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Cpe,n;H ycKopuTenen, ncnonasyeuux B H.n;epaux uccne.n;oBaTenacKux 
na6opaTOPUHX uupa, HSOXpOHHHe UHKnOTpOHH HBXHIOTCH H8H6onee UHoro
qncne1rnon rpynnon. Enaro,n;apa pacumpeHHIO ,llHanasoHa ::rnepnu ycKopH
eimx qaCTUU (.llO 800 MaB no npoTOH8U) H B03MOXHOCTH ycKopeHHH nyq
KOB BHCO!tHX HHT611CHBHOCTeit, UUKnOTPOHli H8XOAHT WHPOKOe npm16H6HHe 
T8K~e B o6naCTH npHKna,n;HUX H8YK H B H8POAHOU X03HHCTBe. 

Eonamon BKJ18,ll B paaBHTHe H30XpOHHliX UHK1IOTpOHOB CBOUI.IH T60-
pernqeCKHl1H H 8KCnepHM6UT8nLHUI.IH uccne,n;OB8HHHMH y1te 6onee ABYX 
A6CHTHJ16THll BHOCHT Aa6opaTOPHH H,ll6pHHX npo6neu 01-!HM B 'AY6He. IlpH 
coopymeHHH HOBNX urtKnOTp~HOB (aneKTpOHHaH MO,llen1, KOnLUeBoro UHK
JlOTpOH8 SMKU H uaoxpOHHHit UHKnOTPOH C perynupyeuon aHepruen 
Y-I20M) H paapa6oTK8 HOBHX npoeKTOB B 8TOH na6opaTOpHU 6on1,moe 
BHHU8HHe y,n;enHeTCH BOnpocau KOHTPOJIH H CT86HJlll38UHH pemHM8 YCKO
p8HHR H BHBO,D;8 nyqKa. BliCOKOe K8Q6CTBO ynpaBneHHH pexHMOU ycKope
HHH He06XOAHMO K8K B cunLHOTO'lliHX yCKOPHTenHX C UO~HOCTI,10 B nyq
Ke,,n;OCTHr81l~en ,D;8CllTKOB !ABT, T8JC 'u B UHK3IOTpOH8X C pery1rnpyeuoit 
aHeprHett a c noBumeHHliUH Tpe6oBaHHHJAH JC uoHoaHepreTaqaocTH ycKo
peHHHX HOHOB. B pe\I)epnpyeuoit ,D;HCCepT8L\HH npHB8,ll6Hli peaynLT8TH 
TeopeTHqecKHX H 8KCnepHIABHT8JlaHliX pa6oT,no ,D;8HHO~ Tewe, BHnon
H8HHliX 8BTOp01A B na6opaTopu. PaccM8TpHB88TCll MHOro1.1epH8ll 

CHCT8U8 ynp8Bll6HllH \IJ880l1 nconeTS, OCY~OCTBnll8MOrO B uemt, .38W<Hy
TOit qepea ynpaBnHJO~YJO UBM/ ,5/. 38BHCHMOCTI, OT pa,n;Hyca \IJ83H npo
neTa nyqKa OTHOCHT6JlLHO B. q. yCKOplrn~ero HanpHli8HHll uauepHeTcn C 
IlOIAQ~I,IO l1H,llyKUllOHHHX ,D;8TQHKOB • CHrH8Jlli I H8B6,ll6HHNe HO ,n;aTqHK8X 
ny•rno11, npoxo,n;H qepea MHOrOKaHanLHHtt KOM1!YT8TOP, ynpaBnHOUHl! UBI,!, 
nocne CTp060CKO~HqecKoro npeo6p830B8HHfl H ICO.llHPOB8HHfl U8T8M8TH

qecKH o,6pa6aTHB3llTCH B UBM. IlonyqeHHHe T8KHl4 o6paaoM H8 ,D;HCKpeT
HliX pa,n;Hycax UHKnOTPOH8 \I)aau nyqKa HCilOJla3yIOTCH ,llJlH BuqucneHHfl 
TOKOBHX ,n;o6aBOK B KOHU6HTpHqecKHX o6MOTK8X Kopp~KUHH cpe,n;Hero 
MBrHHTHOro nonll. TOKH BliCT8BXHIOTCH H8 HCTQqHHK8X qepea UH\I)po-
8HanoroBue npeo6paaoBaTenH. 

nHccepTBUHR COCTOHT HS BB8,D;8HHR 1 W6CTH rnaB H 88KJllOqeHHH. 

061,i;;,i.;mH:mihlfi 1mcmryr ·1 
Ulltspnl:l:z. ncde,no~lffli 

6f/iGJf~OTEKA 



B nepBott rnaBe npHBO)lflTCfl OCHOBHH8 coo6pazeHHH no 118TO)IHK8 

H H8KOTOPhlll o6~HII acneKT811 pemeHHH npo6ne11H ynpaBn8HHfl peEHMOII 
ycKop8HHH, OCHOBHOtt nenLD KOTOporo HBnfl8TCH nonyqeHHe H8 KOHeq
HOII pa.nnyce UHKnOTpOH8 ny~a C 38)18HHHIIH CBOttCTB8MH (aHeprHH, 
paa6poc aHeprHH H T.n.). nnfl C03)18HHH H CT86HnH38UHH H30XPOHHOro 
peu11a yCKOP8HHH B8CLll8 nenecoo6p83HO HCnonL30B8TL 38BHCHIIOCTL 
~aau nponeTa OT pa.nnyca. Ha coOTHomeHHH ueir,ny napa11eTpa11H nyqKa 

H IIOH03HepreTHqHQCTLD ycKOPH811HX,qacTHn BHT8K8DT E8CTKHe Tpe6oBa

HHfl K TQqttQCTH X0.118 ~83H (r-2°) HK 83HMyTanLHOtt npOTHX8HHOCTH 
crycTKOB (11eHLme s0 .nnH tJ. E/E=I0-3). IlpHMeHeHHe Tpeueit rap110HH
KH ycKOPHDmero B03)18itCTBHH IIOE8T cymecTB8HHO noH~3HTL .3TH Tpe6o

B8HHH. 
IlpHll8H8HH8 ynpaBJlltDmett UBM B KaqeCTBe UH~poaoro perynHTopa 

B cnoxHOtt CHCT8118 ynpaBn8HHH HenpepHBHHM 11HOro11epHHII o6~8KTOII 
06na.11aeT 11HorH11H npeH11ymecTB811H nepe.11 KnaccHqecKoit aHanoroBott 

T8XHHKOit. M8HHH COOTB8TCTBY~He nporpauw, 1103:HO cp8BHHT8nLHO 
nerxo 118HHTL anropHTII pa60TH BC8it CHCT8MN. YnpaBneHHe UHKnOTpO

HOII K8K o6~8KTOII, He no.11BeprammH11CH 6HCTPHII B0311Ym8HHHU, ocymecT
BnHeTCH B npe.nnoxeHHOtt CHCTeMe B UHKnax C OXH.118HH811 nonHOro 38TY
X8HHH nepexo.11Horo nponecca nocne oqepe.11Horo HTepanHouHoro mara. 
8TO ll03BOnHeT nonyqHTL BHCOKH8 TQqHQCTH perymi:poB8HHfl 6ea onace

HHfl B03HHKHOB8HHH HeycToltqHBOCTH npouecca 38 cqeT H8Y.IIOBneTBOpH
T8nLHOro CHHT838 cnoxHoro IIHOrouepaoro KOHTypa o6p8THOit CBH3H C 
TOqKH apeHHfl ero )IHH8MHq8CKHX CBOttCTB. 

IlpHBO.IIHTCH no.11po6uutt 11aTpHqautt aaanHa npe.nnoxeuaott cHcTe11u 
ynpaBn8HHH UHKnOTpOHOII, KOTOP8fl B He6onLmott OKpeCTHOCTH pa6oqett 
TQqKH cqHT88TCH 38MKHyToit, MHoro11epHoit, nHHe8pH30B8HHOit, CT8UHO

H8pHOit CHCT8MOit 8BTOll8THqecKoro perynHpOB8HHH )IHCKP8THOro .nettcT

BHfl C 8CT8TH3MOM HyneBoro llOPH.11K8 • 
IlonyqeHHOe ypaBH8HH8 COCTOHHHH B B8KTOpH0-118TpHqHQII BH.118 no-

3BOnHeT onpe.nenHTL ycnOBHH BBTOHOIIHOCTH H HHB8pH8HTHOCTH. BHB8-

)18Hli cooTBeTcTayvmHe ypaBHeHHH B CKannpaott ~p11e, y.1106uott .nnH 
npaKTHqecxoro npHM8H8HHH. IlOCKOnLKy H8 np8KTHK8 HCXO)IH8fl HH4}op
M8UHH O COCTOHHHH CHCT811H qacTO nonyqaeTCfl C H8KOTOpott omH6Koit, 
11 anropHTll8X pa6oqHX nporpa1111 HCnOnL3Y8TCH'll8TO)I perynHpH88UHH 
H8KoppeKTHHX aa.naq .nnH ynyqmeHHfl CXO)IHIIOCTH nponecca ynpaBneHHH 

H )IJlfl orp8HHqeHHH ynpaBnHDmHx B03)18itCTBHit B npe.nenax 38)18HHOit 

.nonycTHMOit o6naCTH. 
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HaKOHen, )188TCH KOPOTKHtt nepeqeHL .npyrHX 118TO)IOB, BKnmqaH 
118TO)IN 118T8118THqecKoro nporpau11HpOB8HHH, rp8)1H8HTHH8 118TO)IH H 

paaHue 11eTo.11u cnyqaltHoro noHcKa. 

BTopaH rna11a IlOCBHmeHa aaanH3Y npHHUHllOB pa60TH HH./IYKUHOH
HHX )18TqHKOB CBOttCTB nyqKa B UHKnOTpOH8X. naTQHKH B BH.118 npOBO

.llflmHx nnaCTHH, H8XO.IIHmHXCH B aneKTPHQ8CKOM H M8rHHTHOII nonHX 
yCKOpHe11oro nyqKa, pacc11aTpHB8DTCH K8K yqacTKH O)IHOpO)IHOli HHHHH 

c pacnpe.neneHHHIIH napa11eTpa11u. IlyqoK npe.ncTaaneH.B an.ne .nanzyme
rocH C8KTOpa aapHE8HHOit nnOCKOCTH. BHB8)18HH o6~He ypaBH8HHH )IHH 
uanpH~8HHR Ha BHX0.118 )18TqHK8 B onepaTOpHOM Bl/l,ll8 
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p[(Zo+Z,)(Zo+ZK)e - (Zo-Z,)(ZO-ZK)e ] (I) 

r.ne opHrHHanu E(t) =-bas/at n J(t l =eao/at , b He -
llll/lPHHa 11 BHCOT8 )18TQl/lK8, 8 H O - COOTB6TC TB8HHO uarHl1TH8R H 
aneKTpHqecKaH HHAYKUHH, B036yg.naeuue nyqKOM B o6naCTl/l A8T4HK8, 

Vo H i - CKOpOCTL 1/l BpeMH pacnpocr_p8H8!UIR IlOJIH BAOnI, A8TQl/l
K8 1 Z1 1 Z K H Z O - HaqanJ,HHit, KOH8qHHlt 11 BOHHOBOit HMil8)18HCH 

.11aTq1ma. Ilp,rne.neua TaOm1na 1pop11yn H nepexo.ztttux xapaKrepHCTHK, 
nonyqenHHX H3 (I) AJIR HH.IIJKTHBHHX (Z, =- 0 ), eMKOCTHHX (Z,=oO ), 
CM8I!l8HHl,IX ( Z1 = Z o ) )18T4HKOB )IHipIJepeHUl<IPYIDlll8rO ( zK:::: 2 o ) 1/l HH
TerpHpyDmero (ZK»Zo ) Tl1na C cornacoBaHHHMH ( ZK= zo) H H8CO
rnacoB8HHUUH (ZK;tZ0 ) HarpyaKa11H. ~na orpattHqeHHoro .11Hanaa0Ha 
48CTOT npHM8HHM8 8KBHB8H8HTH8H cxeua )18TQI/IK8 C cocpe)IOTOQ8HHUMl/l 
napaueTp811H, Olll/ICHB88M8H 6onee npoCTO. HanpHK6Hl/le H8 )18T4HK8 

f (I1(pJR1 + E1(p)J 
U(p) % z 

1 + p("<1 •'ta) + P-C-:~ 
(2) 

r.ne 

f =Ri</(R,+f\) 1 T1 =CR1 / 't'z=L /RI( / lo ~/ 
R, H RK - HaqanLHOe H KOH8QHOe conpOTl/lBH8Hl/lH )laTqHK8 1 C H 
L- ~OnHHe 811KOCTL H HH.IIYKTI/IBHOCTI, KOHTypa )laTqHKa , I, - cyu

M8PHHM TOK H E 1 - a.nc, 11aae.11eHHue nyqKou BO acett ileTne .naTqHKa. 
C HCnonL30B8HH6M M8TO)l8 38Il83)1!,IB8D~HX noTeHUH8HOB BHB8)18HH 

14CXO)IHH8 1pop11ynH )lnH 3H8KTpHQ8CKOlt H M8I'HHTHOii COCT8BHHD!llHX nonn 
ny1U<a B o6naCTH .11aTqHK8. IlOK838HO, qTo npH CKOpOCTH )IB>lllt8HHH 

ny1ll<a J9 """' 0,3 IIOllCHO He yqHTHB8TL BHHRHH8 penHTHBH3118. IlpH 60-
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nee BHCOKHX CKOpOCTHX KaqeCTBO CHrH8HOB yHyqmaeTCR. nHa npoHa

BOHhHOll qiopMH nyqKa H8 A8TqHK8X HHTerpHpy10111ero THna (eUKOCTHHll 
A8TqHK C BHCOKOOMHOlt H8rpy8KOJ1 R K ) n0Hyq1rn HanpaxeHHe 

1/.2 

lLj{f} !'r,~ Jiorclj('f'1-E1- j )';.r-orc/y(.;1-t- f )~J'1/er(t,r}dt. (3) 

-'ti~ 
H AHR AH\W)epeHUHpy10111ero THna (eUKOCTHHil C HH8KOOMHOl1 HarpySKOli 

HnH HHAYKTHBHHli THn) 
'l/2 

. II ,f 1 - l · 
~('f) = kdJ"l 0 2,.('f+e+ ~)2-r;-1 - 0 2+(u,+£- v1}2,,;142; rr(4r}d€1 (4) 

-"l/1 2. 
7 l 

rAe AHR 6MKOCTHoro A8TQHK8 

oetJ"R1< 2 
(5) /(d == rr.J 

.2.rr 
H AHR HHAYKTHBHOro 

o hJI "'-'a. .3 2 
(6) kd= rw . ,,z.,r 

3AeCh Q - p8CCTORHH6 A8TQHK8 OT nHOCKOCTH ABHl!t8HHR nyQKa, 

'f' - yroH M6l!t'AY OCRMH nyqKa H A8TqHK8, r -·paAHYC, H8 KOTO

POM H8XOAHTCR A8TqHK, J" = -f/~, rr'(e,r)- 4JYHKI.U1H pac
npeA6H6HHR nHOTHOCTH 88PRA8 B nyqKe, no:rmaR 88HMYT8HhH8R npOTR

llC8HHOCTb KOToporo p8BH8 12 , tit= I/ r '' - l.(m!Ha l.(8TQl1Ka. 
IlOCHe 8H8HH88 CBOJiCTB A8TQHKOB C TOtmH apeHHR OTHOW8HHR no

H88HOro CHrHaHa K H8BOAK6 BHqHCilRIOTCR H cpaBHHB810TCR qiopw CHrHa

HOB npH HOpManhHOM pacnpel.(e~eHHH nHOTHOCTH 88pRl.(8 B crycTKe no 

88KOHY 

cr(17E) = ¼ 
e.2. 

h /r} ~e- 2.>.2. 
wr.). 1 (7) 

rAe I 5 - cpeAHHli TOK nyqKa, lJ - KpyroBaR qacTora Bpa111eHHR 

nyqKa, ..A - napaxeTp HOpMBHLHoro pacnpel.(eneHHR, h(r) - nHoT

HOCTh opCiHT H8 pal.(Hyce r . 
Ilonyqemrne q>OPMH CHrHanoB U/(<f} H Ud(</) AHR HHTerpn

py10111ero H. l.(Hqiq>epeHUHpym111ero l.(8TqHKOB UHKHOTPOH8 Y-I20M npHB8A8-
HH B BHA6 rpaq>HKOB. IlpHB8A6HH T8Kl!te rpaq>HKH 88BHCHMOCTel1 OT pa

AHYC8 8MllnHTY'A.CHrH8HOB OTA8HhHHX THnOB ABTQHKOB H8 Y-I20M H Ha 
SMKU. ~8 npHBeAeHHOlt T80HHUH qyBCTBHT6HhHOCTel A8TqHKOB B paa
HHX peuuax paCiOTH ~HKilOTpOH8 Y-l20M CH8Aj6T, ~o C8MHl CionhmOU 

4 

J 

I .. 
I 
f' 

AH8Il880H HSMeHeHHR BMnnHTYl.( noHyqeH AHR HHAYKTHBHoro (I:380), 
nyqmlllt y eMKOCTHoro AH\W)ep6Hl:{Hpy10111ero (I :32) H H8HHYQWHil y HHTe

rpupy10111ero (I:5) THnoB ~8TQHKOB. no cp8BH6HHIO C ApyrHMll THilBMH 
HHTerpHpyo111Hn A8TQHK, KPOMe M8KCHM8ID>HOll qyBCTBHT6nLHOCTH,OOH8A8-
eT l! H8HHYQWHM COOTBeTCTBHeM r;{OpMH CHrHBH8 qiop1.1e cryCTKa. 

HaKOHeu,npHB6A6HH qacTOTHHe cneKTPH curHaHOB HHTerpHpy10111ero 

H AHqiq>epeHUHPYIOlll6rO THilOB H BH'AH COOTBeTCTBYIOIIIHX curH8HOB, BHQHC
HeHHNX C yqeTOM Q8CTOTHhlX HCK8lK6HHil 88 CQ6T orp8HHQ6HHOH IlOHOCH 
nponyCK8HHli B.Q. Tp8KT8. Ha npHMepe 'A8TqHK8 'AHii Y-I20M nOK888HO, 
QTO AHR IlOHyqeHHli CABHra q>88H M6HLW6 r0 H8AO ooecneqHTD noHOCY 

nponycKaHHR oonLme ro9 ru. 

TpeThR rH8B8 IlOCBR1116H8 8BTOM8THQ6CKOil oopaoorKe CHrHanoB C 

HHAYKUHOHHHX ABTQHKOB npH IlOMOIIIH cepHilHOro CTpOOOCKOilHqecKoro 
OCUHHHOCKOna OsA-601 H ynpaBHRIOlll6l1 UBM/2/. C03ABHH8R,CHCT6M8 

B1!6CTe C nporpa11MHHM oCiecneqeHH6M npHMeHl!J.18 He TOnLKO AHR ABHHOll 
88A8QH, HOH AHR oopaCiOTKH HIOOllX CHrHanoB, nOl.(l.(810111HXCR CTpoCiOCKO

n.11qeCKOMY npeo6p880B8HHIO. 
CHrHan, H8XO'ARIIUlliCR H8 BXO'A6 OTKPHTOro no KOM8HA6 UBM K8H8-

H8 aHeKrpoHHoro KOMllyTaTopa, nocrynaeT Ha BXO}'.( ocunHHOCKOna. 
AMllnHTYAU BUCiOpOK CHrH8H8, BUBOAHMHX H3 HH3KOQ8CTOTHOro Tp8KT8 
OCUHHHOCKOna, KO'AHPYIOTCR H BBO}'.(RTCR B UBM. B03MOlKHOCTL CiHCTporo 
OTKnvqeHHR BCeX BXO'AOB KOMUYT8TOpa noanonaeT BO BpeMR nepBHqHott 

o6pa60TKH yqHTHB8Th TBKEe KO'AH,COOTB6TCTBYD~H6 uyHeBOMy YPOBHIO 
BXOA8 OCUHHHOCKona. CHCTeua UOlK8T 11auepRTD H Cp8BHl1B8Th ABB npo
uecca c EpeueHHHll paapeweHHOU OKOHO 0,015 HC. 

Pa"apa60T8HH ABB 116TO'A8 H3116p6Hl1R !p88H npoHeTa/3 ,6/. · B nepBOM 

qiaaa onpeAeHR6TCR no .reoueTpHqOCKOMY IlOHOX6HHD xapaKT6pHOit TOqKH 
CHrH8H8 OTHOCIIT6HLHO onopttoro H8IlpRJK6HHli, n0Hyqe1moro OT B • q. 

CHCT6MH nHT8HllR 'AY8HT8. BXO'A CTp060CKOnHQ6CKOro OCUHHnOCKOil8 KOM-
11YTHpyeTCli TBKHM cnocoCiou, QTO H8 3KP8H6 H B COOTBOTCTBYIOIIIHX ll8C
CllB8X Il8MRTH UBM H806p8lK8DTCli no KPBRM yqacTKH onopnoro H8IlPffJKe
HHR, onpeAeHRDIIIHe nonnepHoAa, a B cepe'AHHe - c11rHaJI,qiaaa Koroporo 

-BHqHC~.ReTCR (pHC. 2). Bo BTOpou, 60Hee CHOlKHOM M6TO'A6, BU'A6nRDT
Cli q>838 H 8UilHHTY'A8 BTOpott rapWOHHKH CHrH8H8 C HCnOHL30B8HH6M 
qHCH8HHoro 8H8HH88 ~ypDC. }InR nuqHCHOHldt BBOl.(HTCli B Il81IBTD UBM 
1rnoopaxemrn car11aHa H onopttoro 11anpRi1eHllR aa uemlit nepHO'A (p»c. 3). 
0CHOBH06 npeHMYlll6CTBO aroro M6TOA8 COCTOHT B cymecTBOIIHOM no~aB
H6HHH BHHliHHR H8BOAKH OT B.q. ycKopRDlllero H8IlPRX6HHli H8 TO'l!IOCTh 

11311epemrn. 
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IlorpemHOCTL pa60Tll annapaTypu B pelltHM6 H8M6p6HHfl C,llBHra <J)a-
8!l nonyqetta .ztna cTaa.ztapTHl,I)( curttanoB oKono ±0,1°, .ztna cHraanoB 

HHAYKTHBHUX ,llaTqHKOB Ha 3MKU B aaBHCHUOCTH OT KaqecTBa CHrHanoB
OK0110 2°. 

B qeTB6pToi1 r11aBe B!lB6,lleHU OCHOBHU6 COOTHOmeHHfl, H606XO,llH
M!l6 ,llHfl BUqucneHHfl OllTHMBnLHblX TOKOB B KOHU6HTpHqecKmc 06MOTKax. 

HCXO,llfl HS H3B6CTHOtt 88BHCIWOCTH C,llBHra <JJaa U6llt.llY ABYMR pa.ztHYCBMH· 
R,• 

Jin<f(R,)-SilJ(;(R0 ) = - tJ;':to~.:./{~(r)-4frJ}S(rjrdr (B) 

H nonaraa, qTo <J)aaa nyqKa ':j)(Ro) 1:~ paAHyce HHX6KUHH R0 He 
38BHCHT OT Il0B6,ll6HHH uarHHTHOrO IlOJIH H(r}, nonyquu ,llJIH Jill6oro pa.ztH
yca R; 38BHCHMOCTL C,llBHra (p83!l OT cyuw ,ll068BOK TOKOB B n 06-
MOTKBX B BH,lle 

n 
~ sinr;(R1)=.J~ GyLJ~·, (9) 

r.zte R/ 
.t,,iT£0 fi G;;=-LlW/-1. r2 ;IJ(r)S(r)rclr. _ (IO) 

J :So oa 
Ro . • ;; .. 1 4H(r) 

38BHCHMOCTL uarHHTHoro nonfl OT TOKB B j -TOL1 061tOTK6 9./ 1".i = 1Jij 
nu6o B!lqHCJifl6TCfl no reoMeTpHqecKHM ,llBHH!lU {3MKU), JIHC50 nonyqaeT
Cfl o6pa6oTKoL1 uarHHTH!lX HauepeHHtt (Y-12011). Koa(p<JJHUHeHTll Gg 
UOlltHO T8KE6 .nonyqHTL npauuu H3U6p6HH6U HS ,ll6L1CTBYll~6H UHKHOTPOH6, 

HCllOHL3Yfl COOTHOlll6HH6 Gy = L'. S/n <.j)f Rz) / .::J. 1/. 
!.!HHilKHBHpyfl @YHKUHOHBJI 

m n 2 n 2. 

F = r.fr.. G ij fJ I) -fj sinc_p( Rf) } + ?-( ol_j t!..[i), 
h1J•f 'J pf 

(II) 

nonyqHM B COOTB6TCTBHH C BllBO,ll8UH B nepBOL1 rJiaBe CHCTCMY n 
ypBBH6HHtt C VI H6H3B6CTHUMH, B KOTopon f -Toe YPBBH6HH6 HM66T 

BH,ll 
n m m · 

.l.lJJ'J-(j:G;pGii)+d~tl/p= J:- G,'p/Jslnro(Rfl cr2) 
/~ ~1 ~ 24 T 

r.zte ol.. p - BKCnepHUeHTBHLHO no.zto6paHHll6 K03<J)(pHQHeHTll perynflpHaa
UHH. B peaynLT8T6 peweHHfl STOA CHCT6Ull nonyqaDTCfl OllTHKBnLHll6 
TOKH, MHHHMH8Hpyll~H6 aaaqeHH6 @YIIKUHOHBna F • Ilp6.JlYCMOTp6HO 
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BBeA6HHe B CHCTeuy ycnOBHfl coxpaneHHfl uarHHTHOro nonfl Ha pa.ztHYC6 
HHllteKUHH, B6nH3H KOToporo, KaK npaBHHO, HH,llYKUHOHHllC .ztaTqHKH He 
uoryT o6ecneqHTL ,llOCTOBepHOil HH~OpMaUHH o <J)aae nponeTa. 

Ilpe.ztnaraDTCfl MCTO,ll!l K8nHC5pOBKH CHCTel.lll HSMepCIIHfl (p88!l npo11e
T8, HCilOHL3yDmHC H81IHHCi1HYlO 38BHCHUOCTL C,llBHra W83!l 1IH60 npH H3-
U8HCHHflX TOKB B 0,llHOli H3 KOPPCKTHPYllmHx OC5UOTOK, nu6o npH H3Mene
HHHX 8MI11IBTY.llll YCKOpHDmero HanpHllteHHfl. 0UCHK8 ,llOCTHlKHMOi1 ToqHOCTH 
K8nH6pOBKH IlOK83!lB86T, ~o acnonL30B8HH6 npo6HUX CKSqKOB TOKB B 
Bll6p8HHOil 06MOTKe l,!O,KeT npH ,llOCT8TOqao 601ILlllHX B03MYil!CHHflX <J)aau 

o6ecneqHTL TOqHOCTL K8nH6pOBKH CHCTeUU, Cp8BHHMYIO C BCJlHql!HOi1 

cnyqafftton omu6KH nauepeHHH <J)aau nponeTa. 
-IlpH no.ztrOTOBKC anropHTUB ynpaB118HHfl UHK1IOTPOHOU eme ,llO H8-

qana pa60Tll C peanollllU o6~eKTOU BUrO,llHO HCC116,llOB8TL IlOBe,lleHHe 

CHCT6Mll C HCil01IL30B8HHCU· !.18T6M8THqecKOro MO,ll61IHPOBBHHfl na UBM. 
B IlflTOil rnaBe OllHCllB86TCfl nporp8UUH06 o6ecneqenHe TBKOH aa

.ztaim, M6TO,lll1K8 H peaynLTBTll uccne,110B8J1Hi1, Bllll01IH8HH!lX ,ll1lfl UHKHO

TPOHB Y-I20M. KownneKc nporpa1ua, ttaa11aHHllil CYKLO , o6ecneqnaa
eT 11llllOHHCHH6 BC6X HYlltH!lX npoue,eyp, BKmoqaH o6pa60TKy aapattee 

H3MCPCHI!llX Tonorpa<J)Hi1 uarHHTHOro IlOJifl H nepipopupOB8HH6 Jl6HTll C 
KOB(p<JJHUHCHTBMH nepe.ztaToqHllX MBTPHU, HYEHUUH .ztnR npHM8H6HHH B pa-

6oqeff nporpau.ue. 
MaTeMBTHqeCKBfl M0,ll6HL UHKHOTpOH8 C TOqKH apeHHfl ~830Boro 

,llBHlltCHHfl npe,llCT8BnH6TCH B BH,ll6 CHCTeMU YPBBHCHHL1 
n 

tJ sin<;:>( R ,1 = JI; Gij 6G ( 1 + cF. f<Nf)(j)). Llij, (I3) 

r.ne RND(j) - cnyqaffHBfl 11enHqn11a C paBHOM6pHllK pacnpe.ztenCHH

eu nnoTHOCTH aepOHTHOCTH 11 o6nacTH (-I ,I) , Oc; u CF - K03q>qJH
uuenTu CHCT8M8THQ8CKOi1 H cnyqaffHOH OIIIH60K, HMHTHpyDmHe B uaTeMa
THq6CKO~ uo,11enH OTnHqHe npe,11nonaraeMoro COCTOHHHH ~HKHOTpona OT 

,ll6 '1CTBHT811Ll!Oro. 
B MO,llyne o6pa60TKH ~aau npe,llyCMOTpeHa B03MOSHOCTL crna~HBB

HHH 38BHCRMOCTH <J)aau nponeTa OT pa,nHyca, Boauy~eHHOil 38 cqeT 
cnyqalH!lX OIIIH60K HSMepeHHfl, B OTnHqHe OT nporpaMMHOrO o6ecneqenHH 

CHCT8Yll ynpaBnCHHfl .zteilCTBHTenLHllM UIIK110TpOHOM B peanLHOM uacmTa6e 

Bpeuenu, nporpauua cYKLO co.ztepzHT MOAYnH, noaaonav~He B Teqenne 
HUHTHpOBBJIHOro npouecca ynpa11neHHfl BllqHCHHTL OTKnOH8JIH6 H rpB,llH

CHTll uarHHTHoro nonR. 
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C npHMeHeHHeu nporpBMMhl CYKLO BhlnOJIHeH PH.ll Bh!qHCJI8HHil, 

HMHTHpyIOl!lHX nponecc ynpaBnemm (}'}aaon nponeTa Ha Y-I20M B paaHux 
YCJIOBHHX. CHCTeMBTHqecKH HCCJie,l!OB8JIOCI,·BJIHHHHe p88Hh!X (p8KTOPOB 

Ha CXO,llHMOCTI, nponeccoB H ToquoCTI, nonyqeHHOil (p88h!. Oco6eHHO 
Bpe,llHh!M OK888JIOCI, BJIHHHHe cnyqattuux OWH60K, BBe,lleHHh!X C nOMOl!lblO 

K03!MlHUHeHT8 CF' • BnaronpHHTHO B03,l!eilCTBOB8JIH npone,l!ypa crJI8lltH
B8HHH (}'}83h! H BBe,l!eHHe K03iM_iHUHeHTOB perynHpH381\HH c<,, • Bu6op on
THM8JII,HUX 3HaqeHHil c<.. o6ecneqHBaeT1 HapH.llY c 6onee paBnoMepuo!:t 
CXO,l!HMOCTI,IO,H MHHHM8JlbHUe rpa,l!HeHTU OTKJIOHeHHil M8rHHTHOro nonH, 
H TeM C8MUM npe,l!ynpel[,llaeT B03MOlltHOCTI, paapyweHHH ycTottqHBOrO 

npouecca YCKOpeHHH. B TeX cnyqaHx, KOr,l!a TOKH B HeKOTOpux o6MOT
K8X B peaynoTBTe BUqHcJieHHil BUXO,l!HJIH 6u 38 'npe,l!eJIH ,l!OnyCTHMOil o6-
JI8CTH, Bh!qHcJieHHe noBTOpH8TCH. IlpH 3TOM TOKH B COOTBeTCTBYIOlllHX 
06MOTK8X (pHKCHpyIOTCH Ha npezHHX 3HaqeHHRX C npHMeHeHHeM ,l!OCT8Toq
HO 60JII,WHX 3HaqeHHil COOTBeTCTBYIOlllHX °'"- • Ilocne nonyqeHHH Y.llOBJie
TBOPHTeJibHOro peweHHH BOCCT8H8BJIBB8IOTCH pa6oque 3H8qeHHH Bcexo<:.. 

IlporpaMM8 CYKLO, OCH8l!leHH8H ,l!HCileTqepCKHM MO,llyJieM HHTepaK
THBHOro pelltHM8 pa60TH onepaTopa C CHCTeuon, Il03BOJIHeT 6HCTpO ue
HHTb KOHqmrypauHIO,CHCTeMH C npOH3BOJII,HHM H860p0M KOppeKTHpyIOtqHX 
06MOTOK. BJIHHHHe CTpyKTYPhl 06MOTOK H8 TOqHOCTI, ynpaBJieHHH gJ830il 
nponeTa T8Kllte HCCJie,llOB8JIOCI, ,l!JIP Y-I20M, r~e B nen1, o6paTHOil CBH-
3H BKJIIOqanoco nocTeneHHO 5, 8, 12 HIS 06MOTOK c npHM8pHO p8BHO
M8pHHM pacnpe,lleJieHHeM B,llOJII, p8,llHyCOB. B CHCTeMe C 16-TI,IO ~830BH~ 
14H ,ll8TqHK8MH npH cpaBIUITeJibHHX Buq110neHHHX H B cnyqae O,llHH8KOBO

ro HCXO,llHOro COCTOHHHH CHCTeMH co cpe,llHHM OTKJIOH8HH8M (}'}83H 40° 
nonyqe1rn cpe,llHHe OTKJIOH8HIUI 1}'}83 4,5°, 3°, 0,8° H o.s° COOTB8TCT
B8HHO. IlonyqeHHe 0,llHH8KOBHX TOqHQCTeil ,l!JIH 12 H ,llllH IS 06-
MOTOK MOX8T 6UTI, o6~HCH8HO orpaHHqeHHOil ToqHQCTblO (7 ,l!8CHTHqHHX 

p83PH,llOB) BuqucneHHil npH o6p8l!l8HHH M8TPHI\ CTOJII, BHCOKoro nopH,llK8. 
Ha peaynoTBTOB Bcex BuqHcneHHil, BHnonHeHHHX ,llJIH Y-I20M, cne~ 

.llY8T BHBO,l! 0 TOM,qro npH ,l!aHHOR crpyKrype KOppeKTHPYD[qHX OdMOTOK 
H ~a30BHX ,l!aTqHKOB MOJICHO OXl1,l(aTb nonyqeHHH roqHOCTH ~a3H nponera 
B cpe,l!Heu He xyxe 2°. 

B Haqane. mecToil rnaBH ,llaeTca KopoTKoe onHCBHHe aKcnepa»eH- · 

TSJII,HOil npOB8PKH OCHOBHHX BHBO,l!OB, nonyqeHHUX B npe,llH.I!YUUIXP83-
,ll8JI8X ,llHCCepT81\HH. SJI8KTpOHH8H MO,lleJII, peJIHTHBHCTCKoro l\HKJIOTPOH8 
SMKU ycKopana nyqoK aneKTPOHOB HHTeHCHBHOCToD 60111,me IOO wcA .llO 
8HeprHH OKOJIO 400 KaB. Cpe,llHee uarHHTHOe none BOCI,MHC8KTOpHOil 
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cnnpaJII,HOit CTpyKTYPhl 8BTOM8T11qeCKH gJOpMHpOB8JIOCI, C noMOl!lblO 8 
o6MOTOK rpyoon KOppeKUHl1, paBHOMepHO p8CIJpe,lleneHHUX B,llOJII, p8,llHy
COB B ,llHanaaoHe C 35 ,llO 105 CM. UBM'THll8 M 6000/I C Il811HTblO :. 

· 8 TliCHq 16-paapH.I\HUX cnoB ycTaHBBllHBana TOKH B acroqHHKax: nH

TBHHH KoppeKTHPYIOlllHX o6MOTOK qepea UATI c TO'lliOCToIO, · cooTlleTCTBYD
l!leil OTKJIOHeH.HHM MBrHH.THOrO nol'!H LrH/H OKOJIO ro-4 : !llaaa nponeTa 

"' .- '_ -~ ;> . ' 

H3MepH_nac1, ua pa,lluycax OT 55 ,llO 99 ci.t 'c nouom1,10 12 : HH.llYKTHBHblX 
,l!aTqHKOB cnoco6oM, onHcaHHhlM B Tpeuea rJ1ane ,1u1ccepTal\HH, · 

:1CT041MK~ nATAH11R 

KOPP, 05MOTOK 

U~KnOTPOH 

~ ... 6cu·o 
l.l.3~ 

~:::::::::::::::::::::::::::::::: Y CTPO~CTBO '• 
J1mi·. ~ 3MEpEi-i~~•-;,. 

OSA-601 

CTPOSOCK-□n114ECK~~ 
oc~~nnocKon 

PHc. I. BJIOK-Cxeua CHCT8MH ynpaBJieHHH 

H3bi'nP□ nETA. 

.. 
./lJIH HCCll8,llOB8HHH CHCTellH ynpaBneHHH' H8 ,lleilCTllY.IOl!leM ~KllOTpo

He (pHC~ I) C03,ll8HO ,nporp8MMH08 oeiecneqeirne MO.llYJibHOtt' CTpyiT'ypu, 

Il03BOllHIOl!lee KOH{lJHry'piipoB8Tb p83Hble B8pH8HThl padoqHx nporpauM. Mo

JJ.YD.b nporpaMMHoro ,llHcneTqepa B Kauo.ti nporpaMMe. 06ecne11HBan 2rn60 

HHT8p8KTHBHUH pelltHM pa60Tbl onepaTopa C CHCTeMoil, JIH60 8BTOM8THqe
CKOe Bb1IlOJIH8HHe 38]J.8HHOH nocne,llOB8T8iI,HOCTH 38,llaq B KOHe'lHh!X HJIH 

HenpepblBHO IlOBTOPHD[qHXCH l\HKJIBX. 
nporpaw.ia PIKAP cnymrna ,llJIH npoBepKH CHCTeMbl H3MepeHHH (p83H 

nponeTa .c np.iweHeH.HeM MeTO,llOB BuqHc ne~i.rn ~a3 'Jrn6~ no reouerpifqe
CKo.ti gJOpMe CH.I'H8JI8 (pm~. 2), .1IH60 no ero ,BTOpol! rapMOHHK~· (PHC. 3). 
CpaBHHTeJioHble H3MepeH11H c npHMeHei-!HeM o6oux MeTOJJ.OB npoH3BO.llH.1IHCo 

.. t . -. ! 

H8 nyqKe, 83HMYT8JII,H8H npOTHm8HHOCTI, KOToporo COCT8BJIHJI8 OKOllO 

·so~. B wHpoKOM JJ.HanaaoHe yrnon noJ1ytte~a..paaHHUa ~sMepeHH11x:x'o,ztoB 
q>83bl B HeCKO.!II,KO rpclJIYCOB. Ha pHC. 4 'nOK838H BH,ll CHrHBllOB . OT BC ex 

',llaTqHKOB ]J.JIH 4Jaau, c;a6Hl'!H3HpOB8HHOi.::B6JIH3H. q>aau M8KCHM8Jl:&~oro H8-

6opa aHeprHH. 
IlporpaMM8 CALIB HCnOJII,30B8ll8CI, ,llJIH ocy111ecTBlleHHH 8BTOM8TH

qecKOil K8JIHOpOBKH CHCTeMH H3M8p8HHH {lJ83H IlPOJI8T8 nyqKa .H ,llJIH 8B
TOM8THqeCKOrO H3MepeHHfl M8TPHU nepe]J,8TOqHUX K03{lJgJHUHeHTOB H8 ]J,et1-
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PHC. 2. liao6paEeHHe yqacTKOB 
onopHoro HanpaEeHHH H waaoBo
ro cHrHana (BuqHcneHHe waau 
no reOMeTpHqeCKO~ WOpueJ • 

••••• ••••• •••••• ••• •• 
" 

PHC. 3. liao6paEeHHe CHrHana H 
onopHoro HanpaxeHHR (ueTo~ 
qHcneHHoro aHanHaa ~ypbe). 

!i:t!!~!!!!~-~;;;: ·-------~~--·~=--=~~~==~ ,,,__ ____ Jl!!IIII,.~-,,.,- !"'oiii--

ii;:::i1~,~~ .s..._ __ ,..~.....,T.ii'~S 
·~----i!!~:.&'!·■·s ~!llllli-:!~1=lil'lll ~ 

····-~---PHC. 4. CHrHanu OT 12 
waaoBwc ~aTqHKOB Ha SMKU 
(waaa CT86HllH8HPOBaHa 

B6nH3H 45D). 
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PHc. 5. Ilpouecc npoBo~H 
nyqKa Ha umcnoTpOHe-SMKU. 

1 
J 
'! 

/\ .. r ·1i 
I 

CTBYIDIIIBM UHKJIOTPOHB cnoco6auH, TeopeTHqecKoe o60CHOBaHHe KOTopux 
HanoxeHO B 4-a rnaBe. B peayllbT8Te BhlnOnHeHHUX H8MepeHHtt nony
qeHa nepwoneHTa C COOTBeTCTBYIDIIIHMH M8TpH1taMH B BH~e, llO~XO~RIIl8M 
~na npHMBH8HHH B pa6oqett nporpaMue· MDL75. Ilo ,l!aHHhIU 8KCnepHMeH
T8llbHhlX H8MepeHH~ BH~HO, qTo ,l!ettCTBHT8llbHaa tcyBCTBHT8llbHOCTl> W88U 
K TOKaM B KoppeKTHPYIDIIIHX 06MOTK8X HBCKOllbKO Bhlme no cpaBH8HHID C 
pacqeTHott. · 

IlporpaMM8 MDL75 HBllHeTCH OCHOBHOtt pa6oqett nporpaMMOtt, ocy-
1I18CTBllRID1I1ett 8BTOMaTHqecKoe ynpaBneHHe. IlpH npaKTHq8CKOM nccne~o
B8HHH_CHCTeMU H8 3MKU nonyqeHl,J BUBO'AU, COOTBeTCTBYIDIIIHB peayn1>Ta
TaM MaTeMaTHqecKoro MO~enHpOB8HHR. IlpH nepBWC ze 8KCnepHMBHT8X 
H86nID~8ll8Cb T8H~8HUHH OT86HllH8alUIH W88, O'AH8KO HHT8HCHBHOCTb nyq
K8 yxe nocne TpeTbett HTepaunH CYJitBCTBeHHO y~~Hl>WHll8Cb, oqeBH~HO, 
Ha-aa He~onyCTHMO 60HbWHX rp8'AHBHTOB M8rHHTHOro nona, coa~aBaeuux 
B peaynuaTe aHaqHT8llbHUX 8H8KOnepeueHHhIX perymi:pyIDIIIHX 'A068BOK 
TOK8 B KOppeKTHPYIDIIIHX 06MOTKax (pHC. 6). IlpHM8HBHH8 npoue~ypu 
crnaxHBaHHR npn o6pa6oTKe HaMepeHHott aaBHCHMOCTH waau oT·pa~Hyca 
H npHMeHeHHe 6onea Toqamc MaTpHU npH BUtruCneHHRX nouornH ~06HTb
CH YCTO~qHBoro npouecca ynpaBnBHHR 6ea noTepH nyqKa. CYIIIBCTB8HHO 
6onee H8'A8l!Haa pa6oTa CHCTe1.11:1 6una nonyqeHa nocne :sBe~eH~R aKcne
PHM8HT~mbHO no~o6p8HHUX K08~HUH8HTOB c/.. (pHc. 7). CHCTeMa pa-
6oTana ycTottqHBO ~axe_ npH omH6Kax nepe~axoqHwc KOS~HUHeHTOB, 'AO
CTHraIDIIIHX 30%. IlpH MHoroqHcneHHUX HCnUT8HHHX peu1.1a ynp8Bll8HHR 
8KCnepHMeHT8lll>HO nonyqeHU aaBHCHMOCTH xo~a waau co cpe~HHM OTKno
HeHHeM OT 88~8HHOro 88KOH8 OKOllO 2° (pHC. 9). Cpe~Hee BPBMR O'AHO
ro HTepauuoHHoro mara (Hauepemrn waau, pacqeT TOKOB KoppeKUHH, 
YCT8HOBll8HHe,HOBOl'O peXHM8) OKOno 20 c. 

~ ' . , .. ,. . . ' 

'.llM_,V:CT8HOBllBHHff HCXO'AHOl'O PBlKHMa npH nycKe UHKllOTpo:iia HJIH 
nocne 60JibWHX B03MYIIIBHHttHeKOTOphIX napaMeTpOB, KOr~anyqoK Ha 
6oniimett qaCTH pa~HYCOB OTCYTCTByeT; 8JII'OPHTM ynpaBJIBHHR OCH81I18H 

-_ MO'AyneM, o6ecnequBalO!l(HM aBTOMaTHqecKoe npoBe~eHHe ny1UCa OT o6nac'"' 
TH nepBUX ~aTqHKOB waau ~o KOHeqHoropa,l!Hyca YCKOP8HHa.·IlpH o6pa-
60TKe W880BUX H8MepeHHtt B qaCTH MaCCHBa waa, COOTBeTCTBYIDIIIBtt pa
,lU4yCEJM: 6e3 pyqKa, aanHCUBaBTCR 8HaqeHHe nocne,l!He.ti H8M8PBHHOil. WB-
. au. CHc:reua yiipanJieHHJl Ha OCHOBe TaKOil llHipOpMaumi: B pe3yJibTaTe 
nepBott'HTepauHH npHBO'AHT waay B aaqanbH!flC pa~Hycax 6nnaKo K aa
~aaHott,u nyqoK npoBO,l!HTCH ~anee. KaK npaBHno, B xeqeHHe Tpex
qeThlpex TaKHX maroB MOEHO nonyqHTb pexIDl yCKOp8HHJI, 6JIH3KHil K 
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Tpn HTepaunn HeycTon1.1nBoro npouecca ynpaBneHHH 
ql830H nponeTa Ha URKJIOTpOHe 9MKI.\. B npaBOH tl8C
TH PRCYHK8 IlOK838Hhl COOTBeTCTBYIOmHe A068BKH TO
KOB B 06MOTK8X KoppeKUHR uarHHTHOro IlOJIH yCKO-

pHTeJIH. 
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,llBe mepau.i;i ycfol!1.1HBoro npouecca aBTOM8TH1.1ecKoro 
ynp8BJ16HHH C npHMeHeHHeM MeTOA8 perynHpR38UHH ... · 
YAOBJieTBOpHTeJIJ,H8H_ T01.IHOCTI, KOppeKUHH q>88hl nony1.1e
H8 npli CJlll'~CTBeHHO MeHiiillRX TOKOBhlX. A068BK8X, He· 
npoirnnHIOUll1X 3HaKonepeMeHHOro xapaKTepa. · · 
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HSOXPOHHOMY C OTKJIOHeHHeM q>83hl, He npeBumaIOmHM H8 BC6X P8AHYC8X 
t50 (PHC. 8). OCUHJIJIDrpaMMhl, HJIJIIOCTPHPYDmHe STOT nponecc, IlOK888-

Hhl H8 puc. 5. 
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Pac. 8. Ilpm.1ep npoBo,u;Im ny1.1Ra Ha 9MKU. 

CooTB6TCTByIOmee BHHll81Il1e YAe JIHJIOCI, He TOJll>KO COCTOHHHIO q>88hl 
npoJieTa, HOH 38BHCl1MOCTH OT p8AHJC8 HHTeHCHBHOCTH ny1.1Ka, KOTOp8H, 

OAH8KD,H6 BXDAHJI8 HenocpeACTB6HHO B ueneByIO q>YHKl.(11!0 OilTHM8JII,HOrD 
ynpaBJieHHH. IlpH IlPDAOJll!HTeJil>Hott pa6oTe Cl1CT61lhl C qiaaott nponeTa, 
CT86HJIH8HPOB8HHOtt B6JIH3.H ql83hl M8KCHM8J!I,HOro H86opa SHeprHH' He 
H86JIDA8JIOCI, YB6JIH1.16HHH IlOTepi, IlY1.IK8, o6yCJIOBJieHHOro BOSAe~CIBHeY 
CHCT6Mhl ynpaBJI6HHH (p11c. IO). 0~H8KO BC6-T8KH 1.18CTI, ny1.IK8 B npo
necce ycKopemrn TepHJI8Cl>, npu1.1eu STD HBJ16Hl16 H6JII,3H c5h1Jl0 061>HCHUTI, 
qJ830BhlMH IlOTepHuu. Ilporpau11a POKUS 6UJI8 C03A8H8 AJIH cny1.1anHoro 
IlOHCK8 TaKoro uarHHTHOrO nonR,a COOTB6TCTBeHHO H T8Kott 38BHCRMO
CTH ~asu nponeTa OT PBAHyca, npH KDTopux MHHH11Hs.ip0Ban;ic1, c5u no
TepH ny1.1Ka B nponecce ycKopeHHH. B pesynl>T8T6 HeCKOJII,Kl1X 8KCnepH-
1(6HTOB, BhlilOJIH6HHhlX C ABHHDll nporp8MMDn Ha 9MKU, nonyqeHU B38l1MHO 
IlDAOc5HUe 38BUCHMOCTH ql83hl OT paAHyca, no xapaKTepy c5JIR3KH6 38BU
CHMOCTHM, nony1.1ae111,1u paHiime npH PY1.IHOH HBCTpollKe UUKJIOTpOH8 Ha 
pe~Hll C IIHHl1M8J!I,HhlMH noTepHMl1 ny1.1Ka. 

Bee Bhllll!CJIHT6JII,Hhle pac5oTu,a T8K~e 38,ll81.IU, BhlilOJIHHeMhle B pe-
8JII,HOY MaCmTaC>e Bpe11eHH, BhlflOJIHHJ!HCI, H8 !.\BM CHCTellhl ACBT THil8 
M-6000, KDTopaH OK838Jl8CI, IlDAXDARl!(eR AJIH - pemeHHH 88A8q no
,ll06Horo Bl1,ll8. EAHHCTB6HHhlY CYII!6CTB6HHIDI H6ADCT8TKOM HBJIHJIOCJ, OT-
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PHC. 9. YnpaBneHHe pe~HMOM ycKopeHHH npH pa3Hh!X 38BHCHUOCTflX 
3BJ.lBHHott wa3H OT paJ.lHyca (KPHBHe I H 2) nfH HCXOJ.lHOtt 
waae (KpHB8H 0),CT86HRH3HpOB8HHOtt B6RH3H 83H MBKCH
uannHOrO Ha6opa aHeprHH aa o6opoT (Anfl SM U 45°). 
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PHc. IO. IloBe eHHe noKB3aTenett owH6KH wa3H nponeTa 1~ 
n 1, 

e-= -4-Lc.lL>:• H cpeAHero TOKa nyqKa I 8=12 4-I 8 . 
12. ,. T l I 

B npouecce ynpaBneHHH. EonnWHe BcnnecKH c npH 
HOMepax HTepaUHOHHOro wara N =8 H N =!6 BH3B8HH 
BH8WHHMH B03MY~8HHHMH. 0AHH H3 H8H6onee 6naronpHHT
HHX cnyqaeB 38BHCHMOCTH W83H OT p8J.lHYC8 llOK838H 

BBepxy. 
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cyTCTBHe BHemHero 38llOMHH8D~ero ycTpOHCTBa, KOTopoe npH BHnonHe
HHH.PHA8 38Aaq B HOpMannHOtt SKCnnyaTBUHH UHKROTpoHa ncnonn30Ba
nocn 6H ARfl xpaHeHHfl H 6HCTpott nepe3arpy3KH nporpauu H MBCCHBOB 
J.l8HHHX. IlpH p83BHTHH nporpaMMHOro o6ecneqeHHH 38Aaqn ynpaBneHHH 
BCTpeqanncn cepn83HHe TPYJ.lHOCTH C H8J.lOCT8TKOU nauflTH J.l1!H 38rpy3-
KH BCeX HYXHHX nporpaUMHhlX MOJ.lynett. Bee nporpaMMH H8llHC8Hhl Ha 
~OpTpaHe 38 HCKnDqeHH8M noAnporpaMM o6cny~HB8HHH HeCTBHJ.lBPTHHX · 
ycTpOHCTB B/B, KOTOpHe H8llHC8HH B BHA8 MOAyneH H8 Acceu6nepe, 
COBUeCTHMHX C ~opTpaHOI.I. 

~nH 6onee 6HCTpott llOArOTOBKH HOBHX nporpaMM Ha M-6000 c 
061>81.101.1 naMHTH I6K H 6onee npH OTCyTCTBHH l.!BrHHTHOro AHCKB, 6H
no C03A8HO ynyqweHH08 MBTBMBTHqecKoe o6ecneqeHHe, COCTOH~ee H3 
MOAHWHUHPOBBHHHX MOAYnett AcceM6nepa, ~opTpaHa, EeMcHKa, PeJ.laKTO
pa. IlonyqeHa cy~eCTBeHH8H 3KOHOUHH nepwoneHTH H BpeueHH TpaHCnH
UHH 38 cqeT Hcnonn30BBHHH BepxHeM qaCTH ll8UHTH B KaqeCTBe 6ywep
Horo 38llOMHH8D~ero ycTpOMCTBB. IlpeAyCMOTpeHO ynpaBneHHe pa60TOM 
TP8HCRHTOPOB BO BpeMH Tp8HCRHpOBBHHH C nouo~nD KHOnoqHoro perHCT
pa aa naHenu ynpaBneHHH UBM. 

B 38KnDqeHHH KOHCT8THpyeTCH, qTO ynpaBneHHe peEHl.!OM ycKope
HllH B HSOXpOHHHX YCKOPHT6nHX no qia3e nponeTa nyqKa C npuueHemrnu 
ynp~BnHD~en UBM B uenH o6paTHOff CBH3H HBnHeTCH BeCnMB nepcneKTHB
HliU HanpaBneHHeu COBepmeHCTBOB8HHH STHX YCKOPHTenen. 0CHOBHH8 
HTOrH onHCBHHHX B 'AHCCepTBUHH pa60T CBOAHTCH K cneJ_\yD~euy: 

I. IlpoBeAeH 8H8RH3 pexHMOB pa60TH HHAYKUHOHHHX J.l8TqHKOB qia-
3H nponeTa nyQK8 B UHKROTpoHe. PaccuoTpeHO BnHHHHe co6CTBeHHHX 
napaueTpOB AaTqHKOB H orpaauqeaaon nonocH nponycKaH~H B,q. TpaxTa 
HB HCKaxeHH8 qJ830BliX CHrHanoB. IlpeAnoxeH THU A8TqHK8 C H8Hnyqmen 
nepexOAHOi xapBKTepHCTHKOA. IlonyqeHH wopuynu H 38BHCHMOCTH, no
neSHH8 npn B!i60pe llOJ.lXOAH~ero THilB ABTqHK8 ARH pa60T!i B KOHKpeT
HHX ycnoBHHX. 

2. Pa3pa60T8H8 H BBeAeHa B SKCnnyaTBUHD CHCTeua 8BTOM8THqe
CKOA o6pa6oTKH waaOBHX CHrHanoB, OCHOBBHHBH HB npHMeHeHHH cepHtt
Horo cTpo6ocKonuqecKoro ocuunnocKona H ynpaBnHD~en UBM. 

3. IlpeAnoxeH H BB8A8H B 3KCnnyaTBUHD cnoco6 8BTOM8THqecKoff 
KBRH6pOBKH Tp8KT8 H3MepeHHH W83H nponeTB, 

4. Pa3p860T8H8 H Ha npaKTHKe npHMeH8H8 CHCTeua BBTOI.IBTHqe
CKOro uauepeHHH MaTpHU nepe'ABToqHHX K03WWHUHeHTOB HB pa60T8D~eu
UHKROTpoHe. 
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5. Coa.n;aH anrop.ll.TM Bhlq.ll.CJieH.ll.fl OilT.ll.M8JII>HhlX TOK OB KOppe1<n1m, 
Il03BOJ!fl!Oll!HH cymeCTBeHHO IlOH.ll.3.ll.TI, He6naronp.ll.HTHOe BJI.ll.HHHe HeToq
HOCTefi HCXOJJ;HOH HHtp0pM8UHH H8 CXOJJ;HMOCTI, nponecca ynpaBJieHHH. 

6. HanHC8Hhl nporpaMMhl, Il03BOJ!HIO~He npOBOJJ;HTI, npe.n;B8pHT6JII,
HYIO no.n;roTOBKY .ll. OTJI8.ZJ;KY pa6oqux nporpaMM ynp8BJI6H.ll.H JII06h!M n.ll.K
JIOTPOHOM Ha OCHOB8HHH 38p8H88 1'13MepeHHhlX BKJI8.ZJ;OB OT.n;eJII>HhlX o6uo
TOK B o6mee MarHl'ITHoe none. 06ecneqeHa npe.n;Bap.11TeJII>HaH npoBepKa 
B03MYlJl6HHH M8rHHTHoro IlOJIH, B03H.ll.KlliHX B nponecce ynpaBJICHHH. 

7. flpe.n;JIOiKeH H onpo60B8H aqiqieKTHBH!lH cnoco6 Bhlq.ll.CJI6H.llfl OilTH-
1.18JII,HhlX ynp8BJIH!OlJl.ll.X BQ3.ZJ;eficTBHfi, 06JI8CTI, .n;onyCTl'IMhlX 3HaqeuHH KO
TOPhlX MOiKeT 6h!TI, orpaHHqeHa npaKTHqecKH JII06hlll.ll. YCJIOBHHMH. 

8. flpH MHoroqHcJieHHhlX 3KCnepHMeHT8X l'ICCJie.n;oB8JIHCI, .n;eTepMH
HHPOB8HHhle M8TOJJ;hl ynp8BJI6H.ll.H H8 .n;efiCTBY!OlJl8M UHKJIOTJJOHe 8MKU, B 
KOTOpOM npH IlOMOlJ!H 12 qJ830BhlX .n;aTqHKOB .ll. 8 KOppeKTHPYIOlll.ll.X 
o6MOTOK nonyqeHO cpe.n;Hee KB8.n;p8T.ll.qHoe OTKJIOHeHHe ~83hl nponeTa OT 
aa.n;aHnoro aaKOHa nopH.n;Ka 2°. 

9. Hali.n;eH H onpo6oBaH cnoco6 aBTOMaTHqecKofi npoBo.n;KH nyq1<a 
OT o6naCT.ll. nepBhlX .n;aTq.ll.KO~ tp83hl .n;o 06JI8CTH KOHeqHhlX pa.n;HycoB yc
KOpemrn. 

IO. Onpo60B8H MeTo.n; cnyqafiHoro IlOHCK8 pellt.ll.1.18 ycKopeHHH,OilTH
M8JII,HOrO C TOqK.ll. apeHHH Ml'IHl'IM8JII,HhlX noTepI> nyqKa. 

II. flyTeM M8T8M8Tl'lqecKoro MOJJ;6Jil'lp0B8Hl'IH l'ICCJI8.ZJ;OB8H8 CHCTeua 
ynpaBJieHHH pelltHMOM ycKopeHHH H8 UHKJIOTPOHe YI20M. IlonyqeHHhl6 pe-
3YJII>T8Thl Il03BOJIHIOT Olltlf.ZJ;8TI,, qTo C03.ZJ;8HH8H CHCT6M8 ynp8B/18H.ll.H 060-
cneqHT ToqaoCTI, tp83hl npoJieTa OKOJIO 1-2°. 

OcHOBHhle peayJII>T8Thl, npHBe.n;euHhle B .n;.11cceETan.11.11, .n;onollt6Hhl ua. 
ueE.n;yHapo.n;HhlX KOHqiepeHnHHx no n.11KnOTpoHaulI, I, a T8Kllte ony6n.11-
KOB8Hhl B 6 neqaTHhlX pa60T8X. 
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