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8. CO3JIAHUE YCKOPHUTEJIEN 3APSDKEHHbBIX
YACTHUL]

PagnosnekTpoHrKa chirpaiia ¥ MPOJOJDKAET WUIpaTh
ceifuac CBOIO BaXKHYIO pOJib B UCCJIEA0BAHMU ATOMHOIO
sapa martepun (itoboro Bemiectsa). B smepHoit dusnke
ObIJIO CPaBHUTEIBHO NaBHO (B TMeEpBOii mojoBrHe XX Be-
Ka) YCTaHOBJICHO, UTO JJIs €ro (spa) paciiernyieHus HyxK-
Hbl ObICTpbIE “CHapsimbl", pa3Mepbl KOTOPBIX OJIKHBI
ObITb COM3MEPHUMbI C pa3MepamMu pacllerisieMbiX siaep.
H3BecTHO, 4TO 1711 OONBLIMHCTBA AP XUMHUYECKHX 3Jie-
MEHTOB WX panuyc Ry npubnmkeHHO onpenenseTcs

crenyomuM cootHomenuem [13]: R;[:RO-AU 3 rne

A—mMaccoBoe uuMCIO sIpa, PaBHOE CyMME UHUCIA €ro
3JIEMEHTApPHBIX YacTHL MPOTOHOB Z u HeiTporoB N (Ha-

npuMep, A sapa MpHPOIHOro ypaHa 2932 BeJTMUMHA
€ro MaccoBOro 4ywuciia oOKas3bIBA€TCA TOYHO paBHOﬁZ
A=Z + N =92+146=238), a R, =1,210" m. Torna wa
OCHOBAaHUHW MPUBEAEHHOI'O BbIIIE 3MIMUPUYECKOT0 COOT-
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HOIICHMS MOJTy4aeM, 4TO I sAApa ypaHa o) YUCJIEH-

Hoe 3HaueHue Ry cocraBiseT 0k0IO 7,44-10'15 M. Ilo-

3TOoMy (U3MKU-AEPIINKK B CBOEM BBIOOpE TakuX siaep-
HBIX "'CHapsI0B" OCTaHOBWIINCH, B OCHOBHOM, Ha OTpPHIIA-
TEeNIbHO 3apsHKEHHBIX 3eKTpoHax (oTkpbiThl B 1897 romy
anrnuiickum ¢usukom J[x. TOMCOHOM), MONOKUTENBHO
3apsbKeHHbIX MpoToHaX (OTKpbITH B 1886 rony HeMerkum
¢uzrikom E. [onbaimTeiiHOM) U He3apshKeHHBIX HEHWTpo-
Hax (oTkpeitel B 1932 romy aHrimiickuM (U3MKOM
II. Uspsukom) [6, 19]. 3ameTum, 4TO MPUPOIHBIE sAEp-
Hble "CHapsiabl" B BUOE OTHOCHUTENIBHO TSKEJbIX anb(a-

yacTul (sIep aToMOB MHEPTHOTO Ta3a Telus §He), nc-
MyCKaeMbIE MPU ECTECTBEHHOM pacnaje siaep Takoro pa-
JVOAKTUBHOTO 3JIEMEHTa KaK pamuit 2§86 Ra u nmetomue

NpU BBUIETE U3 HETO CKOPOCTh 0k0J10 20 km/c, 0OnanaroT
JHEpruel He J0CTATOYHOM st paspyiieHus (pacuiernie-
HUsI) silep MHOTUX XUMHYECKHUX AJIEMEHTOB U3 MEPUOIH-
yeckoil cuctemnl J[.M. Menneneesa. [losTomy nmns ocy-
LIECTBJICHUS MHOTHUX SIIEPHBIX PeakUuidi U Ucciaea0BaHui

TpeOyIOTCs YCKOPEHHbIE 10 OONBLIMX CKOPOCTEl OTpHULa-

TeJIbHO  3apsDKCHHBIE  JJIEKTPOHBI  MAccoif  IOKOs
-31

Me =9,108-10" kr, MOJNIOKUTEIBHO 3apPSIHKEHHbIE MPOTO-

Hbl Maccoif My =1836-M, n snexTpuuecku HeHTpanb-

Hble HeWTPOHBI Maccoit M, =1839-m, [13, 19].

B ucropun pazutus siiepHON HU3MKH, TEXHUKH W
SHEPreTUKU POJib AAEPHBIX "Mymek”, pa3roHsIOWNX s
MPOBE/ICHUs I[IEPHBIX MUCCIIE0BAHNI DJIEeMEHTAPHbIE Yac-
THLIBI MUKpOMUpA (siAepHbIe "'cHapsab'") 10 TpeOyembix
cKopocTeil (3Hepruit), BEIMOJIHUIN U BBITIOJIHAIOT MOHBIHE
TaKkue BeCbMa CIIOKHBIE W JOPOTOCTOSLINE paarodJiek-
TPOHHBIE YCTPOMCTBA BBHICOKOTO 3JIEKTPUYECKOTO HArmpsi-
JKeHWs Kak YCKOpUTeNu 3apsbkeHHbIX dvactul (Y3Y)
[6, 13]. Tlo ¢uzuueckoMy MPUHIMIY CBOEro neiicTBUs
Y3Y HanmoMUHAIOT TUTAHTCKYIO BBICOKOBOJIBTHYIO 3JIEK-
TPOBAaKyyMHYIO PaauOJIaMITy, MEXIY 3JEKTPOJAMHU KOTO-
pOii ¥ NPOUCXOAUT YCKOPEHHUE CHIIbHBIM 3JIEKTPUUECKUM
MOJIEM TEX MJIM MHBIX DJIEMEHTAPHbIX YaCTHLL.

Jluneiitnovle yckopumeu 3j1ekmporog. B nuHeiiHOM yc-
kopurele 31ekTpoHoB (JIYD) ucnyckaeMbiM 3a CUET siB-
JIEHUs TEPMODJIEKTPOHHOM 3muccun [15] packaneHHbIM
OTpHLIATENBHO 3apsHKEHHBIM KaTOZOM 3JIEKTPOHAM HYyX-
HYIO CKOPOCTh B GOJTBIIOM (B JECATKH M°) OTBAKYYMHPO-
BaHHOM 00beMe TpPHUAAET MOJNOKUTENBHO 3apsHKeHHbIH
a”on [6]. Uem Bbiwe snekTpudeckoe HampsokeHue U xc
MEX1y aHOIOM U kaTtoaoM B JIVD, Tem Bbillie U CKOPOCTh
(aHeprust) yCKOpSIEMBbIX B HEM 3JIEKTPOHOB. OrpaHUyYeHu-
eM ypoBHs HanpspkeHus U oy 31ech SBISETCS 3IeKTpH-
yeckasi MPOYHOCTb M30JISILMOHHOTO MPOMEKYTKA MENKIY
KaToIoM M aHoaoM yckopsrouel Tpy6st JIYD. Tlpu on-
penesieHHOM 3HaueHuM HanpsbkeHus U Mexay KaTo-

JOoM U aHoIoM JIVD MoeT NMpOou30UTH 3IeKTpUUYECKUi
mpo0oit MEXAINEKTPOJHOTO TPOMEXKYTKA OTBAKYyMHUPO-
BaHHOro 00beMa, B KOTOPOM BO3HUKAET MMITyJIbCHAs
3JIEKTpUUYECKas MCKpa WU HeNpepbIBHAS 3JeKTpUUYecKas
ayra. ITosromy nosbimate Hanpskenue U pp B JIYD ¢

OOBIYHBIMU ABYMS AJIEKTPOIAMH MOXKHO IIUIIb JI0 W3-
BECTHOTO mpejaena. BbIxoa U3 3Toi TpyaHOM 31€KTpoTeX-
HUYECKOW M BBICOKOBOJIBTHOM 3amayd ObLT HalijeH Oia-
ropapsi cozaanuto ans JIYD cneuuanbHON yCKOpPUTEINb-
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HOIt TpyOBl, cOCTOALICH HE W3 Mapbl 3JEKTPOJOB Kak B
paauonuone, a u3 psAaa MoJbIX METAUIMYECKUX LUIUHII-
POB, pPACMOJIOKEHHBIX HA OMpPENENIEHHOM PACCTOSHUU
Ipyr OT Apyra BIOJib OAHOW mpopaosibHOW ocu JIVD. K
3TUM LWIMHAPAM-3JIEKTPOAaM TOABOAMTCS TEPEMEHHOE
Hanpsikenue Upy, 4acToTa 3JEKTPUUECKUX kosebaHuii
KOTOPOr0 CTPOTO COMJIACOBBIBAETCS C AJIMHON LIWJINHAPOB
(BpeMeHeM mposieTa BJIEKTPOHOB BIOJb HHUX) M PAacCTOs-
HAEM MEXIy UWIMHApamu (BpEMEHEM MpOJieTa 3JIEeKTPO-
HOB BJIOJIb 3THX HU30JISLHOHHBIX TPOMEKYTKOB).

Hannblii npuHumn noctpoenust Y3U Owin npensio-
KEH M npakTuuecku peanu3osad B 1931 romy u3BeCTHBIM
amepukaHckuMm ¢usukom 3. JloypeHCOM Tpu CO3MaHUU
MOLIHOTO JIMHEMHOTO YCKOpHUTENsi HOHOB [6]: 31ech HOHBI
(B wacTHOCTH, siIpa aToMa BOIOPO.a), MPOXOIs Yepes3 psl
MOJIBIX COOCHBIX METANIMYECKUX LMIMHAPOB YBEIUYU-
BalOLIEiiCcA ATUHBI, YCKOPSUTUCH BBICOKMM BBICOKOYACTOT-
HBIM HaIpsKEHUEM TaK, YTO B BAKYYMHBIX 3a30paX Mex-
Iy IAIMHAPAaMHU MOHBI TIOTIaalli B ycKopstomyto ¢a3sy. B
310i1 cBsizu s JIVD, UCnosb3yroliero 3TOoT MPUHLMIL
YCKOPEHHS 3JIEKTPOHOB, MOXKHO TOBOPHUTH O PE30HAHCE
YCKOPEHMS: TOCJIEI0BATENIbHOE YCKOPEHHE 3JIeKTpUue-
CKHUM TIOJIEM TMPOJIETAIOMINX MEXIy LUIWHIPAMU dJIeK-
TPOHOB MPOUCXOAUT B TAaKT W3MEHEHMS HAMpsHKEHUs
Uwnn . [lostoMy npu oTHOCUTENBHO OOJBLIMX MPOJOJb-
HbIX pazmepax JIYD ¢ noMoubl0 OTHOCUTENLHO HEOOIb-
WX 3HAYEHWH BBICOKOTO JJIEKTPUYECKOTO HAMPSIKEHUS
Ups B HEM MOXHO 110J1y4aTh OPOMHbIE 3HAUEHUS KUHE-
TUYECKOH 3HEPTHH YCKOPEHHBIX JIEKTPOHOB.

OTMeTHUM 37eCh TO, UTO B COOTBETCTBMM C MPUHSA-
ThIMH NPEACTaBIEeHUSIMU O BOJTHOBOW MPUPOJE BELIECTBA
[13, 19] nns oGHapy)eHHs C MOMOIBIO NEKTPOHOB (-
(eKxTOB, CBS3aHHBIX C KOHEUHBIMM pa3Mepamu siupa, s
yCKOpeHHbIX B JIVD 31eKTpOHOB HEOO0XOAMMO, 4YTOOBI
AJIMHA BOJIHBI 3JIEKTPOHOB Ao OblIa MEHBILE MIIM MOPSA-

ka 107 M. Droi JUTUHE 3JIEKTPOHHOMN BOJIHBI ke yaoBJIe-
TBOPSIOT YJIbTPAPEASITUBUCTCKUE JIEKTPOHBI C IHEPruei
W, , 3HaunTesIbHO OOJIbILEH, UeM BEIMYMHA UX JHEPIUH,
HaliieHHast, ICXO0/s U3 3HAMEHUTOU opMyIbl DUHIITE -
Ha merc2 =0,511 M»3B, roe Mg =mg =9,108-10"% kr -
Macca pessSTHBHCTCKOTO 91eKTpoHa, a ¢ = 3-10% m/c— cko-

poctb cBeta B Bakyyme. Jlisi yka3aHHOW BEJAMYMHBI [JIU-
Hbl L =10™° M COOTBETCTBYIOIIIEE €if 3HAUCHUE SHEPrUH
3JIEKTPOHA MOXKET ObITh OMPENEICHO M0 W3BECTHOM KBaH-
ToBomexanuueckoit  Qopmyne [13]: W, =hc/Ae=1,24
I'B, rae h=6,626-10" Jhx-c— nocrositHas lnanka [17].
PekopaHbie 3HAUEHWS] JHEPTHH  YIbTPAPENATUBHUCTCKUAX
anexTpoHoB W, B cBOE€ Bpemst OblLIM MOJYyUEHbl HA CTIH-
¢dopackom JIYD (CHIA), kotopsie coctaBunu okoio 20
I'3B [13]. TakuMm orpoMHbIM 3HaueHHsIM sHeprum W
YCKOpeHHbIX B JIVD 316KTpPOHOB COOTBETCTBYIOT YyJIbTpa-
KOPOTKHE 3HaueHWsl IJTMH 3JIEKTPOHHBIX BOJIH, YUCIEHHO
paBHbIE  COIJIaCHO  TpHUBEICHHOW BbILe (opMmyse
Ae= hC/We:6,2-1O'17 M. IMeHHO ¢ MOMOIIBIO TAKUX BbI-
COKODHEPIreTHUYHbIX YJbTPAPEISITUBUCTCKMX DJIEKTPOHOB
C MpeiesIbHO KOPOTKMMH UIMHAMH A WX BOJIH, 3HA4YM-

TEJIbHO MEHBLIIWMHU paauyca saaep R;[ BCE€X M3BCCTHBIX

HaM XMMHMYECKHUX DJEMEHTOB, U OblLIN BbisSBJICHbI HOBbIE
MEXaHW3Mbl BHYTPHUSAEPHbIX B3aMMOICHCTBUN HYKJIOHOB
M JPYruX y4acTBYIOLIMX B 3TOM MHUKPOIMPOLIECCE JJIEMEH-
TAPHbIX YaCTHLL, & TAKIKE OTKPbIThI HOBbIE THIIbI SIAEPHBIX
peakumit M U3yueHbl HOBbIE MUKPOYACTHLIbI.

BaxxHoii Bexoil B CO34aHMM W HAYYHO-TEXHUYECKOM
ucnonszoBanuu JIYD B ObiBiieM CCCP u Ykpaune oc-
TaloTcsl paboThl, BBHIMOJHEHHbIE paHee W TMPOBOIUMBIE
ceituac B HHL] "XapbkoBckuit pu3nKo-TeXHAIESCKHI WH-
crutyt" (X®TU) HAHY [6, 20]. Cornacho [21, 22]
MOIIHbIE BJIEKTPOHHbIE MyYKH C JHEpPrueil 3IeKTPOHOB
W, B nuanaszone ot 1 no 10 M»B, co3naBaemsle JIVD, B

HaCTOALIEEe BPEMS HAXOISAT TEXHOJIOTMYECKOE MpPUMEHE-
HUE MpU. CTepUIM3aUU¥ MEIULUHCKOrO HWHCTPYMEHTA,
CO3/1aHUM BaKLIMH, OYUCTKE BbIOPOCHBIX MPOMBILLIEHHBIX
ra3oB UM My4YKOBO-O30HHOW pereHepaTMBHOI OYHCTKE BO-
Abl. MolHble TeHepaTopbl YCKOPEHHBIX B BaKyyMe
CBEPXCHUJIbHBIM 3JIEKTPUUECKUM MOJIEM PENSATUBUCTCKUX
3MeKTpoHOB ¢ 3Heprueit 1o 10 MaB (npu ummnynbcHOM
TOKE 3JIEKTPOHHOTO Nyuka 10 1 MA u ero aauTenbHOCTH
1o 10 Hc) ceityac MCMONB3YIOTCS B IKCTIEPUMEHTATIBHOM
¢u3nKe NMpU OCYIIECTBIEHWU TOUCKOBBIX MMITYJILCHBIX
TEPMOSIAEPHBIX peakuuii B paMKkax peleHus ¢ UX MomMo-
ILILEO DHEPTETUUECKOI TEPMOsiaepHO npobiemsl [23].

Jluneitnpie yckopumenu npomonos. Ha puc. 9 nokazana
MPUHLUNKATbHAS CXEMa MOCTPOEHUS COBPEMEHHOro JIU-
HeliHoro yckopuTtenst npotoHoB (JIVII) [2, 23]. B otsa-
KYYMUPOBaHHbII  MpEeABAPUTENBHO  LUIUHAPUYECKUI
00BeM 3a3eMIIEHHOTO MeTalmndeckoro kopmyca 2 JIVII
Yyepe3 BEHTHIb 1 MaibIMi MOPUUSIMU TTOJAETCST BOAOPOS.
Ha Topuax 3toro odbema BHYTpH Kopriyca 2 pa3MelleHbl
MJ0CKME KOHCTPYKLUMM aHoxa 3 u katoaa 4, nouacoenu-
HEHHbIE K UCTOUHUKY BBICOKOTO TOCTOSTHHOTO HampsiKe-
nusi (MBITH) 5. B npouecce ynapHOi noHHU3aunu pasps-
)KEHHOr0 BOJIOPOJA BHYTPM KOpriyca 2 OT KaXI0ro ero
aTtoMa OTIeNsieTcs M0 OJHOMY 3JIEKTPOHY, KOTOPbIE YCT-
PEMIISIOTCS MOA ACHCTBUEM HANPSKEHHOCTH MOCTOSHHO-
ro anektpudeckoro monst Eap =U i /Sax, tae Ui,

SAk — COOTBETCTBEHHO HAIPSIKEHUE U PACCTOSHHE MEX-

Iy aHoznoM u katonom JIVII, k MmonoxxutensHO 3apsKeH-
HOMy aHoay 3. OOpa3zoBaBmiviecs K€ TIPH 3TOM BHYTPH
kopiryca 2 JIVII monoXuTenbHO 3apsbKeHHbIe siapa BOIO-
pona (MPOTOHBI) YCTPEMISIOTCS K OTPULATENBHO 3apsi-
JKEHHOMY KaTomy 4, uMerleMy HeHTpalibHOe KPyroBoe
OTBEPCTHE, BeAYILEe MPOTOHBI B YCKOPUTENBHYIO TPYOy ¢
MeTajanueckum koprycom 6. 3a cuer UBITH 5 nporossi,
KaK MpaBWJIOo, MPUOOPETAIOT HAa TMEPBOM CTagnKu CBOEro
yckopenusi B koprnyce 2 JIVIT KMHETUUECKYIO JHEPTrHIO
W, nopsaka 1 MaB [2, 6]. Tlponeres uepes ToHkyrO

BXOIHYI0 MeTaJNIMyecKylo anadparmy kopmyca 6, mpo-
TOHBI TIOMANAOT B 00NacTb AEHCTBUSI CHIIBHBIX YCKO-
PSAIOIINX 3JEKTPUYECKUX MOJIeH, Co31aBaeMbIX B COOTBET-
CTBHMHM C yKa3aHHBIM BbIILIE TIPUHLMIIOM YCKOPEHHs 3apsi-
JKeHHBIX "yacTull . JloypeHca MeXIy TOHKAMH TIOJBIMH
COOCHBIMH META/UTMYECKUMHU LWIMHApamu [ (yBenudu-
BaroLueiics BnoJib JIVII cneBa Ha npaBo K BbIXOAY NPOTO-
HOB M3 KOpryca 6 [UTMHBI) HCTOYHWKAMHU BBICOKOTO BBICO-
xouactotHoro Hanpsokenusi (MBBH) 8.
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Puc. 9. Kitaccuueckas ynpoinennas cxema nocrpoeus JIVII

B pe3ynbTaTe pe30oHaHCHOTO YCKOPEHHUS MPOTOHBI B
npuBeneHHoit Ha puc.9 cxeme JIYIT Ha ero Beixome (y
npaBoro Kpas kopmyca 6) NpHOOpEeTalT NOCTaTOYHO
GobLyto Hepruto Wy, 10CTUraOLLY0 YNCICHHBIX 3HA-

yenuit nopsinka 30 MaB [2, 6]. [IpoHu3aB Ha BbIXOJE yC-
KOPHUTELHOM TPyObl MO LEHTPY Kopryca 6 TOHKYIO Me-
Tannudeckyto auadparmy (donbry) 9, 3akpbiBaloILytO
OTBAaKyyMHpPOBaHHbIIT 00beM TPyObl OT BHEIIHEH cpesl,
YCKOpEHHbIE TIPOTOHBI HAIMpaBNAIOTCS Ha SOEpHYIO MU-
wexb 10. 3amerum, uto npu noayvenun B JIYIT nono6-
HOH puc. 9 KOHCTPYKLMHM TIPOTOHOB C BBIXOIHOM 3HEPTH-
eit. Wp=32 MsB ero ofwas aimHa COCTaBAsET OKOJIO

20 ™ [2, 6]. Kak Buaum, pacrnosoxeHue B InHelHbIX Y3U
YCKOPSIIOLIMX DJIEKTPOAOB BAOJb WX MNPOJOJILHOW OCH
MPUBOINT K BecbMa OOJBIIMM T€OMETPUYECKUM pa3Me-
pam, npexje BCero, MX yCKOpUTEabHON TPyObl, 4TO MOXK-
HO OTHECTH K OMNpe/esIeHHbIM HeJ0CTaTKaM TaKoro THMa
V34, VkaxeM HUKE HEKOTOPbIE M3BECTHbIE [JAHHbIE U3
ucTopuu nosydeHus ¢ nomowmeto JIVII u npumenenus B
sIIEPHBIX UCCIIEI0BAHUSX MPOTOHOB BbICOKMX IHEPTHil.

B 1930-1932 romax B KeMOpHumKCKOM yHUBEpCHUTETE
(Aurnust) u3BectHbie anrnuiickue ¢puzuku k. Kokpodt u
D. YonToH, TpuUMeHssl KacKagHbIi METOA TOBBILICHUS
anektpudeckoro Hanpsokenus (mis UBITH 5 wa puc.9) mo
ypoBHs nopsizika 1 MB, momy4unu yckopeHHbIe IPOTOHBI C
sueprueit 10 1 M»aB [6]. C nomMolLipio Takux npoTOHOB UMK
B 1932 romy GbLJ10 OCYIIECTBIIEHO pacIieryieHne siapa U30-

TOMNa JINTUS ?7,Li Ha IBa siApa atoMa renus gHe (Ha mBe

0L—4acTHLbI), pasneralolidecs ¢ 3Heprueil okono 8,5
M»sB [6, 13]. Tlouemy Torma umu Oblda HCMONB30BaHA
snepHast mutieHb 10 (cM. puc. 9) U3 1ETOUHO3EeMENBLHOTO
metauia Jutus? OObSICHSETCS 3TO BECbMa NPOCTO. YyKa-

3aHHBII W30TON JUTHUSA gl_l HUMEET MAJTyt0 SHEPTrUr0 CBA3U

(5,57 M»aB/uykiion [6]), paBHyio paboTe, KOTOPYI HEOD-
XOIMMO 3aTPaTHTh TS PacdJicHeHHs ero sipa Ha COCTaB-
JSIOIINE €r0 HyKJIOHbI (0ObeIMHEHHBIC 3JIEMEHTAPHbIE
YaCTHIIBI, COCTOSIIME W3 B3AaMMHO TEPEXOIAIINX IPYT B
apyra nporoHa u Heitrpona [18]). Ocyuiectriennoe JIx.
Kokpoptom u 3. Yonronom B 1932 romy paspymeHne
(pacusieHeHKE) MPOTOHAMU BBICOKON dHEPTHH siApa U30TO-

na JINTUsS 37» Li crano nepBoii B Mupe siiepHON peakuuei,

BhinoyiHeHHOM Ha Y3Y [6, 13]. 3a naHHyo pabory oHu B
1951 romy Obim ymocToeHsl HoGeneBckoit mpemMuu To
¢dusuke. Beero uepes HECKOJIBKO MECSILIEB M0C/E yKa3aH-
HBIX BbIIIE TMOHEPCKUX SIAEPHBIX UCCIE€N0BaHNN B AHITIHN
yxe B CCCP ¢ nomMoLblo CO31aHHOI0 M3BECTHBIMU COBET-
ckumu ¢pmukamu A.K. Banerepom u K.JI. CunensHHUKO-
BbIM B YKPauHCKOM (M3MKO-TEXHUYECKOM HWHCTUTYTE
(YOTH, ubie HHIL "XDTU" HAHY) camoro MOLIHOTO

o TeM BpemeHaM JIVII B ToMm ke 1932 romy Oblo Takxke
OCYILECTBJICHO PAcLISIUIEHUE siipa M30TONA JIUTUS ; Li n

JpYTuX siiep MCKYCCTBEHHO YCKOPEHHBIMH TPOTOHAMH C
sHeprueit B 2,5 MaB [6, 23]. 3aech BaxHO OTMETUTHL TO,
YTO y UCTOKOB 3apoXKIeHHsl B YkpauHe (B YaCTHOCTH, B T.
XapbkoBe) sAepHON (PU3MKK CTOSI BbIJAIOLIMNCS COBET-
ckuit pusuk-simepmuk U opranuzarop Hayku W.B. Kypua-
T0B. Co3nanHblii Torna B YOTHU Ha ocHOBE 3sieKkTpocTaru-
yeckoro reHeparopa Ban ne ['paada Ha HOMUHaAIBHOE Ha-
npsokeHne 5 MB Xapekorckuii JIYIT umen cnenyromme
XapaktepucTuku [6, 23]: auamMeTp MeTANIUUecKuX MapoB
yckopuredis - 10 M; ainHy yckopuTeabHON TpyObl - 15 Mm;
JIaBIIeHHe Ta3a B yCKOPHUTEIbHOM Tpy6e -4-10° mm.pr.cr.

Hurnuueckue yckopumenu uacmuy. BaxHbM HayyHO-
TEXHUYECKMM COObITHEM AJisl  JaibHEWIero pa3BuTHs
saepHOl (U3MKKU CTajo cOo3JaHKue NEeMCTBYIOIIErO LIMKJIIU-
ueckoro Y3Y, nasgaHnuoro yuxnomponom [6] (neprast co-
CTaBHAs 4acTh 3TOrO CJOXHOTO TEPMUHA MPOUCXOIUT OT
rpeueckoro cioBa "kyklos' — "xpye" [1]). Otmerum, uTO
caM TIpUHLMAN LUKJIMYECKOTO YCKOPEHHS 3apsKeHHbBIX
MUKpOYacTul, ObLT TPemyio)keH YMNOMSHYTHIM — HaMH
D. Jloypercom emie B 1930 roay [6, 13]. B uuknotpoHe
JBWKEHNUE YCKOPSIEMbIX 3JIEKTPHYECKHM TIOJIeM 3apshKeH-
HBIX YaCTHL MPOUCXOAUT B TIOCTOSSTHHOM MarHWTHOM TIOJie
no pasBopauuBatolLeiicsi cnimpanu. [Ipu 3ToM BekTOp MH-
JOyKLUH "'3aBOpAuMBAIOLIEr0" MAarHUTHOTO MOJISt HAMPARIIEH
NEPHeHANKYJISPHO MJOCKOCTH BPALLEHWSI MUKPOYACTHLIbI,
a yacToTa yCKOPSIOILEro 3JEKTPUYECKOro TMOJis COBMAnaeT
€ vacToToif OOpalieH’ss MHUKPOYaCTHULBI B LMKJIOTPOHE.
TakuM myTeM B LMKJIOTPOHE 00ECTeunBaETCs COONONEHUE
HE0OX0IMMOro YCJIOBHS pe30HaHCa YCKOPEHHs. 3aMeTuM,
YTO UMKJIOTPOH, TpeAHa3HAuYeHHBI I yCKOPEHUs dJiekK-
TPOHOB, MOJNYYHII Ha3BaHUE Mukpompora (MepBas cocTaB-
Has 4acTh 3TOTO CJOKHOTO TePMUHA TPOMCXOIHUT OT Tpe-
yeckoro cnosa "mikros’ — "waneizi” [1]). B 1932 roay non
pykoBoactBoM 3. JloypeHca B CLLIA Obln moctpoeH nep-
BbIfl LMKJIOTPOH C JAMAMETPOM TMOJFOCHBIX HAKOHEYHWKOB
anextpomaruura Bcero B 0,28m, KoTOpbIit 1M03BOJISIT YCKO-
PsITh MPOTOHBI 10 dHepriu B 1,2 MaB [6]. 3a uzobperenue
uukiaotpona 3. Jloypency B 1939 roay Obuta npucyxaeHa
HoGenerckas npemust no ¢pusuke. B CCCP nepabiit myuok
YCKOPEHHBIX Ha LHUKIOTpoHe PammeBoro uHctutyTa (I.
Jlenunrpan) mpotoHoB Obin monyuer B 1937 roay [6].
Co31aHuIo 3TOTO LMKJIOTPOHA MHOTO BPEMEHH M CHJT OTAAI
N.B. Kypuaros, pa6ortaBmuii Torna B JIOTHU. On npe-
KpacHO TOHMMaJl HEOOXOOMMOCTh CO3MaHHs TEXHUYECKON
0a3bl OTeuecTBEHHOM sAaepHO# (r3uku. BruioTs 10 Havanma
BTOPOI1 MUPOBOI BOWHBI OH AKTUBHO TPYAWJICS HAJ paspa-
00TKOIf M CO3AaHWEM HOBOTO MOIIHOTO LMKJIOTPOHA C
JIMaMETPOM TOJIFOCOB AJIeKTPOMarHuTa B 1,2 M, MpoekTHbIH
CpPOK BBOJA KOTOPOrO B JKCIUTyaTaLWi0 Hameuancst Ha 1
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suBapst 1942 rona [6].

TTo mepe coznanust 6osee MOLIHBIX UUKJIOTPOHOB U
MOJIyuYeHUs] ¢ UX MOMOIIBI0 MPOTOHOB M APYTMX YacTHUIL
0oJiee BBICOKMX IHEPTUit GU3NKU CTOJIKHYIUCH C TPYAHOM
3aaueil. MpPU OMpPENeNeHHBIX CKOPOCTSX YCKOPSEMBIX
4aCTHIl HACTYTAJO PAcCOTIACOBaHNE B PabOTE LUKIOTPO-
Ha ¥ MUKPOYACTHIIFI HAYMHATN TOPMO3UTHCA. B pe3yib-
TaTe Ui MUKJIOTPOHA HACTYMAN Tpeies 1Mo JOCTUTraeMoi
CKOPOCTH W COOTBETCTBEHHO TIO0 JHEPTHUH YCKOPSEMBIX
gacTull. DOW3WKU-TEOPETUKHA OOBSCHWIN 3TO SBICHUE
BO3pacTaHWEM MacChl YCKOPSEMOW MHKPOYACTHIBI TI0
Mepe MpUOTMKEHUsS ee CKOPOCTH K CKOPOCTH CBeTa B Ba-
KyyMme. 3a cueT BO3pacTaHMsi MacChl YaCTULBI U MPOUCXO-
JNJI0 PaccorjiacoBaHME MPOLIECCa €€ YCKOPEHHs B LIUKIIO-
TpoHe. [lepBeIM pemmn 3Ty 3agady COBETCKHHA (GU3MK
B.M. Bekcnep B 1944 romy. T'on cmycrsi aHajaorudHoe
pemienne Hamen amepukaHckuit ¢usuk E.M. Mak-
Munnan. DTy ydeHble paszpaboranu aBa crnocoba KOM-
TIeHCAIINN YBETMYEHHUS MacChl YCKOPSIEMBIX B IHKIOTPO-
HE YacTHIl, OBWXYIIUXCS C OKOJOCBETOBOI CKOPOCTBHIO
[2, 6]: nepBblit — MocTeneHHOE U3MEHEHUE TI0 MEPE YCKO-
PEeHHS YaCTHIBI YACTOTHI YCKOPSIOMIETO 3NIEKTPUIECKOTO
TOJIsi; BTOPOW — TIOCTEeNeHHOe W3MEHEeHHWEe B TIpolecce
YCKOPEHUsI YaCTHIIbl MHAYKIWH MarHuTHOTO 1oJst (CHITbI
asektpomaruuta). B nacrosiiee Bpemst B Y3U wnukio-
TPOHHOTO THUMA OJHOBPEMEHHO WCMOJIB3YIOTCS 3TH JBa
crnoco0a TMOBBIMIEHUS] BBIXOJHONH 3HEPTMU YCKOPSEMbIX
BbiICOKMM Hanpsbkenuem Uy Mukpouactuu. B cospe-

MEHHBIX MOLIHBIX LHUKIOTPOHAX JHEPTHS YCKOPEHHBIX
npotoHoB W, MoxkeT nocturats yposhs 10 1 1B [1,13].

Hanbuelimum pazsutvem ¥Y3U, ucnonb3yommx 3¢-
(eKT pe30oHaHCHOrO YCKOPEHUSI MUKPOUYACTHL, CTAIN CUH-
XpOompoH, pazompon U CUHXPOPDA30MPOH, & TAKKE YCKO-
puTeNiM, OCHOBaHHbIE HA METOAE WHIYKUMOHHOIO YCKO-
penusi dnekTpoHoB (6emamponwr) [13]. B nocneanee
BpeMsi HOBbIM THUNOM Y3U SBIAIOTCA YCKOpUTENH Ha
BCTPEYHBIX Tyukax (konaiidepsl), B KOTOPBIX JHEPrHs
CTAIKUBAIOLINXCS YaCTHLl TMPAKTHYECKH BCS TEPEXOIHUT
BO BHYTPEHHIOIO SHEPTHIO BO30YKIaeMbIX siiep BellecTBa
U Ha POXJIeHUe HOBBIX 37ieMeHTapHbIX yactull [13, 17].

9. CO3JIAHME KBAHTOBbBIX VCUJIMTEJIEU U
T'EHEPATOPOB BJIEKTPOMATI'HUTHbBIX BOJIH

Pa3sBuTHe B MHpE TEXHHUKH CBEPXBBICOKHX paauo-
4acToT, TIPEKIE BCETO, U PElIeHns 3aad paaroiioKa-
IM¥ W yCTIeXH KBAHTOBOM (u3uku (Hanpumep, CoO3aaHue B
1916 romy Benukum ¢uzukom 20-ro Beka A. DiHIITElN-
HOM TEOPHH W HalbHEWIee OTKPBITHE SIBICHHUS WHIYLH-
POBAHHOTO M3JTyYESHUs SHEPTHU aTOMaMHU M MOJIEKYJIaMH)
MPUBEJM K CO3JAHHIO KBAHTOBOM JIEKTPOHMKH, H3y4aro-
el BbIHY)XIECHHOE W3JlydeHWe TBEPAbIMH TEJlAMU U ra-
3aMH CBEPXBBICOKOYACTOTHBIX 3JIEKTPOMArHUTHBIX BOJH
MO/l BIMSHWEM TTAAIOIIET0 HA HAX W3BHE W3JTydeHUs, a
TaKKe BIIEKTPOHHBIE YCTpoiicTBa (YCHITUTENd W TeHepa-
TOPBI JIEKTPOMArHUTHBIX BOJIH), IE€HCTBHE KOTOPBIX OC-
HOBAaHO Ha WCMOJIb30BAaHWHM BBIHYXXIEHHOTO 3JIEKTpOMAr-
nutHoro uznyuenus [1, 13]. UnayuupoBanHoe (BbIHYX-
JEHHOE) M3JTyd4eHHE KOTEPEHTHO W HAXOAWTCS B OMpene-
JIEHHOM (ha30BOM COOTHOINEHHH C BHEIIHMUMH yCHIIHBaC-
MBIMH 3JIEKTPOMArHUTHBIMA MUKpPOBOJHAMH. JIjisi TOro
uyTo0bI cucTeMa aTOMOB (MOJIEKYJI) BEILECTBA W3jlydalla

00JiblII€ DHEPTUU, YEM MOrJIolana, HE0OX0AUMO, YTOObI
4uCII0 aTOMOB (MOJIEKYJI) B BO30YKAEHHOM COCTOSIHUM
ObLIO 00JIbLIE YKCJIA ATUX KKMUPIUYMKOB MUPO3AAHUSN» B
CBOEM HIKEJIeNKALLEM IHEPreTUUecKoM cocTosiHuu. Ecnn
3TO ycjoBUE COOJIIOIAeTCs, TO FOBOPSIT, YTO BELUECTBO
00s1a1aeT UHBEPCHOIL 30CENIeHHOCMbIO N HAXOJUTCS B He-
PaBHOBECHOM 3HEpreTHYeckoM coctosiHuu. [lostomy on-
HUMU U3 OCHOBHBIX 3a/1a4 KBAHTOBOM 3JI€EKTPOHUKHU CTANU
MOUCK U pa3paboTka METOMOB CO3/IaHKs B TBEPIbIX Teaax
U ra3ax HepaBHOBECHBIX aTOMHBIX CHCTEM C WHBEPCHOM
3aCeNIeHHOCThIO, a TaKXKe CO3/aHHE AJIEKTPOHHBIX YCT-
POMCTB [/l YCUJIEHUS! AJIEKTPOMArHUTHBIX KoeOaHuii Ha
OCHOBE MH/yLIMPOBAHHOIO U3Jy4EHMUSI.

MoaekynapHolii Keanmoewlil 2eHepamop. Monexynsp-
HbIW TEHEPATOP WK YCUIUTENL (Ma3ep) sIBISETCS yCHIIU-
TEJIEM MUKPOBOJIH, PabOTAIOLIMM Ha MPUHLMIE BbIHYXK-
JeHHoro (MHayuupoBaHHoro) uznyuenus [13]. Hassanue
"mazep" npoucxonut OT aHrauiickux cios "Microwave
Amplification by Simulated Emission of Radiation" -
"ycunenue MUKpoBOIH NpU NOMOWU UHOYYUPOBAHHOZO
uznyyenus” [1, 13]. ['naBHBIM KOHCTPYKTHUBHBIM 3JIEMEH-
TOM Mazepa sBJAETCS PE30HATOP C AKTHBHBIM BELIECTBOM,
B KOTOPOM TIpH OMpeeSeHHbIX YCIOBUIX BO3HUKAET WH-
JyUMpOBaHHOE u3jlydeHue. Pe3oHaTop mmeeT 1Ba BBOAA!
OIMH— JJIsl 10Ja4u JHEPruM MOoJAKaYKW U CO3AAHUS WH-
BEPCHOHHOM 3aCEJIEHHOCTH B MOJIEKYJIaX aKTHBHOIO Be-
liecTsa, a APYrod — sl MOCTYIUIEHHUS YCUJIMBAEMbIX U
OTBOJA YCHJIEHHbIX BbICOKOYACTOTHBIX 3JIEKTPOMArHWT-
HbIX BOJIH. J[Jisl pa3zesieHusi BO BTOPOM BBOJE 3JI€KTpUUe-
CKUX CHTHAJIOB, MPOXOIAIINX B MPOTUBOMONONKHBIX Ha-
MpaBJeHUSX MO OJHOMY BOJIHOBOIY M CYLIECTBEHHO OT-
JUYAIOIIUXCS MO BBICOKOYACTOTHOM MOIHOCTH, TpHUMe-
HSIOTCS pa3Bsi3biBaloliue HUpKynsTopel [8]. B mepBom
Mazepe, co3ganHoM B 1954 romy coBeTckumu (u3UKaMu
H.I'. bacoBbiM U A.M. IIpoXopoBbIM, UHBEPCUOHHAS 3a-
CEJIEHHOCTh MOJIEKYJl aKTMBHOIO BellecTBa obecrieumnBa-
Jlach € MOMOLLUBI0 HEOJHOPOIHOI0 3JEKTPOCTATUYECKOrO
nosisi. B kauectse pabovero BellecTBa B Ma3epax UCMoJib-
3ytotest ammuak NHz, Bogopon, ¢opmanbaerun u ap. B
MepBOM COBETCKOM Masepe (reHepatope CTaOWIbHBIX
CaHTUMETPOBBIX 3JIEKTPOMArHUTHBIX BOJIH C JUIMHON BOJI-
bl Ap;=1,27 cm [6, 13]) wmcmonk3oBaiMCch KBAHTOBbIE

Nepexo/ibl MEX1y AMCKPETHBIMU IHEPreTUUECKUMHU YPOB-
HsMU B MoJniekynax ammuaka NH;. MonekynsipHbie uachl,
MOCTPOCHHbIE HA OCHOBE TAKOr0 Masepa, WUMEIOT Tou-
HOCTh Xx0Ja, pasHyro 1c 3a 300 ner [13]. Masepsi, o6ia-
JIaloLIe BbICOKOW MOHOXPOMATHUHOCTBIO, KOI€PEeHTHO-
CTBIO M Y3KOW HAampaBJIeHHOCTbIO BBICOKOYACTOTHOTO
3JIEKTPOMAarHUTHOTO W3JIy4eHHs, B HACTOSIIEEe BpeMs
LIMPOKO MPUMEHSIOTCS B PaAMOACTPOHOMHHM, pagnuosioKa-
LMK, KOCMUYECKOH CBSI3M M 3TAJIOHAX YacTOTHI.

Onmuueckuil Keanmoewlii 2eHepamop. ONTUYECKUN
reHepatop (Jazep) sBISETCS YCHUIUTENIEM CBEPXBBICOKO-
YaCTOTHBIX 3JIEKTPOMArHUTHBIX BOJH B ONTHYECKOW 00-
nactu criektpa. Ha3panue unu tepMuH "nasep” mpomcxo-
aut ot anrauiickux cios "Light Amplification by Stimu-
lated Emission of Radiation" - "ycunenue ceema npu no-
mowu unoyyuposannozo uznyyenus” [1, 13]. Jazep, kak u
mazep, paboraer TakXe MO MPUHLMITY BbIHYXIEHHOIO
(MHOYUMpPOBAaHHOTO) M3JTyYeHUs. AKTHBHBIMU BellleCTBa-
MU B PE30HATOPAX Jia3epa SBJIAIOTCS pa3IMvHble IUAJIEK-
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TPUYECKUE KPUCTAJIbI, CTEKIIA, Ia3bl, MNOJYMPOBOIHUKHU U
iasma. B nepBoM onTuueckom KBaHTOBOM I'€HEpaTope B
Ka4eCTBE aKTMBHOTO BELLECTBA OblJl MPUMEHEH KPUCTAJLI
pyOuHa (OKCHU aJIOMUHMS, B KPUCTAJJIMYECKON pEIIETKE
KOTOPOI0 HEKOTOPbIE ATOMbl AJIFOMWHHUS 3aMELUEHbI HO-

Hamu xpoma Cr 3+ [13]). UMeHHO HOHBI XpoMa U SIBIIsI-
IOTCSI B pyOMHOBOM Jia3epe aKTUBHBIMHU aTOMaMH, IOMyC-
KalOMIMMA WHBEPCHOHHYIO 3aCeNeHHOCTb. PyOMHOBBII
Ja3ep YCWIMBAET W WM3JIy4aeT KPACHbIN CBET C OCHOBHOM
anuHoit BoaHbl A =694,3 um [6, 13]. MHBepcuonHas

3aceJIeHHOCTh B PyOMHOBOM Jla3epe AOCTUTAETCS MyTeM
OCBellleHNs KpUcTalla pyOrHa MOIIHOM BCTBILIKON CBe-
Ta. Kak U3BecTHO, Takoli mpouecc Ha3blBAOT ONMTHYECKOM
Hakaukol. Bcmblllka cBeTa TepeBOAMT aTOMBbI XpoMa B
KpucTaie pyOouHa (BbIMOJHEH B BUIE LWITMHAPA AUAMeET-
pom 1 cM u muHo#t 10 cM) U3 OCHOBHOTO 3HEPreTHYECKO-
ro coctosius B BO30yxaeHHoe. [Ipu ynpasisieMmom rnepe-
xoze BO30YXKAEHHbIX aTOMOB XpOMa B MX OCHOBHOE CO-
CTOSIHME B aKTHBHOM BEILECTBE, Pa3MELLEHHOM B pe30Ha-
TOpE, BO3HMKAET WHAYLWPOBAHHOE wH3jyueHue. Pe3oHa-
TOPOM B JaHHOM Jia3epe sIBISIIOTCS JBa 3epkana (pasHece-
Hbl Ha PACCTOSIHWE MHOTO OOJIbLIE JJIMHbI BOJIHbI H3Jlyue-
HUSA), OJHO W3 KOTOPBIX MOJyNMpo3padHo (CO CTOPOHBI
BBIXOJla YCHJICHHBIX BOJIH). MIMIyJbCcHash MOLIHOCTH W3-
nyuenns pybuHoBoro nasepa mocturaer 10° Bt ¢ 1 cm®
TopuUa LWIMHApa M3 HarpeBaeMoro KpPHCTaIINYecKOTo
pyoOuHa (pacXoOuMOCTb My4Ka U3Ty4eHUs He TPEBbILIAeT
0,5°; npu temneparype pyouna B 1000 °C rakoii yasep
nepecraet paboTarth). B nazepax Ha TBepaOM Telsie B Ka-
4eCcTBE AKTMBHOIO BELUECTBA YNOTPeOJsieTCs] TakKe He-
O/IMMOBOE CTEKJIO, B KOTOPOM aKTUBHbIMU aroMamu siB-

nstotest nons Heomuma Nd®* . Heoxumosstit nazep reHe-
pupyeT uHppakpacHoe W3Ny4YeHWe C UIMHOM BOJIHBI
1,06 mkm [13]. B razoBom renuii-HEOHOBOM Jla3epe B He-
MPEPLIBHOM peXUMe paboThl BBIXOIHAS MOILIHOCTh U3Y-
YaeMoro WM KpacHOTO cBeTa C JUIMHON BOJHBI 632,8HM
cocrasisier 10 300mBrT. Jlasep Ha yrnekucnom raze CO,

B HEMpPEepbIBHOM PeXXUMe TeHepupyeT WH(pakpacHoe W3-
nydeHue MolnHocThio a0 10kBT, a aproHoBblii Jazep—
W3Ny4YeHre B BUIUMOW 00JIacTH CHEKTpa MOIIHOCTBIO 10
1kBt [13]. B uMmynbCHOM pexuMe MOIIHOCTh yKa3aH-
HBIX Ta30BbIX JIa3epOB JOCTUraeT COTeH KHUoBarT. Jlaze-
pbl HaITK MPUMEHEHHe B MPOMBILLIEHHOCTH (MpH CBep-
JIEHWH OTBEPCTHIl B TBEPABIX MaTepuaiax), HAyYHbIX HC-
ciieloBaHusIX W MeauunHe. M300peTeHre KBaHTOBbIX re-
HEPaTOpPOB I03BOJIMJIO CO3JaTh YCHJIUTENIM BbICOKOYAC-
TOTHBIX JJIEKTPOMArHUTHBIX KOJe0aHWii, BbIXOAHbIE Ma-
paMeTpbl KOTOPbIX B COTHM pa3 MPEBbIILAIOT MapameTphbl
(HampuMep, YyBCTBUTENBHOCTD) JIYYLIHX paglOyCHIIUTE-
ne#t. B 1964 romy ocHOBaTenW KBaHTOBOI AJIEKTPOHUKHU
I'.H. Bacos, A.M. I1poxopos (CCCP) u Y. Tayuc (CLLA)
OpuTH ynoctoeHsl HoOeneBckoit mpeMun 1o uzuke.
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