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§ 7.6. KHHETH{A CNOXHbIX
DEPMEHTATHBHBIX PEAKLMHIA

PellleHHe KHHETHYECKHX 3alau JJIs CJAOXKHbBIX XHMHYECKHX Peak-
KA, B TOM yuciae H (HepMeHTaTHBHHIX, TpebyeT gaXke B CTAallMOHAp-
HOM cJaydae ynpowamoumux aaroputmos. CTPyKTypHHe METOAH aHa-
Jn3a CJOXKHBIX peakiuii passuBanuce llsatom [84], Xopuyrn [85],
XpuctuanceHom [86], CemenoBeim [87] TlpumeHHTeqabHO K CTallno-
HapHbIM (epMeHTATHBHBIM peaKIHsAM 3(PGheKTHUBHBIA aJrOpPHUTM Obla
npemsoxed Kuurom u AapTManoMm [88] n npuMeHeH K psily KOH-
KpeTHbIX npobiaem [89--91]. OcHoBoiBasich Ha 3ToM aaropurme, Kie-
nagn [92] npeasoXua HOMEHKIATypy MHOTOCYOCTpATHBIX peakuui
H HarasigHbifl cnoco6 ux naobpawxenus. Onmako Merox KuHra u
AabTMaHa B cnoco6 Kaenanpa npakTHuecKH HeNPHMEHHMBl B CJIOXK-
HBlX caydaax. Haunayuminii B HacToslmee BpeMsi aJTODPHTM OCHOBaH
Ha npuMeHeHnH Teopuu 2paghos. I'padom B MaTeMaTnKe Ha3biBaeTcs
TONOJOTHYECKAsi CXeMa, NOCTPOEHHAs K3 Y3JO0BBIX TOYEK H COeNlH-
HAOmMUX uxX auHui [93—95]. Teopust HeHanpas/JeHHbIX Tpad OB Brep-
Bhle HCNOJB30BaHa MPH pacueTe XHUMHYECKHX peakuuii B paborax
Temkuna [96]. B npumeHennH K ()epMEHTATHBHBIM DEaKIHAM MeTO]
Hanpas/eHHBIX TpadoB pa3BuT B paborax [97]. Hanpasnennsii
rpag ectb COBOKYNHOCThb Y3J/I0B, COeJAMHEHHLIX HanpasjeHHBIMH JH-
HuaMn [93]. Takue rpadnl npuMeHHMbl K pellleHHIO psiga 3ajmad, oT-
HOCSILIHXCH K pPa3BeTBJEHHBIM H HAnpaBJeHHHM NOTOKaM BellecTBa,
3apsaos uaH uHpopmanuu. Teopus rpatdor BecbMa 3t dexTHBHA
B 3JIeKTpO- U paguoTexnnke [98—100].

[Tycts epmeHTaTHBHAs® peakils npoTekaeT ¢ o6paszoBaHHeM
n -+ 1 dbepMenTHLIX KoMnAekcos EX;, BkaOuasi CBoOOmHBIA (pepMeHT,
T.e. i=0,1, ..., n. ConocTaBUM C KaXXAHM KOMIUIEKCOM Yy3el
rpaa i, j B T. 0., a ¢ KaxA0¥ cTaguell B3auMoOneicTBUS — JBE MpO-
THBONOJIOXKHO HanpasJeHHble . BETBH, €CAH CTajua obpaTuma, HIH
OlHY HanpaBJeHHYIO BeTBb, €CJH CTanausi HeoOpatuma. Kaxkayio
BETBb OXaPaKTepH3yeM ee BEJTHYHHOH — BepPOSITHOCTBIO OCYyLIeCTBJe-
HHSl aHHOH CTalHH W;;, PABHOH KOHCTAHTE CKOPOCTH k;; HJIH KOH-
craHTe kij, YMHOXKEHHOH Ha KOHIIEHTDAIMIO JIUTAHAA B CTAalHSX B3a-
umMoneicTeus depmenta ¢ JauraiaoM. CKOpOCTb CTaHH U;; BAOJb
BETBHU [ — | paBHa

Uy = [EX,] Wiy (7,75)

rae [EX;] — konuentpauua xkommiekca EX;. B kaxaom ysae co-
GJII0aeTCs YCJOBHE HENPEPLIBHOCTH, T. €.

[EX’]E,- wy; = f;i [EX;lwy;. (7,76)

3To yclioBHe 3KBHBAJEHTHO YCJIOBHIO CTAllHOHAPHOCTH pEaKIlHH.
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PacemoTpum B KauecTBe NDHMEpA pPeakIHUIO ¢ yYyaCTueM OIHOIO
cy6erpata S u oaHoro monunduxkaropa M, ncenenosanuylo Kunrom
u AnsTmaHoM [88]. YpasHeHHs peaKIHH HMEIOT

BHJ £
ky kﬁ /(d
E+Sk<—_’—'—’ES——>E+P, 4.S
1 & 5
k7 EM e — EMS
E—I-MkZEM, A5
aM| g it | Uy

kg
ES—I-M«T_’EMS:E»EM—[—P,
k

—
EM + S fl;- EMS. /
Ipad ans cTaunoHapHoll cucTeMbl NOKa3aH

Ha puc. 7.31. HaxoxaeHue crannoHapHOH cKo-

POCTH TNPOH3BOJAHTCS MO NPOCTBIM NpaBuJaM  Pue. 7.31. I‘pa@ pe-
6es rpoMosakux pacueros. Onpenennm Heko- akuun E ¢ Su M.
TOpble NOHSATHS. :

ITyrem Ha3biBaeTCHd He3aMKHYTasi NOCAENOBATENbHOCTb geTsell;
HanpasJ/JeHHHX B OJHY CTOPOHy. Tak, B HalleM cJyyae u3 ysia ES
B y3ea EM Benyt ueThipe 11yTH, BeJHYHHBI KOTOPbIX G paBHbLI NPOU3-

BEJICHHIO BEJHYHH BeTBeH BHAOJIbL

1 T l T‘ . T<_T nytn. Mmeem
—_ ¥ G" =kole;M, G =k yk,M,
SN N N

Hepesom Tpaa, HanpaBaeHHbIM
B JlaHHBIH y3eJ, HasblBaeTcs COBO-,
KyIHOCTb  BeTBeH, COeAHHSIONHX

1 T , T T l G = kyMke, G =k Mk,
T Bce y3anl rpaa Ge3 obpasoBaHud

> . 3aMKHYTBIX IHKJIOB K HampaBJeH-

' HBIX B 3TOT y3ej. Tak, B y3ea

Pue. 7.32. Jlepessa rpada. EM uanpasieno 10 nepebes
(puc. 7.32).

Lukaom HasbiBaeTCs HelpepblBHAS NOCICAOBATENbHOCTb BeTBel,
HanpaBJ/IeHHBIX B OAHY CTOpoHy. Onpedesuresrem y3na i HaszblBaeTCs
cyMMa BeJHYHH BCEX [epeBbes, HanpaBJ/eHHBIX B 3TOT y3ell.

CranuoHapHas CKOPOCTh (pepMeHTaTHBHOH peaKilnH BhipaXKaeTcs
yepes onpeflenntenn rpada caeaylonuM obpasom:

ZkiDi
ZD ’

rae E — obmas KoHleHTpauus (bepMeHTa, D; — onpenenuteas ysia
i, k;— KOHCTAHTH cKopocTH oOpasoBaHusi NPOAYKTA B i-M ysle,

U= (7,77)
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CyMMHpOBaHHE B 3HAMEHATEJE BEAETCA N0 BCEM y3jaam rpada, B
YHCJIKTENE — 110 y3JiaM, OTBEUAIOUIMM KOMIJIEKCAaM, H3 KOTOPHIX
BLIAEJNSETCS NPOAYKT. 3TO NPABUJIO COBAAET C NPeAJOXKeHHBIM KnH-
rom u Anbrmanom [88], Ho Meron rpadoB no3BoJSET PE3KO YNpo-
CTHTh pelleHHe 3a]1a4H, YMEHLUINB 4MCIO AepeBbeB. Meroa nanpas-
JIeHHBIX TpaoB o6JafacT TakxkKe PAAOM NPEHUMYLIECTB 110 CPaBHe-
HHIO ¢ METOAOM HeHnanpasiaeHHbIX rTpados Temkuua [96], Tak xkak
_JlaeT BO3MOXKHOCTb HAaXOJHTE KOJIHYe-

Kot s
5 CTBEHHBIE 3aBHCHMOCTH TI0 TIPOCTHIM Mpa-
BHJaM Ge3 pelleHHs] ypaBHeHHH.
ks d # Ynpouleine BBIUACTEHYWS U TPOBO-
—5 ~ 77  AWTCS IpeXAe BCETO NYTEM CIHSIHAS BeT-
7 2 Bell rpada [—j, ecin TAKHX BeTBel He-
L bty
A 2% ckonbko (N). OHm Moryr 6biTb 3aMme-
HeHbl OJHOH BETBBLIO C BEAHYHHOH
T/r,M I Y A
\Y m
Aeths Wi = 241 Wiy ! (7,78)
=
Puc. 7.33. OcHoBHHE je-
peBba rpada. Tak, B Hamem chayuae (cm. pue. 7.31)

cymmapuas serBb EMS — EM nmeer Be-
auanny k, -+ ks, BetBb ES > E — eqnuuny kg + ko. Bmectro 10
nojiyuaem 4 nepesa (puc. 7.33).
Onpepenurenn Y3JI0B Pa3yIHuaA0TCA 1O NyTAM. Pacemorpum D
BoiGepeM HeKOTOPHIFI BCIIOMOraTeAbHbIA y3€J j H PACCMOTPHM Bce

NyTH j—{ ¢ BCJHUYHHAMH G, G'f,’, ... Ecan cxatb nyTh B TOUKY,
rpad ynpoctutces. O6o3HauuM ONPECJHTENH IpadoB, MOJYYEHHBIX
DA TAKOM CJIHSIHHH, Yepe3 DY}, D¥, ... coorBeTcTBeHHO L% KaXK-
JOTO K3 CJIMTBIX B OJHH y3eJ nyTei G,l, Gf;?, ... Torna onpepenu-

teqib D; y3na i paBeH
= 2 Gi'DjP (7,79)
m

Hust npumepa Buiuncaum Dey naulero rpada. BuiGepem Benomo-
raTenbbii y3ea ES. C yueTom cloxeHHs napaJiesbHeIX BeTBeli
naxoauM asa nytu ES—E—-EM u ES—EMS—EM ¢ seanun-
HaMH

G = (ky + k) ;M G = kM (kg + k).
[Tocne cxatusi 3THX NyTEH B TOUKY NOJAYYHM rpadsl ¢ onpenesure-
JSIMH
D=k, +ks+ky D®=IkM+ES.

[Tosicinm HaxoXA€HHE 3THX nyTel H [epeBbEB rpaduuecky
(puc. 7.34). IlynxTHpHBIMK cTpeNKaMu nokasanu nyTth us ES B EM,
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‘CIVIOLIHBIMH — ONpefle/IATeNH ToArpadoB, OCTaBUIMXCA Nocae CJaus-
HHS NyTe#d B TOYKY (JAepesbsi, HanpaBJIeHHble B CAHTBIH ysea). Kaxk-
AbIA Tako# noArpad cocTOMT M3 ABYX NapallieNbHbIX BETBeH, BeJsH-
4pHbB KOTODBIX cKiaamsiBatored. [Todyuaem

Dy =G"D" +G*'D™ = (ky + k) ;M (e + kg + kig) +
+ kM (kg + keg) (b, M + £, S).

Pasnoxenue no nyTsam npu BulunciIeHnn Dey 103BoJIsieT OrpaHu-
YUTLCA TOJBKO IlByMﬂ qJIeHaAaMH BMECTO HAECATH T10 HpaBI/IJIy KHHT&
KA, KA,
_iM <=Ly m—=tE- 5/15
A
VM 4 kM 1M
| |
1 Y |
£ —e————[§ E —
i x; £S5

Puc. 7.34. Haxosxenne nyTell H jepeBbes,

1 AmbrmaHa, OcTajibHble OnpeneTHTeNH HaXoAAT aHAJOrH4HLIM 006-
pasom. OkoHUaTEILHO HMeeM

kgDpg + ko Dpys
Dg+Dpg+ Dpy+ Dpys ’

v=EF (7,80)

rue

Dp= (kg + k) ey (g + Iy + ksM) + kg (kp + o) (kS + F7),
Dgg=1k\k,S (kg + ks + ks) + k,keS (ksM + k\S),
Dpy = (ks + kﬁ) koM (ko + kg + k) + ksM (kg + kg) (k.M + k\S),
Dgys = ksMkS (kﬁ + ko + kgM) + k\SkaM (kS + k7).

HansHefinee ycoBeplIeHCTBOBaHHEe HeKOTOPBIX JeTaJjell MeToaa,
passuToro B [97], 6uao npoBexeno B pabote ®pomma [101].

B wmHorocraganiiHoi (epMeHTaTHBHON peaKIMH HEKOTOpHIE CTa-
Iun MOTYT HATH GbIcTpee, yeM OcTajbHble. B COOTBETCTBYIOIHX MOJ-
rpaax crailioHapHoll CHCTEMbl YCTAaHABJIUBAEGTCA KBAa3HDaBHOBECHE.
DTo Mo3BOJASAET YIPOCTHTb Bbiunc/aeHne ckopocTn [102]. MoxHo BbI-
JeJIATs> Toarpad, CooTBETCTBYIOMIMNA OGLICTPOMY YCTAHOBJEGHHIO DaB-
HoBecH$, — 4acTb rpada, COCTOSIYI0 TOJNLKO H3 OBICTPBIX cTagud
¥ OTAEJNEHHYIO OT OCTaJbHBIX uyacTeli MeAJeHHbIMK craiusmu. Ecan
ckopocTs ob6pasoBaHusi (PepMeHT-cyGCTpPaTHOIO KOMIUIEKCA 3Hayu-
TeJbHO NPEeBbilllaeT CKOPOCTb NOSIBJIEHHS NPOAYKTOB, TO HMeeTcs
JHWbL OAHH noiArpad OLICTPOro pPaBHOBECHH, COLEPKALUMA Y3ubi,
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n3obpaxkamoniie Komniaexcs. [Ipy pacuere okasbiBaercs BO3MOXKHBEIM
npesefpedb MelJeHHBIMH CTaIHSIMH, NOCKOJIBKY [€peBbsi, BKJIIO-
YaIolHe 3TH CTAlHH, UMEIOT MaJjble BeaHyuHb. CKOPOCTb peakiliu
BbIpajKaercs yepe3 KOHCTAHTBHI PAaBHOBECHS! M KOHCTAHTH CKOPOCTH
npeepaiienns pepMeHT-cyOCTPATHLIX KOMIIJIEKCOB B (DepMeHT-npo-
NyKTHBie ¥ Haobopor. Ecau cranusi npespaliesust siBJIsieTCst JIHMH-
THPYIOILEH, TO KOHIEHTDPAIUs KOMIIEKCOB ONpejnessieTcss TOJbKO
KoHCTaHTaMH paBHosecHs. OKa3biBaeTcsi BO3MOMKHBIM BOCHOJb30-
BaThes duazpammuoim merodon [103, 104], npencraBasiiomuM nalib-
Hefilee ynpomeHue meroxa rpadon. lnarpamMmubifi MeTox pas3BHT
NPHMEHHTENBbHO K DEaKHHsIM C OIHHM H HeCKOJbKHMH BHIXOLAaMH
(T.e. ¢ HECKOJBbKHMH KOMIIJIEKCAMH, H3 KOTOPBHIX NOJIydyaercst npo-
AYyKT), neTajbHo paspaboraHdbl npasn/a, ynpolualoumune pacuer. Me-
TOJ C yCNeXOM HCNOJb3Yyercst IJIs psia CJAOXKHBIX peaklui, B dacr-
HOCTH AJsi peaknuii ¢ ydacrHem wusodepmenrtoB. [luarpammusiit
MeTOoJ/l, ONHCAHHBIA B HMTHPOBAaHHLIX Bbile paboTax, UMeeT caMo-
CTOSITENbHOE 3HAYEHHE. _ ]

Mexanuambl ObicTpOro paBHOBecHsi MOTyT OLITb OLHO3HAaYHO BOC-
CTAHOBJIEHB! 110 3KCNEPUMEHTAJbHBIM LaHHBIM O 3aBHCHMOCTH CKO-
pocrelt peakuuu ot KoHuentpanuit auraggos [105, 106].

Mertox rpados nossossier o606mHuTL pasdanunbie Mogeaun ACO
[65, 74, 75]. Bce 3tu Monesn MOXKHO NPEACTABHTH eluHBIM rpadoM,
KOTOPBIH OJHO3HAYHO oOnpejpensieTcss No 3aBHCHMOCTH Hada/JbHOMN
CTallHOHAPHOH CKOPOCTH OT KOHUEHTpaluii JUraHIoB.

PaccMoTrpuM CBsi3bIBaHHE OJHOTO JIMTaHAa HECKOJbKHMH [IeH-
tpaMu Gepmenta. B npocreiinlem caydae ABYX HIeHTHUHBIX [IEHT-
poB rpad OHICTPOTO KBa3HPaBHOBECHOrO CBSA3BIBaHUsI cybcrpara ¢
NOoCAelyIOIMM MejlJIeHHbIM ero npespaiiesyeM B IPOILYKT UMEET BHJL

2 K|S Akmz ) A2k,
E™S g5t pg) (7,81)

snech Kj, Ks— KOHCTaHTH KBAa3HUPABHOBECHs 1Jis GHICTPHIX CTanui,
k1, ko — KOHCTaHTHl CKODOCTH Ansi MemneHHbXx cragufl. Kosddu-
oHeHTH /] ¥ /s 03HAYAI0T, UTO B NepBof CTAlHK MOMKET GLITb 3aHAT
OJMH M3 JBYX CBOGONHBIX LEHTPOB H OCBOOOKAEH OAWH 3aHATLIH,
a BO BTOPOH — MoXKeT GLITb 3aHAT ONHH CBOOOAHBIA LEHTP W OCBO-
. GoXKJleH OJHMH U3 ABYX 3aHATHIX. B 3rHx 0Go3HaueHHsX nosyyaem

— 9F kiK1 S 4 kK K,S?
T+ 2K,S + Ki1K.S? ’

(7,82)

yto 3xBuUBasientHo (7,60). 'pad (7,81) moxKHO NONHOCTBIO H ONHO-
3HAuHO BOCCTAHOBHTb NO 3aBHCHMOCTH v (S). 3aBucUMOCTL QopMbl
KPHBOM OT 3HaUeHUH KOHCTAHT paccMorpeHa Ha cTp. 456. Tpad ans
depMeHTa ¢ YeTbIPbMs HIEHTHUHBIMH LEeHTPaMu cofepXkur 16 yasnos,
OINHAKO CTapliasi cTerneHb S B BhIpaXKeHnu IJIsi U He Npesbiaer 4.
Ilostomy sKkBuUBaNeHTHBIA TIpad ¢ MHHHMAJbHBIM YHCJIOM Berpefl
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npeﬂCTaBJIHeTCﬂ LEeNbI0 W3 YETBLIPDEX CTaﬂHﬁ CBSI3bIBAHHUA Cy6CTpaTa
p Ak, A2k, S Adks | S Adky
E /1K1$_> ES /2K,S ESg K5 ES3 sK4 ES4. (7,83)

ypaBHeHI/Ie IJIst CKOPOCTH HMEEeT BHI
= 4F Ky S + 3!"€2K1K9,82 -+ 3k3K1K2K383 -+ k4K1K2K3K4S4 (7 84)
1+ 4K,S + 6K K382 + 4K 1 K3K3S? 4+ KK KK St ?

Pa3nnuHblM MoZesisiM TE€TpaMepHOro (pepMeHTa, pacCMOTPEHHBIM
B {13] (rerpas’ap, kBaapat W Ap.), COOTBETCTBYET 3TO ypaBHeHie

// /2 /ﬁ

ngy X £y ’72(/1-/)%,)(

¥ ¥ N ,YZ ......... E//X”
. ! 2 n
: 79, X VAN S -~ <l
£, EyX J9 AR Ey Xy
L T / 2 7
2 ng X 7 %ln-ng,x < 7
£ E X Egfy eveennnn EX,
L/T . p ////2(”-/))( /2 . /’7
£, —= EyX I7% R EpX,

Puc. 7.35. Tpad a/1s cHCTeMH ¢ KOCBEHHOH KOONEPaTHBHOCTBIO.

¢ pa3JMYHBLIMH BeJHYHMHAMH KoHCTaHT. Takue Mofenu MOXKHO mpen-
cTaBHTh eAuHBIM Tpadom (7,83), 0AHO3HAUHO BOCCTAHABJIHBAEMBIM
10 3KCIHEePHMEHTAJNbHON 3aBHCHMOCTH U (S).

B ofmem ciydae n WAGHTHUHBIX IIeHTDPOB HMeeM

Ak, A2k,
E (nih K\S ES '/2(!1—‘}1(28‘) ES2 .
. 41n—l)kn_1 (1/n)K,S Aﬂ,kn
- e > S, T MBS ES R (7,85)

Mozeas MVYII moxkHo npexcTaBUTb TakUM Tpadom ¢ onpenese-
HBIM 3aKOHOM Bo3pacTanus KoHctaHT K; Tem caMbiM, 3Ta Moxens
9KBHMBaJieHTHA MOJAeNH TMpsiMOi koomepaTuBHOcTH KomtaHpma u co-
aBTOPOB IIPH NOJIOXKUTENbHON KoonepaTHBHOCcTH. I1penmomoxum, 4To
tepmenT MoxKeT Haxomutbcst 8 N -+ 1 KOHPOpMAIHOHHBIX COCTOS-
Husax Eo, Ei, ..., Exy. KoHcranTel paBHOBecHst HpeBpalleHufi
Ey=E, E, == E, v 1. 1. paBHb COOTBETCTBeHHO L,, Ly u T. 1. Kon-
CTAHTH acCCOIMALMK JHTaHAA [Js OJHOTO IeHTPa B COCTOSHHAX
Ey, Ey, ..., E; paBun coortsectBenno K, ..., ¢:K, KoHcTaHThHI
CKOpoCTeli MelJIeHHbIX CTafnii BO BCceX COCTOsiHHsIX E; ONMHAKOBHL
I'padh uMeer Buj, moka3aHHbl Ha pHuc. 7.35. [lnst Takoro Aepesa Ha-
XOJHM U, ONPeNeJHB MyTH U3 y3aa Ey Bo Bce yaan rpada (puc.7.35).
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MoKHO NOKa3aTh, 4TO KoHCTaHTH K; cBSI3aHbl ¢ mapaMerpamy L; u
@; pasencraom [107]

N\ S+
Ké:, _ (Ea‘& )E;:Z?o d ) (7,86)

m==0

nm
rae am=(pmHL, ans m=1, 2, ..., u gqp=1. K 3TOMY
{=1

ypaBHEHHIO MOXHO NpHMeHHTb HepaseHcTBo Koun — ByHsikosckoro,
u3 Koroporo cienyet, uto K < Ko << K <. .. << Ko,

[Tpn Hanuuun aulb ABYyX KoHpopmauuii Eq u E; (7,86) umeer
BHJL

Ky Ligi+1
Ko  Loi'+17

Ecan siuralj cesisbiBaetcsi GepMEHTOM TOJBKO B OJAHOM COCTOSIHHH,
10 @; = 0 1 nocnegHee COOTHOIIEHHE NEPEXOIHT B

Ki/Kp=1(Li+ 1)<, KiweiK,=1

JTtoT caydyall sKBHBaJIeHTeH MeHbIIEMY CPOACTBY K NepBol Mo-
JleKyJsie JInraHaa no CpaBHEHHIO € NOCIefyIOMHUMH, T. e. K << Ky =
== K3 = ...= Kn.

[Ipn Ky = K, Kix1 = aK

x (1 4 x)y*!

v=nkE ey wry g ol ‘ (7,88)
rae x = aKX, a —napamerp koonepatHBHocTH. Ecin Koonepatus-
HOCTb noJioKuTenbHa, o > 1 u ypasHeHune (7,88) nonoGHo ypaBHe-
Huo (7,66) Teopun MVYII npu g =0. Ecin a << 1, KoonepaTus-
HocTb oTpuunarenbHa (cp. [108]) u ypasHenue (7,88) yxke Henb3s no-
ayuutb u3 Monenu MV, B KoTopo#i (a— 1) — monoxurtenbHas
aJyocTepHYecKasi KOHCTaHTa. JTO ypaBHeHue spiseTcs oOULHM.

Taxum o6pa3om, MojenH KBa3upaBHOBECHBIX peakiil ans dep-
MeHTOB ¢ JIOGbIM YHCJIOM IIEHTPOB HpPENCTaBJASIOTCH EIHHBIM Tpa-
(oM, No COOTHOLIEHHIO NaPaMETPOB KOTOPOro MOXKHO YCTaHOBHUTB
MPUTOAHOCTb TOH Wian nHOH Moxpenn. OmMHO3HAUYHOCTh BOCCTaHoBJIE-
Hust rpada no sKCnepHMeHTAJbHOH KPHBOR 3aBHCHUT OT TOUHOCTH
akcmepuMeHTa (cp. [109]).

ITpsiMble MeTOAB! /15 BBISIBJIEHHS MeNJEHHOH CTaAHH H, CJIEl0Ba-
TeJAbHO, AJsi HaxoxJeHHs noarpacdos OblcTporo paBHOBECH AaiOT
penakcamnoHHas (cM. HHXe) u npeacramuoHapHas (cm. [110]) xu-
HeTukH. BmecTe ¢ TeM HeKOTopble KDHTEPHH NPHMEHHMOCTH KBAa3H-
PaBHOBECHOTO NPHONHKEHHS MOXKHO NOJIYYHTb ‘M3 aHaJH3a KPHBOH
0Jisi HauyaJbHOH CTAIlHOHAPHOH CKODOCTH H (YHKIHM HacCHILleHHS.

(7,87)
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Ins pana depMenToB nabmopalorcs Kpubhie U(S) ¢ mpoMexy-
TOUHBIMH T1aTO (cM., Hanpumep, [111]). B pamkax momean MYIII
TaKHe KPHBHIE MNOJAy4YnTh Hesbasi. Hanporus, oHH Xopouwo o6bsc-
HAIOTCS B NPEANOJOKEHHH O COUYETAHHH NOJOXKUTENbHOH W oTpHila-
TesnbHol KooneparusHoctH [109]. [Tocneansn nns moaenn MYII He-
BO3MOXKHaA.

Ha kpuBbIX HacbllleHHsi BooOllle He MOI'YT NOSIBASTbCA INIpoMe-
KyTouHbie niaro. KpnBH3HA 3THX rPadHKOB HMeeT OrpPaHHYEHHT
cBepxy H cHu3y (cM. [112]). Uncno Todek nepernfa Ha KPHBBIX Ha-
CLIIEHNA TAKXKe OrpPaHHYeHO YUCJIOM IEHTPoB: AadA n = | ux Her,
a5 n == 2 BO3MOXKHA TOJBKO ONHA ToYKa neperuba, mis n = 3 —
ABe, oA n =4 -— Tpu TOUKn Nepern6a. Ato Jerko nokasath, onpe-
Hessisi YHCJIO NOJIOXKHTEJNbHBIX KOpHell MHorousneHa meroaom ekap-
ta (cm. [113]). B ornnune or ¢yHKuME HackinieHHs Tpadux u(S)
MOXKET HMETb 3KCTPeMyMBbl. PacCMOTDHM YCJIOBHS NOSIBASHAS NpPOMe-
XKYTOUHBIX MaKcuMyMoB U(S) anast rerpamepHoro ¢gepmenra. [oso-
XKHM /151 IPOCTOTHI, YTO BCE KOHCTAHTH K; OJHHAKOBHI, T. €.

— 4E k16 —F 8kq0? & 3kg0® + kot
(1+0) ’

rae ¢ = KS. Haiinem v’/ = dv/do. YpasHenne v/ = 0 umeer Buj

0° (4, — Blk3) 4 605 (2hey — ky) -+ 30* [ (44 — k) + 2 (3y — 2k)] +

 463[2 (ks — k) + kgl + 302[2 (2, — k) 4 3k3] + 6ky0 -k, = 0,
(7,90)

Jro ypaBHeHHue, cornacHo npaesuay [ekapra, nmeer HanGobliee

YHCJI0 NOJIOXKHUTEJNbHBIX KOpHeH, ecnn 3HaKU KO3 (]HuIHEHTOB UYepe-
Ily}OTCH T. €. UMeeM — -+ — + —; torna ks <3/iks, ki >
> ok, ks —Fk < 2(2k2——37c3) k4 > 2(ky — 3ks), 3ks << 2(ky —
— 2ky). CnenoBatensHo, ypasHeHue (7,90) He moxer uMmeTh Gosee
NsiTH NOJOXKHTeNbHHX KopHefl. OpHako, Kak Jerko nokasartb, 3ra
CHCTEMA HEPaBEHCTB HECOBMECTHA, H B JAEHCTBHTEJIBHOCTH MOXKET
ObiTb JHIIb TPH H3MeHeHHs 3Haka. CieposaresbHo, rpaduk v (o)
(em. (7,89)) moxer umerh He Gojlee TPEX SKCTPEMYMOB — JABa NPO-
MEXYTOYHBIX MAaKCHMyMa H OAHH MHHHMYM. Ecau KoHCTanTtH k;
H3MeHSI0OTCd ¢ [ MOHOTOHHO, TO Ha KPHBOH U(0) MOXET CyLeCTBO-
BaTh JINUIb OJHH MAaKCHMyM IfIpn Ji060M UHC/E LEHTPOB.

Il anbHefillee pasBuTHe CTAallHOHAPHOA KHHETHKH peakiHi, Kara-
JH3UPYyEMBIX KOoNepaTHBHBIMKM (epMeHTaMHu, KakK Tpyu HaJHUHH, TaK
H B OTCYTCTBHE JEeTaJbHOIO DAaBHOBECHS, a TaKXKe aHaJlH3 IKCNepu-
MEHTAaJ/IbHBIX KDHBBIX MOXHO HalTu B paborax [osppumireiina n ap.
[107, 114, 115], KypraHoBa u ap. [78—80, 116, 117}, Marapuaka
u np. [102—106}.

Teopusi rpados ahpeKTHBHO NPHMEHSIETCS H K HCCIEIOBAHHIO
KHHeTHKA (epMeHTAaTHBHBIX peaknuii Ha  TPeacTalHOHAPHBIX

(7,89)
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cranusx [118]. B sToM ciayuae npou3BoJHbIe KOHHEHTpauuit ¢ep-
MeHTHBIX KOMILJIEKCOB 10 BPEMEHH He DaBHbl Hymo Hmeem ypas-
HeHHud

Al = ¥ X1~ 12X] Y] o, (7,91)
f#=1 [f#1

B npeacTaiinoHapHOM PeXXHMe INpejoJaraeTcs, YTo MOXKHO Ipe-
He6peub 3aBHCHMOCTBIO OT BPeMeHH KOHIEHTPaIlHil JHTaHAO0B, Tak
Kak OHH MaJio MeHsiloTes 1o cpasHeHuio ¢ [EX;]. [lostomy w;; B
ypasHeHusx (7,91) nocTosiHHBI.

[puMeHenne uHTErpasibHOTO npeofpasoBanus Jlamnaca —Kap-
coHa K cucreMe (7,91) mpeBpamiaer ee B cucteMy agareGpanuyecKHX
ypaBHeHHH, KOTOPYIO MOXHO pelllaThb MeToAoM rpados [33, 116, 118].

Beenem o6osnauenne [EX;)[E]== x;i(t), rne [E]—o6mas xoH-
uenTpanns pepMmenra. iMmeem tpanchopmanty x;(f):

x;(z)=z_f exp(—2)x, () dt, wm x, () <>x;(2), (7,92)
0
dx;
—‘Fﬁzx 2x,(0); (7,93)

-

3jiech 2 (KOMIUIEKCHAsl EPEMeHHast) —— TPaHC(hOPMHUPOBAHHOR BpeMsI

{. Haua/bHble 3HaueHNnst OTHOCHTEJbHBIX KOHUEHTpalu#l KOMIJIEKCOB

sananuM B BHIe x;(0)== 8:. B pesysabraTe mpeoGpa3zoBaHus CHCTe-
w (7,91) npuHumaer dopmy

— 2= — % (W, + 2)+ W+ o, + .. X, ] .
0= xyw,, — (w“ + z) + x, w2l + ...+ x:,w,,p ! (7,94)
e s s e . . s e o & I
O—xw0n+xwm—|—xw2n—|—... x(wnn—l—z) )

‘THe Wy == Z wy;. YcoBHe TocTOsiHCTBA ofuiell KOHIeHTpanun dep-
I EC

:MEHTA B IIDUMEHEHHH K TpaHC(t)OpMaHTaM HMeEeT BUJ
n

Zx';==1.

=

CuaencsaTe/bHO, nepBoe ypaBHeHHe cucrembl (7,24) npuuumaer
“bopmy

0=— 0 oo+x1(wxo+z) . +xn(wnﬂ+2)
#1 BCS CHCTEMa 3aTNHCHIBACTCS CJIELYIOUIHM 06pa3oM:
z 7 n ’
2 g =% e, =0 Lo (7,9)
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roe
: . —_{ wi]) j#oa
@y w42, j=0.

Mkr1 nosyannu cucreMy ypaBHEHHH, aHaJloOTHYHYIO no dopMe cu-
cTeMe ypaBHeHHIt cTauHoHapHoH KunHeTHkd. I'pad npeacranuonap-
HOH KMHETHMKH, B OTJHYHE OT rpacda cralHOHAPHOH KHHETHKH, COaep-
)Kar no6aBouHble BETBH BEJIHUMHEl 2, HanpaB/eHHBIE H3 KaXI0ro
yana rpaa B y3es, COOTBETCTBYWOLIHA cBoGoaHOMY Pepmenty. Pac-
gyer no Meroay rpados faer tpaHCHOPMAHTY CKOPOCTH peaKIiHu ¥,
OpHFHHAJ U NoJYydaeTcst U3 U* cTaHZAPTHBIMH METOJaMHU ONepalHoH-
Horo ucuuciaenus. Ilpu neobpatumom 06pasoBaHHH NPOAYKTa

) kiDy
i
S

i

rae Di — onpemenurtenu rpada npeactalHOHapHON CHCTEMBl peak-
uuit. Mpaue

' (2) = (7,96)

o
o' = A k,x,
7

rie x’;=D;/2 D). ®yHKuMH xi HMEIOT BHJ

: i

82"+ 2" 1ol L 4 bl
2o+ .. ta

3necn cTeneHb NOJUHOMA B 3HaMeHatesae Aas rpada c n 41 ys3-
JlaMH paBHa n, TaK KaK 4YHCJI0 2-BeTBelt B TakoM rpade n. Crapias
cTeeHs 2" oNpepnessiercss BEeJHYHHON aepeBa, COCTABJIEHHOTO H3
z-BetBell, HanpasneHHnlx B y3ea 0. Takoe nepero — eauHCTBEHHOE.
Benuuuna xaXpoli ero BeTBH paBHA 2, U N03TOMY KO3(POhUIHEHTH!
npH 2 B YUCIHTeNe U 3HameHnarene (7,97) pasun 1. Kosapduunenru
o ¥ b BHpaxaiTcs yepes w;;. CranuoHapHOE peLIeHHe Mojydaer-
cst w3 (7,97) npu £ > oo, T. e. npu 2z — 0. CienosaresbHo,

x,(00) = x; (0) = b @, =D, /2 D, (7,98)

X (z)= . (7,97)

Kaxaoe craraemoe B ducauTesNe W 3HamesHareae (7,97) ecrb
cymMMa [epeBbeB C 4HC/IOM BeTBell (BK/IIOYasi 2-BeTBH), PaBHBIM Al

ITosToMy @n—1 U bﬁf'_l—cyMMbl HEKOTOPHX BeTBelt rpada 6es z-ser-
Bell, an_s U b” — cymmul NapHHIX NPOM3BEAEHHH BETBEeH H T. ..
Gn-1 PAaBHO CymMMe Bcex BerBeil rpada Ges z-serseii. CnpaBelniuBbI
paBeHcTBa

n
n

am———z,b(n?, m=0,1, ..., A
i=d
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PaccMorpum B KayecTBe npuMepa caydait koonmepaTtHBHOro ¢ep- -
MeHra, 00/afalolero ABYMS HACHTHYHBIMH LeHTpamu. B crauuo-
HapHOM CJyuae B OTCYTCTBHE KBa3UMpPaBHOBECHBIX CTaAHH BMeCTO

P
p P 4, p
/fg Z/@ Z 2/(4
Py =20y RNV
2 L= 28 £S,

+ 2heS %S 2k,8 ks ¢
Puc. 7.36.Tpad nJa JIByXueH- Puc. 7.37. T'padp nxas asyxuen-
‘'TpoBOfi cHcTeMbl (cTaumomap- TpoBOfi cHCcTeMH (npelcTalHo-

Has KHHETHKaA). HapHas KHHETHKa).

(7,81) nmonyuaem ynpomensnlii npad, nokaszauHblii Ha puc. 7.36.
Onpenenurenu papHml

Dy=(ky+k—))2(ks+ k—3), Do=2kS2(ky+ k—3), Ds==2kSk;S
U /151 CKOPOCTH PEaKI UM HMeeM
_p 2kDy + 2Dy BaK’S + k,S?
0=E 5 T D, +b, — L KK FeKS TS
rne K= (k=i + ko) /k1, K = (k—s+ k4)/ks. MB noayuuau yxe
3Hakomoe Bhipaxende (cp. (7,60), (7,82)). B npeacrauuonaphnix

ycaoBusix Tpad uMeer BHA, nokasauumy Ha puc. 7.37. Coortser- .
CTBYIOIIHE ONpeJeJHTeNH PaBHhHI

Di=(ke+ ko +2)20s+Fs)+ 2k + ko + 2) + 2K3S,
D;= 2k182 (k_j —I— k4) —I— 2216181, D; = 2k18k38

(7,99)

2k,D, + 2k,Dy z+C

2 9k ko ES -, (7,100)
D;+ D, + D, 224242+ B

v*(2)=E
roe
24 =2k, + 2k_y - k—; + ko + E3S + 2k,S,
B==2(ky + k) (ks + k=) + 45, S (k, + k_3) + 2Kk;S?,
C=2(k—3+ ky) + 2Skyky/k,.
IMpu t— o0 unu z2—0
v* (0) =2k k,ESC/B =w.
B o6mewm cnyuae opurunaa (7,100) pasen

0 (f) = Vgray — 2k koSE [iic— exp (2, 1) +

2 (23— 21)

2s + C
23 (21 — 23) exp (22t)] ’

(7,101)
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rae 2, ,=— A = V/ AZ— B — KOpHH COOTBETCTBYIOMIEr0 XapaKTepH-
CTHYECKOTO ypPaBHEHHT. :

Ecau nns c/lOXHOM peakuMu cnpaBelsHB NPHUHUMI J€TaNbHOIO
paBHOBECHS, TO KOPHM XapaKTePUCTHUECKOr0 YPaBHEHHS BeleCTBeH-
HEl ¥ oTpuuatennsn [119]. Takue peakuuu usobpaxawored rpadamu
C Pa30MKHYTHIMH [IMKJaMH, T.€. NEPeBbIMH cTaluil, XOTH obiad
CX€Ma peaKkIHU MOKET CONEPKATh 3aMKHYTHIe IHKAL. CoOTBETCTBEH-
HO Bce peakuu, rpads KOTOPBHIX NPeacTaB/SIOTCH AEPEBbIMH CTa-
IUf, He MOTYT NDHBECTH K BO3HHKHOBEHHUIO KoneGaHUl B mpencra-
nuoHapHom pexume. Ecanu ycnoBue nerannHOrO paBHOBECUS] HE BHI-
NOJTHSI€TCS], B CUCTEME MOTYT BO3HUKATh KoneGaHus. Tpaunchopmanra
Jlannaca — Kapcona 1/ CKOpOCTH peakuuu SBJASETCst MepoMopd-
HOM dyHKIHER KOMIJEKCHOTO NEepPEeMEHHOTO 2; KOPHHU ee XapaKrepu-
CTHYECKOro MHOTOUJIEHa JeXaT B JeBOH MNOJYRJIOCKOCTH KOMILTEK-
CHHIX YHcesJ IJs Bcex (epMeHTaTHBHBIX peakuuil. Ilostomy dep-
MeHTHasl cucTeMa B IPEACTAIMOHAPHOM peXHUME ycToHuMBa H B Heil
MOTYT BO3HHKATB JHUIb 3aTyxatouue Koaebanus. s ux nosipienus
HeofhxoauMo, urob6nl rpad peakuuu coAepKaJ UUKJI 00 Kpalpel
Mepe u3 TPex craiuil.

Hanprefinrne noapoGHOCTH, OTHOCSIIHECS K NPUMEHEHHIO TEOPUH
rpadoB B CTAMUOHADHON U NpeacralyoHapHON KuHeruke pepMmeHTa-
THBHBIX peaxiuil, H3T0XKEHH B UUTHPOBAHHBIX BBHIIIE OPHFUHAJILHHIX
paGorax, B npunoxenuu | B {33] u B pabore oappireiina [115],
B kuneruxe pepMeHTATHBHHIX NPOIECCOB METO] HaNpPaBJEHHBIX rpa-
¢oB sBasercss ynobGHuIM aaropuTmoMmM. BmecTte ¢ TeM OH nossoJsier
BBISIBUTH INYGOKYI aHAaJIOrHIO, CYUIECTBYIOIYIO MEXAY HPOLeccaMu
B CJHOXKHBEIX 3/JEKTPOHHBIX Uenfx 4 GepMEHTaTHBHBIMHU DeaKUUSIMHU.
Cucrembt 060MX THIOB paloTalOT Ha CHrHAJaxX, CBA3AHHBIX CXOM-
HEIMY (DYHKIMOHAJIbHEIMH 3aBUCHMOCTSAMH. B 3JeKTPOHHBIX 1ensx
cUUHAJaMH SBJASIOTCS HaNPSIKOHUS H TOKH, B GepMeHTaTUBHHIX pe-
aK[HUAX — KOHIEHTPAUHUH H CKOPOCTH cTaaufl. AHajoroM 3akona
Oma cayxuT 3akoH aefictBytomux Mmacc. Onnako 3akon Oma Tpe-
Oyer yuera pas3HOCTH HanpsKeHU# Ha KOHUAX [BYXHOJIOCHHUKOB,
a 3aKOH AeficTBYIONIMX MacC yYHTHIBACT KOHIEHTPAUHIO hepMEeHTHOro
KoMIJIeKca (aHaJjor HanpsKeHHs) JHIIbL Ha BXON€ NBYXIOJIOCHHKA
(serBu rpada). D10 oraHUHE ONpENENTET HENPUMEHHMOCThL Tpadu-
YecKUX NpaBuHJ, pa3spaGoOTaHHHX M/ IJEKTPHUECKUX Iemnell, Hemno-
CPENCTBEHHO K (EepMEHTATHBHBIM PeaKUHAM H 3aTPYAHAET NMPIMOE
3JEKTpUUECKOe MofenupoBanue peakuuit [120, 121].

§ 7.7. XHMHYECKAA PEJTAKCALLHA

Mexannsm neicreus depMedToB 3P (PekTHBHO H3yyaercHd MeTo-
JaMH XMMHYECKol pejtakcaluy, BrnepBbie pasBUThIMH Ditrenom [122],
CucremMa BHIBOIMTCS M3 DaBHOBECHONO HJIM CTAlHOHAPHOTO COCTOS-
Hud OblCcTpeiMH H3MEHEHUSMM BHEUIHEro onapaMmerpa d Hu3ydaercs





