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Wl>B3 70 / 40 
Ha npauux pyK01rnc1-1 

B, 11. KOTOB 

BOOPOChl IOPMMPOBAHMH M CEnAPAUMM OY4KOB 
3APH)l(EHHhIX 4ACTMU BhlCOKMX 3HEPrMfl 

040 - 3KCITepUM8HTaJJbHaJI qJW3WKa 

"·. ABTOpecpepaT AWCcepTa11ww, 
npe,i;'rnBJJeHHoti Ha cowcKa1rne y4e11ot1 cTeneHw 

AOKT0pa qJW3WKO-MaTeMaTW4eCKWX HayK 

/(y611.a Hl70 



Pa6oTa Bhlil0nHeHa B HHCTHTyTe qiH3HKH BhlC0KHX 
sHepr-Hfi. 

OqiauaanbHbie onnoHeHTb1: 

---~ 

1 • .UoKTOp qJH3HKO-M8TeM8Tlf"IeCKHX HayK, "npoqieccop 
B.Il. .UMHTpHeBCKHfi (OlHIH, mm). ' 

--

2 • .UoKTOp TeXHHqecKHX uayK A.A.BacanbeB (PTI1 AH CCCP). 
3 • .UoKTOp qiH3HKO-MaTeMaTnqecKHX HayK C.R.RBop 

( <1>111 HM. A .ct>.Aoqiqie AH CCCP). 
Beaymee npeanpHHTHe - I1HcTHTYT TeopeTnqecKofi n scne-

pHMeuTanbH0fi ¢nan1rn. . 
ABTDpeqiepaT paaocnau 0 cte" ~Jl,,,,, 1970 r-. 
3aIUHTa anccepTaUHH C0CT0HTCH ".:t:.£::Zl'ir~~910 r-. 

Ha aaceaaHHH Yqeuor-o C0BeTa na6opaTOpHH Bh!C0KHX 9Heprnii 
0115111, B KOHqiepeHu-aane nB3 OHHH (r, .Uy6Ha, MocKOBCKoii 
o6nacTn). 

C anccepTaunefi M0~H0 03H8K0MHTbCH B 6n6nHoTeKe 
11HcTHTyTa. 

C eKpeTapb Yqeuoro coBeTa·· 

C .B.Myx1m. 

--~ 

.. ---



B. H. KoToB 

,, 

BOnPOCbl tl>OPMMPOBAHMH 11 CEnAPAIJMM IIY4h:OB 

3APHIEHHhlX 4ACTl1U BhlCOKMX 3HEPrMA 
.. 

040 - 3KCriepl1M8HTaJJbHaH qHl31tKa 

AsTopecpepaT ,u11ccepTau,1111, 

npe.ucTaBJJeHHOA Ha C0l1CK8Hl1e yqe~oA CTeneHH 

,UOKTOpa qH!3l1KO-MaTeMaTl148CKl1X HBYK 



6ypHoe pa3BHTHe ¢n3HKH aneMeHTapHb!X qacTHU H YCKOpHTenbHOH 

TeXHHKH 3a nocneaHee aecHTHneTHe npHBeno K CTaHOBneHHIO HOBOH 

o6nacTH KopnycKynHpHoil onfnKn, BKn10qa10meil ,B ce6H BonpochI ¢opMH

posaHHH H cenapaUHH nyqKOB qacTHU BhICOKHX aHeprnil. ilnH Hee xa

paKTepHbI npHMeI_IeHHe 6onbUIOrO KOnHqeCTBa M8rHHTHbIX KBaapynonbHhIX . 

nHH3 H OTKnOHHIOlllHX MarHHTOB, 3HaquT~WbHaH npo.TmKeHHOCTb CHCTeM, 

o6naaaromux pa3H006pa3HbIMH onTuqecKHMH CBOHCTB8MH, CBOH TepMHHO

nornH, cucTeMa o6o3HaqeHnil u T.a. lllupoKnil auanaaoH Tpe6oBaHHfi .. 

K napaMeTpaM ¢QpMHpyeMbIX nyqKOB, onpeaenHeMb!X aaaaqaMH ¢uauqec-· 

Kora aKcnepHMeHTa, cTpeMneHne K Hau6onee a¢¢eKTHBHOMY ucnonbao

BaHHIO ycKopHTenH H HMeIOmHXCH 8KcnepHMeHTanbHbIX nnomarieii, CTHMY

nupy!OT nOHCKH HOBbIX onTuqeCKHX perneHHfi, COBeprneHCTB0B8HHe o6opy-. 

aoBaHHH H CHCTeM KaHanoB; paapa60TKy opurnHanbHbIX ¢oKycupyIOlllHX 

ycTpOttCTB. 

C pOCTOM aHeprHH ycKopeHHbIX qacTHU Ha ycKOpHTenHX BOnpoc 

¢opMHpOB8HHH BTOpHqHbIX nyqKOB npeBpamaeTCH B BeCbMa cnm1rny10 

npo6neMy: pacTyT pa3Mepbl OTKnOHHIOIUHX MarHHTOB H KBaapynOl_IbHhlX 

nHH3, npOTH)KeHHOCTb KaHanoB, HX H8CI,JllleHHOCTb onTuqec~JfMH ancMCII

TaMH H noTpe6nHeMaH MOlllHOCTb, a T8KiKe nOBJ,IUl[llOTCSl TpcGotllJIIHSI K 
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xapaKTepHCTHKaM. OilTH'{eCKHX" aneMeHTOB H TOqHOCTH' HX ycTaHOBKH 

B KaHanax. np11 papqeTaX H npoeKTHpOBaHHH K8Hanos HaqHHalOT HI'p8Tb 

cymeCTBeHHYIO ponb ~K~HOMHqecKHe coo6pa>KeHHSI, / IlOCKOnbKY CTOHMOCTb 

K~Hal!OB .BMeCTe C 9KcnepHMeHT8.nbHblM o6opyaoBaHHeM CTaHOBHTCSI cpa&-

HHMOH co cTOHMOCTbK> caMoro ycKop11;,enSI. B cooTBeTCTBHH c 9THM Ha 

COBpeMeH~OM 9Tane pa3BHTHSI ycKOpHTenb, CHCTeMa KaHanoB nyqKOB 

BTOpHqHblX qacTHU H 9KCnepHMeHTanbHOe o6opy!IOB8HHe paCCMaTpHBalOTCSI ' . ' 

KaK eaHHblH KOMnneKc, npoeKTHpyeMblH l{. C03.rtasaeMblH O!!HOBpeMeHHO. 

TaKoii noaxo.rt no3sonSieT csecTH K MHHHMyMy· pa3pbIB BO BpeMeHH 

Memay nycKOM YCKOpHTenSI H HaqanoM ¢H3HqecKHX 9KCnepHMeHTOB Ha 

HeM, a TaIOKe Ha116on~e a¢¢eKTHBHO HCnonb30BaTb Bee ero B03MO)KHOCTH, 

B CBSI3H C .pa3pa60TKOH n~TOHHoro CHHXpoTpoHa Ha 9HeprHIO 

·. 70 fas B 11HCTHTyTe ipH3HKH BblCOI(l$ 9HeprH:A C 1964 r. npOBO!lSITCSI 
. I , 

I - ,' 

pa60Tbl no C03.rtaHHIO ClfCTeMbl KaHanoB nyqKOB BTOpHqHblX qacTltU H ce-
\ . . I 

napaTopoB, PeweHHe 9TOH npo6neMbl oxsaTbIBaeT JJa3Hoo6pa3Hb1h Kpyr 
'.,_1 

BOilpOCOB .OT cyry6o TeXHHqeCKHX, CBSI3aHHb/X C npoeKTHPOBaHHeM· 060-

pyaosaHHSI Ka Ranos, aaeKBaTHoro HOBOMY ewe HHrae paHee HeOCBOeHHO

MY a11ana30Hy HMilYllbCOB BTOpHqHbIX qacTHU, H KOHqaSI IlOHCK8MH H npH-. 
. I , . . .,. 

MeHeHHeM HaH6onee a~eKTHBHblX MeTO!lOB HCCneaoBSHHSI [!apaMeTpOB ~p~ · 

MHpyeMbIX ny'!KO~ H pe)KHMOB pa60Tbl KaHalIOB. 

B HaCTOSIUlee .BpeMSI Ha, ycKOpHTene 114>B:3 BBeaeH B aeiiCTBHe 

KOMnneKC KaHalIOB HecenapHp0B8HHbIX IlY'!K~B, o6ecnetJ:H B8l0UlHH IIpOBe!le

ime WHpOKOH nporpaMMbI ¢H3H'ieCKHX HCCneaosaHHH, a TaKme 38Bep-

waeTCSI pa3pa60TKa BblCOKOqacTOTHblX cenapaTopoB 11 KaHanos cena-

pHpOBaHHbIX I qaCTHU, npe.rtH83HaqaeMb!X AlISI ¢opMHposamrn Ha IIY3blpbKOBbl9 

-KaMepbl '!HCTb!X ny'IKOB K-Me30HOB, aHTHIIpOTOHOB II TT -Me30HOB B WH-

' 
pOKOM a11ana30He HMilYllbCOB. ,.lleiiCTBYIOUlHe K8H81Ibl o6ecnetJ:HllH nposeae-

• 
Hilo Dll)Kllh[X II IIHTepeCHb!X 9KcnepHMeHTOB no H3yqeHHIO Bb!XO!!OB BTOpH'i-

111,IX OTpUUUTellbllbIX qa<:THU B o6nacTH HMIIYllbCOB ( 10 ➔ 65) fas/c, HC

CJl(~flOOllllHlO nonm,1x ceqeHHH B3aHMoaeiicTBH~ aHTH~poTOHOB, K--, TT--·•Me-
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TIIO HIITIII'~mrn-3 u 
0

/lp. 

B 1i11rcccpTau1111, cocTo.nmeil 113 5 rmrn JI 3 npiinoxrnn11ii, -c11cTeMa

T113upoea111,1 11 0606mc11b1 pc3ynhTL1TL>i 11ccnenoemrnii, cmwannb1e c paa.:. 

paGOTKOii KOIIOJIOO BTOpU'lllhlX 'IOCTIIU If Bb!COKO'IOCTOTIU,IX cenaparopOB. 

B nepooii rm:rne BBOllllTCH MaTpll'IHbifi annapaT on11camrn TpaeKTO- · 

pnli. 'IUCTllU B KoanpynonbHb!X JIIIII3llX Ii OTKJIOHHlOmnx MarHHTax, KOTOpb!H 

/ 

Il03130JIH0T cpam1 IITCJlbHO npocTo HCCJ!e,UOB8Tb. o6mne CBOfiCTBa. CJIO)KHblX 

OHTll'IeCKIIX CHCTCM, yao6e11 llJIH COCTBMeHHH p83nI-l'IHb!X Bbl'IHCJ1HT9J1b-

11blX nporpaMM, a TlllOl(e npH npoaeaeHHH oueHOK B nplt6J1H)KeHHH "TOH

KHX" .mrn3. l1cnonb.:JYH aaHHhiii nonxon, a nepBbIX naparpa<f>ax rnaBbI 1 

ycTallOBJIIIBUIOTCH OCHOBllbie COOTHOWeHllH K8K . llJ1H O'_I'llCJlbHb!X mma H · 

Ma_r lll!TOB, T8K ll llJ1H WllpOKO npnMeHHeMblX Ha npaKTHKe J1HH30Bb!X. CllC

TeM - ny6neTOB_ II TplinJJE:TOB, Ecnn B ay6neTe KB8llpynOJ1bHb!X J1HH3 

npu cpoKycnpOBKe H3 TO'IKH B TO'IKY Ii aanaHHOfi reoMeTpm-i: CHJ1bl J1HH3 

. leG 
k r r - 8cpcpeKTHBH8SI amrna JlllH3bI, k = V ~- I e - aapHn '18CTH-

p c 
Uhl, p ee HMnynbc,,, C - CKOpOCTb ·CBeTa,. G - rpaaneHT nonH) onpe-

ne.rIHIOTCH OllH03li8'1HblM o6pa30M, TO B cncTeMe H3 TpnnneTa J1HH3 B03MO>II.-

ua ux eapnaUHH. CTpH 8TOM cymeCTBYIOT, K8K nOK838HO B pa6oTe (Ha npn-

Mepe TpnnneTa H3 0LlllH8KOBb!X J1llH3), Tpn o6nacTH H3MeHeHHH kf > J o.guofi. 

ll3,. KOTOpb!X peweHHH OTCYTCTBYIOT (cpoKycnpOBK8 Toqequoro HCTO'iHHK8 

B TO'Ie'IHOe H306pa)KeHHe HeB03MO)KH8) • B 06J1a°CTH, rae CllJ1bl J1HH3 

' kef-1, K08cpcpHUHeHTbl,J1HHefiuoro yBeJ1ll'l{eHllH B o6enx none~e'IHb!X 

nnOCKOCTHX CTaHOBH-TCH cymecTBeHHO MeHbWe eL1l1Hllllbl, Enaroaapn 8TOfi 

oco6euuocTn TpnnneT, i<aK cp0Kycnpy10man cncTeMa, ~uawen npnMeHeHne B 

sneKTpOHHO-nyqeBb!X Tpy6KaX C Bb!COKOfi paapewa10mefi cnoco6HOCTblO. 

Ha npnMepe TpnnneTa nnua .npoeonnTcH T8K)Ke cpaaueHHe pacqeTOB era 

CBOUCTB no CTpornM cpopMyiiaM ua aneKTpOHHO-Bbl'illCJIHTenbHOii M8IIIIIIIC 

H B npn6J1H)KeHHll TOHKHX J1HH3. f\m 8TOM IlOK83l;!BaeTCSI, 'ITO npu911mKe

Hlle "TOHKHX" J1llH3 K8'IeCTBeHHO npaBIIJlbllO OTpa)KaeT XOLl :Ja IIIICl1 MOCT<~ii 
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H M0)l(eT 6bITb HCil01lb30B8H0 llllH 8fl8 11H3a Cll0)KHblX OnTutteCKl!X . CHC~ 

. TeM. 

HapHllY C o6bttlHblMH KBanpynollbHblMH 11HH_38MH H CHCTeMaMH 

H3 HHX, ~ ST0M rnase a11a11H3HpyIOTCH !pOKYCHpy10ume CBOMCTBa cnHpallb

'Hofi KBanpynonbHOfi 11HH3hI. TaKyIO mrnay M0)l(HO npencTaBHTb Ha6pF1HHofi 

H3 601lblllOro KOllH'<{eCTBa llOCTaTO"!HO TOHKHX KBanpynOllhHblX mrna, K8)1()l8H 

H3 KOTOpbIX nosepHyTa no OTHOllleHHIO K npe/lblllYlllefi Ha Mallblil yron. 

O611anaH nnyirn He38BHCHMbIMH napaMeTpaMH (rpanueHTOM nonH G. 

H yrnoM n0BOpOTa Il0lllOCOB Ha e)lHHHUy /lllHHbl y } ,· cnHp811hH8H 11HH38 

B OTJIH"!He OT o6bl'<{HOM KBanpyn0llhH0M npH yCJI0BHIJ 

k2/ y2< 1 

ocyweCTBllHeT cpOKYCHpOBKY 38pH)l(eHHblX qacTHU, B o6eHX nonepe"!Hb!X 

Il1lOCKOCTSIX 0 XoTH o6waH TeOpHH )lBH)l(eHHH qaCTHU B n0llHX TB.K0I'0 

THna H paccMaTpHB8118Ch B pSI)le pa6oT, TeM He MeHee CHCTeMaTH"!ec-· 

KHfi. 8H811H3 cpoKycupyIOlllHX CBOMCTB cnupallhH0M JIHH3bl 0TCYTCTB0BaJI. 
"\ 

l1cno1Ib
0

3ySI MaTpH"!Hblfi cpopM811H3M, ynaeTcSI cpaBHIITellbHO. nerKo npo

a Ha~H3Hp0B8Th OCH0BHbie cnyqaH qJOK~CHpOBKH ( napa1111enhHblil ny"!0K 

. B napa1111e1IhHblii, TO"!e'IHblil llCT0'<{HlIK . B ToqeqHoe·· Hao6pa)KeHHe, 
',, 

acHrMaTH'<{HaH qJOKycHpOBKa napan11e11bH0ro nyqKa H T.n.} II BblHBIITh IIX 

,xapaKTepH_bie oco6eHHOCTH, Cnupa11hH8H 1ll!H38 MOX<eT HafiTII npHMeHeHHe 

npII C03)laHIIlI BbIC0KOlIHTeHCHBHb!X nyqK0B 38pH)l(eHHblX qaCTHU. B '<{8CTH0d

TlI, npennaraeMaSI B pa6oTe ClICTeMa, C0CT0Hlll8SI H3 qeTbipex 3aKpy

"!lIBSJOllllIXCSI no cnIIp81llI npOBO/lHlIK0B C T0KOM, 0Ka3bIBaeTCH )l0CT8TO"!H0. 

sqicpeKTHBHOii )lllS[ qiopMHp0B8HllH .MIOOHHb!X nytJK0B BbIC0KIIX sHeprIIM, 

B C0OTBeTCTBllll C Tpe6oaaHllHMH cpII3 ll'<{eCKOro SKcnep11MeHTa K 

napaMeTpaM ny"!K0B BTOpll"!Hb!X qacTllU Ha ycK0pllTellSIX paapa6B.TbIB810T-

' 
CH, 11 11cno1lh3YIOTCSI pa3H006pa3Hble 11 )lOCTaTO"!H0 CllO)l(Hbre 0ilTll'<{eCKlle 

CllCTeMbl. Oco6eHHO lllllpOKOe npnMeHeHlle Ha npaKTllKe nony"!tfllll CllM-

M0Tpll"!Hbie OilTU"!eCKIIe CllCTeMhI. OHll Il03B011HIOT, Hanp11Mep, nepena-

DllTb U3o6pa>KeHlle C KOScpcp11u11eHT8Mll lll!HefiH0I'O 11 yrnosoro yneJIII"!eHHM, 
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paB!l1:,1MU ±. :1, ycTplll!SITb nm1mmc 3UeprcTil'ICCKoro pa36poca ,~ac;llll · 

B nyqKe na KaqecTBO 1wo6pa*eu11st, ocy1necTBnstTb napannenbHb1ii nepe

uoc ny'!Ka. ,l!bcnenoBamie cncTeM, 06nana10u.mx pasnnquoro pona CllM

MeTpueii ', suaquTenbuo o6nerqaeTCH ncnencTnue Toro, qTo nomrnst MaT-
• 

pllUa npeo6pa3oBamrn B TaKoii CUCTeMe Bb!pll}K80TCSI . qepes 

MaTpnuy ee nepBoii nonOBIIHbl. PaccMOTpeulle ClIMMeTpll'iHb!X onTH'ieCKHX 

CllCTeM npOBO/lllTCfl BO BTOpOii rnaBe llllCcepT8Ullll B p8MK8X •IeTbipeX

M8pHOI'O MBTpH'IHOI'O qiopManll3Ma, BBeneHHOI'O E. 6mrnMnTIICOM: 

rne 

M 11 M_l2 Ml3 O 

M21 M22 M 23 0 

0 0 1 0 

OTHOCHTenbHbltt pas6poc 'illCT?ll IlO HMnynbCllM B ny_qKe , 

As - pa3HHUa B nnnHaX TpaeKTOptA qacTHU OTHOCIITenbHO oceBOA 

, 
TpaeKT?PllH, x, X· - OTKJlOHeHne II yron HllKnOHa TpaeKTOpHH qacTHUbI. 

Hcnonb3Yfl CBSI3b Me*UY MaTpII'iHblMII aneMeHTaMu 

M41 = Mll M23 

M _4 2 ·- M 12 M 2 3 

MO}KHO cqi OpMynHpOB~Tb, KaK CTOK83bIBaeTCSI B pa6oTe, He TOJlbKO ycno,;.. 

BUSI ocymeCTBneHHfl axpoMaTH'ieCKHX, HO TalO!{e H H30XpOHHb!X CllMMeT-

pH'iHbIX onTHqecKHX CHCTeM, 06ume CBOitCTBa CHMMeTpII'iHb!X CHCTeM n 

npHHUUilbl llX nocTp'oeHHfl pas6npa!OTC51 Ha KOHKpeTHbIX MHOI'O'IIIcneHHh!X 

npllMepax. Q:rn 9TOM, .KaK npaauno, aHaJ1H3 pa3Jlll'!Hb!X KOHKpeTHb!X 

CHCTeM UOBeneH no npOCTb!X n yuo6Hb!X Bbipa)KeHnii. 

Oco6eHHOCTH H30XpOHHb!X CHCTeM paccMaTpHBalOTCfl Ha npnMepe 

llBYX OilTH'IeCKllX cXeM. OnHa H3 HHX o6nana eT aepKBJlbHOM CH?-:fMeTpHeA, 

upyraf! - sepK8JlbHOM CHMMeTpHeii C HHBepcueii • HecMoTpfl na IIX OTHOCH

TellbHYIO rpOM03llKOCTb, yuaeTCfl nonyqHTb 3BMKIIyTul0 II llOCTllTO'iHO npoc

Tbie COOTHOllleHHfl Me)KllY napaMeTpBMH KB)KllOM CIICTeMuI. 
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C To11l, LlCTa111,11oc paccM0Tpc1mc oco601111oc Tott c11M.MeTp1Pm1,1x: . . . , \ 

Oll'nl'!CCKHX' CHCTCM o6ycnoBJICIIO TCM, 'ITO omi KaK COCTlllllILIC ,'!8CTH 

llXO/UIT B. OIITH<JCCKHe CXCMl>I 60JlhWHIICTBl1 K£lll8JIOB, l1 XOTSI Ha rrpaKTHKe, 

llllllfJHMep; .no TeppHTOpHaJlhHLIM coo6pa)KeHmu,i, '18CTO He rrpe.o.cTa B JIHCT

Cf( B0':3MO)KHLIM peanH30B8Th Ty '11n11 HHyIO CHMMeTpH'!HylO CHCTCMY 13 

'IHCTOM mrae,. TeM He MeHee,. OTT8JIKl1B8SICb OT COOTBCTCTByiowett CHM

MeTpli'IHOH c11cTeML1, cpaBimTellhHO nerKo BHllOH3MeHHTh ee npHMeHH

Tenbuo K KOHKpeTHblM ycnoBHHM. 

ITpH C03.ll8HHH K8H8JIOB 38pSl)K0HHbIX '18CTHU Heo6XO.D.HMO Y'IHTbl

BaTb RJIUSIIUie pa3H006p~3Hb!X B03Mylli8I01IlliX cpaKTOpOB Ha xapaKTCpHCTHKH 

cpOpMHpyeMblX ny'IKOB. l1cTO'!HHK8MH B03Mylli0HHH CJly)KaT HeTO'!HOCTH 

B ycTaHOBKe KBa.o.pynonbHhIX JIHH3 If OTKJIOHHIOWHX MarHHTOB OTHOCHT'enbHO 

,TpaCCbi Kauana (oum6KH IOCTHpOBKH), HeCOOTBeTCTBHe xapaKTepncTHK 

nonefi OIITll'ICCKHX sneMeHTOB naeaJlbHhIM, He,D.OCT8TO'IHO TO'IH8SI BOCnpo-

" 
H3B0.llllMOCTb H CTa6nnhHOCTh ~HatJeHnfi nonefi n rpa.o.ueHTOB B 3TUX 

"' 
sneMeHT8X, TaK)Ke Heo6XO,llllMO Y'IHTblB8Tb BJIHSIHHe a6eppaunfi, o6ycnoB-

neHHbJX HennHefiHb1Mn qneHaMn B ypaBHeHHHX TpaeicTopufi qacTHU. Auanna 

YK838HHbJX qJ8KTOp0B ua napaMeTpbl ny'!KOB B K8Hanax· '!8CTUU Bh!COKUX 

3Heprnii npOH3B0,llllTCH B TpeTbefi rnaae. 
., 

ToqHOCTb ycTaHOBKH OilTH'ICCKllX sneMeHTOB B KaHanax cywecTBeH-

no .aoapacTaeT c yaenaqeirneM aueprm1 qacTHU n, cne,aoaaTeJlbHO, c poc

TOM npOTH)KCHHOCTll K8H8JIOB If qncna OIITH'ICCKUX aneMeHTOB, 8 CBH3H 
•• ' ' , I 

C 3THM B '§ 2 I'Jl8Bbl JII ,ll0T8JlbHO uccne,ayIOTCH scpcpeKThI, CBH38HHbI_e 

C owu6K8Mll IOCTUpOBKll OilTll'!CCKUX sneMeHTOB • flpH 3TOM B paMK8X 

M8Tpll'IHOI'O npe.o.cTa BJICHHSI 8H8JIH3HpyeTCSl BJIHHHHe p83JIHtJHOI'O po.aa 

OTKJIOHeHIIIJ KBanpynonbHb!X JIHH3 H IlOBOpOTHbIX M8I'HHTOB OT pacqeTHbJX 

110110)1( eHHII, Ha np1n.1epe .ay6neTa KB8.llpynonbHbIX JIHH3 BbI,lleJIHIOTCH OCHOB

}JJ,JC Tllllbl OTKJIOH~Hllii (cMeweHHe OCH JIHH3 OTHOCHTeJlbHO OCH KaHana , 

nonopoT1>1 mrno aoKpyr npo.o.onbHOfi H nonepe'!Hb!X ocefi) H paccMaTpiiaa-

IOTCII ;'l1l141t'K'fhl, [H,(3b1Bll0Mble 3THMll OTKllOHCHHSIMll, Paapa6o~aHH8Sl Ten-
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Pllst _y'ICTll 011111GoK IOCTliflOl\1(_11. JIO~HIOJHICT ,PllCC'IlfTllTI, H c1!1opMynHpOBOTb 

Tpe601.10111111 K To,mot:::TII pa·c~;Tn11ot1Kn Kil H/lflynciJ1bH1,1~,- nHH3 u. noeopoT- :' 

lll>JX Mllf'IIIITOll ll IHllillJl/lX • 

H3 IH:i11111eii111>1X ::)(jHj1eKTOD llll/lJlli311py1C>TCSl a6eppaUHH BToporo no

, lHlilKll B OTKJIOIIHK)llUIX Mllr'HIITllX II -KDllllpynollbllblX llHH3aX. C OOTBeTCT-

. . 
ny10mue pewemm nony1Ia10TCH MeTOJ:lOM nocnenooa TenbHbtX npH6nmKeHHii. 

'a OTJlH'!He OT OTKJlOHHIOlUUX Mllr'HH TOB. B ypaBHemrnx, TpaeKTOpHii: ang 

KaaupynoJlhHb!X J1HH3 He paBHh! Hyn10 JlHWb '!JleHhl BTOporo nopSIUKa, 

CBS138HHhl8 C pa36pocoM qacTUll no HMnynhCBM (xpOM8TH'leCKHe a6<;!PP8"." 

llHH) • ·coiiocTaBJleHHe KB8J:lp8TH'Illb!X qneHOB B peweHHSIX' .[lJlH M8f'HHTOB, 

II KB8J:lpynoJ1bHb!X J1HH3 nOK8_3h!B8eT, 'ITO B o6naCTH 'l8CTHU Bb!COKHX 

8HeprHii npH Hem:ecTKHX Tpe6oaaHHstX K paa6pocy qacTHU no HMnYJih-
~p ' 

caM ( - ~ 1%) 
p 

OCHOBHYIO pOJlh Hrpa!OT Xp0M8TH'l8C~He a6eppaUHH, 

Bb!3bJB8eMbl8 KBB.llpynOJlhHblMH _JlHH38MH H npHBOJ:lSilUHe K 3H8tJHTeJlbHbiM 

yaenH'I8HHSIM p83Mepoa ¢ OpMHpyeMbJX H306pam:eHHii ny'IKOB 'IBCTHU. 

LlnSI yqeTa XpOM8TH'l8CKHX'a6eppauuii B K8H8J18X nonyqeHHbJe peweHHSI 

BMecTe C KB8J:l,P8TH'IH_blMH qneHBMH 38nHCb!B8IOTCSI 

mrnaax B ¢opMe tJ8Tb!pexMepHb!X MaTpHU , 

B KB8.[lpynoJ1bHb!X 

B pSI.l:le cnyqaea npH coa.[laHHH cenapnposaHHhIX ny'IKO_B qacTHU 

CTaHOBHTCSI oqeHb B8)1(:Hb!M yMeHhWHTb a¢¢eKThI, CBSI38HHbJe C xpoMa -

Tll'I8CKHMH a6epp81;1HSIMH. D.nsi 8TOI'O ,eanpHMep, MO)K:HO HCilOJlh30B8Tb 

. 
CeKcTynoJlhHYIO J1HH3y, C noMOlllblO KOTOpoii .[lOCTHraeTCSI KOMneecaUHSI 

XpOMBTHtJP.CKHX a6eppaunii B 0.[lHOii: H3 nonepe'IHb!X nJIOCKOCTeii. PacqeT 

napaMeTpOB COOTBeTCTBYIOllleii: ceKCTynonbHOii: JlHH3hI,K8K IlOK83b!B88TCSI 

·a pa6oTe,. eecnom:HO nposecTH c Hcnonb30B8HHeM 'l8Th1pex~epm,1x MaT

pHu, BBBJ:leHHbIX .[lJlSI onHCBHHSI XpOMBTHtJeCKHX a6eppauuii. 

11CK8}K8HHe noneii: B KBBJ:lpynonbHb!X JIHH38X b6ycnos neHO, B oc-

HOBHOM 1 wecToii: H .[l8CSITOH rapMOHHKBMH nong, TTosiBJJeHHe 8THX rap-

MOHHK, B 'IBCTHOCTH, CBSI38HO C OTKJlOHeHHeM npo¢HJ1H IlOJllOCOB OT ,, 

H.[l88JlbHOii: paBHOCTOpOHHeii t'Hnep60Jlhl. B K8'18CTBe npHMepa B llHCCep-
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Taiui:'H paccMaTpHaa10TcH sqicpeKTb1, DLI3b1BaeML1e · wecTolt rapMOHllKOM 
' ' . 

nons B CllCTeMe ' COCTOHUleM H3 iiy6neTa KeaiipynonbHb!X 11llH3. Tlony-
' \ 

qeHHbJe B npll6nm1<eHl1~ "TO,HKHX" 11HH3 peweHllH U03D011Hl6T 0UellliTh 

iionycK Ha aenHttlrny 9T0M rapM0HllKll. 

AHa110l"Il'!HblM o6pa30M M0>KH0 npoaecTII oueHKll B11llHIIIHI 11a napa

MeTpbl ny'IKOD ttllCTIIU tlpyrIIX rapMOHIIK nonH B KBlltlpynoni,HblX 11llH38X. 

· Ha ocuoae pa3BIITbJX_ B sToii rnaee npet1cTaaneHI1if 6b!11II ccpopMy-

11I1poeanb1 Tpe6oeaHIIH K xapaKTepI1CTI1KaM OIITil'l8CKIIX sneMeHT0B II T0'l

HOCTH '.Hx ycTaH0BKII npn C03tlaHIIII Kauanoa Ha npOT0HH0M CIIHXp0Tp0He 

Hct>Ba·.' 

KoMnneKc .aettcTBYIOlllHX B 11<1>B3 KaHanoa o6ecnettnaaeT npoaeiie-

, _ HHe lllilpOK08 nporpaMMbl cpII3II'!eCKIIX Hccne.aoaaH11i1 C IICIT01lb30BaHH8M 

pa3H006pa3HOH M8TOtlllKII. B 0IITH'!eCKHX CXeMaX K8Hanoa 3a110>K8Hbl 

npHHUHilbl, noapo6Ho paCCM0Tp8HHb[8 BO BTopoii rnaee. OnTIItteCKlle 

CHCT8MI,[ OCH0BHb!X KaHanoa, KaK np8Bll110, HB11HIOTCH axpoMaTlltt8CKllMH. 
., 

OtiH?KO B CO0,TB8CTBHH C Tpe6oaaHIIHMH K napaMeTpaM nyttK0B H CTpeM-' 

118HH8M K HaH6onee OITTHMa11hH0MY HCIT011b30B8HIIIO 9KCnepHM8HTa11bHb!X 

IIOM8lll8Hil8 OHH H
0

8 HB11HIOTCH KOITH8H 38pK81lhH0-CHMM8TpH'!Hb!X CHCTeM, 
•' 

a o6naaaJOT PHAOM cneuncpntteCKHX oco6eHHocTe8, Heo6xot1I1MocTh KOTOpb1X 

66ycnoeneHa KOHKpeTHb!MII ycnOBHHMH. flrlaH pa3M8lll8HIIH KaHanoa B 
' 2 

9KCnepHM8HT811hHOM sane pa3MepaMII ( 156, X 90) c,M npHB81l8H Ha pHc.l. 

B OCHOBHOM, cosaaHHbie K8H81lbl npeaHa3HatteHbl tl11H - pa60Tbl C Bb!COKO

_SHepreTH'lHblMH nyqKaMH BTOpH'!Hb!X qacTHU, reHepnpyeMblX Ha BHyTpeH

HHX Mlllll8HHX. rieeeMe!llaH Mlilll8HH no paaHycy B o6nacTII .:!: 4 CM OTHO-

CHT811hHO paBH0BeCHOH op6HTbl II HCI101lh3YH cneunanbHbi8 MeT0tlbl HaBe

aeHHH ycKopeHHoro npoT0HHoro nyttKa Ha MHlll8Hh, M0>KH0 B8pbHp0BaTb 

ltMIIY11bC BT0pll'!Hu[X '!8CTHU B cpaBHIITenbH0 lllllp0KHX npeaenax npn 

nocTOHimoii s11epr1m ycKopeHH0ro npoTOHHoro nyttKa Ep • TaK B KaHane. 

0Tpl!Ul1Te°in,m,1x ttacT11u c HMnynbC0?l.1 ao 60 fse/c ( Kanan N2 2 ua ,pnc.l) 

npu E = 70 fsn 
p 

pa6ottili1 tlll8f1830H HMIIYJlbC0B BT0pllttHblX qaCTIIU co-

10 
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. · " I, I 
l •, I / ' I j 

CTaa1faeT ( 40/60): f:irn/c, a n 1Kauane o_Tp~UaTe1bHbIX 'WCTIIU c HM-: 

nynbCOM aoj40 ra'a/c (Kattan N9 4 ua pH~. 1) ·j COOTBeTCTDOIIIIO 
/ . - - . . . 

(25 - 40) faa/c. flpII 3TOM .nmI YM0HbW0Hll51 npeaen6B ll3MeHeHII51 

yrnoa o6_pa30B8HlISI BTOpll'iHLIX 'i8CTIIU .no ( 0 . .:. 8) Mpa.n B Kauanax 

N9 2 II M 4 IICnOJib3YIOTCSI MIIWei-IHLI9 CTOHUIIII, COCTOHWite ll3 Tpex Mll

llleHefi, pacnono)KeHHLIX apyf OT .npyra Ha paccTOSIHllll ;v 70 CM. 

KauaJibl cnpoeKTIIpOBOHI,1 TaKIIM o6pa30M, t{TO <pOpMllpyeMLIO 

ny'iKll MOryT OTKJIOH51TbCSI ua IIOCKOllbKO. 3KCnepIIMeHT8Jl_hHLIX ycTOIIOBOK. 

. HanpHMep, Ha K~Hane N9 2 pll3MeuteHLI Mar'HHTHblH .cneKTpOMeTp C 

HCKpOBhlMH KaMepaMH ( HllllpllD ne1me 2a) I ycTaHOBKll £ll1SI ll3Y'i9HUSI non

Hb!X ceqeHni1 (uanpaaneuHe 26) H npoueccoa ynpyroro paccemnrn 

(uanpaaneHHe 2a). Hanpaaneuue 2r (cM. pHc. 1) cpaKTHqecKII npeacTaB

mie_T caMOCTOSITenbHblti K8Han, npe.llH83HatteHHhlii .llJISI nOHCKB 'illCTllU C 

apo6Hb1M 38pS1£lOM 1/3 (KBapKOB). 

Ha KaHane N9 4 pacnonaraeTcSI ycTaHoaKa no Hccneaoaamuo 

npoue'ccOB nepe3apSI.llKH (Hanpaan~~H8 4a), ny3blp~KOB8SI K8Mepa H YCTD-

HOBK8 no II3yqeuHro npoueccoa paccemrnsi H838.ll (Hanpaanemie 46), 

M8r'HliTHblil: cneKTpOMeTp C HCKpOBblMlf K8M8p8Mll H ycTaHOBKa ,lll151 . . 

none Ka T.SI)KeJibJX 'IOCTHU ( uanpaaneHlle 4a). TaKoii noaxoa K npoeKTII

poaaHHIO KaHanoa o6ecnettllaaeT Heo6xo.nHMyro M06llnbHOCTh B noaroToo-

Ke H npoEje.nemm 

KOH. annapaTypoii. 

3l.{CnepllMeHTOB co CJIO)KHOH H rpOM03£lKOH <pH3H'ieC-

TeneCHbJe YI"llbl 38XB8T8 qacTHU B Kauanax N2 2 H 4 B 38BHCllMOCTll OT 

uanpaaneHHSI uaxoaHTCSI a npea~nax (20➔ 35) MKcTep. HnTeHCHBHOCTH 

BTOpH'iHbIX ny'iKOB Ha K_auane N2 2 C HMnynbCHblM pa36pocoM 1 faa/c 

H3M8HSIIOTCSI OT 104 .no 7. 105 npH nepexoae OT llMnynbca BTOpH'iHblX 

ttacTHU 60 f::rn/c K 40 faa/c cooTaeTcTaeHHo. [\JH aToM HHTettcIIBnocTb 

. yCKOp8HHOr'O .llO 3H8pr'HH 70 faa npOTOHHOr'O nyttKB paaua 1012 npo-
. \ 

TOHOB 38 UHKJI. Ha K8Hane N2 4 . HHT8HCHBHOCTb c1!JOflMMpoun11111,1X 

ny'iKOB ~ 106 npu TeX )1{0 yCJIOBHSIX • 
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KpoMe nepequcneHHLIX DLUlle KaHanoB Ha. ycKOpHTene. cpyHKUHOHHpy

lOT .tlBa _KaHana HeiiTpanbHLIX 11acT,HU IK0 - H 2K0 · H npocToii Kanan riono

)KJITenbHL~X 11acTHU N2 6, n-peaHa3Ha11eHJILIH ami: HaJia.tlKH qiH3H11ecKoit anna:.. 

paTypLI. 11HTeHCHBHOCTb HeiiTpOHOB Ha KaHane Ng }KO npH yrne o6pa30Ba.:., 

HHS! qacTHU Ha MHUJeHH 1 ° COCTaBnsreT ""108 'I8C'J'.HU 38 UH Kn nnsr 
. \ I 

E p = 70 fan H HHTeHCH DIIOCTH ycKopemi:oro ny11Ka 1012 npoTOHOB 38 

UHKn·. 

3cpcpeKTHBHOe OCBOeHHe HOBOii o6nacTH 8HeprHH 3apmKeHHh!X. qac-

., THU HeB03MO.>KHO 6e3 HanH'IHSI aneKBaTHbIX 8KCnepHMeHTanbHbIX cpencTB . 

H, B qacTHOCTH, 6onee coaepUJeHHoro. o6opynoaaHHSI Ka Hanoa. fJpH pa3pa-; 

6oTKe aToro o6opynonaHHSI, BLmonHeHHOii a HHl-13<:PA HM_. Ll.B.EqipeMoa_a, 

BO MHOI'OM 6bin y':ITeH 6oraTLiii OilbIT, HaKonneHHhlii Ha TaKHX KpynHbIX 

ycKOpHTengx, KaK npoTOHHhJe cHHXpoTpOHLI UEPHa H BpyKxeiiBeHa. 

KaHanbI Ha YCKOpHTene 11<PB3 HMelOT npoTSI)KeHHOCTb OT 100 no 

160 M ( o·T BHyTpeHHHX MHUJeHeii no 0Kone11HL1X H3o6pmKenHfi). Ha nceM 

npoTsr)KeHHH Tpacc Kananon, 3a HCKn1011eHHeM MecT y<::TanoaKH cp H3H11ecKoii 

-annapaTyphI, co3naeTCSI,. aaKyyM "' 10-2 ·MM. pT. CT. 0TKJ10H5IIOillHe Manrn-' 
./ 

Thi H KaanpynonbHbie nHH3bl MOI'yT 6bITb OT'blOCTHp0B8Hbl C TO'IHOCTb IO .. 

t. 0, 1 MM OTHOCHTenbno ocH KaHana. YpoaeHh cTa6HnH3auHrr TOKOB ao36y)K-
..,.4 , 

nenHSI B MaI'HHTHb!X aneMeHTaX COCTaanSieT (2 ➔ 3). 10 . flepen MOHTa-

)!( OM Ha acex nHH3aX H M8I'HHTaX 6LinH npoaeneHbl Mar HHTHbJe H3MepeHHSI 

xapaKT,epHCTHK noneii. B MaI'HHTaX ocymeCTBnsrnocb lllHMMHpOB8HHe noneii, 

/ TaK ':IT06bi B ll!HpOKOM nHail'.130He HHJlyKUHii (5 ➔ 18) KI'C Heonmipoa

HOCTb nonsr .._a pa6011eii o6nacTH no ropH30HTaJIH 6Lma He Xy)Ke 0,3%; 

Pe3yJihT8Tbl rapMOHH':leCKOI'O aHaJIH3a noneii B ~aaapynoJibHb!X JIHH38X 

IlOK838JIH, '{TO· 8MillIHTynhI OCHOBHbIX BbICUIHX rapMOHHK TIOJ151 B HeCKOJlbKO 

. pa3 Mellblllt', qeM, nanpHMep, B nHH3aX '5pyKXeiiaeHCKOii na'6opaTOpHH~ 

flo pe3yn1,Tnn1M M8I'HIITHLIX H3MepeH~H KOppeKTHpoaaJIHCb pacqeTbl pe7' 

)KJIMOD pa60T1,1_ 8fiel\teIITOB K81!D.J10B. 

13 . 
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' ,, 

.D.,1si orpa1rnitomrn pa.:1Mopo11 ny'IK0B a 3aBHCHMOCTif .oT anepTyph1 

•l11w11i.toeK11x ycTauoaoK, qiopM11poanu11si: ny'IK0B c aaaaHHhIM, HMnynbcHhIM 

cocTaaoM, yao6cTac( npH. npoaeae111111 11anaao'!Hb1X pa6oT Ha KaHanax 

yc·rauoaneui,1 aHCT8HUH0HH0 ynpaansi:eMbl8 I"0pH30HT8nbHbl8 H aepTHK8nb

Hb[8 K0nnHM8T0pbl. "WeKH' K0nnHMBT0p0B anHH0i1 15 HnH 50 CM, WHpH

H0R '16 CM H 'ab!COTOR 18 CM, Bbm0nHeHHb!e - H3 MetiH, MOryT nepeMemaTb•

CSI B BSKYYMHOM KOpnyce B npeaenax t. 8 CM C TO'IHOCTblO qJHKC8UHH 

HX nono)KeHHSI OTH0CHTenbHO OCH 0, 1 MM, . ? 

.npu npoaeaeHHH Hanaao'!HhlX pa6oT H K0HTponsi: aa napaMeTpaMH 

ny'IKOB HS KSHanax HcnonbayeTCSI CTaHaapTH8Sl perHcTpHpyl011l8Sl aneKTpO-

HHKa, paapa6oTaHHast B 11<1>B3, HacTpofiKa pe>KHMOB paffoTbl K8H8n0B 

npH npoaeaeHHH aKcnepHM8HTOB, He Tpe6ylOWHX npeaenbHO Bb!COKHX pa 3-

. peweHHR qacTHU no HMnynbcaM, KaK npaaHno, ocywecTansi:nacb Ha MaK..;. 

_CHMYM C'leTa 'l8CTHU B KaHane, 11ayqeHHe xapaKTepHCTHK KaHanoe 6aan:-

' poeanOCb Ha TO'lHb!X pacqeTaX 0)KH!l88Mb!X napaMeTpOB ny'!KOB B paa-
~ 

nH'lHb!X xapaKT8pHb!X MecTaX KaHana H pacqeTHOM M8T8pIIane no npo-
' - ' 

ueaypaM H8CTpOHKH, Bnaroaapsi: T8KOMy noaxoay, cymecTB0HHO C0Kpa-

uiaeTCSJ BJ)8MSI HBCTpORKH KB Hanoa (ao 60 'l8COB pa60Tb! ycKOpHTensi:). .,. 
Ha pur., 2 a KaqecTee npHMepa npHaeaeHLI xapaKTepu1,1e npoqmnH ny'lKa 

B OK0H8'lHOM H306pa>KeHHH Ha KaHane N2 26. OnHC8HHe paapa60T8HHb!X 

Ha YCKOpHTene 11l>B3 KaHanoa, oco6eHHOCTH HX onTH'l8CKHX CXeM, Me

TO/.tbl HCCneaoeamrn pe>KHMOB HX pa60T1>1 H napaMeTpb! cqiopMHp0B8HHb!X 

ny'IKOB ABlOTCSI B 'l8TBepTOR rnaae AHCcepTaum1. 

B IlSITOR rnaee H'-Tpex npHnO)K8HHSIX paccMaTpHB8IOTCSI npo6neMbl, 

CM38HHbl8 C paapa6oTKOfi Bb!COK0'l8CTOTHb!X cenapaTopoe, K0TOpb1e IlOKll 

- SIMSJIOTCSI 8AHHCTB8HHb!MH npH6opaMH, noaoonstlOlllHMH aqxpeKTHBHO npoeo-

aHTb paaaeneHHe qacTHU no MaccaM a o6nacTH aueprHi1 

, 10 ran, 

C Bbllli8 

B 11:1>B3 38BepwaeTCSl C03!l8HH8 KSHanoa H BbICOIC0'!8CTOTHb!X ce

napaTopoa ansi: qipanuyacKoA aoaopoaHoA KaMepbI "MHpa6enb" (c~napnTop 
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N 
No 

1 

. 0,8 

0,11 

_l!,2. 

-50- -+o -20 0 20 

RIC. 2. [poipHnH ny'lK8 BTOpH'tJHbLX 'l8CTHU C HMnynbCOM 50 fss/c B 

OKOHe'IHOM H3o6pmK eHHH Ha Ka Hane N2 26 B BepTHK8nbHOH 

(-A-),H ropH30HT8nbHOH (--..Q-) nnOCKOCTSX. 
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JI 

'· 

pa3pa68Tbl~~eTC.51 B u·EPHt- COBMCCTIIO C COTpylUiliKOMH H<t>B3) H. nnyx-
. - . / 

MeTpoeoA KBMepbl OHHl-1. Hn KUIWJW /lJISl JCaMepLl ,, Mrrpa6em, II' npoT.51-
~ ' .- -- .,-. \ ~ 

>KeHHOCTb. KOTOporo 512. M, c_ l!cno11LOOB[lJIIIOM .Tpcxneq,neKTOplIOI'O Baprran-' 

6 K + ' 
_ Ta_ ~en_apaTopa MO)KHO yneT nollytJaTL tJHCTblC nytJKH . -Me30HOB no 

l;~ny{lbCOB 40. f313/c, K- -Me30HLI lI a11T1rnpOTOHLI H3-3a orpaHJI~eHH51 

110 lIHTeHCHBHOCTH· - no ·35 raa/c, TT -Me30HLI AO 60 f313/c. Htt)KHliii 

npe.nen no IiMnynLcaM onpe.nengeTCB ao.:::ipacTautteM MIOOHHoro qiotta oT 

pacnana H COCT813ll51eT npIIUlllI3UTe11bHO 17 f313/ C. 

B·KaqecTBe ncqineKTopoB B cenapaTope ncnonLay10TcB ceKUHH nrraqi-

Jl8I'Mlip0BllHIIOro B011110130AO nnHHHOii L. = 6 M, B KOTOpblX B036y>KJl8eTC51 

r116p11ntta51 a onHa EH 
11 

• .UmnenbHOCTb Bb1coKoqacT0Tnoro HMnynbca 

c_ocTaangeT 8 l\lKCCK na ypoeue MomttocTrr
1 

It= 20 MeT. fbnepeq111,1ii 

lIMilY llbC p J. ' npuo6peTaeMLlll qacTHUeii 

onpenengeTC51 COOTHOllieHIIeM 

npH rrponeTo neqineKTopa, 

= e. J ~ (R I Q) P l • aL 
( 

-e 
P.1. C ) 

V a ip 

rae W - Kp~roaag tJDCTOTa, v,p - rpynfioaag CKOpOCTb B011Hhl, R/Q -

OTHOllieHIIe wyHTOBOI'O HMneaa HCa K ao6pOTHOCTH, a - K08<pqllIUHeHT 3a...; 

T~XaHH51 • .UnB nonyqeHH51 MaKClIMallbHbJX OTKnOHeHHii qacTHU napaMeTpbI, 

BXO.[l51mHe B 8TO 

AOll)KHbl 6bJTb · 

BbJp8)KeHIIe, H) COOTBeTCTBeHHO,_ CTpyKTypa eonnoeona 

Bb16paHb1 onTHMan!SHbIM o6paaoM.BenntJHHbI v , R / Q . ip 
a MOI'yT Ob!Th' H3MepeHbl 8KCnepttMeHTanbHO Ha MOAe1151_X B?llHOBOnoe 

B lliHpOKOM nrranaaotte H3MeHeHII51 HX napaMeTpOB HnH pacctJJITaHbl no 

cneurranbHO -pa3pa6oTaHHb!M nporpaMMaM. C paeHeHHe pe3ynbTaTOB H3Mepe

HHii C pacqeTaMH IlOKa3bJBaeT Ha IIX cornacrre B npenenax neCKOllbKHX 

npoueHTOB. MaKCIIMallbHO nonycTlIMblll ypoeeHb BBOAHMOH 13 fl{J(ll110KT0p 

MOmHOCTH H,cnea_oBaTellbHO, M8KCHMa1!bHLIO BClllI'Il1111:J IIailfHliKC!IIll()CTPii 

noneii onpene115110TC51 aneKTpH'IeCKOii npOtJIIOCTblO CT(lYKTyp1,1 H 11/lXO/lHTCII 
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TOnbKO 9KCnepHM0HTaJiblILIM nyTeM. BnepBLie Ha BffiKHOCTh .H3Mepe1rnfi 

MaKCHManbH!,JX 11anpmKeHHOCTefi nonen OhJnO yKa3aHo B pa6oTaX aBTOpa, 

'-lTO CTHMym1poaano pa3pa60TKY MeTO/lHK lf3MepeHIIH If neTanbHhJe ilfC

cnenonmmsi cTpyKTYP nonnoaonon KaK a l1<1>B8, TaK II a llEPHe. llnmra 

necpnoKTOpa L onpeuengeTCS1 lf3 ycnOBlfSl OI1TlfM8nbHOI"'O lfCI10nb30B8HlIS1 

8KC8I1T8HCa cenapaTopa. CxeMa 0IlTHMlf38Ulfll neTanbHO HccnenyeTCSl · 

B 0/lHOBOnllOBOM npII6moo:eHHlf,. KOTopoe I103BOnsieT K8'i8CTBeHHO BblS1BlfTh 

ocnoaub1e oco6ennocTH pacnpocTpaneHHSI rIIopII/lHbrX aonn II nony,:mTh npoc-4 

Tb!e COOTHOlll8HHS1, Y/lOOHbie nnSI pa3Jlll'iHh!X OUeHOK npn pacqeTaX, B lllll

pOKOH o6nacTH lf3MepeHHS1 napaMeTpOB BOJIHOBO/lOB. 

B npHnomeHIIII 1 naeTcSI o6mnn nonxon K nonyqeHHIO nncnepcHoH

Horo ypa BHOHl1Sl l"'HOpll/lHh!X BOJIH lI BbIBO/llITCSl /lllCilepcIIOHHOe COOTHOllle:

mie B 0/lHOBOJlHOBOM np116nHmeHHH n.nSI /lHaqiparMIIpoaaHHOI'O BOIIHOBO/la, 

B npH110)!(8Hllll 11 npOBO/llITCS1 ne.TanhHb!H ananII3. 9TOI"'O COOTHOllleHHS1, 

118XO/llITCS1 Bb1p8)!(eHHe /lJISl rpynnoaoii c_KOpOCTlf B cnyqae qia30BOfi CKopoc

TH, paanofi cKopocTH caeTa; nonyqa10TcS1 qiopMynL1, onpenensi10m11e nonycKH 

Ha OCHOBHble napaMeTph! n~qineKTOpOB, Ha <;>CHOBe nonyqeHHb!X pe3ynbTa-

TOB naeTcSI nocnenoeaTenhHhlH an:anH3 cXeMbl Bh!OOpa OilTHMaJlhHb!X 

napaMeTpOB BOJIHOBO/la, KaK neqineKTOpa BblCOKO'iaCTOTHOI"'O cenapa Topa, 

• B npll110)!( eHHll Ill HccnenyIOTCSl CBOfiCTBa I'HopH/lHb!X aonn, pacnpo

CTpaHSIIOlllllXCH B KpyrnoM BOJIHOBO/le, qaCTll'iHO 3anonHeHHOM ll30TpOI1HbIM 

llll9JleKTpHKOM. TIOK83b!BaeTCS1, .'iTO B OTnH'illll OT ,/lllaqiparMHpoe.aHHOI"'O 

BOJIHOBO/la, B KOTOpOM MOryT pacnpocTp8HS1ThCS1 KaK npSIMhie, TaK H o6paT

~bJe l"'HOpllllHLle BOnHbI, B .UaIIHOM cnyqae cymeCTBYIOT TOJlhKO npS1MbJe 

BOJIHbl, l1ccnenoaaHIIS1 no pacnpocTpaHeHHIO n16pH/lHb!X BOJIH B BOnHOBO/le 

C .nuaneKTpllKOM npencTaansiIOT llHTepec B CBS13ll C 06cymna10mHMllCS1 

B JIIITepaType napnaHTaMH necpneKTOpOB cenapaTopoe nnsi cTposimero-

c11 n BaTannn (CWA) ycKopuTena Ha a11epr1rn ycKopeHHblX npoTOHOB 

(200 +- 500) r9n. 
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