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TEOPETUYECKHI AHAJIN3 MMOBBINEHUS THTEHCUBHOCTHA U3JTYUEHUA
PE3OHAHCHOTI'O JIMJAPA OJHOITPOXOJAOBbIM YCUJIMTEJIEM

BBeaenue

XapakTepUCTUKU H3JIy4eHUs Juaapa Jjs HCCIeIOBaHUS aTMOC(epbl C HCIOIb30BaHHEM
pPE30HAHCHON (DITIOOPECIEHIIMN JOJDKHBI COYeTaTh MPOTUBOPEUYHMBBIC TPEOOBAHUS IMONTYYCHUS
OOJBIITNX 3HAYCHU SHEPTUH B UMITYJIBCE M Y3KON IIUPHUHBI CTIEKTpaibHOW uHuM [1, 2]. 3BecTHO,
YTO NIPUMEHEHHE YCUIIMTENIECH MTO3BOJISIECT YBEIMYUTh dHeprerudeckue napamerpsl U KIIJ[ n3myyqa-
tens [3, 4]. IIpu 3ToM yaaercs CHU3UTh TpeOOBaHUS K SHEPreTHUYECKUM XapaKTepUCTUKaM T'eHepa-
TOpa W YIY4YIIUTh CTaOWUJIBHOCTH IMAapaMETPOB H3JIYYCHHS, YMEHBIIUB HArpy3kKy Ha 3JIEMEHThI
CeJIEKTUBHOIO pe3oHaropa. [lockonbky aist 30HAMpOBaHUS aTMOchepbl IPUHIMITUATIBHOE 3HAUCHHE
MMEET CIEKTpajbHasg YUCTOTA W3IYYEHUs, MPEANOYTUTEIHHO HCIONIb30BaATh YCHIMTENIU Oerymieit
BOJIHBI [4]. B 3TOM ciiydae cnekTpaibHble U MPOCTPAHCTBEHHBIE XapaKTEPUCTUKU BBIXOAHOTO IyY-
Ka M3MEHATCSI HE3HAYUTEIIHbHO, TTOCKOJIBKY B OJJHOIPOXOJOBBIX YCHJIUTENSIX, B OTJIMYAE OT MHOTO-
MIPOXOJIOBBIX, HET HAKOIUIeHUs adeppauuii. Kpome Toro, Hage)XHOCTh OJHOMPOXOIOBBIX YCUIIUTE-
nieit 00ecTeunBaeTCsl OTCYTCTBUEM 3€PKAIbHBIX TTOKPBITUM.

AKTHBHBIE Cpe/ibl HA OCHOBE OpPraHMYecKUX KpacurTemneil 007aaaroT BBICOKHM KoddduimeH-
TOM YCWJICHHS, TTO3TOMY IPH PACCMOTPEHUU MPOIIECCOB, MPOUCXOSANINX B aKTUBHOM JJIEMEHTE
(AD), HEOOXOAMMO YUYHUTHIBATH IUIOTHOCTH YCUJIEHHOTO IIyMa, MOCKOJBKY IMOCIEIHSST MOXKET J0-
CTUTATh 3HAYCHHM, CPABHUMBIX C TUIOTHOCTBIO MOJIe3HOro m3nydeHus [S5]. Kak moka3biBaeT aHaims
TEOPETUYECKUX U SKCIIEPUMEHTAIBHBIX pa0OT, MOCBSIICHHBIX JAHHON Mpo0ieMe, UMEHHO yCUJICH-
HBI paJMallMOHHBIA IIYM OKa3biBaeT Haubojiee CYIIECTBEHHOE BIIUSHHE Ha HHEPreTUYECKHE
XapaKTEPUCTUKU U3JIydaTesiel Ha KPACUTENAX C JIJAaMIIOBOM HAKaYKOM.

OCHOBHBIMH 3371a4aM# PaOOTHI SIBISUTHCH YTOUHEHHE (DU3UYECKON MOJIEH MPOIECCOB YCHIIE-
HUS U3ITy4eHUs B yCHiIUTese Oeryiieil BOJIHBI Ha IPUMEpPE OPraHUYECKOTo KpacuTens pogaMuH 62K
C JIaMITOBOW HAKAYKOW M MOJIyYEHNE aHATUTHYECKUX COOTHOIIEHUM JIJIsI PACYETOB.

Kak cnenyer u3 ypaBHeHHii O6anaHca HaceNEHHOCTEN UIeaIbHON YeThIPeXypOBHEBOM MOJIEINH,
nokasareib Ko3(p@uirenTa ycuaeHus: cpebl i ciaydyasi OJHOPOIAHO YIIMPEHHON JIMHUU Ompee-
JIsieTCA BhIpaXXKeHUEM [6]

K, = o, &)
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rac kmaX — MaKCHMaJIbHBIH KOB(i)(I)I/IL[I/IeHT YCUIICHHUA B OTCYTCTBUC BBIHYXXJICHHOI'O U3JIYYCHUS,

| — MHTEHCHUBHOCTH HU3JTY4YCHUS B paCCMAaTpUBACMOM CCUCHHU YCHUIIUTCIIA, Is — HMHTCHCHUBHOCTD

HAChIIICHUA HAa 9aCTOTC YCUIIMBACMOI'O U3JIYUCHU.
KOZ—)(I)(bI/IL[I/ICHT YCUJICHHA MAJIOTO CHUT'HaJla (Iex << Is) UACAIBHOTO YCUIIUTCIIA MAaKCUMAJICH U

9KCIIOHEHIIMAIILHO PACTET C YBEIMUEHUEM €ro AnuHbl /. IIpyu MoCTOSAHHON MIIOTHOCTH HAKA4YKH MH-
TerpajibHbI KOAGGUIUEHT YCUIICHUS ONPEeNsieTcsl BhIpaKeHHEM

K =€Xp (K, - 0) . (2)

Ha npakTuke TOCTH)KEHUI0 MaKCUMAaJbHOTO YCUJICHHS NPENATCTBYET psia (PaKTOpPOB, OCHOB-
HBIMHU U3 KOTOPBIX ABJIAIOTCA HACBIIICHHUE YCUIICHUSA IIPHU MPOXOXKACHHUN YCHIINBACMOI'0 U3JIYUCHUA
Yyepe3 YCHIIUTEb, IPUCYTCTBUE YCUIIEHHOTO IIyMa M MPOCTPAHCTBEHHAs] HEOJHOPOIAHOCTH KO3(-
¢bunueHTa ycuJeHHUs Cpellbl, 00yCJIOBJIEHHAs HEPaBHOMEPHBIM pacIpe/ielIeHHeM MOIIOMIEHHON
SHEPTUU HAKAYKH.

102 ISSN 0485-8972 Paouomexnuxa. 2015. Bvin. 182



BbIBOJ OCHOBHBIX COOTHOILIEHUI 151 pacueTra YCHJICHUA

IIpn ananu3e ycwiuTenss Ha KpacuUTelIe C JIAMIIOBOM HAKauyKOM OrpAaHUYMMCS CHCTEMOMU
0aJaHCHBIX ypaBHEHUH [7] B mpUOJMKEHUU CTAIIMOHAPHOTO PEKUMA, MOCKOJIBKY JIUTEIHLHOCTH
UMITyJIbCOB HAaKaukKH W YCHWJIMBAEMOIO HU3Iy4YeHHUS NPUOIM3UTEIBHO Ha JBa MOpsakKa Oouiblie
panuaoHHOTO BPEMEHH JKU3HU BO30YKJEHHOTO COCTOSIHUS. B 3TOM npuOIMmKeHnn HaCeJIeHHOCTD
paboyero ypoBHs, KO3()(PUIMEHT yCUTIEHUS U UHTEHCUBHOCTh YCUJICHHOT'O PaJMallMOHHOIO ITyMa
OIIPEAEIAIOTCS MTHOBEHHBIMU 3HAUEHUSIMU MOIIHOCTH HAKAYKHM U MHTEHCUBHOCTH YCHUIMBAEMOTO
u3nyuyenus. Torna ais npou3BoJIbHOTO cedeHust zZ AD OallaHCHbIE ypaBHEHUS UMEIOT BUJL

=}
WH.nO_nl.(Ts +ksz)_n1'Fz'alo"'no":z'o'm_
Fp-O'lO-nl+Fp-O'Ol-n0— (3)

n1~.|.610(v)- F,(v)dv+n, -.[0'01(1/)- F,(v)dv=0,

n -k, —n-z," =0, 4)

st

N, +N +n, =n, (5)

rie W, — CKOpOCTh HAaKadkd; T HT, — BPEMs JKU3HH COOTBETCTBEHHO cocrtosHuit S u T7;
Kt — CKOPOCTB CHHIJIET-TPHUILIETHOH KOHBEpCHH; F, — INIOTHOCTh YyCHIIMBAEMOT0 MOTOKA ()OTOHOB
B CE€YEHUH Z; Gyj,0j; — COOTBETCTBEHHO CEYEHMs BBIHYXKJAECHHOIO M3JIy4EHMs M IIOIVIOIICHUS 4Ya-
CTOTE yCHJIMBAEMOI0 M3Iy4eHHs; N, N, N, — COOTBETCTBEHHO HACEIEHHOCTU OCHOBHOI'O, BO30YX-
JEHHOTO U TPHUIUIETHOIO YpPOBHEW; Ifj(v) — YCpeAHEHHas IO JUIMHE YCWIMTEIS CIEKTpaiabHas
IJIOTHOCTh YCWJIEHHOTO PaJUallOHHOTO IIyMa; pr — YCPEIHEHHAas 1O JUIMHE YCWINTENS IIOT-

HOCTH YCHJIEHHOTO PACCESTHHOTO IIIyMa.
Vpasuenus (3) — (5) 10KHBI OBITH AOTOTHEHBI BHIPAKCHUSIMU JIJISl YCPEAHCHHBIX HHTCHCHUB-
HOCTEW YCUJIEHHOTO PaInalliOHHOIO U paccessHHOro mryma [8]:
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r k;nax max ! (6)
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k,
rze 6e3pazmepHbie K03)PUIMEHTHI Gmax u G paccuutbiBaroTcs o popmynam:
3 & exp(k™be /&) -1
Gmax =2a- é: p( r;ax /5) -1 !
I k; bl (7
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k bl

31ech HCToNTb30BaHbl 0603HadeHHsA: K™ — MaKCUMaNbHBIH KOI(DQHIMEHT yCHICH!S Ha €/IH-
HUIlYy JUIMHBI AD B PEKMME «CAMOHACTPOUKM» [Isl YCHIIEHHOTO paJMallMOHHOrO Imyma; K, ——

KOA(QPHUIMEHT YCUICHHS Ha JUTMHE BOJHBI YCHIIMBAEMOTO U3 TyUEHUS.
Pemras cucremy ypaBuenwuii (3) — (5) otHocutenbHO Ny mpu KT <<1 U ¢ yd4eToM cooTHolIe-

Huii (7), moIy4um:
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(hvﬂ)1-%"“-7+(E}+FZ)-0'01-n0-T

n =

l+p+(|fp+Fz)-alo-r ’ ®)

roe P

noen — MOIITHOCTb HAKAa4KH, IIOIVIOIIAEMasl B AKTUBHOM 3JIECMCHTC yCHUIIUTCII.

be3pasmepHusiii k03 HUIMEHT p, XapaKTepU3YIOMNH BIUSHUE YCWJIEHHOTO PaJAHAllMOHHOTO
LIyMa, OIPENEIAETCS BhIpakeHneM [8]:

p=9-Gp, -(1+£-@), 9)
rae 9 u @ ompenensIITCs COOTHOMEHUIMH
n - K,
9:0,85+0,088-In(—1j D= T
n O ky
371ech UCTIOIB30BAaHbI 0003HAYCHUS:
1+ 0, -n/k™
gzm—/y L u=k, 1,
X
Koadduuument ycunenus MoxkeT ObITh IpeICTaBIIeH B BHIE [7]:
ky=X'610'n1_601'n_Yp7 (10)

e y, - KO3 (UIIMEHT paccerBaHUs U3ITYYSHHs Ha HEOTHOPOJAHOCTIX AD.

bespa3mepnsiii ko3 PuumeHT y Beraucisercs mo Gopmyne [7]:
c c
X=1+ﬂ.(1+u)_u._t )
O1o O1o

Torna, noxacrasisaa B cootHomenue (10) BelpakeHue (8) A n; U nepexons OT INIOTHOCTEN
MIOTOKOB K NHTEHCUBHOCTSIM, MOJIy4aeM

B (V /v, )popl P/V ( )0_01’/’0
k(2)=7- (1t p)+T,+1,

rae V — oovem AD; p, — KIIJI cucteMbl Hakayky; P; — 4acTb SHEPIMM HaKadKH, BO30YKJaroIas

_001n_7/p’ (11)

MOJIEKYJIbl Ha pabouuii ypoBeHs [9].
Takum 00pa3oM, MHTEHCHBHOCTb M3JyYeHMsS Ha BBIXOJE YCHUJIMTENsI MOXET OBbITh HaiineHa
IIyTEM TIOCIE0BATENBHON MPOLEAYPhI BBIYACICHUN

L, =1,k dz+1]| (12)

I — BBIXOJHAas MHTCH-

rae |,, =1, — MHTEHCHBHOCTb U3Iy4yeHHs Ha BXoje ycunurens; |,_, =1, .

CUBHOCTb.
WuTerpanbHbliil K03)QUIMEHT yCUIeHHs 3a MPOXO01 MOXKET ObITh Hall/IeH Kak

K = I8be/I6x' (13)

WuTerpanbueit ko3 dunment ycunenus K u ycpeTHEHHBIN N0 JUIMHE YCUITUTENS TOKA3aTeNb
Kod(purmenTa ycuieHus ky CBSI3aHBI COOTHOIIEHUEM

104 ISSN 0485-8972 Paouomexnuxa. 2015. Bvin. 182



K, :%- Ln(K) . (14)

[Ipy m3MeHEeHUW BXOIHOM HHTEHCUBHOCTH H3IYyYEHHS MEHSETCS HACEJICHHOCTh pabouero
YPOBHS U, B COOTBETCTBHE C I3THM, 4aCTOTA MaKCUMyMa yCHJIeHHs. YacTOTy MakCMMyMa CIEKTpa
JIFOMUHECIIEHIIMY MOKHO OINPEETUTh U3 Bhipaxenus [10]:

Viax =| 5,36—0,047-In(7,06-T) |- 10* Iy,

C Y4EeTOM TOTO, 4TO
F:[O'm—,u-at—Izy-(1+u)/n:|/|:0'01+lzy/n] : (15)

3Hast 4aCTOTY MAaKCUMyMa YCHJICHHSI, MOKHO TIO U3BECTHBIM (hopMyliaM [7] paccyuTarh COOT-
BETCTBYIOLIME G;; M G, . CpeiHIO HAaCceleHHOCTh N, BO30Y)KIEHHOIO YPOBHS MOYKHO OIpeje-

uTh 13 (10) ¢ TOMOIIBIO BBIpAYKEHUS
1

G0 X

ﬁl =

-[Ey+601-n+yp] . (16)

Torna MakcUManbHBIH KOAPGUIMEHT YCHIESHHSI, corsiacHo (4.9:
[, max _ = max max max
k; —nl-[alo +0gy -(1+,u)—,u-at:|—0'0l N=y,. (17)

|, max
[loxcrasue nosnydenHoe 3uavenue K, B ¢opmyny (7), momyuum 3Hauenune G,

UCIIOJIb3yeMoe B BbipakeHuu (14).
BriBoabI

[TomyueHbl aHATUTHYECKHE COOTHOIICHUS ISl pacdeTra Kod(PHIMEeHTa YCUIIEHUS YCUITUTENS
OeryIieil BOJIHBI HA OPraHUYECKOM KpacuTese C JIaMIIOBOM Hakaukoul. [Ipu BBIBOZIE COOTHOIICHUIA
YUUTHIBAJIOCH BIMSIHHE YCHIIEHHOTO PAJUAIlHOHHOTO M PacCesHHOro myma. Pe3ynbTaThl paGoThI
MOTYT OBITH HCIIOJIB30BAaHbI JJIS pacyeTa SHEPreTUYECKOro pacuera HU3JydyaTeliss Pe30HAHCHOTO
JIA1apa, IOCTPOEHHOTIO 110 CXEME I€HEPaTOP-yCUITUTEb.
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