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OnHol! 113 OCHOBHblX rrpo6neM HepenSITIIBl!CTCKOl! KBaHTOBOl! 

Teop1111 S!BnlleTCSI pa3pa6oTKa s<jJ<jJeKTIIBHb!X MeTonoB peweHl!SI ypaB

Hemifi lllpen11m·epa - n11<jJ<jJepeHUl!anbHbIX ypaBHeHl!l! B '18CTHblX 

rrpo!!3BOnHb!X - nm1 pa3nl!'!Hb!X KOHKpeTHb!X <jJ11a11'1eCKIIX Cl!CTeM, 

3Ta aana'Ia cymeCTBeHHO 38TpynHS!eTCSI TeM, 'ITO CKOpOCTb 

nel!CTBIISI 11 06'beM OllepaTl!BHOl! 118MSITII CaMb!X COBepweHHb!X sneK

TpOHHb!X C'IeTHbIX M8WIIH naneKO He COOTBeTCTByeT Tpe60B8Hl!SIM, 

rrpen'bllBnl!eMb!M nnSI peweHl!SI MHOI'OMepHblX ypaBHeH11l!, 

O'!eHb Mano eme 1!3BeCTHO O {jJ11311Ke cnOlKHblX MHOI'O'I8CTll'I

Hb!X Cl!CTeM. no cymeCTBY CKOnbKO-H116ynh rronHO 1!3Y'IeHHOl! SIB

nl!eTCSI n11wb aanaqa nByX Ten, II B KBaHTOBOl! MeXaH11Ke 01111ca

Hl!e Cl!CTeM C MHOI'l!MII TenaMI! CBOnl!TCSI 06b!'IHO C IIOMO!Ub!O paa

n11'1Hb!X 11p116n11JKeH11l! 11 <jJeH0MeHonoI'1111 K aana'Ie nByx Ten (nB11-

JKeH11e '18CTl!Ubl BO BHelUHeM none), 

nepexon K 6onee rrocnenoBaTenbHOMY 01111caH1110 cnoJKHhlX 

Cl!CTeM Tpe6yeT B KB'IeCTBe rrepBOI'O WaI'a peweHIISI cneny10mel! 

110 llp0CT0Te - aana'III Tpex Ten. 3TOT !UBI' l!MeeT llp!!HUl!lll!anbHOe 

3Ha'!eH11e, np11 rrepexone OT nayx 'IaCTHU ·K TpeM rrponcxonnT Ka

'IeCTBeHHbil! CK8'I0K: HMeHHO H8'IIIH8SI C Tpex Ten, llpDS!BnSIIOTCSI 

MH0I'He B8lKHbie CBOllCTBa, xapaKTepHbie H nnll 6onee cnOlKHbIX 

Cl!CTeM, HarrpnMep, II0S!Bnl!IOTCSI, KaHanhI HeyrrpyI'OI'0 pacceSIHHSI 

(Boa6yJKneH11e Ml!WeHn),. CTaHOBSITCSI B03MOlKHbIMH paan11'1Hble peaK

UHH c rrepepacrrpeneneHneM 'IBCTHU n T,n • .Llo6aBneHne qeTBepTol!, 

IISITOl! H T.n. '18CTl!U yJKe He BeneT K 'T8KOMY pe3KOMY Ka'!eCTBeH

HOMY H3MeHeHHIO caol!CTB Cl!CTeMbl, 
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E CTeCTBeHH0 0JK11na Tb, 'IT0. pa3Bl!T11e Teop1111 C n0M0l!lblO paa

n11'1HblX np116n11lKeH11li: II cpeHOMeHonor1111 yJKe Ha TpeJ('IBCTl!'IHOli: 

ocHoae noaaon11T .naTb 6onee T0'IH0e on11caH11e naneH11li: c 

yqaCTl!eM MH0I'IIX Ten. 

O'leHb B8lKHblM 9TanoM B noHl!MaHIIII cneu11cp11K11 TpeXTenbHblX 

ciicTeM II pac11mpe_a1111 B03MOJKH0CTeli: IIX npaKTll'leCK0I'0 0lll!C8Hl!ll 

mmnacb 38Ill!Cb ypaBHe1rnil: ABl!lKeHl!ll B IIHTerpanbHOll cpopMe. ITon'.'" 

H0CTblO KOppeKTHall IIHTerpanbHall cpopMyn11pOBKa aana'IH B o6meM 
. Ill 

cny'lae 6hma ocymecTBneHa n.n. ct>anneeBhIM • !1M_ 6hm11 Ha1111-

caHh1 3HaMeHl!Tble ypaBHeHHll, CB06onHhie OT 11p11HUl!IlllanbHblX He

nocTaTK0_B ypaBH~H11n fl1111nMaHa-lllB11Hrepa nnn ciicTeMbI Tpex qac

T11u. 

K C0JKaneHHIO, ypaBHeHl!ll q)anneeBa { Cl!CTeMa MH0I'0MepHblX 

IIHTerpafibHblX ypaBHeH11ii) cnl!IIIK0M cn0JKHbl nn11 HerrocpencTBeHH0-

I'0 'll!CneHH0I'0 pewea1111. ITpaBna, B HBCT0lllllee BpeMll .B K0HKpeT

Hb!X pac'leTaX ycrremHo IICII0nb3YIOTCll pa3nl!'IHbie cerrap_~6enbHbie 

11p116n11JKeHl!ll nn11 ABYX'l8CTll'IHblX T -orrepaTopoB, II03BOnll!Ollllle 

CBeCTII ypaBHeHl!ll ct>anneeBa K CIICTeMe onHoMepHblX IIHTerpanbHblX 

ypaBHea11i!:. Ho II peweH11e 11ocnenH11x 11pencTaBn11eT co6oll qpe3BhI

qali:Ho TpynoeMKYIO aanaqy. ITp11'leM nn11 l!Me!Ollll!XCll B H8CT0lllllee 

BpeMll 3BM C p0CT0M 'll!Cna onHoMepHblX ypaBHeHl!ll (nnll yBen11-

'leHl!ll TO'IHOCTII. pac'leTOB) 6hICTp_o HacTyrraeT rrpenen, 3a K0T0pblM_ 

061,eM Bbl'll!CneHl!ll CTaHOBl!TCll rrpaKTH'leCKII HeBblIIOnHHMblM. 3TO . 

CBll38H0 C TeM, 'ITO B o6meM cnyqae 11p11 'peweHl!II IIHTerpanbHblX 

ypaBHeHl!ll o6hl'IHO HYJKH0 onaoapeMeHH0 neplK8Tb B 118MllTII 3Ha'le

HIIH BCeX He1!3BeCTHblX cpyHKUl!ll H_a BCeM IIHTepBane IIHTerp11poBa

Hllll. O61,eM _lKe onepaTl!BHOH 118Ml!TII llBnl!eTCll 0AHII.M 113 aa116onee 

cna6bIX MeCT COBpeMeHHbiX 3BM. 

B 9T0M 0TH0WeH1111 11pencTaBn11eT HHTepec nonxon K peweH1110 

MHoroqacTH'IHoro ypaBHeH1111 lllpen11Hrepa, ·caonlllll11i!: aana'ly K pac

qeTy Cl!CTeMbl 06biKHOBeHHblX n11cpcpepeHu11anbHblX ypaBHeHl!H { • n11cp

l2-31 
cpepeHu11anbHb1ll' nonxon) . • lleno B TOM, 'ITO q11cneaHoe 11x 

peweH11e ocymecTBn11eTc11 nocnenoBaTenbHhlM nepexonoM OT T0'IKH 
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K T0'IKe BAOnb IIHTepBana 
0

l!HTerp11poBaH11ll, rip11 9T0M Heo6xon11Mo 

,38110Ml!_HaTb 3Ha'leHl!ll cpyHKllllll II IIX 11p01!3BOAHblX B K8lK/:lblH M0-

MeHT nl!lllb B TeX T0'IKaX IIHTepaana, rne B 9T0 BpeMll 11po11cxo

AllT Bbl'IHCneH1111 
l41 

llaHHall n11ccepTau1111 II0CBllllleHa 11ccnenoBaH1110 B03M0lKH0CTell 

HMeHHo n11cpcpepeHu11anbHoro nonxona. 3ToT. nonxon TecHo cBn3aH 

C rpynnoil: IIPllMblX {npoeKUIIOHHb!X) MeTOAOB · MaTeMaTH'leCKOH cp11a11-
l51 • 

KIi , KOT0pble 3&l'nIO'l810TCll B cnenyromeM. 

C TO'IKII 3peHl!ll cpyHKUl!OHanbHOI'O aHan113a M0lKH0 paCCMaTp11-

•BaTb 'l' -cpyHKUIIIO KaK BeKTop 6eCKOHe'IHOMepHOI'O Ilp0CTpaHCTBa, 

a ypaBHeH11e lllpen11Hrepa - KaK aeKT0pHoe ypaBHeH11e c 6ecKOHe'I

HbIM 'll!Cn0M K0MII0HeHT. Ecn11 Henb3ll H8HTII T0'IHOe peWeH11e 9TO

I'0 ypaBHeHHll, TO M0lKHQ II0CT8Bl!Tb aanaqy 06 0Tb!CK8HIIII peweHl!SJ 

B onpeneneHH0M o6o6meHHOM CMh1cne. Ha11p11Mep, ecn11 3aMeHHTb 

11cxonHoe .ypaaHeH11e ero 11poeKu11eil: Ha HeKoTopoe K0He'IHOMepHoe 

{ N -MepHoe) nonupocTpaHCTBO 

N N 

P (H-,-E)'l' =0, ( 1) 

N N 
rne p - CO0TBeTCTBYIOlllllll npoeKUl!0HHblll onepaTop, TO 'l' 

MOJKHO paccMaTpl!BaTb KaK' 11p116n11lKeH11e K 'l' • OrrepaTop .p N 

HYlKH0 BhI611paTb TaKHM o6pa30M, 'IT06bl rrp11· IlpOeKTl!pOBaHl!II He 

11cKaJKan11cb cywecTBeHHhie qepTbI npouecca, · K0TOpb1ii 11pen11ona

raeTc11 Olll!CblBaTb. KpoMe Toro, nonJKeH 6b!Tb 1!3BeCTeH nocTa

T0'IHO Ilp0CTOi!: anrop11TM peweHl!ll (I). 

'l' N IIIUeM B Bline n11HeHHOll KOM611Hau1111 1!3BeCTHblX .BCII0MO-

raTenbHblX cpyHKUl!ll cf, n 

N 

'l'N ~ F 
n cf, n • 

Torna (1) CBOAl!TCll_K CIICTeMe ypaBHeHl!ll nn11 Koacpcpi!Ull~HTOB 

Fn 
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8 · amfllpepeHUHBnbHOM IIOJlXOJle 38BHeHMOeTb lp N 

H3 KOOPJlHHaT nepeHoeuTeSI Ha 8TH KOSqltpHUHeHTbl Fn 

OT onHoll 

xi 
, H nn11 

HHX nony,iaeTeSI eueTeMa 06bIKHOBeHHblX JlHqitpepeHuuanbHblX ypaBHe

HH~, KOTOpbie nonyeKaIOT HenoepeneTBeHHOe peweHHe Ha 3BM, 

B eoqeTaHHH e y)l{e paapa60T8HHblMH H onpaB)laBWHMH ee611 Ha 

npaKTHKe MOJlenSIMH eTpOeHHSI S!Jlpa (KaK, HallpHMep, eoBpeMeHHaSI 

MO)lenb o6onoqeK) naHHblll IIOJlXOJl eoeTaBnSieT eywHoeTb TaK H83bl

BaeMoll .. enuHoll' TeOpHH SIJlepHblX peaKUHll, 

HMeeTeSI uenblll PSIJ:I paanuqHblX qlOpM8llH3MOB, KOTOpble OT

HOeSIT K "enHHoll' TeOpHH (TeOpHH peaKUHli e yqeTOM eunbHOll eBSI-

3H KaHanoB), Bee HX 061,enHHSieT onueaHHBSI Bb!We 06wa11 exeMa, 

npuqeM npoeKUHOHHblll onepaTOp P N Bbl6HpaeTeSI .B BHJle pN = 
N 

I. I ¢ . > < ¢ I ( MeToJl Ey6HoBa-fanepKHHa). 
n n n 

OeHoBHOe oTnuque aTHX cpopMamtaMOB eB0JlHTe11 K Bb16opy 

TOPO unH HHOPO 6aauea (Ha6opa cpyHKUHll, B BH)le paano)l{eHHSI no 

KOTOpblM OTblCKHBaeTeSI iwnHOBBSI cpyHKUHSI eueTeMbi). OnueaHHe 

HeKOTOpbIX HaH6onee paenp.OeTpaHeHHhlX pa3HOBHJlHOeTell cpopManua

MB MHOPOK8H8nhHOll eBSI3H: <l>aHo-Enoxa, <l>ew5axa, M9TOJla anua-

6 
xx/ • 

aTuqeeKoro paano*eHHSI H np, naeTCSI BO BTopoH rnaBe aue-

eepTal!HH. 

OnpeneneHHb!M noeTOHHeTBOM MeTO)lOB MHOPOKaHanbHOll eBSI3H 

srnnSieTeSI TO, qTo IP!f3HqeeKOMY nponeeey eO0TBeTeTByeT oqeHb 

Harn11nHa11 KapTHHa, noaBon1110wa11 npoene~HTb aa neTanSIMH MexaHH3-

Ma peaKIJHH, BenuquHa B38HMOJlelleTBHSI, B.l,l3blB8IOWero peaKIJHIO, 

He orpaHHqHBaeT B IIpHHl!Hlle llpHMeHHMOeTb Me;OJlOB (KaK STO 

.HMeeT Mee To, HallpHMep, B TeOpHH B03MyWeHHll), KpoMe Toro, 8TH 

MeTOJlbl II03BOnSIIOT OIIHebIBaTb B paMKax enuHoro cpopManH3Ma eTOnb 

paanHqHbie SIBneHHSI, KaK "onTuqeeKoe' paeee11HHe, Boa6y)I{-

xi 
BbI)leneHile Beel! KOOpJlHHaTHOli 38BHeHMOeTH B 6a3HeHble cpyl!K-

IJHH <p llpHBOJlHT K MeHee SKOHOMHblM (B OTHOWeHHH uenonb30-

B8HHSI naMihu 3BM) anropuTMaM peweHHSI,. 

xx/ 
3TOT MeTOJl 6bm uenonb30BaH JlllSI onueaHHSI paanuqHbIX SIB-

neHHll B M·eaoMoneKynSipHbIX 1:ueTeMaX 161, 

6 

JleHue. MHWeHH, ynoporoBble oeo6eHHOeTH, Y3KHe peaoHaHebI, Bbl3bl

BaeMble KOMIIayHn-eoeTOgHHSIMH paanuqHoll eTeneHH enO)l{HOeTH, 

H T,11, (3TH eBolleTBa enO)l{HblX nponeeeOB paeeeSIHHSI o6blqHo OIIH

ebrnaroTeSI e noMOWbIO nenoro p11na paanuqHblX ynpoweHHblX Mone

nell), Ha oeHoBe MHoroKaHanbHbIX cpyHKl!Hll MoryT 6b1Tb paeequ

TaHbl BeeB03M0)1{HbJe nepeXOJlbl, BbI3bIBaeMbJe nononHHTenbHblMH 

aneKTPOMarHHTHbIMH H ena6blMH B38HMO)lelleTBHSIMH, I Y*e e Henonb-

30BaHHeM TeOpHH B03MyWeHHll, HMeHHO aa TaKyIO o6wHoeTb MeTOJlbl 

MHOroKaHanbHOll eBSI3H qaeTo Ha3b!BaIOT 
II 

enHHbIMH" TeopHSIMH Slll~p

HbIX peaKuull, 

HeeMOTPSI .Ha OTMeqeHHbie llpHBlleKaTenbHbie eTOpOHbl TeopHH 

MHOroKaHanbHOll eBSI3H, OHa naneKa OT eoBepweHeTBa. 3HaqHTenb

Hble TPYJlHOeTH Bbl3bIBaeT KoppeKTHblll yqeT HenpepbIBHOro eneKTpa 

/7/ 
6a3HCHblX eueTeM, HCIIOnbayeMbIX npH paano)l{eHHH lp • C 8THM 

TeeHO eB113aHa H npo6neMa onueaHHSI peaKl!Hll, eonpOBO)l{)la10wa11c11 

/7-9/ 
.H3MeHeHHeM eoeTaBa eTanKHBaIOWHXeSI KOMIIneKeOB 

B HaeTOSIWee BpeMSI npu onueaHHH nono6HbIX peaKl!Hll WHpOKO 

HCITOnb~YIOTCSI MeTOJlbI, ?eHoBaHHbie Ha TeOpHlr B03MyweHHli ( 6op

HOBCKOe npu6nH)l{eHHe, MeTOJl .ffCKa)l{eHHbIX BOnH), TaKoll. noaxon 

OK83aneg BeebMa yeneWHbIM (JlOBOnbHO npocTo H HaJle)l{HO onpe

nen1110Te11 MOMeHTbl H qeTHOeTH SIJlepHblX eoeTOSIHHll) 1 XOTSI HeBep- · 

HO npeaeKa3bIBa10Te11 a6eonroTHbie aaaqeHHSI. eeqeHull. Ho, TeM He 

MHeee, nono*eHHe e ero npHHl!HnuanhHoll TeoperuqeeKoll o6o~Ho

BaHHoc·TbIO Hellb3SI equraTb YJlOBneTBOpHTenbHblM, BeJlb B3aHMO

nellcTBHSI, llpHBOJlSIWHe K peaKUHSIM nepena•rn qaeTHU, B 6onbWOM 

qHene enyqaeB Henb3SI paeeMaTpHBaTb KaK ena6oe B03MyweHHe. 

TioaTOMY npeneTaBnSI~Oeb BeCbMa 3aMaHqHBblM ue11onb30BaTb llpH 

peweHHH aaaaq e nepepaenpeneneHHeM qaeTHI! TEiXHHKY eHnhHO:ll 

MHOPOKaHanbHOll CBSl3H, OnHaKO Ha STOM ITyTH BeTpeTIWHeb eepb

e3Hble npen11TeTBHSI, 

B HCXO/WOM ypaBHeHHH IIJpenuHrepa raMHnbTOHHaH H 

Beell eHeTeMbl MO)l{eT 6bITb npeneTaBne11 B BH)le paanuqHbIX paa-

6He111rll COOTBeTeTBeHHO paanuqJlbIM eocTaBaM qaeTHU B cpparMeH

TaX, Ha KOTOpbie MO)l{eT paanenSITbeSI eueTeMa: 
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ii 

H =H + V =" a a 
+ V =H + V 

b b. C C 
II T.ll. (4) 

3necb H - raMl!nbTOHl!aH CB06onHoro OTHOCl!TenbHOro llBl!lKeHl!H 
a 

cpparMeHTOB C onpeneneHHblM COCT8BOM ,, a,, 1 a Va - B3al!MO-

neHCTBl!e 9TIIX cpparMeHTOB. Hanp11Mep, B 3anaqe Tpex Ten B03-

MOlKHbl cneny10w11e paa611eH11H (ecn11 sHepr11H HenocTaToqHa nng 

pa3Bana Cl!CTeMhl Ha TPII CB060llHbie qaCTl!Ubl): 

1 + (23)--+ 1 + (23) paccegH11e 6e3 nepepacnpene-

neH11g 

-> 2 + (~)} 
pacceHH11e c nepepacnpenene-

-> 3 + (12) Hl!eM qacTl!U 

Ilp11 6ollbw11·x pacCTOHHIIHX Ra MeJKny cpparMeHTaMI! B3al!MO-

neHCTBl!e 11cqe3aeT, II raMl!IlbTOHl!aH II 

r11qecKy10 cpopMy 

H ➔ T + h 
a a 

np1106peTaeT aCl!MITTO-

(5) . 

rne Ta -onepaTOp K11Her11qecKOH 8Hepr1111 OTHOCl!TenbHOro llBII-

lKeHl!H cpparMeHTOB, a h a - raM11nbTOHllaH !IX BHyTpeHHero llBII-.. 

lKeHl!H C co6CTBeHHblMII cpyHKUIIHMII ¢ a 

(a) (a) (a) 
h 'f = c ¢ 

a n n n 
(6) 

n BKn10qaeT BCe He06XOlll!Mhle KBaHTOBbie q11cna BHyTpeHHero 

COCTOHHIIH cpparMeHTOB. 

BonHOBag cpyHKUIIH 'l' B COOTBeTCTBIIII C (5) np1106peTaeT 

np11 6onbWIIX R aCl!MITTOTl!qecKl!ll Bllll: a 

L'F 
a ( R ) ¢ <a> R a ➔ oo, 

n n a n 

'l' = J L, F (b) ( R ) ¢ (b) Rb ➔ oo, 
n n b n (7) 

8 

CyMMIIPOBaH11e B (7) BeneTCH, ecreCTBeHHO, TOnbKO 110 OTKpb!TblM 

KaHanaM ( wrp11x y. 3HaKa cyMMbI) ,- B 3aKpb!TbIX KaHanax ( E <£ (a) 
n 

cpyHKUIIII F (a) ( R ) B 8Cl!MIITOTl!Ke 9KCITOHeHUl!allbHO 3aryxa-
n a 

JOT. 
(a) 

<PyHK[(IIII F n ( Ra) OITl!ChIBaIOT OTHOCl!TenbHOe llBIIJKeH11e 

cpparMeHTOB. Ilp11 6onbw11x Ra OHi! l!MeIOT - Bllll: BO BXO)lHOM Ka-

Hane - cyMMbl nana10wett BOnHbl, HOpM!!pOBaHHOH _Ha en111111qHhlll 

ITOTOK, II pacxongwettcg; BO BCeX OCTanbHbIX OTKpb!ThlX KaHanax 
(a) 

F n conepJKaT n11wb pacxonm1mecg BOnHhI ( Cl!MBon11qecK11 sro 

11ao6palKeHo Ha PIICYHKe). 

.J_ + (2 3) 

t::::l> ~ i.-~ "·" rt./l,-

YcnoBHOe 11ao6palKeH11e BOITHOBOH cpyHK[(IIII (onHOMepHag CIIC

TeMa rp·ex Ten). ·Kpyr B rceHTpe o6o3aaqaer o6nacrb, rne 

B3al!MO)leHCTBYIOT Bee qaCTl!UhI. Bae Kpyra - o6naCTb ac11Mn

TOT11qeCKOI'O noaeneHl!H 'l' 1 rne OTCyTCTByeT B3al!MO)leH

·cTBl!e cpparMeHTOB. Ha p11cyHKe KaHanbI crpyim11pOB8Hhl no 

.COCTaBy cpparMeHTOB. BoITH!!CTag nllHIIH nen11T 'l' Ha X 
(cneaa) 11 ·<I> (cnpaBa) - 01111H 11a B03MOJKHhIX cnoco6.oB 

Bh!lleneHl!H ac11MnTOTl!qecK11X KOMIIOHeHT -'l' 
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·<a > 
<f>yHKUHH <p n I BXonsmme B (7) H COOTBeTCTBYIOIUHe pa3-

nH'IHblM 8CHMnTOTH'IeCKHM I'8MHffi,TOHH8H8M ha I He opT0I'0Hanh-

Hbl Me:>KAy co6oii:~ Hcnonb30B8HHe B K8'IeCTBe 6a3HCa OAHOBpeMeH-

HO BCeX 3THX ¢YHKUHH Bener B o6meM cny'Iae K cnomHeHJJJHM HH

rerpo-nn~epeHunanhHblM ypaBHeHHSIM, Ecnn me orpaHH'IHThCSI pa3no-

meHneM 'I' no co6CTBeHHblM ¢YHKUHSIM nHJJJb KaKOI'O-TO OAHOI'O 

aCHMnTOTH'IeCKOI'O I'8MHnhTOHH8Ha, TO B03HHK8eT npo6neMa - KaK 

ynoBneTBOpllTh I'p8Hll'IHblM ycnOBHSIM B K8Hanax C npyroii: rpynnH

poBKOll 'I8CTHU. HHa'Ie I'OBOpSI, HeH3BeCTHO, KaK nocTpOHTb T8KOH 

N 
npoeKUHOHHblll onepaTop P , 'IT06bl ypaBHeHne ( 1) MOMHO 6hl-
. N 

no pewnTh H 'IT06h1 npn aTOM B perneHHH 'I' conepman11cb Bee 

OTKpb!Tble K8Hanhl peaKUllll. o6mero T11na, nonpo6Ho 3TH BOnpOCbl 

paccMarp11B810TCS1 B Tperbeii: rnaBe n11ccepTau11H, 

HHTepecHo 0TMeTHTh, 'ITO HMeeTcsi onpeneneHHasi aHanor11si 

Memny lieAOCT8TK8MH HHTerpanhH0I'O ypaBHeHHSI nHnnMaHa-lliBHH

repa nnsi· 38A8'IH Tpex Ten ll TpynHOCTSIMH ynOMSIHYTbJX MeTO.QOB 

MH0I'OK8HanhHOii: CBSl3H, 

B 'IeTBepToii: rnaBe paccMaTpHBaeTcsi cnoco6 peweH11S1 ypaB-

HeHHSI ·llipe.QHHI'epa, no3BOnSIIOIUllll CO'IeTaTb K0ppeKTHOCTb nocTaHOB

Kll 38.Q8'IH (KaK B ypaBHeHl!SIX <t>an.11eeBa) C np.eHMymeCTB8Mll .Qn¢¢e

peHU1!8llbHOI'O no.QXO.Qa. 

OKa3anOCb, 'ITO 3TOI'O MOMH0 .Q06HThCSI B paMKaX o6mero 

MeTO.Q8 ranepKHHa, HO co cneu11anhHblM BbI6opOM 6a3HC8, O.QH8 

oco6eHHOCTb T8K0I'O BbI6opa 38KnlO'I8eTCSI B TOM,· 'ITO 'IaCTb K03¢

¢nuHeHTOB pa3nOMeHHSI BOnHOB0H ¢yHKUHll 'I' no 3TOMY 6a3HCy 

38BHCHT OT K0Op.QHHaT, ll .QnSI Hl!X nony'IalOTCSI 06bJKHOBeHHble m;¢

¢epeHunanhHble ypaBHeHHSI, a APYI'8SI 'IaCTb npe.QCT8BnsieT co6oft 

K0HCT8HThl (BCSI KOOp.QHH8TH8SI 38BllCl!MOCTb nepeH0Cl!TCSI Ha 6a3HC

Hble ¢YHKUHH) I KOTOpble H8XO.QSITCSI H3 CHC.TeMbl anre6paH'IeCKHX 

ypaBHeHHll, 

3Toii: 
0

npoue.11ype c.ooTBeTcrByeT, 3aMeHa ypaBH~HHSI ( 1) ypaB

HeHHeM .QnSI X = 'I' -<I>. ( CM, PHCYHOK): 
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N N 
P (H-E )X =P (E-H) <I>, (8) 

I'.Qe <l> -H3BeCTHaSI ( C TO'IH0CTblO .QO napuHam:.HblX aMnn11Ty.Q pac

ceSIHHSI) ¢YHKUl!SI, OilHCblB8IOIU8SI 8CHMilTOTH'IeCK0e IlOBe.QeHHe 'I'. 
, N . . 

IlpOCTOii: npoeKUHOHHblll onepaTop. p I IlOCTpOeHHblll C IlOMOIUblO 

co6CTBeHHblX ¢yHKUllll nHJJJb OAHOI'o· ~mpeneneHH0I'O (,,a,,) 8CHMilTO-

Tll'IeCKOI'O I'8MHnhT0HH8Ha, B ypaBHeHHll (8) nnsi X He npHB0-

.Ql!T K noTepe CBSl3ll KaHanoB C p83Hb!M COCT8BOM 'I8CTHU (KaK 3TO 

npo11cxo.1111T B ( 1 ) ) , ecn11 113 X 

{3,/ a 

Bbl.QeneHa 8CHMilTOTl!K8 KaHanoB 

Ilpe.QCTaBnSiiIOCb HHTepeCHblM npoBepHTb npe.QnomeHHblll MeTO.Q 

Ha xopowo H3y'IeHHOll at:OMHOll 38A8'Ie pacceSIHHSI aneKTpOHOB aTo-

x/ 
M8MI! B0A0PO.Q8 , BamHO, 'ITO B 3TOM cnyqae HeT onpe.QeneHH0C-

Tll B IlOTeHUHanax B38HMO.Qeii:CTBHSI, xapaKTepHoii: .QnSI SI.QepHhlX 3a

.Qa'I, Ebmll npoBe.QeHbl paC'IeTbl ynpyroro H HeynpyI'0I'O ( C B036ym

neHl!eM 2s -COCTOSIHl!SI aTOMa BOAopo.Qa) pacceSIHHSI c y'IeT0M 

a¢¢eKTa aneKTPOHHOI'O o6MeHa, nony'IeHo y.QoBneTB0p11TenbH0e cor

nacue C .Q8HHblMll APYI'IIX ·aBTOpOB II 3KCnep11MeHTOM, 3To MOMHO 

paccMaTpl!B8Tb KaK YK838Hl!e Ha np11MeHl!M0CTb MeT0.Q8 B o6meM 

cnyqae aanaq c nepepacnpeneneHHeM 'IaCTl!U, 

HaBeCTHOll npo6neMOll MHOI'OKaHanhH0I'0 nonxona SIBnsieTCSI 

• /3 10 / 
nocne.QoBaTenbHbIH y'IeT T0m.QeCTBeHHOCTI! 'IaCTl!U ' • He.QaB-

. /11/ 
HO B 3TOii: o6naCTI! 6bma BblABHHyTa HOBBS! 11nesi (cM. ) ·06 

11cnonh30B8Hl!I! B Ka'IeCTBe 6aa11ca cneu11anbHblX ¢YHKUl!ll (rapMO

Hl!'IeCKHX non11HOMOB) I o6na.Q8IOIUHX HyMHblMI! CBOHCTB8MH Cl!MMeT

p1111, IO.A. CHMOHOBblM C COTpy.QHl!KaMH 6hJn pa3pa60T8H annapaT 

.QnSI on11caHl!SI CBSl38HHblX COCTOSIHHll ManoHyKnOHHblX ClfCTeM ( Me

TO.Q K -rapMOHl!K). 

K 38A8'I8M pacceSIHl!SI 3TOT MeT0.Q Henocpe.QCTBeHH0 Henp11-

MeHH~. PaanomeHHIO cpyHKUl!I! 'I' no K '-rapMOHl!KaM MernaeT 

B 3,.T()M cnyqae H8nll'Ilfe BOnH (na.Qa10meii: H paCXO.QSIIUl!XCSI) 1 He l!C-.-
xi 

3Ta 38.Q8'I8 M0MeT 6bJTb paCC'Il!TaHa MeTO.QOM .UpyKapeBa-Map11-

0TTa /3/, 
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qeaaronrnx Ha 6eCKOHe'!HOCTll, OKaaanocb, '!TO npn 3TOM Hll B Ka

KOM npn6llllJl{eHllll Hellb3SI npeHe6peraTb SKllallOM '. Bb!CWllX rapMo

HIIK, O/lHaKO nocne Bbl/leneHllSI acnMnTOTll'leCKllX KOMnOHeHT 'I' 
/12/ x/ 

<l>YHKUllll TaKoe paanoJKeHne MOJKeT 6hITb peann30BaHO • 

TTpn 3TO¥ <!>aKTll'leCKll ncnonbayeTCSI "cMewaHHbdi' 6aanc, KaK 

n B aallaqax c nepepacnpelleneHneM qacTn~. O6o6meHne MeTO/la 

K -rapMOHllK Ha 3all~'lll pacceSIHllSI nanaraeTCSI B nsiTOll rnaBe, 

PaccMaTpnBaeTcsi TaKJKe cnyqafi peaKunn, KOrlla B Ha'!ane nnn 

B KOHUe npouecca llMeeTCSI Tpll Ii 6onee He3aBllCllMO /lBlllKYlllllXCSI 
' /7/ 

'!aCTllU 

YpaBHeHnsi /lllSI onncaHnsi peaKunfi c nepepacnpe/leneHneM 

'laCTllU, a TaKJKe o6o6meHHOro Ha 3a/l8'1ll HenpepbIBHoro cneKTpa 

MeTO/la K -rapMOHllK MoryT 6b!Tb nony'leHhl Ii ll3 BapnaUllOHHOro 

npnHunna. TTpn 3TOM llllWb HeMHOro MOllll<!>nunpyeTCSI CllCTeMa an

re6pan'leCKllX ypaBHeHnfi /lllSI napunanbHb!X aMnnnTyll, Yll06CTBO 

TaKOll MOllll<!>n_Kaunn MeTO/la 38KllJO'!aeTCSI B TOM, '!TO own6Ka B 

aMnnnTy/laX OKa3b!BaeTCSI Bellll'lllHOll BTOporo n~pSIAKa OTHOCllTenb

HO own6Kll B npo6Hofi <l>YHKUllll, 

MeTOllOM K -rapMOHllK 6b!ll0 paCC'lllT8HO pacc_esiHne HefiTpo-

. /12/ 
HOB Ha /lellTOHax , TTpn'leM OKa3ano_cb, '!TO paayMHhie peaynb-

TaTbl nonyqaJOTCSI /l8)Ke B npn6nn)KeHnll, KOrlla B paano)KeHllll X 

Y'lllThIBancsi llllWb 0/lllH '!lleH, COOTBeTCTBYIOlllllll rapMOHllKe C Mll-
' /11/ . 

HllM8llbHb!M 3Ha'!eHneM rno6anbHoro MOMeHTa • K , Eonee 

TO'!Hhle Bbl'lllClleHl!SI . C TpeMSI rapMOHllKaMll noKaaann, '!TO Ha6nJO

ll8eTCSI xopowasi CXO/lllMOCTb noc/le/lOBaTenbHblX npn6nnJKeHnfi, B 

HaCTOSllllee BpeMSI B 011 H11 Ii /lpyrnx iiHCTllTyTaX llaHHblM MeTO/lOM 

Be/lyTCSI paC'leThl pa3llll'!Hb!X npoueccoB, 

BalKHb!M BOnpoCOM Teopntt MHoroKaHanbHOll CBSl3ll SIBllHeTCH 
. /13/ 

KOppeKTHOCTb ncnonbayeMOll npoue/lyphl peAyKUllll 6eCKOHe'!-

HOll CiiCTeMhl ypaBHe~nfi /lllSI Kos<!><!>nuneHTOB paano)KeHllSI BOllHOBOll 

~ . ' 

H e3aBllCiiMO Ii 0/lHOBpeMeHHO lllleSI O B03MOJKHOCTll pa3llO)KeHllSI 

no K -rapMOHllKaM llllWb '!aCTll X BOllHOBOll <!>YHKUllll ( OTllll'I

HOll oT nynsi B orpaHn'leHHofi o6nacTn) 6bma npellllOJKeHa B,,U, 3<!>

pocoM, 

12 
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<!>YHKUllll 'I' B PSlll no 6aancHbIM <l>YHKUllSIM (orpaH11~eHne KOHe'I-

Hb!M 'lllCllOM ( N) qneHOB B pa3llO)KeHllll), K CO)KaneHnJO, 3TO 

HanpaBlleHne OCTaeTCSI noKa cpaBHnTenbHO Mano nccnellOBaHHbIM, 

OTH0CSlllllleCH CIO/la BonpOCbl CXO/liiMOCTll nocneAOBaTellbHbIX npn6nn

JKeHnfi nayqaeMh!X MeTO/lOB o6cyJK/l8IOTCSI BO BTOpofi, weCTOll Ii 

Ce/lbMOll rnaBaX, 

B Ka'!eCTBe <!>aKTOpOB, cnoco6C.TBYIOlllllX T8KOll CXOllllMOCTll, 

MO)KHO OTMeTllTb y6bIBaHne Kos<!><!>nuneHTOB, ocymecTBllSIIOlllllX aauen

neHne B CllCTeMaX ypaBHeHnfi, C poCTOM pa3HllUbl B KBaHTOBb!X 

'lllCnax CMewnBaeMhlX COCTOS!Hllll, KpoMe Toro,' B BbICWllX BllpTyanb

HbIX COCTOSIHllSIX 'llBHJKeH!rn" ocymeCTBllSleTCSI C OTpl!UaTellbHOll 

SHeprnefi, TaK KaK 'Ha nx Boa6yJKAeHne He XBaTaeT sneprnn. Bon

HOBbie JKe cpYHKUllll pe3KO' aaTyXaJOT B Tex o6naCTSIX, rile 3Hep-

rnsi oTpnuaTellbHa. 3To npllBO/lllT K CllllbHOMY noAaBneHlllO BepOSIT

HOCTll B036YlKlleHllSI B COOTBeTCTBYIOlllllX KaHanax. 

Hawa Uellb 3aKllJO'la€lTCSI B TOM! 'IT06b! H8llTll npn6n11)KeHHOe 

peweHne,_ KaK MOJKHO 6onee xopowo OTpalKaJOlllee CBOllCTBa TO'IHOro, 

B pSIAe cnyqaeB aalla'la o TaKOM HannyqweM npn6nn)KeHnn 

llOnycKaeT nocTaHOBKY B TepMl!Hax HOpMllpOBaHHblX npocTpaHCTB, 

KOrAa B Ka'!eCTBe Mepbl YKllOHeHllSI npn6nm1rnHHOro peweHllSI y t 

IIY-Yt II OT TO'IHOrO y MO)KHO paccMaTpnBaTb HOPMY pa3HOCTH 

B onpelleneHHOM npocTpaHCTBe, TaKaSI nocTaHOBKa noaBonsieT npl!B

ne'!b K nccneAOBaHlllO MeTO/lbl Ii llllell <!>yHKUllOHanbHOro anannaa. 

B Ce/lbMOll rnaBe paCCMaTpnBaeTCSI nonbITKa TaKoro nO/lXO/la 

K 3a/la'!aM pacceSIHl!SI (MeTO/l PnTua, MeTO/l HanMeHbWllX KBallpa-

/14/ 
TOB) • OKa3hIBaeTCSI, npn 3TOM llHa'!e pewaeTCSI BOnpoc 0 

CXOllllMOCTll nocne/lOBaTellbHblX np116n11)KeH11fi, HanpnMep, B pSIAe 

cnyqaeB YllaeTCH BBeCTll TaKyx'i MeTpl!KY, '!TO 11 Y-Y II paana own6- · 
t 

Ke B iiCKOMOll Belll!'ll!He (lllll!He pacceSIHl!H a ) •. Tor/la CXOllll-

MOCTb yt ➔ y no HOpMe B 3TOM npocTpaHCTBe SIBllSleTCSI CXO/lll-

MOCTblO B HY)KHOM <1>11a11qecKOM CMbICne, K TOMY JKe a t CTpeMl!T-

CH K a MOHOTOHHO, ,UnH o6ecne'leHllH T8K0ll CXO/ll!MOCTI! Tpe6yeT-

CH lll!Wb nonHOTa (B COOTBeTCTBYJOllleM npocTpaHCTBe) Cl!CTeMbl 
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cj>yHKUHli:, B BH!te paano)!(eHHSI no KOTOpbIM OTblCKHBaeTCSI perneHHe, 

05cy)!(naeTCSI T8K)!(e rrpo5neMa ycToli:'!HBOCTH 'lHCneHHblX anropHT

MOB perneHHSI aana, MHOI'OKaHanhHOI'O pacceSIHHSI, 

· TTpH rrpaKTH'leCKOM HCIIOnb30B8HHH paccMaTpHaaeMbIX MeTO

AOB cnenyeT IlpOSIBnSITb orrpeneneHHYIO OCTOpO)!(HOCTb! a5nH3H HeKO

TOpblX 3Ha'!eHHli: SHepI'HH B perneHHH MOI'YT B03HHK8Tb Hecj>H3H'leC

KHe CHHI'yn11pHOCTH, ,llaeTCSI aHanH3 rrpH'lHH TSKOI'O ganeHHSI, 

TTpHMepoM CO'leTaHHSI ,cj>opManH3Ma MHOI'OKaHanhHOli: CBSl3H C 

MonenSIMH, OlIHCblBSIOIUHMH CTpyKTypy CBSl38HHbIX COCTOSIHHli: 11nep, 

MO)!(eT cny)!(HTb y'leT BnHSIHHSI BHYTPHSIAepHbIX KOppenSIUHll THIIa 

. /15/ 
crrapHBaHHSI ( Monenh caepxTeKy'leI'o 11npa ) Ha 11nepHbie peaK-

UHH.' B BOCbMOll rnaae naeTCSI o5bSICHeHHe MeXaHH3Ma IlOSIBneHHSI 

"caepxTeKy'lHX' rrorrpaaoK. 

CxeMa pac'!eTOB IIpH TSKOM CO'leTaHHH rrpaKTH'!eCKH He H3Me

HSieTCSI, ITpoCTO B sneMeHTaX MaTpHUbl B3aHMOAeiiCTBHSI KaHanoa 

IIOSIBnSIIOTCSI rrorrpaBO'lHbie MHO)!(HTenH, 3aBHCSIIUHe OT KOScj>cj>HUHeHTOB 

U H v , xapaKTepH3YIOIUHX rrapHbie KoppenSIUHH HyKnOHOB B SIA-

pe. 

B rrocnenHeii, neaSITOii rnaae paccMaTpHaaeTCSI KOHKpeTHaSI 

aanaqa o TYHHenhHoii rrpoHHUaeMOCTH 5aphepoa nn11 cnO)!(HbIX 'lac, 
THU. TToKa3aHo, KaK B03HHKaIOT scj>cj>eKTbl ycHneHHSI TaKOii IIpOHHUae-

MOCTH 5naronapSI y'leTy BHyTpeHHeii CTpyKTyphl cnO)!(HOll 'laCTH

/16/ 
Ubl , a T8K)!(e HapyrneHHSI CHMMeTpHH nn11 BepOS!THOCTH rrpe-

ononeHHSI aCHMMeTpH'lHbIX 5apbepoa IlpH SHepI'HH BbIIlle rropora B03-

" /17 / 
5y)!(neHHSI cnO)!(HOH '!aCTHllbl 

TTepe'!HCnHM KpaTKO OCHOBHhie peaynbTaTbl pa50Tbl! 

8 paMKaX cj>opManH3Ma MHOI'OKaHanhHOll CBSl3H rrpenno)!(eH 

MeTOA OIIHCaHHSI peaKUHll C rrepepacrrpeneneHHeM 'l8CTHU; OH yno-

5eH nn11 paC'leTOB Ha 3BM, T,K, CBOAHT aanaqy K perneHHIO CHC

TeM o5bIKHOB0HHbIX nHcj>cj>epeHUHanbHbIX H anre5paH'leCKHX ypaBHe

HHll H II03BOnSieT SKOHOMHO, HCIIOnb30BaTb orrepaTHBHyIO rraMSITb , 

Bbl'lHCnHTenhHbIX MailIHH (paCilIHpSieTCSI o5naCTb rrpHMeHHMOCTH TaK 

Ha3blB80MOll "enHHoii" TeopHH SIAepHbIX pea KUH ii), 
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1!acTHbIM cnyqaeM rrpo5neMhI orrHcaHHSI rrpoueccoa c rrepepac

rrpeneneHHeM SIBnSieTCSI BOIIpoc 06 y'leTe T0)!(il0CTB0HHOCTH Hane

TaIOIUHX 'laCTHU H '!aCTHU, axonmrui:x B COCTaB MHilleHH. ITpenno

)!(eHHblll MeTon MO)!(eT OKa3aTbCSI oco5eHHO rrone3Hb!M nn11 y'leTa 

IIpHHUHIIa ITaynH B SIA0PHbIX aana'lax, He norrycKaIOIUHX HCI!Onb30Ba-

x/ 
HHS!, acj>cj>eKTHBHOI'O MeTona, pa3pa5oTaHHOI'O B aTOMHOii cj>H3HKe • 

TTpenno*eH crroco5 pac'!eTa rrpoueccoa pacceSIHHSI c 'lHcnoM 

cao5onHhlX 'l8CTHU, 5onhlliHM nayx, B Ha'lane HnH KOHUe peaKUHH. 

IToKa3aHO, KaK MeTon K -rapMOHHK, rrpenn0)!(0HHblll nn11 OIIH

caHHSI. CBSl38HHbIX COCTOSIHHii, MO)!(eT 5hITb pacrrpocTpaHeH Ha aana

'lH Henpepb!BHOI'O crreKTpa. 

05cy)!(A8IOTCSI BOilpOCbI, CBSI3aHHbie C oueHKOll HaceneHHOCTH 

BbICilIHX BHpTyanbHbIX COCTOS!Hllii H rrpo5neMOll CXOAHMOCTH rrocneno

BaTenhHblX IIpH5nH)!(0HHll B cxeMe CHnhHOfi CBSl3H KaHanoa. ITony

'leHO noKa3aTenbCTBO TaKOll CXOAHMOCTH B p11ne cny'laea. 

PaCCMOTpeHa rrpo5neMa IIOSIBneHHSI Hecj>H3H'l0CKHX CHHI'yn11p

HOCTeii B aenH'!HHax, xapaKTepH3yIOIUHX pacceSIHHe. Bb!SICHeHo, KaK 

MO)!(eT 5b!Tb rapaHTHpOBaHO ycTpaHeHHe rrono5Hb!X TpynHOCTeii. 

IToKa3aHo, 'ITO aorrpoc O HaHny'lrneM IlpH5nH)!(0HHH BOnHOBOii 

cj>yHKUHH 1P B aana'laX pacceSIHHSI norrycKaeT HHOI'na IIOCTaHOBKY 

B TepMHHax HOpMHpoaaHHbIX rrpocTpaHCTB, 3To II03BOnSieT ocymecT

BHTb 5onee OCHOBaTenhHblll rronxon K HCCnenoaaHHIO CXOAHMOCTH 

rrocnenoBaTenbHbIX IIpH5nH)!(eHHll H yCTOli:'IHBOCTH rrpouenypbl '!HcneH

HOI'O perneHHSI, 

PaccMaTpHaaeTCSI B03MO)!(HOCTb CO'leTaHHSI cj>opManH3Ma MHOI'O-· 

KaHanbHOll CBSl3H C 11nepHOll· MonenbIO, Y'lHTblBSIOIUeii Me)!(nyHyK

noHHhle KOppenSIUHH THI!a CI!apHBaHHSI (Monenb CBepXTeKy'leI'O 11npa), 

.llaeTCSI IIpOCTaSI HHTeprrpeTaUHSI BnHSIHHSI BHyTpHSinepHbIX KOppen11-

UHll Ha "paanH'!Hble rrpoueCCbl, 

xi 
ITo-BHilHMOMY, MeTon C Bb!lleneHHeM aCHMIITOTHK SIBnSieTCSI MeHee 

TpynoeMKHM, T,K. a rronxone ,llpyKapeaa-MapHOTTa 131 c pOCTOM 

'lHCna qneaoa, Y'lHTbIBSeMbIX B pa3n0)!(0HHH 1P , 3Ha'lHT0nbHO 

5bICTpee B03pacTaeT otheM paC'!eTOB, 
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