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KntoueBbie c0Ba: OpraHUue€CKHE U HEOPraHUUECKUE BEIIECTBA, COCIMHEHHMS a30Ta,
OKHCJISIEMOCTH BOJIBI.

B crarbe npeacTaBieHbl HauboJiee BaXKHbIE B THTUEHUYECKOM OTHOIICHUN XUMHUYECKUE
BEIIECTBA M MOKA3ATENIH, XapAKTEPUIYIOIIUE KAUYE€CTBO BOBI C AIUIEMUOIOTHUECKOU
TOYKH 3peHUs. [[aHa OlleHKa UX TUTUEHUYECKOT0 3HAYEHUS IPU ONPEAECICHUH KaueCTBa
BOJIBI.

K ux uncny oTHOCSATCS HanboJiee BaKHbIE XUMUYECKHE BEILIECTBA U MOKA3aTENH,
XapaKTEepU3yIOIIHe Ka4eCTBO BOJbI C THTUEHUYECKON U SMTUAEMHUOJIOTMUYECKON TOUEK
3peHus. DTO COeIMHEHUS a30Ta, OPraHNYEeCKUe BELEeCTBa, 00YCIOBIMBAIOIINE
OKHUCJISIEMOCTb; XJIOpUbI, (hocdarTsl, pacTBOPEHHBIN KHCIOPOJ U OMOXUMUYECKas
notpedHocTh Bojbl B kuciopoe (BIIK), cepoBogopo/, moka3aTesb KOHIICHTPAIIUH
BojiopoaHbIx noHOB (pH) [2].

Coenunenus azora. A30T B BOJIE€ HAXOJUTCS B COCTaBE KaK OPraHUYECKUX, TaK U
HEOpPraHWYEeCKUX coequHEeHn . OpraHuyecKuil a30T NpeCcTaBiIeH NPOAYyKTaMu
Pa3N0KEHUS )KUBOTHBIX OEJIKOB: HU3IIMX HENTHAO0B, AMUHOKUCIOT U T.11. Croza xe
OTHOCHUTCS a30T, BXOJSAIIUN B COCTaB MUKPOOPraHU3MOB, HU3IIUX PACTEHUN U
HEpPa3JI0KUBILIKXCS OCTATKOB BBICIIMX pacTeHU. B cyMMe oHM NpeicTaBlIAIOT TaK
Ha3bIBaeMbIi a1bOYMUHOUIHBIN a30T.

Heopranuyeckue coeiMHEHHs a30Ta B IPUPOAHON BOJIE — MOHBI aMMOHHS, a30TUCTON U
a30THOM KHUCJIOT — MOSBJISAIOTCS, TJIABHBIM 00pa3oM, B pe3yJibTaTe KOHEYHOr 0 pacnajia
BELIECTB OEIKOBOr0 MPOUCXOKAeHUsA. BHauane o6pasyercs ammuak. 3aTeM moj
neicTBueM (hepMEHTOB HUTPUPUUUPYIOMIMX OaKTepUil B TPUCYTCTBUM KUCIOPOIa
aMMUaK OKHCIIETCS 10 @30TUCTON KHCIIOThI, KOTOPYIO, B CBOIO OYe€peib, (PEpMEHTHI
OKHUCJISIOT 10 a30THOM. Tak 3akaHYMBAECTCs NPSIMOU LIUKII PA3JIOKECHUS
a30TCoJIepKAIUX OPraHUYECKUX COEIMHEHUH, IpUUEM, CKOPOCTh Mepexoa a3oTa 13
OJIHOTO COEIMHEHMSI B IPYTO€ MOKET OBITh pazinyHoi. CaMbIM HE10JITOBEYHBIM
SIBJISICTCS. MOH a30TUCTOW KUCIIOTHI (HUTPUT-HOH). bojiee yCcTONYMB HOH aMMOHUS
(aMMuaK), 0JTHAKO W OH JIOBOJILHO OBICTPO MEPEXOIUT B HarOoOIee CTaOMIBLHBIN HOH
a30THOW KUCJIOTHI (HUTPAT-HOH). DTUM U OOBSICHSICTCS Pa3INine COACPKAHUS
HEOPraHUYECKUX COETMHEHU a30Ta B IPUPOJHBIX BOAAX B 3aBUCUMOCTH OT BPEMEHU C
MOMEHTA UX 3arpsi3HEHMs MPOAYKTaMU OEJIKOBOW MPUPOJIbI: UEM OHO JIOJIbIIE, TEM
MEHbIIE B BOJIE OCTAETCs aMMOHUS U OoJible — HUTpaT-uoHa. HakoHeln Bech a30T
aMMHaka (HUTPUTOB) MEPEXOJNT B @30T HUTPATOB. CKOPOCTH ATOTO MPOIIECCa 3aBUCHUT
OT MAacCCUBHOCTH 3arpsi3HEHUs], TEMIIEPATYpPbl BOJbI, €€ COJIEBOIO COCTaBa, HAIUUHUS
COOTBETCTBYIOLIMX MUKPOOPTaHU3MOB U ApYyTruX (hakTopoB. BakHO UMETH B BUY, UTO
napajjielbHO UAET NPOLECC U3MEHEHHS] MUKPO(IOPHI BOJbI — OTMHUPAHHUE NMATOI€HHBIX
dbopm u MUKPOOOB-TIOKa3aTesnel ee PekaTbHOro 3arpsi3HEHUs. DTa B3aMMO3aBUCUMOCTD
ABJIIETCSI OCHOBAHUEM JUIsl UICTIOJIb30BAHMSI @30TCOJAEPKALMX BEIIECTB B KAUECTBE
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nokasaresieil BO3MOYKHOTO 3arpsiI3HEHUS BOJIbI NATOT€HHBIMH MUKPOOPTraHU3MaMHU.
ANbOYMHHOUHBIN a30T MOT Obl CIYXHUTh HanboJiee SPKUM HUHJIUKATOPOM 3arps3HEHUs
BO/Ibl OPTaHUYECKMMU BEIlleCTBAMU OEJTKOBOM MPHUPO/bI, OTHAKO €T0 OINpe/IesIeHUE B
BOJ/IE OTPAHUYEHO CJIOKHOM METOAUKOM, TPYAHOCThIO TP depeHIupPOBaHMS a30Ta
KUBOTHOT'O U PACTUTEIBHOTO MPOUCXOKIAEHUS U, CAMOE I1aBHOE, HU3KOMN
MH(OPMATUBHOCTHIO. J[eJ10 B TOM, YTO aJbOyMHHOUIHBII a30T 0OHAPYKUBAETCA JTUIIb
B BOJIaX, OYEHb CHJIbHO 3arpsI3HEHHBIX X0351CTBEHHO-()EeKaIbHBIMU WU
MPOMBIIIEHHBIMU CTOKaMU MPEANPUATHN MUILEBON U TiepepabaThiBatouieit
MPOMBIIIIEHHOCTH, BCJIEACTBHE YETO €r0 OMPEAEIIAIOT MPU KOHTPOJIE 32 COPOCOM
JAHHBIX CTOKOB M 32 CAMOOYUCTKON BOJOEMOB.

AmMmuak (MOH aMMOHUSs1) 0oJiee TOCTYIICH JIJIsl ONIPEICIICHUS U SBISICTCS JOBOJIEHO
XOPOILIKM WHJIMKATOPOM HEJIAaBHETO 3arpsi3HEHUS BOJbl OPraHUYECKUMH BEIIECTBAMU
0esikoBOM MpUPobl. OCHOBHBIE UICTOYHUKH €0 TOCTYIUIEHHS — d)KUBOTHOBOIYECKHE
(bepMbl, X035UCTBEHHO-OBITOBBIE CTOYHBIE BOJIbI, IOBEPXHOCTHBIN CTOK C YAOOPEHHBIX
CEJIbXO3YrOJUH, @ TAKKE CTOYHBIE BObI ITUIIEBON, KOKCOXUMHUYECKOM,
JIECOXUMUYECKON TPOMBIIIIEHHOCTH. OHAKO B HEKOTOPBIX CIy4yasiX 3aBeIOMO YHCTas
BOJIa MOKET COJIepKaThb MOH aMMOHUS B BEChbMa 3HAYUTENIbHBIX KOJIMUECTBAX. JTO
OTHOCHUTCSI K TITyOOKHUM TPYHTOBBIM BOiaM (IIpY BOCCTAHOBJICHUU HUTPUTOB U
HUTPATOB CEPHUCTHIMH COCTMHCHUSIMU) U K BOJIC, COJICPKAIICH I'YMyCOBBIE BEIIECTBA.
[locnennue SBASAIOTCS AOBOJIBHO CHJIBHBIMU BOCCTAaHOBUTENSIMHU, CHOCOOHBIMU
NEepPEeBOIUTh HUTPAThl B AMMHAK.

B noOpokauecTBEHHOI BO/IE IPYTrUX HCTOYHUKOB aMMHAK OOBIYHO OTCYTCTBYET WIIH
COJICP)KUTCS B HUUTOXKHBIX KommuecTBax (He Oonee 0,2 mr/mM3), mo3TOMy B KaX10M
cily4ae ero oOHapyKeHUs HeOOXOAMMO BBIICHUTh MPUYUHBI U HCTOUHHUK
npoucxoxaenus (Tadi. 1).

HutpuTh! (MOHBI a30TUCTOM KMCIOTHI) MOT'YT OKa3aTh OOJIBIIYIO MOMOIIb B BEISCHEHUU
[IpUPOABl aMMHUAYHBIX COCUHEHUH B HcciaeyeMou Boae. I1o atomy nmosony XionuH
I'.B. nucai: «...NpUCyTCTBUE HUYTONKHBIX KOJTMUYECTB AMMHUAUYHBIX COEIMHEHUN CaMO 110
cebe He CUUTAETCS] OCOOEHHO IYPHBIM IPU3HAKOM...JI€JI0 CYIIECTBEHHO MEHSAETCS, €CITU
OJIHOBPEMEHHO C AMMHAYHBIMU COETMHEHHUSIMU MTUTHEBAS BOJA COJIEPKUT TAKXKe
a30TUCTBIE COEMHEHMSI, KOTOPBIE CUMTAIOTCS MOKA3aTEIeM HECOMHEHHOTO
3arpsi3HEHMsI BOJIbI Pa3/IaraloluMUCS MOJO03PUTEIbHBIMU a30TUCTHIMU OPTAHUYECKUMU
COEIMHEHUSIMHU...». K TaKUM COETMHEHUSIM OH OTHOCHJI, MIPEXK/I€ BCETO, HOHbI
a30TUCTOM KUCIIOTHI, TAK KaK «...[MPUCYTCTBUE B BOJE JIJISl MUThS JaKe OJHOU
a30TUCTOM KUCIIOTHI Y’€E B BHICOKOM Mepe JeNaeT UCCAeAYyEMYIO BOAY MOA03PUTEIbHON
C TOYKHU 3pEHHUS €€ 3arpsA3HEHHOCTH, U TpeOyeT BHUMATEIBLHOr0 00CIE10BAHMS
ucTouHuka». CBou BbIBOJbI XiionuH ['.B. moaTeep:xaan JaHHBIMU HCCIIEOBaHUS
3arpsi3HEHHON BOJIbl MHOTHX BOJIOMCTOYHHUKOB, T/I€ HApSAy C aMMHAaKOM, KaK IMPaBUJIO,
0oOHapyKHBaJIaCh a30TUCTasl KUCIIOTA.

Tabnuua 1. ConepxaHue aMMOHHUITHOTO a30Ta B BOJOEMAX C Pa3IMYHON CTENEHbIO
sarpsisaeHHocty (S.11. MonuanoBa, E.A. 3auka u np., 2005)



YPpoEeHE 3aTrpAIHEHHOCTH AMMOHEEHBIR 230T, MT/IM°
E0JbI (KAacc KaYecTEa)

Oaenn urnctrie (1) 0.03

Wrrerrae (II) 0.1

Yuepenso saTpasHeHHsle (111) 0.,2-0.3
Jarpasaennsie (IV) 0.4-10

I 'pasuaete (V) 1.1-3.0

Oens rpasHaeie (V1) =30

[IprunHHasA CBA3b MEXKIY 3arpA3HEHUEM BOJbI OJ03PUTEIbHBIMU OPTaHUYECKUMU
BeliecTBaMu (JKMBOTHOTO MPOMCXOXKICHHUS) M HAJTMUUEM B HEH, HApSIIy ¢ aMMHAKOM,
MOHOB a30THCTOM KHMCIIOTHI, @ TaKke 00Jee peIKo BCTPEUaOUIErocs COBMECTHOTO
MPUCYTCTBUS 3TUX XMMHUUYECKHUX BEUIECTB B BOJIaX, COJAECPIKAIIMX OPTaHUYECKUE
BEILIECTBA PACTUTEILHOTO MPOUCXOXKICHHUS, TO-BUAUMOMY, O0YCIIOBIHBACTCS
pa3IMYrueM CKOPOCTEN pacmnaja OPraHuYECKUX BEIIECTB PACTUTENBHOTO U JKUBOTHOTO
npoucxoxaenus. [locnennue, kKak U3BECTHO, pacnaaaroTcs ovicTpee. BenencTue 3Toro
B BOJIaX, 3arpsA3HEHHBIX MPOYKTAMHU )KMBOTHOT'O TPOUCXOKACHUS, B KaXK bl JaHHBIN
MOMEHT 00pa3yeTcs TaKoe KOJIMYECTBO MOHOB a30TUCTOM KUCIOThI, KOTOPOE MOKHO
OOHapYX UTh CYIIECTBYIOIMMUMHU MeTogaMu. Y Ha000poT, MUHEpaTU3aIvs B BOJIC
OPraHMYECKUX BEIECTB PACTUTEILHOTO MPOUCXOKIACHUS 3aME/IJIEHA HACTOIBKO, UTO
MPAKTUUYECKU B HEM MOTYT ONPEAECTATHCS JIUIIb HAYaIbHbIE U KOHEUYHbIE OTHOCUTEIBHO
CTOMKHE BEIIECTBA, TAKUE KAK MOHBI AMMHUAKA U a30THOW KUCJIOTHI. UTO Kacaercs
MPOMEKYTOYHOT'O BENIECTBA — MOHA A30TUCTOU KUCJIOThI, TO BCIEACTBUE KpanlHEU
HECTOMKOCTH €ro Jalile Bcero 0OHapy»XuTh He yaaercs [3].

Takum oOpa3om, HanboJIee BEPOATHBIM YCIOBUEM OOHAPYKEHUSI HUTPUT-UOHA B BOJIE
SBJISICTCS] IHTEHCUBHBIN Pacaj OTHOCUTEIbHO HECTOMKUX OPTaHUYECKUX BEILIECTB
KUBOTHOTO MPOUCXOKICHUS, COMPOBOKIAOIIUICSA aKTUBHBIM MPOLIECCOM
HuTpupukanyu. [IpucyTcTBHE B MPUPOIHBIX BOJAX HUTPATOB (MOHOB a30THOM
KHCJIOTBI) CBS3aHO C HUTPU(UKANUEH aMMOHUIHHBIX HOHOB, TIOCTYIIJICHUEM
MPOMBIIIJIEHHBIX U X035HCTBEHHO-OBITOBBIX CTOUHBIX BOJI, CTOKOM C
CEIbCKOXO3IMCTBEHHBIX YTOJUM, Ha KOTOPBIX MPUMEHSIOTCS a30THBIE YI00pEHUS.
Bo03M0XHO MOCTYIJIEHUE HUTPATOB B OTKPBITHIE BOJJOEMBI U C aTMOC(EPHBIMU BOJIAMH.
[Tpu snexTpuyeckux paspsiaax B atMmochepe KUCIOPOa HOHU3UPYETCS U OKUCIISIET a30T
Bo37yxa J10 okucH azota (NO), koTopast ObICTPO MEPeXOUT B ABYOKHCh azoTa (NO?).
[locnenusis, coequussch ¢ arMochepHOM BO0, 00pa3yeT a30TUCTYIO U a30THYIO
kucioThl. CrenoBaTeabHO, 0OHAPYXKEHUE MOCIIe IPO3bl HOHOB ATUX KHUCJIOT B
aTMoc(hepHOl BOJIe M BOJIE OTKPBHITHIX BOJJOEMOB HE BCET/1a CBUAETEILCTBYET 00 UX
3arpsI3HEHUH OPraHUYECKUMU BEIIECTBAMU )KMBOTHOT'O TPOUCXOKIACHUS .

HuTtpar-noH kak nokasaTteinb 3arpsi3HEHHS BOJIbI UMEET MEHBIIIEE 3HAUCHUE.
OOGHapy>keHHue ero npu OTCYTCTBUM aMMHaKa U HUTPUTOB YKa3bIBAET Ha 3arpsi3HCHUE
BO/JIbI B MPOIIIJIOM, & B TPYHTOBBIX BOJIaX — Ha 3arps3HEHUE MMOYBbI, YEPE3 KOTOPYIO OHU
npoxoauian. KoHTpoJib cofiepKaHus HUTPATOB, OCOOEHHO B TPYHTOBBIX BOJAX,
00yCJIOBJIEH, TJIaBHBIM 00Pa30M, MX BO3MOKHBIM TOKCUYECKUM JCHCTBUEM Ha
OpraHu3M 4YeJIOBEKa.

OpraHnueckue BEIIECTBA, COACPKAIIMECS B TPUPOJAHBIX BOAAX, TOAPA3ICIISIIOTCS Ha
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ayTOXTOHHBIE, 00pa3yIOIIUeCs B PE3YJIbTATE KU3HEAESITEIbHOCTH U paciajia BOAHBIX
OpraHU3MOB U PACTEHMI, U T€TEPOXTOHHBIE, TOCTYNAIOLIME U3BHE C ATMOC(EPHBIMU
OcaJIkaMH, X0391CTBEHHO-OBITOBBIMU U TEXHUYECKUMHU CTOUYHBIMHU BOJIAMH.
XUMUYECKHUM COCTaB UX BEChbMa CJIOKEH U pazHooOpa3eH. UTo KacaeTcsi arperaTHoro
COCTOSIHUSA, TO OHU MOTYT HaXOJUTHCS B BU/I€ HCTUHHBIX PACTBOPOB, KOJUIOUIHBIX
B3BECEU U B BUJIE CYCIICH3UH.

[TockonbKy KOJIMYECTBEHHAS OLIEHKA UMEIOLIUXCS B BOJI€ OT/ACIIbHBIX OPTaHUYECKUX
BELIECTB U COCTMHEHUI Ype3BbIYailHO 3aTpyAHEHA, UCIOJIb3YETCS ONPEIEICHUE UX
CYMMAapHOT'O COJIEpaHUs MO Pa3HUIIE MacChl CyXOIr'o OCTAaTKa J0 U MOCIIe
MPOKAIIMBAHUS WM, Yallle BCEro, M0 KOJIWYECTBY MUJIJTUTPAMMOB KUCJIOPO/Ia,
3aTPaueHHOr0 Ha OKUCIICHUE OPraHMYECKUX BemlecTB B 1 M3 BOJIbI (OKHCIAEMOCTh
BOJIbI). B 3aBUCHMOCTH OT IPUMEHSIEMOTO OKHCIIUTEISI CYIECTBYIOT HECKOJIBKO BUIOB
OKHUCJISIEMOCTH IEpMaHraHaTHasi, OuxpomaTHas, HonatHas. Yem cuiibHee OKUCTUTENb,
TeM OoJsiee MOHBIM OyAeT pe3ysbTaT. Tak, Mpu UCIOIb30BaHUN OUXpoMaTa Kaaus
okucsitores 10 90-95% umeromuxcsi opraHu4ecKux COeAMHEHNH, IepMaHTraHaTa KaJius
— 10JbKO0 40-45%. BuxpomMaTHYI0 OKUCIISIEMOCTh Ha3bIBAIOT XMMUYECKUM
norpeoynenuem kuciopoza (XI1K). CreayeT yuuThiBaTh, 4TO TOMUMO OPTaHUYECKUX
BELIECTB B PEAKLIMIO OKUCIIEHHSI MOTYT BOBJIEKAThCS U HEOPraHUYECKUE
BOCCTaHOBUTEIIH, MIOATOMY BEJIMYMHA OKHCIISIEMOCTH B ONIPEIEICHHON MEPE YCIOBHA.
Tem He MeHee, 17151 OBITOBBIX CTOYHBIX BOJ MOKHO OPUEHTUPOBOYHO HNPHUHSTH, 4TO 1 Mr
3arpsI3HSAIONICTO OPraHnYecKoro BemecTBa cooTBeTcTByeT 1,2 Mr/mm3 XTIIK.
KonudecTBo opraHnyecKkux BEMIECTB B IPUPOJIHBIX BOJAX MOXKET ObITh PA3JIMYHBIM: B
NOJ3eMHBIX Boj1ax 00br9HO ux Mano (XIIK coctaBiser necsiTbie U COThIC TOJH
MWLIHTpaMMa Kuciioposia Ha 1 M3 BOIbI), B BOJAX OTKPBITHIX BOJJOEMOB — OOJIBIIIE.
[lepmaHraHaTHasi OKMCIISIEMOCTh TPYHTOBBIX BOJ gocTUraet 2-4 Mr/am3, OuxpoMaTHast
(XTIK) — 5-6 mr/nM3; OKHCIIIEMOCTh BObI TOBEPXHOCTHBIX BOJIOMCTOYHHKOB —
cootrBeTcTBeHHO 6-8 1 10-15 mr/nm3. B rurrueHn4eckoi npakTHKe Jisi OLIEHKN Ka4eCcTBa
BO/Ibl XO35IMCTBEHHO-ITUTHEBOTO HA3HAYEHHUSI PEUMYIIIECTBEHHO UCTIONB3YETCS
nepMaHTraHaTHAs OKUCIISIEMOCTh, TOTIa Kak OuxpomMaTHas okucisiemocts (XIIK)
NPUMEHSIETCS JJ1s1 KOHTPOJISI COCTAaBa M CTENICHH OYMCTKHU CTOYHBIX BOA [1].
['urueHnyeckoe 3HaYeHUE OPraHUYECKUX BEUIECTB 3aBUCUT OT UX MPOUCXOKIACHHUS.
Oprannyeckue BelecTBa AyTOXTOHHOTO MPOUCXOXKIEHUS U KOMIIOHEHThI TIOYBEHHOTO
rymyca, Kak npaBuiio, Bpesia JUisl 370pOBbsl HE IPEAICTaBIAIOT. TeM He MeHee, OHU
CHI)KAIOT KauyeCTBO BOJIbI, IPUJIaBasi €l OKpacKy U OOJIOTUCTHIN, @ HEPEJIKO U
XJIOpQEHOBHBIN 3amax; SABISIOTCS NPEeIIIECTBEHHUKAMH BPEIHbIX MOOOYHBIX
MPOIYKTOB XJIOpUPOBaHUs BOJbl. COBEPIIEHHO HHOE 3HAYEHUE UMEIOT OPraHUYECKHe
BELIECTBA, MOCTYMAIOIINE C XO35UCTBEHHO-OBITOBBIMU M TEXHUYECKUMH CTOKaMH. Mx
oOHapy’KeHHE CBUJIETEILCTBYET 00 OMACHOCTH 3apa’K€HUs BOJIbI MATOI€HHBIMU
MUKpPOOpPraHU3MaMH, KOTOPbIE MOTYT COJIepKaThCsl B (PEKAIbHBIX CTOKAX, UIH O
BO3MOXXHOM HAJIMYUU TOKCUYECKUX XUMHUECKUX BEILECTB, SABJISAIOMINXCS
KOMITOHEHTaMU ITPOMBIIIIEHHBIX CTOYHBIX BOJ. Clie10BaTeNbHO, ISl OLIEHKH KayecTBa
BOJIbl B&KHO 3HATh HE TOJBKO KOJMYECTBO COJAEPKALIMXCS B HEH OPraHUYEeCKUX
BEIIECTB, HO M UX MPOHUCXOXKACHHE [2].

B Hacrosiiiee BpemMsi peKOMEHAYETCS UCIIOIb30BaTh OTHOLIEHUE BETUYHHBI
OKHUCJISIEMOCTH K I'paAyCy IIBETHOCTH, Ha3bIBAEMOE YIEIbHOU OKUCIAEMOCThI0. Mexay
OKHUCJISIEMOCTHI0, 00YCIIOBJIEHHON I'yMyCOBBIMU U @yTOXTOHHBIMU BEILIECTBAMH, T.€.
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BEIIECTBAMH MPEUMYIIIECTBEHHO PACTUTEIBHON MPUPOIBI, U IIBETHOCTHIO CYIIECTBYET
npsiMasi 3aBUCUMOCTh. C yBeIMYEHHEM LIBETHOCTH PACTET OKUCISIEMOCTh BOJIBI,
BCJICJICTBHE Y€T0 YaCTHOE OT JCJICHHS dTHX BEJINYHH (T.€. YACIbHAS OKUCIIAEMOCTB)
MOYTH HE MEHseTCsl. 1IHbIe OTHOIIEHUS CYIIECTBYIOT MEKIY BETMUNHON OKHUCISIEMOCTH
Y IIBETHOCTHIO B CITy4ae 3arpsi3HEHUS BOJIbI OPTaHUYECKUMU BEIIECTBAMHU KHUBOTHOTO
MPOUCXOXKIEHHUS. 3ECh POCT OKUCISIEMOCTH TIOUYTH HE COMPOBOXKIAETCS POCTOM
I[BETHOCTH, BCJICJICTBUE UETO yeIbHAsI OKUCIAEMOCTh OyaeT pacTu. CunuTaeTcs, uTo
yleJabHask OKHCISIEMOCTh BOJBI TPYHTOBBIX KOJOAIEB B MECTHOCTH C MOA30IUCTOMN
CyXOM MmouBo¥ He JoJpkHa npesbimath 0,3 [3] .

Bce Gombiniee pacnpocTpaHeHHe MOTydaeT OIEHKa OPraHUIeCKON 3arpsi3HEHHOCTH
BOJIBI TIO COJIEP’KaHUI0 B HEH 0011ero opranudeckoro yriaepoaa. Jlupexkrnsa Cosera
EBpomner 98/83/EC Bxitovaet onpesenenue odmiero opranndeckoro yriaepoaa (TOC) B
COCTaB TOKa3aTelield, MPUMEHAEMBIX JJI1 MOHUTOPHHTA Ka4eCTBAa MUTHEBOM BOJBI. DTOT
MOKa3aTelb UCIOJB3YETCS TIOKA TOJIBKO B I[ESIX HOPMUPOBAHUS KayecTBa
OyTHIMPOBAHHOM BOABI (I BOJIBI TepBOM KaTeropuu — He 0osee 10 mr/nm3, nist Bob
BhICHICH KaTteropuu — 5 mMr/nm3), oqHako B Hay4dHO# npakTike TOC nmpuMeHseTcs
JAOCTAaTOYHO HIHPOKO.

Kucnopon. crournkoM Kucaopoia B MPUPOAHBIX BOAAX SBISIOTCS aTMochepa u
KHU3HEICSITETLHOCTh BOJHBIX XJIOPOPUINIOHOCHBIX oprann3mMoB. Coiep:kaHue ero B
BOJIC 3aBHCHT OT IUIOIIAIA BOJHON MOBEPXHOCTH, COOOMIaromIeiics ¢ atMochepHbIM
BO3yXOM, TEMIEPATyphl, aTMOC(EpPHOTO aBICHHsI, HHTEHCUBHOCTH MPOTEKAIOIIUX B
BOJIe OMONOTHYECKUX U OMOXUMUYECKUX Mpo1eccoB. [loa3eMHbIe BOABI BCIEICTBHE
OTCYTCTBHS COMPUKOCHOBEHHS C BO3yXOM YacTO HE COJIepKaT KUCIopoa Bosce. B
MOBEPXHOCTHBIX BOJIaX CO/ICPKAHUE PACTBOPEHHOTO KHCIOPO/Ia BAPHUPYET B IIUPOKUX
npezenax — ot 0 1o 14 mr/mm3 — 1 IOJBEPKEHO CE30HHBIM U CYTOYHBIM KOJICOAHUSIM.
Ha coneprxanue KUCIIopoaa B BOJE BIUSIOT JIBE TPYIIBI MPOTHBOIIOIOKHO
HaIPaBIECHHBIX MPOIIECCOB: OJTHU yBEINYHBAIOT €T0 KOHIICHTPAILIHIO, IPYTHE
ymeHnbatoT. K nepBoit rpymnne oTHOCSTCS abcopOLus KUCI0poaa u3 arMochepsl,
BBIJICJICHHE €T0 BOAHON PaCTUTENIFHOCTHIO B TIpoliecce POTOCHHTE3a, MOCTYIUICHNE B
BOJIOEMBI C JOXKJACBHIMU U CHETOBBIMHU BOJIaMHU, KOTOPBIE OOBIYHO MEPECHIIICHBI
kucaopooMm. [IprdeM, CKOPOCTH MOTIOMIEHHUST KUCIOPOaa U3 aTMoc(hephl BO3pacTaeT ¢
MOHIKEHUEM TEMIIEPAaTYpPhl, POCTOM JaBIICHUS U CHIDKEHHEM MUHEpaTH3aIi.

K rpynme mporiieccoB, yMEHBIIAOIMINX COACPKaHUE KUCIOPOAA B BOAE, OTHOCSATCS
OKHCIIEHUE OPTaHUYECKUX BEIIECTB, IbIXaHNE BOJIHBIX OPraHU3MOB U OaKTepuid, a
TaKXKEe XUMUYECKOE OKUCIICHHE Psila HEOPTaHHUECKUX dJIEMEHTOB, 00J1a/1at0IInX
BOCCTaHOBUTEIIBHBIMH CBOWCTBaMU (kele30, Mapranerl u jip.). CKopocTb moTpeOieHus
KHCJIOPO/Ia YBETUYHMBAETCS C MOBBIIIICHHEM TEMIIEPATyphl, KOJTUYECTBa OaKTepuil u
APYTUX BOJHBIX OPTAaHW3MOB, U BEIIECTB, MOJIBEPTAIOIINXCS XUMUIECKOMY H
OMOXHMHYECKOMY OKHCIICHHUIO [2].

KonmnuecTBo Krcmopoia B BOIE MOXKET CITY)KUTh KOCBEHHBIM TIOKa3aTelIeM CTETICHH ee
3arpsisHeHust. Boga cunraercst yuctoit, ecinu B Her cogepxkutcs: 80-90% kucnopoaa ot
MaKCHMaJbHO BO3MOYKHOTO HACHIIIICHHS MPH JTaHHOM TeMIieparype, 3arpsisneHHon — 60-
/5%, u TpsA3HON — pu HanmuuuK kucnopoaa meree 40-50% oT MakCcUMaIbHOTO
HachleHus (tadiu. 2). CormacHO CaHUTapHBIM HOPMaM, COJICPKAHUE KUCIIOPOJia B BOJIE
BOJIOEMOB B JIFO0OH MEPUO/] To/1a JODKHO ObITh He MeHee 4 mr/nm3 B mipooe,
otoOpanHO# 10 12 yacoB aHS.



bruoxumunueckas norpedHocTh B kuciopoze (BIIK). BeneacTBue 3HaUNTEIBHBIX
KoJIe0aHUM cofiepKaHus KUCIOPO/ia B IPUPOIHBIX BoAax 0oJiee IEHHBIM NOKa3aTeIeM
YUCTOTHI BOJIbI SIBJSIETCSI CTENIEHb YMEHBIIEHUS €ro COAepKaHUs B TEUEHUE HEKOTOPOT O
CpPOKa XpaHEHHs BOJbI B TePMETU3UPOBAHHOMN MOCY/IE IPU OIPEAESIEHHON TeMIeparype.
YewM Oostbliie B BOJIC aKIIENTOPOB KUCIOpoia (OpraHMYeCKUX BEIIECTB,
MUKPOOPTaHU3MOB), TEM MEHBIIIE €T0 OCTAHETCS Yepe3 ONPEICICHHBIN TPOMEKYTOK
BpeMeHH. Ha aTom 3d(hexTe 0OCHOBAH UCTOJIb3YEMbIil B CAHUTAPHO-TUTUEHUYECKOM
MPaKTUKE MOKa3aTelb OMOXMMUYECKOr0 NOTPeOIeHHs KUCIopoia B TeueHue S uinu 20
cytok (BITK5 wim BITK20).

Tabnuma 2. Coneprkanue KUCIOpoJia B BOJIOEMAX C Pa3IMYHON CTENEHbIO
sarpsisaeHHocty (S.11. MonuanoBa, E.A. 3auka u np., 2005)

Y POEEHE FATPASHEHHOCTH

BO7IEI {IIACE KAUECTES) PacTEopeHHBIH KHCI0pO]

IHMa, M I %0 HachIMEHHA

Z1eTo. Mr/asr

Caempuncteie (1) 0 14-13 03
Uererre (I1) g 12-11 g0
Vuepenno sarpasgesemse (111) T-6 10-9 T0
3arpasgenmse (IV) 34 34 60
Tpasarte (V) 3-2 3-1 30
COrgers rpasaede (VI) 0 0

Jlns Beruncnenus BIIK nccnenyeMyro Boay myTeM SHEPTUYHOTO BCTPSIXUBAHHUS
HACBIIIAIOT KUCIOPOJIOM BO3/lyXa U, MOCIIE€ ONPEAEICHUS €ro UCXOHOTO COJIep KaHMs,
CTaBAT B TUIOTHO 3aKPBITOM CTEKJISIHHOU CKJIsSIHKE Ha 5 win 20 cyTok npu TemmnepaTrype
20°C, mocJe 4ero BHOBb OIPEJIEISIOT coiep:Kkanne kuciaopoaa. Cunuraercs, uro 3a 20
CYTOK B BOJI€, 3arPSI3HEHHOMN X03SIIICTBEHHO-OBITOBBIMH CTOKAMHM, POUCXOAUT
MPaKTUYECKHU MOJTHOE OKucaeHue opranuky, 1.e. bIIK20 = XTIIK, Bcnenctue yero
BITIK20 o603nauatoT emie kak bIIKmonn. [pu onpenenennn BIIKS B koHue 5-ro aus
Hactynaetr /0% oxucnenue, T.e. XIIK -1,4 BITIKS5. OgHako B ¢Bsi3u CO 3HAYUTEIBHBIM
3arpsi3HEHHEM OBITOBBIX CTOYHBIX BOJI 3TO COOTHOILIEHHE HE BCerja A0CcToBepHO. Boaa
CUMTAETCA OYEHb YUCTOM, €CIIM KOJMYECTBO KUCIOPO/Ia B HEW 3a S CYyTOK YMEHBUINIOCH
Ha 1 mMr/am3, uuctoii — 10 2 mr/nm3, 3arpszaenHoi — 6onee 3 mr/am3[1].

[Tokazarens BITIKS ucnonb3yercs ais XxapakTEpUCTUKU MPOLECCOB CAMOOUYHUIIICHUS
BOJIOEMOB, a TaK»Ke Il pacyeTa NpeIebHO TOMYCTUMBIX COPOCOB 3arps3HIIOIINX
BELIECTB C MPOMBIIIICHHBIMHU U X03SIIICTBEHHO-OBITOBBIMU CTOYHBIMU BOJAMU.
CornacHO caHUTapHBIM ITpaBUjaM, IPU BBIITYCKE CTOUYHBIX BOJ B BOAOEMbI NIEPBOM
KaTeropuu, T.€. UCHOJIb3yEMbIE JIs1 X035 MCTBEHHO-TTUTHEBOIO BOJAOCHA0XKEHUS,
BeinunHa BITKS He momwkHa npesbimarh 2 Mr/amM3 B TOUKe, yIAJICHHON OT MecTa
Bbinycka He aanee 500 m. [l BogoeMOoB BTOPOW KaTErOpHH, UCTIONb3YEMBIX IS
PEKpPEaAMOHHBIX LEJIEH, a TAK)KE PACIOIOKEHHBIX B HACEIEHHBIX MECTaX, 3Ta BEJIUYHHA
HE JIOJDKHA TpeBbIath 4 mr/am3.

Coenunenus ¢ocpopa. ®ochop B NpUPOIHBIX BOAAX HAXOJUTCS B BUJIE
HEOPTraHUYECKUX COCTMHEHUN U OPraHUYECKUX KOMIUIEKCOB PA3IMYHON CTENEHU
cnoxHocTd. [Tog3zeMHbIe BOJIBI cofiepKaT KpailHe HE3HAYUTEIbHOE KOJIMYECTBO
docharos (e 6omee 100 Mxr/mm3); HCKITIOYCHHS COCTABIISIOT BOJIBI B paifoHaX
3aneranus hocopcoaepkanux mopoa (anatuthbl u Gochoputsl). B moBepXHOCTHBIC
BOJIOUCTOYHUKHU (hochHOp MOKET NOCTyNaTh BCIAEACTBUE pacTBOpeHus pochopHbIxX
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COEIMHEHUH, COIePKAIUXCA B 3€MHOM KOpE, WU paclajia OpraHuYeCKUX BEIIECTB
0eJIKOBOM MPUPOIbl. 3HAYUTENBbHOE KONMMUeCTBO (hochopa MOCTynaeT ¢ X031UCTBEHHO-
OBITOBBIMHM CTOYHBIMH BOJIaMU U B PE3YJIbTaTE CMbIBA MUHEPAJIBLHBIX YI00PEHHUI C
nosieit. Tak, ¢ ogHOTO TekTapa opomiaeMbix 3emenb BeiHocuTes 0,4-0,6 kr dpocdopa; co
crokamu (pepm noctymaer 0,01-0,05 kr/cyTku Ha o7HO *kuBOoTHOE. COpOC
HEOUMIIEHHBIX WM HEJOCTATOYHO OYMIIEHHBIX KaHAIU3AIMOHHBIX CTOYHBIX BOJ
oOecneunBaet nocrymiaeHue B BogoeMbl 0,003-0,006 kr ¢pocdopa oT ogHOTrO KUTENS B
CYTKH.

Heo6xoaumMo oTMeTHTh, 4T0 Gocdop (kak u a30T) OTHOCUTCS K HCTHUHHBIM OMOTCHHBIM
3JIEMEHTaM, HAKOIJIEHHE KOTOPBIX B IOBEPXHOCTHBIX BOJIOEMAX BEAET K
HEKOHTPOJUPYEMOMY POCTY paCTUTENbHOU OroMacchl. [IpoucxoauT n3MeHenue
Tpoduyeckoro craryca BogoeMa (3prpodukaius): B HeM Mpeo01ajaloT THUIOCTHBIC
MIPOLIECCHI BCIEACTBUE HETOCTATKA KUCIOPO/1a, MNHTEHCUBHO MOIJIOMAEMOT0
pactymumu BogopociiiMu. OCHOBHYIO poJib B 3 Tpodukamuu urpaet ¢pocdop: 1 kr ero
B BUJIe (hochaToB mpu OJaronpusiTHbIX CBETOBBIX YCIOBHUSAX 00€CEYMBAET
npoayuupoBanue 100 kr opraHU4EeCKUX BEIIECTB.

OpauH 13 BEpOSITHBIX acleKTOB Ipoliecca 3PTpopuKarKu — POCT MACChl CUHE-3EJIEHbIX
BoJIOpocei (IMaH00aKTepHii), MHOTHE M3 KOTOPBIX TOKCUYHBI. BbienseMbie uMu
BeIIecTBa (ATbrOTOKCUHBI) OTHOCSTCS K rpyrie Gocdop- U cepocoiepiKaiinx
OpraHUYeCKUX COEAUHEHUH, T.€. K HEPBHO-APATIUTUYECKUM U FeNaTOTOKCHYECKUM
anam. B nenom, Hakomienue pocdopa B BOAOUCTOUHUKAX PUBOJUT K YXYALICHUIO
IrUAPOOHOIOTHYECKOT0 PEKUMA U OACHOCTH MX 3arHUBAHUS.

CepoBo10poJ] B IPUPOAHOM BOJE MOXKET HAXOAUTHCSA B BUJIE€ PACTBOPEHHOIO rasa,
MOHOB CEPOBOIOPOJIHOM KUCIIOTHI, a TAKXKE COJIEH 3TOM KUCIOTHI — CYIb(UIO0B.
OO6pa3zoBaHue ero B MPUPOAHBIX BOJIaX CBA3aHO C BOCCTAHOBJIEHUEM CYJb(ATOB B
aHa’POOHBIX YCIOBUAX C MOMOIIBIO (DEPMEHTOB Cyb(aTpeyLUPYIOIUX OaKTepHid, a
TaK)Xe ¢ THUEHUEM OpraHMYeCKUX BEIIeCTB OeIKOBOM mpupoabl. B moaasmsioniem
OOJBIIMHCTBE IPUPOJHBIX BOJI CEPOBOJIOPOJ OTCYTCTBYET. TaM, I/ie OH BCTpedaeTcs,
coJiepKaHue ero OObIYHO HE MPEBBILIAET HECKOIBKUX IECIThIX MUJIIUTpaMma Ha 1 am3
BO/Ibl. OJTHAKO B HEKOTOPBIX BOJAX IITyOOKOI0 FPYHTOBOTO MPOUCXOKIEHUS
KOJIN4eCTBO ero MoxeT qocturath 40 Mr/mM3. C BBIXOJIOM Ha 3€MHYIO TOBEPXHOCTh
CEPOBOAOPO/I IOBOJILHO OBICTPO YXOJIUT B aTMOC(EpPY, a B IPUCYTCTBUH KUCIOPOIa
OKHCJISIETCS 10 CBOOOIHOM cepbl. DTOMY MPOLIECCY 3HAYUTENBHO CIIOCOOCTBYIOT
cepobakTepuu, BISIOMUECs KaK Obl aHTArOHUCTAMHU CYJIb(paTpeayLUPYIOIINX
MUKpPOOOB.

['urueHnyeckoe 3HaUYE€HUE CEPOBOIOPOA 3aKIIFOUAETCS B €0 BIMSHUM Ha 3aMax BOJBI.
Vike xoHueHtparus mopsaka 0,28 mr/nm3 sBisieTcst KpaiitHUM MpeIeioMm
nepeHocuMocTu. Kakoro-nubo 1pyroro BpeAHOTo BIUSAHMS Ha OPraHU3M YeJIOBEeKa
CEPOBOAOPOI, COAEPIKALIUIICSA B PUPOAHBIX BOJIaX, OOBIYHO HE OKa3bIBaeT. B Tom
cllydae, €clid MICTOYHUKOM CEpOBOJIOPO/JIa SBJISIOTCS THUIOIINE OPTaHUYECKHUE BEIIECTBA
O€JIKOBOM MPUPOIbI, OH MOKET CIYXKHUTh MOKa3aTesieM 3arps3HeHus Bojbl. B cBsi3u ¢
ATUM IpU 0OHAPYKEHUHU CEPOBOAOPO/IA BCET1a CIEAYET BBISICHUTh €TI0
MIPOUCXOKICHUE.

Xnopuel, T.e. COOCTBEHHO aHUOHBI XJIOPA, COEUHEHHBIE C OAHUM U3 KATHOHOB, Yallle
BCETO C HATPUEM, IIMPOKO PACIPOCTPAHEHBI U BCTPEUAIOTCS BO BCEX MPUPOIHBIX
Bozax. CojepkaHue uX MOJIBEPKEHO OYEHb OOJIBIINM KOJCOAHUIM — OT J0JIeH
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MUJUIMUTpamMMa J0 HECKOJBKHUX JECATKOB rpaMMoB Ha 1 tM3 BOIbI.

B Boy Xutopu bl monanarT U3 mo4Bbl (0COOSHHO 3arpsi3HEHHOM), U3 0CAJJOYHBIX U
MarMaTH4eCKUX MOPOJ B PE3YIbTATE UX BBIBETPUBAHUS, a4 TAKKE C XO35UCTBEHHO-
OBITOBBIMH U MPOMBILIJIEHHBIMH CTOKAMH. B CBSA3M € 3TUM 3HaUE€HHE XJIOPUAOB IS
OLICHKH Ka4yeCcTBA BOJBI ABOsIKOE. C OJTHOM CTOPOHBI OHU BIIMSIIOT HA BKYCOBBIE
CBOMCTBA BOJIBI, C IPYTOMl — MOTYT CIIY’KUTh I1OKA3aTeJIeM BO3MOKHOI'O €€ 3arpsi3HEHUS.
CaHHTapHO-TIOKA3aTENBHOE 3HAYCHHUE XJIOPUIOB 3aKIII0YAETCA B TOM, YTO OHH
MOCTOSIHHO IPUCYTCTBYIOT B COCTaBE X035 CTBEHHO-OBITOBBIX CTOKOB. HecMoTpst Ha TO,
YTO YCTAHOBUTh UCTOYHUK UX MMPOUCXOKICHHS B IPUPOIHBIX BOAAX HEPEIKO OUYEHD
TPYZIHO, TEM HE MEHEE, B CYMME JPYTMX JAHHBIX OHH MOTYT UMETh U3BECTHOE
3HaY€HUe, 0OCOOEHHO /JIs1 OLIEHKU BOBI MOA3EMHBIX HCTOYHUKOB. Tak, KoneOaHus ux
KOJIMYECTBA HA MPOTSHKEHUU ONPECIICHHOTO BpeMeHH (IHEH, Hellelb, MECSIIIEB), TEM
OoJee mociie BbINaJAeHUs 0CAJIKOB, YKa3bIBAET HA MOATOK B 00CIEAyEeMbI HICTOUYHUK
ITOBEPXHOCTHBIX ITOYBEHHBIX BOJ, YTO, KAK U3BECTHO, JAECNAET BOAY HEHA/IC)KHOU B
CMBICJIE BO3MOKHOI'O 3arpsI3HEHUS €€ MaTOr€HHBIMA MUKPOOPTaHU3MaMH.

Peaxnust Bogsl (pH). Benmnunna pH npupoqHbIX BOJ 3aBHCHT, TJIaBHBIM 00pa3oM, OT
JUCCOLMAILINY PAaCTBOPEHHBIX B HUX YTOJIBHOW KUCJIOTHI U €€ COJIEN U B HOpME
Kozebsercs ot 6,5 1o 8,5. YBenuueHue Koiau4ecTBa pacCTBOPEHHOM YrOJbHOM KUCIOTHI
NPUBOJUT K CHIKeHHIO pH. OHaKko 3To yBelnyeHUe HEPEJKO BIeYeT 3a coO00M
MIOBBILIEHUE COAECPIKAHUS COJIEN KaJbLIMsl, MArHUS U IPYTUX LHIET0YHO-3EMENIbHBIX U
HIEJIOYHBIX METAJJIOB, KOTOPBIE IEUCTBYIOT B OOpaTHOM HAIpaBiI€HUH, T.€. OBBIILIAIOT
pH, cHMXas KOHIIEHTpALMIO BOAOPOAHBIX NOHOB BCIIEICTBUE PeAaKMK ruaponnsa. Ha
BenuurHYy pH BOA 1€cHCTO-00I0TUCTOrO IPOUCXOKIEHUS OOJIBIIOE BIUSIHUE
OKa3bIBAET JUCCOLMALIASI OPTaHUYECKUX KUCIIOT, COJAEPKAIIUXCS B TYMYCOBBIX
BelecTBax. HekoTopele U3 HUX, HanpuMmep, PyabBOKUCIOTHI, MOTYT OBITh BECbMa
CHJIBHO JIMCCOIMUPOBAHBI ¥ 3HAYUTEIBHO CHIDKATh pH BojbI (MHOTHA 110 4 M HUXKE).
I'mruennyeckoe 3HaueHue pH 3akiarodaercst B TOM, YTO 3TOT OKA3aTENb B
ONPENIEICHHON CTETIEHU CBUIETEIBCTBYET O COJAEPKAHUN B BOJIE TEX UM UHBIX COJIEH U
OpraHUYECKUX BEILECTB, IJIaBHBIM 00pa3oM, paCTUTEIBLHOr0 poucxoxaeHus. Kpome
TOT0, 3HAYUTEIJIbHBIC OTKIIOHEHUs] pH OT 0OBIYHBIX BeTHMUYUH (B OCOOCHHOCTH, PE3KUE MX
KOJICOAHHUs1) MOTYT MPOUCXO/IUTH BCIICACTBHE MONAaHUs B BOJLYy IPOMBIIIJICHHBIX U
OBITOBBIX CTOKOB, @ B BOEHHOE BpPEMS — Pa3IMYHOI0 POJa OTPABIISIOIINX BELIECTB.
VYcTaHoBeHHE NPSAMbBIM MTyTEM (akTa 3arps3HEHUs] BOIbl TATOT€HHBIMU
MHKPOOPTaHU3MAaMU XapaKTEPU3YETCs CI0KHOCTBIO U JUIUTEIBHOCTBIO, a TAKKE
HEJOCTaTOYHOU JOCTOBEPHOCTBIO PE3YJIBTATOB B CIIy4asX, €CIIM OHU OKaXyTCs
oTpuLaTeNbHBIMU. B 3TOM cuTyanuu BbIBOJ 00 OTCYTCTBUM WM HAJIMYUU MATOT€HHBIX
MUKpPOOOB JIeJIaeTCsl HA OCHOBAHUU JJAHHBIX, MOJTYYEHHBIX KOCBEHHBIMU MYTSIMH, B TOM
YHUCJIE TIOCPEICTBOM OIPEEIEHNS 0XapaKTEPU30BAHHBIX BBIIIE XUMHUYECKHAX
COEMHEHNH U MTOKa3aresnel. Mcnonb30BaHNue B UENAX KOHTPOJIS KAYECTBA BOJIBI ATUX
MPOCTHIX, HO TOCTATOYHO MHPOPMATUBHBIX KPUTEPUEB MO3BOJISIET ONEPATUBHO
OIIpENENATh HAIMUKE 3arpsi3HEHUS BOIbI 0€3 pa3BEpHYTOro JIaOOpaTOPHOTrO
UCCJIEI0BAHUSI, YTO BEChMA CYILIECTBEHHO B MOJIEBBIX YCIOBUSAX U B O0EBOM
00CTaHOBKE.
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