TpyMIIE.
OO0beHEHNEe MUKPOCXEM B MHOTOKAHAJIBHBIC CHCTEMBI MPOUCXOUT IO
muae D MPORT.

[TosHbIE 3MEKTpUYECKHE TApaMEeTPbl M TUHAMUYECKHE XapaKTEpH-
ctuku Mukpocxembl 9008BI' LA npusenens: B [13].

2.2.0c00eHHOCTH yCWIUTeIel Ppano4acToThl AJsi padoThl
¢ aHAJIOTO-IIU(PPOBBLIMH NPe0dPa3oBaTEIAMMI

Ins Oydepuszanum BXOJHOTO CHUTHaja B CHCTeMax cOopa JdaHHBIX
OOBIYHO HCIIONIb3YETCA YCWINTENb, YycTaHaBiuBaembiii mnepen ALIL
bonpmmHcTBO cCOBpeMeHHBIX ALIIl UMEIOT CITOKHBIE BXOIHBIE XapaKTEpH-
CTUKHU M3-32 EMKOCTHOM 3aps/IKU U MEPEKIIOYEHUS] BO BPEMS JUCKPETH3a-
MU U npeoOdpa3oBaHusi. DTO MPUBOJIUT K 00Pa30BAHUIO MEPEXOHBIX TO-
koB Ha Bxojax ALIII, koTopele MOTYT HAPYIIUTh WM UCKA3UTh MPELU3U-
OHHBIM BXOJHOW AaHAJOIOBBIM PAAUOCUTHAI. Y CUIUTENb PagAOYACTOTHI
(st ALIIT — BxomHOM ycunutelnb (puc. 2.3))ucnoib3yercs s odecmeue-
HUS CTAOMJIHBHOTO U TOYHOT'O CUTHAJIA MPU HAIMYUU ITUX MEPEXOTHBIX TO-
KoB. OH Tak)Xe MOET 00€CIIeYUTh YCUJICHUE, CMEIIEHUE YPOBHSI, PUIIBT-
panuro 1 apyrue GyHKIMA 00padOTKH aHAJIOTOBOTO PaJuOCUTHAIA.

[Tpu BBIOOpE BXOAHOTO OMEPAIIMOHHOTO YCHIIUTENS CIEAyeT MpUHU-
MaTh BO BHUMaHUE HECKOJBKO (PaKTOpOB. TOYHOCTH MO MOCTOSHHOMY TO-
KY MOXET Cy3WUTh AWHAMHYECKHI IUANAa30H YCUJIUTENS PAaJHOYaCTOTHI.
Yceunurenb JOKEH HMMETh HU3KOE HAIPSHKEHUE CMENICHMs, HU3KUN
npend HanpsHKeHUs CMEIICHUS, HU3KUM BXOJHOMW TOK CMEIICHUS, HU3KUMI
IIYM U T.J., YTOOBI YJOBJIETBOPATH MPEABIBISIEMbIM TPEOOBAHUAM K TOY-
HOCTH.

OnHako HanOoJIbIIKE MPOOJIEMbI B IIPOIECCE BHIOOPA 3a4acTyIO CO3-
Jal0T JAUHAMUYECKHE pabouyue XapaKTEPUCTUKHU. Y CUIUTENb JOJIKEH
UMETh TPEOyeMbIe TUHAMUYECKUE XapaKTEePUCTUKN 0OOpaOOTKHU CUTHAJIA.

PaccMoTpuM 3TH XapaKTEPUCTUKH.

Bpemennas obnacmu: B HEKOTOPBIX cllydasix TpeOyeTcs TOYHBIM OT-
KJIIMK YCHUJIUTENIS Ha MOJIHOMAcCIITa0HOE€ M3MEHEHHUE BXOJHOTO HampsiKe-
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HUs paauocurHana. Ycwmmrenb u ALl momxHBI cpearupoBaTh Ha BHE-
3allHOE M3MEHEHHUE paJUOCHTHaja BO BCIO IMONHYIO Ikaidy (cMm. puc. 1.4,
1.20)3a ouH IepHOT BEIOOPKH.

Bpemsa ycmanoenenus: o0iias XxapakTepUCTUKA, OMUCHIBAIOIIAS CIIO-
COOHOCTb YCUJIUTENISI pearupoBarh Ha OOJbIIOE U3MEHEHUE BXOAHOTO Ha-
npsbKeHusl. BpeMsi yCTaHOBJIGHUS! BKJIIOYAET MEPUO]T OOJIBIIOTO CUTHANA,
ONpPEAEISIEMbI CKOPOCTHIO HAPACTaHUS, U MEPUO]T YCTAHOBJIEHUS MaJoro
CUTHaJa, B OCHOBHOM OIPEAEISEMbIN MOJI0OCON MPOMYCKAHUS YCUIUTENS.
BpeMms yCTaHOBIIEHHS U3MEHSETCS C BEJIMUMHOW JTUCKPETHOTO mara. XoTs
BpEMs YCTAHOBJICHHS OOBIYHO YKa3bIBAETCA JJIA OINPEJEICHHOIO IIara,
3HAYEHUE JJIsl IPYTOoro Iara MOXHO MOJIyYUTh HA OCHOBE YacCTH YCTaHOB-
JIeHUs 11ara kBantoBanus (cM. puc. 1.4).

Kosgppuyuenm ycunenus BXOIHOTO YCWIMTENSI OKa3bIBAET BIUSHUE
Ha YacTh Majoro curHajga (opmbl yCTaHOBJICHMsI curHaia. Eciaum ycumnu-
TeJlb UMEET BBICOKUI KO3(P(DUIIMEHT yCUJIEHUS, TI0JI0CA TPOMYCKaHUsl pa-
JUONIPUEMHOIO yCTPOMCTBA YMEHBINAETCS, TPONOPLMOHAIBHO YBEINYHU-
Bas 4aCTb MAJIOr0 CUTHajia ()OPMbI YCTAHOBJICHUS CUTHAA.

Ycunurens paarnodactotsl noaxirodaetes k AL yepe3 onpeneneH-
HBIE CXEMBI.

2.3.Cxembl BrJ04ennsi AIIl B aHa/I0roBy10 4acThb
npuémuoro tpakra [HPIIpy

Ananoro-uudpoBoii npeodpazoBareinb, Ucnoap3ywomuiics B PllpVY
uMmeeT, Kak npasuio, auddepennuanbaeiii Bxox (INP_AO, INM_AO mus
ALIIO u INP_A1, INM_Al(cwMm. puc.2.1)),a aHajgoroBast 4aCTh IPHUEMHOTO
TpPaKTa MMEET YHHUIIOJSAPHBIN BBIX0J (HCCHUMMETPHUYHBINA aHAJIOIOBBINA CHUT-
HaJl HA pau0vYacTOTe MEXAY KacKaJlaMu MEPENaeTCs MO KOAKCHAIbBHOMY
Ka0eJro ¢ BOJIHOBBIM conpoTuBieHreM 50 Om).

[TosTOMy MJIsI MOJKIIOYEHHS] aHAJOTOBOM YAaCTH MPUEMHOIO TPAKTA
K ALIIT HeoOX0AMMO UCIIOJIB30BaTh CHEHHAIBLHYIO CXEMY COTJIAaCOBAHUS.

Hns peanuzanuu cornacoBanuss AUIIT ¢ ALII Mmoryt npumMeHsITbCS
CIEAYIOIINE CXEMBI:

— TpanchopmaTopHas cxema corjacoBanus AllI;

— CX€Ma COIJIaCOBaHHUS Ha ONMEPAMOHHOM YCHIIUTETE;

— YHUIIOJSIPHAsT CXEMa BKJIIOYEHHS C €MKOCTHOM Pa3BI3KOU
Bxoqa ALIT u np.
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Tpanchopmaropnass cxema cormacoBanus Allll  mpuBenena
Ha puc. 2.2.BapuaHT SBISETCS TUUYHBIM MPUMEPOM TpaHCHOPMATOPHOI
paszBsazku st AL ¢ nuddepennpanbHpiM BXOA0M IIPpU paboTe B Auara-
30He yactoT BXxojaHoro curdaia ot 300kl no 140 M. B cxeme moryT
ucnoJib3oBaThcs Tpanchopmaropsl Tuna ETCL-1T (MACOM).

R3
C1 B gy S INP
ot AUNT @—| R1 C2 AL
Tp1 >—:£—| |—| —C3
R2
R4
R I M
* VCM
L4
.

Puc. 2.2. luddepennnanpraas cxema BroueHus BXo10B ALIT
monyinsa k AUIIT ¢ tpancdopmaropHoit pa3Bsizkoi

Ha cpeniHior0 TOUKYy BTOPUYHONM OOMOTKHU TpaHChopmaTopa MogaeTcs
Hanpspkenue cmenienuss VCM ot AL

HenoctaTkoM gaHHOW CXEMBI SBISIETCS OTCYTCTBHE TEepeAadd IIo-
CTOSTHHOM COCTaBIISFOIIEH BXOJTHOTO CUTHAJIA U CHJIBHOE TO/IaBJICHUE HU3-
KOYaCTOTHBIX COCTaBJISIONINX.

[Ipr HEOOXOIMMOCTH Mepeaadyu IMOCTOSIHHOM COCTaBISAIOUIEH BO3-
MOXKHO MPUMEHEHHUE ornepannoHHbIX yeuautenaei (OY) mis npeoopa3ona-
HUSl YHUIIOJSIPHOTO BXOJHOTO CHUTHaNa B IuddepeHnnanbHbIii BXOTHON
curaan AL (puc. 2.3).

INP
oT AUMNT &—— AL

INM

VeM

Puc. 2.3. Ucnions3oBanme OV U1 corjiacoBaHus BXOIOB
AIII monyns ¢ AUIIT
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[Ipu ucnonszoBanuu OY B kauecTBe ApaiiBepa auddepeHInaIbHOTO
Bxoaa ALl HeoOxoauMoO yIensTh BHUMAaHHE €ro YaCTOTHBIM, ITyMOBBIM
XapaKTePUCTUKAM U XapaKTepUCTHKaM JHHEHHOCTH. [Ipu 3TOM HeoOXo-
JIUMO BBIOMpPATh COTJIACYIONINN YCHIIMTENb C XapaKTePUCTHKAMH HE XYXKe,
yeMm y ALIIL. Takoe cornacoBanue yiaydmaeT aMILUIMTYIHO-4aCTOTHYIO Xa-
PaKTEpUCTUKY BXOJHOTO TpakTa Ha HIKHUX 4YacTOTaX U 0OecredyrBaeT
nepeaavy MOCTOSHHOW COCTaBJISIONIEH BXOJHOro curtana. OmaHako orpa-
HUYeHHas Tmonoca ycwieHus OV yxyamaer JUHAMHYECKUN JIHamna3oH,
CBOOOJIHBIN OT TIOMEX, Ha BEPXHUX YaCTOTaX.

Hanbonee npocTbiM c1ocOOOM COTJIACOBAHUS SIBJISIETCS CXEMa, MpHU-
BeJleHHas Ha puc. 2.4,He ucnoas3yomias OY uinu TpanchopmaTopsl.

PaccMaTrpuBaeMblii BapuaHT BKIoueHus, (puc. 2.4) Tak e Kak
U TpaHcopMaTopHasi cxeMa, He MpeIHa3HayeH ISl padoThl C MOCTOSHHOM
coctapistomei. CxemMa He peKOMEHIYyeTcs sl IPUMEHEHUs] B 3ajadax,
rje TpeOyeTcs HU3KUM YPOBEHB IITyMOB.

C1 R3

oT AY I'IT0—| F—w NP

T, T° ™

2
R4
INM
R1 |:I:| R2
VCM

1
- “

Puc. 2.4. YaunonspHas cxema BkitoueHust AUIIT
C EMKOCTHOM pa3Bsi3kou BxoaoB ALl

BeiBog moaynss VCM sBisieTcs BBIXOJOM BHYTPEHHErO OIOPHOTO
ucrounuka 1,5 B u BoimosHsieT ABoMiHYy0 QyHKIMI0. OH CIYXKUT IS yC-
TAHOBKHU ONTHMAJIbHOTO HANPSKEHHUSI CMEIIECHUS BXOJOB MPHU COTJIACOBa-
HUH, KaK ToKa3aHo Ha puc. 2.1 — 2.4u s hbopMUpOBaHUS BHYTPEHHUX
muddepeHnanbHbIX OMOPHBIX HanpspkeHu s AL

[Ipu BbIOOpE BHEIIHETO MCTOYHUKA OMOPHOTO HAMPSHKEHUS JTOJKEH
UCII0JIH30BATHCS MAJIOITYMSIIIIMI UICTOUHUK HATIPSKEHUS.

53



[Ipyr HEOOXOAUMOCTH BO3MOXKHO ITPOU3BECTH KOPPEKIUIO alepTyphl
onopHoro HanpspkeHust s ALl wucnonbs3yss BHYTPEHHHH HMCTOY-
HUK OIIOPHOTI'O HampsbkeHus. IIpuMep KoppeKiuu amepTyphl IpPUBEACH
Ha puc. 2.5.

B mpuBeaeHHOM mpuMepe JJIsl 3TOTO UCIIOIb3YEeTCs BHEITHUN HCTOY-
HUK OIIOPHOI'0 HAIpPSHKEHUS, B POJM KOTOPOIrO 3aJIeiCTBOBAHO JICJICHHOE
HanpspkeHnue BeiBoga VCM.

B cnyuae, ecnu Hanpspkenue Ha Bxojge SENSEnexut B nuamazone
ot 0,5 no 1 B, BeiBog SENSE sBnsgercss BX0q0M BHEIIIHETO0 UCTOYHHKA
OTIOPHOTO HampsikeHus. [Ipu 3ToM amepTypa BXOJHOTO CUTHAJIA paBHA Y-
BOCHHOMY 3HAaYCHHIO HampshkeHus Ha Bxoje SENSE.

R5
C1 L INP
oT AUMT z—| R3 c2 AL
Tp1 |—| —C4
R4
R6
T Il Il ® INM
t VCM
R1 L C4
[
I ? ? SENSE
R2 T C3 T C5
L

Puc. 2.5. Koppexknus aneptypst AL Mmoayns npu ucnonb30BaHUH
BCTPOECHHOI'0 UCTOYHHMKA OIIOPHOT'O HAITPSKEHUS

2.4.0c00eHHOCTH CTPYKTYPbI AHTHAJANZMHIOBOT0 QUIbTPA

["'oBOps O AUCKPETU3ALMK aHAJIOrOBOro CUrHaja (Hampumep, paauo-
CUTHAJIa) MpEeaIojaracTcs, YTo MOMJICKAIUNA TUCKPETU3AlMK CUTHAJ Ha-
XoauTcs B mepBoi 30He KorenmpHukoBa. BaxkHo oOpaTtnTh BHHMMaHHE Ha
TO, 4TO 0e3 (UIbTpallMU Ha BXOJI€ WJCATHHOTO IHUCKpETH3aTOpa JIF00O0M
YaCTOTHBIM KOMIIOHEHT (CHUTHAJ WM IIIYM), KOTOPBIA HAXOJIWUTCS BBIIIC
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BepxHel yacToThl KoTenbHHKOBA, OyJeT 0TOOPaKAThCS B MOJIOCY YaCTOT
MIOJIC3HOTO CUTHAJA. [103TOMY MpHU JUCKPETH3AIMHA HU3KOYaCTOTHOT'O CHT-
HaJa, Haxojsmierocs B nmepBoii 30He Korenpnukosa (HaitkBrcra), Ha BXO-
ne ALl ans mojgaBieHHWsS MENIAOIIMX CHTHAJIOB BCET/A HCIOJIB3YeTCS
aHAJIOTOBBIA (DUIBTP HUKHHUX YaCTOT.

OdeHb BaXKHO MPABWIBHO MPEIBbIBUTh TPCOOBAHUS K XapaKTECPUCTH-
KaM aHaJIorTOBOro (WJIbTPAa HMKHUX YaCTOT, OIPaHUYHBAIOIICTO CIEKTP
curHana Ha Bxoje auckperusaropa ALIl. Cravyama onpenensitoTcs Xapak-
TEPUCTUKH TOJIE3HOTO CUTHAJA, MOJJeKaIero auckperusanuu. O0o3Ha-
YUM HaWBBICIIYIO U3 UHTEPECYIOMMX HAc 4yacToT fg. AHamoroBwiii (aHTH-

aJTA3UHTOBBIN) BXOIHOHM (QUIBTP JOJKEH IPOITYCKATh CUTHAIBI, JIC)KAIHE
B IOJIOCE 9acTOT moje3Horo curHana ot 0 no fg (puc. 2.6),u moxaBusATH

curHansl ¢ yacrotoit Bemme fr7 — .

[TycTh BepxHsis 4acTOTa MOJOCH MPOIYCKaHUS aHTHUAJAH3MHTOBOTO
¢uibTpa Oyner paBHa fg. Ha puc. 2.6 nokasan ciydaii, Korzna mnojoca
4acTOT MOJIE3HOTO CHUTHalla OrpaHuueHa nepBoi 30HOM KorenbHukoBa
(N71), a Ha BBIXOJE IHUCKPETH3AaTOpa B OCTAIBHBIX 30HaX KoTenmpHUKOBa
HOSIBJIAFOTCST 00pa3bl moJie3Horo curHana (I — u3o0pakeHuss MHTEPECYro-
nero curaaia). Ha aTom pucyHke mojioca 9acToT MOJIe3HOTO CUTHAJIA BhI-

JelIeHa YEPHBIM ILIBETOM, OH B INPUEMHHKE OYICT OCHOBHBIM KaHAJIOM
npuema (OKII).

Kann
Nz

0 fofo 0,5 f1 15f 2 2,5, 3 3,517

Puc. 2.6. Jluckperusanusi BXOJHOTO paJIHOCUTHAIIA TTPH TTOJIOCE
€ro 4acToT, OTPAHUYEHHOU MEPBOM 30HOU

Korenpuukosa (Haiikucra N71)

Teneps paccMoTpuM ciydail, MOKa3aHHBIA Ha puC. 2.7, TAe MoJjioca
MOJIE3HOTO PaJUOCUTHANA TOJHOCTHIO HAXOIHUTCS BO BTOpoi 30He Ko-
TenbHUKOBA (N75). HacTo mporecc qucKpeTH3aluy CUrHala, HaxosIe-

rocsi BHEe NepBoi 30HbI KOTENbHUKOBA, HA3bIBACTCS CYyOAUCKPETU3AIIUEH,
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WA AUCKpeTu3anuen nojgocoporo curuana. Ha sxone ALLII B aTom ciyuae
TpeOyeTCs MOJIOCOBOM aHTHAIAN3WHTOBBIN (PUIBTP € MOJIOCON MPOITYCKa-
Hus, paHoM OKIL.

Kamn .
Nzi Nz, Nzz | Nz P Nz

0 fi 05 fo [ L5fx 2 2,51 3 3,5/

Puc. 2.7. CyOauckpeTusaiysi CurHasia, HaXO/AsIIerocs
BO BTOpOU 30He KoTenpHukoBa (BXOMHON paguoCUTHAIT

nojaercsi Bo BTopyo 30Hy N7 )

Takas cuTyalys 4acTo BO3HHMKAeT NMpH 00pabOTKe paauocCHUrHaia
B AIIIl nHa mpomexyTouHod wyactote. lIpu 3TOM rapaHTHpyeTCs, YTO
CUTHaJ 3a MpeJeiaMH MOJOCHl MPOMyCKaHus (PUIbTpa MPOMEKYTOUHOMN
Y4aCTOThI OTCYTCTBYET.

Wtak, 4acTOThl MOJIEKANUX JUCKPETU3ALNN PAJUOCUTHATIOB MOTYT
Jexath B JIt000# 30He KoTenbHMKOBA, U cUrHai B nepBor 30He Koresnb-
HUKOBA SBJISCTCS TOYHBIM 00Pa30M UCXOHOTO CHTHaNA (3a UCKIIOUCHHUEM
oOpaleHus 4acToT, KOTOPOe MPOUCXOAMUT, KOT/ia CUTHAIIBI PACIIOIOKEHbI
B yeTHBIX 30HaX KorenmpHukoBa: Nzo, Nz4, Nzg,...). s uckimoueHus

KaHAJIOB HAJOXKEHMS CIIEKTpa MOMEX Ha CIEKTPbl TUCKPETU3ALMHU PaJaro-
CUTHAJIa, HaxosIerocs Bo Bropoi (puc. 2.7) wiaum B TpeTheit (puc. 2.8)
3oHax KortenbHukoBa, Ha Bxoae AIIIl TpeOyercss aHTHanal3MHTOBBIN
buUIBTp, CTPYKTypa KOTOPOTO MPEACTABIACT COOON IMOJOCOBOW (PUILTP
C TI0JIOCOH TIPOMYCKaHUs, PaBHOW CHEKTPY MPUHUMAEMOTO PaJHOCHUTHAJIA
U C cepenHoi Ha yactote f(.

Ceituac Mbl MOXEM YTOUHUTH CPOPMYJIMPOBAHHBINA paHee KpUTEPU
npeoOpa3zoBaHus curHana B iudpoByto popmy no KorenbHUKOBY:

Curnan J0JKeH OBITh JUCKPETU3UPOBAH CO CKOPOCTHIO, PABHOW WIIH
OOJIbITIEH YJIBOCHHOM ITOJIOCHI YaCTOT IOJIE€3HOI0 CUTHAJIA, ISl TOTO YTOObI
COXPaHUTh BCIO MH(OpMaIIHIO 00 UCXOHOM CHUTHAJIE.

Crtout 00paTUTh BHUMAHHE, YTO B 3TOU (HOPMYJIUPOBKE HET HUKAKO-
ro ynoMuHaHusi 00 aOCOIIOTHOM MECTOIOJOXKEHUHN AUCKPETU3UPYEMOTO
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CUTHAJIA B YAaCTOTHOM CIIEKTPE OTHOCHUTEIBHO YaCTOTHI JUCKPETU3ALINMU.
EnvHCTBEHHOE OrpaHMYEHUE 3aKIIOYAETCS B TOM, YTO MOJIOCA MOIJIEXKA-
IUX JUCKPETU3AIMA CUTHAJIOB JOJDKHA ObITh OTpaHUY€Ha OJHOM 30HOMU
KotenpaukoBa (HaiikBucta Nz ). YacTOTHBIE KOMIOHEHTHI TUCKPETU3HU-

f
PYEMBIX CUTHAJIOB HE JIOJDKHBI IIEPECEKATh YaCTOTY A 5 ¢ JO0BIM KO-

s puniueHTom.

Kamn
Nz i Nz,

0 fz 0,5k I fe 1,5fx 2fn 2,5/ 3fn 3,5/

Puc. 2.8. CyOauckperusaiysi CUrHasia, HaXoAsIIerocs
B TpeTheii 30He KoTenbHnkoBa (BXOTHOW pagrioCUTHAT

nopaetcsi B Tpetbio 300y N7 3)

BrimosmHeHue 3Toro Tpe0oBaHUSA M ABISETCS OCHOBHOM 3ajadeil aH-
THAIaH3UHroBOro (hUIbTPa, pa3MeIiaeMoro Ha BXoe aHaJIoTo-Iu(poBOro
npeoOpazoBaTes paJuoNpUEeMHHUKA.

JluckpeTn3anysi CUTHAJIOB, JIKAIIUX BbIIIE MEpBOM 30HBI KoTenb-
HHUKOBA, CTajla MONYJIAPHOM B amnmapaTrype CBs3U, TaK KakK 3TOT IMPOIECC
AKBUBAJICHTEH aHAJIOrOBOM JeMoayJisiiiiu. OOBIYHBIM CTAaHOBUTCS JUCKpE-
Tu3anys curdaioB [1Y ¢ mocienyronmM UCHoIb30BaHUEM ITU(POBBIX Me-
TOJIOB JJIsI 0Opa®OTKM curHajga. Takum CIIOCOOOM HcYe3aeT Heo0XOH-
MOCTb UCIIOJIb30BaHus aemonyisaropa [TH. fcHo, uyro ¢ pocrom ITH pactyt
u TpeboBanus k npousBoautenbHocTH ALIL. [Iupuna monockl 4acToT Ha
Bxoaax ALIIl U xapakTepUCTHUKH, CBSI3aHHBIE C JONMYCTUMBIMU HCKaXe-
HUSIMH CUTHAJIOB, JOJDKHBI OBITh ajiekBaTHBI ckopee IIY, yuem ocHOBHOM
MOJIOCE YacTOT. DTO sABJsieTCs mpoonemont ais 6onpimuacTBa ALTI, mpen-
Ha3HAYCHHBIX JJIsI 00paOOTKH paJuOCUTHAIOB B mepBoi 30He KoTenbHuU-
KOBa, MO3TOMY JJIs1 cyoauckpetrusaiuu tpeoyercs ALLLI, koTopeliii MmoxkeT
00pabaTeIBaTh CUTHAJIBI B 00JI€e BBICOKOYACTOTHBIX 30Hax KoTenmpHUKOBA.
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2.5.llndposble curHajabHble Mpoueccopsbl 1iast PIIpy

[udposoii curnanbheiii nporeccop (LICII) — ato mponeccop, mpea-
HA3HAYEHHBIN U1 BBIMOJHEHHUS OOpaOOTKH JaHHBIX M DEIICHUs 3aaad
aHanmm3a u ynpasieHus (peamusanuu anroputmoB [[OC) B peanbHOM Mac-
mrabe BPpEMEHU C HMCIOJIb30BAaHHEM IH(PPOBBIX IMOTOKOB, 00pPa30BaHHBIX
oLM(POBKOM aHAJIOTOBBIX CUTHAIOB [14].

PeanbHpIii MacmTad BpeMeHH, KakK IMpaBWiIo, MNPEAroaraeT, 4To
BpPEMSI BBITIOJIHCHHSI QJITOPUTMA BBIYMCIICHUS HE MPEBBINIACT MEPUOaA JIHC-
kpetusanuu (B ciiydae 000COOJICHHOM OOpPaOOTKHM KakKIOro OTCUYETa HC-
XOJHOTO CHWTHAIA) WM JJIMTEIBHOCTH oOpabarhiBacMoro kazapa (mpu
0J109HOI 00pabOTKE MCXOJHOT'O CUTHAJA), P 3TOM pacyeT TEKYIIEero OT-
cuera (Tekymiero 0J0Ka OTCYETOB) BHIXOJHOTO CHTHAJIA PATUOIPUEMHOTO
YCTPONCTBA OMEPEkKAET MO BPEMEHHU TOCTYIUICHHE CIEAYIOIIET0 OTCYeTa
(cnemyromero 6J10Ka OTCUETOB) BXOIHOM MOCIIEIOBATEIBHOCTH.

K LCII npenbsBnstoTces cnenupuyeckue TpeOOBaHUS:

— MaKCUMajbHOE OBICTPOJCHCTBHE;

— JIeTKas CTBIKOBKA C aHAJOTO-IIU(PPOBBIMU H ITU(PO-aHATIOTOBEIMHU
npeoOpa3oBaTeIsIMH,

— OoubIas pa3psSAHOCTh 00pabaThIBAEMBIX JAHHBIX;

— He0o0IbII0N HA0OP MAaTEMATUYECKUX ONepalIui;

— 00s3aTenbHO BKJIIOYEHUE OIEpallid YMHOXEHUSA-HAKOIIICHUS
U anmnapaTHON OpraHU3alliy [IUKIIOB.

B aTuX mpormeccopax Takke Ba)KHBI TaKHE MapaMeTphl KaK CTOM-
MOCTbh, Ta0apUTHl U TIOTpedIIsieMass MOIHOCTh, HO 3/I€Ch MPUXOIUTCS MH-
PUTBCS C OONBIIMMM 3HAYCHHUSAMHU JITHX XapaKTEPHUCTHK 1O CPaBHEHUIO
C MUKPOKOHTPOJIICPAMH.

I'naBroe oTimmuue L[CIT ot mukpomnporneccopoB (MII) u MUKpPOKOH-
tpoiiepoB (MK) 3akitouaercss B 0COOCHHOCTH apXHUTEKTYpPbl OPHEHTHPO-
BaHHOH Ha MaKCHUMaJbHO OBICTPOC BBITIOJIHCHHE OTCPAIMH yYMHOXKCHHE
C HAKOTUICHHEM HaJl MACCUBOM YHCElL.

s peanu3zaruu 3toro otiauuus B L[CIT HeoOxoaumo:

— BBeaeHue crenuanbubix MAC (multiply and accumulate yvno-
’KCHHE ¢ HAKOIUICHHEM) KOMaH/I, KOTOPBIC 32 OJIMH TaKT BBIMOJIHSIOT JICH-
ctBus Y= X+ Ax B, paBHO3HauHbI€ JIByM — MSTH OOBIYHBIM KOMAaH-
nam MII u MK.

— HCIOJb30BaHUE ONTHMH3AIMU JIOCTyMa K AJIEMEHTaM MacCHhBa —
kak aprymenTam MAC KoMaH/IbI.
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OnudpoBanHbie OTCUETHI BXOAHOTO CUTHAJIA 3aMUCHIBAIOTCS B arma-
paTHO OpraHW30BaHHbBIC KOJbIIEBBIC Oydepnl. KombiieBoit Oydep moxox Ha
CTEK, HO, B OTJIMYHE OT CTEKAa, OH HUKOT/Ia HE TepenoiaHsercs. MisMeHeHue
yKasaTelield B KOJIbIIEBOM Oydepe Ha 3amuch B Oydep (CTUpaHHE CTapbiX
3armcel, 100aBJICHUE HOBBIX) U YTCHHE MOYKET BBITIONHATHLCS allapaTHbIM
dbopmupoBaTeeM MaccuBa, MOIISPKUBAIOIINM KOJIbIleBble Oydepa. De-
MEHTHI KoJiblieBOTO Oydepa Moryt ObiTh aprymeHTamu MAC KomaHbl,
NpUYEM MEPEXo]l K CIEAYIOLIEMY 3JIEMEHTY KOJIbIIeBOTO Oydepa Mpoucxo-
JUT aBTOMAaTUYECKH, KaK aBTOMHKPEMEHTHUPOBAHUE YyKa3zaTeliel MPU BbI-
noinHeHun Tekymeit MAC komanasl. [Ipu paboTe ¢ maHHBIMU BO BHEITHEN
naMsATH npuMensercs npsaMoi gocryn k mamsaty (ITJII1 vwin aHrnos3paHas
a00pesuatypa DMA), wmcnonb3ys xountpoiuiep IIIAIT maum xoHTpoiep
koJbrieBoro oydepa ¢ I1IJI1. [l acHHXpOHHOM 3amucy ¥ YTeHHs B Oydep
4acTO UCMOJB3YETCs ABYXIOPTOBAs MaMSITh.

MAC komaHabl MPUCYTCTBYIOT B MYJbTUMEIUNWHBIX PACIIMPECHUSIX
HaOopa wMHCTpyKIui coBpemMeHHbix MII ot Intel (MMX, SSE,SSE2,
SSE3)u AMD (3DNow, 3DNow?2).Ho B 3Tu mpoIeccopbl OHU ObLIX J10-
0aBneHbl kKak pacimupenne komang MISC mponieccopa u B pesyibTare Bbl-
nonasoTes HamHoro MeaienHee, yeM B LICII. B LHCII MAC komaHabl
M3HavYaIbHO BXOJAT B cocTaB RISCmporeccopa.

Apxutektypa u(POBBIX CUTHAIBHBIX MPOIIECCOPOB, MO CPABHEHUIO
C MUKPOIPOIECCOpaMU U MUKPOKOHTPOJUIEpAMH, UMEET HEKOTOpPbIE OCO-
OCHHOCTH:

— LCII uMerT BCTPOEHHYIO OIEPATHBHYIO MaMSTh, U3 KOTOPOU
MOKET OCYIIECTBIATHCS BHIOOPKA HECKOJIBLKUX MAILMHHBIX CJIOB OJTHOBpE-
MeHHO. Hepenko BCTpoeHO cpa3y HECKOJBKO BHUOB ONEPATUBHON MaMSITH,
HaIlpuMep, B CUITy rapBapJICKOM apXUTEKTYphbl ObIBAECT OT/EIbHAs MaMSTh
IUTSl THCTPYKIIUN U OT/AENIbHAS — JIJIsl JaHHBIX;

— HEKOTOpPbI€ CUTHAJIbHBIE MTPOIIECCOPHI 00JIaIal0T OJTHUM WIIH JIaXKe
HECKOJIbKUMU BCTPOCHHBIMH TMOCTOSIHHBIMHU 3aITOMUHAIOIIUMU YCTPOUCT-
BaMH ¢ Haubojee YNOTPEeOUTEIbHBIMU TOAMPOrpaMMaMu, TaOIHIlaMU
U T.01.;

— anmapaTHOE YCKOPEHHE CJIIOKHBIX BBIYMCIUTEIbHBIX HHCTPYKIIUM,
TO €CTh OBICTPOE BBIMOJHEHUE OTEpaINii, XapaKTepHbIX sl 1U(PpoBOM
00paboTku curHanoB, Hanpumep, onepannsi MAC «yMHOXEHHE C HaKOII-
aeauem» (Y= X+ A X B) ucronHsercs 3a oguH TakT. [Iporeaypsl ym-
HOKCHHS W OCHOBHBIX (QyHKIMK (CMHYca, KOCHHYyCa, JjorapudMa U T.I1.)
BBITIOJIHSIFOTCS YTEHUEM T'OTOBOTO pe3yjbTaTa U3 Tabaull 3HAaUCHUH;
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— «OecmaTHbBIE» M0 BPEMEHHM IIUKJIbI C 3apaHee U3BECTHOU JJIMHOM.
[Tonnepxka BEKTOPHO-KOHBEHEPHOU 00paOOTKHU ¢ TOMOIILIO T€HEPATOPOB
aJPECHBIX MOCJIEI0BATEIbHOCTEH;

— JeTepMUHUPOBAHHAs paboOTa C U3BECTHHIMU BPEMEHAMH BBIINOJ-
HEHMSI KOMaHJ, YTO MO3BOJISIET BBIMOJHATH IJIAHUPOBAHUE PAOOTHI B pe-
aJTbHOM MacIITade BpeMEHHU;

— CpaBHUTEJIBHO HeOOoJbIlas JJIMHA KOHBEWepa, TaKk 4YTO He3arlia-
HUPOBAHHBIE YCIOBHBIE NEPEXOAbI MOTYT 3aHUMATh MEHBIIIEE BPEMS, YEM
B YHUBEPCAIbHBIX IIPOIECCOPAX;

— DK30THYECKUU HAOOp PEeTrHCTPOB M MHCTPYKIIMH, YaCTO CIIOKHBIX
U1l KOMIIUJISITOPOB;

— TI0 CPaBHEHHIO C MUKPOKOHTPOJUJIEpAMH — OTPAaHUYEHHBINH Ha0Op
nepudepuiiHbIX YCTPOMCTB, BIPOUYEM, CyHIeCTBYIOT «mepexoanbie» [[CII,
couetaronue B cede crorictBa LICII u mmpokyro nepudeputo MUKPOKOH-
TPOJIJIEPOB.

Paccmotpum apxutektypHoe noctpoenue LICII 6onee moapoOHo.

Apxumexmypa yugpoeo2o cueHaIbHO20 npoyeccopa

OnHuM U3 HamboJiee KPUTUUYHBIX JIJIS CKOPOCTH BBITMIOJHEHUSI ajro-
putMoB LIOC daktopoB sBisieTcs nepegaya nHGOpMallMd B TaMATh U U3
namsaTu. CroJla BXOJST HE TOJIbKO JaHHbIE, TAKUE KaK BHIOOPKH BXOJHOTO
curHana u Kodpduiuentsl ¢(UIbTpa, HO U KOMaHJIbl MPOrPaAMMBbI,
T. €. JBOMYHBIE KOJIbI, TOCTYIAIOIIME B IPOTPAMMHBII aBTOMaT.

[Ipennonoxum, HapUMeEpP, YTO HAM HY>KHO YMHOXKHTH JIBa 4HCIIA,
KOTOpbIE HaXOMSTCS T/Ie-TO B MaMsATU. UTOOBI clenarh 3TO, MbI JIOJKHBI
W3BJI€Yb TPH JBOWYHBIX 3HAYEHHS U3 MMAMSTH. YUCIIA, KOTOPBIE HYKHO YM-
HOXUTb, TUIIOC KOMaHAY MPOTPaMMBbl, YKa3bIBAIOIIY0, YTO HYXKHO CJe-
JaTh.

Pucynok 2.9 ummoctpupyer, Kak 3Ta MpocTas Ha BUJ 3a]1aua BBITIOJI-
HAETCS B TPaJUIIMOHHOM MHUKporpoleccope. Mcnons3yemas B J1aHHOM
claydae apXuTEeKTypa OObIYHO Ha3bIBaeTCs (POHHEMMAHOBCKOM, IO MMEHHU
aMepuKaHCKoro mateMmaruka J[>kona ¢on Heiimana.

/1

MaMmaTs Iuna agpeca
(naHHbBIE U 1111
KOMAaH/IbI)

% N
\| uHa paHHBIX |/

Puc. 2.9. Apxurekrypa pon Heitmana (oauH MOJTYJIb TAMSTH)
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Kak mokazano Ha puc. 2.9, apxurektypa pon Helimana comepkut
€AMHCTBEHHBI MOYJIb MAMSTH U €JMHCTBEHHYIO IIMHY JjIs OOMEHa JaH-
HBIMM C IEHTpajdbHBIM mporieccopom (LII1). YMHOXKeHHE ABYX 4YHCEI
B TOM cllydae TpeOyeT 1Mo KpaliHel Mepe TpEX TaKTOB: IO OJHOMY Ha Tie-
PECBUIKY Ka)KJIOro M3 ABYX YUCEN M KOJa KOMaHJbI MO IIUHE JTAHHBIX U3
namaTtu B L{II. 3gech HEe yuuThIBaeTCS BpeMsl Ha MEPECBHUIKY pe3yJibTaTa
oOpaTHO B MaMsTh, MOTOMY YTO TpeAmnoiaraerca 4to oH octaércs B LI
IS TIOCTICAYIONINX TpeoOpa3oBaHuil (TakWx, Kak CYMMHPOBaHUE MPOU3-
Benenuii B KUX-punbrpe). @oHHEHMaHOBCKAsS apXUTEKTypa BIIOJIHE TOJI-
XOJIUT B TOM CJIy4Yae, KOrJa pedb UAET O MOCIEA0BATEIHOM BBINOJIHEHUN
BCEX KOMAaH]I. BOJIBIIMHCTBO COBPEMEHHBIX KOMIBIOTEPOB IMOCTPOEHO
daktuuecku no apxurekrype ¢hon Heitmana. Mnast apxutektypa TpeOyeT-
Csl TOJIBKO TOT/1a, KOTJa HeoOX0ouMa O4eHb ObICTpasi 00paboTKa, U MBI TO-
TOBBI 3aIJIATUTH 34 HEE€ YBEJIMUYEHUEM CIIOKHOCTH YCTPOMCTBA.

MamsTs <: Illuna agpeca TIIT HIuna agpeca 1] :> MamsTs

nporpamMmm 101} JAAHHBIX
(TOJIbKO TOJILKO JaHHbIE
KoMaRIbI) <: Iuna nauabix I /. < IIuna nauubix /1 > ( a )

Puc. 2.10. I'apBapackast apxurekTypa (qBa MOAYIIS TAMSITH)

Takum TpeOoBaHMSIM OTBEYAET TapBapjicKasi apXUTEKTypa, MpOuJ-
mocTpupoBaHHas Ha puc. 2.10.B rapBapackoil apXUTEKType MPOUCXOIUT
pasziefieHre maMsATH Ha JBa OJIOKa: MaMsTh JAHHBIX W MaMsATh Mporpamm
C BBIJICJICHUEM OTACJBHBIX IIWH JIJIS1 KaXA0M U3 HUX. Tak Kak MuHbI pado-
TalOT HE3aBUCUMO, TO U KOMaH/Ibl, U JaHHBIE MOTYT BBIOMPATHCS U3 MaMsi-
TH U 3arpyxatbcs B LIII oqHOBpeMEHHO, MOBBINIASI TEM CAMBIM CKOPOCTh
o0paboTku. bonbmuHcTBO coBpeMeHHbIX [[CII ucnons3yroT 3Ty ABYX-
IIMHHYIO apXUTEKTYPY.

[Ipu BBIMOJHEHUH MPOTPAMMbl OOMEH C IBYMs OJIOKaMH MaMsTH Be-
JETCsl mapajyiebHo, yTo yckopsieT padoty LI, xoTs u TpedyeT q0omoIHU-
TEJIbHBIX 3aTpaT M3-3a YCJIOKHEHUS CUCTEMbl. JDTUM OOBSCHSETCA COOT-
HOIIICHUE MapaMeTPOB CUCTEM — 00BEM MaMATH U TaKTOBBIE YACTOTHI CUT-
HaJIbHBIX MTPOLECCOPOB MEHBIIIE, YEM B YHUBEpCcAIbHBIX MIL.

Ha puc. 2.11noka3aH ciaeayronuid ypoBeHb CI0XHOCTH OpraHu3a-
MM 0OMeHa C MaMAThI0 — CyNeprapBapACKasl apXUTeKTypa. DTOT TEPMUH
obL1 BBenEH pupMoii «Analog Devicesyiia onrcanus paboTsl HU(POBIX
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CUTHaJIBHBIX mporeccopoB cemericTB ADSP-2106xu ADSP-211XxX,BbI-
nyckaeMbix komnanueil. L{CII, mocTpoeHHble O TaKOW apXHUTEKType, Ha-
3anii SHARC (cokpamenue ot ciioB Super Harvard ARChitecturdiaes
COCTOSI7Ia B TOM, YTOOBI MOJEPHHU3UPOBATH TApBAPACKYIO apXUTEKTYpY,
HaJIeMB €€ OMOTHUTEIbHBIMU CBOMCTBAMHM, YIYUIIAIOITAMH IMPOU3BOIN-
tenbHOCTh. Apxutektypa L[CII cemeiictBa SHARC ontumusupoBana mo
JeCATKaM HaIlpaBJICHUM, OJJHAKO JBa M3 HUX UTPAIOT OCOOYIO POJb — ATO
HaJIMYKe KIII-TaMATH KOMaHJ ¥ KOHTpoJuiepa BBoaa/BeiBoaa (puc. 2.11).

IMamsTh
/1 IMuna agpeca IIT IIuna aapeca I '\ IIaMATH
Pporpam \‘ 1011 / JAHHbIX
(koMaHABI U
BTOPHYHBIE /1 /1 '\ (TOJILKO JaHHbIE)
Illuna pannbix T ~ IIuna nauubix /1
JAaHHbIE) N\ 4 Kal'z’();::;”" N 4

Jlanuble <:> Kontposnep
BBO/1¢/BbIBOAA

Puc. 2.11. CyneprapBapackas apXuTeKTypa
(mBa GyIOKa MaMSTH, KIII-TAMITh KOMaH;[, KOHTPOJUIEP BBOJ1a/BBIBO/IA)

B nepByro ouepeapr pacCMOTpUM, KaK HaJU4Ue KAUI-MaMATU KOMaH]
YCOBEPIIEHCTBYET TrapBap/CKyl0 apxuTekTypy. Hemocratkom 0a3oBoi
rapBapJICKON apXUTEKTYPHhI ABISETCS TO, UTO IIIMHA TAMSITH JTAaHHBIX 3aHS-
Ta OoJIbllle, YeM IIMHA MaMATH nporpamm. [Ipu nepeMHOKEeHUU ABYX UH-
CeJI JBa JIBOMYHBIX 3HA4YeHUS (4ucia) AoJHKHBI mocTynuTh B LI mo mmHe
JTaHHBIX, W TOJIGKO OJHO TBOMYHOE 3Ha4YcHHE (KOMaHJa) 3arpy’kaercs 1o
muHe nporpamMM. YToObl yIy4IIUTh CUTYAIlMI0, Mbl HAYHEM C TOTO, YTO
MEPEMECTHM YacTh JIAHHBIX (YUCEN) B MaMsATh IporpamMm. Hampumep, Ml
MOYKEM Pa3MECTHUTh B MaMATH MporpamMMm KodduimeHTs GuiabTpa, a oT-
C4€Thl BXOJIHOTO CUTHaJa 3aMHUCHIBATh MO-MPEKHEMY B MaMsITh JTaHHBIX
(mepemeniéHHbIe qaHHBIC HAa puc. 2.11Ha3BaHbI BTOpUYHBIMH). Ha mepBbIit
B3TJISA/I, CUTYaIlMsl HUICKOJIBKO HE yJIydIllniaack. Tenepb Mbl JOJKHBI Mepe-
JaBaTh OJHO 3HAUCHHUE 10 MIMHE JAaHHBIX (OTCYET BXOJHOTO CHUTHAJIA)
U JIBa 3HAYCHHUSA — 10 muHe KoMaH (komaHay u koddduiuent). Eciau Obl
MBI BBITIOJIHSUTM CJIyYalHYIO0 MOCIIEI0BATEIbHOCTh KOMAaH/I, TO 3TO JIEUCT-
BUTEJIHLHO OBIJIO OBI TaK.

Onnako u3BecTHO, uTo aroput™bl [{OC B 00111eM cllyyae OCHOBHOE
BpeMsi 00pabOTKH TpaTAT Ha BBHIMOJHEHHE LMKJIOB, TAKUX KaK KOMAaHJbI.

62



Ho nmkin noapaszymeBaer, uto u3 namsatu nporpamm B L{I1 moctymaror ox-
HU U T€ K€ KoMaHbl. CeyneprapBapAcKkas apXUTEKTypa UCIIOIb3YET 3TOT
dakT, nononuss LIT kau-naMsaTeio mporpaMm. ITO MaMsTh MAJIOT0 00bE-
Ma, KOTOpas 3allOMHHAET OKOJIO 32 MOCJIEAHUX BBIMTOJTHEHHBIX KOMaH/I.
IIpu mepBor uTepanuu HUKIa KOMaHIbl 3arpykatorcs B LIl mo mumHe
nporpamMm. OTO MPUBOJUT K 3aMEJJICHUIO pabOThl M3-3a KOH(MIUKTA C KO-
s punmenTaMu PUILTPaA, KOTOPBIE TOXKE JTOKHBI EPEChLIATHCS MO ITOU
muHe. OIHAaKO MpU JaJbHEUIIEM BBINOJHEHUM LUKJIA KOMAaHAbI MOTYT
BBIOMPATHCS M3 KAI-MaMATH. A 3TO O3HAYAET, YTO BCSI MHPOpMAIUS MO-
XKeT 3arpyxarbca u3 naMsatu B L{I1 3a oguH TakT: OTCYET BXOJHOTO CUTHA-
Ja MPUXOIUT IO IMIHWHE JaHHBIX, KO3PhUIMEeHT (GUIbTpa MOCTYIAET IO
IIMHE TIPorpaMM, a KOMaHaa BeiOupaercs u3 kam-naMstu. Ha sizeike [JOC
0 Takoil 3Q(heKTUBHOM Tepesjaue TaHHBIX TOBOPAT «BBICOKASI MPOIYyCKHAs
CITOCOOHOCTH UHTEPdEca C TaMIThIO».

Ha puc. 2.12npencraBnena tunosas apxurektypa LICII, sensromas-
Csl YCOBEpIIEHCTBOBAaHHOM apxuTekTypoil mpoieccopoB SHARC. Apxu-
TEKTypa TaKHX IPOIIECCOPOB COACPKHUT KOHTPOJICP BBOJA/BBIBOJA, CO-
€IMHEHHBIN C MaMSIThIO JaHHBIX U OPTraHU3YIONIMN BBOJ CUTHAJIOB B CHUC-
TEeMY, U BbIBOJ W3 He€. B wacTHOCTH, J71s1 OOMEHa TaHHBIMU C BHEIIIHUMU
yctpoiicteamu LICIT cemeiictBa SHARC conepxat ¥ mnapasuienbHbIH,
U TIOCJIEAOBATEIbHBIM MOPTHI, 00ECHEUYMBAIONINE OYEHb BBICOKYIO CKO-
pocTh nepeaaur. Hampumep, eciau TakToBas yactota npoieccopa 40 MI,
TO JBa IMOCIEAOBATEIbHBIX MOpPTa OOECMEYMBAIOT CKOPOCTh Mepenaydu
40 MouTt/c Kaxaplid, a IMIEeCTh HapalieabHbIX MOpTOB — 40 MbB/c KaxbIi.
Korma Bce mects napasienbHbIX TOPTOB UCHOJIB3YIOTCSI BMECTE, CKOPOCTh
nepeIayu JaHHBIX CTaHOBHUTCS paBHOU 240Mb/c.

OuyeHb BOXXHBIM SIBJIETCSI TO, YTO CICI[MAJIbHBIC alMapaTHbIE CPe.l-
CTBA MO3BOJISIIOT MEPEAaBaTh 3TU MOTOKHU JTAHHBIX HEMOCPEICTBEHHO B Ma-
MATh (psimoii goctyn B mamsth — [TJII1, mmm DMA) 6e3 3anelicTBoBaHus
peructpoB LII. [Ipyrumu ciioBamu, 4acTh IIATOB pPEAIM3allMA aJITOPUTMA
[HOC (monyuenue orcuetoB ¢ AIIIl, mepenaua orcueroB B I{AII) BeImoI-
HSAIOTCSI HE3aBUCUMO U OJJHOBPEMEHHO C OCTAJIbHBIMU IIaraMu, He TpeOys
ot IIIl Hukakux BpeMEHHBIX 3arpaT. [ JaBHBIC MUHBI (MTHHA MPOTrpamMM
Y [TUHA JaHHBIX) SBJSIOTCS JTOCTYITHBIMH JIJI BHEIIHUX YCTPOMCTB, obec-
MeYrBasi JOMOJHUTENBHBIN UHTEp(]EIic ¢ BHENTHEW MaMsIThiO U nepudepu-
eii. 9to mo3posseT LICII cemeiictBa SHARC ucnons3oBars 10 4 I'cios
(16 I'b) mamstu co ckopocthio gocryna 40 Mcnos/c (160 MB/c)
1pu nepegaye 32-0MTHBIX JTaHHBIX.
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1T

HIuna aapeca Iuna aapeca
NaMATH NporpamMmm I'enepaTop Tenepatop NaMATH JaHHBIX
/1 alpeca JaHHbIX |1 aypeca qaHHbIX
\‘ naMsiTH NAMATH AAHHBIX
nporpamm
IlamsaTe i) i)

nporpamMm Hporpammusbiii TlamsiTh aHHBIX
(xomanab1 aBTOMAT (TOJILKO AaHHbIE)

H BTOpHYHBbIC

JAaHHbIE) Kom-namsite

KOMAaH/I

IlInHa JaHHBIX NAMSTH ﬂaHHbIX>
< I1InHa JAHHBIX NAMSATH nporpamMmm

——N] Perucrpni

——/]  aaHHBIX @

Konrposiep
BBO/I¢/BbIBO/1A
(DMA)

{

BbIcoKOCKOPOCTHOI BBOA/BBHIBO/
(mocsie0BaTeIbHbII, NapajLIebHbI,
AL, HAIT u 1.1.)

YMHOKUTEND

AJlY

MAC

Casurare/ib < :

T It 1t

Puc. 2.12. Tunosas apxurektypa LICII. Hudpossie curnanpubie
MPOLIECCOPHI, CIPOSKTUPOBAHHBIE JIJIS1 BBITMIOJHEHUS MapaljIeNIbHbIX 3aa4

CnocoOHOCTh TOAAECPKUBATH BBICOKOCKOPOCTHOM HHTEp(ENc BBO-
na/BeiBoA sBsieTcs KiaroueBoit ocooennoctrio L[CII. Benr rimaBHas 3ama-
ya [[CII — 3arpy3uTh BXOJHBIE JTAHHBIEC, BHIIIOJHUTh HEOOXOIUMbIC MaTE-
MaTHYeCKHE MpeoOpa3oBaHUs U BBIBECTH PE3YJbTAT, MPEKJIEC YEM HA BXO-
JI€ CUCTEMBbI TOSABUTCS CIEAYIOIHUM OTCUET. BCE ocTalibHOE BTOPUYHO.
Hexotopsie IICII umeroT Ha KpucTaie BCTPOCHHBIE aHAIOTO-IU(POBOM
uiu 1uugpo-aHaJIoTOBBIM mpeoOpazoBarenu. Takue Mpoleccopbl Ha3bIBa-
10Tcs cMmernandeiME (Mixed-signal),r. e. coBMeIaronmmMu CUrHaIbl pas-
HBIX TUIOB — aHayioroBbie U nudposbie. Onnako Bce I[CII umeror BO3-
MOXXHOCTh B3aumojeictBoBaTh ¢ BHemHUMHU ALl u I{AII yepe3 nocie-
JIOBATEIbHbBIC WJIU TTApAJUICIIbHBIE TOPTHI.

Tenepp 3armsaem BHyTph LII. B BepxHeid uactu cxembl (cM.
puc. 2.12)Mbl BUAMM JBa 0JI0Ka, Ha3bIBAEMBIX '€HEpaTOpaMu aJapeca JIaH-
HBIX, 10 OJHOMY Ha KaXKJIBIA MOJYJIb MaMSITH. ITU OJOKH YIIPABIISIOT aJl-
pecaMu, HalpapIsiEeMbIMU B IAMATh MIPOTPAMM U MaMATh JAHHBIX U YKa3bl-
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BAIOIIMMHU, U3 KaKOH SUEUKH MaMATH JOJDKHA OBITh MpovYuTaHa nHpopma-
Y WK B KaKyro suedky e€ HeoOxoaumo 3amucatb. B 0olsiee mpocThix
MHUKPOIIPOIECCOpaxX peIieHrue 3TON 3a/1aur BO3JIaraeTcs Ha MPOrpaMMHBIN
aBTOMAT U SIBJIAETCS COBEPIICHHO OYEBUIHBIM AJisl mporpammucta. OaHa-
ko L[CII cnpoekTupoBaHsl Jjisi pabOThI C IIUKIWNYECKUMU OydepamMu U uc-
MOJIB3YIOT JIOTIOJTHUTEIBHBIE CXEMHBIC PEIICHUS, IMO3BOJIIONIUE JeaTh
710 3ddekTuBHO. Takue ycTpoiictBa ocBoOoxaaroT {I1 o HE0OX0AUMO-
CTH TPAaTUTh JIPArolieHHbIE TAKThl HA TO, YTOOBI OTCIICKUBATh, Ky/a 3aIu-
ChIBaTh WJIM OTKYyJa CUMTHIBATh NaHHbIC. Kbl U3 NBYX T€HEPATOPOB
aapeca nporeccopa SHARC MoxkeT ynpaBisiTh BOCEMbIO IUKINUYECKUMHU
Oydepamu. IT0 O3HAYAET, UTO KAXKIbIH T€HEpaTOp aapeca JOKEH Xpa-
HUTh 32 3HaueHMs (110 YeThIpe Ha Kaxkablid Oydep) u oOecrneunBaTh HEOO-
XOJIUMYIO JIOTUKY PaOOTHI.

3adyeM HYXHO TaK MHOTO IUKJIHYeCKUX OydepoB? Psan anrropurmon
nudpoBoit 00padboTku peanuszyerca 3PdEeKTUBHEE, €CIu pa3OUBaeTCs Ha
HecKkobko aTanoB. Hampumep, BUX-bunbrpel oka3siBaroTCs Oosiee yc-
TOMYMBBIMH, €CITM PEATU3YIOTCS B BHUJI€ MOCIEI0BATEIHOIO COCAMHEHUS
HECKOJIBKHUX OMKBaJApPaTHBIX (QHIBTPOB (T. €. PHIIBTPOB, UMEIOMINX JBA T10-
Jroca U He Ooiiee aBYX HyJel). Hamnuue HECKOJIbKHX 3TAloB 00OpabOTKH
TpeOyeT HaJW4YMs TAKOTO K€ YHClia [MUKInYecKkuXx OydepoB, 4ToOBI 0Oec-
MEYUTh BO3MOKHOCTh MAaKCUMAaJIbHO OBICTPOTO BBITIOJHECHHS aJITOpPUTMA.
KpoMe BO3MOXHOCTH MOAAEPKUBATH OOJIBIIOE YUCIO IUKINYECKUX OY-
dbepoB, reHepaTopsl aapeca maHHbBIX mporeccopoB SHARC ontumusupo-
BaHbI Take JJIs1 3(D(PEKTUBHOI'O BBIMOIHEHHS alroOpuTMa OBICTPOTO IIpe-
obpazoBanust Oypee (BIID). OHM TO3BOIAIOT aapecoBaTh ITUKINYICCKHE
Oydepsl B pexrnMe OMT-PEBEPCHON aapecaliiy, KoTopas HeoOXoauma s
peanuzanuu BII®. OTMeTuM, 4TO OOJIBIIIOE YUCIIO MUKINUYECKUX Oy(hepoB
CYIIECTBEHHO YIPOIIAET MPOIECC I'eHepaluyd MPOrpaMMHOI0 Koja, Kak
B cllydae ero pa3paOd0TKH BPydYHYIO (MPOTPaMMHUCTOM), TaK U MPU aBTOMa-
TUYECKOM CO3JIaHMH KOJIa CPEJCTBAMH KOMITUJISATOPA S3BIKOB MIPOTPAMMHU-
pPOBaHUS BBICOKOTO YPOBHSI, HApUMep, s3bika Cu.

Ha6op peructpoB ganubix L{I1 ucnonp3yercs Tak ke, Kak ¥ B 0ObIU-
HbIx mukponpoueccopax. LCIT cemelictea ADSP-2106x SHARGskt0-
garoT 1mectHaanate 40-0MTHBIX perucTpoB oOmiero HaszHadeHws. OHU
MpeaHa3HAYCHBI 11 XpPaHEHUS TMPOMEXKYTOUYHBIX PE3YJbTATOB BBIUMCIIEC-
HUH, 3arpy3Kd BXOJIHBIX ONEPaHI0B MAaTEeMAaTHYECKUX MPOIECAYp, a TAKKE
CIIy’KaT Kak Oydepbl NMpU MEePeCchUIKE TAaHHBIX, BBICTYMAIOT B KadyeCTBE
¢aroB, ynpaBIsSrONUX TporpaMMon, u T. 1. [Ipu HeoOX0AUMOCTH ITH pe-
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TUCTPBl MOTYT TaKX€ HCIOJIb30BAaThCA U1l YIPABJICHUS LMUKIAMU U BbI-
cTynaTth B KadectBe cuéruukoB, ogHako B LICII SHARC npenycMmoTpen
CIielMaIbHBIN HA0Op PErUCTPOB, MPEAHAZHAYEHHBIX JJIs1 TOJOOHBIX 3a/1a4.

Marematuueckass o0paboTka B MpOLIECCOPE OCYIIECTBISIETCS B 4Ye-
THIPEX BBIYMCIUTEIIbHBIX OJIOKaX: YMHOXKHUTEIE, apu(hMETUKO-IIOTTYECKOM
ycrporictBe (AJIY), ymuoxwurene-Hakonutene (MAC) u napaieabHOM
CABUTATENeE.

YMHOXHUTENL 3arpy’,aeT U3 PErucTPOB JBAa ONEpaHAad, HAXOAUT HX
MIPOU3BEJICHUE U PE3YJIbTAT 3aMUCHIBAET B PETUCTP.

AJIY CIy>KUT JJ1s BBIIOJTHEHUSI ONEpalvi CJIO0KEHHS, BHIYUTAHUA,
BBIUMCIICHUS MOAyJs, norudeckux omneparuii (M, MJINW, NCKIIFOYAIO-
IIEE WJIA, HE), npeoOpa3oBanus uucena B ¢opmare ¢ (UKCUPOBaAH-
HOM TOUYKOM B (popmaT ¢ IIaBarolIe TOYKOW WM HAO0OOPOT M APYTHUX
byHKITUH.

OpnHolt u3 HanboJiee pacpoOCTPAHEHHBIX Orepaluii B Hu@poBoit 00-
paboTKe CUTHAJIOB SIBIISICTCS JAMCKPETHAs CBEPTKA, MPEACTABISAIONIAS] CO-
OOl MHOTOKPATHO BBIMOJHAEMOE YMHOXKEHHUE JBYX YUCEN U CIOKEHUE pe-
3ylbTaTa C YK€ HAKOIUICHHOW CyMMOH (YMHOXKEHHE C HAKOIUICHHEM).
MAC mnpou3BOIUT onepaluy YMHOKXEHUS C HAKOIUIEHHEM 33 OJUH TaKT
Y= X+ Ax B, ¢ ykazaHHbIM B KOMaH/I¢ TIPaBUJIOM W3MEHECHUS MHJICKCA
saneMeHToB MaccuBoB. MAC saBisiercst 6azoBoil onepanueit [{CII. IToato-
My B coctaB OosbinrHcTBa LICII BXOAUT y3ei, Ha3bIBaEMbIii CYMMHUPYIO-
UM YMHOKHUTEIEM, WM HAaKAIIMBAIOIIUM CYyMMaTOPOM, KOTOPBIN pean-
3yeT YKa3aHHYIO OIepalyio 3a OJMH KOMaHIHBIN UK (IEPHOJ] BPEMEHH,
HEOOXOIMMBIH JJIs BHIITOJIHEHHSI KOPOTKOH KOMaH/IbI).

DJNIeMEHTapHbIE IBOMYHBIE OINEPAMU BBITOJIHSAIOTCSA MapajiedbHbIM
casuraresieM. K HUM OTHOCSITCS: CABUT, IIUKJIMYECKUM CIBUT, U3BJICUCHUE
WJIM 3aMuch (parMeHTOB CJIOBa JaHHBIX U .

Baxupim cBoiicTBoM mnporeccopoB SHARC, nenarommm ux apxu-
TEKTYPY ACUCTBUTEIILHO MOIIHOM, SBJISAETCS BO3MOXKHOCTh NapaJUICIbHON
(omHOBpPEMEHHOM M He3aBHCHMOI) paboThl yMHOXHTEIS U AJIY. 3a onuH
TaKT YMHOXHUTEJIEM MOTYyT OBITh 00paOOTaHbl OMEpPaH]bl M3 PErUcT-
poB 0...7,a AJIY — onepaHjbl u3 peructpoB 8...15,1 /1Ba MOJTYyUYECHHBIX
pe3yJibTaTa 3alucanbl B JIF000# u3 16 —Tu perucTpos.

Pazsutuem 6azoBoit apxutektypel SHARC ADSP-2106xaBisiercs
cemeiictBo mporeccopoB SHARC ADSP-2116x,a Takxke miargopma
ADSP-TS101 TigerSHARCDTH mporieccopsl IOCTPOSHBI IO TaK Ha3bl-
BaeMoit SIMD-apxutektype (Single Instruction Multiple Dataogna xo-
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MaHAa — MHOro gaHHbix). [Ipmanun SIMD cocTtowt B TOM, YTO OJHH
U T€ K€ WHCTPYKIIUM BBITOJHSIIOTCS OJHOBPEMEHHO ISl pa3HBIX HAaOOPOB
JTAHHBIX.

Tam, roe nponeccop cemerictea ADSP-2106XBkitouan oauH 3Jie-
MeHT 00paboTku, mporeccopsl ADSP-2116xu ADSP-TS10lumeror aBa
sanementa, obo3Hauaembie PE x u PE y B 211& u npocto X u Y B TS 101.
Onement PE x (yHKImoHupyeTr oOBIYHBIM 00pa3oM, Tak K€ Kak TOT e
anemeHT B mporeccope 2106, Ho B pexume SIMD onam u 1€ ke KOMaH-
IObl BBITOJHAIOTCS M dJeMeHToM PE X (Ham JaHHBIMH B PErHCTpax
RO...R15)u snementom PE y (Han manaeiMu B peructpax S0...S15).

JlaapHEUIIMM YCOBEPIIICHCTBOBAHUEM aAPXUTEKTYPHI SBISICTCS TOJ-
nepxkka pexxuma MIMD — Multiple Instructions Multiple DataMuaoro ko-
MaHJi — MHOTO JaHHBIX). B 3TOM pekMMe BBIYMCINTEIbHBIC OJJOKH BBIITOJ-
HSIOT pa3jIudHbIC MOTOKU KOMaH] HaJ pa3HbIMU HAOOpaMH JAHHBIX B Mpe-
Jeax OJTHOTO TaKTa. DTOT PEXHM XapaKTePeH TOJBKO JJIS MPOIIECCOPOB
ADSP-TS101 TigerSHARGCpupmer «Analog Devices» (SMD-pexum
MU TaK)Ke MOSPKMBACTCS KaK yacTHbIN ciiydyait MIMD-pexuma).

Hpyroe BwicokonpouspoautTenbHoe cemeiictBo ILICII  pupmbl
«Analog Devices» eemeiictBo Blackfin —cmnpoektupoBaHo Tak, 4ToObI 32
OJIMH TaKT BBIMOJHSITH MapaJIeIbHO KaK MOKHO OOJIbIIIE MaTeMaTHUECKUX
onepanuii. Cepanem apxutekrypsl Blackfin seisercs 610k apudmernde-
CKUX omepanuii Hax nanHbiMu (Data Arithmetic Unit) koTophlit BKiItodaeT
nBa 16-0utHbeIX ymHOxuTels-Hakornureas (MAC), nBa 40-0utHbix AJIY,
yeTbipe 8-0uTHBIX BUJe0-AJIY u onun 40-0MTHBIN mapasjieabHBIN CIBU-
ratesnib. C MOMOIIBIO TaKOW apXUTEKTypbl 00padoTka 8-, 16- wim 32-
OWTHBIX TaHHBIX MPOU3BOJIUTCS C MAKCUMAIbHON A(DPEKTUBHOCTBIO.

CpaBHUBas 3TH pa3HBIC apXUTEKTYPhI, MOXKHO CACIaTh OMpPEACICH-
HbIE Ba)KHBIC BBHIBO/IHI.

N3BectHO, yTO OONBIIMHCTBO anroputMoB [[OC TpeOyeT miisi BbI-
nonHeHus 4...400komann, yto ans npoieccopoB SHARC skBUBaneHTHO
4 ..A00TakTaM BBITIOJTHEHUS 00paOOTKH OJHOTO OTCUETAa BXOJHOT'O CHUTHA-
na. Torna mns Broporo nokosienust [{CIT SHARC ADSP-2116xpa6o-
taroriero Ha yacrore 100 MI'1, OyaeT xapakTepHa CKOPOCTh 00pabOTKU
ot 250 ThIcaY 10 25 MUJUTMOHOB OTCUETOB B CEKYHAY (B 3aBUCHMOCTH OT
cnoxknoctu anropurma). Ananornyno mis LICIT ADSP-TS10lua gacrore
250MI 't nanHble OyAyT 00pabaThIBaThCS CO CKOPOCThIO OT 625 ThICSY 70
62.5 MunoHa 0TCUYETOB B CeKYHIY (B 3aBHCHMOCTH OT CJIOKHOCTH ajIro-
puTMa). 31eCh He MPUHUMAIACh BO BHUMAHHUE BO3MOXKHOCTh (DYHKIIMOHH-
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poBanus B pexkxume SIMD, mo3BossitonieM BABOE COKpaTUTh BpeMs oOpa-
OOTKH, T. €. IOBBICUTh B 2 pa3a CKOPOCTh 0OpaOOTKH BXOMJHOTO IMOTOKA
JTaHHBIX.

Boe16op LCII nnst pazpaboTku mu¢ppoBOro paguonprueMHOTO yCTPOM-
CTBa MOXET OCYIIECTBISThCA B TPEX ¢opmax: sApo, MPOILEeccop WU
BCTPAUBAEMBbIN ITPOIYKT.

Tepmun «inpo» npumenurtenbHo kK L{CIT o6o3HavaeT yacth mpoiiec-
copa, B KOTOPOU BBHITIOJIHSIOTCS OCHOBHBIE 33/1aud. B HEro BXOJSAT perucr-
pBI IAaHHBIX, YMHOKUTENB, AJIY, TeHepaTophl ajpeca u CUETYNK KOMaH]I.

[Iporeccop 0OBEIUHSET SAPO C MaMATHIO M OJoKaMu mepudepuu,
obecreynBarOmMUMU UHTEpGENc ¢ BHEIIHUM MHPOM. Snpo mpoieccopa
u ero nepudepus pa3pabaTbIBAlOTCA OTAEIBHO, HO B pPE3yJbTaTe OHU
BBITIOJIHSIFOTCS Ha OJIHOM KpHCTaJJIe KPEMHHSI U 00pa3yroT OJIHY MHUKPO-
CXEMY.

[Ipeamnonoxum, Mbl cOOMpaeMcsi CIIPOSKTUPOBATh MUGPOBOE PaIUO-
MPUEMHOE YCTPOMCTBO U, COOTBETCTBEHHO, OyaeM Bkiatounuth L[CII B ero
koHcTpyKimio. Haunbonee BepostHo, uto MbI mpuodbperem LICII B Buae
poreccopa — MUKPOCXEMBI, KOTOpasi COACPKUT AP0, MaMATh U APYTHUE
omoxu. Hampumep, mpoueccop ADSP-21060cemeiictea SHARC mpen-
cTaBIIsIeT co00it Mukpocxemy B 2408b1BoiHOM Kopryce Tuma PQFPpas-
MepoM 35x35x4 MM . UTOOBI BKIIOYUTH 3Ty MUKPOCXEMY B Halll PajHo-
MPUEMHUK, HEOOXOAUMO CIPOCKTUPOBATH IMEUATHYIO IUIATy, HA KOTOPOU
oHa OyJeT pa3MellaTbcsi HapsiAy ¢ APYTMMHU HEOOXOJAUMBIMU HaM KOMIIO-
HEHTaMH.

OT10 HamboJiee pacnpocTpaHEHHBIN BapuaHT ucnoias3oBanus L[CII.

Tenepsr mnpeanosioxum, 4To Mbl pabOTaeM B KOMIIAHHUU, KOTOpas
MIPOM3BOJIUT CBOM COOCTBEHHBIE HMHTETpAJbHBIE CXEMbl. B 3TOM ciyuae
HaM MOXET OKa3aThCs MHTEPECEH HE BECh MPOLIECCOpP, a TOIbKO apXUTEK-
Typa ero sanpa. Ilocie 3akiatoyeHus COOTBETCTBYIOLIETO JIMIIEH3UOHHOIO
COTJIAIIICHUSI MBI CMOXEM HavaTh M3TOTOBJIEHUE MUKPOCXEM, KOTOPHIE OIl-
TUMaJIbHBI JIJI1 HAIIETO KOHKPETHOTO MPUJIOKEHUSI. MBI TIojlydaeM cBOOO-
1y B BBIOOpE pa3MepoOB BHYTPEHHEN MaMsITH, CIOCOOOB Mpuéma U rnepesia-
4M JIaHHBIX, THIA KOpPIyca U T. 1. Takue 3aka3Hble YCTPONCTBA 00pa3yroT
CErMEHT, UTPaoIINil Bce 00blnyto poib Ha peiake [[CII.

W HakoHel, CyIIECTBYIOT HECKOJbKO JECATKOB KOMITAHHH, Y KOTO-
peix MoxkHo npuodpectu LICII, yxe pa3MeleHHbI Ha HEKOTOPOH Teyat-
HOM Tu1aTe. 37eCh Mbl Cpa3y MOJy4yaeM BO3MOXKHOCTh UCIIOJIb30BAHUS J0-
MOJTHUTEJIPHBIX KOMITOHCHTOB, TAKUX KaK BHEITHHUE MUKPOCXEMBI MaMSsITH,
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ALIT n LIATI, pa3sémbl nepenporpammupyemsix 113V, apyrue npouecco-
pBbI Ha TOM >ke TjaTe W T. A. HekoTopele M3 TakuX IUIAT MpeaHa3HAYCHBI
JUIsl MCTIOJIb30BAHUSI B KaU€CTBE aBTOHOMHBIX MOJYJI€H, HO OOJIBIIIMHCTBO
BCTPAMBACTCS B XOCT-CUCTEMY, HAIIPUMED, NMEPCOHAIBHBIN KOMITBIOTED.

Komnanuu, KOTOpbI€ MPOM3BOAAT TaKWe TUIBI TIAT, HA3BIBAKOTCS
pa3paboTtunkamu TpeTheil croponsl (third party developersysuats o Ta-
KMX KOMITAHUSIX Jydiie Bcero y npousBoaurelis Toro L[CII, koTopbiii Mbl
cobupaemcs UCI0JIb30BaTh.

Ha cerogusiHuil 1eHb Ha PBIHKE HUQPPOBBIX CUTHAIBHBIX MPOIIEC-
COpOB JIOMUHUPYIOT /B¢ KoMianuu —« Analog Devicesm «Texas Instru-
ments».

Ocnosnvie xapaxmepucmuxu I[CII (3nauumoie onsn Pllpy)

1. Texuonocus npouszsoocmea. KMOII ot 0,5 no 0,02 mxm. Texno-
JIOTHUS OIpeesaseT NPOU3BOAUTEIBHOCTD U ObIcTpoaeticTBue 1[CII.

2. @opmwul npeocmasnenus yucen (mun apugpmemuru). LICII nensr-
Csl Ha IpoIecCcCophl, 00padaThIBaroOIMe JaHHbIC ¢ (PUKCUPOBAHHON TOYKOM,
1 00pabaThIBaIOIIME JaHHBIC C TJIABAIONICH TOYKOM. YCTpOMCTBA C Ijia-
BaroIeld TOYKOW yjaoOHee B MPUMEHEHUH, HO 3aMETHO CJIO)KHEE IO yCT-
pOMCTBY U 00JIee JOPOTH.

3. Paszpsaounocms oannvix. Dopmamol npedcmasienus yucen. bomb-
mmHeTBO L[CII ¢ dukcupoBaHHON TOUKON 00padaTHIBAIOT JAaHHBIE C pa3-
psanHocThi0 16 OuT, mpoueccopsl ¢ miaBaroiieil Toukon — 32 6urta. MHO-
rue MOJIeJTU MOTYT 00pabaThIBaTh JAHHBIC C ABOWHON TOYHOCTHIO. UMCIIO
pa3psA0B MpoIlleccopa OMpPeaeisIET TOYHOCTh BBIYMCICHUM W JTUHAMUYE-
CKMI IHana3oH yucen (CUrHajioB).

4. Bvicmpooeticmsue (npouzsooumenbHocms). BEICTpoIeHCTBIE KaK
MHTETPAJIbHYI0 XapAKTEPUCTUKY OMPEACTUTH JOCTATOYHO CIIOXKHO, MO3TO-
My Tpou3BoAUTENLHOCTD paboThl LICII XxapakTepu3yroT HECKOIbBKUMU T1a-
paMeTpaMu, a TaK)Ke€ BPEMEHEM pEIIeHHS HEKOTOPBhIX pealbHBIX 3ajaad.
BrIcTpOeiicTBHE OLIEHUBAETCS KOJIUYECTBOM BBIOOPOK B CEeKyHOy (Mera-
BBIOOPOK B cekyHay — MSPS ).

5. Taxmosas uacmoma. I{ns coBpeMenHbix L[CII TakTOoBasi BHYT-
PEHHSIS YaCTOTa MOXKET OTJIMYAThCSA OT BHEILIHEH, MO3TOMY MOTYT YKa3bl-
BaThCs JIBA 3HAUCHMUSL.

CrnemyeT OTMETUTBH, YTO TAKTOBAs YacTOTa IMpoIleccopa J0JDKHA Tpe-
BBHIIIIATh BHEIIHIOK YacTOTY AMCKPETH3alMu 00pabaThIBa€MOTO CHUTHaja
MIPUMEPHO Ha TOPSATI0K, TMTOCKOJIBKY 3a BpEeMsSI MEXIY JBYMS BBOJMMBIMU
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OTCYETAMHU CHUTHAJIa MPOIECCOP JOJHKEH BBIMOJHUTh HECKOJIBKO OIeparui
(komana) M0 00pabOTKE MEPBOIO OTCUETA. ITO OOCTOSITCIBCTBO HYXKHO
YUYUTBIBATH MPU BEIOOpE THUIIA MTPOIECCOpa.

6. Bpems komanonozo yukia. BpeMsi KOMaHJHOTO IUKJIa YKa3bIBaeT
Ha BpPEMs BBIMIOJHEHUS] OJHOTO 3Tarna KOMAaHJbl, TO €CThb BpEMsl OJHOTO
IIUKJIa KOHBeepa KoMaHd. Tak Kak KOMaHJIbl MOTYT UCIIOJIHATHCS 3a pa3-
HOE€ KOJMYECTBO IUKJIOB, a TAKXE€ C YYETOM BO3MOXKHOCTH OJIHOBPEMEH-
HOT'0 UCITOJTHEHUSI HECKOJIbKMX KOMaHJI, 3TOT MapamMeTp MOXKET XapaKTepu-
3oBaTh ObicTpoaeiicTBue L[CII mocTaTouHo MpUOINAKEHHO.

7. Konuuecmeo KomMaHo, 6bINOJHAEMbIX 34 eOuHuyy epemenu. Paz-
JUYHOE BpEMsI MCTIOJIHEHUS KOMAaH/l, a TAaK>K€ HCIOJHEHUE HECKOJIbKUX
KOMAaH]I OJTHOBPEMEHHO HE MO3BOJISIIOT UCIOJIB30BATh 3TOT HMapaMeTp s
HAJIC’)KHOU XapaKTEPUCTUKU OBICTPOJACHCTBUS.

8. Konuuecmeo omnepayuii, 6bINOIHAEMbIX 34 €OUHUYY BpPEeMeHU
(MIPS). [danublii mapaMeTp YYHUTBIBACT OJHOBPEMEHHYIO 00pabOTKY
HE-CKOJIbKMX KOMaHJl Y HaJIu4yue MapajijieIbHbIX BBIYUCIUTEIBHBIX MOIY-
JIeH, MMOATOMY JIOCTAaTOYHO XOPOIIIO MOXKET YKa3bIBaTh HAa OBICTPOJCHUCTBHUE
LICII. Hexoropoii npobsieMoi 31€Ch OCTAaeTCsl TO, YTO MOHSTHUE «OTepa-
UM Y€TKO HEe (hOpMaIu30BaHO.

9. Obvem u pasnosuonocmo eHympenueu namsamu. O0beM BHYT-
PEHHEN OINEepaTUBHOMN MaMATH MOKa3bIBAET, CKOJbKO AaHHBIX LICII moxer
00paboTtath 03 oOpallleHHs K BHEIIITHEN MaMSTH, YTO MOXKET XapaKTepHu30-
BaTh 00I1Iee OBICTPOJCHCTBUE CUCTEMBI, @ TaAKXKE€ BO3MOXKHOCTh paboTaTh
«B peasibHOM BpeMeHu». Tun [I3Y omnpenenser BO3MOXKHOCTHM MO MpPO-
rpaMMUPOBaHUI0 ycTpoicTBa. Monenu ¢ o0buabIM 113V mogxoast s
KpynHocepuiiHoro mpou3BojcTBa, [III3Y (ogHOKpaTHO mporpaMMupye-
MoO€) ya00HO Juisi HEOONBININX THpaXkeH, a mpuMeHenue Flashaamsaru mo-
3BOJISIET MEHATH MPOrPaMMy YCTPONUCTBA MHOTOKPATHO BO BPEMS DKCILITya-
tanmu. Ha manaeiii MoMmeHT He odyeHb Momiable L[CII gamnie Bcero cHadOxe-
HBI JIocTaTOYHO OoJbinol FlashmamsaTeio (ee eHa HEYKIIOHHO CHHXKAET-
csi) W 3aMeTHBIM o0beMOoM RAM © MO3TOMYy MOTYT SIBISTBHCS
CaMOJIOCTaTOYHBIMU 0e3 100aBJICHUSI BHEIIHEH MaMsITH M Ha 3Tare pas3pa-
OOTKM, W Ha HdTafe MPOU3BOACTBA, UTO MOBBIMIAET KOHKYPEHTOCIIOCO0-
HocTh Takux L[CII B psne cerMeHTOB phIHKA.

Momnsie IICII, kak npaBuiio, MojaralOTCd Ha BHEUIHIOK MaMSITh,
MOJKIIOYEHHYIO TI0 JOCTAaTOYHO OBICTPHIM IIIMHAM, a pa3MEIIeHHE Tam
Flashnamarn MokeT OBITh TEXHHYECKH IPOOJIEMATUYHBIM, HAIpPHMED,
M3-3a 3aMETHOTO BBIJICJICHUS TEILIA.
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10. Adpecyemuviii 06vem namamu. O0beM aapecyeMoil BHEITHEH Ma-
MSTH XapaKTEPU3YETCsl IIMPUHOW BHENTHEH IIMHBI aIpeca.

11. Konuuecmeo u napamempsi nopmosé 6600a — 6v1800d. J|aHHBIN
napaMmeTp nokasbiBaet Bo3mMokHOCTH LICII mo B3anMoneicTBHIO C BHEII-
HUMH 110 OTHOIIIEHUIO K HEMY YCTPONCTBAMH.

12. Cocmas eHympeHHUX OONOIHUMENbHBIX Ycmpolicme. B 4ucio
BHYTPEHHUX MOTYT BXOJHUTH PA3HOOOpa3HbIE 10 HA3HAUYCHUIO YCTPOMCTRA,
Hampumep, oOIIero MpuMeHeHusl — TaitMepsl, KoHTposeps! TIJII u 1. 1.,
a Takxe mpobiiemMHO-opueHTUpoBanHbie — AIIIl, Koaeku, KOMIpeccopbl
JaHHBIX U pyTHE.

13. Hanpsocenue numanus u nompeonsemas mowHocms. JlanHas
xapaktepuctuka ocooenHo BaxxHa nysi LICII, BcTpauBaeMbIx B MEpeHOC-
Hble ycTpoicTBa. OOBIYHO MPEANOYTUTEIbHEE HU3KOBOJBTHBIE YCTPOUCT-
Ba (1,8 — 3,B), koTOpHIe UMEIOT OBICTPOJCHCTBHE aHAJIOTUYHO SB mmpo-
1eccopaM, HO 3aMETHO PKOHOMHEE B IUIaHE MOTpeOaeHus: YHepruu. MHO-
re yCTPOMCTBA UMEIOT PEKUMbI SKOHOMHH MPU MPOCTOE MO0 MO3BOJISIOT
MPOrpaMMHO OTKJIIOYATh YaCTh CBOMX YCTPOICTB.

14. Cocmas u ¢hynxkyuonanbHocmo cpedcmeé pa3pabomku u noo-
0epIHCKU.

— TIEpPEYEHb SI3BIKOB MPOrPAMMHUPOBAHUS, JJISI KOTOPBIX €CTh KOM-
MUJISTOPHI IO/ TAHHYIO CUCTEMY,

— HaJW4yue U BO3MOXKHOCTH CPEJCTB OTJAJKH TOTOBBIX MPOrPaMM;

— JIOCTYIHOCTb JOKYMEHTAIIMU U TEXHUYECKOUN MOJICPKKH;

— Hanuuue OMOIMOTEK CTAaHJIAPTHBIX MOANPOTpaMM U MaTeMaThuye-
CKUX (QyHKITUH;

— HaJuyue, IOCTYMHOCTh U BO3MOKHOCTH COBMECTUMBIX YCTPOUCTB
— AIIII, ITAII, KOHTpOJUIEPOB MUTAHUS U T. 1.

15. Konuuecmeo u napamempul nopmos 66004 — 8bl800d.

16. A3zvix npoepammuposanus. S13bIk nporpaMMupoBaHus — Makpo-
accemOuiep. K coxanenuto, nis LICII pa3absix ¢upm abOpeBUaTyphl KO-
MaH/Jl pa3Hble. B HacTosimiee Bpems Beayiie Gupmbl pa3padoTain TpaHc-
JISITOPBI € sA3bIKA BHICOKOTO ypoBHSI C + Ha SI3bIKM KOHKPETHBIX MPOIECCO-
pPOB, YTO CYIIECTBEHHO oOjerdaer 3ajauv mporpammuctoB. Ilpoieccop
C OorpaHWYeHHBIM HabopoMm komaH[ Ha3biBaeTcsa RISCaiponeccopom, eciou
YHCII0 KOMaH 1 HeorpaHudeHHo, To 3To ClISC1ipoueccop.

Ocob6ennocty IICII nnsa paguonpueMHOro YCTPOMCTBA COCTOUT
B ToM, uTo LICII coBmecTHO ¢ ALIII momkHBI paboTath B peaJlbHOM Mac-
mrabe Bpemenu. JlJist odecrieueHust paboThl B pealibHOM MaciiTade Bpeme-
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Hu L{CII gomkeH 3aKOHYUTh BCE BBIUUCIICHUS B TIpeiesiaX MHTEPBAJIA JUC-
kperusanuu 1/ f JI U Iepeaatsh BBIXOJIHOM OTCYET HA BBIXOJ PAJIHOIIPUEM-

Huka unu Bxoa LIAII 1o noctymienus ciaenyromero orcuera ¢ AL

B cnydae ncnonp3zoBanus anroputma bII® G610k gaHHBIX 3arpyxka-
erca B namsth L[CII. IToka pabotaer anroputm BII®, Tem BpeMeHeM HO-
BbII OJIOK JJAaHHBIX 3arpyKaeTcsi B MamsTh Jisl o0ecrnedeHus padoThl B pe-
anpHoM MaciTadbe Bpemenu. L[CII momxen Berunciuth BII® B TeueHume
WHTEpBaja Mepeauyd JTaHHBIX, YTOOBI OBITH TOTOBBIM K Mpolieccy oOpa-
OOTKHM CJEYIONIEro 0JI0Ka JIaHHBIX.

Cnenyetr oOpatuth BHUMaHue, uto LIAIl TpeOyeTcs TOIBKO B TOM
ciaydae, Korja JaHHble HEOOXOJIMMO MpeoOpa3oBaTh OOPAaTHO B aHAJIOTO-
BBIM CUTHAJI (HarpuMmep, B Ciaydae rOJIOCOBOTO WIJIM 3BYKOBOTO IPHIIOMKE-
HUs). Bo MHOTMX TIPHMJIOKEHHSX TIOCIE IEePBOHAYAIBHOIO aHAJIOTO-
nu@poBoro npeoOpa3oBaHUsl CUTHAI OcTaeTrcss B HUGPOBOM Qopmare.
Kpome Toro, cymecTByrOT paguonpueMHbIe yCTpoucTBa, B KOTopbix L[CII
OTBEYAET MCKIIOUNUTENHHO 3a (hopMupoBanue curHana Ha [{AIl. B cioydae
ucnonb3oBanus [[AIl Ha ero BbIXoje AJisl MOJABJICHUS HEXETATEIbHBIX
rapMOHUK HEOOXOIUMO MPUMEHSITH (PUIBLTP.

2.6.Opranu3anus narepdeiica unppoBoOro CUrHaaILHOIO
npoueccopa k ALIII u LIAII B pagnonpueMHOM yCTPOHCTBE

B cBsi3U ¢ OBICTPBIM pa3BUTHEM TEXHOJOTUM CMEIIAaHHON aHAJIOTOBO-
uudpoBoit 00paboTku curHaiaoB ycrporctBa Ha 6aze LICII ¢ Bbicokoi
CTEIIEHbI0 MHTETPAINH, TOSBIISIONINECS HAa PHIHKE B HACTOSIIEE BpPEMs
(mampumep ADSP-21ESP202)pmeror momumo ILCII-sapa wHTErpHpO-
BanHbie AL[II/IIAII, uro cHMMaeT mpoOJieMy OpraHu3aluu HHTepderica
MEXITy OTAeIbHbIMU KoMnoHeHTamu. [[uckpetnsie ALl n LIAII Teneps
OCHalllaloTca MHTepdeiicaMmu, crenruanbHO TpeAHa3HaYCHHBIMU VIS CBSI3U
c LICII, u TeM caMblM MUHUMHUZUPYIOT WIH YCTPAHAIOT HEOOXOIUMOCTH
BHEIIIHEH TOAAep KU UHTepdeiica uim npuMeHeHus: uHTep@ercHON Jio-
ruku. BeicokonpousBoautenbubie curma-aenbra-AlLlll u IIAIT B HacTosi-
ee BpeMsl BBIYCKAOTCS B OJHOM Kopmyce (Takoe KOMOWHUPOBaHHOE
pemreane HazwpiBaeTcss KOJEK wmm  KOpep/JIEKonmep), Hampumep,
AD73311u AD73322.JlanHbie yCTpOiCTBa TakKe pa3pab0OTaHbl C YIETOM
MUHUMAJIbHBIX TPeOOBaHUM K MHTEPGHEUCHOM JIOTHUKE Mpu paboTe ¢ Hau-
oosiee pacnpoctpaneHHbiMu L[CII-iponieccopamu. B HactosieM myHKTe
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paccMaTpUBarOTCA MPOOIEMBbI, CBA3aHHBIE C TIepeaavyeil U CHHXPOHHU3ALIN-
el TaHHBIX MIPU OPTAHU3AIMY PA3TMIHBIX HHTEPPEHUCOB.

Opzanuzayua napannenvnozo unmepgheiica c LICII

[Moaxmrouenue AL unu L[AII gepes ObICTpBIN MapauieIbHbIN WH-
tepdetic k LICII-npoueccopy TpebyeT moHMMaHUS CIIEHUPUKHI TPOIIECCOB
yreHust gaHHbix [{CII-mpomieccopom u3 mnepudepuiHbIX YCTPOUCTB
(ALIIT), a Taxke 3alMCH TaHHBIX IIPOLIECCOPOM B MepudepruiiHbIC yCTPOU-
ctBa (LJAIl) mpu MOAKIIOYEHHWH MAHHBIX YCTPOMCTB B aJpECHOE IPO-
CTpPaHCTBO NMaMsATH. BHauvasie pacCMOTpUM HEKOTOpPbIE OCHOBHbBIE TPEOOBA-
HUS K BPEMEHHBIM NapaMETPaM CUTHAJIOB, HCHOJIb3YEMbBIX JJIsI YTCHHS
U 3anucu gaHHbIX. Heo0X0quMo OTMETUTD, YTO TIPUHIUIIBI, IPECTABIICH-
HbIe 37ech Ha puMmepe goctymna Kk AL u IIAIL, npumeHnmel Takxe mpu
YTCHUU U 3aITUCH B/U3 BHEIITHEH MTaMSTH.

bnok-cxema tTunuyHoro napasuienbHoro unrepdeiica LICII ¢ BHem-
HuMm AIIIl mokazana Ha puc. 2.13.3Ta nuarpamMmma CHJIBHO YIPOIIEHA
Y TOKa3bIBAET TOJBKO CUTHAJbI, UCIOJIb3yEMBbIE JJISl YTCHHS JAaHHBIX W3
BHEIIIHETO YCTPOMCTBA, MOJKIOYEHHOTO B aJpECHOE TPOCTPAHCTBO MaMsi-
Td. BpeMeHHas aumarpamma IUKJIa YTEHUs sl MPOILECCOPOB CEMEMCTBA
ADSP-21XXmnoxka3ana Ha puc. 2.14.

ALl @ ICII ADSP-21xx
@ T'enepaTop
Hauatsb E | umnyabcos A0-A13 Iuna agpeca
npeodpa3oBaHue 3amycka namMsTH
Bsi6op k @ Memndparop @ - BobiGop namMsiTu
KpHCTaLIa aapeca DMS JAHHBIX

IIpeodpa3oBanue @ - 3anpoc Ha
P :fa](o]-[qeﬂo 3y IRQ  mpepbiBaHHe
npoueccopa
BoiBoa naHHbIX K @ RD YreHue
pa3peiieH H3 MaMSATH

BbixoaHble TaHHbIE D

H naMsTH

Puc. 2.13. Tloaxmouenne ALIIT k L{CIT cemeiictBa ADSP-21xXx4epe3
napasuieNIbHbI UHTepdeiic

IInHa naHHBIX
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B stom nmpumepe noapazymeBaetrcs, uto ALl mpou3BoauT BEIOOPKY
C MOCTOSIHHOM 4YacTOTOW, KOTOpask 3aJaeTcsi BHEIIHUM TAaKTOBBIM T'€HEpa-
TOPOM, ACUHXPOHHO MO OTHOIIEHUIO K BHYTPEHHEW TaKTOBOW CUHXPOHU-
s3anuu [{CII-npoueccopa. Mcnonb30BaHUE OTAEIBHOTO 3aJal0IIETO T€HE-
paropa st ALIT siBisieTcs mpeAnoYTUTENBHBIM, TIOCKOJIBKY CUTHAJI BHYT-
penHero reneparopa LICII-nponieccopa MOXKET UMETh BBICOKHM YPOBEHD
nmoMex M (pa3oBBIN IIyM, KOTOPBIH B IPOIECCe aHAIOTO-IIMGPOBOTO IMpe-
00pa3oBaHus MPUBEALT K YBeIUYeHUIO ypoBHS mryMmoB ALIIT.

TakTOBBIM UMITYJIBC 33JIAOIIETO r'eHepaTopa Ha Bxoae «Hauarts mipe-
oOpazoBanue» (convert startALIl maumuupyeT nporecc mpeodpa3oBaHus
BXOJMHBIX naHHBIX (mar 1-4). ITo mepemHemy (pOHTY 3TOr0 HMMITYJIbCA
BHYTpPEHHsIs1 cxema BblOOpku-xpaneHus: ALl nmepeximtodaeTcs u3 pexuma
BBIOOPKH B PEKUM XpaHEHHUS U TaKUM 00pa3oM HauyMHAETCs Mpoliecc Mpe-
obpazoBanus. [locae BeIoTHEHHS TTpeoOpa3zoBanus Ha Beixojge ALIIT BbI-
craBisercs ctpod «lIpeobpa3oBanue 3akoHUYeHO» (mar 2-it). Korma stoT
CHTHAJI IIOCTYIaeT Ha BXOJ «3ampoc Ha npepsiBanue mponeccopa» (IRQ),
HauuHaeTcs npouecc ureHus: JaHHbix u3 ALl /lanee mporeccop BbICTaB-
JISIeT Ha IIUHE aJpec NepupepuitHOTO yCTPONCTBA, HHUIIMUPOBABIIETO 3a-
npoc Ha npepbiBanue (mar 3-i1). B To ke camoe Bpems mporieccop nepe-
BOJIMT B aKTUBHOE COCTOSHUE CUTHAJ AocTyna K namsatu DMS (war 4-i1).

JIBe BHyTpeHHHE IMHMHBI ajapeca B nporeccope ADSP-21XX (uuna
ajJipeca MaMsITH MPOTpaMM M IIUHA aJpeca MaMsITH JaHHBIX) COBMECTHO
WCIIOJBb3YIOT BHEIIHIOK IIWHY aJpeca, a JIBE BHYTPEHHUE IIMHBI JAHHBIX
(muHA JAHHBIX MAMATH MPOTPAMM M IIWHA JAHHBIX MMaMSTH JTaHHBIX) CO-
BMECTHO HCIIOJIb3YIOT OJIHY BHEIIHIOI IIMHY JaHHbIX. CUTHaAJIBI BBIOOpa
MAMATH HAdanbHOW 3arpy3ku BMS, BbiOOpa mamsTH  JaHHBIX
DMS, BeiGopa mamsiti mporpaMM PMS u BbIGOpa MaMSTH YCTPOICTB
BBOJIa — BbIBOJIa |IOMS yKa3bIBaIOT, JIJIsl KAKOM MaMsIiTU B JAHHBI MOMEHT
UCIIOJIB3YIOTCS] BHEIIIHUE IIMHBI. DTU CUTHAJIBI OOBIYHO MCTOJB3YIOTCS NS
paspernieHusl BHEIIHEH nemudparuu aapeca (cMm. puc. 2.13). BerxoaHoi
curHaji O5oka aemmudparopa aapeca mogaeTcs Ha BxoJ «Beioop kpucrai-
aa» (chip selectpribopa nepudepuitHoro ycrporictsa (mar 5-).

CurHan ureHus mamsata (memory read,RD) BbIcTaBiseTcs depes
IPOMEXYTOK BpeMeHH tagp mocie akTuBauuu curtaga DMS (war 64i).

YToOBl TOJTHOCTHIO MCIOIB30BaTh MPEUMYIIECTBO BBICOKON CKOpPOCTHU
L CII-mpouieccopa, cyMma BpeMEHHU 3aJCpKKu aemudpanuu aapeca
M BpPEMEHU BKJIIOUCHUS MEepUPEPUUHOTO YCTPOUCTBA IMOCIE MOJayu
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curHaiga BbIOOpa  kpuctamia (Chip select) He nomkHa NPEBBINIATH
BpeMsi tpagp. Curnan urenus mamsatu RD ocraercs akTHBHBIM (HM3KHMA

JIOTUYECKUH YPOBEHB) B T€UCHUE BPEMEHH {RE. DTOT CUTHAJ HCIIOIB3yeT-

Csl ISl TIEPEBOJIa B aKTHUBHOE COCTOSIHHE MapalICIbHOTO BBIX0J1a JaHHBIX
nepudepuitHoro ycrpoiicrBa (mar 7-i). Curdan RD o0bdHO TOAKITIOYA-
€TCS K COOTBETCTBYIOIIEMY BBIBOAY NMEpUPEPUIHOTO YCTPOMCTBA, HA3bI-
BacMOMY CHMTHAJIOM pa3pellieHus BbIXoja ik ureHus (output enablewin
read).Bocxomsmuii (3amuumii) GpponT curana RD ucnonb3yercs miis BBo-
na nauHbIx ¢ mmHB B L{CIT-iporteccop (mar 8-i). [Tocie mosBiaeHus Boc-
xozsmiero (3amHero) ¢ponta curHaia RD pmaHHbIe Ha TIMHE JOJDKHBI
yIEpKHUBATHCS Tepu(epHiHBIM yCTPOICTBOM B T€UYE€HUE BPEMEHHU tRpH ,

Ha3bIBAEMOT'O BPEMEHEM YJIepKaHus JaHHbIX. /{15 OONbIIMHCTBA MpolLiec-
copoB ceMeiicTBa ADSP-21XX53To BpeMsi paBHO HYJIIO.

. TN /T

CLKOUT : . :
A0-A13 4<>< ><\
/
XY X
I0MS, CMS /

: xxxxxxxxxxxx XXX

Puc. 2.14. Bpemennas auarpamma yteHus qanubix u3 AL B LICIIT
cemerictea ADSP-21xx

OnuuieM ocHosHbie mpebosanus K eépemenHbiM napamempam ALTT
npu umenuu [[CII yepe3 napannenbHbIil nHTEpdEHcC:

1. Iluna nanaeix ATl momkHa moadepKHUBaTh BBICOKOMMIIEIAHC-
HO€ Z-COCTOSIHHE.

2. Bpems nexomupoBanms anpeca W Bpems BikirodeHus AL
HE JOJDKHO IIPEBBINIATh BpeMs tagp YCTAHOBKHM IIPOLIECCOPOM ajpeca

Hn CHUTrHalJia BBI60pa IHaMATH.
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3. i Toro 4toOBI OCYIIECTBHTH JOCTYI O€3 pekuMa OXKUJIaHMS,
BpeMs OT cragaroiero (mepeaHero) ¢GppoHTa CUTHAJIA YTCHUS RD 10 Mo-
MEHTa JOCTOBEPHOI'O0 YCTAaHOBJICHUS JaHHBIX HE JIOHKHO ITPEBBHINIATH
tRpD, HHa4Ye HEOOXOOUMO MIPOrPaMMHO OOECHEUNUTh PEXHUM OKUIaHUS

WM CHU3UTH 4acTOTY pabOTHI Ipolieccopa.
4. Ha Beixone AIIIl momxHbI MOAAEPKUBATHCA JTOCTOBEPHBIC JIaH-
HbIE B TEUYEHHE BpEeMeHHU trpy mocie Bocxoxsmiero (3amHero) ¢ponra

curnana yrenus RD.
5. AIII pgomken paboTaTh MPU KaK MOXXHO MEHBIIIEH JJIUTEIbHO-
CTH cTpobOa tRp, MHA4Ye HEOOXOAUMO IMPOTPAMMHO OOECHEUYUTHh PEXKUM

OXKUJaHUS WIK CHU3UTH yacTtoty padoTsl LICII.

[Tapametp tRpp ompenenser BpeMs, Tpedyemoe Uil JOoCTyla K JIaH-
HbIM nepudepuitHoro ycrpoiictea. B cimyuae mponeccopa ADSP-2189M
MUHHMMAaJIbHAS JUIMTEIbHOCTh tRpp cocTaBisieT MUHUMYM 1.65HC Ha vac-

Tote /5 MI't. Eciu tpebyemoe BpeMs gocTymna K mnepudepuiHOMY YCT-
pOMCTBY OoJibllle, HEOOXOAWMO HCIOJIb30BaTh IHUKJbl OXXUJAHUS WU
YMEHBIIIUTh TAKTOBYIO YaCTOTY Ipoleccopa. ITO AOBOJHHO OOBIUHAS CHU-
Tyalds TpU TMOJAKIIOYeHHH BHemHed mamatu uiau Allll x ObpicTphiM
L CII-mpouieccopam. COOTHOIIEHUSI MEXAY dTUMU BPEMEHHBIMH MapaMeT-
pamu miis ADSP-2189Mnoka3anbl B [21]. DT XapaKTepUCTUKH 3aBHCST
OT TaKTOBOM 4acToThl npoueccopa L{CII.

3anuce oannvix ¢ LICII ¢ I[AII, nookawuennslit ¢ omoodpasricenuem
6 adpecHoe nPpOCMPAHCHEO NAMAMU

VYupouienHas 0yok-cxeMa crangaptHoro uHtepdeiica mexay LICII
W TapamieabHbIM  nepudepuiHbiM - ycTpoiicTBoM  I[AIl  mokasana
Ha puc. 2.15.

JluarpamMMbl LIMKJIAa 3aMucyd B maMsaTh g cemeiictBa ADSP-21xx
MoKa3aHbl Ha puc. 2.16.

B GonpmmHCTBE nmpuiioxkeHui peanbHoro Bpemenn LAIT ¢ynkmmo-
HUPYET HENPEPBIBHO, C MOCTOSHHOW TAaKTOBOM 4YAaCTOTOW. BOJBIIMHCTBO
IIAII, ucnosib3yeMbIX UIsI 3TUX NPUIOKEHUNA B PpAAUONPUEMHUKAX, OCY-
IIECTBJISCT JBOMHYIO Oydepuzanuio JaHHBIX. FIMeeTcss BXOAHON PErucTp
st (PUKCAIMU JAHHBIX, MOCTYIAIOIIUX Yepe3 aCUHXPOHHBIN MHTEepderic
¢ LICII, u manee — peructp (Ha3piBaecMbIid peructpoM xpaneHust [[AIT),
KOTOPBIN ynpaBJisieT TOKOBbIMU Kiirouamu [{AIT.

Peructp xpanenusi [IAIl cuHXpOHU3UPYETCS] BHEITHUM CTAOUIBHBIM
rE€HEpPaTOpPOM, 3aJIaF0IIMM 4YacTOTy AucKpeTu3auuu. Kpome TakTupoBaHHs
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peructpa xpanenus: L{AIl maHHBIM CUTHAT UCIIOJB3YETCS TAKXKE IJIs TEHE-
paunn curHana npepsiBanus L[CII, koTopelil yka3plBaeT Ha TOTOBHOCTH
IIAII x mpremMy HOBBIX BXOJAHBIX JTAHHBIX.

@ TaxkToBbIi @ E|

reHepaTop

O,

DMS |——y Aemmndparop A Buidop kpucraiia
| 3

HCIT ADSP-21xx AII

TakToBbIii CHrHAJ

una aapeca A0-A13
namMmsTHu

Bbi6op namsiTu
JAHHBIX

ajpeca

3amnpoc Ha
npepriBanue  IRQ
npoueccopa

3anuch B
WR
namMsTh

3 CT1pob puxcanuun
BXOJHBIX JaHHBIX

OLO
O,

luna naHHBIX D BxoaHble 1aHHDBIE

naMmsTH U

Puc. 2.15. Ilonkmouenne LICII cemetictea ADSP-21xxk ITAIT
yepe3 napajjiesibHbIi HHTepdeiic

Takum o00paszom, Mporecc 3amucyd WHULUHAPYETCS Tepu(EepUHBIM
YCTPOMCTBOM TOCPEJCTBOM YCTAaHOBJICHHS CHTHAJIA 3ampoca MpephIBaHUs
LICII, yka3biBatoinero, uro nepudepuiinoe yctpoiictBo roroso (puc. 2.15)
K IpHEeMY HOBBIX JaHHBIX (mar 1-4). /lamee mporieccop BBICTABISIET aapec
nepuepruiHOro yCTPOKWCTBA HA aApeCHOU mmHe (mar 2-i) ¥ MepeBOIUT
B aKTHBHOE COCTOSTHUE CUTHAJ BbIOOpa namsatu DMS (urar 3-i1). Dto npu-
BOJIMT K TOMY, UTO jaemudpaTop aapeca BblgaeT curaai «Beibop kpucran-
na» (chip select)na nepudepuiinoe ycrporictBo (mar 5-i). ITocne cma-
naromiero (mepeanero) gponra curHaia DMS depes mpoMeKyTOK BpeMe-
HHU tpg\y TpoLEccop MEPEeBOAUT B aKTMBHOE HYJIEBOE COCTOSHHE CHUTHA

samcn WR (war 4-).

JlmtensHoCT, MMIydbca WR  cocraBmser typ Hc. JlaHHbIe
OMEINATCS Ha muHy gaHHbIX (D) M ymep:KHBalOTCS B TEYCHHE BpE-
MeHH tpyy, 10 mepexona currana WR B HEaKTHBHOE eIMHMYHOE COCTOS-
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Hue (mar 6-i). Bocxomsammit (3amuamii) ¢pont curmanma WR (puc. 2.16)
UCTIOJIb3yeTCs JUI (UKCAMKM MPUCYTCTBYIONIMX Ha ImuHEe aaHHBIX (D)
BO BHEIIHIOK MapajUieIbHYIO MaMaTh (mrar 7-if). JlaHHele Ha IIMHE OCTa-
IOTCSI TOCTOBEPHBIMHU €IlI€ B TEYCHHE BPEMEHU tpy MOcie MPOXOXKACHUS

MOJ0XKUTENbHOTO (hpoHTa curHana WR .

w TN/

CLKOUT :
A0-A13 : : :
XX X
BMS, CMS f
TN\
: h ' tWR.
: : i WIRZ 4 :
2 L taw ¥ P twwr E
P tasw i *
T i by ;i 'DDR |
v \CWE : v R a
: i ( >< VAN
b —X N
twoe i § i fow

Puc. 2.16. Bpemennas auarpamma 3anucu gansbix ¢ LICIT B [ATI,
MOJIKJTFOYCHHBIA ¢ OTOOPAXKEHUEM B aJIpECHOE MPOCTPAHCTBO MaAMSTH

OcHosnble mpebo8aHus Nno 6pPeMeHHbIM NApamMempam npu 3anucu
oannvix 6 L{AII uz L[[CII yuepe3 napannenvusiii unmepgelic:

1. Bpemss nekoaupoBaHus aapeca u Bpems BriaoueHus [[AII
HE JOJDKHO IPEBBINATh BpeMs tag\\ YCTAHOBKHM IIPOLIECCOPOM ajpeca
U CUTHaja BbIOOpa MaMATH.

2. Jlng Toro 4troObl OCYILIECTBUTH JIOCTYH O€3 peXuma OKHUIaHHS,
BpEMs YCTAHOBJICHUS JAHHBIX HE JIOJDKHO NPEBBIIIATH {pyy, MHAYE HEOO-

XOJIUMO MPOTPAMMHO O0ECIICYUTh PEKUM OKUIAHUS WU CHU3UTH YacCTOTY
paboTHI Mpolieccopa.

3. Bpemst ynepxkaHus BXOJHBIX JIaHHBIX HE JOJKHO TIIPEBBI-
math tpy .

4. 1IAII gomkeH paGoTaTh OpH HIHTENbHOCTH cTpoba WR cocras-
JSIroIIen tyyp, MHa4Ye HEOOXOAUMO IPOrPaMMHO 00ECIIEUUTh PEKUM OXKH-

JaHUs WK CHU3UTH 4acTOTy paboThI IIpolieccopa.
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Crnenyet oOpaTuTh BHUMAaHHUE HA TO, YTO BCE BPEMEHHBIE MTapaMeTpPhI
yreHus naHHbx u3 ALl u 3anucu ganubix B LIAII 3aBuCST OT TakTOBOM
Y4aCTOTHI IIU(PPOBOTr0 CUTHAILHOTO MIPOIECcCopa.

[{udpoBbie cUrHaibHBIE TPOLIECCOPHI, UMEIOIINE MOCIEA0BATEIbHBIC
nopthl (Hanpumep, cemeiictBo ADSP-21XX), mo3BOJIIIOT OpraHU30BaTh
MpoCTOM nHTEpdelic ¢ TakumMu nepudpepuitHbIMU ycTpoiictBamu, kak AL
u [IAIIl. Hanuune mocieqoBaTeIbHOTO MOPTa yCTpaHsIEeT HEOOXOIUMOCTh
UCIIOJIB30BaHUS OOJBIIMX MapaUIeIbHbIX IUH s nojakiarodeHus AL
u HAII x LICII. ITpunmun nocienoBaTelbHON nepeiadn JaHHBIX MOApO0-
HO paccMOTpEH B [22].

Opzanuzayusa 6vliCOKOCKOpOCMHO20 unmepgeiica yupposozo cue-
HanbHo20 npoueccopa ¢ AL u IJAIT

C nosiBnenuem LICII ¢ BBICOKMMH TaKTOBBIMH YaCTOTAMHU U HOBBIMU
APXUTEKTYPHBIMU PEIICHUSIMHU CTaJId BO3MOXHBI aHaIu3 M 00paboTKa
BeChbMa IIMPOKOIOJIOCHBIX paauocuruaioB. [IporpammupyemMocTs 1udpo-
BBIX CUTHAJIBHBIX MPOLIECCOPOB JIEJIAET BO3MOKHBIM BBINIOJHEHUE Pa3INy-
HBIX aJITOPUTMOB HA TEX K€ CaMbIX allapaTHBIX CPEACTBAX, 0OecreunBas
pacuiupeHue (PyHKIHUOHAIBHBIX BO3MOXXHOCTEM pagMONpPUEMHBIX YCT-
poiictB. [lokazannas Ha puc. 2.17 ynpolileHHas cucremMa o0ecreurBaeT
B3auMoJieiictBue mpoieccopa ADSP-21065L ¢ ObicTpoaeHCTBYIOIIUMEU
AIIT u IJAIT mocpeacTBOM HCIOIB30BaHMS MapajlieIbHOTO MHTepdeiica
u BHemHero nopta L[CII. CemeiicTBO M(PPOBBIX CUTHAIBHBIX MPOIIECCO-
poB SHARC 103B0oIsI€T UCMOJIb30BATh HECKOJIBKO BAPUAHTOB B3aUMO/ICH-
ctBust ALIIT u LIAIT ¢ BHemtHMM TTOpTOM mporieccopa. JlaHHOe B3auMoaen-
CTBHE MOXET OBITh PEATM30BAHO C MCIIOJIb30BaHUEM KOHTpPOJIIEpA MPSMO-
ro goctyna K namsatu (ITJIIT) LICIT uiu nmporpaMMHO, ¢ UCIIOJIb30BaHHEM
aJipa npoueccopa.

Ucnonw3zoanue II/II1 e 3arpyxkaer siapo LICII, uto gaetr Bo3mMox-
HOCTh SIJIPY MPOJIOJDKATh PadOTy (BBIIOJHATH WHCTPYKIIUH IPOTPAMMBI),
B TO BpeMs KaK JaHHBIC YUTAOTCS W 3aIMCHIBAIOTCS W3/BO BHYTPEHHIOKO
MaMSITh.

Mukpocxema AD9201 npexacraBiser coOoi JAByXKaHAJIbHbBIN
10pazpsannsiii AL, pabotarommii ¢ yactoroir auckpetusaruu 20 MI'n,
C OJIHOTIOJISIPHBIM MUTaHUEM B JuanazoHe ot +2.7B no +5.5B u paccen-
BaeMo# MOIHOCTRI0 215MBT (pu HanpsbkeHnn nmuranus +3B).

[TapameTtper mnpubopa AD9201 ynoBieTBOpsAOT TpeOOBAHUAM
Kk ALII, HECOOXOAMMBIM SIS MHOTHX HPUJI0KEHUH, HApUMep, I peasi-
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3aIliyd  PaguONPUEMHOTO YCTPONCTBA C BBICOKOCKOPOCTHOM 00pabOTKOM
KBaJpaTypHbIX KaHaioB (cM. puc. 1.9). Hamumume BxomHbIX Oydepos,
BHYTPEHHETO MCTOYHHKA OMOPHOr0 HAMNPSIKEHUS] U MYJIbTUILICKCUPOBaH-

HBIX ITM(PPOBBIX BBIXOJHBIX Oy(hepoB AenmacT 04eHb MPOCTOM OPraHU3aAIINIO
unrepdetica ¢ ALIITI AD9201.

ALl AD9201 L CIT ADSP-21065L
Hauartb |E TakToBbIii A0-A13 Illuna agpeca
npeodpa3oBaHHe reHepaTop naMsTH
BriGop | HMewmndparop —  BbiGop namsiTu
KpHcTaLia ajpeca DMS JAHHBIX
3anpoc Ha
IIpeoGpa3oBanue

> | ]TQ npepbIBaHHe
npoueccopa

3aKOHY€HO

BoiBoa naHHbIX K RD Yrenune
paspeuiex H3 NaMSATH
- 3anuch
WR B MaMSAITh
BbixoaHble JaHHBIE D IIuHa faHHBIX
ALII AD9761

A TakToBbIii cCHrHAN

A BoiGop kpucrania

CT1pob puxcauuu
BXOJIHBIX JaHHBIX

—

BXxoaHble J1aHHbIE

Puc. 2.17. Opranuzanus BeiIcOKOCKOpocTHOTO HHTEpdetica [[CII

LIAIT AD9761 M. puc. 2.17)npenHa3HavyeH aJis COBMECTHON pabo-
el ¢ ALl AD9201. Jlannas mMukpocxema NpeACTaBIsSeT cOOOW JBYX-
kaHanbHbIN 10pazpsaansiii IIAII ¢ wactoroit nuckperuszanuu 20 MI'ng
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Ha KaHaj, pabOTaIIUH OT OJHOIOISIPHOTO UCTOYHUKA TTUTAHUS C HAIPS-
KeHuem B auamazoHe ot +2.7 B mo +5.5 B um pacceuBaemoii morii-
HocThio 200 MBT (nipu Hanpsokenuu nutanust +3 B). BecTtpoeHHbI neTou-
HUK OMOPHOTO HampsiKEHUs, Haau4drue MUGpOBBIX OydhepoB U AByKpaTHas
untepnofsnus nenaroT LIAIT AD9761BecsMa mosie3HBIM IPH BBICOKOCKO-
poctHOM 00paboTke B LICII u oOecreueHMH MHOTOKaHAJIbHBIX aHAJIOIO-
BBIX CUTHAJIOB Ha BBIXOJIC PaIONIPUEMHHUKA.

2.7.¥YcrpoiictBa HOC Ha 6a3e nporpaMMupyeMbIX
Joruyeckux nHTerpajbHbix cxem (IIJIMC) nas PIIpy

B mocnennee Bpems B ycTpoicTBax MUGpoBoi 00pabOTKHU CUTHAJIOB
IIMPOKOE PACHPOCTPAHCHUE MOJYUYWIA MPOrPaMMHPYEMBIE JIOTUYECKUE
uHterpanbHble cxembl. [IJIMC npeacrapiaser coO0i HHTErPaIbHYIO CXEMY
CBEPXBBICOKOM CTEIEHU MHTErpPallH, COJCPHKAIILYI0 Ha KPUCTAILIIE MOPSI-
Ka OJIHOTO MWJIJTMOHA JIOTMYECKUX BEHTHUJIEH, KOTOPhIE MOTYT OBITH IMPO-
IPaMMHBIM MyTE€M COEIUHEHBI B JIOTUYECKYIO CTPYKTYPY, PCATU3YIOIIYIO
3aJaHHBIA aNroOpUTM IHUGPPOBOM 0OPaOOTKH CUTHAJIOB ammapaTHBIM CITO-
coboM. Takum oOpazom, [IJIMC coueraroT B cebe mpenmyilecTBa amnrma-
paTHOW peayi3aluu aJrOpUTMOB (TJIAaBHOE M3 KOTOPBIX — OBICTPOICHCT-
BHUE) C JOCTOMHCTBAMH ITPOTPAMMHPYEMBIX YCTPOKNCTB.

[IporpamMupyeMbie JTOTHUYECKUE WHTETPAIBHBIE CXEMbl — 3TO Mart-
pUYHBIE OOJIBIITUE UHTETPAIBHBIE CXEMBbI, 00JIAIAIONINE XapPAKTEPHBIM OT-
JUYUTENBHBIM MPU3HAKOM — «CHOKOCTBIO» apXUTEKTYpbl. Takoe TeXHOI0-
rMYECKOe pelieHrne 00ecrneunBaeT pa3padoTYMKy BO3MOKHOCTh CAMOCTOS-
tenbHO KoH(urypupoBath CBUC, co3naBasi BHIYMCIUTEIBHYIO apXHUTEK-
Typy, HanboJyiee ONTUMAIbHYIO (pPAallMOHAIBHYIO) JUIS pa3padaThIBAEMOTo
MPUIIOKEHUS.

[Io cpaBHEHHIO C APYTMMH MHKPOIICKTPOHHBIMU TEXHOJIOTUSIMU
texHosorusi [IJIMC obecnieunBaeT peKOpIHO KOPOTKUH MPOEKTHO-
TEXHOJOTUYECKUM LMK, MUHUMAJIbHBIE 3aTpaThl HAa MPOEKTUPOBAHUE,
MaKCUMaJbHYI0 THOKOCTh MPU HEOOXOJUMOCTH MOJU(UKAIMU ammapa-
TYPBL.

OcHoBHbIe npenmyniecTBa ucnonab3oBanua [IJIMC no cpaBHeHUIO
C HU(PPOBBIMU CUTHAIIBHBIMU TIpo1ieccopamu B PIIpV:

1. Hactosimas nmapasmuienbHOCTh. BhITOMHEHNE MapassienbHbIX 3a7ad
Y KOHBEHWEPHU3AIHUSL.
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2. IlepenactpanBaeMocTh. BO3MOXHOCTh CO37aHUS HOBBIX M Tepe-
MHACHIBAHUE CYILECTBYIOIINX CUCTEM JIJIsl PEIECHHS] HOBBIX 3a/1a4.

3. Bricokas HaJEKHOCTh. AJITOPUTM 3alMBACTCS B AalapaTHYIO
CXEMY.

4. BpICOKUH ETEPMUHN3M U OBICTPOJICUCTBUE. AJITOPUTMBI BBITIOJ-
HSAIOTCS B ’K€CTKOM HAaHOCEKYHJTHOM MacliTaoe.

OcHoBHbIe HenmocTaTku wucnoiab3oBanus [IJIMC no cpaBHEHUIO
¢ IM(POBBIMU CUTHATIBLHBIMU TIpotieccopamu B PIIpV:

— onHaxabl ckoHpurypupoBanHas [IJIMC obnanaer meHbluei rubd-
KocThio, Hexkenu L[CII,;

— BBICOKOE DHEPronoTpeOeHue;

— 0oJibIlIasi CTOUMOCTb.

Knaccuduxamnuro IIJIMC no Buay, KOJIUYECTBY U CIIOcOOaM COE/IH-
HeHUs (KOMMYTAIMH) 3JIEMEHTOB MOXKHO HaiTH B [27].

[Tporpammupyembie jmorudeckue Matpuilsl (IIJIM) (B 3apyOexHOM
auteparype HaspiBaeMbie FPLA — Field Programmable Logic Arraym
FPLS — Field Programmable Logic Sequencegaxboiiee TpaauinoH-
Hbii Buj [IJIMC — npeacrapisitor co00il MAaCCUBBI JIOTHYECKUX 3JIEMEHTOB
tuna «M» u «MJIN». [JanpHenimee pa3BUTHE 3Ta apXUTEKTypa IOJy4dunsa
B MUKpOCXeMax IporpammupyemMoit matpuunoit moruku (IIMJI) (PAL —
Programmable Array LoOgiC)pMmeronmx mIporpaMMHPYEMYyH0 MaTpHUILy
aneMeHTOB «M» u dukcupoBaHHYI0 MaTpuily sjieMeHToB «MJIM», a nHo-
rja — TOJbKO MPOrPaMMUPYEMYIO MaTpully 3JeMeHTOB «M». Crenyronias
cTyrneHb B pa3Butuu 3Toro tuna [IJIMC — nporpammupyemast MakpoJioru-
Ka, 11 KOTOPOM XapaKTEPHO HAIWYWE €IMHCTBEHHOW MaTPHIIbI 3JIEMEH-
ToB «MI-HE» nnmu «MJIN-HE», no3BoJIs0IIEN pean30BaTh CIO0XKHBIE JIO-
rudyeckrue (QyHKIMU 32 CYET MHOTOYHMCIICHHBIX 00paTHBIX CBsA3el. Bee atu
tunsl [TJIMC B HacTosIIee BpeMss MOpaIbHO ycTapeiu [27] u TpUMEHSIFOT-
Csl B OCHOBHOM [UJIsl peau3alli B YCTPOMCTBAX TeX (PYHKUMM, 1T KOTO-
PBIX OTCYTCTBYIOT CEPUMHBIE MUKPOCXEMBI CPEHEN CTENIEHU UHTETPALIUH.

[Tporpammupyembie KoMMyTHUpyeMble MaTpuuHblie Oyioku ([TKMB)
coJiep KaT HECKOJIbKO MaTPHUYHBIX JIorudeckux OokoB (MJIB), coennHeH-
HBIX KOMMYTallMOHHOM Matpuien. B cocra MJIb BxomsaT nmporpammu-
pyeMble MaTpUIIbl 2JIeMEHTOB «I», (PUKCUPOBAHHBIE MATPUIILI SJIEMEHTOB
«MJIN» n makpostueriku. Ctenens naterpanuu takux [IJIMC noxogut no
10 O0OskxBUBaJICHTHBIX BEHTHIICH. B 3apy0exxHOl TUuTepaType OHU UMEIOT
nasBanne CPLD — Complex Programmable Logic Devices.
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[Tporpammupyembiec BenTuiabHbie Matpuiibl (IIBM) (FPGA — Field
Programmable Gate Arraypcrosat u3 JOrd4ecKux OJOKOB M Iporpam-
MUPYEMbIX KOMMYTHUpPYIOIUX TyTel. Jlornueckuil 010K MOXKET BKIIOYATh
TaOJMIBI MEPEKOJUPOBKHU, MYJIBTUILUIEKCOPHI, TPUITEPHI, SJIEMEHTHI
yIpaBlIeHUS U T. M. TakuM 00pa3oM, KaKIbli OJOK MOXET peaau30BaTh
omnepanuyu TUMNa NEPEMHOKECHUS, YMHOXEHHUS Ha KOHCTAHTY, 3aJI€p>KKH,
a Hanuue Bo MHorux [IJIMC sToro tuna pekoHGUrypupyeMbix MOaysIeH
NaMsATH JEJaeT UX yAO0OHBIM CPEJICTBOM peau3aiii alfOPUTMOB UG PO-
BOM 00pabOTKU CUTHAJIOB, 0OCOOCHHO ITU(POBOM (PUIBTPALIUH.

O6mue csoiictBa [TJINC:

1. Bricokoe OwicTpoaeiictBue (TakTtoBblie wacToThl oT 100 MI'n
JOTHUrarepir).

2. Breicokas crenenp uHTerpamnuu, texHojoruss KMOII — necsteie
JOJII MUKPOH, Ha KPHUCTAaJJIE HaXOAATCS OT COTEH ThICAY 10 HECKOJIBKHUX
MUJIJIMOHOB BEHTUJIEH.

3. OyHKUMOHANbHAS MOJHOTA, MO3BOJSIONIAs peaau30BaTh 3aKOH-
4yeHHoe ycTpoiicTBo Ha ogHou [TJIMC.

4. YHUBEpPCAIBHOCTh: HA OJIHOM KPHUCTAILJIC PEaTu3ylTCs pa3HbIe
YCTPOMCTBA; MHOTOKPATHOCTh NIEPENPOrPaMMHUPOBAHUS.

5. BbICOKUI TIPOIIEHT BBIXOJAa TOJAHBIX M3ICJIUN U BBICOKAS HAHCK-
HOCTB.
3ammTa OT CYUTHIBAHUS.

COpoc perucTpoB B HOJIb IIPU BKIIFOUEHUH TUTAHUS.
Bbydepuzanus BXOIHBIX JaHHBIX.
CosmectumocTts ¢ TTL morukoi.

HNaneHeiimee pazputue apxutektyp I[IJIMC wager B HampaBieHuH
BBEJCHUS JIBYX YPOBHEH MaTpHIl COCJUHECHUI: JIOKAJbHbBIX, KOTOPHIE CO-
SAUHSIOT JIOTUYECKHE DJIEMEHTHI B JIOTHYECKHE OJIOKH, U TI00abHBIX,
COCIUHAIONIUX OJIOKM MEXKIy coOOi U ¢ mopTaMu BBOJAA-BbIBOJA. Takue
[IJINC npurogHbl IS pealn3alldd «CHUCTeM Ha Kpucramie» (System
on Chip, SOC)npeacTaBisgiomX CEpbe3HYI0 aJIbTCPHATHBY CUTHAILHBIM
MPOLIECCOPaM.

Uto ocobeHHO BaxkHO, (upMbl-tiponsBoautenu [IJIMC BoimyckaioT
porpaMMHOE 00€CTIeUeHHE, MO3BOJISIIONIEE BBIMOJHITH CKBO3ZHOE MPOEK-
TUPOBAHUE YCTPOMCTB U(poBOit 00paboTKU curHaioB. [Ipumepom MoxeT
cnyxuth cucrema npoektupoBanusi MAX+PLUS dupmer «<ALTERA»
[27]). Cuctema npoextupoBanus Bepcun MAX+PLUS |l BrirouaeT rpa-
buuecKkuil peaakTop s 3aJlaHusl SJIEKTPUUYECKON MPUHIIMITUAIBHON cXe-
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MBI, TEKCTOBBI PEIAKTOP JJIs ONMUCAHUS MPOEKTa, CUTHAIIBHBIN pPeaaKkTOp
JUIS 3aJlaHusl BPEMEHHBIX JHarpamM, MMOYPOBHEBBIN TUIAHUPOBIIUK JIJIs
pa3MElIeHUs y3JI0B MPOCKTUPYEMOM CHUCTEMBI IO JOTHUYECKUM OJIOKaM.
JI1s1 MCTIBITaHMS M OTJIAJIKU TTOJYyYeHHON KOH(PUTYpaIuu CIyKaT CUMYJIS-
TOp, CUTHAJIbHBIN PEJAKTOP U BPEMEHHOW aHamu3aTop. KoMmuisitop BbI-
MOJHSET JIOTUYECKUNM CUHTE3, TPACCUPOBKY COCAMHEHUN U (OpMUPYET
daiim mporpaMMUpOBaHHMS WM 3arpy3ku. lIporpamMmaTop BBIMOJHSIET
C TIOMOIIBID COOTBETCTBYIOIIETO OOOPYJAOBaHUS IPOTPAMMHUPOBAHHUE
IIJIMC, obecrieunBas peanu3aliio pa3pabOTaHHOTO MPOEKTa Ha KPUCTaJI-
ne. B nienoMm momoOHOe mporpaMMHOE 0OECIieueHHe MPeCTaBIseT co0oM
HE3aMECHUMBI MHCTPYMEHT aBTOMATHU3MPOBAHHOTO MPOCKTHUPOBAHUS CHC-
TeM 1udpoBoit 00pabOTKHU CUTHAIOB Ha 3eMeHTHOM 0aze [TJINC.

Xapakrepuctuku [IJIMC 0CHOBHBIX TPOU3BOAUTENEH:

1. TexHoJOTUg IPOU3BOJICTRA.

2. Yucno Bxomos (30...250).

3. Yucmo BeiBoaos (250...780).

4. MuHMMAJILHOE YHWCJIO DJKBUBAJIECHTHBIX BEHTUJIEH (2,633[05
2,6710°).

Ypcto sornueckux snementos (400°... 410°.

Bcerpoennsie 0510ku mamstu (26 ... 264).

MaxkcuMaJibHBII 00bEeM ITaMITH (5,33[04 5,3?|LO5 ).

Yucno makposueek (400...4000).

BreicTposetiicTBrue (IpOU3BOINUTEIBLHOCTD). BBICTpOACiicTBIE Olle-
HUBACTCS KOJIMYECTBOM BBIOOPOK B CEKYHJy (MEraBbIOOPOK B CEKYHAY —
MSPS).

10. Pa3psHocTh JaHHbIX. DopmaThl IpeacTaBieHus Yrcell (TaHHbIC
¢ UMKCUPOBAHHOMN TOUKOM).

11. Takrossie yactotsl (100... 30MTI ).

12. Bpewms 3aaepku BX/BoIX (3...5Hc).

CpaBHuTenbHBIN aHanu3 BeAymux Qupm-npousBoautenei I[TJINC
MMOKA3bIBACT, YTO OHU UCTOJIB3YIOT MIPAKTUUECKU OJUHAKOBBIC TEXHOJOTUHU
MPOU3BOJACTBA, M XaPAKTEPUCTHUKH COMOCTABHMBIX IO IIEHE CEMEUCTB
[JIMC npuMepHO paBHBI.

Hanuuue B coctaBe coBpemenHbix I[IJIMC c¢ apxurtektypoit FPGA
BCTPOCHHBIX anmapaTHbIX MOAYJIEW MaMsTH, YMHOXHUTENECH C HAKOIJICHU-
€M, CHHTE3aTOpOB 4acToThl, koHTposuiepoB PCI, Ethernewn npyrux wuH-
TepdecoB TMO3BOISET JOCTUTATh XAPAKTEPUCTHK CIIECIUATN3UPOBAHHBIX
ASIC npu BBIIOJIHEHUHU CTAaHAAPTHBIX (QYHKITUH.
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[TpousBogutensubie cemerictBa [TJIMC ¢upmbr «Altera» u dpupmerl
«XilinX» UMEIOT Tak:ke B CBOEM COCTaBE MPOIICCCOPHBIE Sapa, O3BOJISIO-
mue [IJIMC nocturate ypoBHst LICII npu BEITIOTHEHUH pA3JIAYHBIX AJITO-
PUTMOB ITU(PPOBOI 0OPAOOTKH CUTHATIOB.

Tpetbeit xapaktepHoit ocobeHHOCThI0 coBpeMeHHbix [IJIMC, oTnu-
yaromern ux [ICII, sBaseTrcs Haauuue OrpoOMHOIO IOTEHIIMAa JIOTUKH,
IPOrpaMMHUPYEMOH 10 KeTaHuio pazpadoTurka [28].

[lo cpaBHEHMIO C JPYTMMH MHUKPOSJIEKTPOHHBIMU TEXHOJIOTHUAMHU
texHonoruss [IJIMC oOecnieunBaeT peKOpAHO KOPOTKUN MPOEKTHO-
TEXHOJOTHYCCKUN UK (HECKOJIbKO 4acOoB/IHEl), MUHUMAJIbHBIC 3aTpaThl
Ha MPOEKTUPOBAHKUE, MAKCUMAIbHYIO0 TMOKOCTh MPU MOAU(PUKAIIUYU alla-
patypsbl. [Ipu 3TOM BeCh MPOEKTHO-TEXHOJOTHUCCKUN ITMKJ BBITIOJTHICTCS
pa3paboTurKkoM Ha oAHOM pabouem mecte. IIpumep peanuzanuu [HOC
B paguonpuemMHoM Tpakte Ha [TJIMC dpupmer Xilinx mokasan Ha puc. 2.18.

2.8.1lpoTroTHNINPOBAHME MPOTPAMMHO-0NpPe/IessieMbIX
0JIOKOB paaMONPUEMHUKOB

[IpoToTUnupoBanue MPOrpaMMHO-ONpPEIEIIEMbIX OJOKOB pagruoNpu-
E€MHHUKOB — 3TO 00J1aCTh PaJUOMHXKEHEPUM, KOTOpasi OTHOCUTCS K MpO-

rpaMMHO-OMIpeiensseMbiM paaunocuctremMaM SDR. Vicnions3oBanne maeosno-

run SDR (Software-Defined Radiopaanocpenctsa, anroputMsl pabOThI
KOTOPBIX OINPEACISIOTCS MPOrPaMMHBIM OOCCIICUEHUEM) ITO3BOJISET Hapa-
MMBaTh (PYHKIIMOHAIBHOCTh PAJUOCPEIICTB 03 M3MCHCHHUS allapaTHOU
YJaCTH.

Opranmszamus Wireless Innovation Forunempeaenser mnporpamm-

Ho-onpeaeasiemoe paauo (IIOP) kak «PaarocucTema, B KOTOpOi (PyHKIIUN

($U3UIECKOTO YPOBHS YaCTUYHO WJIM TTOJTHOCTHIO 33/1aI0TCS MPOTPAMMHO.

KomOunanus o6opyaoBanus NI USRPu LabVIEW pis noctmkenus
BBICOKOW (DYHKIIMOHAJIBHOCTH M THOKOCTH JlaeT IiaTdopMy st OBICTPOTO
MIPOTOTUIIMPOBAHMS, BKJIIOUasi pa3paboTKy (DU3NYECKOTO YPOBHS, 3aIUCH
U BOCIIPOM3BEACHUS PaJUOCUTHANIA, PATUOMOHUTOPUHTA, BAIUJIAINH aJl-
TOPUTMOB U MHOTO€ JIPYTOE.

AKTyaJIbHOCTh JTaHHOTO HAIlpaBJICHUsI C TOYKH 3pEHUs] pa3pabOTKu
PaIUOTIPUEMHBIX YCTPONCTB OMPEAENACTCS BO3MOKHOCTBIO Peain30BaTh
U aHaJU3UPOBATH MPOTOTHUIBI OJIOKOB PagUONPUEMHUKOB C HCIOJIH30BaA-
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HHEM TIOTEHIMajda yHHUBEPCAJIbLHOTO Nepru(PEepuitHOrO0 YCTPOMCTBA MPO-
rpammuoro paaro (USRP — Universal Software Radio Peripheral).

Oouwue ceedenun 06 yHueepcanbHom nepugepuiinom ycmpoicmee
npozpammuozo paouo (USRP)

NI USRP-29xx npencrasnser coboit  1miatrdhopMy HOpOrpaMMHO-
ynpasisgemoro paano (SDR),koropast MoxeT ¢hopMHpPOBaTh, IIEpe1aBaTh,
MPpUHUMATh U 00pabaThiBaTh CUTHAJIBI JUIS PEIICHUS 3a/ad B 00JaCTH pa-
TUOCBsI3K. J[aHHOE YCTPOMCTBO MOCTABIAETCS C MPHOOPHBIM JApaiBEepoOM
NI-USRP, KOoTOpBIii MOXXHO HCIOJB30BaTh MJIA €ro MpOrpaMMUpPOBAHUS
B LabVIEW.

Jis co3ganusi KOMMYyHUKaMOHHBIX TipuiioxkeHuid 1mst NI USRP-29xx
ucnosnb3yercsa npubdbopusiii gpaiisep NI-USRP.

[TpuGopnsiit gpaiiBep NI-USRP nmeer Habop BUPTyaIbHBIX TTPUOO-
poB (BII) u cBOMCTB, KOTOPBIC MOAACPKUBAIOT ()YHKIIMOHATIBHOCTh YHH-
BEpCaJIbHOTO MepudepuitHoro ycTporcTBa MPOrpaMMHOIO Pajno, BKIIIO-
qas KOoH(pUrypupoBaHue, ynpaBjieHUe U APyTrue crenraibabie (QyHKIUH.

ITnardhopma NI USRP no3Bossier 1mojb30BaTeI0 MPOBOJAUTh IKCIIe-
PUMEHTHI U CO3/1aBaTh Ha KOMITHIOTEPE aJITOPUTMBI (PU3UYECKOTO YPOBHS
pa3HOoOOpa3HbIX MPOTOKOJOB cBs3W. Hampumep, takmx, kak GSM, GPS,
['JIOHACC, UMTS, IEEE 802.11, Zigbee, IEEE 802.16, LT&rakxke
MHOTMX JPYTHUX OTKPBITBIX M 3aKPBITBIX MPOTOKOJIOB CBs3u. [Ipeacras-
JeHHbIe GyHKIMOHaIbHBIE BO3MOKHOCTH NI USRP103B0IsSI0T TOBBICUTH
YCBOSIEMOCTh OOYYalOIMMHCS MaTepuajia, BMECTe ¢ T€M B KpaTdauiiue
CPOKH CO3/1aBaTh MPOTOTHUIIBI M CPABHUBATH IKCIIEPUMEHTAIILHBIC PE3YJIb-
TaThl C TEOPETUYECKUMU JaHHBIMHU.

OcnoBHble Bo3MmosxkHocTH maTtdopmbel NI USRP:

— THOKas mporpaMMHO KOHGUTypupyemas IaaTgopma ¢ HHTYUTHB-
HO TOHSITHBIM MHCTPYMEHTOM JIJIsl TPa(UIECKOT0 U TEKCTOBOTO MPOTPaM-
mupoBanus B LabVIEW,;

— mpejjaraet pa3pabOTuyMKaM CHUCTEM PaJUOCBA3U JIOCTYITHYIO
MPOTrPaMMHO-ONIPEACIIIEMYI0 PAIUOCUCTEMY ¢ MHOT00Opa3HOM (yHKIIHO-
HaJIBbHOCTHIO, MIO3BOJISIIONIEH pa3padaThIiBaTh CUCTEMBI MSITOTO TTOKOJICHHUS,

— HWMeeT Ha OOpTy 2X2 MHOTOKAaHAJIBHBIX BXOJa W BBIXOJA, Pano-
tpancusep, AL, IAII, IINC Kintex7,ynpasasembie uepe3 LabVIEW,

— OpHEHTUPOBAH Ha IU(PPOBYHO 00paOOTKYy CHUTHAIOB, B (popm-
daxrope 1U nosoBUHHON MIUPUHBI,
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— COBMENIAET JIBa AYIUIEKCHBIX paJidOKaHala ¢ MCHOBEHHOW MOJIO-
coit 1o 40 MI'l1, kax bl U3 KOTOPBIX 000OPY/I0BaH MEPEKII0YaTEIEM, O-
3BOJISTFOIIUM TIEPEKITIOUaThCs ¢ AYIUIGKCHOM pabOThl C pa3/IeICHUEM I10
BPEMEHHU Ha TYIUICKCHYIO paboTy C pa3AeICHHEM T10 YacTOTe;

— JIOCTYIIHOE pelIeHue JJI MPEnoaBaHrsd OCHOBHBIX HaIlpaBiIeHUN
B pauoCBsI3U (C TOTOBBIMH K HCITOJIb30BAHHIO YICOHBIMH KYPCaMH);

— HacTpamBaeMbIi pabounii nruanazoH 9acToT oT SOMI'1 g0 6 I'T;

— wMrHoBeHHas mnojoca 1/Q mo 40 MI'm moTokoBas Iepegaya JaH-
HbIX 10 40 MI'1| mi1g ynanenHo# o0paboTku qaHHEIX B cpene LabVIEW,

— maet miaatdopMmy Uil OBICTPOTO MPOTOTUIIMPOBAHMS, BKIHOYAs
pa3paboTKy (U3UYECKOTO YPOBHS, 3alIUCH M BOCHPOU3BECHUS PATUOCHT-
Haja, paguo’IEKTPOHHON pa3BeKH, BAIMJAIMKU AJITOPUTMOB M MHOTOE
IpYroe,

— NI USRPcosmectum ¢ OC Windows 7/ 10.

Apxumexmypa NI USRP RIO

NI USRP RIOmnpennaraer pa3paboturikam OECHPOBOJHBIX CUCTEM
JOCTYIHYIO MPOTPAMMHO-OIPEALIIEMYIO0 PAIUOCUCTEMY C PYHKIIMOHAIb-
HOCTBI0, TMO3BOJISIONIEH pa3pabaTbiBaTh PaAMOCUCTEMBI CBS3U MATOrO TO-
kosieansi. USRP RIOumeer Ha G0pTy BEIMKOJEMHBIN 2X2 MHOTOKaHAJb-
Heiid BXo (RX1, RX2),MHOoroKaHanpHbIH BeIX0A (TX1, TX2), nBa paano-
omoka (TpaHcHBepa), 0OOpYIOBaHHBEIN ympaBiasieMbiM uepe3 LabVIEW
[JINC Kintex-7.

Wcnonb3oanue LabVIEW yrudunupyer npoiecc pa3pabOTKH, 3Ha-
YUTEJIBHO YCKOPSS U YIIPOIIas €ro.

USRP RIOmno3Boaser pacmmputs miatpopmy USRP,nenas e€ 60-
nee TubOkoit. OHa waeaibHa JJIs MTUPOKOTO Kpyra 3a7a4, B TOM YHUCJIE pa-
TUOCETEH MATOr0 TMOKOJICHHS, CHCTEM C MHOTOKAaHaJbHBIM BXOJIOM U BBI-
xogoM MIMO u Massive MIMO criekTpaabHOT0 MOHHTOPHHTA.

Apxutektypa NI USRP RIOnoxka3zana na puc. 2.18.

USRP RIOcoBmemniaer n1Ba AymieKCHBIX KaHajla ¢ MTHOBEHHOM TIO-
aocoit B 40 MI'n u TIJIMC Kintex-7 (upmer «Xilinx»), opueHTHpOBaH-
HYI0 Ha IU(PpoByr0 00pabOTKy curHaios, B ¢opm-pakrope 1U mosioBuH-
HOW INUMPHHBI. PaauodacTOTHBIM aHAJIOTOBBIM BXOJHON HHTepderic,
IJIMC, ALIT u IHAII pabotaror Ha yactore A0 120 MI'n. Kaxnpiii pa-
ano0JI0Kk 000pYy/IOBaH TEPEKItoYaTesieM, MO3BOJSIONIMM MEePEKII0YaThCs
C IyTUIEKCHOM paboThI ¢ pa3/ieieHueM N0 BpeMEHHU Ha AYIUIEKCHYIO pabo-
Ty C pa3/ieJICHHEM IO YacTOTe.
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MoxHO BBIOHMpaTh MEXIY IIECThIO pa3HbIMU ycTpoiictBamu USRP
RIO, moxkpeiBaronuMu 4acToTHBIM Auana3zoH ot 50 Ml mo 6 I'Tn
U MMCIONTUMH YIPaBIIsIEMbIC TOJIb30BaTElIeM JIMHWKM BBOJA/BBIBOJA IS
B3auMojieicTBusl ¢ apyrumu ycrporctBamu. [IJIMC, nmporpammupyemas
¢ nomoiisio Moyt LabVIEW FPGAobecniednBaeT COBMECTHYIO 00pa-
OO0TKY ISl TIPUJIOKEHHUI C BBICOKOM CKOPOCTHhIO OOMEHAa JaHHBIMH U Ma-
aeiMu BpeMeHamu 3anepxkku. llluna PCl EXpressk 4 mo3BosisieT BECTH
ooMen manHbiMU ¢ [I9BM minu PXl-maccu Ha ckopoctr 1o 800 MB/cek
u 10 200 Mb/c npu padore ¢ HOyTOyKOM. MOXHO HMOAK/IIOYATh BILIOTH
1o 17 —tu ycrpoiictB USRP RIOk ognomy maccu PXI EXxpresskotopoe,
B CBOIO O4Y€pe/lb, MOKHO COCAUHUTH C JPYTHMH IIACCU AJIS MOCTPOCHUS
MHOTOKAHAJIbHOW CUCTEMBI.
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I'maBnas unatepdericaas muua B USRP RIO —st1o0 PCI Express 4,
obecrneunBaromias 3PHEKTUBHOE COSTUHEHUE IS IPUIIOKEHUM C BBICOKOM
MPOMYCKHOM CMIOCOOHOCTHIO U MAJIBIMU 33JICPAKKAMU JIJIsI TAKUX TPUIIOKE-
HUM, Kak pazpaboTtka ¢usuueckoro mnu MAC ypoBueil. C moMolbio
muHbl PX| EXpressx 4, MOXHO IepelaBaTh JaHHbIE Ha CKOPOCTHU
no 800Mb/c u nactpausats I1JIMC ugepe3 momyns LabVIEW FPGA.NH-
Tepdeiic obiamacT oOpaTHOM COBMECTHMOCTBIO C IIporpaMMaMHM, Hallu-
cauabiMU 151 yerporictB NI USRP- 292 u USRP-293x.0O60pynoBanue
USRP RIO congepkuT HECKONBKO MOPTOB MJi JAIbHEHIIEro paciiupe-
HUSI 4Yepe3 OOHOBJECHMS MPOTpaMMHOro obecneueHus. B uX 4wucio
BXOJAT JIBOMHBIE pa3zbembl SFP+ Ha 3amHelt maHenm W OTIagOYHBIN
nopt USB JTAGHa nepeaneii naHeu.

VYerporictea USRP-295XRconepxar BbICOKOTOUYHBINM TEPMOCTATH-
poBaHHBIN KBap1eBblii TeHepaTop (OCXO0) ¢ GPSkoppeknuei, KOTOPhIi
MO3BOJISIET MOBBICUTh TOYHOCTh YacCTOTHI Jlaxke Oe3 ucmnosb3oBanus GPS.
Ecnu )xe GPSucnonb3yercs sl KOPpEKIMU 4acTOThl, TOYHOCTh BO3pac-
Taet enié 0oJiee 3HAYUTEIIBHO.

Bce monynu USRP RIOno3Bosisitor ncnoiib30BaTh BHYTPEHHUNM WU
BHEIIHUW OMOPHBIM T'€HEPATOP U IKCIOPTUPOBATH MCHOJIB3YEMBIN OIOP-
HBI CUTHAJI BO BHEITHUE ycTporicTBa. PazbeM «Ref In»crmocoben npunm-
MaTh onopHbId curHai 70 10 MI'1, U3 KOTOPOro MOXKHO U3BJIE€Yb OMOPHBIE
curdansl i ALITI/LIAIT u BcTpoeHHOTO reHepaTopa. MOKHO HCIIOIb30-
BaTh pazbeM «PPS In>8 kauecTBe crangapTHOTO MOpTa AJIsi BXOAHOTO UM-
nyinbca PPSuau tpurrepa o6miero HazHaueHus. C momoinpio moptoB «Ref
Out» u «PPS Out™okHO 3KCHOPTUPOBATH 3TU CUTHAJIBI B APYTU€ yCT-
poMCTBA JUId  CO3JaHUS  MHOTOKAHAJIBHOM CHUCTE€MBbI.  biaromaps
8-kaHanmpHON cucTeMe pacnpenenacHus omnopHoro curHama OctoClock
or Ettus ResearchioxHo mocTtpowTh OOJBITHE CHHXPOHU3UPOBAHHBIC
cucteMbl. g 3Toro HeobxoauMo moakia4duTh ycrpoiictea USRP RIO
B pazbembl «Ref In»u «PPS In"»c momomsio Heckompkux OctoClocks
U B pe3yibTaTe IOCTPOUTH CHUCTEMbBI, Pa3Mep KOTOPHIX MPEBBIIIACT
100xkanaios.

Humepdpeiic npuxnaonoco npoepammuposarnus (API)

VYerpoiicteo USRP RIOmno3Bosisier BOCosib30BaThCsl cpa3y ABYMS
METOJlaMl  TPOTPaMMHUPOBAHMS, OCHOBAHHBIMM Ha HCIOJb30BAHUU
LabVIEW, — npaiiBep mist paborel ¢ xoct-kommbiorepoMm (NI-USRP)
U C TOJHOCTBIO OTKphITOH W HacTpamBaemou [IJIMC (NI-USRP RIO).
O6a nmoanepxkuBatoT nojkiaroueHue uepe3 muny PCl EXpressposBosiss
JIETKO MIEPEHOCUTH Balll MPOEKT ¢ XocT-KkoMnbroTepa Ha [TJINC.
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paiisep NI-USRP

NI Beimyckaer obopynoBanne USRP RIOc¢ apaiisepom NI-USRP 1.3,
yTO0OBI OOeceyuTh OecrepeOOoNHbI, OCHOBAHHBIM Ha XOCT-KOMIIBIOTEpE
uHTepdeiic, ¢ TMOJHOW OOpPaTHOM COBMECTUMOCTBIO C YCTPOMCTBAMU
USRP- 292 u USRP-293x.C nomompio ITIIMC, xondurypupyemoit
¢ xoct-APIl, MmoxHO pa3paborats aaroput™m B LabVIEW u Gecnpensitcr-
BEHHO TMepeMeniarh ero mexnay apaiiBepom USRP u  ycrpoiictBom
NI USRP RIO.

Jlpaiieep NI-USRP RIO

JI7s1 TOBBIMICHUS TPOU3BOJAUTEILHOCTH TPHUIOKEHUS MOXHO BOC-
nosib3oBaThes npeumymectsamu [1IJIMC Kintex-7, mepeBeas UCIOIHEHHE
KoJjia Ha Hee ¢ nmomoIkio apaiBepa NI-USRP RIO.9tot apaiiBep npea-
raeT mabJIOH TOTOKOBOTO MPOEKTA, BKIIFOYAOIINN B ceOsT KOO IS XOCT-
npoueccopa u kox g [IJIMC, manucanueiec B LabVIEW u LabVIEW
FPGA cootBercTBeHHO. [IpOE€KT MOKHO HACTPOUTH TaAKUM OOpa3oM, 4To-
OBl KOJ BBIIOJHSJICS TOJbKO Ha xocTe w/mim MomubunupoBats ITJINC,
9TOOBI J100AaBUTH IMOJB30BATEIBCKYIO 00pabOTKy. XOTA BeCh KOJ IS
IIJIMC MOXHO M3MEHSTh, Yallle BCEro MoTpeOyeTCs BCTaBISATh CBOM KO
B IIETIh PS0OM C KaHAJIOM IPSIMOTO JA0CTyMa K Oydepy mamsTu.

KoHTpoJibHbIE BONPOCHI

1. Ilepeunciaute TexHUYECKUe cpenctBa s peanuzauuu [[OC
B PaJMONIPUEMHBIX YCTPOMUCTBAX.

2. Ilepeuncnure ocHOBHBIE XapakTepucTuku ALIIL.

3. KakoBo HazHaueHue aHTuaizaizuarororo ¢puiastpa B LIPIIpVY?

4. Tlepeuncnute ocHOBHbIE TUIBI cxeM BitoueHus AIIIl B anano-
rOBYI0 4acTh MPUEMHOro TpakTa. Ha3zoBHTE IOCTOMHCTBA, HEAOCTATKHU
1 00JIaCTh IPUMEHEHUSI ITUX CXEMHBIX PEIICHUMN.

5. Kak 6opotrbcs B ILIPIIpY ¢ kaHamamMu HaJOKEHUS CIIEKTPOB
ALTI?

6. Hapucyiite mects 30H KoTelbHHKOBA C YKa3aHHMEM 3HAUYMMBIX
YaCTOTHBIX JMAaNa3oHOB, Ha HHUX u300pazute AUX aHTHAIAN3UHTOBOTO
¢uabTpa c yueToM Mmojauu aHAJIOrOBOTO CUTHAIA B TIEPBYIO 30HY.

7. Ilepeuucnure ocHOBHbIE ocoOeHHOCcTH Y PY nsisa padoter ¢ ALIIL.

8. KakoBo BiMsiHUE apXUTEKTYphl Ha CKOPOCTh BBIMIOJIHEHUS Olepa-
nwii LICIT?

9. Kakue onepanuu B LICII Beimonnstor AJIY u MAC?
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10. HazoBuTe crmocoObl moBbItiieHns obicTpoaecTBust LCII.

11. ITepeuncnure ocHoBHBIE XapakTtepuctuku LICII.

12. KakoBO Ha3HA4Y€HHE IMKJIOB OXHUIAHWS MPU OpPTaHU3AIMHM WH-
tepdetica LICIT ¢ ALIIT?

13. N306pa3ute Tunosyto apxutektypy LICII, packpoiite HazHaue-
HUE AJICMEHTOB.

14. HazoBute ocHoBHBIC oTinuus [IJIMC ot LICII.

15. Ilepeuncnaure ocHoBHBIE XapakTepuctuku [IJIC.
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3. CUCTEMA YHPABJIEHUSA TPOPECCHUOHAJIBHBIM
PAJIMONIPUEMHBIM YCTPOHMCTBOM

3.1.006mme cBeieHNs1 0 cUCTEMeE YIIPABJIEHUS
npo¢ecCHOHAIBHBIM PAAMONIPUEMHBIM YCTPOUCTBOM

Ha peanbHbIX paguoNMHUAX PaJUONPUEMHBIE YCTPOUCTBA padOTaIOT
B CJIOKHBIX yCIOBHUAX. Y cnoBusi padoTel PIIpY MoryT usmMeHsTbCs BCe-
CTBHE BJIUSHUS CIEIYIOMMX PAaKTOPOB:

— pa3nuyusg YpOBHEU PAJMOCUTHAIIOB OT Pa3HbIX HCTOYHHUKOB;

— HeCTaOWJIbHOCTH YPOBHSI CUTHaJa OT JAHHOIO Mepe/laTuhKa u3-3a
M3MEHEHUN YCIOBUHM PACIIPOCTPAHEHHUS PAIUOBOJIH;

— U3MEHEHMSI YaCTOThl PaJMOCUTHAJIOB BCJIEACTBUE HECTAOMIBLHO-
CTH 4aCTOTHI Niepeaaturka unu spdexra lomnepa,

— U3MEHEHMS YacTOThl CUTHaJla B OOIllEeM TpakTe MmpueMa Hu3-3a He-
CTaOMJILHOCTH YacTOT TETEPOJMHOB (B aHAJIOTOBBIX IPEOOpPa30OBATEIISIX
gacToThl 1 B ALIII);

— HAINYMUSA PA3JIUYHOTO POJa IMOMEX, OKAa3bIBAIOIIMX BJIUSIHUE Ha
MapamMeTpbl NPUHUMAEMOTO PAJUOCHUTHANIA U XaPAKTCPUCTUKU PATUOIPH-
EMHHKA.

B momoOHBIX ciaydasix BO3HUKAET HEOOXOAUMOCTb B PETYJHUPOBKE
XapaKTEPUCTUK LENEH U Y3JIOB PAJUONPHUEMHHUKA JJISI MOJYYECHUS ONTH-
MaJbHOIO pexuma rpuema. s 3tux uener B coppemeHHbix PIIpVY mpe-
JlyCMOTPEHBI Pa3JINYHbIE CUCTEMBI YIIPABICHUS.

Cucmema ynpaenenus PIIpY — 3T0 COBOKYIIHOCTh OJI0Ka yIpaBlie-
HUSI U OPTraHOB YNPABJICHUS, NMPEIHA3HAYCHHBIX IS YIPABICHUS PaJHO-
NPUEMHBIM yCTPONCTBOM, IapaMeTphl KOTOPOTO BapbUpyIOTCS (Hempe-
PBIBHO WJIH JIUCKPETHO) TaKUM 00pa3oM, 4TOOBI TIOIJIEPKUBATh TpeOyemMoe
KauyecTBO CUTHaJIa Ha BeIxoze [12].

KakoBo MecTO cHCTEMBI ynpaBjieHUs] B MPOPECCUOHAIBHOM PaHO-
MIPUEMHOM yCTPOUCTBE?

B ynpouieHHoN 0000IMIEHHON CTPYKTYpPHOH CXE€ME€ COBPEMEHHOTO
npodeccronansHoro PIIpY (pmc. 3.1) cucrema ympaBieHHS BbIICIICHA
B OTJIeNbHBIN TpakT. B cxeme PIIpV Ha puc. 3.1kpynHO MOKHO BBIICIUTH
JIBa TPAKTa. CUTHAJIbHBIN U TPAKT YIIPABJICHUS.

CurHajabHBIM TpPaKT, COrJIACHO OOIIEeH TeoOpUM paarorpueMa, COCTO-
uT u3 obmero tpakra npuema (OTII) u yacTHbIX TpakToB mpuema (UTTI).
Hasznauenue, coctaB U ONpUHIUIBI PAOOTHI ATUX TPAKTOB MOJPOOHO pac-
cMmotpensl B [1, 2, 4...8].
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Tpakt ymnpaBieHHS TPEACTaBIACT COO0OH aBTOHOMHYIO CHCTEMY
yIIpaBJICHUS, IPUHITUITEI PAOOTHI KOTOPOW OMUCHIBAIOTCS TEOPHUEH CHCTEM
YIPABJICHUS U TEXHUYECKUX CPEJICTB aBTOMATUKU. C TOYKHU 3pEHUS aBTO-
HOMHOCTH — 3TO CHCTEMA YMNPABJIEHUS, & C TOYKU 3PEHUS CUCTEMHOTO
MOJIX0/1a K MOCTPOEHUIO PAIMONIPUEMHBIX YCTPOUWCTB KaK YaCTHU CUCTEMBI
PaauoOCBsI3M — 3Ta CTpyKTypHas eaunuua PlIpY HaswsBaeTca TpakTom
YIIPABJICHUS.

CUTHQJIBHBIN TpaKT
OTII qTIl
£ ks
Je s AOC Ny
TPY TIITY >| T0C >
ZAN 7
NS

TpakTt ynpasiieHus

K nensiv nuranust

HHTHI

Cucrema 2J1. THTAHUS

Puc. 3.1. Yupomennast 0000mEHHas CTPYKTYpHas cxema
npodeccuonansHoro Pllpy

TpakTt ynpaBiaeHus O CI0KHOCTU U OBICTPOJCUCTBUIO JOJKEH OBITh
Ha TOPSAOK Jydlle curHajibHoro tpakra PIIpV, tak kak npu nmpoxoxie-
HAW TMPUHUMAEMOIr0 PaJWOCHUTHANIA TIO CUTHAJIIBHOMY TPAKTy OT aHTEHHBI
70 BBIXOJIa PAJIMONPUEMHUKA TPAKT YIIPABJICHHUS JOJKEH YCHETh MpOaHa-
JU3UPOBATh U3MEHEHUS ycioBuil paboTsl PIIpY BcnenctBue BiAusSHUA Tie-
PEUMCIICHHBIX B Haudajie riaBbl ()aKTOPOB M MPHUHATH PEIICHUE O Mepe-
CTPOMKE KaCKaJOB PaJWONPHUEMHUKA C LEJIbI0 MOJAIEPKAHUSA 3aJaHHOTO
KaueCTBA CUTHAIa Ha BBIXOJE.

B »aT0o#1 TiaBe y4ueOHOTO MOCOOHMS MOAPOOHO PACCMOTPUM POJIb,
MECTO M COCTaB CHCTeMBbI (TpaKTa) yIpaBieHHS MpodhecCHOHATbHBIM
PaarOIIPUEMHBIM YCTPOMCTBOM.

3.2.CucteMbl yIIpaBJjeHHs], HACTPOMKHU U PeryJTHPOBKHU
NnpodeccuoOHAIBHOI0 PAJMONPUEMHOTI0 YCTPOHCTBA

B mnporecce skcmayataiuu npohecCHOHAIBLHOTO PaIUONPHUEMHOTO
ycrpoiictBa ([IPTIpVY) mns peanmusanuy HawiIydlllero KavecTBa IMpUeMa
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MIPOU3BOJNTCS YIPABJICHHUE, HACTPOWKA U PETYJIHPOBKA €ro MapamMeTpoB.
3a 5t PyHKIIMU OTBEUaeT cuctema ynpasienus [1PIIpVY.

Cucrema (TpakT) ymOpaBlICHHS IPOPECCHOHAIBLHBIM PagUuOIPHEM-
HBIM yCTpoicTBOM (pric. 3.2)0a3upyercs Ha OJIOKe yrnpaBlICHHUs, KOTOPBIH
SIBIIACTCS OJHUM M3 BaKHEHUIITUX OJIOKOB COBPEMEHHOTO PaJMONIPUEMHUKA.

K CUTHaJIbHOMY TpakTty PIIpV

P N T N
CHPuK | CY i

APYud [ APM | APy

- T g
Jucneit /‘j A B... N
ﬁﬁ

(MoHUTOD)

baox 3Y
(03Y, 113Y)

bY

biox
uHrepdeiicon

Tacrarypa Q

(kaBuaTypa)

K BHELIHUM
YCTpOHCTBaM

Puc. 3.2. Cuctema (TpaxT) ymnpasienus npodeccunonanbroro PlIpy

brok ynpaBieHus: oCymecTBIsieT PYHKIMU KOHTPOJIS U YIIPaBICHUS
[TPTIpY kak ¢ MecTHOTO IysbTa (KIIaBHATYPHI), TaK M JUCTAHIIMOHHO. [1os
€ro HaOJIOJICHUEM CIIAKEHHO U CHUHXPOHHO pabOTal0T MPAKTUYECKH BCE
y3ael [IPIIpVY. Bcro undopmanuio o cOCTOSHUM MPUEMHOTO YCTPOMCTBA
bY BBIBOIWUT Ha JUCIUICH, pACIOJIOKEHHBIN Ha niepeanen manenu [1PIIpY

[Tupokoe BHeApeHne 00X WHTErpabHBIX cxeM (BUC) u mud-
POBBIX METOJIOB 00pabOTKH CHUTHAJIOB IMO3BOJIUIIO co37aTh BY coBpeMeH-
Horo [IPITpY Ha 6aze MUKPOIPOILIECCOPHBIX CUCTEM, OCHOBBI KOTOPBIX CO-
craBisioT MIL.

OYHKIIMA MUKPOIIPOLIECCOPHOM CHUCTEMBI, BXOISIIEHM B COCTaB
[TPIIpY, B OCHOBHOM BKJIIOUAIOT B CE€0s: aBTOMATHU3AIMIO MPOIIECCOB
yrpasinenus [IPIIpVY, onpenenenune napaMeTpoB COCTOSIHUS JaHHOTO Y3714,
U3MEHEHHE €ro COCTOSHUS, KOMMYTAlMIO0 OTAECIbHBIX OJIOKOB MO TMPO-
rpamMe MII. He3zaBucumo oT (PyHKIIMOHATBHOIO HAa3HAYEHUS y3Jia OIpe-
JIeJICHNE MapaMeTPOB €r0 COCTOSIHHUS CBOJMUTCSA K cOOpy u 0O0pabOTKe WH-
dbopmaluu, MOCTynawIiie OT pa3IMYHbIX OJOKOB, COCTaBIAIONIUX JaH-
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HbIN y3en. [Ipu 3ToM 171 pa3iIuyHBIX MO CTPYKTYpe W (DYHKIIHUSIM Yy3J10B
MII oGpabaTbiBaeT pa3inyHOE YMCIO WH(POPMAIMOHHBIX CHUTHANOB. [[s
M3MEHEHHSI COCTOSIHHMS JIFOOOro y3jia TpeOyeTcs ONpeAcICHHOE YHCIIO
VIIPABJISIIOIIMX CUTHAJIOB, COOTBETCTBYIONIEE TAHHOW CTPYKTYPE.

Hcnonbs3oBanne MII B kaueCcTBE EHTPAIBHOTO YIPABJISIOIIETO YCT-
pOMCTBA MO3BOJISET peaan30BaTh HIU(OPOBON KOHTPOJIb U yIIpaBieHUe (pak-
TUYECKU BCEMU (PYHKIUSIMU PAIUOTIPUEMHHUKA.

OCHOBHOE TPEUMYIIIECTBO MUKPOIPOIIECCOPHOTO YIPABJICHUS — €T0
Oosbiiasi TMOKOCTh. [Ipy BHECEHUM M3MEHEHUN B PaguONpPUEMHUK HEOO-
XOJIUMO JIUIIb HE3HAYMTEILHOEC MU3MEHEHHE €ro CXEMbl, TaK KaK 3Hayu-
TEIbHO MOAUGDUIIMPOBATHCS MOXET JIMIIb MPOrpaMMHOE OOecredeHue
MII. Yacto MOXHO 00OHMTHCH BOOOIIE O€3 U3MEHEHHUS anmnapaTHON YacTH.
B ITPIIpVY ¢ momoribro MII MOKHO BBITIOJHSATh HE TOJIBKO TAKHUE OUYECBU]I-
HBIE ISl IPUMEHEHUs] TU(PPOBBIX METOAOB ONEpallUM, KaK CUHTE3 YaCTOT
WU YIOpaBJICHUE AUCIUIESIMH, HO U OCYIIECTBIATH BBIOOP MapameTpoB
MIPUEMHHKA, TaKUX, KaK MoJioca MPOIyCKaHus (GUIbTPOB, KO3PPUIIUEHT
ycuiieHus tpakrta [T, mocrosnHas Bpemenu nenu APY u T.1.

Takum o0Opa3om, OJIOK yIpaBlIeHUS, MOCTPOCHHBIM C TMpUMEHE-
HueMm MII, no3BossieT peanrn3o0BaTh B OCHOBHOM CJIEAYIONIME PYHKIIUU:

— Habop Ha Tacrarype (kiaBuaType) TpeOyeMo# YacTOThI MPUHU-
MaeMoro CUTHAJIa, BUJA PaJUOU3IIyYCHHUS,

— yIpaBJICHUE CHHTE3aTOPOM YacTOT (BBIYMCICHHE KOIPPHUIIICH-
toB aenenus ATTK/T);

— yIpaBicHHE MojauanazoHamMu (GUiIbTpaMH B MPECEICKTOPE);

— peryJupoBKa noaocskl nponyckanus [1PIIpY;

— MOJKIIOYEHUE HYXKHOTO JeMoayisaTopa (BIOOpa MporpamMMsl Jie-
MOMYJISIIMH);

— BBIBOJI CITY»KeOHOU MH(MOpMAIMU Ha AuCIUIel (MOHHUTOD);

— 3allOMHMHAHUE 3HAYEHUM YacCTOTHI KaHAJOB M WX MOCIEIYIOIINI
BBIOOD);

— OCYIIECTBJICHUE PEKUMA TOUCKA;

— OIIEHKA KaueCTBa MPUHUMAEMOTO PaJIMOCUTHAIIA;

— TECTUPOBAHUE OCHOBHBIX y3JI0B [IPIIpVY;

— JIMCTaHIIMOHHBINA KOHTPOJIb U yrpaByieHue padotoii [TPIIpVY.

Muxpokomnsiomeprnoe (Muxponpoyeccoproe) ynpasieHnue paouo-
NPUEMHUKOM

CoBpeMEHHbIC PAIMONPUEMHUKN HMMEIOT, KaK MPAaBUIIO, MUKPOKOM-
NbIOTEpHOE yIpaBiieHue. KoMnbloTep, Npexjie BCEro, YNpaBisieT Mpolec-
com HacTpoiku. OH BKJIIOYaeT B ce0sl aBTOMAaTUYECKUM 0030p IMpUHHUMae-
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MBIX YaCTOTHBIX JIMAINa30HOB C (PUKCAITUCH IMOMABIIMXCS CTAHIUH, 3aImo-
MUHaHHE Ha3HAYCHHBIX ONEPATOPOM HACTPOEK M MX TacTaTypHOE YIIpaB-
JICHHUE, YIIPaBJICHUE aBTOMAaTHYCCKUMU PETYIMPOBKAMH IIPUEMHHKA (B TOM
YHCIIE HWHTCIUICKTYyalIbHOE, OO0CCIICUMBAIONIee HAWBBHICIICE KadyeCTBO
nprema).

[IpuMeHeHnEe MHKPOKOMIIBIOTEPA YMEHBIIIACT YHCIO PETYIHPOBOK
B PaTUOTIPUCMHHUKAX.

OtmeTuM ocHOBHBIE U3 HUX i [TIPIIpV:

— BKJIIOYCHHUE W BBIKIIOYCHHUC MUTAHUS TIPUCMHHKA,

— MEepeKIIIOUYCHNE JUANa30HOB IPHHUMACMbBIX BOJIH,

— IUIaBHAsl HACTPOMKA HA CTAHITHUIO,

— JIMCKpETHas HACTPOMKa Ha 3apaHee BHIOpaHHBIC CTAHIINU,

— IOBOPOT MarHUTHOW aHTCHHHI,

— peryJupoBKa yCHJICHUS (TPOMKOCTH);

— PETYJIMPOBKA YYBCTBUTEIHHOCTH;

— PETYJIMPOBKA MOJOCH MPUHUMAEMBIX YaCTOT,;

— BKJIIOYCHUE/BBIKIIOUEHHUE CUCTEMbI O€CITYMHOM HACTPOMKH;

— BKJIIOYCHHE 33JJaHHOTO BHJa pabOThI (paIHOU3IyUCHHS);

— yhpaBJieHHe TONoaHUTEIbHbIME cucTeMamu (RDSwu np.);

— OTKJIFOUYCHHE BCEX paHee CICIaHHBIX YCTAaHOBOK (KpOME HACTpPOW-
KM Ha 3aJaHHYIO CTaHIUIO) U JP.

WTak, COBpEMEHHBIN PaTUOTPUEMHHK MOXET UMETh 10 IOJIYTOpa-
JBYX JIECATKOB OPTaHOB yIpaBiieHUs. MaHUITYJISIUU C HOIMUA TPEOYIOT OII-
peaeneHHoro NpodecCHOHAIBLHOTO OIbITa PadOTHI.

[TpuMeHEHNE MHMKPOKOMITBIOTEPA IO3BOJISIET CBECTH BCE OpraHbI
YIOPAaBJICHUS. B JOCTATOYHO MPOCTOW ITyJBT YIPABJICHHS, COJCPKAIIHM
BCETO HECKOJIbKO KHOIIOK W MHIUKATOP, NMPH TOM HCIOJIB3YEeTCS Ta WIH
WHas CUCTEMa MEHIO — KaK MPaBUJI0, HACTOJIBKO MPOCTas, U4TO JaKe HAYH-
HAIOMIWH ITOJIb30BAaTEIh HHTYUTHBHO YIPABIISET UMK 0€3 W3YYCHUS WHCT-
pyknmii. Kak oTMedanoch, MHOTHE PETyJIMPOBKHU BBITOJHSIOTCS aBTOMa-
THdecku. [103TOMy mepenHss TNaHeldb COBPEMCHHBIX PaHONPHUEMHHUKOB
BBITJISIIAT UHTYUTUBHO MPOCTO.

B memom, cuctema ynpaplieHHS Tpo(ecCHOHATBHBIM PaTuOTIPHEM-
HBIM ycTpoicTBOM (cM. puc. 3.2) coctout u3 Onoka ymnpasienus (BY),
cunTe3zatopa yactor (CH), cucTeM HACTPOMKH, PEryJIMPOBOK U KOHTPOJISI
(CHPuK), Tactatypsl (kmaBHaTypsbl), OJOKa 3allOMHUHAIOIINX YCTPOMCTB
(IT3Y u O3Y), 6moka uHaTEpPEiicoB, yCTpOoHcTBa OTOOpakeHHs (ucIies,
MOHHUTOPA).
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CocraB cucteMsbl ypaBiaeHus Npo(ecCHoOHaANIbHBIM PaAHOTPUEMHBIM
YCTPOMCTBOM YaCTHUYHO MPEJICTaBICH B 000OIICHHON CTPYKTYPHOH CXeMe
U(PPOBOTO PAUONIPUEMHOTO YCTPOICTBA.

B naHHOM MOANYHKTE MOAPOOHO PacCMOTPUM CHCTEMY HACTPOUKH,
peryimpoBok U kouTposisi (CHPuK). OcranpHbie COCTaBISIFOIIME CHCTEMBI
yIpaBiieHUs] PO(PECCUOHATIBHBIM PAJIUONIPUEMHBIM YCTPOUCTBOM: CHUHTE-
3aTop 4actoT, 010k 3V, Onmok mHTEpdENcoB, YCTPOHCTBO OTOOpakeHUs
o ipoOHO paccMOTpeHsl B [28, 29,32].

Cucmema HacmpouKu, pe2yiuposox u KOHMpOJis
CocTaB CHCTEMBI HAaCTPOMKH, PETyJUpPOBOK M KoHTpois (puc. 3.3)
CHPuK cocrowur:

— W3 CUCTEMbI aBTOMATHYECKOHW PETyJIMPOBKH YCUJICHUS U YyBCTBU-
tenbHOCTH (APYHY);

— CHCTEMBI aBTOMAaTHUYCCKOU PETyJIUPOBKH n3oupaTeinb-
HoctH (APW);

— CHCTEMBI aBTOMATHYECKOM peryaupoBku 4acToThl (APY);

— MOJACHUCTEMBI CICKEHUS 32 HACTPOUKOU U PETYJIIUPOBKOK;

— TIOACHUCTEMBI O€CITYMHON HACTPOUKH,

— mnoxacuctembl u3Bneuenus JIBW (10MOIHUTEIBHBIX BUIOB HH-
(opManym) U3 MPUHUMAEMOI'0 CUTHAIA;

— TMOJICUCTEMbI KOHTPOJIS U JP.

IToxcucTemMsr
CHPuK

APYu4 APA APY

APuPP | APuPP
YCHJICH. YYBCTB.

PeryIMpOBKO

HacCTPONKOM 1

HACTPOUKH

Hacrp. Toncrp. Hacrp. Toncrp.

CrnexeHust 3a
BecuymHoti
HzBneuenus
JIBU
Kontpons

VT OTII W36.cuct. OTIT n YTIT CYu OTII

Puc. 3.3. Hactpoiiku, peryiupoBku U KOHTposb PIIpY.
[Toncucremst PIIpVY

Cucrema aBTOMAaTUYECKOW PETYJIUMPOBKHA YCHICHUS U YyBCTBUTEIb-
HOCTH, B CBOIO OY€pElb, UMEET JIBE MOJCUCTEMbl ABTOMATUYECKOU U PyU-
HOM perynmupoBok (AP u PP) ycuneHus m 4yBCTBUTEIBLHOCTH, KOTOPBIC
YIPaBIISIOT YCUIUTESIBHBIM TPakTOM o01ero Tpakta npuema (YT OTTII).
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CucTeMbl aBTOMAaTHYECKOU PETYJIUPOBKH M30UPATEIHHOCTH M YaCTO-
Thl MUMEIOT IIOJICUCTEMBI HACTPOMKHM M mNoACTpouku. Iloacucrembl Ha-
CTPOMKH U MOACTpOMKU cuctembl APU ynpaBisitoT n3duparebHbIMU CUC-
temamMu OTII u UTII. IlogcucTtemMbl HACTPOWKHA U MOJACTPONKH CHUCTEMBI
APY ynpasistor rerepoguaamu CH u OTILL

Hacmpoiiku paouonpuemnuka

Hacrtpoliika paguonpueMHUKa — 3TO YIPABJICHUE SJIEKTPUUECKUMU
napaMeTpamMy 4YaCTOTHO-CEJICKTUBHBIX IIeTIel MpUEeMHHUKa, 00eCceunBaro-
mee AeMOIYJISAINI0 U 00pabOoTKy MOJIE3HOT0 CHUTHala C TpeOyeMbIM Kaue-
cTBOM [24].

CucrteMbl HaCTpOMKHU TPOPECCUOHATBHBIM MTPUEMHUKOM — 3TO aBTO-
MaTthyeckue cucrteMbl. OHU B OOIIEM ciydae 00ecleurBarOT HAaCTPOUKY
[TPTIpVY nHa pabGouyto yacToTy. s 3TOro cucrema HaCTPOMKM MpPU Tepe-
xoxe IIPIIpY c¢ onHOM 4acTOTHI HA APYTYIO IIEPECTPAUBAET BCE DJIEMEHTHI
HAaCTPOWKH, BKJIIOYAsI JIEMEHTHI CBSI3H.

Hactpoiiku ObIBaroT:

— DJIEKTPOMEXAHUYECKUMHU;

— 3JICKTPOHHBIMHU (AHAJIOTOBBIMH M IIU(PPOBHIMHU);

— KOMOWHHPOBAaHHBIMHU.

DIEKTPOMEXAHUYECKUE CHUCTEMBI HACTPOMKH NMPHUEMHUKOB HCIIOJb-
3YIOT MEXaHUYECKHNE KOHTAKTHI JIJIsi KOMMYTAllMM B BBICOKOYACTOTHBIX 11€-
msax [TPIIpY, obmagaromue meiapM psigoM HEOCTATKOB:

— HEBBICOKON HAJEKHOCTHIO M3-32 OKUCIJICHUS, 3arpSA3HCHUS U Me-
XaHWYECKOTO U3HOCA;

— CpaBHUTEJIBHO OOJIBIIOW TMAapa3sUTHOW EMKOCTbIO KOHTAKTHBIX
nap;

— TPOMO3JKOCTHIO U HEOOXOJUMOCTHIO CYIIECTBEHHBIX YCUIIUNA TIPU
nepekioucHun (Hanpumep, 0apabaHHbBIC TIEPEKIIOYATEIIN);

— CJOXHOCTBIO YCTPOMCTBA YMNPABICHUS MEXaHUYECKUMU KOHTAK-
TaM#, OCOOCHHO B MTOJTHOCTHIO aBTOMATU3UPOBAHHBIX TPUEMHUKAX;

— 3HAYUTEIbHBIM 00€CTIEUeHUEM MAJIOTO BPEMEHU HACTPOMKH.

[Io >TuM nOpUYMHAM MEXAHUYECKHE KOHTAKThI U COOTBETCTBEHHO
AIEKTPOMEXAHUYECKUE CUCTEMbl HACTPOUKHM HAXOMST KpailHE OrpaHUYCH-
HOE ITPUMEHEHHUE.

Haunbonpiliee mpuMeHEHUE JJisi KOMMYTallMM B BBICOKOYACTOTHBIX
LEMSIX MPUEMHUKOB HAXOJSIT F'€PKOHBI U MOIYNPOBOJHUKOBBIE KOMMYTa-
HAOHHBIX JUOJBI, & B KAYECTBE KOMMYTHUPYIOIINX 3JIEMEHTOB B BBICOKO-
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4aCTOTHBIX M30upaTeabHbIX Lemsx PIIpY — nonynpoBoaHHKOBBIE KOMMY-
TAlMOHHBIE OBl C DJIEKTPOHHBIM yrpaBieHueM. OHH UMEIOT 0OJIbIlIOe
CONPOTUBJICHUE U MAIYI0 €MKOCTh MPU HANPSIKEHUH OOpPATHOrO CMeIle-
HUA U Manoe auddepeHIraIbHOEe COMPOTUBJICHUE MPU TOKE MPSIMOTO
cmemenusi. Ha gacrorax 6omee 10 MI'm nenecooOpa3HO MCIOJIB30BaTh
PIN-THOBI, Y KOTOPHIX MEHBIIIE EMKOCTh IIPH 0OpAaTHOM CMEIIECHUU M OHA
OY€HbB CJIa00 3aBUCUT OT 0OPATHOTO CMEIICHHS.

JIist KoMMyTaluM NPUMEHUMBI M PTYTHBIE TNEpeKItovaresnn, oda-
JAKIIMe TepexXoHbIM colpoTuBieHue He Oosnee 0,2 OMm mpu 4dacToTe
He Boime 30 MI', eMKoCcThI0O MeX Ty KoHTakTamMu He 6oiiee 0,4n1d u Bpe-
MeHeM cpabaTbiBaHus He Oojee 60 mc.

Hcnonb3oBaHne B CUCTeMaX HACTPOMKHU MPUEMHUKA KOMMYTHUPYIO-
IIMX 3JIEMEHTOB I'€PKOHOB M MOJYIPOBOJIHUKOBBIX JTHOJ0B 00€CTICUHBAET
BBICOKYIO HaJEKHOCTh, MaJible Ta0apuThl U Maccy, AJOCTaTOYHO MPOCTYIO
CXEMy YNIpPaBJICHHUS M MO3BOJISIET co3naBaTh PIIpY c siexkTtpoHHON Ha-
CTPOUKOM.

BrimyckaeTcst nenbiilt psj npodecCUOHaNbHBIX MPUEMHUKOB C DJIEK-
TPOHHOW BapAKTOPHOM HACTPOUKOM.

BapakTop —3T0 noiynpOBOAHUKOBBIN TUO, [0 TPUHIKUIY JIE€UCTBUS
AHAJIOTUYHBIN Bapukamy. Mcnonap3yercs NpeuMyIeCTBEHHO KaK HEJIUHEN-
HBIN AJIEMEHT B YMHOKUTEJISIX YaCTOThI, & TAKKE JJIs1 YCUIICHUS KOJIeOaHUs
B [TAPAMETPUYECKUX YCHIIMTENSX CBEPXBBICOKOYACTOTHOTO THANA30HA.

K mgocTtomHCcTBaM 2JIEKTPOHHOTO CIMOco0a HACTPOMKH MOXKHO
OTHECTHU:

— MaJble rabapuThl U Maccy;

— TPAKTUYECKYI0 OE3BIHEPIIMOHHOCTh U3MEHEHHUS €MKOCTH Bapak-
TOpPA, YTO CBOJAUT K MUHUMYMY BpEMsI HACTPOMKH;

— Mally}0 MOIIHOCTh WCTOYHHKA YNPABISIONIETO HAMPSIKEHHUS, YTO
onpeensieT SKOHOMUYHOCTh TaKOTO Crioco0a HaCTPOUKH;

— CpPaBHUTEIHHO BBICOKYIO CTaOWJIHHOCTH MapaMETpPOB BapaKkTopa
IIpU U3MEHEHUH TEMIIEPATYPhl OKPYKAOUIEH Cpelbl U HEYYBCTBUTEIb-
HOCTb K BUOpaIHIM,;

— OO0JIBIIION peanu3yeMblidi KO PUITMEHT NEePEKPHITHUS EMKOCTH.

OnHYM W3 OCHOBHBIX HEJOCTATKOB 3JIEKTPOHHOM HACTPOMKH SIBJISIET-
Cs 3HAUUTENIbHAS HEJIMHEMHOCTh BapakTOpa, OCOOCHHO 3aMeTHas NpHU
CUJIbHBIX CUTHAJaX M MajbIX cMelleHusx. [loaToMy nmpuMeHeHue Bapak-
TOPOB B PE30HAHCHBIX LEMAX, HAIPUMEDP, MPECENEKTOPA, MPUBOAUT K HE-
KOTOPOMY VYXYJIIICHUIO CEJIICKTUBHOCTU TpHUeMHUKA. [ ycTpaHeHus
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HEJIMHEHHBIX 3(()EKTOB BapaKTOPOB UCIOJIB3YIOTCS Pa3IMUHbIC PEIICHUSI
[23]. bonee moapoOHO CrocOObI HACTPOMKH M 3JACMEHTHI KOMMYTAIIMH
OINHCaHbI B [24].

Pezynuposxu paouonpuemnura

PerynupoBka paguonpueMHHKa —3TO HAMPaBJIEHHOE BO3JEHCTBUE HA
AJIEMEHTHl MPUEMHUKA C IEJbI0 O0ECIEUYEHUS] ONTUMAIbHBIX YCIOBUMI
IIpyUeMa MOJIE3HOIO0 CUTHAJA.

Perynmuposku B [IPIIpVY npennaznayeHst:

— JUISl pETYJIMPOBKU YaCTOThl IPUHUMAEMOIO CUTHAA,

— PEryJIupOBKH YCHJIEHHUS B COOTBETCTBUM C YPOBHEM IMPUXOISIIIE-
ro CUTHAJIA;

— U3MEHEHMS TMOJIOCHI MPOMYCKaHUs C IEIbI0 00ECleueHus HeuC-
KaXCHHOTO BOCIIPOU3BEJCHHS CHUTHAla W MAaKCHUMAaJbHOTO IOJIABICHUS
MIOMEX, T.€. COINIAaCOBAHUS MOJIOCKHI MPOITYCKAHUS CO CIIEKTPOM CUTHAJIA,

— TMOJJIEpKaHWsI TOYHOM HACTPOWKHA HA YacTOTy NPUHUMAEMOIO
CUTHAJIA TIPY BCEX OTKJIOHEHMSX YAaCTOThl MPUHUMAEMOI0 CUTHAJIA U Pac-
CTpOWKE MPUEMHHUKA MO/ BIUSIHUEM JIECTA0MIN3UPYIOMUX (DaKTOPOB.

Tpebosanus Kk pe2yuposKam.

— OHHM JOJDKHBI OBITH 1LI€JICHANPABICHHBIMH, T.€. U3MEHEHUE OJIHOTO
U3 TIapaMeTpoB MPHU PEryIUPOBAHUM HE JIOJHKHO MPUBOAUTH K CYIICCTBEH-
HOMY M3MCHEHUIO JPYTUX MapaMeTpoB (0COOCHHO HE JIOJDKHO yXYAIIAThCS
COOTHOIICHUE curHaji/mym Ha Beixoae PIIpY);

— o0sanarh OONBIIUM JAMANIA30HOM PETYyJIMPOBaHMS, TaK Kak mapa-
METPhl MPUHUMAEMBIX PATUOCUTHAIOB MOTYT HM3MEHSTHCA B IIUPOKHUX
npenenax (80 ...1001b);

— o0nagaTh AOCTaTOYHO BBICOKOM CKOPOCTHIO PETYJIUPOBAHUS, TaK
KaK B HEKOTOPBIX CIy4asX CKOPOCTh WM3MEHEHHs MapaMeTpoB CHUTHala
MOKeET ObITh 04eHb Oosbmoi (0,1 ...100).

Cy1iecTByeT JBa BUIa PEryJIMPOBOK:

1. HenocpencrBeHHbie (MECTHBIC) M IUCTAHITMOHHEIC. B ciydae awc-
TAHIIUOHHOT'O yMpPAaBJCHUS ONEPATOP WIM YIPaBISAIOIIEE YCTPOUCTBO Ha-
xouarca Ha pacctossHuu OT PIIpY wu cBsA3aHbl ¢ HUM CpeaCTBAMHU Telie-
ynpasieHus u tenecurnanmmanyu (TY-TC).

2. Pyunble 1 aBTOMaTH4ecKue. PydHble pEeryaupOBKU CIIyXaT aJis
repBOHavyajabHOM HacTpouiku PlIpVY, mepBoHauanbHOW yCTaHOBKH YyCUIIE-
HUS U ToJIockl mpomyckanus. [locnenyronue peryJiupoBKH MOTYT OBITh
KaK py4YHBbIMH, TaK U aBTOMaTUYECKUMH. PydyHasi peryinpoBka, Harpumep,
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ycunnenns (PPY), ucnone3yrorcs B Tex ciaydasx, korma DJIC curaana
B AHTECHHE W3MEHSETCS CPABHUTEIIBHO MEIJIEHHO, NEPEeXOols C OJIHOrO
YPOBHSI Ha IPYTOW U 3aJ€PKUBASACh HEKOTOPOE BPEMS Ha KAXKJIOM U3 HHX.
O6wsiuno PPY wucnonb3yercs B Tpakte HY, pexe .— B Tpakrax TPY
u TIIIIY coBmectHO ¢ APY.

[IpyuMeHeHne py4YHOM PEryJUPOBKU JONMYCKAECT HNPUMEHEHUE DJIEK-
TPOMEXAHUYECKUX YCTPOUCTB — BapuoMeTpoB, KIIE, a B paguonpuemuu-
Kax 4Y€TBEPTOTO U MATOr0 MTOKOJIEHUN — BApUKAIIOB, BAPAKTOPOB U T.II.

Heo0xoauMOCTh B aBTOMAaTUUYECKON PETyJIUPOBKE BO3HHUKAET IMpU
OOJBIIION CKOPOCTH M3MEHEHHMs MapaMeTpOB CHUTHAJIa, KOT/a OMepaTop
HE B COCTOSIHUHU YCJIEAUTD 33 STUMU U3MEHCHUSMMU.

[Ipr QUCTAaHUMOHHOM M AaBTOMATHYECKOM PETYJIUPOBAHUHM HCTIOJIb-
3YIOTCA 3JIEKTPOHHBIE YCTPOWCTBA. DJIEKTPOHHBIE aBTOMATUYECKUE PETY-
asTopbl coBpeMeHHBbIX PIIpY ocHoBaHbl Ha MpPUMEHEHUU OBICTPOJEHUCT-
BYIOIIMX MUKPOMPOILIECCOPOB.

K Hanbonee pacnpocTpaHEHHBIM THUIIAM aBTOMATHYECKUX PETYJIHPO-
BOK OTHOCSITCSI: aBTOMAaTU4ecKas peryiaupoBka ycwienus (APY), aBroma-
THYecKas mojcTpoiika yactoTel (AITY) m aBTOMaTHYecKas peryJMpoBKa
usbuparenbHoctu (APN).

3.3. ABTOMaTHUYeCKAasl PeryJupoBKa yCHJIeHUs

ABTOMaTH4ecKas peryiaupoBka ycwieHus (APY) npennasznadueHa s
HOJIZICPYKaHUS Ha BBIXOJIC PaIUONPUEMHIKA YPOBHS CUTHAJA, JOCTATOYHO
BBICOKOT'O M CTa0MJIBHOTO, IIPH KOTOPOM OOCCIICUNBAETCsl HOpMaJibHas pa-
0ota okoHeuHo# ammapartypsl (OA).

B pamuocBs3W YpOBEHb CHTHAJla HAa BXOJIE PaIUONPHUEMHHKA

4 6
(puc. 3.4) moxer mamenarbcs B 107...1C° pas u Oozee, T.c. QUHAMU-
YEeCKHUI Juana3oH BXOAHOIO CUTHAJIA PABEH:

o = 20lg| 2Bx.Max | [15] = 60.. 12 15]. (3.1)
BX.MiN
BrixogHoe HampspkeHHe paguoNpueMHUKa, TIPH KOTOPOM OOecredn-
BaeTCs HOpMaJlbHass paboTa OKOHEUHOM almaparypbl, HE JOJDKHO H3Me-
HATBCS OoJiee yeM B 1, 2 ... 3pa3a, T.e. IMHAMMYECKUN JTMana30H BBIXO/I-
HOT'O CHTHAJIa paJIMONIPHUEMHNUKA PABEH:

B = 20lg| —sx.max || = 16, Q[4B]. (3.2)

BBIX.MIN
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Takum oOpazom, 3amaya APY — u3MeHATh KO3(PUIMEHT ycuie-
HUs K YyCHIMTENBbHOTO TpakTa pPaguONpPUEMHUKA B 3aBUCUMOCTH OT

YPOBHS BXOJTHOTO curHaia. [lox yCUIuTenbHBIM TPAKTOM PaJIUOTPHEMHHU-
ka (cMm. puc. 3.4) B 1aHHOM ciydae OyJeM IMOHHMAaTh COOMpATEIbHO BCE
YCWJINTEIbHBIC KacKaJbl PaAWONPUEMHUKA. YCHIUTEIN PaJIA0YACTOTHI
(YPY), mpomexxyrounori wyactorbl (YIIH) m Humskux uwacror (YHY).
Kak mnpaBuio, 3TO MHOTIOKAacKaJHbIC YCHJIMTENIH, T.€. YHCJIO KackKa-
noB 1, 2,

L

PaagnonpueMHuk
Usx VPY VIIY VHY Usuix
1121 inf1[21...In}1 1271, :n_‘ >OA
a =60...12q ab] |- ' ' B=16...9,61b]
YcunureabHblii TpakT, Ky

7
APY |j——

Puc. 3.4. O000111eHHasA cxeMa IOAKII0YEeHNU cucTeMbl APY
K pPauONPUEMHHUKY

OcHosnbie mpebosanus k cucmemam APY:

1. bonbmias riyouna perynupoBanusa. Cuctema APY gomkHa o6ina-
7aTh TIIYyOMHOW pPETyIHPOBKH, MO3BOJISIONICH MPUHUMATh CUTHAJBI B 3a-
JaHHOM JMHAMUYECKOM JHarna3oHe paauonpueMHUKa.

2. YcrontunBocth. Cuctrema APY nomkHa oOecrieunBaTh HEU3MEH-
HOCTh BBIXOJHOTO HampspkeHus PIIpV (uaeanbHbIN ciydaii) MOCjae JOCTH-
KeHUS TTOCTIeTHUM HeKoToporo 3HaueHust Uy, min (puc. 3.5,0), obecme-

YUBAIOIIETO HOPMAJIbHYIO padOTy OKOHEYHOM amnmaparyphl.

3. Cucrtema APY He J0/KHA BbI3BIBATH YPE3MEPHBIX HCKAKEHUM
orubarole curHaia Wik IPUBOJINUTH K MOSBICHUIO TTapasuTHOU AM.

4. nepunoHHOCTh cucteMbl APY pomkHa 1MO3BOJISATH MOAACPHKH-
BaThb 3aJIaHHBIA YPOBEHb BBIXOJHOTO CHUTHaja paguoNpUEMHUKA MpU Obl-
CTPBIX M3MEHEHHUSIX CPEIHET0 YPOBHS CHUTHaja Ha BXOJe 0e3 CyIeCTBEH-
HBIX UCKXKEHUW MMPUHUMAaeMO# nH(opmauu.

5. Cucrema APY He goimkHa MoBbIIATE KOAG(UITUEHT 1IyMa paguo-
MPUEMHUKA TIPU CJIa0bIX CUTHAJAX.
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6. Cuctema APY nomxHa OBITH II€JICHAIIPABICHHOM, HE TPHUBOJINUTH
K CYIIECTBEHHOMY M3MEHEHHIO MapaMeTPOB CUTHAJIA U 3HAYMMO HE BJIUSTH
Ha XapaKTePUCTUKHU PATUOTIPHEMHUKA.

Ocnognvie xapakmepucmuku cucmemvt APY

Paboty cuctemsr APY oreHHBalOT B CTATUYECKOM M JUHAMHYECKOM
pexumax. B ctatnueckom pexxuMe MHEpLHMOHHBIE cBokicTBa APY He mpo-
ABJISIFOTCS, TAPAMETPBI CUCTEMBI U3MEPSIOTCSI B YCTAHOBUBIIEMCS PEXKUME,
MPEAIONAraromeM MEJICHHbBIE U3MEHECHUS! aMIUTATYbl HECYIIEro KoJie-
Oanus. [uHamMu4ecKkuil pexxuM pabOThl CBSI3aH C MHEPIIMOHHOCTHIO CUCTE-
Mbl APY 1 uMeeT MecTo Mpu MpHEME CUTHAJIOB C OBICTPO MEHSIOIIEHCs
aMIUTATYJIOM KoyieOaHUW HECyIIel 4acTOThl. B COOTBETCTBUU C PEKUMOM
paboThl pa3IMyYaOT CTATUYECKUE M JUHAMHUYECKHUE XapaKTePUCTHKU
cucreMbl APY.

OddexTuBHOCTH cucTeMbl APY B cTaTUueCKOM peXHUME OlEHHUBAET-
Ci JMHAMHUYECKHMH JHaNa30HAMU W3MEHEHUW AaMIUIATY]l CUTHAJIOB
Ha BXOJE W BBIXOJIE PETYIHPYEMOr0 YCHIHTEJIBHOTO KaHana WA BCETO
paauoIpUEeMHUKA.

Junamuueckuii Ouanazox 6X0OHbIX CUSHANI08 PAAUONPUEMHHUKA Olle-
HUBaeTCs BhIpakeHHeM (3.1) M ompejensercs OTHOIICHHEM MaKCHMallhb-
HOW aMILTUTY Il CUTHAJIA Ha BXOJIEe pajronpueMHrKa (YCHIUTEIHHOTO Ka-
HaJla) K MUHIMAJILHOW aMIUTUTYJIe CUTHAJIa Ha BXOJIe, KOTOpasi COOTBETCT-
BYET YyBCTBUTEIBLHOCTH paguonpueMunka (puc. 3.5,0).

3

KO A UBMX
Ko max Usux.max
be3z APY (AX PITpY)
Uneansnas APY
Unux.min > - ./é
K, /|
0 min 1
, M R
- U UB.X.III in UBx.max B’x
UPmin UP max P (E \n) (E \m...)
a o

Puc. 3.5. AMmnuTygHas XapakTepUCTUKA PaIUOIPUEMHUKA
(6e3 APY):
a —peryJIMpoBOYHas XapaKTepuCcTUKa cucteMbl APY;
0 —uJieanbHas aMIUTUTYAHAsI XapaKTepUcTuka cucteMsl APY

103



Junamuueckuii Ouanazon 6bIXOOHBIX CUSHAIO8 PATUONPUEMHHKA
ollcHMBacTCs BbIpakeHneM (3.2) U ompeaensieTcss OTHOIICHHEM MaKCH-
MajJbHON aMIUIMTY/bl CUTHAja HA BBIXOAC paguolnpHeMHUKa (YCHIIMTEIIb-
HOrO KaHajia) K MUHHUMAaJbHOW aMIUIMTYJE CHTHaja Ha BBIXOZE, KOTOpas
CUMTACTCS] JOMYCTUMOM JjIsi padOThl OKOHEYHOH ammapaTypbl. OOBIYHO
IO/l BEIMYMHON MHHUMAIBHON aMIUIMTYAbl CHUTHAJa Ha BBIXOJE PaJIHO-
IMPUEMHHUKA TTOHUMACTCS aMILIUTYy/Jda BBIXOJHOTO CHUTHAja, JOCTATOYHAs
st padbotel OA u obecrieunBaroias 3aaHHOE Ka4eCTBO.

Hunamuueckuii ouanazon peeyauposku (/] p), WM MaKCHUMalbHas

rIyOrMHA peryaupoBKU KOd(PGUITMEHTA YCUIICHUS:

K
J plpas] = Kg::( %; 1 p[n5] = a[15] - B[] (3.3)

rie Komax Komin — MakCUMaJIbHbII U MUHUMAaJIbHBIA KO3()(PUIIMEHTHI

YCUJICHUS] YCUIIUTENIBHOTO TPaKTa paguonpuéMHUKa. MakcuManbHbIN KO-
sppuument yewtenus Kgmax =Y eux.min/Yex. min COOTBETCTBYET MH-

HUMaJbHOMY YPOBHIO HampspkeHus perynmupoBku U p (cm. puc. 3.5, 0).
Munumansabii  kodgpumuent yeuwtenust  Komin =Upswx. max/YUsx.max

COOTBETCTBYET HAMOOIBIIIEMY BXOJHOMY CUTHAYy W, 3HAYUT, HAaUOOJbIIIE-
My YPOBHIO HamnpspkeHus perynupoBku U p (puc. 3.5,0).

HNcxons w3 3HaueHnd O U [3 quHaMuyeckui nuamna3oH APY cospe-
MeHHbIX PIIpVY nomxken coctaBnsars 60...12C[ ab] .

Amnaumyonas Xapakmepucmuka pe2yiupyemozo yCUIuUmenrbHo20
mpaxkma PaguoNpPUEMHHIKA XapAKTEPU3YET 3aBUCUMOCTh AMIUIUTY/Ibl BbI-
XOAHOTO HAaMpsHKEHUS PAMONPUEMHUKA OT AMIUIATY/Ibl BXOAHOTO CHUTHA-
Ja B CTATUYECKOM pEKUME MNpU BKIKOUEHHOM cucreMe APY. MpeanbnHas
aMIUIMTYIHAsI XapaKkTepucTuka cuctembl APY mokaszaHa COBMECTHO C aM-
IUTUTYAHON XapaKTEepUCTUKON palMONPUEMHHKA HA pUcC. 3.9.

Pezynuposounas xapaxmepucmuxa cucmemvt APY — Ko = f(Up),

T.€. 3aBUCUMOCTb KOo3(pduiueHta ycuiaeHuss Kg yCHIUTENbHOTO TpakTa
paaMoONIpUEMHUKA OT HaIpspKeHUs perynupoBanus U p, BbIpaOaThIBaeMo-

ro uensio APY. PerynupoBounas xapakrepuctuka cucteMbl APY mokasa-
Ha Ha puc. 3.5,a.

Ilepexoaubie mpoueccel B cuctreme APY oreHuBaroTcs ounamuue-
ckumu napamempamu. Illpexne BCero, K HUM OTHOCHUTCS ITOCTOSIHHAS Bpe-
MeHU cucteMbl APY.
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Ilocmosnuas epemenu cucmemsi APY (T 4py) XapakTepu3yeT HHEp-
UOHHOCTH cucTeMbl APY u onpenensercs u3 ycioBus

_(5..10)

APy 2(5.10)Tcmax = o (3.4)
cmin

rne Temax (Femin) — MakcumanbHasi (MHHAMANbHASI) JUIMTEIBHOCTD Tie-

puoja (4acToThI) MOJIE3HOTO CHTHAJA.
[Ipuyem nocrosinHast BpemeHu cuctembl APY nomxkHa ObITh conzme-
pUMa C JJIUTEIbHOCTHIO MEIJICHHBIX 3aMUPAHUN CUTHAJA!

TAPY = Tzam, (3.5)
rae Ty = 01...1c — mmTenbHOCTH Neproia MEAJICHHBIX 3aMUpaHui pa-

auocurnana [24].
B cucremMax paguoCBs3M MPU HPHUEME PaAHOU3IyUCHHH aMILIATYI-

Hoit Moy (A3E) Taopy = 005...01c, a mpu cnyxoBom mpuéme pa-
NMUOW3ITydYeHU aMiutuTy Ho# Tenerpaduu (A1A) Topy = 05.. 1c.

3.3.1. Memoowt pezyruposanusn KoIgpguyuenma ycunenus

W3 M3BECTHBIX METOJOB PETYJIHPOBAHUS YyCUJIEHUA B Mpodeccuo-
HaJbHBIX PAJAUONPUEMHUKAX MPUMEHSIOT B OCHOBHOM PEXUMHBIE PETyJIn-
POBKH U PETYJMPOBKHU C TTOMOIIBIO MEKKACKATHBIX BHICOKOYACTOTHBIX aT-
TCHIOATOPOB (AcIHTENCH).

Opnako B mpodeccHoHaIbHON pajuoanmnapaType peKUMHBIC pery-
JUPOBKU MPAKTUICCKU UCTIOTB3YIOTCS PEIAKO BCIEICTBUE HEIOMYCTUMOIO
BO3pAacTaHUs HEIUHEHHBIX A(PGHEeKTOB TpH CMENeHHH padodyedl TOUYKHU
B MPOIECCe PETYyJIUPOBaHUS M pa3dpoca mapamMeTpoB TPAH3UCTOPOB, Be-
AyIIer0 K HECTAOMIBHOCTH CHUCTEMBI PETYJIMPOBAHHMS M CAaMOTO YCHIIU-
TeAbHOTO Kackana. [lodToMy peXuMHBIE PETyJIMPOBKHA pacCMaTpUBATh
He OyneMm.

PerynupoBku ¢ MOMOIIBIO MEXKKACKAIHBIX BBICOKOUACTOTHBIX aTTe-
HIOATOPOB (jIenuTeliell) MPUMEHHMBI B MHOTOKACKAJHBIX YCHJIUTEIAX,
K KOTOpbIM U oTHOCcsATCA Y PY, YITY.

B Takux cxemax MOSIBISETCS BO3MOXKHOCTb PETYJIHPOBKU YCHUIICHUS
0e3 U3MEeHEeHUsl pexxuMa Y MO MOCTOSHHOMY TOKY, 0€3 HapylIeHHs pe-
KUMa, ONITUMAIBHOTO C TOYKH 3PCHHS HEIIMHEHHBIX SIBICHUM U IITYMOBBIX
CBOMCTB KacKaJ 0B.
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[TpuHIUTT peryaupoBaHus KOI(PPHUIIMCHTa YCHICHHUS C IOMOIIBIO
MEKKACKaHBIX BBICOKOYACTOTHBIX aTTCHIOATOPOB (JIenuTeliell) Mmokas3aH
Ha puc. 3.6.

[Ipu TakoMm crocoOe PEeryJMpoOBKA B MHOTOKACKAJIHBIX YCHIUTEIISAX
MEXKIy YCHIUTEIBbHBIMHM KacKaJaMH depe3 corjiacyroimue Tpanchopmaro-
pBI MM 0€3 HUX BKJIIOYAIOT YIPABJISIEMBIH aTTCHIOATOP (IEIUTENh) C TIe-
PEMEHHBIM KO3(PQUITUSHTOM Iepe/ayu, T.e. U3MCHSCTCS BEJIWYMHA Ha-
NPSDKEHUST CHTHANA, TepeaaBacMoro OT OJHOTO Kackala K JPyroMy.
VYpapisieMble aTTCHIOATOPBI (IEIMTEIN) IS IPOCTOTHI OMMCAHHUS Ha30-
BEM peryiaupyembiM asiemMerToM (PO, puc. 3.6).

—) YPU ] !‘ P9 | s yrq?2 N
K] KZ
T Up

Puc. 3.6. O60011eHHAs cXeMa PeryaupoBKH Koddpuiimenta
YCHUJICHUS C TIOMOIIBI0 MEKKACKaTHBIX BRICOKOYACTOTHBIX
aTTEHI0ATOPOB (IeauTerneii)

B kadectBe ynpaBisieMbIx arTeH0aTopoB (PD) B 0OCHOBHOM HCITOJb-
3YHOTCS:

— CXEMBI JUOIHBIX (IMOHO-PE3UCTUBHBIX) JCITUTEIICH;

— CXEMbI TPAH3UCTOPHBIX YIPABIAEMBIX aTTCHIOATOPOB;

— CXEMBI aTTCHI0ATOPOB Ha P-i-N — Tnoax.

HauOonbiiee pacnpocTpaHeHUE TOJYYHUIM CXEMbl C JHOJIHO-
PE3UCTUBHBIMU JICIIUTENSIMHU, B KOTOPBIX HUCIOJB3YETCS 3aBUCHMOCTH CO-
NPOTHUBJIEHUA Moa Ry oT mogaBaemMoro Ha Hero HampspkeHus. Jlocroun-

CTBO 3THUX CXEM COCTOWT B TOM, YTO OHH JAIOT BO3MOXKHOCTh PEryJIUPOBKH
B OTHOCHTEIHHO OOJBIIMX TMpeAesiaXx W BHOCIT HEOOJbIINE HEIWHCHHBIC
UCKaXKCHHUS.

B cxeme 0JHO3BEHHOrO JHOJIHO-pe3ucTopHOro aenurtens (puc. 3.7)
peryimpyromas 1ernovka (comporuBiieane R u muon VD) Brimouaetcs
B BBIXOJHYIO Ilenb 110 kackama (YPU 1) m BXxoaHyto memnb 2-T0 Kackaja
(YPY 2) yepes tparchopmaropsl Tpl u Tp2 coorBercTBeHHO. [Togdopom
K03 HUITMEHTOB TpaHCPOpMAIIUU MOKHO OOECIIEUNTh HEOOXOIUMYIO Ha-
IPY3Ky KackaJa W CTEICHb BIUSHHA Rpy Ha IenuTens HampsHKeHUs.
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[Tpu 3TOM KO3 duIMeHT nepenaun aenurens K J] 3aBUCHUT OT 3JICMCHTOB

CXEMBI CIEAYIOIIUM 00pa3oM:

' R
ﬂ:UZZ R -, TIe R':LRCI_ (36)
Ul R+R RBX + Rd
G
Tp] HP TPZ
YPY 1 |Rssix Rexl ypy 2
U,

Puc. 3.7. Cxema 0JTHO3BEHHOT'O IUOHO-PE3UCTOPHOTO JACTUTEIIS
HaIpsHKEHUS! CUTHaTa

[Ipy HOpMaIBLHOM ypOBHE CHUTHaja JMOJ 3aKphIT, 00Jajgaer 00Jib-
muM Ry ¥ npakTHuecku Bce HampsyKEHUE CUTHAJlA MepeaeTcss Ha BXOA

cienyromiero kackanaa. st ymensinenus K J7 Hao yMCHBIINTH a0COIIOT-

HYIO BEJIMYUHY ‘—U P|, IO OTKpbIBaeTcs U Ry mpu 3TOM yMeHbIIaeTcs,

yMEHbIIaeTcs HanpspkeHue curnana Uo, nepenasaeMoe Ha BXOJ CIIEIYIO-

IIEro Kackasa.
Jluana3oH peryaupoBaHus /J[p TakoW CXEMBbl OOBIYHO HEBEIMK

u He npesimmaeT 10...20pas.

JUia yBenuuenus /[p B ABa pa3a IPUMEHSETCS CXeMa C IByMs CTy-
MCHSIMM JICJIEHUS, B KOTOPOW CHUTHaJ MOCJIEAOBATEIBLHO JEIUTCS Ha Tep-
BOU CTYIIEHU U JaJIE€ —HA BTOPOU.

JlocTOMHCTBAa yKa3aHHBIX CXE€M C JUOJHO-PE3UCTUBHBIMU JICIIUTENS-
MH Peaanu3yroTCs JIMIIb TOT/1a, KOrjla caMma lLienb JACJCHUS HE BHOCUT HEJIHU-
HEWHBIX UCKAKEHUN. JTO MPUBOJAUT K OTPAHUYCHUIO MPEAECIOB UCIIOJIb30-
Baaus BAX nuomoB. [Ipu CUIBHBIX CHTHAJIaX AMOMABI pabOTalOT B 00J1aCTH
OOJIBIIION KPUBU3HBI X XapaKTEPUCTUK M HEJIWHEHHBIC UCKAKEHHUS MOTYT
JOCTUTaTh HEIOMYCTUMBIX 3HaU€HUM. C yd€TOM 3TOTO HE PEKOMEHIYETCS
HU3MEHSITh KOADPUIIMECHT Mepeaadun OJHOMN STYSHKH TaKoTO JACIUTENs 0osee

yeM B 60...70pas3.
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B paccMOTpeHHBIX paHee cxeMax ACIHUTENeH BMECTO JUOJIOB MOTYT
UCIIOJIb30BAThCSl TPAH3UCTOPHI, YIPABISIEMbIC TIO IIETH BXOJa YIPaBIISIO-
muM HanpsbkeHueM U p. Ha puc. 3.8 npeacrasiieHa cxema ynpaBiasieMoro

aTTEHI0ATOpa Ha MOJIEBOM TPAH3UCTOPE.

R4

| |
L | —
VT3 Ussix
VT1 )
C1 ]
] = vi2 “
@ P

L Cé6
Rl——oc2 R2

N

R3

+Uun +Us @ +Up

Puc. 3.8. Cxema ynpaBpisieMoro aTTeHaTopa Ha M0JIEBOM
TpPaH3UCTOPE

Perymupyemsiii IIT (TV2) ycranaBnuBaeTCs B PEeKHUM MaJIOro Ha-
NPsDKCHHST HA CTOKE M pabOTaeT Ha ydacTKe BBIXOJHOW XapaKTEPUCTUKH,
pacrnojgoXeHHo! 10 Touku neperuda. B atom pexume IIT oOnamaer BHYT-
pPEHHUM comnpoTuBieHneM Ry, 3aBucsammm ot U,. Ilpu cnabom curnane
Up =0 u IIT 3anepr. Koadpduuuenr nepenaun cxemsl aTTeHIOATOpa MU
TOM MakcuMalieH. [1o Mepe yBenu4eHus cUrHaia peryIupyrollee Hamps-

KEHUE ‘—U p‘ noBeImraeTcs (mo adcomoTHoM Beanuune) u I1T oTmupaert-

cs1, cHkas cBoe Ryy. Ilepeman conmporusienuii, nasaemsiil [IT ¢ nzonu-
POBaHHBIM 3aTBOPOM, MOKET ObITh oueHb OonbiuM (R = =700kOwm...
500 Owm). [Ipu s3TOM /[ p U151 OTHOTO 3BEHA MOXKET JOCTHTaTh 10°...3:10°

MPU CPABHUTEJIILHO HEOOJIBIINX HEJIMHEHMHBIX HCKaXKEHUSX, Tak Kak [IT
MMEHHO MpH OOJBIINX CUTHAJaX paboTaeT B 00JaCTH HAUBBICIICH JTMHEH-
HOCTH XapaKTEPUCTUKH.
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MocToBBIE CXEMBI YNpPaBISIEMbIX aTTCHIOATOPOB Ha BapuKarax Ha-
UM OTpaHUYEHHOE MpuMeHeHune B cxeMax APY, xora u obecneunBaror
u3MeHeHue ko3 duimenta nepegauu Ha 4...501b u Oonee.

B coBpemennbix PIIpY mupoko HMCHONB3YHOTCS ATTEHIOATOPHI Ha
p-i-n-gquonmax (puc. 3.9), oOnmagaronux OOJBIIMM JHANA30HOM H3MEHE-
HUSI CONPOTHBJICHUS W MaJIoM eMKOCThbio. B cxeme Ha puc. 3.9 pabGoroit
p-i-N-IHOM0B YIPABJIAIOT HM3MEHEHUEM CMEIICHHS Ha 0a3e TpaH3HC-
Ttopa VT1 ¢ nomomero pesucropa Rye.. [Ipy HyIeBOM HanpsHKEHUH PEry-
mupoBku 1uojsibl VD1 u VD3 3akpsiThl, a VD2 OTKpBHIT U 3aTyXaHUE aTTe-
HI0OaTOpa MUHUMaNbHO. [Ipu MakCUMaabHOM HaNpPsHKEHUU PEryJIUPOBKHU
muoasl VD1 u VD3 otkpeiTel, a VD2 3akpbIT U 3aTyxaHHe aTTEHIOATOpa
MaKCHUMaJIbHO.

VD1 VD3

/g

[

R7 UBbIx

%,

Puc. 3.9. Cxema ympaBisieMoro aTTeHI0aTopa Ha P-i-N-auomax

3.3.2. Paznosuonocmu cucmem APY u ux xapakmepucmuka

B coBpemennsix PIIpY npuMeHSIOTCS HECKOJBKO Pa3HOBUIAHOCTEMN
cucteM APY:

— o0OparHbie, NpsIMbIE U KOMOMHUPOBAHHBIE,

— 3ajiep)KaHHbIC M He3aJepKaHHbIe (IPOCTHIC);
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— YCWJICHHBIC U HEYCUJICHHBIE,

— OeclryMHBIC;

— WHEPIIMOHHBIC U OBICTPOICHCTBYIOIIIHE,;

— uudpossie (IIAPY).

Kaxx/ast u3 ykazaHHBIX CHUCTEM MOXKET BKJIIOUYATh B CEOs CIEAYIOIINE
AJIIEMEHTHI. PETYIUpPYyEeMble KacKaJlbl yCHICHUS U 1ienb APY.

[Henp APY, kak mnpaBujio, COCTOMT M3 YCHWIMTENS, ICTEKTOpa
u ¢punetpa. [Ipumeps! neneit APY noxazansi Ha puc. 3.10 — 3.12.

Perymupyemple Kackanbl ycwieHuss — 3TO Kackangel 1Y PllpV,
K KOTOpBIM IpPHKIaJbIBacTCS HampsbkeHue peryiaupoBku U p nenu APY
(puc. 3.10 — 3.12)ycumurenu paguodactotel (YPY), ycunurenn npome-
xytouror yacTothl (YIIU) u ycunurenu auskux dactot (YHUY).

Huxe paccMOTpeHbl MNPUHLMIBI TOCTPOEHUS CXEM OCHOBHBIX
cucteM APY.

Obpamuvle cucmemovt APY

O6obOmennass cxema oOpatHoM cucrembl APY mokazana Ha
puc. 3.10. O6patubie cuctemMbl APY sBisitOTCS cucTeMaMu C OOpaTHOM
CBs3bI0. B HUX TOUKa chema HampspKeHHs Uil (POpMUpPOBAaHUS PETYIIH-
pyromiero Bosueiicteusa (PB) pacmonokena manblie OT BXOAa PaguONpPH-
CMHHKA, YeM TOYKa NPUJIOKEHHUS perynmpyiomero Bosaeicteus (PB),
T. €. 3TO CHCTEMbI C PEryJIMPOBKOW «Hazam» [21]. OOpaTHBIE CHCTEMEI
BKIIIOYarOT B ceOs: nenb APY (merektop APY — JIAPY, dunstp APY —
®APY u ycwarens [TU — YAPY) u Bce xackaas! PIIpY, pacnonoxeHHbIC
MEXly TOYKOH BBOJA PETyJMpYyolero HanpskeHuss U p; U BBIXOAOM 00-
nrero tpakta npuema (OTII) (perynupyempie 31eMEHTHI).

Oco0eHHOCTH aMIUIMTYAHBIX XapaktepucTuk PIIpVY npu paelictBuun
oOpaTHbIX cucteM APY mnokasansl Ha puc. 3.13,rpaduk 3 (mpoctas APY).

O6patubie APY o00mamaroT omnpeneeHHbBIMUA JOCTOMHCTBAMU. €€
AJIEMEHTHI 3alIMIIAIT OT Neperpy3ok Bce kackaael PlIpY, pacnonoxen-
HBIC JTajbllle OT BXOJa, YeM Touka npuiiokeHus PB; B To ke Bpems camu
OHM HAXOJATCS TOJ BO3JEHCTBHEM CHUTHaja CO CHKAThIM JHHAMUYECKUM
JMana3oHOM M TaKUM 00pa3oM He MOABEp:KEHBI neperpy3kaM. OaHako Ta-
KHE CHCTEMBbI HE MOTYT JaTh MOJHOTO MOCTOSHCTBA BBIXOJHOT'O HAIPSKE-
HuA U, , TaK KaK OHO SABJIAIETCS BXOIHBIM I cucTeMbl APY 1 10mKHO
cozepKaTth MH(POPMAIUIO JIsi COOTBETCTBYIOIIEro M3MeHeHus PB; onu
HE TO3BOJISIIOT 00€CTIEYUTh OJHOBPEMEHHO OOJIBIIYIO TIIYOUHY Peryupo-
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BaHUA (Upx = CONSY 1 BeicOKOE OBICTpOAECHCTBHE 110 COOOPAKEHUSIM YC-
TOMYUBOCTH.

/ A
U, U,
“BX|  oTno BPIX qT11 >
| VPU | vITY I ey YHT |Uppix oy
X __

V4

TOYKA CbEMa HANPSAXKCHUA

|
|
I
| APy * : s popmuposanus PB
|
|
I
|

i Touka npujoxenusi PB |

Puc. 3.10. O6061menHas cxema oopaTHoi cuctemsl APY
B paJHONIPUEMHUKE

lIpsamvie cucmemvr APY

Oo6o0meHHast cxema npsimoit cucrembl APY mnoxkaszana na puc. 3.11.
B npswmeix cuctemMax APY Touka chema HanpsiKEHHS JJISI 3aIyCKa CXEMBbI
APY pacnonoxena ommxke k Bxoay PlIpV, ywem Touka npunoxenus: PB.
OTU cucTeMbl HE 00pa3ylOT METJIM 0OpaTHOM CBS3U U SBISIOTCS CHCTEMa-
MU C peryiupoBkoil «smepen ». Ux nenb APY BkitouyaeT B ceOs: AeTEK-
top — AAPY, dunerp — PAPY u ycunutens APY — YAPY. Perynupyto-
mee U po BBogutces B OTII (VPY, YIIY) u B YHUY.

Oco0eHHOCTH aMIUIMTYAHBIX XapaktepucTuk PIIpVY npu nelictBuun
npsiMbix cucteM APY mokazansl Ha puc. 3.13,rpadux 3.

[Ipsimbie cuctembl APY uMeEIOT clieayroniye JOCTOMHCTBA: TEOPETH-
4eCKH MOT'yT o0eclieunBaTh HJIealbHOE PEryInpoBanue, T.e. Uy = const

npu Uy 2Upix min, ¥ 00€CIeunBaoT CKOJIb YTOIHO BBICOKOE OBICTPO-

nenctBue. [IpakTruuecku yka3aHHbBIE JOCTOMHCTBA HE PEATM3YIOTCS M3-3a
PEKUMHBIX U BPEMEHHBIX U3MEHEHUHN NapaMeTPOB 3JIEMEHTOB 1enu APY.
Kpome Toro, takas APY 3amumiaer ot neperpy3ok TOJIBKO T€ KacKaisl,
KOTOPBIEC PACIIOJIOKEHBI JaJbIlle TOYKHU NpuioxkeHus PB, u cama Haxoqut-
Csl TIOJT BO3JIEHCTBHEM curHajia ¢ mmpokuM [IJ1 (T. €. mo/bKHA comepIKaTh
BHYTpPEHHHE 00paTHBIC cUCTeMBI APY, a 3TO MOBBIMIACT €€ CII0XKHOCTB).
BrillieykazaHHble MPUUUHBI CTIOCOOCTBOBAJIM TOMY, YTO B HACTOSIIIEE
BpeMs Hallle UCIOJb3yI0TCs oOpaTHbie cucteMbl APY, a takxe komobuHu-
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posannble, BKIOUYAONINE B ceds 1enu oopaTHoi u npsimoit APY ¢ ompe-
JCIISIOIIMM BIMSHUEM TiepBoii (puc. 3.12).

A
Upx Uspix YTII
—> >
A qu Ugpix nu

%D

i Toyka nmpuioxeHus PB |

TOYKA CheMa HAIPSHKCHUS IS UPZ
dbopmuposanus PB

|

~:» VAPY b IAPY [ ®APY
|
|

Puc. 3.11. O6061eHHas cxema npsimoit cuctemsl APY
B paJHONPUEMHHUKE

3aoeporcannas u npocmast cucmemot APY (puc. 3.12)
OOBIYHO HET HEOOXOAMMOCTH CHHXKATh YCHJICHHE CIa0bIX CUTHAJIOB
Upx <Ugx min» Kak 310 nemaercs B mpoctoit APY (puc. 3.13,rpaduk 3),

He coznatomux neperpy3ok PIIpV u e obecneunBaromux Uy« min Jaxe
npu MakcumanbHOM ycwiieHuu B OTII u YHY. O6eran0 Ugy min = E4o.

T.€. COOTBETCTBYET UYBCTBHUTEIBHOCTH paguonpueMHuka. s npuaaHus
nensiM APY nmoporoBsiX CBOMCTB, T.€. BKIIOUYEHMS UX TOJIBKO MPHU Ompee-
JICHHOW aMIUIuTyJle curHana, nenu APY 3anuparoT npuHyIUTEIbHBIM
cMelleHueM E; 1 oTOMparoT TOJIbKO nocie npepbienns Uy, Hampsixe-
HUS 3anupaHus (3aJepiKKu).

OOBIYHO HaMPsHKEHUsI OTIHPAHUS W 3alUPaHus MOJA0T Ha JETEKTO-
pel APY (E31) unu yeuimurenu APY (Egz). Taxue cucremslr APY Hasbl-

BAIOTCS 3a0epHCAHHbIMU. 3aJePKKa MOXKET ObIThb BBEJCHA MO CPEAHEMY
3HAYEHUIO CUTHAaja (E32) WIK 110 MaKCUMyMy CHUIHaJIa (Egl). Harmpu-

Mep, B cucreme, ooOpatHoi APY nerektop JHAPY1 ornmpaercs,
ecmt Uy, > E;1. B mpotuBHOM citydae netektop (auom) 3amept Hampsi-
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xeHueM F,q. Ilocie ¢unprpannu B ®APY1 BepabaTteiBaerca Upq mpo-

MOPLMOHAIBHO AMIUIMTYJIE MAKCUMAJIBHOTO CUTHaJA, T. €. 3Ta APY crpe-
MUTCS MOAJEPKATH IIOCTOSTHHBIM MakCUMallbHOE 3HayeHue Uy, o .

Wl ﬂ
UBX UBLIX
OTII UTII
—> >
yPy_ | Vﬂi | I | YHY |Ugpixpu
Up; v Up,

DAPY 1| TAPY 1 [£31

VAPY2 P{JIAPY2 > ®DAPY2
TE32

Puc. 3.12. O60011eHHBIC CXEMBI Pa3HbIX cucTeM APY
B PaJIMONIPUEMHUKE

Heycunennas u ycunennas cucmemot APY (puc. 3.12)

B niemn APY moxkeT He ObITh CIIeMaIbHOTO yeuiuTens B emix BY
— 3T0 HeycwieHHas cuctema APY. Cucrema npsmoiri APY (puc. 3.12) —
yCUJIEHHas, TaK KakK COJepXUT ycwiuTenb YAPY2, ycunuBaroniuii
Hanpspkenue Ups B nenu npsamon APY. YcuneHHas ¢ 3anepxkoi APY
(puc. 3.13, rpaduk 4) obnamaer OoJblIcH TIYOMHOH pEryJIdpOBaHHUS
A CcIocoOHa obecrieumBaTh OONBIION IWHAMHYECKUNA IHAITA30H BXOMIHBIX
CUTHAJIOB U MajeHbKUM [|/] BRIXOHBIX CUTHAJIOB.

PaccMoTpuM 0COOEHHOCTH aMIUIUTYIHBIX XapakTepuctuk PIIpV npu
NEUCTBUU pa3nyHbIXx TUNOB cucteM APY. JlaHHbIE XapaKTEpUCTUKHU
(puc. 3.13)ABASAIOTCS CTATUCTHYECKUMH U CHATHI IIPH MEUICHHOM H3Me-
Henuu U, , T. e. ipu 3amkHyTOM cucrteMe APY. Ilpu orcyrcrBum cucre-
Mel APY (puc. 3.13, rpadmk 1) HaumHas C HEKOTOPOTO 3HAYCHHSI
Ugiix.may HOsBIsIeTCs neperpyska ycwureneid PIIpV, a nx cnocobHocTh
nepenasaTth npupamenue U, tepsercs. IIpu 3ToM IUHaAMUYECKUU qua-
MMa30H BXOJHBIX CHUTHAJOB MajeHbKUM, a JIJI BBIXOJHBIX CHTHAJIOB —
OoJbIIoN, TIpu TpueMe paauounsnydeHuid A3E amMmiuTygHas MOIYIISIIAS
BXOJIHOTO CHTHAJIa UCKAXKACTCA WJIN YCTPAHSIETCS COBCEM.
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[Mpu wamwuuu npoctorr APY (puc. 3.13, rpadux 3) korddu-
IIMCHT YCHWJICHHS HAYMHAET YMEHBIIAThCS C TosiBIeHWEM U, , OJHAKO

uckpuBiieHne AX emie He CBHUACTEIbCTBYET 00 HCKAXEHUHM PaJTHUOM3-
ayuenuit ASE (AM), eciiu APY uHepiimoHHa.

U A
BbIX
I R <1)6e3 APY
(2) 3a7ieprKaHHas
(3)mpocras APY
: / (4) yCHJIEHHAS C 3aJIEPIKKOM
- T
E; ... P
v - e S b
BbIX.Min : ' : i uaeajbHadg
0 ' B ' H :
UBx.m in UBx.max UBx.max 2,3) UBx.max “) UBx

(E) (6e3 APY)

Puc. 3.13. OcobeHHOCTH aMIUTUTYAHBIX XapakTepuctuk PIIpy
npu paboTe pa3TUIHbBIX TUTIOB cucTeM APY

[Tpu 3anepxkannoi (puc. 3.13,rpaduk 2) Wim yCHICHHOH ¢ 3aepiK-
kol (puc. 3.13,rpaduk 4) APY x03pdUIMeHT ycuieHus ciadblX CHTHA-
10B (Upyx SUgx min) He cHkaercs u AX 6e3 APY u ¢ APY coBnanator

npu ycinoBuu Ugy <Upy min. Cuctema APY B 3TOM ciyuyae BKIItOYaeTc,
xorma Uy > E;.
Hauunas ¢ nexoroporo snauenus Upy max(2,3 (Upx. max(4) cama

uenb APY HauumHaeT meperpyxarbcs M €€ CTaOWIM3UpYIolllee ACHCTBUE
ociabseTcs.

3.3.3. Paboma snemenmos PIIpyY coemecmmno c uenvio
oopammnoil ycunennou APY c 3adepickoii

O6patHas APY Haxoautr camoe MIMPOKOE MPUMEHEHHE B Tpodec-
CHOHAJBHBIX PAAUOTPUEMHBIX YCTPOUCTBAX.
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B ob6mem ciryuae takas APY (puc. 3.14)Bkiatodaer B ceOs peryiiu-
pyeMbie dieMeHTHl (perymsropsl), AJ] ¢ NIpUHYIUTEIBHBIM CMEIIe-
aueM E; (3agepxkoit) JAPY, dunstp (PAPY), nononHuTensHble yCHIU-

teau nenu APY (mom. YITU, VIIT), menm, o0ecneYMBarOIINE MOPOTOBOE
HanpsbkeHue E;.

U U,
B{) OTIl | BBbIX UTII 5
YPU | VII™ A YHY [ Ugpix ny
_A_/Z__________ _._.-._.._.-._.._.-.I_ﬂ 4
Up i VAPY i

i(Ton. VITY);

uen APY e :

I

I

I

I

I

I
| vIIT | ®APY [ HAPY |{E3

Puc. 3.14. Cxema obpatHoit ycunenHoit APY ¢ 3anepxkoit

Hasnauenue u ocobennocmu snemenmos cucmemvi APY
Pezynupyemvie snemenmor (PY) sBistoTcs cnenupuyecKuMU dJie-
meHTamu cucteM APY u PPY (mompo6HO paccmotpensr B moam. 3.3.1).
OOBIUHO YKMCIIO peryaupyembix kackaaos B PIIpY cocrasmuser 2...5.
Qunomp yenu APY (DAPY) npeaHa3HaueH OJisd MOJABIICHHS IIPO-
OYyKTOB MOAYJIALMM CUTHAJIA B LEMSAX, PETYIUPYIOMNUX HanpspkeHue. Ot
BUJIa (PUIBTPA, €0 CBOWCTB BO MHOTOM 3aBHUCST NEPEXOJHBIE MPOIECCHI,
MCKaXXeHUsT oruoaroieil curHana npu aeiictBuu APY. B ocHOBHOM wuc-
MOJIB3YIOTCS OJTHO3BEHHBIC, peke — AByx3BeHHbIe RC-punsTper HY. Ilep-
BbIC JIAIOT anepuOJANMYECKUI MPOIECC YCTAHOBICHUSI YCUIICHUSI U obecre-
YUBAIOT YCTOMYMBOCTh CUCTEMBI, €CJIH SIBJISIIOTCS €IMHCTBEHHBIM HMHEPIIU-
OHHBIM 3BEHOM, BTOpbIE — AaIll€pUOJUYECKHUNA MPOLECC YCTAHOBJICHHUS
TOJBKO TPU OMNPEJIETICHHOM COOTHOIIICHUU MOCTOSIHHBIX BPEMEHU 3BEHHEB
1 He o0ecrneurBarOT abCOMIOTHOM ycToMuuBOCTH cucTeMbl APY. OnxHako
OHHM CMOTYT 00€CTIeUUTh OOJIBIITYI0 CKOPOCTh MEPEXOIHBIX MPOIECCOB.
Takum o6pazom, DAPY nomkeH yCTpaHATh UBMEHEHUSI aMIUIUTY bl
CUTHaja 3a CUeT 3aMHUpaHU, HO HE JOJDKEH pearupoBaTh Ha IMOJIE3HBIE
M3MEHEHUSI aMIUIMTYAbl curHaina ¢ AM, T. €. He uckaxarth ero. [loaromy
MOCTOSIHHAsE BpeMCHH (HiIbTpa Tg = RI)C(P JOJKHA OBITH JOCTATOYHO
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oonpmioi. Tak, s nenei APY pamuoBemaTeabHBIX U CBSI3HBIX Pajvo-
MIPUEMHHKOB AMIUTUTYIHO-MOJTYJIUPOBAHHBIX CUTHAJIOB (AMC)
T = 02..002 ¢, a nua ceasubix npuemuukos PIIpY  renerpadubix

curnanos Ty = OL..05 c.

[ToctosHHas BpemeHu cucteMbl APY (Tapy) omimyaercs oOT
Ty =0L1..05¢, a  unmenno Tapy =T/ Kapy = RyCy / Kapy
(rme Kppy —kodpduuuent ycunenus uenu APY).

Hemexmop yenu APY (JJAPY) obecnieuwBacT IMONTydYEeHUE PETyJIU-
PYIOIIEr0 HAIpPSKEHUSA IIYTEM BHIIPSIMIIEHMS CHUTHana (IeTEKTHPOBAHME
koneOanuii BU mou IT4). Tak kak Up JOJIKHO OBITH MPOIOPIHOHAIBHO

aAMIUIATYJI€ HECYIEH, TO

Up = KH (Uppx s (3.7)
rae K — ko3¢ dunueHt nepegauu aerekropa APY. B wactHocTu, B kade-

cTBe neTekTopa APY MOXKET MCIOJb30BaThCS CUTHAJIBHBIN JIEMOIYJISATOPD

¢ noGasnennem uenu RyCy, (puc. 3.15).

/!

Usbix Jlom. K YIIT
’ VIT4 > Al
/ ‘ Rd)
UP — Rq,z (34)RH ALl
Cy

Puc. 3.15. Jlerextopsl APY

Ycunumenu yenu APY He00X0IUMBI JJ1s1 YBETUUCHUS Up pu HEOO-

XOJIUMOCTHU TOBbIIIEHUA 3D PexkTruBHOCTU cucTteMbl APY. OHu MoryT cra-
BUTHCA B e APY kak 1o merekropa (mom. YIIH), Tak u mociie GpuibTpa
APY (ycumutenu noctossHHOTO Toka). YIIT uMeroT BEepXHIOI IPaHUYHYIO
gactoty F; < F,, (F,, —49acTora MOIynsIMK) U MO3TOMY MOTYT 00JIa1aTh

BeIcOKUM K. ITuranne YIIT momkHO OCymecTBAATHCS Tak, YTOOBI MOJY-

YUJIOCh Up Tpedyemoil nomspHoctu. Ry YIIT xenareabHO MMETh BO3-
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MOKHO MaJIBIM (JIJI1 MCKIIFOUEHUS JOTOJHUTEIHFHOTO MHEPIIMOHHOTO 3Be-
Ha), MO3TOMY HMHOI/Ja B KauecTBe kKackaga YIIT ucmoib3yercs sMUTTEp-
HBIJ MOBTOPUTEIH WM KacKajl C TIyOOKON OTpULIATEIbHON 00paTHOM CBS-
3bI0 110 HANPSIKEHUIO.

Pabota snementoB PIIpY coBMecTHO C 1ienbio 0OpaTHON yCUIIEHHOMN
APY c¢ 3amepxkoii omuchkiBaeTcss AX paauonpueMHuka (cm. puc. 3.13,
rpaduk 4). OCHOBHBIMU XapaKTEepUCTUKaMH oOpaTHOU cuctembl APY sB-
JSAKOTCS PETyJIMPOBOYHAS XAPAKTEPUCTUKA CHUCTEMBI YCWIEHHOW APY
¢ 3amepxkkoit (puc. 3.16) m amrumTyaHas XapakTepuctuka renu APY
(puc. 3.17).

Oo6mas PX perymupyemoro tpakta (puc. 3.16)onpenensercs kak

KO(U per ) = _ﬁlKOi (U per) ' (3.8)
i=

rae ¢ynkmus Ko (Uper) — paccuutanHas (um3MepeHHas) PX kaxkmoro

| -ro Kackaja,
N — KOJWYECTBO PETYIUPYEMBIX KaCKaJI0B, OOBIYHO PaBHO 2...5;
Kg — koa¢pdunment ycwieHus peryaupyemoro Ttpakrta PlIpV;

K —xo3¢dduumeHT ycunenus I-ro kackaza.

. Ko
KOHaq {
2
Ko
KOmin
0 >
UP Up.maX UP

Puc. 3.16. PerynupoBoyHasi XapaKTE€pUCTHKA CUCTEMBI
ycusieHHo APY ¢ 3agepxkkoit

Ilpu ysenuuennn umcna n xpytusHa PX Syer =dKg/dUpe; BO3-

pacTaeT u mnepeMmenieHue padodeill TOUKU B KaXJOM PEryJIMpyeMOM 3Jie-
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MEHTE YMEHBINAETCS, T. €. YMEHBIIAIOTCA U HEMHEHbIE UCKaKeHus. O1-
HAaKO C YBEIIMYEHHEM N BCE PETYJIHUPYEMBIE BJIEMEHTHI OKA3bIBAKOTCS J10-
TMOJIHUTEIIBHO CBSI3aHHBIMH 4€pe3 OOl HCTOYHHK HAmpsukeHus Uy, 410

WHOTIa 3aTPyAHSET 00eCIeUeHHE YCTOMYUBOCTH PETYIUPYEMBIX BBICOKO-
JaCTOTHBIX ycwintenen — ycunureneit (YPY, YITY).
Cuntast Komayx = Kogay, € Yaerom (2.3)moxHo Haiitu Kgmin':

Komax _ Ko
Komin = i = I[Haq ) (3.9)
p p

a u3 nocneanero onpexenuts Up mayx Ha PX (puc. 3.16). Oto 3nave-

HHE Up.max nopkHa oOecrieunTh Lenb APY mpu nomade Ha ero BXon

MaKCHUMaJIbHOTO CUTHaJIa B TOUKE CheMa HampsbKeHUs i 3anycka APY.
bynem cuurats, yTo Ha Bxoae cucteMbl APY nonmaerca U, ¢ OTII

(cMm. puc. 3.14).Torna uenb APY OyaeT 00/1agaTh aMIUIMTYIHOW XapaKTe-
puctukoit Uy (Ugyy) (puc. 3.17, tne 1 — Hesanepxkannas APV,

2 —3anepxanHas APY). B 3anepxxannoii APY perynupyromiee Up TOSIB-
asiercst Tonbko npu Ug, = E;. Tlpu ouens Oombmiom Uy, nens APY

MOXeET Teperpyxatbces (3arnd xapaxtepuctuku mpu Uz v > Upiix may)-

nUp

Up. max

£ U gbix
£, U

BbIX UBbIX. max

Puc. 3.17. Amnnuryanas xapaktepucTtuka menu APY:
1 —ne3anepxannas APY; 2 —3anepxannas APY

Cuutas AX npsiMOi, BEIYKCIISIA TAHTEHC yIJjla €€ HAKJIOHA €, OTpeie-
asieM ko3 dunreHT ycunenus nenu APY:
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Up. max Up max 1
KAPy:thI: P = : E . 3.10
Ugpix. max ~Useix. min+ Upsix. min B—1 ( )

Cuwmxarp ycunenue npu Uy, y SUg i« min HEPALMOHAIBHO, MO3TO-
My Ugpix min = Es, T. €. Bkiitouats cuctemy APY Hajo nmocie JoCTHKeHus

UBBIX HOMHWHAJIBHOI'O 3HAYCHUA, YTO MOKCT OBITH MCITOJIb30BaHO Inmpu 10-
IMYCTUMBIX HCKAXCHHUAX. Toma, C YY€TOM CKA3aHHOTO, IIOJIYYHUM.

E = Up.max . B= Up.max
’ KAPY (B _l) KAPY 'UBLIX. min
Otcrona cienyer:

a) HEBO3MOXKHO IOJYYUTh «HJcalbHYI0» 00paTHyi0 cuctemy APY,
st kKotopoit 3 = 1. 910 nmotpedoBaio Obl OECKOHEYHO OOJBIIOTO YCUJIe-

uusg B uenu APY (Kppy — ©, Torma [Up.max/ KAPYUBLIX.min] - 0,

+1. (3.11)

B — 1) wm B TpakTe npoxoxkaenus curnana (E; — o,Ug v min — © mpu
KoHe4HOM U 4y );

6) tak kak Kapy = KjKy, rae Ky — xoodduuuent ycuinenus
ycunutens, To u3 (2.8...2.11kneayer, uto ycuautenb APY obecrnieunBaer
yayumenue cradummzanuu Uy, (Ug,x — CONSt Tak kak yem Ooblme
Kapy, TeM Ommxe 3 x 1).

B 3akitoueHne HEOOXOAMMO OTMETUTh, YTO HEYCTONYUBOCTh CUCTE-
MbI oOpatHOi APY mposiBisieTcs B BUjE HaloXeHUs Ha mosie3nbii AMC
napasutHo AM, a Taxke B 3¢ dexTe AeMOAYIISIIIMN TOJIE3HOT0 CHUTHAA,
KOTOpBIH TeM OoJbiie, YeMm Oonbiie Kapy, MeHbLIC T4 W HIDKE 4acCTOTa

Moxayiauuu Fy, .

3.4. ABTOMaTH4YECKasl PeryJJUPOBKA YyBCTBUTEIbHOCTH

B ycrnoBusx HampspKEHHOW AJIEKTPOMArHUTHOW OOCTaHOBKHM TTOMEXH
Ha BXOJ€ PaIUOINPUEMHOTO YCTPOUCTBA COCTABIISIOT €AUHULIBI U TAKE Je-
cATKU BOJBT. IIpu Takux YpOBHSX HEU30EKHO HEIMHEHHOE MOpaKeHUE
BBICOKOYYBCTBUTEIbHOTO Tpakra PIIpY (kak mpaBmiio, NepBBIX KackKa-
noB YPU). Henuneitnoii nmopaxenue PIIpY nposiBisiercs B BUIC HETMHEH-
HBIX SIBJICHUM: OJIOKUPOBAHMUS, IEPEKPECTHON MOMYJSALIMU, UHTEPMOTYJIS-
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MU, KOTOPBIE YXYIIAOT KA4ECTBO CUTHajia Ha Bbixoae PIIpVY wnm nena-
I0T €ro MpHUeM BOOOIIE HEBO3MOXXHBIM. JIJIsi CHUYKEHUSI BEPOSTHOCTU TO-
paxxeHusi TpeOyeTcs yMeHblleHne uyBcTBUTENbHOCTU PIIpY, T.e. BBene-
HUE JIONOJHUTEIIBHOTO 3aTyXaHUs Ha BXOJI€ PAJIMONPHUEMHHUKA.

CucreMa aBTOMAaTHYCCKOW PEryJIUPOBKH UyBCTBUTEIBHOCTH (APY)
MOXKeET coaepkath oauH (puc. 3.18,a) wim Heckoabko (puc. 3.18,0) arre-
HI0aTOpOB (1bB), cTOsAImMX Ha BXOJaX IEpBBIX KackamaoB YPU. Ympasisio-
niee aTTeHIATOpaMU BO3JICHCTBHE BhIPA0AaThIBAETCS HA OCHOBE U3MEPECHUS
rPYNIIOBOM MOIIIHOCTH CUTHAJIA ¥ IOMEX, MOMAJAa0IIUX B MOJIOCY MPOITyC-
KaHUs pPaJuONPUEMHOTO YCTPOMCTBA.

Bo Bpems pabotel APY u3MeHseTcs Kak ypOBEHb MMOMEX M CHUTHAJIA
Ha Bxoze TPY PlIpV wim Ha Bxojze kackanoB Y PY, rie uCroyib3yroTes pe-
ryJINpyEMbIE€ aTTEHI0ATOPHI. I3MEeHEeHUEe ypOBHSI IIOMEX U CUTHAJIa HA BXO-
ne TPY npuBoauT K m3MeHEeHHIO KOA(HUIIMEHTa ¥ MOIIHOCTH IITyMa pa-
JAOIPUEMHOI0 YCTPOMCTBA.

[Ipu perynmpoBKe ¢ OTHUM aTTEHI0ATOPOM Ha BXOJE XapAKTEPUCTH-
Ka 3alllUThl UMEET BUJ, TOKa3aHHbIN Ha puc.3.19,a. Breaenue apanrauu
YPOBHSI CUTHAJla YMEHBIIAET YYBCTBUTEIBHOCTHh PAJIHUONPUEMHOTO YCT-
pOMCTBa, COXpaHSET AWHAMHYECKHN JUANa3oH TPAKTa PaJAHMOYaCTOThI
Y CHUXKAET BEPOSATHOCTh HEJIMHEWMHOTO MOPa)XEHUs, MIPU KOTOPOM MIPUEM

PaauOCHUTHAJIA ObLI OBl BOOOIE HEBO3MOKEH.

(PAO) AT 2
Eno
P nb p| BL TYP‘Il—f:
L APY
a
(EPAo) Atl A12 7 AT3 7
A0
Lf 1 p| BIL jp{yPulp| ab +|qu2+ 1B -)|VP113 g
A apy — /
o

Puc. 3.18. ABTroMaTtuueckas peryJiupoBKa 4yBCcTBUTeNIbHOCTH PIIpV:
@ —C OJTHUM aTTeHI0ATOPOM; O — C HECKOJIBKUMH aTTEHI0aTOpaMu

[Ipu peryiupoBKe HECKOJIBKMMHU pacupenesicHHsimu B TPY arte-
Hioaropamu (puc. 3.18, 6) 3aTyxaHue BBOJIUTCS IOCTEIICHHO, HAa4YWHAas
C CEYEHUH, PacloJIOKEHHBIX B TNIyOuHE TpakTa paauodactotsl PIIpV: cHa-
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yaJjia McuepIbIiBaeTcs 3aryxanue At3, 3aTeM ATZ2 U TOJIBKO MMOTOM HayWHa-
eT cpabateiBaTh AT1, T.e. UMeeT MecTo 3cTadera. Pesymprupyromas xa-
pPaKTEpPUCTHKA 3alUTHI TPaKTa rokazaHa Ha puc. 3.19,6. Bugno, uto B pe-
3yJbTaTe PEryJUPOBKU YPOBEHb OJOKUPOBAHUS PAAUOIPUEMHOTO YCTPOM-
CTBa PC(BAT) u3MeHsieTcss aHamorudHo APY ¢ oquHOYHBIM aTTEHIOATO-

pom (puc. 3.19, a), omHako KO>(DPUIMEHT IIyMa 31eCh YBCIHMUHMBACTCS
ropa3ao MemienHee Hpp(Bar), TO3TOMY COOTHOIIEHHE «CHUTHAN — HIyM>»
B TpakTe Oosbine, uem st TPY ¢ ofHUM aTTeHI0aTOPOM.

(Pe(1B) = R (1B))y oy > (Pe(ab) = Ry (1B)) 4., (3.12)

Memblive 3HaYEHHUSI MOIIHOCTH IIyMa OOBSICHSIIOTCS TEM, UTO pery-
JUPOBKA HAUMHACTCS B KacKajax, KOTOPHIE pacOJIOKEHBI B TIIyOHUHE TIpe-
cenekropa (TPY) u, caenoBarenbHO, B MEHBIICH Mepe, YeM BXOJIHbIC Kac-
kaael TPY, onpenenstor koadduiiueHt u MomHocTs myma PIIpV.

YXylueHne 4yBCTBUTEIBHOCTH, CBA3aHHOE C 3alIUTOM OT HEJIMHEH-
HBIX SABJICHUN (OJIOKMpPOBAHUS, IEPEKPECTHOM MOAYJISALNN, HHTCPMOTYJIS-
I[U1), IMO3BOJISICT MMPUHUMATh OOJIbIIEe KOJUYSCTBO CHUI'HAJIOB, IIPEBOCXO-
IAIIMX BO MHOTO pa3 4yBCTBUTEJIBHOCTH PIIpY, Tem cambiM moBbIas
3HAYCHMS TOMYCTUMBIX HANpPSHKEHUH Ha BXOJI€ PaJUONPUEMHUKA U YBEIIU-
yHhBas IMHAMHUYECKUN auamna3oH PlIpV.

P A ab A 1b

¢ (Pc-Pu)uaw= (Pc-Pm)c apu / P, (Pc-Pmuas< (Pc-Pu)c apy ¢
P
¥ 2
S ’ 5
< <
z z
< <
o o
P C. Bx &« I C. Bx &
(Pao) : (Pao) i
Plll. BX L nb PI.IJ BX L E )1]%
y - i 4 A -
rB At.min Bisimax B By.s TBAT.Z Byit Barmax By
. JIlopor cpabarsiBanus APY INoporu cpabatbiBanus ctyneHeit APY
a o

Puc. 3.19. XapakTepuCTUKN aBTOMAaTUYECKON PETyIUPOBKHA YyBCTBUTEILHOCTH:
@ —XapaKTepUCTUKA 3aLIUTHI IPH PETYIUPOBKE C OJHUM aTTEHIOATOPOM;
6 — XapaKTEepPUCTUKA 3aIIUTHI IPU PETYIUPOBKE PACIIPEICICHHBIMH
aTTeHI0ATOPaAMH
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B cnydae oTCyTCTBUSA BO3IEMCTBUN HENUHEWHBIX sBIeHUNA Ha PlIpyY
TpeOyeTcs oTkiaodeHrne APY, mOCKOJNbKY Hamu4ue B TPAKTE aTTEHIOATO-
POB MNPUBOJIUT K YXYAUICHUIO YYBCTBUTEIIBHOCTH.

3.5. ABTOMaTHYeCKasA PeryJJHPOBKa H30MPaTeIbHOCTH

ABTOMaTHUYECKas PEryIupoBKa U30UPaATEIbHOCTH 00eCeunBaeT yc-
TAHOBJICHUE ONTUMAJIBHOW IOJIOCHI MPONyCKaHus, Ipu kortopou PlIpy
BOCITPOU3BOJIUT MPUHUMAEMYIO HH(DOPMALIMIO C HAMMEHBIIUMU TOTEPSIMHU.

OcymiecTBisieTcs W3MEHEHUEM [IUPUHBL TOJIOCHI  MTPOMYCKAHUS
u Gopmbl AUX ¢unbrpa ocHoBHOH cenekiuu (POC) paauonpueMHUKa.
[Ipumensiercs pexe, uem APY u AITY.

APU npumensiercs:

— TpH U3MEHEHWHW pojia paboThl (BHIA paJHOU3IYUYCHHN) M BUIA
MOYJISLIUY;

— TpuéMe CUTHAJIOB B YCIOBUSIX OOJIBILION 3arpy3Ku JAvana3oHa mo-
MEXaMH, KOrJa Mojoca MPOMYCKAHUs CYXKAETCA A0 BO3MOKHOTO ITpejesia
(HammpuMmep, IpU MPUMEHEHNU MeTojia cliiessmero ¢uibTpa B UYTII curHa-
J0B ¢ UM).

Mertonsl peryjavpoBKH B CHCTEMAaX aBTOMATHYECKOU PETYJIMPOBKHU
M30MPaATEILHOCTU CBOJATCS K M3MEHEHUIO MOJIOCHI MPOIYyCKaHUsI B U30U-
paTenbHbIX (PUIbTpPaX: OAMHOYHBIX KOHTYypaxX WIHM JABYXKOHTYPHBIX IOJIO-
COBBIX (hUIIbTPAX.

[Tonmoca perynupyercs U3MEHEHUEM JTOOPOTHOCTH, KOA(DhUIIUEHTOM
CBSI3U WJIM MTIOCPEACTBOM B3aUMHOM PACCTPOMKUA KOHTYPOB.

Bb160p BUJa ¥ KauecTBa PEryJIUPOBOK, UX KOJIUYECTBO OMPEACIISIOT-
Csl HA3HAUYCHUEM MPUEMHMKA M YCJIOBUAMH €ro sKcrutyatanuu. Hamnbonee
Pa3BETBJIICHHON CUCTEMOW aBTOMAaTUUYECKUX U PYUHBIX PETYIUPOBOK 00JI1a-
narot PIIpY 1-ro xnacca, nanpumep, P-1701 (cm. puc. 4.1).

KoHTpoJibHBIE BONPOCHI

1. Kaxoe naznauenue B [IPIIpVY umeer cucrema ynpaieHus ?

2. HazoBuTe OCHOBHBIC JOCTOMHCTBA MHUKPOIPOIIECCOPHOTO YIpPAaAB-
nenus B [IPIIpVY.

3. Ilepeuncnute BUABI PYUYHBIX U ABTOMATHYECKUX PETYJIHPOBOK pa-
JUONIPUEMHUKA U TTOSICHUTE UX Ha3HAUYECHUE.
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4. YKaXUT€ OCHOBHBIE XapaKTEPUCTUKHA CUCTEM aABTOMATHYECKOU
PETYJIIMPOBKH YCHIICHUS.

5. M3o0pa3ure rpadukyd 3aBUCUMOCTH BBIXOJHOI'O HAIPSIKEHUS OT
HanpspkeHus Ha Bxoae [IPIIpY npu paznuunbix Bugax APY.

6. Ilepeuncnure pasHOBUIHOCTH CHCTEM aBTOMAaTH3MPOBAHHOMU
PETYIUPOBKU YCUJIEHUS U JAUTE UX XapAKTEPUCTUKY.

7. N3o0pa3urte CTpyKTypHYIO cxeMy oOpaTHOM ycuieHHoil APY.

8. PackpoliTe Ha3HaUYeHHE aBTOMATUYECKON PETyJIUPOBKU YYBCTBH-

TEJIbHOCTH.
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4. PAIMONIPUEMHBIE YCTPOVCTBA
PA3JIMYHOI'O HASHAYEHUA

4.1.PaguonpueMHble YCTPOHCTBA CHCTEM PAJUOCBSI3H
CIeNMAaJIbLHOT0 HA3HAYECHUS

PanuonpueMHUKN CHENHUaNbHOTO HAa3HAYEHHUS YETBEPTOIrO IMOKOJIe-
HUS XapakTepu3yeT BHEIPEHUE CPEACTB BCTPOCHHOW BBIYMCIUTEIHLHOMN
TEXHUKH Ha OCHOBE MHKPOMPOIIECCOPOB, B KOTOPBIX HCIOJB3YETCS IU(-
poBasi 00pabOTKa CHTHAJIOB Ha OCHOBHOH (BTOpOI) MPOMEKYTOUYHOM Yac-
Tote [12].

[IpumepaMy TIPUEMHHUKOB YETBEPTOTO TOKOJICHHS SBISIOTCS 0a30-
BbIi paauonpueMHuk «Aptek-I'ennoc» (P-1701), pa3paboTaHHBIN s
BOOPYXEHHBIX CHJI, U €r0 aHajorM — MPUEMHUKHU cemeiicTBa «Ckaisap»
(P-774) nna BM®. Bce 3TH MpUEMHHKHU TIOCTPOCHBI IO CyIEpreTepOInH-
HOM cxeMme ¢ JIByMs MpeoOpa3oBaHUAMM O YacCTOTE€ M C OCHOBHOM 00pa-
OOTKOM CUTHAJIOB Ha IPOMEXKYTOUHOM yacToTe 128«kI 1.

[IpuemHbIil MOYIb IUPPOBON 0OPAOOTKU CUTHATAa UMEET aHaJIOro-
g poBoit nmpeodpaszosarens (ALII) u KBagpaTypHBI KaHa MPUEMa, CO-
AepKalnuii KBaJpaTypHBIA CHHTE3aTOp (BbIpabaThIBaeT OTCUETHI KOCHHYCA
U CHHyCa YacTOThl HACTPOWKM KaHaja), JBa IMEPEMHOXKHUTEIS CUTHAJIa
c ALII u kBagpaTypHOro CHHTE3aTOpa M JBa WACHTUYHBIX HU(PPOBBIX
bunpTpa HIKHUX YacTOoT. Ha BeIXogax GuUiabTpoB GOpPMUPYIOTCS KBajpa-
TYpHBIE COCTABIISIFOIINE KOMIUIEKCHOM orudaroniei curnaia — cuddastas |
(Inphasey kBamparypuas Q (Quadrature).

JlanpHelyro o0pabOTKy CUTHAJIOB OCYIIECTBIISIET HMUGPOBOW CHT-
HanpHBIA TIporieccop (LICII), uro mo3BoiseT clienaTh YCTPOMCTBO arima-
paTHO-HE3aBUCUMBIM OT BHJIa NMIPUHHUMAEMOr0 CUTHAJIa U PEaIu30BbIBATH
aJTOPUTMBI 00Pa0OTKH JIH000H CII0KHOCTH.

Pangnonpuemuuk P-170IM ocyiiiecTBIsI€T IPUEM CUTHAJIOB KJIaCCOB
mnyuennss A1A, J3E,H3E, R3E,A3E, F3EJ, F3EA, F1B1 G1B B /IB,
KB u KB-YKB guamazonax gactot (ot 0,1 10 80 MI'n).

Jlnst pa®oThl B aBTOMAaTU3UPOBAHHBIX cucTemax cBszu B PllpV
P-1701M npemycMOTpPEHBI CIEIYIONINE BO3MOKHOCTH:

— JUCTaHIMOHHOE ynpasyieHue 1o cteiky UPIIC;

— BO3MOYKHOCTh HACTPOWKH aHTCHHBI (KaKk aBTOMATHYECKH, Tak

U Bpy4YHyl ¢ nmepeanei maHenn PlIpY) 1o  IomogHUTENHHOM
manu UPIIC,
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— paboTa OT BHEIIHETO BBICOKOCTAOMIBLHOTO OIOPHOTO TeHEepa-
topa 10 MI11;

— ofecreueHrne  BBIXOJIa  BHYTPEHHErO0  OMOPHOTO  TEHepa-
topa 10 MI'11;

— BO3MOXHOCThH paboTsl PIIpVY oT BHemiHel BTOpoOM MpoMeKyTou-
HOM 9acTOThI ¢ ypoBHeM He meHee 0,1 MB;

— I peXuMa ajanTalyd TNpeayCMOTpPEHa BO3MOXHOCThH TIepe-
CTPOMKH YacCTOTBHI HACTPOHKHM (4acTOThI IepBoro rerepoauna) PllpVY
BHYTPH TOJIOCHI POITYCKAHMUS,

— CHCT€Ma BCTPOSHHOTO KOHTpPOJIS pabOTOCIIOCOOHOCTH M JHUArHo-
CTUPOBAHUS HEUCIIPABHOCTEM.

Bbicokasi TOYHOCTh YCTAaHOBKM M BBICOKAasi CTAOMJIBHOCTH YaCTOTHI
PITY mo3BostOT OCYIIECTBUTH O€CIIOMCKOBOE BXOXKICHNUE B CBSI3h U pabo-
Ty 0€3 TOJACTPONKH B Mpoliecce nmpuema uHbopMaIuy. Y CTaHOBKA 4acTo-
Thl HaCTPOWKH MPOU3BOJIUTCS ITU(DPOBHIMU KJIABHMINIAMH Ha TIEPEIHEH Ta-
HEJIY WY C TIOMOIIBIO PYYKH KBA3UIUIABHOW HACTPOUKH.

AHTEHHBIM BXOJl MpeIHa3HA4YEH JJIsi padOThl ¢ AHTEHHOM, OKaHYU-
BAaIOIICICS HECUMMETPUYHBIM KalOelieM C BOJHOBBIM COMNPOTHUBICHUEM
750M, nng paboThl OT CUMMETPUYHOTO Kalessi ¢ BOJTHOBBIM COMPOTHUBIIE-
HueM 2000M K aHTEHHOMY BXOJy MOJKJIIOYAETCSl COTJIACYIOIIUN TpaHC-
dbopmarop.

Bxonnble nienu obecneunBaroT coxpanHocts PIIpY npu noasenenuu
KO BXOJy uepe3 dKBHBaJeHT aHTeHHbI DJ|C curHama paano4acToThl, paB-
Hoit 100B, B Teuenune 15 MuH, B TOM YHCII€ U HA 9aCTOTE HACTPOUKH.

PIIpVY mosxet paboTaTh OT BHEIIHETO OMOPHOrO TeHepaTopa ¢ HOMU-
HanbHOU yacTtoToi 10 MI'y u HanpsikernueM ot 20010 700MB Ha comnpo-
TUBJICHUU HArpy3ku /5 OM.

Bricokue mokaszaTtenu H30UpaTeIbHOCTH, KOTOpas COCTABISET IIO
MOOOYHBIM U 3€pKaJbHBIM KaHaslaMm npuema He meHee 80 nb, a mo xanamy
Ha TIepBOM mpoMexyTouHoi yactoTe — He meHee 100 nb, nnHAMUYECKOMY
JAWana3oHy MO MHTEPMOAYJISILIUUA TPETHEro MOPSIIKa, KOTOPBIM COCTaBIIsET,
MIpU OTCTPOMKE MoMexu oT HoMuHalbHOUM yacToThl +100kI 1 u 6osiee 80 —
85 nb (B 3aBHCHMOCTH OT AMamna3oHa 4acToT M Moaudukanuu PIIpV)
u ypoBHIO Ookupytromei nomexu 130 ab (mpu otctpoiike 5 %) u 150 nb
(mpu otctpoiike 15 %), uro mo3BojseT 3h(HEKTUBHO HCIOJIb30BaTh ITH
paauonpueMHbIe YCTPOUCTBA KaK Ha COBMEIIICHHBIX MPUEMOIEpPEIAIOIINX,
TaK U Ha BBIJICJICHHBIX MPUEMHBIX PaIUOIICHTPAX.
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CrpykrypnHas cxema PITY P-170 IIM, koTopast sBJsSIETCS THUIIOBOM
IUIsl CYTIEPreTEPOIMHHBIX PATUONPUEMHUKOB C HIU(PPOBBIM Mpeodpa3zoBa-
HUEM Ha MIPOMEKYTOYHOM YacToTe, mpuBeacHa Ha puc. 4.1.

[IpueM curHamoB oOecreyuBaeTcsl CACAYIOUUMU (PYHKIIMOHAIbHbI-
MU MOJYJISIMU:

— TJIaBHBIM TpakToM npuema (610ku b2-284,52-285u b2-2863 3a-
BUCUMOCTH OT Moaudukanuu PITY u 610k b2-287);

— cucremoit cuate3a yactot (0moxku 51-10651-10751-108);

— Osiokom 1UdpoBoil 00pabOTKU U (HOPMUPOBAHUS CUTHAJIOB
(F9-310);

— cucTeMoii ynpasieHus u Koutpois (omoku 510-290,610-291).

VYhpaBieHue cocTOsSsHHMEM OJIOKOB, KOHTPOJIb PabO0TOCIOCOOHOCTH
PIIY m unaukanusi €ero COCTOSAHUS OCYILIECTBISIFOTCS BCTPOCHHOW MHKPO-
MPOIECCOPHOM CHCTEMOW YympaBjieHus, koTtopas Bkmodaer b10-290 —
osoku ynpasnenus 1 b10-291 —nanenu ynpasnenust win b10-296 —BrbI-
HOCHBIE MaHEIH YIPABICHUS I OTAEIbHBIX MOIU(DUKAIIHA.

brok ynpasnenuss 510-290nocTpoeH Ha 0CHOBE MUKPOKOHTPOJIEpA
ATmega 128-16Albupmbr «Atmel» n obecnieunBaeT cieayromue QyHK-
UU:

— ynpaBjeHue 0J0KaMu Mo OJIOYHON MarucTpaju, IpeACcTaBIISIOMIEH
co0oit 8-pa3psaaHyIo IIUHY JaHHBIX/aApecoB, 0OMEH JaHHBIMH C TICPEIHCH
MaHEeJbIo;

— 00pa0oTKy KOMaHJ AWCTAaHIIMOHHOTO YyIpaBJeHHS, KOTOpPHIEC IIO-
ctymnaroT 1o cteiky UPTIC (AY1u AYV?2);

— (hopMUpOBaHUE CUTHAJA BKJIIOYEHUS 0J10Ka MUTAHUS TI0O KOMaHaM,
MOCTYMNAIOUM C TIepeAHEN NaHeIu M OT YCTPOWCTBA JAMCTAHIIMOHHOTO
yIpaBJICHUS;

— ¢opMupoBaHue TMHUUA «[ OTOB», 10 KOTOPOH OCYIIECTBISAETCS HE-
MPEPHIBHBIM KOHTPOJIb Pab0OTOCTIOCOOHOCTH CHHTE3aTOPOB YaCTOThHI KaHa-
JIOB TIpHieMa.

OoMeH nHpOpMaIuei ¢ yrnpasiusembiMu 010kamu PIIpY (npecenek-
TOpaMH M CHUHTE3aTOPAMM) OCYIIECTBIISICTCS dYepe3 MHTepQeHCHbIE MOTY-
JM, PacCIoOJIO)KEHHbIE B OJOKaX W BBIMOJHEHHBIE HAa MHKPOCXEMax
ATmega8L-Al,xoTopsie MOIKIIOYAIOTCS K OJIOYHOW MarucTpaiu.

[Mepenusss manens PIIpY P-170 IIM (6:10x b10-291) BEIMonHEHa
TaKke Ha OCHOBe 8-pa3psanHoro MukpokoHTposuiepa ATmega 128-16Al
bupmel «Atmel»,
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bnok b3-206 obecnieunBaeT paboTy OT ceTH 0HO(A3HOTO EPEMEH-
HOT'0 TOKa C HOMUHAJIbHBIM HamnpsbkeHueMm 220B v oT UCTOUHMKA MOCTO-
STHHOTO TOKa HanpspkerreMm 12w 27 B (AkkyMm.).

CoBpeMeHnHas mudpoBas djeMEHTHas 0aza JaeT BO3MOXHOCTh HC-
MOJIb30BaTh HOBBIE MOJAXOAbI MNPHU CO3JAHUH PATHONPHUEMHBIX YCTPOWCTB
MATOr0 TMOKOJIEHHUS, a UMEHHO peaju30BaTh MPSIMOE aHaIoTro-1u(poBoe
npeoOpa3oBaHue MIMPOKOIOJIOCHOTO TPYIIOBOIO0 CUTHAJIa Ha pajguoyac-
TOTE 0€3 MPEeABaAPUTEIHLHOIO YACTOTHOTO MpeoOpa3oBaHusl, a JaJIbHEUIITY IO
bunpTpanio U 00pabOTKy CUTHAIOB OCYIIECTBIATh HEMOCPEIACTBEHHO
B 1udpoBoit popme [31].

[ToMexX0yCTONYMBOCTh PaUONPUEMHUKA, €CTECTBEHHO, 3aBUCUT OT
WH()OPMALIMOHHON TIOJIOCHI MPOIMYCKaHUsS, M TMPU €€ PACIIUPEHUH OHa
cHmkaeTcs. Tak, mpu MHOOPMAIMOHHBIX MoJiocax MpueMHuka > 1 MI'1g
MPEUMYIIECTBA CYINEPreTepOJUHHON CTPYKTYpPhl JaXe C TeTEePOIUHOM,
UMEIOIIUM CHEKTPAIbHYIO TDIOTHOCTH myMoB 165 — 1701b/T'1, TepsttoTes
13-32 UHTEPMOYJISIITUOHHBIX MCKAXKECHUI: pacCIIUPSCTCs MOJ0cCa — yBEJIU-
YUBAECTCS KOJUYECTBO MOMEX B MOJIOCE — PACTET YPOBEHb MHTEPMOIYJIS-
IAOHHBIX COCTABJIAIOIINX, MONAJAIOIIMX B MMOJOCY MPOIMYCKAaHUS TPAKTa.
[TosTOMYy TIpH pacuIMpeHUr MOJIOCHI MPOMYCKaHUs TpakTa mpuemMa Oosee
1 MI'n neaecooOpa3Ho MCHOJIB30BATh MPSAMOE aHAJIOrO-1U(GPOBOE MPEoo-
pa3oBaHUE.

TpakTshl mpreMa C MPSAMbIM aHAIOTO-IIU(POBBIM MPEOOPA30BAHUEM
OTKPBIBAIOT BO3MOXKHOCTh CO3/IaHUSI MHOTOTPAKTOBBIX ITU(POBBIX paanoO-
npueMHbIX ycTpoicTB (I[PIIpY) mo npuHIHITY «OJUH aHAIOTOBBIN BXOJ —
MHOT'0 KaHaJIOB IIpUEMa.

Muorokanansubie PIIpY mMoryt ObITh HpeACTaBICHbI KaK YCTPOUCT-
Ba C MPSAMBIM aHAIOTO-IU(PpOoBBIM MpeodpazoBanuem BY curnana u Habo-
POM TIOJIOCOBBIX (PUILTPOB HA BXO/IE.

B sTOM cnydae mpecenekTop SBISETCS IIMPOKOIOJIOCHBIM Iepe-
cTpanBaeMbiM. Ero mosoca MoxeT m3meHsAThesa ot 1 MI'1 (B auama3zone
gacToT 10 20MI'11) u o monockl Bcero KB-auanasona.

TunuuHbiM UPPOBBIM PATUONPUEMHBIM YCTPOMCTBOM  SIBJISIETCS
KOMITbIOTEpHBIN paguonpueMHuk <«[IWMJIOT». Orto LPIIpY cocrour
BHEIITHET0 TMPECENIEKTOpa M BCTpanBaemMoro B kommbrotep moxayis PCI.
Bremnuii mpecenexkTop oOecreuuBaeT MNPEIBaApPUTEIbHYIO CEIEKIIHIO
AIEKTPUUECKUX CHUTHAIOB B IuanazoHe 9acToT oT 1,510 30 MI't. Moayns
PCl ocymectBisieT BbIBOJ IM(DPOBOTO CUTHAJNIA U YIIPABICHUE Yepe3 IHHY
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PCI I[19BM, koTopblii obecrieurBaeT BO3MOKHOCTh TPUMEHEHHUSI TI0JIb30-
BATEIIbCKUX MPUITOKECHUN.

4.2. PajuonpueMHUKH PATUOCTAHINH MOABUKHOM
PaaUOCBSI3U

4.2.1. Obuwue ceedenus 0 paouonpuemMHuKax
PaouocCmanyuii ROOBUNHCHOIU PAOUOCEA3U

Hcnonbs3yemble CUCTEMBI PAUOCBS3U C TOABUKHBIMU OOBEKTAMHU
MOYHO Pa3JIeJIUTh Ha CIAEAYIOINE KIACCHI:

— BEJOMCTBEHHBIE;

— COTOBBIE;

— TPaHKOBBIE.

PaguonpueMHUKy paguoCTaHUMK HU30BOM PAAUOCBA3U IpPEIHA3ZHA-
YeHbl ISl MpueMa TelaedOHHBIX W JIPYTHX COOONICHUWH Ha JUHUIX
pPaauoCBs3U MEXKIY TOABUKHBIMU U CTAl[MOHAPHBIMH OOBEKTaMHU.
OOBIYHO ATO CIIy’>KeOHas, TUCIIeTYEpPCKasl CBA3b B TAKUX BEJIOMCTBaX, KaK
OCh, ®CO, MBI u np. B 3aBucumoctu OT Tpedyemoro paauyca
JEUCTBUSI BEIOMPAIOT JUAla30H YacTOT MPUEMOIEepealoNIei annapaTypbl
Ha JICKAMETPOBBIX, METPOBBIX WIM JACHUMETPOBBIX BOJIHAX. [[yig nmepenayuun
HEIPEPhIBHBIX (PEUEBBIX) COOOIICHUH NPUMEHSIOT Y3KOImoJocHble UM
nni OM curHasl.

OcHOBHBIE TPeOOBaHUS K annapaType HU30BOU PaguOCBSI3H;

— pa30OpPUMBOCTD PEUH;

— BBICOKAsI IOMEXO0YCTOMYUBOCTb;

— MUHUMAJIBHOE YHCJIO OPTraHOB yIIPABJICHUS;

— HAJIMYHUE aBTOMATUYECKUX PETYIUPOBOK;

— IPOCTOTA KCILTYaTalllH;

— HAJIC)KHOCTB.

AmnmapaTypa paaMoCBs3U JOJDKHA O0eCTeYrBaTh OECIOUCKOBYIO
HACTPOUMKY MPUEMHHMKA HA YaCTOTY IEpPEAAroONed paauOCTaHIIUN HETepe-
CTpauBaeMbIM MPECEIIEKTOPOM C TOJIOCOM, PaBHOM Auana3oHy padoyux
4acTOT, KBapIEBOW CTaOWUIIM3aIlMeil reTepoiMHa MpUEeMHUKA. becrouncko-
Basi HACTPOIKa OCYIIECTBISICTCS MOAKIIOUEHUEM TPeOyeMOro KBapIieBoro
WU JPYTUX DJIEMEHTOB Ienu. TpeOyeMyl0 TOUHOCTh HACTPOWMKHU MPOIIE
obecnieunBaTh nmpu UM curnanax. [ yMeHbIIeHHs] Ta0apUTHBIX pa3Me-
POB MaccChl PaJUOCTAHIIMN YaCTUYHO COBMEIIAOT ()YHKIIMOHAJIBHBIC Y3JIbI
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nepefaTyika M NpueMHUKa. Tak, KBaplUEBbId TIe€TEpOJWH TMPUEMHHUKA
MOKHO HCIIOJIb30BaTh B KAa4eCTBE aBTOT€Heparopa nepeparuvka, YHY —
B KayecTBe MUKPO(GOHHOTO yCHIHUTENs U T. . OgHAKO NpU TaKOU CTPYK-
Type MPUEMONEPENATUNKA, HA3bIBAEMOW TPAHCUBEPHOM, CYIIECTBEHHO YC-
JIOKHSIETCS KOMMYTalUsl «IIpUEM — Iiepeada», a 00JIbIIOe YUCIO KOHTaK-
TOB TIEPEKIIIOYATEIICH CHUXKACT HANECKHOCTh. {19 CHMKEHUS CTOMMOCTH
IPUEMOTICPEIaTINKOB JIOPOTHE KOMILICKTYIOIIHE H3AeHus (KBapIeBhIC
(GWIBTPBI, KBapIEBBIE PE30HATOPHI) WCIOJIB3YIOT B y3JaX NpPUEMHUKA
U TIepeaaTyrKa.

[IpueMHUK paguOCTaHIIUM MMOCTPOCH IO CYNEPreTEPOJUHHON CXEME
C IBOMHBIM TpeoOpaszoBareneM 4acToThl (puc. 4.2). UyBCTBUTEIHLHOCTD
IpU coOTHOMIEHUH «curHan — mym» kak 10/1 ne xyxe 0,45MkB. ITonoca

MpoNyCKaHus NpueMHHKa — He MeHee 18 k['1. YpoBeHb mogaBiIeHHS IMO-
MEXH 110 3epKaJlbHOMY KaHainy — 65...70nb.

(3
IMpuemuuk [ | Hemony-| [Jewmd-|,| Jlenepeme-| | xpanaii- _T_, Hexozep

Pa36uBka 7
A R . R Peuesoii [ Kaman. |
K) LI " | Koxep | xonmep
CEerMeHThI T
dopmupo-
Ilepenar- [ Mony- | — HIudpa- |
YUK JSATOP TOp
¥ MaKeTOB
|
Jlynnex-| L___ ~/TPABICHHE MOWIKOCTRIO | -
cep :
| |
[
|

(MILLY) JIATOP paTop KUTEIb 3ep Butepou
Brem. LI PeueBoii
* y ? ? nexonep
ATl
Tepmunan [« Konrpor- |, Y (LTAIT)
nep

Puc. 4.2. ®yHknroHanbHas cxema nmprueMoIriepeaTunka
crangapta GSM

CurHan C aHTEHHBI TMOCTYMAET YEPE3 AHTCHHBIM KOMMYTATOp Ha
BXOJHYIO 1enb U YPY npuemnuka. B YPY curnan ycuimBaerca u uepes
¢ueTp cocpenorouennoit cenekiuu (PCC) momaercs Ha BXOJ MEPBOTO
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cMecutens. TpexkoHTypHbIN 1ojgocoBor @CC BMeCTE CO BXOAHOM LEMBIO
HACTpauMBaeTCs HA YaCTOTY NMPUHUMAEMBIX CUTHAJIOB U O0OECIEYUBAET MO-
JaBJICHHE BHEMOJIOCHBIX CUTHAJIOB /10 yYpoBHs He Oojsiee 70 nb. B pe3yib-
TaTe B3aMMOJECHCTBUS YACTOT BXOJHOIO CUTHAJa U TE€TEPOAUHA B MIEPBOM
cMecHuTesne 00pa3yeTcsi CHUTHall C TePBOM MPOMEKYTOUYHOM YacCTOTOM
18,5MTI'u. Curnan ITY BbeigenseTcs U3 CyMMbl KOMOMHAIIMOHHBIX CHUTHA-
j0B ¢ nomorpio UITK® (uHTerpaibHo-be30KBapIeBhI (PHIBTP), KOTO-
pBIii oOecrneunBaeT MOJABJICHUE BCEX BHEIMOJIOCHBIX CUTHAJIOB, HAayMHas
¢ cocenuero, Ha 60 nb u OGonee. Ha BTOpoil cMecuTENh OJHOBPEMEHHO
C CHTHAJIOM IIOJAETCS HANpPsHKEHWE BTOPOrO TETEPOJMHA C YacTOTOM
16,6 MI'w. Ilocne mpeoOpa3zoBaHus BO BTOPOM CMECHUTENE HA PE30HAHCHOU
Harpy3ke BbiaenseTcs: curnan sropout 114 2,2 MI'u. DTOT curHan ycuiu-
Baercs B YIIU no BenuuuHbI, IpU KOTOPOM 0OECreynBaeTCsi HOpMallbHas
paboTa OrpaHUYUTENS aMIUTUTYAbl. YacTOTHBIM AETEKTOP BBIACISET U3
BBICOKOYACTOTHOTO MOJYJIMPOBAHHOI'O CUTHajJa HU3KOYACTOTHBIA MOJY-
JUpyrOmUKH  curHai. [IpomeTekTHpOBaHHBIA HU3KOYACTOTHBIA CUTHAI
¢ Bbixoaa YJI moctynaer Ha BbIXOJ HU3KOYACTOTHOIO TPAKTA U Jajee ye-
pe3 koppektupytoumii RG-guiabTp — B uHPOpMaIMOHHBIA TPAKT U TPAKT
IyMOTIOIaBUTEIIS.

B nocnennue roapl Ajis 00€CTIEUEHHS CBSI3U MEXKAY MOJBHXKHBIMU
00BbEKTaMU HAXOJST BCe 00Jiee MUPOKOE MPUMEHEHUE CUCTEMbl TPAaHKUH-
TOBOM M COTOBOM PAIMOCBS3U. JJOMUHUPYIOIIEE MOJO0KEHUE 3aHUMAIOT
COTOBBIC CHCTeMbI oABMKHOM paarocessu (CCIIC).

Pazputne CCIIC pemaer npo0iieMy SKOHOMUHM CIIEKTpPa paJiov4acToT
IyTEM MHOTOKPATHOI'O UCIIOJIb30BaHUS BBIIEJICHHOTO YaCTOTHOTO pecypca
P IPOCTPAHCTBEHHOM PA3HECEHHH MPUEMOIEPEIATUNKOB C COBIAJAI0-
IUMH pabOYUMH YaCTOTaMHU.

HayuHble nccnenoBaHusl U MPOBEAECHHBIE SKCIIEPUMEHTHI JOKA3ald
MpPEeUMYIIEeCTBa UPPOBBIX CHUCTEM MOJBUKHOW PAJUOCBSI3U IO CpPaBHE-
HUIO C aHajgoroBbIMH. I{udpoBrie cucTeMbl 001a7a0T OOJIBIIEH TOMEXO0-
YCTOMYMBOCTBIO, JICNIAIOT BO3MOXKHOM pPaauoOCBs3b uepe3 aOOHEHTCKHUE
TEpPMHUHAIBl C CETSIMU TMeEpeAadyu JaHHBIX, OOECIEUMBAIOT KOJUPOBAHUE
nepenaBaeMoi nHGopMalMu B auanazoHe yactoT 136 — 174MI'u u uyB-
ctBuTeNbHOCTHIO 10 MKB.

B Poccum B kauwectBe (elepalbHBIX CTAHIAPTOB  MPUHSITHI
obmeeBponeiickue crangaptel GSM, UMTS, LTE - cramgmaptel Ha
uudposeie CCIIC, koTopbie MpeaycMaTpUBAOT UX pabOTy B JHUAMMa30HE
900MTI'; — 1800MI 1.
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@dyHKIIMOHATBFHAS CXeMa MOPTATUBHOTO IMpHeMollepeaTIuKa CTaH-
napta GSM-900mnpuBeaena Ha puc. 4.2.

CurHan ¢ aHTEHHBI 4epe3 KoMmOaliHep (IyIuieKcep) MOCTymaeT Ha
BXOJIHYIO 1I€Tlb, PCATM30BAHHYIO Ha MUKPOIIOJIOCKOBBIX JIMHUSX, U Jlajee
Ha Majomymsnmid yeuwnurenb (N, = 1,2-1,4).JIemoaysasiTop ocymiecTs-
JSeT AEMOAYJSLMIO MPUHATOro curHaia. Jlaaum KpaTkKoe YIpOIIEHHOE
onucanue (QyHKIUN €ro OCHOBHBIX KOMIIOHEHTOB:

— AL]Il — npeoOpazyeT B inppoByI0 POpMy CUTHAI C BHIXOJIa MUK-
podona. B pesynbTaTe Bcsa nocieayromas o0padoTKa U nepejada curHaia
peyu Mpou3BOAUTCA B IIU(PpoBOit hopme;

— peuesoli Kooep — OCYIIECTBIISIET KOJUPOBAHUE PEUEBOTO CUTHAJA
- MpeoOpa3oBaHue MO OMPEACIICHHBIM 3aKOHAM C IICJIbI0 COKPAIEHUS €T0
M30BITOYHOCTH, T.€. C IIEJIBI0 COKpaIlleHusI o0beMa HHpOpMaIINH, Tepeia-
BAEMOM 110 KaHamy;

— KoOdep Kanana - N0OaBISET B IIU(PPOBOM CUTHAT JOTIOJTHUTEIHLHYIO
(130BITOUHYI0) HH(POPMAIUIO, MPEIHA3HAYCHHYIO JIJIS 3aIUThI OT OMIHOOK
IIpU Mepelaye CUrHajia 1o JUHUU CBA3HU;, a TaKKe BBOJAUT B COCTaB Iepe-
JaBaeMOro CUrHajia UH(POPMAIIUIO YIIPaBIEHHUS OT JOTUYECKOTO OJIOKA;

— MOOynAmMOp — OCYIIECTBIISIET MEPEHOC KOAUPOBAHHOTO CUTHAJIA
Ha HECYINIYIO 4acTOTy,

—  0emo0yaamop — BBINOIHAECT (PyHKIIUIO, 00paTHYIO0 (YHKIIUH MO-
OyJATOpa, BRIACIAET U3 MOJIYJIUPOBAHHOTO CUTHAIA KOJAUPOBAHHYIO ITU(-
POBYIO MOCJIEIOBATEIBLHOCTD,

— Oekodep Bumepbu — BbIAENSET U3 BXOJHOTO IU(PPOBOro motoka
CITY’K€OHYI0O M JOTIOJIHUTEIbHYI0 WH(POPMAINIO, MCIOJIB3YS IMOCIETHIO0
I oOHApYXEHUS W UcIpaBiieHUs (IT0 BO3MOKHOCTH) OITHOOK, BHECCH-
HBIX B [IU(GPOBOI CUTHAI B MPOILIECCE €r0 Mepeaauu 1Mo paaruoKaHamy;

— peuegoli 0ekooep — BOCCTaHABIMBAET TUPPOBOIN PEUEBON CUTHAT,

L[AIl — ipeoOpazyeT MPUHATHIN TUPPOBOI peueBOM CUTHAJ B aHAJIO-
roByIo opmy.

TpeGoBanus K paaMOCTAHIMSAM TOJBHKHOU CIIyXKObI OINpEEICHBI
B CJICAYIOIINX JTOKYMEHTAX:

T'OCT 12252-86.PaquocTaHiiud ¢ yrjioBOH MOIYJISIIUEH CYXOIyT-
HOM MOJBUXHOM CIy>KObl. THUIBI, OCHOBHBIE TMapaMETPbl, TEXHUYECKUE
TpeOOBAHUS U METO Il H3MEPECHHM.

T'OCT 22579-86.PagniocTaniiui ¢ OJJHOTIOJIOCHOW MOJYJISIIIACH Cy-
XOMYTHOM MOJBUKHOU CIy>XOBI. THIIBI, OCHOBHBIEC MapaMeTphl, TEXHUYE-
CKHe TpeOOBaHUS M METOJIbl U3MEPEHUH.
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I'OCT 22580-84.PaguocTaHiiii ¢ YIJI0BOM MOIYJISIIMEH MOPCKOM
MOJABMKHOM CTy>KOBbI. THITBI, OCHOBHBIC TIapaMETPhl, TEXHUUSCKUE TPEOO-
BaHMS U METOJIBI N3MEPCHHIA.

Ocobennocmu PlIpY paduocmanyuii noosusxcnoti paouocessu

Oco0eHHOCTH paiMOKaHana.

— nuama3oH 4actoT — 30 — 60MI' (mekaMeTpoBbIC, METPOBBIC HMJIU
JCIIUMETPOBBIC BOJIHEI);

— HEOOJIbIINE PACCTOAHUS (CAMHUIIBI — IECATKH KM);

— y3komnoyiocHble UM unu OM curHamisr,

— MHOTOKPATHOE UCITOJIb30BaHUE BHIJICIICHHOTO YaCTOTHOT'O pecypca,

— Bugsl cBszu. TO, 11]1.

Ocob6ennoctu xapakrepuctuk PIIpV:

— OecIonCcKOoBast HaCTPOKKA;

— JKeCTKHe TpeOOoBaHUs K MacCOrabapuTHBIM XapaKTePHUCTHKAM;

— MHUHHMaJbHOE YHCJIO OPTraHOB YIIPaBIICHHS, IPOCTOTA JKCILIyaTa-
IIUY 1 BBICOKAS HAJCKHOCTD,

— BBICOKAsl TIOMEX0YCTONYHUBOCTD;

— HAJIMYHME aBTOMATHYECKUX PETYIUPOBOK;

— HAaJIC)KHOCTD;

— OJIOYHOE ITOCTPOCHHE, 00SCIICUNBAIONIEe XOPOIIYI0 PEMOHTOIPH-
TOJHOCTb.

Oco0EHHOCTH CXEMHOT'0 TIOCTPOCHHSI

— KBaplieBas CTaOMIM3aIHsI 9acTOTHI,

— coBMernieHue 61oka PIIpY u PIIaY (TpancuBepHBIC CXEMBI);

— nudposas 00paboTKa curHaaoB (KOJIUPOBAHUE U T. 11.);

— MPUEMHHK MPSIMOT0 MPeoOpa30BaHUS WM CYIIEPreTEPOJIHH;

— HaJIMYHE YCTPOMCTB IMpHEeMa IEPCOHAIBHOrO BBI30BAa, CHUTHAJIM3a-
IIUH, OTOOpakeHusI HOOPMAITUH;

— MHTETPATHHOE ¥ MHUKPOIIOJIOCKOBBIC HCTIOJTHCHUS,

— MPUMEHCHHUE aKTHBHBIX (PUIBTPOB;

— NMPUMEHEHHUE OJTHOTO THIIA aHTCHH.

4.2.2. Peanuzayuu I[OC 6 paduonpuemnurkax cucmem
COmMOB0oU CéA3U

Paccmotrpum  peanmzanmio [[OC B paguonpueMHUKax CHUCTEM
COTOBOHM CBSI3W Ha MPUMEPE PATUONPUEMHUKOB IMOJBUKHBIX U 0a30BBIX
CTaHIIUU.
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MoOOWIbHBIE TEPMHHAJIBI JIJII CHCTEM COTOBOH CBS3HM B CTPYKTYpE
panuoTnpreMHUKa UMEIOT, TI0 KpaiiHelW Mepe, OJIMH Kackaj IpeoOpaszoBa-
HUS 4acTOThl B curHabHOU e (AYIIT). Dto nmpeoOpa3oBaHHe YacTOTHI
MIO3BOJICT TIEPEBECTH MPUHUMACMBIA CUTHAII U3 BBIJICJICHHOTO CTaHIapT-
HOr0 paJuo4yacToTHOro nauamasona (Hanpumep, 900MI'n wim 1,81'Tn) Ha
Oosiee HU3KYIO MpoMekyTounyto dactoty frpg (puc. 4.3), roe cenexrop

KaHaJla BBIMOJHAETCS Ha 0a3e y3KOIMOJIOCHOIO IMOJOCOBOTO (PUIIBTPA BBI-
Oopa kaHanma (Kak MpPaBHIO, Ha IOBEPXHOCTHO-aKyCTHUYECKHX BOJIHAX
(ITAB) mnu xepamuke). Jlaiee oT(GUIBTPOBAHHBIN CHIHAJ IOJBEPracTCs
TajdbHEeUIIeMy MmpeoOpa3oBaHMIO MO0 BO BTOPYIO MPOMEXKYTOUHYIO Yac-
TOTY, JIUOO cpa3y AETEKTUPYETCs, 3aT€M OLIM(PPOBBIBACTCA U AEMOAYIUPY-
eTcs B IM(POBOM CUTHAJIBHOM Iiporeccope (Ha pucynke IIUIIT He moka-
3aHa). Ha puc. 4.3noka3aHo cpaBHEHHE TOM CYNEpPreTEePOIUHHON CTPYK-
TYpPBI CO CTPYKTYPOU palONpUEeMHUKA IPSIMOTO TPE0oOpa30BaAHUSI.

CyneprerepoauHbIii painONPHEeMHUK
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Puc. 4.3. CtpykTypa npsiMoro nmpeoopa3oBaHus, HO3BOJISAIONIAS YMEHBLIUTH YUCIIO
koMnoHeHTOB B AUIIT paguonpuemMHuka

W nest ucrioab30BaHUsl HEMOCPEICTBEHHOTO TPEe0Opa30BaHus YaCTOThI
B PaJUONPUEMHHKAX JOCTATOYHO JIOJITO MOJb30BaaCh BHUMAHUEM pa3pa-
OOTYMKOB PaUOYACTOTHBIX TpakToB. [IprunMHa oueBuHA: KacKajbl Ipe-
00pa3oBaHus YBEJIMUNUBAIOT CTOUMOCTh, Pa3MEPhI U BEC MOJIb30BATEIbCKO-
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ro obopynoBanusi. Kaxx it kackas TpeOyeT HaJIu4us JJOKaJIbHOTO TeHepa-
TOpa, cMecuTes, GUIbTpa U, BO3MOXKHO, YCUIIUTENS. YUUThIBasi BCE 3TO,
MPUBJICKATEIIBHOCT  PAJAUONPUEMHHUKOB  MPAMOTO  IpeoOpa3zoBaHUs
He ynuBisieT. OTCYTCTBHE MPOMEXYTOUYHBIX KAacKaJlOB IMO3BOJIIET COKpa-
TUTh CTOUMOCTD, Ta0APUTHI U BEC PAIUONTPUEMHHUKA.

BrinosiHeHUE 3JIEMEHTOB CXEMbl PaJUONPUEMHUKA MPSIMOTO MPEoo-
pa3oBaHMs B MHTETPATBHOM HCIIOJHEHUHU (HAa MUKPOCXEME) ITO3BOJISET J0-
MOJIHUTENIBHO COKPATUTh YMCIIO BHEUTHUX KOMIIOHEHTOB 3a CUET MHTErpa-
1y BHeHero uaTepderica GSM ¢ manomymsimuM ycunutenem (MITY).
Takoe pemieHue maeT BO3MOXHOCTH OOOWTHUCH 0€3 PpaJuOYacCTOTHOTO
¢GunpTpa MOOOYHBIX KaHAIOB IpueMa (3epkanbHoi momexu, KIIII), koTo-
pbIil HEOOXO UM JJIsl TIOJIaBJICHUS MAapa3sUTHOW 3€pKaIbHOW YacCTOThI WIIU
MPOJYKTOB UHTEPPEPEHIIMU CUTHATIOB CMECUTENSI U MAJIOIIYMSILETO YCH-
auTens. DTOT KackKaJ OOBIYHO BBIMOJIHIETCS Ha KIIOYEBOM TPAH3UCTOPE
C IIETMbI0 CMEIIEHUS U COOTBETCTBYIOIIEH OOBS3KOM, UTO B CyMME BbIpa-
xaetcs npubnauzutenbHo B 12 komnonenTtax. Bxmouenne MUY B uH-
TepdecHbI OJIOK COKpallaeT KOJUYECTBO BHENIHUX KOMIIOHEHTOB B
cpeHeM MpuOIM3uTeNIbHO HA 15 — 1/eauHul] B 3aBUCUMOCTH OT CTEIICHHU
COOTBETCTBHUSA OMMCAHHOMY (PUIIBTPY.

AD6523
TIAB
R ‘ npueMHas 4acTb
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Puc. 4.4. JIByXn0OJ0CHBIA TPUEMOIIEPENATUHK IPSIMOTO
npeoOpazoBanus Ha Mukpocxeme AD6523/AD6524

OyHKIIMOHAIbHAS OJIOK-CXeMa apXHTEKTYphl JIBYXJIHANA30HHOIO
GSM-monyns paguokanana ¢upmel «Othello» mokazana Ha puc. 4.4.
[IpuemHass dYacTh paclojoXeHa B BEpXHEM YacTH OJIOK-CXEMBI
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GSM-wmonyns (mukpocxema AD6523). OT aHTEHHOTO pa3beMa IMPUHH-
MaeMblid CUTHaJ TMIOCTyHaeT Ha [MepeKIoYaTeNlb pPeXUMa  «IIpHU-
em/miepenada» (IyIUIeKCep) W HAMPABISACTCS, B 3aBUCHUMOCTH OT JIMAITa30-
Ha, Ha OJuH U3 ABYX GmibTpoB: 925-960MI 11 s GSM-1tnanazona uau
1805-1880MTI'1 gyist DCSsimanazona. CurHan mpoXoauT 4Yepe3 IMoJI0co-
BOW Paguov4acTOTHBIN (UIBTP, KOTOPBIN CIY>KUT JJIsl BbIJEIEHUS] HE00XO-
AUMOM TOJIOCKI YacTOT M TMOAABJICHUSA COCTABIAIONIUX JPYTUX YacTOT
(BKJIFOUAsT 4aCTOTHI B JHMAIIa30HE Tepeaun), 4ToObl IPEIOTBPATHTD TIepe-
I'PY3Ky aKTHBHBIX KOMIIOHEHTOB B MpueMHOW yactu. [locie mosocoBoro
GunpTpa cUrHaN yepe3 KomMmmyTaTop auama3ona (SW) nomaercs Ha maio-
mymsnid  yewurens (IIIMY). OTo nepBbIf  yCHIUTEIBHBIA 3JIEMEHT
B CHCTEME, TO3BOJISIONIMN 3HAYUTEIBHO COKPATUTh BKJAJ BCEX IMOCHe-
AYIOIIMX KacKaJ0B B YPOBEHb CYMMAapHOTo Iryma cuctemsl. Kpome 3Toro,
YCUJIMTENBHBIN KacKaJl OKa3bIBa€T BJIMSIHUE HA XapaKTEPUCTHUKY MHOIO-
CUTHAJIBHOM HM30MpaTeIbHOCTH paavonpueMHuKa (OJI0oKHpoBaHUe, Iepe-
KPECTHASI MOAYJISAIUS B MHTEPMOTYJIISIIHUA).

[Tocne manomyMsIIero yCWINTENsS paJuOCUrHal 3aIaHHOTO YPOBHS
MOCTyMaeT Ha KBaJpaTypHBIH CMECUTEIh C MPSAMBIM IIpeoOpa3oBaHUEM
4acTOThl, KOTOPBIN MEPEHOCUT MPUHSITHIM CUTHAN C PAIUOYACTOTHI HETMO-
CPEICTBEHHO Ha OCHOBHYIO YacCTOTY C IMOMOIIbIO YMHOXEHUS PaJIUOCUT-
HaJla Ha BBIXOJIHOM CUTHAJI JIoKajabHOro reneparopa LO.

KBagparypHblii cMeCUTENb COCTOUT W3 JBYX OJAMHAKOBBIX CMECHUTE-
Jiel, Ha BTOpPbIE BXOJIbl KOTOPBIX MOCTYIAIOT CUTHAJBI JOKAJIBLHOTO T'eHe-

patopa LO ¢ pasnuneii ¢as 9C°. BbIXoqHbIE CHIHAIBI KBaJPaTypHOIO
cMecHuTeNs OyIyT MPeAcTaBIsATh coOO0M KBaaparypHbie | u Q kaHambI.

[TomyueHnHble KBagpaTypHble KaHAIBl (QUIBTPYIOTCS B aHTHAJIAW3UH-
roBoM uibTpe (I yCTpaHSHHS KaHAJIOB HAJOXKCHHSI CIICKTPOB) H TI0Ja-
I0TCSI Ha YCUJIMTENBHBIN KacKaJ OCHOBHOM YacTOTHI C IEPEMEHHBIM KO3 (-
durnenToM ycwieHus. PerynupyeMplii yCHINTENb TakKe oOecreurnBacT
HEKOTOPYIO (PUIIBTPAIMI0O CMEKHBIX KAaHAJIOB M IMOJABJICHUE Mapa3UTHBIX
4acToT. DTUM OJIOKUPYIOTCSl curHaibl apyrux GSM-«kanasnoB, pa3HeceH-
HBIX Ha HEKOTOPOE PACCTOSHHUE OT MPUHUMAEMOI'0 KaHalla, Kak MpaBuio, 3
u Oosee merarepi. GUIbTp ycuIUTeNIs OCHOBHOM YacTOTHI OCIA0JISIET 3TU
CUTHAJbI O YPOBHS, FApaHTUPYOWETo OTCyTCTBUE nieperpy3ku AlLlII pa-
auonpuemMHuka. Ilociie ycumuTenpHOro Kackajga NMPUHUMAEMbId CHUTHAI
orudpossiBaeTcs B mpueMaom ALIIL.

KommnakrHocth MukpocxeMbl «Othello» mo3Boinser #cmoab30BaTh
GSM-rexHosoruu A1 CO3JaHUsI MHOTHX H3JEJIHUMi, B KOTOPBIX paHee ATO
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ObLJIO HEBO3MOXKHO, HAmpuMep, B OYEHb KOMMAKTHBIX TelleOoHAX WIH
PCMCIA xaprax. OnHako OCHOBHBIE MPEUMYIIECTBA MPAMOTro mpeodpa-
30BaHUSI CTAHOBSTCA eIle Ooyiee OIIYTUMBIMH IPU pa3pabOTKe YHUBEP-
CaJIbHBIX MYJIbTUCTAHAAPTHBIX TEJIEPOHOB cleayronux nokojenui. C uc-
MOJIb30BAHUEM TMPSIMOTO MPeoOdpa3oBaHUs OTHATAET HEOOXOAMMOCTh B all-
napaTHoM (QUIBTpe BBHIOOpA KaHaJIa, TIOCKOJBKY 3Ta OMEpPAIs BBITOHS-
eTcsa B Ojoke nmu¢ppoBON CUTHATBHOU O0OpPaOOTKH, KOTOPHIH MOXKET OBITH
nepenporpaMMHUpPOBaH JJisl pabOThl C MHOXKECTBOM CTaHAapTOB. CpaBHUTE
ATOT MOAXOJl C CYNEPreTepoOJMHHON ApXUTEKTYpOH, Tie TpeOyercs He-
CKOJIbKO IIened pajauokaHana Jyuisi paboThl C pa3IMYHBIMU CTaHAapTaMu
(MOCKOMIBKY KaXKablid U3 HUX TpeOyeT pa3audHble (PUILTPHI BEIOOpA KaHa-
Ja) ¥ BCE CXEMBI JIOJDKHBI MMETh MUHUMAaJIbHBIC pa3Mepsl. [Ipu ncmonb3o-
BaHUU MPSIMOTO MPeoOpa30BaHUs OJUH U TOT K€ paJMOKaHAT MOXXET HUC-
MOJIb30BATHCS ISl HECKOJIBKUX Pa3IMYHBbIX CTAaHAAPTOB, YACTOTHBIX MOJIOC
U TUTIOB MOAYJIAIMU. TakuMm o0pa3oM, pa3IMuHbIC BUILI YCIYT (MHTEPHET,
HaBUTAIIHS, TOJIOCOBAs CBSI3b U JIP.) MOTYT OBITh PealIn30BaHbl Ha 0aze o11-
HOTO Y TOTO € CTaHJapTa.

Paouonpuemnuxu 6a308vix cmanyuii cucmem coOmogou Ces3u

CotoBble 0a30BbIe CTaHIIMK (GOPMHUPYIOT OCHOBY COBPEMEHHOU Oec-
MIPOBOIHON MH(GPACTPYKTYPHI II100ATBHON CHUCTEMBbI COTOBOM cBsi3u. OHU
JOJDKHBI 00€CcTieuyrnBaTh MOJYY€HHE MHOTOUYHCIICHHBIX 3alpOCcoOB, 00padboT-
Ky 3amnpocoB W ux perpancisanuio. CoeauHeHue ¢ 0a30BOM cTaHIuEn
B CMEXXHBIX sSYEHKaX JOJHKHO BBIMOJHATHCA 0€3 MOTEPU CUTHAA MPU JABU-
keHun aboHeHTa. Kpome Toro, 0a30BbIe CTAHIIMU 3a4acTyl0 JOJDKHBI
YAOBJIETBOPATh HECKOJIBKUM CTaHAApTaM OJHOBPEMEHHO. B HEKOTOpBIX
00JIacTsIX B IOCTAaTOYHO OOJIBIIIOM YUCIIE YACTOTHBIX MOJIOC UCTIOIb3YIOTCS
pa3IMYHbIC TEXHOJIOTUH B MpEesIaX OJHOM U TOM ke Treorpaduyeckoit 00-
JacTu, Hanpumep, paguountepdeiicel crangaproB GSM, WCDMAu LTE.

['ubKOoCTh, BBICOKAsI MPOU3BOJIUTEIILHOCTh U HU3KAsi CTOMMOCTh Ka-
Haja SIBJISIOTCS OCHOBHBIMM TPEOOBAHUSIMHU K COBPEMEHHBIM 0a30BBIM
cranuusiM. MakcumanbHoe ucnosib3oBanue L[CII B mpueMonepenaTunkax
MO3BOJIsIET 00padaThIBaTh HECKOIBKO CTAHIAPTOB 0€3 HEOOXOIMMOCTH 3a-
MEHBI almnapaTHbIX CPEACTB. DTO MPUBEIIO K IMIHUPOKOMY PACITPOCTPAHEHHUIO
MPOrPaMMHOI0 oOecredeHus: st 00pabOTKU PaJMOCUTHAIOB, KOTOPOE
JTOMUHUPYET B TEKYIIIUM MOMEHT Ha PbIHKE 0a30BbIX CTaHIIUM.

Kak u B ciydyae MOOMIBHOTO TepMHHAIa, TEXHUKA MPSIMOT0 MPeoo-
pPa30BaHUs IUPOKO MCIOJIB3YETCS U B PAJUONPUEMHUKAX 0A30BBIX CTaH-
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nuid. CurHan onu@poBbIBaeTCS BHICOKOA(DPEKTUBHBIM IIMPOKOMOJIOCHBIM
AIIIl, mocne yero cnemyer TOJBKO OJWH KacKajJl MEPEHOCa YacCTOTHI.
Ha puc. 4.51m0ka3aHbl 1Ba OCHOBHBIX I10JIX0/1a K IMTOCTPOCHHUIO IIU(DPOBOTO
paavuonprueMHuKa 0a30BOM CTAHIMH. Y3KOIOJIOCHBIN U IMHPOKOIOJOCHBIN
pPaauONIPUEMHUKH.

Y3KOIIOJIOCHBIH PaJHONIPUEMHHK
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Puc. 4.5. Y3KONOJOCHBIN U HIMPOKOMOIOCHBIN IU(PPOBBIE
pazvoONPUEMHHUKH JUIA 0Aa30BbIX CTAHIIMNA CUCTEM COTOBOM CBS3H

[Ipy y3KOMOJOCHOM MOJXOJE MOJpa3zyMeBaeTcsi, YTO ObLIA BBIMOJ-
HEHa J0OCTaTOYHAas npeBapUTeIbHas bunpTparus CUTHaja
(AF 777 =30-200xI'1y), B pe3yibTare 4ero MoJiaBjeHbl BCE Mapa3sUTHbIE
cUTHaJIbI (coceaHre M TOOOYHBIC KaHAJbI, KaHAIbl HAJOXKCHHUS CIICKTPOB)
1 Ha Bxojae ALl mpucyTcTBYEeT TOJBKO MOJIE3HBI CUTHAI.

[IInpoKoMOJOCHBIA NOAXO0 moapasyMeBaeT Haauuve Ha Bxoje ALLII
MHOJKECTBa KaHaJIOB (COCETHUX KaHAJOB) M JalbHeWmas GuiabTpaIus, Ha-
CTpoiika U 00pabOTKa BBIMOJHSIIOTCS B IIU(ppoBoi popme. OOBIYHO MIHPO-
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KOTIOJIOCHBIM PaJMONPUEMHUK TMpeIHa3HAUYCH IS TprUeMa CIUIONTHOM IMO-
aocel curHanoB (AFp; =5-25MI'n), Hampumep, JUIsl CUCTEM COTOBOM
WM JPYTUX CUCTEM OecrpoBOAHOM CBs3U. DAKTUYECKH, OJMH ITUPOKOTIO-
JIOCHBIM TTU(PPOBON PATMOTIPUEMHHUK MOXKET HCIIOJIB30BAThCA JJIS OJHO-
BPEMEHHOTO IIpHeMa BCEX BO3MOXKHBIX KaHAJIOB B IpejeiaX BBIJICICHHOTO
JaCcTOTHOTO JWama3oHa, YTO TIO3BOJISIET HCIOJIb30BaTh MPAKTUUECKU
ToJIbKO HHdpoBbIe cpenctBa (Bkiarodas ALI) s BeIIeacHUS HYKHOTO
KaHaa.

[InpOKOTIOIOCHBINM TOAX0]] HAKJIAIbIBAET CEPhE3HBIC OTPAHUUYCHUS
Ha mapaMmeTpbl ucnosb3zyemoro ALl u TpeGyeT mupoKoro AMHAMUYECKO-
ro JUana3oHa M BBICOKOI'O OTHOIICHHUS «CHUTHAJ/IIyM», 0COOEHHO B COTO-
BBIX CHCTEMaXx, IJIe YPOBEHb CUTHAJIOB COCEIHUX KaHAJIOB MOXET pa3jiu-
yaTthcs O0osee uem Ha 100 ab. Oto Tpebdyer npumenenus ALII ¢ monocoi
nponyckanus 6onee 100 MI'm u vacToToil auckpeTrusanuu 0OoJjiee 4em
50 MI'y (mampumep, it paOOThl ¢ MYJIbTHHECYIICH C IMOJOCOH YacTOT
25 MI'm). C npyro#i CTOpOHBI, y3KOIOJIOCHBIH TOAX0 oO0ecneunBacT 00-
Jee THIaTeIbHYI0 00pabOTKy, MOCKOJBKY KaKAbIM KaHall MOXXET OBITh
orudpoBaH ¢ 00Jiee BHICOKOW YaCTOTOM NUCKPETHU3ALMH, HO ATOT MOJXO]T
Takke TpedyeT Oombinero komuuectBa ALl ams oO6paboTku TOro ke ca-
MOTO YHCJIa KaHAaJIOB.

Kommiekr UMC ot Analog Devices — «SoftCell» -anpecosan
B TIEPBYIO OYepe/lb onepaTopaM OECIpPOBOAHBIX CUCTEM CBsi3u. OH MO3BO-
JsI€T CHU3UTh CTOMMOCTH OOCIYKHMBaHUSA W pa3Mepbl 000pYI0BaHMS, IO-
BBICUTHh THOKOCTb M KAY€CTBO OOCITYKHUBaHUS.

basoBble crannuu, coaepskamnue koMiiekt UMC «SoftCell»,nerko
MO3BOJIAIOT MPOU3BOAUTE MOAUGDUKAIIMIO. OPraHU3AINI0 HOBBIX YCIYT,
JOTIOJTHUTENLHBIX KaHAJIOB, 3aMEHY CTaHJapTOB OECIPOBOJAHON mepenaydn
JTaHHBIX. B NEeMCTBUTEIHLHOCTH, ONMEPaTOpPhl OyAYT MMETh BO3MOXKHOCTh
UCII0JIb30BaTh JIIOOOW CTaHAAPTHBIM paguodacTOTHBIA HHTepdeiic (Ha-
npumep, GSM, WCDMA, LTE), yBenuuuth 4YHCIO KaHAIOB, Ooiee
3(PEKTUBHO UCTIOTH30BATh BBIJICICHHBIE YACTOTHBIE TTOJIOCHI.

HoBasi apxuTeKTypa Tak»e IT03BOJISIET OOOHWTHCH 0€3 M30BITOYHBIX
paIMoOKaHAJIOB U JJIsl IPUEMHUKOB | JIJIs TTepeaTINKOB.

KommiekT mukpocxem «SoftCell»ontumusnpoBan s deTbpex pa-
TMOKAHAJIOB U MOXKET OBITH JIETKO PACIIUPEH. DTO PEIICHNE MO3BOJISET U3-
TOTOBUTEJISIM 000PY/I0BaHHUS MCMOJIb30BaTh MACHITAOUPYEMYIO MYJIbTHHE-
CYIIYI0 1 MHOTOMOJIOBbIE 0a30BbI€ CTAHIIMM Ha OCHOBE y3JI0B TPAJAUIIUOH-
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HBIX MHOTOKAHAJIBHBIX 0Aa30BBIX CTAHIMH, HMCIOJB3YIOIIMX AHAIOTOBLIC
METOABI. BIIOK-CXeMa CHCTEMBI, HMCIOJIL3YIOIMEH KOMILIEKT MHKPOCXEM
«SoftCell»,nokazana na puc. 4.6.

npeceyieKTop AD6644 AD6624
IInpoxo- 4-x KaHAaJbI
TPY .) NOJIOCHBII KaHAJIbHBIH —
{ Bl | vPu - \7‘\ 14 -6ur E> CI Eb‘ —
T ALl npM —
G HCTI :
P~ : Tiger
NS .
~ SHARC
IIpUucMHasa 4aCTb .
\t nepeaoIas 4acTh - EE

Puc. 4.6. CtpykTypHasi cxema paauoTpakTa 0a30BOM CTAHINH
JUIsE padOThI CO MHOTMMHM HECyIUMHU Ha MuKpocxeme «SoftCell»

YMeHbIIIeHHE pa3MepOB IMPU COXPAaHEHWH CTOMMOCTH 3a CUeT HC-
noyib3oBanus «SoftCell» mo3posser pasmecTuTh Oojiee IJIOTHO Ha Orpa-
HUYEHHOW TIuIomaayd OoJiblliee 4YMCIO 0a30BBIX CTaHIUM. B pesynbrare
oOecrieunBaeTCs Jy4dlnid OXBaT, 00Jiee BHICOKOE KaueCTBO CBSI3M M MEHb-
11asi BEPOSATHOCTh OTKA30B OOCITYKMBaHUS IMOJIb30BaTeeii. MOOMIBHOCTD
¥ KOMIIAKTHOCTh cucTeM Ha 0aze «SoftCell»nenaer ux upeanbsHbIM BapH-
aHTOM JJIsl OpraHu3au O(UCHBIX OECIPOBOIHBIX CHUCTEM CBs3H. Kpome
TOTO, TEXHOJIOTHUS MPOTPAMMHOTO OOECIEUYCHHS paJuoKaHana, pPean3o-
BaHHAasl B JITAHHOM KOMIUICKTE, MO3BOJISET MCIOJIb30BaTh HOBBIE BO3MOXK-
HOCTH, HalIpUMEP, CMapT-aHTCHHBI WK (Ha3upOBAHHBIE AHTEHHBIE PEIIICT-
KM, KOTOpBI€ JAIOT BO3MOXXHOCTh 0osiee 3(pheKTHBHO MOTPEOJISITH MOIII-
HOCTh 0€3 YBEJIIMYCHHs] CTOMMOCTH CHUCTEMBI, a TaKK€ OpPraHU30BaTh Ma-
JICHPKHE MHKPOCOTOBBIC YCTAHOBKHM JIJIsi YBEJIMYCHHsI OXBaTa BHYTPH-
0(HCHBIX OECIPOBOIHBIX CHCTEM.

Kommiekr MMC «SoftCell» cocroutr wn3 14-pazpsaroro AL
ADG6644, yetsipexkananbHoro L[CII o6paboTku mpuUHUMAEeMOro CHUrHala
AD6624, 1l4pazpsanoro LIAIT AD9772 @ nepenaromieii 4acTi) M YeThI-
peXKaHAJILHOI'O MpoIleccopa 00padoTku nepenaBaemoro curiaja AD6622
(B mepenaromieii yactu). Mcnoab30BaHHEe CUTHAIBHBIX IPOIECCOPOB IO-
3BOJISIET YJIYUIIHWTh PA3JICICHUE KaHAIOB, KOppekiuio AUX, KOppeKuuto
OIMOOK U MOBBICUTH THOKOCTh U 3()PEKTUBHOCTH JEKOAUPOBAHUS. ITOT
KOMIUJIEKT HHTETPATbHBIX MUKPOCXEM ONTUMHU3HPOBAH JJIs1 pabOTHI C MHO-
TOIPOIIECCOPHBIMM CHCTEMaMH Ha 0aze apXUTeKTyphl « TIgerSHARC».,
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[{udpoBoii cHrHAIBHBIN IIporeccop ¢ apxuTekTypoi « TigerSHARC»
ONTUMU3UPOBAH ISl TEIEKOMMYHUKAIIMOHHBIX MPUIIOKEHUN U CIIOCOOEH
BBIMIOJHATE 1 Muipj. omeparnuii ymHOKeHus ¢ HakorieHueM (MAC) B ce-
KyHay Haja 16-pa3psaaHpiMu JaHHBIMH MpH TakToBoM dactoTe 150 MI'm.
Emie omHo¥ yHHMKaNbHOW OCOOCHHOCTBHIO apXUTEKTyphl «TigerSHARC»
SBJISIETCSL CIIOCOOHOCTD MMojiiepkuBaTh 8 -, 16 -,u 32pa3psaaubiii popmar
JaHHBIX Ha OJTHOM KpHUCTaJUIe. MoAysaius /neMo Ty sy, KaHaJIbHOE KO-
aupoBaHue/ IeKoaupoBaHue U Apyrue GyHKIUH oOpaOOTKH pajaroKaHalia
MOTYT OBITh MYJbTUILIEKCUPOBAHBI, UTO MO3BOJISIET MOAAEPKUBATHL 00pa-
OOTKY HECKOJIbKUX HECYIIUX Ha OJTHOM IPOIIECCOpE.

B nononnenne k komiuiekty «SoftCell» ADIpa3pabotana yHHBEp-
canbHbIil ipuemubiid AILIII AD6600. AD6600npeaHa3HadeH 11 y3KOIO-
JIOCHBIX MPUJIOKEHUH, B KOTOPBIX HEBO3MOXKHO PEAM30BATh apXUTEKTYPY
C MHOKECTBOM HECYIIMX, HO BO3MOXKHA OpPTraHHU3allusl HEMOCPEICTBEHHON
OIM(PPOBKH CUTHAJIOB MPOMEKYTOUYHOM YacToThl g0 250MI'1. B xomOu-
HaIlMU C COOTBETCTBYIOIIUM ITHU(PPOBLIM IIPOIIECCOPOM 00paOOTKH TPUHU-
maemoro curdaia AD6600 moxeT oOpabaThiBaTh pa3HOOOpa3HBIE CTaH-
JapTHBIE OECIIPOBOIHBIC UHTEPPEHUCHBIE CUTHAIBI.

Knaccudeckass apxuTekTypa 0a30BOM CTaHIIMU TPEOYET IMOJHOIICH-
HOTO TpueMorepeaaTunKa sl oOpabOTKU KaxA0oW pagno4acTOTHOW He-
cymei (ot 4 no 80 kaHaaoB I HUGPOBLIX M aHAJIOTOBBIX CHCTEM COOT-
BETCTBCHHO). OTH paJWOKAaHAJIBl JIOJDKHBI JYOJIUPOBATBCSI C yYETOM
CBOMCTB aHTeHH. OTCIO/]a OYEBU/IHO, MTOYEMY JIEKTPOHUKA 0A30BBIX CTaH-
IIU{ 3aHUMAEeT TaK MHOTO MeCTa, MOTPeOIsIeT OTPOMHYIO MOIIIHOCTh U J0-
poro crtouT. IIpeumyiiecTBa mporpaMMHON 0OpabOTKH MYJbTHHECYIIEH
MPOSIBJISIIOTCS B YCTPAHEHUU M30BITOYHBIX PAJUOKAHANIOB B MOJB3Y €JIUH-
CTBEHHOTO OBICTPOJICUCTBYIOIIEIO paguoOKaHala, TJAe Kaxijas HecyIas
obpabarteiBaeTcs B mmdpoBor ¢opme. PacmpoctpanHeHue Takou Mmpo-
IpaMMHON 00paOOTKH PaJMOCUTHAJIOB OrPAaHUYMBACTCS CBOMCTBAMHU aHa-
J0TO-IU(PPOBBIX TMpeoOpa3zoBaTeieil, KOTOPhIC JOMKHBI OIM(POBHIBATH
OTPOMHBIM JTWHAMWUYECKUW JWama3oH, HEOOXOAUMBIH 1iIsi 00pabOTKHU
CIEKTPa HECKOJIBKHX HECYIIUX WU TOJABJICHHUS MUHTEP(PEPEHIIMU COCETHUX
KaHAJIOB.

Cepauem xomimickta HMMC  «SoftCell» spaserca AD6644 —
14-pazpsannsiii ALII ¢ TakToBOM yacToTo 65 MI'1, KOTOpHIN OOecmeun-
BaeT AuHamuieckuii auana3zoH g0 100 nb m oTHOIIEeHHE «CUTHAJ/TITYyM»
77 nb. Takue mapameTpbl TPUEMHON YaCTH HEOOXOIUMBI JIJIs OIU(PPOBKHU
paguoCUTHAlIa C HECKOJIBKUMH HECYIIMMH, UCIOJIb3yEeMbIMH BO MHOTHX
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npuwioxkeHusix. [Ipu n3MeHeHun HACTPOMKHM KaHalla GUIbTpaIUs U JIE€MO-
oyJsiiys B 1dPpoBoit hopMe MO3BOJSIOT THOKO MOIEPKUBATh Pa3JIMy-
HbIE OSCITPOBOJIHBIC CTAHAAPTHI, YNCIO KAaHAIOB U YACTOTHBIX TUTAHOB TMPHU
HaJIUYUU €AMHCTBEHHOTO MOAYJISl paJiOKaHama.

Cnenyrouuit nocine ALIT nudposoit mpoiueccop 06pabOTKH MpUHU-
MaeMOr0 CHTHaJia BBITIONHAET (YHKIIMU KaHAJIbHOW HACTPOWKH, (PriIbTpa-
MM W TIPOPEKUBAHUSA, HEOOXOIUMBIE JUIsl BbIAEICHUS] 0a30BOM 4acTOTHI
1 00paboTku ee B uppoBoM curaaabHoM mporeccope (LICIT).

Oynkiuu [[CII Beinmonnser AD6624 —ueTbipexkaHadbHbBIN MPOIEC-
COp ¢ MPOHU3BOIUTEIBHOCTEIO 65 MSPS NteraBpiOOpOK B CEKyHAY), MOJI-
nepxuBaromuii ctanaaptet GSM, CDMA u apyrue crangaptel. AD6624
UMEeT YEeThIpEe HE3aBUCHMO IMPOTPAMMHUPYEMBIX KaHajla, 4TO TO03BOJISET
JIETKO M3MEHATh XapaKTEPUCTUKH OECIpOBOAHOTO HUHTep(eiica mo mepe
He00XoauMocTH. Takol MoaXo Takke JAaeT BO3MOXKHOCTH IMapajiiesibHO-
ro BxiroueHus AD6624Sniis yBennueHus konudectBa kaHanoB. AD6624
MOXET OBITh TaK)Ke€ CKOHGUTYPUPOBAH ISl TMOJJACPKKH PACIIMPEHUMN
CTaHAapTOB B 00JACTH MTpUEMa JAHHBIX.

4.3.PaguonpueMHble YCTPOHCTBA paJlopeseHHON CBA3H

Pamuopencitipie aunuu (PPJI) mupoko HMCHOIB3YIOTCS B CHCTEMax
cesizu. B cocraB PPJI nmpsiMoil BHAMMOCTH BXOASAT JBE OKOHEYHBIC
PETPAHCISLIMOHHBIE CTAHIIUM U AKTUBHBIE PETPAHCISLIMOHHBIC MPOMEXKY-
TouHble cTaHmuu (puc. 4.7).PaccrosHre Mexay MPOMEKYTOUYHBIMHU CTaH-
nusimu coctapisieT 10 — 70km apyr ot apyra.

[Ipy HEOOXOAMMOCTH Ha MPOMEKYTOUHBIX CTAHIIMSX MOXKET yCTa-
HaBJIMBaThCs anmnaparypa Beiaenenus (AB) curnanos yactu kanajiaos PPJI
JUIsl 0OCITY>KMBAHUSI KOPPECIIOHJICHTOB JaHHOW cTaHiuu. Ha OKOHEUHBIX
CTaHIMAX YCTAHABIMBACTCA anmnaparypa 4aCTOTHOTO WMJIA BPEMEHHOTO YII-
JIOTHEHHUS [T TIepeaayd MHOTOKaHalbHbIX curHaioB no PPJI. YactoTHoe
yILIOTHEHUE KaHaioB PPJI peanusyercs ¢ moMONIbI0 OJHOIIOJOCHBIX CHUT-
HAJIOB OJHECYIINX YacCTOT.

HcTopryecku CIOXKWIOCH TaK, 4TO HAa HA4YaJbHOM 3Tale pPa3BUTHS
pPaIMOpEIIEHON CBA3W OCBAMBAJIACh JJIMHHOBOJHOBAsA YacTh JHAIla30HA
CBY (meTpoBbIe U JAeIUMETPOBBIC BOHBI). B cepenuae 60X romoB mpo-
IJIOTO BEKa Hayasl MCMOJIb30BaThCS CAHTUMETPOBBIN JUana3oH, a B cepe-
nuHe 80X MOsSBUIMCH IIEPBBIE paJHOpesICHHbIC CTaHIMU, paboTaroIue
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B MWUIUMETPOBOM auanaszoHne. st HoBbix PPJI ycTaHOBIIEHEBI clienytoiue
nuamnasoHsl yactotT. 7, 8, 11, 13, 15, 18, 23, 3852,71T11. Ognako emie
JUTUTENIbHOE BpeMs OYyIyT UCIOJIb30BaThCS YK€ MOCTPOCHHBIC M AKCILIya-
TupyemMbie B Poccun nuanu B quanaszonax 1,5-2,1; 3,4-3,9; 5,6-6 Bl 1.
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CTaHLIMS CTaHLIMS CTaHLIMS

Puc. 4.7. CtpykTypHas cxema paJiuopeIeiiHON JMHUN CBSI3H

[To criocoOy pa3jeineHns KaHAJIOB Pa3Inyal0T KOMIUIEKCHI: ¢ YaCTOT-
HeIM pasnencHueM kaHaimoB (UYPK), BpeMeHHBIM pa3jciiecHHeM KaHaJIOB
(BPK), BpeMeHHBIM pa3jciieHHeM KaHalbHbIX UMITyIbcoB (BPKUW) u ko-
I0BBIM paszaenenreM kaHajios (KPK).
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Puc. 4.8. CtpykTypHasi cxema MpoMeXKyTOUHON CTaHIIUU
PaIUOPEICUHOMN JIMHUU CBS3H
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[lo MeTogaM MOIydSIMU HECYIIEW 4acTOThl pajuOCUTHaNa pa3iu-
4aroT paguopesieiHble KOMIUIEKCHI C aHAJIOTOBBIMU METOJaMU MOTYJISLINU:
gacToTHOM Monynsmueir (HM), da3zoBoii momymsmueit (PM), amminTya-
HoM Monymsiuei (AM) nan nudpoBBIMH MEeTOAaAMH MaHUITYJISIUK. UMH,
®MH, AMH. B udpoBBIX KOMITJIEKCaX UCITOIb3YIOTCS

— s BeicokockopocTHRIX PPK (o1 155MO0OwuT/c 1 BbIIIe) — KBaapa-
TypHas aMIUIUTYJIHAsS MOIYJISIMS ¢ 9uciioM mo3unuid 64 u Beime (QAM-
64—QAM-512, pemeruartas komoBas moxayssnus (TCM) u Gi0koBast Ko-
noBas Mmonyisanus (BCM);

— s cpeaneckopocTHbIX PPC (o1 34 Mout/c) — QAM-16 (32);

— s Hu3kockopocTtHeIX 1[PPK (Hmke 34 Mout/c) QPSK, PSK-2
(otHOCHTenbHAs (a3zoBas Manunyisanus) mbo FSK-4 (4sio3uimonHas
gactoTHas MaHumysus), QAM-4— pazHosuaaocts QPSK.

CrpykTypHas cxema npomexyTouHoil cranuuu PPJI mpuBenena
Ha puc. 4.8. OcOOEHHOCTHIO MPOMEKYTOUHON CTAHIIUM SBIISIETCS Pa3HOC
yacToT npuHATOd M mnepefaHHON (fupu 1 fhep) Ha BenmumHy 4YacTOTHI
cnpura f.,. B mipumemMHOM ycTpoiicTBe wuCHOiB3yeTcs cucremMa APY
TS IPEIOTBPAIEHUS] UCKAYKEHU CUTHAJIOB.

[Tpuemnsble ycTpoiicTBa paauopeneiinoro komiuiekca (PPK) ¢ UPK-
UM BBITIOITHSAIOTCSA TI0 CyNEPreTEPOAMHHON CXeMe ¢ OJJHUM-TpeMs Ipeo0-
pa30BaHUSIMU YacTOThl. TumoBas cxema mnpueMHOro ycrporcrsa PPK
¢ UPK-UM mnpuseneHa Ha puc. 4.9.
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Puc. 4.9. Ctpykrypnas cxema npuemHoro ycrporictsa PPK ¢ YPK-UM

Curnan CBY, npuHsATHIA aHTEHHOM, 1O (UJIEPHONU WU KOAKCHAIb-
HOM JIMHUU TOCTYMHaeT Ha BXOJ NpueMHuka. /s nosbiieHus 3P GeKTuB-
HOCTH palOTHI MPUEMHHKA HEOOXOIUMO OOECIeUeHHE BO BXOJHOM YCT-
POMCTBE MAaKCHMAJIBHOTO YCHJICHHS MTOJIC3HOT'0 CUTHAJIA K MAaKCUMaJIbHOTO
MOHUXEHHUS YPOBHS MTOMEX.
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K ocHOBHBIM xapaktepuctukam npueMauka PPK otHocsTes:

— Ko03(pULHEHT 1TyMa,;

— 93¢ dexTrBHAs IIIyMOBas TEMIIEpaTypa,;

— UYYyBCTBHUTEJIBHOCTb;

— T0JIOCA MPOITYCKaHHS;

— U30MpaTeIbHOCTb.

OCHOBHBIM 3JIEMEHTOM CTPYKTYPHOM CXEMBbI MPHUEMHOIO YCTPOWCT-
Ba, ONPEICISIIOIIMM XapakTepuctuku npueMHuka PPK, aBmsercs mano-
mymsmuid yeunurelb (MIIY), KoTopblii BBITIOJHAETCS, KaK MPaBHIIO, TI0
MOCJIeI0BATEIbHO-KACKaHOU cxeMme. UTOOBbl TOCTUYh HAaUMEHBILETO KO-
s unnenta nryma MUY B 11es1oM, ero mepBhIM KacKajl J0HKEH 001a1aTh
HAaUMEHBIIUM KO3(P(OUIIMEHTOM IIIyMa W BO3MOKHO OOJbIIUM KO3(Pdu-
UEHTOM YCUJIEHUS.
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Puc. 4.10. Crpykrypnas cxema PPK ¢ BPKU:

A —antenna; 1Y — nymukcep; PIInV —paaunonepenaroiiee ycTpoiicTBo;
ABOPK — anmapartypa BpeMeHHOT0 00beIUHEHUsI (pa3aeieHst) KaHaJIOB;
MIIY —wManomrymsimiee yctpoictBo; @3K — huiabTp 3epKaqbHOTO
kaHana, Cm —cmecurens; YIIY — ycunurenb NpoMeKyTOUYHOM YacTOTHI,
KY —kommytupytromee yctpoiictBo; BKK — 6510k koMmMmyTamnmum kaHajaoB

B PPK ¢ YPK-UYM ocHoBHbIMU THTIaMu MIITY sgBistoTca ycunmuarenu
Ha TOHHEJBHBIX JUOAaX, MapaMeTPUUYECKUE, TPAaH3UCTOPHBIE.

®unbTp 3epkanmbHOro kanana (®3K) BeImogHsAETCSA, KaK IMPaBHIIO,
nepectpanBaeMbiM. Ero mosioca npomnyckanusi BEIOMpaeTcs U3 ycloBus Oe-
3bICKQ)KEHHOM Tiepefaud NMPUHUMAEMOI0 CHUTHAjJa C MajbiMU TOTEPSIMU
(oxono 0,1 nb). ®3K obecreynBaeT MOAABICHHE TIOMEXH 10 36pPKATBHOMY
kaHany Ha BenmuuuHy 30 — 401b.
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[IpeobpazoBatenu npunumaemoro CBY-curnana B curHaia mnpome-
’KYTOYHOWM YacTOTBHI IOCTPOCHBI KaK IO OJHOTAKTHOM, TaK W MO JBYX-
TaKTHOM (0ajaHCHOI) cxemaM.

Tunosas crpykrypHas cxema PPK ¢ BPKU ®UM-UM npencrasnena
Ha puc. 4.10.

B cocraB mudpoBeix paguopencinbix komiuiekcoB (LIPPK) Bxomsr
1u(poBOEC OKOHEUHOE, TPYNIIOBOE O0OpYJOBaHHE W ammapaTypa paauo-
ctBoJia CtpykTypHas cxema tunoBoro LIPPK npencrasnena na puc. 4.11.

Anmaparypa GopmupoBanus nmudpoBsix kaHaioB (ADIIK) cocrout
u3 TpeOyeMoro umcia aHanoro-uudpoBbix mpeobOpasoBareicii (ALLIT)
B TpakTe mnepenaun. B TpakTe mpuema mpou3BOAUTCS oOpaTHOE Mpeodpa-
30BaHHME MpU IOMOIIM IU(GPOAHATOTOBEIX Impeodpa3oBateneh (LIAIT)
TOTO K€ THUTIA.

B cocraBe rpymmosoro mudposoro motoka (['LIIT) umeercs ciryxeo-
Held 1udpoBoi kaman (CK), oOpa3zoBaHHBIN amnmapaTypoidl BpEMEHHOTO
o0beauHeHus-pa3aeneHus kananoB (ABOPK).

K panuorpaktam IIPPK mnpenwsiBnsitoTcsa Oosiee xecTkue TpeOoBa-
HUs, YeM K paanoTpaktam aHainoroBbix PPK. Oro mpossnsiercs B yBenu-
YeHUH TpeOyeMOH MOJOChl MPOMYCKaHUs, YIYUYIICHUU PaBHOMEPHOCTH
aMIUTUTYJTHO-YACTOTHOW W JIMHEMHOCTH (PAa304aCTOTHOM XapaKTEPUCTUK
OCHOBHBIX TPaKTOB.

B coBpeMeHHBIX 00pa3iax paauopeneciiHol TeXHUKHA OOIIEero Ha3zHa-
YCHHS COCTaB 000PY0OBAHHS JICTUTCS Ha JIBE COCTABJISAIOIINC:

- BHemHee obopynoBanue (ODU) —aHTeHHOE M MpUEMOIEPEIato-
K€ YCTPOUCTBA C AIIEMEHTaAMH KPETUICHHUS

- BHyTpeHHee oOopynoBanue (IDU) — moxymu goctyna (6a3oBbie
OJIOKH), MYJIBTHILIEKCOPBI, MOJIEMBI C YCTPOWCTBAMHU YIIPABIICHUS U CITY-
’KEOHOM CBS3M, HCTOYHUKHU MTUTAHUS.

[Tpu pa3menieHnn paguoMoieMa B COCTaBe BHEITHETO 000Dy I0BaHHUS
npueMonepenatoniee ycrpoiictso (ITITY) coemunsieTcs ¢ BHYTPCHHHM
000pyI0OBaHUEM CUMMETPHYHBIM WM KOAaKCHAJIbHBIM Kabenem. K takomy
tuny craniuii otHocstcs: [[PPC, BellTyckaeMble Hay4YHO-IIPOU3BOJICT-
BeHHoil Qupmoii (HIID) «Mukpan», mpou3BOJACTBEHHO-KOMMEPUYECKUM
npennpustaeM ([IKII) «buct», HaydHO-TIPOU3BOICTBEHHBIM 00hCIHHECHH-
em (HITO) «Pammpa».
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[Ipu pasmeniennu paguomojieMa B COCTaBe BHYTPEHHETO 000pyo-
BaHUS TpreMornepenatoniee ycrpoictso (ITITY) coeauwnsiercs ¢ BHYTpeH-
HUM OOOPYJOBAaHUEM KOAKCHAIBHBIM KaOeiaeM Mo UHTepQEncy MpoMexKy-
ToyHOM 4YacToThl. K Takum thnam L{PPC oTHocsTcs «Dnoke», «Paguyc»,
«Panman», P-169PPC.

Hogoe nokonenue [[PPK-PDH uepapxunu HenmocpeacTBEHHO CTHIKY-
ercst ¢ morpedurenssMu no creikaM E1l (komudectBo cThikoB E1 Moxker
ObITh 10 16-TH) nMubo uHTepdeiicy Ethernet B coorBerctBHM ¢ TpeboBa-
HUEM 3aKa34YKMKa BO3MOXKHA Tepeadya KOMOMHHPOBAaHHOTO Tpaduka 7 X El
/Ethernetc unrepdeiicamn 6-703 u Ethernetu ux nuHammueckoe mepe-
pacrpeziesieHHe.

4.4.PanmonpueMHble YCTPOMCTBA TPONOC(hepPHBIX PATHOJIMHUAT

Tponocgheprnoui nunueli Ha3pIBACTCS PagdoOCUCTEMa, MIEpeaadya CUrHa-
JIOB B KOTOPOH OCYIIECTBIISETCS IMOCPEACTBOM HMX PETPAHCISIIIUU C HC-
MOJIb30BAaHUEM SIBJICHUW pacCesHUS U OTPAKCHUS PATUOBOJIH B HIDKHEH
obnactu Tpomocheps! (8 — 18kM) mpHu pacnoI0KEHUH CTAHIMEA APYT OT
Apyra Ha WHTEpBajaX, MPOTSIKEHHOCTh KOTOPHIX IMPEBHIIIAET PACCTOSHUE
MPSIMOY BUAUMOCTH.

JliimHa TponochepHBIX JIMHUHN CTIeIMATbHOTO HA3HAYEHHUS COCTABIIS-
er 1500 — 2500km mnpu cpeaHed NPOTSKEHHOCTH OJIHOTO HHTEpBaja
150kmMm, Tponochepubix muHUN 061Iero npuMmeHenus — 10 10 000km mpu
cpeaneit npotsokeHHOCTH nHTEpBaia 300 — 600G,

Knaccugpurxayus xomnnexcos mponocgepHou ceazu ocyuecmers-
emcsi.

1) mo Ha3HaYeHWI0 — OOIIETO MPUMEHEHHS U CIICIHAILHOTO Ha3Ha-
YCHMS);

2)110 Auamna3oHy pabo4mx 4acToT— aenuMeTpoBoro (476 — 625MI 1,
821 — 997,9MTI') u cantumeTpoBoro (4 435 — 4 75MTI'n));

3) no crocoOy pasnencHus kaHaiaoB — ¢ yacTtoTHbIM (UPK) u Bpe-
MEHHBIM pa3jaeieHueM kanainoB (BPK);

4) mo BUAY TIepelaBacMbIX CHTHAJOB — aHAJIOTOBBIC, aHAJIOTO-
U@ poBbie U TUPPOBHIE KOMIUIEKCHI;

5) o crocoOy UCIOIHEHUS — CTAllMOHAPHBIC 1 MOOMIIbHEIC;

6) 110 MPOITYCKHOM CIIOCOOHOCTH:

- MaJIOl TMPOITYCKHOW CITOCOOHOCTH (aHAJIOrOBBIE — MCHEE IIECTH
kananoB T, nudpossie —meHee 48 kOuT/C);
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- CpemHel MpOMmyCKHOM crocoOHocTH (aHajgoroeie — 12 — 60kana-
joB TY, uudposeiec — 48 — 48&kowuT/c);

- OoubIol mpomyckHoM criocoOHocTr (aHanoroseie — 60 — 12(ka-
HayoB TY, nudpossie — 480 — 204&0wut/c).

7) MO TUIy HCIIOJB3yEMOr0 MEXaHHM3Ma PACIPOCTPAHCHHUS pPaaHo-
BosiH (PPB) — manbnero tponocdepuoro paccesuus (JITP) na paccrosaus
100 — 110Qcm mm audppakiimoHHOro pacrnpocrpanenus ([IP) Ha uaTepBa-
JaX CBSI3M NPOTHKEHHOCTHI0 60 — 100km);

8) mo MeTomaM MOAYJSAILMK HECYIIEH YacTOThl paJuOCHTHaIa —
C aHAJIOTOBBIM METOJIOM MOIYJIAIMM (4acTOTHOH Momynsnued (UM)) win
¢ mudpoBeIMU MeToaaMu Manuny siun (UMu, ®MH).

2!
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Puc. 4.12. CtpyKkTypHas cxeMa aHaJIOrOBOTO TPONochepHOTO KOMILIEKCa
C IBYXKPAaTHBIM POCTPAHCTBEHHBIM Pa3HECEHUEM:
KOA —kananoo0pa3syromias annaparypa; AC —anmaparypa ConpsoKeHus;
@JIC — popmupoBartens TuHEHHOTO curHaia, Mo —MOIyasTop;
Cwm —cMmecurenb; YM — ycunutenb MOIHOCTH; B030.-retep. —B030yAUTENb-TETEPO/INH;
Y — nymiekcupytouiee ycrporctso; MIIY —manomyMsmuyii yCUanuTeNb,
O3K — ¢punpTp 3epkanbHOro kanana, [Ipm. —npuemnuk; Jlem — nemMmoaynstop;
PJIC —pa3nenurens TMHEHHOTO CUTHAJA

DHEpPronoTeHal MOOUIBHBIX TPOMOCPEPHBIX PATUOKOMILICK-
coB (TPK) orpannueH maccora0apuTHBIMHU ITOKa3aTCIIIMH 000Dy IOBAHUS
U CTOMMOCTHbIMH 3arparamu. CTpykTypHas cxema aHaiorooro TPK
(puc. 4.12) ycinoxxHeHa 1o cpaBHeHHI0 co cxemoit PPK BBumy Toro, 4ro
1U1s1 0OPBHOBI ¢ OBICTPHIMU 3aMHUPAHUSIMH B TpormochepHOM KaHalle He00XO0-
JUMBl Pa3HECEHHE IEPENABAEMbIX CHUTHAJIOB IO MPOCTPAHCTBY, YaCTOTE
WU YTy OpUXoJia U HAJIMYUIO YCTPOMCTB KOMOMHUPOBAHUS MPUHUMAC-
MBIX KOIIMW CUTHAJIA.
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Ha Bxome mnpuemHoro Ttpakta TPK o0s3arenbHO HUCHOIB3Y-
totcst MIIY, obecnieunBaronine CHIKEHNUE MMOPOTOBON MOIITHOCTH TPUEM-
HOTO YCTPOWCTBA WJIM YBEJIWYEHHE €Tr0 PEalbHOM YYBCTBUTEIbHOCTH.
®usTphl 3epkanbHOro kaHana (O3K) ms 60prOBI ¢ MOMEXOH ycTaHABIIH-
BaIOT MepeJl MepBbIM MpeoOpa3oBaTeieM 4acToThl. B BeTBsX mpuema ocy-
IIECTBJISAIOTCS 00pab0TKa MPUHUMAEMBIX CHUTHAJIOB M HX CIIOKEHHUE Ha
yrpasisieMoM cymmarope. B npuemnukax TPK nmpumensitorcst crienualib-
HbIE MEpbI i1 YMEHBUIEHHUS] MOPOrOBOM YYBCTBUTEIBLHOCTH B BUJE Pa3-
JUYHBIX cXeM 00patHOo# cBs3u 1o yactore (OCH). C 1enbio MOBBIIICHHUS
MIOPOTOBOM YYBCTBHUTEIBHOCTA MPUEMHHKA PEATU3YIOT, KaK MPaBUIIO, J10-
JIETEKTOPHOE CIIOKEHUE CUTHAJIOB BeTBeW mpuema. [lociie nemonmynsauuu
OCYIIECTBIISICTCS PA3/CICHUE MOJYYEHHOTO JUHEMHOTO CUTHAJIA HA TPYII-
MOBOM CHUTHAJ, CUTHAJIbI CIY>KEOHOW CBSI3M M CUTHAIM3ALMU M THUJIOT-
CUTHAJ.

J{ns1 oCyIIeCcTBICHUSI CHUKEHUS TIOPOTrOBOM YYBCTBUTEIBHOCTH TIPHU-
€MHHKa MPUMEHSETCS CHOCO0 aBTOMATHYECKOrO0 YMEHBIIECHUS HWHJEKCa
JE€BHAllMU B cMecHuTesne npueMHuka. OH peanusyercsl MyTeM NPUMEHEHUs
oopamnou ceszu no uacmome (OCHY). CTpykTypHas cxema HpPHEMHHKA
¢ OCHY noxkazana Ha puc. 4.13.

— VBY = Cm [~ [I® — VIIU > AO —~{ YA (~{Ip.Ye.—
JeEBfc 1 et Affofiers (MM BhIX0x
Kop- Ure
I'er. [« UM pEeKTUp.
JrerEAfrer I'my6una OCY Herh

Puc. 4.13. CtpykTypHas cxema npueMHuka YM-curnanos
¢ OCHY («9acTOTHO-MOyTUPOBAHHBII TETEPOIIH)

Hanpsokenne rpynmoBoro crnektpa (Urp) ¢ BbIXOJa YaCTOTHOIO Jie-
tektopa (Y1) moctynaer yepe3 KOPPEKTUPYIOIIYIO 1IN Ha PEaKTHBHBIH
AJIEMEHT YacToTHOro moayisaTopa (HM), KOTOpBIH M3MEHSET 4acTOTy Te-
TepoauHa (['eT.) 1Mo 3aKOHY U3MEHEHUSI MOJYJMPYIONIEH YacTOTHI MPUHU-
MaeMoOro CUTHajla, HO ¢ MEHbIIEH JIeBUaIlUCH.

CietoBaTeNIbHO, CIIEKTP YacTOT BHOBB IMOJyUYCHHOTO CHTHAJIA TPO-
MEKYTOUYHOW YaCTOTHI CTAHOBUTCS KOMITAKTHEE W 3aHMMAaeT MEHBIIYIO
I0JIOCY YacTOT. B pe3ynbraTe MOSBIISETCS BO3MOXKHOCTh YMEHBIIICHHUS I10-
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JIOCHI TIPOITYCKAHUS TpaKTa MPOMEKYTOYHON YaCTOTHI 3a CUET BKIIOYEHUS
Ha Bxoae YIIY otHOocuTenbHO y3komnonocHoro I1®, monoca mporyckanus
KOTOPOTo corjacoBaHa co crnekTpom curHaina IT4. Takum oOpa3oM cxema
OCY no3BoisieT YMEHBIIUTH MOJOCY Mpomyckanus Tpakta YIIY 6e3 uc-
KOKEHUS MPUHUMAEMOTO CUTHAJIA, 32 CYET YETro U YBEIUYUBACTCS TTOPOTo-
Basi YyBCTBUTEJIILHOCTh MPUEMHOTO YCTPOMCTBA.

Hpyroit paszHoBugHOCTBIO cuctemM OCY  gBusgeTca chaeasun
¢mieTp (puc. 4.14).B Hem nerb OCY niepecTpanBacT B TaKT ¢ MPUHUMAC-
MBIM CHUTHAJIOM CPEJIHIOI0 YacTOTy HACTPOMKH TMOJIOCOBOTO (UIBTPA,
BKJIFOYEHHOTO B TPAaKT MPOMEKYTOYHON 4acTOThI npueMHuka Ouibtp He-
MPEPBHIBHO «CIEIUT» 3a W3MEHEHUSIMU TNPOMEKYTOUHOU 4acToThl. [lpum
ATOM €ro M0JI0ca MPOIYCKaHUS OCTaeTCsl IOCTOSTHHOW U paBHOW 2Fm [42].

Bxon JraEAfe
— YBU > Cm P VIIUP| Cn.® > AO —~ Ul I'p.Ye.—
fetAfe I 1 Afo=2F,, Brixon
Kop-
PD [« V¢ *l#l*pelcmp.
Ier. .

['ny6una OCY
Puc. 4.14. CtpykTypHas cxema MpUEeMHHUKA CO «CIEIAIINM (PUIBTPOM»

AHanu3 JaHHBIX, TPHUBEICHHBIX B HW3BECTHOH muTeparype [18,
24, 26], 103BOJIIET BBIICIUTDH CIICIYIONIUE HAIPABICHUS COBEPIICHCTBO-
BaHUS U Pa3BUTHS CPEACTB TPOMOCHEPHOI CBS3U:

1. OcBoenue 6osiee BHICOKMX TMANa30HOB PaOOYMX YaCTOT.

2. YBenuuenue nomexosanuiieHnocta TPC.

3. ABTOMAaTH3alMs MPOLECCOB HACTPONKH, PETYIUPOBKU, KOHTPOJIS
Y PE3EPBUPOBAHMUS AIAPATYPHI.

4. BecectopoHHssi YHU(DUKAIUS CPEACTB PaguOperIeiHON U TpOIo-
chepHOM CBSA3M.

5. Co3nanne MHOTOHANpaBiieHHBIX (y310BbIX) TPC.

6. Ynyumenue ocHOBHBIX xapaktepuctuk TPC.

7. Yaudukanus no JMHEUHBIM CKOPOCTSM.

8. IloBeiienue anmmapatypHoit HagexHoctu TPJI.

9. Ucnonb30BaHrEe S5KOHOMUYHBIX AaBTOHOMHBIX UCTOYHUKOB SHEPTO-
MATAHUS.
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10. Vcrionb3oBaHKe IUPPOBLIX METOOB MTPH BHICOKUX CKOPOCTSIX.

11. Micnionp30BaHUEe HOBBIX CUCTEM OOPHOBI ¢ 3aMHUPAHUSIMHM U MCKa-
KEeHUIMHU (KOpPENIALMOHHBIC MPUEMHHUKH, aJallTUBHBIC aHTCHHBIC PEIIeT-
KH) ¥ IePCIICKTUBHAS 3JIeMeHTHas 6a3za (Mmukpomoayinu u BUC).

4.5.PaguonpueMHble YCTPOHCTBA CHYTHUKOBOW PaJMOCBA3H

B cucremax CIIyTHUKOBOW CBA3M HUMEIOTCS CEThb 3€MHBIX CTaHLHAU
(3C) m mpoMeXyTOYHBIE AKTUBHBIC OOPTOBBIC PETPAHCIIAIMOHHBIC KOM-
wiekckl (BPK), pa3melnieHHble Ha WCKYCCTBEHHBIX CITyTHHKAX 3eM-
m (UC3).

bopTOBOM PETPAHCIALMOHHBIA KOMIUJIEKC — 3TO MPUEMO-TIEPEAAr0-
1Iee yCTPOWCTBO, MpEAHA3HAYCHHOE ISl IIpHeMa CUTHAJIOB OT Iepejiaro-
e 3eMHOW CTaHIMK (OJTHOM WJIM HECKOJIBKHX), UX YCHJICHUS W JAJIbHCH-
el mepeaadn B HanpasieHuu npueMuou 3C.

bopToBhle  peTpaHCIAIMOHHBIE KOMIUIEKCHI  KJIACCUDUITUPYIOT
CJIEYIOITUM 00pa3oM:

-0 THMY MpeoOpa30oBaHMS YaCTOThI MPHUHUMAEMOTO PaIUOCHUTHAJIA
B BBIXOJIHYIO YaCTOTY CUTHAJIA TIEpEIayuH;

-IMana3oHy pabo4yux 4acTorT;

-4HCJIy CTBOJIOB;

-BUTy 00pa0OTKH CUTHAJIOB Ha OOPTY.

JInss cucteM COyTHUKOBOM CBSI3M BBOJIMTCS TOHATHE CTBOJA.
CTBOJIOM CUCTEMBI CITYyTHUKOBOW CBSI3M HA3bIBACTCS IIPUEMO-TIEpEAaIOINI
TPakT, B KOTOPOM PaJUOCUTHAJIBI IPOXOIAT Yepe3 OOIHe YCHINTEIbHbIE
aeMeHThl  (OOIMI BBIXOAHOW KacKaj IIepelaTdyuka) B HEKOTOPOM
BBIZICJICHHOW CTBOJTY OOIIEH MOJI0CE YacTOT.

s paiMoCBsI3U IEHTPAIbHOM M y3JI0BOM CTaHIIMM M aOOHEHTCKOTO
TepMHHANIa C BBICOKOOPOUTAIBbHBIM T€OCTAIIMOHAPHBIM CIIYTHUKOM WC-
HOJIB3YIOTCS 00bIYHO auamazonbl vactror C (3,4-ATu), Ku (10,7-
14,8Tu), Ka (14,4-5QTu). dns paarocBsi3sd aODOHEHTCKOIO TepMHHAIIA
C HU3KOOPOUTAIBHBIM CITyTHHUKOM HCHOJIB3YIOTCSl 00Jie€ HU3KKE JUara3o-
uel yactot L (1,4-1,4Tn), S (1,93-2,VT).

Amnasnorossle curHasibl nepenarorca B cucreMe YPK-UM, nepenaua
JMCKPETHBIX CHTHAJIOB OCYIIECTBIISIETCS C MOMOIIBIO PA3JIMYHBIX BUIOB
¢azoBoii manunyasauauun PM-2 (BPSK),®M-4 (QPSK), OQPSK, 8PSK,
U KBaJipaTypHO# amrumatyaHoun Mmoayisiuu (8-QAM, 16-QAM) [40].
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[IpocTelmuM TUIIOM 3€MHOM CTAaHUMU JJI MPUEeMa OJHOHAIIPABIICH-
HOM MH(pOpMAIIUK SBIAETCS OAHOCTBOJbHAS mpuemHas 3C. CurHaisl, 1e-
penaBaembie OopToBoit anTeHHOUW MC3, mpuamMarorcs anteHHo# (1) 3C
B BHUE dekTpoMarauTHoro mojis CBY m mpeobpa3yrorcs B 3ieKTpude-
ckoe Hanpspkenue (tox) CBY (puc. 4.15.).

A A A A
L FE T i

3 | Anmnaparypa KOHTPOJIs U
L _————__._ ynpaBJieHus

Puc. 4.15. YupoienHasi ctpyktypHas cxema 3C:

1 — aHTEHHA C YCTPONUCTBOM HaBeCHUS, 2 — BXOJHOE YCTPOHCTBO, COJEpIKaIiee
mastomymsmui yewurenas (MIIY), cMecuTens, NpeBapUTEeIbHbIA YCUIUTEIh
MPOMEKYTOYHOM YaCTOThI; 3 —TeTePOANH; 4 — yCHIIMTENb MPOMEXYyTOUHOH YacToThl YIIY,
5 — nemoaynsTop; 6 — OKOHEUHOE KaHAI000pasyroiiee 000pyI0BaHHE;

7 — Ha3eMHas COCTMHUTENbHAS JINHUS; 8 — CUCTEMA YIIPABJICHUS M OMTOPHO-TIOBOPOTHOE
YCTPOWCTBO aHTEHHBI

CioxHbIE 3€MHbBIEC CTAaHIIMU NYIUIEKCHOW CBSI3U, pPaOOTAIOIINE OJIHO-
BPEMEHHO B HeckoJbkuX Tpancnonaepax MC3, ctpostcs nmo 6omee obuiei
cxeme (puc. 4.16).

BbPK rerepoMHHOrO THIa HaMOOJIE€ YaCTO BCTPEUYAETCA B MPAKTHUKE
CITyTHUKOBOW CBsI3M M BewmaHus. [llupuHa monocel npomyckaHusi TaKOTO
BbPK, xak npasuno, He mpesbiiiaer 40...80MI'11, a oCHOBHOE YyCHIIEHUE
oOecrieunBaeTcs B Tpakte npeodpazoBanms yactoTsl ([TY), B psaae cirydacn
BeIOMpaemoit B npenenax /0...120MI'u. B takom BPK o06pruH0 1Ba mpe-
00pa30BaHMS YACTOTHI: TOHUKAIOIIEE U TMOBBIIIAIOIIEE.

B BPK ¢ ogHOKpaTHBIM ITpeoOpa3oBaHUEM YacTOTHI (B TEXHHUECKOM
JuTeparype BcTpeuarorca Ha3zBaHus: auHerHbd bPK, BPK mpsamoro ycu-
JICHUS) TOJIBKO OJHO MPeoOpa3oBaHWE YaCTOTHI MPUHUMAEMOTO CHTHAJA,
B pe3yJibTaT€ KOTOPOTO CIEKTP CHUTHAJIa MEPEHOCUTCS] C YaCTOTHI MpUemMa
B 00/1aCTh 4acTOT CUTHAJOB, NEpeAaBaeMblX Ha 3eMHbIe cTaHIuu. [lpe-
MMYILECTBO TaKOM CXEMbl B €€ MPOCTOTE U HIMPOKOMOIOCHOCTH, IPUYEM
IITUPUHA TTOJO0CHI TTPONycKaHus MoxeT J10XoauTth 10 80...120MI 1. Ogna-
KO HEJIOCTaTKOM TaKOW CXEMBbI SIBJISIETCSI TPYAHOCTh €€ TEXHHUYECKOW pea-
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JU3allid, CBSI3aHHAs ¢ HEOOXOMMOCTBIO pealiiu3allii BHICOKOTO YCHIICHUS
Ha OJHOU U3 YaCTOT.

!
1YY

i
'

Puc. 4.16. Ynpomiennas ctpykrypHas cxema bPK:
1 —aHTeHHa ¢ yCTpOHCTBOM HaBeIeHUs ;2 — QUIBTP pa3eICHHus 4aCTOT
npuema u nepenaun; 3 — MIIY; 4 — ycTpoicTBO cinoxeHus (GUIBTP CAOKCHHS)
CUTHAJIOB; 5 — YCTPOMCTBO pasneneHus (GUIbTp pasiaeieHus) IPUHUMAEMbIX CUTHAJIOB,;
6 — mepenaromiee yCTpoicTBo; 7 — MPUEMHOE YCTPOMCTBO; 8 —KaHanoo0pa3yromas
anmnaparypa; 9 — anmnaparypa coeJUHUTEIIbHON JIMHUU

[Ipy TUNUYHBIX 17151 OOJBIIMHCTBA JIMHUW CBSI3U YPOBHSX Iepenaa-
BaeMbIX M NMPUHUMAEMbBIX CUTHAJIOB HE0OX0auMo peann3oBaTth B BPK ycu-
nenue nopsiaka 120 b, 4To TOBOJABHO 3aTPyAHUTEIHLHO HU3-3a HEOOXOIU-
MOCTH 00ecTeueHus YCTOMUYUBOCTHU B padoTe.

Jlnst obecnieyeHus: BHICOKOM HAJIEKHOCTH CHUCTEMbl U YMEHbBIICHUS
AKCIUTYyaTallMOHHBIX 3aTpaT JOJDKHA OBITh MPETyCMOTPEHA BO3MOKHOCTh
3aMEHBbI JII0O00T0 U3 CIIyTHUKOB IPYHIIUPOBKU PE3EPBHBIM, JJIsI UETO CTBO-
a6l bPK nomKHBI UMETH BO3MOKHOCTH ONIEPATUBHOM MEPECTPOMKH 10 YaC-
TOTE€ MO0 KomMaHaaM ¢ 3emiu. CTpyKTypHas cxeMma CTBOJIa C ONEPaTUBHOU
MIePECTPOIMKOM €ro IEeHTPpAIbHOM YacTOThI IpUBeeHa Ha puc. 4.17.

MIIY B CMI1 P 11D > CM2 > 1102 > VIIU > CM3 P> YM

T '\ ) ) l
OT nmpueMHOA ['eteponun K nepenaromeit
aHTEHHBI caBura aHTECHHE
[TepecTpanBaemsrit
reTepoIuH

Puc. 4.17. CtpykrypHas cxema ctBosia BPK ¢ mepecTtpoiikoit o yactore
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Puc. 4.18. Yopomennas cxema bPK ¢ o6paboTkoii curnana

[TepecTpoliika 4acTOThI OCYIIECTBIAETCA U3MEHEHUEM YaCTOTHI IeTe-
POAMHA, KOTOPBIM SBISETCS OOITUM JJIsI BXOJHOTO MOHMKAIOIIETO M BhI-
XOJHOTO TIOBBIIIAIONIETO IpeoOpa3zoBaTeieii 4acTOThl. J[OCTOMHCTBOM
ATOW CXEMBbI SIBJISICTCS KOMIIGHCAIMS HECTAaOMIBHOCTH YacTOTHI Tepe-
CTpauBaeMOI0 TE€TEPOJIMHA, YTO CYIIECTBEHHO YMPOIIAET €ro TeXHUYe-
CKYIO peau3aluio.

CymectByroT Takke bBPK ¢ oOpaboTrkoii curnana Ha 0opTy. Yipo-
meHHas cxema bPK ¢ o6paboTkoii curHana nokasana Ha puc. 4.18.Takue
pPETPAHCIATOPHl MOTYT HMCIOJIB30BaTh MpeoOpa3oBaHWE BUIAa MHOTOCTAH-
IIMOHHOTO JOCTYIIa Ha JIMHKUSX CBSI3M BBEPX U BHU3.

[Ipu oOcayXMBaHUU HIMPOKOM KOHTYPHOH 30HBI HambOosiee 3 dek-
TUBHBIM BHJIOM MHOTOCTAHIIMOHHOTO JIOCTyIa Ha JIMHUU BBEPX SBIACTCS
MYP (MHOTOCTaHIIMOHHBIN JTOCTYI C YaCTOTHBIM Pa3eICHUEM), IIPU KO-
TopoM Kaxkaas 3C ceTu mepeaacT CUTHAIbl B OTBEACHHOM €l y4acTKe I0-
JIOCBI YaCTOT PETPAHCIIATOPA.

K OCHOBHBIM HampaBJieHHUSM COBEPIIICHCTBOBAHUS CHUCTEM CITyTHH-
KOBOW CBSI3U OTHOCATCH

-MCTOJIb30BaHUE ISl Ha3eMHBIX CTAHIIMA W OOPTOBBIX PETPAHCIIA-
TOPOB 00JIee BBICOKMX YaCTOT C IIEJbIO MOBBIMICHUS MPOIMYCKHON CITOCO0-
HOCTH;

-TIOBBINICHUE TTOMEXO0YCTONYNBOCTH M HAJICKHOCTH amlliapaTyphl;

-o0ecrnieyeHne KOMMYHHKAIIMA CUTHAJIOB Ha OOPTY CITyTHHKA,

peanuzanys MudPOBBIX CUCTEM Tepeiaud HHGOPMAIIHIH.

KoHTpoJibHBIEC BONIPOCHI

1. Ilepeuucnure OCHOBHBIC HAMNPaBICHUSIM COBEPIIICHCTBOBAHUS
CHUCTEM CIIYyTHUKOBOU CBSI3H.

2. IlosicHUTE CYIIHOCTh CYMEPreTepOJMHHOIO MOCTPOEHUS PaIuo-
MIPUEMHBIX YCTPOUCTB.
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3. U300pazute 0000IMIEHHYIO CTPYKTYPHYIO CXEMY PaauONpPUEMHBIX
YCTPOUCTB MPSIMOTO MPeoOpa3oBaHus, MOSCHUTE MPUHIIUI €€ padOTHI.

4. Ilepeuncnute OCHOBHbIE TpeOOBaHMS K allmapaType HHU30BOW pa-
TMOCBSI3H.

5. M300pa3ute CTPYKTYPHYIO CXEMY PaAHOPEIICHHON JIMHUHN CBSI3H.

6. [lepeuncinTe OCHOBHbBIC XapaKTEpUCTUKHU npuemHuka PPK.

7. IlepeuricnuTe OCHOBHBIE HAITPABIICHUS] COBEPILICHCTBOBAHUSA U Pa3-
BUTHUS CPEJICTB TpOnochepHOl CBA3H.

8. HM3oOpasute yIPOIICHHYI0 CTPYKTYpHYIO CXeMy OOpPTOBOIro
PETPAHCIALIMOHHOTO KOMILIEKCA.
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