
f\1- 1..~ .. 
05 'bE.Q.H~HHbl Vi 

HHCTHTYT 
.A.OEPHbJX 

HCCnELJ.OBAH H H 
Ll.y6aa 

' 

13 . 3751 

B.B. MaHrosmoa, K.O. 0raHeC$1H, M.H. 0MeJI&$1HeHKo, 

B.B. cl>MJI&t~eHKOB, B. XyJiy6e~ 

CHCTEMA CTABHRH3AQHH MHOrO~ATqHKOBOrO 
CUJ1HTI1.1IJIHQHOHHOrO COEKTPOMETP A. 

1968 

-----



13 . 3751 

B.B. MaHrom~oB, K.O. OraHecm~, M.H. OMeJibmleHKO, 

B.B. ~MJibqeHKOB, B. XyJiy6eii 

CHCTEMA CTABHHH3~ MHOrO~TqHKOBOrO 

CUHHTKnnHUHOHHOrO CITEKTPOMETPA 

Hanpasneao B nTa 



• 

CosaaHHe MHoroaaT'iHKOBbiX crreKTpoMeTpoB - aaaaqa 6onee 

CflO>KHaSI, 'ieM C03LiaHHe OLlHOKaHanbHblX CHCTeM. flOMHMO ycnoBHSI 

CTa6HnbHOCTH xapaKTepHCTHK Ka>Kaoro KaHana, K MHOrOKSHBnbHOA CHC-

TeMe rrpea~HBnSieTcSI Tpe6oaaaHe paaeHCTBa rrapaMeTpoB acex KaaanoB 

( HBUpHMep, KOa<lJii>HUHeHTOB ycHneHHSI) o B UpOUecce H3MepeHHft CUeKTpOB He

o6XOLIHMO HMeTb B03MO>KHOCTb C MHHHManbHbiMH 38TpaTaMH BpeMeHH IIpOBOLlUTb 

rrepHOLlH'ieCKyiD KBnH6pOBKY H rrpoBepKy pa60Thl BCeX KBHanOBo 

npH pa6oTe CO CUHHTHflflSIUHOHHbiMH LlBT'iHKaMH LlflSI o6ecrre'ieHHSI paspewe

HHSI crreKTpOMeTpa, He X y>Ke paspeWeHHSI Ka>KLIOrO LlBT'iHK8 0 Heo6XOL1HMO CLie

nBTb paBHblMH KOa<lJii>HrrHeHTbl ycuneHHSI BCeX KaHanOB H llOLILiep>KHBBTb HX He

H3MeHHbiMH c ;ro'iHOCTbiD B H:ecKonbKO rrpoueHToB (npH paapeweHHH cuHHTHnnH

UHOHHoro C'i{!T'IHKa 10%) B TeqeHHe MHOrO'iBCOBbiX SKCll03HUHii. HH OLIHO H3 

ycTpoftcTB, HcnonbsyeMbiX B cneKTpOMeTpax, 6es crreuHanbHbiX Mep ae MO:>KeT 

o6ecne'IHTb .uonrospeMeHHYID HecTa6HnbHOCTb Meaee 1-2 %. Hau6onee cTa6Hnb

HhlMH sneMeHTBMH SIBnSIIDTCSI ycHnHTenb H 6nOK BMrrnHTYLlHOI"O rrpeo6pa30B8TenSI 

MHOI"OK8H8flbHOI"O 8H8flH38TQpa, HO H HX Ko~$HUHeHThl YCHneHHSI H rrpeo6pa30Ba

HHSI MOI"YT H3MeHSITbCSI B 38BHCHMOCTH OT BpeMeHH H TeMrrepaTypbl Ha ±_2%. CaMbiM 

HeCT86HnbHbiM sneMeHTOM SIBnSieTCSI $OTOYMHO>KHTenb, KOsqxpHUHeHT ycuneHHSI 

KOTOpOrO MO:>KeT H3MeHSITbCSI CO BpeMeHeM Ha LieCSITb II 6onee UpOUeHTOB. 

HH:>Ke OllHCbiBaeTCSI CHCTeMa CTa6HnH3aUHH MHOI"OL18T'IHKOBOI"O CUHHTHn

nSIUHOHHOI"O CIIeKTpOMeTpa HeifTpOHOB (qHCnO LlBT'iHKOB paBHO 9), rrpeLIH83HS'ieH

HOI"O LlflSI HCllOflb30BaHHSI B SKCUepHMeHTBX ITO H3y'ieHHID 38XBaTa MIDOHOB ner

KHMH S1Llp8MH. ilnSI llOLlSBneHHSI penSITHBHCTCKOI"O $OH8 B crreKTpOMeTpe HCIIOflb

ayeTCSI cxeMa paaaeneHHSI raMMa-KBSHTOB H HeATpOHOB ITO $opMe CBeTOBOI"O 

HMUynbCB B CUHHTHnnSITOpe, Ha BXOLI KOTOpoA llOLlaJOTCSI CHrHSflbl CO BCeX 

neBSITH cq{!T'IHKOBo C BbiXOLla CXeMbl CHHMaeTCSI HMllYflbC, COOTBeTCTByiDIUHif 
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IIpOXO)K.[IeHHIO qepe3 CUHHTHnnHTOp 'laCTHUbl C 6on&WOA IInOTHOCTbiO HOHH3a

UHH ( npoToH&I, a - qacTHUbi). Ero aMrrnHTYAa nponopunoHan&Ha noTepe 

SHeprHH B CUHHTHnnHTOpe. B Ka'leCTBe CUHHTHnnSITOpa Bbi6paHbl KpHCTann&I 

CTHn&6eHa1 T.e. perHCTpaUHH HeATpOHOB ocywecTBnHeTCSI IIO IlpOTOHaM OTAa'IH. 

flocKon&Ky cxeMa paaaeneHHH o6naaaeT anH ueATpoHoB aHepreTH'IeCKHM rroporoM, 

HeCTa6HnbHOCTb KO~HUHeHTa YCHneHHH B KaHane IIpHBOAHT,IIOMHMO HapyweHHH 

aHepreTH'IeCKOA KanH6pOBKH 1 K HeCTa6HnbHOCTH a~eKTHBHOCTH CIIeKTpOMeTpa, 

'ITO B psrae aanaq HBnHeTCH He.[IOIIyCTHMhlMo 

Paapa6oTaHHaH HaMH CHCTeMa CTa6HnH3aUHH II03BOnSieT KanH6pOB8Tb H 

CTa6HnH3HpOBaTb KOs<fJ<fJHUHeHTbl ycHneHHSI BCeX KaHanOB C TO'IHOCTbiO 1%. 

flpH 9TOM He Tpe6yeTCH BbiCOKaH CTaOHnbHOCTb H8IIpH)K9HHSI IIHTBHHSI 413Y 
1 

a TaK)Ke aneMeHTOB cneKTpoMeTpa. 

CncTeMa rroaeonHeT cyMMHpoeaT& rncTorpaMM&I, nony'leHH&Ie e paaH&IX 

9KCII03HUHHX 0 T.K. COXpaHHeTCH 9HepreTH'IeCK8SI IIpHBSI3Ka K HOMepaM KaaanoB 

aaanH3aTopa .[la)Ke npH CMeae aaanH3aTopa HnH 6noKa aMIInHTYAHoro npeo6-

pa30BaTenHo Kann6poBKa H cTa6nnnaauHH Koa¢¢nuneHTOB ycnneHHSI ecex Ka

HanoB IIpOBOAHTCSI aerrpep&IBHO- B Ka)K.[IYIO nayay Me)K.[Iy HMIIyn&CaMH yCKopH-

. Ten-H. 

Bnox-cxeMa 

BnoK-CXeMa aeBHTH.[I8T'IHKOBOro CUHHTHIInHUHOHHOro CIIeKTpOMeTpa H30-

6pa)KeHa Ha pHCo 1. B OCHOBY CHCT9Mbl CTa6HnH3aUHH nono)KeHa O.[IHOKaHan&

HaH .CHCTeMa peneAHoro THIIa/1/. CHCTeMa CHH~pOHHayeTCH OT YCKOpHTensr. 

C IIOMOlUbiO 6noKa <fHHXpOHH3aUHH1 perHCTpa CHHXpOHH3aUHH1 ):lewn<f>paTopa H 

KOMMyTaTopa 1 rrocneaoeaTen&Ho aanycKaiOTCSI reHepaTop&I perrepH&IX cnraa

noe. TaKHM o6paaoM, Pa <f>oToyMHO)KHTenH rrooqepeaHo noaaiOTCSI penepH&Ie 

BCIIbiWKH OT sneKTpOniOMHHecueHTHbiX .[IHO.[IOB. TaK )1(9 1 KaK H B CHCTeMe/ 1/1 

ueHTp TSI)KeCTH perrepHoro IIHKa AOII)KeH perHCTpHpoBaTbCSI Ha rp&HHUe rrocnea

Hero 256 (512) KaHana aHanHaaTopa. EcnH aMrrnHTyaa HMrryn&ca oT penepaoro 

CHrHana 6on&we (Kos<f><fJHUH9HT YCHneHHSI 6on&we), To· CHrHan o6paTHOA CBH3H 

C aHanHaaTopa Ha OIIOK ynpaeneHHH OTCyTCTByeT,H 6noK yrrpaeneHHH Bbipa-

6aTbiBaeT KOMBHAY .. yMeH&WHTb Koa<f><fJHUHeHT ycHneHHH: J1Mrryn&C 1 coaep)KaWHA 
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sTy KOMaHAYo DpOXOAHT qepe3 KOMMyTaTop 2 H DpOHCXO.C 

KO~HUHeHTa ycnneHHH KaHana, Ha BXO.[I KOTOporo IIO.[IaHa pe 

EcnH penepH&IA HMrryn&c perncTpHpyeTcH e MeH&WeM, 

KaHane, TO IIOHBnHeTCH CHrHan o6paTHoA CBSI3H C aHanH38T( 

paeneHHH1 BbiAaiOWHA KOMaHay .. yeenH'IHTb' Koa<f><f>HUH4 

. flpH HeH3MeHHbiX KO~HUHeHTaX ycHneHHSI CHCTeMa 

AHHBMH'IeCKOM paBHOBeCHH, T.e. BO BCeX Kaaanax Bbipa6aTJ 

TH'IeCKH OAHHaKOBOe 'IHCnO KOMaH.[I yeenH'IHBaTb H yMeHbW81 

ycHneHHHo 

BnoK CHHxpoHHaauHH 

BnoK CHHXpOHH3aUHH 1 npHHUHIIHan&HaH CXeMa KOTOporo 

pHCo 2, a epeMeHHaH AHarpaMMa - HB pHCo 8, Bbipa6aTbiBaeT 

paBneHHH CHCTeMOA CTa6HnH3aUHH CHHXpOHHO C pa60TOA YCKO 

Me)Kny HMIIyn&CaMH HHTeHCHBHOCTH. 

KaK BHAHO H3 pHCo 8, HMrryn&C CHHXpOHH3aUHH OT YCK 

naaaeT c HaqanoM naya&I. floaToMy Heo6xoAHMa aaaep)I(Ka 

CHCTeMbl CT80HoiiH3aUHH Docne IlpHXO.[Ia CHHXpOHMIIyn&CBo E· 

oaaoen6paTop&I ( TpaH3HCTop&I T 1 - T 5 ), nepB&IA H3 KoTOpbiX 

B MOMeHT OKOH'IaHHH HMIIVIIbCa CHHXPOHH3aUHHo 3aaep)KaHHI 

.[IBaHBaeTCHJ OAHH H3 HHX IIOCTyrraeT Ha O.[IHOBH6paTop (Tl] 

9MHTTepHbiA IIOBTOpHTen& (T 
13

) -··Ha c6poc perHCTpa CHHXp 

11 TeM caMbiM IIpHBOAHT KOMMyTaTOpbi B HCXOAHOe COCTOHHHE 

paaaeoeHHbiX HMrryn&coB cnaxpoHHayeT Myn&THBH6paTop ( T g• 

HMeeT 'laCTOTy1 OIIH3KYIO K 1600 ru ( 'IHCno HMIIYIIbCOB C Myl 

nepHO.[I pa6oThl ycKopHTenH orpaHH'IHBaeTCH eMKOCTbiO perHC~ 

UHH H II09TOMY AOn)KHO ObiTb He 6onee 16 AnH Hawero cny 

c Myn&THBH6paTopa AH~epeHUHpyiOTCH ( T 
8

) 1 ¢opMHpyiOTCH H 

(T
8

, T
7

) H IIOCTyrraiOT Ha CHHXpOHH3aUHIO 6noKa yrrpaeneHHH 

0AHOBpeMeHHO C HHMH <f>opMHpyiOTCSI HMIIYIIbCbl rrepeKIIIO'I9HH~ 

T 16), KOTOphle IIO.[IaiOTCSI Ha BXOA perHCTpa CHHXpOHH38UI 

rryn&Cbi aaaep)KHBBIOTCH Ha 5 MKCeK ( T 
17

, T 
18

) - epeMSI 1 J 
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qepe3 CUHHTHIIIISITOp qacTHUbl C 60IIblli01l: IIIIOTHOCTbiO HOHH3a-

cz - qacTHUbi). Ero aMIIIIHTYJia rrporropunoHanbHa noTepe 

HTHIIIISITOpe. B Ka'leCTBe CUHHTHIIIISITOpa Bbi6paHbl KpHCTallllbl 

0 perHCTpaUHSI Hetl:TpOHOB ocymeCTBIISI9TCSI 110 IlpOTOHaM OTAa'IH, 

a paaneneHHSI o6nanaeT nnsr netl:Tpoaoa aaepreTH'IecKHM rroporoM, 

KO~$HUH9HTa yCHIIeHHSI B KaHane 1IpHBOJlHT1 IIOMHMO HapymeHHSI 

KanH6pOBKH 1 K HeCTaOHIIbHOCTH a~eKTHBHOCTH ClleKTpOMeTpa, 

a q SIBIISieTCSI H9AOIIYCTHMbiMo 

aHHaSI HaMH CHCTeMa CTa6HIIH3aUHH 1103BOIISieT KaiiH6poB8Tb H 

Tb K03$$HUHeHTbl YCHIIeHHSI BCeX KaHaiiOB C TO'IHOCTbiO 1%, 

pe6yeTCSI BbiCOKaSI CTa6JIIIbHOCTb HallpSI>KeHRSI IIRTaHHSI 413Y 0 

HTOB ClleKTpOMeTpa. 

1103BOIISieT CyMMHpOBaTb I'HCTOrpaMMb10 IIOIIY'IeHHbie B pa3HbiX 

,K, COXpaHSieTCSI 3HepreTH'IeCK8SI 1IpHBS13K8 K HOMepaM K8H81IOB 

>Ke rrpH CMeHe 8H811H3aTOpa HIIH 6noKa aMIIIIHTYJIHOro npeo6-

IIH6pOBKa H CTa6HIIH3aUHSI K03$$HUHeHTOB yCHIIeHHSI BCeX Ka

CSI Henpepb!BHO- B Ka>KAYIO nay3y Me>KJIY HMIIYIIbCaMH ycKopH-

BnoK-cxeMB 

a neBSITHAaT'IHKOBoro CUHHTHIIIISIUHOHHOro ClleKTpoMeTpa H3o

• 1, B OCHoBy CHCT9Mbl CTa6HIIH3aUHH IIOIIO>KeHa OJlHOKaHallb

lleAHoro THIIa/1/, CncTeMa CHHXPOHH3yeTCSI OT ycKop~TeiiSI, 
Ka qHHXpoHH3aUHH0 perHCTpa CHHXpOHH3aUHH0 JiemH$paTopa H 

IIOC119AOBaTellbHO 3allyCK8IOTCSI reHepaTopbi perrepHbiX CHrHa

a30M0 Pa $0TOYMHO>Kl!T911H IIOO'IepeJIHO IIOA8IOTCSI perrepHble 

KTPOIIIOMHHecueHTHbiX JIHOJIOB, Tax >Ke, K8K H B CHCTeMe/ 1/0 

perrepHoro IIHKa JlOII>KeH perHCTpHpOB8TbCSI Ha rp&HHUe IIOCIIeJI-

KaHalla aHaiiH3aTopa, Ecnn aMrrnHTyna HMnynbca oT perrepHoro 

(Ko3$$HUHeHT YCHII9HHSI 60IIbllie), TO· CHrHan o6paTH01l: CBSI3H 

a 6noK YIIpaBIIeHHSI OTCYTCTByeT,H 6noK yrrpaBneHHSI Bbipa-

AY "yMeHblliHTb Ko~<!>HUH9HT yCH119HHSI: J1MIIYIIbC0 conepJKaWHtl: 
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STy KOMaHJiy, IlpOXOJIHT qepe3 KOMMyTaTop 2 H IlpOHCXOJIHT yMeHbllieHHe 

KOa¢$HUHeHT~ ycHneHHSI KaHana, Ha BXOA KoToporo IIOA8Ha perrepHaSI BCIIhllliKa, 

EcnR perrepHbiA HMIIYIIbC perHCTpHpyeTCSI B MeHbllieM, qeM 256 ( 512) 

KaHane, TO IIOSIBIISieTCSI CHrHan o6paTH01l: CBSI3H C aH811H38Topa Ha 6noK yrr-

paBneHHSI 0 BbiA8IOWH1l: KOMaHJiy 'yBeiiH'IHTb' Koa¢J$HUHeHT ycnneHHSI, 

. OpH HeHaMeHHbiX xoaqxpHuHeHTax ycnneHHsr CHCTeMa H8XOAHTCSI B 

JIHH8MH'IeCKOM paBHOBeCHH, T,e. BO BCeX KaHanax Bb!pa6aTbiB8eTCSI CTaTHC

TH'IeCKH OAHH8KOBoe 'IHCIIO KOMaHJI yBeiiH'IHBaTb H yMeHblliaTb KO~HUHeHTbl 

ycnneHHSio 

BnoK CHHxpoHH3BUHH 

EnoK CHHXpOHH3aUHH 0 1IpHHUHIIH811bH8SI CXeMa KOToporo H3o6pa>KeHa H8 

pHCo 2, a BpeMeHH8SI AHarpaMMa - Ha pHC, 8, Bb!pa6aTbiBaeT CHrHallbl JliiSI yrr

paBneHHSI CHCTeMo~ CTaOHIIH3aUHH CHHXpOHHO C pa6oT01l: ycKOpHTeiiSI B rray3aX 

MelKAY HMIIYIIbCaMH HHTeHCHBHOCTH, 

KaK BHAHO H3 pHC. 8, HMIIYIIbC CHHXpoHH3aUHH OT ycKopHTensr He ·coB

rraJiaeT c gaqanoM rray3bi, noaToMy Heo6xoJIHMa aaJiep>KKa gaqana pa6oTbi 

CHCTeMbl CTa6HIIH38UHH IIOCIIe IlpRXOAa CHHXpORMIIYIIbC8o Ee ocyUieCTBIISIIOT 

onHoan6paTopbi ( TpaH3HCTOpbi T 1 - T 
5

), rrepBbiA H3 KoTOpbiX aarrycKaeTCSI 

B MoMeHT OKOH"'aHHSI HMIIVIIbCa CHHXPOHH3aUHHo 3anePlKaHHblft HMITVIIbC paa-

AB8HBaeTCSIJ OJIHH H3 HHX IIOCTyllaeT H8 OJlHOBH6paTop (Tll' T 12) H qepe3 

aMHTTepHbiA IIOBTOpHTenb ( T 18 ) -' Ha c6poc perHCTpa CHHXpoHH38UHH B Hynb 

H TeM caMbiM IlpHBOAHT KOMMyTaTOpbl B HC~OAHOe COCTOSIHHe, BTopotl: H3 

paanaoeHHbiX HMIIYIIbCOB cnHxpoHH3yeT MYIIbTHBH6paTop ( T 
9

, T 
10

); KoTopbiA 

HMeeT qacToTy, 6nnaKyiO K 1600 ru (qncno HMIIYIIbCoB c MynbTHBH6paTopa aa 

nepROJl pa6oThl YCKopHTeiiSI orpaHH"'HBaeTCSI eMKOCTbiO perHCTpa CHHXp?HH3a

UHH H IIOSTOMY llOII>KHO 6biTb He 6onee 16 JliiSI Hamero cnyqag), 11MIIYIIbCbl 

c MYIIbTHBH6paTopa llH<!xl>epeHunpyiOTCsr ( T 
8

), $opMHpyiOTCSI Ha OllHOBR6paTope 

( T fl' T 7 ) H IIOCTyllaiOT Ha CHHXpoHH3aUHIO 6noKa yrrpasneHHSI 'CHHXp. 1 '• 

OllHospeMeHHo c HHMH $opMHPYIOTCsr HMrrynbCbi rrepeKIIIO"':eHHSI KaHanoB ( T 
14

-

T 16), KOTOpble IIOJiaiOTCSI Ha BXOll perHCTpa CHHXpOHH38UHHo 3TH >Ke HM

IIYIIbCbl aallep>KHBaiOTCSI Ha 5 MKCeK ( T 
17

, T 
18

) - speMsr, JiocTaTo"':Hoe Jinsr 
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oxoa'laHHSJ nepexo.D.HbiX npoueccoB B peracTpe H .o.ewacllpaTOpe1 H nocTynaiOT 

H8 KOMMyTaTop 1 ( CM.pHCo 1 , 'CHHXp.2') 1 nocne KOTOpOrO BKJIIO'l810TCSI reHe-

paTOpbl penepHbiX caraanoa. 

TeHepaTopbi penepHb1X cHrHanoB 

reaepaTopbi penepHbiX caraanoB aaanorH'IHbi onacaaaoMy B/2/. He6onb

WHM H3MeHSHHeM SlBJISJeTCSI .O.OIIOJlHHTeJibH8SI cllopMHpOBK8 .O.JIHTeJibHOCTH B~XO.O.-

HOrO HMDYJibC8 KOpOTK038MKHYT~M Ka6eneM H OTCYTCTBHe TOK038.0.810Wero 

Tp8H3HCTOpa. HopMHpOBK8 no .O.JIHTeJibHOCTH aeo6xo.O.HM8 H3-38 HHTerpHpOB8HHSl 

RMDYJibCOB B cxeMe paa.o.eneHHSI HeATpOHOB OT raMM8-KB8HTOB. AMIIJlHTy.O.a 

penepaoro caraana aa B~xo.o.e sToA cxeM~ perynapyeTcst rpy6o .o.naaoA xo

poTxoaaMxayToro xa6enst H nnaBHO - c noMoWbiO noTeHUHOMeTpa1 aaMeHstiOmero 

H8IIpst*eHHe DHTSHHSI KJIIO'leBoro Tp8H3HCTOpa. 

TeMnepaTypaast aecTa6HnbHOCTb penepHbiX caraanoB B TaxoA cxeMe on

pe.o.ensteTCSJ B OCHOBHOM HeCT86HJibHOCTbiO sneKTpOJIIOMHHeCUeHTHOrO .O.HO.O.a, 

ecnH KJIIO'leBoA 1'paaaacTop B~6paa c I xo ::;:, 1 MKa. 

Hcn~TaHHSJ TeMnepaTypaoA aecTa6BnbHOC1'B1 npoaenesahle c .o.eBSITbiO 

resepaTopaMB
1 

noxaaanH1 'ITO MO*HO nerxo nony'IHTb secTa6Hn&socT&1 se 

0 
npeBhlWBIOWYIO 0 1 1 .. 0,2% I C 6ea TepMoxoMnescauBH.-

BnoKH KOMMYTBUHH 

Heo6x OllHMO OTMeTHTb1 'ITO B CBCTeMe WHpOKO HCIIOJib3YIOTCSJ CTSH.O.apTHbie 
I 

sneMeBT~ oT B~'IHCJIHTenbHOA Mamas~ E3CM.A. PeracTp cBsxposaaauMH 

COCTOHT H3 4-X nocne.O.OBaTeJibBO BKJliO'leBBhlX TpHrrepOB1 KOMMyTaTOp 2 

sa6paH H3 HMIIYJ1bCHO noTeHUH8JlbBbiX BeBTHneA • 

.UewacllpaTop - o6bi'IH~A .D.HO.O.HbiA .o.ewacllpaTop c cllaaoHHBepTOpaMH aa Bbi-

xo.o.e. KOMMyTaTOP 1 COCTORT H3 .O.eBSJTH LlHO.O.H~X CXeM .O.BOAHbiX COBDS.O.eHHA. 

nocne .O.H0.0.9B HMDYJ1bC COBIIa.O.eHHSI $opMHpyeTCSI H 'lepe3 SMBTTepHhlA 

noBTOpBTen& nocTynaeT sa aanycx resepaTopa penepshlx cBrsanos. 
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BnoKH ynpaBneHHH H perynHpOBBHHH 

Bnox ynpaBJieHHSl Bbipa6aTbiBaeT caraanbi "'yaenH'IHBBTb' 

W8Tb' KOs4l<llHUHeHTbl yCHJieHHSio norHK8 pa60T~ H BpeMeBH~ 

T8KHe *e, KSK y 6noKa .O.JlSl O.O.HOK8H8JlbHOA CHCTeMbl CT86HJIH3~ 

JIH'IHe COCTOHT JIHWb B TOM, 'ITO B KS'leCTBe BXO.O.HbiX O.O.HOBH6pa~ 

ayi01'CSl o.D.HOBH6paTopbi oT MawHHbi B3CM-4. To'IHO TaKHMH ll 

O.O.HOK8H8JlbHOA CHCTeMbl1 SlBJlSIIOTCSl 6JIOKH perynHpOB8BHSI ( 1 

aaTerpaTop) 1 xoTopbie Bbipa6aT~BaiOT aanpH*eaae, perynapy1 

UHeHT ycaneHHSio npa py'IHOA perynHpOBKe 88 HHTerpaTop n• 

npH*eHHe C noTeHUHOMe~pa. 

Ha pac. 4 npe.o.cTasneaa npasuanaan&aaa cxeMa 6noxa 

MbiM KOscllcllHUHeHTOM ycaneHHSlo 3TO .O.B8 9MHTTepHblX fiOBTOpll 

TeneM Me*.D.y HHMH. Kos4l<llHUHeBT .o.eneHHSl MeHSleTCSI H3MeHeBl! 

DOTOK8
1 

IIOCTyDaiOmero H8 clloTope3HCTOp OT JI8MDO'IKH H8K8J1H 

pe3HCTOp napannenbHO C R w BKJIIO'leH B K8'19CTBe O.D.HOrO I 

TenH. Ha naMnO'IKY aaxanaaaHHSl aanpa*eaae no.o.aeTCSl c 6nox1 

HHSlo 

qacToTHbie xapaxTepHCTHKH 6noxa c ynpasnaeMbiM xc 

ycHneHHSI CHSITbl .O.nSl .O.BYX npe.o.eJibHbiX 3H8'19HHA KoscllcllHUH91 

cxeMbl 0,3 a 0, 75. (eM. pRe. 5). O'!eBH.D.HO, 'ITO nonoca nponyc1 

He XY*e 75 Mru. llJapOKODOJIOCHOCTb CHCTeMbl D03BOnSieT H: 

speMeHa aapacTaHHSl penepHbiX a accnenyeM~x HMnyn&coB1 

9TOM cny'lae KOs4l<llHUHeHT ycaneHHSI H3M9HSieTCSJ O.O.HB8KOBO 

nyJibCOB
1 

BpeMeHa H8p8CT8HHSI KOTOp~X o6cne'IHB8IOTCSI BepXI 

'18CTOTOA. 

XapsxTepHCTHKH cHcTeMb1 cTB6HnH3BUJ. 

B npouecce accnenoaasaa xapaKTepacTHK acnhlTBHHK 

BCe K8H8Jlbl CHCTeM~ CT86HJIH38UHH1 HO T8K KSK HX xapaxTepHC~ 

a~, npHBO.D.SlTCSl peaynbTaTbi acn~TaaaA o.o.aoro xaaana B yen• 

IOWHX CHCTeM KOMMYTBUHHo 
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HbiX npoueCCOB B perHCTpe H ll9WHijlpaTOpe, H ITOCTynaiOT 

CM.pHCo 1 • "CHHXp.2") o ITOClle KOTOpOI"O BK1110'18IOTCSI reHe-

HI"H8110Bo 

esepaTopbi penepHbiX cHrsanoB 

enepHbiX CHI"H81IOB 8H81IOI"H'ISbl OITHCBSSOMy s 121 • He60llh

B11SieTCSI llOITOliSHTellhSBSI ljlopMHpOBKB llliHTellhSOCTH B~XOil-

KOpOTK038MKSYTbiM Ka6eneM H OTCyTCTBHe TOK0381l8IOWero 

pOBKB ITO llliHTellhSOCTH seo6XOilHM8 H3-38 HSTerpHpoBaSHSI 

e paaJienesHH seATposoB OT raMMB-KBBSToB. AMITliBTylla 

Sa BbiXOile 3TOA cxeMbl perynupyeTCSI rpy6o llliHSOA KO

a6enSI H IT118BHO - C ITOMOWhiO ITOTeSUHOMeTpa, H3MeSSIIOWei'O 

S1 K1110'19BOI"O Tp8S3HCTOpa. 

8SI SeCT86HllhHOCTh perrepH~X CHI"S81IOB B T8KOA CXeMe OIT

BSOM S9CT86HllbHOCTbiO aneKTp01IIOMHS9CUeSTSOI"O llHOJla, 

S3HCTOp Bbi6pas C I KO ~' 1 MKBo 

eMnepaTypsoA secTa6HnhSOCTH, npoBeJieaa~e c JieBSITh~ 

8381IH, 'ITO MO~HO nerKO ITOliY'IHTh HeCTB6HllhBOCTh0 He 

0 
.. 0,2% I C 6ea TepMoKoMneacauuu. 

BnoKH KOMMYTBUHH 

TMeTBTb1 'ITO B CHCTeMe WBpOKO BCU01Ib3Y~TCSI CT8Sil8pTSbie · 

CliHTenhaoA Mawua~ B3CM-4. PerucTp cusxpoauaatxHR 

'C1191lOB8TellbHO BK11~'19HH~X TpHrrepOB0 KOMMYT8TOp 2 

SO ITOT9SUH81IhHbiX BeHTHlle Ao 

06bi'ISbiA llHOilHbiA JiewuljlpaTop C ljla30HSBepTOp8MH Sa Bbl-

1 COCTOBT H3 ll9BSITH llHOilSbiX CXeM llBOASbiX COBUSJleHBA. 

,YllhC COBIT81leHBSI ljlopMHpyeTCSI H 'lepe3 SMHTTepahl:ll 

ynaeT aa aanycK reaepaTopa penepahlx curaanoB. 

6 
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BnoKH ynpasneHHH H perynHpoBaHHH 

EnoK ynpaBnesusr Bbipa6aTbiBaeT cursanbi "'ysenH'IHBaT&" unu "yMes&-

waTh" KOsljlljiHu~eSTbl YCHlleHBSio norHKa pa6oT~ H BpeMeHS~e llH8rpaMMbl 

TSKHe ~e, ~aK y 6noKa llliSI OllHoKasanhsoA cucTeMbi CTa6unuaauuu I 1 I. OT

liH'IHe COCTOHT liHWh B TOM, 'ITO B KS'IeCTBe BXOilSbiX OllHOBH6paTOpOB HCIT01Ih-

3YIOTCSI OllHOBH6paTOpbi OT MBWHHbl B3CM-4. To'ISO TBKHMH ~e, KaK H JlliSI 

OllHOK8S81IhSOA CHCTeMbl0 SIBliSIIOTCSI 61IOKH perynHpOB8HHSI ( TpBrrep Uli~C 

HSTerpaTop), KOTOpbie Bbipa6aT~Ba~T sanpsr~eaue, perynupy~mee KoscPct>u

uueaT ycuneauSI. ITpu pyqaoA perynuposKe aa BaTerpaTop nocTynaeT aa

npH~eaue C ITOTeHUHOMeTpa. 

Ha puc. 4 npeJicTaBneaa npuauunuanhHBSI cxeMa 6noKa c ynpaBnSie

MbiM KOaljllj!HuHeHTOM YCHlleSBSio 3TO llB8 3MHTTepHbiX ITOBTOpHTeliSI C Jle1IH

T91IeM Me~y SHMH. KosljlljluuuesT Jienesusr MeHsreTcsr HaMesesueM cseToBoro 

ITOTOK8 1 ITOCTyrraiOmero Sa ljloTope3HCTOp OT 118MITO'IKH B8K81IHB8HHSio ~OTO-

peaucTop napannenhso c Rw BKliiO'IeS B KB'IeCTBe OllSOI"O H3 nneq JieliH-

Tensr. Ha naMrrO'IKY HaKanusasuH sanpSI~esue rroJiaeTCSI c 6noKa perynuposa

SHSio 

l.facTOTSbie xapaKTepHCTHKH 6noKa c ynpasnSieM&IM KoscPct>uuueaTOM 

yCHlleHHSI CHSITbl llliSI llBYX npeJiellhSbiX 3H8'1esHA KOsljllj!HuHeHTOB nepeJIB'IH 

cxeMbi 0,3 H 0, 75 ( cM.pHc. 5). O'leBHJiso, .'ITO nonoca nponycKaeMbiX qacToT 

se xy~e 75 Mru. lliHpOKOITOliOCHOCTh CHCT9Mbl fi03B011SieT HMeTb paaabie 

BpeMeSa SapaCT8SHSI penepsbiX H HCClleJiyeMbiX HMITY1IhCOB0 T8K K8K B 

3TOM Clly'lae KOsljlljiHuHeJIT ycHneSHSI H3MeJISieTCSI OllHS8KOBO JlliSI BCeX HM

nynbCOB0 BpeMesa SapaCTBSHSI KOTOp~X o6crre'IHB8~TCSI Bepxse:ll rpaHH'IBOA 

'IBCTOTOAo 

XapBKTepHCTHKH CHCTeMbl CTB6HnH3BUHH 

B npouecce uccneJIOBaBBSI xapaKTepucTHK ucnbiTaau~ noJIBeprnHc& 

BCe K8H81Ibl CHCTeM~ CTa6H1IB38UHH0 HO TBK K8K HX X8p8KTepHCTHKH 8H81IOI"H'I

S~, rrpHBOilSITCSI pe3yllhT8Tbi HCUb!T8BHA OllBOro Kasana B ycnc)BHSIX pa6oTa

~WHX CHCTeM KOMMYTBUHHo 
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Ha pHc. 6 npHseaeHa aaBHCHMOCTb HaMeHeHHA KO~HuHeHTa ycHneHHQ 

cneKTpOM9TpHqeCKOro Tp8KT8 6e3 CTa6HnH38UlfH H CO CTa6HnH38UHeft OT H3-

M9H9HHQ H8DPH*9HHH DHTSHHH ¢oTOYMHO*HTeng. 

KaK BHAHO, npH BKn~qeHHOft CHCTeMe CT86HnH38UHH H3M9H9HHe Hanpg

*eHHH Ha ;t_lOOs ( 3aseaoMo npes&Ima~mee pean&Hble H3MeHeHHH aanpg*eHHA 

) -1 2 
DHTSHHH $3Y DpHBOAHT K H3M9H9HH~ Koa<flcPHUHeHTa ycHneHHQ HS +Q: 

7
%, qTo 

ynosneTsopsreT Tpe6osaHHHM, npen~srsnsreM&IM K 3TOA cHcTeMe. OcTaToqaasr 

H9CT86HnbHOCTb KO~HUH9HTOB ycHneHHQ CHCT9Mbl CO CTa6HnH38UH9ft npH 

H3M9H9HHH HanpH*eHHH DHTSHHH ~OTOYMHO*HTeneA 38BHCHT OT HenHH9ftHOCTH 

K03~HUH9HT8 ycHn9HHH B ~yHKUHH perynHpy~mero H8DPH*9HHH (HenHHeft

HSH xapaKTepHCTHKS ¢oTOp93HCTOpa) H OT HenHH9ftHOCTH aMnnHTYAHOft xapaK

T9pHCTHKH CX9Mbl p83AeneHHH HeftTpOHOB OT raMMa-KBSHTOBo nepsag DpHqHHa 

BnHH9T Ha CMeJIIeHHe UeH~pa TH*9CTH DHKa penepHoro CHrHana, T.e. Ha pac

nono*eHH9 nHKa penepaoro CHraana oTHOCHTen&Ho rpaHHUbl 256 (512) KaHana, 

ToKo U9HTp TH*9CTH ODpenensreTCH C yq~TOM BenHqHHbl H3M9H9HHSI perynHTOpOM 

KO~HUH9HTa ycHneHHSI 3a OAHH nepHOAo BenHqHHa CMemeHHH 3a C'I~T HenH

H9ftHOCTH xapaKTepHCTHKH npeo6pa30BaHHSI 3aBHCHT OT aMMHTYAbl 3TanOHHOrO 

CHrHana, C DOMOIIIb~ KOTOporo onpeaensreTCH KO~~HUH9HT ycHneHHHo 

Ha pHCo 7 npHB9A9Hbl KpHBble1 DOKa3blB8~UIH9 H3M9H9HH9 K03~HUH9HTa 

ycHneHHH cneKTpOM9TpH'I9CKOft CHCT9Mbl BO BpeMeHH DpH BKn~'leHHOft H BblKn~

'19HHOft CHCT9M9 CTa6HnH3aUHHo H3M9p9HBH npOBOAHnHCb B T9'19HH9 16 'laCOBo 

MaKCHMan&H&Ie OTKnoHeHHH Koa<flcPHuHeHTOB ycHneHHR oT cpenHHx 3Ha'leHHA ¥oc

Tasnsr~T + 15,83% H -713% 6e3 CTa6HnH38UHH H + 110% H - 1,6% CO CT86HnH-

38UHeA.- CpeAH9KB8Ap8TB'IHOe OTKnOH9HH9 COCT8BnH9T ;!:.5,67 B ;!:.01 75%. 06e 

X8p8KTepBCTHKB CHHM8nBCb npB HCDOnb30B8H~H ABYX reaepaTopoB penepHblX 

CHrBanOB1 CHHXpOHB30BaHHblX CO CABHrOM BO Bp9M9HBo BcnblWKa M9HbWeft 

8MDnHTYAbl HCDOnb30B8n8Cb K8K STanoHH8H AnSI B3MepeHHH CT86HnbHOCTB KO-

~HUB9HT8 ycHn9HHH 1 8 BCfiblWK8 6on&weft 8MfinBTYAb1- B K8'19CTB9 penepaoro 

CBrHana AnH CT86BnB38UHBo noSToMy B H9CT86HnbHOCTb BO Bp9M9HB (pBCo 7) 

BXOAHT p83HOCTb H9CTa6HnbHOCTB OT T.9MDepaTypbl reaepaTopoB penepHblX 

curaanos: KpoMe Toro, B aee sxonuT TaK*e HaMeaeaue nopora cucTeMbl 1 

_ ToKo CT86BnH3HpyeTCH TOnbKO KO~BUH9HT ycHneHHHo (HeCT86HnbHOCTb nopora 

8H8nH38TOp8 MO*eT COCT8BnHTb ;!:.1%). 
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CHCT9M8 HM99T 6nO'IHOe HCDOnHeHHe H M0*9T 6biTb nepec 

'IHCno Cq~T'IHKOB B TOM 'IHCne H AnH perHCTp8UHH Cfi9KTpOB C 

qHK8 H8 OTnen&HblA 8H8nH38TOp HnH OTAen&HbiA yqacTOK nar. 

H3 K8H8lx0B .HM99TCH CTpenoqHblft npH60p1 H3M9pRIOJIIHft H8DpH:ll 

HHTerpaTopa. 

B 3!'1KnJO'I9HHe asTopbi 6naronapsrT IO.K.AKHMOBa 1 A.H.CHJ 

MeHOB8 38 HHTepecH&Ie o6cy*AeRHR 1 a T8K*e B.K. T~nHKOB8 38 

poAKe CHCT9Mblo Mbl npH3H8Ten&Hbl c.B.Mensen~ H H.A.iJHc 

npH p860Te B H3MepHT9nbHOM U9HTpe. 

nHTepaTypa 

1. B.r.nanwHH, M.H. OMenbHHeaxo, B.H.PblKanHH, A.H.CHaaea, B.n 

3.11Hcex. ITpenpHHT OHRH P 18-8842, P.y6aa 1967. 

2. M. H. 0Menb!iiH9HKo, B. K. T10nHKOB, B. B. tPHnb"leHKOB. ITpenpHHT Of 

P 13-8528, P.y6aa 1967. 

PyKonHCb nocTynuna B H3naTenhCKHA o 

4 MapTa 1968 rona. 
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npuaeaeHa aaBHCHMOCTb H3MeHeHHft KO~HUHeHTa ycHneHHH 

KOrO TpaKTa 6ea CTa6HnH3aUifH H CO CTa6HnH3aUHeft OT H3-

'eHHH nHTaHHH <jloToyMHO)I{HTenHo 

npH BKniDqeHHOft CHCTeMe CTa6HnH3aUHH H3MeHeHHe Hanpsr

( aaaeaoMo npeBbiWaiDmee peanbHbie HaMeHeHusr aanpsr*eHHA 
. -1,2 

pBBOaHT K H3MeHeHHID KO~HUBeHTa ycHneHHH Ha +0,
7

%, qTo 

1pe6oBaHBHM, npea'bHBnsreMb!M K aTOft CHCTeMeo 0CTaTOqHaH 

KO~HUHeHTOB ycuneHHH CHCTeMhl CO CTa6~nHaauueA npH 

)l{eHHH fiBTaHHH $oTOYMHO)I{HTeneft aaBHCHT OT HenuHeftHOCTH 

HneHBH B $yHKUHH perynupyiDJIIero Hanpsr)l{eHHH (HenBHeft

Ka $OTOpe3HCTOpa) H OT HenHHeftHOCTH aMnnHTyaHOft XapaK-

paaueneHHH HeftTpOROB OT raMMa-KBaRTOBo nepaasr npHqHRa 

aue ueRTpa TH)I{eCTH nHKa penepaoro curaana, T.e. aa pac

enepaoro curaana OTROCHTenbRO rpaRHUhl 256 (512) Kaaana, 

H onpeaenHeTCH C yq~TOM BenHqlffibl H3MeHeHHH perynHTOpOM 

neHHH aa oaHR nepuoa. BenuquHa CMemeHHH aa cq~T Henu-

PHCTHKH npeo6pa30BaHHH aaBHCHT OT aMnnBTYahl aTanOHROrO 

biD KOToporo onpeaensreTcsr Koa$$uuueaT ycuneausr. 

pHBeaeHbl KpHBbie, fiOKa3biBaiDJIIHe H3MeReHHe KO~HUHeRTa 

MeTpHqecKoft CHCTeMbl BO BpeMeRH npH BKniDqeRROft H BbiKnJO

Ta6HnH3aUHHo HaMepeHHsr npoaoaunucb B Teqeaue 16 qacoa. 

KOa$$HUHeRTOB ycuneRHH OT Cp9llHHX 3RaqeaHA fOC

H -7,3% 6ea CTa6HnH3aUHH H + 1,0% H - 1,6% CO CTa6HnH

aapaTHqRoe oTxnoaeaue cocTaansreT ~5,67 u ~0,75%. 06e 

RHManuc& npu ucnon&aoaaauu aayx reaepaTopoa penepHhlX 

auaoaaHRbiX co caauroM BO apeMeau. Bcnhlmxa MeR&mea 

30Banacb KaK aTanoRRasr ansr H3MepeRHH CTa6HnbROCTH KO

HHH, a acnbiWKa 6on&meA aMnnHTYLlhl- a xaqecTae penepaoro 

HnHaauHHo noaToMy B HecTa6HnbROCTb BO apeMeRH (puc. 7) 

aecTa6un&HOCTH oT TeMnepaTyphl resepaTopoa penepRbiX 

TOro, B Bee BXOQHT T8K)I{e H3MeHeHHe nopora CHCTeMhl, 

TCH TOnbKO KOa$$HUHeHT ycHneRHHo (HecTa6HnbHOCTb nopora 

T COCT8BnSITb ~1%) 
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CHCTeMa HMeeT 6noqHOe HCfiOnHeHHe H MO)I{eT 6b!Tb nepecTpOeHa Ra noooe 

qlfcno cq~TqHKOB B TOM qucne H LlnH perHCTpaUHH CfieKTpOB C Ka)I{LlOrO cq~T

quxa Ra OTLleni:.Hblft 8HanH3aTop HnH OTLlen&Hblft yqacTOK naMSITH. B KBJKD.OM 

H3 K8HalJOB HMeeTCSI CTpenoqHblft npH6op, H3MepHIDJIIHft Hanpsr)l{eHHe Ha BhlXOLle 

HHTerpaTopa. 

B aaKniDqeHHe aaTopbi 6naroaapsrT IO.K.AKHMoaa, A.H.Cuaaeaa H B.IO.Ce

Meaosa aa HRTepecHbie o6cy)I{Lleausr, a TaK)I{e B.K. TIOnHKOBa a a noMOIIIb B aacT

poAKe cucTeMbi. Mbi npuaaaTen&Rbi C.B.MeaaeaiD H H.A.ilucToay aa noMOlllb 

npu pa6oTe a HaMepHTen&HoM ueaTpe. 

nHTepaTypa 

1. B.r.narriiiHH, M.H. 0MenbHHeHKo, B.H.PbiKanaa, A.H.Caaaea, B.fl.XpoMoB, 

3.l!HCeK. flpenpHHT OHRH P 13-3842, 0.y6aa 1967. 

2. M.H. 0MenbHH8HKO, B.K. TIOIIHKOB, B.B.4>Hnb'l8HKOB. npeiipHHT OHRH, 

P 13-3523, 0.y6aa 1967. 

PyKOnHCb fiOCTynana B H3~8TenbCKHft OT~en 

4 MapTa 1968 ro~a. 
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PHc. 3. BpeMeaHaH AHarpaMMa pa6oTbi 6noKa cHaxpoHHaauHH. 

• 

PHc. 4. npHHUHIIH8JibH8H cxeMa 6noKa c yrrpaBnReMbiM Koa<jl!f~HuHeHTOM 
ycHneHHH. 
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t 
K 

0,2 

a, 1 

Kyc.max. 

0.707 

o~J_~~--~~~~~~~~~~~~~T!~o--~s~o~~g~o~~~._ 

hzp, isl!Jz 

PHc. 5. AMnnHTYilH0-'18CTOTH8SI xapaKTepHCTHK8 6noKa c ynpaBnSieMbiM 

KoacjlljmuHeHTOM ycHneHHSio ' 

Kyc.{omH) Kvc.(omH.) 

1,5 

1,4 

1,3 

~=+0.69Y. 
co cmatfunu3oqueu 

1,03 

,02 
<) 
() 

1,01 I) 

g 
1,00 ~ 

0,99 ~ 
l.u 
Q 

0,98 ~ 
Ill 

0,97 ~ 



0,5 

0,4 

Kyc.max. 

0.707 

L--o--~~~-o--~K~y~c~.m~i~n~. ----~--~~~~~~~~ 
0,3 0.707 
0,2 

0,1 

oL-~~_L~~~~~14o~~~-L~n-~Ti~O,-~Btno~-c~~mn
fszp, fs2pz 

PHc. 5. AMnnHTYilHO-'iBCTOTHBll xapaKTepHCTHKB 6noKa c ynpaBl!HeMbiM 

KO~$HUHeHTOM ycHneHHllo 

Kyc.{omH) 

1,6 

1,5 

1,4 

1,3 

ta=+0,69Y. 
co ~matfunuJaqueii 

2.!,()0 2450 2500 2550 2600 

Pac. 6. 3aBHCHMOCTh KOa<i><PHuHeHTa ycaneHHR cneKTpoMeTpH'IecKoro 
KaHana OT HaUpR~9HHR UHTaHHR $OTOYMHO~HT9nR (oea CTa
OHnH3aUHH H co cTaoHnHaauaeA). 



Kyc.(omH.) 

• 
1,2 

1,1 

-a> 

0,8 
I 

5eJ cmatfu.nu.Jaqw.J 

8 

PHc. 7. HaMeaeaHe KO~HUHeHTa ycHneHHH cneKTpoMeTpHqecxoro xaaana 
CO BpeMeHeM ( 5ea CTa5HnH38UHH H CO CT85HnH38UfeA) • 


