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BUOTEOXMMHMWYECKHUE OCHOBbBI PACYETA KPUTHYECKHNX HAT'PY30K
KNCJIOTHOCTU HA DKOCUCTEMbI EBPA3NN

/s oyenku 6030elicmeus mMpancepaHuuHo20 3azpasHerus 603dyxa Ha meppumopuu Ceseprou Eeépazuu npednodcen cno-
co0 pacuema kpumuveckux Haepys3ok. OH 6azupyemcs Ha aHaau3e OUOLEOXUMUHECKOU CMPYKMYpPbl NPUPOOHbIX SKOCUCEM C
UCNONB306BAHUEM CHEUUANbHO PA3PAOOMAHHbIX U A0ANMUPOBAHHBIX MEMOOUK pPACHemOo8 8eAudUH KPUMUYECKUX HAZPYy30K Om-
OeNbHbIX 3aepASHAWUX eewecms. Pacuemsl u nociedywuee Kapmoepapuposanue 6eaudur KpUMUu4ecKux Haepy3oK ROAM0-
MAHMO8 U UX NpeebluleHUll 6bINOAHAIOMCS ¢ NPUMEHEHUEM KOMNbIOMEPHOU MOoOeau, 8 KOmopy mo2ym Obimb GKAUEHbl pe-
3YA6Mamol HAMYPHbIX MOHUMOPUH208bIX UCCACO08AHUU, AUMeEPAMYPHble OAHHble U UHDOPMAUUS, NOAYYEHHAS HA OCHOGe
9KCNEPMHBIX OUEHOK, a MAKice NeKMPOHHbIX 0a3 OaHHbIX.

For assessing the impact of transboundary air pollution over the territory of northern Eurasia, a technique is suggested for
calculating critical loads. It is based on analyzing the biogeochemical structure of natural ecosystems with the use of specifically
developed and adapted techniques for calculating the values of critical loads of separate pollutants. Calculations and subsequent
mapping of the values of critical loads of pollutants and their exceeding values are performed using a computer model which
can incorporate results from monitoring field investigations, published data, and information obtained on the basis of expert
assessments, as well as from electronic databases.

[1py 0oOCyXIeHNN 3KOJIOTMYECKUX TIOCJIECTBUI BO3pACTAIOIINX aTMOTEXHOTEHHBIX BBITIQJICHUN OKUC-
JIOB a30Ta M Cepbl Ha HAa3eMHBIC U MPECHOBOMHBIC 3KOCHMCTEMBI 3TU 3JIEMEHThI JOJIKHBI pacCMaTpUBaThCS
OIHOBPEMEHHO, BCJEACTBME MHOIMX COMNOCTaBUMBIX XapaKTePHBIX OCOOEHHOCTEH MX OMOreOXMMUYECKUX
uukioB [1—6]. Kak ycraHoBiIeHO Gosiee 25 JIeT Has3al, OLEHKY HEraTUBHOIO BO3IECTBUSI OOOUX 3JIEMEHTOB
cJIemyeT TPOBOAUThL U HA HAIIMOHAJTLHOM, U Ha MEXIyHApOIHOM YPOBHE. DTO CBSI3AHO C JUIMTEIbHBIM TepH-
OJIOM CYIIIECTBOBAHMSI KaK COCIMHEHUI Cephbl, TAK U MHOTUX COCAMHEHUI a30Ta B BO3OAyXe, C X IIEPEHOCOM
BO3IYIIIHBIMU MaccaMu Ha OoJibllie paccTosiHusl. Oco3HaHUE 3TOi MpoOJeMbl Ha MEXIyHAapOIHOM YPOBHE
B cepearHe 1970-x IT. pUBEIO K pOCTY MCCIEIOBAHUI 1O OLIEHKE BO3IENCTBUS aTMOTEXHOTEHHBIX 3arpsi3-
Hstomx BenecTB (3B) Ha pasnuyHble HA3eMHbBIE W IPECHOBOIHBIE IKOCUCTEMBI. MIX pe3ysibTaThl UCTIOIB30-
BaHbI TIpy noanucaHuu B 1979 r. KoHBeHIIMM 1o 3arpsi3HeHUMIO Bo3myxa Ha Oojbiiune paccrossHust (K3BBP)
B Kenee 32 eBponeiickumu crpaHamu, CIHA un Kananoii.

OnHako B MepBOHAYaJIbHOM BapyaHTEe COINIACOBAaHHOE COKpallleHue smuccuu 3B He ObUTO OCHOBaHO Ha
CTPOTMX HAYYHBIX OIIEHKAX YYBCTBUTEIBHOCTU PA3JIMUYHBIX IKOCHCTEM DPA3HBIX CTpaH K BHIOPACHIBAEMBIM
3arps3HSIONIMM COeNMHEHUSIM. He yuuThIBalMCh Takke mapameTpbl UyBCTBUTEIBHOCTH 3KOCHUCTEM K BpEI-
HOMY BO3[CHCTBMIO BbIMaaeHUil cepbl U azoTa. C 1988 r. mosiBusiach HOBasl KOHLEMIMS KPUTUUECKUX Harpy-
30k (KH) ¢ menpo ontrMmu3any 9KOHOMHUYECKOW CTOMMOCTH COKpAIleHWsI BBIOPOCOB M 3KOJOTMYECKOTO
addexrTa.

Paspaborana taxxke koHuenuusa KH ¢ mcnonb3oBaHueM OMOreOXMMMYECKUX MPUHIIUIIOB, OCHOBaHHAas
Ha OIpeAesieHMH YPOBHEU BbIMaAeHUI aTMOTEXHOTeHHbIX 3B, Mpu KOTOPbHIX BO3HUKAIOT HEOOpATUMbIC W3-
MEHEHHUsI B CTPYKType M (GyHKUMsX 3KocucTeM [6]. Bennumubel KH MOXHO oxapakTepr3oBaTh KakK MaKCH-
MaJIbHOE TIOCTYIUIEHWE TIOJUTIOTAHTOB (Cepa, a30T, TSDKETble METaUIbl, CTOMKNE OpPTaHWYECKUE COeNUHEHUS
U JIp.), HE COIPOBOXIAIOIIeecs] HEOOpaTUMbIMU M3MEHEHUSIMU B OMOT€OXMMUYECKOU CTPYKType, OMopas-
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HOOOpa3nM M TIPOAYKTUBHOCTU 3KOCHUCTEM B TE€UCHME UTMTEIBHOTO BpeMeHH, T. ¢. 50—100 met. Ilpm atom
Ham0OoJIee BaxKHBI perMoHaNbHbIC olleHK KH m1st ontrMm3anuy crpaTerny CoOKpalleHus: amuccuii 3B, BKiTro-
yas COCOAMHEHMS CepPhl M a30Ta, M MX TPAHCIPAHWYHOTO TPAHCIOpPTa ¢ BO3MYIIHBIMU Maccamu [1, 4, 7, §].

KonnyecTBeHHas olieHKa TaKMX Harpy3ok isi sKocucteM BoctouHoit EBpombl Oblia MHUIIMKMPOBaHA
MexnyHaponHbiM CyOLIEHTpOM MO KapTorpadupoBaHUIO, OCHOBaHHBIM B 1997 r. mo pelleHuI0 UCIIOIHM-
teabHoro oprana K3BBP. B 3apauy CyOuLeHTpa BXOAWJIO OKa3aHME METOAMYECKOl IMmomolly cTtpaHam Boc-
touHoit EBponbl (YkpauHa, benopyccust, MongaBus) B onpeaenennn KH a1 HauMoHanbHBIX TeppUTOpUI
C YYETOM MEXIYHApOAHOIO OITbITA.

Pacuer u kaprorpacdupoBaHre KPUTUUYECKUX HArpy30K AOMOJHUTEIbHO K MOHUTOPUHIY aTMOC(HEPHBIX
BBITIAZICHUI Cepbl M a30Ta MOXHO TakKXXe MCITOJIb30BaTh [UISI UACHTU(DUKAIIMYA PErMOHOB, TIe COBPeMEHHbIE
BbiTIazieHusT nipeBbinaloT KH. Orta mHpopManms ¢ moMoInipio Moneseit atMoc(epHoro nepeHoca Mmo3BOJIsIeT
OTIPEJIe/INTD, TIe U B KAKOW CTEIeHU HEeOOXOAMMO CoKpallleHue BhIOpOcoB 3B, 4TOOBI CHU3UTH perMoHab-
HYI0 KPUTUYECKYIO HArpysky [9].

Takum obpazoMm, KpuTHUUecKasi Harpy3ka MNpeacTaBIsieT cO0O0l MHAMKATOP YYBCTBUTCIHBHOCTU 3KOCHC-
TeM, OIpPEeAeIISIOINIT MAaKCUMAaJIbHO JOIMyCTUMOE MOCTYIUICHUE TIOJUTIOTAHTOB, TIPU KOTOPOM PHMCK YIIepoa,
HaHECEHHOI0 3KOoCUcTeMe, OyneT pe3ko yMeHblleH. CooTHoIIeHue OCHOBHBIX KatnoHoB (Ca, Mg, K, Na) ¢
ANOMUHUEM, 4 TaKKe KOHLEHTPALUs CBOOOIHOro MoHa Al3* MCronb3yioTcs Kak MHAMKATOPhLI PABHOBECHBIX
TEOXMMUYECKUX M OMOIreoXMMUYECKUX MpolieccoB. Ha oCHOBaHMM MHOTOUYMCAEHHBIX 3KCIEPUMEHTATbHBIX
JMAHHBIX TIPUHSITO, YTO KPUTUUYECKOE COOTHOIIIEHUE OCHOBHBIX KATUOHOB C aJIIOMUHUEM JTOJIKHO OBITh BBILIE
1:1, a koHueHTpauust AlP* — wmensire wm pasHa 0,0002 sk 01! [10]. Mcrmonb3yd 3TH BEJIMYMHBI, MOKHO
paccuntath KH KuciioTHOCTH [UTSI KaXK/I0il KOCUCTeMbl Ha TEPPUTOPUM TOTO MJIM MHOTO PETMOHA.

Kputnueckne Harpy3Kyd pacCUMTBIBAIOTCST IJIST BCEX BO3MOKHBIX KOMOWHALIMIA TTOYB M PACTUTEIBHBIX
BUJIOB UTSI Ha3¢MHBIX 9KOCHCTEM WJIM BOXHOI OMOTHI (BKJTIOYAs PHIO) M IIPUPOIHBIX TUIIOB BOJ JJISI BOIHBIX
skocucteM. C y4eToM IIMPOKOTO Pa3zHOOOpa3nsi IKOCUCTEM paccMaTpUBaeMON TEPPUTOPUU BETMIMHBI KPU-
TUYECKUX HATPy30K KUCIOTHOCTH, CEPhbl M a30Ta CPABHUBAIOTCS C TMOCTYIUIEHMEM 3TUX COENMHEHW ¢ aT-
MoC(hEepHBIMU OCaIKaMM M BBISIBIISIIOTCS 3KocucTeMbl, rae KH mpeBsiiieHsr. ComocTaBisst BETUYMHBI TAKAX
MPEBBILICHUN MJIS1 pa3IMUHBIX PETMOHOB, MOXHO OIPEIEIUTh HEOOXOMAMMBIN YPOBEHb COKPAILEHUS SMMC-
CUM COCIVMHEHUN 3TUX DJIEMEHTOB.

DTO COKpallleHHUe JOKHO OCYILIECTBISIThCS KaK Ha JIOKAJIbHOM, TaK M Ha PErMOHAJIbHOM YPOBHE, IO-
CKOJIBKY COEIMHEHMSI Cepbl U a30Ta B aTMoc(hepe MOIYT MEPEHOCUTHCS Ha 3HAUMTEIbHbIe paccTossHus. [lo-
JIOOHBIM MEePEeHOC YacTO OCYLIECTBISIETCS B TPAHCTPAHMYHOM WIM JaxKe TPAaHCKOHTUHEHTAJbHOM MacluTaoe,
YTO TpeOyeT MEXIYHapOAHOIO IMOAXOJa K CHIKEHWIO SMMCCHUM TaKUX COeAUMHEHUU B aTMocdepy. Pacuer
CHIDKEHMST BBIODOCOB CEphbl M a30Ta MIPOU3BOIUTCS C MCIIOIb30BAHUEM KOJIOT0-9KOHOMMUYECKUX ONMTUMU3a-
LIMOHHBIX MOJIEJICH, TTO3BOJISIONINX OLICHUTh M3MEHEHUE YPOBHEH IIPEBBIIICHUN KPUTHMYECKMX Harpy3oK B
TeUeHue IJIUTEJIbHOTO TMepuoaa BpeMEHM (CM. TaOIulLy).

B ocHOBe KOHIIETIIMM KPUTUYECKUX HATPY30K JIEKUT TPEATIOIOKEHNE O HEKOTOPOW BEJIMUYMHE — TIO-
pore TIOCTYIUICHUS 3arpsI3HUTEIIS, TIPEBBIIICHNE KOTOPOTO IIPUBEICT K HEOOPAaTUMBIM U3MEHEHMSIM B CTPYK-
Type (QYHKIIMOHMPOBAHUS 3KOCHCTeMBl. Hike 3TOro Iopora CylIecTBEHHOTO BPEIHOTO BO3IACHCTBHUS HE
npoucxoautT. Ecnu obecrneunTs MOCTYIUICHME 3arpsI3HUTENIS HIDKE IIPEeNebHBIX HOPM, TO MOXKHO CO31aTh
YCIIOBMSI NI HOPMAJbHOTO Pa3BUTHUS MPUPOIHBIX 3KOocucTeM. EciM ke MpUBHOC IOJUTIOTaHTa MPEBBICUT
0e30IacHbIll YPOBEHb, HEOOXOAMMA OLIEHKA 3TOTr0 MPEBBIIICHMS C 1IeJIbI0 CHIXKEHUST BPEIHOIO BO3ICHCTBUS,
yTo obecrneuymsio Obl COXPAaHHOCTh 3KocucTeM. CieayeT OTMETUTb, YTO MOHSTHE «KPUTHYECKash Harpyska»
camo Mo cebe He ompenessieT MPUPOAY OTKIMKA Ha MOJ0OHOE BO3AEHCTBUE, a TOJBKO UACHTUGMDULIUPYET 0-
MyCTUMBIIA MOPOT MOCTYIUICHUS TMoJutioTaHTa. Kak M3BeCTHO, cepa U a30T — U3 OCHOBHBIX IOJUTIOTAHTOB, U
YBEJIMYEHNE aTMOTEXHOTEHHBIX BLIOPOCOB X COCAMHEHMIT TIPUBOIUT KO MHOTUM 3KOJIOTMYECKUM TTPOOJIeMaM.
Bce 210 3acTraBuiio 3aMHTEpeCOBaHHBIE CTPAHBI pPa3pabOTaTh CTPATETWM IO COKPAIEHUIO BHIOPOCOB COEIM-

HEHUII 9TUX 2JIEMEHTOB B aTMocdepy, U pac-
CUMTAHHBIC UTS HUX BEJIMIMHBI KPUTHIECKUX

N3menenne komdectsa (% OT 00LIEro YHMCIA) 3KOCHCTEM Harpy30K IIIMPOKO MCITOIB3YIOTCST TIPU 00CYK-
B EBpOl'le C NPEBBINICHHEM KPUTHYECKHUX HArpy30K o cepe OeHUU Mep’ H606XO,HHM])IX TUIS COKpaH.[eHI/IH
B Tevenme 1980—2010 rr. WX BBIOPOCOB M TPAHCTPAHWYHOTO TIepeHOCa.

Toaa0oaied, | 195, | 19904 | 20004 | 20054 | 20104 KomnuecrserHast oLeHKa 1 Kaprorpadu-
yéy/da/ara POBaHME BEJIMYMH KPUTUUECKUX HArpy30K IO-
0 54,0 | 69,0 | 81,6 85,7 90,0 3BOJISIIOT OMPEENUTh SKOCUCTEMBI, Hanboee
0—200 125 | 11,4 9,1 7,6 6,2 YYBCTBUTEJILHBIE K MOCTYIUIEHUIO 3arPA3HSIIO-
200—500 14,0 9,0 4,5 3.8 2,4 wmx BewecTs. CpaBHEHME KAapT KPUTUYECKUX
500—1000 8,0 4,5 2,8 2,0 0,8 HArpy30K C peaJbHbIMU BEJIMYMHAMM MOCTYII-
1000—2000 6,7 4,1 1,6 0,7 0,5 JIEHUSI TIOJUTIOTAHTOB B 3KOCHCTEMBI TTO3BOJISET
>2000 4,7 2,2 0,5 0,2 0,0 OLICHUTb YPOBEHb UX BO3IAEUCTBUSL IO OTHO-
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LIEHUIO K ONTUMAJIBHO JOITyCTUMOMY. TakuM 00pa3oM MOXKHO BBISIBUTH PETMOHBI, IJie HEOOXOIMMO COKpa-
TUTb BBIOPOCHI BPEAHBIX BELIECTB, C YYETOM TOIO, UTO MCTOYHMK 3arpsi3HEHUST MOXET HAXOAUThCS Ha 3HAUYM-
TEJTLHOM PACCTOSHUM OT MECTa, Te YPOBEHb BHITAACHUS MPEBBIIIACT MPEaeTbHO TOIMyCTUMBIN. KoHmemms
KH ycneuHo ucmoiab3yeTcs B pa3IMuHbIX MHTETPUPOBAHHBIX MOJEJISX COKPAICHUsST 3MMCCUU 3arpsi3HSIIO-
LIMX BEILECTB.

Hnsa pacueta KpUTUYECKUX HATPY30K a30Ta M cepbl B EBporme mpuMeHsieTcsT KapTorpadudeckas MOAe/b
EMEP [9], ¢ moMollbl0 KOTOPOUl OLIEHMBAIOTCSI OOIIME BBbINMaAeHUsT WX coeauHeHuit miss cetu EMEP
(50 x 50 xm?), mokpeiBarouieil Bcro EBporny. Jna Kaxkaoi ee KJIETKM PacCUMTHLIBAETCH ONHO 3HAYEHUE KPH-
TUYECKOM HArpy3Ku, COOTBETCTBYIOILCH YCIOBUSIM 95 %-Hoii 3allMIlieHHOCTH 3KocucteM. TepMuH «95 %-
Hasl 3alUIIEHHOCTb» 03HAYaeT, YTO OT BPEIHOIO BO3AEUCTBMS 3alUIIEHBI 9KOCUCTEMbI, 3aHUMAIOIINE CyM-
MapHO He MeHee 95 % miolaay KJIeTku. B 1iesioM mokasaTesib KpUTHUECKOM HArpy3ku B pamkax KoHBeHLIMMT
0 TPAHCTPAHWIHOM 3arpsSI3HEHUH BO3IyXa COCTABIISICTCS U3 BEIMUMH, IETATBHO PACCUNTAHHBIX KAXKION CTPpaHOM
1St cBoeil Tepputopun. Ha koHeuHoMm 3tare Bce rmokasatesu KH kaprorpacdupytorcst EBponeiickum Koop-
IUHALIMOHHBIM 1IeHTpoM 1o BosaeiicTBusiM (CCE).

Hnsa pacueta KpUTUIECKUX HATrPy30K a30Ta, Cepbl M KUCIOTHOCTU B KadecTBe OazoBoro CCE pexoMeH-
JIOBaH CJEAYIOIIMIA alrOpuTM, YCIIELIHO MPUMEHsIEMbIi BO MHOTMX eBporneickux cTpaHax [9]. B ero ocHo-
Be — ypaBHeHUe OajaHCa MOHOB B ITIOYBEHHOM PacTBOpE:

H, + Al + BC,, + NH, ;. = SO, + NO; . + C|,, + HCO;,, + RCOO,, 1

rome mHAaeKce le obo3HauyaeT BeIMbIBaHMEe; BC — cymma ocHOBHBIX KaTnoHOB (BC = Ca + Mg + K + Na);
RCOO — cymma oprannyecknx aHuoHOB; Al — uonbl amomunusa, H — Bomopoma, NH, — ammonus;
anuoHbl: NO; — nutpat-, SO, — cynbgar-, Cl — xnop-, HCO,; — xapboHar-.

Konuentpauuu OH™ u CO%‘ MPUHUMAIOTCST paBHbIMU (), UTO CHpaBeIIMBO JaXe IJIsI KapOOHATHBIX
mouB. Bce BemumHBI 1aHbl B 9KB/Ta/Tof. LllemouyHOCTE ompenenseTcss ypaBHEHUEM

Alk, = HCO; . + RCOO,, — H;, — Al,.. )
B coueranuu ¢ (1) moaydaem
BC, + NH, . — SO, ;. — NO; |, — Cl;, = Alk,,. 3)

IMTomumo ypaBHeHust (2) ypaBHeHue (3) maeT Apyroe omnpeesieHUe 1IEJTOYHOCTU B BUIE CYMMbl OCHOB-
HBIX KATHOHOB MMHYC CWJIbHBIC KUCJIOTHBIC aHWOHHI.

IMockoybKy XJI0pyAbl — OMHU M3 HanboJiee MOABMIKHBIX aHMOHOB, B IIOYBEHHOM CJIO€ OHU HE HakKarl-
JIMBAIOTCS, U BCE BBINABILKME XJIOPUIbI BHIMBIBAIOTCS, T. €. UMEET MECTO CJICAYIOIIee paBEeHCTBO:

Cl. = Cldep, 4)
rae Cldep — BBINAJEHUE COCIUHEHUN XJlopa.
B ycrioBHsIX HeIMHAMWYECKOTO PAaBHOBEHMSI BBIMBIBAHME OCHOBHBIX KATMOHOB JIOJDKHO YpPaBHOBEIIM-
BaThCsl MX OOLLKMM ITOCTYIUIEHUEM, TTO3TOMY CIPABEIIMBO CJIEAYIOILIEE PABEHCTBO:

BC,, = BC,,, + BC, — BC,, (5)

e BCOlep — Bbimanenue, BC,, — BoiBeTprBanue, a BC| — Moriouenne OCHOBHBIX KATUOHOB PACTUTENLHOM
Ouromaccoit.

Pasmepbl BhIMBbIBaHUS CYJIb(ATOB U HUTPATOB CBSI3aHbI YPAaBHEHUSIMU Macc-0ajlaHCa ¢ BEJIMYMHOM MX
BhIMameHWiA. [Tocae HEKOTOPHIX YIIPOIICHWI 3TU ypaBHEHMS TPUMYT CICAVIONIWIA BUA (IIPW YCIOBUU, UTO
cepa BBINTAJAeT B BUIE CYJb(aToB, a a30T B BUAC OKMCIIEHHBIX M BOCCTAHOBJICHHBIX COCIMHEHMIA):

JUTSL cepbl Sie = SOy 5 = Sgeps ©)

IS a30Ta N, = NO; ;. = Ny, = N; = N, = N, )

e Sy, — BbIMALCHMsS] COCMAMHEHMI cepbl, a N, — coeanmHenuii asora; N; — MMMOOWIM3aLNsT a30Ta B
KOPHEBOIA 30He pacTeHuii; N . — nenurpuduxanms, a N, — NMOnIoleHre a30Ta PaCTUTEIbHOI 6MOMAacCoi.

B HEKOTOPBIX CMJIBHOKHMCIIBIX MOYBaX YacTh MOCTYMAIOIIUX B 9KOCUCTEMY CYIh(MATOB MOXET 3aKper-
JIATBCS 3a CYET IPOIIECCOB JIMTAaHIHOTO OOMeHa M 00pa30BaHUsT BHYTPUC(EPHBIX KOMIUIEKCOB Ha TTOBEPXHO-
CTU YacTUIl TUAPOOKCUJIOB KeJieza W alloMUHUS. B 11eioM IU1sl TaHHOTO Kjlacca HeAMHAMUUYECKMX MOjenei
MOXHO TPEIINOJIOXUTh BO3MOXHOCTh TICEBIOPABHOBECHOCTH TIPOLIECCOB MOCTYIIJICHUSI U BBIMBIBAHUS CYJlb-
(aTtoB 13 mouB B TeueHne noiarospemeHHoro nepuona (50—100 net). [Moxcrasnss ypasHeHnust (4)—(7) B ypaB-
HeHue (3), MOJyYuM clieiylolliee YIpoIleHHOe 0aTaHCOBOE ypaBHEHHE MEXIy MCTOUHMKAMU W 3aracaMu
cephbl U a30Ta B MOYBE, MPUMEHUMOE IS JIIOOBIX BBITTAJICHMI a30Ta U Cephl:

S + Ny, = BC,,, — Cl,. + BC, — BC, + N, + N, + N — Alk,.. (8)

dep

dep dep = dep o dep
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OnpeaenuB BeJUUMHY KPUTUUECKOTO COAEPKAHUS 1IEJOYHOCTU B TIOYBEHHOM pacTBOpE (Alkle(cm)), Xa-
PAKTEPU3YIOIIYIO MPEe, HIDKE KOTOPOTO CYIISCTBEHHBIX M3MEHEHU B (DYHKIIMOHMPOBAHUU 3KOCHUCTEM HE
MPOMCXOIUT, MOXHO YCTAHOBUTh MaKCUMAaJbHOE BBINIafCHUE COEAMHEHMII Cephl M a30Ta, T. €. BEJIUYUHY
KPUTUUYECKOU HArpy3Kd TO CEpe W a30Ty:

CL(S + N) = CL(S) + CL(N) = BC,,, — Cl

ComocranJisis BeImageHus cepbl U azota ¢ BeanuuHoir CL(S + N), ciemyeT TOMHUTD, YTO 3TU BJIEMEH-
Thl KaK NOAKMCIUTEIU AEUCTBYIOT HE3aBUCMMO JAPYT OT Apyra U MpoLecchl TpaHChOpMalMy a30Ta HE BJIMS-
10T Ha BEJIMYMHY KPUTUUYECKOU Harpy3Ku 1o cepe. [1py 3ToM MakcuMmanbHasi Harpy3ka 1o cepe orpeessieT-
Csl U3 YpaBHEHMUSI

dep + BCW o BCu + Ni + Nu + Nde o Alkle(crit)' (9)

CLmax(S) = BC Cl
Kpome Toro, onpenenus BeamunHy CLmin(N) kak
Ny, <= N, + N, + N, =: CLmin(N), (11)

MOXHO CUMTaTh, YTO BECh BBIMABLIMI a30T MOTPEOJISIETCSI IOYBOIA.
MakcuMajabHO JOIYCTUMOE BbIMaaeHWe a30Ta (IIPU IMOYTH TMIIOTETUYECKOM YCJIOBUU, YTO BbINAJACHUS
cepbl paBHBI () ompenessieTcs CISAYIONIMM YpaBHEHUEM:

CLmax(N) = CL(S + N) = CLmax(S) + CLmin(N). (12)

INokazaHa B3aMMOCBSI3b MEXKIY BBHITAACHUSIMM CEPhI M a30Ta M BEIMUMHAMM UX KPUTUUECKUX HArPy30K
(puc. 1).

IIpu omnpeneaeHU KPUTUYECKUX HAIPY30K II0 a30Ty KPOMe IMOAKUCIsIONIero a¢dekra cieayer yYuThi-
BaTh W €ro BAMSHME Ha MUTATeJbHBIA pexxuM sKocucTeMm. g oneHku KH mo murtatenbHOMy a3oTy, mocie
HEKOTOPbLIX YIPOLUCHUIA, ITOJIyYUM ypaBHEHUE

CLnutr(N) =N + N, + N

PaccmoTpuM 1Ba BO3MOXKHBIX CIydasl IPW CPAaBHECHMU BEJIMUYMH KPUTHMYECKMX HArpy30K a30Ta I10 IO.I-
KUCJISIIOLEeMY U TuTaTeibHoMy BosaeicTBUio (cM. puc. 1). ITpu CLnutr(N) = CLmax(N) BeauunHoit CLnut(IN)
MOKHO TIpeHeOpedhb, TaK KaK MAaKCHMAaJbHO IOITYCTMMOE BBIMIAACHUE a30Ta OymIeT OrpaHNMYCHO BCIMUIMHOMN
CLmax(N). IIpu CLnutr(N) < CLmax(N) BenuunHa CLnut(N) orpaHMuyMBaeT MakKCUMaJbHO AOIMYCTUMOE
BBIMTAICHNE a30Ta, a JOITyCTMMOE BEITIAACHHME CEPhI B 3TOM Ciiydae ompeaenseT BeamunHa CLmin(S):

CLmin(S) = CLmax(S) — N

dep ~ Clgep T BC, = BC, — Alkle(crit)' (10)

dep

+Ny.. (13)

le(crit)

(14

YToOBl paccuMTaTh BETWYMHBI KPUTMUECKUX HArpy3oK 1o ypaBHeHusM (10)—(13), HeobxommMmo orie-
HUTh MapaMeTpbl, BXOASIIME B 3TU ypaBHeHMs. Huxe npencraBieHbl cOcOObl UX pacyeTa.

Kputnueckas BemmunHa menounoctu. Lllenounocts ompenensiercst o ypaBHenuto (2). Jlis OonbIimH-
CTBa JIECHBIX TTOYB KOJMYECTBOM BBIMbIBAEMbIX HCO3’le n RCOO,, MOXHO mpeHeOpeyb, MOCKONLKY T10-

le(crit)*

a o
Sdep Sdep
500 e e ; 500 e A ;
| ' | :
400 1 : 400 :
(e (e
300 1 1z 300 \Z
= =
CLmax (S) | 2 CLmax (S) | 2
200 + :d 200 :d
100 : 100 :
| i CLmin (S) i :
T T T T f II Il T T T T + T i
0 100 200 300 400 500 600 Ngep 0 100 200 300 400 500 600 Ny,
CLmin (N) CLmax (N) CLmin (N) CLmax (N)

Puc. 1. BzaumMocBs13b MeX1y BeMYMHAMU KPUTUYECKUX HArpy3ok mo mnonakuciswonemy (CLmax)
u nutatenbHoMy (CLnutr) azory.

a — CLnutr(N) = CLmax(N); 6 — CLnutr(N) < CLmax(N). CepslM TOHOM BbIAeJeHa 00JacTh, TAC BHINTAACHUS
HE TIPEeBBIIAIOT KPUTHUUECKOW HATPYy3KH.
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CTYIUIEHUE MPOTOHOB C aTMOC(HEPHBIMHU BBINaJCHUSIMU PACTBOPOB CEPHOIM 1 a30THOM KUCJIOT AaXKe B MOA30-
JINCTBIC TIOUBBI OYAECT 3HAUMTEIHEHO OOJIBIINM U TIPU OMOTCOXMMHUUECKNX TpaHC(HOpMAaIIUSIX COCTUHEHUA Cephl
M a30Ta B MouBe. B 3TOM cilyyae KpuTuUyecKas IeJOYHOCTh MOUYBEHHOIO pacTBOpa PacCUMTBIBACTCS IO Clie-
IYIOIIEMY YPaBHEHMUIO:

Al ity = “Aligeriy ~ Higgerinp = ~QUAl g + [Hl i), (15)

rae Q — CTOK M30BITOYHOTO MOCTYIUIEHUS OCAIKOB (M3/Ta B TOX), T. €. Bjlara, yaajisgemas 13 KOPHEBOMH 30HbI
pacTeHUIi; KBaApaTHble CKOOKM O3HAYAIOT KOHILIEHTPALMIO BEILECTBA B OKB (3.

CTOK 0CaZKOB PACCUMTBIBACTCS KaK MX KOJWYECTBO MUHYC CyMMa 3BalOTPAaHCIUPALIMU JIECHBIM ITOJIO-
roM, TTOYBEHHAas 3BaIlOTpaHCIIUpalus U UcrapeHue B KOpHEeBOI 30He pacteHuil. OtHoueHue mexay [H] u
[Al] onmuceiBaeTcs ypaBHEHUEM XMUMUYECKOTO PaBHOBECHUs TMOOCUTA:

[All = K [H]?
njin
[H] = (JAll/Kgp) 7, (16)

e Ky, — ruboentosblit K02 GUIIMEHT, BEIMUYMHA KOTOPOTO 3aBMCUT OT THUIIA TOYBHI. Yaile Bcero uc-
MOJIb3YeTCs Kgibb = 300.

[MpencTaBieHHas 3aBUCMMOCTb OTHOCUTCH TOJIBKO K aKBAKOMILIEKCY AlIPT, Mo KOTOPOro B IIOUBEHHOM
pacTBOpe OTHOCUTENILHO Majla, HO UMEHHO OH OTpe/esisieT BpeaJHOe BO3IEHCTBUE ATIOMUHUS, U KOHLIEHTpa-
IIMI0 3TOTO MOHA B JAHHOM aJITOPUTME TPEIAraeTcsl CYMTaTh KPUTUUECKOIA.

YT0OBI YCTAHOBUTH KPUTUUYECKYIO BEJTUUMHY IIEJIOYHOCTU B MTOYBEHHOM DPACTBOPE, HEOOXOAMMO OTpe-
JIEIUTh KPUTUUYECKYIO KOHIIEHTpalnio amoMuuust [Al] niau kputndeckoe pH mouBel, a 3aTeM BECTU pacueThl
1o ypaBHeHuI0 (16).

[Tpu 5TOM ClemyeT yIuThIBaTh, YTO paccMaTpuBaeMasi 3aBUCMMOCTh OTHOCUTCSI He K KOHIeHTparuu Al,
a TOJNIbKO K aKTUBHOCTHM YACTHIILI — aKBaKOMIUIEKCA AlPY, KOTODBIA, XOTS M COCTABIISIET JIMIID HEGOIIBIIIYIO
YacTh OOIIell KOHIIEHTPAIMK ATIOMUHUST B TIOYBEHHOM PACTBOPE, OTPENEISeT TOKCMUECKOe BO3JeCTBIE Ha
pa3BUTHE KOPHEBBIX BOJIOCKOB PACTeHUIA.

ITponeccer Tpancopmammu asora. [loarowenue asoma (N,) 3aBUCUT OT KOJMYECTBA BBINANAIOUIMX OC-
HOBHbIX KaTMOHOB. [lorjoleHne a3oTa pacCUMTHIBACTCS MO YPABHEHUIO

§Ca, Mg, K, P, %

b bl bl b
EXCa:N XMg:N XkN XP:ND
e Ca,, Mg, K, P, — moronieHne KaTHOHOB KalbLiUsA, Maruus, Kamus u Gocdopa pacTUTebHOM O1o-

Maccoii; Xy.\ — COOTHOILEHME MUTATEIbHBIX KATUOHOB M a30Ta B PACTUTENLHON Gromacce.
Ec/in He M3BECTHBI OT/E/bHbIE KOMIIOHEHTHI ypaBHeHMs (17), To BearunmHa N pacCUMTBIBAETCA Kak

_ BG,
= (18)

BC:N
rae BC, — morsoleHne 0OCHOBHBIX KATUOHOB PACTUTEIbHON OMOMacCoi; Xy — COOTHOLUIEHUE OCHOBHBIX
KaTMOHOB M a30Ta B PaCTUTEJIbHOI Omomacce.

Hmmobunruzayus azoma NpUHUMAETCS IPUMEPHO paBHOU oT 2 1o >5 kr N/ra/roxa (142—357 skB/ra/ron)
¥ 3aBUCUT OT COOTHOIIIEHMS YIJIepola M a30Ta B TOYBEHHOM opraHmueckoM BeiecTBe — C:N. XoTsa mpu
COBPEMEHHOM COCTOSIHMM OKpY»Kalollleil cpefbl BCACACTBUE MOIKUCICHUS TMOYB, KUCIBIX JOXIACH U YBEIU-
YeHUs] OMOMAacChl U3-3a MUTATEILHOTO BO3ACMCTBUS BBHIMTAACHUN a30Ta MMMOOWIN3AIMS a30Ta MOXET ObITh
3HAYUTEJIbHO BBIIIIE.

Henumpupuxayus (Ny,) B CaMOM TIPOCTOM Cjlydyae JIMHEHHO 3aBUCHUT OT OOLUEro IMOCTYIUIEHMs a30Ta
COIVIACHO CJIEAYIOIIEMY YCJIOBUIO:

Efde(Ndep - Ni - Nu)’ cClin Ndep > Ni +Nu
Ny = (19)
B) — B IPYIUX CIIy4asx.

Benuuuna f;, cBA3aHa ¢ TUIIOM MOYBBI U TMPUHUMAETCs paBHOM 0,1 1 TIOYB JIETKOTO TPaHyJIOMETPH-
YeCKOro cocrana 0e3 MpoleccoB orjieeHus, 0,5 — IS mecyaHbIX OMIEeHHbIX MOYB, 0,7 — MIJIs MOYB TSKENOo-
TO TPaHyJIOMETPUIECKOro coctana, 0,8 — mia TopdsHBIX.

Kpumuueckoe evimbiéanue azoma. YToObl paccyuTaTh BEJIUYUMHY KPUTUUECKON HArpy3Ku IO MUTATEIbHO-
My azoty (13), HeOOXOAMMO OTIPEETUTh BEJIMYMHY €0 KPUTUUECKOTO BhIMbIBaHUS. OTHOCUTETHLHO HEOOb-
LK€ KOHLIEHTPAlMM a30Ta B MOYBEHHOM PAacTBOPE MOIYT BbI3BaTh HapyllleHWE MUTATEIbLHOIO CTaTyca 3KO-
CHCTEMBI, a IPY 3HAYUTETHLHOM €T0 KOJIMUYSCTBE COCTAB PACTUTEIIBHOCTA MOXKET PEe3KO M3MEHUTHCS, TTOCKOJIBKY
TOJIEPaHTHbBIE BUIbI PACTUTEIBLHOCTU IO OTHOIIEHMIO K a30Ty HaXomsITcs B 0oJiee OJaronpUsITHBIX ISl pocTa
YCIIOBUSIX, YeM MEHee TOJEepPaHTHBIE.

N, = min (17)

NU
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= Puc. 2. Cxema «uHIMbOEPSHTHON KPUBOI TIpeBBIICHUI» TIpu 95 %-Holi crere-
e 2 4 HU 3aIUTHl SKOCHCTEM.
0 — mpeBbllLIeHUI HET; 1 — coKpallleHUsT cepbl U a30Ta B3aMMO3aMEHSIOT JIpYT Japyra,
1 T. €. JOCTaTOYHO COKPATUTh BBEIOPOCHI TOJIBKO omgHOTO 3B (MyM cepbl, WM a30Ta); CO-
3 KpallleHue BBhIMaJeHWil: 2 — cepbl, 3 — a3oTa, 4 — cephl U a30Ta.
0
Nep Kpurnueckoe BEIMBIBAaHHWE a30Ta MOXKHO PacCUMTaTh IO YPaBHEHUIO
Nle(crit) = Q |:U\I]crit’ (20)
rae [N].,, — KpuTrdeckas KOHIEHTpalys a3oTa B MOYBEHHOM pacTBope; Q — CTOK M30BITOYHOTO MOCTYII-

JIEHUSI OCA/IKOB.

Kputnueckue Harpysku, omnpenensembie o ypaBHeHUsM (10)—(13), He XxapakTepHu3yloT CTeTieHb U3Me-
HEHUIl B (DYHKIMOHUPOBAHUM SKOCUCTEMBI, a TOJBKO OMPEENSIIOT JOMYCTUMYIO BEJIMUUHY BO3ICUCTBUS,
MO3TOMY 00Jiee Ba>KHBIM TMPEACTABISETCS MOHITUE TPEBBIIICHUS KPUTUUECKON HArpy3ku. YToObl MONIYYUTh
3TOT MOKa3aTesib, HEOOXOAMMO BEJIMYMHY KPUTUUECKOU HArpy3Ku CpPaBHUTH C PEajbHO BEIUUYMHOU BbIMa-
JIEHUs] 3arpsI3HUTEJIS:

Ex(S+ N) =S — CL(S + N). 21

[IpencraBneHa ¢yHKIMS, CBSI3bIBAIOIIAS BBIAACHUE CEPhl M a30Ta C BEIMYMHAMU KPUTUUYECKUX HArpy-
30K TI0 3TUM 3jJeMeHTaM (puc. 2). Ha rpaduke monokeHre TOYKHU (Ndep, Sdep) OTHOCUTEJILHO 3TOil (hyHK-
LIMM OMpeaessieT ISITh KJIacCOB MpeBbllleHUi: 0 — TMpeBbIllIeHUI HeT; 1| — coKpallleHUsI cepbl U a3oTa
B3aMMO3aMEHSIOT APYT JIpyra, T. €. JOCTAaTOYHO COKPATUTh BBIOPOCHI TOJBKO OIHOTO 3arpsi3HUTENST (Cephbl
WM a30Ta); 2 — HEOOXOAMMO COKPATUTh BBINAACHUS CEphbl; 3 — HEOOXOAMMO COKPATUTh BbIMAACHUS a30Ta;
4 — HeoOXOMMMO COKPATUTh BBITIAAEHUS M CEepPbI, U a3oTa.

VYpaBuenus (10)—(13), ucnonblyemble ISl pacuyeTa KPUTUUYECKMX HATrPy30K, BKIIIOYAKOT KOJUYECTBEH-
HYIO OILIEHKY MaKCHMaJbHO BO3MOXHOTO YMCja MapaMeTPOB, XapaKTepU3YIOIIMX KPYrOBOPOT 3arpsi3HUTENCH
B 3KOCHCTEMax. DTOT METON PeKOMEHIOBaH EBponeiickiM KOOpAMHAIIMOHHBIM LIEHTPOM I10 BO3ACHCTBUSIM
Kak 0a30BBIM 1T pacyeTa KPUTUYECKUX HArpy30K M YCTEITHO TPUMEHSIETCSI BO MHOTHX €BPOTIEHCKUX W
asuatckux crpaHax [3, 7]. OmHako, KaK yXe OTMeuasloCh, HEMOCPEACTBEHHOE €ro MCIOJb30BaHUE BO3MOXK-
HO TOJIBKO JIJISI TEPPUTOPUIA, TIIe MOXHO TIPSIMO U3MEPUTH C HEOOXOAMMOW TOYHOCTHIO M COOTBETCTBYIOIINM
MPOCTPAHCTBEHHBIM pa3pellicHUeM Bce mapameTpbl, Bxoxasiue B ypaBHeHus (10)—(13), Hanpumep — s
€BPOTEICKUX CTPaH, UMEIOIINX OTHOCUTEJILHO HEOOJIbIIINE TUIOIIAN, XOPOIIIO Pa3BUTYI0 CETb MOHUTOPUH-
TOBBIX CTAHIIMI U OCYIIECTBIISIIOIIMX OLIEHKY 3arpsI3HeHMsI OKpYXKalollell cpebl yTeM oToopa Mpod ¢ Heoo-
XOIMMOM TOYHOCTBIO U pa3pellieHrueM.

OnHako TpU OTCYTCTBUM PETYISIPHONM CETU CTaHLMU IO 3KOJOTMYeCKOMY MOHUTOPMHIY HEOOXOAMMBI
METOJIbI OTIpe/ieIeHUsT BXOMHBIX TapameTpoB ypaBHenuit (10)—(13) uepe3 kKocBeHHbIe TIoKazaTteau. OnuH 13
TaKUX METOJOB [4] MO3BOJISIET BBISIBUTh KPUTUUECKME HArpy3KU yepe3 BHYTPEHHUE XapaKTePUCTUKM SKOCH-
CTEeM M MX IMPOM3BOJHBIC MMOKA3aTe/IM, TaKMe KaK TUI W TPAHYJIOMETPUUYECKUI COCTaB TOYBBI, TUIT PACTH-
TEJbHOCTH, CPEIHEronoBasl TemIepaTypa M T. . 3a OCHOBY B 3TOM MeToAe OepeTcsl 0a30Bblii aarOpUTM,
OTIMICAHHBII BHIIIIE.

Hns onpeneaeHUs] MAaKCUMaJIbHOM KPUTUUYECKON HAarpy3ku Mo cepe BMecTto ypaBHeHUs (10) mcmosb3y-
eTCsl CIIe/yIolIee:

+ N

dep dep

CLmax(S) = C, x (BC, — ANC,) + (BC,,, — BC,), (10a)

rae C, — ruapoTepMUyecKuil KoahGUIMEHT, XapaKTEPU3YIOLINI MEPUO Tola ¢ TeMIepatypoii Beiie 5 °C
U paBHBIII OTHOIIIEHUIO CYMMBI Temrepatyp Bbiire 5 °C K 00l1leil TOI0BOI CyMMe TeMITeparyp.

IMockosibKy 3T0 ypaBHEHME, KaK M aHAIOTMYHbIC APYTUe /ISl pacyeTa BETUYUH KPUTHYECKUX HArpysok,
TIpE/ICTaBIsIET cOOOI OrpesesieHrne HeMMHAMUYECKOTO PAaBHOBECHSI B TIOYBE, BCE €r0 CllaraeMble JOJIKHBI
paccunThIBATBhCS Il KAXIOW paccMaTprBaeMOil MOUYBbI U OKOCHUCTEMBbI.

Benmnmunna CLmin(N) ompenensieTcsi cienyommnM oopa3om:

CLmin(N) = (N* + N*) x 71,4, (11a)

dep

ra¢ MHACKC * O03HAvYaeT IIPUHAAJIC)KHOCTL OTMCYCHHDbIX noKasaTeynen K JOITyCTUMbIM (KpI/ITI/I‘{CCKI/IM) BCJIN-
YMHAM BBbIIAACHUN aTMOTEXHOTE€HHOIO a30Ta Ha 3KOCUCTEMY.
Harpy3Ka 11O MUTATCJIbHOMY a30Ty OIPCACIACTCA U3 YPaBHCHUA

CLnutr(N) = CLmin(N) + N, + N * (13a)

JI1sl KOMMYeCcTBEHHOM olleHKM mokasateneit ypaBHeHuit (10a), (11a), (13a) MCnoab3yloTcsl Caeaylolme
METOJIbI.
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HOFJ]OLL[CHI/IC OCHOBHBLIX KaTMOHOB OIIPCACIACTCA 110 YpaBHCHUIO
BC, = N * x N/BC, 22)

rae N/BC — smnupuueckast BeJIMYrMHa, 0OyCJIOBJICHHAs TUIIOM ITOYBBI, OINpEACIIsIoliasi COOTHOIIEHUE a30-
Ta ¥ OCHOBHBIX KATMOHOB B PacTUTEILHONM OMoMacce.
BbiBeTprBaHME OCHOBHBIX KATHOHOB PACCUMTHIBACTCS M3 YPaBHEHUS

BC, = W, xD, (23)

rae Ko3puuueHT W, — CIocoOHOCTb MOYBbI K BHIBETPUBAHUIO, ONPEAENAETCA M KaXI0i moussl, a D —
TOJIIIIMHA TTOYBEHHOIO CJIOH.
ITorsnoieHne a3oTa MOYBBI PACTUTEIHLHOM OMOMACCOM OIpeAesIeTCsl CASAYIOLINM YPpaBHEHUEM:

N, = (AMC — N, = N,) xC,, (24)

rie AMC — a3oToMMHEpanM3yIolas CrnocoOHOCTh MoYBkl [1]; N; — MMMoOMIM3anua a3oTa MouBbl; N, —
ero JIeHUTpU(pUKALINS.
[MormonieHue azora aTMOC(EPHBIX BbIMAACHUM PACCYMTHIBACTCSI HA OCHOBE YpaBHEHUS

Nu* = Nupt B Nu’ (25)

rae Nupt — €XKETOAHOC ITOTJIOIICHUE a30Ta PaCTUTCIIBHOCTBIO, OIIPEACISICMOE UCXO0OA U3 YCJIOBUA:

10
E\Iupt X§ —C—bH, ecmm Cy, <1
K, xQ

éNupt XCLb’ ecn Cy, 21,

rae C, — K03(p(PUIMEHT OMOTEOXMMUIECKOTO KPYroBopoTa, a K, 3aBUCHT OT TWITa 3KOCHUCTEMBI.
MmMmoOunm3anus a3oTa MOYBbI ONpeAessieTcs] ypaBHEHUEM

N, = K, xAMC/C,. 27)
Kospduument K, Haxoqurcs npu yCaoBUK
0,15, ecom C:N < 10
5,25, ecnn 10 < C:N < 14
27 9,30, ecnn 14 < C:N < 20
H, 35, ecrm C:N = 20,

rme C:N — oTHoIIeHHE KOHICHTpAaIMM yrjiepoga K KOHLCHTPpAllMM a30Ta B ITOYBC.
MMmobunuzanus azora aTMOC(l)CprIX BBINIAAEHU I OIIPEeACIACTCA MO YPaBHEHUIO

N* =K, xNy,xC/C,, (29)

rae N — oOummit a3oT atMOCEPHBIX BbIMANECHUH (M3MEPAETCA HEMOCPENCTBEHHO), a Kodbhduiuent K,
orpenelsieTcsT U3 ycioBus (28).
Henutpudukaiys a3oTa IOYBBI ONPECIIICTCs CIEAYIOIIMM YpaBHEHUEM:

N, = K5 xAMC + K,, (30)

rae koadduunent K, npunuMaercsa pasHbiM 0,145 [1], a xoodduumrent K, paccuntbiBaeTCs COMMacHoO yc-
JIOBUTO

N =

upt

(26)

K (28)

0,605, ecu 10 < AMC < 60
K, = (0,9, ecu AMC <10 31)
56,477, ecin AMC > 60.
Jenntpuduxkaunss azora aTMOC(hEpHBIX BBITIAJEHUI HAXOAUTCS T10 YpaBHEHUIO
de” = Ny x C xN,./AMC. (32)

Clie10BaTe/IbHO, IIPU PacyeTe KPUTUYECKUX HAIPY30K MAKCUMAaJIbHO YUUTHIBAIOTCS IPUPOIHbIE (PU3KKO-
reorpauyeckriec M OMOTCOXNMMUYECKUE XapaKTePUCTUKN SKOCHUCTEM, HAXOMSIIMXCSI IO BO3ICHCTBUEM aT-
MOTEXHOTEHHbIX BbinaaeHuii. Heo6XoauMblii HAOOp MapaMeTpOB, BXOMSILKUX B aJITOPUTM pacueTa, U UCIOJb-
30BaHHBIN HAMU JUIS TIOJYYEHHUST KPUTUUCCKIX HATPy30K a30Ta, Cephl M KUCJIOTHOCTH, TIPEICTABICH HITKE.

OLieHKa KPUTUYECKMX HArpy30K I10 KUCIOTHOCTU JOJDKHA HAUMHATBLCS C pacueTa OajlaHca ITOJIOXKUTE Ib-
HBIX U OTPMIATEIbHBIX 3apsIIOB B ITIOUBEHHOM PAacTBOPE M MOCTPOCHUS TaK Ha3bIBaeMoul MHAMGMGEPEHTHOM
KPUBOI1 TIpeBbIIeHn (cM. puc. 1). Ciaemyer HaiiTH ImapaMeTphl: KpUTH4YecKue Harpy3ku st cepbl (CLmaxS);
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KPUTUUYECKUE HArPY3KU IS OLIEHKW MUHUMAJIBHO AOMycTUMOro noctymieHust azota (CLminN); kputuuec-
KUe HArpy3KH JUISI OLIEHKU €r0 MaKCUMaibHO pomycTumoro noctyruieHus: (CLmaxN); kputnueckue Harpys-
ku nutarenbHoro azora (CLnutrN) [4]. Ha och, moka3biBarolnyio BeIameHUs a3oTa, HaHocsaTes ero KH, a
Ha ocb BbImageHus cepbl — ee KH.

[TockosbKy MOAKKUCIIEHNE TTOYB CBSI3aHO B OCHOBHOM C (DOPMUPOBAHUEM MTPOTOHA B LIEMTM OMOTeOXUMU-
YeCKUX peakluii 00OUX 3JIEMEHTOB, a Pa3MEPHOCTM BbIPAXAIOTCSl B 9KBUBAJIEHTAX, JaHHAasl KpuBasi OynaeT
OTIEJIATh 30HY YCTOMYMBOCTA 3KOCUCTEM K BBITTAZACHUIO KUCIBIX JOXIEH (HMXE KPUBOW — MEHBIIE KPUTH-
YECKUX Harpy3okK) OT 30HbI YYBCTBUTEJILHOCTHU (BBIlIE KPUBOW — OOJbIlIE KPUTUUECKUX HArpy3ok). ITpuso-
JIMM COOTBETCTBYIOILIIME BXOAHBIE MapaMeTPbl U MOJAECIU:

Q,,, — TOBEPXHOCTHBI CTOK (M>/ra/rom);

N, — cymmapnbie N Boimagenus, snaxsbsie u cyxue (NO,+NH.);

S,y — CyMMapHble S BbINaNCHMUS, BIAXHBIE U CYXHUE;

BC, — BbInmageHns OCHOBHBIX KaTUOHOB;

C, — K03(DDUIMEHT aKTUBHBIX TEMIIEPATYp (OTHOLIEHME CyMMbI TemrepaTyp >5 “C K o0uiei ronoBoi
CyMMe);

C, — Ko3(pHULMEHT OUOreOXUMUIECKOTO KPYTOBOPOTa KaK OTHOILEHME MACChl 3JIEMEHTA B €XETOIHOM
omnazie K ero Macce B MOACTUJIKE;

C:N — oTHollleHHE B BEPXHEM MOYBEHHOM TOPU30HTE;

NMC — azoToMuHepaau3yoollass ClocCOOHOCTh TMOYB;

C\ — MakCUMaJIbHO JOITyCTMMOE COAEPXAHME a30Ta B MOBEPXHOCTHBIX BOJAAX;

W, — XMMHYECKOE BBIBETPUBAHME MOYBEHHBIX MUHEPAIOB (3KB/Ta/TOI/M MOYBEHHOTO NPOhuIs);

D — BepxHMIT aKTUBHBI CJIOI TOYBBI;

Kgipy — KoHcTaHTa ['MGOCa;

N:BC — otHoureHue N ¥ OCHOBHBIX KAaTUOHOB B PACTUTEJIbHOI Ouomacce;

N,,x — T010BOC MOMIOLICHNE a30Ta;

N, — nMMOOMIM3aLKs MOYBEHHOTO N;

N;* — ummobummsans N atMOChEPHBIX BbITaJCHUN,

Ny — Aenutpudukanms nmoyseHHoro N;

Ng* — nenurpudukanmsa N aTMOC(EPHBIX BBITANEHWIA;

N, — morouieHue noyseHHoro N;
N,* — nornomenne N aTtMOCHEPHBIX BbINafeHMUI;
N, — BoiMbiBaHne N aTMOC(EPHBIX BBINAICHNUI;

BC,, — BbIBeTpMBaHME OCHOBHBIX KATUOHOB B PACCMAaTPUBAEMOM IOYBEHHOM CJIOE;

BC, — moryoleHne OCHOBHBIX KaTUOHOB;

ANC, — BenM4MHA KMCJIOTOHEHTPAIU3YIOUIEN CIIOCOOHOCTH MOYBEHHOTO PAaCTBOPA.

MuHumanbHble Kputrdeckue Harpysku azora: CLmin(N) = (N;* + N *);

KpUTHYeCKue Harpysku nurarenbHoro azora: CLnut(N) = CLmin(N) + N, + N *;

MaKkcUMaJIbHble KpuTnueckne Harpysku aszora: CLmax(S) = C, x (BC, — ANC)) + (BC, — BC));

MakKcuMajibHble KpuTudyeckue Harpy3ku cepbl: CLmax(N) = CLmax(S) + CLmin(N).

IIpeBbllIeHUE KPUTUUECKMX HArpy30K Cepbl M a30Ta pacCUMTHIBACTCS C MCIOJb30BaHMEM KPUBOU MH-
nubbepeHTHBIX MpeBbilieHUH. KoHIlenTyaabHas CyTh 3TOr0 MOAXOAa CBSI3aHA C OMOreOXMMUYECKUM CXOJ-
CTBOM COEIMHEHMI cepbl U a30Ta MPU UX MOAKUCISIONIEM BO3ACUCTBUM HAa 3KOCUCTEMBI, KOTOPOE OMpee-
nsieTcs popMupoBaHreM mporoHa HY B menmm 6MoreoxMMmdyecKnx peakiuii u mporeccos [3] (cM. puc. 2).
CokpallleHue SMUCCHIA Ccepbl, a30Ta WJIM OOOMX 3JIEMEHTOB CBSI3aHO C MX ITOCTYIUICHUEM B 3KOCHCTEMBI B
BEJIMUMHAX HMXKE KPUTMUECKUX HArpy3ok. [1pu atom 95 %-Hasi cTereHb 3allMIIeHHOCTH 0003HaYaeT YpoB-
HU BBITTAJICHMI, TP KOTOPBIX 0OECTieunBaeTCsl OTCYTCTBUE TIPEBBIIICHUI 1sT 95 % 3KocucTeM B Tpeaesiax
orpenesiecHHON Tepputopun, HarpuMmep kietok EMEP 50 x 50 kM, Kak BEIOpaHHOTO pa3pellicHUs TSI paboT
B pamkax K3BBP.

Hcxonnaa mHpopmaumsa misg pacyeta KH BkilouaeT AUTMTAIM3UMPOBAHHBIE T'e€OJOTUYECKUE, TMOUYBEH-
HbIE, TCOXUMUYECKIE, Te000TaHMYECKIE, TUAPOJOTUUECKIUE, JaHAIIa(DTHRIC U THAPOXUMUYECKIE KapThl. JImsa
KaXJIoro 3JeMEHTapHOro TakcoHa (MMHMMAJIbHOIO BbIE/a) KOJMYECTBEHHO OXapaKTepPU30BaHbI OCHOBHbIC
3BEHbsI OMOr€OXMMUUYECKUX LIMKJIOB Cepbl, a30Ta U OCHOBHBIX KaTuoHOB (Ca, Mg, K) ¢ mcnonbs3oBaHrueM
JMAHHBIX 9KCIIEPMMEHTAIbHBIX U MOHUTOPUHIOBBIX MccienoBaHuii. IIpu KOHTMHEHTAJIbHBIX pacyeTax peKo-
MEHIYeMBbIil pa3Mep 3JeMEHTapHBIX TAKCOHOB — 2' x 2' [4].

TakuM 00pa3oMm, I OLIEHKM SKOJIOTMYECKOTO BO3ACMCTBMSI TPAHCTPAHUYHOTO 3arpsi3HEHMS BO3MyXa
Ha Oosnbime paccrosiHusl B CeBepHoit EBpazum mpenjiokeH pacdyeT KPUTUYECKHUX HArpy30K 3arpsi3HSIOIIMX
BEIIIECTB HAa OCHOBE aHaIM3a OMOT€OXMMUYECKOW CTPYKTYPHI MPUPOAHBIX IKOCUCTEM C MCIOJb30BaHUEM
CIeLIMAJIbHO pa3pabOTaHHBIX U aNanTUPOBAHHBIX METOAMK. HeoOxoamMble pacueThl KPUTUUECKUX HATPY30K
TeX WJIM WHBIX TTOJUTIOTAHTOB, MX IIPEBHIIICHUI ¢ TIOCICAYIOINM MX KapTorpacdhrpoBaHUEM BEHITIOTHSIIOTCS C
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IIPUMCHCHUEM KOMHBIOTCpHOI))I MOICJIM, B KOTOPYIO MOIyT OBITb BKJIIOUEHBI PE3YyJbTaThl HATYPHBIX MOHUHTO-
PHUHIOBbIX I/ICCJTCZ[OBaHI/Iﬁ, OHY6J'II/IKOB8.HHBIC JaHHBIC U I/IH(l)OpMaLII/IH, ITOJIyd€HHasd Ha OCHOBC 3KCIICPTHBLIX
OLICHOK, a TaKK€ 3JICKTPOHHbLIC 0a3bl TaHHBIX.

st cOeAHEHUIA cepbl M a30Ta KPUTUUECKHUE HATPY3KHM PACCUMTHIBAIOTCSI C YUETOM 3BTPO(DUPYIOILETO U

MOIKUCISIFOIIETO BO3ACHCTBUS 3TUX COSAMHEHUI, YTO OCOOEHHO BaxKHO IS TYHAPOBBIX, JIECOTYHIPOBBIX U
CeBEePOTAEKHbBIX PKOCHUCTEM. PacueTbl yCTOMYMBOCTH 3KOCUCTEM K TPaHCITPAaHUYHOMY MEPEHOCY KHCIO0TOO0-
pasylolIuX COSAMHEHUI cepbl M a30Ta MPOBOISTCS Ha OCHOBE OLIGHKU BEJIMYMH IMOKa3aTesleil: MUHUMAb-
HBbIE U MaKCUMaJIbHble KPUTHMYECKME HArpy3KM a30Ta; KPUTMUECKME HAarpy3KM ITUTATEIbHOIO a30Ta; MaKCH-
MaJIbHbIe KPUTUYECKUE HArpy3ku cephl. [lomydyeHHBIE pe3ylabTaThl COOTHOCSITCSI C COBPEMEHHBIMU YPOBHSIMU
BJIAXKHBIX M CYXWMX BBITIAICHHUI, M PACCUMTBIBAIOTCS ITPEBEBIIIICHUST KPUTHYECKNX Harpy3oK.

10.
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