
• 

06bELU1HEHHblltl v!HCTHTYT Sl.UEPHblX v!CCJlEllOBAHv!H 

Jla6oparop1rn HAepHhlX npo6.1ei1 

C.n. Kamrna 

941 

MvIKPOTPOH 

AaTope¢epaT aHccepTBUHH, npeacTaaneHHOA HB COHCK BHHe 

yqeHoA CTeneHH aoKTOpa ¢H3HKO-MBT8M8THqecKHX HBYK 

lly6Ha 1962 r o.o · 



""') 

:>-... 

c.n. Kanu:ua 

Mvf KPOTPOH 

941 

~ AaTope¢epaT nuccepTa:uuu, npencTaaneHHOH Ha coucKaHue 
yqeHOH CTeneHH noKTOpa (plI3lIKo-MaTeMaTuqecKlIX HayK 

(iM1,e.1umt"HHMll u11cniryi· I 
. ff..'tCrillid th.CJle JJ,OBl!HElt 

6VIE.Jll'10-I EKA 



1. B B e Jl e H " e 

3neKTpOHHWA UHKn□TpOH - UHKnHqecKHA yCK0PHTenb 11.nll ycKopeHHH penHTHBHCTCKHX 

qacTHU 6bin snepsbre npe11.no>KeH B 1944 r. B.vl~BeKcnepoM/l/• O11.HaKo, rrepsbre Hc

cne11.osaHHH, B K0T0pb!X 6binO 9KCIIepHM9HTBnbH0 ocymecTBneHo ycKopemie no 9TOMY 

IlpllllUIIIlYt 1\9 npHB9nH K C03Jl8Hlll0 CKOnbK0-H116yJlb 9qJqJ9KTHBHOrO yCKOpHTBnH, a B pe-. 

aynbTBTe nocne11.y10mero 6bICTporo paaBIITHH IlHHettHbIX ycKop11Tenett IIHTep~c K sneK- · 

TpOHH0MY UHKn0TpoHy, noa11.Hee H83B8HH0MY MHKpOTp0H0M, 6hi°n yTepHH. 

vlCXOJlll H3 o6!llHX npe11.cTaBn8HHA 0 UHKnHqecKIIX ycKop11TenHx, MW np11wnH K BbI

BOJlY, ~o sneKTpOHHhIA UHKnoTp0H M0>KHO npeBp8THTb B B9CbM8 scpcpeKTIIBHbili HCTOqHHK 

6b!CTpb!X sneKTp0HoB. nosTOMy B 1957 ro11.y B <P11aHqecKOi! na6opaTbpHH vlHCTHTyTa 

cpHaHqeCKHX npo6neM AH CCCP 6binH HaqaTbI pa60ThI no nocTpol!Ke H Hayqem110 sToro 

THna yCKOpHTeneli. PeaynbT878M 9THX "HCcne11.0B8HHli H noCBll!ll9H8 Jl8HH8ll JlHCCepTa-

2. 3KcnepHM9HTanbHbl9 Jl8HHW9 no MHKpOTpOHY (o6aop nHTepaTypbrl 

nepBbll! YCKOpHTenb, B KOTOpOM 6binO 9Kcnep11M8HTBnbHO ocymecTBneHO ycKopeHHe 

sneKTpOHOB B pe>KHM9 C nepeM9HHOA KpBTHOCTblO, 6bm nocTpOeH B . 1948 ro.o.y B KaHa-

11.e. B 9TOM yCKOpHTene 9Il9KTpOHbl ycK_OpllnHCb JlO 9Hepr11tt 4,8 MsB IIpH qacToTe nepe

M9HHOro rrom1, COOTB9TCTBY!O!ll9li 11.mrne BOilHb! 10 CM. 

3TOT YCKOPHT9nb, KOTOpbitt nonyq11n H83B8HH9 MHKpOTpOHa, nocny>KHn IIpOTOTHnOM 

pHIJ.8 11.pyrHx MHKpOTpOHOB, nocTpOeHHb!X B paannqHb!X CTpaaax. O6!llHM H9Jl0CT8TKOM 

acex ycKOpHTenett, nocTp09HHblX no o6paauy K8H8JlCKOro MHKPOTpOHa, HBnlleTCll B9CbM8 

Manaa HHTeHCHBHOCTb nyqKa, nonyqaeMoro B peaynhTBTe SMIICCHH aneKTpOHOB co CTeHOK 

pe30H8Topa. v!MnynbCHbl9 3HaqeHHll TOK8 ycKppeHHb!X qjlCTIIU JlOCTllrann 1- 2 MB. 

B 1958 ro11.y B noHJlOHe 6hm nocTpOeH TBKOli >Ke MHKpOTpOH Ha 9Heprlll0 30 Msa, 

0.0.HBKO, TOK nyqKa Obin eme M9HbW9 (0,05 Ma). 3aMeTHM,_ qTo nOBblCIITb HHTeHCHBHOCTb 

TOKa, no-BH/lHMOMY, y.o.anOCb Ha lllB9/lCKOM MHKpOTpi:>He Ha 9HeprH!O 5 Msa, OJlHBKO, 

peaynhT8ThI STOA pa60TbI H3B0CTHbI TOnbKO H3 qacTHbIX. coo6tUeHHA. 

Ha OCHOB8HHH STHX Hcc·ne.aoaam-i:ti MD>KHO aaKnroqHTh, 'ITC MHKpo,:-poH srnnaeTcst 

oqfiiffb npOCTb!M ycKopnTeneM 9Il9KTpOHOB JlO 9HeprHli 5-30 Msa, OJlHBKO, TOK ycKopeH

Horo nyqKa B .9TOM npH6ope cymecTB9HHO orpaHnqeH HecoaepweHCTBOM M9X8HH3M8 11H-

3. OcHOBHb!9 napaMeTpbl 
0

MHKpOTpoua vi<t>n II nnTepaTypa no HBMY 

-Pa6oTbI no C03Jl8Hlll0 H H3yqeHH!O sneKTpOHHoro UIIKilOTPOH8 B vlHCTHTyTe qJ!l3H

qecKHX npo6neM 0blnH nepaouaqanbHO UOCTaBneHbl C U9Ilb!O nonyqnTb crycTKH Ob!CTpblX 

sneKTpOHOB. 8 9KCnepHM9HT8X no penHTHBHCTCKOtt 9Il9KTPOHHKe,H3B9CTHWX H3 IlHTepaTy

pbI, B KaqecTB9 IICTOqHnKa crycTKOB, KBK npaa11no, npHM9Hll9TCll n_HH9l!Hb!l! YCKOPIIT9nb. 
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OitHBKO nnoTH0CTb aneKTP0II0B, K~.Topy10 M0>KII0 ll0CTH'ib B ns11el!110M ycKOPHTene, 

OKB3bIBBeTCH cnHWK0M MBnol! (B 0CII0BII0M Ha-aB 0TCyTCTBHH_ llOCTBTO'illO aq,cj:,eKTHBl!Oll . 
nonepeq11ol! cj:,oKycspOBKH) no cpBB!leHHIO C nnoTII0CTblO aneKTpOIIOB, KOTOpy10 MO>KIIO 

ll0CTH'ib B MHKPOTpo11e. 

B CoBeTCK0M Co10ae MHKpoTpo11 Bnepable 6bln nocTpoe11 B 1957-60 r.r. B <t>sas-• 

0 '18CKOJ! nB6opBT0pHH HIICTHTyTB cj:,g3gqecKHX npo6neM. OH HMeeT llHBMeTp KBMepbl 

70 CM s pa6oTaeT c MBrlleTp0II0M iteCHTIICBIITHMeTp0B0I'0 itsanaaoHa. B nepBb!X onbl

Tax 6bln 11cnonb3oBall TOpOHllBnbHblJ! peao11aTop; nyTeM KponoTnHBOI'O IIOll60pa q,opMbl 

ycKopnTenb11oro peaoHaTopa yitanocb nonyqHTb TOK ll0 7 Mil..(~. sMIIynbCe) 11a 12-ol!" 

op6sTe IIpH a11eprHH 6,Maa. nonyqe1111blll peaynbTBT eme paa IIOllTBepitHn, '{TO TOnbKO 

IIpH KOpe11110M H3Me11e11HH IIpHIIU!lna HH>KeKl!HH M0>KII0 nony'iHTb aaMe.THOe yBengqe11se 

TOKB• 

OTKB3BBWHCb OT 061.UellpHHHT0I'0 T0p0Hl(Bnb!I0I'0 pea0HBTOpa g nepeJ!itH K peao11B

TopBM !I0B0rO THl!B - K .nsnHHllPH'ieCKIIM peao11aTOpBM, B KOTOpblX BOa6y>KitBn~.Cb KOne-

6BIIHH THna E
010

, Mb! nonb3oaanscb• HH>KeKnseJ! aneKTpo110B c ropsqero KBTOllB, pBc

nonomeH11oro 11a nnocKoJ! cTe11Ke peao11aTopa. npsMe11e11se peaoHaTopoa 110Boro THnB 

H T0'i!lble pacqeTbl llBH>K-3HHSI aneKTP0IIOB B HHX l(BnH B03MO>KIIOCTb nonyqgTb HB no

CTp08HHOM HBMH MHKp0Tp0He TOK ll0 25 Ma np1:1 a11eprHH 7 MaB g 6 MB npH a11eprHH 

13 MaB. l;ioBbJJ! MeT0ll BB8lle!IHSI aneKTP0II0B 11a op6HTY noaBonsn TBK>Ke nOllll>ITb 

MarHHTHoe none B .aaa pB31l.. H TBKHM. IIyTeM YllBOHTb a11eprs10 ny'iKB npH coxpBHe!IHH 

npe>KHHX pBaMepoB MBI'IIHTB, a TBK>Ke. nnaBII0 H B WHpOKHX npea,nax H3M8HHTb 
a11ep-

I'HIO aneKTpOIIOB. npe>KHHe MHKpoTp0Hbl TBKHX B03MO>KIIOCTell 11e HMens. 

OcHOBllbie peaynbTll.Tbl sccneitOBll.llHJ! MHKp0Tp0HB g3nome11bl B pB60TBX c.n.KBns

llbl, B.n.Eb!K0Bll. H B.H. MenexHHa 131 •I,~/. OnHCBHHe q11cne1111bIX pBc'ieTOB H HX pe-

c.n. KBrml!bl, B.H. Menexs11B, r .n. npy )lKOBCKOI'O 
aynbTBT0B llll.H0 B.pB6oTe 

/5/ 
11.r.KpyTHKoBoa .• 

H 

rpynnsp0BKB aneKTp0H0B, ycKopeHHblX B nepeMellH0M aneKTp11qeCKOM none H llBII-
. . /2/ p 

ra101.UHXCSI B Ollll0P0llH0M MBI'HHTH0M none, paCCM0Tpe11B BBTOpOM B • eaynbTBTbl 

11aMepeH11J! II sccneitOBB!IIIJ! IIaKeTllp0BKII nyqKa B Mi!Kp0Tpo11e 113no>1<ellbl B pa6oTe B.n. Eb!K0-

/6/ . · /10/ . 
BB 

I 
a TBK>K8 B ero llHCCepTal!IIII • Hccneit0BBIIIISI BepTl!KanbHOll q,0Kyc11poBKH MIIKPOTpo-. . 

IIB, n0KB3BBWlle npeHMYI.U8CTBB np11MeHe1111g rop1130IITBnbllblX menel!, )lBIIO B pa6oTe 

/9/ . 
B,H.Menex11HB • OrpaHH'ieHHe ToKa B MHKp0Tpo11e aB cqeT aq,q,eKTOB Korepe11T11oro 

11anyqe11HH OT CI'yCTKOB paCCM0TpeH0 B pB60Te C.IJ. KBIIlll!bl II n,A,Bal!HWTeJ!HB/
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, B,n. Eb!K0BblM TBK>Ke Ol!eHeli npe,t1enbllbIJ! TOK .YCKOpHTeng, 06ycnoane11I1blll c11naMH 

. ··. /11/ 
npocTpa!ICTBell!IOI'O 3Bp>1,t1a IIB IIepBb!X op6HTBX I H )lB!lbl oneHKII Tpe6yeMOl! O)lHO-

. /9/ /11/ 
po)l!I0CTH ae,t1ymero MBI'IIHTII0I'0 nong ycKop11T0nH • • HeKOTOpble o6nBCTH np11-

. . /10/ 
MeH811IIH cunb!I0T0'i!I0I'O MHKP0TpoHa pBCCMOTp811bl B 

YcneWHblJ! ,onbtT pB60Tbl c. nepBb!M MHKp0TP0II0M II )l8TBnbHblJ! ll.HBnH3 1Ipo11cxo

)l>II.UIIX B 11eM !Ip0UeCC0B )lBn B03}:,I0>KII0CTb HBM B 1960 r. !IpHCTYIIIITb K !Ip08KTIIPOBB-. 

.4 

HIIIO H ·noc1'pol!Ke MOil.lH0ro Ml!Kp0Tpo11B Ha a11eprHH 30-40 Maa c llHBMeTp0M KBMepbt 

1100 MM, pa6oTBIOI.Uero OT MBrHeTpoHa 10-CBIITHMeTpOBOI'O )ll!BIIB30HB. 

nep8'iHCneI111ble Bb!We pB60Tbl 1Ip0B8)l811bl II0)l pyK0B0)lCTBOM BBT0pB, 

4, OcHOBHble caollcTBa MHKP0TP0HB 

MuKpoTpOII - STO UHKnHqeCKHJ! ycKopuTeiib, B K0T0P0M SHeprsg, coo6waeMaH 

. '{BCTHU8 3B UHKn, cpaBHHM3 C ee SHeprsel! Il0K0H, HM8HIIO STliM MHKp0Tp0H K0p811llblM 

o6pB30M OTnuqaeTCH OT BC8X llpyrux yCK0pHTeneJ! pen>1THBHCTCKHX qaCTHll, CsnbHOe 

ycKOPHIOI.U88 II0ne B MHKpoTp0He )lB8T B03M0>KH0CTb nerK0 ocymecTBHTb Bb!B0)l 'iBCTHll 

H3 yCK0pHTenH H ,llano HBM B03M0>KH0CTb aq,cj:,eKTHBIIO BB0,lHTb aneKTJ)OHbl B pe>KHM 

ycxope!IH>I. C ,t1pyroJ! CT0p.0llbl, 6onbWH8 Hi3M8!18IIHSI B a11eprsu, npoHCX0)lSII.UH8 OT op-

6HTbl ·K op6HTe, g Manoe qscno op6s, aaTpy,t1HHIOT IIPHM811811H8 1Ipu6n11>1<eI1I1blX M8T0)l0B, 

HCII_Onb3yl01.UHX B)lHB6BTH'iH0CTb Ilp0U8C:.CQB YCKOp811HSI B yCK0pl!T8nHX CO cna6b!MH II0n>1-

MH, 3TO 31l.CTBBHno HBC pa3BHTb qgcneHHb!8 M8TO)lbl pBC'i8TB C HCII0nb30BBHH8M 6blCTpo

ll8J!CTBYIOI.U811 Bbl'il!CnHT8nbH0J! TeXIIHKII H BHBn0I'0BblX M_BWHII, . 

MarHHTll08 !Ione B MHKp0Tpo11e B 0CH0BII0M B8):181,'. 'iBCTHUbl H B03BpBI.UB8T BX B 

pe30IIBT0p. MBrHHTHOI! cj:,oKyCHpOBKH, B 0Tngqge OT llpyrsx ycxopuTeneJ!, B Ml!Kp0Tp0He 

HeT, cj:,oxycpOBKB 'iBCTHU B MHKp0Tp0H8 IlpOHCXOll!IT T0nb~O 3B C'i8T )lel!CTBHSI ycxopg10-

mero BblC0KO'iBCT0TII0I'0 IIong B p830HBTOpe, B BBTOqJB3HpOBKB IIPHBO)lH; K acj:,cj:,eKTHB

Holl rpyIIIIHp0BK8 g 6onbWOJ! M0H03HepreTH'iH0CTH aneKTP0II0B B IIY'iK8, 

MBKCHMBllbHBH aaeprus,· K0Topy10 M0>KH0 IIonyqHTb B MHKp0TpoHe, 3BBIICHT OT 

llBYX qJBKTOpOB: OT )l0IIyCTHM0I'0 qgcnB op6HT H 11a1IpH>K8HHOCTH II0CT0SIIIH0I'O MBI'HHT

H0I'0 II0nH H IIpH 3B)lBHH0J! 'iBCT0T8 ycK0pHIOI.Uero HBIIpH>K8HHH, T0'{Hee, OT 0Tl!0llle

HHSI MBI'HHTHoro IIons H K ero UHKn0TP0HHoMy aH.B'i8HHio H 0 • qucno op611T oirpe,t1e

nseT IIpe,t1enbHO llOIIyCTHMYIO He0llH0p0)lH0CTb MBI'HHTH0I'0 II0ns, K0TOpaH o6pBTHO !Ipo

IIQpUH0IIBnbllB KBB)lpBTY qucna op6HT, noaTOMy yaengqeHHe SHeprHH IIyTeM yBenH'i8HHH 

'iHCnB op6HT H811368>KHO 6y,t18T° CBH3BII0 C 6onbWHMH T8XHH'i8CKHMH TpyllHOCTSIMH o6e

CII8'i8HHSI O)l
0

H0p0)lH0I'0 MBI'HHTH0I'O II0nH. no-BH)lHMOMy1 !IpH COBp8MeH'HOM ypoBH8 

TexHHKH IIpe,t1enbHoe 'iHcno op6HT
0 

IIops,t1xa 50-lOO;npu_ aToM Tpe6yeMBH 0llHopo!lH0CTb 

MBI'HHTH0I'O II0nH 6riteT II0pH)lKB 0,01%, Bo3MO>KH01 'iT0 ,CII8UHBnbH0I! K0ppeKTHpOB

K0J! MBI'IIHTH0I'0 IIOng MO>KHO HeCK0nbKO yaenH'iHTb YKB3BHll08 'iHCno op6HT, EcTecTae11-

Hblll IIYTb yaen11qeHHH aHeprHH 3BKnlO'iB8TCH Tll.K>K8 B yBenH'i8IIHH H/Ho IIPH 3B)lBHII0I! 

)lnHHe B0nHbl, C· y'ieT0M B03M0>KH0CTH yBenH'18HHSI 'iHCnB op6HT H yaenH'i8HHH H/Ho 

ceJ!qac cne,t1y8T C'iHTBTb peanbllb!M C03)lll.llH8 aq,q,eKTHBHblX .MHKp0Tp0IIOB HB SHeprmi 

)lo loo f-llsa. 
.. 

BenH'iHHB T0KB IIY'iKB, ecTeCTBeHHO, CBH3BIIB, B II8pay10 oqepe)lb, C M0I.U!I0CTblO 

HCTO'iHHKB CB8pXBblC0K0J! 'iBCTOTbl, <l>HaHqecxoe orp.aHH'i8HH8 T0KB IIP0HCX0)lHT ua-aB 

uanyqeHHH IIY'IK": B pe30HBT0pe (Boa6y>K)l8Hlj8. )lOIIOnHuTenb~o,:-o II0nH ycxopH8MblMH 

cryCTKBMH) II KorepeHTHOro· 11anyqeHHH IIPH )lBll>K8HHH a·MBI'HHTIIOM !Ione B KBMepe 
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ycKop11TenS1, C yaen11'!eH11eM H/H0 aenH'IHHa rrpe.nenbHoro TOKa yaem1_'111aaeTcS1 a ca-

MOM rpy6oM np116n11>KeH1111 nponop11110Hanb,HO H/H0 • 

TeopeT11'1ecKaS1 OKeHKa npe.nenbHoro TOKa np11ao.n11T K 3H8'!eHHIO nopH.nKa I BM

nepa, 3Ta oueHKa Tpe6yeT 3KCnepHMeHTanbHOJ! npoaepKH, TaK KaK pac'!eTHb!M nyTeM 

yqecTb ace .neTan11 MexaHK3Ma ycxopeH11S1, 11anyqeHHS1 11 pa.n11au11ouuo'J! . .necj:,opMau1111 

cryCTKa IlOKB He rrpe.ncTaansteTCSI B03MO:>KHhIM. ECT0CTB9HHO, 'ITO YCKOpHTenb Ha npe

.aenbHbie 3HeprHH H TOKH, ,ang pa6oTbl KOTOporo Heo6xo.o.11MbI MOUlHOCTH He MeHee .o.e

CHTKB MeraaaTT, MO>KeT 6bITb TOnbKO YCKOpHTeneM HMnynbCHOro .neliCTBHH. 

Ecn11 >Ke CHH3HTb OTHOWeH11e H/H0 11 11cnonb3oaaTb reuepaTop, .na10m11i! uenpe

pbIBHyro MOll.{HOCTb B H0CKOnhKO COTeH KHnOBBTT, TO MO>KHO IlOCTpOHTb MHKpOTpOH ae

npepbIBHOro .aeflcTBHHe 

5, Cpaaueu11e MHKpoTpoHa c .npyr11M11 YCKOpl!'i:enl!MH 

B o6naCTI! He6onbWHX aHepr111! MI!KpOTpOH MO>KHO cpaaH11aaTb C 6eTaTpOHOM II 

aneKT,POCTBTH'leCKI!M YCKOpHTeneM, npH 0.llHHBKOaoi! TeXHH'leCKOJ! cno>KHOCTI! MI!K0p0TpOH 

I!MeeT ace npe11MyIUeCTaa nepe.n 6eTaTpOHOM .. 8 'IBCTHOCTH, MOWHOCTb ero ITY'IKB 

6onbwe a 100-300 pa3 II 6onee, Ha MI!Kpo'tpoHa a03MO>K_Ho abrnecT11 MOH08HepreT11'1eCKHJ! 

xopowo KOnJU{MHp0B8HHbIH nyqox aneKTPOHOB, 3Hepr1uo KOTOphIX MO>KHO H3M8HHTb He-

npepbIBHO. 

CymecTay10IU11e aneKTpOCTBTH'leCKI!e ycKop11Ten11 aneKTPOHOa orpaHH'leHbl aHeprH

ei! a 3-5 Maa, 11 no_ cpe.nHel! MOIU'!'OCTI! caoero ny'!Ka OHH cpaaHHMbI c HMny_nbCHbIM 

MI!KpOTpOHOM, E.nHHCTaeHHOe npeHMyIUecTao aneKTPOCTBTH'leCKI!X yCKOpl!Tenel! 38Kn10-

qaeTCll a 6onbwel! MOHOaHepreTH'IHOCTI! ny'!Ka, 0.nHaKO MI!KpOTpOH o6na.naeT CTOnb 

ManbIM aHepreTH'!eCKI!M paa6pocoM, '!TO .nnll 6onbWI!HCTaa np11MeHeH111!, r.ne Tpe6yeTCll 

6onhlll8H 0.llHOpo,aHOCTb 3HeprHH anexTpOHOB, MHKpOTpOH Brronae MO)K0T 38M8HHTb 

aneKTpOCTBTH'leCKI!I! ycKop11Tenb, 

Ha116onee HHTepecuo cpaBHHTb MHKpoTpoH c n11uellHbIM ycKop11TeneM, KOTOpbil! 

ua116onee 6n11aoK eMy no MeXaHH3MY ycKopeHHll aneKTpouoa, np11 aueprHHX .no 30-IOOM:i>a, 

no cymecTay OCHOaHoe OTnH'II!El n11Hel!Horo yCKOpl!Tenll OT MI!KpOTpoHa 3aKn10qaeT~ 

CH a~ TOM, t{TQ nHHSiiHbIA YCKORRTenb eCTb MBllIHHB nocneJlOJ38TenbHOro coe.aHH9HHH, a 

MHKpOTpOH MO>KHO paccM8TpHB8Tb KBK MBUIHHY napannenbHOro coe.aHH8HHSI C COOTBeT

CTB8HHO M9HbWHMH 3H8t{9HHHMH' xapaKT9pHCTH'tf9CKoro <?OOpOTHBneHHH • .Qng MHKpOTpoHa 

Cym'ecTayeT noporoaoe 3HatieHHe MomttoCTH, aaqHHBR c KOToporo a HeM MO>KHo ycKOPHTb 

aneKTpOHbl, MoIUHOCTb, ueo6xo.n11Mal1 .nnll· aoa6y>K.neHHll n11HellHb!X YCKOpHTenell, C.' TB-

KHMH orpBHH'tf9HHHMH He CBS{38Ha. 9.nHBKO ¢aKTHtf9CK8SI MOlllHOCTb, Heo6xo,nHM~H 

.nnll B036y>K.neHHll mrnel!Horo yCKOPHTenll np11 cpaaHHMblX aueprHHX ny'!Ka, 3aM';THO 

6onbwe MOWHOCTH, Tpe6yer,rnl! .nnll B036_y>K.neHHll MI!KpoTpOHa, noaTOMy nHHel!Hblll 

ycKOPHTenb acer.na 6y.neT ycKop11TeneM HMrrynbCHoro .nellcTaHH, 

6 
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B o6naCTI! 6onee ab!COKI!X aueprnl! MI!KpOTPOH He MO>KeT K?HKyp11poaaTb C n11-

Hel!H.b!M ycKop11TeneM, .. ~o a11.nHo ·oco6eHHO l!CHO 113 onbITa ycnewHol! pa60Tbl n11Hell

HblX ycKOpl!Tenell Ha aHeprHIO a MHnn11ap.n aneKTPOH-aonbT H nocTpOl!KH TpexK11noMeTpo

aoro YCKOPI!Tenll a CTaHcpop.ne (CWA ). 

no CBORM npe.aenbHhIM auaqeHHHM CHnbI TOK8 nHHeil:Hhle ycKOpHTenH II MHKpo-

TPOHbl (.nnll nocne.nHHX HMeIOTCll a a11.ny TeopeTH'leCKHe oueHKH), HeCMOTpll Ha paam,Ie 

M9X8HH3Mbl orp8HH'l8HHSI CHnbl TOKB, npHMepHO paaHOU9HHbl. O.attaKO, B . nHHefiHhIX ycKo

pHTeng~ 0CTb HE!06bl1{H8H B03MO>KHOCT~ HMnynhCHOro ycKopeHHH 6onhllIHX TOKOB 38 

C'leT HaKonneHHOll B HHX aneKTpoMarHHTHOil aHeprHll, B MHKpOTpOHe, 113-3a Heo6xo.n11-

MOCTH ycKopeHHH qacTHil .ao CTporo onpe,lleneHHOfi 3HeprHH, T8K8H B03MO>KHOCTb HCKnro-

.i.. 
qaeTCH. 

no cpaaHeHHIO C n11HellHbIMI! yc;Kop11TenHMI! HecpasHeHHbIM npe11MyIUecTaOM MI!Kpo

TPOHa HBnHeTCH ero npOCTOTa. Pe30H8TOp MHKpOTpoaa, K TO'IHOCTH H3rOTOBneHHH KOTo

poro He npe.n'bS1anS1eTCll HHKaKHX oco6b1x Tpe6oaaHnll, ropaa.no n_pome, 'leM _.n11acj:,par-· 

MHpoaaHHblll BOnHoao.n n11Helluoro ycKop11TenH, MHKpOTpOH a_ TOM s11.ne, KBK OH nocTpo

eH HaMH, He Tpe6yeT .n,rn I!H>KeKUI!I! cnO>KHOll HMnyJlbCHOll aneKTpOHHOll nyWKH, C11cTeME1 

abICOKO'IBCTOTHOrO aoa,6y>K.neHI!ll MI!KpOTpOHa TaK>Ke cymecTaeHHO npome Toll cno>KHOl! 

uerrO'IKI! ycnnHTenel! 11 caepxMOIUHbIX KnHCTpOHOa, KOTOpbie cel!qac Tpe6yIOTCll .nnll 

aoa6y>K.neHHll nnHellHoro ycKopnTenll, B MI!KpOTpoHe MO>KHO npHMeHl!Tb MOIUHbJe caMo

aoa6y>K.na10m11ecll MarHeTpOHbI, KOTOpb1e., 6naro.napll caoeMy WI!pOKOMy rrpHMeHeHHIO B 

pa.n11on0Kau1111, oTnl!'IBIOTCll 6onbWOl! Ha.ne>KHOCTblO II npoCTOTOl! a 8KCnnyai-au1111. B 

MHKpOTPOHe Heo6xo.aHMO C03.08HHe IlOCTOHHHOro MBrHIITHOro nonH. O.aHaKO acnen,cTalie 

He6onbWOll HanpH>KeHHOCTI! aToro nonll KOHCTpyKUI!ll MBrHHTOB OTnH'!aeTCll npOCTOToll, 

H 3HepreTlftl8CKH8 38Tp8Tbl, CBH38HHhie C aoa6y>K.0.8HHBM M8r"HHT8, HeBenHKH. 

B OTmI'II!e OT n11He~Hb!X ycKop11Tenel!, Tpe6oaaHHll K aaKyyMy a MI!KpOTpOHe anonHe 

yMepeHHbI, a 06'bet111HeH11e saKyyMHOl! K8Mepb! C MBrHHTOM cymecTaeHHO ynpomaeT KOH

CTPYKUHIO ycKop11TenS1. 

6. PeaynbTaTbl II abIBO.llbl 

nepe'IHCnH!-' OCHOaHbJe peaynbTaTbl .naHHOl! pa60Tbl, 

a) flpe.nno>KeH '11 ocymecTaneH MI!KpOTpOH HOBoro T11na. 3TOT MUKpOTpOH S1anS1er 

Cl! CHnbHOTO'IHbIM ycKop11TeneM, a KOTOpOM arrepabie ocymecTBneHo acj:,cpeKTI!aHoe ycKo

peH11e anexTpOHOB a pe>KI!Me rrepeMeHHOll xpaTHOCTH, 3TH peaynhTBTbl .llOCTHrHyTbl 

6naro.napg 11cnonb30BaHHIO acj:,cpeKTI!aHoro TepMOKaTo.na, TO'IHOMy pac'!eTy .na11>KeHHll. 

aneKTpOHOa B pe30H8TOpax HOaOll cpO.!)Mbl, B KOTOpbIX OCyIUeCTaneHa acpcpeKTI!aHal! HH

>K8KllHH '18CTHU B pe>KHM ycxopeHHSI • 

6) npoae.neao TeopeTH'!eCKOe II 8KCnep11MeHTBnbHOe nccne.noaau11e ycKopeHI!ll 

aneKTp6HOB B MHKPOTpOHe. 0CHOBHbI8 3KCilepHMeHT8nhHbie peaynhT8ThI, nonyqeHHbl~ 

Ha MI!KpOTpOHe ¢H3H'leCKOll na6opaTOpIIH HHCTHTyTa cp1!3H'leCKI!X npo6neM, HBXO.lll!TCll 
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B cornaCHH C peaynbTBTBMH •mcneHHhIX pac'!eTOB H BhlBO.llBMH TeOpHH, 8 3TOM ycxopH

Tene nony'leHa aaeprm1 B 7,6 Maa npH To;e 25 Ma (a HMnynbCe) H aaeprm1 12 Mas 

npH TOKe 5 Ma.. vlaMepeaaoe 3HB'l8HHe K03(p(pHl!H8HTa nono3HOro .ll8HCTBHSI COCTaBn>1-

eT 12-15%, 

a) C03.llBHHe 3(p(p8KTHBHoro. ycxop1ITen>1 CTBno B03MO)KHhIM 6naro.llap>1 peweHHIO 

p>!.llB T8XHH'l8CKHX 3B.llB'I! paapaOOTBHB KOHCTpyKUH>I MBrHHTOB C 0.llHOpO.llHhlM MarHHT

HhIM noneM H .llOCTynaoll BBKyyMHOll KBMepoll, npe.llnomeaa KOHCTPYKUH>I nepecTpaaaae..

MhlX peaoaaTopoa, HB.ll8)KHO pat5oTBIOUlHX npH t5onbWHX aanp>1meaHOCT>1X aneKTPH'!8CKOro 

non>1, npHM8HeH 3(p(p!JKTHBHhlll KBTO.ll. H3 t5opH.llB naaTaaa, paapaoOTBHhl CHCT8MB caepx~ 
l 

BhICOKO'IBCTOTHOro IlHTBHHSI H CHCT8Mhl H3MepeHHSI H ynpaaneHHSI ycKopaTeneM, ot5ecne-

'IHBBIOU!He ero HB.llemHyJO H YCTOll'IHBYIO paooTy, 

r) .lleTanbHO H3yqeaa naKeTHpOBKB ny'IKB MHKpoTpoaa, .lln>I qero Dhlna C03.llBHB 

-12 
CHCTeMa CKOPOCTHOll BhICOKO'IBCTOTHOll paaaepTKH c apeMeHHhIM paapeweaaeM 2•10 cex, 

nnoTHOCTb aneKTpoaoa·a crycTxe paeMepoM 3x4x2 MM cocTaan>1eT 2• 109
an/cM
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pacnpe,lleneaHe aap>1.lla COOTB8TCTByeT peaynbTBTBM Bhl'IHCneHHll, 

.ll) Pa3BHThl 3(p(p8KT~BHhl8 M8TO.llhl 'IHCneaaoro pBC'l8T8 TpaeKTOpHll, KO.TOphle 

noaaonanH .ll8TanbHO H3Y'IHTb 3BXBBT, ycKopeaae H (pOKYCHpOBKY 'IBCTHU npH HX .llBHme

HHH B MHKpOTpOH8, 

,..) PaCC'IHTBHhl H ocymecTaneHhl pemHMhl, npH KOTOph!X y,llanocb Y.llBOHTb aaep

rHJO ny'!Ka npH npemaeM '!Bene opt5HT1 a TaKme aenpepbIBHO Mea>1Tb a 1,5 pasa aHep-
.,' 

rHJO aneKTpOHOB, '!TO B yCKOPHTen>1x npemHell KOHCTpyKUHH Obin() H8B03M0)KHhlM, YKa-

3BHhl nyTH · .llanbHellwero yaena'!eHH>I aHepraa H t5onee acp<peKTHBHoro BBO.lla qacTan a 

pemaM ycKopeHH>I, 

m) l!!ccne.llOBaHa aepTHKBnbHBH (pOKyCHPOBKB B HOBOM pesoHaTope MHKPOTpOHa 

H npe,llnomeHhl cnocoohl ee ynyqwel!lut, 

a) BbI>ICH8Hhl OCHOBHhle Tpet50B8HH>I K O.llHOpO.llHOCTH non>! MarHHTa, KOTOpbie 

orpaHH'IHBBIOT 'lncno OpOHT H 3Heprn10 aneKTPOHOB B MHKpOTpOHe, 

H) Pasot5paHhl OCHOBHhI8 q:>aKTOphl, orpaHH'IHB8IOUlH8 TOK IlY'IKB, 0HH CBH38Hhl C 

B036ym.iteHH8M p030HBTOpa crycTK8MH ycxopH8MhIX aneKTPOHOB H HX xorepeHTHhlM nsny

Cf.8HH0M npu KpyroBOM .QBH>K0HHH B none MarHHTa. OueHKa npe.o.enhHOro TOK8 .o.aeT 

aenH'IHHY nop>1.I:IK8 aMnepa: npa TBKHX TOKBX non>1, C03.llBB80Mhl8 yCKOpS18MhIMH aneKTpo

H8MH, Y*e MoryT BnHHTb Ha ycKopeHKe H llBH>K8HH9 aneKTp0HOB. 

nonyqeHHbl0 pe3ynbT8ThI IlO3BOnH~T C'tUITBTb BbUICH0HHhIMH OCHOBHbI8 tjJH31P{9CKHe 

nponeCChI, npORCXOJl,SUUH0 B MHKpoTpoae. OHH no'3aonHIOT T8K>Ke c.a.enaTb BhIBO.ll, ttTO B 

ot5nacTH cpe.I:IHHX H Manhlx aHeprHJ! MHKPOTpOH .I:tonmeH CT8Tb acpcpatTHBHblM HCTO'IHHKOM 

aneKTpOHOB, TexHH'18CKH B03MOmHB nocTpoJ!Ka yCKOpHTen>I HenpepblBHOro .ll8HCTBH>I C 

MOlllHOCTbIO nyqxa a ,aeCHTKH KHnoBBTT H 6onee. 

8 

0CHOBHhl8 npeaMynteCTBa MHKpOTpOHB, no cpaaaeHHIO c ycKopaTen>IMH .I:tpyrax 

THilOB, Mbl BR.OHM B ero npOCTOT0 H. rH6KOCTH, MOHOaaepreTHqHOCTH H naxeTM:POBK8 

nonyqaeMoro aneKTpO~~~ro nyqxa H B03MO>KHOCTH ucnonb30B8Tb ·cpBBHKTenbHO npOCThle 

reHepaTophl MOU!Hhl;., i::~epxBb!COKO'IBCTOTHhIX xoneo',rnnll. 
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