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Bsenenne 

Ha cospeMeHHblX ycKopnTellHX 6onbmoe BHHManne ynenneTcn BhiBOilY nepsn~noro 

ny~Ka npoTOHOB c 6om.woil: a~eKTBBHOCTbiO 3a MBHHManbnoe speMn. BbiBOil npOTonnoro 

ny~Ka 3a speMn Meaee 100 MKCeK noaaonneT cymecrnenno noBbiCHTb Ja~eCTBO aKcnepn

MeBToB, npoBOilBMhiX c ny3blpbKOBblMB KaMepaMH •. B STBX ycnosnHX oCSner~aeTCH TaxJKe 

naomonenne pellKHX COOblTHil: npn nan~nn 6om.woro ~ona, nonBnSieTcn B03MOlKHOCTb paoo

Thl c CBJlbHbiMB MarHBTHblMB nOIIHMB H T.ll. B OOJlbWHHCTBe CHHXpOcpa30TpOHOB co cnaooil: 
Ill 

~KyCHpOBKOil: BhiBPil ocymeCTBIIHeTCSI MeTOilOM nn~~HOHB 1 npH KOTOpOM ny~OK BHa~a/le 

nanpasnneTCSI na Mnmeab, rne TepneT ~aCTb aneprnn, n 3a6paCbiBaeTcn aaTeM a 3a3op 

MarHBTa-ne¢nexTopa. qacTBnhl, ncnbiTaswne B ne~nexTope oTKnonenne na onpeneneanblil: 

yron BblBOilHTCH no 3anan&OMY nanpasneHHIO. CoKpamenne speMenn BblBOila nocTnraeTCSI 

B 9TOM Clly~ae nyTeM yMeHbWeHBSI llllHTeJlbHOCTH COpOCa YCKOpeHHOrO ny~a Ha MHWeHb, 
12 31 

nnn 9THX neneil: npHMeHHeTCH Oe3JKe1le3Hblil: MBrHHT 1 
1 pacnOIIOlKeHHblli B OllHOM H3 

npS!MOilHHeil:HblX npOMeJKyTKOB1 C nOMOlllLIO KOToporo C031laeTCSI HapaCT8101U8SI BO BpeMeHH 

noKanbHaSI neQAnoponnocTb MarnnTnoro nonn. Manan BHilYKTHBHOCTb 6e3JKene3noro Marnn

Ta no3aonneT nony~BTb 6om.wne CKopocTn napacTann~ B03Mymennn. OnnaKo npn ocyme

CTBnennn 11annoro MeTOila na npaKTBKe B03HHKaeT PSlll TPYAHoCTeli. Bo-nepBbiX, cTpeMne

H~e YMHblUHTb llllHTellbHOCTb Copoca 3a C~eT . nOBblWeHHH CKOpOCTH CMeweHBSI ny~Ka Ha 

MBWeBb npHBOilHT K yMeHbWeHBIO S~eKTHBBOCTH B3aBMOileliCTBHSI ny~a C MBWeHblOo 

3To naKJlallbiBaeT orpasn~enne na cxopocTb CMemennn ny~xa. Bo-BTOpbiX, ycnosnSI norra

nannn ~acTnn na MBWeHb yny~waiOTCH, ecnn MarnnTnoe none 6e3JKene3Horo MarnnTa onao-
141 

POilHO B nanpasnesnn pannyca • noaTOMy pannanbHble pa3Mepbl 6e3JKene3BOro MarHHTa, 

a, C1lellOBaTe1lbH01 ero HHilyKTHBBOCTb1 npHXOilHTCH ysennqnsaTb 1 ~TO npHBOAHT K B03pa

CTaBBIO BpeMeHH COpOCa. ny~Ka Ha MHWeHb, npyran TPYilBOCTb COCTOHT B TOM1 ~TO npH 

llBBlKeHHH OT AeljlneKTOpa llO.BblXOila H3 yCKOpHTe/lH ~aCTHilbl 1IpOXOilSIT 00/laCTb Kpaesoro 

nonn, cnm.no ne~oxycnpy10mero ny~oK B panHam.noM narrpasne.nHH, 3To oocToHTem.CTBO 

ycyryomieTCSI TeM, ~TO IIOC/le npOXOJKileHHSI. MHWeHH ~aCTHilbl IIO/lyqalOT 3Ba~HTeJlbRbiH 

pa36poc no aseprnn, a TaK>Ke paccensaiOTCH sa 6om.wne yrnbl, B peaym.TaTe, a~KTHB

HOCTb BbiBOila MOlKeT cymeCTBeHHO yMeHbWHTbCSI, qTOObl IIO/lyqHTb 9~~KTHBHOCTb llOCTa

TO'IBO oonbmoll:,· BHyTpn ycKopnTeiiSI rrpnxoAHTCSI rroMemaTb secbMa rpoM031lKHe axpoMaTH

qecxue nonHo-orrTH~ecxHe cncTeMbi
151• Tax, nanpHMep, na 6asaTpone

161 
6Lma rronyqena 
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S~9KTHBHOCTb BhlBOA8 B npeAenaX 30t50% nyTeM HCnOn&30B8HHH BHyTpH K8M9phl ycxopR

TenH axpOM8TH'l9CKOII CHCT9Mbl1 COCTOSIIII91! H3 .ABYX MarHHTOB B AnyX KnBApynOlibHbiX 

nBH3o 06mBII nee STOll CHCT9Mhl COCT8BnHeT - 2,5 To nnn Toro, 'IT06bi He coxpa-

maT& anepTYPY KaMepbl IIpH HHlK9KIUIB1 nee STU yc-rpol! CTna nnOABnBCb n xauepy K KOHIIY 

IUIKna ycxopeHBSI co cxopocT&IO 1 u/cex. llpn c6poce ny'lxa .lUI unmeH& c noMOillbiO 6ea-

JKene3HOrO MarHHTa AnBT9n&HOCTb nhlnOAa yAananoc& COKpaTHTb AO H9CKOn&KHX COT MKC9K1 

ao a~eKTHBHOCTb yueH&manac& nAnoe. Ha xocuo-rpone c ncnonb3onanneM 6eaJKeneanoro 
141 

uarnnTa yAanoc& nunecTn oxono :!0% nupxynupy10mero ny'lxa aa 40 uxcex • 

B cnaxpo~aOTponax c JKecTxoll ~oxycnponxoll 6on&moe pacnpocTpaaenBe nony'lnn 
171 . 

OAH0060pOTHhlll BhlBOA ny'lKil o 3TOT M9TOA COCTOHT n TOM1 'ITO ny'IOK n KOHil9 YCKOp&-

HBSI cMemaeTcn nnyTp& aaaopa uunyn&cnoro uarnnTa. MarnnTnoe none n HeM napacTaeT 

AO 3aAaHHOII BenH'lHHhl n 1IpOM9lK)'TK9 M9lKAY AnYMH nocnenonaTen&HbiMB !IpOXOJKAeHBHL!H 

crycTxa 'lepea aaaop. nocne OTxnoneHBn n nMnyn&cnoM MaraBTa· ny'lox nonaAaeT n OTIUio

HHIOmBII MarHHT0 KOTOpblll BhlnOABT ero H3 KaMephl no 3aAaHHOMY HanpaBneHHlOo 3TOT 
/8/ 

cnoco6 BbiBOAa ocymeCTnneH na CBHXpo~aaOTpone n UEPH'e H nron0ru1n nh!BeCTB~ ll5% 

'laCTHn. 0Anaxo peanH311IlBSI Aaauoro MeToAa· n ycxopnTenux co cna.6oll ~oxycnpoax'oll npn

noABT K 60n&WHM TeXHH'l9CKHM Tpyll.HOCTSIM1 TaX KllK n TaKBX ycTaHOnKrut IlY'lOK 'laCTHil 

n xonne ycxopeHBn nueeT nec&Ma 6on&mne pa3Mepbl. HanpRMep, n CRHXpo~aOTpone OHSIH 

n KOHI19 IlBKna yCKOpeHRH MaKCHMan&HbiH pa3Mep ny'lKa COCTilBnHeT 18 CM no panBycy R 

5 CM no aepTHKilDB/!J/• CoopylKeHBe H"myn&cnoro uarHHTa C TaKHM 3a3opoM CTaHOnBTCH • 
I 

nec&Ma aaTpyAHHTen&HbiM. Ero HHAYKTHBHOCTb ne MOlKeT 6b1T& CAenana MeH&me - 4 uxrn. ! 
nosTOMY, Ann Toro '1To6u none n MarHBTe n HHTepnane uelKAY Aayun nocneAoBaTen&HbiMB 

IIpOXOlKAeHBSIMH IUIPKYDBPY!Oillero cryCTKil '19pe3 3a30p (- 0,4 MKCeK) llOCTHrno neDB'lllllbl1 

AOCTaTO'liiOII ADH 3a6poca ny'lKa n OTKDOHH!Oillllll Mar.HHT1 He06XOAHMO nnOAHTb B·KaMepy 

ycxopnTenu aanpulKeHne 100~200 xn. B nenou cnCTeMa nony'laeTCH O'leHb rpoM03AKOII 

H CDOlKJIOII. C Apyrol! CTOpOHbl1 B03paCTalOT TPYAHOCTH C ~oxyCBpOBKOII ny'lKil IlpB AnBlKe

HHB a xpaenou·.none ycxopnTenu; nocxon&xy paauepu H yrnonaSI pacxoABMOCT& ny'lxa, 

aa6pacunaeMoro a OTxnonHIOmnll uarHHT, nec&Ma nennxn. 3To cymecTnenao yueu'&maeT 

S~eKTHBHOCTb BblnOAa. 

B nocnennBe roll&! mBpoxo o6cyJKAaeTCH B03MOlKHOCT& npnueneiiBH nnu nenell BhlBOAa · 

n CBHXpoTponax pacxa'IKH paABahhaux xone6aHHII 
/10 11/ 

nonynenoro peaonanca ' , nB6o nenBHelllloro 

'laCTBil nocpeACTnOM B036yJKAeHBH nn6o 
/12/ . 

peaonaaca TBna v •2/3 • Ha neJto-
x 

TOphlX yCKOpBTenHX 6unB nponeA9Hbl 9KCnepBU9HTan&Hhl9 B T90peTB'l9CKH9 BCCDellOBaHBSI 

ycnonnll, npn KOTOpbiX yAaeTCu ocymeCTBHT& peaonaacnyiO pacJta'lKy paABan&HbiX xone6a-
. /13 14/ . 

anA B aa6pocnT& 'laCTBilhl n aaaop MarHBTa-Ae~exTopa ' • B peayn&TaTe npoaeAeH-

HhlX nccneAoaaHBII 6blna ycTanoaneaa B03MOlKHOCT& nony'leHBH aTBM cnoco6ou 6on&moll 

s~exTBnHOCTH aunoAa. Peaonancllhlll ueTOA 6un npnueaea aa xeu6pMlKCKOM snexTpoanou 

/15/ 
CHHXpOTpOHe (CIIIA) B nronomm Bb1B9CTB 70% IlBpKynnpyiOmero ny'lXa 
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B 1ll62 r. aa cnaxpo~ao-rpoae OHSIH 6hlna paapa60Taaa cnCTeMa, n03aonHIOmaSI 

n036ylKilaTb n xoane IlHXna ycxopeRBSI napaueTpn'lecxnll (nonynenull) proonaac v a V2 
X 

6eTaTpOHHbiX paABan&HbiX Jtone6aHBII. CaCTeMa npnueaunac& AnSI c6poca ycJtopeHHoro ny'l-
. /16/ . 

Ita Hll nHyTp9HHJOJO MBWeHb 3a Bp9MH - 30 t 50 MKCeK o ll03AHee 6blnB IIpOn9A9Hhl BC-

cneAOBaHHH B03MOlKHOCTB HCUOn&30naHBH STOll CHCTeMhl ADS! 3a6poca ycxopeHHhlX 'lllCTHil 
. /13/ 

n 3830p A9~9KT0pll IIpB BbiBOA9 IlY'IKa IIpOTOHOB B3 CHHxp0~30Tp0Ha • Buno IIOKa-

3aH01 'ITO npBM9H9HBe p930.IUIHCHOro M9TOAa A119T psm cymeCTBeHHbiX 1Ip9BMYill9CTn IIO 

CpanH9HBIO C MeTOAOM llH'l'lBOHHo Pema10mee H3 HHX COCTOBT B TOM1 'ITO !IpB B036YlKil9-

HBB pe30HilHCa Vx • 1/2 Ha CTpOrO 3aAilHHOM a3BMYT9 !IpOBCXOABT rpyiiiiBpOBJta 'IACTB!l 

no ~a3aM 6eTaTpOHHbiX xone.6aHBll. 3TO IIpBBOAB'l' K TOMY1 'ITO 'laCTBilbl BXOAHT B 3830p 

uarnBTa-Ae~eJtTopa c ManoA yrnonol! pacXOABMOCT&ro, a cuny qero yAaeTCSI aec&ua 

!IpOCTbiMB CP9ACTBaMH B369lKI1Tb TJlYAHOCTel! C ~OKYCBpOnKOli nbiB9A9HHQrO IlY'lltll !IpB npo

XOJKil9HHB BM xpaenoro nona ycxopnTenu. 3aAa'la o6ner'laeTCH TaxJKe TaM, 'ITO nyqox 

B KOHI19 yC!tOpeHBSI BMeeT O'leHb Mllnbll! SHepreTB'leCXBII pa36poc1 noaTOMY OTnaAaeT 

aeo6XOABMOCTb IIpBM9H9HBH axpOM11TH'l9CKOI! CBCT9Uhl1 KOMneacnpy!Omefi ABCnepCB!Oo 

C Apyrol! CTOpOHbl1 p930HaHC v x • 1/2 o6ecne'lnaaeT aan6onee 6b!CTpyro pacxaqxy 

6eTaTpoHHblX paABan&HbiX xone6aaxli, 'ITO noanonSieT ocymecTnHT& 6uc-rpul! BblnOA ny'lKa. 
. /13/ 

Kax noxaaanx nccnenonaann , peaxoe ynenn'leane aMnnnTyA 6eTa-rpoaaux xone6aaull 

MOlKeT 6b1Tb nony'leHO IIpB cpaaHHTen&HO He6on&WHX nenH'lHHaX n03Mym9HHSI H CXOpOCTB 

ero aapaCTaHHSio 

CneAonaTen&ao, npnueHSISI peaoaaHCHb!ll ueTOA , MOlKHO ocymeCTBBTb 6biCTpblll nbiBOA 

IlY'lKil H3 CBHXp~30TpOHa C IIOMOillbiO B9C&Ma IIpOCTOll T9XHBKH. Ha puc. 1 IIOKa311Ha 

CX9Ma BhlBOAa H pacnoUO)I{9HBe He06XOAHMOrO o6opyJlOn8HBH. 06MOTKB1 C nOMOillb!O KOTQ

pbiX o6ecne'IHB810TCSI peaoaaHCHble ycnonnu, pacnonaraJOTCSI n Kna)lpaHTax I H n CBHXpo

~30Tpoaa. B npSIMODHHeiiHOM npOM9JKy'TK9 Mel!(Ay xnanpaHTaMH ll H Ul pacnonoJKeH 

" MaranT-Ile~~KTop ( M 1) n nnyaJKepaoe yc-rpoficTno, ocymecTsnHIOmee nepeMemeane 

Jle~eKTOpa B pa6o'lyJO ofinaCTb YCKOpBTeDHo llocne OTKnoHeHBH B Ae~eKTOpe ny'IOK1 npofi

)lH .xna)lpaHT, nbiXOAHT H3 YCKOpBTena :1! IIonanaeT BO BTOpOli HenOABH)I{Hbll! OTKDOHHIOillHII 

MarHBT Jl2 '· C nOMOillb!O MarHBTa M 2 B HOHHo-OnTB'leCKOI! CHCT9Mhl 1IpOH3BOAHTCH 

'·OTKnoaeane BbiBe)leaaoro ny'lKa no aaAaHHOMY aanpaaneHBro n TpaacnopTHpoaxa ero x na

uepnTen&aoll nnomaAKe. 

Taxnu o6paaoM1 pemeane npo6neMbl n&lnOAa cxnanuaaeTCa na cneAy!OmBx ocaonaux 

aTanon: 

1) peaoaaacaofi pacxa'IKB 6eTaTponaux paAnan&nux xone6aanl! n aa6poca 'laCTBn 

·B MaraHT-ne~exTop; 

2) OTKnoaeann nyqxa n ero ~xycnponltH npn nnnJKennn OT ne~e!tTopa no nbiXOAa 

na ycKopnTenn; 

3) TpaHCilOpTHpOnKH H HCUOn&30nBBBH nbiB9AeHBOrO ny'IKao 
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• 
Puc. 1. Cxeua pacnono*eHUH ycTpoi!CTB aa xauepe cuuxpo~aaOTpoHa nnu peaouaacaoro 

ausona ny'lxa npoTouoa. 1 • 06uOTKH aoa6y*neuuu. 2. MaruuT-ne~eKTop 111 1 
c nnyH*epuuu ycTpoilcTaou • 3. OTxnoumomui! uarauT M 2 • 4. nuuau cuCTeMbi 

TpBHCDOpTUpOBKUo 

6 

rnABA 

HCCnEnOBAHHE 3AEPOCA '1ACTHU B 3A30P nE<I>nEKTOPA nPH 
PE30HAHCHOA PACKA'1KE EETATPOHHhiX PAnHAnhHhiX KOnEEAHHA 

nnu. B030Y*AeHBH napaMeTpB'IGCKoro pe30H8HC8 paABB/IbHblX 6eTaTpOHHbiX KOneoa

HBil v, = 1/2 obina ucno/lbaosaua CHCTeMa, paapa6oTaauau nnu ObiCTporo c6poca nyqxa 

ua unmeHb
1161

• Peaouaucabie ycnosuu coanaaanuCb nyTeM H3Meaeuuu noxaaaTenH uaraHT-

uoro nonH n B nepBOM H BTOpOM KBSApSHTBX CHHXp0~830TpOH8 C llOMOmb!O OOMOTOK, 

pacnono*eHHbiX ua Bepxueu H HH*HeM non10cax uaraHTa. Pacnono*eHHe npoaonos H ua

npaaneHBe TOKS B HHX ~OK838HO Ha pHC. 2. KpHBOi! 1 llOK83SH8 HCXOAHSB KapTHHa pacnpe-

neneuau n s uanpasneuua paAHYCa npH senH'IUHe nonu B aaaope ycxopHTena 

.. 

1,0 
,... 4 

i ·\ ,-
. ' l . I 
i Y. . / '· ! ~ 

I 
i .h 
'/j /. 

. 5 

I~ . I 
./ . 

\\ 
0,5 

n 

3 --,< 
' ' ij 

50 iO 
R1 CM 

Puc. 2. 3asBCHMOCTb noxaaaTenu nonu n oT panuyca B cuuxpo~aaOTpoae, H3Mepeuaau 
npH TOKe B B030Y*AB!Omei! OOMOTKe 340a (KpBBSB 2) H npn OTCYTCTBHB TOKS B Hail 
(xpusaa 1) • KpHsaa 3 - nooaso'laaa senn'lnaa & · • Kpasoi! 4 noxaaaua aasucuMOCTb 
D OT panayca npu BKfliO'IeHBU TOK8 700 8 B AOllOn~Te/lbHbli! BUTOK V t KpUBOi!. 5 - no..: 

ny'leauaa npu aToM no6aso'IHaa aenn'IBHa ~n 
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12600 spcTen. KpnBaH 2 noK&3b1BaeT, KSK BHAOH3MenneTCH sTo pacnpenenenue npu BKmo

qenuu B B036ymnaromue o6MOTKH Toxa 340a. KpuBoA 3 noKaaano pacnpeneneune no panuy

cy A06aBoqaoA BenHqBHbl 6n • llHAYKTBBHOCTb B036ymnaromeA o6MO~H COCTaBnSinS 

3 Mrn, nosTOMY peaouancHbie ycnoBBH ue Morna 6b1Tb coanaubl MrHoBeHno. Pean&BO ·'· 

B B03MymeHBbiX KBanpaHTax npupocT & nocTuran CBoero· uau6on&mero auaqeuun aa 

300 Mxcex (435 o6opoTOB). 

§ 1. Peayn&TSTbl pacqeToB 

Auanna ABHmeuun qacTBn npn napaMeTPnqecxoM peaouauce nponaBonuncn nyTeM que-

nennoro pacqeTa TpaeKTopnA qacTun ua snexTpouuo-cqeTnoA Mamnue (nporpaMMa 401) 

no TOqBbiM opOpMynaM ABBlK9BHSI B pe8n&BOM MSrHBTBOM none. 3aBHCHMOCTb MSrBHTBOrO 

nonH OT p8,!1Uyca B BeB03MYIIl9HHbiX CeKTOpax 38A8BanaCb B COOTBeTCTBHH C KpHBOH 1 

(puc. 2). PoeT B03Mymeuun An B AByx cocennux KBanpanTax aanaBancg no ojJopMYne 

An =·An sin ( k rr ) , rne k - noMep o6opOTa. YqnTbiBanac& TSKlKe aaBucu-
max ru- ---r 

MOCTb A nmax OT panuyca (KpHB8ll 3 puc. 2). TpaeKTOpBB ABBlK9BHll BMqHCn!lnBCb nnll 

paanuqnblx anaqeunA naqan&HbiX aMnnnTyn u ojlaa 6eTaTpOHHbiX panuan&HbiX Kone6auna. 

Ananua STHX ASBBbiX n03BOnjleT onpenenHTb 83HMYT, H8 KOTOpOM qaCTBUbl HCnbiTbiBSIDT 

M8KCHM8nbHOe oTKnoueuue OT paBHOBeCBOA op6HTbl H rpynnupyiDTCH no op8~8M 6eTaTpoH

HbiX B:one6annll, xapaKTeP aa6poca qacTnn B aaaop neojJneKTOpa BO BpeMeHB, rny6uuy 

aa6poca n T.n. 

.HCXOAHble XapaKTepBCTHKH nyqKa HpOTOHOB B KOHne yCKOpeHHSI 6hlnU SJtCnepHMeHTam.-
/9/ 

no onpeneneHbi B pa60Te • MaKCBMSn&Hble Benuqnahl aunnHTYA 6eTSTPOBBbiX pannan&-

HbiX II BepTHK8nbHbiX KOne6aHHA COCTSBnlliDT COOTBeTCTBeBHO 7 H 2,5 CM. MaKCHM8nbH811 

aMnnuTyna pannan&no-ojJaaoBbiX · Jtone6auna B xoune yc~:opeBUH paBna 2 CM. Bblnn nony

qenbl TSKme opyHKUHB pacnpeneneBHH qSCTHU no 8MMHTYA8M 6eT8TpOHBbiX p8AU8nbHbiX B 

BepTuB:an&HbiX Kone6auuil (puc. 3 H 4). TaxuM o6paaou, nyqox B Konne ycxopeuun HMeeT 

M8KCHM8nbHbiH p83Mep no panuycy 18 CM .u no B9PTUK8nH - 5 CMo nosTOMY KpaA MSrHB-· 

Ta-neopneKTOp8 MOlKeT 6b1Tb noMeiUeH Be 6nume, qeM 10 CM OT U9HTP8nbHOil op6BTblo 

npencTaBnHno unTepec uccnenoBaT& oco6ennocTu aa6poca qacTun B neojlneKTO~ npn paa

nuqnoM nonomennu ero xpag no panuycy. PacCMQTPeHBe TPSeKTopnll ABUJKeHBH B ycno

BBIIX peaonanca noKaaano, qTo no Mepe uapacTaBBH B03MYW9HBH, Korns Benuquua pac

CTPOAKu CTSBOBBTCSI Mana, War· H8p8CT8HBSI 8MnnHTyA paAB8nbBbiX xone6auuil yBenaqBBSeT-

CH, 8 M8KCBMYM OTKnOBeBBll Anll qacTBU C pa3nBqBbiMB aaqan&BbiMH ycnOBBSIMU npuxo

AHTCB H8 83BMYT0 OTCTOsmtBii B8 - 47° OT KORnS B03My1UeHBH. Ha STOM lKe 83BMYT9 

npOHCXOABT CT>II'HB8BU9 no opa38M 6eT8TpOHBblX KOne68HBii H H86monaeTCSI H8BMeHbiUBI! 

pa3.1)pOC no yrnaM. C npyroA CTOp0Bbi1 AeopneKTOp 6onee YA06HO noMeCTHTb B npHMOnB
BeiiHOM npoMemyTKe, pacnonomeHHOM B6nnau KOBUS B03MYIIl9HUB. nosTOMY ycnOBUSI 

aa6poca uccnenoBanuc& ua aauuyTe, co~BeTCTByromeM xouny B03MYW9HHB. 
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Ha puc. 5 H 6 noKa3aHbl- aaaHCHMOCTH yrna aneTa Y 0 no OTHOWeHHIO I< KaCllTenb

HOH K paBHOBeCHOH Op6HTe CHHXpO¢B30TpOHa OT rny6BHbl 3a6poca qaCTHU Ann nono)l{eHHH 

·xpaH Ae<jlJ!eKTOpa Ha paCCTOHHHH -10 CM H - 20 CM OT IleHTpanbHOH op6HTbl 

COOTBeTCTBeHHOo llo OCH a6cuHCC OTnO)I{eHO paCCTOHHHe OT KpaH sasopa Ae¢neKTOpa 

PacqeT npoussoAHDCH ADH 30 uaqallhHbtX ycnosnA, npuqeM 6panHCb pasnHqnble naqanbHble 

aMnnHTYAhl H ¢>asbt 6eTaTpOHHbtX panuanbHbtX xone6aHHA. Kax cnenyeT us pucyHKOB, npn nono-

-10 CM qaCTHilbl C 60nbWHMH HaqanbHbiMH aunnHTyltaMH Kone6aHHH He ycnesaiOT aoil

TH s pesonaHC, n nonaAaiOT B sasop, HMeH uanhtA TeMn HapacTaHHjl aMnnnTyn. Taxne ycno

BBH neabtrOitHhl, TaK· KaK 60nbWaH qaCTb qaCTHil npOXOitHT KpaeayiO o6naCTb Ae¢neKTopa • 

llpn yAanennn xpan uarunTa OT pasnoaecuoii op6nThl {puc. 6) qacTIIUbt xax c ManbtMH, Tax 

II C 6onbWHMH aMnnHTyltaMH Kone6aHHH K MOMeHTy nonanaiiHH B saaop Ae¢neKTOpa ycne-

-BBIOT soATn B peaonauc. Ycnosnn aa6poca B Ae<jlJ!exTop CTanoaHTCH 6onee 6naronpnHTHhiMn. 

YrnosoA pacTsop yMeHbwaeTCH, a TeMn aoapacTannn aMnnnTyA paAnanbHMX xone6aHnA aa 

o6opOT ysennqnsaeTcn no Mepe Taro, xax peaonanCHhle ycnoann BhtnonHHIOTCH nau6onee 

TO'IHO. Kax noxaabtaaeT pacqeT, npn pacnpeneneHnn soauymaromero nonn no paAnycy, noxa-

aaHHOM Ha puc. 2 {Kp1Ia8H 3), pe30HaHCHbte ycnoaHH nyqwe BCero BbtnOnHHIOTCH Ha pac-

CTOHHHH ;!:.20 eM OT ueHTpanbHOA op6nThl. ToqHocTb BhlnonHeHnn peaoHaHCHbtX ycnoanll aa

aucnT Tax~<e OT senH'IIIHbt soaMymeHnH ll n max • Ha puc. 7 noxaaana aasncHMOCTb yrna 

aneTa 'laCTHil oT rny6HHhl aa6poca nnn Han6onbl!lell senuqnHbt soaMymenun ll~ max = 0,24. 

Ha conocTasneunn puc. 6 H 7 cneAyeT, qTo npu t.• n =0,24 ycnoann aa6poca yxyAwaroT-
max 

en. Ha paccTonnHH ;!:.20 CM OT neHTpanbHOA op6HTbl peaouaHCHhie ycnoanH BbtnonHRIOTCH .. 
Han6onee TOqHo npn lln ma;0,22. B sTOM cny'!ae, xax cneAyeT ua puc. 6, yrnosoA paa-

6poc 'laCTHU He npesbiwaeT 1 upan, a rny6nua aa6poca s aaaop cocTasnHeT oxono 10 eM. 

Jlnn Taro, qTo6bi pewHTb sonpoc o Han6onee nenecoo6paaHoM MecTe pacnono)l{eHBH 

Ae¢nexTopa OTHOCHTenbHO neHTpBnbHOil op6HTbl {c panuycoM Ro ), 6bln nccnenosaH TaK)I{e 

" xapaKTep '\'a6poca 'laCTnn npn pacnono)l{eHHB xpan aaaopa Ha panuycax R 0 + 20 CM H 

R., - 40 CMo llpH KOH¢nrypBilHH aoaMymaromero nonH, noKa3aHHOil Hll puc. 2 {KpiiBBli 2), 

H3-3a pe3KOrO Cnana nOKB3aTenn MarHHTHOro nonR He yAaeTCn aa6pOCHTb qaCTHilbl Ha 

paCCTORHHe 40f50 CM BHYTPb OT neHTpanbHOH op6HThi. BnaronpHHTHble ycnoann Ann aa6-

-poca 'laCTBil Hll BHyTpeHHBil paAByC C031t810TCn, ecnn ao acex Ka8AP_l1HT8X C nOMOIUblO lt()oo 

nonHHTenbHOrO np0BOAHIIK8 V yaenBqHTb 3HaqeHHe D BO aHyTpeHHei! 'IBCTH KaMepbl 

(puc. 2, KpHaan 4). llpB paC'ICTe 3a6poca Ha pBJlHYC R
0

- 40 CM yqUTbiBBncn axnaA · 

a MarunTHOe none, COaAasaeMblil npoaonuHKOM V • Ha puc. 8 u 9 npnaeAeHbl aasncnMOCTH 

yrnos aneTa qacTun OT rny6BHhl aa6poca Ann nono)l{eHun xpaH Ae<jlJ!exTopa ua R
0 

+20cM 

H Ro -40 cu. CpaBHBaan STII pesynbTaTbl c peaynbTaTauu, npnaeAeHHhiMH Ha puc. 6, 

Mo)I{Uo ycTanoaHTb onpeAeneHHhle saxoHOMepHOCTB. Jlel!CTBHTenhno, npn aa6poce na BHYT

peHHBe PBABYChl c yaenu'!eHxeu rny6HBbl sa6poca yron uaxnoHa x pasHoaecHoll op6BTe 
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P11e. 5. 3aaHeiiMOCTb yrna aneTa OT rny6HHhi sa6poea a sasop Ae<PnexTopa npu 
paenonolKeHIIH ero xpag Ha paeeTogu1111 - 10 eM OT neHTpanhHOil op611Tbi. 
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B03pACTABTo Krut STO CXBMATH'IHO H396j)A>K9HO B BepXHeil 'IACTH pBCYHKOB 6 B 9. npu aafspo

_ce ua 8 aemaull pa.nsyc yron HS:i:rrona yMeHhmaeTca c yBellH'IenueM rny!Sunbl aa!Spoca 

(puc. 8). B nepBOM clly'lae xapaxTep aaBBCHMOCTB yrna Haxnona OT rnyllHHbl aa!Spoca 

6narottpHHTCTByeT AAnhHBilmell ¢oxyCHpOBK9 ny'IK8 0 BO BTOpOM Cny'lae - llpBBOAHT K AB¢o-

xycupoBxe no pa.~tsycy. C ApyroA CTopoHbl, ua puc. 6 u 9 cnenyeT, 'ITO npu aa!Spoce HA 

R - 40 CM rny!SHHA 3A6poca llO'ITB BABOB 6onbme, 'IBM npH aa()poce liS R - 20 CMo 3To 
0 0 

o6&HCHB9TCH TBM, 'ITO npB napAM9TpH'I9CKOM pe30HAHC9 TBMll B03p8CTAHHH AMnnHTYAbl 38 

o!SopOT pe3KO B03p8CTA9T C YBBnB'IBHHBM AMUnHTyAblo 

Ha pucyuxax 10, 11 B 12 noxaaaao , xax HA paanH'IBoA rny!Ssue aa!Spoca yrnbl. 

BneTA 3ABHeBT OT MOMBHTA UOUAAAHHH 'laeTHU B 3A30p. rpa~HKH UpBBBABHbl eOOTB9TCTB9HHO 

QnB TpBX cny'IABB paenono>KBHHB KpaB 3830pa: Ro +20 eM, R o - 20 eM, R0 - 40 eM. no 

OCH. a!SCUHCe OTno>KeH HOMep o!SopoTa, OTC'IHTbiB89Mbli! OT MOMBHTA BKniO'IBHHH B03MYDlB

BHB. Mo>KHO yeTaHOBHTb, Bo-nepBbiX, 'ITO npu aa!Spoee Ha pa.~tsyebt Ro ;t,20 CM BpeMn 

BbiBOAA eoCTABnBBT OKOnO 100 060pOTOB0 B TO Bp9MH K8K llpH aa!Spoce B8 paAHye ~ 0-40cM 

ouo yMeHLmaeTCH AO 20 o!SopoToa. Bo BTOpblx, no aeex eny'IABX y 'laeTHn, aa!Spaebraae- -

MbiX Ha onpe.~tenBHHYIO rny()usy, YM9HbWA9TCB yron BnBTA C B03paeT8HH9M HOMBpA o()opo

TA, Ha KOTOpOM npoHeXOAHT UOU8A8HB9 B 3A30p. 

Ha ocuoaaHHB npoae.~teHBbiX uecne.~toaauull MO>KHo e.~tenaTb HBKOTOpbie npe.~taapBTenL-

Hbl9 3AKniO'I BHBH 0 Bb160pe MeeTa paenonO>KBHBB M8rHBT8-A9~9KTOp8 OTHOCBTenbHO 

ueBTpaiibHoA op!SHTbl eunxpo~aOTpoHa.· npu paenono>Keuuu xpaa aaaopa ne<jlnexTopa na 

Ro- .40 eM apeMH Bb1BOA8 nony'JaeTeH MBHBM8nhllblM0 OAHAKO pAAB8nhHbii! 3a6poc '18CTBU 

AOeTnraeT 20 CM. 8TO npHBOABT K li906XOABMOeTB eHnbBO YBB/lH'IBBATb p83M9pb1 383Q-

pa, a .cneAOBATenbHO, B BBC MarBBTa. npu pacnonOlKBHBB Ba R 0 !., 20 CM p83M9pbl H 

Bee MarHBTa .MoryT !SbiTb 3H8'1HTenbHO MBHLme. B TO >Ke apeMn .nnuTenhBOCTb BbiBOAa 

B B 3TOM eny'lae AOeTATO'IBO Mana H eoeTaBnHBT MeBee 100 MKCBK. YenOBHH-3A6poca . 
'18eTHU npB B031SylKABBBH napaMeTpH'IBeKOrO pe30H8HC8 H8 

6blnH ueenenoaaubl axenepHMeHTallbHO. 

Ro - 20 eM H Ro+20 eM 

§ 2. PeaynLTATbi axcnepHMeHToa 

Jlng Bbi!Sopa OUTHM8nhBbiX pa3M9pOB 3830pa M8rHHT8-A9~U9KTOp8 6biUH npOBBABHbl 

3KCU9pHMBBTanbBbl9 BCeneAOB8HHB aa()poca 'laeTHU B yenOBHHX pe30H8Hea. C aTOll UBnbiO 

BHyTpb K8M9pb1 eHBXp0~30TpOB8 Ha 83HMYTB, eOOTBBTCTBYIODlBM KOHUY B03MYDlBHHH1 no

Memanea enol! ~OTOSMYnbeHHo <I>OTOaMyllbeBH BBOAHnaCb B KAMepy K KOHUy UBKna yexope-

c» IHHB e noMOIIlbiO nnyn>KepuoA MHWBHH u pacnonaranaeh Tax, 'IT06bi ee xpall eoana.~tan e 

0 
= 0. 

38A8HHblM PBAHYCOM. noene 3Toro BKniO'Ianen HMnynbe TOK8 B B036y>KA8IOIIlYIO OISMOTKY 
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• II)"IOit c6pacusancll sa cjlOTOaM)'m.CHIO. BbinH TmaTem.so nono6paHbl ycnosnll, npn KOTo

pux ncz:niO'!anOCb MBOroxpaTBoe npOXOlKileBHe '!aCTHD: '!epe3 3M)'llhCHIO. nnll 3TOro npn 

o6ny'lellllliX sa pansyce R o - 20 CM & aenocpencTBeHHOll 6nu3oCTH 3l! aM)'n&Cneli no 

aanpaBileHBIO ll&HlKeBllll II)"III:a fibin yCTaBO&neB nATYBHbili nornOTBTen& TOnmHBOli 3 CM. 

CKa'IOX MrBO&esaux op6HT y '!aCTnn, npomenmnx TaxyiO TonmBH)', cocTa&nmi - 50 CM. 

'lacTHitbt, ~nsoxpaTHO npomenmne aMym.cniO, nonanann sa nornOTnTen& n 3a6pacbi&anKCb 

11: &BYTP9BBell CTeBite KaMepu. nns Ba~telKHOCTH 3a nepBbiM nornoTHTeneM y BH)'TpeHHero 

xpall pa6o'!ell o!SnaCTH na paAByce Ro -30 CM It MOMeBTY c6poca ny'lxa Ha Mnmea& 

ycTasasnnsancll aTopoll nornOTnTem., KOTOpbill nepeXBaTbtaan Dbi6btBillHe 113 nponecca ycKo

peBHll '!aCTIIItbio flpH o6ny'leHBHX aNyllhCKH Ba panKyce Ro + 20 CM 3a Bell TaKlKe noMe-

' mancll nornoTHTem.. BTopoll nornOTHTem. pacnonarancl! It MOMeHTY c6poca ny'IKa aa aM)'nb

~KIO y aii)'TPeBBero xpall pa6o'!ell o6nacTK TaK, 'ITO z:pall ero coananan c panHycoM 

Ro- 25 CM. flpensapHTen&BO 6binO YCT8HOBneH01 'ITO B aTOM nonoJKeHKK BTOpoll norno

TKTenb se aapyman nponecca 3a6poca '!aCTHit aa aMyn&CHIO B ycnoBKHX pe3oaanca, HO aa-

~telKHO nepeXBaTbiBan '18CTHitbl1 OllHOKpaTBO npOillCillllHe 3Myn&CHIOo 

Pac. 13. 4>oTorpacjlnll 3a6poca ny'lz:a sa aMym.cuiO np11 ~nmax =0,22. 

nnll HnniOcTpaunu aa puc. 13 noxa3asa cjloTorpacjlul! 3a6poca ny'IKa sa aMym.cuiO 

B Cny'lae, z:orna z:paA ee pacnonarancil sa ·R e + 20 CM, a BenH'IHBa B03M)'IlleHHH 

PABBllnaCb 0,22. Peayn&T8Tbl U3MepeHUH pacnpeneneHHll UHTCHCHBHOCTU B8 aMyn&Cllll 

B HanpaBileBHH panuyca npnaeneHbl aa puc. 14. Ha KalKilOM u3 npuaeneHHbiX 3nec& rpa

cjluz:oa no OCH Op):lUHaT OTnOlKeBO KOnH'!CCTBO '18CTHit1 nonaBillUX B UHTepaan lllUpHHOII 5 MM1 
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Pacnpe~eneuue HHTeucuanocTH J no uanpaanennD pa~uyca, 
OTC'IUTbiBaeTCH OT zasr SMyn&cuu. (a) - Ro- 20 C!;1i _lfnmax 
(a) Ro +20 CM; nmax =0,2; (c) R 0 +20 CM; Anmax=0,22, 

PacCTOHHUe r 
0,22; 

22 

OTneceuuoe Jt o6;neMy JtonnqecTay qaCTHil• nonaawux ua SMYn&CHD, Ha ocu aOciUICC 

yz:asaHO nonoJKeuue HHTepaana no pa~uycy. Hs rpacpuoa (a ) H (c) au~uo, "'ITO npu 

~auuoll aenH"'Inlte B03MYDieuusr rnyonJta 3aopoca qacTnn Jta pa~uyc Ro + 20 eM sJta"'IHTen&-

Jto 6on&we,· qeM ua Ro- 20 CM, ConocTaansrn ·rpacpuz:u (a) H (c) ~nsr R 0 +20 CM npB 

pasnu"'lltoil aenn"'lnHe B03Mymeuusr, nerz:o yCTauoauT&, 'lTO H3MeHJist aenuquny B03MYIIleHHsr, 

MOJKHO H3MCHliTb KSK rnyoHBy 3aopoca "'ISCTB!l B 3830p Aecpne!tTOpa 1 TSK H xapa!tTep 

pacnpeAeneuusr qacTHil no rnyouue sasopa. Hauoonee onaronpBJITHasr KapTnua pacnpeAene

HBst uHTeucnauocTB a uanpaaneuuu pa~nyca nonyqaeTcsr npu Cn max-0,22 lrpacjlHK c ), 

:~1o 

100 

80 

60 

4o 

20 

0 
-,3 -2 -I 0 

o Ro-20; 4n~a22 
•R. +20; 4n•Cl22 
DRo +20; 4n•~2 

I 2 J 
c, CM. 

Puc. 15, Pacnpe~eneuue HHTencuauocTB no aepTHKanu, PaccTosrnue z oTC'IH
TbiaaeTCJI OT cpe~uell nnocKOcTH, 

B STOM cnyqae yAaeTCJI caecTn z: MHHBMYMY AeficTane z:paeaoro nonsr ~ecjlneKTopa 

na saopollleHHbie a ero sasop "'laCTHilbi, Ha puc. 15 noKasauo OTHOCHTen&Hoe pacnpeAene

HBe HHTCHCHBHOCTlt "'ISCTHil no BepTHKSnH HS paCCTOJIHBlt 1 CM OT Kpasr cjlOTOaMyn&CHB 

AnH R .. ,.. 20 CM B Ro+ 20 CM (COOTBCTCTBCHBO KpHBasr 1 B KpBBasr 2), B nocneAHCM 

cnyqae pacnpeAeneHBH CHl!Tbl ~nsr &.max =0,22 u Kn =0,2. Bu~uo, 'ITO pasMep nyqKa 
max 

npu sa6poce ua R 0 - 20 CM 6on&we, qeM npu saopoce ua Ro + 20 eM. Ha R0 + 20cM 

23 



pasMep aa6poweuuoro sa SMYnhCHID nyqKa no nepTHKana .He npenNwaeT 4 CM H npaKTaqe

CKH He 3aBHCHT OT nenuqHSbl B03MYDieHHllo .Unll BN60pa onTHManbSOll BhlCOThl. 3a3opa 6Nna 

nhlqncneua sanncuMOCTb AOIIH qacTHil, nonan arownx n sasop, OT nepTHKanhnoro pasMepa 

aasopa B nponesTax OT nHTeucunsocTH napKynHpyromero ny~a. llpa STOM pasMep aasopa 

no paneycy npenocxonnn MaKCHManhiQ'ID rny6nuy sa6poca. Cpanuunall KpnnNe 1 B 2 pnc.16, 

MO>KBO cnenaTb saKnroqesne, qTo npu pacnono>KeBHH Kpall MarBBTa-necjJnexTopa ua R0 +20cM 

BbiCOTa ero sasopa Mp>KeT 6NTb nhl6paua npn6nasaTenhHO na 1 CM MeHbwe, qeM B cnyqaa 

Ro- 20 CM. 

Jo/o 
100 r-1 ...... ,-. .,...-' :_...,-~ 

80 I I- I! 

so I 1/ J I I I I 

4o+-AJ--+----+ I I I 

aal I I I T-rl 

d,c~o~ 
a 3 ~ 5 

Pnc. 16. 3anncnMocTb nonn qacTnn, Bbipa>Keuuoi!. n nponeHTax 
OT HHTeHCIIBHOCTH IlHpKynnpyromero nyqKa, KOTOp8ll. 
nonanaeT n aaaop Maruwra-necjJnexTopa npa pasna'l

sol! ero BbiCOTe d • 

24 

rnABAII 

JialDKEHHE 'IACTHll OT .UE4>nEKTOP A .UO BbiXO.UA H3 YCKOPHTEml 

§ 1. Oco!SensOCTH nnn>KeBH!l qacTnll n KpaenoM none 

cusxpod>asoTpoua 

B MarsnTe-necjJnexTope (pnc. 1) nyqoK nonyqaeT OTKnoseune no uanpannesuro K ua

py>KHoll CTeHKe ltaMephl B, npe>KAe qeM Bhli!.TB B3 yCKOpBTenll, sa 60nhWOM npOTl!>KeSHH 

n~peceKaeT o6nacTb Kpaenoro nonll. KaK cnenyeT ns puc. 2, xapaKTep Kpaenoro nonR 

TaKOB, qTO, saquna!l C paCCTOSIHH!l 45 CM OT nesTpanhHOi!. op6HTbl1 OHO OKa3biBaeT sa 

nyqoK ne~oKycupyrowee neiicTnne B panaanhHOM nanpanneuuu H ~oKycupyromee - n nepTnKanh

noM \ n >'1 ) • .UnR nsyqesn!l oco6esnoCTelt nnli>KeSH!l qaCTBil n KpaenoM none 6bin npo

nenen pac<ieT TpaeKTopalt nna>KeSH!l qacTBil npB pasnaqsbiX yrnax OTKnosesH!l n ne~neKTo-
pe. Yron oTKnoseHH!l B necjJneKTOpe Bbi6npancR TaKHM, qT06bl nyqoK sa nNxone ns ycKopH

Tenll nMen uanpannenue, npnronnoe nnR ero nanbseltwelt TPaucnopTnponKH K sKcnepnMeH

Tanbsoi!. nnomanlte. 06nacTb nparoASbiX sanpannesai!. B pai!.ose BbiBOilHOro npHMonasei!.uoro 

npoMe>KyTKa noKasasa na pac. 17. llpnpasnnqnoM pacnono>KeHHH ne~neKTopa oTHOCHTenhHO 

nenTpanbsOlt op6nTbl yron ·noaopoTa, o6ecnequaaromxi!. nonanauue nyqKa n Bbi6passyro o6nacTb 

sanpannesnll, 6yne-r pasnH'ISbiM. XapaKTep nnu>KeHH!l a KpaenoM none 6yneT TaK>Ke pasnn

qaTbCSt. .UnR npnMepa npuneneM pesynhTaTbi pacqeTOB nnR nono>KeHB!l Kpa!l necjJneKTopa 

sa Ro- 20 CM. 

PacqeTbl TPaeKTopui!. nblnonsesbl sa sneKTponno-cqeTnolt Mawane no nporpaMMe 

/17/ 603 • Kpaeaoe MarunTnoe none sanaaanocb n aune Ta6nan, cocTanneHHbiX no pesynh-

~aTaM MarunTSbiX usMepesBll 1956 ronax). To'lsOCTb sTHX nsMepesaii se xy>Ke :tf!%. TpaeK· 

TOpUH BblqUcn!l/IHCb no ~opMYnaM ABH>KeHU!l 'laCTilll B MarsHTHOM none nyTeM qacneHSOrO 

uHTerpuponasHR. War aHTerpuponaHHll (10 cM) 6bin nono6pan TaKHM, 'IT06bl, c onuoi!. 

CTOp0Sbl
1 

o6ecne'IHBanaCb MaKCHManbHa!l CKOpOCTb cqeTa H1 C Apyroii CT0p0Hbl
1 

Se CHU>K8-

nACb TO'ISOCTb nonyqaeMbiX pesynhTaTOB. Bbi'IUCn!lflaCb KaK ropH30STanbsall, TaK H nepTll

K~nhS85l npoeKilH!l TpaeKTopnH. Panuanhs&R H asuMYT&nhHS!l cocTaanl!roDiall MarsHTsoro 

non!l B 3aA8HSOlt TO'IIte npOCTPaHCTBa 6blnH Bbl'IHCnesbl B nanei!.SOM npu6nn>KeHHH no U3Me

• pessolt aepTB1t8nhHOi!. cocTaM!IIDDiei!. MarnaTnoro non !I H3 ycnonnR, 'ITO rot B = 0. 

Bsa'lane MarsuTnoe none.a necjJneKTope aanananocb oAHopoAHblM. Ha puc. 18 noKasa

Hbi TpaeKTOpliH llBlllK9HH!l 'laCTHil B none yCK0pHT9nR, aneTaiDDIHX B necjJneKTOp C OAHUaKo-

Ro-20 CM npn pasnuqHbiX yrnaX OTKnoneHU!l. llo 
BbiMH uaqanbllbiMH yrnaMH sa pannyce 
OCH a6cnncc OTno>Kena 8311MYTanbHa!l KOOpAHUaTa e . Haqano OTcqeTa no a3HMYTY conna-

naeT c TopneabiM cpesoM 6oKoBbiX cToex MarnnTa ceKTopa IU , xonen ceKTopa · 

x) HsMepesaR 6binH nponeneHbi A.A. )l<ypaanenNM, 3.A. Mll3, C.B. 4>enyxonb!M H AP· 
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COOTBeTCTBYeT 83BMYTY 1,57 p8JlH8H8, Ha rpa<jlnKe (a) ,llaBbl npoeKIIBB TpaeKTOpBJ! JlBBlK&

HBSI B ropn
3

oaTa/IbHOJ! DDOCKOCTB,. DO OCR Op.llBHaT OTDOlKeHO OTKDOH9HB9 OT lleHTpanbi!OJ! 

op6nTbl -p • Ha rpa<jlnKe (6) npeJlCTasneHhl aepTnKa/IbHble npoeKnnn TpaeKTOpnl!, no ocn 

opJlBHaT OTDOlK9HO OTKDOH9HB9 z OT CpeJlH9li DDOCKOCTH, KaK BBJlHO, npB OTKDOH9HHB 

qacTHil aa 6onhmnll paJlBYC Ae<jloKycnpoaKa no aanpasneaaro pa.llayca H <jloKycnposKa no aep

TnKann pe31t0' B03p8CT8IDT, 3T8 lKe TeHJl9HilHSI COXp8HSI9TCSI JlDSI qaCTBil, 3a6paCbiB8eMbiX 

8 3
a

3
op )le<jlneKTOpa aa pa3nuqayro rny6nay. Ha puc, 19 noKa3aHbl TpaeKTOpHH JlBHlKeHBSI 

qacTHn, sneTaromnx B )le<jlneKTOP c OJlHOpOJlHbiM noneM npn Ro - 20 CM (KpnsaB 1), 

R
0 

- 25 CM (KpBBaSI 2) B R 0 - 30 CM (!tpBB8SI 3) npn yrne OTKDOH9HHSI 84
1

, 

TaKBM o6pa30M, pa3Mepbl H yrnosaSI pacxoJlHMOCTh ~Ita na BbiXOJle B3 ycKopnTenB 

3
asnCSIT OT gaqanhHbiX ycnosnJ! qaCTBII Ba BXO)le B )le<jlneKTOp H yrna OTKDOHeHBSI B )le<jlneK

TOpe, ,llnSI nnnrocTPaUBH Ha pnc, 20 noKa3aHbl KpaJ!HHe TpaeKTOpHB 1 onpe,lleDSIIDWBe rpaHHilbl 

nyqKa no p8JlHycy, npn pa3nBqBbiX yrnax OTKDOBeHHB a )le<jlneKTope. Bo acex Tpex cnyqaax 

B ItaqeCTB9 · Ha'lanhHbiX ycnosnJ! JlDSI nporpaMMbl 603 B3SITbl )laHHble1 nonyqeBBbl9 B pe3ynh

TaTe pac'leTa 3a6poca qaCTBII s Ae<jlneKTOP no nporpaMMe 401~ TpaeKTopnn Jl9HlKOHHSI pac

cqKTbisanBCb JlDH 30 'laCTHil C p83nH'IHbiMH B8'18DbHbiMB aMnDKTYllBMH H <jla38MB 6eTaTpOH -

BblX paJlKanhBbiX. ~~:one6aBKli. H3 pncyBita BBJlBO, uacKOnhKO cnnhHO BbiXOAHbie xapaKTepKCTn

KK nyql{a B ropH30HT8nhHOJ! nnOCKOCTH 38BBCSIT 0T yrna nOBOpOTa, 3TO yTseplKJl9HH9 cnpa

seAnBBO H ,llDSI ABHlK9HHSI B sepTHit8DbHOJ! DDOCKOCTH (pKC, }86), 

Ha pBC, 21 DOKa3aBO, KBK K3MeHHIDTCSI TpaeKTOpHH 'IBCTHII DpB K3M9H9HBB H8'18DbHblX 

ycnOBHJ! DO sepTHKaDB JlDSI yrna OTKDOH9HBSI 80' B Ae<jlneKTOpe C O!lBOpOAHbiM noneM, 

PHC, 21 (a) COOTB9TCTByeT ayneBOMY OTKDOH9HBID OT cpeAHeJ! nDOCKOCTH1 BO p83DB'IHbiM 

H8'18/IbHbiM yrnaM no sepTKitaDK: 0,4 M 'paA (KpKB8.SI 1) H 0,8 M paA (KpKB8SI 2), PKc,21(6) 

COOTBeTCTByeT ayneBblM H8'18nhHblM BOpTHKBDbBbiM yrnaM H pa3DH'IBblM OTKDOHeBHSIM OT 

CpenHeJ! nDOCKOCTK: 1 CM (KpHBBSI 1) H. 2 CM (!tpHBBSI 2), BHAHO, qTO HMeeT MeCTO nepe

<jlr,>KyCHpOBKa nyqita no BepTHK8DH
1 

npH'IeM <jlOKYCbl no yrnaM H no OTKDOH9HHID HBXOASITCSI 

na pa3HbiX 83RMYTax. B pe3ynhTaTe, sepTHK8/IbBblli pa3Mep ny'IKa ua s;IXOJle K3 ycKopnTe

na AOCTHraeT 3H8'1HTenhH!)J! senKqHHbl, 

H3 K3DolKeun~ro cneAyeT, qTo ADH AOCTKlKeRKH BbiCOKOl! a4>¢eKTKBBOCTK BhiBOAa 

pacno~OlKeRKe MarHHT8-Ae<jlneKTOp8 OTBOCHTeDbBO neRTP8nhBOJ! op6HTbl H yrcn OTKDOBOHHSI 

B HeM JlQnlKBbl 6b1Tb nOA06paBbi ,H3 C006palKeHKJ! nony'leHHSI OnTHMBnhHblX OnTK'IeCKHX xa

pBKTepHCTHK ny'IKa Ha BbiXOJl9 H3 yCKOpKTeDSI, 

Ha pnc. 22 npnaeAeBbl rncTorpaMMhi, noKa3bisaromKe pacnpenenenne KBTeHCRBBOCTK 

BhiBeAeiiBoro ny'IKa no paAHycy ua a 3 nMYTe 1,57 paA 11na Tpex pa3nH'IBbiX cnyqaea pacno

nolKeBHSI KpaSI Ae<jlneKTopa: Ro- 20 CM (rncTOrpaMMa •t{•), Ro+20 (rKCTorpaMMa'6'), 

H ~ -4Q (rHCTOrpaMM8 'a'), ,llnn KalKJlO~O CDY'IBSI yron OTKDDReBHSI B Ae<jlneKTOpe 
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abi5upancSJ TaKHM1 '1To5w abiaeAeHHhlil ny'loK nonaAan a o5nacT& npuroAHhiX nanpaanenuli, 

B Cny'lae Ro +20 CM yron OTKnOHeiiUSI COCTaanSUI -401, a cnyqae R
0

-2Q CM- 801, a cny

'lae Ro -40 CM - 06
1

, npu nocTpOeHHU I'HCTOrpaMM onpeAenS!liOCb 'IUCno 'laCTUil
1 

nonaAaro

lllUX a AaHHbll! UHTepaan no paAUycy, npu STOM Y'IUTh!BanOCb Ha'lan&noe pacnpeAenenue no 

aMnnUTyAaM f>eTaTpOHHhlX paAUanbHbiX KOnef>aHUJ! (puc, 3), H3 conocTaaneHUSI I'HCTOrpaMM 

cneAyeT, 'ITO npu pacnono}l(enuu AeqmeKTopa na paAnyce MeHbmeM, '!eM nenTpan&Hhlll, pa3-

Mep ny'IKa Ha abiXOAe U3 YCKOpUTenSJ nony'IBeTCSI MeHbllle, ~TO of>'hSJCHHeTCSI yxasannoil 

ablme 3aauc:tMOCT&IO yrna aneTa a AeqmexTop. OT rny5unhi 3a5poca. Hauny'lmaSJ cjloxycupoaK8 

ua5niOAaeTcSJ npu pacnono}l(enuu KpaSJ AeqmeKTopa ua R., - 20 CM , rAe ao3p8cTanue yrnoa 

aneTa npU yaenU'IeHUU rnyf>UHbl 385poca ablpa}l(eHO Hanf>onee 'leTKO, npu pacnono}l(eHUH Ae.P... 

nexTopa na Ro +20 CM yrnhi aneTa yMeu&maiOTCSJ c yaenuqenueM rny5UHhl 385poc8, 3To 

npuaOAUT K CUnbHOMY yaenU'IOHUIO I'OpU30HT8n&HbiX pa3Mepoa ny'IKa, 

Ha puc, 23 npuaelleHbl MaKCHMan&Hble aepTUKan&Hb!O p83MOpbl ny'IKa Ha abiXOAe H3 

ycKopuTenSJ AnSI yxa38HHhiX Tpex cnyqaea, BcneACTane cun&uoli nepecjlo~~:ycupoaKu ny'IK8 

ua 5on&mux paAnycax (eM. puc. 18) ero aepTuxan&Hhiil pa3Mep aoopacTaeT no Mepe oT

Knonenun a cTopouy 5on&mux P8Auycoa, 

KaK anAno U3 npuaeAOHHbiX pe3yn&TaToa p8C'IeTa, Kpaeaoe none cunxpocjl83oTpona 

a OIITU'IOCKOM OTHOIIlOHHII IIOA05Ho CllnbHOcjloKyCIIpyiOIIleil· nnn3e, caollc'l'aa KOTOpol! H3MOHSIElT

CSI npu II3.Menenuu p8AU8n&Hol! ·u aepTUK8nbHOl! KOOpAHHaT 'laCTUUbl, 8 cuny STOI'O npu OAUo

POAHOM ·none a Mal'llUTe-AeqmeKTope p83Mepbl ny'IKa H8 abiXOAe 113 YCKOpUTenSJ O'leH& aenu

KU, Benux TaK}I(e u pas5poc '18CTUU no· yrn8M, B pe3yn&TaTe yxyAwaiOTCH ycnoauSJ Aan&

nel!wel! cjloKycupoaKn 'lacTun u CHU}I(SeTCSJ scjl¢eKTuanocT& abiaOA8, BhiXOAHhie xap8KTepucTu

KU ablaeAeHHOI'O IIY'IKB MO}I(HO 3Ha'IUTOnbHO yny'IWUTb, ecnu npUMeHUTb a M81'HUTe-AeqmeK

TOpe rpaAUeHTHyiO cjloKycupoaKy, 

§ 2, rpaAUeHTHaSJ cjloKyCUpOaKa a MarHUTe-Ae¢neKTOpe 

Ecnu a "MarHUTe-AecjlneKTOpe .C03AaT& Koncjlurypaumo UOnSJ, npUaOAH-

lllYIO K cun&noll cjloKycupoaKe ny'IKa no p8AliYCY U Ae¢oKycupoaKe no 

aepTHKanu, TO a pe3yn&TaTe COaMeCTHOI'O AeJ!CTaUSJ STOll CliCTOMbl U Kp8eaoro nonS! CUHXpo

cjla30TpOH8 MO}I(HO CcjloKycnpoaaTb ny'IOK B Of>OUX nanp8BnOHHHX, nnn H3y'leHHSI STOI'O aonpoca 

5binH npoaeAeHbl 'lncnennhle pac'leTbl H8 sneKTponno-c'leTnol! Mawune, Cnn&naSJ cjloKycnpoaKa 

o5ecne'lnaan8Cb 3a C'leT C03AaHHSJ a AeqmeKTope rpaAnenTa MarnnTnoro nonSJ, B H8npaane

dH HUH paAHyca AecjlneKTOpa R 3HaK rp8AU8HT8 MarHHTHOI'O nonn ---
dR 

nonO}I(HTen&HblM C· TOM, 'ITOf>hl nony'IUTb noKa3aTen& D = _aH __!.. <0 
dR H 

34 

5bin abi5pan 

nnSJ npOCTOTbl 

f>yAeM C'IHTaT& M8rHHT CeKTOpHbiM, npH'IeM neHTp811bHblii ptlAIIYC "tli'JIIITtl !IDIIlleTC>J 

paAnycoM paanoaecnol! oxpy}I(HOCTll AIIB 'IBCTHll c AaHHhiM m.myn&COM p • 0Txnone:me 

OT p
8

anoaeCHOJ! opf>HTbl a ropH30BTallbHOii nnoCKOCTH OnHCblaaeTC!I a IIHHellHOM npuf>mt}l(e-
/18/ 

nun ypaanenueM (eM., na:tpuMep, ): 

d
2

r ""dd'2 +( l+lnl )r=O, (1) 

rAe 8 - a3BMyTan&HaB KOOpAHHBTa AeqmeKTOpa, 

aneTaiOIIlel! B MarHI!T 118 paCCTOSIHHII r I OT l!eHTp8n&HOii opf>l!Tbl nnSJ qaCTHilhl 1 

noll yrnoM a 1 
K uei!

1 
COOTaeTCTayiOIIllle 3Ha'lel!IISI STUX Benl!'lliH HB ahiXOAO 1!3 MBI'I!l!TB 

onpeAenSJIOTCSI ablplllKOHBSIMU: 

r ahiX = r• cos(v~ 
a 1 f 

oo) +8 v l+lnl 
0 

may l+lnf6o ) . 

1- \ r 8 -. (- \ 
aah1x=a

1 
cos\yl+lniOor~vt+lnl sinyl+lnl 00 J.• 

e 

(2) 

(3) 

31leCb aBHilY ManOCTH yrna noBOpOTB 0 o npHHSITO , 'ITO Qo=--t<c, · o r11e - 11nnna Mar-

HHTB, a R0 - paAuyc ero paanoaecnol! op5BThl, 

nycTb MllrHHT-AecjlneKTOp pacnonO}I(Oll B npS!MOnHnei!HOM npOMe>KyTKO CHHXpO<jla30TpOUa 

MGli<AY, ceKTopaMn II n III ua paccTO!IHIIll L OT ceKTopa II (puc, 24), u ero 

uenTp CMemen na paccToSJHue 

BenU'IHHhi BXOAHhiX 3Ha'lenuil 

d OT nenTpan&uoll ocu npHMonunellnoro npoMe>KyTKa. 

f I B a I onpeAenSJIOTCSI ycnOBUSIMU 3a5poca 'IBCTHU npu 

pe30H8UCHOii paCKB'IKe paAHan&HblX KOnef>anui!: yrnOM HBKIIOUa TpaeKTOpHH 'IBCTUilbl Y 0 

11 O'i'KIIOHOHIIOM OT Ocll llpS!MonHHeilnoro npoMe>I<yTKB Po Ha 83HMyTe, COOTBOTCTBYK>-

llleM KOHilY CeKTOp8 II (puc, 24), nnH Ka}I(AOJ! qaCTIIIlbl STII BeiiH'IHIIbl Bbl'IIICIISIIIHCb no 

nporpaMMe 401, Ha OCIIOaa!IHH STHX AaHHbiX C y'leTOM Bblpa}l(e!lnll (2) n (3) onpeAen-

IIOCb OTIUIOHOHHO OT OCII llpSIMOIIHHOilHOrO npOMO~TK8 p BbiX II yron MO>KAY TpaOKTOpH-

el! '18CTHilbl H STOll OCbiO Y BbiX 118 BblXOAe AOcjlneKTOpa: 

f 
P = d- ( d -p

0 
--ro L) cos (Ji'+Tiil 00 ) +--< ~+Y>)sin(y'1+1n!OoJ 

ablx · .[1+fnf 00 

(4) 

yl+lniOo _ _ 
·y = --- ( d-p-y

0
L) sin (yl+lnl00 )1t{y0 +Q/2) cos(yl+lnl0o)+Oj2 

abiX f o 
(5) 

8 QOpMyii8X (4) H (5) 3HaKH p0 H d 6epyTCSI nono>:mTOnbUblMII 1 ecnn STH aeiiH'IHHbl 

OTC'IIITbiBaiOTCSI B H8npaBneHI!II paAIIYCOa, 60n&WHX1 'I OM UOHTpanbHhlii pllAHyC . CIIHXpocjlaso-
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Puc. 24. CxeMa pacnono)({eHRH MarHHTa-ae~eJtTopa a npsrMonuueiiHOM 

npoMeJKyTJte Me)({Ay ceJtTopaMH II u Ill 
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··}~~ 

TpOHa, 3H8lt Yo 

JtOHil8 cexTopa 

C'IHT89TCH_nono)({RT9nbHMM, ecnR Tp891tTOpHH '18CTHIIM H8 83HMYTe 

II uanpaaneua K uapy)({HOII cTeHKe saKyyMHOII KaMepw. 

JlBH)({9HR9 '18CTHII B M8I'HRTe-Ae~eKTOpe no BepTHK8nR 

npu6nR)({9HRH ypaBH9HHeM: 

onucwsaeTCH B nnueiiHOM 

d2 z --;j0'2-lnlz=O. (6) 

Ecnu qacTuna sneTaeT B MarunT ua paccToRHHH z
1 

OT cpeauell nnocKOCTH Mar-

uuTa u noll yrnoM {3 1 
K Hell, TO COOTB9TCTBYIOIIIH9 BMXOAHM9 A8HHM9 Bbl'IHCminHCb no 

oj>opMYnaM: 

z ~ z 
Bb!X I 

ch ( Jliif Oo) + J2!._ sh ( v'lni 8 o) 
O.y'lnl 

b = z I lltlfni sh ( vm OJ + Pt ch Mril 8 J 
~-'Bb!X 

(7) 

(8) 

3TH senH'IHHM MoryT 6b!Tb Bhlp8)({9Hhl qepe3 H8'18nbHbl9 ycnOBHH Zo o {30 H8 83HMYTe, 

coOTaeTCTByromeM KOHny ceKTopa II : 

J ~ ( Z 
0 

+ L {3
0

) ch (Jrnf8
0

) + f3o.f sh (MOo) (9) 
BMX 8ovTnr 

{1 = W ( Zo+ L f3o) sh ( Jlnloo) + f3o ch (vr;;j (!,) • 
'BbiX f 

(10) 

npu swsoae STHX oj>opMYn npeanonaranocb, 'ITO cpeAHHH nnocKoCTh aeoj>neKTopa cosnaaaeT 

c EepTHxanbuoll KoopauuaToll neHTpa ny'IKa ua swxoae ceKTopa II 

Jlauuue, nonyqeauwe no oj>opMynaM (4), (5), (9), (10), aaoaunuch B nporpaMMY 

603, no KOTOpOfi 1IpOH3BOAHIICH p8C'I9T Tp89KTOpHII ABH)({9HHH B Kp89BOM none OT Ae~eK

Topa AO swxoaa H3 ycKopuTenH. TaKHM o6pa3oM, ucnonh3YH onucauuyro cxeMy pac'leTa, 

MO)({HO B~I'IHCnRTb Tp89KTOpH10 ABH)({9HHH '18CTHAhi, H8'1HH8H C MOMeHT8 B036y)({A9HHH pe3o

H8HC8 AO BhlX~A8 ee H3 yCKOpHTensr. 

Pac'leTw 6wnu nposeaeuu ansr 30 3Ha'leHull ua'lanhHbiX aMIIIIHTYA H 4>a3 paauanbHhiX 

H aepTHKanhHMX 6eTaTpOHHhiX Kone6aaull. BenH'IHHa n s ae4>neKTope noa6upanacb TaKoll, 

'IT06b! H8 BbiXOA9 H3 yCKOpHTenH nOny'IHTb H8HM9HbiiiHII pa3Mep IIY'IKB ( ~R) B aanpaa-

II9HIIH p8AHyca. Jlmr npiiMepa H8 pHC. 25 IIOK838HO, K8K H3M9HHIOTCH p83M9pb1 ny'IK8 

j.R H l'iz npu H3MeHeHHR n B aeoj>neKTope, Kpall KoToporo pacnono)({eii aa ~- 20 CM, 
. ~ 

a neHTp coanaaaeT c neuTpoM npuMonuaellaor~ npoMe)({yTKa. Yron noaopoTa B ae4>neKTope 

37 



Q) 

AR,c,., 
~of,----.--, -r-1 --.1-r----1 ~] I 
30 

20
1 "l I ~I I I 

10 

Ai,CM 

8 

6 

~ 

2 

. 

-

•20 ·'Ia 

&) 

·20 ·40 

·60 -so ·400 

---~ 
·SO ·80 ·100 

n 

n 

Puc. 25. HaMenenne paaMepoa BbiBenennoro ny'IKa no ropuaonTanu (a) n no 

BepTIIKanH (a) B 3aBI!CHMOCTH OT BenB'IHHbl D B Mai'HHTe-ne<j>neKTOpe. 

cocTaamm 841• BenH'IHHbi 1\R 
H t\z Bbi'IHCneHbl no KpaliHHM TpaeKTOpHstM smpa ny'IKa. 

Ha conocTaanennst puc. 25 c puc. 22, nony'leHHbiM nng cny'last onnoponnoro nonst a ne<f>neK-

Tope, cnenyeT, 'ITO non5opoM n 
a ne~neKTope ynaeTcst ana'IHTenbuo COKpaTHTb paaMepbl 

ny'IKa a ropnaonTanbHOM nanpaaneunn, npu aToM aepTnKanLHblfr paaMep ny'IKa TaK>Ke no

CTaTO'IHo Man. 

Ha pHc. 26 noKaaana aaancn,rocTb nonnoro pannanbnoro paaMepa Bhlaenennoro ny'IKa 

B ropHaonTanLnm., nanpaanemm oT yrna noaopoTa a ne<j>neKTope npu · pacnono>KeHHli 
ero 

38 

xpas ua 

Puc. 26. 

t.R,cw 

JO 

v ~ v / 

/ 
/ 

10 

10 &o 
ao· se· s~· 861 

81!' 90' 

3aaRCHMOCTb panuanLHbiX paauepoa Bb!Beneuuoro ny'IKB OT yrna 
DOBOpOTa B ne<j>neKTOpe. nns K8>KAOI'O yrna DOBOpOTa nono5paBO 

ODTBManhHOe 3B8'1eHBe D 

Ro -20 CM. nnsi K8>KAOI'O yrna DOBOpOTa DOA5HpanOCb ODTliManLBoe 3Ha'leBBe D 

a ne<flneKTope. Bnnuo, 'ITO npu yaenuqeuuu yrna noaopoTa paaMep ny'IKa yaenuquaaeTcs. 

·3TO CB!I3aHO C TeM, 'ITO npB 50nLWHX OTKnOHeHHHX ny'IOK nonanaeT B o5naCTb0 I'Ae ~Ky

CHpyromue caolicTaa nons peaKo naMeHSIIDTCst a uanpaaneunn panuyca. nosTOMY non5opoM 

n a ne~nexTope ue ynaeTcst c~KycnpoaaTb ny'IOK. Hao5opoT, npn uanhlx yrnax OTKno

ueuuu DY'IOK ABli>KeTCst a o5nacTH Kpaeaoro nang, rne ycnoaust no panuycy 5onee onuopon-

Hbi. B aToM cnyqae aenuquua n B ne<j>neKTope MO>KeT 5biTb nono5pana TaKBM o5paaoM, 

'IT05bl. a coaoKynnocTn c KpaeabiM noneM cncTeMa o6ecne'lnaana onTnManLuyro ~oKycnpoa

Ky ny'IKa Ha BblXOAe H3 YCKOpllTenst. 
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§ 3. Bb16op HanpaaneHBR BbiBOlla B MeCTa pacnonoJKeHBR ne¢nez:Topa. 

XapaxTepncTBKB BbiBBllBHHoro nyqz:a 

npn Bb160pe HanpaaneHBR TpaHCnOpTBpOBZ:B nyqxa nocne BbiBOlla ero B3 ycz:opBTeng 

HB06XOllBMO yqBTbiBaTh MHOJKBCTBO ¢aKTOp0Bo fnaBHblM B3 HBX smnRBTC11 nonyqeHBB OnTB

qeCKBX xapaz:TepBCTBK nyqz:a, 6naronpBBTHbiX nnu ero nan~>HeAweA ¢oKycnpoaKH. KaK 

nOKa:JaHO B npBllblllYIUBM naparpa¢e, pa3MBpb1 nyqKa B rOpH30HTSnhHOM B aepTHKan!>HOM 

HanpaaneHBRX, a TaKJKe yrnoaag pacxonBMOCTh cnn~.Ho B03pacTaroT npn yaenuqeHBB yrna 

OTKnOHBHRB B ll94l~JaKTOpe. C STOii: TOqz:H 3p9HBR yron OTKnOHBHB11 B ne4JneKTOpe HyJKHO 

Bbi6BpaTh TaKHM, ~06bl nyqoK BbiXO)lBn B3 yCKOpBTang non B03MOJKHO MBHhWHM yrnoM 

K OCH npBMOnBHBAHOrO npOMBJKyTKa. C npyroli: CTOpOHb11 llpB yMeHhweHBR yrna 

ll£1 nyqoK npOXOllBT 6nB3KO K HapyJKHOii: CTBHKB llpRMOnBHBAHOro npOMBJKYTKao C 

CKOii: TOqKH 3pBHBR STO Heyno6H01 TaK KSK B03HHK8IDT TPYllHOCTB C pa3MBIUBHBBM SDBMBH~ 

TOB HOHHo-OIITBqecKoA CBCTBMb11 B 1 KpOMe Toro, TPYllHO OTKnOHBTh BbiBBllBHHbiA nyqox; 

TaK, qTo6bJ oH He ·3anen CTOAKy ceKTopa IV • .U.na nnnroc-rpai!HH 'Ha puc. 27 noKa3all 

nnal! BbiBOllHOro npBMOnBIIBAlloro yqacTK£1 II li8BBC9llbl TpaeKTOpBB OCB nyqz:a npB pa3nHq

HbiX yrnax OTKDOHBHBll B ne4JneKTOpe, Kpali: KOTOporo pacnonoJKeH Ha R
0 

+ 20 CMo npu 

yrne OTKnOHBllll11 461 
(nDIIB11 3} YllSeTCB o6oli:TD 60KOBYID CTOii:Ky MariiDT£11 OllHSKO xapaK-

TBpHCTHKB nyqKa IISCTODhKO yxynwaroTcll, qTo Tpyn11o D36aJK£1Th noTepn qacTHII npn 

ll£1nhllel!weli: TpaiiCnopTDpOBKe. npn yrne OTKnOHBHB.ll 401 (nHIIHB 1) KapTBIIa o6paTHaB: 

ycnOBHll Qnl! ¢oKyCHpOBKD OnTDManhHb1·1 HO Qnl! BbiBOlla nyqz:a D3 3QaHRll IIB06XO.[IDMO llB

naTh KaHan B 6oxosoA CTOAKe MarHnTa CHIIxpo¢a3oTpolla. Han6onee npneMneMbiM 

Cll llanpaBneiiHB npR yrne OTKnOIIBHDll 431 
(nHIIBll 2). B STOM cnyqae OIITHqecKHB 

TepHCTDKH nyqKa OcTaiDTCll llOCTaToqao XOpOWHMH1 a 60KOBYID CTOii:Ky CBKTOpa 

110 MDIIOBaTh, ecnu 11a Bblxone D3 ycKopnTenl! pacnonoJKDTh MariiDT M
2

, oTz:noHl!IDJUDll 

0 ' 
nyqoK lla 5 • qTo6bl BbiBBCTH nyqoz: no sToMy nanpasnennro npB pacnonoJKaHRB Kpall ne¢-

nez:Topa lla paQDyCaX Ro -20 CM D R0 -40 CM yron OTKDOHBHDll QQnJKBH COCTaBHTh COOT

BBTCTBBHHO 841 D 961 o 

Teneph paCCMOTpDM sonpoc o nan6onee nenecoo6pa3IIOM pacnonoJKeHRH MarnnTa-ne~• 

neKTOpa OTHOCHTBnhHO IIBHTpani>HOl! op6HTblo KaK OTMeqaDOCh Bb1WB1 B cnyqae R 
0 

-40 CM 

3a6poc qacTHn B 3a3op ne¢nexTopa no pannycy npeBbJwaeT 20 cM. C llpyrol! CTOpOHbl, 

B 3TOM cnyqae onTHMaDhHblli: yrM OTKnOHBHHR nonyqaeTCll HaR6onhWHMo B cuny STOrO 

npnxonnTCll ysenuqasaTh KaK pa3Mapb1 3a3opa nc¢nez:Topa, TaK·H ero nnnuy, qTo npuao

llHT K 3HaqnTeni>HOMy ysennqennro aeca MarnRTa. TaKBM o6pa3oM, BapBaHT pa3MemeHBR 

llB 4l~JeKTOpa Ha R 0 -40 CM .IIBDHBTCR HBI!Bnecoo6pa3Hb1M B B Qam.nel!weM paCCM8TpHB£1Tb• 

CR ne 6yneT. 

Bbiwe 6blno noxa3ano, qTo npn pacnonoJKeHHB xpag ne¢nexTopa na R 
0 

+ 20 CM 

40 
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xapTuua aa6poca ny~xa B ero aaaop nony~aeTCH 6onee npeAUO'ITHTen&uoA, '!eM s cnyqae 

Ro-20 CM (puc. 14). 0AH8KO yxa3biBSnOCb TSKlKe, 'ITO B cnyqae R 0 + 20 CM xapaxTep 

aasucuMOCTH yrnos sneTa B aaaop OT rny6uubl aa6poca ue 6naronpuRTcTsyeT Aan&ueAmeA 

cpoxycHpOBKe ny'lxa. fiOSTOMY Anll TOro, 'lT06bl OTASTb npeAUO'lTeHUe OAHOMY U3 sapuau

TOB, s o6oux cnyqagx 6hln uccneAOBSH sonpoc o cpoxycuposxe OTKnoueuuoro ny'lxa npx 

ABUlKeHHB s xpaesoM none ycxopuTenn. C aToll nen&ro 6hmu nposeAeHbl pac'!eTbl Tpaex

TopuA no nporpaMMe, onucauuoA B npeAblnymeM naparpacjle, Ann paanU'!HbiX aMnnHTYA 

H lj>aa 6eTBTpOHHbiX pSAUSnbHbiX U BepTHKSnbHbiX KOne6aHHA. 8 C~ae R o + 20 CM MBHli-

MSnbHble pa3M8pbl ~Ka HS BbiXOAe U3 yCKOpHTeng 6hlnB nony'leHbl AnSI yrna OTKnOHeHKH 

43' npu n ~-150. B ~ae R 0 -20 CM onTHMan&uan senuquua noxaaaTenu nonH npu 

yrne OTitnoneHKH 841 oitaaanac& pasuoA n •-32,5. Peayn&TaThl pac'leTa pacnpeAeneuuu 

'!SCTRU Ba BbiXOAe ycxOpHTeng B HanpasneHl!H pSAHyca, BbiUOUHeHUhle AnH 60 HS'lanb-

HbiX ycnosuA, npeACTBBU8Hbl HB puc. 28 B BRAe rHCTOrpaMM. fRCTOrpaMMbl nocTpOeHbl 

C ~eTOM HB'lBUbHOrO pacnpeAeneHUH no aMnUHTYASM 6e,TaTpOHHbiX paAUSnbHhiX KOne6a

HBA (puc. 3) • BHAHO, 'ITO B o60HX CDy'lSRX 6onee 90% 'l8CTRU nonaASIOT B HHTepsan WH

pHHOI! 15 CM , 8 lUIPO ny~a, COAeplKalllee 75% ~SCTBU, COCTSBnHeT OKOno 7 CM. Ha 

puc. 29 (a) U 30 (a) COOTBeTCTB8HHO AnH CDy'lSeB R0+20 CM H R 0 - 20 CM peayn&

TSTbl aTux pac'leTos npeACTasneHbl Ha lj>aaosol!. nnocxocTu X u X'· • 3Aec~ X - OTKnou 

I'!Be OT OCU Dy~Ka B ropU30HTSnbHOI! nnOCKOCTK1 a X' ~ npOB3BOAH8H no KOOpAHHSTe S 

B HanpasneHBII ABH>KeHUS!. fiOA06Hble ABarpaMMbl AnSI aepTHKSnbHOA nnOCKOCTH, nOCTpoeH

Hhle no peayn&TaTaM pac'leTa AnH 45 HS'lan&HhtX ycnosuA s cnyqaax R 0 +20 CM u R 0 -20cM, 

noita3aHbl COOTB8TCTBeHJ'IO H8 puc. 29(s) B (30) (s), rAe 

.nnoCKOCTB B sepTHK8nbi'IOM HanpasneHBB. 

z_ OTKnOHeHHe OT cpeAHel! 

ang XapaiCT8pBCTBKH OnTH'leCKUX CBOI!CTB BbiBeAeHHOrO n~Ka COBOKYUHOCTb TO'IeK 

Ha lj>aaosbiX nnocxocTRX X , X'· B Z, .Z' MOlKHO aaxnro'lUTb suyTpb uexoTopoA reoMe

Tp~qecxol! lj>Bryphl, HanpuMep, annunca: 

a (~t-2c(('+h(' 2 =£ .. (11) 

3AeCb ( o603Ha'laeT nu6o K00pAUH8TY X , nu6o xoopAUHSTY z Bocnon&ayeMCH 

cTaTUCTH'leCKUM nocTpoeuueM annunca, npeAnonaraH uopMan&uoe pacnpeAeneuue Ha'lan&
/19 20/ 

HbiX TO'leE ' • TorAa xoalj>lj>uaueHTbl, xapaETepuayromue Ha'lan&Hbll! annunc, onpe-

AenMUCb IC81C: 

ao 
S2 

s,~ (12) 

bo 
s, 
s~ 

2 k 

.42 

'J"/, ,, 
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1 n n 1 • I I 1 1 I • I R.cH 
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Puc. 28. Pacnpeneneuue UHTeHCHBHOCTU s uanpasneuuu panuyca ua BhlXOAe ua ycxopuTenH. 
fpalj>ux (a) coOTseTCTsyeT pacnonolKeHIIIO Ae,~nexTopa ua Ro+20 CM, yrny OTxno
HeHUH 431, D = -150, rpalj>UK (a) R 0 -20 CM, yrny OTKnOHeHUH S4

1 
H D =-32,5. 
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rAe ARcnepcnu S 1 u 

"'HHbl ( H ('· : 

s2 

=-· ----2 • 
co 1-rlt 

H X03~H~HeHT XOppenHUHH 

s2 
I 

:s '2 _m ___ ; 

m -1 

2 :s ,, 2 

s 2= ___,!! __ _ 

r = 
It 

m -1 

:s ' ,, 
m ------· s
1

-s
2

(m- l) 

rlt 

Ecnu B (11) na KO:a~n~uenTbl :annunca uano~Tb ycnoane, 

ab -c2= 1, 

'i'o ana"'enue B npanoA qacTH (11) 6yAeT paano: 

:F 
=--· 

IT 

rAe F - nnomaAb :annunca. 

) 

Bblpa>KaiOTCSI qepea nann-

(13) 

(14) 

(15) 

3Ta aenn"'HHa xopowo xapaKTepuayeT Ka"'eCTBO nyqxa Ann Aan&neAweA ~oKycupodXH u 

Ha3biBaeTCH 3MHTaHCOMa npn BblnOIIH9HHH (14) 

<=kS 1 S
2
y1-r 2 , (16) 

rAe k - nocTosrnnan, onpeAenennan H3 ycnoaun, 'ITO BHYTPH nnowaAn, oqepqennoA :annun

coM, COCpeAOTO"'9HHO OnpeAeli9HHOe ltOnH"'eCTBO uaqan&HbiX TO-ieJ( • .Llnn BepOHTHOCTH Ha

XOlK.lleHHH BHYTPH :annnnca 95% TO"'9K 6yAeM HM9Tb k a 6 (eM. Ta6nu~y 4 IIpHIIO>Ke-
. 19 

HHSI B ). ·no BenH"'IIHe onpeAeneHHbiX Ha OCHOBaHHH (12) H (16) K03<jJ<IJH~H9HTOB :aniinn-

Ca MO>KHO Bbi"'HCnHTb MaKCHMan&HbiH pa3Mep , IIY"'Ka (mn u ero MaKCHMan&nyro yrno

('max • nerKO noKa3aTb, 'ITO IIpH C06niDA9HHH ycnOBHH (14): ayro pacxoAHMOCTb 

(max =M (17) 

,. =..,f73 • 
max 

-, 
46 

29 H 30 noKa3aHbl :annHiiCbl1 xapaKTepH3YIDIIlHe OIITH"'eCKH9 CBOli:CTBa ny"'Ka 

pacnOJio>KeHH!I xpa!l Ae<j>-

) • .Linn cnyqa n 

n B Ae~eltTOpe COOT-

cneAYeT , 'ITO OTKno

KaK B ropH30BTanbHOi1, 

R0+20 CM ropH30HTan&Hbli1 
HeBHblll: ny"'O!t ~a Bb1XOA9 H3 yCJtOpHTenH 

Talt R B aepTRKallbBOii nnoCKOCTH ( C.< 0 
:aMnTanc ny"'Ka coCTaanneT 66 MM MPaA, aepTnKan&HbiA - 32 MM MPaA. .L1n11 cnyqasr 

:aTR '"'"'""'Bbl COCTaBnHIDT COOTB9TCTB9HHO 225 MM MpaA H 33 MM MpliA. 
R

0 
-20 CM ,.,_a ~-··- .. 

3To 
0

:ana"'aeT, 'ITO nJ:m pacnono>Keunn Ae~eJtTopa ua Ro + 20 CM yAaeTCH nony"'HTb 

nyqwue ycnOBHH AnH AallbH911Well ~o:s:ycupOBitH ny"!Xa. Heo6XOAHMbll! yron OTKnOH9HHH 

B :aTOM cnyqae cOCTaBnHeT 431, B TO BpeMH KaK B cnyqae Ro -20 CM OR COCTaBIIH9T 

Ro +20 CM nO"'TH BAB09 COKpaTHTb AnHny, a 
84! C OAHOA CTOpOHbl1 3TO no:aaongeT npH 

cneAOBaTenbHO, H aeC MarnnTa-Ae~eltTOpa. C Apyroll CTOp0Hb1 1 IIOCKOnbXY IIpH R.t·20 CM 

yron OTXnOBeHHH 3Ha"'HTenbHO M9HbW9, a xapaz:Tep 3aBHCHMOCTH yrna aneTa OT rny6HHbl 

:aa6poca He 6naronpnHTcTayeT ~oz:ycnpoaz:e a pattnan&HOM uanpaanennu (eM. puc. 8), on-

THMan&HaH aenH"'HHa n ·. 
a MarnuTe nony"'aeTCH ropa:atto 6on&well, '19M a cnyqae 

R o -20 eM. B cauan c :aTHM ao:annJtaeT onacnocTb yaenu"'eHHH annunun nennnei!Hb!X 

:a<jJ<jleKTOB npu 6ollbWHX :ana"'enunx n • OAHaKo, xaz: 6ytteT noz:a:aano B rnaae IV , annn

Hne HennneliHbiX :aljJ<jleKTOB -MOJK9T 6b1Tb CKOMlleHCHpOBaHO COOTBeTCTBYIDIIlHM noA60pOM KOH

~i!rypanHH MarnuTnoro nonn B Ae;pnexTope. TaKHM o6pa:aoM, pacnono>KeHH9 Ae~exTopa 
R 

0
+20 CM OKa3biBa9TCH 6onee npeAnO"'THT9nbHbiM. nosTOMY B Aan&H9iiWHX 

na paAnyce 
paC"'eTax B xa"'eCTBe pa6oqero aapuanTa 6yAeT npnHHT aapnaHT pacnono::teHHH xpan aa:ao

pa A9~1119KTOpa Ha R 0 + 20 CM. 

npu H3Y"'9HHH :aa6poca "'aCTH~ B Ae~neKTOp OTM9"1anoc&1 'ITO HM99T. M9CTO 3aBHCH

MOCTb yrna aneTa OT HOMepa o6opoTa1 na KOTOpOM "'aCTU~a nonaAa9T B 3a3op. npu 3TOM 

HS pa3nH"'HOil rny6HH9 :aa6poca :aTa 3aBHCHMOCTl> npu6IIH3HT9llbH0 OAHHaKOBa (puc. 10). 

Mo>KHO omUAaTb
1 

'ITO, CAenaa B MarHIIT9-A9~9KTOp9 H3M9HH1011l99CH BO Bp9M9HH none, 

yAaCTCH nony"'HTb AOIIOnHHTenbHOe yny"'WeHHe ~OityCnpOBitH nyqKa B ropH30HTan&HOM Ha-

npaBIIeHHH. .LlnR H3y"'eHHH 3TOrO BOnpoca 6b1IIH IIpOH3B9A9Hbl paC"'9Tbl IIO onHCaHHOil 

BbiWe nporpaMMe, HO none a Ae~eJtTope :aaAananoc& y6biBa1011lHM BO apeMeHB co cxopo

CTbro, COOTBeTCTBYIOIIleil C!tOpOCTH H3MeHeHHH yrna. 

Ha ~uc. 31 no~ta:aana rncTorpaMMa pacnpeAenenng nnTencnanocTH no paAnycy na 

BbiXOAe n:a ycKOpHTenH npH pacnonoJKeHHH Itpan Ae~eJtTopa na R0 +20cM n yMeH&weanu 

yrna noeopoTa B HeM CO CKOpOCTbiD 0,5•10-5 paAHaH 38 o6opoT, 'ITO COOTB9TCTByeT 

x) npn liOCTpOOHIIH snnHliCOB, COOTBeTCTBYIDIIlHX ropH30HTanbHOMY ABHlK9HHIO 
(puc. 29a u 30a), ne 6bmo yqreno oKono 10% TO'IeK, cocTannuromnx ope on ny"'Jta. 
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Pacnpeneneaae HHTeHCHBHOCTH no panaycy aa Bhlxone ycKopHTenst nna cny~ast, 
Korna Kpal! necjlneKTopa pacn6noJKeH aa R o +20 eM, Ha~an&H&Jl! yron OTKnoae-
HHst a necjlnexTope - 43', aena~uaa n nono6paaa onTBMan&Holl, a yron 
OTKnOH9HHR B necjlneKTOpe y6hlB8eT CO CKOpOCTbiO 0,005 Mpan/o6opOT. 

48 

uaMepeHHIO nonst 2,95 

rpaMMOll pac. 28 (a) 

apcTen 38 o6opoT. Ha conocTasneHHst aToll rucTorpaMMhl c rucTo

aanao, ~To npH yMeBhweauu so speMeHH MarHHTHoro nons 8 necjlneK

ny~xa B ropB30HT8n&HOll nnOCKOCTH Ra ShlXOne H3 yCKo-
Tope onTH~ec.Kne xapaxTepRCTBKH 

pHTenst YltY~WSJOTCS!. .flnpo ny~K8 CT8HOSHTCSI 6onee pe3KO Bhlp8JK9HHhlM B conepJKBT s 7 CM 

oKono 90% ~aCTRil. 

§ 4. nucnepCBS!, o6ycnosneBH8SI pa36pOCOM ~8CTHil llO SHeprHS!M 

Pac~eThl, ahlnonaeHHhle s npenhlnymxx naparpacjlax, nposeneHhl a npennonoJKeanu, ~To 

ny~ox MOROaHepreTn~eH. B nellcTsnTen&HOCTB, ua-aa panuan&ao-<jlaaos&JX Kone6aHBll ~acTB

nhl, ycKopeRHhle no 
/8/ 

KOHe~Hol! aaeprxn s cxaxpo<j>aaOTpoHe OH.f!H, BMeJOT paa6poc no aaep-

ruSIM ±_2,8 Mas • CpasHBTen&HO 6an&waa senn~naa aaepreTu~ecKoro paa6poca o6ycnos-

neHa ne.l!CTSHOM pe30H8HC8 M9JI{ny <jla30ShlMB Kone6aHHS!MB H rapMOHBKOll MarHBTHOrO nonst 

c ~aCToToll 1200 rn. B nocnenaee speMst 6hlnB nposeneH&I pa60T&J 1 noasonuswne 3Ha~u

Ten&HO yMeRbWBTb aMnnnTyny panuan&Ho-<jla30ShlX KOne6aHBll S KOHne yCKOp9HBSI (Hanpn-

/21/ Mep, ) •. 8Toro ynanOCb nocTH~b 38 C~eT 6biCTPOro npoxoJKneHBSI pe30HSHC8 nocpen-

CTSOM yMeHbW9HBSI SMnnBTynhi YCKOpRIOW9rO HaRpstJK9HHSI H C nOMOWblO CHCT9Mhl 1 nonasnmo

mell Kone6aanst <jla3Bpytomell TO'IKH s Te~eaue nuKna ycKopeaust. B pe3yn&TaTe, pa36poc 

~SCTHil no .SHeprHHM COKpiiTHnCst no senH~HHhl , COCT8Silst10W9ll ~ ;!:.1 Mas. 

llOCKOn&Ky ~OK nocne OTKnOHOHBH S necjlneKTOpe npoxonnT o6naCTb Kpaesoro nonH 

npoTID!(eJIHOCTbJO oxono 50 M1 naJKe CTOn& Manhlll pa36poc no saeprnstM (0,01%) Bhi3&rsaeT 

llBCnepCHIO H8. SblXOne H3 yCKOpHTenst. nnst onpeneneHHS! senn~HHbl nncnepCHH 6hlnH ITpOH3-

seneHhl pac~eThl no nporpaMMe 603. nonoJKeane xpast 3a3opa necjlnexTopa 3anasanoc& 

pasHhlM R
0
+20 CM, senu~nna noxa3aTenR nonst s necjlnexTope 6&rna B3stTa onTHMan&aol! 

n • •-150, yron OTxnoneaust cocTasnstn 431• Benn~nna AHcnepcua no yrnaM u OTKnoHeHuS!M 

Onpe):lenstnaCb Ha S3HMYT9 1.57 PSllB8H1 COOTS9TCTBytomeM SblXOllY H3 yCKOpBTenR, llllS! 

TPaexTopuu neaTpa OTKnoaeHHoro ny~Ka u AnH Asyx Kp8HHHX Tp89KTOpHll1 orpaHH~HSaJO-

mnx n~oK c SHYTP9HHell u aapyJKHOll cTopoa. Pac~eThl noKa3ann, 'ITO pa36poc 'IBCTHil 

no 3HeprHS!M1 COCTasnmomul! ;!:. 1 Mas, npRSOllHT K AOnOilHHTOnbROMY yaeiil!'IOHRJO P8llHan&

HOro pa3Mepa ny'IKa aa a&IXOAe ycxopaTena aa :!:. 1,5 eM, a paa6poc 'ISCTRn no yrnaM 
• 
s ropu30HTan&nol! nnocKocTB AOnonRHTen&Ho ao3pacTaeT, npu6nuauTen&no, na 20%. TaKRM 

o6pa30M, BnnS!HHe R9MOR03RepreTH~ROCTH ny'IKS Ha ShlXOll9 yCKOpRT91lH CTSHOBHTCS! ODlyTH

MhiM, noaTOMy npn paC'IeTe CHCT9Mbl TpaRCnOpTBpOBKB ny'IK8 llHCnepCBIO no yrnaM B OT

KnOH9RHRM a<;o6xonBMO y'IHTb!SSTb. 
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§ 5. fiepece'leHHe BhiBe.[leHHOI"O ny'IK8 CO CTeHKOil B8KYYMHOil K8Mepbi 

KaK f5h!JIO nOK838HO Bh!We, .[IJISI TOI"O 'ITOf5hl BblBe.[leHHbiii ny'IOK Bblmen, no Hanpasne-

anro, npuronHoMy nnsx nanbHeilmei! TpaHcnopTnposxn, OH nonmeH nepece'lb 6oxosyro cTeHKy· 

saxyyMHOi! xaMepbi non MSJihiM yrnoM. Anepzypa BhlxonHoro oTsepcTHsx He nonmHa orpa

HH'IHBaTb BbiBe.[leHHhlil ny'IOK. C llPYI"Oi! CTOpOHblr OH8 He MOmeT f5b1Tb O'leHb BeJIHK8 0 T8K 

xax aTo npuseneT x cymecTsenaoi! nepe.[lenxe saxyyMHoi! KSMepbi ycxopHTenSI. Cosepmea

HO ·O'IeBHAHO, 'ITO Bbt6op onTHMSJlbHbiX pa3Mepos BbiXO.[lHoro OTsepCTHSI CBS138H c Bbt6opoM 

¢oxycnpyromux xapaKTepHCTBK,M8I"HHTa-ne¢nexTopa H yrna oTxnoHeHHSI a HeM. Kax 6hlno 

YCT8HOBJieHO Bh!me, npB pacnonomeHBH Kp8S1 ne¢neXTOpa H8 R• +20 CM onTHM8JibHbie 

yCJIOBBSI .[IJISI ¢oxyCHpOBKH ny'IK8 H8 BhiXO.[le YCKOpHTeJISI nony'ISWTCSI npB yrne OTKnOHeHH!I 

43' B n ""-150. nn!l onpe.[leJieHBSI OnTHM8JlbHbiX p83MepOB BbiXOAHOI"O OTBepCTBSI f5blJIB 

npose.[leHbl p8C'IeTbl Tp8eKTOpBi! .[lBHmeHH!I '18CTHil B pai!OHe nepeCe'leHH!I CO CTeHKOii 

K8Mepbl. Bhi'IHCJieHHSI Tattme npOH3BO.[lHJIHCb no nporpaMMe 603. nnsx 30 H8'18nbHbiX yc

nosni! f5hiJIH Bbl'IHCJieHbl 83BMYT8JibH8S1 B sepTHK8JlbH8S1 KOOpllHH8Tbl nepeCe'leHHSI C BHYT

peHHei! ( R =2902,5 CM) B C Hapymuoi! ( R =2912,5 CM) CTeHKOi! BSKYYMHOil K8Mepb1. 

!13 pe3yJlbT8TOB p8C'IeTa CJie.[lyeT, 'ITO IleHTp BhiXO.[lHOI"O OTBepCTHSI .[lOJimeH f5biTb pac

nonomeH Ha a3BMyTe 1,374 pa.[lHaH. Pa3Mepbt BhiXOAHoro oTsepcTHH .[lonmHbi cocTasnHTb 

800 CM no 83HMyTy H- 8 CM no sepTBK8JIB. fipH 3TOM BbiXO.[lHOe OTBepCTHe He f5y

.[leT orpaHH'IHBaTb ny'IOK n a¢¢exTHBHOCTb Bbtsona He· 6yneT yMeHbmeHa. C TeXHH'Iecxoli 

TO'IKB 3peHHS1 BbtnonHeHHe T8KOI"O OTBepCTHSI BnOJIHe npHeMJieMO H He Bbl3biB8eT cyme

CTBeHHOI"O H3MeHeHHSI KOHCTpyKilHH BSKYYMHOil K8Mepblo 

rnABAIII 

TPAHCllOPTHPOBKA BbiBEnEHHOfO llY'-:IKA 

§ 1. fiepB8Sl CTyneHb HOHHo-OnTH'IeCKOii <:~~ 

0f5mHi! BH.[l npe.[lnOJI8I"8eMOii CHCTeMbl TpaHCnOpTHpOBKH ny'IK8 nOK838H H8 pHCo 32. 

Ona .[lOJimHa BhlnOJIHSITb CJie.[lyiDWH6 ¢yHKllHBo fiepsag CTyneHb CHCTeMbi, COCTOHill8!1 H3 

nosopoTHoro Mai"HIITa M2 n ny6neTa xsanpynom.nhlx JIHH3 Q 1 n Q 
21

nonmna ocy-

mecTBJI!ITb OTKJIOHeHne Bbtseneaaoro ny'lxa Ha yron -5° n ero ¢oxycuposxy c TeM, 'IT06hl 

nepaoe CTHI"MSTH'IHoe B3o6pa~teHHe nony'IHTb 38 rpaanneli IV xsanpaHTa a TO'IKe F1 
3necb MomeT 6hiTb pa3Memeaa nepsaH axcnepHMeHTam.aasx nnomanxa. BTopasx czyneHb 

CBCTeMh! CJiymHT .[IJISI OTKJIOHeHHSI ny'IK8 H nepe.[l8'1H H30f5pameHHS1 B H3MepHTenbHblli na

BHJibOH. TaKaS! CHCTeMa Tp8HCnOpTHpOBKH MomeT Of5ecne'IHTb O.[lHOBpeMeHeyro paf50Ty HB 
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OOBHX 9KCnepHM9HT8llbHbiX nnomA.IlKax. nmr SToro 5 MeCTe H306palKeHH!I .llonlKHa ObiTb 

noMemeaa MHWeHL, aa KOTopoll reaepapyJOTCH ny'IKH 'laCTau, ncnOJih3yeMble aa nep5 on 

9KCnepHM9HT8llbHOli nnOIU8.1lK9o llocne npOXOlK.IlSHH!I MHW9HH Uy'IOK npOTOH05 C nOMOWbiO ' 

5TOpol! CTyneHH CHCT9Mbl ~oxycapyeTCH 5 TO'IKY :F 3 , HAXO.IlHIUYIOCH J,'l H3M9pHTBllbHOM 

naBHllbOHe. 

8 STOM naparpa~ OUHCaH paC'IeT nep50lt CTyneHH CHCTeMbl TPaHcnopTHPOBKH, 8 Heft 

npe,llnonaraeTC!I HCUOlib305aTb CTaH,IlapTHb19 K5a.llpynOlibHbiB nBH3bi C anepTypOft 20 CM, 

Kax Obmo noxaaauo 5 rnase II (pnc •. 29), BbiBB.IlSHHblll ny'IOX HA 5b1Xo.lle na ycxopnTe

ng HBll119TC!I paCXO.IlHIUHMCH xaK B ropH30HTAllbHOA, Tax B B BepTHXaflitHOll nDOCKOCTH, 

Hcnonb3YII ~OPMYDbi (12, I6, I7), MOlKHO ycTaHOBHTb, 'ITO Ha BblXO.IlB 113 yCKOpHTen11 ro

pH30HT8UbHblli pa3M9p ny'IKa COCTaBU!IST I6 CM, H yrnOB811 paCXO.IlliMOCTb I4 Mpa.ll; CO 

CTBSHHO, no BepTHKBnH 6CM H 4,5 Mpa.n. 3TH peayn&T8Tbl HBfl!IIOTCH •3aBbiW9HHbiMH, 

Tax xax o6a snnanca nocTpoeHhl 6e3 y'leTa pacnpe.lleneHHH 'laCTHU no aMnnHTy.llaM cso

OO.IlHbtX xone6aaaii. Ha CAMOM .11ene, KaK yxa3btsanoc& Bbtwe, !l.llPO ny'ltta, co.lleplKBmee 

75% 'laCTHU, HM9BT pa3Mep no ropH30HT8nH OKonO 7 CM. 0AHaXO .llfl!l TOro 'ITOObl o6ecne

'111Tb aettoTOpbllt 3anac u H30elKaTb o6peaaHBH xpaes ny'lz:a npH ero ,llan&Heiiwelt TPaHcnop

TBP05xe, npu pac'leTe HOHHQ-OUTB'IeCKOll CBCT9Mbl Mbl Oy.lleM BCXO.IlBTb H3 STBX XapaxTe

pBCTliK. He 6y.11eT TaxlKe npBHBMaT&CH so BHBMaHne B03MolKHoe yny'lweaue onTB'Iecxux 

xapaKTepnCTHK ny'lxa nyTeM C03.1laBBS1 yOblBaiOmerO BO BpBMBHH MarHBTHoro nong B .119~ 

neKTOpe. 

nonolKeHue MHBMoro ucTO'IHBKa s ropu3ouTan&noll nnocKOCTB, onpe.lleneHHoe na xa

paKTepucTnK ny'IK8 Ha BblXOAB, HAXO.IlHTC!I H8 paCCTO!IHBB 5,8 M OT a3BMyTa I,57 paABaH, 

pa3Mep MHHMOrO HCTO'IHBXa COCT8BU!IeT 2 MM, COOTB9TCT5BHHO BBpTBKaUbHblli MHHMblli 

ncTo'IHHK pacnonolKeH ua 6,5 M H HMeeT pa3Mep 8 MM. TattHM o6pa3oM, nonolKeHHst ropa-

30HTan&uoro H 59pTHKaflbHOrO MHHMblX HCTO'IHHKOB He COBUa,llAIOTo llapaMBTpbl 9U9MBHTOB 

HOHHo-OnTH'IBCKOH CHCT9Mbl, MarHHTA M_2 H UBB3 Q1 H 

nony'IBTb CTBrMaTH'IHOe H3o6palKeHue F 1 3a npe.llenBMB 

Q2 , BbiOBpanliCb TaK, 'ITOObl 

IV KBa.llpaHTa. llpaKTH'IeCKB 

OTKUOHSIIOIUBli MarHHT M2 He MOlKeT 6b1Tb noMemeH OnHlKe, 'leM Ha pacCTOHRHB I,4 M 

OT 83BMYTa I,57 pa.ll. llOSTOMY, llflst TOrO 'ITOObl H309lK8Tb orpaHH'I9HB!I ny'IKa anepTypOit 

MaruuTa H nuaa, B MarHBTB M2 npecyCMOTpeHa rpa,llH9HTHaS1 ~OKycupoBKa. nocKOllbK1 

5blB9.1l9HHblli ny'IOK B rOpH30HTallbHOli UUOCKOCTB paCXOAHTCSl 3Ha'IHT9flbHO CHllbHee, 'ISM 

B BepTUKallbHOli, 3HaX HOKa3aT9UH D Obln 5b10paH OTPKU aTellbHblM, nmr Toro, 'ITOObl 

B .llan&HeliweM ny'IOK npowen 6e3 IIOT•l;J& 'ISpea nua3y Q1 c anepTypoil: 20 CM, nocne.ll

HHst MOlKeT ObiT& pacnonolKeHa He Jtanee, 'ISM ua I,4 M OT BbiXO.Ila MarHHTa. H3 STHX lKe 

coo6pax:eauii n~~aaa Q1 Oblna B3HTa B ropa3oHTan&Holi nnocKOCTH .lle~oxycapyroweli, 

5 5epTHKallbHOII - ~OKYCBpytomeli, nuaaa Q
2 

, uaooopoT, ~OKycuposana B ropH30HT8flbHOII 

nnocttoCTH H .lle~oxycapo5ana no sepTHKanu. PacCTOSIHBe MelK.IlY nHH3aMB B3HTO 0,5 M. 
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P
ac'leT· cucTeMbl npoua50.IlnncH nyTeM rpa<jlo-aaannTH'Iecxoro peweana ypasaeauil: .llBB 

· /22/ . lKe-

11n11 MSTO.IlOM, no.llOOHblM OnHCaHHOMY B paOOTe • llpH 38.1l8HHOl! 59DB'IBH9 D 5 MarHB• 

T9 I( 2 npoH350.1lBUCH UO.IlOOp rpa.llH9HT05 5 UBH3aX Q 1 H Q 2 •. npu KOTOpbiX CTHrMaTH'I

HOS aao6pa)l{eHue nony'Ianoc& aa 3a.llaHHOM paccToHHHB OT BbiXO.Ila n~~a3bl Q2 • B Ka'Ie

cTae npaMepa aa pBCo 33 ni:mse,lleHbl peayn&TBTbl paC'IeTa napaMeTPOB CHCTeMbl, ofiecne

'IB5aromnx nonyqeaae cTnrMaTH'IHOro B3o6pa)l{eHBst aa paccTOHHHB II M OT nHHsbl Q 2 • 

~e 
0.8 

Q7 

0.6 

0.5 
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0.{ 
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Puc. 33. fpa<jluxu 3aBHCBMOCTB napaMeTp05 nep5ol! CTyneHH cuCTeMbi TPBHCnopTHp05KH, 

o6ecne'IBBatomel! nony'Ieaue cTHrMaTB'IHoro n3o6pa)I{9HBH aa paCCTOSIHHH II M 

OT nJIB3b1 Q2 • KpBBhle I B 2 n035onHtoT 5biOpaT& COOT59TCT5eauo cany nHH3 

0t · H Q2 t .llflst TOrO 'ITOObi nony'IHTb nylKHblli KOS~BUBeHT y5eUB'I9HBS1 no 

~B30HTanu (xpu5ast 3) u 5epTHxanu (xpH5aH 4). 
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llo OCR a6ellBee nana nenn'lnna n ·n nonopoTHOM MarnnTa. KpHBbiMH 1 n 2 noltllaa-

Hbl BenH'IHHbl ennbl nHH3 Q1 H Q2t eoOTBeTCTByiOmna nannol! nennqnna n • Cnna 

IIHH3 xapaxTapnayaTCSI 11pOH3BaAeHBeM K f , rna f - a<!>cj>eKTHBH8SI AIIHH8 IIHH3bl~ a 

K = J e G , G - rpannenT nnH3bl, e - aapSIA npoTona, P - HMnynbe, c -
p c 

eneTa. He pne. 33 noxaaanbl TaxlKe xoa<l><!>nnnaHTbl nunel!noro y~ennqeHHSI B ropnaoHTanb-

noil H B9pTHX8nbHOi! llnOCKOCTH AilS Beall eneTaMb11 eoeTOSIIUeil H3 MarHBT8 M2 H IIHH3 

Q1 H Q2 ° 
YxalKaM He naxOTopbla oco6ennoeTH paee'lnTannol! nonno-onTH'Ieexol! eneTeMhl. Cnna 

nHH3 Q1 H Q2MOlKaT 6biTb BbiOpana TaM MaHbme, '19M 6onbme B9111l'IHH8 IIOX838T911SI 

MSrHHTHOrO IIOIISI n B M8rHHT9 M
2 

H '19M OOIIbme paeeTOSIHil91 He XOTOpOM Tpe6yeT-

eg nony'IHTb eTHrMaTH'IHOe nao6palKenne. Koa<l><!>nnnenT nunel!noro yneiiD'IeHHSI eneTeMbl 

B rOpH30HT811bHOM H8np8BII9HHH (~r) npn 38A8HHOM paeeTOSIHHH AO H306palK9HDSI 

paaxo yMeHbmaeTCSI npn yMenbmannn n B MarnnTe ~2• B TO lKe npeMs, xoa<l><!>nnnenT 

IIHHel!noro ynelln'lenne B nepTnKallbnoil n11oexoeTn l~8) e11a6o aannenT OT Belln'IHHbl n 

B M8rHHT9 ~2 • 3Ta T9HA9HIIHSI B 110B9A9HHH KOa<!><!>HIIH9HTOB IIHHeJ!HOrO yBeiiH'I9HHSI 

eTeSI TaM eHIIbHee, '19M 60IIbiU9 paeCTOSIHHe OT IIHH3bl Q2 AO eTHrMaTH'IHOrO H300p.alKe

HHSI, 

0TM9'19HHhl9 eaoJ!eTB8 119pBOJ! eTyneHH HOHHO-OIITH'IeeKOil eKeTeMhl 6hiiiH aenonb-

30B8Hbl llpH pae'leTe eKCT9Mhl TpaHeiiOpTHpOBXH B 119110M, 

§ 2. BTopag eTylleHb eneTeMhl TpanenopTHpOBXH 

JliiSI TOrO 'IT06hl oeymeeTBHTb TpaHenopTHpOBXY BbiB9A9HHOrO ny'IX8 B H3MepHTellb-

Hbli! 118BHlibOH H e<jloxyeKpOB8Tb IIY'IOK B TO'IXe F 3 , rna ·11pennonaraeTCSI IIOMeeTHTb 

p83BOASIIUHJ! M8rHKT, eyMMapHbli! yro11 IIOBOpOTa BO BTOpOi! eTyii9HH HOHHD-OIITK'Ieexoil 

eneTeMbl AOIIlK9H eoeTSBIISITb - 20° (pne. 32) • KaK ylKe YIIOMHH8110eb, B TO'IKe. :F 1 

MOlKeT 6b1Tb noMemena MnmeHb. HepBH'IHhlil IIY'IOK, npol!ns MnmeHb, MOlKeT nony'IHTb 

AOIIOIIHHT911bHbli! paa6pOC 110 yrii8M H SHeprDH, I.J:T06bl KeKIIIO'IHTb eBSI38HH09 e STHM 

pa3MhiTHe K306palK9HHH B TO'IKa .F 3 , BTOpaSI eTyii9Hb HOHHD-OIITH'Ieexol! eneTeMbl 

AOIIlKH8 oeymeeTBIIETb <jloxyenpOBKY 110 yrii8M B B9pTHX811bHOM H ropH30HT811bHOM H811paB-

119HHBX, a T8XlK9 KOMIIeHeKpOB8Tb AHellapeniO B IIOBOpOTHOM MarHHTa, eBSI38HHYIO . e . paa-

6pOCOM qaeTnn 110 aneprnsM. TaxeS! axpoMaTnqeexaSI eKeTeMa e nnol!nol! <jloxyenpoaxol! 

"' /23/ .ll - "' "' . npeAIIOlKena B · pauOTe • liS! namnx nallen uo11aa ynouHbiM smnSieTeg neexollbKO BKAD-

H3MeHeHHhill B8pH8HT STOll eneTaMb11 3811pOaXTHpOB8HHbli! AilS! TpaHeiiOpTKpOBXH . BbiBaAf;)H-. 

noro IIY'IKa na 6anaTpone
161

• B HeM <PYnxnan IIOBopOTa n <Poxyeapoaxa paanelleHbi, 

PaeiiOIIOlK9HH9 8119M9HTOB BTOpOJ! eTylleHH HOHHD-OIITK'Ieexol! eneTeMbl IIOX838HO Ha 
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0TKIIOHeHHe BbiB9A9HHOrO ny'IX8 B H3M9pKT9nbHbli! 118BHnbOH ocymeeTBIISieTeSI e IIOMD-

. IUblO MBrHHTOB M 
3 

B . M 
4 

t B X8lKAOM H3 KOTOpbiX yroll OTXIIOHeHHSI eocTaBnSieT _ 10° • 

.n
11

s qaeTnll e aananHhiM ana'lenneM nMnynbea e noMOIUbiO ny611eTa xnanpyiiOIIbHbiX 
11

nna 

Q 
3 

n Q 
4 

CTnrMaTB'IHOa H3o6palKeHHa neTO'IHHXa :F 1 llepanaaTeSI B TO'IXY .F 2 • 3aTeM 

e IIOMOIUblO BT-oporo ny611eTa nHH3 Q 6 H Q 7 nao6palK9HHa napeA89TeSI B TO'IXY F 3 

I.J:aeTHilbl e pa3IIH'IHbiMH 3B8'19BHSIMB HMIIYIIbea, BM9101UH9 OAHH8KOBbl9 Ba'l811bHbl9 

ye11oans na axone B uarBHT 
M3 , noe11e npoxoJKAe~ns MarnnTa 6ynyT HMaTb nnc11epen10 

IIO yrnaM n OTKIIOBf;)BHSIM B ropH30HT8nbHOi! IIIIOCKOeTH, I.J:T06bl STO Be npnaeno X pa3Mbi-

eneTaMe AHenapeHSI AOnlKB8 6b1Tb eXOMII9BeH-
THIO nao6palKeHHB B F 3 , B nanbnel!mel! 

ponaua. BnnSIBHa anepreTn'laexoro paa6poca nexnl0'18aTes e noMOIUbiO nnB3bl Q 5 , q,oxy

enpy10mel! B ropH30BT8nbBOII nnOCKOCTH. 3Ta nHB3a AOnlKHa 6b1Tb paenonolKeBa B MaeTa 

nao6palKeBHSI F
2 

• B STOM enyqaa ORa OX83biBaeT MHBDM8nbB09 BIIHSIHB9 Be ABHlK9HH9 

qaeTHil C pae'laTHbiM 3H8'19BH9M HMIIynLea B ropH30BT811bBOJ! H B BepTnxanbHOil·nnocxo-

eTH, T8X K8X ny'IOX npOXOAHT B6nH3H ea OIITH'I9CKOJ! OeH, 

PaeeMOTPBM nonpo6uee npnnnnn nel!eTBHSI Taxoil nonuo-onTn'leexol! eneTeMbi, llpn 
/24/ 

paeeMoTpenan aenonbayeTes MaTPB'IBbiil MeTOA (eM., HallpnMep, ). Pae'laT 11poaanen 

( 
, lip 

B TpeXM9pHOM npoeTpaBeTB9 X t X • ,- - ) t rna X - OTXnOHaHH9 OT OCH ny'IX81 
. p 

x' - 11pOK3BOAH8B 110 BallpaBII9HHIO ABHlK9HHSI1 a lip • OTXnOH9HHa OT paC'IeTHOrO 3H8'1e-

HHSI HMIIynbC8 p • EyAaM e'IHT8Tb eneTeuy eHMM9TpH'IHOJ! OTHOCKTanbHO TO'IXH:F 2,. !J6oana• 

'IBM MaTpHilbl llpeo6pa30B8HBSI OT TO'IKB :F1 AO BXOA8 B IIOBOpOTHbli! MarnnT M
3 

B 

ropH30HT8nbHOM H BepTHKanbHOM HallpannaHHH_ qepa3 Q ,H N eoOTBaTeTB9HBO, TOrna: 

[

qii q12 OJ 
Q = q21 \a 0 

0 0 1 

N= 

[ 

n 
II 

:21 

n 
12 

n22 

0 :]· 
rna ~k H n1k - anaMeHTbl' M8TPHil 11peo6pa30B8HKSI BTOporo IIOpSIAKa, BKni0'18101UH9 

(18) 

MaTpnny llpeo6pa30B8HHSI B CB060AHOM llpOeTpaBeTBa OT F I 110 Ay6neTa IIHH3 Q
8 

Q 
4

H 

MaTpnny llpeo6paaonaBHSI aToro ny6neTa. 

~arHKT M 
8 

llpennonaraaTCs enenaTb npBMoyronbHbiM. Jlng Toro, 'IT06bi nonnae 

He110nb30B8Tb mapany ero aaaopa, BXOAHOJ! H BbiXOAHOJ! xpail MarHKT8 neneeoo6pa3BO 

p8e11onolKHTb 11on paBHbiMB yrnaMn x ocn ny'lxa. ~aTpnna npeo6paaoaannSI Taxer o Marnn

Ta B P8AH8nbHOM nanpannaHBH HM99T BRA! 
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MR ~· 0 

0 

R sin 0 

0 

R ( 1- cos 0 ) 

sin 0 + ( 1 -cos 0) :tg -lL 
2 

rAe R - PBABYC KpBBB3Hbl paBHOBeCHOil TpaeKTopuu, 0 - yron HOBOpOTa, 

'ITOObl COKp8TBTb Il8.11hHel!wue Bhl'lBC.IIeHBB, HeCKO.IIbKO ynpOCTBM Bbip8ll<eHBe 

TBSB, 'lTO B uaweM cnyqae 0 .<< 

LO RO -2-

MR = I 0 1 0 

I 
0 0 

rae L - anuua MaruuTa. 

(19) 

19), yqu-

(20) 

OTCroaa BBABO, '''lTO npBMoyro.llhBhll! MarHBT npunoanT numb 1t aucnepcuu ro DMUY.IIhCaM, 

a ero ,PoKycupyrowDM aeliCTBBeM B paaua.llhBOM uanpanneuuu MOli<BO npene6pe'lb, B STOM 

l!<e HpHO.IIBli<9HBB M8TPHil8 npeo6pa30B8HHSI B BePTBKB.IIbHOl! H.IIOCitOCTD HMeeT BUll! 

Mz= [: 
0 

RO 0 

0 (21} 

npu STOM npeneoperaeM ,PoKycupyiOWHM ll9liCTBH9M KpaeB MarHBTa, BBHAY Ma.IIOCTH STOrO 

s.P,PeKTa. 

0o03H8'lHM M8TpBilhl npeoopa30B8HHB OT BhiXOil8 H3 M8rHBT8 llO TO'lKH CBMM9TpBH 

F 2 'lepea 

p 

p D 

p 
II 

.P 
21 

0 

U A.IIB p8AH8hbHOro D BepTDK8.11bHOrO llBHli<9HHll COOTB9TCTB9HHO! 

p 
12 

p 
22 

0 

0 

0 U= 
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0 
II 

0 
12 

0 

0
21 °22 

0 

0 0 

(22) 

rae. plk B '\k - sneMeHTU M8TpDil BTOpOrO HOpS!IlK8o BK.IIIO'l810WDX B ceOSI MSTpDilbl 

A.IISI c»o6oauoro .npocTpancTna n ll.ll!l nononnuhl Ituerrpa.llhnol! nunahl Qs • 

Hcno.llb3Yll cooTHOmeHBst (18)- ~22) 1 oohi'IHUM nyTeM nerKo nony'lDTb MaTpDilhl npeo6paao-

»BHH!I anSI nepsoll nonoBHHhl cucTeMhl OT ·F 1 AO F 2 : 

[ 

b1 1 bu b 13 ·] 

B =·P M Q = b b b = R 21 22 23 

0 0 0 (23) 

t· +pq ..... 

p q +P q RO+p q '~ +• '] a 11 11 . ll 21 U 21 
1112022 1222 11 12 

LO 
P q + P q RO +·p q 

P q +:p q RO + P q p --+P 0 
21 1 1 21 21 22 21 

21 12 21 22 22 22 21 2 22 

0 
0 1 

[ ... zu :"] Z =·U MzN = z 21 
z 

22 28 

0 0 1 (24) 

{' .. • .,+ ............... 
o11 nu+:o 1 ,_n,RO +:u1.J122 ~l o n +·o n RO +U n 0 21°12 + 021°22 RO +:0 22°22 

. 2111 2~21 ·2221 0 

BTopas HO.IIOBDB8 CDCT9MU OT TO'lKH F2 AO TO'lltD ·F l SIBllSieTC!I aepK8.11bHhiM OTOOpa-

B /24, 
~eBHeM nepnol!. Ee MBTPHIXY npeo6paaosauus 

MOli<BO Bhlpa3HTb 'lepea B 

1 B ropH30BT8.11bBOl! H.IIOCKOCTD, Cll9AYD 

B1 = [ 
1 0 0] 

.. 

0 .. ·1 0 

0 0 1 

s1 
[ 

1 0 OJ 
0 -1 0 • 

0 0 1 

l25) 

Toraa MSTpHila npeo6paaonauus B ropuaouTanbuol! nnOCKOCTH ll.ll!l ncell cucTeMhl Bhipa-

0 0] [1 0 0] -1 0 B-1 0 -1 0 
0 1 0 0 1 

3DTCD: 

... ,{ B • (26) 
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i jl 

_l 

Hna1 npoH3aeAsr yxa3aaahle AeilcTBust u ucnom.ayst caollcTao MBTpHilbl B : b b - b b .. 
/25/ 11 22 12 21 

ll01I)"DIM : 

[ ~ b -1 It 22 

A= 2b b 
It 21 

0 

fi011arasr a (27) 

nony'luM: 

1 0 

A= 2b b 1 
It 21 

0 0 

0 

0 

1 

b ~o 
28 

2b 12 b22 2bl2 b23 

2bll b 22-1 2b 11 bn 

0 1 

H b =0, 
12 

2 !u(p21 qll+p21 quR8) 
qll 0 

0 

1 

0 

] (27) 

(28). 

0 

0 (29) 

3TO 03H8'18eT, 'ITO IlpH CODlllOAeHHH YCliOBHil (28) CBCTeMa nepeAaeT H30opalKeHHe H3 TO'!• 

xu F 1 a TO'IKy ·F 3 , He H3Meaasr ero pa3Mepa a ropaaoaTam.HOM aanpaBl!eaau. KpoMe 

Toro, p83Mep H30Dp8lKeBHSI B F 3 He 38BHCHT OT pa36poca llO yrnaM H HMnym.caM
0 

llOliY• 

'leaaoro a :F 1 • 

AaanorH'IBo MOJKHo noxaaaTb, 'ITO npu ycnoauu 

z =· 0 
12 (30) 

paaMep H3o6paJKeuusr no aepTHKBliB a F3 

ro pacTBopa ·a :Fi • 
paaeH pa3Mepy B .F 1 H He 38BHCHT OT yrliOB 

TaKHM o6paaoM, HCKOMBSI CHCTeMa MOJKeT 6b1Tb llOIIY'IeHa npu co6nro~teauuycnoauA 
(28) H (30). 

8 COOTB~TCTBHH C (23) H (24) ORB MOryT 6b1Tb 38llHC8Hbl: 

ptt q12+ pttq22RII+:pUq2;·0 

8 tt 0 12+: •u 0 2J'I 11 +:ul2un= 0 

p 
21 

L 

2 
+:p =0 

22 
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l31) 

nepable ABB ycllOBHll 03B8'18IDT1 'ITO 

TBKHM o6pa30M1 'ITOObl nony'IHTb B 

napaMeTpbl nuuabi Q 5 ~tonlKBbl 

napaMeTpbl Ay6neTa Q3 Q4 AOlllKHbl 6b1Tb llOAODpaa~ 

·f 2 uaoopalKeHHe TO'IKH ·F 1 B ODeHX WIOCKOCTS!X, 

YAOBlleTBOPSITb TpeTbeMY ycnoauro, npu KOTOpOM Allll 

'lBCTKll, uMeromux aa axo11e a cucTeMY uyneable ua'lam.Hble ycnoausr, uo uexOTopblll paa-

6poc 
110 

uMllYm.caM ~ , TO'IKB neperuoa ropxaouTallbHblX npoexnul! TpaexTopuA (eM (23) p • 

COBIIBABBT C !IllOCKOCTbiD CHMMeTpJID, 

oopB30Mt • pac'leT aTOpOll CTy!IeBD Tp8BCUOpTBpOBKH CBOAHTCSI B OCBOBBOM 

K paC'IBTY AYDll9T8 llHH3 Q3 H Q4u K BbiOOPY napaMP.TpOB liHB3bl QS • Ha puc. 34 

llOK838BOt KBK AOlllKBB H3MeBSITbCSI CHllB llHB3 Q3 H Q4 llpH H3MeBeBHH paCCTOliBBll 

OT Bb1XOI18 /UIB3bl Q
4 

AO uaofipalKeBBSI F2 • PaccTOBBHe OT TO'IKH :F 1 AO liHB3bl 

TaxuM 

T 

Q3 

I I 

Mr,Ma 
t I I I I I Ke 

Q7!1 I I I / 
Q72~ ~ ~ ~~------=~+--_L . 1 I I -3 

o.,, ~ I I =----t~ I I 
0,10 I · ~c= 1 I 1 t-2 

o.s I I ~ --t I I 

asel I 1 ~ · 1 t-' 1"""'0: . 

Q&7L l . :::t· I >54 \ 
T,CM .ass 1 I . I 1 1 • 

· 9GO . fOOD lfOD 1200 

Pnc. 34~ 3anucui'docTb cunbl nuua Q3 (xpuaaa 1) u Q4 (xpuaast 2) oT paccToBBHB T 
MelKAY BbiXOAOM Q4 D TO'IKOA ·F2 • KpHBBll 3 llOK83biB88T H3MeBeBHe KOacjlcjlu

IlHeBT8 liBBelluoro yaenu'leHHSI llYOllBTB Q3 Q4 B aepTHKBllbHOll llllOCKOCTH (M'B ), 
KpBBBH 4 - B ropH30HT8nbHOi! llllOCKOCTH (M:.) 

59 



53HTO paBHbiM 7 M. flpH 3TOM AH8M9Tp anepTYJlbl 11BH3 QJ B Q4 He 6y)leT npeBbiWATb 

20 eM. KpHBbie pacc'InTaHhi c y'IeTOM nellcTBBst Kpaea MarHBTa M 3, onaaxo, nonpaaxn, 

o6ycnoaneHilbie aTHM a.P<jJeKTOM, cocTaanstiOT BeCbMa ManyiO BellB'IBHY• Ha aTOM )KG rpa

~BKe BOK838Hbl 38BHCBMOCTB K03~11UB9HTOB llBIIGl!HOro YB911B'I911Bst B ropll30HT81lbHOll 

(KpBBast 4) H B BepTBKallbllOll BllOCKOCTstX (KpBBast 3). KaK BH)lll01 o6a lt03~BUBGBTa 

B03pacTaiOT c yaennqeaaeM pacCTOstHHst T nnst TOrO 'IT06bl B F 2 pa3Mep ny'IIta 6blll 

,llOCTaTO'IHO Man, pacCTORHBQ T ae JlOil)KBO 6h1Tb aennxo. Ho, c npyroA CTopoabl, JIPB 

YM9BbW9HHB paCCTORHBst T B03pacTaeT cnna nHB3bl QS • Ha puc. 35 noJtaaano, 

xaJt B3MeHsteTCst cnna Qs , onpenensreMast ycnoBBeM (31) npn B3MeHellBB pacCTOBBBst 

T x). nnaaa Qs 6"'/JleT TaM MeHLwe uapywaTb ycnoBnsr ~oJtycnpoBJtB nyqJta no ropnaoa-

Tann n aepTBJtana, '19M MeHbWe ee cnna , noaTOMY paCCTOBBBe T 119 JlOil)KilO 6b1Tb Mil-

llbiM. 'iTo6bl ynoaneTBOpBTb 3TRM npoTnaope'IHBbiMH Tpe6oaallBl!M n nony'IBTb paaMepbl 

ll306pa)KeHRSI B ·F2 , 1IpH9MI19Mb19 Jlllll )lallbael!wel! ~oJtyCBpOBKH, B HaWeM Cny'lae pac

CTOliHBe T 6blllO Bb16palio paBHblM 12 M. Bb16op napaMGTPOB JlY61leTa llBH3 Q6 B Q7 

nponaaoJlBilCst aa ycnoanR nepeJla'IB naoopa)KeHBst na F2 B F 3 • llp• aTOM oLino yqTello 

nellcTBne llBH3LI Q5 • 

Kl 
0,9 

0,8 

0,7 

0,6 

0,5 
~~00 T CM ~000 liDO 1200 1300 

I 

PHc. 35. 3aancnMoCTb callbl nunahl Q5 OT paccTostHnst T • 

x) 
fpa¢n1t nocTpoeH Jlllst cny'Iast, xorna JlllRHa MaranTa M 3 paana 4 M, a pacCTosr-

Hne OT Bb!XOAa lli!H3b! Q 4 ,llO BXO.Ila B MarHBT M J COCTaBilliQT 2 M. . 
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fla;paMeTpbi paCC'IBTaHiloll TaltHM oopa30M CHCTQMbl BpBB9,1l9Hbl B Taonnne 1, a OCHOBHble 

paCCTOstHBst, xapaJtT9pii3YlOillB9 CBCT9MY1 yJta3aHbl Ha puc. 36. 

Ta6nnna 

Qo03Ha'leHB9 
Ill 

PaaMeJ:!hl !!l'IKa1 CM 
3119M9HTOB 

D fopH30H-CHCT9Mbi Kt 
BepTHKallbHall rc CM TallbHall 

BllOCKOCTb 
BllOCitOCTb 

Q1 0,715 12,4 11,4 

Q2 0,425 11 9 

QJ 0,705 7 8,4 

Q4 0,671 4 12 

Qs 0,740 5 1,6 

Q6 0,671 6. 16 

Q7 0,705 10 9,7 

M2 -79 3,06·106 
23 6,6 

M3 0 6,8·106 

.... 12,6 11 

M4 0 6,8•106 
13,2 12,6 

Ha 3TOM )Ke pncyuxe noxaaaH XOJl ltpal!uax TpaexTopnl! 'lepea aneMeHTbl HOliHo- onTB'Iecxol! 

CHCTeMbl B ropH30HTallbHOli (a) H B BepTHKallbliOil (B) BllOCKOCTSIX. Ha pHCyHKa MO)KHO 

OBP\ll:l911BTb B911B'IHHY MaJtCHMallbHb!X anepTyp 3119M9HTOB CHCT9Mbl 1 06ecne'IHB810Ill11X TpaH

CBopTHpOBJty nY'IIta 6ea noTepb. MaKCHMBilbHhie paaM';!Phi ny'lxa B MeCTe pacnono>KeHBll 

3119M9HTOB HOHHD-OUTH'I9Cl<Oll CHCTeMbl yxaaaHbl B Ta6nHne 1. Pa3M9pb! H MaKCHMBilbHall 

yrnoaast paCXOJlHMOCTb ny'!Ka B TO'IKaX F 1_ j ·F 2 j F J CB9A9Hbl B Ta6nnny 2. 

06oalla'{eHHe TO'IItH 

fopH30BTallbHall 

nnocxocri. 

BepTHlUIIlbHall 

UllOCKOCTb 

Ta6nnna 2 

pa3Mep, CM 

yrnoaasr pacxo)lHMOCTb 

Mpa)l 

pa3Mep, CM 

yrnoaaB pacxonHMOCTb 

MpaJl 
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F1 F2 FJ 

0,3 1 0,3 

9,4' 3,5 12,4 

0,55 0,4 0,55 

7,5 11,1 9,8 
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~ 0 

= ~ 
~ ~
~ ~ 
= = 0 
1'1 • = ~ 
g.~ 
M ~ 
Ill 0 .. 
I P' 

.. .. 
•• g :a I» 
~ Ill • 
• ~ 0 ......... 
0 CD Ill 

8~~ 
~ g 
P' 

= t 
0 

b 
= = 

0 
oo 
= ~ = = gog; 
.. t: 
14 CD 
CD Ill .. 
~m 

0 CD 0 = :0 M :a = 0 
.. p. = = = .. 
CD t< ~ 
~ ~ 0 
CD I» Cl! 
t: t:: p. 
(I) • . "' 
I') -= El 
~g~ 
~~~ .. -= 14 I< 
[~:a 
oP.!l' 
~ ~ ~ 
~ Ill 14 

~· I< Ill 

= = • 
-= ~ .. 0 
fl'O 14 

g8 
>< a 
CD 
<') 

u = 0.. 

§ 3. HenuueAuMe s~e~TM B xpoMaTuqec~ue a6eppanuu 

PacqeThl BOHH~OIITHqec~oA CHCTBMM B IIpellhlllYIIlHX IIaparpa<jlaX 6MilH upOH3B91l9HN 

IS nuueAHO~ upH61lHlK9HHHo 01lH8~0 upu pacqeTe ·llDHlKeHHH IS OT~IlOHSI!OIIlHX M8rBHT8X 11 1 B 

y
2 

C rp81lH9HTBOA <jlo~ycapoB~OA IIpB 60nhlllHX nenaquuax n B HHX llHHeAuoe p8CCMOTpe-

uue MOlKeT upuneCTB ~ auaqHTenLHNM aorpemHOCTIDd. B STOM IISJ>Srpa<jle «SylleT upouanelleH 
/26/ 

pacqeT uenuueAnMx s<jl<jle~Ton ·c yqeTOM nen!fqHJl nroporo nopsmKa. Cnellyll , BMp83HM 

KOMIIOH9HTbl IIOilll B 1IpOH3BOnh!lOA TOqKe C K00plll1H8T8MH ( R0+:r, Z qepe3 BBIIH'IHHY 

nona H ( R
0

, 0) us panuonecnoA op6uTe c pallnyCoM R
0 

, 8 T8KlK9 nenBqHHbl: 

Torlla 

rile 

n=-: Ro (~) 
H

0 
( R

0 
, 0) aR I R= R0 

z= 0 

R2 
n = 0 (1.fu..)RR 

I I = o • 
Ho ( Ro, O) a R 2 z= 0 

II (R +:r,z )=H0 (R 0 ,0 )[1-nx+!h(n x
2

+·ny 2 -n y 2
) 

z o 1 I 

IIR(R 0 +:r,z) =H 0 (R 0 ,0 )[-ny +·n
1 

xy ]., 

x = __ r_ <.< 1 , 
Ro 

z 
y = -- <.<1. 

Ro 

(32) 

(33) 

(34) 

Ypannenuu llBHlKeHBB IS OTKnonmomeM MaruuTe c yqeToM nenH'IHH nToporo nopsmKa aanu

wyTcu: 

x + ( 1 - n ) x = ( 2n - 1 - ....!!.1. ) x 2 + % ( x' 2
- y12) + % ( n - n ) y 

2 
, 

2 I 

y"' + n y = ( n 
1 

- 2n ) xy + y x' • · 
(35) 

npoU3BOAHble B yp8BH9HHB (35} B3BTbl IIO yrnonoA KOOpAHH8Te 8 • Pewau ypanuenuu (35) 

B nepBOM upHtillHlK9HHH 1 IIony'IHM Bblp8lK9HHB llllB OTKilOHeHHA OT oCU IIY'IK8 H yriiOB H8KIIo-

H8 K OCII H8 BbiXOA 9 M8rHHT8 qepe3 COOTB9TCTBYIOIIlH9 3H8'19HHB H8 BXOilBo 

B ropH30HT811bHOA IIIIOCKOCTH: 
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X = [ X . r:--i"'7 Bblx 1 rosy 1+·1nl:o 0 +al sin .f1-i1;;T : 0 o ] + 

.; 1 +In I 

+ 
1 

. . . [ _,3( 31 n I t·n
1 

+:1) +·2 ( 21id + n 
1

) rosJT+T;i' Oo + 
12 ( 1+:1 D I .) . 

+( Sl :n I +·3 +n) ros 2~ Oa.] 
2 

X +· 
I 

1 
+ [-3(3lnl:d-nl) +2(7lnl+:3+2nl)cosJTil'DT o.o-

12(1+lsil ) ~ 

-(Sinl+:n +3) cos2Jl~l0 0 ]a2 + 
I I 

t 
1 l-,2( 21 n I +·n ) sin-/l+Tii1' 00 +{51 n I +n +:3) sin 2ff+liil'llo] ·X a + 

6(1+ In I )a/2 I I I I 

(36) 

+ 
1 

[(1+:5ln1Hn+2lnl}-2n (1+:3lsilros~l.ilo-
4(1+lnl)ll+:Sinl) 

1 1 0 

-:olnl T1+ Sl n I ) CIJS ~ 0 +:n ( 1+ In I ):ch 2Jn;iO j.y2 +" 
o 1 o I 

. L-
n. +·2ln 1 Sl n I + 2n +:1 

ros./1+lni'Oo + + +. I 

2< 1+lnl >. 21 n 1 l+·SI nl 

n1 < 1+:1nl >. -Jj;f' 
1 

2 
+: cb 2 n 00 · {3

1 
+ 

21 n 1 < I+:stnll 

n I 
[ sh 2Ji;i' 0 0 2sin~o 

1 
.. 

13 + - Ya I 

2 ( 1+ Sl n I ) . .;f,if. vl+TftT 
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3neCb a H {3 - COOTB9TCTB9HHO yrnbl OTJWOHOHHH OT OCH ny'IKQ B ropH30HT81lbHOfl H 

sepTH:S:B1IbHOl! nnOC:S:OCTHo i1H.Il9KCOM i 0603HB'I9Hbl B91IH'IHHbl yrnOB H OTK1lOH9HHfl Ha 

8 xone B uarnnT. B aTnx )I{O o6oana'leHHHX: 

aBbiX =[ al rosv'l+Tii"ftOo _,xl.fTilDT siny'~Oo ].-

2 si.n~Oo ( 1+ 2 cosJl+T;l':00) (n
1
+·2lnll·x

1
-

6,;Til"iiT: 

(37) 

sin~: Oo [ 2n 1 ( 1-cosv'1+lni':00)+Iril( 7-4cos~Oci)+3]a~-
6 < 1 + 1 n 1 >~~' 2 

ros.j'l.;jiJ 0 0-ros2/1tlnl0o ( n + 21. n I ) . x a
1 

+ 
- I I 

3 ( 1+1 it I) 

+ 1 Ina< 1+ 31 it I. ·sin ~Oo +Jinl :sb 2V'Tiil Do)+ 
2(1+Sinl> ~1+l"ir 

+ I it I : ( 1+ Sl n I ) :sin.;. l+ln I 00] Yl
2 

+ 

v' 1+1 nl · 

+·----- [ JJ · ( sb 2/TiifOo 
I 

v'lri I: 
2sin J1:;Tr;i Oo ) _~sin J1+1;;T 0

0 
l f3: + 

.; t+·lri 1 · v'1 +In I . 2( 1 + 51 n 1 > 

cb 2vfnj' 0 
0

- co sJi+i;;i' 0 
0 +: __ _ 

t+:Sin 1 
D I ~ {31 • 

B sepTH:S:B1lbHOA nnoc:s:ocTH: 

y BbiX = [ yl ch [ vj;"f 0
0 

+ {3 :::__Jinl ': 0 0 

I Jlril-,-] + 

+_1 _ I:n ( 1 -cos~00Lch.)l";f0 0+{ 2n +1+5liti)·V~sin(-/1tlnf110 )shyr;lf0Jx Y + 
1 + Sl n I . 1 • . I vr+rnr. I I 
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+--1 
U+lnlH l+~rifl 

[(2n1 +1+5fniX1-msfi+Tiil'e )chJi;;i'o.n __!::lnl sin(y'1tl'iife) x 
0 0 1b-+Jrifv'l nf o 

x shvfnj'0
0 

]a 
1 

{3 
1 

+ 

+· [2n 1+1+5frif 
1 +5ftif v' 1+)n I 

Sin(b-+Jrif'o >chvfni'o -n (l+ms/1-iMO ) shJi;j'IJo 
0 0 I 0 v'TiiT ] "• f3. + 

+ 1 

(1+fnJH 1+ Sfnf) 
I [ .n 1(1+3fnl >+I nf(1+~nf) -< 2n + 1+ sJDJ>v'irif'msv'i":tm o 1 .sh v~e 

J11 I 0 0 
VIDI 

-nl ( 1+fnf) sin~ Oochv'Tnfoo 

Jt +fnf' 
I at Yl 

f3 =[ y Jj;j' sh $i' e + {3
1 

chVf'iiTO J + 
BbiX I 0 0 

+ 1 In [( 1+31 nl >v1+lal'sin <lt-+JDIO ) mvl-;fe -t< t-+JtifX 11-m~ 0
0
>vr.if'SbVj;;j'00l 

( 1-+jnfH 1+ Sf it I) 1 0 0 

+lni<1+Siitl>v'1+lnlsm<v'lif.ile chif.Tne 1 x Y + 
0 · 0 I I 

+ 1 I n (2f n I - " n f · r.-:-r:"1' · r;--;"'i' IIi'. 

(38) 

(l+fniHl+~tif) I ..., msv1+JDJ0o-msv1+lnl0o) sby.fnl Oo + 
v'l n I 

(39) 

+v'1+lnf >mn(~i90 ) ch!f;;T00 l+vlrif< 1+5lid)( 1-ms~00) mJinii90 la1 {3 1 + 

+ 1 I n1 [ l+j it I)( ms.J 1+ lnf'o
0 
-1) ch Jj"i;"le +( 1+ 31 nl) v't-+ltif sin~ 0 sb v'Tifsli':Oo] + 

U+lnl )( 1+5fnf) 0 0 v1iiT 

+fill< 1+Sinl>~ sin~ o sbMOo 
0 . 

v'fn I 
I x

1 
P, + 

+ 
1 

I n1[ ( 1+ 3f ill) ( 1-ms/"t+ttif 80 ) :m/lni 0
0 
+J 1+fti I \fni.;;n ([t:;Taj 80 )ShJi;;j 00 ] + 

U-+JniH1+5fitf) - ' 

+I a I ( 1+ Sf n I)( 1- ms.fl+TIT 00 ) mliriT 00 1 a 1 ll 
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Cpasmrsa>t nony'IeHHhie BbipalKeHBB c <jlopMynaMB (2), (3), (7), (8) , MOlKHO orrpe.t~errBTb 

B3MeHeHHll B OTKIIOHeHBliX B yrnax, CBSI38HHble C y'!eTOM HeiiBHei!HbiX 'IIIeHOBo Pac'IeTbi1 

rrposeAeHHble AilS! Bbi6paHHbiX BbiUie BeiiB'IIiH D B MarHHTSX M1 H M2 0 IIOKa3aiiH1 

'ITO HeiiHHei!Hble s<jl<jleKTbi llpHBO.[ISIT K He3Ha'IHTellbHbiM H3MeHeHHliM B BeiiH'IHHaX OTKIIOHe-

aHA XBbiX H Y BbiX • 8 TO lKe speMSI nonpasKH B yrnax a BbiX D {3 ~b~ 
Bl>IX 

cymecTseHHl>I. Tax, uanpHMep, AIIB MBrHHTa ·U 1 B cny'Iae, xor.t~a n --150 u ae 

38BBCHT OT paAHyca, llpH yrne IIOBOpOTa 431 
AIIB MSKCHMSIIbHbiX HB'IallbHbiX OTKIIOHeHHil 

KBBAP8TH'IH8ll nonpaBKa B yrne a BblX H8 BbiXOAe H3 M8rHHT8 COCTSBnsteT 2% OT BeiiH'IH-

Hbl 1 onpeAerreHHOil B IIDHeiiHOM rrpH611HlKeBDH 1 8 KB8ApaTH'IH8B 110118pBK8 B BeiiH'IHHe OTKII<>-

X 
Bl>IX COCT8BIIlleT IIHUiq 0,1 %. B sepTHKSIIbHoil nnocxocTD Allll serrH'IHHbi Y BbiX aellllll 

H ,d BbiX STH II011p8BKH COCT8BIISIIOT COOTBeTCTBeHHO 0,16 H 9,6% OT IIBHei!HblX BeiiH'IHHo 

CTOIIb 60IIbUI8ll IIOrrpaBKa B yrne· BbllleTa llpHBO.[IHT K TOMy1 'ITO llpD ABHlKeHHD B KpaeBOM 

none BbiBeAeBHbli! l!y'IOK IIOl!y'IaeT AOIIOIIHRTellbByiO paCXOAHMOCTb B ero pa3Mepbi Ha BbiX<>

Ae YCKOpKTellll B03paCTaiOT • Tax 1 B rrpKBeAeHHOM BbiUie llpRMepe AOIIOIIHRTellbHOe yseiiR'Ie

HRe p83Mepa IIY'IK8 Ha a3HMyTe 1157 paABaHa COCTaBII.BeT 3 CM0 fiOOTOMy rrpH npOeKTBpo-

B8HHR MarHBTOB IA1 B !12 Mbl 6yAeM CTpeMRTbC.B CKOMIIeHCHpOBBTb AOIIOIIHHTerr&HyiO 

pacxoARMOCTb, o6ycnosneuuy10 uenuuei!HbiMH stjxjleKTaMn (eM. rn. IV ) • OneunM Tenep& 

BIIHSIIIHe AHCrrepCHH H XpOMaTII'IeCKBe a6eppanBB B MeCTe B306palKeHHll F}l T.e. nocne 

nepsoll cTyneHH onTa'Iecxoll CIICTeMbi. Pac'IeT sTBX <jlaxTopos npOBOABrrCH MeTOAOM1 paa-

/27/ 
BHTblM B pa60Te o fipH Bbi6paHHbiX BbiUie rrapaMeTpax rrepBOil CTyrreHH HOBH<>-OIITH'IeCKOil 

CHCTeMbl HCKalKeHBH1 BHOCBMble B KOHe'IHOO B306palKe HUe ABCrrepCHell1 onpeAeiiSIIOTCll Bblpa-

lKeHBBMH 

Ap 
A a = 25,2 --• -- p a 

Ax Ap 
---=384--, 

X p (40) 

rAe Ax u A a - ao6asxa K paaMepaM nao6palKeHHH n yrny B TO'IKe F 1 

XpoMaTD'Iecxne a6eppanRu aaiOT BKnaa, onpeaenHet-Mil cneAyiOmBMD <jlopMyrraMn. 

B ropR30HT811bHOll IIIIOCKOCTD: 

Ax Ap 
--=99,3 -- +441(~) 2 

p X p 

A a 

a 
B BepTHK81lbHOil IIIIOCKOCTH; 

= 6,2 !lp 
p 

+·Zl, 2( Ap 2 -p-). 

~ =37,6~ 
z p 

~=3,4 ~-· 
{3 p 
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(41) 

(42) 



J1a STHX Bbipa>KeHHl! BHAHO, 'ITO Blt.llB.A B HCttaJKeHHe, BHOCHMbli! AHCnepCHel!, 3Ha'UITellbBO 

npeBblmaeT BttnaA, BHOCHMblil xpOMaTH'IeCKHMB a6epp~llBSIMH, npu ..!ll1_ • 0,01% (CM, §4 
p 

rn. II ) nocneABDl! cocTaanSJeT - 4%. Tattoe yaenn'leHHe paauepoa nao6paJKeHHSI upattTB'Ie-

cttn He BHeCeT H3Meaeanl! BO BTopyiD CTYneHb OnTD'IeCttOl! CDCTeMbl, 

r n A B A IV 

XAP AKTEPHCTHKH 3nEMEHTOB CHCTEMbl BbiBOnA 

§ I. CnCTeMa aoa6y>KAeBDH peaouauca 

B rnaae 1 6blno nottaaaHo, 'ITO napaMeTpn'lecttnl! peaoaaac vx a1/2 a cunxpo

<jlaaOTpoRe OHHH MO>KeT 6brTb aoa6y>KAeH c noMOIIlbiD. aecbMa npocTol! CHCTeMbl, cocToH

mel! na A&yx nap npoaonuuttoa, noMemeHHbiX BHYTpB aattyyuaol! ttauepbl aa aepXHeM u 

Hn>KHeM nomocax MarsnTa a H n ttaanpaHTax. Cxeua pacnono>KeHDH upOBOilBllttOB 

Ha tta>KAOM H3 noniDCOB MarHDTa AaHa Ha pUC, 2, no6aBO'IHaH BenB'IDBa ~D C031laeTCH 

C nOMOIIlbiD DpOBOAHHKOB B n , HaupaaneHHe TOtta B KOTOp~X OAHBaKOBOo npoBOABH-

KD III u IV HBnHIDTCH o6paTHbiMB u nouemaiDTCg aue aattyyMnol! ttauepbl. Ouu ae otta-

3b!BaiDT ann51HBSI aa pacupeAener.:ue nottaaaTenH nonS! a pa6o'lel! o6nacTn. C npyroll: cTo-

p0Hbl0 npB TI:IKOM BKniD'IeHHH DpOBOAHHKOB MarHHTHblll: nOTOK, B03HBK8IDinBll: DpB 6biCTpOM 

HapacTaHHD TOKS B HBX, 3aMblttaeTCSI0 B OCHOBHOM, 'lepe3 3a30p MarHBT8 D upaKTU'IeCKB 

He CB!i3aH C OCHOBHOll: 06MOTKOII: nBTaHHH MaraHTa, 3TO ycTpaBHeT onaCHOCTb B03HHKHo

BeHBH B 06MOTKe nBTaHBSI MarHBTa 60ilbWBX HaBeAeHHbiX Han~H>KeHDII:, 

nnH COaAa!pf51 pe30HaHCHbiX ycnoanli TOK B 06MOTKe B036y>KAeHDSI non>KeH COCTHBHS!Tb 

350- 400 a. noaTOMY KOBCTpyKilHSI 06MOTKD AOn>KHa BbiAep>KUBaTb AHHaMB'IeCKBe. ycBnBH, 

B03HHK8IDinHe npD B3aHMOAeliCTBHH DMnyllbCa TOKa, nOAaBaeMOrO B 06MOTKy 0 C MarHHTHbiM 

noneM ycttopnTenSJ. BenH'IDBa 9TBX ycunnl! cocTaanaeT oxono 50 ttr aa noroaablli MeTp. 

nnTaHne aoa6y>KAaiDmell: o6MOTKD MO>KHD upouaaonuTb nyTeM pa3pHAttB aa nee 6aTapeu 

KOHAeHCaTOpOB, 'iT06bl B36e>KaTb TpYABOCTeli, CB!i3aHHbiX C B30nHilBeli 06MOTKB BsyTpll 

aattyyuuoli ttaMepbl ycttopnTena, aaupu>Keaue, AD KOToporo ADn>KHa aapH>KaTbCH 6aTapeu 

KOHAeucaTopoa, nenecoo6paaao orpaHB'IBTb aenH'IBHOII: AD 10 xa. Tattoro uanpH>Keuuu 

AOCTaTO'IHO, 'IT06bl DpH CyMMapaoil BH.IlyttTBBHOCTH B036y>K.QaiDmell: 06MOTKD - 3 MrH 

o6ecne'IHTb aeo6xonuuoe apeuu aapacTaHIISI aoauymeanu, paaaoe 300 Mttcett. 
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§ 2. MarHHT-AeljlnettTop 

MarHHT-.QeljlnettTop Ml non>Kea 6 biTb pacnono>Kea a npSJMonnaeliaoM npoMe>KyTtte 

aayTpD aaxyyMHOII: ttaMepbl CHHXp~a30TpOHa Me>KAY KBa.QpaHTaMB n n III • AanMyTallb-

uoe nono>KeBUe MarHHTa non>KJio coananaTb c neHTpoM DpHMOnHHeliHoro npoMe>KyTtta, Tax 

KaK B 9TOM MeCTe pacceHHHOe MarHHTHOe none npattTD'IeCKD OTCyTCTByeT B Te'leHDe BCero 

llDK.IlB. ycttopeBUu. Katt 6blno nottaaaHo Bblme, pallBallbHoe nono>KeHDe QecjlnexTopa neneco

o6pa3HO Bb16paTb TattnM, 'IT06bl a pa6o'leM nono>KeHnn Kpali ero aaaopa 6bln cMemeH. Ha 

20 CM Hapy>Ky OT IteHTpanbHOII: op6DTbl 0 nocttonbtty ny'IOK B nepBOil DH>KeKilDB D B HS'Iane 

ycxopeHHH aanonHSJeT aciD anePTYPY xauepbl, 11eljlnexTop a Hepa6o'leM nono>KeHHD llOn>KeH 

DOMemaTbCSI BHe STOll: anepTYpbl, C 11pyroli CTOpOHbl, KaK B pa6o'leM, TSK D B Hepa6o'leM 

nono>KeHHn, 11eljlnettTop He llOn>KeH aoauymaTb nnpttynupyiDmnli ny'loK. noaToMy pacceSJHaoe 

none Ha KpSID ero 3a3opa llOn>KHO 6b1Tb CBeQeHO K MBHIIMyMy, nnH STDX neneli MO>KeT 

6b1Tb aeCbMa acjlcjleKTHBHO ucnollbaoaaa c - o6pa3Hblli Mara~T c o6MoTKOli nHTaHHH, noMe-
/28/ 

weaaolt no o6e cTopoabl OT aaaopa • npocjlullb TaKoro MarHHTa nottaaaa aa puc. 37. 

npu TSKOlt KOHCTPYKilBH BenH'IUHS pacceHHHOro nonS! BHe 3830pa BeCbMa Mana, a B npelle

naX aaaopa aanpu>KeHHOCTb uarHHTHoro nonS! cocTaanSJeT pa6oqyiD aenH'IUHy no'ITU a non

noli anepType MaruuTa. 

KaK yttaablaa~ocb, MaruuTuoe none neljlneKTopa AOn>Kuo ablnonnHTb 11ae cjlyuttnun. 

Bo-nepBblX, ~o Qon>KHO OTKnoBUTb 'ISCTHilbl ua yron 43', 11nu 'lero aenu'IUHa aoauymeuuSJ 
. 5 

Qon>Kaa cocTaanSJTb 4,4•10 apcT,CM, Bo-aTopbiX, 11nu onTHMallbuoii cjlottycnpoaKu ny'IKa 

Tpe6yeTCg·· coaQaTb a QeljlnettTope none, noKaaaTellb ttOToporo D =-150. npu TaKOlt 6ollb-

moll: aenH'IIIHe nOKa3aTeng CTSUOBUTCSI cymeCTBeHUbiM lleltCTBHe HenHaeli:HbiX acjlcjleKTOB, 

'iTo6br Bbr6paTb KoacjlurypanuiD MaranTaoro nons, npu KOTopoil nnH aa11aaaoro aaa'leauu 

n aimHHHe aenuueltublx acjlcjleKTOB nony'lanocb MHHHMallbHbiM, no cjlopMynaM ( 37) u ( 39) 

6~tnH Bbi'IHCHeHbl KB81lp8Tll'IHble nonpaBKll B yrnax BbiXOil8 B3 M8rHUT8-IleljlneKTOp8 IIHSI 

pa3Hb1X aenU'Iua n1 • PeayllbTaTbl pac'leToa 11n51 ropnaoaTanhaoi! nnoCKOCTH upuaelle&bl 

H8 pHC, 38, nnH BepTHK81IbHOA- HB pUC, 39, 3QeCb nOK838H01 K8K 38BUCHT aenH'IUH8 KS>K

IlOrO H3 KOacjlcjlHitlleHTOB 0 CTOSID!HX IlpU KB81lp8TU'IHbiX 'lneaaX B cjlopMynax (37) H (39), OT 
x) . 

BenB'IBHbl n
1 

• no OCR ·a6CilHCC OTnO>K9H8 BenU'IUHS Dl B enUHUitaX D • no OCR 

OpllHHST llSHbl COOTBeTCTByr<>IUBe aenU•IHHbl KOacjlcjlunueHTOB, npH'IeM o603H8'19HUe UHileKC8 

KS>KAOrO H3 XOacjlcjlunHeHTOB COBnaQaeT C 0603HS'Ie&UeM K~Silp8TU'IHOro 'lneaa, DpU KOTOpOM 

OR CTOBT, HaupnMep, K rj o6oaua'laeT KoacjlcjlunueaT, CTOSID!Hli upu 'lneae ( xi yi) 

B aepxuelt 'laCTH pucyHKOB a 6onbmoM MaCmTa6e nottaaaa y'laCTOK nepece'leHBH npS!MblX 

c OCbiD a6cnucc. 

x) KoacjlcjlBnueaTbl K a2 , K 8 2, 
MoryT 6b1Tb uao6pa>KeHbl aa pncyru<ax. 

K a{3- Manbl, u upn Bbr6paaabiX lliacwTa6ax ae 
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Hs conocTaBJieuuSI puc. 38 u 39 MOlKHO saJtnJO'IUTb, 'ITO uauMeBLWaSI Benu'IBua xBaA-

paTU'IBbiX nonpaBox, xax AnSI ropusoBTam.uoro, Tax Io. AnSI BepTBxam.uoro ABU)KOBBSI1 nony

qaeTCSI npu n 
1 

nopSIAXa n • Hs rpa.PuxoB cneAye'JI Tax)Ke, 'ITO xBaApaTU'IBble nonpaa

xu B yrnax pesxo B03pacTaJOT1 eCllll Bb16pan. B MarBBTe-Ae<i>fiexTope none c n , nocToBB-

2 BbiM no paAuycy (n 
1 

= n + n ) • TaltllM o6pa30M1 AnSI Toro 'IT06bl CBecTB X MBBBMYMY 

AeilcTBue uenuuei!ublx s.P.PexToB B Ae<i>fiexTope, MarBBTuoe none B ero cpenaeil nnocxocTu, 

cornacuo (34), non)KBO usMeBSITbCSI no saJtoay: 

2 
H (R'

6
+r,0) =H0(R'6 ,0)(1-nx+·~). z 2 

(43) 

Ha puc. 40 noxasaua saBUCUMOCTb MaruuTuoro nonSI oT paAuyca, onpeAenSieMaSI Bblpa)Ke

HHeM (43). 3necb )KO lUISI cpaBueuuSI npHBeneuo pacnpeAeneuue nonSI B cpeAueA nnocxocTU 
2 ' npu n

1
= n + n • To'IBOCTb BblnonueBBSI saJtoua ( 43) AOn)KBa 6b1Tb ue xy)Ke ;!:_0,3%. 

qucneuuble pac'leTbl noJtasanu, 'ITO npu uanB'IBB TaitBX OTxnoueuuA YBenH'Ieuue ropusou

TanhBbiX pasMepoB ny'llta ua BbiXOAe us ycJtopuTenSI sa C'leT uenuuei!BbiX s.P<PexTOB ue npe

BblmaeT ;!:_ 1 CM
1 

a nononBBTenbuoe yBenB'IeRHe BepTBJtanbuoro pasMepa cocTaBnSieT 

;!:_0,05 CMo 

nnSI o6ner'leBBSI <i>opMupoBaBHR nonSI saAauuoA xou.purypanuu pa6oqee sua'leBBe uu

nyxnuu B sasope MarBHTa 6blno Bb16pauo npu6nusuTenbBO paBBbiM 7400 raycc. Ouo coOT-
. /29/ . 

BeTcTByeT MaxcuMam.uoA BenH'IIIBe I' .B )Kenese MapltH S-42 , us xoToporo 

npennonaraeTCSI H3rOTOBBTb ne<i>fieJtTOp. qT06bl OTKnOBHTb ny'IOlt Ba 431 
npu 3aAaBBOil Be

nH'IBBO HBJ:IYKIIHH
1 

sljxjleKTBBBaSI AnHBa Ae<i>fieKTOpa Aon)KBa COCTaBJISITb 60 CMo Pa3Mepb1 

sasopa ne<i>fiexTopa 6blnB Bb16paBbl ua OCBOBBBBH AaBBbiX sxcnepuMeuTam.uoro uccneAOBa-

BBSI pesouaucuoro sa6poca 'laCTBII ua paAuyc Ro+20 CMo nocxom.xy AnR yMeBbWOHHSI 

pacceBBuoro nonR ua xpa10 MaruuTa non)KBa 6b1Tb TOJtoBaR neperoponxa, pasMep xoTopoA . 
B uanpaBneuuu paAuyca Tpynuo cnenaTb Meuee 5 MM, uau6onee 6naronpHBTBaB xapTuua 

sa6poca nonyqaeTCB B cny'lae, noxasauuoM ua puc. 14 (c). Kax cnenyeT us pucyuxa, 

npH TaltOM pacnpeneneBBH HBTeHCHBHOCTB no paABYCY Ha TOXOBOil neperopOAKe 6yAeT no

-TepSIBO oxono 6% sa6poweBBbiX B sasop 'laCTBII. PasMep sasopa no panuycy nenecoo6pas

uo B3SITb paBHbiM 12 CMo flpH STOM BeC MarHHTa 6yAeT COCTaBnSITb 200 Jtr1 a AOIIOnHH-
' . 

TenbHaR nOTepB HHTeBCHBHOCTH He npeBbiCHT 2%. cl>opMa nonJOCOB MarBHTa AOn)KHa 6b1Tb 

TaKoil, 'IT06bl BbmonusrncR saxou, onpeAenReMblil Bblpa)KeBBeM (43). PasMep BepTHxanbBOil 

anepTYPbl y xpaSI sasopa nenecoo6pasuo B3SITb paBHbiM 3,5 CM. STo .iiaeT B03MOlKHOCTb 

us6e)K8Tb nononuurem.BbiX noTepb ny'lxa no BepTuxanu. TaxHM o6pasoM, npu Bb16paBHbiX 

pasMepax sasopa cyMMapuble nOTepu ny'llta npu npoXO)KAeHHH qepes ne<i>fiexTop sa c'leT 

o6pesaBBB ero xpaeB ue 6ynyT npeBblwan. 10%. 

OneBJta BenH'IHBbl pacceBBHoro nonSI ua xpa10 Ae<i>fiexTopa co cTopoBbJ 1 o6paweuuoil 
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Tenb nona · n ,. -I50 • 
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K ny'lxy, ll89T B911H'IBHy0 COCTBBm!IOillYJO npuonB3BTellb HO 0,2% OT H8DpSilK9BHOCTH nom1 

a aaaope. Ilpn Taxol! aenu'luae pacceHuaoro nonH n nnuue MaraaTa 60 eM, xax noxaaana 

oneuxa, MaxcaMallbaoe a3HMyTallbaoe ncxaJKeaae opoHTbi ue npeablmaeT I NN, a a MecTe 

pacnonolKeHBSI necjliieKTOpa OHO COCTaanHaT llOIIH MM, TaltUII( 00p830M, .necjlnexTop B pa6o

'19M nono>Keann ue 6yneT oxaablaaTb cxom,xo-unoynb cymecTaeuaoro BnBSIHBH aa llBBlKe-

ane 'IBCTBn npa ycxopeaan n BbiBone. 

JlnH Bbi6paaabiX Bblme paaMepoa aaaopa pac'leTaol! BaiiH'IHHe nonS! COOTBaTCrnyeT 

2,65•I0
4 

aMnepBHTKOBo B rnaae n Oblno noKaaaao, 'ITO OllTH'IQCitHe xapaxTepnCTHKH 

ny'IKa aa BbiXone na ycxopaTeml yny'IWBJOTCH, ecna a Te'leane apeMeHB BbiBona none a 

6 necjlnexTope 6yneT yMaBbWaTbCH co cxopOCTbJO 4,2 •IO spcT/cex. TeXHB'lecxn aau6onee 

npocTo aTn ycnoana MOryT ObiTb coanaabl, xorna HMnym,c nonH a ne¢nexTope npencTaanH· 

eT co6ol! nonyaonny cunycoanbl, YKaaaaaas cxopocTb H3MeaeanH nonH sa apeMH BbiBOlla 

(- IOO MKCex) nony'laeTcs, ecna nnarom,aocTb nonyaonnbl canyconnbl 3 MCeK, a aMniiH-
4 

Tylla B03Mymeaaa - OKOno 3•I0 8MnepaHTKOBo C TO'IKB 3paHBH pelKBMB IlHT8HBSI ll9¢Jiei<.-

TOpa nenecoo6paaao, 'ITOObl aMnnHTyna Toxa B ero OOMOT!te ae npeablwana 2,5 xa. Ilpn 

STOM HQOOXOllHMOe 'IBCnO BHTKOB paBHO I2, a HHllYKTHBHOCTb MarHBT8 COCTaBnSiaT 

~ 300 MKrH. IlnTaHHe OOMOTKH necjlneltTOpa MOlKHO npOH3BOllHTb nyTeM pa3pSillltH Ha Bee 

6aTapen xouneacaTopoa eMKOCTbJO oxono 3000 MKcjl. HanpslKeane, no KOToporo TPe6yeTCa 

aapsnnTb 6aTapero xoaneucaTopoa, ae npeabiCHT a STOM cny'lae I KB. 

IlocKom,xy HMnym,cbl Toxa nonlKHbi nonaaaTbCR a o6MOTxy necjlnexTopa c BHTepaanoM 

B 9 cex, Cpenaee 3H8'leane MOillHOCTH, BblllenaeMol! B OOMOTKe sa C'leT altTHBHbiX noTepb, 

2 Dpl!:. oomel! Tonmnae o6MoTxu 5 MM n ee ce'leaan oKono I75 MM cocTaanseT oxono 30BT. 

Ilpu BbllleneHHH CTOnb He3H8'1HTenbHOl! MOillHOCTH B DpHayllHTenbHOM OTBOlle Tenna BeT 

aeo6xonuMoCTH. TeMnepaTypa MaraaTa npu ycTaaoauaweMCH TennonoM pelKBMe sa C'leT 

nany'lenua n TennonpoaonaocTu no xoacTpyxnuu ue 6yneT npeBbiWBTb 40° C npu TeMnepa-
• 0 . I 

Type aaxyyMHOit KBMepbi 30 C. 

Tpe6oaaaue x TO'IHOCTH nonnep>Kaans yrna noaopoTa a necjlnexTope cocTaanseT 

!_0;.2%, Kax noxaaann 'IHCneaabie pac'leTbl, npu Taxoli aeTO'IHOCTH a yrne OTxnoueuna CMe

meaue OCH IlY'IKa Ha BbiXOll9 B3 YCKOpHTenSI COCT8BHT !_I CM, Jlng ooecne'leHHH STHX. TPe

OOB8HHli ueooXOllHMO, 'ITOObi TO'IHOCTb nonneplKaHBH nona B ne¢neKTope Oblna He xylKe 

:t_O,I %, a MOMeHT BKniO'leHHSI TOKB B necjlneKTOp Obln 38ll8H C TO'IHOCTbiO :t_O,I% OTHOCBT9nbHO 

MOMeHTa, npu KOTopoM aaeprus ycxopeuaoro ny'lxa nocTuraeT pac'leTaol! aenn'IHHbi, 

B aaxnroqeaue c¢opMynupyeM Tpe6oaaaus K CHCTeMe nepeMemeHHH Mar HUT a. B Mo

MeHT HHlKeKIIHH ny'IOK 3aHHMaeT BCIO pBOO'iyiO anepTypy KBMepbi, KaK no panaycy, Tax H 

no aepTnxanu. Ilo Mepe ycxopeuna paaMepbi ny'lxa yMeHbwaroTCa, n cnycTa I cex nocne 
' ' . 

Ha'lan.a uuxna ycxope~ns paaMep ny'lxa no panuycy, o6ycnoaneaabll! .a cyMMe caooonab!MH 

75 



pannallhHhlMB n pannallhno-ojla30BhlMH Kone6aHBHMH, CTSBOBHTCH Menee :!:.20 eM. Ecnn BBOJl 

M8rHHT8-JleopneKTOp8 B K8Mepy yCKOpHTSHH OCyweCTBHHTb CHH3Y BB8pX T8KHM o6pa30M, 

qT06bl B nepa6oqeM nonomeHBH on naxonnncn unme rpannnhl pa6oqeA anepTYphl, a K Mo-

MeHTY BbtBOJlS nenTp ero 3S3opa 6htn 6hl na ypoane neHTPS nyqKa, To npn cymecTByto-

wHX p83MepaX K8Mepb1 XOJl- nepeMemeHHH COCTSBBT OJtonO 40 CM. BpeMH XOJlS MSrHBTS H3 

nepa6oqero nonomennn B pa6oqee MomeT cocTaBnHTb - 1 ceK. B aTOM cnyqae MarnnT 

MOmHO BBeCTH B pa6oqee nonomenne na pannyc Ro + 20 CM yme cnyCTH 2 ceK nocne 

naqana ycKopeBHH
1 

He npenHTCTBYR YCKOpeHHOMY nyqJty. 3TO Jl88T B03MOmBOCTb npoH3BQ

JlRTb BbtBOJl, uaqnnan c sneprnn 6,5 Bss. 

§ 3. 3neMeHTbl BOHBQ-OHTHqeCKOA CBCT8Mbl 

B Ta6nnne 3 npnaenenht xapaz:TepBCTBKH sneMeHTOB cnCTeMhl TPSBCnopTnpoBKB BbiBe

JlSHHOro nyqKa. 

HanMenoaanne 

0TKHOBH!OWHA 
MarnnT 

0TKHOBH!OwHA 
MSrBBT 

KaanpynollhHble 
HHB3bl 

0603naqe
HHe 

1112 

111 3 , M4 

Ql,Q2 

Q 3' Q 4 

Q6. Q7 

Qs 

Ta6nnna 3 

AnepTypa (MM) 

K-so mnpnna BhtCOT8 

300 100 

2 240 140 

6 6200 

2 6200 

nnnna 
(M) 

1,8 

4 

1,25 

Bennqn- fpann-
na nonn enT 

(rc) 

18000 n=-79 

18000 OJlHOpO~HOe 

none 

1200rc/cM 

1200rc/cM 

fiOCKOlibltY B M8rBBTe 1112 npHM9B9B8 rpSJlH9BTHSH ojloKyCHpOBKS ( D a -79) 1 6hln npo

B8Jl8H SB8nH3 ycnOBBA, npH KOTOpbtX YJlSSTCH CBeCTB K MBBBMYMY BHHHHHS nennnei!HbiX sojl

opeKTOBo C sToA nellhto nnn n • -79 6blnn nOCTpoenhl rpaojlnKB, nono6Hhte npnaenenHhtM na 

puc. 38 H 39. Taz: me KSK B B p8CCMOTP8HHOM Bb!We cnyqae MBrBHTS-Jleopnez:Topa 6naronpn

HTHSH -KapTnna nonn nonyqaeTcn npn ~., n • Pacnpenenenne nonn s cpenneA nnocJtOCTH 

B sToM cnyqae onpenenaeTCH shlpamenneM (43). Ha pBC. 41 noKa3ana 3SBHCBMOCTb Mar

nnTnoro nonn oT pannyca B cpennel! nnocKOCTH MarnnTa nns cnyqas n =-79. fipn STOM 

BHBHBBe HennHei!HbiX sq,ojJeKTOB B M8rHHT8 1112 CBOJlBTCR K MHBHMYMY· 
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:........ 

t6 Hz/l!o 

Lit 

l2 

0.6 

(l~ 

0.2 

• -16 -til -12 -10 -a -6 -4 -e e 4 6 8 fQ 12 14 16 

Pnc. 41. Pacnpenenenne MarnnTnoro nonn no pannycy B cpen~eA nnocKOCTB 
OTKHOJIHtomero MarnnTa M 2 npn n 

1 
= n' =- 79 • 
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3 a K n ro ~ e u n e 

PaccMoTpeHHhlli MeTOA li03BonHeT BbiBeCTH ny~OK llpOTOHOB, ;)CKOpeHHblli 110 KOHe~-

noll snepruu B cuuxpo4Ja30TpOHe OHRH, 3a apeMH Menee 100 MKCeK. Oco6euuocT& · MeTOAa 

cocToHT.B TOM, ~To, ncnon&3YH caollcTBa nonynenoro napaMeTpH~ecKoro pe3onauca, ynaeT

CH H36elKBT& TpYltHOCTeli C ljloKyCHpOBK'Oli BhiBelleHHOrO, lly~a llpH 11p0XO)Kli6HHH HM KpBeBo

ro paCC65IHHOrO l!onB YCKOpHTeJJH, 3TO I186T B03M0)KHOCT& OCyllleCTBHTb Bb1BOI1 C IIOMOIIl&ID 

BeC&MB llpOCTOli TeXHHKH, llo paC~eTaM TaKHM CIIOC060M H3 yCKOpHTeliH M0)1{6T l5b!Tb Bb1Be-

119HO OKOIIO 80% ~BCTHII, COitep)I{BIIlHXCH B IIHPKYJJHpyroweM ny~Ke, llpH STOM ropH30HTan&

Hblli SMHTaHC BbiBelleHHOI:'O ny~Ka He llpeBbiWaeT 66 MM Mpan, a BepTHKBJl&Hhlli SMHTBHC 

COCTaBJJHeT 32 MM Mp811o 

AaTOphi non&3yroTCn cny~aeM BhiPB3HT& 6naronapnocT& H.H.roaopyn~non pyKoaon-· 

CTBOM KOTOporo 6hlliH pa3p860T8Hbl nporp8MMbl p8C~eT8 TpaettTOpHli ~8CTHII HB 9Jl6ItTpOHHO• 

Bbl~HCIIHTeJJ&HOll M8WHHe; n.A. CMnpaoaoll, M.r. Hex8eBoli, H.A. 4>HJJHIIIIOBOll 38 6on&myro 

IIOMOIIl&'. npn npoeeneHHn ~ncneHHhiX p8C~eToa; M.n. Epwoay, C.C. 38X8poay, A~H. KproKoay 

B.C. Mnponoay u np., y'I8CTBOB8WHM a p83pa6one 8111!8p8TYPhi n npoeeneanu sKcnepnMen

Toa, H.A~fpa6oBCKOli 38 IIOMOIIl& llpH llpOCMOTpe SMyli&CHi!, 
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