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M55 

Ytte6Hoe noco6ue HanucaHo npoifJeccopoM 6a3oeou KafjJeiJpbl MHP3A 

«3ReKmpoHuKa fjJu3uttecKux ycmaHoBOK» npu YHI..J OHJ!H 

H. H. MezuKoeblM (011Jl11) u Oo!feHmoM 0. fl. TKatteeou 

u peKoMeHiJoemw K U30aHUIO 3KcnepmHou KOMuccueu YHI.( 011Jl11 

u peiJaK!fUOHHO-U30ameJZbCKUM coeemoM M11P3A. 

PeQeH3eHTbi: np01peccop 3.·A. Kypaee,npo«Peccop E. M Cbzpecull 

MemKOB II. H~, TKaqeoa 0. II. 
M55 TiporpaMMa rocy.napcTBeHHoro JK3aMeHa no cneuHanhHOCTH «3neKrpOHH

Ka H asroMaTHKa Q>muqecK~:~x' ycra~oBoK»: Yqe6Hoe noco6He. - .l{y6Ha: 

OIUIM, 2097. - 12 c .. 

Tioco6n:e npe,UHaJHa'!eHO )lJIH nO)lroTOBKH K rocy_napCTBeHHOMY 3K3aMeHy CTY
)leHTOB 6a30BOH Ka«Pe.ripbi MMP3A npn: OM.5IM'«3JieKTPOHHKa'«Pn3H'leCKHX yCTa
HOBOK». 0HO CO.Uep:>KHT BOnpOCbl no KypCY COBpeMeHHOH «l>n:3HKH, TeOpHH H 
TexHnKe ycKopnTeneii 3apx:>KeHHbiX qacTHll, n.uepHbiX peaKTopoa, neTaTeJibHbiX an
napaTOB, ,!leTeKTHpOBaHHH '!aCT!ill H H3JIY'leHHH H T. )l. 

Tioco6ne MO:>KeT 6biTb HCIIOJib30BaHO cry.aeHTaMH HH:>KeHepHO-«l>H3H'leCKHX 
CIIel.IHaJibHOCTeH npH H3y'leHHH COOTBeTCTBYIOiliHX pa3,!leJIOB «l>H3HKH H TeXHHKH. 

Meshkov I. N., Tkacheva 0. P. 
Program of the State Examination for the specialty «Electronics and Auto

matics of Physics Installations»: Textbook.- Dubria:.JINR, 2007.- 12 p. 

The textbook is addressed to the students of the JINR-based Department of the 
Electronics for Physics Facilities (Moscow Institute ofRadio Engineering, Electron
ics, and Automatics) preparing for the State Examination. It covers a range oftopics 
of the coursesofmodem physics, and theory and engineering of elementary particle 
accelerators, nuclear reactors, particle and radiation detectors, aircraft, etc. 

The engineering physics students can use the textbook when studying these sub
jects. 

© 06'be)J;IIHeHHbiH HHCTHryT ll.llepHbiX 

HCCne~OBBHHli,2007 

Bse,11;euue 

Ka«Pe.upa :meK"I"pOHHKH «l>H3H'!ecKHx yCTaHOBOK, C03.UaHHru! B 1998 r. KaK 6aJOBru! 

Ka«Pe.upa MMP3A npn: OIUIM, roTOBHT HH:>KeHepoB )liDI OIUIM H MKB "Pa.uyra". 

IfTOrDBbiH MelK)lliCI.IHIIJIHHapHbiH 3K3aMeH HBJIJieTCH npoaepKOH ypOBHH nO)lroTOBKH 

H YCBOeHHH OCHOBHOH o6pa30BaTeJibHOH nporpaMM.bl eCTeCTBeHHO-HayqHbiX, 

o6menpo«PeccHOHaJibHbiX H cneQHaJibHbiX )lHCI.IHnJIHH rocy,uapcTBeHHOrO o6pa30BaTeJibHOro 

CTaH)lapTa BbiCIDero npo«l>eCCHOHaJibHOro o6pa30BaHHH HaiipaBJieHHH ".H.AepHbie «l>H3HKa H 

TeXHOJIOnm" no cn~~HaJibHO~ "3neKTpOHHKa H aBTOMaTHKa «l>H3H'leCKHX yCTim~BOK". 
TiporpaMMa JK3aMeHa co.uep:>KHT · Tp~ • 6noKa ~onpocoa. Bonpocbi nepaoro 6noKa 

HMeiOT QeJibiO npoaepKy 3HaHHH BCeMH BbiiiYCKHHKaMH Ka«l>e,upbl «l>YH.UaMeHTaJibHbiX 

3aKOHOB «l>H3HKH, KBaHTOBOH MeXaHHKH, a TaK:>Ke nOHHMaHHH COBpeMeHHbiX npo6JieM «l>H3HKH 

g,upa H JJieMeHTapHbiX '!aCTHll H MeTO)lOB HX pemeHHH. 

BbmycKHHKH, npoxo)lHIIlHe cneQHaJIH3aQHIO B OIUIM, .uon:>KHbi noKaJaTb 3HaHHH 

npHHQHnOB pa60Tbi,, CTpYicrypbl YCKOpHTeJieH 3ap»:>KeHHbiX '!aCTHll, H,uepHbiX peaKTOpOB H 

,upyrn:x KpyrrHbiX «l>H3n:qecKHX YCTaHOBOK, MeTO)lOB ynpaBJieHHH 3THMH ycTaHOBKaMH. 

Heo6xo,un:Mo 3HaTh 3aKOHOMepHOCTH npqxo:>K,lleHn:» '!aCTHll H H3nyqeHHH qepe3 semeCTBO, 

MeTO)lbl )leTeKTHpOB~HH 'laCTHll H H3nyqeHHH, a TaK:>Ke MeTO)lbl 3amHThi OT HHX. Bee 3TH 

BOnpOCbl CO,Uep:>KaTCH BO BTOpOM 6JIOKe. 

,[(HHaMHKa nOJieTa JleTaTeJibHbiX arrnapaTOB, npHHI.IHnbi pafiOThJ. H YCTpOHCTBO 

,uarqHKOB BbiCOTbl, CKOpOCTH, YCKOpeHHH H ,upyrn:X napaMeTpOB, npHHI.IHnbi pa,uHOJIOKaQHH H 

pa,llHOJIOKaQHOHHbie YCTPQHCTBa, OC06eHHOCTH . 6opTOBbiX BbNHCJIHTeJibHbiX CHCTeM 

cocmBJIHIOT co.uep:>KaHHe TpeTbero 6noKa sonpocos no cneQHaJIH3aQHH B MKB "Pa.uyra". 

AsTOpbi Bbipa:>KaiOT 6naro.uapHOCT.b .un:peKTopy «l>n:nn:a.rra MMP3A B ,[(y6He, 

3aBe.uyromeMy Ka«l>e.upoif Bb!Cmeif MaTeMaTHKH H eCTeCTBeHHO-HayqHbiX )lHCQHnJIHH 

M.A. HaJapeiiKO 3a no.u.uep:>Key npn: coCTasneHHH noco6n:x. 

ABTopbi 6naro.uapHbl TaK:>Ke COTpY.llHHKaM MKB <.<Pa.uyra» B.<l>. Kapacesy, B.r. 

MaTBeesy, ,[(:C. TIOCTHHKOBy, Ii.H. <l>pH.UMaHY 3a yqaCTHe B COCTaBJieHHH Bonpocoa no 

.UHCliHIIJIHHaM cneQHaJIH3aQHH B MKB «Pa.uyra». 
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Bonpocbl K rocy.u:apcTBeHHOMY 3K3aMeH~ 

1. 06meo6pa30BaTCJILHLIC BODpOCLI 

1.01. YpaBneuuu JlBH)I(euuu 'laCTnQLI. 3aKOHLI coxpaueuuu B M:exauuKe 

• Ypasueuua HhiOTOHa, cnna; pa6oTa 'u· MOIUHOCTh cunLI. MMnynLc 'laCTHULI. 

l<nHeTH'leCKaSI :mepriDI. CBSI3b Mel!\,lzy cunoii H . noTeHUHaJibHOM :meprneii. 3aKOH 

COXpaHeHHSI 3Heprnu H HMnynLca. MoMeHT HMnynLca. 

1.02. llpHHQHD OTHOCUTeJibHOCTH B MeXaHHKC. flpeo6pa30BaHHH JlopeHQa ]lJIH 

Koop.nuuaT- BpeMeuu, Jnepruu- HMDYJILCa 

IJpHHUHn OTHOCHTenbHOCTH 3iiHIIITeiiua. IJpeo6pa30BaHHSI JlopeHUa ,nml KOOp]lHHaT 

u speMeun .. CoKpameune MHH, "3cpcpeKT 6JIH3ueuos". Cno)I(euue cKopocTeii. 

lleTLipexMepuuii BeKTop npoc-rpaucTBa- speMeun. l!eTLipeXMepHLiii BeKTop JHeprnn-

HMnynLCa. 

1.03. KoJie6auuu. 'Ypasueuue Jiimeii:uoro ocQHJIJIHTopa; ocuoBnLie ·xapaKTepnCTHKH 

; JIJtHeUHLIX KOJie6aHHU. llOHHTHii 0 HeJIHHiiMHLIX KOJie6aHHHX 

Onpe.neneune Kone6auuii. Ynpyrne cunLI, pa3nO)I(eHne cunu no Koop.nnuanlM. 

Ypas:Heime nimeiiuoro OCJ;lHnnaTopa. AMnnnzy.ua, tiacToTa u nepno.u, cpa3a, JHeprlUI 

OCUHJIJIHTOpa. HenHHeHHaSI 3aBHCHMOCTb CHnLI OT . KOOp.llllHaT, Xapa'KTepHCTHKlf 

HenHHeMHbiX KOne6aHHM. IlpHMepbi. 

1.04. Ypasueuuu MaKcBeJIJia B uuTerpaJILuoii: u .nu!Jl!JlepeuuuaJILHOii: .!JlopMe 

06o6rueHHe OCHOBHbiX 3aKOHOB JneKTpOMarHeTH3Ma B ypaBHeHHHX MaKCBenna. 

3neKTpoMarHHTHoe none, opToroHaJILHc;JCTb BeKTopoB E _ H H. 3neKTpOMarHHTHhie 

BOnHLI, CKOpOCTb BOnHbl. Pacnpoc-rpaHei!He BOnH B BeiUeCTBe, BeKTOpbl D H B. 

1.05. llpUHQHD OTHOCHTeJibHOCTH B JJICKTPOJlHH3MHKe. llpeo6pa30B3HHH JlopeHQa 

n 

]lJIH JJieKTpOM31'HHTHOI'O DOJIH 

<l>OpMynupOBKa npHHUHna OTHOCHTenhHOC~H. IJpe06pa30BaHHH Jlopeuua ,nml 

JneKTpOManJHTHoro noJIH Ex, Ey, Ez, Hx, Hy, Hz. llonepe'IHbie H npo.uonLHLie 

KOMnouenTLI. IIacTHLie cnyqau: H'=O, E'=O. MHBapnaHTbl. 
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1.06. reoMeTpH'IeCKaH OUTHKa H ee 3aKOHLI 

IJpn6nH)I(eHHe reOMeTpH'leCKOM ODTHKH ]lJUI :meKTpOManJHTHbiX BOnH.· IJpHHUHTI 

Cl>epMa. 3aKOHbl npHMOnHHeMHOI'O pacnpOCTpaHeHID! CBeTa, He3aBHCHMOCTH 

CBeTOBbiX nytiKO-B, 0-rp8)I(eH~SI H npt!JIOMJieHHSI. rlpOCTeiiiiiHe·~~~~Kli~ C~~eMbl .. 

1.07. IIuTep!Jlepeuuuu, .nu!JlpaKuuu JJieKTPOMarHHTHLIX BOJIH. KorepeHTHOCTL 

Onpe.neneuue HHTepcpepeuuHH: Uyr sonu. Pa3HOCTh xo.na. Y cnosua MaKCHMYMa u 

MHHHMYMa HHTeHCHBHOCTH. BpeMeHHaH · KorepeHTHOCTh. IlpoTa)I(eHHLiii HCTO'IHHK, 

npoCTpaHCTBeHHaH KorepeHTHOCTh. Bnnauue speMeuuoii u npoCTpauCTBeuuoii 

KorepeHTHOCTH ua ua6nro.neuna HHTepcpepeuuun ua npuMepe onLrra IOura. 

Onpe.neneune .nucppaKumi. .LJ:ncppaKUHOHHM pemeTKa. PeurreHOCTJ>YKTYPHLiii 

aHaJIH3. 

1.08. .LJ:ucnepcuu CBeTa B BeiQeC'rBe. Pacnpocrpaueuue JJieKTpoMarHHTnoii: BOJIHLI B 

BeiQecrse 

Onpe.ueneune .uncnepcnn. 3neKTpOHHM TeopuH .uncnepcuu. .LJ:ncnepciD!_ B 

.UHJneKTpHKax. Ypasueulie · .UBH)I(eHHH JneKTpoHa B aToMe BO BHemueM 

JneKTpoMamHTHOM none. BLip8)I(eHnH ,nm~ .UHJneKTpn'lecKoii npouuuaeM:oCTH u 

noKroaTeJIH npenoMneuiD! 8 ~nyqae · uopManLu~ii u auoManLuoii .nncnepcuH:. CBH3L 
' ' 

.nncnepCHH c nornomeuneM. .LJ:ncnepCHH .. B MeTaJIJiax H nJiaJMe. BLipa)I(eHHSI 

,l(HJneKTpH'leCKOM npOHHUaeMOCTH H nOKa3aTeJIH npenoMneHHSI npH pa3nH'IHbiX 

COOTHOIIIeHHHX 'laCTOThl nOJIH H llJia3MeHHOH 'laCTOTbl. 

1.09. II3JIY'Ienue 3apH)I(CHHLix qacruu, .UB~IQuxcu B BeiQecrse 

3cpcpeKT Basnnoaa-IIepeHKOBa. TeopeTH'leCKoe o61>acueuue 3cpcpeKTa E. TaMMOM H 

M. Cl>pauKOM. IlpnMeueune ·B cpH3HKe BbiCOKHX JHepmii. Ilepexo.uuoe H3nyqeune. 

TeopeTH'lecKoe npe.ucKaJaune nepexo.nnoro n3nyqeHnH B. fHH36yproM u 

M. ci>pauKoM ua rpaunue pa3.uena cpe.n c pa3HLIM n. TopMo3uoe n3nyqeuue. Ilpn'IHHLI 
' ' 

B03HHKHOBeHIDI. 3uepreTH'leCKHH cneKTp. 

1.10. CsepxnpoBOJJ;HMOCTL 

OTKpLITHe cBepxnpoBO.llllMOCTH KaMepnuur-OuuecoM. KpnTH'leCKM TeMnepaTYPa. 

3cpcpeKT Meiicuepa. KpnTnqecKoe none n KpHTH'lecKuii TOK. KynepoBcKHe napLI. 

Oco6euuoCTH B3aHMO,UeMCTBHH JneKTpOHOB B KynepoBCKHX napax. 

CBepxnpoBOJlHHKH I H II po.na. HH3KOTeMnepaTYPHLie u BbiCOKOTeMnepaTYPHLie 
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CBepXIIpOBO,WIID;He COe.UHHeHHll:, CBepxrrpOBO,WIID;He MarHHThl B . cpH3HKe !lhlCOKHX 

:meprnii. 

i.i1. · KopnycJcyJIHpno- sonuosoii eyannlM B MHKpoMupe. 3KcnepuMeHTanbuoe 

UO,l{fBCpiKJ{CHUe 

TeiiJioBoe H3JI)"'eHne, rnrrore3a IlrraHKa. <l>oToJcpcpeKT n ypaBHeHue 3iimmeiiHa. 

TopM03HOe peHTreHOBCKOe HlnyqeHne. 3cpcpeKT KoMmoHa, .uaBJieHue cBera. 

<l>oTOHhi. Macca, JHeprHll:, HMIIYJILC cpoToHa. KBaHTOBaH Teopnll: 3iiHIIITeiiHa 

TCIIJIOCMKOCTH TBCp.llblX TCJI. <f>OHOHhi. 

1~12. CooTHomenue neonpeJJ;enenuocreii reibeuoepra 

fnrroTe3a .ue Epo~. ,[{ncppaKUHll: tJ:aCTHU. OrrhiThi ,[{JBJicoHa H ,[{)l(epMepa. OrrhiThi 

ToMrrcoHa, TapTaKOBCKoro n IliTepHa. ITpnHuurr Heorrpe.ueneHHOCTH. ITpuMepbi 

cpH3H'leCKHX ll:BJieHHH, . 06'bll:CHll:eMhiX COOTHOIIICHHCM • Heorrpe.UCJICHHOC'feH 

feii3eH6epra. 

1.13. Ypasueuue illpe)J;nnrepa. BonuosaH cpyHKU:HH. BepoHTHOCTHhlii noJJ;XOJJ; B 

KBaHTOBOH MeXaHUKC 

0IIHCaHHe COCT<JHHHll: CHCTeMhl B KBaHTOBOH TCOpHH. "BpeMeHHoe" H CTaUHOHapHoe 

ypaBHeHHll: llipe.UHHrepa. faMHJihTOHiiaH. <l>H3HtJ:eCKHH CMhiCJI \l'·cpYffKUHH. 

B3aHMOCBll:3h KJiaccntJ:eCKOH n KBaHTOBOii MexaHHKH. 

1.14. MoJJ;enL aTOMa. CTpoeuue JneKTponuoii ooono'IKU. AToMapnhle cneKTphl 

OrrhiT Pe1epcpop.ua. Mo.uenh aToMa Eopa. ATOM so.uopo.ua B KBaHTosoii MexaHnKe. 

KBaHTOBhie 'lncna, JHepreTntJ:eCKHe ypoBHH. KBaHTOBhie rrepeXO.llhi. AToMapHLie 

crreKrphi. CepnanhHaH crpyKrypa crreKrpos .. 

1.15. TouKaH u csepxTOHKaH CTPYKTYi>a cneKTPOB aTOMOB. JhMOOBCKuii CJJ;Bur 

CrrnHOBhiH H op6HTaJihHhiH MOMeHThi JJieKrpOHa B aTOMe. CrrnH-op6HTaJihHoe 

B3aHMo.ueiicTBue. Pacm;errneHue ypoBHeii. ToHKaH crpyKTypa crreKrpOB aTOMOB. 

IloCTOll:HHall: TOHKOll crpyKTypbi. CocTOll:HHll: 2s112 H 2p112• JbM60BCKHH C.llBHr 

yposHeii, o6'bll:CHeHne B KBaHTOBoii JJieKrpO.llHHaMHKe. B3aHMO.UeiicTBne rronHoro 

;Mo~en:ri JneKI]>oHa co crrnHoM ll:.llpa. Csep~TOHKaH CTPYKTypa. 

··1:; 
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1.16. OcnoBHhie xapaKTepucruKu u csoiicrsa aTOMHoro H.llpa 

3apll:.ll n Macca ll:.llpa. ,[{ecpeKT MaCChi. Cpe.UHAA JHeprnll: ·csll:3H HYKJIOHa- B H.Upe, 

3aBHCHMOCTh OT 'IHCJia ffYKJIOHOB. CIIHH, MarHHTHhiH MOMCHT ll:.llpa, KBa.upyiiOJihHhiH 

JJieKrpH'IeCKHll .. MOMCHT. . lf3oT(mutJ:eCKHll CIIHH. .51.ziepHbie . CHJihi, .. CHJibHOe 

B3aHMO.UeHCTBHe. 

1.17. BMhf B3aUMOJJ;eiiCTBUH.· <l>yUJJ;aMeHTanLHhle BlaUMOJJ;eiicrBuH - B npupo)J;e. 

QOLCJJ;UHCHHe B3aUMO)J;CHCTBUH 

fpasuTaunoHHoe, cna6oe, JJieKrpOMarnnTHoe, cuJihHoe .BlaHMO.UeHCTBHll:. OcHOBHhie 

CBOHCTBa, 'CpaBHeHHC OTHOCHTeJihHhiX BeJIH'IHH B3aHMO.llCHCTBHH. E.UHHall: TCOpllll: 

JJieKrpOMarHHTHOro H CJia6oro B3aH,MO.lleHCTBHH. 

2. Bonpocbi no ~HCQHnJiuuaM cneQnaJinJaQHH B OH.HH 

2.01. PaJJ;UO~KTHBHOCTL. a- u p-pacnaJJ;LI, y-u1nyqenue 

EcTeCTBeJ{HaH u ucKyccTBeHHaH pa.uuoaKTHBHOCTh. ITepuo.u rronypacrra.ua. Pacrra.u 

ll:.Upa C UCIIYCKaHHeM JJieKrpOHa HJIH . II03HrpOHa, rrpeBpam;eHHll: II~H ~-pacrra.ue, 

rrpuMepbi. K-3axBaT. HeycTOH'IHBOCTh Tll:)l(CJihiX ll:.llCP OTHoc_meJihHO a-pacrra.ua. 

ITpHMepbi a-pacrra.uHhiX ll:.llCp. B3aHMO.UeHCTBHH, OTBeTCTBCHHhie .3a a~ u ~-pacrra.u 

ll:.llep. B036~eHHOe cocTOl!HHe H.Uep. y-u3JIYtJ:eHue. Pacrra.u H.Uep H3 B036y)l(.zleHHoro 

COCTOll:Hllll:. 

2.02. PaJJ;noaKTHBHLie npespaiUeHHH HJJ;ep. )l.enenue HJJ;ep 

KpaTKaH xapmepHCTHKa a- n ~-pacrra.uoB. ,[{eneHHe H.Uep. ITpuMephi. Y cnoBHll: 

CTa6HJihHOCTH li30TOIIOB. ,[{opO)l(Ka CTafiHJihHOCTH. 

2.03. }fuepnLie Mo.r.enu n HJJ;epHLie peaKu:uu 

KarrenhHaH MO.llCJih. 06onotJ:e'IHaH MO.llCJih. 06o6m;eHHaH MO.llCJih. CocTaBHoe ll:.llpo, 

pacrra.u cocTaBHoro ll:.llpa. Mo.uenh rrpll:MhiX ll:.llCPHhiX peaKUHH. 

<f>OTOll:.llepHhie peaKUHH. 

2.04. flonyqeHHe CBepXTHlKCnhiX JneMCHTOB, 

Y CJIOBHH cTa6uJihHOCTH. H30TOIIOB. . OcrpoB cra6nJihHOCTH. MeTO.llhi cnHTe3a 
~ . ' • • I . ' . . ' 

CBepXTll:)l(CJihiX JJieMCHTOB IIpH B3al!MO.UeHCTBHH ll:.llpa-MHIIIeHH C HeHrpOHaMH H 

a-tJ:aCTHUaMH. KoHKypeHUHH a- u ~-pacrra.uoB. CuHTe3 B peaKUHHX c ycKopeHHhiMH 
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TH>KCJII>IMH HOHaMH. TIOJI)"'CHHC H O'I'KphlTHC B. ,ltr6ue HOBI>IX CBCpXTH>KCJII>IX 

3JICMCHTOB. 

2.05. 0CHOBHLie DOHHTHH KB3HTOBOH XpOMO.IlHH3MHKH. CT3H.Il3pTHaH MO.IleJib H 

coupeMeHHbie mnoTeJbi ee paJBHTHH 

Cl>epMHOHI>I (JICIITOHI>I H KBapKH), KaJIH6pOBO'lHI>Ie 6030Hbl. Cl>epMHOHI>I KaK 

· CTpyKTYpHI>IC 3JICMCHThi·BemecTBa H HCTOqHHKH IIOJICH. b030HI>I·KBaHThl 3THX IIOJICH 

(uo H peaJII>HI>Ie qaCTHIII>I). Oco6euuocn B3aHMo,neiicTBHH KBapKOB H rmoouoB. 

«IJ:BeT>> H «apOM3T» KB3pKOB. «IJ;BeT» fJIIOOHOB." TpH IIOKOJICHHJI KBapKOB. rHIIOTC3a 

rrpoHcxo>K.neHHJI Mace KBapKoB H • JieiiTOHOB. Eo30HI>I XHrrca. CynepcHMMCTpHH, 

IIOHJITHC 0 cyrreprrpOCYp3HCTBax. Acrpo4JH3HKa, rHIIOTC3a TCMHOH MaTepHH H TCMHOH 

3HeprHH. 

2.06. Y cKopnTeJiu JapsiKeHHbiX '13CTHQ. BH.Ilbi ycKopHTeneii .. 

. . _·r.~~:, 

IJ;HKJIHqecKHC yCKOpHTCJIH: IIHKJIOYpOH, CHHXpOIIHKJIOYpOH, JJICKYpOHHI>IH H 

IIpOTOHHI>IH CHHXpOYpOHI>I. JlHHCHHI>IC YCKOpHTCJIH ITpOTOHOB, JIHHCllHI>IC yCKOpHTCJIH 

3JieripouoB. YcKopHTCJIH co Bcrpequi>IMH rryqKaMH («KOJIJiaii,nepi>I»). Cl>oKycHpOBKa 

If ycTOH'lHBOCTI> II)"'Ka Ha op6HTe. Tionepequi>Ie H npO.IlOJII>HI>Ie KOJie6aHHJI. 

CaeTHMOCTI> ycKOpHTeJIJI. OrpaHHqeuHe HHTeHCHBHOCTH ycKOpHTeJIJI. 

2.07. OcuounLie xapaKTepHCTHKH nyqKoB 

3apll.ll H Macca qaCTHII ITyqKa, 3HepruJI (HMITYJII>C) qacTHII, pa3Mepi>I nyqKa. 

TpexMepHI>Iii 3MHTaHC. HopMaJIMII>Iii 3MHTaHC. 

2.08. TpaucnopTnpouKa ny'IKOB JapsiKeHHLIX '13CTHil 

MeTO.Ili>I 4JoeycHpOBKH. 3JICMCHTI>I H CHCTCMI>I ynpaBJICHHJI IT)"'KaMH 33pJI>KCHHI>IX 

qaCTHII. J1HH3I>I, 061>CKTHBI>I. TIOBOpOTHI>Ie CHCTCMI>I, KHKepbl. Y CTOH'lHBOCTI> ITyqKa B 

KaHaJie YpaHcnopTHpOBKH. Tionepe'lHI>Ie H npo,noJII>HI>Ie KOJie6aH'iiJI. AKQenTaHC 

KaHaJia. 

2.09. llpoxoiKJ(euue JapsiKeHHbiX '13CTHil qepel Bell(eCTBo 

\ ~ Ynpyrue CTOJIKHOBCHHJI qaCTHII. Heynpyrue 3TOMHI>Ie CTOJIKHOBCHHH. 

lfOHH33IIHOHHI>Ie H P3.1lH3IIHOHHI>Ie ITOTepH. CTOJIKHOBCHHe aTOMOB H HOHOB. 
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2.10. ·Cl>HJH'IeCKHe MeTO.IlLI pemCTp3QHH HlJIY'ICHHH' 

ra30BI>IC HOHH33IIHOHHI>Ie .lleTCKTOpbi. TioJiynpoBO.IlHHKOBI>Ie, CIIHHTHJIJIJIIIHOHHI>Ie H 

qepeuKOBCKHe ,neTeKTopi>I. ,[{eTeKTopi>I ua · oc:HoBe nepexo.nuoro H3RyqeHHH. 

Cl>omrpa4JHqecKHii H XHMifqCCKHH (Cl- Ai If ,np.) MeTO.Ilbl pCrHCTp3IIHH.H3ilyqeHHH. 

TipHHIIHITI>I .llCHCTBHH, perHCYpHpyeMI>IC BCJIH'lHHI>I. 

2.11. IIJJIY'Ienue JapsiKeHHbiX '13CTHil 

PeHTreHOBCKOe, CHHXpOYpOHHOe, qepeHKOBCKOe,nepeXO.IlHOCH3JI)"'CHHJI: reuep3IIHJI 

CHHXpOYpOHHOro H3JI)"'CHHJI. BHrJiepi>I H OH,AyJIJITOpi>I. JlaJepi>I ua· CB060MI>ix 

3JICKYpOHax. 

2.12. .lJ:oJHMeTpHH 

,[{OJHMCTpHqecKHe ueJIH'lHHI>I H e,nHHHIII>I HX HJMepeHHJI. MeTO.Ili>I .ll03HMCTpHH 

4JoTOHHOfO H3JI)"'CHHH. ,[{03HMCTpHJI HCHYpOHOB, .ll03HMCYpHJI 33pJI>KCHHhlX qacTHII. 

2.13. OcuOBbi !JlnlHKH l3JilHTbi oT H3JIY'Ienuii 

Tipe,neJII>HO ,l:IOITYCTHMI>Ie ypOBHH H3JI)"'eHHJI H .llOITYCTHMI>IC KOHIICHYp3IIHH 

pa,nHOHYKJIH.IlOB. MeTO.z:\1>1 JamHTI>I OT ueiiYpoHoB H HOHH3Hpywmero HJJI)"'CHHJI • 

3amHT3 OT ITpOTJI>KCHHhlX HCTO!IHHKOB. 

2.14. .H,nepHbie peaKTopLI 

5I.nepHI>Ie peaKIIHH .llCliCHHJI. 3aMC.IlJICHHe HCH'fPOHOB B ITOrJIOmaiOmHX cpe.z:~ax. 

BocnpoHJBO.z:ICTBO. KoHCTPYKIIHJI Mepuoro peaKTopa. IIMnyni>cHI>Iii peaKTOP. MEP-2. 

PeaKTopi>I ua Me.lllleHHI>IX H 6I>ICYpi>IX ueiiYpoHax. 

3. BonpocLI no ,nucQunJiu~aM cneQuaJiuJaQuu B MKii "Pa,nyra" 

3.01. CocTaB 6opTOBbiX Bbi'IHCJIHTeJibHLIX cucreM 

Tipoueccop, 3aiTOMHHaiOmHe YC'fPOHCTBa, yCTpOHCTBO CBJI3H C 06oeKTOM, ycYpOHCTBO 

nepe,nalffi .llaHHbiX, nporpaMMHOe o6ecneqeuHe, ycYpoiicTBa CBJI3H · onepaTopa c 

annapaTHI>IMH CpC.IlCTBaMH 60pYOBI>IX BI>JqHCJIHTCJII>HI>IX CHCTCM. 

3.02. CHCTeMLI BBO,l(3·BbiBO.Ila 

Ha3uaqeuHe CHCTCMI>I· BBO.Il3·BI>IBO.Ila. TiporpaMMHI>Iii ·KaHaJI, BapHaHTI>I · pa60Thi. 

KaHaJI npJIMoro .nocryna B ITaMJITh. BH.Ilbl Hu4JopM3IIHOHHbiX KaHaJIOB YCO. 
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3.03. OprauuJanuH nponeccopa 6opTOBLix Bbi'IHCJIHTeJibHLix · cuCTeM~ OprauuJanuH 

JanoMnnaromux yCTpoii:CTB 6opTOBbiX Bbi'IHCJIHTCJibHbiX cuCTeM 

HaJnaqenHe 11poneccopa. CoCTaB 11poueccopa. <l>YHKIIHH n coCTas AllY, YY, C03Y. 

<l>YHKIIHH 3Y. 011epaTHBnoe 3Y, IIOCTOJIHHoe 3Y, cBepxollepaTHBHbie 3Y. llx 

xapaKTepHCTHKH H CBOHCTBa. 

3.04. IlporpaMMHOe o6ecne'ICHHe 60pTOBbiX Bbi'IHCJIHTCJibHLJX CHCTCM 

<l>YHKUHH nporpaMMHoro ci6ecne'IeHIDI. 011epannonnru:r cnCTeMa, cnCTeMa 

cpYHKUHOHaJibHOrO KOHTPOJI.H, ClleUHaJIH3HpOBaHHbie pa6o'JHe 11pOrpaMMbi, 

6n6JIHOTeKa CTaH,napTHbiX cl>YHKUHH, CHCTeMa aBTOMaTH3aQHH llpOrpaMMHpOBaHH.H. 

3.05. Ilpuuuun pa60Tbi L{ST'IHKa yrJIOBLIX cKopoCTeii:. Ilpuunun . pa60Tbi L{ST'IHKa 

JIHHCUHbiX ycKopeHHU 

HaJHa'Ienne ,naT'IHKa .. llcnoJibJOBanne B cocTaBe aBTonnJIOTl\. n 6eciiJiaTcpopMeHHbiX 

nnepunanbHbiX HaBHraQHOHHblX CHCTeM (EllMC). MoMenT pompa, 

rnpocKonn'IeCKHH MOMenT. ,[{eMncpnpoBaHne KOJie6aHnil:. HaJHa'Ienne ,naT'IHKa. 

Cnoco6LI HJMepenn.H cnJI, .neiicTBYJOIUHX na ,naT'IHK. MeTo,nbl yMeHbllleHH.H 

BeJIH'IHHbi cyxoro TPeHHJI. Mru:rTHnKOBble ,naT'IHKH. TioiiJiaBKOBble ,naT'IHKH. 

3.06. IlpHHUHD pa60Tbl ,Z:{ST'IHKa BbiCOTbl. TipHHUHD pa60TLI ,Z:{ST'IHKS BOJL{yiii_HOU 

3.09. MCTO,Z:{bl onpel{eJICHHH MCCTOUOJIOlKCHHH 06beKTa 

Bn,nbl HJJiyqaeMbiX cnrnanoB. MeTo.ll;bl onpe,neJieHIDI ..n;anbHOCTH 11pn paJJIH'IHbiX 

Bn.nax HJJiyqeHH.H. 011pe,neJienne Koop,nnnaT 110 MaKCHMYMy·cnrnana, 110 MHHHMYMY 

cnrnana, no pasnocnrnanLnoil: Jone. MeTO.ll;bi collpono)K.!J;eHn.H ueJIH no .ll;aJibHOCTH. 

CeJieKUHJI .nBH)K)'IUHXC.H ueneil:. Tio,naBJienne naccnBHOii IIOMexu. · 

3.10. Texnn'lecKue :~;apaKTepuCTHK~ paL{HOJioKauuouubiX cu~eM 

Anrenno-cpn.nepnble YCTPOHCTBa (A<I>Y). BoJIHOBO.ll;HbiH TPaK"_f· Tlfnbi aHTeHH. 

,[{narpaMMa nanpaBJieHHOCTH ()(HA). Oco6ennoCTH ee B paJHbiX JOHax o6JIYlleHID!. 

XapaKTepnCTHKH A<I>Y, JaBHCHMOCTh OT ,[{HA. 

3.11. CuCTeMbi Koopl{HHaT B Ja,Z:{a'lax ,Z:{HHaMHKH noJICTa. CnJILI u MOMeHTbi, 

,neii:CTBYIOIQHC Ha JICTSTCJibHLJH annapaT B UOJieTe 

CTaPTOBaJI cncTeMa Koop.nnnaT:· CB.HJaHHru:r · cnCTeMa · Koop.nnnaT. · CKopoCTHru:r 

CHCTeMa KOOp.li;HHaT. TioJiyCKOpOCTHaJI CHCTeMa KOOp.ll;HHaT. CBJ13b Me)K.!J;y 

BBe,neHHbiMH CHCTeMaMH KOop,nnHaT. A3pO.ll;HHaMH'IeCKmi CHJibl n· MOMeHTbl, 

BKJilO'IaJI CHJibl H MOMeHTbl, o6yCJIOBJieHHhle. OTKJIOHeHHeM a3pO.li;HHaMH'IeCKHX 

opraHOB yllpaBJieHHJI. CnJia n MOMenT T.Hrn ,nBnraTeJieil:, a TaKJKe CHJibl 11 MOMeHTbl, 

o6ycJIOBJieHHLie pa6oToii raJo,nnnaMn'IecKnx opraHoB yrrpaBJieHn.H. CnJia Beca. 
l c -.· • ,, • 

CKOpOCTH, )(HHSMH'ICCKHC xapaKTepHCTHKH ,Z:{ST'IHKOB l 3.12. ABTOUHJfOT. HaJHS'ICHHe, COCTaB. 'CTpyK1)'pHaH CXeMa KaHaJia c'ra6HJIHJSQHH 

T1mLI ,naT'lnKoB. EapoBblcoToMepbi. !"a.nHOBbiCoToMepbi. llJMepenHe 11onnoro Tpe6oBaHHH i< pexmMy cl:a6nnn'JannH. KaHanLI cTa6nnnJannn. 'c~cTaB aaTollnnoTa: 

,naT'IHKH llepBH'IHOH nn4JOPM~H, • pyJieBbie MaiiiHHbi, KoppeKTUpyxomne 

YCTPOHCTBa, ycnJIHTeJIH MOIUHOCTH, 11peo6pa3YJOIUHe H 3a.!J;aiOIUHe Y,CTPOHCTBa. 

CTPYKTYPHru:I cxeMa KaHana cm6nJinJann~: npnMep - cnCTeMa cTa6nnnJannn B 

KaHane KpeHa. 

.!J;aBJieHH.H, CTaTH'IeCKOrO .!J;aBJieHH.H, ,[{HHaMH'IeCKOe ,naBJieHHe HJIH CKOpOCTHOH 

nanop. CKopocTb noJieTa. Tiepexo.nnoil: npouecc, tJacTOTHLie xapaKTepncTHKH. 

Co6cTBennru:r lJaCTOTa. TioKaJaTeJib ,neMncpnpoBaHHJI. AMIIJinry.nnru:r n cpaJoBru:r 

xapaKTepHCTHKH. 

3.07. Ilpuununbi pal{HOJIOKanuu 

HaJHa'Ienne n · Ja,naqn pa.nll:oJioKannoHHbiX ycTPoiicTB. 06o6mennru:r CTPYKTYPa 

pa,nHOJIOKaQHOHHOrO KaHana. <l>HJH<ieCKaJI KapTHHa C03.!J;aHH.H H3JIYllaTeJieM 6eryllleH 

BOJIHbl, OCHOBHbie XapaKTepHCTHKH pa,nHOJIOKauHOHHOrO KaHaJia. 

3.08. B~mLI pa,nuoJioKanuu 

Bn,nbi pa.niroJioKannn: lucrnBHru:r, naccnBHru:r, KaHan c PCTPaHCJI.Hiineil:. Tipnnunnbl 

pa6oThi :H o6Jiarn npnMenenn.H. 
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3.13. Cnoco6LI TeJienaBe,Z:{enuH 

KoMaH.!J;Hbie · CHCTeMbl TeJieH~e,neHHJI: 11pHMep - CHCTeMa C HaBe,neHHeM B 

KOOp.ll;HHaTax Ha JieTaTeJibHOM an11apaTe X-59 C HCIIOJib30BaHHeM TeJieBH3HOHHOH 

KaMepbl. .CHCTeMbl, HaBe,neHH.H no JIYtJY: , pa,nHOJIOKaQHOHHbie, HHcppaKpaCHble, 

JiaJepHbie. 
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3.14. Koop,llnnaTopLt nenu. Cnoco6LI tjlopMnpoaaunu, curuaJia omu6Ku .npu 

. CaMOHaBC,llCHHH 

BII,llbl KOOp,llHHaTopoa: pa,lliiOJIOKalliiOHHLie, HHtjlpaKpaCHLie, OIITII'IeCKIIe, JII13epHLie, 

ar<yCTH'IeCKIIe; MX xapaKTepiiCTHKII. · . Crroco6hl tjlopMnpoBaHIDI cnrnana orrm6KII. 

Crroco6Lr opneHTal.lHH cncreMLI Koop,nnHaT, CBll3aHHOii c Koop.niiHaTOpoM. CIIcTeMa 

Koop.nnHaT, )l(eCTKo CBli3aHHLIX c KoprrycoM neraTeJILHoro arrrrapaTa; CIICTeMa 

KOOp,lliiHaT, opm!HmpoaaHHall IIO nHHIIII' BH3~pO~aHHll (no BeKTopy ,llaJibHOCTH); 

CIICTeMa KOOp,nHHaT C He.siCHOH OpHeHT~HeH B IIpOCTpaHCTBe. 
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