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1. BBEAEHUME

B muoroueneBoM skcnepumenTe CITACHAPM
(ciMHOBBIE ACUMMETPUU B 00pa30BaHUM YapMO-
Hus) B HULI “KypuatoBckuiit uHcturyr” — MDBD
Ha KaHaje 14 ycKopuTelbHOTro KoMIniekca Y-70 B
HacToslee BpeMs IIpoaoKaeTcsl oOIIMpHast mpo-
rpamma ucciienopaHuii [1]. DkcnepuMeHTalbHasK
yctanoBka CITACYHAPM [2] umeeT B cBOEM cOCTaBe
YEeThIpe CTAaHIIMU IBYXKOOPAMHATHBIX CIIMHTUILIS-
LIMOHHBIX TOAOCKOIOB, KOTOPbIE pACHOJI0XKEHBI Ha
(bUKCUpPOBAaHHOM PACCTOSIHUU APYT OT Ipyra BAOJb
OCH Ty4yKa A0 ero BXoJa B MUILIeHb [3]. DTu gerex-
TOPHI ITpeAHAa3HAYECHBI IUIST BBIYMCIICHUST KOOPIMHAT
TOYKM B3aMMOIEICTBHSI ITyYKOBOM YaCTHUIIBI C BEIlle-
CTBOM MUIIIEHU.

B naHHoi1 paboTe onvcaHbl OpUTMHATBHBIC TEX-
HUYEeCKHe peIleHUsI, NCII0JIb30BaHHbIC IPU pa3pa-
0OTKE KOHCTPYKILIMM W M3rOTOBJIEHUM TOZOCKOIIA
MEPBOM CTAHIIUM U MPUBENEHBI HEKOTOPhIE DKC-
MepUMEHTAJIbHBIE PE3YJIbTaThl, XapaKTepU3YIOIIne
Ba)XXHOCTb 3TOr0 AETeKTOpa ISl KaueCTBEHHOTIO
aHau3a JaHHBIX.
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2. KOHCTPYKLIHMA T'OJOCKOITA

Tpebyemble reoMeTpudyecKue pa3Mepbl YyBCTBU-
TEJIbHOW 00JIACTM U KOOPAMHATHOE pa3pelleHue
TOIOCKOIIA OIIPEALIISIIOTCS pa3MepaMu ITyuKa B MECTe
€ro pacloIOXeHUsI Ha PACCTOSIHUU ACCATH METPOB
OT LIEHTpa IOJISIpU30BaHHOI MuiieHU. Onupasch
Ha pe3yJbTaThl KCIIEPUMEHTOB, KOTOPbIe ObLIU
MpoBeIeHbl paHee Ha KaHaze 14 [4], ObLIO pelieHo
M3TOTOBUTH TOMNOCKOII, MePEKPhIBAIOIIMIA IIONIAb
OKOJIO 5% 5 cM? U Ompenensiomuii KOOpAMHATY
3apsSLKeHHOM YaCTHUIIBI C TOYHOCTBIO HE XyXe 2 MM.

YyBcTBUTENBbHASI 00J1aCTh KaXKIOH M3 KOOPIM-
HaTHBIX TIOCKOCTE ToJoCKOMa COCTaBjieHa U3
24 CUMHTUJUISIIUOHHBIX TMaJovyeK U3 MOJMCTUPOIa
u umeet pasMepbl 50 X 2 X 4 MM> (COOTBETCTBEHHO
IJIMHA, IIMpUHA U TOJILIMHA IO IIyuKky). Bce
MaJOYKA 00CPHYTHI ATIOMUHU3MPOBAaHHBIM Maiina-
POM TOJIIIMHOMN 25 MKM U TUIOTHO MPUJIEraloT Apyr
K apyry. IInockocTu pacnojiokeHbl OfHa 3a Apy-
roii Ha MUMHUMAaJbHOM paccTosTHUU. ONTUUYEeCKUe
CBETOBOMbI U3 OPrcTeKIa, UMEIIIEe ONMHAKOBOE
CeYeHNe CO CHUHTWILIATOpaAMHM, TIPUKIICCHBI K HUM
ONTUYECKOM BIMOKCUIHOM CMOJON U Takxke obep-
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HYTBI aJIIOMUHHU3MPOBAHHBIM MaiJlapoM IO BCeit
JUTMHE 10 CTBIKOBKU C (DOTOAETEKTOPOM.

B kauecTBe meTekTOopa CUMHTULUISILIMOHHOTO
curHasa ObLT BbIOpaH HEAOPOTOM UM HaJEXKXHBIH
MaJIoTabapUTHBINM (POTORIEKTPOHHbBII YMHOXUTEIIb
DHY-85 (mmameTp (poToKaToma COCTABISICT 25 MM
npu ajavHe Koyosl 107 MM) ¢ CypbMSTHO-11€3UEBBIM
(¢otokaTonom, 00J1aJaIOIIMM BBICOKOM CIIEKTpasib-
HOM YYBCTBUTEJIbHOCTHIO M HU3KUM TEMHOBBIM
TOoKOM. Ero BpeMeHHBIE U CIIEKTPOMETPUISCKUE
napaMeTpbl XOPOILIO M3YyYeHbI [5] U moaxoasT ms
YCTIEHTHOTO PENIeHUS TTOCTaBJIEHHOM 3a1auM.

CBeTOHETIPOHMIIAEMbII1 aTIOMUHUEBBIN KOPITYC
roJI0CKOIIa UMeeT KBaapaTHYI0 (popmy. BHyTpM Hero
BIOJb KaXXI0¥ CTOPOHBI pa3MelleHbl 1Mo 12 MTyK
DdDY, pa3neneHHBIX TOHKUMHU TIePEeTOPOIKaAMU U3
TEKCTOIUTA. Pe3ucTUBHBIE BHICOKOBOJIBTHBIC ACIIM -
TeJIN HATIPSIKEHUST M3TOTOBJICHBI ITO PEKOMEHIOBaH -
Hoit 11t aToro Tuna MDY cxeme. ConpoTUBICHUE
KaXI0ro U3 HUX cocTaBsieT oKoJjio 2.2 MOwm. ITuTta-
Hue Bcex MDY ocylecTBasIeTCs OT OOIIEro UCTOY-
HHKa BBICOKOTO HalpsikeHUs. s MHAUBUIYaIb-
HOIT HACTPOMKM KaXKIOTO CUSTIMKA HCITOJIb3YIOTCS
MHOTroo06opoTHblie noteHuuoMeTphl Tuna CII-37b
(1 Bt, 2.2 MOM), BKJITOYEHHBbIE MOCIEI0BATEIbHO
¢ neautensiMmu. OHU CMOHTUPOBAHbI Ha ABYX OIU-
HAKOBBIX ITeUaTHHIX I1aTax. OCU MOTEHIMOMETPOB
BBIBEIEHHI Ha TEPEIHION0 MTaHeIb pa3paboTaHHOTO
IUIST HUX MomyJisi. Beicokoe HaIpskeHue OT UCTOY-
HUKa (B paboueMm pexwume coctasiasier 1100 B)
NOJaeTCd Ha pa3beM, YCTAHOBJEHHBIM Ha 3aJHEN
MaHe I 3TOro MoayJisi. Tam e HaxoasITCs 1Ba MHO-
TOKOHTAKTHBIX pa3beMa Tuma PM32, oT KoTopbIx
nuTalone HanpsokeHus @DY Mo MHOTOXIIITEHBIM
KaOesIM TepenaroTcsl Ha IBa TaKMX Xe pa3beMa,
CMOHTHPOBAHHBIX Ha KOpIyce rogockora. Beico-
KOBOJIETHBIM MCTOYHMK M PETYJIMPOBOYHBIN MOOYIIh
YCTAHOBJIEHbI B CTOMKE 3JIEKTPOHUKMU B TOMUKE C
perucTpupymplleil anmnapatypoil cucteMbl cbopa
TMAHHBIX, Kyla IIPUXOISIT CUTHAJIBI C TOMOCKOIIa. DTO
TeXHUYECKOe PEIIeHHUE IT03BOJISICT OCYIIECTBIISITh
MOACTPOMKY OTIAENBHBIX KaHAJIOB IO0CKOIa HEMo-
CPENCTBEHHO MPpHY paboTe C IMyYKOM.

BaxHoli 0COOEHHOCTbIO TOAOCKOIIA SIBJISIETCS
HMCII0JIb30BaHNUE BBICOKOYYBCTBUTEIbHBIX (DOp-
muposarteneit HITM-12, pa3paboTaHHBIX U U3TO-
ToBJIeHHBIX B UDBD [6], pa3MelieHHbIX 6I1M3KO K
(pOTO3IEKTPOHHBIM YMHOXUTEISIM BHYTPH KOPITyca.
JlaHHOE pellleHre TTO3BOJIMJIO CHU3UTh UX padbodue
HaIpsiKeHUS U, KaK CIAeNCTBUE, YMEHBIIUTh TEMHO-
BbIE TOKM 1 OCJIa0UTh 3arpy30uHbie 3¢ PeKThl. TecT
CO CBETONMOIOM ITOKa3aJjl, YTO IPU TaKOM BKIIIOUEC-
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HUM KaXIbIii KaHa rofoCKoma MOXeT 00ecTieunThb
perucTpaumio UMITyIbCoB ¢ yacToToii 1o 10 MI11 6e3
notepu 3¢ dekTuBHOCTU. C YUYETOM TOTO, UTO MPU
Habope MaHHBIX NHTEHCUBHOCTD ITy4Ka HE IIPEBHI-
maet 3 - 10° yacTui/c, oTnagaeT HEOGXOIUMOCTD B
MOAIUTKE TTocieqHux nuHono ®DY. [Nutanue Beex
(opMupoBaTteneit ocyiecTBAICTCSI OT UCTOUHUKA
HAIPSKeHUST OTpULIATEeIbHONM TOJSIPHOCTU HOMU-
HayioM 6 B, pacrioiokeHHOTO psIIOM C TOTOCKOTIOM.
BreixogHbie curHansl (hopMHUpoOBaTeieii BHIBEICHBI
Ha pa3zbeMbl CP-50, pa3melieHHbBIe C IBYyX CTOPOH
Kopryca rogocKkormna, 1 1Mo KoakCuajJbHbIM KaOessm
C BOJITHOBBIM corpoTuBieHueM 50 OM mocTtymnaior
K perucTpupymolleil anmnapaType CUCTEMbI cOopa
JaHHBIX. 37eCch OHM MMpeo0pa3yloTcsd B mapadas3Hbie
LVDS (low-voltage differential signaling) nMITyJIbCBI
M TPpUXOOSIT Ha BXOIBI BpeMSI-IU(POBOTO IMpe-
obpazosatens (BLIT) EM-4 B KpelT-cuUcCTeMbl
“EBpoMUCC” [7]. DoTorpacdusi ronockoria co CHsI-
TOW KPBILIKOH, MpUBeNeHHAasI Ha pUc. 1, HATISIHO
WLTIOCTPUPYET PaCIOJIOKEHHUE BCEX €r0 KOMIIOHEH -
TOB BHYTPHU KoOpITyca.

Puc. 1. ®ororpadusi IByXKOOPIUHATHOTO CIIMHTUILISI-
LIMOHHOTO TOIOCKOIA B COCTABE KCIIEPUMEHTATbHOIM
ycraHoBku CITACYAPM Ha kanaie 14.
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3. SKCITEPUMEHTAJIbBHBIE PE3YJIBTATbI

By mpoaHanu3upoBaHbl JaHHBIE, TTOJYYEH-
HEBIE B XOJIe TECTOBOTO ceaHca B nekaope 2023 roma Ha
BBIBEICHHOM B KaHau 14 myuke mpotoHoB 50 [3B/c.
CuUrHaJbI CO BCEX IETEKTOPOB YCTAHOBKM PETUCTPU-
POBaJIMCH IO 001LIEMY TPUTTEPY, CHOPMUPOBAHHOMY
W3 COBIAZACHUS CUTHAJIOB OT TPEX CLIMHTULISILIMOH-
HBIX ITyYKOBBIX CYETYMKOB.

Ha puc. 2 npuBeneHbl CyMMapHbI€ CIIEKTPBI Bpe-
MEH perucTpaliy CUTHAJIOB CO BCEX KaHAJIOB TOI0-
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AHaln3 pe3y/IbTaToOB IIPOBOAMIICS IJIs BCEX COOBI-
TUIl BPEMEHHBIX CMEKTPOB BO BPEMEHHOM OKHE
20 He (¢ 90 o 110 menenusd mkansl adbemuce). [Ipo-
punm myyka mo obeuM KoopamHaTaM TOAOCKOIa
MoKa3aHbl Ha puc. 3.

Ha puc. 4 npuBeneHb HOpMUPOBaHHBIE pacIipe-
JEJICHUSI MHOXKECTBEHHOCTU — BEPOSITHOCTHBIE pac-
npeaeseHus: KOJU4ecTBa XUTOB B KaXKJA0U U3 TIoC-
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Puc. 2. CYMMapHI:IC CIIEKTPbI BPEMCH PErucTpaliu CUrHaJIOB CO BCEX KaHAJIOB roJ0CKOIIa OTHOCUTEJIbHO TpUTTEpPa: a — I10
KOOpAWHATeE X, 0 — 1o KOoopAauHaTe y.
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Puc. 3. ITpodwim myyka — cTaTUCTHKA YUCTa COOBITUIN B KaHAIaX TOMIOCKOTA: @ — 110 KOOpAMHATE X, & — [0 KOOPIUHATE Y.

NPUBOPBLI U TEXHUKA SKCITEPUMEHTA
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KOCTeii Ha ONWH TPUTTEP B 3aJlaHHOM BPEMEHHOM
OKHe. M3 3Tux rucrorpaMm clieayer, 4To Heapdek-
TUBHOCTH TOOCKOITa (HyJIeBass MHOXXECTBEHHOCTD)
COCTaBJISIET OKOJIO 2.8% 110 KOOpPAMHATE X U OKOJIO
2.0% no xoopauHate y. Eciin Xe npu BbIYUCIIEHUU
3(pHeKTUBHOCTH 10O0ABUTH YCIOBHUE 00sI3aTEIbHOIO
HaJIM4u1s TpeKa B LIEHTPAJIbHON 00J1aCTH ITyyKa pas-
MepoM 10 X 10 MM?, BOCCTAHOBJIEHHOTO TIO IPYTUM
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TOJ0CKOITaM YCTAHOBKU, TO JUIsl 00EHX TIJIOCKOCTEeM
MoJIyyaeTcsl 3HaYeHue okoJio 99%.

Ha puc. 5 mokasaHbl KOppeNsILUU CUTHAJIOB
110 ABYM KOOpAWHATAM B KaHallaX FOJOCKOIIa Iep-
BOI cTaHIIUM (TOPU3OHTAJIbHASI OCh) C CUTHAJIaMU
OT CUMHTUJIISILIMOHHOTO BOJIOKOHHOTO T'OJOCKOIIAa
(BepTUKaibHAsl OCh), PACMOJOXEHHOTO Jajiee IO
MyYKy Ha PACCTOSTHUU 6.75 M.
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Puc. 4. HopmupoBaHHbBIe pacripeneieHns MHOXKECTBEHHOCTH: & — I10 KOOpAWHATE X, 6 — 10 KOOPAWHATE ).
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Puc. 5. Koppeﬂ;{um/l CUTHAJIOB B KaHaJ1aX IBYX I'OIOCKOIIOB: @ — I1O0 KOOPIMHATE X, 0 — 1o KOOpaAuHaTe y. ITo ocsam oTino-
JKE€Hbl HOM€pa KaHaJIOB: MO TOPU30HTAJIBbHBIM — FOAOCKOIIA MEPBOI CTAaHLIMU, a MO BEPTUKAJIBHBIM — CLIUHTUJUISILIMOHHOTO
BOJIOKOHHOT'O IrogocCKolIIa.

MPUBOPBI U TEXHUKA SKCITEPUMEHTA  Ne |
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4. BAKJIIOYEHHUE

IIpencraBieHHBIN B HacTodIIe padoTe OBYX-
KOOPIWHATHBIN CHUHTWUISIIIMOHHBII TOOOCKOI C
IraroM OUCKPETU3alUy 2 MM IT0Ka3all BEICOKYIO
HaeXXHOCTh (PYHKIIMOHUPOBAHUS U CTAOMJIBHOCTh
napamMeTpoB Ipu paboTe B COCTaBe IKCIIEPUMEH-
tanbHOi ycTaHOBKM CITACYAPM Ha BhIBeneH-
HBIX IMyYKaX 3apsLKeHHBIX YaCTHULl YCKOPUTEIHHOTO
kKoMmIiekca Y-70. DPpheKTUBHOCTL KaxXmIoil W3
IUIOCKOCTeil romockormna Boiie 97%. U3rotosieH-
HBII TTOJIHOCTBIO M3 OT€UECTBEHHBIX KOMIIOHEHTOB
B BKCIIpecCc-MacTepCcKoil (hu3nuecKoii JadbopaTropun
NDBD, rogockon o61agaeT HU3KOM CTOUMOCTBIO U
OpPOCTOTOH B 0OOCTYKMBAHUMU.

BIIATOOAPHOCTHU

KoekTuB aBTOpOB BbIpaxkaeT MpU3HATEIb-
HOCTb aAMUHMCTPALIMU MHCTUTYTA 3a MOAIEPKKY
JTaHHOM padOTHI.

Hckpennsist bnaronapHoctsb agpecyercst B.A. Kop-
MUWJIHULBIHY, KOTOPBIN coOpas MpeacTaBAeHHbIN B
paboTe TomoCKo.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

OUHAHCHUPOBAHUE PABOThI

Pa6ora BeinonHeHa B HULI “KypuaToBckuii MHCTU -
tyT” — MD®BD npu pruHaHCcOBOIT momgaepxke Poccuii-
ckoro HaydHoro ¢onna (rpant Ne 22-12-00164).
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