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B Kati:eCTBe O;D;HOro 1113 MIOOHHblX ;n;eTeKTOpOB, pa3Me111ae11wc B 

no;n;seMHO~ na6opaTop111111 KOMnneKca .AfW!,npe;n;naraeTcH 111cnoJib30B8Tb 

MHOrOCJIOHHYIO KaJIOp111MeTp111qecKyIO ycTaHOBKY Tl/IIla rrapMeTp. ilpHHl.\H-

IlH pa60TN '3TOrO np1tt6opa 6NJIH C~OpMyJIHpOB8HN B 1959 r. ~.C.AJieK- / 

ceeBblM H r.T.381.\eilHHblM [I] • 01.leHKa 3Hepr111111 MIOOHOB B napweTpe 

OCHOBaHa Ha 1/13MepeHl/IH qacTOTN Ill MOmHOCTlll K8CK8;D;OB, o6paaoBaH -

Hb!X B pe3yJibT8Te nocne;n;oBaTeJinHblX aJieKTPOMarHl/ITHblX B3W1MO;D;8~

CTBlllil: MIOOHa rrplll npoxo~;n;eHl/llll lllM TOJICTOrO CJIOH BemeCTBa. Tip111 BN

COKl/IX 3Heprl/IHX OCHOBHO~ BKJI8.n B ceti:eH111e 1!381/lMO;D;ei'lcTBl/IH MIOOHOB 

c 3HeprOBN;D;eJieHl/leM, ;D;OCT8TOtIHNM ;D;JIH o6pa30B8Hl/IH tta6n10;n;aeMb!X 

KaCKa,1\0B, BHOCl/IT rrpOl.\8CC o6paaoBaHl/IH 3Jl8KTpOH-Il03111TPOHHb!X nap 

(p111c.I), Il03TOMY OCHOBHaH ;D;OJIH KaCKa;D;OB 6y;n;eT 06HaaHa CBOl/IM 

~po111cxo~;n;eH111eM 3TOMY llPOl.leccy. c HlllM CBH3aHO Ill H83BaHl/le npe;n;-

.• araeMoro ,lleTeKTopa - napMeTp. 

K!:!K Blll;D;HO 1113 p111c.I, M8TO;D; Ol.\8HKl/I 3Hepr111111 MIOOHa no e+e-- na

p8M MO~eT 6NTb l/ICilOJlb30BaH ;D;JIH 1/13MepeHl/IH 3Hepr111111 MIOOHOB B 06-

JJaCTl/I EjA >I TaB, r;n;e ceti:emrn 6 nap y~e ;n;ocTaToqtto Ben11K111 

( ·"" 700 m8 ) • He 06x~;D;111MblM111 ycJIOBlllHMlll ero ycnelJIHOil: peaJI11381.\llllll 
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HBJlfilOTCH 60Jl:blllaH CYMMapHaH TOJlll\HRa MHill6Rl1 (coTHH pa)l.H aJUiOHHblX 

e}l.MRHU), a TaKlKe qyBCTBHT6Jl:bHJCTb ;u.eTeKTOpOB HOHH3auHH K ;u.oc -

TaToqao MMhlM n epe;u.a 'laM attepr HH ( e ,...,, I rsB). BalKHolt oco6eH -

HOCT:b!O n apMeTpa no cpa.BH6Hl110 c MarHHTHblMH cneKTPOMeTpa.MH HB JIH

e TCH npaKTHqecKOe OTCYTCTBJ.16 orpattnqeHHfi CB6PXY Ha l13MepH6Mlie 

sHeprHH MIO OHOB (no M6H:b111El'1 Mepe ;u.o El' = IOO TsB). C ;u.pyrolt 

CTOpOHli,MeTO;IJ. napMeTpa OTJlHqaeTCH OT Tpa;n.HUHOHHblX MIOOHHblX KallO· 

pnMeTpOB, perHCTpnpy!OutHXt B OCHOBHOM, KaCKB;IJ.li OT T0pM03HOrO H3~ 
nyqeHHH MIOOHOBt aHaqnTeJI:bHO 6onee BliC OK ol\ siW?eKTHBH~CT:blO. { 

y HaC B CTpaHe ycTaHOBKH T11na napMeTpOB - HCKp0Bli6 KaJIOpH-

MeTpli_ pa6oTaJIH B l/lHCTHTyTe IJ1H3HKH AH rpya1rnc1\0t1 CCP [2,3] H 

:B EpeBaHCKOM il.J;rnwreCKOM HHCTHTyTe [41 t O}l.HaKO HaCTOHll\ero nap

Me Tpa }l.O CHX nop C03}l.aHO He 6liJIO. 3a py6elKOM ae60JU>ill0'1 npOTO -

THTI napMeTpa 6b!JI C03 }l.aH B HnOHHH H pa60TaJl B COCTaBe ycTaHO:BKH 

"M10Tp.OH11 (5) • 

I. ~11a11qecK11e aa}l.atllll 

rro C:B OHM aa}l.aqaM napMeTp 6JIH30K K Mar!lliTROMY cneKTpOMeTpy, 

coa}l.aBaeMOMY B Ton lKe TIO}l.36MH0li\ na6opaTopHH Afffi, 0}1.HaKO no 

CBOHM B03MOlKHOCTHM OH B pa}l.e aanpa:eneHHli\ noaBOJlHT cyll\eCTBeHHO 

HCCJl8}J.OBaHHl1 MIOOHOB. 0cHOBHblMH OTJ!HqHru.IH 
pacrnnpHT:b ;D,HanaaoH 

STHX ;n,:BYx npn6opOB fiBJIHIOT~fi: reoMeTpnqecKHe paaMepli, Hf"qHe 

B napMeTpe 60JU>lll0'1 MaCCli nornOTHT6Jlfi H B03M0lKHOCT:b sneKTP\-.. rlOr 

MJIH MalllHHHOrO :e~eneHHH c;nyqaeB npoxoJK}l.eHHfi MIOOHOB 60JtblllOn 

sHeprHH. ITpe}l.JiaraeMbl8 pa3M6Pli napMeTpa - .....,(9 X 9 X 4,6) u
3 

• 

EcJIH :eepTHKa1l:bHlilA MarHHTHli~ cneKTpcit.ieTp 6y}l.eT HMeT:b CB8T0Cl11IY 

---IB M2.cp t TO c:eeTOCHJla napMeTpa B npe}l.eJiax aeHHTHblX yrJIOB 

4 

O - 60° rrpH yKaaaHHb!X paaMepax 6y;rr,eT np;rnepHo 6onee, qeM Ha 

n opH;IJ.OK 601l:bill6: "'!IQ M2. cp. 3TO, eCT6CTBeHHO t yBeml'lHBaeT 

B03MOlKHOCTl1 HaKOTIJl6HHH xopoweli\ CTaTHCTHKH co6b!THli\ H npO}l.BHJKe -

mm B o6nacT:b 6onee Bh!COKHX sHep r11l1. 

XOTH B npoeKTe MarHHTHOrO crreKTpOMeTpa He rrpe,nyCMOTpeHa 

ITOCTaHOBKa KaK11x-Jrn60 MHilleHeli\ .zvrn 11ayqeHHfl :B3ffi1MOAeticTBHH MIOO

HOB, B n pHHUl1!18 TaKaH rrocTaHOBKa B03MOJKHa·. l/l B cnyqae, ~cnH 

Ml1ill8H:b 6y;rr,eT CTOf!Tb MelK;rr,y B8PX Hl1M 11 HHlKHHM HpMOM MarH11Ta, 11 B 

cnyqae, e cJIH otta 6y;rr,eT rroMell\e Ha rro;n Hl1JKHee HPM o, ee paaMe phi 

11e MOryT rrpeBblillaTD 6,5 x 6,5 x 2,5 M = 100 M
3

• 06'.beM rrapMeT -

pa - ..v360 M3 , T.e. rrp11 O;IJ.11HaKo:eol1 rrnoTHOCTl1 ero aarroJ1HeH11H 

rrornoT11TeneM H ;neTeKTOpaM11 s c)4leKT11DHOCTb perMCTpal.\HH B3aHMO;n.eV.

CTB11 l1 B rrapMeTpe MOlK6T 6b!Tb B 3 - 4 paaa Bblill8. 

Ilocire;rr.Hee, Tpene
1 

OTnll ·-rne rt pe;n,cTaBJrneTcH caMbll.I nal!<HblM. llia-3£:. 

601l:blliOU cneTOCH1lbl MarHl1THOrO cneKT p OMeTpa np11 era aanycKe OT 

HaaeMHOH MaCTepHOH Cl1CTeMbl HaH 6 onee :eepoHTHb!Ml1 6y/JST c;nyqaH 

rrpoxoJK;neHl1H qepea crr eKTpOMeTp O;D,HOBpeMeHHO HeCKOJlbKl1X MIOOHOB. 

B STOM cnyqae ;n,a JKe rrp11 aneKTpOHHOM c'.beMe 11HtjlOpMa!.\IDl Tpy;n,Ho 

C03;!\8T:b KaKOl1 -nll60 ceJieKTOP 11MTIY11LCOB, OT611paIOUJ,11li\ ;l\11H nocJie;IJ.yIO

ll\CrO a Han11aa 11 aarr11c11 cnyqaJ.1 , KOr;na cpe;IJ.11 3Tl1X HeCK01l:bKl1X MIOO-
. I 

HOB ecTb x oTH 6bl O;IJ.l'IH c stte pr11eU Bbl1ue aa,n,arrnoro rropora E J'rrop. 

3 TO CTaHOBl1TCH B006ll\e He B03M OlKHblM rrpH OllTl1t{eC.KOM C'.beMe l1Htjlop

Ma~1111 . B n1060M cnyqae ;IJ.JIH ttax olK;ne H11 H M!OOHOB Bb!COKOl1 aHop r;rn 

rr p11;neTCfI o6pa6aTb!B8T:b Be e KaJ(pbl , s airnca HHble Ha MarHl1T HY!O JieHTY 

111Ill cl.J OT orrne HKY . 

B rr apMeT pe c'beM 11HcpopMa!.\1111 npo11a:eo,n,11TC H sJJeKTpOHHhIM crroco -

6 oM. HecMOT PH Ha TO, t{ TO _K DJIM qec TBO o;nHo:epeMBHHO np oxo.n.Hll\l1X 

4epe3 napMerp MIOOHOB 6y ;rr,eT 6onbllie I qeM B MarHVJ THOM c rreKTPOMeT-
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pe, 1.1a-sa 6onhWeH nnoma,ll,H, oco6eHHOCTl1 npoxo~;n,eH11H qepes He

ro MJOOHOB BbICOIIOIA 3He pri1rn n03BOJIH!OT. B np11HU,l1ne ' cos;n,aTb -Tpl1r -

rep , KOTOpblw Bbl;n.enan 6bl 1.1 paspewan sanl1CblBaTh cnyqa11, Kor;n.a 

cpe,ll,H 3Tl1X MJOOHOB HaxO,lJ,HTCH XOTH 6b! O;D,11H c 3HCpr11etl BbUl16 

E;op . 81•!!1 cnyqmi ;n,on~Hbl y;n,oBneTBOPRTb cne;n,y10m11M np1.1sHaKaM: 

·1. a) He Mettee qeM B HeCKOJibKl1X ( K = 5 - ?) pa;n,ax napMeTpa 

nOHBJ!HIOTCH l10Hl13all,l10HHble TOJ!qKJ.1 c aMilJll1TYA0tl Bblille HeKOTOpOtl no

poroBOW ( n e nop = 3 - 5 peJIHT11Bl1CTCKl1X qaCTHU.); 

6) 3Tl1 T0JlqKl1 ;n,ocTaToqHO KOHU,eHTPl1POBaHbl B npocTpaHCTB 

T.e. B npe;n,enax onttoro pa;n,a OHl1 ;n,on~Hbl noaBJIHTbCH He 6onee qeM 

B Tpex _coce;D.Hl1X AeTeKTopax; 

B) ;n,eTeKTOPb! pa3HbIX pH;D,OB, B KOTOPbDC noHBJIH!OTCR 3Tl1 TOJI-

l!K!li, ;n,6JI~Hbl ne~aTb Ha o;n,HOW npHMO!h XOTH 6bl B O;D,HOil 113 npoeKll,l1iA 

napMeTpa; 
2~ a) tte Mettee qeM B ;n,Byx coce;n.tt11x pH;n.ax napMeTpa noaBJIHIOT-

cR 110Hl13aJ.\110HHble T0Jll!Kl1 c aMnJll1TY;D.Otl Bb!ille 50 - 500 peJIHTl1 -

Bl1CTCKl1X qaCTl1U.; 

6) cyMMapHoe aHeproBbl;n.enett11e B napMeTpe npl1 aTOM - tte 

Mettee (2 - IO)·Ia3 peJIRTl1Bl1CTCKl1X qaCTl1U.· 

. ITpl13HaKl1_ I l1 2 COOTBeTCTBY!OT cnyqaHM o6pasOBaHl1R BbICOK03Hep-

rl1l!HblM M!OOHOM H6CKOJlbKl1X MaJI03Hepr11qHbIX aJieKTpOH-Il03l1TPOHHblX 

nap 11 o;n,Horo Bb!COK03Heprl1l!HOrO T0pM03HOrO KacKa;n.a,coOTBeT -

cTBSHHO. Cnyqa:11, 1rnr:zi.a qepea napMeTp o;n,ttoBpeMeHHO npoxo;n,HT rr(" ·: 
H113K03Hepr11qHblX Jll1BHeBblX M!OOHOB, TOlK6 6y;n,yT xapaKTepl130BaTbCR 

noRBJiettl1eM BO MHOrl1X pa;n,ax napMeTpa cyMMapHOiA 110Hl13all,l111 no -

pa,II,Ka m qacT11u.. O;n,HaKO 3Tl1 m qacT11U. 112-sa illl1poKoro npo-

cTpa~CTBettttoro pacnpe;n,enett11H MJOOHOB 6y"IJJT, KaK npW31.1no, pac -

npe;n,eneHbl Ha 60JibillOe l!l1CJI0 ;n,eTP.KTOPOB B pH;D.Y 11 HS 6y7J.JT y;n,oB-

{:.. 

neTBOPRTb ycnoBl1JO I 6. Eb1cTpy10 aneKTpottttyJO c1.1cTeMy oT6opa 

MOlKHO c;n,enaTb Ha OCHOBe npl13HaKOB I a, 6, B. TaK, Hanpirnep, no

.l(06HaH Cl'ICTeMa - ceneKTOp 11MnyJ1bcciB 1 ow1a peru111so".1Jatta 11 paCioTa

na Ha MarH.l'ITHOM cneKTporpag;e ~lAPC [ 6] • Iionee Mel-(J!eHHb!W . MWUl'IH -

Hblli OT60p TOJKe peaJil'!3Y6M. 

HeCMOTPR Ha CXO.l\CTBO aa.l(aq Iii nepe<rncneHHbl6 Tip:ll'IMYIU6CTBa 

napMeTpa, OH Hl1 B K_OeM cnyqae He OTM6HH6T Marm!THOro cneKTPO -

MeTpa AHltl. Bo-nepBb!X, MarHl'ITHb!U cnc1\orpo Me Tp BOti.l(eT IJ cTpoih 

paabwe napMeTpa l1 RBl1TCH KaK 6b1 11 pa;rner.,q1-uo;-,; TeMaTl'!Kll!". PaCioTa 

Ha cneKTpOMCTpe no3BOJ!l1T rrpl106peCTJ/! He06XO)U'.!Mb!M OllblT B aHamrne 

.l(OBOJJhHO CJIOlKHOH ;<apTl1Hbl MIOO!IOB n· CTBOJlax l!JJVl. BO-IJTOpb!X:, uap

MeTp, K01rnqao, 6y;n,eT o6JJa;n.aTb xy;n,m11M npocTpaHCTBGHHhlM pa3pewe

Hl1eM. AHaJil'13 pasn11qHb!X CJ!Oli\Hb!X CJiyqaeB nma y3Ki'IX M!OOHifb!X rpyrrrr 

B COCTaBe JUAJ! , a TaK)l{e Y3Kl1X MlOOHHb!X nap, pOlK,l\CHHb!X B HaJeMH OM 

KaJIOp11 Me "rp8 II! rpy11Te' OCTaHeTCH llpl1Bl1JI,e rnei1 MarHl1THOro crreKTp0-

M8Tpa. B TpCTbl1X, I'! 3TO rJiaBHOC - B 06nac~·11 311eprni.1 ~lC Hee I T::iB 

paspewa10n{aH cnoco6HocTb napMeTpa no aHepr11l'! oy,11.eT xy>KC, tJCM y 

MarH>1THOro Cll8HTPOM8Tpa. Bo BC8X on1orneHl1RX napMeTp HBJIHeTCH 

np116opoM, ;D.Of!OJIHH!OlUl'IM MarHWfH L1ill cneKTpO!!i6Tp 11 Hat_\8JI8HHb!M Ha 06-

JiaCTb eme 60JibWl1X aueprni.1 • 

!1epcd1.l(8M T8!18pb K KpaTKOMY paccMOTpeHl'!IO OCHOBHblX l]:l11!311lJCCKl1X 

3a,11.a4, 

I. I. 4>113l'1Ka MIOOH!lb!X ceMCiACTB 

~CCJl8;D.OBaH11e MIOOHOB B COCTaIJe WAJI HBJIHCTCH rnaBHOih ;.ia,11.aqei.1 

!lOJ.l3CMHot1 na6opaTop111i1 AHltl 11 napMeTpa B ce coc·rane. TepMl1H 11MJO

OHHble CeMet!cTBa" OTH0Cl1TCH K MlOOHHb!M C'fBOJ!aM WAJI. OH 611i130K K 
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TepMl'IHY "MI00HHbl8 rpynnbl11 • HO OTJ!WiaeTCR OT Hero. EcJll'I 0 MIOOH

Hb!X rpynnax, KpOMe K00p;n.t!H8T OTA8JlbHblX M!OOHOB 1'13B8CTH0 TOJ!bKO 

TO, qTO OHl'I COCTORT 1'13 MIOOHOB c atteprl'leiii Bbllll8 noporOBOi.1, TO B 

M!OOHHbIX ceMei1cTB3X, aHaJ!Ofl'l1J.H0 raMMa- l'I aApOHHblM ceMe~CT~aM, 
1'13B8CTHbl l'I KOOp;n.HHaTbl, l'I aHeprl'll'I Ka11t;n.oro MIOOHa . 

TaK KaK B OTID11J.>'18 OT raMMa-1rnattTOB l'I aAPOHOB MIOOHbl Bb\COKOt:i 

~ 

:rneprl'll'I RBJlfl.IOTCfl npOHl'IKaIOU\IU.IH qaCTl'll.l,aLIH l'I co61'1paIOTCfl npeHMY -

mecTB8HH0 c 60Jlbllll'IX Bb!COT, 3T0 ;n.aeT yal'IKaJll>HYIO B03M01KHOCTb 

1'13Y1J.aTb paHHl'l8 cTa;D.1'11'1 pa3Bl'ITl'lfl a;n.epHOfO K8CK8A8 B l'IH;ll.HBl'l;ll.Yano-

•O• ru1•••· "'°~ •OOMO>UiOCT' •• ''"""'°""'o AO CID< nop, ,,.r
KaK c o61'1paRCb c 60J!bllll'IX Bb!COT' MIOOHbl l'IM810T 6onee llll'IPOK08 npo-

cTpaHCTB8HH08 pacnpeAeneal'le, 1J.8M raMMa-KBaHTbl H aApOHbl. nnR 

Toro, 1J.T06bl 3aperl'ICTPl'IPOBaTb BC8 ]b1COK03Hepr1'11J.Hbl8 MIOOHbl B o;n.

HOM Jll'IBHe, HylKP.bl ycTaHOBKl'I 60JlblllOM nnoma;n.H. CymecTBOBaBllll'l8 AO 

Cl'IX nop cne!\TPOM8TPbl l'I Kanopl'IMeTpbl 1'13-3a He;n.ocTaT01J.HO~ nnoma

;n.H, Kal{' npaBl'IJ!O, MOTJlH perl'ICTPl'IPOBaT:b TOJ!bKO qaCTb MIOOl;iHOrO 

CTBOJla l'!Jll'I B006Ul,e O;n.HH01J.Hbl8 MIOOHbl· OHl'I l'ICCJl8AOBa.ID1 npocTpaH

CTB8HH0-3HePreTl'lqeCKl'l8 xapaitT8Pl'ICTl'IKl'I MIOOHHO~ ~OMilOH8HTbl illAJl 

TOJlbKO cTaTl'ICTl14.8CKI~. T.e. ]l.Jlfl 60Jlbil!Oiii rpynnbl Jil'IBHElti, OTCll'lpae

MblX no onpe;n.e~eHHOMY napai.aeTPY• flpl'I 3TOM &aTVill8Bb!Ba~Cb MHOrl'le 

ROppen8!J,1'!H. K nepBOiii non~TKe l'lccne;n.oBaHl'IR MIOOHHhIX ceMeiiicTB 

MOlKHO OTH8CTl'I pa60TY no 1'13Y1J.8Hl'llO MaCCOBOfO cocTaBa nepB1'14.HOf0 

KOCMHqeCKOfO 1'13Jl~4.8Hl'IR Ha ErutcaHCKOM MIOOHHOM TeneCKOile (?} ...... ·· 
B03M01KHOCTb l'IH;ll.HBl'IAY8JlbHOf0 11ccne;n.0BaHVIR' MIOOHHbIX CTBOJ!O- . 

illAJl B03Hl'IKaeT BnepBb!8 B CBR31'1 c cos;n.aal'leM MarHl'ITHOfO cneKTpO

MeTpa l'I .napMeTpa AHJ/i. ~x pasMepbl nosBOJlRIOT 1'13Y1J.aTb MI00HHbl8 

ceMeiiiCTB8 c nonepe'l.HblMl'I pasMepaMl'I ;n.o 5 l'I 9 M COOTB8~C~BeHH0. 
TaRoe npocTpaHcTBeHaoe pacxo11tAeHl'le B JIBBHRX l'IM8IOT MIOOHbl c no-

8 

paaperneHl'!e Maral'IT-poroBoiii aHeprl'le~ oRono I TaB. 8ttepreTl'lqecRoe 

HOfO crreRTpOMeTpa l'I rrapMeTpa B 3TO~ o6naCTl'I 3Heprl'liii IT03BOJIR8T 

MIOOHOB c TQqHOCTb!O rropR;n.Ka 3Tl'IM npl'!6opaM orrpe;n.enRTb 3Heprl'll'I 

;n.ecRTKOB rrpoIJ,eHTOB. 

B OTJll'lql'!e OT raMMa- l'I a;n.pOHHblX ceMeMCTB, r;n.e HeB03M01KHO 

onpe,Z\eJil'ITb KOOp,Z\l'IHaTbl OCl'I Jll'IBHR c T01J.HOCTbIO, cpaBHl'IMOH c none 

peqHblMl'I paaMepaMl'I 3Tl'IX ceMeMCTB, ;l\Jlfl MIOOHHb!X ceMe~CTB, pel'l'IC

Tpl'lpyeMbIX Ha MarHl'ITHOM crreKTpOMeTpe l'I Ha napMeTpe A!ill, STO MOIK

HO 6y,l(eT c;n.enaTb c ITOMOUl,blO HaaeMHO~Jll'IBHeBOM Cl'ICT8Mbl l'I Ha3eM 

Haro Kanopl'!MeTpa AHM. OueHKl'I rroKa3J,iBruoT, qTo ToqHOCT» JIOKaJIYJ -

aaIJ,1'11'1 CTBOJia, KOTOpaR M01K8T 6liTb ;l\OCTl'lrHyTa c IlOMO!llblO Ha3eMHbllC 

Cl'ICTeM, COCTaBJIReT BeJll'lql'IHY ~0,25 14 [8] • HmmyqwaH yrJIOBaR 

TOqHOCTb -v4·I0-3 pa,Z\ ;l\OCTl'!raeTCR c ITOMOUU>IO Bepxttero nneqa 

Marttl'ITHoro crreKTpo1o1eTpa [9] • HeMHOrl'IM xyliie llBJIHeTcH TOtUIOCTI> 

orrpe;lleneHl'IR yrnoB no rrapMeTpy- <:I,7·I0-2pa;l(. llpl'I paccTORHliUtt 

..... 20 M OT Be pxHero KpaR Hase1o1ttoro KaJIOpl'!MeTpa .n.o !lepx:Hero rrne

qa crreKTpOMeTpa yrnoBaR Heorrpe.n.eneHHOCTb He BHOCl'IT ·cymeCTBeH

HOM Ollll'l6Kl'I B JlOKaJil'l3aIJ,l'IIO CTBOJia Ha ypOBH6 Bepxttero rr.neqa 

crreKTpOMeTpa l'!Jill BepxHeli ITJIOCKOCTH rrapMeTpa. Otta OCTaHeTCR Ha 

ypOBHe ---0,25 M. 8TO ).\aeT ,l(OITOnHl'IT8Jll>HyIO B03MOIKHOCTb orrpe,Z\e -

BSal'!MOpacrrOJIOlKeHl'le CTBOJ!a, ueHTpa TRIK8CTl'I 

:::eMei1CTBa l'I COCTSBJIH!Oi!UIX eI'O MIOOHOB. 

Jll'ITI> OTHOCHT8Jll>HOe 

B qacTHOCTl'I, c ITOMO!llblO rrapMeTpa MOlKH·O 6y ,Z\8T paCilll'lpl'ITb l'IC

cne.n.oBaHl'!e tteyrrpyroro ceqeRHR rrpoTOHOB c RAPaMH aTOMOB BOaAyxa 

ITO pacrrpe;n.eneHl'llO BeJll'lqHH (E~,R~)MaRC' r,l(e ~ - paCCTORHHe MIOO

Ha OT ueHTpa Tf!IKeCTH ceMe~CTBa l'IJll'I OT CTBOJia il!AJl [IO] • B03MOJK

HOCTH 3Tl'IX l'ICCJ!8;1\0BaHl'I* Ha uarHl'ITHOM crreKTpOMeTpe Aflli orpaHH -

1J.6Hli BeJ111'llfHO~ MaKCHMaJIJJHO' 1'13Mepl'!Moro HMnyn:i;ca - 3 TaB/c • 
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TiapMeTp He HMeeT aToro sHepreTJ:'lqecKoro orpaHHqeHHH. 

TaK lKe,KaK AJIH raMMa- l:'I aAµDHHWX ceMeticTB , HccneADBaHHe 

MIOOHHblX ceMetiCTB B COCTaBe KOMnJieKca Afil'l AaeT YHJ:'IKaJII>HyJO B03-

MOlKHOCT:b conocTaBJif!T:b c Hl:'IMJ:'I 3HeprHJO 14 Tl:'ln nepBJ:'lqHO~ qaCTHUW. 

WHTeHCHBHOCTI> ceMe~cTB B JIHBHHX a~aHHOtt aHeprHH, ecTeCTBeHHO, 

COBnaAaeT c HHTeHCHBHOCT:b!O nonaAaHHf! CTBOJIOB 3THX lliAJI Ha TIJIO -

maAl> rrapMe'l'pa • .l\mt mrnHe~ c E0 > 1015 sB aTa HHTeHCHBHOCTl> 

cocTaBHT rrpHMepHO OA~O ceMe~cTBO aa 3 •rnca, AJIH E0 > 101
6 

aB -

aa 200 qaCOB pa60TH ycTaHOBKl4 (pHC.2). 8TO TI03BOJIBT nonyqHT 

BalKHYIO ADnOnHHTenI>HYIO HH~OpMaUHIO 0 Jlli!BHHX B pattoHe neperH6a 

nepBHqHoro cneKTpa rol 5 - ra16 aB. 

HapHAY c HCCneAOBaHJ:'lflMH MIOOHHh!X ceMettCTB B HHAJ.iBHAYaJI:bHh!X 

nHBHHX Ha napMeTpe, ecTeCTB8HHO, 6yAeT HayqaT:bCf! npOCTpaHCTBeH

H0-3HepreTJ:'lqeCKOe pacnpeAeJieHHe MIOOHOB B illAJl Tpa;D,11Il,14DHHblM 

CTaTHCTJ:'lqecKl:'IM cnoco60M. 

1.2. ~H3J:'IKa OAJ.iHOqHblX MIOOHOB 14 MIOOHHblX rpynn 

Hapf! AY c HCCne;n:oBaHHf!MH MIOOHOB B COCTaBe w Ha napMeTpe 

6yAYT npOBOA}4T:bCH HCCJieAOBaHHH OA}4H01.!HblX MIOOHOB H MIOOHHblX 

r pynn 6e30THOCHTenI>HO K JIBBHeBOMY conpOBOlKA8HHIO. 

I. 8HepreTHqeCKHtt cneKTP H yrJIOBDe pacnpeAe Jie HHe MIOOHOB 

8Tl4 xapaKTepHCTHKH MIOOHHOrO JlOTOKa MOlKH O 6yAeT HayqaT:b B 

AHanaaoHe a HepI'l1tt El'= 2 - 200 TsB 11 aeHH THh!X yrnoB 

e = 0 - 600. 8TO Cyll(0CTB8HHO lllHpe, 11eM Ha MarHHTHOM CJleKTp0-

M8Tpe, r ;n:e TaKHe 14CCJieAOBaHHf! orpaHHl{eHN no 3HeprHH MaKCHM8Jl:b

HO H3MepHMb!M !4MnynI>COM ,..., 3 TsB/c J:'I aeH!4THblM yrJIOM.,.., 40° . 

IQ 

H~o OTM0THT:b, llTO B HaCTOf!ll\Bt1 Epel.In npHMWe J:'l3Mepemrn Bep

THKaJI:bHOro cne:KTpa MIOOHOB B o6JiaCTH Bblllle 2 TsB B006ll(e OTCYT -

CTBYIOT. B TO lKe BpeMf! HM8HHO OHJ:'I npe AcTaBJif!IOT HaH60JI:bllll:'ltt MH

Te pe c , TaK KaK ~OpMa cneKTpa MIOOHOB B BepTJ:'IKaJI:bHOM HanpaBne

HHYI 6onee q·yBcTBHTeJII>Ha K ceqeHJllJO pOlKAeHHH qapMHpOBaHHblX qac

THU H, B03MDlKHO, ApyrHx KaHaJIOB 6b!C'l'pott reHepaUHJ:'I MIOOH OB BO 

~parMeHTaUHOHHOtt o6naCTH, ll8M ~OpMa crreKTpa B HanpaBne HH HX , 

6JIH3KHX K r opH3DHTanH. Eme 60nDU!He B03MOlKH OCTH AJ!f! BNf!Bne HJ:'l f! 

aiMJeKTOB, CBf!3aHHb!X c BnJilf!HY!eM 6bICTpott rettepar.urn MIOOHOB, npeA·· 

CTaBJ!HeT 143y11eHJ:'le AByxMepHoro pacnpeAeJieHHf! MIOOH OB. no 3Hep-

rHHM H 30HHTHiilM yrnau [II] • 

OlKHAaeMaH HHTe HCH BHOCT:b perHCTpauHH O,zuiHOqHb!X MIOOHOB TPH BJ:'I~ 

anI>HOro npOHCXOlKA0HHf! napMeTpOM B npe AeJiax ae HJ:'I TH b!X yr noB AO 

600 IT OK aaa Ha Ha pHC.2 CTIJ!OlliHOtt JllilHHett. IT O HeKOTO pbIM Te opeTH -. . 

qecKHM oue HK aM HHTe HCH BHOCTH MIOOHOB TPHBHaJ!l>HOr o IlpOHCXOlKAeHHff 

H 6blc Tpott r e Hepaum1 cpaBHHBaIOTCH B6Jllil3H El'= 70 TaB (12] · • 

OlKH;n:aeMOe B 3TOM CJiyqae IlOB blllieHHe HHT e HCHBHOCTH MJOOHOB KpattHe 

BNCOKHX 3HeprHtt TIOK a3aHO Ha 3TOM lKe PH CYHKe nyHKTHpOM. BHAHO , 

qTO OlK"1 AaeMwe HH TeHCJ:'IBHOCTH TI03BOJ!f!JOT c TIOMOU(l>ID napMeTpa npo

ABHHYTbCf! B 06JiaCTl> TI OHBJl0HJ:'I H 3W~KTOB, CBH3aHHllX c 6NCTpott 

reHe pauHeR MIOOHOB . 

.l\pyrl:'IM B03M OlKHNM nyTeM nol:'ICKa KaHaJIOB 6~cTpO~ re HepaJ.IHH 

HBHTCH HayqeHHe nap H rpyrrn MIOOHOB Bb!COKHX 3HeprHR, TaK KaK 

BKJiaA TpHBHanDHb!X pacnaAHblX npoueccoB B HX reHepauHIO npH BN-

COKHX 3HeprHHX CHnDHO ITOAaBJieH. Oco6~~ HHT e pec B 3TOtt CBf!3H 

npe,14CTaJlJIHeT Hay•rnHHe aHepreTH•rncKoro cneKTpa MIOOHOB B rpynnax. 
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2. BaaHMO,n.et!CTBHH MIDOHOB 

DOJlblliOe KOJIHqecTBO Be~eCTBa B napMeTpe fl03BOJIHeT 0,ZJ.HOBpeMeH

HO c H3yqeHHeM xapaKTep11CTl1K MIDOHHhDC CeMetlCTB 11 0,ZJ.11H0qijhDC 

MfilOHOB npO,ziBHHYTbCf! H B 113yqea1111 B3aHMO,ZJ.8MCTB11tl MIDOHOB, B OT

Jlilq11e OT MarHl1THOro cneKTpOMeTpa 3.ll.8Cb He HYlKHO CTaBl1Tb Hl1Ka

KHX .n.onoJIHl1TeJihHblX MHllieHet!. OcHOBHble 38,Z\aqH 3,n.ech CBRaaHbl c 

ceqeHH8M reHepau11H MIDOHaMH 3Jl8KTpOMarHl1THbOC 11 a.n.epHblX KaCK8,Z\OB 

np11 C50JibWHX nepe,n.aqax aaeprHM e : OT 0,5 .n.o 20 TaB. B cnyqa 

TpilBHanbHOro TOpM03HOro 11 !fJOTOH,n.epHoro MexaHH3Ma HX 06pa30Ba

H.llfl ,OlilllA88Mble HHTeHC.i!BHOCT.i! 3Tl1X K8CK8,Z\OB napMeTpOM on11caHHOt! 

HHlle KOHCTpyK~H IlOKa3aHbl Ha p11c.2. EcJIH lKe cneKTpbl 3Tl1X Kac

K8,Z\OB C5onee ITOJIOrHe, Ha qTo H80,ZJ.HOKpaTHO YK83b!B8RH peayJihT8Tbl 

pa.zia p!iOOT (I3-I7] ' TO o~.n.aeMble HHTe HCHBHOCTH 6y.n.yT eme 60Jib

we. fla.3,ZJ.8JlffTb 3JieKTpOMarHHTHble H a,n.epHble KaCK8,Z\bl B napMeTpe 

MOlKHO 6y.n.eT no HX qiopMe, K8K B paOOTe [I8] • HJIH no 11X Hew -

TpOHHOMy COilpOBOlK,ZJ.eHHID , KaK B pa60TfU (I5,I7,I9] • nllil 3TOro 

napMeTp ,ZJ.OJilKeH 6b1Tb ,l.\OflOJIHeH CHCTeMOt! Het!TpOHHblX cqeTq.lt!KOB c 

AOCT8Toqao BblCOKOM 3qJ~KTl1BHOCTbfil per11cTpau11H H8MTPOHOB. 

KaK BH,ZJ.HO 113 IlPHBe,ZJ.eHHhIX 11HTeHCHBHOCTet!, B CJiyqae TbpM03-

HOro HanyqeH11a 113yqeH11e cneKTpa B3al1MO,n.et!cTBHU H npf!Moe co -

ITOCTaBJieH11e ,ZJ.Byx MeTO,ZJ.OB nonyqeHHff cneKTpa MIDOHOB (HOHl13ar.(HOH-

Horo KaJIOpHMeTpa 11 napMeTpa) B03MOlKHO BflJIOTb ).\0 e ... 20 TaB 

4TO KacaeTCft a.n.epHoro B3ru1M0,1.\0UCTBl1fl, TO ,lJ,8HHble 0 BeJIHq11He 11 

3HepreTHqec1rnt1 3aBl1C11MOC~'11 COtrOJlli!fl ll3aJ1M0,1.\etlCTBl1 fl Bl1pTyaJibHbllC 

qJOTOHOB Ha a.n.pax MOryT C5b!Tb llOJJYl!OHbl .1(0 e """ IO TaB. 

·-. 

I.3.KOCMO@'I311qecK11t! acneKT _p11311K11 MIDOHOB 

. YlKe PH.ZJ. nepeq11cJieHHblX aa.n.a~ HMeeT OTHOllieHHe K KOCMO!fll1311-

qecKo~y acneKTY qJ113ijKH KOCMHqeCKl1X Jiyqet!. HanpHMep, xapaKTe -

pHCTHKH MIDOHHblX ceMet!CTB Hapa.n.y co CBOt!CTBaMH B38HMO,ZJ.et!CTBl'IH 

qacTHU OTpalKaIDT fl,ZJ.epHblt! COCTaB nep:aHqHoro KOCMHqecKoro 11any

qeHHff B 06JiaCTH nepern6a IOIS - IOI6 aB [ 7] , 3He preT;iqecKHi! 

cneKTP 0,ZJ.HHOqHbQ{ MfilOHOB - cneKTP nepBHqHb[J( HYKJlOHOB B o6JiaCTH 

3Heprni! .n.o HeCKOJlbKHX COT TepaaJieKTPOHBOJibT [20] .0,l.IHaKO 3THM He 

Hcqepnw:aa~TCH B03MOlKHOCTH napMeTpa. 

OJKH,n.aeMaH cTaTHCTHKa perncTpail,HH MIDOHOB c E11 >2 Ta13, KaK 

' BH,ZJ.HO HS PHC .2' npeBb!lliae T ra5 Jl ro.n.. B coqeTattHH c yrJIOBblM 

pa3peruett11eM napMeTpa (He xyJKe r0 ) aTo noa:aoJIHT JJeCTH yaKoHan

paBJieHHbltl IlOHCK H HayqaTb rno6aJibHYID attl130TpOilHID nepBHqHhO{ 

KOCMHqecKHX qacTHU c aFieprHetl "'IO TaB/HYKJIOH. B aTOM acneKTe 

napMeTp no~o6eH MarHH~HOMY cneKTPOMeTpy, O,ZJ.HaKO HS-aa 60Jibille" 

CBeTOCHJlbl OH CMO~eT pa60T8Tb KaK MIDOHHbl~ TeJleCKOil Jl o6JiaCTH 

eme 60Jibrn11x stteprHt!. 

2. MecTopacnono~eHHe, paa~epbl 11 KOHCTPYKUHff napMeTpa 

ITapMeTp pacnoJiolKeH B no~aeMHOtl na6opaTop1111, sane N~ I 

(pHc.3). !1Jio~a~b ero !flepMbl HeCKOJlbKO 60J1bille qyBCTBHTeJibHOi! 

nnoma.zm ~eTCKTOpOB H COCTaBJifleT I0,2 x I0,2 M' BblCOTa qie pMbl 

4,6 M. HeCHMMeTpHqHOCTb ero pacnoJIOlKeHl1H OTHOCl1TeJibHO CTeH 

3aJia, a · TaKlKe OTHOCl1TeJibHO CTeH IlOMemeHHH ,ZJ.Jlff 3JieKTpOHl1KH H 

MarHHTa ,ZJ.HKTyeTCH Heo6x0.1U'IMOCTJ,~ COBMeCTHTb llPOTHBOpel!HBb!El 

Tpe60BaID!fl: - npH B~6paHHOi! nnoma.llH HM8Tb MaKCHMaJl~HYD •blCOTY 

napuei~~· HO B TO Ke BpeMH HMeTb B03MOllCHOCTb MOHTHpOBQT~ H 
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,l\eMOHTl1pOBaTh OCHOBHhle ,l\eTeKTOpbl napMeTpa, l1MerollU'le ,l\JUl!Hy 4,5 Mo 

ilp11 fIOKa3aHHOM Ha p.1rn.3 pacnOJIOlKeHHM IAOHTallt .Z{eTeKTOpOB MOlitHO 

6y.Z{eT BeCTl1 TOJlhKO c .l\Byx, a He c 4eTblpex CTOPOH cf>ePMbl H3-3a 

OTcyTCTBl'lll B 3ane N~ l ,l\OCTaT04Horo CB060,l\Horo npocTpattcTaa. 

TaK KaK a~weKTHBHOCTh per11cTpa!Ul11 l1 T04HOCTh l13MepeH11H 3Hep

rn11 MfOOHOB B napMeTpe orrpe,1.1eJIRfOTCR, B OCHOBHOM, IlOJIHOit TOJIIJU'J

HOH Ml11U8Hl1, BblpalKellHOM B pa,l(;ta~OHHblX d,lJ,HHl1l.lax, TO ,l\JIH 11X IlOBbl· 

IU8Hl1R lKeJiaTeJihHO l1MeTb MaKCl1Ma~bHO TOJICTyro l1 THJKeJiyro Ml1lli6Hb • 

c 3TOH T04Kl1 3peHl1R lKeJiaTeJlbHO rrpl1M8HHTb CBHHel.l B KaqeCTBe I 

JIOTl1T8JIR, TaK KaK OH HMe~T HaH60Jiee KOpOTKyro P8.lll18l.ll10HHyro .Z{JUl!

HY. !1p11 orpaH1'1qeH;10Jd BblCOTe rrapMeTpa aTo 06ecne1U1T MaKCHUaJih -

Hoe KOJll14ecTBO Pa.n.H8!Ui OHHbiX e,lll1Hl1l.l T • 

BalKHblM OllTl1Ml138!UiOHHblM rrapaMeTpou rrapueTpa RBJIR8TCR TOJllllHHa 

ero OT,l\em.Horo CJIO!! t: • PaaJll'l<IHble ycJIOBHR OITTl11m31il.!HH (ipi!Kc.11-

poBattHaR II0BH8R uacca MHW8HM, orpaHl'lqeHHWi BblCOTa ycTaHOBKH, 

Bbl6~p Pa3Hl.IX BemecTB B K8'i8CTB8 ~OrJIOTl1TeJIR) IIPHBO,l\RT K aHaqe

HH.IDI t' = 8-15 pa,l\.e.Z{. ,Z\aJihHeltwee YB81IM1{6HMe 'C' 0Ka3hlBBeTCR 

ae~encoo IU>IM, TaK KaK .Jl6T6YTOpi» HOHH38!UiH nepeCTam' pen1c-
I 

KaCK8.l\bl, o6paaylll.l!Heca BHYTPH CJIOR. Kpoue Toro, 

l1M0R B Bl.l.V rrpe.zuronaraeul:il6 HCCJI8,l\OB8Hl1ff B3WIMO,l\eacTBHH MDOHOB B 

IIOI'JIOTHTeJie rrapMeTpa,. cne,zzyeT orpaHl14HTb CBepxy TOJIUU'IHY 'Z"' 

3H84~HHflMH lG-I2 pa,l\.e,1.1. EOJihWaR TOJIUU'IHa CJIOff IIPHB8.Z{6T K CHl1 -

lKeHl'lfO TO<iHOCTl1 Ol.l8HK11 3HeprHl1 K8CK8,l\OB, a TaKlKe yxy.Z{IJ!HT B03 

HOCTH pa3,Z{eJieHl1!l 3JleKTPOM8I'Hl1THhlX H H.Z{epHblX K8CK8,l\OB /IO l1X qiop

Me • c .Z{pyrott CTOpOHbl, YM8HhUIOHHe r (np11 coxpatteIDJH IIOJIHOit 

TOJI~Hbl T ) npHBO.l\l1T K yMeHb1UcH111D rooMeTpHqecKoro ~aKTopa 

(H3-3a 3830pOB ' 38HHMaeMh!X ACTOKTOpaMH 1110Hl/138!Uil1) H K YAOPOlla• 

HHD YCTaHOBKH B l(OJI.:S.. llpcAJilU'l'loMllH TOJl~Ha CJIOH 7: = 8-9 p~.ef. 

4 

Ka~eTCll OITTHMa1JhHO~ H3 -BCex BNlliel13JIOlKeHHblX coo6palKeH11~.IlpoH11K

HOBeHHe HaJIJ60Jiee 3Heprl14Hb!X KaCK8AOB 1113 PRA~ B PHA B ycJIOBl1RX 

rraAeHHH Ha rrapMeTp MHOI'HX M~OHOB rrpH TaKO~ TOJIUU'IHe CJIOH MO~eT 

OKa3aThCH ,l\OCTOHHCTBOM, TaK K8K IT03BOJIHT COITOCT8BRHTb CJieAN 

OT BblCOK03HeprHqHblX MfOOHOB B ABYX rrpoeKUHHX. 

,Z(pyrHM ~aKTOpOM, KOTOpN~ tteo6xO,l\l1MO Y4HTNBaTh rrp11 KOHCTpy

HPOBaHHl1 rrapMeTpa, HBJIHeTC!l HMHTal.ll1R MHOrOKpaTHhlX B3aJIJMO,lle~ -

CTBHil MfOOHa BNCOKO~ 3Heprl1H 0,Z{HOKp8THh!M R,llepHblM B3aJIJMOA8~CTBH

eM OTHOCHT8JlbHO MaJIOaHeprH<IHOrO MfOOHa. Bkna;n. 3TOPO qJOHOBoro 

(,l\11R cneKTpOMeTp11qecKIDC. H3MepeHHH) IIPOl.l8CCa npHBO,lU!T K HCKa~e

HlllD OTKJll'IKa rrapMeTpa Ha crreKTp M~OHOB [21) • 8ip¢eKTHBHaH AHC

KPJtiMHHaJU'JH C06b1Tl1~ yKa3aHHOro THIT8 B03MO~Ha, ecJIH TOJlllU'IHa rror

JIOTHTeJIR B rrapMeTpe MHOro 60JibWe xapaKT8pHOit rrpOTHleHHOCTH 

R,l\epHoro IrnCKa,l\a: X/J1.1i. ~ 15-20 H 'iHC]JO cue~HblX pH,l.IOB, B .KOTO-
. . . 

PblX ITOHB11H8TCH l/10HH38l.ll1ll OT RA8pHoro KaCKa;n.a,TOllt8 AOCTaTO'iHO 

:aeJIHKO: m 119 ~5-7 • .l\11H .Z{HCKpHMHH8~H H.Z{ep.HblX KBCKa,llOB uoryT 

6b1Tb HC/IOJlh30BaH~ MaTeM8Tl148CKHe M8TO,l\bl MHOrouepHOro 8HBJIH3a 

[22] • ,Z\OIIOJIHHTeJlhHOn B03MO~HOCTbD,3KCITep11MeHTaJibHO HA8HTHqM~ 

~po:aau 11 .Z{HCKpHMHHlllpOBaTb RAepHb18 K8CK8.Z{bl,HBJIH8TCH BKJIDq8HH8 

B COCTaB rrapueTpa HeaTpOHHhlX pqeTqHKOB ,l.\Jlff l13M8peHHn HenTpOH

HOro CO!lpOBOll,ll8Hl1ll KaCKa,l\OB. 

IlpeAJiaraeMaR KOHCTPYK!Uill rrapMeTpa co CBHHUOBl»U norJIOTHTe

neM ITOKa3aHa Ha p11c.4. ~Jlff cpaBH8Hlll!l Ha p11c.S fiOK8.3aH BapHaHT 

KOHCTPYKUHH c lleJie3HliDl norJIOTl/1Teneu.CpaBHl1T81lhHbl8 xapaKTep11c

!'lllKH 3THX ~apHa~TOB npe,l\cTanneHbl :a '1'80Jl~ I • CuemaHHbl8 Bap111-

aHTbl napueTpa, KOrAa norJIOTHTeJI~ COCT~H6'1'CH H3 CBl/lH~a Ill :ze

Jl8Sa, 6y,llyT9 8CT8CTB8HHO, 00Jl8,lt8T~ npOM8JKyTO'iHblMH xapWCTep14CTH

K811H . MeQy 81'1UlH )UIYMR. Ta6JIHna COCTtmJieHa AJJH CJlYtlWI, KdrAa 
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3aaop, B KOTOpOM pa:,Mel1{aJOTCfl ,ZJ;eTeKTOphl, pa.Hett 3 CM, a B Ka -

l!eCTBe ,ZJ;eTeKTOpOB 11cnom,3yIOTCH nponopL\HOHaJihHble C4eT4l1KH !13 

nnaCTMaCCOBb!X Tpy60K paSMepOM Ix8x450 CM • B CK06Kax npHBe,ZJ;e

Hbl ~WPb! .ZJ;JIR 5 CM - 3a3opa l1 nponopL\HOHaJihHb!X C4e T4l'lKOB pa3Me

POM 3xIOx450 CM B KaqecTBe .ZJ;eTeKropoB. CMb!CJI 0603ttaqeH11H o 
B Ta6J1. I npHBe.neH B cJie.ZJ;y10l1{eM nyHKTe. 

Ta6Jrn1.~a I 

Bapl'laHTb! CTpyKTYPhl napMeTpa 

II oriro TH Te Jih 

TDJII1{HHa CJIDH nornOTHTeJIH B PH.ZJ;y,cM 

t' . ' pa.ZJ;.e.ZJ; 

qHCJIO Pfl.ZJ;OB 

T· ,pa.ZJ;.e,ZJ; 

X ,_r/eti 
X/:An 
fJ OJIHSfi uacca IIOrJIOTHTeJIB, TOHH 

YHCJIO KaHaJIOB rrapMeTpa 

0 

CBHHeL\ lKeneao 

5 IS 

8,86 8,42 

55 (44) 24 (22) 

487 (390) 202 (I85) 

312 0 (2500) 2808 (2574) 

I4, 8(II,9) 20(I8,4) 

2526(2025) 2274(2085) 

II880(7920) 5184(3960) 

01 s3 ( 0,59) o,a2 (0,86) 

Ma Ta6JIHQhl BH.ZJ;HO, 4TO ITO 6oraTCTBY npe.ZJ;CTaBJifl6MblX B03M OlK

HOCTe« H \PHSH46CKHM xapaKTepHCTHKaM BSpHaHT co CBHHQOM H c 

60J1ee TOH.IGIMH AeTeKTOp&IH nyqme. 

3. ~H3H48CKHe xapaKTepHCTHKH rrapMeTpa 

3.I. qaCTOTa C06b!TH« paS.l!H4HOrO THT!a 

IloJIHaf! HHT8HCHBH0CTh M~OHOB B IIO.ZJ;38MHOU na6oparopHH COCTaB

Jlfl6T 74 11-
2 ~-I (HauepeHHfl c OTCYTCTBYIOll(HM Ha.ZJ;ae~H~ KaJIOPHMe~ 
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pOM), J.1Jlli -6000 c-1 Ha h noma.ZJ;h ITapM eTpa. J.13 HHX ITpaKTJ.1l!CCKH 

nee 6y.ZJ;yT nepeceKaTh o6a octtoBaHHH ITapMeTpa. 

OuettKH qacTOTbl ITpoxolK,nett11H O,ll,11HO'!HhlX MIOOHOB BbICOKOii! attephrn 

qepe3 ITapMeTp J.1 Bb[3 b!BaeMb!X .HMH C06b!Ttlii! pa3.llill!HDrO Tl1l!a ITQl;a3a

Hbl Ha p1rn.2. B Kal!eCTBe BpeMeHI.1 ITpr.mmrnJI.OCh 11 lKHBOe" BpeMH pa6o

Tbl ycTaHOBKH. 8.ZJ;eCh )1(6 ITOl\a3aHa HHTe HCJ.1BHOCT:b pe rncTpSL\HH M!OOH. 

Hb!X ceMe tl.CTB B CTBOJiax li!AJI c 3Heprneil Bb!llle E • 

3.2. ITo,ZJ;aBJieHHe wotta HJ.13K03HeprJ.1'1HbIX M!OOHOB 

fIOC!\OJI:OKY Bb!COK03Heprl1''!Hb!M MIOOH pOll(,ZJ;aeTCfl BO B3aI.1MO.l(ei1CTBl1 • 

flX Bb!C OKOi1 3He prnl1' 06h!l!HO Bbl3 b!BalOJJU'IX IT OHBJI8Hl'le fl,ZJ;e pttoro KaCKa • 

,ll.a B aTMocwepe, TO TaKOil MIOOH, RaK ITpaBJ.1JIO, COITpOBOliC,ll.aeTCH MIOO· · 

HaMH 60Jiee HJ.13Kl1X 3Heprnii, o6pa3yIOJJU'IXCfl B TOM lKC KaCKa,ZJ;e. B 

Ta6JI • 2 ITpHBe,ll.eHh! pacl!eTHble 3Hal!eHJ.1fl ITJ!OTHOCTl1 MIOOHOB C 

3HeprHHMH BbUJJe 5 raB, conpOBO.'K,ll.aIOJl(J.1X Bb!COK03Heprl1'!Hh!M MIOOH c 

atteprnei1 Ef' B cocTaBe UJAJI c noJIHhIM •rncnoM aJieKTpottoB Ne • 

Pac'!eThl ITpOBe,ZJ;eHbl ITO nporpaMMe (23] • 

Ta61mua 2 

ITJIOTHOCT:b MIOOHOB (M-2 ) c sue prne i1 Bbl!lle 5 I'JB' con pOBOlK,ll.aIOli\l1X 

Bb!COKO:rneprnl!Hbl~ MIOOH c 3HeprneL1 Ef B COCTaBe lliAJl MOUl

HOCTh!O Ne 

-5 
E/TaB)\Ne" IO I 2 5 IO 20 50 

l 1,0 I,7 3,6 6,2 II 23 

2 1,2 2,2 4,5 7,8 14 28 

5 I,4 2,4 5,0 8,7 15 31 

IO 1,6 2,7 5,6 9,8 17 35 
20 1,9 3,3 6,8 12 21 43 
50 2,0 ~.4 7,I T2 21 45 

I? 



1113 Ta6JI. 2 Blll)(HO , 'ITO per111 CTPfil\lll !O BblC OK03He p rHt{HblX 

MIOOHOB rrapMeTpOM rr noma;zib!O 81 M2, KaK ylKe yKa3blBaJIOCb pattee B 

pas;ziene I, rrp111;zie r ca ocy mec TBJIHTb Ha ~ otte IOO - 3000 MIOOHOB c 

3 Hep.rnHMlll Bbllile 5 raB. Bb!;!leJieH111e TpaeKTOPllll1 BblCOK03Hepr1111IHoro 

MIOOHa )(allie B O;!!HO~ rrpoeKL\llllll rrapMeTpa 6y;zieT 3aTpy)(Hl1TeJibHO 

lll3-3a 60Jibill Oro KOJllllqecTBa cpa6oTaBIUl1X )(eTeKTOpOB, He rOBOpH 

ylKe 06 orrpe;zieJiea111111 ero atteprH111. 

J(alKe B Bapll!aHTe c MaKCll!MaJibHblM KOJ!MqecTBOM )(eTeKTOpOB B 

o;zittoM PHJlY, rroKpb!BaIOllU'JX rrnoma;zib rrapMerpa, "'200 BepOHTHocn 

HaJIOlK8HlllH, T . e. rrpOXOlK)(eHl1H qepes O;!llllH ;zieTeKTOp )(Byx l1Jll1 6one 

MIOOHOB,)(OBOJ!bHO BeJllllKa. IlpH 3a;!laHHOM qlllcJie MIOOHOB np ' rra

.l\aIOUU'IX Ha rrapMeTp IIJIOl!la;!lbiO s . 111 IIJ!Ol!la;!l}'I O)(HOro )(eTeKTOpa 

So BepOHTHOCTb E Bbl)(eJieHlllfl )(eTeKTOpOM TOJ!bKO O)(HOro MIOO

Ha paBHa: 

n -1 e = ( 1 - So /s) ,. (I) 

JlerKo BH;zien, qro rrp111 n,.. > IOO H rrJirurnpyeMblX IIJIOlJla;ziax ;ziereK

ropoB ,.., 0,4 M
2 

BepOHTHOCTb Toro, qTO B ;zieTeKTOpe, qepes KO

TOpblit rrporneJI BblCOK03HeprnqHblti MIOOH, He 6y)(eT ~OHOBOtl lllOHH3fil\lll' 

OT Hlll3K03HeprlllqHblX MIOOHOB, Mana. 8Ta iPOHOBaH l10Hlll3al.lHH 6y;zieT 

lllCKa~aTb KapTlllHY 3HeprOBbl;!leJieHl1H B)(OJlb rpaeKTOPllllf BblCOK03Hep

rH'!HOro MIOOHa B 06JiaCTlf MaJiblX TOJiqKQB lll IT03T0MY saTpy)(HHT ero 

l1)(8HTHq&i!Kal.lHIO H orrpe;t..JJieHlll6 3HeprnH. 

O;ziHaKO rrpH HaJIH4Hlll rropora Ha 3HeproBimeJieHHH B rrporropu:•rn· 

HaJibHblX C'!eT'!HKax MOlKHO cymecTBeHHO yMeHbillHTb 3Ha'!eHll!H Ha6JIJO;zia· 

eMOit IlJIOTHOCTlf MIOOHOB l1 COOTBeTCTBeHHO YB6Jllll'!ll!Tb acMieKTlllB .. uCTl> 

Bbl)(eJ16HlllH TpaeKTOPllllll Bb1COK03H6 prll!qHoro MIOOHa. J(mi 3TOro Ha;zio 

rr plll~HMaTl> BO BHl1M8Hlll6 TOJ!bKO ll!OHlll381.llll0HHbl6 TOJiqKlll Bblill6 H8KO-

I8 

-- ~J ... 

TOpor o rrop ora. ITplll 3 T OM Hl13K03Heprlll 'iHbl8 MIO OHbl , He CIIOC06Hble 

)(aBaTl> TaKll!e TOJl'!Klll, lllC'!83Hy T lll3 IIOJ!H speH11H, H OCTaHeTCH 

TOJ!bKO TpaeKTOplllH BhlCOK03He prnqHoro MIOOHa. 

J(JIH p acqeTa rropora Ha 3He prOB bl)(8 J18Hl1H MOlKHO BOCITOJ!b30BaTb CH 

pesyJ!l, TaTaMl1 p a Cl OTbl [24] ' r;zie ITOJ1y qe1-ra BepOHTHOCTD rettepal.ll'll1 

Jlll!BHH c l!ll! CJIOM 3JieKTPOHOB ne MIOOHOM 3Heprirn Ep !Iplll rrpoxolK;zie 

Hllllll qe pe 3 CJIOM CBlllHl.la TOJ!mHHOtl 5 CM ITO)( pa3Jll1l!Hb!Mlll 38HlllTHb!Mlll 

y rJiaMl1. 8Ta B8pORTHOCTb ClbIJia ITOJiytie tta c Y'!6TOM Bcex TlllITOB B3a

lllMO)(etlcTBlll il MIOOHOB ( 6 ' e + e -. ~ ' h ) . Ha p1t1c .6 11p1rne.n.ettbl HH -

TerpaJibHbl6 3 Hati6Hl1R BepOHTHOCTetl reHepal.lllllll JIHBHH c ·l!l1CJIOM 3Jl8 K 

TpOHOB Bbliue ne )(JIH pa3HbIX a tte prn tl MIOOHOB Ett • CTpeJIKaMH rr.o-

. Ka3attbl 31H:1l!8Hl1H B8pORTHOCTetl, ycpe)(H8HHblX no 3HepreTl1l!8CKOMY 

cn e KTpy O;!llllHOl!HblX MIOOHOB. ltl 3 3Tl1X ,l1aHHblX Bl1)(HO, q•ro 11p11 HaJl.l1'!llll1 

rr opora Ha pe r11c Tpal.\HIO 3He prOBbl;z\8 Jie Hl1H ne 3 tlJllleKTl1BHOCTb .Bbl-

.n.c ne mrn T pac KTO p11 ti Bb!COK03He PI'l1l!HblX MIOOHOB MOlKHO ·c)(e JiaTb CKOJll> 

yrO)(HO ClJil13KOiil K B;l(l1Hl11.\8' 3aM8Hl1B B Bb!palK8Hl1lll (I) 3Ha4CHl18. n_,.. 
Ha n/tPtP = n.t' ·W(E.I", >ne}· 

npe11MymeCTBO pacCMOTp8Hl1H H aHaJil13a TOJlbKO 110Hl13aUHOHHblX 

TOJI!!KOB Bb!IUC H8KOTOporo rropora ne (HanpJtMep, rle)' 5) CBH3aHO 

eme l1 c TCM' 4TO ll03BOJIH8T CHl1311Tb Tpe(foBaH11H H l!J'BCTBl1T6JI:OHOC~ 

r11 11 K ;!llllBaM114eCKOMJ' )(11aJiasotty Kattana per11cTpal.ll1l1. 

3.3. ~;l(CHTl1~l1Kfil\HH TpaeKTOpHLl MIOOHOB 

TaK KaK B CTBOJ!ax IJJAJI C 3Hepr11etl Bb!IU8 I016 aB, KOTOpb!e 6y;ziyT 

11syqaTbCfl Ha ycTaHOBKe AH!tl, OlKl1)(8eTCH H8CKOJibKO MIOOHOB c 3H6p

I'HRMl1 Bblllle I TaB, TO rrepBot1 sa;ziaqet1 aHaJIHsa 6y;n.eT,1H;l(ettT114)111<a-

1111a lllX TpaeKTOpHtl - CHa4aJJa B KalK;ziotl lll3 llp08KUlllM B- OT;z\8Jll>HOCTH! 
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a IlOTOM COBMeCTHO B 06e11x npoeKU,l1HX. p,ZJ.eCh aa.n.aqa HaxOJK,ZJ.eHl1H 

TpaeKTOp.1111 cymecTBeHHO o6JierqeHa no cpaBHe~10 c MarHl1THblM 

cneKTpOMeTpOM TeM, liTO OTCYTCTByeT MaI'Hl1THOe none l1 TpaeKTOPl1l1 

Bb!COl\03HeprwIHblX MlOOHOB c xopomel-1 T0'1HOCTLIO napanJieJIJ,Hhl. 

HaH6onee a<fJ1JeKT1'IBHb!M MeTO.D.OM :aoccTa!iOBJleHYJH napannenhHhlX (c 

TO'iHOCThIO lIY'tille I0-3
pa.n.) MlOOHHblX TpaeKTOpl'!H IIO npoeKU,l1HM Ha 

OCHOBe !13.BeCTHb!X KOOPMHaT 3HeprOBbl,ZJ.ene HYJtl HBJlHeTCH MeTO.D. "no

BOpOTHblX I'l1CTOrpaMM-" [25] • Ilpl1H!J,l1Il paOOThl MeTO,ZJ.a Bl1,ZJ.eH Ha 

pl'!C. 7' r.n.e np11Be,lieH ITpl1Mep BOCCTaHOBJlemrn TpaeKTOpl1i.1 B ,xol 
ITpoeKu,1111 napMeTpa. TpaeKTop1111 CliYJTaIOTCH Bbl.n.eneHHbIMYJ, ecn11 oIT 

.n.eneH yroJJ IIOBOpOTa Cl1CTeMbl KOOPMHaT '+' • npl1 KOTOpOM llOJIHOe 

1J11cno Clll1HHl1tl BHYTPl1 3a.n.aHHOii m.11pl1Hbl rncTorpaMM .n.ocT.11r·no aoco

lllOT!JOro imKCl1MyMa. 8i))cpeKTl'1BHOCTL MeTO,ZJ.a ITOBOpOTHblX I'l1CTOrpaMM 

6b1Jia paccq11TaHa MO.II.el!l1pOBaHYJeM 11 OKa3aJiach pa:aHotl IOO% BITJIOTh 

. .n.o qYJcJia MlOOHHb!X TpaeKTOpl1i.1 nl' :::. IOO Ha ITJI0111aM napMeTpa • 

~JIH cortocTa:aneHl1H TpaeKTOp~H MlOOHOB B .D.BYX npoeKU,l1flX 6y.n.yT 

Ilpl1M8HF.ITLCH Te lKe MeT0,1!.bI, qTQ l1 rrp11 pa6oTe c Ha3e.MHblMl1 l10Hl13a

U.l10HHblMl1 KaJiop.11MeTpw.11. li:oryT 6blTh 11cITon:r,aoBaHb1 6Jil130CTh aHaqe ... 

H1'li1 3He prO"Bbl,1.(e Jie Hl1ff B,1).QJIJ, IT pOeK[ll1M. IT Pl1Ha;me lKall(l1X TpaeKTOpl1H 

0,lJ;HOro MIOOHa. 9TOT Kpl1TepHl1 MOlKeT ITPl1MeHHThCH npH ]l.OCTaTO'iHO 

OOJlbillOM KOJll1qecTBe TOJlliKOB, C03,ZJ.aHHblX MIOOHOM. MolKeT nOM0'1h H 

ITp0Hl1KHOBeHl1e 11acKa.n.a OT 3JieKTpOHHO-IT03l1TpOHHOi1 nap·bl B coce.n.

Hl1i1 pa.n.. Tor.n.a TpaeitTOPl1l1 B npoeKU,l1HX MOlKHO Clil1TaTb np11Ha,l(Jie~ ..... 

ll(l1Ml1 0,!J.HOit.y MlOOHy' ecl!l1 B Hl1X Ha6JIIO,l.\aeTCH HaYJ60JIJ,illee WCJIO \ 

TOJl'1KOB B CMe~HhlX PH.D.ax, np11qeM, KaK npC:IBl1JIO, l13-3a norJIOll(eHYJH 

KacKa,ZJ.OB TOJlliKl1 B Hl1lKHeM l13 .D.BYX CMelKHb!X pH,l(OB MeH:r,me no BeJil1-

'll1He. 

Eonee pa,!J.l11taJihHblM cpe;l\CTBOM ;!\Jiff COITOCTaBJieHl1fl TpaeKTOpl1~ 

zr 

MJOOHOB B "/1,Byx npoeKU,l1HX ffBJIHeTCH pa3Me111ett11e Ha,ZJ. Bepxaej.\ IlJ!OC -

KOCThlO napMeTpa cnJIOUJHOI'O I'O,l\OCKOill1'1eCKOI'O KOBpa H3 ,l(eTeKTOpOB 

ITJIO~a,l(J,IO He 6oJiee O,I M
2 (30 x 30 CM). 8Tl1 ,l(eTeKTOpbl ,l\OJllKHbl 

6bITh liYBCTBHTeJihHhl ,na1Ke K rrpoxolK,neHHIO o.n.ttoro MIOOHa. PaaMe111eHHe 

Ko:apa B XOl - rrpoeKI.Urn ITOKaaatto Ha p11c. 7. 

An:r,TepHaTiiJBHblM pemeH11eM MOlKeT 6h!Th c~eM IiJH~OpMau,HH c .D.BYX 

KOHU,OB nponopI..\l'IOHaJihHblX C'1eT'1HKOB c u.en:r,10 onpe;l(eJieHYJH rrpO,liOJID

HOM KOOp,!J.l1HaTH 3HeprOBH,l\eJieHl1fl B ,l(eTe KTOpe. 8TO peilleHl1e CliJJihHO 

ycJIOlKHHT 3JieKTpOHl1KY KaHaJIOB periiJCTpall,l1l1 l1 Y.l\BQHT HX '1HCJIO, ITO~ 

3TOMY OHO npe,licTaBJIHeTCH Mettee nepcneKT!IJBHblM, qeM pa3Me111eH11e 

I'O,l(OCKOITl1lieCKOrO KOBpa Ha,l( napMeTpOM. 

3.4. L'!aMepeHiiJe attepr11¥1 H attepreT11qecKoro cneitTpa 
·-

MIDOHOB. napMeTpOM 

TO<iHOcn IiJ3MepeHHfl aHepa~H MJOOHOB rrapMeTpOM onpe,lieJIHeTcH, B 

OCHOBHOM, IIOJIHOH TOJlll(HHOH Ml1illeHH ., BblpalKeHHO!-i B PaMau,HOHHh!X 

eMHl11.\ax. TeopeTwreCK11e 11ccne.n.0BaHiiJH B03M.OlKHOCTeJ;i MeTo,na [2!] 

ITOKa3aJil1, liTO pacnpe.neJieHiiJe Oill!IJOOK 0Jll13KO K JiorapHWMl1qecKl1 HOP

MaJIJ,HOMY c napaueTpOi.l 

& = .6enE = 1/J28dT/9fC = J131;< (2) 

.8Ta BeJ!l1qHHa ¥1 IIpiiJBe,l(eHa B Ta6JI. I KaK HiiJlKHHH rpaHHu,a nor-

peillHOCTl1 ¥13MepeHHfl 3HepriiJH. 
t 

B HaCTOfllllee :apeMR cy111ecTByeT aecKOJIDKO MeTO,liOB onpe.neneH11f! 

3HepriiJl1 MlOOHOB B ycTaHOBKax THITa ITapMeTp: 

I) MeTo.n. KpaTHOCTH [26) , Kor.n.a Ef ou,eH11BaeTcH no KOID!-

2I 
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tleCTBY TOJlllKOB K c aMIIJll1Ty,noti Bb!llle HeKOTOporo IT opora ne IT op; 

2) MeT0,1\ MaKCVJMaJlbHOrc ITpaB,l\OIT0,1\06v.tR [2] ' KOI',l\a Eji onpe

,neJIR8TCH Ka!\ BeJiv.ttIVJHa, npv.t KOTopou BepOHTHOCTb HaOJIJ0,1\aTb 3ape

I'HCTp11poBa1rnyJO napMeTpOM KapT.11HY TOJltIKOB (cpyHKl.(l1H npaB,1\0IT0,110-

6.~rn), MaKCVJMaJibHa; 

3) M8T0,1\ ITOpR,l\KOBbllC CTaT.11CT.11K (21] ' KOr,na Ep onpc,l\eJIR-

eTCH · ITO nm - 3Hati8Hl1!0 m -ro ITO B8Jll1l!Jl!He TOJll!l\a, Vl3 MepeHHO-

ro B 8,l\.11Hl11.(ax l10H.113aIJ,.11.11 OT peJIHTl1Bl1CTCK~ii qacT.111.(blj 

4) MGT0,1\ paCIT03HaBaHl1H o6pa30B (27] • HOI',l\a Ep Bbl611paeTCR 

KaK aHeprnH MJOOHa, .na10mero KapTi1HLr ITpoxo;i;,notti1ff qepea ITap~teTp 

Hav.tc5onee ITOXOJ!(v.te Ha 3Clp erncTp.11 p o11a1rny10: 

5) MeT0,1\ IlOTepb 3Hepr11I11 (28] ' KOI',l(Cl Ef' onpe,l(eJIReTcH .113 

8KCITep.11MeHTaJibHO v.ta•:. epeHHOvl ITapHeTpOtJ BOJJV!q}l!l[,! !TOTep.11 3Heprv.tl1 

MJOOHOM dE/d.x l1 OOOTHOili0Hi1f1 

d E / dx = a + g El' 
(3) 

y Kal!(,ll,Oro 113 3TV!X MeTO.l\OH CB0.11 06JJaCTi1 I1 fllHWII.11MOCT.11 l1 CBOJII 

)J.OCT0.11HCTBa. 06cylK/l,f1Tb .l\6TCIJ!Vl 11 cpal:lrUlJJaTb lljJOl1MYll1CCTBa 3Tl1X 

MeTO)J,OB li!MOOT CMhlCJI npltlM8HHT8JlbHO K pe8J!GHO!ti ycTal!OBI:W. 3.l(eCb 

,l\OCTaroqHO npMBCCTM 01.(CHKH TOl!HOCTH, KOTOpaR ,l\JIH BUpMBHTa co 

CBl1HUOllbIM ITOl'JIO'I'.H'feJ!CM }1 11fJOHa c Ef = 10 T3B n cJiyqae 110-

ITOJ!b30BCl.Hl1R WcTO;l(OB 2-4 COC'l'aliJlf!eT BeJJVJl!l'lHY 6'f
9

E = u,22 - 0,23. 

JTO CITpaBe :zLJ!J1B 0 I! p11 ye JI OBHH s cj_,ti1e l{TV!BH au ,1\VJCKp~!Mi1Hal.(lilV! flAC PH blX 

KaCKCl.,ll,OB. 

,Z(JIR aa;~aHHOll 3Heprvrn M100·11a E1 KpaTHOCT:& K , T.e. til1CJIO 

3aper.11cTpl1pOBaJiHLIX l10H'13<ll.(110HHhlX TOJ!tIKOB c UMITJ!J1TY.l\OW 60Jibll!C 

ne Ha Cl'O TjJ38KTOfll1l1,ITO,l\tI.11Hf!OTCff 01tlHOM.11aJI:&HOMY pacrrpe,neJie

Hl1JO: 
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K K I< ,, N-1< eN = CN· W (Ef,>ne)[1-W{ e:,,..,>ne)J ' 
(4) 

r,l\e N - qHcJio pR,l\OB n apMe Tpa. BepOHTHOCT~ Toro , llTO rrpH rro

poroBOM aHat1eH11H Kpa THOCTH Kn o p MIOOH c atte pnrnit Et' 6y,neT 

aaper11cTpHpOBaH, paBHa 

6 ( Ep,>Knop) = 
N K 

L..e"' 
K=Knop 

(5) 

Ha pHc.8 noKaaaHo, KaK aa!llfl!(aeTcH attepreTHt1ecKH~ cneKTP saperHr 

CTPllIPOBaHHblX no CpaBHeHHIO co crreKTpOM Ila,1\aJOUU1X MIOOHOB npH pa.a- , 

HblX noporax Ha Bf}JIV!ll.11HY HOHH3al.(l10HHOro TOJlllKa: ne= I, 2, 5. 

B Kat1eC TBe np.11Mepa c5blJI B3HT napMeTp c 60 pH,l\aMH CBHH~OBoro 

norJIOTHTCJIH T OJlll{HHO~ 5 CM. IToporoBaH KpaTHOCTb cpac5aTbll3aHHH 

TpHl epHOtl CHCTCMbl Bblc5HpaJiaCb. KaK cpe,n;HHH ,ll;JIH attepmH MIOOHS 

2 TaB: 

~op = 60 · W ( El' = 2 TaB, > ne ). (6) 

BH,ll;HO, llTO IIOHHl!C6HH6 3HepreTHll6CKOrO Cil6KTPa MDOHOB CHJU.HO 

3aBJIICHT OT n opora Ha 8H6 prOBhl,1\eJICHH6 ne • IlPH ne ~ 2 - 5 
j . 

noporoBaH KpaTHOCTb, COOTB6TCTBYIO~SH Bblpallt6HHD (6) Il03BOXH8T 

pervicTpHpoBaT~ MJOOHbl c aaeprHe~ BblWe I TaB. IlpH aT~u aHepreTH- · 

ll8CKH~ cneKTP pemcTp.11py6MblX MIOOHOB COBila)laeT co Cil6KTpOM rra

,na JOll{HX MJOOHOB, HallHHaH c aaeprHH 5 TaB H Bb1W6. 

. 3 .5. ~ ,1\8HTH~Kal.(l1H H ,1\HCKpHMHHS~HH H,ll;6pHhlX:.KacKa)l0B 

~,1\6HTH~K&.\HH H ,1\VJC~PHMHHSl.lHH R,ll;6PHblX KaCKa)lOB'B napueTpe 

23. 



,ll.OJllKHa rrpOBO,l\11TbCfl no ,ll.BYM rrpi13HaKaM: 

I) noHBJ1ett11e 11ott11saIJ.HOHHhlX TonqKOB no,n.pH,n. B ttecKOJJhKl1X 

CMelKHblX pH,n.ax c 06li\eM TeH,1.(8HJzyle~ K IlOH11lKeHl1lO l10Hl13ffiU'111 B ttan

paBneH11l1 CBe,pxy BHl13; 

2) IlOHBJ1ett11e 3Haq11TeJ1bHOrO KoirnqecTBa HeMTpOHOB B ttei1TpOH-

HhlX ,n.eTeKTOpax. 

True 1mK 11ott11s~110HHble TOJJY:irn ::ineKTpOMartt11Tttoro rrpo11cxo"'Ae-

Hl1fl ,ll.OJHKHbl Clb!Tb pacrrpe,1.(eJJeHbl, B cpe,1.(HeM, paBHOMOpHO no pH,ll.aM 

. rrapMeTpa ' TO BepOHTHOCTI:i Toro, qTO 0Hl1 CKOHUeHTp11py!OTCH B 

CMelKHblX PHAax cnyqai1HO, 113-3a ~Jl!OKTyau11i1 6yAeT 3aBl1CeTb OT 

c OOTHOill8Hl1fl MelK.zi..y q11CJIOM PHAOB' B !COTQ pbrx l10flBl1JlaCb 3Ta 110Hl1-

33Ul1'1; l1 l10JIHblM. q11CJIOM pH,Il,OB B rraptJeTpe. c TOq1rn 3peHl1fl Il0Bblille

Hl1H ::igxpeKT11BHOCTl1 ,l\11CKpl1MHHaL\l111 H,1.(epHbDC l\aCKa,1.(0B Bb!r0,1.(HO 11MeTb 

B uenoM 6on:i;rue pHAOB B napMeTpe. PacqeTbl (22] 1101m3an11, '!TO 

l1CITOJ!b3Yfl MeTOl\bl MHOrOMepttoro atta~sa, MOiKHO ,1.(aJKe 6e3 Hei1Tp0H-.. 

HblX cqeTql1KOB Ha OCHOBe rrpl13HaKa I ,ll.06i1TbCH - 90'/o l1.,1.(eHTl1~l1-

Kau1111 H,1.lepHb!X KacKa,1.(0B B 60-pH,1.(HOM T'l!iPMCTpe co CBl1l!UOBblM nor

Jl0Tl1TeJieM. Hei1TpOHttble cqeTq11K11. AOJIJKHhl c,1.(enaTh 3TY 11,1.(ettT11cf!11Ka

IU'l!O 6M3KOM !\ 10()%. 

4. J(eTeKTOp61 rrapM·eTpa 

4.I. CTporropu11ouaJibHbli1 cqeTq11K 

Tpe60Batt11H 1< xopoUJei-i. npocTpaHcTBCHHDW pa3pe,,;aroli\ei1 crroco6ttoc·

Tl1, HODOXD.ll.l1MD lii ,ll.JIH 113yqeH. il M!OOl!Hb!X ce~ie itCTB' rrpv!BD,1.(.flT K HO o6-

XD;ll.l1MDCTl1 v!M8Tb 6DJib: .oe q)ftCJlD l\aHtlJ!OB napMeTpa. 

O:n.mrn 113 l\aH,ll.11,1.(UTOB Ha ponb DCHDBHOrD ,ll.CTeKTOpa 110Hl13au1111 

HBJIHeTcH rrporropu11ottaJ1httb1ti c4en11x, paspa6oTaHHb1M B Ep<PV! 11 orr11 -
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caHHblM B pa6oTe (29] • CqeTqHK 11aroTaBJ111BaeTcH 113 aJI!OMHHHeBo

ro rrpoQw!JJH npRMoyroJJbttoro ceqem.rn paaMepot.i 3 x IO CM. ;l{JJ11Ha 

cqeTq11Ka - 4,5 M. 06li\ee KOJrnqecTBO TaK11x · cqeTq11KOB ,ll.JJH CBHHUO

BOrO Bap11attTa napMeTpa - 7920. He,n.ocTaTKOM TaKl1X cqeTql1KOB flB

JJH8TCfl He06X0,1.(11MOCTb l1M8Tb aasop B 5 CM l1 Il03TOMY llreJJaTeJJbHbl 

paapa6u'l'Kl1 nponopJzyIOHaJJhHblX cqeTqHJ\OB BblCOTOtl I CM. 

B KaqecTBe B.03MOlKHOro HanpaBneH11H TaKOM paapa6oTKl1 HBJJHBTCH 

l1CilOJJb30BaHl18 IlJJaCTl1KOBblX CTpl1MepHblX Tpy60K [30] B nponopJzyIO

H8JlbHOM pelK11Me. 8Tl1 Tpy6Kl1 r116KH, JJerKH, TeXHOJJor11qHbl, Ha,n.emHbl 

H B illl1p0Kl1X M8CillTa6ax l1CilDJ1b3YlOTCH B ycKOpl1T8JlbHblX H Kocu11qec

Kl1X aKcnep11MeHTax [31,32] • Oim 'AOnycKaJOT JJerKoe 11aueHeHHe Ko

Jll1qecTBa KaiiaJIOB Ha PH'A, T.e. H3MeHeHH8 npocTpattCTBBHHOit paape

maJOmeM cnoco6HOCTH. CTpoHaBO,ll.CTBO 11 11cnHTaHH6 STHX Tpy6oK HanaJKa

H bl B Cl'! fill • 

B cnyqae Hey,AOBJJ6TBOpl1T8JJ»HOit pa60Tbl STHX Tpy6oK B nponop -

JzyIOHaJlbHOM peJKHue MOlltHO IlblTaT»CH HCilOJJb30BaT» HX ,ll.JJH napueTpa 

B y7t.e OTpa60TaHHOU CTpHuepHOU pelltHMe. B S'l'OM cnyqae HB06XO,ll.HMO 

c>y,n.eT Cl1JlbHOe (BOCbl.U'!KpaTHOe) yBeJJI4qeime KOJlilqecTBa KaHaJJOB t 

TaK KaK H3M8p6HHe B6Jllflll1Hbl l101m3auHOHHOro TOJJl!Ka 6y,ll.eT npOH3 -

BO,ll.HTbCH no qHCJIY cpa60TaBlllHX Tpy6oK, H HY•Ha xopOWaH npocTpaH~ 

CTBeHHaH paapewaio~aH cnoco6HOCT» 'A~H no,n.cqeTa qacTH~ B aJJeKTpo~ 
j 

uarH11THblX Jll1BHHX OT e+ ,e- - nap. ~ueHHO B TaKOY pemu1e 3TH TPY~-

KH 11cnoJil>ayETCH B a,n.poHHWC ·KanopHM6Tpax UEPHa [30] ,. XOTH CTPH~ 

uepH!irlt pelKHU npHBO,ll.HT K yBeJJHq6ffl1E KQJJHqeCTBa KaHaJIOB H, H6COU

H6HHO, K yxy'AW6IUIE paapemaJO~eM cnoco6HOCTH napueTpa no aHep~H, 

TBM He Mettee H y Hero ecT» O,ll.HO cy~eCTB6HHOe npe11uy~eCTBO no 

cpaBH8Hl1JO c nponopUHOHaJJ'.&HblM peliHUOU. B CTPHM0pHOM peuue Kali..; 

,n.bdt Kattan 'AOJJlleH 6Y'A6'l' -pa6oTaTb TOJJbKO B penile 11 ]\a - HeT"' tITO 
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I 
HaMHOro yrrpomaeT Be!O 3Jl8KTPOHHKy. EeTeeTB8HHO, ,D.JIH 3TOro pel!Gl-

Ma eoBepmeHHO Heo6xo~Mbl Ka.IDi6pOBKH napMeTpa Ha yeKOp.11T8Jie. 

4.2. Het1TpOHHblt1 eqeT'UIK 

' 
Het1TpOHHblt1 eqeTt{HK .l\JIH rrapMeTpa eme He pa3pa60Tatt. 9To MOJKet 

6blTI> o6blqHblt1 ra3opa3pHAftblt1 etleTqMK e ,n.o6aBKOt1 B F3 , OKpyllteHHbltt 

napaqiHHOM ,D.JIH TepMOJIH3fillHH 6bieTpbIX H8~TpOHOB H3 eBHHl\a [IS] • 

npyrHM BapHaHTOM MOllt8T 6b1Tl> lKHAKOCTHbit1 el\HHTltlJIJIHL\HOHHbit1 cqeT-

• qHK, aKTHBHpOBaHHbl~ ra.n.oJIHHMeM (I9] • B JII060M eJiyqae tteo6xOAM- , 

110 CTp8MHTl>CH K MaKCHMaJ!l>HO~ a<Pi!JeKTHBHOeTH perHeTpaI.\MM H8t1Tp0-

HOB. c 3TO~ TO'l.KH 3peHHH H8t1TpOHHblUH Ctl8Tt{HKaMil l\8Jieeoo6pa3HO 

3aKpb1Tl> BepxHIOIO, HH~HIOIO H Bee 60K0Bbl8 IlJIOeKOCTil napMeTpa. B 

3TOM enyqae .11X KOJIHqeCTBO ""'560. EeJIM 3TOro OK8lft8TCH. H8,D.OCTa-

.· TOt{HO, MOlK8T 6blTI> .• 6y,n.eT n;eJiecoo6pa3HO IlOMeeTHTl> Het1TpOHHbl8 

cqeTtli!KM H BHYTPI> napueTpa. 

4.3. neT8KTOpbl KOOPAMHaTHOrO KOBpa-rO,D.OCKOila Ha,l( 

napueTpou 

B KaqeeTBe ,n.eTeKTOpOB KOOpA;!HaTHOro KOBpa'- rO,l\OeKona Ha)( 

napueTpOM MOryT CJiylKHTB 06blt{Hbl6 en;HHTHJIJIHl.l;ilOHHble eqeTtLHKil pas-

11epOM 30 x 30 CM, HCilOJII>3y8Yble' Hanpm1ep' B JIHBH8BO~ ycTSW'BKe 

"Alfi - 83" [33] • 

EeJJ.M lKe OeHOBHblU ,D.8T8KTOpOM HOHH3fil\ilH B napueTpe 6y;IzyT 

nJiaeTHKOBb18 Tpy6Ki! B eTp.11uepHOll pel!WMe, TO B KaqeeTB6 ro,n.OCKO

n~ Ha,l( HX BepxHHM PH.l\OY llQ~eT 6blTl> HCilOJll>30Ba!ia CHeTeua onpe -

.n.eJieHllIH npO,D.OJll>HblX KOOPAltlHaT H Ctl6Ta KOJIHtl6CTBa qa(;THl\ c nouo

llll>IO C'DeMHblX nJiaCTHH - Ila,l(OB' OilHCaHH!IB B [30] • 
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5. 9JieKTpOHHKa napMeTpa 

5.I. 9JI8KTpOHHKa OeHOBHOrO KaHaJia perHCTpfillHH 

rrapMeTpa 

I'eHepan;;rn MIOOHaMH CpaBHMTBJ!hHO Hl-13K03HeprHtlHblX KaCI<a,D.OB 
i 

OT 3Jl8KTpOH-Il03HTpOHHblX nap H BblCOK03H8prHqHb(X xacRa,D.OB, B03HH-

KaIOUU1X " pcsyJihT8Te TOpM03HOPO H3JiyqcHHH MIOOHOB, npe,n.~HBJIHBT 

CJ!OlKHble Tpe60BaHHH K OCHOBHOMY RaHaJIY per.11eTpal\MH natMeTpa. 

OH .n.oJilKeH 6b1Th cnoeooeH 11sMepHTh >10Hl13fillHIO KaK OT o,n.Hot1 peim

THBMCTCKO~ qaCT.111\bl, TaK H OT Kac1<a.n.a c 3Heprne~ ,..., IOO TsB. B 

~ ero MaKettMyMe MOJKHO OllUl,n.an (c yqeToM nepexoMoro 3itxl>eRTa 

pg - .Ae ) .n.o 3. ro5 penHTl1BHeTCKHX qacTHl\. OTCIO,l\a AMHaMttqec-

KMt1 AMana30H 113MepeHlt!H &!IlJIHTY.li nptt yeJIOBHH ne ~ 3 - 5 ,D.OJI

lleH eocTaBJIHTI> !J,~( 3-5)-Ia5. ,Z{o6ttTI>CH Tru<oro ,llMana3oHa nJll 

Ha,D.8lKHO~ pa60T6 KaHaJia, CKOpee Bcero, MOXHO, pas6HBaH B6Cl> 

,llMaITa30H .n z ro5 Ha ,D.Ba IlO)l.ZJ,tianasoHa c A.1{ ~ 300. TOtlHOCTl> 

Jil3MepeHHH aMilJlHTYA - Io;t. nJIHT8Jll>HOeTI> BXO,IJ.HOro HMIIYJII>Ca c 

nponOpl\lt!OHaJll>HOro Ct{6T'llBK8 - 0,2 MKC. OllH,n.aelllBfl MaKClt!MaJil>HWl 

3arpyaKa KaHaJia OT HH3.KO:.=mepniT.lHblX MllOHOB COOTB6TCTBY6T ~30 c-! 

TaKaH 3arpy3Ka He co3,n.aeT oco6wc rrpo6Jieu c TOt{KH 3peH1t1H 6~cTpe>

Tb! aMilJIHTY,D.HOro aH~JJH3a. 

5.2. 3JI8KTpOHJi!Ka HeUTpOHHbOC CT.l8TT.lli!KOB ,,, 
MeeTo 3axBaTa Hel1Tpotta, reHepHpO.BattHoro KaeKa,l\o~ BHYTPlil 

rrnpMeTpa, eKopee Beere, He l\8eT KaKOtl-ID160 ITOJl83HOl1 HHtlJOpMal\MH • 

ITpe,D.CTaBJIH8T JilHTepee TOJILKO OO~ee KO~HT.l8CTBO Hei1TpOHOB. ITO 3TOi1 

rrpHT.lHile MOlKHO 06'.be,!U'IHHTb Ml!Ol'Jile HJIH ,n.alKe Bee H8t1TpOHHble eqeT -

T.lt!KH B OAHH KaHaJI H C'U'!TaTL HOl!TpOHLI, aaperMCTpMµOBaHHble HMl'I 
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BC6MH. 

BpeMfi l!rn3ID1 H6 iil TpOHOB B napa~He l1Jll1 lKH,ll,KOM Cl.\HHTHJlJ!HTOpe 

cocTaBJJHeT ~ 100 MKC. EcJIH B T61!eHl18 "'200 MKC. ITOCJI8 IlOHBJleHHH 

ynpaBJJRIOmero HMITYJibCa 'A6plKaTb OTKpblT!ilMH BOpoTa B KaHaJie per11c

Tp8J.Uil1 HeiilTpOHOB, TO MOlKHO 6y'AeT COCl!HTaTb npaKTHl!eCKH Bee B03-

MOlKHbl8 ~Jlfi per11cTpau1111 H8ii1Tp0Hbl. 

5.3. 9JieKTpOHHKa 'A6TeKTOpOB KOBpa - rO'AOCKOITa 

OCHOBH!ilM Tpe60BaHHeM K KaHaJIY per11cTpaUH11 AeTeKTOpOB KOBpa -

rO'AOCKOna Ha,l\ BepxID1M pH~OM napMeTpa flBJIHeTCH MaltCHMaJibHafl 

3<J.lqiEiKTl1BHOCTb per11cTpau1rn 0,1\HOiil qaCTHUbl l1 crroco6HOCTb COCl!HTaTl> 

HeCKOJlbKO qacTYJU. :UocTaTol!eH ,ZU1HaMHl!eCKHLI ,l\11anaaott ,.., IO. • 

5.4. YrrpaBnRromaH c11cTeMa 

IlpHHUHilbl opramrnau~rn ynpaBJIHIOmeLI c1i:1cTeMbl y'lr..e Clb!JJH on11caHbl B 

pa3,l\e Jie I •. ,IlJJH Toro, tiTo6bl peaJIH30Ban ycJiol311 a l a) 11 6 ), Tpe-

6yIOmHe IlOHBJ18H.l'lfl HOHl13aUHl1 Bblllle H8KOTOpori:l nopora Kalt Ml1Hl1MYM 

B O,l\HOM ,l\eTeKTOpe PH.l\a 11 He MeHee, tieM B tteCKOJI»KHX pR.l\ax, B 

KalK,l\OM 113 KaHaJIOB per11cTpauYJH napM8Tpa ,l\O~lKeH CTOfiTb noporoBb!Ll 

,1\HCKpHMHHaTOp, KOTOpbliil cpa6aThlB8,BT npH Il0HBJ18Hl111 B nponopl(!llO-

HaJJbHOM C1!eTl!HK8 HOHH3aUHl1 Blllllltl. 3TOro rrpYJHflTOro rropora 

( ne11°P = 3 - 5 peJI. qacT.). Cpa6aTblBCilll1f:?, XOTH 6bl 0,1\HOro Taltoro 

,1\HCKP!llMv!HaTopa . CBl1,1\8T8JlbCTByeT 0 TOM, 'ITO rrpoxO.l\HmHiil qepe3 

3TOT Pfl.l\ MIOOH ,l\aJI 110H!ll3aUHOHHbl« TOJil!OK c aMI1Jll1TY.l\Oiil Bblill8 

11.e n op. IlpOXOlK,l\8Hl18 n NIJIH CloJiee Hli:\3KOSHe prnqHblX MIOOHOB qepe3 

PH.li, He .l\aIOmHX HOHH3aUHOHHbDC TQJ!qKOB, He rrpHB0,1\li:IT K IlOHBJieH.1'110 

yrr paBJimome r o ¥1MITY n»ca B PRAY·· 

,L\JIH Toro, qT06bl pean!ll~oBaT:b ycJIOBHe I :e) anriapaTtto, Tpe6y10mee 
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l!T00b!TI10 Kpaiiltte iil Mepe,qaCTb STHX TQJiqKOB Ob!Jla C03,1\aHa 0,1\Hli:\M 

Bb!COK03HeprHY:Hb!M MIOOHOM, T.e. JielKaJia Ha 0,1\HO!it rrpHMOiil, Heo6xo

,ll.!1MO onpe,l\eJlHTb KOM61i:1HaUN1M ,l\eT8KTOpOB, JieJKamHX Ha 0,1\HOiil npR

MOiil 11 OTBeqaIOmHX BC8 B03MOlKHblM rrpOXOlK,l\8Hl1HM MIOOHOB qepes rrap

MeTp. )!HcKpl1MMHa!OPbl B Kattanax TaKMX ,l\eT8KTOpOB BKJIIOqaIOTCH B 

cxeMbl COBITtl,ll.eHHiil, KOTOpble cpa6aTb!BaJIM 6bl rrpM IlOHBJieHHM K l1Jll1 

6onee l1MilyJlbCOB Ha l1X BXO,l\ax. TaKMX cxeM COBna~eH11iil, KOHeqHO, 

6y,l\eT 048Hb MHOro , HO TaltaH opraHl1381.UiH yrrpaBJJHIOmeiil CHCT8Mbl 

6y,l\eT ,l\l1CKPl1Ml1Hl1pOBaTb cnyqa11, KOr,l\a li:IOHl138UHOHHbie TOJ!qKl1 B 

pa3Hb!X pHAax C03,l\aHbl K l1Jll1 6onee cpaBHl1T8JlbHO Hli:\3KOSHepr11q -

Hb!Ml1 Ml00HaMl1, 11 OT6!11paTb TOJlbKO cnyqa11 npOXOlK,l\6Hli:lfl Bb1COK03Hep-

rnqHblX MIOOHOB. 

T?KaH ynpallnR10maR c!llcTeMa He 6y,l\eT .l\l1CKp11M11tt11poBaTb cJiyqa11 

IIORBneHl1fl H,l\epHblX RaCKaAOB , HO 3TO 11 tte HYlKHO. 8T.l'I CJJYl!al1 HBJJP· 

IOTCfl non~3HOM l1H<l.JOpMa~11eiil 11 6y,1\yT 11,l\eHTH~!llU!llPOBaTbCfi np!ll nocne

AYIOmeM attaJJ.1'13e coelb!THH B 8BM. 
0ITl1CaHHafl ynpaBJIHIOmaH C!llCTeMa MOlK8T 6b!Tb CAeJJaHa 6bICTpOt:I. 

AJJ»TepHaT11BHblM, HO 6onee MeAneHHhlM crroco6oM oT6opa cnyqaeB , 

Y.l\0BJl8TBOpH!OmHX YCJI0Bl1IO ·I B), HBJJHeTCfi MalUl1HHbl~ attaJrn3 KaApa B 

nep!lllpep!llMHOt:I 8BM Ha Bbll10JJtteH!lle aToro ycnomrn. 

.5 .5. AB T·OMaTl138UNIH !113MepeH11ti Ha napMeTpe 

ITapMeTp HBJJHeTcH O.l\HHM !13· Y3JJOB KOMnneKca AHii!, rroaTOMY np:1rn-

U!llITbl aBTOMaTM3aUl1M l13MepeHl1A Ha H8M flBJlfl!OTCR TaKl1Ml1 lKe Kalt 11 

'ARH Bee~ ycTaHOBKl1 (8] • ITonHhlA o6~eM l1H<l.JOPMdUl111 B OAHOM C06hl

Tl1li:I c napMeTpa onpe,lieJJH8TC fl qMCJJOM ,l\eTeKTOpOB: "'12000 l1 T8¥. 

qTO :11H~OpM a~l1IO 06 aMITJrnTY,l\ax MOH!13aU!lll1 B ,1\l1aITasoHe ;u i::; 10
5 

H3MepHeMblX c IO% TOqHOCTbIO, MOlKHO ynolKl1Tb B 7 6~T. C yqeTOM 

29 



He06XO;lijiMOCTlll Bb!'A6m1Tb e~e O,m'IH 6111 T Ha A6T6KTOP AJIH cny~e6HblX 

OTMSTOK Il0J1Hhll1 06'.beM n ony1.1ae TCH paBHhlM ,., 10
5 

6111T ( ,.., 12 KlllJIO -

6al1T) . 

OcHOBOJ.i l:iBTOMaTll!3111POBaHHOl1 c111cTeMh! lll3MepeHlll l1 Ha napMeTpe 

6yAYT MlllKP09BM 119 JieKTpOHll!Ka-60" . B lllX 3aAal.!lll BXOAlllT: 

- np111eM npeo6pa30BaHHhlX AaHHhDC OT A6T6KTOpOB, BpeMeHHOe lllX 

xpatteHllle, 

- npeABaplllT6JlbHaH o6pa60TKa Aa HHhDC (WlllJlbTpal\lllH), BKJIIDl.!aH 

npoBepKy Ha Bb!TIOJIHeHlll e MaCTepHb!X ycJIOBlll~, B cny1.1ae lllX 

BbITIOJIHe.HlllH - Bl"pa60TKa MaCTepHOrO c111rHaJia, 

- opraHll13al\lllH MaCClllBOB AaHHb!X Ill nepeAaqa lllX B ueHTpaJibHYID 

9BM, 

- BhlIIOJIHeHliie KaJIB6pOBOK Ill KOHTpOJIH pa60Tbl A6T6KTOpOB KaK 

aBTOHOMHO, TaK Ill no KOMaH'AaM OT ueHTp8JibHOi1 8BM, 

- ~OpMll!pOBaHlll6 aMTIJilllTYAHblX cneKTpOB Ka~AOro 'A8T6KTOpa, xpa

H8Hlll6 3TlllX cneKTpOB B IlaMHTlll 9BM, 

- COCTaBJ16Hlll6 Ill OTJiaAKa nporpaMM np111eMa Ill o6pa60TKlll AaHHblX 

OT ,n.eT eKTOpOB, 

- npllleM nporpaMM pa60Thl OT ueHTpaJibHO J.i 8BM. 

~OpMl'lpOBaHll!e KaApa BCeJ.i ycTaHOBKlll AHlll, B KOTOpb!J.i AaHHh!e 

napMeTpa BXOAll!Jllll 6h! KaK COCTaBHaH 1.1aCTb, I'! 6aHKa napMeTpa ,ll,JlH 

perueHlllH nepeq111cneHHbIX B pa3AeJie l aaAaq 6y,n.eT npoBO,ll,lllTbCH c no

MOmbID ueHTpaJibHOJ.i 9BM. 06pa60TKa 6aHKa 6y,n.eT npOBOAll!TbCH Ha 

60JibllilllX 8BM. 

3aKJIID1.!eHllle 

~3 CKa3aHHOrO Bh!llie HCHa nepcneKTlllBHOCTb C03AaHlllH napMeTpa 

B no,n.3eMHOl1 na6opaTop111111 AHlll. OcHOBHh!e 3aTpa~h! Ha ero co3,n.aHllle 
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n ol1;zr,yT Ha 38.KYilKY CBlllHua ( "'2,5 Tb!C.TOHH), C03Aa Hllle A6T8KTO -

pOB Ill 3Jl6 KTpOHlllKlll KaHaJIOB perlllCTpal\llllll ( ,.., 12 Tb!C.KaHaJIOB ).IloJI

HaH . CTOlllMOCTb C03,ll,aHlllH ouett111saeTCH B 4, 5 MJ1H.py6nel1. 

ABTOphl 6JraroAapHT A. u.AMaTyHlll 3a lllHTepec K npoeKTY Ill COAet:l

CTBllle, A.n.M HauaKaHHHa, c.K.A!KOIIHHa, B.A.PoMaxll!Ha, E.B.~aHlllJlO

BY aa II OJ163Hb!6 o6cy~A6HlllH. 
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