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B aTOMHOA H R/lepHoA qJH3HKe lliHpOKO HCDODh3YIDTCR MeTO/lhl 

- - /1,2/ 0 . ,I, 
CHDhHOH MHoroKaHanhHOH CBR3H • HH OCHOBaHbl Ha 4'0pManH3-

. /3/ 
Me npoeKUHOHHbIX MeTO/lOB MaTeMaTHqecKoA cfiH3HKH , KOTOpbie, 

. . /4/ 
.B CBOID oqepenh, ODHpaIDTCH _Ha annapaT qiyHKUHOHanhHOro aHanH3a • 

IlnccepTaUHR DOCBH!UeHa HeKOTOpb!M BODpocaM ODHCaHirn" cno>K

HblX npoueccoB pacceHHHH C H3MeHeHHeM COCTaBa CTanKHBaIDlllHXCR 

qacTHU (qiparMeHTDB). TlpocTeArnttM nptt.MepoM TaKoro pona- npo

ueccoB HBnHeTCR pacceHHHe B CHCTeMe Tpex qacTHU, conpOBO>J</l1lID

Uleecg peaKUHRMH, KOTOpbie MO>KHO cxeMaTHqecKH npeucTaBHTh TaK: 

1+(2+3) l + (2 + 3) rpynna KaHanoB a 

2 + (1 + 3) - w - b 

3 + (} + 3) - - C 

1 + 2 + 3 d 

3uech CK06KH 061,enHHHIDT _qacTHUbl, o6pa3yIDUlHe CBR3aHHYID CHC

TeMy. HHneKcoM a ( a = a, b, c •••) Mbt 6yneM o6o3HaqaTh rpyn

Ilbt KaHanoB C onpen_eneHHblM COCTaBoM qiparMeHTOB. 

H3nO>KHM KpaTKO cym110CTh npoeKUHOllllblX MeTO/lOB. TlyCTh 

HaM 11y~110 pernaTh onepaTop11oe ypaB11e11ne 

L 'l' r ( 1) 

rne C HeKOTOpbIA mrneAHblli onepaTop. 
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3aMeTIIM 1 'IT0 B -qacTH0M cny<iae •L =H - E II f -= 0 

ypaBHeHIIe (1) rrepexonIIT B ypaBHeHIIe IllpenIIHrepa 

( H -E ) 'II 0 ( 2) 

C CO0TBeTCTBYromIIM rpaHII'iHb!M ycnoBIIeM nm1 'P 

C T0'IKII 3peHIIH $yHKUIIOHanbHoro aHanII3a ypaBHeHIIe (1) 

rrpencTaBnneT co6oft BeKT0pH0e ypaBHeHIIe B 6~CKO~~'i¼oMepHOM 

rrpoc~,p~HCT~~- F ·, ~ $yHKUlIH . 
.•·· 1",l· J.' 

:.· He'iH~~epHoro rrpocTpaHCTBa · E • 

Ha BeKT0p 'l/ 

'II ~'~eKTOP HeKoToporo 6ec:KO-
xl· · · · " . 

• Orrepa-rop ·. 1L ·, 
. " .. 

, rrpeo6pa3yeT ero B aeKoTophift BeKTop ·L 'II 

nelicTaysi 

rrpocTpaHCTBa ·F 'K K0T0poMy OTHOCIITCH'n B~KTOp i 
~'. ,, .,;' ~- . ~ .. • - r:. • 

CTpII6nmKeHH0 Bo_~HoBaS! $yHKUIIH 'II OTbICKIIBaeTCH B BIIne 

mrneftaoft KoM6IIHaUIIII N, · 6a3IICHhIX $yH.KUIIH · ¢n. II3 rronaoro Ha-
':cl:'- .i.•'•.:·' 

6opa lef>~ I 
• -_:.' i--

B rrpocTpaHCTBe E 

.wH 
N . "'•"-·., . 
I .Xn · cj,n n . 

(3) 

Kone'IHO, C Il0M0mbro 'l/ N Henb3H T0'IH0 ynoBneTB0PIITb BeKTop-

-: H0?-1)': yp'aaiieHiilo' or. OnHaKo M0>l<H0. ITOTpe6oBaTb, 'iT06bI ·Koa<Min

une'HTbl.< :x·n · Bb16npannci, 113 'ycno~Hl'I paBeacTBa ·cooTBeTcTByro

timx rrpoeKuHft ·BeKTOI)OB L q,N • u' f: Ha , N, · 6~3HCHbtx· $yHKUHfi 

ct>:;,; ···''n3 rrpoc:TpaacTBa F · , T:e.: 

( L q,N - f <I> ) 
m 

0 

xi F - o6nacTh 3Ha'ieHnft orrepaTopa (H- E ) , a 

nacTb ero orrpeneneHH~, , . 

4 
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Benn'inHa L 'II N - f Ha3b!BaeTCH HeBH3KOH ypaBHeHHH ( 1). Jlng 

ypaBHeHnH Ill pennHrepa <PopMyna ( 4) nMeeT Bnn: 

N 

I. ( ( H-E) X cf, <I> 0 . (5) 
n n n m 

KaK BlfnH0 ll3 ( 4) n ( 5) I q, N ynoBneTB0pHeT ypaBHeHHIO nlllllb 

B rrpoeKUlf0HH0M ( ycpenHeHHOM) CMbICne. T 8Klle pell!eHl!H Ha3b!Ba-

IOTCH o6o6meHHhIMlf, Opn N ➔ 00 rrpII6nmKeHHoe pe1IIeH11e cxonHTCH 

K q, B cpe11HeM, B 3aBl!C11M0CTH OT Bb16opa 6a311CHblX <PyHKUl!H 

cp 11 <lJ rrony'iaIOTCH pa3H0B11nH0CTH rrpoeKUH0HH0ro rronxo-
n m 

131 
na ( MeTonhl Ey6HoBa-ranepKHHa-CTeTpoBa) • 

Yno6cTBO rrpoeKUH0HHhlX MeTonoB C0CT0lfT B TOM, 'IT0 ypaB

HeH11e Illpen11Hrepa nnH MHor11x _Ten (n11<P<PepeHunanhHOe ypaBHeH11e 

B 'i<}CTHblX rrpOH3BOriHhIX) CB0nllTCH K Cl!CTeMaM anre6pa11-qeCKHX 

o6bIKHOBeHHh!X nmfi<PepeHunanbHblX nn11 llHTerpanhHblX ypaBHeHHH, Ko

T0pbIe M0MH0 pelllaTb Ha <3BM. 3TOT 11011xon K pell!eHHIO ypaBHeHlfH 

B C0'ieTaHHH C C0BpeMeHHblMlr MonenHMJr CTpyKTypbi Hnpa cocTaB

m1eT Cyll!H0CTb anropHTM0B pac-qeTOB B- TaK Ha3bJBaeMOH e11nH0H 

Teop11n H)lepHbIX peaKUlfH, 

Korna BCH K0DpJlHHaTHaH 3aBl!C11M0CTb co11epMlrTCH B cp 
n 

a Koa<P~11uneHThI Xn He 3aBHCHT OT K0opnnHaT, ypaBHeHHH (5) 

HBnHroTCH CllCTeM0H anre6paH'ieCK11X (MeT0/1 CMell!JrBaHJrH KOH¢11ry-
_;5; · . /6/ • 

paun11 ) 11n_11 llHTerpanbHhlX ( M8T0)1 <PaHo-Enoxa ) ypaBHeHHll, 

Ecnn cf,
0 

He 3aBlfCHT OT onHoft ll3 rrepeMeHHblX (R) 

Koa<P<PnuneHTbl pa3nOMeHHH X n HBnHIOTCH qiyHKUllHMll ( Xn ( R) ) 

OT 3T0H rrepeMeHHOH 11 ( 5) 6yneT CHCTeMoft nn¢¢epeHunanbHbiX 
. . /2/ 

( 11n11 HHTerpo11n<ti¢epeHunanhHh1x) ypaBHeHnft ( MeTon <l>e1II6axa ) • 

fpaHH'illbie ycnoBHH <Pn3nqecKoft 3a11aq11 rro rrepeMeHHoft R Hana-

5 



. ,i 
'ralOTCSI 'Ha'; 8TH cpyHKUHH, a no J:tpyrHM nepeMeHHbIM OHH, YADBneT-

BOpSI!OTCSI nDAJCD/:tSiillHM BbI60pOM 6a3IICHblX cpyHKUHll i:p • <l>yHKUHII 
. n 

)( - (R) onHCbIBalOT ABmlrnHHe qacTHllbl ( cpparMeHTa) OTHoc::'nTenbHO 
n 

sii:tpa MmneHn B n -oM Kali:a~e. )( n ! ( R ) npu 6onblIIHX R ocuun-

nupyeT itnSI Tex KaHanoB, B KDTOpblX aHeprHSI STOro OTHOCHTenb

Horo ABII)KeHHSI nonO)KIITenbHa. TaKHe KaHanbI Ha3bIBalOTCSI OTKpbl-

Tb!MII. Ecnu -KHHeTH'10CKaSI aHeprusi. 11aCTHllbl B KaHane n DTpH-

ua~en~Ha, TO x) ( R ) i:tomiHa y6b1BaTb SKCnoH~HUHanbHO npu 

R ➔ _oo •. B STOM cny-.iae roBopuM, '1~0 KaHanb; 11 ' 38Kpb!Tbl. 

CymecTBeHHbIM MoMeHTOM paccMaTpnBaeMbIX B i:tnccepTaunn . 

. np~~~I~ ~eT~ADB SIBnSieTCSI o6pb!B 6ecKoire11Hoil: "cn~TeMbl ypa~HeHnil:, 

noaTOMY npei:tCTaBnSieT HHTepec Bonpoc O npHHUHnnanbHOil: CXOAH-
. · ·- -- - - ·- ·- - --- /3 7 8/· 

MOCTH STHX .MeTOAOB,, OH -u·ccnei:toBanCSI B pa6oTaX ' ' ·• 

Onpei:teneHHb;M ADCTOllHCTBO'M o6cy)KllaeMblX MeTOADB MHoro

KaHanbIIOfi: CBSI31I SIBnSieT~SI To·; 'ITO ~H3II'1eCKOMy npo~ec.cy COOT

BeTCTByeT· 011eHb HarmmHaSI KapTIIHa, noaBonsiromasi npocnei:tHTb 

~~ ~-~T~ll~~m MexaHH3Ma pe'ai:'unH. B. ;;OM -no~~OJ:te . OKll.3bIBaeTCSI 

. B03MO)KH~Ikt ~i~6T~ K .MIIHHMyMy K
0

onn11ecTBO cpeH0MeH011oru11ecKHX 

. ~pei:tnonO)K9~Hil:~ HarrpHMep; B psme cny11aeB Tpe6yeTCSI 11Hlllb BBe-

CT~ cpyH~a:;,1e-HT8n1;-~oe' J:tBy~11abT;-~HOe B38HMOi:teil:CTBHS ( HyKn~Ji::.: 

HyKnOHHOe -· B Sii:tepHOil: . !pH3HKe) H H0T Heo5X~J:tliMDCTll npliBJieKaTb 

TaKne noHSITHSI KaK cpei:tHee none, oc-raT~-'1HbI·e BaanMoi:teitcTBHSI, 

paauy~ .peaKUHH H . ~.A. KpoMe Toro, 8TH M9TOJ:tbl. ~03BDnSiioT onu-
.· ...... · "· .. ·,·: . : ·, '. "' _,. ,_,_ .. _ 

Cb!BaTb B .paMKaX ei:tHHOrci cpopMaJIH3Ma CTOnb· paanH'1Hbl9 SIBneHHSI, 

. KaK ;.·on-ru<iecKoe" pacceSIHHe, riopor~Bbre oi::o6~;;HOC~H,. yaKne ' 

pe3oHaHCbI 0 BbI3bIDaeMbie KOMnayHJ:t-COCTOSIHII.SIMH pa:ann:~Hoti CTene- -

HU cnO)KHOCTII. 

Ha' -OCHOBEl !p;H~unil, nony111:1:eMblX B Teopirn MHoroKaHanbHOil: 

CBSI3H, MoryT 6bITb pacc11nTli.HbI IiceB03MD)KHb1e nepexoi:tbI, BbI3bIBae..; 
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Mbie i:tononHHTenbHbIMH aneKTpOMarHHTHb!MII H cna6bIMII B3aIIMO

i:teil:CTBIISIMH, y)Ke C ncnonb30B8HHeM TeopIIH B03MymeHnil:. 

3a TaKylO o6lUHDCTb onIICbIBaeMbl9 M9TOJ:tbl 11acTo H83blB8lOTCSI . 

"ei:tHHblMH" TeopHSIMH SIJ:tepHblX peaKunil:. Ho HeCMOTpSI Ha 8TH npu

BneKaTenbHbie CTDpOHbl Teopuu MHoroKaHaJibHOil: CBSI3H, OHa eme 

itaneKa OT COBepllleHCTBa. 

B siaepHoil: !pH3HKe o6bI'1HO B Ka11eCTBe i:p n. IIcnonb3YlOT 

06ono11e11Hb!e BDnHDBbie IPYHKUHH noi:tCHCTeMbI, SIBnSilOIIIHecsi co6-

CTB9HHblMH IPYHKUIISIMH orrpeaeneHHb!X aCHMlITOTH'1eCKIIX raMl!nbTO-

x/ ( 
HIIaHOB Ha a = a,b,c ... 

Oi:tHOil: H3 cymecTBeH~bIX TPYJlHDCTeil: qJOpManH3Ma MHoroKaHanb

HOil: CBSI3H SIBnSieTCSI KOppeKTHblil: y11eT HerrpepblBHOro crreKTpa STl!X 

6aaHCHbIX cpyHKUHil:, 

Oco6eHHD OCTpO BCTaeT BOrrpoc 06 y11eTe Herrpepb!BHoro ClieKT

pa B aai:ta11ax; KOri:ta Ml!WeHb HMeeT nHIIIb DAHO cna6o -CBSI38HHOe 

COCTOSIHHe ( HalipIIMep, peaKUHH n + d ➔ n + d ) • 

B cncTeMe N ·> 3 Ten B03HIIK8IDT K8'1eCTBeHHO HOBble 

THlibl rrpoueccoB, KOTOpble OTCyTCTBYlOT B aaaa11e LIBYX Ten. 

TaKl!MH HBnsiroTcsi, uarrp11Mep, peaKiilln - c rrepepacrrpei:teneuneM 

'18CTIIU II pa3Ban CIICT9Mbl Ha N •;;:: 3- qiparMeHTOB II T.LI. 0Ka3blBa

eTcSI, rrpn 3TOM cymecTByeT HeCKDnbKO pa3nl!'1Hb1X 8CHMlITOTH'1eCKl!X 

raMl!nbTOHll8HDB Ha ( B cny11ae Tpex Ten 11x 11eTb1pe), co6;.. 

CTBeHHb19 qiyHKUIIII ( i:p n I KOTOpb!X ecTeCTBeHHO OlIHCb!B8lOT 
a 

nlllllb. "CBOII" KaHanbl. OanaKo rrp11 paanl!'1Hb!X a ( CM. Bb!We) STI! 

- q>yHKUIIII He SIBnlllOTCSI opToronanbHblMI! If 38BHCSIT OT pa3Hb!X BHyT-

peHHHX KD?PLll!HaT ra 

x/A • 
CHMIITOTH'19CKl!lf raMHnbTOHl!aH itnSI p83Jill'1Hb!X KaHanoB 

rrony11aeTCSI na· rronnoro raMnnhTOHl!ana rrp11 cTpeMnen1111 K oo 

pai:tnyca OTHOCl!TenbHOro LIBlf)KeHHSI q>parMeHTOB B A8HHOM Kanane 

lim H ➔ Ha . 
R ➔ oo 
a 
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-· Cnet:10BaTenbHO, pa3naraH'. B0nH0BYIO ¢yHKUHJO q, II0 0!IH0MY, 

H3 aTHx aa6opoB { cf, n , l , aenb3H y!loBneTB0pHTb BCeM ee rpaHH'i
. a 

Hb!M ycnoBHHM,' co_0TBeTCTByIOIUHM rpyrrrraM KaHanoB, ( a' b', C... ) • 

/9/ 
, Jl3BeCT.IIb!e. Tpy!IH0C'.I'H rrpe!lcTaBnHeT OIIHC8HHe rrpoueccoB 

C ifiparMeHTaMH N ,• -~ 3 !10. HnH rrocne CT0nKH0B~HHH. 

OpnrnHanbHblH crroco6 y'ieTa Herrpepb!BHoro crreKTpa, Kort:1a 

ncrronb3yeTCH rronH0CTbIO !IHCKpeTHb!H aa6op co6cTBeHHb!X ifiyHKUHfl 
/10/ 

3at:1aq11 llJTypMa-n11yBnnm1, 6bm rrpet:1no:»<eH B pa6oTe .• K co:»<a-

~

eHHIO, 3T0T MeT0!I IIMen orpaHH'ieHHYIO IIpHMeHHM0CTb - OH ro- · 

11ncH TonbKO t:1nH orrncaHHH yrrpyrnx rrpoueccoB. B § 2.3 aToT 
/ 11/ • 

0!IX0!I pacrrpocTpaHHeTCH ' Ha cnyqafi . CT0nKH0BeHHll KBK C B03-

y:H<AeHHeM MHWeHH,. ,T~K H C 113MeHeHHeM C0CTaBa CTanKHBaIOIUHXCH 

K0MIIneKC0Bo B npnno:»<eHIIII .I MeT0!I rrp11MeHHeTCH K, ,qacTH0My cny-

qaIO ,- 3a!la'ie pacceHHIIR,-SneKTp0H0B Ha aT0Me.,B0!I0P0J:la. , 

.. , .KaK H3BeCTHP, Ba:H<Hb!M KPHTepHeM aifi4ieKTIIBHOCTH npn6nn:»<eH

Hb!X MeT0!I0B cny_:»<HT 'IYBCTBIITenbH0CTb 'pe3ynbTaT0B pacqeT0B · 

K norpeWIIOCTHM, norrycKaeMbIM B Bbl'illCnHeMblX <p)'HKUHHX. 

Uenll o6ecrre'i11Tb .cna6yIO 'iYBCTBIIT8nbH0CTb Bbl'IHCnHeMblX 

aMrrn11Ty!I .. pacceHHHH K ornn6KBM,B npo6HblX,, .<pyHKUHHX cny:»<HT ,BapH-

. ~ /9/ 
auH0HHaH 4,0pMynHp0BKa MeTo!la yceqeHHblX acHMIIT0THK , 0 KOT0paH 

/12/ . . . 
t:1aaa . _.B § .2.2. Ba:»<Hb!M M0MeHT0M ,npll ifiopMynHpOBKe Bap11auH0H-

noro IIpllHUHIIa HBnHeTCH nocTpoeane CTaUIIOHapaoro <pyHKUIIOHana 

AnH onpeneneHH0H <pll311'ieCKOH Benll'lllHbl II !I0Ka3aTenbCTBO ero 

CTaUH0HapH0CTll •. ilna .rrpouecCQB·6e3 rrepepa:6rrpet:1~neHHH''iaCT~ll 
/13/ 

3T0T- Borrpoc not:1po6ao paCCM0Tpen B ' . • Ot:1HaKO .,Bcne!ICTBHe 

cno:»<H0CTH rpaHH'iHbIX ycnoanfi t:1na peaKUHii. c rrepep~crrpet:1enen11eM 

qacTHU t:1onroe apeMH 6bmO aeacao, KaK !I0Ka3aTb CTBUHOHapHC>CTb"" 

<jJyaKu11oaana Ko_oaa: a ot5iuel\f cnyqae •. .. ~ : . 
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B § 2.2 npoaet:1eH0 !I0Ka3aTenbCTBO CTaUH0HapH0CTH qiyHKUHO

Hana KooHa AnH aMIInHTY!I peaKUHH C H3MeHeHHeM C0CTaBa CTanKII

BaIOIUHXCH qiparMeHTOB, 

TTpn aT0M nonyqea peuerrT Bbl'iHcneHHH nonpaB0K K np116nn

:»<eHH0MY 3H8'IeHHIO aMIInHTY!lbl pacceHHHH, t:1ena101UHX ee CTaunonap-. 
HOH 0TH0CHTenbH0 Bapnaunfi rrpo6HblX qiyHKUHfi. 

B npet:1naraeM0M rrot:1xot:1e orrncaane peaKUHfi c rrepepacnpet:1e

neaneM 'IBCTHU CB0!IHTCH K CHCTeMe o6blKHOBeHHbIX !IH<p<pepeHUHanb-

HbIX n anre6panqecKHX ypaaaeanfi, K0TopaH nonycKaeT aerrocpet:1-

CTBeHHoe perneane Ha 3BM. 

Pa3BHTHe aapnaunoaaoro nonxona AnH peaKunfi c nepepacrrpe-
. /14/ 

t:1eneaneM qaCTHU II03Bonnno ycTaH0BHTb Ba:H<Hb!H <paKT O 'ITO 

Wllp0K0 ncnonb3yeMblH B TeopHH nefiTpOHHoro CTpHIIIIHHra MeT0!I 

ncKa:»<eHHbIX Bona (DWBA ) Mo:»<eT paccMaTpHBaTbCH KaK nepBoe 

rrp116nn:»<eane B BapHBUII0HH0M MeTone. 3To M0:H<eT nocny)KHTb !10-

rronHHTe_nbHb!M o6ocHOB8HHeM IICII0nb30BaHHH MeT0!la IICKa:»<eHHbIX 

Bona (DWBA )_ t:1nH yKa3aHHblX peaKu11fi. DWBA rro3sonHeT c no-

M0IUbIO aKcnepHMeHTa 113BneKaTb !IBHHbie 0 CTPYKType ll!lep B qJop-
~15/ . 

Me onpeneneHHblX cneKTp0CK0IIH'IeCKHX <paKTOpOB • 

B § 2.4-5 rrpoBe!leHbl pacqeTbl CTPYKTypHblX <paKTOpOB 
/16/ 

peaKUIIH ( 3 He, P ) , ( 9 Be, 7.Li ) n ( 11 8 , 9 Be )c nepet:1a'iefi 

!IByx HyKnoHoB B npn6nn:»<eHHH 0!IH0cTyrreH'IaToro rrpouecca rrepe

t:1a'iH H ll0Ka3aHo, 'ITO rrpoMe:»<yT0'IHble C0CT0HHIIR rpyllllbl rrepet:1aBae-

MbiX HyKnoH0B H3 1 p o6on·o'ieK MoryT 3aMeTH0 an1111Tb Ha crreKTP 

ao36y:H<Aen11H K0He'IHoro R!lpa. 

TTpo6neMa 0IIHCBHHR peaKUIIH c rrepenaqefi HyKn0H0B TeCH0 

CBR3aHa C yqeT0M T0:H<!leCTBeHH0CTH qaCTHU, BX0!IRIUIIX B C0CTaB 

CTanKHBaIOIUIIXCR <pparMeHTOB. 
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MeTOJl rI1IIepc¢epI1'-18~IIX <pyHKUilii' Y Ky•.,, pa3BIITb!ii B pa6o-

/ 17/ . . 
Tax , He TOnhKO naeT B03MO)l{HOCTb KOppeKTHO Y'-!OCTb TO)!{-,,. 
neCTBeHHOCTb '-!aCTIIU, HO II II03BOmieT. xapaKTepil30BaTb CIICTeM'y 

rronHOCTbIO JlIICKpOTHblMII KBaHTOBb!MII '-!IICnilMII K , B 'cnyqae 

peaKUilii C 6onee '-!eM JlBYMS! CB060JlHblMII ¢paI'MeHTaMll • 

B § 3.2 Ha OCHOBe MeTona K - rapMOHIIK rrpenno}KOHO 0606-

meHile 
112 / BapilaUIIOHHDI'O . IIpIIHUllIIa Koo Ha, }ia cnyqafi peaKUilll 

C 6onee '-!eM JlBYMS! CB06D]lHblMII '-!aCTIIUaMII ·no IInII rrocne CTDnK

HDBOHHSI, 

HarrpI1ME:lp, B cnyqae Tpex '-lacTnu OTbICKIIBaeTcsi rrpo6Hasi ¢yHK

mrn B BIIJle: 

'P = I 
Ky 

Xi/P) 

p5/2 
YKy ( 05 .,) + <I> ( 6) 

r-ne P .,, ., 05 - llleCTb KDDPJlIIHaT, xapaKT8pil3YIOilIIIX BHyTpeH-

Hee JlB~)l{eHI1e CIICTOMbl Tpex '-18CTIIU, a ipyHKUIIS! <lJ . , Il3B8CTHaS! 

c TD'-IHOCTbIO rrapuilanhHbIX aMIInIITYJl fnfm (<I> = I_ fnfm.<I>nf m ), 

OIIHCblBaeT 8CHMIITOTil'-!eCKOe IIDfe]leHile Ip 

KaHanax. 

B JlBYX'-laCTil'-!HhI_X • 

B T8KDM paanO)l{OHIIII IIO K -rapMOHIIKaM cnenyeT DCTaBnHTb 

nillllb '-!neHbl C K -S. K max I I'Jle K max 

ManhHDii yrnoBoii CKOpOCTbIO Il3MeHeHIIS! Ip 

orrpenensieTCH MaKcII-

\ 

ITpII 6onhllIIIX P X K yC p ) IIMeeT aCIIMIITDTiltJeCKilii BIIJl! 
. ' . ~ 

r-ne Q 

. XKy. ( p ) 

V2m E 
1i 

➔ F ·1Qp 
. Ky e ( 7) 
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ilI1¢¢epeH11I1anhHOe cet.IeHne rrpouecca c HecKonhKIIMII ( N •~ 3 ) 

ceo6oJlHblMII qacTIIUaMII JlD IlnII rrocne CTDnKHDBOHlrn Bblpa)l{aIOTCSI. 

qepea rrapunanhHhie aMIInIITYJlhI .F Ky cnenyromIIM o6paaoM 

da 
d 0 5 

Kmax 

_Q_ I , F:y 
"ko K K , 

y,y 

F , , Y* (n 5 ) Y , Hl 5 ) 
Ky Ky Ky· 

rne ko - BOnHoBoii BeKTop B "rranaromeM" KaHane. 

( 8) 

ilnsi KDa<pQlIIUIIOHTDB paanO)l{eHIISI XK y ( p ) B ( 6) II JlBYX'-laCTil'-1-

HblX IIapUilanbHblX 8MIInllTYJl f n f m. , KDTOpblO SIBnSIIOTCSI B8plla

l!IIDHHb!MII rrapaMeTpaMII · MeTona, rrony'-leHa cncTeMa ·06b1KH0BeHHhIX 

JlI1cp<pepeH11I1anhHb!X n anre6paI1'-!eCKIIX ypaBHOHilii. 3TII ypaBHeHUS! 

CB060JlHb! OT TPYJlHDCTeii y'-leTa Herrpepbl
0

BHDI'D. crreKTpa 6a3IICHbIX 

<pyHKUilii paano)l{eHIIS! Ip • a TaK)l{e TpyAHDCTeii DIIIIC8HIISl·peaK-

Uilii C rrepepacrrpeneneHileM '-!8CTIIU II C 6onee '-!OM JlBYMS! 

¢par-MeHTaMII JlO I1nI1 rrocne CTOnKHOBeHIISI .• 

ITpennD)l{OH BCOI']la CXDJlHmiliiCSJ IIT0pauHDHHhlii MeTDJl pellleHIISI 

IIOny'-!eHHDfi CIICTeMbI, KDT0~6ifi M0)1{8.T o6neI''-!IlTb '-!HCneHHbie pacqe

Tb! Ha 3BM. ·npII 9TDM pellleHile CIICTeMbl ypaBHeHilii MO)l{HO rrony

'-IIITb B rrp116nH)l{eHHD attanHTH'-19CKOM Bil]le, 

BapilaUHDHHblii IIpIIHUIIII B 38Jl8'-!ax HerrpepblBHOI'D crreKTpa xo

polll TeM, '-!TD oH naeT TaKoii arir-opIITM pac'-!eTa aMIInIITYJl pacce

HHIIH, '-!TD Oll1I16Ka B Bbl'-!llCnSJeMblX ee 3HaireHIIS!X IIMeeT BTOpoii rro

pS!JlDK ManOCTII DTHDCIITenbHD rrorpeillIHDCTeii B rrpo6Hh!X <pyHKl!IIS!X'. 

OnHaKo, B OTnil'-!Ile OT rrpo6neM Ha CBSl3aHHbie CDCTOS!HIIH·, 

HelI3B8CTHO KaK paCC'-!IITbIBaeMb!O 3Ha'-!eHIIS! Benil'-IIIH C yny'-!llleHIIOM 
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--··--·---·~--------~---------,~--------------------------11111 
rrpo6HblX ¢YHKUHH 6ynyT rrpn6nnmaTbCH K HCTHHHOMy 3HaqeHnro, 

T.e. OK83bIBaeTCH HeorrpeneneHHbIM 3H8K ourn6Kn IICKOMbIX Ben11-
x/ 

q11H c'-

B Teop1111 CTOnKHOBeHIIH IICKnroq11TenbHO BamHoe 3HaqeH11e 

IIMeeT C03ll8Hlle TBKIIX Bap11a11110HHblX rrpllHUIIITOB, KOTOpbie rrpnBo

llHT K OllHO- 11n11 llBYCTOpOHHHM rpaHnuaM llnH rrapaMeTpoB pacce

HHIIH, qTo6bJ ll3 cpaBHeHHH C aKcrrepnMeHTanbHbIMH llBHHb!Mll MOmHo 

6bmO nenaTb yBepeHHbie BblBOllbl O CTPYKType Hllpa, 0 xapaKTepe 

NN - B3BHMoneficTBIIH n T.n. 

Borrpoc rronyqeHnH CTpornx rpaHnu cBepxy nnn CHH3Y Ha rra-
. /18,19/ 
paMeTpbI pacceHHHH paccMaTpnBancH B pa6oTax • 

B naHHofi nnccepTaunn rrpoBeneHo nanbHefimee nccnenoBa-

Hlle B 8TOM HarrpaBneHHII. 

/20/ B § 3.3 llOK838H8 rronomnTenbHaH orrpeneneHHOCTb H3-

(MaTpnllhI peaKUHfi) B MeTone K -rapMoHnK. ITpn MeHeHnH ti. K 

8TOM ITOK838HO, qTo rronyqeJJ:Hbie oueHKH crrpaBennHBbI, HaqnHaH yme 

c rrepBoro qneHa pa3nomeHHH rro rnrrepc¢epnqecKnM ¢YHKUHHM. 

MeTOll K -rapMOHHK qKa3ancH rrone3Hb!M nnH 0606111eHHH Teo

pun BpeMeHHbIX 38llepmeK 
1201 

Ha cnyqafi peaKUHH C TpeMH 11n_n 

6onbllillM qncnoM CB060llHblX qacTllll ,llO nnn Iiocne CTOnKHOBeHHH. 

Hcrronb3,0B8Hlle aHepreTnqecKOH 38BllCllMOCTH aMnnnTyll pacceHHHH, 

• 1211 nonyqeHHbIX C noMOlllbID CT8UllOHapHOll nocTaHOBKll 3anaqn, nae,T 

B03MOmHoCTb npocnennTb 3a pa3BHTHeM npouecca BO BpeMeHn. Ha

npnMep, MOmHO BbJqncnHTb BpeMeHHyro 3aaepmKy ~ t. -qaCTHllbl 

B none B381lMOlleHCTBllH no cpaBH9HIIID C BpeMeHeM ee CBo6onHoro 

xi ITpn pacqeTe aHeprnn CBH38HHb!X COCTOHHHH, 6naronapH 

nonomnTenbHOfi onpeaeneHHocTn onepaTopa H , no Mepe ynyq-

meHnH npo6HbIX $yHKUnfi · 'I' t np116nnmeHHb1e 3HaqeHnH E 
CTpeMHTCH K ToqHoMy 3HaqeH11ro Eo C OllHOH CTOpOHbl - CBepxy. 

12 

~

oneTa. HenocpencTBeHHoe 0606111eHne Teopn11 BpeMeHHhIX 3anep-

eK nnH rrpoueccoB c yqacTneM 6onee qeM IIBYX cB06ol1HhIX qac-

11 no nn11 nocne rrpouecca cTonKHOBeHnH BcTpeTnnocb c orrpene

neHHofi TPYIIHOCTbro. EbmO H9HCHO, KBK nocTpOHTb BOnHOBb!e naKeTbI, 

Korna CHCTeMa xapaKTepn3yeTCH He,CKOnbKIIMII BeKTOp8Mll OTHOCH-

Ten6Horo llBllmeHIIH. B 8TOM OTHonleHnn OllHO H3 ·Yll06CTB MeTona 

K -rapMoHnqecKIIX ¢YHKUIIH 3aKnroqaeTCH B TOM, qTo · OH no3BO

mieT, CBeCTll 3anaqy K CHCTeMe ypaBHeHllH nnH ¢YHKUHH XKy (p )·, 

38BHCHIIIHX OT OllHOH rrepeMeHHOH ( pannyca r11nepc¢epbi - · p ) , ' 

aHanornqHo TOMy, KaK aTo nenaeTCH · B 3anaqe llBYX Ten, ·npri pa3-

nomeHnll no mapOBbIM r~pMOHll~aM Yem· . 3To o6CTOHTeITbCTBO 

no3BonHeT.o6pa3oBaTb rraKeT no rrepeMeHHofi• p B KaHanax peaK-
.. /20/ 

llllH C qncnoM ¢parMeHTOB N· '2:. 3 n TeM C8Mb!M 0606m1tTb , 

Teop11ro BpeMeHHblX 38llepmeK nm1 T8KHX npoueccoB. 3TH BonpOCbl 

Il3naraIDTCH B § 3.4. 

4>opManll3M CllITbHOfi MHOrOK8H8ITbHOH CBH31l, o6nanaromnlt 

uenbIM PHllOM llOCTOIIHCTB, OTMeqeHHbIX BbJllie, OK83bIB8eTCH Henpn

MeHHMbIM. K,, CHCTeMaM, B381lMOlleiicTByromnM ,c nOMOlUbID llByxqac

TllqHbIX noT.eH1111anoB, conepmamnx TBepnb1e KOpbI. Yme B 3anaqe 

Tpex Ten MHOr?K8H8ITbHbiii .. IlOllXOll BCTpeqaeTCSI C TPYllHOCTbl{) yqe

T8 TBepnoro,, KO pa B. l1ByxqacT1IqHblX noTeHUllanax; IToHCHIIM;• B qeM 

COCTOIIT 8T8 TpyllHOCTb. · Ea3HCHbie ,$yHKUHII ¢, na, 
He ii Ho ii KOM6HH8llllll KOTOpplX, npencTaBnHeTCH , 'I' 

B mine nn-

- $yHKllllH · 

BCeii CllCTeMbI, COOTBeTCTBYIDT orrpeneneHHOMY 8CHMITTOTUqecKOMY 

raMllnbTOHH8HY ff a • B Ha' OTCYTCTByroT HeKOTOpbie noTeH-

1111anh1 Va ' 
BXOll~llllle B nonHbllt raMnnbTOHll8H H • IToaTo-

MY 'Pna MoryT 0Tn11qaTbCH OT HynH B Tex o6naCTHX, rne 8TH 

rroTeHunanbI Va o6pamaroTCH B 6eCKOHeqHoCTb ( TBep/lblH Kop). 
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3To np!IB0LU!T K T0MY, 'ITO np0ll3BeJ:teHmr Va cf, OKB3bIBB-
n a 

IOTCSI ae1IHTerp11pyeMbIMH qiyHKUHSIMH. H, cne}:loRaTenbHO, aneMeH-

Tbl MaTpHllbI aaaHMOJ:teiiCTBHH ( ¢ V ¢ , ) 06pama10TCH 
n a n a a . 

B 6eCKOHe'IHOCTb. TeM CBMbJM nepeX0/:1 OT ypaBHeHHSI lllpe/:IHHrepa 

K CIICTeMe ypaBHeHHii J:tnH K08qJqlHUHeHTOB paano*eHHSI xn no 

cf, n MO*eT OK838TbCSI 6ecCMbICneHHbIM. 

B §§ 4.1-2 /:IIICCepTaUHH paccMaTpHBBIOTCSI /:1B8 H0BbIX cno

/22, 23/ 
co6a y'IeTa TBep/:IOf'O Kopa B qiopManHaMe cHnbHOii MHOf'O-

KaHanbHOii CBSl3H. 

O/:IHH H3 HHX _CBSl38H C o6o6meHHbIM npoeKUHOHHblM MeTO/:IOM, 
/24/ 

pa3pa6oTaHHblM B MaTeMaT!l'IeCKOii qJ113HKe • 

fpan11q11oe ycnoa11e J:tnH II' 

ypaane1111S1 na rroaepxnocTH S 

B (I) M0}1(fl0 n11caTb B Bll}:le 

T.e. 

rJ:te 

TOp. 

,, 
f' 

§_ II' g / s ( 9) 

COOTBeTCTBYIOlllllii mrneliHblll J:tm/iqiepenu11anbHblll onepa-

Ecn11 Tpy/:IH0 llO/:IO~paTb 6a3HCHNe cjiyHKUHII cf,n COOTBeT-

CTBYIOIUHMU rpal!H'IHblM ycnOBHSIM, TO Koaqiqinu11eHTbl · paano*enm1 

Xn M0*HO HCK8Tb H3 Tpe6oaamrn opTOf'0Hanbl!OCTH 6e3HCHJ,IM 

cjiyHKUIIS!M cyMMbl HeBSl30K KBK ypaBHel!HH, TBK H rpBllll'IllblX ye-

noanli: '· 

" N cf.' N 
((Lil' -f,<t> ))+(xii' rn g,<t>rn)s=O ( JO) 

HnTerpHpOBBHHe B ( ) 8 BeJ:teTcH nHIIIb no rpannue, 

14 

"3TOT o6o6IUeHHblH npbeKUHOHHbIH MeToi:t npnMeHHeTi::SI K npo- · 

6neMe yqeTa TBepJ:toro Kopa. 

BonHOBBSI qiyHKUHSI II' o6pamaeTCSI a aynb B o6nacTn,·r/:le 

napHbJe noTeHUHBnbI V I j ➔ ,00 

Mo*HO p8CCM8TPHB8Tb o6pameane IJI B aynb Ha rpaauue 

8T0H o6nacTH KBK J:tononHHTenbHoe rpaHH'IHoe ycnoBHe. Hcnonbayg 
/22/ 

ypaBHeHHSI ( ID)' HMeeM 

rJ:te 

a ( 

( ( H. - E ) II'~ , <I>,m ),v + ( II' N , <I> m ,) o ":' 0 , · · ( J l) 

. ) V 03H8'I8eT HHTerpHpOBBHHe no o6nacTH ime KopoB, 

) 0. - HHTerpHpOBBHHe. no noBepXHOCTH Kopo·B·~ TaKIIM 06-

p830M, MO*H0, HanpHMep, OnHCbIB8Tb <;:IICTeMbl c· .'6eCKOH€!'IHbIM 

OTTanKmiaHHeM· 'B. MeTO/:IBX •· K - rapMOHHK 'H · cum:.aofi · MHOf'OKBHBnb

HOH CBS13H. 

B npunomeHHH• "B" J:taaa· Bapnau'Hoali:aSI -qiopMyn11poBKa o6ot5mea

aoro npoexuuoaaoro MeT0/:18, ITocTpoew qiyHKUHOHan J · ; HMeIOIUHii 

CMbICn aMnnHTY/:lbl pacceSIHHH, J:tnH KOToporo ycnoBHSI CTBl!H0HapHO

CTH 8KBHBaneHTHbI ypaBHeHHSIM ( 1) '; ( 9) HnH ( ID); 
u /23/ . 

B § 3.2 paccMaTpnaaeTcH J:1pyro11 cnoco6 y'IeTa TBep-

/:I0f'O Kopa. EnaroJ:tapg T0MY, 'qTQ B ypaBH9HHH'.lllpe}:1·1i'lirepa· (2) 

n0Teaunanb1 BX0/:IHT· nmub B BIIJ:te · nponaBeJ:teHHli Vi J · II' , · KOTopb1e 

ne o6paIUaIOTCSI a 6ecKOH9'IHOCTb B o6nacTH Kopa; · M0*HO' HCnOnb-

30B8Tb paano*eaue' ;v il 1P -• no nonaoMy ·aa6opy qiynK'unii · ¢ n 
• lj 

u cBecTn ·aaJ:ta'Iy K; HHTerpoJ:tn!fiqiepeaunanbHOMy ·ypaBHeHHIO, · cao60J:1-

HOMY OT Tpy/:IHOCTeii · TBepnoro Kopa, Paapa6bTaH · anropHTM · pacqeTa 

nonyqeHH0f'O ypaBHeHHH. 

15 



OcHoBHb1e peaynb'I;BTbI~ nano)KeHHbJe B i:mccepTaunn, orry6nn
/ll 12, 16 20 22 23/ 

KOB8Hbl B pa6oTaX ' ' ' ' ll )10KJ18)lbIB8JlllCb Ha BCeCOI03-

Hb!X KOHqiepeHUlllIX. 
,-c 
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