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BBEJIEHHE

JIMHEeHAHEIM YCKOpHTEIeM Ha3HBaeTCd NPHOOD IS MOJAYYEHWS 3JeK-
TPOHOB WIM MOMOXWUTENbHO 3aPMXEHHBIX vacTun, OGO/blIOH 3HEepruw,
B KOTOPOM HCIOJb3YETCH IIEPEMEHHOE IIOJNe, W UYaCTHUB JIBHXKYTCA IO
qpsAMoli MMHMH (a2 He TO KPHBOJMHEHHOH oOpGHTe B MATHUTHOM IMOJeE,
KaK B IMKJAOTPOHE, GeTarpoHe uaM CcuHXpoTpone). OH gBiasercd, noO
CYLIECTBY, HeKOell pasHOBUIHOCTLIO HATPY:KEHHOTO BOJHOBOAA, B KOTO-
POM CO3IAETCH NEPeMeHHOe MoJe GOMbINOH AMIUIMTYNB, TAKOe, YTO ero
MOXKHO TIPeACTABUTh B BHIAE DPANAa Gerymux BOJH, OJHA H3 KOTODHIX
PACOpOCTpaHaeTed CO CKOPOCTBIO yCKopsiemo#t uacthubl, YacTuusr, uMero-
Wpe MOAXONAUIYI Hauanshyio $asy, OynyT Bcé BpeMs JIBUTATBCH B
tase ¢ 3TOH BOMHOH ¥ HempepHIBHO INPHOOPETaTh JHEPruio, KaK eciau
OBl OHM HAXOAWJIKCH B NMOCTOAHHOM Ilose. Menas none no Mepe nponBu-
MEHHA YACTHUH IO BOJAHOBOAY (B COOTBETCTBHM ¢ €& YCKODEHHEM),
MO¥HO B NpHHUMME MOJYUYHTh YaCTHOH JHOOOH IHEPTHH.

<} J. C. Slater, Rev. Mod. Phys. 20, 473 (1948). Ilepesox B. AmepGaxa,
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W3 ¢xas3andoOro BHIHH OCHOBHBIE NOCTOMHCTBA B HEAOCTATKH JuHel-
HOro yckopurens, K uuciay nepBmx OTHOCATCH!: OTCyTCTBHE OOABLIIOrG
MarHuTa, He0OGXOJHMMOro B LMKJINYECKHX TPHOOpax, NPONOPUHOHAILHOCTD
pa3MepoB ¥ CTOMMOCTH YCTAaHOBKM Mepsoil (a He Gojiee BHICOKOH, Kak
B LMKJIOrPOHE) CTeleHM HOCTHraemolt sHepram, 6jaronapa gemy nauHeR-
HHfl YCKODHTENb MOXeT OKasaThCsd, FO Kpaligell Mepe npH OueHs
6CAbUIMX DHEPruaXx, GoJee DKOHOMHYHBIM; HaKOHed, TOT (akrT, uro
YaCTHUb ABTOMATHYECKH MCMNYCKAIOTCA Y3KHM INyYKOM, B TO BpeMA Kiak
B HHMKJAWYECKHUX YCKOPHTENSIX BLIYCK Ny4YKd COCTABJASET OAHO M3 OCHOB-
BHX 3aTpyAtenuit. [IpHHIHNUANLHBM HENOCTATKOM JHHEHHOro yCKOpH-
TeJs ABMASTCA TO O06CTOATENLCTBO, YTO OTHAeNbHAd Y4aCTHIA, BMeCTO
TOro YTOOB JBUTATBCS B OJIHOM M TOM Ke TIEpEMEHHOM T[ojie, MHTAK-
HIEMCS OT OJHOI'0 HCTOYHUKA, HOMKHA IMPOHTH 4yepes paA TaKuX nojeH,
MCMONB3YIOWYX PA3HBIE HCTOYHHKE SHEPFHM. OTO NPHBROJUT K 3HauM-
TEJIbHOMY YC/AOXHEHHIO BBICOKOYaCTOTHOrO OOOPYyHOBaHMA H K TPYAHO-
CTAM, CBA34HHLIM C NOCTPOHKOH OYeHb AMuHHOH, TpeOylomed TmATE/b-
HOrO M3TOTOBJCHMS TPYOB C MPHCOCHMHEHHBIMH K HeHM HCTOUYHHKAME
syepruu, TexuuyecKW 3aTPYAHUTENBHO TaKKe OOeCTeduTb COIJIACOBAHME
da3 mepemennbix nojefi Ha ncefi (BeceMa OGosbiuofi) Anume npuGopa,
Heo6x0auMOe It TOro, 4robbl NOJEe MEHJOCh B TAKT C YCKOPEHHEM
YaCTHLLL.

Ecrn em@ onHa KOHCTPYKTHBHAsd TPYAHOCTH, OICYTICTByIOmIas y
muKImueckux mpuGopos. OHa CTaHOBHTCA ACHOH TOCAE  HeGOJLIIOrO
pacuéra. B mo6oM npnbope wacTHIB, Iepel TeM KaK JOCTHIHYTh GOMb-
ol suepruM, AOJKHLL NPOATH MIWHHBIA NyTh 110 NPAMOH JIMHUM, 1O
Kpyry wm no cnupaau. Ha sTom nyTu onm MOryT OTOHTH OT CBOeH
HASATbHOU OPOUTH, OKA3aBIIUCH, TaKHUM O0Opa30M, IOTEPAHHBIMH U
myyka. DTO «paculupeHHe NyuKas MOxeT GHITh HBYX BHIOB. Bo-mepshx,
pacminpenne B GYKBAJIBHOM CMEIC/IeE CI0B2 — Xedokycuposka. Bo-BTOpHIX,
BO BCEX YCKODHTEJbHHIX ycTpolicrBaXx, Kpome OeTarpoHAa, YacTHIb!
ABUXYTCA TDYNMaMyu, OTCTOALIMMH JAPYr OT Apyra Ha OOHY IJIMHY
BOJIHBI, T4K YTO KawIas Trpynna Haxomurcs B ¢ase ¢ yckopawouei
posiHO#. YacTuusl MOTYT PacceuBaTsCd «npONONLHO», ONEpeKad CBOIO
rpynny uiM orcrasas oT He&, B HUKAOTpOHE M CHHXDOTPOHE YACTHILH,
xsuKylmecs B ¢ase ¢ yCkopsoiuefi BOMHOH, OKaswBalTcH M B hase,
HywHuOH A GOKYCHDOBKH, TaK YTO CTabM/IBLHOCTbL CHCTeMBl ofOecneunna-
ercs apromMatuieckd. OnHAKO B JIMHEHHOM YCKOpHUTE/ie 4YacTHIUE, IBHXY-
wecs B dase, HeoOXOZNMOH VIS YCKOpEHHS WM I'DYNNHPOBKH, JedOKyCH-
pytwoTcst. DT0 OOCTOATENBCTBO OYEHb CEPBE3HO I MPOTOHHOFO YCKOpH-
Tenst, HO HE CYINECTBEHHO ISl JEKTPOHHOrO, TaK KakK HedhOKyCHPOBKa
yMeHbIIaeTCAa JO HyJs 1O Mepe JOCTHXeHMs 44acTHUel CKOpDOCTH CBeTa.

Iloka em& cAMWIKOM paso nNOAPoGHO pasbupath HOCTOHWHCTBA
H HeZOCTATKH JMHeHHBIX yckopuTeneli. M3 npyrux saexTpOsHWX
YCKOpHTeJeld MPaKTUYHBIMH ABASIOTCA: JICHTOUHBIH 3JEeKTPOCTATHYECKHH
TeHepaTop BIVIOTL A0 sxeprHii mopsiaka 20 MeV, GetaTponH—B HHTEp-
Base or 20 RO, BEpPOSTHO, HeCKOAbLKHX COT MeV H  CHHXpOTPOH—OT

4 yoH, r. XXXV, sy 3
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HeCKOAbKHX coT MeV mo mpumepso mminmapia eV, rie, Kak IpPHHATO
cunTaTh 2%, MOTEpH Ha H3JyYeHHe NPAKTHY4ECKH CTABAT Dpelen JaibHeH-
HIEMY YCKOPEHHIO YacTHL,. DJAeKTPOCTATHUECKHUI reneparop B 061acTu cBoelt
NPHMEHUMOCTH fABJACTCH MAEANbHHLIM Ja60paTOPHLIM NPUGOPOM, JNAIOINVM
CTPOTO MOHOXPOMATHYECKHE YACTHUE B XOpOINO  KONJIHMHDOBAHHOM
Jyye; OIHAKO JHHEHHHIH YCKOPHTeNb, NHTAEMbiH 3/JEKTPOHHOH NyLKOH
THOX CPABHHTENBHO HeOGOJNBLIHM HANMDAXKEHMEM, MOXET OKasareca Goxee
JEMEBLIM M CTOML e YAOOGALM LA NOJyYeHHS DPEHTIeHOBCKHX Jyuelt
W IA4 APYTHX uenelt, e TpeOYIOIMX MCKIOYHTENbHOH OJHOPORHOCTH
YacTHIL 0O 3JHepruaMm. BeraTpoH M cuMHXpOTpOH B TOH 006JacTH 3HEprui,
B KOTOpOH OHM MOTYT HCIIONb30BAThCA, JHeUlesAe, ueM JHHeHHbIl
YCKODHUTENb, HO He HamHoro. OHH, BO3MOWHO, JaloT Golee MOHOXpoMa-
THYECKHE MYYKHW, OJHAKO WOJAYYHTh B HHUX XODOLIO KOJAMMHDPOBAHHBIH
Ny4OK 3JEKTPOHOB ropasio TpyAHee, ueM B JMHEHHOM YyCKOpHTele,
Faasnaa o6nacTe HMX NPHMMEHEHHd — NOJYYEHHE PEHTTEHOBCKHX Jyuefl.
B of6nactu sHeprufi Boie MuANHapaa eV JuMHEHWBIl  YCKOpUTE/b
ABNAETCHd, BEPOATHO, EIHHCTBEHHHIM [PAKTHYECKH TIPHTONHBIM, €CJH
TOJBKO TPYZHOCTH C M3JYyYEeHHEM B CHHXDOTPOHE JeHCTBHTENBHO CTOJb
BeJIMKM, KaK KameTcd. VMcxoms u3 Hallux COBpPEMEHHHIX 3HauHi, He
MPejCTaBaIeTCs] HEBO3MOMHBIM  TIOCTPOMTBL  JIHHEHHBIH  3JeKTPOHHBL
yCKOpHTeab Ha Mwaamapi eV, u oH OyaeT Julib HEMHOTO HOpOXe
MPOTOHHOIO CHHXPOTPOhA, PACCUMTAHHOrO HA Ty ke 006JacTh 3Hep ruli.
KoHeuno, BO3MOMKHOCTY JIHHEHHHX YCKOpuTelel jerde OYAeT OLEHMTb,
KOTJa BCTYNST B JAeHCTBME CTPOSIHIMECST B HACTOfllee BpeMa nNpubGopht
BTOrO THHA, paccyuTaHHbe Ha sHeprud nopsiaxa 30 MeV.

U3 ycroputedell noMOKUTENbHLIX HOHOB JEHTOYHBIH 37EKTPOCTaTH-
yeckult renepatop xopom B obaactu 10 20 MeV, a oOHuHb# 1HKAO-
TPOH BCTPeYaeT PEJATHBHCTCKHE TPYRHOCTH OKkojao 200 MeV. Cunxpo-
MUK/IOTPOH HAealbHO NPUCNOCOOJEH Mg SHepruif MOpaiKa HECKOJBKHX.
cor MeV. IlonuiTKM pacwpuTh 06AacTb €ro NpPHMEHMMOCTH INOKasany,
OIIHKO, YTO NpH SHepruax mopsanka 600 MeV KoHCTpyKLHs IyasT B
MOCTPOHKA MATHHTA BCTPEYAIOT HEKOTOpHIE TPYAHOCTH, KOTOpHE CTaHO-
BATCH OUYEHh CepPbE3HBIMU TIPH SHEPruUAX OKOJO MuAMapaa eV H,
BEDOSITHO, HempeoAONHMHE Npu emE GoapliuX 3Heprusx. J[as nosyuenns
TOJAOKMTENbHEIX MOHOB C 3HEPIrUsMH B HECKOJAbKO MHIAIHApACE eV
NpeAnaraeTcs NPOTOHHBIH CHHXPOTPOH — MPHOOP, B KOTOPOM MATHETHOE
moJie W 4acTOTa ONHOBPEMEHHO MOJIYJHMPYIOTCA TAK, 4YTOOH INOANLepHH-
BATh YaCTHLY B (iase C 2JEKTDHUYECKHM YOJeM, COXpaHAs NpH 9TOM
TNOCTOSHHBIM paauyc e& opOuth, [as aToro uyxeH TOJAbKO KOJBLEBOR
MArHuT, LlleHa KOTOpPOro He TaK ObCTpO pacTéT C 3Hepruel, Kak B
CUHXDO-LMKJIOTPOHE C €ro MAacCHBHHM CIMIOWIHBIM  MareutoM, Kpome
TOTO, YCKODSIOUIME 3AEKTPOIH MOTYT ObiTe CpaBHM1€JbHO HEOOABUIMMY,
a BCTpevawui#ecds 3AeChb Y4CTOTH CTOJAB MAJH, uTO HYaCTOTHAad MOAYAA-
U OCYLIECTBAACTCH NPOCTO,

B nacTosilee BpeMs NPakTHYECKH OCYIMIECTBEMZ NOCTPOHKA NpOTOH-
oro cuuxpoTpona Ha 2—10 mmunapnos eV. 1o cpaBHEHMIO € TaKHMB
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npufopamy JuHefinble YCKODHTEJAM HEMHOTO MOTYT CKasaTb B CBOKO
Noab3y, MBl yXe TOBOpDHIM O TPYOHOCTH C [Ie(OKYCHPOBRKOH, KOTOpas
OUYEHB CYUIECTREHHA /Il JMHEHHOTO YCKOPUTEN TNOJQMUTENLHEX HOHOR,
B nacTosmée BpeMsi OHA NO3BOJISET NPHUMEHATb NPOTOHHLIE JiHHeHHHIE
YCKODUTEJH AHuIip IS IONYUEHHS CPABHHTENBHO HeGOABIINX DHepraft
(tprEMepHO B UMKAOTPOHHOH oGxactd). Kpome Toro, cymecrsyiomue
cefluac auHefiHHe YCKOpHTENW NDOTOHOB 3HAYMTENLHO OOMbIIE IO CBOHM
pasmepam (M, CNeNOBATENbHO, 3HAYKTENLHO AOPOMKE), UeM SJICKTPOHHHE
VCKOpYTENU TOI'O XK€ T2, PACCYKTAHHHE HA TY Ke 00AacTbh 3SHepruii.
Takum o0pasoM, JUHeHHBIE YCKODUTENW IPOTOHOB NO CBOEH CTOHMOCTH
BPAA JIL MOI'YT KOHxYDHDPOBATh C JEKTPOCTATHYECKUM EeHEepaTopOM HJIH
UMKAOTPOHAMH Pa3iMuUHBIX THHOB. Bo Bpemd HamucaHus 3ToH CTaThH
KaXeTCsl MafgoOBEPOATHHIM, UTOOLH GBIIO DPERNPUHATO COOpYXKEHHe Ipo-
TOHHBIX JHHEHHBX YCKOpHUTeldel, PacCYHTAaHHHIX Ha GOJBIIME 3HEPTHH,
Masio BepoATHAZ TaIOKe NMOCTPONKAZ HOBHX NPUOOPOBR 3STOTO THNA AJA
NOJYYEHHsT CPABHUTENBHO HEeGOMBINAX DHepTHH.

Jlunefinn#i ycKOpUTENh He dBAAETCA HOBBIM wuzoOperennem. Cio-
yr 23338y ppyrue ¢ ymepeHHmM ycrmexoM paGoranm B 3Tof obmacty
B NOCHeXnue Aecarsh ner mepen Bo#uoi. Cosmanme BO BpeMda BoOHHH
MOMIHBEIX MCTOUHUKOB 3IHEDPIHHM BBICOKOH YaCTOTHI—TAKMX, KK MATHETDO-
HBl—TIO3BOJMAO NHTATH JNHEHRHH YCKOpDHTENb HYMHHM KOJHYECTBOM
sHepruy, paboTas WMnyibCHuM MeTonoM. Ofewad meHcTBUTEIBHO 60.b-
e YCKODPeHHA, 3T0 OOGCTOATEeALCTBO CHENAN0 JAuHeliHble yCKOpHUTEau
3aMaHuuBLIM OOTBEKTOM JanbHelimedl paGorh. Ilocne BoHumb mccaesoBanug
PasBHBAMMCHL TO JIBYM OCHOBHBIM HAamNpaBJeHusM, OJU3KO CBA3aHHBIM
APYr ¢ ApyroM; o6a OHM BHPOCAM Ha noure paGoT mo pamapad. Bo-
nepBHx, Aubpaper !51619202224308 g KamugopHulickoM yYHHBEPCHTe-
te (B Bepkam) paGoran Hax cospaHHeM HOHHOTO yckopureas. Ou
paGoran Ba wacrore okono 200 MeraumxioB, NOAL3YACH pPaguoobopyro-
BAHUEM JJIA PAAApPOB, PACCYUTAHHBIX HA Ty K€ 9acTOTy. BO-BTOpDHX, DAX
na6opaTopuii  3AHMMAJCA  HAEKTPOHHBIMHM  YCKODYTRIAMH, TOAB3YACH
MOUIHBIMYE MArHETPOHaMM ¢ AnunoH BOAEE OKOAO 10 cH, TOCTPOEHHBIMY
s pendell paaMoJOKalMH, ITa nporpamMa BeIogHanzace B Mccaenosa-
TeAbCKOH AabopaTopud MO 3JeKTPOHHKe MaccauyaeTcKOro TeXHOMOTH-
4ecKoro wmHCTHTYTa 162030:32. Qua BO3NWKAZ B NPAMOM DASBUTHH HieH,
CAQXKHBIINXCA B 1a6OpaToOpuu M3NydeHWst TOTO Ke MHCTHTYTAa B KOHIE
BOHEBI, HO BCA paboTa ¥ ZeTaabHOE HPOEKTUPOBAHWE OBIIH TPOBEEHH
yxKe mocae o0pasoBasusi HCCICHOBAaTebCKOH 1a6OPaTOpHH 1O  SAEKTPO-
nuke. Amnanoruynas paGora B CIIA nposomuaace Ttakxe B General
Electric Company *), B yuusepcurerax B Craudopne !0 15, Bupruuum !,
Henscxom®u np.2517, 3a rpanuuesi mupokue paGoTH BEAUCh B AHI/HH
B Telecommunications Research Establishment (TRE), B Tloanrexnu-
4eCKOM HHCTHTYTe B Mekcuko W B pame apyrux wmecr. Hackonaeko
H3BECTHO aBTODY 9TOH CTaThy, MCCASHOBAHUN Be3fie  Pa3BHBAMNCH

*} Cratpu nedaramorcd B Journ, Appl. Phys.
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1O OIHKM K TeM Ke JHHHIM, ¢ HeGONBUINMY DACXOXACHNAMH B MHEHMSX
B KaX AblH MOMEHT paborsl, ABTOpD HMeq BO3MOKHOCTH BOCHOJB30BATHCH
npeiBapuTeNbHbBIME OTuéTaMi Jaboparoput B Craudopre, rae Xaucen
U €ro COTPYHHHKH JAOOHAHCh 3HAauYUTeNsHBIX | ycnexoB, ¥ TRE, rue
TEOPETHUECKAR I'PYNNa BO TIJaBe ¢ YOJKMHINO U 3KCIePUMEHTANbHASE
Tpynna chejanu noapoOHEE M HONHbBIE 0030pH BOmpoca. PaccwoTpeHue
npoGiemMbl B HacTOAWEH cTarbe W B pa6oTax yKasawHbX BHILE Tpynn
viMeeT MHOrO 00mux yepr. Hacrosmaa pabora Oblia npoBeldeHa IOYTH
B0 BCeX OTHOILUEHHAX HE3ABMCHMO OT IPYruX B MOCTefHHE [OBA roAa
B MaccauyseTckoM Texnogornueckom muctutyte (MTW), m  xasanocs
1e/1eCO00pasHbM CANATh 3Ty CTaThi0 MOJNHOM, HAXKe eCaH OHA H Oymer
flepeKphIBATLCH € paboTamu APYrUx TPYMM.

INpoext MTH spasercs Kak TeOpeTHYECKHM, TaK H 9KCIEPHMEHTA/b-
HHM, OH -NOCBANER M3YHUEHNI0 KOHCTPYKTHBHHX OCOGEHHOCTeH GJbIIOro
YCKODHTeJIl M CO3J3HHI0O IKCUEPHMCHTAIbHOH YCTaHOBKH JUISI  YCKODEHMS
3MEKTPOHOB 10 3Heprufi mopaaxa 20 MeV. [lo 3aBepuieHMM DPOKTA
COOTBETCTBYIOIaS Trpynna onyGaukyeT SKCIepHMeHTaNbHyI0 pabory c
ob6CcyxaeHreM pe3yabTaroB. [loka vOXHO OTMETHTh, YTO DAL pesy.1bTa-
TOB, M3JAOMEHHHX B HACTOfILEH CTaTbe, yxe OB NPOBEPEH DKCIEPH-
MEHTaTbHO,

. CBOVICTBA IMEPHUOJNYECKN HATPYKEHHbBIX BOJIHOBOAOB

dazopas CKOPOCTL BOJHEI B BOMHOBOZEe OoJblile CKOPOCTH CBETa B
BakyyMe, YacTuna He MOMKeT JBHMaTeCi ¢ TakO# CKOPOCTBIO, 0O3TOMY
I CO3MaHMd TIOAS B JHHEHHOM YCKOpDHTeJe HYWHH 60/ee C/0MHble
cucreMpl. Bce npuMeHsieMble Ra NPAKTHKE CHCTEMbl COCTOST M3 NEepUOAH-
YeCKH HATPYEHHBIX BOJHOBONOB DPA3JMUYHBIX THNOB. MBI H paccMOTpuM
B 3TOM pasfieie CBOHCTBA TaKWX BOJHOBOJAOB, NOJUEPKHBAA HE CTOJLKO
VHANBUAYaNbHEE OCOOGHHOCTH PAasiMYHLIX CTPYKTYDP, CKOJMBKO MX ofujne
yepTH, KOTOPBIMH 00221210T BCEe TaKHE CHCTeMbI 0e3 MCKJouenus, SHauH=
TeJIbHAsA YacTh PE3YNbTATOB YXe W3BeCTHA B MAaTeMaTHuecKOi ¢u3vke u3
MHOTMX 34134 O DACNPOCTPAHEHMH BOJH B NEPHOANYECKHX CTPYKTYpax —
TAKWX, K4K TEOPHA HATPDYHKEHHOH CTDYHBI, B3J/eKTPHYeCKHX (QHILTPOB,
TEOpHs PJEKTPOHOB B MeTanle M KPHUCTAMIMYECKHX TBEPAHX Tenax, oud-
dpakuks 3JeKTPOHOB M PEHTTEHOBCKHX Jydel. B3aHMOOTHOIIGHHA 3THX
npobaem pasotpanst B Kuure JI. Bpmanosna «Pacnpoctpanenne BOMH B
nepuoanvecKux crpyxrypax» (1946 r.). Bo Bpems BOMHE aHaJOTHYHLIE
METOAB GhiJIM NpHMEHEHBI ABTOPOM IS MCCIEeJOBAHNA DE3OHAHCHLIX KOJe-
6aHuP B MHOTOMOJOCTHOM MarHeTpoHe (3TO K aTKO 3aTPOHYTO B pabo-
Te 81y, TlockonbKy 3TH O6uiHe MeTOAb XOpPOIIO K3BECTHBI, Mbl H3AOKUM
MHOTHE pe3yabTaThl B OGIIMX uYepTax, Ge3 AOKa3aTeAbCTRA HIM NMOAPOGHO-
ro o6cyxaenns, Hawubogee uacto ynoTpebasembie CTPYKTYPBl CXEMAaTH-
qecKu 1MoKasawsl Ba puc. 1 (¢ — BOAHOBOAL C nuadparmamy, HCHOJAb3ye-
Mbili B GONLIIMHCTBE KOPOTKOBOJHOBBHIX 3/JEKTPOHHHIX YCKODMTEAeH, B
ToM uyucie B npubope MTH; 6 — cucrema, npumensunas B HOHHOM YCKO-
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pureae Anbsapeua). OGpawasch K KOHKDETHOMY TNpPHMEDY, Mbi OGBIYHO
6ynem wuMeTp B BuIy cayuadh (@), HO OOJLIIMHCTBO HAUIMX 3aMeqaHui
DPBMEHHMO M K cucTeme Anbpapena. C
Msyuedue pacopocTpaHeHus BOAH B NEPHONMUYECKHMX CTPYKTYpax oOc-
HOBLIBAETCS Ha TAaK HasbiBaeMoil Teopeme Puoxs, Popmyruposka eé
BeCbMa APOCTa: BOAHOBAas (YHKIHA
(8 3/€KTPOMArHUTHOM Clly4ae—3HA- /~F
YeHud JIEKTPAYECKOTO U MArHHTHO- |
ro noaeil), COOTBETCTBYOIA ZAHHO-
My Thay koneGanull ¥ maHdo# yacro-

;e, npu MPOABHIKEHHH BIOJb CTPYK- @Eﬁﬁg’é‘%';!:wazixj
YPH Ha OMuH nepHOX yMHONAeTCH X P P X K X > Z\( />~\<
o, W it B ot g eoton, e B et B o,

Ha BAaHHYIO KOMIVIEKCHYI0 KOHCTaHTy. Sl
JTlokazaTesnncTBO 3TOH TeOpeMH He-
C/IOXHO M BHTEKaeT H3 Toro ¢akra,

a)
4TO CHCTEME, CHBHHYTA] BIOAL CBOEH
ocw (BuGpaHHON 3a OCh 2) HA ONUH @D@D@]
Aepuon L, cOBEandeT ¢ MepBOHA- /
yanpHOH. CHenoBaTeNbHO, HOBasd
BO/MHOBAaA (YHKIMI MOXET OTJH-

YaThCs OT CTAPO KD MOCTOSHHEM -

MHOMCHTENEM, KOTOPHIH MbI HanHiieM :@;@:ﬁ:};
B suge e~ 1L, rme ¢ — Koucranra PPN
(BoOGure roBOpA, KOMIVIEKCHAS). P A TR g
CyurectByer BechbMa npocrast QyHk- e
s, yMHOXAIOWagcy Ha e— 11, korna & !
z Bospacraer Ha L. 310 — nokasa-

TeabHan Qynkuua e~74, Moxuo no- Puc. 1

Kasars, yro Haubonee obureit GyHk-

Itielt, 061anaoulel TaKuM CBOHCTBOM, IBNACTCH IPOKSRENEHIE e~ 17 Ha IPOM3-
BOJBHYI0 IePHOAMUECKYI0 (YHKLHIO 2z ¢ nepuonom L (He MeHSIOUIyIOCH
npu m3Menennn z Ha L). Tlocaenmwio moxuce npeacrasuTe B BHAE psaaa
Pypbe (HAMHCAHHOrO B KOMIVIEKCHOH (opMe), T. €. KaK CyMMy 3KCIO-
HenT e~ Mzl (n — nonoKuTENbHOE WM OTPHIATENBHOE HENOe YHCAO) ¢
noAXoRAAMEME  Kodpdunuentamn. Taxum o6pasom, Bo/HOBas QyRKIHA
CHCTEMb MOXET GHTh HANHCEHA B BHNE CYMMH NOKA3aTENbHHX (YHKIHA
e~ (zt+2nizllic mogxomsmuMu Kosgduiuentamu. M CTOAKOBAHKE 3TOFO pe-
3yJIbTATA BABHCHMT OT Xapakrepa Y. Booluie roBops, 3Ta KOHCTaHTA KOM-
HIeKCHad, HO MOXHO JOKa3aTk, YTO B CHCTeMe Ge3 NHCCHNAUMH SHEPrHH
oHa zio/mxHa OHTh AHO0 HeHCTBHTEABHOM, MM60 uyHCTO MHEMOH. B ciaydae
TeACTBUTCABHOTO Y KAMAWA WieH DAXa YMEHBUIAGTCS C yBeJARYEHHeM 2,
¥ MbE HMESM 3aTYXawiulylo BOJHY. Takue BOJHEI HENB3H NPUMEHUTL NSt
YCKOpeRHs dacTHUl. B caydae 4MCTO MHuHMOTO Y M Moxew ¥ Hamucars:
7=1i3,, Brema oboznaueHue:

B=0 2= ) M
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MOXHO 32MHCATb HAIIM SKCTOHEHTH B BMEE e 27, YyHowxas 5To Ha
€7, deMm BBIPAKAETCH CHH YCOWIAAbHAA 3ABHCHMOCTH IIOAT OT BPEMEHH,

HOMy9sM OTAEJbHYI0 KOMINOHEHTY Pypre B BHIe "2 g dynk-

g npeAcTaBideT coGoH Oerymyo BOAHY C YIVIOBOH HacToTOH @ H IIH-
2n -

HOH BOJIHHL —— , pAaCcHpPOCTPAHMAIUIYIOCS BHOJAbL OCH 2 €O CKODOCTHIO

Bn

v, == —é’;— . Temeps w3 ypasseuns (1) BuiHO, YTO BO3MYyILieH:e, BHI3BaH-
HOe TepHOAHYECKOH Harpysko#f, MOXHO pacCMaTpHBATh KaK HAJCWKEHHE
MHOXKETTBA OEryux BOJH C DAa3JIMYHBIMM CKODOCTAMH U, yMEHbIUa-
urumucs (Mo abcomOTHOH BeanduHe) npu Goasiminx sHauenmax 4. Kax-
nast BOJHA BXOMMT CO CBOMM Ko9DpQuumedTom (aMiuIHTyzoi).

HekoTopeie u3 artux OGeryumiux BOJH MOXHO HCHOJL30BATh B aAuHeli-
HoM yckopHrene. lmenso: ckopoctu MHOrHX KoMuoHeHt Pypne OKashbi-
BalOTCH MeHblle CKopocTH cBera. (CeloBaTe/NbHO, OAHA H3 HUX MOWKET
PaBHATBLCS CKODOCTHM YcKopsieMOH uwacTnunl. Takxas xomnonenta OylneT
Pe30HHpOBaTh ¢ YacTuleR B TOM CMEIC/AE, YTO COOTHOmeHHe (a3 BOMHB
1 4acTuns OyHeT OCTaBaThCH NMOCTOAHHHM (IO TexX mOp, KOHEUHO, TOKa
4aCTHIA HE YCKODHTCA JOCTATOYHO JJd TOro, 4ToOn 0GOrHaTh BOJHY;
nofoGHEEe BONPOCH GyIyT pacCMOTpeHH MO3nHee).

Yacruua, pPesOHHpYIOWiad C OAHOH KOMuOHedarolt Pypbe-pasnomexns
noJst, He OYyAeT pPe30HUPOBATL C OCTANbHEIMM KOMIOHEHTAMH, TaK Kak
OHM PACHPOCTPAHAIOTCH C APYTHUMH CKOPOCTHAMH. B camom zene, B cucre-
Me KOOpDHMHAT, CBA3aHHOH ¢ JBMXKyWIeHdCH wacTHnel, pe3oHUpyloilas
KOMIOHEHTA NPEJACTABIACTCA TOCTOSHHAHM TOJAEM: TPOUIBOAUMEI elo
a¢dexT HE MEHAETCA HA HPOTMKEHHA MHOrHX mepuonos. Hpyrume wme Kom-
MOHEHTH, JBHAYLIMECT OTHOCHTENBHO HYacTHIM C GOMBINOH CKOPOCTHIO,
NPEACTaBASIOTCH OHCTPO OCHMVINDYIOUWHMHE BO BDEMEHH NOJIAMH, KOTOpLIE
HE OKa3HBAalOT B CpelHeM IIOYTH HHMKAKOTO BIHgHUS Ha ABIKEHHe ya~
crunel. TlouTH s BCex Iledeli HMH MOXHO [OJHOCTBIO HpeHeGpeyb,
TaxuM o6Gpa3oM, Mbl IDHXOLHM K BeChMA CYLIECTBEHHOMY pe3yabTaty:
ToAbKO onHa Pyphe-KOMIOHEHTA NOJA, CO3XAHHONO HePHOAMYECKOH CTPYK-
TYpoOH, pacmpocTpaHsieTcs ¢ TOf ke CKOPOCTBIO, 9YTO M YacTHLA; 3Ta
KOMMOHEHTa AeHCTBYeT, KaKk Oeryuiasd CHHYCOHIJIbHA BOMHA; TOJLKO €8
¥ HYXHO YYMTHIBATh, pacCMaTpuBas MBHMeHue uyacThubl, Oxsako Bce
koMmnonenTs Pypbe UMEIOT KOHEUHYIO AMIVIUTYAY M, CJIEIOBATENBHO, He-
CYT SHEPrHi0, KOTOPYIO M PacTpaymBaioT, €C/JH CTEHKH BOJHOBOAA 00na-
JAI0T KOHEYHOHM IIPOBOZHMOCTRIO. IJTH MOTEPH SHEPTHM COBEPUIEHHO
Gecrosie3Hnl ¢ TOUKH 3peuus yckopenus yactun, CiaefoBaTelbHO, HAMO
HaHTH TakoH crmoco6 Bo30yXAEHHA BOAHOBOJA, NpPH KOTOPOM aMINIHTYAZ
pe3oHKpPYIoLIel KOMIOHEHTH OKA3BIBAETCH MHOTO GO/ble BCeX OCTA/IBHBIX,

Yro6rl OnpefentTh CKOPOCTb KAWJAOH KOMIOHEHTH B (DYHKIMH 4aCTO-
T (@) B OTCIOAA HAHTH PE3OHAHCHYIO HACTOTY, MYKHO 3HATH 3ABHCHMOCTH
B8, ¥, caenoarenbHo, 3, OT 4acTOTH. ITO — HeJErKas 3aAayd, KQTOpPY
Ml o6cyauM nosguee. OXHAKEG MOMHO JIEKO IMOJYYHTH HEKOTOPHE 06-
mue pesyasTarel. PaccmorpuM ® xax dysxmmo ). Jlerko mokasars, 4To
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oz
oHa NMEpHONWYHA OTHOCWTennHO f, ¢ mepuonom ——. B camom nene,

nycrs P, Bo3pacTaer Ha Torxa, coraacao ypasnenuo (1), Bean-

2n
L
yyaa, o6Go3HavyaBmIascs paHee uepe3 [_; , Takke BO3PACTET M CTaHET
paBHolt mpexneMy sHaueHuio B;. Ananormuno, Bce §, OKXYTCS PaBHBIMH
apexuuM B,y . Takum oGpasoM, wH3MeHHTCH HOMep Kaxiol OTIenbHOH
BeaMYHHH §,, HO Bechb Ha6Op HX OCTaHeTCH HeH3MEHHHIM. PusuuecKu
5TO HHYEr0 He MeHseT, Tak Kak koadduuuentH (Pypbe 3aBHCAT TOJNBKO
OT YHCHEHHOTo 3Hauennd f3,, M YaCTOTa He MOXeT H3MEHHTbCA. Taiie
JerKo IOKa3aTh, YTO @ sBAfercd uéTHOH (yskumed B, T. e, oHa He
MeH#eTCs TIpH W3MeHeHuM 3Haka ;. DTo BHTeKaeT u3 TOro, 4to (usu-
yeckasgs KapTHHA He MeHfeTCd NpPH CAedyIOUMX IBYX NpeoGpasoBAHHMAX :
4) mepexone OT JaHHOH BOJHO-
BOH QYHKIMM XK KOMIUIEKCHO-CO-~ wfpTo=
apsxénHol, Koraa ef (@i—En 2) 33. =1/
menserca ua e~ (08,2 6) ne- 2
peMeHe 3HAKA BpEMeHH, MOCTeE —
4ero Mul noayuaem ef (®4822), e
'OK "]/L i/Lﬁ 2’%:’]/).
OHYATENbHLI PEe3yAbTaT CBO- / ()
IUTCA K MBMEHEHHIO 3HAKA ¥ BCEX
B, Ge3 m3MeneHmsi cBoMcTe cu- Pmc. 2. UactoTa xak ¢ynkuus oGpaTHOH

cTeMbl (B YAaCTHOCTH, YacTOTh). A/HMHEIBOJNHH B BOJHOBOAE A UEPHOMM-
yecK4 HArpyieHHo# anHuum. Haxaouws pa-

Beaniencrane STUX IBYX TEOPEM  nyrycop-pekTOPOB NPEACTABATIOT (Aa30BYIO
® Kak Qyskmas [, HMeeT BMJI, CcKOpPOCTh PasTHYHBIX KOMIOHEHT Pypse,
u306pawennnii Ha puc. 2. Harpa- JeIEHHYI0O Ha CKODPOCTh CBETa.

ke ynoﬁﬂo OTKJIANEIBATH He @ H

1 g 1
By, 2 = e =N, A , TIe C—CKOPOCTh CBeTa B BaKyyme, A,— I/u-

Ha BOJIHbI B BaKyywme, )\ —— IJIAHA BOJIHBL B BOJIHOBOJIE, COOTBETCTBYHOILAsA
2=0. Mu BHAOHNM, il’fO nocneinds BeJIMUMHA HE ONpene/adeTcd OJHO3Ha4-

1 1
HO: K bW BCerja MOXHO N0O4BHUTh IeJ0e Kparhaoe I 0e3 u3MeHEeHHs
14

1 1
®. WMnave rosops, ~— €CThb NepHONHYECKas dyHKIH 5 € INepuonoM
0 g

1 .

I - BuzHo Takixe, 410 v,;, ¢a30Bam CKOPOCTh KoMnoHeuTthl ®Pypne

¢ n==0, gengxHag Ha CKOPOCTb CBeTa B BaKyyMe ¢, Aa&rca ¢opmyiol:
00 (0] Ag

¢ Boc A’
T. €. OHA PaBHA TAHTeHCY yrna HAKJIOHA paJMyCa-BeKTOpd, MPOBeASHHOIO
B NaHHyI0 TOYKy Kpueod. Ecam sTOT yron 6oavme 45°, 1o v, Gouapuie
£, B TIPOTHBHOM CJydYae — MeHBINE ¢.

1
Haﬂocsx Ha rpaduke 3HavYeHHS o OTHAe/EHHEE IODYr OT Apyra HH-

TepBaIoM T’ H TPOBOAA COOTBETCTBYIOILIHE DAAMYCH<BEKTOPH (CM.
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pHC. 2), MB HaiaéM ¢asoBbHe CKOPOCTH BCEX komnonent Pyphe, cpasan-
HBIX C HaHHOH BOJHOBOH GyHknue#t. M3 pucynxa sacHo Bunxo, uro da-
BOBAf CKOPOCTb YMEHBIIAETCA C YBEAMUSHMEM HOMepa #. §ICHO TakXe, uTo
HMEIOTCH KOMIIOHEHTH Pypbe KaK ¢ MOJOXKUTENbHBIMHM, TAK W C OTpUNA-
TEAbHBIMH CKOPOCTSIMH, T. €. BOJHH, DPACHOPOCTpAaHAIOIKECHS KJIK BHPABO,
TAK H BJEBO,

PaccmoTpuM Temeph Ka4e€TBEHHO HA OTACHBHOM IIpUMEpe, KaK IIoNy-
YalTCH KPUBHE THNA M300DaMEHHHIX HA puc. 2.

B xauecrse mnpumepa BO3bMEM H3006paméHBy0 Ha puc. l,a Tpydy ¢
HPUCOBHIMH Fuadparmamu.

Hocrasum ceGe 3a1aueil BHACHWUTb, KaK MEHAIOTCS KpHUBBle TPU H3Me-
HEHHH Da3MepOB OTBepCTHH B AuadparMax, Npd HEH3MEHHOM PACCTOAHHH
ME¥Iy IOCHeIHHMH, OT ONHOFO MNpEeNeNbHOTO CJy4Yas — IOJHOFO OTCYT-
cTBud AmadparM, A0 JAPYroro — MCYesaloi[e MaJblX OTBEpCTHH, Koria
BOJNHOBOL COCTOMT M3 PANd UWIHHIDHYGCKHX MOJOCTEeH, pasKelSHHHX
NIPOBOASAIIMMY CTEHKAMH ¥).

Mp paccMOTpPHM TOMLKO BOJHBEI NOIEPEYHOTO MarHHTHOTO THIA, B KO-
TODHX MATHATHbLIE CH/OBLHIE JIMHHK HalpasjeHH N0 KPYyraM OKOJO OCH
HEIMHAPHYECKOTO BOJHOBOAA, & JICKTPHUECKOE NIOJe HAXOAMTCS B IUIOC-
KOCTH, NPOXONIIIEA uepe3 OCh, W He 3aBHCHUT OT yrja M0BOPOTa 3TOH
ITOCKOCTH BOKPYF OCH. VIMEHHO 5TOT THA OOGBIYHO BCTpeuaeTes B ILIHAHH-
APHYECKHX MOJOCTSX, TAe 3JEKTPHYECKOE NOJAE HANpABIEHO BROIL OCH 2

OT OXHOM CTEHKH K APYro#t u mponopuuoHaibuo J,(kr) (k: —1201), a

MATHHTHOE ToJe nponopuuoHansHo J; (&r), CoGcTBenHas wacroTa ompe-
nensercs M3 yCAOBMA, 4TOOH £, paBHANOCh HYJAIO0 Ha BHelnHel CTEHKE
noaocTH, T. e, Npu r =R, rae R — pamuyc umwauuapa. Met nMeeM,

TakuM obpazom, J, <21:—%)=0. Kax wussectno, mnepsuif nyas J, (x)

pased 2,405, 1. e. pe3OHAHC HACTyMaeT MNpH 2ﬂ—f—u—=2,405. Paccmor-

MM Terepb MOCHENOBATENbHOCTh CAYYaeB, OTHOCA.LUXCI K STOMY THITY
KoJe6anuii NOJOCTH, MeHAd Dajuychl oTBepctufi B auadparmax, HO
OCTaB/Ad Heu3MeHHHMM PACCTOAHHS MEXIY NOCHeNHUMH.

Hauném co cayuas nmojaHoro OTCYTCTBHA muadparM (paawyc oOTBep-
CTHd ¢ paBeH paiHycy LuauHipa R). Mu umeem 3aech OOHUYHBIH Hend-
FPYXEHHHH BOAHOBOMA, /JHHA BOJHHEI B KOTODPOM l cBd3aHa C JIHHOK
BOJIHH B BAKyYME A, XOpPOMIO H3BECTHHM coomomeﬂnew

Y AQ + -5 )\2 ’ (2)

2
)‘0

rAe A, — KPHTHYeCKas INHHA BOJAHH. DTa NOC/AENHAs ONpelenserTcd Kak
Takas IVIWHA BOJHH B CBOGOLHOM NPOCTPAaHCTBE, NPH KOTOPOH A, cTamo-

*) Dra nmpobreMa NOAPOOGHO HCCAEAOBAHA ABTOPOM AHANUTHYECKHMY H YHC~
JLGHHHMH MeTOXaMH, NPUBOAAINHME K KOJMYECTBEHHO IPABUJAbHMM pe3ydbTaTaM.
Cu.3
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BATCA GECKOHEWHOH, T. e, MOJie B BOJHOBOIE MNepecTa¥T 3aBUCETH OT 2.
Tlpu 5TOM 3amaqa CTAHOBUTCA TOYHO TAKOH e, KK B yXe pacCMOTpEH-
HOM Cay4ae IWIHHADAYECKOA [OMOCTH, TaK 4TO KpHUTHYECKad JIHHA
BOJIHH COBIagaeT C HARICHHLIM

TAM 3HAYEHUEM A, T. €. ”a
or R 2405,  (3)
Ae
Mu BumuM, 9TO ypasueHHe (2) n
HaéT TUnepOOIMUeCKYr0  CBS3Db ¢
g - 45°
MEMAY M -, KaK 370 U30

7ag

1
Opaweno na puc. 3. Korna S

1
MeHbiIe )_1_ (r. e. xorza anuHa Puc. 3. Tunep6ona, npeAcrapasionas T
4

BOJIHKM B CBOOOJHOM TNpPOCTpaH-
crBe Goaplie KPUTHYECKOTO 3Ha-
YeHHs1), KPHBas HE UMEET HeHicT-
BHTEAbLHBIX TOYEK, DTO 03HAUYAET,
YTQ PacnpocTpaHenHe TAKMX BOJH HEBO3MOXKHO; MEl HMeeM YHCTO MHHMYIO
AJRHY BOJIHHI, ONHCHIBAIONIYI0 3aTyXaHue. [las BCexX Gojlee BHICOKHX 4Ya-
CTOT FHNEPOOJA JIEKHUT BhIIE OHCCEKTPUCH KOOPAWHATHOrOG YFia, YKashi-

Bag, 4To0 (hazosasg CKOPOCTE

1
Kax QYHROHIO b B HEHATrPYXEHHOM
o
BOJHOBOJE.

/A Funeplone 3gech GOMblle CKOPOCTH CBe-

e Ta; OHa ACHMOTOTHYECKH CTpe-

< N MHTEA K NocaefHe# npu 6oab-
Y Vi

o mEX yacTorax. B srom cay-
4ae, €CTECTBEHHO, B BOJHO-

45°

é/z. .{fxl. I;L 1/'21.

//:91, r'/t. 37 e

I/lg

BOJIe HET HHMKaKoHl NepuHomany-
Hocti, CnenoBaTeNpHO, HET
H NEPUONNYHOCTH Ha rpaduke
pHc. 3.

Onnako naxe OuYeHb Ma-

neHpKue pamadparmul (Takue,
YTO PaNHyC OTBEPCTUS & TIOYTH
paBed R) CymecTBeHHO MEHIIOT
Jeno, BHOCA NEePHUOXUYHOCTD.
W3 puc. 4 MOXHO yCMOTpeTS,
KakiM 06pa3oM STO NPOHCXO-
nuT. MaveneHde d4acTrornl, HuyTomHOe B Goubliell vacTH 0GJacTH U3Me-

Bo __ 1
T CMpica  3TOHK

T. €.

Puc.

yeCKH HarpPyXeHHOTO BOMHOBOZa (UpH He-
Goxpmofl Harpyske). 2KmpHasd 9acTh KPHBOH
COOTBETCTBYET pHC. 3.

1 1
4. —5\—0— B cpyﬂmmn—}\: N5 NEpUOAU-

HeHHd J), CTAHOBMTCH CYILECTBEHHHM BOJH3H

8
BEeJHYHHL BEChMA MPOCT: OHA COOTBETCTByer L = —é‘*’—, TOMY Cily-

4a, KOrJa paccTosHue Mexay AuadparMaMy PaBHO NOJOBHHE IAHHK BOJ-
Hbl B BOAHOBOZE. [TocMOTpUM, KaK pacOpOCTPAHSETCS BOJAHA TAKOM MJIHHE,
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Moxno cumrars, yto Kamuas nHadparMa BEI3HIBAET pAaCCeNHHe BOJH,
B pe3yabTaTeé KOTOPOTO OHH MHeJATCH H3 NPOWEAYI0 H OTPAKEHHYIO
4aCTH; NOCAeAHAA PACIPOCTPAHAETCH B OOpATHOM Hanupasiaexuu. IlpH

A
L= ng— OTpax&HHas OT JaHHOH mmacparmsl BOMHA OyleT HA 2r CABHHYTA

no (ase OTHOCHTE/BLHO BOJHEI, OTpawEHHON OT mpexwinymel auadparMor;
TO Ke camoe TIpoM30HIET M ¢ npomeamuMH BoaHamu, Takuv o6pasom,
BCe OTpaxEHHHE BOJHH CMOTYT HHTep(depHpOBaTh, MPOM3BOAS 3aMETHHIH
apdexr. B JelicTBUTENBHOCTH, OHH HHTepdePUPYIOT CTONL CHABHO, YTO
BOJIHA BOOOIHE HE MOXET paCHpOCTPAHATHCA B OeCKOHEYHO MJTMHHOM
BOJIHOBOJE TAKOT'O THIA, €CJHH HET TIOTEepPhb; PACYET NMOKa3hBAeT, 4TO aM-~
IVIATYAs  OTpawEHHON M majgamomed BOAH paBHH ApYr Apyry, U ooOpa-
3yeTcs CTof4as BOJHA. JTO— TO Ke CaMOe SBJEHHE, KOTOPOe H3BECTHO
8 Teopun Juddpakuuu pPEHTreHOBCKMX Jydyed non uMeHeM OGparros-
CKOTo OTPAaXKEHHs.

Tonowenne cTaseT scHee, €CIM PaccMOTPETh AMIVIMTYHH Pa3JIMYHEIX
woMIIOHeHT @ypre-paanoxenns mmoia B HawmeH 3amave. [omycrum, 4TO
Bo/2% pasuo smauemuo B /2w, GmuxafimieMy Kk OGDaTHOH [J/IHHE BOJHE,
KOTOpas PacnHpocTpaHsiacs OB TPU HAHHOH 4acTOTE B HEHATPYXKEHHOM
posuosone. Toraa mas Gombmmmcrea uwactor (wmm B,) Oymer 3aMeTHO
OTAMYHA OT HYJs TOMBKO oOnna Kommonenta Pyphe, cpasannas c B
B camoM Jnese, OKasblBaeTCsl, YTO [/ TOJOXHTENbHHX B OTpawméHHas
BOJIHA XaPaKTepHayercss /1 — — l; MHOTOKDAaTHO OTPAMEHHHIM BOJNHAM
COOTBETCTBYIOT Apyrue suaveHus r. OTPaxEHHBIE BOJHBI, €CMH TOJBKO
He BHINOJAHAETCS YHOMHYTOE BHIINE GPITTOBCKOE yclOBHe, OYNyT BechbMa
caabul, Tak KAK BOJHH, OTPAXEHHBIE OT PASAMUHHIX JuadparM, He CMOTYT
YCHAMTh IPYT Apyra B pesyabTare nHTepPepenunu. IlosromMy KoMmmo-

Henta Pypbe, cBi3aHHad ¢ # ==—1, OyJer mana, a Bce npyrue— eue
menbie, Opuako Do Mepe mpubAMMERHT K KPHUTHYECKOMY 3HaYEHHIO
8 1

%:5—[, koaddunuenr Pypbe, cOOTBETCTBylOUWMH n=-—1, BO3pa-

CTaeT H MO HOCTHXEHHM KPHTHYCCKOTO 3HAYEHHd CTAHOBHTCA pPAaBHHIM
amuryle Komnodentel ¢ 12==0. [lo mpoxowaedun KpuTHYECKOro 3HA-
yenus BCe Koddduuuentsr Pypse, xpome cooreercrByiomero =0,

onmsiTh yMenbuaoTed, Ilpn '270{=T’ xorga aguadparMsl  OTCTOST ADPYF

OT Jpyra Ha OHHY IJMHY BOJHBI, OMNATH BHIIOJHATCA YCAOBHS HHTEP-
(epeHIMA H NOABAAETCH OTPAKEHHAd BOJHA, HA Ced pA3 COOTBETCTBYIO-
mag #=-—2 u T. A

PaccMOTpHM Tenepb HEPHORHYECKYH) CTPYKTYPY KpHBEIX pHc. 4.
Kupuas ugacTb kpuBOH H30Opamaer ONUCAHHYIO BHIIIE 3aBUCHUMOCTH Ha-
crothl oT B,. Ona oTkjoHfeTcs OT rumepGoib, XapakTepusyiomel He-
HATPYXEHHBI BOJHOBOZ, TOJNbKO BOJH3M  KPHTHYECKHX  TOYEK —
b _ m
9w ~ 2L°?
PHB; OXHOM ¥ TOH e NAMHE BOAHH B BOJAHOBOAE COOTRETCTBYIOT JBE

rie m — leaoe uucjao. B aTHX TOUKax KpHBasg HMeEET pas-
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HOUYCTHMBIE YacTOTH, MOXHO NOKa3aTh, YTO ORH CBA3AHLI C ABYMS Pas-
AMYELIMA THOAMH KoaeGanuft. O6a 3TH THNa NMpeACTaBAdIOT coloft crof-
ype BOAHH (TaK KAK TMafalomas BOJHA B ITHX YC/AOBHAX HOJAHOCTLIO OT-
PaMALTCH); OIHA H3 HHX — CHHYCOHAANbHAA, APYrai — KOCHHYCOWNAAbHAS,
CrepoBarenbso, fuadparvbl NOOananT B NYYHOCTH ONHOH M3 STHX BOJH
# B y3UH APYrofl; HEYAMBHTEJLHO NMOITOMY, YTO OHH [O-PA3HOMY BJHAIOT
Ha YaCTOTH 3THX ABYX THNOB KoJeGanuii. BoiHE, 4acToTa KOTOpHX IIO-
TIAZ4eT BHYTPh PaspLIBOB, He MOTYT DACHPOCTPAHATHCA; 3HAYEHHME B, A4
HUX CTAHOBHTCS MHHMBIM, T. €, Mbl IIOJIyYaeM 3aTYXaIoUiyio BoJMHY. Jpyramu
C/IOBaMH, BeCh MHTEDBa/ 4acTOT pa3buBaeTcsd Ha PN IMOJOC NPONYCKa-
Husl, B KOTOPHIX BO3MOXKHO DPacnpoOCTpPaHEHHE BOJH, OTASNEHHLIX APYT OT
Apyra 3oHamu saryxanud. [lepuonmuecku HarpymeHHHH BOJHOBOK, Ta-
xuM 0o6pazoM, nmopobeH GuALTPY, ob6AamawoimeMy OECKOHEUHHIM YUCJIOM
gosoc mpomnyckauus. Ilpm Harpyske, crpemaiiefics K HYMO, MH HOXy-
~qdeM cnydalt (puc. 3), Korga 30HH CAHBAIOTCH, H BO3MOXHO DACHPOCTpA-
HEHHE BOJH CO BCEMH UacTOTaMH, NMPEBHIUAIIUMH KPHTHUECKYIO,

B cuny yme ynoMuxaBmie#cs HePHONHYHOCTH YACTOTH KaK (QyHKUHM
Bo, KpHBHE puHC. 4 ABMIOTCA NepHOMMIecKUMH. 2KupHO HadepUeHHHIE YACTH
HX B NpelIe/bHOM CJIyyae KcYesaouefi Harpysku CBOIATCH, K&K MH BH-
Aeq®, K THoepBone pPHC. 3, HO H APYrHe BeTBH KPHBHIX HMEIOT TakKoe
¢ mpaso Ha cyuwecTBoranue. OHU COOTBETCTBYIOT DASIMYHBIM YCAOBHUAM
wymepanuu uucea B. Jo cux nop HauGonpmmii koddpdunuent Pypoe
coorsercTBoBa] 2 == 0, J{pyrue BeTBM KPHUBHIX OTBeHalOT CHCTEMaM HYy-
Mepaiuv, B KOTODHX Ko3pdumment dypoe nias n=—0 man, HO 3aTO Re-
AHKa KaKag-HUOyIp Ipyras kommnoHestra, B paccmarpusasmelicad cefivac
3aja4Ye NEPBOHAYAJIbHO K30paHHad HaMM CHCTeMa HyMepauuu SBASeTCS
camofi ectecTeeHHo#. OmHako ¢ yBenuuyesdeM xpuadparM 3TO yxe He
Tak [CHO, TaK Kak Henbl pap kodddunuenTos dypbe 3aMeTHO OT/IHYSH
OT Hy/s, U IPyrHe CHCTeMB! HYMEepAalUWuW MOTYT OKa3aThCd CTOJb XKe PasyM-
HHIMH, KAK ¥ Hama.

Hs prc, 4 BuaHo, YTO Teunepb, B OTAXYMe OT Cayyads puc, 3,
MOTYT DAacHpOCTPaHAThCSE BOJMHH, a30oBafk CKOPOCTb KOTOPBIX MEHb-
flie CKopoctw cBeta. KpuBeie MMEOT BHA, yKe PACCMOTPEHHBIH Ha
pHc. 2, B MB 3HaeM, YyTO JIOOOH YacTOTe M3 MOJAOCH MPONYCKAHHS COOT-
BETCTRYeT GeCKOHEYHOe YHCJIO CKOPOCTEH, Kawiad M3 KOTOPHX Ompeae-
A9€TCA TOUKOH mepeceuenma KpuBoi o (B) c npsamoit o = const. Oxnako
Ka¥Jasd M3 39THX CKOpOCTEeH NPHHANICHKUT ONpeAeNEHHOH KOMIOHEHTe
Pypbe, a4 eIHHCTBEHHAs 3aMETHO OT/JAMYHAS OT HYJAH KOMIOHEHTA H30-
6paxaerca Ha puc. 4 xupHOH JMHMeH, koTopast B Goablue#t CBoell yacTu
JeWHAT BCE ke BLIIE 6I/ICCeKTpI/ICI>I KOOpAWHaTHOroO yriaa @, Ccaenosa-
TeJbHO, COOTBETCTBYeT (pa3cBOH cKOopocTH, Ooseinedl ¢. [pyrumd cho-
BaMH, XOT9 JAuadparMbl uW TPHBONAT K IoaBIeHHIO B Dypshe-pas-
AOXMEHUM TI0J1 KOMIMOHEHT C HebOJAbIIMMHM  (DA30BBIMH  CKOPOCTSIMH,
AMIVINTYAS. 3THX KOMIIOHEHT JJId MaJbX AuadparM Manel o, C/Aexo-
BATEABHO, HE MOTYT O6uiTh 3(D(PeKTHBHO MCIOAB30BAHE IS YCKOPeHHus
92T,
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Heno, onnako, mensercs mnpH aaneHeHAMEM yBenamMdedwu puadparm,
a

T. €. NIDH YMEHBUICHHH OTHOWICHHA > (@a— panuyc orsepcrus). B sToM

cayvyae Kpuphle Go/ee HOXOXH Ha mpeicraBieHHble Ha puc, 2. Ouu Mo-
TYT ONYCTUTLCA TaK, YTO (asoBasd CKOPOCTb HanboAbLIEH KOMIOHEHTH
Pypee caenaercs meusme ¢. Kpome Toro, B pesyabrare cuabHoro pac-
ceAnys BOJH HA IMaQparMax, aMiIIUTYAB! APYTHX KOMIIOHEHT (B 4aCTBOCTH,
OTBEHAIOIIMX MAJEIM CKOPOCTAM) MOTYT 3aMETHO Bo3pacru. Koneuno, sth
9 QexTH CBA3aHE APYT € NPYroM, W XOTHd TeEMePb YKE KOMIOHEHTH
Pyphe ¢ MaTLIME CKOPOCTSMH, NPUTOAHBIE N/ MCHONb3OBAHHA B YCKO-
putene, 00Aafal0T A0CTATOYHO GOJNBIMMMHM AMIVIMTYAAMH, BO3HHKAET HOBOE
3aTpYKHEHHE: Jpyrue KOMHOHGHTH TaKike HMMEIOT 3aMeTHhle aMIMIMTYAH H
TAKKE HECYT 3aMEeTHYI0 HOMAIO SHeprHH, 4TO OEeCHONe3H0 € TOYKM 3peHHs
pabote yckoputens. IlycTs, BampuMep, BOJIHOBOL HAFpYKeH TaK, YTO
¢asoBsas CKOPOCTh BOJNH TaK HAa3HBAEMOFO T-THIA MeHpe ¢, H NYCTh
Mbl HCIONL3YEM HX I YCKOpeHusi (BOJHAME THOA T HMEHYIOTCH TaKue,
¥ KOTOPHX pasHocTs ¢as, COOTBETCTBYION[AN PACCTORHHUIO OT ORHOM

1
cekumn 1o npyrod, Byl, paBHa w; 3TO O03HAYaeT, YTO —2%‘:— =gy

GparroBCkoMy KpHTHYECKOMY 3Hauenuio). Ho Mel yxe Bumems, YTO Apu
9TOM BO3HHKaeT OTpaXKEHHAT BONHA TOH Ke AMIVMATYILE, 4YTG H HAA4IO-
wag. Ona Gecmone3na g Hamiell HedW, B BCS DHEPIHS, 3aKAOYEHHAg
B OTPamXEHHON BOJHE, TepACTCH, I/IJIH,,EOI}yCTHM, Mb TIOJIL3YEeMEA BOAHOR
THIA -g—, B KoTopoit ByL = ;—; %‘2,7 =ﬁ. Kak BuaHo mu3 pHCYHKa,
B 9TOM CAyYae HARAO €€ CHJAbHEE HArpysuTh BOJHOBON, uToOH Gasomax
CKOpOCTb OKa3ajach MeHplle ¢, Toria CTaHyT 3aMeTHbHIMH H aMIVIMTYHB
APYTHX BOJAH, DACHPOCTPAHMOUIMXCA B TY e CTOPOHY, H 3HauhTeAbHas
Eong 3HepruM yHpér B HUX. Kak Ob TO HH OBLIO, MBI BCerfa JOJIKHEI
«IJIATHTH IITpads 3a YMEHbIIEHHe CKOPOCTH BOJHH, H 3TOT wmrpad Tem
Goabme, ueM GoJbine JOCTHFHYTOE YMEHBIICHHE.

B npexene orsepctrst B AuadparMax NOAHOCTHIO Hcuesaior, Boswo-
BOJ NpEBpaliaeTcs TOTAA B Habop H30/UPOBAHHMX LUIMHIPHYECKHX HO-
JjocTedl, KaxkIas u3 KOTOPHIX KojeGaercs He3aBHCUMMO OT apyrux. [las
BO3GYKAEHHs KoaeGaHui, COOTBETCTBYIOMMX PAa3nHYHBIM 3HavenuaM P,
MBI AO/DKHBL TOJIBKO YCTAHOBHTb MEWILY COCEAHHMH [OJOCTAMH PasHOCTH
tas, paeuyio B,L. YacTtoTa B Npeneie He 3aBHCHT OT 3, TaK uTO KpH-
Bole @ =0 () BHpOXAAIOTCA B DpsMEle, NapamieAbHhle OocH a0CUMCC, a
TTOAGCH TPONYCKaHUst CXKHMAIOTCH B JAHHHM.

Paspelsénnble 4acTOTH — OpIOMHATH 3TUX JHHUM — AeTKo HallTH: 3TO
KaKk pas coOGCTBeHHBIE YacTOTH UMIMHApHYecKoH nonocrn. Haumewwmas
M3 HMX AadTca ypasHeHMeM (3) M COOTBETCTBYeT AEPBOH MoOJOce mNpomy-
cxanud, 6oJiee BBICOKME OMHUCHIBAIOT CJAYYaH CHHYCOURAJNBHOTO PAacipo-
CTPAHEeHHs BOSMYMIEHWS BAOJAb NOAOCCTH, NpHYEM TaHTEeHUHAABHAY COCTA-
BAAIONIAS OOpALIAETCs B HYAb HA OGEMX IJIOCKHX CTEHKaX; TakrM ofpa-
30M, IyMHA L paBHA LENOMY UHCJAY MOJAYBROJAH. B stom mnpelensHoM cay-
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qae jerko Habtu Pypbe-pasjoxenue NOJMA H, CAENOBATENbHO, BENHUNHY
OTHENbHBIX KOMIOHeHT Pypbe; NONyUEHBHE NpeleibHbie 3naYeHHs MpH-
ONMMEHHO CpaBeluBH ¥ 1A nuadparM ¢ ouenb ManeHbKHMH OTBEp-
cruamu (a<<_R). Tax, manpumep, B HMXHEH [0JIOCE NPONYCKAHHA BeJH-
YHHA 2-KONTMIOHEHTH NOJS B KawAOH NONOCTH NPUMEPHO NOCTOsSHHA M
pasHa e—®rL  rne p —momep noaocru. Ilng  onpefeneBys KOMMOHEHT
Dypbe HYHHO TONLKO DA3NOWKKTL ONHCAHHBLIM BhlIE CHOCOGOM STy NpO-
CTYIO CTYNEHYATYI0 (QYHKIHIO.

II. ®YPLE-PA3JIOXKEHHWE NNOJIA, KOPPHUIHMEHT MOAY JIALMHA
W IOITPABKA HA BPEMJ ITPOJIETA

B npensinyiieM paspfene MB YKasasiH, 4TO, PaccMaTpuBas HarpyxeH-
dplfl BOJIHOBOJ KAaK JiMHeHHHIHl YCKODHTENb, NOCTATOYHO YUYECTb TOJBKO
PE3OHHPYILYI0 ¢ dacTHUe# Pypbe-KOMIOHEHTY noaf (T, e. KOMIOHEHTY,
$a308ad CKOPOCTH KOTOPOH PaBHAa CKOPOCTH 4acTHLH ), TOoraa CooTHomue-
uue ¢a3 noas M UaCTHIBI HE MEHAETCsl, 4YacTHUA HaXONUTCH 104 Jeh-
CTBHMEM TOCTOSHHOM Cu/ibl, M QMHaMUuecKad 3ajaua sechma npocra. C apy-
rofi CTOpOHBI, PS4 ABTOPOB HOJB3YETCA ADYTHM METOJOM, H3BECTHBHIM H3
O6GBIYHOM TEOpHH TPHOILOB H KJIWUCTPOHOB, 4 HMEHHO, pPACCMATPHBaeT
BJMSIHHE KOHEUHOTO BDEMEHHM MNpoJéTa 4YacTHOH OT OAHOH 40 Apyrof
CTOPOHBI MOJAGCTH.

[lycts, nanpumep, orBepctTha B Auadparmax manel. Torma nee pua-
¢dparmbl NCACGHH ABYM CETKaM TPHOAA MM KJAHCTPOHA, M HOJMe MexAy
HAMM HPHMEDHO OJHOPDOAHO (HE 3aBHCHT OT 2), HO, KOHEUHO, CHHYCOWH-
HANLHO MeHsieTCs €O BpeMmeneM. Ilpy HBHXEHHH yacTHUM OT OIHOM anad-
parMul K ApYroH nose (Mensdiouleecs CO BPEMEHeM) He MOXeT IOCTOSH-
HO COXDaHATh CBO& MaKCHMaAbHOE 3HaueHue. Brluucasg CpeaHion  cuiy,
AEHACTBYIOIYI0 Ha HacTHIy, MBI HaXOAHM, 4TO OHAZ PAaRHA CBOEMY MaKCH-
MaJpHOMY 3HAYCHMIO, YMHOXEHHOMY Ha Hekmli KO3(OdHUNEHT, MMeHyeMBi#t
B TEOPHH KAUCTPOHA kodpduumeHTOM Moayasuun, TlocnenHuit pasen exuum-
1e, €Cil CeTKH CTOJib GJIM3KH JPYr K APYTY, UYTO Bpems NPOa&Ta MOWKHO
CY¥TaTh DABHBIM HYJI0, W YMEHbINAeTCs C yBeJHUYEHHEeM BDEMEHH nposéra,
PyuKUNOHAMLHAA 33BUCUMOCTb KO3GduUMenTa MOAYAANHH OT BpEeMEHH

. sin x N
nposéra (X) umeer BuX — llng HekoTOpHIX 3HaueHmi’ X 3Ta QyHK-

nug O0pAIAeTC! B HYJAb HAH CTAHOBMTCA OTPHLATENBHOH; ¢ Takumu 3¢-
dexTaMH NPHXOANUTCA MMETHh JAeNO B TEOPHUHM BBHICOKOYACTOTHHIX TPHOIOB,
T/Ie BpeMs TPOJA&TA HrpdeT BAWHYIO POJb,

Mul poxaxeMm Tenepb, YI0 5TOT KO3DDHUHEHT Moxyasumm, uIn
B/IMSHHE NPOJETHOTO BPEMEHH, HE SBJSIETC JUIS HAC YeM-TO HOBLIM, HTO
NOJMIEXUT OTAEALHOMY PACCMOTPEHHIO, 4 BeCbMa 3JIEPAHTHO NONYyYAETCH
H3 HaWIero cnocoba HCMONb30BAHHA TOJNLKO OAHOH KomnoweHTH ®Pypbe.
ITycTe uwacTuna JpmXeTcs CO (KOPOCTLIO ¥ BAOAL OCH 2; €& KOOpAMHATZ
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ecTh 2= ®f. IlyCcTh TNpONONLHAA KOMNOHEHTA 3JIEKTPydeckoro moas E_
Aagrea Gopmyroit

Ez: Z Fnei‘” (t—zvgy,

rae F,— aMIANTyna ¥ U, — cKopocTh n-#  KoMnosents $ypee. Ilo
Mepe IBMMEHMSA YaCTHUB [OJe MEHSeTCH, YTO MBl MOXKEM Y4ecTh, MNOA-

k-4
CTapnas JiA ! 3HaYeHHE t = -, COOTBETCTBYIOUICe MOMEHTY, B KO-

TOPHI}I YacTHUA okaxeTcs B Touke 2, Taxum obpasom, noze, AeHCTBYIO-
Hiee HA YACTHIY B TOYKE 2, €CTh

. 1 iyz
w e ——— e
E Fne (v v, R
n

Cpenpee (10 2) sHauenme #-ro uieHa (Msl CUHTAeM, YTO YACTHUA 1IPO-
xopuT GonblIOe PACCTOfiNHE) PaB O HYJAIO, €C/IM ¥ OTIMYHO OFf v, TaK
KaK cpejHee 3HayeHwe rapmoHuueckoll dyuxuuu pasHo Hymo. Taxam 06-
pasoM, cpenHee AeHCTBYIOUIEe NMOJIE DABHO HYJIO, €CIH TOABKO CKOPOCTH
YaCTULEI HE COBMAJAET CO CKOPOCTHIO OLHOH u3 KomnoHeHT @ypre; B
STOM IOC/TEJHEM CAyuae cpeiHee noje pasHO F,— COOTBETCTBYIOMeH
aMIIHTYIE,

Hazno ormeruts, 4TO NOJMyuUeHHB pe3yibTaT BepeH TOALKO, €CiIH
4aCTBUA TPOXOAUT B NoJe OoApnioe paccTosuvue ¢ TNOCTOAHHOH CKOpo-
cTeio. B smHeiiHoM yckopuTede 910 yciAOBHe TNpuOaMkEHHO (HO He
TOYHO) BHIIOJHAETCH; OTK/JOHEHHS OT Herc He MOIyT CYIUeCTBEHHO
V3MEHKTHb HAIIMX paccyxieHnii.

M# BuanM, Takum 00pasOM, YTO HANI METOL pa3JOXEHHS B DAl
®ypbe aBTOMaTHUECKH YUYHTHIBA€T KOHEUHOE BPEMA NPONETA HaCTHLIW OT
OIHOH TONOCTH (Wim AuadparMm) A0 Apyrofi. 3ameTsM, uTO 3TOT pe-
3yNbTAT gBigerca BecbMa o6wwuM. OH He 3aBHCHMT OT MCIOJL3OBAHWA Crie-
IHATBbHOM MOJenH BOJHOBOJA € JMadparMaMi, a NMPHMEHHM KO BCEM Ie-
pHOANYECKUM CTPYKTYpaM. Jlioboe HameneHue CTPYKTYDH, DpUBOASIIeE K
BO3PACTAHHKIO aMIVIMTYAH De3oHUpYIowel C dactuueft KoMioHeHTs $ypee,
MOXKHO HHAue OnucaTh, KaK ypeqmuenne koadduuuenta momyasuru. On-
HAKO HA3I MeTOR #BAsSeTCR: ropasno foneé oOmuM, ueM OOHUYHBIE pac-
Cy®JeHHR B TePMHHAX [PONETHOrO BpEMEHH, TAK KaK TMOCaefHue YacTo
NMPOBOAATCA TOJNBKO JJI C/yyad IOCTUSHHOTO TNOJS MeXAy MNapaajielb-
HEIMH CETKaMH BJH 2JeKTPOJaMH, B TO BDeMf KaK Halll METOH TOIMTCR
InA M000ro 3aKoHA HM3MEHEHHs NpPOLOALHOrO MNOJMA € 2-KOOpAMHATOH.
Tloap3ysck BMeCTO psaiia HHTerpajoM Pypne, MONHO NPHMEHATHL HAW Me-
TOL ¥ K HENEePHOANYECKHM CTPYKTYPaM, K CHCTEMaM Thila TDHOJAA WAH
KIUCTPOHA. TakuMm Crnoco60M MOXKHO JAO0K234Te M3BECTHBIE TEOPEMH ©
Ko3thduunenTe MOAYJIALMA ¥ NMPOJETHOM BDEMEHH, a Takwe,Kak Gyner
BHAHO M3 IajbHeHllero, O NONEepeyHOM HBHXKEHHH YaCTHIL B O ¢oxycn~
posxe, Mu, oaHaxko, He GyAeM 9TUM NHOJABL30BATLLH.
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1L TPYNIIOBASI CKOPOCTh B HATPYXKEHHOM BOJIHOBOIE

B nepeom pasnene M nokasanu, uro ¢azosasm CKOPOCTh BOJHBE B
HATPYKCHHOM BOJIHOBOJE HA&TC HAKJIOHOM PajuyCa-BeKTOpa, NpOBENEH-

HOr0 B TOUKY, MDEJCTABARIOIYIO 3Ty BOMHY Ha rpaduie —— B QyHKINHA
0

—%. PaccuOTpuM TeNeph IPYNNOBYIO CKOPOCTh (KOTOPYIO MBI 0GO3HAUMM
yepe3 vy ) U MOKaXeM, YTO OHA ONpENeNAeTCS HAKJIOHOM He pajmyca-
BEKTOpA, a KacCare/JbHOM K KPHBOH B NaHHOH TOuUKe:

“(5)
Ve \hoJ, (4)

"G

he
M yBuauM, YTO MOHATHE T'PYNNOBOH CKOPOCTH WUrpacT BAXHYIO POJb
npu HM3Y4eHHH JBIXKEHWS 3HEPru¥ B BOJHOBOLE, a TaKxe B BONpOCE O
TOM, KaK BeJHMKa JO/mKHA GblThb JUCCHNALMA SHEPrMH [ YCTaHOBJAEHHA
noNsl 3aJaHHOH HANDEAKEHHOCTH.

Jas puiBoja (POPMYNb TPYNMOBOH CKOPOCTH OOHYHO GepyT cymep-
O3ULMIO IBYX BOJH C YaCTOTAMH ® H ©—-A® M KOHCTaHTaMu pacmpo-

crpanerns B u B--AB M BHUHCAAKT CKOPOCTh Guennit, Jlerko noxasaTs
{cm., nanpumep, Slater and Frank, Mechanics, 1947 r., crp. 168),

v Ao
470 OHA AaéTCd BHPAXKEHHeM A 3ra BeanupHa 6GAM3KO CBA3aHA C HAa-
KNOHOM KpHMBBIX THNA HApeACTaBieHHHX HA puc. 2. [ee Boanm H306pa-
KAIOTCH TaM ABYM2 TOukamu. Bcnomumas, uto no ocm aGcumce Ha puc. 2
8 1 ®
= e HHAT —~—— == z— .
OTJO0KEHO 5., & TO OCH OpIHHA " 5oy MBI HMeEM:

g

‘(%)

CKOpoCTh Omennii A

¢ “3 ) ®)
Ag

Jnst nocrtaTouno O/MM3KMX 4YacTOT ¥ KOHCTaHT pacHpOCTPaHeHHs HApa-
BYIO uacTb ypaBHeHus (5), NpeACTABAAICILYIO HAKJICH XODAb, MOXHO 33-
MEHHTb HaK/JIOHOM KacaTe/bHOH K KDMBOH, DoJyyas TeM caMubiM  OOLIyIO
AN BCeX BOJAH C COCeJHUMH HYaCTOTAMH CKODOCTh PACNPOCTpaHeHus Gue-
Hu#. "3T0 ¥ ecThb TDYNNOBas CKOPOCTb, oOnpefeiseMas NO ypaBHe-
auio (4).

CocraBuM Tenepb NYTEM CYNEPNO3HUMHM DHNA MNIOCKHX BOJH DasiHu-
HHX YaCTOT TPYfNy BOJH, HanpHMep, BOJHOBOM NaKeT KOHEYHWX pasme-
poB. Hem Gosblie 3TH pasMensl, T. €, 4eM OOJblie NPOTAMEHHOCTL BOJ-
HOBOT'O NAaKeTa B NPOCTPAHCTBE M BpPEMEHH, TeM YKe HeOOXOLHMBIA uH-

1 1
tepan yactor (waM OAuH BosH). Eciu 3aBHCHMOCTD S OT -~ MOXHO
0 g
CYMTaThL JAMHeHHOM B STOM HHTEpBale YacToT, TO CKOPOCThL Ouenuii,
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onpenenéunas no dopmyae (5), oxaxercs OIMHAKOBOR IJs1 BCeX Map BOJH
B nakeTe, ¥ Bce OHM OYAYT PAcIpoCTPaHAThC C OANOH u TORK e rpym-
noBo# cxkopocthio. Ecau, ¢ npyroff CTOPOHB, DasMepsl NaKeTa HeBesu-
ku, To ero Pypbe-passoxenne OXBATHBAET INHPOKHH MHTepBanM MAMHH
BOJIH, CKODOCTM GHEHHH DAasIWYHBIX NMAp YaCTOT PA3JIMYHE, NakeT Gyier
pacnibieaThCs, ¥ BO3MyLIEHHME DACHPOCTPABAETCS JOBOJBHO CHOMHBIM
nyTEM.

pyunroBags CKOpPOCTh €CTh CKOPOCTb DPacOpOCTpPAHEHHs SHEPTHH
B BOJHOBOJE. JTO Jierye BCEro yCMOTpeTh, PACCMATPHBAA BOJHOBOH mMaKeT
onpefenényofl JIJMHH, IBHKYIWMHCH, HampwMep, ranpaso. Jlcuo, uro
B ONHY CeKYHAY Yepes eAVHUYHOe IICMepeuroe CeyeHHe BOJHOBONA MPO-
XOAWT KaK Da3 9Heprus, saxmouénnas B o6béme 1.v,. Taxum obpasom,
MBl [OJIyYdeM CBSI3b Mex1y BektopoMm [ToHmTHHra, TPOWHTErpHPOBAHHBIM
TI0 MOMEPEYHOMY CEeYeHHIO BOJHOBOAA (T. €. NMOTOKOM SHEPruH), H MIOT-
HOCTBIO SHEPIMM HA eNHMHHIY [JIMHLL NMOTOK SHEPrHH paBeH U, YVHO-
JeHHOH# H4 IVTIOTHOCTE 3Hepruu, W3 puc. 2 u 4 BHUIHO, YTO HAK/IOH
KPHUBBIX, M300paxalomnx _7}3“ B (YHKIMH —)Ll—, BCeria MeHblle eIHHHUUH,

7

TAK YTO PPYWNOBAas CKODOCTh BCErNA MeHbIIe CKODOCTH CBeTa, KaK
K CJCOBAJO OXMIATD W3 DENITHBUCTCKMX coobpamenn#. [amee, Ml
BUNUM, YTO MO Mepe npuOanxeHusa KoaeGaHmil K w-THIY KacaTesibuas
CTAHOBHTCS TOPHBOHTANBLHOR, M rpynmnopas CKOPOCTb CTPEMHTCS K HYMIO.
Oro cornacyercd C TeM, YTO yiKe FOBOPHAOCH 00 3TOM THHE KOoneGaHuil.
Boime Mul BuedaH, dYTO MO Mepe MNPHOMMKEHHT K T-THIY OTpaxEHHad
BOJIHA YCHJIMBAETCH, TOKA B mpeflene He oOpasyercd CTOAYast BOJAHA,
B KOTOpPO#l aMIIUTYAH Nanawoied M oTpawénnoli BOAH OAWHAKOBBL.
B s1OM Ciyyae peayabTHPYOLIMH TOTOK SHEPrMM OTCYTCTBYeT, H U,
papHO Hymw. BOaman w-THRA aMIMIHTYHB OTPAaXEHHOR H Tajawomef
BOJIH TIOYTH ONMHAKOBEL, NMOTOK 3IHEPrHH Mal H, CIENOBaTeNbHO, rpyn-
noBasi CKOPOCTH TAKwe BechbMa Maja. Mmel BHAWM, Janee, 4YTO KOrAa
OTBepCTHA B nuadparMax HEBEAHKH, MOJOCH YaCTOT CKHMAIOTCHA, H JRaxe

pu KoneGauwsax THIA -, KOrja rpynnonas CKOpOCTb XOCTHraeT CBOEro

T
"2
MAaKCHMaJbHOrO 3HAYEHHHA, OHA BC& e BeCbMa Mana. B npenene, Korjaa
paxnyc OTBEPCTHH yMeHbINAETCH MO HYJA, H HYacTOTH HepecTalor 3aBH-
-C€Th OT AJUHEI BOJIH‘LI B BOJIHOBOAE, rpyniaosas CKODOCTB TaKXKe CTpe-
MHUTCS K HyJIlO. 3’1‘0, O4YeBHIABO, HaXOANTCH B COrJjacuiad ¢ TEM Q)akTOM,
YTO NPH HCYE3alolme MaJjbixX OTBepCTHHX SHEPrus HE MOXKET TEYhL HEpE3
BOJHOBOA.

IV. BATYXAHHWE B BOJIHOBOJIE

Ilo cux mop Mel mpeseOperanyd 3aTyXaHHeM B BOJHOBOAE, HO OHO
HrpaeT CYWECTBEHHYIO poOAb B paGore JMHEHHOTO yTKOpH1eas, H MBI
HOJDKHH Telepb paccMOTpeTh 3TOT 3ddekT. IlycTh HaM H3BECTHA MIOT-
HOCTH 3HEPruH B HebGOJBLIIOM YYacTKE Harpy»eHHOTO BOJIHOBOJA.
B pesyanrare oMmyeckux mOTeph B CTEHKaX 3Heprus Oylel BTeXaTh
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B HHX. MB MOXeM CBA3aTh STy IOTEPI0 3HEPrHH C HOGPOTHOCTHIO HE-
€arpy:KeHHoro BoaHosoAa Q. Ilociennss BeanuuHa onpefensercs $Hop-
MyA0H;

1 oHeprus, muccunmpyemas B cTeHKax B 1 cek. (6)
Qo -33NaCEHHAA SHEPIAs :

310 — Ta KOGpOTHOCTH (), KoTOpoil o6aagan Ol BONHOBOH, ecau OH
OH C NOMOLUBIO MAEaTbHO OTPawaIMMX I[VIACTHHOK HA KOHUAX NpeBpa-
THACH B PESOHAHCHYIO TOJOCTh (HMCCHNAlME SHEPIMH HA KOHIAX NpH
BTOM OTCYTCTBOBana Oui). Ilockoibky Kak 3amacéHsas B BOJHOBOZLE
SHEPrHM, TAK M SHEPTHA, AMCCHINPyeMas B €AMHHIYY BpEMEHM B CTEHKAX,
APOMOPUKMONAAbEE JJNHE PacCMaTPHBAEMOrO yuacTka, ), He 3aBHCHT OT
270 AMMHH.

B pesyaprate notepe B CTEHKAaX SHeprHS PACHPOCTPaHAOUIEHCH
B BGJHOBOJE BOJHH OYyIeT TNOCTENEHHO YMEeHbIATbCs. JIerko HaHTh
BE/NMUHHY TNPOMCXOJALIErO OTCIOA3 3aTyxanus Boanel, Hamumewm mas
ITOTO ypaBHEHHWE HENpPePHBHOCTH Jis mnotoKa 3Hepruu. O6o3nauuMm
wepes W SHepruio Ha eQHHHLY MJIMHBL BOJHOBOJA, S — MOTOK 3HEPrHH
Yepe3 JZaHHOE TIONEPeuHoe ceyeHHe, [) — OMCCHNAIMIO MOUIHOCTH HA
SIMHANY AJHHE CTEHKM. YpaBHeHHE HelPepHIBHOCTH [VIACHT, YTO CKOPOCTR
upupocta W co BpemeHeM paBHa MuHyc auBepreHumn S, munyc D,
[lockonpky S 3aBHCHT TONBKO OT 2-pacCTOSHHA TIO ©OCH BOJIHOBOB&,
HBl HMeeM:

oW |, @
-67+_6%+D=O' )

|4
Y3 ypasnenms (6) suamno, oxHaxo, uTO D:m-fQ——, a ¥3 mpenn-

Hywero pasiena uspecTHo, uyro S=v,W. Taxum oGpasom, ypasue-
nue (7) npunmmaeT BHA:

aW W | e

LAY AN ®
o Y% 5 70,

—aT—l-“U +’6(;‘

W=0; £ oz
PaccMaTpupas CTalHOHAPHOE COCTOSHME (YacCTHHIE NPOMBBOLHBIE IO

, . Qe S o2l ] — 0
BpEMEHH PaBHH HYMIO), Mbl nMeeM: S == Sge~?/hb; ly=wv,—"~. Hrak, no-

TOK SHePrdH yMeHbIuaerca ¢ xosuunentom saryxanust 1//;; [, — nauva,
Ha KOTOpoH BeNMYMHa NMOTOKA YMEHbINAErCA B e pPas; e€ MOXHO Ha3BaTh
ANVHOR 34TyXaHusd. DTy BEJMUYWHY HYXHO BBECTH B BHpAXeHWs noze,
uHaiineHdsle B pasgene I; K0o(pOdULUHMEHTH 3aTYXAHHS SJIEKTPUYECKOro
M MATHHTHOrO 10/ B OTHEJbHOCTH OYAyT paBHH NOJOBHHE K03(pHUMEHTA
3aTyXaHuA HOTOKA SHEPrdu.

HAnna satyxanms Jerko MoxeT OHTb HCTOJNKOBAHA B TEPMHHAX
BpEMEHH, HeOOXOAMMOrO I/ TOoro, 4TO0H aMmIuTylAa KoaebaHHH B peso-
HaHCHOH IOJOCTH YMeHBbIUMJach B e pa3. B pesoHancHoft uacTu BOAHO-
BONAa IUIOTHOCTb SHEPrHM He 3aBHCHT OT 2. [109TOMYy NpOH3BOIHHE MO 2

D YoH, v XXXV mxm 3
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t3
~ ¢
B ypasuenuu (8) o6pamlaiTcs B Hylb, ¥ MH uMeeM W= Wy <% .
Orciona crenyer, YTO IJOTHOCTb SHEPIHH YMeHbIIAETCs B € pas 3a Bpe-

5] —5‘1. Mu euauM, yro 3a Bpems 7, B TeueHHE KOTOPOFO IMIOTHOCTE

SHEPrHd YMEHBINACTCS] B € Pas, sHEPrug DACHPOCTPAHACTCH € TPYNmoBok
€KODOCTBIO U, KaK pa3 Ha AMuHY 3aTyXaHud. llocaexmuss, cleaoBatessho,
YBeANYUBALTC € YBenHuyeHHeM () ¥ YMEHbINAETCAd C YMeHbIlEHHEM TpyIi-
NoBOHA CKOPOCTH.

Mbi yeunuM B manbuefilleM, UTO NOHATHE MJIMHEI 3aTyXaHus Hrpaetr
OYeHb GOABLIIYID POJAb B TEOPHH JIMHeHHHX YyckopuTedel. Mu Oynem
Ha3bIBATh NHHEHHBI YCKODHTENDb AJNMHHBIM, €CAH ero JAiuHa BeJHKa no
CPABHEHHIO C AJIMHO 3aTyXaHMdA, H KODOTKMM — ec/H HMeeT MeCTo o6par-
HO€ COOTHONIEHHE. $ICHO, UTO B JJMHHBIX YCKOPDHTEAAX MBI BCTPETHMCH
¢ TpyAHOCTAMH. VIHTEHCHBHOCTH JI0GOFO CHrHaja, OTHPABJICHHOIO ¥3
OAHOTO KOHUA JJIMHHOTO YCKODHTENf, YMEHbUIMTCA AO HHMYTOKHOH Besu-
YuHN, HOKA OH JOCTUrHET Jpyroro Konua. OCHrHaaBl, KOTOpble Mb
B ONPCAENEHHB MOMEHT BPEMEHH HayHéM mepexaBaTbh n3 OJHOTO KOHU2
YCKODHTE/IA, HE YCHeloT AaXe AOCTHTHYTh APYroro Kowuua sa Bpems 7,
B TeYeHHe KOTOpOro 6/M3 MEPBOTO KOHNA YCTAHOBATCH CTallMOHapHOe
3HavueHHe MoJA (SICHO, YTO /A YCTAHOBJEHHS CTaHOHAPHOTO COCTOSHHS
TPEOYeTCs CTOJBKOG e BPEMEHM, CKOJBKO H JJf pacnaza). ITO 03Ha-
YaeT, YTO KOHUH JJIMHHOTO YCKODHTENd IO CYIUECTBY H30JAMPOBaHLE
APYr OT Apyra Kak B MPOCTPaHCTBE, Tak u BO Bpemenn. OnHaKko Mu
YBMAMM, YTO M Hajjexaulero BO3GYXICHHS MJIMHHOIO BOJIHOBOAA IO
Ha €ro KOHLAX MOJDKHBI YAOBIETBOPATh ONpele/éHHBM (asOBHIM COOTHO=
mennaM. Taxkum 06pasoM, MH NPHXOIHM K HeOGXOXHMOCTH PacCMOTPETh
npobnemy Bo30ywuaeHusi, H60 OKa3HBAETCHA, UTO YCKOPHUTENH, ROCTATOUHO
"MIMHHBIE AR TOTO, 4YTOGH IOAYYaTh B HHX YACTHUB C SHEPrUiMM
B MHIMApXE eV, aBAfIOTCH IVIMHHBIMM H B HALUEM CMBICAe 3TOTO CAOBA.

V. BBOJ MOUIHOCTU B BOJIHOBOJA

ITo ocu suueiHOro yCKOpHTENS HYXKHO HANPaBHTh BECHM3 CHJBHOS
HAEKTPUYECKOE T0Je, CBA3AHHOE C KOMHOOHEHTOR Pypbe, CKOPOCTh KOTO-
“poft PaBHa CKOPOCTH YCKOpAEMOH YACTHIE. 3HAd BCIO KapTHAY MNOJS
B YCKOpHTENe, MHl HaHAEM, YTO MHTErpajl OT KBapara nojd, B3sTHH
00 efMHHIEe AAMHH npu6opa (u, C/lIeloBaTeNbHO, SHEPrus, 3amacéHuas Ha
eQMHHLle IJIHHL), [PONOPLMOHA/EH KBaapaTy B3TOH KOMNOHEHTH ®ypse.
B camoM nene, mycTb HoJe, HaNpaBAeHHOE TI0 OCH 2, CONEPHHUT peso-
HHpYIOUIYIO C YacThue# kommonenty ®ypoe Eef® (—2/7), Bueprus, sanacdn-
Hag HA ejMHHMIE [JMHE, PABHA HEKOTOPOH KOHCTAHTEe, NMOMBOXEHHOH
Ha gyE?*) u na nomepeunoe ceuenwe TpyOn BoaHOBoxa. Ilpu sananHoR
reoMeTpHun mpu6Gopa (T. €. 3aaHHBIX PACCTOSHUAX MexAy Anadparmamy,

*) gy — NUBAEKTPHUECKAS TOCTONHHAA BakyyMma. ABTOP IOAb3yercs cuctemol
MKS. (/Ipux. nepesoduuxa.)
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pasMepax OTBEPCTHH ¥ T. L), HO UPM NPOU3BOJLHOM Macmrabe, norme-
peunoe ceyenue GYACT NPONMOPIHMOHANBHO KBAaAparTy MIHHB BOAHH (B
¢BOOOJHOM TIPOCTPAaBCTBE), HA KOTOpoH paboTaeT yCKOpHUTeNb, TaK Kak
ell NponopuMOHAALHE Bce JMHefnne pasMepH nNosoctell. meeM, Taxum
ofpasom:

W= Ae,E2),

rie A — HeKasd KOHCTAHTa, KOTODYIO MOXHO ONpPEAeNuThb, 3HAd XapaxkTep
noas. Boime npepnonaranocs, yTo W ecTh TNoJHAs 3anacEHHas sSHEPrus
{xoTopas paBHA, KOHEYHO, YABOGHHON 3MEKTPOCTATUYECKOH SHEPLHH).
Takum o6pasom, uro6sl E 610 BeAWKO, HyxeH OoJabnoff 3amac suep-
THH; CIeJOBaTeJhHO, B CTAUMOHADHOM COCTOSINHM OyAyT HMeTp MECTO
3HAYNTENbHBIE TIOTEPH, H B YCKOPHTE/Ib HYXHO BBOIMTL GOJBINYIO MOIL-
noctb. B TeueHue npouecca ycTaHOBIEHHs paBHOBecus W OyndeT MeHbhie,
4YeM KOrJla PaBHOBECHE Y®ke YCTAHOBUAOCh; CJCNOBATENbHO, MeHblle
6yner ¥ yckopawouiee noje. ClenosareabHo, NPH paboTe C YCKOPHUTEReM
HAJ0 CHAYajJa AOKIAATHLCA YCTAHOBJEHHS CTAUMOHAPHOIO PEKHMA, H YKe
3aTeM, KOTAa ToJie JOCTHIHET MAaKCHMaNbHOH BCJAMYHHB, BBOAMTH NOA-
AeKamMe YCKOPeHW10 YacTHiel. B aToM pasiene MBI uccaenyed, Kakymwo
MOUIHOCTb HAA0 BBOIAHTHL B NpuGOp AAA JOCTHMEHHA 110J9 3aJaHHOM
BeJIMYMHB. MH DaccMOTpHM TakiKe NePeXOAHHH DpPOIECC YCTAHOBIEHHA
CTAllHOHAPHOI'0 peXxHuMa.

Pe3ynsTaThl OK43HIBAIOTCH PA3MMYHHEIMH, B 3aBHCHMOCTH OTF TOTO,
3aKpHT a1 NPHOOP C KOHNOB MAeaJbHO OTPAXKAIOIIMMB CTEeHKaMM, Tak
YTO B HEM 06pasyercs CTOdyad BOJHA, MAM JKe Ha KOHLAX €ro HaxoldTcs
CTEHKM, OT KOTOpHX Oeryuiue BOJHE HE OTpawalorcd. Peayabrarn 3a-
BHCST TaKXe OT pacnpelejeHyus MCTOYHUKOB MOIHOCTH 1O JJIMHE YCKO-
purtens. HaunéM co cayyas OTpawalOmHX CTEHOK H DaBHOMEPHOFO
pacnpesesienuss HCTOYHHKOB MOULHOCTH, KaK 3TO MMEET MECTO B NpnGo-
pax MTH u Kanndopumufickoro yuupepcurera, Bcsi MOWHOCTb, BBOAHMAS
Ha eXMHHMUE AJNuHBI, OyZeT TOTAAa JuMCCHIMPOBATh HA eANHHLE HAJHHH
careHWox. Mer yxe 3HaeM, 4TO 3Ta [MCCHNAUMA HBMEDAETCA  BETHUHHOM

® T CrenoBatensho, 0603Ha4asi MOUIHOCTb, BBOAMUMYIO B eXWHMILY
nnaube puGopa, depes P, Ml uMeeM:
.1 27232
P = % « AelE% o,
Benomunan, yto
LI = (et (£ =377 om
¢ )tq 3 —_ 0}"0 g 3
HoAyYaeM OTClaa
377PQ 1
E = aV ki, RS PR = 9
o Y %A ©

5
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Mpl BufuM, 9TO YCKODHOUISE HANPMKEHHE MPONOPUMOHANLHO KODHIO
KBa1paTHOMY M3 MOIIHOCTH, BBOJUMOH Ha eJIHHMIE IJAMHH TNpuGopa.
Takum o6GpasoM, m:menas CHeJaThb YCKODHTEHb C 3aIaHHOH DPAa3HOCTRIO
MOTEHIHA/IOB HA KOHUAX MAKCUMAJBHO KOPOTKMM (WIH, 4TO TO XKe camoe,
CTPEMACH CKOJIb BO3MOXKHO YBeIHUUTh E) Ml LOKHEL BBOAHTH B IpHGOp
BO3MOMHO 60bmyio MOmHOCTh, C ApYrofl CTOPOHBI, eCid 3aMAC MOLIHO-
CTH B HallieM PACIOPSKEHHH OTPaHHYEH MM €CJIH KeJaTeJbHO CIKOHOMHTE
Ha HCTOYHHKAX SHEPrHM, HYXHO OOpATHTbCA K IpYyrod Kpa#iHOCTH, Ha-
CKOMIPKO BOBMOXHO YINUHAA yCKOpHTEIb, HTOOH yOeauTCd B 3TOM, mepe-
nuiem ypaenenue (9) B dopMe, fBHO BKJIIOUAOuled pA3HOCTH MOTEH-
nuanos El, npoxomumylo 4YactHueH, H INOJHYI0O MOIIHOCTh, BBOLHMYIO B
npu6op, Pl (I — nimHa ycKopuTens).

Mu umeem:
377 (Pl - Qo \'h
El _ (-———————- .
* A )

Taxknm 06pasoM, pa3HOCTh IOTEHIHAJOB MNPOMOPUHOHANBHA KODHIO
KBaJpaTHOMY H3 [VIMHH npu6opa, H, 6€3rpaHHYHO YBEAHYHBASA NMOCHECHHIOW,
TEOpeTHYECKH MOXHO MPH 3aXaHHOH MOIMHOCTH YCKODHTB YacTHUM HO
moGHX sHeprHiél, M3 TOJBKO YTO HANMMCAHHOTNO YPAaBHEHHS BHIHO, YTO
3aJAHHYI0 Pa3HOCTh MOTEHHMANOB HA KOHUAX YCKODHTENS MOMXKHO IIOdY-
yuTh, JU60 BBOAS B KOPOTKm# mpubop OOABIIYI0 MOIMHOCTH, JHGO
YMeHbIIAs BBOAHMMYIO MOIIHOCTh 3a CYET yBeJHYeHHA MJHHE MpHOOPA;
¢aMa PasHOCTh INOTEHUMANOB 3aBUCHT TONBKO OT MNPOHSBENEHHSA IICAHOH
BBOXUMOH MOIIHOCTH HA IJIHHY. TeopeTHyecKue NPeanochIKy s BHOOpa
TeX WIH HWHHX 3HAYeHMH IJIMHB B MOILHOCTH B OTHENbHOCTH OTCYTCTBYIOT,
1I03TOMY pemieHue OylIeT ONpeAeNaThCs, B OCHOBHOM, OSKOHOMHYECKHMU
coobpaxenuamu. CTOMMOCTE: JIMHEHHOFO YCKODHTENS, €CIH OTBACYLCHA OF
safaHHoO¥ CTOMMOCTH €ro KOHUEBHX YCTpPOHCTB, CKAANLIBACTCA H3 JABYX
yacrefi: BO-IEPBHX, CTOHMOCTH TpyOsl npubopa, €& OTKAdyKH, COXepKa-
HHA H T. A. (BCe 9TH BEAHYHHH MPONOPIHOHANBHB IIHHE YCKODHTE s);
BO-BTOPHIX, CTOUMOCTH HCTOYHHKOB 3HEPrud H yCTpolcTsa Iyia BBoAa €&
B NpubBOp; 3TH BENHYHHHL MPONOPUMOHAMLHEL BBOAWMOH B npu6op Moui-
HOCTH, T. €. IpH 3aNaHHOH pPa3HOCTM NOTEHIHMANOB OODATHO HpPONOp-
UMOHAABHEI JUliHe yckopuTesad. TakuM 06pasoM, cTOMMOCTh mpubopa €o-
CTOHT M3 ABYX yYacrell, ollHa M3 KOTOPHIX MPONOPUHOHA/NBHA, a APyras—
npH 3aMaHHON DA3HOCTH MOTEHUHAIOB — OGPATHO MPONOPUHOHANBHA LJIHHE
npubopa. Ilocnension Hamo seibpaTe Tak, YTOOH CTOMMOCTh OKa3alach

1
muHuManenof. Ho dysknus x—}——}— HMeeT MHHHMyM IpH X == 1, KOr'ja

ofa caaraemsix OfHHAKOBH. C/el0BaTeNbHO, CTOMMOCTb YCKODHTEIS M-
HHMaJbHA NPH OJWHAKOBOH CTOMMOCTH HMCTOYHHKOB SHEPIHH H TPYOH
{t. e, Bcex wacreft npuGOpa, CTOMMOCTh KOTOPHIX HPOMOPUHOHAJLHA €ro
AJHHe).

[oab3ydacs 3THM YCAOBHEM, JErk0 HAHTH SKOHOMHMYECKH CaMOe Bh-
FOJHOE DPAaccTOSAHME MeXIY HCTOYHHKAMH SHEpPrHH, KOJbh CKOpo BHOGpPaH
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MX THI ¥ pPelIeH0 PaBHOMEPHO paclpelefuTh MX BAOJIL Opubopa: Hajno
NIOCTPOUTH NHMHHIO TaKoH MIKHL, YTOOW OHA CTOWJA CTOMLKO Ke, CKOJNLKO
SHEPTeTNYeCKOe X03alcTBRO.

B nanpuefiineM Mbl yBUAHM, YTO DACCTOAHHE MexAy BHOpaTopaMH He
RKOMKHO OHTH BEJAMKO [0 CPABHEHHIO C ManHON 3aryxanud. CienosartesbHo,
KOHCTPYKUMs JOMiHA GHITh TAKOBA,  YTOGH 3Ta JAJMHHA TPEBHINANA CaMOg
3KOHOMHMYHOE DPAacCTOsSIHMEe MeXIy™ HCTOYHMKaMH 3Hepriw. Hamo nymars,
YTO K TOMy BpeMeHH, Korjia OyIyT NpHBEIEHH B HCHONHEHHE TPOEKTH,
paspaGaTHBaplecs cefl4ac B pa3nUuHLIX MHCTHTYTaX, MOWHO OyAeT
NPOM3BECTH OLEHKY CTOMMOCTH, W HafiTW HauOOMee SKOHOMHYHOE paccTo-
AHHEe MexJy BHOpaTOpaMH; OAHAKO A0 CHX NOP HaREMHHX Hudp eurd
HET, H HefCHO, 4YTO B KOHIE KOHUOB OKAMETCH CAMBIM BHIFOJHBIM —
6audkoe pacnonoxenne suGparopos, kak B mpoekre MTH, nanékoe, kak
B Craudopie, HIH HedTO IPOMEXYTOUHOE,

B cayyae Gerymux BOMH 00/MOKeHHe DalHKaNbLHO Mensercs. IlycTe
ROMpeXHeMy Ha €RHHHLY IUTHHH nNprbopa nojadresa ofpenenaéHHad MOIL-
#ocTh P. OaHako Tenepb OHA TpAaTUTCA ABYMA NyTAMHEI  HOOpeXdeMy

HMEIOT MCCTO TEIVIOBHIE IIOTEPU B CTEHKAX { O Z—?— H3a CANHHLY lI."IHHbI)
5 13

H €uI€ mofBIdeTCca IOTOK 3IHEPruu 'ng 4epe3 HeOTPAWKAIOUIYI0 CTEHKY
B KoOHue TpyOn. IlosTomy modHag mnogBoxMMas MoumHOCTh Pl nonxHa

wl 1
PABHATHCH (—Q;—l—fug) W. B pesyavsrare 05 3aMeHsieTCq HA
11 vy 1 Iy N
o= teE=gr 1+ (10)

Q7 MOXHO HA3BaTh NOTEPAMH B BOJHOBONE, HAFPYKEHHOM IOITOIa-
wome#t cTenxo#l Ha kouaue. Bmecto ypasusenns (9) noayumm:

_r311QP & 'k
E=a (T2 ) an

(npexmonaraercs, 4Yro MOWMOCTL BBOXMTCS B mnpubop mo Beefl AiHHE
crenok)., Ecan nmaumna TpyOu [ MHOro Oospllle [IMHH 3aTYXaHHH, TO

[]
JOHOAHATENLHH MHOXUTENb I/-T;T DpUMEPHO pased 1, H moTepu Ha
0

KOHIE MOYTH HE BAMSIOT Ha Hanpax&aHocTh noas. Omdako npu [ <€/,
3TOT MHOXHTE/Jb MHOIO MeHbUIE eIMHHIH, M TP 3aN3HHHX reOveTpHH
¥ BBOAMMOH Ha e€AMHHIY AIMHEl MOILHOCTH HaupsmKeHHe, HOJyvaeMoe
B npubope ¢ Oeryue#t BOJHOH, OKasLlBAETCH 3aMeTHO MEHblle, YeM
B Clyuas CTOAYMX BOJH, VHmMHM c/i0Bamm, B KOpPOTkoil TpyGe HepasyMmHO
nonb30BaThCH GerymuMH BOJHaMM, B IIHHHOM yckopuTene nNOTepH Ha
KOHUAX NpeHeGPeMMMO MaiAbl MO CPABHEHHIO ¢ [MCccHNauuell suepruu
B GOKOBBIX CTeHKAX, M Pa3HHLAa B HANPMKEHHAX HeCyuiecTBeHHa. B atom
clyyae BHIOOD Mexly CToayaMu H OSTyliuMHM BOJHAMH OCHOBHEBASTCHS Ha
HpYFrHX COOOp&MEeHHIX, O KOTOPHX peub BHEPEnH,
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Us CYWECTBYIOUMX MPOEKTOB YCKOpHTEeNReH mo Kpalinell mepe B EBYX
(craudpopackom w TRE) sannanuposaio npumeseHne OGEryuidx BOJH.
ABTOpH 3TUX NPOEKTOS, GE3YCNOBHO, AYMAJH H O MHTAHHH BOJHOBOLA
¢ Bxoauoro kouua, Cuuras <€/, MH MOXeM NepenucaTs ypasHenue (11)
B HECKOJbKO HHOM BHAE, BbLIPAa3UB INPHOODETAEMYI0 dYacTulel 3IHepruio
yepe3 MOMHOCTE £/, BBOAMMYIO B BOJHOBOA:

377 (Pl I\
(T U ) (12

B 9TOV Ciyuile 6e3pasiuudo, BBOJUTCH JIHM MOLIHOCTh HEMPEPHIBHO 1O
BCelt HTMHE CTEHOK HJM TOALKO ¢ KoHua). Ha dQopumyast (12) euano,
yro npu [ <€l, u nocrosduom 3Hauenwn P/ npuoGperaeMas uvactuilelt
sueprus El Nponopuronanbha JJiHHe TPyOH. 3TO MO3BOJMET NPeAnoJo-
WHUTb, 4TO HOCTATOYHO NHUTaTh NMPHGOp C Geryulelt BOJHOH TOJBKO € OX-
HOr0 KoOHHA, 4T00B NojyuaTh /MOOhe yckopewud. Tem He MeHee, ypas-
Hesust (11) u (12) 2KBHBa/JeqTHEI, M OHH O4EHb SICHO noxasusamT, 410
XOTsl mproOpeTasMasit 4acTHIEH SHEPrus ¥ MPOMOPUHOHAJbHA I (npu

manwix [[[)) , oua BCE e B Vi j; P33 MeHblle, HeM B BOHOBOZE

¢o crosveit BonHOH (mpH TOH Ke AJIMHE YCKODHTENs H TOH e MOLHO-
cri). Toabko MOTOMY, 4TO 3TOT MHOMKWTENb CTAHOBHTCH MeHee HEeBLIFOX-
HHM 19 OoJbliMX /, MW M NOJyYaeM B 3TOM cayyae ObICTpHIfi pocT
sHepruM ¢ pauHoii. Kpome TOro, NpW mNHTaHHHM C OJHOFO KOHLA €CTh
n émd oaHo neynoG6crso, Kax mbl Buzenn paHbme, ecou [ cCpasHHUMO
¢ l,, TO IVIOTHOCTL SHEPrHH B BOJHOBOJE 9KCIOHEHIHAJBHO YORIBAET
C 2 1 NpH 2= l,— JInHe 3aTyXaHus — OHA CTAHOBHTCSH BECbMA MAMOH.
CrienoBateasno, MPOHAs 3TO PaCcCTORHHE, YACTHUR NEPECTAHET YCKODSATHCA.
HHaye rosopsi, MeTON nMUTaHus BOJHOBOJAA ¢ OGeryiefi BOMHOR ¢ KOHUA
He TFOOUTCH, €caH AAuHa yckopHrens Ooanwe [,. Bmecre ¢ Tem, mois-
30BaHHe CTOSYHMH BOJHAMH ABHO BhIrOZHee mpu { <€ [;. 3aveTHM, OIHAKO,
4yTO B ciaydae Oerymux BOJH BelHYHHA & MOMET OKasaThC GOJBIIE, YeM
JUIS CTOAYUX; TIO3TOMY B HEKOTOPOM WHTepRaJe IIMH BOausu [, ycko-
pHuTeNH ¢ Gerymyumi BOJHAMH MOFYT OKasaTbC HECKOJBKO BHromdee. 310
o6crosTenbcrRo 6bl10 oTmeueHo B Crandopae u TRE, rae npeanonaraercs
nonoGparb v, Tak, 4ro6b JAAMHA NpnGOpa MPHMEPHO PABHANACH 1, ®).
B ZHHHOM BOJHOBOIE MOHIHOCTE [O/KHA TOABOJMTLCA Ha BCEM  ero
MPOTSXEHHH, HENPEePHLIBHO WM B OTACAbHHIX TOYKAX, PACCTOAHHEC MEXKRY
KOTOPHhIMH MeHbIue /.

OGpatuMcd K TepeXONHBIM NPOLEccaM, CBJI3AHHLIM C YCTaHOBAEHUEM
xoneGannit B Tpybe. Kak yxe Obllo 3aMeyedHo, B CAyYae CTOAYHX BOJIH

BpEMsl YCTAHORJEHHMS CTALUUOHAPHOrO pexmuma nopamka To= %’ . Unre-

!
pPECHO CPABHUTL €10 ¢ Jpyrol XxapaktepHo#t BeAHYHHOH, leT
z

*) B opurusane crout He [, al D70 spHag onewatka. ([Ipam. nepesodvuxa.)
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{8T0——BpeMd, B TeUeHHe KOTOPOro foJje C rPyMfioBOA CKOPOCTHI0 ¢, pacr
MPOCTPAHNETCS OT OZHUTO KOHLUA BOJHOBOAA L0 [Lpyroro). Mu BPII[HM,
u'ro»;— —ll Huaue rosopsa, Bpemda, 3a KOTOPOe I0fe pacnpocTpa-
HAETCH OT OJHOTO KOHIA JMUIMHHOTO YCKODHTENs 10 APYyroro, MHOrO
Soabllie BpeMeHH YCTaHOBJEHHA CTaLluoHapHoro pexuma. [loka cranwo-
HapHLIl PeXuM YCTaHABAMBAeTCd, OAMH KOHell TpyOol HHYErc He 3Haer
0 Jipyrom, u s obecrneyennsl Hamjdexawux (pasoBRIX COOTHOIIEHHH
MENLY KOHUAMM HYXKeH Hekuil BHewHu#t KOHTYp (3TOT BOmMpOC OGCYX-
naerca B caepywouieMm paspene). C apyro#t CTOpOHE, B KOPOTKOM BOJHO-
BOLE CTOSYas BOJMHA 3a Bpemss T, yCneBaeT MHOTOKPAaTHO OTPasHThCA OT
000ux KOHUOB, W HeoOXoAumble (pasoBble COOTHOIIEHHS JErKo ycCTaHaB=
JauBaworcd. Jlanee, B KOpDOTKOM BOJHOBOJAE 0e3pasiuyno, T[Ae BBOIWUThL
sHepruio: 6Jarofaps OTpaXKeHHAM OT CTeHOK OHA HaMJlexamuM o0pasoM
pacnpefejurcs no Bcelt TpybOe, HE3aBUCHMO OT TOTO, IJe €& BBen.
B nnmHHOM BOMHOBOXE NeNO OGCTOMT MHaue: TaM, OUYEBHAHO, UCTOYHKMKH
SHEPTHH HOJKHE OHITH PABHOMEDHO pacnpelencHbl BAOJbL TPYOHl, MPHYEM
PACCTOAHKE MEXKIY HHMH He JOMKHO TNDEBHINATb IUVIMHBL  3aTyXaHps
{ay4me maxe, 4ToOb OHO 6bINO 3aMeTHO MeHbie e€). MurepecHo or-
METUTh, YTO eCMH B TpybGe CO CTOSUMMH BOJHAMH TIOMECTHTb MEXIY
#CTOUHUKAMY SHEPTUH OTPAXAWIINe NePErOPOAKH (KOHEYHO, ¢ He6onbmumn
OTBEPCTHAMH JAS TNpPOXOAA H4ACTHU), TO BeCh npolecc YCTaHOBJICHHS
¥ofeGaHN#l MpoOTeKdeT TOYHO TaK e, kak M 6e3 HUX. B oTcyrcrBHR
BTEX IIEPerOpONOK MnoJe B NAHHOHA TOYKe YCTaHABJMBAETCH B pesy/ibraTe
fI0C/IEI0BATE/LHOTO HANOXEHUS PAAa BOMH, WCOYCKaeMHX BCE Oonee
u Gosee OTJaNEHHEIMM HCTOUHHKAMH; BCIAENCTBME 3aTyXaHufd Kawjias
NOCAenyOUad BOJIHA OKa3uiBaeTcd cjaabee mnpeapnymux. [lpu Hannumm
fIeperopoJaOK MeCTO BOJH, HCOYUIEHHBIX OTAAMEHHBIMH HCTOYHHKAMH,
32HHMMAIOT MHOTOKPAaTHO OTPAXKEHHBIE BOJHbLI, BHOBb M BHCBb NPHXOMSIIHE
B JAHHYI0 TOuKy. Mbl yBuzuM B JpanpHefilieM, 4TO 5TO OGCTOATEALCTBO BO
MHOTHX OTHOMEHHAX YMpowlaeT HaMWk paccyxienud. Bosmoxuo, uro
BeRCTBUTE/NpHAT KOHCTPYKUmA TPYOH TaKikKe YIPOCTUTCH, €CAM Pa3feqUTh
€& TakuM 00pa3oM HA KOPOTKHE CeKUHH,

B TpyGe ¢ OeryuMM BOAHAMH MOJIOXEHHE MEHAETCH, B  aauMHHYIO
TpyOy MOIIHOCTH MOXHO BBOJHTH DABHOMEpPHO HAa Bcefl e& nauHe, Kak
# B clyyae cToauux BoJH. CTOMT paccMorpeTh Bo36GyxieHue Gerywel
B0JHH BHOpaTOpOM. Beryuyo Bo/HY MOXHO COCTaBUTH M3 JBYX CTOAYHX—

i

T. ﬂﬂﬂ
B030yxlenud Gerymiell BONHW Halo BO3GYIUTH OTAENbHO 00€ 3TH KOM-
{FOHEHTHI, Cnenosarenbﬂo, MOWHOCTb, HOAXKH& BBOIAUTHCA B BOJJHOBOA IO
Kpafiuelt Mepe B ABYX Toukax. Ilocnenune NO/MKHW HAXOIHUTHLCS B Ny4Y-

HOCTAX COOTBETCTBYIOIIMX KOMIOHEHT, H C NMOMOIIBIO KAKOTrO-HHOYAb ¢a-
BUPYIOUIETr0 KOHTYpa MeXIy HHMH JOMKHA GHTh YCT4HOB/IEHA PA3HOCTH

CHHYCOUIAAbHON W KOCHHYCOMAAAbHONH — C PasHOCTHIO a3 B

T
a3, pasHas 5 - DTOT KOHTYD MOXHO OCYWIECTBHTD NPOCTO B BUAL
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nEyxdiasHoRt cUCTeMBl ¢ DPa3HOCTLIO (a3 B YETBEPThL INHHEL BOJHBI, TAK
wT0 O6e KOMMOHEHTH MOXHO NHTATh OT ONHOrO H TOro e BHGpaTopa.

IIpoGaema ycrasosienns koneGawnH B AauHHON TpyGe ¢ Gerywmmm
BOJIHAMH, MHTaeMOH DABHOMEPHO pacrpeNeNEHHLIMH BHOPATOpaMH, ¢
CYIECTBY He OTIUYAETCd OT aHAJOrMYHOH 3a7auM B Ciyyae CTORYHX
BOJIH, MCKJIOYad JiMlib TO, 4TO Temeph BOJHB PAaCHPOCTPAHAIOTCH TONBKC
8 onnoM Hanpasdenud. [lonpewxdeMmy mose He yCTAHOBHTCH, NOKa CHTHAIM,
NOCKaHHble HaNEKHMH BHODATODaMH, He HOCTHIHYT HaHHOH TOUKH TPYOHL
Bpems yCcraHopienus KoneGanuft mompexHemy Gyner mopanka 7. Toasko
B6KM3H BXOAA YCJOBHS BO3CYXJAeHHA CTOSYHX M GelyIHHX BOJH CYLIECTBEH-
8O pasmuuHbl. B cayyae cTOSuMX BOMH MBl MMENM Y BXOL4 OTPaWEHHHIE
CHIHAJALI, DACHpPOCTpaHAOUHeCs B OODATHOM HANMpPAaBJeHHWH; B CAyuae
Gerymux pond ux ne Gyner. Ilose y Bxoma He cMoxer o0pasoBaThew
8a CY4&T HANOKeEHnd NOCASIOBATENLHBLIX CHTHANOB OT BCE Gonee ¥ Sonee
BANEKHX HCTOYHMKOB, TaK KaK BCE OHHM pPAaCMpOCTPAHAKTCA 8 IPYTYIG
€TOpoOHy — OT Bxoja. Iloaromy mnoJse y BXORa yCTaHOBHTCH CKopee, uem
B Gosee HAn®KMX 4acTax TPyOH, o Oyler He TaK BeJHKO, KaK TaM.
Yro6bl CKOMIIEHCHPOBaTh 3TO, NPHASTCY NOCTABHTh y BXOAA AOMCJHH-
TeAbHHIH HCTOYHHK 3Wepruu. IlocKOAbKY BIHAHHE 3TOTO0 HCTOYHHKA Ha
PAcCTOAHHUAX, NPEBLINAIOUINX AJIHHY 3aTYXaHHdA, YXe He CKasHBaeTCH,
Mbl TIOJIy9HM NOCTOAHHOE yCKOpeHmue,

Yro xacaerca Kopotko#i TpyOm ¢ Gerywmmu Bomnawmy, rae T, <€ 7T,
TO ACHO, 4TO KOMe6GaHMs INOJHOCTHIO YCTAHOBATCA 3a BpeMs nopaaxa 7.
Bfgamom nene, 3a 3TO BpeMs CUTHAJI, NOCHaHHBIA H3 OJHOTO KOHIZ
Fpy6sl, BoRngr go Apyroro e& kodua, riae u noraotarcs. ITockomsky
SHEprus BTEKaeT B BOJHOBOA TOJNbKO 3a BpeMda 7, Majoe WO CPaBHERUIG:
¢ Ty, TOJe He yCreeT AOCTHIHYTh MAKCHMATLHOTO 3HAYEHMS, U ACHO,
4TO 3aNacéHuast SHEPTHA M YCKOpsIOlee RanpaweHue 3fiech OyAyT MeHb~
mre, 4eM B Taxo#t ke TpySe co cToAuMMM BoaHamu (TaKk Kak B mocaen-
Hell noje MOWeT MHOTOKPAaTHO OTPAaXaTbCd OT CTEHOK, OCTaBsanich
B TIONIOCTH B TeueHue Bcero Bpemenu 7,). Taxum o6pa3om, Mul ew@ pas
TIDMXOIMM K Y€ DP3CCMOTDEHHOMY BHIIE YMEHBLIEHHIO YCKOPRIOLUIErs:
HanpshkeHHd B KOPOTKOH TpyOe IpH nepexo/e OT CTOUMX BOMH K Oeryuius.

VI, BJIHSIHUE TEOMETPHUECKHMX <®AKTOPOB HA YCKOPEHHME

‘B mpexmimyiueM pasjiette Mbl NOJYYHaH ypasHeHue (9) MJig amMmmMTyin
YCKOPRIOWETO MoJs B (PYHKIMH JJMHB BOJIHH, TOTEDPh B CTEHKaX M IO-
TOKA MOIIHOCTH Ha eIMHHLY I/NMHH. DTa dopMyna BepHa Aad Jjo6Ore
IJAMHHOTO BOJAHOBOZA — KdK AJMa Oerywux, Tak H AJI CTOIYHX BOJH.
Ona BepHa Taxkxe B CJyyae KOpPOTKOH TpyOBl €O CTOSMHMH BOJHaMH.
TlbiTasch TIOAYYHTh MaKCUMAbHOE YCKODEHME, MBI MOMXEM MEHAThH HeKo-
Tophle BedaWuuHbl B 3TOH dopMyde. K HX uucny OTHOCATCA H/HHA BOJHE,
reoMeTpus nupu6opa B BHOGOp pexuma paGoThl, B YaCTHOCTH, BHOGOD
cToAuMx HAM Gerywux BoJdH. B HacToslleM pasiesie Mbl paCCMOTDHM BCe
5TH (pakTOpH. MH pacCMOTPHUM TaKie IPOEKTH PA3NHUHLIX YCKOpHTenaeh
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R PE3y/AbTAaTH, HOTOPHIX MOXHO OXMIAATh, CyaAd To HEM., Hccaenyem
fpexc e BCEro BIHAHHE MIHHB BOJHHL. XOpOWIO H3BECTHO, 4TO AOGPOT-
HOCTb PE30HAHCHOM NOJOCTH INPONOPNMOHANBHA €& 0ODbEMY, REIEHHOMY
Ha O6'bEM NOBEPXHOCTHOTO CN0S TOJNUIMEBL &, IAe §— CKHMHOBag TOJ-
UI¥HA; KOHCTAHTA NDOMOPIMOHANLHOCTH 10 NOPAAKY BeAMdMHH Gruska
k enuHune, CxuHoBas TOMIUMHA Kak (YHKIHS NDOBOJIMMOCTH 6 (B OMaX
H3 METP) M AJMHL BOJAHH B BaKyyme A, (B MeTpax) Ra&rca BHIPAKEHHEM

— Ay
8= l/sme .

Bo3bMEM OOCHEAOEATEALHOCTh T[EOMETPHYECKH NONOOHHX IOAGCTEH,
COOTBETCTBYIOIMX DA3INY4bIM J/idHAM BoaH. OODBEM KaOKAOH H3 HEX,

KOHEYHO, MpPOMOpINOHAAEH KyOy A, a MOBePXHOCThL — KBaapaty. Mmeem,
TAKEM O6GDazoM:

Q, = const -—%"— = B\/377ak,,

rae B—gucio nopsaxa eauHunb.
Iloacrasnaa aro B (9), nMeem:

E = aB'% (377P)'s (377 = )’ {13)

Y, €. NPH 3alaHHOM TOTOKe MOUWHOCTH YyCKOpfAiomee mnoxe obparso
NPONOPLUHOHATBHO KOPHIO 4YeTBEPTON CreleHE H3 IMHB ROJAHLL JTO
03HayaeT, 4TO NPH NPOYHX PABHHX YCIOBUAX B JHHEHHOM YCKOpHTele
BHIOAHEE TOAL30BATHLCA Oosee KopoTkumm Boanamu. Ommako E Tak
MEIIEHHO MeHRfeTCAd ¢ A,, 4TO 3Ta BHIFOAA HEBEAHKZ, M BOMNPOCH yAOG-
¢TBa B OOpamenyy, JOCTYNHOCTH HCTOYHHKOB 3HEPFMM W ApYrHe moaocG-
Hhle COOOpaKeHHA OKA3HIBAWTCA Godee BawubiMu. W3 ypanneuns (13}
BUAHO TaKxe, 4T0 E NPOMOPIHOHANBHO XOPHIO 4eTREPTON cTemenu u3
APOBOAUMOCTH CTEHOK. DTO HABOLMT HA MBICAL BOCMONL3OBATHCH XOPO-
WM TNPOBOAHMKAMH THNA cepebpa WIH Meny MJIH paboTaTte OAPH HM3KHL
TEMIEPATyPaxX, IPU KOTOPHIX IPOBOAKMOCTh MeTaMmIoB Bo3pactaer, Oxxaxo
BHFOla OT 3TOr0 CTOJb Majia, YTO OXJaxKIeHue BOJHOBONA ofGofasTCH,
BEPOATHO, IOPOXKE, YeM yBeJHYCHHE BBOAHMOH MOLIHOCTH.

Teneps HaM cleayeT uU3YUuTh POJIL reoMeTpHH npubopa, OHa CKasb~
BAETCA rJAaBHHIM 00pasoM Ha BeJuyHMHe Kodbdunuenra o, xota (J,
H, CAeNOBaTe/ibHO, B TakXe 3aBUCAT OT TeOMETPHUECKHX ycaosuil. [lo
ONPENeNeHRIo, & BEJHKO, €CAH BeNWKAa COCTaBAf0IAs MNOJs IO OCH 2
(HaWpaBiesde YCKODeHHst YacTHL) TIpM NAHHOM 3amace SHEPruM WAH,
1a060pOT, 3amac SHepPruM (M, CAeLOBATEJLHO, IOJE BO BCEX OCTAABHBIX
TOUKAX IONOCTH) Mal NpH AaHHOH 2-KOMNoHeHTe mOJdd. YTOOH MOHATH,
KaK MOMHO YBeJHYMTB &, 3aMETHM, MpeXIe BCero, YTO 3JeKTPHYeCKOe
H MArHUTHOE noas B pe3onupyomel ¢ uvacTHued OGerymé#l Boaue asafi-
107 GeccenessiMp (pyHKUMAMH (COOTBeTCTBEHHO Jy, B J,) OT aprymenrta
2?:1‘}"7\;2*1‘;2,
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ITockonnky ¢azoBast CKOPOCTh 3TOR BEJHYUHB v=c"—;‘f— ".uomkﬂa

ObITh MeHBIIE CKODOCTH CBETa, Mbl BHAHM, YTO apryMesT 6eccenesoﬁ
YHKUMH ABJIETCA MHHMBIM Win (B TpeXede NpH v=0C) oﬁpamaercﬂ
8 Hyab. Ho Gecceneshl (QYHKUME MHHMOrO apryMeHTa 9KCIIOHEHUHAABHO
BO3PACTAOT C YBEJWYCHUEM MOAY/AS NMOCAEHHET0, U MHl BHIAHM, YTO IIOJE
QuICTPO BO3pacraeT MO Mepe yAafeHHd OT OCH Z; 9TOT pOCT TeM Obi-
CTpee, YeM MeHbIIE CKOPOCTh, B mnpelesibHOM CAyuYae ¥ = ¢ KOMITOHEHTa
37EKTPHYECKOTO NOJs He 3aBACUT oT r. Bce 3TH BHBOAL nNpaAMO Npo-
THBOMO/IOXHBL TOMY, YTO HMEEeT MeCTO B HEHAarpYKeHHOM BOJHOBOIE,
rae (asosas CKODOCTh BOJH 50/bIIE CKOPOCTH CBETa, MOJA NAOTCA Gec-
cenesmwu QyuKUMAMA AEHCTIBUTENLHOrO apryMeHTa M yOHBAalOT MO Mepe
ynaneunﬁ OT OCH.

Ecnn 6l MMenach TOAbKO Ta Komnonenta ®yphe, KOTOpas pesOHH-
pyer ¢ yactuie#, 60abIuaT YACTL 2Hepruu Ghlia Gbl samaceHa BAAMH OT
OcH, H o Obo 68 mano. Oxnaxko Mo Mepe ymaJeHus OT OCH ApYTHe
KOMMOHEHTEL Pypbe CTaHOBATCA BCE Gosee u Gofee CYIECTBEHHBIMH.
‘OHyM  BHUNOJHAIT JABOAKYIO POJb: BO-TIEPBHX, MO3BOJAIOT YAOBJIETEOPHTD
TpaHHYHBIM YCJAOBHAM Y CTEHKH BO/MHOBOZA (Yero Henb3d 6bu10 Ol AO-
OuTbCH C MOMOWBID TOJMLKO OfHOH KommoHeHTH @ypbe); BO-BTOPHX,
Graroapa UM YMeHBIIaeTCA NOJE BHaMH OT OCH, B pesynbTaTe Yero
yayuymaerca suayenue o, Onpenenuts HauAyymyo (B CMbIC/E YBeInueHHs
€, 1 a) cTpyktypy B ofwmieM BuAe GHIO Gbl Upe3BnLYaitno TpyaHo. I[103-
TOMY MBI PaCCMOTPHM OJMH CleUMaAbHEIR npuMep — yexopureas MTH —
# cOpocuMm Cebdl, KaK MOMKHO GbIO O YAYUILIATE €ro KOHCTPYKUHIG,
MeHsAS Pa3/HYHHMKM cmocoGaMu reomeTpHuio npuGopa. Ha puc. 5 cxema-
THYECKH MOKAa3aHbl 3/IEKTPHYECKHE CHMJIOBHE JIHHMM I 3TOIO Cay4as.
B npubope Bo3abyxnawrcs koaeGanua THHAa w (T. €. Pa3sHOCTb (as Mem-

: v
Ay coceasmMy InadparMaMn pasHa w) M — =1. Mu Buaum, 90 MO-

JiIe B MPOMEKYTKax Mexny auadparMaMy NOYTH HE SABHCHT OT 7 BILIOTh
JIO PAaCCTOAHM, NPUMEPHO DABHOTO PAANYCY OTBEPCTHS, H HAYHHAET YGHI-
BaTh NPH GOJBIIKX r, TOYTH KaK B 3aMKHYTOH LMIMHADUYECKOH MOAOCTH.
DTO HABOLMT HA MBICIb, YTO eCid Gbl oTgepcTHs B amadparMax GBLIH
TIOMEHbILE, TO CHaj MOAA Hauajics Obi paHbule W 3anmacEnHasd BHANH OT
OCH 3HEprus yMeHplnaach 6bl. B HefCTBHTENLHOCTH 5TO Tak H  eCTh,
BuyncaeHHoe 3HadeHMe o I yckopureas MTH passo 0,48, B TO Bpe-
M% KaKk B MPeJefbHOM Clydde HCYESAIOUIMX OTBEpCTMR, KOTZA MBI OpH-
XOJMM K 3AMKHYTHIM UHJIMHADHYECKHM mojoctaM, & = 10,3. Orsepctus
‘B ‘puadparmax 3fiech CHeNaHB IOBOWILHO GOJLIIMMH, YTOOH TapaHTHPO-
BaTh GeCNpPENATCTBEHHOE NPOXOXIEHHE 3INEKTPOHHOrG Nyuka. Ecan 6n
-0Ka3aloch, YTO (PAKTHYECKHM 3ITOT Ny4yoK OGosee CKOHUEHTPHPOBAH, B Gy-
AYuleM MOXHO Guifo GBl eNaTh OTBEPCTHS 3aMETHO MEHb{ero paguyca.
“COOTBETCTBEHHO YBEMHYMAOCH Obl 3HaueHue o. Benuunna Q, miau B npum
aTOM Mano-mensercs, Tak, snadewue B B mpuGope MTH pasHo npumep-
#0 0,45, a B NpesenLHOM Clydae HCUE3AIHX OTBEPCTHH OHO COCTaB-
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aser 0,39. TaxuM oGpasoM, sxonmsmas B ypasuesue (12) peanunna «V' B
sospacraer ot 0,32 B yckopurene MTU no 0,65 B npenenbHoM chnyuae
Maasx oreepcTuit, Mrak, onucaHsbiM NyTEM MOXKHO YBEIUUUTH YCKOPSO-
giee HOAE MAKCUMYM B JBa Da3a, 4 NPaxkThYeCKH el ropasio Meublue,
TaK KAK HYXHO BCE Xe OCTaBUTb 3HAUHTEJbHHE OTREPCTUS IAS NPOXOJA
97eKTPOHOB, B CT3H(hOPACKOM MPOEKTe HCMONb3YIOTCA OTBEPCTHA FOPasfo
MeHbuiero paguyca, yem B MTH, u reomerpus TaM, BepoaTHO, OaHxe
¥ TOH, Koropasa Obia OH OCyUleCTB/IEHAa B PeanbHOM YCKOpHTENe.

Puc. 5. Cusossie nupmn B yckopureasx MTH. Paccrosume Mexny JInHuAME
XapaKTepu3yeT HanpsKEHEOCTb HOJ.

PaccMoTpennblft Havi npuMep OTHOCHACH K CJyda v==c. JIng MeHnb-
WHX CKOpPOCTeH moJoxeHne MeHsercd, Bo-mepsbiX, Mbl Yie BuIeH, 4TO
noJae B 3TOM CJy4Yae OTHIOAb HE OCTA&TCA MOCTOAHHBIM, & GHICTPO BO3-
PacTaeT po mepe yxajleHns OT OCH. IloBuxumomy, 3TOT pOCT ApOROJ-
WagTCy BILIOTh HO P4CCTOAHHA, TNPHMEPHO PAaBHOTQ DamuyCcy OTBEpCTHA,
focae Yero noje HAyHET yOwiBaTh., IlosTOMY A8 Madelx cKOpoCcTeH M
DOALWYX OTREPCTHH 3HAUeHHe o MOKET 3aMETHO YMEHLIIMTHCA., OIHAKO
TIPH YMEHBbINEHHM DPaauyca OTBEPCTHS TMOJOMeHWe ORCTPO yayulwaercsd,
4 B Ipelesie NP HCYE3AIOUIEM PAanyCe o He 3ABHCHT OT CKOPOCTH BOJHH,
Jro, onHako, He Tak Aa Q, u B. Tlo Mepe yMeHbIIEHMS CKOPOCTH
9aCTHI, AuaparMsl HY!HO CTaBHTH BCE Gamme M Gamike IPYyr K ApYyry,
¥ NOTEepH B MOBEPXHOCTHOM CJ/0e BO3PACTAOT MO CPaBHEHHIO CO Bcelt
Banactuuoil sHepruefi. IlostoMy @, yMmeHwlIaeTcs, H3MeHSNICH (B Npeneis-
HOM cliy4yae Manslx cKopocre#t) npomopuuoHansHo v, Takam o6pasom,
Halla KOHCTPYKUMA Henpurojusa X Masnlx ckopoctefi. Has yckopenus
3JEKTPOHOB, OJHAKO, BTG OGCTOATENLCTBO HECYUIECTBEHHO: B MpPOEKTE
MTH npeanosaraeTca 3amycKath B NPHGOpP SAEKTPOHM, NPENBAPHTENS-
0 pasorHaudble 8 reHeparope Bam mep I'pada mo mByx MeV (ckopocts
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HX NOYTH PaBHA ¢); B OGOJBUIMHCTBE APYTHX YCKOpHTeNeH HauadbHawm
CKOPOCTb 3/EKTPOHOB TaKe PaBHa N0 MeHbileH Mepe NOJOBHHE CKOPO—
cta ceera, OXHAKO i NOJOXHTEIBHHIX HOHOB C HX TOPAsfo MEHbIIUMK
CKOPOCTAMH BOJHOBOJ ¢ NuadparmMaMy e FORWTCH, TMOKAa MOHH He Oy-
AYT RKOBOABHO CUALHO pasorxadbl. [Ipw MaasLx CKOpOCTAX ropasno yroG-
Hee CHCTeMa, NpuMeHEHHad B NpOTOHHOM yckopuTene Kanundopuuiickoro
yuuBepcHteta. OHa m3obpaxeHa Ha puc. 1,4,

Pacyér mokasniBaer, 4r0 3HadeHus o W B B Heil PaBHEI, COOTBETCTBEH-

Ho 1,58 u 0,54, tak uro VB paBHo npumepuo 1,16 — ropasnoe Goap~
me, yem B npu6Gope MTI n Jaxe ayywe, yem Ang xuwadparM ¢ Maabi-
mn orBepctHaMy. OgHako And GOAbIIHX CKOpoOCTell 3Ta CUCTEMA HelpH-
TOAHA, T4K KAaK AUaMeTpH BHYTPEHHHX TpYGOK, B KOTOPHIX HBHXYTCH
YacTHUB!, AOKHH OBITH TeM MeHblle, ueM Goabplle CKopocTe. JHaxe npu
secbMa GOJBIINX pasMepax, C KOTOPHIMH MH KHMeeM jesno, paboTas Ha
yacrore B 200 MerauukJ0B, STH TPyOKHM CTaHOBSATCH CTOJb Y3KHMH, HYTO-
TIDOTOHHBIH NMYYOK yKe HE MOXET pacnpocTpaHaTeCs GecnpensTCTBEHHO. .

Jlo cux mop mpenanosaranock, YTO B BOJHOBOLE YCTAHABNHBAIOTCHE
Konebanna tima T. IlocMoTpuM Teneps, He YAYUWIHTCA JAH Jejg0 TpH
pabdre B KakOM-HHOYAb ApYroM pexume. Mowxfio, Hampumep, BBeCT:
B CHCTeMYy pucC. 5 nobGaBoyswe puadparmbl, TOMECTHB KX nocCepefuHe
mewny crapbhimi. TIpu oTOM KapTuHa mo/Js He H3IMEHMTCH, TaK KaK Cu-
NOBHE NMHUM OYRYT BCTPEUATHCS C HOBHIMH AuadparMaMy NOX NPAMuM
YyrAOM H, CANOBATENbHO, TPAHUYHBIE YCJIOBME W ypaBHeHnus Makceemna
yaosaeTsopaTca. Ilonpexuemy Oyaer HMeTh MeCTO pe3OHAHC MNpH ToH
ae IJHMHE BOJHB B BOJHOBOAE, 4acTOTe M (a30BOH CKODOCTH, HO, IO-
CKOJIbKY AnadparMel pacno/ioxeHsl BABOE Yaille NPEXKHEro, pasHocTh as
MEWAY HMMM cocTaBuT Bcero 90°, T. e. MH noayuum xoneGanus Tuma —;— .
Mz uvMeeM Temeph Ha BHIGOp [IBE BO3MOXKHOCTH: MOXHO BO3OYAHTH JH-
60 crosuyto, aubo Gerymiylo BOAHY (B cayuae xoneGannfi TMma T To-
caennee ObINO HeBO3MOXHO). Beryiias BosHa MOXeT BOSHUKHYTb HOTOMY,
Y0 B BPUCYTCTBHM TPOMEXYTOUHBIX AuadparM Mbl MMeeM ABA pelIeHEm
Ang Noast — OAHO, u300OpaKéHHOEe HA puc. 5, W Apyroe, cABHHyTOE OT-
HOCHTE/ILHO MePBOr0 Ha OJHO paccrosyve MewAy Auvadparmamu. Ite
PEHIEHHST CBH34HBL APYT C JIPYroM, KaK CHHYC ¢ KOCHRycoM H, Oyayus

T
BO30YWIeHH ONHOBPEMEHHO C PasHOCTEIO $as B —5-, OHH TPEACTaBAA-

10T Oeryuiyio BOJHY, pPacnpOCTPaHAIOWIYIOCS BIPABO WJM BJAEBO, CMOTDPS
N0 TOMY, TOJOXKMTENbHA MJH OTpHLATeJbHA Yxa3aHHAs pasHOCTb as.
Cynepnonnpys Geryiue BOJHB, PacnpocTpaHgiowpecs B pasHbie CTOPO-
HBl, MBI BHOBb MOXEM IOJIYUHTb CTOAYYI0 BOJHY, PaccmoTpum nocieno-
BaTeabHO 00e yKasaHHbE BO3MOXKHOCTH.

B c1oquell BonHe 3anac SHEPTHH M 2-KOMUOHEHTa NONA TaKHE e,
xax M npd KoneGauusx rthnna %. [lostomy 3nauvenue o ue mensercd, On~
Hako (J, saMeTHO ymedbimaeres. Bedb Teneph NPH Npe}HEM 3amace suep-
THN HueeTcsl BABOE Gouablte  auadparM, B KOTODHX TEUET TOK M BHIAE-
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JfeTcq JoKayaeso Teiio. Ecau OBl AuccMnanus SHEPrHHM  TPOHMCXOAMAA
TOABKO B AUadparMax, 910 npuseno Ob K YBeJHUGHHI noOTeph (M, cae-
LOBATENBHO, yMeHblienuio (J,) B ABa pasa 1O CPABHEHMIO C KoJeGaHuaMu
Tuma w. Jleao, ONHAKO, He TaK IIOXO, TaK K3K YacTh 3HEPrHH JUCCH-
nEpyer B UMAMHADHYECKUX CTEHK3X MOJOCTH, @ 95Ta BeJHYMHA B 0OGOHX

clyyasX oxHAa ¥ Ta Ke. Pacuér mokasmipaeT, YTO NpU KO/AeOAHMAX THMA
x o ’

~- @ cocrapnser okono 707 COOTBETCTBYIOMIei BeAWUHHL s TOrO
ciyyas, Koroa pasuocth (as mMexnay nuadparmamu pasHa m. To xe ca-
wmoe nMeer Mecto W Aas B. Takum ofpasoM, yckopsiomee moxe (npo-
nopunonansuoe «)/ B) pasno Bcero 0,84 TOH BeNMYMHH, KOTODYI OHO

kY

¥YMeeT TIpH KodaebaHuax thoa w. Vlmaue roBops, C TOYKHM 3PEHMI DACXO-
T
2
5¢deKTHBHOCTE TIPHOOpA TaK YMEHSLINAeTcs THpH mepeXofe OT KoaeGanuit

Ad 3HEPIruH KoneOaHud THNA HEBBITOJHEI. Hanq AyMaTb, 4TO pas

n
T-THNd K THNY 5 TO Kaxoe-TOo yxXyjalueHue UpOl’ISOﬁlleT H 1ipH nepe-

xope K moboMy npyromy pexumy. THO =, BeposTHO, 4BIAETCH JHEpPre-
THYECKH CAMBIM BBHIPORHMM, TaK KaK TPeOyeT MHHHUMAIBHOIC KOJHYECTBa
guadparM Ha €IUHHIY AJHMHB W, CAENOBATENbLHO, BeAET K MHHAMAAbHLIM
noTepAM B KOHTYDE.
k14

Tem He meHee, xoJjebanus TuIA 5 00/1a1210T H OJHHM NpeHMYilie-
<rgoM. OHO CTOJMb CYWECTBEHHO, UTO MO KpallHe# Mepe B OXHOM NMpOeEK-
e (npuuannexamem General Electric Company) BrOpaH HMEHHO 3TOT

w

pewum paboTm. [len0 B TOM, YTO NPH KOJEGaHHAX Tuna ~g~ TPynnogas
CKOPOCTh U, MMEET MaKCHMAJIbHOE 3HAYEHHE, B TO BpeMi KaK IJAl THIA
T OHA TeOpeTUYeCKn paBHa Hymo. CirenopaTelbHo, IAMHA 3aryXauus [,
n

ans konaeGannit Tuna 5~ MOXeT OuTh JOBOJNLHO OabMOH, 3 BO BTOPOM

ciayyae [, TEOpeTHYeCKM PaBHO wynio. IJo3toMy ycKopuTenb 3aMETHHX
Pa3MEPOB MOXKET B MIEPBOM CJyude OKa3aThCcd KODOTKHM (B TOM CMBICHE,
4TO ero JJ@Ha Mewbuie [y)), a BO BTOPOM — JUIMHHEIM. B Caenyiomenm pas-
Jese MBI DaCCMOTDHM HEKOTOpble OCOGEHHOCTH KOoneGauui THhma w, CBA-
3aHHBE C JUIMHOW 3ATYXaHud, W TOKaXKEM, YTO MOXHO NOCTPOUTH JHHEH-
Hufi YCKODHTE/]b BeCbMa HeMAJLIX PasMepOB M BCE JKe 34CTaBHTh  €ro

K11
paboraTe, XaK KODOTKHM; ONHAKO IJd THIA ~5~ COOTBETCTBYIOUIAA ANH-

#a MHoro Oovbiie. B aaabeefimieM OyaeT NOKa3aHO, YTO KODOTKHA BOJA-

HOBOJ NHTATL ropasxo npoie, yem nammnbi#l. B General Eleciric Com-

pany 3anpOoeKTHPOBAH YCKODHTENh CPEeRHHX Da3MepOB, H OKasHBaercs,
T

410 B Caydvae xoaebanp#t THHA —‘2—— €ro MOMKHO CMHTAaTh KODOTKHM, & B

CAyd4ae THIAZ T-JIHHHBIM, C COOTBETCTBYIOUIMM YCJIOXKHEHUEM NpPOGAEHMbl

nutauud. B npoekte MTH mu cTouM niepesn nmpoGaeMofl OMTAHMS HAHH-
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HOTO YCKODHTENS, H yKa3dHHOE NpPEeMMYIIeCTBO KOMeGaHMR Tama -

9 ar-

CYTCTBYET,

ki
Jpyras 803MOXHOCTL MCHOAL3OBAHKA KojeGauud THIA ~5~ COCTOMT B

BO30y)AeHHH Gerymux BoiH. VIMeHHO 3Ta BO3MOXHOCTH HCUHOMB3YETCH
B CToH(OPACKOM npoekTe. MH NONpexHeMy HMeeM 31eCh yMeHbulenue B
Gaaronaps HaAuuymio A06aBOUHEIX Auadparm, HO oHO 6Gosiee YeM KOMieH-
CupyeTcs yBennyesnem o. ByleM paccMaTpHBaTh CTOSYYIO BOJHY, COOT-
BETCTBYIOLIYI0 KoJieGauuay Tuna T, KaK 06pasoBaHHYI0 ABYMS Geryuiumu
BOJIHAMH, pAacCrpOCTPaHAIOIUMACH B IPOTHBOMOJOKHLX HATPABACHHAX.
Tonbko oxHa M3 HEX GyneT Pe3OHUPOBATH C IEKTPOHAMH, [l0 HCKI0~
yeuuu Gerywedl BOAHBI, pacnpocTpassouieiics B Apyryio cropoHy (uro
03HauYaeT yMeHbIICHWE samaca SHeprum sisoe), B TpyOe ¢ Oeryme#t Bo-
HOH OyjleT MOJy4YaTbCA TaKoe e yCKOpeHue, Kak H B Ciyuae CTGAYHX
BoAH. Muaye rosops, nmpu TOM e yckopeHn# noTpeGyercs BIBOE MeHb-
m1asi MOWHOCTb, YTO, KaK BMAHO H3 ypaBhennd (9), 03HayaeT, 4TO BeH-
u#Ha o BN3pacTéT B J/2 pas. D10 He coBCeM TOUHO, ewm B Gerymef
BOJIHE COAEPXMKMTCA BaMeTHasA OTpak&HHas KOMIIOHeHTa, Kak 3T0 Oyner
npy NpubarmKesnu konebanu# Kk THny w. B aTom ciyuae suauenme a BCE
BpeMs YMEHbUIAETCH, NIpUHMMad B Npejele 3HAYEHHE, COOTBETCTBYIOLIEe

k11
xoneGanuam Tthna w. Oauaxo Ana konaeGanuit THna -5~ MOXHO OXHAaTh

yseausenns & B /2 pas. KoMOMHMDYR STO C ywe M3BECTHHM yMEHbIe-
HHeM B, MW BUZMM, 4TO NpH Nepexole oT kKojebanuit THma ™ K Oery-

ufefl BOAHe THMA -f— yCKOpAoUiee 10/e YBeIHUMBACTCH B Vo0,7.2=1,18

pasa. O Takom ynquemm cBOHCTB npubopa cToWI0 Obl 1M03a6OTHTBCH,
ecsin Gbl He GBINIO KOMIIEHCUPYIOILUX €0 HeJOCTATKOB. B netiCTBUTEbHOCTH,
Graroaapst Nepexoiy OT CTOAYAX BOAH K OeryuiM M yMeHBUIGHHIO pas-~
MepoB OTBepCTHH B nnacbpamax, Benu!mna a\/B B CT3HDODPACKOM Mpo-
exTe yBeJauynpaerca npumepHo B 1,68 pasza no CpasHeHm0 ¢ yCKOpuie-
aem MTH (Bospacraer or 0,32 no 0,54). 3T0, OAHAKO, KOMIECHCHPYET¢H
IByMf HenocTaTkamu. Bo-TIepRelX, KaK Mbl VK€ BHIENM Bhillle, B KOPOT-
KOM yCKOpHTede, paGoraomeM Ba Oerymmx BoAxHax (Bpole TOro, uTo

crpourca cefiuac B Ctandiopne), moie yMeHhUIAETCH B VT-TI_J pas mo

CPABHEHMIO C MPHOOPOM, HCMOJL3YIOUMM CTOAYHE BOJHH. [lAMHA 3aTyxa-
HHMd B CcT3H(OPACKOM YCKODHUTeJe pasHa nmpuMepHo 18 ¢, a moiaHas nJjw-
Ha ero COCTaBHT, BEPOATHO, OKOJIO 6 .. CnezlmaaTe.rbuo,

l/l—f—lq l/ 1+ = 0,50.

C yuy&ToM 3TOr0 MHOXHTENS UHCHACHWHIH Ko3hduuuear B cTandopa-
cKOM NpoekTe oKamercd pasuniM Bcero 0,27 -mporus 0,32 B npuGope
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MTH. Nonowenne, KOHEYHO, VAYYIUHTCH, €CAH CHeJaTb NpuGOp AnMHOM
B l, nav muoro Gonpme, xak sTO B JaibHelimem npenncaaraercs 8 CTan-
¢dopre. Bolmme MB yXe OTMeHalM, YTO B HEKOTODOM MHTepBaje JJIHH NpH-
Gopd, 6amakux K [;, yCKOpuTeap, paGoTaiomufi Ha Geryluux BOJHAX, MO-
WET OKasaThCH HECKONLKO GoJjiee BHIFOAHBIM, BTOpOM HENOCTaTOK YCKO-
puTedeil 3TOrO THNA MMEeT MeCTO TOJbKO E IJAMHHMX npuGopax., On
CBS3aH ¢ TPYAHOCTBIO CTaOMNU3ALMH YacTOTH BUOpaTopoB. 370 06CTOS-
TEALCTBO, KOTOPOE B JanbHedimeM Oyaer pasobpaHo moApo6Hee, COCTaB~
afeT, MO MHEHRIO aBTOpa, BawHeHmiu# SpryMeHT B NOAb3Y NPHMEHEHHS
B JAJHHHBIX YCKODHTEASX CTOAYHX BOJH (eCAM TOJAbKO TNPHOOP HHTAETCS
OT BUOPaTOPOB C CaMOBO3OYXKIEHHEM).

HiuTepecHo CpaBHNTh OKOHYaTeNbHBIE NdHHEE BCEX TPEX NPOEKTOB —-
MTH, rambopnuiickoro u crandopackoro. Hcxons us ypaenenns (13},
TIOACTABHM TyJa UYMCJIEHHOE 2HaYenue NPOBOLKMoCTH. IlpuMeM ang wmeanm
svavenne 5,5-107 a0 va Merp. Jlng KODOTKEX BOJAH MH BO3bMEM 0,8 sTOH
BENIMYHMHLl, TaK KaK IOUTH BCerJa 3HAUEHHA O B HEHarpyXeHHOH MOJOCTH
npu AanHe BOAHH B 10 ¢ OKaz2BIBalOTCA NPOLEHTOB HA JIBAJLATH MEHLINE
TEOPETHYECKHX (AN KaaBQOPHHECKOTO NpoekTa BYXHO B3aTh mawke 0,4,
YTOOH NOJNYUHTL COIZacHe ¢ HabniofaeMBIMHM 3HaYeHMAMH o). Mu  noxy-

. 9uM: ‘

ay/ BY/ P (nezasamm na memp)

E (B meraponbpTax Ha MeTp) =7,3 :
. AO/‘ (6 mempax)

Ilns Gerymmx BOJH €101 HYXHO HOOABHTb €lE MHOXATEMb VT—TIF ;
¢

BMeCTO KO3(ipuunenta 7,3, COOTBETCTBYIOUIErO HCTHHHOM HPOBOIMMOCTH
MesM, B CAy4ae KOPOTKHX BOJH Haxo nocraguts 6,9, a naa xaandop-
nuiickoro npoexta — 5,8, IloacTaBass yxe yHNOMAHYTHE B TEKCTe 3HA-
YeHus, MH HMEeM AJS KOHCTaHTH

— B L e
. C-—-7,3GVB V'l’q_—‘l—o—.)\o .

3,9 maa ycxopurens MTUH,
C = {3,3 aaa craudoprackoro npubopa,
6,1 mna ycxopurens kaaudopHRHECKOTO yHHUBEpCUTETA.

Bropas uudpa paBusaack Ge 6,6, ecad Gn He NMoNpaska Ha HeGOMNb-
wyio amury npubopa. dtu uudpH NMOKA3LIBAWOT, YTO, HECMOTPH HA paa-
JIMYHEe CHCTEM, YCKOpeHHe BO BCeX TPEX CJAyYasX OKa3klBaeTCs MPHMEDHO
OAWHAKOBLMM (NpH OAMHAKOBOH MOUIHOCTH, BBOIMMOH HA eNMHHLY JJIMHBI},
Pasznuua 8 yCKODEHHSX, KOTOpHE MpPEXNOJaraeTcs NONYUMTh, NPOHCKO-
I¥T raaspeiM o0pasoM 3a cudT pasHeX MommocTeRl. Tak, B ycKopHTene
MTH 6yner no oxmoMy MarHeTposy Ha xawade 32 ¢ AnuHbl npubopa.
MarneTpon 6ynmer OTAaBaTh, BepoaTHO, oxoao 0,8 MW, mnpumepHO noso-
BHHA 5TOH BesnuMHLL nomafdT B yCKoputenb, IOT0 [HaéT P:::—60T;;-=-
= 1,25 wmeraBaTTa Ha Merp, oTKyaa E == 4,4 meraBoabra Ha METp,. Ipn

\
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-obwiel xauHe yckopureas 6,4 x# coobnjaemas SAeKTPOHAM SHEDPTHH OKa-
werca paBHOH 4,4-6,4 =28 MeV. B mnpeneaputensHoii Moxeam CrsH-
DOPIACKOrO YCKODHTENA NPEANOJaraeTcsl MCHOAb30BaTh TOABKO OJHH MAr-
HeTpoH OpH AjaHHe npubopa okoio 6,1 . IToCKOABKY 3XeCh MH HMeeM
Jeno ¢ GeryniMMM BOJHAMH, MOXHO HCIIOJNb30BATh BCIO OTAABAEMYIO Mar-
HETPOHOM MOLIHOCTb, M, TNpUHMMas TO Xe 3Havenue 0,8 MW, uro n B

npoekte MTH, Mul noaydaem Pzg-’—? == 0,131 meraBarTa Ha MeTp, OT-

kyjga E = 1,20 meraBosrTa Ha Merp. DJEKTPOHH Pa3rOHIIOTCA IIPH STOM
a0 sueprun 6,1-1,20=7,3 MeV. C npyro#t cropoHsi, B JjaabpHeiiem
B Crsudopae NpefnoAaraoT NHTATb YCKOPUTENb OT MOM{HHX KAMCTPO-
HOB HOBOM KOHCTPYKUHH, MCIOJNB3YeMBIX KaK YCHAUTENW MOUHOCTH. OHM
OyayT pasMelleHH NEepHONXYECKU BJOJb Npubopa, ¢ NepnoloM MopazKa
4y Toka ewld pado MpeiCKasuBATb, KaKUe SHEPrHH MOI'YT ObITh 3MeCh
nosydens!. IloJAHasg MOLHCCTH, BBOAMMAN B KaaudopHulckuil yCKOpHTEAD,
cocrapaser 2,34 MW. Ilpu maune npudopa okono 12,2 x 310 Rmabr
P = -%% = 0,19 meraBarra Ha Merp, oTkyna FE =—=2,66 wmerasoabra
’

Ha MeTp, M PasHOCTh HOTEHIMaNOB Ha KOHHAX Tpy6H pasHa 32 MeV.
Onnako, NOCKOABKY HOHB HAaXONATCS He B NHKE BOJAHH, TONbKO 28 MeV
#CNOAb3yeTCH And yckopenms, K sromy aofamasercs emd Havanbhas
BHEpPrUs HOHOB, paBHad 4 MeV.

(Oxonuzanue s caedywuen sunycre.)



