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06maH xapa1nep11cTmrn pa60TL1 

AKT)'aJtbHocTL pa60TL1 

B CBll3H c pa3BHTHCM ycKopHTCJibHOM c[JH3HKH ... TCXHHKH, BHC.!\pCHllCM HOBblX 

ycKOplffCJibHbTX TCXHOJIOfHH .[\Jill cPytt.!\UMCHTaJlbHbTX Ha)"fHblX HCCJIC.[\OBaHHM II npHKJla.[\HblX 

uenei-i pacTeT no-rpe6HOCTb B Ka"ICCTBCHHOH ):IHanJOCTllKC napaMCTpOB llyqKOB ycKop11TeJieH. 

Ka4eCTBeHHOe .!\Har11ocT11'1ecKoe o6opy.!\OBaHHe 11eo6xo.[\11Mo c MOMettTa npoeK-r11posaHHll , 

nepBH<moro 3anycKa, llCCJIC.[\OBaHml npe.[\CJJbHbTX B03MOlKHOCTCH ycKOplffCJiei-i Japll)!{eHHblX 

qacT111.1, H Ha npoTll)J<CHHH 11cero pe)!{HMa HX 3KcnrryaTa1.11111 H MO.!\epn113a1.11111. HacTpoi-iKH 

Tpe6yeMoro pe)!{l!Ma ny<IKOB 3apll)!{CHHbTX "!aCTlll\ H ynpaBJJCHl!e napaMeTpaMll llY'fKOB 

JHa"!11TeJJbHO 3as11cl!T OT c11cTeM 11 np116opo11, onpe.!\CJillJOll.lllX 3Tll napaMeTpb1. ooJJbUJllHCTBO 

COBpeMeHHb!X ycKop1nerreil: HMCIOT KpyrnocyTO"!Hb!M pe)!{l!M pa60Tbl II Tpe6y10T 

HenpepblBHOro KOHTPOJill napaMeTpOB llY'IKa. 

TaKHM o6pa30M K yc-rpoikrnaM H3MepettHll napaMeTpos ny4Ka 'lac-r11u - .[\aT'IHKaM , 

.[\eTeKTopaM, MOHHTopaM - npe.!\bJIBJJJIIOTCll see BOJpacTaJOIUIIe Tpe6011aHHll. CooTBeTCTBCHHo 

pa3pa6aTblBaJOTCll HOBb!C MeTO.!\bl .[\HarHOCTHKH napaMeTpOB llY'fKOB H yco11eprneHCTBYJOTCll 

HMCIOIUlleCll. Oco6oe MCCTO B TUKHX pa3pa60TKax 3aHl!MaJOT np116opb! .[\Jill Hepa3pyruaJOmefi 

.[\HarHOCTllKll, 1103BOJill l011.lllC npOBO.[\HTb HJMepeHIUI HCCJJe.!\)'CMoro nyqKa 6eJ B03M)'ll.leHHH, 

JIH60 C MHHHMUJlbHb!MH B03M)'mCHHllMH. 

Pa3pa60TaHHh1e B EpeBaHCKOM <j>11311qecKOM HHCTHT)'Te (rpynna ycKopHTeJibHOH 

.!\HarHOCTllKH) .[\aT"!HKll/MOHllTOpb!/CKaHep1>J/pe30HaTOpbI Ha 6a3e 11116p11pym11.1efi CTp)'Hbl 

pacurnpll!OT .[\Hana30H l{CllOJib30BaHHll o6bl"!Hb!X npOBOJJO"!HbTX CKaHepoB, llBJJl!IOTCll 

yttHBepcanbHblMH, llOCKOJlbKY HCTIOJlb3YJOT TCllJIOBOH MCTO.!\ pernCTpa1.11111 "!aCTlll.l, cnoco6Hbl 

pa6oTaTb KaK BHe BaKyyMHOH KaMepbl, TaK H BH)'TpH Hee II MoryT HCllOJlb30BaTbCll AJ!ll 

npocjmn11poBaHHll pa3JJH"!HbTX ll)"fKOB JaplllKeHHblX "laCTlll.l, a TaK)!{C .!\llll MOHllTOp1111ra 

nyqKoB tteil:Tpo11011 11 cjioTOHOB nmpoKoro ::rnepreTH"!ecKoro cneKTpa. B nocne.[\Hee speMll 

3.[\CCb lKe npe):IJJO)!{eH .!\OTIOJIHHTeJibHbIB MCTO.!\, OCHOBaHHb!H Ha HCllOJib30BaHHH 

11116p11pyromefi CTPYHbl B Ka"!CCTBC pe30HaHCHOR MHIIICHH. ,[(attHblH MCTO.!\ cymecTBeHHO 

ycKOpJieT npouecc CHllTI!ll O.[\HOMepHoro npocjJIUUI rryqKa H OTKpb!BaeT B03MOlKHOCTH 

BOCCTaHOBJICHHll .!\BYMCpHoro npocjJHJJll nyqKa c llCllOJJb30BaHHCM TO~mrpacjiH"ICCKHX 

MCTO.[\OB. Pa3pa6oTaHHbJe· .[\aT'lllKll )'lKC onpo6oBaHbI B MHOfO"IHJICHHbIX ycKOpHTCJlllX, 

110.[\I'OTaBJJJIBaJOTCJI HOBb!e npoeKTbl !IX llCllOJJb30BaHID!. ,[(aT'lHKll MOlKHO OTHCCTH K 

cna6oB03M)'maJO!lleil: HJMepllCMbIH nyqoK .!\llarHOCTHKC. 

QeJIL .[\3HHOH pa60TLI 

HacTOlllllall pa6oTa noCBllllleHa Hccrre.!\OBaHHJO .!\HarnocTHKll nonepe"!Horo ce"!eHHll nyc1KoB 

npH llOMO!llH .[\aT"!HKOB/MOHHTOpo11/cKaHepo11/pe30HaTopoB Ha OCHOBe 11116p11pyromefi 
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CTp)'Hbl, B qacTHOCTH, l!3MepeH!ilO O,IJ;HOMepHblX npo$m1eii p33JJMqHblX nyqKOB ,IJ;aHHblMM 

ycTpoiicrnaMM, BoccTaHoBJieHMJO ,n;ByMepHh!X npo$m1eii no nonyqeHHhIM pe3yJI1>TaTaM. 

Oco6oe BHHMam1e y,n;eJieHO CBOHCTBaM l! cneutt$w1ecKHM napaMeTpaM HOBblX MO,D;H$HKaUMH 

MOHHTOpOB BH6pHpyJOU1eii CTp)'Hhl ,IJ;JIJI l!CCJie,D;OBaHMJI p33JIHqHh!X Il)"lKOB. YHHBepcaJibHOCTb 

npttMeHeHHblX peweHHH Il03BOJIJleT HX HCTIOJih30BaTb KaK ,IJ;JIJI Il)"lKOB 3apJ1JKeHHblX ' laCHl'-l 

(3JieKTpoHhI , npoToHhI, HOHhl), TaK H ,IJ;JIJI $oTOHHh!X nyqKoB. Ha 633e pa3B1rnaeMh!X MeTOllOA 

npe,n;JioJKeHO opHnlHaJibHOe peIUeH!!e no l!3MepeHHIO npOCTPaHCTBeHHb!X xapaKTCprn;'fl-IK 

HeHTpOHHh!X Il)"lKOB. I1cnonb30BaHHeM B1!6pi!pyJOU1eH CTPYHbl B KaqecTBC c 1w 11c pa 

npe,D;OCTaBHJiaCh B03MOll<HOCTb 1!3MepeHMJI TOHKHX nyqKOB. 

OcHOBHhle Ja):la•m pa6oTbl 

1. l1ccne,n;oBaHl!e cneumjJW!CCKHX napaMeTpOll MOHHTOpOB B1!6p11py10U1eii CTpy 111 .1 , llll( llX 

KaK: 

33BHCHMOCTb Ha'IalibllOii qacTOTl>I MOllHTOpa OT n epBOlla'l(UlbllOI"() ll ll l ~ \ 1 ( 1,; l lMR 

CTp)'Hbl, MaTepttana, p a:iMepoB ,IJ;aT'll!Ka; ).(HllaMH'JCCKl!H ,D;l!anaJOH, p a:ipc1111.:11m: II '111'11101,;'l'h 

MOHHTOpa; 

33BHCHMOCTb qacTOTbl MOlll!TOpa OT l \CllOttHpyeMOH MOIJ\llOCTll , 11 l' 1 11~ 1 m.: cx 

B03MOJKHh!X MeXaHH3MOB TerrnooTBO).(a; 

KOJIHqecrno noTepb 3Heprm1 TIY '-!Ka, Tpa11 c <jlOp MMPYCMOC 11 TCllJIO II l illl J'l' lll llllil\CC 

MaTepHan cTpyHhI, B 3aBHCHMocrn OT Tmra H 3HepntM •mcTMll llY'ttW; 

BpeMJI OTKJIHKa MOHHTOpa. 

2. Hccne,n;osat111e ,n;syx p33HhIX MeTo,n;oB cKaH11poBaHH1l n yc1Kon M 1-1'1 M1.:p c 1111 11 11po 1l 11 1J1>1 

TertJIOBOf"O MeTO,IJ;a, H3Meplll-Olllef"O C,[].Bl!f" 'laCTO'l'bl , 0 Gy1,;Jtt)IJJIClllll .l i1 11 111 pc 110M 

CTPYHhI; 

pe3oHaHCHoro MeTo,a.a, cymecTBeHHO coKpaU1a10U1ero speMll H3Mepcm1 f\ . 

3. Hccne,a.osaHHe BJHUJHHR tttteputtoHHOCTH H3MepttTeJibHbIX cttcTeM, ::>J 1c 1<TpllMtt1 1111 1111 .i x 

TIOMeX H HeCTa6HJibHOCTH HCTIOJih3yeMhlX np116opoB, Ha npouecc H3MepeHHR npo tjlvlJl>I 11 y •11rn . 

4. YcosepIUeHcTBOBaH11e MexaHH'!ecKoil KOHCTPYKUHH ,n;aT'-lHKOB (nos1>11lleHHC Ka'H!C't 11u 

Marnl!THoii c11cTeM1>1, MeXaHH3MOB Kpennemrn cTpyHhI). 

5. Bo3MOJKHOCTH HCnOJlh30BaHHR p33JIH4Hb!X Mo,n;mjJHK3UHH MOHHTOJJOB s116pnpy1ou.(CH 

CTPYHhl B 3aBHCl!MOCTll OT pa3MepoB 113MCpl!eMOro nyqKa, ero :mepf"HI! I! THna H3MeplleMbIX 

'laCTH'-l: 

HCTIOJib30BaHHe caMOH B1!6p!!pyJOUICH CTp)'Hbl B Kaqecrne CKaHepa (B cnyqae 

TOHKHX rty'-!KOB); 

CKaHl!pOBaHHe o6nacm rnno (B cnyqae npo<!JIIlIHJJOB3Hl!R Bh!COK03HepreTH'ICCKllX 

Il)"lKOB); 

cKam1poBaHHe Bcero nyqKa (B cny'-lae cna6ornqH1,1x, HH1Ko·111 c n1 c 1 I1'l l'l' 1rnx 

n)"IKOB). 

4 

6. Pa3pa6oTKa MOHHTOpOB c KOMII0311THblMH BH6p11pyJOUlllMll CTp)'HaMH, B TOM ql!cne c 

ra,n;onIIHl!eBhIM IIOKpbITHeM CTPYHbl, ,IJ;JIJI H3MepeHHJI MOHllTOpaMH BH6pHpyJOU1eH CTJJYHhl 

HeHTpOHHblX rryqKoB. 

HayqHaH HOBll3Ha 

HoBH3Ha MOHHTopoB s116pi!py10U1eil CTPYHbI, B cpaBHeRHH c Tpa,a.nunoHHbIMH 

npoBoJioqHhIMH CKaHepaMH, 3aKmoqaeTCJI B l!CnOJib30BaHllll BH6pHpyJOIUeii CTp)'Hhl B 

COBOKynHOCTH co cneUl!aJibHO pa1pa60TaHHh!Ml! 3JieKTpOHHh!Ml! nJiaTaMH l! npor-paMMHbJM 

o6ecne'leHHeM c uerrbJO nonyqemrn HH$opMaUHH o pacnpe,a.ene111111 qacTHU. Pa3pa60TaHHb1e 

,n;sa Mern,n;a Hcnon1>30BaHHJ1 s116p11pyromeii cTp)'Hhl B3aHMo,n;onoJIHJll-OT llPY' ,n;pyra. I1eps1>1il 

OCHOBaH Ha TennoBOH 33Bl!Cl!MOCTH HaTllJKeH!lll/qacTOTbl KOJle6aHHll CTpytt1>1, BTOpOH Ha 

B03MOJKHOCTH B1>1,n;eneHHll pe3oHaHcHoro c '-!acToToH Kone6attMJ1 cTpyH1>1 cl!r-nana 113 

113MepReMhlX BTOpttqH1>IXlpaccellHHhlX qacTHU. 3TH MeTO,IJ;bl ,n;al-OT IllttpOKHH ,IJ;Hana30H B1>16opa 

MeTO,IJ;OB CKaH!!poBaHHll B 3aBHCHMOCTH OT BH,[].a ,a.eTeKTHpyeMblX 'l3CTHU, napaMeTpOB 

Il)"lKOB, a TaKJKe OT ycJIOBHH npoBe,IJ;eHMll 3KcnepHMeHTa. 

B HacTOJIUleii )ll!ccepTauHH: 

Bneps1>1e Hccne,n;osaHa 3aBHCHMOCTh npouecca npoqmnHpoBaHMJI oT cKopocT11 cKaH11poBaHHJ1, 

o6ocHOBaHhl peKOMeH)laUHH no BhI6opy npe,n;eJihHblX CKopocTeH CKaHttpoBaHHJI, npe,D;JIOlKeH 

anropHTM KoppeKTllpOBKll peKOHCTpyHpyeMoro npo$HJill nyqKa no ,D;BYM CKaHHpOBaHMllM B 

npornsononoJKHhIX HanpasneHHJIX. ITpe,n;noJKeHH3JI MeTo,n;11Ka onpe,n;enlleT TaKJKe cTeneH1> 

,D;OCTOBepHOCTll ,D;l!Ha~rnqecKHX H3MepeHllH ,n;aTql!Ka. 

BnepBh!e MeTO,IJ; HCnOJib30BaHMJI BH6pHpyJOU1eii CTp)'Hbl npnMeHeH ,[].JIJI H3MepeHMJI npocjJHJIJI 

npoTOHHoro nyqKa ycKop11TeJill KopeiicKoro ycKopHTeJlhHOro KOMnJieKca KOMAC. 

BnepBbJe npe,n;noll<eH arrropHTM cmrxpoHHhIX 111MepeHHil, paccellHHbIX Ha s116pi!py10U1eil 

CTpyHe BTOpHqHblX qacTHU .C npe,n;eJibHbJMH norroJKeHHllMH CTpytthl B npouecce ee KOJie6aHHil 

c l!HBepc!!eii 3HaKa ,n;H<!JciiepeHuHanhttoro c11rnana. Mern,n; II03BOJIHJI oTceKaTh clionoByJO 

COCTaBJIJllOillyJO OT c11rnana, reHep11pyeMoro nenocpe,n;cTBeHHO Il)"lKOM. I1HTerpHpOB3HHe 

,IJ;H$$epeHUl!aJihHOro c11rnana TaKOro THna y6HpaeT TaKJKe 6h!CTph!e KOMnoHeHTbl cliona (Ha 

yposne nepno,n;a Kone6am1ii cTpyH1>1). Mern,n; no3BOJIHJI cymecrneHHO coKpaTHTh BpeMJI 

cKaHnpoBaHHR nyqKa. MeTo,n; 3KcnepnMeHTaJihHO onpo6oBaH Ha $oTOHHhIX nyqKax. 

YcKopeH1>Til npouecc npoqmrr!!posannll Ha 633e pe10HaHcHoro MeTo,n;a ,n;HarHOCTHKH c 

noMOillbl-0 B116p11pyJOU1eii CTp)'Hbl no3BOJII!JI BnepBh!e npHMeHHTb TOMorpaqmqeCKl!e MeTO,D;bl 

BOCCTaHOBJleHHR ,n;ByMeptioro npo$HJIJI . ObJJI npHMeHeH, B qacTHOCTH, MCTO)l o6paTHhlX 

$HJibTpOBaHHb!X npoeKUHH, KOTOph!H no3BOJIHJI npOH3Becm TOMOrpaqmqecKoe 

BOCCTaHOBJieHl!e ,!l.ByMepHoro npo$HJIJI nyqKa no Ha6opy O,IJ;HOMepHbIX npoqmrreil, 

COOTBeTCTByJOUIHX pa3Hb!M yrnaM CKaH!!pOBaHllR. BnepBbie TaKOH anrop!!TM 61>tn pa1pa6ornH 

l! np11MeHeH ,IJ;JIR BOCCTaHOBJieHMJI CJIOJKHOro npoqmnR JI33epnoro TiyqKa. 
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BnepBb!e pa3pa6ornHa MeTO.!IHI<a npocpllllllpOBaH!rn TOHKHX Il)"IKOB, B KOTOpb!X 

Bll6pllpyIOlllal! cTpyHa JIBJIJleTCJI ecTecrneHHhIM cKaHepoM. TecTOBhie 3KCnepllMeHThI 

npoBe.neHbI Ha ccpoKycHpoBaHHhIX rra3epHhIX ny'lKax. Pa3pa6ornH MaTeMaTH'leCKHH anropHTM 

BOCCTaHOBlleHHJI npocpllJIJI nyqKa c yqeTOM 3aTia3.!lhIBaHllJI ll3MepllTellbHOH CllCTeMbI. 

BnepBhie npe.11rrolKeHo llCTIOllh30BaHlle KOMTI03llTHhlX BH6pllpYJOI1lllX cTpyu c aKTllBHhIM 

crroeM H3 ll30TOTia ra.norrHHHH 157. DoKa3aHO, 'ITO .11aT'lHKll Ha 6a3e TaKHX CTpyH MOryT 

crrylKHTb MOHHTOpaMH HeHTpOHHhlX ny4KOB co CllOlKHb!M npocpHlleM nonepe'IHOro CC'ICHHJI. 

CTpe.11rrolKeHbl .[\Be MO.!IHCpHKa!lHH TaKHX MOHHTOpoB: Ha 6a3e TeTIJJOBOro MeTO.!la 3aBllCllMOCTH 

'laCTOTbl Korre6aHHH OT ll3MeplleMOro TIOTOKa Heli:TpOHOB ll pe3oHaHCHOro THna, B KOTOpblX 

KOMTI03HTHal! BH6pl!pywmall CTpyHa CllYlKllT pe30HaHCHOH Ml!!lleHblO. 

IIpaKTH'JecKaSI ueuuocTL 

I1paKTw1ecKaJ1 ueHHOCTh npoBe.!ICHHbIX pa6oT o6ycrroBrreHa TCM, 'ITU Il"IY'I <.: ll llbie B 

.!IHCCepTaIIHOHHOH pa6oTe CBOHCTBa H cne11mlm'JCCKHC napaMCTpbl l!Olll..IX Mll) l ~Hlll·lK311HH 

MomnopoB m16p11pywmei1 cTpyttbJ no3BOJlllIOT pacumpHTh o6Jracn 11 p1·1Mc.: IIcm rn MBC KaK c 

TO'lKH 3peHHJI HOMeHKllaTyphl (ttanpHMep, B03MOlKIIOCTh H3MCpC11Hll IICilTpOJllII ,[){ ny<IKOB) H 

pa3MepOB Il)"IKOB (HanpHMep, B03MOlKHOCTh H3MCpcm1l! TOHKM X 11y •1 Ko11), Ttil( M c TO'!KH 

3peHHJI Ka'leCTBa npOBO.!lflMh!X H3Mepemrn (3aBHCHMOCTh OT CKOJ)OCTll CKtl 111-1 pOna11m1 .!IJIJI 

TenrroBhIX MO.!\HcpHKa111111 MBC) H ycKopemrn IIpo1.1ccca 1-n~ 1cpc1111 l! (pc"3ottaHcHbie 

MO.!\HcpHKaIIHH MBC). Oco6brii HHTepec npe.11crnmrneT ncpcxo.11 OT 1nMcpc.:11II 11 o;~ II OMepHhlX 

npoqmrreii ny'!Ka K CllOlKHblM .!IBYMepHbJM npo<jHllll!M, KOTOp1>1 f.j II paCT\l'I<.: oGOCHOBaH 

TeopeTH'lCCKH (MCTO.!I cpl!llbTpOB3HHhlX o6paTHblX npot:KU,Hfi ) II ' IKC.: 11 <.:pII MC.: I ITaJibHO 

ocymecTBllCH Ha rra3epHOM IlY'!Ke. Tipe.1111orraraeTCll, ' !TO llUCCTaIIUl!Jll:l I llC CJIOJKHblX 

.!IByMepHbIX npocpHrreii 6y.11eT npe.ncrnBJlJITb 6orrbwoii mrrcpcc ·1wo1n: 1v111 11yc11<0B 

3apl!lKeHHh!X L!aCTHII (HanpHMep, npoTOHHhlX ny4KOB 60llhll10ro CC'!Cl!Hll B ll CCJ l<.:)IO ll:Jmll!X 

pa3llH'!HhlX o6heKTOB) H tteiiTpOHHhTX Il)"IKOB. BecbMa HHTepec11b1M npe;1cTa11m1<.:TCll 

npe.!lllOlKCHHe HCnOllh30BaHHJI BH6pHpYJOlllllX CTPYH B KaL!eCTBe ecTeCTBemroro CIGllH! pa Wlll 

H3MepeHHll TOHI<l!X IIY'!KOB. MeTO.!\ ycneWHO OTpa6oTaH Ha rra3epHblX IlY'!KaX ll COCTaBJICll 

nrran ycoBepweHCTBOBaHllll H3MepllTellhHOH 'laCTH ycTaHOBKll ll HCnOllb30BaHHll MCTO.!la .!lllll 

H3Mepemrn IlY'!KOB 3apJ1lKeHHb!X '!aCTHII. 3rn pe3yllhTaThl MOryT HaiiTll npHMeHeH11e B 

MelK.!IYHapo.11HhlX ycKopl!TellbHhTX 11eHTpax, HanpHMep, KOMAC (Kopel!), DESY 

(fepMaHHll), APS ANL (ClllA), FNAL (ClllA) H.T . .!\. 

IIorroJKeHHSI, BhIHOCHMhie Ha 1amury. 

•Pe3yllhTaTbI H3MepeHHH npocpHJIJI npornHHoro ny'lKa ycKopHTeJIJI Kopeik rcoro 

yCKopHTellhHOro K0Mnrre1<ca KO MAC c rroMOlllhJO MBC TenrroBbIM MeTO.!IOM. 

•3aBHCHMOCTb npouecca npocp11rr11poBaHHll ny'!Ka OT CKOpocrn CKaHHpOBaHHll . M c 1 ll)(l1 Ka 

KoppeKTllpOBKH npocp11JIJ1 nY11Ka no .!IBYM CKaHHpOBaHHllM B npoHII)Oll llJIOlf(l lJ.IX 

ttanpaerreHHllX. 
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• AnropHTM Cl!HXpOHHhlX c cpa30ll Korre6aHHll CTpyHLI ll3MepeHl!H c l!HBepc11eli 3HaKa 

.!IH<jJ<jiepeHIIHaJJbHOro CllrHaJJa (pe30HaHCHhlii MeTO.!I B116pnpywmeli CTpyttbl). 

CTpoTecrnpOBaHO Ha Jia3epHOM nY'!Ke. 

• T 0Morpacji11'IecKal! peKoHcTpYKIIHJI npo<jiHllll IlY'!Ka Ha 6a3e cjilIJib TpoBaHHbIX o6paTHhIX 

npoeKUHH (<I>OIT). PeKOHCTPYKUHll IIByMepHoro npoqrnm1 no Ha6opy OJIHOMepttblX npoeKUHH 

npH pa3HhlX yrnax. ITpoTecr11poBaHo Ha Jia.3epHoM IIY'!Ke co crroJKHOH cTpyKTypoH c 

HCTIOllb30BaHlleM pe30HaHCHoro Mero.11a Bl16p11pywu~eii cTpyttbl. 

•MeTO.[\HKa npocpHrrllpOBaHHJI TOHKHX ny4KOB Ha 6a3e BH6pHpyiomeii CTPYHhl, anropHTM 

Y'leTa 3ana3.!1b1BaHl!ll ll3Mep11TellbHOH CHCTeMbl. IIpoTeCTHpOBaHO Ha JJa3epHOM IlY'!Ke. 

•ITpe.nrrolKeHHe 06 Hcnorrh30BaHHH B .11aT'll!Kax Bl!6pHpywmeli: CTPYHhl KOMII03l!THhIX CTPYH c 

ra.[\Olll!Hl!CBbIM TIOKpbITHeM .!IJIJI .!IHarHOCTl!Kll HeHTpOHHblX IlY'!KOB. 

Anpo6au1rn paooThI H ny6m-1Ka1.1HH 

Pe3yllhTan1 .!IHcceprnIIHOHHOH pa6oTbl .!IOKlla.[\hIBaJJHCh Ha ceMllttapax Ep<DH, Cand le, a 

TaIOKe Ha CllC.!l)'lOllll!X MClK.!lyHapo.11Hh!X KOH<jiepeHIIHJIX no ycKOpHTCllbHOH H lla3epHllH 

cpH3HKe: 

Particle Acee!. Conf IP AC 2016 (Busan, Korea, 2016), 

Proc. of 25th Annual Int. Laser Phys. Workshop (Yerevan, July 11 - 15, 2016). 

Bcero rro TeMe .1111cceprnu1111 ony6rrllKOBaHo 7 pa6oT, B crre.11yiomHx JKypnarrax: 

Nuclear lnstnrments and Methods in Physics Research Section A, 

Review of Scientific Instruments, 

vl3BeCTllll HAH ApMeHlm, <Dll3HKa, 

Journal of Physics: Conference Series, 

a TaKlKe B Tpy.11ax MelK.11YHapo.11Hh!X KOHcpepeHIIHH . 

CTpyKrypa H o6i.eM JIHcceprauHH 

,ll;11ccepTaIIHJ1 COCTOHT 113 BBe.11eHllll, 5-H rrraB, 3aKJJJO'IeHllll, CIIHCKa llHTepaTyphl ll 

npllllOlKeHl!l!. 06mHii o6oeM .!\l!CCepTaIIHH 141 CTpaHIIT!, BKJJJO'lall 63 p11cyHKOB H 5 Ta6JJHII. 

Cnl!COK r.iHTllpyeMoli: lll!TeparypbI BKJJJO'!aeT 128 Hal!MeHoBaHHH. 

KparKoe co11epJKaHHe pa60TL1 

Bo ««eiJeuuu 113rrara10Tcll aKl)'aJJbHOCTb, uerrb, ocHOBHhTe 3a.!la'IH, naY11Ha11 HOBll3Ha 11 

npaKTl!'IeCKal! ueHHOCTb pa6oTbl, nepe'll!CJIJllOTCll norroJKeHHJI, BblHOCHMb!e Ha 3alllHTy, H 

yKa3b!BalOTCll .[\aHHb!e 06 anpo6a1111H l! ny6rrl!KaIIl!llX no TeMe .1111ccepTal1HOHHOH pa60Tbl. 

B nep«oii ma«e .!\HCceprn11HoHHOH pa6oThJ npl!BO.!\HTCll ofoop cymecrnywmnx MeTO.UOB 

.1111arnocTl!Kll npocpHrreii TIY'!KOB B ycKop11TeJThHoli cji11311Ke. OnHCbIBaIOTCll xapaKTepHCTHKH 

MOHHTOpOB npocp11rreii, npl!HIIHnhl HX .!\CHCTBH.ll, npHBO.!\HTCll aHaJJl13 H cpaBHeHHe 

napaMeTpOB, 011eHHBalOTCll npeHMymecTBa H He)lOCTaTKH !IX npaI<TH'leCKoro npHMeHeHHll. 
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B 1.1eHTpanbHoft qacn1 rnaBhI BBOJ.lliTCJI omicattHe H rrpIIHl.IHII ).lettcTB!lJI 

).laT'!llKOB/MOHHTOpoB/CKaHepos/pe3oHaTOpoB Ha 6a3e BH6pllp)'IOll.leH CTpyHbl, 

npe):IHaJHa'IeHHbIX AJJll H3MepeHHll nonepe'!Horo npocjlmrn nyYKOB, npHBO):lllTCJI cpasHemie 

xapaKTep!lcT!lK ll rrapaMeTpoB rrpe).lnaraeMbIX rrp!l6opos c xoporno ll3BecTHbIMH 

npOBOJlO'IHblMH CKaHepaM!l, aHanoraMH KOTOpbIX JIBJJJIJOTCll MOHHTOpbl BH6pHp)'IOll.leH 

CTpyttbl (MBC). 

B cjJHHaJJbHOH 'l3CTH rnaBbl OIIHCb!BaJOTCll KOH<jJHrypa1.111ll ll crreuH<jJH<JeCKHe oco6eHHOCTH 

MOHHTOpOB BH6pttpyro11.1eft CTpyttbl (OJ.IHOCTPYHHbie, J.IByxCTpyttHble, MHOroCTpyttHbie, 

pe30HaHCHOro THna), a TaKlKe rrpHBO).lllTCJI KpaTKllH rrepe'leHb 

rrpoqrnnttposaHHJO llyYKOB (::rneKTpOHHbIX, rrpoTOHHbJX, HOHHbIX, 

rnHpoKoro 3HepreTw.iecKoro crreKTpa) c rrpllMeHeHlleM MBC. 

3Kcnep!lMeHTOB no 

cjloTOHHb!X llyYKOB 

B Ha'!ane amopou 2J/ll6bl rrpllBO).lllTCJI IIOJ.1p06Hoe OII!lCaHlle 0).IHOfO ll3 MeTO).IOB ll3MepeH!lll 

npoqrnneii IIyYKOB c noMOll.lhJO MBC - Terrnosoro MeTO).la. I1pe).lcrnsneH anropllTM 

BbP-rncneHHll speMeHH OTKJJHKa r ll qacTornoro CJ.IB!lra M' I Po , o6ycnosneHHoro HarpesoM 

CTPYHbI 'laCTHl.laMH IIyYKa c yYeTOM TerrnooTBo).la no sceM B03MOlKHblM MexaHll3MaM 

('rennonpoBO).IHOCTll, ll3JJY'leH!lJI ll KOHBeKl.lllll). 

cp . M _ E a&b,,.(o/P le) 
r 

8(A. I l 1 
-1 2ur"_,,'I'a3 I d+ a,"'.v / 2d) ' ;;;: - - 2a-0 [SAS I L+4&a-st_bT,}rr.dL+17a,0 ,,trdL] ' 

r).le c - yJ.1cJ11>Hall TerrnoeMKOCTb, p - nnoTnocTh MaTep!lana CTPYHhI, S H L - nonepeYHoe 

ce4e1rne 11 J.1J11111a cTpy11 1>1, A. - Ko:i<IHlrn1.111e1-1T TennonpoBOJ.IHOCTll MaTep11ana CTPYHbJ, a000 v -

KO:J<IHPHl.IHCHT KOllBCKTHBllbJX I IO'l'Cpb, a - KO:icpcl>Hl.llleHT TCIIJlOBOro pacrnnpeHHJI MaTepnana 

CTPYHbT, E - MOJ.IYJTb ynpy r ocTH MaTep1·iaJTa CTPYHbl, E - n3ny 'laTenbHaJ1 cn_oco6HocTh 

CTPYHbJ, F0=(1 /l)~o0 /p 11a'laJlbHall 'IaCTOTa CTPYHbI, Bll6p11pyro11.1ei! ua srnpoil 

rapMOHHKe, O o - Ha'l aJJbHOe HaTlllKe1rne CTpy1·Ibl. 

I1poH3Be).leHbT pac'!eTbJ HOHH3al.IHOHHbIX noTepb (<popMyJTa EeTe-Enoxa), B '!aCTHOCTH, ).IJJ l! 

npoTOHa B cTpyHe H3 BOJJbcjlpaMa B ).l!laITa30He 31-1eprni1 l 0- 1 0000 M 3B , c yYCTOM J.IOJlll OT 

KOJJH'ICCTBa IIOTepb 3Heprmf npoTOHa, KOTOpoe TpaHccj>OpMHpyeTCll B TCIIJJO H HarpesaeT 

MaTepnan cTpyHhI. 

IIpnso).lllTCl! 0611.1ee on!lcaHHe MBC c ocHOBHbJMH napaMeTpaMH n cxeMa aBToreHep311nn 

Kone6aHllH cTpyttbJ. Ha p11c. l !lJo6palKeHa cxeMa Tllllll'IHOro ).laT'lttKa 

Bll6p11pyro11.1eil CTPYHbl. 

Pnc. l. 0611.1nil BllJ.I ).laT'lllKa: I - BH6pllpYJOll.lall CTp)'Ha, 2 - MarH.HTbI, 

3 - MarHHTHble nomoca, 4 -33lKllMbl, 5 - OCHOBaH!le. 

BM6pllp)'IOll.lall CTPytta rro;:iKJJJO'leHa K uerrll nonoiI<HTcnr,noft 

o6parnoii CBl!3H ::rneKTpOHHOH CXCMbl, BhI6Hpa1ou~ci.t p1:·1011:111c11yJO 
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'!aCTory, rrptt KOTopoii qacToTa nepeMeHnoro TOKa pasna co6cTBenHoii '!acToTe cTpyttr,1. 

OcHoBHblM rrapaMeTpoM MBC l'!BJUieTCJI TCKJ'lllall '!acroTa cTp)'Hf>I, Ha'!anr,noe 3Ha'!eHne 

KOTOpoii 33BllCllT OT nepsona'!aJJbHOro HaTHll<CHllll CTPYHbl , MaTepllana, pa3MepoB ):13T'IHKa H 

JielKl!T B rrpe;:ienax I - 10 KI'u. ,[{HarraJOH BbIXOAHOro c11rnana - cMe1I.1eHHJ1 '!aCTOTf>I - MeHee 

0.005 (HHlKHHH npe1teJI) ll CBbillle I 000 ru (sepXHllH npe;:ien), T.e. /lllH3Mll'ICCKHH ;:i11ana3on 

OKOJIO 106 . Pa3pell1eH11e MBC - HeCKOJ!bKO e).ll!HHU Ha 0.001 ru, TO'IHOCTb 113MepeHllJI -

nyyrne 0.01 r11, '!TO, B 3aBHCHMOCTH OT MaTep11ana ll reoMeTpll'leCKHX pa3MepoB CTPYHbl, 

cooTBeTcTByeT TO'IHOCTH tt3MepeHHJI cMe11.1eH!lJ1 TeMneparypbI cTpyttbI MeHee I MK, 

.no6pornocTr, MBC ;:io 104. 

Bo BTopoft '!acTll rnaBbJ npe;:icTasneHbJ pe3ynh TaTbI rrpocjllln11poBaHlll'I rrpoToHHoro IIyYKa 

KopeucKoro ycKopnTeJJbHOro KOMnneKca (KOMAC) c noMOll.lbJO MBC Terrnosr,1M Mern;:ioM. 

3KcnepttMeHTbI rrposo;:ittnllcr, B ycnos11J1x HH3KHX TOKOB IIyYKa (Ao 100 HA). I1pocjmnr, IIyYKa 

H3MepeH IIpll KOJlll'!eCTBe '!aCTllU B O).IHOM uyre "° J 0 I I ll '!aCTOTe IIOBTOpeH!lJI uyroB 0 .1 ru C 

ttcnonh30BaHHeM ttecKOJJbKHX nonolKeHni-1 cKaHllposaHlll! . H JMepeHHJI npoBOJ:lllJJttcb s 

B03Ayxe Ha pacCTOJIHHll "' I M OT BblXO):IHOro cjlrraH1.1a BaKyyMHOH KaMepr,1, r.ne :rneprmr IlyYKa 

cocTasmma 14.5 M3B. Ha pHc. 2.a npe):ICTaBJJeH pe3ynbTaT 13-TH H3MepeHHH B pa3JJH'IHbTX 

IIOJlOlKeHllJIX ):jaT'll!Ka, Ha pile. 2 .b - ycpe;:iHeHHblH (5 llJlll 4 1.1yroB ll3 KalK).IOH cepllll) 

rrpocjJHJJb IIyYKa B Te'!eHHe speMeHll 3KcnepttMenrn. 

~1ffrtr~~, 
........ -., ....... 

,.,/ '>, 
1: /' :-,~ •.. , .. / .. 
-· ..... 

P!lc.2. Cnesa: norrnoe cKaHllposaHHe rrporoHHoro nyYKa (13 no3Hl.lllH MBC), crrpasa: 

rrpocjmnh rry'!Ka, BOCCTaHOBJlCHHblH c llOMOll.lblO npo1.1e;:iypbl H3MepeHllJI na).leHllJI '!aCTOTbl OT 

KalK):IOro uyra. PoM6rnrn - cpeAHHe 3Ha'!eHHJI cepllll ll3Mepenllft B cjJHKc11posattnr,1x 

noJJOlKCHllJIX Momnopa, KpylKO'!Kli COOTBeTCTB)'IOT cpe).IHeKBa):lpaTll'IHb!M OTKJJOHCH!fJIM no 

cepllll, CIIJlOlIJHall KpllBall - cjlliTlipoBaHHe 3KCIIepllMeHTanbHblX TO'leK rayccosoil KpllBOH 

g(x) = Gexp(-(x -Xo)2 / 2a-2
) c napaMeTpaMH: ()" = 15 MM, Xo = -20 MM, G = 0.345 r1.1. 

B 1.1eHTpanr,Hoil 'laCTll mash! npeJ:ICTaBJTeHhl 3KcnepHMeHTbI no onpei:1enennJO ::icjlcjJeKTOB 

CKOpOCTll CKaHttpOBaHl!JI npll ll3MepeHHJIX npocjlttJJJI Jla3epHoro IIyYKa Bll6pnpyro11.1eil 

CTPYHOH. ,[{JJJI onpe):leJJeH!lJI npe).leJJbHblX CKopocTeii, HCTIOJlb3yeMb!X MOHHTOpaMH 

stt6pnpyro11.1eu CTPYHhI, 6bmo npe).IJIOlKeHo cpasHeHne npsiMoro n o6paTttoro cKaHHposaHtti-1 

nyYKa npll pa3Hb!X CKOpOCTJIX. c uenbJO oueHKll Mepbl ).IOCTOBepHOCTH 'laCTOTHOro OTKJllfKa 

MBC 11cnonhJYeTcJ1 anropHTM KoppeKTnpoBKH peKOHCTpYlfpyeMoro npocjmnll IIyYKa no ABYM 
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l 
cKamipoBaHID!M B rrponrnorronolKHhlX HarrpaaneHHJ!X. MeTO,!I rro3BOllileT ol(eHHTh TO'IHOCTh 

COOTBeTCTBlll! qacTOTHOro CllrHalla MOHHTopa peallbHOMY rrpoqmmo rryqKa. 

Ha pHc.3 llpHBe,!leHbl CKaHHpOBaHIDI c MHHHMallhHOll (pllc.3a H 3b) H MaKCllMallhHOll (pHc.3c 

H 3d) CKOpOCTl!MH. 

·~·~· ··· ' !\· .. ·· r ,, ...... ~ ,. . . --·--·, 
~ '\/ c- !_ .\/ ::· ir >~'.>/ 
. - - ~- - - -· - - ~ - ~ - r Srt p• 

::.~:~~:~ .. . ) .. 11 • ,,.,;:,:-:: :::. 

,..,,. ..... , '/ 

·'.;.,_//' 

PHc. 3. (a), (c) llepBH'IHbie ,!laHHbie npllMOro ll o6parnoro CKaHllpOBaHllH c MHHHMallhHOH (10 

waroa/c (0.0166 MM/c)) ll MaKCllMaJJhHOH (200 rnaroa/c (0.3322 MM/c)) CKOpOCTl!MH. (b), (d) 

rpaqmKll C,!IBllHYThI ,!lpyr K ,!lpyry Ha 10 rnaroB ,!lllll MllH!lMaJJhHOll CKOpOCTH H Ha 84 rnara -

,!llll! 1'!aKCHMaJJbHOH CKOpOCTH. 

KaK Bll,!IHO H3 pllc.3b, llpH MllHHMallbHOH CKOpOCTH CKaHHpOBaHHll C,!lBllHYTbie llpOQJllJlll 

llpaKT!l'leCKll COB!la,!laIOT ll !lpe,!ICTaBJll!IOT HCTllHHblH llpOcpHllh Jla3epHoro llyqKa, a llpll 

MaKCHMallbHOH - COB!la,!la!OT TOllhKO B6Jlll31l l(eHTpallhHOll qacTll, a XBOCTOBb!e qacTll 

npe,!ICTaBJJll!OTCll cyuiecTBeHHO pa3Hh!Mll. 3a3op MelK.!IY KpllBbIMH 06ycnoBJ1eH TellJIOBOH 

1rnepl(lleli !lpol(ecca ttarpesa cTpytthJ. Ilpll yseJJ!l'leHHll c1<opocT!l c1<at1llpoBaHllll 

yMeHbIIlaeTCll KOJIH'JeCTBO 3KC!lepHMeHTallhHh!X TO'leK Ha rpaqmKaX H llCKalKeH!le KpHBbIX 

OTHOCllTellhHO CllMMeTpll'IHOro rrpocpllllil Jla3epHoro rryqKa paCTeT. 

B rn6. l llpllBe,!leHbl pe3yllhTaThl CKaHllpOBaH!lll rrpll pa3HhIX CKOpOCTl!X. 

Ta6. 1. CpaBH!lTellhHhie xapa1<TepllCTllKll rrpllMOro ll o6paTHoro cKaH!lpoBaHID! rryqKa. 

V mmls /Whm,mm t, /Whm s ooins Fdroo,Hz diverg.Hz accuracv.% 

0.0166 0.556 33.5 987 68 0.11 0.16 

0.0332 0.553 16.6 492 63 0.20 0.32 

0.0830 0.566 6.8 194 60 0.42 0.70 

0.1661 0.602 3.6 97 51 1.03 2.01 

0.2491 0.622 2.6 63 50 2.45 4.89 

0.3322 0.715 2.1 48 45 3.22 7. 15 

IlpHBe,!leHHble pe3yllhTaThI !lpe,!lcTaBllll!OT llHTepec rrpll ncrrollh30BaHllll MBC B IIlllpOKOM 

,!llla!la30He rrpllMeHeHHll (3apl!JKeHHhle 'IaCTlll(hl, ll3llyqeHlle), llOCKOllhKY !103BOJlll!OT 110 

llpl!MOMY ll o6paTHOMY CKaHllpOBaH!l!O rrpll TOH JKe CKOpOCTll O!lpe,!lelll!Th TO'lllOCTh 

cKam1poaaHm1 H npoll3BO,!lllTb KoppeKU,ll!O npoqrnnJI nyqKa. 
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Tpemb11 maBa ,!IHCceprnl(llOHHoli pa6on1 rrocBl!ll(eHa pe3oHaHCHOMY MeTo,!ly 

rrpocjillllllposaHID! rryqKa c !IOMO!l(h!O Bll6pHpY1Qmeli cTpyHhI, ,!laT'IllK Ha3BaH peJ011a11c11a11 

.wuiue1tb - ,\1011umop 6U6pupy10u1eii cmpylfbt (PM-MBC). KaK ll3Becrno .r1ocrmKeH11e 

rerrnosoro 6anaHca B KalK,!IOH rro3Hl(llll crpyttbl ysellll'IJ!Baer BpeMl! 1l3MepeHHl! rrpocpllllil 

TiyqKa ,!IO HecKOllhKllX ceKyH,!I. ITpe.r1nolKeHo Hcnonb3oBaTb Bll6p11pY1QIJJYJO CTPYHY B 

KaqecTBe MllIIleH!l. OcHOBHal! ll,!lel! MeTO,!la 3aKJllO'JaeTCl! B ll3MepeHllll ClffHaJJa BTOpll'IHb!X 

'Iacn1u, rrocrynaimuero OT paccel!HIDI rryq1<a Ha mi6pHpY!Qmeil: CTpyHe, CllHXpoHHo 

(pe3oHaHcHo) c ll3MepeHHeM qacTOThI Kone6aH11li CTPYHbI. MeTO.!I .r1aeT B03MOlKHOCTh ll3Blle'lb 

CllrHaJJ OT paccel!HHll rryqKa Ha crpyHe B rrpllCYTCTBllll cpoHa. C l(ellh!O o6pa:rnBaH!ll! 

,!IHHaMH'leCKOro CHrHana, onpe,!leJJll!Oll(ero llllOTHOCTb CKaHHpyeMoro rryqKa, 6blll pa3pa60TaH 

HOBhlll MaTeMaT!l'leCKllll anropllTM, COCTOllll(llH B cjiopMllpOBaHH!l ,!lllcpcpepeHI.(llaJlhHOro 

curHana OT TiapbI rrocne.r1osaTeJ1hHhIX H3MepeHHli Ha rronyrrepllo,!lax qacTOThI BH6p11py10meif 

cTpytthI c HHBepc11eli 3HaKa .r1ucpcpepeHUllaJ1hHOro cHrHana Ha KalK,!IOM rronyneptto,!le. CxeMa 

rrpouecca llpe,!lcTaBneHa Ha pile. 4. IlpHHUllIT MeTo,!la PM ocHoBaH Ha ll3MepeHHll 

paccel!HHbOOOTpalKeHHbIX 'JaCTHUlciioTOHOB B KpaHHHX llOJIOlKeHHSIX CTpytthl B rrpouecce 

KOJle6aH!lll. 

beam 
1.3 

Pile. 4.(a). Heo,!lHOpo,!IHhJH ny<JOK ( l ), 

BH6pllpY!Qll(al! CTpyna (2), (3) 
1.3.6,;, paccel!HHbiel oTpalKeHHbJe 'laCTHUbi/<jloTOHbl 

perncTpllpY!QTCll cjioTO,!lllO,!IOM ( 4) B TaKT c 

Z.4 .£.a qacrnrni1 Kone6aHHH cTpyHr,1. (b) 

IlnoCKOCTh HellO,!IBlllKHOH BH6pHpY!Qmeli 

CTPYHbI, (1 ), (3) nonolKeHID! CTPYHbI np11 

«lleBb!X)) ll3MepeHllJIX ll (2), ( 4) - npH <<npaBbIX». ( c) - TinocKOCTb llO,!IB!l)KHOH BH6pttpyIOll\eH 

cTpyHhT - (I), (3), (5), (7) - rronolKeHHl! CTpyttbT npu «neBhIX» ll3MepeHHl!X, (2), (4). (6). (8) -

:f ir,~ 
(a) 

2,4 \ 

Dl ; (CJ 

npH <mpaBhIX». 

,[(ID! cKaH11poaaHHll lla3epHoro rryqKa c noMO!l(b!O PM-CBC llCTTOJJb30Banacb Mal!THHKOBal! 

c11cTeMa c CMOHrnpoBaHHhIM MBC (p11c. 5a). OrnoBHhie pe3yJJhTaThI ll3MepeH11il B rrpou,ecce 

KOJle6aHHll Mal!THI!Ka ll BOCCTaHOBJleHHb!H rrpo<jlllJJb Jla3epnoro rryqKa c HCTTOJlb30BaHHeM 

pe3yJ1hTaTOB Bcex 14-ll cKat1HpoaaHHH rrpe.r1crn0nenb1 Ha pttc. Sb ll 5c 

(a) 

.:: I l! ! !T l rJ I r1:11 
! '''" i.Ai ~ .. IA! ~ r.'L 1...;u • l i '"' .,VV""• ....... . 
i ,,., .. . . I -
l ' ' 
~ ,,..,,, '~I ' I I \ ~ I' .; I j 

. l i l 1 1 1 ·I · * ·i· f1 1 
4:)1 . ··· -v • ....... . . •· ~ . ' 

' · ' U U· t .li *' °' 1U 1)' 1.4.J 
ti:<!!•, • 

(b) 
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Pttc . 5. (a) - <PoTorpa<jmll 3KcrrepHMCHTa.JILHoii ycTaHOBKH, (b) - 7 rrorrHLIX Korre6aH11ii 

MaJITHHKa (14 IlOJIHLIX CKaHllpOBaHHH lla.3CpHOro Il)"!Ka), (c) - BOCCTaHOBJICHLrii rrpo<PHllL 

ll!l3epHoro II)"!Ka c HCIIOllb30BaHHCM pe3yJJLTaTOB scex 14- H CKaHHpOBaHllH. 

Ha pHc. 6 rrpe)]CTaBrreH pe3yrrLTaT cKaHHpoBaHHJI rra3epHoro rryqKa, r)]e <PoTD)]HO)] 

perHcTpHpyeT )]Ba OlJCHb IlOXOlKHX IlHKa pa.3lllllJHOro rrpoHCXOJK)]eHHJI - O)]HH Bhl3BaH 

OTpalKCHllJIMll OT BH6pHpyiomeii CTpYHLI, a )]pyroii OT )]eplKaTeJIJI MOHl!Topa. 

l :: : 
i ~ . 

:td 

~ ~!II:~: ... ~ ......... ,' 

' ... 
l::: ' 

·:'GO ~ ~ 

·fiO ' ·~· ·~ ·- .: " 
11 f.l 

., 
... ·y ,\,!>.( MO 

' -... ," ·:·"; ..... ~~;~..,.;,-:~·.·;..,;._.-_""""· .. ~ 
, ·r ~ · -

"' 
··'\" .. - ..-. ,. 

j "" "'r-~ ... , .~ 

E I \ ./rJ~/\ : ~ 
~ ; .:>. ,,..1 ") · ·" '""' " l: i • ~. ,........,,/ ~.'-~" • 
i ·»> _,J:J / • i ... . . ' '°'O~ • ..tft 

> .. "3 . 
Pttc.6. (a) - cpoTO)]HO)] H3Mepl!eT oTpaJKeHHll OT BH6pttpyiomeii CTPYHLI u )]pyrnx qacTeii 

KOHCTPYKUHH MOHHTOpa (I) - CHHllJI KpHBaJI. TollLKO rrepBblH IlHK BHOCHT BKJia)] B 

)]HcpcpepeHUHa.JibHLiii cHrnarr (2) - Ma)]JKeHTa KpHBaJI. (b) Jla3epHbIH rryqoK ID­

rrpocjmrrHpoBaHHJI, BLmorrHeHHLiii MeTO)]OM PM, pa.3)]eJIJ1eT OTpaJKeHHJI <PornHa Ha 

BH6pHpyiomeii CTpyue OT OTpaJKeHHH Ha )]epJKaTeJie MOHHTOpa H OT cpoHa 50 fu. (b) (J) -
H3MepeHHJI AUD c rroMOII{blO 6bICTpLix cpoTO)]llO)]OB, nesLrii IlHK - oTpaJKeHllJI oT cTpyHbI, 

I!paBLIH - OT )]epJKaTeJIJI MOHllTOpa; (2) - Jlll<!icjJepeHillla.JlbHbIB CJ.lrHa.Jl IlOJIYI1CpllO)]a 

H3MepeHHii cTpyubr , (3) - soccrnHOBJieHHhrii npocjinnh o6ycnosneH TDJibKO Il)"IKOM. 

KaK MOJKHO Bll)]eTb 113 p11c. 6a )]llcjJ<PepeHUHa.JlbHblH c11rnan 3aXBaTbIBaeT TOJibKO rrepBblH IlHK 

(oTpaJKCHllll OT BH6pttpyiomeii CTpYHLI) II IlOJIHOCTbIO OTcpllllbTpOBLIBaeT BTOpoii IlllK 

( OTpaJKeHHJI OT MexaHlllJCCKOH '!aCTll), '!TO 1103BOJIJICT nerKO BOCCTaJ-IOBllTb npo<Pttnb 

na3epHOro II)"!Ka (pttc. 6b ). 

npeHMYlllCCTBOM npe)]JIO)f(CHHOro PM-MBC l!BJIJICTCJI 3Ha'lllTCJlbHOe YMCHbllICHHe speMCHll 

cKaHHpOBaHHJI no cpasHeHlllO c rrpe)]b!JlYlllllMll MO)]eJIJIMH MBC. 

Bo BTOpOH qacTH 3TOH rJiaBbl rrpe)]CTaBJICHO BOCCTaHOBJICHlle CJlO)f(HOro II)"!Ka na3epa 110 

MHO)f(CCTBY ero O)]HOMepHb!X rrpoeKUllH c HCilOJlb30BaHllCM B116pttpyiomeH: CTPYHbl B 

Ka•1eCTBe pe30HaHCHOH MH!llCHH, 'HO 1103BOJlllJIO cyw,ecTBCHHO ycKOpHTb BbIIl
0

0lIHCHUe 

O)]HOMepHoro c1<aHHposaHHll 11 pewttTb 3a)]aqy TOMorpa<Puu npaKTll'ICCKH. HcnoJib30BaH 

a.JiropHTM BOCCTaHOBJICHllJI rrpo<!ittJIJI Ha 6a.Je MCTO)]a <l>OII co CIICllllaJibHO pa.3pa60Ta11IILIM 

nporpaMMHLIM o6ecne'ICHllCM, anropHTMaMH peKOHCTpYKUllH u spameHllJI. 

Ha pHc. 7a rrpe)]crnsneHLJ nponecc n cxeMa o6paTHoro 11poe11HposaH11ll. PaBHOMepHoe 

pacnpe)]eJieHHe llHTCHCHBHOCTll npoeKQHH cpe)]H Bcex IIHKCeneii B)]OJ!b IIY'!Ka rrpHBO)]HT K 

KOHQeI!QllH o6parnoii rrpoeKUllH. Jlo)]XO)], OCHOBaH Ha a.JiropllTMe iiiYHKilHH npeo6pa30BaHl-Ill , 
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) 

.) 

') ,, 

r)]e KOHKpeTHaJI JlqeifKa B CTon6ne rrpoeKUHH pacrrpocTpaHlleTCJI B o6JiaCTll BOCCTaHOBJieHllll 

He TOllbKO Ha COOTBeTcTByiow,y10 CTPOKY, HO TaKJKe, c HeKOTOpbIM BeCOBbIM K03<!icjill1lHeHTOM, 

H B coce)]HllX CTpOKaX (p11c. 7b ) . 

~.U.! itf.HfiitHJfiff.::£f:::~7:::f:1~~1:~~;1::t~~t-~-l 
tt';-•· •·'w ··•··r·1· r} ' b\:vJ' lii')'I" 

1~:,. 
•• ~ ·! } ;: ' 

(a) (b) 

Pttc.7. (a). Cnesa - MO)]enHposaHHLIH B o6nacrn )]HCKpeTHOtt peKOHCTPYKUHH rry'loK, cpe)]HHH 

CTOJI6eu - rrpoeKQHll )]Jill yrna rp = 0 , cnpasa - paBHOMepHo pacnpe)]eJieHHoe 3HalJerr11e 

11poe1<unH B)]Ollb cooTBeTCTB)'IOW.HX ropn3oHTaJILHLTX pll)]OB, (b) - o6panrne npoeuttposairne 

c cp11JibTpa1.1neli no TpeM CTpOKaM 11 3 onpe)]eJieHHOH Jl'ICHKll npoeKQllOHHOro CTOJI6ua c 

BeCOBLIMH K03cp<!iHUHeHTaMll w,, W2 , W3 . 

nLmo rrpe)]JIOJKeHo 3aMeHHTL o6bI'IHOe spametttte ( I ) TpeMJI C)]BHraMH (2). 

(x· J (cosrp sin ip J(xJ (x' J (' 0 J(' sin rpJ(l 0 J(xJ 
y' = -sin<p cosrp y (I), y' = - tg(rp / 2) I 0 I -lg(<p /2) I y 

J l· 
i 

.. ~ ! 

.; 
·: 

., 
'\ ) '' 

(2) 

Puc. 8. Bpamerrtte TpeMll C)]BllraMH (illlll 0To6palI<eH11l! anropllTMa 11cnonb30BaHLT 

HHCTpyMeHTLI Paint Image I Stretch I Skew). 

qllCJieHHOe MO)]eJIHpOBaime ocymecTBJll!JIOCb cneQHaJibHO pa3pa6oTaHHOH llHcjlpoBOH 

rrporpaMMOW, orrepupyiometi KaK MO)]CJILHLIMH nyq1<aM11, TaK II 3Kcnep11MeHTa.JlbHblMH 

)]aHHLIMH. Pa.Jpa6ornrrL1 crrenttaJILHbIC HHcrpyMeHTLI )]Jlll npocjJ11nttposarrttll npo6HbIX 

ny'IKOB . ITpttMep )]ByMeprroro npocpHllll MOAeJibHOro ny'IKa npe)]CTaBJieH Ha pHc. 9. 
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~ 
l~} 

(a) (b) (c) 

P11c. 9. (a) - ITpocjmn& Tecrnsoro nytJKa, cm.uaHH&lli rpacjm'lecKllMll nporpaMMHbIMll 

HHCTpyMeHTaMll, (b) COOTBeTCTBY!Oll.lee MHOll<eCTBO npoeKUllH, (c) KapTHHa 

BOCCTaHOBJieHHOro npocjmJIJI. 

Ha p11c. l 0 11306pa)l(eHbl 3KCnepnMeHTaJ!bHbie .UaHHbie BOCCTaHOBJieHID! CJ!O)l(HOro Jia3epHoro 

n)"!Ka MeTO.UOM PM-MBC, c np11MeHem1eM anropnTMa <I>OIT. 

(a) (b) (c) 

P11c. I 0 (a). OcHOBHOH BH.U nonepeqHoro ceYeHHll Jia3epnoro nyYKa, (b) 

3KCnep11MeHTaJlbHb!e npoeKUllOHHb!e .uaHHbie, ( c) - OKOH'laTeJibHall peKOHCTp)'Kl!lUI 2D­

npoc]mmr Jia3epnoro nyqKa, c.uenaHHM c 3Kcnep11MeHTaJibHbJM11 )laHHbTMll (b). 

CfemcepmaR ZJlllllll .u11ccepTaUllOHHOH pa60Tbl noCBl!II(eHa 113MepeHHIO npocjl11Jill TOHKHX 

n)"IKOB MOHHTOpaMH B116p11pyIOil.le:H CTP)'Hbl. I13MepeH npocjiHJib ccpoKycnpoBaHHOro 

Jia3ep11oro nyqKa (pa3Mep IDITHa B cjioKyce - 0.1 MM). B .uaHHOM cnyqae nonepe'lHbi e pa3MepbI 

n)"lKa cpaBHHMbl c aMTIJIHT)'.UOH KOJie6aHHH CTp)'Hbl, Il03TOM)' CTpyna npe.UCTaBJIJ!eTCl! 

eCTeCTBeHHblM CKaHepoM ll Ha Ka)l()lOM nonynepno.ue qacTOTbl KOJie6attn:H npol!CXO)l:llT 

IlOJIHoe CKaHllpoBaHHe nyqKa. 

ITpoBe)leH pll.U 3KcnepnMeHTOB .UJil! B&IllBJieH:llll 3cjicjieKToB, K0Top&1e MoryT .uaT& BKJia.U B 

npouecc H3Mepe11m1 npocjiHJill nyqKa, B 'lacTHOCTll, 6&ma rrposepeHa crn6nn&HocTb qacToTbl 
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MOHHTopa, npoBe)leHbl 3KcnepnMeHTbl no BbUIBJieHHJO 3JieKTpoMa!1UITHbIX noMex 

H3MeprneJ!bHOH CHCTeMbl H 11ecrn6HJibHOCTH ncnoJJ&3yeMbIX rrp:116opoB. 

Ba)l(H)'IO pollb B rrpe.unaraeMoM MeTo.ue H3MepeHID! nrpaeT 6b1cTpo.ue:Hcrn11e H3MepnTeJJ&Hott 

c11cTeM&1. Ha p11c. 11 npe.ucrnBJJeHa 3aBHCHMOCTb c11rHana H3Mep11TeJibHOH c11cTeM&1 oT 

BpeMeHH. I1HTeprroJIJIUIDI H3MepeHHH npoH3BO.UHJiaCb cPYHKUHeH BH)la 

g(t) = g 0 (1-exp(-(I -t0 ) / r), r.ue g 0 = 2329 MB - 3HaYeHHe cPYHKUHll npn Bb1xo.ue Ha 

ycTaHOBllBIIIHHCJI pe)l(llM H lo = - 15.5 - IIOCTOJIHHall BpeMeHH 113MepnTeJibHOH CllCTeMbl B 

6e3pa3MepHbIX e.u111111uax HoMepoB H3MepeHHH. IlapaMeTP 1 = 4.33, YTO COOTBeTcTByeT 

Bb!XO.UY H3MepnTeJ!bHOH CHCTeMbl Ha 60% ycTaHaBJ!HBaIOII(erocJI 3Ha'leHllJI 3a 55 MKC 

:: r'1 r·~· ;·r~·rTr !·r1 ·r .r 
p-: 
J ~l ... l ;: : 

r...,,""t" 

P11c. 11. 3aBllCllMOCTb CllrHana 113MepHTeJibHOH CHCTeMbl OT apeMeHJ.t: (a) - o6Il.{HH BH.U 

carnana, co.uep)l(all!HH HeCKoJI&Ko naYeK H3MepemrH, (b) - cpparMeHT B ysennYeHHOM 

MaCWTa6e : TpeyrollbHllKll - 3KCnepHMeHTaJibHal! KpHBall, IlOJlbTe KBa.upaTbl - llHTepnOJilll!Hll. 

Ha pHC. l 2 noKa3aH&T 3KcnepHMeHTaJibH&Te .ua1111&1e 3aBHCHMoCTH cnrttanoB c cjJoTo.uno.ua .UJill 

.uayx noJJo)l(eHHH PM-MBC B no3nu1111 8 11 32. CTPYHbI. ITpoao.u11n11c& 113MepeHHll 

oTpa)l(eHHbIX <PoToHoB oT Heno.UBH)l(Holi cTpy11&1 B TOM )l(e noJJO)l(eHHH PM-MBC. 

\~ in• p;»lt lt•11 II 
:~m1 

\\!np•>•l< l<>ttH 
~«111 .. MM, .... ;, ... H , ,, i.. , ... 

l i ! .M -r: ,~---[ ?\l --- ~ix --w}\ -;: 
L.. ·i-Li--· · 1 

' :: r r 1 1 · .. 
'.!: <) • ti 

:<llill l~~l Wiii ! I ~> :~te 

'llm•, "fl... t t>i 

.. ,, ... Q' H J..-1 ;.._ ..... L.. j' , ' I i : : 
L.. IA , i/\. f\ ::::: 
.!' . f . • \ ~ " J~j 

1 ~ +r.l'il'b: 
.1. !<lil:I! ~ ·~j1 !Ifill JHit :!IHI 

ltt.1•,;hl" 

Pac. 12. 3aBHCHMOCTH OT BpeMeHH 3JieKTpH'leCKoro CllrHaJia c BH6pttpY!Qmea CTp)'Hbl (!), c 

cjloTO)lllo.Ua OT B116pHpY1Qll!eH (2) H nean6pttp)'IOll!eH (3) CTp)'Hbl. 

.AJJropl!IM BOCCTaHOBJJeHIDI rrpocjlllJIJI no 3KcrrepHMeHTaJJbHblM pe3yJJ&TaTaM H3MepeHIDI 

oTpa)l(eHHbTX oT a116p11pyIOll!ett cTpyn&1 c]loTOHoB .uoJf)l(CH ytJHTbTBaTb orpaHllYeHttoe 

6&ICTPo.UeHCTBHe H3MepHTeJJ&HoH cxeM&I. ITpHH51B, 'lTo H3Mep11renhHal! cxeMa JIBJJl!eTcl! 

.uaTYHKOM nepaoro nopll.UKa, H3Mepl!eMall BeJJll'IHHa onpe.uenlleTCll 113 ypaatteHHll 
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rdg(t) I dt + g(t) = f(t), rne t - OTKJTHK H3MepHTeJTbHOH cttcteMbt, g(I) - pe3yrrhTaTbT 

3KCnepttMeHTaJTbHbIX H3MepeHHH. tfttcnemme perneHHe 3TOro ypaBHeHIUI onpe,11em1eT OTKJIHK 

H3MepHTeJTbHOH CHCTeMbl g(t) no cpyHKUHH cpH3H'leCKOro npouecca f (t). 

Ha pttc. l 3a npencrnsrreHbT 3Kcnep11MeHTaJTbHbTe ,11aHHb!e c cporn,11Ho.l(a, ITOJTO)!(eHHe 1.1eHTpa 

BH6pHpyrorueii CTpyttbI B npo1.1ecce ee Korre6a!llH H peKOHCTpyHpOBafIHall no H3MepeHHbIM 

3Ha'!eHHJJM 1pyttKUHJ1 npouecca f.~ (t) , TO ecTb paccel!ttHe na3epuoro H3JTY'IeHHJJ Ha ctpytte. 

J1o TIOJTY'leHHb!M pe3yJTbTaTaM BOCCTaHOBJTeH ycpe,!IHeHHb!H ITpOcpHJTb ITY'JKa ITO 1000 TO'lKaM, 

H306pa)!{eHHb!H Ha pHC. 13b. 

.. ... 
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Pnc. 13. CHrHaJT c ljloT0)1H0)1a (3aITa3)1bJBa!OIUHH OTKJIHK g(t) ), 2 - ITOJIO)!{eHHe QeHTpa 

cTpyHbI B ITpo1.1ecce Korre6aHHH, 3 - paccel!HHe rra3ep1rnro H3ll)"leHHll Ha cTpytte 

(BOCCTaHOBJieHHb!H ITO 3ana3)1b!BaTOllleMy OTKJTHKY CllrHaJT .l~~ (t) ). (b) 3aBHCHMOCTb KOJI-Ba 

q>OTOHOB OT KOOp,!IHHaTbl - npocjJHJTb ccj>oKycttposaHHOro JTa3epHoro ny'lKa. 

llRlllUR <.!IU6ll )1HCcepTaUHOHHOH pa60Tbl l!OCBJJllleHa pa3pa6oTaHHbIM HeHTpOHHbIM 

MOHHTOpaM BH6pHpY1Qllldi CTpYHbl, llX M0)1HqrnKa!.1HllM. B Haqarre rJTaBb! ITpllBe)1eHO KpaTKoe 

BBe)1eHHe B Teopmo, MeT0)1bl H npHMeHeHHll paccel!HHll HeHTpOHOB. bOJibllIHHCTBO MeT0)10B 

o6HapylKCHHJI HeHTpOHOB OCHOBaHbl Ha H3MepeHHJIX pa3JTH'IHb!X npo11yKTOB Jl,!lepHbIX 

peaKUHH. KpaTKO OITHCaH npHHI.IHIT 11efiCTBHll HettTpOHHb!X )1eTeKTOpOB, ra30Bb!X, 

nonynpOB0)1HHKOBb!X. 

Bo BTopofi qacn1 rrraBbl rrpe11cTaBJTeHbl HeihpOHHbTe 11eTeKTOpbl Ha 6a3e KOMII03HTHb!X 

BH6pwpyro1uax cTpytt, pa3pa6oTaHHbie rpynnoii ycKopHTeJTbHOH ,!IHarnocrnKH Ep<l>H. 

Y'lHTbTBal! 6orrbrnoe ce'lettwe 3axsata tteiitpottoB HeKoTopbIX H3oTorroB ranonHHHll, 

pa3pa6oTaH HeHTpOHHb!H MOHHTOp BH6pupyrorneii CTpyttbI (HMBC) c KOMil03HTHOH CTpyttOH, 

conep)!{arueil cnoii H3oTorra ranonHlillil 157. I1pu rrpoHHKHOBeHHJ.I HeiltpoHoB B ctpytty qacTb 

J.IX 3Heprn1-1 nepe11aeTcll crro!O J.13 ra,110JmHHll J.I ysenH'lllBaeT TeJ>.meparypy ctpyii:i,r. B CJ.IJTY 

Manora )1HaMetpa ctpyHhT 3TOT MeTo,11 II03BOJTSTeT H3Mepl!Tb rroKaJlbHY!O rrnoTHOCTb 

HettTpOHHOro IIyqKa B MecTe IIOJ!OlKeHlrn cTpyttbl. ITpenrraraeMb!H HeilTpOHHb!H MOHHTOP 

06na,11aeT urnpOKHM )11lHaMll'leCKHM miana30HOM ll MOlKeT 6b!Tb HCilOJ!b30BaH ,!lllll 

npoctmrrnpOBaHHll HefiTpOHHbIX ITY'JKOB H3 cneuaaJTH3HpOBaHHb!X HCTO'IHHKOB 

(11ccne,110BaTeJTbCKHe peaKTOpbl H HCTO'IHHKH pacmerrneHHll). AHaJTOrH'!HO npe11nolKeHHIO 06 
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HCITOJ!b30BaHHH BH6pnpyrorunx CTpyH B Ka'lecrne pe30HaHCHOH MRIIIeHH, BH6pnpyroIUal! 

CTpyHa c ranonHHHeB:b!M CJ!OeM TaK)J(e MOlKeT CJTYlKHTb pe30HaHCHOH MHTIIeHb!O. MoHHTOp Ha 

6a3e TaKoH' CTPYHbI Ha3BaH peJ01ta11c11w1 ,i,1uute11b - 11eumpoNJJb1u ;wmtumop «u6pupy10u1eii 

cmpyllbl (PM-HMBC). Cn11xpoHH:b1e H3MepeHHll raMMa rryqeii, B03HHKa!OlUllX B pe3yJJbTaTe 

paccellHHll 1-JeHTpOHOB Ha aTOMaX CJTOJI ranonHHHll BH6pHpY1QllleH CTpyttbI c KOJ1e6aHHl!MH 

'!aCTOTbl cTpyHhI 06ecneqnBa10T 6blcTpb1il OTKJTHK np01.1ecca paccel!HHll. ,[(H!ji!}iepe111.1HanbHblii 

CHfl!aJT B IlOJ!OlKeHHl!X MaKCHMaJT:bHb!X OTKJJOHeHHl!X CTpYJibI B npouecce Kone6attnii: MOlKeT 

o6ecne'IHTb wncJ.>opMaUH!O o rpa,11weHTe npof}iwnll nyqKa. 

PM-HMBC MOlKeT HCITOJ!b30BaTbCl! KaK TO'll!b!H MOHIHOp c OTJIH'!Hb!M npocTpaHCTBeHHbIM 

pa3pewenneM ,!lllll Bb!COKOTO'IHblX HeHTpO!!HbIX llyqKOB cneI.1HaJTH3HpoBaHHbIX HCTO'IHHKOB 

neii:TpO!!OB c MYJTLTH6an'leBoii: HH!}ipacTpYKtypoii MHOfO'IHCJTeHl!b!X HHCTpyMeHTOB ,!IJ!l! 

Hccne11osa11Hl! MaTepHanoB. CneQHaJTH3HpoBal!Hblli MHorocTpy1111b1ii HMBC c 

B03MOlKHOCTbIO BparueHHl! B).IOJ!b OCH nyqKa MO)J(eT 6bITb HCilOJib30BaH ,llllll BOCCTaHOBJ!el!Hl! 

CJ!OlKHb!X 2D-rrpocpnneii: HeITTpO!!l!blX ITY'JKOB 6oJT:blIJHX rrorrepe'IHb!X ceqeHHH B HettTpOHHOH 

TOMorpa1pm1, nonyqelillH H306palKe11Hfi n panHorpacjinH. 

PeaKlJWl 3QXGama 1teiilnpo11oe Gd u iJenomtpOGQ/lUe 311ep21111 ueumpouoe 6 cmpyue 

n+ 1UGd~ 1~Gd* ~ 1~Gd+y+conversion electrons+ 7.9MeV, o-0 = 253929b 

n+
1
ilGd ~ 1~Gd* ~ 1~Gd +y+conversion electrons+ 8.5MeV , o-0 = 60800b. 

Ilocne 3aXBaTa TennoBbIX HefiTponoB Gd B036YlKAeHHblii: aToM Gd B03BparuaeTcl! B ocHOBHoe 

COCTOl!Hl!e, BbICB060lK)1al! 3Heprn!O CBll3H (- 7937K3B ,!IJ!l! 157Gd) B BH)1e raMMa-Jiy'leH, 

pe1ure110BCKHX nyqefi BHyTpeHnero rrepexona H olKe-::ineKTpoHoB. 

Pa3pa6oTano 11sa nrna MonnrnpoB (pnc. 14): Manora6apHTH:b1e HMBC c BOJib!jlpaMoBoil 

cTpyHoil ,!IHaMeTpoM I 0 MKM H cnoeM Gd TOJTIUHHOH 2 MKM H cpe,111rne - 1 00 MKM n cnoeM Gd 
I 0 MKM. ,[(Jill nepsoro THna npe11naraeTCl! HCTIOJ!b30BaTb 157Gd, 3aXBaTbIBaIOlllHH Bee 

TeTIJJOBbJe l!eHTpOHbl, na11a101llJ.1e Ha CTpyny, )1Jlll BTOporo rnna MOlKl!O HCITOJ!b30BaTb 

ecTecTBeHHbTH Gd. 

" e- ... 

'" .rt:::::i:) ',:.:;f~ 
~2 ~M 
'· :-~;;~·i ~·~>~-~;. 

06a MeXaHH3Ma TeITJTOBOro BKJTa,lla npHB0)1l!T K 

ornolKeHmo Tenna B sn6pnpy101ll)'l0 CTPYHY H3 

BOJJbf}ipaMa E:n =138.2K::iB=2.2] x ]Q-14.[(lK.)1JIR 

cpe,1111wx pa3MepoB HMBC H 77 ke V - ,!IJTll ManhIX . 

Pnc. 14. CxeMaTH'lecKoe H306palKem1e (a) - HMBC 

cpeAnero pa3Mepa: 1 - Btt6pnpyro111aST cTpyHa, 2 

MarnnTbI, 3 - MarH!iTHbie nomoca, 4 - KJJHITCbI, 5 - ocHoBa, (b) - HMBC Marroro pa3Mepa: 1 

Bn6pHpYIQlllal! CTpyHa, 2 - IlOIU(CplKHBaIOlllal! onopa, 3 - KOHTaKTHal! rnaM6a CTPYHbT, 4 
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MarHMT, 5 - nae TOHKJle rnaii6b1 H3 Kepall!MKH, rnaii6a c OTBepCTMeM HJJH 6e3, 6 - :maCTWieCKlU! 

rnaii6a, 7 - 3aJKHMHlU! rnaii6a H3 MarHHTHoro MaTepHarra. 

B c!>HHaJJbHOH qacTH rrraBbI npnae)leHhl neTaJJhHbie pacqeTbI napaMeTpOB nl!JI HeiiTpOHHhIX 

MOHMTopoa BM6pMpy10mell CTpyttbr c TenrroBbIM M pe3oHaHCHb!M npMHUMnoM onep11posaHMll, 

a TaKJKe cnerraH pacqeT speMeHH nerpana11nH crroll ra.r1orrHHHJ1 Jlllll o6oHX pa3MepoB 

MOHHTopoB. 

B 3aI<JllO'leHllll npHBO}ll!TCll OCHOBHbie pe3yIThTaTbI H BblBO}lbI }!HccepTauHoHHOH pa6oTbl. 

3AKJIIOT.ffiIDIE 

1. Hccne,!loBaH npo11ecc npocjmm1posamrn JJa3epHoro nyqKa npH pa3Hb1X cKopocrnx 

CKaHHpoBaHHl!. TioKaJaHO, '!TO ITJJll ysemr'-lemm CKOJJOCT!l CKaHHJJOBaHHll rrpoHCXO,!lllT 

cymecTBeHHoe McKaJKeHHe npocjml!JI . 06octtoBaHbI peK0111e1-1µau1-rn rro BbI6opy npeµerrbHbIX· 

CKopocTeH CKam1pOBaJ-!Hl! , npe.LIJIO)l(eH anropHTM KOppeKTHj)OBKll peKOHCTpyHpye111oro 

npocimnsr ll)"lKa ITO .LIBYM CKaT-!HJJOBaHlll!M B npOTHBOllOJTOJKl-lblX 1-1anpasne1rnsrx. TioKa3aHO, 

qTQ npe):IJJOJKeHHaJI MeTon11Ka onpenel!JleT TaKJKe CTeneHb noCTOBepHOCTH nHHaMH'-!eCKHX 

H3Mepe1-1Hti MOHHrnpa. ):(airnoe 11ccrrenosattHe cymecrne1-11-10 nrrsr npyrHx npH111e1-1e1-1Hti MBC, 

B ' JaCTHOCTll, nrrsr npocjinm1poBaHHll Il)"lKOB 3apl!JKeHHblX qacrnu B ycKOpHTCJJJIX. 

2. Tenrrosoi1 MCTOA BH6pwpyioll(eil CTPYHhI npHMeHeH nrrll ll3MepeHHJI npocjJHJJJI npornBHOro 

Il)"IKa ycKopHTerrsr Kopei1cKoro ycKop11TeJJbHOro KOMnrreKca KOMAC. 

3. Tipose.r1eHbl llCCrrenoBaHHJ! no pa3pa6oTKe CHHXpOHHbIX ll3MepeHHH BTOpH'!HblX 

qacnrl\i'H3JJ)"leHHl! Ha BH6pupyiomeii cTpyHe B npenerroHb!X norroJKeHHJIX cTpyttbI B npouecce 

ee Korre6aHHH. IIoKa3aHo, '!TO anropHTM cjiop111Hpoaatt11sr nucJiciiepeHUllaJJbHOro c HHBepcHeft 

3HaKa CHrHarra TI03BOJJJleT OTCeKaTb QJOHOBYJ-0 COCTaBJJJ!IOU(YJ-0 OT cHrHarra, reHepHpyeMoro 

nenocpenCTaeHHO ny•moM. HttTerpHposaHHe nmj>cjiepeHI(HaJJbHOro curHana TaKoro THrra 

y6HpaeT TaKJKe 6hTCTpbre KOMTIOHeHTbl clioHa (Ha ypoBHe nepHo}la KOJJe6aHHH CTpyttbl). 

Mernn no3BOJJHJJ cyU(eCTBeHHO coKpaTHTb apel\rn cKaHHpoaaHHl! nyqKa. Mernn onpo6oaaH 

3KCnepHMeHTallbHO Ha <PoTOHHblX nyqKax, B HaCTOll!Ilee BpeMJ! nposonsrTCJ! 3KCnepHMeHTbl no 

cKaHHposaHHJO TaKHM MeTonoM 3JJeKTpOHHbJX Il)"lKOB. MeTon npencrnsJJJ1eTcJ1 oqeHb 

nepcneKTHBHbIM }ll!JI ll3MepeHHJ! npoqmneti Il)"lKOB B ycKopHTel!JIX c Y<JeTOM CyU(eCTBeHHOro 

yseJJ!l'leH!ll! CKOpoCTll npouecca CKaHHpOBaHHl!. 

4. YcKopeHHbrn npouecc npo$Hnttposanwsr na 6a3e pe3ottaHcHoro MeTo.r1a nwarnocTHKll c 

noMOUlb!O BH6pHpyiomeil CTPYHbl II03BOJJHJJ npHMeHHTb TOMorpa$H'-leCKHe MeTO.L\bl 

soccTattoaneHHJ! .r1syMepnoro npocjJHrrsr rro na6opy on1-10Mcpnhrx npo<Pwncii, 

COOTBeTCTBYJOU(HX pa3JlllqHb!M yrrraM CKaHHpOBaHHJI. ,[(JJJI BOCCTaHOBJJeHHl! ):(ByMepHoro 

npo$11rrsr 6brn np11111eneH MeTO.L\ o6paTHbIX cjJHJJbTpOBaHHblX npoeKUHH. Ha OCHOBaHHH 

):laHHOro arrropHTMa 6bll!O pa3pa6oTaHO nporpaMMHOe o6ecne'ICHHe nnll BOCCTaHOBJJeHHJI 

cJTOJKHoro naYMepttoro npocjJHJJJI no Ha6opy O,!IHOMepHbIX npocjJHrreti. Mernn 6orn 
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:JKcnepHMeHTaJJhHO onpo6oBaH Ha m13epHbIX nyqKax. l1pe)lllorraraeTcl! nponorrJKMTh 

HccrrenoBaHHll npn111et1et1Hl! MeTona µmi 3apl!JKem1bIX 'IaCTMl\. IIpencTaJJlllleTcl!, 'lTO 

pe30HaHCHblH MCTO.L\ AJJJI .L\HarHOCTHKH BTOpH'll-lblX '-laCTHU µacT B03MOlKHOCTb HCnOJJb30BaTb 

HH3K03HeprenI'-ICCKHC <PoTOHbl c npHMCHCJ-IHeM 6b!CTpbIX cjioTonnoµoB BMeCTO 

TPaAHUHOHHblX cj>OToy111noJKHTerrei1, Tpe6yioll(HX µonorrHHTeJJbHbIX CUHHTHJJlll!TOpos H 

6JJOKOB BblCOKOro HaIIpJIJKeHHl!. 

5. c y'-leTOM nepcneKTHBHOro HanpaBJJCHHl! B ycKOpHTeJJbHOH cjill31lKC no reHepaUHH 

YllbTpaTOHKHX MHKpOHHb!X TI)"JKOB 6wrra pa3pa60TaHa MCTO}IHKa npo<jJHJJHpOBaHHll TOHKHX 

nyqKOB, B KOTOpblX BH6pHpYJ-Ollla!I CTpytta l!Bl!J!CTCl! CCTCCTBCHHblM CKanepoM. TlepBble 

:iKcnepHMCHThI npoaeneHbI Ha c<PoKyrnpoBaHHhIX rra:iepHhIX nyqKax. Pa3pa6ornH 

MaTeMaTH'-ICCKHH anropHTM BOCCTaHOBJJCHlll! npo<PHJrn nyqKa c y<JeTOM JanaJ}lb!BaHHl! 

H3MepHTCJJbHOH CXCMbl. 

6. Y'-IHTb!Bal! BblCOKYJ-0 'lYBCTBHTeJJbHOCTh MOHHTOpOB BH6pHpy10111eti CTpyttbI npe.r1rroJKeHo 

Hcnollb30BaHHe KOMTI03HTHblX BH6pHpYJO!IIHX CTpYH c aKTHBHb!M CJJOeM J.13 H30Tona 

ranorrHHH.H 157. Tl0Ka:ia1-10, qTo .r1aT'-IHKll Ha 6a3e TaKlclX CTPYH MOryT CJJYJKHTb MOHHTOpaMH 

HeHTpOHHbIX nyqKoB co crroJKHbIM npo<jJHrreM nonepeqHoro ceqemrn. IIpeJIJJOJKeHbI nae 

~10n11qmKa1nm TaKJIX MOHHTOpOB, Ha 6a3e Tenrrosoro MeTona 3aBHCHMOCTll <JaCTOTbl 

KOJJe6aHHft OT H3Mepl!eMoro noToKa HeHTpOHOB H pe3oHaHCHOro THna, B KOTOpbiX 

KOMn03HTHal! BH6pHpYJOU(aJI CTpyHa CJJYJKHT pe30HaHCHOH MHIIIeHblO. 
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UU<llD<!JUq.f>f' 

1. L:tmwqmmJht t 1wqtpwiru 1Ji.u2trr 1.11wpptp upwuwtJ.nptfwu wpwqmpiJmuutpntJ. 

UJ.pn:j>P,1wtJ.npt!wu UJ.pngtu]:!: Sm]g t 1.11ptj_tl_, np upwuwtJ.npt!wu wpwqmpiiwu 

pwp6.pwgt!wu Wpl}]ntUpmt! 1.11haji t mutumt! UJ.pn:j>P,tl1 qqwtl1 lUIJ.WtJ.wrimt!: 

L:P,t!uwtj_nptj_mt! tu uwht!wuwiP,u upwuwtj_npt!wu wpwqmpi]muutpp. ]:!Ul.llpntpi]wU 

tj_tpwptpJWL wnw2wp1.J.mpiimuuhp]:!, wnw2wp1.J.tJ.mt! t 1Ji.u2P. tj_tpwlJ.wuqutJ.wo 

UJ.pn:PP.Ll1 mri11t!wu w1qnpP,pit! oq1.11wqnpot1ntJ. hw1.J.wnw1.J. IllIJ.l'\Illfl]IlluutpntJ. tp1.J.m 

upwuwtJ.npmt!utp: 5mJ9 t 1.11ptJ.mt!, np wnw2wp1.J.tJ.III'\ t!tpiIII}J:! npn2mt! t uwli 

t!nup.mnpp. 1lruwt!p.1.J. 2w1Ji.mt!utpp. hmuwwmpi]WU wu1.11P,6:wut!: U]U 

mumt!uwuP,pmpiJmUJ:! 1.J.wplmp t lllUil.llwutJ.III'\ 1wpp. t!nuP,mnputpp. WJL 

1.J.P,pwnmt!utpp. hwt!wp, tfwuuwtJ.npmUJ. tu, wpwqwgmgP,2htpmt! tl1gpwtJ.nptJ.wa 

t!umup.1.J.utpp. 1Ji.u2trr UJpn:j>P,1wtJ.npt!wu hwtfwp: 

2. SwlllwutJ.III'\ 1wpp. 2tpt!wiru t!tpiIII}f! 1.J.P,pwntJ.t1 t 11nptiwiP. KOMAC 

wpwqwgmg2w1P.u hwt!wtl1rr UJ.pill.llilUWJP,U 1Ji.u2r UJpn:PP.w 2wiJi.t1m hwt!wp: 

3. 11w1.11wptJ.t1 tu htlllwqnlllilLFJJmuutp 1wpp. lllWUlUiut!wu f!UJUwgpmt! [!lil}nLuwa 

uwht!wuwiP,u l}P,pptpmt! tp1.J.pnp11wl.J.wu t!wuup.1.J.utp]116:wnwqwwt!wu up.uppnu 

2w1Ji.mt!utpp. t!2wqt!wu tj_tpwptpiwr 5m]g t Ulptj_wa, np h2wur P.utJ.tpuP,wintl 

1lr:PtptugP,w1 wq11wu2wup. 6.ltwtj_npt!wu w1qnpP,iatlf! huwpwtJ.npnLJUJmu t lllwwu 

U1WplUU2U1llltl :jinUWJP,U FlliJ.'lU1l}pr2f! wutfP,2wlJ.wunptu 1Ji.u2P,g tl.J.ntu Wql}WU2UlUP,g: 

U]U Ultuwl.J.P. 1lr:PtptugP,w1 wq11mu2wuutpp. p.umtqpnttl[! uwlt tj_tpwgumt! t :jinup. 

pUIJ.'lW11PP.2utp[! (1wpp. lllWUlwut!wu UJWpptpnLf!JWU tfmlJ.wp11wlJ.P,): UtpiIII}f! flnLJL t 
1.11wt11u qqwtl1nptu utJ.wq tgut1 1Ji.u2r upwuwtJ.npt!mu chut!wuwl.J.I!: UtjUIII}f! 

lfinp6.wplJ.tJ.tt t :pnlllnuwiP,u 1Ji.u2tpp. tj_pw, utplJ.mJmt!u qtlJ.lllpnuwiP,u 1Ji.u2tpp. 

upwuwtj_npt!wu ip.np6.tp tu qwlllwptj_mt!: Uhpin111! htnwuqwpwiru t 
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wpmqwgmgr2utpnu.f 1Ji.u2tpp. UJpn:PP.1utpp. 2w1Ji.tfwu hwtfwp, hw2tJ.r wnut1ntl 

upwuwtJ.nptfwu mpwqmiaiwu qqwtl1 w6:f!: 

4. SwlllwutJ.III'\ pup]1 oqu1wqnp0tfwt!p ntqnuwuuwiru tftiun11P. 1lrwqunulll]11.J.wiP. tJ.pw 

hP,tfutJ.wa wpwqwgtJ.wo UJpngtul! huwpwtJ.npmpiimu Ultj_tg 1.J.P,pwnt1 lllnt!nqpw:p]11.J. 

tftjUill}Utp, tpl.J.pw2w1Ji.wup. UJpn:Prll! U1Wpptp upwuwtj_nptfwu WUlJ.JilLUUtpj1u 

hwt!w"lllwlllwutuwun11 t!:p. 2wpp tlpw2Uilfi "lllrn:PP.1utpntj_: bpqpw2wiJi.wu:p. "lllrn:Prw 

tj_tpwl.J.wuqut1m hunfwp 1.J.p.pwntj_tg :PJ11lllpwgtJ.wo hwlJ.wnwlJ. UJpntlJ.gpwutp:p. 

tftiun111!: U]U w1qnrriutfr hP,tfwu tJ.pw tlzwlJ.tJ.t1 t opwqpwiru WUJWhntj_mtf pwp11 

tpl.J.pw2wifiwu:p. "lllrn:Prw u::p. zwpp tfpw2wiJi. "lllrn:PP.1utpntJ. tj_tpwl.J.wuqut1m hwtfwp: 

Uhf!Ill}t! 1Ji.np6.wplJ.tJ.t1 t 1wq tpwiru ifiu2tpp tJ.pw: Uquqw1tJ.mtf t, np tplJ.pnp11wlJ.wu 

tfwuupl.J.utpp. 1lrwqhnulllpl.J.wir hwtlwp ntqnuwuuwiP,u tltian111! humpwtj_npmiaimu 

1.J.lllw oqlllUiqnpat1 gwap tutpqpwir :pnUlnuutp wpmq :pnllllll}~utp:p. 1.J.ppmntfmtfp 

wtJ.mu11wlJ.wu :jinlllnpwqtfw"lllmllll.J.P,2utp:p. iJi.ntuwptu, npnup "lllmhwu2mt! tu 

tpwgmg:P.2 ugpulllrumlllnputp Ii pmp&p 1wptlwu p1nqtp: 

5. L:mztj_p. wnut1ntJ. wpmqmgmgp2mJp'i.i :jipqpl.J.wimtf mtlllpmpwpwl.J. tlpl.J.pnuwi]1u 

1Ji.u2trr qtutpmgrwir htnwul.J.wrwiru m1111miuim'i.if!, tf2mlJ.tJ.t1 t pmpwl.J. 1Ji.u2t11r 

UJpn:Pr1wtJ.nptlwu tltpin11rl.J.m, npllltIJ. lllWlllmutJ.n11 1mpf! hwu11P,uwumtl t pumqmu 

pippw]u: Unw2ru ifinp6.tpf! ppwqwuwgtJ.t1 tu :pnlJ.muwgtJ.wa 1wqtpwiru 1Ji.u2t11r 

tJ.pw: U2wlJ.tJ.t1t1Ji.u2P. "lllrn:Prll1 tj_tpml.J.wuqutfmu t!miattfmUlplJ.wlJ.mu m1qnpP,iatl, npf! 

utpwnmtl t 2wlfitlwu ututuwir m2wgmtlf!: 

6. L:wztj_p. wnut1ntJ. l.llUllllWUtJ.III'\ 1mpp tfnuP,umputpP, pwp6.p qqw]IllUilLJU]nLhf!, 

wnw2mpqtJ.t1 t 1.J.ntlUJnqpm UlWl.llWUtJ.nIJ. 1mptp:p. oqlllwqnpomtl[! qw11nL11uP,mtl:p. 157 

:p.qnllln"lllr wl.J.lllrtl 2tpU1ntJ.: 5mig t lllptj_tl_, np ht!mu 1wptptpntj_ tfnuP,lllnputpf! qmpnIJ. 

tu amnwit1 np"llltu pwp11 1wiuwl.J.wu 1.J.lllptj_wgpntj_ UJ11n:PP.1ntl utJlllpnuwiP.u 1Ji.u2tp:p. 

tlnhpumphtp: Unw2wpqtj_mo t WJIJUJ:tiur tlnu]1lllnphtp:p. tpl.J.m tfn11r:Prl.J.mg:p.w' 

2tptfmiru uqqpmupntJ. qnpoIII'\ (lllmlllUihtlwU. hw6:UIJm1LFJJWU 1.Jwtul[womiuimu 

2mifitJ.n11 U.t]lllpnhmiru hnupP,g) Ii ntqnumuuUIJP,'i.i, npnugmt! ljntlUJnq:p.1.11 mwlllwhtJ.1111 

llliPf! OlUIIlU]IlLtl t npUJ tu ntqnuwuuwiru FPPUitu: 

SUMMARY 

l. The process of profiling a laser beam at different scanning speeds was investigated . It is 
shown that with an increase in scanning speed, a significant deformation of the profile occurs. 
Recommendations on the choice of limiting scanning speeds are substantiated, an algorithm is 
proposed for correcting the reconstructed beam profile using two scans in opposite directions. 
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It is shown that the proposed method also determines the reliability of dynamic measurements 

of the monitor. This study is essential for other applications of VWM , in particular, for 

profiling accelerators charged particle beams. 

2. The thermal method of operating of a vibrating wire was applied to measure the proton 

beam profile of the accelerator of the Korean Multi-purpose Accelerator Complex KOMAC. 

3. The research on the development of synchronous measurements of secondary 
particles/radiation on a vibrating wire in the maximal deviating from the fixed stable position 

of the wire during its oscillation was realized. It is shown that the differential signal-forming 
algorithm with an inversion of the sign allows remove the background component from the 
signal generated directly from the beam. Integrating this type of differential signal also 

removes the fast components of the background (at the oscillation period of the wire). The 
method allowed appreciably reduces the beam scanning time. The method was tested on 

photon beams; the experiments to scan electron beams by this method are underway. The 

method seems very perspective for measuring the beam profiles in accelerators, taking into 
account the significant increase in the scanning process speed. 

4. The accelerated process of profiling based on the resonant method of diagnostic using a 

vibrating wire made it possible to apply tomographic methods to reconstruction, a two­

dimensional profile by a set of one-dimensional profiles corresponding to different scan 

angles. To reconstruct the two-dimensional profile, the method of filtered back projections was 
applied. Based on this algorithm, software was developed to reconstruct a complex 2-
dimension profile by a set of one-dimensional profiles. The method was experimentally tested 

on laser bean1s. It is supposed to continue research on the application of the method for 

charged particles. It seems that the resonance method for the diagnostics of secondary particles 

will make it possible to use low-energy photons using fast photodiodes instead of traditional 
photomultipliers that require additional scintillators and high voltage blocks. 

5. Taking into account the perspective direction in accelerator physics for the generation of 
ultrathin micron beams, a technique has been developed for profiling thin beams in which a 

vibrating wire is a natural scanner. The first experiments were carried out on focused laser 
beams. A mathematical algorithm has been developed for reconstructing the beam profile, 

taking into account the retardation of the measuring scheme. 

Considering the high sensitivity of vibrating wire monitors, the use of composite vibrating 
wire with an active layer of the gadolinium isotope 157 has been proposed. It is shown that 

sensors based on such of wires can serve as monitors of neutron beams with a complex cross­

section profile. Two modifications of such monitors are proposed, based on the themial 

method of dependence of the oscillation frequency on the measured neutron flux 

resonant type, in which the composite vibrating wire serves as a resonant target. 
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