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MpeacraBneHbl skCNepUMeHTaNbHble NCCAEA0BAHUS 4-NPOBONOYHbBIX X-NUHYel Ha MOLEPHU3MPOBAHHOM reHepa-

Tope KVHT, cocTosiem 3 4eTbipex HU3KOMHAYKTUBHBIX KOHAEHCATOPOB, C MakcuMmymom Toka 160-250 kA, Bpe-

MeHeM HapacTanusi Toka 150-300 Hc npun 3apsaHom HanpsixeHun 45 kB. MNMpogemoHcTprpoBaHa BO3MOXXHOCTb

NCNONIb30BAaHNA FEHEPATOpPAa B KAa4eCTBE UCTOYHHUKA MATKOro PEHTreéHOBCKOro U3ny4YeHms npu NCnosib30BaHUN

cTtaHgapTHbix X-nuHyein npososodek n3 Al, Cu nan Mo gnametpom 25 mkm. lNokasaHo, 4To MogepHu3aLums

npuBeNa K yBeSIMYEeHNIO NHAYKTUBHOCTY, HO HE K YXYALUEHMIO NapaMeTpoB X-MnuH4Ya. ITO NPUBEIO K BOSMOXHO-

CTVU NPUMEHEHNA OAHHOIO reHepaTopa AN NUTAHUA CTaHAAPTHbIX X-nuHYel 1 Ux NCNoNib30BaHUSA B Ka4ecTse

WCTOYHMKOB U3JyHEHUSI AJ1si TOYEYHON MPOEKLNOHHON pagmorpadmm C NPOCTPAHCTBEHHBIM Pa3peLLEHNEM MO-

pagka 13-23 Mkm.
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1. BBEAEHUE

X-IMHYIA  PA3JIUIHBIX KOHQPUTYPAIMA  SBIAIOTCS
IPEKPACHBIMU UCTOYHUKAME KaK PEHTIeHOBCKOTO [1-6],
rak 1 YO-uznydenns |7, 8]. IlomobHble MCTOYHHKH
U3JIyIeHUST SIBJISIOTCST OMHUMU M3 CAMBIX MOIIHBIX
MAaJIbIX HMCTOYHUKOB MSITKOIO (SHEPrHsi KBAHTOB Me-
Hee HK3B) PEHTreHOBCKOrO HU3JIyYEHUs C IIOTOKOM
10%5-1016Br/cm® ]9, 10]. Topsiuas Touxa, obpasy-
IOIIAsiCsl NpU B3pbiBe X-IMHYA, HMMeeT MHUKPOHHBII
pasMep ¥ TIHMKOCEKYHJHYIO JJIATeIbHOCTH [11-13)].
Msrkoe perrrenosckoe uziydenue (MPU) uz ropsiyeit
TOYKM IIO3BOJISIET HCIIOJIB30BATH €ro Jiisi HCCIIEe0-
BaHUsi GoJbimoro umcia dusndeckux [1, 5, 6, 10] u
Guostormyeckux |5, 14] ITomumo  sToOTO,
X-MHY MOXKeT OBbITh WCIOJH30BAH B KadecTBe WH-

0O'BEKTOB.

TEHCUBHOI'O HCTOYHUKA JKECTKOT'O PEeHTTEHOBCKOI'O
usiydenus [15,16]. Bosbinas 9acrs 9T0ro usJydenus
reHepupyercd IIydKaMH YCKODEHHBIX 3JICKTPOHOB,
obpagyromuxcss B IpoIecce W Cpa3y Iocje B3PbIBa
ropg4eil TOYKU, B3aUMOAEHUCTBYIOIIMMU C IIJIOTHON
ILUIA3MON PSAJIOM C Hell. DTO U3JIydIeHne UMEET SHEPIHIO

Gonee H5k3B (wacro 10 MHOrMX [ecaTKOB K3B) m
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9KCIIEPUMEHTHI II0KA3bIBAIOT, YTO JIJIsi KOPPEKTHOM
paboThl CTaHIAPTHBIX X-IUHYEH HEOOXOIUMO obeciie-
quth TOK mopsigka H0—-100kA u Bpemsi HapacTaHud
okouio 50 He [17,18]. IIpu Toke cebimie 200 KA mupoko
UCCIIeIOBAINCh MMOpuIHble X-uaun [19], mpencras-
Jigrommue coboii KOPOTKYIO IIPOBOJIOUKY (IJIMHOI OKOJIO
2MM), [OMEIIEHHYI MeXKJy TYTOMJIABKUMHI KOHMU-
YEeCKUMU 3JIEKTPOJIaMU, HU3roTaBjiuBaeMble u3 W ¢
mebosbmoit mpumecsio Cu. Ilpm umcmosb3oBanum mo-
JOOHOI HATPY3KH HAOIIOMAeTCs 00pa30BaAHNE TOPSINX
rouek [12]. OmauMm u3 Hambosiee BaKHBIX (HAKTOPOB,
BJIUSIONMNX HA MPOIECC 00PA30BAHUS TOPAINX TOUEK,
SIBJISIETCsL CKOPOCTh HapacTaHus TOoKa. Kak mokas3ajo
MHOXKECTBO 9KCIIEDUMEHTOB, 00pa30BaHUE TIOPSIUX
TOYEK BO3MOKHO, TOJIBKO €CJIH CKOPOCTh HApaCTAHUsI
TOKa HpeBblaer 3Hadenne 1 kA /He [11]. B mociennee
BpeMsi HaOWpalOT IOMYJISIPHOCTH MaJjiorabapuTHBIE
PeHEPATOPbl TOKA, IIOCTPOEHHBIE C HUCIOJIB30BAHUEM
KOHJICHCATOPOB MaJIOii HHIyKTUBHOCTH,

IOIIUMUCSH HEIOCPEJCTBEHHO Yepe3 HarpysKy,

paspsiKa-
a He
0 TPaJUIMOHHOI cxemMa Mapkca ¢ HCHOJIb30BAHUEM
dopmupyromeii Junuun [12, 20, 21]. B nannoit cxeme
HalpszKeHne, 00ecIednBaeMoe TeHePaTOPOM, HAMHOTO
MEHBIIIE [0 CPABHEHHIO ¢ reHepaTopoMm Mapkca, 4ro
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Puc. 1. ®otorpacus BHewHero Buaa renepatopa KVHI: 1 — 6ak ¢ koHAeHCaTOpHO-KOMMYTaTOpHbIMU cbopkamu, 2 — BaKyyM-
Has Kamepa, 3 — BaKyyMHbIli Hacoc, 4 — AMarHoCTUYECKMe KaHabl

MOXKET He TOJIbKO BJIUATH HA 3()DEKTUBHOCTD HOpMU-
POBaHUS TOPAYNX TOYEK, HO U OIPAHUYHUTDH I'€HEPAIIIO
JKECTKOI'O DEHTTeHOBCKOro wu3iydeHus. Huskoe Ha-
[Ipsi’KeHNEe TE€HEePATOPa OIPAHUYMNBAET WHIYKTUBHOCTH
UCIOJb3yeMbIX KOHMbUrypanuit X-nmuH4eil, 9To Ha
[IPAKTHKE O3HAYaeT OUYEeHb OJIM3KOE PACCTOSHUE MEXK-
Ay TyTsSMu OOPATHOTO TOKA, CHUXKAIONIEE MIOCTYI K
guarnoctuke. OJHUM U3 PEHEPATOPOB, MOCTPOCHHBIX
II0 CXEMe C HCIOJIb30BaHUEM KOHJEHCATOPHO-KOMMY-
TaTOPHBIX cOOPOK, ObL1 reneparop MUHU, nmerormumit
MakcuMyMm Toka 250KA, BpeMsi HapacTaHUs TOKa
He npesblmatomee 220 He, a HalpsXKeHHe HA BBIXOZE
40kB [12]. Teneparop npexpacHo paboTaj ¢ X-IHuH-
JaMu B KadecTBe HArpy3ku. OIHAKO KOHCTPYKITHS
reHepaTopa MPUBOJNJIA K BBIXO/IY U3 CTPOsl KOHJIEHCA-
TopoB. [lo ananoruynoit cxeme B ToMCKOM HHCTHTYyTE
cunbHOTOUHON 3yekTpornku (MICD CO PAH) 6bur
paspaboran remeparop KUHI [22, 23], umeronuii
makcumyMm Toka 200KA u BpeMsi HapacTaHHs TOKa
okoso 200mc mpm wHanpsikermu 45kB. Temeparop
KUWHI' npoektupoBasics mjist pabOThl CO CTAHIAPTHBI-
Mu X-TMHYaMH Kak 0oJiee HaJeKHas MOIUMDUKAIIS
reseparopa MUHI [12]. O6a renepaTopa HuMeOT
[IPAKTUYIECKU OJMHAKOBOE YCTPOMCTBO, HO T'E€HEPATOP
KWHI, me obnamas TaKuMU BBLAAIOIMMUCT BBIXOJI-
HBIMH [1apaMeTpaMi ¥ pa3MepoM, sIBJseTcs OoJiee
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HAJIE?KHOU M JOCTATOYHO KOMIIAKTHOU YCTaHOBKOM,
WCIIOJIB3YEeMOl JJIsl MCCJIEIOBATEIbCKUX IIeJIell, B TOM
qucie Jjisi paboThl ¢ HAIPY3KOH B BHJIE Pa3JIAIHBIX
koudurypanuit X-nunueii [24, 25]. OcHoBHOH 11€/1bI0
JIAHHBIX SKCIIEDUMEHTOB S$IBJIFETCS TaKKe HU3ydeHUe
BO3MOXKHOCTU IIPUMEHEHUs JAHHOTO HU3KOBOJIBTHOIO
reHepaTopa MHUTAHUS CTAHJAPTHBIX X-MAHIEH U UX
WCIIOJIb30BAaHUSI B KadecTBe wucTodnmka MPU  mia
[IPOEKITMOHHON pPeHTreHOrpaduu pPa3JIuIHbIX 00beK-
TOB C BBICOKHM IIPOCTPAHCTBEHHBIM ¥ BPEMEHHBIM
pa3pernreHneM.

2. IIOCTAHOBKA 3SKCIIEPUMEHTA

OCHOBHO#1 KOHCTPYKTUBHOI 0COOEHHOCTHIO FeHepa-
Topa KNHI' aBisercs ucnoib30Banne KOHICHCATOPOB
mapku HCEIcap 50—-0.25 M, coBMeIEHHBIX ¢ pa3psiji-
HUKAMHU, IOJIKJIIOY€HHBIMI HU3KOWHIYKTUBHBIM I10/IBO-
JIoM K Harpyske. Hebouibinine pazmepsl BAKyyMHOI Ka-
MepBbI MTO3BOJIAIOT OBICTPO OTKAYUBATDH €€ 10 PabovIero
nasienns nuzke, yeM 5- 1074 Topp. IIpu sTom auamerp
caMoOll ycTaHOBKH cocTaBiseT Bcero 60cm. B momnous-
HEHUE K 9TOMY HEeOOXOIMMO IOIKJIIOYEHNE TeHEPpATOPa
K BaKyyMHOIl cHCTeMe, CHCTeMe HAKAYKN BO3IyXa U K
6JI0Ky nuTaHus. BHenHuil Buj remeparopa mnpeiacTras-
JIeH Ha puc. 1.
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Puc. 2. Cxema ncnonb3yembix METOLOB AMarHOCTUK: 1 — Ha-

rpyska reHepatopa, 2 — a/siMasHble (POTOAETEKTOPbI, 3 — Ka-

mepa obckypa, 4 — usobpasuTenibHa naacTuHa uan hoTonneH-

Ka, 5 — TecT-0bbekT, 6 — cpunbtpel, 7 — kpuctann CsAP-
cnekTporpada

leneparop KMHI' paspabarbiBajics [y TATAHUS
X-nuHYel ¥ UX UCIOJIb30BaHUSI B KAYECTBE UCTOYHUKA,
MSTKOTO PEHTTEHOBCKOTO u3Jiydenus. [eneparop mme-
er 8 jguarHocTmdeckKnx Kaxasos 4 (puc.l). Bee mnma-
THOCTUYECKUE KAHAJIBI CIEIaHbl TAKUM 06Pa30M, YTOOBI
OTBOJIUTH W3JIyYe€HUE OT UCTOYHUKA JJIsi €r0 HCIIOJIb-
30BaHUsl. B cTOpOHY KaKI0ro KaHaja CJIeJaHO OTBep-
crre 8 MM (ommcano Huzke). [TomoGHas reoMeTpust BbIl-
XOTHOHM 9acTH yCJIOXKHsIeT paboTy 0 JIMArHOCTHUKE HC-
TOYHUKA U3JTydenus. MHOrOYncIeHHbIE SKCIIEPUMEHTBI
10 MArHOCTUKE UCTOYHUKA U3JIyUeHHsT X-TTMHYIA TTOKa-
3aJ1i, IYTO B OOJIBIIIMHCTBE BHICTPEJIOB 00PA3YETCs rOpsi-
4asi TOYKa UM HECKOJIBKO spKuX To4ek [12,13]. Taxxke
HA TeHEPATOPE MPOBOJUINCH CEPUU IKCIIEPUMEHTOB 110
uccieioBanuio Y O-uzsyueHus: ¢ TOBEPXHOCTU B3PbIBa-
omuxcst Gousr [7,8,25]. anHble 9KCIEPUMEHTHI 1O~
Ka3aJIi CYIIECTBEHHbIE HEJOCTATKHU B BBIXOJHOM YacTh
reHepaTopa, YCJIOXKHIIOMMe paboTy 10 UCCJIEI0BAHIIO
ITA3MEHHOT0 00beKTa. B ¢BsA3: ¢ 9TUM BO3HUKJIA, HEOO-
XOJUMOCTD MOJIEPHU3AIMY BBIXOJIHOM YaCTH ME€HEPATO-
pa KHT'. I'eneparop KNHI" ocHalen mupoKumM crek-
TPOM PA3JIMYHBIX JIMAIHOCTHIECKUX YCTPOCTB. B Kax-
JIOM BBICTpEJIe KOHTPOJUPYETCS 3apsijIHOe HAaIpsizKe-
mue. Tok, mporekaromuii yepe3 HArpy3Ky, KOHTPOJIU-
pyercs ¢ nomotnbio mnosica Porosekoro. Ilomumo n3me-
DPEHUS JIEKTPUIECKUX CUTHAJIOB, UCIOJb30BAJIUCEH Pa3-
JIMIHBIE CIIOCODBI JIMATHOCTUKY TIAPAMETPOB HCTOTHUKA
n3ryderus. CxeMa paCIIOJIOKEHHS JIHArHOCTHIECKUX
YCTPOMICTB IIpe/ICTaBJIeHa HA PUC. 2.

JlJist perucTpaluu JINTeJIbHOCTH U MHTEHCUBHOCTHU
DPEHTIEHOBCKOIO W3JIy9YeHUsl C dHEpPrueil (hpOTOHOB OT
103B mo 10 k3B ucmnonp30BaInCch KAJINOPOBAHHBIE AJI-
masHuble dorogerextopst 2 (PCD) [26] (puc. 2). Pern-
CTpaIfs JIEKTPUIECKAX CUTHAJIOB IIPOBO/IUIACEH HA OC-
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nunorpadsl Mapku Tektronix ¢ mosiocoit mpormycka-
una 1 I'T'n. Bpemennoe pasperrenne (hoToaeTEeKTOPOB C
ITOJIBO/ISIIITUME KAOEJISIMU COCTABJISET IIPU KCIIOJIb30Ba-
HUW JJAHHBIX octujorpadon okoso 1uc. g Buzya-
JIN3AIMA UCTOYHUKOB M3JIy9YeHHUs HCIOJIb30BaJIACh Ka-
Mepa-obckypa 3 ¢ orBepcruem oT 30 MrM 10 200 MKM
(puc. 2). Iyist oupenesieHus! pasMepa UCTOTHUKA U3JLy-
9eHUsI MCIOJIb30BAJIACH CXeMa POEKIMOHHOW pEeHTTe-
Horpadun 1y M300parKeHns METAJLUINIeCKUX CETOK B
BuUjIe TeCT-00beKTOB 5 (puc. 2). Iljist peructpanum peHT-
reHOBCKOro 1 Y D-n3irydeHns NCroIb3yoTes n300pasu-
tesibable TIacTuabl Mapku Fuji BAS TR wau penrtre-
HoBckue poromenku mMapku Kodak DR-50. [ljisa pe-
CUCTPAIUU U3JIy9YeHHON SHEPIuu B PA3JIMYHBIX CIIEK-
TPAJIbHBIX IMANA30HAX WCIOJIB30BaJICd (buibTp u3 Be
TOJIIIMHOM 7 MKM, IIPOIYCKAIONN# POTOHBI C SHEPrUeiH
6os1ee 700 5B, 13 MaitTapa TOIIUHON 8 MKM, TPOITyCKa-
roruit hoToHbI ¢ dHeprueit Boimte 1 k3B, u dunpTp U3
Ti Tonmumo#t 12.5 MKM, IIPOITyCKAlONell N3JIyIeHne OT
2.5 1o 5k3B, namboJsiee xapaKTepHBIH yIACTOK CIIEK-
Tpa Jjig MSITKOIO PEHTTe€HOBCKOIO H3JIy9eHUsl M3 TO-
psgeit Toukn X-tma4a. s onpegesenns mapaMeTpoB
IUTa3Mbl UCTOYHUKA u3Jaydenus Ha rerHeparope KMHT
YCTAHOBJIEH CIIEKTPOrpad 7 ¢ BBIITYKJIBIM KPUCTAJLIOM
CsAP (puc.2) ¢ nepuomoM KpUCTAJJIMIECKON pemer-
K 26.6 A. Pajinycom KpuBU3HBI KPUCTAJIIIA COCTABJISAET
350 mMm. Ha puc. 3 mpuBesieHa cxemMa MOJTyUIEHUs CIIEK-
Tpa. st peructpaiun crieKTpa UCIoIb3yI0TC n300pa-
3UTEJIbHBbIE IUIACTUHBI WJIM PEHTTEHOBCKas (POTOILIEH-
ka. KoHcTpykius criekrporpada mo3BoJiseT U3MeHsITh
B IIIPOKUX IIPEJIEIAX YTOJ HAJIEHUs U3JTyYeHUs Ha 10~
BEPXHOCTH KPHCTAJLIA, KOTOPBII ITOIONPAETCs COTJIAC-
HO (bopmysie Bparra—Byabsda: 2dsin = mA, rue 0 —
YroJl OTpakeHusi, d — MEXKILIOCKOCTHOE PAaCCTOSHHUE
KPUCTAJIA, A — JJINHA BOJIHBI U3JIy9€HUs], M — IIOPsi-
JIOK OTpakeHusi. Ha BXOJHOM OTBEPCTHH CIIEKTPOrpa-
da ycraHaB/IMBaeTCs TOHKUN AJIIFOMAHU3UPOBAHHBIN
dbunbrp (rommuua Al < 1mkM), orcekaromuii dpoHo-
BYIO 3aCBETKY, HO HECUJIbHO yMEHBIIAOIINN HHTEHCHB-

HOCTDb U3JIydYCHUI.

Puc. 3. Cxema Bbinyksioro cnektporpada, yCTaHOBAEHHOrO Ha

reHepatope KUHI: 1 — uctoynuk usnyyenuns, 2 — Bbinyk-

noii kpuctann CsAP, 3 — nsobpasuTenbHas nnactuHa gns
perucTpauuy crekTpa
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Puc. 4. a,6 — Cxembl BbixogHoli Hactu renepatopa KVHT. 6,2 — ®otorpacumn obpaTHoro Tokonposoga: ucxogHoii (6,2) u mo-

JepHU3npoBaHHoii (a,6). 1 — obpaTHbIA TOKONPOBOA, 2 — CMeHHasi HacTb 0BPATHOro TOKONPOBOAa, 3 — Harpyska, 4 — CMeHHas

4acTb BbICOKOBOJIbTHOIO 3JIEKTPOAA, J — BbICOKOBOJIbTHbIV 31€eKTpog, 6 — cTakaH ans cbopa rpy3oB AN HATsHKEHUsI CTaHgapT-

Horo X-nuH4a, 7 — nosic Poroeckoro, 8 — andbdepeHuymansHblli aT4Hnk Toka («netis»)

3. PE3VYJIBTATHI 9KCITEPIMEHTA

Kak y»xke 0ObL10 cka3aHO paHee, BBIXOIHAS YaCTb
rerepaTropa KMHI' umesa HECKOJIBKO OTBEPCTH JIJIst
BBIBOJIA M3JIyUICHUS AUAMETPOM 8 MM M MaKCHUMAJIbHAS
JUJIMHA, HATPY3KN ObLIa OrPAHWYEHA 8 MM, UTO HE I103-
BOJISLJIO HCIIOJI30BATh HAIPY3KU OOJIBIIEH IJIMHBI UJIU
MCCJIE0BATh UCTOYHUKYM H3JIyYeHUsl OOJIBIIUX pasMe-
poB (cMm. puc.36,2). B gacraocTu, 310 OrpaHUIMBAJIO
BO3MOXKHOCTU II0 KCCJIEJOBAHUIO B3PbIBA (POJIBIM Ha
nojgobuoM reneparope. st Gosbmiero yaobcTsa uc-
TIOJIb30BAHUS JUATHOCTUIECKUX YCTPONCTB KOHCTPYK-
U BBIXOIHON 9aCTU TeHepaTopa ObLIa MOIECPHUSUPO-
BaHa. Ha puc. 4 npuBejieHbI CX€MbI BBIXOIHON YaCTH Te-
Heparopa u ¢ororpadun 0O6PATHOTO TOKOIIPOBOIA.

B skcmepumenTax ¢ HOBOI BBIXOTHOW YACTHIO UC-
[TOJIB30BAJIOCH OT 2 110 4 CTep2KHeil 00pPaTHOrO TOKO-
npoBojia. Vcnosib3oBanue IMOJ0OHON CXeMbl TO3BOJIM-
JIO U3MEHSITH JJINHY HATIPY3KU B IIUPOKOM JIUAIA30HE
(o 20 MM) ¥ HCCIEJ0BATH M3JIyY€HHE C ITOBEPXHOCTH
GOJIBIINX IPOCTPAHCTBEHHBIX 00beKTOB [27,28]. Hobast
KOHCTPYKIIMSI BBIXOJIHON YaCTH IeHEepaTopa OTKPBIBa-
eT OOJIbIle BO3MOXKHOCTEH I MCCJIeIOBAHUS X-TTHH-
qeit pa3amaIHbIX KOHMurypanunii va reaeparope KITHT.
Boiu nposesierbl cepun 9KCIEPUMEHTOB C PA3JIMYHBI-
MM ITPOBOJIOYKAMY B THOPUIHOM U CTAHIAPTHOM 4-TIPO-
BOJIOYHOM X-TimH4e. B Tabuie npuseena CBOTHAST UH-
dopMals 0 HaJIUIUEe MIIKOI'O PEHTT€HOBCKOIO M3JIy-
JeHusi ¢ Heprueil kBaHTOB Oosiee 1 K3B mpu wucrosb-
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30BaHMM PA3JINYHBIX [IPOBOJIOYEK B HArpys3ke. BujiHO,
9TO U3JIyYeHNEe PEruCTPUPOBAJIOCH BO MHOTHX BBICTDE-
sax. OgHaKO OBLIO 3aMEYEHO, UTO B PA3HBIX BBICTPEIAX
HabJIIOJIAeTCsT TOK PA3JIMYHOI (POPMBI, IIPH 9TOM OKa-
3bIBAETCS PA3JIMYHAs CKOPOCTh HapacTaHus Toka. Kak
[TOKA3aJIA SKCIIEPUMEHTHI, THOPUIHbIE X-TIHHIN PAbO-
TAKT TOPA3/I0 JIy4llle, YeM CTaHIAPTHBIE IIPOBOJIOYHBIE
X-IUHYU, B MIUPOKOM JIAAIIa30HE TOKA M CKOPOCTU Ha-
pacranuss Toka. OjHAKO paHee OBLIO M3BECTHO, UTO
craHJapTHble X-UHYIU OoJiee TpeboBaTe/IbHBI K I1apa-
merpaM Toka. l'eneparop KMHI' mocse momepuunsariuu
[TO3BOJISET UCCJIeI0BATh BIUSHIE TaAPAMETPOB TOKA Ha
IIPOTIECC B3PBIBA CTAHAAPTHBIX X-ITHHYIEH.

Ha pwuc.5 npuBenmenbr xapakTepHble (DOPMBI CHUT-
HAJIOB, KOTOPbIE PEruCTPUPOBAJIMCH HA TIE€HEPATOpe
KUHI' nmocne momepHu3anuu BBIXOJAHON YaCTH DU
B3PbIBE CTAHIAPTHBIX 4-IIPOBOJIOYHBIX X-TIHHYEH C TIPO-
BoJsioukamu u3 Cu Tosmuuoit 25 mxm. Ilpu sTom mpu-
BeJIeHBI PE3YJIbTAThI TEX BBICTPEJIOB, IIPU KOTOPBIX pe-
TUCTPUPOBAJTIOCH MATKOE PEHTTEHOBCKOE M3JIyJIEHUS 34
dunbrpom u3 Be Tommuuol 7mrM (Ey > 7005B) u
Maifinapa rosuumuoit 8 MM (E7y > 1k3B). Bugno, uro
MaKCUMyM TOKa coctayser oT 160 mo 230xA. Ilpu
9TOM BpeMs HAPACTAHUS TOKA 1O MAKCAMyMa M3MEHs-
erca B npegenax or 150 mo 300 HC, YTO COOTBETCTBYET
cpezHeil CKOPOCTH HAPACTAHUS TOKA 0 MAKCAMYMa OT
0.7 no 1.2 kA /uc. MoxKHO OTMETUTD XapaKTePHBIE OCO-
6eHHOCTH (POPMBI TOKA, U3 KOTOPBIX CJIE/YET, 9TO HHO-
rJla KOHJEHCATOPhI CcpabaThIBAIOT HE COBCEM CHHXPOH-
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Puc. 5. Ocunnnorpammel Toka (1) 1 curHanbl, 3aperncTprpoBaHHble C MOMOLLBIO aIMasHbIX (hOTOAETEKTOPOB 3a hUILTPOM U3

maiinapa tonwuHoii 8 MkM (2) n Be-punbtpom Tonwmnoli 7 Mkm (3) npu B3pbiBe 4-npoBosioHdHOro X-nrH4a C NpoBosoHKaMm

n3 Cu Tonwmnoit 25 Mkm. MpuBeseHbl pasnnyHble xapakTepHble opmMbl curHanos (a,6,6,2), perncTpupyemble Ha reHepaTope
KNHI

Tabnuua. [lpoueHT BLICTPESIOB C HaNMYMEM MSITKO-
ro PEHTFEHOBCKOrO N3JlyH4eHns ¢ SHeprueii bonee 1 kaB
npu B3pbise rnbpugHsix (MXM) u craHgapTHbix 4-npo-

BonoYHbIx X-nunyein (CXIM) Ha renepatope KUHI

X-nuny  Marepuas Eb?gf;eeg(f]]: ? Ebﬁ)gﬁ;;;FOB
CXII Mo 4 50 %

Al 6 30%

Cu 8 50 %
IXII Mo 30 90 %

Al 10 100 %

Cu 8 100 %

no. IIpu 3TOM MHOTJA 9TO BJIEYET yBEJINIEHUE MAKCH-
MyMa ToKa (puc. 58), & MHOrIa IPUBOAUT K GoJiee GbICT-
POMY HApPACTAHMIO TOKA, & MIOTOM TOK OCTAETCH MOCTO-
saHHbIM (puc. 56,6). B HEKOTODPLIX BBICTPEIaX HADJIO-
JaeTcsd CTaHAapTHasi (opMa TOKa OJIM3Kas K CHHYCOM-
JAJILHOI, HO IIPHA 9TOM MOT'YT Pa3/In4aThbCs MAKCUMY MBI
TOKa TIPH OJMHAKOBOH JUIUTEIBHOCTH (pHC. 5a,8).
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WcciteioBanns TOKA3bIBAIOT, 9TO €CJIM CKOPOCTH Ha-
pacraHus ToKa oKasbiBaeTcs 6osiee 1 KA /HC K MOMEHTY
CXKATHUA UIA3MBI, TO IIPOUCXOIUT OOPA30BAHUE SIPKUX
mwim ropsgaux Todek. OTIeIbHO B 9KCIEPUMEHTaX OBLIO
MCCJIEOBAHO BJIMSHIE [IAPAaMETPOB CTEPXKHEe 00paTHO-
0 TOKOIIPOBOJA HA IIPOIECC B3pbiBa X-muH4a. Kosm-
YeCTBO CTEPKHEH U3MeHsIIOCh oT 2 10 4 mryK. JuHa
cTepKHell n3MeHsnach ot 1 710 4 cM. Boimosineno 1o 4
BBICTpEJIa B KaxKI0i 3 koudwuryparuii. [Ipu srom na-
paMeTpbl TOKA, HAIPSKEHU W BPEMEHH HAPACTAHUS
TOK& OCTABAJIUCh B IIPEJIEJIaX CTaHIAPTHBIX OTKJIOHE-
unii. Tenepanus MPU npoucxoania takke npuMepHO
B 50 % ciay4yaeB, KaK U B OCTAJbHBIX IKCIIEPUMEHTAX
(cm.rabmmiy). Takum 06pa3oM, MOKA3aHO, UTO U3Me-
HEHUE TUX [IapaMeTPOB He OKa3bIBAeT CYIIECTBEHHOI'O
BJUSHUS Ha mporiecc obpaszoBanus mcrogyankos MPU
[pu B3pbiBe X-IWHYel. BO3HUKAOIIE NCTOYHUKA U3~
JIYIEHUSI OT TOPSTYMX WJIM sIDKUX TOYEK OBLJIH UCCJIE0-
BaHBbI Ha BO3MOXKHOCTH WX HCIOJb30Banus. OaHuM u3
HanboJjiee BayKHBIX ITAPAMETPOB SABJISETCS PAa3Mep n3-
sgyqatomeit obsactu. Hambosee nmpocTbiM u JeficTBEH-
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Puc. 6. 30bpakeHne menHoil ceTkn OT usnydeHusi 4-npososiodHoro X-nuH4a ¢ npososiodkamu n3 Cu TonwmHoi 25 MKkm,

3aperncTpupoBaHHOe 3a pas3nuyHbIMU uabTPaMu, N nponucu nodepHeHnii 3a Ti-punsTpom Tonwwmtoln 12.5mkm (1,2) n 3a

Al-cpunbrpamn Tonwmnoii 4, 8 n 16 mkm (3). Ha BbigeneHHbix dpparmeHTax SOMNONHNTENBHO N3MEHEH KOHTPACT Al HArIALHO-
ctn. Yeennyerne 1 : 10

HBIM CITOCOOOM OIPEJIEICHNs Pa3Mepa U3JLy daroreit 00-
sactu B guanazone MPU spisieTcst onpeesienne pas-
Mepa [0 PasMBITHIO Kpasl U300paskeHus B CXeMe IIPO-
eKIMOHHOI peHTreHorpaduun. i sroro Heobxommmo
oIy Th n300paxkenue Tect-oobekra. Ha puc. 6 mpu-
BeJIeHO n300parkeHne MedHOM ceTku ¢ 1marom 100 MM,
[TOJIy9E€HHOE OT U3JIydeHHs 4-IPOBOJIOYHOTO X-IIMHYIA
¢ nmpoBosioukamu u3 Cu rosmuaoit 25 mM. 300parke-
HUE€ II0JIyY€HO 32 Pa3InYHbIMU (PUJIBTPAMHE, 9TO [TO3BO-
JISIET CYJIUTHh O IMIPOCTPAHCTBEHHOM Da3pEelIeHuu B pas-
JINYHBIX CIIEKTPAJbHBIX IUAMA30HAX.

Ha npornucsix nmoyepHeHwil IJIACTUH [IPUBEIEHBI pa3-
MepbI Pa3MBbITHs Kpas N300PaKeHus, YTO SKBUBAJIECHT-
HO IPOCTPAHCTBEHHOMY pa3perienno. BuiHo, 9To pas-
perierne cocrasisier or 13 10 23 MM (puc. 6,1-3) B
Pa3/IMYHBIX CIEKTPAJIBHBIX JUAIIA30HAX U B Pa3/ind-
HBIX HAIIPABJIEHUSX: ITOMEPEIHOM U IIPOJOJIHHOM OT-
HOCHUTEJILHO KaTOJ-aHO/HOTO HalpasJieHus. [Ipu sTom
HanboJjiee MaJIeHbKUII pasmep 12 MKM IOJIydaeTcs 3a
Ti-dunbrpom, 9T0 COOTBETCTBYET SHEPTUHU (DOTOHOB OT
2.5 mo 5k3B, a 3HaYUT, B IKCIIEPUMEHTAX HADJIOIA-
ercsi ropsidasi Touka. JIaHHBINA pasmep HaOJIOIAETCS B
[IOTIEPEIHOM OTHOCHUTEIFHO KATO/I-AHOIHOTO HAIIPABJIE-
HOW, 9TO XaPaKTEPHO JIJIst PA0OThI X-TImHYe. BosbImoit
Pa3HUIIBI B IPOCTPAHCTBEHHOM Pa3pEIeHNH B [I0IIepey-
HOM U IIPOJIOJIbHOM HAIIPABJIEHUSIX 3aPErUCTPUPOBAHO
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ue Ob110, uTo orsmaaer CXII or I'XII, rme mabsona-
Jlach pa3uuiia B 2.5—3 pasa. Ha puc. 7 npusesien yBesu-
YeHHBIN (DparMeHT OCIUJLIOIPAMMBI IIPY B3PbIBE 4-11po-
BOJIOYHOTO X-TIHHYA C TPOBoIoUKaMu n3 Cu TOIIIIHON
25 mxMm. Ha puc. 56 npuBeseH moJHBI CUTHA OT TOTO
JK€ BBICTPEJIA.
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Puc. 7. VYBenndenHsblii cparmeHT ocuuanorpammbl (MosHbIi
cparmerTa Ha puc.56) Toka (1) n curnansl, 3apernctpupo-
BaHHbIE C MOMOLLbLIO afiMa3HbIX (POTOLETEKTOPOB 33 (hub-
TPOM 13 Maiinapa TonwmHoi 8 Mkm (2) u Be-cpunstpom Ton-
wuHot 7mkm (3) npu B3pbiBe 4-NpOBONIOHHOrO X-MMH4Ya C
npogoJsioykoit n3 Cu TonWmHOi 25 MKM
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Puc. 8. a — Ne-nopobHuili cnektp usnydenns Cu, 3ape-

rMCTPUPOBaHHLIZ C nomoLlbto Bbinykaoro kpucrasna CsAP,

npu B3pbiBe 4-npoBosiodHoro X-nuH4va Ha revepatope KUHI.

6 — lNponuncb cnekTpa ¢ BOCCTAaHOBAEHHBIMU ANMHAMU BOJIH

n pacyeTHbIli cnekTp n3nydeHuss Cu-nnasmbl C 3JEKTPOHHOIA

TemnepaTtypoii nnasmbl 1503B u anekTpoHHOI nnoTHoOCTbIO
510 cm~3

1437

6.

Puc. 9. ®otorpadus (a), pagnorpacdus (6) n ysenndeHHsbii

dparmeHT pagnorpacdun (6) bronornyecknx TecT-o6bEKTOB:

1 — cTebenb n couseTue, 2 — yrnepofHasi HUTb TOJLLMHON

10 mkm. Pagunorpacus nonyyena 3a punstpom n3 Ti Tonwm-

Hoii 12.5 MKM npu B3pbiBE 4-NPOBOAOHHOIO X-MUHYa C NPOBO-
noykamu n3 Cu TonwmHomn 25 Mkm

BuaHo, uro 0b6mast JIMTeIbHOCTh M3JIyYEHUsl [IPU
9TOM He TpeBbIIaeT 4 HC, IPU 3TOM BHUJIHA CTPYKTYpa
9TOT'0 U3JIyYEHUS, COCTOANIAA U3 HECKOJIbKNX BCIBIIIEK,
Kaxkjiasi U3 KOTOPBIX He 0oJjiee 1 HC, YTO MOXKET IOBO-
pUTH O MHOTOKPATHOM IHWHYEBAHUU. BpemenHoe pas-
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pellleHre perucTpUpyIOIieil anapaTypbl He IIPeBbIIIa-
er 1HC, 9TO TOBOPHUT O TOM, UTO B JIAHHOM CJIydYae,
BO3MOXKHO, MMEIOT MeCcTO 0OoJjiee y3Kue ITUKH pPEeHTTe-
HOBCKOI'O m3Jiy4eHus. Ha MMojoO0HBIX KOMITAKTHBIX T'e-
HEPATOPAaX BIIEPBBIE 3aPETMCTPUPOBAHBI CIEKTPHI U3~
JIyI€HUSsI, TIO3BOJISIOIIIE OIPEIEJIATh TAPAMETPHI IJ1a3-
Mbl. Ha puc. 8a npuBejieH XapaKTEpHBIA CIIEKTD, 3ape-
TUCTPUPOBAHHBIN IPU B3PBIBE 4-TIPOBOJIOYHOTO X-TIHH-
ga ¢ mpoBosioukamu u3 Cu rTogmmuoit 25 mxMm. Ha-
CcTpoiika yria ciekTporpada Mo3BOJISIET PErucTPUpPO-
BaTh Ne-mogobubiii cnekrp Cu. Ha puc. 86 npusenen
rpaduK MOYEPHEHUN ILIEHKU C IMIPOCTABJIEHHBIMA JIJTU-
HaMU BOJIH. BOCCTaHOBJIEHHE JJIMH BOJIH HA CIEKTPE
IPOU3BOJIATCS COIVIACHO IEPBUYHOII HACTPONKe, a Ja-
Jiee TOYHAS IPUBI3KA IPOUCXOIUT 0 HANOOJIee NHTEH-
CUBHBIM JINHUSIM. B JIAHHOM CIIEKTPAJIBHOM JUAIIA30HE
criekTp usiryderus: Cu-1j1a3Mbl MOYKHO PACCUATATH, UC-
nosab3ys nporpammy PrismSPECT [29]. Cuexkrpsr pac-
CUNTHIBAIOTCA JJIs PA3JIMIHBIX 3HAYCHUI ILJIA3MEHHOM
TeMIepaTypbl U 3JEKTPOHHON IIJIOTHOCTH IIPU 33 aH-
HOM pa3Mepe MCTOYHUKA, OMPEIeIIeMbIM U3 PEHTIEHO-
rpamMM TecT-00beKTOB, KaK ObLI0 moka3aHo Bbime. Ha
puc. 86 IPUBEIEH BOCCTAHOBJIEHHBIN CIEKTP, HanboJiee
ITOJIXO/ISIIITA T10]] SKCIIEPUMEHTAJIbHBIN, KOTOPBIN COOT-
BETCTBYET 3JIEKTPOHHOI TeMmeparype miaa3mbr 15058 u
ss1ekTpoHHO# maoTHOCTH 5 - 1020 eM 3. Takum o6pasom,
[IpY B3PbIBE CTAHJIAPTHBIX X-IIMHYEH HAOIFOIaeTCsl Tell-
JIOBOE M3JIyYeHUE OT sIPDKUX TOYEK IIJIa3MBbI.

ITomobubie ncrourukn MPU npekpacHo momxomar
JIJIS TIOJTy 9YeHHsT n300parKeHuil pa3/IndHbIX Ouojiornde-
CKUX ¥ ILUIA3MEHHBIX OObEKTOB C BBICOKAM IIPOCTPAH-
CTBEHHBIM pa3pernenneM. A MOJIepHU3UPOBAHHAS KOH-
CcTpyKIns BbIxosHOH yacTu reneparopa KMHI obier-
JaeT paboTy 110 BBIBOJY H3JIyYeHUsl Ha HCCJIEeIyeMbIil
00bekT. B KadecTBe mpuMmepa mosrydeHo m300parkenue
6uosornueckoro obbekra. Ha puc. 9 npusenena ¢poro-
rpadust (puc.9a) u pamuorpadust (puc.96) couserust
u crebenbka. Ha puc. 96 npuBesen yBesmaeHHbIi dhpar-
MeHT cTebesibKa, Ha KOTOPOM IIPEKPacHO BUJIHA BHYT-
pPEeHHsisl CTPYKTYpa U MeJIKHe JIeTAJi OUOJIOIUIECKOro
00bEKTa, ITO TOBOPUT O BHICOKOM Ka9eCTBE NCTOIHUKA,
U3JIyYeHUsST ¥ BO3MOXKHOCTH WCIIOJIb30BAHUS IIOI00HO-
I'0 UCTOYHUKA W3JIyYE€HUsI JIJIsT TOYEIHON ITPOEKITUOHHOMN
peHTreHorpadun.

4. BAKJIFOYEHUE

DKCIIEPUMEHTAIbHBIE UCCJIEIOBAHNS THOPUIHBIX X-
nuaYeil Ha MoguduimposannoM reaeparope KITHI mo-
Ka3aJi, 9TO W3MEHEHHE BBIXOIHON YacTH TeHepaTo-
pa TIpUBEJIO K YBEJIUICHUIO WHIYKTUBHOCTU HATPY3KH,
9TO, B CBOIO OYepeJb, IPUBEJO K YBEJIMICHUIO BpeE-
MeHU HapacTaHusi ToKa. OJHAKO 9TO MPAKTUIECKH HE
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CKa3aJI0Ch Ha rubpuaHbiXx X-nuH4uax. CraHmapTHbe X-
NUHYA CTaJgd paboTaTh HEMHOTO XYK€, HO IIPU ITOM
B OOJIBIIIMHCTBE BBICTPEJIOB 00Pa3yeTCsi UCTOYHUK MsiT-
KOO PEHTIeHOBCKOI'O W3JIyueHusi. Pasmep HMCTOYHU-
Ka W3JIydYeHus cocTaBjigeT 13-23 MKM B CHEKTDPAJIb-
HoM amamnasone 2.5—5 k3B. IIpu srom mmrenbHOCTD 13-
Jiyaenust He rpesbimaer 4 He. ITokazaHno, 9ro HambO-
Jlee BaXKHBIM I1apPAMETPOM OKA3bIBAETCS CKOPOCTDH Ha-
pacTaHdsl TOKa JI0 MOMEHTa 00pPA30BaHUS SPKOM TOU-
ku. IIpu sToM it 0O6pasoBaHus SIPKUX TOYEK 3HAYE-
Hue npousBogHON ToKa (dI/dt) Bbime 1KA/HC HeKpu-
TudeH. fpkue Toukm B X-TMHYAX HAOJIOIAINCH IPU
dI/dt > 0.8 kA /uc. [IpoBe/ieHBI CIIEKTPAIBHBIE UCCIIE-
JIOBaHUsI [apaMeTPOB ILIA3Mbl Ha IOJOOHBIX T'€HEpa-
topax. Temmeparypa mra3mbl cocrasisier 15038, npu
5TOM 3JIeKTPOHHAS IIOTHOCTB paBHa 5 - 102 cm 3. Ta-
KUM 00pa3oM, T'€HEPATOP MOXKeT ObITh HCIIOJIB30BaH
KaK JJIsi WCIOJIb30BAHUSA B KA4eCTBE HMCTOYHUKA JIJISt
[IPOEKIIMOHHOM TOYeYHOH peHTreHorpadun, Tak U st
WCCJIEOBAHUsST PA3JIMYHBIX IJIA3MEHHBIX HCTOYHUKOB.
IIpu sToM yBesmvyeHHOE 1MOJIE 3PEHUS U BO3MOYKHOCTH
HCCIIEZ0BATH O0BEKTHI PA3MEPOM 110 4 CM OTKPBIBAIOT
[IEPCIIEKTUBBI 110 UCCJIEJIOBAHUIO PA3JIMYHBIX I1JIa3MEH-
HBIX OO'BEKTOB, HAIIPUMED (DOJIBI WU B3PHIBAIOIIAXCS
IIPOBOJIOYEK.

dunancupoBanue. Pabora mogaepxkana Poccuii-
ckuM HayIHbIM dorgoM (rpart Ne19-79-30086).
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