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ARTyaJILHOCTI.' · ·.:, 

r,l 

IloBLiillenne HUTeUCHBUOCTH II llJIOTHOCTH HY'IKOB ycRopeBBLIX 3apHJReHIII.ix:qacTHD; JIBnll· 

eTcJI OAH?lt .n~ oc!I?BHLIX ,3a){a'J .. B ycKopnT!!1l~~?n. ct>n3nRe n_.TexnnRe, O.nnnMn3 <lJaRT_opoB 
'. ' . - -~ .. . . . . . '• . . . - . . ' ~. - . \' ' - . "~. ·- . . . ~ ' "·. . . .- . ·". { ' ',. \ ''- ~ . .. ·" ..... . 

orpannqeunJI HUTeHC~BHOCTH llY'IRa B CHHXpOTponaX H HaROllHTenllX JIBnll!OTCil ROrepeHTHLie 

aeyc~~tt.'Jn~o~T~: O~ii 'o6y~~osnek~ ~~e~~po~ar.:liiT~LIM .B3anMo.iteltcTBne~ try~k c pa3nn'I

HLIMH aneM:eiiTaMn liaKyyMnolt ka~epu yc~~I>nTeirll. · · 8in ~eycTOfiqHBoc.fn ~oea~ ii~poronLil!: 
.xapaKTep,, pa3nnnaiOTCil. npn upeBLiruennn ~eRoTopott. nnTencnBnocTH .naRonnennoro ny'IRa 

n npnBO.ZJ;IIT R aRcnonenunanLn(>My. pocTy aMnnHTy,zt:LI ·KOrepenTnLix'uonepeqnLix. Ko~e6annl!: 
llY'IRa. lJncJIO o6napylKeHHLIX K HaCTOil~CMY BpeMCHH pa3JIH'IHLIX THROB ROrepeHTHLIX ne

ycTOJ!:qRBOCTeit BCCL!IIa,BeJIII:KO •. Q6yCJIO;JICHULie HIIIH orpannqennJI .Ha HHTeHCHBHOCTb YCRO· 

pJI_e111oro nyqKa 3acTaBnHIOT pa3pa6aTLIBaTL MeTO){LI nx n3y'Iennn.n no){aBnennn •... : 

C nenLIO noianneunJI KorepenTHLIX nonepe'IHLIX R?Jie6anntt.nyqRa B cnnxpoTponax n 

HaKOllHTCnllX npn!lleHHIOTCil cnen;nan.LHLIC CHCTe!IILI1 B ROTOpLIXHCllOJIL3YIOTCil aRTHBHLIC C~()

C06Li B03){CllCTBHJI Ha ny'IOR B COOTBCTCTBHH c·ero COCTOHHHCIII B npe.z(meCTBYIO~ne MOMeHTLI 

npeMenn. TaKne CHCTei\ILI llO){aBJienn~ B Riulmo:M H3' noix~pe-.J:nLIX nairpallnennl!:. KOJie6anntt 

COCTOHT H3· .ZJ;aT'IHKa llOJIOlKeHHJI (,li;Il) n ){HllOnLHOro !llarnnTa:.TOJIRaTemi (T), 'coe.nJiJieunLIX 

UellLIO o6paTHOJ!: CBII3H. · ,ll;aT'IHR llOJIOlKeHHH perncTpnpyeT OTKJIOHenne UeHTpa TJimeCTH 

nyqRa oT pannonecnol!: op6nTLI B !llecTe ero pacnonomeunJI: Cnrnan ~ .){aTqiJR~, ycnp,nnil:eTCil 

.no neo6xo){nllloro ypoBHil n c neo6xo){nlllott 3a){epmKott no){aeTCil na 1-oirnaTeill.; iP.e' irpoii:c:ico

,nnT n3111enenne yrna naKnona .TpaeKTOpnn · nyqKa na yron, npon9ptinonaJILHLilt oTKnonenniO 

ny'IK~ B :Mec.fe'p~clio~o~ei'In~ ){aT~H~a. BeJIH'IHHa 3a.nep}l{KH no){6npa~~·~a~nM o6pa3o!ll, . •' .,_ .• .... '' . ,, . •' ,, ,. ,,, 

'lT06LI B03){eficTBHe B TOJIKaTeJie 6LIJIO CHHXpOHH30BaHO C llOKa3aHHil!IIH ){aT'IHKa llOJIO}l{eHHJI 

.ZJ;nll O){HHX H TeX me 'laCTHU:. · Ilo){06IILie CHCTe!IILI llO.ZJ;aBJieHHll ll03BOJIHJIH cyru:ecTBeHHLIM o6-

pa30!II llOBLICHTL HHTeHCHBHOCTL ycKOpHeMoro ny'IKa H npeBLICHTb npe){eJILHLie TOKH ny'!Ka1 

Bennqnna KOTO!JLIX B C>TCYTCTBne CHCTeM no.nanneiinn CBH3aHa' c peaHCTHBHOl!: m!ycTOit'IHBo

CTbiD n orpann'l~na. 3Ha'Iennnun, 3a~'n6r~n!lln _oT ){eKpeMenTa aaTyxannn Jlan){ay. ){1IIl, .<~Tnx 
KOJI~6~u~J!:. , . . . , . , . . ' . . . : . . . . . . . . . . 

Hapn.ny c nonLimenne!ll. nnTencnnn()CTU ycKopJie!lloro ny'!Ka n nocne.nnee. npeliiH Bee .6onL

mee nnn!llanne y){enlleTCJI ero nnornocTn. PoeT a111nrtanca ny'!Ka B pii){e cnyqaeB CBII3an c 

nepexo){o!ll KorepenTnLix Kone6"annl1 · n neKorepenTHLie. B pe:iymTaTe co3){aHHJI B nocire.nnne 

ro){LI !IIO~HLIX · ycnJinTeJielt ){nil CHCTel\1 llO){aBJieHHll llOJIBHJiaCL B031\10}l{HOCTL B 3Ha'IRTeJILROlt 

111epe no){aBnHTL KorepenTnLie ~one6aunJI 3a npouemyToK npeMenn !lleHLmnit, 'IeM Bpe!IIH ne

pexo){a TaKHx ROJie6annl!: B neKorepenTHLie. B CBJI3n c nn111 noannKJia noTpe6nocTL pac'!eTa 
0 ', • ".• • ''-• :' ' ,. ',, <' c', • ' •"" ,/·!',. 

npe.n;eJILHO B03l\IO}l{HLIX napaMeTpOB CHCTeM llO){aBJieHHil. 

B HacToJm~eii pa6oTe c noMOIQJ>IO MeTo~oB ~HCKP~!HOfO a~;~~n~~~. ~po~e~~~o 
TeopeTH'leCKOe HCCJie~OBaHHe 'CHCTeM no~aBJieHHJI KorepeHTHI>IX nonepe'IHI>IX 

KOJieOaHHH: 

'l...nn~~ Tp~HLtHoHHJ>IX cHcTeM (o~it.r(rr n'.o.nn~ T)npli MaKc~Ma~Lno Bo3MO}l{HLIX 

TeMnax no.nannennn, KOr){a cTanoBHTCil B03MO}l{HU!II npe){OTBpaTnTL nepexo.n KorepenT-

b'' .,;. "' .' 1 
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HHX KOJie6ann:!l: llJ'IKa llOCJie HHJKCK!lHH B HCKOrepeHTHHe H, TeM CaMHM, llOBHCHTb 

nnoTnocTb yc!<opJie~or~ ny'lKa; . , , , . , · . ; ' ' 

2 . .lVlJI HOBLIX CHCTeM (neCKOJibRO .D:Il H T), o6ecrre'lHBaiO~HX llOBHIIICHHe HHTCHCHB

HOCTH JCROpJieMOro llJ'IKa 3a C'leT rro,n:aBJICHHJI 6LICTpO pa3BHB~IOJ~Ul::l~CJ;I :~OHepe'IHLIX 

HCJCTO:!l:'lHBOCTe:!l:, KOTOpLie OJKH,n:aiOTCJI B JCKOpHTCJIJIX H HaKOllHTeJIJIX na CBepXBLlCO

KHC :mepqm; 

3: .n:.nH cnci-eM c 'qmnLTpaMH n' l.lenu o6paTHoii ~BJml, ~6ecne'l~BaiOJUHM~ no.n;an~e
:Hiie llOMeX B c:Hrnanax c .n:rr H pa6oTy CMCHLIIIHMH ypoBHJIM~ cnrna~~B, 'ITO cnoco6~ 

. CTB)'eT np~,D;Q_i-Bpamen~IO pa3BHTHJI ney_<JO:!l:'l_~~Ocl'e:!l:. na na;a-JibHOit, C;a.n;HHj 

4; ,!VlJI CHCTC:!.! C llHcl>pOBLIMH ci>HnLTpaMH B l.leDH o6paTHOH CBJI3H; ll03BOJIJIIO~HMH 

peaJIH30BblBaTb rn6Kne cnoco6bl no.n:annenHJI noMex n nMeionj:ll:Mncyill;ecrnennLie npen

·My~ecTBa .D:JIJI YCKOpHTeJie:!l: c npoTJIJKeiino:!l: .n;imno:!l: op6HTbl, r.n:e'c Il~JlbiO neo6xo,n:HMO:!l: 

CHHXpOHH3a!lHH Tpe6yeTCJI'o6ecne'lHTb 3Ha'lHTCJibHJIO 3a,n:eplKKJ CHrnami ( OKOiro COTHH 

MHKpOCeKyn,n:) B !lCHH o6paTHO:!l:' CBJI3H llpH O.D:HOBpeMCHHO:!l: IIIHpOKOHOJIOCHOCTH 3TO:!l: 

!lCll~ (,n:o COTHH Merarep!l); 

.J1CllOJib3JCMble MeTO.ii,bl peiiieHHJI ll~HMCHJIIOTCJI .D:JIJI pac'leTa HOBcfil 6LICTpOH CHCTeMLI DO

, ,Z(aBneHHJI rronepe'IHblX KOrepeHTHLIX KOJie6anH:!l: llJ'lKa llOCJIC HHlKCK!lHH, a TaKJKe 6biCTpO:!l: 

. pe3HCT:U:BHO:!l: neycTo:!l:'lHBOCTH B I cTynenn YHK. 

L(en:b paooTbl: 

• pa3pa6oTna. HOBbiX MeTO.ll:OB peiiieHHJI 3a,n:aqn· 'o no.n;aBJ!ennn · KorepenTHhlX nonepe'IHLIX 

:Rone6annlt ny<iKa B c:HuxpoTponax n naKonnTeJIJix; ·· · · 
! ,. 

a llCCliC.ll:OBaHHe peJKHMOB pa60TLI CllCTeM C BbiCORllM TCMllOM rro,n:aBJJCHHJij 

• 'n3y~enne ~co6ennocTe:!l: p~6oTLI cncT~M n~.n:annenHJI crpy~rr~ponan~oro ny'IK~j. 
,•.: . .. .· . ... ' ' . . . ' 

a npHMeiieHHe MeTOJlOB JtllCKpeTHOfO anaJIJI3a .n:nJI' onpe,n:eJicHHJI o6JiaCTefi ycTOit'IHBOCTH 

CHCTCM rro,n:aBJICllllJI C UH¢poBLIMII ¢HJibTpaMll B UCllH o6paTHO:!l: CBJI3~j . . . 

' .•. onpe.n;eJieHHe .n:onycKOB no paccTaHOBKe. ycTpO:!l:CTB CHCTCMLI c BLICOKHM TCMllOM no.n;an

JICHllJij 

_a pac'leT. BJJIIJ!HllJI llOMCX II 3JICMCHTaX CHCTCMLI no,n:aBJICHIIJI C UCJihiO onpe,n:eJicHHJI pe

,JKllMOII JCTOH'lllBOH pa60TJ>lj 

. · ~ Teop~n'lec~oe o6ocnoBanHe 'cncTeMhi no.ii.aB.~eunH B. I C'Tynen~ YHK. 
. _. . ..- .... ·, . . 

Hay'uicin: · Ho:BH31Ia: 
'> 0 :.e - : ' '~ ; 
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•' 

• BnepBLie npnMenen MeTo.n; .n;ncKpeTnoro anaJIH3a .D:JIJI peiiiennJI 3a.D:a'ln o "i:io.n:an.irennn 

OCTaTO'IHLIX rronepe'IJJLIX J{OJJe6aHH:!l: llJ'IKa B CllHXpOTpoHe llOCJie HHJKCKUllllj llOJIJ'ICHLI 
'- < ' " • :- • • .' 1 ~ ,< ' ~ : •' • { •' ; .- I_ ' •"' ' ' -, >' [ • 0 • '., '·· ,·~· • ", I ,•: '' 
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IIOBL!e 3aBHCHMOCTII.D:JIJI Cl!CTCM C BLICOKHM TCMHOM llO,n:aBJICHHJI, KOTOpLie COrJiaCJIOTCJI C 

-~3BCCTHLiini: A~ IIH3J{HX ~~MIIOB no.n:asn~JJHJ!j. o6napymeiia 3alll!CH~fOCTb ~~~TOTLI 6eTa

. Tpo~~LIX K?_ne6anifli OT Ko~<t><PnuneHTa .ycn~ennJiycnmi~ene:!l: B Il~IIH o6paTHO:!l: CBJI3Hj 
- ••• ,, ' ; • , •• :. '... • ' c •• ' : •• ·-·. • ··-.' ' 

a; pa3pa6oTaH HO!iblfi MCTO.D: perueiJHJI 3a,ila'lll 0 no.n;aBneHIIH KOrepeHTHLlX rronepc'IHLIX 

KOJJe6ann:!l: .CIIJIOlliHOro' IIJ'IKa rrpil: llCllOJJb30BaHHII c:pmibTpOB B IlCJJH o6paTHO.ll: CBJI3Hj 

'o6napyJKeHLI IIOB.LIC :llllJKO'laCTClTHLIC MO.D:Ll KOnefiann:!l: B llJ'IKC H npoim<i.rrn3IipoBaHa 

l!X YCTO:!l:'lHBOCTbj 

a 'BrrepBLie peruena 3a,n:aqa. o no){aBneimn' neycToll'l~B~CTH crpynnnponannoro. ny'lKa c 

JJOMO~biO CIICTCMbi llO.ztaBJJCHHJI C IlH¢poBLIMH MeTO.D:aMH o6pa60TKH . CHrnana B. !lCllH 

o6paTJJO:!l: CBJI3lljllOJJJ'lCHLI HOBble pc3JJJbTaTLI 0 ClleKTpe KOJJe6annl!crycTKOB, 11pH'ICM 

.D:JJJI. O.D:liHO'lHOfO (TJCTKa OHll COBlla,n:aiOT C H3BCCTHLIMHj 

•. :Bnep~ir~ n6~yqe;IO, 'ITO rrpn HCllOJJh30Baiill~ c:piini.TpOB B ue~~ -~6paTkon' ~~JI3H ~n'cTeM 
mi.n;aBneniiJI c 3a.n;epJKKo:!l: c11rnana 6onee qeil' im o.n;11n· o6opo; B03HHKawT noni.J~ -~o.n:u 

' • •• : •• : •• • • • • • < " ' ._·. ' • ' • ' .'" - • ' • • ~ : • ; ' 1 ' • ' • ) ' • : ' < :" ~ ! . ' • . .. 

KOJic6aJill:!l: CfJCTKOB, ROTOpLie orrpe.ztcJJJIIOT o6JiaCTll JCTO:!l:'liiBOCTll t!BIIJKCHIIJI 'laCTH!l 

~p-n sucmwM TcMne rio.n:aoneHIIJI Ko~e6a11nl!; c nen~w- pacruupeiinJI o6nacTe:!l: ycTOfi'lii

BocTn rrpe,n:JIOJKCIJO HCllOJih30BaTh B Ucllll o6paTJIOfi CBJI3H ¢11JihTphl C peKypCIIBIIbiMII 

3BCI!hJIMJJ, 060CIIOBaHJJ ,n:pyr}le npeiiMJ~CCTBa IJX rrpiiMclleilliJij 

• npe.n:miJKena 11 TeopeTII'lCCKII o6ocnosana HOBaJJ. 6ucTpa.ff CIICTeMa iioJ\aaiienn.ir Kore

peHTHbiX nonepe'IHLIX: K91!e6aunfi, nMeiO~aJJ B ilsa p~3a 6onee BbiCOKJJ:!l: TeMrrno.n:aone-

II~, 'ICM y HCllOJih3JCMLIX BHaCTOJI~ee. BpeM;" Tp,a,n:H~II_DIIHLIX CIICTCM llO.zta~JI~HIIJ!j 

a TIOJIJllellhl·;pac'leTiiLie ,n:aJIIILie J!,JIIr onpe,n:eneiill:H ,n:onyCKOB ua pac'craiimiKy JCTpol!CTB 

CHCTeM no.ll:ilnnennJI HOBO!! 6ucrpon'cnCTeMLI. no.n:aBneimJI; pe3JJihTaTJi IICllOnb30BaHLI 

,n:JIJI pac'leTa peJKIIMOB pa6oTLI cllcTeMLI no.n:aoneimn B I crynenu YHK c ')~<leioM pe-

iuri.iwfi pacCTanoBKH .ziaT'liiROB. II ronKaTe.ire:!l:. ' '· 

IIpaRTHl:.JecRaJI• QeHHOCTb: 

a .z{JIJI :ia,n:a'lll 0 no,n:aBJICHIIII KOrepeHTiiLIX llOJJepc'IJILIX KilJie6annfi IIJ'IKa. B .CHIIXpOTpO

HaX' H HaROlliiTCJIJIX. C: IImto~hiO CIJCTCM ofipaTHO:!l: CBJI3H pa3pa6oTaHLI IIOBLie. MCTO.D:LI 

: .. ' peiiieHJiJI; r,ne pe3JJihTIIpJIOII~IIe 3allliCHMOCTH llOJIJ'laJOTCJI B aHaJIHTII'lCCKOM llll.ll:Cj 3TH 

· perucHHJI MOJKJJO rrpiiMcJIIITb ;tJIJI HCCJICt!OBaHirJI H paC'lCTa peJKHMOB pa60TLI TaKHX Cll

CTCM·B·pa3JJII'IIILIX Ul!K_JIII'lcCKIJX.JCKOpiiTCJIJIX C llillpOKIIM Ha6opoM rrapaMCTpOB 6e3 

Tpy,n:oeMJ{HX 'lliCJICIIIIIJX pac<JeTOBj 

• nony•ienmJe ·JJOBhle nj:H'!ttcHa3aJJUJI · o cnei<Tpe Kone6anul!. crycnion 11 noBLIC .nammc o 

3aBIICl!MOCTJIX 'laCTOTi,J 6eTaTpOHiiLIX. KOJie6anlll!. 'laCTHil OT 'Ko3¢¢llllllCHTa JCIIRCJIIIJI 

'JCl!JIIITCJICfi iJ· l(ellll· o6paTJJOl!. CBJI31I ,n:cJJaiOT. aHTyaJJbiiOl! llOCTaitoBKJ 3KCllepmlci!TOB 

rro.11x o6napymelimo; • 

a IIOJIJ'ICIIIILit:i' !lua·JIIITII'ICCKUC 3aBHCII~IOCTii . .D:JIJI oupe,n:cJieii'Hlt. o6JiaCTel!.. JCTOfi'lliBOCTII 

·· t!Bl!IRCIIIIJ!. 'laCTl!ll B CUHXpOTponax n'naHOlliiTCJIJIX C CIICTcMaMII llO.ztaBJICIIJIJI KorepeHT

IILIX nonepC'lHLIX KOJic6aunl! njm IiCIIOJih30Ballllll U.nc:ppoanix <jlnJibT'poli li il.enit o6paT-
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CTpyKTypa <R o6'LeM · .n;nccepTau;Ini 
.~ ... 1' ;:> ',.' '>{'• ,;l(_, 

.l{nccepTal(HJI, COCTOHt:H3 BBe,neHHH,. IIHTH .rJiaB,H 3aKJIIO'IeHHJI •. Pa6oTa :H3JIOJRena ·Ha 112 

c:rpannn;ax, BKJIIO'IaH 37 pncynKOB. . . , "' : . 

j, :,~~ ' • 

. do.ti~p>Ka~lie'_.pa6oTLi··~ · .. ·. 

Bo BBe,AeHHH o6ocnoBana aKTyaJii,nocT~ npo6)u;~!l; Rpai~~ o~apaKT~pliaoB~HLI co
BpeMeHHLie Ten,nenn;nn paaBHTWI n coBepmencTBOBaHWI cncTeM.no,naBJiennH, nanpaBJienm>Ie 

na n;oJIY'If'mne npe,nem.HLIX. napaMe:rpoB. IloRaaaso,. 'ITO na ,ne:llcTBYIOmnx ycRopnTeJIHX n 

HaROIIHTeJIHX yme ,l{OCTHrHyT, TeMII no,naBJieHHJ!:UOIIepe'IHLIX .. KOrepeHTHLIX ROJie6aHH:ll, IIpH 

ROTOpOM CTaHOBHTCH cymeCTBeHHLI atlJ!lJeRT~, CBJI3aHHLie C ll3MenenneM C06CTBeHHLIX 'laCTOT 

6e:raTponnLix Rone6ann:tt. • IIocJie,nnne ne y'lntLIBaiOTCH 'B cymecTByrontnx' Teope:rn'lecitnx 

Mo,neJIHx. KpaTRO o6cyJR,l{eHLI npn'IHHLI, aaTpy,ztHHIOmne pemenne 3a,na'l o no,naBJiennn Ro

ne6ann:tt c npe,nem.no BLICOKHM TeMrroM. TaRJRe . noRaaano, 'ITO ycJiomnenne cxeM n;ene:tt 

o6paTHLIX CBH3e:tt, conpoBoJR,l{a!OmeeCH BBe.n:enil:eM tiJnJII>Tpoil ,nJIH, rro.n:asnennH noMex, erne ne 

namno a.n:eRBatnoro TeopeTn'lecRoro onncannH. · 06cyJR,l{aroiCJI oc~oBHLII( T~Ii.zie:Uu~n \i 'p'a3-

pa6oT}{e HOBLIX CXeM tlJnm.TpOB, ROTOpLie 3aKJIIO'IaiOTCH __ B IIpHM~He}\HH n;n!lJpOBLIX MeTO.lJ:OB 

o6pa6oTRH cnriia~oB' B 'n;errn o6pai'n'o:tt CBJI3H. B CBJI3H c nocn~imeit ien.n:eirn;ne:tt o6ocHOBLI-· 

BaeTCH BhlOOp ·M~O.ll:OB .n:ncRpetnoro ~~ann3a AJIH pac'JeTa rrapaMetpOB CHCTeM no.n:aBJienim 
norrepe'IHLIXRorepenTHLIX Rone6ann:tt. · · · · ·. ·· 

. ~. '\.' 
' '' ~ '} 

B nepuoii rJiaie' :npOBe.n:eno' nccne,noBanne. CHCTeM rio.n:aBJieim:Ji 'OCTaTO'IHUX ROre

peHTHLIX _ IIOllepe'IHLIX KOJie6aJIH:Ii IIQCJie HHJReRI(HH C. IIOMOilll>IO MeTO,!J;Oll ,l{llCRpemoro ana

mi:ia. ·T~~pein'leclio~y ilccne~o~aH~IO. taKolt 'cnc.fe-'1LI npe~m~cT~ye~ o6m~li: P<l;3~e~ o ~oJI~ 
tiJnrypallHH CHCTeM llOJlaBJieJIHJI IIOIIepe'IHLIX ROrepe!IT!IUX KOJie6aJIH:Ii H 0 CHCTeM~ ,nntlJ!lJe

pennnam.JILIX ypaBnean:tt, onncLIBa!Omnx . .D:BHJRenne n;enTpa· THJRectn · ny'IKa. npn nann 'Inn 

CHCTeMLI IIO,l{aBJieHHJI. 

B Ra'leCTBe 6aaoBo:ll KontiJnrypallHH cncTeMLI no.n:aBnennH nonepe'IHLIX ROJie6annn ny'IKa B 

cnnxpoTpOHe HJIH HaKOllllTeJie paccMaTpnJiaiOTcH cncTeMLI, COCTOJiilllle B RruK.D:O~ H3 .D:BYX Ha

npaBJienn:ll nonepe'InLix Kone6annll: ny'IKa B ropn3oHTaJII>non· ii: BepmKani>~oll: miocRoCTHX n3 

.ll:BYX uap ~aT'IHROB .llOJIOJReHHJI (.l{Il) K,!UIIIOJII>HLIX ~oppeKTnpyromnX MarmiToB.c.TOJIKaTeJie:li 

(T), COe,D;nHeHHLIX n.n;eHTH'IHLIMH IleiiHMH o6paTHO:ll CBJI3H (eM. pnc.l) •. CncT~Ma IIO,D;aBJie

HHJI, .c. TaRo :It RontiJnrypallnen: 6una BnepBLie npe.n:nomeua. aBTopoM . .n;ncceP.TallHH B. CBH3H c 

paap'a6~T~hi c~~Te~ir no.n:ail~eiiHH. ,l{JIH nepBoli: cTyne~H Y,HK H ~a3ii'a'mi '6¥~Tp~tt CHCTeMoll: 
no.n:aBnennH. · .. · . . " · . .,... . 

Bee' mipaMetp:hi '6LICTpo:n CHCTeMLI cpaBnniiaroiCJi ·c napaMe:rpaMH ncm)~~~Y~Motl B Ha

CTOHmee BpeMH RJiaccn'lecRolt- cncTeMo:li ·. no.n:aBnennJI,, nMeiDmen B RruK.lJ:OM -113_ mi.npaBnennll: 

KOJie6aHHll: O.ll:HH ,D;aT'IllK IIOJIOJReHHJI H O,!UIH TOJIKaTeJII> ( CM; pnc.2). B J,teJIHX o6mHOCTH 113-

JIOJReHHJI :reope:rnqecRoe paccMoTpenne BLinoJineno ,nJIH cncTeMLI no.n:aBJieHHJI c N lleiiJIMH 

o6paTnolt CBH3H. 
_., l:q'· ·::-, • ' 1- ~·-~ • ': '~ : ' 

.l{JIH llenn o6paTHo:tt CBH3H noKaaano, 'ITO B caM OM o6meM. Bn.n:e naMeneune yrJia naKJioua 

.6.xKi B TO'IRe paCIIOJIOJReHHJI i-ro TOJIKaTeJIH CBJI3aHO C OTKJIOHenneM lleHTpa THJReCTH IIY'IKa 

6~. 

~ 

;.. 

) .~ 

Pnc_. 1:. C:rpyRTypnan cxeMa,,6LicTpo:tt en-. 

CTeMLI_ IIO.D:aBJieHHJI_, 
Pnc.· 2: CTpyRTypnan cxeMa KJiaccnqecKo:ll 

. · CHCTeMLI. IIO,l{aBJieHHH. 

B N .n:aT'IHKaX nonomennH cJie.n:y!OmHM o6pa3oM: 
' . 

N .. ·,t-r,; • . . 

.6.x~1 (t) = ""--~- j K,,(t- ;;r- t') [i(t') + ti(ti)hxp,jdt',' (1) 
· L... f3Kif3Pl 

1=1 0 

r.n:e OTKJioneune -n;entpa THJRecTn nytJKa B I-'M .n:aT'IHKe nonomennH npe.n:cTaBJien.o." B .BII~e 
cyMMLI oTRJiominnlt ny'IKa x oT paBnoBecno:tt op6nTLI n noc~oHmioro cMemennH '0'~?1 aneK~ 
tpH'IeCKO:ll OCR .n;aT'IIIKa OT paBHOBecno:ll op6HTLi, a f1Ki H. f3Pl: eCTI> 3Ha•!CHIIJI. f]-tlJyiiKI.lll:ll 

cootBeTcTBennri B MecTax pacnonomennH i-ro TOJit<aniim u 1-ro .ziaT'IIIKa· rro]mmelinH. •• 3a~ 
.n:epJRKa T;r o6ecmi'IIIBaeT neo6xo.n;IIMYIO CIIHXpOHH3atill~, Rorna B3aHMo.zie:ttcTB~e B TOJIRaTene 

nepe)J;aeTCJI na Te me 'laCTIII.lLI, 'ITO renepl!poBaJin C11rnan na nnaCTllnax .[{II. IIepe.n:aTo.J:~kn 
tPYHRI(HJI K;j(t) Ilellll o6paTHO:ll CBJI3H 3aBHCHT OT ee CXeMOTeXHII'IeCROro'.pemeHHJI H OIIHCLI

llaeT ~apaKtep' H3MeiiennH_ CllrHaJIOB c h~T'IIIKOB no'nomennJI H HX CMeillnBanne ~ie'm;iy co6on 

nepej( nocTynneuneM ynpaBnino.mer~ clmian~ ua TOJIKatehi>. Ypa'liue~ne ( 1) ~Meei q}yir.zia'~ 
MeHTaJII>HLitl 'xapaRTep H OTp_<UH,aeT IIpHHilliii npll'IHHHOCTH .D:JIJI JII!Het!HLIX llHBapnaHTHLIX BO 
BpeMeHH CllCTeM. . .; ' . ' \ / 

.l{JIH cMemennJI x(s) nenTpa THJRecTn crycTKa BLIBe.n:eno.zintlJ!lJepeHnua~Lnoe ypaBneHne: 

.• ~: + K 8 (s)x = [t tlx~1(sK;)o(s- SKi) +,Am~ov5 FEJ, {2) 
. r . 

r.n:ej{B(s)- KoatlJtiJnllnen~ JReCTKO~~n·M~rnnTHOtl i:tpy·K;YP~ CliHXpoTpoua c y•IetoM .n:o~. 
6aBKH o~ co6ciseilnLix aneRTpoMarnliT~Lix. no.rien ny'IKa · B ·.n.ziean&Ho npoBO.ll:JI~nx. cteuKax 

~aRyy~HOlt n'~MepLI, a ·'f~ :...:_· KOMIIOHeHta CllJILI, CB~3al;llaH C llCKalK~HIIJI~H Be.n:ymero l!arc 
··, ,-: < ,•• ' ••• , • • • '· •' ,._ • • - •:. ' 0 ,_ •,'. " •• , 

HllTIIOro IIOJIH. 

rloKa3auci, 'ITO peme!lne yp~snennn.' (1) n {2) MOlKHO npe.n:cTaBnTI> B MaTpll•moM Im~e: 
- ' ) ' • • • • '. ;-. '. •• ,· -· • • > • - • • _, ' • ·-·· -

X(s+Co) - ·t -- ··- -n- (spt,s)MoD(spi,s)X(s) + 
N . 

+ L iJ-1(sphs)M(spl +Co,sK;)TtlX(sK;) + XE(s + Co,s), {3) 
i=l 
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HOlt CBJI3H MOryT 6h!TL np~MeHeHhl pa3pa60T'IHKaMH 3JieKTpOHHKU ,ZtJIII BhlliBJieHHll IIQ

BhlX nn!flpOBhlX MeT<i.ztOB o6pa60TKH CHrHaJIOB C .ztaT'I~KOB nOJIOmeliHH1. He HapyruaiO
. mnx ycno~ntt yc:iottqnnocTn .ztBHJKeHnH qacTai:t,. HO nonumaromnx noMex6ycToitqnnocTL 

cn~ieMu n n~JBoJIJiromnx pa6oTaTL. co 3~a.qnienL.Hc:i Me~LmiiMnypoBHHMn nxo.ztHIJx cn

rHanon; llOCJie,ZtHee 03Ha'IaeT nOHHJKeiiHe .. MOUIHOCTH BhlXO,ZtHhlX ycTpolkTB CH~TeMhl no

.ztaBJieHH111 orpaHH'IeHHhle B03MOJKHOCTH KOTOphlX B .HaCTOJIUiee BpeMJI He n03BOJIIIIOT 

pa60TaTb C BhlCOKHM TeMnOM n~.ztaBJieHn'H H !fla~TB'I~~KH npHBO.ltliT K orp~HH'IeHHliM no 
' ' ' . ' - . 

HHTeHCHBHOCTH ny'IKaj 

• npe.ztJIOJKeHH3JI HOB~ 6h!CTpaH CHCTeMa,no~aBJieHH11.pe3HCTHBHOfi HeycTOfi'lHJ!OCTH. pe-
aJIH3YeTCll .ztJIJI I cTynenn YHK. · 

• ' .. •·. ,. . • .,J 

Pa3pa6oTaHHhle MeTO.zthl pemeHHH npnMeHeHhl aBTopoM· .ztnccepTannn · .ztJIJI pac'leTa peJKHMOB 

pa6oThl cncTeM no.ztaBJieHHll B YHK-1 (11<1>B8, PoccnH),"LHC (CERN); PeJy~TaThl pac

'leTOB yJKe HCnOJib3YIOTCll B 3THX npoeRTaX, B TOM 'lHCJie npH npaKTH'leCKOfi peaJIH3altHH 
OT,ZteJII.HhlX ycTpottcT~ CHCTeMhl UO.ztaBJieHJill. , . . . . . ·. . . . ·. , . 

Ilpe.zinomeHHhlfi aBTOpOM '.ztn~cepTanim ~eTO.zt perneHHll 6h!JI noBTOp~H .ztJIJI pac'leTa CHCTeMhl 

no.ztanneHHJl ii CESR (KopnenL, CiliA). Pac'IeTHhle 3aBHCHMOCTH connann c 3KcnepnMeH-
TanbHO :il3l.tepenaLi:M:~. · · · · 

~ 

ABTOp 3am;Hm;~eT: 

• · • Honhitt · M:eTo.zt · pemenn.ff .ztn<P!f>epennnanLHLIX y'panneHntt, · onncunaromnx • iulHJKeHne 

: 'lacni:n B CHHXpOTponax H nalioimTeJIIIX npn HaJIH'lHH CHCTeMhl o6paTHott' CB113H (.ztBH

JKeHne 'IaCTHIIhl 3aBHCHT OT ee COCTOHHHliJI npe.ztUieCTBYIOUIHe MOMeHThl BpeMeHH), ,ZtJIII 

. cnnomHoro ny'lRa x . .ztJIJI crpynnxponaHnoro ny'IKa c nocnenyromHM npHMeHenneM MaT-
' px''IHoro no.ztXo.zta .zt~ pemenn11 npeo6pa:Jonaani>ix ypa~a'enxtt.. . · ' ' ' ' 

,l(HCKpeTHhle MeTO,Zthl aaaJIH3a MaTpH'IHhlX ypaBHeHHfi, OnHChlBaiOUIHX llO,ZtaBJieHHe OC- ' 

· · TaTO'lHhlX' Kone6a1intt nocne HHJKeKIIHH crycTKa B cnnxpoTpo:ir, n cncTeMLI, M.<P<lJepen

nnaJILHhlX ypaBHeHntt, OnHCh!BaiOUIHX ,ZtHHaMHKY cryCTKOB npn no.ztaBJieHHH pe3HCTHB

HOtt neycTOlt'lHBOCTH, pa3pa6oTannue n npnMeHeHHhle nnepnue n·Teopnn'ycKopnTen~~: 

,,YpaBHeH.He.ztJIJI Ha~~~eHHH co6cTBeH~hlX 3Ha'leHHtt Zk = exp(iwkTo),.3aBHClllliHX OT 

nepe.ztaTo'lnott !f>ynKnnn.Kit(z) B N nen11x o6pa;Hott CB113H.c nn!f>poBhlMH !f>HJILTpaM-H 

H pe3yJILTaThl HCCJI~.ztOBaHHtt 3aBHCHMOCTeli:.C06CTBeHHhl~,3Ha'leHHlt Zk OTHa6eroB 4Ja3 

6eTaTpOHHhlX, KOJie6aantt MelKJ{y .ztaT'lHKaMH H TOJIKaTeJIIIMH CHCTeMhl llO,ZtaBJieHHH1 a 

TaKJKe OT napaMeTpoB. MaTpnnu Tnncca /3; .~ a; B MecTax nx pacnoJioJKeHHH. · 

• 060CHOBaHHe HOBO:lt 6h!CTpOtt CHCTeMhl no.ztaBJieiiHll KOrepeHTHhlX nonepe'IHhlX KOJie6a

HH:lt C .ltBYMll nenliMH. o6paTHOtt CB113H1 KOTOpaH npH onpe.zteJieHHhlX ycJIOBHJIX MOJKeT 

· . o6ecne'IHTL no.ztannenne nonepe'IHhlx. Kone6anntt 3a O.ztHH o6opoT · He3aBHCHMO OT <lJa3hl 

• 6eTaTpOHHhlX KOJie6aHHll: B MeeT ax pacnOJIOJKeHHH .ztaT'IHKOB. llOJIOJKeHHH H no.ztaBJieHHe 

CHJILHott peancTnsnoll: neycTott'IHBOCTH, oJKn.ztaeMo:tt Ha I cTyneHn. YHK. :. 

• TeopeTH'lecKyro MO.zteJib saanMo.zteltCTBHH crycTKOB n pemenne 3a.zta'IH o no.ztannennn pe-

3HCTHBHott HeycTOfi'IHBOCTH crpynnnponaHHOro ~ytJ:Ka C nOMOll!I.lO CHCTeM rio.ztaBJieHHH 

'c nn!f>poBhlMH MeTO.ztaMn o6pa6oTKH cnrnana B nenn .o6painott ~Bli3H~ ' 

4 

~ 

• PeJyJILTani: nccne.ztoBaHHJI BJIHJIHHH'P:H!f>ponux. !f>nJII.Tpon .• :B' nenn:o6paTHott.CB113H cti~ 
CTeMhl no.ztannennH Ha ycTOtt'InBocTL iumJKeHHH qacTnn ll: npe.ztcruann; o B~HH,!I 
o6HapyJKeHHhlX B pe3yJII.TaTe TeOpeTH'IeCKOro paCCMOTpeHHH HOBhlX MO.zt KOJie6aHHtt Ha 
06JiaCTH ycTOfi'lHBOCTH. . '" ;_;;·,: :.:i.·•, 

• Ilpe.ztJIOJKeHHe 06 HCllOJib30BaHHH !fJHJII.TpOB C peKypCHBHhlMH 3BeHI.JIMH B nenn o6-

paTHOfi CB113H CHCTeMhl IIO.ztaB.neHHll: KaK' 60Jiee. a!fJ!fleK~H~HhlX1 '!eM HCIIOJII.3yeMhle B 

. HaCTOllll!ee npeMH nepeRypcn;BHhle !f>~mTphl. 
: .:- ~ l J.:.. ,. 

• Peaynt.TaThl aHaJIH3a acnMnTOTH'IeCKHX pemeHntt '.ztJIJI MOl{ Rone6aHnll: crycTROB ~ CHH-· 

xpoTpoHe c cncTeMott no.ztannennH B CBH3H c nccne.ztoBaHneM BJIHHHHH noMex B ycTpott-· 

CTBax cncTeMhl no.ztannennH Ha cMemenne pannonecHoll: op6HThl. 
" ' ' .. ' :· . ~ ~ ~ \ .... 

.. • P~yJILTaThl anaJIH3a BJIHHHHH omn6oK paccTaHOBKH .ztaT>iHKOB nonoJKelUIH n TOJIKaTenett 
I!a yciott'lHBocTb pemenntt, . ,-. 

,., 
• <,;' -·' ~ 

A11po6a~HJI.H ri:y6.ri:H:Ka:QHH 
' l..i •. •. ~ . " ' ' . ,, . •. • • • 

. '.~~ -. ; 

: ~~ 

.l(nccepl-atinH'nanncana Ha ocHone Hay'lHhlx pa6oT, nl.rno~eHHhlX anTopoM 'nnn c y'la~;neM 
anT'opa n·JI~6opaT?PBH cnepxll~co~x 3Heprntt 011JII1 n nJpno:zt ~'1989 no 1993.ro.il:n3~ 
no~eHnbte B ~en MaTepnaJihl: . . . . . . .. . ' ' . • .': . . . 

• ,•••. 'c•-.. 

• ,ZtOKJia,Zth!BaJIHCb Ha COBemaHHJIX1 npOXO.ztHBlliHX B 0J1JIJ1, J1<1>B9 H 'MPTJ1 B paMKaX 

pa6oT no co3.ztannro cncTeMhl no.ztasnennH .ztJIJI I cTynemr YHK;' . , ' 
' j .'J .. <' • ' •• ~ • l_ .. ; •.. ·, _, : '·. >. .'.. 1 ' ~ •• ' ; ' - ". i,. < '. 

• o6cyJK,ZtaiDrcb B ycKopnTeln,noM nt>.ztpa3.zteneHHH QEPH B CBJIJH,C pa6oTaMH no"'coJiJ;a-: 
miro · cncTeMhl ~o.ztaniiennH •.ztJIJI LHC; ' · • ' : : " ·: ,., .... .,. · :; .. 

.· 
.· • .ztOKJI~BanB:cb na nay..Jnux ceMnnapax ·Jla6opaTopnn cnepxBhlCOKHX 3Heprntt 011JII1; 

• .ztoKJia.zthlBaJIHcb na 

XII BcecoroJnoM c~~emann:n ~o ycKopnTeJIJIM 3ap11melmux
1 
'IacTn~· 

(Moc:Kna; CCCP, 1990 'r:); ·' .· . ·· . · . . . 
., . ' . : ' ·. 

! ! 

MelK]{ynapo,ZtHott ruKoJie QEPH hoycRopnTeJIJIM aapHJKeHHhlX qacTnn · 

(Hn.ztepnan.zthl, 1991 r.); • '.: · ' . •• .. . . ·. · ·. 

XV Me»>:nynapci.ztHott,Kolr<lJepeii~n:n ~'0 ycKopnTeJIJIM 'Iac.fnn nucoruix '3aepr'n:tt' 
(raM6ypr, (f>Pr,· 1992 r;); · ·· · · · '·· . . 

,_ ~ . ' I __,_ 

- XIIIConemaHHH no' ycKop:nTeJIJIM 3apJllKeHHhlX 'laCTHit (,lzy6Ha, PoCCHJ!, 1992 r.); ~'· ;. •• " •• ' ' • ' •-< • ' •• -·· ... c '· • • - • ' -' 

.• ...,, HannoHaJILHott Koa!f>epeHnnn no ycRopnTeJIJIM PAC93 

(BamnnrToH, CiliA, 1993 r.); . .. • ' .t•; 

· .. 
IIo PeJYJII.TaTaM .ztnccepTannn ony6JIHRonano 12 pa6oT. 

. :,} 

. . · ~·· l ·- <:,, , . '~ ~' : :) ';.: 

·t, ,4_. ~' ' 0 ~ •• 
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r.ne X ( s) - MaTpuna-cTpn6en, B ROTopolt nepaLilt aneMeHT e~TI> cMel!lenue nenTpa .TJIJKecTu 

uyqRa, a BTopott- yron naRJiona ero TpaeRTopua·. M~TPHilLI M(s2 ,s{runa D(s2 ,~t) ecTI> 

o6LI'IHLie MaTpHI(Ll nepexo.na H3 TO'IRH s1 Ha op6uTe. B TO~KY s 2 , a XE - qacTnmi peme

nue, CBJI3annoe c B03MYI!laiOI!le!t cuno!t FE. B Raa.npaTimtt MaTpune T S;!eMeHT T21 paaen 

e,nuHHI(e,_a BCe OCTaJII>HLie SJieMeHTLl paBHLI HYJIIO. MaTpHI(a-CTOJI6ei( ~X(SKi) OUHCLIBaeT 

,neii:CTBHe ToJIRaTeJIJI u· COCTOliT H3 ,nayx SJieMeHTOB, nepBLiil: H3_KOTOpLlX paBeH ~xki H 3a,nan 
ypaanemi:eM (1), a BTopo!t paaen ilynro. - - - -

YpaanenHl! (1) u (3) npeo6pa3oBaHLI R JIUHeii:HLIM pa3HOCTHLIM ypaaneHHl!M, ycTaHaB

JIUBaiOI!lHM CBJ!3b Mem.ny .nBYMJI ITOCJie,noBaTe.in,HLIMH COCTOJ!HHJ!MH I(eHTpa TJIJKeCTH ny'IKa 

na (n + 1)-M u n-M o6opoTax na a3HMyTe, nanpJi!Mep, nepaoro .n;rr, pacnonoJKennoro npu 

s = Spt, c Y'leTOM npoxom.nenuJI N TOJIRaTeneil:: 

X[n + 1, Sp1) == MoX[n, Sp1) + oXE[n, s;1 +Co)+-
, N N . , ' n-q K [ ) 

. ""' ""' - - ~- . ""' -I m ~ +u[n- q)·LL.,M(spt+Co,sKi)TM.(spljSP1) L., ~X[n-:- m-:- q,sp1). 
i=1 1=1 ·. m=O . K• PI 

(4) 

_3.necb ~ .- Ma;rp~I(ao6opoTaj oj(E -:- :"faTpUI(a, xapaKTepH3YIO~aJI OWU6RU B Be.nymeM 
MarHHTHOM none U rronpaBKH,o6ycJIOBJieHHLle CMel!leHHJ!MU SJieKTpH'IeCRO!t OCR .ll:ll OTHOCU

TeJibHO. paaii:~~ecnoil: 'op6RTLI: Be~R'l.HH~ K;1[~] xapaRT~pH3YIOT nem o6paTHoil: caJI3R •. He

o6xo.ziuMo nallTH Te HX 3Ha'Je:imJI, npH KOTOpbiX .l{BHJKeHHe .'laCTHI( 6y.neT ycTOii:'JRao, npR'IeM 
• ~' ' • ' ~. ' • <' : ' • 1 • • \ .' ' ' • •'. • •• ' -. • • ~ • • ·- • 

aa~.ne~~e. nen11 per~nRp~~(lHHn npe,noTaPii.mae;r caMop~cRa•IKy qacTHI( ny'!Ra a no,nepe'IHOM 
nanpaanenuu-; , ,: . 

1 -;; .I , , _. ·· ',' ~ . 

··; ITony..Jelinoe liuiiellnoe pa3nociil~e MaTpnqH:oe'yp~~ne'nR.e ( 4) penr~n~ ~n~no'ni>~~aan~eM 
b.nii~'cTopoilnero'z.:.np~o6piuoliannk ~ocne.noaaTe~I>noCTJr X[n,s): . · ' . ' , "·· · ·· _·. . ·. 

. ',,. ·' ' J »''·1 '. ,···' \ . ' ' . • ' ., 

',\ :, ~_· 

X[n,s)-¢:::=> X(z,s), x(z,s) = f.irn,s)z:.~. 
•I,' 

n=O 
..... 

'X[n,'sJ'= -
2

1
. j' _ X(.Z,s)in.-1di :=::: L;:Rez [x(z.~;,s)z;-1 ] . 

n . . k . . c . . 
(5) 

,t "'· 
3.neci> C- nro6oil: 3aMRHYTI>Iil: KOHTyp, oRpyJK~IOru;Rtt ace oco6Lie TO'IKH X(z,s) na ROM

nneRcnoil: z-:-nnocROCTH, a qacTHOCTH JII06aJI oKpylKHOCTI> lzl > R., r.ne R; - pa.nuyc Rpyra, 

ane KOTOporo CXO.l{HTCJI ( a6cOJIIOTHO H paam)Mepno r 3a,narow;uil: X(~, s) plr.n. .ll:ann'wa 'cno

co6 pemenRJI ai>I6pan iaRJKe uo coo6pallienRJIM y.no6cTa~ 'no'c:Ue.nyrol!lero · <inahu3a .nBinKeiuia 

'laCTHI(. ITJ'IKa' rip a' HaJIH'IHH nenu. o6paTHoil: . 'caB::i~ c, 'nRtlJpoaoll o6pa6~T~~il: 'curB:ami,. ilo

CKOJ!bRY Z-npeo6pa3oaanne mRpoRo RcnoJII>3YeTCJI upH ananu3e pa,nuoTexnll'l~c~x cuc.fe~ 
.nHCRpel:iJoro apeM:enil:: lfa (5) JICHO, 'ITO ycToll,:maoe .ziaRJKenue qacTHI( s~3~mimo; ecim ace 

nonrocu Zk Ha ROMnJieKcnoll z-nnocROCTH ne,m:aT BHYTPH ORPY)K_Hoc~u c. pa.nu_ycoM R. ·= 1, 
TO eCTb 

lz.~:l :$ L " • (6) 

lf3 BR,na aLipamenuJI .AJIJ! X(n, s) BH.nno, 'IT~ ~M~~enue nen~p~ ~JIJKeCTH ny'IRa B Mecre 

pacno.noJKeHHJ! .ll:IT1 na n-M o6opoTe ecTI> cyMMa ,nucRpeTHLlX sRcnonenT exp ((n- 1) lnzA:)· 

8 

,. 

· ITonoMy TeMn 3aTyxanuJI aMnJIHTy.nLI k-it MQ!lH KorepeHTHLIX nonepeqnux Kone6anuil: nenT- · 
-pa TJIJKecTu ny'IKa 3a o6opoT onpe.neJIU~ KaK ' · , --- · · ·: - - ' - " - · - .-- : , • ! 

D.~:~ 1;.~:1 = exp(-To/Tv), (!): 

r.iJ:e Tr/ eCTb ITOCTOJ!HHaJI BpeMeHH 3aTyXaHHJ! ,naHHOil: MO.l{Ll KOJie6anuil: • .ll:pyrHM BmLIM
1 

napaMeTpoM JIBJIJ!eTCJ! apryMeHT z,~;, KoTopLilt nponopnuonam~n 'IHCJIY Kone6anuil: 3a o6opol:: 

.ll:anee 6y,neM o603Ha'laTI> .npo6nyro qacTb -.iucna Kone6anuit 3a· o6opoT KaK {ReQ,~;}. Jicno/ 
qTO -.. ., ' . ,.:;_ 

{ReQ,~;} =:= 2~ I arg_(z,~;)l, :, _(8) 

npH'IeM 6y,neM onpeJteJIJ!Tb arg(z,~;) .l{JIJI 3Ha'leHHil: larg(z,~;)l :$ 7r.' ·.ll:annoe onpe,nenenue' 

JIBJIJ!~TCJ! Tpa,nHI(HOHHLIM H 06I!lellpHwlTLIM B TeopHH ycKOpHTeJielt. . ' . . . 

Cperor p~~u'lnLix Mo.n Kone6anull acei.na MoJKi:w -Bi.r.D:e:im:fi: Mo.nH, aaTyxaroniue n;u6onee 

Me.nneli:Ho. ITosT<n.fy;ecreCTBCHHO :li o6JiaCTH H3MeHeHUJ! KaKor0-JIU6o.napaMeTpa onpe.ziemi'TI>' 

MHHHMaJII>HI>Iil: TeMn 3aTyxanuJI; KOTOpLill6~eT onpe,neJIJITI>ca' ~aKCHMani.m.IM 3iJ:aqen'ueM b~:: 
.. ' ' ' . f • '. ' .' : ' • -~ 

exp ( r0
. )) = MAX_(D,~;). · .. _ (9) 

Tv mm _ .... 

ITo,nqepKHeM, 'ITO, aoo6I!le.roaopJI, aenuquna MAX(D,~;) B o.nnoil:-u3 o6nacTeil: H3MimenHl! 

BI>I6pannoro napaMeTpa MOJKeT OTBe'laTI>, nanpu:Mep,· D1,· a ·a· .npyroil: o6nacTu; nanpuMep, 

D2 • ITo~ToMy ~pHBaJI MAX( D.~:) ecii> oru6aiOI!laJI cp~.nu ac~x paccMaTpuaae~Ll~ KpHBLlX 
,nJIJI D,~;. · ·:, , ·. · , 

TaRHM o6pa3oM, onpe.nenua n~no~enue nonrocoa Zk na RoM~JieRcHoil: z-nnocRocTu; MOJKHO 

BbiJIBUTb BeJIU'IHHLI napaMeTpOB, npu ROTOpLlX ,nBUJKeHHe 'laCTHI( ycTOii:'IHBO, a TaRJKe UOCTD
J!HHYIO 3aTyXaHHJ! nonepe'IHbiX ROJie6aHHll 'laCTUI( H UX C06CTBeH~Lle, 'la~TOTLl: '. , , .. 

,o,, 

fioRa3aHO, 'ITO ITOJIIOCa z,~;· HaxO,nJITCJ! H3 ypaaHeHHJ! 
~ ' f ~ 

det (zf- M(z)) =.z2
.- zTrM(z) + det M(z) = 0, (10) 

r.ne I- e,nuHH'IHaJI MaTpnna, a MaTpuna M(z) HMeeT aH.n: 

N N - · ' · . ·._ · . 

- ·- ""'""' K;1(z) - - - • ~-M(z) = Mo+ L., L., ~A-f(sP1 + Co,sK;)TM(spl,sPt)· 
, . i=1 1=1 . ~i _PI,· . · : ·'· , , ·. · i 

(11) 

Kost!JqmnneHT K;1(z) ecn nepe.naTO'IHaJI tPYHKI(Hll nenu o6paTnolt. caJI3H, caJI3LlBaiOI!leil: I-ll 

.n;rr H i-ii: T. llonyqeno, 'ITO ypaanenue .z{JIJI c?6c.faeimux 3Ha'lenuil: MOJKeT 6uTI> npeo6pa-

30aaHO R CJie.l{yiOI!leMy BH.ny: 

·= z2 

z~-, ~Tr~(z)+det~(z) =-

z (2 ~•(2~Q) + t.tK,(z) ,;,. (2•Q -: ~( •Kd + ~( 'f!)) )+ . 
det ( zi- M(~)) 

N ··N ., ··:•· 

+1- L L::Kil(z)sin(!/l(sK;) ~ !JI(spt)) +detMT{i) = 0, · (12) 
- . " i=1 1=1 '. - . . . . . , . . '·.· . • .• :; .. , ' . 
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P,nc~ 4: 3aBHCHMOCTH .{ReQk} OT.IKI npn; 
tPPK' = 140.511'. , ' ,,_, : 

r.D;~!MT(z) ecTJ, RBa.D;paTHaR MaTpnqa, sJieMeHTLI ~oTopott npo_nop{IHOHaJILHLI K;z(z). Ma 

nonyqeHHOrO BLipaJKeHHR BH.D;HO, · qTo npH pa3JIHqH:LIX paccTaHOBRaX .D;aTqHKOB llOJIOJKeHHH 

H TOJIKaTeJiefi, a .. TaKJKe • CBH3HX MelK,II;y HHMHj BKJIIOqaR nepeRpeCTH:Lie; ROpii:n ypaBiieHHR . 

.D;~ co6cTBeHHLIX .· 3;naqenntt 3aBHCRT oT • na6eroB tlJa3 6eTaTpoimLix 'KOJie6amrtt t/J ( s) M:b!my ·. 

.naTqHRaMH H TOJIRaTeJIRMH;'HO He 3aBHCHT OT napaMeTpOB MaTpHI(LI TBHCCa {3; H a; B Mecrax' 
nx. pacnoJIC)JKeHRR.. ',.. · ·.' 1' · ·' · .. · 

q;,' t; ,, ·' 'l .-1-, • .\'! ,/ L ', \• 

YpaBHenne -~- B~.D;~ (q) npoanann3~po¥ano c qeJI))IO BLIHBJieHnH o6naCTett ycTOfiqnBoc- ·, 
Til· ,ZI;BHJKeHHH qaCTHI( nyqKa B ycKOpHTeJie npn HaJIJlqHH CHCTeM:LI llO,ZI;aBJieHHH nonepeqHLJX 
KOrepeHTHLIX KOJie6aHHfi C nenm.in o6paTHOfi. CBH3H II q>HJILTpaMH, , 

lloRaaano, qTo .D;JIR npHMeHHeMott B. ':nacToHrnee ~peMH na p~nnq:nLix ycRopnTeJIRx RJiac

CHlJ:eCRott CHCTeMLI llO.D;aBJieHHH·C O,II;HOfi mn'poRi:moJIOCHOfi nenLID o6parnofi CBH3H B JIHHefiHOM 
npn6nnJKennn no IKI = IKnl H3 (12) nonyqaeTCR: ' . . 

z, "' [ 1 'F i~!~ I exp (;(;Hlp-:))] ~J;"i~~~;; • • ~· ~ 1, 2, (13) 

r~e ~-= ~rg(K), a, tPPK ~ n~6~~ tiJa~LI- 6eT~Tpo~~~~ ,R~ncli~~~n oT ,nm .D;o Tl. 0Tcro.D;a 

; : \' ,1 i • ', ~ To·;·:~,.-,, ....... ··cr--,-·. ' ... ·· : 
~in'=; -In lzkl ~ 2IKI sin( tPPK ±If')· ' {14)' ;;li 

8To BLipaJKeHHe .D;JIR .D;eRpeMeHTa aaTyxaHHH Rone6anni!: xopomo H3BeCTHO .. MaRCHMaJILHLii!: 

TeMn no.D;aBnemm npn MaJILIX IKI nonyqaeTCR·:Umr,ycnnnTenir, 6JIH3Koro R.'u.D;e~nLnoiry, RO:. 

r.D;a lcos(tp)l = 1, npH TaRott paccTaHOBRe ,nrr II T, Ror.D;a lsin(tPPK)I = 1.' B noM cnyqae 

na6er ~aa_LI. 6eTaTpOHHLIX Rone6anntt. OT :,nrr,-' .D;O JT -paBeH neqeTJioMy. qJlcJiy. 1r /2 pa.D;Han. 
>,·~,~·-·:·~ ,,,·'f \-·~---~,···· ' ... ;· 

ITonyqaeTCR peayJI))TaT, ROTOpLitt oqeBH.D;en H3 npocTLIX tPH3JlqecKHX coo6paJKeHHi!: II TaRJKe 

xopomo naBecTeH. Ha pnc.3 n pHc.4 npHBe.D;enu 3aBHCHMOCTH TeMna no.D;aBJieHRR Rone6anHtt 

H .D;po6no~ <ia<;TH:iinCJia :6e:raTP,OHHLIX,,Rone_6anntt o± :IKI ~ LHG (ReQ = 70.61 ). Heo6-

. XO,ZI;IIMO llO.l{qep~yTL .!{Be oco6eHHOCTH. Bo-nepBux; np'ii: M-ani.Ix IKI MaRCHMaJILHLii!: TeMn 

10;• 

~X 

•· 

\--

,. 

no.D;aBJieHnJI .D;O~TnraeTCH B T~;.l c~y•rae;· Jioma na6er tiJaau 6eTaTponnux Rone6anHi!: w!JRJIY 
.nrr n T tPPK paBeii ueq~THOMY qnc~y 1r /2 pa.D;naH (KpHBaH 1 ). 8To com.;-cyeT<;JI cxopomo 

naBeCTIILIMH peayJILTaTaMn. 0.D;naKo c poci-oM IKI MaRcHMaJILHLltt TeMrr no.D;aBJieunii oTJie'raer 

.D;pyrnM 3uaqeunHM tPPK. flpnqnua TaRoro rroBe.D;eHHH cB~3aHa c TeM, qTo H3MenHeTcH c pd
. CTOM .IKI qncJIO 6eTaTpOHIILIX Rone6anutt~ 3a o6opoT.: 8;-y 3aB~CHMOCTL llO,ZI;TBeplK,ZI;aeT p~c.4: 
c pocn;M IKI yBemiqnBaeTCR {ReQk}· :B peay~LTaTe na6er tlJaaLI, Ror.D;a I sin tPPKI ,;, J, 
nonyqaeT6r npa MeHLmeM ymoBoM paccioHHHH MelR,ey ,nrr n T, qTo II nomsepJK,Z~;aroT aa

BHCHMocTn .ua pnc.3. O.nuaKo nan6oJiee !JalKIIO ne TO, qTri Han6oJILmntt ieMrr rro.D;aBJieHHH 

,c pocToM IKin~iz:yqa~cJI npn nuLix·, qeM rrpH Manux IKI, paccTauoaltax, a ToTtlJaRf;· <iT9 
3aBHCHT oT BeJmqnuu ·KostiJtiJnnneHTa rrepe.D;aqn nerrn o6paTnott CBH3H qncJio 6eTaTponiiux 

i<one6auntt. TaKnM ~6p~3oM, nonoJKenixe' pa6oqett.To>iRII u~.~Jioc~ocTH Q,Qz ~aMenH~~- c 

pocToM II{ I• IToc'Ko~J;r{y' ~LI6op pa6~qett 'ToqKn cy~e~~BeHHLIM o6pa3oM B'nnHeT na .D;HHaMnRy 

qacTHn B cnuxpoTpoue,. OC<?6~HH?, B6_JIH3H pe30HaH~OB, TO.JICIIO, qTo H~MeHeHH!; {ReQ k} neo6-

XO,ZI;HMO yqHTLIBaTL H ROMIIeiiCHpOBaTL ero- 3.a cqeT ROppeKD;llH TOKa B.i{B<;l.D;PYIIOJIJIX OCIIOBIIOfi 

MarHHTHOfi CHCTeMLI YCKOpHTeJIJI. ~ · \ . · 
' • " ' • • • ~ : ; : - • . ;. • .:., - '. ~ \ ' j • • . : 

.nJIR 6~2Tpol!: cn'cTeMLI no.ilaBn'i!nnH c .D;BYMJI nerrJIMH o6paTHOi!: CBJI3H ,nnl- T1 H .nrr2-

T2 c n.neuTnqnLJMH nepe.D;aToqnut.tn tPYHKUHJIMH 6e3 tiJnJILTpa (.Ku(z) = K22(z) = K) H 

O,ZI;IIHaKOBLIMH ua6eraMH tlJaa 6e'faTpOHHLIX KOJie6auni!: B npoMemyTKax .nrr r _:c .D:IT2 H 'Tl' .:_ 

T2, paBHbiMH ?i /2 pa.D;nan (t/Jp = tPI( ~·11' /2); pemenHH ypaBneHnH .(12)ecn: · 
, , ·, ,· ,1--· '.• ·-,L. ,"'• ) , t_': , . t <;··; . '· "' .. ·: ... - .' . • ,'•' . 

.• Zk~[1=FiiKiexp(i(tp=ftPPK)))exp(±i27i-Q),. k=.l, 2. · (15) 

,nllii' Maiu.i:x no cpaBHeHn'ro ce.D;~~H~elt '3H<l~eHHi!: IKI' no~y~ae'M H3 (I5) B JIHIIei!:HOM rrpn-
' 6JIHJKeHHH .. " ' ' . '.' · : : ' . , . , . . • ,. . . .. 

1;k12 ~--1 _.:: 2IKisin(t/JpK± tp). 

ITosToMy '.D;JIR .D;eRpeMeHTa aaTyxaunH Kone6auntt npn MaJILIX KostiJtiJnnneuTax ycHJieHHH B 
nerrn o6p~Tuott CBJI3~ _'nMeeMi '··' : · . . ' ' ·· 

\,> 

T~ = ~ 1~ lz:l ~· IKisin(t/J;[/± tp). ·. 
TD,. , , ·; • -~-

(16) 

ITocROJILRY 3aBHCHMOCTL R03tlJtlJnnneina'nepe.D;aqn OT qacToT'Ll npnuina CJia6ott; a npn 'nH3-

RllX qacToTax ycnnnTenn nMeroT tiJa3riBLilt c.D;imr; paBHbli!: 'nynro nnn 1r, To 6mi3RHM. li -falin'M 

JKe BeJinqnmiM 6y.D;eT ·tlJa30BLilt C,ZI;BHr B pa6oqei!: o6JiaCTH qacTOT. C yqeTO~ 3TOroH3; (16) 

BH.D;Ho,qTo MaRCHMaJILHhli!: TeMrr rro.n.aBJieHHJI nonep!!qlllix KOJie6auntt np'n MaJILIX IKI 6y.D;eT 

.D;mi H,ZI;eaJILIIOro ycHJIHTeJIR B uerrn o6paTIIOtt CBJI3H;. KOr.D;a cos( tp) = I cos' ( arg(K)) I ,;· 1; 

npn TaKott paccTanoBRe ,nrr n T, Ror.D;a I sin( tPPK )I= 1. B cnyqae noi!: pactTaiioBKH IIa-
6er tlJa3u 6eTaTpouuLix• ROJie6auntt MeJKJzy· rrepBLIM .D;aTqnKoM· ,nrr1· n rrepBLIM.ioiniaTe.iieM 

Ti, paBen u~qeTnoMy qncny 1r /2'pa.D;nau; PacCTaiiOJIRa, npn RoTopott•l sin(iJ,PI\ )I = 1, JIB

JIReTCJI OIITHMaJibHOi!:. J13 cpaBHellHR (14) H (16) BH,ZI;IIO; qTo 6blcTpaR' CHCTeMa IIO,ZI;aBJieiiHJI 

npn ~aJii.rx BeJinqii:Hax KostiJ;pnunenTa ycnnenHJI uenn o6pamolt CBJI3~ o6ecne•IHBaei Te~m 
no.D;aBJieunH norrepeqnLJx·HoJie6aHnlt B .D;Ba pa3a ~blme, 'ICM RJiaccnqecRaR cncreAia. 

· .OTMeTHM•ern~ oro1o cyrnecTBenuoe oTJinqne 6ucTpolt cncTeMLI oT KJiaccnqecHoi!:. --flpn 

OIITHMaJILIIOfi pacCTallOBRe: HMeeM: ·'·; ,. 

z = (1 ~-~K(~))~xp(±i2rrQ) • 
',· 

.• 
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PRe; ' s: •'3aBReRMo'eni Dk OT IKI npR' 
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PRe. 6: 3aiiR~IiMoeTii Dk '6-i-' IKI up~' <P = 
0.1~: ' . . .-· - ' . -

CnnoruHLie HRHun: 1/J/K:';;; 112.5i. 

IlyHKTRpHLie ~RHRR; tPPK,= 112.47r._ 

IIonoMy, up~--~~~ = .1 no!IyqaeM, qro 6~eTpaJJ: eReTeMa e·mnpoKtnonoeHLIM yeRnnTeneM B 

n;enR o6p~THO.II., eBJI3H o6eeneqnBaeT IIO,llaBnemre OeTaTOqHLIX KOJie6aHRfi ·noene HHJKeKn;RH 3a 

O,llHH o6opOT H~~aBReHM~ OT <Pa3 enmaJIOB e .n.rrl H .li,II2. IIoeKOJibKY nyqoK nocne ~H~eK
IlRR MOJKeT HMeTb KaK ·eMeru;eHRe, ~TaR R yron. HaKnOHa TpaeH';opHH nyqKa K paBHOBeerrott 

. op6RTe, TO· eeTb npou3BOJibHYIO <Pa3y; TO He3aBReRMO~Tb TeM!la . IIO,l(~B{IeHRJI , KOJI~a~m.fi OT 
<l>a3LI enrJia.Jiali' Mecni·paenonmKeiniH ,llaTqRKOB nonomeHRH np~'ncnon'b:iouaHHH 6LieTpott 

>'< •• ~ • '.· • • 

CHeTeMLI JIB1IHeTeJI ee OeHOBHLIM ll_ BaJKHefiru~M, IIpenMyru;eeTBOM nepe,D; KJiaeenq~eKOfi, eReTe-

MOfi IIO,D;aBJieHRJI. 

'H:~· p~~.5 npRBene~r.i: 3a~ReR~oeTR 'nk =. lzkl o-I IKI ,D;1IH pMnRqHLIX T/>PKillPR ReQ = 
·56. 71 B o6naem 3HaqeHR.II. napaMeTpoB ,D;1IH yeTofiqRBoro ,D;BRJKe,HRJI qaeTnn; B YHK-L. Ilep- , 

BM MaKenMaJILHaJI o6naeTL yeTOfiqnBoeTn eooTBeTeTByeT tPPK = 112.57r (:KpnBaJI 1) n Hy

henoMy e,D;BRry <l>a3LI enrHaJia cp = 0 B n;e~H o6paTHOfi eBJI3H0 (eM. pne.5). C yMeHLllleHReM 

yrnoBott .npoTJIJKeHHoen~c upoMeJKyTKa. MeJK,D;y T2 R .li,II1 o6naeTb yeTOfiqRBOeTR, eyJKaeTCJI 

H ~p~ ~PK·;;,)i21r {KpnilaJI 6) eTaHoBRTeJI HyneBott. Cne,D;yroru:aJI o6naeTL yeTOfiqHBOeTll 

eooTBeTeTByeT lll7r < tPPK .<: 1121r R 3HaqeHnro cp = 1r, KOr,D;a,.,-2 < IKicos(cp) < 0 H He
~6xo,llHMO .HH~epTHpO.BaHHe. ellrHana B n;eiiH o6paTHOfi CBJI3R; 3aTeM o6naeTL yeTOfiqHBOeTll 

rrpR_ ~· .~,.0, e~oTBeT~TByeT .ltPPK ::-:- 110.57rl ::=;-0.57r H TaR ,D;anee, B rrpe,D;enax o,ll'll'ott o6na

eTH ycTofiqHBOeTHKpHBLie; eOOTBeTCTByiOru;He O,llHHaKOBLIM 3HaqeHHJIM sin( tPPK ), eOBIIa,D;aiOT. 

!i:ho eBOfi~TBOpTpaJKeHO H(l. IIpHBe,D;eHHOM, pneyHKe. 0TMeTHM TaKJKe, qTo Bee:UO,D;06HLie 3a

BJ1eRMOeTn; _C~l_lMeTpHqHLI OTHOeHTeJibHO BepTB:KaJILHOfi · IIpJIMOfi, ·. IIpOXO,D;JIIIl;efi 'qepe3 Toq:ity 

Ha,ropll3t?HTaJILHott oe11IK! = IKiopt.=•lsin(tfJPK)I. I1Haqe roBopJI, TeMrr:rro,D;aBneHHJI KO

ne6anHtt. O,llHH _ll TOT JKe · B ,D;Byx peJKHMax, O,D;HHaKOBO .y,D;aneHHLIX OT. IK I opt:- O,D;HaKo np11 

IKI > IKiopt CHJia. TonqKa- npeBLilllaeT Heo6xo,D;HMyro ,D;1IH :KOMIIeHean;HH •yrna · OTKnOHeHRJI 

nyqKa BeJIRqRHY B MeeTe paeiiOJIOJKeHHJI TOJIKaTe1IH, XOTJI eru:e B03MOJKeH pelKllM IIO,D;aBneHllJI 

Kone6aHHtt. IloeKOJILKY peJKHM rrpR IKI > IKiopt Tpe6yeT 6oJILruRx 3HaqeHHfi ·no1IH B TOJIKa

Tene, qeM npll IKI < IKioph OH 3HepreTHqeeKH IieBLiro,D;eH, li II03T01dY cne,D;yeT H~IIOJIL30BaTb 
peJKUMLI pa6oTLI eKeTeMLI rro,D;aBiieHIIH rrpH JKI·<· JKI~~t'. 
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PRe. 7: 3aBHeHMOeTL MAX(Dk) OT IKI ~PH tPPK = 112.5;Q/Qo (p11eynoK a) H tPPK = 

12.57rQ/Q0 (pHeyHoK 6) • . Q. := ,Qo +.Q.025(n -:-;-. 1);. Qo~ = 56,n.: _ UH<l>pLI·,y(KpliBLix -
~ . . . . ' .. '· ' . . "... . . . . . . . " . '•' '' . . . ~ . ' ~.. ' .. . 

3HaqeHllJI n . 
.. - ~ \: ; . ·, '~- ... ·;., ... •,(·,"' 

'; " , • , 1L _ : ~;:•JJ",,f , :···t ,::f . ."· f' ., /" ; ':t-·~~,-~ i-~, 

... -~(l3~B~~ )~CKaJI{eHRH, J!, n;eiiR; oppaTHOfi, eBJI3H XapaKTepH3YIOTeH; OTJIRqReM: 3HaqeHHfi cp 

<;JT .~_,D;eaJILHLIX fP,, ':"'-.0 RJIH.cp ~ 7!'· f,Ip11 ¥aJIHqliH .TaKRX UeKaJKeHHfi. IIpOReXO,llHT cyJKeHlle 
p6J!aeTR ye:I"ott.;mBoeTR. Ecmr JKe, Ha6er, <l>MLI 6eTaTpOHHLIX Kone6aHRfi t/Jp K c>T: .li,II1 ,D;o T1 

oTJiilqeH oT orrTHMairLHoro, io rrpoHexo,D;HT eru:e 11 pa3,D;eneHHe ·KpRBLIX, cooTBeTCTByroru:Hx.lzkl· 

Ilp~~~p~ TaKux' ~aBReHM~c:rett llpRBe,D;~HLI Ha pHe.6. :• . .. •·\ ._,;' 

' CJ!e,D;yeT rro~qepKHYTL, 'ITO npR nro6Lix tPPK. HaJIHq)Ie .<l>MOBLIX ReKaJKeHRfi rrpRBO,llHT•K cy-

~eHJiro'o61:laeTH.YeTofiqRBOC.Tll, :··· _., _; ,'< .•• ·., . ·: :: ,,,,.,,,., •• 

.~ . ,,-,-~ ,:;,·,_ -;.-,:;., ; .. "' .-.\~·:·-·,_ ,··-~;~- ,; ···;-~·;·:;! __ ,,~_{··~·::··~· ; .. : .. (···,.'."'·.• ·:·~ 

l13-3a 3HepreTnqeeKoro pa36poea qaeTHil B uyqKe KorepeHTHI.te Kqne6aHllJI ,6YJ1YT nepexo

. ,D;HTb B HeKorepeHTHLie, MHHRMaJibHaJI BeJIHqHHa BpeMeHH nepeXO,D;a KOTOpLIX eeTb TJ• HeHo, 
'.iTo eReT~Ma _ no,D;aB~eHHJI rrorrepeqHLIX ~~rep~~.fnwx _ Kone6aHRfi · ~oJIJKHa o6eerreqRBaTL 6onee 
Bl.teORHfi Te:Mn rro~aa'neHRJI, qeM r;:· 8-fo'o3int:.JaeT,.qTo ycJro~ne(S)'.noiDK~O 6JiiL' ~i:IJ'~~~Iio 
mi:6onee·meeiKoe:'> , ··.•: '"·. :--' . ' . 'J;:: ._., ' . ,. .- •. : ::: .. ·4;,•·:·:· •.- ''"··•; ' 

lik!'<'exp(-To/1-!), ,.,;: ... , "·~~'-·:.·.:· .:·ci7) 
. \ ," ·--. ; i· 1 ;' •, -~: " • ~ ; \ , • • ';. • ,. , • t , •• ' I : f ; ~ ~, 0 • :. : ; • "." f > > 

r,D;\! To:: rrepK<l.D;o6paru:eHHJI ,qaemn; s.yeKopHTeJie.·.IloKa3aHo; qTo·B ·JIHneitnoM:rrpH6.1IIDI{e-

HRR m) IKl_K,no,T~/TJ.HMeeM: , , !;, , . w .·: 

' '· IKsin( Tf>~K)I > To/r?= 1rV2t.Q. :. '' · 
'",;,ci"'< .' ~ ,r.;::·y·; ;·,; .,'_ 

8TO 03HaqaeT, qTO IIpll HaJIHqHR pa36poea t.Q ,D;1IH IIO,D;aBJieHHJI IIOIIepe1JHLIX KOJie6aHRfi 

He06XO,llHMLI K03<l><l>Rn;ReHTLI rrepe,D;aqH B n;eiiH o6paTHOfi 'cBH3~7 np'e~u~aroru:~e·n~ ~paitHefi 
Mepe B nJITb pa3-pa36poe:t.Q, TaKJKe:Bn,D;Ho, qTQ qf!iM·cllJILii:ee'paeeTanoBKa .:roJIKaTenett 

ll ,D;anHiti:n:i"oiJiiitiii.~ciiirii ClUTHMaill.nott, 'TeM MeHLme lsin(t/JpK)I, H'Tpe6yii>TcH yJKe eru:e 

6oJILmHe BeJIHqRHii':K~~~·<l>;~~eHTa nepe,D;aqR IKI •. __ ._ .· ·_ ··-·_. _ •... , . , .· . . . ' 
BTopott 3<l><l>eKT, o6ycnoB.JieHH~it H~Hyne~LIM' ili.niY~~in.rM paa6p~ro~ '-.Ia:eTRii B n~~e. 

CBJI3aH e · Te:M, qTQ,' IIanpRMep, rrpR. 3a,D;aHHott paeeTaHOBKe T/>PK = 'tPPK( Qo} 11 H,D;eaJILHott 
U.~iin o6p~THOfi ·' CBH3H, TOnbRO ,ziiDi; 'laCTH qaeTRil re:Mn no,ziaBlleHRJI MaKellMaJILHLifi, a. ,D;1IH . ' ........ ' . . " . - ·... . 
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)lpyrnx, y ROTOpLIX 'IHC1IO 6eTaTpOBBLIX R01le6aBHtl:3ao6opol' eCTb Qo+~Q, nj:>II TOJ.:t me 
K03!}Jqmn:iniilTe i:iepe.l{alJH IKio;t ls'n:eim o6paTBOifc:BH3n TeMn no1iaBn~Hn~6onee.ke.Zl~~BHL!tl:: 

Ha pnc.7 npnBe.l{eHLI 3aBncnMocTn MAX(D.i:) o!'IKI ,ll1IH pa31IH'IHLIX Q npn tPPK = 
112.57rQ/Q0 n tPPK = 12.57rQ/Qo', npn~eM Qo = .56.71, RaR 3TO nMeeT MecTo B 'nepBotl: 
' cTyneBH YHK. Cpa3y no.l{'lepRmiM,. 'ITO .Zl1IH H3o6p.i.lKe!JBLIX. a a· pncynKe 3aBncnMocTetl:. 1{3-
MeBeBHe Q MOJKeT 6LITb CBH3aBo ue TOJJLRO c pa36poco:M 6eiaTpOHHLIX qactoi, uo n c yxo.l{OM 
pa6o'letl: TO'IRH no Q. llo ~Tot!: npn'lni:re n BLI~pau cTo1Ih 3Ha-<1nTenl.iii.ra ·pa36poc no Q . .Ii.ipl 

· 113o6pameHHLIX 3aBncnMocTetl:. Bn.zuro·, ~To MaKCHManLBaH o6nacTL ycToD.qnBoCTH cooTBm;
'cTBYeT Q =·Qo n npn oTRJioueunn oT .. Q0 cymaeTCH. KaR n npn Bapnal:tnn tPPK, HeTpJ.Zlllo 
··~npe,Zle1IHTL cJie.zzyrom;ne o6naCTH ycTOI!.'JHBOCTH. :Heo6XO.l{HMO O~MeTHTL7 .'ITO cyMeHJ.llieHneM 
, 1/JPK yBe1IH'lHBa~CH o6nacrL'.l{ony~THMLIX:LiQ. llo3TOMY BCer.l{a Heo6XO.l{HMO aHa1lH3HpOBaTL 
o6naCTL ycTOI!.'lHBOCTH He T01ILKO )l1IH upiiHHTOI!. paCCTaHOBRH, ROTopyro C1le,ZlyeT BLI6npaTL 

: onTn~ariL~o:li, no n .ziiiH: cooiiieiciByroiiinx na6eroB.!}Ja3 6eraTp~miLix IZone6aan:li npn n3Me-
nennn Q B o6nacn! Ji~nycTnMLIX 3Ha'leHn:li. ' 

Bo BTOpoif rnaue pemeua 3a.l{a'Ja 0 n~naBneimH 'nonepe'IIIO:li,'pe3HCTHBHOD. neyc
TO.lt'JHBOCTH .Zl1IH cnnomnoro n crpynrrnpoBannoro ny'lROB. llpn anann3e pa6oTLI

1 
cncTeMM 

rro.l{aBnennH crpynrrnpoBannoro ny'lRa ncnonL3yeTCH MeTO.Zl Z-rrpeo6pa3oBaHnH, RaR no 6uno 
c.nenano B nepBo:ll:'rnaBe. BBe.l{enne Pa3.Zle1la .Zl1IH auailll3a pa6oT.Li cncTeMnonaBnennH pe3n

·cTnBHo.lt neycTO:li'JHBOCTH CTI1lOlliHOro ny'lKa, HeCMOTpH Ha HMeiOnJ;HCCH 1~Ha1lO~H'lHLle ony6nn-
KOBaHHLie pa6oTu, o6ycnoBneno ncRnro'lnTe1lLHo o6m;nocn'ro n3nomenilH ii .zieMoncTpalineD. 
o6~nx pe3y1ILTaToB npn ncnonMoBannn o6m;enpnHilTM~ MeTOJlOB !}JypLe-iuiann3a. I1oKa3.l.ao, 
'ITO oTnn'lne nony'!enaux pemenn:li npn BLIK1IID'Ieano:li cnCieMe no.naBnennH oT peme'an:ll: .ZlnH 

cBo6o.l{HLIX Rone6ann.lt crycTKa cym;ecTBenno T01ILK~ B; TOM, 'ITo' B neM yqTem.i · non'paBRH -8 
Q, cBH3annue c pe3ncTnBnocTLID cTeHoK Ba«yyMaoD. KaMepu. Ypainie':Hne .Zl1IH onpene.ri:ennH 
C06CTBeHHLIX 'JaCTOT KOne6aHH:li nonHOCTLIO 3KBHBaneHTHO ananorH'lHLIM COOTHOllieHHHM (6} 
H (10)i ecnn nonoJKHTb ' ' , . ' . ';· , .;• ; ,· ' . ,, . , : 

· ·' · ' i = exp(iwT0) ·. · ' ' " (IS) 

H C~HTa;b Q ROMnneKCHO.lt Be~H'IHHOtt, nettc~BHTenLHaH .qaCTJ. KOTOpLIX ReQ paBHa 'lH·~~y K~-
' repeHTHLIX 6eTaTp(m'aux Kone6aa~:li 3a o6o~T, ~· M~HMaH ~aCTL ImQ iapimTepn3yeT HHKpe~ 
MeHT HeycTO:li'lHBOCTH. I1ony'leH07 'ITO rrpn BLIK1IIO'leHHOtl: CHCTeMe no.l{aB1leHHH BLipaJKeHHH • 
ll~ co6cTBeHHLIX '!aCTOT COBna.l{aiOT C ~3BeC~HLIMH .. I1oRa3aHo, .'ITO o6nacTL ycTO:li'lHBOCTH no 
IKI .MH 6ucTpoD. cncTeMLI 3a.l{aeTCH .ZlBYMH napa6onaMn Dk (eM.' pnc.8). 'Ha.lt.ZleH .l{nana30H 
H3MeHeHHH .Zl1IH Be1IH'IHH K03!}J!}JnnneHTOB nepe.Zlcl'lH, Kor.zia HeycT6:li'JHBOCTL im.zi;aBMeTCH: 

IKimin 

IKima:c 

= .•2exp (IIm'fj;pKI- 7rllmQI) sh(7rllmQI); 
' ··>... • • ' I, ' 

2 exp( -7rllmQI)ch(dmQ). 

• M<iKCHM~1l~HLI.lt TeMn' noiiaaneHHH 
,; ·.' ' ' ' .• ,;iJ 

!Jo;t ~ . sh(2~llmQI) · ( 1 ·+ 1 ~os2 (Re1/JpK) sin
2
(cp + ~~r)), 

· ·sm(Re.,PpK)cos(cp+w~r) ' 2 ·. · sh2 (27rllmQI) 

.ZlOCTHraeTCH npn Be1IH'lHHe K03!}J!}JHJ:lHeH;.;·nepe,ila~H rKiopt;'paB~O~:· . , 
0 T ·- ; ' o ~ • • "- ·~ • < 0 '' • • ' ', ) •o 

IKI 
~ ch (27rlmQ) , 

0 t-
P sin(Re'fj;pK)cos(cp+w~r) 

' 
•,'•1 

14 

. ,, (19) 

0.2 

o.J. IIKIKin IKIK~>< I 
o.ou I I I I ' I I ,. 'I 

0,0 0.3 0.6 0.9 J.,2 J..5 · J.,B 

Pnc; 8: 3aancnMocTn Dt n Di OT IKI. · 
Re'lj;pK:::,; 112.4ir.: 

• Pnc. ·9: 3aBncn!oiocTH MAX(Dk) OT IKI; 

cp +w~r = 0. · 
Ret/IPK = 112.5ir ~ o.os(ri.:.. 1)1r. · 

. Unq>pu y KpHBMX ~ 3Ha'!ea'im n: 
',•: " .. ·,·. 

HeycTo:li'!HBocTL ITO.ZlaB1IHeTcn, ecnn ··~·· 

I sin(Ret/JPK) cos(cp +~~;)I > sh(27fllmQI). 
; . • . l • c~ .. • • · · · · · , (20) 

.ll:1IH OnTHMa1lLHLIX<ycnoBHlt HM,eeM: ·: 
~ ,'. i 

· :.no;t ~·sh(2,dimQJ);· 
" •• ,; • • •• ~ .. ' t ' • ~ .: \ • ' ' 

., ·'·' ,. 
H aeyCTO:li'JHBOCTL nol!;aBnHeTCH, ecnn. 

. shCllrllmQI) < L I. 
,-" ·," ·,,. '.•' ·- .. ; 

'\} ~ ~ ' . .':.:' 

,_; . 

.ll:1IH I cTynenn YHKnpn IImQI = 0.1 rronyqaeM sh(27rllmQI) ;= 0.670, To ecn no.ZlaBnenne' 
HeyCTOI!.'JHBOCTH B03MOJKHO. , • ' . '< ' ' , •' ; · 

)I_~ lmc.9 npn~e.ZleHLr 3aBncnMOCTH MAX( Dk) OT IK lnnH YHK-:-1, JIOllTBepJKllarom;ne, 'ITO , . 
npn H.Zle!l1ILHolt n:enn .o6pqTIIOtl: CBH3H. 6ucTpaH cncTeMa. o6ecrreqnaaeT. IIO.ZlaBrieane OlKH.Zlae~ 
Mon HeycTO:li'lll~OCTH ~·IImQI = O.ilrrpn OIITHMa1ILHOD. paccTaHOBKe .l{aT'JHKOB H TOnKaTeneD. 
(KpHBaH 1). Heo6xo.l{nMo, O.ZlHaKo,,n;o.Zl'IepKHyTL, 'ITO 3arrac.rro .BceM napaMeTpaM B cncTeMe 
o'!eHL neBennK. HanpnMep, rrpn Bapnan:nn no Ret/IPK orKno~eHHH. no rra6ery !}Ja3LI 6eTa- . 
Tporriti.rx Kone6aitnlt Melli.ny .lli11 ll T1 rre ilonmau 'rrpeBocxo.Zlilri.' 0.1741i-; '., " "' ' "'' : ~ .. 

T~KHM ·o~~a3oM, .~rrpe.Zln~;~eMaH ~uc~p: cncTeM~ ~~~a::e~'~H pe3~CTHB;I~lt Iieycio;qn~·: :'·'. 
BOCTH cnnom~oro ny'lKa o6ecne'lnBaeT ee rro.ziaBneane rrpn H.ZleanLrrolt n:errn o6paTHolt CBH3H • ' 
H OnTHMa1ILHOI!. paCCTaHOBKe. ·> .. , < •. ·'' • '• . '·, '• 

' Jlcao, 'ITO .Zl1IH IIO.ZlaBneiiHH neyCTOlt'IHBOCTH l!;OCTaTO'li!O o6eciJe'JHTb l!;Ha1Ja30il H3MeUeHHH 
K03.tlJ!}JunnenTa rrepe)la'IJLII\I,B n:emL o6pam~lt ,CBH3H oT. IKimin .ZlO · IKI;pt·· llony'leuo; 'ITO 
.ZlHaua3oii H3M!'!HermH K03!}J!}JnnnenTa rrepe.Zla'ln n:errif o6p~Tuolt CBH3H·rrpn riannqna.3uepre- •.• 
TH'!e~HO~O,Pil!l?p~C<l, B JIY'IKe ~01IlKel! 6LITL B1>16pan,,y'lHThiBM ycnOBlle (17), B'COOTBeTCTBllll ·' 
CO C1le,llyiOnJ;HM nepaBeUCTBOM: 

2exp (llm'fj;p.KI- 1rllmQI- ~) sh ( 7rllmQI + ~) IKI ch(27rlmQ) . 

lsin(Retf>PK)cos(cp+w~r)l < < Jsin(Re1,i•pK)cos(cp+w~r)l 
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Ilpn: perueau:u: 3a,naqn: o no,naBneau:u: pe3RCTRBaoA; aeycToltqn:BoCTH crpynrrnponarrrroro 

ny-.l:lia u:3 M ~rycTKOB nonyq~~a s~c;e~a ,nu:cpcpepeau:n:aJILHLIX ypaBaeau:a, ~OTOpaJI IIOCJie 

npn:Meaean:JI Z-rrpeo6pa3oBaan:JI u: crrel!.n:aJILHoro MaTpu:qaoro rrpeoJpa3oBaan:JI rrpeo6pa3o-.. 

8 aaa K aopMaJILIILI¥ Koop,nu:aaTaM. )lJIJI rr~cne.nnu:x no.JiyqaeTCJI CJCTeMa M He3aBn:cliM:ux· 

ypa~ae~B:tt~ orrRCLIBaiOJD:RX 6eTaTpoaaLie Kone6aiin:JI C· qn:cJIOM Qn: 

2 2 · ·. · 
00 

Om · 1 
Qn = Q0 + 2QoLlQo- 4Qovb L D . 

2 
· + 1 ····· • 

·. . m (" 1rn +Om nz) 1 . . . - m=l exp '¥ . . . u . -
(21) 

npJiqeM .D:JIJI KaJKJ{OfO Qn COfiCTB~HHLie; ~u:a'IeHRJI Z!l')k OIIpe,neJIJIIOTCJI 113 ypaBHeHRJI 

2 . ;-~ ", _- - - ·--

z(n)k- Z(n)~ TrMn(Z(n)k) + det Mn(Z(n)k) = 0 •. ,, .· (22) 

IJoKa3aH0
1 

qTO IIOC~~,nllee ypaBHeHRe IIpWBLIKJIIOqeHHOlt CRC~eMe no,naBJieHifJI npRBOWiT K• 

xoporuo R3BeCTHLIM pe3yJILTaT<iM ,nJIJI o,nu:aoqaoro crycrKa: .D:JIJI Bcex Qc = Qo + LlQo, ne- · 
maJD:RX M;eJK.ZlY m;>Jiyn:enLIM u: 6nu:mattrun:M caepxy u:enLIM qn:cnoM, Kone6aaHJI 6y.nyT aeycTott

qn:BLI. Ilpu: BLI6ope Qc .BLirue nenoro qn:cna n Mear,rue rronynenoro Kone6ann:JI o,nu:aoqaoro 

crycTKa 6y.nyT ycTofiqHBLI~H_. IloKa3aao, qTo .D:JIJI M crycTKOB, paBao~pao pacnpe.neneaaLix 

no op6n:Te, KaJK.D:aJI Mo.na Kone6aau:tt (nk ± Q0 ± LlQ0)wo pacJD:errJIJieTCJI aa M caTeJIJIRTOB. 

BuqD:cneaa Benu:qnaa pa36poca SQ, cooTBeTcTiiyroJD:an nnM caie)mu:TaM. Ilonyqeao, qTo Be

nu:qnaa j8QI Ma.Kcn:Mam.aa, Kor.na none rrpoan:KaeT 3a ~TeHKR BaKyyMaolt KaMepu, qio n~eeT· 
MeCTO aa YHK-1. YcTa~oBneao, qTo B STOM cnyqae Bennqnaa j8QI paaaa jlmQj, TO ecTL 

,nocTn:raeT Benn:qHHLI oRono 0.1, qTo miMaoro 6onr,rue omB:.naeMoro pa36poca Q Bcne.ncTBHe 

HMIIYJILCHOfO pa36poca qacTRU. 8To 03HaqaeT1 qTo ,nofiHTLCJI CTpororo B~IIOJIHeHRJI OllTH

MaJILiiLIX ycnoBHfi rro,naBJiean:JI KorepeaTHLIX nonepeqaux Kone6aan:lt o,nnoBpeMeaao ,nJIJI.acex 

B03MOJKHLIX MO.D: Ko.rie6aau:tt cryCTKOB aeB03M~JKHO. B cnimi: c aTHM aeo6xo,nu:Mo paccqJJTLIBaTL 

CRCTeMy. no,naBJieHRJI .n!iJI. aimxy.nrunx :ycJIOBRlt,· COOTBeTCTBYIOIJJ:HX TaRO MY co6cTBeHHOMY -.in

cny 6eTaTpOHHLIX Kone6aau:tt 3a o6opoT,.Kor.na aa6er cpa3LI 6eTaTpoaaLix Kone6aantt'RetppK 

,nJIJI·aero·MaKcn:M:a.Jir,ao oTnntiaeT6!: oT onTnMaJILHoro: Bui:Tpan cncTeMa no,naBneanJI,' C03,na

BaeMaJI ,nJIJI YHK...: 1, o6ecneqn:Ba~T pemHM: 3aTyxaa'n:JI nonepeqHLIX KorepeHTHLIX ~one6annit, · 
' c J ' ' ,,, ·;· 

ecnu:· 

I sin(RetPPK )I > jsh(211"1mQ)I: 

B YHK-1· omn.naeTcJI Bemi~u:aa II~QI ·~ CU, qTo ~pn~o,nu:T K .nonycTHMLIM 3aaqean:JIM 

Re1fpK OKOJIO 0.211' pa,nu:aa.' IIocKOJILKY yrJIOBM npOTJimeHHOCTL 'PPK npoMeJKyTKa Mem.ny 

)lii1 H T1 6JIH3Ka K 211" pa.nu:aa, TO .norrycTRM pa36poc j8QI oRono 0.1. 81'o o3aaqaeT, 

·qTo 6ucTp~. cn:cTeMa. o6ecrreqn:BaeT· · no.naaneane. Bcex Moil • Kone6aau:a, xoTJI npaKTn:qecKH ' 

OTcyTcTBYeT 3anac iro o6nacTH ycTOfi:'JHBOCTR. . 

· B TpeTLeH rnaue npoaaann3HpoBaHLI, perueaHJI ypaB_aeaHJI (12) ,nJIJI co6cTBeaawx 

3HaqeaHlt .ZlJIJI'CHCTeMLI no,naBJieHHJI·KOrepeHTHWX 6eTaTpOHHWX KOJie6aHHfi C _UHcppOBLIMH 

cpn:m.TpaMn B nerrn o6paTaolt cBJI3n,· cxeMLI KoTopwx npe,ncTaaneaw aa pnc;10.· IloKa3aao, 

/ 
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.•. .. . . . To ~1 .. .: :• . ~ . bl To ~ .. 
' ,., · .. _,. 

'~.- ··~· : . : ;t I',·~ NTV! ,· 
" _. f •• ' 

I·._ f ' '· t f ~. I I I ,,.; 

--~ •;'~ -~-
·!..,·· 

. b 0 . bp aj. •. p 

. ' 
' . 

. . . 
(?) r. ·: (b) (c) . ,z. 

... 

.,:." 

Pnc.,, 10: CTpyRTypaLie cxeMw aepeKypcn:Baor~. (a), peKypc~Baoro (b). n xoM6HHHpoBaa
aoro: (c)' qiiiJibTpOB B 'rieriu: o6!ni~aott CBJI3H ... . ' . . . • "' . . . . 

qTO ,nJIJI 6wcTpott cn:cTeMw c riB'cppoBWM qinm.'fpoM nepBoro nopJI,nRa a·nerrn o6paTHOtt cii.H:iu: 
B (12) aeo6XO.ZUIMO IIOJIOJKRTL':'.. : • , "'' _,· .·. 

K(z) = z + a 1 IKI. 
z- bl 

.. · .. ·;. 

.B pe3yJILTaTe B03HHKaroT·qeTwpe peruea~,.KoTopwe ,nJIJI Ma.Jiwx 3aaqeau:tt IKI ecTL: : · ·' 

· ':'· •.. '·. · ., :' . . . 'i(at + bt)IK!exp(~i;p;K)' ·.· . ' 

z1
•
2 = (1- =ft.~~~ ~~p(~~~~~))'e~p~~~27r,~)=f l=f ij~j exp(=FitPPK) ~ bl (!Xp(=f~27fQ): 

. . _ b ± ·· .. i(at.+ bt)jKjexp(=fitPPK) .·. , · .. , . , , , 

z
3

'
4 

:- ., .
1 

,1, =f ilK I exp(=FitPPK)·-: b1 exp(=Fi27rQ)i.: ·· ··· •· 

Bn.nno, 'qTO nepB~e ',nBa T~Ila' perueiniit 'z1',2 'eCTL l:pa,nu:ntioaal.ie 'peruea'~ c ae6oni.~ott .no-

6aBKott, nporiopl:{u:oaa.rir,aott Mo.nyiro 'K03cpcpB:nD:eaTa_ nepe,naqa nerrH o6paTHOlt cilli:iil IKI H 

cyMMe K03cpcp~nll:elnoB. ycnJieiiiui: (a! +' ~1) ycHJIHTeJiett' :8 (p:HID,.fpe'.' Biopott: 1':Hri: p~meHHfi 
Z3,4' o6ycnri:Bilea' aaJiilqn:eM 'c:piriiLTpa _H ecTL clie.u;cTBHe CBH:ln 'ROJie6anutt:' crycTKa 'qepe:l. o60-
poT 3a cqci ll.RTnimwx nen~ii cpni:iiTpa: Peruearur":H-Mero:r'xapa~TepHw(a:H.zi'i.nJm:' CBH~aiiaw~ 
OCIJ;HJIJIJITOpOB: ,nofiaBKH BXO.ZlJIT C npOTHBOllOJIOJKHWMH 3HaKaMH. . '. l : . : , ·. . . '"•. 

' '. c neri!ci .BLipa6C>TKH .ijorroiranTenl;aLix 'KpHTepHeB Ji.JIJI no,n6opa h~par:IeipoB''q,«.;n,ip'a HC-
•. ,., • ' •• '., ~·, ,, ...... ~.\ ,, .• ; ''\•f• • ',"1; ·, '\'' '.. • . '; .• j: , .. , .•.... •;.<",!( 

cne,noBanw· acHMllTOTaqecKne perueanJI: · · · . . . 
' ., • ', ~'. _I •;' • • '. -=: ' > ' • : ; • 

:· · ·· .. •: .. :X[oo, sJ = lim(z...., 1)X(z,s),· •• ·: · .(23) 
,.,.· , .... •.. r·:~. "~ ··~· .. t~"f ·~ -~. 'z_-:':1 .:· ~ :; t .•. -~,-,: 

KOTOpWe HMeiOT CMWCJI1 ecJIH ,naaawfi npe.u;eJI CyJD:eCTBYCT (TO eCTL BCe llOJIIOCW Zk JieJKaT Bay

TpROKpylKHOCTH c.pa,nu:ycoM Rz ~ 1). )laaa~e acn:MnToTn:qecKoe peruean:e ae 3aBHCnT· i:>T 
HOMepa 'o6opoTa H B .COOTBeTCTBHH c 06JD:ellpRHJITWMH onpe,neJieHHJIMH xapaKTepH3YeT CM;e

JD:eHHe paBHOBecaott opGnTw •. IloKa3aao,.q~o cn:cTeMa no,naBneaHJI nonepeqawx H:orep~aTawx 
Kone6aRHtt,pa6oTaeT He3aBHCHMOOT CHCTeMw'.KoppeKUHH paBHOBecaott op6HT~,.ecJIH cyMMa 

KoscpcpHitHeHTOB ycu:neaHJI ycHJIHTeJiett: B aepeKypcHBHLIX 3BeHLJIX cpHJILTpa paBaa MHayc 
e,nu:H!!Ite:: ,· · · ., ··• ·.·. ! ~ ·• . .. ' ·,. ·.' '·· ·,,, · 

·:.·:. •.• ' .. ·,·; I' 

,. Eam = -1. · .. •. 1:· ., 
~ " . , ' • • t 

.. {24) 
m=l 

. •'"li .,. >:· 
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PHc. 11: 3aaHcHMOCTH MAX(Dk) oT IKI 

.JlJIJI rpe6en'IaToro.qm.m.Tpa: a1 = _;1; 

b1 = 0. Rei/JPK = 112.51r- 0.1(n- 1)1r. 

· UHIJ>p:LI y KpHBLIX - 3Ha'IeHHJI n. 

Die I 

J..O 

0.9 

o;a 
0.7 

0.6 

0.2 

p.J. 

o.oll Y 1 1 V1 1 1 II o.o - ' 

PHc. 12: 3aancHMOCTH D,. OT IKI. 

ReQ = 56.71; . llmQJ = 0.1;. 

.1..8 

Rei/JPK =112.511'; a1 = -1; . .-bl = 0.6. 

.LJ:JIJI IJ>HJI&Tpauep~oro nopS!JlKa ycJIOBHe (24) 03Ha'IaeT, 'ITO B nepeKypcnBiioM 3Bene JlOIDK«:H 

6LIT& HHBepTOp.,cnrnaJia, TO ecn. a1 = -1. Ha pHc.ll npHBelleHLI 3aBHCH~fOCTH MAX(Dk) 

oT IKill.rrR: pa3ml~lnd,c'na6eroa qia3 Rei/JPK MelKJlY llaT'IHKOM noJioJKeHHJI .D:II1 n TOJIKaTe
JieM Ti. Bnroio;··'ITO c yMeHLIIIeimeM Rei/JpK OT 3Ha'IeHHJI, cooTBeTCTBYIO~ero onTHMaJILnol!: 

paccTanoBKe, cna'IaJia lli>OHCXOilHT yBeJIH'Ienne n!Mna no.ri;aimenHH KOJie6annl!:, xoTJI o6JiacTL 

ycTOl!:'InBocTH no IK I cyJKaeTCJI. MaKCHMa.m.nLil!: .TeMn no!laBJieHHJI cooTBeTCTBYeT paccTa

noBKe Rei/JPK = 112.21r n MO!lYJIIO K03IJ>IJ>HnnenTa 11epella'IH, IKI =0.22 •. B noM c.ny'Iae 

, nponcXOllHT : yMeHLIIIeHHe aMUJIHTYllLI. KOJie6annl!: B. llBa pa3a . 3a, o6opOT. U pH ,llaJILHel!:nreM 

yM~HLIIIe~~n Re'lppJ,; P.o 3Ha'Ien~.ff 112.011' TeMn nollaBJiemiJI RoJie6annl!: yMenL~aeTCJIH OJl~O
apeMenB:~· cy~aeTCJI. o6Jia~TL ycT~l!:'IHB,OCTH ~0 IKI. A'saJIO~H'IH~e ~aBHCHMOCTH IIOSBeJIH

'IeHHIO 'TeMna llOJlaBJieiiHJI ROJie6~HHl!: npn JXOJle OT OllTHMaJILHOl!: paccTilHOIIRH. llOJiy~aiOTCJI 
·Ji~ llPY~HX 3Ha'IenHfi a

1
• · . ' · .. · . . , . ' - · . - ·. . · . · 

·. . TaRHM o6paaoM,npH BB~de'Him nepeRypCHBHO~O iJ>HRbTpa B nem o6paTHOl!: CBJI3H npo

.H~XO/lHT cy~~Hne. o6JiaCTH ycTOl!:~HBOCTH. MaKCHMa.m.noe H~llOJIL30BanHe CBOi!:CTB IJ>HJI~Tpa 
llM llOJlaBJieHHJI RpaTHLIX 'IaCTOTe o6pa~eHHJI 'IaCTOT' KOr!la B ero' ~enH" HH~ep~op cnrna'Jia, 

H O/lHOBpeMennoe o6ecne'IeHHe. MaRCHMaJILnoro. TeMna. no.ziaaJieHHJI. nonepe'IHLIX RoJie6annl!: 

B03MOJKHO npH cnenHaJILHOJ!: paCCTaHOBRe JCTpOi!:CTB CHCTeMLI llOJlaBJieHHJI KOJie6aHHi!:, OT-

JIH'IHOJ!: OT OllTHMaJILHOH paCCTaHOBRH B ·oTCJTCTBHe IJ>H)iLTpa;' ·.' : ' · '' 

'.LJ:JIJI JCTpaHeHHJI 3TO:fi HeJK~.ilaTe.lll>HOi!: 3aBHCHMOCTH npe:zi.noJKeHO HCTIOJIL30BaTb iJ>HJILTpLI 

c-peRypcHBHLIM 3BenoM. Ha pnc.12 npnBe!leHLI .3aBHCHMOCTH 'Di: oT IKillJIJI neycTOl!:'IHBOCTH 

c llmQI = O.L HeycTol!:'IHBocTL c TaKHM nnKpeMeHTOM oJKn.ziaeTcJI B YHK-;:1:: MaRcnMaJIL

HLifi lleRpeMenT uo.n:almennn MAX(Dk) = 0.85 noJiy'IaeTCJI npn IKI = 0.90 n b1 ,;, 0.6. 

B cooTBeTCTBHH c (24) npnnnTo a1 = -1. HanoMliHM, 'ITO ycTol!:'IHBLie p'eiiiennJI'IlJIH cn

cTeMLI no.n:aaJiennn c KllX-!J>nJILTpoM B nenn o6paTnofi CBJI3H noJiy'IanncL JJ:JIH Rei/J.PK, ne 

paBHLIX He'IeTHOMJ 'IHCJiy. 1r /2 pa!lHaH, 'ITO cpa3y JKe BLI3LIBaeT npo6JieMLI C paCCTaHOBKOfi 

.D:II n T. B cncTeMe JKe no.n:aBJieHHH c EllX-!J>HJILTpoM B03MOJKHO no!laBJienne neycTol!:'IHBO

cTn c IImQI = 0.1 npn Toll: JKe paccTaHOBKe .LJ:II H T, 'ITO n B OTCJTCTBHe neycTofi'IHBOCTH. 

l{J 

IlocKOJILKY OIITHMaJILrioe 3Ha'IeJ!He napaMeTpa b1 3clBHCHT oTimQ, TO 3TO llOJBOMeT nacTpa~·; 
H'ii~TL' peKypcnlmoe 3Beao q;liJII>Tpa TaimM o6pa3o~; 'ITofiLI o6ecire'IHTI> M~-i<cn~aJii.nlia ±eMn:· 

rio.ziaBJieiiHH neycTI:ifi'IH~OCTH B KOHKp~aiJ:~ycJIOBHJIX; _'ITO JIBJIJif!T~ necoMHeHHI>lM.llO~~~: 
nncTBOM cncTeMi.I no!la~JiennJI c EllX-!J>nnLTpoM: Ilo3;oMy neo6xo!lH~ci npellYcMaTpn~aT~: 
~03MOlKHOC'fL BapLnp'oBaHHH napaMeTpa bi npH npoeKTHpOBaHHH nenH o6paTHOJ!: CBJI~H C; 
EllX-!J>nnLTpoM. · • ' · · ' 

.. i '·· 
Ilo.n:qepKHeM, 'ITO HaJIIl'IHe HeCKOJILKHX'co6cTBeHHLIX 'IaCTOT nonepe'IHLIX KOJie6annit He 

MOJKeT C.UJ!ftHTL OCHOBaHHeM JJ:JIJI 3a~p~Ta .J:i.o.z{o6HNX pelKHMOB.pa60TLI CHCTeMLI TIOila~Jie~HJI. 
IlpHHJlHTIHaJILHLIM HBJIJieTCJI To;· 'ITO ~ce T'aRHe KOJie6aHHJI ,llJ'IKa JIBJIJIIOTCH ·ycTOfi'IH~HMH< 
npn c.n:eJiannLix aLinie !lorry~enHJIX. Heo6xollHMo; QZlllaKo, HccJie!loBaTL napaMeTpn'Iec~yro· 
ycTofi'IHBo'cp; rio.n:o.6noi!:, cHcieM:i.J::.: . . . \ .. 

II poBe.n:ennLil!: BLIIIIe . anaJIH3 • pa6oTLI ~ncniMLI no!laBJieilnH pe3aCTHBnofi · neycTofiqnao~; 
cTn rroKa3LIBaeT'cy~eCTBennoe npeaMy~ecTB<1rrocTpoeHHJI nenn o6paTnoJ!:·cBJI3a'c EllX-· 

IJ>HJILTpoM no cpaaneHHIO c. TpallH!lHOHHO HCIIOJIL3JeMLIMH cxeMaMH ·c KI1X-!J>nJILTpaMH.· 

B 'leTBepTOH rna:Be rrpoana,.nn3'apoBano BilllJIIIHe on'Ii16oK~ p~CCTaiiOBR~ nrr' .H:T 

a 6LicTpoil cncTeMe rro!laBJieJ~an. Ilo.nyqeno; ,q1:o npH Jie66Ji~in~x ~TKJimien~~x n'a6eroB !J>a; · 

6eTaTpOHHLIJC ~one6aimil OT OllTHMaJILIIhlX 3miq~nnil llJIJI MaJILIX nap~MeTf>OB: . . . . 

il 

HMeeM: 

11' . (-~ 
n = Re·''PK- - - 11'm + --· ., ' . 'I' ' 2 . . . ·' ., 2 ., 

~- .. ~ 
·.·-; 

"{ 

•,· I ~ . ; ·, , . . " " . . . 

. 1r 11' 
~ = Re·1·p - -· · (. = Re·'·,, - -\,.' 'I' 2'.' . · 'l'n '2 

... 

,c 

sh. 
2

.(2·7r·· .. IIrriQI}.· '' .. " .; . · ·:···· ch2 (211'1~Q) •... (. (+ ()·. 
""" 2 + tg2 ("1) + , ,sm

2 
·-- ; 

. cos.~"lt;. ' .. ;;.! .• 2cos~(.,.,)cos2 (~} >:r : 2 ,. 
.lzt.212, 

' ch(21rlmQ) 

1 c<)s(~) cos{~) ( 
'l~l?pt ~ 

·' 

(25) 

'>I:' 

. (26)-: 

•• · '.:-. ,_·, -. ... "_ f. •• f _. ', ' •.• • -,., ' • _ '1 >: ' · ' '.1 
• ·, • ;. • • c~ '• " 

CJie.n:oBaTeJILno, npHpaBnLix{ n( MaRCHMaJILHLiil TeMrr rro!laBJienan llOCTHraeTCJI npn Tex. 
>K~ ~na~eHHHX 'Ko3!J>!J>nriHe~;a 'rrepenaqu', 'IT~ ii npH nyJieBLIX. ·~ H ( . O.u:ri~KO. ~pH '3~~M· 
TeMn no!la1menan KOJie6a~alt 6ylleT necKOJILRo MellJiennee. ~ nocJie!lnero B~paJKena.R TaK~e 
Bll/lHO, 'ITO HaH60Jiee cy~ecTBeHHLIM napaMeTpoM, BJIHJIIO~HM na TeMII IIOJJ:aB'Jieii'an H p~3-
MepLI o?JiaCT~fi,jCTOfi'IH~O!=Til, H~JlJ!eTCH na6er IJ>a3LI 6eTaTp,OIIHLIX ROJie6anaif.MeJK~ . .IJ.IIl 

n Ti.. .QTMeTHM,. ~To rrpa.~ H3Menenaa ,qacJia 'IacTan .. na op6HTe a3MenneTcn 1 RorepenTnLii!:.: 
CJJ:BHr.~acTOTLI 6eT~Tp6uJILIX,KOJie6~nnR •. B YHK-1 ero Be.nH'IHJia ~oJKeT .. JJ:OCT~raTb. 0.09; 

JJ:JIJI ropH30HTaJjLHLI.X .H .!),4l,JJ:JIJI,. BepTHK~JILHLIX KOJie6aHHJ!:< Ilo~KOJlbKJ CHrHaJI 0~ ·.n:aT'IHKa '· 

/lO J(llKepa ITO IJ,eiiH o6paT_HO~. CBH3H nepe!laeTCJI HaBCTpe~y .IIJ'IKJ ,, TO B031IHK(IIOT ,.COOTBeTc ;, 

CTBYIOlllHe 3~aqaTeJILHLie H3Me~e11HH Ret/JpK .ll3 npnBe!lennLix BLIIIIe BLipamenu'l!: Jicno, 'ITO 
'. -- .. , .. ' ·- . ., . ' ,. . :·-- ·- •- . - - ' 

yc.Toit'I.H!19c;rL,,li)IHJKennH ~acTH~ .coxpan~eTCJI, ecJIH . , .. , :•. .,. ,. 

. . t/J 1/J ·, .. ,, 
lcos("l)l=lsin(Re(l/JpK+ K; P))l>lsh(27ri~Q)I. 

._, ,'•• . ._,. 
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PH c •. 13: . .3aBHCHMOCTH Dk oT IKI. 

CHcTeMa no,l(aBJICHHJI ocTaToqaLJ:x ropH30H

Tam.HLIX KOJie6aHHit llO~Jie HHliteKUHH. 

Dk,. '·· ........ 1 

11...01=0.~ 
0.2 

··~=-~=· b~=0.6 
,JI 0"~t ··; .. ·IKI j 
. o.o I I I I I I rj 

o.o 0.2 0.4 0.6 0.8 ~.0 ~.2 ~.4 

PHc. J4: 3aBHCHMOCTH Dk oT IKI.: 

• CHcTe~a no,l(aBJICHHJI pe3HCTH~Holt . 
HCJCToitqHBOCTH. 

B YHK-1 IT03TOMY npHeMJieMLI OTKJIOHCHHJI Re'lj;pK o&oJio 0.2Jr pa,l(HaH, qTo MCHt.me oJim

,l(aeM:oro H3MeHeHHJI Re'lj;p~ n3-3~ &orepeHTHom C,l(BHra ReQ ~llii s1!pl-nr<a~t.HLrx lio~e6anHit. 
IIo3TOMY npB: HHJKCKUHH oqepe.zinolt nopUHH q~cTHU ,l(OJIJKHa 6~Tt. npeeycMtlT'pe~~ KoppeKUIHI 
Re'lj;pK Ha yqacTKe MelK.l(J .Lll12 H. Ti. ·. · · · · ' · .·. . · · · '· · · · · · •· ' ' . · · · ·· 

. ' .l{pyroro po,l(a OillH6KH CBJI3aHLI · C norpeillHOCTJIMH B BC,I(JIUCM MarHHTIIOM llOJIC. Jf3 MHO· 

roqHCJICHHOrO qncJia B03MOJKH~X B03MJIUCHHit B .·KaqeCTBC MCTQ,l(Hqec&oro llpHMepa paCCMO· 

:rpenLI B03MJIUCHHJI a n:enn nHTaHHJI TOJIKaTeJIJI. Halt,l(eHLI ,l(OITOJIHHTCJil>HLie pemenHJI, :o6y

cJioBJieHHLie BHCillHHMH B03,l(CitCTBHJIMHj BLJ:qHCJICHLI aCHMITTOTHqCCKHC peruCHHJI, IloRa3aHO, 

qTo pe3yJil>TaT· B03,l(eltcTBHJI snemimx so3MyiUeHnlt na ,l(BHJKeHJie qacTHULI 3aBHCJIT' oT Ro31jl

tPHUHCHTa rr~pe,l(aqn IKI nenH o6paTHOit CBJI3H. c I{CJI])IO one:Hiin a'nHJIHHJI IKI Ha CMCIUCHHC 

paBHOBCCHOit op6HTIJ BBC,l(CHO ITOHJITHC 0 ljlopMijlaKTOpe.; IloJiyqeHLI BLipaJKCHliJI ,l(JIJI. ljlopM

Ijlii.KTOpOB KJiaCcHqec&olt H 6LICTpOit CHCTCM llO,l(aBJICHH~.' ,Iloka3aH01 qTo npH 'HCKOTOpLIX 

paCCTaHOBKaX, ROr,l(a ,l(BHJKCHHC qacTHI{ JCToJtqHBO, HaiiJ.:io,l(~CTCJI CHJlbHOC BJIHJIHHC CHCTCMLI 

no.z:iaBJICHHH Ha CMCIUeHHe pasnosecnolt op6HTLI. TaKHM o6pa3oM, BeJIHqnna ljlopMepaKTopa 

HBMCTCH ,l(OllOJIHHTCJibHLrM KpHTCpHeM ,l(JIJI o1:6opa' paccTaHOB~K ycTpOitCTB CHCTCMUO,l(aBJIC-. 
BHJI. , , t . ,· ··.(/ 1 "'.,3"~, .,, " .. 

·.·!' 

;t'B rlJITOH rnaBe npHBC,l(CHLI OITHCaHHC C~CTCMLI ITO,l(aB1!CHHHROrepeHTHLIX 6eTaTpOH· 

HLIX ROJie6annti Ha I CTJUCHH YHK, KOTOpaJI npHHJITa R peaJIH3ai{HH, a TaRJKe pacqeT nom!a 

B TOJIKaTeJillx. ; C yqCToM peaJil>Holt paccTaHOBKH ,l(aTqn&mi nonomeHHH Ii To~aTeJielt na· 

YHK-1 npHBOMTCH Ta6JIHULI pacqCTHLIX n~paMCTpoB lj!HJil>Tpa:c peKypcHBHLIM 3BCHOM :11 

ITOJICit B TOJIKaTCJIJIX, a TaRJKe 3aBHCHMOCTH ,l(CRpCMCHTOB llO,l(a,BiiCHHJI BCCX qCTLJ:pCX MO,l( RO· 

Jie6anHit, ROTopLie.6y.nyT npncyTcTBOBan np:11 ,l(BHJKCHHH crycTKOB B yc&opHTene. B-Raqecrse 

llpHMepa ITOCJIC,l(HHC-3aBHCHMOCTH npHBC,l(CHLI Ha' pHc.13 u'puc.l4 ,l(JIJI CHCTCMLI llO,l(aBJICHHJI 
ropH30HTaJil>HLIX ROJie6aHHit. 

20 

B 3aRJiroqeHHH cljlopMyJIHposanLI ocnoBHLie pe3yJil>TaTLI ,l(HccepTan;uH. 
. • . • • , ' L . • • •. ' .• . . , • I' • ,, ~ • 

1. Pa3pa6oTaH MCTO,l( pemeHHJI .l(HijlljlepeHUHam.HLIX · ypaBHCHHit; 'OITHCLIBaiOIUHX · ,l(BHJKe

. HHC qacTHI{. Ji CHHXpOTpOHaX · H HaKOITHTCJIJIX llpH HaJIHqHH . CHCTCMLI o6paTHOit CBH3H 

(,l(BHJKCHHC qaCTHULI 3aBHCHT OT ee COCTOHHHJI B npe,l(IDCCTBYIOIUHC MOMCHTLI BpCMCHH):' 
. ' . 

e · ,l(JIJI CITJIOillHOro .. nyq&a - · C · HCITOJTh30BaHHCM O,l(HOCTOpOHHCrO p:peo6pa30BaHHJI 

cllypl>e, ·, · 

·• .l(im crpyrrnHpoJiannoro rryq&a..:.:. c·HcrroJil>JosanHeM'~?cToponnero Z-npeo6-

pa3osannn, 

C ITOCJIC,l(JIOIUHM Up:IIMCHCHHCM MaTpHqHoro llO,l(XO,l(a ,l(JIJI pCillCHHJI npeo6pa30BaHHLIX 

ypaBHCHHit. : < 

.l{HCRpeTHLie, MCTO,l(LI. aHaJIH3a MaTpHqH.LIX ypaBHCHHit, OllHCLIBaiOIUHX ITO,l(aB1!CHHC OC~ . 

T~To-.i:ii~x K~Ji:e6anni.nocJie Hi~~RUHH crycrica'a ~nnxpo.fpon, :i'cB:cieMLI .l(H<i>ljlepen

n:uaJil>HLIX ypa~HCHHit, OITHCLIBaiOIUH~ ,l(HHaMHKY .,crycTKOB. npu llO,l(aBJICHHH pe3H(;THB

HOtt H~ycToltqnaocTH, pa3p~6o~anit H npHMCHCHLr Bnepsi:J:e B TC~pHH .YCROp:II;CJI~1!:. 
• " • ' • ' 1' . . • • '" · . ' •. , ., ' · " I , ~ ·' · ·i · '· ; , • J ',' 

B o6IUeM sH,l(e ixonytieno ypasnenne 

. det (f-.M(z) }:=: z 2
);TrM(z) + d~ti\1(z}·~·Oj ~ 

:..:.:.· .. ',.;.:._ ; •.•N' N' KJt(z) • ;..:;_· • · • : •· ~ · ,.• 

M(z) = Mo +_LL ~M(z;sP1 + Co,sK;)TM(z;sp,;spt) 
._,. . i=ll=l f3KJf3Pl' 

. ,l(JIJI ,HaX?JK,l(CHHH ,co6CTB~HHLI~ 3HaqeHH1!: Zk =; -~xp(iwkTo),· 3~BHCHIUHK ,OT,uepe,l(aToq

H01!: tPYHRUHH K;t(z) B N n;ennx o6paTHolt csn3u c n:uljlpoBLIM~ lj!Hm.TpaMH :11 o~pe)iC:. 
. JIJIIOIUHJC TeMn 3aTyxanHJI Dk = lzkl H co6cTBeHHYIO qacToTy 2~{ReQk} = arg(zk) MO,l( 

,.ROJie6aHH1!: B Cll1IOillHOM nyqKe HJIH CBH3aHHLIX MO,l( KOJie6aHH1!: crycTROII•. ·, , .. 

IloRa3ano, 'ITO co6cTBCHJILie 3HaqeHHH Zk 3aBHCHT OT ua6eroB, ljl~· 6e~aTpOHHLIX• RQ

Jie6aHH1!: MCJK,l(J ,l(anuKaMH H TOJIKaTeJIJIMH. cncTCMLI n~,l(~B~CHHJI, ~o ne 3aBHCHT OT 

napaMCTpOB MaTpHI{LI ·TBHCCa {3; :II Cti B MCCTaX HX paCIT01IOJKCHHJI, 

2. B pe3ym.TaTe·~;oBe,l(eH~o~ouccJie,l(oB~HHH peme~:111!: ypasneHH1!: ,l(~ co6c;BCHHLIX 3Ha

qenH1!: RJiacc~qecR~1!: ( /f = 1) CJ!CT~~LI ITO,l(aB~~HHJI'~06H~py~eH~ la~HCHM~CTI> qn:cJia 

6CTaTpOHHLIX ROJie6anH1!: ReQk OT BeJiuqunLI R031jlljlun;ueHT(l_,nepe,l(aqu_IKI ~enu,o6-
panio1!:. CBJI3H, qTQ HC06XO,l(HMO yqHTLIBaTb llpH BLI6ope pa6oqe1!:. TO'IRH B. CHHXpOTpo

Hax, r.zie __ neo6xo,l(HM,BLICOKHit TeMn n~,l(asnenu~ pC3HCTHBH01!: IieycTo1!:~HBOCTH, ,l(OCTH-
raiOIUHitcir.s o6JiacTH IKI ~ 1: · · ·., · . . ' . ·.· .·. . .. .. · . , . . 

3. Ilpe,l(JIOlKCHa HOBaJI 6LICTpM ( N = 2) CHCTCMa noilaBJIC~WI iorep~~THHX norr~petiHLIX 
Rolie6anu1!: c .l(BYMH ~eiTHMH o6paTH01!: CBH3H; ROTopaJI o6ecnequsaCT ·B . .nBa pa3a 6oJiee 

~Hcoru.:1!: TCMU ITO,l(aBJieHHJI,:qeM MaCCHqecRaJI CHCTC~a, B o6HaCTH M~~X BCnH~HH RQ-

3tPtPHI{HCHTa 'irepe,l(aqB: n:enH o6paTH01!: CBH3H. . 
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IIonaaano, 'ITO B oTcyicTnne neycTOfi'ln:nocTn 6ucTpan cncT~Ma npn: ·onTn~a;;bnofi pac

. cTaHoBRe .llaT'lllROB,n TOJIKaTeJiefi Mo»<eTo6ecne'ln:Tb no,llaBJienn:e nonepeqnux KOJie6a

nn:tt 3a O,llllH o6opOT He3aBII:CllMO OT cp3.3LI 6eTaTpOHHLIX .KOJie6anntt B MeCTaX paCITOJIO

lKeHllH ,llaT'lllKOB llOJIOlKeHn:H. 

)l;JIH 6LICTpofi CllCTeMLI llO,llaBJieHHH paCC'lllTaH ,llllall3.30H · ll3MeHeHll.ll R03cpcpHnlleHTa 

nepe,lla'lll nenn o6paTHOfi CB.II3H, KOr,lla pe3HCTllBHaJI neycTOll:'lllBOCTb llO,llaBJIHeTC.II ll 

,llBHlKenne qacTnn ycToll:'ln:Bo: IIoJiyqeno, 'ITO Mancn:MaJib~Litt TeMn. no,llaBJieHnH ne

ycTofiqn:BocTn ,llOCTHraeTCH npn OllTII:MaJibHOfi paCCTaHOBKej BLI'lllCJieHLI 3Ha'leHll.ll K0-

3cpcpHnlleHTa nepe,lla'ln: n TeMna no,llaBJienn:H B 3TOM cJiyqae. IIoKa3a.no, 'ITO neycTott

'lllBOCTb llO,llaBJIHeTCH, eCJill . .! 

sh(27rjlmQI) < 1. 

. .LJ:amioe ycJIOBn:e BLIITOJIHHeTCH JliDI. no,llaBJICHHH OlKll,llae~ofi CllJibHOfi pe3llCTllBHOtt He-

ycTofiqHBOCTll'c jilliQI ~O.li(I cTynenn: YHR. . . . . · 

· lloJiyqenn~e p'e3yJibTaT~ ncc;Ie:nonaiirill: 6LICTpofi cncTeM~ no,llan~elin:H HBn:Jin:ci. ocno

nimneM: .llJIH npoeKTnpoBann:H · n · peaJI.ir3ann:n: npe,llJiomennofi cncTeMLI no,llaBJI~nn:H na 

I cTynenn: YHR. 
• (0 

4. BnepBLie pemena 3a,lla'la o no,llaBJienn:n pe3HCTHBnoll: neycTOfi'lHBOCTH crpynnnpoBan-

noro llJ'lRa, ROr,lla CHJia B3allMO,llefiCTBH.II crycTKOB ,llJIH XBOCTOBLIX ll~Jiell:, B03HH~aiO!flllX 
OT HaBe,lleHHLIX crycTKaMH B CTeHKaX BaKJJMHOll: KaMepli( TOKOB, B HBHOM Bll,lle 3aBIICilT 

TOJibRO OT paC<;TO.IIHIIH MelK,llj' .. HilMil. ; 

Hall:,llenu noBLie pemenn:H ypaBnennH ,llJI.II co6cTBe:imux.::iH:a'i:ennfi; nccJie,llonanu nx 3a~ 

BHCHMOCTil OT BeJIH'lllHLI R03cpcpllnlleHTa nepe,lla'lll. BLIHBJieHLI JCJIOBilH 7 ROr,lla CllCTeMa 

· 'rio:D;a:BJienim o6ecne'lnBaeT rio,llaBnenne neycToll:qn:BhlX MO.ll Kone6anntt n yneJIH'lHBaeT 

TeMTI ITO,llaBJieHJIH ,llpyrn:X B03MOlKHLIX MO,ll ROJie6ann:fi. . · :,. . ·. 

flonaaano, 'ITO np.ClllCXO,llllT paC!fleiTJieHn:e OCHOBHLIX MO,ll ROJie6aHHll:, OTBe'laiO!flllX O,llll

HO'll!OMJ crycTny,· na 'lHCJio MO.ll, paBnoe 'lHCJIY crycTROB. · Bu'lncnena mnpnna pa3-

·6poca 'laCTOT 3TilX MO,ll, KOTOpaJI ,llJIH 60JibillOrO 'lHCJia CrJCTROB He npeBOCXO,llllT MHH

'Mofi 'laCTH ii:'ncna· 6eTaTponnux .KoJie6annfi •. · 

5 •. BnepBLie pemena 3a,lla'la o no,llannennn norepeHTHhlX nonepe'IHLIX none6a11nfi.B cnn

xpOTponax C llOMO!flbiO CHCTeM, B ROTOpbiX HCTIOJib3JIOTCH nn:cppOBble cpllJibTpLr B neiT.IIX 

.. o6paTHoi1 CBH3H::. IIoJ:IyqeJio, 'ITO c BBe,llerineM cpn.iJ:bTpOB, B ROTOpbiX peann3yeTCH ~Me
inn:Bann:e cnrrra.iroB OT crycTROB. na pa3HbiX o6opoTax, B03II~RaiOT HOBble MO,llhl 'none6a-

·unn. IIpoaminn3il:poBano.Bmi'Hune 3Tnx 'nonhlx Moil na paaMephl o6nai:Tn yciolt'lnBocTn 

:Kone6annn crycTnon.' IloKa3lmo·, 'ITO •iionw! pemeumr;·oTJieqaJO!flne ncrioJib3yeMLIM n 

· nacTOH!flee BpeMH y3itonoJiocnhlM rpe6en'laTLIM cpn:JibTpaM:,'rrpnBo.ll.f!T it cy!flecTBeurroMy 

cymennro o6JiacTn ycToil.'ln:BocTn B o6nacTn 3Ha'lennfi Ro3cpcpnnlierna' rrepeila<!n·, ttor,lla 

Te~m llO~aBJieHH.II B CHCTe!-faX 6e3 cp,llJibTpa 6biJI 1\!aKCill\laJieH: . . . . . . · 
.• B CB.II3H c IIOCJie,ll;J'elt 3aBUCH~IOCTbi? npe,llJIOlKeHO HCIIO~h30BaTb cpHJibTphl c peitypcirB

. ,ni.mil: .3BeHh.IIMil, ROTOphle' 'o6~c~e'lnBaiO; 3cpcp~~TllBHoe n~,llaBJICHHe 'laCTOTUOMex, 

RpaTHhlX,'laCTOTe ofipa!fl~HH.II, n:' rrp'n onpelteJiennux· ycnmin.11~ H~ orp~HH'ln'rJ'a'w'T pa3-
Mep 06JiaCT1I JCTOfi'lHBOCTil. • . . . . . . 

6. Ilonyqenhl acnMrrToTn'lecKne pemenn.11 .llJIH MO.ll none6annfi crycTKOB B cnnxpoTpone 
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C CllCTeMOfi IIO,llaBJICHH.II.. 8Tn· pemeHHH llCITOJib30BaiT:U IlpH aHaJIH3e BJill.llllllH llOMeX 

na ycTpoli:~TBax' C~CTe~LI u'o,llaBJieHH~. H~. y~;Oll:'lHBOCTb ,ll~HlK~HHH crycTROB •• BBe

,llCHO IIOHHTHe 0 cpopMcpaKTOpe, xapaKTCpH3J~!flCM CT~IIeHb ~JIH~HHH CHCTCMLI llO,llaB
JieHHH.Ha ,llOITOJIHilTCJibHOe; CMC!fleHne paBHOBCCHOll: op6HTLI B 3aBHCHMOCTH' OT ·BeJIR-

'lHHLI no3cpcpnrrnenTa nepe,lla'ln IKI rrenn o6paTnott CB.II3H n: HBJIHIO!fleMCH ,llononnn
TeJibHLIM npnTepneM ,llJIH no,ll6opa napaMeTpon cncTeM no,llaBJiennH. Anann3 3aBncn

MOCTelt cpopMcpaKTOpa OT IKinoK3.3aJI, 'ITO rrpn: onpe,lleJieHHIJX p~CCTaHOBKax; ROr,lla 

,llBHlKCHHe 'laCTHn JCTOll:'lHBO,. BJIH.IIHH~ CHCTeMLI llO,llaBJICHllH. Ha CMe!lleHne paBHOBeC

HOfi op6HTLI HaCTOJibKO BCJIHKO, 'ITO. HCITOJib30Banne TaRHX paCCTaHOBOK HCB03MOlKHO. 

B CB.II3H C IIOCJie,llHHM IIOKa3aHO, 'ITO rrpH HCIIOJib30BaHHH ROM6HHHpOBaHHLIX cpHJib-

TpOB B rienn o6pliTHOtt CB.II31l c peKypcnBH~MH ~ HepeKypcnBHhrMH3BeHb.ll~lll BJIH.IIHHC 

CHCT~MLI nonaBJieHHH Ha cM:emenne paimoBecnoll: op6HTLI OTCJ~CTBy~, eCJIH cy~~~ K0-

3cpcpnnHeHTOB rrepe,lla'l nepenypcnBHLI~ 3BenbeB · cpHJibTpa paBn~ Mnnyc eilnn.irrre; 'npn 

3TOM O.ZUIOBpeMeHHO ,llOCTHraeTCH MaKCJ!.MaJibHOe llO,llaBJieHHC 'laCTOT ITOMeX,,KpaTHLIX 

'laCTOTe o6p'!-!lleHIHi. 

7.'B.cBH3~ c peann3arrn'en npe,llnomeHnofi 6ucTpoll: cncTeMbl rro,llasJiennH na I cTynenii 

YHK rrpoanaJin3npoBano BJin.llune omn6oK paccTaHOBKn ,llaT'lHKOB nonomean.11 n· 1-on

KaTeJiefi na ycTottqnnocTb pemennfi. IloKa3ano, 'ITO nan6onee cHJibiiOe BJIH.I!Hne na 

JCTOll:'lHBOCTbOKa~LIBaeT BCJIIlqH;ia na6era <!Ja3LI 6eTaTpOHHLIX KOJie6annll: MelK,lly nep-
BbiM .ll,Il H rrepBhlM· T. . « • • • . • • 

c J'leTOM pe'aJibHhlX B03MOlKHOCTefi yCTaHoBrin:' .ll,Il n T ua KOJib~e YHK-1 BL16pa~bl HX 

llOJIOJKeiTH.II ,llJIH CHCTCM llO,llaBJieHHJI ropH30HTaJibHhlX ll BepTHKaJibHbiX OCTaTO'lHbiX KO-

. Jie6annfi CrJCTKOB llOCJie HX HHlKCKnHH B CHHXpOTpOH, a T<iKJKe ,llJIHCHCTeM IIO,llaBneHH.II 

pe3HCTHBHOfi neycTOlt'lHBOCTilj paCC'lHTaHLI pe>KHMLI IIO,llaBJieHIIJl H o6JiaCTII H3Mel!e

HHJI K03cpcpn:nneHTa .nepe,lla'lH neil~. o6paTHOll: CB.II3H, npH KOTOpbiX .iJ.BHlKeHHe 'laCTIIn 

YCTOfi'lllBO. 
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