yus — MoipasfeneHue CHCTEMBI Ha «OTCEKWY», pasjeiennble MeMGpa- .
gaMu. CHcreMa rereporenHa He TOJPKO XMMUTECKH, HO H OPOCTPAH-
CTBeHHO.

3. B xaMuYeckUX CHCTeMaX JKABOW NPUPOAH meaMHelnHble XUMMH-
9YeCKHEe PEeaKIHH CONPAMEHBl KaK ¢ TPAHCHOPTOM BEHIECTRA, TaK M C
MeXaHMYeCKAME H 3JeKTPUIECKIMH NPOLEeCcCaMm.

4. Bo Mmorux XuMuKO-GMOIOTHYECKHX MTPOLECCaX NPHXOTUTCHA
HMETh [el0 ¢ MaXnMH ducnaMu Monekyin. CaMo monsaTHe KoHIEH-
TPAUE EMEET B OTUX CIYYaAX OrPAaHMYEHHYI NPUMEHAMOCTh, H B
KadecTRe AMHAMHEYECKHX HEPEMEHHBIX CJeJyeT BBOJUThH BEepOATHO-
CTH TeX WA WHBIX COCTOAHMII MONEKYI.

MaremaTndeckne Mojeam OHOJOTHYECKHX MHpOIECEOB 3a4aCTyIO
BecbMa CJIOKHDI, CO/EPKAT MHOrO IEePEMEHHBIX U OMHCHIBAIOT MHOIO-
crapuiinoe monemenue, VMerores, ofHaK0, BOSMOKHOCTH YIPOImEHHO-
o paccMOTpeHusd, COCTOAIIET0 B CBENEeHUW OONDLIIOH COBOKYIHOCTH
YpaBHeHUN K ABYM-TpeM HENUHEHHHIM ypaBHOHHAM.

Ilyers mam ypanocs mocne pajga npeobpasosamuii u BhiGopa coOT-
BeTCTBYIOINUX MacmiTaboB PACHONOMKHUTh CHCTEMY HEeNMHEHHBIX ypas-
menuit (15.6) no cremenam manoro mapamerpa € < 1 npu npoussoguoiL

et =F (%, .. 2x), i=1,2,..,1,
ij=g-j($“..-,$n), ]=l+1,-al+m9 (1520):
xk=g-k($“...,xn), k=l+m+1,--.,N.

Koaddunguentnt &* m & onmpefensaior CKOpPOCTH W3MEHEHWI IepeMeHn-
gex z. B camom nmene, cucremy (15.20) momno mepemmcars B BHje

-1 . ~1 . -1
;=7 Fi, zi=13 Fiy Th=13 Fs

re T,=¢% T,=¢, 1,=1, 1. e. 1, < T, € 75. Ecim cymecrrenno no-~
BeleHMe CHCTEMBl KaKk Ha MAalbix OTPE3Kax BpeMeHM NOPANKA T,
TaKk ¥ Ha OONBMINX HOPAAKA Ts; TO NPUXONATCA M3Yy9aTh CHCTEMY B
geroM. B apyrux caywaax cuTyaima ummaaf. Tak, ecidm Ba;Kubl sBje-
HUs, NPOMCXORAMME 3a CpejHNe BPeMena MOPAJKA T, TO CHCTEMa
yopomaercd. B camoMm jerne, 3a orM BpeMeHa ¢MeJjeHabley Iepe-~
MEHHEIe T, HE YCOEBAIOT HM3MEHHTHCHA, ¥ MOKHO 3aMEHHTH HMX Ha-
qaNbABIMHE IIOCTOAHHBIME 3uavendaMu. Hamporus, «Onrcrpeie» mepe-
MeHHble Z; yCOeBalT JOCTHYL CBOMX CTanMOHAPHLIX 3HAYEHMI, ecid
" TaKOBbIe CYImECTBYIOT. 3HAUUT, NEePeMEHHBIE I; MOKHO 3AMEHHTH
AX CcrafuoHapHLiMp 3mavennsmu, Tawmm obpaszom, ma N ypasmeunmit
oCTaloTCH JMmIL m ypasmendii. ML me pa3 BOCHONBL3YeMCH TAKAM
cnoco00M ynpoImenns B HOCIeAyIOIMEeM H3JI0KeHnd.

§ 15.3. Monean Jlorka nm Boabteppa

Onsniio-MaTeMaTHIACKOS MONEJINpOBaAue OMOJOTHYECKUX IPOTEC-
COB HAYAJNOCh C MOJeNy ABTOKATAIHTHISCKOM XHMHIECKONl peaknum,
upennoskennoit Jlorka (1920), m momenm «ruwrux — sicepréay, npen-
xosxennoil Bonwreppa (1930). 9TE Momenm mMeloT MHOro obmero.
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Oun sBnAOTCA OJHAMHA B3 OPOCTEHLINX MOJIeNel, ONNCHBAIOMAX MO-
Beflenne HeJMHEHHBIX CHCTEM, W B TO JKe BpeMA CYIIECTBeHHBI UIA
pAna XuMU4yecKNX m OmonormuecKmx npobGiem. Mri madmeM ¢ pac-
CMOTPEHNA THX Mojenedl, FalommuXx Heo6XOoaMMble HAM OpPHMEpH He-
JAHEHON AMHAMHUKIT.

Jlorka pacemorpen cmcremy pearmmit

hy
A=X, I
ke
h2
X +Y==2Y, (In
-2
k3
Y=E. (I1I)
k3

Cymmapnas peaknna ectb A = K, Cragua (I1) asroxaranmrmiecxas.
Bemecrso A maxoaurca B m3GeiTKe, moaToMy peakmus (I) mysesoro
mopAgKa.
OGmee cpoucrBo, oTBeyalomee cymMmapnoii peakumm (cp. c. 310),
k. k k. [A]
L23 (15.21)

st = Sti+ St + Stur = R In =5 —0m,

B6ansn paBroBecHs cHcreMa JnHelna:

¢ R4 ¢
1 0 1T 111
U‘; = kl ﬁ’ Ui = kzXeleq W' ngI = k3qu —T. ('1522)

Ycnosme yerodumBocTn EMeer BHJ
By (851)2 + By XogVeq (85811)2 + koY o (8541) 2= 0. (15.23)

B6ansn pasmoBecus ono cobmiogaercsa (cp. ¢. 321). Bpamm or pas-
HoBecHA MOMHO npeHaebpeub o6paTHBIMA peaKOUAMHM, T. €. TOJOKNTH
koi=k_ =k _,=0. Cnegonarensuo, & — o, Knmermueckne ypas-
HEHmWs HeJIMHEHHBl M ACMMMETPUIHBI:

X = ]i:l i kzXY, Y = kzXY _— IIC3Y’ E == IIC3Y. (15-24)‘

Ejpnnacreennoe cTanMoHAPHOE DENIEHNE OTBeYAeT YCIOBMIO X =Y =
= (). Imeem

XO = k3/k2, YO = ki/]f;;.

) Hax moseger ceba cmcrema Bjpanm or pasBmoBecuss? Pacemorpmm
BTO HA OCHOBE MONEJN «XUMHHK — ;KepTBa», HccaeAoBanaod Boip-
Teppa.

B mexoropoM 3aMKHYTOM paiioHe ;KHBYT XHIIHNKH WM MX ;KEPTBHI,
,CRasKeM, pbicm # 3aiinpr, Peicm mmraloTess TONBKO 3aidmaMmm, 3ailnel
OATAIOTCA pacTHTONbHON numielt, mMelomeiica B H3O0bBITKe. YUmcno
sxeprs X, umcio xmuramkos Y. IloBepenme momyasanmit Bo speMenn:
ONMCHIBAGTCA ypaBHEHHAAMM

X=kX—kXY, Y=F'XY - kY. (15.25)
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Koncranta %, XapaKTepasyer pasMmo:xenue mxeprs, k — Hx yOuure
BCleICTBHe BCTpeY ¢ XHIMHEKaM#, k' — pasMHOMEHAe XHINHAKOB,
2N KOTOpOro Beo6XoAEMO DRTAHKe XHOIHHKOB, T. €. BCTPeTH C JKepT-
paMn, k; — BEIMEpaHme XmmmEEKOB. Ypasmemnua (15.25) B ocmoBHBIX
gyeprax cxofian ¢ ypaspennaMu (15.24). Haiinem cranmomapabie sHa-
wenns mepeMeHHHIX ua ypasHermit (15.25) mpr X =Y =0:

X°=k/k', Y =k/k.
Hpencrazum X # Y B BHRE
X=X Y=Y {15.26)
rme o =1n(X/X°) u p=In(Y/Y*) apaaorca mepamm oTknoHeHHa X

® Y 0T cTanmoHApHOTO COCTOAHEA, B KoTopoM o = f§ = (0. Ypasnenna
(15.25) mepenmmyTtcs B BHEJE

la=Y'(1—¢), +b=—X"(1—e). (15.27)

VMuomuM nepsoe ypasmenme Ha X°(1 — e*), Bropoe — ma Y°(1 —¢°)
H CIOMAM:

A Xoa (1 —e®) + - Y1 —eh) =0
mn

FEXE—atpre—p)=o

4 X0 —a) 4+ o YO(f —B) =K = const,  (15.28)

Benmunna K ecrh nocroapman asmwennna. O6a unema B K nonosxm-
TEeILHDI, TaK Kak eciu a >0, To e*>a, a ecim a <0, 1o > 0.
Beemem oGosnagenusn e* = @, ¢ = . Ymuoxus obe gacra (15.28)
na kk’', nmeem, Tak wak k'X° =k, kY’ =k,
ki(p—Iln@)+ &k ($— lny)= Kkk’' = const.

Hopeauns wa k,k,, saxongum

1 1 kK
',;‘I‘(Q>—ID(P)+-,;- (p—In ) =K-7‘7; = const.
Horennupyem:
(@e=0)"™ (ype=%) /"2 UV == const, (15.29)

Ypaprenue UV = const ectr ypasaenwe ruunepGoani. Ee rpaduk no-
xazan Ha puc. 158,a. Ha puc. 15.8,6 a e nowasamo nosenenne
¢ynrnuit V(¢) » U(p). 91 KpuBme EMEIOT MaKCAMYMHL 3aBBcd-
MocTh @ oT §, cnenyioman vz (15.29), morasama mBa pme. 15.8, 2.
Maxcamymam U n V orseuator touku A w B ma rmmepGone. Ilpm
JBHEHHHE ME:KAY 9TEMB ABYMA npeflelbHBIME TOYKAMH Ha OJOCKO-
CTH @, ¥ ONHCHBAGTCA NBKJ, BAJ KOTOPOrO BaBHCHT OT HAYAAbHBIX
yeaosnii. CrannonapEoMy COCTOARAIO 0TBEYalOT Touke A n B na ra-
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nepbone, Touxs maxceMymos M, m M, na rpmenx U(g) » V() n
ocofaA Touxka THIA NEHTPA HA LIOCKOCTH @, .

OunpenensgM Hopenen®e cucTeMH! BO6nE3w ocoboii Touxd. Jlmmeapm-
ayeMm cucremy (15.25)— uimeM ee pellienre B BAfe

X=X+ze*, Y=Y ye", (15.30)

opuvem lzl, lyl < X° Y°. IlpeneGperas unenaM®, melHHEHHBIME OT-
HOCHTENBHO Z, Y, HONyIaeM

’

kk, k'k
Meb 2y =0, ——lzdy=0. (15.31)

Venosre COBMECTHOCTE HTHX /IByX ypaBHEHAH ecTh XapaKTepHCTHIEe~
CKOe ypamsmemme

At kk=0 (15.32)
7 A =io — manMad senniEga. Jacrora KoleGanmii paBna
1 s
V= % = H1/ k k. (15.33).
Ona me 3asucHT OT xoHCTamT k, k'. Hampores, aMnnmryan KodeGa-—
14 g
o #
b4 1oz
¢

Puc, 158 HocTpoenue BMHTerpa’bunX KPUBHIX AAa Monenm Boasreppa — Jlor—
Ka. O6bacuenue B T€KCTE

nmit saBECAT OT Bcex wWerhipex komcranr. Ma (15.31) = (15.32)
ciefyeT

Ll:_k_l/ﬁ 15.34).
lyl 3 k) * (15.34)

Taxem ofpasom, nonynande X ¥ Y HcOHTHBAOT DepHORHICCKEE:
KonebaHux onAHaKOBOH wacToTH, cMemennnle mo ase. dua cpasme-
mun npmeepeM puc. 15.9, ma xoropoM norasaHa AWHAMEKA NOOyNA-
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umit sailines # peiceit B KHamame 3a 1845—1935 rr. mo pamumM Me-
xoBoii xoMnanmm. Takoe mosencume cieqyer W W3 HATAAJFHEX €000-
paxennii. [lonycraM, uro saitnes Bmauane Omnno mMuoro. Torma peicm
PasMHOKIIACH, H YACAO 3aiilleB yMeWpIIHEIOCh. IJTO, B CBOIO OYe-
pens, BEI3BAJNO yMedbllende 4HCjaa 3sajieB, 3a HEM DOCIeH0BAJO

760
L — Jary
=== Pus
N 70t
g
Q ~
Q .
g 80
S L
S
£y .
8 A 3
g ’ i
Q\ \‘ ey k
‘\\,’l N

s TR l 185 V.73 717315 /A’:?f Y./ 7 95 13

Puc. 15.9. [funamuka wouyisnuil sailues m peiceil B Hanage za 1845—1935 rr.

yMenblienne 4YHcia phicell, salpl BHOBH pPasMHOMKWIHCE H T. X,
B npocrhix ciayuasx pesyibTaTHl OPAMEHEHHA MaTeMaTHYeCKOH MO-
Jendm Kauecrsemno ouesmumbl. Opmako Ges amajmsa Heab3s yCTaHO-
BHTH HH YaCTOTH, HE aMmiuTyasl rojebanmit X m Y. B Goaee ciomx-
HBIX CIYy4YafX MaTreMaTHUYeCKas Mojeip paCKphlBaer oco0eHHOCTH, 3a-
Ppanee BOBCe He OueBHJIHALIE.

Mu mccsenoBanm noBejieHAe KOHCEPBATHBHOH cumcreMEl. B neiter-
BATEJBAOCTH NONYJANWE BHIOB MOTyT PACcTH JHINb JI0 HEKOTOPOro
mpepeaa, go smauenmii X™, Y™ orpeuaromux macermenmio. [Ipemen
Pa3MHOKEHHUA ;KePTB BHIpaskaeTtca coormomenneM (®epxyicr)

. (m) __
X=pxX" =X _ rxv, (15.35)
x( :

m)
ITo-npesxnemy
Y =kXY LY. (15.36)
Cucrema (15.35), (15.36) Gosxee me xomcepBaTHBHa H He HEMeeT Io-
CTOAAHON NREKEHHA.

VYpasuenns tana (15.25) oboGmaltores ma i0Goe UYACIO -B3aEMO-
JeftcTeylomux nonyaandii. McciaegoBanme COOTBeTCTBYIOHMIEX CHCTEM
BAKHO [JIf DKOJOTHH

VYpasnenna asrorartannsa Jlorka, cxojube ¢ ypapnenmaMna Boiab-
Teppa, TakKe NPHBOAAT K HEPUOJMYECKOMY moBejemmio, Mu BEIEM,
4TO HelWHEHRHe acAMMETpHYECKHEe CHCTeMB CIOCOGHEL K IOBeje-
HHAIO, YIOPSJI0YeHHOMY BO BpPEMEHH.

Ms1 BRfesH, 9TO HJsA XAMAYECKAX ITPONECcCoB

1
deo =7 Dvdst, <0 (15.37)
i
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(cp. (15.3)). B6unzu CTANMOHAPHOTO COCTOSAHUA
T30 = Z',(‘Svid (8#)<0. (15.38)
; .

Pasmaraa 8vy B payg mo 85¢, momygaem
v, = Z L8t (15.39)
j

e L,ij = (6vi/6&¢j)o -— IPOW3BOJHEIE, B3ATHE JIA CTANHOHAPHOTO COCTOSIHMSA.
Boobme rosopd, L'i; MOKeT cOfeP;KaTh KAK CAMMETPHYHYI0, TAK M aHTHCHMMET~
PUYEYI0 YacTh. B yCIoBUMSX JHHEHHOCTH, T. 6. BOIU3M paBHOBECHS, Ko3ddunuen-
THL L;.;; conrmafaoT ¢ Koapdunmesramu OHsarepa ¥ aHTHCUMMETPHYHBIE MX Fa~
¢TH paBHBI BYI0. Biamm or parBoBecusa 310 Takie Bo3moikmo. Torma

Tdzo == d¥ < 0, : (15.40)
rRe , '
Y=y 3 L 054,65¢,; (15.41)
‘)j

- ’
€CTh KHHETHYCCKHM IOTeHumual, Opmaxo ecnu AHTHCHMMETDHIBLIC YaCTH L,l’

OTIHYHBL OT HYJS, TO B O0IEM CIydae KMHETMIECKHWIl Norepnuajg He CyIIecTBy-
er. JlonycraM, 910 JIBa XMMAYECKHX NIPoNecca OHMCHIBAIOTCA aHTUCHMMETPHY-~

.- - ’
Holt Matpunelt L ;, T. e,
[ ’ o r_ ,
L11~L22-0, le* L21__L'

Torna
T6x0 = L' (8s89d(554,) — 8s¢,d(85¢45)) < 0. (15.42%

Takasa cmcreMa BpammaeTcA BOKPYT CTamMOHApHOTO COCTOAHHA, HO Homajas B

oty

Puc. 15.10. OGpanienne BOK-

Pyr CranMoHApPHOIO COCTOA-

HBHA AHTHCHMMETDPUUYHON cm-
CTEeMbI

Az

nero. Mas3oBad fuarpaMMa HMeetr BMJ, Nokasanusii Ha puec. 15.10; Touxa, oTme-
qapuad CTANACHAPHOMY COCTOSHHIO, ecThb MeHTD. BBoid molApHBIE KOOPAMHA-
TeI ' H @ HA NJOCKOCTH Sfy, Sfo, UMEEM

Tdyo = —L'rdep < 0. (15.43)

Ho ¢dynruua ¥ = L'r’p He ABiAeTcA NOTEHIHATOM — ona Bo3pacraer Ha 2nL’r?

IpH KAKAOM ofopore.
Umenno ¢ raxoit curyanueldl MH BCTPETHIHUCH JIPM PacCMOTPEBHH CHCTEMEE

Jlorka — Boabreppa.

§ 15.4. AprTokaTaATHYCCKEE CHCTEMEI

PaceMoTpennas HaMd XHMUYECKAaA aBTORATAJIHTAYECKAR CHCTEMA
JloTka draserca KosieGaTeanHoll, oRa Xapakrepusyercs ocofoi To9-
xoit TEna nmemrpa. O6paruMcs K ApyruM, Gosee CHOKHBIM TOYETHBIM
aBTOKATAIATHIECKAM XuUMHYeCKuM cucremaM, McemenyeM Tak mashi-
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