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AKTHBHJaumi HCCne)lOBaTenbCKHX pa6oT no CHnhHOTO'IHbiM yCKOpHTenhHhiM 

ycTaHOBKaM ua 3Hepmro JlO 1 f3B B CB11JH c npeuno:lKenHeM K.Py661:1a [1] o co

opY:lKeHHH cne)lyromero noKoneHH11 npoMbiiimeH{IhiX A3C ua .'ocuose 3ne:KTpo-

11Jlepuoro cnoco6a npoHJBOJlCTBa 3HepmH Tpe6yeT apryMeHTHposauuoro OTBeTa 

ua sonpoc o6 anhTepuantBHOM ucnonhJOsamm nHHeiiHC)ro nu6o UHKnH'IecKoro 

ycKopuTen11, uanpHMep ceKTopuoro UHKnOTPOHa, )ln11 3THX ueneii. HecoMHeHHhie 

npeHMyll{eCTBa UHKnOTpOHa nepeJl nHHeHHbiM YCKOpHTeneM npOTOHOB Ha 3Heprn10 

JlO } f3B C TOKaMH JlO 10 Ma nOCT011HHO CTaB11TC11 nO)l COMHeHHe e)lHHCTBeHHbiM 

ero He)lOCTaTKOM - Ka:lKyll{eHC11 CnO:lKHOCTbiO (HnH BOo6me.He)lOCTH:lKHMOCTbiO) 

ocymeCTBneHH11 BhiCOK03cpcpeKTHBHOro, 6nHJKOro K 100 %, BbiBO)la nyqKa 'IaCTHU 

HJ UHKnOTpOHa.• 0)lHaKO HMeiOU{HeC11 K HaCT011ll{eMy BpeMeHH CBe)leHH11 no 3TOH 

npo6neMe, nO)lTBep)KJleHHbie ocymecTBneHHbiMH, HaXO)l11ll{HMHC11 B CTa)lHH Hayq

HbiX HCCne)lOBaHHH Hnll npe)lnO:lKeHHhiMH BHOBb CnOC06aMH BbiBO)la lJaCTHU, fOBO· 

p11T 0 npaKTH'IeCKOH pearlHJyeMOCTH, 6nnJKOH K 100% ero 3cpcpeKTHBHOCTH . 

TiepeqncnuM, 'ITO JlOC~HrHYTO ua cerOJlH11 B sonpoce nonuoro BhiBOJla nyqKa 

ycKopeHHbiX 'IaCTHU HJ UHKnOTpOHa. 

Ha nepsoe MeCTO nOCTaBHM JlOCTHrHyThiH ycnex· Ha ycKopnTenhHOM KOMnneK

ce PSI, rJle Ko3cpcpHUHeHT BhiBOJla npu aueKsaTHoii uacTpoiiKe cncTeM ycJ(opn1'en11 

cocTaBn11eT 99,97-99,98 [2]. YKaJaHHhiii BhiBOJl HJ ycKopuTenhuoro Ko~nneKca 

PSI ocymecTsneu c ucnonhJOBauueM MexaunJMa npeueccHH npn nonuocThiO «Ja

Mopo:lKeHHhiX» op6HTaX ycKOp11eMhiX 'IaCTHU Ha CTa)lllll BhiBO)la npH Hanp11:lKeHHH 

Ha Ka)KJlOM HJ 4-X OCHOBHhiX YCKOp11IOU{HX peJOHaTOpOB rv.730 KB. 

B '.D:y6ue, B 0115H1, B Te'IeHHe p11Jla neT BeJlYTC11 r~opeTH'IeC~He u . 3KC
nepHMeHTMhH~Ie Hccne)loB~HH11 3cpcpeKTa paciunpeun11 · · op6nT, KC>T.ophiii': 6hm 

o6m!pY:lKeH s 1972 roJly [3]. nY,.eM cpopMHposaHH11 ·cnaua sapHaUHH MarHHTHoro 

non11 s JOHe BhiBOJla Mmimo ysenH'IHTL 3uepreTH'IeCKHii war cne.ziyromHx Jlpyr 

Ja JlpyroM op6HT B HeCKOnhKO pa3, 'ITO npH TeX :lKe ycnOBH11X «JaMOpO:lKeHHOCTH» 

nocne)lHHX op6HT MO:lKeT o6ecne'IHTh K03cpcpHUHeHT BhiBO)la, 6nHJKHH K 100 %, 

npH MeHbUIHX JHa'IeHH11X no cpaBHeHHIO C nepBbiM BapHaHTOM BhiBO)la Ha6opa 
- I . , 

3HepmH Ja o6opoT [ 4], PeJynhTaThi 'IHcneHHhiX · pac'IeTOB BhiBOJla 'IaCTHU HJ cy-

nepUHKnOTpoua C HCnOnhJOBaHHeM 3cpcpeKTa paCUIHpeHH11 op6HT npHBe)leHhl 

ua puc.l [5]. 
· H, HaKoueu, uanoMHHM o npeuno:lKeHHH .H.Houreua [6], BhiCKaJaHHOM. HM 

Ha 14-ii KOHcpepeHUHH no UHKnOTpOHaM, 0 nonHOM BhiBO)le HJ UHKnOTpOHa, TaK 

HaJhiBaeMoM «auto7extraction systems», ua cnaue.MarHHTHoro non11 c HcnonhJO

sauHeM cneUHMhHO BBe)leHHOfO B03Myll{eHH11 nepBOH rapMOHHKH MarHHTHOfO 

non11 . 
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Pnc.l. Pe3yJJbTaTbi tiHCJJeHHhiX pacqeToB BhiBo,ua qacTIIU II3 cynepunKJJoTpona 

Bee nepequcneHHbie Bbillle cnoco6hl BbiBOJla nyqKa Tpe6yJOT JlJJg caoero 

ocymecTBJieHI1g OJlUHaKOBO CTpOrHX ycnOBHH CTa6IInbHOCTI1 11 nOBTopgeMOCTH 

nocne)lHUX op6UT nepeJl BbiBOJlOM, 'ITO, B CBOJO Otiepe,Ub, onpe)lengeT )lOnycK 

Ha !IJopMHpOBaHUe CTUUIIOHapHOro MarHI1THOfO nong UHKnOTpOHa, a TaK)J(e JlO

nyCKI1 Ha )lOnroapeMeHHYJO CTa6unbHOCTb ycKopgJOlUero BbiCOKO'IaCTOTHOfO 

nong, 3TO B HTOre npHBOJli1T K TUK Ha3bJBaeMOMY pe)J(UMY «3aMOpO)J(eHHbiX» 

0p611T. 

flp11 HaJlU'IUU pa3nH'IHbiX nO)lXO}lOB K BbiCOK03!lJ!IJeKTHBHOMY BbiBOJlY nyqKa 

'laCTUU 113 U11KJ10TpOHa He06XOJlllMO o6paTI1Tb BHHt,fatllle Ha HeKOTOpoe CXOJlCTBO 

cnoco6oa 11x ocymecTaneHIDI, onpe)lenenuoe peanbHbiMH ycnoBIDIMII, B03HHKa

IOlU11MH Ha nepu!~Jepuu MarHUTIIOfO noJig UHKJlOTpOHa. 3)leCb, me !IJopMnpyiOTCg 

ycnoa11g Jlng BbiBOJla nyqKa, npo11CXOJlHT caMonponJBOJlbHbiH cnUJl cpeJIHero 

MUrH11THOfO nong It cna.u OCHOBHOH rapMOHHKI1 MUrHHTHOfO noJig, 

· HanoMHHM, 'ITO lllar op6uTbi Ja o6opoT acneJlCTBlie na6opa auepnm Ja o6o

poT MO)J(IJO Bblpa311Tb KUK 
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(1), 

'· . ' ~ ' . ' -
r}le r- TeKYJllHH pa.uuyc; /3. E.:_ ua6op auepmH Ja o6opoT; E- nonuaa ::iueprllil 

ycKopeHHbiX qacruu; 13 =vIc;' a. - Koa!IJ!IJuuuenT pacll.nipeuug op6uT, KoiopbiH 

cagJaH · co· cpeJlHHM proMepoM op6uTbi R H napaMeTpaMH c!~JopMupoaauHoro 
MarHHTHOfO nona COOTHOllleHHeM [4) . 

_ dr !:_ -::= [ I + n + .a.- dp r 
B 2N 

2N'28 2 

me p - HMnyJibC ycKopeHHOH qacTHUbi, 

] 

-I 
2·d 2 B 

2 r N . (nN~ BN 7) • (2) 

dB r 
n = -d = - noKaJaTenb neOJlHOpOJl-

r B 
dBN .r 

HOCTH MarHHTHoro nong, B- cpeJIHet; uJoxpouuoe none, nN=-d '---8 , BN 
. r N 

aMnnuTyJla ocnosnoii rapMoHHKH nong, N - qJ1cno aneMeHTOB ru!puOJlH'IHOCTH. 

11MeeTcg necKOnbKO aapuaHTOB H3Meneuug npuae)leHnoro ypaaneuug (2) 

JlJlg K03lPlPHUI1eHTa paClllHpeHIDI Ja C'leT aMJ11111TYJlbl OCHOBHOH rapMOH11KI1 U ee 

npo113BOJlHbiX, Ja cqeT 113MeHeHI1g cpeJIHero nona 11Jll1 Koa!IJ!IJ11ul1eHTa · n im6o 
Ja cqeT H3Menenl1g coaMeCTHOH ux KOM611nau1111. YMeJio HJMeugg 11 !1JopM11pyg 

HY)J(HbiM o6pa30M B Ka)J(JlOM KOHKpeTHOM cnyqae Ha3BaHHbJe napaMeTpbl 

MarH11THoro nong, · MO)J(HO JlOCTI1rHyrb ·)J(enaeMoro peJynbTaTa no: yaenl1'1eHI1IO 

pa.Il11aJlbHOfO lllara op611T B 30He BbiBO)la. , 
Heo6XOJli1MO o6paTI1Tb BHHMaHHe 11 na TO, 'ITO nOCKOJibKY B paccit~T-p11Bae

MOM cnyqae BbiBOJl qaCT11U ocylUeCTBngeTcg B 30He, r)le qacTOTa pa.Il11aJibHbiX KO

Jie6aHHH Q npn6JIH)J(aeTcg K 2, T.K. Q rvy, r)le y= El Eo, TO Jlllg Ka)I(Jloro KOH-r r . .· ·. ,, , . 

KpeTHoro cnyqaa ueo6xOJli1MO qncnenno aHaJII1311poaaTb npoxo)I(Jleune acex B03-. ' . . . 
MO)J(HbiX pe30HUHCOB, BKJliO'IUH H pe30HaHCbl CBgJI1 piuJ.HaJibHbiX U BepT11KaJibHbiX 
Kone6ani1H. , · ' · · · ' ' · · · ' 

Tenepb nepeii)leM K )lonycKaM . .UonycK ua cpeJIHIOJO aenu'II1HY ~api~nwro 
nona onpeJiengeTcg )lonycKOM ua pa3pellleHHbiH cpa30BbiH CJlBHr · npu Jli3u)Ke1fuu 

ueuTpa nyqKa no pa.u11ycy no aonue ycKopgJOmero nona, on JaaucuT oT aeni1'1HHbi 

ua6opa anepm11 Ja o6opoT 11 • npu eU ·-== 2 MaB uaxOJlHTCa B npeJienax ycK. 

118 I B = ± (2 + 0,8) . I o- 4. Meuee )J(eCTKI1e TPe6oaamta npeJl'bgBn,l!JOTCg K )lOny

CKaM HU BeJ1H'II1Hbl OCHOBHOH, rapMOHI1Kll ll rapMOHI1K HH3llli1X nopgJlKOB B JOHe 

BbJBO}la nyqKa, KOTOpble ue )lOn)J(Hbl npeBbllllUTb 31Jaqemtg /3. B Nl B = ± I . I o- 3
. 

.UonycK na oTnnque qacTOTbi ycKopgJOmero ~ong !0 npn Tex )J(e ycnoanax He JlOJI-

)J(eiJ 6biTb 6onbllle !l.f If=± 2,5 · 10- 5. Bee nepeqncneHHbie Bbillle' )lonycKn naxo

JlHTCg B npeJienax TexiJuqecKoH · peani1JyeMOCTI1; Bmipocht' CTa6nnbHOCTit' 

MarHI1THOro ll ycKopgJOlUero BbiCOKO'IaCTOTHOro nong 6bi~ll npopa6oTaHhl JlOCTa-
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TO'IHO .llOCKOHaJibHO npu paccMoTpeHHH npoeTa coopy)KeHm!. a OIUII1 B 1969 r. 

MOH03HeprenitJeCKOro UHKJJOTpOHa (7]. B TO )Ke BpeM.ll B JI5Jfl 0115111 HaMH 

o.nHHMH HJ nepabiX 6bma npe.llJIO)KeHa cxeMa flat-top ycKopeHH.ll .ll.fl.llo6ecnetJeHH.ll 

MOH03HepremtJHOCTH 'lacm~ B nyqKe.c pa3pemeHue,; LlW IW~ 10:.. 4 [8]. floJ)K~ 
pe)KHM flat-top YCKOpeHH.ll 6bm peaJIHJOBaH Ha 3.fleKTpOHHOH MO.lle.fiH_ KO.flbUeBoro 

UHKJIOTpOHa (3MKU) npH HCC.fle.llOBaHHH BbiBO.lla MeTO.llOM pacmnpeHH.ll JaMKHy
TbiX op6HT (9). 

B CB.li3H C HaJIHlJHeM Janaca MOUlHOCTH y OCHOBHOro BlJ-reHepaTopa 3MKU 

.ll.fl.ll pe)KHMa flat-top ycKopeHH.ll 6bmo pemeHo ncnonb30BaTb cynepno3HUHIO 

H3 nepBOH H BTOpOH rapMOHHK YCKOp.liiOUlero Hanp.li)Kemi.ll, KaK o6ecnetJHBaiOUlYIO 

MaKCHMaJibHYIO yrnoByiO IlpOT.li)KeHHOCTb 30Hbl «IlOCTO.liHHOro» Ha6opa 3HeprHH. 

flo.no6HbiH Bbi60p .llHKTyeTC.ll TaK)Ke Coo6pa)KeHH.liMH pa.nHOTeXHHKH, TaK KaK 

BBH.llY KOHCTpyKTHBHbiX oco6eHHOCTeH 3MKU ycKopeHHe B HeH MO)KeT ocymecT

B.fl.l!TbC.ll TO.flbKO C IlOMOUlbiO .nyaHTOB, npOT.li)KeHHOCTb KOTOpblX .lla)Ke .llJI.ll nepBOH 

rapMOHHKH COH3MepHMa C .ll.fiHHOH BO.f!Hbl YCKOp.liiOUlero Hanp.li)KeHH.ll, 'ITO 

npHBO.llHT K 3aMeTHOMY Pa.llHaJibHOMY pacnpe.neneHHIO Hanp.li)KeHH.ll. 

B cnyqae ucnonbJOBaHH.ll nepaoii H BTopoii rapMOHHK ycKop.liiOUlero Hanp.li

)KeHH.ll npH OilTHMarrbHbiX cpa30BbiX COOTHOllleHH.liX Ha6~p :ilHepmu Ja o6opOT 6y-
.neT paBeH 

I 
.llW I LlWOI =cos«<>-~ cos 2«1> • (3) 

r.ne .6.W01 onpe.nen.lleTC.ll aMnnury.noii ycKop.liiOUlero Hanp.li)KeHH.ll U
0 

u yrnoaoii 

npOT.li)KeHHOCTbiO .nyaHTa 9 

Ll W01 = 2U01 sin 9112 (4) 

a- oTHomeHne Ha6opoa: a= .6.W
01 

/ .6.W
02

• 

B 3aB~CHMOCTH (n «a» Bblpa)KeHue (3) onpe.nen.lleT CHMMeTpH4HYIO 

. OTHOCHTe.flbHO <p = 0 O.llHOrop6YfO. (a~ 4) H.fiH .nayrop6yl0 (a< 4) KpHBble. nono
)KeHue H BeJJH'IHHa 3KCTpeMyMOB H .llHana30H cpa3, B KOTOpOM pa36poc 3HepmH 

npn Ha6ope He 6y.neT npeBbilllaTh .nonycTHMyiO, MOIYf 6biTb onpe.neneHbi 

aHaJIH'fH'IeCK~. Y .llByrop6oi1 KpHBOH . 3KCTpeMyMbl 6y.llYT npH «1>
1 

= 0 (min) 

H cos «1>2 =±a I 4 (max). 

0THOCHTe.flbHbiH 3HepreTU4eCKHH pa36poc Me)K.lly MaKCHMYJ\IOM H MHHHMYMOM. 
.llayrop6oif KpHBOH 

0. =2 [(~J -(~J ]I[(~J +(~J ] (5) 
mm AW01 <>, AW01 <>, AW01 <>, AW01 <>, 

orpamtlJHBaeT B03MO)KHbiH BbJ60p 3HalJeHHH «a», T.K • .llOilYCTHMOe 3HalJeHne pa3-

6pOCOB 0 .llO.fi)KHO 6bJTb 60.flbllle H.flll paBHbiM 0 . : 0 ~ 0 .• 
· · mm mm 

4 

;\ 
y 

0 

HanutJne Manoro napaJnTHoro cpaJoaoro c.nanra TpaHccpopMnpyeT (3) B 
', c• •. •' 4 ' :' · · ' ;

1
·., , • 

I . . . 
.llW I LlWOI =cos«<>-- cos ( 2«1> + 2l¥) = 

a . . . 
cos 2«1> sin 2«1> . 

=cos <p- ---cos 2l¥ + --- sm 2l¥ 
a a (6) 

TO eCTb IlO.liB.fl.lleTC.ll C.llBHr 3KCTpeMYJ\IOB H aCHMMeTpH'IHa.ll IJaCTh, npHBO.ll.llllla.ll 

K nepeKocy Il.flaTO, 'ITO,· B CBOIO 04epe.llb, IlpHBO.llHT K CpKeHHIO .llOilYCTHMOH 
o6nacTn · cpa3. • : •. 

flOJJO)KeHUe 3KCTpeMYJ\IOB H lllHpHHa'.nonycTHMOH cpa30BOH o6naCTH .llJI.ll 3a.lla

BaeMbiX 3HalJeHuif: cpa30BOro C.llBHra lJi H OTHOCiiTe.flbHOro pa36poca HafiopOB «0» 

MOryT 6bJTb Haif.ueHbl B 3TOM C.fiYtJae IlYTeM lJHC.fleHHOro pellleHH.ll TpaHCUeH.lleHT

HbiX ypaBHeuuif. Pe3}'.flhTaTbi pactJeTa· .nonycTHMOH o6nacTH cpa3 a JaBHCHMOCTH 

OT OTIIOllleHH.ll Ha6opoB «a» .llJI.ll 0 = 0,001 H lJi ·- B .llHailaJOHe OT 0 .!10 0,} 0 

(0::;; l¥::;; 0,1) npe.ncl'aaneHbi Ha puc.2. lh rpacpnKOB pnc.2 cne.nyeT, 'ITO aJHMY

TaJibHa.ll 'IlpOT.li)KeHHOCTb ycKopeHHOro 'CI)'CTKa, .ll.fl.ll KOTOpOro pa36poc 3Hepnm 

lJaCTHU HaXO.llHTC.ll B 3a.naHHbiX npe.nenax I o- 3 npn '¥ = 0, lf3MeH.lleTC.ll OT 40,5 ° 
.no 30,3 °. · 

Bbl,!~aiOlllHXC.ll pe3y.flbTaTOB 

npn . peanuJauuu pe)KHMa flat-top 

ycKopeHH.ll .llOCTHr KO.fl.fleKTH8 CO-
. ! . • 

TPY.llHHKOB ycKopnTenbHoro KOMn-

neKca PSI [ 10]. flp11 ase.nemm .no-. 

IlO.fiHIITe.flbHOrO pe30HaTOpa' 

u o6ecnetJeHIIIf acex ycnoa11if; He

o6xo.niiMbiX .llJii pe)KUMa flat-top· 

ycKopeHII.ll, cpaJOBbiH aKcemauc 

.ll.fl.ll BTOpOH cryneHif ycKopeHII.ll 

npeBbiCHn 40 o 11 o6ecnetJII.fl .yc

noBn.ll, np11 KOTOpblX 3Hep

reTII1JeCKIIH pa36poc yCKOpeHHOro. 

IlYtJKa He npeBbiCII.fl 3HaiJeHII.ll 

5 · 10- 4
. 3TO Il03BO.flll.fl~ 

IlOBbiCIITb . K03cpc}JIIUHeHT BbiBO.lla 

.llO Be.fiHlJIIHbl 99,98 % II B He

CKO.flbKO pa3 IlO.llH.l!Tb, cpe.UHIOIO , 

HHTeHCIIBHOCTb YCKopeHHOro IlYtJ: . 

Ka. l1,rul no CTOilaM Konner nJ PSI, 

pe)KIIM flat-top ycKopeHn.ll, 

peaJIIf30BaJIH Ha , KO.flbUeBOM . . . . 
unKJJoTpoHe RCNP 51.nepuo~ 

f!.'f" 

40 

35 

30 

S:QOOt 

1 't'·=o.ooo 
2 't'" = 0.050 
J 't'"=0.075 
4 't'" = 0,090 
5 't'" = 0.100 

~l~90~~~r-~~~~~--~-r~~~ 195 405 a 

.~nc.2. a~ LlW01 1.1W02 --:- OTHomeHue ~~6opoa 
3HeprnH, Llq> - aJHMyraJibHlUI IIpOTli)KeHHOCTb 
CI)'CTKa ri"yqKa, B - OTHOCHTeJibHbiJl. ·. 3Hep

~HlJeCKHH .. pa36poc,·;;'P - . cpa30BbiH C,!IBHr 

OTHOCHTeJibHO OCHOBHOro ycKOplllOIUe~ . Harrpll-
:lKeHHll 
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qnl3HlJeCKOro HHCTHTYfa B 'OcaKe (51nonna) [II] " !Ia ceK~OpHOM unkno'fpone 
NAC B Keiimayne (IO%HaH A¢pnKa) [ 12]. B TOM n .upyroM cnyqae cpaJOBbiii aK
cenTanc .una nocne.uneii cra.unn ycKopenna cocTasnn "'20 a, cpe.tinaa 
nnTeHCHBHOCTh 6Lma ysennqena npHMepno s.usoe, YBenH'IeH TaK%e K03cpcpnuneHT 
BbiBO,Ila H3 HaJBaHHhiX ycTaHOBOK. . "' 

Tionyqennhle na ycKopnTenLHOM KoMnneKce PSI peJynLTaTLI conposo)K.IlanHCb 
nocToaHHhiM cosepwencTsosanneM B4-cncTeMbi H noBbilllenneM. na6opa 3HeprnH 
Ja o6opoT. Co6crsenno B4-cncTeMa ceKTOpnoro UHKnOTpona·PSlsKmoqaeTB ce-
6a lJeTbipe OCHOBHhiX pe30HaTopa H O,llHH cneuHanhHbiH pe30HaTop, HaCTPOeHHhiH 
na TpeTLIO rapMOHHKY ocnosnoii qacTOTbi. Ysen'nqenne pa6oqero nanpa%enna 
Ha OCHOBHOM pe30HaTope ,llO 730 KB npnseJIO, C O,llHOH CTOpOHbl, KaK Y%e OTMe
qanOCh Bhlllle; K cyrneCTBeHHhiM nono%HTenbHb1Mpe3ynbTaTaM, TaKHM,KaK nOBhl
llleHHe MaKCHManbnoro cpe.unero ycKopennoro TOKa .uo I ,5. MA, nosbillleHHe 3cp
cpeKTHBHOCTH BhiBO,Ila, yMeHbllleHHe lJHCna o6opOTOB ,llO KOHe'IHOH 3HeprHH, HO 
C .upyroii CTOpOHhl, noTepn MOUI,HOCTH pacceaHHa B CaMOM pe30HaTOpe, KOTOpbie 
nponopunonanLHbi Ksa.upaTy s036y)K.IleHHOro nanpa%enna, cymecTBenno soJ
pocnn "npeBhiCHnll 3HalJeHHe rv 1,2 MBT. 

Ecnn .una o.unoii ycTanosKn, asnaromeiica ynnKani>HbiM m;ciie.uosaTenLCKHM 
o6opy.llOBaHHeM, TaKaH BenH'IHHa MOUI,HOCTH pacceaHHH He asnaeTca orpaHH'IHBa
IOUI,HM KpHTHlJeCKHM cpaKTOpOM, TO npn ncnonhJOBaHHH no.uo6noro o6opy.uo
BaHHa B npOMhlllln!?HHbiX uenax H He B e,llHHHlJHOM ncnonHeHHH !>fOlllHOCTh 
noTepn nrpaeT cymecTsemiyro ponh, T.K. onpe.uenaeT o6mnli KTI.U. Ha · naw 
sJma.u, .una npoMLirnnennoro ncnonbJosaHHH. 6y.ueT 6onee 'norixo.uamnM yc.fpoiicT
so, o6na.uaromee B4-cncTeMoii c yMepeHHbiM na6opoM 3HeprnH Ja o6opoi, 's KO
TopoM pa3.uenenne op6HT B Jone Bbiso.ua (.uecpneKTopa) ysennqeno n'o cpasnennro 
C 3HepreTHlJeCKHM Ja ClJeT 3cpcpeKTa paClllHpeHHH. 4T06bi OKOHlJaTenhHO OTBeTHTb 
ua nocTasneHHhiH sonpoc, Tpe6yeTca .uanLneiiuiee 3KcnepnMeHTanbnoe nccne.uo~ 

.BaHHe H nonHOMaClllTa6noe MO,IlenHpOBaHHe. 
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