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B OUAMN Ha konnaiinepe NICA cosnaercs MHoroueneBoii aetekrop MPD niis uzyyeHust CBOICTB ropsi-
4eil ¥ TJTIOTHOM SIIepHOI MaTepur B TOYKE B3aMMOIEHCTBUS BCTPEUHBIX TTYYKOB TSDKEJIBIX MOHOB. DJIeK-
TPOMArHWTHBIN KaJIOPUMETP B HOBOU 9KCIIEPUMEHTAIbHOM YCTAHOBKE OTBEUYaeT 3a UAEHTU(UKALINIO
Y-KBaHTOB, 2JIEKTPOHOB (TIO3UTPOHOB), U3MEPEHNE MX DHEPTUM U KOOPAMWHAT, a TAKXKe 3a OTAeIeHNE
oT aapoHoB. 1151 ctabunbHoli padoThl 38 400 KaHaIOB KajopuMeTpa pa3padoTaHa U MCCIenoBaHa CBe-
TOIMOIHAS CCTeMa MOHUTOPUPOBAHMS C ONITOBOJIOKOHHOM pa3naveil cBera.
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1. BBEAEHUE

DeKTpOMarHuTHBIN KanopumeTp (DMK) mpo-
eKTUBHOI ¢opmbl yctaHoBKM MPD [1] cocTout
n3 38400 GameH nmupaMugaIbHOR GopMbl 64 pas-
JIMYHBIX TUIIOB, 00beAMHEHHBIX B 2400 mMomyneii
n 50 monycexkTopoB. KamopuMeTp onTUMHU3MPpOBaH
IJIT pabOTHI B 00JITACTM YMEpPEHHBIX dHepruii (mo
1.0—1.5 I'3B), ero COMIIJI-dppakous cocTaBiseT
30—32%. Kaxnmas GaliHs TUna “IIaliibiK” COCTOUT
un3 210 cinoeB yepeayImnxcsl CHUHTUIISILMOHHBIX
miactud LEGO-Ttuna tonmuHo#i 1.5 MM U CBUH-
LOBBIX IJIACTUH TOMMHOK 0.3 MM, YTO COCTaBJISIET
npumMepHo 11 paguantMoHHBIX TMH. CBET OT KaxkI0MH
CHUHTUJUISLIMOHHONM IUIACTUHHI cobupaetcs 16
cnekTpocMenaomumu BoiokHamu (WLS) Kur-
aray Y11-200 quamerpom 1.2 MM Ha (pOTONMPUEMHUK
Hamamatsu MPPC S13360-6050 ¢ aktuBHOI#1 061a-
CThIO 6X6 MM2. B KauecTBe oTpaxaresst st GOKOBbIX
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CTOPOH Kax/Ioi OalllHU MCITOIb3yeTCs CIIelMaabHas
sToKcuaHag auddys3Hasg Kpacka ¢ JobaBieHUEM
nurmenTa TiO,. OxugaemMoe sHepreTuuecKoe paspe-
LIeHWE KaJlopuMeTpa olieHuBaeTcs Kak AE/E ~ 4%
npu sHeprun potonos 1 3B [2].

s KOHTpOJsS U YHpaBJeHUSI COCTOSIHUEM
3JIEKTPOMArHUTHOTO KaJIOpUMETpa KUCIIOJIb3YIOTCS
CHCTEMBI KOHTPOJISI BBICOKOI'O ¥ HU3KOT'O HaIlpshKe-
HUM IATAHUS, a TAKKE CUCTeMa MOHUTOPUPOBAHUS
paboThl (OTOAETEKTOPOB U IJNEKTPOHUKHU CYUTHIBA-
HUs. B 1ienu mocienHei cucTteMbl HE BXOIUT 00e-
ClieyeHre TOYHON KaIMOPOBKU JETEKTOPOB U JIeK-
TPOHUKHU; 3aJauyd OrpaHMUYMBAIOTCSI KOHTPOJEM
o0111eit paboTOCIIOCOOHOCTU 3JIEMEHTOB KalopuMe-
Tpa U OTCICXKMBAHUEM BO3MOXHBIX 3HAYUTEIIHHBIX
W3MEHEHUI XapaKTepucTUukK nerekropa. C yuetom
3TOr0, a TAKXKe OXXMIIaeMOI0 SHEPreTUYECKOro pas-
pelIeHus KalopuMeTpa TOUHOCTh MOHUTOPUPOBaA-
Hus Ha ypoBHE 1—2% ObL1a Ipu3HaHa 10CTaTOUYHOIA.
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Heo0xoquMocTh KOHTPOJISI 3HAYUTEJIBHOTO KOJIU-
YyecTBa SlUeeK KaJlopuMeTpa HaKJaablBaeT AOIOJI-
HUTEJIbHBIE TpeOOBaHUS: CHUCTeMa MOJIKHA OBITh
JIOCTATOYHO MPOCTOU M HANEXHON, CTOUMMOCTb
MOHMTOPUPOBAHUS KaxIO SIeHKM KaJopuMeTpa
(kaHama 2JIEKTPOHUKM CUMTHIBAHWSI) He HOJKHA
OBITh CJIMIITKOM BBICOKOI.

KoHTponb cTabuabHOCTU pabOThl 2JIEMEHTOB
KaJIopMMeTpa 1 JIEKTPOHUKHM MOXHO OCYILIECTBUTh
Pa3IUYHBIMHU CITOCOOAMU: C TOMOIIBIO PAANOaKTUB-
HOro MCTOYHMKa [3] 1100 ¢ moMolbio J1azepa [4]
WIW CBETOIMOMIOB [5] ¢ pa3anuyHbIMU CXeMaMU pa3-
BOIKHU CBeTa IO0 OamHSIM. B cBsI3M ¢ pa3BuTHEM
MMKPOSJIEKTPOHUKH U yIEIIEBIEHUEM CBETOIMOIOB
Bce OoJbIliee KOJMYECTBO (PU3NUECKUX IKCIIEPU-
MEHTOB HUCITOJIb3YET MOCISIHUM CIOCO0 KOHTPOJIS.

2. UCCIIEAOBAHUE KOHLEM LU
CUCTEMbI MOHUTOPUPOBAHWA

Mg DMK ycranoskn MPD 6b111 pazpadbotaHbl
M UCCJIENOBAHbI TPU KOHLEIIINU CUCTEMbl MOHMU-
TOPUPOBAHUSI Ha OCHOBe ucroab3oBaHus Ultra-
Bright-Blue-cBeTonnomoB B KauyeCcTBE MCTOYHMKA
CBETA C IOCJEAYIOLIE ONTOBOJOKOHHOMN pa3nayveit
cBeTa IJI KaxXKaoi OalrHu (CIIUT-CUCTeMa MOHM-
TOPUPOBAHUS).

B mepBBIX OBYX CBET OT CBETOOMOMAA ITOIIamajl
B 1M PY3HBII CMECUTEITh, & U3 HETO IT0 OIITUYECKUM
BOJIOKHAM pacIpeesijics Mo aeTekropy. Mi3BecTHo,
yTO Te(JIOH M KaK YaCTHBINA ciydaill CIeKTpaJioH
SABNISIETCS 9TaTOHOM TUd(Py3HOTO OTpakeHus . boimn
M3TOTOBJICHBI MPOTOTUIIBI M3 CIIEKTpaJIOHa IBYX
KOH(puUTypauuii: “HTeTpupyoias cpepa u UHTE-

Puc. 1. ®otorpadust TeCTOBOTO CTeHIA IJIs U3ydye-

HUS pa3IUYHBIX CXeM pa3Boiku cBeTa. CripaBa BUIEH

Ky0 ¢ BBITOUGHHOI BHYTPU MHTETPUPYIOIIE chepoii;

B LICHTPE — UHTETPUPYIOLIUIA LMIMHAD U XI'YT BOJIOKOH,
cneBa dotonerekrop POY-115M.
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TPUPYIOIINI IVJIMHADP B KAYeCTBE CMECUTEIISI-Pa3-
Jaryunka cBeta (puc. 1).

2.1. Hccenedosarnue cnaum-cucmemsl Ha 0CHO8e
unmeepupyrouieil cgepul

B nepBOM IIpoTOTHUIIE CBET OT CBETOAMOAA ITOCTY-
najg B MHTErpupymolyo chepy nmaMeTpoMm 75 MM
BHYTpPU pa36opHOro Ky6a 85%85 MM?, 3aMelMBaICs
1o ongHopomaHoro (6onee 90%) cocTosiHUs U TIoTa-
Jlajl B KTYT KBaplEeBbIX BOJOKOH IHMaMeTpoM 1 MM,
KOTOpbIE€ U TOCTABJISLIA CBET 10 TOUKM Ha3HAYCHMSI.
B cdepe 6611 nipenycMOTpEHBI OTBEPCTUS MO, XKI'YT
BBIBOISIIIMX CBET ONTUYECKUX BOJIOKOH, CBETOIUON
U 111 MOHUTOPHOTO (potoauona. OTBepCTUsT pac-
MOJOXEHBI TaK, YTOOBI CBET OT CBETOAMOIA TOMNa-
Jlajl B KT'YT BOJJOKOH He HampsIMylO, a TOJIbKO MOCTIe
MHOToKpaTHOro otrpaxeHus. K HemocTtaTky naHHOI
KOH(MUTYpalluy CJIeAyeT OTHECTU OOJIBIINE ITIOTePH
cBeTa mpu mnepexoae cepa—xXryT u3-3a “kKochbix”
Jiydeit, MAylmmx moja 0oJbLIMMU YIJIaMu B cdhepe, U
MaJIOro TEJECHOTO yIJla 3aXBaTa CBeTa BOJIOKHAMMU.
ITocnenHee MpUBOAMT K HEOOJBIIOMY yXyAIle-
HUIO OMHOPOMHOCTHU CBETa OT BOJIOKHA K BOJIOKHY
npu oOuIeil morepe MHTEHCUBHOCTH CBETOBOIO
noToka. Mi3aMepeHus: CBETOBOTO ITOTOKA HETIOCpes -
CTBEHHO OT CBETOAMOAA U MHTErPaibHOIO MOTOKa
OT XT'yTa BOJIOKOH IMOKa3ajlud CHMUKEHUE WHTEH-
CMBHOCTHU cBeTa B 9.1 pa3 mist naHHOK KOHQUry-
palyu CIUIUT-CUCTEMbI C HOPMMPOBKOI Ha CUTHAJ
OT MOHUTOPHOTO (PoTOaMONAA.

2.2. Hcenedosanue cnaum-cucmemst Ha 0OCHOBE
UHMe2PUPYIOWe20 YUAUHOPA

B xauecTBe BTOPOTro MPOTOTUIIA CILIUT-CUCTEMBI
OBILJT PAaCCMOTPEH TOJICTOCTEHHBIII MHTETPUPYIO-
WA TAIUHAP 1auHOoM 110 MM 1 BHYTPEHHUM M-
meTpoM 20 MM, B OIHOM M3 OCHOBAHUII KOTOPOTO
pasmernazcs XryT BoJoKoH. CBeT OT cBeTognoma
yepe3 OJHO M3 BOJIOKOH KTyTa ITOIanall B IWJIUHIP,
3aMelInBajICSd 10 OMHOPOIHOTO COCTOSTHUS U Yepe3
OCTaJIbHbIE BOJIOKHA JOCTABJISUICS 10 TOYKW Ha3Ha-
yeHus. MI3MepeHus1 CBETOBOrO IOTOKa HEIloCpea-
CTBEHHO OT CBETOAMOMA W MHTErpajJbHOIO MOTOKA
OT XXTyTa BOJIOKOH TTOKa3ajJ1 CHIDKeHUEe MHTECHCUB-
HocTU cBeTa B 1.4—1.6 pa3 mpu 3acBETKE CBETOMM-
OIOM pa3HbIX BXOIHBIX BOJIOKOH C HOPMHUPOBKOI
Ha CUTHaJ OT MOHUTOpHOro ¢otoauoaa. JJocronH-
CTBa JaHHOM KOH(MUIYpallii TAKOBbI;

— CIUIMT-CUCTEMY MOXHO Je/IaTh B BUAE LIMJINH-
IpOB KOMITAKTHBIX pa3MepoB, pa3maBas CBET
OT OJHOTO CBETOAMOAA Yepe3 LEMOUYKYy TaKUX pac-
MpeaenTeIeil K ToukaM Ha3HaYeHMSI,
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— Majble TIOTEPU CBETa, TaK KaK OTCYTCTBYIOT
“Kochle” JIydu, KOTOpbIEe He MOIaaaloT B TEAECHBIM
yroJI 3axBaTa CBeTa BOJIOKHAMMU;

— SKOHOMMSI Ha KOJIMYECTBE BOJIOKOH.

OO01IMM TOCTOMHCTBOM MHTETPUPYIOLIUX CHephl
W UUJIWHApPA SIBISETCS HU3Kash HEOMHOPOITHOCTh
CBETOBOTO IOTOKA JIJIsSI OTIEIBbHBIX OallleH KaJlopu-
MeTpa, KoTopasi coctaBuiia MmeHee 10% B abcouioT-
HBIX BeJIMYMHAX curHajia. HemocrarkoM MOXXHO cum-
TaTh yBEeJIWUCHUE TPyI03aTpar MO 3aBEICHHUIO CBETa
MOHUTOPHBIMU BOJIOKHAMM Ha (DOTOACTEKTOPHI UJIH
CUMHTUJUISIHIUOHHBIC TJIACTUHBI.

2.3. Hccaedosarue cnaum-cucmemul Ha 0CHOGE
8040KHA OOK0B020 C8EUCHUS

B xauecTBe TpeTheTo MPOTOTHUIIA CUCTEMbI MOHH -
TOPMPOBAHUS OblIa pacCMOTPEHA CIIUT-cUcTeMa
Ha OCHOBe BOjIOKHa 60koBoro cBeueHus SOF-2 [6],
CITOCOOHOI0 U3JIydyaTh CBET B IMOMNEPEYHbBIX HarlpaB-
aeHusx. Hus ¢u3ndeckoil 3alluThl BOJIOKHA
OT ITIOBPEXKIEHUI IIPU YCTAHOBKE B IETEKTOP JAHHOE
BOJIOKHO ITOMEIIAJIOCh B 3alIUTHYIO IIPO3pavHYIO
MOJIMKapOOHATHYIO TPYOKY ¢ BHYTPEHHUM JHaMe-
TpoM 3 MM U TONIIMHOK cTeHKM 1 MM. IlepBrUHBIE
pe3yJibTaThl U3BMEPEHUI IToKa3aau CUJIbHOE BIIMSI-
HUe TPYOKM Ha CBETOBBIXOH. BrocnencTBum ObIITO
00HapyXeHO, UTO MPUINHOI SIBJISICTCS 3aTPsSI3HEHUE
3alIUTHHIX TPYOOK KaK IIPpM MX WU3TOTOBJICHUH, TaK
W TIPY TPAHCIIOPTUPOBKE. DTO 3arpsI3HEHUE MOXKET
OBITh YOpaHO, HaIlpUMEP MBUIBHBIM PacTBOPOM.
ITocne npoBeneHUs JTaHHOK MPOLEAYPHI BIUSHUE
TPYOKM Ha CBETOBBIXOI M OJHOPOTHOCTH CBETOC-
Oopa BIOJIb BOJIOKHA OKa3aJI0Ch HE3HAUYUTEIbHBIM.

H7s1 TIIATEILHOTO M3YyYeHUSI CBOMCTB TaHHOTO
BOJIOKHA OBLIM CO3[aHbI ABA N3MEPUTEIIBHBIX CTEHA.

2.3.1. Ilepswiii ctenn. Mcnonb3oBaycsl CBETOHE-
MPOHUIIAEMBbIi SIIIUMK, B KOTOPOM ObLIO HATSHYTO
Bos1okHO SOF-2 mnuHoii 3.5 M nuameTpom 2 MM. DTO
BOJIOKHO OBLIO IIPOIETO BHYTPU OTpe3Ka 3allUT-
HOIl moJMKapOOHATHOM TPYyOKM AJMHON OKOJIO
20 cm. DoromerexkTop DOY-115M mpocMaTpuBal
BOJIOKHO, MpuJjerast K Tpyoke B ee cepenune. ®DY-
115M BMecTe ¢ TpyOKoOIi TiepeMeniacs ¢ TTOMOIIbIO
CrelralbHON KapeTKy BOOJb BOJOKHA. BojlokHO
C ODHOTO Kpas 3acBE€YMBAJIOCh CBETOAMOIOM
L7113PBC-A co cpenneit nmmHOIt BoaHBL 470110 HM
u cuoii ceta 6osee 1000 mKn. B kauecTBe pa3BeT-
BUTEJNSI CBETa OT CBETOAMOA UCITOIb30BaJICS OTH-
CaHHBIN BbIIllIe UHTETPUPYIOIIUI IMJIMHIP, B KOTO-
puIii ObLTM BKJeeHBI BOJOKHO SOF-2 u yerwipe
MPO3pavyHbIX TPAHCIIOPTHBIX BOJIOKHA THMAMETPOM
1 mMm. IlocnegHue nepegaBaayd CBeT Ha (DOTOIMOL

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

IJIsT TIPOBEPKU CTaOMIIbHOCTU u3MepeHuit. Cur-
Hanbl ¢ POY u dporommona cuuteiBasmch 3LITT
LeCroy 2249A. B kaxnoit Touke Habupaaoch 20 000
CcOOBITUI, CpeHNE 3HAUEHUE U OLIMOKA U3MEPEHUS
BBIUMCIISUINCH C TIOMOIIBIO alIIpOKCUMALUK (PyHK-
nueit 'aycca morydeHHOTO CITeKTpa.

CrpouJics rpacuK COOTBETCTBYIOLIUX CPEIHUX
3HAUYEHUI, TaHHBIE AlIIIPOKCUMUPOBAJIMCH CYMMOM
JIBYX 3KCIOHEHIIMaJIbHbBIX (DYHKIIMI, U BHIYUCIIS-
JINCH IJIMHBI 3aTyXaHUs 110 popmysie

I(x)=exp(p,+px)+exp(p,+p,x), (1)
rne /(x) — namepsemass UHTEHCUBHOCTb CBETa, A, =
= —1/p,, \, = —1/p; — NIMHBI 3aTyXaHUS LIS
“KOPOTKOI” A ¥ “IJIMHHOMN” A, 9KCIIOHEHIIMATbHBIX
(GyHKIMIT, X — pacCTOSIHUE OT TOUYKM M3MEPEHUS
10 UICTOYHUKA CBETA, Py U p, — KO3 PULIMEHTBI HOP-
MUPOBKU. 11 uaeanbHOTO cliyyast KOO GULIMEHT
A, OMUCBIBAET JJIMHY 3aTyXaHUs CBETA, MOMAaBILIErO
B BOJIOKHO H€ IO YIJIOM BHYTPEHHEIO OTpakKeHUsI
U, KaK CJIEACTBHE, OBICTPO BBIXOISIIIETO U3 BOJIOKHA.
KosddunueHt A, COOTBETCTBYET IIMHE 3aTyXaHUs
CBeTa, MPOXOASIIEro BOJIOKHO TOJ YIJIOM BHY-
TPEHHETo oTpaxeHus. BenmuyuHbl ko3 duLmeH-
TOB 3aBUCST OT TUIIA U CIeLIM(UKU MTPOU3BOACTBA
BOJIOKHA: HaJIMYMS HAceYeK MJIM IOJyIpO3pavyHo-
CTU 000J0YKN BOJOKHA; He3((OEKTUBHOCTU OTpa-
JKarolIei CltoCOOHOCTH 000I0YKM; MU3MEHEHMS yIa
TMPOXOXAEHUS CBETA BCIEACTBUE HETOJIEPAHTHOCTHU
TOJIIIMHBI BOJIOKHA; TIPUCYTCTBUS HEOTHOPOIHO-
CTeii, Ha KOTOPBIX PacCeUBAETCsI CBET U T. 1.

by mpoBeneHbl U3MEpPEHUsI KPUBOI 3aTyXa-
HUSI CBETa B BOJIOKHE MIJIsI ABYX BApUAHTOB: B IEPBOM
TOPLbI BOJIOKHA 0Ope3aHbl aiMa3Hoi (pe3oit 6e3
JTOMOJTHUTEIbHON MOJMPOBKU; BO BTOPOM Ha Aajb-
HUI OT CBeTOAMONA TOpell 1 OOKOBYIO TTOBEPXHOCTh
BOJIOKHA Ha MNIyOMHY 5 MM Oblja HaHeceHa Oejas
nuddys3Hasgs kpacka Ha ocHoBe nurMeHra TiO,.
PesynbraThl n13MepeHNil CBETOBBIX0AA B (DOTOIIEK-
TpOHAaX MpeacTaBlIeHbl Ha puc. 2. M3 anmpokcu-
MalMu JaHHBIX 0 Gopmyiie (1) ObLIM MOJYyYeHbI
JJIMHBI 3aTyXaHUSI B BOJIOKHE, KOTOPbIE COCTaBUIU
A = 13£1.2 cm, A, = 124£2.5 cM 115 BoJIOKHA 6e3
kpacku 1 A, = 18%2.1 cm, A, = 141£5.7 cm ¢ HaHe-
CeHHBIM T @Y3HLIM oTpaxareneM. BumHo, 49To
HaHEeCEeHME OTpaxkaTesis YBeJIMYUBaeT IJIMHY 3aTy-
xaHusa npumepHo Ha 20%. Jusa KaxXaoil TOYKU
u3MepeHuit (puc. 2a) CUTHaJI CUMTHIBAJICS 4Yepe3
3LIT ¢ penepHoro ¢oroagnoaa U CTPOUJICS Tpa-
(MK HOpMaIM30BaHHBIX 3HAUYCHUI B 3aBUCUMOCTHU
OT BpeMeHU n3mepeHus (puc. 20). Jlanable HaA Tpa-
(prKe MOKa3BhIBAIOT CTAOMIIBHOCTD paOOTHI CUCTEMBbI
3a BpeMS UBMEPEHUA.

Ne 2 2025
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Puc. 2. a — 3aBucuMocCTb curHajia B hOTO3JEKTPOHAX OT PACCTOSTHUS 10 CBETONMONA: CUHME TOUKU — 03 oTpaxaTess
Ha TOplIe BOJIOKHA, KpaCHbIe TOUKU — ¢ TU(GY3HOI KpacKoii B KauecTBe oTpaxkaressi. KpuBble — pe3ynbTaThl alipoOKCH-
Manun. 6 — CTabMIBHOCTh pabOThl CUCTEMBI MOHMTOPUPOBAHUS 32 BpeMST U3MEPEHMIA.

[TosnyueHa olieHKa MOTEpU CBETA MPU TMEPEXoe
yepe3 XryT cnektpocMmemaromux WLS-BosokoH
o doTtoneTekTopa Ha KoHue 6amHu DMK, B nep-
BOM cJjyyae CBET CHUMAJICA ¢ moMmolibio PIY-
115M HenocpeacTBEHHO C BOJIOKHA 4yepe3 3alluT-
HyI0 TpyoKy. Bo BTOpOM ciydae Tpyoka ¢ SOF-2
ObL1a npoJoxkeHa Mexay WLS-BojlokHamMu Kryta
ofgHoi u3 damieH DMK. M3mMepeHus1 cBETOBBIXOAA
n3 OalrHu rmposeneHbl TeM ke DDY-115M. Pesyib-
TaT U3MepeHuit mokasaH Ha puc. 3. CpenHee 3Ha-
yeHMns cuTHaia B orcyerax 3111 ymamo mpumepHo
B 7.7 pa3. JlaHHBIl pe3yabTaT CBUICTEILCTBYET
0 TOM, YTO HCIIOJIb3yeMBbIE B KaJIOPUMETPE CBETOMU-
OIlbl JOJKHBI UMETh JOCTAaTOUHBIN 3arac SIpKOCTU
IUIsI KOMITIEHCAllUY TIaJieHUsI CBeTa IpU Iepexoae
yepes KryT WLS-BonoKkoH.

2.3.2. Bropoii ctena. OH co3naH sl UCClea0Ba-
HUSI pabOThI CUCTeMbl MOHUTOPUPOBAHMS C UCIIONb-
30BaHMEM BOJIOKHA OOKOBOTO CBEUYECHMSI, UMUTHPY-
oleil paboTy Ml JUHENKM U3 BOCBMU MOMYJEN
OMK. B cBeToHenmpoHUIIaeMOl KOMHAaTe OBLI
MOMEILEeH TAaTHBIIA MonyJib U3 16 6ameH (puc. 4),
BIOAb XTIyToB WLS-BOJIOKOH KOTOPOTO TIPOTITH-
BaJINCh ABa BOJIOKHA O0KoBoro ceueHust SOF-2
JUAMETPOM 2 MM U JUIMHOM OKOJI0 3 M B IMOJIMKap-
OOHATHBIX TPYOKaX C BHYTPEHHUM AUAMETPOM 3 MM
M TOJIIMHON cTeHKM 1 MM. Ul COnpsiKeHMsT ABYX
BOJIOKOH CO CBETOAMOA0OM Ha 3D-mpuHTEpe u3ro-
TOBJIeH TiepexogHuK. CrheM cBeTa ¢ WLS-BoloKOH

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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Puc. 3. Pe3ynbraT u3MepeHus aMILIUTYA curHaioB ®DY

B otcueTax 3LIIT HemocpencTBeHHO U3 BojiokHa SOF-

2 (pacmipeneneHue cripaBa) U u3 kryra WLS-BookoH,

Koraa BosiokHO SOF-2 moMmelieHo BHYTPU BOJOKOH
KryTa (pacripesielieHue clieBa).

ocyliecTBiasicsa oronpueMHukaMu Hamamatsu
MPPC S13360-6050 ¢ akTUBHOI1 061aCTBIO 6X6 MM?
B PacueTHBIX TOUKAX PACIIOJOXEHUSI KOHKPETHBIX
bameH moxyieit DMK, uTo co3maBano MMHUTAIIAIO
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Puc. 4. ®ororpadus ogHOTO M3 TUIIOB MOIyIeii. Bum-
HbI XTyThl WLS-BOIOKOH, BIOJb KOTOPBIX TIPEAIaraeTcst
pa3melneHue BosiokHa SOF-2.

paboThl cUCTeMbl MOHUTOPUpPOBaHUS ajs1 128
kaHanoB. CurHanbl ¢ (OTOAETEeKTOPOB ITomaBa-
auch Ha 64-kaHanbpHblii ALLIT [7], cneuunanbHO
pa3paboTaHHbIi aJis1 KagopumeTpa MPD. Pesyib-
TaThl U3MEPEHUST aMIUIMTYIbl CUTHAJIOB ITOKa3aHbI
Ha puc. 5. YcpeaHeHHbIe 3HaUeHUSI IJIMH 3aTyXaHus,
BBIYMCJIEHHBIE ¢ MTOMOIIbI0 ¢opMyibl (1), cocTa-
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< 4000+
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JImHa BOJTHBI, CM

Puc. 5. 3aBucumoctb curHana B orcuerax ALLIT ¢ ¢do-

TONETEKTOPOB HECKOJbKHUX OallleH C HEYETHBIMU HOME-

pamu (BojiokHO No 1) 1 YeTHBIMU HOMepaMu (BOJIOKHO

Ne 2) miis pa3HbIX MOIysieil B 3aBUCIMOCTH OT PacCTO-

sHUS 10 cBeTonuona. Kpusble — pe3ynsTaThl anmpoK-
CHUMaLWH.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

Bum <A,> = 18.3 cMm, <A,> = 148.4 cMm 17151 mepBoro
BosiokHa U <A,;> = 17.3 cm, <A,> = 124.1 cM 17151 BTO-
pOro BOJIOKHA, YTO COBIIAgaeT B Mpeneiax OlnOKU
C MOJIYYEeHHBIMM 3HAYEHUSIMU Ha MEPBOM CTEHE.
DTO 0Ka3aJa0Ch JOCTATOYHBIM JUIST TTOCTABIIEHHBIX
3aJ1ad CCTeMbl MOHUTOPUPOBAHUS.

Takum o06pa3oM, OCHOBHBIM JTOCTOWHCTBOM
MEPBBIX IBYX KOHLEMUMI CUCTEM MOHUTOPUPO-
BaHMS C TOMOILIBIO MHTErpUpyloLieii chepbl UIn
LMJUHIpA SBISIETCS BBICOKASI OMHOPOJHOCTh CBE-
TOBOTO TTOTOKA JJIS OTACABHBIX OallleH KaJopuMe-
Tpa. K HegocTaTKaM 3THUX CHCTEM HY:KHO OTHECTH
CJIOXKHYIO CHCTEMY OINITOBOJIOKOHHOM KOMMYHUWKA-
LIMK Y, KaK CJIeACTBUE, JOPOroBu3Hy. K peanuzanun
MPUHSITA KOHLIEIUSI Pa3BOIKM CBETA C MTOMOIIIBIO
BojiokHa SOF-2 kak HanboJiee SKOHOMUYHAS U TEX-
HojormyHas. YTo odeHb BaXXHO, JaHHAs CIUTUT-CH-
cTeMa 3aHWMaeT Majloe MECTO BCJEICTBUE OTpa-
HUYEHHOTO CBOOOMTHOI'O IMPOCTPAHCTBA BHYTPU
3JIEKTPOMAarHUTHOTO Kajgopumerpa MPD.

3. UCCIIEAOBAHHUE ITPOTOTHUIIA
CUCTEMbI MOHUTOPUPOBAHWA
BIEKTPOMATHUTHOI'O KAJIOPUMETPA

bein pa3paboraH mum3aiiH WM co3gaH IIPOTO-
TUIT CUCTeMbl MOHUTOpUpoBaHusg DMK, raoe cBer
OT OIHOIO CBETOOMOIA pacrmpeneisercs Ha 256
OalleH, T. €. OIUH KJIacTep, KOTOPhIii COOTBETCTBYET
OIHOI KOP3WHE 3JIEKTPOHMKU CYUTHIBAHUSI CUTHA-
JIOB ¢ (pOTOIIPHEMHUKOB.

Bonokna 6okoBoro ceueHust SOF-2 nuametpom
2 MM U JJIMHO# OKOJIO 3 M IIOMEIIEHBI B TTOJIMKAp-
OoOHaTHBIE TPYOKU ¢ BHYTPEHHUM IUAMETPOM 3 MM
W TONIIUHOMN cTeHKU 1 MM. 1719 comnpsizkeHUsT BOJIO-
KOH CO CBETOAMOAOM ObLI pa3dpaboTaH U U3TOTOB-
JieH Ha 3D-mpuHTepe criennaabHbINA AepXKaTelb, K
OITHOI CTOPOHE KOTOPOTO KPEMUJICS CBETOOMOI
¢ IpaiiBepoM M MOHUTOPHBLIM (DOTOAMOIOM IIPOU3-
BonctBa HVSYS [8], kK npyroii cropoHe — yeTbipe
BOJIOKHA O0KOBOTO cBeueHUs. Kaxmoe BOJTOKHO
pacnpenensiao cBeT Ha 64 xryra WLS-BoOJIOKOH,
KaK IoKa3aHo Ha puc. 6. Micoib3oBaiach ITaTHAsI
cucTeMa CYMThIBaHUM curHajoB DMK, kak omnu-
caHo B 1. 2.3.2.

B manHOM mpoToTuIle HaOIOmaeTCsl 3HAaYUTE I b-
HOe CBeueHHre BOJU3M CBETONMOMA (CM. TTIOSCHEHME
K popmyne (1)), a TakxKe Ha TOplie BOJIOKHA, TIIE
CBET BBIXOIUT HAPYXKY U 3aCBEUMBAECT IIPUJICTAIOIIIE
JKTYTHI BOJIOKOH 3a CUET OTPaKeHUS OT CTeHOK. brlia
WCII0JIb30BAaHA TEXHOJIOTHS MMOJaBIeHUST OOJIBIINX
curHajaoB — Ha BojsiokHa SOF-2 BOIM3u cBeTOAM-

Ne 2 2025
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Puc. 6. ®otorpadust hparMeHTa MOIYJIsl KaJIOpUMETpa

C TIPOTSIHYTBIM BOJIOKHOM BHYTPH ITOJIMKapOOHATHOM

TpyOKU. BTOpOE BOJTOKHO PACIONIOXEHO 3€pPKaTbHO
C IPYTO CTOPOHBI MOIYJIS.

ola ObUIM HAIEThl YEPHBIC TEPMOYCAA0YHbIC TPYOKHU
JUTMHOM OKOJIO 8 ¢M, Ha JaJbHMX KOHIIAX — TPYOKU
IUTAHOI IIpUMepHO 1.5 ¢M, BEITIOJHSIJIOCH YepHEHME
BBIXOJHOIO TOplia BoJiokHa. Kak ciencrBue, yiyu-
IIKUJIACh OJHOPOAHOCTh MOHUTOPHBIX OTKJIMKOB
171 KaHaiaoB DMK u pacimmpuicsd iuHaMUYeCcKuit
IMana3oH MPUMEHEHMs CUTHAJIOB OT CBETOIU-
ona. Ha puc. 7 npuBeneHbI pe3ylbTaThl U3MEPEHMUS
CUTHAJIOB OT cBeToamona s 64 GoTomeTeKTopoB
OalleH KaJopyMMeTpa 10 1 MocJjie ToaaBAeHUs CBeTa
Ha KOHIIaX BOJIOKHA.

JlaHHbIC KPUBBIE OTIMYAIOTCS OT MOJYYCHHBIX
paHee pacmpeaelieHUil CBETOBBIXOIAa B BOJOKHAX.
OODBICHSIETCS 3TO TEM, YTO KaJIOPUMETP UMEET IIPO-
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€KTUBHYIO TeOMETPHIO, CJIEAOBATEIBLHO, PACCTOSTHHUS
Mexay (otomeTekTopaMu pa3Hble. HyxXHO Takke
MPUHSITH BO BHMMaHUe, 4yTo KaHaisl DMK mpensa-
PUTEIBHO HEe KaJTuOpOBalNCh, T.€. HE YITCHHI pa3-
Jnuus B 3¢ HEKTUBHOCTU perucTpauuu (poToaeTek-
TOPOB, HEOAMHAKOBBIE KO3(MOUIIUEHTHI YCUICHUS
(OTOIEKTOPOB M KAaHAJIOB 3JIEKTPOHUKU, HEOTHO-
POIHOCTb MOIJIOIIEHUSI CBEeTa XI'yTaMu BOJOKOH
" apyrue (aKTOpHI.

bbuia uccienoBaHa 4OJAroBpeMeHHasl CTabub-
HOCTh IIPOTOTHUIIA CUCTEMbl MOHUTOPHPOBAHUSI.
W3mepeHus i 4eThIpex KaHaJoB MPOIOJIKA-
nuck 350 4, TeMmepaTypHas KOMIIEHCALMSl CUTHA-
JIOB (pOTOIETEKTOPOB TIPU 3TOM ObLJa BKJIIOYEHA,
HCIIOJIb30BaJIOCh BO3AYIIHOE OXJaXIEeHUE 3JIeK-
TPOHMKM, HOPMUPOBKA Ha CUTHaa OT (¢OoToaroma
He TIpoM3BoIMIach. YacToTa IomKIra CBeTONMONIOB
cocrapisna 0.1 T'u. Pe3ynbraThl U3MepeHUii npe-
cTaBlieHbl Ha puc. 8. Kaxmasg Touka Ha pUCYHKe
MpeacTaBisieT co0ol pe3ybTaT YyCpenHeHUs CUTHa-
noB ¢ ALIIT B Teyuenue 30 muH. BugHo, 4To pa3opoc
CHUTHAJIOB COCTaBMJI mopsiaka 1% 1o abCoMIOTHOIM
BEJIMYMHE, a TIepePhIB B pabd0oTe IMPOIOIKUTEIBHO-
CThIO MpUMEpPHO 13 U He oKa3aJl 3aMEeTHOI'O BJIUSI-
HUS Ha CTaOMJIBHOCTh CUCTEMbI MOHUTOPUPOBAHUS
KaJlopruMeTpa.

4. SAKJIIOYEHHME

B pa60Te npeacTaBICHbI PE3YJIbTAaThl UCCIICAOBA-
HUA TpEX KOHLIEMNILMWI CIIUT-CUCTEM CBETOIUOAHOM
CUCTEMbBI MOHUTOPUPOBAHUA SJICKTPOMArduTHOI'O

EHO

—— J10cJie

e v

40 60
Howmep Gamnu

Puc. 7. PacripeneneHust curHaioB oT 64 ¢hoToneTeKTOpoB GallleH KaTopuMeTpa BI0Jb BOJTOKHAa. CHHUE TOUKU COOTBETCTBY-
10T aMIUIUTYJaM U3MEPEHHbIX CUTHAJIOB 10, KPAaCHBIE TOUKU — CUTHAJIaM IOCJIe MOJABIeHUs CBeTa Ha KOHIIAX BOJOKHA.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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Puc. 8. CTabuiabHOCTb CUCTEMBI MOHUTOPUPOBAHUS 1T 4 OallleH B COCTaBe MmoxycekTopa 3a Bpemst 350 u.

KaynopuMeTpa yctaHoBKM MPD, moka3aHbl ux Hef0-
CTaTKM U IOCTOMHCTBaA. IlpemnoxeHa 1 majib-
Helimero ucnoiab3oBanust B OMK crmuT-cucteMa
Ha OCHOBE BOJIOKHa O0KoBoro cBeyeHus SOF-2.
WM3mMmepeHHast AjiMHa 3aTyxaHUsl CBeTa B BOJIOKHE
coctaBuia 135+ 15 cm. Mi3yueHo BIMsHUE 3alIMTHOM
NOJUKapOOHATHOM TPyOKU Ha CBETOBBIXOA. Briuuc-
JIeHBI KO3(PPUILIMEHTHI ITOTEPh MPU MPOXOXKICHUN
CBeTa OT cBeToauoaa a0 ¢oTtoaeTeKTopa I JaH-
HOTO THUIIA CIUIUT-CHUCTEMBI.

Pazpaborana KOHCTpYKLIUSI CUCTEMbl MOHUTO-
pupoBaHusa DMK, co3gaH U ucciaeqoBaH MPOTO-
tur. [IpyuMeHeHue TeXHOJIOTUHU MOoJaBJIeHUs CBeTa
Ha KOHIIaX BOJIOKOH ISl TaHHO# KOHG(UIypaluu
MO3BOJISIET YIYYIIUTh OMHOPOIHOCTh U PACIIMPUTH
JTUHAMWYECKUIT Auana3oH N3MeHEeHUSI THTEHCUBHO-
CTU CBETOAMOAOB IIJII MOHUTOPHUPOBAHUST KaHAJIOB
OMK. TlokazaHo, 4TO JaHHas KOHCTPYKIUMS 00Ja-
IaeT PSIIOM KOHCTPYKTUBHBIX JOCTOMHCTB, TaKHUX
KaK IPOCTOTa MCIIOJHEHUSI, TEXHOJOTUUYHOCTD,
JlellleBM3Ha, Majoe MPOCTPAHCTBO IJIs pa3Mellle-
Hus BHYTpU DMK, BO3MOXKXHOCTD JIETKOI 3aMeHBI
B CJIy4ae BBIXOHA M3 CTpOsi. Pe3ynbraTel n3MepeHMin
MOKa3ajii, YTO JOCTUTHYTAasl TOUHOCTh U CTAOWIIb-
HOCTb CUCTEMbl MOHUTOPUPOBAHUS YIOBJIETBOPSIIOT
TpeOOoBaHUAM DKCITEpUMEHTA.
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