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BrepBbie mpoBeieHbl CHHXPOHHBIE TPOCTPAHCTBEHHO-BPEMEHHBIE M3MEDPEHUST SMUCCUN YKECTKOTO PEHTIre-

HOBCKOT'O M3JIy9Y€HUsI BO BPeMsl Pa3BUTHS BBICOKOBOJIBTHOIO pa3psifia npu Hampsikenusx ~ 1 MB B momymer-

POBBIX OTKPBITHIX BO3JYIIHBbIX ITIPOMEXKYTKaXx. C UCIIOJIb30BAHUEM I'DYHIIbI CHUHTUIJIATUOHHBIX TE€TEKTOPOB CO

CBUHIIOBBIMHU AuadparMaMu U HAHOCEKYHIHON (POTOCHEMKH pa3psiga B COOCTBEHHOM CBEUEHUU MTOKA3AHO, 9TO

PEHTI€HOBCKOE U3JIyY€HUE IIOABJIACTCA B CTAIUN PAa3BUTHUA pa3pslla, KOrZla BO BCEM pPa3pdAJHOM IIPOMEXKYT-

Ke (i)OpMI/IpyeTCH MHO2KECTBO APKOCBETAININXCHA IIJIa3SMEHHBIX KaHaJIOB U IIPOTEKaeT TOK pa3pdla aMHJIHTy,HOfI

B COTHU aMIIep. HOKaSaHO, 9TO SMHUCCUSA PEHTI€HOBCKOI'O U3JIyYC€HUS (KBaHTBI C 3HepFI/Ieﬁ > 5K3B) MOZKeT

HaYNHATHCA IIPAKTUYICCKU CUHXPOHHO BO BCEM DPa3pAJHOM IIPOMEXKYTKE, BKJIIOYasd obJstacTu KaToJda 1 aHOda,

IIPUKATOJHYIO U IIPUAHOJHYIO O6.Ha,CTI/I7 a TaK>Ke CcepeJJuHYy pa3pdaJHOro IIpoMezKyTKa. HOJIy‘{eHbI CTaTUCTHUYEe-

CKHe paclipeJesjieHud CyMMapHOﬁ MOIITHOCTU U KOJIMYEeCTBa Ha6JIIO,HeHI/II7I BCIIBIIIIEK PEHTTE€HOBCKOI'O U3JIyYCHUA

BJIOJIb PA3PsATHOTO IIPOMEXKYTKA.
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fBitenre renepaluu KeCTKOrO PEHTTE€HOBCKOTO W3-
JIyYEeHUsI TTPOTSKEHHBIMUA BBICOKOBOJLTHBIMU Pa3psiJia-
MU 3aHHMAET Ba)KHOE MECTO B COBPEMEHHOH (pu3nke ra-
30Boro paspsiia [1]. HaburoseHne smuccnii peHTreHOB-
CKOTO M3JIy9YeHHUs B JIHAMA30HE OT MAJIBIX JIO OOJIBITNX
SHEPIuil OBIJIO 3aPErNCTPUPOBAHO KAK MPU WHUIIAAPO-
BaHUM PA3PSAJIOB B CPABHUTEIHHO KOPOTKUX (OT €MHMUIL
MM J10 nopsizika 10 ¢M) paspsiHBIX IIPpOMeXKyTKax [2-8],
TaK U B IPOMEXKYTKaX, [OCTUTAIONNX MeTpa u 0Oojee
[9-12]. OTesibHO CTOUT OTMETHTH IKCIEPUMEHTATBHbIE
JIAHHBIE, TOJYYEHHBIE BO BPEeMsl I'DO30BBLIX SBJIEHUN B
aTMocdepe, KOrjia perucTpUPOBAJIUCH BCIIBIIIKH PEHT-
[EHOBCKOIO U3JIyYeHUs OT HATYDPHBIX MOjHuii [13-15].
IIpenmonaraercs, uTo bu3uvecKue MpoIecChl, CBI3aH-
Hble C TeHepalyeil YKEeCTKOTO0 PEHTTEeHOBCKOTO U3JIyde-
HUs, [OJ/IIAIOTCS MACIITAOMPOBAHUIO, U TIOSTOMY MOTYT
OBITDH JIETAIBHO UCCJIEIOBAHDI B YCJIOBUAX JTAO0OPATOPHO-
ro skcnepuMenTa. Ha cerojinsg B JJaHHOM HAIPABJICHUN
HayJHOU JesSTeIbHOCTH y7Ke MOy IeHO MHOTO Pe3yJIbTa-
TOB: PACKPBITHI BpeMEHHbIE KOPPEJISIIANA SMUACCUAN PEHT-
FEHOBCKOT'O UB3JIYUEHUs C APYTUMU TUIAMU JIEKTPOMAT-
HUTHOTO u3Jryvenus [16, 17], ycranosieHbl sHepreTHye-
CKUIA CITEKTDP ¥ TPOCTPAHCTBEHHOE pacIpeiesieHrne KBaH-
TOB PEHTIeHOBCKOTO n3iyvenus [9, 10, 12, 18, 19], ompe-
JieJIeHa CBS3b SMUCCHUI PEHTTEHOBCKOTO U3JTY I€HUS C JIH-
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HaMuKOH paspsa [20, 21] u T.a. Paccmorpenst pasind-
HbIE KOHIIEIIIIH [IPOIECCOB, CIIOCOOHBIX CO3/IaBATH yCJIO-
BUS [IJIsI T€HEPAIINN 2KECTKOTO PEHTTEHOBCKOTO U3JIyde-
HUsl B rasopaspsiaHoii cpeme. CoO3JaHBI MOJIEIU COOT-
BETCTBYIOIIUX IIPOIECCOB Ha OCHOBE JIABUH yOEraroImx
JIEKTPOHOB [22, 23], cMbIKalomuxcs crpuMepos [24-26],
ObICTPBIX BTOPUYHBIX BOJIH noHU3anuu [27, 28|, pacipo-
CTPAHSIIOIIUXCS 110 IOBEPXHOCTH ILIA3MEHHBIX KaHAJIOB
pazsmunoii dpopmbl. B pane pabor [3, 21] ormeuasnocs,
9TO TeHepaIus PEHTTeHOBCKOTO U3J/Iy 9eHUsT HAOJII0aeT-
cs He B (paze pPaclIpOoCTPaHEHUs] CTPUMEDPHBIX KaHAJIOB,
a yKe I0Cjie IePEeMbIKaHUs IIPOMEKYTKa CTPUMepaMu
U TIPUXOIUTCS HA CTAIUIO PA3BUTHUS Pa3Psilia, KOTIA BO
BCEM IPOMEXKYTKe BO3HUKAET JO0 nuddy3HbIil pas3-
psigt, OO GOJIBITOE KOJUIECTBO IJIa3MEHHBIX KaHAJIOB.
Hanpotrus, B patorax [9-11] yrBepxkaaocs, 4ro rene-
paIst PEHTIE€HOBCKOI'O M3JIyIeHUs HAOJIIOIAETCH B pa3-
PSIHOM IIPOMEXKYTKE UCKJIIOYUTEBHO B CTAUH CMbI-
KAHWS OTPUIATEIbHBIX U MOJOXKATEIHHBIX CTPUMEPHBIX
kopoH. K coxkasieHuio, 0JHO3HAYHON KAPTUHBI BCEX SB-
JIEHUH, TaK WJIA UHAYE COIPOBOXKIAMOIINX IIPOIECC Te-
HEPAIMK >KECTKOI'0 PEHTIeHOBCKOI'O M3JIyYeHUsl BO Bpe-
Msl PA3BUTHUs MPOTSI)KEHHBIX BBICOKOBOJIBTHBIX Pa3psi-
JIOB, SKCIIEDUMEHTAJIbHO JIO CUX IIOpP YCTaHOBJIEHO He
6b110. OOYCIIOBJIEHO 3TO, C OMHON CTOPOHBI, IIPUHIIIIK-
aJIbHOM CJIOYKHOCTBHIO CAMUX SIBJIGHUI, KOTOpBIE Broba-
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BOK MOTYT PEaN30BbIBATHCS OJHOBPEMEHHO B YCJIOBUAX
skcrepumMenTa. C Apyroil CTOPOHBI, CKa3bIBAETCSI OTCYT-
CTBHUE SKCIIEPUMEHTAJIbHBIX JAHHBIX 110 HaOJIIOJEHUIO C
BBICOKMM BPEMEHHBIM (H& YPOBHE ~ 1 HC) M POCTPAH-
CTBEHHBIM Da3peIeHreM SBOJIIONUN PA3psjia B CTAIUN
reHepaluyu PEeHTIeHOBCKOI'O U3JIyYeHHsl IIPH OJHOBpPe-
MEHHOM YCTAHOBJIEHUH TPOCTPAHCTBEHHBIX 30H pa3psi-
Jla, OTBETCTBEHHBIX 32 SMUCCUIO TAKOTO U3JLy Y€HUS.

B nammoit pabore mHa mpmMmepe J1a00PATOPHOTO
pa3psiga, THAMAPOBAHHOTO TIpy Hamnpsikerusx 1 MB B
[IOJIYMETPOBBIX OTKPBITHIX BO3ZIAYIIHBIX IIPOMEXKYTKAX,
[IPOBEJIEHA CUHXPOHHAS MPOCTPAHCTBEHHO-BPEMEHHAST
JIOKAIM3arusi  0bJiacTell  TeHepaluu  PEHTTeHOBCKOrO
U3JIyYeHUs] BJIOJIb BCErO Pa3PsIAHOIO IIPOMEXKYTKA.
Pesynbrarsl paboThl MO3BOJIMIIA PACKPBITH CJIOXKHBIH
XapaKTep Pa3BUTHS MPOTIKEHHOTO BBICOKOBOJLTHOTO
paspsiJia B CTA UK MeHePAIUU KECTKOTO PEHTTEHOBCKOIO
U3JIyYeHHs] W OJHOBPEMEHHO YCTaHOBUTH IIPOCTPAH-
paspsija,
JIAHHOT'O THIIA 3JIEKTPOMArHUTHOTO U3JIy YEHUSI.

CTBEHHBbIE 30HBI CBHA3AaHHBIE C 3IMUCCHEH

B pabore umcnosb3oBasack 60JbIias BHICOKOBOJIBT-
Hasl YyCTAHOBKA, IOJPOOHO onncanHast B [29]. Ycranoska
[TO3BOJISIET II0JIy9aTh UMITYJIbChI HAIIPSIXKEHUST AMILIATY-
noit o 1 MB ¢ dppornrom =~ 200 HC U ATUTETLHOCTHIO
~1mMKc. B IpOBOIUMBIX KCCJIEIOBAHUAX HCIIOJIb30Ba-
JINCh UMITYJIbChI OTPUIATEIbHON HOJIIPHOCTU. BBICOKO-
BOJIBTHBIM UMITYJIbC TTPUKJIAIBIBAJICA K OTKPBITOMY BO3-
JIYIITHOMY [POMEXKYTKY JinHOil =255 cm (puc. 1). Bor-
COKOBOJIBTHBII 371eKTpos1, (KaTOM) MpejcTaBisieT coboil
00paTHBIN KOHYC, IO IEHTPY KOTOPOr'O BCTABJIEHA WUI-
sga. JImamerp CKpyIJIeHHON KPOMKH KOHYCa COCTaBJIs-
et ~ 36 cm. Hamporus KaTo/ia ycraHoBJI€H OIychepu-
YeCKUil CeTdaThlll aHO/I, 3aKPEIJICHHBI Ha OOPATHBIM
TOKOIPOBOJ. B 3KcmepnMeHTax M3MEPSIOCh HAIPSZKe-
HUE UMILYJIbCa, HOJAaBaeMOro Ha PA3PsIHBIN ITPOMEXKY-
TOK, M TOK C aHOJIHOTO IIIYHTA, YCTAHOBJIEHHOTO MEXKLy
aHOJOM U €ro KpeIUIEHHEM K OOPATHOMY TOKOIIPOBOIY
(puc. 1). XapakTepucTuky 37eKTPOMU3NIECKUX TATIH-
KOB TI03BOJISITTH U3MEPSITh TOK W HAIPs?KEHUEe Pa3psijia
C pa3perleHneM He Xy2Ke HeCKOJIbKUX HaHOCeKyH. Jlu-
HAMHUKA DPA3BUTUs Pa3Psla OTCIEKUBAIACH C UCIOJIb-
soBanueM jByX Kamep PCO (dicam C1) co BpemeHem
skcrozurun 60-70 ue. Kamepsr Ob1in CHHXPOHU30BAHBI
JPYyr € JIPYTOM C TOYHOCTBIO =2 (.5 HC W PErucTpupo-
BaJM KaJpbl C 3aJepPKKOil JPYr OTHOCUTEILHO JPYyTa
~ 10 uc. Kameps! ObLIN 3aKPBITHI CTEKJISTHHBIMEU CBETO-
dunsrpamu ¢ ~ 80 % nponyckanmem B guanasone 300—
400 aMm. Bross pa3psigaHOro mpoMeKyTKa Oblia yCTaHOB-
JIEH& TI'PYIIa CIUHTHLIAIUOHHBIX J1eTeKTopoB (SDI1-
SD6) pentreHoBckoro uziydenust (puc. 1). B ocHose ne-
TEKTOPOB HCIOJIb30BAJICH (POTOIIEKTPOHHBINA YMHOXKU-
resib (PIV-30), COCTHIKOBAHHBIH € MIACTUKOBBIM CIIHH-

Ground! High-voltage

electrode

Voltage
divider
region

Shell ring—

Detector array

Cathode

=3
S
=
o
(i}
s
=
&
(<]
=
B
ag
[¢]
3
e
[¢]

Puc. 1. (Ligernoit onuaitn) Cxema permcrpanuu peHTTe-
HOBCKOI'O UBJIYUYEHUS U3 Pa3psiTHOTO MPOMEXKYTKa T'PYII-
IO CHMHTHUJLIAIIMOHHBIX JIETEKTOPOB CO CBUHIIOBBIMU JTHA~
dbparmamu

TUJLISTOPOM, M3TOTOBJIEHHBIM U3 ITOJUCTUPOJIA CO CIIH-
TuwumpyonmMu gobaskamu (p-repdennn + POPOP).
Bo uzbexxanme HexkesraTeSbHBIX HABOIOK OT DPa3psia
PErucTpupyIoIasi 9acTh KayKJIOr0 JIeTEKTOPa ObLIa I10-
MellleHa BHYTPb AJIFOMUHUEBOI TPyObI, 110 BHYTpPEHHEN
[TOBEPXHOCTU KOTOPOIi OBLII JIOIOJIHUTEIBHO YCTAHOBJIEH
CIUPAJIBHBI MATHUTHBIN 9KPAaH U3 BHICOKOHUKEJIEBOTO
nepMaJsiiost. Best cOopKa JIOMOJIHUTEIBHO IOMEINAIach
BHYTPb OECIIIOBHOI CBHWHIIOBOI TpyObI, KOTOpasi MMe-
Jia TommuHy 1cM m BHyTpenHwmit jguamerp 12cm. Ha
TOPIE CBUHIIOBBIX TPYO ObLIN 3aKPEIIEHBI CBUHIIOBBIE
JuadparmMbl TOJIMUHON 1CM ¥ ¢ AuaMeTpoM CKBO3HO-
ro orBepcrus 4 cMm. DdderTuBHAS anepTypa JeTEKTO-
POB MO3BOJIsLIa pa30UBATh BECh PA3PAIHBIN IPOMEXKY-
TOK HA HE3aBUCUMbIE IIPOCTPAHCTBEHHBIE 30HBI 0J1aro-
JTapst HE IMEPECEKAIOMIIMMCS AllePTYPaM COCEIHUX IETEK-
TopoB. Ha ocu paspsamHoro mpoMexKyTKa JuaMeTp “Bbl-
pe3aeMbIx”’ 30H pa3psiia cocraiisii 12 cm. Takum obpa-
30M, pas3pellajiuch KaTo/Hasl, [IPUKATO/IHASI, aHOIHASI,
IpUAHOAHAs OOJIACTH M CepelnHA MPOMeKyTKa. LleHTp
Juadparm ObLI IIJIOTHO 3aKPBIT aJIOMUHUEBON (OJIBroit
TosuHo# 100 MKM, uTO cooTBercTByeT 100X Ocmabiie-
HUIO MOHOYHEPIe€TUIECKOr0 MydYKa (DOTOHOB C SHEPIH-
eit 5k3B. XoTs, ¢ yIeTOM MOIJIONEHNS HU3KOYHEPTeTU-
YeCKUX KBAHTOB B BO3JyXe IPH HOPMAJbHBIX YCJIOBU-
fAX HA JUCTAHIAA 1M OT OCH Pa3PHAIHOTO MPOMEXKYT-
Ka JI0 JIETEKTOPOB, MBI IIOJIATAE€M, UTO DPETrUCTPUPYe-
MBbI€ BCIIBIIIIKU PEHTIEHOBCKOI'O U3JIyYeHUsl 110 CBOEMY
SHEPIeTUYECKOMY CIIEKTPY CHU3Y OTrPaHUYUBAJIUCH Xa-
PAKTEPHBIMU SHEPTUSIMU B ITOIABJIAIONIEM OOJIBITUHCTBE
ciaygaes ~ 10-20 k3B. KanmubpoBounble 9KCIEPUMEHTDI
[IOKAa3aJId, 9TO KCIIOJIb3yeMble CIMHTUJLISIIUOHHBIE JIe-
TEKTOPBI MMO3BOJISAIOT PA3PENIaTh OJNHOYHBIE BCIIBIIIKA
PEHTTEeHOBCKOT'O M3JIyI€HUsI C BPEMEHHBIM Da3peIleHN-
eM He XyKe 3 HC, a BeJIMYNHA XapaKTEPHOrO JKUTTEPA
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Puc. 2. (Isernoii onnaiin) Bepxuss nasesb: THINYHBIE KPUBBIE TOKA U HANIPSKeHUs pa3psana. CpeHss IaHesb: XPOHOJIOTUs

pa3BUTHS Pa3PAaa, KQaApbl 1-6 oTMedeHbl Ha BepxHeil nane n. HuKHsAsa nane/ b: CHTHAJIBI TOKA, HAIPSZKEHN ST, PEHTT€HOBCKOTO

uzaydenus ¢ gereKTopoB SD1-SD6 B pa3juuHbIX BBICTPEIaX

Bcex DY nerekTopoB He npesBblimaeT 1Hc. B axcime-
PUMEHTaX CUTHAJIBI BCEX JIETEKTOPOB U U3MEPUTEJIbLHBIX
IATINKOB PErHCTPUPOBAIACH NA(PPOBLIME OCIILIOTPA-
davu (1TTn, 5T'Be6/ ).

Ha pucynke 2 npezicraBierHa XpOHOJIOTHS PA3BUTHSA
pa3psiia B HCCJIELyeMOM IIPOMEXKYTKE, BKJIIOYasl TU-
MYHBIE OCIUJIJIOTPAMMBI TOKA W HAIPSAXKEHUS Pa3psi-
ma. Biorarogaps crabmwibHOCTH PAOOTHI GOJIBIION BBICO-
KOBOJIBTHO# YCTAHOBKHU M XOPOIIEil TOBTOPSIEMOCTH BbI-
CTPEJIOB, TPUBEJCHHBIE KPUBLBIE TOKA W HAIPIKEHUS
MMPAKTUIEeCKN HAIEM HE OTJIUIAIOTCS OT JIIOOBIX JIPYTHUX,
MTOJTy I€HHBIX B YCJIOBUSIX UCIOJb3yeMOIl KOHMUTypaImn
3JIEKTPOJIOB ¥ TOJIIPHOCTU MPUKJIAIBIBAEMOTO UMITYJIh-
ca nanpsikerus. OcoBEHHOCTH IBOJIIONUU Pa3Psia HA
PA3JIMYHBIX BPEMEHHBIX CTAIUAX paHee OBbLIN MOIAPOO-
HO onmcanbl B paborax [21, 29]. TTostomy, cpasy ne-
peiizieM K CTajuu pa3BUTUs Pa3psiia (COOTBETCTBYIOMIE
npeupoboiHOil cTajun), KOrja HabJIONAeTCs reHepa-
Iisl PEHTTEHOBCKOTO M3JIyuenus. Bo-mepBbIX, OTMETHUM,
9TO 10 BPEMEHU 3TO Ta CTAJUsI PA3BUTHUS Pa3psjia, KO-
rIa 9epe3 MPOMEXKYTOK YK€ IPOTEKAET TOK B MAKCHU-
myMe 110 ~ 500 A (xapaKTepHbIil IPeBIMITYIIbC TOKA).
Hamnpsikenue paspsizia B 310 BpeMms 6m3ko Kk 1 MB. Bo-
BTODBIX, KAK [MOKA3bIBAET CTATUCTHUKA 110 MHOTHM BBI-
crpesiam (cepusi nopsiaka 1000 BbICTpeJIOB), reHepaus
PEHTTEHOBCKOTO M3JIyUeHusT HAOJIIOIaeTCs B TOH cTaun
8
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pasBUTHS pa3psijia, KOrja B IPOMEXKYTKE yKe BOSHUKA-
€T CJIOXKHAsl IUIa3MEHHAasi CHCTEMa, COCTOSINAS U3 MHO-
2KECTBa CTPUMEPHBIX KaHAJOB. Jlannbie (haKThl TO3BO-
JISTFOT IIPEJIII0JIaraTh, 9TO CyIIIECTBEHHYIO POJIb B IIPOBO-
[IUPOBAHUY I€HEPAIMHA PEHTTE€HOBCKOI'O M3JIYUYEHUs] MO-
IyT UrPaTh MOHU3AIMOHHBIE IIPOIECCHl B yIXKE Pa3BU-
TOIi IIJIA3MEHHOI CHCTEME, BIIOCJIEICTBUN IePeXoIsieii
B crajuio auddy3HOro paspsiga. 3aMeTHM, 4TO CXO-
JKH€ Pe3yJIbTAThI ObLIN TIOJLy YeHbl aBTOpaMu paboTsl [3]
IIPU UCCJIEIOBAHUY IJIEKTPUIECKUX ITPOOOEB BO3MYIII-
HBIX IIPOMEXKYTKOB JJIMHON 12 CM IIpU IIPUKJIaIBIBAHUN
K HUM UMILYJIbCOB Hampsikenusi ammuiaryaoir 200 kB.

Paccmorpum psifi OJMHOYHBIX BBICTPEJIOB Ha PuC. 3.
B mamubIX BRICTpEIAX IMUCCHST PEHTTEHOBCKOTO U3JTy de-
His ObLIA 3aPErHCTPUPOBAHA HEIIOCPEICTBEHHO BO Bpe-
MEHHBIX IIPOMEKYTKAX (POTOCHEMKU OBICTPBIMHU KaMe-
paMu, B OKHE CKBAYKHOCTH MEXKJy KaJpaMd JIByX Ka-
Mep, Jmbo Osu3ko K Hemy. llpmmedarenbHO, 9TO BO
BpeMst (POTOCHEMKH B IIJIA3MEHHO CHCTEMe Pa3psiIHOIO
[IPOMEXKYTKa HabJIFOIAI0TCSI MHOYKECTBEHHbBIE BETBATINE-
s IUTa3MEeHHbBIE CTPYKTYPBI, COCTOSINNE U3 CTPUMEPHBIX
KAHAJIOB, & TaKyKe HEKOTOPbIE Pe3yJbTUPYIOIINe I1JIa3-
MEHHBbIE KaHAJIbI, [IPOTSIMBAIOIINECS CKBO3b BECh pa3-
PSAIHBIN TPOMEXKYTOK U COEIUHSIONIIE TPOTUBOIIOIOK-
HBIE JIEKTPObI. IHTEPECHO OTMETUTH, 9TO BIOJb pe-
3yJIBTUPYIOIINX KAHAJIOB IIPOCJIEXKUBAIOTCS sIipKUe ce-
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Puc. 3. (IIsernoit ommaiin) IIpocTpaHCTBEHHO-BPEMEHHAS JIOKAIM3AIMs BCIBIIIEK PEHTTEHOBCKOTO U3JIyIE€HHUs B OJUHOYHBIX

BBICTpEeIax

pUYecKue CryCTKHU ILIa3Mbl, cosijatonme 3dderT “de-
TOYHOU CTPYKTYph’ KaHauos [30, 31]. Asropsl psja
pabor [27] upezmnoaraior, 4T0 TAKMMU 30HAMU MOLYT
ABJATHCS 00JIACTH MHTEHCHUBHOIO ILIA3MOOODPA30BAHUS
BCJIEJICTBUE TIEHEPAIlMd BTOPUYHBIX BOJIH HOHU3AIINU,
MMOSIBJIEHIE KOTOPBIX MOXKET COIPOBOXKIATHCS BCILIECKA~
MU Ha OCIIJLIOTPaMMaXx TOKa. MBI, OJTHAKO, TAKUX OCO-
OeHHOCTEel Ha KPUBBIX TOKA Pa3psijia C aHOIHOIO IIyH-
Ta He Hab/mOzaeM (32 MCKJIOYEHMEM HABOIKH OT IIHU-
POKOIIOJIOCHOTO PAJIMOU3JIYIeHNs, TAKKE TOPOKIAEMO-
ro paspsiziom [17]), B TOM uucie B MOMEHT IeHepaluu
PEHTIEeHOBCKOI'O U3J/IydeHusi. B mocienneM ciydae Kpu-
BbI€ TOKA OTHOCHUTEJIbHO IJIAJIKUAE, & XapaKTePHAs aM-
IUINTYA MPeJIbIMITYJIbca TOKa cocrasisier ~ 500 A npu
nanpsizkeauu ~ 1 MB. JletanbHblil aHa M3 M1a3MEHHBIX
cTpyKTyp Ha dororpadusx Ha PHUC. 3, 3aPETUCTPUPO-
BAHHBIX JByMsi KaMe€pPaMU C OTHOCUTEJHHOU 3aJ/1epPiK-
KOl JIpyr OoTHOCHTEeJbHO apyra ~ 10Hc, 1moxkazaJj, 4To
B MOMEHT T'€HEeDAIliU PEHTTEHOBCKOI'O W3JIy9eHUsl HU-
KAKNX 3aMETHBIX [E€PEMEIEeHNN CBETHAINXCS ILIa3MeH-
HBIX (DOPMUPOBAHUI He IIPOCIesKUBaETCsI. 1TO KacaeTcs
XapaKTepa SMHUCCUU PEHTIEHOBCKOI'O U3JIyUYeHWs B IIe-
pudepuo paspsifia, TO BHIHO, 9TO B HEKOTOPBI MO-

MEHT BPEMEHU reHepalys u3jryderns ((GOTOHBI ¢ SHEpP-
rusMu > 5 K3B u Bpsia u Beime =~ 300k3B B cooTBer-
CTBUHM C U3MEPEHUAMHE, DAHEee BBIIOJHEHHBIMU B [32, 33])
MOXKET HAYUHATHCS MPAKTUIECKA CHHXPOHHO BO BCEM
PaspsiIHOM IMPOMeXKyTKe. MUHUMAaJIbHOE 3HAYeHUEe OT-
HOCUTEJILHOM 3aJIEPKKH MEXKJIy HAYAJIOM POCTA CUTHA-
JIOB C PEHTTE€HOBCKHUX JeTeKTOpoB cocrasiseT (.51 He,
YTO YKJIAJBIBAETCSI B MACIITa® BEJIUYUHBI JKUTTEPA
ODY 1eTeKTOPOB, YCTAHOBJIEHHBI B CEPUU KAJIHOPO-
BOYHBIX M3MEPEHUH. AHAJOTUIHBIN pe3yIbTaT ObLI HO-
JIlydeH aBTOpaMu paboThl [4], rae ToxKe mpocieKuBa-
JIaCh CHHXPOHHAsI M€HEPAIldsl PEHTTEHOBCKOIO W3JIyde-
HUsI BO BCEM Pa3psIHOM IIPOMEXKYTKE, XOTs €ro JJjIu-
Ha ObLIa Ha MOPSIIOK KOpoue. PEHTreHOBCKOe n3J1y YeHne
[IPU 9TOM PETUCTPUPOBAJIOCH B CTAJINN PA3BUTUS Pa3psi-
Jla, KOTJia Yepe3 MPOMEKYTOK MPOTEKAJ TOK aMILITUTY-
JIO¥ HECKOJIBKO COTEeH aMmIitep. IHTeHCHBHOCTD BCITBIIIEK
PEHTIEeHOBCKOI'O M3JIyJYeHUsI HA PUC. 3 Pa3jIndHa BIOJIb
PA3PSTHOTO TTPOMEKYTKA, ITO MOXKET OBITH CBSI3AHO C
ecTecTBeHHOl ann3oTponueii uzsydenus [12], B Tom dnc-
JIe C ero CJIOYKHBIM CIIEKTPAJbHBIM COCTABOM M ODIIEit
CIIOPAINIHOCTHIO BO BPEMEHU U B IIPOCTpPaHCTBE. B 110-
JTABJISTIONIEM OOJILIIIMHCTBE BCIBIIIEK SMUCCUST PEHTTe-
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HOBCKOT'O WM3JIyYeHUsI HAOJIOAeTCHd B IPOMEXKYTKE OT
KPOMOK KaTOJIHOI'O KOHYCa JI0 3a3€MJIEHHOI'O aHO/IA.

T I T I T
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Puc. 4. (Isernoii onnaita) IIpocTpancTBEeHHO-BpEMEHHBIE
pacmpesiesieHusi CyMMapHON MOIIIHOCTH CUTHAJIOB M KOJIU-
9ecTBa HAOJIOMEHUN BCIBIIMIEK PEHTTEHOBCKOTO W3JIyde-
HHS, TOJIydeHHbIe B cepun n3 60 BbICTpesIoB

Ha pucyske 4 npejcraBieHbl CTaTUCTHYECKUE Pac-
IpEJIEIEHIs] KOJMIECTBA HAGIONEHNH BCIBIIIEK PEHT-
FeHOBCKOTO M3JIy9IeHUsI ¥ CyMMAPHONH MOIIHOCTH BCIIBI-
mek (Ps — cyMMa KBaJpaTOB aMIUIATYJ] BCEX MOJE3-
HBIX CHIHAJIOB BBIIIE YPOBHSI IIyMa) JUisl KaXKIo# u3
JIOKAJIM30BAHHBIX 30H Pa3psiHOTO MPOMEXKyTKa. Bu-
HO, YTO MHTEHCUBHOCTD M3JIyYeHUsI OTHIOAb HEe JOMHHU-
pyer B obsactu anoma (merekrop SD6). Xorst MOXKHO
OBLLIO OBl OXKUIATH 3/1€Ch OOJIBINON BKJIAI B IMUCCHUIO
PEHTTE€HOBCKOTO U3JIy9IeHHUs 38 CIeT TOPMOZHOTO M3JIy-
YeHUsl OLICTPBIX 3JEKTPOHOB Ha MeTAJUIMYeCKOM aHO-
Jie. XapaKTepUCTHIECKOe U3/ 9€HIE MATEPUAJIA CAMOTO
AHOJIa HAXOJUTCS HUZKE PACCMATPUBAEMOTO JHAIIA30HA
snepruii (poronos. IIpumedaTesbHO, YTO BLICOKAs MH-
TEHCUBHOCTb SMHCCHH PEHTTeHOBCKOI'O U3JIyUeHHs Ha-
6inogaerca B obsactu karona (nerekrop SD2), npuka-
tozuoit (nerexkrop SD3) u npuanoaHoit obaactu (nerex-
top SD5) u B cepenune npomexyTtka (merexkrop SD4),
rJIe TJABEHCTBYIONIYIO POJIb B TEHEPAIMA DPEHTTEHOB-
CKOTO M3JIyYeHUsl JOJKHBI UTPATH PACCESTHAS OBICTPHIX
9JIEKTPOHOB Ha sJIpaX KOMIIOHEHTOB Bozjayxa. Curna-
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Jbl ¢ merekropa SD1 penko perucTpupoBaMCh B IKC-
[epuMeHTe, a8 HAuOOJIbINAsl UX AMILUIUTYIA, KaK IIPaBU-
JIO, JIOCTUTAJIACh B IIO3/IHEH CTaJUU pPa3BUTHS Pa3psi-
nma. BeposiTHO, 9TO OBLUIO CBSI3aHO C 9aCTUIHBIM DA3BU-
THEM pPa3ps/ia B HAIPABJIEHUN KOPILyCa OOJIBIION ycTa-
HOBKU B obJiacTu 3a KarogoMm. Crarucruka HaOJIFOIeHU
TaKKe yKa3bIBAET HA HANOOJIEE BHIPAYKEHHYIO SMUCCHUIO
PEHTIEeHOBCKOIO M3J/Iy9€HUsI B CEPEIUHE MPOMEXKYTKA U
[IPUAHOHOM 00j1acT. B ¢BsI3U ¢ 9TUM, MOXKHO IIPEJIITO-
JIOXKUTh, 9TO MOHU3AIMOHHBIE IIPOIIECCHI, ITPOBOIUPYIO-
IIUe TEeHEePAIII0 PEHTI€HOBCKOTO U3J/Iy 9€HUsl, HHTEHCUB-
HEe BCEro Pa3BHBAIOTCS U CO3/IAI0T COOTBETCTBYIOIINE
YCJIOBUS JIjIsl TeHEPAIINY W3JLyYE€HUs] BIAJMA OT JIEKTPO-
noB. JlaHHOE TIPEIIOIOKEHNE HAXOMUTCHA B COTJIACHAU C
U3MEPEHUsIMU aBTOPOB paboThl [4], rie ObLIO ycTaHOB-
JIEHO, 9TO HanboJiee BEPOSITHOE MECTOIIOJIOYKEHIE UCTOY-
HUKA DEHTTEHOBCKOIO WM3JIyI€HUs HE CBA3aHO C IpHa-
HOJTHOH 00JIACTHIO U HAXOAUTCS Ha TUIyOUHE Pa3PsiTHOTO
[IPOMEXKYTKA.

OTra/jKuBasicb OT JAMHAMUKU Pa3BUTHS pa3psijia,
MOXKHO OBLIO OBbI OXKHJIATh, YTO YCJIOBUS JIJIsi BO3ZHUK-
HOBEHUS ILyYKOB WM JIABUH OBICTPHIX JIEKTPOHOB (J10-
KaJIbHbIEe O0JIACTA C TOJIEM BBINIE IIOPOra yOeraHws
~250kB/cM B Bo3ynHOI cpejie, B MaciTabe KOTOPBIX
SJIEKTPOHBI CIIOCOOHBI HAOPATH SHEPTUIO, JOCTATOTHYIO
IUIs mocseyiomero yoeranus [34]) Bo3HuKaT TOTIA,
KOIJIa [I€PBbIE CTPUMEPBI C AHOJA HOJIXOIST BILIOTHYIO
K KaTOJIy ¥ KOHTAaKTUPYIOT C HUM. B MOMEHT 3aMbIKAHUsI
CTpUMepa Ha JIEKTPOJI, TPOTUBOIIOJIOXKHON MTOJISAPHOCTH
BO3MOXKHO BO3SHUKHOBEHHUE MAJION 30HBI IPOCTPAHCTBA, C
OYeHb BBICOKMM 3JIeKTpudeckuM mosem [35, 36]. B ra-
KOI1 JIOKAJIbHO 30HE IPUKATOMHON 00/IaCTH C BHICOKUM
SJIEKTPUIECKUM TIOJIEM MOXKHO OBLIO OBI 0XKHUIATH CYIIe-
CTBEHHOI'O YCHUJIEHHUs] aBTO3JIEKTPOHHON SMUCCHH C I10-
caeayomuM bOPMUPOBAHUEM ITyIKOB yOErafoIux SJIeK-
TpoHoB [37]. B sKcuepumenTe sMuccus pEHTTEHOBCKOTO
U3JIyYeHUs], OJIHAKO, BCET/Ia HAUMHAETCS [1032Ke, CILyCTsI
JIeCATKNA HAHOCEKYHJI TOCJ€ MEPBBIX AKTOB 3aMBIKAHS
IIPOTUBOIIOJIOXKHBIX JIEKTPOJOB PACTYIIUME CTPAMEDaA-
MU C aHOJIA, U IIPUXOJUTCS HA CTAJINI0 PA3BUTHUSI Pa3psi-
Jla, KOIJIa B IPOMEXKYTKe HaOJII0JIaeTCsl PA3BUTasl CHCTE-
Ma ILUTA3MEHHBIX KAHAJIOB.

fcHo, 9TO MOy IUTh OMHO3HAYHBII OTBET HA BOIIPOC
0 TOM, YTO K€ 338 MEXaHN3M I'€HEepPAIUU PEHTTEHOBCKO-
IO M3JIyYeHUs OCYIIECTBJISIETCS B IJIA3MEHHON cucreMe
Ha puc. 2 u 3, J0CTATOIHO TPYyAHO. TeMm He MeHee, 0Opa-
TUMCS K pe3y/bTraTaM HejaBHux pabor [27, 28], B koTo-
PBIX paCCMATPUBAJIMCH BTOPUYHBIE IOBEPXHOCTHBIE BOJI-
HbI MOHUBAIMK, PACIIPOCTPAHSIIOIINECS] BIOJIb [LIa3MEH-
HBIX KAHAJIOB U CIOCOOHBIE CO3/IaBATh YCJIOBUS JJIs Te-
HEPAINK PEHTTE€HOBCKOTO u3iaydeHns. Ha Ham B3rvism,
9Ta KOHIIEIIWsl MMeeT IIPaBO Ha CYIECTBOBAHUE, II0-

8*
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CKOJIbKY B YCJOBHUSX pa3psja Ha pHUC.2 U 3 TeHepa-
Ul PEHTTEHOBCKOT'O M3JIyUeHUs HAOJIIOMACTCS UCKJIIIO-
YUTEHHO B PA3BUTOH CTauU pa3psijia, Korma popMu-
pyeTcst MHOXKECTBO INTa3MEHHBIX KAHAJIOB IIPU HAITPSIXKe-
unu 1 MB u mporekaer TOK paspsgia aMIuImMTyI0# 1mo-
psinka 500 A. B mozenu, npescraBientoii B [27], npen-
[IOJIATaeTCsl, YTO BTOPUIHBIE BOJIHBI MOHU3AINI BO3HU-
KAIOT 110 00€ CTOPOHBI OT 00JIACTHA CMBIKAHUS BCTPEIHBIX
CTPUMEPOB ITPOTUBOIIOJIOKHON TOJSIPHOCTA W PACITPO-
CTPAHSAIOTCS OT Hee (IOCJe KOHTAKTa BCTPEYHBIX CTPH-
MEpOB) BJIOJIb CTPUMEDHBIX KAHAJIOB. ABTOpAMU [OKAa-
3aHO, YTO €CJIU YIeCTh BOSHUKHOBEHNE BTOPUIHBIX BOJIH
MOHUBAIUU U JIAJIbHElIIee X PacIpoCTpaHeHue B IIPO-
THBOIIOJIOZKHBIE CTOPOHBI OT 0DJIACTY CMBIKAHUS BCTPEU-
HBIX CTPHUMEPOB, TO B JAHHON OOJIACTH IOCJIE KOHTAK-
Ta CTPUMEPOB MOTYT OBITH JOCTUTHYTHI 0OJIee BHICOKUE
SJIEKTPUYIECKUE TIOJIsi Ha 0OJiee MPOTSKEHHBIX yUIACT-
KaX IPOCTPAHCTBA, HEOOXOIMMBIX JIJIsI PA3TOHA, JJIEKTPO-
HOB JIO HEPruil, Mo Kpaitneit mepe, eguauil kaB. B mo-
Jlesid, [peJJIozKeHHol B pabore [28], He obcyxKuaiorcs
IPUYIIHBI BOSHIKHOBEHNSI BTOPUIHBIX BOJTH NOHUBAIINH,
HO PaCCMaTPHUBAIOTCS CHEIUMUKN UX PACIPOCTPAHEHUS
BJIOJTb UCKPUBJIEHHBIX TIJIA3MEHHBIX KAHAJIOB. B 9acTHO-
CTH, ONMCaH MEeXaHU3M TeHePAIlMl PEHTTeHOBCKOTO W3-
JIydeHusI ObICTPOM BTOPUYIHON BOJTHOM MOHU3AIUHU, TIPO-
XO/IAIIEH 00JIACTh C PE3KUM UCKPUBJIEHUEM ILJIa3MEH-
HOTO KaHaja. B Takoil cuTyarun MexaHu3M TeHePaIluu
PEHTTEeHOBCKOTO M3JIyI€HUsS MOXKET OBITh OIUCAH B TEP-
MUHaX SMHCCHU CHHXPOTPOHHOTO m3JjydeHus. Oxwuia-
€MO TaKyKe, 9TO YeM BBIIe CKOPOCTH BOJHBI M ITPOBO-
JUMOCTD TJIA3MEHHOTO KaHaJjIa M MEHBINEe PaJyC ero
n3ruba B IPOCTPAHCTBE, TEM CHUJbHEE BBIPAYKEHA IMUC-
CHsl PEHTT€HOBCKOTO n3Jsydenusi. B monenu [27], Hanpo-
THUB, NIPEANOJIArajiach HEBBICOKAS MPOBOJINMOCTD IIIa3-
MEHHBIX KAHAJIOB (IPYIUME CJIOBAME, DACCMATPUBAJIAC
MeHee MOHM30BAaHHAs CpPeJia), ITOOBI SJIEKTPOHBI B 00-
JIACTH CMBIKQHUS CTPIMEPOB MOTJIN YCKOPSITHCS C MEHD-
IMIMHU [TOTEPSIMU HAOMPAEMOIl SHEPIUU B BHUIY HUX Ky-
JIOHOBCKOT'O B3aMMOJIEHCTBU C JIDYTUMHU JEKTPOHAMU
ra3zopas3psaaHoil Ia3MBbl.

He wuckiroueno, uro oba MexaHm3Ma TeHepaIuu
PEHTIEeHOBCKOI'O W3JIyYEHUs, pacCMOTPEHHble B pabo-
tax [27, 28|, UpaBUIBHO IPEJICKA3BIBAIOT CYTh HAOJIO-
maeMbIx siBjienmit. Hampumep, Korga BCIEICTBHE CMBbI-
KaHWsI BCTPEYHBIX CTPUMEPOB BO3HUKAIOT PE3YJIBTUDY-
Iolue IIa3MEHHbIE KaHAJbl MEXKJy 3JIEKTPOJIAMU, U
10 HUM HAYMHAETCS PACIPOCTPAHEHNE BTOPUIHBIX BOJIH
nonmsaruu. Ecjin mpu 3T0M 00pa30BaBIIecs pe3y/IbTh-
pyIoIe KaHa/Jbl UMEIOT MHOXKECTBEHHbIE 30HBI C pe3-
KUMHA U3rubaMu U “4eTodHyio CTpyKTypy” (4rTo xapak-
TEPHO sl PE3YJIbTUPYIONINX KAHAJOB, HAOJIIOIAEMBIX
Ha puc.2 u 3), TO PACIPOCTPAHSIONIMECS [0 KAHAJAM

BTOPUYHBIE BOJHBI MOHU3AINNA MOTYT CO3/IaBATH yCJIO-
B JIJIsI TEHEPAIINU PEHTTEHOBCKOTO M3JIy9IeHUsI B COOT-
BETCTBHUH C 0DOMMU IPEJJIOKEHHBIMU MeXaHu3MaMu. B
9TOM ILUTAHE HHTEPECHO OTMETHUTD CJIELY IOl (haKT, 9TO
ecii OBl BOBHUKHOBEHUE SMUCCHHA DPEHTTEHOBCKOTO W3-
JIydeHust ObLIO CBSI3aHO C BOSHUKHOBEHUEM U ITOCJIE Ty IO~
M PACIPOCTPAHEHUEM BTOPUIHOM BOJTHBI HOHU3AIUH,
TO HAYAJO IMUCCAU JAHHOTO WU3JIyUEHUS JJIS KaXKJOIrO
JIETEKTOPA BJIOJIb OCU Pa3psija HAYNHAJIOCH ObI ¢ HEKOTO-
PBIM 3ala3/pIBaHMeM (€JIUHUIBI HAHOCEKYHN). Hampu-
Mep, MbI OBl Buzean 3aJepKKy B curHasax ¢ PIY or
aHo/a K KATOJy WM HA0OOPOT, UM K€ OT CEPEJINHBI
[IPOMEXKYTKA B HAIPABJIEHHH OOOWX 3JIEKTPOJOB. 3a-
METHM, YTO MOMOOHBIN PEe3yJIbTaT paHee ObLI MMOJIy9eH
B [4] upu uccienoBaHUU reHepaIU PEHTIEHOBCKOIO U3~
JiydeHusi B 12 ¢M BO3BJIYIIHBIX IIPOMEXKYTKaX. ABTOpam
VIaJI0Ch BBISSBUTH TEHICHIIMIO OIIEPEXKAIOIIET0 CUIHAJIA
PEHTIEeHOBCKOTO WM3JIyI€HUs W3 IPUKATOIHON obsactu
[0 CPABHEHUIO C CUTHAJAMU U3 JIPYTUX obJacTeil mpo-
MekyTKa. CKOPOCTDh PACIIPOCTPAHEHUS 00/IACTH TeHepa-
[UU PEHTTEHOBCOKIO U3JIyYEHUs OT KATO/A K aHO/Y Obl-
na ne meree 1010 cM/c. Mbl moslaraem, 9To TaK MM HHA-
1e Takoit 3deKT MOKHO IPOBEPUTH U B HAIIUX YCJIO-
BUSIX 9KCIEPUMEHTA B CIIEIUAIbHBIX U3MEPEHUAX, B KO-
TOPBIX PA3PSIHBIN IIPOMEXKYTOK OYIET ClIeIaH JJINHHEE,
a JIeTEKTOPBI OYYT 3aKPbITHl y3KUMU BEPTUKAJIbHBIMU
IeJIeBBIMI CBUHIIOBBIME fuadparmMamu. B mociemsyto-
X paboTax MbI TOCTAPAEMCSI ITPOBECTH COOTBETCTBY O~
II[HI€ 9KCIIEPUMEHTBI, OCHOBBIBASICh HA PE3YJIbTaTaX JaH-
HOIt pabOTHI.

PdunancupoBanue padorsl. /lannas padora dpu-
HAHCUPOBAJACH 3a cueT cpecTB Poccuiickoro HayIHOTO
douzma (rpant # 23-19-00524).
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