PentrenoBsckoe N3JTYICHHUE KaK IMPOoAOJbHaA yaapHasi 3(1)an351 BOJIHA

Asmapos Esrenuit Muxaiinosny
Mocksa, nionb 2017r.

X-Ray u3inyuyenue kak 3(pMpHas CyILIHOCTh

PenTtrenosckoe xapakrepuctuieckoe nsiyuenue (X-Ray) — 3To pe3ynbraT OTBETHON peakLMM yIpyroi
KPUCTAJUIMYECKOM PELIETKU HAa BHEIIIHEE MEXaHUYECKOE yIapHOE BO3AECHCTBUE C MAJIOW JIIUTEIBHOCTHIO,
B pe3yJIbTaTe Yero BOZHUKAET MPOJOJIbHAS yaapHas 3(pupHas™ BoJIHa ¢ 04EHb KPYTHIM BOJHOBBIM
(bpoHTOM (YTBEp)KICHHE aBTOPa, KOTOPOE 0OOCHOBBIBAETCS B HACTOALICH CTAaThE).

B kadyecTBe MEXaHMUYECKOTO yIAPHOTO BO3JCHCTBUS MOXKET BHICTYIATh HAIPUMEP aKycTUYecKas
yJIapHasi BOJIHa, 00pa3yIoIascs Py CXJIOMBIBAHUN KaBUTALIMOHHBIX ITY3bIPHKOB B IOTOKE KUJKOCTH Y
MeTaJUIMYeCKON MOBEPXHOCTH **, 6oMOapIMpOBKa IOTOKOM Pa30THAHHBIX AJIEKTPOHOB MJIM TPOTOHOB
METaJUIMYECKOT0 aHOJa B BaKyyMe, U T.II

O pootcoenuu u uznyuenuu

X-Ray uznydenue — 3T0 yaapHoe ckaTHe 3pupa KpUCTAIUIMYECKON PEeIeTKON MPU BOCCTAHOBJICHUH
er0 GOPMBI KPUCTAITMYECKON PELIeTKH, TIOBEPrHYTOH JIOKAJILHOW YIPYTro# nonepedHoi negopmanui,
¢ o0pa3zoBaHKUEM MPOJIOJILHON A3(PUPHON BOJIHBI U3 SMUICHTPa JeGopMalnu.

@DpOHT NPOIOTBEHON BOJIHBI MOXKET MPEJCTABIATH CO00M OJIMH (MIIM HECKOJIBKO?), TEPUOI0B OBICTPO
CMaJaroIUX KOJIeOaHUH IUIOTHOCTH 3(Hpa C BEIXOJIOM Ha MIEPHOIbI Pa3PEKEHHOTO COCTOSHUS.

IIpu 3TOM HE BO3HMKAET NONEPEYHAs MEXaHUUECKasl BOJIHA B KPUCTAILIE, U KaK CIIEJCTBUE, HE BO3HU-
kaeT X-Ray n3iyueHne BJ10JIb IOBEPXHOCTU KPUCTAJUIMUECKOTO MaTEpUaa, YTO XOPOLIO COrIacyeTcs ¢
SMIOPOH MPOCTPAHCTBEHHON MHTEHCUBHOCTH PEHTTEHOBCKOTO M3JIy4€HUs1, KOTOpas BAOJb IOBEPXHOCTH
aHoJa npakTuyecku He pukcupyercs (Puc. 4). OnHOBpeMEHHO, 110 KOCBEHHBIM JIaHHBIM, HE BO3HHKAET
yaapHasi a3(pupHas BOJHa, HallpaBJieHHas BIUIyOb MaTepuasa aHo/a.

Ornune X-Ray uznydenus ot 'aMma n3mydeHHsl BBITEKAET U3 Pa3IMuus B IOBEIEHUH IPOAOJIBHOMN
yJIlapHOU BOJIHBI OT PA3JIETAIOLINXCS OCKOJIKOB JIEPHOTO AEIEHUS WU SIAEPHOTO CUHTE3a, IPU KOTOPOM
OJTHOBPEMEHHO pOXaeTcs MpooJbHas yaapHas 3pupHas BoyiHa, onpezaensemMas kak X-Ray uzinydenue.

CKOpoCTh pacrpoCcTpaHEHHsI PEHTT€HOBCKOH MPOI0JIBHOMN yaapHO#t 3pupHOit BoHBI (““1-bIi 3BYK™)
MOJKET OBITh KaK MEHbIIIE, TAK ¥ Ha MHOTO TIOPSIIKOB OO0JIbIIIE CKOPOCTH PACIPOCTPAHEHUS TaK
Ha3bIBAEMOI0 ‘“AJIEKTPOMArHUTHOTO U3JIy4EHUS .

B pentrenoBckux Tpyokax mpu Toke nopsaaka 200mA 3a 1mkS npoucxonut coynapenue oKoJo 1012

2
AJIEKTPOHOB C MOBEPXHOCTHIO MeTaUIMUecKoro anoja miomaapio (0.1-:-2.0) mm”, a nopokA€HHOE UMHU
X-Ray u3nydeHne npeacTaBisieT cO00 CYMepIo3UINI0 AIEMEHTAPHBIX yIApPHBIX Y(OUPHBIX BOJH,
MOJYYEHHBIX IPU CTOJIKHOBEHUH KaX0T0 3JIEKTPOHA C KPUCTALTMYECKON MOBEPXHOCTHIO aHO/Ia.

Ion a3¢pupom noHMMaeTcs cpeia co CBOWCTBAMM, ONMCAaHHAsA B paboTe:

“Ob6mas 3(prOHHHaMHKa. MOJIEJIMPOBAHUE CTPYKTYP BEILIECTBA U TTOJIEN

HA OCHOBE ITPEJICTABJIEHUI O I'A30ITOJIOBHOM D®UPE”, AlrokoBckuii B.A.,
Mockga, ‘“Oueproatomuznaatr’, 2003r. ISBN 5-283-03229-9.

** TloaTBepxaeHue nosiieHus X-Ray uznydenus c sneprueit 10 SkV ot ynapa kaBUTHpyomei
CTPYH O METAJUINYECKYIO IIOBEPXHOCTH!

“ PEHTTEHOBCKOE M3JIYUYEHUE TP KABUTALIMU BBICTPOI CTPYU XKUJKOCTH”,

Briconkuii B. U., Kopuunosa A. A., CeicoeB H. H., KueBckuii HallnOHanbHBIM YHUBEPCUTET

uM. T.lleBuenko, 01033 Kues, Ykpauna. MoCKOBCKHI rOCYyJapCTBEHHBIN YHUBEPCUTET

uM. M.B.JlomonocoBa, ¢pusnueckuii paxynbretr, 119991 Mocksa, Poccust. 14.09.2010r.



B 3aBHcHMOCTH OT BHJIa CTOJIKHOBEHHS 3apsDKEHHBIX YacTHUIL (JJOOOBOE MITH O] PA3HBIMH YIJIaMH) €
aTOMaMU KPUCTAJUIMYECKOU PEIIETKU, KayKbI 3JIEMEHTAPHBIN aKT COYAAPEHHUs POKIACT PA3HYIO
SHEPTHUIO MPOAOIBHOM AIeMEHTapHON yaapHOH 3pupHOI BOJIHBI. MIHTErpanbHas COCTaBIIsIOMmast
AJIEMEHTAPHBIX aKTOB COYAApEHHUs IPpeoOpa3yeTcsi B HEMPEPHIBHBIN ceKTp X-Ray uzinydeHus.

MakcumanbHoe 3HaueHue kV B cnektpe X-Ray uznyuenus siBnsieTcs pe3ysnbTaToM J000BOTO
(LIEHTPaAIBHOT0) CTOJIKHOBEHMSI € y3JIaMU KPUCTAJTIMYECKON PELIETKU aHOJa.

Increase KVp
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Puc. 1. Cnextp usznydeHus peHTreHoBcKoi TpyOku (manusie MOI'ATD), BEIOpOCHI —
3TO PE30HAHCHBIE YACTOThI KPUCTAININYECKON PEIIETKH MaTepuasa aHoa.

He noGoBoe coynapenust ¢ aToMaM# KPUCTAJUINYECKOM PEIIETKU BBI3BIBAIOT U MPOJIOJIbHBIE KOJICOAHUS
s¢upa BHYTPU KPUCTALTUIECKOM pEIIETKH, KOTOPbIE OBICTPO TacsATCs.

He noGoBoe coynapeHnn (CTOJIKHOBEHHS) 3apsHKEHHBIX YaCTHIl ¢ KPUCTAIITMUECKOH PELIeTKOH,
MOCIIEIHUE MTPOHUKAIOT Ha TITyOMHY B HECKOJIBKHMX €IMHUII CJIOEB aTOMOB C ITOJIHOM MoTepeii cBoei
KMHETUYECKOM 3HEPIuu, KOTOPasi B OCHOBHOM IIEPEXOJUT B TEIJIOBYIO SHEPIHIO.
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Puc 2. Kpucramiueckas kyondeckas 00beMHO-IIEHTPUPOBAHHAS CTPYKTypa

HawuOouee mydmme pe3ynbTarsl 0 BEIX0AY X-Ray n3nmydeHus moyryqaroTcs MpHu UCHOJIb30BAHUN
MaTepHAJIOB C KECTKUMHU aTOMHBIMH PEIIeTKaMH - KyOM4eCKMMHU 00BbEeMHO-IIEHTPUPOBAHHBIMHU (KaK Yy
mosmbaena (Mo) nmm Boabdppama (W), nin KyOM4eCKUMHU TpaHelleHTpUPOBAaHHBIME — Kak y anmasa (C),
HMMEIOIIETO CaMblil BBICOKUH BbIX0J X-Ray H3mydeHus, IIpy UCIOJIb30BaHUU €T0 B Ka4eCTBE MaTepuasia

aHoja X-Ray TpyOku.

HauunHnas ¢ HEKOTOPOTO PacCTOSIHUSA OT IUIOIIAAKH aHOJIa, Ky/ia TIOTaaioT JIEKTPOHBI (TaK Ha3bIBAEMOE
(oKyCHOE MATHO) UHTETPATBHYIO MPOIOJIBHYIO YIAPHYIO 3(DUPHYIO BOJIHY, UCXOISIIYIO U3 HEOOIbIIOH
TUTOIIAJIKH, UMEET TPEXMEPHBIN roiorpad HHTEHCUBHOCTEH ¢ PE3KUM IMaJeHUEM HHTEHCUBHOCTHU BIOJIb
MOBEPXHOCTH aHOJa JI0 HyJIsA, IO (hopMe MOXOKUH Ha IapOBYIO KAILTIO BOJIBI HA HE CMaYMBaeMOM
MOBEPXHOCTH - peaibHasi KAPTHMHA MPOCTPAHCTBEHHON MHTEHCUBHOCTH M3JTyYEHUS, YTO TIOATBEPIKIACT
ee pacrpocTpaHeHHe Kak MpoA0JbHOM ynapHoit a¢upHoii BonHbI (Puc. 4).

[Tagenue BIOJb MIOCKOCTH aHOA €IIle B HAMpaBIeHUH S5° moabema coctanisier 60%, mpu mpuodImke-
Huu Kk 0° pe3ko magaet o 0, a mpu 7° npessimaer 90% u ¢ 15°n no 165° cootBerctByer 100%, uTo
MOHO OOBSICHUTH TOJIBKO 1POO0IbHOU YOAPHOU dQUPHOL BOIHOU Cheputecko2o pacnpocmpaneHus.
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Puc 4. IIpocTpancTBEHHOE pacnpeielieHne HHTEHCUBHOCTH PEHTI€HOBCKOTO U3TYUEHUS
(110 MpaKTUYECKUM pe3yibTaTtaM) Bosib(pamoBoro aHosa npu 100k V.

Jlnst 00bEKTOB MEHBIIMX UM PAaBHBIX pa3Mepam IJIOHaku (POKYCHOTO MATHA (€ro MPOEKIUH B
HaNpaBJICHUU 00BEKTA), IS TIOJTYUYEHHUS JOCTOBEPHBIX PE3yIbTaTOB MPOXOXKICHUS X-ray U3ITydeHUs
gyepe3 3TOT 00BEKT, HEOMYCTUMO TpeHeOperaTh pacupeaeéHHOCThI0 HCTOUHUKOB 3JIEMEHTapHBIX
yIapHBIX 3(UPHBIX BOJIH MO MOBEPXHOCTU (POKYCHOTO ISATHA, YTO JOJKHO OBITH YYTEHO B pacyeTax.

BonnoBsie pyHKIMN X-Ray BOZHUKAIOT B CIIEACTBUH CBOMCTB 3(pHPHON yIapHON BOJIHBI, 00JIagaromeit
TaKMMU BOJHOBBIMU CBOMCTBAaMH Kak JU(pakuueit 1 nHTepdepeHIren, pacClpoCcTpaHEHUEM 10 3aKOHAM
0o0paTHO KBaJpaTHYHON 3aBUCUMOCTH HHTEHCUBHOCTH OT PACCTOSIHHUS HCTOYHUK — OOBEKT BO3JICHCTBHUA,

UT.AO....

O penmzen06CcKOM u3nyueHuu npu Kagumayuu cmpyu yxcuokocmu **

Puc. 13. Cxema gopruposariusg smopiurion perwizerosexon s0.11st 3,
oBpazyeMont 3a cuem sHympeness omparcerua 2 uexoonol yoapron

soanse 1 om nosepxrioeni 4.

Ecmun X-ray uznyuenue poxuaercs
YAAPHOU BOJIHOM CXJIOTIBIBAIOIINXCS
KAaBUTALMOHHBIX ITY3bIPbKOB, KaK OIMCAHO

B pabote “ PEHTTEHOBCKOE U3JIYUYEHUE
[PV KABUTALIMU BBICTPOI CTPYU

XKUJAKOCTU” (Boicoukuii B. 1.,
Kopnuiosa A. A., Ceicoes H. H.),

IIPU HEKOTOPBIX KOHCTPYKTHBHBIX
0COOEHHOCTSX, TTO3BOJIUIIO CO3/1aTh
YCTPOHCTBO KOMOMHUPOBAHHOTO aKyCTO-
PEHTI€HOBCKOTO B3aUMOJCHCTBUS C
MHOTOKpATHBIM ITPeo0pazoBaHUEM
PEHTICHOBCKUX U aKyCTHUECKUX YIapPHBIX
BOJIH Ha MOCJIeI0BATEIHHO
PacIoNOKEHHBIX MEX(pa3HbIX T'PaHHUIIAX.

Oo6napyxeHHbIe 3()(HEKThI
CBHUJIETEIILCTBYIOT 00 OTKPBITUH HOBOTO
(U3NIECKOTO SIBJICHUS, YTO TIO3BOJIMIIO
chopMUpoBaTh KOMOMHUPOBAHHBIC
aKyCTO-PEHTI'€HOBCKHUE JIUH3BI U CUCTEM
IUIS YIIpaBIeHUS U POKYCUPOBKHU
PEHTICHOBCKUX BOJIH
(cm. puc.13 u puc.14).



) TonmuHa TUH3HI B LIEHTpE ObLIa paBHA
! . g 4 mm. IlepBrlii cinydail COOTBETCTBOBAJ
D\ [5 ] (OKYCHPOBKE HTOTOBOTO PEHTTEHOBCKOTO
\ U3IY4YEHUs, a BTOPOH - 1e(hOKYCHPOBKE.

. ®opMUpPyEMOE TIEPBUYHON
. / KAaBUTALMOHHOM YJIbTPAa3BYKOBOU yIapHOU
] [+] , o BOJIHOM C MIOMOILBIO IIJIOCKO-BBIMYKION
. (BBEpXY) U IJIOCKO-BOTHYTOH (BHU3Y)
METaJUIMYECKHUX JTUH3, OB CO3/IaHbI:
. - CHJIbHO pacxoasiascs (BBEpXy),
E' s g e, fiese - TaK ¥ CWJIBHO CXOAsIIIasics (BHU3Y)
o L IR PEHTreHOBCcKasi d(PUpPHAs ylapHas
\ -4 ' _ X-Ray Bosina! (koMMeHTapuii MOil).

] ' e 2 L ol Ha moBepxHOCTH METAJUTMYECKOTO
—f [ ] g L ‘. i) 9KpaHa (2 — AUCK Bosb(pama TOIIUHON
Z| ’ R 3MM) C HApY>KHOU CTOPOHBI BOZHUKAET

: KOI€PEHTHOE PEHTITEHOBCKOE U3JIy4EHHE,
Puc. 14. Pecuempayun permzeenoseoes wraysenus, gopymupyestoro | ga 3Ty ’e CTOPOHY HaHECEH

REPSULHON YOapHON BOAHON ¢ NOMOUBIO RAOCKO-BBINYKAOH (686DX)) HEOTHOPOIHBIH CJIOH KPACKH.

U NAOCKG-802HYMmON (8113Y) Memaauueckux anns. B aeson wacmn

KANCO020 PUCYHKA HPEACIHABACHA CXeMa PALHOAONCCHIUR BCEX OeaTeH Ha puc. 14 npencrasiieHbl pe3yabTaThl

';;.';'r.!rfm_.lff*smf;.f.‘ 7 - {'{f{j/:.\tm']'h'rxr;ﬂfﬁ e'ﬂ;,f/_)].-;r 80051, BHEXOORMAR W3 Kata- ,Z[GﬁCTBI/I;I HUTOrOBOI'0O pPCHTITCHOBCKOT'O

1 8 COCRIOAIIN KAsUmayti, (manar U3 60.1s@pama, 3 - Memastu- HU3Ty4CHUA IIPU UCIIOJIB30BaHNN ILIIOCKO-

UecKan JAUHIG, 4 - PEHMIZEHOBCKAR NAEHKA 6 COLMIOIAULUMIHOM HAKe- BBIITYKIJIOH H IIOCKO-BOTHYTOH CTAlIbHBIX

JIMH3 BHEIIHUM JuaMeTpoM 34 MM U
panycoM KpHUBH3HBI C(hepruecKoit
nosepxHocT R = 10 cm.

we. B L’J}J.?'(Jfl'e?f} Y — jJHH.-‘h‘{'ffwfr".’\'d)? NACHKA Rocae Ji\'r'ﬂmh'.ﬂ;/mo'a'—

HHA 8 medertie 5 MUY c‘fi;’ﬁ.-’fﬂ'.sipiﬁﬁr’ﬂf;" ﬁpﬂ,‘f{fﬂ'ﬁ.

Beiire 66110 MOKa3aHO Kak MeXaHWUYECKas yAapHasi BOJIHA B MeTaJIe poKaaeT 3pUpHYIO (IIPOIOIBHYIO)
yIIapHYIO BOJIHY, T.€. CO3J]a€TCsl CHUHXPOHHOE PEHTT€HOBCKOE M3IIydyeHHE, KOTOpPOe 00J1a/1aeT K TOMY K€
ONTUYECKUMU CBOMCTBAMM, IPOSIBIISIEMBIE C IOMOIIBIO BBITYKJIBIX MJIM BOTHYTBIX METAJNINYECKUX JIUH3.

O skcnepumenmax Kosvipesa

B skenepumenTax Kosbipea 10 H3MEPEHUIO HACTOSIIETO (MTHOBEHHOTO) HOJIOKCHHUS COJTHIIA HIIN
3Be3n (“O AMCTAHIMOHHOM BO3JJEMCTBUU 3BE3]/1 HA PE3VCTOP” u “O PETUCTPALIUU
NCTHUHHOT' O [IOJIOXKEHM A COJIHLIA™),

JlerexkTop pUKCHpPYET HA MOMEHT U3MEPEHHsI MTHOBEHHOE IOJI0KEHUE 3BE3/Ibl, KOTOPOE OHA JIOCTUTHET
TOJIBKO Yepe3 MPOMEKYTOK BPEMEHU PAaBHBIM BPEMEHH MPOXO0KIEHUS CBETA OT 3TOM 3BE3/1bI 10 3EMIIH,
MOJKET OBITh HHTEPIPETUPOBAH KaK MPOIIECC U3ITyUSHHs 3BE3/JaMU IIPOIOJIbHBIX YIapHbIX BOJIH (1-bIif

5
3BYK 3(upa co ckopocTthio ~ 107~ * V cBera).

370 M3MydeHue 00JIagaeT TAKUMH K€ ONITUYECKUMHU BOJHOBBIMH CBOMCTBAMH, KaK U PEHTT€HOBCKOE
U3JIy4CHHE IIPU KaBUTALUU CTPYH KUJIKOCTH Ha METAJUINYECKON IIOBEPXHOCTH, OIIMCAHHOM BBIIIE, T.C.
IIPU IIPOXOKICHUH Yepe3 ONTUKY TEIECKOIIA MPEIOMIISIIOTCS TaK K€, KaK U CBETOBAsl BOJIHA.

ITo Bceit BUAMMOCTH € 3KcTiepuMeHTax Ko3bipeBa TOBUTCS Ype3BbIUaiiHO cl1aboe peHTIeHOBCKOE
M3y4YeHUE BECbMa HU3KOTO 3HaUeHHs eV, T.€. MpoobHas yaapHas d(upHas BOJIHA, KOTOpas
coOupaeTcs JMH30M U (PUKCUpyeTCs Ha YyBCTBUTEILHOM MOCTOBOM JETEKTOPE, 10 aHAJIIOTUH C KaBUTa-
IIUMOHHBIM PEHTT€HOBCKUM U3Ty4YE€HHEM, HO 3TO BCE TPeOYyeT 3KCIIEPUMEHTATLHON MTPOBEPKH.



0 noziouienuu u pacceuearnuu

IToryonienue 3aBUCUT OT aTOMHOI'O HOMEpa MaTepuaia, yepe3 KoTopbiil npoxoauM X-Ray usinyuenue,
HAJIMYHE CJIOS TIOJIOBUHHOTO OCJIA0JICHHS MTPEJICTABIsAETCS KaK MajJieHue IaBJIeHus Ha repeaHeM (GpoHTe
yIaapHOi 3(hupHOI BOIHBI TPHU MPOXOKICHUH Yepe3 CPey ¢ U3BECTHON “PEHTTEHOBCKOM IMIIOTHOCTBIO.

PaccenBanune X-Ray nznydeHnus Ha MatepuaibHOM OOBEKTE C Pa3HON MIIOTHOCTHIO MOTJIONIECHHS
MOJITBEPXKAALT XapaKTep MPOX0KICHH yIapHO# 3(hUPHOI BOJHBI Uepe3 Cpeiy, MPUBOIAIIYIO K
Pa3MBITUIO HAIIPABJIEHHOTO XapaKTepa JABMXKEHUS MepeHero ppoHTa yaapHOU 3(UPHON BOIHBI OT
¢doxycHOro nsATHa B noiycdepe pacnpocTpanenus X-Ray nzmyuenus.

Taxum 00pa3oM BHYTpU MaTepHaIbHOrO 00BEKTa BOZHUKAET MHOKECTBO BTOPUYHBIX UCTOYHUKOB
(okycoB) pacipocTpaHeHUs YAAPHBIX d3(PUPHBIX BOJIH MAJIOH HHTEHCUBHOCTH.

X-Ray n3nydyenue He OTpa)xaeTcst OT IOBEPXHOCTH IIEPEX01a U3 OJHOM PEHTT€HOBCKOM IIJIOTHOCTHU B
IPYT'YIO, a pacCeUBAETCs B Macce Cpelibl, COOTBETCTBEHHO ee X-Ray moTHocTu.

ITornomenune X-Ray u3nydeHus 3aBUCUT OT aTOMHOIO HOMepa. HeT oTpakeHHBIX pEHTT€HOBCKUX
YaCTHUI] OT MaTEPUATBHBIX 00BbEKTOB, TUIIA KPUCTAJUINYECKOM PEIIETKHU, a €CTh YMEHBIIICHUE J1aBJICHUS
yIapHOU BOJIHBI IIPU IIPOXOKAECHUN yepe3 MaTepuro. 1Ipu 3ToM 0 THOBpEMEHHO ITPOUCXOAUT Pa3MbIBAHUU
HaNpaBJICHHOCTHU (BEKTOPA) pacpoCTpaHEHHs NepeIHero GpoHTa yAapHOH BOJIHBI pEHTT€HOBCKOTO
U3JIy4EHUS, YTO BBIPAXKAETCS KAK BTOPUUHOE (OTPAKEHHOE) PEHTT€HOBCKOE U3JIyUEHHUE.

HpI/I OOJIBIIIOM 3HAYEHHUH MACCHI TSDKEIIBIX AACP reHepannsa pCHTICHOBCKOI'O U3JTYyUCHUSA CYIIICCTBCHHO
nmaaact, T.K. MHCPIHUOHHOCTD SAACP BCJIIMKA U CHJIBHOM paCKadk HC NPOUCXOJUT, a MOTJIOMICHUC
YBCIMYHUBACTCA MMOYTHU ITPONOPHHUOHAIIBHO MACCEC TAXKCIIBIX AACP.

0 npeaomjieHuu u ompaxcenuu

IIpenomiienne X-Ray usirydeHus Ha TpaHULIE CPEX C Pa3HOU PEHTIC€HOBCKOM INIOTHOCTBIO IIPOUCXOIUT

¢ K02 GUITUEHTOM NPETOMIIEHHS MM PABHBIM, HIIM MeHbIIeM 1-51 Ha 10 ~ - 10 npu mepexoze u3
BaKyyMa B MaT€pHaJbHYIO CPENly, B OTIUYUHU OT SJIEKTPOMATHUTHOTO U3IY4EHUs, TJe KOAPPHUIIUEHT
npeaoMiIeHus 6oblie 1-bI (T.e. B IPOTUBOMOIOKHYIO CTOPOHY), OATBEPAK/Aasi UTO SISl PEHTT €HOBCKOTO
M3IYYEHUs BaKyyM HanOoJjee IUIOTHAs Cpe/ia, YTO MOJHOCTBIO COTIacyeTcs ¢ MpeAcTaBiIeHueM 3(upa Kkak
ra3o00pa3HON CpeIbl.

Otpaxenune X-Ray uznydeHus npu npoxokKJI€HUHU €ro Yepe3 BOJIOKOHHYI0 onTHKY (KymaxoBa) moj
BECbMA OCTPBIM YIJIOM K CTEHKaM PEHTT€HOBCKOTO BOJHOBO/IA, IOATBEPKAAET IPUPOLY PEHTTEHOBCKOIO
U3ITYYEHUS KaK yJapHO#l 3(h)MpHOI BOIHBL, KOTOPAask HE MOKET BBIPBATHCS U3 KaXKJOTO JIEMEHTAPHOTO
BOJIHOBOJa, MHOTOKPATHO OTPaXkasCh OT €r0 CTEHOK.

JUig peHTreHa Kak 4acTULIbI HETIOHATHO NIOYEMY 3Ta YacTUIA HE MOXKET BBIMTH 3a Mpeel
3JIEMEHTAPHOI'O BOJIHOBOJA B MEHEE IUIOTHYIO AJIsl PEHTITEHA, CPEAY — BO3/yX WA BaKyyM?

O uonuzayuu mamepuanvHoil cpeovl
[Tpu mpoxoxaennn X-Ray uznyuenus yepe3 MaTepHaabHbI 0OBEKT yaapHas pEeHTTEHOBCKasl BOJIHA
CBOMM TepeTHUM (PPOHTOM CPBIBAET JIEKTPOHBI C aTOMOB MaTepHAIbHBIX 00BEKTOB, C 00pa30BaHUEM
MIOJIOKUTEIBbHBIX HOHOB
O nanpaénennocmu u3ny4eHus
Jns X-Ray nznydeHus Henb3si 00eceunTh MPEeMMYILIECTBEHHOE HAIIPaBICHHOE U3ITydeHue, popma

MPOCTPAHCTBEHHOTO roiorpada MHTEHCUBHOCTHU M3JIy4EHHsI OJMHAKOBA MPH OOMOapAMPOBKH aHO1A
YCKOPEHHBIMHU 3JIEKTPOHAMH U HE 3aBUCUT OT MaTepuasia ¥ GopMbl aHO1a.



B kauecmee 3axnouenusn

X-Ray n3nydyenue 310 He MEKTPOMArHUTHAs BOJIHA C IIPUIMCBIBAEMBIMU €1 IIapaMeTpaMu, 4TO He
OCHOBAHO HA IPOBEIACHHBIX U3MEPEHUSX U ONBITHBIX DKCIIEPUMEHTAIBHBIX JAHHBIX, 10 TBEPKIAIOIINX
TEOPETUYECKUE ITPEATIOIIOKEHUS - HEU3BECTHO HU OJTHOTO HKCIIEPUMEHTA U3MEPEHMS IJIMHBI BOJIHBI WX
YaCcTOTHI KOJICOAHHH MPEanoIaraeMoro 3JIeKTPOMAarHUTHOTO U3Iy4eHHs (U Tie TOT yacToTomMep? Witk
M3MEPUTENb JUTMHBI BOJIHBI?, BeJlb 3JICKTPOMAarHUTHBIE TPUOOPHI HE MOTYT paboTaTh ¢ TAKUMH 4aCTOTaMHU
U JymHamu!), 3To BCe aKCMOMATUYHBIE YTBEP)KIEHUS HE TIOIKPEIUIEHHbBIE U3MEPEHUSMHU.

DNEKTPOMarHUTHYIO IIPUPOLY PEHTTEHOBCKOTO U3IY4EHHsI HUKTO HE JI0Ka3aJl SKCIIEPUMEHTAIbHO! !

Het Hu oiHOTO OTIBITA ONIpEeNECHHS [UIMHBI BOJHBI, YACTOTHI KOJICOaHUs (3JIEKTPOMAarHUTHBIMHU
METO/JaMH1 ATO NIPUHLUIINAIBHO HEBO3MOKHO), HU CKOPOCTH PaclpOCTPAHEHUS! PEHTI€HOBCKOIO
n3nyueHus!!

3aro npupo/ia yAapHbIX IPOAOJIBHBIX BOJH 3(Upa MPEKPACHO JOKHUTCA Ha SKCIIEPUMEHTAIIbHBIE
JAHHBIE C MOJyYEHUEM PEHTI€HOBCKOTO U3JIyYE€HHUS KaK IIPU COYJapEeHUU Pa30THAHHBIX JJIEKTPOHOB
00 aHOM, IPY KaBUTALIUU CTPYH JKUIKOCTH Ha METAJUINYECKON TTOBEPXHOCTH, IPU (PUKCUPOBAHHUHU B
TEJIECKOII Ha MOJIYIIPOBOJHUKOBOM JIETEKTOPE UCTUHHOTO IOJIOKEHUS 3BE3/1, IPOXOKICHUN
PEHTTEHOBCKOTO U3IY4YE€HHUs YEPE3 PEHTIC€HOBCKYIO ONTUKY KymaxoBa.

B rnaBy 4.3 ®opmel apmkenus a¢upa “O0mei a3gpupoauHaMuk” AIIFOKOBCKOTO JKeIaTeIbHO BBECTH
Yoapno eéonnoeyio (npooonwvnuyro) popmy, HeyareHHoOU panee hopMoii IBKEHUS dupa, KOTOpas
MPOSIBISIETCS B CTAHAAPTHOM MOJIENH KaK PEHTTEHOBCKOE XapaKTePUCTHUECKOE U3ITydeHHE.

Kcratu HeykaszanHa emie ofHa (hopma nBuxeHus 3pupa — JIunenno-yckopennasn gpopma BUKEHUS,
MpeJCTaBIsAIoMmas coO00H IpaBUTALIMOHHOE YCKOPEHUE Tell B M0JIE TATOTEHUS 3BE3]] U TUIaHET, HO 00 3TOM
B JIpyrOM CTaThbe.

IIpunoxenne Ne 1. Unopmanusi Vit CPaBHUTEIBHOI0 aHAJIN3A.

Mounoaen (Moyg/96), p = 1.0*106 kg/ms,
0

Huametp atoma @y, = 2.6%¥10  m, mar pemeTku A = 3.15*10_1 m
(xyOuueckasi 00beMHO-IICHTPUPOBAHHA),

Boanppam (Wr4/184), p = 1.9%10° ke/m’,
0

JuameTp atoma @y = 2.8%10 m, mar peureTku A = 3.1*10-1 m
(xyOuueckasi 00beMHO-IICHTPUPOBAHHA ),

Bonopon (H), muamerp @g=10 m.

Tpoton (P) m=1.67%10" kg, mmamerp @, =2.2*10" "m, pp=2.8%10" ke/m’.

Jnercrpon (¢) m=9.1%10" kg, mmamerp D = 1.8¥10" °m, pe=4.0%10' ® ke/m-.

Amep (dbup) m=1.5%10""" ke, amaverp @, = 4.6*10 " m, p,=8.8%10"% kg/m’,
P> 1.3*10°° H/m’.

1-H 27IEKTPOH COCTOMT U3 9.1%107" kg / 1.5%10" 1 kg ~ 6+10" amMepoB dbupa.

12
ITpu Toxe 100mA 3a 1mkS nmpoxoaut > 0.5*10 ~ 351eKTpOHOB, KOTOPBIE NPH COYIAPEHUU C aHOJIOM
pacchInarTcs B aMepsl 3pupa, YTo MPUBOIUT K B3PIBHOMY POCTY KOJIMUECTBA aMEPOB, T.€. IUIOTHOCTH,

B 00beme 0.00lmm™ Ha momanke 0. Ilmm * 0.1mm, 4To cooTBETCTBYET OpOCKY JaBiieHus 3(hupa B

6 . o o
~ 10" pa3!! BoT HCTOUHUK IPOJOJILHON yAapHOU 3(UPHOI BOJIHBI B PEHTT€HOBCKOM H3JIydyaTese.



