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B.B. BacHJIIIDIHH, JI.D. 3Jmoa&ea, H.B. HccHHCKHil, 

E.M. Ky.11uoaa, K.n. M1113HHKoa~ H.H. DaBJios 

PACIJET .O~HOR CXEMH ME~EHHOro BHBO~A 

DPOTOHHOrO DYIJKA H3 CHHXPOtA30TPOHA 



§ 1. B B e 11 e H n e 

. TipH ~biCTpOM (nop.HilK8 CT8 o5opOTOB) BblBOil6 npOTOHOB H3 CIIHXpocpa-

30TpOH8 Oiif.Hiif . npnMea.HeTc.H pallnanbHhiH pesoaaac 5eTaTpOHHhiX Kone5aanll: 

v R = 1121 11• B pa5oTax12,3/ npellnomeaa cxeMa Mellneaaoro BhiBOila ( oT 

,H6CKOnbKHX Jl6C.IITKOB llO COT6H MnnnHC6KYHil) 1 OCHOB8HH8.1I liB ll8HHOM peso

H8HC6, B aToM cnyttae npn BhiBcille llOn:>KHa 6biTb Bhxrionaeaa cnellyJOilla.H nocne

llOBaTenbHOCTb onepaunll:: 

i) CM6Ill6HH6 YCKOp6HHOI'O nyttKa BO BHyTp6HHIOIO '18CTb BaKyyMHOfi KaMe.., 

phi ycKopnTen.H aa pannyc R a ; 2) cosllallne pesoHaHCllhiX ycnoBnll: B aapym

Holl:. ttacTn KaMe phi ( pnc. 1,1) nyTeM nsMeHeJi:nSJ noKasaTenSJ nonSJ n ( R) 

B llByx KBallpBHTax Ha BennttnHy ~ n ( R )'; 3) BhiKnJOtteaue ycKops!IOillell: ttacTo.:..: 

,Thl B Hattan e. "CTOna TOKa" B CIICTeMe ITHT8HII.II OCHOBHOI'O M8I'HHTa . ( ixpn 9TOM 

nponcXOilliT Jle6aattnpoBKa ycKopeaaoro nyttKa); 4) nepeMemeane B pa6otty10 

o6~acTb KaMe phi n BKnJOttea.ne cynTyM-MaranTa ( pnc. 1,2); 5) Menneaaoe 

CM6Ill9HH6 nyttKa B p630H8HCHYIO o6naCTb COOTB6TCTBY!OillHM HBKnOHOM .. CTOna· 

TOKa" H 3a6poc ITY11K8' B. :;3830p cei:ITyM-M8I'HHTa 1 nocne OTKnOH6HHSJ B KOTO

poM· nyttOK BhiXOilliT H3 · K8M6pbl yCKOpliTenSJ, nnnTenbHOCTb Bb!BOil8 onpe-
" dBz . ) . 

Jl6nSJeTC.II. BenH'IHHOll HBKnoaa CTona TOKB"\ --= B 1 T,e, CKOpOCTbiO . . . - . dt 
cMemean.H nyttKa B pe3oaaacayJO o6'nacTb 1 aattanbHhiM nMnyrihCHhiM pas6poco,M 

H · pannanbllb!M pa3M6pOM . nyttKa, lln.H· '18CTHU C p83.HhlMH llattanbllb!MU' aMnnHTYilB

. MH cBo60JlllhiX Kone6aanll: pesoaaac 5yneT aacTynaTb B pasaoe BpeM.H 1 TaK KaK B 

aameM cnyttae nsMeaeane n B aanpaBneailn p~nnyca B I iiii KBanpaaTax nMeeT 

aennaell:abxll: xapaKTep ( pnc, 2, · KpHBaSJ 3), 
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B. HacTostmeil pa6oTe paccMoTpeaa gnHaMnKa nponecca MenneHHoro Bhl

aona npn ncnonbsoaaHnn MnHnManbHoro Konn~ecTaa nonroCHhlX npoaonHnKOB 
. . 

a sasope MarHnTa ycKopnTenst - nayx nap pesouaHCHbiX n onHoil napbi KoppeK-

Tnpyromnx. Pacc>i:HT8H8 Tpacca BbiBOga C OUHHM BHyTpeUHllM MarHUTOM1 pac

nonOJK9HHbiM B npHMOnnHeHHOM npoMeJKyTKe 1n BbiXOUOM ny~Ka ll3 YCKOpnTe

nH a KoHne ·cnenyromero KBanpanTa. XapaKTepncTnKn ny~Ka nprr MenneHHOM · · 

BbiBoge n aneMeHTOB. cncTeMbi BhiBoga nony~eHbi nyTeM pac~~Ta TpaeKTopnlt 

npoToHoa Ha 8BM ESCM-6.. ITpn aToM :y~nTbiBanacb· K~pTnHa MarHnTHoro 

nonSI, KOTopyro naroT nsMepeHUSI noKasaTenSI nonSI n ( R) 

§ 2. Me Ton pac'I~Ta nanlKeHnH rrpoToH~B a ycnoBIHIX 

pesonauca 

MeTog MogennpoaaHnH Men.neHHoro pesoHaHCHoro BhiBona npoTouoa Ha 

8BM no onncannofi Bbime cxeMe npnaegeH a pa6oTe/4/. TpaeKTopnn npoToHoa 

'• a ropnsoHTanbHofi nnocKocTn pacc~nTbiBannch nyTeM nHTerpnpoaaHnSI rronuo- · 

ro ypaBHeJIHSI . gBHJK9HHSI B MarHHTHOM none KB8gp8HTOB ,YCKOpUTenSI .B nonstp

HOfi CHCTeMe KoopgnHaT (R, rp) (pnc. 1). MarHHTHoe none BO BCeX 4 KBag

paJIT8X npnHHTo asnMyTanbHo onHoponHhiM. ITo pannycy oao onncbmaeTcSI KaK 

¢YHKUUSI. n ( R) B III H IV KBanpaHTax n KaK <flyHKUHSI n ( R) +~ n ( R) 

B I n II KBagpau'i'ax. ITone, cosnaaaeMoe npoaonHnKaMn peaoaal{cuoro aos

MymeHHH1 oT apeMeHu He saancnT. OcHoauoe none ycKopnTenH HBnHeTCH tjlyHK

nuefi apeMeHn, B HameM cny~ae - HoMepa o6opoTa. HsMeaeHne nonH ao ape-

MeHn onpenenSinocb 6e3p83MepHOH CKOpOCTbiD H3MeHeHUSI nonst 38 o6opOT 

• d Bz T 
(y=.--·--

dt B 
3gecb r - nepnon o6opoTa a KoHne nnKna ycKopeanH, 

zo 

B O - BepTHK8nbH8H_ COCT8BnHIDlll8H MarHUTHOrO IIOnH H8 ueHTpanbHOM panny-· 

ce R 0 ) • llnH KaJKnofi aMnnnTygbi cBo6ogHbiX ·Kone6auna npn pacq~Te sana

aancH Ha6op Ha~anhHbiX ycnoanfi c onpegeneHHbiM maroM ·no tjlase 6eTaTpoH- . 

HbiX Kone6aanfi. ITpn Bbi6ope Ha~anbl{biX ycnoanil yqnTbiBanocb pa.cnpeneneune 

~acnin a Koane ycKopeHuH no aMnnn~ynaM~ Bcero gm1. KaJKgoro cny~aSI. ( §3) 

pacc~nTbiBanocb oKorio 1 00 TpaeKTopnn. Pac~~T TpaeKTopnK saKaHt:!~aancst 
nocne Toro, KaK OTKnoHeHne npoToaa nocTnrano sananaoil: aenn'IHHbi na asnMy-

Te TT • 
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KaK yKa3biBanoch B pa6oTel4/, 6bma npn:MeHeHa MeToan:Ka pac'I~Ta 

MeaneHHoro BbiBOJla C JlBY~SI CKOpOC~SIMU CMemeHn:SI paBHOB9CHOU op6UTbi1 

y 1 n: .. y2 • CKopocTh y 1 aaoan:nacb B Ha'lane cMemeHn:SI op6n:Thi, Koraa 

TpaeKTOpRSI eme He BXOJlRna B B03Myl!leHHyiO o6naCTb R II09TOMy MOrna 5b!Tb 

B3SITa aocTaTO'IHO 6onhmofi. ITpn rroaxoae :TpaeKTopnn qacTHUbi,K pesoHaHc

Hofi o6naCTR CKOpOCTb CM9IIl9HRSI. CHR:lKanacb JlO y 2 -BenR'IRHblt II03BOnSIIO

l!lefi paccMaTpnBaTb aocTaTO'IHO MeaneHHhlfi rrpouecc pasBRTRSI pesoHaHca. 

8TO Jlano B03MO:lKHOCTb COKpaTRTb BpeMSI C'I~Tao KaK IIOKasann: paC'I~Tbi 1 
xapaKT9pRCTRKR IIy'IKa Ha BXO)le B C9IITyM-MarHRT IIpR JlnHTenbHOCTR Bb!BO)la 

OT 0, 7 JlO 140 MC9K He 38BHCSIT. OT y t R cna6o MeHSIIOTCSI IIpR H3MeHeHifR 

3H8'19HR.II y2 

YcnoBHO Bbi6paHH~SI cKopocTb y0 COOTB9TCTByeT 0 = 330 rc/ CeK. 

Ha JlBH)!<eHne npoToHoB B ycnoanSix pesoHaHca cymecTBeHHo ann:sreT 

Hannqne asnMyTanbHOfi: aCRMMeTpHH op6RTbi, BO BHyTpeHHefi '18CTU K8¥epbi, 

KOTopaSI IIOSIBnSieTCSI 1 KOr)la IIOnOBUHa IIpOBOJlHHKOB pesoHaHCHOfi: 06MOTKU 

a I n II · KBaapaHTax saMKHyTa BHYTPh oT R 0 , a nonoan:Ha - Hapy:lKy 

( T.H. none 1 , pnc. 3, KpnBaSI 1). MaKcn:ManbHOe ncKa:lKeHne pannanbHofi rrpo

eKunn op6UTbi BO BHyTpeHHefi '18CTR KaMepb! IIpR paCIIOnO:lK9HRR IIpOBOJlHRKOB. 

\ 

Ha R
0 

+5 . u R 
0

-t- 15 eM aocTnraeT B aToM cnyqae 5,2 cM/5/. ' 1 

§3. XapaKTepil:cTRKR rry'l:Ka rrpn BbiBone 

B HaCTO.IIIIleM pasaene paccMoTpeHo rroaeaeHne nyqKa rrpoToHoB B npo

uecce MenneHHoro BbiBona B pSine xapaKTepHbiX cnyqaea rrpn aenn'IRHe peso

HaHcHofi no6aBKR fl 0 = 0,3 ( Ta6n. 1) o l1Menacb B03MO)KHOCTh R3M9HSITb 

.nono:lKeHne IIpOBOnHRKOB pe30H8HCHOfi 06MOTKR IIO pannycy, BBOnRTh n:nn: He 

BBOnllTb 83IIMyTanhHYIO 8CUMMeTpUIO IIOn.II B o6naCTI\, yCTOll'IRBOrO nBn::lKeHRSI 

ny'l:Ka (rronSI 1 n: 2), pacmnpSITh pa6oqyro o6nacTh rronSI ao BHyTpeHHefi: qacTn 

KaMepbi C IIOMOIIlhiO cymeCTBYIOIIlefi KOppeKUUU n Ha Bb!COKOll RHllYKURR (fln k). 
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Pnc, 1. CxeMa Meaneaaoro BhiBoaa 
n cncTeMa nonSipHhiX KoopnnaaT, I, II, 
III, IV- imanpaHThi ycKopnTenSI, 0 1 , 
0 

2
, 0 

3 
, 0 4 ;.. ueaTphi rronSipHhiX 

cncTeM KoopanaaT Kamnoro·KBan
paaTa, 1 - o6nacTb cymecTBOBaHI!SI 
pesoaaacaoro BOSMymeanSI, 2 - cen
TyM-MarHnT, R o= 2800 eM - ueHT
panbHbil! pannyc ycKopnTenSI, 

f BeprHuu n0/1/0C 
1 

G> 1 ® { 2 

" I I (;) ./ I !•J !•J >. (!) 
•r - I 

Pnc, 2, 3aBIICHMOCTb n OT paanyca npll IIHAYKUHII 12600 I'C (KpnBaSI 1) 
11 Bennqnaa L'1n npn ToKe 340 a (KpnBaSI 2), Pacnpeneneane n + L'1 n 
(Kpi!BaSI 3); 1, 2, 3, 4 - npOBOAHHim pe30HaHCHOl! o6MOTKII1 pacnonomeHHbl9 
aa pannycax R

0 
+ 5 n H 0 + 15 eM, 5 - npoBoAHHK c'ncTeMbi KOppeKunn n 

(p= R-R 0 ). 
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P11e. 3, 3aBIIeiiMOeT&8z /B20oT pan11yea B KBanpaaTax III 11 IV ('KpiiBaSI A), 
11 KBanpaaTax I 11 II np11 none 1 ( KpiiBaSI I ) 11 npll · none 2 
(KpiiBEISI 2) npll TOM ~e paenonolKeHIIII npOBOAHIIKOB; 'ITO II Ha pile, 2, :no 
oell a6eu11ee OTnOlKeHO paeeTOS!HIIe ±P OT UeHTpan&Horo· pan11yea yeKOpii-
TenSI R 0 , ·no oe11 opnHHaT - B. I B zoB npoueHTax, 

Pile, 4. <lla30Bble KOOpAIIHEITbl npOTOHOB HEI nsyx noenenoBaTenbHbiX 66o
poTaX B eny'lae a),· no Oell a6eu11ee OTnOlKeHO paeeTOS!HIIe OT R0 B eM1 

no oe11 opniiHaT - yron ( Mpan), npiiHSITbl o6osHa'leHIISI: 0 - .6on&wlle Ha-
'lanbHble aMnniiTYAbl Kone6aa11l!; o - epena11e; x - Manbie, · nyHKTIIpOM 
noKasaH ·Kpalt eenTyMa, ~ 
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Ta6nuna I 

Cny. nonoxe- Hanr~t~He Rs, , .An'< i . rny- , .J{JIH-t~aH Hille pe- I/lJII/l OT- cu •. BO BHYT· ((2 .. 30HaH- CYTCTBI/le pa,n;Hyc peHHett c:hma xen:o- .. 
CHOt! ·. a3HMY- Kpa.R t~acTH sa- HOCT:O 
06MOTKI/l TaJIDHOt! cenry- KaMe pH 6poca BHBO.I(a, 

acHMMeT- Ma .bp, 060pOTH 
pHr~· (no- CM '. .. 

ne I HnH 
2) 

R., ~o~ 

a) Ro*~C> CM .none .I 2820 0,2 20 00 ,!3 ..... IJOO.· 

~a ~ 

6) < ~o""~Ocl'\ none 2 2820 0,2 20~0 I8.· . rv 700 · 

Ro+5 \.\ 
B) Ro+-IS C'M none I 2820 0 20 ~0 I9 .... rooo 

Re~-" ... 
...; 

r) IIi none.2 2820 0 20 'bo I9 rv IOOO 
Ro•-\Su" 

! 

Ro,. 5 . ' 
20~() ~) VI. none 2 2830 0 20 ""!000 

Ro-\1Sct1 
-a....--~ .. ----

C n y 'I a ii a ) • ITy'IoK CMemeH B Ha'Iane BhiBona a a R 
11 

= 2780 eM, BO 

BHyTpeHHeii 'IaCTll KaMe ph! n n:cnpaBneliO C llOMOIIlbiO npoBonHn:Ka 5 { pn:c,2),. 

Pacnpenenean:e npoTOHOB B ~asoBoii nnocKocTn no sa5poca B sasop Maran:Ta . 

n: nocne sa5poca ( pn:c. 4) noKaSbiBaeT aann:'Iire 5onbmoii 'nnoTHOCTn: B o5nacTn: 

cenTyMa - no 1 5% 11a 1 eM, 8To cBSISaHo c TeM, 'ITO Bcnen- · 

CTBn:e cnBn:ra op5n:Thi aapyMy 'IaCTb 'IacTn:u nonanaeT c ManbiM maroM B o5-

nacTb cenTyMa, eme He ycneBaSI BOHTH · 6 pesoHaHc, Yron TpaeKTopn:ii npo

TOliOB Ha BXone MarHHTa a ( N) MeliSieTCSI BO BpeMeliH OT -3 no -1 15 Mpan 

( pn:c, 5) B CBSI3l! CO CMe!IleliHeM ,liapyMy l!CKaMeliliOll paniianbliOi!: op6l!Tbl 1 

aMnniiTyJla KbTopoii saBIICHT oT paJln:yca, YrnoBoii pacTBop da"' 0,5-t0,7 Mpan 

· 11 oT N ae saBIIcl!T, B JlaHHOM cny'Iae Ha'Ian~ II Koaeu BbiBOJla onpen.enSIIOTCSI 

5onbllll!Ml! 8Mllnl!TYJl8Ml! Kone5aHl!ll 1 'ITO CBSI3aHO T8KMe C Hanl!'Il!9M a3l!My

TanhliOll ac.n:MMeTpl!l!, BpeMeHHaSI nnoTHOCTh npoTOHOB noKasaHa aa {Jl!C, 6, 
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Pnc, 5,. 3aBHCHMOCTb a ( N) a a Bxone cenTyM-MarHHTa B cnyqae a), no 
ocn opnnaaT oTno*eH yron B Mpan, no ocn a6cuncc - HoMep o6opoTa, 

1,% 
r-

r-- ....--
15 r-

1--:-

10 I· 

....--
-

' 

r-- r--5 

I 1""1 
1800 2000 ·2200 2400 2600 2800 3000 N 

Pnc, 6, BpeMeHHal! rncTorpaMMa BbiBeneHHbiX _npoToHoB npn aanH'!HH .aan
MyTanbHofi' aCHMMeTpHH BO . BHyTpeHHefi '!BCTH KaMepb! ( cnyqafi a), • no OCH 
a6CUHCC OTno*eHbl HOMepa o6opOTOB npOTOHOB 0 no OCH Op/lHHBT - '!HCnO 
npOTOHOB (B %), nonaBWHX B HHTepBan 100 060pOTOB, 
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C n y 'I a it 6')'; J!Y:~D~ Ha • R 11 = ·2780 ·eM· HaXOJlRTeSI BHe o6nae1·n aan~ 

MyTanbHOii: aenMMeTpnn, ero· pa)lnanbH.biii pa3Mep He yaenn'lHBaeTeSI. ITpoTOHbi 

RMeiOT inar 3a OoOpOT He MeHee 10 eM 1 'ITO eKa3b!B8eTeSI Ha paerrpeJleneHRll · 

nx nnoTaoeTR.B paii:oHe eerrTyMa (pnc. 7). B o6naeTb rro'paJlnyey OT 2820 JlO 

2821 eM Terrepb rrorraJlaeT "'. 8% aeex 'lae;nu. Cpe/lHRii: yron a (N) pacTeT 

oT 0 JlO 1,0 MpaJl, !:la paaHSieTeSI "' 0,6 MpaJl n oT N rrpaKTR'IeeKn m~ 3a-

anenT ( pne. 8). Pae~peneneHne rrnoTHOeTn rrpoTOHOB Bo apeMeHn ( pne. 9) · \ · 

orrpeneneHo HeneKameHHhiM pae~peneneHneM rro aMrrnnTynaM eao6oJlHhiX Kone-

6a!Inii: B!Ia'!ane · aeTyrraioT B pe3oHEi!Ie 6onbiiiRe aMrrnRTYilbi1 B Ko!Iue - Manbie. 

C n y 'I ail: B). ITpnaeneHbi xapaKTepneT!IKH rry'IKa npn paerronome!IHH rrpo.

BOJliiHKOB pe3oHa!IeHoii: o6MoTKH 11a R
0
+5 H R 

0 
+ l5.cM H !IanH'IHH a3HMy-. 

.TanbHOii: aeHMMeTpHH Bo BHyTpe!IHeii: 'laeTH KaMepb! ( R 11 =.2790 eM n T~K 

B rrpoBOJliiHK 5 BKniO'IeH He ohm). Pae'leTbi rroB:a3anH 1 'ITO Terrepb rrpoTOH,hi 

e !IeKOTOpbiMH Ha'lanbHbiMH cpa38MH 6onbiiiHX H epeJlHHX aMIInHTYJl 3a6pae:bi 

BaiOTeSI Ha R > 2820 eM B Te'leHHe !IeeKonbKHX rrepBbiX o6opoTon. Ha pRe. 10 

IIOKa3a!Ia HeKame!IHaSI opoHTa Ha R = 2790 eM (KpRBaSI 2) H TpaeKTOpHSI 

e Ha'lanbHOii: aMrrnHTynoii: 6 eM (KpnnaSI 1). BnJlH0 1 'ITO 'la~Tnua rrorra)laeT 

B 3830p MBI"HHTa Ha IIJeeTOM ooopoTe OT Ha'lana JlBHme!IHSI. Te IIpOTOHbi1 HB

'IanbHbiii: yron TpaeKTOpHii: KOTOpb!X 6nH30K K yrny .. HaKnOHa HeKameHHOii: op

OHTbi1 Heiih!TbiB810T. pe30HaHe He epa3y1 a rroene eMeiiieHHSI opoHTbl K pe30-

HaHeHOH o6naeTH. 0JlHaKo oOnbiiiOe 'IHeno 'laeTHU B Ha'lane Bb!BOJla IIOIIa)laeT 

B o6naCTb1 6nH3KYIO K CeiiTyMy ( 24% Ha. 1 eM)~ OTH' me qaeTH.Ubl liMe lOT oonb

IIJOii: yrnoaoii: pa36poe n Ha'lane BblBona: 11a ;; 2 Mpan. KaK H.~nnSI eny'laSI 

a),yron rrpoTOHOB a(N) oTpnuaTene!I H yMe!IbiiJaeTeSI BO apeMeHn no a6eonroT

Hoii BenH'IHHe OT -21 5 Mpan Jl.O - 0,5 Mpan. Bb!BOJl IIpOHeXOJlllT B Te'leHHe 

1000. o6opoToB1 34% rry'IKa BbiBOJlHTeSI B Te'leHHe. rrepBbiX 100 o6opoTon. 

C n y 'I a it r) • B aTiix. yenOBllSIX rry~IO~ B Ha'lanbHb!il: MOMeHT BpeMeHll . 

aaxonHTCSI TaKme Ha panHyee R 11 = 2790 eM. .Uame eenn nee BHTKH pe3o

HaHeHoii: o6MoTKn 3aMKHyT~I Hapy:lKy oT. R 0 1 Ha aToM panHyee eymeeTnyeT 
... \ ,. . . 

aeHMyTanbHaSI aeHMMeTpHSI IIOnSI. fnyoHHa 3a6poea B 3a3op Mai"HHTa 1 KaK H B 

eny'l~e B) 1 COCTaBnSieT 19.CMo B o6naeTb IIO pa)lHycy OT 2820 )lO 2921 eM 

rrorraneT .. 6% 'laeTHU. CHHmeHHe ·.!). n no 0,28 yMeHbiiiaeT rny6HHY 3a6poea 

JlO 14 eM. ITpH aToM yMeHbiiiaeTeSI TaKme IIJar 3a o6opoT1 u~esoHaHe Ha'IH-
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... , 

5 10 15 20 '25 11). 35 

Pnc, 7, 4>aaoBbie KoopAliHBTbi rrpoToHoB Ha ABY~ rrocneAoBaTenbHbiX o6opo
Tax B cnyqae 6),. 06o3H8'19HliSI Te lK9 1 'ITO ll HB pliCo 4, nyHKTllpOM IIOK838H 
Kpail ceiiTyMa, 

D 

3600 3700 

oo~ 
0 

. . ... 
~ .. ··.If 

. -. (]!) 

<!>o 
0 Q)(]l) 

. 3800 3900 

• 
0 

• . "x .. . " 
'lc ' • 

H 

Pnc. s,' 3aa~cn~ocTb a ( N) aa axoAe cerrTyM;..MaranTa Anst cny'Iast 6), 
06oaHa'IeHllst Te JKe, 'ITO ·n Ha pnc; 4, 
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HaeTcSI no3nHee ( T.e. npM 6onbliiMX HOMe pax o6opoTOB). Yron a (N) MeHHeT

cSI 3a BpeM Sl BbiBOna OT 0 no 2 Mpan •. .[lnH 'tllCTMn C M8ltblMM aMnnMTynaMn, 

KOTOpbie onpenenSIIOT Koaen· BbiBona, Ha6nronaeTCH 6onbliiOii yrnoBoii pa36poc: 
. I 

l!!.a = 1,6 Mpan.· 3TH 't8CTHnbi 1 KpoMe TOI'0 1 .KaK npaBHnOI nonanaroT Ha 

6onbliiMe panuycbi, rny6HHa ::~a6poca B naHHOM cnyqae B03pacTaeT c HoMe

paM o6opoTa • 

.[lnSI Bbi6paHHoro· nono)!{eHHSI KpaSI cenTyMa ( R,. == 2820 eM) '6bmo 

ycTaHoBneHo, 'lTO o6nacTb no panuycy oT 15 no 20 eM ny'toK npoxonMT onao

KpaTHo, T.e. He ucnbiTbiBaeT 6ueHHfl:. B npo;MBHOM cnyqae aTo npHBeno 6bi 

K nononHMTenbHbiM noTepSIM· npoTOHOB aa cenTyMe. 

C n y 'l a ii n ) • .[lnSI aToro ·cny'taSI 6bma paccMoTpeaa B03Moli<aocTb yMeHb

llleHMSI yrna noBopoTa, a cnenoBaTenbao, ·nonSI. B cenTyM-MarHMTe npM BbiBo

ne nyqKa B KoHne III KBanpaHTa ycKopMTenSI. 3To M,O*HO cnenaTb, oTonBM

HyB MarHMT. Ha 6onblllee paCC"I:OSIHMe oT R 0 '· HanpMMep, R" = 2830 eM. 

noaTOMY 6bin Bbi6paH BapMaHT1 B KOTOpOM npOBOnHMKM pe30H8HCHO!l o6MOTKM 

oTcToSIT nanbllle oT R 0 • BbmM paCC'tMTaHbi xapaKTepMCTHKH ny"tKa Ha 

rp::rr npH 3a6poce Ha ,panMYCbi 1 6onbliiMe 2830 CM. 0co6eHHOCTM ny'tKa B STOM 

'• cny"tae cnenyromHe: 1) yrnoBoii paCTBop l!!.a B aa"tane H cepenuHe BbiBona 
' ' 

yBenM'tMBaeTcSI no 1 Mpan, B Koane BbiBona paBeH "' 1,6 Mpan; 2) cpenauii 

yron a (N) pacTeT oT - 0, 5 no 2 Mpan; 3) a a cenTyM TonliiMHOfi 1 eM nonana

eT "' 8% · 't8CTMn. 

l13 Cp8BHeHHSI BbilllenpHBeneHHbiX xapaKTepHCTHK ny"tKa cnenyeT1 'tTO 

nnMTenbHOCTb BbiBOna npH Bbi6paHHOM 3Ha'teHMM Y 2 3aBMCMT TaK)Ke OT ycno-

_BM:fi1 npM KoTopbiX B036y*naeTcSI pe3oHaac. Hau6onblllaSI pa3HMna nnMTenbHO

cTefi (no 50%) nony'teHa LlnSI cnyqaeB a) M 6). C TO'tKM 3peHMSI s¢~eKTMBHOCTM 

BbiBona nocTaTo'tHO npueMneMbi 'cny<taM 6) M r), npM'teM 6onee paBHOMep..;. 

HaSI· nnoTHOCTb no ::~a::~opy nony'taeTcSI B cny'tae 6). OnaaKo B cny~ae r) npo

TOHbi MMelOT 6onhlllofi yrnoBo:ii paCTBop B·KoHne BbiBona. TaKHM o6pa3oM, 

B cnyqae 6) MMeeTCSI 1 KpoMe nocTaTQ'tHO BbiCOKOfi acpcpeKTMBHOCTH1 eme H8M

MeHbliiHfi yrnoBo:ii paCTBop Ha npoTSI)!{eHMH Bcero BbiBoita. ToT cpaKT, "tTO 

yron a nnH c.ny"taSI 6) nono)!{MTeneH, TaK*e 6naron{mSITeH, T.K. npM aTOM 

noTpe6yeTCSI MeHbliiH:fi yron OTKnOHeHHSI npOTOHOB B cenTyM-M8I'HHTeo 
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Pac'!~Tbi IIOKasanrr, 'ITO pas5poc rrpoToHoB ·urrpKynrrpyromero rry'!Ka_no 

IIMII)rnbC8M He3H8'IIITenbHO BniiSieT Ha xapaKTepiiCTIIKII Bb!Be)leHHOrO rry'!Ka, .- . 

sa IICKmo'!earreM. ero JlniiT~nbHOCTII. 'rip II y'l~Te l}Mrryrib'caoro- pas5poca !!. p= 

= :±:...1 MaB/c/0/ (c rroJlaBnearreM paJlrranbao-cpasoBbiX Kone5aarrli:) JlniiTenb:

HOCTb BhlBOJl8 yBenii'IIIBaeTCSI B JlB8 pasa ITO CpaBHeHIIro C JlniiTenbHOCTbiD . ' . ' 

Bb!BOJl8 MOH03HepreTII'leCKOrO IIY'!Ka. 

CymeCTBeHHb!M SIBnSieTCSI T8K)!(e BOIIpOC 0 JlOIIycKaX Ha aMIInHTYJlbl 

rrynbcaunli: paanH'IHbiX rap~OHHK rronSI n cTa5nnhHOCTb aa~noHa rronSI ·.B 

B rrpouecce Me)lnermoro BbiBOJla. B pe)!(IIMe "cTona TOKa" cymecTByroT rapMo~ 

~HKII rrynbca~nli: c '!acToTofi f = 50, 600, 1200, 1800 ru. Hanii'!He aTHX 

rapMOHHK IIpHBOJlHT K MOJlynSIUHH IInOTHOCTH Bb!Be)leHHb!X IIpOTOHOB. fipH 

oueHKe JlOITyCKOB Ha aMIInHTYJlbl rrynbC8UIIli: 5y)leM IICXOJliiTb H3 Tpe50B8HII5Ii~. _ 

'ITO'MO)lynSIUHSI HHTeHCHBHOCTII IIY'IK8 IIpii Me)lneHHOM BhlBOJle_aa C'l~T rrynb

C8UIIM He Jl0n)!(H8 rrpeBO.CXOJliiTb 10-t20%. nng Bb!B0Jl8 JlniiTenbHOCTbiD 200 MCeK 

(cny'lali: 5) c y'l~TOM !J.p = :±:.. 1 MaB/c) Tpe5yeTcSI CKOpOCTb H3MeHeHHSI 

rronSI B = 33 rc/ ceK. TaKHM o5paaoM, JlorrycTHMaSI cKopocTb nsMeHeHHSI 

rronSI oT paann'IHbiX rapMoHHK rrynbcaunli: B -He JlOn)!(Ha JipeBbiiiiaTb. 

3,3 rc/ CeK Ilpii MOJlynSIUIIII IIHTeHCIIBHOCTH 10%. norryCKII Ha 8MIIniiTYJlbl rrynb-

. caunli: B ITO OTHOUieHHID K IIHJlyKUHII Ha ueHT~anbHOM paJliiyce_ YCKOpiiTenSI 

B zo orrpeJlenSiroTCSI na oTHoiiieHHSI 

n rr n JlOII 
-u--= 
• zo 2rrfBzo 

3aBHCHMOCTb 

S ,r~ 

-~%' . Bzo 

Brr 

8 zo 

50 

a· ro- 7 

OT f rrpnBeneHa a Ta6n. 2 •. _. 

Ta6mma 2 

600 I200 

o, 7• ro- 7 0,35· ro-7 
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Pnc. 9. BpeMeHHaSI rncTorpaMMa Bb!Be.QeHHblX 

npoTOHOB npn OTCYTCTBIIII aanMyTanbHOA 

aCIIMMeTpiiii ( cny'IaA 6) • 

31100 3100 • 4m1 4200 ~ N 
i 

~~ J/L- \ \P.-lt . { I' \ \ f1 )t f JU......---A. \ f J( 

Pnc. 10. l1cij:aJKeHHaSI pa.QnanbHaSI op6nTa aa R = 2790 eM AnSI cny'!aSI 
B) ( KpiiBaSI 2) II TpaeKTOpiiSI C a = 6 CM ( KpiiBaSI 1) 1 3 - nonOJKeHIIe 
cenTyM-Mai"HIITa, 
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CymecTByJOIItaSI cxeMa not:taBneHFISI nynbcaurii!: B pe)KnMe "cTona ToKa" . 

t:taeT BennqnHy 8 600 nopSit:tKa 8 rc/ceK/7/, qTO npiiBOLIIIT K MOLIY~SIUFIII 

IIHTeHCIIBHOCTII 25%. HCXOLISI ll3 TeX )Ke t:tonycKOB Ha MOt:tynSIUIIIO IIHTeHCIIB-
• 

. HOCTII Bb!Bet:teHHOrO nyqKa, HaKnOH CTona TOK8 8 Heo6XOLIFIMO not:tt:tep)Kll-

B8Tb B npeaenax + 10%,. T.e. anSI yKaaaimo:ii annTenbHOCTH ·BbiBot:ta ;!:.3,3rc/ ceK. 

§4. Pacq~T ~oKycnpoBKH nyqKa B cenTyM-MarHHTe, 

paCC9SIHHOM none yCKOpHTenn H CHCTeMe TpacrropTllpOBKH 

Ebma nccnet:toBaHa ~oKycnpoBKa nyqKa npn Met:tneHH_OM Bb!BO}:le npoTo

HOB t:tnSI LtBYX pacnonO)KeHFIH pe30H8HCHOrO B03MYlll9HllSI B KaMepe II pa3Hb!X 

annHax cenTyM-MarHIITa. BbmeaeHHbiH nyqoK 6yaeT npoxoawrb _sHaqnT~·~bHOe 
paccTOSIHne B KpaeBoM ae~oKycnpy10meM no paanycy i10ne ycKopnTenSI, noa

TOMY cenTyM-MarHIIT t:tcin)KeH nMeTb paananbHYIO cfJoKycnpoBKy, nono6H.o aaa

nornqHoMy Mar.HIITY 6biCTporo BbiBOt:ta/ 8/ • nnSI Bbi6opa ~rna OTKnoHeHIISI f3 
. . . s 

n onTnManbuoro aHa'!eHnSI noKasaTenSI nonSI n " B M:arunTe c noMolllb!O 

· SBM 6bma ncnonbaoBaHa ynpaBnSIJOlllaSI nporpaMMa/9/, KOTopaSI nosBonSieT 

paccqnTb!BaTb TpaeKTopnn npoToHoB qepes npnMonnHefiHbi:ii npoMe)KyToK, cen

TyM-MarHIIT n III KBat:tpauT ao Bpixoaa ns ycKopnTenn. PaccMoTpHM BapnaHT 

c annHofi MaritnTa 80 eM n pacnono)KeuneM Kpast cenTyMa ua R0 + 20 eM. 

Ebm paccqnTau yron oTKnoueunSI B MarunTe f3" n noKaaaTenb nom1 n,. 

a·nSI cnyqaSI pacnono)Keunst IIIIIll pesouaucuoi!: p6MoTKII ua paanyc~x R 0 n 

. R 0 + 10 eM, none 2 n ~n.k = 0,2 (cnyqafi 6). ITocKonbKY yron a(N) ua 

Bxoae MarHnTa MeuSieTcst BO BpeMeHn, aennqnHbi f3 " n n " · MarHHTa non-

6iipanncb 'oTt:tenbHO anSI uaqana II Kouua BbiBOt:ta. B uaqane Bb!BOt:ta f3" = 

= 0,01477 paa n onTnManbHaSI BennqnHa n, -100, npn aToM nbnnaSI 

mnpnHa nyqKa -~ R = 12 CM, yrnoBOH paCTBOp ~a = :!:. 11,5 Mpat:t (puc. 11). 

Auanornquo 6bmn noao6paHbi f3" n n " t:tnSI npoToHoB, npnxoanmnx B KoH-

. ue BbiBOt:ta: f3" = 0,0139 paa ll: n" -110. flpn aToM ~Rk = 10 eM, .~a k = 
= :!:. 8 Mpaa. Oauai<o aTn pasMepbi nyqKa yBennqnBaJOTCSI npn yq~Te ancnep.;. . . . 

, cnn. Ecnn ~ p = :!:. 1 M aB/ c ( npn not:taBneunn paananbHo-¢asoBbiX Ko-

ne6aHni!:), TO. ~R yBennqnBaeTcSI npnMepuo Ha ·2 eM, a~a . ua :!:. 10%. 
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-60. .-80 -100 -120 n, 
Puc. '1 1.' 3aBUCUMOCTb panuanbHoro pasMepa ny'IKa aa BbiXone us ycKopu
Tenll oT n ~ B, cenTyM-MarHuTe nnuaoll: 80 CM ( f3 ~ = 0,014 77 pan,·· cny-
qall: 6), aa'Iano BbiBona). · 

1!-2 ' 11-2 Q, 
--,,--

rOPH30HTAAbHA~ flAOCKOCTb 

I 

'I 

BF:PTIIKAAbHAR lnAOCKOCTb 
I 

QJ 

(1CH 

"'iOO'"cH 

,I 
I 

lfZ 

l,.z.s,.. 
I 
I• 

----.----100 ---+- -r----~·---~-~ 

'Puc. 12. X on Kpall:aux TpaeKTopull: qepes sneMeHTbi cucTeMbi Tpaac!IopTupoBKU, 
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Ta6nnua 3 

3.nexeHr V-t HJIH Ma.Itcm!aJII»HHR pasKep nyqxa · ( cu:) · 
CHCTeW 

~JPM)' n..."" B a.neMeutax cHcte:w 
.. 

ropli3DHTaJII»BaSI BeptHICaJIDHaSI 
DJIOCB:OCtl» DJIOCB:OCTD 

~ Ma. o,052 -140 ± 9,5 ± 1,4 . 

2. Me.: 0,052 -!40 ± 9,2 :i 2,8 

Q·, 0,9498 - ± 5,8 ±. 3,8 

~'2. 0,850 - ± 5,7 . ± 4,8 

Q~ 
0,82!9 - ± 9,3 '±. 3,0 

Ta6nnua 4 

·o<Soauatteume ~-i II "£~. TO'IIB:H 

ropH30HTaJII»HaSI · pasw:ep, cw: 0,4 0,2 ., 
DJIOCXOCT!» yr.noBaSI pacxo~H- .:!; 4,98upa.n; .:~;9,485 

MOCTD t MPM 

BepTHXaJII»Hafl paa:Mep, CM 0,4 o,8 
DJIOCKOCTI» 

yr.noBM pacxo-
.± 6,!8 .± 2,4 ~mlOCTI»t u:pa~ 

-
'• ., . ' 

Ta6nnua 5 
,• 

HattaJIO BHBO~a ~ouen BHBO~a 

" f><> ' 
pa.u; ' 0,0149 o,OD! 

·n~ -IOO -140 
bR ' CM ,..., 8,7 ,.... 20 

.. A~ 
' 

up a)( .± 7;8 ' .:!; !7,7 
. 
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Ta'KH'M o6pasoM, aemPIHHy H noKasaTenb nomr cenTyM-MaraHTa a:eo6xonHMo 
,. • ', • . . I•' . • 

MeHSITb B npouecce Menneaaoro BbiBolla, ttTo6br nyttoK Bhrxonnn ns ycKopHTe-
• . • ·. >,. . 

1ISI no nOCTOSIHHOMy HanpaB1J9HHIO -H HM91I MHHHM81IbHblll I"OpH30HT81JbHblll pa3-

Mep~ 'Bep,THK81IbHblll pasMep ·nyttKa~ BbiXonsrmero H3 ycKOpHT91ISI, K8K H IIpH · 

6biCTpOM BbiBonet H9B91IHK: ' L'1 Z = ±. 0, 2 CMo Pesy1JbT8T II01IY'I9H Ha OCHOB9 · 

pactteTa B9pTHK81IbHb!X IIp09KUHii: Tp89KTOpHii:, Bbi6paHHbiX. B CO~TB9TCTBHH 
' ' -c pacnpeneneaHeM nyttKa no aMnnHTynaM cao6onHhlX. Kone6aRHii: 6es ytteTa 

naHJKeRHSI ::rpn pesoaance •. 

B nepay10 . cTynea:b cHcTeMbi TpaacnopTHpoBKH nyttKa npn MenneRHOM Bhi

aone BOIII1IH. 2 noaopoTHo-ilJoKycnpyiOll!HX MarRHTa M-2 n KBanpynonbaasr nnasa 

20K~200 ( Q I ) o BTopasr CTyneHb CHCT9Mbi TpaacnopTHpOBKH MOJK9T COCTOSITb, 

. ::·aanpHMep, Hs ny6neTa nnas 20K-200 ( Q 
2 

H Q3 ) I 10,111. T.Jepes o6e cTy-

neHH CHCT9Mhl paCC'IHT8Hhl Kp8llliH9 TpaeKTOpHH B o6eHX nnoCKOCTSIX npH no

K838Tene nomr B M-2 n M · = - 140, paccTOSIHHH no nepaoro nso5paxceRHSI 

585 CM H no. BTOpOrO - 834 CM ( pHCo 12) o flapaMeTpbi CHCT9Mbi H p83M9pb! 

Hso6paJKeHHll npHBeneHbi B Ta5n. 2 H Ta5n~ 4. naH)KeaHe rryttKa no BbiXona 

H3 YCKOpHT91ISI 5b!1IO paCC'IHT8HO T8KJKe nnsr pacnonbJKeHHSI npoaonHHKOB peso

H8HCHOii: o5MOTKH Ha R + 5 H R + 15 eM (none 2, cny'Iaii: r) npn TOM 
0 0 

JKe no1JOJK9HHH H nnHHe C9IITyM-M8f'HHTa, 'ITO n' B rrpeAhinyll!eM cnyqae. Ilony-

'19HHbl9 B91IH'IHHbi . {3 ~ i • a TaKJKe L'1 R H. L'1 a , H8 BbiXOne H3 yCKOpH- . n 
~ 

Tensr npencTaaneHbi B Ta5n. 5. 

KaK yJKe yKa3biBanoch, nnsr naaaoro pacnonoJKeHHSI pesoaaacaoro aosMy

meRHSI aa a3HMyTe · cf>=rr 5bm paccttnTaH sa5poc np~TOHOB aa R•> 2830 eM,. 

3To rrosaonnno .cMeCTHTb Kpaii: cerrTyMa aapyJKY. Heo5xonHMbiii: yron ·oTKno,.; 

H9HHSI_ B cenTyM-M8f'HHTe {3 ~ yMeHblllHTCSI 38 C'IeT 1) CM9ll!9HHSI C9IITyMa 

aapyJKy; 2) yaenHtteansr yrna nyttKa a rrpn sa5poce aa 6onhlline R • 3To 

ABCT B03MOJKHOCTb CHH3HTb HHnyKUHIO B 3830pe H yMeHblllHTb T9M C8MbiM 

T01Ill!HHY cerrTyMao nnsr STOll JKe U91IH Jl1IHH8 M8f'HHT8 6bl1l8 YB91IH'I9ll8 JlO 

400 CMo l.JT05b! TaKOll M8f'HHT OTI{1JOHH1I IIy'IOK IIpOTOHOB aa· Haiip8B119HH9 6b!CT

poro BhiBona, Tpe6yeTcSI yron f3 ~ = 0,012 pan (aattano BhiBona), ttTo cooT

BeTcTByeT nanyKUH~ aa paBaoaecaoM pannyce cenTyM-MarHHTa B = 1060 rc. 

Ha pnc. 13 rrpnBeneaa saBHCHMOCTb pannanbHoro pasMepa rryttKa aa Bhrxone ns 

YCKOpHT91ISI OT n ° B T8KOM M8f'HHT9o MnRHM81IbHbill pa3M9p rryttKa Ra 83H-. ~ 

MyTe .1 ,57 pan III -ro KBanpaaTa B aToM cnyq~e cocTaBnSieT ,.-30 eM, 

yrnoaoii: pacTBop ±. 21 Mpan. 
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Pac. 13. 3aBHCHMOCTb panaanb!J.oro pa3Mepa ny'!Ka l!a Bhtxon,e H3 ycKopaTemr 
OT ns B cenTyM-M8I'HHTe ( Ps = 0,012 pan, es = 100 CM, ,Rs=2830cM, 
cnyqafi r) • . 
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