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HaMepuTenb 3MHTTSHCa nyqKa H0H0B 

OnHCSH MynbTHnneKCHbIH H3Mepurenb 3MHTTaHca nyqKa H0H0B, IlpHMeHe

HHe KOToporo i:taeT B03M0lKH0CTb yMeHbWHTb BpeMSI H3MepeHHH npH aai:taHH0H 

ToqHQCTH H ocna6HTb BnHSIHHe HeCTa6HnbHOCTH 3MHTTaHCa Ha peaynbTaTbl 

H3MepeHnii. PaCCMOTpeH npHMep anropHTMa o6pa6oTKH i:taHHbIX, nonyqaeMbIX 
Ha BblX0i:te H3MepHTenSI, 

Pa6ora BhmonHeHa B na6oparopHH Sii:tepHbIX npo6neM OHHH. 
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Soroka L,M. pg - 10975 
Ion Beam Emittance Scanner 

The multiplex ion beam emittance scanner which can diminish 
the measurement time for· the given value of the accuracy and to 
attenuate emittance instability effects in the course of the measure
ment is described, An example of the ··data processing algorithm is 
considered. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JIN R, 

Communication of the Joint lnatitute for Nuclear Research. Dubaa 11'1'1 
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1. BBE,4EHHE 

MyJibTHDJieKCHblMH Ha3blBaIOT TaKHe CHCTeMbl H3Mepe

HHH, npe.ll,MeTOM ua6JIIO.ll,eHHH e KOTOpbIX HBJIJieTCH He 

HCKOMaH ~yHKUHOHaJibHaH 3aBHCHMOCTb, HanpHMep cneKTP 

HeiiTpouoe no epeMe1rn nponeTa, yrnoeoe HJIH npocTpaucT

BeHuoe pacnpe.ll,eJieHHe qacTHU, a .ll,HCKpeTHblB KO.ll,OBO-HH

TerpaJibHblH o6pa3 cooTBeTCTBYIOIUeu HCKoMoii ~YHKUHo

uanhHOii 3aBHCHMOCTH. linaro.ll,apH CBOHM He06bJqHbIM xapaK

TepHCTHKaM MYJibTHIIJieKCHbie CHCTeMbl H3MepeHHH Il03B0JIH

IOT o6Hapy)KHTb 6onee TOHKHe 3<l>4>eKTbl, qeM Te, KOTOpble 

.ll,OCTYilHbl CHCTeMaM, OCHOBaHHbIM Ha Tpa.ll,HUHOHHOB JIOrHKe 

H3Mepeuuii •• Ocuoeuoe .ll,OCTOHHCTBO MYJlhTHilJICKCHblX CH

CTeM H3Mepeuuii..., 11 COCTOHT B TOM, qTo OHH cyiuecT~eHHO 

IlOBblWaIOT HH~OpMaTHBHOCTb OilbITa IlpH HeH3MeHHblX: 

a/ 3uaqeH1111x pa3pewaroiueu cnoco6HocTH npu6opa H ypoDHH 

WyMOB ero npHeMHOH qacTH; 6/ BHellIHHX YCJIOBHHX OilbITa, 

uanpHMep ypoeue nocTopouuero H3nyqeHHH, npoJJ.OJDKHTeJib

HOCTH ceaHca H3MepeHuu; e/ ~aKTopax, onpeJJ.eJIH~IUHX JI.PCB~ 

H3MepHTeJibHblX Y3JIOB npu6opa. 

Oco6eHHOCTb MYJibTHOJieKCHOro npu6opa COCT~HT B 

TOM, q~o npouecc HHTerpanhHOro J1,Hc1,peTHoro npeo6pa30-

BaHHH H.ll,eT Ha H3MepHTeJibHOB CTa.ll,HH OilblTa, a He nocne 

Hee, KaK 3TO HMeeT MeCTO B Tpa.ll,HUHOHHblX CHCTeMax o6-

pa6oTKH .D.aHHi.ix. )].nH Toro qTo6bl HH~opMauun, nocTynueweii 

c MYJibTHnneKCH0ro npH6opa, npuiaTb IlPHBblqHyIO ~opMy, 

BblilOJIHHIOT .ll,eK0.ll,Hpyroiuee npeo6pa30BaHHe, o6paTHOe TOMY' 

KOTopoe 6blJIO C.ll,eJiaHO e MYJibTHilJieKCHOM npH6ope Ha 

CTa.ll,HH H3MepeHHH. IIpeHMYIUeCTBO MYJlbTHilJleKCHOH cu

CTeMhl H3MepeHHH TeM BbIWe' qeM 60JibWe Tpe6yeMoe qHCJIO 
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TO'leK H3Mepeuuii:, ueo6xo.u.nMoe .u.mI ouenKn HCKOMoii: <l>YHK· 
UHOHam.Hoii: 3aBUCHMOCTU. Ecnu 'IHCno TO'leK paBHO e,nHHHUe, 
TO MynbTHirneKCHYIO CUCTeMy H3MepeHHU: IlOCTPOHTb He· 
BO3MO)KHO. 

IloTpe6HOCTb B MynbTHnneKCHblX npu6opax BO3HHKaeT 
Tor.na, Kor.na ,nucnepcu.11 oueHOK HCKOMbIX eenu'IHH onpe
.nen.11eTc.11 He CTaTHCTIIKOU: 'IHCna none3Hb1X co6blTHU:, a Ta· 
KUMH <l>aKTOpaMH, KaK $OH IlOCTOPOHHero Hlny'leHH.11, 
llIYMbI ,neTeKTOpOB 'laCTHU HnH ,npeii:<l> napaMeTpOB 113-
MepnTenbHblX YlflOB annapaTypbl. 

IlpHHUHil HHTerpanbHOro KO.L(HpOBaHH.11 HH$0pMaUHH UIH· 
poKO ucnonb3YIOT B OUTH'leyKOU: cneKTPOCKOUHH <l>ypbe 121, 

/3, ,t. /4 ,I 
cneKTpOMeTpax A,naMapa , UH'i'POBbIX CHCTeMaX CB.113H , 
cneKTpOCKODUH .11,nepHoro MarHHTHOro pe3oHaHca 15 :' a TaK)Ke 
npu H3y'leHHH cneKTPOB Me,nneHHblX Heii:TpOHOB no epeMeHH 

l61 M ~ nponeTa , . ynbTHnneKCHbie npepbleaTenu nyqKa nenTpo-
HOB, UOJIBHBilIHeCJI 6onee 10 neT TOMY Ha3a.L(, B HaCTOJIIUee 
epeMJI 'ycneUIHO ucnonb3YJOTC.II npu uly'lenuu npoueccoe 
B3aHMO.L(eiiCTBH.II Me.u.neHHbIX ueii:TpOHOB C TBep,nbIM TenoM. 
flpu UOMOIUH 3THX ycTpOU:CTB 6brn H3Y4CH, uanpnMep, 
pauee He,noCTYDHbIH $0110HllbIU: MeXaHH3M 16

,' B3aHMO.L(CIICT· 
BUJI HeiiTpOHOB C TBep.U.bIM TenoM. 

2. TEOPHJI 

IlpHHUHD pafiOTbl MYflbTHnneKCHhIX CHCTCM ~3Mepeuuii: 
npo,neMOHCTpnpyeM ua npocTeii:UieM npuMepe - 3a,naqe 

I 11 
B3BCUIUBaHHJI Tpex Ten , KOTOpa.11 CBO.llHTC.11 K npoee.u.euuro 
'leThlpex H3Mepeuuii. Bee Ka)K.u.oro Tena paeeH 

P. ,.yi -Yo, I i"' 1.2. 3 , /1/ 

r.ne y0 - pelynbTaTbl xonocToro B3BeUIHBaHHJI, a y 1 (i=l ,2,3)
pelynbTaTbl D3DeUiueanu.11, Kor.u.a ua 'laUIKY eecoe nooqepe.u.Ho 
Kna.u.yT o.u.uo H3 Tpex Ten. Dpu 3TOM .u.ucnepcu.11 H3Mepeuuii 
paeua 

2 2 2 
ai = a (Yi-Y O )==2a0 (y ), /2/ 

4 

~ t 

r.ne a
0 
(y) - owu6Ka e3eewueaHH.II, o.u.uuaKoea.11 .u.m1 ecex 

H3Mepeuuii. 
Ilpoee,neM TOT )Ke 3KCnepuMeHT no HHOH cxeMe. B nepBbIX 

Tpex onwTax ua qallIKY eecoe noMeCTHM nocne.u.oeaTenbHO 
no O.U.HOMY H3 TpeX Ten, a B qeTeepTOM onbITe • ece TPH 
Tena BMeCTe. Ja_naqa co,nep)KHT 'leTblpe HeH3BeCTHblX: BeCa 
Tpex Ten, Pi (i = 1,2 ,3) , u nonpaBKY eecoe !i . CocTaBHM 

CHCTeMy ypaeHeHuii: 

y 1 = pt +A • 

y 2 = p2 + ~ ' 

Ya == pa + 11 , 

y =P +P +P +/1. 
4 1 2 3 

/3/ 

PelllaJI ee, HaXO.U.HM KaK HCKOMbIC eeca Ten, TaK H no

npaBKY eecoe ~ 

P =.L[-Y +Y -Y +Y] 
1 2 1 2 3 4' 

1 • 
P. =-[-Y1 Jy2 +Y3 + Y4l• 

2 2 /4/ 

P3 = .1. [ -Y 1 -Y 2 -Y 3 + y 4 ] ' 
2 

!i "" .1. [ Y1 + y 2 +Y 3 - y 4 ] . 
2 

JlerKO y6e,nHTbC.II B TOM, 'ITO .u.ucnepCH.11 H3Mepeuuii, paBHa.11 

a 2 == 
i 

4 a
2 (Yi ) 

4 

2 
a/Y), 

/5/ 

OKa3blBaeTC.II e.u.eoe MCHbllle, qeM B Tpa.U.HUHOHHOH cxeMe. 
Eme MCHbllIYIO .u.ucnepCHJO H3MepeHHH MO:>KHO nony'IHTb, 

ecnu TeXHonoruqecKoe ycnoeue no3eon.11eT noMemaTb B3Be· 
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WHBaeMLJe Tena KaK Ha neByIO, TaK H Ha npaByIO lfaWKH 
KOpOMLICnOBLIX BeCOB. Tor;:i;a BO3MO:lKHa TpeTb.S: cxeMa 
H3MepeHuii, KoTopa.s: onHCLIBaeTc.s: cne.u;yromuMH ypaBHe
HH.S:MH: 

zl "" p 1 - p2 + P3 + /1,. ' 

Z 2 = - ~ + p2 + p3 + /1,. ' 

z3 = pi + P2 -P3 +A· . 

Z4=P1 +P2 +P3 +L\. 

/6/ 

3naK MHHyc nepe.u; Pi O3Ha11aeT, lfTO .u;aHHoe Teno no -
MemaroT Ha npaByIO 11awKy BecoB BMecTe c paJHoaecaMu. 
PeweHHe CHCTeMbl ypaaHeHHH /6/ HMeeT BH,IJ;: 

P. Z4-Z 
1 = 2 

p2 = 

p = 3 

2 

Z4 - z 1 

2 

Z4-Z3 

2 

L\ = .L (zl +z 2 + z3 -z 4 ) .. 
2 

/7/ 

3aMelfaTenbHO. To, lfTO .u;ucnepcu.s: H3Mepeuuii .u;n.s: 
TpeTbeii cxeMLI, paBHa.s: 

2a
2
(Yi) 1 a 2(Y), 2 ,.. - 0 

ai "' 4 2 /8/ 

OKa3LIBaeTc.s: B,IJ;Boe MeHbwe .u;ucnepcuu oT,u;enbHoro H3Me
peHH.s: /!/, paBHOH a5 (y). 
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3. TPA,l(Hl(HOHHblil H3MEPHTEJib 3MHTTAHCA 
IIYqKAHOHOB 

3MHTTaHc, unu q>a3oBa.s: nnoTHOCTb ny11Ka uoHoa, xa
paKTepu3yeT npocTpaHCTBeHHo-yrnoByIO CTPYKTYPY ny11Ka 
HOHOB. IlonepelfHOe celfeHHe ny11Ka HOHOB pa36HBaIOT Ha 
3neMeHTapHLie nnoma.n;KH, H Ka:lK.u;oii 3neMeHTapuoii nno
ma,u;Ke CTaB.S:T B COOTBeTCTBHe lfHCno 11aCTHU ny11Ka, npo
we.u;wux 11epe3 ,u;aHHYIO 3neMeHTapHy10 nnoma.u;Ky. 3To -
npocTpaHCTBeHHoe pacnpe.u;eneHue 11acTHU no celfeHHIO ny11-
Ka. qacTHUbI, nona.u;aromue Ha ,u;aHHYIO 3neMeHTapHy10 nno
ma,u;Ky, 06na.u;a10T, B CBOIO O11epe.u;b, yrnoBbIM pacnpe.u;ene
HHeM, xapaKTepu3yeMLIM q>yHKUHeii ,u;Byx nepeMeHHbIX, Ha
npuMep a3HMyTanbHblM H aKcuanbHLIM yrnaMu. Yrnoaoe 
pacnpe.u;eneHue 11acTHU ny11Ka MO:lKHO TpaHcq>opMupoBaTb B 
npocTpaHCTBeHHOe, ecnu ucnonb3OBaTb 3Kpau. ,D;n.s: 3TOro 
B npocTpaucTBe Me:>K,u;y paccMa TPHBaeMoii :meMeHTapHoii 
nnoma.n;KOB CelfeHH.S: ny11Ka H 3KpaHOM Ha6n10.u;eHH.S: Ha 
11acTHUbl He .u;on:lKHLI .u;eiiCTBOBaTb HHKaKHe CHnbI. TaKHM 
o6pa30M, npocTpaHCTBeHHo-yrnoBa.S:CTpyKTypany11KaHOHOB 
B 3a,n;aHHOM nonepe11HoM ce11euuu ny11Ka onpe.u;en.s:eTc.s: qiyuK
uueii lfeTLipex nepeMeHHLJX: .u;ayx npocTpaHCTBeHHblX H ,IJ;BYX 
yrnOBLIX. 3Ty q>yHKUHIO ua3LJBaIOT 3MHTTaHCOM nylfKa HnH 

q>a30BOH nnOTHOCTblO. 
,[(n.s: 3qiq>eKTHBHOH pa60TLI YCKOpHTen.s: lfaCTHU H CHCTeMbl 

TpaHcnopTHpOBKH ny11Ka YCKOpeHHLIX lfaCTHU Heo6xo.u;uMo, 
lfT06LI q>a30Ba.S: nnOTHOCTb TpaccupyeMoro ny11Ki COOT
BeTCTBOBana auanorHlfHblM napaMeTpaM HH:lKeKTHpyeMLIX 
CHCTeM H KaHanoB TpaKTa. 

Tpa,IJ;HUHOHHLIH H3MepuTeJib 3MHTTauca nylfKa HOHOB ; 7,1 

co.u;ep:lKHT 11eTLipe menu, cKpemeHHLie nonapuo B .u;Byx nno
CKOCT.s:x, nepneH,IJ;HKyn.s:pHLIX nylfKY H OTCTo.s:mux .u;pyr OT 
.u;pyra Ha onpe.u;eneHHOM pacCTOHHHH. li3MepHTeJib 3MHTTaH
ca ny11Ka uouoB co.u;ep:lKHT cucTeMy nocTynaTeni.Horo nepe
Memeuu.s: 11eTLipex meneii, uunuu.u;p <l>apa.u;e.s: c TOKOBbIM 
npu6opoM u ,u;aTlfHKH nono:lKeHH.S: meneii. B COBpeMeHHbIX 
H3MepHTen.s:x 3MHTTaHca ny11Ka uoHoB /SI nocne.u;1rnii pa3-
BepTbIBaIOT no ,IJ;BYM CTeneH.S:M CB06o.u;hl npH IlOMomu 3neKT
pocTaTHlfeCKHX HnH MarHHTHblX noneii H pe3ynbTaTLI H3Me~ 
peHH.H OT06pa:lKaIOT Ha 3Kpaue 3JieKTPOHHO- ny11eBOH Tpy6KH. 
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lJ.To6hl BbinOnHHTb H3MepeHHH 3MHTTanca ny'-IKa HOHOB, 

menu nocne.u,ooaTenhHO nepeMemaioT o.u,onh ocex '-leTb1pex 

KOOp.U,HHaTHbIX oceii. Pe3ynhTaTbl H3MepeHHH HMeIOT DH.LI, 

'-leTbipexMepnoii <PYHKUHH nnoTHOCTH pacnpe.u,eneHHH '-laCTHU 

ny'-IKa no .U.BYX npocTpaHCTBeHHbIM H .U.BYM yrnOBbIM KOop

.U,HHaTaM. 8 HeKOTOpbIX cny'-laHx, Kor.u.a cliYHKUHH qia30BOH 

nnoTHOCTH ny'-IKa HOHOB o6na.u,aeT onpe.u,eneHHbIMH CBOHCTBa

MH CHMMeTpHH, ucnonh3YIOT TOnhKO .u,ae menH, pacnono»ceH

Hbie B pa3HhIX nnocKOCTHX H napannenhHble .u,pyr .u,pyry. 

He.u,ocTaTOK Tpa.U,HUHOHHbIX CHCTeM H3MepeHHH 3MHT

TaHca ny'-IKa HOHOB COCTOHT B TOM, '-ITO CHCTeMa CKaHHpo

BaHHH ny'-IKa uottoe, co.u,ep»camaH y3KHe menu, o6na.u,aeT 

HH3KHM 3Ha4eHHeM K03cli<l>HIIHeHTa Hcnonb3OBaHHH ny'-IKa. 

B 11Hnun.u,p <l>apa.u,eH nona.u,aeT ManaH '-laCTh, 10-2 ~ 10-4 , 

nonHoro HOHHoro TOKa. 3TOT He.U,OCTaTOK omymaeTCH e .u,ayx 

cny4aHX. Bo-nepBbIX, Kor.u,a ny'-IOK HOHOB HMeeT HH3KYIO 

HHTeHCHBHOCTb. 8 3TOM cny'-lae IIHKn H3MepeHHH 3MHTTanca 

ny4Ka HOHOB 3aHHMaeT 6onhllIOe opeMH, a IlOCTOPOHHee 

1nnr1eHue unu ne.u,ocTaTO'-IHaH '-IYBCTBUTenhHOCTh H3Me

PHTenhnoro TOKOBOro npu6opa OTPHllaTenbHO CKa3bIBaJOTCH 

Ha TO4HOCTH pe3ynhTaTOB. Bo-BTOpbIX, Kor.u,a ct>a3oBaH 

nnoTHOCTb ny4Ka HOHOB HBnHeTCH HecTallHOHapHOH, npn'-leM 

HMCIOT MCCTO oapua11uu qia30BOH nnoTHOCTH, KOTOpbie He 

H3MCHHIOT CYMMapHyIO HHTeHCHBHOCTb ny4Ka HOHOB, a cne

.u,oaaTem.Ho, u He MoryT 6bITb ofiHapy»ceHbl npu noMomu 

Tpa.u,u11uomwro H3MepuTenH 3MHTTaHca ny'-IKa HOHOB. 

4. MY Jib THIIJIEKCHb/H H3MEPHTEJlb 3MHTTAHCA 
IIYl/KA HOHOB 

).,\nH Toro '-IT06bI IlOBbICHTb K03cpqiu11HeHT HCnonb3OBa

HHH ny'-IKa HOHOB B H3MepuTene 3MUTTaHca ny'-IKa HOHOB 

H TeM caMbIM COKpaTHTb apeMH U3Mepeuuii npH TOH »ce 

TO'-IHOCTH pe3ynhTaTOB, a TaK»ce .u,nH Toro '-IT06bI ocna6UTb 

BnHHHHe Ha pe3ynbTaTbl H3MepeHHH oapuauuii ct>a30BOH 

nnoTHOCTH TTY'-IKa HOHOB, ueo6xo.u,nMo ucnonh3OBaTb Mynh
THnneKCHhIH IlPHHIIHil H3Mepeuuii. 

C 3TOH 11enhl0 Tpa.U,HIIHOHHYIO CUCTeMy CKaHHPOBaHHH 

ny'-IKa HOHOB, KOTOpaH co.u,ep»cHT TOnhKO '-leTblpe Y3KHe 
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menH, BH.U,OH3MeHHIOT cne.u,yIOIIIHM o6pa30M. Pa3Mephl H 

qiopMy .U.BYX llIHpOKHX OKOH BhI6HpaIOT TaKHMH, '-IT06bI ny'-IOK 

UOHOB 6ecnpenHTCTBeHHO nona.u,an ua IIHnHH.U.P <l>apa.u,eH. 

Ka»c.u,oe H3 .u,eyx OKOH nepeKpbITO IlO.U,BH»cHbIMH llITOpKaMH, 

co.u,ep»camHMH onpe.u,eneHHYIO CHCTeMy Y3KHX Bblpe3OB. lllH

pHHY 3neMe11Tap11oro Bhlpe3a npH~HMaJOT paeuoii llIHpHne 

menu B Tpa.U,HIIHOHHOM H3MepuTene 3MUTTaHca IlY'-IKa HOHOB. 

Bbipe 3bl B no.u,BH»cHbIX llITOpKax, nona.u,a10I11He B rpaHHllhl 

HeilO.U,BH»cHoro OKHa, pacnonaraJOT B COOTBeTCTBHH C 3aKo

HOM ncee.u,ocny'-laHHOrO KO.U,HpOBaHHH. IlpH 3TOM KapTHHa 

Bhlpe3OB B llITOpKax B rpaHHuax ueno.u,BH»cHOro OKHa H 3a 

ero npe.u,enaMH IlOBTOpHeTCH C nepHO.U,OM, paBHhIM N ' KaK 

B nepooii, TaK H BO BTopoii nnoCKOCTH, a '-IHCno nponycKa

lOIIIHX II nornoma10I11HX :JneMeHTOB, yMemaJOIIIHXCH B rpa -

111111ax ueno.u,BH»cHblX OKOH, paeuo N - B fiO.U,Bff)KllblX llITOpKax 

nepaoii nnoCKOCTH u (2N -1) - B llITOpKax BTopoii nnocKOCTH, 

pacnono»cettnoii no ny4KY 3a nepooii nnocKoCThJO Ha onpe

.u,eneHHOM paCCTOHHHH. 4ucno N paBHO O.U,HOMY 113 MynhTU-
fl , 9 I 

nneKCHhix 411cen, HanpuMep N --{;! · -1, r.u,e n - 11enoe '-lncno ·. 

Ha puc. I .u,aHa cxe~ta MynhTHnneKcHoro H3MepuTenH 

:JMHTTaHca ny'-IKa HOHOB. ).,\nH ynpoI11eHuH aHanu3a H Ha

rnH.U.HOCTH Ha puc. 1 noKa3aHbl TOnhKO .u,ee TTO.U.BH)f(Hhle 

llITOpKU BMeCTO '-ICTblpex, Tpe6yeMblX B 06I11eM cny4ae. 

l13MepHTen_h 3MHTTaHca ny'-IKa uouoo, pacnonaraeMhIH 

a BaKyyMHOM ofrheMe, co.u,ep»cHT .u.oa 3KpaHa c neno.u,eu»c

HhlMH OKHaMU 1 u 2. Ilo.U.BU)f(Hble llITOPKH 3 H 4 c COOTBeTCT

BYJOllleii CHCTeMOH BblpC3OB pacnono»ceHbl Heno.U,BH»cHO nepe.u. 

3KpaHOM. Ilpn JTOM B anepType neno.U,BH»cHoro OKHa l 
yMeI11aeTCH N :JneMeHTapHblX Bblpe3OB HnH :JneMeHTapHblX 

nepeMhI'-leK. B anepType Heno.u,en»cnoro OKHa 2 yMeI11aeTcH 

(2 N -1 ) 3neMeHTOB. lfeM CHnhnee paCXO.U,HMOCTh ny'-IKa, 

TeM 6onbllle pa3nH'-IUe u:e»c.u,y nuneHHblMH pa3MepaMU OKOH 

H TeM 6onhllle pa3nH'-laIOTCH JIHHeHHble pa3Mepbl :rneMeHTOB. 

l{HnHn.u,p <l>apa.u,eH 5 pacnonaraeTcH na ocu ny'-IKa H nMeeT 

TaKHe nonepe4Hhie pa3Mepb1, '-ITO 3axeaTb1BaeT aech ny'-loK 

HOHOB, npollle.U,llJUH qepe3 OTKpbITble OKHa. 
l13MepHTenb JMHTTanca ny'-IKa HOHOB co.u,ep»cHT TaK»ce 

CHCTeMy .U,HCKpeTHOro nocTynaTenhHOro nepeMeI11eHHH llITO

poK c lllaroM, paBHhIM pa3Mepy :JneMeHTapnoro Bhlpe3a; 

.u,aT'-IHKH nono»ceHHH TTO.Ll,BJl)l(HbIX llITOPOK, a TaK»ce aHanoro-
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uu4'p0Bble npeo6pa30BaTeJIH 3Ha'ieHHH IlOTOKa HOHOB, nona

.IJ,alOIUHX Ha UHJIBH.IJ.P <l>apa.IJ,eJI u Ha o6e CHCTeMbl llITOpOK. 

-

I I I 3 

I• ■-• :P'~ 
1 

I I \ 4 
I I ■ - I I M w~ 

~ 
2 

5 

Puc. 1. CxeMa MYllbMUnlleKCHOZO U3MepumellJI 3MUmmaHca 
ny'lKa UOHOB c OBYMJI noOBUJICHblMU wmopKaMU. 1 u 2 - He
nooeUJICHble OKHa, 3 u 4 - nooBUJICHble wmopKU. 

Pa6oTa B3MepuTeJIJI 3MHTTaHCa ny'iKa HOHOB npoucxo

.IJ.HT cne.IJ.YIOIUHM o6pa3oM. Ilocne Toro KaK uunuH.IJ.P <l>apa.IJ,eH 

5 ycTaHOBJieH B IlOJIO)KeHBe, npu KOTOPOM 3axaaTLIBaeTCJI 

BeCL ny'IOK HOHOB, BBO.IJ,JIT IlO.IJ,BH)KHble lllTOpKH 3 u 4. 
IIocne.IJ,oBaTeJILHO nepeMeIUaJI IlO.IJ,BH)KHble lllTOpKB, npOH3BO

.IJ,JIT B3MepeHBJI TOKa ny'iKa HOHOB, npollle.IJ,lllero qepe3 
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l tl~ 

.IJ,aHHYIO KOH4'urypauu10 lllTOpOK, a TaK~e TOKa IlY'iKa B uenu 

IlO.IJ,BH)l(HbJX WTOPOK. B o6iueM cnyqae IlOJIHLIH UHKJI COCTOHT 

B3 N ( 2N-1) B3MepeHBii JJ;JIJI N pa3JIH'IHLIX nono)KeHuii no.IJ,

BH)KHOH WTOPKH B nepBOH IlJIOCKOCTH H .IJ,JIJI (2N-1) pa3JIH'{

HbIX IlOJIO)KeHHH IlO.IJ,BH)KHOH WTOPKB BO BTopoii IlJIOCKOCTH. 

Ilocne 3aBepllleHHH TaKoro UHKJia npouecc B3MepeHuii MO)KeT 

6bITL JIH60 npeKpaIUeH, JIH60 IlOBTopeH: 3aHOBO Tpe6yeMOe 

'IHCJIO pa3. Ilepe.IJ, ,Ka)K.IJ,bJM HOl!bIM ·uuKJIOM B3MepeHBH 

WTOPKH BO3Bpama10T B HCXO.IJ,Hble IlOJIO)KeHHJI, 

IlOJIHOe . 'IHCJIO HCKOMbIX KOMilOHeHT 3MHTTaHca ny<IKa 

HOHOB paBHO N2 
, a noriHoe qiicno B03M<>*HLIX B3MepeHuii 

COCTaBJIJleT N (2N-1) .. II03TOMY B3 COBOKynHOCTH (2N 2 -N ) 
B3MepeHHH MO)KHO BbI6paTL Ta:icue N 2 B3MepeHHH, .IJ,JIJI KOTO

PLIX o6p'aTHOe npeo6pa3oBaHHe K HCKOMbIM .IJ,aHHhIM BLIIlOJI

HJieTCH Hau6onee npocTLIM anropuiMoM; KaK noKa3aHo 

a1101
, .IJ,JIJI aHanorH'iHOH nporpaM,MLI MYJIL~HnJieKCHLIX u3-

MepeHuii OilTH'ieCKHXt cneKTPOB, B YCJIOBHJIX O.IJ,HOpO.IJ,HOro 

ny'iKa CBeTa, BpeMJI .B3MepHTeJILHOro UHKJia npH 3a.IJ,aHHOH 
' ' .· .. -~ . ., . - . "~ 

~ k N 1-1 . 
.IJ.Hcnepcuu H3Mepeuuu coKpamaeTcH B = -· - pa3 no 

4 

cpaBHeHHIO co BpeMeHeM H3MepeHHJI B Tpa.IJ,HUHOHHOM 03-

MepuTene 3MHTTaHca ny'iKa HOHOB. 

llTo6w npoHJIJIIOCTPHPOBaTL npuuuun pa60TLI MYJILTH-
. # 
nneKCHOro B3MepuTeJIJI 3MHTTauca nyqKa HOHOB ff IlOKa3aTL 

xapaKTep apH4'MeTH'ieCKHX onepauuii, BbIIlOJIHJleMbIX Ha 

CTa.IJ,HH o6paTHOro npeo6pa30BaHHJI, paCCMOTPHM npocTeii

WHH cnyqaii: N,.3. 3To 3Ha'IHT' 'iTO npocTpaHCTBeHHble Koop

.IJ,HHaTbl, TaK )Ke KaK H yrJIOBLie, pa36HTbl Ha Tpu 3JieMeHTa, 

a 3MHTTaHC ny'iKa 3a.z:i;aeTCJI .IJ,eBJITLIO KOMilOHeHTaMH. Ilpu 

3TOM B o6meM cnyqae .IJ,ByMepHbIH 3MHTTaHC He 4'aKTopu-

3yeTCJI Ha npOH3Be.IJ,eHHe .IJ.BYX O.IJ,HOMepHbIX qiyHKUHH, COOT~ 

BeTCTBCHHO, npocTpaHCTBeHHLIX H yrJIOBbIX KOOP.IJ.HHaT. 

3Ha'ieHHe KOMilOHeHThl 3MHTTaHca ny'iKa .IJ,JIJI Tex HOHOB, 

KOTOpble npoxO.IJ,JIT qepe3 ueHTpaJILHbIH 3JieMeHT ny'iKa, H 

.IJ.BH)KYTCH napannenLHO ocu ny'iKa B npe.IJ,enax yrna, wupuHa 

KOToporo cooTBeTCTByeT 3neMeHTY yrnoeoro HHTepeana, 

BbI6paHo paBHbIM e.IJ,HHHUe. KOMilOHeHTbl 3MHTTauca nyqKa 

HOHOB 3anOJIHJIIOT Ma TPHUY 3 X 3 / puc ~ 2/. Ka)K.IJ,aJI KOMno

HeHTa 3MHTTaHCa HMeeT 4'H3H'ieCKHH . CMLICJI, KOTOpbIH 

noKa3aH Ha puc. 3. 
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Ix 
I 

X & z 
-

f3 -o( 1 
8 

a 8 C 
X 

I I , I 

Puc. 2. Ma111pu14a KOMno11e11111 3MU111111a11ca ny'lKa uo11oe 011J1 

N"' 3 

X 

a oc 1 J3 :x: !-J z 

Puc. 3. CxeMa, noJ1CHJ110U1aJ1 ¢uau'lecKuii CMblCll Kaxooii 
KOMnoHeHT!lbl MaT!lpUijbl 3MUT!IT!laHca ny'lKa UOH06 ()llJI N ,.,3 
/cM. puc. 2/. 

12 

HanoMHHM, qTo AJIH N=3 nceBAOCJiyqaHHaH IlOCJieAOBa

TeJibHOCTb paaua 1, 0' l. EAHHHUa COOTBeTCTByeT Bblpe 3 y 
a WTOpKe, a HYJib - nepeMbJqKe. OKHO a nepBOH IlJIOCKOCTH 

OXBaTbIBaeT N =3 3JieMeHTOB IlOABIDKHOH WTOPKH, a OKHO 

BO BTOPOH UJIOCKOCTH OXBaTbIBaeT 5 3JieMeHTOB UOABH)l(HOH 

wTopKu. IlepuoA Ka)l(AOH WTopKu paaeH N ,.3 / puc. 4/. 

i 
P;J~ ~ 

j 
6!//2 ~ 

Puc. 4. CxeMa· MYllbl/lUn.lleKCH020 U3Mepullle/l}I 3MU1/l1!1QIICQ 
ny'lKa uo11oa c oayMJI wmopY.aMu 011J1 N ~:i /cM. puc. 1/. 

8 OTJIUque OT TpaAHUHOHHOH CHCTeMbl H3Mepemrn 3MHT

TaHca nyqKa HOHOB, rAe npeAMeT0M HafimoAeHHH HBJIHJOTCH 

caMH HCKOMble KOMilOHeHTbl: a , b , c , u , 1 , f~ , x , y u z , 

npeAMeTOM Ha6JIJOAeHHH MYJibTHUJieKCHOH CHCTeMbl HBJIHJOT

CH JIHHeHHble KOM6unau11u 83 HCK0MbIX KOMUOHeHT. 

IlyCTb nepaoe H3MepeHue awnonHeHo npu KoH4>11rypauuu 

IlOABH)l(HblX WTOPOK B nepBOH H BTOPOH UJIOCKOCTHX, noKa-

3aHHOH Ha puc. 4. B AaHHoii KoH4>11rypauuH WTopoK H3Me

pHeMaH aenuquHa A paaHa cyMMe: 

A .. a+c+x+y. /9/ 

Ecnu UOABH)l(HYJO WTOPKY B nepaoH UJIOCKOCTH nepe

MeCTHTb aneao Ha OAHH war, TO B03HHKHeT HOBaH KOH4>u-
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rypauus: Bblpe30B. li3MepeHHas: BeJIH'fHHa B paBHa CYMMe: 

B=l +{3+x +Y /10/ 

IlpO,!\OJDKas: npouecc nepeMelI{eHHH IlOABH)l(HblX WTOpOK KaK 

B nepBOH, TaK H BO BTOpoii IlJIOCKOCTHX, IlOJIY'fHM CJie,!\y10-

IUHe KOH<i>HrypaUHH Bblpe30B / puc. 5/ H COOTBeTCTBYJOIUHe 

HM JIHHeHHble KOM6HHaUHH HCXOAHblX BeJIH'fHH: 

A=a+c+x+y , Bzl+f3+x+y, C =a+c+l+ f3, 

o,.,·b+c+x+z, E=a+l+x+z, F=b+c+a+l. 

G=a+b+y, H=a+{3+Y, K,,,a+b+a+/3 .~/11/ 

L=a+c+x+z, M =1 +x+z, N=a+c+l, 

P=b+y+z, Q = a+f3+Y+Z, R=b+a+f3. 

OAHH H3 anropHTMOB BH'IHCJieHHH HCKOMblX KOMilO -

HeHT 3MHTTaHca nyqKa HOHOB HMeeT BHA 

a=E-M, c"'f-N, Y+~-N.} 
f3=C-N, b = M+ f-17, 

/12/ 
Z=t/J-w • 

a= K- R, X= M-z, 

rAe 

f = R +N, T/"' C +E, t/1= G+71, 

] /13/ 
w = A+K, </J =K+ M. 

BHAHO, 'ITO B ,!\aHHOM anropHTMe HeHCilOJib30BaHHblMH 

oKa3aJIHCb H3MepeHH.fl B , D , F, II , L , P H Q. 3TH H3Me

peHHH, . B npHHUHile, MO)l(HO He BblilOJIH:ITb Boo6iue. EcJIH 

)Ke BblilOJIHeHbl BCe N (2N-1) H3MepeHHH, TO HaXO)l()\eHHe 
2 

N KOMilOHeHT 3MHTTaHca MO)l(HO BeCTH npH IlOMOIUH nceBAO-

o6paTHOH MaTpHUbI 
111

( KOTopa11 Y'fHTblBaeT nepeonpe,!\eJieH

HOCTb ,!\aHHblX, HeCOBMeCTHMOCTb ypanHCHHH H. ,!\aeT pe

weHHe, HaHnyqwee no KPHTepHIO HaHMeHbWHX KBa,!\paTOB •. 
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CE ICD ctll 

l ■■ I l ■■ I I ■■ 
A B C 

CE a:o ctll 

■ 1 ■ 1 ■ l ■ I ■ I ■ 
D E F 

Cl[J KI] tDI 

I ■■ II ■■ II ■■ 
G H K 

CllJ l[D tDI 

l ■■ I l ■■ I I ■■ 
L M N 

CIC] KI] a:::111 
■- ■ ljl ■ ■ 11 ICIIII 

p Q R 
Puc. 5. IloAHblU Ha6op KoH¢uzypa11uu eb1pe3oe e nepeou 
u emopou nooeUJKHblX wmopKax 0.11.R N ,.,3 . 

PaCCMOTpeHHaH BblWe CHCTeMa c N=3 He ,!\aeT HHKa

KHX npeHMyiuecTB no cpaBHeHHJO C Tpa,!\HUH0HHOH CHCTe-

MOH. KaK IlOKa3aHo B 
1101

, K03<l>4>H.uHeHT COKpaiueHHH Bpe

MeHH H3MepeHHH, AOCTHraeMhlH B MYJibTHilJieKCHOH CHCTeMe 

H3MepeHHH 3MHTTaHca IlY'fKa HOH0B, paBeH 

N+l 
k=-. /14/ 

4 

BHAHO, qTo k=lAJIH N:3. O,!\HaKo AJIH 60JibWHX N Ko34>-

<l>H.UHeHT BLIHrpLiwa cyiueCTBeHH0 npeBLIWaeT 1. 
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N 1.,.7 
k j2 

15 31 63 

4 8 16 

Ecnu H3MepuTenh 3MHTTaHca ny'IKa HOHOB co,nep)KHT He 

,D;Be WTOPKH, a 'ICTblpe, TO BhIHrphIW ,naeT Ka)K,D;a.K napa 

WTOPOK H o6muii K03qJ<lmu.ueHT BhIHrphIWa paBeH k 2 . 

BTOphIM npeHMymecTBOM MynhTHnneKCHOro H3MepHTen.K 

3MHTTaHca ny'IKa HOHOB .KBn.KeTC.K TO, 'ITO Bapuau,HH Kap

THHhl 3MHTTaHca ny'IKa HOHOB, He H3MCH.KIOD.\He nomrnii HH • 

TCHCHBHOCTH ny'IKa, npHBO,D;.KT K ,nncnepcnu H3MepeHHH, 

KOTOpa.K B ,v"iiJ pal MCHbWe, 'ICM B Tpa,D;Hll,HOHHOH CUCTeMe. 
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