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HECKOro cocraBa rnoBepPXHOCTHbIX BOA. Pa3pa6ora/-/a MeTo4nKa HOPMNPOBaHWA C6p0COB CTO4YHbIX BOA B BOAHbIe 00BEKTI.

BeepeHue

B cootBercTBUu ¢ BogHbiM Kogekcom Poccuiickoit
Oepepannu, UEISIMU TOCYAAPCTBEHHOTO YIPaBIeHUS
BOJHBIMM pecypcaMu BJISIOTCS: 1) obecrieueHue Ipas
rpaxgaH Ha YKMCTYIO BOAY ¥ OJaronpusITHYIO BOIHYIO
cpelny; 2) moaaep:KaHue ONTAMAIbHBIX YCJIOBUI BOIO-
MOJIb30BaHUs; 3) COXpaHEHUE KayecTBa IPUPOTHBIX
BOJI B COCTOSIHMM, OTBEYAIOLIEM CAHUTAPHBIM 1 5KOJIO-
TMYECKUM TpeOOBaHUSIM; 4) 3aIIMTa BOIHBIX O0OBEKTOB
OT 3arps3HEHNS, 3aCOPEHMS 1 UCTOILEHMS; 5) PeaoT-
BpallleHWe WIW JIMKBUOALUS BPEIHOTO BO3ICHCTBUS
BOI; 6) coxpaHeHHe OMONIOTMYECKOTO pa3HO0Opasust
BOJIHBIX 3KocucTeM. OCHOBHBIM CIIOCOOOM, 00ecTeun-
BaIOLIMM JOCTIDKEHME YKA3aHHBIX BBIIIE 1IEJIei, SIBIIsI-
€TC HOPMHUPOBAHUE MOIYCTUMBIX BO3ACHCTBUIA XO-
39MCTBEHHOMN NEITEIBHOCTA HA TIOBEPXHOCTHBIE BOI-
Hble 00BbeKTHI. ITpakTHyeckast peaau3alus 3TOro Cro-
co0a BO3MOXHa JIMIIb Ha OCHOBE Pa3pab0TKK HOpMa-
TUBOB IpenenbHo gomycTuMbix copocoB (I1J1C) 3a-
IPSA3HSIONIMX BEIIECTB B IOBEPXHOCTHBLIE BOAHBIE
00BEKTHI, IPU3BAHHBIX CMSTYUTD MOCIEACTBUS OMHOTO
13 BUIOB BOJOIOJB30BAHMS — OTBEJCHMSI CTOYHBIX
BOJ (BOIOOTBEICHMS).

Cornacho [1], «<HopmaTtusl I1J1C ycTraHaB1MBaIoT-
CS U KaXJOTo BBIMYCKA CTOYHBIX BOJ IPOEKTUpYE-
MBIX (PEKOHCTPYHPYEMBIX) U IEHCTBYIOLIUX TIpE]-
MPUATUI-BOAOIIOIb30BATENENA, UCXOAS U3 YCIOBUM
HEIOIMYCTUMOCTHU IIPEBBIILEHMS MPEAeNbHO AOMYCTH-
MbIX KOHLIeHTpauuii BpenHsix BemecTs (ITJK) B KoH-
TPOJILHOM CTBOPE WJIM Ha YYaCTKe BOJAHOTO 00BEKTA C
Y4ETOM €ro0 1IeJIEBOTO MCIIONb30BAHUS, a IIPU IIPEBHI-
menun IIJIK B KOHTPOJIBHOM CTBOpPE — MCXOHmS M3
YCIIOBUSI COXpaHEHMS (He YXYIIIeHMS) cocTaBa M
CBOMCTB BOABI B BOAHBIX O0BEKTaX, cPOpMUpPOBAB-
HIMXCS TIOJ BIMSIHMEM IpUpOgHbIX (hakTopoB. [Ipu
3TOM YYMTBHIBAIOTCS aCCUMUIUPYIOIIAS CIIOCOOHOCTh
BOIHOIO 00BbEKTa M ONTUMAJIbHOE pacIpelaeneHne
MacChl cOpachIBaeMBbIX BEIIECTB MEXY BOAOIOIb30Ba-
TeJSIMM, COpachIBaIOLIMMM CTOYHBIE BOABI». B cooT-
BETCTBUU C TeM ke JokyMeHToM, BeanunHa T11C ot-
JEJTbHOTO BBIITYCKA CTOYHBIX BOJ €CTh IPOM3BEICHUE
HX pacxoia ¢, Ha JOMyCTUMYIO KOHLEHTpalLuIO 3a-
rpsisHsttowero Bewectsa Cy (II1C=q,,Cy). O6bryHO
MpearonaraeTcsi, Yto BeJMYMHa ¢, 3aaHa ONTUMAaJlb-
HO, UCXOMS M3 AEHCTBYIOIINX HOPMATHBOB BOJOOTBE-
geHus. IToaToMy OCHOBHOM 3amayeil ompeaeacHUS
HopMatiBoB [1JC gaBnsieTcst 00beKTUBHAS OLIEHKA J10-

MYCTUMOM KOHLIEHTPALIMK BELIECTB B CTOYHBIX BOJAX.
OnHako cyuecTByiolue cnocodel pacuera Cy He Oe-
3yIpeYHbl KaK ¢ TEOPETUUECKOI, TaK M C MpaKTUye-
CKOIi TOYEK 3pEHHMSI, UTO OIPEACsieT aKTYalbHOCTb UX
JaJbHEUIIEr0 COBEPLICHCTBOBAHUS C YYE€TOM OIIbITa
HOPMUPOBaHMs aHTPOIOTEHHBIX BO3NIEHCTBUI Ha Tep-
putopuu Poccuiickoit @enepalinu B TeUeHKE MOCTEN -
HUX IBYX OECATUICTUN.

CywecTsytowme cnocobbl pacyeta NAC

Hcnonb3yeMble B HACTOSIILEE BPeMSI CITOCOOBI pac-
yeta HopMaTuBOB IIJIC Gasupyiorcss Ha yIpoIneHUN
cucteMbl auddepeHIManbHbIX ypaBHeHUW Habbe-
Croxca, Hepa3phIBHOCTH MMOTOKA XKUAKOCTHU, TEIJIO- 1
MaccornepeHoca B BOAHOI cpeie U JOHHBIX OTJIOXe-
HISIX, TIPYEM ypaBHEHHE MacCoIepeHoca 3amChiBa-
€TCS OTHEJNbHO U1 PaCTBOPEHHOM, B3BEIICHHOW M
KOJITOUAHON hopM MuUrpauuu sjeMeHToB [2]. ITomy-
YUTh pellieHHe YKa3aHHOW CUCTEeMbl YpaBHEHUI — 3a-
Jlauya UCKITIOYMUTENbHO CJIOXHAsI, B CBSI3U C YeM B psiae
CIlyyaeB pacCMaTPMBAIOTCS CUCTeMa YpaBHEHMI
Cen-BenaHa, omHOMepHbIE ypaBHEHUS TU(PY3Uu Be-
IIECTBA B BOJHOM ITOTOKE 1 JOHHBIX OTJ0XeHus1X. Ho
UCIOJIb30BaHUE U 3TOM MOJIENN COMPSIKEHO C MHOTO-
YUCTIEHHBIMU 3aTPYIHEHUSIMH, BKITIOYast HEIOCTATOY-
HOE€ KOJIMYECTBO HEOOXOOUMOMN MCXOMHON MH(popMa-
uuu [3]. [Toatomy ¢ 11e/1bI0 TONYYEHUST TTIPUEMIEMBIX
JUIS TIPAKTUYECKOTO MCTIONb30BAHMS PACUETHBIX 3aBU-
CHMOCTEl 00OBITHO pacCMaTpUBAETCS YpaBHEHUE MaTe-
pHaIbHOTO OajaHca, Ipeodpa3yeMoe K BUIY:

Cr/) Qrf) 7/ + Ccm qz‘m
Co="""F""— )
! OpY + Gem

rIe ¥ — Ko3(pOUIMEHT CMeNIeHns TIOBEPXHOCTHBIX U
cTo4HbIx Boft; C, 1 O, — KOHLEHTPaLHs BELECTBA B BO-
Jie ¥ pacxo[ BOIbl B BOMTHOM OOBEKTE 10 MOCTYILICHUS
CTOYHBIX BOJI C PACXOIOM ¢, U COMEPKAHUEM BEIeCTBa
C.ns C, — PE3YBTUPYIOLIAA KOHLIEHTPALIMA BELIECTBA B
BOIHOM OOBEKTE B KOHTPOJIEHOM CTBOPE, YIAJIEHHOM OT
BBIITYCKa CTOKOB He aanee, yeM Ha 500 M [4, 5].

[Tonarast, 4To AECTPYKIIMS BEIIECTBA B BOTHOM ITO-
TOKE OMNMCBIBAETCS JUHEHHBIM AuddepeHIInaTbHbIM
ypaBHEHMEM IIEPBOTO MOPSIKA, TPOU3BOIUTCS COBME-
IEHWE PELIEHUs] 3TOr0 YpaBHEHUS U ypaBHeHus (1),
PE3yJIBTaTOM Yero sIBJsieTcsl BhipaxkeHue (2):

C¢;Q¢7 + a')n QCm
C, =——="——""—exp(—k?), 2
SR O P @
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IIe ¢ — KOOpAWHATA BpeMeHH; kK — yIembHas CKOPOCTh
M3MEeHeHUS] KOHILIEHTpAllMK BEINeCTBa (U1 TaK Ha3bl-
BaeMBIX KOHCEPBATUBHBIX BELIECTB OOBIYHO MPUHUMA-
erca k=0). Vp. (2) mocne samennl C=IIJIK u
n=(Q4y14.)/q., HeTPYIHO IIpe0OPa30BaTh K 00sIee IIpy-
BbIYHOH (hopMe (3), UCToNb3yeMO# ISl pacyeTa A0Iy-
CTUMBIX KOHLIEHTPALIMii BELleCTBa B CTOUHBIX Bofax Cyy:

Cux = n(IIAK exp(kt) - Cp) + Gy . (3)

[Tapametp n — KpaTHOCTb pa3z0aBieHus — B yp. (3)
MOXeT OBITh nosydeH MeTonoM ®pososa-Pom3uiiepa
WJTH TIO BBIPAXEHHUIO:

e @
C,ua)cc - Cd) ’

rne C,,, — MakcuMaslbHasl KOHIIEHTpallMs BellecTBa B
KOHTPOJIBHOM CTBOpE, OIpenaeiseMas II0 METOHy
A.B. Kapaymesa [4] wiu MHBIM CIIOCOOOM pEIIEHUS
ypaBHeHMs U Py3un B BOTHOM 00bekTe. OnucaHHast
BbIIIE MOJIEb, HA MIEPBbIi B3MJIS, OTJMYAETCS TPOCTO-
TOM M XapaKTepu3yeT OCHOBHBIE IPOLECCHl aHTPOIIO-
TeHHOI TpaHChopMalMM XMMHUYECKOIO COCTaBa IIO-
BEPXHOCTHBIX BOJI 32 CYET UX CMELICHMSI CO CTOKAMU 1
JECTPYKIMK 3arpsizHsitoniero BemiectBa. OqHaKoO 3TH
TOJIOKEHMSI HE COBCEM BEPHBI M3-3a 1IEJIOTO psiia Mpu-
yyH. [lepeuyncnuM JIuib HEKOTOPHIe U3 HUX. Bo-nep-
6blX, TIPOCTOTA MOJE/IM MCYE3A€T IIPH TIOIBITKE YIECTh C
MOMOIIIBI0O MHOTOUUCIEHHBIX KO3 DHUILIMEHTOB pa3Ho-
00pa3Hble MPUPOTHO-TEXHOTEHHbIE YCIOBUS, HAOIMIO-
JaeMble Ha peallbHBIX BOTHBIX 00BEKTaX. Bo-6mopbix,
M3MEHEHNE KOHIEHTpallWii BeIeCTB AaleKO He BCeraa
MOXET OBITb OIMMCAHO YKa3aHHBIM BBIIIE CIIOCOOOM.
B-mpembux, B HacTOSsIILIee BPEMsI OTCYTCTBYET TEOPETHU-
4eckoe 000CHOBaHME criocoba pacyera napamerpa C, B
yp. (3), uMeromiero cMeICT (POHOBOM KOHILIEHTPALIUH.

CornacHo [1], ¢poHOBOI Ha3bIBaeTCSl KOHLEHTpA-
s, «paccUMThIBaeMasi MTPUMEHHUTENIBHO K JaHHOMY
MCTOYHMKY TIpuMeceil B ()OHOBOM CTBOPE BOIHOTO
00BeKTa TIPK PACYETHBIX THAPOJIOTHIECKUX YCITOBUSIX,
YUUTHIBAIOLIAS BIUSTHUE BCEX MCTOYHMKOB MpUMeCeit
3a MCKJTIOYEHMEM JaHHOTO UCTOYHMKa». Ha mpakTrke
3a ()OHOBYIO KOHLEHTpaLMIo BeulectBa C, MpUHUMA-
eTCS CTAaTUCTHIECK 000CHOBAHHAS BEPXHSS TOBEPHU-
TebHAS TPaHUIIA CPETHEro apupMETHIECKOTO COmep-
XaHMS 3TOTO BEIECTBA, PACCYMTAHHAS C JOBEPUTETb-
HOI BepOSTHOCTBIO 95 % T10 pe3y/braTaM THIPOXUMU-
YeCKWX HAONIONEHNI B CTBOPE, PACIIONIOKEHHOM BHI-
IIIe TI0 TEYEHMIO OT BBIITYCKA CTOYHBIX Boml. Ecmm mex-
1y pacxoloM BOJIbI M KOHIIEHTpAllMeN paccMaTprBae-
MOTO BEIEeCTBA CYIIECTBYET CTATUCTHYECKH 3HAYMMAsT
CBSI3b, TO pacyeT MpOBOAMTCSA Mo dopmyie (5), a ecnu
HeT — To 1o dopmyie (6):

n=

Cp = C(Oss) + ZJ"_MS : 5)
C,=C, + %S 6)

b
M
e C(Qs) — KOHLIEHTpaLMsl BelleCTBa, OnpeaeeHHasT
M0 PETPEeCCHOHHON 3aBMCHMOCTH TIPY MUHHMAJIBHOM

CPEIHEMECSIIHOM PACXOIe BOIBI B TOJ ¢ BOIHBIM CTOKOM
obecriedeHHOCTBIO 95 %; Z,, — KpUTHUecKoe 3HaueHHe
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koaduimenTa CTblofieHTa MPU YpOBHE 3HAYMMOCTHU
o=5 %; M — nnvHa psiia THIPOXUMUYECKUX HaOmoIe-
HUll; o — CpelHee KBaapaTM4Yeckoe OTKIOHEHUE KOH-
LEHTpAllMK BEILEeCTBa; S — CpPeAHSS KBagpaTHiecKast
MOrPELIHOCTb pacyeTa KOHLEHTPALIMH BELIECTBA OT pac-
X0J1a BOJIBI IO PErPeCcCUOHHOM 3aBucuMocTy;, C, — cpefi-
Hee apu(MeTHIecKoe 3HaYeHNe KOHLEHTpALUK Bellle-
CTBa B BOIHOM 00BEKTE B ITEPHOI rojia, HanboJee Heoa-
TONPHMSATHBINA C TOYKHU 3pEHIS CAMOOYHIIEHYS [6].

[portienypa BeraMcIeHNs (DOHOBBIX KOHIEHTpAIIHIA,
Kak M pacyeT TapaMeTpa A, CYIIECTBEHHO OCJIOXHSETCS
UCTIONb30BaHMEM psiia TIONMpPaBOK M JAOMYIIEHWH, B pe-
3yJIBTaTe YEro Ha MPaKTUKE KX OMpeie/IeH e HEPEIKO CBO-
JUTCS K UCTIONB30BaHMIO (DOpMYITHI (6) s 3UMHETO TTe-
puona. Ho camoe T1aBHOe, B HACTosIIIee BpeMs HET METO-
JIMKM OTPEIESICHUS aHTPOIIOTEHHOM M IIPUPOTHOM CocTa-
psotx C;, 0COOEHHO U Cilydaes, Koraa (oHoBast
KOHIIEHTpaLust 0oJblLie TpeesbHO fomyctumoit. [o atoi
TIPUYMHE TPOMO3IKIE BEIUMCIICHHS OKa3BIBAIOTCS OeCITo-
JIE3HBIMM, TaK KaK B HOPMATUBHBIX TOKYMEHTAX YKa3bIBa-
€TCsl Ha 11e/1eco00pasHOCTb B MOJOOHBIX CITydasix MpOBO-
JuTh pacueT HopMatrBoB [1J1C Ha ocHOBe MpesiebHO 10-
myctumbix koHueHTpaumit (C,=I1IK). Kpome Toro, cie-
IyeT OTMETHTb, YTO B HaCTOsIee BpeMs pa3paboTaH U
JeicTBYeT Ha Beeid Tepputopur PO HOpMaTUBHBII OKY-
MEHT TOJIbKO JIJIs1 pacyeTa ()OHOBBIX KOHIICHTpALIMIA B BO-
JIOTOKAX, METOIMKM pacyeTa (POHOBBIX KOHIIEHTpaLUii B
03epax 1 BOMOXPaHWINIIAX OTCYTCTBYIOT, @ pacyeT (hOHO-
BBIX KOHIIEHTpAIMi1 B OOJIOTHBIX BOIAX PETIaMEHTHPOBAH
TOJIKO Ha TEPPUTOPUSIX OTHEIBbHBIX 00IaCTel.

C y4eToM aKkTyalbHOCTH MEPEYMCICHHBIX BOITPO-
COB, HEONHOKpPAaTHO OOCYXZaBIIMXCSI B paboTax
E.B. Bennunanosa, A K. Kouapsgna, JI.51. PatkoBuya
1 IpyTUX aBTOPOB, Ha Kadeape r'uaApOre0ory, NHxXe-
HepHo# reojioruu U ruaporeoskonoruu (F'NTD) Tom-
cKoro monuTtexHmdyeckoro yHusepcurera (TIIY), B
0O061aCTHOM TOCYIapCTBEHHOM YHUTApHOM IIpeIIIpusi-
MU «TeppuUTOpUANbHBIA LEHTP TOMCKIeOMOHMTO-
punr» (T TomckreomoHuTopuHr), O61aCTHOM TrOCY-
TapcTBEHHOM  yupexneHun  «OOIKOMIIpHpoaa»
(r. Tomck) u TomcKoM oTaENe BOTHBIX pecypcoB Bepx-
He-O0ckoro 6acceiiHOBOro BOIHOTO YIIpaBJIeHMs Ha-
YaThl UCCIENOBAHMS C LEIbI0 Pa3pabOTKU MaTeMaTu-
YyecKMxX Mopeseil MpUpOJHO-aHTPOMOTEHHOH TpaH-
copMaIMi COCTOSTHUS BOITHBIX OOBEKTOB, TPUTO-
HBIX IS pelieHust 3anay pacyera HopmatusoB I11C u
OLIEHKM BO3/IEICTBUS HAa OKPYKAIOIIYIO Cpe/y B 3ama-
HO-CUOUpPCKOM perroHe. B pamkax 3THX uccienoBa-
HU TIpX HETOCPENCTBEHHOM YJYaCTHH aBTOpa OBLIM
pa3paboTtaHbl «BpeMeHHbIE METOAMYECKHE YKa3zaHMS
M0 TIPOBEICHUIO PacyeToB (DOHOBBIX KOHILIECHTPALIMIiA
BEILIECTB B 0OJIOTHBIX BOAAX M MPEIEIbHO TOMYCTUMBIX
copocos (I1J1C) BpenHbIxX BeuiecTB B 00J10Ta CO CTOY-
HBIMH BOIaMM», BBEICHHBIE B IEHCTBHE HAa TEPPUTO-
puu Tomckoit obnactu ¢ 23.07.2003 r. B nanHoii pabo-
Te MPUBOIATCS PE3YIbTaThl CIEAYIONIEro 3Tamna 1uccie-
JIOBaHUI, CBSI3aHHOTO C MOMBITKON YHU(DUKALIMY Me-
TomuK pacuera HopMaTBoB IIJC 1 Bcex TUIIOB ITO-
BEPXHOCTHBIX BOIHBIX 00BEKTOB, Pa3pabOTKU 1 000C-
HOBaHMSI HOBOTO croco0a orpenenaeHus (POHOBBIX
KOHIIEHTPALMii BELIECTB B IOBEPXHOCTHBIX BOJIAX.
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OueHKa AONYCTUMbIX aHTPOMNOreHHbIX BO3AENCTBUN

Pacuet nomyctumMoii KoHueHTpauuu Bemectsa Cy B
CTOYHBIX BOJAX MPOBOIMTCS IS ClTydast HauboJjee He-
0J1arOIPUSATHBIX TUAPOJIOTMYECKUX YCIOBUIA, KOIIa Ha-
OJromaeTcsl MUHMMAJIbHOE CaMOOUMILEHKME IOBEepX-
HOCTHBIX BOJ, OT 3arpsi3Hsionux Bemects. Ho npu atom
Ha TPaKTUKe HE YYUTHIBAIOTCS IOTPEIIHOCTH OIpee-
JIEHUSI UCXOHBIX TTapaMeTpoB yp. (3) U OMHO3HAYHO He
onpeze/ieHsl aeicTsus, Koraa C, 6ombiue I1IK. He me-
HSS (DOPMYJIMPOBOK HOPMATUBHBIX JOKYMEHTOB, BBIXO[
13 YKa3aHHOI CUTyallMd MOXET OBITh HalifieH TpH KC-
MONb30BaHUM 11 omnpefencHus Cy TPamMIMOHHBIX
KPUTEPUEB OTHOPOJHOCTH IBYX BHIOOPOK 0OBEMOM
M — B ycnoBHO oHoBOM (C;) 1 HapymenHoM (C,) co-
cTosIHUSIX. BO3MOXHOCTD MOIOOHOr0 MOAX0AA CBI3aHa
C TeM, 4To cMBbICT pacueta HopMatuBoB [1JIC Kak pa3 u
COCTOMT B HAXOXJICHUH TAKOTO YPOBHSI aHTPOIIOTEHHO-
TO BO3IEICTBUS HA BOOHBINA OOBEKT, IPH KOTOPOM €r0
COCTOSIHME CYLIECTBEHHO He MeHsieTcsl. UHbIMHU ci10Ba-
MU, BEPOSTHOCTb P OTBEPTrHYTh HyJIEBYIO TUMOTE3y H,
00 OIHOPOTHOCTH ABYX BHIOOPOK HE JOJIKHA IIPEBBI-
IIaTh MPUHSATHIA YPOBEHb 3HAYUMOCTH O

P(EeB|H))<a,

rme £ — CTAaTMCTUKA UIS TIPOBEPKM HYJEBOW TUIIOTE3BI;
B— xputnyeckast oonactb. Ecm npeanonoXuTh, 4to 3Ha-
yenua C,u C, pacripesie/ieHbI 1o 3aKoHy Taycca, a mucriep-
CUM G M G, U3BECTHBI U PABHBI (0”=0;=0, NPY TTOCTOSH-
HOM BOJOOTBEICHNH ), TO B KAUECTBE CTATHCTUKI BO3MOX-
HO Hcronb3oBanue Kpurepust CThioneHTa Z B BULIE:

7 = ‘CP _C‘j"
fi
unu ¢ yuetoM (1):

= 5 .
I’ZGJM

Torna orpaHuyeHue 1ist BeMuuHbl Cyy PY 3aaH-
HOM KPUTHYECKOM 3HAYEHUU Z; , MOXKET OBITh CHOp-
MYJMPOBAHO B BUJE:

Cg]( < Cdl + l/le,o((T1 ﬁ (7)

Takum 00pasom, HOMYCTUMAs KOHLEHTPALMA Be-
IIECTBA B CTOYHBIX BOJAX C MOIPABKOM HAa KPAaTHOCTD
pasbaBlIeHMsA 1 HE [OJIKHA BBIXOAUTH 32 IIPENEIbI
BEPXHEN OBEPUTENLHOM IPaHUIIBI U3MEHEHNUS (DOHO-
BOTO COAEPXKaHMUA B IIOBEPXHOCTHBIX Bogax. C yyetom
3TOrO 3a/la4a CBOAUTCA K 000CHOBAHMIO U Pa3padoTKe
TIIPMEMJIEMOTO Ul MPaKTUYECKOTO MCIIONb30BAHMUS
criocoba onpeneneHus BeMuIrHbl C.

Maremartuyeckas Mogenb GpoHOBOro
XUMMYECKOro COCTaBa NoBePXHOCTHbIX BOS,

PaccMoTpuM ogHOMEpHOE YpaBHEHHUE TYpOYJIeHT-
Hoil nuddy3uu ¢ pynkmeis ncroaunnka f{ C)=—kC:

oc ., 0C _ 6 8C
T ( ) kC, (8

r7ie X — KOOpAUHATA MPOCTPAHCTBA; ¥ — CKOPOCTh [IBU-
KeHMS BOAHBIX Macc; D — K03 uIeHT TypOyaeHT-
Hoii auddy3un. IlycTh moaHOe M3MEHEHME pacxona
BOJIbI OMKUCHIBAETCS Yp. (9), a €ro YacTHbIE U3MEHEHUS
BO BpeMEHU U BIOJIb TOTOKA — BhIpaxkeHusiMu (10, 11):

a0 _0
dt 7 =20, ©)

o0
o =9

00 _A- )u A
) (1n

Ie T — BpeMs ﬂo6eraH1/m BOIHBIX Macc; A, A, A, —
YIEJIbHBIE CKOPOCTH MOJHOTO U YaCTUYHOTO U3MEHE-
Hus pacxona Bofbl. ITycts A,/v~const. Torma ypaBHe-
HUe [l IosiHoTO U depeHiiMana KOHLEHTpaluy Be-
IIecTBa MOXHO 3aIicaTh B BUIE:

dc _oc, 00 _ocoQ oCIQ_oC 1
dr o Vox 6Q6t+v6Q6 =500 (12)

a BBIpaXeHWe, omuchiBaolnee Tuddysnio, — B B
BBIPAXKEHNUS:

(10)

(13)

o°C
D(— )Q(aQ 0+ GQJ
C yuetom (12, 13) HpI/IBe)ICM yp. (8) X BUY:

0 0C  poC ()__kC -0

14

Dty

[TonyyeHnHoe yp. (14) B 3aBUCHMOCTH OT 3HAUYCHUI
D, A, A,/v, k uMmeet psii U3BECTHBIX pelleHuii. B yact-
HOCTH, OHO M3 pelIeHUi Mpu yCIOBUU k/A~const 1
0 MpUHKUMAET BUI:

C= ClQO’S(H”“) + CZQOaS(I*Z*lJ) ,
e C,u C, —

( 2y - ; A
f; p=|1=x) +4T-
D2y D)

\4

(15)

TTOCTOSHHBIEC MTHTETPUPOBAHUS,

Z:

2
Wcnonb3ys npubamkeHue va™ +x ~a+ Txa , amn-

MIPOKCUMUPYeM L BbIpakeHueM (16) u mepernmieM
(15) B Bume (17):

ux—4 2k (16)
%)
D(*2)
Ak
D (@y A _k
C=C0 ' +GCQO * (17)

[Mpunumas C,=0, MOXHO ITOJYYUTb YACTHOE pellle-
Hue yp. (17) B Buze:

(o)
c_a(gj , (18)
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rae G, u Q) — HauajbHble KOHLIEHTpAIIMs BEIECTBA U
Pacxof BOBL.

Vp. (18) 6e3 cneuuaabHOro 000CHOBAHUS UCIONb-
3yeTcsl B TUAPOXMMUYECKON TIPAKTUKE TIPU OMpeaese-
HUY (POHOBBIX KOHIIEHTpALWIA BelIeCTB [6] u mis apy-
rux ueneid. Ha camom nesie OHO MMeeT BMOJIHE MOHST-
HbI (U3NYECKUI CMBICT M ONMMCHIBAET OTKJIOHEHUE
KOHIIEHTPALK BEeLIeCTBa OT €€ YCJIOBHO PaBHOBECHO-
IO 3HAYEeHMs, COOTBETCTBYIOLIETO CPEIHEMY TreoMe-
TpruIecKoMy conepxanuio [7, 8]. s moaTBepxxaeHMs
3TOTO BbIBOJA PACCMOTPUM Ha (DeHOMEHOJIOTUYECKOM
YPOBHE CUCTEMY «BOla — MOPOJa», B KOTOPOM TpOTe-
KaloT HeoOpaTUMble TMAPOXUMUYECKHUE TMpoliecchl. B
LIeJIOM, COCTOSIHME 3TOI CMCTEMbl HEPAaBHOBECHO, HO
OTIIEJIbHBIE €€ YaCTU KBa3MPaBHOBECHbI M UMEIOT Tep-
MOJMHAMUYECKKE TTapaMeTPhbl, BpEMsSI U3MEHEHUS KO-
TOpPBIX 0OJIbIIIE BPEMEHM pelakKCallui B 3TUX YacTIX U
HaMHOTO MeHblIIe BpEMEHH, 32 KOTOPOe YCTaHaB/IMBa-
€TCcsl paBHOBeCHe BO Bcell cucteMe. B otnenbHoit Ma-
JIOI moacucTeMe MpoTeKaeT [ XMMUYECKUX peaklui,
KOTOpbIE MOXHO OOBENVHUTD B OJIHY CYMMAapHYIO pe-
aKII1I0, OMUCHIBAEMYIO BhIpaKEHUEM:

L

AGT:RT[Zlan—anTOJ, (19)

i=1
e AGru K} — obliee n3MeHeHre CBOOOIHOM SHEPIUI
CUCTEMBI ¥ CyMMapHasi KOHCTaHTa paBHOBECHsI TIpH 3a-
naHHoii Temniepatype T; I, — cyMMapHoe Ipou3BeicHue
AKTUBHOCTE KOMITOHEHTOB, YUaCTBYIOLIMX B KAXIO0M U3
peaximii (L+1 — KOMM4YeCcTBO BEILECTB, YIaCTBYIOIIUX B
CyMMapHoii peakuuu). Mcrnons3ya yrpollugHHOe ypa-
BHeHUe [le0as-X1oKKes IUIsT ONMCaHUS CBSI3EH MeXIy
aKTMBHOCTBIO MOHA a U ero KoHLeHTpaluei C, moce-
JoBaTeIbHO TipeobpasyeM (19) mo cxeme [8]:

a=11x/7C,

i
iln H[ :ibxilnax +izbfj In a,
i i i
L

I
> > bInGy =ZV:bV InC,,
i Jj v

L L

1 L
by =2 b+ 30D by b= ba,

i J

By=by /b, B. =b, /b,

1 [ AG 0 c
— T
In CX_b(RT +1nKTj—Bo \/7— Ev B, In C,,

_L AGT 0 |_ ~
B*_&(RT+IHKTJ Boxﬁ const,

,
InC,~B.->» B,InC,

rie n — Koa(pPUUMEHT, yIUThIBAIOLIMIA 3apsia U 3¢]-
(peKTUBHBIN TUaMeTp MoHa; [ — MOHHAsI cujia PacTBO-
pa; b — cTexroMeTpuuecKuii KoadbulMeHT; B, — KOH-
ctaHTa. [Ipy ycloBuM, YTO BEPOSTHOCTH BEJIUYMHBI
In C crpemurcs x 1/ M, g MaTeMaTYeCKOro OXuaa-
HuUs JorapudmMa KOHLEHTpAllMKM pPacCcMaTpUBAEMOTro
BemectBa E(In C) OyneT cripaBe/IvBo;
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Vv
E(nC,)=B.-Y BE(nG,) (20)

v

Takum 00pa3oM, MOXHO CHENaTh BBIBOI O TOM, YTO,

BO-TIEPBBIX, CpPEHEE TeOMETPUUECKOe 3HAYECHHE KOH-
LIEHTpALIMK BEIIECTBA COOTBETCTBYET YCIOBHO PAaBHOBEC-
HOMY COCTOSIHUIO CHCTeMbI «BOfla — MOPOJa», COOTBET-
CTBYIOLIEMY MUHUMYMY CBOOOIHOM 3Hepruun. OTKIIOHE-
HUSI OT 3TOTO COCTOSIHMSI OMPEeNsOTCS MHTCHCUBHO-
CTbIO BOJIOOOMEHA, PeryJIMpYIONIei IUPKYISIMIO Bellie-
CTBa U SHEPTUM B BOJHOM OOBEKTE B COOTBETCTBUM C 3a-
ucumocTsMu Bupa (15, 17, 18). Bo-Bropsix, on (poHo-
BBIM CJIGIyeT MOHMMATh YCIOBHO PaBHOBECHOE COCTOSI-
HHe BOTHOTo 00beKTa, chopMUpoBaBLIeecs MO, BIMS-
HUEM MPUPOTHBIX M aHTPOIIOTEHHBIX (haKTOPOB 3a Mpe/-
LIECTBYIOILMIA CTATUCTUYECKU OTHOPOIHBIN MEPHOSI.

Pacyet HopmaTtusos MAC

C yueTtoM ypaBHeHmii (7, 20) mocieqoBaTeIbHOCTh
pacueTa HopMaTtuBOB [1/1C BRIIAIMT Cle oM 00-
pazoM:

— 10 JAHHBIM PEXUMHBIX TUIPOXMMUYECKUX UCCTIE-
JOBaHMii (32 Bech MepuoA HaOIIOAECHUI) ompe/e-
JSIIOTCS CpelHMEe TeOMETpPMYECKME 3HAYCHUS U
cpegHMe KBapaTUUecKWe OTKIOHEHMS KOHIIEH-
TpaLuil HOPMUPYEMbIX BEIIECTB;

— C YYeTOM pas3iM4Mil TMAPOXMMUYECKOTO pexXuMa
Pa3IMYHBIX TUIIOB BOAHBIX OOBEKTOB BbISBISIOTCS
reorpauuecke 3aKOHOMEPHOCTH W3MEHEHUS
CPeqHUX TeOMETPUYECKMX 3HAYEHWH M CPeqHUX
KBapaTMUYECKUX OTKJIOHEHWI KOHIIEHTpaluil Be-
LIECTB OTIEIbLHO B BOJaX OOMBIIMX, CPETHUX U Ma-
JIBIX BOIOTOKOB, 03€p, BOOOXPAHMJINIII, TIPYIOB, 00-
JIOT: 1S OOJBLIMX PEK HAXOAATCS 3aBUCUMOCTHU U3-
MEHEHUS! CoflepKaHUiA BEIECTB MO JAJTMHE BOJAOTO-
Ka; JJIsl CPEAHUX PEK COCTaBJISIOTCS KapThl (CXEMbl)
WX U3OJIMHMIA; JUTSl IPOYMX BOTHBIX O0BEKTOB — Kap-
ThI (CXeMbl) OJHOPOIHBIX TUIAPOXUMUYECKUX paiio-
HOB (00OOCHOBaHME DPa3NIUUYUii TUIPOXMMHUYECKOTO
pexuMa 00JIbLINX, CPETHUX U MaJIbIX PEK Ha TpUMe-
pe Gacceiina Cpenneit O6u mpuseneHo B [9]);

— IS TIPOEKTUPYEMBIX OOBEKTOB MpPU OTCYTCTBUM
HEeOOXOIUMBIX HAOMIONEHUI 33 COCTABOM CTOYHBIX U
TTOBEPXHOCTHBIX BOJI KPaTHOCTh pa30aBieHUs IPUHU-
Maetcst Kak #=1 (BemrumHa [1JIC xoppekTupyercs B
KOHIIE OTYETHOTO Tojia TI0 MaTepHaiaM r'uApOXMMUYe-
CKUX HaOMoeHI), 17151 IPOYMX OOBEKTOB HapaMeTp
nHaxoauTcs 1o popmysie (4) 1o JaHHBIM 3a MPEIbITY-
1mii nepuon aevicteust HopMmatros [1J1C (o 5 ner);

— U1 KOHTPOJIbHBIX CTBOPOB OMPENENISIOTCS (POHO-
BbI€ COIEpXKaHMs BEIIECTB M UX CpeIHMEe KBaapaTy-
YeCKHe OTKJIOHEHUST: ISl OOJIBIIMX PeK — IO 3aBU-
CHMOCTSIM OT TIPOTSDKEHHOCTHY BOJOTOKA WM ITyTeM
MHTEPIIOJISLUM MEXAY IMYyHKTAMU PEXMMHBIX Ha-
OJI0IeHMIA; 171 CPEMHUX PEK — O KapTaM (CxemaMm)
M30JIMHUI COliepXKaHMil HOPMUMPYEMBIX BEILECTB;
JUIsl TIPOYMX BOTHBIX OOBEKTOB — II0 KapTaM (cxe-
MaM) OTHOPOIHBIX THAPOXUMUYECKUX PaliOHOB;

— npoBoautcs pacyet Cy o yp. (7), a 3aTeM — BbIUM-
cnenue Bemmunnb T1/1C.
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IIpenynoxeHsl HOBBIE CIIOCOOBI pacyeTa (POHOBBIX
KOHIIEHTpALMii BeLIIECTB B MOBEPXHOCTHBIX BOAAX U MX
HopMatuBoB [1JIC B BomHbIe OOBEKTHI CO CTOYHBIMU
Bogamu. [IpenMyIiecTBa JaHHBIX CIIOCOOOB IO CPaB-
HEHMIO ¢ CYIIECTBYIOIIUMM 3aKJIIOYAIOTCS B HATMYUN
TEOPETUYECKOr0 00OCHOBAHUSI, OTCYTCTBUM XECTKOM
npuBs3ku K [TIK, npocroTe pacueToB ¥ HArSITHOCTH
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TOMCKWMIA NOAUTEXHUYECKIA YHUBEPCUTET
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Ha ocHoBe nnTepatypHbIX MaTep1asnos 1 OPUrMHaIbHbIX (PakTUHeCKX laHHbIX 0XapakTeprn30BaHbl OCODEHHOCTV XMMMYECKOro COCTaBa
6ONI0THbIX BOA 10ro-BOCTOYHOM YacTy 3anagHon Cubupwu C npuBnedeHeM CBEAEHNI M0 APYrvM 3a60104EHHbIM PErVIOHaM. BbisBrIeHb
L[ONONHNTENbHbIE AETaNM npouecca popmmpoBaHmsa coctaBa boMOTHbIX BOA B Npeaenax BepT1KabHbIX 30H HU3MHHbIX Tnos 6onoT pe-
VioHa. YCTaHoB/EHa NPAMas 3aBUCUMOCTb COAEPXKAaHMA LUENOYHO3EMENbHBIX 31EMEHTOB B TOP(AHbIX BOAAX M Topgpax.

XVMHYECKUIT cOCTaB BOJ, 3a00JI0YEHHBIX paliOHOB
(hopMupyeTcsl B TeOXMMUYECKOIl 0OCTaHOBKE, BIUSHUE
KOTOpPO# Ha 3TOT CJIOXKHBIN MPOLIECC U3y4eHO HenocTa-
TOYHO. DTO OTHOCHUTCSI, B YAaCTHOCTH, K B3aMMOCBSI3U
MEXIy KOHIIEHTpallMeil OCHOBHBIX XMMHUYECKUX 3JI-
€MEHTOB B Topdax 1 00J0THBIX Bogax. [1pyu 3ToM psiaoM
aBTOpOB [1—3] oTMeuaeTcs onpeeeHHas B3aMOCBSI3b
00JIOTHOrO MUHEPAI000Pa30BaHMS C TUIPOreOXMMIYE-
ckoit cpemoit. ITocaenHsst HEIOCTaTOYHO M3YYeHa B OC-
HOBHOM B CHMJIy CBOEH CIIOXHOCTH, OOYCJIOBJICHHOI
TPYAHOCTSIMU UCCJIENOBaHUS TPOLIECCOB ODOTAIlIEHNUS
0OJIOTHBIX BOJ, Pa3TMYHBIMU OPTaHUYECKUMHU COENUHE-
HUSIMHU T10]] BO3IECTBIEM OCTaTKOB PacTeHMIA, TOP(OB,
aTMOC(EpPHBIX OCAIKOB, II0YB, TOPHBIX TIOPOJ, TOBEPX-
HOCTHBIX ¥ TOA3eMHBIX BoA. B 3TOM OTHOLIEHWM WMH-

(hbopMaTHBHBI MaTepUabl, TOJYYEHHBIE B IOTO-BOCTOY-
Ho# yactu 3amagHoii CuOMpM, BKITIOYAIOIIMIA CaMbIil
00J1bILI0N B MUpe 3a00104€HHBIN perMoH — BactoraHbe.
Bompocsl, 3arparuBaromiye mpodiaemy (hopMUPOBAHMS
COCTaBa BOJ er0 OOJOTHBIX MACCHBOB, OCBEIIICHBI B PsIIe
nyomKanuii, mossistiomuxcs ¢ 30-x TOIOB MPOILIOro
CTONIETHSI. Y3Ke B paHHMX M3 HUX, BBITTOJHEHHBIX, B YacT-
Hoctu, A.A. bpoH3oBbIM [4], MOTYEpKMBaIAcCh TeCHast
B3aMMOCBS3b (POPMUPOBAHUS TUIIOB OOJTOT M XMMMUYE-
CKOTO COCTaBa BOJIbI, T.. TECHOE MEPEIIETEHUE 3THUX
npotieccoB. bosee feTanbHO 3T0 MOIOXEHUE OXapakTe-
pu3oBaHo B myommkauusax C.JI. HIsapuesa u ap. [5],
H.M. Pacckasosa u ap. [6] u 1p.

[TpuponHbie ycioBHUsS OOJOTHBIX PAlOHOB IOTrO-
BOCTOYHOI1 yacT 3amanHoit CuOMpu ToCTaTOYHO pa3-
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