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Uenblii p1m npo6neM KBaHTOBOii MexaHl!KI! Tpe6yeT peweHl!S! 

38.!l8'l MHornx Ten.-CnolKHOCTb orrncaHHS! MHoroqacTl!'lHbIX Cl!CTeM co

CTOHT B TOM ( ecnn C'll!TaTb Cl!nbI, . .!leiiCTBYIOilllle MelK.!lY 'laCTl!ll8Mll, ll3-

BeCTHb!M1!), 'ITO ypaBHeHne llipe.!ll!Hrepa .!lnSI N Ten HBnSieTCS! 

ypaBHeHl!eM B qacTHblX npOll3BO.!lHbIX, KOTOpoe He MOJKeT 6biTb 

Henocpe,!lCTBeHHO peweHO ,!laJKe Ha caMblX COBpeMeHHblX 3BM. 

B H8CTOS!Illee BpeMSI wnpOKO llCIIOnb3YIOTCS! MHOrO'll!CneHHbie 

rrpn6nnlKeHHbie MeTO.!lbl peweHl!S! 3a,!la'l, OCHOBaHHbJe Ha pa3nl!'lHblX 

aapnaHTax Teopnn B03MymeHnii. Ho BO MHornx aa.!la'!ax Teopneii 

B03MyllleHnii nonb30BaTbCJ! Henb3JI, TaK KaK OKa3b!BalOTCJ! HeMa

nhIMll rrapaMeTpbI, no CTeneHJIM KOTOpblX Be,!leTCJ! pa3noJKeHne. 

BecbMa nepcrreKTHBHhlM JIBnJieTcJI HarrpaaneHne.Teopnn, ocHo

BaHHoe Ha npJIMbIX. MeTO,!laX MaTeMaTH'leCKOii <t>nanKn: CBe.!leHne 

ypaBHeHHJ! llipe.!lHHrepa K CllCTeMaM anre6pan'leCKllX n o6biKHO

BeHHbIX .!lH<!><l>epeHunanbHblX ypaBHeHnii rryTeM pa3nOJKeHHJ! '¥ <!>yHK-

llllll B Pll.!l no co6CTBeHHbIM <l>YHK!lllJ!M BCIIOMoraTenbHOii aa,!laqn. 

LlnJI IIpl!MeHHMOCTll TaKHX MeTO.!lOB ManoCTb o6bI'lHbIX rrapaMeTpOB 
~ I 

He SIBnJieTCS! I!pllHI!llIIllanbHO BalKHOii. K 3TOMY HarrpaaneHHIO 

OTHOCJ!TCJ! MeTO.!lbl CllnbHOii CBJ!3ll KaHanoB B TeopmI pacceJIHHSI. 

HacTOS!IllaSI .!lllCCepTaUHJ! IIOCBJ!IlleHa BorrpocaM MHOroKaHanbHOll 

Teopnn-peaKUHii B HepenJITHBllCTCKOll KBaHTOBOll MexaHHKe .!lnSI cnc-
• P 

TeM N >- 3 Ten. Han6onbwee BHHM8Hl!e y.!leneHO KOppeKTHQii 

IIOCTaHOBKe aa,!la'ln H nccne.!lOB8HHIO CXO.!lHMOCTH rrpn6nuJKeHHhlX 

MeTO.!lOB. B OCHOBHOM nccne.!ly!OTCJ! CHCTeMbl Tpex Ten • 
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3aaaqa Tpex Ten SIBnSieTCSI npocTelillIHM npnMepoM aaaaqn 

MH0I'HX Ten, KOT0pb!li II03B0m!eT nayqaTh 11,IH0I'He BalKHbie CBOliCT

Ba, npncymne MHoroqacTnqHbIM cncTeMaM. 

MHorne IIpS!MbJe peaKUHH ( HanpnMep, neliTOHHbJli cpb!B nnn 

n0AXBaT ) npeacTaanmoTCll KaK SiaepHbie npoueccb1 c yqac-

THeM, no KpaliHeli Mepe, Tpex qacTHU. IToaTOMy Anll Bb!HCHeHHSI 

MexaHnaMa npSIMbIX npoueccoa 6onhllIOli HHTepec npencTaBnSieT aoa

M0JKHo 6onee CTporoe pellleHne 3aaaqn Tpex Ten. PellleHne aToli 

aaaaqn oco6eHHO ycn0JKHSieTCSI, K0I'Aa 0TKpb!Tb! KaHanbI rrepepac

npeneneHHll n KaHa.n paaaana. 

B pellleHnn npo6neMbI Tpex n 6onee Ten cymecTayeT naa 

ocnoBHbIX nonxona - HHTerpanhHbili n ampcpepem'manhHbili. 

BnepBhle KoppeKTHall HHTerpanhHall cpopMynnpOBKa ypaBHeHUll 

llipeanHrepa Anll 3aaaqn Tpex Ten C KOpOTKOAeliCTBYJOlllllMH II0TeH

/1/ 
unanaMn 6bma naHa r.B.CKopHSIKOBbIM n K.A.Tep-MapTnpocsmoM 

/2/ 
ll B o6meM cnyqae fl.il.4>anneeBb!M • 

YpaBHemrn 4>anneei3a. rrpencTaBnSIJOT co,6oli cncTeMy Tpex 

MH0I'0MepHblX HHTerpanhHb!X ypaBHeHnli. ilnll pellleHHSI aToli CHCTe-
,~ ➔ ➔ 

Mb! neo6xonHMO. 388Tb airnnHTYAbl pacceSIHHSI nayx Ten t(k ,k ', f 

BHe aHepreTnqecKoli noBepxH0CTH, noCK0nhKY nocnenHne BX0ASIT 

B Sinpa ypaBHeHnli 4>anneeaa. ITpaKTHqecKoe pellleHne aTnx ypaBHe

HHli BoaM0lKH0 nnlllh Torna, Korna' 3aancnM0CTh aMnnHTYAbI ·t(k ,k~,) 
OT apryMeHT0B cpaKTOpH3yeTCll. B T8K0M_ cnyqae ypaBHeHHSI 4>an

neeaa CB0ASITCSI K CHCTeMe 0AH0MepHbIX HHTerpanhHbIX ypaBHeHnli, 

K0Topall M0JKe.T 6b!Th pellleHa qncneHH0. 

Ecnn nnSI pellleHnll aaaaqn Tpex Ten ncnonhay10TcS1 HHTer-
/3/ 

panhHbJe ypaBHeHHSI' ' TO HX M0JKH0 .pellll!Th qncneHHb!M nyTeM, 

aaMeHSISI l!HTerpanbI CYMM8Mll II o6pamall nonyqeHHYIO MaTpnuy. 

Ho H3BeCTH0, qTo llnpa 3Tl!X ypaBHeHnli 06nana10T pS!A0M oco6eH

HOCTeli, o6ycnoaneHHbIX nannqIIeM noporoB nm1 pa3nnqHbIX npouec

coa. Hannq!Ie CHHI'ynSipHOCTeli B S!Ape ypaBHeHHSI CllnhH0 YCIT0lKHSieT 

aanaqy, no·cKonhKY B aToM cnyqae nnpo He SIBITSieTcSI 6onhllle nnaa

Hb1M, II Tpe6yeTcSI 6onhllloe qncno yanoa np11 3aMeHe HHTerpanoB 

4 

cyMMaMH, a, cnenoaaTenhH0, II 6onhllIOli o6'heM IIBMSITI! BbJqncnn-. 

TenbH0li M8llll!Hbl. ITpn aHepr1111, npeBb!llIBJOllleli nopor peaKUl!l! 

pa~merrneHl!S1 Ha Tpll cpparMeHTa, B llnpax ypaBHeHl!ll II0SIBnlleTCll 

norapncpM11qecKaS1 c11HrynS1pHoCTh. B aToM cnyqae qnc~eHaoe pellle

Hne Cl!CTeMbl HHTerpanhHbIX ypaBHeHHli nyTeM HerrocpeACTBeHH0I'0 

o6pameHllll MaTpl!Ubl CTaH0Bl!TCSI aaTpyJ:1Hl!TenhHbIM, ll AITSI TaK0I'0 

pelll_eHl!ll 06bJqHo llCII0ITh3YJOT MeT0A CMemeHl!ll rryTH l!HTerpnpoBa-
/4/ 

HHS! B K0MIIneKCHYIO nnoCK0CTh 

n,rn qncneHHb!X pacqeT0B Ha 3BM 6onee yno6Hb!M ( SK0H0M-

Hee HCIIOnbayeTCSI onepaTl!BH8ll rraMSITh M8llIHH) llBnlleTCSI II0AX0A 

K aanaqe, OCH0BBHHblli Ha MH0I'0KaHanhH0M cpopMannaMe. B ST0M 

cnyqae no11cK · pellleHl!ll ypaa11e1111S1 Illpen11Hrepa ocymecTBnSieTCll 

nyTeM paanoJKeHHSI nc~oMoli cpyHKUHH no nonxonSimeMy 6a3ncy, 

B KaqecTBe K0Toporo MOJKII0 Bhl6HpaTh nn6o cpyHKUHH nayxueHTp0-
./5/ 

aoli 3anaqn - MeTon EopHa-OnneHreliMepa , nn6o onnoqacTnq-
. /~ 

Hbie cpyHKUlll! - MeTon CMellIHB8l!l!ll KOl!qJHrypaun11 ' nn6o 0606-
. . /7/ 

meHHbJe yrno.Bbie cpyl!KUl!l! - MeTon rapM0Hl!qecKl!X cpyl!KUl!li ' 

n1160 B0nl!0BbJe cpyHKUHll nnpa-MnllleHH - MeTon CHIIhH0li CBS13H 

/8 9/ . 
Kaaanoa ' n T.n. 

TaK, nanpnMep, npnMenenne·MeTona cnnhnoli CBSI3H KaHanoa 

K 3anaqe Tpex Ten aaKn10qaeT9S1 a TOM, qTo cpyHKUl!ll aceli cncTe-

Mb!'¥ paanaraeTCSI no co6CTBellllblM cpyHKUl!SIM <I> nayxqac-

Tl!qH0I'0 I'8Ml!nhT0HII8l!ao 

a ➔ ➔ ➔ 

i/J = ~ X (R, )<l>n(P2a )+ J d,x (R,f )<I> (p23,, ), 
)l!!!:] n 

( 1) 

-➔ ➔ 
rne,.:· RI ' P2a - KoopnnHaTbl HKo6n. 

IToncTaBITllll pa3n0JKeHl!e ( 1) B ypaaHea11e Illp~n11Hrepa, M0lKH0 

cTaHnapTHb!M o6pa30M nonyqnTh CHCTeMy l!HTerpo-nncpcpepeHUII8IIh

HbIX ypaa11ea11li AITSI Koacpcp11uneHTOB paanoJKeHHll. 
p•. 
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Ycnexy" MeTona pa3nOJK0HIISI cnoco6cTBY0T COOTBeTCTBlle 

M0lKllY rpaHll'IHblMII ycnOBIISIMII 3ana'III II 6a311COM, T,e, 6a311CHbl0 

<l>YHKUIIII OTB0'1alOT TeM JKe caMblM rpaHll'IHblM ycnoBIISIM, Ho, ecn11 

Mb! 6yneM paccMaTpllBaTb peaKUllll, Korna OTKpbITbl cneny10m11e 

KaHanb1: 

(2+3) + 1 _, (2+3) + 

(1+3) + 2 II ( 2) 
'-> (1+2) + 3 III 

- 1+2 + 3 IV 

rne CK06KII 061>0/lllHSIIOT 'laCTl!UhI, 06pa3y10m11e CBSl3aHHbl0 COCTO

S!Hl!.11, TO pa3noJKeH11e ( 1) .oKa3bIBaeTcsi Heyno6HbIM nnsi ynoaneTBope-

HIISI rpaHll'IHblX ycn0B11l! B KaHanax II, III 11 IV , KaJKllhil! 

KaHan xoporno OIIIIChIBaTb CBOIIMII nepeMeHHblMll (ii, pk , i,/j,k k=l,2,3). 

TaK, Hanp11Mep, 'IT06bl ynoaneTBOpllTb rpaHll''IHOMY ycnOBIIIO B Ka-

Hane ·1 ' yno6Ho IICKaTb 'I' B a11ne ( 1) ( nepeM0HHhie R 
1 

, p 
23 

) , 

HOB 9TOM cnyqae Tpy/lHO YllOBneTBOpllTb rpa1tll'IHOMY ycnOBIIJO 

B npyr11x KaHanax, 
. /IOI • 

npennoJKeHHbie B p11ne pa6oT IIOIIblTKII o6ollTll yKa3aH-

_Hhl0 TpyllHOCTII no nyTll llCIIOnb30BaHIISI <!>opManll3Ma npoeKUIIOl!HblX 

onepaTopoB, IIOKa H0Ilb3SI C'll!TaTb IIOilHOCTblO ycrreWHblMII, TaK KaK 

pa3nH'IHhie npennaraeMhie ypaaaeHHII nnsi npoeKUIIOl!l!hIX orrepaTo

poB 0'10Hb TPYllHO pellIIITb, 

/11/ . 
B pa6oTe 6bm npa-nnoJKeH MeTOA yceqeJIHblX acl!MIITO-

TIIK ( MYA), II03B0IlSIJOm11l! o6ol!TII yKa38HHYIO TPYllHOCTb Olll!Cal!l!SI 

peaKUIIH C nepepacrrpeneneHil0M qaCTl!U, no31ll!00 9TOT M0TO/l 6bl/l 

/12/ 
ycoaepweHCTBOBal! B pa6cTaX •·. nocKOnbKy pa3nOlK01!11JO TIIIIa 

( I) MewaeT HanH'IHe B 'I' KOMIIOH0HT, COOTB0TCTBYIOWIIX aCIIMII-

TOTl!Ke Kal!anOB C COCTaBOM <!>parMel!TOB, OTilil'IHblM OT COCTaBa 

'laCTIIU nnsi KBHana I , TO p83IlOlK0Hl!e ( 1) 3aM0Hl!0TCSI cnenyro-

m11M ( 11arrp11Mep, ecnH OTKpblTbl Ka Hanh! II II ): 

a ➔ ➔ ➔ ➔ 
'I' = <Ii + k X ( R ) cp ( p

2 
) + f d £ X ( R () cp ( p £ ), 

n=1 n J n 3 t 23 

( 2) 

6 

/ 

rne SIBHO Bbl/l0Il0Ha Mernaromasi pa3IlOlK0HIIIO_ qaCTb. <ll <!>YHKUIIIl 'I', 

113B0CTHaSI C TO'IHOCTbJO no KOHCTaHT ( napu11anbHblX aMnn11Tyll), 

perynsipHa11 B Hyne 11 np11 R2 ➔ COBrranaromasi C acllMIITOTIIKOH 

B KaHane II , B 9TOM cnyqae BM0CTO. CllCT0Mbl Olll!OPOllllblX 

ypaBH0HIIH nonyqaeM CIICTeMy H001lHOPOllHblX ypaBHeHIIH, 

• / 13/ • 
MoJKeT 6b!Tb rrpennoJKeH IIHOII rron.xon • OCHOBaHHblll Ha 

IICIIOilb30BaHIIII 6onee o6uiero pa3noJKeH1rn, a l!M0HHO: 

3 a1 

'I'= k k xn 
1=1 n 1=1 I 

(RI) cp ( / 1· I) + X ( ii I J23 ) ( i ,k j ,/ k ), 
nl 

(4) 

rne 'Pn1 ( p:k ) -,BOilHOBbl0 <!>YHKUl!ll llBYX 'laCTIIU B CBH3aHHOM 

COCTOl!llllll, "1 - KBaHTOBbl0 'll!Cna, xapaKTep113y10w1Ie 9Tll 

COCTOSIHIISI, fpaHl!'IHbl0 ycnoBlrn B KaHanax ( I ' II • III ) .Hanara

JOTCSI Ha <l>YHKUl!ll Xn
1 

(R1 ) (n 1 = 1,2, .. , a
1 

,i = 1,2,3) ., a rpa-

Hll'IHhie ycnoBIIII B KaHanax (IV) HanaraJOTCSI Ha <l>YHKUIIJO 

X( R➔ I , p 23 ). 

B § 1 rnaBbl C l!CIIOilb30B8Hll0M (4) rronyqeaa CIICTeMa 

ypaBHeHIIH, II03B0Ill!IOWall OIIl!CblB8Tb ynpyroe. I! aeynpyroe pacc~

SIHIIII,. KaHanbI C rrepepacrrpeneneHlleM qaCTIIU, KaHa/1 pa3Bana. 3TI! 

' ypaBH0Hl!SI CB060llHbl OT rrpllHUl!lllla/lbHblX TPYllHOCTeil, KOTOpble 

l!M0IOTCII B o6bl'IHOM M0TO/l0 .M110roKaHaJibHOH CBll311/S/ 

nony'leHHbie ypaBH0HIISI, on11aKo, rrpeACTaB/ISIJOT co6oii. CIICTeMy 

IIHTerpo-nn<!><!>epeHullanbHb!X ypaBH0HllH, B KOTOpbie 110/l 3HaKOM 

llHTerpana BXO/ll!T orrepaTOpbI nn<!><!>epeHUl!poBaHllll 110 

... 
R1 

➔ 

, P_jk 

( i j k f j = 1,2,3 ) 
➔ ➔ 

ll X ( R1 , p 23 ) • 

OT H0113B0CTHbIX <!>YHKUllll Xnl (R: }(i =1,2,3) 

noaTOMY Jl/111 TaKOH Cl!CT0Mbl Heo6xon11MO 6bl/lO 

pa:;1pa60TaTb cneunanbHblH 'lllCneHHblll M0TOll perneHllll 

HllM M0TOllbI 11pencTaBnS110Tc11 aerrpHI'OllHhIMll), 

ll3B0CTHbl0 

B §3. rnaBbI I npennaraeTCSI MeTon perneHl!H nony'leHHhIX 

ypaBH0HllH, npn 9TOM llCXOUHal! CllCT0M8 3aM0Hl!0TCI! CllCT0MOH 

anre6pall'10CK~~ ypaBH0Hllll, 3Ta CllCTeMa, 6yny'lll 3Ha'lllT0IlbHO 

6onee rrpocToii, qeM CIICTeMa 1rnTerpo-nn<!><!>epeHunanbHhIX ypaB-
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HeHiiH, coxpaHSieT ace AOCTOIIHCTB8 IICXOAHOH CIICTeMbl ypaBHe_mift. 

ITpeanaraeMbIH MeTOA HOCIIT o6nmii xapaKTep n MOlKeT 6b!Tb IIplIMe

Hefl rrpn pemeHnn npyrnx cncTeM nHTerpo-nncptjiepeaunanbHbIX ypaB-, 

HeHnii 1mn CIICTeM llHTerpanbHblX ypaBHeHnii, HarrpnMep, ypaBHeHnii 

C HenoRanbHbIM B3llllMOAeftCTBlleM, 

3necb lKe rrpennaraeTcSI rrpn6nnlKeHHhiii crroco6 perueanSI 

ypaBHeHnii. flpn, STOM rrpn6nlllKeHHb!e peruemrn rrony<IBIOTCSI B 8H8-

nllTlI'!eCKOM Bnne, 'ITO MOlKeT OK838TbCSI O'!eHb _yno6Hb!M rrpn !IX 

rrpaKTlI'!eCKOM ncrronb30B8HlIII. 

B rrp11nolKemrnx 1, 1 I -1.2 II 1.3 pacCM8Tp1IB81DTCSI HeKOTOpbie 

'18CTHbie IIpnMepblo 

Bo BTopoii rnaae aa ocaoaaann ennaoro.rronxona rrpoaeneao 

nccnenoaaane KoppeKTHocTn pSina rrpn6n11lKeHHhIX MeTonoa. Maor11e 

MeTOAbl 'IIplIBOASIT K pemeHlIIO 6ecKOHe'!HOH ClICTeMbl nncpcpepeaun

anbHblX ypaBHeHnii nnn Cl!CTeMbl lIHTer"po-n11cpcpepeHunanbHbIX ypaB

HeH11ii. flp11 rrp116n11lKeHHOM peruea11n 6ecKoHe'!HaSI cncTe~a ypaaaem1ft 

38MeHSieTCSI KOHe'!HOii. Bo3HIIK8eT Borrpoc O rrpaBOMepHOCTII T8KOH 

38MeHbl II 06 oueHKe rrorp_emaocTeft, KOTOpbie rrpn STOM llOIIycKa

lOTCSI. Aaanorll'IHbie BOIIpOCbl AnSI .anre6pal!'!eCKlIX ypaaaem1ii 113yqe-

/ 15/ 
Hbl B tjiyHKUlIOHanbHOM aaanl!3e • IToaToMy, ncrronb3YSI MeTOll, 

rrpennolKeHHhil1 B pa6oTe
1141 

(paccMoTpeHHhiii B §3 rrepaoii, rnaBbi), 

Mb! CHa'!ana rrepexo/ll!M OT Cl!CTeMbl n11tjitjJepeHu11anbHbIX llnll Cl!CTeMbl 

IIHTerpo-nntjicpepeHu11anbHbIX ypaBHeHl!H K CIICTeMe anre6pal!'!eCKIIX 

ypaaaeH11ii. Torna ylKe yno6ao BOCIIOnb30B8TbCSI l!Me1DIUIIMIICSI Teope

M8MII 113 tjiyHKUl!OHanbHOro aaan113a. 

/16-18/ 
B pa6oTax . paccMaTpl!Banl!Cb BOIIpOCbl CXOAIIMOCTII 

MeTO/l8 CllnbHOH CBSl31! K8HanoB II 6bmll BbISIBneau tjiaKTOpbI, Bnl!HID

IUlie aa CXO/llIMOCTb MeTona. 8 lll!CCepT8UIIII rrpennaraeTCSI IIOll-

/13/ 
XO/l I KOTOphlii II03BOnSieT C en11aoii TO'IKII 3peHIISI 11ccne1lOB8Tb 

KOppeKTHOCTb MHOrl!X rrp116nl!lKeHHblX MeTOAOB. KpciMe Toro, 3TOT 

IIO/lXOll MOlKeT cnylKl!Tb 0/lHOBpeMeHHO anropl!TMOM peruemrn IIC

cnenyeMbIX ypaaaea11ii, 'ITO oco6eaao yno6ao nnSI c11cTeMhI IIHTerpo

lll!tjJ<jiepeHunanbHhIX ypaBHeH11ii, pemeHl!e KOTOpbIX o6bI'IHblM crroco-

6oM Bbl3bIB8eT 6onbillll0 TpyllHOCTII. 
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B § 1 II §2 BTOpoft rnaBbl B o6meM BIi/le llOK83bIBaeTCSI cxo

/llIMOCTb MeTona CllnbHOii CBSl31! KBHanoB II MeTOll8 yce'leHlfl>IX 

BCIIMIITOTl!K ( KoppeKTHOCTb o6pbIB8 6ecKoHe'!HbIX CIICTeM). ITony

'!eHbl HeKOTOpb!e oueHKI! rrorpeIIIHOCTeii rrp116n11lKeHHb!X pe11IeH11ii. 

B IIplinOlKeHl!II ( rr. 1) BbrnBnSieTCSI pHll tjiaKTOpoB, KOTOpbie 

Bnl!HIOT aa CXOlll!MOCTb rrp116n11lKeHUbIX MeTO/lOB. TaKoii CXOAII-

MOCTI! crroco6cTayeT y6hrnaa11e KostjJ<jJ11u11e11ToB IV =f ,t. V ,t. d p 
. nm 'Pn't"m lj 

rrpn n ➔ oo 11 m ➔ oo • .llpyroii tjiaKTop B03HHKaeT 11a-aa aenocTa-

TOqflOCTII rronaofi, 3Hepr1111 llnH B036YlK/leHIISI Bb!CIIIIIX BllpTyanbHblX 

COCTOSIHl!ii, IIOCKOnbKY llBl!lKeHne B COCTOSIHIISIX C OTpl!U8TenbHOl1 

SHepr11eft ITO 38KOll8M KB8HTOBOH MexaHl!KII CllnhHO 38Tpynaeao. 

3ToT tjiaKTop paBen k; +a 21 
• I T.e. KB8/lp8TII'IIIO y6.brnaeT 

C poCTOM k 
O 

(kn.= -./ 2M(E- c 
O 

)). 

B TpeTbe,ii rnaBe paccMaTpl!BaeTCSI HeCKOnbKO MOllenbHbIX 

38/l8'1. § 1 ITOCBSIIUeH 1!3y'!eHl!ID OllHOH 38/lB'II! llBIIlKeHIISI cnolKHOH 

'18CTl!Ub'I ( 113 llBYX Ten) BO BHemaeM none ( TpeTbe Teno)• .ilnSI 

rrpocTbIX '18CTIIU rrpoirnuaeMOCTb n1D6b!X 6apbepoB B rrpoTIIBOIIOnOlK

HbIX H8IIpaBneHl!SIX CTporo Olll!HBKOBa. Ho /lnSI cnOlKHOH '18CTl!Ubl 

lip!! saepr1111, llOCT8TO'IHOH /lnH p_eanbHOro Boa6ylK/leHl!SI Bb!CIIIl!X 

COCTOSIHl!ll BHyTpeaHero /lBlllKeHl!SI, KostjJ<jJ11uneHTbl rrpoXOlK/leHl!SI 

D + 11 D - qepea HeCl!MMeTpll'!Hb!e 6apbepbl B pa3nll'!Hb!e 

/19/ 
CTOpOHbl MoryT Cl!nbHO paan11•rnTbCSI • 3TOT stjicpeKT KB'!eCTBeHHO 

nccnenyeTCSI II rrpoBO/lSITCSI 'll!CneHHbie paC'!eTbl nnH KOHKpeTHoro 

rroTeHUIIanbHOro 6apbepa ( CM. pnc. 1). PacqeTbl llpOBO/lllnlICb 

/lnSI paanll'!HblX 3Ha'!eHIIIl IIIIIplIHbl 6apbepa MeTO/lOM Eopaa-Orrrrea

rellMepa151. 3aBIICIIMOCTb KostjitjinuneaTOB llpOXOlKlleHIISI qepea 

IIOTeHUIIBnbHblH 6apbep ( lip!! saeprn11 E = 6,01) OT Benll'IIIHbl 

d = ti'-a ., rrpencTaBneaa aa p11c, 2. ITony'!eHHb1e peaynbTBThI 

/19/ 
xopomo cornacy!OTCSI C KaqecTBeHHbIMII rrpellCK838HIISIMII 

C pocToM rronao!l saeprnn E paaHnua B KostjJ<jinuneHTax rrpoxolK/le

HIIH B pa3Hbie CTOpOHbl yMeHbIII8eTCSI. 
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P11c •. 2. 3aBl!CMMOCTb OT WllpMHbl 6apbepa /'1 =(b-a) K03<p<p1IUII0HTOB 

rrpOXOlK/l0HJrn D +OCH ( o-OCH ) nm1 '!aCTIIU B OCHOBHOM • • D+ 
COCTOBHIIII, rranaJOWIIX Ha 6apbep crrpaBa (cneBa); B036. 

• ( D -;;;036.) - K03cp<pl!U110HTbl rrpOXOlK/l0HIIB nnB '18CTIIU, rrana

lOWIIX Ha 6apbep B B036ylKJleHHOM COCTOBHIIII. 

B §2 pacCMOTpeH onMH M0X8Hll3M KaTanllTll'10CKOro ycKopeHIIB 

peaKUllll. ITp11 3TOM Tpe6yeTCH paCC'll!TbIBaTb TpexqaCTll'IHbl0 CTOnK

HOB0HllH, B KOTOpb!X Tp0Tb9 qaCTl!Ua nrpaeT ponb KaTann3aTopa. 

B pac'!eTax ncrronb30Banacb cncTeMa ypaBHennft, rrony'!eHHaH 

B rrepBOll rnaBe nuccepTaUl!ll. ITpn 3TOM cpaBHl!BalOTCH ce'!eHllB 

cnenyJOmnx peaKunft 6e3 KaTan113aTopa: 

a+a+a ➔ a+a+a I 

➔ (a+a)+a II 

n c KaTann3aTopoM 

a +a+ b ➔ a+ a+ b III 

-> (a+a) +b IV 

nng pa3nll'IH0ll qiopMbl IIOT0HUl!anoB V au., V ab 

3Ha'!eHMBX 3Heprllll BCe __ ft CllCT0Mbl. 

10 

ll Ilpll pa3n~'IHbIX 

IToTeHunanbl V aa ll Vab Bb16npam1cb B Bnne, 11306pa-

lK0HHOM Ha pncyHKe 3. 

¼" "\~6 

0 - 0 

-V,! !J· 

-v1 

Pnc. 3. 

B IIOTeHunane vaa nMeeTcB, no Kpaftneft Mepe, onno CBB-

3aHHoe COCTOHHl!e nng CIICT0Mbl ( a + a ) 0TTanKllBaJOmllft 6apb-

ep 3aTpynHBeT coennnenne '!aCTllU B peaKUllll II. 

KaTanl!Tll'l0CKoe neftcTBlle '18CTl!Ubl "b" B peaKUllll IV 

3aKn10'!aeTCB B TOM, 'ITO npn CTOnKHOB0Hllll Tpex '18CTllU (Korna 

BCe 0111! OKa3bIB8IOTCH pHnoM) npllTBrllBaJOmnft ITOTeHunan scpcpeK

TllBHO yBenl!'IMBaeT OTHOCl!TenbHYIO 3Heprlll0 CTOnKHOB0HllH nByx 

qacTMU "a " • 3To nonJKHo o6ner'laTb nng Hllx npeononemie 6apb

epa. 

B §3 paccMaTpllBaeTCB MHOroKpaTHOe pacceBHl!e cnolKHb!X 

• 120/ 
'18CTllU CllCT0MOll 11erronBlllKl!blX CllnOBb!X ue11TpOB ' o6naCTll 

B38llMoneftCTBllB KOTOpb!X C 11aneTa10meft '18CTllUeft He rrepeKpb!BaJOT

cg MeJKny co6oft. IToKa3aHo, '!To 3ana'!a CBonnTCH K pewennJO 

npocToft CllCT0Mbl anre6pa1!'!0CKllX ypaBH0Hllll. 

0CHOBHb!0 pe3ynbT8TbI 0 113nOJK0HHbl0 B nnccepT8Ull11 1 ony6nn-

• /11 13 14 16 17 19 20/ 
KOBaHbl B pa6oTax ' ' ' ' • ' II noKnanbIBanllCb Ha Bceco-

l03Hb!X KOH<pepeHungx. 
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