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Bse.aeHHe 

nnH C03n8HHH B CHHXpOUHKnOTpOHe T8KOrO pe*HM8 yCKOpeHHH 38PH*eH­

HbiX '18CTHU, B KOTOpOM !lla30Bbie IIOTepH ObinH Obi MHHHM8nbHhl, HeOOXOnHMQ, 

IIpH rrpO'IHX paBHbiX ycnOBHHX, 'ITOObl 8MIInHTynH0-'18CTOTH8H X8p8KTepHCTHK8 

B,'l, CHCTeMbl Ohina OIITHManbHOiL OTO 3H8'1HT, 'ITO IIpH MHHHManbHOil: IIOTpe­

onHeMOii MOIUHOCTH HY*HO rrony'IHTb T8KYIO 8MIInHTyny yCKOpSIIOIUero H8I1pSI*e­

HHH, KOTOpaH ooecrie'IHBaeT M8KCHM8nbHYIO HHTeHCHBHOCTb IIY'IK8 '18CTHU KO­

He'IHOH 9HeprHH, 

H3BeCTHO HeCKOnbKO CIIOCOOOB anSI OIIpeneneHHSl OIITHManbHbiX xapaKTe­

pHCTHK: 

1. Pac'leTHbie crroco6hi, ocaoaaHHbie aa TeopHH BoMa H <llon.rm/1 I. 

2. 3KcrrepHMeHTanbHbiil: rron6op mHpHHbi menH MeJKAY ycKopsnomHMH 

aneKTponaMH/2 ~ 
3. 3KcrrepHMeHTanbHhiA rron6op 38BHCHMOCTH qacTOThi OT apeMeHH rrpH 

3anaHHOH 8MIInHTynHOH XapaKTepHCTHKe, 

OnaaKo pacqeThi, rrpoH3BeneHHhie aerrocpencTaeaao rro BoMy H <llonnH, 

naiOT 3H8'1HTenbHbie pacxcmneHHSI C 9KCIIepHMeHTOM. PaCC'IHT8HHbiH H IIOCTpOeH­

HhiH B CERN 'e / 3 / MOnynSITOp, MeHSIIOIUHii: aaonaoe H8IIPSI*eHHe B. '1. reHepaTo­

pa IIO nHHeHHOMy 38KOHy, IIpHBen K IIOBbi!lieHHIO ·HHTeHCHBHOCTH, HO HeT OCHO-

B8HHH C'IHT8Tb 9TY ¢opMy MOnynSIUHOHHOH KpHBOH OIITHManbHOH. BHeCeHHe He-

3 



KOTOpblX nonpaaOK a TeopHJO BoMa H <SIOJlllH npH OnpeAelleHHH KOCHHyCa paa­

HOBeCHOA ~3hl, XOTR H CHH~aeT HeTO~HOCTb llOnymeHHR 0 meneBOM Haoope 

aHeprHH, He MO~eT y~eCTb BCJO CllO~HOCTb npouecca yCKopeHHR, H OCO.OeHHO -

aaxaaTa
141 • 

3KcnepHMeHT81lbHblA nonoop WHpHHbl ycKopstJOmeA menH 38TPYl1HeH_ He 

TOilbKO H3-3a HallH~HSl pRlla KOHCTpyKTHBHblX yanoa B paAoHe mellH ( HOHHbiA 

HCTO~HHK, ifloKyCHpyJOmHe aneKTpOllbl H T.n.), HO H BCilellCTaHe OCTaTO~HOi!: pa­

llHaUHOHHOA aKTHBHOCTH, CHJlbHO OrpaHH~HBSIOmei!: B03MO~HOCTb npoBelleHHSl 

MOHTa~HbiX paOOTo 

npHMeHeHHe acnOMOraTellbHbiX alleKTPOllOB llllR H3MeHeHHR Haoopa aaep• 

rHH aa 060pOT Ha 3aXaaTe/5/ ( aKBHBSileHTHO non6opy IUHpHHbl yC,KOpRJO!lei!: 

menH) 3aTpyl1HeHO TeMH ~e npH~HHaMH, a TaK~e B3aHMHhlM BJlHSlHHeM llBYX 

CBR3aHHbiX pe30H8HCHblX CHCTeM. 

TpeTHA cnoco6 CBOllHTCR K aapbHpoaaKHJO 4lopMbi nnacTHH MOllYIIHPYJOmeA 

eMKOCTH llllR nony'leHHSl 60ilbWeA HHTeHCHaHOCTH/6, 7/ HJlH K OllHOapeMeHHOMY 

H3MeHeHHJO 'laCTOTbl MOllYIISIUHH H aellH~HHbl nOCTORHHOro aHOllHOrO HanpSI~e­

HHSI a.:~~. reKepaTopa CHHXpOUHKIIOTpOHa/8/. KoHCTpyKUHSl aapHaT;pa ( C' OAHOi!: 

CTOpOHbl, Tpe6yeMaSI MHHHMallbHaSI eMKOCTb H, C llpyroi!:, llOnyCTHMaR MaKCH­

MaJl&HaSI CKOpOCTb apameHHR) orpaHH~HBaeT nony~eHHe onTHMallbHOi!: xapaK­

TepHCTHKH 'laCTOTa-apeMSI, a qpe3MepHbli!: poeT yCKOpRJOmero HanpR~eHHSl no 

aCeMy l1HaRa30Hy pa60"'H~ qaCTOT npHaOllHT K neperpeay aapHaTOpa H llpyrHX 

yanoa yCKOpHTellSI H a03HHKHO&eHHJO npo6oea. 

3KcnepHMeHTSilbHblil: nol160p OnTHMaJlbHOi!: XapaKTepHCTRKH, CaR3aHHbli!: C 

KOHCTpyKTHaHbiMH H3MeHeHHRMH, acerna O"'eHb TpynoeMOK H Tpe6yeT Hapywer 

HHSI aaKyyMa a paaroHKOJ!: KaMepe. 

B pa6oTe npennaraeTCR cnoco6 onpeneneHHSI onTHMan&aoll: aMnnRTYllHO­

-qacTO'I:Hoi!: xapaKTepHCTHKH a.q. CHCTeMbl CHHXpOUHKJlOTpOHa 6e3 HapyweHHSl 

aaKyyMa. XapaKTepHCTHKa CHHMaeTCSI aa llei!:cTayJOmeM ycKopHTene, noaToMy 

aaTOMaTH'leCKH Y"'HTbiaaJOTCSI ace <f>aKTOpbl, KOTOpbie aJlRSlJOT Ha era paOOTy. 

1. OoocnosanHe Meroaa 

YaenH"'eHHe HHTeKCHaHOCTH CHHXpOUHKnOTpoKa aa 680 Maa nocne KoppeK­

UHH aMnJlHTYllHOi!: XapaKTepHCTHKH/
9 / CaHlleTellbCTayeT 0 TOM, "'TO TOJlbKO Ha 

qacToTax 18,5 H 15 Mru noKan&aoe yaenH"'eHHe aMnnHTYllbi ycKopRJOmero aa-
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npg~eHHSl npHaOllRT K pOCTY HHTeHCHaHOCTH. Ha OCHOB8HHH aT 

MeHTaJlbHOrO peayn&TaTa MO~HO O~HllaTb, "'TO HeKOTOpoe YMeHb 

TYllbl aa llpyrHx qacToTax llHanaaoaa ae npHaelleT K yMeHbwea 

HOCTR. 

llnR CHSITHSI OnTHMan&HOII: aMnJlHTYllH0-"18CTOTHOi!: XapaKTe~ 

CHMall&HaSl HHTeHCHaHOCTb npH MHHHMaJlbHOII: nOTpe6nSieMOi!: t 

3allaHHbiX napaMeTpOB yCKOpHTeng) Ha CeTKy B.'-1. reaepaTOpa 'l 

aaHHble 0Tpe3KH apeMeHH llOllaeTCSI HMnyn&C OTpHUaTen&HOII: no. 

llJlHTylla HMnyn&ca perynHpyeTCR B llOCTaTO"'HbJX npellenax llJl 

o6pa3yJOWRii:CSI npH aTOM npoaan a aMllJlHTylle yCKOpstJOIUero H~ 

yMeH&WHTb HHTeHCHaHocT& ny'lKa aa KOHe"'HOM pallHyce. 

0nTHMan&HbiM 3Ha'l9HHeM aMnnHTYllbl Ha llaHKOII: 'laCTOTe 

TaKyJO MHHHMan&HyJO aMnnHTYllYo npH KOTopoi!: COXpaHReTCR no 

HOCTb ( npH llOCTORHHblX napaMeTpax YCKOpHTenR B Te"'eHRe 

R3MepeHHII:). 

l13MepeHHR OllTHMaJlbHOi!: aMllllHTYllbl npOH3aOllHJlRCb llHCK 

K TO"'Ke qepea onpelleneHHbie HHTepaanbi apeMeHR. B a.q. CHC 

IOIUHMCSI pOTOpOM aapHaTopa qaCTOTa H apeMH CaR3aHbl <f>YHKUI! 

llHMOCTb!Oo 

CpaaHeHHe CHRToi!: TaKHM MeTOllOM aMnllHTYllHG-"'aCTOTHO 

KH C peallbHO cyiUeCTBYIOIUell: no3a011SieT onpelleJlHTb, Ha KaKI! 

nnHTyAa ycKopRIOIUero aanpg~eHHSI Mo~eT ObiT& yMeH&weaa 

HHTeHCHaHOCTH. 

n106aS1 CXeMa y~paaneHHSI, no3aOJlRIOIUaSI perynHpoaaTb 

TY llbi cornacao aaKoay, nony"'eHiiOMy llJlSI onTHMan&aoll: xap~ 

lKeT, KaK 6ylleT noKaaaao a llan&aei!:weM, cywecTaeHHO now 

noTpeOIISieMyiO a.'-1. CHCTeMOA, H 3Ha~HTen&HO o6ner~HTb ~ 

acex yanoa. 

ll. ~eTOaHKa H3MepeHHR 

DnH CHSITHSI onTHMan&aoll: annHTYllH~~acToTaoA xapa~ 

XOllHMO HMeTb CeTO"'HbiA MOllYJlSITOp, aaanorH"'Hblll: OnHCaHH 
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TeopHIO BoMa H 4>onAH npH onpe~teneHHH KOCHHyca pae­

H CHH;>KaeT HeTO~HOCTb .QOTiyWeHHR 0 WeneBOM Ha6ope 

ecTb ac10 cno;>KHOCTb npouecca ycKopeHHR, H oco.6eaao -

A TIO.Q6op WHpHHbl ycKOpRIOWeA wenH 3aTpy.aHeH. He 

pg.Qa KOHCTpyKTHBHbiX yanoB B paAoae wenH ( HOHHbiA 

e aneKTpO.Qbl H T.n.), HO H BCne.QCTBHe OCT8TO~HOA pa­

CHnbHO orpaHH~HB810WeA B03MO;>KHOCTb npOBe.QeHHSI 

~TIOMOI'STenbHbiX aneKTpO.QOB .Qng H3MeHeHHR Ha6opa SHep""' 

Te/5/ (aKBHBaneHTHO no.t~6opy WHpHHbi yc.KopgJOueA 

;>Ke npH~HHaMH, a TaK;>Ke B3SHMHbiM BnHRHHeM ABYX 

CBO.QHTCH K aaphHpOBSHHIO ctJopMbl nnaCTHH MO.QynHpyiOWeA 

HSI 60nbweA HHTeHCHBHOCTH/6,7/ HnH K O.QHOBpeMeHHOMY 

MO.QynHUHH H BenH~HHbl TIOCTOHHHOI'O SHO.QHOI'O Hanpg;>Ke­

CHHXpOUHKnOTpOHa/8/. KoHCTpyKUHH BapHaTSpa ( C' O.QHOA 

H, C .QpyroA, .QOUYCTHMSH MSKCH-

weHHH) orpaau~uaaeT nony~eaue onTHManbHOA xapaK­

MH, a ~peaMepHbiA poeT ycKopHIOwero aanpg;>KeHHH no 

~aCTOT npHBO.QHT K neperpeBy BapHaTopa H ApyrHX 

blii: TIO.Q60p OTITHManbHOii: xapaKTepHCTHKH, CBH3SHHblii: C 

O~eHb Tpy.QOeMOK H Tpe6yeT Hapywer 

onpe.QeneHHH OTITHMSnbHOA SMTinHTYAHO­

THKH B.~. CHCTeMbl CHHXpOUHKnOTpOH8 6e3 HapyweHHSI 

HKS CHHMaeTCSI Ha .QeftCTBYIOWeM YCKOpHTene, TIOSTOMY 

IOTCSI BCe 4JaKTOpb1 1 KOTOpble BnHSIIOT HS ero pa60Ty. 

OCHOBdHHe MeTO.QB 

HCHBHOCTH CHHXpOUHKnOTpOHS Ha 680 ~9B nocne KOppeK­

SKTepHCTHKH/9/ CBH.QeTenbCTByeT 0 TOM, ~TO TOnbKO HS 

~ru noKanbHOe yaenu~eaue aMnnuTyAbi ycKopHIOWero aa-
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npg;>KeHHSI npHBO.QHT K pOCTy HHTeHCHBHOCTH. Ha OCHOBSHHH STOI'O SKCTiepH­

MeHTSnbHOI'O peaynbTaTa MO;>KHO Q;>KH.QSTb 1 ~TO HeKOTOpOe yMeHbWeHHe aMnnH­

Ty.Qbl Ha .Qp~I'HX ~aCTOTSX .QHana30HS He npHBe.QeT K yMeHbWeHHIO HHTeHCHB­

HOCTH. 

nng CHSITHSI OTITHMSnbHOA SMTinHTYAHO-~aCTOTHOA xapaKTepHCTHKH (MaK­

CHMSnbHSSI HHTeHCHBHOCTb npH MHHHManbHOA noTpe6nsteMOA MOWHOCTH .QnSI 

aa.QaHHbiX napaMeTpoB ycKopuTenH) aa ceTKy B.~. reaepaTopa ~epea ciJHKCHpo­

BaHHbie 0Tpe3KH BpeMeHH TIO.QaeTCSI HMnynbC OTpHUaTenbHOA nonHpHOCTH. AM­

nnHTy.Qa HMnynbca perynHpyeTCH 8 .QOCTaTo~HbiX npe.t~enax .QnH Toro, ~T06bi 

o6pa3yiOWHACSI npH 9TOM npoBan B aMnnHTy.Qe yCKOpHIOWero Hanpg;>KeHHH MOI' 

yMeHbWHTb HHTeHCHBHOCTb ny~Ka Ha KOHe~HOM paAHyce. 

OnTHMan&HbiM aaa~eaHeM aMnnnTyAbi aa ASHHOA qacToTe MO;>KHO c~HTaTh 

TaKylO MHHHManbHYIO aMnnlfTy.Qy, npH KOTOpoA COXpaHHeTCH nonHSH HHTeHCHB­

HOCTb ( npH TIOCTOHHHbiX napaMeTpax yCKOpHTeng B Te~eHHe BCero BpeMeHH 

H3MepeHHA). 

J13MepeHHSI OTITHManbHOA SMTinHTYAbl TipOH3BO.QHnHCb .QHCKpeTHO OT TO~KH 

K TO~Ke ~epea onpe.t~eneHHbie HHTepaanbi BpeMeHH. B B.~. CHCTeMe c apawa­

IOWHMCH pOTOpOM BapHaTopa ~aCTOTS H BpeMH CBH3SHbl ciJYHKUHOHanbHOA 3SBH-

llHMOCTblO. 

CpaBHeHHe CHHTOA TSKHM MeTO.QOM aMnnHTYAHo-~aCTOTHOA xapaKTepHCTH­

KH C peanbHO cyweCTBylOWeA TI03BOnHeT Onpe.QenHTb, HS KSKHX ~SCTOTSX SM~ 

nnHTyAa ycKopHIOwero aanpg;>KeHHH MO*eT 6biTb yMeHbweaa 6ea ywep6a AnSI 

HHTeHCHBHOCTH. 

n106ag CXeMa ynpaBneHHH, TI03BOnHIOWSH pef'ynHpOBSTb BenH~HHY SMTinH­

Ty.Qbl CornaCHO 3SKOHy, nony~eHiiOMY .QnH OTITHMSnbHOA XapaKTepHCTHKH1 MD­

)I{eT, KSK 6y.QeT TIOKS3SHO B .QSnbHeAWeM, CyWeCTBeHHO TIOHH3HTb MOWHOCTb 1 

TIOTpe6nHeMylO B.~. CHCTeMOA, H 3HS'iHTenbHO o6nei''iHTb TennOBOA pe;>KHM 

Bcex yanoB. 

II. Mero.aHKB H3MepeHHil 

nng CHHTHSI OTITHMSnbHOH annHTYAHO~'iaCTOTHOA XapaKTepHCTHKH Heo6-

XO.QHMO HMeTb CeTO~Hbli!: MO.QynSITOp, aHanorH'iHbiA OTIHCSHHOMY B pa60Te{9 / 

i 
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H no3sonSIIOlllHA noaasaTb Ha eeTKY s.'l. reHepaTopa HMnynbebi HanpSI>KeHHSI 

OTpHUSTenbHOA nonSipHOeTH 1 y KOTOpblX perynupyeTeSI aMnnHTyaa 1 anHTenbHOeTb 

H nono>KeHHe BO speMeHH OTHOeHTenbHO Haqana UHKna yeKopeHHSI, 

npH eHSITHH onTHManbHOA xapaKTepHeTHKH ~HKeHpyeTeSI aMnnHTyaa yeKo­

pSIIOlUerO HanpSI>KeHHSI ao H noene noaa'IH Ha eeTKY reHepaTopa HMnynbca oT 

eeTO'IHOrO MoaynHTOpa 1 a T8K>Ke '18CTOT8 1 H8 KOTOpO~ C03aaeTeSI HeKyeeTBeH­

HOe yMeHbWeHHe aMnnHTyabi, 

AMnnHTyaa R qaeTOTa yeKOpSIIOlUero HanpSI)KeHHSI H3MepSI!OTCSI B AHHSMH-

qeeKOM pe)KH;Me npH nOMOWH MeTOAHKH, OnHC8HHOI!: B pa6oTe/
1
0/ 1 H A8101UeA 

TO'IHOeTb npH H3MepeHHH qaeTOTbl ±_ 0 1025% 1 npH H3MepeHHH OTHOeHTenbHOR: 

senH'IHHbl aMnnHTyabl + 3% H npH H3MepeHHH a6eoniOTHOR: senH'IHHbl aMnnH-

Tyabi :!: 8 15%. 

noHH)KeHHe aMnnHTYAbl yeKOpSIIOWero HanpSI)KeHHSI npOH3BOaHnOC.b ao T8-

KOrO 3H8'1eHHSI 8MnnHTyabi 1 noKa HHTeHeHBHOeTb nyqKa yeKopeHHblX qaeTHU 

OeTasanaeb HeH3MeHHOA 1 a He3H8'1HTenbHOe ASnbHel!:wee yMeHbWeHHe aMnnHTY­

abi npHBOaHnO K pe3KOMY naAeHHIO HHTeHeHBHOeTH. noene 9TOrO 8MnnHTyaa 

ysenH'IHBanaCb ao 3H8'1eHHSII npH KOTOpOM HHTeHCHBHOeTb. pasHa nepBOHaqanb-

HOA, 

III. PeaynbTSTbi sKcnepHMeHTa 

nepsaSI eepHSI aKenepHMeHTOB nposoaHnacb e Y3KHM MSHHnynupy!OlllHM 

HMnynbeOM OTpHUSTenbHOA nonSipHOeTH1 anHTenbHOeTb KOTOpOrO 6bin8 1QQ :!: 
0 16 MKeeK. nepHOa 4Ja30BbiX KOne6aHHA ne)KHT B npeaenax 1 0-15 MKeeK 

( anSI qaeTOTbl MoaynSIUHH nopHAKa 100 ru) /~/. Pe3ynbT8Tbl aTHX aKcnepH­

MeHTOB npHseAeHbi Ha rpa~HKax pHC. 1. Ha pHc. 2 npHBeAeHa KpHBaSII xapaK­

TepH3YJOIUaSI npeBbiWeHHe nOTpe6nSieMOI!: MOIUHOeTH H8A OnTHManbHOI!:, J13 pHCyH­

KOB 1 H 2 BHaHO, 'ITO B OTAenbHbiX TO'IK8X 6e3 noTepH HHTeHeHBHOCTH MO)KHO 

yMeHblllHTb aMnnHTYAY yCKOpSI!OWero HanpH)KeHHSI npHMepHO H8 30 % 1 a epeA­

HlOIO noTpe6nSieMy!O MOIUHOCTb - noqTH B AB8 pa3a. 

Ha pHe. 3 rrpHBeAeHbi ni06e3HO rrpeAeTasneHHbie A.H.Ca~oHOBbiM, 3aBH­

eHMOeTH coac/J 
11 

oT paaHyea, rroaeqHTaHHbie e yq~TOM Hemeneaoro Ha6opa 

aHeprHH HOHSMH B ueHTpanbHOI!: o6naeTH ( R =0+ 50 eM) anSI pa6oqeR: H 

OnTHManbHOA 8MnnHTyaH0-'18CTOTHblX XapaKTepHCTHK, JlnSI epasHeHHSI npHBeAeH 

6 
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rpa~HK 1 xapaKTepH3Y!OWHR: aonyCTHMbil!: poeT coec/J 
8 

B ~YHKUHI 

'IHHaSI e R •20 CM, rae KOH'IaeTCSI ~OpMHpOBSHHe nyqKa) H 

yenosHSI aaHa6aTH'IeeKoro 3aTyxaHHSI ~a30BhlX Kone6aHHR: s n~ 

/11 I 
HHSI 

KaK BHaHo H3 pHc. 36_, cosc/J,. lnonyqeHHbii!: npH onTHManbHO 

K9 1 6nH)Ke K aaHa6aTH'IeeKOMY (3s)la B aHana30He paaHyeos C 

ycTpSHSIIOTeSI ~30Bble noTepH, 

JlnSI IIpH6nH)KeHHSI 8MIInHTyaHo-qaeTOTHOR: xapaKTepHeT~ 

onTHManbHO~ (pHe. 16) 6bma rrposeaeHa sTopaSI eepHSI aKene: 

AynHpylOIUHMH HMnynbC8MH OTpHUSTenbHO~ IIOnS!pHOeTH anHTe 

- 1 ,5 MeeK1 IIpH IIOMOIUH KOTOpblX yMeHbWanaeb aMnnHTyal 

HaiipSI)KeHHSI epa3y HS 6onbWHX qaeTSIX nepHoaa N 

s,q, reHepaTopa • .JlnHTenbHoeTb MaHHnynHpyiOmero HMnynb< 

TSKHM o6pa30M1 'IT06bl OH BIIHebiBSnCSI B 0Tpe30K SMIInHTyaHI 

paKTepHCTHKH 1 rae Tpe6yeTCSI noHH)KeHHe aMnnHTyabx ans 1 

K OIITHManbHOR:, n pH npoaeaeHHH 9TO~ eepHH 3KenepHMeHTC 

MHHHManbHOR: aMnnH.Ty,!le MSHHnynHpyiOl!lero HMnynbea yael 

anHTenbHOeTb liO TaX nOp 1 nOK8 HHTeHeHBHOCTb He H8'1HH8n~ 

AnHTenbHOCTb yMeHbWanaCb ao BOCeTaHOBneHHSI nepBOHaqanbH 

TH
1 

H ysenH'IHSanacb aMnnHTyAa. 

Bo seex aKenepHMeHTaX KPHTepHeM cny*Hna HHTeHeHBJ 

KOpeHHblX qaeTHU1 COOTBeTCTBY!OlllaSI nepBOHaqanbHbiM napaMe1 

HanpSI)KeHHe IIHTSHHSI CeTO'IHOrO MOaynSITOpa 6binO Bbi6paHO 1 

Hble noene qaeTH'IHOA KOppeKUHH aMnnHTyaHble xapaKTepHeTHI 

' 
Ha pHc.4. 

Bbma npoaeAeHa H TpeTbSI eepHst aKenepHMeHToa, a K01 

ocymeeTsnstnaeb oaHOBpeMeHHO I10BbiW9HH9M orpaHH'IHBS!OlUH: 

/9/ 
MHHHManbHblX aMnnHTya H rrOHH)K9HHeM HeHy)KHO 6oJiblllHX 

neHCHposanaeb noHH)KeHHast aMnnHTyaa ycKopstiOmero Hanpst*e 

1815 H '1515 Mru npH nOMOWH nono)KHTenbHblX n-o6pa3Hb1X 

TenbHOeTblO nopSiaKa 400 MKeeK1 noaasaeMblX H8 eeTKY B. 

npH 9TOM K.HTeHeHBHOCTb Ha'IHHana paeTH. AMnnHTyaa HI\. 

qusanaeb ao Tex nopl noKa He npeKpawaneSI poeT HHTeHeM 

npH IIOMOlllH OTpHUaTenbHbiX n-o6pa3HbiX HMnynbCOB 1 paenon< 
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A noaasaTh aa ceTKY B.'l. reaepaTopa HMnynbCbl aanpSI:lKeHHSI 

nonSipHOCTH, y KOTOpbiX perynHpyeTCSI 8MDnHTyaa 1 anHTenbHOCTb 

0 epeMeHH OTHOCHTenbHO Ha'l:ana UHKna yCKOpeHHSI. 

HH ODTHManhHOA xapaKTepHCTHKH ~HKCHpyeTCSI aMnnHTyaa ycKo­

SI:lKeHHSI ao H nocne noaa'IH aa ceTKY reaepaTopa HMnynbca OT 

ynHTOpa, a T8K:lKe 'l:aCTOTa, Ha KOTOpoA coaaaeTCSI HCKyCCTBeH­

He aMnnHTYabi. 

aa H qaCTOTa yCKOpSIIOWei'O HanpSI)KeHHSI H3MepSIIOTCSI B aHH8MH-

e npH DOMOWH MeTOaHKH, ODHCaHHOft B pa6oTe/1Q/ 1 H aaiOWeA 

H3MepeHHH qacTOTbl ±_ 0,025%, npH H3MepeHHH OTHOCHTenhHO:i!: 

nHTyahi + 3% H npH H3MepeHHH a6coniOTHOi!: BenH'IHHhl aMnnH-

He aMnnHTyahi yCKOpSIIOWei'O HanpSI)KeHHSI npOH3BOaHnO<:;b ao Ta­

aMnnHTyabl, DOKa HHTeHCHBHOCTh Dy'IK8 ycKopeHHblX qaCTHU 

eH3MeHHOA, a He3Ha'IHTenbHOe aanhHeAwee yMeHhllleHHe aMnnHTy­

K pe3KOMY naaeHHIO HHTeHCHBHOCTH •. nocne 9TOrO aMnnHTyaa 

ao 3Ha'leHHSI, npH KOTOpOM HHTeHCHBHOCTb pasHa nepBOHaqanb-

III. Pe3yJib raTbi sKcnepHMeHTa 

cepHSI aKcnepHMeHTOB npoaoaHnacb c yaKHM MaHRnynRpyiOWHM 

pRU8TenhHOi!: nonSipHOCTH, anHTenbHOCTb KOTOporo 6bma 100 + 

PHOa clJa30BbiX KOne6aHR:i!: ne)KRT B npeaenax 1 0-15 MKCeK 

1 MoaynHUHH nopHaKa 100 ru) /9/. PeaynhTaTbi aTHX 
1
aKcnepR­

eHbi aa rpa~HKax pHc. 1. Ha pHc. 2 npHBeaeHa KPRBaSI, xapaK­

eabillleaHe DOTpe6nSieMOi!: MOWHOCTH Haa ODTHManbHOi!:. J13 pRCyH­

OTaenhHbiX TO'IKaX 6e3 DOTepH HHTeHCHBHOCTH MO)KHO 

YCKOpSIIOWero HaDpSI)KeHHSI npHMepHO Ha 30 %, a cpea­

.eMyiO MOWHOCTb - DO'ITH B aaa paaa. 

3 npHaeaeHbi n106eaHo npeacTaaneHHbie A.H.Ca~oHOBbiM, aaaH­

a OT paaHyca, noaC'IHTaHHhie c yq~TOM Heweneaoro Ha6opa 

MH B UeHTpanbHOJ:I: o6naCTH ( R =0+ 50 CM) anSI pa6oqe:l!; H 

MDnHTyaHO-'IaCTOTHblX xapaKTepHCTHK. ilnH CpaBH9HHSI npHBeaeH 

6 

..--

rpa~HK, xapaKTepR3YIOWHi!: aonyCTHMbi:i!: poeT coeq, B ~YHKUHH paaRyca ( Ha-
e 

'IHHa51 C R •20 CM, rae KOH'IaeTCSI ~OpMHpoaaHHe nyqKa) H Bbi'IHCneHHbi:i!: H3 

ycnoBH51 aaHa6aTH'IecKoro aaTyxaHHH ~aaoablx Kone6aaHA B npouecce ycK~pe­

/11/ 
HH51 

KaK BHaHO H3 pHC. 36~ cosq,
8 

,nony'leHHbi:i!: npH ODTHManbHOA XapaKTepHCTH­

Ke, 6nH:lKe K aaHa6aTR'IeCKOMY (3e), a B aHana30He paaHYCOB OT 160 ao 190 CM 

ycTpaH5110TC51 ~30Bble DOTepH. 

lln51 npH6nH:lK9HH51 aMnnHTyaao-qaCTOTHO:i!: XapaKTepRCTHKH (pHC. 1a) K 

ODTHManbHOi!: (pHC. 16) 6bma npoaeaeaa BTopag CepH51 9KCnepHMeHTOB C MO­

aynHpyiOWHMH HMnynhCaMH OTpHUaTenhHOH nongpHOCTH anHTenbHOCTblO 1,0 -

- 1,5 MCeK, npH DOMOWH KOTOpbiX yMeHbWanaCb aMnnHTyaa yCKOp5110Wero 

HaDpSI:lK9HHSI cpaay Ha 6onbWHX 'laCT51X nepHoaa MOAyn51UHH 

B.'l. reaepaTopa. llnHTenhHOCTb MaHHnynHpyiOwero RMnynbca Bhi6Hpanacb 

TaKHM 06pa30M, 'IT06bi OH BDHCbiBancg B 0Tpe30K aMnnHTyaHo-'laCTOTHO:i!: Xa­

paKTepHCTHKH , rae Tpe6yeTC51 DOHH:lKeHHe aMnnHTyabi ang ee npH6nH:lK9HH51 

K ODTHManhHO:i!:. n pH npoaeaeHHH 9TO:i!: cepHH 9KCnepHM9HTOB CHa'lana ttpH 

MHHHManbHO:i!: aMnnHTyAe MaHHnynHpyiOwero HMnynbca ysenH'IHBanacb ero 

anHTenbHOCTh llO TeX nop, nOKa HHTeHCHBHOCTb He H8'1HHana naaaTb, 38T9M 

anHTenbHOCTh yMeHblllanaCb ao BOCCTaHOBneHHSI nepeoaaqanbHOi!: HHT9HCHBHOC­

TH1 H yeenH'IHBanacb aMnnHTyaa. 

Bo ecex aKcnepHMeHTax KPHTepReM cny)KHna HHTeHCHBHOCTb nyqKa yc­

KopeHHhiX qaCTHU, COOTBeTCTBYIOWaSI nepBOHaqanbHblM napaMeTpaM yCKOpHTenSI. 

Hanp51)KeHHe nHTaHH51 ceTO'IHoro Moayn51Topa 6hinO Bbi6paHo 1000 B. nonyqeH­

Hbie nocne '18CTH'IHOH KOppeKUHH aMnnHTya~q>Ie xapaKT9pHCTHKH npeaCTaBneHbl 

aa pHc.4. 

Bbina npoeeaeaa H Tp9Th51 cepHSI 9KCnepHM9HTOB, B KOTOpO:i!: KoppeKUH51 

OCyWeCTBngnaCb oaHOBpeMeHHO DOBbiW9HH9M orpaHH'IHB810WHX HHTeHCHBHOCTb 

/9/ 
MHHHManhHbiX aMnnHTya H DOHH)K9HHeM HeHy)KHO 6olibWHX. Caaqana KOM"' 

neHCHpoeanaCh DOHH)K9HH8SI aMnnHTyAa YCKOpSIIOWero Hanp51)KeHH51 Ha 'laCTOTaX 

18,5 H '15,5 Mru npH noMOWH nono)KRTenbHhix n-o6pa3HhiX HMnynbcoe anH­

TenbHOCThiO nop51aKa 400 MKCeK, noaaeaeMhiX Ha ceTKY B.'l. reaepaTopa. 

npH 9TOM KHTeHCHBHOCTb Ha'IHHana paCTH. AMnnHTyaa HMnynbCOB yeenH-

'IHBanacb ao TaX nop, DOKa He npeKpawanCSI pOCT HHT9HCHBHOCTH. 3aTeM 

npH DOMOWH OTpHUaTenbHbiX n-o6pa3HbiX HMnynbCOB, pacnonO)K9HHbiX BO BpEj-
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MeHH MeJKny nonoJKHTenbHhiMH, aMnnHTyna ycKopsnowero aanpstJKeHHSI noaH­

JKanacb no Tex nop, noKa ae aaqHaanocb yMeabweaHe HHTeHCHBHOCTH. nocne 

aToro aMnnHTyna aecKOnbKO noshtwanacb no nonyqeHHSI nepsoaaqanbHO noB hi-

weaaoA HHTeHCHBHOCTH • npH pa6oTe B TaKOM peJKHMe, HeCMOTpSI Ha no-

Bb!WeHHe HHTeHCHBHOCTH Ha 15-20%, aBTO!"'eHepaTOp pa6oTan C MeHbWHMH 

TOKaMH CeTKH H KaTOna, H MOJKHO 6bln0 nOBb!CHTb HanpstJKeHHe aaonaoro 

nHTaHHSI nnst BOCCTaHOBneHHSI nepsoaaqanbHO noTpe6nsteMOA MOlUHOCTH. nosbi­

WeHHe aHOnHOI"'O HanpSIJKeHHSI npHBOnHnO K HeKOTOpOMY nononHHTenbHOMY no-

Bb!WeHHIO HHTeHCHBHOCTH. 

Pe3ynbTaThl aKcnepHMeaTa npHseneHbl aa rpa¢HKax pHc. 5. 

BbiBOBbi 

1. MeTonHKa CHSITHSI nHHaMHqecKoA xapaKTepHCTHKH
1101 

H annapaTypa, 

aaanorHqHaSI onHCaHHOA B pa6oTe/9/, n03BOnSIIOT nonyqHTb OnTHManbHYIO 

aMnnHTynHo-qaCTOTHYIO XapaKTepHCTHKY CHHXpOUHKnOTpOHa. 

2. CnenyeT OJKHnaTb, qTO CylUeCTBYJOlllaSI B HaCTOSilUee BpeMSI HHTeHCHB­

HOCTb MOJKeT 6h!Tb nonyqeaa C noTpe6neHHeM MOlUHOCTH noqTH snsoe MeHb­

WHM, qeM B CylUeCTBYJOllleM peJKHMe. 

3. Pacq~THOe 3HaqeHHe coetP
8 

.f(R) nnst SKCnepHMeHTanbHO CHSITOA OnTH-

ManbHOA XapaKTepHCTHKH 6nHJKe K 3HaqeHHIO C~stP 8 1BblqHCneHHOI"'O C yq~TOM 

anaH6aTHqecKoro 3aTyxaHHSI ¢a30BhlX Kone6aaHA B npouecce ycKopeHHSI, qeM 

pacq~THoe 3aaqeaHe cos tP 8 nnst cymecTBYIOllleA aMnnHTynao-qacToTaoA xa­

paKTepHCTHKH. 

4. npH aanHqHH COOTBeTCTBYIOllleA HMil\YnbCHOA HnH B.'i. annapaTypbl 

MOJKHO c¢opMHpOBaTb onTHManbHYIO aMnnHTynHO-'iaCTOTHyiO XapaKTepHCTHKY 

npH TOA JKe MOlUHOCTH, noTpe6nsteMOA B. q. CHCTeMOA. 

5. npH OCylUeCTBneHHH onTHManbHOA XapaKTepHCTHKH H COXpaHeHHH 

HeH3MeHHOA noTpe6nsteMOA MOlUHOCTH cnenyeT OJKHnaTb nonOnHHTenbHOI"'O yse-

nHqeHHSI HHTeHCHBHOCTH npH 

oaanbHO aanpstJKeHHJO. 

nOBb!WeHHH qaCTOTbl MOnynSIUHH nponopUH-

B 3aKnioqeaHe asTopbl BblpaJKaJOT 6naronapaocTb B.Yi.Jla·aHnosy 38 HH­

Tepec, npostsneHHb!A K pa6oTe, B.I1.I1saaosy 3a aKTHBHOe yqacTHe B aacTpoAKe 

annapaTyphl H H3MepeHHSIX H A.H.Ca¢oaosy 38 none3HYJO nHcKyccHJO. 
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nonoJKHTenbHbiMH, aMnnHTyna ycKopsnomero aanpBJKeHHSI noaH­

ex nop, noKa He HaqHHanOCb yMeHbWeHHe HHTeHCHBHOCTH. Docne 

yna aecKonbKO noBbtwanacb no nonyqeHHSI nepaoHaqanbHO noBhi­

TeHCHBHOCTH • DpH pa6oTe B TaKOM pelKHMe, HeCMOTpSI Ha no­

TeHCHBHOCTH Ha 15-20%, aBTOI'eHepaTOp pa6oTan C MeHbWHMH 

KH H KaTona, H MOlKHO 6bin0 nOBbiCHTb HanpSilKeHHe aHonHOI'O 

BOCCTaHOBneHHSI nepBOHaqanbHO noTpe6nSieMOil: MOIIlHOCTHo DoBbi­

HOI'O aanpSilKeHHSI npHBOnHnO K HeKOTOpOMY nononHHTenbHOMY no-

TeHCHBHOCTHo 

bTaTbl 3KCnepHMeHTa npHBeneHbl HB rpacpHKBX pHC. 5. 

BbiBOBbl 

TOnHKa CHSITHSI AHHaMHqeCKOil: XapaKTepHCTHKH/
10/ H annapaTypa, 

S1 Oni'ICaHHOH B pa6oTe/9/, no3BOnSIIOT nony'IHTb onTHMBnbHYIO 

o-qaCTOTHYIO xapaKTepHCTHKY CHHXpOUHKnOTpOHBo 

enyeT OlKHAaTb, qTO cymeCTBYIOIIlaSI B HaCTOSIIIlee BpeMSI HHTeHCHB­

eT 6biTb nonyqeHa C noTpe6neHHeM MOIIlHOCTH noqTH BABOe MeHb­

B cyllleCTBYIOIIleM pelKHMe. 

cq~THOe 3HaqeHHe coe,P
8 

.f(R) nnSI 3KCnepHMeHT8nbHO CHSITOil: onTH-

paKTepHCTHKH 6nHJKe K 3HaqeHH10 coe,P 8 1BblqHCneHHOI'O C yq~TOM 

CKOI'O 3aTyXaHHSI cpa30BhlX KOne6aHHil: B npouecce ycKopeHHSI1 qeM 

3HaqeHHe cos tP 
8 

nnSI cymeCTBYIOIIleil: aMnnHTynHo-qaCTOTHOil: Xa-

HKH. \ 
pH HanHqHH COOTBeTCTByiOIIleA HMnynbCHOil: HnH Bo'lo annapaTypbl 

pMHpOBaTb onTHManbHYIO aMnnHTyAHO-'IaCTOTHYIO xapaKTepHCTHKY 

e MOIIlHOCTH, noTpe6nSieMOil: B.q. CHCTeMOil:. 

DpH ocymecTBneHHH onTHManbHOA xapaxTepHCTHKH H coxpaHeHHH 

H noTpe6nSieMOil: MOIIlHOCTH.cnenyeT OJKHnaTb AOnOnHHTenbHOI'O yBe-

HTeHCHBHOCTH npH 

anpBlKeHHIO. 

nOBbiWeHHH qaCTOTbl MOAynSIUHH nponOpUH-

xnioqeaHe aaTOpbi BbipalKaiOT 6naronapHOCTb B.YI • .na·aHnOBY 3a HH­

SianeHHbiH K pa6oTe, B.YI.Yiaaaoay 3a aKTHBHOe yqacTHe B aacTpoAKe 

bl H H3MepeHHSIX H A.H.Ca<jJOHOBY 3a none3HY10 AHCKyCCHIO. 
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P11c. 1. AMnni!TyAHo-'lacToTHbie xapaKTepi!CTI!KI! CI!HxpouHKnoTpoaa aa 680 MaB: 

a) pa60'I8SI (peanbHO CyiUeCTBYIOllli~S!); 
6) OITTI!M8RbH8SI. 
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P ac. 1. AMnnaTyJlHo-'laCTOTHbie xapaKTepHCTHKH CHHxpouHKnoTpoaa aa 680 Maa: 

a) pa6o'laSI (peanbHO cymecTayiOUlaSI); 

6) OllTHManbHaSI. 

1,0 2,0 ~0 

Pac. 2. MOUlHOCTb, ll0Tpe6nSieMSSI B.'l. CHCT9MOA B cjlyHKUHH apeMeHH: 
a) JlnSI pa6oqeA xapaKTepacTHKH (pac. la); 
6) JlnSI onTHMSnbHOA (pHC. 16). 

a 

4,0 meeK 

6 

f4 f3 



\ 

-I\) 

~- -

... 

-CoO 

0 

Ud 
20 G 

15 

10 

50 150 

PHc. 3. 3aBHCHMOCTb eos</>
8 

OT pallHyca: 

a) llnH pa6oqeA xapaKTepHCTHKH (pHc. la); 

' \ ,. 
'""----.. 
''---..... ~ 

'\t 

250 

6) llnH OnTHMBnbKOA XapaKTepHCTHKH (pHC. 56); 

B) 81lHa6aTHqecKHAeos</>8 ,yqHTbiBBJOIUHi! yMeabmeaHe aMnnHTYil PBilHBnbKbiX 
Kone6aaHll B nponecce ycKopeHHH. 
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Pac. 3. 3aBHCHMOCTb cos¢>
8 

OT pallHyca: 

a) llRH pa6oqeA xapaKTepaCTHKH (pac. la); 

6) llnH onTHMan~aoA xapaK Tepac THKH ( pac. 56); 

B) aAHa6aTHqecKHli Cos</>8 ,yqHTbiBaK>IUHA yMeHbiUeHHe aMnRHTYil 
Kone6aaaA B npouecce ycKopeHHH. 

paAHaRbHbiX 

(5mceKw----

2( 20 (9 

Pac. 4. AMnnHTyllHo-'l&CTOTRble xapaKTepBCTBXII! 

a) pa6o'laSI; 

6) ODTHManbHaSij 

\ 
\ 

\ ' ... -\ 
\ 

(7 (6 

0 a '0 a 
o-~-o6 

··~·-It 8 

B) nocne KOppeKUHB npB DOMOIUB IUBpOKOrO BMDYnbC8 (llnBT8RbHOCTb BMnynbC8 

yKaaaaa H8 rpaljlBKe). noHB3BTb 8MDRBTyllY yCKOpSIJOIUero BanpS!lKeHHSI 

H8 6onblllOA 'laCTB nepBOil8 MOAYRSUHB AO aenB'lBHbl ODTBM8nbHOI He 

noaaonana M8R8SI MOIUHOCTb BbiDpSIMBTenSI, nHT8JOIU9rO MOAynSITop. 
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PHc. 5. AMnnHTYAHo-'laCTOTHhle xapaKTepHCTHKH; 

a) pa6o'laH; 

L j 

18 11 16 15 

6) nocne KOppeKUHH nonOJKHTenbHblMH H OTpHU8TenbHbiMH HMnynbC8MH. 
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