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(Ipexcranhera HayuHsiM cemiHapom ABTA HUM 5dIA)

B nmauHofi cTathbe NPHUBOAATCH DPe3yJbTaThl HCCAEAOBAHHH TpaKTa HH-
JKEKIIUH CHHXPOTpPOHa Ha 3Hepruio 1,5 [398 MeTogoM MaTeMaTHYECKOTO
MOJEJHPOBAHUSI M TIPOH3BOJAUTCA BLIOOD €ro ONTHMAJIbHBLIX MapaMeTpoB
H CTpyKTypbl. CHHXPOTPOH HMMeeT MHOrooGopoTHyI0 HH:KekunHioo. CHcTema
HHXKEKI(HH CHHXPOTPOHA COCTOHT M3 HHXeKTopa-MHKDOTpOHa Ha 5,5 Mas u
TpaKTa TPaHCHOPTHPOBKH 3JeKTPOHOB. POKYCHPOBKA NyyKa INPH €ro TPaH-
CNOPTHPOBKE OCYUIECTBJSAETCA ABYMS NapaMH KBaApyHOJAbHBIX JIHH3.

DEKTPOHHBIA NYUOK HA BBIXOAE MHKPOTPOHA B (ha30BOM IIPOCTPaHCTBE

X, X', Z, Z/ 3aHuMaeT onpelesieHHYI0 00J1acTb, OTPaHHYCHHYIO 3aMKHYTOH

KPHUBOI. JKCIEpHMEHTAaJbHbIe HCC/IELOBAHUS CHHXPOTPOHa MNOKa3ajH, uTo

"orubamwwaa KpHBOH MoxXeT ObIThb NpeAcTaBJeHa B (opMme 3JJdrica, ypas-
HeHHe KOTOPOro B HOPMAaJH30BaHHON ¢opMe s3amuceiBaetrcss [2]
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F — nnomals ¢aszosoro 3Jagumnca,

a, B, Yy — KO3(p(pHIHEeHTH (Pa30BOTO 3JJIHICA,

Y — paccrosiHHe BI0Jb TpPakKTa TPAHCHOPTHPOBKH INYy4YKa 3apsiXKCeHHbIX
YaCTHLL.

DkcnepuMeHTaNbHble 3HadyeHUsT TOPH3OHTAJBHOIO H BePTHKAJABHOI(C
3MUTTAHCOB Ha BXOJle TPAaKTa HHKEKIHH PaBHBHI

e, =29-10-2 mn pad; ¢, = 8,56 - 103 mm pao.

B cuHXpOTpOHe B Mpolecce YCKOPEHHSI 3aXBaTLIBAIOTCS TOJBKO Te 4Ya-
CTHILBI, KOTOPblE HMEIOT OlpefesieHHBIH YroJl U OTKJOHEHHe OT ONTHYEeCKOH
OCH TpakTa. BepTHKaJbHBIH aAMHTAaHC CHHXPOHOTPA  ONHCHIBAETCA YypaB-
HeHHEeM 3JITHIICA H SBJSETCS BEJHUYHHOH NMOCTOSTHHOH B HpOHecCe MHKEKLHH.

FopusoHTanbHblfl (panxaJabpHBI) aIMHTAHC CHHXPOTPOHAa HMeeT BoJee
CJAOXKHBIN XapakTep, Tak Kak o06JacTb, YAOBJETBOPAIINAS YCJIOBHAM 3aX-
BaTa B IJIOCKOCTH p, Yy, B NpoLecce HHXKEKHHH He OCTaeTcsl IOCTOSHHOH
H 3aBHCHT OT BpeMeHH HHXKeKuHH tv; [3]. Bxox uactHu B Kamepy OCHOB-
HOI'Q YCKOPHTEJSI OCYILECTBJISETCS 3MEKTPOCTaTHUecKHM HHbaekTopoM. Ilna-
CTHHB HH(JEeKTOpa OrpaHHYHBAIOT BO3MOXKHOE OTKJOHEHHE 3JIEKTPOHOB OT
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OTNITHYECKOH OCH TPAaKTa - HHXKEKLMH, yTO HAPHUBOAUT K MNOTepe YacTHI Ha
naactuHax HHpaexropa, [MaacTuHbl HHGJAekTOpa Ha (a3oBOH IJIOCKOCTH
X, X’ u Z 7’ nsobpaxkaiotcs B Bujie mnapajjenorpamma [2].

BriGop ontuMaJdbHBIX KO3((PHHHEHTOB KBaApPYHOJbLHLIX JHH3 TPaKTa
TPAHCIOPTHPOBKH HEOOXOAHUMO TNPOM3BOJAHTL H3 YCJOBHI COrJacOBaHHA
OMHTTAHCOB NyukKa Ha BBIXOJe TPAKTa C aJMHTAHCOM CHHXpOTpoHa (pHc 1)
8 TOPH30OHTAJbLHON H BEPTHKAJbHOH NMJIOCKOCTH C YYETOM <«OrDaHHYEHHH>,
BHOCHMBIX [1J1aCTHHAMii OTKJQHSICIIEro YCTPONCTBA NPH  TPaHCMOPTHPOBKC
nyuka, «OrpaHdueHHsi», BHOCHMBIE BHEHIHHMH ILTACTHHAMH HHQJEKTOPA,
VUHTBIBAKOTCSA NYyTeM HAJOXKeHHSA H300pa’KeHHA INIACTHH Ha COOTBETCTBYIO-
IUHH BAMHTAHC YCKOPHTeJS, T. €. COrJIacoBaHHE SMUTTAHCA MyuKa HA BLIXOAE
TPAKTa NPOM3BOAUTCE ¢ 06JaCTbIO Ha (PA30BOI IJIOCKOCTH, NOJYYEHHON
B pe€3yJibTaTe HAJIOXKEHHs H300parKeHHs NJIacTHH HHQJEKTOpa Ha COOTBET-
CTBYIOIMHH anMHTaHC yckopureass (puc. 1).

Onpenesenne ONTHMaJbHLIX TapaMeTPoOB H CTPYKTYphl (dopMmupylouleil
CHCTeMBbl TIPOHM3BOAHUJIOCH Ha aHaJOroBOH BhluHCAHTeNbHOH MamnHe MHDB-1
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Puc. 1. lnarpaMMel, NOACHAWILNE YCIOBHA ONpPEACTCHHS
ONTHMAaJdAbHBIX napamerpos TpaKTa HHXKEKLIHNU CHHXDOTPOHa

¢ HCNOJBb30BaHHeM pa3paboTaHHOM HaMH KOPPEeJSLHOHHO-3KCTPEeMaJlbHOH
cuctembl [1, 2]. Tlpu pacuere paananbHOH aJMHTAaHC CHHXPOTPOHA 3ajaa-
BaJIcs a8 HEKOTOPBIX JIUCKPETHBIX 3HaueHHii speMeHu MHKekunu tv; . Han
KaXKJ0ro 3HAUEHHA &JAMHTAHCA, COOTBETCTBYIOLIEr0 MOMEHTY BDEMEHH T;,
NPOM3BOJHJICH TIOUCK HauJyulllero BapuaHta napamerpoB K; . B pesynb-
raTe pacueTa 3a ONTHMAJbHBI BapHaHT NPHHHMAJCHA TOT, NPH KOTOPOM
CpellHHe TIOTEpH yacTHO OBIJIH HanMeHbUIHMH. Pacuer cpeaHux norepp uac-
THL, JJs TOPH3OHTAJbHON IJIOCKOCTH TPOBOAKJICA [0  CJEAyIOlIeMy
BRBbIPaZKEHHIO!
S, + 8., + ...+ Sfj
Scp_v - - s (2)
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S.; — NOTepH YaCTHIL B MOMEHT BPCMEHH HMHMKEKUHH T ;.

7 -— YHCJO WHTEPBAJIOB VCPEAHEHHS.

B ta6a. 1 npHBeleHbl NoJyuyeHHble B NpoLecCe pacdeTa ONTHMaJbHble
BapyaHTLl 3HAYeHHH TNapaMeTPOB KBAAPYNOJLHBIX JHH3 K; s HECKOJb-
KX paccTAHOBOK BJOJb TPaKTa HHxKekKnMH. [leppas paccraHOBKa JHH3
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COOTBETCTBYET NMPHHATOH B HacToOsilllee BPeMs PacCTaHOBKE KBaJAPYIMOJAbHbBIX
JIUH3 BHOJb TPaKkTa HHXKeKLHH cHHXxpoTpoHa. Ha pHc. 3 nmpHuBencHbl oCUH-
JIOTPaMMBI, TIOKZ3bIBalOLINe M3MeHeHHe XapaKkTePHCTHK (asoBOTO 3JJIHICA
Nyuyka B TOPH30HTAJbHOH TJIOCKOCTH CHMMETPHH (OPMHPYIOLIEA CHCTEMBI
NIPH ero TPAHCIOPTHPOBKE OT HHXKEKTOpa B KaMepy yckopHres. sis ontu-
MaJbHOrO BHpHaHTa KO3(p(QHUHEHTOB KBaJAPYNOJbHBIX JHH3 HPH TNepBOi
paccT4HOBKe JHMH3 HOTepH dYacTHL [ JIpolleccce  HHXKEKUHH B TOPH-
20HTaNbHOM nNaockocTH coctasasior  45%. B BepTuxagabuoil  mJo-
CKOCTH NMOTepH YacTHI[ OTCYTCTBYIOT, T. €. BEPTHKAJbHBIH 3MHTTaHC MHKPO-
TPOHA Tocde NpeoOpasoBaHUs TMOJNHOCTBIO BXOJHT B BEPTHKAJbHBIH aJMH-
TaHe CHHXPOTpPoHA. C 11€/bl0 YMEeHbIIeHHsT NOTePb 4acTHIL B MPOIEecce HHKEK-
LWHH 6biJ1a H3MeHeHa paccTAaHOBKA JIMH3 BAOJAL TPaKTa (Bapuant 3+95, 1aba. 1).
[IpoBeneHHbie pacueTsl HOKA3aJH, YTO BLIOpaHHLIC PACCTAHOBKH JIHH3 BJAOJb

Ta6anpa 1
Ne Paccra- K, K, K, K, S
_ H:::;i M2 M2 M2 M2 Sur nz Sep
1 I 22.5 20,25 14,5 2,25 45,5 0 45,5
2 1 19,5 13,25 10 2,5 49,2 0 49,2
3 11 18,5 12,25 10 2,5 43,9 6 43,9
4 11 21,5 15,75 11,25 2 50,6 0 50,6
3 1Ay 23 19,75 12,75 2 50,4 0 50,4
6 \Y 19,5 13,25 10 — 45,8 0 45,8
7 Vi 17,75 15,0 10,25 — 47,22 0 47,22 ]
8 I 17,5 22,5 10,75 3 15,6 4.4 20,0
9 v 17,5 22,5 10,75 —_ 13,1 10,2 23,3
10 I 13,25 20,25 10,75 — 24,32 0 24,32

TpaKTa He NPHUBOAAT K 3HAUHTEJBHOMY YyJYULIEHHIO COrJIdCOBAHHSI IMHTTaH-
ca myyka Ha BBIXOJe TpPaKTa ¢ aJAMHTAHCOM CHHXpPOTpOHa. Ilpu pacuere
OblJ TaKXKe HCCJAeNOBAH TPAKT TPAaHCIOPTHPOBKH, COCTOSIIHMIA H3 TpeX KBa-
APYIOJbHBIX JIMH3 BJAOJb TPAaKTa HHXKeKUHH (BapHautel 6,7 taba. 1). M3
taba. 1 BHIHO, 4TO TPaHCHOPTHPOBKA IIyuKa OT HHXKEKTOpPAa B YCKODHTENIDL
MOXeT OblTh OCYHIECTBJEHAa CHCTEMOH H3 TpPeX JHH3, B CpPeAHeM C TeM Ke
3 deKTOM, UTO H CHCTEMOH, COCTOSALICH H3 uUeTbhipex KBaAPYNOJbHBIX JHH3.
B To Ke BpeMs NpHMeHeHHe 3JEKTPOHHO-ONTHYECKOH CHCTeMBbl, COCTOALLCH
H3 Tpex KBAAPYNOJbHBIX JHH3, NO3BOJSET OCBOOOAHTb IIPOCTPAHCTBO Ha
TpaKTe HHXKEKUHH CHHXPOTPOHA /A pa3MelleHHs NOINOJHHTENbHOH 3KcIe-
pPHMEHTaJBHON annapaTtypbl. Mi3MepeHHsI TOKONPOBOXKAECHHS IO TPAKTy HH-
JKEKUHH U Yepe3 HHGJEeKTOp MoKas3aJsH, 4TO IPU lapaMeTrpax KBaJpyloJb-
HBIX JIHH3, NpUBeAeHHBIX B Taba. 1 (Bapuantwl 1, 2), yaaercss NOJYUHTL
MaKCHMaJbHBIH TOK Ha BbIXoJAe HH{JekTopa. H3mepeHHs NpOBOAHJHCHL Ha
uunuuapax dapajges Ha BHIXOAE MHKPOTPOHA H 33 HHQJIEKTOPOM. DMHTTAHC
MHKPOTPOHa B FOPH30HTAJNBLHOH IJIOCKOCTH HMeeT 3HauHTelpHO OoJsbllHe
pasMephbl, ueM B BepTHKaJbHOH, B TO Ke BpeMf 06J1acTb, YAOBJCTBOPAIO-
nlasg yCJOBHSAM 3aXBaTa B BepPTHKaJbHOH IJIOCKOCTH, 2-3 pasa IpeBoC-
XOAHT o mjowanu o6aacTb, YAOBJETBOPAIOLLYIO VCJIOBHSAM 3axBara uac-
THIL B YCKOPEHHE B FOPH30HTAJbHOH IJIOCKOCTH. B cBSI3H ¢ 3TUM ObIJIO BHI-
CKa3aHo HpeAnoJioXkeHHe o 1lesecooB6pasHOCTH NOBOPOTA 3MHTTAHcA IMyuka
Ha 90°. Tako#i TOBOPOT MOXKHO OCYIIECTBHTb, MNOBOPAYHBASA IJIOCKOCTD
MarHuTa HHxKekTopa Ha 90° OTHOCHTEJNBHO IJIOCKOCTH CHHXPOTpPOHA HJH
¢ TIOMOILbIO aKCHAJbHO CHMMETPHYHOIO MATHHTHOTO 10JIsT KOPOTKOI JIHH3WI.
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IlpoBenennbie pacueTsl MOATBEPAHIH HPABHJIBHOCTb CIEJAHHOIO Upeanosio-
>keHus (tab.a. 1, Bapuants 8 =+ 10).

Bapuante 8—9 nosyuyeHs! Ipu NOBEPHYTOM 3MUTTAHCE HA BXOJAe TpaK-
Ta, BapHaHT 10 — Ha BBIXOAe Tpakra (puc. 1). OcuuanorpaMMel MHTTaH-
COB MyYKa Ha BHIXOJAe TPakKTa B TOPH30HTAJbHON M BeDTHKAJbHOH MJIOCKG-
CTAX CHMMETPHH JJs ONTHMAJbHBIX NapaMeTpOB KBAAPVIOJbHLIX JIHH3
(apuaunt 8,9 — MOBOPOT 3MHTTAHCa Nyyka Ha BXode Tpakta Ha 90°) npH-
pejleHsl Ha puc. 4. C yueToM 3HepreTHdyeckoro paszbpoca HHKCKTHPYEMOTO

)
Sn%
80 t
7 Puc. 2. 3aBHCHMOCTb H3MEHEHHA
0 ' // CPeIHHX I0Tepb YdacCTHiU 1% pas-
4 JHUYHBIX [1ADAMETPOB (POpMHPYIO-
N\ i Hleit cucrteMbl OT BpEeMeHl  UH-
// AeKUH
40 = \ 3
|
J
20 2 s
ey .
~ <7 l/*
1]

033 1 7 23 275 Ty, peen

Myuka IoBOpPOT 3MHTTaHcoB nyuxka Ha 90° Ha Bxoje TpakTa (Bapuadt 8,9)
NO3BOJISIET YBEeJAHUHTb KO3(PPHULHEHT 3aXBaTa Ha NepBOM 3Tane HHKEKIHI
B 1,5—2 pasa.

B Hacrosiulee BpeMsi Ha CHHXPOTpPOHe [pPOBOJAHTCH paspaboTKa cucrTe-
Mbl oBopoTa aMuTTaHcoB Ha 90°. Ha puc. 2 noxkaszaHsl pacueTHble 3aBHCH-
moctit S, = [(1) IS NOJYUEHHBIX ONTHMAaJbHLIX BAapHAHTOB KO3(QHUUH-
CHTOB KBaApYNoJbHuIX JuH3 I, 6, 8, 9 (tada. 1). M3 puc. 2 puano, uto
HaudoJbliHe TOTEPH YACTHI, NPOHUCXOASIT B Hauasde H B KOHUHE IepBOro
3Talla MHAKEKUMH. B HHTepBase BpeMeHH HHXKeKUMH 1, = 1 =~ 2,3 MceK
NOTepH YaCTUL OCTAIOTCSH NMOCTOAHHBIMH. ONBIT NPOBEAEHHOrO HCC/ACL0BAHHA
TPpaKTa HMHXKEKUHM CHHXPOTPOHA IOKaszaJ, u4To paspaboTaHHas KOppeJsiilH-
OHHO-3KCTpeMaJdibHasag cucreMa HossogaseT B 30—40 pas CcOKpaTHTb BpeMd,
HeoOX0AHMOe JJIs aHa/JaH3a H CHHTe3a HaHJyulleH CTPYKTYPBI TpakTa TpaH-
CIIOPTHPOBKH, H IIPOH3BECTH BblOOp ONTHMAJbHLIX apaMeTpPoB C J0CTaTOY-
HOH AJst HHXKCPHOH NMPAKTHKH TOUHOCTBIO.
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Puc. 4. OcnuanorpaMMpl 3MHTTAHCOB 11YUKA 1id BbIXOJ€ TPAKT:
npn ero nosopore ua 90° a, 8 — ropn3oHTaIbHuLIT W BepTil-
KAJbHblli 3MHTTAHCH AJisl ONTHMAJbUOro BapHAHTA 11apaMeT)os’
QOpPMHPYIOILEH CHCTEMBI, COCTOALLEN H3 1BYX Nap aMi3; 6, 2 —
TOPH3OHTAAbLHBI I BepTHKAJbHbII 2MHUTTAHCH 15 ONTHMAaJib-
HOTO BapHaHTa ilapaMeTpoB (OPMHPVIOULE[ CIICTEMBI, COCTOA-}
nieit 3 3 MHH3 :
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