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AKTYAJThHOCTI> IIPOBlIEM!:l. B I970 r~}Jy Ha cmncpoqiasoTpoHe OllilH 
BD8PBH8 B MIIpe owm: ycKopemi 'AO peJISITID3HCTCIWX 3HepI'Jidi smpa K30Tona 
BO'AOpo'Aa, 'A8HTpoHH. l{eJU,l'.) nepBoro 3Kcnepm.reHTa HBJmJIOCl> pemeHRe 
KOHKP8THOH s~a"lll: no n:syqemm CBOHCTB smepHOH Ma.Tepe Ha M8JillX pac
CTOmmax. O~aKO OTKpHBnm:eca B03MO!tHOCTH OKa3aJIKCl, HaCTOJll,KO YHR
KaJII,HID.m, 'ITO y;K.8 B I97I rO}Jy A.M.Ea.n;nmnn.l owra npe~Ollt8Ha nm:poKM 
nporpa.MMa HCCJI8'AOBaliRH ipylma.MeHT8Jll,HllX npo6JI8M qJH3mGI smpa H 3JI8M8H
TapHWC -qacTKU Ha llyqKaX peJISITID3HCTCKIDC smep. 

PesyJII,TaTH npoBS'ASHHHX B noCJie~e ro,l(l:l 3Kcnepm.mHTOB no'A
TB8p,IUJJm aKTY8JII,HOCTl> H nepcneKTRBHOCTl, HOBOr_o Hay-qHoro HallpaBJI8HRH 
- peMTRBHCTCKOH smepHOH qin:smw:. IlOJIY<JSHHHe Ha cma:poqiasoTpoHe Ollilli 
qJH3R'l9CKHe'pesyJII,TaTH CTID>!yJilrp0BaJIR peKOHCT~ pa,n:a 'A8ffCTByxJlllllX 
npoTOHHHX cmncpoTpoHOB H paspaOOTKY npoeKTOB HOBHX KOUIL1I8RCOB TJillt8-
JIHX HOHOB Ha cpe~e H BHCOKH8 3H8prHH.· 

B Jia.6opaTOPRR BHCOKIDC 3H8prml Ollilll B ~eJIJl'.X ~eICBaTHOro o6ecne
'18HRH 3KCnepm.!8HTaJII,HllX HCCJI8'AOBaHRff n:omnnm nyqKaMH OWI paapaOOTaH 
npoeKT YCKOPHT8Jll,HOro KOMITJISKCa p0JISITID3HCTCKHX smap - HYKJIOTpoHa. 
OcHOBHoff ero aJieMeHT - coopyxa.eMHff B HaCTO.llll!ee Bpewr cBepXIIpoBo,ItmitHtt 
cma:poTpoH - no. CBOmt napaM8TpaM 'AOJillt8H npeBOCXO'AHTl> CIIHXpoqia30Tp0H 
n: npn:sBaHB 'AaJII,HeffmaM ero sauaHRTl>. 

IlepBoHa'laJII,HHH BapHaHT qJK3n:'18CKOro o60CHOBaHHH HyKJIOTpOHa /I/ 
H80~0KpaTHO nonepraJica nepeCMOTpy C nosmudt 'AOCTlilllt8Hlidt ycKOpXT8Jll,
HOff n: Kpn:oreHHOH T8XHIDW:. Pa6oTa, npOBO~ B paMRaX npoeKTa, OHJia 
Han~eHa Ha non:cKH onTKMaJil,HWC pememd!, KOTOpb18 MOrJIX OH nocTaBJlTl, 
sa,n;a-qy coopyze:mm KOUIL1I8KCa Ha peam,HYJJ OCHOBY K8.K C T_8XH1l'!8CKOH, 
TaK n:-c 3KOH0Ml{tt8CKOH TO'ISK speHKH. Ilpn: 3TOM B Ka'l8CTB8 HaJ!OOJiee Ballt

HHX owm cqiopM;VmrpoBB.HH cJie~e Tpe6oBa.HIDI: 

- CYJ!l9CTBSHH08 nponIDKeHRe no MaCCaM ycKOp.ll8MWC KOHOB - BllJIOTl, 
'AO ypaHa; 

- YB8Jmli8HR9 KHT8HCID3HOCTK K ~T8Jil>HOCTK BHBO'Aa nyqKOB Tmite
JIHX HOHOB; 

- CHKllt8HH9'3H8pronoTpeOJieHn:H H 3KCllJIYaTan;HOHHWC saTpaT; 
-·MaKCm.raJil>H08 XCnOJII,30BamI8 lD48llJIIlKXCH 3'AaHHH, OOOpy;llOBaHHH H 
KO~; 

- o6ecneqeHRe nepcneKTHBH pa3BHTKH KOMIJJl8KCa. 

Uc'l'::x..;.. .... ;,:e;':l .~.L. (fiJ \'. 
'l'l•'.'''1''•'' .... ,,, '"'°''•I''''',,.,.,(\ ~ l_,,}_, •j,i,!! .. ,.:1,;''\ <., ~~1.,.:l~·•·:i~i{,..f}jl~ \ 
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UFJibIO .ImCCEPTAUHOHHOil PAEorU mwmoc1,: 
I) RCCJI8;D;OB0.Hl!8 B03MOlEHHX BapHaHTOB Ma.I'HRTHl:lX CTPYKTYP ByRJIOTpOHa, 

BH6op OilTHMWILHoro Bap:rumTa C y-q8TOM n0pe"D!CJI8HHHX BHIIl8 Tpe6oBa
mdl; 

2) pac118T OCHOBHHX napa.M8Tp0B ROMIJJI8KCa, 0ro Mal'HlitTHl:lX ag8M8HTOB, 
xapaitT8pRCTRK ny-qKOB TJmeJIHX ROHOB; 

3) BH6op onTRMa.lll,HHX T8XHlflI8CRHX pememdl CX8M BBOAA R BHBOAA ny-qxa; 
4) paspa6oTxa sa;n;amrlt Ha npo8RTRpOBaBR8 R C03~R8 CRCT8M R 8X8M8H~ 

TOB OCHOBHoro KO~Lna HYKJIOTpoHa. 

HAYtIHAfl HQBJIBHA. IlpOB8;D;8HO KOMWl8KCH08 RCCJI8;D;OB0.Hl!8 M8l'HllTHl:lX 
CTJlYRTYP cma:poTpOHOB, npe,ll;I{a3Ha118HHHX ,ItJI.!I ycxopeHlUI: TJlll8JIHX HOHOB 
B ml!pOKOM ~OH8 MaCC H 8H8prml. 

Hsy-q0HH B03MOlltHOCTR onTRMBJll,HOI paccTBHOBKR CTPYRTYPHHX Me
M8HTOB C n8Jll,]) xoppeRD;ml'. 38MKHYTOI op6RTH, CABRrOB 'laCTOT :II pe30-
HaHCOB 68TaTpoHHHX xoxe6amrli. 

HcCJie;D;OBaHH.;u;RcnepCROHHH8 CBOICTBa Mal'lillTHOI CTPYKTYPH CHHXpo
TpOHa, cq>OpMyJIHpOBaHH yCJIOBU no~eHlUI: 0,ll;I{OpO,IUiOro no COCTaBY.llY"l
xa Ha BHXO;u;e R3 ycxopRT8JIH. 

IlpORSB8;D;8H pac11eT AB1X OpRI'lDW.lil,Hlll M8TOJ.tOB HaROM8HlU[ TJlll8JIHX 
ROHOB B cma:poTpOHaX: MHOroxpaTHOI mrl:8RD;ml'. cryCTROB MaJIOI npOTH
Jlt8HHOCTR H mmexnim ROHOB C nep83apJJ.ItROI. 

IlPAKTHtIECKAH 3HAlfilMOCTii PAEorH. PesynTaTH npOB8].t8HHHX RCCJI8-
].tOBamrlt g0rJIH B OCHOBY T8XJmq8CRHX sa.mmmt Ha llp08RTRp0BaBR8 OCHOB
HHX CRCT8M HYRJIOTPOHa, ROTOpHI B HaCTOm1188 BpeMJI coopyzaeTCH. 

ABTOP 3.AII!WUAET: 
I) BH60p onTRMSJIJ:,HOI ROH!pRI'ypan;mt Marmi:THOI CTpyitTYPH HYKJIOTpO

Ha, paC118T 88 OCHOBHHX llap8.M8TpoB; 
2) aH~S OC068HHOCT81 cma:poTpoHHoro ycxopeHlUI: TJlll8JIHX ROHOB; 
3) paspa60TRY TpeX BapRaHTOB MarHRTHHX CTPYRTYP T.1Dt8XOROHHHX 

cma:poTpOHOB - 6yCT8pOB Ha cp8].{HR8 8H8PrRR C pa3JIR'iHHMlt 

TRllB.MR RCTO'IHRROB R RHZ8RTOpOB 0 
4) M8TO~ R pesynTaTH pac110Ta AB1X cnoco6oB H8ROM8HlUI: TJlll8JIHX 

ROHOB B cma:poTpOHax; 
5) p0synTaTH MO].t8XRpOBaBIDI B09MOZHOCT81 onTRMSJILHOI paCCTaHOB

.RR CTPYRTYPHHX 8X8M8HTOB no .mumm,I M8l'HllTHl:lX:RSM8pemdl; 
6) RCCJIBJ.tOBaBR8 ;u;Rcnepc~omna: cBolcTB MBl'HllTBOI CTPYRTYPH 

HYUOTpoHa; . 
7) CX8MH R OCHOBHH8 napaM8TpH Clll:CT8M BBOAA R BHBOAA BYX,lIOTpOHa. 
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AIIPOEAUllil PAEorH H IIYEJilIBAilllli, OcHOBHHe pesy~LTaTH pa6oTH 
J.tOM~~CL Ha Hay'IHHX cewmapax JIB3 Ollifil, Ha BC8COIOSHl:DC COBema
mmx no ycxop:e:TeJmM sapseHHHX 11acT:e:n, Ha liaD;HOHMLHOI ycxopRTe~L
Hoii KOH~pemnm Cl.IJA. no MaT8PRaJiaM BHll~8HHHX RCCJI8].{0B8.l!KI ony-
6XRKOBa.HO I5 n811aTHHX pa6oT, npRBe.1.temmx B CimCK8 JIHTepaTYpH. 

CTPYKTYPA .ImCCEPTAUHH. ,U:e:cc0pT~ cocTORT Rs BBe;u;eHlUI:, Tpex 
rXSB R SaRJil)'q8HRH, CO;D;8plmT I02 CTpamm;H T8KCTa, BKJIIO'laa 42 pRCYHKa 
R 6R6XRorp~eCKRI CllRCOK JIHTepaTYPH R3 62 HaRM8HOBa.HRI. 

COJJ:EPJ[Affiffi P .AEoru 

Bo BBE;IJ:EHl1H onpe].t8~8HH SaAA'IR RCCJI8].{0B0.Hl!H R npRB8;D;8H xpaTKmi 
o6sop HaR6M88 BSJmHX pa6oT no ].ta.HHOR T8MaTRK8, BHllMH8HHHX B JIB3 R 
;u;pyr:e:x ~6opaTop:wrx: MRpa. 

B IlEPBOH rJIABE npRB0.1.teHH pesynTaTH pac110Ta 6HcTponmt,lIR11HI:lX. 
ROHHl:lX cma:poTpOHOB Ha Cp0].{HR8 aHepra:e:, cnoco6HHX pa6oTaTL KaR B 
pelmMe 6yCT8pa HYRJIOTpOHa, TaK R Ha !pRSlflI8Cltmi SKCn8pRM8HT. 

B OCHOBHOM OC068HHOCTR CHHXpOTPOHHOro ycxopeH:rur TJlll8JIHX ROHOB 
o6yCJIOM8HH: cpaBHRT8~LHO BR3KOI 8~RTRBHOCTLIO B3aRMO].t81CTBM ROHOB 
C BH8111Hl!MR 3~8KTPR118Citm.m R MarHRTHHMR noxm.m (OTHOW8HR8 sapH].ta K 
MaCCOBOMY 11Rc.ny ,ItJI.!I npoTOHOB q/ A = I. ,ItJI.!I B;I{8p q/ A ~ 0 ,5); MMOI 
Wa50BOI MOTHOCTLIO mDl8RTRpy8MHX ROHHHX ny-qKOBj BHCOKOI B8pOHTHOCT!,IO 
nepe3aps;I{KR ROHOB Ha MMexygax OCTaTO'IHOro rasa; BOSMOlltHOCTl,IO.yCKO
peHRH lly-qKOB, o6~a.nalOlllRX cneKTpOM saps;I{HOCTBI R Mace. 

Ms npne;u;eHHoro B ;u;RccepTamm aHBJmSa STRX waxTopoB CJie;u;yeT,'ITO 
I) R OCHOBHHM CRCT8MB.M ROHHoro CRHXPOTpOHa (Mal'Hll:THO!!, M8KTpR-

11ecxol, BaxyyMHol :e: ycxopJDJ1Itel) npe;u;'I>HBJIJDJTCH ;u;ocTaTO'IHO JtBCTRRe 
MH ;u;aHHoro Macca ycxopRTMel Tpe60BaHRH; 

2) MaKCRMaJII,HH8 SHa118H:rur SH8prm!, RHT8HCRBHOCTR,a Taia:8 ;u;Rana

SOH MB.CC ycxopHeMHX ROHOB BSaRMO~BH3aHH RB SHa'IRT8llHO 6onmel 
CTeneHR, 118M B npoTOHHHX CRHXpOTpOHax, onpe;u;eJIJmT pasMepH R CTOR
MOCTL KOMILll8KCa; 

3) np0Ai1000!lllHO HOBOI ,ItJI.!I CRHXpOTpOHOB HMH8TCH npo6~eMa 
napn:e:MLHOro COCTaBa ny-qRa Ree pemeHRe B OCHOBHOM onpe].t8JIH8TCH 
BOSMOZHOCTSDm RCTO'IHRROB R RID!t8RTOpOB. 

BKJII0118HR8 B cxeM;y ItOMWlBKca npoM8JtYT011HOro ycxop:aTMH, 6ycTepa, 
no3BO.lll[8T cyll!8CTB8HHO O~RTI, Tpe60BaHRH R CRCT8MaM OCHOBHoro 
xonna. On:acwril:8 Tpex TaKRX ycxopRTMel, npeMOZ8HHHX,B pa8H08 BP8MJI 
B Ita118CTB8 BapRaHTOB 6ycTepa ~OTPOHa, npRB8;D;8HO BRJ!t8 (OCHOBHH8 
llapaM8TPH J.taHH. B Ta6x:e:ne I). .URHaMR11eCKR8 xa~~T8pRCTRKR RX MarHRT
BHX CTPYRTYP pacc"D!TaHH no nporpaMMe SYHCEL 2 • 
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IlpoMeJIY'l'armmi KOJll,D;8BO:lt ycxop!IIT8JII, (IlKY) / 3/. B Ita"l8CTB8 mmex
TOpa 6HJl BH6paR MO,D;8plill3!1IpOBamnrlt mme:lhm:lt ycxop!IIT8Jll, !Y-20 B8. 

aHeprm:, 12 MaBiHYKJioH !II c·oTHomeHReM sapH;!ta 1t mccoBO:MY "lRCJJY ROHOB 
0,3 ~ q/A ..;o,5. lls pH;lta paCCMOTpemm:x Mal'HRTHHX CTPYRTYP nepe"lRC
JI8HBHM BHlll8 Tpe60Bamtm4 HaR60JI88 nOJIHo Y'A~8TBOpH8T mecTRn8p!IIO~ 
CTpyi:t~ TRna il>OO,I(QU. MaltCRM8JU,H08 SHa"leHRe axcenTBRCa B o6eRX 
ILlIOCltOCT.SX Cx,z = 220.7/MM.MPa,D; ,ll;OCTRI'a8TCJ! npR "laCTOTax 6eTaTpOH
HHX ltOJI86aRR:lt Qx = Qz = 2,25. Ilp!II 8MRTTaRC8 Rlm8ltTRPY8MOro nyima 

E-x,l = 30Ji MM.MJ)a,D; R RMIIYJil,CHOM paa6poce ( 6p/p ) = 5.I0-3 B03Mo:,;
HO HaltOILlI8mt8 l/IOHOB no ,JtByM CTeneHJJM CB060,ItH O !IICnOJII,SOBaRR8M. 
pesOHaHca CBH3!/I Q:r-Qz = 0 B T8"18mt8 25 o6opOTOB C aippeltTRBHOCTl,I) 
,.,50%. 

· T~8JIO!IIOHHH:lt ClIHXpOTpOH (THC) / 4/. IlpR np08ltT!IIp0BaHRR ltOMM8lt
ca / 5, 6 6wm pacCMOTpeHH ,JtBa TRna HU8RT0p0B J1,1U! THCa: JmHe:lhm:lt 
!II KOJI.n8RTRBHHI! ycxop!IITe.nR B8. ,Hrl'lllD 10 H 20 MaB/JlY]tlIOH COOTB8T
CTB8HHO. Marm!THaJI CTpyi:tTypa 7 COCTO!IIT HS 16 nep!IIO,ll;OB, B Itaz,ttml 

l/I3 KOTOPHX BXO~ ,JtBa 'AllllOJll,HHX MEU'Hl/ITa !II CHMM8TpRHHI! Tpllll.n8T 
ltBa,u;pyllOJil,HHX JI!IIHS • 

IlpO,D;OJU,HH8 p8.3M8PH crycTKOB Ha BHXO,ll;8 ltOJI.n8ltT!IIBHOro yCKOpllT8M 
B 12 pas M8HDM8 neplillll8Tpa C!IIHXpOTJor,, "ITO ll03B0.nH8T OCYl!l8CTBJIJ!TD 
MHOroxpaTmrlt BBO,ll; cryCTKOB B THC 8 no KJlaCC!II"l8CKOI CX8M8 O'AH0060-
poTHOI mmexmm, KOrM Itaz,ttml noc.ne,IO'l']llll!I crycTOlt lll!ll8KTRPY8TCJ! 
noc.ne san0.llHeHllIJ! npe,ltH,llJ'lllHM Bcero nep:HMeTpa ycxopHTeM. Ilpx aTOM 
npo!IICXO,tit'? BH6RBamt8 "laCT!II Halt01l.JI8HHOro ny-qxa, !IIM8Dit8rO Cp8llmtT8JU,
HO WUIYJ) g)aSOBYJ) MOTHOC'?I,, !II noca,u;Ra 0"18p0'AHOro,60Jiee MOTHOro 
cryCTita B OCB060'AJIIBmyl)CJ! "laCTI, npo.n;o.n.Horo g)aSOBoro.npoc'?paHCTBa. 
PaC"l8'?H noxasa.nR, "ITO np!II nHTRRpaTHOI RD8RiontlDiT8HCl!BHOCTD l!OHOB 
ypaHa 6y.n;eT B 2,7 paaa 60JIDMe no OpaBH8JDDJ C O'AH0060poTHOI. 

Hal)W o paapa60T1tol •ICJiaoc!II"leoitRX" cnooo6oB mmexmm 6W[o 
llp0B8,ll;8HO zsy-qemte HaltOILlI8Hl/IJ! ny-qita C HSM8H8Hll8M sap~OOT81 KOHOB, 
aHa.nor!II"IHo mmexmm Ir. .llM pe8JIHSarcm ,ttaHHoro 11aT~ 6wm npe)Ulo
:,;eB8. C!IIMM8'?PJII'qHM ,JtB8HaJm9.Tllll8pR0,10l8Jl OTpyi:t'cy'pa / 9 . C nep:HM8'?p0M 
150 M, 8Jl8M8HT nepzo~OC'?l/I ltOTOpol, aHMOl'lAHO THCy, COCTO!IIT 
1lS Tpllll.neTa ltBa,u;pyllOJII,HHX JillIH3 «1,I(il> R .JtBYX 'AllllOJll,Hla MIU'BJ[TOB. 
.llM ltOMII8HOainm pas6poca "laCTOT 6eTaTpomna: ROJI8,~ B C'?pyi:tTYPY 
BBO~OJ! 08ltC'cy'll0JIDHH8 !II OR'cy'llOJil,Hli8 1toppe1tTOpH IQ. 

Ha OCHOBaHRR lillll8JllltllIXOJ! ~ 0 08"180.SX nepesapJW,tK l/IOHOB 
6HJl!II Blill01H8HH paC"l8TH '?paH*p,aailD S&pJl;.ltOBHX COC'?Omml npR BSa!II
MO,D;8IOTBD l/IOHOB ypaB8. C 8.30THOI WlJll8Hl,ll l! npOB8,ll;8HO "lll0.n8HH08 
MO)t8JDlpOBamt8 HaltOILlI8HJUt "l&CTRD; E C!IIHXp0Tp0H8. IlOitasaBO, "ITO J1,1U! 

T8XH!II"l8CD pea.nHSyer.m:x Han.pJmemdl U 4100 lt13/o6opoT, H806XO,tHMHX 
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WIS! KOMII8HCanmI IlOT8pI, :meprmr, Ha.H6o.nee npe,IUIOtfTl'IT8JII,HW JIBJIH8TCJ! 
~anaaoH 3H8prR:lt RHllt8KD;ID{ OT 3 ,n;o 7 MaB/RyKJIOH. ll.l.myJII,CHM lIHT8HCllIB
HOCTI, CIIBXpOTpOHa B STOU CJIY'lae MOXeT 6HTI, Y138Jil'Itf8Ha B (IO+ 30)paa. 

B paccMOTpeHHOU BapR8.HT8 MaI'IDITHOH CTpyltTypH CYJll8CTBY8T T8.l0lt8 
B03MO.lElIOCTI, nommraTI, cpe~ sapJI,IUiOCTI, ny-qKa T.fDlt8JIHX l'IOHOB B npo
n:ecce ycKopeHllll: sa C"leT nocTeneHHo:lt o6~prui:. B Ta6.mru;e I npRBe,n;eHH 
OCHOBHHe napaMeTpu TaKOro CID:!XpoTpoHa, cnoco6Horo YCKOp!iTI, l/IOHH KaK 

C H3M8Hml!8HCJ! sapJI,IUiOCTI,D (q = var) , TaK !II C IlOCTOJmHO:lt (q = const~ 

Ta6.mru;a I 

0CHOBHH8 napaueTpH MaI'lmTHHX CTpyltTyp 6yCT8p0B HYKJIOTpoHa 

-
Ji IlapaM8Tp IlKY THC ClIHlCpoTpoH 

q=var q=const 

l. MaKCIDla.JII,HM 8H8prRH .a,n;ep 
C q/A = 0,5 MaB/H. 520 620 250* 920 

2. 3H8pr!IIJI lIHX8KD;ID{ MsB/H. I2 20 3 IO 
3. MaKCIDlaJII,HM Mar'HHTHM X8CTKOCTI, TJI.M 7,4 8,3 6,3 I0,7 
4. IIepmreTp M 84 155 I50 150 
5. l!HCJIO nepKO~OB 6 16 12 12 
6. qaCTOTa 6eTaTpomwx KOJie6rum:lt: 

ropR30HTaJII,HHX 2,25 4,75 7,25 3,25 
B8PTRKaJII>Hlil 2,25 3,75 3,25 3,25 

7. ~ B ,ll;HilOJII,HHX uarmtTax T.n I,4 I,I 0,73 I,24 
8. I'paJ:tHeHT B KB~pynOJII,HHX JlllH3ax TJI/M I0,3 8,7 II,2 10,6 
9. AnepTYpa ,D;RllOJII,JIWC Wll'lmTOB! 

ropHSOHTa,nl,HM MM ISO 150 240 240 
B8PTKKa.7II,HM MM 90 54 100 100 

IO.AnePTypa :KBa,D;pynOJII,Hlll JIHH3 
(~aM8TP,BllHCaHHO:lt ORpyz:HOCTH) MM I30 130 240 240 

Il.qaCTO~a IlOBTOpeHIDI D;l/IKJIOB ~ I I IO IO 
12.BpeWI IIHX8RIVm MKC 40 2,5x5 240 20 

* 3HeprIDI KOHOB yprura npR q = 92 • . 
Yze HS npocToro cpaBHeHHR: napaueTpoB BTKX ycxopxTe.nett CJie,n;yeT, 

"ITOnORCIG'[ BKOHOMH'l1ila BapKa.HTOB 6ycTepOB llI lmJlt8KTOp0B c.ne,n;yeT B 
nepByx> o-qepe,n;I, HCKaTI, B paapa60TR8X CHJil,HOTO'tJHHX HCTO'lHHROB. C BllCO
KOH CT8Il8HI,D ROHll3anmI aTOMOB !II MBJIO:lt ,ll;JilIT8Jll.HOCTI,D m.my.nDCa. C 
y-qeTOM B03MOEHOro·nporpecca B 003,ll;aHHR Ta.tGJX llICTO"lHl/IKOB (BJI8KTp0HHO-
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JIY'l8BOrO, JI8.38pHoro ll ;u;pyrm:) 1Ip0,ItIIO'lT8Hll8 CJI8;D;OB8JIO 6H OT;o;aTI, 
IISPBOMY BapllaHTY 6ycTepa - IlPOM8JKYTO'tHOMY K0~8BOM,Y ycKOpllTSJID. 
OCTB.BJIJm ;u;aHII!rli BOnpoc OTKPHTIDI, Ha ll8PBOM 8Tall8 COO.PYJ18Hll.ll KOMIIJI8K
ca 6HJIO npllHJi'rO pemeHlle mtllt8KTllp0BaTD llOHH B HYKJIOTPOH H81IOCp0;D;CTB8H
HO 113 CYJ!l8CTBYJllllero mmeimoro ycKOpl!IT8JIR: JIY-20. 

BO BTOPOR rJIABE/rf?ll3Be;u;en pac'leT uarmrrnott CTPYKTYPH ocHOBHoro 
xo~a HYRJIOTpona I I. 

Xapa.KT8pllCTmt:e: ;n;mIOJII,HllX: ll KB8,Il;pynom,ma; ua.I'HllTOB C llt8JI83HIDI 
.IIPMOM ll o6MOTitaJ.lll 113 Tpy6'laToro CB8PXIIp0BO;n;mma., pa3U8Dt8Hll8 CllCTeM 
KOMIIJI8KCa B CYJ!l8CTBYJ)lllllX 3;11;8.HIDl'.X, J.l8.KCIDl8JU,H08 llCIIOJID30BaHll8 llJ.l8DIJt8-
roc.11 o6o~OB~ K 8KCII8PllU8HT8Jll,HHX 38JIOB onpe;u;e.nwm Tp060BaHll.lI It 

CTPYKTYP8 I2 , KOTOpHe CBO;D;.IITC.II K CJI8.lzyXlllllW: 
- ;D;OCTKllt8Hll8 M8RCIDl8JU,HO B03MOlltHOH 8H8prllll ycKopenma: .II;D;ep npll 

38,Il;a.HHHX Pa3M8pax KOJI:&IJ;8BOrO TOHH8JIR: 3;D;aHll.ll CKHX~30Tp0Ha, . B KOTO
pou Pa3M8Dta8TC.II HYRJIOTpoH; 

- IIOJiy'q8Hll8 BHCOKOH KHT8HClill3HOCTK JI8I'KlllX .II;D;8p C B03MOlltHOCT:&Il 
IIOBW118HWI B ;u;am,ne:ihneu Ta.roit8 ;u;o npe;u;enma: 3Ha't8mnl llHT8HCli!BHOCTll 
T.llllt8JI!il llOHOBj 

- C03;D;B.IUI8 ;D;Byx HanpaBJieHd U8,n.JI8HHOro BHBO;o;a IIY'lI<a B 8KCII8pK
U8HT8JIDHH8 38JIH IE ll 205; 

- o6ecne't8Hlle BHCOKOH aqxp8KTKBHOCTK mmo;u;a IIY'lI<a B mllpOKOU 
,ro!alla30H8 8H8PI'l!H, npe;u;em,Horo CHmlt8Hll.lI pa,!U!~OHHOro ipOHa BOKpyr 
ycKOpKT8JIR:; 

- BH60p W4lilDIB.Jll,HO B03MOlltHHX all8PTYP CB8JlXIIp0BO,It.lillll{X 8JI8U8HTOB 
x~a 11 nonepe,mm; ce-q:emnt :ra: Mal'HllTonpoBo;u;a B neJISIX cmmeHll.lI 
8H8prOIIOTp06JI8HI!JI; 

- llCIIOJID30BaHll8 B Ita'l8CTB8 mrat8KTOpa Jil!H8HHOro YCKOpllT8JI.II JIY-20 
11 ero·uo;u;zqi~; 

- 11pllHl.\lllm!:IJil,Ha.lI BOSUOlltHOCTD KCIIOJIDSOBaHll.lI HYKJIOTp0Ha K8.K 

mtllt8KTOpa YCKORRTeJIR: Ha 60JI88 BHC0Kll8 8H8p!'l!K. 
®p:ua K0~8BOro TOHH8JI.II, a T8.Rllt8 lDIEllllltll8C.II Hanpa,Bm3HIDl BBO;o;a 

K BHBO;o;a ny'lKB. II03BOJI.IIDT pasM8CTllTD B D;OKOJIDHOU 8T8Jlt8 Kopnyca 
CllHXpoipa30TpoHa ycxopllT8JID C II8pllM8Tp0M 250 M K "lllCJIOM cynepnepzo
;o;oB, KpaTHIDI 4. Cxeua paCIIOJIOllt8Hll.lI HYKJIOTpoHa npli!Be;u;ena Ha p11c. I. 

Il8p0"tllCJI8HHIDI BWll8 Tp060B8HWDI Hall60JI88 IIOJIHO y;o;OBJI8TB0p.!I8T 
ua.rmtTHa.lI CTpyxTypa Tlllia ~QllO, COCTOmI{a.lI HS 8 cynep1I8pllO;D;OB, B K8llt

;u;H! KS KOTOPHX BXO;D;.IIT 3 pecyMpHHX nepzo;u;a H O;u;KH II8pllO;o;, H8 co;u;ep
lltalltd ;o;KIIOJIDHHX uarmtToB. .I{mm.lmttecltlle xapaxTepllOTl!ltl'I cynepnep11o;u;a 
JtJI.II "tacTOT 6eTaTpoHHHX KOJI86a.md Qx .. Qz .. 6,75 1IpKB8;D;8HH Ha pllC. 2. 

0CHOBHH8 napa,.teTPH nytma K U8.I'HHTHO! CTPYKTYPH HYKJIOTpoHa ;o;aHH 
B Tad.1mIJ;8 2. 
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Pllc.r. CXeMa pasMe11teHR11 HYKJIOTpona (JIY - .lll!Heil:Iruii 
YCKOPRTSJID - mmeKTOp, MBI R MB2 - HanpaBJieHIDI Me;u;
JISHHOro :mmo;u;a, EB - 6HCTPHH BHBO;D;, illI - l!HipJieKTOp
HH8 IIJiaCTIDil,J, :3C - 8JI8KTp0CTaTH'l:8CKllli C8ll'zy'M, 
M.JI - MaI'HllT .IlaM6ePTcoHa, YM - mapHHH Mal'HJ,IT). 

Pllc. 2. J{KHai,mqe cKRe xapaxTe p11c
Tmtll cynepnep11o;u;a HYKJIOTpona. 

L__ 
j3 x, e - na.PaJ4eTpH TBia:cca, 
4' - ,rotcne pcKOHHM lpyHKD;liI.II, 

~ 
C/>I 

0 

~ ~~DlED!lEE~~[J]I 
DI 'P:Z D2 'Pl D3 t;,', D4 

5 10 (5 20 25 3() (M) 

7 

JI¥; z - Ha68I'l! ipas B ropK30H
TB.7lDHOH R BSPTRKBJlDHOH IIJIOCKOC
THX. 



Ta6.nm:la 2 

OcHOBHHe napru.teTpH Ity1lKa K MBrmtTHOtt CTpyKTYJ)H HyltJIOTpoHa,_ 

8HeprIDI mtlte~ H;Ztep 
npoTOHOB 

MaltCliDlaJILHM 8Hepr:e:.a: ro:tep C q/A=0,5 
npoTOHOB 

Marn:e:THM llteCTKOCTI> np:e: IDmeRD;ID'I: 
MaKCm.faJil>RWl'. 

Ilep&eTp 
KyJIOHOBCIDii npe;u;eJI no RHTeHCRBHOCTK 
.l{JmTeJil>HOCTI> IDillteRD;ID'I: 
.l{JmTeJI1>HOCT1> ycxopemm 
YCKOPJDlllee nanpmteHKe, MSKCJlMa.lll,HOe 
KpKTRlleCRM 8Heprrur 
~· B ,IUIIIOJil>HL!X MaI'IDITax: 

·np:e: mmeRD;ID'I: 
MaRCRMaJil>HM 

rPa,tt:e:enT B JmHsax !fl npu: HHlltexnr,m 
urotCRMaJil>Hlitt 

Ipa.ltReHT B Jimmax n npK BHEeRD;ID'I: 

MaKCRMaJil>Hlitt 
'!JaoTOTH 6eTaTpoHHHX KOJie6and 
AltcenTaHC ropKSOHTaJil>Hlitt 

Be J)TmtaJil>HHtt 
8lGlTTaHC Ity1lKa np:e: mmElRD;ID'I: £ ~, i!. 

B xoime ycxopemm: t, t 

E, l 
lilmyJI1>cH!d pas6poc np:e: WDlteRD;ID'I: 

NaltCmraJil>Hlitt 

B KOHD;e ycKOpeHKR: 

5 MaB/HyltJIOH 
20 MaB 
6 ThB/HYRJIOH 
12,8 ThB 
0,64? TJI•M 

45,83 TJI.U. 
251,52 u 
5.1011 A/q2 

'!JaCT/ItJi!KJI 

8,2 YRC 
(0,5 + l,5)c 
50 KB 
? ThB 

0,029 TJI 
2,083 TJI 
0,493 TJJ/M 
34,892 Wu 
-0, 486 TJJ/u 
-34,456 Tjr/11 
6,?5 
40 Ji 1111. MPB,n 

45 JT 1111. MP8,It 
30 Ii 1111. MP8,It 
l,? r, WI.MPB,n 

2 , o rr 1111. upa,tt 
±. 10-3 

±, 4.10-3 

±. 8.10-4 

n8JI8e OTMeTRM, 11To sa.zta11a 06ecne11emL'i urutcm.wm.noro ~ecxo
ro aitcenTanca CTIJYKTYPH KpaJ!He 81tTj'8Jil>Ha ;1t1IJI nyRJIOTpona, no8TOyY 
ou;emca ;D;OIIy-CKOB Ha norpemHOCTK M!U'BlCTHOro noM npoKSBO,Itli[JiaCI> KCXOM 
KS yCJIOBli[S{ Ml!lllDlaJll>HOI'O BOa;u;eitCTmtli norpe!DllOCTeit Ha IIY'{OK. IlpH 
BTOII 6()Jll;ll!IIHCTBO KS ;D;OeycKOB OKaSaJIOCI> TeXHJNeCitll pea.,msyeMO. 0CHOB
HHe T~OCTK BOSHKKJIII np11. .IIBAY.Kll,lr!H:.( B::,. 1,8 TJI, Koma cpe;u;rum 
B8.Jill1nma K pas6poc He.mmeih!OCTeil peSRO BOSpacTam. Pasll8utemte B 
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KOJII,Ite HyltJIOTpoHa 60Jil>llloro uc.zra Cll'JII,HOTO1IBBX KOppeKTOpoB IIpmlO~T 
K YBeJm'lemm Harpysu Ha KpxoreHHYJ) K BaeyyuHylO CKCTew. IlO8TOyY 
HaK60Jiee 8~KTRBB!Dlll OKaSHBBJ)TCS{ npou;e;u;ypa, He Tpe6y1Jlll{e ycTaHOBKll 
;D;OIIOJIHllT8Jil>HHX 8Jiell8HTOB K CKCTell IlKTaHKSI. K HKY,B 11acTHOCTK,OTHO
CKTCSI M8TO;D; OIITKMaJll>HOit paccTaHOBU CTpyKTj'pmlI 8JieM8HTOB B KOJIIiite 
CRHXpOTpoHa no pesyn7aTr uarmtTma: K3118pexd, IIO;D;po6HO KCCJI8;D;O-
Bal!HHit B ;u;xcce PTaitml 13 • · 

,lT.7ISI ou;emtK Bos;u;eitcTmm: norpeIDHOCTett nOJISI MaI'IDITHHX aJiell8HTOB Ha 
Ilapa118Tpl:l IIY'{Ka UCJieHHO IIO;D;eJIKpoBaJIHCI> BO3:MOlltHlie paCCTaHOBKK CT,Py
KTypma SJieMeHTOB B KOJIIiite HyltJIOTpoHa KC IIOIIOllll,D KTeo~oHHoro· 
mTo;u;a KOHTpoJIKpyeuoro CJJY'laih!Oro nOKCKa HaI:O;u;KJICSI onTliDl8JILHlitt BapK
aHT. HcCJie;D;OBaHKS{ noxasa;m 6OJII,llll!e BOSMOOtHOCTK ;u;aHHoro MaTo;u;a KOP
P8ICWIX rop:e:sOHTaJil>HOtt npoeltD;llK Op6KTH (ee ~a yueH1>maeTCSI 
IIpPI118pHO B 6 pas) K pesoHaHCOB 6eTaTpommx KOJie6amtll (llll!pKHa peso
HaHCHOtt IIOJIOCH COKp81IlaeTCSI B 30 pas). 

KaK yge OTll8'ISJIOC1>, npmnntm1aJI1>Ho HoBott ;1t1IJI KOHHHX cma:poTpo
HOB Jm7ISleTCSI npo6Jie.ua IIOJiy'leHl{JI o;u;nopo;u;ma: no sapH;!tHOCTRM K 118.CCSM 
KOHHHX ey'IKOB. O'leB:w;u;HO, 'ITO TaKKe·"'lli:CTHe" ny'IKK Kpaih!e Heo6xo;u;mm 
;u;JISI npoBe;u;emm 60JII,llll!HCTBa ~xsnecrua: 8Kcnepm.&eHTOB. B pa6oTe B 
mm:ei!Hou no .o.q/q x c.p/p np:e:6.m.atemm · paccuoTpeHH ~cnepcxoHHHe 
CBOi!CTBa aJieKTpnecxoro H .ua:rHIITHoro noJiett HyltJIOTpoHa. I!OJiy'lemme 
a.HaJmTRl{eclOJe BHpaJ!Cemm IIOSBOJIJmT ou;emrr1> YCJIOB:l![S{ cenapaxr;mr MHOro
KOMIIOHeHTHOro ny'!Ka. Iloxasaxo, lfTO np:a: HaCTpoime nyRJIOTpona Ha 

ycxope:ime HOHOB C OTHOmeHKell sapH;Zta K MaCCOBOyY 'tfJI.CJiy 4o/ Ac, ;u;pyrxe 
COpTa HOHOB B HHTepJ38Jie saPro:tHOCTeit :a: MB.CC 

0,995(q0 /A0 ) ~ (q/A) ~ 1,005(q0 /A0 ) 

MOryT 6HTI> TaKEe SaxBa'leHH B pelDtM ycxopemm. Tait8S{ CHTy~ JD.18eT 
WCTO, KaK IIpaBWIO, np:a: ycKOpeHD KOHOB C (q0 /Ac) = 0,5. 

·o;u;Hopo.zume no cnr.TaBY llYtzRll Mory,r 6HTI> IIOJzy1lemz sa C'leT np:e:
ueHemm B Ka'leCTBe pa6O'1ero BeuteCTBa xommx HCTO'IHJIROB ][3OTOllOB, ;u;JISI 

KOTOPHX no OTHOmemm K IIpml8CJDI 6oJiee Jie:rrua Mell!HTOB ;u;amme orpa
mrqemm He BWIOJIHSIDTCSI. 

B TPET!iEM I'.1IABE IIOJiy'leHH ~necme BfipaJISmm 11,1II! oneHKB: 
napa1,1eTpoB M8)'.tJieHHOrO mra /l , BH6paHH C:XeMH ][ npoKSBe;u;eH pac'leT 
C:il:CTeM BBo;u;a ][ BHBO;D;a 15 ey'IKOB nyRJIOTpoHa. . 

Ha nepBOII sTane cos;u;amm KOIIIJJieKca B HyltJIOTpoHe IIpe;Q'CMOTpeHa 
o;u;noo6opoTHaa: BlmeRnl{JJ HOHOB C 8Hepr:a:eit 5 MaB/JIYl(JIOH B ,ItllaIIa3OH8 
saPro:tHOCTel x Ma.Co 'q/A = 0,33 + 0,5 x npoTOHOB c sHepr:e:eit 20 MaB. 
Me)'.tJieHHlitt BHBO;D; p0SJD[3Y9TCSI B Henpepl:lBHOM ;u;KaIIaSOHe 8Heprd OT 0,2 
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,n;o 6 ThB/HyKJIOH ,IµIl!T8JI!,HOCT1,I!J ,n;o IO C no 'JI.BYM CYJ!l8CTBYJOIIIIDl Ha 
cmx:po:paaoTpoHe Hallpa.BJISHIDIM MBI n MB2. .. 

PasM811!8HlI8 ~ HyKJIOTpoHa Ha 0TM8TK8 - 3,9 M no Bl:lCOTe . 
OTHOClITSJI!,HO ,Il;SliCTBYJ)IllI!X JmHSHHOro ycKoplITSJifl lI @{3ll'l8CKIDC YCTaHOBOK 
Tpe6yeT pa3pa60TRK CpaBHlITSJI!,HO CJIOlltHWC cxeu BBo,n;a, Bl:lBO,IJ;a lI TPaH
cnoprnpoBKH C nOBOpoTOM ny,IBOB B ropn30HTa.lI1,HOH lI BSPTIDCaJII,HOli 
IlJIOCKOCT.RX. Bo lI36elltaHlle ,n;onOJIHHTSJI!,HHX Harpy30K Ha KpnoreHHYJO K 
Ba.KYYflHYIO cncTeWI ycTpoHCTBa BBo,n;a n BHBo,n;a, pacnoJioxemme Heno
cpe.n;cTBeHHo B KpKOCTaTe ycKOpKTSJifl, ,Il;OJIJKHll KMSTI, Hll3Kll8 ypoBHlI TSilJIO
K rasoBH,IJ;eJieHWI. 

C y,ISTOM nepe'!KCJI8HllllX BHIIIe oco68HHOCT8li HyKJIOTpoHa BH6paKa 
CX8Ma HH1JC8Kn;Kll C nOBOpoTOM ny-qKa B BSPTKKaJI!,HOH IlJIOCKOCTK. JlaHHM 
CX8Ma npe.n;cT~eHa Ha pnc. 3. CKCT8Ma lmllte~ BRJIJOtra8T

0

B C86H 
cenTYJ,4-MarmIT (CM) K ID.myJil>CHOS ycTpoHCTBO (llY), C nOMO~I,I!J KOTOpliX 
0CYJ!l8CTBJIRJOTCH, COOTB8TCTB8HHO, npe,IJ;BapKT8JI!,Hlll!: nOBOpoT ny-qKa K 
OKOWiaTSJI!,HM noca,iuta ero Ha Il;8HTpaJI1,HYJO op6Kry. HmlteKTKpyeM!:,le 
Ily,IKlI c napaueTpaMK £ x, t = 301i w.«.:upa.n n £>PIP = O, DOI .n;oJilltHH 6HT1> 
no~OCTI,I!J cor~COBaHH no nonepel!HOMY q>asOBOMY 06'!,euy K ,IJ;Kcnepclilll: c 
MarIDITHOli CT,PYKTypoH cma:poTpoHa. 

q> 
ZCM 

12 

10 

8 

6 

4 

2 

0 

2 

4 

H':1 _D CM 
Pnc.3. CXeua lmllt8Kn;Kll 
nyqKa. I - OCSBaH TpaeK
TOpKH n OrK6aJOl!!M mmeK
TKpye:uoro ny-g:Ka; 

2 - orK6aJOl!!M n;npey~py
IOll!ero ny-qKa B BSPTmtaJn,
Ho:tt IlJIOCKOCTK. 

CpaBHlITSJI!,HO u.a.m,re nOJifl cenTYJ,4-uarmtTa npn Bi»eKTKBHOit ,IµO.IHe 
0,5 :u K 6om,mM TO~a cenryya. (IO :u:u) nosBOJIJmT c,n;e~TI, TOKOBH:it 
cenryu. K 06MOTKY CBepxnpoBo~. 'B K8.~8CTB8 KMIIyJI!,CHOro ycTpoRdTBa 
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C sqq>eKTKBHO! )tJil!HOI I,5 M KCnOJU,3YJ)TCH _M8KTpoCTaTll'l8ClUI8 IIJiaCTJmH. 
IlapaM:8TPli SJI8M8HTOB ClICTSMH BBO,n;a ,Il;aHli B Ta6.mme 3. 

Ta6.mma 3 

0CHOBHH8 napru,:eTpH SJI8M9HTOB ClICTSMH BBO,IJ;a 

.I& IlapaMeTp 
SHeprM (MsB/HyKJIOH) 

5 20 

r. OTHOmeHKe aaproi;a K Ma.CCOBOyY 
'llIOJIY (q/A) 0,33 0,5 I,O 

2. Bpewi: mmeKn;KH MKC 8,I52 8,I52 4,I25 
3. Himyxwm B cenTYJ,4-uarmrre TJI O,I80 O,I20 O,I2I 
4. Hanpmt8HHOCT1, B sasope Melr,lty 

KHgµISKTOpmn.m IIJI8.CTKHaMll KB/u 376,2 250,9 497,7 
5. HanpmteHlIS Ha KHgµI8KTopimx 

IIJI8.CTKHax KB 28,22 I8,82 37,33 

B COOTB8TCTBllll C Bl:l6pamnnm B HYKJIOTpoHe ~acTOT8MI! 6eTaTpoHHHX 
KOJie6amdt (Qx .. Qz .. 6, 75) :rr,,ra. Y.e.ItJISHHOro mmo,n;a n;0Jiecoo6pasHo 
ncn()JII,SOBaTI, cl.Jruam:tt p030HaHC TpeT:r,ero noproi;Ka JQx = 20. Pa6o™ 
TO'llta no,ItBO,Il;lITCH K IlOJIOCe STOro pesoHaHca lI3MeH8HJa:8111 TOKOB B 06:UOTKax 
CTPYKTYPHHX KB8JUlYllOJI!,HHX JIKHS. 0,IJ;HOBp0M8HHO C nOMOllll,IO C8KCTYTIOJI!,HHX 
Jil!H3 cos,n;aeTCH 20-H raPJIIOHHita KBa,u;paTll'lHOtt HeJIJmelHocTK. Me,ItJieHHoe 
CM811!8Hll8 ~acTOTH 6eTaTpoHHHX KOJie6amdt BHyTPlI peSOHaHCHO! nOJIOCH 
npoKSBO,Il;lITCH aa c~eT nporpawmpye:uoro KSWHSHIDI TOKOB B ,n;onoJJHlITeJIIr
mzx KB8JUlYllOJI1,HHX .mmsax. BliBo,n; IIy,ma OCYJ!l8CT.BJ!R:8TCH C IlOMOllll,IO M8KT
pocTaTll'l8CKOro cenry-Ma 11 Marm1Ta .1la.ll6eprcoHa (pnc.4). 

CexcrynonHHe JilIHSH ItaJr,Itol naPH !CI - KC3 n KC2 - KC4 pacnOJia
ra.IOTcH Ha ,Il;ll&lSTpaJU,HO npoTKBOnOJIOXHHX y-qacTKSX CTpyKTYPH,COOTBST
CTBY]:)llllIX M'lmID48JII,H!l sHa~eHWIM ,n;ncnepclIOHHO! ~. lI SamlTHBallTCH 
O,Il;lIHaKOBWm TOKB.MD:. IlaPH JIKHS C'JI.BlIHyTH no asKuyTY '11J!1I! OTHOCJIT8JI!,HO 
,lij)yra Ha yrOJI 8 = 7 ff /I6, ~TO nOSBOJIJIST BapllpoBaTl, ~y C8KCTYilOJllr
HO! rapMOHmtll B nponecce HacTpoibm M8,ItJI8HHOro Bl:lBO,JJ;a OT O ,JJ;O 2 Ti • 
Kpow TOro, TaK08 paCnOJIO.lE8'ma:e JilIHS llC:KJlD1ia8T BOS6~ema:e peSOHaHCOB 
2Qx ± 2Qz a 2m + 1. ll CBO,JJ;llT K mmm.ryyY Xp0MB.Tll'l8CR.ll8 sqq>8KTH, 
o6yCJIOBJI8HHH8 BB8,JJ;8Hll8M KBSJU)aTIDmHX H8JillH8liHOCT8ff. 

YoTaHOBKa pal3HOISpHO no KOJII,IJ,y ~empex KB8JUlYllOJI!,mIX .mms JIKI, 
JIK2' KK3 ll JIK4 C IlOOJI8,JJ;OBaT8J!l,HO 008,ItllHSHHHWf o6MOTK811ll o6ecne~'l' 
Tpe6yeuwt KOrepeHTmrlt C'JI.Bi[I' ~TOTH n llOltJill'laeT BOS6yz;itemte onacma 
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napaMeTpR'!eCKKX pesoHaHCOB 2Qx,z = I3 I! 2Qx,z = 14. IIocJie,n;Hee 
o6CTOHT9JII,CTBO HBJIII6TCH B6CbM8. CYJ!l9CTB6HHIDI, T.K. ITOJIYilllIPl!Ha IIOJIOCll 
pe30HaHCa 3Qx = 20 OKa3HBaeTCH cpaBHI!T9JII,HO 60JIJ,1IIO:it, oco6eHHO IIPR 

BHBO,IJ;9 ~acT:r.m; B 06JiaCTll cpe,nmix aHeprntt. 
Jl,ruI OTKJIOH6IDIH nytJKa sa npe,neJIH YCK0pl!T6JIH Ha R8.llt,D;OM ll3 ,IJ;Byx 

HaIIpa.BJISIDlil (MBI I! MB2) IIpllHHTll ,IJ;ByxcTynemaTlle CX9Mll BHBO,IJ;a. 
B Ka~9CTB6 nepBOH CTyII9Ira HCIIOJII,3Y9TCH 3JI9KTpoCTaTR'l9CKlili cen

TYM (3C), OTKJIOIDmll!RH ~aCT:r.m;ll B ropR30HTaJIDHO:it IIJIOCKOCTK. ,ll.ruI BTO
pott CTyII9Ira B3HT MarHI!T Jla.M69PTCOHa (Mll), npKMeH9IDI6 KOTOporo II03BO
M9T, BO-II9pBl:lX, o6ecne~Tb no,n~eM IIY'JKa B BSPTmtaJil:HOH IIJIOCKOCTK 
,IJ;O ypoBHH CYJ!l6CTBYJO!IlRX KaHaJIOB TpaHCIIOPTHPOBKK B 3KCII9pID,19HT8Jll,HllX 
3aJI8X c:imxpog)asoTpoHa K, BO-BTOpHX, HCIIOJID30BaTb o6MOTKK K3 Tpy6~aTO
ro CBepxnpOBO,IJ;HI!Ka, 8HaJIOrR'IHll9 o6MOTK8M CTpyKTypHHX 3JI9M9HTOB HYK
JIOTpoHa. HeMaJIOBaJKHllM C TO~ speHM ,IJ;JIKT9JII,HOCTK BllBO,IJ;a HBM9TCH 
TOT cpaKT, ~TO Bll6paHHll9 ycTpo:itCTBa cnoco6Hll pa6oTaTb B IIpaKTR'l9CKK 

HenpepHBHOM pelKID,19. 
0cHOBHll6 napaM9TPll 3JI9KTpoCTaTlf't9CKOrO C9IITYMB,, MarHKTa Jla.M-

6ePTCOHa I! xapaKTepKCTl!KH BllB6,IJ;9HHOro ~a ,IJ;aHll B Ta6~e 4. Orn-
68l0Illll9 nytJKa llOHOB c aHeprID!MH 0,2 H 6 TuB/HYKJIOH Ha ~aCTKe BHBO,IJ;a 

npHBe,IJ;eHll Ha PRC. 4. 

(a) (6) 

:t{CM)ll 
6 
5 
4 
l 
2 

' -~i----+t---J _, 
-2 -2 

-3 ' -l 

':I . fl ~ l ~ 
0 I 2 3 4 5 6 7S{M) 

Pl!c.4. CxeMa ~aCTKa BHBO,IJ;a. I - orR68.DJnl{9 BHB9,!J;9HHOro 
~Ka, 2 - orH68lOIIllle UHPKYDPYJ:llllSro IIY'JKa B ropRSOH
TaJIDHOtt I! BSPTmta.Jil,HO:it IIJIOCKOCTJll npK 3H9prH.lll 0,2 (a) 

K 6 TuB/HYKJIOH (6). 
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Ta~a 4 

0CHOBHll9 napaMSTPH CKCT9Mll M9,!J;JI9HHOro BHBO,IJ;a 

3Hepl'IDI (I'aB/HYKJI.) 
IIapaMeTp 

0,2 6 

I. PesoHaHCHaH cacTeim 
-I/2 

AMn.mlTY,IJ;a B03MY!ll9HWI M 0,?06 0,595 

~asa BOSMY!llemm pa.n 4,6! 3,64 

Ilo;rynmpIDia pe30HaHCHO:it IIOJIOCH 0,0!2 0,0!6 

J(KanasoH K3M9H9HRII p030HaHCHOI 

paccTpo:itKK 0,035 0,0!6 

3qxpeKTlilBHll9 ,IJ;JIIDill KBa.npyIIOJII,HliX K 

09KCTYIIOJII,Hl:lX Jlllll3 M 0,3 0,3 

IlpOK3BO,IJ;Hll9 KBa,IJ;paTK'IIHHX H9JIIDI9:itHOCT9:it: 
B JICI, JIC3 TJI/,l, ?,6 233 

B JIC2, JIC4 TJI/,l, -I3~I -IIO 

~9HTH B m - JIK4 TJI/M 0,!4 0,68 

2. BllBo,IJ;Hlle ycTpolcTBa 
YroJI IlOBOpOTa nytJKa B 3C Mpa,u; 5,? 2,38 

YroJI IIOBOpoTa nytJKa B Mll upa.n 80 80 

3qxpeKTlilBHll9 ,IJ;JIIDIH 3C lil Mll M 3,3 3,3 

HanpmlSHHOCTb 3JI8KTPK"{9CKOro IIOM B 3C MB/Y I,26 IO 

~ uaI'HlilTHOro IIOJIII B Mll TJI O,I I,I 

aMeKTlilBHM TOJIIIlllHa cenzyim 3C MM 0,42 0,3! 

3. BHBe,neHHH:it ~OK 
3qxpeKTlilBHll:it 3YlilTTaHC:roplil30HT8Jll,HH:it UY.upa,IJ; 9,5,r 2,5iT 

B9PTIIK8Jil,HH:it MY. upa,IJ; 20 j[ 2,0 Ii 

MrHoBeHHH:it lDIIIYm,cHll:it pas6poc ±?.I0-4 :t2.I0-4 

.Il,mlT8JII,HOCTb BHBO,IJ;a C (I-:- IO) 

Koaqxplllijl9HT O,ItHOpo,ItHOCTlil TOKa BHB8-

,IJ;8HHOI'O nytJKa % 95 95 

3qxpeKTKBHOCTb M.8,IJ;JI9HHOro BHBO,IJ;a % 95 96 
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B ~'c!p()pM;VJm.POBaHH OCHOBHHe pesy.ru;TaTR HCCJI9,ll;OBa.HHil:. 

I. BH6paHa c.xeua H npoH3B8,ll;eH paCtJ:8T napa.MeTpoB CBep.xnpoBOMll!e
ro c:mxpoTpoHa p8JI!ITRBRCTCRIDC H,Itep HYRJIOTpoHa. Pesy.ru;TaTbl npo.neJIBlI
HOil: pa6orn Jier.mr B OCHOBY T8Xffi{q8CRIDC 38,D;aHllli Ha npoeKTKpoBaHRe K 
C03,ll;aHll8 MBI'HRTHWC SJieMeHTOB 3TOro YCKOPRT8JIJI. 

2. JlaH aHBJm:3 OC068HHOCT8il: CHHXpoTpoHHoro ycKopeHIDl T.fDlteJIHX 
HOHOB, Ha OCHOBaHllll KOTOporo c.ne~ BblBO,ll; 0 ~eJiecoo6pa3HOCTK BKJIIO
tJ:eHWI B C.X8MY ycKopKTeJIJ;HOrO KOMIIJieKCa 6ycTepa K npoB8,ll;8HH HCCJI8,ll;O
BaHIDl pasJll!lllil:lX TllllOB MaI'HlITHWC CT.PYKTYP 6ycTepa K OCHOBHOro KO~a. 

3. IlpeMOX9HO TPR BapKaHTa Mal'HIITHHX CTJ>YKTYP 6ycTepa HYRJIOTpo
Ha Ha 3Heprmr OT 250 .no 920 MsB Ha HYRJIOH c pas.7ll£!lllllMK Tllllrum: KCTO'l
HKKOB K IDDlt8KTOpoB. 3TH YCKOPKT8Jm cnoco6Hbl TaIO!te pa6oTaTD Ha WKSK
tJ:80:IG!tt 3KCnepm.reHT. C YtJ:eTOM B03MOXHOro nporpecca B paspa60TK8 
CKJI];HOTO'llilDC KCTO'!HllKOB C BblCOKOil: CT8Il8Hl,JIJ KOHK3atnm aTOMOB K ~oil: 
~T9JIJ;HOCTDD :m.myJIDCa npe~OtJ:T9HK8 OT,ll;aHO npoMeJKYTOtJ:HOMY K0~8BOMY 
ycKOpKT8~ {IIKY) KaK HaR60JI98 3KOHOMK'IHOMY K npoCTOMY B pea.mrsarnm 
BapKaHTy KS tJ:RC~ paCCMOTpemmx B ~CCePTarnm-

4. IlpHM8HKT8JIDH0 K .Il:BYM 6yCT8paM: HCCJI8,ll;OB8HH OpKI'KlraJil,HH8 M8TO
~ HaKOM8HWI Tmit9~ HOHOB: MHoroKpaTHWI lmlK8KlUIJI cryCTKOB ~Ott 
Il,POTSD!t8HHOCTK H MHOroo60poTHWI mDlt9KIUfJI KOHOB C nepesap.R:,ltltoil:, nOSBO
Jl/!IOll!l{e IlOBbICKTD llM!IyJIDCHY]) JillIT8HCRBHOCTD YCKOpHT8JIJI B 3 H 20 pas, 
COOTB8TCTB8HHO. 

5. C!p()pM;VJm,POBaHbl Tpe60BaHRH H npoK3B8,ll;8H pactJ:8T B03MOltHHX Ba

J)lla.HTOB Ma.I'HKTHOR CT,PYKTYPbl HYRJIOTpoHa, IlpoB8,I1;8HO Cpa.BH8Hll8 napa
M9TpoB CTPYKTYP, TIYtJ:KOB H MaI'HlITHWC 3JI8M8HTOB. lfayqeHbl B03MOXHOCTK 
pa3Melll8HRH pas~ BapKaHTOB B ~OKOJIJ;HOM 3T8Jlt8 Kopnyca c:mxp$-
30TpoHa. BH6paH onTirMaJIJ,HHtt BapHaHT CTJ>YKTypbl Tlllla \PQUO, BKJilO'laDlllllli 
B ce6H 8 cynepnepxo.noB H 32 nepHOM no rpa,u;KeHTY n o6ecnetUraalDUlKtt 
yCKOpeHKe HOHOB B HHTepB8Jl8 3Hepm OT 5 MsB/HYl(JIOH ,ll;O 6 ThB/HYRJIOH, 
BBo.n K BbIBO,ll; TIYtJ:KOB peBJmsyeTCH no CYDleCTBYl)lllID,! Ha CHHX~asoTpoHe 
Han~emtm.4. 

6. BlinOJIH9H paCtJ:9T ,ll;OnyCKOB Ha npoCTpaHCTBeHHHe H Bpe119HHH8 
H80,ll;HOpo,ll;HOCTlI MarHKTHoro noJIH HYRJIOTPOHa B peimMaX KHX8Kll)m, ycKO
peHHH lI BbIBO,ll;a. IIOKaSaHO, 'I.TO C y,I9TOM norpemHOCTeil, lI3M8peHHHX Ha 
MO,I1;8Jm CTJ>YKTypHoro ,ll;llllOJIJ;HOro Mal'HHTa, KOppe~ MaI'HlITHOro nOJIJI 
MOJlt9T 6blTD peBJm30BaHa C noMOlllDD H9HBHOTIO~HHX CBepxnpoBO,ItlD!lHX 
.r..tyJIJ;Tl!IlOJII,HWC KOppeKTOpoB C KOCB8HH:llM ODiaJK,Il;8Hll8M 06MOTOK. 

7. llsy,IeHH BOSMOXHOCTII OTITHMWII,HO:lt paccTaHOBKK CTJ>YKTYPHHX sJie
Y:lHTOB HYRJIOTpoHa TIO ,ll;aHHHM MaI'HlITHWC Jl3M8peHlilfl:. l!HM8HH09 J.ioiJ;e.mr-
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poBa.Hll9 Il0Ka38JIO 60.ru;nme B03UOXHOCTH M8TO,ll;a: npn pacCTaHOBK9 B onpe
,ll;9JI8HHOtt noM8,ll;OBaT8JIJ;HOCTH ,ll;llll~HblX MarHIITOB {c y,I8TOM :WC s®JeK
TllBHllX ~) Y8.ltCHMWII,H08 OTMOH8HK8 ropK30HTaJI!,HOil: npoeICiv,m sru.nwy
TOii Op61!Tbl YJl9HDDia8TCH B cpe,ll;H911 B 5.;. 6 pas, np:a: aH8JIOI'K'll!Oil 
pacCTaHOBK8 KBa,u;pyIIOJII,HblX ~3 mKplillia nMOCbl OT,ll;8JII,HO B3HT01'0 napa
M13Tpl!tI8CKOrO pesOHaHCa COKpallla8TCH npKMepHO B 30 pas. 

8. HccJI8,ll;OBaHH ~cnepcHOHHbl8 CBOiiCTBa Mal'IDITHOtt CTPYKTYpbl 
HYRJIOTpoHa. IIOKB.3aHO, . 'ITO np:ra: HacTpoiiKe cmi:.xpoTp0Ha Ha YCKOpeHKe 
KOHOB C OTHOmeHKeM sapima K Ma.CCOBOMY 'll!~ qo/Ao ,ll;pyrI,18 COPTa 
HOHOB B KHT8PB8Jl8 sapH,ItHOCTeff l! Ma.CC 0,995{qo/Ao)~(q/A)~1,005(4o/Ao) 
UOryT 6llTD Ta.IOlt8 38.XB8.'l8HH B peJiWM YCKOp8HIDI. 0.ll;HOpO,ll;Hbl8 
IIO COCT8.BY nyqrui MOryT 6b1TD IIMyq8HH sa CtJ:8T np:ra:ueH8HIDl B Ka

tJ:8CTB8 pa6otJ:ero B811l8CTBa KOHHWC llCTO'lHRKOB l!30TOnOB, ~ KOTOp!il 
nc OTHomemm K npmreCIDl ,ll;p~. KaK npa.BWIO, 6M88 JI8I'KKX 3JI8_118HTOB, 

,ll;aHHbl8 or~eHHH He BllilOJIHHDTCH. 

9 •. Ilp8MOX8HH c.xew :ra: npol!3B8,ll;8H pactJ:8T CHCT8M O,ll;H0060poTH01'0 
BBO,ll;a nytJ:Ka KOHOB C 3H8pr:ra:eil: 5 MsB Ha HYRJIOH ll npoTOHOB - 20 MsB, 
a Ta.Rllt8 M8M8HHOrO BbIBO,ll;a B KHT8PB8Jl8 3H8prd OT 200 MsB/HYKJIOH ,ll;O 
6 ToB/HYl(Jlon c s®JeKTllBHOCTI,JIJ 96% K ~T8JII,HOCTI,JIJ ,ll;O IO c. 
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