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CoapeMeHHble npoTOHHbie ycxopHTe/IH BbiCoxol! auepruu nopo)I(JiaroT Momuoe BTOpH'i-

uoe H3ny'ieHH9 C· 0'19Hb CnOlKHblM COCT8BOMo 3HepreTH'I9CKHlt JlH8U830H K8lKJlOJ! KOMUD

HGHTbl UpOCTHp89TCB OT JlOneJ! aneKTpOHBOnbT8. JlO SHepi'BH, !SIIH3KOJ! K M8KCHM8nbHOJ! SHep

I'HH ycKopeHHblX npOTOHOB. TaKoe paauoo!Spaaue uapllJly c HMnynhCHbiM xapaKTepoM uany

'i9HHB-'ipe3Bbl'lalluo 38TpyJlHBeT onpeJleneHHe CTeneHH p8JlH8JlHOHHOJ! OH8CHOCTH. npaKTH'Ie

CKB B T8KOJ! CHTY8JlHH YJl89TCB HCCne)lOB8Tb nHwb KOMHOH9HTb1 0 Jl810wHe HSH!SOnbwHl! BKJl8Jl 

/1-3/ 
B Jl03Y B M9CT8X npe!SblB8HHB nepCOHana • npH STOM Jlnll 0Jl9HKH BKn8Jl8 HyKJlOHOB 

O'ieHb BbiCOKol! aaeprnn, KaK npaauno, nonbayroTCH paanH'iHblMB ynpomarowBMH npeJlnonolKe

HHBMB, YJlOBJleTBOPHTenbHblMH nHmh B nepBOM npn!SJlHlKCHHHo 0JlH8KO Jl8lKC B cny'lae a!Sco

JliOTHol! CHp8B9JlJlHBOCTH STHX HpCJlHOJlOlKGHHJ! HCH3!SCJKHO B03HBK8CT JlOHOJlHHTCJlbHBB no

rpeWHOCTb B peaynbTBTe TOI'O, 'ITO COOTHOWCHH9 Me)I(Jiy HOTOKOM Hel!TpOHOB BblCOKOJ! 
/4/ . 

aaeprnn n Jl03ol!, peKoMeHJlyeMoe , aenb3B C'IHTBTb CTporo o!SocaoaaHHblM. BbiXOJl na 

T8KOI'O HOJlOlKCHBB MOlKHO HBJ!TB, B '18CTHOCTH0 OHHpaHCb Ha H3BCCTHOC SKCnepBM9HTBnh

H09 COOTHOWCHH9 M9lKJlY UJlOTHOCTbiO JlHHGJ!HbiX HOTepb SHCpi'HH H tiJaKTOpOM K8'19CTB8 

x) /5 6/ 
QF ' o nonb3YBCb STHM COOTHOW9HH9M0 MOlKHO Bbl'IHCJlHTb a<jl<jleKTHBHYIO BefiH'iliHY QF · 

JliO!SOI'O B3ny'ICHHB C npOH3BOnbHOJ! SHCpi'CTH'IGCKOJ! 38BBCHMOCTbl00 ecnn H3B9CT9~ CUGKTp 

QF 1 HGTpYJlHO 0Jl9HHTb 3H8'19HHB Jl030BOI'O SKBHBa-

neHTa B !SapaJlaX. CneKTp nn3, B CBOIO O'lepeJlb 0 MOlKHO onpeJlennTb_ C HOMOWbiO TKaHe

SKBHBaneHTHOI'O nponopunoaanbaoro C'leT'IHKa Poccu
18- 91• OueHKY cpeJlHero 3Ha'leHnn 

nn3 MOlKHO nony'iHTb TBKlKe nyTeM ananH38 TpeKOB B llJl9pHbiX SMYnbCHSIX nnn Ha CHHMKBX 

/10 11/ 
C TpeKOBblX KBMep ' o 0AHBKO nrol5ol! H3 nepe'incneHBbiX MGTOAOB UO UOBBTHblM npH'IH-

HBM He npnroAeH Ann. !ShiCTpbiX n onepaTHBHbiX naMepeunl! B npaKTH'IeCKnx ycnoannx. 

npeAnOlKGBHbiil HCJlBBHO peKOM!SHHBJlHOHHblH •MGTOA/
12

•
131 

ABCT B03MOlKBOCTb npeOAD

neTb HGKOTOpble H3 STHX TPYABOCTel! H onpeAenHTb a<jl<jleKTHBBbll! <jlaKTOp KB'i9CTBB HCH3B9CT

HOI'O nany'!eHnH .OABoapcMeuno c H3MepeuneM nornomeaaol! A03bi , ue npnoeran K anannay 

x) TepMHH 'tPaKTOP Ka'leCTaa' nany'leHHH npeAnolKeB MKPE
17 1 

AnSI oooaua'ieunn 

<jln3B'IeCKH naMepnMoro napaMeTpa nany'ieHnH, xapaKTepnayromero aTo nany'leHne c TO'IKH 

3pCHHSI OlKHA89MOI'O !SnonOI'H'i9CKOI'O a<jl<jleKTB, B OTJlH'IH9 OT TepMHHa 'OTHOCHTCnhHBSI 

!Snonorn'leCKaB a<jJ<jleKTHBHOCTb' ( OB3), KOTOpblii -renepb peKOMCHJlYIOT ncnonbaoaaTb TOnhKO 

~ PBAuo!Snonoruu. 
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CneJ:Tpa nfl3. 3TOT M9TOA H !Shin HCnOIIh30BaH AnSI onpeneneHHB senH'lllHbi <jlaJ:TOpa Ka'te

CTBa cMewaaaoro HMnyn&caoro H3Dy't9HHSI s6na3H yc~~:opaTenea BbiCOKOA aaeprau OHHH. 

Ha>Ke npuseneabi pe3yllhTaThi aToA pa6oTbi, 

H3MepeHHSI npOB3BOAHnH c noMOWb~ cnsoeaaoa TXaaeaKBBsaneaTaoa peJ:ou6uaanuoa-
. /14/ 

aoa KAMephi, nonpo6ao onucaaaoa s pa<SoTe • BenB'lBHoA, nponopnaoaallhaoa ¢aKTopy 

Ka'teCTBa 1 CDy>KHnO OTHOWeHHe HOHHbiX TOKOB ABYX KaMep, OAHa B3 KOTOpbiX pa60Tana 

B pe>KHM9 HaCbiWeHHB1 a S ApyroA 6binH C03AaHbi ycnOBHB AnSI J:OnOHHOA peKOM6HHaUBB, 

B pe>KBMe J:onoaaoa peKoM6aaanuu ~~:ona'teCTBo peKoM6BHHpy~max uoaos 3asacaT oT nuaea

aoi! nnOTHOCTH HOHOB B TpeKaX 'taCTHHo 

Pe3yllhTaTbl H3Mepeaui!, ycpeAHeHHbie no sceuy o61.eyY J:auepbi1 COOTBeTCTBy~T 

a4J4JeKTHBHOA rny<Saae B TKaHH OT 2 AO 5 CM1 'ITO o6ycnosneao J:OHCTpyKTHBHbiMH oco<Seaao

CTSIMH TKaaeaKBHBaneHTHOA KaMepbi, florpewHOCTb 1 B03HHJ:a~my~ 3a C'teT AOBOnbHO .601Ih

WHX (30CMX30 CM) pa3MepOB KaMepbi \HeOAHOpOAHOCTb nonS! H3ny'leHHS11 B3MeH9HHe cneKT

pa B 061>eMe Kauepbl H T.A.) 1 He y'lHTbiBanH, 

Pe3yn&TaThi H3Mepeaui! a4l4JeKTBBaoro 4JaKTopa Ka'tecTsa R3ny'teHHB B aau6onee 

xapaKTepHbiX TO'tKSX BayTpH 3aaHHB CHHXpo4Ja30TpOHa H8 10 faB npeACTasneHbi H8 puc. 1. 

KaK H MO>H;HO 6binO O>KHAaTb 1 QF a4J AOCTHraeT MHHHMallhHOrO 3Ha'teHHB ( .<: 3) Ha y'taCT

J:aX, aenocpeACTSBHHO npunera~WHX It OTKpbiTbiM HpBMonaaeAHbiM npoMe>KyTKaM YCKOpHTe

nSI, B 9THX M9CTaX OCHOBHOA BKnaA B A03Y na~T nepBH'lHbie H. BTOpH'tHble 'taCTHUbl Sb!Co

KOA aaeprHH: penSITHSHCTCKHe npOTOHbi H H9ATpOHbl 1 M930Hbl H aneKTpOHHo-4JOTOHHaB J:OM

noaeaTa, o6nana~mae MHHHMallhHbiMH ynen&HbiMH noTepSIMH aaepruu. no Mepe ynaneaaSI oT 

OTKpbiTblX y'taCTK.OS saKyyMHOA KaMepbi 4JaKTOp KA'IBCTSa 3aMeTHO ysenH'tHBaeTCSI H B neHT> 

pe 3ana YCKOpHTenSI AOCTHraeT BeAH'tHHbi 5 (cpeAHSISI aaeprHSI 6biCTpbiX HeATpOHOB S 9TOA 
. /3/ 

TO'lJ:e pasaa 0,6 Mas ) • HanpoTas OKOH s SipM" aneKTpoMaraaTa ( S!pMO sneKTpouaruaTa 

COCTOHT 1 KaK. noKa3aHO Ha pac. 1, H3 'ieTblpex KBanpaHTOS1 B Ka>KAOM 113 KOTOpblX HMeeT

CSI 12 OKOH OBanbHOA 4JopMbi } X 1,5 M H 12 sepTHKallhHbiX menell_ WHpHHOA 0,2 M} ¢aKTOp 

J:a'teCTBa pasea 3,8 1 aanpOTHB meneA - 4,5, 'ITO TaK>Ke onpenenBeTCSI pa3HbiM SKAaAOM 

BbiCOKOSHepreTH'tHOA KOMnoHeHTbl, 3a TOHKOA CTeHOA (60 CM CHABKATHOrO KHpnH'ia) ¢8KTOP 

Ka'IQCTSa ysenH'tHSaeTCSI He3Ha'tHT91IhHO, flo-sHAHMOMy, 9TO o6ycnosneao TeM, 'ITO nOTOK 

HeATpOHOB0 y6biBa~maA npH npOXO>KAeHHH 'lepe3 CTeHy, SOCnOAHSieTCSI 3a C'ieT KaCKaAHblX 

nponecCOB, 3a TOnCTOA 38WHTOA B SKCnepHMeaTan&HblX 3anax BeAH'iHHa 4JaKTOpa Ka'ie-

CTBa S03pacTaeT no MaJ:cnuan&aoro 3Ha'ieHHSI, pasaoro 6-10. TaKaS! senH'tHHa QF xopo-

wo cornacyeTCa co cpenaea aaepraell <SbiCTpbiX aeATpoaos aa aTnx y'taCTxax (0,4-0,8 Mas), 

eCnH Y'l9CTb1 'ITO B ManOM 9KCU9pHMQHTAIIhHOM 3ane BbiCOX09H9preTH'IHaH J:OMHOHBHTA 

npaJ:TH'leCKB OTCYTCTBY9T, 

norpeWHOCTb npu B3MepeHHSIX COCTaBAMa - 30%. Oua o<Sycnosneaa npe>Kne scero 

HenonaoA TKaHeaJ:BHBaneHTHOCTb~ MaTepuana, H3 KOTOpOrO H3rOTOBneHa KaMepa 0 H&nOAHbiM 
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HaCbiWeHBeM B KaMepe, .pa60Ta~meA B pe>KHM9 HaCbiWeHHSI0 AnSI CHIIhHO BOHH3Hpy~WHX 'lac-

THUo norpeWHOCTHMB1 B03HHKa~WHMH npH H3MepeHHH HOHHOrO TOKa KaMepbi 0 HBKOTOpOi! 
/15 16/ 

HeJIHHBAHOCTb~ XapaKTepBCTBKH KaMepbi B pe>KHMe peKOM6BHaUHH 0 
• 0AHaKO norpew-

HOCTb npa OTHOCHT91IhHbiX B3MepeHHSIX (pa36poc UOKa3aHBA OAHOro H TOrO >Ke npa6opa) 

CymeCTBBHHO M9HbWe H He npeBbiWana, KaK MO>KHO O>KH.llaTb 1 15%, 3TOT ¢AKT n03BOnlleT 

pa3nH'IHTb s 3ane yc~~:opnTena.aecKOIIhKO xapaxTepHCTHK y'lacTxos s 3asucnMoCTH OT senu-

'IHHbi Q:F , xax yKa3aHO B Ta6nuue 1. 

flpHBeA9HHble Ha puc, 1 H B Ta6nune 1 senH'IHHbi B npeAenax OWH6KH H3MepeHHH 

XOpOWO Cornacy~TCSI (3a HCKA~'ieHHeM OAHOA TO'IKH) C pe3yiihTaTaMH OU9HKH0 BbinOnHeH

HOA HpH 3aBeAOMO necCHMHCTH'leCKHX npeAnOnO>KBHHSIX 0 cneKTpe H COCTase H3ny'l9HHSI/
3
/. 

BenH'lnay a4J$eKTusuoro ¢aKTopa Ka'leCTsa H3ny'leHHB s6nu3a Apyrux ycKopuTenei! 
/9-1 i 1 6/ 

SbiCOKOA SHeprHH OUBHHSanH MHOrHe asTOpbl 0 
• 0AHaKO nposeCTH cpasaeHHe scex 

H3secTHbiX pe3yn&TaTos AOson&uo TPYAHO, nocKOIIhKY reoMeTpHSI 3aWBTbl aa pa3HbiX ycKo

puTenHX pa3AH'IHa H0 KpOMB TOrO, paCnOAO>K9HH9 TO'l9K H3MepeHHSI no OTHOW9HH~ K YCKo

pHTen~ s aTHX pa6oTax yxa3aHo He snonae KOHKpeTao. TeM He MeHee Mbi nonbiTanuc& o6o6-

WBTb 9TH AaHHble s Ta6nune 1. KaK cneAyeT H3 Ta6nunbl, pe3yllhTaTbi H3MepeHHi! u one-

HOK AOSOAbHO XOpOWO COBnaAa~T no senH'l<IHe, 3a HCKA~'l9HH9M AaHHbiX0 OTHOCSIWIIXCSI K 

6asaTpoHy H nony'leHHblX Ha OCHOSaHHH aHaAH3a cneKTpa nfl3, T.e. Hau6onee AOCTOsepabiX 

no cnoco6y nony'leHHSI ua¢opMauuu. Bec&Ma coMHHTellhao, 'ITo6bi aTH ABHHble 6blna owu6o'l

HbiMH, OAHaKO HBT OCHQSaHHA H npunHCbiSaTb SeAH'iHHy Q.F = 1,8-2,8 H3ny'leHH~ HB YAB

neHHb!X OT yCKOpHTenSI Y'IBCTKaX ( "contiOIIOom ·: aanpHMep), CHAbHO 06oraweHHOMY S MBrKOli 

o6nacTa
1261

• Mo>Kao npeAnono>KBTb, 'ITO aTo csB3aao c uanH'IBeM s MeCTax H3MepeHHSI 

6onbWOrO KOAH'i9CTSa penHTHSHCTCKHX 'iaC'J'HU, XOTSI np>IMOe yKa3aaae Ha 3TO S pa6oTe/
9

/ 

OTCyTCTByeT, 

Pe3yn&TaTbl H3MepeHHSI ¢axTopa Ka'iecTsa uany'leHHSI s KonnaMHposaHnbiX ny'IKax q:ac

THU oT cuaxponnKnOTpona OHHH aa 680 Mas npuseAellbi s Ta6nuue 2. 

AHAH 

nnSI ny'IK8 aei!TpOHOS c M8KCHM81IhHOA aaepruea 680 Mas
117 I H3Mepeaun npoaaso

s BOAHOM ¢aaToMe
1281

• MaxcauyM nornomeunoa A03bi cooTseTCTsosan 24 CM soitH. 

Haueueaue Koa4J$unueaTa Ka'lecTBa c rny6uaoll aeaaa'IHTen&ao a ue npesocxo~tano oum6Kil 

H3MepeHHH BnAOTb AO 1,2 M9TpOB. H3MepenHe KOa4J¢BU119HTa Ka'ieCTBa B ny'IKe npoTOHOB 

c auepruea 680 Mas npouasoAunu 6ea ¢aaToMa. 

B rpa¢e 3-4 Toll >Ke Ta<Snunbl 2 npaseAeHbl AnSI cpasueaaSI peayn&TaTbi sLt'lncneuuil 

una aaMepeuua senH'IHHbl Q:F ua pa6oT Apyrux asTopos if, KpoMe Taro, Ann conocTas-

neHHSI - senB'IHHbi OE3, nony'leHHbie, KaK npasuno, npu ocTpbiX o6ny'teHHSIX >KHBOTHhrx 

(MbiWeA H C06aK). 

B 3aKn~'teaue asTopbi nollhay~TCSI cny'taeM sbrpaaHTb 6naroAapaOCTb B.r. Eysmnny 

H 3.H.061>e3AHOSY 3a nposeAeHHe H3Mepeaall. 
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THn H3ny'leHHlt 

HeATpaHhl 

En ~ 680 Mas 
max 

ITpoTOHhl 

E - 680 Mas 
p 

PacceltHHOe u3ny'leHue 
·B 3KCIIepHM9HT. 3anax 
38 TOncTOA 3amHTOA 

Ta6nHna 2 

3~~KTUBHhlA ~KTOp Ka'leCTBa 
U3ny'leHBlt, QF scjl 

CuuxponuxzioTpOH 
Ha 68U Mas 

PexoM6uuanuou
HhlA M9TOil 

2,7:!:. 0,8 

1,8:!:. U,6 

nuTepaTypHhl9 
llaHHbl9 

1,4x) /18/ 

5,3 :!:. 0,5/9/ 

10-13-3,6-4xxx) /16/ 

x) 
ans npoTOHOB c sueprHeA 100-400 Mas 

OB3 

0,7-2xx) 

(/19-24/ 

xx) ang npoTOHOB c sueprHeA 510-730 Mas (aaHHbie OTHOCRTCH K OCTPblM o6nyqeHHHM} 

xxx) H3Mepeuo ua pa3HhlX y'lacTxax. 
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Pnc. 1. 3¢<jleKTHBHhlll oPaKTop Ka'lecTaa CMewaaaoro uany'leHHSI 
a anaanu cnaxpo.paaOTpoaa aa 10 raa. non qepToil ylta-
3aHhl 3Ha'I'H'g QF9~ 13aHMCTBOBaHHhle llliSI cpaaaeHHSI 
na pa60Thl ;(a- ~opuaJKeKTOp aa ti70 Kaa; 6- nn
aellahiJ!: ycKopnTenb aa 9 Mas; B - gpMo sneKTpoMar
HHTa CHHXPOoPa30Tpoaa, r - llpSIMOJIHHeliHhle npOMeJKyTKHj 
n - Kaaanh! 'laCTHll Bhlcoxol! aaeprnn; e - pa6oqne MH
weHH; JK - sxcnepnMeaTanbHblll aan.). 


