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flpH OJJ.HOBpeMeHHOM 11p0B9Jl.9HHH ljJH3H'I9CKHX 9KCI1epHM9HTOB, Tpa6yiOWHX 11pH-

M9H9HHSI N MHOf'OKSHSnbHbiX H3MepHT9nbHblX CHCTaM, ljlyHKUHH N OJJ.HOTHI1HbiX 

6nOKOB HnH yCTpol!cTB ( OJJ.HOTHI1Hbl9 0119p8UHH) MOT'YT 6b1Tb B03nOlK9Hbl HS M9Hbmee 

<mcno o6max yCTpol!cTB, pHC, 1. flpH 11pHM9H9HHH TSKHX MeTOJI.OB U9HTpanH38UHH 

npHHU 1!11HSnbHO B03MOlKH8 cymeCTB9HH85l SKOHOMHSI o6opyJJ.OB8HHSI, 0JJ.H8KO o6mee 

\TTpOllcTBO JJ.OnlKHO HM9Tb X8p8KT9pHCTHKH, Jl.OCT8T0'1Hbl9 }l.nSI TOT'O, 'IT06bl COXpa-

Hl!Tb HnH yny'IWHTb T8KH9 110K838Tena, KSK BpeMSI 11p0B9Jl.9HHSI KBlKJJ.Of'O SKCI19pHM9H

TIJ, o6'beM, TO'IHOCTb, JJ.OCTOBepHOCTb rronyqaeMbiX JJ.SHHbiX H T,I1. 6 38BHCHMOCTH OT 

KOHKpeTHblX Tpe60B8HHll, peanbHblX B03MOlKHOCTell, TpSJJ.HUHll H T,J!., B03MOlKHb19 pewe-

/1/ 
HHH rrpo6neMbi pa3aoo6pa3Hbl • Ha pac. 1 rrpaseJJ.aHbl xapaKTepHbie peweaag: uea-

Tpana3oBaHHbill BbiBOJJ. ( THI1 A), UeHTpanH30B8HHOe H8KOI1n9HH9 ( THI1 B) H U9HTpa

nH30B8HHOe H3Mepeaae (THI1 B). 

flonyqana pacrrpocTpaHeHHe JJ.Ba Tarrs ueaTpoa: 

1) B XOJJ.e 1!3MepeHHll Ol1ep8UHII Bbli10nHHIOTCSI B CI19UHSnH3HpOB8HHblX ycTpoll

r·Taax, B TOM 'IHCne HSKOnneaHe H HeCnOlKHSSl 0119p8THBH8Sl o6pa60TK8 Bbii10nHSIIOTCSI 

r> Cfi9UH811H3HpOB8HHblX 38110MHH810lllHX yCTpOliCTBSX, KOTOpbl9 MOf'yT 6b1Tb CBSI38Hbl 

r o6pa6aTbiBBIOII.lell ( yHHBepcanbHOH Bbi'IHCnHT911bHOll) MSWHHOli ljlyHKUHOHSnbHO (He-

110CpeJJ.CTB9HH85l CBSI3b, COBM9CTH8Sl pa60Ta) na6o HHijJOpMBUHOHHO (aBTOHOMHBSI pa

oOTa, nepeJJ.a'la HH!jJOpMBUHH C 11pOM9lKYTO'IHOli rrepe3811HCb10); 

2) B XOJJ.e H3MepeHHll 0119pBUHH H3MepeHHSI Bbii10nHHIOTCSl B CI19UHBnH3HpOB8H

HbiX ycTpOliCTBBX, CBSl38HHbiX !jlyHKUHOHBI1bHO C yHHBepcanbHOll Bbi'IHCJH!T911bHOll MB-

IliHHOH. 

flpHM9H9HHe CI19UHanH3HpOBBHHblX ycTpOliCTB HnH Bbi'IHCnHTenbHblX MSWHH JJ.nH 

UCHTp8HI!30BBHHOf'O OT60pa H HBKOI1119HHSl B pSlJI.e cny'laes cymeCTB9HHO OrpaHH'IHB89T 
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crwpoCTb rrony'!eHHH H 06beM ABHHbiX KBlKAOf'O 9KCrrepHMeHT8, B HeOOXOAIIMbiX cny-

'laHX rrpeAycMaTpaaaroT AO N OTAei!bHbiX 38110MIIH8101UHX yCTpOlkTB - 11pOMeJKyTO'I-

HbiX, oy<!>epllbiX Hi!ll AaJKe CI1eU118i111311pOB8HHbiX C <!>YHKUIIHMII oopaOOTKH (xapaKTepHO 

nml UeHTpOB rrepBOf'O Tllna), J13 38ITOMHH8101UIIX ycTpOJ!:CTB B MBIUIIHY HH<!>OpM8UIISI 

rrepeA89TCH B BHAe M8CCHB8 'IHCen, B KOMnBKTHOi!: <!>OpMe, 1109TOMY TpeoOB8HIISI K 

CKOpOCTH OOMeHa MOf'yT Ob!Th CHHlK9Hbl, TaKOe ITOCTp09HHe neHTpa 1103BOJIS!eT yMeHh-

li:liTh 'IHCi!O 00p8IU9HIIH K M81UHHe 11, TeM C8MbiM, ny'!W9 11CnOi!b30B8Tb BpeMSI MltlUH

HLl lli!SI 00p800TKH ABHHbiX, 

B pa6oTe paccMoTpeHbi ocooeHHOCTII BhiBOAa .QaHHbiX B ycnoauHx, xapaKTep

Hbrx AiiH H3MepiiTen&HbiX ueHTpoa Tuna 1A. UenTpanii38UIISI BhiBO.Qa pe3ynhTaTOB 

H3MepeHHH TpeoyeT IIHOJ!: 110CT8HOBKH H IIHhiX peweHIIJ!: pSI.Qa M9TO.QH'I9CKIIX II TeX

HH'!9CKHX npooneM H Bbi.QBHf'89T C11eUII<!>II'IeCKII9 TpeOOBSHIISI K yCTpOJ!:CTBSM BhiBO.Qa, 

/2,3/ 
oocnyli<IIBBIOIUIIM MHOJKeCTBO H3MepiiTei!bHbiX CIICT9M • npiiM9phl, XapaKT9pHbl9 

/4-9/ 
nnSI ueaTpanu3oaaaaoro KOMrrneKca cnenuanu3apoaaHHbiX ycTpoil:CTB IISMepii-

Ten&Horo U9HTpa flH<I>, Hi111IOCTpHpyiOT 9TII OC009HHOCTII, 

Pa3BHTH9 MHOf'OKSHBlibl!biX HSM9pHT911bllblX CIICTeM B HanpaBn9HIIII YB91111'19-

l!HS1 CKOpOCTII rronyqeHIISI, OO'b9Ma II TO'IHQCTH .QBHHbiX npaaerro II K YB9i111'19HHIO Bbl,.., 

/2/ 
BODHOf'O ooopynOBBHIIH • Hepe.QKO 9TO o6opy.QOBB.HH9 no CBOeil: CTOIIMOCTH, QO'b9MY 

II Ci!OJKHOCTII CO.i!3M9p.i!MO C OCT811bHbiM 000py.QOB8H.i!9M 113M9p11T9libHOi!: CIICT9Mbl, 

OC06eHHO, KOf'.Qa rrpe.Q'bHBI1HIOTCH nOBbiW9HHb19 TpeooaaHHSI K T8KHM XapaKT9pHCTl!KaM, 

KaK CKOpOC'rb ll Ha.QeJKHOCTb BbiBO.Qa, y.QOOHSSI <!>OpMa npe.QCT8Bi!9lll!SI II 3anHCII Bbi

B9D9HHOI!. HH<!>OpM81lHH. HarrpiiMep, MOlKHO C'!IITaTb, 'ITO CKOpOC'l"b Bb!BO.Qa .IlSHHb!X 

YDOBJI9TBOpHT9libHa, 9Cliii Bp9MH, 3BTPB'l.i!B89M09 H8 Bb!BO.Q, COCT8BliH9T He 001199 

5-10% apeMeH.i! O.QHOI'O 38Mepa llliH 9KCn03.i!UHH, npu nepii0.QH'19CKHX 38Mepax C ne-

PHODOM T = 60 MHH ( T8KOH pelKHM xapaKTepeH .QliSI IISMepeHHi!:, rrpOBO.IlHMbiX B flH<I>), 

apeMeHH BbiBO.Qa m T , r.Qe m • 0,05, 'IHCJie Kaaanoa I< , paaHOM 100 H 2000, Tpe-

6yeMaH CKOpOCTb BbiBO.Il8 n I , no.QC'!IIT8HH8H no <!>OpMylie 

x) 
He Meuee 30 11 600 Kaaan/MaH 

K 
nl>- • 

- mT 
COOTB9TCTB9HHO, 

(1) 

X) YKBS8HH09 TpeoOBBHHe CKOpOCTII BbiBO.Q8 B HeKQTOpblX CliY'IBHX MOlKHO H9-

CKOi!bKO CHH311Th, HanpiiM9p, .IlliSI CIICT9M C npe.QBBp11Te11bHOJ!: OopaOOTKOil: .QBHHbiX, 

KOf'Aa B pe3yi1bTaTe oopaOOTKH OO'beM BbiBO.Il.i!MOi!: IIH$OpM8U.i!H cyiUeCTBeHHO yMeHb

illeH HI1H KOf'.Qa IIMeeTCSI B03MOlKHOCTb H OK83b!B89TCSI .QOCTSTO'!HblM BbiBO.QHTb 'ISCTb 

HH<!>OpMBUHII - 113 SS.IlSHHOi!: rpynnhl K8H8110B. 0.QH8KO nepabli!: nyTb CB51S8H C cyme

CTBeHHblM paCWHp9H119M li0f'II'!9CKHX II apii<!>MeTII'!eCKIIX B03MOlKHOCTelt H3M9p11Tenb

HO!i CHCTeMbl II, B KOH9'!HOM IITOf'e, npHBO.IlHT K .ll811bHei!:WeMy yCITOJKHeHIUO I! yaenH

'19HHIO oo'beMa o6opyAoBaHII!I. OpaeHTanHH Ha BbiBOA 'ISCTII IIH<!>opMalll!ll ( 113 rpynrrbl 

K81!8i!OB) B H3BeCTHOi!: Mepe CBSI38H8 C M9Hee s<!><!>eKTHBHblM HCnOi!h30B8HHeM 'MHOf'(>o 

K8B811bHOCTII' H3M9pHT911bHOJI: CHCTeMbl, 
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3 
npa '!.i!Clle KSHSIIOB "' 10 Tpe6yeMa51 CKOpOCTb MOlKeT 6biTb o6ecne'!eHa 11pHM9Ha-

HIIeM OTHOCHTellbHO 6biCTpO.Qei!:CTBYIOIIliiX ycTpolkTB, CTOBMOCTh B 06'b9M o6opy.QOBa

HH>I KOTOpb!X OK83b!BSIOTCSI 3HS'!IIT9lihHbiMH, oco6eHHO ecna .QSI!Uble He06XO.QHMO Bbl-

BOAHTb, 11CnOI1b3Y!I 

<!>a'!eCKOli B KOilOBOfi 

paSI1H'!Hbl9 M9TO.Qbl npe.QCTaaneHIISI II sanBCH ( B SHSKOBOi!:, rpa

/2/ 
<!>opMaX) • nonb!TKH yMeHbWBTb npOCTOli H3M9piiTe11bHOli CBCTe-

Mbi as-sa abraona (a HaweM npBMepe m orrpeA911519T K09<P<!>HUHeHT npOCT051 CHCTe-

Mbl ) npHBOAH\ K yaeiTH'!eHHIO npOCTOSI BbiBOilHOf'O o6opynoaaHHH ( K09<!><!>HUB9HT 11p!>

CT051 BbiBO.QHOf'O o6opyAOB8HH51 COOTB9TCTBY eT 1 - m ) • Cne.QOBSTellbHO, 6biCTPO.Il9lt

CTBYIOIUHe BbiBO.QHbie yCTpOliCTBS BCnOI1bSy!OTC51 He s<!><!>eKTHBHO, 

B&rcTpo.QeltcTBHe a&rao.IlHoro ycTpolkTaa a 'IIICJIO o6cnyJKIIaaeMbiX H3MepHTellb

HbiX CHCTeM. BbiCTponei!:CTBHe o6wero yCTpOitCTBB onpe,[!eJI!IeT He TOlibltO Bp9M51 Bb!B!>' 

/3/ 
na, 110 H B03MOJKHOe KOliH'!eCTBO o6cnyJKIIB8eMbiX 113MepiiTellbHbiX CHCTeM , TaK, 

npH nepBO.QII'!9CKBX II O.QHOBpeM9HHbiX SaMepax B N CIICT9MSX C 'IHCliOM K8.118ll0!1 

!{ H HCIIOlibSQBSHIIH o6mero ycTpOi!:CTBa Tpe6yeMBSI CKOpOCTb BbiSOilS n 
2 

no CpaB

HeHHIO C Bb!W9 onpe.QelieHHOi!: CKOpOCTb!O n i .QOlilKHS Ob!Tb yaeliH'teaa B COOTB9Tlo

CTBHH C Bb!palKeHIIeM 

n2 N 
--).-· 

n A 
l 

(2) 

r.Qe A<l II 03H8'18eT Kos<!>!j)Hil119HT IICI1011b30BaHH9 pa60'!9f'O BpeMeHH ycTpOi!:CTaa 

B Te'leHHe OTBeAeHHOi!: rray3bl MelKAY 9KCnOSIIIlii!IMII, 38BHC511UIIi! OT 38TpaT apeMe

HH, CBHSBHHblX C KOMMyTaUHei!: 11HHHfi CBSISII, nO.Qf'OTOBKOfi yc'X'pOliCTBS H T,n, EcliH 

DiiiiTe11bHOCTb nay3bl m T , TQI'.Q8 CKOpOCTb n 
2 

MOlKeT 6biTh orrpe.QeneHa 113 Bb!pa-

)!{eHHSI 

n >~lL. 
2 

- "'T A (3) 

npa J< • 2000, N =10, m ~0,05, T = 60 MHH, A"' 0,5 CKOpOCTI> n2_?13000 KaHallfMHH. 

0TCIO.Q8 O'!eBHAHbl BbiCOKHe Tpe60B8HIISI K ft 
2 

npa 38.QSHHOM 'IHCI1e N" CHCT9M. npa 

9TOM Kos<!><!>HUIIeHT npOCT051 H3MepHTe11bHOli CHCTeMbl B OlKII.Q8HHII Bb!BO.Qa ( OTHOW9HH9 

apeMeHa OJKIIIlSHHH K nepao.Qy T 

N -1 
1''< ---m, 

1 - N (4) 
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a KOS~~HUHeHT npocTos ycTpoACTBa (oTaoweaae apeMeHB npocToSI K nepaony T) 

ocTaeTcg aaa'IBTenbHbiM: 

P'~l-mA. 
2 (5) 

npaKTH'leCKH 6onee uenecoo6paaea nepHOAH'leCKRA pe*HM pa6oThl ae npa onaoapeMeH-

HbiX, a npB nocneAoBaTenbHbiX aaMepax a N CBCTeMaX. HanpBMep, npa BpeMeHB 

BbiBOJl8 )lng CHCTeMbl C HOMepoM BbiBOJl H8'UIH89TCSI C 38AeplKKOit (l-1) t, 

B STOM pe*HMe KOnH'leCTBO CHCTeM, COBMeCTHO pa60T810WHX C ycTpoitCTBoM, MOlK

HO oueHHTb as cnen y10wero BhlpalKeHHg: 

'I'- t 
N < I 

(6) 
t 2 + ts 

cne t I BBeJleHO nng Y'leT8 38Tp8T BpeMeHB, CBSI38HHhlX C llOAf'OTOBHTenbHhlMH HnB 

SKCllnyaTaUHOHHbiMH pa60T8MH, H906XOJlBMblMB Ang HopManbHOit axcnnyaTSUBH ycTpoit

CTB8 a Te'leaae npononlKHTenbHoro apeMeHH (aanpHMep, nepeaapSIJlKa pynoaa 6yMara, 

3aMeHa Kpacgweit neHTbl B T.n.); t - apeMg BbiBOJ:I8 RH!jlopMaUHH H3 OJlHOit H3Me-
2 

pHTenbHOH CHCTeMbl npH 38,118HHOM 'IHCne KaHanoB B CKopOCTH BhlBOA8j t S -3aTp8Tbl 

apeMeHH, cagaaHHbie C IIOJlf'OTOBHTenbHblMH onepaURHMI!I nepen K8lK)lblM BbiBOAOM 

( HallpHMep, KOMMYTHpOB8HHe, IIO,Ilf'OTOBKa H T.n.) • npa xapaKTepHbiX Ani! R3MepB

TenbHOI'O U9HTpa JlH<Il ycnoaagx: T•60 MHH, t
1
< 5 MHH1 !

3
< 1 MRH H K•200Qxa

nanoa, B ~8BHCHMOCTH OT CKOpOCTH BbiBOJl8 1 paBHol! 200, 1200 B 240000 KaHanoa/MI!IH 

( Jl8HHble no CKOpOCTH IIpHBe)leHbi 1 CoOTBeTCTBeHHO, AnH neHTO'IHOf'O rrep!jlopaTopa, 

16-81. 
110CTp0'1HO lle'laTaiOIUef'O MeXaHH3M8 H yCTpOI!CTBa TP8HCngUHH Jl8HHbiX B M8IUBHY ) , 

tiHcno N MO*HO OIIeHHTb COQTBeTCTBeHHO p8BHbiM 5, 20 H 5Q, npa aToM 6b!CTpO-

neil.cTaae rrepaoro ycTpoiicTBa He ynoaneTaopgeT AalKe ycJ•uBHIIM npase.QeHHOA BbiWe 

oueHKH nns n 1 nonolKHB, 'ITO t 2 +t 3 ~mt, HaXOJlHM N npa m • 0,05 paBHblM 

18, l1a STHX oueaox cnenyeT, 'ITO B rrocne.ctaeM pelKRMe ,aaJKe npa yMepE)HHbiX aaa

qeaagx CKOpOCTR BbiBOA8 B03.MOlKH8 pa60Ta MHOf'HX H3MepaTenbHblX CHC'reM C OllHRM 

06IUHM ycTpOACTBOM, Koa!jl!jJBuReHT npQCTOH R3Mep!ITe~bHOit CHCTeMbl 1!1 OlKHJl8HHH Bbl-

aona P (' , orrpenenseMbiA QTHoWeHHeM apeMe!la 

aeaenax. Koa!jl!jJHUHeHT rrpocTos ycTpol!cTaa 

P" 
2 

6 

t 1+Nt 3 

T 

ts K nepHo.cty T , npH t «Nt 
3 2 

(7) 

~ 
'1'1

1 . . 
\. 

~ 
.·~. 

t 

ana, ecna t 
3
« t 

2 
t =mT 

2 
, Torna 

P" "'1-Nm 
2 

(8) 

T.e. aaa'IHTenbHO MeHbwe, '!eM B rrpeJlbiJlyWeM peliHIMe, OTciOna, a 'laCTHOCTH, Bbt-

TeKaeT B8lKHOCTb CoKpaweHHH BpeMeHH t
3 

npa 3Ha'leHHHX I 
2 

H t 
3 

, 3aBHC9:WHX OT HOMepa H3MepHTenbHoit CHCTeMbt, 

aeo6xonHMbte xona'leCTBeHHbJe xapaxTepRCTHKH aaanorH'IHbtM o6paaoM HeTpynao on

penenaTb, ycpenHHB aaa'leuRg. 

npe)lCTaBnHeT HHTepec paCCMOTpeTb xapaKTepHblit pelKHM neHTpanH30B8HHOf'O 

Bb!Bo.Qa, llpH KOTOpOM Tpe6oaaHHe BbiBeCTH HH<jJOpM8UI!IIO MOlKeT UOCTYII8Tb B TO spe

Mg, KOf'Jl8 o6wee ycTpOACTBO 38HgTQ BblBOJlOM Jl8HHbiX H3 K8KOI!-na6o Jlpyrol! H3Me

pRTenbHOI! CHCTeMbi, B TaKOM pe*RMe - pelKHMe waeopraHH3osaaaoro BbiBO,aa• o6-

paayeTcH 0'!epeJlb1 eCnl! KOnii'leCTBO OJlHOBpeMeHHO IIOCTyllHBillHX Tpe6oaattHI! npeBbi

CHnO KOfll!'leCTBO BblBOJlli~>IX ycTpOl!CTB. AaanOI'IP!Hble CI!TyaUHH xapaK'I'epl!bl Jlng pac

CM8TpHB8eMbiX B TeOpRH M8CCOBOI'O o6cnyJKI!B811iHI CHCTGM 06cnylKHB8HRg C OlKHJ:Ia

HHeM, Uns OUeliKR a$!jleKTHBHOCTH UeHTpanR30B8HHOf'O BhlBOUa, K0f'Jl8 IIOTOK Tpe6oaa~ 

aHA orrpenenseTcg npR'IHHaMR cnyqal!aoro xspaKTepa, npHMeHeHbi R3BeCTHhle MeTO.ctbl 

/10/ 
pacqeTa nng orpalla'leHHOro H npoc-rel!mero nOToxa Tpe6oaaaa~ • HnniOCTpaTI!B-

Hbie rpa<jJRKH 1 llpi!Be.Qe!!Hhle Ha pi!C, 2, IIOK83b!B810T 38BRCHMOCTb KOaljMJJRUHeHTa np.o-

CTOII 1!3MepaTenbHOit CHCTeMbl B OlKHJl8HRR BblBOJl8 p'n 
I 

I! Koa!jl!jJHUHeHTa npOCTQH 

BbiBOJlHOPO ycTpOIICTBa p m OT 'IHCna N J!:3MepRTenbHf.IX CHCT8M I! rrapaMaTpa 
2 

r 
m , paaaoro OTHOineHRIO cpenaero apeMeHH Bbiaona K cpenaeMy apeMeaa M9lKJlY oc-

TaHoaxaMH B3MepaTenbHhiX CRCTeM nns BbiBOJla (a ¢opMynax, pnc. 2, P 0 -aepos:n--

• /10/ 
HOCTb TOI'O, 'ITO ycTpOHCTBO He 38HSITO, 1< - 'lHCnO TIOCTYIIHBllllfX Tpe60B8HRI! ) • 

YK838!ll!bl8 Ha rpa!j!RK8X 3Ha'leHHH nap&MaTpa m B HaWeM llpi!Mepe COOTBeTCTBylOT 

apeMeHH BblBOll8 6 MHH, 3 MHH H 1,5 MHH. npn YM8Hb!lleHHH Bp8M8HH BbiBOA8 B 2 

1! 4 pa3a Bp8MH OlKHJlBHHg yMeHbWaeTCg H He llp8BbiCHT apeMeHB BbiBOJla, eCnH N 

COOTBeTCTBeHHO He 6onee 8, 13 I! 21. Ha aTOM JKe pncyHKEi! nyHKTHpHOil .f!HHH8ll IIO

K838Hbl rpa!j!HKH, HnniOCTpHpyiOIURe a<jl<jleKTHBHOC'l'b npnMeHeHHll TpeX ycTpOll¢:TB (cny-< 

'!all rpynnoaoro o6cnylKRBaHHst) c CYI'HOCHT'i!nbHO 6onpmHM apeMeae.M BbiBOJ:Ia 

( m .. Q,1 ). npa JlByX T8KHX lKe YCTpoil.CTBaX KpRBble 0K83biB810TCg 6nH3KHMI! K rrpH

aeJleHHbiM aa pacyaxe nnH cnyqag m .. 0,05, onHaKo apeMg OlKHJl8HHSI He npeBbtCHT 

apeMeHH BbiBOJla npa yaenn'leHHH N no 19. B naMepHTenbHOM ueaTpe JlH<Il npeJ:IY

CMOTpeHo HCUOnb30B8HHe ,110 Tpex H838BHCHMO pa60T810WHX BbLBOAHb!X yCTpOI!CT&, 

7 



DpaaeaeHHhle Bhlme Kona~ecTaeHHhle oneHKH noaaonHIDT onpenenHTb Tpe6osa

HHII K 6b!CTpoaellCTBHID o6wero Bb!BOJlHOI'O ycTpOACTB8 C y~eTOM a<jJ<jleKTHllHOCTH HC• 

!10llb30B8HHH (aarpy3KH) STOI'O yCTpOACTB8 H nonyCTHMOA aaaeplKKH BblBOaa. 

Ha.gelKHOC'J'b B 'JHCno ycTpoAcTB swso.gaoro KOMnneKca. Tpe6osane nosw

meaaoA aonre»>peMeaaoA aanelKHOCTB o6mero swsoaaoro yc•rpoAcTsa Bb!TexaeT aa 

TOI'O, 'ITO BO Bp8MSI pa60Tbl SKCrrepHM8HT8nbHb!X yCTSHOBOK H8HC11p8BHOCTH lilllH C60H 

B ycTpOACTBe MOI'yT BapymHTb HOpM8nh.Hoe npOB8JJeBHe JlO N axcnepliM8RTO&. 

CneacTsHeM neaTpanBaanD:a smnseTcsr yMetihmeaae acnom.ayeMoi'o o6opy.I!IOBBHBB, 

Ill/ 
'ITO o6ycnasnasaeT soapacTaHHe BBJl&lKBOCTB axcnepaMeliTam.BoA arrnapaTypm • 

BMecTe c TeM nony'UleMaH aKOBOMHSl B o6opyJ:tOB8HliH tt03BOOSieT mape npaMeasrn. 

MeTO!lr,l 110Bb!WeHHII tflyRK!lBOHBllbROA H8JlelKROCTH, CB1138RHb!8 C BB9Jl9Hil8M H36b!TO'I

HOCTH o6opyJlOBBHBSl. 

Dpaae.lleHHbie swme onemm npennonaraJOT BOSMOlKHOCTh ttO"'TH RJlenem.aoA 3a ... 

rpy3KH BblBOJlHOI'O ycTpOACTB8 B TeqeHHB BpeMeRH !1pOB9LI8HHSl SKC11epBM8HTOB, KOTQ

poe, 0/lHSKO, MOlKBT 6b1Tb BeCbM8 npOJlGlllKHT9nbllb!M.PerRCTpBpy!Omlle' yCTpOACTBB 

(rrpelKJle Bcero, MeXBHH~eCKOI'O THI18) Be BC9I'Jl8 Jl0nyCK8IDT JlllllT8l1bHYIO pa60Ty C 

npe.~:tenhHoA aarpyaxoll:. B TaKHX cny'l:asx oxaawaae.TCSI seo6xonHMbiM npHM&HHTb 

wrops~ee• peaepBRpoaaBBe a napannellbayJO HnB noo~epenayiO pa60Ty yCTpoilcTs. B 

ycnOBHSIX Renpepb!BHOA MHOI'OCyTO'IROA pa60Tb! H3MepB'r8llbHOI'O ne!l'l'pa nH<I> Bb!BOil

Hble ycTpOl!CTBB IIBPHOJlH~eCKH CHHM8IOTC!I JlllSI npo<jlHil8KTH~e'CKHX H peMOliTHb!X pa-

6oT. Bee aTo o6ycnasnHBSeT Heo6xo:JtBMOC1'b ttpHMBHBBiil!l ny6nHpyromBx yCTpoil:cTa. 

Y'IHTblB8Sl II()Cll8JlHee H HCIIom.ayg peaynbT8Tb! ttpHBellBHHb!X Bh!WB O!l8HOK JlllSI 

BTOporo H Tp8Tb8I'O p8lKHMOB BbiBOJla, MO lKHO CJl8ll8Tb Bb!BOJl, 'ITO npH N se 6o-

nee 10-20 H TBX lKe HCXOJlHb!X JlSHHb!X ~HCllO 118'18T8101!lHX yCTpOACTB 118 MOlK8T 6'b!Tb 

MeHbWe na:yx, neptflopHpyiOmHx ycTpOACTB - MeHbme Tpex-'leTwpex H T.ll. OnsaKo B 

COCTaBe Bb!BOAHOI'O KOMttlleKCa, KSK 11paBHllO, npenycMaTpHBBIOT YCTpOl!CTBa C paa-

/2/ 
na~HbiMH MeTonaMH npencTasneoSI 11 aaiiBca nasHwx • Dp11 Rcnollbaosasaa TaKRx 

ycTpOiiCTB, CIIOC06BblX B H3BeCTBOil: Mepe B38HMBO CKOMII8BCHpO'E}8Tb BbiXOJl. 113 

CTpog ycTpol!cTaa KaKoro-nB6o npyroro THna (natflpone~aTa1 nR6o rpa¢onocTpoaTens, 

rreptflopaTOpa, nepeJlaiOmero yCTpOii:CTB8 ) 1H rrpH H806XOJliiMOCTH pa3I'py3KH yCTpOl!CTB 

OAHOI'O THI18. (B 8.B8pHii:.IIOil: C.IITYBUHH) JlOTIOllHHT8llbB8H HarpyaKS MOlKeT 6b!Tb B.03-

nox<eHa Ha. ocTanhHble YCTpolcTaa. CnenoaaTenbHO, o6mee xonsqe¢TBO peaepBHblX 

YCTpOl!CTB MOlKHO COKp8THTb. B ycnOBH!IX H3M8pHTellbHOI'O U8HTpa nH<I> J:IOCT8TO~ll0 
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npHMeHBRH!I He 6onee llBYX OJ:tHOTIII1HbiX ycTpOltCTB. (Dpll aTOM Al1H K8lKJlOI'O yTpoii:

CTB8 M8Hee H8A8lKHbl8 M8X8HH~eCKH8 yallbl ( M8X8HH3Mbl IlHtflpone~aTR, rpaljllrxono

CTpOHT8llH K neptflopaTOpa) HMeiOT 110AI'OTOBlleHHbll! K 6biCTpolt 38MeHe ny6nRpyiOWHil: 

KOMnneKT, a o6'beM peaepBHOI'O o6opyJlOB8HIIH 3li8KTpOHHb!X 6nOKOB COCTaBn!leT AO 

20-40% OT OCHOBHOI'O). DpHMeHeHHbl8 MeTOJlbl peaepaapoaaHHH (ny6napOB8HHe 38Me

WeHHeM, MaHeapeHaoe peaepaapoaaHae) a rrOBbiWeHH!I HanelKHOCTH pa60Tbi 6noxos 

o6ecne'!HllH HaaelKHbll! BbiBOJl JlSHHb!X BCeX npOBOAHMb!X SKC11epHMeBTOB B Te'IBHHe 

3-HeJlBnbHOI'O llHKl18 H3MepeHHll. DpH OTCyTCTBHH OTK830B Jly6nspyiOWHe YCTpOii:CTBB 

HCI10nb3YIOTCSI Al1H YM8HbW8HHH Bp8M8HH O~HASHHH HllH 110BbiWeHHH npO.H3BOJlHTel1bH9-

CTH Bb!BOJla. 

06WHM KpHTepHeM 011THMal1bHOI'O Bbl60pa COCT8Ba H KOllH~eCTBa yCTpOACTB Bbi

BOJlHOI'O KOM11ll9KCa MOlKBT CllYlKHTb B03MOlKHOCTb npuBOJlHTb 3KCnepHM8HTbl H Bbi

BOAHTb (o6panaTblBaTb) peaynbTSTbl C 3aJlaHHOlt atfJ~eKTHBHOCTb!O (C 38Jl8HHOil: npo

H3BOAHTellbHOCTbiD Hl1H C 38.Jl8HHb!MH KOatfltfJHUH8HT8MH npOCTOH o6opyAOB8HHH) Jl8lK8 

npH OrKa38X B 3SJ:l8HHOM '!HClle YCTpOl!CTB ( OCHOBHbiX, Jly6napyiOWHX) • 

ABTOM8TH~eCKHl! KOHTpOnb Bb!BO,[J8 HHdJOpMS!lHH, MeTOJlbl aBTOMSTH~eCKOI'O KOH

TpOllSI MOI'yT B8CbM8 atfltfleKTHBHO o6ecne'IHTb TIOBbiWeHHYIO H8JlelKHOCTb Bb!B0ll8 II 

npao6peTaWT oco6oe aHa~eHae B ycnoaasx aaMepaTenbHoro ueHTpa. PemeHae aToll 

rrpo6neMbl BCTpe~aeT H3BeCTHbl8 TpyAHOCTH 1!3-38 Cl18UHtfJHKH Bb!XOJlHb!X (perHCTpH

pyiOWHX) 6nOKOB, ~8CTO Bbll10llH8HHblX H8 OCHOBe JlOBOllbHO CllOlKHbiX H 6b!CTp0A8ltCTBy

IOWHX MeXaHH3MOB. KOHTpOnb pa60Tbl He Jl8eT rronaol! yaepeHHOCTH B TOM, 'ITO BbiBe

neHHaSI HH¢OpM8llHSI 3811HCaH8 H8 HOCHTene 6ea HCKalKeHHA. TaKHB HCKalKBHH!I MOI'YT 

6b1Tb BblstBll8Hbl llHWb 110Cl1e C~HTb!BaHHSl 3811HC8HHblX !lSHHbiX, T.e. 06bi~HO 110Cne BBQ-

!l8 B MSWHHy, KOI'Jl8 HCXOJlHSSI HHtfJOpMBUIIH B H3MepHT8nbHOll CHCTeMe ylKe C6pOWeHa. 

KoHTpollb MOlKeT 6biTb a¢¢eKTHBHbiM, ecna c6oa o6HapylKHBaiOTCH a acnpaan!IIOTC!I 

a npooecce BbiBOJla. 

lln11 aBTOM8TH'18CKOH oneHKH JlOCTOBepHOCTH (Ka~eCTBa) CTSTHCTH~eCKOl! HH~Op

MBUHII B HSCTOHI!lee BpeMst He H3BeCTHbl K8KHe-na6o .LtOCTaTO'!HO !1pOCTble MeTOAbl, 38 

HCKl1ID'I8HHeM Cp8BH8HHH Ha HAeHTH'IHOCTb BblXOaHOlt HHtfJOpM8UHH C HCXOJlHOlt (nH60 

HX KOHTpOnbHbiX npH3H8KOB) • TBKOll KOHTpOllb OK83blBaeTCSI 6onee 'lKeCTKHM•, '18M 

MOlKHO 110Tpe6oaaTb B cny'lae CTSTHCTH'!8CKOl! HHtfJOpMaUHH. 3TO onpe.Lt8l1SI8T 6onee 

BbiCOKHe Tpe60B8.HHSI K H8AelKHOCTH H TO'IHOCTH pa60Tbl OCHOBHOI'O H KOHTpOllb!IOI'O 

o6opy.LtOBaRIISI .OaHH H3 TaKHX MeTOAOB - MeTOJl •KOHTpOllbHbiX cyMM• npHMBHeH AllSI 
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/8 9/ 
KOHTp01IR CBR311 C M8WHIIOi! ' II 38ITIICII .!l81111b!X 118 neptjJ01!911TY {HCIT01!b30B8110 TO 

171 
JKe KOIITp01IbiiOe 06opy.!!OB/iillll9) • Pe3ynbT8T KOIITp01IS!, nony-qaeMbllt BO Bp9MS! 

BbiBO.!l8, IT03B01IS!eT ITpll lle06XO.[liiMOCTII ITOBTOpi!Tb 9TOT BblBO.[l, ItpiiM9HJITb Apyrol 

MeToA BbiBOAa, na6o npHHS!Tb ApyrHe 11eo6XO.!liiMble Mep&I .!l1IS! npeAynpeJKp;eHIIS! nOTe

pH none3HOi! HHtjJOpMBUHII, BBO.[la B MBWIIIIY HCKBlK9IIIIblX ABIIHbU, B CIICTeMBX CBSI311 

c MBWHIIOA AJ'IR HCnpaaneiiiiR HCKBlK911HOil lllltjJOpMBUIIH BblBOA II nepeA8'18 ITOBTQpgroT

CR aBTOMBTII'19CKH, npBM911eHBe TBKIIX MeTOAOB 3H8'1HT9nbHO 9KOHOMHT pa6o-qee Bpe

M51 Bbl'IHC1!11T9nbiiQi! MBWBIIbl II CJ'IOJKIIOI"O 9KCITepHMeiiTft1IbiiOI"0 o6opyAOBBIIIIR, 

CBSI3b BBTOHOMIIb!X YCTpOi!CTB BblBOijB C 113MepHTe1Ib.!lb!MB CHC'I'eMaMB. B pac

CMBTpiiBBeMOM BblBOAIIOM KOMITJ'IeKCe 'IIICJ'IO pa3nH'IHbiX ycTpOltC'I'B BblBOA§ MOlKeT 

!!3MeiiSITbCSI, a IIX xapaKTepiiCTIIKII COBepW9HCTBOB8TbCS!, nosTOMY M9'l'OA CBH311 

yCTpOi!CTB C 1!3MepHTe1!bllbiMH CBCTeMaMH A01IlK911 6b!Tb AOC'I'aTO'IHO yHHBepCaJ'IbHblM, 

111111 AOCTBTO'IIIO CB060AIIbiM OT OI"paHII'Iellllil, o6ycnosneHIIblX OC06eiiHOCTS!MII BblBOAHblX 

ycTpol!CTB II H3M9pHT91!bllblX CHCTeM, TaKOi! ITOAXOA K CBSI311 113M9pHT91!bllbiX CIICTeM 

II ycTpOi!CTB Bb!BOAIIOI"O KOMIT1!9KCa BblABHI"fteT pSIA Tpe6osa1111A. 

Pa60TB KalKAOI"O KaHana CBSI3H He AOJ'IlKHa 38BIIC9Tb 0'1' CKOpQCTII BblBOAB 

Bl11!0Tb AO IIOMHIIanbHOA nponyCKROA CITOC06HOCTII. nocneAHSIR Onpe}:lenseTCR M8KCII

M81!biiOi! CKOpOCTb!O ITOCTyiT1!91111R lllltjJOpMaUHII 113 3aiTOMIIIIBIOIU9I"O yCTpOi!CTBa 113M9-

6 
p!!TenbiiOi!. CIICTeMbl w 10 611T/CeK, KaK ITOKa3biBaeT OI!biT, ·npll nepe.[la-qe .[laHHblX 

Ha paCCTOSIIIH9 ITOPSIAKS AeCSITKOB MeTpOB TSKOi! AIIBIT83011 CKOpOCTei! MOlKIIO o6ecne

'li!Tb AOCTSTO'IIIO 9KOHOMHO ITpll napannenbHOA nepeAa'le pa3pSIAOB. C Ue1!b!O ynpo

WeHI!R BbiXOAIIOI"O 61!0K8 113MepiiT91IbHbiX CIICTeM, B 60J'IbWHIICTBe 113 KOTOpbiX 803-

MO)KHB BbiAB'Ia napa1!1!91!bllb!X 16-pa3pSIAIIblX KO.!lOB, uenecoo6pa3RO II A1IH Kaaana CBR-

311 coxpaHIITb Taxy10 lKe pa3pMROCTb 111111 '!Reno napannenbRbiX npoBO.!lOB. TorAa 

4 
MBKCHMa1IbRaR CKOpOCTb nepe.!la'lll pas.Ha ., 10 'IHC91!/CeK, 'ITO DpiiM9pHO Ra 

.. /8,9/ 
llOpHAOK IIp9BblWaeT HCITOJ'Ib3y9MYIO B IIBCTORIUee speMH CKOpOCTb • 

B 1!3MepiiTe1!bHOH CIICTeMe Be AOnlKIIO 6b!Tb CIIeUHa1!1!311pOBaiiiiOI"O o6opy.!lOBaRHR, 

OTHOCI!Wel"OCR K KaKOMy-nB60 THIIY ycTpOltCTBa BblBOAa. 8'1'0 Tpe60B/iiH~e B 3118'111-

Te1!bHOi! Mepe YAOBneTBOpReTCR npH YIIHtjJHKaUHII KOA8, ITOCTyiTa!OIUel"O 113 1!3MepHTe1!b

HbiX CI!CTeM, II CHI"Ha1IOB ynpasneRHlL 

¢opMa BblBOAI!MblX KOAOB ge .[lOnlKHB CyiUeCTBeiiRO OT1IH'IBTbCSI OT TOil tjJopMbi, 

B KOTOpoi! .!l8HIIb!e yJKe HMe!OTCH B 1!3MepiiTe1!bHOi! CI!CTeMe {s 'IHC1IOBOM pel"HCTpe), 

3TH ABHHb!e a pel"HCTpe 06b!'IRO npeACTaaneRbl a BRAe ABOII'IROI"O KOAB ypoaaelt 
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llanpsrlKeiiHSI, II HB1!6onee npOCTh!M CITOC060M Bb!BOAa { C'beMa) AaHHh!X HllnS!eTCS! 

onpoc ypoaaeA KOAa, nocTyrra10mero B ycTpoAcTao - 6e3 npoMeJKyTo-qaoro nepe

KOAHpoaaHHS! HJ'IH npeo6pa30BaHHSI. 0TCIOAB - IIBA9lKROCTb II CKOpOCTb nepe.[!B'IH, 

ynpOIUeRHe II 9KOROMHS! o6opyAOBBHIISI ll H3MepHT9nbiiOi! CIICT9Me II HeCJ'IOlK.HOCTb 

cornacosa.Hasr c yc'l'poAc'I'aoM. npa aToM npo6neMhi aeo6XOAHMoro rrpeo6pa30Ba.HHS!, 

pa3MeiUeHHR II T,IT, BbiBOAIIMbiX 113 113MepHTenbiiOi! CIICTeMhl KOAOB lie IIM9!0T peWa!O

IUero 3.Ha'I9HIIS!, 1!60 0.1111 pewaiOTCSI Ilpll KOIICTpyHpOBa.HHII aBTOIIOMHQI"O Bb!BOA.IIOI"O 

ycTpOI!:CTBa, 

Ynpasnsr!OIUHe caraanbl 11e A01IlK.Hbi 3asaceTb OT oco6eiiHocTeA Tex ycTpoi!cTs 

ana CHCTeM, KOTOpbiMII 0.1111 ynpaBnSIIOT, llnH COITpSI)K9RIIOil pa60Tbl ahiBOlliiOI"O yc'l'pof!:.:.. 

CTBa C H3M9pi!T91!b.HOlt CBCTeMOlt lle06XOAI!Mbl MIIHHMYM 2 ynpasnS!IOIUHX CHI".Hana 

(CHI" Han "'Bb!BOll"', ITO KOTOpOMY HB BbiXOllHhlX WIIHBX CHCTeMbl ycTallallnHBaeTCR KOll 

O'lepeJIIIOI"O KaRan, II CHI"Ran "'BbiK1IIO'leRHe"', 110 KOTOpOMy rrpeKpamaeTCSI BblBOll HHtjJOp

MaUHH), PS!ll ll01IOnHHTe1!bHblX CHI"RanOB BBOJIHTCSI JIJ'ISI llHCTa.HUHOIIHOI"O yrrpasneRIIS! 

H3MepaTenbHOi! CHCTeMOI!: (CIII"Ran "'ycTaiiOBKa"' AnSI YCTSIIOBKII B IICXO.[liiOe COCTOS!-

1111:9 aJipec11oro C'leT'IHKa, OTBeTKhiA CIII"Ran "'6noxaposxa"' rronTsepJKJiaiOT BhiiTOnlle

HHe yCTSHOBKH H pa3peWaiOT llKJ'IIO'leiiHe ycTpOACTBa BhlBOlla , llBB llPYI"HX CHI"IIana -

/4-9/ 
ll1ISI IIOAI"OTOBKII pelKHMB Bh!BO)la H Bbl6opa rpyiiiibl 01lp8WIIBaeMblX KaHanoa) , 

TaKHM o6pa30M, pa6oTa SBTOHOMIIbiX BhlBOllHbiX ycTpOi!CTB JIOnlKHa 6biTb co-

rnacosaaa C MHOlKeCTBOM H3MepHTe1!bRh!X CHCTeM 110CpeJICTBOM nOI"H'ieCKH II TeX-

HH'l9CKH HlleRTI!'IRb!X1 B38HM03aMeiiSI9MblX KBRBnOB CBSI311. 

KOMMyTHpOBaiiHe nHIIHA CBSI311 C H3MepHTe1IbHblMII CHCTeMSMII dreuatjJH'IHO llJ'ISI 

U9HTpanH30BaHIIOI"O BbiBOJlB, KOMMYTIIpyeMbie KaHan&! CBSI311 JIOnlKRbl COXpaRSITb CBOIO 

yRHBepca1!bROCTb TBKlKe H Ilpll ITOJIKIIIO'IeRHH IIOBb!X yCTpOJ1CTB, Jl.nsr KOMMYTHPOBB

-4 -6 
IIIII! 22 nepeJiaBB9MblX CHI"RanOB ( C ll1IHTenbHOCTb!O 10 - 10 Q!K HnH 6onee ) B 

/4/ 
H3MepaTe1!bROM ueiiTpe rrpaMellell rrapannenbii&Ii! KOMMyTaTop • KoMMyTaTop o6ec-

rre'IHBaeT OllROBpeMeHROe C09.[li!H9.11He TpeX 1!3 16 1!3MepHTe1!bHblX CHCTeM C TpeMS! 

H3 6 ahiBOllHbiX ycTpoAcTs. TaKoi!: KOMMyTaTop noasonsreT coxpaRHTb yaasepcan&

IIOCTb KBRana CBSI3R, 'ITO BalKIIO )lnSI o6eC119'19IIIISI B3BHM03aMe.HSI9MOCTII H tjJyiiKURD

I!BnbHhlX rrepeCTpoeiiHA. CneJiyeT 3aMeTHTb, 'ITO lleKOTopasr rpoMo::llitOC.Tb rrapanne1!b

aoro KOMMyTaTOpa CyiUeCTBeHHO He snasreT 11a 9KOROMIIIO o6opyAOB8HHS!, AOCTRI"a-

eMyiO 1lpll ue.RTpanH3BUII.H BbiBOllB. 

Haxoaeu, Bhi6op KBlKAOA H3M9pi!Tenb.HOi! CHCT9Mhl AnSI BblllO.!la HH<j)OpM8UIIII 
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JlOJll!<eH npOH3B0JlHTbCSI llpOCTh!M Bh!OOpOM (anH Ha6opoM) HOMepa KaHana CBS13H. 

3TO Tpe6oaaHae HeDOCpe}lCTBeHHO Bh!TeKaeT H3 H900XO}lHMQCTH YM9HblliHTb apeMSI 

KOMMYTaURR (eM. Bh!We). C STOll U811bl0 aBTOHOMHh!9 BhiBOilHhle yCTpOiCTBa 000-

/4/ 
pyJlOBaHhl K.l'laBHaTypolt ll.I'ISI JlHCTaHUHOHHOI'O Bh!OOpa BXO.OOB KOMMyTa'I'Qpa 

DpaBH.I'IbHOCTb }leltCTBHll onepaTOpOB npR KOMMyTHpOBBHHH Iii nonrOTOBK9 MHO

>I<EoCTB8 H3M9pHT911bHb!X CHCTeM H Bb!BOilHb!X yCTpOltCTB KOHTpOJnlpyeTCSI npa noMo

l'..lH CHCT8Mbl CHI'HS.I'IOB. CHrHanh! HHJIHKBUHH Ha nynhTaX Bb!BO.OHb!X yCTpOllCTB H 

KOMMyTaTOpa yKa3b!B810T BCe OCyll!eCTB119HHbl9 COe.JIHH9HHSl ycTpOltC't'B C H3Mepa

T811bHbiMH CHCTeMaMa. HenpaaanbHbie anu aaaHMOHCKniO'laJOIIIHe JiellcTBHSI onepa

Topoa (HanpHMep, nonh!TKJil Bb!OpaTb H9CB000JlHb!lt BXOJl ana BblXOJl KOMM)'TSTOpa) 

6nOKHPYIOTCSI npa IIOMOII!H CXeM aBTOMaTH'19CKOi!: 3a!liHTbi, npeJIY!Ip9lK)laiOTCSl CBe-

/4/ 
TOBOU H 3BYKOBOll CHrHanHaauHell • ,Unsr TaKOI'O lKe KOHTpOnSI noneaHbl KOJlbl 

H.I'IR aHaKR, COOTB9TCTBYIOIIIH9 Q):Ip9Jl9119HHOMY HOMepy BXOJia KOMMyTaTOpa (.jJOMe

py H3M9pHT9nbHOll: CHCT9Mbi)1,Bb!paoaTb!B89Mb!e B yCTpOli:CTBe H 38ITHCb!BaeMhl9 

/5,6/ 
BMeCTe C Bb!BOJlHMOlt HH4JOpMaUH9i!: • 

HeKOTOpbl§ OCOOSHHOCTH KOHCTpyHpOBBHH Sl• CneUH811H3HpOB8HHb!X Bb!BOAS:h!X 

ycTpOHCTB. UeHTpanH3aUHSI Bh!BOJl8 CBSI38H8 C C03)laHH9M SBTOHOMHh!X ycTpOltCTB, 

xapaKT8pi!CTHKH KOTOph!X nonycKaiOT COBMSCTHyiO paOOTy C MHOlKSCTBOM H3MepH

T811bHh!X CHCTeM. Ha npe)lbiJlYIIIHX pa3JI91102 SICHO, 'ITO BXOJlHb!S xapaKTepllCTHKH 

TaKO!'O ycTpOli:CTaa JlO.I'IlKHbl Ob!Tb COI'.I'ISCOBaHbl C 2b!XOJIOM o6cnyJKHaaeMb!X CHCT9M 

( T.e. AOCTBTO'IHO yHHBepcanbHhl), a OCHOBHhl9 xapaKTSpHCTHKH Bhi20JIB, npelKA9 

BCero, CKOpOCTb H Ha)leJKHOCTb) - JlOCTaTO'lHO Bb!COKH, 

DpH coaMecTaoa pa6oTe c 6onbii!HM 'IHC.I'IOM H3MepHTenbHbiX cHc;TeM 6onee 

s<jltjleKTI'!BHO (c MSHbWRM npOCTQeM) HCn011b3Y9TCSl BbiBOJlHOe ycTpOllCTBO. BMeCTe 

C T8M 3cptjleKTHBHO HCITOlib3yeTCSI H OOOpyJIOBaHHS H3M9pHT911bHOll: CI!CT9Mbl, KOTQ

poe cywecTBSHHO ynpomaeTCSI. 8To noaaonneT CTaBHTb aonpoc c uenecoo6paaHo

CTR H8CKOlibKO paCWHpRTb B03MOlKHOCTH BbiBOJlHOI'O yCTpOllCTaa ( 6onee Bb!COKSSI 

8BTOM8TH38UHSI BhiBOJia, YAOOHaSI 4JopMa npeACTaBJI8HHSl H pa3M911!8HHSI HR4JopMa4HB 

H T.rr.). 

PaCCMaTpHB89Mhlll M9TOA onpe}l911SI9T H OCOOSHHOCTH KOHCTPYIIPOBBHHSI CI19UHa-

11H31!pOB8HHbiX ycTpol!:cTa ahiBOJia. Oc.a:oaHh!e IPYHKUHII: 6noKoa ycTpol!cTsa noxaaae:hl 

Ha pnc. 3. 

BXOil!JhiS O.I'IOKH BBTOHOMHh!X ycTpOltCTB Bb!ITOliHSIIOT 4JyHKUHH cornacoaaHHSI 

BXO}la, 11pH9Ma II 11peo6pa30BaHI!Sl BXO}lHblX KO}lOB. ,UnSI TaKHX yCTpOltCTB, KaK rreptjJO

paTOphi, MaraaTOtPOHbi, rpatjlonocTpOHTenH OObi'!Ho llOCTaTO'lHO nepeKOJIHpoaaHHSI 
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naaHb!X (a3 napan:nem.Jtoro JtOJla B napan:nenbao-nocneJIQBaTellbHb!·l! H 'l'.n.); B 

uactJpone'laTaiOIIIBX, a xaor}la a a llPYI"'BX ycTpollcTaax .a:eo6XOJIBMO npeo6paaoaaHHe 

JlBOB'IHOI"'O KOlla B ll9CSITB'llihllt ( IU!a HaOt5opOT) • 

I1CIIO.I'Ib30BaHBe palla a3B9CTH~X M9TO}l0B npeo6pa30BaHBSI B cneuaanB3BpOBaH

HbiX ycTpoll'cTBax ae upeJICTaanHe'l'CSI B03MOlKHbiM ana uenecoo6pa3HbiM. B yHHaep-

_Cal!bHbiX Bbi'!BCl!HT911bH~X MaWHHaX npeo6pa30BaHHS! B~nOliHSIIOTCSI no OJlHOMy a a 

anropaTMOB C acnOllb30BaHaeM C.I'IOlKHQI'O apatjJMeTH'!eCKOro ycTpOli:CTBa. C apyroft 

CTOpOHb!, npa J;~bi20Jl9 JlaHHbiX 'laCTO npHM9HS19Mbl9 CITOCOO~, OCHOB8HHbie Ha npo

MelKyTO'IHOM npeot5pa30BaHBR HCXOllHOI'O KOJla B CepHIO '!Hcna BMny.l'lhCOB a nOJIC'lEilTe 

HMITylihCOB C'19T'!aK8Ma, CBSI3aHbl C Bb!ITO.I'IH9HB9M 'lp93Bbl'!all:ao OOlibiiiOrO KOnB'!eCTBa 

/12/ 
on~panal! • H4 _pac. 4 npaaeJies:a aaa~CHMOCTb 'lHCna onepauaA OT paapanaoc'l'B 

R llBOB'lHOrO KO/la.C 
1
-cnoco6 Bb!'lBTaaaSI no eaaaHUe C npHM9H9HBeM Bbl'lHTaiOWerO (pe

BepCBBHOro) C'l9T'Iaxa HnH Cnoco6 • JlOC'leTa •, npa KOTOpOM Cepasr 'IHC.I'Ia HMIIYllbCOB 51!1-

l!SieTCSI XO.I'IH'lEilCTB9HHb!M aKBHBaneHTOM JlBOH'lHOI'O, a C tll8CSITH'IHOI'Q Jl0Il011H9HB.51 JinH 

npeo6paayeMoro qacna. (nocneaHHll cnoco6 'noc'!eTa' npaMeHHeTcsr 'lame, T.K. Meaee 

cna>KHO aaxO>KJieHHe aecSITH'IHoro qacna no ero JieCSITB'IHOMY JiononaeHHIO). Ecmt aoeMSI 

OTC'!eTa (OilHOlt onepaltaa) r .. 10 MKCeK, npH R • 16 apeMSI npeo6paaoaaaasr Cr 

llOCTaraeT 1 C9K. O'leBHJlHO, 'ITO STa CIIOCOOhl npii:MEiHBMb! UpH HEilOOnbii!Oll CKOpOCTa 

BbiBO}la. 

liHC.I'IO OTC'ISTOB yMeHbmaeTCSI npB 'JlOC'leTe' 'no JlBYM Iii ocmee KaHanaM 

( HanpaMep, no BTOpoMy KaHany Ha BXOil SI'Ieli:KH C HOMepOM f llBOa'lHO!'O C'I9T'IH

Ka H B JlSCSITB'lHb!ll C'lST'!aK nO}laiOTCSI aMnynhCbi, HM910IIIae 'sec' 2f-t i aaaa

CHMOCTb c 3 npHB9ll9Ha llnSI cny'laSI e •. o, 5 R ). KorJia 'Ill CliO KaHaliOB paBHO R 

KalK)lbill: pa3pS!Jl OITpaiiiHBaeTCSI ITO OT119llbHOll WBHe, H npeo6p830BaHH09 'IHCliO MOlK9T 

6b!Tb H8lt}leHO (npOCTbiMB, HO rpOM03JlKHMa) M9TOJlaMa aewHc!JpBpOBaHBSI 11n11 C.I'IOlKe

HI!SI KOnH'ISCTBEilHHb!X SKBBBa.l'leHTOB ('aeCOB~) 3Ha'l8WHX pa3pS!JlOB. Eonee npaKTa'l

Hhl cnoco6b! nocneJioBaTe.l'lbHoro onpoca (nocne}loBaTen&aoro "cnoJKeaHH aecoa•). 

/12/ 
01lHO H3 TaKHX yCTpoltCTB onucaao B • 8 STOM ycTpOltCTBe BpeMSI onpoca KalK-

IlOI"'O 3HB'!aW91'0 pa3pSI}la OITp9ll911SI9TCSI Bp9M9H9M BbipaOOTKH }l8CSITH'IHOrO 9KBBBa-

118HTa H ero npaoaB1!9HHSI. KalKilaSI Ul!tjlpa }l9CSITB'IHOI'O SKBHaaneHTa rrpeJICTaanesa 

He 6onee, '!eM 9 HMnynbCaMH. KonaqecTao OTC'IeTOB pacTeT .I'IHWb noonoouaoaanh-

HO R ( c .. lOR ). npH Tex lKe aaa'leHHSIX R Iii 
4 -3 

eTCil aa BP8MSI • 10 CeK. 

npeo6paaoaaaae ocymecTB.I'IH-
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0pHM8H8HH8 C'l9T'IHKOB ( C'l9THbiX l(9K8t:t) II03BOIIS!eT 0THOCHT91IhHO 3KOHOMH'I

JIO peanrraoaaTh TaKrre crroco6bi rrpeo6paaoaaHHSI, oaHaKo o6ycnaanrraaeT CHrrlKeuae 

CKOpOCTH If Ha.QeJKHOCTH pa60Tbl ycTpolkTB ( H3-38 BIIHSIHHSI uerrel! CBSI3H MelKt:ty 

C'I9THbiMH Sl'l8llK8MH). 

DpeanoJKeHbi cnoco6bi nocneaoaaTellhHOI"'O rrpeo6paaoaaurrH queen ( cnoco6hi KOp

peKTrrpyiOmrrx YCT8HOBOK llOCII9l(OB8TellbHO YltB8HB89MbiX .QBOH'IHbiX KO.QOB H nocne

LlOB8T01IbHO Ll91IHMb!X H8 2 l(9CSITH'IHbiX KOL{OB)., OT.IIH'I8IOIUHeCSI M81Ib!M 'IHCIIOM Olle-

/13 14/ 
paurrfl Ha oarru paapS!Ll ' • B rrpouecce nocneaoaaTenbHol! o6pa6oTKB a paapH-

nax K0Jl8 38 OL{HH TBKT LlB8lKLlbl ( C U91IbiO CL{BHI"'8 If KOppeKUHII) Bblll01IHSI9TCSI Oll

peJlelleHH8SI yCT8HOBK8 IIHBepTHpOB8HHbiX LlBOH'IHb!X UH4Jp (C ..,2R) • L!a1Ibflel!:mee 
5 

yaellH'IOHHe UbiCTpOaefiCTBHSI Ll0CTHI"'89TCSI COBM9IU9HH9M Ollepauafi KOpp9KUHH H CL{BH-

ra (C A~ R) • YcTpoikTB8 ( C MHHHMH3HpOB8HHbiM 'IHCIIOM YCT8HOBOK H COCT8BOM 

o6opyLlOB8HI!H) llOCTpOeHbl C llpHM9H9HII9M THIIOBOfi CX9Mbl CLlBI!l"'8IOIUerO perHCTpa 
1 

H8 OCHOBe Tpl!rrep!!ol! H'IefiKI! C p83L{91lhHblMI! BXOLl8MH
1 

H OTHOCI!T91lbHO H9CIIOlKHb!X 

CXeM Kopp9KUHH. 0epeKIIIO'I9HHSI K8JKL{Oll Sl'l9fiKH OCyiUeCTBIISIIOTCSI yCT8HOBKOfi Tpe-

6yeMoro COCTOSIHHSI (anSI 3TOI"'O COOTBOTCTBYIOIUHli CHI"'H81l 38HOCIITCSI H8 Ot:tHH 113 

pa3L(OIIbHbiX BXOJlOB), 'ITO o6yC1I8B1IHB80T 113B9CTH09 llOBbillleHHO CKOpOCTH H H8-

Jl())!(HOC'l'H. 

B CIIOllH81IH3HpOB8HHb!X ycTpOl\cTB8X Bb!BOL{8 Ilpi!M9HS19Mb19 CllOC06bi npeo6pa-

30B8HHSI (CX9MHb19 pemeHHS!) MOryT OT1IH'I8TbCSI OT 06b!'IHO HCII01r>3Y9Mb!X B OIIOK8X 

MHOrOK8H81lhHbiX H3MepHT91lbHh!X CHCTeM. 0CHOBHblMH Kpi!TepHS!MII, OnpeaellS!IOlliHMI! 

Bbi6op M9T0Ll8, S!BIIS!IOTCSI IIOBbllliOHI!8SI CKOpOCTb If !!8Ll9JKHOCTb ( 8 !!9 BOIIpOCbl CBSI3H 

IIIli! B03MOlKHOCTH HCII01Ih30B8HHSI IIMeiOIU91"'0CSI B H3M9piiT911bHOfi CHCT9M9 OOOpyao

B8HI!S!). L(pyl"'I!M B8lKHbiM lPBKTOpOM S!BIISI9TCSI pa3yMH8SI <lKOHOMBS! o6opyaOB8HHS!, K0-

Topa51 B38l!MocaH3aHa c Heo6xoaaMoll CKopocTbiO rr HaaeJKHOCThiO. MoJKHO peKoMeH-

/5 61 AOB8Th l(IISI IIPIIMOHOHHS! B CIIOUH8111!3HpOB8HHb!X Bb!BOLlllblX ycTpOii:CTB8X ' CIIO-

/lS/ C06b! H CX9Mbl l(IISI IIOC1Iel(OB8T91IhHOI"'O npeo6pa30B8HHSI KO.QOB • XapaKTep 

npeo6pa30B8HI!H KOLlOB II03BOIISI9T B YCTpOfi:CTB8X BblBOl18 llpHMO!!HTh 
TI!IIOBbie BXOLl-

llhle 6nOKH - H8 OCHOBe CLlBHI"'8IOIU91"'0 peri!CTpa ( C ll8p81li!OilhHblM BlWLlOM). KOI"'l(8 

' He CT8BHTCSI 38lt8'Ia H938BI!CHMOfi pa60Tbl H9CK01IbKHX yCTpOllCTB, lPYHKUIIR npeo6-

pa30B8H!!l! MOlKHO B031IOlKI!Tb Ha 06lllrrfi BXOLlHOll OIIOK. 

B biXOLlHhie 6noKa (a 'l8CTHOCTH, perrrcTp!!pyiOmae MeXaHH3Mbi npOMblllineauoro 

npoaaaoacTaa - nepljlopaTop, rreqaTaiOlliHfi arrnapaT 11 T.n.) a OOilbWIIHCTBe caoeM 
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pacc'IHTaHbl ua npaeM rpynrrhl HIIH acex paapS!ltOB aarraCbiBaeMoro KO.Qa. Cornaco

aaaae C BbiXOltHb!M 6nOKOM OCyiUeCTBII519TCS! B 6noKe p83M91U9HHSI RHlPOPMSURR, 1"',[(9 

<tJopMapyeTc!l OTt:tenbuoe coo6meuae, cTpoKa, 3H8KH, MeTKH a T.rr. XapaKTep paaMe

weuas aerrocpeACTBeHHO CBSI3aH c acrron&ayeMb!M npeacTaaneuaeM au<tJopMauaa (a 

3H8KOBOll, rpa4JH'I9CKOA na6o KOl(OBOA 4JopMe) H CIIOC068MR ee 06pa60TKH (a 'ISCT

HOM Clly'I89 Ollp9Ll91l519TC51 CHCT9MOll pa3M91I19HIIS!, npRH51TOll l(ll!l BBOltHblX YCTpOfiCTB 

Bbi'IHC1IRT91lhHOit M8WHHhl) • 

Dpa npoeKTaposauaa cneuaanaaaposanuoro ycTpoAcTaa nenecoo6paaaa rrocTanoa

Ka Ll0llOIIHRT91lbllbiX TpeOOB8HRA K p83M91I19HIIIO Bb!B9.Q9HHOA RH4JOpM8IliiH - H8R6onee 

yao6aoMy am1 acrron&aosaHHSI H rrocneayiOmeA o6pa60'J'KH. Bb!aeaeaaag au<tJopManas 

.QOillKH8 CO.Q9plK8Tb CllylKe6Hbi9, KOHTp01IbHh19 H .Qpyrae ,[(0llOIIHHT91lbHbl9 IIpH3H8KH 

H OTM9TKH. TaK, .QIISI CHCT9M8TH3811HH HIIR Bbi60pO'IHOA RH<j>OpM81l.BR, IIOCTyrraiOIUell 

H3 MHOlKeCTBa H3MepRT91lbHhiX CRCTeM, H906XOLlHMhl Orrpe.QelleHHb!e IIpH3H8KH, corrpo

BOlKLl8IOIIIR9 BbiBeaenuyiO au<j>opManaiO. TaKHe npaauaKH MoryT aaToMaTrr'IecKrr Bb!pa-

6aTbiBaTbC!I B ycTpOfiCTB9 R 38IIHCbiB8TbCSI BO apeMSI BbiBOLl8. 8 IIpOCTeitmeM Clly-

/5 6/ 
"!89 <lTO HOMep Ollp8WHB89MOll H3M9pRT91lbHOit CHCT9Mbl, II9'I8T89Mblit C Ll8HHbiMII ' • 

B apyrrrx cny'Ia!lx aalKHO npeaycMOTpeTb asTOMaTH'IecKyiO (ana nonyaaToMaTa'Ie-

CKYIO ) 38IIHCh 60ilbWOI"'O 'IHCII8 LlOII01IHHT91lbllblX A8HHbiX. BhiBOA aaHHbiX aa nep-

<jlOIIOHTY HIIH aenocpeACTB9HHO B M8WHHY BMOCTe C npH3H8K8MH, KOTOpbie YK83biB8-

lOT LlOIIOIIHHT91IbHble yCIIOBHSI H HBIISIIOTCSI HHCTpyKUHeit AilS! o6pa60TKH, II03B01IH9T 

I!CKniO'IRTh py'IHOll BBO.Q LlOnOIIHHT91lbHOit, HH<j>OpMaURH B M8WHHY, yMellblliH.Tb BM9lli8-

T81lbCTBO onepaTopoa, aaMeansiOmee o6pa6oTKy, HanpnMep, aa6apaeMbre Ha cnenllallh

aol! KnaaRaType KOLlbi (HOMep nporpaMMbi o6pa60TKH, THII aKcnepaMeHTa, nopS!ltKo-

• "' ) "' 171 Bbll! HOMep HH't'OpM8UHH H T.n. onpaWIIB8IOTCSI H aanHCbiB8IOTC51 H8 ll9p't'Oil9HTY 

/8 9/ 
l!n!l TpaacnapyiOTCH B M8WHHY ' B naqane K8lKLl01"'0 C006IU9HH51. npHM9H9HHe M9-

TO.QOB 8BTOM8TH'l9CKOI"'O KOHTpOIISI llpHBOLlHT K H906XOAHMOCTH p83M9lU8Tb KOHTpOnb

HYIO ( R36biTO'IHYIO) HH<j>OpM8IlHIO ( H8llpHMep, KOHTp01IbHYIO CyMMY B KOHUe C006me

HI!/7,8,9/ ). 

0po61leMa 8BTOM8TH38UHH U9HTp81IH30B8HHOI"'O BbiBOLl8 CBSI38H8 C Tpe60B8HH51-

MH yMeHbWHTb He TOIIbKO Bp9MSI C06CTB9HHO BbiBO.Q8, HO II Bp9MSI II0,[(1"'0TOBHT91lh

HhiX a apyrux acnoMoraTenbHbiX onepaunll. Heo6xo~rrMOCTh 6onee nonaoA aaTOMaTR-

3aui!H llpH U8HTp81IH30B8HHOM BbiBOA9 BbiTeKaeT H H3 IIpHB9Ll9HHbiX BbiWe OU9HOK. 

CoKpameHHe BpeMeHH KOMMyTaUHH H IIOLll"'OTOBKH B HallleM npaMepe AOCTHraeTCSI 
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JlHCT8HUHOHHbiM Bbi60pOM BXO.U8 KOMMYT8TOpa H no.aroToBKOli H3MepHT8JibiiQft CHCTe-

Mbl no caraanaM H3 BhiBo.aaoro ycTpolicTaa, aaTOMaTuaauKeA onepauaA no.arOToBKH, 

BKJIIO'l8HPI5! PI Bb!KJIIO'l8HH5! ycTpOACTB8, 8 T8KlK8 onepauaA pa3M81U8HBSI (aanPICH) .ao-

" /4-9/ 
IlOJIHHT81IbHOif HHtjJOpMaUHH H KOH'l'pOnSI BbiBO.UB , AB1'0M8TH38UHSI TBKHX BCIIOMo-

raTeJibHbiX orrepauHii:, 06bi'lHO BblllOJIHS10MbiX BpyqayiO, HCKJIIO'l88T OIUH6KH OrrepaTo

pos If COKpamaeT IIOTepH pa6oqero BpeMeHH, KOTOpb!8 B yCJIOBHSIX aenpepb!BHO Be

uylUHXCSI 9KCIIepHM8111'0B MOryT 6hiTb 3H8'lHT8JibHbiMH. 

0TM8'l81!Hbl8 Oco6eHHOCTII CneUPIBJIII3HpOBBHHbiX ycTpOli:CTB BbiBO.Ua, xapaKTep

llbi8 rrpelKJ:Ie acero .UJISI o6cylK.U88MbiX perHCTpHpyiOIUHX ycTpOACTB, C H9KOT0pb!MH 

oroeopKaMH MoryT 6biTb pacrrpOcTpa!!eHbi a:a ycTpolicTaa HH.UHKBUHH. HecKOnhKO oco-

6oe M8CTO 38HPIM8IOT ycTpOACTBa .URSI BbiBO.Ua II TpaHCJISIUHH .UBHHbiX B MBiliHHy, B 

KOTOpbiX OTCyTCTByeT BbiXO.UHOH 6JIOK B npelKHeM IIOHHMBHHII, 3a.aaqeJl ero SIBJISieTCSI 

cornaCOB8HII8 TpaHCJIPipyeMbiX CHrHaJIOB C K8H8Jl0M CBSI3H C MBiliHIIOl!:, OCyiUeCTBJISIIO

lll8H rrpHeM II 38Ili!Cb IIHcpOpMBUIIII, 

f1pHM0H8HII8 YHIIBepcaJihHbiX Bbl'liiCJIIIT8JibHbiX MBIUPIII B cpii3PI'I8CKOM 9KCnepi!MeH

Te (nnH nonyqeHPIH II o6pa60TKH 9KCnepHM8HT8JibHOH IIHtjJOpMSUHII B peanhHOM BpeMe

HII) llpiiBOJ:IHT K PIHOH llOCTBHOBKe pSIJ:Ia np06JIOM, 3tjJtjleKTHBIIOCTb PICIT0nb30B8HHSI Ma

IliHHbl B 113MepPIT8JihHOM ll8HTpe cyiUeCTB8HHO 38BHCHT OT M8TO.UIIKH c6opa PI llaKOIT

neaHH .USHHbiX MHOrHX 9KCnepHM8HTOD, KOTopaSl MOlKeT HM8Tb pSIJ:I 06IUHX llp06JieM 

H peweHIIH, ITOJ:I06Hb!X paCCMOTpeHHbiM. B H3MepHT0JibHbiX U8HTpax pa3JIH'liiOro THil8 

MOlKHO OTMOTPITb o6maA no):IXO!l It rrpo6neMe PI xapais:Tepllbie M8TO.Ubl pemeHIHI npo-

6neMbl ueHTpamraauaa. 3To .uaeT OCHOBB!IIIe rronaraTb, 'iTO ctjJOpMynapoaaHHbie a.uecb 

IIOnOlli0HHS11 xapaKTep-Hble J:IJISI H3MepHT0JihHbiX ll8HTpOB O.UHOrO THII8, B TOll HJIH PIHOA 

Mepe IIOJI83Hbl H J:IJISI .UpyriiX ycnOBHA. l.JaCTb o6cylK.U88MbiX BOIIpOCOB IIpH06peT88T 

oco6y10 8KTY8JihHOCTb C p83BHTH8M 8BTOM8TH38UHH tjJH3H'I9CKIIX 9KCilepHM9HTOB, 
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PHp. 1. UeaTpanaaoeaaHoe BbmonneHHe TIIIIOBbiX onepanall MHoroKaaanbHbiX 

H3M9pHTenbHb!X CHCTeM: 

1 - H3MepeHHe, KBBHTOBBHHe; 2 - OnepaTHBHBSI OOpiiOOTKa, HIIKOII

neHHe; 3 - Bb!BOJl, npeJlCTBBneHHe. 4 - KOMMYTIITOp. 

18 

• 

-

0,2 

P7 P0·m" 
H P:=-/; L {K_-1) N! 

IC•2 

O,i -L--~-1--+---t-/T-J 

I / ~ 1- ::r----~ N 

0 tO zo 

t,O 

p; ~p;•lj[-N! mK 
\ ' K•O (N-K)! 

' I 

0,5 I 1\. I > I ' < -, 

+-----4-----~-----r-----rN 

0 10 

Pac. 2. 3aeacaMOCTb KosljMpanaeHTOB npocTOH 

TBIIbHbiX CBCTBM, 

19 

20 

l' "' H P '" oT qacna ~~~ 
I 2 



r 
! 

... 

......_,___,.. ............. . 

axiWIOii 
kOA 

OPE06PA308AHME PA3"EIIlEHME PHMCTPAUM~ 

• t 2 3 

r l 
WCTANI.KA 

UIIIMPOIIIA 111111. 

IWI4I ID..I.A ~RPABnEHME 

lololkNIIIIHMI! 4 

Puc. 3. Cnenuanuaupoaaaaoe ycTpollcTBO BbiBO.Qa. Ocaoaable ljlyaKnua 6nOJCoa: 
1 - cornacoaaaae, npueM B npeo6paaoaaaue JCO.Ila; 2 - pasMemeaae 
ualjlopManaa H npe.QcTaaneaue a aaaJCoaoll, rpaljluqecJColl unu KO.IlOBoll 
ljlopMax; 3 - perucTpanaH (HH.IlBJCaUKH); 4 - ynpaaneaue onepanHHMH 
BhiBO.Qa B ICOHTponH, 
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Pac. 4. 3aaucHMOCTb qacna onepanaA OT paspH.QHOCTH .Qaouqaoro JCo.Qa npa 
paanuqablx cnoco6ax npeo6pasoaaaua. 
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