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Pa60T8 Bhlll01lH8H8 B lla6opBTOIJHil Teop~~HqeCKOl ~8i!KH O~:r.MHH8HHQ

ro HHCTHTYTB HA8PHhlX HCCJ18AOBBHHI 

HayqHhl8 PYKOBOAHTenH~ 

KBHAHABT qlH8HKO-MBT8MBTHtj8CKHX HBYK 

KBHAHABT qlH8HKO-M8T8~8THtj8CKHX HBYK 

0qiHQHBBLBhl8 OllllOH8HThl: 

A.B,PA.100llllWH 

C,B.HBAHOB ' 

AOKTOp qlB8HKO-MBT8MBTHqecKHX HBYK 

KBBAHABT,lfM3HKO-MBT8MBTHqecKKX HBYK 

A,H.BAC!t!JI:bEB 
, A.B.CMHJirA 

BBAY~ee HByqHO-HCCJI8AOB8T8JlLCK08.yqpeaA8HH8: 

, HacTHTYT HABPHHX .11ccneAOBBHBI.AH CCCP, MocttBa 

ABTopeqiepaT paaocnaH 11_ 11 _____ .!987 r, 

Ba~HTB AHCCepTBQHH COCTOHTCH "-"----~_!987 r. BS 8BC8ABHH~ 

Cll8QH81Il43HPOB8HHOro COB8TB K 047.0I,OI Jla6opBTOplll T80j)HH"l8C!'Oil qiilaH~ 

!tH 061>8;!ll!H8HHOro HHCTHTyTB HMPHhlX: BCCJ18,llOBBBHI, r. lly6HB, IIOCKOBCKoll" 

b<5JIBCTB. 

C .JIHCC8pTBQHel_MO:&HO 08HBKOIUITI>CH B <5H6JlllOT8K8 06i.e.11HH8HHOro HB

CTITYTB H,lt8pHhlX HCCJI6AOBBHHI,' 

Yqeaul C8KP8TBpL CllBQHBJIH8KpOBBBHOrO COB8"T8 

KBB.itH.ztU qJH3HKO-MBT6MBTnecKl4J:BBYK 
A.E,llOPOIOB 

OElllAH XAPAKTErnCTl1KA PAEOTbl 

AKTyaJil,HOCT:b T6MH. 0.n;Ha na BalKIUDC aa,naq COBp6M6HHOJ1 qirrailKH :rne

M6HT8pHHX qaCTID.{ COCTOilT B ITOCTpO6HIDl TeopHH CllJil,Horo Baa11Mo,n;ettcTBHJI. 

B HaCTOJrul66 BpeMJI oelmerrpHaHaHo, 'ITO rrp·eTen.n;eHTOM Ha POJI:b TaKOJ1 Teo

pilH RBM6TCJi KBaHTOBM XpOMO,Jl;HHaMlllta (IQQI) - HeaOeJieBa KaJir!6poBO'IHM 

xeopHJI B38HMO,Jl;6HCTBYIDlllilX UB6THHX KBapKOB H rJilOOHOB. KJQt o6Jia,IJ;aeT aa

M6'IaT6.7Il,HHM CBOllCTBOM - acHMITTOTH'I6CKOH CBO6o,n;ow, 38.KJIIO'IaIDlllHMCJi B 

TOM, 'ITO aql'[leKTilBHM KOHCTaHTa CBJI3H JiorapH(JMH'I6CKr! YM6H:blll86TCJi Ha 

MaJIHX paCCTOffi!HRX BaaHMo.n;ettcTBM, CTp6M.IIC1, K HYJ!JO B rrpe,n;e;re 6ecKOH6'I

HO 6OJI:b!IlHX rrepe,n;aq HMrryJI:bCOB. 3TO CBOfiCTBO KJ{Jt ITO3BOM8 T Ha.D:6JiT:bCJi 

Ha rrpHMeHHMOCT:b TeopHH BoaMymeHntt rrpH orrHcaHHl'l a,llpommx rrpoueccoB c 

6oJI:E>mol1 rrepe,n;aqeJ1 HMrryJII,Ca (1KecTKHX rrpoueccoB). OmraKo B JIID6oM xecr

KoM rrpouecce B38ID.IO,Jl;eftCTBH8 qacTHU rrporrcxo.n;HT rrn TOJI:bKO Ha MaJIHX, HO 

11 Ha 6oJII,mHX paccTOJIHHJIX, r.n:e TeopHJI BO3MYU18HHJI HenpHMeHHMa. IIoaTOMy . 

ycrremHoe HcnoJI:E>aoBa1rne rrepryp~aTHBHofi KYJT, .n;M pacqera aMITJIHTy.n; H ce

'!eHiltt llteCTKHX rrpoueccoB BO3MOlKHO TOJI:bKO rrpH YCJIOBHH, 'ITO a<MieKrH, oO

YCJIOBJI6HHH6 ,Jl;HHaMHKott Ha MaJIHX paCCTOJ!Hr!JIX, MoryT OHT:b OT,Jl;6JI6HH OT 

aql'[leKTOB, CBJI3aHHHX C ,Jl;HHaMHKOJ1 Ha OOJlbllli'IX paCCTOJl!IHRX. 11pH TaKOM 

paa,n;eJieHHH -aql'[leKTOB (qru<TopHaaunn) qacn ru.mJrnrymi1, onpe.IleMeMaJI Ma

JIHMH paCCTOJIHHJ!MH, MOllteT OHTI, BH'Il1CJieHa ITO TeOpHll BO3MYU16HHl1, a 

BKJia,n OOJI:bmHX pacCTOJIHiltt Y'IHTHBae TCJi CJl6HOM6HOJIOrl1•recKH qepea BB6,lle

Hl16' HanpHMep, BOJIHOBHX HJIH CTpyxrypHIU i!\yl!KUr!tl a.n;poHOB. rJIY6OROHeyn

pyroe pacceJIHHe OHJio nepBHM llt6CTKHM nporieccoM, ycrremHo orrHcaHHHM B 

KJQ{. ~aKTOp11aauM 60JI:bIDHX H MaJIHX I)a;CCTO.f!Hl1tl B C6'!6HHH 3Toro rrpouec

ca ycTaHaBJIHBaJIB.CI, C ITOMOlll:b!O onepaTopnwc pa3JIOllt6Hl1IT. 0.n;HaKO M8TO.D:H, 

OCHOBaHHHe Ha oneparopHHX paaJIOllteHHJIX, OKaaaJittC:b 1renpHM6HHMHMl1 K 

OOJII,Inl1HCTBY ,n;pyrHX J!teCTKHX rrpoueccoB. Jl:aJI:E>Imftmmi ycneXH nep1:ypOaTHB"'.' 

Holl KJQt CBJl3aHH C paapa6oTKOl1 o6uiero ITO,llXO.n;a R anaJIH3Y npoH3BOJII,HHX 

J!teCTKHX npoueccoB' OCHOBaHIJOro Ha. l1CCJI8~OBaHllll aCHMITTOTHK qiettHMaH013-

CKHX HHTerpa;roB. YitaaaHHHfi no.nxo,n; rro~BOJIJie r ye ranaBJIHBaT:b BHitomreHHe 

qaKTOpH3aul1H · BKJia.ItOB OOJI:billHX l1 MaJIHX paccromrnlj .llJIJI Kal!Ul;oro ROHRpe T

Horo llteCTKoro npouecca. Jl.M OOJII,mHHCTBa RecrKrrx rrpoueccoB ,n;oRaaaTeJI:E>

CTBO qiaKTOpHaau1111 OCJIO'1tHH6TCJi HeooxomIMOCTI,IO nayqeHHJi ITO,llrrpoueccoB., 

co.n;eplKB.IIIHX MJirRHe rJDOoHH. BKJia,n TaKHX rro~rrpoueccoB B Ral!!,I(yID or.n;eJI:b

HYID ,n;HarpaMMy co.nepJKHT HH~paKpacHH6 ocoOEi"HHOCTH, paapylila!OlllRB qaKTOpH

aaunro OoJI:E>mHx H MWrnX paccToJIHrut. Ol!Ul.IlaercJI, ttro npH CJMMHpoBaHRH no 

BCeM ,n;HarpaMMaM HHqlpaKpaCHHe oco6eHHOCTl1 COKpaTJITCJi R (llaRTOpHaauM 

BOCCTaHOBHTCJl. ITpH 3TOM BO3MOlltHO,' 'ITO OCTaBrnaJicJI noc;re COKpalll6HHJi HH-

t,•· t'J1,t1UiiiftiilLl111 EHCTiiiJY-~ 

fill'.!.1!3!:3~ m:c J;eJ!on11uaO 
... , , •·· ;·1"" ~--·E',' Jl' ~-~:'itl f.'.._~;' -,i.f\ 1 ~--'.&,~----$~ -



qipaKpacmnc pacXO,It.HMOCTett KOHe~Jtaff ~aCTh HapymH'l' YJIIDlepcaJihHOCTh 
BRJra,Ua 6om,mruc paccTomrnil, T,e. He3aBHC11MOCTh BOJllIOBOfl qiymmHH H 
CWHRUHH paCIIJ?e,IteJieHIDI MpOHa OT OCTaJihHNX MPOHOB, y,raCTBYJOIIUDC B 
.llteCTKOM rrponecce. OROH~aTeJII,HOe pemeHHe 3'rHX ft HeROTOpllX ,npyrHX BOil
pocoB cB.irnano c ueo6xo,n.11MocThIO 6oJiee ,neTaJIDHoro zcc;re,noBaH.lffi HHqipa
RpacHllX acHMilTOT.IIB rrepcyp6aT.lll3Hofl KXU. 

UeJID pa60TH - paspa6oTKa MeTO,Ita HCCJie,ItOBaHHH HHqipaKpacHllX acmm
TOT.IIB B rrepryp6aT.lfBHOtt RBaHTOBOfl xpoMO,ItIDiaM.IIBe ua OCHOB~ IJOCTpoeHHH 
rrpone.nypu B~eJieHM MH<ppaRpacrmx oco6eimocren MS 8.MII.7IH~Y,It JKeCTR.f'IX 
rrponeccoB H ~Htt.rp.11ua. · · · 

Haman HOBH3Ha pa60TH. B ,ItHccepTanftH.BBe,IteH HOBltlt.R.llaCC RaJIH6po
BO~HHX YCJIOBillt - ROIIrypmnc Ka.JIM6pOBOR, CBo6o,ztIIHX OT rpH60BCRMX Heo.n
H03Ha<rnocTett. 

CqlopMY.IIRpOBa!I a.JII"OPMTM qar,TOpH38.IUUI liH<ppaKpacHHX oco6eIIIIOCTen H3 
aMIIJIHTY.It JKeCTKHX nponeccoB M cpyHRUMfl I'p.lllia. Bero OCHOBe.JielKRT HOBlltt 
MeTO.It cymmpoBaHM no MIII'R.IIM rJIIOoHaM; y,racTBYJOlllMM B Mm'KOM rro.nnponec
ce. OH IT03BOJIWI Ii~eJmTh Bee .1mqipaRpaCHHe oco6eHHOCTH B OT,ztem,HU.I\ KH
qiprutpacimli MHOllUlre.in, • F,o: , .HMeJOOU{ff BM.It ROHTypHoro cpyHRilMOHaJia 

Fw:. ,. ~ (c:i/ TP exp { i;J }';(. x f< A~ Cx)) /o). 

Hatneii HoBHtt MeTo.zt nccJie,no:aaH.lffi MHqipaRpaCHHX MHOl!WTeJieff r::u1e. , 
OCHOBaHHHff Ha ycTaHOMeHHott CBH3H rurqipaRpaCHHX aCHMm'OT.IIB ROHTypHWC 
qiyHRUHOHaJIOB H CBOttCTB nepeHOpMHpOBRH roe yJIDTpaqilioJieToBHX oco6eHHoc
Teff. Orrpe,neJieHH rrpone.nypu BH~MTaHM yJIJ,TpaqiMoJieTOBHX yrJioBHX oco6eH
Hocreff KOHTYPHHX 4JYHltUMOHaJIOB •. C HX IIOMOJJU,lll ,noxasrura nepeHopMHpOBaH~ 
ltruI Teopeua. 8RCIJOHeHilHaIUIB, Il03BOJIJ!!Onirut Bli'mCJISl:Th FUK. • 

IloJiy,IeHH peHOpMI'pynIIOBHe ypaBHeHrut Ha HHqipaKpaCHYJO ac.HMnTOTHRY 
8.MllJiliTy,zt nponeccoB H iflYHKilMH I'prura. BrrepBHe B~HCJieHa BXO,I(.lllllaH B HHX 
,ItByxIJeTJieBaH yrJIOBruI aHOMa.lII,llaH pa.sMepHOCTh, ee CBOffCTBa HCCJie,ItOBaHH 
B BHCIIIBX IJOpJmKaX Teop.im B03MYJ118Hrui. , 

PasBHTHff rro,nxo.n rrp.l!MeHeH R H3y,IeHmo HHqipaxpacHHX acm.urrormt KBap
KOBoro ~ponaraTopa H CillII'JieTHOro IJO u:i3eiry KBapROBOrO qiopMge.KTOpa. C 
era· IJOMomw B~HCJieHa IJOJIHM IJOilpaBKa (K~Top)•R ce~eHm> rrponeccoB' 
ao ➔ 2jds , pp~ l'-1-f-1' X , PP _..,.10+ x, o6yCJIOBJIBHHM BKJIB,ItOM MHrKO~O IJO.It
npon;ecca. 

Ilpa.KTH~ecRaH neHHOCTh pa.60TH. Paspa6oraHHltlt B ,ItHccepTawrn MeTO.It 
HCCJie,ItOBaHM Wiqipal(paC!IllX acmmTOTRIR MOl£8T 6HTh npZMeHeH npH H3y~eHHM 
BorrpocoB·ql:1KTOpH3an;HH B llteCTRZX a,npoH-a,npoHHllX nponeccax.· 

IloJiy,IeHHHe B .ItftccepTa.ttHH pe3yJil,TaTH MOryT 6HTh HCIJOJil,30BaHH npH 
oCSpa6o'l'Ke sRcnepHMeHTaJII,HHX ·MHHHX no nponeccaM 'J~➔ 2jQ.is, 
pp~ f+fc + X, pp~ 1f ~ t- X . 
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Ilpe,n;raraeMltlt no.nxo.n ,norrycxaeT o6o6meHHe Ha cJIT{ail zsy,reHM MH
qipaKpacmnc acHMIITOT.IIB cynepcHMMeTpHtnlHX Teopnfi. 

Eme O,ztHa o6JUlCTh npi!MeHeHWI pesynTaToB .naccepTa.IlM CBH3aHa c liH
TeHCffilHO o6c~aeMHMH B nocJie,ztHee BpeMH IlOIIHTRa.Mli OIJHCaHHH ,ItliHfil~HKH 
llOJieil Hirra-Mwr.n:ca B TepMHHax ROHTYPH!DC cpyliKilHOHaJIOB. 

Ily6JimtaUHH. Ilo MaTepHa.JiaM ,ItHccepTauliH orry6~MKoBaHO IO pa6oT. 

Anpo6aµM pa6oTH. OcHoB!Ilie pesym,TaTH .nnccepTan.111:1 ,ItOKJia.It!:IBMHCh 
!Ia ceMmmpax Jia6opaTOPIDf TeopeTHqecKo:lt <pli3HKH Q6'I,e,Itl'!HeHHOrO HHCTHTY
~a .H,ll;epHlIX HCCJie,noBaHH:lt (ny6Ha), llHCTHTYTa .H,ll;epHHX MCCJie,ItOBaHru\ AH 
CCCP (MocRBa), MHCTHTyTa TeopeTH~ecxo:lt M aKcnepI'!MeJITa~hHOil q>H3.IIBH 
(MocKBa), Ha ceccHH Or.i:teJieHM .H,ll;epHOM cpH3HKH AH CCCP (!986 r.), Ha 
MelK,I1yHap0,ItHHX COBeUlaHMX "KBapRH-84,86" (T6H~HCl'I, 1984, !986 rr), 

"PeHOpMI'pyrma-86" (ny6Ha, 1986 r,) 

06'!,eM pa.60TH. nzccepTaurut COCTOliT H3 BBe,IteHl'!H, IUITH r.naB OCHOBHO
ro TeRCTa, 3aKJII()qemtli H rrpMOllteHM, OHa co,neplKHT 139 CTpaHHil reKcTa, 
BKJll0~8.lOmero I5 pHCYJIROB, Ta6JIHilY H cnHCOK.JIMTeparypH M3 I20 HaI'!MeHO-

BaHM:lt. 

CQUEPJKAffiIB PAtOTbl 

Bo BBeneHHH o6cy,I\IJ;aeTCH aRTyaJlhHOCTh BOIJpOCOB, paccMo~peHHIJX B 
,ItHccepTauHH, KpaTRO H3.nara.JOTCH co,ItepY.aHHe pa6oTH H TIOJIY'I8HHHe pesym,
TaTH. IlpHBO,ItHTCH o6sop JIHTBpaTypH, '™erome:lt OTHOmeHHe K paccMOTpeHHI:lM 

B ,ItMCcepTauHH BOrrpocaM, 
B r.naBe I BBO,ItHTCH HOBltlt KJiaCC KaJIH6pOBO•IHb!X yCJIOBru\ - KOHTYPHHe 

KaJIH6poBKH, KOTOpHe oco6eHHO y,noOHH npH HCCJie,noBaHl'lH HHcppaKpaCHUX 
acilMITTOTIDt qie:ltHMa.HOBCRHX ,Itmll'paMM, 3Ta Ka.Jil'!6poBRa, B lJ!lCTHOCTH, He 

co,neplKHT rpH6oBCRliX HeO,ItH031!aqHocTeil, 
06mnll BM.It ROHTypuon 1ta.1rn6pOBKli: 

Pexp(,9J.<'lt<A,._c"">): 11. I Cx.,x" (i!r(~),O~s.Hl.;>to):Xo,i!l1)•X) 

C'>CoX 
IIOJIY~eH B § 2 Ha OCHOBe liCITOJih30BaHH.fI reoMeTpH~ecKoro CMHCJla Ka.JIH6po-
BO~oro YCJIOBM, onpe,IteJ!eHHOrO B § I. 1IBCTl!ll8 cJIT{aH ROHTypHOlt RaJU1-

6pOBKli paccMOTpeHH B § 3. B KJiacce ROHTYpoB C 'lco><. c TOtIKOll . Xo , 

He saBHCHJllelt OT )( , Ha8,ueHa CBH3h xaJIH6poBoqHoro rroTeimMaira C TeH30-

poM Harrp.lllKElHHOCTH: 
A x r 
Ar<x): J,H" ~ '\_ F c~). 

x.., ? X 1/f' 
'illCTHI:lM BH6opoM ROHTypa HHTerpHpOBaHrul peamrsoBaHH TPH H3BeCTHHe Ka
JIH6poBKli: KaJIH6pOBKa 4)orui-IllBHHrepa, raMl'!Jil>TOHOBa KaJIM6poBKa H aRCH-
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aJII,HM RaJIB6poBKa r, f<- A,.. ex) = O . • YcTaHOBJieH onepaTop E., cx,00) 

Ka.Jm6pOBOtJHOro npeo6pa30BaH.11ff K a.KCl!.aJil,HOtt Ita.Jrn.6poBKe - . . " " - E'S) Encx,-)= Pexp{•s£-'snl'A1 Cx+ns)e • e--..,.o 

H cq>opMJ.7mpOBaH!i ero CBOilCTBa. 

B rJiaBe 2 4>0PMYJIHpyeTCR npone,nypa qlaKTOpH3~1ffl HHWpaKpacHWC OCO-
6eHHOCT8il B aMIL7IHTy.ne qieilHMaHOBCKHX ,nMarpaMM. PaccMOTpeHHe npoBo.nn-. 
CR Ha npHMepe KBapKOBoro CHHrJI8THoro no.~eTy ~OpMqiaKTOpa H KBapKOBO
ro nponaraTopa, a B § 5 o6o6maeTCR Ha cJJyqatt :lKeCTKHX nponeccoB. 

B _§ I paCCMOTpeHR BOIIpOCR, C_BJI3aHHR8 C onpe,neJieHHeM ~pKoBoro 
q>opMqlaKTOpa,nponaraTopa. . 

B § 2 Ha ocHoBe aHaJIHaa ~ttHMaHOBCKHX HHTerpaJioB H3 ncxo.nHwc ,nna
rpaMM Bl:l,n8JI8Hll TPH TMna no,nnponeccoB: ~ecTKMtt, KOJIJIHHeapHlltt H MlII'KHtt, 
BHOC~ Be,nynui:tt BKJia,n B acHMnTOTHKY a.MIIJIHTy,n: nponeccoB. Onpe.neJI9H!i 
HMIIyJII,CH H THnll qacTHn, yqacTBYJOl!lHX B Kal!Ol:OM H3 no,nnponeccoB. 

B § 3 Hcnom,aoBaHH8 CBOttCTB KOHTYPHWC Ka.JIH6pOBOK
0

IlO3BOJIHJIO npoBe
CTH CYMMHPOBaHHe no BC8M. KOJIJIHHeapHHM rJIIOOHaM, yqacTBYJOOIHM B ~eCTKOM 
no.nnponecce, H no BCeM Mlll'KHM rJIIOOHaM, yqacTByIOmHM B KOJIJIHHeapHliX• 
no.nnponeccax. B nepBOM c;ryqae HcnoJib3OBaJUlCb CBJI3b KMH6poBo"llioro no
TettnMJia c HanpRZ8HHOCTnID B a.KCl!aJil,HOtt.Ka.Jill6poBKe. Bo BTOpoM CJJyqae 
KOJIJIHHeapHHtt no,nnponecc :J p rrpe,ncTaBJIJieTCR rrpoHcxo,nsmu,tM Bo BHellIHeM 
IlOJI8·MRrKHX rJllOOHOB. nJIJI nponararopOB KOJIJIHHeapHHX KBapKOB H rJllOOHOB 
BO BHemHeM IlOJie Mlll'KHX rJllOOHOB A14 HattneHH BHpaiteHM: 

"+ " 1 ) · S(x,)p A)= Ep {x,=) S
0

cx-:i) Ep(~,,x,) + 0( 0:L , 

P." ~ + I"'" ~ D ~ ) D (x,~; A) : Ef' (X,"") D0 (X-~) Ep''.i,°"") + { Qi. , 

OTJmqruomnecR OT CBo6o,nHHX nporraraTopoB HHWpaKpacHw.ut COMHOZHTeJIRMH, 
KOTOpHe coKpamruoTCR ,npyr C ,npyroM BO-BeyTpeHHHX Bepll!IDlax ROJIJIHHeapHO
ro rro.nnponecca. :lmHHCTB8HHHMH H8CORpaTHBmHMHCR OCTaIDTCR MHOlltltT6Jra "+ . . 
E /",.,.. ). fip ( ~, -..J . Ha ROttnax ,X H ~. BH81lIHHX RBapROBHX JIIDrMil 

no,nnponecca "Jp , co.nepmmHe Bcm nHwpaxpacHyIO acHMUTOTHKY :Jp ·-
B § .4 llOJJyqeHH BHpa.lKBHIDI ,nJIJI RBapROBoro q>opMqmtTOpa it KBapRoBoro .. 

nponaraTopa c.qiaxTopnaoBaHHHMH BKJia.11SMH Bcex no,nnponeccoB. 'BKJia.11 MHl'
xoro rro.nnponecca Moimo npe.ncTaBllTn B Bn,ne: 

F. ~ (o/TPexp(iaJ..t~~zc~>)/o) 
U~ d I Uk/ 

C 

r.ne "HK" JRaSHBaeT Ha o6JiaC'l'b H3M8H8HM m,mym,coB MRr.KHX rJllOOHOB 
Al'-CK) : l ~.,/< f . KoHTYJl.llHTerpnpoBaHM C rrpe.ncTaBJIHeT co6ott 

,nBa JJyqa C o6l!lllM HaqaJIOM .ll .nBa OTpe3Ka C o6mHM. Haqa.n:oM ,nJISI KBapROBO-
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ro ~opMqaRTOpa Ha (ll B6Jm3H) uaccOBOH noBepXHOC'l'll,COOTB8TCTB8HHO,li 
OTpeao1t ,nJIR KBapKoBoro nponaraTopa. 

B § 5 HHWpaRpacHH8 OC068HHOCTH Bl:l,n8JIJllO'l'CR H3 WOpMqaR'l'Opa nHOHa H 

na ceqeHHR .npeJIJI-RHOBCKoro npouecca. B o6onx cJJyqaRX peayJinTaTOM cyM
MllpoBaHIDI no MRrRHM rJllOOH8M, yqacTByIOmHM B o,nHOM ll3 KoJIJll'llieapHRX rro.u-

--t-
nponeccoB, __ RBMOCn IlORBJI8HHe HH(llpa.KpacHRX MHOl!tHTeJieii E f' (X, """) ,nJIJI 
KBapKa n: E.pC'.f,""") ,nM aHTHKBapxa, COKpamammHXCR B JIH,nHpyiomell acroA
IlTOTHKe (npn: x~~ ). OTMeqeHo, qTO COKpameHlle HH~pa.KpacHRX oco6eHHOC

T8tt OTCY'l'CTByeT B nponeccax C nBeTHblM11 CBR3aHHHMH COCTORHIIJlMll. 

I'JiaBa 3 noCBRII18Ha H3Jq8HIDO YJinTpaWHOJI8TOBllX OC068HHOCTett ROHTyp

Hl,IX qiyHKU.0:OHaJIOB VV ( C) 

W(c) ~ <ol TP ex:p(i~ fdel< Ar-c,n)io>, 
C 

Bome.nmnx B BH~eHHe ,nM BKJia.na Fu1e.: MRrKoro no,nnponecca B q>opM~K
TOP ll nporraraTop. IIpoBe.neHHOe B STOit rJiaBe pacCMOTpeHHe ITO3BOJIJI8T Bhl
qHCJIH'l'n FuK B rmBe 4 noCJie YCTaHOBJI8H.11ff CBRSH Y~nTpaWHOJI8TOBHX 
acHMrrToTHK W(C) H HHWpaKpaCHRX acmmToTHK FuK" 

B § I npne,neHll OCHOBHH8 CBOttCTBa nepeHopMHpOBOK oco6eHHOCT8H 
KOHTYPinn q,ymtnHOHaJIOB. Oco6oe BHllMaHHe B 9'l'Ott rJiaBe y,neJieHO nepeHop
MHpOBKaM yrJIOBWC oco6eHHOCT8tt W(C) 'bBR3aHHllX C cymecTBOBaHHeM 

Ha C e,nHHHtJHOro H3JIOMa • 
B § 2 onpe,neJieHll npone,nypH BHqHTaHM yrJIOBHX oco6eHHOCT8H k?( ' 

KOTOplle, ,nettcTBYR Ha W(C) , BHqHTaIDT yrJIOBHe oco6eHHOCTH BO Bcex 

pacxo.nR1I1HXCR no,nrpa.qiax. • · · 
B § 3 .noxaaaHa nepeHopMHpoBaHHM TeopeMa 9KCilOH8Hnll~Hll, nO3BOJIJI

mmaR uaxo,nn:Tn rrepeHopwrpoBaHHUe KOHTypHHe cpyHKUHOHaJIH W(c) , orpa

HHIIHBBRCI> BhlllHCJiemrnu BKJia,I(a W(c) ( = ~ W<C)) .1tHarpaMM c 1,1eKCHM8JI1>HO · 
H8868JI8BHMH UB8TOBHMH BeCaMH. ITOK838HO, llTO yrJIOB8fl 8HOM8JlnH8fl paa
uepHOCTI>, COOTB8TCTBYfil~8fl yrJIOBHM oco6eHHOCTflM W(c) , npa paano~e
HHH B pll,1( Teopn:a B03MY~8HHH 14M8eT M8KCHM8JII,HO Hea6eneBbl8 uneTOBHe Be

ca. 
JlByxneTJieBoe BblllHCneHHe W ( C) ,llllll KOHTypa C - ,I(BYX ny11en C 

o6~HM H81l8JIOM 14 yrJIOM H3llOM8 "(, npoBe,lleHo B § 4,5. Hatl,1(8HO Bupa~e-. 
HHe ,I(JIH ,1(ByxneTll8BOtt 8HOM8lll>HOll p83MepHOCTH: 

o( « 2 f ,l . .rwsp<~,s) = /cF('lfdh'lf-1) +(~) CF/./ 1 + r::-T4)(~dha--1) 
T T 

- dh;rj.1Hc..th4- -1 dh 2
7 J.1.J..1.1-r-<1-)d-hf 

OT 0 

_ sht~· f.l,/, Jc.4J,4-:! R, shtr 1 
-!, i;~~- s~ ,I. d,4 · 
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B § 6 11CC1l6,llOBallhl ac11MnTOTl1KU f cusp (o, ~J} B npe,llene 6om,11rn:x 11 
M8]lh!X yrnoB l131lOM8 KOHTypa O • B nepBOM cny'lae nony'leHa OIJ,6HKa: 

rcus ('(,'J) = 7f L (~fc,,q., + 0(1°)' 
p T ➔ 00 '1-=1 

r,lle C l'l - 1.1aKC11ManI>HO HeaoeneBhl IJ,B6T0Bhl6 Bee a, q,.., - 'll1C1l0Bhl8 K0-

31JJqll11J,l16HThl • 
B § 7 aH81ll13HpyeTCfl a11anl1Tl1'lHOCTI, Bhlpallt6Hl1H ,ll]!H r Ct.tsp ( 0 1 ::J) no 

yrny 11ano1.1a o • 
B rnaBe 4 Ha npi!Mepe KBapKOBoro ~puqiaKTopa 11 KBapKoBoro nponara

Topa YCT8H8B1ll1B86TCH CBH3I, M6lK.llY 11HqipaKp8CHOil 8Cl1MilTOTHKOH a1.1nn11Ty,ll 

nepTyp68Tl1BHOH KX.U l1 CBOliCTB8Ml1 nepeHOpMl1pOBOK KOHTYPHhlX qiyHKlJ,l10H81lOB. 

-Ha OCHOB6 ·aTOH CBH311 Bbl'll1C]lfll0TCH BKna,llhl MHrKHX no,llnpou,eccoB Fui B 

CI/8KTOPl130B8HHhl6 aMnnHTY ,llbl qiopM(~8KTOpa 11 nponaraTopa l1 qio pMyn11py10TCH 
pe11op1.1rpynnOBhl6 yp8BH6Hl1H H8 HX 11mpp8Kpac11y10 ac11MnTOTl1Ky. 

B § I 11ayqe11a 38Bl1CUMOCTI, 11HqipaKpaCHhlX COMHOlltl1Tene~ FUK OT paa

M6PHhlX B61ll1'll1H. IlpOB6;£16IIH06 paCCMOTP6Hl16 noa.son11no CHHTI, Bepxuee or-

paHl1'l6Hl16 aa Ben11q1111y 111.1nyn1,coB rn100110B I '<.,I< f.t B .BupallteHHH ,llnH 
l=uo: • Ilpl1 3TOM .B Fu1e noHBnHIOTCH ynI>Tp8qJH01l6TOBhl6 p8CXO,lll1MOCTll, ycT

p8HHeMhle npou,e,llypoli .Bhl'll1T8HHH k7r • 3aB11c111.1oc:rI> FuK OT pe11op1ma
paMeTpa OTOlK,ll6CT.B1lH6l'Cfl C 38BHCl1MOCTI>IO llCXO,llHOro Bblp8llt6Hl1H ,ll1lH Fu,c o:r 

2 . f -napaMeTpa paa611e111111 MHrKoro no,llnpou,ecca. 
B § 2 npoB6,ll6H8 nepeHOPMUpOBK8 HHqipaKpaCHhlX CO!.IHOlltl1T6]!6H 11 nony

'l6Hhl peaopMrpynnomrn y paB11e111111 aa 11x aaB11c11MOCTI> OT f 2 : 

(f~r +~C'J);~ + rrcu._ri~,'J)+JI/ re .. ol''iP)l=u.._ -=O. 

r,lle · I, N - 'lllCJIO 113]!0!.IOB ll KOHIJ,6.BhlX TO'l6K H8 KOHType C .B Bhlp8l!6-

mm ,llJIH i=u1e , rend (3) - KO!IIJ,6BaH 8HOM81ll>H8H p83M6PHOC!l'I>. 
I'p8Hll'lHhle ycno,nrn J.l]!H 3Tl1X ypaBH6Hl1ti 11 11X peW6Hl1H YCT8HOB1l6Hhl 

.B § 3. 
B § 4 C Y'l6TOM HBHOro Bl1].l8 BK1l8,ll8 MHrKoro no,llnpou,ecca H8ti,ll6Hhl 

ypaBH6HHH H8 l1HqJp8Kpac11y10 ac111.1nTOTl1KY KB8pKOBoro nponaraTopa 11 KB8pKO

.BOro CI/OPMCI/8K!l'Opa: 

~ t(~~,,,•) :. [ rCU.sp ( ~. <;:j/1/L)) + N 1end('J 11,L>) 1 

r].le L - aqiqieKTHBHaH ,lln1111a KOHTypa C B .BNpaJ1te111111 ,l.lnH Fu,,. , 
l. ' 2 p-m - .BHpTyanI>HOCTI, BH6WHl1X HMnynI>CO.B. 
B § 5 Ha npHMepe KB8HTOBOli aneKTp0,llHH8MHKH npo.Be,l.leHa npoBepKa no-. 

Jiy'l6HHhlX COOTHOW6HHti • 
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rnaBa 5 nOCBH~6H8 Bhl'll1C]l6Hl1IO 6on1,w11x (~100;6) P8,lll181J,HOHHhlX nonpa

BOK K C6'l6Hl110 npou,ecco.B '3?➔ 2je.-l:s, pp➔r+r-tX, Pf' ➔ 'l't+ X , o6ycnoBneHH!lX 

BK1l8,ll0M .B C6'l6Hl16 11HqipaKp8CHoro peJKHM8 BHpTyanI>HhlX 11 TOpM03HhlX rn100-

HOB, B8lKHOCTI, T8Koro pacqeTa, K8K OTM6'l8HO B §I, o6ycnoBneHa Heo6xo

,lll1MOCTI,IO cyMMHpOB8H11H BCero PH.ll8 Teop1111 B03My~eHHli J.l}!H nony'l6Hl1H oc

MllCneHHOrO npe,llCK838HHH nepTyp68THBHOti KXJl. 
B § .2 .Bll'll1ClleHa 6on1,waH O,llHOil6T116B8H nonpaBKa ~ ~; C'f ?t~ K 

60pHOBCKOMY C6'l8HHIO Ilp01(8CC8 ?fo-~ 2jeis , BHOC11M8H .BHpTyanI>HhlM 11 

TOPM03H!lM MHrKHMH rJIIOOH8Ml1, 
B § 3 ,ll.ByxneTneBblM p8C'l8TOM yKaaaHo Ha B03MOlKHOCTI, 3KCnOH6HIJ,1111-

pO.B8HHH 6011I>Wl1X nonpa.BOK, BHOCHM!lX BHPTJ8]!I,!lhlMII MHrKl1Ml1 rnIOOH8MH, 11 

118 OTHOCHT8]!I,HYIO M8ROCTI, nonpa.BOK, .BHOCHMhlX TOpM03llhlMH rnIOOH8M11, K 

cetieHHIO npou,ecca 'o1' -i> 2jeis 
B § 4 YK838HO 118 C.BH3~ 6on1,w11x: p8,lll181(110HHhlX nonpaBOK C ll6]!11'lllHOil 

.BpeMe!IHnO,ll06Horo CY;£18KOBCKOro qiopMqi8KTopa, ~nH KOToporo nonyqe110 .BU-

p8llt6Hl1e: 2. 2 a: Q 

F(d,.(Q.'), ~:) = F(.t:,(Q'}, t) exr{!Ld: T(o< .. W)- \t'-t 'wsp (?fUl,<J(f >J} I ch'5/fl = r 
G.'- a,t. ... J 

~ F (o<s.<0.2.>, ,)exp{ J ~ T(o1.W)-! j<li (J... ~z L (o< .. Hl )"c Q 
. (IL t Z.·~• t t ~,1 .1" '1 '1 • 

B §5 H8 OCHO.Be 3TOH C.BH3ll H8ti,lleHa Benuq11aa nonHOH nonpaBKH K ce-

'l6HHIO npol(ecca 'if'lr - 2je:ls : 

.( er J er 160f'") 
- -= k.(s) -
,H ~t ' 

l<(s) ... Q1<p(«,(S)C-F1r•)- «dS)CF -f-1-0((°';f11•) 
21- 2,. 

11 K C8'l6Hl1IO ,lij)8JJJI-BHOBCKOrO npou,ecca pp-'>,t+( (Q'-) t-X ! . 

.,(er - "(QL) <>1,~<6opH) ,., 2.) ( o(~(Q'). 2) 0( (P& )2 L) 
- - " -- " ( Q .,, exp -- c 11 t- - 11 
.,{ G,2- d Gt' I 2.,,- F Tr • 

Bhl'llfCll8!1Hll6 3H8tJ8,HIH K-qi8.KTOpO.B 3H8'llfT6JibllO yny'lWlf]!H cornacue npe,ll
CK838HlfH KXn C 3KCil8pl1M6HTOM, 

B 38K]!D'l8!1lll1 cipop1,1yn11pOB8Hll OCHOBHb16 peaynI>T8Thl, nony'leHHLle .B 
)IHCC8pT8l(lllf, 

B Illll1ll0llt6!1lllf onpe)lene11u ll Bhl'll1C]l6!1hl npouaraTOpLl KB8pK8 ,rnDO!l8 .BO 
B!16WH6M none MHrKHX rnDOHO.B, 
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OCHOBHble peaym,T8Tbl, IlO/l~qeJJHble D AHCcepT8!.\Hli: 

I. P83BliT 06JllliH IlO,llXO.ll K onpe l(e JieHJrn HHqipaKp8CHOil 8CliMilTOTliKli 

.,;eCTKliX npoueccoB U q;yHKUllll I'pliH8 B nepryp68THBHOli KB8HTOB_on xpoMOl-(H

H8MHKe, OCHOB8HHbiil Ha 11Cil0/lb30ti8HJ1li CBOHCTB ne peHopMUpOBOK KOHTYPllblX 

<lJYHKUliOH8JIOB H CBOilCTB KOHTYPHhJX K8JlliOPOBOK. 
2. BBel-(eH KJI8CC J{BlIUOPOBOqHIJX YCJIOB11ll - KOHTYPHIJX K8JlliOpOBOK, 

CB060Allb!X OT rpu60BCKIIX HeO,llH03H8qHocren. YCT8HOBJieHo, qTo TPli umpo
K OH3BeCTHble "6e 3,llYXOBble II K8JIJ16pOBKH ( 8KCH8 JibH8fl, raMliJibTOHOB8, ~0!(8-
lllBHHrepa) flBJifllOTCfl qaCTHIJM CJiyqaeM l(OHTypaon !(8Jlli6pOBim. 

3. IlOK838HO, qTo lilli_j)pal(p8CH!le oco6eHHOCTli Bhll-(e JifllOTCfl H3 8MilJIHTY.ll 

lKeCTKHX npoueccon li ilJYHKUHM I'pliH8 B liHqJP8Kp8CHble MHO~HTeJIH, liMeJOIJIHe 

Bill-( KOHTYPHblX WYHKUHOH8/IOB - B8KYYMHb!X cpel-(HliX OT ynop.H.zlOqeHHb!X B,l:10/lb 
onpe,lle JieHilb!X KOHTYPOB 3KCilOHeHT. 

4. YCT8HOBJieHo, qTO HMeeTCfl B38UMHOOl-(H03H8qHoe COOTBeTCTBlie MelK.llY 

YllbTpaqinoneTOBblMli li liHWP8KP8CHb!Mli CliHryn.HpHOCTHMli KOHTypHb!X qiyHKUliO
H8/lOB, BOWe,llWliX B BblpalKeHHfl All.fl HHqJP8Kp8CHIJX MHOlKliTe/leH. Ha ero OCHO
Be l-(OK888H8 npliMeHHMOCTb ·MeTOl-(OB peHOpM81lH38UliOHHOH rpyllll!J K H3yqeHM!O 

HHqipaKp8CHlJX acmmTOTMK. AHOM8/lbH8fl pasMepHOCTb H8til-(eHHlJX peaopMypaB

HeHHil connana C llliHeilHOli KOM6HH8Ulieli yrllOBOil H HOHUeBoil 8HOM8/lbHblX 

paauepHocren KOHTypuux WYHK~HoHalloB. 
5. IlocrpoeHbl npoue~ypbl BblqliT8Hllfl YllbTpaqiHOlleTOBlJX yrnOBblX oco6eH

HOCTell B KOHTYPHb!X WYHKUHOH8/l8X. )lOK838H8 nepeHOPMMpOB8HH8H TeopeMa 
3KCilOHeHUli8UHH, Il03B01lfll0Jll8fl H8XO,llHTb yrllOBYID 8HOM81lbHYJO p83MepHOCTb. 

6. BhlqHClleHa l-(ByxneTlleBaH yrllOB8H 8HOM8/lbH8H paauepHOCTb, H8t:il-(e

H8 ee 8CHMilTOTHK8 B Bb!CWHX nopH,llK8X TeopMH B03MYllleHHH H uccnel-(OB8Hbl. 
CBOt:iCTBa· 8H81lHTHqHOCTH. 

7. C IlOMOJllb!O p83BHTlJX MeTO,llOB uan,1:1eHbl HHqipaKp8CHlJe 8CHMilTOTHKH 

KB8pKOBoro nponaraTopa U CliHrneTHOrO no UBeTy KB8pKOBOro qiopMqJ8KTOpa 
B pas:imquot:i KHH8M8TliK8. 

8. Haff]:18HO suaqeaHe K-qJ8KTOP8 B npoueccax oo-'> 2;e.fa, PP..,.olf-t X. 
B 061l8CTH 3KcnepHMeHT81lbHO ,llOCTYilHblX 3HeprHH f< C! 2. ' 
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