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1 Bne,n;eHHe 

B <l>a3orpone Ol1JU1 [1,2] ,l:IJIH ,1:1uarnocrnKll nyqKa ucnom3y10rcH BTopuqno - 3Mllccuo11-

1111e ,1:1aT'IHKH [3]. ~arq1rn npe,1:1craBJIHeT co6oli rronocKy q>OJihru TOJIII.\HHoi!: B HecKoJibRo 

MHKpOH C pa,l:IU
0

aJibHOl1 !IpOTHllteHHOCTblO 3 + 5 MM,'YCTaHaBJIHBaeMylO IIO,ll yTJIOM 45° R 

Me):{l!allllOti IIJIOCKOCTll Ha q>llKCllpOBaHHOM a3uMyTe ll n:epeMell.\alOII.\YIOCH IIO pa,1:1uycy. 

3MHTHpyeMhle ll3 Hee 110,zi ,1:1el1CTBUeM ycKopeHHhlX IIpOTOHOB BTOpll'lHLle 3JieKTpOHLI co-

6npa!OTCH Ha l{OJIJ!eKTOp, H 3TOT CllTHaJI llCIIOJib3YeTCH" ,l:IJIH ll3MepeHUH llHTeHCllBHOCTll ll 

.z:1pyrnx xapaKTepHCTHK ycKOpHeMhlX qacrm~. 

U pa6ore [4] upoa11anu3npoaa11O BJIHHHHe ,1:1arqnKOB ua nonepequoe ,1:1anJKem1e qa

cr1111 IIy<IKa. B .z:1a1rnoti pa6ore paccMaTpnaaeTCH BJIHHHlle ,llaTqllKOB Ha IIpO,l:IOJibHOe 

.z:IBHJKe1111e qacr1111. Ilpll rrpoxoJK,1:1emm qepe3 q>OJJhry qacn111LI repHIOT qacrh s11eprm1 

ll3-3a I1ou113al(11O111111x rrorepb. Ben11qu11a 11omrnanrrouuL1x rroreph 3aarrcrrr or sneprrrrr 

qacrrrn u paa11a ,l:IJIH BLI6panuoro ,1:1ari:rnKa ~W'~ -10 m~B, [5]. 9ra Benrrqu11a cono

craa11Ma c na6opoM suepmu 3a o6opor rrpu uarrpHJKe11uu ua .z:IJanre V = 15 RB B KOHile 

qacrornoti rrporpaMMhl ( qacroTHM rrporpaMMa lo = 18.2 + 14.'4 Mfn). 

Kor.z:1a qacruna 11e nepeceKaer cpomry, H3Menenue suepruu E yCKopHeMol!: i:racrnnLI 

OIIHCblBaeTCH ypaBHeHneM [6] 

1 dE 

l dt 

r,1:1e l - qacrnra o_6pall.\eHIIJI qacrunLI, 

= eVcosc.p, 

c.p - cpa3a, iiaCTHilLI OTHOCHTeJibHO yCKopHIOII.\ero nanpHJKeHHH, 

eV - MaKcnMaJibHLill 11a6op s11epr11u 3a o6opor. 

(1) 

<l>a3a cn11xpo1rnoti qacTHilLI, qacToTa o6pall.\eHHH RoTopoll ls a KaJK,1:111!!: MOMe!lT Bpe

Menu Toqno COBrra:naeT C qacTOTOll J.CKOpHIOII.\eTO uanpHJKeHHH lo, onpe,lleJIHeTCH COOT

uomem!eM 

cosc.ps (2) 

Ecnu aBecTu napaMeTp JC = - t ( !Ji )s, KOTop~li 3aBHCHT TOJibim OT cTpyK

TypLI MaTHHTHOro IIOJIH u, xapaKTepu3yeT aB
0

TOq>a3HPYIOII.\He CBOllCTBa ycRopuTeJIH ( ,l(JIJI 

<l>a3oTpoua I{ ~ 0.8 ua KouequoM pa,1:1nyce ), TO nonyqnM BblpaJKe11ue ,l:IJIH cosc.ps 
',, . 

cosc.ps = Es dfo 

evnI< dt' 

r.z:1e 1/f- -CKOpOCTb H3MeHeHHH qacTOTLI ycKOpHIOII.\ero HanpHJKeHHH, 

&bv-lli,1~lii~il n~ .• ryr \ 
lY,~)tlW!l »ctttlCU•d 
_ 6i1Sfl"'8T~ _ 

(3) 
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Pnc.l cosr.ps == 0.003 , <p~ == 65° : a) .0. W == 0 , b) .0. W == -10 1nB 

IT pn IIOJIBJieHnn llOIIH3alWOHilhlX IlOTepb ypaaaeune ( 1) nepeXO,lll!T B 

l dE f dt == eV coscp _ .0.w. (4) 

fioJIBJieane B Hpaaofi qacTH ypaa11eun11 qJieua .0. W < e V M0}KeT HHTepnpeTnpoBaTbCJI 

KaK H3MeHeHne q>a3hl CllHXpOHHOH qaCTHl(hl, Bhlpa~eHHe ,!(JIJI KOTOpOH Te~Iepb rrpno6pe
TaeT BH,!( 

cos 'PS == 
Es dfo .0.W ---- + -

eV J( n dt eV . (5) 

06a qJieHa B rrpaaofi qaCTH Bhlpa)l{eHHJI (5) IIOJIQ}KHTeJibHI,i. TaKHM o6pa3oM, ll0Hll3al(ll

OHl!hle IIOTepn IIpllBO,!(J!T K yaeJIH'!el!HJO cosrps, T. e. !{ yMeHbl!Iel!H!O pa3Mepa o6nacTH 

q>a30Bofi ycrnn 'lllBOCTH. CnenoBaTeJibHO, ,!(OJ!JKHhl H3MeHHTbCJ! H aMII~HTJ,!\hl q>a30BhlX 
Kone6aunit. -
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l'nc.3 ro.s<ps = 0.003, .0.W = -10 K3B npn W > 652 IvfaB: 
a) 'Po== 65° , b) 'Po= 90° 

)],JI11 npoaep1rn nanaoro 3aKJIJO'!eHHJI 6b1no npoaeneno qncJiennoe HHTerpnpoaaane 

ypaa11ean11 (4). PacqeT ocyll{eCT.BJIIIJICJI no nporpa11Me "LONMOT" [7), ncrroJib3JJOlllell: 

peaJibHhle MarHHTHOe IIOJie ll 3aBHCHMOCTb 'laCTOThl ycKopJI!Oll{ero nanpJIJl{eHlrn OT Bpe

MeHll. Paco1aTpnaannch naa pe)l{i!Ma ycKopean11: "MenneHHhlll:" ( df0 /dt ==. -107 s-2, 
cosrps '.,,,: 0.003 ) n "6hlcTphlfi" ( df0 /dt = -5-108 s-2 ,' cosrps ~ 0.17 ). 

Ha Puc.I ,iacrnua c.Ha'laJibHoll: :rneprnell: 650 M9B n Ha'!aJibHoil: q>a3oll: 65° yrnop11-

eTCJI upu nanp11Jl{e11nn aa ,!(JaHTe 15 ~B n cosrps = 0.003 ( rps ~. 89.8° ). Ha Puc.la 

IIOKa3aHo cpa30BOe ,!(Bll:Jl{elll!e noll qac-i:n~hl -~pH O;CYTCTBHH IIOTepb, a Ha PHc.lb npn 

.0. W = -10 K3B 3a o6opoT. BH.ziir~, '!TO Hannqne HOHH3al(HOHHhlX IIOTepb HpHBO,!(llT 

K H3MC!leH~;I0• gllHXpOHHOll q>ll3LI OT 89.8° K 70° ll K JMellb!IICHll!O aMIIJIHTJ,!(hl qJMOBhlX 

Kone6a11nli. 

Ha Pnc.2 qaCTnua c Toli me IIa•ianbHoli 9Heprneii., Ho c naqaJibHOfi q>aaoll: 90°, 

yrnopJ1errn B TOM me penrnMe. Ha Pnc.2a noTepn 0TcyTcrny10T, a na Pnc.2b .0.W == 
-10 1nB 3a o6opoT. l1 B 9TOM c11yqae rrponcxo,nnT H3Menenne ·cnnxpoanoll: cpa3hl, no 

aMmmTyna cpa30BhIX Ko11e6annil. yBeJin'!1rnaeTCJI. 

Ha Puc.3 noKa3aHo cpa3oBoe ,nanmeane •1acTHUhI, ynmp111011{ell.cJ1 npn TeX me ycno

BH/IX. llcpBOlla'IaJil,110 HOHH3a!lHOHHhle IIOTepn OTCJTCTBYJOT, HO KaK TOJibKO 9HeprnJI 

'!aCTIIUhl nocrnraeT H' == 652 IvbB, no11BJIJIJOTCJ1 noTepn .0. l,V == -10 H::JB 3a o6opoT B 

Te'!e!Jne acero nocne,!(JJOlllero yrnopemrn. Pnc.3a cooTBeTCTBYeT qacTnn;e. c n~qaJibHOfi 

cpa3oii 65°, a Pnc.3b - goo. TpaeKrnpnn rrocne noJIBJiemrn nonn3an;noHHhlX rroTepb 

npaHTH'leCKII coanana10T J\JIJI pa3HhlX cpa3. 8~o CBJl3aHO C TeM, q'fo q~CTllUhI ,!(~CTlffaJOT 

q,onHn ua B<'pI11n11c cpa3oBoii Tpae1nopnn n, cooTBeTCTBenno, aaqnuatoT nanmeune c 

y•1eT0~l llOTepb npaKTH'!eCKn npn 0,!(HllaKOBhIX naqaJibHhIX JCJIOBHJlX ( w == 652 M9B , 

'P ~ goo ). 

Ha Pnc.4a rroKa3ano cpa3oaoe nBnmenne qacn1u npn 6blcTpoM pe}HHMe yCKopeHHJl 
cos rps = 0.17 ,!(JIH HaqaJibHOlt 9Heprnn 650 M9B H HeCK0JibKHX aaqaJibHhIX q,a3 ( 20°, 

60°' 100° ). TTpu ,!(OCTll}HeHIIH '!aCTHl(ei! 9H~prnn 654 M3B .IIOHBJIJl!OTCJl H0HH3al(H0HHhie 

rroTepn c Bennqnaoll. .0. H' = -10 1BB. Ha Pnc.4b rrpencTaBJieHhI peayJihTaTbl rrono6HhIX 
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Pnc.4 cos<ps = 0.17 , ti. W = -10 Rc1B rrpn l:.V > 654 l\faB, 'Po = 20°, 60°, 100° : 

a) W0 = 650 Mc1B, b) W0 = 649 l\faB • . , 

pacqeToB ,l\JIR qacnn"( c HaqaJibuoil. 3Heprnel! 649 Mc1B. 3,l(ecb TaHJHe Bl!,l\eu C,l\Bllf 

CllHXpOHHOl! qia:lhl II yMellbllieHJie aMl!JIIITYJ\hl ROJie6amil!. 

3 RoMrrpeccHH aMrrJIHTY,DJiI cpasOBhlX HOJie6aH:11ii 

B ,l\aJihHel!meM rrpoBO,l\HJJOCb 6onee I!O,l\p06Hoe IICCJie,l\OBaIIHe q1a30B0f0 ,l\BIIJHeH~II qa

CTllllhl B rrponecce rrepexo,l(a OT,YCRope111111 6e3 HOHll3allHOIIHhIX IIOTepb I{ yrnopeniuo rrp~ 

HaJ111'IIIH
0 

IIOTepb. B rrpeJ(hl,lJ;ylllllX pac,reTax;~•orrpe,l\eJieHHhlil MOMeHT IIOIIBJIRJIHCb II0-
11113allllOHHhle 'rroTepH II 3aTeM OIIH 11pucyTCTBOBan11.' B peamnoil. CHTyalll!Il qacTHlla 3a 

O,l\Ho··qia~OBOe 'RoJie6aH11e COBepmaeT HeCI(OJlhRO COTeH o6opOTOB, llpll'Ie~I Ha' ;l~ROTOpbIX 

o6opoTax ona rrpoXO,l\llT qepe3 ,l\llafHOCTll'IecRyIO <pOJihry, a Ha OCTaJibHhIX IIOHll3allll~-

011HhlX IIOTepb HeT. Ilpu ,l(aJihHeil.mnx q11cne11Hh!X pacqeTax IIOJiaraJIOCh, qTo IIOllll3alll!

OHl!ble IIOTep11 rrpucyTCTBYIOT Jllllllh B TOM· cnyqae, eCJIII 3HeprnR qaGTIIllhl upeBh!IIIaeT 

onpe,llenennyIO Ben11q1111y ,( 652 Mc1B ,l\JIR na11111x pacqeTOB ). 

Ilp11 a11an113e pe3yJihTaToB q11cnerrn11x pacqeTOB 6h!JIO ·3aMeqeuo, 'ITO RpoMe C,l\B11ra 

Clll!Xponnoil qia3bl ua6JIIO,l\aeTCR 3aTyxaH11e aMIIJIHTY,l\hl qia30B1IX ROJJe6aHHl!. Ha PHc.5 

rroHa3aHa q1a:mBaR Tpae1nop1111 ,'laCTIII\hl c uaqanhuoil 3Heprneii 650 M3B H na•rnnhuol! 

qia3oil..G5° 11:na pemHMa yrnopeHn11 cos<ps = 0.017 ( <ps l',J 89° ). 

PacoroTpHM Ra•JeCTBCHIIO 3cpcpe1rr HOMrrpeccJfJf cpa30BJJX HOJie6aimit. Tipo,l\OJIJ,HOe 

,l(BIIJHCHIIC qacTllllhl MO}lll!O pa36JfTh' Ha TpH 3Tarra: 

0 !JOH H3,II(IIOHH~e JIOTep11 OTCYTCTBYIOT ( ti. H1 = 0 ) ; 

• Jf0111!3aUHOIIHUe IIOTep11 3a rrepllO,l\ qia30B0f0 l(OJie6a1111R rrpHCYTCTBYIOT Jllllllh na 

1-1,c,.r,oTOpw~x o6oporax;_ , 

• IIOHJf3al(JfOHHbie IIOTep11 IIpllCYTCTBYIOT Ha HaJH,l\OM o6opo,Te., 
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120 

Ila PHc.(i 11:106paH{CIIO IICCHOJll,HO 3ammyThIX <jJa30RhlX Tpae,rropnil ( )(JIii )',l\06CTBa 

paccMaTJH!BaeM CTaI\IIOIIap111,1c op6HTIJ ). Ilpn OTCJTCTBJIH l!Ollll3aJ\l!OllllblX l!OTepb qa

CTIIJ\a )UHIH{CTCH no cj>a:lOHOli Tpac1rropnn HOHpyr CllllXJ)OIIIIOii 1IaCTIIl(hl C Hel{OTOpol! 

aMIIJ!l!TYJ\Olt. B HeilOTOphll! MOMCIIT 1IaCTJfl"la, ,l(HllraRCh 110 Tpael{TOJJIIII 1, ,l(OCTl!raeT 

,l(nanHJCTU'IE'CHol!, cj>oJihrn If TepReT 11acn, 311eprnn tl IV. Tan uaH :i11cpr1111 'IaCTllllbl 

3aMt'TIIO 6oJIJ,IIIC 311eprnn n111xpom10ii 'faCTHULI, TO HpiI 3TOM Olla ncpeXO,l(IIT na q>a30-

BJIO TpaeICTOJJHIO 2 C MCI!Lllleli aMIIJIHTYl\Oli ( !{al{ IIORa3aIIO CTpCJl01IHaM11 11a Pnc.6 ). 

J{ttHra11cr, BJIOJJh :noil TpaeHTOJlllll, •1acrm1a npn e:1a11MoJ1el!cTBIIII c cj>cm;rol! nona,l(aeT 

Ha TpaeHTOJllllO :3 c enie MCHI,llleil aMIIJIIITYJ\OH 11 Tai{ Jtanee. B IIJHIIII\IIIIC IIOCJJe O,l(IIO

l{J)i:.TIJOii IIOTCJ)II 31tepru11 11 IICJ)CXO)\a Ila BIIYTflCIII!IOIO TJla<'KTOpl!l-0 11acruna MOineT B 

TC'!CllllC IICl"HOJlhHl!X cj>a!JOHLIX HOJIC6a1111ii JI<' B:JallAIO)\eilC'l'HOllaTJ, C cjJOJlbl'Oll, HOHa qia-

30!li\H T]liH'HTOJJltll IIC )IOC"THl'lll'T <j>OJll,J'H H IlJlOI\{'('("{' ynmpcm111. '.lro OIIJJ<')\CJIIICTCII 

COOTIIOill<~IIIH'M npupocra 'llll'Jll'IIII :ia 0)\110 cj>a:JOHOe HOJIC6a1111e II H!'Jlll'IlllllJ IIOilll3al(H

OHI!ldX IIOTCJlh. 

Ta1rnM o6pa30M, cj,a:l<JBa/1 Tpa<'HTOJll!II !{al{ 61,1 ("HOpa•moaeT('/1 )lO 11aJll,JX aMIIJJIITJJ(. 

::JT()'j' npmwcc IIJ)Ol1CXOJlllT, )\0 TCX IIOJJ, IIOHa c1111xpo1111a11 •1acn111a IW na6!'Jll'T TaHJIO 

311epn110, •ITO IIJHI O'W(lC)IIIOii IIOT<'P<' :rnepn111 JI3-3a H:1a11MOJICiiCTBII/I (' cjiom,roll ona 

Il<'JlCH/\CT 1ra <jJa30Ry10 Tpae((TOplllO (i C 6oJlhlll<;ii aMIIJIIIT)')lOil, Hal{ :HO lllJ1{a:rn110 Ila 

Puc. 7. )lnnra,1,b HJlOJlb 3Toii ·1-paeHTOJJHH, •iacrnna IIJJH tt:1a111rn,11l'licr111111 c Jtllan10-

CTH•1ec1wil <JJOJ!h.l'OH HMeCT :rncpr1110 MCllh11Ie, 'lt'M CHHXJ>OHl!a/1 'l,H'.Tlfl(a, 11 (]('jl<!XOJIIIT 

Ha Tpae1nojrn10 7. TaHHM 06pa:10M, HaH IIOHa:1a110 Ila Puc. 7 <"TJ>f'JIO'IHaMJI, llJJOIICXOJIHT 

C,l(Bl!I' paHIIOBCCIIOH <jia:Jhl. lloc;i'c Toro, Hal{ CIIHXJJOII!lall •1acn111a 11a6epeT ,l\OCTaTO'IIIYIO 
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a11epr1110, 110111!3aI\JI0IIHLie II0Tejrn 6yt(yT 11p11cyTCTB0BaTb Ha HaH<JI0M o6opoTe II ycTano

BIITCII cpa30Bi>IC l(OJJe6amrn OIIOJJ0 II0BOll CIIHXponnoll cpa3M, 110 yme C MaJJoil aMIIJIIITJt(Oll: 

HOJ1e6a111111 ( P11c.5 ). 

KaH e1imro 113 3TIIX paccymt(e1111il, aMITJIIITJ.lla cpa30Bi>IX HOJJe6a1111il, ycTaH0BIIBIIll!XCII 

0HOJI0 uoeoii c1rnxpouuoii <!Ja3M, 11paHn1qecH11 11e 3ae11c11T· OT nepeouaqaJihHhIX aMITJil!

TY.11, Ha P11c.8 II0Ha3aHu cpa30Bhle -rpae11Top1111 .!\JIii - pa3Jill'IHblX HaqaJibHhIX aMHJJIITY.11 

Hp!! L\ w = -15 HaB ( coscps = 0.017 ), a Ha Pllc.9 Bee 3Tll eap11aHTbl cee.11e11h1 BMecTe. 

TaHl!M 06pa3011, Bll.l\H0, qrn 11p0113omna H0M11pecc111r cpa30BhIX HOJie6aH11ll. BeJI11q11Ha 

0CTaToq11oii aMJJJillTY.llhl cpa30BblX HOJJe6anull rrpaHTllqecHI! He 3aBl!Cl!T OT HaqaJibH0fi aM- . 

IIJJIITYllhl II 011pe.11en11eTCII, maBl!hlM o6pa30M, C00TII0IIICHl!eM Mem.11y BeJI11q11HaM11 Ha6opa 

3Hepr1111 CV coscp S II H0Hl!3aUl!0HI!hlX II0Tepb L\ W. 

Ecn11 6h! BCJJl!q1111a H0Hll:lal(l!0IIIILIX Il0Tepb 6LJJia 0Jll!HaIIOB0ll .!\JIii ecex qacTl!I\, TO 

Tamm c11oco60M MOlHH0 6LJJIO 6LJ .l\0CTl!qb oqe11b cymecTBel!H0ll ( Ha II0PII.II0H ) H0M

rrpecnrn aMTIJJIITYJI _cpa30Bh!X HOJie6aHnll. O.11HaHO npm1ecc H0Hl!3al\l!0I!Hh!X II0Tepb 

HMeeT CTaTHCTl!qecHl!ii xapaHTep H pacnpe.11ene1111e qacTHI\ 110 II0TCPIIM a11eprn11 xapaH

-rep113yeTCH q1yuH1111ell Jla11.11ay [8]. IIIHpnua 3Toro pacnpe.11enemrn .!\JIii 6omruell: qa

CTH qacTIII( o6h!'IHO HC 11peBI,IIl!aCT 30 % OT cpe)IHCll BCJJ!fqmm II0Tepb. lfa-3a 3aBH

CHM0CTII C)IBHra_ paBIIOBCCHOii <l>a3U OT BCJJllqHHhl H0HH3aJUIOHHl,IX IIOTepb qacTlll\hl B 

H0HC'!II0AI C0CT0JIIIIIII 6yJ1yT coeepmaTb cpa30Bh!C HOJJe6~Hllll Ol(()JI() pa3JJJlqHJ,JX paBH0-

BCCIILIX cjia3, qTo M0H(II0 IIIITCpHpCTilp0BaTb HaH acpcpeHTl!BHOe YBCJJJ1qe1rne ( IT0CJIC 

3aTyxa11n11 ) cpa30BO[O pa3Mepa IIJ'IK1l. Ha P11c.l0 C0BMCil\eHbl cpa30Bhle TpaeHT0J)llll 

'li\CTIIIt npl! pa3Jlltqnux uaqaJil,llhIX aMJJJIIITYJlaX II BCJill'!llHax Il0HJl3al\H0HHbIX II0TCpb 

L\W = -12.5, -L5.0, -17.5 H313. 
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P11c.7 Ct(B11r c11uxpomwii cpaahl ( W < Ws ) 

Ha Pnc.11 II0Ha3a[ILJ cpa30Bhle .TpaeHT0JJlllI qaCTlll\ )\JIii B)IB0C 60JJblllero ( 60 % ) 
paa6poca BeJJ11qu11 IIOIIU3al\ll0IIHhlX II0TCpb ( L\ iv = -10.0 , -15.0 , -20.0 H38 ). 

I-lo .11a11,e B 3TOM CJJ)"IaC Bl!t(eH acpcpeHT H0MHpeccun aMIIJIIITY.l\bl cpa30BhlX HOJJe6a11nll: 

'IaCTIII( H nyqHe. 

4 3aHJIIOqeHMe 

TamIM o6pa30M, MOlHHO on!CTllTb, 'ITO acpcpeHT BJIIIIIHIIJI H0ill!3al\llOHHblX IIOTepb aneprnn 

B .llllarHOCTl!'ICCHOii cjioJJhre COCT0l!T B CJJe,!\JIOil\eM: 

• C/IBllr CIIHXPOHHOH cj)a3hl Ha BeJmqIIHY, orrpe11em1eMy10 Be.JIIl'IIIHOH 

II0Hll3au;110HHhIX norepb 

• K0Mnpeccm1 aMIIJJllTY/1 cj)a30Bh!X KOJJe6aHllH 0K0JJ0 HOBOH CIIHXpOHHOH 

cj)a3h!. 

I{mre,mo, ITJJ0XOlKJlelll!C '!?pe:i qioJJbry napllJIY C 3aryxa1111eM cpa:IOBhlX HOJJe6a11nll 6y.11er 

npi!H0,1(11Tb ( 113-3a MII0I'Ol(paTHOro pa~ce11111111 ) H yBeJI11qe111110 11011epe'llih!X pa3MepoB. 

11yq1rn. 8To rpe6yeT OT)leJJbHOro pacCMOTpelllrn, 110.MOHIHO OTMCTl!Tb, qro Ha CTa)IJII! aa

ryxamrn q1a30Bh!X HOJJe6a1;nii '!aCTlll(a B TC'ICIIIIC q,aaOBOI'O HOJJe6a111111 B3allMO.l\ell:cTByeT 

C q)OJJhroi\ HC3Ha•mTeJJbH}'IO '!aCTb BJJCMCHI! ( HCCHO.JibHO o6opoTOB ). 8ro IT03B0JilleT 

11pe.11110JJt.'.'aTh, 'ITO yBeJill'!8HllC 11011epeqHhJX pa3MepoB 11yqHa He 6y.11eT 3Haq11TeJibHbIM. 

Asrophl 6JJaro11apHhl rrpocj)eccopy B.Il.Jl:MHTpileBCKOMY II /I0KTopy E.Keil 

3a II0JJe3Hh!e /IIICKyCCllII II 3aMe1IaHil11. 
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