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Bae.neaue 

CnCTeMhl aBTOMaTHqecKOH CTaOHnH3aUHH cneKTpOMeTpHqeCKHX TpaKTOB aansrna 

npoqaoe MeCTO B «flaanqeCKOM SKCUepHMeHTe. B HaCTOSIIllee BpeMSI H3BeCTHO CBbiWe 

. /1 2/ 
TpB!IUaTH nyonHKaUnlf, UOCBSIWeHHhiX TaKBM CHCTeMaM. HeKOTOpb!e B3 nyonHKaUHH ' 

Ill 
srsnmoTCR 0030pllhlMII. B paCCMaTpHBaiOTCSl MeTO,!Ihl CTa6anH3aUHII KOSijl¢HUHei!Ta 

/2/ 
ycl!neaa!l «f!OToyMIIOJKHTensr, a a npo~3BO!li!Tcsr paanene11ue CI!CTeM no np~muuny 

Bhl!leneHHR CHrHana OWHOKH If npHBO!IHTCSl TeopeTnqeCKOe, a no HeKOTOphlM BOnpo

CaM H npaKTHqeCKOe•cpaBHenne !IBYX CHCTeM, paapaoOTai!HhlX aBTOpaMH. Onna H3 

nocnennnx nyonnxau11il
1421 TaK~e ooaopna!l, 110 ana ne aaTparnaaeT aonpocoa, pac

CMaTpaaaeMhix B !ISIIHOH CTaTbe. npennaraeMhlH 0030p nOCBIDueH KnaCCHijJHKaUI!H 

II paCCMOTpeHHIO BCeX H3BeCTHb!X CHCTeM no npHHIIBny HX paOOThl, C TQqKH 3peHHR 

Teopun aaToMaTnqecKoro perynnpoaaHan. 

1. 06mae CBOlfCTBa CHCTeM CTa6HnH3SUHH cneKTpOMeTpOB 

.B o6meM cnyqae,Ha cnexTpoMeTpnqecxyro cacTeMy nellcTayeT m 

B03MYWBIOWHX B03!leYCTBHit, npHBO.!IIDllHX K H3MeHeHDIO ee Kos«flljlnuneHTa ycnnel!nR 

(TeMnepaTYpa, nanpnxteH!Ie nn:Tannn, aarpyaKa H T.n.), a TaK~e paannqnhie cnnw-
. ~/ . 

nhi noMex • nosToMy xos«f!ljJIIUBeHT y~Irne1msr cneKTpoMeTpa MO~Ho aanncaTb 

m 

I< =I< +IllK 
CUeKTpOMeTpa noM 1=! 1 (I ) 

Ecnn 0!1110 H3 B03Mymeimfi Mhl CMO>KeM perynnpO!laTb H .!IOObeMCSI, qTQObl 
m 

I !l K 
1 

= 01 
1=1 

(2) 
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TO KOaljlljlanaeHT yc.aneHHSI .eneKTpOMeTpa oyA~T noeTOSIHiii:,IM; B eaeTeMaX ilBTOeTa-

oanaaanaa yenonae (2) BhlnonaneTeH aaToMaTa'leeKa. npa paoOTe eneKTpOMeTpa'le

eKax eaeTeM eKB3hlBBeTeSI HeeTaOHnbHOeTb He TOnbKO KOSijlljlanHeHTa yeaneHHSI, HO H 

nopora ( r aynllr) • noaTOMY 3B'laeTyiO eTaoanaaapyeTeSI TaKlKe H nopor. TaK KBK npHH

UHnhl noeTpoenaH eaeTeM cTaoanaaanaa nopora Ta~ JKe, KaK a_KoaljlljlaeaTa yeaneH 

Hli'SI, TO AHSI npoeTOThl H3nOlKOHHSI OYAOM paeeMaTpHBSTb TOnbKO CTaoanH38UHIO KOSijl

ljlHUHeHTS yerineHHSI. 
. x) 

no npHHUHny yeTpoAeTBS nO'ITH Bee eTaoHnH3HpOB8HHhle eneKTpOMeTpH'le-

eKae eaeTeMhl SIBnSIIOTCSI HMnynbC!lhlMH eaeTeMSMH 8BTOM8TH'leeKoA eTSOHHH38UHH, 

ljlyHKUHIO HMnylibCHhlX MOAynSITOpOB B KOTOph!X BhiUOnHSIIOT HeTO'IHHKH penepHhlX ear

HanoB. B KS'leeTBe penepHh!X earnanOB B eaeTeMaX aenOnb3YIOTeSI aneKTPH,'leeKHe 

earnanhi, KOTOphle noeTynaiOT Ha eneKTpOMOTp, MHHYSI AeTeKTOp, pa3HH'IHh!O paAHo

SKTHBHhie H3ny'leHHSI, a TSKlKe eaeTOBhle earaanhl. 8neKTpH'leeKHO earHSHhl He Beer.-., 

Aa npaeMneMhi, ·TaK KBK· oohl'IHO AeTeKTOphi TBKlKe OOH8Jl8IOT HeeTaoanbHOeTbiO, H 

B STOM enyqae )leTeKTOphl He OXBBTh!BSIOTeSI OOpaTHOA eBSI3biO. CBeTOBh!O eHrHaHhl 

no)laiOTeSI HenoepeAeTBeHHO HS ¢IOTOKSTOAhl <ll8Y ana Ha nonynpOBOAHHKOBhle )leTOK

TOphi, OOHS)lSIO!IlHe !lJOTOJlHOJlHhlMH CBOfieTBSMH. B STOM eny'lae OeTaiOTeSI !Ie OXBa

'leJIHh!MH oopaTHOfi eBSI3biO eUHHTHnn!ITOph! y eUHHTHHnSIUHOHHhlX JlOTOKTOpOB II OO'heM 

JlOTOKTOpa JlHSI nonynpOBOAHHKOBb!X JlOTOKTOpOB. 

BnalKe aeero no eaoeit npapoAe B Ka'leeTae penepHhlX aeTO'l!IHKOB noAXOAHT 

113HY'IOHHO OT pa)lHOSKTHBHhlX aneMOHTOB e _a- , {3- H. y - pa)lHOaKTHBHQeTblOo l.iaeTO 

B KB'IOeTBO penepaoro earaana aenOnb3YeTCSI OllHH H3 SHepreTH'IOeKHX nHKOB aeene

AYeMOrO aany'leHaH. K ocaoBHhiM aenoeTaTKaM penepahiX paAaoaKTaBHhiX HeTO'lliHKOB 

OTnoeaTeH TpynnocTb eanxponaaauan, nana'lae aeeKOnbKHX anepreTR'ieCKHX naaaa, 

OTeyTeTBHe B03MOlKJIOeTH nnaBHOrO H3MOJI9HHSI MaKeHMYMS penepHOro SHeprOTH'le

eKoro paenpeneneHHSI a orpaHH'IOHHh!ll;~ naaaMaqeeKaA naanaaoa aaeprait. 
' .. ' 

B noeneAHee BpeMSI JIOKOTOpOe pa3BHTRe eBOTOBh!X penepHb!X eneTOM onpene-

nana paapaOOTKa HMnynbeHh!X neTO'IHRKOB eBeTa HS oeHOBe p - n -nepeXo)loB H3 

x) · . /4/ · 
HeKniO'IOHHe eoeTaBHSIOT eaeTeMB BanKea , KOTOpaH SIBHHeTeSI OOhi'IHOlt 

caeTeMoA ·aaToeTaoanaaauan. Ho oaa aKnroqaeTCH a eTaonna3npyeT TOnbKO.B MOMeH

Thi OTeyTeTBHSI 'nneBKSr eaHXpOU!IKnOTpOHa. 3HS'IOHHO KOaljlljlnuaeHTa ycaneHHSI ljlOTQ

YMHOlKHTOnH, KOTopoe eTaonnaanpyeTeH naaaoit encTeMofi, onpenenHeT~~ no aenn-

'IHHe noeTOSIIIHOro .SHOJlHOrO TOKa ljlOTOYMHOlKHTenSI, Bh!3B8HHOrO eBOTOM naMUhl 
e noeTOSIIIHOI'i HHTeHeRBIIOeTbiO. 
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KpaMHHH, Kap6H.Qa KpaMHHSI, clJocljl~r.Qa ramiHSI H. apcaHH.Qa rann~rsr138 - 411
• Ho BbiXO.Q 

CB9T8 C STHX HCTO'IHHKOB 38BHCHT OT TaMrrapaTypbl, LlanbHeilmee pa;BHTHe rronyrrpo

BO.QHHKOBOfi T9XHHKH MO~aT .Q8Tb 6onee IIO.QXO.QSIIDHe HCTO'IHHKH perrepHb!X CHrHanOB, 

B 6onbiDHHCTB9 orry6nHKOB8HHblX pa60T CHCT9Mb11 CBS!38HHble C llpiM9H9HH9M 

perrepHb!X HCTO'IHHKOB CB9T8 .QnSI CT86HnH38UHH ljlOTO'IYBCTBHTenbHbiX CHCTeM, CTS-

6 
A- • K /5/ A- . . 

nnnaapyroT .. TPSKTbl c 'I'OTOYMHO~HTenSIMH. aK naaecTHO , Koa.,ljlnuneuT ycaneHHSI 

· IP3Y MO~eT H3Me_HSITbCSI CO BpaMe!leM, TeMIIepaTypoli: B 38B~Cl!MOCT1! OT ypOBHSI 

p8.QH8URH (aarpyaoK), MSrHHTIIOro liOnS! H .Qpyrnx ljlaKTOpOB, KOTOpb!e uenerKO rrpe.Q

CK838Tb HnH llpOKOHTponapOB8Tb, HaMeHeHne KOaljlljlnnaeHT8 ycnneHHS! MO~eT .QOCTl!

raTb 50% n 6onee. 

Pa60Ty CHCT9M CT86HnH38UHH MO~HO IIOHS!Tb H3 CTpyKTypaoli: CX9Mbl Ha pHC, 1, 

Ha BXO.Q cneKTpoMaTpa napannenbHO accne.QyeMOMY nany'leanro no.QaeTCSI penepaoe, 

C aapaJiee H3B9CT!IbiM CII9KTpOM (o6bi'IHO TOHKOil nnaneil) •. : HaMepelll!e 8MIInHTYAb1 

penepaoro carnana a:a BbiXO.Qe cneKTpoMeTpa ·paaaocanbao naMepeHHio Koa¢1jlaunea

Ta ycnneanSI caMoro cnaKTpoMeTpa B MOMeHT ueilcTBIIS! penepaoro cnraana. TaKnM 

o6paaoM BII.QHO, 'ITO aenpepwaaoe aaa'!eane KoaljlljlnuaeHTa ycaneaa11 cneKTpOMeTpa 

IIO.QBepraeTCS! .QeikTBHIO HMIIYnbCHOrO MO.QYliS!TOpa CT86Hnl!38Ul!ll. YcTpOli:CTBO o6-

paTHOil CBS!31! npe06paayeT H3MepeHHOe 3H8'19HHe K03¢1j!HUH9HT8 ycaneHHSI K BH.Qy1 

y.Qo6ao~cy .QnSI cpaBHeHHSI c orropHbiM cnraanoM A 0 n • Ecnn nponaomno naMelie-

ueaae KoaljlljlnuaeuTa ycnneunsr, To rrocne cpaaaeaaSI rroSIBHTCSI caraan paccornaco

aaansr, KOTOpb!il 38CT8BHT perynSITop IIO.Qeli:CTBOB8Tb H8 CII9KTpOMeTp H BepHyTb KO

sljlljlHUH9HT ycaneHHSI K HOMHHSnbHOMY 3H8'1911HIO. HaMepeHRe 8MIInHTY.Qbl H3Y'I89MOro 
'•' 

nany'le!IHS! llpOHCXO.QHT T8K ~e~K8K H perrepaoro, 1103TOMY MO~HO C'IHT8Tb1 'ITO B 

aTOM ~ny'lae aenpepwaaoe aaa'leane Koaljl¢nuneHTa ycuneanSI cneKTpoMeTpa IIO.QBep

raeTCS! uei!CTBHIO HMIIynbCIIOrO Mo.riynHTOpa H3MepSieMoro H3ny'leHHS!. 

Ka'leCTBO 'cTa6nnH38UHH BO MHOrOM 38BHCHT OT Bbi6opa 38KOH8 perynnpOB8HHS!1 

T,e, TaX ypaBH9HHil1 B COOTB9TCTBHH C KOTOpbiMH perynSITOp ljlopMupyeT. perynapyro

mee aoaueilcTane. 06bi'IHo aaKoHaMH perynnpoaaunSI SIBnSieTCSI nponopunoaanbHbili, 

unljlljlepeuuaanbHbiii una naTerpanbHblli:, 

0CHOBHbiM 38KOHOM perynnpOBBH.HSI AnSI CHCT9M1 CTa6nnnanpyromnx CII9KTpo

M9Tpbi1 SIBnSiaTCS! HHTerpanbHbiil, PerynSITOp C HHTerpanJ;>HbiM 38KOHOM perynnpoaa

Hl!S! o6aCII9'1HB89T 8CT8Tl!'I9CKYIO (6ea OCT8TO'IHOil Hap8BHOMapHOCTH) CTa6nnH38UHI01 

110 'UMaaT KOH9'1H09 BpaMS! 0Tp860TKH · B03Mymeanli: II (aa-aa ycnOBHH yCTOH'IHBOCTU) 
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orpaHH'IeHUbili · lto:aljJ<jJ~uneaT ycaneaasr perynSITopa. llpouecc perynaponaansr nponc-

XOAI!T C Ani!TelibHbiMH AHHllMH'IeCKIIMH OTKn,oHeHI!HMII: peryni!pyeMOft nenR'Ili:Hbi, He

CTllOII:libH?CTb perynHTOpa MO)f{eT npaneCTII: TOlibKO K 11:3MeHeHI!IO BpeMeliR OTpaOOTKlJ 

B03MY!llll!OIUHX B03AeHCTBII:H, HO He HapymaeT OOIUero 38KOHa CT80I!nl!3ll.U.~m. 

i1HTerpalibHbiii 38KOH perynaponaHHH H CBH38HH(/e C Ul!M KOHe'!HOe. BpeMH OT

paoOTKll D03MY!llll!OIUIIX B03AeliCTBJIH npl!BOAHT K TOMy, 'ITO B Te'le!Jll:e OTpaOOTKI! 
' ' ' 

noaMymaromnx noaaeiiCTBHii accneAyeMoe aany'leaae oyaeT perncTpaponaT&CB np11: 
'· . 

KO:a<jJ<jJI!UI!eRTe ycaneHH~, OTni!'IHOM OT HOMI!HlllibHC!I'o, T.e. liPOl!CXOlU!T YXYAIUelii!e 

:aaepreTa'leCKoro paapemeHRH cneKTpoMeTPtl· Ha :3TI!X paccy)f{.tleHI!ii aanpamanaeT~.!l 

Bb!BOA; 'ITO B T9X cny'ISHX, KOr.tlll OC009S:HO Bll)f{S:Q pa3peiU9HHe, MQ)f{UO 1{8· BpeMH 

oTpaoOTKH oollbmax 'BaaMymeHHii OTKniO'IaT& ( 6nOKaponaT&) perncTpAUIIIO ~~:ccne.nye

Moro_ aany'!eHH.!l •. (Koae'IHO, aTo npneMneMo nalllb An.!l noaMYmeanii, nepnoJt cneAo

naHR.!l KOTOpbiX aaa'!RTen&Ho 6ollbwe npeMeHH .OTpaooTKII). Ha p11c. 2 npRne.neHll 

CTpyKTypHll!l CX9Mll CHCTeM CT8011:11H3l1Ul!H, T.e. MllT9MliTII:'!9CKa!l MOAelib. 
I ' ,, 

Ecn11 aarrncaT& oowee ypanHeHHe noneaellll.!l cncTeMbi (pRe. 1) np11 OTCyTCT-

BHII B03MY!llll!OIUIIX B03AeiiCTBHii II B3S!Tb Al!<jJ<jJepeHIIII:An f:l K (. s) ,·nony'IR~x);, 
C:Jlt;T •. 

ll W ·· (s)-A (s) , 
aMc . on (S) 
. 2. 

W0 ~ (s)W RM~ (s) 

ll Kcn:c:T!s) = . 
llW

0
.,(s) A on (s) 

' 2 
W 0 c (I!) W liMC ( s) W <! " ( s ) W ~MC ( s) 

an.11 

W (s)W (s)W (s)W (s)»l, 
per op . li:MC oe· 

(4) 

rae W (s), w· (s), W ( s), Wper (s)- nepeaaTo'!Hbie Ko:a<jJ<jJnuneHTbi .coorneT-
op " HMC oc ,.. . . . 

CTnyromax anea&eB CI!CTE:JMb!, a~nHcaaabie B onepaTopaoii <jJopMe. B. o6meM cny:q:ae 

OTnH'IHe QT. HynH Benl!'lliHbi. flKCl'!eT.(s) ronopli:T 0 TOM,· 'ITO BKn.ro'leHI!e CI!CTeMbi 
r • ' • 

CTllOI!ni!381Il!l! BHQCI!T CBQIO HeCTllOI!n&HOCTb, CRsJ3llH;BYIO · C HeCTllOI!libHOCTb!O onopaoro 

aneMeHTa ( fl W 
0 

c ( S ) ) , o6paTHOH CBH311 ( f:l W 
0 

c ( S)) 11: HMnyn&CHOrO MOAynSITOpa 

(f:lW (s))- I!CTO'IHI!Kll penepHOI"O CI!I"Hana. llo:aTOMY CTllOI!nl!3llUI!H oyAeT. :a<jJ~~KTIIB-HMC . ~ . 

HOii ni!Wb B TOM cny'lae, KOrAa 6yaeT BbinQnHHTbCS! ycnOBHe: 

AK ··-;...... (t)« I ll K
1 

(t). 
C.u."'.... 1=1 (5) 

X) Bonae UOAPOOHbiii Bb!BOA II UOHCHeHHe HeKOTOpb!X Bbipa)f{eHI!ii CM •. B .llpi!nQ)f{e
HIIII~ 

·6 



I 

. Auanna o6men cTpyKTypnofi cxeMbi (pnc. 1) noKa3biBaeT, 'ITO. ecnn w ( )-.ii:Mc. s -

W HMuu (s) , TO BbiXOA perncTpannn II3y'laeMoro II311y'leHIISI II penepuoro CIIrna-

na MOlKHO COBMeCTHTb, H B BblpS)KeHHII ,(3) W :U:MC: • (s) .6ygeT OTCyTCTBOBSTb 1 

T.e, IIMHynhCHblfi MOAYliSITOp 6ygeT OXBa'leH o6paTHOfi CBSI3biO, 

Ero HeCTSOIInbHOCTb He 6yneT UpiiBOABTb K H3MeHeJIHIO IIOMIIHSnhJIOro 31IS'le...;. 

IIHSI KOa~~HUHeHTS ycnneHHSI CneKTpOMeTpa, Ha npaKTIIKe·aTO•Clly'lafi, KOrna B Ka-

'leCTBe penepuoro ~IIrHana ncnonhayeTcSI onnn II3 HIIKOB II~y'laeMoro II311y'leunSI. 

2. KnaCCH~IIKSUHSI CHCTOM . 

. . 
Bee II3BeCTIIble IIMliYnhCJible CIICTeMbl CTSOH1III3SUHII CneKTpOMeTpii'leCKHX TpaK-

TOB no npnnnnny ycTpofiCTBa~no paanennTb ua ABa Tnna: ananorOBbie 
/7-17/ 

" /2,6,18-33,43/ y A X II penenHble • ananoroBbiX perynSITop pearnpyeT na u -cnrnan 

paccornacoBSHIHI B ananoroBofi ~opMe c y'leTOM ero Benn'lHHbi n anaKa. Perynn

pyromee BoaneficTBne aa onnn nepnon nony'laeTCSI: 

!1x 
l1K =---' per. a 

rne 1/ a - Koatj>~nuneHT nepena'ln perynSITopa. 

(6) 

Y penefiHbiX cncTeM perynnTop pearnpyeT nnwb Ha 3HaK cnrnana paccornaco-

BaHDSI Sgn (!1x) 

cornacoBaHIISI !1 :i: 

·• Peryniipyromee B03.QeficTBIIe ue aaBncnT OT Benn'lHHbi pac

n nocTOSIHHO .aa KS)K.[Iblfi nepnon 

!1 R =-· s~ (l!x) L 
per. a 

Y SH8110rOBbiX CHCTeM MO)KHO Bbi.[Iei!HTb nonrpyttny - aHanoro-un~pOBbiO CHCT0-
/15...;.17/ 

Mbl • 3TO CHCT9Mbl1 y KOT()pb!X CTSOH11H3HpyeMaSI , BeliH'lHHa' npeo6paayeTCSI 

B 'lHCliOBYIO nocnenoBaTellbHOCTb .(ion). IToaTOMY CIIruan paccornac~BaHHSI npii-

, xoAHT B Bnne Kona, coOTBeTCTByromero aenn'lnHe !1 K C TO'lHOCTbl0 1 ooecnequ-· 

· BaeMoll ana.noro-un~poBbiM npeo6pa3oBaTeneM, T.e. c TO'liiOCTbiO B OUIIH Kanan 

MHoroKaHanhHbiX · aMnnnTyJlHbiX auanii3aTopoB. 

ITpn paCCMOTpe!IHll paOOTbl CHCTeM OOOIIX THliOB npHMeM, 'ITO HMnyllbCIIbiH .. MD

IlYliSITOp SIBliSieTCSI .1IneanbHbiM1 T.e. penepHblfi. CIIrnan ue. II MeeT aMnniiTYilHOro paa-

6poca n qacToTa cne.QOBaHHSI ero nocToSIHHa. ITepexon K peanhHOMY MonynSITopy 
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panaocanea paccMoTpeamo noaeneaaSI cacTeMbi c aneanbHbiM MOAynSITopOM, aa KOTo

pyro nei!:cTnyeT aoaMymeane no TOMY JKe aaKoay, KOTOpbii!: OTna'IaeT penepHbii!: cnr:

aan oT nneanbHOro. 

3. AaanorOBbie cncTeMbi 

a) YcTpoi!:cTBO a npnMeneane ananoroabiX cncTeM 

l1cTOpHSI paaaaTHSI cacTeMbl CTa6anaaaUHH CBSI3aHa B OCHOBHQM C ycTpanenaeM 

H9CTa6nnb!IOCTH K09~~anne!ITOB ycaneHHSI ~OTOyMHOlKHTenei!:, na9TOMY He YAHBHT9nbli00 

17-14/ 
'ITO BCe '!aCTO ananOilODb!e CHCTeMbl pemaiOT 9Ty aana'Iy, B Ka'IeCTBe penep-

noro cnrnana y HHX HCIIOnb3YIOTCSI HCKyCCTBeHHbie aCTO'IHHKH CBeTa. 3TO B OCHOB-
/11 13 14/ 

noM cneT oT 6eanaKanbnoro 'TnpaTpona TX-4B. ' ' ann cneT OT naMn npyrax 

THIIOD. HecTa6HnbHOCTb B.MnnHTYAbi CBeTOBb!X BCIIbiiUeK 9THX naMJI COCTal;lnSieT 

0,5-1,5%, noaTOMy, KaK cnenyeT aa Bbip8lK9HHSI (3), TO'IHOCTb CTa6HnH38UHH 9THX 
/13/ 

cacTeM He Morna 6b!Tb nyqwe 0,5- 1,5%, B 8BTOpbi HCHOJlb30BanH B Ka'Ie-

CTBe penepa 6onee CTa6HnbiiYIO BenH'IHHY- OTHOWenae HMJiynbCa CB9T8 K·TOKY 'I9p93 

TapaTpon a nony'!Hnn necTa6nnb!IOCTb 0,3- 0,4%. D.anbnei!:wee nciabiwenae cTa6anbno

CTH ~nSI paCCMaTpHBa9Mb!X pa60T ynyqweHH9M penepHblX carnanOB 3aTpyAIIHTenb-

HO, TaK KaK HeKOTOpOi!: HeCTa6HnbHOCTb!O o6nana!OT OIIOp!Ibie aneMeHTbi ( 01IOpHbl9 

nanpHJKeaaSI), BbinpSIMaTenbHbie, ycanaTenbHbie a aaTerpapyromne ycTpoi!:cTnn, cTOH':" 

mae B nena o6paTHOi!: CBS!3H. K TOMy JK9 He OXBa'IeHbl o6paTHOi!: CBSI3b!O peracTpD;

pyromne ycTpoiic~na (nanpaMep, MHoroKSHanbHbre alianaaaTOpbi, Allq"xpepennaanhHbie a 

HJITerpanbHbie AHCKpHMH!IaTOpbi H T.A.), KOTOpbie MoryT p6nanaTb HeCTa6HnbHOCTb!O 

1 B
/12/ 6 . . . • 

HOpSIAKa %. . . • CTa HnH3HpOBaHHbie CUHHTHnnSII!aOHHbie C'IeT'IHKH BKnroqeHbl B CXe-

My' 6biCTpo-MenneaabiX connanenai!:. 3To noanonS!eT acKniO'II!Tb YMeHbWeHIIe. a~~K-. 

THDHOCTI! COBHaAeHI!H, CBSI3aHHOe C HeCTa6BnhHOCTbiO· K09~~1illl!eJITOB ycnnei!I!SI C'I9T

'IHKOB, KOTOpoe 6ea cTa6nnnaannn cocTannSino oKono 30%. · 
. /15-17/ 

3na'IHTenhHo nyqwei!: cTa6nnbnocTbiO o6nanaeT ananoro-un~onaH cncTeMa 

- /15/ nnepnbre npennoJKeHHaS! a npaMeneanaH tienaoM nnH CTa6nnnaaunn cneKTpoMeTpa 

c nonynpononnaKOBbiM neTeKTopoM • BnoK-cxeMa ananoro-na~poaoi!: cncTeMbi "Y:ei!:aa 

noKaaana na pac. 2. D.nH npocTOTbi aao6paJKea TOnhKO Kanan cTa6annaanna Koa~~H

unenTa ycaneHHSI, nonynpOBOAHI!KOBbie AeTeKTOpbi o6nanaiOT BbiCOKaM anepreTH'IeCKI!M 

paapeweHI!eM a AOCTSTO'IHO CTa6HJJI>IIbi, II09_TOMY OXD8TbiBaTb o6paTHOi!: CBSI3b!O I!X 
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He BCei'Aa 06ll3aTen&HO. B AaHHOA CHCTeMe HCUOnh3YJOTCll aneKTpH<ieCKHe penepHhle 

cHrHanhl, nocTYnaiOIItHe sa npe.nycHnHTen& napannen&so CHrHanaM c Ae'I'eKTopa. nocne 

npeo6pa3oBaB;Hll B UH.IjlpOBOA KOA II 3aUHCH B aApeCShiA C'ieT'IHK · BenH'IHHa penepHOI'O 

CHI'H!lna nepeHOCHTCll B. pei'HCTp ynpanneSHll K091jHl>HU HeHTOM ycaneHHll ( nOpOI'OM), 

rAe OHa CpaBHHBae..-cg C OUOpHbiM. KOAOJI:f (eMKOCTJ;>IO perHCTpa). CHI'Han paccor

naconaHHll B UH~POBOM BRAe nocTyttaeT na nH¢po-ananoronhiA·npeo6pa3onaTen&, rAe 

~opMnp)'e'I'Cll perynHpyrome!:l B03JleAcTnae, ynpasnliiOmee aHanoro-uH~poBbiM npeo6-

pa3onaTeneM 8HanH3aTOpa, ·a TeM CaMh!M II KOppeKTHpyromee B3MeHeHHe K091jHl>HUH6H-
/15/ 

Til ycHneHHI! BCero CUeKTpOMeTpa. B HCUOnh3YIOTCll Tpll aApecHhiX C'ieT'IHKa: 

Ann cTa6HnH3ai:um nopora, KoaljHIJHUHeHTa ycaneHHn 11 An.n perHcTpannH accneAyeMoro 
/16/ . 

n3ny'ieHHSJ$ n - Ana: Jlnn CTa6HnH3annn KoaljHllnuaeHTa ycnneHn.ll n perHcTpa-
/171 

UHH H3ny'ieHH11. B 8BTOphl ynpocTHnH CXeMY II OCT8BHnH OAHH o6mHA aApec-

Hhl.ii C'ieT'IHK (CM. pHC •. ·2), _a 3aAa'ly pa3AeneHH!I ~yHKUHA peWHnH C UOMOIIlbiO COOT

BeTCTBYIOWHX KniO'ieA. Ecn11· cpanHHTb 6noK-cXeMy (pnc. 2) co CTpyKTypnoli cxeMoli 

(pHC. 1 ) 0 TO 1'40>KHO OTM6THTb OCHOBHbie npH<iHHhl, U03BOnliiOWHe nony•IHTb Bh!COKYIO 

TO'IHOCTb CT86HnH3aUHH. YCTpOHCTBOM o6paTHO.ii CBll311 cny>KHT aApeCHhiA C'ieT'IHK, 

HH~OpMaUHI! Ha KOTOpbiA UOAaeTCll B UH¢p0BOM BHAe. 06paTHall CBll3b CTa6H.n&Ha H 

HMeeT K091jHl>HUH6HT nepeAS'IH W oc. (s) =-1 (eM. nhlpa>KeHHe (3)). OnopHh!.ii CHI'-

Han npeAcTanni!eT co6o.ii nenH'IHHy eMKOCTH perHcTpa ynpanneHHll anH nenaqnny, 

KpaTsyro eMKOCTH perHcTpa. PerncTp ynpasneHHll HrpaeT pon& aneMeHTa cpanHeHHSI. 

TaKHM o6pa30M,onopHh!A cnrnan TSK>Ke a6coniOTHO cTa6Hnes, HO TaK KaK cpanHeHHe 

UpOHCXOAHT B UH~pOBOM BRAe, TO HMeeTCI! HeonpeAeneHHOCTb B OAHH KaHan, KOTQ-

pa11 npHBOAHT K He'lyBCTBHTen&HOCTH CHCT6Mbl Ani! H3MeHeHHll K091jl~DUHeHT8 yea-

neHHI!, COOTBeTCTByromero CMeweHHIO CHI'Hana BHyTpll OAHOI'O KaHana. IToaTOMy aHa

noro-naljlpOB.ai! CHCTeMa t{eA3a Tpe6yeT UpHMeHeHHI! aMIInHTyAHOI'O ananH3aTopa C 

6on&mHM qacnol'4 Kasanon, a Ann aaanH3aTopa c ae6on&WHM 'IHCnOM Kananon 11 c y3-

KHM penepHhiM UHKOM MO>KeT II He o6eCUe'IHTb Xopomeii CTa6HnhHOC~H. KpoMe TOI'00 

o6n3aTen&HbiM ycnOBHeM I!B.nli6TC!I Bhi60p MaKCHMan&HOI'O no aMU.tm:TyAe penepHo

I'O CHI'Hana, 'IT06bi nenH'IHHa B3M6H6HHSI itoa~HUHeHTa ycnneHH!I, COOTB6TCTBYIOWall 

cMeW.eHHIO pemepHoro cnrnana na oi:mn: Kanan, 6h!na MHHHMan&no.ii. 

,LlpyrHe OC06eHHOCTH asaitoro-UH~pOBO.ii CHCT6Mhl MO>KHO BHA6Tb Upll paCCMOTpe

HHH 38KOHa UOB6A6HIIll K091jHl>HUH611T8 yCHneHHI! cneKTpOMeTpa. 
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, .6) Tioae . .Qenne xoat¢nunenTa ycnnenn~ cneKTPOMGTpa c 

. ananoroabi MR CRCTeMaMR CTA6HJIH3AUHH 

noae.Qenne Koa¢¢nunenTa ycnnenng cneKTpoMeTpn~ecKoro TpaKTa ao apeMenn 

B cny~ae npnMenenng· aaanoroaofi cncTeMbi CTa6nnnaauu MOlKHO onncaTb cne.Qyro-

mRM Bblp8lK9HHeM: 

1 n 
~K(t) =K (t)-KnoM = K503M (t)-- I [ bK 1 (it)-A onll (t-1'1'), 

• • a t==o (8) 

r.Qe K (t) - aoaMymenne Koa¢¢nunenTa ycnnenng cneKTpoMeTpa, K (t)- Mrno-
B03M 

aenaoe ana~enne xoa#nunenTa ycnneRHH, A on- onopHbi.fi CHrnan, coOTBeTCTByromnli 

BOMnnanbnoMy ana~enaro xoa¢¢nuaenTa ycnnenng · K , K (I 'r)- ana'lenne K09._ 
HOM I 

«flaunenTa ycnnenn11 B MOMe!JT naMepenng ero B I -ToM nepno.Qe. 

1 1-1 

F 1 (I 'r)= I< noM. + K B03M. ( t)- -;:-,;J bK 1 (j 'r) -A on. ]l(t- J 'r ), (9) 

r.Qe T - nepno.Q penepnoro cnrnana , n -noMep B paccMa-rpnaaeMbifi MOMenT t 

n = + ( n = 0,1,2,3, ••• ) , b - KoattnuHeHT o6paTnoli eagan, npeo6paayromnfi 

ana~enne xoat¢nuneHTa R; K BII!IY, y.Qo6noMy .Qng cpaanennll c A on 

,Ung ananoro-uncppOBbiX CHCTeM Bblp8lK9HHe B KB8Jlp8Tllb!X CK06KaX UO.Q 3ll8KOM 

CYMMbl 6yAeT HM9Tb JlHCKpeTHOe no 8MllnHTYA9 3Ha'le!lae. Ono 6yAeT npHIIHMaTb 

TOnhKO uenbie aHa'leHHII - o6oa11a~aM 9TO 3ll8'1KOM ( · * ) • K TOMy lKe b= 1 '· no-

9TOMY Ani! 8ll8JIOI'O-UHcppOBbiX C!!CTeM BblpalKSHI!e (8) UpHMeT B!!Jl 

~K(t)=I<BOSM (t)-.!.._! [K
1
(1'r)-A0n]*l(t-l'r), (8') 

• a l=o 

!13 8H8Jl1!38 (8) BHAHO, 'ITO CKOpOCTb 0Tpa60TKH B03MymeHHII 38BIICI!T OT b , 1/a, 

n 'r • 011a TeM 6onhllle, '!eM 6onhllle b , 1/a n 1/'r (qaCTOTa penepllOI'O CHI'lla-

na). Tax xax ananoro-unlj>poBbie cncTeMbi noaaonSIIOT nony'IaTb ny'IliiYIO cTa6nnb

nocTb ,paCCMOTpHM HX CBOllCTBa 6onee UOAp06HO. 
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a) noaeneHHe ycHneHnn cneKTpoMeTpa 

c aHanoro-unljlpoaoii cn'cTeMoit 

npll a03A9fiCTaHH a03MyllleHHH 

K (t)=K l(t), 
a03Mo B03Mo 

C T a 6 Hll.H 3 a U llll 

a anne 

rAe K aoaM- aMnnnTyAa CKa'IKa • .Llnn ( 10) abipa>KeHue (8') npnMeT anA: 

(10) 

(11) 

Ha STOI'O abipa>KeHHH MO>KHO onpeAen~Tb n_a -'lncno nepHOAOa, He06XOAHMbiX AnH 

OTpa60TKH CKa'IKa a03MYill9HHH K • Cl'leanAHO; 'ITO 'lepea t = n T 
aro~ a 

, t\K(t) 

He 6yneT npeahlmaTb qyacTanTen&HOCTB, n 3Ha'leHne KoaljlljlnuneHTa ycnneHnH cneKTpo

MeTpn'leCKOfi CHCT9Mbl aoaapaTHTCSI K HOMHHBnbHOMY C TO'IHOCTb!O, COOTaeTCTayro:

lll9fi qyacTaHTenbHOCTH CHCT9Mbl CTa6unH38UHH. 

BenB'IHHa OOA 3HBKOM CYMMbl a abipa>KeHHH ( 11) COOTaeTCTayeT senn'IHHe · 

OTpa60TKH cnrHana aroMyllleHun aa n106o1t oTnen&Hbiit nepuon. noaToMy, ecnn 

(12) 

11 ecnn HeOTpa60TaHHoe aoaMymeHue C 1 K, Ka>KAOMY nepuony abipa>KaeTCH 

a 'IHCnax KaHanoa, Ha KOTOpbie OCTaeTCH CltaUHyThlM penepHbifi CUI'Han, TO CKOpOCTb 

CM91ll9HHH penepHOI'O CHI'Hana 3a Ka>Kltblit nepHOA, COOTB9TCTBYIO!IlaH Bhlpa>KeHHIO 

(12), ao-nepBbiX, MeH&we onHoro. KaHana, BD-BTOpbiX, OOCTOHHHa BHyTpn Ka>KAOI'O 
c (t 

KaHana u paaHa ---1 
a 

• CaMan MenneHHan CKopocT& cMemeuun paaHa --L • 0Ha 
a 

Ha6nJOAaeTcn npu pacnono>Keuun penepuoro curHana a npenenax onHoro KaHana OT 

HOMHHan&HOI'Oo 

r) n oaeneHne KoaljlljluuueHTa ycnneHnn cneKTpoMeTpa 

c a Han or o-uu ljlp oaofi c.I!CTeMofi cTa6nnuaaunH np11 

a03AeitcTai!H nuHeitHo HapacTaJOmero aoaMymeHI!H 

nnHeituo uapacTaJOwee aoaneficTane .Mo>KHO npencTaauTb a·nncKpeTHoit no aM

nni!Tyne ljlopMe: 

I 
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K (t)=ct .. ~c'fl(t..:.IT), 
803Mo 1=0 

I"'lle C - eKOpOeTb HapaeTaHBst B03Mymenast. 

Torlla llnst (13) Bbipa:lKenae ·(8') .RMeeT BBll 

n 1 
-~K(t)= ~ lct--[K 1(1'f)-A ]*ll(t-IT). 

1=1 Q Oil 

noastTHo, 'ITO AK(t) 6ylleT aaMeHstTbest co CKopoeTbro v 
1 

aa rrepaoll: 

1 
v =ct--[K (l'f)-A ]* 

1 Q 1 OJI I 

(13) 

(14) 

(15) 

llp.R'IeM BenB'IHHa V 1 yMeHbmaeTeSI e yBenH'leHHeM 'IRena IIepaOl(QB. ilOaTOMy 

eMemeaHe rrpeKpaTHTest 'Iepea k rrepHOJ:tOB, KOI"'lla v 1 eTane'r paalloli ann MeHbme 

nynH, B 6ylleT aMeTb MeCTO KOne6anae BOKPYI"' HOBOI"'O 3Ha'IeHHH KOa~~annenTa yean~ 

HHH1 B eBSI3H e Kone6aHHeM V 1 BOKpyr HynB llnB I > k 

ll) iloBelleHne K03~~HUHeHTa yennenast eneKTpoMeTpa 

e aaanoro-na~poBoii eHeTeMOH eTa6nnaaaunn npn 

B03lteiieTBBH eTaTB'IeeKHX ~nyKTyannii, llnnTenbnoeTb 

KOTOpbl:X: MeHbme nepno.na penepHbiX r.nrnanoa 

Mol paeeMaTpnaaeM eneTeMbi npn yenoann, 'ITO HMnynocnbiii MOllynstTop (pe-. 

nepni>Iii enrnan) Hlleanoablii. B lleiieTBHTenoao~TH B o6meM . eny~ae oa nMeeT paa.,. 

Mb!THe im 38KOHy raycea e llHCIIepcneii a • lfMeroTe!l H llpyrne MeeTa lleiieTBH!I . . . 
B03Mymennii B BHlle eTaTHeTH'IeCKHX ~nyKTy.BilHH, IIpHBOllllmHX K BnH!IHH10 HB K03~ 

~HUHeHT YCHneHH!I. Eenn paeCMOTpeTb ypaaaenne IIOBelleHH!I eneTeMbi (8'), TO BHll

HO, 'ITO npn B03lleiieTann B03MymeRH!I e aopManDHbiM pacrrpelleneaneM B npaaoii. 

'!seTH ypaBHeHH!I 'Inenbi eyMMbl 6ygyT TaK:lKe IIOll'IHHstTbCst HOpManDHOMy 38KOHy. 

llncnepenro 1\K(t) e y'IeTOM (9) MO:lKHO onpellennTb: 

2 2 1 1 1 2 1 2 a 2 
a =a (1+ -+-+ ... +-).,a (1 +--)=a --- • (16) 

1\ K 1 t l a 2 a 4 a 2n a 2 - 1 a· 2 - 1 
n .. oo 
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Ha (16) BHAHO, 'ITO aHanoro-nmppOBast CHCTeMa AOHOHHHT9HbHO pa3MbiB89T (ywn:pst-

9T) p;ei!:CTByiowee Ha Hero B03MyWeHn:e B BHA9 HOpMaHbHOI'O 38KOHa n: TeM 6onb

we, '19M M9HbW9 a • npn: a-+1 (eM. (16)) CHCTeMa TepsreT YCTOll'IHBOCTb. Bbi-

palKeHn:e ( 16) cnpaBeAHHBO HHWb AHst B9HH'IHHbl I'> =2 ,36 u ana'IHTenbHO 6onbwe 

OAHOI'O KaHana. HHa'le ywlipeHHe 6yAeT onpep;enstTbCst TOnbKO 'laCTbiO KpHBOli:, BbiXO

Astmefi aa oilopnhlfi Kan:an. 

4. Peneli:Hbie cn:cTeMhl 

a) YcTpoficTBO n: npn:MeHeHn:e penel!:HbiX cn:cTeM 

/2,6,18-33,43/ 
.Penel!:Hb19 CHCT9Mbl stBHstiOTCst CaMbiMH pacnpOCTpaHeHHblMH 6na-

I'OJJ;apst He60HbWOMy KOHH'l9CTBY Tpe6yeMOI'O o6opyAOBaHn:st II XOpOWHM peaynbTaTaM 

CTa6nnn:aaun:n:. KpoMe TOI'O, peneli:Hbl9 CHCT9Mbl AOBOHbHD' YA06Hbl, 'IT06bl npHM9HHTb 

B HHX B Ka'leCTBe penepHOI'O CHI'Hana OAHH H3 HHKOB HCCHeAyeMOI'O H3Hy'l9HHst 

imn: AOHOHHHT9HbHbli!: HHK OT Apyroro HCTO'IHHKa/
18 - 21 • 24• 26 - 331• B 

16•22 •
25

/ 
/2 23 43/ 

HCHOnh3yeTCst BCHbiWKa OT BH9WH9I'O CBeTOBOI'O HCTO'IJIHK8, a B ' ' - HM-
. /18/ 

nynhC HanpstJKeHHst. BnepBble CHCTeMy penefiHOI'O Tn:na BbinOHHHH BHHKHHCOH AHli 

CTa6HHH3aUHH CH9KTPOM9TpH'l9CKOi!: ycTaHOBKH C nponopUHOH8nhHbiMH C'l9T'IHKaMn:. 

Enarop;apsr TOMy, 'ITO perynsrTop penel!:aol!: cncTeMhl pearnpyeT.TOnhKO Ha aHaK 

cn:r.Hana paccornacoBaHn:st (Sgn (l'>x) , O'leHb npocTo BhmonHliiOTcst aneMeHThi, na

MepSirowne Koaljl4JnuneHT ycnneHnsr, aneMeHTbi o6paTaoli: eagan H aneMeHTbi cpaBHe

~Hli (eM. puc. 1). Ha pn:c. 3 nao6paJKeHa 6noK-CXeMa penefiHoli: cncTeMbi CTa6nnn:

aaunn, OXB8TbiBaiOW8li o6paTHOi!: CBli3biO MHOI'OKaHanhHblfi aMHHHTyllHblfi 8HanH38TOp. 

B Ka'leCTBe penepHoro nnxa ncnonbayeTCst nnK nccnep;yeMoro nany'leHnst (anSI npo

CTOTbi AonyweHo, 'ITO n:MeeTcn acero OAHH nn:K). BhiBOA cn:rHana paccornacoaaan:sr 

npon:aBOAHTCli n:a ABYX un:ljlpOBbiX OKOH A n: E. Ecnn cnrHan npnxoAHT n:a OKHa A -

aHaK paccornacoaaansr Mnnyc, ecnn: na OKHa E - nn10c. B AaHHOM cny'lae B Ka'le-

CTBe A on cnyJKHT rpaHHUa MelKJIY UHijlpOBbiMH OKHaMH, a W
0

c =- 1. TaK KaK 

o6bi'IHO HCCnep;yeMOe· H3Hy'leHn:e HM99T HeCKOHbKO HHKOB, n:nn: BHOCHTCli HOCTOpOH

UHli: penepHblfi HHK, TO Wn:pn:Ha UHijlpOB~X OK Oil fj, N II fj, N 3aJJ;aeTCSI He60nbWOU • 
· I 2 

HHorAa nx pacnonaraiOT Ha cKnoHax penepHoro nnKa (eM. pn:c. 4). HeAOCTaToK un:ljl-

POBbiX OKOH He60nbWOil: WHpHHbl COCTOHT B TOM, 'ITO CHCTeMa pa60TOCHOC06Ha TOHbKO 

AHSI B03MYW9HHH, H9 BbiBOllstWHX penepHblll HHK aa npep;enbl OKOH. Pa3M9W9HHe 
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OKOH na cKnonax nnKa aHaqaTenbHD yMeHbmaeT qacToTy penepHoro carnana, ocooeH~ 

HO Jlilll Y3KOl'O llHKB, TaK KAK penepHall qacTOTa paBHa cyMMe qaCTOT B nai!JpOBbiX 

OKHBX, 3aaop M9:lKJlY nai!JpOBblMH OKHBMH liBnlleTCll 30HOH .HeqyBc-i-BHT81lbHO,CTa, 0Ha 

canbHO CKa3biBaeTCll TaK:lKe ')lnll yaKaX penepHbiX UaKOB, 

B CaCTeMaX, .He OXBBTbiBa!OlliHX OOpaTHOH CBll3b!O MHOl'QKBHanbHble aHana3BTOpb1, 

Bb!Lleneaae nai!JpOBbiX OKOH npoa3BOllaTCSI C llOMOIIlb!O aHTerpanbHbiX ana Jlai!JI!JepeH-
/5 19-22 25/ 

naanbHbiX. AHCKpaMaHaTopoB; HanpaMep, ' . ' • OnopHbiMH carHanaMn npn aTOM 
' ' 
MoryT cny:lKaTb nanpll:lKeHasr noporoB nacKpHMaHaTopoB. PerynliTopbl, BKnroqaromae 

- ! /26 30 31 43/ 
B ceoll peneHHbfe aneMeHTbl, MoryT ObiTb pa3HOH KOHCTpyKnaa. B ' ' ' ' 

HEinpaMep,· peBepcn:BHbifi cqeTqn:Jt c aHanoro-nn:I!JpoBbiM npeoopaaoBaTeneM, ananoro .. 
I 

Boe Hanpsr:lKeHae c KOToporo ynpaBnsreT KOai!JI!JanaeHToM ycaneHn:ll cneKTpoMeTpa. 
/28 29/ 

B ' 3TO HHTerpaTOp C Jl03HPY!OIIlllMH eMKOCTliMH, Hallpll:lKeHHe C KOTOporo yn-

paBnsreT Koai!JI!Jann:eHTOM ycaneHHll, nonO:lKeHae Tpn:rrepa, CBll3aHit0l'O C peraCTpOM 

anpeca· a ynpaBnsrromero nOAKnroqeHn:eM cooTBeTcTByromel1 ll03Hpyromel1 eMKOCTn: K 
. /33/ 

HHTerpaTopy! onpenensreTcll aHaKOM omaoKn: paccornacoBaliltll. B . . aTo npocTo 

Tpnrrep, y KOToporo Hanpll:lKeHn:e c OAHOro aa KonneKTopoB llHTerpapyeTCll n ynpaB
/23/ 

nlleT KOai!JI!Jn:naeHTOM ycn:neHHll, MHTepeCHO OTM8THTb, qTO B penefiHall CHCTe-

Ma n:cnonbayeTCll nnll CTaon:naaanan: KOai!J¢n:naeHTa ycaneHn:ll mn:poKOnonocnoro ycn:nn:-
/31/ ' . 

Tensr, a B BbmonHeHa MHoroKaHanbHall cacTeMB cTaon:nn:aaun:n: nnll MHoronapa-

MeTpaqecKoro ananaaa, noaBongromall BeCTH peracTpanaro nec!ITa napaMeTpOB onno

BpeMeH!io. 

o) noB9J19Hll9 Koa¢¢ann:eHTa ycaneHIIll .cneKTpoMeTpa 

C p e n e fi H bl M H C H C T e M a iut C, T a 0 llll".H 3 aU H H 

noBe):leHae Koa¢¢aun:eHTa ycaneHHll cneKTpOMeTpaqeCKOl'O TpaltTa BQ BpeMeHH 

B cny-iae npn:MeHeHall penel1Hofi cacTeMbl cTaoanaaann:a MO:lKHO onn:caTb cneAyromnM 

Bbipa:lKeHaeM: 

n • 
L\K(t)"' K (t)- :£ - Sgn[K

1
.(iT)-A ll(t-iT), 

B03M. 1,
0 

a on ( 17) 

rAe 

1-1 1' 
K1 (iT)o:K +K

13 
(t)-:£-Sgn[K1 (JT)-A,...~]1(t-JT). (18} 

HOM, 03M, , l"'O .a .., 
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I 
Ha (17) a (18) BaJiHP1 . 'ITO 9ClUI K (t)=Q1 ·TO CHCTeMa H8XOAHTCSI B Koneoa-

B03M. . 

T9nbHOM COCTOSIHHH. K (t) oyJ:teT KOJI908TbC.5!" OKOJIO KHOM c pa3MaxoM Koneoa-

RHlii paBJibiM 1/a, 11 nepao.noM1' paBIIbiM 2T cllopMa KQI\eoa!In1t - KBanpaTHaSI 
·, 

HJia nltnOOopa3H8li B aaaHCaMOCTH OT yCTp01iCTBa pel:'yJISITOpa, .Ollp9Ll9JI5IIOIII91"0 38KOH 

OTpaoOTKII 38 OLIHH nepHOLI 'B9JIH'lHHbl 1/ Q • 

ycane!IHSI cne:s:TpoMeTpa 
I . 

a) noaene!Ine 

c peneaaoa 

:s:ro s qujJH n a e HT a 

CHCT9M01t CT80HJI1'!38UIIH llpll B03LI9HCTana 

a03MYIII9HH5I B anne CK8'1Ka 

.llnsr STOI"O cnytt8Sl1 llOLICTaaaa abipalKeHHe(10) B (17) 1 HMeeM: 

L\K(t) ~ K 1(t)- :f _!_Sgn[K
1
{1T)-A ]l(t-IT). 

:eoaM. I=O a on ( 19) 

K 
Otteannaol ttTO qepea n = [ B03M] * ( nenoe ttHcno nepHonoa) aoaMymeane nonao-

B 1/a 

CTbiO OTpaoOTaeTC511 II CHCT9M8 BIJOab a03Bp8THTCli B COCTOSIHHe M8JibiX KoneoaHHH
1 

HO BOKpyl" HOaOI"O 3H8'19HHSI KOSijlljJHUII8l!Ta K ' 1 KOTopbill nerxo Bbi'IHCnl:leTCli 
HOM 

K' . "'K - K + ( n _ _!__) 
HOM. HOM. aoaM. B 2 a (20) 

Ha· (20) anLIH0 1 'ITO ecnn 1\ Kp8THO B9JIH'IHH9 1/2 a , TO 3H8'19HHe KOslj>ljJH-
B03M 

llli9liTa yc;:nneHHSI aoaapamaeTCli TO'Il!O K npeJKHeMy 3H8'19HHIO. lfa (20) SICHO T8KlKe
1 

'ITO CMemeaHe KosljlljlnnneaTa ycnneanSI 

(21) 

Ha (21) ahiTeKaeT aeooxonnMOCTb yMeHbWBTb aena'lnHy 1/ a 1 ao STO yBenn'lnaaeT 

BP9Mli 'OTpa6oTxn. IIosToMy aa npaKTHKe ahi6npaiOT KoMnpoMaccaoe peweane
1 

naro

mee ny'lwee paapeweane. 
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r) lloae.neaae KOaclJclJHitHeHTa ycaneHHSI cneKTpoMeTpa 

c pene:iiaofl; CHCT9MOJ1 CTaf>a.IIH3llUHH npl! 

aoa.ne:iicTBHH naaellao pacTymerD B03MymeHHSI 

IlOltCTllBHB (13) B (17), nony'lHM: 

n 1 
~K(t)== ~ lct--Sgn[ll

1
(lt)-A 0 ll Jll(t-lT). 

I"' 0 Q • (22) 

Orcrona cne.nyeT, 'ITO ecnH c t < _!_ , TO -npoaaoit.neT aa eyneaoll nepHoii 
- a 

c.naHr K (t) Ha aenH'IHIIY c T , H a .nallbHellmeM 6y.neT npon:cxoJlHT& Kone6a11ue 
1 . 

BOKpyr aToro 3Hll'I9HBSI, EcnH C t > - 1 TO 3Hll'I9HH9 KOacllcilHUH9HTll yCHII9HDSI f>y-
11 

lt9T BCe Bp9MSI HapaCTSTb C noCTOSIHHO:ii CKOpOCTbiO V l == Ct - _.!_ 3ll KlllKJlhill nepHOJt, 
. a 

.n) IloaeneHHe KOaclJclJHUHBHTll ycHneHHSI cneKTpOMeTpa 

c pene:iiao:ii cn:cTeMo:ii CTaf>HnH3llUHH npH B03ll9HCTBHH 

CTllTHCTH'I9CKHX clJnyKTllltH~ ltnHTen&HOCTb KOTOphlX 

MeH&me nepHoJla penepHhlX CHraanoa 

Ha ( 17) noHSITHO, 'ITO B nepao:ii 'lllCTH ypaaHeHHSI cKna.nMaaiOTC.Il cTaTHcTU:qe

CKHe clJnyKTyanHH C Konef>aHHSIMH CBCT9Mhl BOKpyr paBHOB9C!lOrO COCTOSIIIH.Il. Ymn:-

• /3/ 0 pe11ae !IOPMan&HhiX pacnpe.neneHHH .nnSI TaKoro cnyqag pacC'IHTaHo a • llO aa-

BBCHT OT clJopMhl Konef>aHH:ii, .Qng nHnoo6pa3HhlX KOnef>aHHi!: ymHpeHHe 

a JtnSI KBllllpllTHhlX 

1 _1_ 
t-. u = 6 2a 

1 
12il' 

1 1 - _1_ 
~u"'2Ta- 4a 

(23) 

(24) 

TmmM o6paaoM, Mellbmee ymHpeHHe BHOCSIT perynSITOphl c nHnoo6paaHo:ii clJopMoi!: 

Kone6aaHI!:. 

,p 
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5. ~~TOJ:Ihl H yCTpQACTBS J:IUR perynnpoBaHHR K09~~~HeHTOB 

ycnneJili:R cneKTPOMeTpoB 

~eronw awnonne!mSI acnon~mTem,nwx aneM.eHToa, perynupyro~nx auaqenae. 

KOS~~H!lHeHTOB ycane!mSI ClleitTpOMeTpOB H.e 3SBHCSIT OT THliOB llpHMeHSieMb!X CHCTeM 

cTa6nnnsannn. · 

B 6om,=ncTae pa60T, a KOTOPbiX nponaaonnnacb CTa6nnnaannsr cnnuTnnnsr

nnoHHbiX cncTe.M, nnH aToA nenn · npaMeusrnocb perynnpoaanne nanpiDKeHnH naTaHHSI 
. . /6 7 10-12 14,19-21,25-29 34-35/ 

Ha. ~OTOyMHOlKHTenRX HIIH OT):IellbHhlX ero LIHHOLiaX ' ' ' ' • 

~eTO):Ihl H3MeHeHHSI KOS~~H!lHeHTS ycnneHIISI ~OTOYMHOlKHTeneA paCCMOTpeHbl llOJ:Ip06-
/1/ 

no a • Onn aMeiOT PliJl nenocTaTKOB. flpn perynapoaanna. BbiCOKoro nanpiDKenasr 

(pa60Ta c HHM caMa no ce6e ne O'Iein> yno6na) npnxoJ:tnTcsr 3aqacTyro BMemnaaTb

csr B CTSH):ISpTHbie Bb!COKOBOJlbTHbie HCTO'IHHKH miTaHHSI. PerynapOBKa ycnneHHS! 

H3MenenneM nanpsrlKeHasr na nnnonax casrsana c non6opoM pelKHMa nanpg~enail nnsr 

KSlK):IOrO <I>SY. K TOMY lKe, ecna C <I>SY OLIHOBpeMeHHO CHHMaeTCII H apeMeHHSSI 

HH~OpMS!lHSI, TO TSK KSK llpll H3MeHeHHH IIanpsrlKeHHS! llHTSHHS! llpOHCXO):IHT H3MeHe

HHe apeMenn nponeTa aneKTponoa a <I>SY, yxynmaeTCH apeMennoe paapemeune. YHH

~Ka!IHH MeTOJ:IOB n anrrapaTypbt nm1 naMepennsr Koaqxp nuneHTa <I>SY ycnnennsr aaTpynnn-
/35/ - ' 

TellbiiS, IIO BCe >Ke B03MOlKHa. 8 OIIHCb!BaeTCS! KOMMep'leCKIIH MOJ:IyJlb, llpeLI-

HS3Ha'leHHblll nnsr aToli nenH. On Bbipa6aTbmaeT xoppeKTapyromee narrpsrlKeHne, no-

6aansreMoe K HBI!piDKeHHIO llHTSHHSI YMHOlKHTenefi. 

80 ·-MHOrHX ClleKTpOMeTpax, rue HCllOIIb3yiOTCSI MHOrOKaHallbHhle SMlliiHTYJ:IHbie 

anannaaTQpbi c ananoro-nn~pOBbiMII rrpeo6paaoaaTenSIMH, · Koa~~nnneHT ycnnennsr pe

rynnpyeTCll H3MeHeHHeM KOS~~HUHeHTS l!peo6pa30BSHHil SMlliiHTYJ:Ibl B KOLI, KOTOpblll 

3SBHCHT OT CKOpOCTH pa3pliJla npeo6paayro~ero KOH):IeCaTopa HIIH OT 'ISCTOTbl rene• 
\ /2 15-17 43/ -

paTopa rrpeo6paaoaaTensr ' ' • SToT MeTOJ:I Tpe6yeT BMemaTem,cTaa · a cepnn-

Hb!e aaannaaTopbt, . nn6o nsroToanennsr cnennanbHbiX 6noKoa aMnnaTynnoro npeo6-

pa30BSHHH. 

He coaceM yno61lbtA crroco6 perynnpoaanng -naMeHSITb. KOa~~nnneHT ycnne-
/13 23 33/· 1181 

HHH cTannapTHbiX ycnnnTeneil ·' ' • B ·• MensreTcsr. ceTO'II!oe CMe~eHHe na 

naMne c nepeMennoil KPYTH3IIoil. flpn aTOM TpJ36yeTcn, 'IT06bi ycnnnaaeMbiil cnrnali 
/33/ 

. 6wn sna'lnTeJlbHO MeHbme no aMnnnTyne nanpiDKeHHSI CMe~ennSI. B a anonnyro 

nenb onuoro us KacKa.ttoa cneKTpoMeTpn'IeCKoro ycnnnTenSI 6biiiO ycTanoaneno TepMo-
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conpOTn:aneun:e c auewnn:M nonorpeaoM ( cnn:panb c perynn:pyeMb!M TOKOM). 

Han6onee yno6Hb!M n npnMeHHMbiM nnSI acex CliCTeM smnneTcSI MeTOlt nocne

noaaTenhuoro axnro'leHRSI nepen ocuoBHbiM ycanRTeneM 6noxa c perynRpyeMbiM xo::~tjJ-

/22 24 26 30 31.36 37/ /22 24/ " 
¢auReUTOM ycRneHRSI ' ' ' ' ' • B • Taxoa 6nox npencTaanSieT 

co6ol! IITTeuroaTop. c perynapyeMbiM xo::~IP¢auR·eaTOM ·(pRe. 5). Lleneun:e CHruana 

HpOliCXOltDT HII pe3DCTOpe CK-1104, aenli'lHHOl! KOTciporo MOlKHO ynpaanSITb, H Ha 

BXOltHOM conpOTHBnGUHD BTOpOI'O SMHTTepHOI'O nOBTOpHTenu • 
/26 30 37 38/ .· " 

B ' ' ' acnonhayiOTCSI 6noxa ycanaTenel! c perynapyeMoll rny6auoa 

OTpRuaTenbuol! o6paTuol! cauaa. 3To nenaeTCSI c noMOWbiO uenauell:uoro sneMeaTa, 
/30/ 

conpOTHBneune KOTOpOI'O 38BHCDT OT npoTeKSGMOI'O TOKa, B yCTSHOBKOi! BSpD-

IIIIIlil B nenH o6paTHOli CBSI3H. H3MGHSIGTCII KOSqxpll!!HGHT ycaneUHSI 38pSiltOBO'lyBCTBH

TenbHOI'O npenycanaTen.si. Ha pac, 6 noxaaauo axnro'!eune paana'lHbiX uennuell:ubiX 

aneMeHTOB ( n ·- naMn uaxannaaHHSI GE 344" n " Pinlite 15-15", li -no11eaoro 

TpiiH3HCTOpa, B -aapnxana), 

Bnoxn perynnpoaaunn xoa¢¢nnnenTa ycn:neunSI c ynpaanSieMb!MD o6paTHbiMn can-

3SIMD CTIIBSIT 06bi'lHO nepen OCHOBHb!MH ycnnnTenSIMn, HO nocne npenycnnnTenell, 

TaK xaK lKenaTenhuo, 'lT06bi aMnnnTY.Ilbl ycunuaaeMbiX cnruanoa a ynpaanneMOM 6no

Ke 6hlnn ue6onhWDMn a ue annunn ua aenn'luuy uenauel!HbiX conpoTnaneunl!. B TO 

lKe .BpGMII ueo6XO,IlDM MHHDMYM BHOCDMbiX WYMOB, 

B 31IKHIO'lGHDG Ue06XO.IlDMO OTMGTDTb, 'ITO, KIIK nOK83b!B8GT .llSHHb!l! o6aop, B 

USCTOSIII!ee BpeMSI CTII6HnD31II!HSI CneKTpOMeTp!l'leCK.DX TpSKTOB D nony'leune MSKCD-

ManhHbiX paapeweunl!, onpeaenSieMbiX aeTeKTopaMu, MOlKeT 6biTb ·Bbmonueua .llOBonb

no npocTbiMn Texnn'leCICIIMn cpe.llCTBaMa. HexoTopbie aaTpyaueuuSI a coa.llaHua cnc

TeM CTII6nnii38Unll Bb!3biBIIGT OTCYTCTBHG Y.ll06HbiX penepHbiX CHI'USHOB, o6nal!S!OWHX 

xopoweil cTa6unbHOCTbiO, 

KnaCCH¢HKIIUHSI H paCCMOTpeune CHCTGM CTS6HHD31II!HH no npH!!I!lmy DX nOCTpoe

HDSI no3BOHII!Or CpiiBI!HBIITb CHCTeMbl no OCUOBHb!M napaMeTpiiM H BblpllpiiTb He06XOL!H

Mbifi THn CHCTeMbi, napaMeTpbl ·11 OTL!ellbl!ble ee yanbi B 38BHCHMOCTD OT CHGKTpo

MGTpa n ycnoaHli ero pa6oTbi, Cpaaaeune auanoro-nn¢pOBbiX n penelinbiX cncTeM 

llOK83b!BIIeT, 'lTO KIIK O.llDH, TIIK II .llpyroli THnbi MOI'YT 06ecne'lHTb BblCOKYIO CTII-

61!HbUOCTb 11 xopowee aae~reTa'lecxoe paapeweuHe, 

AnTop 6naro.llapeu IQ.K. AxnMoay, r.n. )l(yxoay 11 A.H. Cnaaeay aa noneaub!e 

aaMe'laHnSI, a TIIKlKe aceM ocTanhHbiM ToaapHII!aM, npoSIBIIBWHM nnTepec K pa6QTe. 
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nPHnO>KEHHE 

-1. YpaBHBJme noBeneaug cucTeMbl ·cTa6unuaanuu npu oTcyTCTBIIII 

B03Mymaromux B03AelkTBI!ll: 11 ero nu¢¢epeH!man 

TaKIIM ypaBHeHI!eM gBngeTCSI aaBIICIIMOCTb Koa¢¢11IllleHTa ycuneuug. CTa6HnH3H

poBaHHoro cneKTpoMeTpa oT conopaoro caruana (eM. pac. 1 ). 3aname~ ero B one.

paTopaoll: ¢opMe: 

K (s)=A (s)W (s), 
cnCT. on oc ( 1) 

r.r:te Kc;KcTJ s)- ana'ieane Koa¢¢nnneaTa ycnneaug cneKTpoMeTpa, \n< s)- onopllbill: 

cnrnan, W oCo ( s) - nepenaTo'iaag ¢YIIK!lllg cacTeMbi CTa6nnaaaunn. 

Cornacao npaBany aanRcn aua'ieanll: nepenaTO'illblX ¢yaKnnll: nnsr cncTeM aBTo

perynlipoBaaKg, oxBa'ielfahlx o6paTaoll: cngabro 

W (s)W (s) 
pel;'. op. ., (2) 

1 + Wper.(s) W opJs)Woe. (s) WKMC. (s) 

rne W per. ( s ) ; W ( s) i W ( s) ; W ... Me ( s)- nepenaTO'illble cjlyaKUHll cooT BeT-
- op oe. "' • 

CTByromax aaeabeB: peryngTopa, o6~eKTa perynapoBaaag o6paTaoll: cBgaa H· HMnynbc-

aoro MOAyngTopa cTa6anaaauan. BbipaJKeaae (1) Torna 6yneT: 

, Wpel'. (s) W op.(s) 
K - ( s) ~ A ( s) ----=.:;._ _ _.;:.~--

cneT. on. 1 + Wpe:r-. (s) Wop.(s)WOc. (s)W)i{Mc.(s) 
(3) 

W (s)W (s)W (s) W (s)»l, 
per. op. oc. lilMc. (4) 

TO 

K (s) ... A (s)-------
cncT. on. wQC.. ( s) W JtMc. ( s)' (5) 

a rronabill: nn¢¢epeaunan 
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A A ( s) . on. 
(s)c ')\11 (s) A KCJI:CT. w \ s JIMC, 

oe. 

A0 n.(s)AW0 c. (a) 

W -2 (s) W ( s) 
OC, JIMC. 

A WliMc.< s) A on.C s) 

Woe, ( s) W ;Me, (s)(6) 

· BbrpalKeane- (6) .. onpellenseT aasi!CIIMOCTb aecTa6l!nbHOCTII xoaljlljli!UI!eHTa ycnneang 

CUGKTpOMeTpa OT HeCTa61!nbHOCTH.3BeHbeB CI!CTeMhl CTa6nnl!3aTOpa, 

2. Ypasaeane noselleHHB xoacP~PnuneHTa ycnneans cnexTpoMeTpos 

c aaanoronhlMH cncTeMaMn CTa6nnnaaunn 

3aunweM 

AK (t}=K (t) -K HOM. , 

rlle K ( t) - Mraoseaaoe aaa'IeHI!e xoaljlljlnuneHTa ycnneann cneKTpoMeTpa, 

HOMHHanbHOe 3H8'IeHI!e K09cPcPHllHCHTa ycnneHIIH CUeKTpOMeTpa, 

(7) 

K 
HOM 

BenH'II!Ha A K ( t) s nro6oll MOMeHT speMeHI! 6ylleT onpellenHTbCB lleilcTsyro-

WIIM B03MyweaneM K B03M ( t} n cyMMoil seni!'IHH OTpa60TKII soaMyweans aa npe-

. Jlhiilywne nepnoJlbi pa60Tbi cTa6nnnaaunn: 

n 

AK(t}=K (t}- ~ K l(t-lT}, 
. B03M, t=O OTp, 1 (8) 

rlle T nepi!Oll penepaoro Cl!rnana, n -HoMep nepnona· s paccMaTpnsaeMbiil 

MOMCIIT BpeMeiiH 

n 

• T.e. 

t 
T 

(n=0;1;2;3 ••..• ). (9) 

K -senn'InHa orpa60TKH xoa#nnl!eiiTa ycnneans cnei{TpOMeTpa aa nepnon l • OTp 1 

noiiHTHo, 'ITo oaa 6yJleT pasua cnruany paccornacosa11ns AI{ (t) llns ne-
t . 

puolla l , yMHOlKeHHOMy aa xoa¢1jlnnnenT nepenaqn perynHTopa, KOTOpbri! o6oa-

Ha'InM 1/a 

K OTp. I= AK (t) _!_ 
a (10) 

Qqesnnao, 'ITO 
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( 11) 

J;'Ae K1 (l T) - Mra'oneauoe aua'!eane Ko<upljlnuueaTa ycnneunn cneKTpoMeTpa K 

Ha>i!lny ·nepHOA8 i b - KOSqxpHUII9HT nepeAS'IU o6paTHOi1 CB!J3H. 

Y'ITn (10) 11 (11), nony'IHM 

1 n 
~K(t)=KaoaM,(t)-- '! [bK

1
(iT)-A 0 u)1(t-IT), 

a 1~o ( 12) 

1-1 
KI(IT)=K +K (t)-_!_ :![bKJ(jT)-A ]l(t-jT). (13) 

HOM, B03M,· a J ~ 0 Oll, · 

3. Ypanaeaue noneAeHun Kos¢¢auaeHTa ycnneaun cneKTPOMeTpon 
c penefiHhlMU cucTeMaMu CTa6unuaauuu 

8bip8lK9HUSI (7)- (9) U CBSI38Hilble C IIUMH paCCYlKAei!USI OAHH8K0Bbl U An!J pe

nefil!biX CHCTeM CTa6unU31lUUU, Pa3n!l'lll!OTC!J STU CHCTeMbl !{ i o 
OTp 

Jlnn penefinofi CHCT9Mbl a6coniOTHilSI nenH'IUI!a OTpa60TKH liOCTOSIHHil 311 KlllKl(biii 

nepaoA 11 oripeAenneTcst ycTpoiicTnoM perynSJTopa. nycT& sTa nenu'ln'Ha panlia ·-1-
a 

PerynnTop aKniO'Iae1-cn caraanoM, onpeAenSJIOillHM anaK owu6KH paccornaco5amin. 

nosTOMy 

( 14) 

a 

n 
~K(t)=K (t)- ! Sgn[K

1
(i'f)-A ]l(t-iT), 

HOM, 1"'0 a on, • ( 15) 

I-I 1 (16) 
K1 (iT)=K

503
M.+K (t)-!- Sgn[K

1
(j'r)-A

011
,Jl(t-jT). 

D03M, J~O a 
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-
4. Ywapeuae auanoroaofi cacTeMofi cTa6anaaanaa rayccoacKofi 

KpHBOl! CTaTHCTH'leCKIIX cjJnyKTyanal!, nel!CTBYIOWHX .Ha K09cjJcjJHUHeHT 
ycaneua~ cneKTpoMeTpa 

.Om1 paccMaTpaaaeMoro cnyqasr . a ab!paJtWHHH ( 12) aoaMymaromee aoanel!cTaue · 

SIBnneTCSI CTaTHCTH'leCKHMH cjJnyKTyaUHl'IMH, AnJITenbHOCTb KOTOpbiX MeHbWe nepHOAa 

penepHbiX CHrHanoa, Ecna y'leCTb BblpaJKeHne (13), TO MOlKHO ITOHSITb, 'ITO B npa

BOfi 'laCTI! BhipaJKeHusr (12) Mhi I!MeeM cyMM}>- 'lneaoa 6ecKoHe'!Horo Pl'!Aa. B KalK!loM 

qneae pl'!Aa npacyTCTayeT aenu'luaa, nonaepraromasrcsr cTaTI!CTH'lecKnM cjJnyKTyanusrM, 

npu'leM 9Ta aenn'li!Ha !!MeeT KoscjJcjJunHeHT 1/ a 

CyMMa 'lneHoa pl'!Aa a npaaofi '!aCT!! ypaaaeHI!sr (12) 6yneT TaKJKe nOll'lHHQTb-

CSI HOpManbHOMY 3aKOHy, 

.Oucnepcasr aenH'lHHhi L\K ( t). llaeTCSI Bb!paJKeHHeM: 

a. =a2+~+~+ ••• + a2 + •• 
l\ ic c o a 2 a~ a 0-11 2 

1=112;3; •. 

2 1 
=a(l+~) 

1 .. oo a -1 

2 a2 
=a 

2 
a - 1 
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