N3BECTH A
TOMCKOI'0 OPJEHA TPYOAOBOI'O KPACHOI'O 3HAMEHH INOJUTEXHHUUECKOI' G
HMHCTHTYTA umenn C. M. KHPOBA

Tom 156 1969

- PACHET BbIBOIA NMYYKA YCKOPEHHbIX 3JIEKTPOHOB H3
QJEKTPOHHOIO CHHXPOTPOHA HA 300 M3s

B. I1. AHOXHH

Beegenue

MeTobl, NPeaNoKeHHBIe A BHIEOAA YCKOPEHHBIX YACTHI[ H3 LMKJIH-
UECKHX YCKODPHUTEJEefl, MOXHO NOAPA3AEAUTH MO NPUHUMOY AeHCTBHS Bbl-
BOJHOTO YCTPOHCTBA HA TPH OCHOBHBIE TPYILNbL:

1. MeaseHHBIH BBHIBOA YCKODEHHBIX YacCTHL. -

2. PereHepaTHBHbI{I BHEOJ] YCKOPEHHBIX YACTHIL.

3. MMnyabCcHBIA 01HOOCOPOTHHIHA BHIBOJ YCKOPEHHLIX YACTHIL.

ITpu mensenHoMm MeTOMe BLIEOJA OCYLLECTBJISIETCs MOCTENEHHOE pac-
LWIMPEHHE PABHOBECHOH OPCHTHI YCKOPAEMBIX YACTHIL C MOMOILBIO HMIIYJIbC-
HBIX MArHHTHBIX moJeft |1—5]. Boiusu rpanuusl pacoveil 061acTi MarH|T-
HOTO TOJSE YCKOPHMTeJAs YaCTHULI NONMAA40T B OTKJOHSIOL(ee yCTPOHCTRBO,
MOJY4aoT JAONOJHHTENLHBIH HMNYJABLC H BBIXOAAT B OCJACTh PaiHadbHON
HEeYyCTOHYUEOCTH B BHAE CHOKYCHPOBAHHOIO myuka. JlannHeiilllee npoBese-
HHe 1yyka B 3aBHCHMOCTM OT TpeOOBAHMH K €ro mapamerpaMm OCyllecT-
BJAAETCH C NOMOLLLI0O MAarHWTHEIX KaHajsoB u/au 0e3 HuX. [lo crnocoby BO3-
JLEHCTBHUSI HA YCKOPEHHbIE YaCTHIDLl OTKJOHSAIOULME YCTPOHCTBA pPa3iesioTcs
Ha J1B€ TPYMIbi:

1. OTK/IOHEHHE YACTHIL 3JEKTPOCTATUYECKUM MOJEM.

2. OTK/IOH2HUE YACTHLL MArHHTHLIM HAH 3JE€KTPOMATHHTHHIM TOJEM.

[Ipu BLIBOAE YCKODEHHBLIX YACTHIL PEreHEePATHUBHHLIM METOJ0M CO3/1a-
IOTCST TAKHE MATHUTHBIE 110/151, KOTOPEIC BhI3bIBAIOT BO30YKAEHHE Pa/lHalbHBIX
KOJEJaHuH BbIBOAMMBIX 4acTHL |6—13]. YcKopeHHble YacTHIbl OCBOOO XK -
£ @10TCs U3-M0/1 AeACTBHA GOKYCHPYIOUHX CHJI MATHUTHOTO MO YCKOPUTE S
B Y3KOH a3uMyTajqbHON 00JaCTH B BHI1e AOCTATOUYHO CHOKYCHPOBAHHOIO
nyyxa.

[Tpn HMOy1bCHOM OAHOOSOPOTHOM BHIBOJE OTKJOHAIOLLEE JCTPOHCTBO —
AeIeKTOp OTKJIOHACT YCKOPEHHLIE YACTHILBL HEIOCPEACTBEHHO C PABHOBEC-
HOH OpOMTH HA BEJAMYMHY, AOCTATOUHYIO JAJs HANDPABJIEHHS NYy4KA BHIBO-
JAHMBIX YaCTHIL B BbIBOJAHOH kanana (3], [4], [14—16]. B arom cayuae ma-
pPacTaHHE OTKJAOHSIOUISTO M[O0Jd 10 YCTAHOBHBUIETOCS 3HAUEHHS JOJMKHO
IPOUCXOJIMTL 33 BpeMsi, MeHblliee MepHojd O0palleHusa YacTHIL B YCKOPH-
Te/a€e. BolBoA ocywecTBagercs 3a BpeMsi OAHOrO 000pOTA YACTHIL B YCKO-
puTeJe.

B nanHo#i pafore paccMaTPHBA@TCS BO3MOXKHOCTH BBIBOAA MyuKa
YCKOPD@HHLIX 3/MEKTPOHOB M3 CHHXPOTPOHA € MSATKOH (DOKYCHPOBKOH HA
snepruto 300 M3a6 ¢ nomombo BO35Y i ICHIS NapaMeTPHIECKOTO Pe30HaHca
paanaibHbIX GeTAaTPOHHBIX KOJeOarui axexTpoHos [2], |10].
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PaccmarpuBaemblit METOL BBIBOJAA 2JASKTPOHOB Pa3paCorad AJs KOJbLEe-
BbIX LHMKJAMYECKHX YCKOPHTEJAEH H MO3TOMY HENOCPEACTBEHHO HCMOAbL30-
BATH €ro AJs HAWero cayvas Heap3d. [asa uccael0BaHdst YCTOHYHBOCTH
CBOOOJHBIX KOJeDaHHiA 3MEKTPOHOB CHHXPOTPOH THIA ,peficTpex nogdxeH
ObITh 3@MEHEH KPYTOBBIM CHHXPOTPOHOM, HMEIOLUHM Ty K€ CAMYIO MePHO-
JMUYHOCTh pajHaAbpHBIX KoJedaHuil. B cnabodokycHpyomuX yCKOpHTeAsX
C paspe3HbIM MArHHTOM HEBO3MYLUIEHHhIC CpOOOAHBIe KOJMeDaHUd YCKOpsie-
MBIX YACTHL, ONMUCHIBAIOTCS YypaBHCHHeM Xu/1a. PelleHue ypaBHEHHA CEO-

OOJHEIX KOJebaHHH UMeeT BHIA:
x = C(s)cos [pK + ¢ (=),

(1)
cos;x~cosyi—7—'lsiny -
- 2 2r, T2
rie ro — PAAHYC PABHOBECHOH OPOHMTHI,

! — pvHAa NpAMOJMHEAHOTO NPOMEKYTKA,
¥y =V 1—nr— Ans paiuanbHOTO OTKJOHEHHT,
n — NOKAa3aTeAb PajuaNbHOrO ClAAAHUT MAarHHTHOIO TOJS B CEK-
TOpax,
C (s) — orudamwiias xkoaedaHui.
[lpu nocrarouno manoi seaunuude [/'ry (8 Haiunem cayuae ['ry=0,533)

OTHOUICHHE 7] =£‘(ﬂ Malo OTaH4aeTCS  OT eiuHdnn (71 = 1,0527),
C (c)min

¥ TPACKTOPHA YACTHUH OMM3KA K CHHYCOHIATbHOH. B 3TOM ciydae ocHOB-

Hasi TApMOHHYECKAs COCTABAAIOULAS CBOOOAHBIX KoJaedanuil uMmeer su [18]:

9,
x = C-cos (“—“ woif—i—cp), (2)

™

/

rjie @, — yrJaoBash 4acTOTd OJPALLEHHUs] YACTHILHI,

Has cnaGodoxycHpyooumero CHHXpPOTPOHA ¢ 4-Ms NPAMOJHHEHHBIMH
NPOMEXKYTKAMH BBORUTCA NMOHsITUE (e3pasMepHOH 4YaCTOThl CBOGOJAHLIX KO-
Jaebanufi, paBHOd 4y, p — BeJHYMHA, onperesidemas uz (1). Yraoeas ua-
CTOTa pajHa/ipHbIX KOJAeOAaHUHA NPH 3TOM MOXeT ObTh OIpeJeneHd U3 Bbi-
paeHusn

o, (3)

Yr/a10Bas 4acToTa paAHajbHbIX KOJe aHHH 15 VCKOPHTEJS ¢ KOJABLLEe
BbIM MAarHHTOM ONPEIEISIeTCS BhIPAKECHHEM

0, = Vi—n 0. (4)

4

Jlaa 3amenbl CHHXDOTPOHA THIA ,PeHCTPEr® CHMHXPOTPOHOM C KOJb-
LeBBHIM MArHUTOM, MMEIOWUM TAKVIO kK€ NHePHOAUYHOCTb PAAHANBLHBIX KO-
JdebaHull, HAXOUM MOKA3aTeNb CNAaJaHUg MACHUTHOTO MO/ 3KBHBAJACHTHOLO
KPYroBOro CHHXDOTPOHA 7y, M3 BhIpaxceHui (3), (4).

§ 1. Onpeaenenne OKPYXKHOCTH OCBOGOXKJIEHHs

OKPY®KHOCTBIO OCBOSOXIEHHSI HA3LIBAGTCH OKPYIKHOCTH, HA LKOTOPOM
boxycupywuiMe CHIB MACHHTHOTO MO YCKOPHTEAS pasubl HyJaio. s ee
ONpeAeNeHNsT HCHOJAb3YyeM JaHHBIE MATHUTHSIX HM3MEPEeHHHd palHadbHOrO
pacnpeie/ieHHs NOJAA B KBAAPAHTAX MATHHTA B KOHLE IHUKJAA YCKOPEHUS:

, o .,
H, = ¢ (r) u sacucumocts H, = Ho;’ ONpeles Aoy pelebHbIA rpa-
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AN

JHEHT MOJs 10 PafHyCy, NPH KOTOPOM. elie COXpaHseTcs PoKyCHpywLuee
IefcTBue 00Js1 (puc. 1). Pasbpoc B 3HAYEHHAX 7oz OOBICHACTCA HECOBEP-
IUEHCTBOM MArHMTHOIO NOJA YCKOPHTENs, 8 TAKke MOTPELIHOCTAMH IDH
MArHUTHBIX HM3MEPEHUAX U rpaduueckom noctpoenuu. [NpuHumaem

Zrocsm
Foca.cp = m—m__ = 102,4 cM

rae m — 4Yuc10 a3UMYTOB, JJs KOTOPBHIX OUPEAeASIUCH Fop.
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Puc. 1. PazpumaneHeie pacnpejeneHdHe  MArHHTHOTO
noas B cuHXpoTpoHe 300 M3ss B KOHIE HUKJIa
YCKOPEeHHSI

BuewHuit pasiuyc aneprypsl BAKYYMHO# KamMephl CHHX POTPOHA PaBeH
Ry = (106,0 £ 0,5) e, Cre103aTeABHO, 3MEKTPOHB OyAyT BbIXOAHTDL B 00-
J1aCTh HEYCTOHYHBOCTH PaMAILHOTO JBHXKEHHMS B Npeaeaax aneprypbl
BAKYYMHOH KaMepbl YCKODHTeJd.

§ 2. Bosmyuiaromee MarHuTHoe noJje. YpaBHeHHs1 ABHKEHHUSA

Jusg ocyinecTBAeHUS MeX4aHU3MA BHIBOAA HUCIOAB3YEM Aa3MMYTATLHOE
MATHUTHOE 10J€, NOoKasaHHoe Ha pHc. 2. JlaHHyo (QYHKUHIO MOXHO Npel-
CTaBUTb B BHJe pala Pypwe:

‘ sin(ne)‘) sin (nBy.q)
oA, 10, Oun) |, N\ o
Q)=S0 (22— 20+  1\n
A T (4 2 ) %1( R n

rjie Opn, — a3UMyTasbHasT TNPOTSKEHHOCTh TPSIMOJHHEHHOIO NPOMEXyTKa
(On.n = 22°45"),
O, — a3UMYTANbHHI Pa3MeD BO3MYILAIOWIEr0 MArHUTHOLO 1O
(90° L B, < 157°18),
— Tekyulaa koopauHata 0 < O < 2x.
B pacdeTax HCNOJAB3yeM NOCTOAHHYIO cocTaBasowyto f(8), u nepsyio
rapmMoHHKy f(0), 1anHON yHKUNH.

cos B |, (5)
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Heofx0AuMOe H3MEHeHHe MArHHTHOTO INOJS B O0JaCTH 7y AJAS1 CMe-
LEHHS PABHOBECHO OPOMTH Ha Ar = Focyep — ¥y, HAXOAMM H3 BHIDAMEHUSA

Ar sin= V1 —n

AH, = H, (1 — n) —_— (6)
ry . (@lpacq. 1/ 1 — ’l)
Sin ‘
2
rue elpacu. - @1 - n.n.
OTKJIOHEeHUe OT paBHOBECHOﬁI Op(/)HTbI X H4AaX0JHWM B BH/1E
X =X, + hycost+y, (7)
— G e G
2 } 2 1
. | -9
] | |
| i
AHo : | |
o l Il l ) Q.Dﬂd(lf}
0 :I'Z Onn, @5 —3 2{_
2 6, 40 27 !

Puc. 2. Bosmyma}omee MAarHHuTHOe T110Jie, HCIOIL3YeMOe IdJd pacueTa BbIBOAA
nmydyKa 3JICKTPOHOB

e X, — CHMMETPHYHOE paciuipeHne [apHOBECHOR OpPGHTLI 1101 AeHCTBH-

em f(9):

o
Xy = — 0 F(O),; 8
) HO(/1~—1)f( ’ (8)

Ry — aMIIUTY/AA ACHMMETPUUYHOTO CMEILECHUA PaBHOBECHOMH OpOuTH NOA
AeicteueM cuabl f(0);:
r,

Hyn

f(8); (9)

hy =

y — pajManbible Kojdelanus JMeKTPoHOB ¢ yactoToll 0,5 v, 0k0.10 cMelleH-
HOA OPOUTHI.
YpaBHeHHEe [BUKEHHS, 3AINUCAHHOE OTHOCHTERJABHO VY, HMeeT BHI!

dy” + oy = [3x, (V2 + 2hycost + h2cos? ¢) + y? - 3y*hcost 4

dt?
—{—3yh2C082f+/13COSSL‘]'—}—Q(§%SHIZ', (10)

r.le = — smnupuueckuil xosdduuuenr (s < 1).
Pentenne ypasneuns (10) maxoamm coraacHo [19] B eujie:

\,

y—acos(—iﬁ%—{)v), (11)
- /
rie @ — aMIVINTy1a KOJeGaHUH 31eKTPOHOR,

 — ¢aza kosedHaHuil ATEKTPOHOB.

a u % HAXOATCH H3 YPABHEHU:

@:aA sin 20 — aB, (a)
dt
q (12)
. dl
“—=C—Da*+Acos2), (o
dt ! N
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rie A, B, C, D— koapdpruueHTs, 3aBuciiliie OT ®, U MEAJEeHHO MCHAIO-
lLMecss BO BPeMEeHH:

A= 3x0ha’ Bt Ow, ’
20, 20, O
(13)
szr.__l._ylf, Do S
2 do, 8w,

BeanunHa CTALMOHAPHOTO 3HAYEHUS AMIVIMTYAbl @, ONpEALAALTCS
BHIDAXKEHHEM

2 _CHVA B CrA
CTal — D D .

Ypasuenust (12) pomyckaioT xecTxoe BO3DYxAEHHE KOJAEOAHMH, ONHU-
chiBaeMHEIX ypasHenuem (11), xorna Meil€HHO MCHAKIIMECH KO3(DPHIHEHTHI
ypasHenuil (12) ynosaerBopsitoT ycaosuw A 2> C.

PaccmoTpuM MOMEHT pesoHaHca, koraa A =C. IT0 umeer MeCTO [IPH

Fl

O)r = (,l)rpe3.

I1pu 3TOM BBIBOA 3/IEKTPOHOB BO3MOJXKEH, €C/IH AMIVIHTYAA BO3JYKI1AeMbIX
NpH pe3oHaHce KOAeOAHHN Qe HE MeHblle y = [Ar — (X, 4 4,)]. Pacuern
MOKa3aju, YTO MapaMeTpsl PaccMaTpHBaeMOro CHHXPOTPOHA YIOBJAETBOPSH-
IOT BBLIIOJHEHHIO JAHHOTO YCAOBUSL Qeran, = V.

§ 3. iluHaMuKa amnauTyabl ¥ ¢asbl pagHagbHbIX CBOGOIHBIX KoJaeGaHUi
3JIeKTPOHOB TpH BbiBoAde. PajnuanbHasi CKOPOCTb 3JEKTPOHOBR Ha
OKPYKHOCTH OCBOGOXAEHHA

[Ipn HOpMAnbHOM IpouUecce YCKOPEHHs 0 MOMEHTA CMCLIeHHs paB-
HOBECHOH OPOMTH 3JEKTPOHbl paclpelefieHsl no  ¢dasaM pajHaJbHBIX
cB0oCOHHIX Kose(aHuil parHOMEpPHO B JAuanasone (0 - 2w). [lpeaBapu-
TEJLHBIZ PACYETs TMOKA3&/AH, UYTO AOCTATOUHO NPOCUUTATH AWHAMUKY JJId
HAYaJbHLIX 3HAaueHuil dasu &, = 0° -+ 180°.

B cuuxpotrpoHe, Oadaroaapd HaJAWuHIO PacTyLLero MarHWTHOTO 104,

GeTaTpOHHEIE KOJeBAHMA 3MEKTPOHOB 3aTyXaloT NponopuxoHasbio V H,
rie H — HaupgxXKEeHHOCTL MATHUTHOIO MNOJAA HA PAaBHOBECHOM DAIUYCE 7.
Kpome Toro, npu sHeprufix YCKOPEHHBIX 3JEKTPOHOB NOpsika coteH Mag
NMPOMCXOAUT 3aTyXaHHe OETATPOHHBIX KOJeOAHMH 3a CHeT pajHALHOHHOTO
tTpenus. B mnpoliecce yCKOpeHHs 3JEKTPOHBI B3aHMO1efCTBYIOT APYT C APY-
rOM M ¢ MOJEKYJdMH OCTATOYHOIO Ta3a M 3a cueT 3TOrO NPOHCXOIHT He-
KOTOpOe yBeJqHueHHe pasmepos nyuxa. PacnpeneseHye 3/J1€KTPOHOB MO am-
NJAUTYAaM KOJMeBGAHHH MOMHO ONHCATH ¢ noMoulblo dyHrnuu C-e—+. Yuau-
THIBAs BbIlle CKA33aHHOE, HAXOAHWM, UTO HauyaJbHOe 3HAUEHHE AMIIUTY /LI
CBOOOJHBIX PAJHANBLHBIX KOJEOAHMA B KOHLUE UHKJAd YCKOPEHHUST MOXKHO
npuHAThL paBHbiM @, = 0,1 cx. Pelienue ypasuenudl (11, 12) nposoauM a1s
HayaJbHBIX YCA0BHE: @ = 0,1 cxm; #y = (0°=180°). -

Yparuenus (12) pewaem rpadoananutudeckuM metojiom |20]. B ypas-
HeHuu (12a) wieH aB =0, Tak Kax pacCMaTpPUBASM CIAyudail o= wpe; =const.

Ilpn cooTeercTByOLIEeM BHOOpe Macmtada BEJIHYHH ct% = o (), Z—? = f(?),

a="(t) u ¥ =f(f) rpapuueckoe NOCTPOEHHE MOKHO 3aMEHUTH UHCJAEH-
HBIMH BBHIKJaAKaMu. Hapsay ¢ ynpolleHHeM peuieHHsi 3TO NOBBILIAET TOY-
HOCTb pacueToB. YpasHeHusi (12) 6blau mpoTaGy/AHPOBAHBL U PELIEHBl HA
BLIUMCJANTEABHOR MalivHe JJs BCeX HavaAbHBIX YycaoBui. Ha puc. 3, 4
npuBeieHsl rpadUuKH pelleHuii: a=49y(), V=f(t).
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Puc, 3. 3aBHCHUMOCTb aMIVIHTYAB HNapaMeTPH4YeCKHX KoJeGaHuil
3JeKTpoHoB anA o = 0,1 ¢ ¥ pa3HUHBIX HAYaJBHBIX 3HAUCHHII

taser vy = (0° + 180°)
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Puc. 4. 3aBucumocTth hasbl mapaMeTpHUECKHX KoJdefaHHT
37eKTPOHOB Ui qo = 0,1 ¢ M pasIMUHBIX HAya/bHBIX 3HA-
ueHuit ¢asnl vg = (0° =+ 180°)



Ypasuenue (11) Takxe O6BLIO NPOTAGYJAHPOBAHO AJA DEIICHHS HA Bbl-
YUCAUTENbHBIX MaluHaX. Pewenus y = f(f) HaXOAMJIHCHL AJsA 3HAYEHHH [,
6AM3KHX. K focg (Locy — MOMEHT BBIX0/1a 3JEKTPOHOB HA OKPYXKHOCTH OCBO-
Goxc/leHus B paauaHax).

Pe3yabTaThl pacyeToB [OKA3LIBAKOT, UTO:

1. BpeMsi oT MOMEHTa HauyaJa pe30HAHCHOH packauxku CBOGOAHBIX Pa-
JHAJBHLIX KOJAe0aHuil 3JCKTPOHOB A0 BBHIXOJd HA OKPYXHOCTBH OCBOOOM-
NeHUs 32BHCHT OT HAYaALHOrO 3HaueHds ¢asnl KojebaHufl .

2. Ha oxpy:»XHOCTH OCBOOOXJAEHHA 3JeKTPOHH N0 ¢asam kosebaHui
rPYNIMPYIOTCA B JABA CIyCTKA: 95, ~70° 1 @5, ~ 250°.

I, om
1164

14
112
0
1081
106
104]

102

100

Puc. 5. CHekTp TpaeKTODHH MNyuyKa 3JCKTPOHOB, MBHKYILUXCH

B DACCEAHHOM IMOJe YCKODHTENs MOC/Ae MOMEHTa OCBOGOXK/CHHS

(mo ocu abcumec: | — nmpamoauneiinsiit npomexyrok, Il — ksaa-
paHT MarHuTa)

3. OCBOBOXK/IEHHE JMEKTPOHOB H3-MOA JAefcTBua DOKYCHPYIOUX CHJ
MArHUTHOTO MMOJS YCKOPUTE/ST MPOHCXOAHT B Y3KOH asUMyTalbHOA 00aa-
cti opbuTh (~ 157). Tlpupoct aMminTy sl KosebaHus 37eKTPOHA 33 000-
pPOT K MOMEHTY OCBOOOXNKAEHHA COCTABIALT ~1 CAL.

4. Pacxo/MMOCTh TYyYKa 3/JIeKTPOHOB HA OKPYXKHOCTH OCBOGOXAEHHA
cocrapaser ~1,2-10-2 pao.

JluHaMuxa aMIVIMTyAsi M (a3sl pajuaibidblX CBOOOAHBIX KOJeDAHUH
9JeKTPOHOB GblLId MPOCUMTAHA TAKXKe HA 3JEKTPOHHO-MOJeNHpYIOMel Ma-
wiuge tuna MITT-5. PesyanTaThl pellleHHs 3anUCHIBAIHCE HA UHGPOBOM
posLTMETpe W (hoTorpadupoBasuch ¢ HHAMKATOPHOro yctpoidcrsa. Kawe-
CTBEHHO PE3YJbTATH BbIUMCJIEHHE M pelledds, noayuennwe Ha HIIT-5,
XOpOLIO COBMAAIOT.

[TocTpoeHue TPAEKTOPHil ABHMKEHHS NYyUKa 3JACKTPOHOB B paccessHHOM
MArHUTHOM MO0J€ CHHXPOTPOHA IpH AOMYUIEHHH, UYTO 3JMeKTPOHBI MOHO-
SHEPreTHUHEl M 33 BpeMs BHIBO/IA 3HEPTHs HX He W3MEHSETCs, OKa3blBACT,
YTO NMYYOK CHJALHO pa3MbIBAETCS B FOPH30HTAJIBHOH IIOCKOCTH (PHC. ).

HavanbHas pacXoAMMOCTb My4Ka H1 OKPYKHOCTH OCBOOOXAEHHS CO-
crasaaga ~1,2:10-2 pad. Ecan He UCOOAB3DBATHL JONOJHUTEJIBHO HUKAKOE
BLIBOAHOE YCTPOHCTBO, TO MDAKTHUECKM IMPUEM/JeMble MapaMeTpsl My4Ka
B OBJACTH BBIBOJHOTO OKHA (PacXOAMMOCTb, 3PPeKTUBHOCTL BHBOAA) MO-
JIYUAThL HeaAb3d. Ellle B 60/bllieil cTemend [aHHOE 33aMeUYaHUe OTHOCHTCH
K YCKOpUTeJsIM Ha 00/ee BLICOKHZ2 3HEpPrHH.

JIJisi IpOBRJeHUsT Ty4YKa 3/JEKTPOHOB UYepe3 MoJe PacCesdHHsT MarHuTa
CHHXPOTPOHA MOXKHO HCIOJb30BAaTh UMNYJALCHYIO MaTHHUTHYIO (GOKYCHPOBKY
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nydyka MAarHUTHLIMM NOJAAMH C KpyTH3HOH ¢ponros mnopsika 1078 cex
(Ge3:xesie3Hble MATHUTHBIE JHMH3B HJAH Ke JHH3Bl C CEpAEUYHHKAMH H3 Bbl-
COKOYACTOTHLIX (PEPPUTOB), MATHUTHHIA JAedAeKTOp ¢ pPe3xo CNaialolHM
MAarHuTHBIM ToJeM |21] uau aJeKTpOMarHuTHBI Jed/IeKTop.

[lpumenenne nocaeanero Apasgercss HaHOo/ee NEPCHEKTHBHBIM M Ipak-
THUECKH HAUOOJee JEerkKko OCYUWeCTBHMbIM.
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