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I, nponecc ~OpMHpOB&RHR nyqxa B CHRXponaxnoTpoHe 

.llna HayqeRHR BnHRHHB, XOTOpoe OX83b1Ba9T RpOCTp&BCTB&HHbiJ! aap!ln B Q9HTpe CHHXpo

QHXnoTpOHa Ha npenenbHO AOCTH~HMYID HHT8HCKBHOCTb0 B&06XOQHMO 3HaTb, KaX H3M9HHIDTCH 

reoMeTpHqecxae paaMep&I crycna B Teqeaae epeM&BH aaxeaTa, 3xcnepHM&HTan&aoe onpene

neaae ~opMbl nyqxa npencTaBnHeT aaaqaTen&able TpynaocTa, Onaaxo xapTHHy ~opMapoeaaaH 

nyqxa B nepeoM npa6naJKeaaa MOJKHO nony'IJ!Th aa aaanaaa panaan&ao-cj>aaoB&IX TpaeKTopaJ!, 

nonyqa43MhiX H3 pemeHHH ypaBB&BHft ABH~&HHR qaCTRn C nOMOIIlbiD sneKTpORBOJ! BbiqHcnHT8Jib

BOl! MamHBbl (38M), 

rne 

3TH ypaBH8HHR ABH~&BHR AnR RnOCXOCTH Z • 0 HMeiDT BRA/I/: 

;· m A (1- f3 2 
) ~ [A 

0 
(1- r 2 ) -A ra ]+ ~2 , 

o o r 

M 1 I 2 ~ [ 2 • 2a r </>•: A 0 (1-f3 ) A¢,(1-a ) -,&. ,ra ]--r -I, 

e 
Ao ---c~2 , 

mo 
a• r~ , 

A,. E, +a B • • Z 0 , 

A<j>• E</>- rB. • Z 0 , 

m 0 - Macca noxoa nporoaa, fJ- y__ c - ero OTBOCHTenbHaH CKOpOCTb, 

ceo6onaoro npocTpaacTea, anec& TOqxoft o6oaaaqeao na~epeanupoeaaae no 

(I) 

Z 
0 

-HMnenaac 

ct , 

Pemaa ypaeaeaua nea~eHHH qaCTHn nna snexTpoMaraKTHoro nona caaxponaxnoTpoaa 

OHHH npa paalUiqHhiX aaqan&Hb!X ycnoeaax, MoJKHo aaJ!TK coeoxynaocTb panuan&HhiX a ~a-

30BbiX TpaBXTOpKft r=r(t) • ll<f>- ll<f> (t) H H8 OCHOBe HX naT& B nepBOM 

npa6nHJKeaaa xapTHHy aaMeaeaaa reoMeTpaqecxax paaMepoe nyqxa B neaTpan&HoJ! o6nacTH 

yCXOpRTena, npa HaX0~8BHH ~a30BbiX TpaeXTOpHft ll<f> = A<j> (t) npHHHManoc&, qTo 

ll<f> - sTo ~aaa qacTan no OTHomeauro K ~aae ycxoparomero e,q, nonH, onpenenHeMaH 

cooTaomeaaeM 
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t 

!',¢= fw dt -</>, 
0 2 (2) 

rAe w - KpyroBl!UI '18CTOT8 reaepaTopa, 
2/2/ 

</> -<j>a38 '18CTHilbl B MOMBHT Bp9M9HH t. 

B paooTe rroApooao orracaaa MeToAHKa 3aAaHHR MarHHTHoro a aneKTpH'IecKoro non~ll a 

e 11axpollHKnoTpoae OlUIH a aaeABHI!e aaqanbHbiX yenoa11il. TaK KSK uenbro yKa3aHaot! paoo

Thi OhiiiO 113y'IBHH9 38BI!eHMOeTI! AII8II830H8 'IHeTOT 38XB8Ta OT OCHOBHb!X I18p8M9TpOB yc

KOpi!TenH, TO paeeM8TpHBanaeb yeTOli'IIIBOeTb TpaeKTOpBll, KOTOpblH H8'111H8IOTeH B OAIIH H 

TOT lK9 MOM9HT Bp9M9HII IIpH t s tO= 0 • 

0Tnii'IH9 '18eTOTbl B.'l. reaepaTopa OT 'laCTOTbi 00p8III9HIIR HOHa B IIBHTpe 38A8B8nOCb 

ARH K8lKAOft '18CTH!lbl K8K 

/), 
H8'1 

01 aaq-w0 

"'o 

f H8'1 - f G 

fo 

, 
(2) 

XoTH B nelleTBHTBnbHOCTH qaeTH!lbi 3axaaTbiB8IOTeH B Te'leaae aeKoToporo HHTepaana apeMe~ 

l!H, a H9 B OAHH MOMBHT, Iipll nBHBl!IIOH '18CTOTHOll rrporpaMMe MO>KIIO 3aAaBaTb /), ,a 
HB'I 

He t naq' TBK K8K 3TO yrrpomaeT rrporpaMMIIpOB8HIIe H pemeaae ypHBH91il!ft llBII>KeliHH H8 

3BM (pae. 1). 

/), CBH3b MelKilY 
aaq 

rae y=_!_._l._. ~ 
2 u?o dt 

nn3e paaaanbHbiX a <jla30BbiX 

H BblpHJKBeTCH eOOTHOIIIeHHSM 
Ha'l 

/), liaq 

"' t 0 88'1 2y 

(3) 

/2/ 
X8p8KTep113yeT H8KnOH 'IBeTOTHOH IIporpaMMbi • !lpa 

TpaeKTopat! enenyeT pa3nH'I8Tb 3 rpyrrnbi TpaeKTopat!: 

BHB-

I) TpaeKTOpHH, eOOTBeTeTBYIOIIIHe 'laeTH!laM,B03BpamaiOIIIHMeH K llBHTpy yeKOpi!TenH, 

H, Cl!eJlOBaTenbH0 0 TepHIOIIIHMeH Iipl! paeeeHHHI! H8 ra3e ( r<r = I eM); 
Ha'l 

2) TpaeKTOpH1!0 eOOTBeTeTBYIOIIll!e yeTOi!'IIIBOI>Ay yeKopeHI!IO '18eTHil; 

3) TpaeKTOp111! 0 e.OOTBeTeTBYIOIIllle '18eTI!Il8M0 Bb!II81l810IIIIIM 113 oonaeTI! <jJa30BOft yeTOil

'IIIBOeTI! ( /\¢ < - + ) • lloene TOrO K8K paee'II!T8Hbl p8AII8nbHble II <jla30Bb!e Tp89KTO-

pllH f ( t) II /\¢ ( t) llnH 3H8'19Hllil 1\ aaq' IIepeKpbiB810IIIIIX oonaeTb '18eTOT 3aXBaTa, 

OHH non>KHbi ObiTb rroeTp09Hbl H8 OAHOM rpa<jli!Ke e yqeTOM TOro, 'IT.O '18eTI!Ilbl e pa3HbiMH 

,\ Hatt Hl1'-IHH8lOT JlBH>K9HH9 B MOM9HTbi Bp9M9HH t , orrpenenHeMhie no <PopMyne ( 3). 
H8'1 

YIMeH noeTaToqnoe qaeno TaKHX TpaeKTopHil, MolKHO rrony'IHTb or116aromne panrranbHhiX a yr-

JlOBbiX p83M9pOB lly1.JK81 Hafi:TH C XOporneti: TO't{HQCTblO Bp9MH 38XB8T81 8 T8K)I{9 nonyqHTb HH

<jlopM81lll10 0 cpopMe IIY'IK8 B p83nii'1Hbl9 MOM9HTbl BpeMeHH. 

4 

,'.~: 

Ha pac. 2. rroxa38Rhi paAaam.able a tjla30Bble TpaexTOpaa, pacc"'IITaaable .rtna napaMeT

poB ycxopRTena, 6nR3KHX x pa60'IJI.M rrapaMeTpaM caaxpollHKnOTpoaa OH.RH 

V0 • 18 KB0 y- 0 5 10-6 . . . 2 f 2
,. 26 CM ) • 

Kax BR.rtBo a3 pacyaxa, apeMR 3axaaTa coCTaanaeT B &TOM cny'lae npHMepao 88 MKcex. 

Ha pac. 8. rroxa3aaa sxcrrepaM&RTam.ao rrony'l:eHRaB 3a8HCBMOCTb BIITellcaBaocTH ny'lltl 

CHRXpolliiKROTpoRa OH.RH OT 8p8M81111 38.1l&plKK11 8Kni0'18RIIB reaepaTopa YCKopSIIOII!ero Rai!pll

~eHIIB. BpeMB, 8 Te'I:8HII9 KOToporo 38XB8Tbl888TCR OCII08R8B '1:8CTb IIY'I:K80 COCTa8nB&T 

40 MKC&K. 

llocne.rtOB8T811LHbl9 H3M8H8HIIII tjlopMbl IIy'llta B M8.1llla.IIHOII nnoeKOCTH IIOKa3aHbl aa 

p11e. 4. 

AHanorH'IIihill pac'leT obln rrpo8enea nn11 .ll8YX npyrax 'laCTOTRbiX nporpaMM c 

-6 -6 
y • 1.10 II y • 1,667.10 • 

Ha p11c. 5 11 6 H3oopa~eao 113M&Bel!ae tjlopMbl rry'I:Ko8 nns &TIIX cny'lae8. llpa pac'l:eTe 

II IlpOTp08BIIH paA&anbBbiX H <!Ja308b!X TpaeKTOpllll I'J. .J. - Ra'lanbllblll e.ll8Hr <!Ja3bl BORa 
"I' Ha'l ;at 

OTHOCIIT&nbBO ljJa3bl yCKOp111011!8ro - IIOnH IlpHRBMaiiCH pa8Bb!M Bynro • 3To 03Ba'laeT, 'ITO 

tjlopMa Ily'IKa 8 .llpyrae MOMBBTbl 8p8MeBII (eM. pac. 4,5 II 6) .lla&TCII IIPR MaKCBMyMe yc

KOpRIOII!&ro liaiipB~8BIIRo KOTOpoe M98B8TCB IIO 3aKOBY 

t 
V(t)•Vo cos f"' dt • 

0 2 

qacTHilbl, Bblrranaromae H3 oonaCTa ljJa3o8oll ycTOII'IHBOCTB, o6pa3yJOT cnnowaoll apa

maJOmallcs lliiABRAp, OCb KOTOpOro C08II8Aa9T C OCbiU YCKOpHTeAB0 a p8.11HyC yM&RbiiiaeTCII 

rro Mepe ynaneaas 'laCTOTbl reaepaTopa oT w 0 , Tax xax BpeMa >KH3RH 'laCTHil aa panay-

/4/ 
C8X AO 5 CM M88biii8 10 MC&K , TO IIpH '18CTOT9 MOAYnRiliiH 120 rll K HS'Iany cnenyroll!e-

ro llHKn8 ycKOpBBIIB 3TH '18eTHilbl paec&IOTCII liB 8TOM8X OeTaTO'IIiOrO ra3a. llpa 'laCTOTe 

BKAIO'IBBHII reaepaTopa, oonbmell qaeTOTbl 3axBaTa, 'laCTHilblo ae norraA~tiOI!lHe a rrpoll&CC yc· 

' KOp&BHII H3-Ga B03BpaW&BHII K U9BTpy0 o6pa3yiOT llHARR.IlpH'IHCKHII C8KTap0 yron pa~opa 
0 0 -6 ....e 

KOTOporo MBBIIBTCII OT 170 .110 180 IIpH H3MHB9BHH y OT 0,5.10 AO 1,667.10 • lla-

nHR.Ilp H3 Bb!IIa.llaiOI!lHX 113 yCKQPBHHII 'IBCTHil H llHAHBAPH'IBCKHft CeKTOp H306palK9BY 'Ra 

pac. 4,5 H 6 IIyBKTHpOM. 

H3Meaeaae 8biCOTbi rry'IKa rrpoacxonaT 8 eooTBeTCTBHH c SAHaoaTH'IeexaM 3aTyxaaaeM 

8MIIAHTY.Il B$pTIIKallLRblX oeTaTpoBRblX KoneoaaHII/
5

/ IIO 3aKORY 

rne 

-~ -~ 
A z -= const B z • rr 

B • -oeeaaJI COeT8BAJIIOI!laH HHAyKIIHH M&rBH"IHOro IIOOII0 
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n - noxaaaT&n& aeouaopouaocTB MarBBTBoro nona. 3Ta ~opMyna nonyqeaa 6ea yqeTa 

npoCTpaacTBeHBOrQ aapsua, !lnHRBae xoroporo sa aepTRKan&aoe uBBX<eaae MOlKeT 6hiTib yqTe

ao BBeueHBeM· ~~eKTBBHOro aaaqe&Ra nS • npa UOCT8T0qftO 6on&WOM npocTp8HCTBeHHOM 

aapane ~exTBBBoe n 9 :MOlKeT 6hiTib paBahiM aymo ana uaX<e OTpHDaTen&BhiM, qro,no-

BBuaMoMy ,a:MeeT MeCTO a6oaR nesTpa cuaxpon.uJUioTpoaa, Tax xax B SToA o6nacTJI n 

Mano, a npocTpaacTBeaahiA aapsu senax. noSToMy ora6a10mas BepTBJtam..&hiX xone6aaaa aa 

pauuycax uonX<aa 6J,IT1b onpeuenaaa excnepaMeaTan&ao. B cnyqae npenen&ao B03MOlKBOA BBTea

casaoCTB BhiCOTa IlO xpaAaeA Mepe B Teqeaue spa:MeBa aaxsaTa 6yu&T onpenenRTibCB anepTy

poA uyaBTa. 

npeunonolKeBae o roM, qTo aa Manhlx pauuycax BhlcOTa ny'!Ia paBaa anepType uyaBTa • 

oTseqaeT TaxX<e ~·a~ecxoA xapTaaa uaAcTBBR npocTpaacTBeaaoro aapsua (6on&mae u~oxy

capYJOmBe canhl npoCTpaacTaeaaoro aapaua npa Manhlx ~oxycapYJOmBx cunax MarBaTaoro no

ns u oTaocaTen&ao 6on&moe npe6hiBaHBe crycTxa qaCTHU B n.esTpan&aoA o6naCTB BCnencT

aae Meuneaaoro pocTa aa6opa eaepraa c pauaycoM). 11a aaMepeaua 6hlno nonyqeao, qro 

Bb!COTa ny'llta aa pauuyce 50 CM COCTasnaeT 6,5 CM0 no&TOMy B nepBOM np116DBlKeBBH Bep

TBJ:an&HhiA paaMep ny'llta c yMeBibmeBBeM pauuyca 6h!n BSHT ysena!IBBaJOmHMca naaeaao no 

anepTyphi uyaaTa D• 12cM. 

PaaMepbt ny'lll:a B paanaqllhle MoMeKThl BpeMeau nna asaqeaaa 

-6 -6 -a 
y• 0,5.10 ; 1.10 a 1,667.10 np•aeneah! B Tat5nane I. Ha pacyaxe 7 noxaaaaa TH-

nosaa xoa~arypanaa a pacnonoX<eaae ltoopnuaaTBhiX ocea. 

Orpasaqeaae roxa nyqxa BcneucTBBe aapymeHBH aepTaxan&aoA ycroAqasocTB 

nna nocnenoBaTen&BOCTB xo~arypan11A, npBBelle.RBh!X B Ta6nune 1 ( cnyqaA 
-6 . 

y • 0,5.10 -aaat5onee COOTBeTCTByJOmaA pean&BhiM ycnoBBHM ycxopeaua) 6h!na paccqa-

TaBhi ~yBKnBH, xapaxT&puayJOmlle aaBBCHMOCTib oT panuyca can npoCTpaacTBeaaoro aapaua 

e E, , e E, , e E-~. ( rne E • , E ~ u E-~. - cocTasnaJO-
xyn Kyn '~'xyn xyn xyn .,.. xyn 

mlle. HaJipalKeBBOCTB: DODH npocTpaBCTBe.RBoro 38pllll8) • PacqeT DpOH3BOUHDCa aa 38M IIO 
/5/ 

cneuyJOmiiM ~opMynaM • 

BepTBJ:alllbaaa COCTaBnHJOmaa DODR ( B CHCTeMe CJ1) 

E• --~I[ au o (p, r, z+h,a)_ au 0(p, r, h -z,a >_ 
4•u 0 a z a z 

+ [ au 0 (p. r. z + h. a ) 
az 

6 

auo <P.• r, h - z, a) a•<P-.Po 
az l I 

a• o 

a•cp+ <Po 
J I + 

a-a 
(4) 

p•R 
I 2 , 

P- R 
~ 

rue 

rue 

~- rslna Arah 
a'TI 

au 0 auo 2!J_. a;-c a;;-. az • 

· • 2 I 
p-rc:osa -y(p+r) +'T/ • E(k, o/J) 

.j'T/ 2 +r 2 sJ.n 2a 

2 2 2 2 2 2 

r +'I -p ·F(k ·'·)+ ~ [ VTJ +r +p 
~ I 2 ' 'fl .J 2 2 J 2 I' 

Cp+r) + TJ {p+ r) - 'T/TJ + r -
·ll(n

1
,k,o/J)+ 

..; 2 2 
+1) +r -e ll(n

2
,k,o/J)] 

VTJ
2
-r 2+r 

.p.!!.::..!!_ 
2 • 

Pauaan&aaa cocTaBnaJOmaa nona: 

a•cp+c/Jo 
E 

r 
__ s...!_([ auo(p,r, z+h,a)+ auo(p,r,h-z,a) 

4"•o ar ar 
I + 

+ [au 0 (p, r, z + h • a) + 
ar 

auo r 
sin 2a • Arsh 

auo(p,r, h- z, a) 

ar 

TJ + ar-=-y 
y p 

2 
+ r

2 
+ 2pr oos a 

a•<Po-<P 
l I I 

a•o 

a•O 

p•R2 

I 
p•Rl 

+ TJ sin a Ar sh p- 1008 a +.....!.. cos 2a ar ctg TJ ( P- 1 008 a ) + 

V'T/
2
+r

2
sln a 

2 
rslnayp 2-r 2 +TJ 2 -2prcosa 

·'( )2 2 2 2 2 
+ TJ v p+r + TJ • E (k , .p) _ 1) (1) + r + 2p ) 

2r ·F(k,o/J)+ 

2 
+ 'T/(p-r)p n (n ,k, o/J) 

2 2 3 
2r(p+rh/(p+r) +11 

2 2 
!/...!__ [ V'T/ + r + p 

2y(p+r)2+ '12 V'T/2+ r2- r 
n ( n k ·'· ) y' 1) 2 + r 2 - Pn ( k ·'· ) 

' ' '¥ + n2 , ' ~ 
V'T/ 2 +r 2 +r 

7 

(6) 

] . 
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rne 

AaBMyTaiDollall COCTILBmiJOI!Iall DODII: 

E¢ 
B,. 1 I a•¢o+</> p•R 

•-"""'4;1'T fo(p,r,z+h,a)+f0 (p,r,h-z,a)] 1 1 2 (7) 
0 a-¢ -¢p•R ~ 

f 0 (p,r,'l, a)• -~ v p2 +r 2 +'T/ 2-2pr<:4sa + 

p2 _ r2oos2a. Arsh 
+ 2 -========·+ 

.,Jp 2 + r 2
- 2pr eLls a 

0 1 

+ re4aa[ 'I Arsh p- r<:4a a -ulna arct& 'l (p- r eLls a) I, . 
_, 2 + 2si 2 . 2 2 2 
v'T/ r n a rsina.J p + r +'T/ :..2proosa 

B ~pMynax (4), (5) • (6) o6oa11a~e11o 

n __ 2r 
I

'/'T/a+r2- r 

2r 
D R----'--''----
2-

V'T/ 2 + r 2 + r 

k· 4p 
2 

(p+r)2+'12 

'n,.P·~ 
(p+r)a~ 

._., r - Tettymall ltOOPnBIIaTa, p , 'T/ , a -napaMeTp&r, onpeneniiJOIIlHe paaMep&t Jtoa«P•-

ryp8llBII. 

Pac~eT cocTaBnHJOmHX Jtynoaoacxoro nona npocTpa!ICTBeH!Ioro aap11na npo•asonBnca 

nna MaJtCBMB.nJUibiX alla~enll, T.e. pacnpenene!IBe E • onpenenanoc& npu z = h a 
Jtyn 

</J • 0 1 pacnpeneneoe COCT8BDSIIOII1811 E r npH Z • 0 H </J m 0 1 xyn 

8 
Pac~eT COCT8BnHIOII1HX npoBOnHnCH C TO~HOCTbiO no MHOJKBT8DSI _,._ C y~eTOM BDHSI-

'o 
IIHSI M8T8DnB~8CitHX nosepXHOCTell 1tphl11181t nyaKTa H B CBOtlOnHOM DpOCTpaHCTBe, 

Tatt ttu B CBIIXpollRXnoTpoae OIUIH ona11 nyaHT, npH pac~eTe orpa!IH~eaua TOEa ny~Jta 

DO 83HMYT81Do!IOII COCTaBDSIIOII1911 nona E .1. 1 ljlyHitDHH1 Bhlp8JK8.10111H8 aaBRCHMOCTb 
.,. Jtyn 

EA. OT P8l1HYC8 1 6panBCb Jtalt cpenoe M9JK.t!Y ljlyHitDHBMH ,pacc~TallllhlMB C Y~9TOM 
~ JtYn maz 

BDBBIIBH MeTannB~ecttBx nosepxaoCTel! a 6ea aero.Pac~eT orpa~e!IHB no BePTHitan&llhlM 

CHDaM DpoH3BOnHnCB TODI>ItO C y~eTOM BDBIIIIHB M8T8DnB~9CitHX DOB9pXHOCTell1 DOSTOMy 

npenen&Bhl9 3B8~811HB TOitOB HeCitODbltO 3811HlK9Hhl, rpalj!KitH ljlyllltllHII fa 1 f r 1 f¢ 1 

nponopDHOHaD&HhlX COOTB8TCTBYJOII1RM COCTaBnHIOIIlHM DODB1 npasenellhl !Ia pBCyllltaX 8-16, 

( CnnOIIlllhl9 DRIIHB - C y~eTOM MeTaDnB~eCitHX noBepXIIOCTell1 DYHitTBpllhl9 - 6ea ~eTa), 

8 

Y N.>N' 

\.0 

'o 
H . 
tn 
~ 

0 

\.0 

'o 
H 

H 

\.0 
I 
0 
H 

\.0 
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H 

I 

2 

F) 

" 

4 

5 

6 

7 

8 

9 

IO 

I 

2 

3 

4 

5. 

6 
n 
I 

8 

I 

2 
3 
4. 
5 

MltC81t 

-20 

-5 

20 

27,5 

32,5 

42,5 

50 

62,5 

I 50 

!50 

-I3 

-IO 

-4 

0 

I2 

I4 

20 

70 

-6 

6 
10 
40 
40 

I 

I 

R, 
CM 

6,5 

Sl 

I 15 

I I7 

5 I8 

8 20 

IO 2I 

I3 

29 

I 

I 

23 

36 

IO 

6 

I 6 

I 8,4 

I 9,7 

I I5 

4,5 I6 

9 I9 

28,434,4 

I 6,7 

I I4 
7 16,7 
2b 23 
I II 

---------------------

R2 
CM 

Ta6nuna 

I2 

I2 

I2 

I2 

II 

IO 
[0 

9 

8 

I2 

I2 

I2 

I2 

I2 

I2 

!2 

II 

8 

!2 

12 
12 
8 
12 

2h 
CM 

9 

2,9 

2, 76 

3,14. 

3~7 

3,37 

3,4 

3,4 

3,2 

3,05 

6,Z8 

2,45 

I,I 

2,5 

2,1~5 

2,93 

3,12 

2,4 

2,56 

2,3 

2,35 
2,'72 
2,0 
6,28 

2¢0 
pan. rpan, OpuMe~auue 

I66 

I 56 

I80 

2I2 

I9!3 

I95 

I95 

. I83 

I75 

360° 

I40 

63 

143 

I40 

I6'7 

I79 

I38 

144 

I32 

I34 
I 56 
II5 
360 

BosspaT x ueHTpy 

5 MKCeK nocne Ha~a
na saxsaTa B ycxo
peH.He 
7,5 MKCeK AO KOHUa 

3axsaTa 
KOHeU 3aXBaTa 

ycTo~~Hsoe ycxopeH. 

ycToU~Hsoe ycxopeH. 

YCTOD~HBOe YCKOpeH. 

yc'Ton~.HBoe ycTwpen. 

ycToU~Hsoe ycxopeH. 

~aCT.HU~ B~naRM M3 
06RaCTH ~30BOR yc
TOR~. 

Bo3spaT x ueHTpy 

2 wxcex nocne Haqa
na 3aXBaTa 
8 wxcex uocne Ha~. 
saxsaTa · · 
I2 MKcex nocne Ha~. 
3axsaTa 
KOHeU BpeMeHK 3aXB. 

ycToit~HBOe yc·r.opeH. 

yCTOR~llBOe yCKOpeH. 

ycToR~Msoe ycxopeH. 

4MKCeK nocne Ha~ana 
saxsaTa 
KOH8U 3Cl.XBaTa 
yCTOR~.HBOe ycKopeH. 
yCTOH~.HBOe ycxopeH. 
~acT.HU~ B~nan.H .H3 
o6naCTK ~a30B.yCTOH
~HBOCTJ.t. 
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Mali:CHMSDbHbill TOK, y.rtep>KHBSGMb!ll B KBlK.rtOll KOHcjlarypallHH0 DO.rtC'IHTb!BSDCSI H3 ycrro

BHH p8B9HCTB8 BepTHKSDbHb!X CHD (CHD KyrrOHOBCKOrO p8CT8DKHB8HHH H cjloKyCHpywmHX CHIT 

MarHHTHoro nons). Carr hi upocTpaHcTBGH!Ioro aap>~.rta a cjloKycapyromae canbl l5panacb 

pe.rtH9HHhiMH DO ropB30HT8DbHOll DOBGpXHOCTH p8CCM8TpHB8GMOll KOBcjlHrypallBHo 

yc-

YM9Hblli9HHG BGpTBKMb!IOll COCTSBD>IIOmell KYDOIIOBCKHX CHIT II: KpSHM crycTII:ll (<{> = ± <{> O) 

ue Y'<HTbiBarrocb. 

PaccMaTpHBarrBCb crre.rtyromae cny'laH cjloKycapyromax can: 

I) TOrrbKO Mar!IHTHas cjloKycapOBKa ( c KOrrhllliMB, yaerrH'IHBaromHMB cna.rt nons al5naaa 

ueaTpa
171, a 6ea Korreu), 

2) MarBBTHaH cjloKycapoBKa a CMeme!IHe aa .rtYliHTe, 

3) MarHHTIISH cjloKyCHpOBK8 0 CMemeRHG HS .rtySHTe H .rtOnODHHTGDb!ISH 3DGKTpOCT8TH'Ie

CK8H cjloKyCHpOBKa, 

npa nOMOIIIH KpBBOll cna.rta MSrBHTHOro nOrrH H 38BHCHMOCTH CHHXpOHHOll 'ISCTOTb! OT 

p8.rtHYC8 UO.rtC'IHTh!B8D8Cb 38BHCBMOCTb BGDH'IHHhl 

Fm 
ez 

_ w B • n , 

Fm ~· 
-- OT pa.rtHYCS no ..,opMyrre: 

ez 

(8) 

r.rte F m [ H] - aepTBKarrbHBB MaraBTHa>l cjloKycapyromas cane, e [ k ] - aap>~.rt sneKTpoaa, 

lil [ 4--J- KpyroBSH '18CTOT8 OOpSIIIG!IH>I CHHXpOHHOll '18CTHilhl0 B • [ TIT ] -HBAYKUBH Mar-

HHTHOrO UOD>I, n -KoscjlcjlHilHGHT BGO.(IHOpO.rtHOCTH MllrBHTIIOrO nons, Z [ M] -p8CCTOHHHG 

OT MG.(IHSHHO!I DDOCKOCTHo 

.• ·nmr HSXOlK.rtGHHR 9D9KTpH'IGCKHX CHrr0 ooycrrOBDGHHbiX aanpHlKGHHGM CMGIIIGHHH H .rtOnon-

/8/ 
HHTGDbHOll 3DGKTpOCT8TH'IGCKOll cjloKyCHpOBKOll , npOH3BOaHDHCb H3MGpGIIHSI COOTBGTCTByiO-

IIIBX BGpTHKSDbHh!X COCTSBD>IIOIIIHX JlanpHlKGHHOCTH 3DGKTpB'IGCKOrO norur E . B 3DGKTpo-

/9/ 
rrBTH'IGCKoll aaaae • CocTaansromae sneKTpH'IGCKoro nons E. OT BanpHlKGHHH CMGIIIG-

HBH HSXO.rtHrrBCb npH no.rta'IG aanpHlKGHHH TOnbKO Hll AYSHT, 8 BepTBK8DbH8H COCTSBDHIOmaa 

OT HanpHlKGHHfl CMGIIIGHBH H8 AYBHTG B .rtOnODHHTGrrbHOll 3DGKTpOCT8TH'IGCKOll cjloKyCBpOBKH 

onpe.rtenanacb npa no.rta'le aanpslKeHHH aa .rtyaaT a cjloKycapyromae sneKTpO.rtbl oT .rterrHTen>~, 

TSK, 'ITOOhl aanpHlKGHBe CMemeHBH U C.rt = 0,I36 U cp• r.rte U cjl -HanpHlKGHHG Hll cjlo

KYCHpyromHX 3DGKTpO.rtax. TaKOe COOTHOIIIGHBG MGlKAY U C.rt H U cjl COOTBGTCTByGT HanpH

lK9HBHM0 HCnOrrb3YGMbiM Hll CHJIXpOilHKrrOTpOHG 0J1HJ1. npa paC'!GTe cjloKyCHPYIOIIIGrO .rtellcTBBH 

OT HBnpa>KeHHH CMGIIIeHHH H .rtonorrHHTGrrbHOA cjlOKYCHpOBKH Y'IHThiBSDOCb TODbKO CpG.rt!lee none. 

fpacjlHKHo nOK83hiB8IOIIIHG 38BHCHMOCTb BepTHKllrrbHbiX cjloKyCHpyiOIIIHX CHrr OT pa.rtHyca, UpHBe

.rteHhl aa pac. I7. 

npe.rterrbHSH OO~GMHSH nrrOTHOCTb 8.,.[--k-] 0Upe.rterrHrr8Cb H3 CD9.rtYIOIIIHX COOTHO
m3 

rneHHH: 

10 

Ea 

E. 

E. 

=f.· o•• ... ~ 
.. 0 e 

- u.,. 1 [-F ·f··--=- +F Eo e CCJ m 

- a.,.. 1 -
•f ·--=-[F +F 

• • 0 e cqif> ·i 

IO _g .p 
r.rte • 0 = ~ [-;;;-I -.rtaaneKTpa~ecKaH npoaanaeMOCTb aaKyyMa, 

BepTHK8DbH8H COCTSBDlUOmBH nona HllnpH>KGHHH CMGIIIGIIHH Ha .rtya!ITG, 

(9) 

( 10) 

( 11) 

F [H) 
Cll 

F c.rtcjl [h I -BGpTB-

K8DbH8H COCT8bDHIOIII8H CyMMSp!IOll CHUb! OT HSnpHlKGHHH CMGIIIGHHH H .rtOnODHHTGnbHOll 3DGK

TpOCT8TH'I9CKOA cjloKyCHpOBKH. ~epTa 0003H8'18GT ycpe.rtHGHHe no ropB30HT8DbHOA noBepx

HOCTH KOHcjlHrypllllHH, 

3aag npe.rterrbHYIO nrrOTHOCTb 0 MO>KHO. HeATH M8KCHM8DbHb!ll TOK .rtrrH paCCM8TpHB8GMOll 

Koacjlarypanaa no cjlopMyne 

I =a • V· F 
z maz Ts m ' ( 12) 

r.rte I [a)' -M8KCHM8DbHhiA TOK, y.rteplKHBBGMbiA BepTHKSDbHbiMH cjloKyCHPYIOIIIHMH CH
zmax~ 

naMn, v [ M I 'oo~eM KOHcjlarypaUHH, F M ( rnl- '18CTOT8 MOAYDHUBH, 
' k a.,. [ ----

3 
-I ~npe-

ll9DhH8H 00~9MH8SI nrrOTH OCTb. 
m 

PeaynbTSTbl pac'<eTa .rtrrsr F m = 120 ru CB9.(18Hhl B TSOnHUy 2, 8 COOTBGTCTBYIOIIIHG 

rpacjlHKH UpHB9/lGHhl HS pHCo 18. Y'!eT BDHHHHH HSUpHlKeHHH CMGIIIGHBH HS .rtya!IT9 H llOnOrrHH

TeiTbHblH 3DGKTpOCT8TH'I9CKOll cjloKyCHpOBKH UpOH3BO/lHITCH TOITbKO llDH KOHcjlHrypanBA 2,3 H 4 

(B HHTepsane BpeMeHB 38XB8Ta), 

3, OrpaHH'IGHHG TOKS ny'IK8 0 Bbl3b!B89MOG 83HMyTarrbHOll COCTSBDHIOIIIGll 

npocTpaHCTBeaaoro aapsaa 

PallHBITbHO-cjlaaoBOe /lBH>K9HHe '!SCTHU B yCKOpS19MOM cryCTKe TSKOBO, 'ITO HS OllHOM 

KpiliO CrycTKS ( rp = + rp 0 'ISCTHilbl yaerrH'IHBSIOT CBOIO 3HGprHI00 8 HS JlpyroM 

( 9 = -<Po yMeHbiiiSIOT ee. CocTaarrsromaa nons npocTpaHCTBeHHOro aap>!Jlll 

E ~.~ Kyn HS Kparo crycTKa, rne 'EJSCTllUhl ycKop>JIOTC>J, aanpaaneaa UpOTHB yc-

KOpBIOTHero ITOnSI, II03TOMy DenHqHHB YCKOpSI!OMOrO TOKB MO>KeT 6biTb orpaHHq8HA BenH'tJHHOii 

II 



• 

83HMyT8nblloll coCT8Bnsnomell ycxopsuomero nons AY8BTa. "'aCTHJX&r, 11axousmuecH 118 xpa10 - -
cryCTxa, n!IP.9CT810T ycxopH'rbCR u MoryT 6wT& noTepSIIlbl upu E _.. • E _.. 

'I' Kyn 'I' ycx. 

u 
N?N> y. 

Mar • .Pox. 

KOHijl, 

KOHijl, C ltOnb-
693 

II 8MB 

2. I 8, 7 7,5 

3. 12,1 9,4 

4. 13,2 9,1 

5. 19,8 12,8 

6. 26,8 I5,2 

7. 32,6 17,0 

8. 1+3, 5 19,1 

9. 88,3 35,7 

Ta6nHII8 2 

u 
Yz u.,& - smaz 

Mar.ljlox.+ 
cMemeuHe 

Mar.ljlox,+cMeme- y Mai'.Ijlox, 
uue+ 90 uljloK. 

c xon&-
683 

c lton&-
693 

C KOnb
II8MH uaMH uaMH 

x10-6!KIMS/ x10-4/u
3 t 

II ,I 9, 9 14,4 I3,II3,25 1,4 

12,8 10,015,7 12,937,09 5,4 

13,7 9,616,0 II, 9 63,94 10, I 

55,42 13,2 

57,12 18,3 

57' 97 22,6 

51,84 27,0 

55,51 '58,8 

I 
zmoz 

M8I',$OK,+ 
cMemeue 

6ea e Kon&-6ea 
uaMH 

10-
6/a/ 

r,2l r,a 1,6 

4,2 5,7 4,5 

7,0 0,5 7,3 

8,5 

10,4 

II, 8 

II,9 

23,U 

I :r. m•z 
Mar.oPc>Jt •. + 
cMem.+uon. 

dlo11:. 

e Kon&- 6ea 
II8MH 

2,3 2,r 

7' 0 5, 7 

12,S 9,1 

AaHMyTanbH8H cocTaBnHIOmaH yexops10mei'o anexTpH'leCKOI'O nons onpenensnacb no K8p

THHe 3KBHnOT9HUHanbHbiX nHIIHII Ay8HT8 B M9AH8IIHOII IInOCKOeTH0 nony'l9llllb!X lla aneKTpOnH

THqecKoll sa1111e. H8 pRe. 19 npHBenella aaBHCHMOCTb oT p8AHyea 83HMyTan&aoll eocT8BnHIO-

mel! yeKOpH!Ofll9I'O aneKTpH'19eKOI'O nons! E _.. ( ycpeuHeaaoll no 83HMyTanbROMY yi'ny ), 
'I' ycK 

I' lie E_.. > 0,1 
'I' ycK 

<llyHKUHH f </> , X8p8KTepuayiOmHe 38BHCHMOCTb KY-E 
</> ycK maz 

noHOBeltHX CHn 118 Kp810 crycTK8 B M9!IH8HHOII nnoeKOCTH OT p8!IHye8, npHB9A9Hbl 118 pHcyR

KaX 8-18, 

nocne ycpeAH9HHSI no p81IHYCY f-" II E -1. AnSI K8:>KAOI! KOHijJHI'yp8UHH MO>t<HO p8C-
'I' 'I' ycK 

C'IHT8Tb IIpenellbHYIO IInOTHOCTb 'laCTHII II M8KCIIM81Ibllbii! TOK, YCKOpR9Mbiii npH A811HOM H8-

npH>t<9111111 118 AY811Te. P8eqeTIIbte .PopMynhi 8H8IIOI'Hqii&I ljlopMyn8M (8) 11 (7) 11 HMeiOT BRA 

Eq, Uy -" 
zf_,_•-:t'• E_,_ J 

'I' t 0 'I'YCK 
(4) 

Iq, • uycp' V • F m , (5) 

12 

rne qepTa o6oalla'laeT ycpaullaiiHe no pauuycy B M&AHalliiOA unocKOeTR BAOn& 11:pa11 paccMaT

pusaaMoll xoa<Purypruum. 

Peayn&TaTbl pac'laTa cBeueabl s Ta6nuny 3, cooTBaTcTBYIOW.a rpaljlxxx npxsanaabl 11a 

puc. 18. 
Ta6n11na 8 

N>N> 
f¢ E¢ yell: uYcp 

xoaljl. 
1

¢maz 

xl0-
2
/M/ x10

8
/s/M/ xl0-6/x!M

3 t xl0-6/a/ 

2. 1,8 39 18,9 3,0 

3. 2,2 40,2 16,9 7,1 
4. 2,5 40,3 14,2 I0,9 

5. 2,3 ll2,2 16,0 I0,7 

6. 2,I 41,40 I7,2 II,8 

7. 2,1 40,8 17,4 I2,1 

8. 1,9 40 18,I II,3 

9. I,6 35,2 19,7 13,1 

3 a K n 10 'I a 11 11 a 

B pa6oTe pac'l&TIIb!M nyT&M onpenenellbl I'&OMeTpB'l&Cltlla paauepht ny'!Xa euaxponux

noTpolla OH~H AIISI llaCJtOIIbl(HX MOM&IITOB speM&IIH B lla'lan&aoll CTHAI!H ycxopeaus. ToT 

ljlaii:T0 'ITO paC'leTJIOQ Bp&MSI 3HXB8Ta 'laCTHil B yeTOII'IHBbll! p&lKHM ycii:Op&IIHSI 6nH3EO K Slte

nepHM911TaiibiiO onpaueneaaouy, rosopHT o noeTaTOqsoA TOqsocTu onpeuaneHHR reoueTpH'le -

CKHX paauepos ny'!Xa B M9AHaiiROII nnocxoeTH. 

npoH3B9A9llllb19 p8C'l9Tbl ylta3b!B810T, 'ITO AnSI cym&CTBYIOIDHX napaMeTpOB eHRXpOIIHKnO-

TpOBa OH~HMOJKIIO aaueBTbCSI nony'IBTb TOKB no 10 Mlta npx qaeTOTe MouynS!JlBH F •120rn. 

XapaxTepBbiM RBnBeTCR nxanaaos pauuycos R • 0 - 10 eu, sa JtoTOpbiX Ha-aa sa-

pymesus BepTHitanbSOII yeTOII'IHBOeTH !IpOBCXOAHT orpaJIHqeHHe TOKa YCII:OpS19MbiX HOIIOB B 

eHRXpo!IHJtnoTpOII90 B TO Bp&MSI Kalt lla pauuycaX 

ynep>t<allbl TOII:H B A9CSITII:H MHI!tpoaMnep, 

R • 25-80 cM1 no-BBAHMOMy,MoryT 6b!Tb 

0TeiOua HeRO BHAIIOo qTO OCIIOBII09 BIIHM911H9 IIpll pemeHHH aaA8'1 yB8IIH'l911HSI HIIT&ReHB 

HoCTH nonlKIIo 6b!Tb yueneso coauaiiHIO 6on&mux .PoxycupyiOIIIHX sepTI!K81IbllbiX cun sa uanb!X 

panuycax B !III8!Ia30II9 R • 0 - 10 CM, CneuyeT OTM9THTb, qTO orpa11H'l811H9 HIITeiiCHBIIOeTH 

B cusxponuxnoTpolle, Bhi3htBaeuoe aauuyTaiiblloA coCTasnsiOmeA nons npocTp811CTB&liiiOro aa-

IS 



. 

pllJl81 Jl8GT no B9.JIH'IHH9 T8KH9 lKQ TOKH1 KBX H orp8BH'l9HH9 1 Bbl3biB89M09 H8pyweHH9M B9p

THK81IhBOft yctoft'IHBOCTH, nosToMy nony'leHHe ToxoB eenH'IHHoft nopllJlK8 20 MK8,nO-BHJlBMo

MY,YJl8CTCH ocymecTBHTh npH ycnoBRH JlBYX-Tpexxp8THoro yeenH'leHHH H8npHlKeauocTH ewco

KO'IacToTaoro nong (ynyqrneaHe reoMeTpHH neaTp8n&aoft 'I8CTH ycxopHTenH H yeenH'I9HHe e.q, 

H8nplllK9HHH H8 JlY8HTe) C nponopUHOH81IhHbiM B03p8CT8HH9M 'I8CTOTbl MOJlY.JI>lnHH, 

TioJlp06Horo p8CCMOTp9HHII B.JIHIIHHII H8 JlOCTHr89Mblft TOK B CHHXpOUHK.JIOTpOH8 p8JlH8n•

HOft COCT8B.JIIIID1ll9ft nonll npocTp8HCTB9HHOro 38pllJl8 89 npOBOJlH.JIOCh. 0JlH8KO OU9HKH npe

Jl91IhHblX o6'beMBbiX nnoTJiocTeft o Ts H8 eayTpeaJieft H BII&ll!Heft rp8IIHU8X ny..x8 B p8CCM8T-

pHB89MblX KOJI$Hryp8UHIIX nOK83b!B89T1 'ITO M8KCHM81IhHblQ OO'b8MHbl9 U.JIOTIIOCTH 0 H8 
Y rmcrs: 

3-4 UOp1IJlK8 6on&rne, '19M COOTB9TCTByiD1liH9 nnOTIIOCTH 

TipH p8C'l9Te np9Jl91IhHblX 3H8'I9HHft U.JIOTHOCT8ft 

0 H 
•• maz 

0 
T• ocp 

U Yc/Jmcrx • 

I • H 1</J H TOKOB 

npennon8ranOCh1 'ITO HCTO'IHHK HOHOB B COCTOIIIIHH o6ecn9'IRTh 'IHC.JIO HOHOB1 JlOCT8TO'IH09 

Jl.JIH 38UO.JIH9HHII p8CCM8TpHB89Mb!X KOH!j>Hryp8UHft. 

P8CCMoTpeaHe CT8TH'lecxoft K8pTHIIbi B38HMOJl9ftCTBHII ¢oxycHpyiDrnHX M8rHHTHbiX H 

31IQKTpH'I9CKHX CH.JI H Jl9$0KyCHpyiD1liHX CH.JI npoCTp8HCTB9HIIOrO 38pllJl8,6e3yC.JIOBH0 0 IIB.JIII9TCII 

nepBb!M npHO.JIHlK9HHeM. Tio)lODHblft 8H8.JIH3 Up9Jl91IhHOft HHT9HCHBIIOCTH1 JlOCTHr89MOft B CHH-

xponHxnoTpoue, cneJ:tyeT nonhiT8ThCII npoeecTH npH y'IeTe JlHH8MHKH JlBHlKeHHH ycxopHeMbiX 

HOHOB. 

DnH CHHxponHK.JIOTpOR8 011.1Ui M8KCHM8.JI&Ho 38perHcTpHpOB8HHbre TOKH 38 nepHOJl 

1960-1985 r.r. COCT8B.JIH.JIH H8 p8JlHyce R'" 80 CM I - 2,2 MK8 093 !j>oxycHpOBKH H 

I ~ 4,8 MK8 npH snexTpoCT8TH'Iecxoft !l>oxycHpoexe. 

'-· B 38K.JIID'l9JIHe 8BTopw Bbip8lK8IDT t5n8rOJl8pHocT& T.B. Pbrn&neeoft 38 noMorn& npH p8c-

qeT8X H8 38M, 8,11. BHHOKypoey 38 H3M9p9KH9 noneft B 3.JI9KTpO.JIHTH'I9CKOft BBHH9 H 

IO.B. M8KCHMOBy 38 noJ:troToexy 8nn8p8TYPbi Jl.JIH H3MepeKHII epeMeRH 38XB8T8. 
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