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PEIUEHUE 3AIJAYHA O TOPEHHUH TA30B
NMPU HAJIMYHUHU OBYX XUMHUHYECKHUX CTAILHH

M. O. Pasnukosa, JI. C. Carakarosa, C. H. Xyoses
(Mocksa)

PaccmarpuBaemas 3amauva [1] onucbiBaeTrsi CHCTeMOH Tpex ypaBHEHHH:

0a 02a
D, (6
Fy! ax2 aal()y
ob 02b .
at - 0 x2? b(D2(9)+a(D1 ©), (1)
LX) 026 |
b g —olsg®@i(ra (1 =) @, (%) 0]

3mech @ U b — OTHOCHTeNbHblE KOHIIEHTPALUH pEarupylolluX Bell2CTB;
0 — 6e3paszmepHas Temmnepartypa, X, ¢ — 6e3pa3MepHble KOOpAHHATa U Bpe-
M;

1—or opt o (1—op)b

D) =ogc e "W D (0)=(1—c)e e - ; (2

&, B, Yoy 9o, Ik, vr— HEKOTOpBIE Mapamerpbl.

CBsI31 3THX BEJHUYHH C HCXOAHBIMH onHcaHbl B [1].

3ajaua 'COCTOMUT B OTBHICKAHHHM CTAallMOHApPHBLIX pelleHud cucrembl (1),
T. €. pelleHUi. 3aBHCALINX OT E=X — w! NMPH HEKOTOPOM ®, TaKKe MOAJe-
)KallleM omnpejeneHno (® Ha3biBaeTcsl CTALlMOHAPHOH CKOPOCTbIO T'OPEHHS).
[Ipu aTom Tpebyercd BLINOJHEHHE TPAHHUYHBLIX YC/AOBHH:

E=— o :a=b=0=0, (3)
E=+ o :a=1, b=0.
Mo2KHO TOKa3aTb, YTO €CJH CYLIECTBYeT OrpaHHYEHHOe CTallMOHapHOe pe-
wenue (1), yroBaerBopsiollee ycaoBUAM (3) mpu E=-+ oo H YCJIOBUAM
da db d

T T T O npu &=+ co,mpu HekoTopom w==0, To 6=0,
npu =4 oc.

[Tonb3ysick 3THM 0GCTOSATENBCTBOM, AJs cucTembl (1) 3agamguM Hayadb-
HOE€ YCJOBHE:

0 npu x <0 b0 6§— 0 mpu x <0

t=0: a:{lnpnx>0, v, npu x > 0

(4)
H MOMNbITaeMCsl TMOJYYHTb CTALHOHAPHOE pelleHHe KaK mnpegena IpH f oo
pemennsi 3a1auu ‘(1) — (4). OCHOBHbIM B pellieHHH 3aayd SIBJSIETCS BOII-
poc 0 BblOOpe XOpollell Pa3HOCTHOH cxeMbl Anasi cucrtembl (1).

[Tpu mocTpoeHHH Pa3HOCTHOH CXeMbl HY}KHO CTPEMHTbCSI K TOMY, YTOOHI
XOpOLIO annpoKCHMHPOBATh MpelenbHOe CTallioHapHoe peuleHue. [1pu 3Tom
KauecTBO amMpOKCHMALMM Ha NPOMEXKYTOUYHbIX 3TaNax MOXKET He HHTepe-
coBaTb. OT pa3HOCTHOH cXeMbl TpeOyeTcsl BBINOJHEHHE CJeLyIOUHX ycC-
JOBHH:

1. AGconoTHAsi YCTOMYMBOCTD, T. €. YCTOMYHBOCTL 6€3 OrpaHHYEHHH Ha
1Iary MO NMPOCTPAHCTBY U IO BPEMEHH.
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2. Coxpanenue GanaricoB. M3 (1) u (4) BLITEKAIOT CAEAYIOIIHE COOT-
HOLIEHHUS:

£

j' [0 — 6 [@a + (1 —o,) b] dx = O npu Bcex ¢, (5)

6 —0y[a+ (1 -0y b]=0 (6)

IIpU BceX X U ¢, ecnn a=1.

HyxxHo, yto6bl cootHomeHnuss (b) u (6) ocraBanuch B CHJIe W IJs pe-
LUIeHUH COOTBETCTBYIOLIUX PAa3HOCTHBIX YpaBHEHHH.

3. HesaBucsimasi or mara no BpeMeHH amlpOKCHMAIHsi COOTBETCTBYIO-
Lled CTAalMOHAPHOH CHUCTEMBl ypaBHEHHH.

B BbIOpaHHO#N cHCTeMe Pa3HOCTHBIX ypaBHEHWH LIard MO MPOCTPaHCTBY
H [0 BpeMeHH OyAYT AOMOJHHUTENbHBLIMH MapamerpaMu. TeMm He MeHee Tpe-
dyercd, yToObl 3aBHCHMOCTb OT Illara IO BpeMEeHH Hcye3dana IpHU { — <o H
cXeMa TepexoAuaa Obl B DAa3HOCTHYIO <CXeMy AJf CTallMOHAPHOH CHCTEMBbl
ypaBHeHHH. DTO ycJOBHe OYEHb BaXKHO, TaK KaK CUUTATh NPUXOLUTCS MJs
OOJIBILIMX BPEMEH, a INOCKOJbKY HaC COBEPUIEHHO He HHTEPECYIOT NpPOMexY-
TOYHbIE 3Talbl, TO MEJAKHH LIAT 10 BPEMEHH HexKesaTeseH.

4. CucreMa pasHOCTHBIX ypaBHEHHH Ha KaxKIOM BDPEMEHHOM CJoe JH-
HelHa.

D10 TpeGoBaHHe npuHUMaercs aasi yao6crBa. OHO MO3BOJHMT TpPH-
MEHHTb Ha KaXJOM CJ0€ MeTOJA NPOrOHKH JJIsi BBIYHCJAEHHS CJeAyIOLLero
CJ1041.

ITycte o (f) — mpousBosbHAst QYHKUHUSI C ONHHM JIHIIb YCJIOBHEM, YTO-
6l lim o (£)— o, rie © — HCKOMasi cTalMOHapHasi CKOPOCTb. Peub 0 BbI-

6ope Takod (GyHKUHH moHAeT HHxKe. Bwmecto mcxomnoii cucremnl (1) pac-
CMOTPUM HAPYTYIO:

da _ O0%a da _
8 =28 o) 2t —ad, ()
T:ﬁ_i—m(t) ;; —b @, (0) + ad, (9), (7)
= o () s = 0[5 @, (0) @ + (1 — o) D, (0) 0]

NpU TexX XKe HavaJbHbIX ycaoBusax (4). OueBupaHo, ycaoBusi (5) — (6) BbI-
NOJIHAIOTCS M yJIst 3TOH cucreMbl. Ecau HaliTu Takyio QyHKUHIO o (f), Koraa
npu t —co Bce ¢GyHKIUH HUMEIOT Tpefesbl, a UX TPOU3BOJAHLIE IO [ CTpe-
MATCS K HYJIO, TO B MpejeJse NOoJyYyhuM CTalMOHapHOe pelleHue cucTembl (1).
[Tostomy pemaem po ycraHoBienust 3agauy (4), (7) ¥ pasHOCTHYIO CXEMY
nuimeM AJs 3ToH 3ajauyd. Tpe6oBaHHIO 3 OyIeT YAOBJETBOPATH Jiobas cxe-
ma ans (7), eciu Toabko w(f) xopomo Boi6paHa. Takum o6Gpasom, AJs
yAOBJIETBOpEHHUSl TpeGOBAaHUIO 3 CO3HATEJNbHO HCKaxaeTcss HUCXOAHAas 3aja-
ya AJ5 MPOMEXYTOYHbIX BpemeH. Temepb cJaenyeT CMOTpPeTb Ha pelleHHe
cucreMmbl (4), (7), Kak Ha HEKOTOPbIH HTEpPANMOHHBLIE mMpollece, AalONIHH
B TIpejieJie HYXKHOe CTal[HOHapHoe peuleHue cucreMbl (1).

Yrobbl yIOBJETBOPHUTH TIEPBOMY TpPeOOBaHHIO, cilelyeT OpaTh HEsSBHYIO
DPa3HOCTHYIO CXeMy JJIs CTapUIMX YJeHOB, IpHYeM B MJAALIUX YJ€HaxX B Iep-
BOM YpaBHEHHH MHOXKHTEJb @, BO BTOPOM MHOXKHTeNb § cjlelyeT B3SITh C
BEpXHero cjosl. TO rapaHTUPYeT YCTOHYHBOCTb CXEMbl U IIOJIOKHTENbHOCTb
¢yHKuMi a u b He3aBucHMO OT wiaroB. TpeGoBaHue 2 yHOBJETBOpSETCS, ec-
JU B MJAJIINX YleHaX BCeX TPeX ypaBHeHHH KaxkJaas U3 QyHKUHMi a, b u O
BXOJAUT oAuHakoBo. Takum o6pasom, Be3ge B MJAAIIUX YJeHax cCjaeayer
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6patb a u b c BepxHero cjos, a 0, cornacHo TpeOOBaHHIO 4, C HHUXKHErd
caos1. OKOHYATEJbHO CHCTEMA Pa3HOCTHbIX ypaBHeHH# Ans (7) NpHHHMaer
BU:

Ai()a(x+h, t) — By(x, t)a(x, t)+Ci(t)a(x —h, t)+D(x, t)=0,
Ag(t)b(x+h t) — Bo(x, t)b(x, 1) +Co(t)b(x — h, t) +Dy(x, t) =0, (8)
As(t)0(x+h, t) — Bs(x, 1)0(x, )+ Cs(t)0(x — h, t)+D3(x, t) =0,

rae

A=At =1+Lo@;C@)=C@)=1—" 0@
Aty =a+ Lo Cty=0— 1wty
B, (x, ) =2+ -2 4@, [0(x, t—);

By(x, ) =2 + " L @y [8(x, £ — )5

By (x, 1) =22 + ", )
h2
Dy (x, ¢)— a(x. t—n);
D, (x, t) = b(x,t—=) +hal(x, t)®[0(x, t—r)
T

Dy (x, t) = —T—e(x, t —1) — h?0,{o,a(x, t} @, [6(x, t—1)] +
+ (1 - GQ) b ()C, t) D, [6 ()C, t— T)]}v

a h ¥ T— COOTBETCTBEHHO LIard MO TPOCTPAHCTBY H TIO BPEMEHH.

OrMmeTHM, 4TO ecad Obl aHAJOTHYHYIO CXEMY 3amucaTh HJs HCXOMLHOH
cucrembl (1), kKak 3To menaercss B pabore [2], To mnpexenbHble QYHKIHH
a(t), b(t), 6(§), E=x — of ynoBneTBOPSAH Gbl Pa3HOCTHBIM YypPaBHEHHSIM,
B KOTOpbIX ¢yHKuHU D, u @, Hepyrcs npu 06=0(§ — wt), BBUAY TOTO, YFe
3TH (YHKUHH CYHUTAeM C HHIXKHEro cJos, T. e. Llar T BHO BouleJ Obl KaK ma-
paMeTp B TNpelenbHble pa3HOCTHbE ypaBHeHHs. Kesmas CKOJbKO-HHUOYIb
XOpOLIO amImpOKCHMHPOBATh CTAllHOHADHOE pelIieHHe, HYXKHO GblI0 6bl CUH-
TaTh C MEJKHUM ILIaroM T.

B BbiGpaHHO# cxeme AJs cHCTeMbl (7) IIar T MOXKET BJIHATh Ha CKO-
pPOCTb CXOZMMOCTH, HO He Ha KOHEUYHBIH pe3ysbTaT, MpUueMm OblIO TpOBepe-
HO, U4TO CYLIECTBYeT T=To, KOrJla AOCTHIaeTCs HauJayuliasi CXOIHMOCTb.

Cucrema 'ypaBHeHHH (8) pelraercsl METOAOM MPOTOHKH [3, 4], mpuuem
TpeyrosbHas 3aBHCHMOCTb MJAJUIMX YJEHOB OT @ U b mo3BoJsieT H3GexkaThb
MaTpPUYHOH MPOTOHKH H pellaTh IIOCJAeNO0BaTeNbHO NepBOE, BTOPOE H TPEThe
ypaBHeHHs1. PopMyJIbl I/ UX pelleHHs] CTPOSITCS OAMHAKOBO; BBLINMHUILEM HX,
IJ151 KPaTKOCTH, TOJIbKO ZJIsl NEpPBOr0 ypaBHEHUS

a(x, t)=EV(x, t)a(x+h, t)+F'(x, t),

rae El(x, t) u F'(x, ) onpenensitoTcst U3 PeKYPPEHTHBIX (OpPMY.JI

E' (x,t) = Ay (9) ’
] Bl (x, t)—Cl ([) Et (x___h’ t)
Fix, )= G @OFE-—mt+D, 9

By(x, ) — C, () E' (x — h, #)



Jlast npenenbHbix 3Hayenuit E'(—oco, t) u F'(— oo, ) umeem:

By (— o, ) — V B (—co, t) — 44, () C, (8)

E' (— t) = 1,
(== 2, (0 -
F'(—o t) —0.

W3 aByx uMeloluxcsi KOpHe#d AJsi £'(— co, [) GepeM MeHbIIHH, YTOOBI

o6ecreyuTb YyCTOHUMBOCTb IPOrOHKH. Pasymeercs, nmpu cuere 3TH HayaJb-
Hble 3HaueHHUs KO3(P(HUIHUEHTOB MPOTOHKH OTHOCSITCS K HEKOTOPOH KOHEUHOH
TOUKe X), JieBee KOTOPOH (pyHKIHsi a(x, {) Gbuia Gbl 3aBegoMo MaJjoi. Ta-
Kasl TpaHMuHas TOuka JJIs KaxKHoH u3 GyHKUUE @, b u 0, Booblle roBops,
cBosi. [lpaBblit KOHel cueTa — X, TaKXKe ONpeNessJcs H3 YCIOBHS, UTOOLI
npaBee 3TOH TOUKH @, b 1 O Oblau 6aAM3KKU K 3HaueHusiMm 1, 0 u By coorsBercrt-
BEHHO.

Cnenyer oTMeTHTb, YTO TMPH MPOM3BOJBHO GOMBIIHKX T cxema (8)—(9)
He ofecrneyHBaeT MOJNOXKHUTEJIbHOCTH O Ha BceMm uHTepBaJe. OnHaKO, Kak
BUJHO H3 COOTHOLIEHHs (6), MOJI0XKHTeNbHOCTb O ofecmeuera npu o=1, aas
KOTOPOTO B OCHOBHOM M BeJcsl cueT. UTo KacaeTcsi Apyrux 3HauyeHuid a, To,
BO-TIEPBbIX, KaK YK€ OblJIO CKa3aHO, CAMIIKOM OOJblIHe T Hepas3yMHbI, a,
BO-BTOPbIX, TaM, I'ie O CTAHOBHTCA OTPULATEJNbHOM, CUYeT 3TOH (QYHKIUMU
MOXKHO 00pbIBATh.

Oynxkuusa o(f) B cucreme (7) BbiGMpasach OBYMs CIOCOGAMH.

1. Kak cpennuit Hak/JOH JMUHUE ypoBHA Aas a(x, t), 0(x, t). Cnauana
cyutaercss (#) =0, T. e. cuuraercss cucrema (1), moxa He HacTymut rpy6oe
YCTaHOBJIEHHE 3THX HAaKJOHOB. 3aTeM cyuTaercs o(f) paBHbIM 3TOMY Ha-
KJIOHY M 4Yepe3 OIpele]eHHOe YHUC/IO IIaroB BHOCATCS MONPaBKU K o (f).

Takoit cnoco6 BbiGopa (f) yHHBepcasdeH, OIHakKo MTpH a=1 Goxee
yA0OHO HCMOJb30BATh -APYroH ©Noco, aHAJOTHUHbIA H3JO0XKEHHOMY B pa-
6ore [5].

2. Kak caenyer u3 crauyoHapHON CHCTEMbI, AJS HCKOMOH CKOPOCTH ®
UMEIOT MeCTO MHTerpaJibHble COOTHOLIEHHS

= a® (6)dx = b D, (0)dx.
J J

B kauectBe ®(f) Gpasnoch B3BellIeHHOE CPeIHEE ITHX HHTErpaJjioB C BecaMu
oo M (1 —0,) Ha xkaxIOM ciloe, T. e.

o)y =05, [ a® @) dx+ (1 =0 [ 0P, adx, (10)

rjie MoJAbIHTerpanbHble QYHKUHUN Gpajduch ¢ NPeAbIAYLIEro ¢a10s. MOKHO 10-
KasaTh, UTO He NMPHU BCAKOM a (opmyaa (10) maer B mpenese UCKOMYIO CKO-
pocTb ®, da)ke B cjayuyae, pacCMOTpeHHOM B [B], omHako mpu a=1 cxomdu-
MOCTb K ) UMeEeT MeCTO, U Takol crnocob cueta yaoOeH, TaK KakK JAOCTATOUYHO
CNAeIUTh 3a YCTaHOBJeHHEM . (f); HONOJHUTENbHOIO KOHTPOJS 3a yCTaHOB-
JeHueM npoduied He Tpedyercs.

OnucaHHBIM BbIllle METOAOM OBLJIO OTCYHUTAHO GOJIBLIOE KOJHYECTBO Ba-
puantoB [1]. OTMeruM, uTo GblM OGHApYXKeHbl KauyeCTBEHHO pas3jUyHbIe
peXKUMbl M ONMUCAaHHBIH METOJX cCueTa MO-pPa3HOMY TIPOSIBJASN ceGsl B passud-
HbIX pexkumax. [Ipu Gg > —— [2] 3TOT MeTOx GLICTPO MPHUBOAHMJ K LEJH.
IMpu oy < — cCyeT CUJIbBHO 3aMEAJANCA M IJs KaXKIOro o, HMeJachb Ta-

Kas 06/acTb U3MEHEHUs 'TapaMeTpad.. MpUMbIKaKLlas K c, — 1, Iaecyer

176



CTAHOBUJICS TPAKTHYECKH HEBO3MOXKHBLIM, TpPeGOBajHCh OTPOMHBIE MAaCCHBbI
namsTd U ‘60Jblloe BPeMS.

OToT npoben yaaercs BOCMOJHHTH MyTeM HENOCPEACTBEHHOTO peIleHHs
CTalMOHapHOH 3aiauu. [Ipuuem, oka3bIBaeTCsi, MOXKHO OTPAHHYUTHCH MpOC-
THIM TIPUOJIHKEHHBIM pemenueM 3anaud. CranuvoHapHas CHCTEMa MMeEeT BH/L:

2"+ wa’ — a®; () =0, (11)
b” 4+ wb” — bDy(0) +ad; (0) =0, (12)
b’ + 00— [o,ad () | (1—oy) b, 6)] =0, (13)

X=— 00: a=0=0=0; x=+ o0: a=1, b=0, 6.=0,.

Mas npoctorel 6yaem cuntate a=1. Torga ypasnenne (13) MoxkHO 3aMe-
HHTb ‘COOTHOLIEHHEM

0 =16, [a-t (1 —9y b]. (14)
M3 dopmyan (2) mans @)(0) u Me(0) umeem
1—2f
0O Lo sy (15)
@, (6)

[Ipu ~. < — u dukcupoBannom o, 0 <o, </ 1 orHowenue (15) orpa-
HUYEHO U MOXKHO M0Ka3aTb, UTO

lm —— = 1.
ot e b
Bousee Toro, BBULY MaJoCTH f, MPH AOCTATOYHO MaJblX 5. BhlpaxkeHue (15)
MaJo H IpH 04, JOCTATOYHO O6JU3KUX K |, IOUTH HaA BceM HHTepBaJe H3Me-
HEHHUS @ OT HyJsl D0 eIuHuWIbl B ypaBHenusax (12) u (13) MoxXHO mipeHe-
O6peun unenamu, cogepxkammumu b My(0). Toraa Ha BceM 5TOM HHTepBale

b(x) =1 —a(x), . (16)
+ a4 a (x)] (17)

-— G

Q

(16) BuiTekaer nemocpencrtsenHo u3 (12), a (17) caemyer u3 (14) u (16).
Pewasa tenepp 3ajgauy

2"+ oa’ — a®,(0) =0, a(— ) =0, a(+ o )=1 (18)

v cuutasa 0 mo dopmynae (17), HAXOOUM HCKOMYIO CKOPOCTb ® H (PYHKIHIO
a(x). Jlna nmoanoro BoccranoBiaenuss ¢ynkuuit b(x) u 6(x) HyXHO Temepb
C HaHJeHHBIM 3HAYEHHEM ( PELIUTb YPaBHEHHE

b” 4+ wb’ — bM4(0) =0; b(— o0 )=0 (19)

(3mech O(x), cornacHo (14), HyXHO CUHTATbh PaBHOH fio (1 —ag b (x))
H «CKJICHTBb» INOAXOAANUM oOpasom ¢ (qyHwuusamu (16) u (17). Pewenne
3anau (18) u (19) me mpeacraBasier TpyaHocTed. Ilonbaysce MHBAapHAHT-
HOCTBIO OTHOCHMTE/NbHO CABUTOB, MOXKHO 3amath TipH x=0 Xaa MCKOMOH
GYHKIIMU W ee MPOU3BOJAHON 3HAUEHHS & U A COOTBETCTBEHHO, TJI€ & TIPOU3-
BOJIbHO MaJoe MOJOXHTEJbHOE UUCJIO, a

L= (—o+ Vet 40,0) (=1 naa (18), i =2 qaa  (19))

W cuntaTh 3afauy Kowwu npu x>0, manpumep, Merofom Pyure-Kyrra. 3a-
KaHMe TAaKMX HauyaJbHbIX JAaHHbIX ONpelesaseT BLIXOA H3 0CO0O0H TOUKH

®du3uka ropeHuss u B3pbiBa Ne 2 177



¥=-—co BOJb aCHMITOTHKH pelleHHH. B 3amaue
HBIA 3JI€MEHT: HYKHO BBINOJHHTb yCJOBHe a(-+ oo
ITO JIErKO JOCTHTaeTcss MeTOAOM INpob.

O6nacTb TPUMEHHMOCTH ONHCAHHOTO 3/eChb MNPHUOJHKEHHOTO pellleHHs
3aJaud 0Ka3blBaeTcsl JOCTATOYHOMH, YTOOBI BOCTOJNHHUTb NPOOEJbl YHC/IEHHO-
ro MeTola pelleHHsi ofLlell 3aJayH, H3J0XKEHHOTO BhILIe.

(18) ecTb mOMOJHHTE/ b
)=1 3a cuer BbIGOpA ®.

Mocrynusa 6 pedaxyuio
20/VI 1968
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YIOK 662.767+536.46

K BONPOCY Ob 3¢®EKTHBHOCTH HHTHUBHTOPOB
NPH TOPEHHUHU YIJEBOOOPOOHbIX TOMJIHUB

H. M. A6dypaeumos, I'. 5I. dpukep
(Mocksa)

S¢ddeKTUBHOCTb MHTHOHTOPOB FOpEHHsI B 3HAUMTEJbHOH CTEleHH OImpe-
JlesisieT HaJeXHOCTb CHCTeM MNPOTHBONOXKAPHOH M TIPOTUBOB3PbIBHOH 3ally-
Tbl, IPUMEHsIeMbIX BO MHOTHX O0JACTAX TEXHHKH.

OpHako uMelllMecss B HacTosilllee BpeMsi JHUTepaTypHble HaHHbIE 110
XMMHYECKOMY HHTHOMDOBAHHIO TODEHHS M OCOOBHHO IO MeXaHH3MYy 3TOTO
npoluecca COBEpPLIEHHO HEeNOCTAaTOYHbl HHU AJ5 NOHHMaHHS H OOGbSCHEHHS
pslla BCTpeyaloLIUXC Ha NPaKTHKe sBJAeHHH, CBI3aHHbIX CTIpoLleccaMu rope-
HHSl M TalleHHs TWIAMEeHH, HH /s pacyeTa H NMPOEKTHPOBAHHS KOHKDPETHBIX
TeXHHYECKHX YCTPOHCTB, NpeJHa3HAUeHHbIX [Jis TallleHUs TJAaMeHH H IIo-
JlaBJeHHsl B3pbIBA.

CpaBHHTEJBHO sICEH TeMJO0BOH MeXaHH3M JAeHCTBHS Ha MJaMsi HEHT-
pa/bHbIX rasoB {l], HO HCMOJNB30BaHHE MX AJs psila TEXHHUECKHX YCTPOHCTB
HelpHeMJeMO BCJAeACTBHe BecbMa MaJsoH 3(¢deKTHBHOCTH. Boabwiuit Hayu-
Hblfl M TIpAaKTHYECKHH HHTepec MpeACTaB/ISIOT XHMHYECKHEe COeIUHEHHSs,
BBeJleHHe KOTOphlX B HeOOJbLIMX KOJHYEeCTBax B 30HY IJIaMeHH OKa3biBaeT
CylLlecTBeHHOe BJMSIHHE Ha mpouecc ropenus [2].

OnHako co3aHHe HOBBIX BbICOKO3(D(EKTHBHBIX OTHETACHTENbHbIX CO-
CTaBOB, NIPOEKTHPOBAaHHE KOHKPETHBbIX CHCTEM C IPHUMEHEHHEM aKTHBHBIX
HHTHOUTOPOB H NPOTHO3HPOBaHHe HX 3()(HEKTHBHOCTH B LIMPOKOM JAHANaso-
He HayaJbHbIX M IPAHUYHBIX YCJOBHH OYeHb 3aTPyJAHEHO H3-3a OTCYTCTBUSA
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