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INPEIHNCJIOBHE

COOpHMK CONEPXHT CTaTbH, HANMMCAHHWE HA OCHOBAHMM MAaTEpH-
aJ0B COBEMAHHA MO BOMPOCAM METOAMKH H3YUYCHMS INEPBHYHON Npo-
AYKLUMH MPECHOBOAHOINO IUIAHKTOHA, KOTOpOE cocTosioch B Bopke B
Mae 1989 r. O HeoOXOAMMOCTM MpOBEAEHMS TAKOrO COBEMAHMA BhI-
ckasmBaica . I. BunGepr. 310 6buUio BHI3BAHO PACMPOCTPAHEHHEM K
TOMY BpeMeHH B paborax mo mepsMuHOM NMpORYKUMH GHODHU3IMUECKAX
¥ OHOXMMHMYECKMX METOAOB, KOTOPHE NPMBIEKANH BHUMAHHME IIHpPO-
KOMo Kpyra MccienoBaTesielt BO3MOXKHOCTbIO MOJOMTH K aBTOMaTHue-
CKO M JHUCTAHLUHOHHOH PErucTpauMy NOKa3aTesefl NPOAYKTHBHOCTH
¢duTonankTona, k auddepeHUHPOBAHHON OLEHKE BKJaga OTHENbHBIX
€ro MNpencTaBHTECH, K ONMpEAE/NICHHI0 MX (DH3HOJIOrHYECKOro cocrod-
HH4. TpeGoBanoch paccMOTPETh HOCTOMHCTBA M HENOCTATKY 3THX Me-
TOAOB B CPAaBHEHMM C TPAAWLMOHHKWMH, OCTAIOMMNMMCH BCE XE€ EOHH-
CTBEHHO NpPHEMJIEMHMHM NpH H3YUEHHH MHOTHX BHYTPEHHHX BOMO-
€MOB, KyAa orpanudeH Joctym ofopymoBaHHoro TpaHcnopra. B o6-
CYXAEHHM HYXAIUCh TakXe Npol/JeMBl, Kacalolmuecd 3KOJOrMM HOA-
BOAHOrO (POTOCMHTE3A (M30JMPOBAHME IKCNEPUMEHTANLHEIX npol, 3a-
BHCHMOCTb OT CBETOBOrO ¢hakTopa, comepXaHHs xJopodwiia H Apy-
IMX TMHIMEHTOB, B3aMMOCBA3b € ObIXaHHEM IUIAHKTOHA), A TAKXKE HC-
NMOMIL30BAHMUA MOKAa3aTesield MEepBHYHON MPONYKUMM AAS TPO(hHYECKOH
knaccubukauuy BOJOEMOB, YEMY YHEJICHO CPAaBHHUTEJIBHO MaO BHH-
MaHHS B M3NAHHHX paHee METOOHYECKMX PYKOBOACTBAX.

Bce 3Ti BOmpoCH B TOM MM HMHOM CTEMEHUd OTPa’KEHB B COCTaB-
AAICMUX KHHTY CTaThfiX, KOTOPHIM CTPEMWIHCh NPHAAThH lleJeHanpaB-
JICHHH XapaKTep Kak HMX aBTOPH, TaK M PEeNaKTOPCKHH KOJUICKTHB
— B. B. Bysnsou, B. M. Tonsa, H. M. Muneesa, JI. E. Curapesa.
Xoresoch O6W BHPa3uTh MCKPEHHIOW GJaroxapHOCTh 332 MX SATY3HA3M,
nposisieHHwit B pafore wam kuuroit. [loceamaercs oHa NAMETH
I. I'. BunGepra, 3aM0XMBIIEr0 OCHOBHM M3yueHHd NMEPBHYHON NMpOOyK-
UMM BOMOEMOB HAmEH CTPAHH, CHEUHANBHBIN HHTEPEC KOTOPOro K
AarHoM mpolnemMe cnocoGCTBOBAN Pa3BHTHIO METONONOTHMH HCCIIEAOBA-
HAl B 3toll obnactH ruapoSmonoruy,

H. Jd. Hupuna
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0. M. Komosa

Hayuno-uccnedosamenscxuld uncmumym
Ouonozuu npu Hpxymckom ynusepcumeme

CTPATErd M3YYEHHUE NEPBUYHONA MPOAYKIIMH
KAK HAYAJIBHOT'O 3BEHA
IMPOAYKIIMOHHOIO IMPOLUECCA B BOJOEME

PaccMoTpeHnt axTyansHie npolnemebi MepRHYHOA NPoaykuMH GUTOMIANKTOHE BHYT-
PEHIGHX BOAOEMOB M METOAMUECKHE ACMEKTEI MX H3YHEHHI.

Tlpm paspaborke TO MWAH uHOH 3KonOrMuecxkoli npofeMnl HeH3-
6exH0 BCTAaET BONPOC O COOTHOMIEHMH NPONYUHMPOBAHMA OPraHMUYEcKo-
1O BEMECTBA € TPaTaMH HAa XH3HeoOecrneueHHe >KMBEIX OPraHM3IMORB
M NofiepXRaHpEe HeoGXoaMMoro romeoctasa Gnocdephl.

Tleppas na srux npobnem namua orpaxenue B paborax 60-x ro-
OB, OpPOBOAMMHX B paMKax Mexayhaponuoii Guonormueckoft mpo-
rpaMmMu (MBIT) u Bosrnasasemux y Hac B crpane I'. I'. BunGeprom.
B0 noayyeHo ROCTATOYHO MOJHOE NPCACTABACHUE O IPoLEcce nep-
BHUHONO NPOAYLHPOBAHME M €I0 HOCHTEle — Xxjaopodwiie B BOKO-
eMax Bcex reorpaduueckux 3on CCCP. D10 mano BOIMOXHOCTb pas-
paboTath MaTeMaTHYECKHE MOAGAM, C Pa3sHOH CTENEHBIO aNeKBATHOCTH
HMUTHPYIOIHE BOOHKE 3KOCHCTEMH. B mrore Owna supaborana ,exu-
Hag Mepa” OouEeHKM MX (PYHKUMOHMPOBAHHS B OTHOIUEHHMH BHPAXEHHS
KOJIMUECTBA BELUECTDA M JHEPIHH, 3 TAKXE METOHOJIOIHE MCCAenoBa-
Hud, :
Hanpuelimee pa3zsMTHE 3TOr0 HANpABJIEHHMs TNOKA3aI0 HeoOXoamu-
MOCTb BHISIBJICHHS M3MEHYHBOCTH MNpOLECCA NEPBMYHOIO MPORYLKpO-
BAHHS HE TOJABKO B CE30HHOM M/ MHBbIX ACMEKTaX, HO W B LEJIOM
KaK MCTOYHHMKA 2BOJIOLMH 3KOJOrHYECKHMX npolieccos. BaxHocTh Ta-
KOIO NOAXONA OYEBMAHA, MOCKONbKY HM3IMEHUMBOCTL IKOCHCTEMN M
CNAraromux Ux OOLEKTOB € NPHCYIIMMHM MM (QYHKLUUMOHANLHBIMH OCO-
6eHHOCTIMH NPHUBOAUT K BO3HMKHOBEHHMIO HOBOIO YPOBHS ANaNTAlHH
A SBJIFETCA DETYJAATOPOM YCTORUMBOCTH 3KOCHCTEMH.

ITpoSnema NO3HAHMA H NPAaKTHYECKad 3HAYHMOCTb NPOLECCA M3-
MEHUYMBOCTH 35KOCHCTEMB, B TOM UHC/IE €€ OCHOBHOIO B JHeprerdye-
CKOM OTHOILIEHMM KOMNOHEHTAa — NEPBMUYHOI TPOAYKUMH, npuobpena
0coGEHHO OCTpHli XapakTep B MOCJEAHME NECATWIETHsA, KOraa NOucK

© 0. M. Koxosa



nyTelt ofecneyeHns BO3POCUIMX NOTPEOHOCTER venoBEUECTBA CTan yc-
JNOBHEM €ro BHXHBaWMf Ha 3emse. Boauukna HeobxommMocTh NMOHH-
MAHHS TIPOLECCOB, MOMAEPXMBAIOUIHX NOMEOCTA3 3KOCHCTEM M Ouo-
chepn B uenoM. CoBCPUICHHO OYEBMAHO, MTO JIMAKPYIOWIAS POJb B
cO3naHMM romeoctasa Guocepn npuHagnexut asToTpodHnM opra-
HM3MaM, TPOAYLUMPYIOWMM NEPEMYHOE OPraHMYECKOE BEUIECTBA H
KMCJIOPOA M C/YXAUIMM OCHOBHBIM CBSI3YIOLIMM 3BEHOM CHCTCMHI COJI-
HeyHaa 3Heprua — armocdepa — Ouocdepa. Bea 3naums 3axoHo-
MEPHOCTER MpouEcca NEPBUUHONO NPOAYLMPOBAHMA HCBOIMOXHO KO-
JIMYECTBCHHOE OMNMCAHME MOTOKA BCLUECTB AHTPOMOTCHHONO MPOMCXOX-
JACHHA TNpPH aHANM3IC E€r0 BHENPEHMS B ECTECTBCHHHE GHorcoxummue-
CKME UMKJMN, KAK H CO3JAHME CNELUHATBHRIX KOHTPOJMPYEMHX CHCTEM
JAS PACCCHBAHMUA IHEPrUM 3arps3HMTENie M HX ACTOKCHKALMMH,

B npexHUX MCCACAOBAHMAX MCPBHUHAS MPOAYKLHUA paccMaTpHBa-
NaCh B OCHOBHOM KaK MHTErpasbHasl XapaKTEPHCTHKA BOAHMIX JIKOCH-
CTeM, NpEeACTAB/CHHAS OCPCAHCHHBIMH M B KAKOR-TO MCpE NOCTOSH-
HEMH [N AaHHOrO BomoeMma BeauunmHamu. OJHAKO aHaNM3 ee Bpe-
MEHHOH W3MEHUMBOCTH MOKa3HWBACT, UTO AAA H3yueHus (DOTOCHHTE3a
IIAHKTOHA KaK 2KOJOrHuYeckoro npouccca Gosce mndopmaTubHo pac-
CMOTpeHHE ero B auHamMuke. MMeHHO Taxkofl noxxoa MO3BOJAET Bhl-
asuTh a3k EAHHONO MAPHPOAHOrO UHKJIA BPECMEHHOIO TEUYEHHMs mneEp-
BUUHOM MpOAYKLMH, AHAAOrMuHBE (HA3aM LUMKJIOB YHCACHHOCTH, OMH-
CHIBAEMHKX MOMYJALMOHHON JKOMOrvel: TPCHAR, TCHACHUMM MH3MCHE-
HHMH, TEPCXOA C OOHOINO YPOBHE roMeocTasa Ha apyrod. B arom 3a-
KJIIOUAETCS DKOJIOrMYecKas OCHOBA MNOHHMAHUA Tmpouecca, Heobxoau-
Maf [OJ8 KOHTPOJS M MPOTHO3NPOBAHUA COCTOSIHHSI BOJOHBIX CHCTCM,
Oucnka ¢a3 CyKueccHit M TPEHOOB BPCMEHHHX H3MEHEHHMH (uTOon-
JIAHKTOHA €O BCCH OCTPOTON MOCTaBWia BOMPOC o HeoGxoaumoctu Go-
Jieeé TECHOM CONpPSKCHHOCTH HCC/COOBAHHN (DYHKUHMOHANBHBRIX H
CTPYKTYPHO-OHOLCHOTHYECKUX MapaMeTpos JkocHcrem ({7].

HdonrospeMeHHas nCPUOAHYHOCTh NPOLECCA MEPBMUHONO MPORYLM-
POBAHHMA, OYEBUIHO, CBA3AHA C M3MEHCHMSIMHM OOWEH KIIHMATHUYECKON
CHTyaUMn B TOM Wi uuom pernote [6, 10]. TTpu eec oueHke MOXHO
CTOJIKHYTLCA € AByMs npobaeMaMi: ¢ HANHYMEM KOPOTKOMEPUORHAIX
UMKJOB, KaXYIUHXCS HA NEPBBIA B3MMSA CTOXaCTHUHBIMH, M €O ciaboif
CBA3LI0 MEXAY MHOTOJCTHMMM M3MCHEHHUSAMM MEPBMUMHON TNPORYKLMH
W coctasa ¢urormnaHkrona. B rakoM ciayuae npi M3yueHHH BPEMEH-
HOIl M3MEHUMBOCTH 0COOEHHO BaXXKHO OMEPHPOBaTh AAHHLIMHM Kpyrio-
FOLHYHBX HaGMOneHHUIA. '

TTonuepknras HeOOXOAMMOCTb NOJYYEHHS! AOJTOBPEMEHHEIX PANOB
N8 BHAB/MEHHA NEPHOAMMHOCTH B MHHAMHKE MEPBMUYHON! NPOAYKIUHA
buTOnNaHKTOHA, C/IEAYET NPenocTepedb OT MONMKTOK MEXAHMUYECKH
CBA3WBATL KOJMYCCTBO CECIOHHHBIX MAKCMMYMOB (hOTOCHHTE3a M KOH-
UcHTpaumit xmopodpwana ,a"” ¢ tpohuueckMm THOOM Bomoema. Tax,
OIMH MaKCHMyM OTMCYAeTCH M B IBTPOHHX BOJAX M B YJbTPao,H-~
rorpodrmx. [losToMy HeoOXOAHWMO YUMTRIBATH HE TONBKO KOJMUYECTBO
MaKCUMyMOB, HO TAKXC MX YPOBCHb M MPOAOKMTIIBHOCTD.
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Heobxoaumocte noayuenus o6oOiueHHWX XapakTEPHCTHK NPOAYK-
IHOMHOIO TIPOLIECCA CTABHT BOMPOC O PENpPE3CHTATHBHOCTH AAHHHX,
CBA3aHHOH ¢ BwGOpOM ceTH craHumil, yacTotoi orbopa npo6 M TOuY-
HOCTBIO NpOBOAMMHX H3mepenmii. Ecau Bubop npocTpaHCTBEHHOrO
Iara CJIEXEHUS 33 FOPUIOHTANBHOW M3MEHUMBOCTHIO NMEPBHUHOM Npo-
RYKUHMH — 3a0ava ROCTATOYHO TPHBHAIbHAA (YHCAO CTAHLMH OOJIXKHO
aneKBaTHO OTPaXaTb Pa3Hoobpa3ne GHOTOMOB), TO AHANM3 BEPTHUKAJb-
Horo npoduns GOTOCHHTE3a 3aCTYXHBACT CNEUHAIBHONO PacCMOTpe-
Hua. OmuOKy B BeNMYMHY NCPBMUYHON NPOAYKUMH, PACCYHTHBACMYIO
ong cronba BOAW, MOXET BHECTH HIHOPMPOBAHHE FAYOMHH pacnpocT-
paHeHHs (bOTOCHHTE3a H MECTOMNOJIOXEHHS ero MakcuMyma. OcofBeHHo
B2XEH MNpPaBWIbHKI BHGOP rpaHHUN (GOTOCHHTEIUDYIOWIEH 30HH B
oaHroTpobHHEX BOAAX, TAE OHA NOCTHraeT 3HauUMTENbHHX raybud. Dns
MpaBWILHONO BWOOpPa MCCAEAYEMHX TNOPH3OHTOB uenccoobpasso mnpo-
BOMMTb HEMPCPWBHOE 30HAHWPOBAHHE TCMMEpaTyphl, O0AYUEHHOCTH H
KOHUeHTpauui xuopodwwna. [lpu panvHeliieM aHnanuse W pacyere
NEPBUMHONA MPOAYKLHH CJACAYET YUHTHBATh XapaKTeP MX BEPTHKAIb-
HOTO pacnpencieHys, a TaKXe PEeXHM TEeMNepaTypHoH cTpaTudnka-
UMM, OCOOCHHO ECAR CJIOM CKAYKA JIEXKHUT BHILE rpaMvub 38GOTHON
30HH. B ncpiton seTHel crarHauMM CHUXXEHHE NEPBUYHON NPOAYKUHH
MOXeT OHTh BLI3BAHO M OrPAHWYEHMEM MOATOKA OMOrCHHHX 3I/JEMEH-
TOB M3 AOTHHCCKOW 30HH.

Ons pacuugpoBKH NPUUMHHO-CAEACTBEHHHX CBA3eil mpouecca
MEPBHYHONO MPONYUMPOBAHHS LEeNeco0paIHO NPHUMEHATH METOON Ma-
TEMAaTHYECKON0 MOACNMPORAHMA. Takod TNOAXOA pearn3yercss C Mo-
MOMPBI0 IMIHUPHUUECKHX MOAEACH, MO3BoasIOIIMX paspaborate 3dipex-
THBHHIE TMPOTHO3H NPHU YCJOBHM MCMO/Ib30BAHMS NONMOBPEMCHHHX pH-
OB HAG/MIONEHHA M 3HAUYMTENLHONO YHCIA YUNUTHBACMbX (haKTOpOs
cpenn. B cBS3M ¢ TeM uTO npnpoaHHE CHCTEMbl XapaKTEPH3YHOTCH
rHOKOCTbIO MO OTHOLIEHHIO K BHEWIHWM BO3NEMCTBHSM, B MOACTHPY-
€MOM O0bEeKTE B T€ WJIH HMHbE MOMCHTB MDOHCXOOMT MNEPECTPOHKa
NPMUYMHHO-CEACTBEHHKWX cBa3eit. [loaroMy cnenyer ormasarth npen-
MOYTCHUE OSMIMPHUUYCCKHM MOAEASM TMOKOH CTPYKTYpH, uenccoobpas-
HHIM HE TOJILKO M3-32 Ha/AWuMsg TEPecTpOeK B CHCTEME, HO M INpH
nenocratke mudopmaunn. OcobeHHo 3(PGDEKTHBHE METOAM, B KOTO-
PHIX CHHTE3 MoOe/eidl OCYIECTBJASETCS C NPHMCHEHHMEM NPHHLKUNA
pHewHero gonosueHus [3]. Eme Gonee HamexHuie pesysibTaThl AAIOT
CMELMATH3UPOBAHHBE NPOrHO3HPYIOIKE CHCTEMB, OOBEIHHSIOWME OT-
JCAbHBIE TNMPCAUKTOPH (MPOrHO3HLIE MOACHAH) B Kon.nexms;/ 12].

IMockonrky B npupoage Bce (AKTOpPbl CpeAW ACHCTBYIOT B COBO-
KYNHOCTH H TPYAHO pasrpaHHMYMTh POJb KaXJIOro H3 HHUX B MNPOAYK-
I{MOHHOM TNpoLecce, OIS NMOHWMaHUA MEXaWHM3MOB M3MEHUHBOCTH nep-
BUYHOWK NPOAYKLHH TOACIHW habopaTopunie skcnepuMcHTh. ORM no-
3BOJIAIOT HEMOCPEACTREHHO OUEHHTb RAMSHME pa3vuHBIX (PakTopoBs
HA BEJWUMHY NEPBHYHON MPOAYKUMH IUIAHKTOHA KOHKPCTHONO BOAO-
€Ma M AaTh TPOrHO3 €ro NMPOOYKTHRHOCTH TIPH M3MCHEHWH YC/IOBHMH.
Pe3yabTaTHBHOCTh MCC/EAOBAHHI TAaKOro poga TeM BIE, ueM 6osib-
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wuit Habop GaxKTOpOB WM PMNOB MIAHKTOHHKX COOOIIECTB NMOABEPrHYT
IKCMEPUMEHTANTLHOMY aHANM3Y, a HHGOPMALMA O HMX JOCTYNHA AAf
cpasHerns. [locnepsee MOXHO NOCTHYBL € MCMIONB3OBAHMEM TMAPOGH-
ouornueckolt uudopmanmnonnoin cucremu (FTUC). Dto HeoGxoaumo M
B CBA3M C TEM, YTO BAMSHHME CBETa, TEMNEpPaTypsl u OMOrEHHHX ane-
MEHTOB HA BEJMYMHY MEPBUYHON MPONYKUHMH ILTAHKTOHA JAXE B Of-
HOM BOJOEME B TEUCHHE BENE€TaUMOHHONO NCPHONA MPOABAAETCA M0~
pasHomy [8].

Hononvurenstyo nudopMaLMIO IS NOHMMAHUS MEX3aHHIMOB pe-
ryA¥poBaHns npouecca (GOTOCHHTE3a MOTYT NaTh IKCMCPHMEHTH C UH-
CTRIMM KYJABTYPAMH BOAOPOC/AEH, XOTA HMX pe3yjbTaTnl TPYAHO apam-
THPOBATh K pEAJbHHM TPUPOAHHIM  YCIOBHAM, TIOCKOJMIBKY HE
yYHTRIBaETCA Aeitctsue (akTOopa BHYTPHOHMOUECHOTHYECKHX B3aHMO-
OTHOILEHH. )

[MepBuyHag npoayKuUMS AOJXKHA CTaTh OOHHMM H3 OCHOBHBIX KpPH-
TepueB oUeHKH 3PHEKTHBHOCTH OUMCTKM ObITOBLIX M TIPOMBILULICHHBRIX
CTOXOB, MOCTYMAIOWHX B BOAOEMH. B MecTax BHNYCKa CTOYHHIX BOX
OTMEUYAIOTCS CEPbE3HHIE MEPCCTPOHKH CTPYKTYPHO-(PYHKIHOHANBHEIX
xapakTepucruk (UMTOMIaHKTOHA. B TO Xe BpeMs 3KCnCpUMEHTH no-
Ka3uBaKT, UTO (POTOCHMHTE3 MEHEE UYBCTBHUTEJICH K BO3ACHCTBHIO XU~
MHUYECKHUX BEIIECTB, YEM OPYrHE MOKA3aTE/NH XKHIHEACATE/AbHOCTH BO-
nopocniedt. lna moHMMaHda 3ITOr0 NpoTHBOpeuns TpebyroTcs cneum-
anvHue Mccnemopandd., [IOMCK MOXeT MATH MO NMYTH BHABJIEHHMSA 3a-
KOHOMEDHOCTEN conpsixedHoil H3MeHUMBOCTH (POTOCHHTE3A M KOHUEH-
Tpauun xjopodwana. Hapyweune takoit conpsaxeHHoctn (,,pazbanau-
CHPOBAHHOCTL") OTMEUEHO, HAanpHMep, B paiioHe cOpoca NpoOMBIULICH-
HHMH TIPEANPHATHIMH CNAGOTOKCHUYHRIX CTOMHBIX BON, AEHCTBME KO-
TOPNX MPAKTHYECKH HE OTPAXaeTcsd HA AHMANA3OHE H3MEHUHBOCTH Be-
JUUMH (POTOCHHTE3a W comepxanus xnopodwuia ,a”, ecnu MX pac-
CMaTpHBaTh NMOpO3Hb [5].

Ins MareMaTHUEcKOro MOAENHPOBAHMH MEPBUYHON MPOAYKUWH H
XapaKTEPHCTHKH NPOAYKIHMOHHHX BO3MOXHOCTENA (DUTOM/NAHKTOHA
BAaXXHOE 3HAYEHME HMEET OLEHKA €r0 acCHMMMJISUMOHHOI AKTHBHOCTH,
fIOKA3aTEEM KOTOPOil CAYXMT BeJIMYMHA OTHOMIEHMS MaKCHMAJILHON
HHTeHCUBHOCTH ¢oTocHHTe3da K Gmomacce sopopocaelt (I1/B-koaddu-
LHMEHT) WIH KOHLEHTPAUMK xnopodwmna ,a”. (acCHMIAALMOHHOE vHC-
Jo AY). B cpg3an ¢ pacnpocTPaHEHNEM HHCTPYMEHTAIBHRX METOAOB
aHasMaa xJopodiuUna  aCCAMMISIHOHHHE YHCIA KCHOJBIYIOT Yaume,
uem I1/B-xoaddunuenr, xors nocrenuue Gonee MHGOPMATHBHH i1pH
pPaccMOTpEHHH CyKLeccHl coo0miecTsa, Tak KaK IOIBOJAAIOT YUMTHI-
bath, BUAOBOH cocraB Bopopocneit. Ilostomy BaxHeimeit sagauedt
NIDORYKIHOHAON! GHOJOrMH HRJIMETCH ONEHKA AMAAMHUKH (oTocHHTETH-
Yeckoif aKTMBHOCTH mnonyasumit BOmopoctell, A vero HeoGXommMm
CBEJICHMA O TOJICPAHTHOCTH BOAOPOC/EH HA TONMYJAUMOHHOM YPOBHE.
Onnum u3 crocobos Hx monyueHus MOXeT GWTb 3IKCHEPMMEHTANBHO-
HaTypHOoe H3yYeHHE MHTEHCHBHOCTH HApACTaHHWd UNCAECHHOCTH BOAO-
pocneit ¢ ycraHoBneHuem ocoGeHHOCTEH NOMYASUMOHHHX MAPaMETPOB
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(pa3MHOXCHHE, CMEPTHOCTb, H3MEHUMBOCTL Pa3MEPOB KICTOK H T. 4.)
B MEHsIOmMUXCH ycnosuax cpean {4, 9].

IOnga noHMManns MEXaHH3IMOB CYKLECCHM aNbMOLEHO30B BECHMA
pe3y/bTaTHBCH aHAIM3 HEPBHMYHON NPOAYKUHH pa3HhX pa3MEpPHHX
cdpakumit duronnankTona. TakHM nyTeM BO3IMOXHO NpeaBMAETb 3a-
MEHY BOROPOCJIEH ORHOTO pa3Mcpa APYrMMH NDH HMIMEHCHUH YC/IOBHHA
cpean (9K30reHHHE MPHYHHH), B YAaCTHOCTH B npouecce 3BTpodmpo-
panus BopoeMa. Mmelommecs B Hactosmee BpeMA CyXACHHS MO 3TOH
npofaeMe ROCTATOUHO TIPOTHBOPEUHBH. OCTaeTcs OTKPHTHIM BOTIPOC,
HaCKOAbKO BHAOCNEuHpHYHA ACCHMUISLUHOHHAS AaKTHBHOCTb BOAOPOC-
Jiefi, KaKk OHA 3aBHCHT OT pa3MepHOM B BO3PaCTHOM CTPYKTYPH MO~
Nynsudyn, ot ocobeHHOCTEN (PH3MOIOTHUECKON ananTaluHU K NOCTOSH-
HO McHsiomuMc akropam cpenn. He wucxkawueHo, uto mocaenHee
HMEET ONpENESICHHOE 3IHAUCHHME OIS ACCHMHIALMOHHOM CnocoOGHOCTH
Buaa. JloxasaHo, HanmpuMep, HANHUYME PeEryafUMH NEPBHYHHX peak-
it GoToCHHTE3a B COOTBETCTBHHM C H3IMEHEHMSAMH (PH3HOMOrHYECKOrO
COCTORHMSA KJCTKH B OHTON€HC3€, 3 TaKXE YCJIOBHH MIHCPA/IbLHOIO H
yrepogHoro nurtanus [1].

Takum o0pa3oM, ApM IKOJIOrHYECKOM MOAXOAE K OMHCAHWIO mNep-
BHMYHOH NpPOAYKUMH (PUTOMTAHKTOHA BOIHHKACT HCOOXOAMMOCTH [MO-
3HaHMA (PUIHONOrHMECKHX H GHOXMMHUECKMX MEXaHH3IMOB 3TOIO Npo-
uecca. Bmecre ¢ TeM, IKOCHCTEMHHI MOAXOA MNO3BOJAAECT HAMETHTH
Hanbosice BaXHHWE acnekTH (u3nonorun u OMOXHMHH BOAOPOCACH,
MOLICKAINHE NMEPBOOYEPERHOMY MCCJICNOBAHHIO, W OMpENeUTh KpUTe-
PHM, HCOOXOAMMHIE A8 MOHMMAHHS 3aKOHOMCPHOCTEH npouecca ¢o-
TOCMHTC33 B MCHAIOLUMXCA YCAOBMAX BOAHOH cpean. [lpeumymecrso
ocTaHeTca 33 Temu (hM3KONMOro-GMOXMMHUECKHMH METOJAMH, KOTOpHE
MOXHO WCMOAB3OBATb B MCCJACAOBAHMAX in situ. U3 HHX namwayullMMHU
CTAHYT T€, KOTOPWC MO3BOJAST AWUCTAHILHOHHO PETFMCTPHPOBATb H3MeE-
HEHHE TPOAYKLHOHHBIX MapaMETPOB BOROPOCJICH B ECTECTBCHHBIX YC-
noBusSX oOuTaHua. MHHMH c10BaMM, OT BHISCHEHMS MaKpPO3aBMCHMO-
CTell MeXAy OTASILAMMHM XapaKTEPUCTHKAMH NPOAYKTHBHOCTH ¢uTOn-
NAHKTOHA HaAN0 MATH K NO3HAHNIO MEXAHH3MOB H3McHuuBocTH (oTo-
CHHTE3a B YCJOBHAX MNPHPOAHON Cpean, paccMaTpHBas MEpPBHYHOE
NPOAYLMPOBAHHE KaK OCHOBY (YHKUHOHHPOBAHHA H YCTOHUMBOCTH
IKOCHCTEMH.
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H. J1. Nupuna

Huncmumym Guonoezuu eHympeHuux 800
um. H. 4. Hananuna PAH

KHUCJIOPOJAHBIA METOJ ONPEIEJEHUSA
TNMEPBUIHON NMPOAYKUUHU OUTOMNAHKTOHA

O6cympaercy MeToa onpeaencHus POTOCHHTE3R (PHTOMIBHKTOHE NO UIMEHEHHIO CO-
AEPKAHUS KMCAOPOAB B MIOAMPOBAHHBLIX Npofax BOAM, €r0 NPHMEHWMOCTb, OrPAHHYE-
HMG, 0COBEHHOCTH TEXHMKM, HEOOXOAMMLIE ANE NOJYYEHHR TOUHLIX AAHHbIX.

Hayuenne ¢orocHHTE3IHpYIOmMEN AEATENBHOCTH (HUTOMIAHKTOH
HAUYHHANOCL € PETHCTPALMH HM3MEHEHMS] COACPXaHHY KHCIOPOXAa B
npofe BOAW HOMOMETPMYECKMM MeTonoM DBunknepa [14), » nepsn
TAKHE OnpenesieHNs OhIH fpOBERcHH B KOHUE NPOLLIONO BEKA B He-
6onbmom npyny [8]. |

Ha mopckux sogoemax mopoOHme paGorm Hauate nosgHee ITior-.
Tepom (umT. mo [§]). IHupe kucnopomHmii meron cramm MCTIONB30BATD'
B JIMMHOJIOTMYECKHX HCcienosaHuax B 20-e rogn TEKYmMEro CTOJMETHHA,
a y Hac B crpane — c 1932 r, [4].

C Tex nmop NOABMAMCH APYIHE, AOCTATOYHO COBEPUIEHHWE, MPHEMH
onmpeAesieHMA MOABOAHOIO (DOTOCHHTE3a, OCHOBAHHKIE HA HM3MEPEHUH
DOKAa3aTe/Ieit, NMOoANAMNIXCA pPEeruCTPAUMH COBPEMEHHOH aHaauTHYE-
ckoit anmaparypoi, M Bce Xe OUEHKa CKOPOCTH 3TOrO mpoiecca Mo
H3MCHEHHIO COACPXaHMA KUCIOpOAa B 3AKMTIOMEHHMX B CKVISHKY NPo-
Gax Bomm (METOR ,CBETAWX" M , TEMHHX” CKASHOK) MNO-TIPEXHEMY
gaxoaur Oosibmoe npumenexne. OcobeHHO MMHPOKO pacHpPOCTPAHEH
3TOT METOR B HMCCAEJOBAHHAX MPECHHX BOAOEMOB, YACTO MPOBOAMMAIX
¢ HeOoMpmUX TMNABCPENCTB, FAE CJIOXKHHE XUMHUECKHE AHAJIM3HW He-
BO3MOXHH. JIMIMb B MANONPOAYKTHBHHX BOAAX MCMOJAL30BAHUE KHC-
JOPOAHONO METOAA OrpaHUYEHO HEAOCTATOUHOH YYBCTBHTEJbHOCTBIO.
ITokxasareneM ero NMPUrOAHOCTH MAS TAKHX BOA CAYXHT KOHLEHTpauMs
xaopodHusia, Koropas He pojxHa Omth Huxe 1 mxkr/a [6,13].

Kucnoponumit MeTon npeanoutHTeseH Aas onpencsieHus (pOTOCHH-
T€3a B BOMHON CPEAle M TEOPETHUECKM, NMOCKOJbKY B HEH CDaBHHTENb-
HO HEBEJMKO COAEPXKAHME KUC/IOPOAA M €r0 M3MEHEeHMs Xopowo o00-
HapyXxusalorcd. 3amernM, uTo raszoobmen B npomnecce GOTOCHHTE3E H
ABIXaHEUE CYXOMYTHHIX PACTEHMI yalmie U3yuaioT N0 YrJIEKMCJIOTE, KO-
JIMYECTBO KOTOPOH B BO3AYXE ropasmpo HMXE, ueM KHciopopa ([2].

© M. J. Nuipuna
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OcoOeHHOCTH M TIPHMEHMMOCTb KHCIOPOAHONO METOAA paccMoTpe-
HH B pdae o030pHHX M Metomuueckux pabor (2,3, S—7, 9—I11, 13).

Meron npusaekaer npocToToil nNpoueaypn axkcmepumenta. Mccie-
AyeMas BOJA €O BCEMM MNPENOCTOPOXKHOCTAMM, HEOOXOAMMHIMH MpH
aHanuie xucnopoaa [l], pasauBaeTcs B HECKONBKO CKASTHOK, OBE M3
KOTOPHX CAYXaT ANA H3MCDCHHA HCXOMHOr0 CONEpPXaHMA KHMCJIOpONa,
ocTanbHbie (IBC — ,TEMHHC" W ABE-TPH — ,,CBETJIME") 3KCNOHMPY-
tor oT |—2 4 0o | cyT B onpeRejieHHWX ycnoBMsX ocseweHns, Yuc-
10 MOBTOPHOCTCH Moxer Omthb Gonwwme, ocobewno ans ,.cseroro” Ba-
puanTa. [locne axcnoauumn B cxasHkax onpeneasior kucaopoa. Ilo
PA3HHUE €r0 KOHUCHTPauuH B ,,CBETINX” H , TEMHBIX" CKASHKAaxX Cy-
aaT 00 MHTCHCHBHOCTH (POTOCHMHTE3IA 33 HAHHHN OTPE3OK BPEMEHH,
10 pAa3HOCTH KOHUEHTPAUMH B MCXOAHOM BOAC W ,,TEMHBIX" CKJIfAH-
KaX — O ABXAHHH ¥ OPYruX npoueccax OGMOXMMHMYECKOIO OKHCJIEHHS,
[locneadee BaXXHO AAS NOHHMAaHUS PE3yabTATOB JIKCNEPUMEHTA M,
KPOMC TOrO, CJYXHMT MCTOMHMKOM HHGOPMAuUMM O AECTPYKLUMM Opra-
HUUCCKONO BCLICCTBA B BogocMe. KOHLEHTpauus KHCJIOpPOAA MOXET
6uLTh ONpPEAECHA KJIACCHYCCKUM HONOMETPHUYECKHM MeToaom Bunkae-
pa ¢ Touoctbio = 0,02 mr O,/n, nng uero 50 mu npobu ¢ oceo-

GonuswnmMcs itontom THTpylot 0,01 H pactsBopoM TuOCyandaTa, OoTMe-
peHHBM GropeTkont ¢ ueHoit penedns 0,02 mna, pobapnss B KavecTse
MHOMKATOpa Kpaxman. B mocneauue roam nonyuuna pacrpocTpaHEHHE
mMoauHKaunsg 3TOr0 MCTOI3 NpPH TaKk Ha3wBaeMoM OOpaTHOM THTPO-
BaHMHK, KOTOPOE NPOM3BOAMTCH pacTBopom iopata xanus (KIO,) mo-

cne noBasiacuus B mpofy co CBOGOAHBIM MOAOM H3BHITOYHONO KOJH-
yecTpa THoCyJb(data. 1pH 3TOM KOHEW THTPOBAHMS YCTAaHABIAUBAETCH
amnepoMerpuueckn [10, 12]. 3tor Merom Menee TPYAOEMOK ¥ mo-
3BOJIET AHAIK3HPOBATH KHUCIOpOA B HeGoabwux (mo 10 ma) mopumsax
BOAW ¢ ToH Xxe TouHocteio + 0,02 mr O,/n. OpHako ycneumsoe ero

HCMOMb30BAHKE BO3MOXHO JIMIUb NMPH HAJHUMH mpucrocobnennit mng
ABTOMAaTHUCCKOTO OTMEPUBAHMA H CMEIIMBAHHA pacTBOPOB, a TaKXe
perucTpauiy KOHUA THTPOBAHMWA, YTO 3aTPYAHMTENBHO B MOJIEBHIX YC-
nosusax. Hanboaee npocto M 6bicTpo cOREpXaHMC KHCJIOPOA3 B MC-
NMUTYyeMBX npofax Onpeaeasercs: 3ACKTPOXHMMYECKU € MOMOIOBIO OK-
CHMETpPOB, HO 3TOT npubop Manouyscreurenen (+ 0,1 mr O,/m u

HPUMCHUM AMIUb AAS BLICOKOMPOAYKTHBHREIX BOA.

HapexHocTs peaysnbraToB onpeaeseHns (OTOCHHTE3a CKJISHOUYHBIM
KMCIGPOAHBIM METOAOM AOCTHTAEeTCs CTPOrMM cobaogeHneM HeoOxo-
AMMOH ripoucAype 3KCNepUMEHTa.

1. Cnenyer u3berath npeGrBaHHA Ha CBETY CKJISHOK, 3aNOJIHCH-
HbiX BOROH, 0COGEHHO MOAHATOH C rIYGOKMX TOPH3OHTOB.

2, HeofxonuMo cnemuth, 3a TeM utobW B ckasHKax He obpa3o-
BRIBA/IHCh My3wPbKH ra3a B MPOLECCE 3aNOJHEHMS BOAOM WK €€ Ha-
TDCBAHHS HA BO3AYXE NOC/]E M3BneuyeHHs u3 sopoema. Ilns groro pe-
KOMEHAyeTCs HAMOMHATL CKJASHKH [0 BOIMOXKHOCTH NpPH HU3KO TEM-
Nepatype, ocrapnsiss MX OTKPHTBIMH OO TEX TOp, NOKa yJeTydarcs
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OyaspbkKH, eC/IH OHH YOSBASIOTCH. 3aKpHBas CKASHKY, HAOO CTApaTb-
cg, 4robm Ta3zoBHfi nysWpek He ocTaBaica noa npobkod, and uero
npofKy C/eAyeT BBOAMTH CTPOIO BEPTHKAILHO, & €€ HHXHWA xpall
JdenaTh CKOHIEHHHIM MAH KoHycooOpasHbiM. I1pn dukcaunn nocnef
ONEITA XEJATE&ALHO COXPAHATb ra3oBMil nMy3mpek, ecan oH obpa3o-
BAJICE, TOrAAa COAEpXAMmMiica B HEM KHCJOPOA NMPOPEarnpycT ¢ peak-
THBAMHM HApaBHE C PaCTBOPEHHHM. _

3. O6bvem cxnsHok pmonxed cocrasadars 100—300 mn. MoxHo pe-
KOMENIOBATh CKJISAHKM THNA ,KHCAOTHRE” — ¢ npureproft mpobkoit
H xonnaukoM. Koamauox co mnandoM no3songer €o3naTh BOKPYT
npobku ,BoAsMylo pybamky”, yro mpegoxpaHser npofy oT BO3Ayxa
M NOCTOpOHHEH BOAM, KOTOPhieé HPH H3MEHEHUH TEMIEpPAaTypH Mpo-
HHKAIOT AAaXe NOA OUEHb XOPOIMi l]‘l'.rlnl)lg)

4, HeobxonMMO cJIeMTh 33 TEM, W B ,, TEMHHE" CKJASHKH He
nonanan ceer. Jlng 3TOI0 MX 3aBOPAYMBAIOT B HECKOJBKO CIOEB TEM-
HOM TKAaHM WNM IL1AcTMKOBOH muenkoi. Eciu ucnonn3ylorcs MeInkH,
HeoOxoaumo, uToOH HMX mBW Oun nuorune., [log ofeprkof me nmon-
XEH OCTaBaThCs BO3AYX, NPENATCTBYIOWMH NOCPYXEHMIO CKJIAHOK B
BOMy. XOpOIIMM MATEpHANOM CAyXHT o/bra, Koropas MAOTHO 06-'
JEraeT CKJASAHKY ¥ OTPaXaeT COJMHEUHMLE JYuH, HTO COOCOOCTBYET
noayyeHnio 6oJiee OMHOPOOHLHX TEMMEPATYPHHX YCJAOBMH B OCBELUEH-
HHX M 3aTEMHEHHHX npobax.

5. Dukcuposanune npoOH xpaHaTca He 6ojee CYyTOK B TEMHOTE
ApH HM3KOA TEMNEpaType, XenaTeabHO Mox cioeM Boaw. Ilocne pac-
TBOPEHMS OCAAKA CJIEAYET BO3MOXHO OBCTpEee NpoOBECTH THTPOBAHHE,
n3beras nonamaHug cseta Ha npoOu, YToOM HE MPOMCXOQMIO pa3py-
mweHns mnoaa. THTpoBaHME MOXHO YCKOPHTb, aHAJH3HMpys BCE COOEP-
XKHUMoe CKnsaHku. TIpH 9TOM nNOBHIDAETCS M TOYHOCTb M3MEpeHHH 3a
cuer ysenmuenns ofbeMa THTpPyeMoil nmpobu, ognaxo Tpefyerca oco-
OeHHAs AKKYypaTHOCTh B CBA3H € HEBO3MOXHOCTHIO NOBTOPHOIO aHa-
J143a.

6. Cnenyer y4YHTHBATb NOMEXH NpH HOAOMETPHUECKOM Ompenese-
HUM KHMOIOpOAa, of0yc/IOBNEHHWE COCTAROM BOJHON Cpefhl —— MOBHI-
MEHHWM COAEPXKAHHEM OPraHHYEcKOro BemecrBa (NpH OKHUCASEMOCTH
Gonee 15 mr O,/n), xenesa (Gonee 1 mr/m), nurpuros (Gonee 0,05

Mr/a) ¥ Opyrux BOCCTaHOBMTENEd win okucautenen [1]. B npobax,
Goratnx xapGonatamMu M OuxapOoHaTamu, NpH pACTBODEHMHM OCAIKa
MOXET TPOMCXOAWTb BCMEHUBAHHE pACTBOpa 3a cuer ofpasosaHud
CO, u Teparbca uactb conepxumoro [10].

7. OmunOku mMoryr OHTb CBS3AHW € CaMOM  CYIIHOCTBIO Me-
TOAA — IKCIOHMPOBAHMEM HCHOMTYEMHIX Npo0 Ha CBETY M B TEMHOTE,
NOCKONBKY ARIXAHME B TEX M APYIMX YCIOBHMSX pasawvyaercd. Hanpn-
MEp, B ,,CBEMINX” CKJISAKAX OHO MOXET CTMMYJMpPOBATLCH YBeJHue-
HHEM COfIEpXaHUA Kuciopoaa. OcofeHHO BaXKHO TO YUMTHBATh, KO-
X3 MHTEHCHBHOCTH d)OTOCMHTCSB CPAaBHHMTC/IBHO HEBHCOKAA M HE KOM-
NMEHCHPYET PacXofa AWXAHMA, a PAa3HOCTh CONEPXAHME KHCIOPOAA B
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LCBETABX” M, TEMHRX" CKASHKAX onpeacasercs GakTHueckn ero
yOBLIBIO B TEMHOTE. AHANOTMYHAS CHTYAUUS MOXCT BO3HHKHYTb H B
NPOAYKTHBHEIX BOJAX, €CAH BeAKO obwnue GakTepuit M 300MIAHK-
TOHA, JHEPrHUKO NOTPCOASKIOWMX KUCIOPOA. B Takux cayuasx mocae
IKCMO3NUMHM BO3MOXHO MPEBHILIEHUC €r0 COAEPXAHWA B ,TCMHHIX"
CKJASHKAX OTHOCHTENbHO ,CBET/AHX”.
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B. B. Byabou

Joonocurnecxud unmcmumym PAH

PAOUOYTJIEPOAHBIA METOJ ONPEIEJEHUSA
TNMEPBHYHON NMPOAYKLUMH @UTOMJAHKTOHA,

Ero BO3MOXHOCTH U OrPAHUYEHHA ‘
B CPABHEHHHU C KHNCJOPOAHBIM METOJOM

PaccmoTpenst ocofeHiiocT npoleayput MamepeHHs GOTOCHNITEIa TUIGHKTOHA PAIHO
YTAEPOANbIM MCTOAOM, OOCYKACHBI MPUUMILI OTANUYMR €0 PE3Y/ILTATOB OT NOMYYCHHLIX
KNCNOPOAHBIM MCTO0M. |

Pagwoyracpoamtii MCTOR, OCHOBaHHWMA Ha perucTpauvu Hanyye-
HMS M30TONMHOIO yricpoaa '*C, acCMMIIMPOBAHHOMO B mpouecce ¢o-
TOCMHTC33, NMOYTH HA OBA MOPAIKA BCIAMYHHW YYBCTBUTENbHEE KMC-
noponHoro. Meron Bnepsume npumeHeH B 1950 r. npu onpeaeneHun
NMEpPBUYHON npoaykumd B okeane (21], a B 1953—1954 . — 8
npecHuX Boaoemax [9, 16].

CylHOCTb METOOHMKHM CBOAMTCR K c.neﬂ?'lomemy [3, 15, 23]. B
npoby Boaw ofbemoMm 100 mn Buocutcs "“C B BMAe pacTsopa kap-
Gonara wau ruapoxapboHATa ¢ M3BCCTHOM PagHOAKTUBHOCTbIO. [locie
IKCNOHMPOBAHUA HA cBeTy (B TeYeHHe CYTOK, CBCTOBOIO IHS WIH
HECKOJIbKMX u4acoB) oHa ¢ukcupyercsi GOpPMAINHOM H OTPHABLTPOBH-
BacTcs ucpe3 MeMmOpauumit ¢unbTp ¢ pasmepom nop or 0,8 go 1,5
mkM. [To xpaw duavtpa nenaercs Heobxoaumas Haanuch, 3aTeM ¢
MOMOIIBI0 COOTBCTCTBYIOIIEH annapaTyps ONpPCAEAAIOT PAAHOAKTHB-
HOCTb ILTaHKTOHA, COOpaHHOrO Ha (PHAbTPE, NPEnBAPUTCABHO YAAIHB
abcopbuponannne kapboHato. Ing ux ymanenws ¢GpwibTpel B 1nasa-
I0EM COCTOAHMHM NOMEILZIOT HAa 5 MHH B KIOBETY, 3aNOJHCHHYI)
0,5 %-unm pacreopom HCI, mocne uero mepeHocAT Hx Ha GuaLT-
poBanbHyto Oymary, CMOYEHHYIO AMCTH/UIMPOBaHHOW BONOH, uTOOM
n3baeuthca OoT M3bnitka xucnotw [15]. Ckopocts dorocuHTeda (A,
mkr C/n) 3a Bpems onuwta paccumtwBacrca no ¢opmyse:

A= (r/R) C,

© B. B. BynroH
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rne C — conepxanue B Boae obwei yraekucnore (Mxr C/a);
r — PpanHOaKTUBHOCTb, HAKOIUIEHHAA (PUTOMNAHKTOHOM 33 3KCMO3H-
(M10; R — paaKoOaKTHBHOCTb, BHCCEHHAs B npoly.

PaGounit pacrsop wuaotona rotossT M3 ¢abpuuHOro mnpenapara

Na ‘:ICO3 Wwin NaH"'T\CO3 Ha aucTuanuposanHoit soge ¢ pH

85 9,0. O6vem Boan anx paanencnun npenapata BmOHpaloT ¢ yue-
TOM 3KCMo3uuuyn, ofwiMs (UTOIAHKTOHA H coaepxaHus obwed
CO, B Bome nccaenyemoro Bonoema. Hanpumep, B oaurorpodmix

o3epax ¢ obuweit MuHepanusauuedt sogw oxono 200 mr/n n nepeuy-
HOi npoaykuMed Ha ontumanbHon raybuue 20 mkr C/(n- cyT) Tpe-
Gycrca BHocuTh B mpofy Takoii obnwem paGouero pacTBopa H3oTona,
PAAHOAKTHBHOCTb KoTOporo npubauwxacrca k 20 mx Ku, wim 0,74
MBx. C yBeanyeHueM MHHEPAIM3AUMK BOAW HAH C YMCHLIUCHHEM
NPOOYKTHBHOCTH BOOOCMA BHOCAT Gonbumiee konuuectso u3orona. Pa-
6Gouuil pacTBOp PEKOMCHAYETCH OCBOOOXOATL OT B3BCLICHHHWIX HACTHLL
dbunbrpauneil yepea memOpanumit dunstp ¢ paamepom nop 0,2—0,4
mxM, [IpodneTposadHit pacTBOP PA3NMBAIOT B aMmynn Nno 2 Mia,
34MaMBAIOT M CTEPUWIK3IYIOT B KHOSUICH BoasiHoW OaHe B Teuenue |
Y TPHXIMN, ¢ CYTOUHRIM WHTEpBANOM. PagMoakTueHocTh pabouero pac-
TBOPA OMPENENSAIOT HA CUMHTWUISUHOHHOM CUCTUHKE, HCMOAL3YS OH-
okcaHoByto xuakocts (Hanpumep, JKC-8), coBmecTtHmylo ¢ BogHOM
cazoit. Oas 310ro Ha § M CUMHTWLISUMOHHOM XHAKOCTH JOCTATOY-
HO sHectd 10 Mkn nposepscMoro mpenaparta.

[TorpemrHocTs onpeaesieMuit NEPBHYHON NPOAYKUHMM C TOMOLIBIO
PaaHOYIIEPOAHONC MCTOAA CBA3AHA B OCHOBHOM C BHACACHHEM ¢u-
TOILUIAHKTOHOM DPAaCTBOPCHHONO OPraHHYecKoro BewlecTsa (NPHXH3IHEH-
HO WM 1IPH OTMHMPAHHM KJICTOK), @ TAKXC C MCXAHUYECKHUM pa3py-
mweHMeM 000/I0UEK KJAETOK H MOTEPEH HX COOEPXKMMOIO B MPOLECCE
thiwstpaunu npol. Ownbka MeTOAA 3aKOHOMEPHO BHILIE AAS OJULOT-
podunx Boa, uem gns Gonee nmpomykTuBHmx [3]. Takum olpasom,
HMMECT MECTO MapafoKC: NEPBHUYHAA NPOAYKUMS OJHMIOTPOPHHX BOJO-
EMOB MOXET OWTh OLEHEHA TONMLKO C MOMOWBI) BHICOKOUYBCTBHTE/Ib-
HOro pagMOYI/ICPOAHONO METOH3a, HO MMEHHO B OMHroTpPOodHHX BOAAX
3TOT METOX OKa3hBaeTCH HAMMEHEE TOUHBIM.

K Hacrosmemy Bpemenu paspaboran psn Momnduxaumi pamuoyr-
JEpoaHOr0 METOAA, KOTOPHE NO3BOASIOT YUHTEIBATH MPOAYKLUMIO KaK
B3BeineHHOro opranmyeckoro sewecrsa (BOB), Tak M pacrBopeHHOro
(POB). Iponyxumio BOB, cosnauuyio (UTOIIAHKTOHOM, R3MEP.IOT
CTaHpapTHHM PaAHOYI/JIEPOSHHIM METOAOM C NMOCMEAYIOMMM Omnpenecsie-
Huem papuoakTHBHOCTH POB B dmnntpare. Utofn ymanuts u3 Hero
MEueHyI0 YrIeKMCNOTY, HE MCIO/Jb30BAHHYIO BONODPOCAAMHM 3a IKCIO-
Suumio, Ha 100 ma duasTpata BHOCAT 2 M § 9% -HOro pacrsopa

ConmM B Kauecrse Hocurens 14 CO, u HeckonbKO Kaneib METHIpOTa,

Uplgm'roanennoro Ha nopmenoueHHOM Bome. JKmakocrs nomKMCAKIOT
/o-HnM pactBopom H,SO, mo mosmrenms kpacwoit oxpacku (pH
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okono 4) u aspupywor 30 mun. [locne nosTopHoro nobasacHus connt
H NOAKHMCJAEHHS CC HArpCBalOT A0 Kunenus. IS npenoTspaimcHus
norepp CO, npu nposeacHsM 3THX onepaunit ¢puaeTpaT nomwenauu-

BawT 2 H pacrsopoMm KOH no pH 9—10 (ao nepexona okpacku pac-
TBOPA OT KPAacHOM K XenToii). 3aTCM NCPCHOCAT B KBapLUCBYIO MNpo-
6upky Ha 100 mn, nobasasior 1 mMn nepruapons u o6ayualor yast
paduonerom 3 u (pTyTHO-KBapucsas Jamna mowHoctsio 1000 Br).
O6pasosaswylocs yraekucnory otronsior B 0,05 n pactsop KOH

nomowslo npubopa (3}, paspaGorannoro 0. U. Copokunnm, n ocax-
maot 10 %-nwm pacrsopom BaCl,, nobaenennum B obweme 0,5 M.

Ocanox BaCO, ordunbTporniBaloT Ha McMOpanHmit HWIBTD ¢ pa3me-

pom mop 0,4 MKM, noacyliusalT, CCHNAT BO (GNAaKOH H 3anHBAIOT
CLUMHTWLIAUMOHHOM XHUAKOCTbIO. PaanoakTHBHOCTE 0CaAKa NpOCUMTH-
BAIOT NOC/AE WHTCHCHBHOTO B3MYUMBaHUsA BO (hakoHe, UTO NO3BOJACT
u3bexarb camonorsiowcHus Gera-uactuu. [pyras monuduxkauus me-
TOAA OLICHKH DPACTBOPCHHOW M B3BCIICHHOH (PpakuuMM NCPBMYHONO Op-
TAHMYECKONO BCLUCCTBA OCHOBAHA HAa AuddepeRuHanbHOi GuabTpauuu
npo0; OHA PAcCMaTPHBACTCA NpH 0OCYXIACHUK BHEKAETOUHOM MpoayK-
UM GUTONNAHKTOHA (CM. HacTOsAWMH cOopHMK, C. -%%//),
BRIACHCHKHIO FPAHHL, NPUMEHHUMOCTH PAAHOYIEPOAHONO METOAA Mo-
MOraeT COTIOCTABACHHE €r0 € KHCAOPOAHHWM MceToaoM. OmHako o cux
MOp HC COBCEM SACHO, KaK COOTHOCHMTL MX MNOKa3aHWA, KOTOPLIE BH-
PaxxaoTcs B €IMHHUAX MACChl PAa3HEIX XMMHuecKMX anemeHToB (C
0,). Bsaumonepexon Mexay HHMM OCYLICCTBJASICTCS Ha OCHOBE HEKO-

TOpHX AonylucHuii. Hanpumep, ecnu cyMTaTh ACCHMWIAUMOHHMHIA KO-
sbduument ana puronnavkrona (AK), pasuum I, T0o 1 Mr O, ak-

suBaneHTen 0,375 mr C. Yawe npumenserca AK=1,25, npn atomM
ycnosuu 1 mr O, aksusanenten 0,3 mr C. Bonpoc 0 mepecuere mau-

HHX YCJOXHAETCH TEM, UTO C NMOMOWMBK KHCJOPOAHONO H pajaHoyrie-
POOHONO METOAOB Hab/I0fai0T HE COBCEM MAEHTHUHHE npoueccH. Ilep-
BiR#ALIIT METORX TNO3BONSET M3MEPATb UCTHHHYIO (BAJOBYIO) TMCPBHY-
HYIO TNPOAYKLMIO, KOTOPas BKJIOYAET TPAaTH HA AHXAHHE ILIAHKTOHA;
BTOPOM — Ty YacTb ACCHMUJIHPOBAHHOIO YIViepoda, KoTopas BOLLIA
P, KICTOUHME CTPYKTYPH (PMTOMIAHKTOHA 33 BPEMS JKCNO3MLMU C

CO2 Hexoropas nons yraepopa, BKJIIOMEHHAs B PaHHHE NpPONYKTH

¢oTocHHTE3a, OLICTPO BO3BPAIAETCH B CBOE MCXOMHOE COCTOSTHME B
pe3y/bTaTe OKHCAMTEABHOH MHHEPANHM3IaUHK K HE MOMNCXKHMT YYETy.

MHorokpaTHbie CpaBHEHHA KMCJIOPOAHONO M PAafvOyrJaepoaHONO Me-
TONOB MOKA3KBAIOT, YTO OHM HE AAIOT CXOAHWX pe3yanTaToB. [To AaH-
auM B. U, Pomasenxo [12] ana somoxpawunnmy Boaru w [ona,
nponyxuMs (PUTOMNAHKTOHA, NOJYYEHHAd PARMOYIJICPOAHBIM METONOM,
B cpeadeM B 1,54 pasa HMXe BanoBOM MEPBUYHOA MPOAYKUMM, H3-
MepeHHoit mo xucaopoay (npu AK=1), no Gonee NO3IAHHM AAHHHM
{13] nng Pubuuckoro BogoxpaMuavma, — B 1,25 pasa.
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Hmeerca paa oObsacHeHuii 6ojiee HHIKHX 3HAYECHHA CKOpOCcTH tho-
TOCHHTESA NO PANMOYTACPOAHOMY METONY MO CPRABHEHMIO C KMCAOPOR-
uuM. Hekoropas nons accumuanposanuero ''C MHHEpaIH3yeTCH
KiCTKaMH (HTOMNAHKTOHA npu ux awxadHuu. [Ipw 3TOM 33 CyTKM
M xer Onth mapacxogosaHo ot 7 mo 20 % accHMIIMPOBAHHOMO

C [14]. He ucknioueHo, YTO B MpPOUECCE OKHUCJACHHS MEYEHHX Ipo-
AYKTOB (POTOCHHTE3a YUACTBYKOT reTepoTpodHne MHKpPOOPraMH3Mhl
|¥5]. Bo3MOXHH noTepW W PacTBOPHMHIX MNPORYKTOB (POTOCHHTE3A
npu MeMmOpaHhoi dwistpaunn. CBA3aHHBI ¢ 3ITUM Hegoyyer mep-
BHYHOH NPOAYKUHH CTAHAAPTHHIM W3OTONHHM METOAOM 3aKOHOMEPHO
po3pactaer or 3BTPohHHX K onurorpoduum somam {18, 22, 24].

CrartuctHuecknit aHanu3 GonbUIEro YHCAA- NapauIeNbHHX H3MeEpe-
nuii CKOpocTH HOTOCHHTE33 PARHOYIAEPOAHBIM H KHMCIOPOAHKWIM METO-
AaMH, BHIMOJHCHHHIX PA3HHMH HCCIENOBATENSIMH XCM. PHCYHOK), moO-
3BONKET NPUATH K BHBOAY, YTO C MOMOmBI0 C YUYMTHBaercs B
cpenHeM okosio 75 9%, BanoBoi MEPBMUHON NPOXYKIWH:

lg A, = (1,957 £0,57) + (1,003 +0,97) (Ig A, — 2,083) wm
A, =047 A%, (n =133, r =0,875), M

rae Ap n A, — dorocuHTe3, H3IMEPEHHHA NO PagMOyrAEpoay M KHC-

nopony, B Mkr C/(n- cyr). Ilna nepecuera NaHHLIX KHMCJAOPOIHOMO Me-
Tona Bubpan koadduument nepexona 0,3 mr C/mr O,, BuTEKaOMMIA
ad U,J MI

u3 AK =1,25. Tonyueunoe ypaBHEHWE YKA3WBAET HA NPAKTHYECKH
JMHEHHHH XapakTep CBA3H MEXay Ap u A, banskum ypaBHcHHEM

anMnpoOKCHMHUPYETCA COOTHOLUEHHE MEXIY Ap u A, B npeaenax 50—
1000 mxr C/(n-cyr) ans osep 3aGaiikanbs [5]:

A, =073 4100220209 (5 — 14, r =0,936). @

TeM He MeHee, IR OTAEAbHRIX BONOEMOB XapakTEPHO OTKIOHECHHE
OT JAMHWH perpeccud, nepegasaemoit ypasHenuem (1). Tax, B akcne-
PUMCHTaX aBTOpPAa C BOAOH M3 apKTHYeCKoro osepa (0. Xeiica, 3emas
®panua-Hocnda), akcnonnposaHHoit B nabopatopus B teuenue 15 u
npu oceemennoctn 5000 snk u temnepatype okono J °C, oTHomeHme
A p/A . pn AK =1,25 cocraswio B cpenuem 0,58.

[To cOBOKYMHOCTH PacCMOTPEHHHX 3A€Ch NAHHHWX CTHOMEHHE
A /A xonebnerca or 0,1 no 3,6, waubonee uacto — B rpaHAuax

0,5—1,0. MoaroMy ero TONBKO B mepBoM NPUOAMKEHHH MOXHO N[DH-
Hate pasubim 0,75 (npn AK=1,25). Cneayer uMmerb B BHOYy, 4F0
BEIMYMHA ACCUMWIAUMOHHOrO KO3(QMHUMECHTA 3aBHCIIT OT MHOPMX
TDYOHO YUYHMTHB3aeMHX (DaKTOPOB: HACHILEHHOCTH BOOB KHCIOPOAOM,
HHTeHCHBHOCTH OTOpECTHpAaUMH BONOPOC/IEH, XHMHUECKOTO COCTaBa
Nponykros ¢orocunresa u Hekoropwx apyrux [1, 20, 26]. Ilocry-
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Coovxowenne cxopocreil dotocunresa (Mxr C/(n: cyr)) mnauxroua,
H3IMEPCHHBIX panHoyrNeporHmM (Ap) W kncnopoanbiM (A,) MeTopam.

1 — Xapbeickne oszepa {11}, 2 — o3sepa Benopyccun [6), 3 —
BomkckHe sopoxpawuiimg [12], 4 — o3. Banikan [7], 5§ — oa. Cesau
8], 6 — ?Gapxmqecxue o3epa (nauuwie aetopa), 7 — oazepa 3abair-
xanwg [2], 8 — oc3epa n n f'nu l'lmeAo»(u [10], 9 — npyawm Jlaveun
(171, 10 — 3an. Hdamben r')], 1 — o3epa Mowronun {4); I v 11 —
MATEMBTHYECKOE OMMAAHME CPEAHMX 3HAMEHHA Ap NpU 3AARHHDIX Ax W
NOBEPUTENLHLIA MHTEPBAR JWHMW perpeccHH no ypasHewwio (1),

JIMPOBAHUE KAaKOro-TO C/AMHCTBEHHOINO ,, YHHBEPCAIBHOrO" 3HaueHUS
AK Moxer OuTb ORHOW M3 NMPHUYMH PACXOXKOAEHHS PE3y/NbTATOB ABYX
METOOOB B OTAC/IbHHRX OOpPEAC/ICHHAX H HHOrAAa HBGJ'IIOIIBCMON npe-
BHIICHAS AAHHEIX DAaXHOYIVIEPOAHOIO METOAA HAN MOKA3aHHAMH KHC-

JIOpOZIHOTO.

18




OnHako npu BCEX OrpaHHUEHHMAX DAOUOYI/IEPOAHHN METOR MMEET
HEOCNOpHMOEe MPpEUMYINECTBO Nepen KHCIopogHunM, Gnaromaps Tomy
uTO YJNABJANBAET HUMTOXHO Malyl0 CKOPOCTb (DOTOCHHTE3a M, TaKHM
o6pasoM, OCTaeTcs EAHHCTBEHHWM, TO3BOAAIOMHUM ONPEAEaATh
NEPBHUHYI0 MNPOAYKUHIO TA3AHKTOHA B YC/IOBMIX OJIMIOTPOdHHX
BOLOCMOB,
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H. Ji. Iuprna

Hucmumym Ouonozuu éHympenHux 800
um. A. A. IHananuna PAH

OCOBEHHOCTH YCJIOBUH NI ®OTOCUHTE3A
B HU30JIMPOBAHHBIX ITPOBAX OUTOIUVIAHKTOHA

O6cy®naoTce BO3MOXHBIE OTKNOMEHME GOToCHHTE3R GHTOMNBHKTOHA B IKCNEPU-
MEHTAX C M3OAMPOBAHHBLIMKM NPOGAMM OT NPOMCXOARIEND 8 ecTecTBeHHON ofcTanonKe.

[TpoSneMa M3oupoBaHME MCIHTYEMBX npol HBASETCS ONHON M3
NEPBOCTENEHHKX NMPH WIMEPEHHH TEPBHUHON NpoayKuuu ¢uTOmIaH-
KTOHAa. JTO CBS3aHO C TEM, YTO ero 00NMMK M cocrosHue B Goswuoil
CTENCHHU OMPERensioTcs (PakTOpaMu Cpefbl, B KOTOPYI) OH MOrpyXeH,
NpUYEM HE TOJABKO (HUINUYECKHMH M XMMHUUYECKKMH (CBET, TeMmnepa-
TYpa, TYpOYJNEHTHOCTh, IJIEMEHTH MKTAHMA), HO M OHONOrMYECKMME
(neiicteue MerabonuToB, aTaka napa3uTos, Beeaanue). B m3onupo-
BAHHHX 00pasuax BOAW HEH30EXHH OTKJIOHEHHS CKOpocTH (DOTOCHMH-
TE3a OT CYmEeCTBYWOLIcH B BOXOEME, YTO HEOOXOAMMO YUMTHBATH NPH
NpOBEAEHHM OSKCTIEPUMEHTOB M HMHTEpNperauuu peayasraros. ORHAKO
HMEHHO 3TOT MOAXOX MO3BONMET OLEHWTb CKOPOCTh TMPOLECCR B €AM-
Huue ofbeMa BOAW 33 ONMpPEREEHHHI OTPE30K BPEMEHH, MOITOMY OH
nonyuwn Haubojiee MMPOKOE pacnpocTpaHEHHeE.

Krnaccuuecknm npucnocobnenuem nas H3oauposaHus npod Bogl ¢
OUTOMNAHKTOHOM SABIAIOTCA CKASHKM C NpUTEpTHMEM npobkamu. On-
HaKO CTEKJ/IO NMOIIOM3ET 4acTh CBETa, OCOOEHHO Y/AbTPadHONETOBOrO,
H3-33 YEro CBETOBHE YCJAOBHE B CKAAHKAK HECKOJBKO OTAMYANOTCH OT
ecrectBeHHux [11]. Dto Moxer HMmers 3HaueHme Aig npol, 3Kcno-
HHUDYeMHIX B BEPXHHMX TODM30HTaX, Kyda NPOHHKAKT y/abrpadHone-
TOBHE Ayud. YabTpadMOJeT YaCTHYHO MNPONYCKAETCHd KBAPUEBRHIM
CTEKJIOM, RO HMCIOJIB3OBAHUE TAKOH MOCYQH OrpaHMYEHO €€ BHICOKOM
CTOMMOCTbIO. JKCIIEPUMEHTANBHHE COCYAN MOXHO H3rOTaB/IMBATI M3
ekcurnaca, 64AM3KOro MO ONTHYECKUM cBoMcTeaM K Keapuy. Ilpm
10M HEOOXOAMMO CAEAUTH, YTOOBR COCYAW COXPaHsUIM MPO3PAuHOCTb
(B HMx Hesbas (MKCHPOBATH KMCJIOPON NPH HONOMETPUYECKOM Ompe-
Aeneuus, ANg YEro NopuMio BOAM CJIEAYET OTJIMBATh C IIOMOMIBIO CH-

Ha B OTHC/ILHYIO CKJAHKY).

— -

© U. 1. Nbipuna
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B 3aMKHYTOM 00bCME CKASHOK MOTYT M3IMEHUTLCA YCNOBHS CHa
XEHMA KICTOK NHTAaTEJIbHBIMH BEUICCTBAMM M OTTOK McTaboauTto
ocofcHHO npu Bmcokoi Buomacce ¢puronnankrona. Tak, noxasawo ol
paHHucHuE (POTOCHMHTC3a HEAOCTATKOM OHOrCHHHIX 31EMEHTOB B KYJI
Typax BoAOpoChcii npu uncncHHocTH Gosnce 7 mupa.kn /n ans kpy
Hbix BuaoB u 20 mapa.ka /a — pan menaxux [1]. Tpu mHTCHCHBHO
doToCHHTEIC BO3MOXHO MHrHOMpylOLIce NEHCTBHE KHCAOpOOa, Haka
auBawouicroca B npobe (7]. B npucyrcreun Gonbworo koawvecr
300NJIAHKTOHA OTMeucHa yOuab ¢uTOnnaHKTOMA (xjaopodusiia)
cuer Bucaauus [6], MacwTabw KOTOpPOro B CKJASAHKax MOryt 6w
MHBIMH MO CPaBHEHHUIO C BOJOEMOM.

[Ipu oxcnoHnpoBaHMM CKARHOK HA TOit Xe rybuHe Bomoema, ra
6 B3aTH Npobnt (M3MepeHuns in Sifu), DOCTATOUHO XOpoiuo cob.a
AAIOTCA TCMMEPaTYPHHE M CBCTOBHC YCi0BHA OOMTaHHS (HUTONIAHK
TOHAa, HO Hapywaercs TypOynentHoctb. Ee ocnabneume npusoant
OCCOAHUI0 WK BCIJINBAHHIO BOJOPOC/CH B CKASHKE, YTO OTPAaXaeTC
HAa MX PYHKUHOHANKHON akTHBHOCTH. OTCYTCTBHE BEPTHKANBHHIX meE
peMewicHul (QMTOMIAHKTOHA NPH €O JKCMOHHPOBAHHM HA DUKCHPO
BAHHBIX TOPH30HTAX HApPYIIACT WACHTHUHOCTb MEXIY YCJIOBUSIMH
SKCNCPHMCHTE ¥ B BogoeMc. UToOw npeogoncTs 3TO HECOOTBETCTBHE,
NPCONATAIOTCA OPHUIMHAIBHNE NpPUCNocob/eHHs O NepCMELMBAHU
BOOW B CKJASHKE M IS NMCPCMCLICHMS CKJISHOK C npofaMd B npegeaax.
ancdoTHOM 30HHW [§, 9]. ‘

Muorue neGnaronpusaTHHE #BACHMS, CBA3aHHHE C 3aKJTIOMEHHCM
BOAKl B CKJISAHKH, CTAHOBATCR 6O/ICC 3aMETHWIMH MPH IUTHTC/IBHON IKC-!
no3uuuy:. B uenom paae pabor oTMEUCHO YMCHBIUCHHE CKOPOCTH (bo-
TOCMHTC33a B SKCNCPUMCHTaxX, mpoaonxariunxcs Gonee 4—6 u, oco-!
6eHHO TP WMCNOMB3OBAHUM paauoyraepogHoro mcroaa [11]. 3aMe)1--|
JicHue OTOCHHTE3a B TCUCHME IKCMOIMUMHM CHJIBHCC BHIDAXEHO NpH,
HHTCHCHBHOM OCBCIIEHMHM M NOBHIICHHOH KOHUCHTPauun (HUTONNAH-
KTOHa (xaopodm/na), T. €. B YCAOBHSX, M3IHAuanbHO obeCnCUMBAIO-
WYX BHICOKYI CKOpOCTb mpouecca. [IpM yMCpeHHOM OCBEIICHMH, a
Takxe B npofax co CPaBHHUTCALHO HCOOMBIIHM KOJMYCCTBOM BOAOPOC-
Jeit He HabMIOACTCH CHHXKEHHUE CKOPOCTH BHIEACHHMS KHCAOpOZa 3a
CYTKM no cpaBHeHHI0 ¢ Gonec koporkoil okcnosuumcH [2].

YroOm n30cKaTh BO3IMOXKHOE 3AHHXKCHHE NCPBUYHON NPOAYyKUMH
(hUTONNAHKTOHA, TIPUMEHAETCH KPAaTKOCpOuHoe 3kcroHuposanue. On-
H3aKOo B 3TOM CAyyae CTpajacT Opyras CTODOHa 3KCMEPHUMEHTA, CBA-
3aHHAR C PAa3MUHLIM XapaKTepOM H3MCHCHMIl CBCTOBWX YCJIOBHI 3a
BpeMs 3KCno3nuuu M 3a cyTkH. Crenyer OTMCTHTb, YTO € 3KOJIOFH-
YECKOit TOYKM 3DPEHHA CYTKHM, BKJIIOUAIOLIME CBETOBOW W TEMHOBOM
nepHoan, SBASKOTCA Hanbosce MOAXOASUIEH EAMHHUCEH BPEMEHH ISt
XapaKTEPUCTHKN CKOPOCTH Mpouecca B npupogHol obcranoske. [loa-
TOMY, HECMOTDPA Ha (PM3HOJOTHUCCKHE NPCHMYLICCTBA ONKWTOB C KO-
POTKOI#i 3KCNO3vUHEeH, NOCIEAHHE HC BNOJHC TOASTCA JANS OUEHKH
flepsMyHON npoaykumu 8 Bomoeme. Mx pesynantain npuxoauTcs ne-
PECUNTHBATL HA CYTKH C NMOMOUIBLIO IMMUPHYCCKH HAHAEHHHIX COOT-
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JowleHui Mexay BerHunHaMH (DOTOCHHTE3A 33 KPaTKOCPOUHYIO M Cy-
ToHHYIO 3KCnosuumio [S] WaM mo xooy CONHCHHON Pajuauuu B Te-
yenue Itux nepuonos [10]. B ToM # apyrom ciyuac aenaloTca ao-
nyUlEHUR, OCHOBAHHHE HA CTPOroM coBMI0ACHHI  YCNIOBHIA  IKCnCpH-
MEHT2 M pacyeros, 6c3 uero TPyAHO NOAY4MTb AACKBATHHIC AAHHBIE.

3 paboTax Mo ONpPEJeNCHHIO MCPBUMHONH NPOAYKUHH (DHUTONNAHK-
toHA Ha OONbLIIHMX AKBATOPUAX TNPOBCACHHC ONKWTOB in Sifu HEBO3-
MOKHO, TaK Kak nas 3t1oro TpcOyeTcd ANMTE/IPHAA CTOAHKA CYAHA.
B TAKMX CAYYasX CKASHKM JKCMOHHPYIOT B PA3HOro poaa MHKybaTo-
pax [3, 11]. Tlpu 3TOM IKCMEPHMCHTANILHO ONPEAEASIOT MAKCHMAb-
uplit doTocuHTed B 06aacTH cBeTOBOro HacuiwcHusa [4] wau Heckosb-
KO €r0 3HAUCHHH INA PA3HHX YPOBHCH DHCPreTHUECKOH OCBCLIEHHO-
CTH, @ HHTEHCHBHOCTL 3TOIO MPOUECCa B BOJOCME HAXOASNT PACHCTHHIM
nyTeM ¢ MOMOWMLIO NOMOMHHTENBLHLIX BhiuMcaeHuid. B Takux askcne-
PEMEHTAX MOXHO MOMACPXHBATh GNM3IKOH K SCTECTBCHHOM JHWD TEM-
nepatypy (npokauusaHveM 3a60pHON BOAW WJIH 31CKTPOTEPMOpPErY-
ASTOPOM), CBETOBHIE YCJIOBMS BONOEMA BOCMPOM3BECTH TpyaHo. Onua-
KO €CJIM YYMTHBATh JHCPreTHUECKYHO OCBEIIEHHOCTb M CBETOBMWE 3a-
BUCHMOCTH . TIOABOAHOrO (POTOCHHTE33, a TAKXKE MONbL3OBATHCA ANCK-
BATHOM MOAEABIO PAacueTOB, MOXHO AOOMTBCH AOCTATOUHO XOPOLLErO
COBMAJCHUA DE3YJLTATOB € NOAYYACMBLIMM in sifu.
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Kpachoapcxkuid ynuaepcumem

OINPEAJEJIEHHUE ©OTOCHHTE3A ®HUTOIJAHKTOHA
©JYOPECUEHTHBIM METOJAOM

O6cy™naIoTCH CywHoCTs H 0COBEHHOCTH NPOUERYPLl ONPERENEHMS HHTEHCHBHOCTH
dotocunTesa GUTONNBIKTOHE (DYOPECUEHTHLIM METOAOM.

QdnyopecueHTHHIT MeToa onpeaeneuus dortocunTesa Gasupyercs
HA CYILIECTBOBAHHMH TECHOH 3aBMCHMMOCTH MEXAY CKOPOCTBIO BhIAEJC-
HMS KHMC/IOPOAa WiH (PMKCAUMM YINEKHCJIOTH H AO/CH MOIVIOIEHHOH
CBETOBOM JHEPrud, MOmMEaWEN Ha nepBHuHbe (POTOXHMHUYECKHE pe-
akuuy. Hons 3TOM OSHEpPrUHM HAXOAUTCH MO AMIUIHTYAE YBEJHUECHHMH
MHTEHCMBHOCTH CBeYCHHMA xyopodiwia — Tak Ha3npaeMmoli BapHa-
GenvHoi dnyopecuexuuu (A @), KOTOPOE NpOMCXOAMT npH Grokupo-
BAHHM 3NICKTPOHHO-TPAHCMOPTHON uend (GOTOCHHTETHMECKOND MEpPeHOo-
ca ancktponos (DTL) cneungmnueckuMu MHrBGUTOpaMH (IMYPOH, MO-
HOYPOH, CHMa3WH) WIM TIPH HHIYKUMOHHBIX IEPEXORAX TEMHOTa—
ceer. Takas 3aBUCHMOCTb OOKA23aHA IKCICPUMCHTAIBHO M 33(PUKCH-
POBaHA Kak Ha BRICIUMX, TaK W HuM3mmx pacteHusx [7]. Ee Teope-
THueCKoe OBOCHOBAHME CBA3AHO C OOWIMMH NPEICTABJACHHAMY O TOM,
Y10 BapnabenvHas &lyopccumuna OTPaXkaeT CTerneHb MCMO/Ab30BAHUA
JHEPrUH CBETa B TOXHMHYECKHX peakuMsx doTocunTesa, conps-
XCHHBIX C BHIEJEHHMEM KHCA0pOAA. '

BosMoxHOCTL ncnoab3oBaHuS AYOPECUCHTHHX CBOWHCTB KJIETKH
Ans onpegeficHUR HHTCHCHBHOCTH (POTOCHHTE3a BOJOpOCAEH mnpone-
MOHCTPUPOBAHA HA ANbrOJIOTHUECKM YHCTWX KyJbrypax [1, 6, 8—10].
Onnako nonbTKH NPHMEHHTb ITOT METOA K NpPHPOAHEM AJILIOIEHO-
3dM He paNH MONOXMTCILHHMX pe3yabTaToB. OCHOBHHMM IPMUMHAMM
OKA3a/IHCh reTEPOrCHHOCTb CTPYKTYPH HONYJsILHE BOAOPOCAECH M Tax-
COHOMHycckas cneuuduuHocTs KoadbduuMenTa cpas Bapuabensiol
bayopecuesunn co CKOPOCTBIO BhiaeneHHs Kuciaopona [4—6]. Kooad-

MUHEHTH JMHEAHOA PErpecCHH 37O CBA3M, MOAYUYCHHHE B ORLT2X
C NPCACTaBHTENAMHU CHHE-3EJICHRX, AMATOMOBHX M 3€/IEHHX BOAOPOC-
JICH, MOCTOBEPHO pa3nAMualTcs (IR YpOBHEH 3HAUMMOUC ™. HE Npe-
Bocxomamux 0,1):

—_—

© B. M. Tonsg, B. A. TonensHuuxmii
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Anabaena variabilis .« . . . . 0000130, r=0,964

Nltu‘chla palea .« « « « . . 0,000034, r=-0,850
Chlamydomonas sp. .+« « . . 0,000054, r=0,997
Chlorella vulgaris . . . . . . . 0,000015, r=0880

Ilng cMmecu Bopopocneli MHTEHCUBHOCTb hoTocHMTE3a MOXET OHT
ONpeReneHa Kak

rne A®; — BesIHYHHA papuabenpHoit dnyopecueHumsn i-ro BHga B
nopocneit, b — xo3pPUUMEHT NMHHEHHON PErpecCHH, MOKa3nHBaOUIM
cBsi3b AQ; CO CXOPOCTHIO BHINE/IEHHS KHCA0poaa (A0,/A1).

OnHako nMpakTHMYECKOE HCMOAL3OBAHHE cbopuy.nu (1) nng ouen
(oTOCHHTE3a NPUPORHOrO COODUIECTBA BONOPOCAEH OCNOXHEHO TPYAH
HOCTAIMH OMNpEAC/NEHUS KOHKPETHHX b m AP oraensHnx mmupos. Mci
KIIOYEHHE COCTABAAIOT JMML CAy4Yaw AOMHHMPOBAHMS OAHONO BHAA
HanpuMep, NpPH ,UBETEHMH” BOMM.

Taxconomuueckue paanuumg xoddpdHUHEHTA NPONOPLHOHATIBHOCTH
(b;) CTaHOBATCS HECYMIECTBEHHHIMH, €CiM BesuuuHy AQ npensapu:
TENBHO NMPOHOPMHPOBATH MO NOKa3aTeN0 YAEAbHOIO BHXoaa duyopec
ueduun K, noJyyeHHOMY npH (MKCHPOBAHHOW HMHTEHCHMBHOCTM BO3-
6yxaaiomero cpeTa. ]

Tlpu arom
K = o,/C,,
rae @, — HMHTEHCMBHOCTh (hAYOpeCUEHIME (HUTOLIAHKTOHA B Npu-

CYTCTBMM MHrUOHTOpa (CMMa3WH, NHYPOH), C, — KOHUEHTpauus XJ0-

podunna ,a" s npobe.

Ilocne HOPpMMpOBAHMA H HeXOoTOpHX Ynpomenwit [2, 4], nmospo-
asiomux 6a3upoBaThCA HAa pPeaNbHO M3MEPSEMHX NapaMeTpax, ypaB-
HEHME CBSI3M MHTEHCHMBHOCTH (POTOCHHTE3a C moKasatesnamu dayopec-
ueHnur npuodperaer supg

AO,/At = BC,A®/®,,. ©)

KoadypuupeHT B 3aBICHT OT KOHCTPYKTMBHMEX oco0eRHocTel dury-
opmiize'rpa M YCTAaHABAEBAETCH IKCUEPHMEHTANBHO MpH ero Kanubpos-
ke (2]

Ing npubauxeHus CBETOBHX YCIOBHA 3KCIEPUMEHTA K €CTECT-
BEHHHM npd Bo3Oyxaennu GiyopecUEHLMH HCNOAb3YETCS HAMYUEHHE
MUPOKOrO CneKTpaapHOr0 AuanaszoHa (400—620 um). Ilpu 3tom pe-
rucTpupyemylo npuGopoM seamuuny A®D HeolOxXomMMO mpuBECTH B CO-
OTBETCTBUE C MHTEHCHMBHOCTBIO CBETAa H3 TOM TOPM3IOHTE, C KOTOPOIO
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gona B3ATa npoba duromnanktona. Ilockonbky TpyaHo BoOCCO3naTh
HaTYDHHIE CBETOBHIE YC/IOBMSL B KIOBETHOM OTAENEeHHH (ayopumerpa,
MOXHO OFDAHHUKTLCS ONPEACCHUAMM 3ABMCMMOCTH NapamcTpos AQD
awim A@/D, oT mHTeHCHBHOCTH BO30yXJawWero ceera, MEHsAs Be-

AMUMHY TIOCJICAHER € moMoublo HeiTpatbHux ceetodmabtpos. o xa-
pakTepy TMOMYYEHHOH 3ABUCHMOCTH MHTEDNOAAUMA WIH 3KCTpanons-
yuii OMPENeasioT uckomoe 3HaveHne AP wim AD/P, nns ocee-

{IEHHOCTH H3 YPOBHE KOHKPETHOro ropusoHta orbopa npobu. Ilpm
3TOM RIS Pacqera CKOpocTH (hOTOCMHTE3A MOXHO HCIOJIb3OBaTh YpaB-
wenue (3) C ycnosHem, uto BenmuuHa @, nOMXHA OWTH M3MEpeHa

npH TOM XK€ WHTEHCHBHOCTH CBETa, KoTopad 6bia mcmonb3oBaHa pa-
Hee NpPH TOJYYEHMH IPajyHpOBOYHOIL XapaKTepUCTHKH mpubopa (ne-
pexon or koapduunenta b; B ypasuenun (1) x xoadpduumenty B B

ypasuenun (3)). Ecm oncpupylor pennunnoit A®@/®P,, 10 B ypas-

Henue (3) BBOASIT AOMOJHUTEJIbHBIH MHOXMTENb M, paBHHH OTHOME-
HMI0 HHTEHCHMBHOCTH CBETa HA 3aaHHON rNyOMHE K €ro WHTEHCUBHO-
CTH npy Kaanbposxe, MOCPEACTBOM YEro yAeAbHHI BHxon duyopec-
UEHLMH TIDHBOAMTCA K YCJIOBUSM H3MEPEHHS IPaiyMpPOBOYHOH Xapak-
TepucTuxyu npubopa:

AO,/At = BC,MAD/®D,,. ()

Bennuuuw A win Ad)/(Dm. MOJIyYeHHHE MPH IOCTPOCHHUM CBe-

TOBRIX KPMBHX, XapaKTEPH3YIOT YAENbHYK (DOTOCHHTETHYECKYIO H 00-
Wy (U3NONOrHYECKYI0 AKTHBHOCTb BOAOPOCAEH M MOTYT HCHONB3O-
BaTbCA B KAUCCTBE CAMOCTOSNTENbHONO MOKA3aTeAsd HX COCTOSHUSA, B
HacTHOCTH mpH OMOMHAWKAUMK M OHOTECTHMPOBAHHS KayecTBAa BOAMI.

Takum o6pasoM, npoucaypa ONpCAENEHMS HHTEHCMBHOCTH ¢OTO-
CMHTC3a DUTOMNAHKTOHA (AYOPECUEHTHRIM METOAOM CBOAMTCH K CJie-
aywouiemy.

1. Ot6upaior npo6u ¢ HeoOXONMMBEIX TOPHU3OHTOB TpH OAHOBpE-
MEHHOM M3MEPCHHM HA HHX JHEPreTUYECKoi ocsemeHHoctu [ (mo-
Cleanss Moxer GWTL paccyMTaHa Mo [, Ha TMOBEPXHOCTH).

2. Tocnae 20-MUHNYTHOM TEMHOBOM 3KCHO3MLMH ONpPEAC/SAIOT Xa-
PakTep cBeToBOi 3aBMCHMOCTH CTALMOHADHOTO YPOBHS (IyOpecUEH-
UMM nmyTeM noc/emoBATE/ILHOTO NMOBHMICHWUS WHTEHCHBHOCTH BO36yX-
Raowero cpera ¢ MCNOAbL3OBAHMEM IMHPOKOIIONOCHOTO CBeTodrIbTpaE,
Nponyckaomero MaNyyeHHe ¢ IMHaMu BosiH go 620 mM.

- B kiosery sBonsT pactsop murubutopa DTL] dorocunrtesa (an-

YPon, CHMa3yH, HO KOHEYHO# KoHueHTpauun I 10°5M) = onpene-

a .
0T xapakTep cBETOBOH 3aBHCHMOCTM MAaKCHMAIBHOTO YpOBHS (hry-
OPecueHupm. ‘
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4. Tlpn Tex Xe CBETOBWX YCJIOBHSX Onpenensior yposeHs (MY0-
pecuenunu ¢uwibTpata npobu Ans nonpasku Ha donosyo quiyopec-
HEHIHIO.

5. Ha ocHoBanum pe3ynbTaTos onepaumii 2—d4 nonyuaiorT WCTHH-
noe (6ea hoHa) 3HAMEHHE OTHOLIEHMA A(D/cDm, anekmsaTHOE YPOBHIO

OCBEMEHHOCTH Ha Topu3aoHTe otdopa _npoﬁu, KoTopoe u OcpyT AAf
RaNbHEAIIMX PAcuETOB COrnacHo ypasxenuto (4). Ilna npocroT pac-
YeToB 3HAYEHHE !0, ucnosnb3yemoe npu kaanbposxe npubopa, UEsNe-

coofpa3ano seect B Ko3dpuumuenr B.

oHIEHTpauns xaopodwina Moxer GuTh onpenenena cnekrpodo-
TOMETPHUECKUM N (ayopecueHTHHM MetonoM [2]. B nocneaveM
CTyuae coxpamaercs BpeMa avann3aa npoOw. Ilpu noamoit ¢ayopec-
IEeHTHON nuaruocThKe npoOu duromwnankroHa (onpenesenue MHTEH-
cuBHocTH doTocuuTeda, obuero cogepxanus xaopodumwna ,a” M ero
pacnpenencHUs N0 OCHOBHWM OTHAEJAM BOAOPOCNEH) Bpems aHAHM3A
cocrapaser 10—15 mun. Bosee moapoGHWE MeToAMuECKME DPEKOMCH-
NAAalKA NpUBEdeHn! B cneuMansyoi pabore [2]. Ilpn onpenenennu uH-

TerpaneHoil neperyHoit mponyxkunuu nog 1 M2 npoueaypy NOBTOPSAIOT
g npob ¢ HECKOABKHX TOpH3OHTOB 3B(hOTHOM 30HKW, 3aTEM NPOBOAMAT
COOTBEeTCTBYIOOME pacueTh [2, 5.

OObEKTHRHOCT METONA MPOBEPEHA SKCMEPHMEHTANIBHO HA CMECAX
anbroSIOrHYECKN YMCTHX KYJABTYP CHHE-3€/ICHHX, AMATOMOBHIX M 3€-
geHmx Bojopocaedt [4], a Takxe Ha npupoaHom duTomaHkToHe [3].
PeaynbTaTel MOKa3aaM, UTO TPH HENPOAOKHTEJILHOM IKCMOHHPOBA-
Hue npo6 (1—4 u) B ycIOBHAX CPABHHTENLHO HEBLICOKOM 06nyuen-

woctu (mo 230 Br/m?2 ®GAP) mabmonaercs xopoulee COBNaReHMe CKo-
POCTH BLIAEJCHHSA KMUCJIOPORA, MOJYUCHHOH NPAMBIMY W3IMEPEHHAMM M
paccuMTanHoil no dayopecucHuuM: Ko3pUUHEHTH NMHECRHOA perpec-
CHM CBA3M MEXAY TEMW M APYTHMH NAHHLIMM COCTaBJAOT OKOJO 1,
koadhduunenta kKoppensiuwy — ot 0,8 go 0,47. C ysenuueHucm Bpe-
MEHM 3KCHO3MLMA PACXOXKACHHUE pe3y/JbTAaTOB PAa3JIMYHLIX METONOB
po3pacraer, oco0eHnro aas npol ¢ 60AbWKMM CONEpPXAHHEM BOAOPOCAEH
(xsniopochwina). Tlpy BBICOKONM KOHUEHTpauun XJopodwiia crenexb
3THX pas3NUuMii 3aBUCUT M OT HHTSHCMBHOCTH cseta. QueBuaHO 3TO
SBAAETCH CJACACTBHEM peain3auuu ,,ckasHouHoro 3dipexta”, BO3HM-
KaloMmero npM A/MTEbHOM 3KCNOHMPOBAHKMHM TpO0 B 3aMKHYTHX 00b-
emax. [ToaTBepxaeHHEM CAYXaT pe3yasTaTHl H3aMepeHHs Bapuabess-
HOH (pryopecueHUNH, KOTOPHE B CKJIAHKAX C BLICOKMM COAEPXaHHEM
wiopodH/Uia ToCAe SKCMOHMPOBAHHA NPH HMHTEHCUMBHOM OCBEIIEHHH
NOKa3anM CHWXEHHE M [aXEe nonxHoe MHribuposamue hOTOCHHTE3A,
TOTOA KaK B BOAoeMe Ha riybunax orfopa McnmTyeMnx npol 3a 3T0T
DEPHO OHA MPAKTHUECKM HEC MEHIHCh.

~—~@ayopecucHTHH# MeTon obJagaer HEOCMOPUMBEIM NMPEHMYLIECTBOM,
NMO3BOJFIOIONM onpenc.nsg:ogomcumea duroriankTona 6e3 3KCnoHu-
POBAHNS HMCOMTYEMBIX B 3aMKHYTOM 00bEME IKCIEPUMEHTAIb-
HBIX COCYHOB. BHICOKas YyBCTBHTEJbHOCTb METOAA AE/MAET BO3MOXHHIM
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ero NPUMEHEHHE ONA OUEHKH NPORYKTHBHOCTH OJHIOTPoHLX BOZA.
[Moka3atenu ¢AYOpECUECHUMH, HA OCHOBAHWM KOTOPHIX Omnpenesercs
WHTEHCHBHOCTh (POTOCMHTE3A, CAYXKAT HCTOMHMKOM [ONOJHUTENBHON
undopMaumu o (PHU3IMONOrMUECKOM COCTOSHHM Bopopocaed. sHenocrar-
KOM MCTOAA ABAAETCHA KCMOAb3IOBAMME B kauecrse uHrGHTOopos ITL
CTOAKMX repOMUMAOB, K KAKHM OTHOCATCA CHMA3WH, MOHOYPOH, AMY-
pon. OHM MOryT ObITh HCKIIOUEHH, ECTH OLEHWBATh BapuabesbHylo
(pNyopecCUEHIMIO N0 €€ HHAYKUHOHHOMY TEPEXOAY B YCAOBHAX ,TEM-
ncta—ceer”. Oanaxo aror cnocof cn1abo uayueH M He npHemaeM Aag
BCEX BOACPOC/AEH, B UACTHOCTH [MUIS CHHE-3@/ICHBIX, Y KOTOPHIX MH-
AYKUMOHHHE Tepexonn €1a60 BHIpaXeHH.
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PACYET MHTEIPAJIbHBIX U CPEJHUX BEJIUYHUH
MEPBUIHON NMPOAYKUUM U OLEHKA UX TOYHOCTH

OGcyxnaerce meroauka mateMarnucckof ofpaorku peaynsTaTos onpeneneHus
NEPBUYHOA NPAYKUWH TIAHKTOHA € OLEHXOW NOTPEIIHOCTEA 33 CYET M3AMEPCHHE M OC-
penHeHus. [lpuBeneHnl anropHTMM pacueTos.

Teppuynas nmpoaykums nAaHkTOHa noa ! M2 MNOBEPXHOCTH BOAO-
eMa MOXeT OHTb NoAyvyeHa CYMMHDOBAHMEM €€ BEJIMMMH IS CJ10€B
BOAH, 3aKJIOUEHHHX MexXay rnybuHamu 3kcnonuposanusa npob. B
ofbeMe KaXkaoro CJ10s BEIMUMHY NMPOAYKLHH ONPEAcisioT Mo CpeaHeit
MHTEGHCHMBHOCTH (DOTOCHHTE3a BHIYMCAUTENbHOH HA OCHOBAHWM PE3yib-
TaToB M3MEPEHMN HA rPaHMUHBLIX MOPH30HTax. DTO Haubosee MPOCTOi
M ynoOHHI Ans KOMOBIOTEPHON 00paloTkM AaHHHWX crocob pacueTos,
KOTODHIt PEKOMEHAYETCA B LIEJOM PRAE METOAHYECKHMX PYKOBOACTB
(1, 3, 9).

Ecnn BHUYHCASIOT NEpBMUHYIO NPOAYKLMIO IS OTACJABHON CTaH-
MM, T. €. BEPTHKANbHOrO cTosiba Bogw ceyeHuem 1 M2, obbeMm crro-
€B BOAW UYHMCJIEHHO paBHHW MX TOJIUHHE, 3HAYEHHH KoTopoh ¢akT-
YECKH M MCMOJb3YIOT B PacueTax:

f:"AdZ =A() = (——a (2) ;’a(zl))zl + (————a () 30(23))12 +

+ (a (Z"—‘)2+ 2 (Z")) Ly Iy

me A () — nepsuuHas npoayxkuus non I M? Ha MOMeEHT BpPEMCHH
t, a(Z), a(Z,) .. a(Z,) — WMHTEHCHBHOCTb (OTOCHHTE3A Ha OT-

RenvARX tybuwax, [, I, ... l,_ | — TOMMMHA CJIOEB BOAW MEX1y

© U. . Muipuna, M. M. Cmetannn
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HAMK: || =2, — 2|, =23 — 2, .. lh_y=2,—2, , (uncio croes
Ha 1 menbme uncna rayGuH).

Ecnu no peaysnbratam uaMepeHuit Ha ONHOH CTAHLHMK OMpPEAECAKIOT
NEPBHUHYIO NPOQYKLUMIO LENOro BOAOEMA, HCOOXORHMO MCMOJIbIOBATH
KOHKpETHbie 3HAYEHHA OOBLEMOB HCCNEAO0BAHHBIX C/IOCB BOAN B HEM:

fz"AdZ . (a (z) + a(Zz)) v+ (a(Zz) + a(Za)) v, 4

2 2

a(Z +a(Z
+( ( ““)2 ( ")) Vo1 2
rae V|, Vy., V,_ — obbeMn C10CB, YHCAO KOTOPWX HA | MeHblue

YMCIA TOPH3OHTOBR M3MEPCHHA. DTO CBA3AHO C TEM, UTO B ECTECTBEH-
HHIX BOZOCMAX C KOT/JIOBMHAMHM HENPaBWILHOH (OPMB HEOAMHAKOBH
niowanu noa u3oBaTaMM Ha pas3HuX ray6MHax, nodToMy oObEMHE Or-
pPaHHYEHHBX MMH CJIOEB BOAHW HENPONOPUHOHANLHW TomwmHe. Hanpu-
MEp, 33 CHET MEJNKOBOAHOI 30HW ¢ rayOunamu no 1 M obbeM mep-
XHero 1-MeTpoBoro 10 OOBYHO MEHbIIE HMXENEXAMmCEro, paBHONO
No TOAIMMHE, HO MOXET OnTb M Oosblle, €CIM TAKHE MEJNKOBOABS
3anumalor Goabmoe npocTpaHcTso. OObEMH OTAENBHBIX C/IOEB BOABI
HAXONAT NP YPOBHE BOAGEMA B MOMEHT HAOMIOJEHHA HA OCHOBAHMM
OOJYYEHHOM 1718 HEro 3aBUCHMMOCTH o0beMa BONHOH MacCW OT rAay-
6uHu. MOXHO HCNOAbL3OBATH 3HAUEHMs oObEMA C/IOEB BOMOEMA NDH
HODMA/IbHOM YPOBHE, ecMH ero koneGaHus B TeueHue Mepdona M-
CIEAOBAHMN HEBEJIMKM.

Ilpu onpeneneHun NepBHUHON IMPOAYKLHH NO Pe3yNbTAaTaM H3aMe-
PEHHA Ha HECKOJNBKHMX CTAaHUHSAX YCPENHEHHE DPEKOMEHAYETCHd HauM-
HaThb € JaHHKIX, OTHOCAMMUXCH K OTAGABHHM CJIOfIM, 3 HE K LEIOMY

cron6y soxm nox 1 M2 Dt Toxe ANKTYETCS HEOOXOMMMOCTBIO YYeTa
BKJIaAa paiNMvAIOmuXcA Mo ofbeMy M MHTEHCHBHOCTH (HOTOCHHTE3a
uacTeli BOAHOM MAacCH BOAOEMAa B OOMYI0 BEIHUMHY CO3JABAEMOIl B
HeM nepsuynHOl mpoayxuuu duromnankTona. Takum obGpasoM, cua-
yana CjAeayeT NOJYUHMTb CPeRHION HHTEHCHMBHCOTh GoTocHHTE3a HA
OTACJIBHBIX TOPM3OHTAX 4 (Z) A7 pa3IMMHEIX CTaHUMA:

a +ay+...+a,

E(Z) = n ) (3)

a 3aTEM ONpEncNATb €0 CYMMADHYX0 NMPOAYKIHMIO B 0GpeME KaXAOro
CJI0S H B LEIOM BOAOEME:
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l Vz +...

f AdZ =A() = (_a(z,) M(ZZ)JV +(—Lz) ;5(23))

+ (E (Zp—1) +E(Z")) V,_, (4)

2

Ilpn neneHun BenruMHH A () Ha miowags BCEM aKBaTOPUM Ha-
XOAAT CPEAHION ANS BOAOEMAa MEPBHYHYIO MPOAYKLHIO B pacyeTe Ha

1 M? B MomeHT BPEMCHH t:

Aq) - (a(ZI) +a(Z,)] (a(Zz) ;—a(zs)) v,

z, VA
NUCEETS

MonyueHnan BenuunHa A ({) COOTBETCTBYET B3BELICHHOW CpERHEN
apUPMETHUCCKOA, B KOTOPOHl YUMTHBAETCH BKJAL PAVIHYHHX 70 pas-
MEPY ¥ MHTEHCHMBHOCTM (OTOCHHTE3a vYacTel BOOHON MacCH.

ITpakTHYeCKHE TPYAHOCTH BO3HMKAIOT NPH ONPENEACHHH HHXKHENH
rpaHvihi (DOTOCHHTE3UPYIOWEH 30HH, OT TOJLIMHE KOTOPOW 3aBMCHMT
BENIHUUHA MEPBMUYHOR NPOAYKUMH B uenoM cronbe soan. MoxHo or-
paHHuUMBaTE ee rnyOuHOil NPOHWKHOBEHMS COMHEeWHOH paguaumu (0,5

Br/m% uner 0,02 MIIx /(M2 cyT) 1S NOXOASILETO CIONA W3AYHEHHS
OEHTPAIBHOM 057acTM CrCcKTpa), NPH KOTOPOH MHTEHCHBHOCTh ¢hoTO-
CHHTE3a cocTtasnser He Cosee 1 9, MAKCHMAIBHON MO BEPTHKAIBHOMY
npopumo [5]. D7a rnybuna Moxer OnTb HAaHIEHA PACUETHHIM MYTEM,
€M MMEIOTCH NAHEWE O MOCTYNAmENd B BOLOEM JHEPrHH paaHalHH
H NpO3pavyHOCTH Boan [4].

B HekoTOpHX paborax MHTCrpasibHYK) BEJHUYMHY INEPBHYHONH npo-
aykuud nog | M2 onpeaeasior rpadUuecKn — H3IMEPEHHEM TLIOILAAH,
OYEPUEHHOH KPHBOH BEPTHKANLHONO Npoduas (POTOCHHTE3A H OCAMH
xoopaunat [7]. [Ipu atoM noanee ysaBAHBAOTCH IUIABHHE H3MeHe-
HHf ¢OTOCHMHTE3a mo ray6MHe, HO CHHXAeTcsl TOMHOCTb TOJIYUCHUSA
OaHHHX I8 LEJOro BOROEMA, NMOCKOALKY HE YUHTHBAETCH BKhag OT-
HOeNbHHX C10eB BoAH. Kpome TOro, 3ToT METOX AOBOJBHO TPyAOEM-
KHii.

Ing GonbmMX BOROEMAOB, PAaCUIEHEHHHX Ha YYACTKH € JOCTaTOu-
HO W30MPOBAHHEIMH BOAHKMH MAacCaMi, CHauana HaxoasT, COMIACHO
dopmysam (3), (4), BeTMUMHY NEpPBHYHOW RPOAYKUHH OTACJIBHBIX
YUACTKOB, 3aTEM, CYMMHDOBAHHEM TMOJYYEHHHX BEIHUMH, — B LEJIOM
Bogoeme. JlenenreM nociefHed HAa ILIOMmMAAb BCEro BOAOEMa oripene-
NAIOT CPEAHIO A/ HEr0 BEJIMYMHY TMEPBHYHOA MPOOYKLHH B pacyerte

#Ha IM? Ha NAHHKA MOMEHT BpeMeHH:
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A(r)

A +Ay + ... + 4, (6)

n

A(t) %(AI +A; +... +A). ¢)]

IMepeuunyo npoaykuuioo QUTOMNAHKTOHA 33 ONpENENEHHMIt oTpe-
30K BpPEMEHH (CE30H, BCICTALHOHHBINA TMEPHOA, TOX) TAKXE MOXHO Of-
pEAESHTh CYMMHPOBAHHEM €€ BENIHYHH, MONYYEHHHIX B OTAE/BHEIE
nepuonn HabGmoaennit (T), Xaxayild M3 KOTOPHX BBYMCASIOT Kak
CPEOHIO apuPMETHUYECKYI0 A1 H3IMEPEHHHX HA HAYAILHYIO M KO-
HEYHYIO JIaTy NEpPHOAA:

f:'A(t)dt=A=(M)Tl +(M)Tz +...

. (A (t,—y) +A (t,,)] .

2 2

3 8

rme A (), A(ty) ... A(,) — nponykuua corocunresa non 1 M2

B MOMEHT chMcHH ll' 12 .o lﬂ' Tl-IZ_tl’ T2-13—tz,-..,Tn_l-
=t,—1, , (uncio mepuoaoe Ha | MeHbme AaT Habmonenuii). Tlpn

Oe/IEHHH Ha ofiee YMCN0 CYTOK HCUIEAYEMOr0 MCPHOAa HAXOMAT
CPEAHECYTOUHYIO 33 3TOT NEPHOA BEJAMUMHY MCPBHYHON MPOAYKIHH
BOAOEMA B LC/OM:

1 (A (1) ;A (r,))Tl . (A (1) +4 (132) T+

h—{

N (A (t,—y) +4 (1,,)) r_,

A 2

) )

CyMMapHhie M CpEfHME 32 BEreTALMOHHBIK CC30H BEJIMYHHH Mep-
BHUYHON TNpOAYKUMM, YAaCTO NPUPARHHBAEMHE K TIOBOBHM, NPEACTaB-
A10T 0cobenHo 6onbImOi MHTEPEC, NMOCKOJALKY NO HUM CYAST 00 ypos-
HE NPOAYKTHBHOCTH BOAOCMAa, Ha HUX $a3zupylorcs B OanaHCOBHIX,
9KOCHCTEMHHWX K APYTHX NMpPOXYKLHOHHO-GHOMOTHUYCCKHX UCCAENOBaHM-
six. IIpakTHuecKME TPYHHOCTH ONPCACACHHUS ITHX BEJHUMH CBA3AHBI
C HeoOXOOUMOCTBIO OXBATHTh HabAI0NCHMSAMH OCHOBHLIE CTAfHH Bere-
TAUMOHHONO LMKIA (PMTOMIAHKTOHA — MHKH H MHHMMYMBl, Ha4yaao
H XOHell Beretaunn. B 3aMepaaowmx Bomoemax, HC MOABEPXKEHHBLIX
3IUMHEMY ,UBETCHHIO", BCrCTALUMOHHBIA MEPHOd MO CBOEH MPOROIKH-
TEABHOCTH MOXET OuTh npuUpaBHeH K OCIEIHOMY, B HAayasie M KOHLE
KOTOPOrO MOXHO RpPHOAMXEHHO CUMTaTh NpoayKuuiwo (oTocHHTE3a
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paBHoit Hymo. [Ipn 3ToM HCOOXOOMMO HMETh CBepeHus O AATaX
BCKPDHTHE M 3aMep3aHMs BOAOEMA.

CyMmapnag 3a OcanefHuil nepuon MEpBHYHAd TPOAYKUHA COOT-
BETCTBYET CO3[aHHON (DUTOMNAHKTOHOM 3a roa. B 1o xe mpemsa cpen-
Hed 33 CYTKH 3TOr0 MEPHOAA €€ BEJAMUMHA HE MOXET PacCMAaTpWBaTh-
CH B KAa4YECTBE CYTOYHOH CPEAHETONOROM, MOCKOAbKY NIA ONpeAc/ieHHd
nocaegHeil HeofxoaMMO BBOOMTH B pacueT obuiee uMC/I0 CYyTOK B roay.
Tonofnne pacyeTH peoxko AENATCs A4S 3aMEP3aWMX BOAOEMOB,
XOTH MOJIyYaeMbie HMEHHO TaKHM NYTeM CPEAHETOLOBLIE AaHHbIE Ha-
ubonee CpPaBHMMB H MPUIOAHH JNA XaPAKTEPHCTHKHM Pa3HHX BOAO-
€MOB B OTAeabLHWE roAn. Yawme 3a ronoBylo M CpEmHETONOBYIO BEJH-
UMHY NEPBHUYHONA NPOAYXUMH (DUTOMNAHKTOHA NPHHMUMAIOT BHIUYMCAEH-
HYI0 BJid KOHKPETHOro ncpuoaa HabmioneHui, uTo NpPMBOAWMT K 3aBH-
meHHBM oueHkaM. B 3ToM ciyuae 0COOEHHO BaXHO YKa3wBaTb CpO-
KM, O18 KOTOPhIX BRINOJHEH pacuyer.

IMockonbKy HHTErpanbHbie ¥ CpeiHMe BEJHMUMHN NEPBUYHOM Npo-
AYKUHH YCTaHABJHBAIOT HE MPIAMBIMH H3IMEPEHHAMH, a B pe3yabTaTe
BHNOJHEHHNX HAa WX OCHOBE MOCJAENYIOMMX BHIYNCJACHUN, HCMOAb3O-
BAHME KJACCHMUECKMX METONOB OLEHKM OWHOKYK pPEnpe3eHTaTHBHOCTH
NONYYEHHRX AaHHHX 3aTpyaHeHo. Owubky Haxopsat §osiee CAOXKHBHIM
cnocoBoM : Mo METoNy OLCHKH KOCBEHHHX mnorpewuHocteit. [pn stoM
H3YUYAEMYI0O XapaKTEPUCTHKY pPAcCMAaTPHBAIOT KAK (PYHKUHIO HECKOADb-
KHX NEpEMEHHHX, TOYHOCTb KOTOPHWX OMPEAeAcHa FNpPEeABAPUTEAbHO
[2, 6]. TakuM cnocoboM MOXHO OUEHHBATH MOrPELIHOCTH ONpEAc/e-
HUS BEJMYMH, KOTOPHE MAXOAAT NO APYIHM CBA3AHHHM C HHMH na-
pPaMeETPaMH € MOMOLIBIO COOTBETCTBYIOWIHX YPABHEHHH M YXE HMEIOT
HEKOTOPY MOrpemHocTs. Ilpu 3TOM,

ecn x =n(x; +x)) wm x =n(x; — x,),
owubra Ax =n 4/ A x? + Axk; (10

x
1

ecn x =n (x, - Wwm x=n —
x (%) - xp) x nxz.

ax )\ (axy)?
T0 Ax =nx — +[|— (1)
xz 'x2

X +X% +...%
ecau x =—l——%, TO Ax =4/ (Ax); +(Ax)§ ) 12)

rae (Ax), =0F: v (Ax), =-’1; \/(Axl)2 +(A ?2)2 +...+ (Axn)z.

0 — CPCRHCKBAAPATHYECCKOE OTKJIOHECHHE.
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BWuUHCAHTENbHYIO MpOLEaypYy, MCNOAb3YCMYW B 3THX (opMyaax,
Ha3HBAKT KBaApPaTHYHbIM caoxeHueM. OHO XapakTepHO TeM, HTO
NpCHMYILECTBEHHOE BJMAHHE HA UTOTOBYKW BEJIMUMHY OKa3WBAKOT Ha-
nbonbiive cnaracMmuie. Tak, WIS CyMMbl ABYX KBaApaTHUHO-CIOXEH-
HBIX BEJMUMH

C = a + b, oumbka AC = +/ (Aa)2 + (Ab)2

Ecnn Aa = 0,5, Ab = 0,2, o AC = 0,54. U3 asroro cnenyer,
YTO ManeHbkas owubka Hrpaer HeonblWyld ponab M npu Heobxoamu-
MOCTH NOBHCHTbL TOYHOCTb HCCAEAOBAHHIA B MEPBYI0 OUEPEAb HYXHO
yMcHbIATe Ty omubky, kotopas Gonbumie octanbHumx [8].

ILns npuMcpa MOXHO pPacCMOTPETb OUEHKY MOrpemHOCTH onpese-
JICHHS TIEPBUYHOA NPOLYKUMH MO JAHHHM KHcaopoaHoro meroaa. IMo-
IPEITHOCTh HONOMETPHMECKOrO OnpeaenceHus kucjaopoaa (Mr/a) ¢ pac-
yetoM no cdopmyne:

8N V. 1000n
0, = V5—~— (13)

2 (v—v) v,
(rae 8 — xonuuecTBo Kuciopoma (Mr), coorBercTBylomee 1 ma
I w pacrsopa THocynwndara, N — THTp pacrsopa, n — €ro KojH-
yecrso (Mi1), nowcamiee Ha THTposauue, V — obbeM ckiasnku (W),
V, — ofbem nobapjcHHHX B HEe PECaKTHBOB AN (PMKCALMH KHCIO-

pona (mn), V, — ofveM THTpyemoit nopuuu npobu (mi)) B obmem
BUE paBHa:

- SN V. 1000n
V=)V,

\/(M)Z . (ﬂ’)z +AV2 +Av? . (4%
N v (V“Vl)2 2

IIpM NOCTOSHHWX WA MaNo0 MEHAOWMXCE AN OoMblod cepuu
npo6 anaueHuax N, V, Vl' V, MX norpeutHoCTH ROCTaTOYHO Ma-

/Il U MOTYT HE YUYHTHIBAThCH. Torna NMOrpewHoOCTh H3MEPCHHR KHC-

0,

2 2.
+ (—Aﬂ) .4
n

n
/0pona ONpeneNseTCs TOYHOCTLIO THTPOBAWHA = = M NPH THNHUHMX

XapakTepucTMKax mNocyaAW M pacrtsopa Tuocysiedata (N =0,01,
V= 150+ 01 ma V=201 M1, V,=50=01 mn,

n =10 +0,01 mn) cocrasur, coracio dopmyne (14), 0,016 mr O,/n.
Taxoro nopanka norpewHOCTh HE CYIICCTBCHHA NMPH OLEHKE KOHLIEH-
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Tpaumit xacnopoga B soge (5—10 mr 02/11), OQHAKO OHa 3HaYMMa

g POTOCHHTE3ad, ONpEAensdcMoro no MxX Pa3HOCTH B ,CBETAMX” M
»TEMHHX"” CKJASIHKAaX, BEJHYHHA XOTOopoi OwhBaer B npeaesax He-
CKOJIbKMX fecaThX Muaurpammos O, B 1 n. D10 MOXHO BuMAETH HA

npuMepe pacuera ¢dorocuHTe3a (a) nO AAHHEM ,cBeTABX” (C) W
»TEMHHX" (T) CKA4MOK, 3KCNOHHPOBAHHHWX HA KPaWHMX rayOuHax 3B-
toTtHOi 30HW (03. Tlneweeso, Mait):

= ax Ag{c —m),
Cxnauxe 0, ~ 480, Mr/a | 0, * A0, Mr/a o 02/(rn . cy_)r)

TMoBepxHOCTE BOALI

Cretnan 12,78 + 0,02 € 12,79 £ 0,04 0,82 + 0,08

12,80 + 0,02 _
Temuag 11,91 % 0,02 T 11,97 £ 0,07
12,03 + 0,02
Fnybuua 4,5 M
Ceetnas 12,21 £ 0,02 € 12,95 £ 0,06 0,20 = 0,08
12,29 + 0,02 _
Temuag 12,09 = 0,02 T 12,05 £ 0,0
12,01 £ 0,02

(AOZ, AOQ,, Aa naxopsr mo dopmynam (14), (12), (10) coorsercr-

BEHHO). B nannoM ciyuae omwmMOGKa penpeseHTATHBHOCTH OMNpPENEICHKY
toTOoCHHTE3A B NMOBEPXHOCTHOM TOpH3oHTE cocrasaser mcHee 10 %,
a B HuxHem — 40 9. TlockonbKy MOrpeIIHOCTH CHIBHO BapbUPYIOT
B 3aBUCHMOCTM OT BapuHalGeNbHOCTH COOEpPXaMME KMCJIOpPOAA B ,,CBET-
JuX” K ,TeMHHX” CKJISHKAX MOC/Ae 3IKCMO3HLMM, HEBO3MOXHO 3apa-
HEe OMNpefeJNUTh TOYHOCTb H3MepeHus (DOTOCHHTE3a, KOTOPOH MOXHO
6uno 6m npuaepxupaTbeda. [loaroMy norpewHocTH HeoGXomMMO ole-
HUBATb A8 KaXKA0M KOHKpeTHOM cepuu npod.

[1Ipn oueHke MOrpewiHOCTH ONpeAe/ieHHS WHTErpajibHON BEJIMYHHM

NPOAYKUMH (OTOCMHTE3a B croabe moaw no | M2 oTnenbHOM TOUKM
BOIOEMA MCMONBR3YEMYI0 B pacuerax dopmyny (1) npeolpasyior:

fz.Adz =A(1) .~.% [a(Z) 4 +a(Z) (4 +1) +...

]
+a(z)l,_, . 15)

Or1o penaerca pag ynoGctBa BHuMcaeHug ofmeli norpemHOCTH
(4], onpepenseMoil TOYHOCTBIO OLIEHKM BEJIMUMHH (POTOCHATE3A M
CPABHHMTE/IbHO MAJIO 3aBHCAMENH OT TOUHOCTH HMAIMEPEHMS DPACCTOSHHMS
MEXAY MccaenyeMuMu rnybnnamu. OHO M3IMEPAETCS CO CPABHHTEABHO
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Hebanbwion owubKoil, KOTOPYI0 MOXHO HE YYMTHBaTh. B Takom cny-
Yae morpeuiHoCTh BeNMUHMHM A () Haxogatr mo dopmyne

AA(t) = % J [l,Aa (Z,)] 24 [(ll + L)Aa (Zz)] 2, ...+[l,|_lAa (Zn)]z.

(16)

BuunCc/ieHHE BENHYHHB MEPBUYHOM MPOAYKUUH LEJON0 BOAOEMA
Nno pe3yasTaTaM H3MEPEHHA Ha HECKOJbKHX CTAHUMAX HAYHHAIOT,
KaK OTMEYEHO BLINE, ¢ OCPEAHCHHS MNOJyYEHHBIX IS OJHHAKOBBIX
rnyy6uH RAHHHX, YX€ HMEMmUX HEeKOoTOpylo norpewHoctb. [Ipn
OLICHKE MOrpElHOCTEN 3TOH cpenHedl AN 3aNaHHBIX FAYOMH WHTEH-
cupHOCTH oTocMHTE3a @ (Z) YYMTHBAIOT, COMMACHO BBIPAXEHHUIO
(12), nse cocTasASIOWME, OAHA M3 KOTOPWX O0ycioBneHa Bapuabenb-
HOCTBIO N@HHHIX Pa3HBIX CTaHuuiA (Ax),, Apyrag — TOYHOCTHIO HX

H3MEPEHHs HA OTACAbHHWX cTawuuax (Ax ), Taxum obpaaoM, ecnu

a +a,+... +a
a@z) = —21— n 3
Aa(z) =+ aZ)?+1aa(z)?, an
me 183 (2)), =LHE)
Vi

(A3 (Z)], =% Vv (2 a)? +(aa)? +... + (4 a)

HHTerpanbiylo BENMYMHY nEpBHUHON MPORYKUMY BCEN0 BOAOEMA
B C/lyuae BHYMCIECHHS TNOrPEUIHOCTEN HAXO4AT C MmoMomblo npeoGpa-
3oBaHHOM dopmynn (4):

[AdZ=A(1) = [G(Z) V, +3(Z) (Y, + V) 4+ T(Z)V,_,]-

(18)
Omnbka penpe3ecHTaTMBHOCTH 3TOH BEAMUHHMW DABHA

AA (1) =% \/F/, Aa(z,)]2+ [+ 7)) Aa(zz)]2 oo
+ Va1 82 (Z,)]- 19)
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IMpu arom ponyckaercs, uto 00bEMB CNOEB BOAW ONPEAENSIOT C
NOCTATOUHO MO OWHOKOI,

CpenHiolo BenviuMHy NCPBMYMHON NPOAYKUHH, MPUXOAALIYIOCA HA
€AMHHMLY IUIOILAAM BOAOCMA B JAHHHI MOMEHT BpeMcHM (), HaxooaT
aeneHHeM A (f) Ha maowanp akBaTopuu (S ):

A1) =2—ls ['& (Z)V, +a(Z,y) (V, + V) +...+E(Zn)vn_|].(20)

Ee ommnbka pamua

AA() =55 Y [haa@) + [ +v)aa@))’ +..

+ [Vam 83 (2] @

NpH [ONYWEHHH, YTO MNOTPEUIHOCTL ONPCACACHHS MIOLIAAM BOAOCMA
HEeBEJIMKaA,

EcnuM cyMMapHYI0O M CpPCAHION MCPBHYHYH MPOAYKLUMIO HAXOAAT
INS BOAOEMA, PA3rpaHMUYEHHONO HAa HCCKOAbKO 00OCOOMCHHHX yuacT-
KoB, ¢ nomoiubto dopmyn (6), (7) owmwubku penpe3aeHTATHBHOCTH NOA-
YUEHHHX BCaAnuuud A {1) U A () onpeaensiotT xak npu CyMMHpOBa-
HUH J3HHBIX, YXC HMCIOLMNX HEKOTOPYK MOrPeIHOCTD:

AA() =+ (BA) +(a AT +... +(a4,)?, Q22)
ARV (BAY + (4% +.. +(84) 23)

3ameTumM, uTo npu 3tom obmwas omuOKa BEIHUHHB A (1), npencras-
Agomeii cofoil B3BEIIEHHYIO CPCOHION apUdMETHUECKYIO, 3aBUCHT
TONBKO OT OWMHOGOK OMpenencHMs MCPBHYHOM NPOAYKUMM OTAEABHBIX
yuactkoB — A A, A A,,..A A,. Cayuaiinas ownbka, obycnosncunas
pazIMuYMEM CaMHMX BCIHMHMH A}, A,, A, CBOmMTCA K 0, nockoabky

A () HaxooAT AN reHepaibHOW COBOKYMHOCTH A (f), B KOTOpOM yu-
TEHH BCC COCTABAMIOIUME €€ CAMHMLH.

AHaNIOTHYHO PACCYHTHIRAIOT CYMMApPHYI0 H CPEIHIOK BEIMUYHMHH
MEepPBHYHON MPOOYKLUMH H HX MOrpPEWHOCTH AJA HEKOTOPOro nepuona
Habaopennit. ChemosatenbHo, B OTAC/bHBE MOMEHTH BpeMeEHH ()
HMEKOTCS!

A); AU A )
AA (1); AA (G)..AA ().
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chomy:o g’MMapHYIO BEJIHUHHY 33 nepvoR HalusiofcHHH HAaXOOAT Mo
dopmyne (8), npecOpa3ys KOTOpYI0, MOXHO MNOJYYHTb

IRVYOPIRY =3 [AUNT + A () (T + Ty ot A ()T, _y]-

Q4)
Torna owub6Ka penpe3cHTATHPHOCTH BEJHUHHK A paBHa
AA=3 [T AAU +(T + T AA()? +..
+ [Tuc1 8 A ()] 2 25)

CpﬁIlHCCyTO'-IHa!I BCAHYMHA 1A ITOrO MEpHOoaAa ONpeACasicTca Kak

oy 1

A=3T—7y =1 [A (1T + A(ty) (Ty+ T3) +..+A(1)T, 1] .(26)

Ee norpemwnocts paBHa

AA= W,‘/ AA(tl)] +[(T2+T3)AA(t2)] +...

+ [Tam1 84 () 2, Qn

C noMouIbi0 TAKMX XE TPHEMOB MOFYT OWTb BBIUMCACHH OWHOKM
PENPEIEHTATHBHOCTH BEJMUMH MNCPBUUHOM NPOAYKUMM, NOJIYYEHHBIX
NPYTMMH METOAAMH, a TaKXE OCTANbHAIX MOKA3aTeschi NpOAYKTUBHO-
CTH (PUTOIIAHKTOHA H paanooﬁpasuux XapaKTCPHCTMK BONHOH CPENHL.

Onpenenenne norpemHoCTed yBEARUHBACT obbeM MaTeMaTHyecKoit
06paboTKM pE3y/NbTATOB MCCAEAOBAHMIL, HO OHA JIETKO MOXeET ORTb
peaNn3oBaHa € MNOMOIbI0 BHYMCAKTENbHOH TeXHHKM. Heobxoaumo
ONEHHUBATh MOrPEmIHOCTH DC3YJbTATOB HE3ABHCHMO OT OXHAAEMOM
TOYHOCTH, MOCKOJMLKY Ha NPAaKTHKE He BCEraa cob/IoAaioTcs 3ajaHHHE
€¢ HMHTEpBaNn. BruucneHue MOrpelIHOCTH MOAYYAEMHX RAHHHX 10-
3BOJISET AONOAHUTh MX HAa PA3HHIX 3Tanax ONPEHe/NeHMd ONEHKO| RO-
BEPUTEJALHOTO MHTEPBATa — CBOEr0 POA3 30HK HEONPEAE/IEHHOCTH,
HeobxonuMOll ANE CyXONEHMS O TOUHOCTH PE3Y/bTATOB MCC/ACIOBAHHS
H NyTdX €e NOBHUIEHMS, O AOCTOBEPHOCTH CACNAHHHIX BHBOJOB.
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YIOK 574. 5. 08: 581.132 + 574. 583: 579
B. B. Bymvou

3oonozuueckud uncmumym PAH

BHEKJIETOYHAA NMPOOAYKIHUA OUTOIJIAHKTOHA
N EE NNOTPEBJEHHE TETEPOTPOOHBIMH
MHUKPOOPrAHHN3MAMH

O6cympaerca npobaema BLUAEREHUA BONOPOCNSIMH. NEPRMUMHONO OPrAHHYECKOND Be-
wectsa H ero norpebacHna GaxrepuoraukToHOM. OQUEHEHO BAWSHHE 3THX NPOUECCOB
HA PE3yNbTaThi HIMEPEHHs (POTOCHHTEIR PARHOYTENOPONHBIM METONOM.

B cBs3aM ¢ TéM uYTO CTAHAAPTHBIL PAOMOYTNIEPONHBIA METOX onpe-
OC/ICHHSA CKOPOCTH (POTOCHMHTE3a MAAHKTOHA OCHOBAH HA H3IMEPSHHU
PanHOAKTHBHOCTH BCLIECTBA B CECTOHE, PACTBOPEHHOE OPraHWYECKOE
pemectso (POB), BhgenseMoe KACTKAMH BOAOPOC/CH, HE YUYHTHBa-
erca. Bosuukaer npobsiema oueHKH €ro NoaM B 00WEM KOJIHUECTBE
NEPBHYHONO OPTraHWYECKOrO BELICCTBA H TOMCKA METOA0P, KOTOpHE
Mo3BoNMMAY OB YyUMTHBATL KaK BHOIMMYIO CKOPOCTb aCCHMMJISUMM YI-
Jiepoga, TaKk M NEpCcpacnpeacsicHNE PaHHUX NPOayKTOB (DOTOCMHTE3A
BHYTPH [UTaHKTOHHOTO coobmecTaa. CXeMaTHUHO 3TO MOXET OMTh
MpPEACTaBACHO CACAYIOWHUM 00pasoM:

CO; -+ Q@uronnankton - POB - Baxktepuonnaukton - CO;

]
CO;

IMponykuuio pacTBOPCHHONO OPraHMYCCKOrO BELIECTBA HIH BHEKJIE-
TOYHYI0 MpPOAYKUHIO YACTO OTHOCAT K MPHXU3HCHHBIM BBIJEJICHUAM
KJICTOK BOJOPOCACH, XOTHS HC MCHCE BEPOSNTHON NpPEACTABAfETCHA M-
noteaa, npeanonarawwas obpasosannc POB npu Mx oTMUpaHuu (IH-
3uce, dotonusc, BHCAAHMHM M T. A.). Bo mMHorux cnyuasx npH cpen-
HUX M BHICOKHX BEJHUMHAX OHOMACCH (PUTOMNAHKTOHA M MEPBHYHOM
MPOAYKLUMH, CBOMCTBCHHRIX MC30TPO(HBLIM M JIBTPOHLIM BOAOCMAM,
BOJIA PACTBOPCHHBIX TMPOAYKTOB (DOTOCHMHTE33 OKa3bIBAGTCA HE3NGUM-
TesIbHOH. BhCOKME OTHOCHTENBHHE BEJMUYHMHB BHEKJIETOUHOM MpOayK-
UMK MPaxTHUYCCKH BCEraa PerMcTpHPYIOTCS B ONMUNOTPOMHLIX BOAAX.

Heszapncumo oT npupomn BHEKJIETOYHON TPOAYKUMH OCTAETCA ar-
TYa/IbHHM BONPOC 0 €¢ dKosoruyeckoit poan. [lyTs mccncnosanus Mo-
)XeT OBTb HAMEYEH HA OCHOBAHMM TIPHUBCAEHHON BHIIIE CXEMul MOTOKA

© B. B. bynsou
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yrnepoaa B coobuwecrse aBTOTpodHEX M reTepoTpodHEHX MHKpoopra-
HHM3MOB,

B nuTtepatype comepXarcs AaHHbE, MO3BOAAIOLIME NPEANOJarath,
yro nornpebaenue POB rereporpodHRMHM MMKPOOPraHH3IMAMH TECHO
CBA3aHO C €ro NMPORYLHPOBAHWEM, MOITOMY BHAc/ASEMOC (PHTOIUIAHK-
tonoM POB noutu we akxxkymympyercs s moae [3, 6, 8, 9]. Bpems
oBopora durorcHiHoro POB coctaBasieT BCero HECKOAbKO 4acoB, WTO
MOATBEPXKAAETCA IKCMEPHMCHTAMM C JICTKO YCBOAEMBIMH OPraHHUCCKH-
MH CyOcTpaTaMHM, TakMMM, KaK [1K0K034, alLETAaT M aMMHOKHCAOTH
[2, 5, 11].

TakuM 06pa3aoM, NpH KOAMUYECTBEHHOM MCCJACAOBAHHH BHEKNETOM-
HOM NpOAYKUMH MOXHO MCXOAMTL H3 NPEANOCHLIKH, YTO BHIESIO-
meeca M3 kaeTok ¢uronnanktona POB roruac accumunupyercs Bax-
Tepuamn. CrnenosatenbHo, M NpH 3KCNo3uuum npol o3epHoi wiu
Mopckoit Boan ¢ CO, mo Mepe BKJIIOYCHHS METKH B OPraHMueckoe

BemecTBo QUTOIUIAHKTOHA M BHXOAAa H3 €ro kiaerok meucHHoro POB
nocacaHee NOJIXHO YTHIH3HPOBATbCA MHUKporeteporpodamn. Metoau-
yeckas CTOpPOHA nmpobaeMn 3aKiouacTca B TOM, KakK HHgdepeHunpo-
BaTh MCUEHHH (PUTOMNAHKTOH M MEuYEHHi 0aKTEPHOMIAHKTOH M CpaB-
HUTh MX pPANHOAKTHBHOCTH, YTOOW OUEHMTH OO0 MEPBMYHOM MNpo-
AYKUWH, TPaHCHOPMHPOBAHHYIO B GaktepuaibHylo ¢GpakuHIO B3ne-
LICHHOTO OPraHM4ECKOrp, BELIECTBA (BOB). Ina 3toll uenau MOXHO
PEKOMEHIOBATL METOA 'C B COYETAHHH C AnddepeHUna bHOR, WM
crynenyaroit, ¢unbrpaunein npobé soam [1, 4, 7, 10].

B onmrax, nposoausiuxcs Ha o3epax Mouroaun aerom 1979 r.
H B 10ro-3anagHoHd uactd Tuxoro okeaHa (25—57° w. m. u 126—
158° B. n.) B sampape—despane 1985 r., 6bn npuMeHeH BapHaHT
auddepennmansHoi dunbrpauun (cMm. pucyHok). ITpoSm Boan nocae

fpata + "*C0, flpoGa + "*c-POB
Jxcno3uvUuR, IKCNOIVUUR,
@URLMPauUR QUASMPTUUR

PUMONNAHKMOR
A Gaxmepuonnanxmon 15 M baxmepuonaanxmon | Gy

1 1

Az Lﬁafrmepuon/mﬂxmaﬁ 023 mxm | boxmepuonnanxmon | Cp

~

Cxema anddeperunanviod bwintpaunn npoé soabt:

A) v A2 — pAAMOAKTHBHOCTL ILIAHKTOHE HA PMALTPAX C Pa3MepoM
nop 1,5 n 0,23 mMxM nocne axcnoauumn npob ¢ ¥Cco; G u G2 —
YO XKG ROCJIE IKCNOIHUMM C MEYEHbIM OPraHMYECKHM CyGcTpaToM.
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3KCNO3UUHH C l‘COZ OThWIBTPOBHBAIH CKBO3b MEMPAHHHC (QUALTPH

¢ pasmepom nop 1,5 Mxm (o3cpHas soga) wim 0,85 mxM (Mopckas
Boaa). PaavoakTHBHOCTb MIAHKTOHA H3 3THX (MABTPAX, a TaKXe IK-
BMBAJICHTHOE Cil KOJMYECTBO ACCHMWIMPOBAHHOMO yraecpopa obo3Hava-
au kak A;. 3atem ¢uabTPaTH npomyckanu CKBo3b GUALTPH C pa3-

mcpom nop 0,23 mkM. PaguoakTHBHOCTD MNAHKTOHa Ha ¢uabTpax
ITONO THNA M JKBUBANEHTHOE €il KOIMYECTBO aCCHMWIHNPOBAHHOIO YI-
nepona oboanauanu kax A,. Ilpeanonaranock, uTo Ha mepsoM 3JTane

¢unbTpaunn MemOpaHHwC GUABLTPH 3aJEPXKAT BCE KJACTKW (PuTOMIAH-
KTOHA H 4acTb GaKTCPMOIIAHKTOHA, HA BTOPOM 3Tane (UIbTPALHM
6onec NAOTHHE (UABLTPH 3adepXaT OCTANbHYIO vacTb GakTepHOIIaH-
kToHa. YToOm yuecTb pacnpeaencHUe reTepoTpodHbIX MHKPOOPraHM3-
MOB Ha WIbTPAaxX Pa3HOM TLIOTHOCTH, MO TOH XKE CXEME MPOBOAWIM
auddepeHunanbHyio GunbTpaunio npod BOAK, NMPEABAPHUTENBHO MHpO-
IKCTIOHHPOBAHHKMX C TEM WIH MHHM MCUCHHIM OPraHHMYecKUM Cy6-
CTPaTOM MANOit KOHUEeHTpauuu. B kauectse cyGeTpaToB HCMONB3OBAIH
aueTaT, rioxo3y (B ONKTAax ¢ O3cPHON BOZOW) waM ruaposausat Gen-
ka (B oneitax C MOpCcKoil Bogoi). Bo BCcex onbiTax M3 AAHHHIX IO

ACCUMWIALMH MCO2 BLYHUTANH AAHHKWE TEMHOBONO KOHTPO/JfA, a M3

AAHHBIX MO 3CCMMMAALMM MCUCHRIX OpraHMyeckux cybcTpatos — Be-
AuyMHe agcopbaunn atux cybcrparos ¢uabtpamu. Ecim cumrats,
YTO YKa3aHHHWE OpraHuuyeckue cyOcTpaTh acCHMHJIMPYIOTCS TOJBKO
fakTepuaMu, TO 3HaucHus pagmoakTusHoctd BOB Ha dmabTpax c
pasmepom mop 1,5 (mnm 0,85) w 0,23 mkm, kotopbic 0603HauaIMCh
kak C; u C,, AONXHBH GWTh NMPONOPUHOHATBHE KOJTMUCCTBY Gakrtepnit

HA HHX.

[Mpoaykuuio 6akTcpuil 33 CUCT MCUCHONO OPraHWYECKOrO BEMIECT-
B4, BHOCJACHHONO (QUTOMNAHKTOHOM, PACCUHTHBANH MO YPABHEHHIO

Ag = A,(C/Cy) + Ay (0

rie Ag — CyMMapHas pajaHOaKTHBHOCTb Gaktepuit Ha QurbTpax ¢

pasmcpamu nop 1,5 (mam 0,85) u 0,23 MxM, HakomwiecHH3s 33 CuET
MEUYECHRIX MPOAYKTOB (POTOCHHTE3A; Ay — PAAHOAKTHBHOCTb GakTepuit,
MOJiyYCHHAA OT MEUYCHWX NpoaykTos ¢oTocuHTe3a, Ha ¢uabTpax ¢
paamepom nop 0,23 MkwM; C,/C2 — COOTHOLIEHHE paaAMOAKTHBHOCTEN
6aKTepuil Mowie 3KCNO3INUMK C MEYCHBIMH OpraHuueckuMu cyberpa-
TamMu Ha ¢uasTpax ¢ paamepamu nop 1,5 (wim 0,85) u 0,23 Mmkwm.
PanuoaktusHocTb GakTepuit (Ag) may ux npomykums 3a cuer ¢uro-
rcuvoro POB, otnecennas k ofweii panMoakTMBHOCTH MHMKPOMUIAHK-
ToHa (A} + A,), IKBUBANECHTHOH NPOAYKUMK (UTOMIAHKTOHA, PaBHA
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Ag (Ay/A) (C/CF+1) @
A +4, 1 + Ay/A )

Taxum o6pa3oM, Ans OLEHKH NOAH MEPBHYHON NMPOAYKUMH ILIaH-
KTOH3, acCHMIIHPOBAHHOM 6aKTEPHMOIIAHKTOHOM, CIEAYET 3HATb OT-
nomenns Ay/A; m C,/C,.

Pesyavrata auddepenunansroii dpunbrpaunu npob osepHod H
Mopckoi Boin nocae axcrno3uuun ¢ CO, M MeVEHRMM OpraHMYecKM-

MH cyGcTpaTaMH nokasamM, uTo B WOro-3anapHoit wacitu THxoro oke-
aHa nipm 3KCTpeManbho HuskoM dorocuutese- (1—4 mxr C/ (1 - cyT))
otHomeHMs A,/A; 6unn B cpennem B 3 pasa -snwe, a C,/C, nouru

BO CTOJILKO XE pa3 HuXe, UM B O3€pax, rae CKopocTh (poTocHHTE3ad
nocrurna 85—300 mxr C/(n- cyt):

Mecto naBnonennit I;l"pg:;a'&zir:. ':’ Ay A €/Cy
Oaepo
Xapa-Hyp 1,1 0,044 59
Horox-Hyp 1,0 0,035 1.4
Ilygran-Hyp 6,0 0,038 2.3
I0ro-3anagHas uacth
Twuxoro oxeant
cr. 3042 22 0,196 1,01
cr. 3045 25 0,121 1,81
c1.3049 25 0,146 0,89
cr.3052 33 0,097 0,54
cr.3055 20 0,123 0,76
cr.3063 16 0,080 0,79

Ornomenua C,/C, cuperenscrayior o ToM, uto Gonbmas vacTh

mukporereporpodos osepHoli Boaw (70—88 9%) samepxuBanace Ha
¢dwunerpax c pasmepom mop 1,5 mMkM. U3 Mopckoit Bogm, otiuuato-
meNcs BRICOKOM NPO3PAYHOCTBIO M, CJIEJOBATEJLHO, MAJINM COAepXa-
HUEM B3BEOIEHHWIX BewecTs, Ha ¢mabTpax ¢ pasmepom mop 0,85 mxm
3a/1eP>KHBANIACH MEHBINAA OOAS PeTEPOTPOPHHX MUKPOOPraHU3MOB —
35—64 %. OuesnpgHo, npu MeMOpaHHOH (HUABTPALUMHM O3EPHOR BOAH,
kotopas Goraue B3BeCbIO, ueM: MODCKAs, QWILTPH C pa3MeEPOM [Op
0,85 mMxM 3a6uBAOTCA B3IBECHID M CTAHOBATCH MEHEE MPOHMLAEMBIMH
aas bakrepuit, T. e. cTeneHb yAcpKaAHMA MMM BaKTepHOILIAHKTOHA
HaxXOAMTCS B NpPAMOA 3aBMCHMOCTM OT KOHIEHTDALMH B3BECH B BOIE.

Nopcrasue npuBeneHHue BHlE 3HauyeHns A,/A; M COOTBETCTBY-

WLNEe HM OTHOMEHUS CI/C2 B ypaBHeHHE (2), MOXHO OUEHMTh AOJIO

NepBHYHOR NMpONYKUMH TUIAHKTOHA, YTWIM3HPYEMYIKO 6akTepHOrIaHk-
TOHOM. [lnd 03epHBHIX M MOPCKMX BOA C Pe3K0 Pa3iMYHKM YPOBHEM
tpoduu B Gakrtepuanshyw dpaxumo BOB srmouaercs or 12 o
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33 %, 8 cpeanem 20 %, npoaykuuu ¢duTomnaHkToHa (cM. Tabnmuy).
3TH JAHHHE HC NPOTHBOPCYAT PC3Y/LTATAM HEMHONOYMMC/ICHHKX aHa-
10TMMHLEX AW 6au3kux no teme pabor [4, 7], coraacHo KOTOphIM

20—30 % cdukcupoaHsoro npu (POTOCHHTEIC l“COZ CBA3KBAETCH 3a-
rem ¢ GaxTtepnansdon dpaxumch BOB. OtHowcuue A6/(A|+A2).
10-BHAMMOMY, C1a60 3aBHCHT OT YPOBHA NCPBHUHOH NPOAYKUHMH,

Coomuoweiueé MENY BEAHYHNAMH NEPBRYNOA upoayxuuu (A, + A,)
u npoayxuni Gaxrepuit (A) 38 cuet pacTROpeHHLIX NPOAYKTOB
¢dorocunresa (mxr C/(n - cyv))

Mecto wabmonenui A+ A Ag A/ (A, + Az) %

Qae

X?l?)n-Hyp 115 30 26

Horou-Hyp 305 98 32

HOyprau-Hyp LEN 10 12
Tuxun okean

cr. 3042 2,50 0,82 33

cr. 3045 1,57 0.19 12

cr. 3049 1,02 0,24 24

cr. 3052 1,58 0,22 14

cr. 3055 2,29 0,44 19

cr. 3063 3,80 0,49 13

Yacth acCMMWIMPOBAHHON OakTepusiMu NCPBUUYHON NPOTYKLUMH
noapepractcs Munepanusaunu fo CO,, ONHaKO €€ BEMUMHA TPYAHO

NoOAAeTcs IKCAEPUMEHTANLHOMY ONPEACICHUI0 M OGHIMHO OUEHUBAET-
ca pacuetunim nytem. Tak, Jlapcon u Xarcrpem [7] mas npubpexsoil
soun CesepHoit Bantuku onpeaenw i, uTO NpU rOAOBOM TIEPBHYHOM

npoaykuuu 93 r C/m? Gakrepuanbnas npoxykuus cocrasaser 29 r

C/m? 3a cuer opraHH4ecKkoro Beuectpa ¢rorankToHa. [IpunuMas
ad¢pexTunnocts pocra Gaktepuit pasvon 0,6, asropm [7] paccumra-

mu, uro 17 ¢ C/mM3, wm 15 9% MepBUUHON MPOAYKUMHM, MHHEpaIu-
3oBanoce no CO, GakrepuoruankroHom. CnenosatenbHo, Ha 3Ty Be-

JAMYUHY N0AXHA OWTb YBEMUECHA TNEPBHUHAA NPONYKUMS, U3IMEPEH-
Has pagMOYr/1epOaHLIM METOLOM.

PacyerHnM nmyTeM MOXHO MPOCASAMTE M3MEHEHHME MOTEPb NEPBUY-
HOH mpogyXunu npu AbXaHuu GaKTEPHOILTAHKTOHA B 3aBMCHMOCTH OT
€e mosid, yTwim3npyemoit Mukporereporpodamu, u or 3dekTHBHO-
CTH ux pocra Ha ¢urorenHom POB. Hanpumep, ecnu orHomenue
Aq /(Al+A2) passo 20 %, 1o c ymensweHneM 9¢peKTHBHOCTH pocTa

Sakrepuit or 0,6 no 0,4 moTepM HAa MHHEPATN3AUMIO BO3PACTAIOT OT
no 28 9% obwmeit nepsuunoit mpopykuusu. [Ipw oTHOmeHun
Aﬁ/ (A + Ay, pasnom 30 %, norepu NEpBUUHOA NPOXYKUMH HA Jbi-
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XaHMe GAKTCPHOMAAHKTOHA npu Tex xe koddduumexrax sddektul
HOCTH pocTa coctasasior 17—38 9%,.

TakuMm 06pa3oM, NPUMCHCHHC PaAHOYTACPOAHONO MCTOAA B COY
Tauuu ¢ auddepcHunansHoin GuabTpauncii, NO3ROANIOUICH pa3nens]
aBpTOTPOoHBE M reTCpPOTPOdHBEC MHKPOOPraHM3Mb, OACT OCHOBAH
nonarath, 4To 0KoAo 20 % npoayxTom (OTOCHHTC3A chocpcncnca
HeiM oOpa3som Bkawouactcs B Gaktepuansuylo ¢pakumio BOB. Tlp
ONU3UTCABHO TAKag XC [0S NCPRUYHON NPOIYKUHH TMONBCPracTe
NO-BUANMOMY, OKMCAMTEILHON MUHCPAAW3AUMH NpH AWXaHHH 6axT
pronaaHkTora. He MCKAOUCHO, YTO MHTCHCMBHOCTL MOTOKA Yriepo
ot ¢urorcunoro POB no CO, uepes 6axtepuannhoe 3scHo B Gobiug

MCPC, HCM NPHHATO NYMaTh, BAUACT HA CTCNICHh OTKJIOHEHWS MOK
33HHH PAZHOYIVICPOAHOTO METOAA OT BANOBOH BC/IHYMHH MCPBHYHJ
NMPOAYKLMH.
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B. N. lllepbax

Hucmumym ezudpobuonozuu AH Yxpaunel

OINPEREJIEHUE NMEPBUYHOU NMPOAYKLUHMH
‘ OTAEJIbHbIX BUAOB BOJOPOCJIEN
ABTOPAJMOIrPA®HYECKHUM METOIOM

OnuMcLIBAETCA Npoueaypa onpeacncuun QOTOCHITETHNCCKON AKTHBHOCTH OTRENbIBIX
ETOK BOAOPOCACH aBTOPAAHOTPUGHUCCKHM MCTONOM, #10 AOCTOMHCTBA H HENOCTATKH.
an 063op pabot no oueHke NPOAYKTHBHOCTH PO3HBIX TAKCOHOMWUECKHX TPYNn W BHAOB
MTOILIAHKTOHA C NOMOWbIO ITOMO METOAA.

OOHMM M3 HOBWIX HAMPABAEHMA WNCCNEJOBAHHA TICPBHYHOH Npo-
yKUHM (DUTOMIAHKTOHA ABAACTCA OLUCHKA BKAana B c¢ opMupoBa-
HEC PAVIMYHBIX TAKCOHOMMMCCKHX TPYMN W OTAC/AbBHBIX BHMJOB BORO-
locneik. PelleHne 3THX BOMPOCOB CTAN0 BOIMOXHHWIM Ojarogaps npu-
Y"EHCHMIO MeToaa amTopagnorpadmu. Meron asropaanorpaduu B Ou-
MIOTHYECKMX MCCaeaoBaHuax Bncpsuic Own npumcHen B Poccum B
904 r. npu wnayueHuH NOKANM3AUMHM TNPOAYKTOB PACNAAA SMAHALUH
ranust B tene asrywkn [6].

ArTtopapuorpaduio creayer paccMaTpuBaTh KAk OQHY M3 moamdu-
auMit CKJAAHOUHOTO METO4a, MNO3BOASIOWYID OMNPENEANTb CKOPOCTb
OCHHTE33d OTAECNbHBIX BuaoB Bomopocaci. Cneuuduxa arropagmor-
apuM 3aKMIOMACTCI B ONPEACNCHMM PANHOAKTUBHOCTH BOROPOC/IEiH €
oMoLnbio POTOIMYABCKH, B KOTOPOH OCTAIOTCK ,,C/IEAN” pPagHOaKTHB-
X yactuu, OO6pasosaHne ,cnefoB™ BHIBAHO TEM, UTO B NpOLECCE
PHIOTOBJIEHMA (POTOIMYNBCHH HA MOBCPXHOCTH MM BHYTPM KDHCTaJI-
OB rajanouaHoro cepefpa NpPOMCXONMT CKOMJIEHHE H3OTOMOB 3ITOIO
NeMeHTa, Beaymee K nedekrtaM B CTPYKTYPE MOHHOH pelieTku u
OfIBJIEHUIO TaK HA3LIBAEMBIX YYBCTBHUTC/JbHWX LEHTPOB, CMOCOOHHX
OralaTh pagMOAKTHBHLIE YACTHUM M NpPEBpamaTh HOHW cepefpa B
TOMH., B peaysibTare C038aK0TCH CKPHTHE UEHTPHW, KOTOpHE Oauro-
aps BOCCTAHOBJIEHHIO TFAJLIOMAHOTO cepebpa B MpPONECCE XUMMYECKOIO
posinjieHns npuoBperaor BuguMoe n3obpaxenne. BaxuuM daxTo-
M, OnpeAejdIOI¥M NPUrOAHOCTE (POTOIMY/ILCHH AN MCCEnoBa-
CNBCKUX LEJEH, ABAAETCA ONHOPOAHOCTh MHUKPOKpPUCTaLNOB cepelpa
0 YyBCTBHMTEJBHOCTH M Pa3Mepy M HX COOTHOLIEGHHE € XXEAATHMHON,
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B nawc# crpave Hanboace AOCTYMHBI M 4AacTO MCMOAB3YIOTCH |
6GHONOTHUECKMX HMCCNCAOBAHHAX AHMAKHE SACPHBE QOTOIMY/IBCHH THM
wM” (MCAKO3CPHMCTAN), BHNYCKAEMBIE MOCKOBCKHM HMHCTHTYTOM I‘oc;
HUHUxumnpockt. UncTpykumu no noarotosxe oToIMyabcHn ans Ha
HCCEHHA HA MpCnapaThi, NPOLCCC Ce HAHCCCHHUA, IKCMO3MLUMUA PAIMO
asTorpacon, COCTaB NPOMBUTCAN, MCTORHKA MPOABACHUA M HEoOXoaW
MHE NpaBw1a, Koropuwe TpeOyercs cobaogaTb npu 3TOM, AETaNbH
onMcaMn B cneuManbMwx pabGorax (4, 11, 13, 21}.

ITpumcHHTEABHO K (HTOMNAHKTOHY MCTOAMKA asTtopaauorpadu
3aKAI0YACTCA B ONPCACJICHUH PAXHOAKTHBHOCTH KJACTOK BOZOPOC/CH
KOTOpasf NPONOPUHOHANBHA KOJHYECCTBY aTOMOB FOMOWCHHOMO M3d
TONA H PACCHMTRIBACTCH MO UHCJAY CACAOB MAM TPCKOB PAJHOAKTHE
HbIX YacTHL, OCTABJACHHMWX B (POTOIMYNbCHMM 33 BPCMS IKCMO3HLIMM]

CpantcHune asTopaanorpadun ¢ ApPYr¥MM METOJaMu OnpeaencHu)
NPOAYKUHH OTAENbHWX BHMAOB, B MACTHOCTH asnbroaorducckum [3|
NOKA3KWBACT UCAHWHA pAa ee npeuMmywiecTs. Bo-nepsnix, 310 BO3MOX
HOCTb OMPCACAUTb CKOPOCTh (JOTOCHHTC3A OTAC/ABHWX BHAOB BOAOPOY
Aefl W MX BK1aad B GOPMMPOBAHMC NECPBHUHHOR NMPOIYKUHH abrowug
HO3a B uCAOM. Bo-BTOpHIX, BHCOKA"A UYBCTBUTCIBHOCTh M paapcuud
Iasa crnocoGHOCT METORA, NO3BONMAIOWAN OLUCHUBATH NPOAYKUMOH
HRIC XapaKTEPHCTHKM BOAOPOCJCH aaxe npu HX HU3Koi dusnonor
YECKOH AXTHBHOCTH. B-TpeTbHX, BOIMOXHOCTh MCMONBL30BAHUA B K
YECTBE MCTKHM, B 3aBMCHMOCTH OT 33034 MCCACROBAHWIH, MPAKTHUYECK
BCC HM3OTOMH XHMHYECKHX 3JIEMCHTOB, BKIIOYACMHX BOAOPOC/ICBHM]
KaeTkamu B cBOM MertaGonauvucckue npoucccu. Hakoweu, k aoctoud
CTBAM MCTOA3 CJICAYET OTHCCTHM H OTHOCHMTC/JbHYIO €ro NMpOCTOTY, M¢
3BOASIIOWYIO MPOBOAMTH HCCAEJOBAHHSA B TMNOJCBHX YCAOBHAX HEMNod
PEACTBCHHO HA BOJOCME.

Hemoctarkn astopannorpaguueckoro MeTona ycJI0BHO MOXHO pa
IeauTb Ha ABE rpynnbi. [lepsBule ONpencafioTcst TCM, YTO ABTOPAIH
orpadus, ABAARCL OOHOM M3 MoAM(HKAUMI CKASHOUHOrO MCTOA:
BKJIOuaeT Bce ero cnalwe ctoponm (7). Bropsic cB#3aHm co cmey,
bHKON HCNOAL30BAHMA AKMAKCH (POTOIMYABCHH JUIS yueTa paauoak
THBHOCTH Bogopocaeil. Kak u3sccTHo, B (POTOIMYNBLCHH €O3RACTC
thoH M3 BOCCTAHOBACHHBX 3CpCH ccpclOpa Ge3 mcHCTBMA HA HMX D3
AMOAKTHBHOIO H3NY4YEHHMs, HCMOAL3YCMONO B KauecTBC ,MCTKH” M3Q
TONa. DTO MOXCT MPOHCXOAHWTh NOJA BAWUSHHEM KOCMHYCCKOTO M3y
YEHHs, TP NMPOM3BOALHOM ,CTapeHUU” (OTOIMYABCHH OT IJIHTCAE
HOTMO XpaHEHHs, MEXAHWYCCKOM AABJICHHH, HCMOJb30BAHHH HCAOCTA
TOYHO UYMCTOI XMMHUECKOH MOCYIOhl, BO3ACHCTBHH DPa3JHUHBIX XHMi
yeckux sewects. [ins npemoTepauicHus 3tHx apredakToB Heobxonw
MO crporoe cobnionenmne Tpeboranuii, npeabaBaAseMuX K pabote ¢ dha
roamyabcueit (3, 4, 10, 11, 13, 2I]. Tockoneky duTOLIAHKTOS
npeacrasaser coboll cMech PaaNUUHKX MO BEJIHUHHE WU HOpME KACTO
H ueHoOHeB, HAXOOAWMXCH B PA3HOM TEOMCTPHUYECKOM COOTHOLWIECHHS
¢ ¢dotoamyascaeil, TOMMMHA €€ CA0S, MOKPHBAIIENO BOAOpOCaAH E
OTNPENeNsIOMEro KOJHUYCCTBO NOABCPXCHHHWX ACACTBHIO HOHH3ALM

i
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sepen cepefpa, moxer OwiTh padikuHOR. DTOT HENOCTATOK MOXHO
yCTPaHHMTbL MOKPHWTHEM aBTOPANHOABTOrpacia C/IOCM XEJMATHHH MeEpen
nanecenvem ¢oroamyascun [3]. Boamoxua cy(vexTnHsHas omnbka
NPU TIOACUETE 3€PEH BOCCTAHOBAECHHONO ccpebpa Ham BOROPOC/NEBHMH
KJI€TKaMH, KOTOPHH# MPOW3BOAHTCA BM3YaNIbHO MOA CBETOBHM MHKPO-
CKOMOM, TaK KaK rna3 MCCIenoBaTend HE BCETAQ TOMHO 3anoMuHaer”
pacrionoxcHue Bcex 3epeH. ns ynpomeHHs mnpouenypw NoacueTra
PCKOMEHAYIOT PA3NIMUHBE NPHCNOCOONEHHA, HO NPH  ITOM  BO3-
HHK3IOT OC/IOXHEHHS, CBA3aHHWE CO cneundMKoi HX MCNOAb3O-
paHus [4].

B npaktuke pabor ¢ KCnoab3oBaHMEM aBTOpaaMorpadMH B 3aBHU-
CHMOCTH OT 3334 M TEXHHUCCKOIO oOECnEueHMs MPHUMEHSIOTCA pa3-
NUUHBHIE MeTomauyeckue noaxoaw (3, 9, 14—16, 18, 20). Ognaxko npu
pceit cneundUUHOCTH B KAaXOOM M3 HHX MOXHO BHAEAHTb o0mue
JTann MNPOuUEAyph NPOBEACHHS HCC/ICAOBAHMIA,

Onpeacnnlor BHMOOBOIF COCTAB M UHCAEHHOCTb (DUTOMIAHKTOHA
B 'BHACAEHHEM OOMMHUDPYIOWHX BHIOB, NOJIB3YACH OOWIEAPHRATHMH
a/ILTOIOTMUECKMMH  METONAMMH,

2. HWamepaoT cyMMapHy0 NCpPBHYHYK NPOAYKUMIO coobiecrsa
BOAOPOC/ICH pagHOYrACpOAHONH MOAM(HKAUMCH CKASHOUHOMO MeEToaa.

3. KoHueHTpUpPYIOT B3BCCb DAaAMOAKTHBHOINO (HTOMNAHKTOHA (He-
obxonumo He MeHee 200—300 MKr) M HAHOCAT €€ Ha NPCAMETHHE
CTCKNA B BHMAE ANbrOJIOTHUYCCKONO Npenaparta.

4. MpenapaT C PagMOAKTHBHLIMH BORAOPOCAAMH TMOKPHIBAIOT XHUA-
Koil hoTOIMYIbCHEN M NoAy4YeHHKE panHoaBTorpacdul 3KCIOHUPYOT B
TEMHOTE B TEUCHHE HCCKONBKHX CYTOK (BpeMsl JKCMO3HLHM 33BHCHT
OT YYBCTBUTEABHOCTH NMPHMEHAEMOH (POTOIMYABCHH M PAmHMOAKTHBHO-
CTH BOZOPOC/IEH, OOYCNOBACHHOH MX (POTOCMHTETHYCCKOW AKTHB-
HOCTb10) .

5. Ha npossacHHbX paanoasTorpachaX NOACYHMTHBAIOT KOJHYECTBO
BOCCTAHOBJICHHBIX 3epeH cepefpa BOKpYr KJICTOK Bomopocaeii (maa
NOJyyeHns AOCTOBEPHHX PE3yJIbTaTOB Heobxoaumo yuecTb no 20—40
KIETOK BMAOB, CJIaralollMX OCHOBHYI0 YacTh MCCAEgyeMoro  cool-
mecrea).

6. OrtnocutenpHyo npomyxumio (R)) KaxXmoro BMA@ BRIMHCASIOT

no dopmyne R; =(4a; N;)/a, rac a; — cpeaHee KOARYECTBO BOC-
aHOBJICHHBIX 3epeH ccpebpa Ha KaeTKy, N; — KOAUYECTBO KJIETOK
BaHHOrO BHAA B eOMHHNLE oObeMa. AGCOMIOTHYIO CKOPOCTh TPOXYKUMH
(A ) Buma paccuutniBaior no ¢opmyne A;=A R, rae A — cymmap-
1 cxopocrb IYKLHH cbmon.nameHHom cooﬁmec-rsa 13, 19, 23).
IMeppne nybaukaumu C AETANbHHM OMMCAHMEM CMELH(PKKN aBTO-
Horpadu¥ W pekoMeRJaumeil Mo ee NMPUMCHEHMIO B IKOJOIHH I0-
Opocneit nospwiHck B kouue §0-x — wavane 70-x rr. [10, 12, 17,

9, 22, 23], y nac B crpane — B 1973 r. [2). C Tex nop BHNOJHEHO
OCTATOUHO MHOMO paboT, MO3IBOAUBIIAX MONONTA X OUEHKE OTHOCH-
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TEBLHOTO 3HAYCHHA OTACALHHX BOAOPOC/ACH B CyMMApHOH mpomy
¢mronnanxtona [1, 3, §, 8, 14, 15). ]

U Bce xe crenyer mpusHaTh, uTO aBTOpagHorpadws eme He Ha
13 UIMPOKONO NMPHMEHEHHS B MMAPOGHOIOrHH, HECMOTPA HA BO3IMOX
HOCTb NOJYYEHHS BHCOKOMH(OPMATHBHHIX NAaHHHIX, TAK HEOOXONMMH]
npu u3yueHnd (YHKUHOHMPOBAHHA MEPBHYHOTO 3BEHA BOAHMWX 3KO}
CHCTEM. :

f
CMUCOK JINTEPATYPbI

1. Bounapenxko H. A., UHinmxuu B. A. O nepsux pesysasrarax onpene
AEHMA NpPOAYKUMH BOROpPOCNeA McTonoM pannocastorpadmk // Kpyrosopor sewectea §
avepu B Bosoemax: Tea. noxn. ¥V Bcec. ammuHon. cosewt. Jincrsexuunoe na Bafixand
2—4 cent. 1981 r. Upxytcx, 1981. Bmn. 1.

2. Tytensmaxep B. JI. Pagnoastorpadmueckuit Meton onpenencHna OTHOCH
TEABHOMO 3HAYEHMS OTAEbHLIX BMAOB BOXOpONeHl B MEPBHUHOA NPOAYXUHMH TLIAHKY
tona // Tmppobuon. xypu. 1973. T. 9, Ne 1.

3. Tytenemaxep B. JI. MerafonuiaM MNAHKTOHB K8K EAMHOMD UEAOTO.
1986.
4. Enndanoea O. U., Tepcxux B. B., 3axapoas A. @. Paguo
astorpadus. M., 1977,

. Kyabmenxko JI. B., Cepreesa JI. M. IMepBuuras npogyxuus TPONH
yecknx paiionos Muarickoro oxeawa // Dxanorms mops. 1981, Ne §.

6. lownon E. C. O dumanoriueckom anaueHnn 3mannunn panua // Pyce
spau. 1904. Ne 3.

7. ®enopoes B. J. O meronax uayuenus (PUTOMUIBHKTOHE W €10 BKTHBHO
M., 1979.

8. lllep6ax B. M. Ilpogyxuus duronnaHktons ¥ ero Tpoduueckas poas
sxocucreme Kuescxoro mopoxpaunnnwa: Aeroped. Auc....xaHa. Onon. Hayx. Kued
1987.

9. Ilep6ax B. M. Meron aeropaguorpaduu B rmppobuonornuecknx mccaeng
savnax // Bonpocw mppobnonorvu sopoemos Yxpauus. Kuen, 1988. _

10. Banerjee S. N., Horaley R. J. Radloautographic studles
syachronlzed cultures of Qedogonium cardiacum // Amer. J. Bot. 1968. Vol. 55, N 4

11. Boyd G. A. (Bosta J.) Asropapvorpadus B 6HONIOMKH ¥ MERMUMHE.

JI., 1957.
12. Brock .M. L., Brock T. D. The nwol microautoradlograph|
techniques to ecological studles // Mitt. Internat. Vereth! Lfmnol. 1968. N 1.

13. Budd G. G. Auloradiography for blologist. L., 1972.

14. Desortova B. Productlivity of individual algae species In naturg
phytoplankton assemblage determined by means of autoradiography // Arch. Hydrobid
1976. Bd 49, H. 4.

15. Daveaport J. B., Maquire B. Quaniitive graln density autoradlograph
and the inwraspecific distribution of primary productivity In phytoplankton // Limnol]
Oceanogr., 1984. Vol. 29, N 2,

16. Faust M. A., Correl D. L. Autoradiographic study 1o delect metaba
lically ncu&re phytoplankton and bacteria in the Rhode River estuary // Mar. Biol. 1971
Vol. 41, N 4.

17. Fuhs G. W., Canelll E. S. Phosphorus-33 autoradlography used
measure phosphate uptake by Individual algae // Limnol., Oceanogr. 1970. Vol. 1
N 4

J

track autoradiography // Limnol., Oceanogr. 1979. Vol. 24, N 6.
19. Maquire B., Nelll W. Species and individual productivity

. 1
18. Knoechel R., Kalff J. The advantages and disadvantages of grain dennlj
phytoplankion communities // Ecology. 1971. Vol. 52, N §.

50



20. Pacfl H. W., Stull E. A. ln defenae of grain density autoradiograp-
hy // Limnol., Oceano, r. 1979. Vol. 24,

21. Ro;erl A. . (Poaxepc 3.) Ampnnuorpaqmn. M., 1972

22. Stull E. A., Amezags E. L., Goldman C. R. The contribution
of Individual species of algae to primary productivity of Castle Lake, Californla // Verh.
Int. Ver. Limnol. 1971. Vol. 18, N 3.

23. Watt W. D. Measuring the rrlmnry roduction rates of individual
R'hyloplanklon species in natural mixed population // p—Sea Res. 1971. Vol. 18,

3.



VOK 574. 5. 08: 582. 2/3

B. A. Eanzaposa

Hucmumym 6uonozuu enympeHHux 600
um. H. 4. Iananuna PAH

OIIBIT OMNPEJEJEHHA NPOAYKIIUN ®UTOIIAHKTEPOB
AJIbIOJIOTMYECKHM METOAOM ‘

OnMCHIBAETCE METOAMKA ONPERENeMMs MHTEHCHBHOCTH POCTA ECTECTBEHHLIX NOMyJd
UM NIAHKTOHHBIX BOROPOCNEN M PACHET NPOAYKLMM kix Guomacce! 32 Bpems BereTau
Tipueeaenst naMubie ang urornanxtepos Poifinckoro soaoxpanwinina.

|

Hccnenopanns CTPYKTYpPH COOOIRECTB, KPYTOBOPOTA OPraHNYECKOrg
BEMIECTBa, NumERnX obbekToB hutodaros, MaTeMaTHUECKOE MOAEME
POBaHKE BOOHHWIX 3KOCHCTEM M MPOTHO3HPOBAHUE KAUECTBA BOAM TPE
6yIOT 3HAHMA NPOAYKUMH OMOMACCH OTAC/NBHBIX BUAOB BOXOpOC/Ek
BXoAsumux B coctae ¢uroiaHkToHa. HenocpencrseHHo oHa onpenej
JNFETCA TONBKO AJILIOJIOTMYECKHM METOAOM — IO CKOPOCTH pOCTa BUAY
WM 0O NPUPOCTY KJIETOK.

IMonyasuHOBHYI0 CKOPOCTb POCTa YCTAHABJIMBAKOT IKCNEPHMEH!
TAJBHO B YCHOBHMSX, GJIM3KHX K eCTeCTBeHHHM. MaxcuManbHOe npug
OMMXKEHME AOCTUrAETCS B OMWTAX in sifu ¢ (PMTOILIAHKTOHHHM COOD!
MECTBOM, H30JHPOBAHHWM B KOHTPOJMDYEMOM ofbeMme BOAnl, obMel
HHBaOMmMeEMCcS ¢ OKpyxawmed cpexoit. Mcnoassyor npoapaunume cof
cyau obnemom 0,1—3 1  crexnsHHWE M IUIEKCHRIAacOBHe TPYOKH
3aTAHYTHIE IUIAHKTOHHHWM Fa3soM WM MEJKONOPHMCTHMH (OHaMeT§
oxono 1 MkM) MeMOpaHHHMH (GUALTPaMH, AMAIM3HHE MEMKH, CAgKH
xamepul (2, 7—14]. ‘

Henpemennoe ycnosne Takux 3KCNEPUMEHTOB, OCOOCHHO NMPH MG
C/IE0OBAHMH TUATOMOBHX, — COXPAHEHME B3IBELICHHOTO COCTOSHHI
(hUTONNAHKTOHA. 3TOT0 MOXHO JOCTHYL IKCTIOHMPOBAHMEM OMKITHOTY
MaTepuana NpH NOBRIMEHHOM BOJIHEHMM BORH. YX€ uyepe3 ABOE CYTO
SKCMO3MUAU B Takux ycaomsx y Diatoma elongatum, nanpumep!
BMECTO ORMHOMHEIX KJIETOK, TUIIMMHHEIX AJIS JaGopaTOPHOM KY/bTYpH
NOSBISIOTCH 3Nr3aroo0pasHHE KOMOHMM, XapaKTepHHE [1d Napsme
npupoanolt dopmu. C aApyro#f CTOPOHM, CWIBHOE TMAPOAMHAMHYECKO

@ B. A. Eanszapora
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B03ACHCTBHE ryGMT 3akJIOuUEHHBE B COCYAn unanobakTepuu (cHHese-
neHnle BOAOpoCaH), TakHe, kak Aphanizomenon flos-aquae w BuanW
u3 pona Anabaena. Ux nyuine uayuaTb B WITHAEBOH OOGCTAaHOBKE, TEM
fonee YTO MAABYUeCTs UM OOECMEYMBAIOT ra3cBHE BayosH.

Kpynunii 300M1aHKTOH yAANSIOT M3 ONKTHOM BOAM, KaK MPaBuao,
dwibTpOBaHHMCM uepes NnaHkToHHmit ra3 Ne 36—39. Ilpaspa, B pe-
3y/AbTaTE I3TOi NpoueaypH 4acTb Bonopocaci usmmaercd. Cywecr-
peHHo (1o 65 %) cuuxaerca Ouwomacca umaHoO0aKTCpHit, XOTH APH
CWIBHOM LUBETEHHH MMH TAaKOE CHUXEHHE MPEACTABIAACTCA MOJCIHHM
aaa axcnepumenta. BHomacca AMATOMOBREIX BOAOPOC/AEH YMCHbLILUAETCH
He3HayMTebHO, B npegenax 10 %.

OnkTHHE COCYAW HA HEKOTOPOE Bpemd MNOABEMIMBAIOT HA rayluHe,
rie CBCTOBHWE YCAOBHA OAH3KM K ONTHMANBHWM ANA (QOTOCHHTE3A.
BoABIWMHCTBO (PHTOMIAHKTEPOB AaKTHBHEE PACTET B NCPBHE CYTKH, HO
HekoTOpHE, HanpuMep Aphanizomenon flos-aquae, — wa BTOopHe [3].
VBennueHue BpEMEHM J3KCHO3ULUUH A0 2—3 CYT XEJaTENMhHO NO3AHEH
oceHblo npu Temneparype soaw 2—7 °C, xorma pocr u3aMepsaercs
AECATHIMH W COTHIMHM [OASMM YABOCHHH KAETOK B CYTKH.

Cnenyer oueHB OCTOPOXHO PacnpOCTPaHATb HA NMPHPOAHHE MOMY-
JAUMH POCTOBHE XapaKTEPHUCTUKH KYJABTYD BOJOpOC/ICi, AaxXe MOa-
yueHHne B YcNoBHAX in situ. Tlo maHHBIM CcrneuManbHOMO MCCIIEROBA-
HUAD B TaKMX 3KCNEPUMEHTAX KYALTYPH XJAOPOKOKKOBRIXO apanth-
pOBaHHBIE K Bererauuu Ha Boac M3 PubuHCKOro BogoXpaHmInua,
POC/IM BECHOI W setoM OblCTpee, a OCCHBIO MERJIEHHEE ECTECTBEHHAIX
nonyasumit [5].

[TonynaumuoHHas CKOPOCTb POCTa BHIPAXaeTCs KONUUECTBOM YABO-
CHHIl K/IETOK B CYTKM M BRUHCAseTca mo dopmyne

In2 t '
Tie Ny ¥ N, — UNCIEHHOCTh KJIETOK COOTBETCTBEHHO O M IOCHE
9KCNO3NUMM, [ — BpeMs IKCIHO3MLMH, CYT.

[To ckopocTi pocTa M UMCAEHHOCTH BHAA B BOJAOEME PacCUMTHIBA-
0T cyroynyio mpoaykuuio kierok u Guomaccw. Ecnum npocnexena
C€30HHag OMHAMMKA CKOPOCTH POCTA M UMCJIEHHOCTH, TO ONpPEHEJIENis-
10T mponykumio knetok 3a BpeMs BereTauuM (UTOILIAHKTOHA, CyM-
MHDYS BeaMuMHH 33 OTHE/bHHE MEPHOAR, Hanpumep, Hemenu. Ilo-
Clenuue, B CBOIO Ouepefb, HAXOAAT NO CPENHECYTOUYHHM (CpemHe-
apudMeTHUECKUM) H3 3HAYEHMA B HAyade W KOHLE HEOEH, NpUHH-
Mas, yTo uMCEHHOCTL M TEMN POCTA B TEUEHHE HEAEAN OCTAKTCH
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NOCTOSHHLIMH, [n8 WUTIOCTPaL#H MOXHO MPHBECTH NpPUMEp pacyeTa
NPOAYKUHH xnerok Microcystis aeruginosa:

INepuon YUCAEHHOCTD, Ckopocts Mponyxums, man. wn/a
MaH. xn/n pocTa
yas. xnleyr 38 CYTKM 3a ncpuoa
29 VI—6 Vil — 0 0
6—13 Vil 0,03 4,1 82 658
13—20 vil 3.7 35 20 158
20—27 Vil 0.2 3.7 25 200
27 ViI—-3 VIl 1.8 37 12 92
3—10 viiI 7.0 2,0 30 239
10—17 vill 6,8 2,4 22 175
17—24 VIII 15.2 2.4 37 294
2431 vl 13,5 2,0 68 548
31—-VvIll—9 IX 15.9 1,3 20 159

6 VII—9 IX 2523

Huxe npuBepenn Takxe ofmue pe3yabTaTH OMpENe/iCHHS Npo-
AYKUMM KJIETOK M GHOMACCH OCHOBHHIX NPENCTABMTENEH UIAHKTOHHOM
anbrodnopu PHOHHCKOro BOROXpaHMAWIIA 33 NEPHOL BETETALMM,
MONYUCHHBE HAa OCHOBAHUH E€XEHEACTAbHBIX OAHOCYTOUHHX OMKTOB
(rabn. 1). OnuTH CTasWwiM B BEr€TaUHOHHHWE CC30HH 1979 r. (n3y-
vyanu amatomen), 1981 r. (umanobaxtepun) m 1983 r. (3cncHme).

Cpenn unanHoGakTepHil MOBHWIICHHOW NPOAYKUMCH KJICTOK 33 CYT-
KM H 332 BpPCMS BCreTalMH BHAEASUICS BO3OYMHTEIb LBETCHHSA BOIN
Microcystis aeruginosa, a npoaykumeil Cnpoi Guomacck (C y4cToMm
cpenHero obbema kietkn) — Anabaena spiroides. CaMylo BhICOKYIO
CYTOUHYI0O MPOAYKIHIO KJETOK H3 BCEX MCCAEAOBAHHHWX AHATOMOBBIX
HMEJ MEIKOKACTOuHWN Sfephanodiscus minutulus. Baaropaps aTomy
NpOAyKUHMS €ro KJCTOK 3a BPEMS BEreTauHH, KOTOPOE OrpaHHUYCHO
BCEr0 OOHUM MecsueM, npubanxanach K TakOBOH BMIOB, BCTETHPY-
IOMMX HA TPOTHXKCHHU BCEN0 BErcTaUHOHHOTO cc3oHa. Hawusmicwas
npogykuus OnoMaccw 3a CyTKM ¥ 3a Bpems sererauuu 6nia npucy-
ma CaMoMy KPYMHOKJETOYHOMY M IUIMTENbHO BErETHPYIOLEMY oOpra-
HAuM3My — Stephanodiscus hantzschii. B obeux rpynnax Bogo-
pocneit aMmauTtyna xoaebaHMH  CyTOyHOIt mpoaykuumM OHOMaccH

onmuakosas — or 0,1 mo 1,2—1,3 r/mM%, omHako AuaTOMesM cBoit-
CTBEHHH 3HaueHHa go 0,6 I‘/MJ, a Gonee Menkum uuanobax-
TepuaM — Bume 0,7. Bnaropaps BRICOKOH CYTOYHOH NMPORYKUHH 3a
CpaBHATEALHO HeGonbiod cpok uMaHobaxTepHanbHHE BUAH 00pa3’yoT
50—90 r/m3 chpoit 6MoMaccH, kak ¥ GOJBMIMHCTBO OHATOMEH, Bere-

THPYIOIUMAX MNMPOACJIXHTE/IbBHEE.
3enenne XJIOPOKOKKOBHEC BOAOPOCJH H3-32 MAJIOYHCJIEHHOCTH

TPYAHO MOQAAIOTCd TOYHOMY YyueTy. OmHaKo AAd ABYX M3 HHX,
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Scenedesmus quadricauda m S.acuminatus, ynanocb nonay4uTb AOCTO-
BEPHHIE CBeACHHS NO npoaykuuu GHomacch (r/md:

Bun Obrem Mepuon Cyrounan Mpoaykumns

wietgy, | serctaumm npoayx- aa spems

M ums BErETALMH
Scenedesmus quadricauda 73 - 28 Iv—4 X1 0,02 2,8
S. acuminatus 73 28 IV—2 IX 0,002 0,3

Hu3Ky10 NNOTHOCTD MONYASUMIA ITHX MEAKHMX BOAOpOCJICH B BO-
noeMe MOXHO Guio 6H CBA3aTh € BhicmaHucMm 3oomnanktTonom. Ho
OKa3bniBACTCH, OHW MCANEHHO pacTyT. B peaysnstatc 3TOro, a Takxe
He0ONbIINX Pa3MEPOB KACTOK, NMPORYKUHMS MX OMOMACCH 3a CYTKH W
BPEMs BErcTALMH HA OAHH-ABA MOPSAKA HHXE, UCM Yy CaMBbiX Mano-
NpOAYKTHBHHX AnaToMelt M umanobakTtepwit, xors oba cueHeaccmyca
BETCTMPYIOT ¢ pPaHHEH BCCHW A0 MO3OHCH occHH [4).

JiuTepaTypHHe faHHHE NO NPAMOMY ONPCIENCHMIO NPOAYKLHH BH-
OB TUTAHKTOHHWIX BOAOPOCACH, COMOCTABHMLIC C HAaWMMM, HEMHONO-
yncneHHW. Tak, B MpKyTckoM BOAOXpaHMAHLUE NPOAYKLHS KACTOK
Asterionella formosa 3a spems seretauuu B 2,5 pasa umxe [6], uem
B Pufurckom. 3Ta pa3uHua 3aMCTHO CFIaXHBACTCHA NPA OUCHKE Npo-

ayxuuu Guomaccn — okono 15 wu 11 r/M3, cooTBercrBeHHO B Pui-
Gmnckonm 1 MpKyTCKOM BOAOXpanWAMIIAX BCACACTBHE BABOE 0OAbLIIErO
gpenuem ofbeMa knetku Asterionella formosa B nocaenvem. B Pu-
HHCKOM BOAOXPAaHM/IREIE NPOAYKUHMA OMOMACCH OCHOBHHX BHAOB pO-

na Aulacosira 3a BpeMs KX BeretauMn cocrasaser 22—42 r/m? (cm.
tabn. 1), B WpkyrckoM somoxpaumanwe y A.baicalensis oHa ne npe-

sumaer 5—6 r/m.

Tabauya 2
CpeaHMe 38 BpEMA BETETAUMH CYTOMHBE P/B-xoadpHuneHTH
MCCACQ0BANHBLIX BOAOPOTACH B PoibunckoM Bopoxpauunnme
Bua J P/ B-xoaddpuuvent Bun P/ B-xoaddrHument
Stephanodiscus 0.5 Microcystis 4,0
hanteschit aeruginosa
S. binderanus 1,0 M. pulverea kN|
Diatoma elongatum 1,0 Aphanizomenon 2,3
Asterionella 1,2 flos-aguae
formosa Anabaena spiroides 3.
Sceletonema 1.8 Scenedesmus 1,0
subsalsum quadricauda
S. acuminatus 1,6

UnrepecHo conocraButh CyTounne P/B—xoapduumenTn, ocHO-
BaHHHE HA HaWHMX NOPIMHX H3IMEpPeHmAX npupocta OHoMaccH
(tabn. 2), u nonyuennwie Aas Bopopociedt Jlanoxckoro o3epa pammo-
asrorpadMyecKuM METONOM, NO3BOJIAIOMMM OLEHMBATbH 3TOT NOKa3a-
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TeNb KOCBEHHO, NO (OTOCMHTETHUECKOH AKTHBHOCTH OTACALHHIX KJje-
Tok [1]. IInana3on xoneOaHuit ITOTO NOKA3aTeJis OKA3ANCH OQUHAKO-
BuM y auatomeit obonx mogoemos: 0,5—1,8 us Pubuuckoro somo-
xpauuanma M, kak npaswio, 0,4—2,1 n3 Jlanorm; P/B-xkoadpduun-
eHTH uMaHobakTepuii M3 BomoXpavHwniuma pasHu 2,3—4,0, uyto Ha
NMOPAAOK HHXE, YeM Y OBYX MpeacraBHTeneit rpynnu B o3epe — 43,3
u 55,0. Ina 3enenumx Jiagorw npusecACHH BEAHUHMHB EOMHHYHLIX Ha-

Gmonenmit, pasHue coorsercrecuno 5,7 u 10,6 cyr—'. B Bopoxpa-

Hnie G6ru3kas peanunHa P/B-xoagduunenra (6 cyt—!) ormeuena
y Scenedesmus acuminatus nnmp B pasrap Jera:

Dara... 281V §YVY 12y fov 26V 2 vi 16 VI 30 VI

PIB.... 0.3 0,2 1,9 0.1 0,8 1,6 6,1 4,7
Hava.... 7 Vil 14 VI 21 vil 28 vil 4 VIII 11 VIII 18 VIlI 25 VII
P/B..... 3.9 1,2 0,6 0.4 ) 0,2 0.4 0,9

3ameruMm, uro P/B-ko3pPHuUHEHTH, NpeBHmMAKMHE 2 cy'r—'.

ofyc/I0BNIEHN CYMECTBEHHBIM NPHPOCTOM CPEAHEro o0LeEMa KJIETKH,
YTO XOpOmO ' BMAHO Ha MNpHMepe AAHHWX RAQ Scenedesmus
quadricauda:

Hara... 12V 19V 26V 2VIi 9V 4 VI 1l vl 18 vVIIi
P/B..... 1,2 2,2 0,9 2,8 0,3 1.5 1.5 1,2
Mpupoct

MKM n Otpuut. 33 Orpuu. 53 Otpuu. 0.4 0,4 Otpuu.

310 o3Hauaer, uTo BHCOKME P/B-KO3pOMUHEHTH MOTYT HE COOT-
BETCTROBATh CTOJb %€ GOMbIIOMY YHCAY YABOEHHNA KJIETOK, B pe3yJib-
TATE€ YCrO B CTASNbHHX CAY4asX BO3MOXHH HX BCAHUMHB MOPAIKA
HECKOJIBKHX E€IHHMLI.

TakuM 00pa3oM, aJAbrONOTMYECKHHA MCTON [I03BOJISET NOJYYHTh
UEHHY HHGOPMALMIO 414 MOHMMAHUA 3aKOHOMepHOocTeH (opMupo-
BaHHS OMOMACCH TJIAHKTOMHHX Bbojopochelt 3 cOpaloBayHOro mpH
dorocunTeae opraunueckoro Bemecrsa. [lozToMy npH u3yteH:HH nep-
BHYHON NpPOAYKUMN (HTOMIAHKTONA XenaTeabHo ofpamarteesd K 3T0-
My METORy, HECMOTPS Ha €ro 6oTbmyl TPYROEMXOCTb.
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10. M. JleGenen

Hucmumym Guonozuu eHympenHux 600
um. H. 4. Hanamuna PAH

BAJTAHCOBbI METOJ U ONPEJENEHME NEPBHYHOMN
NPOAYKLIUH B BOOOTOKAX

PaccMoTpeHb yC108MA NPUMEHMMOCTH, IOCTOMHCTBA WM HEAOCTATKHM METONA Onpeje-
JIEHHR NEPBHYHONA NMPOAYKLUMHM B BOAOTOKAX NO AHHAMMKE PACTBOPEHHLIX [A30B B BOAE.

XoTa CXAAHOYHWM METOR AOCTATOMHO IIMPOKO NPHMEHSAETCH TNpH
HIMEPEHUAX MEPBHYHON MPOAYKUMH M AWXAHHA B PEYHBIX IKOCHCTE-
Max [3, 5, 8, 28], B xapakTepHNX I PEK YCAOBHAX BBICOKOI Typ-
GyneHTHOCTH OH Jaer 3aHuxeHHuc peayavbrat [13, 14]. TTosromy
AAs BOJOTOKOB INPEANOYTHTEALHO TIPUMEHEHME TaK Ha3wBaeMoro Ga-
nancosoro merona. Haubonee nonHoc onucanue aroro cnocoba maMme-
PEHHs MEepPBMYHON NpoaAyKUMH mavo B ceogke Xomna u Momwna [13].

MeTton 6anaHca OCHOBAH HAa YUYCTE BPEMEHHOIO X04a COMEPXKAHMSA
B BOAE KaKoro-anbo XMMHYCCKOIO HMHIpEJMeHTa, CBA3aHHOIO C Mpo-
ueccamu Mertabosamama B BOAHOM 3Kockcteme. Mamepsemule Kommo-
HEHTH — MNpPCHMYLIECTBEHHO rasn, B MEpBYI ouepens kucaopoa. Me-
ton O6un paspaGoran C. B. BpyesmueM Ha MOpPCKHX BOgo€Max (IIMT.
mo [2]), a B 1956 r. momnduunposan Onymom nas pek [25]. B
AHIAMIACKONH AUTEPaTYpe OCHOBOMOJOXHUKOM METONA CYHTAETCH
Onym.

Mpu ucnonbsopannu 06anaHcoBOro METONA MEPBHUHAX MPOAYKLHA
PACCUMTHBACTCH N0 YPaBHEHHIO

dC

_d_t=P—R+k2(Cl_s)+A' nH
rne C — KOHUEHTpauHs rasa, ! — Bpems, P — panosHii ¢orto-
CHHTE3, R — puixaHue B 3IKocHCTEME, k, — KOIPHLUMEHT aTMOC-

¢epuoit peaspaunu, C, — KOHUEHTPAUHS rasa B MCPHON nabmone-
Hug, C, — HacHINAOmas KOHUEHTPauus rasa, 4 — HM3MEHCHHME CO-
AepXaHHsd ra3a 33 CUET NPHTOYHOCTH. B omimume or Apyrax, 3THM

© 0. M. Jlebenes
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METONOM ONpeAesfeTcs NEpBHUHAS NPOAYKUMA M ACCTPYKUHMS HE B
OTAENLHOM 3BEHE (ILIZHKTOH, GEHTOC), 3 B 3KOCHCTEME B LIEJIOM.

B ,xnaccuueckoM” BapHaHTE NPENJOXEHO HECKOJLKO pa3 B CYTKH
M3MEpATb HIMEHEHME KOHLUEHTPALUMH ra3a, HanpuMEp KHCJIOpOAa, NpH
npoGerannn Boan Mexay AByMmsa crBopamu. HeobBxomumoe paccrosuue
MEXJY CTBOPAMH MOXHO ONpefe/uTh M3 OoTHOowewun [6]:

- _QacCc !
L = W(M—R) " 2
rme L — paccrosHue Mexay crsopamu; M, (Q — pacxoan BOAM,
(Ma/‘l); A C — HM3MCHEHHE KOHLEHTPAUMH KYCI0pOAa MEXAY CTaH-

muamu (r/m%) (BHOHpaeTca B 3aBHCHMMOCTH OT BO3MOXHOH TOUHOCTH
uaMmepenns); W — cpeanss mupuHa Boaotoka (M); f — xoadpduunu-
enT abcopbumu xncropoaa B cronbe poam (M/u); M — cpennmit ne-

(UUMT HACHIIEHMS BOAM KMCIOPONOM Mexay crmopams (r/m3); R
— HOuHOE JnixaHue B 3kocucreme (r O,/ (M%. w)). Uamepenue pac-

XONoB H BpeMeH# npoGeraHus BOABM MEXAY CTBOPAMH NPEACTABASET
CaMOCTOSITEILHYIO 3a[ady, YacTo TPYAHO pemaeMyio (CM., HampHMep,
[16]).

M3 ypaepHenna (1) cnegyer, uTo peka B 3TOM CJIyyae paccMar-
pHMBaeTcs Kak OQHOMepHad CTPYKTypa. Takol NOAXOA ONpaBAaH He
ncerna. OmMako yxe OBYMEpHOE ONMcaHue MacconepeHoca Ttpebyer
JHAUMTENBHONO yC/oXHeHHs ypasHenss (1) u ypenuvenus obbema
uHpoOpMauuu, HEOOXOXMMOH /% €r0 PelleHUs, T. €. BO3PaCTaHMs KO-
Auyectsa oTOMpaeMux npod.

Onym [25] BrCKasan npeanosioXeHWE, YTO A/IS TOMOTEHHHIX BO-
JNOTOKOB BOIMOXHO MpPOBENCHHME M3MEPEHMil Ha OqHOM cTBope. Bnep-
BHE Taxoi Meron Gnut npumeneH Ha Heboabwom npyay Yanuem ([34],
KOTOpui# monaran, uto Meron O,-6ananca nauGonee mpuemaem ans

cnokoiiHnix BOA. OfHAKO 270 3akmoueHHe OWMOOMHO, MOCKONALKY B
TAKMX BOJOEMAX COCTABASIOWME TPEXMEPHOH AuddysuH HMET B
GOJBLIMHCTBE CAyuaeB MPUMEPHO OOMH TOpAmOK. IIpH nonwitke npu-
MEHUTh METOL OAHOTOYEYHOIO H3MepeHMs Oananca B 03. Muumnrau
6bLIM NOMYYCHH PE3YJLTATH, TPYAHO NOAJAIOMIMECS HHTEPHPETALMH
[21). To xe ormeueHo B obaopHoil paGore [13]. Iloannee 6uia mpo-
HNEMOHCTPHPOBAHA BO3MOXHOCTL NPUMEHEHHMS METOA3 OHHONO CTBOPA
nadg pex (4, 9, 30].

OcHOBHOE BO3paxKeHue, BHABMracMoe Nporus DanaHcoBoro meroaa
U3MEPEHHY TEPBUUYHON NPOAYKUMHM, — TPYAHOCTb NPABHIBHOTO Ofl-
peacseHnd BesiMynHN atMochepuoil peaspaumn. OgyM npumeHsan pas-
Hue MetoAn. OAMH M3 HUX OCHOBAH HAa ONpENE/IEHMHM TFMAPOIWHAMH-

' B opurumane ypesHenne npuseneno ¢ owmbKof.
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YEeCKHMX XapaKTEPUCTHMK NyTeM BBEACHHS pacTBopa dayopecuuHa B
NOBEPXHOCTHHM C/IOH BOAN M AANBHCHILCIO YUCTa BPCMEHH BHpaB-
HMBAHHA €r0 KOHUEHTPauMu no raybune ¢ BmuucacHucM koddduun-
eHta aTMocdepHo# peaspauun (ky) no Oeancy 126]. Opyroit meron

COCTOS1 B YUCTE ALXAaHUA MOA KONAMAKAMH, YCTAHOBJACHHLIMHU HA OHO
B HOYHBIE 4ach. Pa3zHoCTb Mexay M3MCHCHMEM KOHUCHTPAUMM KHC-
nopoaa B OTKDHITO BOJE M NOA KOANAKOM AAaRANA BCAHUMHY aTMOC-
depHoit  peaspaumn. [MapawnensHo u3mcpeHHnie obouMu  Mmeroma-
MH BEJIMYMHMW pa3diuuanuch npumepso B8 3 pasa. B pacuerax
Onyma npuMmensnach cpenuss seanwudHa. Ewe opun mertoa, npegno-
XeHHut um [25), coctouT B pacucre koddduunenta k, no uamMcHe-

HUIO ComepXaHU KHCJIOPOAA B BOAE B HOYHHIE yYach (Moandukauus
ypaBHeHus (1)):

Z(9m — 90)
by = Sm &)
m~— 20
rae z — raybuna BOAOTOKA, ¢, — CKOPOCTb HM3MEHEHHMs KOHLEHT-
pauun O, B npeRyTPEHHHE YacH, g, — TO XK€ B MOCIC3aKaTHHE
yacw, §, — NPEnpaccBETHHI AcPUUMT HACKILEHHMS BOAK 02, Sy —

TO Xe AJs Beuepa.
K npampiM Metoaam oTHocuTcs onpepencHue xosdduumenta k,

NO H3MCHEHMIO COAEPXAHHS KHMCIOpOJa B BO3AyXE NOA MIACTHMKOBRM
KYnojioM, YCTAHABAMBAEMOM Ha noeepxHoctH Boaw [7]. Onnako B
CBSI3U C TEM UTO KYMO/JA AT napHUKOBHIA 3ddexT, HX MOXHO MC-
noJIb30BaTh TOALKO HOublo, CymecTsyeT METOf, OCHOBAHHKIM Ha BBE-
NeHHH B BOROTOK Cynntura matpus (Na,SO;) mau, uro nyuwe, ra-

3000pasHoro adora [13] ¢ uensio NEOKCHreHaUMHd BOOW M NanbHEl-
meM NpIMOM ONpPEAESCHHH CKOPOCTH NOCTYIUICHHS KHOJIOpOAa M3 ar-
mocepn. DTOT MeTon MOXET OnTh WUCHONBL3OBAH TOALKO HA HeGOAB-
INHX BOXOTOKAX.

Hau6onee WHMpPOKO pacopoCTPaHEHHK pacyeTHme Meroaw:, Gasupy-
I0IIMECS HA 3MAOHPUYCCKMX YPAaBHEHHMAX, CBH3LIBAOMuUX Ko3dubuuu-
EHTH PpEadpalMu C CUAPABJAHUYECKUM X3apaKTEPUCTHUKAMH BOHOTOKOB
(1]. U3 nocnenyomwnx nybnukanmit 3acyXHBAOT BHHMAHUA HMCCe-
nosaHus M uBornoy n Yaaneilca, NpoBENEHHBIS C NOMOUIBID MEYEl Jro
0, (no (24]), B pe3yabTare KOTOPHIX MOJYYEHO MPOCTOE YPAaBHEHME:

Ah
ky = C 5 4
rme A — nepenan YpOBHeit BOAW HAa HMCCIEAYEMOM yuacTke (M);

T — spema poberauma (4); C — Kodcrauwra, pasnas 0,177 ang
0, u 0,154 ana CO,.
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Pasnoobpasue Mctonos onpeacacHus kodpdnunucHton atmocdep-
HOM pCaJdpaumMHu CRA3AHO C TEM, YTO HH OOMH M3 HUX He obnaaaet
yHuBepcanbhocTbio. Tak, HcnoawaosaHue ypasHesns (3) mvorma npwm-
BOAMT K MOAYUYCHMIO HCpCcaNbHHX pe3yabraTtos [10), HO B pmac cay-
yacs OHO BnoaHc mpuemacmo [9, 23, 29]. Bosuukawwwue npu npu-
MEHEHHH ypaRHCHHA (3) OwnOKM OOYCNOBACHMW H3IMCHCHHUCM MHTCH-
CHBHOCTM QRKLXAHHA B TCHYCHMC CYTOK, KOTOpPO¢ OOWUYHO BHILC B BC-
YCDHME 4ACh, YCM B YTPCHHUC, OCOOCHHO B OUCHb NPOAYKTHBHHIX
BOJOTOKAX. ¢
<~ U Tonbko B pckax CpPCAHCH W HM3KOW NMPOAYKTUBHOCTH AnXaHME
B TcucHue Houu MmcHsctcs Mmano [15]7VBo usbexanme owuGok npw
onpeacnacHuM KodhdHUKCHTA pcalpaunH NPeASOXKCHO CPABHMBATL pC-
XKHUM KHOIODOAA Ha OBYX CXOIHWIX YYACTKAX PCKM, OfMH H3 KOTOPHX
3akpuT maacrtukosoit mackkos [11]. OaHako 2ITOT Metoa Henpume-
HHMM Ha KPYNHWX PEKax, 3 TaKXe NPH NCPCChILCHHH BOAB TFa3aMH.

B pape MCAKOBOAHWX pPeK € OWCTPHM TCHCHMCM CYTOUHHC KOJC-
faHus KMCIOPOAA OTCYTCTBYIOT, NOCKOABKY OHM MACKHPYKOTCH BHCO-
Koit atMocdcpHOM aspauMci, HO CCAIH MMCCTCH XOpPOWO B PAaXKCHHad
amnintyaa pH, moxno npumcninte CO,-texnuky. Hanpumep, Taxoi

cnocod npumensan  Pait n Munnc [35] B nccniexopanusix HA
Menucon—Pusep (Mlenoycronckuit Haumonanbumit napk) — He-
6onbwom Boporoke ¢ raybunon 0,36—1,09 M, ckopocThio TeucHus
0,36—0,68 M/c, nonyuanomweM NUTAHHC M3 TEPMAIBHLIX MCTOYHMKOB,
Jtor MeTom Takxke pekoMcHayercs B obsope Xoana m Moana [13].

M3 npuscacHHoro Bwwic ypasHeHus (4) cneayer, uTO OT-
HomcHue Kouctant mia O, u CO, paswo 1,15, 1. e wmc-

nons3osanne CO,-TexHukH m3amcpenus Oanaunca, xasanoch 6w, mno-

3BOJIRET NPOBOAMTL HabnoaeHus NpU HECKOAbKO 60nec BHCOKMX 3Ha-
YEHHUSX Ky M COOTBETCTBEHHO Goabminx ckopoctax TteuycHua. Ho ato

KaXyweecss NpeMMYyLIecTBO HCYE€3aeT, CCIM MNPHHATb, YTO AkiXa-
TeabHni  kKod(dduunenr menbnwe 1. Kpome TOro, xak nokasan
Tannmur [32], Tounocts onpeaencuus CO, B npupooHbX Boaax

He MoxeT OwTh ayuwe yem = | Mkmoas/n (0,044 wmr/n), a
kucopona — *0,3 .Mkmoan/n (0,01 mr/n). Cacnosarearo, na-
XK€ €CM MPUHATbL AWXATEIbHBIN KO3(HUMEHT pasHbiM 1, TOuHOCTB
6anancororo MeTona, OCHOBaHHOrO Ha yuerte GanaHca kucaoposa,
OKa3biBAETCH NO KpailHell Mepe BTPOE BHILIE, YEM NPH ONpencAcHHH
YTIEKHMCIIOTHL.

Mpaktiueckue pexomeHnauum B paborax ¢ Mcrnoab3osanuem Ga-
nanca CO, cBomATCA K NpPELJIOXEHHIO ONpENENTh HIMCHCHUS €ro Co-

pepxanus no peanunHe pH. Ilns ycranosnenus cpsau CO,—pH B

npuponHuX Boaax Xomn u Mosn [13] pexomengpyror onpeaensith M3-
Meneuus pH npu nobapneHnu K peuyHod BOAE AMCTILIMPOBAHHOM
¢ m3pecTHuM comepxanneM CO,. Onnaxo Takas no6aska mu3menser
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HOHHYIO CH/y PacTBOpPA M B MTONE NPHBOAMT K PACXOXACHHUIO PCTb-
HHX M 3MIHPHUCCKHX XAPAKTEPHCTUK HCKOMOI 3asucumocth. [Tpuuem
ans onurotpodHux cnabo 3abydepenuuix son, rac cssan CO,—pH

BHpaXeHa Hauboace ucTko, npubARACHHE AWMCTHLIMPOBAHHOW BORM
CHABHCC MCHACT MOHHYKO CHUAY PACTBOPA M PACXOXACHHC MCXIY 3M-
MUPHUCCKOI M peanbHOM XPUBHIMKA Bo3pacTact. B xectkux ropax, Ha
koTopHe noBaBka AMCTIWLTHPOBAHHONM BOIW CKa3wBacrcd cnabee, W3-
menchne koHucutpauun CO, Bu3nBaer mcHbwni casur pH. K atomy

cneayetr nobaBUTbL, YTO M3-33 HAIMUMS B MPUPOAHKX BOAAX pANa Be-
WECTB, 3ATPA3HAIOWMNX JAEKTPOAL, TOUHOCTh onpeaeneHust pH B na-
fopaTOpHUX YyC/IOBUSAX HE MOXeT Omts, Buiwe 0,05, a B noneBhx —
0,1 eanuuubn [18). 3710 HAULIO OTPAXCHHME NPAKTHYCCKH BO BCEX
PYKOBOACTBAX MO FHAPOXHMHUECKOMY AHANM3Y NPHPORHKX BOd, XOTH
WHOTAA YYBCTBHTEABHOCTb NpPHOOPA CMCIIMBAETCA € TOUHOCTHIO €ro
n3mepenun [35].

Takum obpazom, CO,-Texnuka uimepenus Gananca uc nact npe-

HMYUWECTB Ncpea KHCJ'IOpOIlHOil, OTAMHANCH MEHLUICH YYBCTBHUTCJ/IBHO-
ctui0. CnpaseannBo OTMETHTb, UTO MHOMOC CKA3dHHOE 3ACCh OTHOCH-
TE/NLHO H3MCPEHHSl NMEpPBHYHOM npoaykuku no Sanancy CO, 6nmsko
K coobpaxeHuaM, pauce copmynupopannnim I'. I'. BunGeprom (2],

PacxoxneHnus Mexay pesyabTataMmu onpeaenicHMs dorocHHTe3a
M OHXaHust 0anaHCOBWM METOAOM C MAapanfeNbHHM HMCNONbL30BAHH-
eM O,- u CO,-TexHMKM BapLUPYOT BECbMa CymwccTeeHHO. Tak, B
p. Fpune (Hupepnauaw) sanosas nepsuuHas npooyKuus, HW3MEpEH-
Haf [0 JHHAMMKE TOMO M APYrOr0 MHIPEAMCHTA, COCTABH/IA COOTBET-
creenno 247 u 283 mom O, /(% cyr) [17]. Opunaxko B Yairr-Kneit-
Kpuk (Ileucunnsanua, CIIA), rac nepecnieHne BOAR YrAEKMCAOTON
nocrurano 340—800 % u Tpefopanacs 3FHAYMTENBHA® NONpPaBKa HA

atMocepHYIO pea’pauuio, a OTKIOHEHME COAEpPXaHHd KMCJIOpoaa or
paBHoBecHO# He npesnuwnano 10 %, cuuxponuse usmepenus no O,-

n CO,-6anancy namu coorsercrsenno 0,39 u 2,81 r C/ % cym)

Ang uncrodi nponykuuu u 3,11 u 6,77 r C/(M2. CyT) — BAS Ab-
xanug [6]. OGparnas xapruna maGmionanacs Ha p. Xasenwse (Ia-
HMg), TO€ OTHOMEHHE BAMOBON NEPBHYHOA NPOAYKUMH, H3MEpEH. Ok
no usMeHeHusM KoHuewtpauuu CO,, Kk paccuuransoit mo Ganascy

KHC/IOPOA, CocTaBmwno B cpeaHem 0,59 r C/(m%. CyT), RAHXaHHL —

0,58 r C/(M2%. cyt) [31). [IpakThueckH MOAHOE COBMANEHME NAHHHBIX
NOJMYYEHO JIMIb AN XOPOIIO KOHTPOJIMPYEMHX YCAOBMN MCKYCCTBEH-.
Horo BogoToka [19): 820 nmapasnenbHHX M3MEPEHWI € HMCNONBL3OBA-
HueM O,-TeXHWKn nanu BenanuuHy uucroit mponykumun 0,836 r

o.8/(M%. cyT) c ucnonvsopanuem CO, — 0,832 (nepecuer nam).
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B ycnoBusix BoaoToKoB Oanancosnit mcroa hact Gosee Bucokue
BEIHUMHE NCPBHMYHON NPOAYKUMHK, YCM MCTORA CKIASHOK, B KOTOPHX
GOTOCUHTE3 MOXCT OhITh OFPAHMUCH OTCYTCTBUCM TypOyJACHTHONO nc-
peMcwuBanna. IT1oT (akT NPUHMMACTCA BO BHHMaHuc B psac pabor
[13, 20], » noAyyeHHHC MCTOAOM CKASHOK AAHHKE PACCM3TPHUBAKOTCS
KaK OPHCHTHPOBOYHLIC [22]. B HEKOTOpPHX CAYuYasAX NWTAIOTCH HMM-
TUPOBATb YCJOBHUS TYPOYJCHTHOCTH CBOOOAHBIM MOABEIIWBAHHCM
CKAFHOK Tak, 4To0n Hx noxkaumusano [8, 22], wiu muxybuposaHuem
npo6 B MIACTMKOBWX MCWKAX, BACKOMHX Tteucumem [13}. Onnaxo
BO3HHKAKOWAA NPH ITOM TYPOYACHTHOCTL TOpasno HHXKE, YEM B OT-
KpuToit Boac. OuesumaHo nodToMy npu HabmoacHuax Ha p. Dabvbe
OTHOWICHHE BATORON0 (JOTOCHHTE3a, M3IMEPEHHONO B CIJIAHKAX, K Ole-
HeHnomy MeronoM O,-6Ganawca waxommnoch B mpeacnax 0,05—0,46 u

B cpeavem GOmno pasuo 0,30 [27], s Tpex pekax Oraito (CIHA)
¢dorocuHTEs M nnxanme, paccuntannwe no Ganancy CO,, Ghn B

2—3 pasa Gonbuwe, yeM WIMCpEHHHE B CKasHkax [33]).

Takum o6paszom, GanaHCcoBHWii METOQ CACAYCT CUMTATb COHHCTBEH-
HO TNIPUEMIACMHWM M METOAONOTHUCCKH Hanbonce OOOCHOBAHHHWM IS
OnpenesicHHs NCPBHUHOH NMPOAYKUMHM B TCKYYHMX BOAAX.
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B. M. Toaba, H. M. Muueesa,
3. I. Toabn, U. M. ToneabHnukas

Kpacnospcxuii ynusepcumem, Hncmumym O6uonozuu
anympennux 600 um. H. [. Mananuna PAH

JBIXAHUE ®UTOINAHKTOHA. MMPOBJIEMbI H METOJbl

OGCyMaeeTca posb NLIXBHMA B NPOXYKUHMOHHOM npouecce. PaccMOTpeHbi METoaM-
YECKHE TIOAXOAL K OUEHKE AbIXAHHE (PHTOMNAHKTOHWA.

[Mpu m3yuennH NPOAYKTHBHOCTH (UTOILIAHKTOHA M IUIAHKTOHHOMO
coofmecTsa B IEJIOM OLIXAHME OTHOCAT K MHCTO 3HTPONMHHOMY NHpO-
ueccy, xapakrepusylomeMmy ¢mnanonornueckne norepu. JlaHnoe noso-
xenue dukcupyerca B obueM GaaHCOBOM YPaBHEHMH, COMJIACHO KO-
TOPOMY NpPOAYKiME (P ) COOTBETCTBYET Pa3HOCTH MHTEHCHBHOCTH ¢o-
TocMHTE33 (A) ¥ AnxaHug (R):

P=A — R ¢}

310 ypaBHEHME IWHPOKO HCMOJAb3YETCS NPH HHTEPNPETALUHH JAHHBIX
MO MEPBMYHON NPOAYKUMH H HECTPYKUMHM OPraHMuecKOro BEmIeCTBAa M
HX COOTHOLOCHMK BennunmHe A: R.

Opuako ¢ 6uO3HEpPreTHUECKHMX no3uuMi abCONOTM3IAUMA TAaKOro
MOAXONA NpEACTABASETCH He coBceM xoppekThoi. s rereporpodHo-
o 3BEHA IL1aHKTOHHOro coobuecrea (6axTepHo- M 300MIAHKTOHA)
OYEBHAHO, YTO NPOAYKTHBHOCTL PAaCCUMTHBAETCA KaK MNPOM3BOAHASA
MHTEHCHBHOCTH AbixaHusa [1]. HacTMyHO 3TO MOXET OTHOCHTHCH U K
doroasroTpohHOMy 3BeHY (HMTOILIAHKTOHY), A/ KOTOPOro mokasaHa
BO3MOXHOCTL FeTeporpoHOr0 THNA NMTaHMS, HAanpHUMEp, AN CHHe-
3encHuX Bopopocseil B adorHueckoit 3oHe. Ha cBety Toxe TpymHo
NpeaCTaBMTh NPONYKUMOHHEM mnpouecc Oe3 Bxmouenus Ouoxumuuve-
CKMX M OMOIHEPreTMUYECKMX pEaKUMil AHXAHHS NPH CHHTE3E CTPYK-
TYPHHIX 3JJIEMEHTOB IJIETKH M €€ JeJIEHMA.

ITo coBpemeHHnM npeacrapaeHusM GUIHONOrHM pacTeHUH, B CyM-
MapHHX NOKA3aTeAsX AWXAHNS BHOENAIOTCS OBE DHEPreTHUECKME CO-
CTAaRNAIOMME: JHXAHHE HAa PpOCT WIM HAKOIUIEHHME (Rg) A Jbl-

xanue Ha ooanepxanue (R.) [2]. l1a mx pasmenenns npeprtoxena
dopmyna

© B. M. l'onsn, H. M. Muneess, 3. I. Tonea, U. M. ToneatHnukan
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R = R + R =KA+BT_C. @

g m

rie A — sanoBui porocnuTes, K — koadpHUNEHT TIPONOPLHOHAND-
HOCTH (ANSl BHICWIKWX PAcTCHHIA OH MpHUHMMacTcs pasunmM 0,25), B —
cyxas §romacca. C — nocTosHHBH KOI(PPHUKEHT, C Pa3MCPHOCTBIO
~BpeMs —mAl', T — nepexomHsit KodpPHUMEHT OT napaMeTpoB Ou-
OMAaCCH K ra3o000McCHy.

[TonpasymepaeTcs, UTO MPH ALXAaHMH HA HAKOILUIEHHE NPOHCXOZMT
CBSI3BIBAHUC YACTH JHCPrMH BO BHOBbL 0Dpa3ylOWMXCH B NpoLEcce po-
CTa CTPYKTYPHHIX JACMCHTaX. Jta JHeprus ocraerca B cucreme. Ciae-
AOBATEJNbHO, C MNO3MUMKM OMO3IHEPreTHKM NPHMEHMTENBHO K (HTO-
TUIAHKTOHY OCHOBHYIO 4acTb obuero 6anaHcoBoro ypaBHeHUs MPOAYK-
UHOHHONO MPOLIECCA NpAaBWIbHEE 3aMUCHBATh CNCAYIOWAM 0Gpa3oM:

P=A+R,—R,. 3)

VpasHenne (3) He MCUEPNWBACT BCCX NOTEHUMANLHHIX BO3MOXHO-
CTeil YUYaCTHA JWXAHKA B NPOAYKLMOHHOM mpouecce (PHTOMUIAHKTOHA,
TAK KaK OMHCHBACT JhIXaHHE HA HAKOILUIEHHE MCKIIOMHTENABHO 33 CueT
NepBMUYHHX nNpoayktos dotocuute3a. [Ipu aToM He yuHuTHIBAETCH BO3-
MOXHOCTb reTepoTpodHOr0 M MHKCOTpodHOrO NUTaHus ¢ notpebie-
HMEM BHCKJIETOUMHHLIX OPraHHYeCKMX COEAHHCHHIt, TaKkXe CBA3aHHOIO
¢ GYHKUMOHHPOBAHHEM ABIXATENbHWX CHCTCM.

Mexanusm axepretnucckoro obccneueHns norpebseHUs 3K3OTeH-
HbIX BEIUECTB Npd rerepoTpodHOM THNE MUTAHMS AOCTATOYHO XOPOIUIO
HM3yuyeH. DTO aKTHBHOC MOrNOWCHHEC — CHMIOPT 33 CYET IJHEPrHH
ATQ® pgnxaHus, MHAYUMPYIOLWICH Ppa3HOCTh 3/CKTPOXHMHUYECKOro Mo-
TEHUMANa HMOHOB BOAOPONA Ha BHewHcA MmemOpane. MeHee u3yued
MexaHu3M MUKcoTpodHoro THna nutanus. QorocThMyaupylomee aei-
CTBMC Ha MOTJAOUICHMC IK30TCHHWX COEAMHEHHMH MOXET TNPOMCXORMTH
Nno KpaHhHeH Mepe 3a cuer ABYX npouecco. Ilepsmii cBsizsaH c 1o-
AOMHUTCAbHRM OOpa3oeaHueM npu ortocuHTese cylGeTpara ans cuc-
TCM JhIXaHWUA C MOCJACAYIOWUM BKJIIOYCHUEM OOLIUHBLIX KAHAJIOB JHEp-
roofecneyenns aKTHBHOrO TpaHcnopra. Bropoit mognepxupaerca dyH-
KUWOHMPOBAHHEM B MNAa3MaleMME ayToKcupalenoHON YKOPOUYCHHOM
PEAOKC-UENH, AHANOTHYHOA 3ACKTPOHHO-TpaHcroptHod wenu (3TID)
ABIXaHHs, C yuactHcm ¢oToBOCCTaHOBUTENN, 00pasyoilerocs B KJo-
poriactax B peayabrtate ¢orocunTtesa [8, 10]. DHepreTHueckue npe-
MMYyIWIEeCTBA TaKOro THMA YTHIH3aUHH CBETOBOH JHEPrHH B Ciayuae
HHAYKLHMH TOMJIOWEHNS 3IKIONEHHHX OPraHMYecKHX BEIICCTB OuYEeBMA-
HH [6].

Y cHHe-3eNeHHX BOAOPOIEH B3aMMOOTHOWEHMS (OTOCHHTE3A C
AnxaHueMm eule Gonee ycnoxuenw. IIns uux nokasawo [39], uto Ha
YPOBHE TOJMNICNITHIHOIO KOMIEKCa bg/ f CymecTByeT TOuKa mepece-

yenng IDTLl dorocHHTesa M auxauus. 31O CHWXAET NO CPaBHEHHIO
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C 3EJICHHMH BOJOPOCIEMH KaK (DOTOCHHTE3, TaK M YPOBEHb MMKCOT-
podHOr0 MUTAMMA, YTO MOATBEPXACHO KcnepumeHtaibHo [7). OTTOK
npoxyuuposansoro npy dorocuntese anektpona na O, B ymepb

¢dmxcauun CO, y cHHE-3€/CHHX, BEPOATHO, CNOCOOCTBYET COXpaHe-

o OTI ¢orocuHTE3a M- ,,BRXHBAHMIO” KJIETOK B TOBEPXHOCTHOM
CJI0E BOAM, INE OHM BHHYXIACHHW ¢YHKUHOHHPOBATL NPH BHICOKOM
YPOBHE 3HEPreTHYecKOM OCBEIECHHOCTH.

TaxnuM obpasom, aHann3 npobnaem auxauums uTOMNAHKTOHA MOA-
YEpKMBAET OrpOMHYIO pO/b 3TOro mpouecca B obecneueHnn ¢GyHKUH-
OHAMLHONM AKTHBHOCTHM BOROpocaci. JlaHHOE monoXxeHue OTHOCMTCA He
TONILKO K BOAOPOC/SM, HO K K APYTHM COCTaBAAOUMM TLIAHKTOHHOTO
coofmecrpa, ondg KOTOPOro, KaK NpaBwio, ONpeAenseTcs CyMMapHoe
AnXanue, YUNTHRAs TaKCOHOMHYECKYI0 crneundHyHOCTL napaMeTpos
CBA3M AnxaHusa ¢ ocobennocramu dyHxumouvporanns c¢uro-, baxre-
pHO- M 300ILTAHKTOHA, C/AeAyeT cTpeMuTbca K AndrbepeHunpoBaHHOM
OLICHKE MHTEHCHBHOCTH 3TOrO rpouecca B cooblecTse NIaHKTOHHBIX
oprannamoB. be3 pelwedns 3ITOM 3amauM TPYAHO pPEANM3OBATH SHEP-
FeTMYECKMI NOAXONl K KOMILIEKCHOMY W3YUEHHIO BONHBIX 3KOCHCTEM
Ha CTPOr0 KOJHYECTBEHHOM OCHOBE.

Ipn onpeneiesHH AMXaHus ¢utorUtaHkToHa naunbonee npeanou-
THTEJBHHW JKCriepMMEHTaNbHbe Mertoabl. OOHAaxo MX HCMOAb3OBAHUE
CBSI3aHO C TPYAHOCTAMHM IncddepeHUMpPOBAHMA BKI3Za BOXOPOC/IEH B
obLLy0 CKOpOCTh 3TON0 mpouecca, 00yC/IOBJIEHHYIO BCEMM KOMMOHEH-
Tamu coobmecTsa, oco0eHHO B MPHMPOOHLIX BOZAX.

MeTonuueckoii OCHOBOI 9KCMEPHUMEHTAILHONO OMPEACACHHS IRIXa-
HHMS CJYXAT METOAW ra3oBOIO aHanH3a, NpuMeHseMmoro B duanonornu
pacrennit [5]): pecnupomerpusa [I1, 23, 34, 38], nonsporpadusa (3,
48], macc-cnextpomerpus (27, 49, 55], pannoyrnepomHbii METOR
[17, 44, 51}. B Hacrosinee BpeMs MOMYUYAET pacHnpoCTPAHEHHME JEK-
TPOXMMMUYECKOE OMNpPEAESEHHE PACTBOPEHHONO KUCIOPOAA € MCNOAb30-
BAHMEM PA3JIMYHBIX MOOK(DUKAUUNH OKCHMCTPOB.

Mpu pabore ¢ XyAbTYpaMM WIH MOHOLOMHHAHTHHM COOGIECTBOM
BOLOpPOCNEi, XapakTepPHHWM AAf LBCTEHHS BOJOEMA, AnxaHue GUTO-
IJIAHKTOHAa MOXEeT OhThb OLEHEHO TMpPSAMBIMH M3MEPEHMSAMHW C Jonyiue-
HMEM, YTO JONS AnXaHMs OAKTCPHA M 300MNAHKTOHA HE3HAUMTEJILHA.
OnHako M0 OTHOWMEHHIO K NOJMAOMHHAHTHOMY ILIaHKTOHHOMY C000-
IECTBY TAKOl MOAXOX HEKOPpeKTeH. B 5toM ciyuae ucnoansyorcs
pa3Hoo6pa3Hne BapHAHTH PA3nEJEHHS OpraHH3MOB IU1aHKTOHA [9,
12, 15, 18, 20, 21, 24, 31]). Hanpumep, oposoasit apobuywo dwis-
TPALMIO MCXOOHON NpoOnl yepe3 MEIbHHUUHBINA Ta3 ¢ AMAMETPOM MOp
70—120 mMxM mns oTaenNeHMs KPYNHOIO 300ILIAHKTOHA, 3aTEM uepes
MemOpannne GwibTpu (paamep nop 3—6 MkM) nas orpencHus u-
TOILIAHKTOHA. B uabrpoBanHux npobax OUEHMBAETCHA HHTEHCHBHOCTb
rasoofmMena, [nxanue (HUTOMIAHKTOHA MOXET OWTb PACCUHTAHO Kak
Pa3HOCTb CKOPOCTH nNoTpeGACHMA KHCIOpONa B MCXogHoi npobe u
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npofe nocne ofenx uAbTpauMid AW MO PAa3HOCTH 3TOMH CKOPOCTH
noc/ie NEpBOM WU BTOpPOH uAbTpPauuA.

Pesynbtath anpofauuu McToga BeckMa MpOTHBOPCYMBHW. B Hexo-
TOPBLIX ONKWTaX AECTPYKLHS OPraHMYECKHX COCOMHCHHMA B dwnbrpaTtax
CHMXanach NO CpaBHexuio ¢ Hcxoanoi npoboit: B [TponcrapckoM u
Becenosckom Bopoxpanwnumax B asrycre 1981 r. ma 34 m 63 9
(9], B 03. Cusepckom B uone 1983 r. va 70 9%, a B 03. [Incweeno
B asrycre u ceHtabpe Toro xe roga Ha 25 u 60 % [12); ans Pu-
OMHCKOr0 BOAOXPAHM/IHIIA B CPEAHCM 33 CE30H CHHXEHHE COCTaBALIO
20 % [19). UapecTHW ¥ NpOTHROMOJIOKHEE pe3yabTaThl. Tak, Ha
KpacHosapckoM BOAOXPAHMAMLIC AnXaHHE OaKTEPHONIAHKTOHA MoCIe
BTOPOi (PUAbTPAUNHU OKA3ANOCh 3HAYHTEABHO BHIILIE, YEM B UCXOAHBIX
npobax: 45 % B 1983 r. u 33 % » 1984 r. OueBupgHo, paspcnenue
ILTAHKTOHHOrO cooluecrsa duabTpauMeii He aaer oauHaxkosoro 3d-
¢exTa B pasHmx ycnosusx. BoiaMOXHO Takxke, 4T0 cama mpouenypa
¢dunpTpauMu M pasfefieHHs CKA3bBAETCd HA TaKOM UYYBCTBMTCILHOM
K BHCWIHKMM (bakTOpaM MpoLUCeCCe, KAK ALIXaHHE.

Bosce KOppeKTHWM NPEACTABASETCH MUCMNOAb3OBAHUE PaRUOYyILJIE-
poaosoro merona |18, 40, §1, §3). ITpu atom onpenenserca konuue-

CTBO l“COZ, BhIAEGJICHHONO B TEMHOTE (DUTOIIAHKTOHOM, KOTODHI

NpPEABADHUTENLHO IKCIOHUPOBAJICA Ha CBETY B NPUCYTCTBUM MEUEHOTO
6uxkapbosaTa, € BBCACHMCM NONPABKH HA FeTEPOTPOPHYH aAcCHMWAs-
UMIO YrACKHUCNOTH. Ha OCHOBAaHWM MOMYUEHHHX AAHHHX € MOMOUIBLIO
CHCTCMHl YPABHEHMIT MOXHO PAcCYHMTATh MAPLUMOHAJIbHOE ABIXAHHKE
¢uto-, 300- u OGaktepuornauxtona [9, 21]. Peayabratal nogoGHmIX
JKCNCPUMCHTOB TMOKa3bIBAKOT, UTO 044 CBCXKECHHTCINDOBAHHHX Op-
FraHMUECKMX COCAMHECHHI, 3aTPAUEHHBIX HAa AHXAHUE BOAOPOC]EH, B
cpeaveMm cocrasnger or 4—8 % [53] no 10—15 % [51] or mak-
cumanbioro ¢dorocuureda. OaHako Tako# NOAXOX MNPCAMONAraeT, UTO
NpH ANXaHHU (UTOMJAHKTOHA MCNOMb3YIOTCH TOJNBKO MEPBUUHLIE
NMpoAYKTH (POTOCHHTE3A M HE YUNTHIBAETCH BO3MOXHOCTb BOBJIEUECHMS
OpPraHHYeCKUX COCOMHEHUN BHCWIHCH Cpeasl — 2K30MeTaGoJIMTOB M
QJUTOXTOHHBIX OPraHMYCCKHUX BELIECTB.

B nocnegHee Bpems NOAyYyaeT pacnpoCTPaHEHUE OLIEHKA HHTEH-
CHBHOCTH ABIXaHUs (PUTOILTAHKTOHA MO AKTHUBHOCTH 3/JEKTPOH-TPAHC-
nopruoii uenu (ATL)). IIpn 3ToM ans BHAeNEHUS PACTUTENbHOM KOM-
TIOHCHTH M3 CYMMAapHOro AWXaHUsl COODIECTBA MCMO/b3YETCd COOTHO-
meHue Mexay akTHBHOCTBbIO OTL] H CKOpOCTBIO BRIEIEHHE KHCAL JO-
na (35, 36]. Ileppue Takve HcchemoBaHua GRUTH BHMOMHEHW HA Mpo-
6ax Mmopckoro mnauktona [42, 43]. B panpHeimem merox 6w mpm-
MEHEH MpuU M3IYYECHUHM AnXaHHMS TUIAHKTOHA npecHulx Box [28], a Tak-
XKE BOOOpocael, paageneHHHX ApoOHOM ¢uabTpauueit Ha paMepHme
cdpakumn [45, 46, 52]. Omvako HAa nNyTH BHENPEHMA 3TOrO METOAA
B NMPAKTHKY TMAPOOMONIOTHYECKMX HKCCIEJOBaHMM MoryT GnTh cepbes-
HHE 3aTpyNHEeHWsA, CBA3aHHHE co cneundukoi opranmsamun DTII
OuxaHMd W oTocMHTE3da y pA3MUHKX rpynn Boaopocien. Kpome
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TOro, BO3MOXHO BKMOMCHHE DTLL AnXaHHA B BOCCTAHORACHHC HUT-
paToB M CyAnbITOR — ANBTCPHATHBHHC NOTOKH C YUICTHCM TCPMH-
HANIBHHIX HHUTPAT- H CyabdhaTpeaykTaa. |

B cuny HCoOnpeacnCHHOCTH IKCNCPHMCHTAThHEX AAHHKX Npu ON-
PCOCNEHNHM DHXAHHA (PHTONIAHKTOHA WHPOKOC PACNPOCTPAHCHKMC MO-
JAYYWIH TaKXC PACUCTHHIC MCTOOW. [IWX3HWC nipH ITOM NpPHHKMACTCH
paBHHM onpeacacHHoM aoae (obnuno 10 %) or MakcumanbHoro ¢o-
TocuHTe3a (12, 14—16, 41]. U3 peaynvrraToB Takoii OLCHKH BJIA BO-
NOEMOB PAa3HOMO THNA CACAYCT, YTO B CPCAHCM JOAA AnXaHMA -
TOILIAHKTOHA (R¢) or o0wcit ACCTPYKUMHM OPraHUuYCCKOro BELUECTBA

(R,) xoncbaerca B npeacnax 8—19 %. lNpu atom Ha npumcpe Pu-

6unckoro BogoxpaHuauwa 6HA0 NOKa3axo, 4to okono 20 % BEIHUMH
Ry NPEBHWANK CYMMapHYIO ACCTPYKUHIO OPFrAHHMCCKOMO BCLUCCTRA,

KOTOpas B OJTOM CAyuae, 32 pPCIKMM MCKAIOYCHMCM, OGnna Huxe
0,1 mr O, /(n- cyr), a 20 % scanunn Ry coctamnsnu 6once no-

noBuHH R, [12].

[MonyueHnne peaynbTaTh BNOAHE YKAAOWBAKTCA B NPCACAN pa3-
6poca, 0TMCYACMOrO NpW OUCHKC AOAH AnXaHus (PHUTONNAHKTOHA ¢
WCTNIOAB30BAHKHEM MCETOAOR npobHoit ¢duabTpauuu. TeMm He MeHee naH-
HHH TOAX0A TakXe BCTPEMAacT psuad BO3paXxcHuil. Bo-nepeux, 3aecw
ONSTL NPCANONATACTCH, MTO CYOCTPAaTOM AWXAHHSA CAYXAT HCKMOUM-
TEJILHO NCPBHYHWC NPOAYKTH (OTOCHHTEe3a. Bo-BTOpHIX, HE YUMTH-
BAETCAd BO3MOXHOE PA3NHYMEC MHTCHCHBHOCTH MNOT/IOUICHHA KUCJI0pOna
Ha CBeTY M B TcmHoTe [25, 55], B TOM unwie 3a cueT QOTOAWXAHMS,
KOTOpoe cyuwecTByer y somopocnen [26, 30, 32, 33, 37, 47].

OTMEUYEHHHMH HEAOCTATKAMKM CTPaJaloT W APYTHC PACHETHHIE CMo-
co0nl, B KOTOPWX [LXAHKUC B TOH KMAM HHOM CTCMCHN NpPHBH3aHO K
HMHTEHCHBHOCTH ¢oTtocHuTe3a. Hanpumep:

R -Q(A — A, [50] 5
&= 7, Ve A '

rme Rd: — nuixauwe (HUTOMNAHKTOHA, Ag, Ay — HHTEHCHBHOCTDH ¢o-

TOCHHTE3a MO PpamMOYI/CpoRy nNps 6-uyacomroit H CYTOUHOW IKCNO3H-

uuM, g w [, — JHEPrus COJHEUHOW panHauUWH 33 6 u n cyTkn.
Jrnxanue UTOMLIAHKTOHA MOXET OLTE RWUYHCICHO TakXe Ha Oc-

HOBAHHH NpsMOro onpeaeneuus Guomaccw M orocunTesa [54]:

Ry=B,— B, B, =8 ctr (6)

c T T c A



rae Ry — nwixawue dmutonnauktoHa, B, wm B, — 6uomacca mono-

pOC/ICH B MEPCCUYCTC HA YLACPOA NOCAE CBCTOBOM M TCMHOBOH 3KCMO-
anuuM, A, A .. — KONHYECTRO ACCHMWIHPOBAHHOIO MCHCHOMO yrie-

poad nocsae 3KCNO3IMUHH HA CBETy (C) M € MOCAECAYIOWMM NCPHOAOM
TEMHOTH (C + T).

B cBA3n ¢ TeM uYTO HM OQHMH H3 PACCMOTPEHHBIX JKCMEPHUMEHTA/b-
HBIX W PacuUCTHHIX MCTOAOB HE AdCT YROBACTBOPHTCALHOM KAPTHHH
NPH OLEHKE AWXAHMH (HTOMNAHKTOHA, ACNAIOTCA NMOMKWTKH HCMOJb-
30BaTh QA8 peweHus IToi npobaemun Ganancoswit noaxoa. B takom
cayuvae

Ry, = R, — Rg — R, M

rae R, — HMHTEHCHMBHOCTb AWXAHMA ILIAHKTOHHOIO coofwecTsa, oue-
HUBACMAA IKCNEPUMEHTANbHO; Rs, R, — nwxaume G6aktepno- n 300-
IU1AHKTOHA, PA3CCYHTAHHOE HA OCHOBAHMM 3IKCMEPHMMEHTANIBHO H3Me-
PCHHHX (DHUIHOMOPHUECKHX XAPAKTEPMCTHK W UMCJAEHHOCTH Wi Ouo-
Macchl OTAENbHHX TAKCOHOMMMECKHX rpynn opraHuamos [1]. Tlpu
BBEACHMH COOTBETCTBYIOWMX napamerpos dopmyna (7) npuobperaer
BUA

(N,— Ny QK. 24 1 awbN K _24

1 2,303 1gN/Ny — & t q '

Ry =R, K — ®)

rac RO -_ Oéll.lail UHTCHCHBHOCTL [WXaHUA OPraHM3MoOB B IpO-

6e 3a 24 u, K, — okcukanopuitueiii koddduumenr, N, Ny —

KOHEYHAS M HauyaJbHAd JMCIEHHOCTH, OakTepuit 3a Bpems 3KC-
noauuud, @ — norpebaeHne KuCIOpoAa OAHONM GakTepHanbHON

KJIETKO#, a;, wf — cKopocTb noTpebnieHHs KMCNOpoAa i-ro BMAA 300-
ILTAHKTOHA C MHAMBUAYANLHOW MaccoM w, N; — KOMM4eCTBO ocobeit,

g =225 0.120—T)__ TEMAEpPATypHas NOMpaBKa.

Takoli NOAXOA, WCMOAb3OBAHHHIA NPH HM3YUEHHH AKTHBHOCTH
IIaHKTOHa 3B(POTHOH 3oHW KpacHOApCKOro BOOOXpaHWIMMIA, NOKa-
3an, 4yro B OOMIEH HMHTEHCHBHOCTH ABIXAHMS COOOIIECTBA 3HAUUTE.b-
HYI0 pojio (0OKOJO MOMOBMHH) cocraBaser dutomtaukron [15].

BricokMil MpOUEHT OHWXaHWs Bojopochein B olbweM mnorpebacHuu
KHMCJIOPOAA TUIAHKTOHHKM COOOLIECTBOM MOXET BH3IBATh BO3pAaXKCHMA,
€CJIM TPHAEPXHMBAThCH KOHUEMUMM 3IKOAOrHyeckoro merabosmama
[22], cornacho KOTOpOl OCHOBHAA pO/ib (PUTOILIAHKTOHA CBOAMTCS K
HaKOILUICHHIO B 3KOCHCTEME mpoaykToB ¢roTocuuTte3a. Onnako cnenyer
MMETh B BHAY, YTO B 3BOJIIOLMM GHOnOrMuecKMX cucreM cpabarmiBaer
OPUHLMI LENecOO0paIHOCTH H BOAOPOCASM HEOGXOAMMO AKTHBHO nO-
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TpeGAATL XMCIOPOA M HA CBETY, M B TCMHOTE, utoOW obccncuntb
COGCTBCHHYIO XMW3HEACATCABHOCTb. [T02TOMY BMOAHC NOTHUHO MpEA-
CTaBHTh, YTO AOAA AWXAHMA AN (DMTOMJAHKTOHA, B YACTHOCTH MpH
LBETEHUH BOAH, HE NOAXHA ObiTh HMXE, YeM ana OGakTEpHOMNaHK-
TOHA, 3HAYMTEABHO YCTYNAWOWEro BoaopochsM no Guomacce. B aroit
CBA3N MOXET ObiTh OOBACHCHO (PH3IMONOrMUCCKOE 3JHAYUCHHE ,BHEKIE-
ToyHOiH"” npoaykuuu ¢uronaauxktoHa (4]. Bopopociu ue obnapalor
OpraHaMM [s 3aMacCaHMs 3HAUMTCABHOIO KOMHUYCCTBA CHMHTC3IWPOBAH-
HHIX BCLICCTB, BCJACACTBME uero noascprawotca 3bdekty doTtouHrnbu-
POBaHMS, KOTOPhKH BO3MOXCH NPH OTCYTCTBMM OTTOKA ACCUMMASTOB
(acpdbekT cercopHoii perynsuyvud) [13]. BepoaTHo, noatomy oHu cek-
PETHPYIOT UACTb NPOAYKTOB (POTOCHHTE32 B OKPYXAOWyw cpeay, Ko-
TOpas B JAHHOM CJyvae BuinosHfAeT GyHKUMIO ,3anacarouweit TKaHu”,
ofecneuMpast TeM CaMbHM BBICOKHII ypoBeHb (QOTOCHMHTE3a B TEucHHE
CBCT/IONO BPCMCHU CYTOK M BO3MOXHOCTb (PYHKLHOHHDOBAHMA B TEM-
Hote. [Ipu wmcTowleMMM BHYTPEHHMX DE3CPBOB KJETKH MOrYT BOCTpe-
GoBaTh COGCTBCHHLHIE 3aMachi, 3aKJIOUCHHBIE BO BHEKJETOUHOH Npo-
OYKLMH.

TakuM 00pa3oM, aHanu3 CywmecTeywowux noaxoaos Kk anddepeH-
UMANBbHOH OLCHKE AbIXaHUA (PHTOMLIAHKTOHA NMOKA3WBAET, UTO HALEXK-
HbIX M 0OmEeKTHBHHX MeTonos mpaktuueckn Her. HeoOxommmm nmans-
HeHLIHE MOMCKM B 3TOM HamMpaBJIeHHH.
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CNEKTPO®OTOMETPUYECKUN METOI OMPEAEJEHMUSA
INMU'MEHTOB ®UTOIIJIAHKTOHA
B CMEINAHHOM 3KCTPAKTE

PacCMaTPHBAIOTCH TEOPETHUCCKHE OCHOBLI W Npoueaypa CnekTpodOTOMETPHUECKOTO
onpeaeneHua xnopodranos ,a”, .b", .c”, dreonHrMeHTOB M KBPOTMHOWAOB B oflieM
IKCTPAKTE 13 CCCTOHA, O0CYKAAOTCH NPHUHHLI UCKBKEHWA PE3Y/IbTATOB.

CrnekTpoOTOMETPHYECKHIT aHANN3 MUIMEHTOB B 00meEM IKCTpaKTe
6narogaps NMpoCTOTE M OOCTYMHOCTH IUVPOKO HCMOAb3yeTcs OJas u3y-
YEHHH MPOXYKTHBHOCTM (PUTOMNAHKTOHA DA3HOTHUNHHX Bogocmos. Ha
€ro OCHOBE KaniMOPYIOTCS HENpsMbi¢ METOAKW ONpenesICHHs xsopodui-
na, BKTIOYas AWcTaHuMouunie, K Hacrosulemy BpcmeHu ony6iMKoBa-
HO MHONO PCKOMCHOAUMMH, MOMOraluWux rpaMOTHO OCYIIECTBHTb ITOT
meron (5, 9, 17, 31, 33, 47]. B waweit crpaHe pa3paboran rocy-
OApCTBEHHBLI CTAHOAPT, PErNaMEHTHPYIOLUIA OfpeneaeHue xiopobua-
na s npupogHux Boaax [5]. Oanako TeopeTHUECKHE OCHOBW METOAA
OCBCLUICHKW B ruapoGHONOTHUECKOH JUTEPaType HEAOCTAaTOUHO SICHO,
YTO 3aTPYAHSCT MOHMMAHHWE MOJYUYCHHWIX Pe3y/bTaTOB M CHMXKAET Ka-
yecTBo paloT MO mUrMeHTaM (PUTOILIAHKTOHA.

CnektpodoTOMETPHYECKHH METON OCHOBAH HA H3MEDPEHUM KOJIH-
4YecTBa CBET3, MNOMOWAEMON0 PacTBOPOM NATMEHTOB MPH 3aJaHHBIX
anuHax BonH [6]. KoHueHTpauus NUrMEHTOB pPacCUMTBHIBAETCA B CO-
oreeTcTBMM ¢ 3akonamu bByrcpa—Jlambepra—DbBepa, xapaktepusyro-
UMY CBA3b MCXKAY KOHUCHTPAUMCH BELIECTBA H HHTEHCHBHOCTBIO
NOMNIOUWICHHONO MM MOHOXpoMaTuueckoro cseta [6, 20]. IOns onpene-
JIEHHS COAEPXKAHWS WCCACAYEMHX BewecTs Bubupaercs o6nacTh crek-
TPAILHONO MakCHMyMa. BeqHuHHY MOI/IOUIEHHS BHIPaXaloT OOKYHO B
CNMHHLAX ONTHYECKOM mioTHoctH (E), KoTopas npeacrasaser coboit
JorapuhM OTHOILIEGHHY MHTEHCHMBHOCTM Jyua CBETa, BXORSLIErO B pac-
TBOp, K MHTCHCHBHOCTH Bhixoadinero. JIpyruM nokasartcsieM IOMIo-
MEHHONO K3JAYUCHHA sBasercsd nponyckauue (T), KOTOpoe XapakTte-
PH3YyEeTCd MNPOUCHTHHM OTHOMCHHEM HHTECHCHBHOCTH CBETA, BBHIXOQ -
Imerc M3 pacTBopa, K TNOCTYNHBIIeMYy. B3auMocBs3e MeXay npomy-

© JI. E. Curapena
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ckahiueM (T') M OOTHUECKOR nAoOTHOCTBI (E) onucwmsaercd
YDABHEHHEM

= —lgT.

QopMyan /18 PAacYeTa KOHUEHTPAUMA TNHMIMCHTOB B CMELIAHHOM
JKCTPAKTE COCTABAMIOTCH C YUETOM ABYX OCHOBHMX YCIOBHiA.

1. KoHuenrpaung semecrsa (C) npsaMo NpoOnOpUHOHANbHA OMNTH-
yeckoik TUIOTHOCTM pacteopa (E) M o6paTHO nponopuHOHaNbHA
YREJbHOMY KO3$DHIMEHTY NMOMNOMEHHS CBETA BEMECTBOM (@) H TO-
muHe cnextpodoromerpupyemoro cios (/):

E
C = —.
al

2. O6mee nMOrnoMEHHE CBETA CMECHI0 HECKOJbKHX BENIECTB HA Ka-
KON-nubyap OAMHE BOJHH PABHO CYMME ONTHUYECKHX MIOTHOCTEH OT-
EJbHBIX KOMIIOHEHTOB:

Eogy = By +Ey+ E3+ ..E,.

OCHOBHOIt MNOKasaTenb, HEOOXOOMMHEA [T  pacyeTa KOHUEHT-
paumit, — yaesbHRH K03 HUUMEHT IFKCTHHKUMHM, KOTOPHK Xapakre-
pH3yET XOJIMYECTBO CBETA, MNOMIOWIAEMOEe |-CAHTHMETPOBRIM CJIOEM
pacrBopa 1 r nmurmenta B | n (wam 100 mn).

B sxcTpakTe M3 CeCTOHa HAXOASTCA NHIMEHTH, MMEIOWME TEepe-
KPHBAOIMECH CNEKTPH NOIVIOmMEHUd CBETa, MO3TOMY OLEHKA MX KOH-
ueHTpauuit ycaoxuserca. [ig pacuera comepxaMus xjopodiuLios
»a”, ,b"” n ,c" pemaerca cucrema Tpex ypaBHeHMii € TpeMg HEH3-
BecTHBMY. [IpH 2TOM YUMTRIBAETCA NOIJIOMIEHHE CBETAa KAaXAKM MHI-
MEHTOM Ha pauHax Boa (664, 647, 630 vM), cooTBercTByOLIMX HX
CNeKTpaNbHHM MakCMMymaMm. M3BeCTHO HECKOABKO BAPMAHTOB TaKHMX
ypasHeruit [40, 42, 47], or/MYaIOIIMXCA MCHOMb30BAHMEM pa3IHY-
HHX ynenbHeX Ko3ahbduumeHToB IKCTHHKUMK. B nocneanee Bpems uc-
nons3ayiorcs ypasnenns Oxepdpu n XKamdppu [26], ocHoBanume Ha
YTOUHEHHBIX NPHMEHUTEIEHO K xopodiuiaM BOgOpowIeH 3HaYEeHHAX
atux Koddduuuertos. Pe3yabTaTH, NOAyuYeHHBIE C MOMOILBIO TPEX-
BOJHOBWX ypaBHeHHM, OSIM3KH K MCTMHHHM TONBKO NpH COOMIONEHHH
pana yciopuii [41, 44], OCHOBHOE M3 KOTOPHX — OTCYTCTBHE B 3KC-
TpaKTe APYT¥X NHIMEHTOB M BEMECTB HEMUIMEHTHOM NpUpOAM, NO-
PJIOMAIOMAX CBET Ha M3MEPAEMHIX IIMHAX BOAH., OmHako 3TO ycioBue
NPaKTHYECKM HEBHIMOAHUMO, NOCKO/IbKY 3KCTPAKT M3 CECTOHA BCETAa
COZIEPXHT BEMIECTBA C HEH3BECTHHMHU OnTHYeCKMMH csoiictBamHu. [lo
9TOlt NMPUUMHE PACXOXAEHHE PE3Y/JLTAaTOB CMEKTPOPOTOMETPHYECKORO

H XpOMAaTOrpauueckoro METOAOB MOXET GRTb BECbMa CYmECTBEHHKM
(10, 23, 25, 32, 44).
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OcHOBHBE 3Tanbl CNCKTPOPOTOMETPHUECKOTO ONPENCAHHA NHIMEH-
TOB CACAYIOUIME: KOHLEHTPHMPORAHHE MIAHKTOHA B OTOOPaHHBIX npo-
6ax BOAM, W3BACUCHHE NHUMMCHTOB, H3MCPEHHC ONTHYECKOHW ILIOTHO-
¢cTH (WM NPONYCKAHKA) OJKCTPAKTA, PACYCT KOHLICHTpauMi.

[MAaHKTOH KOHUCHTPUPYIOT Ha MeMOpanubic ¢GUALTPH € anaMer-
pom mop ot 0,6 go 1—3 mkm: MuTHWMHCKHE" Ne 4—6, ,Bnanu-
nop”, sapepHaie, ycwckde mMapku ,Synpor” Ne |—4. OreyccrseHHHEe
g)unb'rpu MOFyT MMETh MOPW HCCTAHAAPTHOrO pa3smcpa, Gsictpo 3a-
MBABILUCCH B3BECLID, UTO 3aTPYAHsET dunbTpauMdio. JlyuwHmu cum-
TAlOTCA HEPACTBOPUMBIE B AUECTOHC AACPHHC [9] H CTEKNOBOJOKHH-
croie Guastpu (27, 28). Mpu Beibope PuabTpoB HyXHOSi MApPKH Clie-
AYCT 3HATbL BO3MOXHHE MOTCPU BO BpeMA HUALTPauuH.

O6bveM npodUNbTPOBAHHOK BOAW BAPLUPYET OT HECKOJABKHX MHJI-
JNHAMTPOB A0 AECATKOB JAMTPOB B 3ABHCHMOCTH OT YHCACHHOCTH KJiE-
Tox Bogopocacit, OcobGeHHO TPYAHO CKOHLCHTDMPOBATh HCEOOXORHMMOE
KOJIMYECTBO ILIAHKTOHA MPH MCCACOOBAHHW BOAOCMA C BHICOKHMM CO-
NEPXAaHKEM JETPHTA M MEHEPANIbHRIX B3BCCCH B COUETAHMM C HU3KOM
YMCJIEHHOCTBIO Boaopocieid. B Taxux ciayuwasx cregyer yBEAHUMTH
mwowans GUILTPYIOWER MOBEPXHOCTH.

IMepen dunbrpaumeil Ha duasTpax oOpasyoT MONMOKKY M3 TON-
YEHOTO CTEKJIAa s ODJEruecHUA NOCACAYIOWIErD PE3PYIIEHUS KJETOK
(2], a Takxe sewectsa (CaCOjz;, MgCOj;, BaCO,), npenorepawao-

mse deodurHnuaaunio xaopodwina [47). OnHako 5TM BewecTBa ag-
copbupywr nurmentn. Haubonce cunbubiM ancop6eHTOM siBASIETCH
CaCO,, noaromy B paspaborannom ['OCTe [5] npumenars ero He

pekoMcHayioT. Bmecte ¢ TeM uMelomtecs CBCACHWS O BO3MOXHOCTH
deodpurTunnzauun xiopoduana B HeHTPANTbHOH M IMEJOYHOI cpene
[38] He nO3BOARNIOT rapaHTHPOBATH COXPAHHOCTL MHUIMEHTOB NpH
nobaBneHus TaKkUX BEILCCTB, DTO CJIEAYCT YUHUTHIBATE NPH HHTEpH-
pCTauMM pe3yJhTaTOB aHAIM33, MONYHYEHHHX C HCNOAB3OBAHWEM HEM-
Tpanu3aaropos, ocofcuuo B OGonbwux koaumuecrsax (10—30 mr Ha

1 cmz, Kak npeanoxeHo B pabore O. N, Kobneuu-Muwke [9]).

JKCTPaKUMIO MUIMEHTOB XENATENBHO MPOBOAHTbL CPady Xe nocie
dwibTpauur n dukcauuu npol XHUAKHUM a30TOM, BCE APYTrHE Bapw-
aHtn ofpaborku npo6 mpusopat x deodpurunuzauuu [2]. IIpn He-
obxopumocT npobet XpaHaT HekorTopoe Bpemsi. HauBonee copepmen-
HBIM CcrocobOM CUMTAETCA 3aMOPAXHRAHHE M XPAHEHME MNPH OTPHUA-
TenbHoit Temnepatype (— 30 °C) [21], a camMbiM MPOCTHIM, HO MEHEE
HaZCXKHHM — BhICYUIMBAHHE NPU KOMHATHOH TEMIMEPATYpe M XpaHe-
Hue B OniToBoM xonopwnbHuke [47]. Ilpw nwobom cnocobe xpaHeHns
BAaXHO 3HAThb DEPOATHEIE BEJWYHHH MNOTCPb, NO3ITOMY AJS KaXAOH
CePHMH BRICYMIEHHWX TNpo0 XENATEJLHO HMETh CBEXMil MaTepuan B
Kavecrse KOHTpoJd.

B 3amMOpoXeHHHX mpofax MUIMEHTH COXPAHAIOTCH YHOB/IETBODH-
TE€TbHO B TeueHHe 1—6 mec [21], a B BHCYmMEHHRIX OHH pa3pylna-
oTea na 16—30 % 3a 2 mec. [7, 8]. O6mme norepu 3a cyer BH-
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CYUIMBAHMS M MOCACAYIOWUCIO XpaHCHus MoryT coctasuts 40 50 %
KOHUCHTpauuu xnopoduana B cecxux npobax [45]. [Morepn KOAH-
YCCTBA KAPOTHHOMAOB B CyxHx npobGax Gosnbmwe, uem xaopodwiaa,
YTO NPUBOOUT X MOJYUCHHIO UCKAXCHHHX NPEACTABJCHHE O COOTHO-
MEHHM XCATHX M 3CJACHNX NHrMeHTOB. [0 HawHM HABAIONCHHAM,
NOKa3aTe/k ITOr0 COTHOWCHHR — MHACKC E.g0/Egc, yMeHbuiactcs B

cpeareM Ha 20 9%, nocne BucywmBauus npobw. [TpuuuHoi Takmx
pa3auuuMit MoxcT OnTh HCYCTOHUMBOCTb KapOTMHOMIOB K BO3ACHCT-
BM0 BHewHux daktopon [20].

Ilns Gonee NOMHOIO IKCTPArMPOBAHWS MUIMEHTOB U3 PAaCTUTE/b-
HOIO MAaTCpHaNa NPUMCHHIOT PACTHPaHHE BPYUHYIO, 00paboTKy yJb-
TPa3ByYKOM, HACTaHBAHMC npoOW B pPACTBOPUTEAC C NOCJICRYIOLIMM
Pa3pyiCHHEM KJCTOK MAM GC3 TAKOBOIO, W3IBNCYEHHE OOHMUM DACTBO-
puteacM uau cmecbio [34]. Hamnywwwum cnocoboM cumtactes duk-
CauMs CBCXENo MaTCpUaIa XMAKMM 330TOM € NOCACAYIOLWMM TOMOFC-
HU3KMPOBAHHCM (2]. 3HauUMTENBHHE TPYAHOCTH BO3HMKAIOT NPU MU3BAC-
YEHUN MUrMCHTOB M3 BLICYLWICHHBIX TPOoO, COCTOAWMX H3 3ENCHBIX H
CHHe-3e/ICHRX Boaopocncit [13, 45]. DXCTpaxT NUrMCHTOB OTACASAIOT
OT 0Caaxa UCHTPHADYIMPOBIHMCM MAM (IILTPOBAHHCM YCPC3 CTCK-
JISHHBIE WOTTOBCKHE PUALTPHW C COOTBCTCTBYIOIUMMK PA3MCPaMM Mnap.
QuabTPOBAHME NAET XOPOLINC PC3YAbTATH, HO NOpn OnICTPO M He-
o6patumo 3a6uBaloTca B3BCCHIO. [IpH UCHTPHGDYrHPORAHMH BAXHO H3-
6eXaTp HArpeBaHMA SKCTPAKTOB, TAK KAK MOBHILCHHC TCMNCPATYphl
€nocobCTBYET paspylICHHMI0 NUCMEHTOB H YMCHBLICHUIO CKOPOCTH OCC-
RAHWUS B3BCLUCHHEIX B pacTeope 4acTHU. Pexam paborw ucHTphdyrn
noaGHpaloT B 3aBMCHMOCTH OT €€ THMMA, YCTAHABAMBAH CKODOCTb Bpa-
mewna poropa ot 4 go 8—9 Ttwe. o6/mun [3, 9].

INepsocrencHHoe TpeGoBaHME K DKCTPAKTAM — OTCYTCTBME Hecne-
MUUECKOrO MOMIOWCHUS CBCTA, BO3HHKAKOWEINO 33 CueT B3BECCH M
PaCTBOPMMEIX OKPALUCHHWX COCAMHEHMIt, CPCAM KOTOPHIX MOTYT OHITb
OEPUBATHl HEKOTOPWX TNHIMEHTOB, KaK, Hanpumcp, (pyKoKCaHTuHA
{43]. DTto noraouleHHMEe KOHTPOJHPYCTCH M3IMCPCHUCM OMTHUCCKOM
IVIOTHOCTH B KpalfiHed AAMHHORONHOBOW 00J3aCTH BHIMMOrO CHEKTpa
Ha paune BoiHu 750 HM. AGCOAIOTHO 4MCTHIH PACTBOP NMUIMEHTOB,
T. €. C HYJeBOW ONTH4CCKOH mioTHoctbio win 100 9% -Hmm npomy-
CKaHMEM Ha 3TOH AMMHC BOJIHHW OMCHb TPYXHO MOAYYWMTb HAa NpPUpOA-
HoM maTtcpuane. Jonyctumoil cumracTes BesiMuuuna, pasHas 0,005 B
pacuete Ha 1 CM CRog pacTBOpa NMpH ONTHMAIBLHOM OMTHYECKOH MJIOT-
HOCTH, COCTaBAastiolieit, xak uasecrHo, 0,2—0,8 B mMakcumyme xaopo-
gmn.na .a” [47]). [lpu Gonee BmCOKOH MYTHOCTH pacTBopa npoba
paKkyeTcs.

IIpH BHYMCICHHH KOHLEHTPALUMH NHIMCHTOB PCKOMEHAYETCH M3
nokalaumii npnopa Ha BCEX MOJMHAX BOJH BHYHTaTh EAMHYIO MO-
npasky Ha HecrneuMpHUECKOC IOr/IOWEHHNE, PaBHYK) ONTHUECKOH
ILIOTHOCTH, H3MEPCHHOW Ha anMHe soaum 750 uMm [5]. B Gonee pan-
HuUX pexoMeHmauusx [40] npcanarasoch nns pacuera KapOTHHONAOR
BHYUTATb YTPOCHHYIO BEJIHUMHY ONTHYECKOH MJIOTHOCTH, H3MCPCHHYIO
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wa 750 1M, nockonbky B 00JacCTH KOPOTKMX [/IMH BOAH, FAE HAaXo-
AUTCA MAKCHMYM MOMIOLWEHHA CBCTA XCATHMH NHIMCHTaMMK, YBEIM-
ynsaercs cscropaccesHuc. OJHAKO HA NPAKTHKE OKA3anoCh, UTO Ta-
Kas BEAMUMHA NONPABKH CJIMUMIKOM BEJHKA NSl KAPOTHHOMAOB M MO-
XCT MPUBECTH K MCKAXEHHIO KOHUCHTPaMil, oCOOCHHO NMpPH HH3KOM
YPOBHE ONTHUECKMX mioTHOCTeH. OAHOH M3 MpHUMH 3TONO MOXeET
6LTh HAPYWICHHE MPONOPUHMOHANLHOCTH MEXJY MNOrOLICHKHEM CBETa
M KOHUCHTPAUMCH MHIMCHTOB NMPH 3HAYMTC/BHOM MYTHOCTH pacTeopa.
Hecneundmucckoe NOrAOMICHHE 33 CYCT B3BCIUCHHMX YA3CTHL, MOXHO
YMCHBLWUTL NYTCM OTCTAHBAHMA IKCTPAKTA B XONOAW/IBHHKE, MOBTOP-
HBIM LCHTPHAYrHPOBAHUCM, N00ABJEHHCM HCCKOALKHX Kanedb YHCTO-
ro pacteopureas {(aucToHa).

B xauecrse paACTBOpHTENS MHIMCHTOB (PMTOIUIAHKTOHA HCMONBL3YIOT
aneToH, 3TaHoa wau Metanon. HauBonee 4acro mpuMEHAETCS aUETOH,
XOTH Jy4IUMM JKCTPareHTOM cuutaercd Metahos [45], ocobenHo npu
4HAJIM3E MUIMCHTOB 3eJIeHhX W CHHe-3c/eHnX sopopocich. [Tpeumy-
ILECTBA W HEAOCTATKM PAJIMUHEIX PACTBOPHTEAEH NMOApPobHO ManoxXe-
uet B pabote [34).

ToOYHOCTE M3MEPEHHS ONMTHYECKOH TIOTHOCTH 3aBHCHT OT KOHLICH-
TpaUuMKW MHUIMEHTOB B IKCTPAKTE M OCOOEHHOCTCH MX CNCKTpa MOrIo-
mweHust, Ha yuactkax y3ko# nonocn Makcumyma xaopopwana ,a”
(664—665 um) u peakoro cnana obumwero noraowenus B 06JACTH Mak-
cumMyma xaopodpusmna ,b” (647 HM) yseauuuBacTCs BEPOATHOCTh
olwnBoK NpH HM3MEPEHHMH ONTHUECKOM naorHocTH. Ilorpewsocts or-
CUCTA ONTHMYECKOR IUIOTHOCTH OCOOEHHO CWJIBHO BJIMSIET HA OMpene-
newue xnopoduna b, nmockosbky ero copepxaHue oSmiuHO Hepe-
JHKO B CpaBHeHMM ¢ xjopodwuiom ,a". B obnacrH makcumyma xjo-
pobwnna ,c” (630 uM) nornowenue MeEHAETCS HE TAK PE3KO, KaK
npu 665 m 647 HM, HO YpOBEHb ONTHYECKOH ILIOTHOCTH 3OECh 3HA-
YMTEABHO MCHBLIUE pEeKOMeHayemoro ontumyma. Ilosromy BaxHoe
3HAYCHHE MMCET KOHTPONAb TPafyMpOBKHM npubopa mo A/JMHAM BOJIH,
TOUHAA WX YCTAHOBKA B MPOUECCE H3IMEPEHMH, a TAaKXXE TLIATE/JbHOE
BhINOJIHEHHE OTCUETOB ONTHUECKOil ruoTtHocTH. B ciyuae ofuapyxe-
HHS OTKJIOHEHWH B rpaayvpoBkKe npHOOpPa H HEBO3IMOXHOCTH MX MH-
CTPYMEHTA/IBHOMO YCTPAHCHHSA AONYCKAKOTCA H3MEPEHUS C TIOMOLUBIO
crenysouwero npueMa, OUEHHBAIOT NOJOXKCHHME MAKCHMyMa XJopodu-
N3 Ha npubope, HaxOOAT Pa3HULY MO CPABHEHHIO ¢ OONACTBHIO MCTHH-
Horo makcumyma (664 um B 90 %, -HOM aueToHe) M BBOAAT 3Ty MNO-
NpaBKy K OTCYETAM B CTOPOHY MJIMHHBIX WIM KOPOTKMX BOJIH B 3a-
BHCHMOCTM OT YycCTaHOBJEHHOTO nedekrta. Hampumep, npu casure
IKaNK ZAHH BOMH HA 5 HM B KOPOTKOBOJHOBYK O0JIACTb ONTHYECKYIO
IUVIOTHOCTh M3MepsioT He npu 604, 647 u 630 uMm, xak pexomenpo-
BaHo, a mpu 659, 642 u 625 Hm,

2 CyXIEHMS O PEeajlbHOCTH MOJYY3EMBX AAHHHX MOXHO PEKO-
MCHIOBATh COMOCTABJICHHE COACPXAHHE MHUIMEHTOB C APYTMMM IOKa-
JaTesqAMM MpOAYKTHBHOCTH (HTOIVIAHKTOHA, HanpuMep ¢ Guomaccod
HIH MHTEHCHBHCOTHIO thoTocHHTe3a. [IpH3HaKOM HEXOCTOBEPHOCTH MO-
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ryT OHTh OuYEHb HWM3KHE HAM KPARHC BHICOKHE OTHOCHTE/IbHHE BEJIH~
YHHW 3THX noka3dartcnecn. HarnsgHod xapaktepucTHkoit ABAsSeTCH
TaKXE€ MHACKC E430/Eoosv KOTOPHI HC AOAXCH BmTh MeHbwe 1, nmo-

CKONBbKY TCOPCTMYCCKH ONTHUUCCKAS MAOTHOCTL OAHHX 3ICJACHMX THMI-
MEHTOB 6C3 KAPOTMHOMIOB HA RAHHE BOMHHW 430 HM BbwE, ueM NpH
665 HM. TonbKO B MCKAKUMTEIBHMX CAYYARNX, HANPHUMEP NOCAE CHJIb-
HOMO MOAKMCACHMS (PYKOKCAMTHHA, TMPOMCXOAHT 0OpazoBaHMe nepHBa-
TOB, MMCIOWMX MAKCHMYM MOCNOWCHUA B KPacHOM obracTu cnekTtpa,
YTO MOXET MPUBCCTH K NPEBHLILICHHK ONTHYCCKOH IUTIOTHOCTH TMpH
665 um no cpasHcHuio ¢ 430 M [43].

BaxHoc 3HAa4YCHME MMECCT OLCHKA NPOAYKTOB NPCBPAWCHHS XJIO-
podumnos (pecoputunn, heodopbuan, xnopodwuiMan v ap.), cocras
H COOTHOLICHUC KOTOPHX 3HAYHTCJIILHO Pa3/IMYAIOTCH B8 3aBUCMMOCTH
ot ycnosuit B mecre otbopa npob [18]. B xu3HCCNOCOOHEX KAETKAaX
PACTCHMII OHM HC HAKAMIHBAKOTCA, HO B CECTOHE BOJOCMOB TPHCYT-
CTBYIOT NPAKTMUCCKM BCEraa. 3HAUMTENbHHE KoauuecTsa deonurmeH-
TOB MOryT MPOABJAATLCA B NMPOLUCCCC CTAPCHMS W OTMHUPAHHS BOAOPOC-
JICH MM MX BLICAAHMN W NCPEBAPMBAHMS 300ILTAHKTOHOM. [Tockoabky
ofnacTv CneKTpanbHhIX MakCMMyMmoB (eonurMcHTOoR M xJopoduaia
COBNAAaloOT, MX KOJMYCCTBO HCAb3s ONPEAEIMTh TOMHO B OOLIEM IKC-
TpakTe. B TO XC BpPEMs NPUCYTCTBHC ACPHBATOB MCIIACT ONpeacac-
HUIO XJIOPOGHAIA M HCKAXACT NPCACTABACHUSA O (POTOCHHTE3UPYIOWCH
6uomacce (PUTOMNAHKTOHA.

VIOBACTROPHTENLHOE ONPEACICHHE CORCPXKAHHSA BCeX (DCOMUIMCH-
TOB BO3MOXHO TOMbKO XPOMATOrpacMuecKMMH MCTOJAMH, KOTOPHIE,
ONHAKO, CJIOXKHbl B MCMONHCHHH M MANOAOCTYNHH H3-3a AcduuuTHOR
N poporocrosweil annapatypu. [lis MaccoBHX aHAIM30B MpPUMCHSA-
J0TCA CeKTpodOTOMETPHUECKHE METOAM, pa3paboraunne JlopeHucHoM
[29] u Moccom [36), no3poasiowIHE NPHOTM3UTENBHO OLCHUTbL CYMMY
teonurmenTos B 06weM 3KcTpakTe. DTH METOAH OCHOBAHM HAa yueTe
M3MEHEHHMM MOrJOWICHNA CBETA JKCTPAKTOM NOCAE MOAKHCJIACHWA B
KpacHoM [29] mau cuuem [36] makcumymax xnopodmunna. B merone
Jlopenuena [29] wncnosnbayerca cpoicTpo x0podiLna yMeHbLIATh ON-
THYECKYK TUIOTHOCTs npd 665 wm B 1,7 pasa B mpouecce npespa-
menus B ¢eopuTHH noa acicTeHcM 1300l KHMCAOTH  (KHCIOTHWIM
¢daktop). Ilpn Gonee cnoxHoM cocrtaBe (PCONHIMEHTOB KHCIOTHHH
tdakTop He coorBercTByeT Beauuue 1,7, MOCKO/NBKY yAenbHBE K03¢-
GHUIMEHTH NOrIOMEHMS CBETa AaXe 1S OCHOBHHX JEPHBATOB XJIO-
pocbuana pasnmuarorca Gonee uem B 2 pasa:

Xnopotuan Xnopodruumn deodprmuu ®eodopbna Herowmk

87.7 127 51,2 74.2 [31]
87,7 128 49,5 69.8 [30)
- - - 53,5 [46)
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Meroau Jlopenuena u Mocca no3msonsior oucHuTh NPHOAM3IMTENBHEHE
KORHYECTBA Ge3MarHHEBHX MPOM3BOAHKX XJIOpoduiLIa, TOraa Kak no-
s GechnTodIbHEX MHUIMEHTOB OCTaeTcs Hew3secTHOM. ORHaKko He-
OAHO3HAYHOCTE RAHHEX O KOHUEHTpaumn OecUTONBHBIX IUIMEMTOB
(1, 15, 22] He macr OCHOBaHHMS HIHODHPOBATb UX DOJIb B CYMMAapHOM
NOrAOMEHHH CBETa OOWMM 3IKCTPAKTOM M3 CECTOHA.

Ias onpeacneHus ¢eonurMEHTOB BHOHPAIOT TAKY10 KOHLIEHTpa-
LHI0 KHCIOTH, KOTOpas CrnocolCTBYET NOCTaTOMHO OHICTpOMY npespa-
meHuo xaopobwrna B deodburnn 6e3 obpazosauns nobOUHEX TIPO-
nykto [35]. Tlpu wucnonw3oBanuu c1aboil KMCAOTH YyBEJMYMBAETCd
NPOACXKHTENbHOCTh eoduTHHN3aUMH. [IpH CUABHOM NOAKHC/ICHHH
BO3HUKACT OMACHOCTb MOJYUYCHHS HCH3BECTHRIX ACPUBATOB Xxnopodm-
Na ¥ MPOAYKTOB OKHMCJICHMS KapOTHHOMAO8, B YAacTHOCTH, I[JIaBHOrO
KapOTHHOMAA AHATOMOBHX — (yKOKCAHTHHA [43], norsowarnmmux
cser npu 665 u 750 wM. OntumanbHoi pas aHannsa ¢eonurmenToB
CUMTaeTcs KoHuenrpaums, pasHag 3- 107° M [43]). Unoraa npu non-
KHCJICHUM 3KCTaKT HeoOpaTHMO MyTHeeT B pedynastate obpa3oBaHus
CTOMKOH IMYJIbCHH, UTO TOXKC MPENATCTBYET NOJAYUYEHHIO JOCTOBCPHHIX
pPE3yNbTaTos.

CymMma uuctoro xiopodumina ,,a” u ¢eonurMcHTOB, Oonpeaeasemas
no Merony JlopcHuena, Buine, YeM KOHUeHTpauus xitopodmwira ,a”
Nno MAHHLIM CTAHAAPTHONO MeTona. DTO 3aBmulcHHe coctasasier 20—
100 9% xonucHrpauuu d¢conurmeHTos [14], xXoT® Ha OCHOBAHHH
yaenbHuix koxpduumeHros xnopopwura u deocHTHHA ROMKHO CO-
crapaats 59 9% [4]. HecooTsercTBMe nNpakTHUCCKHX Pe3yJbTATOB C
TEOPETHUCCKH OXHIACMBIMH CBS33HO CO C/IOXHLIM COCTaBOM AECpHUBaA-
TOB W PA3IMHUMAMM HUX CNCKTPATbHMX CBOMCTB.

Mertoa JlopcHueHa no3BONSCT NOAYUMTb (0JCE TOYHRIE pPE3Y/bTa-
TH, ueM Merox Mocca, NOCKOMBKY B KpacHoil 00nacTd CHeKTpa He
onpeaesicine (EONMrMCHTOB HE BJAHSAIOT KapoTHHOMAW. B To xe Bpe-
Mst Metoa Mocca cuntaercs 6onee YyBCTBHTC/IBHHM, TAK KaK MHTEH-
CHUBHOCTh MOM/IOWIEHHS CBeTa nurMeHtamu B obnaact 430 u 410 HM
Goabwe, uem mpu 665 M [3].

KOHL[CHTan.HH deonurmenToB, u3MepseMbie CNeKTpodOTOMETpPH-
Yyecky B 0OwWEM IKCTPAKTE, CNEAYET CYMTATh OPUEHTHPOBOUHEIMH, MO-
CKOJIbKY OHM OTJIMUAIOTCH OT Pe3y/bTaTOB, MOAYuUEeHHHX Gonee Tou-
HhiMH Xxpomartorpadmucckumu Mctopamu [10, 32, 37].

[ToMuMO 3€NCHBIX NHIMEHTOB, 3HAUMTEALHAS POJb B IUIAHKTOHE
NPUHAMIEXKHT KapoTnHomaaM. OHM comepXaTtcs Kak B Puro-, TaKk H
300MNaHKTOHE M BeCbMa Pa3HOOOPa3HW! MO COCTaBYy M CLeKTPAJbHBIM
CBOMCTBAaM Yy pa3HbiXx rpynn opraun3mos [20], uto 3aTpymHsSCT MX
KO.TMYECTBCHHOE ONPCACICHUE B CMEWAHHOM 3KcTpakTe. Ilepsas no-
NLITKA TAaKOMO aKANW33a KAPOTHMHOMAOB ILNAHKTOHA npeanpuHAta Pu-
Yapncom ¥ TomncoHom [42], KoTOpmle Hapsay ¢ XJIOPOIULIOM ole-
BHBamn ofumue pacTUTENbHBHE M XXUBOTHbHIE KapoTHHouasl. OnTuue-
CKyw mnotHocth wamepaan npu 480 u 510 HM, a KOHUEHTpauMu
TUIMEHTOB PacCUMTHBAAM NO OCPEAHEHHHM KoddibHuMeHTaM yaenb-
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HOIMO NOL/OLEHUSA, BEMMUHHE KOTOPHIX Obin 6AM3IKH K NOAYHEHHHIM
ans f-xapoTHHa M acrtauMHa (mMMrMcHTa pakoobpaanuix). C nossne-
HueM Oonee TOUHLX XpoMaTOrpadHuecKMX METONOR OhLUIO NOKa3aHo,
YTO BOAOPOC/H COAEPXKAT KAPOTHHOMAB, CNEKTPATbHO CXORHbE C MHI-
MEHTAMM XHMBOTHHX, a BOAHHE GCCNO3BOHOUHNWE HMMET obwMe € BO-
nopocasMn xentuie nurMmedT [48). [losromy nansme o6 yposne co-
HEPXKAHUS KAPOTHHOMAOB, nojydyeHunie no Puuapacy um Tomncony
[42), TpyaHO MHTEpnNpCTHPOBATD.

Bonbluee pacnpocTpaHcHue nmoayuwn paspaborannuwit [lapconoM n
CrpuxaengoM [40] MeTon onpemesieHHs CyMMAapHOro coaepXaHus Ka-
POTMHOMAOB MO ONTHYECKOM IUIOTHOCTH IKCTPAKTA Ha IJIMHE BOJIHH
480 uM ¢ uncnosnb3oBaHMEM B pacyeTax YAeJbHHX Ko3ddnuueHToB
MOrMOWIEHMA CBeTa, OAM3KMX K TAaKOBHM f-KapoTHHA WM (DYKOKCAH-
THMHA B 33aBUCMMOCTH OT CUCTEMATHMUYECKOHW MPHHAAJNEXHOCTH BOAOPOC-
neii: coorsercTBeHHo 250 a/(r- cM) — N 3€/EHBIX M CHHE-3EJIEHBIX
u 100 a/(r- ¢cM) — mn9 OMATOMOBRIX, 30/M0THCTRIX, KPHMNTOHUTOBHIX
U auHoduTosnX. OQHAKO NpU 3TOM HEACHO, KAK PACCUMTHIBATL KOH-
BEHTPALMHM KAPOTHMHOUAOB B (DMTOMIZHKTOHE CMELIAHHOIO COCTAaBd.

B cBa3u ¢ TeM yTO cnexTpoOTOMETPHUECKHII aHAIM3 o0uliero IKkc-
TpaKTa HE NaeT YAOBAETBOPUTEJBHMX PE3YNLTATOB OonpenejicHus ab-
COJIIOTHOrO COAEPXAHKA KADOTHHOWIOB, B KAauyeCTBE MOKA3aTens HX
IONM B CPaBHEHHHM C XJIOPOWLIOM RPHUMCHSAIOT OTHOLIEHHE ONTHYE-
CKMX IUIOTHOCTe B obnactu Hanbosiee MHTEHCHBHONO MOrAOWEHHMA
cBera atMMu murmentamu — 480 u 664 um (Eug0/Egoy) (12, 19,

24]. Ognako caegyer MMETb B BHAY, UTO MHAEXC E480/E()64 3aBUCHT

HE TOJBKO OT KOHLEMTDAUHMHM KAPDOTHHOWAOB M xjopoduiia, HO Tak-
XE OT COREpXaHUHA (DEONMUrMEHTOB, COCTABA ILIAHKTOHA, cnocoba KOH-
cepeauuu npol u ap. ¢axropor [16]. IlokazaHa ero CBsi3b € MHTCH-
CMBHOCTBIO COJIHEYHOM JHEPrHK M ¢ 0DCCNEYEHHOCTHIO BOAOPOCEH MHU-
HepaabHRIM a3zotoM (39, 49]. Dror MHHEEKC ABAAETCS MMTErpasibHO
XapaKTEPUCTHKON BCEr0 CECTOHA M HE MOXET CAYXUTh OAHO3IHAY-
HHM HHAMKATOPOM (H3MOJOTHYECKOTO COCTOSIHMA (PUTOILIAHKTOHA.
To e OTHOCUTCH M X APYruM nopoOHbIM MHIEKCaM — E430/E665 H

E430/E430, HCNONB3YEMBIM B THAPOOHONOIMYECKUX HCCEJOBAHMAX,

Takum obpa3oMm, npu Bceil MpPOCTOTE M OOCTYMHOCTH cnektpodo-
TOMETPHYECKNI aHaau3 oOLIEro. IKCTPaKTa IUIAHKTOHA HMEET HEYCT-
PaHUMHIT HENOCTATOK, 3aKJIIOUAIMMUACH B HEBO3MOXKHOCTH MOJYYEHHSH
MCTHHHAIX KOHUEHTPAUHUH OnpeneNsieMBX MUIMEHTOB, ‘
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I'. A. KopHioweHko

Bomanuueckuli uncmumym um. B. J. Komapoea PAH

XPOMATOIPA®HUYECKUNA METOO U BO3MOXHOCTH
Ero UCIIOJIb30BAHUA OJd U3YYEHNA INMUTMEHTOB
QHUTOIJIAHKTOHA

PaccMOTPCHbI METOIL! XPOMATOrpahHH, NPUMCHREMbIE ANA BHANMIA PACTHTENILHBIX
MMMMEHTOB, MX OCHOBHLIE MPHHIMNBL, NPEUMYUIECTBA ¥ HEJ0CTATKH. XBPAKTEPHIYHOTCH
ocofennocTn ancopfexton M pactsopureneii. O6CYXIaOTCR TPYAHOSTH M NEPCNEKTHBL
xpoMaTorpadHUECKOr0 ONPEACAEHMA MHIMEHTHOM €OCTaBa (DHTOMAAHKTONA.

TpuponHue cooliuecTsa BOAOPOCAEH BXIIOMAIOT GOABIIOE PAa3HO-
obpaauc BuaoB ¢ GoraThm nHaGopoM nurmentoB. Mx uayuenmne Becbma
BaXXHO AN NMOHUMAHUSA (YHKUMOHUDOBAHHA TIEPBMUHOIO 3BEHA B TPO-
duueckoit uenn u akocucremn BoaocMa B uedoM. OpHako 3T0o He-
B0o3MOXHO 6e3 xpomarorpacduueckoro pasgeneHus nurMeHtos. [Ipu-
MeHeHHe xpomaTtorpaduu Heobxommmo M anu kanuGposku Gonee npo-
CTHX METOROB, KOTOPHE HCROAB3YIOTCH ruapobuosoraMu MpH Macco-
BhIX OMNpPENCNEHMAX CONCPXKAHUA xJopoduata B CMECH C APYTMMH
MHUIMEHTaMM, 3 TaKXe NPH TPAKTOBKE NOJYYCHHHIX Pe3y/abTaToB.

XpomaTtorpaduueckmii MeTOn MO3BOJAET DPA3NE/ATh HCCICLYEMBIE
BEMECTBA, OTAEMSTb HX OT HEXKENAaTEJIbHHX NpUMeced M MOJyudaTth
MUIMEHTHL B YHCTOM Buae. Bricoxas TOYHOCTB KOAMYECTBCHHOIMO OIm-
penenenna obccrieunBactcd cobiogeHHEM JBYX OCHOBHHIX npa-
BWI: | — mpcroTBpameHne KaTTHTHYECKONO Pa3pyLICHHUSA NUIMEHTOB
B NpoOLECCe pPAasOeicHMA;, 2 — Opd PAcuYCTe WX KOHLUCHTpauuit npa-
BHAbNBIA BHOOD ynenbHex Koh¢pHUHEHTOB NOMOWIEHHUSA, 3HAYEHHSA
KOTOPHIX NJIS PAa3/IMYHLIX PACTBOPUTC/EH M JVIMH BOAH MOTYT CHJIBHO
pacxoautsca. Iocnenuee ocobeHHO KacaeTcs KapoTHHOMAOB, HauGoJee
pasHOOOpasHEIX M HEAOCTATOMHO M3YYCHHHIX MHUIMEHTOB BOAOPOC/IECH
(cM. Tabanuy). YnenpHue xoadpdHuUMEHTH SKCTMHUME xaopodiuLios
KOHTPOJHMDYKOTCS UYamie, ¥ HUX BEJWUHHKEI MPUMEHHMTENBHO K H3YUYCHHIO
ponopocsteit [43] Gonee craHmapTH3IMPOBAHAI.

Meroam xpomatorpadmueckoro pasnescHHs NMMIMeHTOB paspaborta-
HE HA BHICOIHX DacTEMHAX M KYJbTYpax BOAOPOC/ICH, HMEIOMMX CPaB-
HuTENbHO Heboabioi Habop xaopogwiios u KaporuHonpos. Cocras

© T. A. KopHiowenxo
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JuadeHna yAGNBHOr0 NOKAIITENR NOrNOMECHHA CBETA () KAPOTHHOMABMH

Murment PacTeopHTens £ Aare HcTounux
a-xapoTHH Xnopodopm 2420 456 29
PO MMeTponefimit apup 2800 445 28
B-xapoTun Texcan 2592 453
NMerponefuvin aup 2592 453
Xnopodopm 2396 465
DJranon 2620 453
Aucton 2500 — 56
y-KBPOTHH Texcan 2760 462 28
IevponeuuiA 3dnp 3100 462
- To we 3120 440
£-KAPOTHH
Jliotenn-5,6-anokcuy  ITBHOA 2800 442
BuOoNakCaHTUH - 2550 443
Jhoreun - 2550 445
AHTEPAKCAHTHH _ 2350 446 29
3eaxcaHTHH - 2540 450 28
Heoxcanrtus 2243 439
DXUHEHOH Merponeftneif 3dnp 2158 456
KaHTBKCAHTHH " 2200 466
ACTALMH NMupuanu 1690 498 25
DyxoxcanTun Aueton 1620 453 37
J33N0KCHHEOKCAHTHH Dranon 2350 445 28
(Tponneun)
JMaaMHOKCAHTHI Auerou 2000 449 37
nHﬂTDKEﬂHTHH To xe 2000 453 36
TNepuansnn Jraron 1325 472 56
AuetoH 840 466 37
b 1500 —-5 28
- Fexcaun 2625 44,
g-:::::g:g::::: Metponehiumit 3dup 2386 452
OcumnanokcauTmi Tlupunun-meranon 750 - 25
Mpumeuvanne. ¢ — nornouenHe ceeta 1 % -HbIM pacTEOpPOM NUIMEHTA NpH

TONHHE €nog | CM HA 3AZAHHBIX DAMHAX BOJIH ).

NUIMEHTOB Y (HMTONIAHKTOHA 3HaunTesbHO Goraue m Gosee nabuneH.
Pasnas npupoma OTOGMBHEIX Trpyil NUIMEHTOB BOAOPOCJIEH REJaeT
HEBO3MOXHHM HX pa3neieHue Ha ogHO! xpomatorpamme. Uro6m mon-
YUMTb peanbHOE NPEACTABJEHHE C MUrMEHTax (PUTOIUIAHKTOHA, HEoO-
XOOMMO NPUMEHATh MOAM(HMKAUMM CymMECTBYIOMMX METOOHK XpOMa-
rorpadun. Takue paboTH NOABWIHCh CPaBHUTENLHO HMenasHo [, §5,
6, 9, 17, 34, 35, 37).

B ocHOBY xpomarorpaMyecKMx METOHOB, MCIOAb3YEMBIX MpU aH3-
NM3€ PACTMTEJIBHHX NHIMEHTOB, MOJOXEHHW APHHUMNH ancopOLMoH-
HO# M pacmpemenuTesibHOM XpoMartorpagmuu, AncopOUMOHHAs XpoMa-
Torpadhus CBfi3aHa C mposmBJicHHMEM cua Bau-pep-Baanbca, anexTpo-
CTaTHYeCKMX CHA M cun 3apsaga. [Ipu 3rom mox amcopfumelt nmoHM-
Maercs HaKOIUICHHE PAaCTBOPEHHHX BEIIECTB HA MOBEPXHOCTH pasaena
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xuaxo#t n teepnoit ¢das. B npouecce pasnenseHus BewECTB NMPOUCXO-
IOHT HenpepuiBHas ancopbums u necopbums. CxopocTh OBHXKEHHS BC-
OIECTB OMPEACNSACTCA PAaBHOBECHEM MEXAY MX pacTBOPHMOCTBbIO B pac-
TBODHTENIE M CNOCOGHOCTLIO ancopGHPOBATBCS B LCHTPax aacopbuum.
Bcakoe Bewectpo MOXeT ObTb OXapakTepH3OBAHO MO CTENEHM €ro
cpoacrtea K agcopGeHTy, uTo onpencasiercs npuponos aacopbeHTa M
pacteopntens. OTAHUYHTEALHON OCOOEHHOCTBIO ancopOLMOHHON XpoMa-
Torpadhvm aBAAETCA HEMOCTOSHCTBO 3HAUCHMIA R, (OTHOWEHUSA
»paanyc/dpoHT” — paccTOsHMH OT CTapTa 00 UEHTPA MNSTHA, Ae-
JICHHOTO Ha DaccTrosiHue OT CTapra 00 ¢poHTAa), KOTOPHE 3aBUCHT OT
HAIMYUS HCATPANbHEX JIMNMAOB B PAacCTHTENbHOM 3KCTPAKTE, Pa3Mc-
POB uACTHL aacOopOCHTA M BHCOTH nOabEMa pacTBoputens. Pacnpe-
AeNMTENbHAA XpoMmaTorpauMs OCHOBAHA HA DACNPCAC/ACHHH pa3nens-
€MLIX BCIUICCTD MEXAY ABYMS HECMCLIMBAIOLWIMMHCH XHAKOCTAMH, O-
Ha M3 KOTOPHX (HCROABMXHAs, CTauMoOHapHas, (ha3a) ymepXxHBACTCH
NMOAXOASMMHM, NC BO3MOXHOCTH HHEPTHHIM, TBEPAMM HOCHTEAEM, A
Apyras (noaBu)xkHas (a3a) TPaHCMOPTHPYCT BCUIECTBA ucpe3 CTALHO-
Hapryio ¢dasy. Bewmecrsa ornensiorcs apyr or gpyra Gnarogaps paa-
JIMYHON CKOPOCTH OBMXKEHHS MO XPOMAaTOrpaMMe BCIEACTBHC pPa3jMy-
HHX K03(pduuueHTOB pacnpenencHus Mmcexay ¢aszamu. B HemogBuX-
Hoi1 ¢haze Bewecrsa Gosee pacTBopuMb, 4YeM B nogsuxHoi. [losno-
JKCHHE NATEH Ha XpOMATOrpaMMe, 33BHCAIMEE OT CKOPOCTEH MABHXKEHHS
BELICCTBA ¥ PACTBOPHTEJIS, XapaKTCPU3YCTCA BEJMUMHON Rf Ee 3na-
YCHME B PACHpPENe/IMTENBHOM XpoMmarorpau nOCTOSHHO.

AZcopGeHTH KnacCHUUUPYIOTCE NO MX ancopGUMOHHOM eMKOCTH
[27]. ¥V opranuueckux aacopOeHTOB ancOpSLMOHHAS E€MKOCTh HEBEJIM-
Ka, M IPU KX WCMONbL3IOB3AHMMU TONOCH MUIMEHTOB MOJAYYAIOTCH WIH-
poKuMHU M pasMuTHMH. Heopranmueckre ancopOeHTH, MMEIOLIHE 3HA-
ynTenbHo GOnbWICE yMCaO ancopOLMOHHEIX LEHTPOB HA CAMHHULY Mac-
CH BEmEeCTBA, XapakTCpU3ywTca Gosee BHICOKOM ancopOLMOHHON eM-
KOCThIO MO CPaBHEHHIO ¢ oprauuuyeckumu. K cnabum apcopbenram
OTHOCATCH Caxapo3a, LE/LTO0A03a, Kpaxmas, Taabk, kapboHAT HarTpud,
K cpegHuM — KkapOoHaT kaibuus, ¢GochaTH KanbuUs M MarHus,
OKHCb MarHus, THAPAT OKHMCH KaiblHs, K CWIbHHM — AKTHBHPOBAH-
HHE CIIMKAT MarHufd, OKMCb AJIIOMHHHS, AKTHBHPOBAHHHI JIPEBECHBIN
yrone, Ku3eabryp. Bricokas €MKOCTb TNOTOMIEHHS HEOPraHHYCCKHX
ancopOEHTOB HE MCK/IIOMAET NPOSBJACHMS MMM B NpPOLECCE XPOMATOr-
padUpPOBaHNA KATAMIMTHYECKOR AKTHBHOCTH, MPUBOAALIEN K H30MEDU-
3alMM U OKHMCJAEHMIO NMHrMeHTOB. [Ing npenorsBpamieHus 3TOMO Npen-
J1araloT pasaKuyHnie npuembl: aobabaeHue K ancopbeHTy B KayecTse
AHTHOKCHAAHTA HEHTPATM3OBAHHON aCKOPOMHOBOM KHCIAOTH € HCMO/b-
30BaHMEM CBEXENPHUIOTOBJIEHHBIX CJIOEB, YCKOPEHHE 3JIOLMH MHIMEH-
TOB € CHpOro c1os mwiactuuku [29].

B ancopbunoHHOM xpomaTtorpaduu CymECTBEHHYX pOMb HIpaeT
akThBauus ancopbenta ofessoxuBanneM. MonexyJH BOAM, AErko
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CBA3NBAACh € amcopOeHTOM, GAOKMPYIOT €r0 AKTHBHBIC LEHTDPH, YTO
yXYALAET KAueCTBO DA3ACTCHHS MHIMCHTOR.

Boavwoe 3xavenue nmMeor pasmepw vactuy aacopSenta. Yem ouum
MENbUYC, TEM AKTHBHEC €10, HO TCM MEaneHHee askxceHuc (ppoHMTa
pacteoputeneit. CaMuie MenkHe uacTun ¥ Haubosee KpynHbie yxya-
watoT pasaencuve. Jag goctatouno OHICTPOrG M XAYECTBEHHOrO pas-
neacHns HeoOxommMo BHIOpaTh ONTHMAaAbHbi pa3Mepnl uactuy [58].

Pasacnenuc cMmecd BELICCTB TpPon3BOAMTCR OGRIMHO CHCTEMOIt pac-
TBOPUTCJICH, COCTOSILEH W3 ABYX-TPCX, HHOrAa A0 NATH, KOMIIOHEH-
toB. OT npupoan pacrsopuTens u ancop0eHTa 3aBUCMT CXOPOCTH IE-
PEABMXCHHUA BEWCECTB Ha xpomatorpamme. [Ipu suGope pacreopurtesns
ans aacopOuKOHHON xpoMaTtorpadiMd NOAB3YIOTCS OOHHM M3 HM3BECT-
HBIX 3/IOOTPOMHBIX PAAOB, B KOTOPb!X PACTBOPHTENH PACMONOXEHH B
MOPAAKE YBCJAHUCHUS MX dmoupyloweid cnocobrnoctu [57]. Cwra amo-
UMK NPONOPLHOHAAbHA AWIICKTPHUCCKON MPOHHI[AEMOCTH U COOTBET-
CTBEHHO NOJSPHOCTH PacTBOpUTENA.

Mpu Bubope ancopGeHTOB YUMTHIBAIOT CBOHCTBA Pa3ne/isicMLIX Be-
IIECTR, PACTBOPUTE]S M B3aUMONEHCTBHE MeXAy HHMH. B camoil 00-
wei GopMe OnpeaensioT cTeneHb ruapoduabHOCTH Wi ruapodobso-
cru sewecrsa. Uem Bosburte B MOJCKY/EC MITMCHTA ABOMHEIX CBA3CH
n QYHKUHMOHANBHHX TpPynn, TeM CuiabHee OH amcopbupyertca. Cpenn
KApOTHHOMIOB Haubonee CHIBHO aucopOupylOTCS y-KapOTHH M JIMKO-
NMUH-COCAMHEHHA € OTKPHTHIM KoabuoM [15]. Bnaromaps Hanuumio
GYHKLMOHANLHNX TPYNIl KCAHTOMU/LIH ancopdupyloTcs ciuibHee Ka-
potHOB. [IpH 3TOM NOASPHBIE 3BMCCTHTEAH ACHCTBYIOT B CJiCAYHIOLOEM
nopaake CHuXeHus: R — 0, = O, — OH [50]. Kpome Toro, cy-
wecTeyeT obuce npasuno; ecau seuwectso cnabGo ancopbupyercs, He-
06X0AMMO HCMO/b3IOBATh AKTHBHHE agcopOSHTH, €CIM CWIbHO — Ma-
JIOAKTHBHBE,

[Ipr noaGopc pacTBOpUTENS WAM CMECH PACTBOPHTENEH CHERYET
PYKOBOACTBOBATHCA NPHHUMNAMK, ycTaHOBJIcHHEMM enie M. C. Iise-
Tom [12]: cnocofHocTh BewlecTsa aacOpOUPOBATHLCA HA OZHOM H TOM
Xe ancopOeHTC M3 pa3HbiX PACTBOPHTEICH YBCAMUMBACTCA MO Mepe
yMEHbIIEHUA DPACcTBOPUMOCTH. [IUrMeHT, nonHocTeio agcopbupyommii-
€ M3 JAHHONO pACTBOPHTCAS, HE H3BACKIETCE MM M3 KOMILIEKCA €
ancopbentom. Ecnim Bewecrso ofaagaer caaluiM CpOACTBOM K aacop-
GeHTy, TO MCROAbL3YIOT C1a0OMNOASPHEE PACTBOPUTENH, CTOAMMUE B da-~
yane 3/MOOTPOMHOIO PANA, eCTH )K€ CPOACTBO CHJIbHOE, TO MCMOJL3Y-
I0T CHILHONOJAAPHHE DacTBOPUTCAM.

B apcopOuMOHHOM XxpoMaTorpauy MMIMEHTOB MpPCOGTumaioIiIM
KOMIOHEHTOM CMECH pacTBOpHUTe/EeN ABJACTCHA, XaK MpPABWIO, IHCIiC-
JAapunii. COOTHOmMEHHE MOAAPHRIX M HEOOASDHMX DAcTICDHTEICH of-
penensiercs THNOM MUrMeHTOB. Tak, NPH PA3ACACHHMH XAPOTHIINLIAOD
Gepyr Gonee BHCOKOS CONEPXKAHME NMONAPHONO DACTBOPHTENR OTIlUCH-
TIbHO HENOAADHOIO, YEM APH DAIMENEHHH XJIOPOPHIIOB.

39



B pacnpepenutensHoi xpomatorpacuM, B KOTOpOR B KauyecTBE HO-
CHTENS MCMOAb3YIOTCS OPraHMyecxHe (LEJLT003a, CaXapo3a, MaHHHT)
H HeopraHuyeckue (KM3enbryp, Cwinkarens) aacop0eHTH €O BCeBo3-
MOXHHMH [00aBKaMK, pacTBOpHTEeNH noabMpaor ansd ofenx XWyinX
da3. B kauecrse HenoasuxsHOH ¢a3s 6epyT BOAy M HEKOTOPHE APY-
THE TOASPHBIE PACTBOPUTEAH — aueToH, Metason. Kosmuecrso pac-
TBOPUTENS HEMOOBHXHON ¢ha3bl OO/KHO OHTh TOMHO ONpPENENCHO.
Yr1o6n u36asuThCE OT M30KITKA PaCTBODHMTENS, NMPOMHTAHHAIIM UM CIOM
MOACYLIMBAETCA HA BO3AYXE WIM NPH HEMPORO/IKHTENBHOM BHIEPXH-
B2ZHHH B TepMocTate. B cocraB nogBHXHOW ¢asH BXOAHT MEHee mo-
JNSPHBA OPrasMYECKMil pacTBOPHTENb € HeGoJbuMMM NoBaBKaMd no-
JISPHOTO,

Tpu xpomatorpadvpopaHuu crnocofoM obpamenHoil cdasm [21,
22) HocuTenb, OOHMYHO KH3EALTYP, HMIPETHHUPYIOT (MPONUTHBAIOT)
JMNHIAMH, TaKUMH, KaK napaduH, xXupu, Macio. IlogsuxHoi ¢asoit
MIPH 3TOM CJYXHT CHCTEMA PACTBODHMTE/IEH BRICOKOH MOJADHOCTH, CO-
cTosiiias riaBHuM o0pasoM M3 auerona, Meranosa W soan. [locne-
OOBATENBHOCTL DPACHpPEfENEHHS MUIMEHTHHRX 30H Npd 3ToM ofpatHa
TOi, KOTOpas MMEET MECTO NPH ancopOuMOHHOM Xpomartorpadmm.

O6patutb dasn MOXHO 6e3 umnperuyposaHus, noabupas pacTeo-
pureau. [lng sroro ynofeH TOHKMIl COi NMOAMAMMAA, NPENAOXEHHKWN
OrrepoM ¥ Bo#itoM [23), KOTOpHWIil 3aHUMAET NPOMEXYTOUHOC MOJO-
XKEHHE M0 MOJAAPHOCTH M MOXET ObTb NpHMEHEH AAR pa3neneHus
KaK CWIBHO NOAAPHBLIX, TaK H HENOAAPHBIX coenuHenuil. Ilpu wc-
TOJIb30BAHUM HEMOJSPHOM CHCTEMBl PACTBOPHMTE/ICH — H3O0OKT2H—Me-
tason—merwiarinkeron (80 : 10 : 10), moaMaMun BuicTynaer xak no-
aapuas ¢dasa. Ecam ke nopsuxnoit dasoii cnyxur cucrema noasp-
HbIX PpacTBOPUTENCH — METHIITIWIKEeTOH—MeTaHon—sBoaa (30:30:
10), noanaMHua OTHOCHTENBHO MEHEe MOMAAPEH, H TOra HMEET MECTO
obpamenHag ¢asa pacnpegenmnrensHoil xpomartorpacdmu. Ilpm stoM
HACHMCHHAW CIHUPTOM MOMHAMMA ABJIACTCH HE NPOCTO MHEPTHHM HO-
CATEJIEM CTAUNOHAPHOH XHAKOH (ha3W, a NMPHHHMMAET aKTHBHOE Yua-
CTHE B Xxpomarorpadmueckom npouecce. [lpuauun pacnpepenexus
MEXAY XHAKMMH (aszaMH 3gech coyeTaercs ¢ ancopOLMOHHBIMM SAB-
JIEHHSIMH, CBOWCTBEHHBIMM JIHWb NOJHAMMUIY.

Bonee nonpoﬁﬂo C TEOPETMMECKHMH OCHOBAMHM ajcopOLMOHHOM,
pacnpeaeaHTesnbHONl xpoMaTorpadum m xpomarorpadwmeit B obpamen-
HOH (ha3e MOXHO O3HAKOMHTLCS B crieuuansHmx paGorax (24, 40,
49, 51].

Ilpn upentnduKaLMH NMUIMEHTOB € M3BECTHHM CHEKTPANLHBIMH
X3PaKTEPHCTHKAMHU CPABHUBAIOT CHEKTPH HX 2/110aTOB € ONMMCAHHBIMH
B JuTeparype. KpoMe TOro, yudTHBAIOT NOMOXEHHE THIMEHTA HA
XpoMaTorpamMMme, €ro nopsaakoBHU HOMEpP B NOCIEAOBATENBHOCTH NO-
JI0C, YTO TOXKE M3BECTHO.

Iins KOAMYECTBEHHOrO ONpEAe/SeHHA W3MEpAeTCcs ONTHHECKas
IUIOTHOCTh 3/1II0ATA HA JJTMHE BOJHW, COOTBETCTBYIOMEH MAKCHMYMY
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AOTNIOWICHHSA, AN KOTOPOil MOAYYEH yAeNbHHA KOIDPUUHUEHT IKCTHH-
KuMM nurMeHTa. Pacuer xoHuenTtpaumii mpoussogutTcs mno opmyne

E)
c =4
le K,
rie C — KOHUEHTpauus NHUrMeHTa, E; — ONTHYECKadA ILIOTHOCTB

pacTBopa Ha IUTHHE BOJHM A, € — yneabHui KOIPOHLUHMEHT IKCTHH-
KumM, | — TonmmHa KwBeTH cnektpodoromerpa, K — MHOXHTEND,
YYHTHBAIOMMA COOTHOWEHHE OOBLEMOB I/MI0ATa, SKCTPAKTa, HAHECEH-
HOMO Ha XpoMaTorpammy, o0mIEr0 KOJMHYECTBA JIKCTPAKTa H OTHHAB-
TPOBAHHON CYCMEH3IWH BOAOPOC/IEH.

[MepBuiM BapnautoM xpomatorpaduueckoro Meroaa Ounna Koso-
HouHas xpomartorpacdms, paspaborannas M. C. llserom B 1904 r.
[12}, xoTropas nNO3BOMKMAA YCTAHOBHTD MHOXECTBEHHOCTh ¢hopMm xi0-
poPH/LIOB M KapoTHMHOMAOB B 3encHoM Jjucte. OaHako TPymAOEMKOCTh
MCTONA B COMETAHHM € APYrMMHM HCAOCTAaTKaMM (HeoOxoammocTb Gosb-
WO HABECKHM, MPEOBAPHTCABLHOC CE BHICYLIMBAHHE, AJHTEIbHOE XpO-
MaTtorpadMpoBaHHE) CTANM MPENATCTBMEM K €ro WHPOKOMY pacnpo-
cTpaHenuio. B Hacrosiuec BpeMs KOJOHOUHas Xxpomarorpadus mc-
NOJIb3YCTCA JIMIUb B MPENapaTHBHHIX LCIAX.

MossuBiMecs nosgHee Mertoaw OymaxHoi xpomatorpaduu (BX)
{18] u ToHkocnofiHo#t xpomotorpadmu (TCX) [4, 44, 45, 48] oc-
HOBAaHH HA MCNOJb30BAHMM ancopfeHTa B BMAE Kak Ouwl ,,oTKpHTOl”,
pPa3BEpPHYTON HA NNOCKOCTH, KOMOHKM. [lpu 3tom obecneumsaercs
BO3MOXHOCTh paloTh B MHKpONpENapaTHBHOM Maciutabe, 3HAYMTENb-
HO YMPOUIAETCA NpoucAypa H YBCAMUHBAETCH CKOPOCTbL pa3fescHud
BEWCCTB.

Bymaxuas xpomatorpagmus — camas gocrynHas M ymoGHas nus
NPUMEHCHHUS, TMOCKOJAbKY B HCI HCNOJb3YETCA NOTOBHIl KOMMCPUYECKHIA
aacopGent. CTaHnapTHHE XapaKTEPMCTHKH XpomaTorpacpuueckoit 6y-
MarH rapasTHPYIOT XOpOWYH BOCNPOM3BOAMMOCTb AAHHHX, a €€ cha-
Gasg azcopOunoOHHAd eMKOCTh — OTHOCHTE/ABHYHK CTabMIRHOCTL TIWMI-
mMeHTOB. OnHAaxko y3kuil MHTEpBan XapakTepucTek aacopbuum y Oy-
Mar¥ pasHhiX Mapox HE no3ponseT obecnevuThb CEMEKTHBHOCTH METO-
oa, HeoOXooMMYK OMA pa3sfeNeHusl CTPYKTYPHRIX H30MCPOB KapOTH-
Howpos. [IpM pa3sgescHHM NUIMEHTOB, KaK JUMOQWILHBIX BEUWECTB,
nosiock Ha OGymare no/iyyalTcd WIMPOKME H HC MMEIOT UETKHX rpa-
HHL, MO3ITOMY 3/JI0UMA C XPOMATOrpaMM KaXJoro M3 HUX OTHOCH-
TeTbHO AsuTenbHas M Tpefyer cpasHuTenbHO Gonbuioro ofmema
pacTBOPHUTENA.

ToHkocnoitHas xpomarorpadus, B KOTOPOH NPHMEHSACTCA HAHECEH-
Kulii Ha NORNOXKY (0OWYHO CTEK10) TOHKMWIt ciod ancopOenTa, M-
uieHa HepoctaTtkoB GymaxHoil xpoMatorpaduu [7]. HeorpauuyeHunie
BO3MOXHOCTY B BhiOope ancopbeHTOB H B COCTAaBAEHMM CMCCEd M3
HHX NO3BOJISIOT MOAYYMTh CJAOM C JIOOWMHM agcopOLMOHHMIMH Xapak-
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TEPUCTHKAMH, C YEM CBA3aHA B PAOC CJIyHaep BHICOKAN CENCKTHBHOCTD
merona TCX. Bpema paspenenns nurmentos 20—40 mus. Braropaps
Gonnmoit ancopbUMOHHON EMKOCTH NOJOCH NHMFMEHTOB TIpu pa3acie-
HHUH TONYyYdlOTCH Y3KMMH M UYCTKHMMM, YTO NO3BOJASET OLCTPO CHHM-
MaTh TMOpPOIIOK C MMIMCHTAMH C CIUC HE BLICOXWICIO CNOS ¥ NPEROT-
BpalaTh OKMC/HTENLHOE PA3PyLIEHWC NMrMentoB. Meron xapaktep-
3yercss BHCOKO#t wyscrBuTeabHocThIO (0,1—0,005 MKr) H TOUHOCTHIO
(oxono 5 %) W Hamwen YCNEWHOE MPHMEHEHHC MPH AHAIM3E TNMI-
MeHTOoB Boxopochein [34, 33].

Eme 6once BLICOKYIO PA3pCuIaloWyo CNOCOOHOCTD HMEET XHMAKO-
crHas xpomartorpadus (OKX), XoTopyr MOXHO paccMaTPHBATL Kak
AHAJIOP KOJIOHOYHOM XpoMaTorpadHy noa BHICOKUM OaBJAEHMEM WIH
Kak mommdukaumo Tonxocnoiton (3, 10, 13, 33). IIpn arom muc-
NONB3YIOTCH OUCHb TOHKME KonoHku (1—3 mm) ancopGenra, moxeep-
THYTOIO CHELMANbHON XMMHueckoit obpaborke. B kauccrse aacopSen-
Ta GepyT cuamkareab, KapGOHAT LMHKA, OKHMCb MAarHMs ¥ HEKOTOpHE
apyrue. Mexannam pasaeneHus OCHOBaH Ha cnabmhix ruapodobHEIX CH-
Nax, MO3TOMY MCKJIOYAETCH ACTPajalMsg NMrMeHTOB. MHOrokpaTHO
OCYIICCTBASEMOE aBTOMATHUCCKOE pexpomartorpadypoBaHiE NMO3BOIAET
C NOMOMmMBIO KOJIEKTOpa OTOOpa (pakuui noayyaTs pacTBOPH OT-
AENBHHX [HIMEUTOB B HeoOXonHMOM KoauvecTse. Bnarogaps cxaHm-
PYIOLIEMY YCTPONCTBY 3aMHCHBACTCS BCJAHUMHA TOTJIOWEHHUS WHIOMBH-
OyanbLHEIX BELIECTB NPH 3ajaHHOR AyuHe BOJAHM. Merox mnoasonser
pasnenars XJopodWiNe M NPOAYKTH MX AErpajauMy Ha OAHOM Xpo-
matorpamme. He Bcerna yaaeTcs OTAEAHTb BCE CTPYKTYPHbie M30MEDH
KapotuHougosB [16], XOTS NPUHUMOHANBLHO 3TO BOIMOXKHO NYTEM
BapbUPOBAHHA NOABMXKHOMA hasnl. BoAbWMM NMPeUMYLWECTBOM SBAAET-
€A BBICOKASl YYBCTBUTEABHOCTb METOAA, MNO3BONAIOLAN YJABAHBATH
10—20 nr pemecrsa, ToyHocrs — 1,5 9% u omepaTMsHOCTD — [AA
obpaborku onuoit npolGet Tpebyerca 20 muu {46].

B OTAGNBHBIX CAyuyadx OaHHbie XWAKOCTHOM xpomaTtorpadmuu mo-
ryT ObITh 3aBHIIICHBI W3-33 HEcoBnagenus 6a30BON NHHMHM HA CKawe,
BriBaloT nOMexW M3-33 CWIBHBIX IWyMOB M apeiidha HyAeBoH JIHHMH
CaMOMHCLA, B CBA3M C YEM NOJYYEHHWE Peay/bTaTH DPEKOMCHAYETCH
KOHTPOJIMPOBATD METONOM TOHKOWIOWHOH xpoMartorpagpuu. Iloato-
MY HEKOTOPHE aBTOPHW CYHTAOT, YTO AA9 aHaan3da ¢oToCHKTe-
THUECKHX TIMTMEHTOB BCE € MNPEANOYTHTENbHA TOHKOCJIOHHAN
xpoMarorpadusa [41]. '

TeM He MeHee BHCOKHME TIOKA3ATENM CENIEKTHBHOCTH, MYBCTBMTEb-
HOCTH, TOYHOCTA M CKOPOCTH NpPOBCACHHS AHAMM33A 3aCTaBALIOT NpH-
3HaTh NPENMYINECTBO JXMAKOCTHON xpoMaTorpaduu nepeny ApPyrMMm
xpomaTorpadpuyeckumu Merogamu. 3a pySexom meron XX ycnemmo
NPHMEHAIOT NIPH AHAIM3E TMMTMEHTOB (JMTOILIAHKTOHA, B TOM MHCIIE
Ha Gopry cymua [14, 26]. B Hameii cTpane peanbHHE BO3IMOXHOCTH
HANg 3TOr0 TMOK3 OTCYTCTBYIOT. OTevecrBeHHm xpomartorpad ,Mmi-
JIHXpOM” He npurogeH and pafoTH ¢ BEMECTBaMH, NOMOIAIOIUME
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cBeT B BHAHMONM ofnacTi cnekTpa, a 3apybexnme npuGopn Manofo-
CTYDHEL.

BonbiiMHCTBO METOAMK pa3fneacHus xiopobuinos, XapoTHHOHIOD
¥ MPONYXTOB MX NpEBpalieHHi npeacramaeHn B o63ope JinxTenrane-
pa [40}. CneumanbHpie paGoTH ROCBAMCHW H3OJAAUMMH, DA3AEJICHUIO,
MACHTHOHKALMM U KOJIMUECTBEHHOMY ONpEAeJECHUR KAPOTHHOWAOB
(20, 38, 39]. Ina pa3neneHuMA HM3IOMEPOB KAPOTHHOHAOB NPEANIOKEH
OpMIMHAABbHBIG BapHaHT aacopbunoHHoi xpodarorpaduu Ha croe , B”
[g‘)l, B KOTODOM - NPEAYCMOTPEHO OMhLneHHue xJaopoduana Ha copep-
XKALMX WEN0Yb ILIACTHHKAX, YTO NO3BOJsET 130eXaTh NepeKphBaHug
KapoTHHoOuoB xaopodwinom. Meron 6uwn moauduuMposaH npuMeHH-
TEJILHO K OTEuecTBcHHLIM axcopSentam [8] u ¢ ycnexoM ucnonmbsy-
erca yxe B Teuenue 20 ner.

Cepueit paGor Xarepa u Crpanckoro [30—32, 53—55] 6weL10 yc-
TAHOBJICHO, MTO METOX PA3AE/NEHHsI KAPOTHHOMBOB HA WIETOUHLIX TLIa-
cTHHKax [29] npuroseH nas OnNpeaesieHHs OCHOBHHWIX, BTODHUHBLIX Ka-
pOTHHOMAOB M X 3)HPOB, COREPXAUIMXCA B KJAETKAX PAa3HHX OTAEJIOB
popopocnei. Ilpeumywecrsa aroit Mmetoauxu [29] nepem scemu cy-
INECTBYIOMMMH TMOCAYXWIM OCHOBAHMEM [ €€ HCNOAbIODAHMSI TNpH
n3yueHuH Kaporunounos ¢muroruiankToHa [§, 6]. K coxanenuro, oHa
He MOXeT OhTb NPUMEHEHA AN ONpegencHus KapoOTHMHOMGOB MNe-
PMAMHHMEBHX BOJOPOCACH, TaK KaK OCHOBHOH HX TNWUIMEHT —
NCPUAMHMH — HA WEJOUHMX MIACTHHKAX paspywaerca [6, 42, 52].
Ing v301MPOBAHMA NEPHAMHMHA H3 JIKCTPAKTA HYXXHA ApPYyras Mero-
A¥ka. B kauectme otmpasHoit TOuxu MOXeT OBITh PEKOMEHJOBAHA
xpoMartorpadiueckas cucrema, npepioxenHas Jlobauxom u Cmurom
{42], HoO B 3TOM C/Iyuac Hamo MEPEHTH OT KOJIOHKH K TOHKOMY CJOIO.

Tuapodwibinie (LKOOUNAHHOBLIE MUIMEHTH, CBOMCTBEHHBIE TOJDLKO
BOROPOC/AM, TPCOYIOT COBEPLICHHO OCOOBIX MCTOZOB aHA/U3a, HAa KO-
TODHX B AAHHOM DPa3AE/E HET BO3MOXHOCTH OCTAHOBHThECA. C HHMMH
MOXHO O3HAKOMHUTLCA B cneuuansHmx paGorax {2, 11, 19],

XpomaTorpaduueckie MeTogsl OTKPHBAIOT GOMLIIHE BO3MOXHOCTH
H3yUEHMA MUIMEHTOB BOJOPOC/EH B Pa3/MMHBIX HANpap/ieHHdIX. JTO
Bausinne GakTOPOB BHEIUHEH CPEANW HA COCTAB M COOTHOLIEHHME ITUI-
MEHTOB; MX OMHAMHMKA B XOAE CYKUECCHMM CooDLIECTB BOROpOCHEH; Me-
Taboau3M KCaHTOGUANOB, CNOCOOHKX K CBETOMHIYLMPOBAHHWIM Fpe-
BpalleHUAM, M3BCCTHHIM 1O Ha3BAHWMEM ,,BMONIAKCAHTHHODWN M JHU-
aIMHOKCAHTHHOBKH UMKI", CPABHUTE/JBHOE H3IYYCHHE MMHIMEHTHOrO
COCTaBa BOHOPOC/IEH pPa3HLX TAKCOHOB C LEbI0 XEMOCUCTEMATHUECKO-
ro anann3a. HeobxoguMo mimpe HCnosnb30BaTh TaKHE METOAM B MCC-
JIEMOBAHUAX OSKOMOMMHM M TPORYKTHBHOCTH (DMTOIUIAHKTOHA.
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Huemumym 6uodpusuxu CO PAH

OMPEJENEHHE KOHUEHTPALIHA XJIOPCOUJLIA
OUTOINIAHKTOHA MO JHOO®EPEHIUAJIbHBIM
CIMEKTPAM NOrJIOLIEHKSA CBETA

Paccmotpensl 8oaMOxHOCTH anddepeHunatbioil cexTpockondK npn Beadkcrpax-
THOM ONpeReneHH KOHUEHTPaUKA xnopodmuana b npobax MPHPOAHBIX BOA € NOMOLILIO
opuruxenbHoro cnexrpodorometpa ACOT.

Onpenenenne KoHucHTpaumil wiopodpwina duromwnaHkToHa mero-
noM auddepeHuUanbHoi cneKTPoPOTOMETPHH OCHOBAHO HAa PErMcrpa-
UMM pa3HMUN CMEeKTPOB NOrOIUEHHUS CBETA BOAOH C BOOOPOCASMH M
TOIl Xe BOAOW, M3 KOTOPOH Bomopocniu yaaneHun. Ilepsast npoba no-
MemaeTcss B M3MCpHTEbHY (pabouylo) Kiosery, BTopas — B KIO-
BETY CPABHEHHUS. YJa/eHue BOAOPOC/AEH NPOBOAAT (PHIBTPALMEH IH
ueHTpudyrnposanueM. [lnd Takux onpeaeneHuit yaolen nudwbepen-
uuanbuuk cnektpocoromerp ACOT, coanaunmit Ha O6a3se CepHItHEIX
apyayvesmx cnektpogoromerpos [I].

3BECTHO, YTO OMTHYECKas MAOTHOCTE (E) CBETOPACCEMBAIOMIKX
B3BCCEH AMCMIEPCHMX YACTHL, ONpENeSSeTcs PaBeHCTBOM

E = 1g Iy/1, e8]

rae 10 — YHTEHCMBHOCTS BXOAMLIENO NOTOKA Panuauuu, I — BH-

xoaswero. Ilpu sToM BesuuHa £ CYMECTBCHHO 33BHCMT OT YCJ/IOBMIL
M3MEPCHHA JIYUKCTRIX TIOTOKOB {, NPOXOAAWMX u4epe3 uceIenyeMbri
obpaseil: OoT pacceusauusi cBeTa o0pa3LOM, OT NIPUEMHOIO YCTPONCTHA,
aneptypu ITOTC YCTDOACTBA, OT HEKOTOPHIX BHEMHMX thaxtopos. ilo-
IToOMy E HMHOraa Ha3WBa10T NHCTPYMEHTANLHOH ONTUUECKOH MACGTHO-
crbio — E QuesHAHO, YTO OHA MOXET TIPUHUMATH 3HAYCHHA B

KHCTP®
ANnana3oHe

E, = ki sE"Hc_rp=kmmpllem w =k +o) |l 2

e E_., E, n Em{m — OOT:HMECKUE TWIOTHCCTH, 00yc/oniedHHE

OCJladﬂeHHCM, HCTUHARM NOMMOMEHHCM M YyCUIODMAMH HIMEpEeHHS JYy-

© A. O. Anowacenko, , B. A. Bacwses
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YHCTHIX MOTOKOB, CBEJAHHWX CO CNEKTPATbHHMM CBOACTBAMH npubo-
pa; k, & m 8 — mnokasateau noraoweHus, ocaabnenns n pacces-
HHL; k“m_rp — MHCTPYMEMTAJbHHI nokasatens nornowenng; [ —

Tonmuua obpasua. Orciona creayer, YTO NPH OUEHKE KOHUEHTpauvi
xjopodwina ,a" (M ApYrux NMHIMEHTOB) B KJETKAaxX BoOAopoc/ecit He-
06X0NMMO YYMTHBATbL YCNOBHS, NPH KOTOPHX 3ANHCHBAETCH MX
CNexTp MOrJOmEeHus. )

Ocnabnesne csera, pacnpocTPaHAIOLIETNOCS BO B3BECAX Boxopocnei
H pPETHCTPHPYEMOro NpHEMHHM YCTPOHCTBOM cnexTpodoromerpa,
MOXHO BhIPAa3HTh YPaBHEHMEM

—d]l = {a(w)k + [l—a(w)]e}ldl &)
HIH B HHTErpanbHo# ¢opme

Eperp = alo) kl + (1—a(w)lel = E, +E,, “4)
rie a (w) n 1 — a () — [JOAM CBETOBOIO MOTOKA, PACNpOCTPaHA-
IOMErocs B TE/MECHOM YIJIE @ M BHE ero, ocnabasemme ¢ nokasare-

JNSMH MOI/IOMEHMA & ¥ ocnabaeHus e; E"Hmp, E.‘". }E‘p — ONTHYECKAan

ILVIOTHOCTL M €€ COCTaBasommue, o0yCOB/ICHHEE MOr/OWEHHEM H pac-
cesnueM cBera cootBerctBeHHo. lons a (w) onpepenserca npexae
BCEIO 3HAYEGHMEM TEJNECHOIO YrMa o, CNEKTPANbHOH 33BHCHMOCTLIO
noka3zaresnici k, € M WMHAMKATPUCH DPacCEAHUs CBETa B MCCIERYEMON
cpene. Onsa GoabwmHCcTBA B3BECEH OMONOrMYECKHMX UYACTHL, HMEET Me-
CTO oCnal/NeHHE CBETOPACCEAHMA C YBEAMUEHMEM IMMHB BOAHW. [lo
Mepe yMeHbleHHsa yrnma o (YAaICHHUA KIOBETH CO B3BECbI0 OT BXOA-

HOTO OKHA MPUEMHMKA M3NAYUCHMA) BO3PACTAIOT BEMHuMHW E, . M

Ep, a senrdunHa E_ ymenbmaerca. Ilpu 3tom uerko npossasiercs
CNEeKTpanbHAad 3aBUCHMOCTb CBETOpaccesHus, ocobenHo B obsactu
KpacHo# NOJOCH NOTJMOMCHHA XAopouw/ia B CBA3M € AHOMANLHOM
aucrepcHeit B 910it obnactu, B ciyuae OMHOKpaTHONO paccestHus npu
OMHAKOBHIX YCJOBUMIX M3MEPEHHS OMTHUECKYIO TUIOTHOCTb li‘mm_p H

€€ coCrapadome En H Ep MOXHO CUYHTaTh NPONOpPUHUOHAJIBHRMHA

KOHLEHTPAUMH YaCTHLL.

Ina onpeneneaus copepxaung xyopoduana Mcnoasayerca 06-
JIACTh €ro JIMHHOBO/MHOBOIG Maxcumyma (670—750 um), B xotopoi
MOIVIOCLIEHKE CBETa JAPYrMMH MNMIMEHTaMM MHHHMaasHo. B obnacru
KOPOTKOBOJHOBRON MOAOCH NOMIOMmEHHE xiopoduana ero onpepene-
HMIO MEMAKT KAPOTMHOMALI H [PYTde MHUIMEHTH KAETOK IUIAHKTOMA,
a TaKke pacTBOPEHHOE B BOAE ,Xcaroe” BemmecTro. KoHUEHTpauMH
xaopodHina pacCYMTHBAIOT H2 OCHOBAHHH BLIPAXCHMS

A Eggg = Eggg — Eqs0 = kggo Co ! &)
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HIH
A Eggo :
c, = £,

rae C, — KoHueHTpauus xuopodwuta ,a", kego (yn) — ynesbHmi

MOKa3aTeab NornowmeHns xiaopopwnna B kaerkax npu 1 = 680 uMm,
! — ToMMMHA C/IO] B3BECH, Eggo ¥ E750 — ONTHUYECKHE IUIOTHOCTH

B3BGCM B KPACHOM MAaKCHMYME MOCJAOMCHHA xjaopoduiia M 3a ero
MpCcaeNamMu COOTBETCTBEHHO. 3HaueHue E,g), Xapakrepusylomee oc-

nabnenne moToka MTyyeHHA 32 CueT CBeTopaccesiHusa, GepyT B Ka-
YeCcTBE Ha4ajna OTcyeTa (HyJAeBROH JIMHHH) ONTHUYECKON IUIOTHOCTH
MHUrMCHTOB.

ITpH MCNOAB3OBAHMH CTAHAAPTHHIX KIOBET AJAMHOH 1 CM MoOXHO

M3MEPHTh KOHLEHTpauuu xnopodwuia nopsaka 4—35 mr/M°, 1. e.
XapakTepHHE AN CYCNEH3Hd Kyabtyp Bogopocieir, [Ipu pabore ¢
NPUPOAHBIMK BOAAMH C MECHbIIMMM KOHLEHTPALHSAMH KIETOK BOAO-
pocacH MCNoAb3yloT KioBeTH Gonbweit mpanum, mo 0,5 M, a Takxe
6onee BHICOKYIO YYBCTBHTE/NBHOCTh npuBopa, BapbMpOBaHME KOTOPOM
npeaycMoTpeHo aas auMddepeHunansHoro cnexktpodoToMeTpa THNa
OCOI. B TakoM yyae HENoCpeacTBEHHO B Npobax BOAW MOXHO
U3MCPHTb KOHLICHTPAUMIO XJOpOHLIA MNOPSAKA HECKOJNbKHX COTHIX

munurpamma B | " Hanpumep, ¢ nomomprw JCOI, umermero

YyBCTBUTENBHOCTL B obnactu 600—700 um S - 10— €AUHHL, ONTH-
YECKOH IIOTHOCTH, U KioBeTW nnauuon 0,5 M, npu macasbHOH KOM-
MEHCAUMKU [MOrI0WCHUS W PACCEAHMA CBETa B3BELIEHHWMM M pACTBO-
PEHHBIMH BCIUECTBAMH (MCKJIIOUAsl BOAOPOCAM M MX MMIMEHTH), CO-
OCPXAWMWMHCH B ONKLITHOH H JITAIOHHOH npobax, MOXHO ONpPENEIHTH
KOHUEHTPAUHKI xJopopuina, pasHyr cornacHo dopmyne (6):

5.10°% 5.103 3
C, = = = 0,015 mMr/m
@ kego (ym) 65. 10-4. 0,5

npu kg (ym) = 65- 10~* M¥/mr.

OnHako MACafibHOIT KOMMNEHCAUHH IMOIMIOMICHAS M PaccesiHUsS CBETa
B paboueit M 3TANOHHOH KlOBETaX AOOMTLCHA HOBOJILHO cioxHO. Oc-
HOBHOM MPHUYMHON HBJSIOTCH NOMEXH, CBSA33AHHWE C HCKOMMEHCHPO-
BAHHOCTbLY TEMIMEPATYPH B KKBETaX, KOTOPAd BJMSET HA CIEKTPAJb-
HhIE CBOWCTBA BOAK, a TAKXC C Pa3/HYHEM CPEOAHMX BEAMYMH ONTH-
YEeCKOro NnyTH MpOXodsuiHx uepe3d HuX jayuei. Kpome Toro, mpa Hma-

Kux, MeHee 1 Mr/M3, KOHLEHTpauuax xJjopodpwmina B obractu ero
KPacH(TO0 MaKCHMYMa BCJIMKO MOrJIOWEHHE CBETa BOAOH, B3BCIUCHHbI-
MH B HEH 4acTMLAMM M pacTBOPCHHBIMH BEIUCCTBAMH, KOTOPOC Ha
ONMH-ABA MOPKAKA Bhille, YeM 33 CUET CAMOIO MHUIMEHTa.
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TeMmepaTypHas 33aBUCUMOCTh TNONOXEHHA TNONOC MOFAOLIEHUS BO-
AE MPUBOAMT K HIMEHEHHIM €€ CNEKTPaNnbHhX noxasarteneil, ocobeH-
Ho B o6nactn 680—780 um. Ilo nawum naGniopeHustm, mpu Harpe-
paHun soxbt ot 10 mo 40 °C makcumym ee cnmekTpa cmemaercs Ha
12,5 HM B CTOpPOHY KOPOTKHX RJHH BOJH, a MOKAa3aTEAM NOr/AOIMIEHHE

(k) ysenuunpatorcs Gonee yem na 0,03 m—!, Oro moxer npusecTH
K 3aBHIIEHMIO NOTJIOWIEHHS HATHBHOMO XJIOpodMana npH ero HHM3KHMX
KORUEHTpaumnax Ha mopanok u Gonee. [To3ToMy oueHb BaXHO BhIpaB-
HMBATh TEMNEPaTypy BOXHW B KIOBETaX, MOAb3YACh JIOOHMH TEPMO-
CTATHPYIOMUMH YCTPOACTBAMH.

Cnoxnee BLIPOBHATb CPEAHME ONTHUECKHE MYTH Jyueit, npoxogs-
mMX CKBO3b pabouyio M 3TAIOHHYIO KIOBETH K MPHUEMHHKY Hanyue-
HHg. YactuuHo mx pasuocts (Al = Ipﬂﬁ — l,1a,) YyRaercs cxkoMmen-
CHpOBaTH, NOMEMIAS AONONHMTEALHHE KIOBETH TOAmMMHOH 1—3 MM B
pafoumi! xaHMaJ M KaHan CpaBHEHUd,

Ilpcuenypa onpepenenua xna0podwia NAHHEM METOAOM CBOAMTCH
x oenyromeMy. Oro6padHyre npoOy Boam HanuBaloT B TpPyOuaTwit
CIMpaJbHEK paauaTop, NOMEWAKT B TEPMOCTAT M NOAOrpesaloT (WiIH
OXJIAXAAIOT) [0 TEMNEPATYPH BOAH B KIOBETE CPABHEHHML, MOCJIE YEro
sanonHsoT pabouyw KioBeTy. B Kioeety cpaBHenus (5TanoH) HanH-
B3IOT AMCTHAAMPOBAHHYIO BOLY WaH GWALTPAT HCIONB3YeMOH npobm,
HE copepxamui eopopocad. Ilp pabore B OAMroTpodHHX BOXOEMAaX
B XAYECTBE JTalOHAa MOXHKO Oparb BOAY, MOAHATYIO C TAYGHH HMXE
3npOTHON 30HMI, IOE NPAKTHYECKW HET BOAOpocsiel. 3ateM 3amucH-
paerca audipepeHyHanbHEi CNEKTP MOMIOWEHUA HAa cnekTtpodoroMer-
pe JCOI. B 3aBUCKMOCTH OT NpO3PaYHOCTH BOAN MCROMb3YIOTCA KO-
et ganHo# 10—50 cm.

PeaynbTaTH npuMeHEeHME METONA B PAVIHYHBIX BHYTPEHHHX BO-
AoeMax M MHpDOBOM OKeaHe MNOKa3adH BO3MOXHOCTE AOCTOBEPHOIO
onpenesaeHHs COACPAKAHHR HATHBHONO xaopodwmrna 6e3 IKCTPAKLHH

M3 KJIETOK BOJOPOC/AEH MpH KoHuenTpaumsx nopsaka 0,1 mr/m3, ecin
BOIA OTHOCHTENLHO YMCTad, C YCJAOBHO! MPO3PauHOCTBIO MO AUCKY
Cexxu 6onee 20 M. B Bomax ¢ npoapauHoctsio 5—20 M MOXHO yJaas-
AMBaTb KOHmEATpanuio murmenta or 0,5 mr/M°, npu npoapauxocru
5 M — or 1 mr/mM>. Tlpu Kouuewrpamusx nurmemta, GAH3KMX K

HEXHHM npefeiaM HM3MEpIEMuIX BEMYHH, OTHOCHTEIbHEHE OmUOKH
onpenenenns cocramagior 10—20 %.

CITUCOK JIMTEPATYPDI
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YAK 574.5.08:581.132.1 + 543.426

H. A. laesckwit, 1. 10. Warpos, B. M. I'oaua

Kpacrospexuii ynusepcumem

®JIYOPECLUEHTHbIA AHAJIN3 NMUIMEHTOB
OUTONJNAHKTOHA

Paccmotpenst ayopecuentHbie METOAB OnpeaeneHns ofulero CORepXaHua XNopo-
¢dwua .a" M ero pacnpeAencHua No OCHOBHLIM TAKCOHOMHUYCCKHM FPYNNaM BOROpPOCHel
in vivo, xnopopuancs 8" 4 ,b"”, UX pepuBaTOR B IKCTPAKTE.

OnyopecueHTHNR aHANU3 NUIMEHTOB TUIAHKTOHA OT/IHYAETCA BHI-
COKOM 4YBCTBMTEILHOCTBIO, XOTOpas npu palore € 3KCTPAaKTaMH _Ha
OBa nopsaaka Buime, yeM y doromerprueckux Meropos [7, 8], Iro
MO3BOJIAET KOJNMMECTBEHHO ONpEeJeNaTh NMUIMCHTH B npobax Manoro
o0beMa WM NpM OYEHb HM3KOM copepxauuu sogopocneit. Onpenene-
HHE MUIMEHTOB MOXET OCYLIECTBAKTHCA KakK B IKCTpaKTax, Tak M B
MHTAKTHRX KJAETKAX, 4TO AT BO3IMOXHOCTH pa3pabarwnaTh pa3siMy-
Hbie 3KCMPEcCc-METOAl, MCNONb3yeMbie MPU OPraHN3auHy ONepaTUBHO-
0 MOHHTOpUHra, GuouHaMKauuy M OUOTECTHPOBAHMM NDPHDOAHHX K
crouHrnx Bon. IlpumencHue ¢hayopecUECHTHHX METOAOB MO3BOJSET pe-
ANIbHO MOAOHTH K aBTOMAaTU3AUMM NpPOUECCA OUEHKH BKAANA OTAEC/b-
HBIX CHCTEMATHMECKMX rpynmn Boaopocacit B ofwylo Guomaccy duro-
iankToHa [1—4].

Onpenenerune xjopodunna ,a” in vivo. Teoperuueckoe obocuo-
BaHMe (IYOPEeCUEHTHRIX METOA0B OnpejeieHus xiopochwuia M ero
pacnpeigenesus no OCHOBHHIM TAKCOHOMHYECKHMM rpynnaM (pUTOMIaH-
KTOHa CBE3aHO CO CnOCOOHOCTBIO 3TOr0 murMenta ayopecuuposars
noja BO3JEHCTBUEM CIHEKTPA/NBHO PasJMYHOIO CBETA, MNOr/IOLAEMOrO
cneuHUECKMMH TMHIMEHTHBMHM CHUCTEMAMHU OT/JENbHHX BOAOPOCEH
[2—4]). B ofwem Bune cBa3b MHTEHCHBHOCTH (uiyopecucHuun (D) u
KOHUEHTPauun xaopopwuia ,,a" (C,) eupaxaerca dopmynoi

@ =K C,

Koabdprunenr K — ynensHuft BHxon (ayopecueHUMH, KOTOPhIi
onpeaensercd 3IkcneprMentansHo. OH 3aBHCHT OT OPHHAIEXHOCTH
Boropocieli X TOH WM HHON TAKCOHOMHMMECKON rpymme, XapakTepH-
ayomeiica onpeRxeJeHHHMH NHIMEHTAMH, H OT COEKTPAJIbHOIO COCTa-

© H. A. Taescxknt, M. 1O. Ularpos, B. M. l'omp
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Ba Bo3byxparowero cacra (taba. 1). MNosromy, ecam doTonoMuHec-
LEHUMIO BO30yXAaTh CBETOM KaKoii-nnbo oamoii, Hanpumep cune-du-
oIcTOBOM, 001acTH cneTpa (TaK HA3WBACMBIA MOHOXPOMATHUCCKMi
BapHAHT MCTOAA), CHHXACTCH YPOBCHb KOPPCAALMH COACPXAHHMA XJIO-
pobwnna 3" C MHTCHCMBHOCTBIO PMIYOpCCUCHUMHK, OCOOEHHO NPpH aHa-
nu3e npo0d M3 BOAOCMOB C BLICOKMM TaKCOHOMMUECKHM pa3HooOpasuem
pogopocaci [6]. B Takux cayuasx B xadecrse Bo3Oyxaawouicro Me-
00XOOMMO HCMO.Ib30BATH M3NYMCHHE HCCKONbKMUX YUaCcTKOB cCREKTpa,
He COBMaNalWMX ¢ obnacTbio perMcTpaunn dayopecueHuun (noJan-
XPOMaTUUCCKMIA BIPHUAHT).
Tabnruya |
CpeanMe 3naycitna yaeabhnix 8mxonos quiyopecucniivs xaopopmuna .8" y
BOAOPOCNCA PATTHUHBLIX OTACN0B Tpn BO3OywaeHuun cuuum (400 um), cstue-
aeaenmM (510 uM) u 3cacnbim (540 M) caetoMm (B YMCAHTENE — BLIXOA

na 1 Mxr xaopodunana, B 3aMEHATENE — OTHOCHTCALILE €AHHHMUbI)
¥ Afepecdetiiyy

Yaensupiit Boixon GuayopecueHuUUH
400 um L 510 um L 540 um
3encibic, 38r1€HOBLIC

Ankistrodesmus pseudomirabilis, 37,2 x 6,24 22,7 = 3,45 3,1 £0,49
Chiamydomonas reinhardii, Chilo- 1.00 0.70 £ 0,027 0.10 0,006
rella vulgaris, Scenedesmus

bij‘tgarus. S. obliguus, Euglena

sp-

Bonopocam

Nitzschia [ﬂ?af;rmlt’onb:ﬁnnmnis i1.2+ 9,41 13,4 £ 0,33 3.2 £ 0,09
oa, . ]
Asterionella formosa’, Melgsira 1,00 1,22 + 0,036 0,29 = 0,009
granulata var. angustissima
Cuue-3escnume
Anabaena variabilis, A. varia- 2,7 0,38 4,0 * 0.41 2,6 + 0,23
bilis® Anacystis nidulans, 1,00 1,50 + 0,080 0,99 + 0,058

Aphanizomenon flos-aquae”,
Microsystis firma, Synechococ-
cus sp., . minuscula

! Ma scryapua pyuss, snapawowero s 03. Llnpa.
KpacHOApCKOro BOSOXPaNWIMILE B NEPHOA MACCOBOM BEreTALMW BHAL.
M3 Kuneockoro BOROXPAHWIMWA B NEPHOA UBETEHWA.

Ins rereporednoit mo cocTasy Bogopociei npobu nmpupoaHoro ¢H-
TOILIAHKTOHA CNPaBCI/INBO BHPaXCHHE

@ =]Ki ) Cap- @
rae K — yaenvHnit Brixon ¢ayopecueHUHH xnopodm)ma »a'" mpu
BO30yXAEHUM CBETOM C O/MHOI BOAHH A mas Bogopocaeit i-ro otaena,
C, — conepxanue xjopopwina ,a” 3ITHX BOAOPOC/ICH.
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‘Torna ofwas koHueHTpauua xaopodwina ,a” onpeaenscrcs Xak
CyMMa €ro KOHUCHTpPAuMil Kaxaoil rpynnu Bonopocnci. Cnaraembie
MOryT OnTb OMPEAENCHH MYTCM PCLIEHUS CMCTCMB JIMHCHHBIX YypaB-
HEHHIl, UMCI0 KOTOPHX COOTBCTCTRYET YMCAY TAKCOHOMHUCCKHX rpymnn
ponopocned, ofbeaMHEHHHX EAHHLM HAaB0pPOM (OTOCHHTETHUECKHX
NHUIMEHTOB!

q))'| = Kll(l) Cﬂ(l) + K'l|(2) Ca (2) + ... + Kj'](‘-) Cﬂ (0 y

wal = KAI(I) Ca(.) + KAI(Z) Ca (2) + ... + KAz(") Cﬂ (‘-) s (3)

¢A. = KA.(l) Ca(l) + KA.(z) Ca (2) + ... + KA-(O Ca ([) M

rae 0‘. . ‘DAI"' @; — HHTEHCUBHOCTH ¢hyopecucHuuwn mpu ee BoO3-

L
6yXaeHUM CBETOM OTAEAbHHX yuactkos rnextpa (1, 2 ... n), xonu-
4YECTBO KOTOPHX PABHO UHCAY H3YYaeMHX TAKCOHOMHYECKUX pymm,
K ay K, @) K, i\~ yAeabHHA BwXOA (AyOpPECUCHUHHN xaopodua-
] 1 i

Nna O KOHXPETHOM rpynnsl Bogopocicit (o6o3nauennoit 1, 2 ... 1)
npu BO30yXaEHHM CBETOM ONpPEAENEHHOTO YYacTKa CRexTpa,
KAz(l)' Klz(z)'"' K‘z(")' Kl_(l)- Kl_(z)'--- K‘.(‘) — T0 xe npu BoaByx-

AEHUH CBETOM OCTANbHBIX CMCKTPAIbHBIX YYacTKOB.

Inanasod mauH BOAH BO30YXAaKOWEro cBera BWOMpAETcs MCXons
Y3 cneuMpHUECKUX OTAMUMIT CNEKTPOB AcitcTBHMA yopecueHUMH
Yy RpeacTaBUTENIe’ OTAEAbHWX TaKCOHOMMMECKMX TpyNn BOAOPOC-
aeia [12].

Uncnennnie 3naveHuns koddduumenros K, (1) SHcTeMH JMHCHHBIX

ypaenenuit (3) nonyueHn B 1aGOPATOPHHX YCNOBUAX HA a/broJIOru-
YECKM YHMCTHIX KY/JbTYPaX TUIAHKTOHHBLIX BOAOPOC/NCH TPEX OCHOBHBIX
otnenos (Cyanophyta, Bacillariophyta, Chlorophyta), a takxe B ec-
TECTBCHHHIX YCJIOBMAX B MEPHOA MACCOBONO PA3BHUTHA OTAC/ILHHIX BMz.
OB B BOAOEMAX pa3/JMYHEIX PCrHOHOB CTpanbl. [ns Bo3byxaeuus
dbnyopecuenuun Guno BuGpaHo nanyuenue Tpex obnacreil cnexrpa:
CHHee, I.MBKC = 400 uM, nornomwaemMoc MPeHMYIUECTBEHHO XJIOpodHILI-
6eNKOBHM KOMIUIEKCOM 3€MCHRX M IBLICHOBLIX BOAOPOCACH (XJiopo-
dwuim ,a”, ,b"), cune-aenesoe, dace = 515 mM — mna dyxokcan-
THHA U x10poduan-6eNKOBOr0 KOMIUIEKCA AMAaTOMOBLIX BOAOPOC..Gi
(xopodpwutn ,a", "), sencuoe, 4, = 540 uM — s dukobu-
JIKHOBOIO KOMILIEKCA CHHE-3EJIEHHX Boaopocaci. [Ipu pacuerax 3wa-
uennit K, (r Mcmonb3yercs »UMCTHH"” CHrHaA ¢uiyopecueHuuu, omnpe-
RengeMoll Kak PasHOCTh MEXAY €€ HMHTEHCHBHOCTb B mnpofax ¢m-
TOILUIaHKTOHA M DWILTPATa, HE COAEPKALIEND KJIETKH BONOPOCIICH,
Pesynbrarn nokasamu, 9TO pasnuMuus yReabHHIX BHIXOROB Gayo-
PECUECHIHY B MPEACIaX BHAA M POAAd 3HAMMTEJbHO MEHBIIE, YEM MEX-
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Ay oracaamm sopopocneit (cm. taba. 1). Takas snicokas reHcTHye-
CKasu ACTCPMHHALMA YACABHHX BhxogoB dayopecuckunu obecneumsa-
er crabunbHocTs Ko3dhduuUUCHTOB K, oL HCOOXOAMMEX AR PAcueToB,

M no3posscet uabexaTb YacToidl W HOBOABHO CIOXHOM npoucaypn no-
AyycHus KanuOpOBOUHKX OAHHMKX. '

HNeranu GAyopoMCTPHUCCKHMX M3MCPCHMIA, A TaKXe KOHCTPYKLHH
bnyopHMCTPOB ONMCaHH B cricuvanbHux paborax [2, 3.

JKCNEepUMCHTANbHAS TNPOBCPKA TNOJNXPOMATHUCCKOTO BAPHAHTA
¢dayopecucHTHOMO aHANM33 TIMIMCHTOB MPOBCACHA HA3 HMCKYCCTBEHHHX
M npvponHmx coolwecrsax msogopocncit. [lpu pabore ¢ ucKyccTBeH-
HRIMH cMCCamHM B KauecTBe koddduumuentos K () P pacucTax B3aTH

YAC/ILHLC BHIXOAW (DNYOPCCUCHUMMU OTACJABHBIX BOAOPOCIACH, B HaTyp-
HbIX 3KCNCPHMEHTAX — CPCAHHME INA KAXA0H TAaKCOHOMHUECCKOW Tpyr-
nel 3HaueHua. [Ipu HeoOXoanMOCTH BBOOWMACH KOPPEKUMS ITHX KO-
3¢hduumeHToB, yuuTHBaOWan cneuudnky BHIOBOrO coctaea duTton-
NAaHKTOHA KOHKpeTHOro BopocMa. [lo maTtepuanam watypHbix Habnio-
OEHHH MCTOAOM pErpeccuy MPOBCACH AHAIN3 RAHHBIX MO Xjaopodwity
»d", MOAYYCHHBIX CTAHAAPTHHIM CNEKTPoOTOMCTPHUCCKHM Onpeaciie-
r¥vem [11] u no dnyopecucHunn. B pacuetax maHHwX cayopumer-
PHUCCKIMX M3MEPEHHH HCMNOABL3OBANACH CHCTCMA CJEAYIOLIMX YpPaBHE-
HHN, COCTaBAECHHBX Ha OCHopanuy Tabn. 1

a(cs a3’

) F139C,  +31,4Cyy @

a(a

¢540 = 3,0 Ca (C!) + 3,3 Ca (ﬂ) + 4|3 Ca (3) »

rne C, ()’ C, ) C, (3) — COACPXaHme xnopobwina ,a”, npuxons-

meecs HA MO0 CHHE-3CACHBX, AA3TOMOBRX H 3eJIEHHX BOAOPOCICH
COOTBETCTBEHHO, P 00, Pgi5 Pgyg — HHTCHCHBHOCTD thayopecuen-

uuu npu Bo3byxaienmn csetom ¢ A, . 400, 515 u 540 um. Tlocne
pemeHus OTHOCHTENbHO C, yPABHCHMS NpPUOOPETAIOT BMA:

C

a(c—3)

Ca W = 0,121 @40 + 0,217 @55 — 0,210 Py, . (&)

= 0,069 @0 — 0,183 g5 + 0,541 Dy,

N\
Cos = 0:044 @40 — 0,039 @, + 0,016 Dy

AManu3 noKasasi HaNHuMe TECHOM CBI3M MEXAY Ppe3yabTaTaMu
criekTpo)OTOMETPHUECKHK M (DyOpOMETPHUECKMX HIMEPEHHH, KOIP-
(HUUMEHTH perpeccud 3TOM CBS3M OKa3aiuch OMM3KHMH K €AHHMIE.
IlpuyeM B ciyuae NOAMXPOMATHUECKOTO BAPHAHTAa METOAA NPOC/IEXH-
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Baerca Gonece PHICOKaf CTENEHb KOPPENSUMH MO CPABHCHHIO C MOHO-
XPOMATHYCCKUM, OCOOEHHO €C/TH TOCAEAHWI OCHOBAH Ha BO30yxaeHun
¢uiyopecueHunn cuuuM csetom. [Ipy HCMOABL3OBARMH 3E/IEHONO CBETA
B XavecTse BO30yxaawowmero Ko3dhuUHCHTH KOPPEASLHH JOCTOBEPHO
HE OTJMUMMH OT NMOAYUEHHHX NS AAHHHX MOJAMXPOMATHYCCKOTO Ba-
puanrta {(taba. 2). Irto, a Takxe HeGObLIIHE TAKCOHOMHUYECKHE pa3-
JMUYMS YAENBHHX BHXOA0B dnyopecueHumud, so3adyxnaeMoi 3eneHHM
CBCTOM, YKa3wBaET Ha €r0 NPCAMOYTHTEABHOCT B C/IyuYae MOHOXpO-
MATHYECKOr0 BAPHAHTA METOAA.

Tabnuya 2
Koadduunent nuneitnos perpeccun (b) W xoppensunun (r) npu anannse

ofwero cogsepwanus xopodHANE € HCNONLIOBAHMCM PA3HLIX BAPHAHTOB
duryopeciieuTHoro (x) W cranaaprioro cncxrpooOToMeTpHueckoro (y) MeToaos

Mervon
. Hue- NONUXPOMATHYECKHIt MOHOXPOMATHUCCHA
AHANMM3UPYEMBIR MABTEPHAN no npu & = 400, 515, 540 npn 4 = 400 wwm
npo§ HM 540 v
» b n T400 Ts40
Cmech kynsTyp sopopocnen 12 1,01 £ 0,08 0,97 0,64 0,93
duronnauxkton KpacHosp-
CKOTO BOAOXPAHMAHULA
asryct 1982 r. 106 0,98 x 0,004 0,99 0,98 0,99 .
asryct 1983 r. 73 1,44 + 0,41 0.64 0,55 0,67
asryct 1984 r. 113 0,75 0,87 0,56 . 0,87,
duronnankTon Kucncxoro
BOOXPAHHIHIIA
asrycTiy 1985 r. 32 1,16 £ 0,18 0,76 0,44 0,69
Ourornanktox Poibuuckoro
BOAOXPAHWIMILG
aarycr 1986 r. 34 0.98 = 0,08 0,90 0,57 0,89
Mai, nions 1987 r. 52 1,14 + 0,05 0.78 0,66 0,78

Mpumeuauue. Jannnie cnextpobotomerpiueckoro meroga [10, 11] mans Kues-
ckoro pofoxpannaMa noaydesnt JI. A. Cupenxo, ana Puifvm-
ckoro — HU. JI. NMuiprvon v H. M. Muueesoit.

Briarogaps BO3MOXHOCTH KONHMYCCTBEHHONO AHANAM3a COOAEpXKaHHA
xopoduana ,,a" B OTACAbHHX TPYNNax BOAOPOC/]EH MOJHXpOMaTHUE-
ckas moauduKauus Meroaa NO3BOASCT MONOHTH K OLEHKE TaKCOHO-
MHUCCKOt cTPYKTYpnl ¢urornanktona [1, 4]. CrneunanbHo nposeneH-
HBIC JKCNEPUMEHTH [4] CO CMEUIAHHKWMH KYALTYPAMH TOATBEPXAAIOT
Ha/NyHe TCCHOW KOppessiluu MCXAY conepXxaHuem xuopodpumina ,a”,
H3MCPEHHHM (IYOPOMETPHUCCKH A OTAEABHHX TIPYNM BOROPOCACH
H O0XHOAEMHM NPH COCTABJACHUM CMECH NO KOHUEHTPAUWSM MUrMeHTa
B CycmeH3usix oTAenbHuX BHAoB. KoadduuncHt nuHeilHOH perpeccun
ato cesau (b) mna Chlorella vulgaris pasen 0,9 + 0,21 npn xkcad-

105



¢dunmenre xoppensuun r = 0,78, nna Nitzschia palea b = 0,9+ 0,10
npu r = 0,96, nna Anabaena variabilis b= 1,1+ 0,11 npn r = 0,98.

Hns npupoaHoro (MTOMIAHKTOHA HeT NpsAMEX cnocobos andupe-
PEHLMPOBAHHOIO ONpEAEACHHA xnopodwuia ,a” y BOROpPOCAEH OT-
OEJILHEIX TAKCOHOMMMECKMX rpynn. B 310M ciyuae ofbeKTMBHOCTD
MeTona MOXeT OHTb OLCHEHA COMOCFABJICHHEM KOHUEHTPAaUMA nMr-
MEHTA, PaCCHMTAHHMX A8 BOAOPOC/CH Pa3MMHHX OTAENOR, ¢ MX Ou-
omaccoil. B noneBHX SKCNEPUMMCEHTaX TAKOINO POAA NOJydYeHH HOCTa-
TOYHO BHCOKHE YPOBHH KOPPEASHHMH MCXAY COAEPXAaHMEM Xiopodui-
na, muddbepeHLMpPOBaHHEM 1O OTAEAAM BOXOPOC/IE, U ux Guomaccol
OpyM AOMHHHMDOBAHMH HeSONbLMOr0 YMC/Ia BMAOB M3 AMATOMOBHX WIN
cune-aeneHnx  (tabn. 3). [ocroeepsass  XOppeasuuoHHas CBS3b
(P =0,95) 3aperdicTpupoBaHRa M 8 COMYTCTBYIOMHMX IPymm BOAOPOC-
JNel, ecnn ux aong B obmeit Gmomacce omyTtHma. [IpH MCNONbL3OBAHMH
B JKcnepuMeHnTtax Toit xe cepuu (1982, 1983, 1986 rr., taba. 3)
waopodmwnos ,b”, ,c”, H3MEPEHHHX CNEKTPOGOTOMETPHYECKH, B Ka-
YECTBE MAPKEPOB 3eJEHBIX W JHATOMOBHX BOIOPOC/]CH COOTBETCTBEHHO

Tabauya 3

OueHxa xoppessusH Mexay xiopodunaom ,a”, NPHXOASUIHMCA HA A0JIIO
BOAOPOCAEH ONpeeneHHOro OTAena, M X HanH4HOR Guomaccon

Cpennas Guomac-
. €a sonopocaen, Koadduument xoppensumm
nona or ofwen
M%g gev Hneno CHHE AHATO .00 ana ang
n - -
pa npos pos aenexne | mMoswie CHHe- nmaro- | ofwero
senexbix | momnx | duron-
JIAHKTO-
HA
KpacHospckoe Bo-
AOXPaHHAHLLE ’
asrycr 1982 r. 106 0,97 0,03 0,76 0,14 0,76
asrycr 1983 r. 9] 0,76 0,23 0,61 0,32 0,64
asrycr 1984 r. 120 0,88 0,11 0,80 0,27 0,81

Kueackoe, Kanes-
CKOE BOAOXPBHUAH-

ma

asrycr 1985 r. 28 0,54 0,37 0,61 0,59 0,69
CasHo-1llywenckoe
BOAOXPEHHANLLE

wons 1986 r. 74 0,02 0,85 0,00 0,56 0,59
Puifunckoe Bopo-
xpanuanie

aprycr 1986 r. 26 0,83 0,12 0,95 0,58 0,94

MNpumcuanue. dannse no Guomacce duronnankToHa Kuesckoro u Kanesckoro
sofoxpaHiny nosyvenst A. A. Cupesxo. Poifuscxoro —
JI. T. KopHesoil.
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HOCTOBEPHAA KOPPENSLMS MEXIY KOJMYECTBOM NHMrMeHTa M OHoMac-
COH CcOAEepXAlUMX €ro KIeTOK He MNOAYMCHA,

OCHOBHOW HCTOMHMK NMOrpcliHOCTEH (PAYOPECLEHTHOTO MeToaa CBS-
3aH C ONPENC/ICHUEM YACABHOrO Buxoaa ¢ayopecueHunu K o IMpu

NOJIMXPOMATHYCCKOM BapHMaHTE HeoOXOAMMHE IS CHUCTEMBl JIMHEHHBIX
ypaBHeHu# (3) 3HauyeHus 3Toro K0dXpPHUMEHTa ONpeRenfioTca MHa
A/ILIOJIOMTHYCCKH YHCTHIX KYJbTYPax BOAOPOC/CH DAIMYHBIX OTAEJOB.
OueBNAHO, YTO TOYHOCTb M3MEPCHHMA KOHUEHTpauui xnopodwura ,a"
B BomocMme, AndxbcpeHUMPOBAHMHHWIX MO OTaenaM BoaopocacH, Oymer
TeM MeHbme, yeM 6oabuwie BUAOB HMCNOIB3YETCS NPH ONPEACTICHUH BE=
quunHe K W uem 6auxe ux Habop K BMOOBOMY COCTaBy (PHUTOILIAH-
KTOHa. B oTaenbHeXx c1yuyasx yaeabHbie BRIXOAHW (hyODECLLEHIHH
yAaeTcs OTKOPPEKTHPOBATH MO NPUPOAHHM mpobaM B MEpHOA Macco-
BOTO Pa3BHTHA BOAOPOCJICH OMpeacjIeHHOH TAKCOHOMHMUYECKOH TpYNIIH,
HANPUMEP NPH BECCHHCM LBETEHHH BOAbl AMATOMOBBIMHU MWJH JICTHEM
— CcHHe-3eneHnMH. BosmoxHa Taxxke koppekuusa ko3hbuuueHTOB
ansa ypasHeuuit (3) Ha npobax (PHTOMNAHKTOHA C H3BECTHWIM COOT-
HOLICHHEM OTAE/IbHEIX Tpynn sojopociei [2}.

Onpenenenne xaopodunios ,a” M ,b” U MX AepHMBaTOB B 3KC-
Tpaxre. [lo ananoruu co cnekTpodoToMeTpUueckuM MeronoM [S] mc-
noas30BaHKe GAYOpeCUEHTHONO aHaau3a aas audgepcHUHAIBHOR
OUEHKH coaepxXaHus xnopodwuios ,a” u ,b” B obmeM 3kcTpakte
OCHOBAHO Ha Pa3/IMUMH CNEKTPoB BO30yxacHHS (AyopecueHUHN 3THX
nurMenToB [9], a ux aepusatoB — Ha 3ddexTe CMEIIMBAHMI MaK-
cuMyMa (DAYOPECUCHUMHE C OOHOBPEMEHHWIM 0C/a0/IeHHEM MHTEHCHB-
HOCTH CBEYCHHS TOCAE NOAKMCJICHHA.

[TpakTHuecKkoe onpeacsieHUMe CBOAMTCA K CACHAYIOWEMY. ODKCOCPH-
MEHTaJbHHM NyTeM noaGHpalTcs CBETODHALTPH, CHEKTPANbHBIE
CBOWCTBA KOTOPHX OOCCICUKMBAIOT MPCHMYILECTBEHHOE BO30YyXAEHHE
xsnopodunos ,a” u ,b” M NO3BOAFIOT MOAYUHTh BRICOKME 3HAUYCHMA
yoeabHOro Bhixoga ayopecueHUMH © KHcaoTHoro dakTopa (oT-
HOWCHME (AYOPCCUEHUMH HEHTPAaNBHHX M MNOAKMCIAEHHRIX  3JKC-
tpaktoB). a8 3TOr0 MOryT HMCHOAbL30BATECH CTCKISHHHE (DUNBT-
pu: X3C-12 + CC-15, 1 = 440 + 10 HM W XC-11+

MaKcC
+ ®C-6, 1, =470 = 10 uM. Perucrpauus dyopecuesumu npo-
H3soauTca B ofnacth 4 > 650 um co ceerodpuwanrpamu KC-18 + IIC-8.
Ceasp KoHucHTpauui xiopobwiios ,a" u ,b" ¢ puxogom day-
OpeclicHUMH npu ee Bo30yXKIEHHH CBETOM ABYX YKa3aHHHX YUYACTKOB
CMEKTPA BHIPAXAETCH CUCTEMOH JMHEHHHWX YPaBHECHMIA:
C, = A D, (440), C, = A, @, (470), )

a

rne C,, C, — xoHuentpauus xiopodpwuios ,a" u ,b”, 4;, 4; —
BEJHYHHE, o0paTHhe BHXoay dyopecueHyuu xiopodunna na” npu
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po30yxnenaun csetom ¢ A, . 440 u 470 HM coOoTBETCTBEHHO,
Ay, A, — TO xe ana xyuopopwina ,.b", @, (440’ @, (470) = dny-
opecueHuus xjaopopwina ,a" npn Bo3byxacHun cserom c 4, 440
u 470 HM COOTBETCTEECHHO, ‘Db(440)' D, (470) — TO XC IS x10po-
¢mna ,,b”.

YnensHuiit BHXOR d)nyopecucﬂu,uu (K ;) nonyualor asns vcnonb-

3yemoil B paGore amnapaTypn HAa XpoMaTOrpadHM4ecK¥ uUMCTHIX Tpe-
napatax xjaopodbwuios ,a” # ,b" B 90 9%-HoM auetoHe npu BO3-
6yxmeHun M3nyveHHeM ¢ MakcuMymoM B obnactu 440 u 470 um. B
CAyuae HEONHOKDATHWIX W3MepeHMH BeaMuMHy K ; HAaxoAaT ¢ no-

Mowplo Metona perpeccuu. OAHOBPEMEHHO OLEHHBAIOT KHCJAOTHHMA
c¢axTop. B xauecTne npUMEpa HMXE NPHBENEHW PE3yAbTAaTH onpenae-.
JICHHA CPEAHMX 3JHAMEHHI 3THX XaPaKTEPHUCTHK /IS KOHKPETHOIo
¢nyopumMerpa:

A,,.. 803bymaaowero K, Kncnothnit
cBeTa, HM daxTop
] 440 2,660 2,98
Xnopodunn .8 470 0,660 2,58
Xnopoduan ,b" 440 0,742 1,88
470 0,890 0,83

Ha ocHOBaHMM 3TMX BEJMUMH COCTaBJAETCH CHCTEMA NMHEMHBIX
ypaBueHuH, pemeHue KOTOPHX NMOSBOASET ONPEACAHTh KOHUEHTPAUMHIO
xaopodwiios ,,a”, ,b” u mx q)eonpouaaounux B CMEIUAHHOM ale-
TOHOBOM 3KCTpaKTe:

C, Co (a) C, Co (t)
@(440) = 356 *+ 266.298 * 0,74 * 074- 1,88 °

C, Cs @) Cy Co )
@M70) = 5356 * 366.258 * 089 T 089. 258"

@ Cy Cy (8)

C, " ¢
@ (440, HCl) =566 2,08 *2,66. 2,98 * 0,74 1,88 * 0,74 . 1,88°

Co @) Cy Co

C
_ a
@ (470, HC) =566~ 2,58 * 0,66 2,58 10,89 0,83 * 0,89 . 0,83

MonGopoM cnexTpanLHON YBCTBHTENBHOCTH d).nyopume'rpa MOXHO
HCIUTIOUATL BJAHSHHE duryopecueHuns xiopodwina ,c” (MakcumyMm
ucnyckanus 625—630 um) » npobax, comepXammx AHATOMOBHE BO-
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popocau. B npakTtHke paboT ¢ Takoro poaa annapatypod JOCTHranach
HHTEHCHUBHOCTL CBEYCHHS IJKBUMOAAPHOTO pactsopa xnaopoduwmuna ,c”
p obnactu MakcumyMa dayopecucHuvh xaopoduina ,a”, COCTaBiafB-
was He Gonce 10 % dayopecucHumu ocHoBHOrO murmexTta {9].

" Anpobauns dayopecueHTHOro onpeaciacHus xjaopoduana ,a”,
MPOBEACHHAA CPABHCHWCM PE3YALTATOB C MOMYWYEHHBMM CRexTpodo-
tomeTpuueckn [10] Ha npobax n3 PwmbuHckoro BonOXpPAHHMAHIA
(1986—1987 rr.), nokazana HanM4yue CTAaTHCTHUCCKM AOCTOBEPHOM
CBA3IM MEXAY TCMH W APYTMMM JAHHBIMHU: KOXPHHUHCHT AHHEHHOMH
perpeccuu coctasnn 0,92 npu xoadduuucure koppenaunn 0,97,

Taxum 06pa3oM, pacCMOTPCHHHE BapHAHTH (PJ1yOpPCCUCHTHOIO Me-
TONa AAlOT AOCTATOUHO HAACXKHYH MHGopMmauuio o0 yposHe coacpxa-
HHSl XJ0pobHANA B MPHPONHBIX BOAAX C OUCHKOW ero deompousson-
HhX, 3@ TAKXE A0AM Yy BOAOPOCACH NOMMHHPYIOUIMX TAKCOHOMMMECKHMX
rPpYN M BMECTE C TEM OOECMCUMBAIOT ONEPATHBHOC €€ MOMYuUCHME.
IMpu maccosbix onpeneNeHHAX MUIMCHTOB (PUTOMIAHKTOHA 3TOT METOR
TIPERCTABAACTCA HEIAMCHHMBIM,
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574.5.08:581.132.1 + 528.88

A. A. TvrenbcoH

Tudpoxumuveckud uncmumym

JNCTAHUHMOHHOE U3MEPEHUE KOHUEHTPALUMUNA
XJIOPO®HUJUIA A" IO CNNIEKTPAM AHUHO®®Y3HOI0Q
PACCEAHHOI'O BOAON M3JYYEHUSA

Onucoinaerca onpeaeneHne X0poduIa 8 BONOEMAX METOAOM NACCHBHOND AMCTAH-
LWOHHOM 30HAHPOBAHMA MO CNEXTPAM BOCXOARWENO-OT BOAB AM(PYIHOrO paccesHHoro
HATYuCHHUS.

CymecTreHHas BpEMEHHasA W NPOCTPAHCTBEHHAHd H3MEHUYHMBOCTD
FMAPOJOrHYECKMX M FMAPOXMMHMUYECKHX NoKa3ateaef Tpebyer cospamms
METOAOB M3MCDPCHMIi, AJEKBAaTHO OTPaXaWWHMX NPOLECCH, NPOMCXOAN-
mHME B BOJHWX OOBEKTaX. AJPOKOCMMUCCKHC METOON, HE HMEIOLLHE
ANILTEPHATHUB BPCMCHHOIO M TNPOCTPAHCTBCHHOMO Pa3pCLUCHHA, NO3BO-
JIFOT ONCPaTHBHO OUEHWBATb KAUCCTBO NMPUPOAHWX BOJ OAHOBPEMEH-
HO Ha foabwux aksatopusax. OnHum B3 Hanbosnee NEPCHEKTHBHHIX H
NPOCTHX METOAOB AUCTAHLMOHHOIO ONpPEAENCHMA KOHUEHTPAUMi on-
THYECKH AKTHBHHX WHIPEAHEHTOB — xiopoduana ,,a", MUHEPAJIBHKX
B3BEMICHHRMX M DACTBOPCHHBX OpPraHM4YeCKHMX BEIIECTB — SIBJIAETCH
METOH DPErMCTpalli M AemMPPHPOBAHUSE CHNEKTPOB BOCXOASILENO OT
pons AudDY3HOrO PAacCeTHHOTO HATYUCHHS.

B ocHOBY METON3 NONOXEHa 3aBHCHMOCTb MEXAY SPKOCTEIO BOC-
XOOSIIEr0 OT BOAW COJHEMHOIO HIJIyUCHHS H KOHLEHTDAUWSMH Of-
THYECKHM aKTHBHLIX MHrpeAveHToB. KoagdHUHMEHT crnexTpasbHOH gp-
xoctu (KCS) p (1) onpenensiercs 3HaueHHsMM sipkoctH cBeta (B (1))
H ofayuenHocToio (E | (1)) HEnocpeaCTBEHHO NOA NOBEPXHOCTHIO
poam [6, 10]:

p(A) = BA)/EL (A). 40
C npyroit cTopoHH, p (i) 3aBMCHT OT NEPBHYHHX TMIAPOONTHYE-

CKMX XapaKTEPHCTHK BOAb: MOKa3arteaed norouicHHs X (1), pacces-
Hug non yriom 180° — o; (180°) u paccesnua Hasan f§ (1):

© A. A. Dutenscon
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o, (180°)
PO = Tl T a@T @

[Mokasatenn paccesHHs onpeacasiorcd B OCHOBHOM PaCCEAHUEM
CBETa HA YacTHUAX ¢ MANWMH pasmepamu (MeHbwe 1 MxM), otHo-
CSIUXCH TNPEMMYIUECTBEHHO K MHHEPAILHOH B3RECH, a NOKalaTeahb
nornomenns () — nornouwenuem csera Goace KPyMHHMHU ,MATKHA-
MH" YaCTHIAMA, B YACTHOCTH (PHTOILTAHKTOHOM,

Takas onocpenosavHas CcB43b napaMeTpa p (A) ¢  KOHUEHT-
palHSIMHM 3THX MHIPEJHEHTOB NE1AET BO3MOXHHM HMX OUCTAHLHOHHOE
H3MEpPEHHE,

Tunuuubie cnexTpul xodddu-
UHMEHTOB CNEKTPANLHON SPKOCTH p
NPUPOAHLIX BOA NPH PAIIHUHBIX
sHa4YEHHEX Cua.

1 — 98 mp/M’, 2 — 82 MI'/JUI!.
J — 23 ur/m, 4 — 5.3 mr/MC.

TunuuHue CNeKTpaibHhe 3aBHCHMMOCTH p () NMpHBEAEHH Ha DH-
cynke. Hanbonpmue ero amayewns HaGmopaiorca B obnacra BuwIH
540—580 wm. OuH cBa3aHW r1aBHHM 00pasoM C paccedHHUEM CBETa
Ha MMHEDAIbHHEX B3BEMICHHLX uacTHUAx. [Ipu GosbmIMX KORLEHTpa-
ousx xaopoduana ¢puronnaukrona (C,, > 30 mr/M%) B ofnacri BoH
630—635 am nabmopmaerca MMHHMYM, a Ha BosHax 650—655 AM —
makcumyM. Tlpn Bcex KoHueRmTpaumsx xiaopodwina p (o) MuEEMa-
aen ua pose 675 M. Ilonoxennme Makcumyma (A,,..) M3MeHseTCH

or 685 um npun Manmx 3uavennax C,, no 700 HM u panee npu
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Cyn >30 mr/m3 [1, 4, 5]. YkasanHuC noKatbHbC JKCTPCMYMH CBSI-
3aHH €O CRACKTPAJbHBIM  XOAOM TNOrJOWCHHR CBCTA NHIMEHTAMH
¢uronnaukTona u somonn [1, 4]. TIlpn H3MCHCHHK Cyp OT 1 no
100 mr/m® otHowenue A (1),axc/P (560) Bo3pactact Gonce ucM Ha
nopsaok. IIpu ITOM OKa3WBACTCH, YTO CBS3b BCJAMYHMH C,nil
Becbma  tecHas  [4]. Hanmpumep, ans o3.  Banaton A

Maxc
MaEKC =
650 ng,mq npu xo3bpduuucure xoppeasiumu Goaee 0,93. Ilo Be-

JIHYHHE AMBKC BOIMOXHH AHUCTAHUHOHHKWC OUEHKH Cx.ll ¢ owrHGKoM Me-

nee 6 mr/m>,

YCTaHOB/JICHHBIE HAMH KHACKCH uBera (OTHOWEHHS Koadduumnes-
TOB CNEKTPANIBHHX SPKOCTCH HA ABYX BOJHAX) € XOPOWMEH TOUHOCTBHIO
ONpenensOT KOHUeHTpauuio xiopopwuna ,a" duromnankrona (5, 71.
Tak, ypasHeHue BHAA

C,.. = alp(700)/p (675)1° 3)

xn

TECHO CBA3nBacT Beanuuny C, (mr/M%) ¢ auctanumonHo onpegensi-

emnM nokasateacM p (700)/ p (675) npu xoaddpuumcHTe KOppeaauuu
Goabwe 0,95 ¥ NO3BOAACT NPOBOAMTL OUEHKH KOHUEHTDAUMIA M-

MEHTa CO CTaHRapTHo# omubkoit meuce 2,5 mr/m3 13].

H3n0XeHHNE NPHHUMONW MOMOXCHW B OCHOBY METOAOB 3KCNpECC-
HOTO AMCTAHLMOHHONO ONPEACACHUS KOHLEHTpauuu xaopodpwira ,a”
c¢dutoriankToHa ¢ Gopra cyaHa, BEPTO/ETa WAM CaMOJCTa.

IOna AMCTAaHUMOHHEIX W3MEPEHHMM NPHUMCHSIOT ABA THNA CNEKTpO-
merpos [2, 3]. B ogHOoM M3 HMX H3MEPHIOT CNEKTPH SAPKOCTH BOC-
XOAAMIEr0 OT BOAMW M3JYueHMs # OO/MYyUEHHOCTH CBCpXy NpH noche-
noBaTesbHON nepectposike MoHoxpomaropa ot 440 po 750 um. Jau-
HHE U3MEPEHUI MO UYACTOTHHM MCTKAM OLN(PPOBHWBAIOT M PErHCTPH-
PYIOT B aBTOMaTH4eCcKOM npubope perucTpauMH AAHHWX THNA
ATIPI-3. B peanbiom macmrabe spemenu B npubope ATIPI-3 on-
penensiOT IUTMHY BONHB, HAa KOTOpoW HalnioaawT Mmakcumym KCHl,

M no ee 3HaueHwo (4,, ) NPOBOAAT OLEHKY BEAHYHHH C,,

(mMr/mM%), wucnonbays cooTHouwcHie BMAa

xn MAaKC*

Ecnn onpenensercst otHomenne p (1)/p (1), TO KOHUEHTpauuio

xaopodwina BuuHcaswot no dopmyae (3). Ilpn pyTHHHRX H3Mepe-
HHSX HCNONB3YIOT ABYXKAHAILHHIA NOPTaTHBHHM cnektpomerp. Ms-
JIyyeHHe BOAHW uepe3 YCTPOICTBO, ONPEAc/ISIONICE €0 BXOAHYK anep-
Typy, W uepc3 MHTepPEPCHUHOHHWC (HIBTPH, ,BbHpe3atouiHe” cur-
Han Ha MH(OPMATHBHHX JUIMHAX BOJH, MOA3ETCH Ha QoTonph-
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€MHHKH — KpeMHHcBHe pin-doroasonn. C Buixomos ¢horonpueMmuu-
KOB CHTHAJIM NOCTYNAIOT Ha YCWINTENHM, 4 C HHX — Ha AEJIATEND.
Ha suxone neantens GopMHpYercs CHrHaj, NPONOPLUHOHANLHMBI OT-
Howenwuio p (1)/p ().,.). OH perncrpupyercs Ha JEHTE CaMomucua mu

uHpPOBOM BOABTMETPE.

Ias oueHkd TOYHOCTH METOA3 MHOTOKPAaTHO OBUIM npoBEAcHH
CPaBHCHMA PE3y/IbTaTOB JAMCTAHUMOHHHX H KOHTAKTHHX H3Mepe-
Huii [8, 9] B npoGax poam, orofpauHbnix cHHXponHO ¢ Gopra Bepro-
nera. Owubka OUEHKM KOHUEHTPAUMH [HIMEHTa B JHANa3oHE

3—100 mr/m? ne npesnwana 3 mr/m2, a B auanasone no 400 mr/m3
6una ue Gonee 13 mr/v® [3).
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YAK 574.5.08:581.132.1 + 528.88

A. B. IMoanusxos

Hncmumym o3eposedenus PAH

ONPEAEJIEHUE KOHUEHTPAIIMHN XJIOPO®HUJIJIA
OUTOILTAHKTOHA ITO AAHHBIM JUCTAHHMOHHOIO
JIABEPHOT'O 30HAHPOBAHHUA

O6cyKAAIOTCE NPHUHUMA METOAA BKTHBHOND ONMTMYECKONO 30HAMPOBAHMA M BOIMON-
HOCTH €10 HCMOMBLIOBAHME ANA AHCTEHLMOHHOMO onpeaenenus xnopodina 8 BOROEMAX
pa3uoro tuna. IIpuBEAEHB BIMOPHTMBI PACHETA KOHUEHTPauui xnopoduana.

CymHOCTb METofa ONTHYECKOro akTHBHOro 3oHamposanus (MO-
A3) cBogMTCH X PErHCTPaLlHH M AMIUTHTYAHO-CHEKTPAJIbHOMY aHAIN3Y
CMIHAJIa OTK/IHKA BOAHON CPeAW B OTBET HA OQJIyUEHHME MOHOXpPOMA-
THUECKHM JIa3ePHLIM MYMKOM, HCTOUYHMK KOTOPOINO HAXOAMTCA Haj BO-
IOEMOM,

Bonnas cpena, ecau ona comepxHT (ayopodopu, OTKIHKAETCA Ha
JA3EPHOE HINIYUCHMUE OMNPEAEJACHHOINO AHANA30HA AMMH BOJH IMHCCHENH
BRIHYXAECHHOTO (IyOpecUeHTHOTO cBeveHus. B cBoio ouepens mpoxo-
AfsmMe uepe3 Hee (POTOHW KOTEPEHTHOIO JIa3€PHONO HIIYYCHHMA HMC-
NETHBAIOT NOrIOMEHME M PACCEMBAHME, KOTOpOe O0YC/IOBAEHO ympy-
TMM M HEYNPYTMM PaccedHMEM HAa MOJIEKYJIaX BOAHB H PACTBOPEHHHIX
B Hell BemecTs (COOTBETCTBEHHO, peiceBCKoe M KOMOMHALHOHHOE pac-
cﬁn;me). a TaKXe€ YNpPYrHM paccesHMEM Ha rHApo3osie (paccesHHE

H).

Ilokasano [3], uTo ypaBHEHHE /a3EPHOIO 30HAMPOBAHHMY MMeeET

BHJ

L exp (4 (B +Bp)
(1 —R,)?

x [(ky +kg) /41, )

ng=(PpHYPY (4 m\@rr M Tred

TAEC n; — KOHIICHTPauus duryopodopa (mr/ Ma), Pp — muKoBoOE 3Ha-

yenue momHOCTH (BT) permcrpupyemoro chrHana ¢ayopecueHTHOH
SMHCCHH HA JUIMHE BOJHMW F, coorBerctByomeli maxchmymy duryo-

© A. B. NoapHaxos
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pecueHuMHu, P, — MMKOBOC 3HaueHue BHXOAHOH# mowmuocTH (BT) MO-
HOXPOMATHUYECKOIN0 JIa3€PHON0 HANYUCHHA € ANMHON Bonww L, H —
BHICOTA PaCMONAOXCHMSA Ja3epa Had BOXHOW NOBEpPXHocTbO (M), T —
3¢pdexkTUBRAS MIoWAAb TEAECKONA  AWAAPHONO  KOMILIEKCa (Mz),
A — OTHOWEHHE WHPHHN NOAOCH (AYOPECLEHTHOH IMHUCCHUM K 3P-
¢dexTuBHOM WHMpHHE noaocw GwabTpa, 7, — 3PDEKTHBHOCTL H3Ay-
uatens, T. €. Jnascpa, 7,,, — OIPDEKTHBHOCTL NMPUEMHOR CHCTEMH

aupapa, R, — KoapdHUMCHT 3CPKANBHOrO OTPaXEHMS B BHAMMOH

obnacTH cnekTpa Ha NOBEPXHOCTH pa3fena BONAa—BO3RYX NpH HOP-
MaJIbHOM TNAaJEHMH NA3EPHOro ayua, 4, — Koadduuxent npenomne-

HMS BoaW B BuauMoi obnactu cnexTpa, f;, fp — xoadppuuneHTH
ocnabseHun COOTBETCTBEHHO Na3¢PHOrO M (IYOPECUEHTHOIO HTyde-
HHA B atMmocdepe Ha OAHMHAX BOJH L M F HM (M_l), ki, kp —
addekTuBHbNCE KoaddUUMEHTH 0cTalNeHNs B BOJE MAMYy4eHwil ¢ JuIi-
HAMU BOJIH COOTBETCTBEHHO L u F HM (M_l), oy — apdexTunHOE

ceuenne duyopecueHunn dpayopodopa (M2/mr).

Ilpn BmBOme ypaBHeHus (l) menaercs ueawifi psx ynpomarOmMX
NPEANOAOXEHHIA.

|. ®onoBme 3aceTkd, 00YCJOBICHHHWE OTPAaXXEHHMEM OT IOBEPX-
HOCTH BOAK PacCCAHHOM M NPAMOK COJHEYHOH pagHauuM, yXE BhI-
YTEHN M3 MOJIC3HONO CHrHana.

2. O6vem BOOW, B KOTOpOM BO30yxaaerca dayopecueHuus (WIH
KOMOUHAIMOHHOE paccedHHe), MONAHOCTHIO MOMNAJAET B MOJE 3PEHHS
NMPUEMHOIO TEJICCKONa JMAapa.

3. @®ayopecucHTHHA curHan Pp SBAsSeTcs CyMMOW npHpaiieHui

amuccuu dayopodopa, pacrnpeacIeHHOro Mo BEPTUKANH HeOorpaHuJeH-
Horo no raybuHe BogocMa. 3TO 03HAYaeT, 4TO ry6MHa 30HOMPYEMOro
JIMAAPOM CJ10S1 JO/KHA OMTL He MeHee 4eM Ha MOpPAAOK BHIE MAK-
CHMMAJIbHOM M3 XapPaKTCPUCTHYECKMX ONTHYECKHX [UIMH ocaalicHusd,

onpeaenseMuX BEIHYHHOM k,,Tl WIH k[’.
4. U3 0. 3 ¢ HeoOXoauMOCTBIO Creayer, uTO B TOMKE 30HAMpO-
BaHHS BCJHMMHH 1, (MI‘/MJ), ki, kp u Oy HE H3MEHAIOTCA MO IIy-

6une. Ha nepswil Barnsa, 3T0 OrpaHMucHUE TPEACTaBjseTcd AOCTa-
TOYHO CEPbE3HRIM, OAHAKO, MO NAHHBIM MNOAEBHX uccaexosanumit [5],
k03 duuHeHT ocnabaeHns KOUTMMUPOBAHHEX Jyvell a ocraeTcd NpH-

MEPHO MHBADMAHTHHM MO Kpaiimed Mepe a0 ryOHHB 2a~!. Ecm
NpHHATH, YTO HPPEKTUBHHE ONTHUECKHE IUIMHH ocnabieHus Hamyue-
HMg Ons BONIK F M L — BeJMYMHN OJHOTO MOPAAKA M ONpenesqdorcd

COOTBETCTBEHHO uepes k;-" ] k;l, TO CTAHOBHTCH OUYEBMOHRM, YTO
(I — 1/e?) wm 86,5 % ¢yopecueHTHOTO CHTHajIa, BOCIiPUHAMA-
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€MOT0 JNUJApHBIM TEJNeCKONOM, TIPHXOAMT C nepsoi, a 98,2 % —
¢ nepBux ABYX 3GPEXTHBHHX ONTHYECKHUX IJIHH ocnaﬁncnmi.
. e. (1 — 1/eh.

5. LinTenbHOCTh BHCBEUHBAHUSA (D/1yOpPECHCHUHM T IHAUMTENILHO

MEHbIIE [UTMTE/LHOCTH JIA3EPHOTO MMNYJbCA T ;<< 1,
6. ArmocdepHne ycnoBus CuMTAIOTCS OnaronpuaATHRMH, W NpH

BHICOTe nonera (M, M) aBHAHOCHTENS C JAMAAPOM B HECKOJbLKO Ae-
carkos MerpoB wier exp (H (8, + B )) B supumoit obnacth cnex-

Tpa OCTAETCS MHBAPMAHTHHM M NO BesIHUMHE ONH3KMM K eAHHHLE.
7. Ceuenue cnyopecueHuun ¢ayopodopa 0y CYMTAETCS HCHIMCH-

HHM NO 30HAMPYEMOl aKBATOPHH (MM ee YacTH), T. €. (PHTOLEHO3
B MPHUNOBEPXHOCTHOM CJIOE BOAOEMA ACAXKCH OnTh OAHOPOAHHM IO
€OCTaBy.

8. OddektnBune koapduunenTH ocnabnenns k; M kp ROMKHH
OCTaBATBCH HEM3MEHHHMHM B TMPHIOBEPXHOCTHOM CJIO€ 30HAUPYEMON
AKBATOPHH, M MX BEJHUMHN HE JOJIKHH 33BMCETb OT KOHLEHTPAUMM
cdnyopodopa.

Peanrnoe ucnomb3oBaHue ypaBHeHHS (l) B nmpakTHKe BOCCTaHOB-
NEHMS Mg W COMOCTARJIEHME PEIY/IBTATOB, MONYYECHHBIX DA3HHMH HC-
CENOBATENAMM, 3IATPYIHEHO, MOCKOAbKY Tpebyerca 3uath abcomor-
HHE BEJIMUUHH TPYAHOKOHTPOJIMPYCMBIX M M3MECHUHBHX MNapaMeTpoB
KaK CaMO¥ JIHAAPHOH CHCTEMH, TaK M YCJIOBHH NEPEHOCAa BHAMMOIO
u3nyuenns B atmocdepe M BoaHoit cpeme. CuTyaums ynpomaercs,
€CIM Hapaay C Pp PErMCTPHPOBAaTb CHTHAN KOMOMHALMOHHOTO pacce-
SHMS BOOW Pp.

Ha ocsope ypaBuenuit (1) MOXHO NOJYMHTb  COOTHOIICHMH, Of-
peaenmomue hyHKIHOHANBLHYIO 3aBHCHMOCTD PETMCTPHPYEMHEIX CHTHa-
n0B Pp M Pp OT napamMeTpoB JMAAPHOM CHUCTEMW M CBOMCTB Cpeq,

yepe3 KOTOPHE NPOMCXOOMT MEPEHOC NEKTPOMATHHUTHOIO H3AYUEHHD:

(PL/HY) (n,0,d/ kg +K), @

(PL/HY) (npopdy/kp + k), 3)

P

Pr

e n,, — KOMUEHTpauMs MOJEKY/] BOAW B CAMHHUE obbema, g, —
ceucHue Kombunaumonuoro pacceanus soan (KP),

d = (T"rr”rec/4 ”AR) {(l —R )2/l‘w exp [H (ﬁL 'Hgl)]} C))

(mmexc { 03Ha4yaer COOTBETCTBEHHO F wiM R; A R — OTHOmEHHE

mupnHH noiocl KP x 3¢dextupHOll mmpune NONOCK MponyCKaHHus
¢unsTpa, S — addexTuBumit koaddnunent ocnabnenus HuTyUeHnd
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KP B cnoe armochepn Mexay TeneckonoM JMAapa H BOAHONH moBepx-
HOCThIO).
Benmunna o, cnabo 3asucamas oT TEMneEpaTypH M COJIEHOCTH,

OOHAPYXMBAET CNEKTPANbHHH XOX, NPONOPUMOHANILHKIA JUTHHE BOJIHH
Jla3aepHOro hanyucHss B crencHr 4, B auanasoHe Temnepatyp
5—25 °C B npecuunix BOmAaX BCAMUMHY O, NOACOHO n,, MOXHO CuM-

TaTh MOCTOAHHOM.

B ycnosusx umucroit atmocdepw npu H = 100+ 200 M axcnonen-
uManbHbe wienn exp [H (8; +B)) MoryT ¢ BHICOKOW TOYHOCTHIO
CYMTATLC MOCTOSHHWMH M no Beanuune 6amsxumu x 1. Cremosa-
TENIbHO, MOXHO TOBOPUTh 00 HHDAPHAHTHOCTH M WIEHOB d; B HCJ/IGM.

Henenuem (3) Ha (2) MOXHO NOJYUHTB:

(PF/PR) = (nfdfaf/ﬂwaw d’.) (kL + kR/kL + kF) (5)
wmm (Pp/Pg) = nf6 (k; + kp/k; + kg), 6)
rie 4 = dfaf/d, n,o,= cons* ( B COOTBETCTBHM CO CKA3aHHKWM
BHILLEC).

Otciona BUAHO, WTO NMpH TNOCTOAHCTBE 6 M OTHoweHus (k, +
+kp/k; + kp) ypasnenue (6) MOXET GHTH NMOAOXKEHO B OCHOBY BOC-
CTAHOB/JIEHHA BEJUYHMHE N0 AMCTAHUHOHHO W3MEDPIEMBIM CUTHAIAM
Pr m Py B obecneycHHMM MOCTOSHCTBA BEJIMUMHH & HauGonbmylo
C/IOXHOCTb MPEACTaBAseT TpeGOBaHME O MOCTOSHHOM 3HaueHuH d:
HEOOXOAMMO, uToOm BHAOBOH COCTaB (MTOMAAHKTOHA MO Tpacce mMo-

JIETa OCTaBaACA B CYMIECTBEHHOH Mepe ogHOpoaHHM. [1oCTOAHCTBO OT-
Homenus (k, + +kp/k; + kp) B peanbHuX ycloBHSX MOXET GHTB C

TOH WIH, HHOM TOYHOCTBIO AOCTUTHYTO ofecneueHueM HEUIMEHHOIO
CNEKTPAILHOIO PacnpenesicHMs k; Ha NARHOM YYaCTKE aKBaTOPHHM.

TaxknM 00pa3aoM, B CAyyae BHMNOMAHEHMS 3THX TPeGOBAHMIL, MOXHO
3anucaTh:

ng = (Pp/PR) 87 (kp + kp/ky +kg) = S (Pp/Pp). 4!

Torna A8 DOCCTAHOBAEHNA ny N0 3HAYCHUSIM (Pp/Pg) Heobxonm-

MO onpegeauTh nepecdeTHbit koapduument S. Aror koahduumenr,
KaK CJIeAyeT M3 CKa3aHHOIO BHILE, NPAKTHUECKH HE AOJIXEH 3aBHCETh
OT 3/EKTPOHHO-ONTHYECKUX CBOACTB JIMAADHONO KOMILTEKCA, BHICOTHI
MOJIETa ABHAHOCHTENIS, ONTHUYECKMX CBONCTB aTMmocdepHOro cios, oT-
NEJIAIOMEro JIMAAp OT BOAOEMA, ONTHYECKHUX CBOMCTB MOBEPXHOCTH BO-
On ¥ 3oHAMpyemoit BomHOM cpenn. BaxHO Takxke, utro pas peanm-
3alMK Na3EPHOrO 30HAMpOPaHMA He Tpefyercd OCBEmEHME BopoeMa
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COJIHUEM, HOMHOC BPCMS Jaxe NMPEANOYTHTCABHO, T. €. MCTOA HE A0J-
XeH OWTb UYBCTBHUTCJACH K COCTOSHMIO M XapakTepy ofnaunoctu. B
3TOl CBA3M CTAHOBATCA OoucBMAHWMM npeumyumecrsa MOA3 nmo cpae-
HEHHIO C APYrMMM RHMCTAHUMOHHLIMM MCTONAMM OMNPCACAECHHA coacp-
xaHua xaopodwina GUTOMIAHKTOHA.

Uccaenoranns, oCyuICCTBACHHNE PAAOM HAYUHHX KOJUICKTHBOB Ha
pasHoo0pasHux BOAHHX OObekTax (OKCAHH, MOPCKMC 3a/iHBH, 03€pa,
poaoxpanmnnua) ¢ npumcuHcHiuem MOA3 |1, 2, 4], nokasann, urto
U8 ONPCAC/CHHWX MPEAC/AOB COAepXaHHA XxJopodunna npociexusa-
€TCs NMHENHas PCrPCCCHOHHAR CBR3b Mexay (Po/Pg) w C,,- Ha oc-
HOBAHMH ITONO COCTABASIOT ANTOPUTMB BOCCTaMOBACHUA C . no nau-
HHM JMAApHBIX 3oHAWpoBauun: C = = f(P,-/PR). Hexoropuwe anro-
PHUTMH, NOJYUYCHHbIE HaMM ONR PAAA 03CP H BOAOXPAHWIHWL CTPaH
CHTI', a TakXe 33aUMCTBOBAHHWC W3 AWTEPATYpPH, NPUBCACHH B Tab-
anue. paduucckoe npeacTamsicHHE 3THX 3aBHCHMMOCTCH NOKa3WBACT
YBEIMUCHHE YINI3a HAKJIOH3 NMHMIL PCTPECCHM OT UYUCTWX M MNPO3pay-
HbLIX OKEAHHMYECKHMX BOA K MOPCKHM, O3CPHbIM, PCUHWM M BOAOXpA-
HUIHOIHKIM,

Perpeccnonnne cOOTIoOmEHNA, caadmBaomue C w P /P,
ANS BOROCMOB PAINHYNOLO THNA

Bopoem Anroput™ Koadpnum- | UYucno HUcrou-
eHT xoppe- | wabmo- HHK
NSUHH ACHHA
Yelanukckuit 30- Cyy = 1,068 Ps/Pg 0.87 13 [4)

AHB, ATnanTHue-
CKM OxeaH

Bantuiickoe Mope Cyy = —0,38 + 2,114 Pe/Pr 0,69 18 Hauwm
i RainHbie
Jlapoxckoe 03ep0  Cyn = —0.48 + 4,015 Ps/Pr 0.67 42 ©  To xe
Ouexckoe 03epe  C., = —0,6 + 3,33 Ps/Pr 0,62 47 To xe
Puibunckoe mopo- C,, = —0,62 + 5,375 Ps/ P 0.85 - k¥ To xe
xpanmnmiue g 50 -
Ounexckoe 03epo - — 0,79 , . 0 e
03. Cevan ey S S LB ¥ Y 20 To e
Kyhbmwenckoe ™ _ ' "10'p/p 0,66 * 16 To xe
poroxpaguname 7 . o 0,87\ 12 2]
Pexkw HCHAK M .
Konymbua Cur =4 + 2,1 P/ Py

PeayabraTtl mcnoabs3osauns MOA3 pmis aucraHUHMOHHOro onpene-
JIGHUS XJI0poiIa BOCCTAHOBJEHMCM €0 KOHLIEHTPAUMH HAa OCHOBA-
HMM COOTBCTCTBYIOLIMX ANTOPHTMHYCCKHX BHPAXEHHH (CM. Tabauwy)
00HADPYXHBAIOT CHIBHYIO HAMEHYMBOCTH MoJell xaopodwLia No akea-
TOPHH BOOOEMa M BO BPEMCHH, MPHUEM MOCJECAHSA B 3aBMCHMOCTHM OT
CHHONTHYECKOH CHTYaLMM MOXET HMMETh Maciutabnl MCHBLIC CYTOK.
KOHTaKTHRMH HM3MEPEHHAMH TPYOHO BHSBHTH MOAOOHHE H3MEHEHMS
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B pacnpenesieHMn (MTOITAHKTOHA M COOTBETCTBEHHO [aTh aNEKBaT-
HYI0O OUEHKY YpOBHS €r0 MPOAYKTHBHOCTH.

Takum obpaizom, MOA3 nepcnekTHBEH NS XAPAKTEPMCTHKM TpPO-
¢bHUECKOro COCTOSHHUN BHYTPEHHMX BogoemoB. Heobxonnmo manbHel-
Ll€e COBEPILIEHCTROBAHHE 3ITOTO METOAA.
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Jl. E. Curapesa

Hucmumym 6Guoaozuu enympenHux aod
um. H. . Mananuna PAH

NMUMEHTHAS MOJEJNb OUTOIMNJAHKTOHA
H EE UCITOJIb3OBAHHUE

PaccMoTpena npocTas MOAENb, OMHCHIBAIOUIAR 3BBMCUMOCTL MEXAY HHACKCEAMHM
E4s0/ E4so ¥ Easo/ Esea npr pazuom nabope nurmenton. Obcyxaatorcs obnactv ee npu-
MEHEHNA,

B nocnegHee BpeMfi 4AacTO MCMNONbL3YHOT NUIMCHTH (DUTOILIAHKTOHA
B KayccTsBe MNOKa3aTenAci 3KOJOrMUECKOrO0 COCTOSHHS BOAOCMOB. JTO
0Ka3anoCh BO3MOXHBLIM 0/11aroaaps TCCHOM B3aWMOCBA3HM Mexay ¢GyH-
KLUHOHHPOBAHHEM PAa3IMUHBIX 3BCHbCB Tpoduueckoit uenu, Gopmupy-
JOIUMX KaueCTBO BOMAK, M CPaBHUTC/BHOI MPOCTOTE MCTOLOB Ompene-
Acunsa xiopobwrina. OmHAKO CYWECTBYIOT TPYAHOCTH, CBA3AHHHWE C
pacundpoBxoi HHDOPMALMK O COCTOAHHMH BOAOEMA MO NMUIMEHTHHIM
XapaxtepucrukaM. Ins pelicHHS 3TOH 3a4ayd NMOJE3HH MOIENH MHUIr-
MEHTHOMO COCTaRa (PMTOMNAHKTOHA.

B ocHOBy npennaraeMOd MHUIMEHTHOH MOACNH MOJIOKEHHW OTAMYHS
KOPOTKOBOJIHOBOiA 00/1aCTH CNCKTPOB NOLJIOWIECHUS AUETOHOBOHW BH-
TAXKH M3 (DHTOMNAHKTOHA pa3Horo coctasa. B kavecTBe' KpUTCpHSR
pasanuni BHIOPAHO OTHOLUCHME ONTHYCCKHX IUIOTHOCTCH 3KCTPAKTOB
MUrMEeHTOB Ha AnvHax BojH 450 u 480 HM, KOTOpOC y CHMHE-3e/IeHBIX
BOOOPOC/ACH 6/AM3KO K COMHMLUE, Y OCTANbHBIX 3aMETHO Boiwe. Paa-
JIMYME CBA3AHO C COCTABOM M ONTHMUCCKMMHM CBOACTBAMM NHIMCHTOB,
BXOAAIIMX B (POTOCHHTETHYCCKMHA annapaT pa3HuiX FPynn BOAOPOCJEH.

HssectHo, uTo BOmOpOcAHM cozepxaTt GoraThi Habop NMIrMeHTOB,
OAHM H3 KOTOPHIX NPHCYTCTBYIOT y BCEX BHAOB, APyrHe — Yy mnpea-
CTaBHTE/IER OTAEJAbHMX CHCTeMaTHuyeckux rpynm. OO0wMMH u3 sumo-
(PWIBHEIX THIMEHTOB, M3BJIEKACMHX ALETOHOM H APYrHMH OpraHuye-
CKHMH DacCTBOPUTENSAMH, ABAAIOTCS Xaopodwin ,a” u f-kapotud. Ot-
JMYUTENbHKE CBOMCTBA NMUTMEHTHHWX KOMIUIEKCOB MNpPOABASIOTCH 33
cyeT crneun(pHUECKHX TMIMEHTOB. Y CHHE-3eJIEHHX 3TO MHMKCOKCAHTO-
¢, OCUMIOKCAHTHH, MHKCOKCAHTHH, 3XMHEHOH, y 3CJEHBX — XJO-
podwrn ,b", NIOTEMH, HEOKCAHTHH, BHOJIAKCAHTHH, Yy AHATOMOBHX —

© J1. E. Curapesa
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xaopodwin ,c”, (PYKOKCAHTHH, HEOYKOKCAHTHH, OHAAMHOKCAHTHH,
anatokcautuH [9]. OTHoweEHME OMTHYECKOH TUIOTHOCTH aLETOHOBOIO
IKCTPAKT3 MUIMEHTOB HAa AauHax BoaH 450 u 480 um, BubpaHuoe B
KayeCcTBE KPHTEPHA pasnivuusa BOLoOpocieit (MHAEKC E450/E430). HMeer
MAaKCUMAIBHHE BEJIHUMHE TOYTH y BCEX NHATOMOBHMX H MMHHMaJlb-
HHE — Y CHHe-3eneHunx (taba. 1).

Tabauya 1

Beawunna uuaexca E ./ E,. HEKOTOPHX MHIMEHTOB ARATOMOBLIX,
JENCHBIX H CHHE-IeNeHBIX BOAOPOCJIB“

Murment E 50’ Eqp0 Pactoopurtens Hcrounux
Xnopodwn 90 %-Hui BUETOH {51
wC3” 42,6 HAuatunossiit adup [11]
ney” 4,6 Huarwioowtin agup
wc2"” 9.1 90 %-HwA aueron (5]
ne" 10,0 (101
nc” 14,6
nb” 3,97
wa" 4,68
19-6yranonoxcudyxo-
KCANTHH 1,60 JAunatmnossiit 3¢up (1]
1,35 Fexcan 151
dyxokcaHTHH {..55‘1‘ Nnatunosstit adup [t}
1,37 AuetoH
1,23 90 %-Hwil aueron [10]
19-rexcanon-okcnudyxo-
KCAHTHH 1,36 Hetponeitunit 3dnp 151
1,35 Texcan
1,26 Jtavon
1,13 Xnopodopm
JunaaniioxcanTHH 1,28 90 %-ubift aueroH (10]
3eakcaHTun 1,16 Jranon 15)
1,14 Fexcan
1,14 He yxasau (8]
Jhotenn 1,14
Jliotenn-5,6-3nokeua 1,13
ANnTepakcauTHH L16
B-xaporuu 1.09
1,10 30 %-Hmit aKETOH [10]
IXHHENOH 1,0 JraHon {71
Muxcokcantodrun 1,0
ACTaKCAHTHH 0,89 90 % -nbiil AUETOH no

IIurMeHTH BOAopocacit paasnuarTcst opMoil cnekTpa, T. €. HH-
TEHCMBHOCTBIO MOI/IOIIEHHUA Ha OTAEJMBHLX MIMHAX BosH. OpHako He-
CMOTPS Ha MHPOKHIl AMANA30H KONEOAHMI ANnA pPa3HRIX MHUIMEHTOB,
BEIMYHHK HMX YASTbHHX KO3(hPHUHMEHTOB 3KCTHHKUMH crenudruHn
B UEJOM AAd oraenos sogopocielt. Cxoacreo abCOMOTHBIX 3HaveHHi
YAEABHBIX KOI(PPHUUMCHTOB IKCTHHKUMA y GONbOIMHCTBA MUIMEHTOB
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OnpejeeHHOA IPynns BOAOPOC/IEH NO3BOASET YMEHbIIMThL WX Habop
N0 MMHMMYMa MpPU COCTABJIEHUM MOAEJEH.

YunrniBas 0COOEHHOCTH COCTaRa M CBONCTB NMHUIMEHTOB, B MOMECJb-
HH} KOMIUIEKC AMATOMOBHX BIJIIOUHAN (YKOKCAHTHH, AMANAMHOKCAH-
THH, B-KapotnH B cooTHowenuu 6:3:1 n xropodpmwuim ,c” n ,a”
B coorHomenus 3:10. B koMrIuiekc NMUMIMEHTOB 3€JEHMX BKIIOUHIA
B-xaporuH u xsopopwuin ,b” u ,a” B couerawun 3:10. Ina cuue-
3eJICHHX, JMIIEHHHX HONOJHHTEAbHHX xaopodunnos, B3sau B-kapo-
TUH M AaCTAKCAHTHMH B COOTHowmenuu l:1.

IMurMenTHYI0 Moaenb (PHTOILIAHKTOHA COCTABMJIM HCXOAA H3 OI-
TMYECKHX IUIOTHOCTEHl OTAEGABHWX NHrMEHTOB Ha AnauHax Boam 450,
480 n 664 mM. CunexTpasibHbie CBOHCTBA KOMILIEKCA MMIMEHTOB B 3a-
BHCHMOCTH OT COCT4BA M COOTHOWIEHHMR HX KOHLECHTPaUMii OUEHMBAIH
M0 BEJMYHNHAM MHOEKCOB E“o/ EﬁM " E450/ 5430’ PACCYMTAHHBIX

C YYETOM ONTHYECKOH MOTHOCTH npu AnHHax BonH 450, 480 w
664 uM no dopmynam:

E 450 =a, C, ta, ¢, tag C, ta, Cr

E450 =aa2 C, +abz C, +¢:tcz C. +¢1“z C,

Egy = aa3 C, + ab3 Cy + aCJ C.
me a — Ko3dupHIMEHTH - YACABHOIO NOMIOMEHHA CBeTa xuopodun-
Aamu ,a”, ,b”, ,” H KapOTMHOMIaMH NpH COOTBETCTBYIOMUX [UTH-
HaxX Bo/H, C — KOHLEHTPaLUsA NMUrMEHTOB, E — onTHYecKas MIOT-
HOCTb, @ — xJjopohwun ,a”, b — xnopopwun ,b”, ¢ — xnopodrn
»€", K — xaporuHomae, 1, 2, 3 — ykasareJiH IS NHCMEHTHHX

XapakTepUCTHK Ha aauHe Boadu 450, 480 m 664 mm. Copepxanme
xaopodwuia ,,a” npuHssM 33 1 BO Bcex cayvyadax. YpenbHee Koad-
QUUMEHTH S5KCTHHKUMM NHIMEHTOB B aLeToHEe B3wiu M3 pabor (3,
6, 8, 10] B Buge ycnoBHHX nokasateneit (taa. 2).

Wnnexcu E g0/ Egqq ¥ Ego/Eggq WCNONBIOBAHM JUIS NOCTPOCHHS

KPHMBHX, OTPaXalOmMuX M3MEHEHHMd MX BEJHYHH NDH 3aAaHHOM COYe-
TaHMM KOHUeHTpaumi xnopodbwwion (,,a”, ,b”, ,.c") H OCHOBHHX Ka-
POTHHOHMIOB, MO PAailNHYHOM COOTHOMEHUH KAPOTHHOMAOBS H XJIOpO-
¢dwuia ,a” (cMm. pucyHok). HuxHne xpusne (/—3) orpaHmuMsaior
ofnacTs BEPOSTHONO NOMMHMPOBAHHME TIUIMEHTOB CHHE-3EJEHMX BOJO-
pocaeit, BepxHue (5—7) — puaroMoBHX. [IpomMexyTouHne KpuBHE

3HAYAIOT NMEPEXO] OT MHUTMEHTHOTO KOMILICKCA CHHE-3ENEeHBIX ve-
pe3 KOMILIEKC 3e/EHBIX, CHHE-3EJICHHX M AMATOMOBHX K aGCo/OTHO-
My OUMHHHPOBAHHIO NMHIMEHTOB JHATOMOBHIX.

Touxkn, COOTBETCTBYIOIIME OAUHAKOBOMY COOTHOIMICHHIO KOHIIEHT-
paumit xaporuromaos (Cx) u xnopopwuia ,a” (C,,) npu pasHoM

couerannn xnopodmiios (,,a":,b":,c"), COEXMHEHW NUHHAMH, KOTO-
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Tabauya 2
YacapHbie k0dpPHUHEeHTH noraomenns ceera (a/(r-cm)
opoPHILIAMH H KBAPOTHHOHAAMH B AUETOME

Myrvent Yneavusie x03pPHUHEHTH HA LIMHBX BOAH P a—
450 wu | 480 um 664 1M
Xnopodwrn ’
8" 11,7 2.5 87,7 [6,10]
b" 54,0 13,6 6,5 [10]
wC” 140,0 9,6 1,1 [3,10)
KapotuHonp
mpomu 2440 223,0 (10]
DyKOKCaAHTHH 106,0 87,3 {3,8]
JnaauHoKcaHTHH 239,0 186,0 [10}
ACTaKCANTHH 221,0 249,0 [10}

NpuMmeuanne. H3-3a OTCYTCTBMR B NUTEPATYPE TOUHBIX YAENbHbIX KO3DPHUUH-
€HTOB IKCTHHKUHK Ha AMMHAax poan 450 n 480 HM ObuiM BINTBI MX YCNOBHbLIE 3HAYEHMS
u3 paGotet Puuapaca w Tomncowa [10}. Ecan koaddruumertsi Puuapnca 1 Tomncona
3HAYHTENBHO OTAHYAMMCHL OT Gonee HOBbIX, GbLIM BHECEHBI KOPPEKTHBBI.

pHi¢ TOKa3KBAIOT HANPABJACHHOCT M3Mencuuil nokasatens C,/C,,

NpH CMEHE MHIMEHTHOND KOMILICKCA CHHE-3€JIEHHX HA KOMIUIEKC CMe-
IIAHHOTO (PMTOIUIAHKTOHA BILTOTH N0 a6COMOTHONO npeobaanaHus mur-
MEHTOB AMAaTOMOBLIX BONOPOCJEM.

CoctaBneHHyI0 Mofenb MNpensaraeTcs MCNoab3OBaTh AAd HMHTEPN-
peTauMu NaHHHX MO NHUIMEHTHOMY HHAEKCY Egz0/Egq,, BUEPBHE

npemsioxeHHoMy B pabore [4], M COOTHOWICHMIO KOHLCHTpAUMil Ka-
poTHHOMAOB M Xjaopodwmwina ,a". Uuneke EW)/E&S4 YacTo MNpUMEHS-

€TCH KaK 3KBHMBAJIEHT COOTHOWEHWS KOHUEHTPALUA KapPOTHHOMAOB M
xnopodwna ,a”. OpHako Moaenb TMOKAa3wBAET, YTO NMPH OOHOH M TOMH
Xe BEJHYHHE 3TOr0 HHREKCA COOTHOLIEHUE KOHLEHTPaUMUH XENTHX H
3e/IEHBIX NHUIMCHTOB y OMATOMOBBIX BHINC, YEM Y CHHE-3EJICHHX BO-
nopocneit. [1oaToMy HeEAB3S OTOXIECTBAATL HHACKC E480/E664 H OT-
nomenue C,/C,,.

Monenb MoAC3HA MpH OLEHKE COOTHOWEHMS KOHLEHTpauMi Kapo-
THHOMAOB H xjopodmwuinta ,a”, ocobeHHO AAS (DUTOILIAHKTOHA CME-
manHoro cocrasa. Ecnn Heobxomumo mosnyumth npencrasneHue o6 ab-
COTIOTHOH KOHLEHTPAUMH CyMMul kaporuHomaos (C.), caeayer Boc-

NOJ1b30BATHCS MPOCTHIM cooTHomcHuem: C, = A C,, rae C,, — KOA-

ueHTpauusa xaopodpunna ,a", paccyuranHas no ¢opmynaM CTaHaap-
THOrO CNeKTpoPOTOMETPUUECKONO MeToga, A — COOTHOMICHHE KOH-
LCHTPaLMi KAPOTHHOMAOB W xiopodwina, NOJAy4EeHHOE MO MOMEMM,
Yrobu yuecTs Biausuuc ¢conurmentos Ha MHAEKC Eqq/FE¢gq. MOXHO
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S
Ecn/Egss

TlurMenTHas Mopens GUTOIAAHKTOHA.

Livdpel HA2 PUCYHKE -— OTHOIIEHME KOHUEHMTPAUHA KAPOTHHOMAOB
yu wnopopnnna .87, KpuBbie nocTpoeMsl no TOYKAM, COOTBETCTBYIOUIHM
cnepyomemy copepaHmio (%) NUIMEHTOB NMRTOMOBLIX, 3EJICHBIX M CHME-

3ESIEHBIX:
- Kpupasn l Anaromosume L JeneHsie i Cune-3enennie
1 - — 100
2 10 10 80
3 20 20 60
4 40 30 30
3 50 40 10
6 80 10 10
7 100 - -

pmecT0 Egqq HCMONB3OBATH ONTHUECKYIO IUIOTHOCTh NOAKHCIEHIONO
9KCTPAKTa Ha 9TON e J/mHe BOJHH, YMHOXEHHYIO Ha 1,7,

[InrMeHTHAS Mopeabh MOXeT OWTh MCMOIb30BAHA TAKXKE JAH BHI-
ABpICHNS HAYANBHREIX 3TaNoB LBETCHHA BOJOEMA CHMHE-3E/ICHHIMHM BO-
HOpOCTEMH, HapacTaHue BKJIaja GHOMAcCH KOTOpHX ofHapyxuBacTCH
no YMEHBIICHWI0O MHAEKCA E,s5/E,p0.

Jnd ucnosbaoBaHMe MORENH HeoOXOAMMO HIMEPHTh ONTHMECKYIO
[LIOTHOCTh ALETOHOBONO 3KCTPAKTA M3 CECTOHA HAa AJMHAX BOJH 064,
480 u 450 nm, paccumtath orHomeHus Es0/E.q M Egu0/Egq M

Haitth HeoOxomumuiit orser Ha rpadmkax (cM. pucyok). ITpouenypa
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MOJIyUEHHS JKCTPakTa W npaswia paGorn Ha npubopc Takue xe, Kak
[ CTAHAAPTHONO CNncKTpodoTOMCTpHUCCKOro MmeToaa [2].

ManaioH ONTHYECKOM IUVIOTHOCTH DKCTPAKTOR, B MPEACIAX KOTO-
pOro HE OTMCYACTCH HMCKAXCHHE MHACKCOB Eyg0/Espq M Euq0/Egga,

muoe (0,05—0,75), yem gns cranpaprioro mcroga (0,2—0,8), uto
BAXHO TNPH MCCACAOBAHMK BOA C TOBLILICHHBIM COACPXKAHMEM HEOP-
raHMYEeCKOH B3BCCH, 3aTPYAHSIOWCH uavTpaunio Heobxoammoro ofm-
ema npobni. Cwibho paabapneunne (E >0,02—0,03) u koHueHrpu-
posaHHme (E > 1,3—2,0) pacrsopn NHUIMCHTOB HC NPHIORHH s
MU3MEPEHHUI ONTHYECKOH MAOTHOCTH U3-33 HAPYWCEHHIT B  HHX
NpPONOPUMOHAILHOCTH MEXAY MOTMIOWCHHEM CBCTA M KOHUEHTPAaLKCH
BELICCTBA.

Takum obpasoM, ¢ noMowbi0 NUrMEHTHOH Mmoaenn Gea nposene-
HUS AOMOJHHUTENLHOIO AHANM3A MOXHO NMOAYUHMTh MHGMOPMAUMIO, NO-
JIE3HYI0 A5 OUEHKHM 3KONOTMUECKOrO0 COCTOSHMS BopoeMa. JannHei-
Iee M3YYCHUE NPHUHH KOAeOAHHH THUIMEHTHBIX HMHAEKCOB IO3BOJTUT
pacwuputs CHEpH MPUMEHEHUA NOROOHONO MOAC/UPOBAHUSA,
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YOK 574.5.08:581.132.1

B. A. Eaunzaposa

Hucmumym Guonozuu eMympennux 600
um H. A IHananuna PAH

XJIOPOOUJJI KAK TTOKA3ATEJIb BUOMACCHI
OUTOMNJAHKTOHA

Ha OCHOBAHKKM NUTEPATYPHBIX M COBCTBEHHBLIX NRHHBIX MOXAIAMLI IHAUMTCALHBIE KO-
nebaung cooTHowenwn xnopoduiia 8" u 6uomaccel momopochcfi DO DPEMCHH K Npo-
CTPAHCTBE, HTO MPENSTCTBYCT WCNOAL3OBAHMIO ARHHOID MOKA3ATENR B KAYECTBE CAMHOM
MEPbl ROMMHECTBA (DMTOMIAHKTOHA B PAINHUYHBIX IKONOTHUECKMX YCIOBHAX.

Hnes wcnonb3opaHus conepxauus xaopogmnna ,a” B xauecTse
NOKa3aTeasd KOJMUYCCTBCHHOIO pa3suTUA (DUTOILIAHKTOHA TpPHHALIE-
xuT coBerckuM yueHmM E. M. Kpency n H. A. BepxOunckoit [10].
Anrnmiickuit okeavosor Xapeu [29] ocywiecTBu1 ee npH H3yYEHHH
AMAAMUKHN (DHTOIUIAHKTOHA, PACCMATPHUBAN HANMUME NMUIMEHTA M COM-
HBIH NpU3HaK OJd BCex rpynn Bogopocaeit. B Hacrosmee Bpems om-
penenende xiaopopwiia B eauHuue o0bCMa BOAW MPOYHO BOLLIO B
OpaxTHKy Ha6A100eHuit 33 YPOBHEM pa3BHTHUA (DHTOMAAHKTOHA BO
BpeMeHH M mnpocrpaHcrBe. M3-3a KOCTYMHOCTHM, ONEpaTMBHOCTH M O0-
CTATOYHO BEICOKOH TOUHOCTH HHCTDYMCHTAJIbHBIX H3MEPEHHH KOHLEH-
Tpaumit xI0podwiia MX NMHTATMCE MCMOAB3OBATH U KAk Mepy Ouo-
Maccel GUTOMIAHKTOHA., Yuer GMOMAacCh CTAHAAPTHHIM METOAOM, Kak
H3BECTHO, CYOBEKTHBEH W TpeOyeT XOpOwCro 3HaHWA anbrod)Iopkl.
CucreMaTHUYECKOE HAKOIUIEHHE CBENEHHH MO COOTHOLICHHIO KOHIEHT-
pauMH MUIMEHTa M GHoMaccH (PUTOMIAHKTOHA HAUATO MO MHMLHATHBE
I'. . Bunbepra [1, 2] B nauvane 50-x romoB W 0OCTaBaIOCh BaXKHBIM
HanmpapJeHHEeM THAPOOMOJIOTMUECKHX HCCJACAOBAHMIA B TEUYEHUE HBYX
mocnenyomux aecarunetvii, OnHako nepexonHui xoapduuueHT
Mexay xmaopodwrioM ¥ GuoMaccoit, NMPUrOAHKA A BOAOCMOB pas-
HOTO THNA M Jaxe JIf KaXIOro KOHKPCTHOro, He Obu1 BuBeacH. Oka-
3a/10Ch, YTO COICPXAHUE XJAOpPOpMANa B CAMHUUE OHOMACCH CHIBHO
KosnebseTcs B 3aBACHMMOCTH OT CaMBiX pa3HOoOpasHmx GHOTHUCCKHX
¥ abuotnueckux ¢(akTopoB, BaXKHEHMHMH H3 KOTOPHX SBJIAIOTCS
CBET, KOHIUEHTPAUHs B BOAE OMOICHHHX 3/IEMEHTOB M TAKCOHOMMYE-
ckmit coctas Bopopociecii. TeM He MeHee xuopodHLIOBHIT MCTOX Om-

© B. A. Eansaposa

126



penenenns Guomacchl HUTOLIAHKTOHA HE mepecTaeT obcyxnarncd, Cy-
g no nybamMkaumsam caMux nociaeauux ner. Kpome Toro, comepxanue
NHIMEHTOB B eQVHMLE OnoMaccl — ofHa M3 ¢(YHKUMOHANBHEIX Xa-
PaKTEPUCTHK (PHUTOMIAHKTOHA, ACTANLHOE H3YyeHHE KOTOPHX mpHOG-
Pe/Io AKTYaNbHOCTb B CBS3W ¢ NpobreMaMH 5KOJOrMYECKONO MOHHTO-
PHHra TpPecHuX BOJ.

B Hacrosuiee BpeMs npeobhagaer MHCHME, UTO YAEALHOE COREp-
xaHue xaopodwina 3aBHCHMT OT ypoBHS OnoMaccH (MTOILUIAHKTOHA,
C yBeJIMYEHHEM KoTOpoit ono ybmsacr [6, 8, 9, 12, 20, 21, 23, 26].
T. M. Muxeesa [17], nayuas duronnankton Gesnopycckoro o03. dpu-
BATH, NpPUULIA K BWBOAY, 4TO YHEJbHOE COaepXaHume xJopodmuiia
HaUMHAET YMEHBIOATHLCS JMUIE ¢ ONPEAEJEHHOIO 3HaucHusa GuoMacch,
HHXE KOTOPOrO OHO IIOCTOSIHHO. DTO 3aKJIOYCHHE TMOBTOPHETCA NMOUTH
BO BCEX OTEUECTBEHHHX paboTax, ecim B HMX 3aTParMBaercsd BOMPOC
0 KOJMYecTBe OurMeHTa B eauHMie Guomaccw duroruiankrona. Tlo
HAMM AaHHWM [6], CHMXXEHHe pactpoCTpaHAeTCd Ha BEChb AMAna3oH
HabmogaeMux B BOAOEME BEJHUMH GHOMAcCH M OCOOEHHO 3aMETHO B
B ofnacTv Hn3kux 3Havennit. Onuako npu GHoMaccax, THNHUHHX RAd
OTAE/IbHO B3ATHIX CE30HOB, OHO HE3HAUMTENBbHO, KOXpPHUMEHTH Kop-
PEASIUMH MEXAY KOHLUEHTpauMed xyiopodwia m GHOMACCOi BRICOKHE,
Gonee 0,7, uTO nNO3BONAET OUEHMBATL €€ N0 XxjJopodwuly.
CraTHCcTHUECKH CBfI3b MEXAY KOHUEHTpauuei xiuopobwina H
6HOMAaccoit (PUTOILIAHKTOHA TOXE OLICHMBAETCH MNPAKTHYECKH KakK
NpAMOJIMHEHHAA.

CHMXeHMe pAacCMATPUBAEMONO TNOKA3aTeNs ¢ yBeauyeHunem O6uo-
MacCH QUTOMNIAHKTOHHONO coolWecTa oTpaxaer yxymuenue ¢uauo-
JIOTHYECKONO COCTOSIHMSL JOMMHMPYIOIMX TNONyASUMi B MPOLECCE HX
HapacTaHMd, KOTOPOE 3aBEpLIACTCH MACCOBLM OTMHPAHHUEM, COBMAAa-
IOIUM ¢ MOMEHTOM MakcuManabHOM uuciaeHHocTH [7]. TlosnHee, Ha
cragum cnama GuomaccH, copepxanue xiopohwrna B (PUTOILTAHKTOHE
noBHIIaeTcA CHOBAa [8], MOCKOABKY OCTAalOTCH B OCHOBHOM XHBHE
KJETKH, B TOM YHCIEe HOBHWX aKkruBHO MeraConupyomux sugos [7].
B XyabTypax IJIAaHKTOHHRX JHATOMOBHRIX BOAOPOUIEH YMAENLHOE CO-
AepXaHue xnopodia 3HAYMTEIBHO YMEHBIIANOCh MO MEPE HApacTa-
HUS TUIOTHOCTH cycrniew3mit [31].

Conepxanne xnopodrna B eanHuue GMOMACCH 3aBUCHT OT Tak-
COHOMHMUYECKOr0 COCcTaBa HHTOILIAHKTOHAR, B MEPBYIO OYepenh OT CHC-
TEMATHYCCKOH NMPHHARAE)XHOCTH BOJOPOCCH AOMHHHMDYIOMEH IpyIInsL,
ITlo omHnM paHHmM, OHO GAM3KO IS AMATOMOBRIX H DMaHOGaKTEepH-
anbHEX (cuHe-3eMCHHX) Bogopocaei: coorsercrsemno 0,14—0,37 %.
n 0,22—0,28 % » Pubunckom somoxpawwmme [6] m 0,4—0,6 %
u 0,5—-0,6 % B mseackom 03. Menapen. BuBoxy noaTBepXaaloT pe-
3yJbTATH AHAIH33 MOHOKYJILTYP MACCOBHX IUIAHKTOHHWX AHaToMel
(Stephanodiscus hantzschii, Tabellaria fenestrata, Asterionella
formosa, Fragilaria crotonensis, Diatoma elongafum) n umanobaxTe-
pait (Anabaena spiroides, A. schermetievae, Aphanizomenon flos-
aquae, Microcystis aeruginosa, M. wesenbergii) [18]. Cornacho pa-
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Goram apyrux asrtopos [3, 16, 22], ,unanobaktepuansHuin™ duron-
JAHKTOH CHWJILHO YCTYNacT ,,JHaTOMOBOMY™ NO COACPXAHHIO NHUIMEHTA
Ha enmHuuy GuomaccH. B oTHomCHMM 3eneHbX BOROPOCNCH pe3y/b-
TaThl MCCACAOBAHWIA OAHO3HAUHW — I3Tu dopmu B 4—5 pa3 Goraue
anatoMoBuix M umanobaktepuinn [3, 18, 27). OGuanHee HazcncHW
MUrMCHTAMHK Taxkxce kpuntoputosme. B rpeueckom 03, Boansn umen-
HO Y HMX MakCHMmanbHas no.is xjuopodumna B Guomacce, MM ycTy-
NalT AMATOMOBbE M cHHe-3eacHwe [30]. B cayuae poMuuuposaHua
kpuntouToBrx B 03. MenapeH B ¢urtonaankToHe Haiiacwo 0,5—0,7
% xaopodunna, a amatomoBux — 0,4—0,6 %. To xe camoe Ha-
6monanoce B 03. Benepn — 1,1 % u 0,3—0,5 % cOOTBCTCTBCHHO
npyU MaccoBOM pasBUTHH KpUNTOMHTOBMX u auatomosunx [37]. Hu-
HOHUTOBHE BONOPOCIM, HANPHUMCP, XAPAKTCPHUIYIOTCA MNOHHXKEHHHIM
conepxanueM xyopodwnna. Tax, B 03. [lnenieeso B netHeMm curon-
JaHKTOHe, 06nnk koroporo onpeacnser Ceratium hirundinella, conep-
xurca 0,1 % xnopodmina, a B BECCHHCM AMATOMOBO-KPHNITOPHTOBOM
— 0,5—1,1 % [24].

Hons Bogopocneit, 60raThx x10poHALIOM, CKA3KBACTCH HA COAep-
XAHMM MHUIMEHTA B eauHHue obuich Guomaccw ¢utonaaxxrona. Ha-
npuMep, B PROMHCKOM BOAOXpaHMAMIUC NpH OOWYHOW RO/C 3CACHBIX
1—10 9% Bceit 6Guomacc, HCCACAYCMHA MOKas3aTeab COCTABJAACT
0,14—0,37 %, a npu noewmchuoit go 20 % — 0,5—0,8 % [5].
To xe oTmeueHo B guenpoBckMx BogoxpaHwauwax [14]. [lo wawemy
MHCHMIO, 3TO ORXHA M3 NMPHUUMH BLICOKONO COAEPXAHUA xuopoduwiia B
¢nronnaukToHe 3BTPohHEX M 3BTPOPUPYIOWHXCS BOJIOCMOB, rae 3c-
JICHLIC MOTYT YOOBJETBOPSTb NOBLILICHHYIO noTtpeGHocTb B asore [4],
a KpunTopUTOBLIE — B OPraHHYCCKMX BeluecTBax [28].

Hmeerca mHoro pafor, NOKa3nBalOWHX, YTO B 3BTPOPHHX BOAO-
eMax (UTOMNAHKTOH coacpxut Goabwe xnopodunna, uecM B Me3oT-
podHEIX ¥ oaurorpocHpx. Tak, B nepudUTOHE MOABCKMX OAHrOTpod-
Hulx o3cp coacpxutca B cpeaHem 0,44 9, xnopodwina or opranu-
yeckoro BewiccTsa, a B astpodumx — 0,77 % [36]. Bonce nachwen
xnopocduiioM (PUTONNZHKTOH BHCOKOJIBTpOodHOro o3. HopsikeH B
Ilseunn no cpasHexuio ¢ 03. Meaapen [25, 37]. Boaswe xnopo-
tdwnna B dutonnankToHe craboasTpodnoro MeaHbkoBCKOrO BOmoxpa-
HUAMA, 4eMm MesoTpodHoro PubuHckoro M oaurorpodHoro OHex-
ckoro o3epa [6], B Gonee npoayxTHUBHHIX Bogocmax Kapenbckoro ne-
peweitka ¥ Yexocnopakuu (HTONAAHKTOH coacpxur Gonblue XJIOpo-
¢dwuia, ucM B ManonpoayKTHBHHX [21]. 310 obGpacHdeTca TeM, 4To
YReJbHOE COmepXaHue XJopoduiia B KJCTKaX BOAOPOC/IEH TIPAMO 3a-
BUCHT OT OOCCIEYEHHOCTH HX OmoreHummMu 3nementamu [34, 35, 37].
OnHako HECOMHCHHO W 3HauyeHHE (IOPUCTHYCCKOrO COCTaBa, B KOTO-
poM yBesnHuMBaeTcs nons GoraTeiX X10poMILIOM BHIOB.

Conepxaune xiopoduina B eauHnue Guomaccw ¢uTOMNaHKTOHA
BaphHPYCT B TEUCHHE MONA, M3MCHASCh B HEKOTOPHX Boaoemax Gosee
wueM Ha 2 nopsaka [26, 33]. B PwbunckoM BOAOXpaHWIHLIE TNpH
THIMHYHHX OAS OTAETBHO B3SAThIX CE30HOB 6HOMAaccax OHO COCTaBJieT
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0,27—0,35 % »Becuon, 0,43—0,51 9%, B navane nera, 0,20—0,60 %
p pasrap Jaera, 0,14—0,22 9% oceunsto, 0,25—0,31 aumoit [5].

Ofpamator Ha ccO8 BHMMAaHME pa3HHE JAaHHHWE AN BECHW M Oce-
HHU, XOTd B 00OHX C/Iyuasx OOMWHMPYIOT AMATOMOBME. Pasnmume mo-
xet O6uth obycnosneHo cneundukod ux Bumororo cocrasa [§). On-
HaKO PpCE3yNbTATHl AHAMH3A KYJBTYP 3THX BOZOPOCUJICH NMOKAa He Mo-
3BOAAIOT AOCTOBCPHO YTBEPXKOATb O PAa3HOM COAEPXKAHHM Yy HHUX XJI0-
pobunna (18]. Ons mMaccoBwx umaHoGaxkTepuit YCTAHOBJAEHO 3JHAUM-
TeNbHOE pasnnuue 3roro mokasarens (0,2—0,9 9%), npuuem kaxk Ha
NpUpoaHnX, Tak ¥ naboparopunix mnonyasuusax [l11]. Copepxaume
xaopodWwLia MOXKET pa3JHuaTbCd JAXE Y TAKCOHOMHMYECKM ONM3KHX
BMAOB, UTO MOK33aHO HA [pUMEPE CEMH MpPEACTaBMTC/ICH M3 poaa
Scenedesmus [32). [Npasna, oTMeueHO, YTO TaKHE pa3nUuUd MOTYT
OnTL MEHbmIE, YCM U3MEHEHMS Y OOHOIO M TOIO X€& BUAa MPH Pa3HOM
o0eCNeUEeHHOCTH NMHTAHMEM, T. €, OUBEPICHTHAS anantauus CuibHee
cneundnueckoit.

YcranosneHa ofpaTHas 3aBMCHMOCTb coacpxaHua xyopoduana B
6uoMacce (HUTOMNAHKTOHA OT MHTEHCHBHOCTH CBETOBOrO noroka [15,
34, 35]. B0o3MOXHO, BWCOKOC COAEpPXaHHE MHIMeHTa B 3MMHeM ¢u-
rtorauktoHe o3. Kpacworo [20] u Bpatckoro Bomoxpanwnuma (9]
oObacHseTcs agantauucH Kk cnaboMy OCBELICHHIO, 3 HH3KOE B MOMy-
JSUMH Microcystis aeruginosa B OOHOM M3 KXHOA(PHKAHCKUX 03ep
[38] — npucnocobnaenneM X BHICOKOMY YDOBHIO OCBeleHHocTH. OT-
MCUCHN OHEBHHE KOoAcOaHUS COmepXKaHHA XN0podwuia B KJIETKaxX BO-
nopocneit [13, 19].

TakuM 06pa3oM, aHaAM3 HAKOIUIEHHWX HNAHHHX O COOTHOMEHUM
mexay Ovomaccoi Bopopocaeit u xiopopwinioMm euwe pa3 ybexnaer B
TOM, YTO ITOT NOKa3aTesb HE MOXeT OnTb eAMHOH Mepoil Ko.anM4ecTsa
(MTOMNAHKTOHA B PA3JIMUHKX 3KOJAOrMYecKHX ycnoBHax. OgHako ero
MCNOAb30BAHME AN NPHOAHXKCHHON OLICHKM OOHJIMS (DHTOTLIAHKTOHA
NPU XapaKTEPHHWX YCNOBMAX Pa3BHTHA B KOHKDETHHX BOZOEMax
BIMOJIHE MPHCMJIEMO.
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H. J. Nuipuna

Hnemumym Guonrozuu enympernux 600
um. H. 4. ITananuna PAH

ONPEJEJEHUE NMOJBOAHON ®OTOCUHTETUYECKH
AKTUBHOI PAIMAIIMH

Onucadsl ANNAPATYPS M METOAN ANd ONpPEAeNeHHMN 3HEPrUM MORBOAHOR 00syueH-
HOCTH (POTOCHHTETHUECKOIO AMANAIOHA ANHH BOJH.

Bonpoc o HeoOXoAMMOCTH H3yueHMS (GOTOCHHTETMUCCKY AKTHBHOH
panmaunu (DAP), npoumkalouieid B sogoeMun, nocrasaed oxono 30
aer Hasaa [19, 20]. C Tex nop McCAenoBaHMa B 3TOM HAMpaBJACHUU
3HAYNTENEHO YCHAWIMCh, OfHAKO METOAMKA W3MEPEHMS SHEPrHH NOA-
popuoit MAP paspadatmeanach raaBHnM 006pa3oM Ha MOPCKHMX BOMO-
eMax, B HpPecHWX BOAax noao0Hhe paboTh MEHEE pacnpoCTPaHEHH
[18]. B Hawmeii crpaHe oMM BOOOWIE EAMMMUMBI, YTO CBSI3AHO C OT-
CYyTCTBMEM Y ruapoOMOJIONOB CTAHAAPTHO annaparyps Ans M3Mepe-
HHS 3HEPreTHYeckoi ocpemenHoct B obnactu DAP, npoctoir u
yaobHoit npu pabore ¢ HeGoabmux ruiaecpeacts. Te npubopH, xoTo-
peie MOryr OhTh WCNOJb3OBAHW [/18 MOAYYEHMS TAKMX AAHHBIX
(8, 9, 12, 14], yuuxaneuu. 3apyOexHeie Moaenu, BHIyCKa-
emue B CIIIA -— rtuna Li-Cor (Li-19y2SB u Li-193SB, Jluuko/bn,
Hebpacka), QSP-200 (Can-IOuero, Kanudopuna) win 8 Illseuun —
QSM-2500, Techtum Instruments [17, 18], manopocTynnumi.

CI0XHOCTb M3yueHHd NOABOAHLIX CBETOBHX YCJI0BHA Kax (hakropa
MEPBHYHON TIPOAYKUKM (PUTOILIEHKTOHA O00YyC/IOBAEHA TEM, YTO MNpo-
Xoaamas CKBO3b BOAY Jjyudcras 3ueprus ConHua mameHsercd He
TOJABKO KOJIMYECTBEHHO, HO M B KAuECTBEHHOM OTHoweHun. Bopa, 6y-
OY4YH CBOEOOpA3HHM CBETOMUIBTPOM, CENEKTHBHO 0cnabaser mpoxo-
Oamee 4Yepe3 HEee M3AYuEHHe, 3aAepXHBACT B MEPBYIO Ouepedb Kpaii-
HUE CHHHE M KPacHHe Jiyuyd, a HauboJiee MOSHO NPOMyCKaeT 3eeHHE.
Kpome TOro, MEHSIOTCS YIJIOBHIE XapaKTEPHCTHKH TMPOHHUKAIOWIEr0 M3-
ayuenus. HenpepnBHO HM3MEHSETCd M MHTEHCMBHOCTH IOCTYynaromed
B BOAY COJHEYHON PalMALMH B TEUECHME AHY B 3aBUCHMOCTH OT BHI
coru CosiHIla HaN NOPM3OHTOM M YCJioBMit obaaunoctd. B mpeane Had
A0 6bUt0 6B yuMTHBaTh BCE 3TH OCOGEHHOCTH MOABOAHONO CBETOBOIY

© H. 1. Mupuna
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pexuMa, ueM H O6YCAOB/EHM TPYNHOCTH CO3JAHHA HEOOXOAUMEIX
npubopos.

OcHopxbic TpcBoBaHus, KOTOpHE cacayer cofaonaTe npu mpose-
AEHWH TOAROAHBIX CBETOBHWIX W3MCPCHMIl 18 LeJicd M3YUCHMS nep-
BHYHOA NPOAYKUMWH, CBOAATCH K cacaytowemy [7].

1. Heobxonumo yumThBATH U3NYYEHHC B 001aCTH AJIMH BOJH OT
400 po 700—800 um, Ho ayuwe » npuustoM ans QAP nnanalone
— 4 =380—710 um [13].

2. UamepsaTh pasHOHANPaBAEHHOE HanyucHue (00ayuCHHOCTH), mo-
cTynawuee ¢ noaycdepn, wid nonauyio chepuucckyro ob/1yueHHOCTS.

3. CyMmupOBaTb DHEPrui0 3a BPCMSA IKCMO3HLMH.

4. Peaynbra'ru 8bIPAXATb B JHECPreTHUCCKHX CAMHHLAX -— BATTaXx,

JOKOYJAX WIM MUKpOdiHWITEHHAX Ha | M2

Cpean CywecTByOmMMX METONOB MIMEPCHMSA JYUMCTON 2JHCDPIMH B
BOAOEME MOXHO BHIEANTH MPAMKIC, NPH KOTOPHX YYMTHBACTCA IHEp-
rua O6NyYEHHOCTH HCMOCPEACTBEHHO HA MCCICAYEMOM riyOuHe, H
KOCBCHHHE, KOTAa JHEPruf pasvauuMu B abCOMOTHWX CAHHMLAX H3-
MCDSIETCS HA BO3AYXC, a Ha MIyOMHAX BOXOEMA PAaCcCYMTHBAETCA MO
OTHOCHTEAbHWM NAHHBIM O €C [MPOHHKHOBCHMW WJIH IO MNCPBHYHBEIM
rUIPOONTHUCCKMM XapPaKTEPHCTUKAM BOAHOM MAacCHI.

M3 HenocpeacTBeHHBX METOROB M3MEPCHHA JIyUMCTOH DHCPIUM B
BogocMe HauboJblLee PACTIPOCTPAHCHUE NOAYUHMIN OCHOBAHHBIE HA
TepMoanekTpHueckux u oToanexTpuueckux npubopax. IMpeumywmecr-
BO npuGOpOB, B XOTOPbIX MCNOMb3YETCH TCPMOINCKTPUUCCKUI -
$CKT, COCTOMT B TOM, UTO OHH NPAKTHUYECKH HECEJEKTHBHM B IUH-
pPOKOM aManasoMe AAMH BOAH. [1oaTOMy K HMM JCrko noaolGpath cBe-
TOQUNBTPH AN HM3MEPCHUA 3HEPruu o0nyueHHOCTH HeobxonuMoro
AuanasoHa AauH BoaH. HegocratkoM takux npubopos dBigerca Ma-
Jlasg MHTCTPANBHAs YyBCTBUTENbHOCTh. (DoToanexTpuucckue npHOopH
00/1a1a10T BLICOKOIt UYBCTBHTENLHOCTbK), HO OHM CenekTuBHH. s
HUX 00%23aTeNbHBl CBEOEHMA O CMCKTPAIBHONH YYBCTBHTCABHOCTH (o~
ToaeTeKTOpa, uTOOH nomobpaTh CRCTOMMALTPH, B COYETAHHM C KOTO-
phIMH MOXHO OuL10 GW BBIPE3aTh HCCAEAYEMUI YyUACTCK COEKTpa CON-
HEYHOH panuauuu.

Ha doroanekTprueckoM npuuuune usmepeHust sHeprua obayyen-
HOCTH MOCTPOCH NOABOAHBIA (DOTOMHTCrPaTOpP, NPHMCHAEMEBIA TIpU
M3YYCHUH TEPBAUHONW nNpoayxuuu duromnavkroxa [8, 9]. Ilpubop
CKOHCTpPYHpoBaH Ha 6ase dortomnterpatopa JI. H. Benna (3] u rve-
CTBUTEJIEH K ManyueHuo OGOamakoin «k DAP obnactH cnextpa
380—800 nm. Dto mocturaercs koMGMHauMeRdr BakyymHoro ¢oTO3sE-
Menra (Mapku LIB-3) co creknsauunmu cserodpmnstpamu C3C-14 u
BC-8. Haruuk paccuutan Ha M3Mepenue nyueit ¢ moaycdepw, cobu-
PAEMEIX BHNYKNLM H/LTIOMHHATOPOM U3 MONOYHOIO OpPraHN4ecKorno
Creksna (npu COONIONEHHM KOCHHYCHOTO 3aKOHa), Ojaromaps uemy
YMEHBIIAETCS DOrPeIIHOCTL 33 CYET PAacCEedHHOTO HMATYUCHMHA, XapaK-
TEPHOrO mIS NPUPOAHHX BOA. Perucrpupyromiee yCTpOiCTBO, BKMIO-
Hawlee INEKTPOMEXAHHMYECKHIl CueTuMK wid IudpoBoit MHAKKATOD,
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00ecneunBaeT HENPEPHBHYIO PErHCTPALMI0 H aBTOMATHUCCKOE CYMMM-
poBanue 3Hepruu panuaumu. [Tpu HCOOX0AMMOCTH HaMepseTCs H3ny-
yenue 6onee y3KMX CNCKTPaNbHHX NXana3oHos, ans yero smecto BC-
8, orpesarowcro or ofwero cnekTpa ConHUA y4acTOK € QAMHAMH
ponu Gonee 380 um, GepeTcs creTOMUALTP, NPONYCKAIOWHIl MCHBLIYIO
yacte cnektpa. Tak, 1{B-3 B coucraunn ¢ C3C-14 + BC-8 perucr-
pupyer uanyuchue B obnacrn 380—800 um, ¢ C3C-14 + XC-17 —
480—800 um, C3C—14 + KC—10 — 600—800 um, ¢ C3C—14 +
KC—19 — 680—800 um [9]). Taxkoi cnoco0 no3soasieT HM3IMCPHTHL
SHEPrHI0 NOCTCNCHHO CYXHMBACMWIX YUYaCTKOB CMEKTPA COJTHEYHOW pa-
AHAUWH M TEM CaMhIM NPOCIEAHTL €€ CEACKTHBHOE ocaabacHue BOI-
HOW CpCAOH.

Ipanyupyercs OTOMHTCTPaTOP AKTHHOMCTPHUCCKUM MCTOAOM —
NnO NpSAMOM COJMIHCYHON paguMauuM, M3 CNCKTPa KOTOPOH BHPC3AETCH
Y4acTOK, COOTBETCTBYIOLUMIA CMEKTPAJbHOK UYYBCTBUTENbHOCTH OaTHM-
ka [8]. DTo AOCTATOUHO TOMHLIA, HO BMECTE C TeM AOCTYNHBLIH METOA,
B otauumne or ¢uanmyeckoro [14] He TpebByrowmin cneumManvHOR oOni-
THMCCKOI annapatypul. DHCprus HCOOXOOMMONO yuacTka CrACKTPa M3-
MEPACTCA CTAaHA3PTHWM aKTHHOMETpoM co cacrodwastpamu [13, 15].
Ee BenMuMHA HAXOOMTCA MO PA3HOCTH PALMAUHM, NPONYIICHHOH cne-
unduucckum ceetoduabTpoM aatuvka, t. e. bC-8 wau apyrmmu ,or-
pe3arowrM” GUABTPOM, KOTOPHM ONPCACASCTCH CNCKTPANbHAN MYBCT-
BUTEeAbHOCTb npubopa, u wuudpakpacHmm cserodmwabtpom MKC-1.
Hanpumep, nns auanaaoHa aauH Boan 380—B00 um Gcpercs pas-
HOCTb DHEPruM pagHaum nop cscrodwnntpamu BC-8, nmponyckaromm-
MH B OCHOBHOM HM3JYuYCHMC € AauHamu BoaH OGonee 380 HM, u
UKC-1, uepes KoTOpHit NpPOXOAST AMMHHOBONHOBHIE JYYH HAUMHaEsA
npnbnanautenvio ¢ 4-800 nm. [Mpu 3aToM BBOOMTCA MOMpaBKa Ha H3-
nyucHue 3a npeacnamu 3bdEeKTHBHOH JIMHH nponyckanus ¢uabTpa,
a TaKXC HAa MOIJIOUICHHOE MM B OOJACTH NPONMYCKAHHE C YUCTOM
CMEKTPAJIbHRX XAaPAKTCPUCTUK CTCKJA M Najalouled Ha €ro mnosepx-
HOCTb conHeuHoit pammaumyn [4]. Cnextp coancuoii paamaumu Oe-
pETCH NO MOACALHLIM PacueTaM Ui YC/IOBHIl CPEAHEN0 ONTHYCCKOro
pexuma atMmochepn [1]. TpaMeie ayun otaeastoTcsa OT PACCCAHHBIX
C TIOMOLLUbIO 33a4YCPHEHHOH M3HyTpu TpyOku c anadparmamu, paccum-
TanHOl Ha yroa 3pcHus 10°, Koropas HACAXHMBAETCA HA NATYUK M
BMECTE € HHM MOCPEACTBOM CMCLHAIBHONO MCXaHH3MAa HALEAHBAETCH
Ha Connue. Ilpn ee HIrOTOBJACHHHU, BHMIOAHCHHOM MO PCKOMEHIALMAM
10. [I. SHMOmICBCKOMO, yuTEHH TEOMETPHUECKHE pa3mepn TpyOkm ak-
THHOMETpA: y BXOAHOI AHadparMbl OTBCPCTHE COOTBCTCTBYET AMAMET-
Py WLTIOMMHAaTOpA AATYMKa, Y BHIXORHOH — BaBoe Gosbwe, miMHA
TpyOku B 5,72 pasa Gonbie AMaMETPa WUIIOMMHATOPa.

B pomoeM mpuGOp ONyCKAaeTCs NOABCLICHHWIM Ha MOIML1ABKE H BMe-
CTE C HHM OTBOAMTCA OT cyaHa (wau Gys) Ha paccrosnmne 10—15 M.

B Tex cayuasx, KOrma NOABOAHKMH CBETOBWMHK M3MEPEHHSAMH CO-
NPOBOXIAIOTCH OMHTH MO (POTOCHHTE3Y, HEMOCPEACTBEHHO Ha npubope
3aKPEIVIAIOTCH CKAAHKM ¢ npofamu Bogw. Tak KOMMIEKTYETCs He<
CKOJIBKO YCTAHOBOK MO YHMC/JIY NOPH3OHTOB, HA KOTOPHX MpPOH3BOAMTCH
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onpeaenenue dorocuuTeda. O6uuHo 310 5—7 ropHu3oHTOB, paccron-
HUE MEXIY KOTOPHMH HAMCUACTCH B 33BHCHMOCTH OT TNPO3PAUYHOCTH
poanl. Hanpumep, npu npoapaunoctu no Genomy amcky Cexku okono
2 M u3aMepenns nposoastca HMa raybumax 0—05, 6,25, 0,5, 1, 2,3
4 m. TpubGopbl CO CKAAHKAMH ONYCKAIOTCH HA KaXJbidH M3 3THX ro-
PH30OHTOB H 3KCNOHMPYWTCH TaM B TEYEHHE BCEro onura. Takoro
poda SKCMEPUMCHTH BECbMA TPOMO3AKH W MOryT OHTb pexoMeHnoBa-
HE MULIb TIPM CHELMANBHRIX MCCAEROBAHHAX cBETa Kak ¢haktopa mox-
poaHoro dotocunTe3a. OOHAKO 3TO EIMHCTBEHHHIA cnocod, noasong-
fOLUHH MONYUHMTb HAJEXHWH MaTEpUasa IS KOAMMECTBCHHOM OLEHKH
CBCTOBBIX 3aBHCMMOCTEN (DOTOCHHTE3d IUIAHKTOHA, KOTOPHC JIEXAaT B
OCHOBE COBDEMEHHBIX MATCMATHUCCKMX MOAEJCH 3TOro mpouecca.
ITpy HEBO3IMOXKHOCTH M3MEDHTbL JHCPIHIO MPOHMKAKEH pagHauHH
MCNOAb3YETCA PACYETHH MeTo] ce onmpeacheHus. B atom cayuae aa
ocHoBy 6epercs 3HEpPrus NPUXOAsIEH CyMMapHOM COJHEYHOt pagna-
uuu, or xoropoil nepexoadaT K MAP, nonab3ysce COOTBETCTBYIOWHMH
xo3dhduunentamn nepexona. B runpobuonornueckux palorax mnpuHs-
TO CuMTaTh, uro poas AP cocraeaser 46 9, uHTerpanasHOil MO
cnexTpy papumaunu [22], XOTA B 3aBMCHMMOCTH OT COOTHOIIEHHS Nps-
MOMO ¥ PAacCEAHHOMD MINYYCHUS MOXET pasanuarscd or 26 no 64 %
[13). Hag sogoemamyu ee seanudHH coctaswam 46—57 9% [10].

. JHepruo NpUXOAAINCH CyMMApHOM COMHEMHOH paguauuH onpeae-
AMI0T CTARJAPTHHMH AKTHHOMETpUYECKMMM npubopaMu, Hanpumep
NMUPAHOMETPOM C NEKTPOJMTHUECKHM HHTErpaToOpoM MWIH C CAMOMNC-
ueM [15). MoxHo uCnoan3oBaTh AaHHHE N0 OGanxaiweNl aKTHHOMET-
puueckoi cravuuud. OgHAKO ecsiM OHA HAXOAMTCR He Ha Gepery Bo-
OoeMa, a Ha HEKOTOpOM paccrosHud (e Gonee 150 xm), cnemyer
YUATHBATL YC10BHA OOJAUYHOCTH M TOABKO NpH 6GaMakoM ee cocros-
HHU HaA BOXOEMOM M B PaitloHE CTaAHUMH M0/b30BAThCA JAHHHMH MO~
caennent [6].

Io BenyumHe npuxoaamei pagnauuu U ansbeno MOBEPXHOCTH BO-

b, MoA6MpaeMoro B AUTEPATYPHHIX MCTOYHHKAX, HAXOAAT BOMIEAWYIO
D BoAy pammaumo. JanbHeimne pacuyeTn ee NMPOHKMKHOBEHWMH REJNAIOT

0 pesysbratam uamepeuuit (%,) pacnpenenenua OAP no riybusam

M TNOKa3aTe/NiM €€ BEPTHKAIBHONO 0CNalyieHHS COrNacHO 3aKOHY

yrepa:

Iz =Ije ™%, Q)

ie [, — JHeprus pagMauuu Ha raybure Z, l(; — 3HEprug BOWeEnN-
el B BOAY paAMAUMHM, ¢ — MOKA3ATEJMb €€ BEPTHKAJLHONO ocaab-
CHHUA,
IoxasaTens BepTMKaNbLHOrO OCTAGNEHMA CONHEMHON PpafMALUM
— onHa u3 Haubonee BaXHHX M HEOOXODMMEIX ONTHUECKHX Xa-
AKTEpUCTHK BOOHOM Macch. Kak m3secTHO, 310 BenuumHa, ofparHas
CCTOAHMIO, HA KOTOPOM NMPOHHMKAWOINAd PaAMauMd B pe3y/abTaTe €o-
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BMECTHOMO NAECHCTBMA MOMIOULIEHUS W paccesnus ocnabascren 8 10 pas,
€C/IM  PACCYHTAHA MO OCHOBIHMIO MACCHATUMHHIX norapudmMos (Mau

npubnusuteabwo B 2,7 pazsa — NpPH OCHOBAHHH HATYPANbHBIX
aorapudMoB):
el = =1 g L @
Z,— 2 1,
rne Zz-—Zl — TOJIILIHHA CJ08 BOOMW (M), ll M 12 — 0obayuCHHOCTD

Ha BEPXHCR M HMXHEH TPAHHLE CI01.

Hcobxoaumo cTporo pasnnuaTth M yKaswBaTb, NPH OCHOBAHHMM Ka-
Kux sorapudmos paccuntana BeanwuuHa a. [lokasaresns seprTukann-
HOro 0cAabACHMR, MOMYYCHHOM MO OCHOBAHHIO HATYpPANbHWIX JIOra-
pudmos, B 2,3 pasa BhLIC, YCM B CAYMAC ACCATMUHBIX JIOrapudMOB:
a (ln) =2,3 a (lg).

Iokasatens Beprukanwhoro ocnabneHus PAP MoxHO noayuuts
M3MEPCHHAMU TCPMOJACKTPHUCCKHM WM (oTOINCKTpHUCCKMM npnbo-
paMH C pCrucTpauucii MOKA3dHUI B OTHOCHTENbHBIX CAHHWLAX, HO
npu 0643aTenbpHOl DABHOMCPHOI CNCKTP3/NbHOH 4YBCTBUTEAbHOCTH
natunka. MoXHO Takxe BOCMONB3OBATECK JUTCPATYPHHMH AGHHBIM
o0 5TOM nokasaTesie, HanpUMCP NPMBCACHHHIMM IS ONTHYECKK Pa3
JauyHux Box B pabore Kupka [18].

[IpakTHUeCKNE OC/IOXKHCHUS NpH PacycTax JHCPrHM MPOHHKAIOLIC
paaMauHM No MNOKa3aTeNI0 BCPTHKANBHOMO 0C1a0ACHHS CBA33HW
noaGoOpoOM XapaKTCPHOM RAA HAHHOW BOOHOM MACCH BEJIMYHHEL. T
o0yCnoB/ieHO TeM, UTO B MNPHPOAHWX BOIAX XOA CNEKTPAILHO CAOX
HOTO NOTOKA COMIHEGHMHHIX JY4YCH OTKAOHSACTCS OT OMHCKBACMOrO 3aK
HOM Byrepa, KOTOpLIA cnpascaiiB JAHMB NPHMCHHUTEABHO K MOHOXDO:
MaTuueckoMy u3nyueHmnio. [1o3ToMy paccUMTaHHHE MO KAACCHUCCKO
dopmyne Byrepa BenquuHW nokasatenas BCPTHKAIBHOTO ochabicHK
COJTHEYHOH pafMauuH pPasNHuaioTcs no raybuHe — B BEPXHHUX caod
oum Gonbluc, yeM B HMXHHX. YToOW npcogoneTs TPYAHOCTH Bbibo
HYXHOH BCJHUMHD, MPOBOASNT M3MCPCHUS B HCCKOJBKMX Y3KHX yd
CTKaX CMCKTPa WK B 00/1aCTH MMHHMAAbHONO ocnabaeHus CBeTa,
KOTOPOH 3HAueHUS a O6au3Ku no Beeil riyOMHe, 3aTeM PacCYHTHIBA
3TOT NOKasaTc/b A MHTerpansHoro notoka MAP {16, 21]. Ogna
napaMeTphl TAKOIO poJa pAcycTOB HCAOCTATOMHO H3YUCHHW Aas OnT
YEeCcKH Pa3SMYHKX THNOB MPHPOAHHX BOIA, YTO BHOCHT AOMOJHHTEN
HHE OTKJIOHCHHSI B MONAYU3AEMbIC PC3YJbTaTHL.

YuuTHBa® CIOXKHOCTb MNOJYUCHMS TOUHBIX PE3yAbTAaTOB pacu
noasoaHo# MAP, MOXHO PCKOMCHOOBATb WMCMOJBb3OBAHHE PAacuCTH
OaHHBIX 00 MHTErpanbHOM MO CIEKTPY COMHeuHOM pagnaumuu. Tem
JIee, UTO NOCACAHSA NMpH MPOXOXICHUH CKBO3b BOAY OmCTpo Teps
KpaitHue ynabrpaduoscToBhEe M WH(PPAKPACHHE JyyH M HA CpaBH
TenabHo HeGoabwol rayGune cramosutcs Onuakoid Kk PAP. Ortkao
HAS B MPOHMKHOBEHWM CNEKTPAJbHO CJAOXKHOIO NOTOKAa panMalHH
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MOAYMHAIOMIErocR 3aKoHy Byrepa xoma MOHOXPOMATHUYECKOIO Haayue-
HHMS MOXET OhTb YMEHbIIEHO, CCN B IKCTOHenty dopmyan (1) Bee-
CTH napaMeTp Z B cTeneHu n MeHsme 1:

lz = l(; e—aZ“. (3)

YMHOXAaeM Ha BeNMYMHY, paBHyw Z", KOMNEHCHpYeTC CHHXEHHE
noka3areis a NO MEpe NPOHHKHOBEHHMS COJHEYHOH panmaumd B raybb
BOAOEMA H CEJIEKTMBHOrO ee ocnabnenms BogHO#M cpenoit. Bennunma
n Mensercs or 0,6 npu 10° userHocTH BOAW MO MAATHHOBO-KOOAIb-
tosoit mxane po 0,8 npu 50° (11].

Ilng HMHTErpaAbHOrO MO CNEKTPY NOTOKA PpaAHAUMH IOXa3aTelb
BEPTHKATBHOrO ocnabienns MoxeT OnTh OnpemenieH € ACCTATOUHON B
rugpoGuosornueckux paboTax TOYHOCTBIO HA OCHOBAHUM MPO3PAUHO-
cr¥ Boanl, MamepeHHoi nuckom Cexku [2, §].

Taxum ofpa3om, HauGonee noanas uHdopMmauus ob ycI0BHAX OC-
BELICHUSA, B KOTOPHX nporekaer GOTOCHHTES (QHUTOIIAHKTOHA, MOXET
6HTb NOAYUEHA HEMOCPEACTBEHHHMH H3aMepeHnamMu DAP. Oun o6s-
3aTenbHnl B pafoTax no 3k0A0rMM noaBoAHOro (hOTOCHHTE3a, M NpH
HX NPOBCAEHHH CNEAYET CTPEMHTHCA M3MEPATh 3JHEPreTHYECKYI0 OC-
BEUICHHOCTb HA YPOBHE HCHHTYEMHX Npob, HECMOTPH Ha TPYRHOCTH
3THX M3MepeHHii. B paboTax Xe, HanpaB/ACHHHX Ha OLIEHKY YPOBHS
NCPBUYHOX NpPOAYKLUMM B TOM WIH MHOM BOJOEME, MOXHO OrpaHu-
YMTBCH OTHOCHMTEIBLHBIMH RAHHBIMH NOABOAHEIX CBETOBBIX H3MEpPEHMI,
a 3HEPrui0 pagnauuy B aGCOMOTHHX EOMHMLIAX MOAY4aTh Ha BO3QYXE.
IMpu 3TOM MOXHO ompenensaTb IHEPrHI0 MPOHUKAIOUIEH paavaUM¥ H
pacuCTHWIMH METOAAMM, ONHKPA[Ch HAa pe3yJAbTaTH MPOCTHX H3IMEpe-
HHIf NpO3payHOCTH BOAH M aKTHHOMeTpHueckue naHume [ugpomere-
ocnyx6w. Ongnaxko B mofoM cayuae npu M3yMEHHH NEPBHUHOM mpo-
AyKuuMH (PUTOMIAHKTOHA HEOOXOMMMO OLEHMBATh IHEPrETHUECKYKO OC-
BCHIEHHOCTb BOAHOH MAacCCH, Ha KOTOPOH OCHOBAHO MOHMMAHME 3aKO-
HOMEPHOCTEH NOABOAHOIO (POTOCHHTE3a, MOAEIHPOBAHHE 3ITOIO Mpo-
uecca ¥ PyHXUMOHMPOBAHHMA IKOCHCTEMH BOROEMAa B LIEJIOM.
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T. H. IMokatuaosa

Jummonoeuneckud uncmumym CO PAH

HCMOJb30BAHHUE NMUPAHOMETPA 1N U3IMEPEHUSA
9HEPI'MHY AOABOOHON COJIHEYHON PAIMALIMU

PaccMOTpeHb MeTonbi M3MEPEHHA NORBOMHOA COAHEHHOA paanauumu o0Wwero cnex-
Tpa u B obnactn AP moaudPHLHPOBAHKLIM CTAHAAPTHLIM MUPAHOMETPOM € naopom
CTEKJIRHHBIX CBETOPHALTPOB.

HamMepeHHs npuxoafiuei Ha NOBEPXHOCTh 3EMJIM IHEPIHH ‘COJIHEU-
Hoi pagnauMn obwero cnextpa (300—3000 um), Beaymuecs Ma Me-
TEOPOJAOTHUECKHX CTAHUHMAX, NMPOH3BOAATCA CTAHAAPTHHLIM [HPaHOMET-
poM cucremnt ). 1. Suuwesckoro [9). [lupaHoMeTp uMeeT moutH
MNOCTOSHHYIO YYBCTBHTENBHOCTb NO cnekTpy M cnalywo Temmepatyp-
HYI0 33aBHCMMOCTb, UTO BBITOAHO OTJMMACT €r0 OT APYrux dotonpu-
emuukon. Takoit npubop 6bln npucrnocobieH M A8 aKTHHOMETpUYE-
CKMX M3MEpCHMI B NMPUPORHHX BOA3X, TAE OH DPETMCTPHPYET IMOTOK
CO/THEUYHBX AY4Ed BCEX AAHH BOMH, MOCTYNAIOWHMX HA (OPH3OHTANL-
HYI0 TUIOLIAAKY.

Yr1obn nonyuuTth 607CE BHICOKYI0 YYBCTBUTCIABHOCTh, HEOOXORM-
MYIO 1Al W3MEpCHHs OCnabNeHHOro BOAMOW Cpenoil MaTydyeHus, Yy
tepmoBaTapen MOABOAHONO MMPAHOMETPA YBEJIMUEHO YHCJIO TEPMOCHA-
cs. MomecuweHa OHA B FEPMCTHYECKHIT KOPNYC € MMPOKHM BXONHKM
OKHOM, 33KpPBIThIM TUTOCKHM H.IH BHIYK/JKNM MPO3PaYHKM CTEKIOM.
O6BMHO NMPHMECHACTCH OPraHHYuYCCKOE CTCKJIO, KOTOPOE, XOTH M HMEET
PSa MOJ0OC MOI/OWEHHSA B AJAMHHOBOAHOBOII obnactu nocne 1200 M,
XOpoWo MPONycKaeT Jyyn (PUOJICTOBOM 4ACTH cnekTpa HauuHag ¢ 300
HM. OHO ynoBHO N1 MEXAHMUCCKOH 006paboTku, H H3 HEro MOXeET
OMTh monyueHo NMyTeM HArpeBaHMS M BBIABJAMBAHMSA BHNYKJIOE MO-
KpoBHOE CTCKJIO HeobxoauMoii dopmul. g KaxXmoro TMmAa mnokpoB-
HOro crek/ia BBOAMTCH MNOMDABOUHHI MHOXHTEIb K M3MEDEHHHIM BE-
JIMYNHaM pajMalMHM NpH NIEPEXome M3 Bo3Ayxa B Bomy [2].

PeayaptaTl mogBoaMbix M3MepeHHii OOWUHO BHIPAXAKOT B NPOLEH-
Tax ot npuxopslied Ha NOBEPXHOCTb BOAH paavauHH, a rpadmk ee
Hamenenns ¢ riyOuHOIl cTposiT B noayaorapudMHueckoM Macmrabe.

PH 3TOM M3-3a HEPABHOMEPHOrO OCAab/ieHHs B BOAHOH TONMME chek-

—_—
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TPAJIbHO CJIOXMOINO fIOTOKA COMHEMHHX Ayuell noayuawot cnabonaor-
HYTYIO KPHBYIO.

Ecnam B3sTh 3a OCHORY ee CpenHMiol0 4acth, Kotopags 6am3aka K
npsmoﬁ, TO OHA MOXET 6HTI: NMPHHATA 33 JKCMOHEHTY C NOCTORHHHM
noxasarenem ocnalneHud M onMcaHa ¢GOpPMyoH IKCNOHEHUMAILHOMO
sakona Byrepa (9):

L,/I, = B exp(—a 2), )
rae I, — SHeprus panvauMM, TMPHXOAAMEH HA NOBEPXHOCTh BOAM,
I, — >3Heprna Ha ropu3oHTe Z, a — NOKa3aTenb BEPTHKAIBHOINO

ocnabneuus B BOjEe SHEPrMHM pagnauMu, paBHoOl B 9, or pagHauuu
HA NOBEPXHOCTH. 1S HHTErpajbHOA no cnekTpy pagnauuus B co-
crannser npubanaurensno 40—60 9%. Benuurna a 3aBUCHT B OCHOB-
HOM OT NMpO3pPauyHOCTH M ULBETHOCTH Boan. [Ind npospaunnx Boa, Ta-
KHX, KaK B OTKPHTOM 03. Baiikasn, ycraHoBieHA IMIMPHUECKAS CBA3b

a=1,6/2%8, 2)

rae Z; — npospauHocts no Aucky Cexxku. [l OkpameHHBIX BOA

PeK, 03ep M APYrMX HeCOMBLIMX BOAOEMOB UMCIMTENb APOOH HeCKob-
xo Bume — 2,24, Ilpu npo3paynocrs MeHbme 1 M B OXpameHHE
BOJAX B/IMSAHME BIBEMEHHHX YACTML NMPUBOAMT K YMEHbIIEHHIO 3TOIG
YHCA3.

B03MOXHO TaKXe NpEeNCTaBACHNME XONA COJIHEYHOM Ppaanauuu
rry6uuHOl B BUAE CyMMH 3Kcnowent [2):

m .
1,/1, = B, +E BI exp (—a‘Z).
/=1

me B, XapakTepuayeT 4aCTh SHCPIMM CNEKTPa, KOTOpas ocnabnse

¢ ray6uHON NO 3KCMOHMEHTE ¢ MOCTOSHHMWM NOKasateaeM ocnabieHd
e B, — npOUEHT 3HEPruM, NOIIODICHHON M paccedHHOH B Cics
BOIN IO rAYOMHH, ¢ KOTOPOH HauMHaoTcs M3Mepenns. Jng onucand
KDHBHX ROCTAaTOUHO 2—3 3KCMOHEHTH,

XOR OTHOCHTEJBHHIX BEJIMMMHA CONHEYHOH pagHMauHd ¢ rayOMH(
MOXHO OnNMCHBAaTh ¢opmysol, ucnoabayemoit M. JI. INupunoin [6]R

I/l = exp(—a 2",
IR¢ nocpeacTrBsoM InapaMerpa n KOMIMICHCHUPYETCA CHHXECHHC ocinalb/n
HHS PajaMalMH NO MEpPEe €€ MPOHMKHOBEHMA B raybb BomocMa W &

CTHraeTCH BO3MOXHOCTB HCMONB3OBAHHA B PACMETAX MOCTORHHON §
JHu¥HH a. Ha sopoxpawmwmmmax Bosxckoro xackana npn npospd
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woctd Bonu ot 0,8 no 1,7 M nokasaTenb CTENEHH N B CPEAHEM PaBEH
0,705, a xommnencupyemas TakuMm o6pa3ioM BeIMUMHA NOKa3aTens

pepTHKaIbHOro ocnabnexus an—2.83/zl°'4. Ipu 3TOM OTHOCHTEND-

Hul€ BEJIMUHMHL JHEPrHH HAa TOPH3OHTAX PaCCYHTHBAIOTCE € TOMHO-
CTbIO, PABHOM TOUHOCTH M3MCPEHHS (THPAHOMETPOM.

AHaM3 RAHHHX H3IMEPEHUM PaaMaluM B BOJAAX JAPYTHX pEK, 03ep
§ BOAOXPAHWIHUI NOKAa3aj, YTO NpH Manod NMPO3PauHOCTH BOAB MOX-
HO MPHUMCHITH TaKOE.XE ONMMCAHME XOAa PaaHauMH ¢ rayGuHo#i, xorg
paabpoc mokazateaeit n M a, Heckoabko Gonbue. YcraHoBneHo Tak-

xe¢, YTO npH mpo3pauHoctw poau Gonee 2 M mo mmcky Cekxm mo-
Ka3aTeNb CTENEHH n PacTeT ¢ rayOuHoil, HAXOAACH NMPHMEPHO B mpe-
penax or 0,25 po 0,80, a a, ymenbmaercs. Becy cron6 moam or

0,25 M g0 rayOMHH, rae CoAHeunas Ppaavauus COCTAaBASET OKOAO
0,5 % npuxoasnieil HA MOBEPXHOCTb BOAH, NPH NPO3PAYHOCTH BOAN
0 3§ M MoxHOo pasmennth Ha 2 cjion, a npH npo3pauHocTn Gonee
5 M — Ha 3 08, B KOTOPWX N H a, MNPAKTHYECKH MNOCTOSHHE.

Takoit MpHMEM NO3BOJSET YTOUHHTb PACYET OTHOCHMTE/ILHONO KOJIHue-
lcTha NPOHMKAMOWIEH COJTHEYHOR pagHaLMH.
| HemocpencrBeHHbie M3MEPEHUS NOKA3aTEAS BEPTHKAIBHONO OCaab-
\.’ICHHﬂ MOryT OnTh MpPOBEREHW € NOMOMIBID anbdaMerpa, B KOTOPOM
loaiHOBpemMeHHO paboTaloT 2 AaTUMKA NHMPAHOMETPa, Pa3HECEHHHE MO
}‘myﬁuue. Takoit npubop ckoHcTpyuposan HWpkyrckum duanaaom
onurHoro sasoga CO PAH. [laHHwe oQHOBPEMEHHHX H3MepeHuil con-
€4YHON pagMau¥ M NHMPAHOMETPAMM HHTErPUPYIOTCS € NOMOMBbIO
Bnemponuoﬁ CXeMH, H UMDPH nocrenoBaTenLHO BRAJIOTCY HA HMH-
nkatope npubopa. BpeMs MHTErpHpoBaHMS MOXHO M3MEHHTh B He-
konbko pa3. [lpuGop no3songer Takxke NONyunuTbh OOCONMIOTHHIE Be-
HYHNHH 3HEPrUM pagnaliv¥ Ha rayOHHAX, NpHYEM Ppe3ynbTaThl He
ABHCAT OT M3IMEHEHHUS YPOBHA OCBELIEHHOCTH B TEUEHUE HMIMEpEHHIA.

B cBa3m ¢ TeM uTo CnekTpasbHOE NPOMYCKAHME BOAOH MITyUCHMS
A3MUYHBIX IUTHH BOAH HEOAMHAKOBO, ¢ raybuuHoit mpomcxoaur ,.cpe-
duue” paguaumn Haubonee XOPOTKHX M RJIMHHHX BOJMH. Ilpu 3TOM
Npo3pauHoii BoAe CWibHEE APYrux ocAabngOTCS MJIAMHHOBONHOBHE
YYH, a B MYTHOM — KOPOTKOBOJHOBHeE [4].

Ocnabnenne ¢ ray6uHOll MOHOXPOMATHUYECKMX Jyuyeil ¢ AJIHHOH
BOAHM 1 MOXHO CYMTaTh NOAUMHSAIOMMMCH 3akoHy Byrepa [9]-

1(z,4) =1(0,4) exp(—q,; 2), &)
[Ae [ (0, 1) — pasuauus, NPOHMKAIOWAS NOA MOBEPXHOCTb BOAM, I
(Z, 1y — panvauusg Ha rybune Z, a; — noxasatenp ociabieHus

'Yucit ¢ paunoft ponwm A, BenuumHa a; 3aBMCMT OT yrnosoH CTpyK-

[YPH coaneynoit paanauuu. OnHaxko 3tor 3¢ddekT HEBEIMK, NOITOMY
A MOXHO cyMTaTh ,KBA3M-BHYTpeHHMM"” cBOMcTBOM Boaw [10].
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CrnextpaibHbie PACNPEAGIEHHR noKalaTtenci pepruxantHoro ocnabne-
HUS G B PR3HLIX BOAOEMAX.

{ — p. Cenenra y noc. Kabauck, 29.08.87; 2 — p. Euncent Gana
r. Mrapka, y nesoro Gepera, 28.06.84; 3 — llercHuHCKOE BOAOXPBHWINM-
me, Cuabmenckoe pacwwmpenne; 14.08.79, 4 — Illexcuunckoe sonoxpa-
HunMue, sepxuvi 6bed, 16.08.79; 5 — p. Eunceit y r. Jlecocnbupek,
21.07.84; 6 — p. Kopwyunxa, ycroe, 18.07.85;, 7 — Cpemmnit Batxan
y Ywkausux octposos, 13.08.88; 8§ — HOwuuh Badxan, y Gepera,
18.07.86; 9 — KO xmuwit Bahkan, oTkpwrras uacts, 5.07.86. Apabckne
unpsl y KpHBbIX — NPO3PAuHOCTL BOabt Mo aucky CekkH, pumckne —
LBETHOCTb BoAbi NO wxane Popens — Yna.

144



Ha ocHoBe cnexTpanbHmX 3HaueHHA a; M CMEKTPa mpHxopamed
Ha MOBEPXHOCTb JYYMCTOA 3HEpruu conuua /o (1) MOXHO pacCUMTaTh

BEJIMYMHLL COMTHEYHOH panMaunH NOOHX YYaCTKOB CREKTPA, NPOHH-
Kaomel Ha pa3nuuHble ray6uum Bogoema, no cdopMmyne

AZ
1(2) = { kly(d) exp(—a, Z)di, (6)

rae k — xo3adhuuMeHT NPONYyCKAHHUA COJHEYHOR IHEPIUM NOBECPXHO-
CTbI0 BOAH, npumepHo pasubit 0,955 {3].

Takoit pacuer nposedcH ¢ noMowblw 3BM uuMcreHHHM MeETOAOM
ans auanasodos 300—380, 380—700, 700—3000 n 300—3000 um
Ha TNpUMEpe PEe3KO paaTMuUHLIX B ONTHYECKOM OTHOMEHHM BOA 03,
Baiikan u WekcuuHckoro Bopoxpanuwnuiia (cM. Tabauuy). Has pac-
yeToB Bech cnekrp Onn pasnened Ha yvactku wmpunod 20—40 um,
BHYTPH KOTOPWX @ ; TIPHHMMAnoCh NOCTOSHHHM. CrekTpanbHOE pac-

NpPEACSICHUE CONMHEYHOM PaaMauMu Haj NOBCPXHOCTHIO BOAW ObUIO B3s-
To M3 paborw [l] ¢ yuerom nanmbix B obsacth MAP, noayueHHuX
ans o3. Baitkan [7]). MMokasatrenn a; B nuanasone A = 370—700 um

(CM. DMCYHOK) nOAYYEHH H3MEPCHHAMH MHPAHOMETPOM WIH CENEHO-
BuM hoToanementom co cBeropuwabrpamu (4], a ana A, MeHbmMX
370 uMm, skcrpanonuposaun. Ias aank poaH Gonswe 700 Hm a

HAXOAWAH KaK NOKa3aTead NOTOWCHMS YHUCTOH BOLOM IUIOC TOKa-
3aTENM MOINIOMICHMS M PaCCESHMS DAacTBOPEHHHIM M B3BEIIEHHHM Be-
mecteoM [J]. Ban3koe CXOACTBO pAaCCUMTAHHNX A/ BCENO CHEKTPA
(300—3000 M) AaMHBIX C M3MEPEHHBIMM MHPAHOMETPOM CBMIETE/Ib-
CTBYET O [OCTATOUHO BHICOKOH TOYHOCTH pacuera.

MoxHo u3MepuTe SHepruio B obnactu cnektpa 380—710 um, or-
Hocsiylocs K AP, Hcnosb3ys NUPAHOMCTP B COUETAHMH CO CTEK-
asuunMu ceetodinstpamu BC-8 u KC-19. ina aroro ueobxommmo
caenaTh H3MEPECHMS € TéM U ApyrMM (WIbTpaMH M MO pa3HOCTH IO-
Ka3aHHf ONpPCACAMTb MCKOMYK BCJAMUYMHY JHepruu. B cayuae oueHb
YMCTON BOJE MOXHO OFPAaHMYMTHCH HM3IMEPEHMAMH C ONHHM CBETO-
¢unvtpom BC-8, a mytHoit m oxpawennot — KC-19, onpenenus
3ateM xoaunuectso QAP no pa3HocTH paguauumn oO1IEro CNeKTpa M
H3MEPCHHON noa ITHM GUALTPOM.

Cnenyer 3aMeTHTh, OAHAKO, UTO MINYUEHHE C AJMHAMH BOJH
meHbme 380 wm u Gosbwe 710 HM ocnabnserca B BopMoOit cpenae
Haubonee MHTEHCUBHO. [loatomy Bnunenenue nonu QAP u3 nponmn-
Kawmeil B BOAOEM COJIHEYHOM pamHauuu He uMeer BOJbIIOro CMHCha.
Tem Gonee, YTO 9T0 CO34aET MONOAHHTE/ILHHE TPYAHOCTH MPH M3aMe-
penmsax, a npolneMa OLEHKM TOABONHON paavauuM o0mero co/nHeu-
HOMO CMEKTPa B 3HAUHTEABHOM CTEMEHU pELICHA.
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B. B. Byason

Jooacezumeckuu uncmumym PAH

NMEPBUYHASA NMPOAYKUHUA U TPOOHIECKASA
'KJACCHOHUKALMA BOJOEMOB

Obcyxaaetca npobnema Tpoduueckol KnaccHpUKAUNK BOA HA OCHOBAHMH NMPORYK-
L{HOHHbIX XAPAKTEPHCTHK (PHTONNAHKTOHE. [IPUBEAEHBI rPAHHYHDBIE BEIMYHHBI KOHUEH-
Tpaumit xnopodwna, NCPBUUHON NPOAYKUMM HA EAMHUUY ofbeMAa BOALI WM MUIOLAAW
BOZIOEMOS PAINHUUHOND TPohHUECKOro yposHS. [laHO MBTEMBTHUECKOE OMHCAKME BIAMMO-
CBA3K MEXIY NOKAIATENSMH MEPBHUUHONA NPOXYKUWH (DMUTOMNAHKTOHA ANL PAIHONO THNA
BORHLIX IKOCHCTEM.

Onsa 1&¢qucxoﬁ KJacCH(PHKALUMH BOAOCMOB B HAYABHOW CTaguM
ee pa3paloTKM HCNONbL3OBANMCh Da3HHE KPHTEPHH: colepxaHue Ouo-
FEHHHX 3/JIEMEHTOB, COOTHOILEHHE KOHLIEHTPALMii PacTBOPEHHOIO KMC-
JIopoa B 3MHAMMHHOHC H THNOJMMHMOHE, WHTCHCHBHOCTb aKKYMYJIfi-
LHH CO2 B TMOOJMMHHOHE, KOMILIEKCH BHAOB OECrnO3BOHOYHHX M

T. o [11, 14, 17, 18, 20]. Mexny BceMd I3THMH KDHTEPHAMH HET
NMPOYHOH CBA3M, MOITOMY OUCHMBAEMBbIE 110 HMM TUNH 03P BBIPHCO-~
BBIBA/IUCh HEYETKO, G0/see WiM MEHEE HAJEXHO O4EpUHBAIUCH JMILD
nBa KpalHMX Kjaacca o3ep — oaurorpocHeie u 3BTpodhHue. Taxoe
MOJIOXKEHNE COXPAHLIOCHh LUIMTENBHOC BpEMS, XOTS ,,MHOIMO pa3 ykKa-
3BBAJIOCH, YTO OJMUrOTPOHBI ¥ 3BTPOHLIN THMH 03ep MpeacTaB/sfi-
10T coloit 000OLICHHYI0 XapaKTCPUCTHKY KPaiHHUX WIEHOB psaa NpH-
ponHuX obwexToB” [0, c. 291].

TonbKO KOAHYECTBEHHWE MCCACAOBAHMA HMHTEHCHMBHOCTH MPOOYK-
LLMOHHKX MNpPOLECCCOB, B MEPBYIO OuUCpEAb MNEPBMYHONH MNPOAYKIMH
TUTAHKTOHAR, MOCJIY>XMAH TOR ,[VIABHOit OCbIO”, BOKPYr KOTOpOil crasa
CTPOMTLCA COBPEMEHHAA CHCTEMA THMOJOTHH BOAoeMoB. [Ipuopurer
nepeuuHOil npoaykumu o0ycaosieH Tem, uro Onaromapa ei ofwas
Guonoruyeckas MPOAYKTHBHOCTh (MaM TPOdHOCTH) BOAOEMA MOJAYYHNIA
KOJHYCCTBEHHOE BHpaxxeHue. B Hacroduice BpeMs TEPMHHH ,,TICDBMY-
Has npoaykuusa” H ,, TPodHOCTL” BOCOPUHHMAIOTC MHOIMMH THMADO-
6HonoraMM Kak CHHOHHMBL,

I. T. Bunbepr [6), conocraBup MaTepuain MO MEPBMYHOM Inpo-
aAyxuuu o3ep esponeitckoit yactu CCCP, Bngenwn cpeou HHX YETHpeE
OCHOBHHIX KJjacca: 1) MajlonpoayKTHEHhE QJHroTpodHHE H AucTpod-

© B. B. Bynson
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HHe o3epa, 2) Mme3dorpobume, 3) 3sTpodHue, 4) BHCOKOIBTPODHHIE,
unu nonautpoune. [oNOBbE BCAMYMHB NEPBHYHON MPORYKLMM, mNO-
JIOXEHHHWE B OCHOBY AaMHOM KJIACCM(PHKALMH, YKAANWBAWOTCH B OT-
HOCHTE/JILHO  y3kue rpanmun: ot 150 B onurotpoduunx no

3500 xxan/m2 B BuCcOk0IBTPodHHX o3epax. TakoH CNEKTp BEnMUMH
ofbacHseTca TeM, uTo A0 KoHua S50-x rogoR WCCAEA0BAHUS OTpaHu-
YNBANKCHL MPEUMYUIECTBEHHO BOROEMAMH YMEDEHHBIX 30H.

Cucrema xnaccupukauMu TPOAOJIXKANA Pa3BUBATLCA MO MEPE MO-
CTYILUIEHMs HOBKIX CBEAEHHII O BOAOEMAX PAa3HHX PETMOHOB M reorpa-
¢uuecknx mupor. Jlaiikenc {16) npusaek aas xnaccndukaummn npe-
CHHX BOA, KPOME BEJMUYMH MEPBHYHON MPOAYKUHH, AaHHHWE no 6umo-
Macce QHTOTLIAHKTOHA, COnEpXaHuio xiopodmnna ,a" u obmero op-
raHMueckoro yrnaepopa. Ha OCHOBAHMM CyTOUHMX 3HAuCHMil MHTEr-
paNbHON NeppHYHON MPORYKUMH (TONOBHE BEJHYHHE HE HCMOJL30BA-
HW) on (16} pasmennmn osepa ma yawTpaosnurotTpodHsie, osurorpod-
HHe, Me3oTtpodune, 3BTpodHHe M pucTpodHue (Tabn. 1).

Tabruya 1
KoaHuecTeeHRbie nokazarean Tpoduueckoro cratyca osep (no [16])
Tun o3epa TMepsuunae | Xaopodmn, OpraHnue- Buomacca
NPORYKUHE, mxr/n ckuht yrne- | duronnanx-
mr por, Mr/na TOHA, MKF
C/(M? - cyT) C/n
Yastpaonurorpodunf < 50 0.01-0,5 - < 50
Ommrorpodusiii 50—300 0,3-3 1-3 20—100
Mesotpodumit 250—1000 2—15 1—-5 100—300
OsrpodHbif 600—8000 10—500 5—-30 > 300
Jncrpodnit 50—3500 0,1—10 3—25 50—200

CHcTeMa rpajauMm 03€p CEBEPHHX W YMEPEHHBX 30H AETANBLHO
paspaborana C. Il. Kutaesum [9]. B uactHocTH, mo rofoBnM BeaM-
yyHaM nepsuuHoOi npoayxuuu (2 I A ) HM BHJEJIEHO CEMb KaTero-

puit Bon. Ilpu ob6mem pasmaxe or 125 no 4000 xkan/M? rpaunumbie
3HaueHns X X A " Kaxnoi KaTeropuu COCTaBJIgIOT TeoMETpuve-
CKYIO MpOrpeccHI0 CO 3HAMEHATENIEM, PAaBHLIM 2: a-onMrorpodHue —

menee 125 xxan/m?, f-onurorpopune — 125—250, a- u f-mesor-
poduue — coorBercrBeHro 250—3500 v 500—1000, a- u f-3sTpod-
me — 1000—2000 »n 2000—4000, rmnepasrpodunie — Oonee
4000 xxan/m2

B pa6orax B. H. AGpocosa [1—3] npobnema Tunonormu osep
pacCMATDHMBAETCd B HEPa3pHIBHON CBA3M C THAAMHM JMMHoreHes3a. [lns
03ep ryMAQHON 30HH BLIJEJIEHO NUTh CTAXNHA PasBMUTHN: OAMIOTPodMH,
meaorpopuu (wiu sprpoduxauuu), ssrpodun, aucTrpodpukanum U au-
crpopun. Ha cragusx ssrpopmxaumm u pucrpodbuxauus, 1. €. Ha
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noabeMe M cnage TpodHOCTH, o3cpa HMMEIOT, O4MEBHAHO, CXOAHNE
ypoBHYu ncpsuuHO# npoaykKuuH. [lostoMy MOXHO rosoputh O 1-it M
2-it mecaorpodun. Denetnueckas knaccudukauus o03Cp 3acnyXHBAET
cepbe3HOro U cneunansHoro obcyxacHud. OTMETUM TONBKO, YTO rpa-
Jauus O3CP NO DEIMYMHAM MEPBUUHON NPOAYKLHH RO/KHA PaccMaT-
PHMBATHC B AANBHEAUWICM B KOHTEKCTE Pa3BHTHA BOAHWIX IKOCUCTEM
BO BPCMCHM, KaK 3T0 yxé& Obfo npCAnpUHATO B Havane Beka (WIKajia
Tusnemana—Haymana), HO € y4YeTOM HAKOIUICHHBIX [JaHHBIX peruo-
HasnbHOM GuoaumHONOTMY.

logoBnie BeAMUMHN NEPBHYHOW NPOAYKUHMM NPCACTABJAAIOT HaH-
GonbIIMIT MHTEPEC IUIA JIMMHOMOMYECKOH M pHBOX03niCTBCHHON TH-
noaoruu poaoeMoB. [ofoBYI0 MEPBHUUHYIO MPOAYKUHIO (PUTOMIAHKTOHA
MOXHO DAcCMATPHBATh KaK (YHKLHIO €€ CYTOMHHX BEIHYHH (X A)
H AIMTENBHOCTH BEreTauMoHHOro cesoHa (T):

1A = k(ZA)

IIIIIX

rne (£ A) — MaxcuMmansHas 33 BEreTaUMOHHHIA CE30H CyTOYHas Be-
JIMYMHA NEPBHUUHON NpPOAYKUMH B uenom croabe poam, & — Koad-
hHLUMEHT, MOKA3RBAIOIIMA OTHOLICHME ILIOWAAM NOJ KPHBOW CE30H-
HOrO xoaa X A X njaowWaaM nNpaAMOYIrOALHMK3 CO CTOPOHAMU
(TA)pax 1 T-

Apryment (T) wrpaer BaXHYW pojb B (POPMHPOBAHHH YPOXKas
duronnankTona. [Ipy OHKHX M Tex Xe 3HaueHuax = A B pa3rap Be-
rerauM BOAOPOCAEH TOAOBAg MEPBMUHAA MPOAYKUMSA O3€P YMEPEHHMX
WHPOT BHINE, ueM Gosee ceBePHWX, W HHXE, ueM 0osee I0XKHBIX.
Kpome Toro, BEreTauHOHHWH cC30H (PUTOMIAHKTOHA B KPYNHHX MO
mwiomanu H raybuHam 03epax AAMTCA AOAbINE, YEM B MENKHx, Gna-
ropaps 0osiee MEQIEHHOMY OXJIAXAEHHIO BOXHEIX MAacC B OCEHHE-INUM-
HHH MEpHOA M PAHHEMY UBETCHHIO BECHOM. ﬂoa'roMy KPyNHRE 03epa,
OMroTpodHBE N0 COmEPXAHUIO xnopocbmma »a" B MUIaHKTOHE, CKO-
pocTH POTOCHHTE3a HA ONTHMAJIBHOM IIyOMHE M TON eAMHMUEH IUIo-
ImafK 3a CyTKH, MOCYT ObiTh ME30TPOPHENMH O TONOBWM BETHYMHAM
nepsMyHoil npoaykuuu. Taxum nmpumepom cnyxur o3. Taxo s CIIA
{13], roe, no paHHEM paguoyraepoaHOro METOAA, MHTErpajibHag nep-

BHMHasi MPOAYKUMS 33 CYTKM COCTamjaser B cpeaHem 150 mr C/mv?

(npu3nax oaurorpocdun), 3a rox — okono 500 Kkan/m2 (NpH3aaK
Me30TpodHH).

Tak kxak MIMTENLHOCTh BETETALMOHHOMO CE30Ha W MHorMe daxro-
PH BHEMHEH Cpenn, ONpeAeasioInie MNPOAYKUMOHHEE BO3MOXHOCTH
duTOMNAHKTOHA, CBR3aHH € MMPOTO NOACHOCTHIO, HaubGoabmue Be-
JMYUHN rogoBod mpoaykuuu (GHUTOMIAHKTOHA MOryT OHTbL Halizemm
TOILKO B Tponmuueckod 3oHe — 12—I14 Tmc. kkan/m? B o3epax M

no 30 Thc .kkan/m? B ynobpaemux pmGomonumx npymax [12, 19].
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MunumansHbe BeAMUNHK, 00 | —§ Kxa.rl/Mz, 00HapyXHBaioTCe B yC-
JIOBMEX BHICOKOW ApKTHkM u Autapktuku (5, 8].

Kak noxaswact npaktHxka ruapoOMONOrMYCCKMX MCC/ICAOBAHMH, B
YMEDPCHHWIX IIHPOTAX MCPBHYHAR NPOAYKUHS (UTOMIAHKTOHA BO3pa-

craer or 100 zo 3500 xkan/(M%? . rom) B HanpaBACHHUM OT ONHIOT-
podHbX K 32BTPodHBIM BOAOCMAM, A TPAHMYHLIE €C 3HAMEHHK OAd
onurotpodHoro, Mc30TpoHoro u 38TpodHOMO KAAacCd BOA COCTABJAAIOT
FCOMCTPHYCCKYIO MPOrpecCHIO €O 3HameHaTeacm, pasium 3—3,5. Co-
XpaHsAs 3TOT NPHHUMA TMOAPA3AC/EHHS M YUMTHBAA JaHHbE Nocaen-
HHUX JICT OAS BOJOCMOB, PACMOJIOKEHHHX 33 MPeacJaMH YMEPEHHOM
30HH, T. ¢. 80 10 u 81° c. w,, Mox<)/o BWAE/IMTb BOCEMb KAaTCropHid
npupoaHnlx Boa (Taba. 2).

Tabauya 2
TpodHucckan KNBCCHOUKAILME O3CP TIO FOAOBBIM BEIHYHHAM
NCPBHYHOH NPOXYKUMH

Tun oaep ZX A xkan/(M® - rop)
Cynepastpoduuie (runepastpodnbic Tpo- cobtue 10000
NUUECKHE)

Funepasrpodmbie 3500—10000
Jotpodibic 1000—3500
Meaorpounie 300—1000
Oaurotpodiibie
yMEPEHHBIX WHPOT 100—300
Tyuap n CybapkTHkn 30—100
ApKXTHKH . 10—30
BBICOKOH APKTHKM menee 10

BeposiTHO, BCPXHASl CTyneHb TpPoduuecKod MKanw 3aKaHYMBAETCH
Ipynno  cynep3BTPodHRX BONOCMOB C MEPBMYHON MPOAYKUHWEH 00

30 Teic. kkan/(M?. rom) , BHI € KOTOPOHl TPYAHO NPENCTABUTH
ee BEAMUMHY, YuuTwBas 3PADEKT COMO3ATCHEHHA KIETOK u-
TOMNAHKTOHA B CHABHO UBETYLIMX BORax. B npemenax yme-
PEHHLIX IIMPOT MPOAYKTHBHOCTL (PUTOILIAHKTOHA BpPAA /KM ObIBAET HHU-

xe 100 xkan/(M%. ron), NaXe CCIM NMPUHMMATL BO BHHMAHHE IUC-
TpochHne o3epa [10], HO B ApKTHKE TaKaf BCJAHMYMHA NCPBUYHOM
NPOOYKLMM XaPaKTEPHA OAS OTHOCHTEJIbHO NMpPOAYKTHBHEIX o3ep [15].

Ouenxa TpouUCCKOro CTAaTyca BOJOEMOB NO rOJOBWM BEAHUMHAM
NEPBHYUHON MPOAYKLMH ILIaHKTOHA TpeGyeT peryaspHnx Habaronchui
Ha TPOTSXKEHWUM BEreTAUMOHHOrO CE30HAa, YTO B Ppsie CAYYyaesB TEX-
HHYEeCKM HeBwnoaHumMo. [loatoMy cieayer yneasTb BHMUMAHKE BEau-
YHMHAM CYTOYHOH NPORYKUMHM (PUTOMIAHKTOHA B eavHMLe o0bemMa BO-
Ab NpPH ONTHMANbLHKIX CBCTOBHIX YCJIOBHMAX (Aop') W TNOR eAMHHUEH

momann (T A), uaMmepseMnM B cepeauHe Jeta. [Ipu atom noa

Agpy TMONPa3yMEBAETCS CKOPOCTD dorocunresa Ha rayOuHe C OUTH-
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MaJIbHBIMH CBCTOBRIMH YCITOBHAMMH. B TakoM NOHMMAHMH Aopl oTAu-
4acTca oT Amnx' noka3sarcasn d)OTOCHHTCBﬂ npH HACHILAKUWCA MHTCH-

cHBHOCTH creTa. Beanumua Aop| Hepenxo MeHswie Ag, . OHM PaBHH

TONMBKO NPH CBCTOBOM Hachienuu dorocunTeda. Knaccudukauusa so-
JOCMOB MO BCJHUYMHAM Aopl n X A pa3paboraHa npeHMYLICCTBCHHO

HA TIPHKMCPE CBPONEACKHMX 03cp C 6OJBIIMM OTHOCHTCIbHLIM COACPXKA-
HHEM pPACTHTEABHOIO INAHKTOHA M MUIAHKTOHOrCHHONO MAaTcpHaia B
cecToHE. B Takux ,,MIAHKTOHHHX" 03€Pax KOHUCHTPAUMOHHLIC U HH-
TCrpafbHHE TIOKAIATEAM TEPBHUHON NPOAYKUMH COrMACYIOTCA MCXKAY
coBoit ucxomHo B cwiy Toro, uto kuaccudukauus paspabaTeiBasnachk
Ha ux ocHose. Bonee Toro, mpoayKUMOHHLIC XapaKTEPUCTUKU uTo-
TUIAHKTOHA M ONTMUYECKUC CBOWCTBA BOABI, Onpeacasiowme rayGuHy
hOTHUCCKON 30HNW, B KAKOW-TO Mcpe B3aMMOOOYCJOBJICHEI, TaK Kak
OAHMM W3 I1aBHBIX (HaKTODOB, KOHTPOAUPYIOWMX YPOBCHb MECPBHUHOMN
npoayKuMu B CTOAGE BOAL!, BLICTYNAET CaMO3aTCHEHHC (DOTOCHHTEIH-
PYIOLIMX OPraHH3MOB.

B npupose HEpeNKH cAy4Yau 3IHAYMTEABHOrO OTKJIOHCHUSA OT
»TUIAHKTOHHOrO” Tunma o3ep. Tak, B KPYNHbIX NO MJOWIAAM, HO MeJI-
KOBOAHBLIX 03CPax, OTAMUAOWMXCHS GOJbOIOA OTKPHITOCTHIO AN BET-
POBOIO NEpEeMCLIMBAHMUSA, TIPO3PAYHOCTh BORHW M, CJIEAOBATE/JbLHO, LaYy-
6una oTHUCCKON 30HK OMpefesIfAIOTCA HE KOHUEHTPAUMCH IIAaHKTOHA
M TUIAHKTOHOrCHHOIO CECTOHA, CKOJBKO COAEPXXAHUCM B BOAE B3MY-
YEHHHX WIOBBLIX uvacTvl (aerpuTta). IIpHMepoM TakMx ,AETPUTHRIX”
03ep MOTYT CJAYXHUTh MHOrMC 03epa MOHrosus H cOnpoge/ibHbIX pai-
oHoB 3abaitkanbn [5]. Osepa ,OeTPUTHOrO" THNA MO HUHTErPAILHBIM
BEJIMYMHAM MEPBUYHONH NPOAYKUMM MeHeC MPOAYKTHBHH, 4YeM 03epa
»TIJIAHKTOHHOIO"” THMA, HCCMOTPS HA MX CXOACTBO NO KOHLEHTPAUMAM
xiopopwia ,a” B MAAHKTOHE M CKOpocTaM ¢oTocuHTE3a Ha onTH-
MasIbHON rnyGune.

Ioas paapaborku tpoduueckoll kKaaccupukauuu, YUUTHBAIOLWER
0COGEHHOCTH KaK ,JUTAHKTOHHRX”, TaK U ,JETPUTHHX” 03ep, BAaXHO
npasmabHO BHIOpaTh OCHOBOMOMaralowiMi kputepuit TpodHocTn. Kak
MOKa3HBAET MPAKTHKA, NDH HEPEryIAPHBIX HAOMIONEHUSIX CONEpXAaHue
xnopopuna ,,a” B naaHkToHe (C,,) TOYHEE OTPaxXaeT TpopuuecKui

CTaTyC 03ep, YEM CKOPOCTh (DOTOCHHTE3A, JIETKO Pearpyomas Ha W3-
MEHEeHHMs MOrOgHHX YCJIOBUH. MHnMM c/ioBaMu, COREpXKaHHE XJIOpO-
dwuia ,,a” — Bosee KOHCEPBATHBHMI NOKasaTess TPOGHOCTH M MoO-
3ToMy npu cobAlOfEHHMHM ONpencNeHHHWX YCAOBHIl MNOJHEE nepenaer
OpOAYKUMOHHHI notcHuuan duromnanktona. Ilo I, I'. Buubepry [6])
n M. C. 3axapenxosy [7], B onMroTpodHBIX BOOAX JIETHHE KOHLICH-
TpauuH xaopodpwuia ,a" cocrasaawor or (0,1 no 1 Mxr/a, B Mesor-
podunx — or I po 10, B asrpodunx — or 10 mo 100, B runep-
asTpounx — Gonee 100 mxr/n. IpemnoxeHHas rpamauus yCJIOBHa,
HO TeM He MeHee OHa YnoOHa, TaK Kak rpanMunme 3Havenus C, .
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VIS KaXXIOr0 KJAAacca BOA BbIPAXAKOTCH B BUAC CTCMICHU C OCHOBaHHCM,
pasunim 10, .

Ina Toro urobm npcobpasoBaTh CHCTCMY NOAPA3AE/ICHHA BOA MO
COACPXaHHI0 XxJopodla B CHCTCMY XapakTCPHHRX A KAXAOND KX
THNA BEJIMYHMHAM NCPBHUYHON NPOAYKUMH, CACAYCT NPOHIBECTH AHAIM3
CBR3CH MeXIy KOHUCHTpauucH xnopodwwia ,a", cxopoctbio ¢oto-
CHHTE3a HAa ray0HHE ONTUMANBHONO OCBELUEHHA, HMHTETPANbLHON nep-

BHuHOM nponykumcii non 1 m? u npoapaunoctbio oan. Huxe npu-
BOJATCH YPABHCHHS, OTPAXKAIOWIMNC CPEAHUE COOTHOWIECHHS MEXAY ITH-
MM TIOKA3aTe/AMH, YPABHCHUSA NOCTPOEHH HA OCHOBAHMM MaTCpHa-
noB, coSpaHsbX B BOJOEMAaX € Pa3dHHM YpOBHEM TPOHOCTM M pac-
NMOJMIOXCHHKWX B pasanuHuiXx peruonax [5]. Ces3p Mexagy cKopocTbio
GOTOCHHTE3a TIPH ONTUMANBHOM OCBCIUCHHM W _CONCPXAHHCEM XJOpO-
duna ,a" B 03CpPax IIAHKTOHHOMO W ACTPHTHOMD THNOB MOXHO Bhi-
pasutb obmMM ypaBHEHHEM

A = 31C%M = 30C,,, ')

rme A,, — MHTCHCHBHOCTb dorocunresa (mxr C/(n- cym), C, —
KoHuentpauus xaopopwina (Mkr/n). TNoacrasnss B ypasuesne (1)
Hanbonee pacnpocTpaHensne B npupone 3Hauenns C, (ot 0,1 no
100 mxr/n), HaxoauM, YTO B HANpaBREHHH OT OJHIOTPOQHBX K 3B-
TPodHHM 03€paM 3IHaueHNs A YBEAHUMBAIOTCH B CpeaHeM ot 3 mo

3000 mxr C/(1- cyr) (raba. 3).
Tabruya 3

Conepmanve xnopodpunna 8" (C,_), cx0pocTb (HOTOCHHTEIR NPH OMTHMAALMOR

OCBEIMEHHOCTH (A;m). OTHOCHTENILHAA NPO3PAYHOCTL BOAW (S) M nepsuuHas

NPOAYXUHS NoA eanHMUeR miomaad (T A ) B ,,IAHKTOHHLIX" H ,JETPHTHHIX"
o3epax pasHon rpodrHocTH

Sm LA mr C/(M - cy1)
C A, Mkr
HTC m;;,. c/f,'.. cym) wIlnaux- | Jderpur- | ,[auk- | Jerpur-
TOHMbIE™ Hwe"” TOHHBIE™ Hbie”
o3epa o3epa o3cpa o3epa
0 0,01 —_ — — — —
20 0,1 3 16 13 S0 40
40 1 30 6 3.2 180 100
60 10 300 2 0,75 600 230
80 100 3000 0,75 0,18 2300 550
100 1000 — — - — —

Npumeuanune. HUTC — uugexc rpo%uuecxom craryca: or 0 po 20 — yanrpa-
onnrotpodHuie, or 20 g0 40 — oaurotpodueie, or 40 no
60 — meaorpodusie, or 60 no 80 — 3IsTpodHbe, ot 80 no
100— mnep3stpodbie o3epa.
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CaenyeT nog4epkHyTb, UTO ,[LTAHKTOHHEIE” W ,ACTPUTHHE" 03epa
npeacTaBasioT cobol ABa KPaHUX THNA IKOCUCTEMBI, Pa3aHuAIOMMX-
cg no crpyxktypc Tpoduueckoit cerd. Ilns mepBoro THma 3IKOCHCTEM
Gosice BEpOSITCH MOTOK JHCPrMM, HANPaBJACHHHIA Mo nacrOMmMoi ne-
N1, 14 BTOPOIO THIA — MO NCTPMTHOW LEMH C HEMPEMCHHRM Yua-
CTHEM reTepoTpodHBX MHKPoopraHuamos. Oguako GONBLUIMHCTBO 3KO-
CHCTEM OTHOCUTCH K CMCIIAHHOMY TNy, TaK KaK nacréuiuHas M gae-
TPATHAA LENH B HUX TECHO B3aMMOCBA3aHBI.

B o3cpax, 6aM3akNX K [UTAHKTOHHOMY THMY, 33BHCHMMOCTh OTHOCH-
TENBHOH NPO3payHOCTH BoAW nO AHcKY Cekku ot GuoMaccw ¢uro-
TUTAHKTOHA, M3MCPEHHOH B E€OMHMLAX Maccel xaopodpwrina ,a", ann-
POKCHMHPYETCSL ypPaBHCHHEM

S = 57¢;%%, ¥

rae § — npo3payHocTs BOAW (M), C,  — KOHLEHTPauus XJIOpo-
¢wina (mkr/n).

B o3epax merpuTHOro THMNa, KOTOpHE MO CTPYKType Tpodhmueckon
CEeTH HAaXoAATCA KaK O HA NMPOTHBOMNOJOXHOM IOJIOCE MO OTHOWE-
HHIO K ,,[IAHKTOHHRIM" o3epaM, cBa3b mexay S u C,, umeer ¢op-

MY, OTJAHYHYK 0T (2):
S = 32c;%% 3

Beanunnu napamerpos B ypasHcHuax (2) u (3) noaTBepkAaloT,
YTO MPH OAHOI M TOH Xe KOHUEHTpauuu xnopodpwuia ,a” mpoapau-
HOCTh BOAB B ,JCTPUTHHX” 03¢pax 3HaUMTENBHO HHXE, YEM B
»ITaHKTOHHuX". [loacTtasnas B 3TM YPAaBHEHUS PA3HHIC 3HAUYCHHA ap-
rymenta (ot 0,1 no 100 Mkr/n), HaxoauM, UTO C MOBHIIEHHEM YpPOB-
H TPOMHOCTH MpPO3payHOCTh BOAW B 3IKOCHCTEMAax NJAHKTOHHOIO TH-
na cHuxkaerca B cpemHeM or 16 mo 0,75 M, B 3kocucTeMax AETDHUT-
Horo tTHna — B cpeadcm ot 13 no 0,18 M (tabn. 3). Kak nokasamo
Ha puc. |, auuum perpeccun § mo C,, Ans ABYX KPaWHHX THIOB

03Cp CXOAATCS NMPH BBICOKMX 3HAUCHHUAX MPOIPAUHOCTH M MAAMX KO-
NMYCeCTBAX (PUTOMIAHKTOHA, XapaKTEpHHX A rayboOKMX BOAOEMOB C
HeOONbUIMM OTHOCHTC/IBHBIM COACPXKAHHEM AUIOXTOHHOIO M CYCIeH-
3MPOBAHHOIO M3 WI0B MaTepuana. Perpeccuu pacxomaTcd C BO3pacTa-
Huem C, . M C YMEHbLUICHHEM §, YTO COMYTCTBYET, KAK NPABMJIO, CHH-

XKEHHIO CpenHed TyOWHN BOJOEMOB.
PaccMoTpeHHHNEe 31ech 34KOHOMEDHBIE CBS3M MEXAY CBETONMpPOHM-
LACMOCThI0 BOAN M KOHUEHTPauueH (OTOCHHTETHMECKMX OPraHMaMoB
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M Puc. 1. CoorHoweHne mex-
RAY OTHOCHTENbHOM NPO3IPAUHO-
RS CTbI0 BOABI (M) ¥ COREPMABHHMEM
0/ \4 xnopoprana .87 B MIBHKTOHE
(Mkr/n) B 03epax MNAHXTOHHOMO
I \ (1) n perpurHoro (2) Tunos.
: N . JIunnn perpeccuft COOTBETCTBYIOT
ypasnenuam (2) n (3).
n‘—/” - ] — 3ona onnroTpodHLIX,
11 — wmesorpodmnx, /1] — 38T-
4 2 { podueix, IV — runepasTpodHbix

oaep.
/ " m N v

w0 10° 10 10% mxz/n

DOMOTAI0T BHEBHMTb 3Tam, € KOTOPOrO l}){aqunamn NPUHLUHMTIHAIBHOE
PACXOXICHUE MHTErPaNbHHX MPOAYKIMOHHHX XapaKTepuCTHK ¢uto-
IVIAHKTOHA B ,TUIAHKTOHHRX” M ,JETPUTHHX” o3epax. WHTerpasbHan
nepeHYHas mpoaykumua B cronbe Boam, gBasgscy QyHxumeR npoapav-
HOCTH BOXH M CKOpOCTH (POTOCHMHTE3a HAa IIYGMHE ONTHMMANbHHIX CBE-
TOBHX ycnoshit [4, 21], B mepBoM NpHOAMXEHHH MOXET OHTbL oue-
HEHA MO YPaBHEHHIO

TA = AyS, )

me 3 A — nepeuuHag npoaykuus 8 Mr C/ M2 cym), Agpy — MH-

TeHcHMBHOCTh thotocuute3a (Mxr C/(1. cyt)), § — npo3pauHocTk BO-
R (M), : '

IMoaxe 6nuio nokazauo [§], YTO JaHHAS 3aBHCHMOCTh HECKOJBKO
OT/IMYACTCA OT JIMMEIHOA (YHKUMM, HO mns yAoOCrsa B HACTOSMIMX
MOCTPOCHMAX MCIOJAb3YETCS NEpPBOHauansHoe, Gosee mpocToe, €€ BHI-
paxeune. Ypasuenue (4) npuMeHHMMO X BOJOEMaM pasHOH TpodHO-
CTH, € MOOBIM COYETAHMEM KOMMYECTBA XHMROIO M RAETPMUTHOIO pacTH-
TEJLHOro Matepuana B cectoHe. OQHAKO HANO MPHHATH BO BHHMAHHE,
YTO NpPH DAaBHHIX BEJHYHHAX AopI 3HaueHuMa S B o3epax ABYX Kpam-

HMX THIOB OKa3nBaloTd pa3HumMu (tabsn. 3). D10 HensbexHmM 0b-
pa3oM OTPaXaeTcd Ha XapaKTepe MIMEHEHWd BEJMYHMHH I A C pPOCTOM
YPOBHE TPO(MHOCTH, OLEHHBAEMONO NO KOHLEHTpauMu xiopoduuia
»a” M cxopocTH (POTOCMHTE3a HAa ONTHMANBLHON MO YCJIOBHAM OCBE-
mennsg raybumue.

Huterpansuas neppuuHasgs NpOAYKUMS BO3PACTAET B HANPpPaBJIEHHH
or oanroTpodHEXx BOA K 3IBTPOHHM B IKOCHCTEMAX IUTAHKTOHHOTO
tema or 50 mo 2300 mr C/(M%. cyr) (rabn. 3). K rtakomy xe
3aKTIOMEHHI0 MOXHO NPHATH YMCTO pacyeTHnM nyreM. KomOuHupyd
ypasuenns (2) u (3) ¢ (1), Haxomum:
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26 A4, (5

" —0,62
" = 26 45062,

SI

Kombunupys (5) u  (6) ¢ (4), npuxoamM X BHBOAY, YTO

0.56
TA = 264255, ™
" 0,38
TA" = 2603,
rme S'n 8, TA' u I A" — oTHocHTEeNbHAS TPOIPAYHOCTE BOAW H

NEpBUYHAA NPOAYKUHSA MOA eAHHMUEH TUIOmMAaXH COOTBETCTBCHHO B
»TUTAHKTOHHHX" W ,IETPHTHHIX™ 03epax.

Pacnosoxenne Kaxgoro KOHKPETHONO BOJOEM3 OTHOCHTENBHO JIH-
HHMIA perpeccuu, onucHBaeMuX ypasHeHHsmu (7) u (8) M wimocrpn-
PYOWMX B3aHMOCBA3b MEXJAY BEIMUMHAMM MHTErPAJbHBIX M KOHLCH-
TPALHOHHBIX MOKA3aTENECH NEPBHYHONH NMPOAYKUHK B Pa3SHOTHIHBIX BO-
nax (puc. 2), 3aBHCHT OT COOTHOWMECHHA KOHUCHTPAUHH DAaCTHTEJLHOIO

Puc. 2. CooTHOwEHME BEAM- nzC/(M:-cym)
4YHH ckopocT (OTOCHHTE3A Ha 4
rayGHHE ONTHMANBHLIX CBCTOBBIX Y
ycnosuit (Mkr C/(n-cym) w /
AEPBUYHON MPOTYKUMH B cToabe 4
soaet (Mr C/(M? - cyT) B O3epax ;
rNaHKTOHHOMO (/) M RETPHUTHOrO N
(2) Tanos. 1w 2/
JluHMK perpeccuit COOTBETCT- [~
pyoT ypasHenusm (7) u (8). " /
Octanbibie 0603naueHus Te xe, ]
yTo W Ha pHc. l. k, | —
7/
/ /] 1/ w
10 ! 1 ! 1
0 10° 10° wxe C/(n-cym)

IUIAHKTOHA M OCTPHTA, 3BTOXTOHHRIX H A/UIOXTOHHHX BEIIECTB M OT
OKPamIEHHOCTH BOAW PAcTBOPCHHHIMH BewlecTBamu. Uem cuwibHee BO3-
OENCTBYIOT HA CBETOMPOHMLAEMOCTL BOAH €€ OKPAmMICHHOCTD M Ae-
TPUTHWH MaTepuan, TeM Gauxe OGBEKT HCCAEHOBAHHSA K HHXKHEH
npsamoii. [Toatomy, Hanpumep, cpeau BOOOEMOB, OTHOCMMHX MO Agpr

K Me3otpopHOMy THIy, MOryT OuThb Kak Me3dorpothHme, Tak H 0au-
rorpopHHE, €UIH B KAMECTBE KPUTEpHE TPOPHOCTH MCNIOIB3OBATE X A.
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Takasa xe cuTyauusd CKAaQBBaeTcd MW B JpPYrMX KJaaccax BOA, UTO
YCIOXKHACT OLEHKY Tpodmueckoro cratyca Tex ofbekTom, KOTOpHE B
CHJIY CBOMX DETHMOHANILHBIX OCOOEHHOCTECH CYLIECTBEHHO OTJMYAIOTCA
OT ,MUIAHKTOHHHIX" 03€¢p, NOCAYXHBIINX OCHOBOM TPaJHLHOHHOR
xnaccuukauuu.

PaccMOTpCHHBIE 3aBHCHMOCTH MEXAY OTAGAbHRIMH NOKA3aTENSIMM
MEPBUYHON NpPOAYKLUMH IUIAHKTOHA HAXOAATCH MOKA Eule Ha CTaaHH
pa3pabotkn. [lapamMeTpn BCeX BhILIENPHBEACHHHX YPAaBHEHHA H KO-
JIMYECTBEHHKE OLEHKH YPOBHEH TPOoPHOCTH BOZOCMOB HOCAT OPHMEH-
TUPOBOYHKM XAPAKTEP M B OANBHCAIICM MOryT OniTh yTOuHeHH. Tem
HE MEHee aHAJMN3 HX B3aUMOCBA3M BECHbMA MOJIE3EH ANA NOHHMaHMIL
OCHOBHLIX TMPHUHUMNOB KNACCH(UKALUHH BOAOCMOB.
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YAK 574.524:581.132.1

H. C. TpudoHosa

Hnecmuamym osepocedenus PAH

OLEHKA TPO®HUYECKOIo CTATYCA BOJOEMOB
0 COAEPXAHHIO XJIOPOO®HUJUJIA A" B ITJIAHKTOHE

O6cysxaaeTcn Npo6aeMa OLUEHKH YPOBHS TPOMHM BOAOEMA N0 KOHUEHTPAUMAM XJ0-
podbwuna. Tpueenestsl MHAEKCH HMUECKOr0 COCTOMIMN 801, NOAYUEHHBIE PA3HLIMK
8BTOPAMM HA OCHOBAHMM JBHHLIX O CONCPKAHMH 3TONO MUIMEHTA.

OnpenencHue coucpxanus xjaopodwina NOAYYWNO WHMPOKOC pac- -
MPOCTPAHEHHE KAK IKCMPCCC-METOA OLCHKH ypOBHst pa3sutust curto-
mnankToHa. Ocoboe 3HaueHue 3T paboTH npuobpenn B CBA3M C npo-
GneMoit 3BTPOMPOBAHURA, MOCKONBKY YPOBCHb COACPXAHHA XJIOpO-
¢dmnna B8 Bomoeme otpaxacr cro Tpodmucckuit craryc. OHm Owin
HauaTh ewe B S0-x romax non pykosoacrsom I'. I'. BuuGepra [3, 4,
10], Ho Gosnee MHTEHCHMBHO Pa3BUBAIHCL 3apyOeXHHMH HCC/IEROBATE-
namu. . . Bunbepr {4] npuwen K BWBOAY, YTO NpeaeibHLE KOH-
ueHtTpauuu xnopodmwuia B npupoaHnix sosax cocrasasior or 0,1 mo
500 mxr/n. TeoperHueck® MM OHIO OLEHCHO MaKCHMAJIbHO BO3MOX-
HOE KOJMuecTBO xjopodwnina B 38(hoTHIM 30HE BOJOEMOB, COCTaBAA-

omee 750 mr/m2. Tosnuee Crumau-Huabcen [40] Ha kyabTypax Bo-
NOpOC/Ci NOKasan, 4YTo 3Ta BeanuuHa gocruraer 800 mr/m% pas cyc-

neHauy 3encHux (xjopesna) u 480 mr/mM%? — s aUaTOMOBHX.
Bce naHHHMeE, nonyueHHHWE H3a BOROEMAX pasHBX LWWMPOT 33 IO-
caemuue 30 neT, NpakTHYCCKH YKJ3AWBAIOTCA B YKa3aHHHIE Npeieshl.
B 60AbIMIMHCTBE YMEPEHHO NMPOJYKTHBHWX BOAOEMOB COAEPXAHME XJIO-
poduina ,a" cocrasaser Ao 35 mxr/a, a B cpeaHeM 3a BEreTauM-
OHHHWI ce3oH — po 10 mxr/n [19, 20, 25, 41, 46]. MuHuManbHue

KoHueutpauMd nurmeuta (0,1—1,0 Mr/M3) XapakTepHmW RAR ApKTH-
YEeCKMX, TOPHBX W Apyrux oaurorpodHmx oazep [1, 8, 11, 16, 46].
Makcumanbhne sennyusn (100—200 mr/m3) NMOJIyYEHH B BLICOKO3B-
tpohumx Bomoemax [12, 19, 25, 27, 38]. Bonee BHICOKHE BEJMUMHLI
OTMEYEHH JHWb 8 yNOOpAEMHX MpyAax, a TakXe B HEKOTOPBIX 10X-
HHX BOROXPAaHHAMWIAX. Tak, AAd 3JaMMmMEHHHWX YuacTkoB Kpemer-
YYrcKXOro BOAOXpaHWINMA HAa [lHempe nNpHMBOOMTCS COACPXaHME XJIO-

© H. C. Tpudonosa
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podwura, pasnoe 700 mr/M> [13], Xom -+ -suaunrcmmol Creemm
OHO 6bUIO CBR3aHO C KOHUCHTPHPOBAHMEM (HUTOIMLIAHKTOHA 33 CYET
HarOHHRIX ABJACHMH, B conoBmx o3cpax Dcdmonuu ¢ MACCOBRIM pas-
putnem  Spirulina platensis xoHueHTpauur xjopodwiia gocTHranmn
1 /M3 [42).

I. T. Bunbepr, npoaHannauposas Goabwoit akTHuecKHil Mare-
pHan no 6eIopyCCKHM 03€paM, BMCPBHC MPCAIOXUA MPOCTYIO MIKATY
TpoHOCTH BOROCMOB no coacpxanuio xiopodpunna [4]. IMoagnee ara
IIKATA OOMOJHANACHL M YTOUHSLIACh HA OCHOBAHWH NPYrHX HCCNEmo-
BaHMil BomoemoB Hawme#d crpaun [1, 14, 15, 17, 19]. Hexoropme n3
TAKMX [MKaA, COCTARNCHHHE YUYCHbIMH pa3HbX CTPaH, NPUBEACHH B
taba. 1. HaubBonee npuemnemMoit MOXHO CuUMTaTh wWKaay, Koropas
paspaboTaHa B paMKax MEXAYHAPOAHOM NpPOrpaMMH MOHMTOPHMHIa
BHYTpeHHHX BoA no 3amauuio QEC]H (Organization for Economic
Cooperation and Development) u ocHOBAHA Ha QaHHWX A1 HaubOJb-
MIEr0 YMuC/Ia BOAOEMOB MHPA.

Tabauya 1
lixanu Ans OUCHKH TPOQHOCTH BOJOEMOB
no conepraHnio xiopodwana ,a8" (Mkr/n)
Tpodnueckoe cocTornme
ynbTpa- onurro- ME30- asTpodHoe mnepas- Hcrounmk
ONinro- Tpodroe TpodHoe TpodHOE
Tpodoe
— < | 1—10 10—100 > 100 (4)
— 0.1—7.6 1,6—14,0 3,8-53,0 73—224 [10]*
0,01—0,5 0,3-3,0 2—15 10—500 - [47]
— <18 1,8—4,3 4,3—40 -
P. Z. Brezonlk,
E. E. Shannon,
no {5]
— <3 3-8 8—20 > 20 [15]
— <15 1,5—10 10—50 > 50 [19]) .
— 0,3—4.,5 3,0—11 2,7—178,0 100—150 (45]
— <4 8—16 16—32 > 32 [14]):
<10 s 25 2,5—8,0 8—25 =25 [35])
— 0,1—1,0 1,0—10 > 10 > 100 i1+

* Ha OCHOBAHHHM NETHMUX KOHUEHTPALMMA.

Ilpn oueHxke TpoduuecKOro CTaTyca BOAOEMA MO COREPKAHHIO
xJ0pobHILIa HEOOXONMMO YUHMTHBATH €r0 CE30HHYIO TUHAMHKY. Bosb-
OHHCTBO MWCC/IE0BATEAEH OTMEYaloT, YTO B LEJIOM CE30HHAA IHHA-
MHKa wiopoduana xopomo oTrpaxaer usMeHerue OuoMacce ¢uto-
IUIAHKTOHA, XOTS THKH TOrO M JPYIoro mOKa3aTencit He BCEerna cos-
nagator [7, 19]. OrcyrcTeue nosnHoro cosmamenus O6yCHOBJCHO 3HA-
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YHTEABHBIMH KosebanusaMu TIPOLEHTHOMO CONCPXAHHS Xxnopoduirta B
cupoit 6uoMacce Bopopocne, KOTOPOC MCHSCTCA B LIMPOKHX mpene-
Jlax B 33aBHCHMOCTH OT MX BHAOROH NPHHAMICKHOCTH W (PHIHOAOMM-
YECKOTO COCTOSHMA, CBCTORHX YC/OBHi, COACPXKAHMS OHOTCHHMWX Be-
mecTB. JTa BCJIMUMHA B -TCUCHHC IO MOXET HM3IMCHATLCS HA MOps-
nok [6, 24, 34, 43].

B y.anpaonumTpO(bHux BOOOCMAaX, TakMX, kak 03. Xybcyrya wu
03. BepxHnee, cc3onHas awHaMuKa xnopoduana BwpaxcHa caabo [11,
46]. B osmrorpodHEIX 03Cpax OTMEYACTCH OAMH BCCEHHHMM MUK MOAO
JBAOM HAM Cpa3y nociie BCKPuITMA., Hanpumep, 3T1o Mmeer MecTto B
03. Oxornuuse [21] u B o03. Baiikan B ypoxadHwe roam [11].
Me30TPodHRIX 03CPaxX M BOIAOXPAHWAHWIAX HAGAIOZAIOTCA ABA WM TpH
nuKa coacpxauus xaopodunna s Teuenue roaa. Takoit THN CE30OHHOM
AMHAMUKH XapakTepcH ans o3. Hapous B Benopyccuu (251 1 Muornx
mesoTpodumx o3ep Kapeanckoro nepeuweitka [21), PwbuHckoro u
Bpatckoro sopoxpauwnuw (7, 11). B cnabossrpodHnx Bomoemax s
CC30HHON AHHAMUKE XN0podWIIA NPOCACKHBAIOTCS Tpu M Oonee nu-
KOB, M3 KOTODHX JICTHHH BhICAACTCA OCOOCHHO BHICOKMMH KOHLEHT-
paunamu nurmenta. [lpeobnapanme ncTHero nuka xaopoduana c
MaKCMMAanbHBIM CIO COOCPXKAHWUCM, KaK MPABWAO, B aBrycTe xapak-
TEPHO UM ANS BHICOKOJBTPOHHX BOAOEMOB, TaKMX, Kak Ocaopycckoe
03. BaropuHo u o03. Buwmscsckoc Ha Kapennckom nepeweiike [19,
25). CosceM WHas KapTMHA HabMOJACTCA B rMNCPIBTPOMHBIX BOAO-
€Max, Tac AMHAMHUKA GUTOMNAHKTOHA OORYHO HOCHT XAOTHUCCKMIT Xa-
paktep. [locac mepuonoB oucHb BLICOKOH GHOMACCH, KOTOPWC MOTYT
OLITh BecHON MAM OCECHBIO, HACTynact MmaccoBas rubcab BOROPOC/CH
H, KaK peayanTaT, — CTaaus ,uncroit moam”. [IpuucMm nuku Guo-
MAacCh MOTYT OTMCYATBhC B TAKHX BOJOCMAX NOAO JbAOM, 0COGEHHO
B o3cpax ¢ npcobnaganueMm Buaos poaa Oscillatoria [23].

B uenoM, HecMOTpS Ha 3HAUMTENBHYIO CC30HHYIO BapHalCeAbHOCTD,
CPEAHCE 33 TOA MM BETCTALMOHHHIA TNCPHON CONEPXAHMC X10poduina
"B CTaOMIBHHX IKOCMCTCMAaX AOCTATOMHO MOCTOSHHO M MOXET OniTh
HaZCXHHM noKa3saTeneM TpodHUYCCKOro cTaTyca Boioema. Makcu-
MaJIbHHE BEJIHYMHK, N0 HAWMM JAHHbIM, KaK NMPaBHJO, TPCBLIWAIOT
cpenuuc B 2-4 pasa, a no 0606u1cuubm Af9 BOAOCMOB MHpPa — B
1,6 paza [45]. [Ipn orcyTcTBUMH pexuMHhX HabnoaeHMA AJS MOHH-
TOPHUHra GOABILOrO KOJMYECTBA BOAOCMOB MOXKHO MCMO/B3OBATH JaH-
HHE 33 Hanbosee MOKa3aTesibHHE MCPHOAN TOAOBOIO UHKAA, MPexXAe
_BCEro 3a mepuon JICTHEH CTardauum. ) T

~ B konue 60-x rr. 6mna BHABACHA pelwaiowas posb 6Horcuuou
Harpy3ku B 3BTpoMpOBAHMKM BOAOCMOB M YCTAHOBJIEHA NpAMas Kop-
pensiuus Mexay conepxaHuem xsaopodiwina u obuwero docdopa [44].
310 nossosuno Gonee TOUHO OueHHBaTh TpodHUECKMHA CTATyC BOAO-
€Ma | TPOrHO3MpoBaTh MpoOUECC IBTPOPHPOBAHHUA HA PAHHHX CTAaUAX
[29, 36, 45]. Brn nonayuyeH ueanit paa 3aBMCHMOCTEH, ONMHCAHHHX
MaTEMATHYECKH, MexXay Komuentpaumeit obwero ¢ocdopa u conep-
xauHeM xiopodwina ,a” B [UIBHKTOHE i PasAHYHWX BOJOCMOB
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mupa. Yacrs wua Hux, NPEHMYLIECTBECHHO AN 036D YMEPEHHON 30HH,
NpHBeaeHn B Tabn.

Tabauya 2

3aBHCHMOCTL conepmauml wopodrLIa 8" B ILIARKTONE PAINBLIX BOAOEMOD
or xonuenTpauuin obuero gochopa

Pafor nccnenosaHna I YpasHenne perpeccumn I Herounnx
Anouns ig Xn = 1,583 1g Posu, — 1,134 [36]
AHLANA Ig Xa = 0,871 Ig Pogu + 0,48° (33)
CWIA 18 Xn = 14518 Posy — 1,14 [29]
Oaepa mupa (no MBII) Xn = 0,46 Ig Posuwy — 3.87 [37]
Osepa mupa (143 ozepa) g Xn = 1,46 Ig Posu — 1,09 [31]
Kapesibckuit nepeweex g X2 = 1,270 Ig Posw — 1,113 (18]
Icrorua Ig Xa = 1,408 g Posy — 1,380 (14]
TMosswa 1g Xn = 1,49 Ig Posw — 1,32 [48]
penapyccua Ig Xn = 1,88 Ig Posu — 1,55 9]

HAEpAaHIB! X2 = 74,5 + 0,19 Posu * [30]
Mtarous Xa = 0,575 + 0,205 Posu 23]

® Xn — ane BeceHNero MaKCHMyMa, Posy — ANA TIOQJIEAHOTO MAKCHMYMA.

YpaBHeHus perpeccHd, NoayueHHHE OIg O3ep pa3Hoil TpodHOCTH
(cM. Taba. 2), mOCTAaTOUHO O/MIM3KM M Pa3aMYAIOTCS B OCHOBHOM Be-
/AnunHaMu yraosux koadduuucutos. Tax, ang MeHee NPOAYKTHBHBIX
o3cp Kapeabckoro nepelueiika AMHUS PErpecCHM NPOXOAMT BHILUE, YEM_
nnst 38TpodHux o3ep Jlatranuu (cM. pucyHok). Ka@HANCKWE yueHhle
APCANOXKWIH BHPAXaTh OTKIMK XJ0pODMAIA HA KOHUEHTPAUMIO 00-
wero docdopa orHowennem Xa i Py, (32]. 1o oTHOweHME Bapb-

upyer B paanuuHux Bogocmax or 0,01 npo 2,8, cocranss B Goab-
muHcree cayvace 0,24—0,29 (Hern et al,, 1981, uur. no [3]), HO
yame oHo Huxe 0,6. Hanpumep, no nanumm [oarcpmana [30],
18 o3epax Tomranauu ono koaebaerca or 0,25 go 0,73, B cpenHeM
cocrasnss_0,4S 0,49. U3meHumBoCTb OTHOLICHHS XJI P pTMmeuaercs Kak
B pai/IMUHBIX 03CPax, TAK H B OOHOM O03€pe MO CE30HaM, YTO, MO
MHEHHIO aBTOPa, YACTHYHO CBS3aHO C CYKUECCHCH AOMHHMPYIOLIMX
BHOB BOAOPOCJCH, a OTYaCTH OOBICHAETCA MCETOAHYCCKHMH owmnbKa-
MU npu onpeneneduun oprodocdaros. IMo-suaumomy, obecneueHHOCTD
430TOM TaKXE CYWECTBCHHO M3MEHSET PCakuMio (PUMTONJAHKTOHA Ha
yBenHucnue KoHueHTpauun docdopa, H coOTHOWEHHE MEXOY 3ITHMH
anementamu (N : P) Moxer OWTb OCHOBHOM npuunHoil Bapuabean-
Hoctn orHomeHust Xa: P [39). Dror Bonpoc HecoMHEeHHO Tpedyer
NANBHERLIUX HCCACOOBAHMI.

B cBR3au ¢ 3THM OUEBMAHO, YTO 32 OCHOBY OLEHKH TPOPHUECKOro
COCTOSHMS  BOAOCMA CJICAYCT NPHHMMATh CONEPXAHHE xJopoduiia,
T. €. PEalM3OBAHHYIO NMPOAYKUMIO, 3 HE MOTEHUMAILHYIO, COOTBETCT-
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syomylo cogepxanmnio obmero docdopa, HO He KOCTHraemyio BO MHO-
rMX BOROEMAX H3-3a JMMHTHPOBaHMA ApYrHMH dakropamy [S]. Kax
npasmno, creneHb TPoHOCTH BOAOEMA, ONEHUBaeMas Mo XJopodwi-
Jly, OKaanBacTCH MEHEE BBICOKOH, YEM MPH UCMOAb30BAHMH B Kaue-
CTBEe ee KpHuTepus comepxanus obmero docdopa.

Npn oueHke TpohMM BOROEMOB CTAHOBUTCH OYEBMIHHIM, 4TO €€
YPOBHM B NEHCTBHTENBHOCTH TPENCTABASIOT COOOM MWL CTAAMH MEX-
XY OMMrOTPOdHHM H 3BTPOPHLIM COCTOSHUSMH B HENPEPWBHON Lenu
rpopuueckux mpeppameHud. OnfHO M TO XE O3EpO NO OAHHM nOKa-
3aTENAM MOXKET ObiTh SBTPO(HHIM, a MO APYrHM — COXPaHATb YEPTH
Me3oTpohuu ¥ paxe oaurorpoduu. HemocTaTouHOCTL HOMEHKJIATYP-
HOK CHCTEMH TPaAMLMOHHONO AEJEHHS BONOEMOB HA OJHMIOTPO(HHE,
Me30TpodHEE ¥ IBTPoPHHE HE MOXET KOMIEHCHPOBATHCH BBEACHHEM
OOMOJIHMTENbHEX TNPOMEXYTOUHHX THIOB, YCJAOXKHSIOMMUX THIIA3a-
uuio. HemenecoofpaaHa Takxe M pa3paboTka MHOronapaMeTpoOBHX
AHAEKCOB, TPeOYIOMX ONpeaeSeHHs MHOMHX MOKa3aTeed.

IOna uesnedf 5KOMOTMUECKOr0 MOHHTOPMHra Hau(osnee mepcrneKTHB-
HH NOKa3aTeJd TPodHH, OCHOBAHHHE HA B3aUMOCBH3H HECKOJIbLKMX
NapaMeTpoB M TO3BONAIONME IO OAHOMY H3 HHX OLEHUTh Tpoduue-
cxuil THn BogoeMa. Tak, HA OCHOBAHMH TECHOW 3aBHCHMOCTH MEXHY
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cofepxanuneM xnopodbwina, obmero docdopa M NPO3PaYHOCTBLIO BOAK
Kapnconom (28] paspaborava wxana MHAEKCOB TPOPUUYECKONO COCTO-
auus (MTC) BomoemoB, Mo3BOAAOWAN OUECHHBATL CTATYC BOAOEMA MO
OOHOMY H3 MEPCUYMCACHHBIX MOKa3arteneil. B xavecrse ocHOBHOro mna-
paMeTpa MCHo/b3yeTcs Npo3pauHocTb Bogw no Genomy amcky (S),
Kaxioe yABOCHHC KOTOpod yseanumBaer uHackc Ha 10. B xauectse
HCXOOHOM B3sTa npo3pauHocts 64 M, npu kotopoir UTC = 0. Ucxons
u3 3asucuMoctH In S = 2,04—0,68 In Xn, 6u1 nonyueH HHmeKc
TPO(PUUECKONO COCTOAHHS MO XIAOPOHANY, KOTODHA PaBHACTCA HYJIO
npu Kouuentpauun xnopodpunna 0,04 mr/a (raba. 3). B uymepuue-
ckoit mkane Kapacoua [28] muaexcw mamensiorcs ot 0 no YOO. Ose-
pa ¢ UTC uuxe 30 orHocarca Kk onurorpodunM, or 30 go 60 —
K Me3otrpohHuM M Bume 60 — x asTpoHuM. Kaxmoe ysesmueHne
unpexkca Ha 10 no Kapacony coorserctyer ynsoeHuio Guomaccs ¢m-
toruankToHa. MHgekc tpoduueckoro coctosiHus no xsopodwily cuM-
Taercd Haubosnee HAOEXKHBIM NOKA3aTEJIEM, TAK KAK OH HE 3aBMCHT
OT COAEPXAHMA B3BECEH HEBOZOPOCAEBONO MPOHCXOXACHUS.

TaGruya 3
Hnaexcn TpodHUCCKOro cocronHua Bogoemos no xiopodwnay (MTC)
/ HUTC 7 I Herounnx
2 0,68 WXJ: 28
MTC.U.=IO(6——'O47_—.'2—|Q—) (28]
VV'** (26}

HUTC., = 24,6 + 25,1 Ig
WUTC.» = 20,0 + 33,2 Ig Xn LinT. no (5]
HTCy, = 40 + 20 1g XJI (21

Mo3anee uHackcn Kapsicona ObUtM YCOBEPIIEHCTBOBAHH APYrHMM
nccaeposatensmMu [2, 26], HO 33 OCHOBY BO BCex cayuasx Opanu
conepxanne xaopodpwuia (taba. 3). DTv MHAEKCH HauuI¥ LIMPOKOE
NpUMEHEHHE B JIMMHOMOIMM, B YAaCTHOCTH MHAEXC Yoakepa (UUT. no
[5]), HCROAb3OBAHHWHK nNp¥ ONpPCcACACHMHM TPodHUCCKOrO COCTOSTHMS
mannx oacp Octonun [14]. B. B. Byasowom [2] npemnoxeua Goace
npocras wxkana, B Koropod MUTC ysennuusaerca Ha 20 enuHMu npu
BO3pAacTaHuu KoHucHTpauud xnopodpwina B 10 pas. Unnekcu Huxe
20 xapakTepuaylT yabTpaoanrotrpodHoe cocrosuue, ot 20 no 40 —
onurorpoduoe, or 40 no 60 — wmcaorpoduoe, or 60 no 80 — a3BT-
podroe M Buime 80 — runcpasTpodHOC.

Onnako npu3HaBas 3HAUEHME DA3JUUHHX MHOEKCOB ISl OMpene-
nenus tpoduueckoro craryca sonoemos, I. . Bunbepr [5] npeno-
CTEpCras OT YPC3IMCPHOIO YBJICYEHHS HMMH. IIpH MX YCUIOXHEHHH WM
YCPEAHCHMM B 3HAYMTEABLHOW CTENEHM Tepsercd uHpopMauus of MH-
OMBHAYANbHHX OCOOCHHOCTAX BOJOEMOB. B CBA3M ¢ 3THM HyMmepMue-
CKaf IOKana, KOTopas MOXeT OWTb MOCTpOEHAa HENOCPEACTBEHHO MO
BeJIMYMHAM conepxauusg xaopopwwia [2, 22], npeacrasasier ocobeH-
Ho Goabwioii uHTEpec.
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