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EIIK - 6uoruuuqecKoe uorpe6neHl,Ie KI{cJIopoAa
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BseAeHHe

BoAa - qesnefirurafi nprapoAnrrfr pecypc. oHa rzrpaer I4CKJIIOtII4TenbHylo ponb B

flpoqeccax o6tnleHa BeIIIeCTB, COCTaBJIflToIIIHX OCHOBy )KI43HI4' orpovtHoe 3HaqeHI4e

BOAa HMeeT B rrpoMbIIUneHHOM 14 CeJIbcKoxo3qficTBeHHOM npoH3BOACTBe'

O6rqerassecTHa seo6xoAuMocrb ee [nfl 6rtrosrx uorpeSuo.Tefr r{enoBeKa' BC.X

pacrenrafr r4 x(r4BOTHrX. Anq MHO|I4X XI4BbIX CyilIeCTB OHa Cnyx(rar cpe4ofi olultasus"

Pocr fopoAoB, 6ypnoe pa3BI4THe npoMbI[IneHHOCTI4, uHreucusvKal\Vrfl'

ceJrbcKofo xosqfrcrBa, 3Har{r4TeJrbHoe pacrxr4peHl,Ie nnoqa^ert, opouaeMblx 3eMeJIb,

ynyqrreHr4e KynbrypHo-6HroBblx ycronrafi v PsA ApyfHX sar<ropon sce 6oJIruIe

y.no*"".r upo6leuu o6ecneqeHllf, eoAofi '

florpe6nocTll B BoAe oIpoMHbI n exeroAHo Bo3pacTalor' ExeroAsrtra l:t"oi
BoAbr Ha 3eMHoM rxape no BceM Br4AaM soAocHa6xeHr4fl cocraBJrf,er 3300-3500 tcu''

flpu e:rou 70oh scero 
"ogonorpe6nenraq 

I4cno;1b3yercq B ceJlbcKotrt xosqficree [1]'

Muoro BOAbr .rotp"6n"H)t xI4MIIqeCKafl v ueJlnlono:no-6yvroKHAfl'

[poMblrxneHHocTb, r{epHafl 14 IIBeTHafl MeTaJIJIypru{. Pa:eHrI4e 3HepfeTI4KI4 TaKXe

npr{BoAr4T K pe3KoMy yBenuqeHulo norpe6nocTl4 B BOAe. 3Ha'{HrenbHoe KoJI-BO BOAbI

pacxoAyeTcf Anq noipe6nocreft orp acIII4 )I(I{BoTHoBoAcTBa, a raKxe na 6g'rosHe

norpe6Hocrra HacereHr4-s. EolblUaq qacTb BOAbI IIOCJIe ee I4cnoJIb3OBAHtIfl' n.nfl

ror"fr.t"enso-6rtroBblx HyXA Bo3BpaqaeTcs B peKI4 B BI4Ae CTOIIHrIX BOA'

',{eQuqur 
npecHofi BoAbI yNe Cefiuac cTaHoBr4Tcfl' n'ruponofi npo6neuofr' Bce

6olee Bo3pacraroulr4e norpe6uocru npoMbIIxiIeHHo crvr pr ceJlbcKoro xogqficrBa B

BOAe 3acTaBrqroT BCe CTpaHbr, yqeHbIX MI4pa I4CKaTb pa:noo6pa3Hble cpeAcTBa Anfl

perxeHl4fl erofr uPo6:renarr'

Ha coBpeMeHHoM 3ralle onpeAel{IoTcq TaKHe Ha[paBneHLIfr paI\uOHaJIbHoro

rrcrroJrb3oBaHr4fl BoAHbrx pecypcoB: 6oree IIoJIHoe I'IcrIoJIb3oBaHI{e I4 paclxHpeHHoe

BocnpoI43BoAcTBo pecypcoB [pecHbIX BoA; pa:pa6orKa HoBbIX TeXHoJIoTI'IqecKLIX

lpoqeccoB, ilo3BOIqIOqI4X npeAoTBpaTHTb 3afpfl3HeHl{e BOAOeMOB VI CBeCTI4 K

Mr4HI4MyMy norpe6JleHl4e csexefr BoAbI'

I_IenHo AaHHO|O r4CCneAOBaHr4fl. fBJI.'IeTC.fl [3yr{eHl4e I4 OCBOeHI4e MeTOAHKI4

fu4pO6uOlofuqecKofo aHAIII43a aKTI4BHofO ll1a' I43yr{eHHe BnAoBofO cOcTaBa

6[oueHoga aKTHBHO|O vrra, a raKxe Aarb oIIeHKy eQ$exrHnHOCTI{ fipouecca

6uororuqecrofi or{I4crKI4 cror{Hblx nol AO (|IHX3)'
B Hacrorrqee BpeMs Anff oqr.rcrKr4 cTOqHbIX BOA pa3nnr{Hblx IpOI43BOACTB

r4cnonb3yrorcq onpeAeJreHHble MeroAbI or{rrcrKH. 3armo'{ureJlbHblM 3TarIoM 3Tofo

[pgrlecca tB;r{eTct 6uo:rOrli'{ecKaf orII4cTKa. Be4yufyrc ponb B 3ToM rlpoqecce

rrrpaloT pa3nl{t{Hble MI4KpoopIaHI43MbL Ha e$$eKTHBHocTb rlpoqecca B;II'I{eT ZX

eunonofr vr KoJII4t{eCTseHHlrfr cOcTaB. IIOOTOUy u3yqeHne BI'IAOBoro

Korr4qecrBeHHofo cocraBa lrrarpo6noueHo3a aKTHBHoro HJIa flBIrfl'ercfl. axryalrHofi

saAa.Iefr.
HonusHa pa6orrr 3aKnloqaerc.s B cotIocraBJIeHI4H BlrAoBoro cocraBa

AKTI4BHOf O ]1.TA B 3ABI{CI4MOCTH OT XI4MI4I{CCKOfO COCTABA CTOIIHbIX BOA'

Bglo [poBeAeHo rrareHTHoe r4ccneAoBaHl4e, B pe3ynbrare Koroporo 6rt:ro

nafiAeHo r43o6pereHr4e A.B. foroeauqr4KoBa, A.I4. BalrAuaHa (Bonrorpal'cxuitt

[o.]rr4TexHu'aecxufr. LrHcruryr) <Cnoco6 orrl4crKl4 cror{Hblx BoA or opraHHrlecKnx



[pl4Mecefi))' qenbro Koroporo fBr-serc-s yBenr4rreHr,Ie creIIeHI4 or{I4crKI4. Cnocoo
oqrrcrKl'I cror{Hblx BOA OT OpfaHur{ecKr4x npuuecefi aepagueft Bo3AyXOM,
npenRapuTeJrLr{o 3ap{xeHHErMH MeXAy 3JreKTpOAaMr4 BbrcoKofo HaIIp[xgHI,I[,
ornl4r{arorqufrcx reM' rITo, c qenblo yBenzr{eHl4t crefleHl4 or{r4crKl4, a3palltrrc
ocyulecrBrslor BO3AyXOM, 3ap-slKeHHbrM rroJro)Kr{TenbHbIMZ 3apflEaM:a B
3neKrpl4r{ecKoM rIoJIe Hanp-{)KeHHocrbro 3500-6000 B/ cu, 14 npoqecc ocyqecTBJrflror
B rrpr4cyTcTBUV aKTHBHO|O r4Jra.

B.lI. fpyazuraHbrM, B.M. Byxreenrrn (Bcecorc:noe Hayr{Ho
nporl3BoAcrBeHHoe o6te4uneHae IlenJrroJro3Ho - 6yrraNuofi npoubrrrrneHHo cru n
Auypcxzfr qeurolo3Ho - KaproHnrtfi r<ou6unar) npeAnoxeH <Cnoco6 o6pa6orKr4
n:6rrroqsofo aKTHBHoro vrra>>, BKrroqarorqufi orcr aLrBanvre, Sranrrpaqulo Ha BaKyyM- $ranlrpax' TenJlonyro o6pa6orr<y 14 cxr{faHrre, orJrr,rqarour,fic.s reM, rrro, c qenbro
yAeIxeBneHI4t clloco6a u yrI4nI43aIIVLr ocal.Ka, axrznurrfr r4n nocJre Qnlrrpaqzzo6pa6aruBaror [Ienor{HbrM peareHToM, rroJry.{eHHrrfi pacrBop noABepraror reuroeofi
o6pa6orr<e' a 3oJIy nocJle clK'u.al'fl pacrBoprror B Sz-rnrpare r4 Bo3Bparqaror Ha
BaKyyM - Srznrrp.

Taxxe paccMorpeH <Cuoco6 6uororuqecrofr or{r4crKz cror{Hbrx BoA or
opraHl4qecKl4x 3arpt3HeHwfr>>, pazpa6oraunrrfi E.A Oreuxoeuu, H.A. Maxaponofi,
nr;rrovarorqnfi o6pa6orry B a3poreHKe MuKpoopraHr{3MaMr4 aKTr{BHoro Hrra,
nn'tuo6ull43zpoBaHHblMn Ha nrlocKocruofi ,uapyr*a, ornur{alo[I uitcx reM, r{To, c
IIenbIo rIoBbIIrreHI4'{ crereHz or{I4crKu Lr uureucH@vrKaIJvrr4 npoqecca, acrloJlb3yrornnocKocrHyro 3arpy3Ky, BbIrIonHeHHyIo u3 Marepr,raJra, coAepxau{ero
TepMonnacrz'rHrrfr nonr{Mep u aKTHBUpOBaHHbrfi yronr.



1O6:op nlrreparypbr

I .l3ronorr4rrecKar cLrryarJvrfl r4 ponb 6zorexHoJrorLru B ee ynyq[reHr4r{

B conpeueHHoM MI{pe, B ycnoBl{tx Bo3pacrarorqefi AerreJrbHocrr{ qeJroBeKa,
BaxHocrb eKonorl4r{ecKl4x npo6nela u npl4poAooxpaHHofi ge.arelbHocrr4 ilocroqHHo
Hapacraer' Bcle4craue url{poKoro BHeApeHr{r sHeproeMKr.rx v xr.rMr4qecKr4x
rexHonorzfr LT rIpoI{3BoAcrBa Ilenoro pflAa HoBhrx xr4Mr4qecKr.rx upoAyKToB
yBenl4ql'IBaerct 3alp-u3HeHl4e OKpy)Karorqefi cpeAhr. B Ka^saxcraHe oco6enn-o cr4JrbHo
3arpt3HeHa BoAHaf, I{ Bo3AyIxHat cpeAa. Tax, n arvrocsepy B Haqare 90-x r.r.exeroAHo nocry[€L[o Ao 4 MnH. ToHH 3arp{3Hrlloulprx BerrIecTB, npuqeM 3oHbr
BblcoKoro 3arpt3HeHI4-f, arMoc0epHoro Bo3Ayxa qalqe Bcero coBna.q€rnr4 c MecraMu
KoHr.leHTptrp o BaHHoro np ox{r{ BaHufr moaefi [2 ] .

OcHosHofi BKnaA B 3arpt3HeHr.re Bo3.qyrxHoro laccefiua B pK BHocrr
npeAnpl{{Tl4t rerrJlosHeprerl{Kl4 ' 50yo, uepHofi MeraJrnyprprr{ - 20 %o, qnerHofi
Mer€urJryprprkr - 13 Yo' xuvuu n HeQrexrlMzr4 - 4yo, 

""n"arq"ecr rrcroqHr4KaMr4
nn6pocon B aruocsepy roKcI'IqHbIX BerrlecrB. cpegn opraHr4qecKlrx BerrlecrB cpe3KzM 3arlaxoM, npllcyrcrByloqux B orxoAf,Irll{x ra3ax, MoxrHo BbrAenHTb
apoMarl4tlecKLIe H HelpeAeJrbHble yfJreBoAopoAbr, a raKxe a3or-, KprcnopoA-, cepo- 14ralloreHocoAepxalrll4e coeAI4HeHuf,. K HeopraHl4rlecKrlM BerrlecrBaM, Koropbreuaa6olee qacro o6yclannldBalor 3arrax orxoArrrlero Bo3Ayxa, orHocrrc,cepoBoAopoA' cepuucrufi rffi, cepoyrnepoA, aMMr4aK, xropucmrfi BoAopoA,
f€lJIofeHbI

B pe3ynbrare npoMblllneuuofi, ceJrbcKoxos.f,ftcreeHuoft 14 6rrrosofr
AerrenbHocrl4 qeJroBeKa Bo3HI4Karor pa3nl4qHbre rr3MeHeHr4{ cocrorHr4-f, r,r csoficreorpyxatoulefi cpeAbl' B roM trzcre oqeHb He6raronpr{rrHhre. C pa3Br4Tr4eM uIaHreucu$uxaqzefi npoMbIIrIJIeuHofi u ceJrbcKoxos.sficrsLHHofi Ae.rrrenbHocrr,r s xXBeKe cr€LIIll Otqyluarbct tlpeAeJrbr ecrecrseuHofi rpoAyKrlrBHocrr4 6uocsepu, -I4cToIrdaIoTc'{ [pllpoAHble pecypcbl' t4cTotIHLIKLI gHeprl4pl, Bce 6onee oqyqaeTc.rr
Ae$zqrar nI4IrII4' 'Iucrofi BoAbI I{ Bo3Ayxa. 3arpreHeHpre oKpyxarorqefr cpe4br Bo
MHofI{x perl4oHax Aocrklrno Kpl4TuqecKoro npeAena. Bo rvruortrur Bce grr4 upo6neuu
nopoxAeHbl HayqHo-TexHI{qecKHM nporpeccoM o6uecrsa u AOnXHbr perxarbc,
TaKXe c ucnonb3oBaHr4eM Hoeefi uux Aocrr{xeuufi .

Baxsefima"s ponb B Bollpocax 3arrlr.rrbr H oxpaHbr oxpyxarorqefi cpeAbrnpHHaAnexur 6uoJIorI4I{. Caua 3KoJIorI4t B TpaAr{rIr4oHHoM rroHr.rMaH vLr flBrrflercs
6uororu'{eclcofi AI{cutIrIJIr'rHofi I4 n3yqaer B3ar,rMoorHorrreH,r opraHr43MoB, BKJrroqaf,qeroBeKa' MexAy co6ofi I4 oKpy)Kaloqefi cpe4ofi. {anrHefiuree p€BBprrr.re luotoruurr BHeApeHLIe ee AocrlDKeHuit s [paKTnKy - oAI4H r43 rnaBHrrx uyrefi Bbrxora r{3HaABuraruulerocf, sKonoD4rrecKoro KpLI3LIca. Eonnruylo poJrb nrpaer nprd groM
6uorexnoJlorrls' BuorexnoJlorI4' rro3BoJrrer perxarb p-rrA gKonorur{ecKr4x npo6reu,
BKJrIoqat 3aIrIpITy oKpyr(arcrqefi cpe4bl or npoMbrrxneHHbrx, ceJrbcKoxogqficrseHHrrxz 6Hroartx orxoAoB, .qefpa.qal{urc ToKcr4KaHToB, lofraBrur4x B cpeAy, a raruKe caMaco3AaeT M€rJrooTXoAHbre rrpoMbrrlneHHbre lpoqeccbr noryr{eHr.rr [uqeBbrx uneKapcTBeHHbIX BeIqecTB, KopMoB, MI{HepaJIbHoro cblpb.s, OHeprr4r.r. Mac6a6u
6HororPFIecKI4x IrpoqeccoB AJII pelxeHr4f, rrpr4poAooxpaHHbrx 3aAar{ Moryr 6rt*, ro



BbrpaxeHr{ro A. Eecra, (oureJroMJrf,rculllMtl). 3xororuq v 6uorexsoJlorug

B3alrMoAeficrnyror KaK qepe3 ilpoAyKTbl, TaK u qepe3 TexHonorpru. B qenoM 3To

cnoco6crByer oKoJrorlr3ar\vwr aHTporroreusofi Ae{TenbHocrll vr Bo3HI,IKHoBeHIIIO

6onee rapMoHI4rIHbIX oTHoruenufi Me)KAy o6tqecruoM I4 npl4poAofi.

1.2 MeroAbr orrLIcrKI4 crot{Hblx BoA

B peKax vr Apyrr4x BoAoeMax upoucxoAl4r ecrecrseHHrrfi npoqecc
caMooqr{rrleHus. BoAbr. OAnaro oH rrporeKaer MeAneHHo. flora npoMblrxneHHo-

6Hroerre c6pocsr 6sutu HeBeJrr.rKr4, peKr{ caMH crIpaBJItJIHcb c HI4MII. B Halrr

rlHAycrpr{anurrfi BeK B cBc3pr c pe3Kr4M yBenuqeHl4eM orxoAoB BoAoeMbI y)Ke He

cnpaBnqrorct co cronb 3HarIpITeJrbHbrM 3arpt3HeHuerra. BosHI4KJra Heo6xo,4IaMocrb

o6e:apexllBarb, or{uularb crorlHble BoAbI u yrvnv3l{poBarb HX.

Oqucma crorrHbrx BoA - o6pa6orra crolrHbrx BoA c rleJlbro pirpyllreHvrfl. Lrru
yAarreHr4r Lr3 Hr{x BpeAHbrx BerrlecrB. Ocso6oxAeHl4e crorrHblx BoA or 3arpq3HeHl4l

cJroxcHoe npolr3Bo.qcrBo. B Herrr, KaK lr e [ro6o\a ApyroM rIpoI43BoAorBe IlMeerct
cbrpbe (crouHue no4u) u roroBal rpoAyKIIHr (ovnrqeHHzur eola).

MeroAu or{LIcrKI,I crorIHbIX BoA Mo)KHo p€BAenLITb Ha MexaHr4qecKl4e,

xr4MuqecKIEe, Qz:uKo-xlrMr4rrecKlre u 6nororuqecKr4e, KorAa xe oHr,r npl4MeHglorct
BMecre, To MeroA oqvcrKr{ u o6ernpexvrBanr4s, croqHbrx BoA H€t3brBaercs

rou6usrEpoBaHHbrrr,r. flpurraeHeHr4e roro r{Jrrl HHoro MeroAa B KaxAoM KoHKperHoM

Cnyqae OnpeAeJlteTct XapaKTepOM 3afpt3HeHLI{ LI CTeIIeHbIO BpeAHOCTLI npHMeceu.
OcHonHrrMH rrpoqeccaMr,r MexaHlrqecrofi oqr4crKrr rBJr{rorcr npoqexerBaHlre,

orcrar4BaHue, rleHrpr.r$yrr{poBaHne, SunrrpoaaHlre. Bce 3rpr npoqeccbr
IIpUMeHtrcTCt Anfl yAaileHr4'r r43 CTOrrHbrX BOA HepaCTBOpr{MbrX Mr4HepanbHbrx H
opraHLrqecKlrx upuuecefi [3 ].

Xnuuqecrufi ueroA 3aKnroqaerc{ B ToM, rrro B cror{Hbre BoAbr Ao6aBnf,ror
pa3nl4rlHble xplMr4r{ecKr4e peafeHTbr, KoTopbre BcTynaroT B peaKrILIrc c
3arpf,3HI{TeJItMI,I H ocaxAaror r,rx B Br{Ae HepacrBopuMbrx ocaAKoB. Xul,ru.recrofi
oqucrrofi Aocrl{raerct yMeHbrxeHne HepacrBopr{Mbrx npuuecefi Ao 95% pr

pacrBopr{Mbrx Ao 25%.
flpu Su:LIKo-xrIMI{qecKoM MeroAe o6pa6orrn u3 crorrHbrx BoA yAaJrrrorcf,

roHKo AI{CnepcHbIe I{ pacrBopeHHbre HeopfaHr.rqecKHe npr{Mecr4 r.r pa3pyrxaroTc{
opraHl4rlecKne LI nJloxo oKr4cJlteMbre BelrlecrBa, qaqe Bcefo ra: Qneuro-xr4MurrecKux
MeroAoB lpllMeHtercq Koarynqqur, oKlrcJreHr4e, cop6qrar, gKcrpaKrlr4r 14 T.A.
lllzporoe [pI4MeHeHI{e HaxoAHT TarcKe oneKTponus. OH 3aKrroqaercr B pa3pyrrreHrrrl
OpfaHI4qeCKLIX BeIIIeCTB B CTOIIHbIX BOAaX LI I{3BJIeqeHYu MeTULIIJIOB, KI4CJIOT LI ApyrI4X
HeopraHHqecKl4x BeIrIecrB. 3nerrponr{TrirrecK€ur oqr4crKa ocyqecrBJrf,ercf, n oco6ux
coopyxeHnsx 'gJleKTponl{3epax. O.rzcrra cror{Hbrx BoA c rroMorrlbro gneKTpoJrr.r3a

e$$errunHa Ha cBHHIIoBrIX Lr MeAHbrx npeArrpnrrkrflx) B naKoKpacoquofi vr

HeKoropbrx Apyrr.rx o6racrsx npoMbrrxJreHHo crr4.
3arpraneHHbre crorlHble BoAbr orrnqaror raKxte c rroMorr{brc ynbrpa3ByKa,

o3oHa, nonoo6ueHHblx cMoJI I4 BblcoKoro AaBneHr4-f,, xoporrro 3apeKoMeHAoBaJra ce6s
oqr,rcTKa nyTeM xJr opr4poB a}lr4fl .



Cpe4ra MeroAoB orrlrcrKr{ crorrHbrx eoA 6onrruylo ponb Lllpaer 6uonorvqecruft

MeroA, ocnosaHHrrfi Ha r{cnoJrb3oBaHkwr 3aKoHoMepnocrefi 6proxuuuqecKoro vr

QrasuoloruqecKoro caMoor{uqenns. peK I,I Apyrux BoAoeMoB. Ecm HecKoJIbKo rI4rIoB

6uolornqecKrlx ycrpoficrB no oqucrKe crorrHblx BoA: 6zo$unrrpbl, 6uolorzqecKl4e

npyAbl I,I aspoTeHKLT.

B 6uoQunbrpax cror{Hbre BoA6r nporycKarorcs qepe3 cnofi KpyrlHo3epHl4croro

Marepuzua, rroKpbrroro rosrofi 6arrepnanruoft nlenroft. EnaroAapq sroft IIJIeHKe

LIHTeHcIaBHo nporeKaror [poqeccbr 6raonoru.IecKoro oKLIcJreHI4lI. I4uesno oHa

cnylcrrr 4efi crnyroqlrM H arr €uIoM e 6raoSunbrp ax.

B 6uonorurrecKprx npy.qax B olrrlcrKe cror{Hblx BoA rIpHHIaMaIor yqacrue Bce

opraHr43Mbr, Hacer-f, rolque BoAoeM.

Aeporenrr - orpoMHbre pe3epByapbr r43 xereso6eroHa. 3.qecr oquruaroulee

Haq€uro - aKTLrBHufi un ras 6axrepnit u Mr.IKpocKorII4qecKI{x xtl4BorHblx. Bce sru
xr4Bbre cyulecrBa 6ypno pa3BraBarcTcr B asporeHKax, qeMy cnoco6crByrcr
opraHutrecKrre BerrlecrBa cror{Hbrx Bo,q u us6rtror KplcnopoAa, IlocryllaloIqero
coopy)r(eHlre rroroKoM noAaBaeMoro Bo3Ayxa. Earrepuu cKJIeI4BaIorcf, B xJlorlbt
BbrAenf,ror Qepueurrr, MuHepanrr3yroque opraHLlrrecKlle 3arps3HeHl,It. VIil

oceAaer, orAenf,f,cb or o.Iuil{eHHofi BoAbI. ZHQysoplElE,

KOJTOBpaTKH Lt Apyfr4e MeIbqaI4IUI4e )tHBOTHbIe, IO)KI4p€UI

0 aKTepr4r,r, He cJrrrII arorlu e cr B xrolbq, oMoJraxrr4BarcT o aKTepv uil bHylo Mac cy r4na.

Cro.rHrre BoAbr nepeA 6uororuqecKofi oqucmofi rroABepraror MexaHlrqecKofi,
a nocne Hee Ans yqaneHvrfl 6oregnerBopHbrx 6axrepufi v xuuuqecrofi orrr4crKe,

xJropHpoBaHr.rro )KHAKITM xnopoM Lrrrr4 xnopnofi r{3BecTbro. fittx 4earanQerquu
r4cnonb3yror rarcKe Apyrr{e Susuxo-xlrMntrecKrie rrplreMbr (ynrrpasnyK, 3JreKTpoJrrr3,

o3oHHpoBaHHe H Ap.)
Euororu.recrufi MeroA Aaer 6omruze pe3yJrbrarbr npu oqucrKe

KOMMyH€ubUO-6rrrOBbrX CTOKOB. OU npUrvreHreTcr TaKXe U np]/- orrlrcTKe oTXoAoB
rpeArpusrufi neSrenepepa6arblBaloqefi, qerruono:Ho-6yuaxnofi npoMbrrrneHHocrrr,
rrpor43BoAcTBe prcKyccTBeHHofo BoJIoKHa.

1.2.1 MexaHurlecKtre, xvrMvrqecKue, Sr.rsnxo - xnMl{rlecKr{e MeroAbI orrl4crKn
CTOIIHbIX BO.II.

MexaHu.IecKI{e MeroAbI orHoctrcg K nepBuqnofi orlllcrKe, 6uoxurvurqecKl4e - K

BTopLIrIHofi. (DusLlKo - xI4MI4rIecKr4e MeroAbr rrclonb3yror Anf, r{3BreqeHuq rleHHbrx
npo.uyKToB, a TaKXe ToKcI{qeCKI4X BerrIeCTB, KOTOpbre MOryT OKa3aTb BpeAHOe

BJIIttHLIe Ha npoqecc 6uoxuuuqecrofi orrr4crKrr.,{nr opraHr{r{ecKl,Ix sarpxsueuufi
6uoxutvtutlecKat oqllcrKa r{arqe Bcefo flBlrflercfl oKoHqareJrbHbrM npoqeccoM
or{I{crKLI. O4uaro, B Tex cryr{af,x, KofAa rpe6yercr cHrr3I4Tb KoJILIqecrBo
sarp.rrueHIafi, ocraBlxl4xct B cro.rHofi BoAe IIocJre 6rEoxunauqecrofi oqrlcrKl{,
npl{MeHtlor AooqucTKy OAHLIM I43 Slasuxo xl4Mr.rqecKrlx MeroAoB. 3ror Br{A
o6pa6orrcLI cror{Hblx BoA Ha3blBaror rperurrHofi, rny6oxofi r4nr4 AorrolHrarenrnofi
ouucrrofi [4].

K xI4MLIrIecKIlM tr Snauro xr,rMr{qecKuM MeroAaM oqucrKu orHoc{Tcr:

B

V

c

xJrorrb.rrMu 6rtcrpo
xryTuKoBbre, avre6rr,

HevTpurv3ar\prfl, Koarynl4poBaHl4e, OKIaCJreHrIe r'r BOCCTaHOBJIeHT,Te, a4COp6qzr,



BbrnapprBaHlre, AucrprIrnrflqlz.\ yJrbrpa$r{nbrparlnq, peKTrl$raraqrar,
Kpr'rcr€Innvr3auvfl., a6cop6qur, .qe3oAoparlur, Ae3aKTprBar\vrr.,

Snoraqur,
SJreKTpOJrpr3,

3aMopaxil4BaHue ra AP.
Cyunocrb MexaHur{ecKoro MeroAa cocror4T B ToM, rrro LI3 crorrHbrx BoA nyreM

OTCTAI4BAHH' U Sr.rnrrpaqnz yAarrrorct MexaHr4qecKHe npr4Mecr{.
fpy6oAracnepcHbre rlacrurrbr B 3aBr4cr{MocrLr or pa3MepoB ynaBnr4Barorct
perlrerKaMvr, cvITaMr4 frecKoJroBKaMr{, celrr4KaMH, HaBo3oynoBr4TenqMI,I pa3nLIqHbIX
KoHcrpyKr\vfi, A nOBepXHOCTHbIe 3afpt3HeHlltt neSrenonyrrrKaMr{,
6 e ngovacJroynoBrlTeJl.f, Mr{, orcrofi s u KaMr,r vt Ap .

MexaHzqecKat oql4crKa Iro3BoJrrer BbrAen.f,Tb Lr3 6rrronrrx crorrHbrx soa .qo 60-
75o/o nepacrBoplrMbrx npHMeceit, a rr3 [poMbrrrrJreHHbrx lo 95Yo, MHorr4e n3 Koropbrx
KAK IIEHHbIE NPHMECI4, IICIIOJIb3YIOTC{ B NPOLI3BOACTBE.

B rexHoJIorIaI,I [poqeccoB or{HcrKlr rrpr4poAHbrx 14 croqHbrx BoA
paccMaTplrBaeTcfl oca)KAeHHe qacTr4rl AByx Tr4rroB - rpaHyJrr,rpoBaHHbrx pr

QnoxrcynupoBaHHblx. fpanyJll4poBaHHbre qacrr,rrlbr ocaxAarorcfl He3aBr4crrMo Apyr
or Apyra I{ c nocro.rHHofi cKopocrbro, a $rorKyJrr,rpoBaHHbre, Koropbre MoryT 6rrtr
eCTeCTBeHHOTo IIpOUCXOIKAeHIIS. I4IIkI I4CKyCCTBeHHO IIOnyr{eHHbIMH BCneACTBLIe

arnOMepaIIpIlI KOJInOI{AHbIX BeII{eCTB, OCaxAaIOTC-f, IIO - pa3HOMy B 3aBLICI{MOCTI{ OT
l'tcxo4noft KoHIIeHTpaL\uLr t{acrull. Ecrn rax KoHrIeHTparIr4r M€ura, To B BepxHr{x
cJIOtX BOAbI OCa)I(AeHI4e KaX{.qOrO XJrOrrKa rrpor4cxoALrr UHALTBHAy€LrbHO, HO 3aTeM
rIpI4 croJIKHoBeHI4I4 LI cJIt4IraHVu .racrnrl cKopocrb oca)KAeHnfl yBenrlrruBaercs. 3ro
tBJIeHI{e HocI{T HuBBaHI4e crecHeHHoro I4JII4 QnorxynxHTHoro ocaxAeHr4rr. llp"
nucoxofi KoHIIeHTpar\nv npollcxoAr4T coBMecrHoe ocaxAeHlre xJlonbeB c r{erKo
BhlpaxeHHofi rpanzuefi pa3Aena Sas rr,rex4y BepxHr{M cJroeM xr4AKocrr,r u ocaAKoM.
Taroe ocaxAeHr4e H€BbIBaror 3oHHbrM.

Ilpoqeccrr orcraplBaHl4t - Hara6oree rxrlpoKo [pr,rMeHqeMbre npoqeccbr B
nro6ofi cl4creMe orILIcrKH npI{poAHbIX BoA ulu 6rrroBbrx r4 rrpotr3BoAcrBeHHbrx
croKoB. B 6onsrul{HcrBe cnf{aeB orcraraBaHr4e ocyqecrBJr.rrercr B coopyxeHr{rrx He
KOHTaKTHO|O, a [poTorrHofo rvrrra) qro BHocI{T cyrqecrBeHHbre ycJroxHeHr{{ B
pacr{erHble Qoprraynbl rlpoqecca. flo crpyxrype loroKa oqprcrHbre coopyxeHr4rr
ycnoBHo Aentr Ha roptl3oHTzlrrbHbre, paAlr€LrrbHbre, BeprnKanbHbre. Oco6srfi
I4HTepeC npeAcraBJltlor coopyxeHLrfl c raK Ha3brBaeMbrMr4 BCTaBKaMT4-MOAynsMr{.
Mo4ynn - ero cl4creMbl napturnenbHhrx rroJroK (xaN4ax srrcorofi 20 - 40 cwt),
o6ecne'IuBalorllax rrpe3Bblr{afiHo uamrfi nyrr ABHx(eHr{{ qacrr,rqbr Ao AHa noJrKr{,rITo cyqecrBeHHo yBenaql4Baer npolycKHyro cnoco6uocrt orcrofiHoro
coopylKeHus.

(DunrrpoBaHue - npoqecc [poqe)Kr4Balufl cycneH3rlr4 r{epe3 ropuc6rft
Marepz€Lr, 3aAep)Kunaroqufi rBepAble npllMecr4 vr [ponycKaroqufi soAy. Ecnu
pa3Mepbl qacrull 6olrrue pzBMepoB uop Sunbrpyrcqefi sarpyaKr4, ro rracrr4rlbr
ocraHyrcs Ha [oBepxHocrl{ 3arpy3KH. 3ror rI,Ir Sznrrpon aHHfl Ha3brBaerc-f,
IIOB epXHOCTHbIM, O C aAOqHbrM LIJIT4 OrI OpHbIM.

Eclu qacrI4IIbI IIpoxoA-'T BHyrpb Marepr4zura 3arpy3Kr.r, To npoqecc H€BbrBaercr
QunrrponaHr4eM s o6reN{e uru o6reMHbrM QunrrponaHr4eM.



flpra o6erBo)KlrBaHr/tpl KoHrIeHTpLlpoBaHHbrx cycrrenslrfi (oca4ron) na naryyl,r -

o6reuuou $unrrponaHprpr)

rroBepxHocrz SHnrrpyroulero

r,r KoJrJrouAHbrx qacrrrrl (uocle4nue
3a4aqa ocno6ox4eHr4fl BoAhr or

ymrpaQnnbrpaqnr, peKrr.rsuraqux, $loraqnx,
Ae3OAOparIr{r, Ae3aKTr4BAr\Llfl, 3JreKTpOJrI43,

|.2.2 ELroror,.{ecKr'e MeroAbr oqucrKlr crotHbrx Bo,{.

EuoxuuzqecrHfi MeroA flBJrflercfl oAHI'M rI3 ocHoBHbIX Mero.qoB or{HcrKH BoA,
3arpt3HeHHbIX MHOfLIMLI pacrBopeHHbrMH opfaHr4rrecKr4Mlr BerrlecrBaMr{. llpnr
rou6uHzpoBaHl4ll efo c MexaHl{qecKr,rMr4 ra SrEsraro-xr4Mr{r{ecKuMr{ MeroAaMH MoxHo
AocrkIrlb srrcorofi cre[eHrr otIIiIcrKI4 BrrJrorb Ao npeAeJrbHo AonycrI4MbIX
KoHrIeHTpaquir.

BzoloruqecKllM flyreM c r{acrl4eM Mr{KpoopraHr{3MoB nepepa6arbrBarorct
3afpt3HeHl4f,' HaxoAtlrluecfl" B BoAe B pacrBopeHHoM, KoJInor4.qHoM Lr
HepacrBopeHHoM COCTOrHr4r4. llouuuo opfaHr4qecKr4x BerrlecrB repepaooTKe
noABepfalorc'f, HeKOTOpbIe HeoKllcneHHbre HeopfaHrrqecKtre coeAI4HeH prfl, TaKpre. KaK
cepoBoAOpOA, aMMHaK, Hr4TpHTbr.

llpoqecc orrl4crKl4 ocHoBaH Ha cloco6uocru Mr{KpoopraHr43MoB r.rcrroJrb3oBarb
3Tr4 BerrlecrBa Anr ilLrraP^vr'. B xOAe CSOefi )I(I{3HeAe_srenrHocra [5].

Sunrrpax n Snnsrp - rpeccax $ranrrpyrouqefi cpe4ofi ssrsercr SnnrrpoB€urbHaq
TKaHb u ctroir ocaAKa, o6pa:yrorquitcx Ha rKaHu B rrpoqecce o6essoxnBaHr{{.

llpra SunbrpoBaHI4H BoAbI co B3BerrreHHbrMr4 BerrlecrBaMr{ rrepe3 clofi lecKa
LrJTU ApyfHe 3epHr{cTbre MaTepH€rrrbr, T. e. npr4

Ha6ruogaK)Tcr cJreAyroqkr e lpoqeccbr :

- orJrox(eHue npprMecefi B BLrAe roHKoro cJror Ha
cJrof, (nnenovnoe QznrrponaruEe);

- orno)KeHr{e [pr4Mecefi B rropax 3arpy3orrHoro Marepvana;
- orJlolKeHue qacrrr upuuecefi Ha rroBepxHocrr4 SunrrpyroIr1ero cJroq, a

ocrzlrrbHbrx [plrMecefi s ero nopax.
fllenoqsoe {znrrpoBaHl4e na6nroAaercr Ha Sranrrpax c M€urbrMr4 cKopocr{Mpr

ABHx{eHLIt BoAbI, Ha raK Ha3brBaeMbrx MeAneHHbrx Qunrrpax. O6pa:yrorqnficx
AorloJlHllrelrsrrfi ToHKorlopzcrufi Qunrrpyrotqufi clofi cnoco6eH yAepxr4Barb
orleHb roHKoAI4cIrepcHhIe B3BerIIeHHbIe BerrlecrBa I{3 BoAbI a o6ecneql,IBarb raKr4M
o6pa^:orr,r rny6oryro or{r4crKy BoAbr.

Pasuonu4Hocrbro o6reuuoro (uy6unnoro) Sulrrponalanfl. flBJrflercfl
rraurcpo0unbrpoBaHrle, KorAa B KarlecrBe Srurrpyrou{ero Marepr4€ura 11priMeHsrorcf,
cI{HTerI4rrecKI4e Iraeu6paHbl, cnoco6urre 3aAep)Kr4Barb npuM ecv AuaMerpoM MeHee
5uxu.

flocle BbrAeneHrrfl r43 BoAbr B3BerueHHbrx
[ocJre Lrx roarylxqzu) HHorAa craBr{Tcq
pacrBopeHHblx uplluecefi B MoJleKyJlrpnofi rlJrLr troHHofi Qopue. Ans 3Tr{x qelefi
I4crlonb3ylorct Mero4u trteiu6paHuofi ce[apaquu, cop6qzr4, r4oHHoro o6uega.

K xI{MI{qecKI4M Lr Qrasnr<o - xI,IMI4rIecKrlM MeroAaM oqLrcrKLI orHocf,Tcr:
ueftrpanz3ar\vrfl, KoarynupoBaHr4e, oKr,rcJreHlre r4 BoccraHoBJreHue, a4cop6qnx,
BbrrraplrBaHr4e, AprcTnrrJ,rflr\Lrfl,
Kpr4crarrnn3arJurl,, a6cop6qur,
3aMopaxuBaHr4e u AP.



Kourarrnpyx c opraHrlqecKr{Mr4 BerrIecrBaMI4, MHKpoopraHI43MbI rracrl4qHo

pinpyruaror LIx, [peBparqaf, B BoAy, AByoKr{cb yrnepoAa, HllTpLIr u cynrSar lIoHbI LI

Ap. ,{pyrax qacrb BerrlecrBa lrAer Ha o6pa:onaHue 6uorrlaccrt. OpraHraqecKl4e

BerrlecrBa AJrr Mr{KpoopraHr{3MoB .f,BJrrercr r4crotrHLIKoM ynrepoAa. Pa:pyureHpre
opraHr4qecKrdx BerrlecrB H€l3brBaror 6uoxuuuqecKuM oKLrcJreHueM. Heroroprre
opraHr4qecKlle BeqecrBa cuoco6nrr JIerKo oKucJurbet, a HeKoropble He oKucJrtrorct
coBceM I4JrI{ OKI4CJT{rOTC' Or{eHb MeAJIeHHO.

llpu orcyrcrBr{r,r AaHHbrx Bo3MoxHocrs 6uoxuMr{rrecKoro oKlrcJreHlr{ MoxHo
ycraHoBr,rrb ro orHorrreHuro EIIK er X[IK. flpu ourolxeHlrl4 EIIK/KIK*100>50%
BerrlecrB a noAAaror c x 6uoxptMlrqe cKoMy o Kr4 cn e HHIo.

llp" 3ToM neo6xo4urvro, qro6rr crorrHbre BoAbr He coAepxzt[u f,AoBI4TbIX

BerrlecrB H rrplrMecefi conefi Tf,xeJrbrx MerzlrrJroB.

B urnpororra ua6ope coopyxenuft 6uororz.recrofi orrrrcrKr4, KoropbrMrr Mbr

paclonafaeM cefoAHrr, r.rcrroJrb3oBaHbr, IIo cyqecTBy, Bce r43BecTHbre

ruera6oruqecKlle oco6eHHocrr.r Mr.rKpoopraHr43MoB. Irluercrcs coopyxeHn;r c
rleHo3aMr4, pa3Br{Barc[IuMrrcc n a"apo6nbrx H anaopo6nbrx ycnoBr4flx, B ycnoBprsx
rvrero$HnrHblx H repvro$raJrbHbrx reMneparyp, o rereporpoSnbrM H anrorpo$HbrM
TIITIaMLI rrvrra:avrfl, correraIoulllM) cIau6uoruqecKne, uera6uou4qecKl{e vr

AHTA|OHHCTI{IICCKI{E OTHOIXEHI4'.

,{o uacrosilIefo BpeMeHI{ He cyqecrByer cr4creMbr 6uouuguKarllrr{ npoqecca
6IEororu.recrofi orII{crKIiI, u ocra€rcr cnpaBeAJrr{BbrM yrBepxAeHr4e o MHoxecrBe
pa3HOpeqI'IBbIX AaHHbIX, TpaKTyIOqUX B3aI4MOCBf,3b KarIeCTBa OrII/ICTKH vI

cneqraQuqecKl,Ix opraHLI3MoB. 3ro o6rrcHrercr, [pe]r(Ae Bcefo, oco6esHocrrMlr
6uoqeHo:a aKTI{BHoro HJra) efo BbIcoKr,rM aAaTITaIIHoHHIIMI,I cnoficrnauu, lITo
Iro3BOJIter pa3BI{BaTbC{ OAHI4M r4 TeM iKe BlrAaM B pa3Hbrx SKOJIOfr4rreCKr4X 3OHaX,

BJIIrtHrreM Ha ero pa3BLITHe cnor(Horo KoMrrJreKca iuoru,tecKllx u a6noruqecKr4x

$axropoe. OcnosHbIMI4 a6IaoruqecKlrMr4 Saxroparrau, noe4eficrByroqrrMr4 Ha
6noIleHos vfira, -lBJltlorc.f,: TeMnepurypa, cocraB orrr4[IaeMbrx croqHblx BoA kr

H€uIUqUe B HLIX TOKCI4rrHbrX BeITIeCTB, Bnkr-f,rollll4x Ha )KLr3HeAetTenbHocTb
MI4KpoopraHLI3MoB; Sarruuecrue KoHrIeHTpaLU4H u parnoo6pa":ue pacrnopeHHbrx
III4TaTeJIbHbIX BeITIeCTB, I4crlonb3yeMbrx Mr4KpoopfaHr43MaMr4 Anr pocTa; coAepxa[vre
pacrropeHHoro Kr{cJropoAa B HiroBofi crraecu

Cnoeo6pa:Hble ycJloBLrfl, cyqecrBoBaHufl Sopuupyror aKTrrnsufi ur u ero
crocooHocrb $noxynxquu, Koropafl f,BJrrerc{ o4nofi vr3 saxHefiruux
xapaKTepl{crHK cocro.fiHH{ 6Iaoqeuosa. Crpyrrypa Lr 6uororu.recKr,re csoficrea
xJlonbeB I4na onpeAer.{ror sQSexrueHocrb Lr Kaqecrso 6raororu.recrofi or{HcrKrl.
llpu HopM€LIIbHo LrAyIrIux [poqeccax orrr4crKlr Macca aKTrrBHoro r4Jra [pe.qcraBJleHa
xJIorIbtMLI c rlJlorHocrblo B cpeAHeu 1.1-1.37 rlcvr'z pa:uepoM or 53 Ao 2I2rvr<v.
EarrepualbHhle KJIerKr{ pacnono)KeHbr BHyrpkr, Ha noBepxHocru xJronbeB, MoryT
6urr npeAcraBJIeHbI He3HaqLITeJIbHbIM KoJII4qecrBoM He cB.s3aHHbrx c xJIoII bflMu
oALIHotIHhIruu OaxrepvrflM'u: n€uoqraMn, KoKKaMI{, cru,IpoxeraMg H Mr4KpoKoJIoHI4rMLI
I43 naroqex [6].

Eamepuu aKTT4BHO|O LrrA cr4HTe3r4pyroT vr ceKpeTr{pyroT B cpeAy
6uonoluuep - rroJrr{caxapugnufi reJrb. I4uesno Harartil4e rejr_rrBHeKJreroqurrfi



O6yCnannHBaeT afperar{r4ro MLIKpoopraHI43MoB vr Obpa3oBaHue XJIOnbOBI4AHbIX

cKorIJIeHIifi - Snoxyn.
ArrusHuit utt roJrbKo n QnorynprpoBaHHoM cocrotHplll Mo)I(er o0ecuequBarb

BbICOKI4e CKOpOCTT4 OKr4CJreHLrs 3arpr3Hrroulllx BeuIeCTB, LI, IIO CyqeCTBy, KarIecTBO

oquqeHHofi nogu olpeAeJl{eTct ero cnoco6socTblo r $norynil\vw.
Ilpoqecc nonHofi 6uonoruqecKofi oqlrcrKl4 rlporeKaer B TpLI crallrvl. Ha

nepeofi cra4prv, cpa3y )r(e rrocne cMerrreHl4{ crotrHblx BoA c aKTHBHbIM I{JIoM, Ha ero

rroBepxHocrr4 rrpor4cxoArr aAcop6qilf, 3arps3HtrcIrlllx BeIrIecrB 14 ax Koaryntlllltr
(yrpyunenue qacrurl Hecyqrlx opraHr4uecKlle eeulecrna), upraueu a4cop6qu-e

o6ecne.r[Baercq KaK xervrocop6qraefi, raK u 6uocop6qrEefi c noMorubro

rronr4caxapraAHoro reJrf, aKTr4BHoro krrra u 6naro4ap.l orpoMHofi uonepxHocrtl LIJIa,

oAr4H fpaMM Koroporo 3aHlrMaer 100 rnr2. Taruu o6pasou, Ha rlepBofi craliuu
OTILICTKI4 3AfP'3HgrcIqUE BCIIIECTBA B CTOtIHbIX BOAAX YA€LISIOTCS 6TTATO4APX

MexaHr,rqecKoMy vl3TflTLrro krx aKTr4BHbrM I4JIOM U3 BOAbM HaTIEUIy npoqecoa

6uoorncleHnfl. Hau6onee nerKopa3Jraranuleficr opraHIaKI{. Brtcoroe coAepx{aHl{e

nocryrrarcqr{x 3alpr3Hrrcu{r4x Berrlecrs cnoco6crByer Ha rrepBofi. craguu errcoroft
KUCnOpOAOrrOfnarqaeMocTI,I, rrTo npuBoALlT K npaKTr4qecKLI rlonHoMy norpe6lenux
Kr,rcnopoAa B 3oHax rrocryrrneHr4rr crorrHbrx BoA B aSporeHrax. Ha repnofi ara4nu 3a

0.5-2.0 -vLaca coAeplxaHue opraHr4rrecKlrx 3arp{3Hnoqlrx BerrlecrB, xapaKTepu3yeMblx

rroKa3arenervr B|IK5, cHnxaercr Ha 50-60% l7l.
Ha aropofi craAvrv uomrofi 6uororu.recxofi orrr4crKr4 npoAoJrlraercfl,

6uocop6qrar 3alpr3Hsrour4x BerrlecrB u uAer rlx aKTr4BHoe oKr4cJreHlre

erc:oQeprr,reHTaMlr (SepnaenraMr4, BbrAeJrreMbrMr,r aKTlrBHbrM r.rJroM B oKpyxrarouryn
cpeAy). Enaro4apr cHrr3rrBruefic.r KoHrIeHTpa\krkr 3arpf,3Hrrrou{r4x BerrlecrB, HarrrrHaer
BOCCTaHaBJII{BaTbC' aKTLTBHOCTb r.rJra, KOTOpar 6Ura nOAaBneHa K KOHTIy UepnOfi
CTANI,.IH OqI4CTKLI.

Cropocu uorpe6neHr4{ Kr.rcJropoAa Ha erofi craqukr MeHbrrre, r{eM B Haqale
flpoqecca, p{ B BoAe HaKanJruBaercr pacrnopeHnufi xucnopo4. B cnyqae
6naronolyg.vrfl, nropofi craliur4 ersooeprr,reHTaMr4 oKrrcJl'ercr Ao 75o/o opraru,rqecKr{x
3alpf,3Hf,rorqux BEIUECTB. xapaKrepr43yeMbrx IIOKA3ATEJICM EIIK5.
flpo4onxl4TeJlbHocrr grofi craqLrr4 pa3nur{Ha B 3aBr,rcrrMocrr,r or cocraBa or{I{IrlaeMbrx
crorrHbrx BoA r{ cocraBJr.rrer or 2.0 lo 4.0 uacon [8].

Ha rperreit craguu oqucrKu rrporlcxoAur oKr4cJreHlre 3arps3H.rrroulux BerrlecrB
en4oQeprr,reHTaMl4 (nuyrpu rrexz), AooKr4cneHr.re cJrox(HooKr4cJr.[eMbrx coe,4uHeHufi,
IrpeBpaqeHue a3ora aIuuoHIEfisrx coirefi B HraTpr{rbr vr Hr4Tparbr, pereHeparlr{fl
aKrI4BHoro vrra. llluenuo Ha srofi cra1uv (waguu BHyrpr.rKnerorrHoro rrurannfl
aKTuBHoro nna) Ilpol4cxoArar o6pa"roBaHr4e rronr{caxapuAHoro feJr.f,, BbrAeueMoro
6axrepuzulbHblMll KJIerKaMI,I. Cropocm norpe6neHuflKncnopoAa BHoBb Bo3pacraer.

O6rqa.q npoAoJlxrlTeJrbHocrb rrpoqecca B asporeHKax cocraBnf,er 6-8 .racon

Als 6uroBbIX rI MolKer yBenl4r{uBarbc{ ao 10-20 u 6olee qacoB npr{ coBMecruofi
oqncrKe 6rrrosHx 14 rIpoI{3BoAcrBeHHbrx cror{Hbrx BoA. llpo4onxr4TeJrbHocrb
rperrefi cra!:z;a, TaKI,IM o6paeou, cocraBJrrer or 4-6 qacoe nprd oqr4crxe 6srronrrx
crotlHbrx BoA r{ Moxer yAnr4H{Tbcf, Ao 15 .racos.

Erarorolwue Sa:rr gHAoreHHoro trarraHufr onpeAenrercr Benr4qr4Hofi
Harpy3KI{, Bo3pacroM aKTI4BHofo r4rra 14 BpeMeHeM upe6unaunr ero B a3poreHKax.



VeerilqeHrae Bo3pacra aKTr4BHoro LrIra) BpeMeHIi ero upe6ltnauur B cllcreMe

orrr4crKr4, [aAeHue yAenrHofi Harpy3KI/I Ha Hefo IlpoAneBaer 0*y 3HAoreHHofo

nvraHvrfl u cogAa€r 6naronpu-f,rHrrfi pexl4M 4nr ee [poreKaHLIt, qro cuoco6crByer

aKTprBHoMy reneo6pa3oBaHlrro, yKpylHeHI,tIo xJIoIrbeB aKTLIBHoTo lIJIa, ynyqlueHl4ro

ero Qnorylupyroqux csoficrs. BnesauHoe yBenurreHue Harpy3KI{, coKpailIeHl{e

Bo3pacra, ToKclrqecKue BerrlecrBa, rrpr4cyrcrByloql4e B rlocryrlaroulefi Ha orrllcrKy
BoAe, oKtr3brBaror loAaBnsroulee sogAeficrsue Ha rlpouecc Qepuenrau,IBHofo
oKrrcJreHrirf, B rIeJroM u na Sa:y oHAoreHHoro nllTanus. Tarula o6pasovr, Snorynqllnf,
xJlorrbeB, a, cJleAoBareJrbHo, e$SexrranHocrb orrllcrKl4, 3aBI{cLIT or xapaKTepl{cruK

rrocrynarorrlux croqHbrx BoAr ycnoerafi BBeAeHLIs rexHoJrorplqecKoro npoqecca

orrr,rcrKLr u or 4eficrBus. rr4ApoAr4HaMLrqecKLIX cI4JI B a:poreHre [9].
Kar Lr B ApyrHX BoAHbrx coo6rqecrnax, xapaKTep peaKIILII4 6Iaoqeuoaa

aKTLrBHoro vrlra Ha ne6raronpnrrHoe no:4eficrnue, [potBnf,ercf, B cHI,IXeHI4I{

Br4AoBoro pa":Hoo6pa3vrfl,. 9yncrnureJrbHbre K ne6naronplisrHoMy eos4eficrauto
BI{AbI MOryT I4Cqe3HyTb COBCeM Unpr pe3KO CHr43r4Tb qI4CJreHHOCTb, B TO BpeMt KaK

ycroftunnbre craHoBflTcfl. eule o6unbHee. EcnH Aeficrnne He6raronpl4rlTHoro Sar<ropa
Hapacraer r4llvr AoJrro coxpaHtrercfl,3urparr4Barorcs Bce HoBbIe BLIAII 6uorlenosa vI, B

pe3ynbTaTe, [p]1 MrlrHr/rM€IJrbHoM Br4AoBoM pasHoo6pa3r4u Ha6nloAaeTcfl

MaKcI{M€uIbHaf, qr4creHHocrr nau6onee ycrofiqllBblx BI{AoB.

Ycroxnenue 6uoqeHo3a colpoBox{Aaercq [ocneAoBareJrbHbrM BKJIIoqeHI{eM B

Hero nce 6onee coBepueHHbrx Br4AoB BrrJrorb Ao xrrrrlHr.rKoB: 3oorJrer,r, Hlrrrrarbre
6arrepuu, MeJrKr{e xryTr4KoHocrlbr, MeJrKHe paKoBHHHbre au€6u,
cso6oAnonJraBarouue, 6proxopecHlrqHbre, rpr4Kpeurdnnrre r cocyrqrae uH$ya opvr4,
KoJroBparKr{, qepBr4, BoAHbre KJreIrIr4, npeAcraBvrrelrv rperbero rpoQuuecKoro
ypoBH-rr. Cnoeo6pa:ue 6uoqenosa aKTLlBHoro vrra B nau6omurefi crerreHlr
orlpeAeJlterct uarpyrxofi rro opraHr.rtrecKr4M 3arpr3Hf,rorrlr4M BerrlecrBaM kr

s$SerrrEnHocrbro r.rx p€Bnoxeuzx[ 1 0].
Cyrvruapnrrfi sQSeKr Bo3Aeircrs:ar pa:noo6pa3Hbrx Sarropon, ocHoBHbrM r43

KOTOprIX CneAyeT Cr{LITaTb yAeJrbHbre Hafpy3Krl, soprvrrEpyer crrequ$nvecrnin At:'rr

KaxAoro oqllcrHoro coopy)KeHnr aKrusHrIfi rrn, Koropufi uoxer 6rrrr no4pa:4en€u
Ha Tpr{ ocHoBHbrx Tr4rra:

a) pa6oraroqufi Ha HerroJrHoe oKr{cireHue opraHr.rqecKux aarpreHeuufi .

6) nonHoe oKr.rcneHr.re.

n) nonuoe oKrrcJreHkre c nocJre,4Irorqefi nnrpz$raraquefi .

Coopyxesus 6uotorl4rlecKofi o.rucrrcu, pa6orarcque B pexr4Me HerroJrHoro
oKI'IcJIeHHs, KaK IrpaBI4Jro, r{Meror BbrcoKlre yAenbHbre Harpy3Kr4 (400-600 ur EIIK na
rpaMM aKTI4BHoro nna). llpu erovr Sopuupyercs 6HorIeHo3 c 6e4urru Br4AoBbrM
pasHoo6pa3ueM (5-13 aIa4on) npocrefiruux Lr qtrcJreHHbrM upeo6na4aHr{eM
orAeJIbHbIX lPYtrn, TaKI{x KaK xryTr4KoHocrlbr, paKoBIaHHbre aud6u, Hlrrr{arble
6arrepuu, KpyrIHbIe cno6o4HollJraBaroqrae uHQy3opr4lr, "6enroculre" patroBr4HHbre
au€6u, MeJrKr.re KopHeHoxru [11].

flpu cuuxeHHblx Harpy3Kax Ha raJr Ao 250-300 ur/r, o6ecne.{uBaercr rronHoe
oKHcJreHHe pacrBop€nnrtx opraHllqecKr{x Berr{ecrB. Taxue coopyx(eHraq o6tr.rHo
oquualor crorlHhle BoAbI cMerrraHHoro cocrana (6rrronhre r{ npor43BoAcrneuuue).



HeognopoAHoe, MHoroKoMnoHeHTHoe 3arpf,3HeHlIe cpeAbl o6urasus. Aaer
Bo3Mox{Hocrb opraHlr3MaM r4na rrpuo6pecru H coxpaHqrr ueo6xoAuurtfi ypoBeHb

npr{croco6reunocrlr B rxupoKoM crreKTpe HerIpepbIBHo MeHflIoIIIIlxcfi ycnonufi.

Buoqeuorrr Ha raKr4x orr?rcrHbrx coopyxeHuflx parHoo6p€I3Hbl rlo BIIAaM,

Ar.rHaMr4rrHbr, rroABr4xHbr v qyrKo pearr4pyrcT Ha BHerrrHee sogAeficrelle. llpta
HOpM€UrbHO npoTeKarouleM rrpoqecce oqLrcTKLr B HI4x oTcyTcTByroT IIIIOJIeHHO

AoMr4Hrrpyrorrlne Br{Abr lrJrlr raKoe AoMHHLrpoBaHue MI{HuIM€uIruo [ 12].

llpu y4enbHbrx Harpy3Kax 80-150 rrar/r o6ecleqlrBaerc{ rroJlHoe oKI{cJIeHvre 14

Hurpu$uKarluq a3orocoAepxarqux sarpr:ueHufi. llpet TIoJIHoM oKI{cJIeHI4rI

rrocTynaroultrx Ha oqucTKy pacrnopeHHbrx opfaHuqecKprx BeuIecTB, HeHapyueHHoM

6zuraHce ux cop6qvrv Lt oKr,rcJreHur{, Hrr3Klrx Harpy3Kax Ha aKTLIsHHfi LUru pa3BHToM

[poqecce nurpu$uKarlr{H $oprr,rnpyerc.a nau6oree gKoJIorI,ItIecKI4 conepuenHufi
6uoqeHos - uvrpu$urlrlpyroquir arcrnsnufi ur. HzrpzSnrlr4pyroqfie xJIoIIbt I{JIa

KpynHbre, KoMrraKTHbre, xopouo oceAaroqr4e, HafroJrHeHHbre ny3brpbKaMpr fa3a,
Ha6mogaercr caMorrpor{3BoJrbHar Snoraqzx vrlra) Bbr3BaHHaq [poqeccaMl4

4enurpu$vrKar\w. llpoqecc 4eHrarpuQvrKarJvrvr, [poreKarorr{Hfi Bo BTopr4rrHbrx

orcrofinuKax, Moxer yxy.quarb KarlecrBo or{vilIesuofi BoAbr sa cq€r ug6rrro.{Horo
BbrHoca aKTr{BHoro krra, oco6esHo n r€lloe BpeMr ro4a.

Euoqenoa HrarpuQuqupyroqero aKTr{BHoro rlna xapaKrepr{3yerc.f,, B r{eJroM,

HAI4OOJICE CJIOXHOLI gKororurrecrofi crpyrrypofi c BbrcoKr,rM TaKcoHoMuqecKprM

45 BHAoB upocrefiurux) 6es qprcJreHHoro npeo6na4alopra
Hurqarlre 6axrepnn, MeJrKr4e 6ecqnerHrre xryTr,rKoHocrlbr,

pasnoo6puBneM (ao

MeJIKI{e $oprr,rcr KaK roJIbIx, TaK u paKoBr4HHux arr,re6 npaKTr4qecKr4 rroJrHocrbro
BblTecHtrorcfl. vr3 6uoqeuosa vrlru ux qprcJreHHocrb MrrHr4M€Lrrssa. W uHQysopufi
upeobna4aror 6proxopecHurrHbre 14 rrpuKpennenHrre Soprrarr, )Klr3HeAeflTeJrbHocrb
KOTOpbTX TeCHO CB.rr3aHa C

xJrorrbflMrr aKrr4BHoro ula [13].

xoporuo cQopunpoBaHHbrMr.r, $norynr.rpoBaHHbrMr4

llpucyrcrByror rrpeAcraBr{TeJru Bbrcrrrero 3BeHa XIIIIIHI,IKI{. IITO

IIOJIOXI4TCJIbHO BJII4'ET HA CTENCHb OI{UilICHI4' BOAbI OT OPIAHI4I{CCKHX

3afp.g3H.grcqux BeIrIecrB 3a c.{er [oBhrrueHlu r4HTeHctrBHocrtr o6rraeHa. B
HrErprEQuIIHpyIoueM I4JIe BcerAa nprcyrcrByror (He 4ocrurar MaccoBoro pa3Burun)
xtIIrIHbIe KonoBparKl4, cocyu1ue un$yropzu, xtrruHbre rprE6tr Lr qepBlr poAa
Chaeto gaster. llepu oAr4qecKr4 B crpeqarcrcq rr,rxoxoAKr4.

B IIeJIoM, B Hl43KoHarpyxaeMbrx vilax) 3a c.rdr 6oraroro nu4oo6pa:ux,
paclxl4pterc{ Bo3MoxHocrb Lrila aAeKBarHo pearr4poBarb Ha ne6laronpuqrHbre
nos4eficrBns. vr yBenl.,IqnBaercq ero croco6Hocm noAAepx{r4Barb eSQerrurHoe lr
ycrofi'rueoe KarlecrBo oqrrcrKr4. IIp" nos4efic'rnnu KoHrIeHTpLrpoBaHHbrx
rIpoH3BoAcrBeHHbIX crot{Hblx BoA 6uoqeuoe ycrofiuuno coxpaHser cBo}o
crpyKrypHylo IleJlocrHocrb Lr yAoBnerBopnrelrurrfi ypoBeHb QeprraeurarlrBHoro
oKrrcJreHrrx fial.

Paspyurenue cra6uJlbHocrl,I u cnoco6Hocrr{ r 6ucrpoMy BoccraHoBneHr4ro y
TaKoro 6uoqeuo:a Bo3MoxHo roJIbKo rrpu qpe3Bbrqafinou nosgeficrnun: B
pe3ynbrare pe3Koro Bo3pacraHnfl yAemHofi Harpy3KH Ha aKTprBHstir utr, noe4eficreux
cr.rJrbHo roKcr.rqHbrx (np" arapzfiurx c6pocax) crorrHhrx Bo,4, HeAOCTaTKe U
puc6 alalnc e tr r{TaTeJrbHbIX Be ruecrB.

pa3llrrrHbrx BHAOB.



B ycnoBLItx ycrofiqllBblx Harpy3oK Ha aKTr,rBHbrfi vlr npu orcyrcrBr4r{
ToKcLIrrHbIX nplrMecefi e ctoqHblx BoAax, nocrynaroqzx Ha orrI4crKy, 3Har{HTer ;51afl
llacrb tuurpo6uofi nonynflIJr4r4 cB-g3aHa c xJronKoM aKTr4BHoro rlJra. Xlouss zla
KpyrrHbre, KoMrraKrHbre, xopouo $norynupyrorrlue. B 6uoqeuose Bo3pacraer
ql4cJreHHocrb opraHLI3MoB, HeIIocpeAcrBeHHo cBt3aHHbIX c xJIorIbflMH, - rIoJI3aIoUI4x
6proxopecHlrrrHhrx uu$y:opufi, npvrpenr€nnrrx nHsy:opafi, neuaro,4, KonoBparoK
W T.II.

o4naro' s He6raronpI4'THbIX ycnoBrrrx neperpy3oK, npr4 rrocrynneHLrr4 Haoql4crKy ToKcI'tqHhIX croqHblx BoA, p€BnI4qHhIX uapyruenafi TexHoJrorl4r{ecKoropexzMa oqI4crKI4' xJronbt aKTLIBHoTo Lr[ra .4l4cneprzpylorc-{, pr3MeJlbqaK)Tcr,
Bo3pacraer qucro 6axrepufi, HO cB.fl3aHHhIX c xrollb.f,Mu aKTr4BHoro vlrra) pr)
cJreAoBareJlbHo' Bo3pacraer qplcJro ux noe4areleft - cso6oAHorrnaBarorrlr4x
ranSyeopzfi, MeJIKI4X paKoBLIHHrx arr,r€6, xryTuKoHocr{eB rr rtpoq. IIpu ouzcrrecroqHblx BoA, coAeplKarlux cneqrasuqecKl4e cJIoxHooKr4cJrreMble coeA14HeHrirr(QeHorcoAepxaque, crorrH're BoAbr LFK v r.A.), xopouo snoxrcyrnpyroqr4exJlolrbs I{JIa' KaK IrpaBI4JIo, aoo6qe ne o6pasylorct, u oqucrKa ocyqecrBJrrerc,
Al'Icneprllponanuofi uraxpoSnopofi. llpz uo4a.re us6rrroqHofo aKTraBHoro LrJra B"roroBy" coopyxeHuit, nutaHl{e aKTI4BHoro HJra B a3poreHKax AnclanaHcr{pyercr,qro [pI4BO.{HT K p€BBLITIITO Hl4Ttrarofo BcrryxaHpr-fl unu HapyrueHrrro 0no*ylr",Irr"xJrorrbeB, Koropbre uprao6peraror repr4cryro, BbrrrHyryrc sopnry t I 5].

onucausble Tprr ocHoBHbIe rl4[a 6rzoqenosa aKTr,rBHoro r,rna Qoprraupyrorc, Bcnoeo6pasnrx sKoJIorI4qecKI4x ycJroBr.rrx, o6ecneqriBarorqux onpe4ereHHoe
KaqecrBo oqllcrKl4, oroBapl4BaeMoe B rlpoeKTe EOC. Ha SoHe olr4caHHrx o6rqax3aKoHoMepnocrefr 6uoqeHo: aKTrrBHoro I4JIa Ha KalKAoM orrr{crHoM coopyxeHl{14cnoeo6pa:eH rlo csoefi crpyKType u aAanrarlrroHHbrM csoficrsa\,r 14 yHr.rKiureH,nocKoJlbKy cocraB cror{Hblx BOA r4 pexprM SKcrrnyar arfvrv KaxAOfO KOHKperHofocoopy)KeHl4t cneqnSu'reu, a HX KoHcrpyKIII4t orHocr4Tcr K oAHoMy lr3 HecKoJrbKHXoupe4ereHHbrx TrfroB. Tarpru o6pa:ou, Ha Qopuupo"ur"a 6uoqenosa, efocrpyKTypy oKa3bIBaIOT BJII4tHrre npoeKTHbre [apaMerpbr, cocraB CTOrrHbrx BoA ]rco6moAenl{e rexHoJlorl{qecKoro pe}KLrMa sKcrrJryarar\ulor{I4crHbrx coopyxeH uit, rgepeUarcqee 3HaqeHI4e I4Meer IIoAAepxaHue Heo6xoAuMoro KarrecrBa H KoJlraqecrBaaKTLIBHO|O HIrA, KOTOphIe onpeAeilrrorc.fi TaKrrMI{ noKeBareJrrMra KaK AO3a Lrlra,uroeofi lrHAeKc, 3onbHocrb, Bo3pacr, npnpocr nna [16].Tarxe npl4 LIHAI4Karopuofi oq""n" rrpoqecca 6nororz.recxofr oqlrcrKncneAyer f{I4TbIBarb pI ce3oHHble LI3MeHeHI{t 6lloqeHos a u!.a, qro xapaKTepHo An-rrue6o*urrix coopyxeunfi, or{Hrlarc,ur4x MeHee 10 ruc- ,l ;;;brx Bor B cyrKr4.JlernrEfi 6HorleHos aKTrrBHoro uila flpz rpoqr4x paBHbrx ycnoBrrrx (cocraB cror{HhlxBoI' pexl4M 3KcIIJIyararIuH coopyxeHzfi) no 

"t4ouo*y cocraBy HecKoJrbKo 6oraqe3LIMHero.

cn'rena 6uoqeHosa ro ce3oHaM roAa lpoucxoArrr rro 3aKoHy rereporenHoftcyKrlecckIl4' oAHaKo' Ha KpyrIHbIX orIIlcrHbIX coopyxeHl4tx, B ycnoBr4f,x rop,rrlefo
n o40 cua6 >K''nfl , c e3 

'HHbre 
LI3MeHeHr4t MeHe e 3Haqr4TeJIbHhI.

1 .2.2,1 Aepo6Hue rpoqecchr



EuoloruqecKoe oKlrcJreHr4e - npoqecc rro csoefi cylrlHocrli [p?IpoAurtfr, I4 ero
xapaKTep oArrHaKoB Anfl rrpoqeccoB, [poTeKarcIqux B BoAoeMe, orII4cTHoM

coopyxeHvrv1 eKJrrraKe Ant onpeAenenus EIIK LI T. rI.

Ecru orrrcrKa rrpor4cxoAur s cso6oAHoM o6teue, pr 6uonleHKofi, ecJII{ BoAa

o6rexaer Marepu€lJr 3arpy3Kr{, B Kar{ecrBe Koroporo Moxer 6rrrl tqe6eHr, riLIIbKa,

KepaM3r4T, rrJlacrMaaca 14 T. [., noKpbrrbrit crnsucrofi urenrofi.
Tonuluna 6uonreuru o6rr.rno He npeBbrrxaer 3 uu, npI4 groM nnyrpennufi

cnofi rrJreHKr4 HaxoAlrrc.fi B 6ecrczcropoAHbrx ycnoBr{rx, TaK KaK KrlcnopoA
npaKTlrqecKu rIeJrr4KoM ycrreBaeT H3pacxoAoBaTbcr B rroBepxHocTHbrx rracT.rrx

NJIEHKPI.

Cocras rrauxpo$ropbr Lr nauxpoQayHbr r.rJroB u 6rEoureHKr4 Qopuupyerct B

3aBLICI4MOCTI4 OT 3KOJIOTUqeCKLIX yCJIOBI,II4, OCHOBHbIMI{ I,I3 KOTOpbIX tBJItIOTCq COCTaB

o6pa6aruBaeMbrx croqHbrx BoA, ypoBeHb pacrBopeHHoro KrlcnopoAa, TeMrrepffiypa,
pH, coorHollreHue KoruqecrBa nuuvr Lr Mr{KpoopfaHu3MoB, H€LIIurrI4e roKcr4Hon ra Ap.

OcHosHaq ponb B npordecce oqrrcrKn nplrHaAnex{r4T 6axrepuxru, qr4cJro

Koropblx B pacrrere Ha I r cyxoro BelrlecrBa raJra KoJre6rercs or 108 ,qo 10la KJreroK.
VIn I4Meer oqeHb p€BBuITyIo rroBepxHocrb Ao 100 tr' Ha 1r cyxofi Maccbr, qro
cnoco6crByer LIHTeHcI4BHoMy ri3brrr4ro npuvrecefi H3 BoAbr. Pa:rr,rep KJreroK

cocraBJlter 0,1-3urra u 6onee; qacrr4rlbr vrra v 6uonlenrr{ HMeror orpr4rlarelrsufi
saps4 npra pH:4:9 ll7l.

llpu oullcrKe MHoTLIX BurAoB croqHbrx BoA, B ToM rrr4cre 6Hrosrtx, o6u.tro
uan6olee MHorot{ucJIeHHbIMI4 oKa3brBarorcs 6axrepr4r.r poAa Pseudomonas. ,{anee uo
r{LIcJIeHHocTu cneAyloT KoKKoBbIe Soprr,trr u 6a\utnu. B 3aBLrcr{MocTH oT ycnonufi
cytllecrBoBaHwr B I4JIe p€BBrlBaercf, or oAHoro Ao HecKoJrbKHX (5-8) poAoB 6arrepufi.
Ecln MeHtercs xors 6u o4un r43 lepequcJreHHbrx Bbrrxe Bnr{f,rorrlr4x SaxropoB, To B

cocraBe Lrra o6qsaremHo [poucxoA-f,T H3MeHeHrar vr [epepacnpeAeneHus
rIucJIeHHocTLI oTAeJIbHbIX cHcTeMaTuqecKHX rpytl[ MI4KpoopraHr43MoB.

llpz otlI4crKe crotIHbIX BoA cMerrraHHoro cocraBa B vlrax B ocHoBHoM
p€l3BHBalorctr lpocrefiurue H HeKoropue 6oree cJroxHbre opraHlr3Mbr - KonoBparKr4 14

Ap. llpocrefirune o6rt.Iuo npe.qcraBJreHbr r{erbrpbMrr KJraccaMa - capKoAoBbre,
xryTI{KoBbIe uHQysoptllt, pecHur{Hble unsysoparr u cocyque raH$yropur.r. Polr
npocrefiuzx MHororlnaHoBa. OHu nr4Tarorc.rr 6arrepuxrvtlr, noAAepxuBafl B r{Jre
6axrepuwrbHoe paBHoBecl4e. lloe4ar HapflAy c MonoAbrMr4 crapbre KJrerKr{,
upocrefiurue o6ycnoenllBalor oMoJro)KeHrre vra u pa3Bkrrr4e HoBhrx
xl43Heclroco6srtx KJIeroK. Kpoure roro, eHcno6oxAaercfl B BoAy AononHr4TeJrbHoe
Korl{r{ecrno ersofiepMeHToB. llpocrefitrrve rrr4Tarorcr raKxe qacrr4rlaMrl r4cxoAHbrx
3arpc3HeHuit, 6tarollapfl qeMy npor4cxoArlT AononHLrreJrbHoe ocBerJreHpre sonrr. IIo
qLIcreHHocrz npocrefiurzx vr vx cocrorHr4ro, o[pe.qeJr{eMoMy rro BHerrrHeMy BHAy,
MoxHo cyALITb o6 ycloauxx pa6orbl or{LrcrHoro coopyxeHLrfl vr HaMeqarb Mepbr
orleparl4BHoro ynpaBJIeHLIf, rlpoqeccoM. Hanpnuep, trpH HeAocrarKe B coopyxeHr4g
pacrBopeHHoro KllcnopoAa npocrefturue craHoBf,Tc.fi npo3parrHbrMr{, oco6z
yBenl4r{uBalorcq B o6reue, a 3areM KJrerKa Jronaercr; pecuuuHufi anlapar
Heno.{BlDIteH, poroBble orBepcrufl 3aKpblTbr rd r. A. B aKrueHbrx prJrax rpz6on o6rrqno
HeMHO|O, a S 6uonreHKe oHr4 p€t3Br{Tbr BecbMa 3Har{r4TeJIbHO.



Baxsefinee ceoficreo vra - cnoco6nocrr K xloureo6pa3oBaHr{ro Lr

ceALIMeHTarJAvr. llpumro cql4Tarb, r{To 6arrepuanbnafl Snorynrqua - gro

SusuororuqecKoe cocrotHl{e Mr{KpoopraHn3MoB. Ouo ua6ruo4aercx B nepuoA
sHAoreHHoro Ablxalrrws darcrepuit - Sa:rr orMapaHrr.s, KorAa Ha noBepxHocrr,r KJrerKLr
n 6onturoM KoJrl4rrecrBe cKartJluBarorct BHeKJIerotIHbre noJlr{Mepbr.

AKrusHrre LIJIrI noABep)KeHbr raK Ha3brBaeMoMy BcrryxaHr4ro, Koropoe
cBfl3blBaeTct c pa3BLITI4eM HI4TrIaTux 6axrepuft. B MoMeHT BcrryxaHurr un nJroxo
oceAaer 14 rIpaKTI{qecKI4 He OTAeJrrerCr OT BOAbr, qro BHocLrr cepbe3Hbre ocJro)KHeHrrrr
B sKcllnyaTarlHro coopyx{eHHr.r.

Mexann:u 6uororra.recKoro oKI4cJIeHru B aepo6nux ycroBr4.flx
rereporp oQ nrrrrru 6 axrepurMr4 np eAcraBJre H cxeruoft :

opraHllqecKr.re BerrlecrBa * 0z * N 
-NH4+ 

+ P 
- 

PO-+- A rvr. o. + COz -J-
. H20 * 6zororu.IecKu HeoKucr-f,eMbre pacrBopeHHbre BerrlecrBa; rr. o *;Ou

oh" CO2+ H2O + N - NH-o+ P - PO-4 * 6IaoloruqecKn Hepa3pyruaeMafl
IIACTb KJICTOqHOTO BEIUECTBA

lIpIEne4eHHat cxeMa cl4MBoJlrr3r{pyer oKr{cJreHr4e ucxoAHbrx opraHuqecKrrx
aarpr:neHufi vr o6pasonanue Hosofi 6rEoruaccrr. B oquuleHHoM croKe ocrarorc,

HeoKr,rcJreHHbre BeurecrBa, npelrMyrrlecrBeHHo B pacrBopeHHoM
KaK n KOJTJTOT{AHbre, r4 HepacrBopeHHble IlplrMecu yA€urrrorcf, 3a cqer

Ecnn [poqecc npoBoAHTb A€ulbrxe, T.€. €r3pr{poBarb cpeAy rocJre oKoHrraHr4rr
oKI4CIeHI'IS I4CXOAHO|O OpraHuqecKofo BerrlecTBa, To npoxoA{T npoqeccbr
SHAO|eHHO|O OKI{CneHVIfl KIeTOIIHO|O BeIrIecTBavrrar4 napzrJrJrenbHo - nnrpusuKa\r4fl
auuouzfiHoro a30Ta 3a cr{er pa3Bkrrr4fl anrorposHbrx Kynbryp.

Pacc'Iurau cucreMy aspo6nofi orrr4crKlr BoAbI - oro 3HaqriIT olpeAenr{Tb
rpe6yevlbtfi o6lerra coopyxeHLrfl Ha:agaHHrrfi pacxoA r{ KarrecrBo croKa, rroAcrrr4Tarb
HyxHoe KoJII{qecrBo Kl4cnopoAa (ro:ayxa) 14 KoJrr{rrecrBo BHoBb o6pa:yeuofi
6uorraaccrt (rarc na^:rrnaeuufi npupocr uta), Koropoe HyxrHo yAanr4Tb r{3 cr4creMbr.

Konprqecrso KucnopoAa Ha oqlrcrKy lo.qcrruTbrBaercr KaK cyMMa pacxora
KI{cJIopoAa: Ha oKI{cJIeHue Ao Itonqa (4o C}z, H20, NH3) vacru opraHr{qecKr{x
BeIIIecTB' I{CnonByeMbIX B SHepIeTI'IqecKoM o6vrene; Ha gHAoreHHoe oKr{cJreHr{ e una;
Ha xl{Ml4tlecKoe oKHcneHI4e HeKoropbrx npr.rMeceit, oKr4cJrf,rorrllrxcr KucnopoAoM; Ha
uurpzQzKallurc auuoHIlfiHoro a3ora; Ha co3AaHrie HeKoroporo 3anaca
pacTBopeHHofo Kr.rcJropoAa B Oquqesnofi BoAe.

B 6onrurLIHcrBe coopy)KeHzfi rucropoA rroAaercf, B EtoAy nyreM npoAyBKrr
Bo3Ayxa qepe3 Tonudy BoAbI. lloerorvry BTopat qacrb 3a1alr1 cBoAr4Tc.f, K
onpeAeneHlllo KoJII4rrecrBa Bo3Ayxa, Koropoe HyxHo rrpoAyrb qepe3 BoAy, .{ro6rr
nepeAarb efi, pacqerHoe KoraqecrBo KlrcnopoAa. Ecrr, oAHaKo, 6uoroiraqecKr4e
peaKTophl, pa6orarorqze Ha r{I4croM vrJrpr rexHl4rrecKuM KI4cJIopoAe, u rofAa,
ecTecTBeHHo' BTopaJI qacTb 3ailaqu I{cKrloqaercf,. B ptAe ctrcreM aoparJr4fl
ocyqecTBlIfleTofl, C rroMorrlbro Merrr€uoK; B 9TOM Cryr{ae onpeAeJrrroT KoJrtrqecTBo
gneKTposHeprr4ra, ueo6xo4uMoe An.s ux pa6orrr.

6uonoruqecKr{
cocTo.f,Hl4u, TaK
copoquu r{x xJronKoM trJra.



Euorraacca vna yBenrdqkrBaercfl 3a cqer cHHTe3a KJreroK (xoucrpyrrzeHrrfi
o6uen), a raK)I(e qacrl{ I{cxo.qHbrx 3arpr3HeHuil., uzrxrbrx I,tJIoM. Ho He oKI4cJIf,eMbIX
6uonoruqecKrr, rr yMeHbrrraercfl BcJIeAcrBLre 3HAoFeHHofo oKrIcJIeHIlrI I,I BbIAeneHLIrI
vrera6oruroB B orruqeHHyro BoAy.

| .2.2.2 Ana^:po6urre rpoqeccbr
Aua:po6Hble rrpoueccbl, r.e. 6uororr4qecKue npoqeccbr B 6ecracropo4nofi

cpeAe, B TexHoJIorLII{ orrl{crKlr BoAbr npr.rMeHrrorc{ AocraroqHo rxllpoKo. I4z ]glux
sau6olee pacrpocrpaHeHHble- 4enurprQrzKarluf, r,r MeraHonoe 6poxeHr.re.

llpoqecc
rlpeBparqer^uir:

4euurpraQLrKa\kru npeAcTaBJrreT coooH coBoKynHocTb

BoccraHoBJreHHbre opraHr4qecKrle BerlecrBa + NO-: -+( NO-z + NO rNzO)
--+ oKHcJreHHbre opraHLrqecKr4e BerrlecrBa a N:.

3ro - cr4creMa Ar4ccr{Mlrr.f,uuonHofi Hurpar - peAyKrIHLl. llapallelrno
rrpoxoALrr rrpoqecc accuMvrrrflquonnoft Hr{Tpar - peAyKrluu :

NO-: + NO-z - (x) + NHzOH -+ opraHr4.recrufi ipor.

Poll oKIlcJIrITeJIt B npoqecce 4euurpraQvKarlupr BbrrroJrHf,ror Hl4Tparbr,
noAo6so roMy, KaK B aspo6norvr oKLIcJIeHr4r{ sra $ynxqrax [pr4HaAne]Kr.rr KlrcJropoAy.

BuxoA gHepfI4I4 t-Ipvt 4enzrpra$prKargv HecKoJrbKo MeHbrrre, qeM [pLr
oKI4cJIeHrII'I Kl{cnopoAoM. Ecnz B KarlecrBe oKLIcneHHofo opraHuqecKoro BerrlecTBa
B3trb rJlroKo3y, To npu ee oKncJreHnLr KucnopoAoM BbrAe|rurcfl, 2872 xAN, a npv
4euIzrpnSvrKa\vLr - 2386 rclx. 3ro pasnr4rrve HeBeJrrrKo, Ho BrroJrHe AocraroqHo AjrtToro' qro6H rlpeAorBparr4Tb Aenurpz$r4Karlr4ro B nplrcyrcrBxr4 HeKoropofo
KOJTHT{eCTBa pacTBopeHHofo Kr{cJropoAa.

Cnoco6Hocrbro ocyqecrBJIf,Tb 4enurpu$r.rKarlr4rc o6raAaror pa3nzrrHbre
6arrepuu, n rnso6nrvuilpncyrcrByroqlre B cror{Hbrx BoAax B KarrecrBe oKucJrreMbrx
opraHl{qecKl4x BeIrIecrB AJII npoqecca AeHr4rpzQuxaqur.r MoxHo rrpr.rMeHrrrb caMbre
p€t3rurlHhle BelrlecrBa - MeraH, Merl4Jlonufi cnupr, allerarhl tI T.rI., a raKxe clox11ufi
6yrer opraHuqecKrrx npunaecefi croquofi BoAbr 14 aKTr4BHufr ur.

Ha axrnsHocrb 4eurErpIaSr4Karlkru BJrr-f,ror xapaKTep oKrrcJrreMoro BerqecrBa,
coorHolxeHue KoHqeHTpaquit' opraHllqecKoro BelrlecrBa rI HlrrparoB, TeMrreparypa,
pH ra Apyrue Salcropu.

Cropoc* rpoqecca MoxHo olpeAenrarb no foprr,ryne:

R: [a*(F/I\4)+b] * 1 0k' (t-20),

fae FAvI - orHorrreHr4er Ac r/lvl - orHoIrIeHI4e KoHlleurpaqnft opraHnqecKoro BerrlecrBa K Konr4rrecrBv
ura; k,-reMrreparypHafl,nonpaBKa; t-rerraueparypa,0C; aub-'roe6fi;;;;;;.--'

MeraHosoe 6poxeHue - oALIH H3 ocHoBHbrx rrpr4eMoB o6essapaN uBaHLr;_ vr
cra6urusa\r4Lr ocaAKoB cror{Hbrx Bo.u. Ana"rpo6noe c6paxunauue flBrrflercfl,

ucxo.qHbre opfaHr4qecKHe

iu

cJIoxHbIM MHorocraAnfiHrtrr,t npoqeccoM, B KoropoM



BelrlecrBa IlocneAoBareJrbHo rrpeBparqarorcq B 6oree [pocrbre c nepexoAoM
3Haql,ITersnofi qacru KoMrIoHeHToB B ril3 14 B pacrBop (n r{JroBorc xra4rocrr).
Auaspo6noe c6paxl{BaHl{e paccMarpuBaercfl KaK AByxcryleHr{arsrfi upoqecc.

Ha nepeofi cryneHla SaxynrraruBHbre MuKpoopraHr43Mbr rryreM rr4ApoJrr{3a H

QepueHrau{BHoro pacqerlJre*ufl rrpeBparqaror cJroxtHhre opraHr4qecKr4e BerrlecrBa
ocaAKoB B HU3rrrI4e )KI4pHbre KI{cJroTbr, crurprbr, yfJreKncJroTy, aMMLIaK, BOAOpOA Lr

Apyrlae BelrlecrBa. B ouroenola o6pa:yrorcr yKcycHas (rc 70%1r{ nponuoHonar (Ao
15%) Kucnorbl; ocr€ulbHble Kl{cJrorbr rrpeAcraBJreHbr B He3Haqr{TeJrbHoM KoJrrlrrecrBe.
Baxrepzu, BeAyIrIve oror rlpoqecc, SynxquoHr{pyror B rrrprpoKoM Azarra3oHe
I,I3MepeHLI-fl ycJroBl{ir. [tmre.rrbHocrb reHeparlura 6axrepHfi erofi Qasrr r.r3Meprerct
uacauu [18].

Ha nropofi cryuenl4 MeraHo6pa:yroulpre 6aruepr{H npeBparqaror rpoAyKrbr
nepeofi Qa:rr rJIaBHhrM o6pasovr B MeraH, yrneKr4cnory vr Apyfr{e ra3br,
o6paryrorqvecfl. B M€uIbIX KoJrr4r{ecrBax. FarreprEu aropofi Sa:u - o6lurarurre
aHa"apo6u - 6onee r{yBcrBtITeJIbHbI K ycnoBr4flM cpeAbr. [nurenbHocrb reHeparllrr4
KJTeTOK r{3Mep.rreTcq cyTKaMH.

Peaxqux veraHoo6pa3oBaHr4r Moxer 6urr 3anr.rcaHa ypaBHeHHeM

CO, + 4H2A --- CFI4 + 4A+2LI2O

3Aecr noA H2A rloApa3yMeBaerct opraHurrecKoe BerqecrBo, coAepxaqee
BOAOpOA, rlnkr xe qucThrfi BoAopo.{, ecJrr4 I4cKJIIOqI4rr .Iacrr A.

Eclu, HarlpplMep, 3a HzA rlpl{Hrrrb srr,rnosrrfi crrr4pr, To peaKrlr{rr
BOCCTaHOBJreHr4.rr npLrMeT BI{A :

CO, + 2CH3CH2OH --+ 2CH3COOg + CH+

Ecnu :a H2A rrprrHrrrb H2, To cyMMapHnrfi nror 3anr{ruerc, ypaBHeHr4eM

CO2 + 4H2+ CHo + 2WO

Pearqux ueranoo6pa3oBaHl4fl cocroLrr r.r3 MHofrirx cryueHefi r4 npoxoArr c
yqacrl'IeM ATO u BI4raMI4Ha B12 (n cocrane Seprraenra), roropoMy rrpu[LrcbrBaerct
fJraBHas ponb B rrepeHoce BoAOpOAa.

Kporr,re ocHoBHoro rryrr{ o6pasoaaHr4r MeraHa Bo3MoxHbr r4 Apyr'e,
BOCCTaHOBJI€HIII9M OKLICLI yfJrepoAa:

CO + 3H2--- CFI4 +FIrO (n rrpncyrcrBr{r.r Bo.qopoAa)

Hanpr4Mep

14JII/.

4CO + 2LhO -- 3COz + CFI+ (n orcyrc rBnLrno4opo4a),

A rarxe pacrraAoM yrcyurofi H 6eHgofiHofi ruclor.
cxeua pacilara yxcycHofi Kr.rcJrorbr (c yra:anrreM HcxoAHoro r{

rlpoAyKroB peaKrluu) naoNer 6rrTb npeAcraBJreHa ypaBHeHr{eM
KOHEI{HbIX



CH3 COOH --+ CH++ COz

oAnaxo np'sMoe 4er<ap6orcl'IJlrlpoBaHr4e, T.e. BbrAeneHl4e COz, cr{I4TaercqcoMHHTeJIbHbrM' llpe4nonaralor, r{To LI COz , 14 arlerar npeo6pa:yrorc{ B MeraHqepe3 o6rqufi rpoMe)Kyroqurrfi npoAyKr.
MetaHoeoe 6poxenrae MoxHo npoBoAkrrb B ycroBr4sx AByx r{HTepB€uroBreMrleparyp: 30-35 u 50-55C. llepnrrfi p.*"t 6poxenHr Ha3brBaror nae:oSurrbHbrM,eropofi - repvro0uJlbHhrM. B npoqeca.6po*."rr, *u* [oKa3aHo Bbrrrre, o6pa:yercrroprovufi ra3 MeraH, roroprrfi o6H'rHo cxkrraror Ailfl rroJrr{eHr4t TerrJIa Hao6pa":onaHr4e neperperoro napa. nup, B cBoro oqeperb, r4crron*yror.qnf, noAorpeBa

c oAep)r(r4 Mof o co opylKeHLr-s Ara rpe6yerra ofi re Mneparyprr 6p ox eHLrfl .flocle oKoHqaHI4t ra3oBbrAeJreHrir{ o6pu6or*""rr oauoo* He o6ra4aerHenpI4trHhIMz 3arraxaMb\ He 3afHl4Baer 14 Moxer 6rrrr rlcnoJrb3oBaH B KaqecrBeIIoJIe3Horo y4o6peHLLI B cenbcKoM xosqficrs e vrlru t4HbrM cuoco6ou. c6poNeHHbreocaAKI'I C TpyAoM OTAaIOT BO,AY, [osTOMy ux noAcyrrrr{BaHr.re B ecrecrBeHHbrxycnoBntx - rpoqecc 4lurelrHrtfi. Eucrpar cyrxKa Aocrr4raercr [pr{MeHeHr{eMBaKyyMHOTO O6es eo )KLTBAHUfr r4Jrr4 Xe qenrp o6e*"o.o rroJrr.
Pac'Ier coopyx(eHufl AIrfl c6paxznaHrzr (ueranreuxa) BKJrroqaer orrpeAeneHr4eero o6leua (cuuraercx ilo cKopocrr4 npoqecca), BbrxoAa r€BoB 6poxeHzr krKorr,rqecTBa Terrna Ha rroAolpeB ocaAKOB.



2 Co6crneHHbre nccneAoBannfl

2. 1 Xaparrepucrl,IKa rlpeAnpusruq AO (IIID(3)

flanno4apcrafi neQreuepepa6arrrnaroruuft 3aBoA rrocrpoeH ro rpoeKry,
I4cnoJlb3yroqeMy nocJreAHrde Aocru)KeHur B ueSrenepepa6arrrnarouleft
rIpoMbIIxneHHocrI4, vr flBrrflercr oAHrrM rr3 BeAyrrlr4x npeArrpnnuit orpacnpr. 3anoA
nepepa6arblBaer ue$rr, rocryrraloqyo rro rpy6onposoAy c MecropoxrAenufi
3anaAnofi Cu6upu, B KoJllaqecrne 7,5 MJrH. ToHH B roA rrppr rrpoenrnoft uorqnocru 13

MrrH. roHH B ro.{ [19].
flepepa6orra neSru o6ecneqvBaercs ua6opou rexHoJrorr4r{ecKllx ilpordeccoB,

lo3Bontrculllx rlonf{arb urzporzft accoprr4MeHT BbrcoKooKTaHoBbrx
HeSrenpoAyKToB: 6eHslaHrr aeroNao6uJrbHbre, Akr3enbHoe rorrJrr4Bo, aBHaKepocLrH,
6HrosHe fa3bl I4 r€BbI ne$rexuvrll{, Ma3yr, rreqHoe rofrJrlrBo, 6uryuu, KoKcbI I{ cepy.
Heor"reuneMofi qacrblo npor{3BoAcrBa rBJr.flrorc{ Meponpr4flTvrfl, cBf,3aHrrbre c
o.rHcrxofi croqHbrx BoA.

Cero4ua AO (IIID(3>> - rrroulHoe coBpeMeHHoe npolr3BoAcrBo, BbrnycKarouee
rrpoAyKrlr{ro Ha ypoBHe MlrpoBbrx craHAaproB.

Bcs BbrrlycKaeMat npeArlpr4rrr4eM rpoAyKrlr{r r4Meer ceprusnxar
coorBercrBnfl,, rloATBep)K.4aroqzfi coorBercrBr4e o6tsarerbHbrM rpe6onanuxu
craHAapra, o6ecnequBaloql4M ee 6esonacHocrb Anfl xfl{3Hr4, 3AopoBb{ rrrc4eft,
LrMyrrlecrBa fpax(AaH rr oKpyxaroulefi cpeAbr.

Ha cero4rurunIEfi AeHb npeArrpr4f,THeM BbrnycKaercq 6onee 20 Br4AoB
TIpOAyKIII{I4. 3ro 6eHsLIHrt anrouo6uJrbHbre pa3[r4r{Hbrx MapoK, B ToM rrr4cJre

BbICOKOOKTaHOBbIe SKOIO|I{qeCKLI qucrble, Apl3enbHoe TOIIJII,IBO nerHee H 3HMHee
pa3nI4r{HbIX MapoK, ToITJII{Bo Ant peaKTLrBHhIX ABZfareJIefi u KoreJlbHoe rorIJII4Bo,
6uryurt pa3nl4qHoro H€BHaqeHuf, kr puBHbrx MapoK, r€l3br yrJreBoAopoAHbre
cxl{xeHHble, ra3bl AJIf HeQrexuvtllqecKr4x rrpold3BoAcrB, KoKcbr neQrrrmre, cepy
f€BoByro rE AP.

llpo4yrqrax rrpeAnpl{trl4t Heo.qHoKparHo Harpaxr€L[acb MexrAyHapoirHbrMr.r
AI4nnOMaMI4 14 IIpII3aMI4 3a BbICoKOe KaqecTBO LI KOHKypeHTOc[oCo6nOcrr.

2 .2 | ugpo6 zororu.recr<ufi aHaJrrd3 aKTnBHoro r4Jr a

[m xapaKTepr4crnKr4 pa6orrr coopyxenufi 6nororu.Iecrofi oqlrcrKlr
rla4po6uoJlornqecKuit a;aatu3 LIMeer ocHoBHoe 3HaqeHue, rocKoJrbKy xapaKTepr43yer
cocTaB' KoII4qecTBeHHOe paClpeAeJIeHIiIe IE CnOeO6pa3I,Ie OpTaHII3MOB aKT7BHOIO I4JIa
- norpe6zrelefi nocryrlarcqux Ha oqucrKy 3arpq3Hqrcrqxx BerrlecrB. Xaparcr,epnue
LI3MeHeHIrf, B 6noqeno:e aKTLIBHoTo ura Hauryqrxr4M o6pa:ou orpaxalor
rlporeKaHl{e lpoqecca orII4crKI,r, rro3BoJurror 6ucrpo or{eHr4Tb ero xa.recreeHHrrfi
ypoBeHb Lr cAeJlarb BbIBoAbI o6 ocHoBHhIX He6laronpr4rrHbrx $arropax,
yxyArrraroulzx eS$eKrtrBHocrb orrucrKrr crorrHbrx noa [20].

fz4po6zororu'Iecrufi aHanll3 3aKrroqaerc.f, B or{eHKe, c loMorrlbK)
MI'IKpocKorIHpoBaHI4s, cocrof,Hr{r 14 crpyKrypHbrx oco6euHocrefi 6uoqeuo:a
aKTI{BHoro vIra, opraHI43MbI Koroporo o6na4aror cnoco6nocrbro pearr{poBarb



KaqecrBeHHbIM I43MeHeHI4eM rI KOrr4qeCTBeHHbrM pacnpeAeJreHLreM orAen
Ha cocTaB V cBoHcTBa orluqaeMblx cTorIHbIX BoA, a TaKXe Ha
x{I{3Heo6eclerleHuq, perynupyeMble pexr4MoM 3Kcrrnyar arputr coopyxeHr{fi

2.2.1 Marepzalbr r4 MeroAbr

2.2.1. 1 cpe4crBa r43Mep e:rtnir, BcrroMorareJrbHbre ycrpofi crBa, Mare

MlrKpocKon 6unoxyrxpnufi 50-1350x Ty 3-3-9g6, Ty 3-3-777 ul
MKIKPOCKOTI JIIOMI4HECIIEHTHbIfi CEPMU ''JIIOMAM" 5O-I425X TY 3-3
MLtKpocKon crepeocKorrr4qecKzfi (MEC) 3,5-ggx Ty 3-3-12 10;
oKynrp-Mr{KpoMerp c rl3Mepr4relrnoft nzneft rofi ;
o6rem-rrar4KpoMerp |OCT 7 5 13 ;

my6uun;

- ycrpoficrBo 4nx ua6nro,qeHr.rr MeroAoM Saronoro xoHrpacra K
1354;

- Becbr ra6oparopHbre o6ulero Ha3HaqeHrax focT 24104:
-cyruumHuft sneKTpuqecrufi rurcaQ o6qena60paropHofo Ha3Ha

13474:
- pH-rvrerp rurrapH-l55 focT 25.7416.017r r'Jrr4 aH€uror:- qacbl cLIrH€LrbHne TY 25 07 547:
- naMrra 6amepuquhlr'afl r{3 KBaprleBoro creKrra Ty I 6-535-659:
- XoIoAI4JIIHLIK Anr XpaHeHLtfl npo6;
- cqeTHbre KaMepbr KonrnHrqa, fopreaa Ty 42816, Tova Ha

- upo6oor6opHur ruo6oro rLrilao6leuovr 500-700 crr,r3;- TepMoMerpbr B Mer€uur4qecxofi oupaBe, 6es olpaBbr
LI3MepeHIIt reMllepaTypbr BoAbr |OCT 2045:

- .f,ulr.rKrr Anr [epeHocKz npo6 (o6nervenHofo runa), c
ynnorHeHr{eM AJUr nepeBo3Ku upo6 B MarrrrlHe;

- r{eHrprd0yra na6oparopHanMeA,rlr{Hcras TV 5-37 5-4261:- annaparbr AJrr BcTp.f,xr4Ba]F'ly,fl XHAKOCTT4 n na60paropuofi nocyA
1081;

- fpyrrrn pe3r.rHoBbre (pasHue);
r{fJrbr AJrr npen apr4poBaHuLi
lr4HIIeTbI M.f,fKr4e lr xecTKUe:

TVIIIA

-uerr,r6pannne Sulrrpu (pa:rr,rep nop 2-10 urv);
: ^qyyu*uue funrrpu o6esron.rnrr. AJr.fl KoJrr{qecrBeHHoro BecoBo
OOB Ty 6-09-1678 (rpaura.a, 6errasneuru);

CTCKJIA IOKPOBHbIE AJI' M}IKPOIPCUAPATOB PA3MEPOM I8X18 MM I,I(rorrqzua se 6oree 0,15-0,17 uu) iocr aan, creKJra rrpeAMerH'e (r<6oree
I ,1- I ,4 nrrvr) fOCT 9284:
- qaruKu llerpu |OCT 25336:
- na'.paropHbre craKaHbr H-2-100, B-2_100 focT 25336,- xor6n MepHbre 2-2s-2, 2-50-2,2-100-2, 2-500-2, 2_1000_2focT 1

rrlr4Ha He

x rpyrn
VCJIOBI{'I

aHzlnoru;
1320;

5Ty -l .t
J.J-

fOCT

,1-1,0 MM

bre nilfl

MI4 VT

Ty 64-r-

AHAJILT3A

24x24 rtrvt



- nHrIerKH creKJrtHHbIe BMecrnMocrbro l, 2, 5 avi 2 KJIacca roqHocra: |OCT
20292;

- Mr4Kporr4rrerKr4 0,1 cu',0,2 cvr, fOCT 20292:
- qunI4HAp CnenneHa FIa 1000 .on' 1c rpo3par{HbrM AHoM, rpaAyr4posaHHr,rfi B cM

or caMoro aua) fOCT 1770;
- BopoHKu na6oparopHbre (|OCT 25336);
- craKaHr{HKLr rrx B3Berur4Baurar (6rorcu) focr 714g;
- oKcnKaropbr AlraMerpoM 140,190,250 vrvr focT 25336;
- BcraBKpr AJrr oKcr4KaropoB AlraMerporvr 129, 17s,230 unr fOCT 9147
- Hacochr BoAocrpyfiHue |OCT 25336;
- urrnr4HApbr MepHbre BMecrr4Mocrbro 100, 1000 cira3 focT 1770;
- 6yrrtlu vr3 creKJIa uru [onI4orlIJIeHa a ilpr4TeprbrMlr krlrvr Br4H']foBbrMr4

npo6xauz BMecrl4Mocrblo 500-3000 .r'lnr or6opa Lr xpaHeHra-r npo6 Ty 6-i l)-45:- BoAa 4vrcrnlrrrnpoBaHHa.t fOCT 4220;
- Bara MeAr4rtrlHcxas fOCT 1177.

2 .2. | .2 Y c ilosur BbrrroJr H eHLrfl ru4po6uoJrorrdrre cKoro aHaJrr,r3a

fra4po6uonorraqecrufi aHaJrLr3 no nacrorqeft MeroAr4Ke Bbrlorxi-serc,
rIa4po6noJloroM' LIMeIouu4M Bblclxee o6pa:onanue, vrvt xr4MI,rKoM, rloJr)ruraBrrrr{M
clleql4aJlbHylo raa-lu0uraqHlo, oBnaAeBIuLIM rexuuxofi Mr4KpoaKonr.rpoBarrr4.s vr
M CTOAI4 KOfi OUPC4E IIEHI4fl OPf AHLI 3MOB AKTLIBHO| O T4JIA.

flpu nuloJIHeHI4I4 rra4po6uoJloruqecKLrx aHurugos Heo6xoArdMo co6rurc4a*rpe6onaul{'I TexHuxH 6esonacHocr'. nprE pa6ore c x'Mur{ecKr4Mr,r peaKT'Barvrr4 nofocT 12'4'021, a tarxe co6lroAarb aHrrrcerrrrrtrecKr,re Mepbr [peAocropoxHocruupu pa6ore c aKTLIBH'TM I{JI.M, rotopufi coAepxr4T rroreHrlr.r€ubHo [arofeHHhre
opfaHr,r3Mbr.

3nerrpooe3olacHocrb rIpH pa6ore c oneKTpoycraHoBKarrarE o6ecleqr,rBasr,c{ ,,ofocT 12.1.019. oprau^tutt i o6yr."r" pa6orarorqzx 6eeouacHocrrr rpyaa - rofocT 12'0'004' lloueuqeHue ru4po6uonorr'qecKoro orAeJra Ao.rrxHocoorBercrBoBarb rpe6onaul4tM noxapHofi 6esoracHocrr4 no fOCT ll.l.004r{ r4MerbcpeAcrBa roxaporyrxeHr{, no |OCT 12,4.009.
Pa6ora ru4po6rEoJloroB HMeer cneAyrcrque npooeccr,oH€urbuue oco6eHHocr' :- collpl{KocHoBeHple c IroreHIII4zuIbHo 3arp.f,3HeHHhlMr.r Marepu€urarrau (crcl,qHhreBoAbr, axrunuufi zl);
- Ha[Ip.f,x(eHr4 e 3peHu.rr npr{ Mr4KpocKolr{po Ba]Huu;- Bo3Mo)KHocrb orpaBJIeHI'I'f, npu pa6ore c tAoBr{TbrMr{ Berr{ecrBaMr4;Bo3Mo)KHocr6 rloBpexAe.'uit 

-npn pa6orax c HeKoropbrMr4 alrapa,raMr4(qe'rpz Qyrarraz)' llosrouy np rE 6raono.r"..*"x 14 ccneAoBaHrqx cJreAyer c o6rm 
^arr

AorroJrHtrTeJrbHbre Mepbr np eAo cTopoxHo cTr4 :- pa6orarb B creqo4elr(Ae;
- cneAI4Tb 3a cocrotHzeM KOXI4 Ha nr4rle r4 pyKax, paHhr H ccauuHEr CMa3brBarbfioAorvr;

- He AonycKarb pa":6prrsruBaHufl HJrr4 rrorraAaHr{r cror{Hbrx BoA Ha pyKr4,



fopflqeu BoAoLl c MbrJroM.

Mepu nporLrB rrepeyroMJreHr4r u ropqu 3peHur rrpr4 Mr{KpocKorrHpoBaHW:
- MI,IKpocKoIILIpoBaTb AByMf, IJIa3aMI4 HJIH IIo[epeMeHHO TO OAHLIM, TO ApyILlM

2.2.I.3 lloaroroBKa tlocyAbr, rrpeAMeTHbrx H rroKpoBHbrx cTeKoJI

llocyAy, [peAH€t3HarreHHylo Ans upo6 TrrlareJrbHo Moror clrHTerr4trecKr{M
MoIorII4M cpeAcrBoM, npoMhrBaror BoAofi, o6pa6aruBaror xpouonofi cMecbK),
rIpoMbIBaIor BoAonpoBoAHoft no4ofi, 3areM 3-4 paza Ar{crr{Jrnr4ponaHnofi soAofi ra

rrpoHyMepoBaHa,

CqerHue
-ynorpeoireHr,reM

lpeAJraraeMbrx cnoco6oe:
a) creKJIa rlorpyxalor B KoHrIeHTpr{poBaHHyro cepHyro KncJrory pr

BbIAepXnBaIOT OAHI4 CyTKLI, [oCJIe tlero I4X TIIIaTeJIbHo npoMblBaroT BoAonpono4Hofi
no4ofi, oIIoJIacKIaBaIor [r4crunlluponanuofi no4ofi, 3aJrr{Baror 96o sruloBbrM crrrlproM
r{ xpaHrrr B HeM vrJruB cyxoM Br.rAe Ao yrrorpe6tesus,.

6) crexna rtorpyxarcr B xpoMoByro cMecb sa 2-3 cyroK, 3areM TruarenbHo
npoMblBalor BoAonporo4uofi soAofi 14 orronacKlrBaror Aprcrvnnuponannofi no4ofi,
cyrxar. Xpauxr B cyxoM BraAe vrlrvr B grr.rJroBoM crrr4pre.

e) creKJIa nocJre I{MMepcnoHHoro MacJra Ha 3-5 cyroK norpy}Karor B
KoHlleHTpzponaHHrtfi pacrBop KaJlbrlrirHrlponannofi coAbr, 3areM TrqareJrbHo
rIpoMbIBaIor BoAonpono4uofi no4ofi, olroJracKr.rBaror ALrcrtrrnupoeaHHofi no4ofi u 96"
clr,rpToM.

floxporuue creKJIa, ne 6Hslrrre B ynorpe6n eHvrn, o6pa6arrrBarcT cMecbro
paBHbIX qacreft crl{pra Ia sQupa (crvrecr Hurcusopona), rarcofi )Ke cMecbro cneAyer
peryn{pHo o6pa6aruaarr orKpblrble onrraqecKue qacrr4 Mr4KpocKorra. llepe4
yuorpe6neHHeM noKpoBHhle H rlpeAMerHbre creKJra BbrurparcT MrfKrrM rroJroreHrleM.

floBepxHocrb croJla, o6opyAoBaHple, oAex{Ay;

- [OJIb3OBATbCS PE3HHOBbIMPI NEPIIATKAMI4, TUIATCJIbHO YOHPATb LI BbITPIPATb

pa6ouee Mecro, 4eounQnlll{poBarb pyKI{ rIocJIe pa6orrt cnl{proM;
- cBoeBpeMeHHo Mbrrb 6rreurue B yuorpe6neHull creKJIf,HHbIe IrpeAMerbl

rJr€r3oM, He 3aKpbreax nepa6oraroquft rJra3.

Mepu [poruB paccer4BaHprf, rroreHrluarrbHo 3apa3Horo Marepr4ana r43

naooparopvkr B oKpyx(aroqyro cpeAy :

- QunrrpoB€LrrbHar 6yvrara vr Bura, ynorpe6mrcqr{ecf, a na6oparopr4r{ npu
pa6ore co croqHblMrl BoAaMI4, AoJDKHrT rrepeA yrunuzaryueit B cueqraanrHofi
repMerHqecrofi nocy,qe crepr4nr43oBarbc{ B )r(apoBoM ruraoy rpu reMrreparype
105'C B reqeHr4e 1 .raca.

llpe4napnrerbHa-fl loAroroBra r or6opy npo6 AonxHa o6ecuequBarb nonHyro
6esonacHocrb pa6or, noAroroBKy rrocyAbr, upo6oor6opHr4KoB, Mecra xpaHeHrrt
oro6pannrtx lpo6, a raruKe noAroroBKy pa6overo Mecra Anq o6pa6orxur
AocraBJreHHbrx na6oparopuro upo6 [21].

crepl{nn3ylor B xapoBoM ruxa$y rpr4 160'C oAr4H qac. llocy4a AonxHa 6rrrs
HecMbrBaerraofi rpacrcofi r4nr4 KapaHAarxoM no creKny.
KaMepbI' cTaHAapTHbIe npeAMeTHbIe n IIoKpoBHbIe cTeKJIa nepeA

neo6xo4rauo o6e:xupurr, Anf, r{efo r,rcnonb3ylor o.qI4H r.I3



lloaepxuocrb creKna AonxHa 6rrrr coBeprrreHHo qucrofi. Kanrq BoAbr,
HaHeceHHafl Ha creKJro, AonxHa paBHoMepHo pacreKarbcfl IIo HeMy, ue co6rapaflcb B
MeJrKue KarIeJrbKH, r{To gBrsercfl rrplr3HaKoM Toro, rrro creKJro xoporuo o6esxupeno.

2.2.1.4 Or6op 14 xpaHeHrle upo6

Muxpocronl{poBaH kre r4Jra ru4po6uoror oqr4crHbrx coopyxeHrzfi upourno4nr 1

pa3 B AeKaAy. B uepzoA KorAa pa6ora coopyxeHnfi gecra6utmznpyercr KaKr{Mrr-
lz6o trpe3Bblrrafinrruz o6crosreJlbcrBaMl4 (uocrynneHLre Ha oqucrKy roKcr{.rHbrx',
cTorIHbIX BoA' HapylxeHl4e TeXHoJIorLIqecKofo peltl.IMa u T.A.), rpe6yerCx 6onee
peryntpHoe H TulareJrbHoe rllApo6uoloruqecKoe Ha6nrc4eHue, aHEUrr,r3 [poBo A;gITcfl2-3 pa3a B AeKaAy purv exeAHeBHo. llpet ocyurecrBJreHnr.r rocyAapcrBeHHoro
KoHrpoJrt Ka)KAoe coopyxeHl4e B 3oHe .qerrenbHocrr4 CI4fSKzA uponeprercr He
pexe oAHoro pa3a B roA (Tpe6onaHns,.) 1995) 3a rrcKnrorreHneM KpynHbrx n oco6o
OIIACHbIX AJI'
Ha3HaqaloTct

rlpr4poAHofo BoAoeMa coopyxenufi 6noloruqecxofi oqr4crKt4, KOfAa
AononHI4TeJrbHhIe rIpoBepKLI, B Korophlx nprrHr,rMaeT yqacrpre

ru4po6rEolor.
flpo6u Anfl alalru3a 6epyr orAeJrbHo u3 KaxAoro y3Jra coopyxenufi

6uoloruqecxofi oqI{crKI{ (a^:poreuru, pereHepaTopbr, BTopr{rrHbre orcrofinurn Lr
r.A.).

lnx onucaHuL rlpoqecca oqI4crKI4 14 npr{cloco6uremuofi pearqun 6zoqeHo3a
Ha r43MeHeHurfl UHOrOO6pa3Hbrx Sarropoe, perynr4pyroqzx sTor npoqecc; npe)KAe
Bcero' neo6xo4uMo npaBI4JIbHo nrt6parr B €DporeHKax 3oHbr, .ga oto6paHHbre npo6"r6ylyr xapaKTepl43oBarb cocrotHl,Ie [poqecca B rIeJroM 14 oco6euHocrr4 oTAeJrbHbrx
3TarIoB' 3ro oco6esHo Ba)I(Ho Anfl €tgporeHKoB - BbrrecHurerefi, rAe (no Mepe
rIpoABrDKeHufl croqHhlx BoA BAonb a"eporeulca) Sopuupylorcr cneqrE$rau..*""
6uoronst' olpeAenteMble crelreHblo pa3JloxeHr4.rr 3arps3Hrloqr4x BerrlecrB, B Kalr{AoM
I43 HHX coorBercrBeHHo Sopuvpylorct cneqrasuqecKlte 6zoqeuosbr aKT]rBHoro r4Jra cp€BrHqHbIMz callpo6HocTbro , SeplaeurarusHoft aKTr4BHocrbro kr ycrofiuunocrbro K
ToKcrIqecKI4MlI BeIIIecrBau. Kax4sIfi npe4u4yrlIEfi IIeHo3 p€Bnafaer opraHr4qecKoe
BelqecrBo Ao onpeAeJIeHHOfO ypoBHt I,r Aenaer efo AocryrrHbrM AJrf, rrocneAyroulr4x.
,{axe cKopocrb IroroKa crotIHbIX no4 (4o OupegeleHHbrx npeAenoB) ue uoxer
I4cKJIIorII4Tb 3Ty 3oHzLIIbHocTb' XoTt pI oK€I3bIBaeT cI,IJIbHoe BJIztHHe. llpo6u,oro6paunue H3 p€BHhIX 3oH aoporeHKoB, 6yayr xapaKTepr43oBarb cro.flHr4e
3oHuLJIbHbIX 6zoIleHoson Ha piBHbIX gralrax oqr4clKr,r cro.rHbrx BoA, 11ogToMy
or6uparr upo6u a KaxAoM Kopl4Aope a3poreHKoB Ha ru4po6zoJrorqqecK uit 

'"attuzHe cneAyeT.

lnx B.H'.BJIeHLI' oco6ennocrefi QopMr4poBaHr4r rranrcpo$ayHhr aKrr{BHor o urraHara6onee rpeAroqrzrellHofi 4nx a3poreHKoB - BbrrecHurerefi flBlrflercfl npo6a,oroopanu*r B KoHqe 3oHhI a,pI4poBaHr{.rr urosofi cMecr4, rrocKonbKy npoqeccbr6uororutlgcKofo OKLIcJIeHTITI 3afDt3HcIoIIIr{x Rerrreerp D arnrf, \,r,^A-y,^v'r'Jrvr 'u'lsvr\ur u UKI4SJI9HI{JI 3alpt3H.flrcqux BeIrIecrB B STOM rracTKe npaKTLIqeCKI{
3aBepIrIeHbI' a cocrosHue uuxpoSaynu oxapaKTepel3yer u npoqecc orlrrcrKr4, uKarrecrBo oquxleHHbrx croqHbrx BoA (Bauuua, lgg4; Jlznepon c*afl H Ap., 1gg0).llpo6a urosofi cMecu B agporeHKax-BbrrecHr,rrer.f,x or6rEpaercr n c6opHbrx KaHaJraxa3poreHKOB Vrru Ha BOAOCJIHBaX, T.e. nepeA nocryrrJreHl4eM Ha orcra vrBailue BO



npo6bl or6uparor co cropoHbl Sumrpocnux rrJracrrrH, B Mecrax r{HTeHcr,rBHofo
rlepeMerxnBalakrfl. B €DporeHKax-cMecilTeJrrx npo6u
KaHaJIax. Xerarelrno, qro6u
rrepeMerx r4BaHr4fl rar osoft cMe c r{.

npo6rr or6upanucr

[nt [oryrreHr.rr penpe3eHTarlrBHbrx AaHHbrx

Qnoxynoo6pa:onaHvt aKTLrBHoro HJra, efo ceAprMeHTarlrroHHbrx csoficrB, rroJD reHr4t
TOTIHIIX KOJIIITIeCTBeHHIIX I{ KaTIeCTBeHHIIX XapaKTepHCTI,IK COCTOf,HLI-fl 6nOrIeHO:a
neo6xo4IaIrao, qro6rt raKr4e floK€BareJrr{, KaK KoHrIeHTpaII4fl aKTI4BHofo vura tto
o6terray n Becy, urosofi I4HAeKc, npo3paqHocrb na,qzloaofi BoAbr, [oAcr{er
IlHAI,IKaropHbIX opraHI43MoB aKTr4BHoro I{na BbrrroJrH-rrJrlrcb s oAHofi upo6e.

llp" neo6xo4llMocrl4 6oree uo4po6noro o6cre4onanvtfl. aHanr,r3r,rpyercq
rax4ufi y3en 6uoloruqecr<oft -rracrkr coopyNeHrlft. B 3Tr{x cJrfrarx npo6u
or6uparcrct B cJleAyloqux roqKax: B pereHeparope B 3oHe pereHepaqur{, T.e. Ha
paccrotHuu 0,5-1,5 M or KoHllapereHeparopa; c nporraBorroJrolrHofi cropoHbr or
S nnsrpocHbrx rJracrun (npu HaJrvuvrr4 ycnonufi gnr o16 opa).

BosnparHufi ul or6upalor rr3-rroA "rycf," :aIrvr B Mecrax, rAe r{n [ocrynaer B
p ereHep aropu (rarraep br, x anzuru) AJrr cMerx r4BaHvrfl..

BHa'rare [pl4roroBJreHHyro rocyAy Arrfl or6opa npo6 onoJracKlrBaror
oro6paunofi soAofi. Atrs aHarwr3a npo6y or6zparor noBropHo. lSrr_ sroro
Hcllonb3ylor KOBITI o6teuoru 500 crra'. llepnufi p€B KoBrx cneAyer rrorpy3r{Tb B BoAy
sa 3 MIEH, 'no6n ero reMrleparypa cpaBHrnacb c reMrreparypofi BoAbr, 3areM KoBrrr
norpy)Karor Ha rny6uuy 0,5 M H cpa3y xe r,r3BJreKaror. I4nonyro cMecb [epenr.rBaror B
creKJlflHHyto 6yrrut o6teuorr,r 3 4M' TaK, .rro6tr Bce coAepxrlMoe KoBrxa 6ruo
BbIJII4TO. Or6op noBTopf,Ior Ao rex nop, rroKa ue ua6eperct 2,8-2,9 gtt3 urosofi
cMecl4. Oro6paHHax npo6a cna6xaercs orr4Kerrofi, Ha Koropofi ylca:uBaercr Ail&,
Mecro or6opa. Eyrutlr He 3aKy[opuBaror vr HeMeAneHHo AocraBJr{ror B
na6oparoPuo, fAe ee coAepxnMoe rqareJrbHo nepeMerur4Baercf, r{ pa3Jrr{B aercfl
cn e.qyro quu o6p a^:orra :

a) I 4vr' r B Jlrlrponltfi vrepnufi qzruHAp, ra;ru6poBaHHbrfi or cauoro AHa Anf,
orrpeAeneHus Ao3br r4Jra rro o6rerr,ry;

6) 1,5 AM3 - B cKJUIHKy Ant orcral4BaHr{{ 14 orrpeAeneHr,rfl rpo3par{Hocrr.r
HaAr4JroBofi no4u;

n) 100 ct' - B III4nIIHAp o6lerr,rovr 100 crt 4n" orpeAeneHr{r Ao3br prJra ro Becy;
r) 100 ct' 

" 
craKaH Anf, rl4Apo6uorornqecKoro aH€uru3a r.r xpaHeHr4rr.

llp" BsflTr4pr upo6 I43MeptrcT TeMrreparypy Bo.qbr. ,{nr eroro r4crrojrb3yror
repMoMerpbl cr{eHofi^4eleuur 0,1oC. fipx orpeAeJreHr4.f, TeMrreparyphr Ha Mecre
B3flTrrs' npo6u I Atl' BoAbI HiuII{BaIor B cKJItHKy HrlxHroro qacrb repMoMerpa
norpyxarcT B BoAy I{ qepe3 5 Ir,runyr orcqnrblBaror rroK€Banvrfl,, Aepxa ero BMecre co
cxlsnrofi Ha ypoBHe rJr€13. Toqnocrr onpeAeneuzr *O,Joe.

Bpeux or or6opa npo6un Ao ee alurvr3a ueo6xo4urrao coKparr{Tb Ao
MI{HI4MyMa, K rl4Apo6uoloruqecKoMy aHurv3y cneAyer rrprrcrynarb He nos4uee 30-
40 ir'ruuyr c MoMeHTa BsflTLrA upo6u, nocJre roro KaK TeMrleparypa cMecr4 aKTr{BHoro

BTOpLrrtHbre oTCToI,IHI4KI'I; B

lporrrBonoroxsofi cropoHbr
6egonacHoro npoxoAa), ecJrr{

KOHTIe agpOTeHKOB

OT 3OHbI TIO,IIAqH

6esonacHbre ycJroBr{t

-0,5-1,5 M or nepeJrlrBa c
Bo3Ayxa (ronrro B cnfrae
4m or6opa He o6ecne.renu,

or6Ilparorcx B c6opHrrx
VT3 MECT I4HTCHCHBHO|O

COCTO'HI,IH



Jtl

una cpaBHterc-f, c reMrleparypofi noMeIrIeHI4f,. llpu HeBo3Mo)r(Hocrlr [poBeAeHr4t
aHNrLJ3,a B yK€BaHHbIfi cpoK npo6bl aKTr'rBHoro :arra oxnarAaror (+4oC). Xpa:aurr
npo6bl cneAyer He 6olee 24 qacoB rrocJre or6opa [pr4 reMrreparype 3-4"C.
KoHcepnaqut rpo6 He AorlycKaerc.f,. llpu npoeeAeHr4t4 aHaJru3a reMneparypa npo6sr
AOJIXHa COOTBeTCTBOBaTb reMrreparype noMerr{enn\ B KOTOpOM OH npOBO Akrr}fl.

2.2.I.5 Texnura MnKpocKonrlpoBaHlrt

fIa4po6noJlortlrlecrufi anarlr3 aKTuBHoro r{Jra cocrouT H3 cneAyroullrx gTanoB:
a) nnsyanbHoe LrccJreAoBaHr{e r,rJra B creKrsHHoM rlr4Jrr4HApe;
6) onpe4eJleHue BI4AoB, noABrrAoB opraHrd3Mon (4nr MeJrKr4x )KryTr4KoHocrIeB,

rcoroHNfi 6arcreprafi
panrarvrU);

ofpaHr{r{r4Balorc.f, 6olee BbrcoKprMtr cr{creMarr4qecKuMr4

e) olpeAeneHI4e qLIcJIeHHocrr{ Ka)KAoro BuAa oAHLTM r43 Mero.rloB
KoJrnrlecrBeHHoro cqera B 3aBlrcrdMocrr,r or rpe6yeruofi ro.{Hocrr.r BbrBoAoB;

K OAHOMy r43 OlpeAeJreHHbrx

r) olI{caHLIe SynrqraoH€ulbHoro cocroflHr{f,, oco6euHocrefi BHyrpeHHero
crp o e Hr{.rr, rr,r op Q on o f Hrr e c K Lrx r43 M e H e nufi nuguKarop H brx op f aH r{3 M O B ;

A) onpeAeneHI4e pa3MepoB HeKoropbrx xapaKTepHbrx 6uoran4uraropoB
rIpoBoAHTC.f, B TOM CJrrrae, ecJII,r npl4 MI{KpOCKOlr4rrecKoM I{cCJreAOBa]FIVr]/_ BbUIBJIterCt
ux 3aMerHoe LI3MeJIbrIeHI4e, a raKxe An-f, yrotrHeHl4t nuAoaofi Ar4arHocrl{Kr4;

e) pacnpeAeneHl{e 6uoznguraropoB Ha xapaKTepHbre rpyrrrrbr opraHr43MoB,
ilp?IcyrcrByloull4x n 4aHnofi npo6e una (ocnoBHbre Kplrrepr4rr pacnpeAe rreuarfl - oro
nI4IrIeBbIe uorpe6nocru 6uouugzraropoB, Lrx orHoIIreHI4e K KoHrreT{Tn Arrvuor{or{HAr4KaTOpOB, LrX OTHOrrreHr4e KOHqeHTpar\vu
pacrBopeHHofo KI4CJIOpOAa, aAarrrarlr4oHHo-SKorofl4qecKaf, rlJracrrrrrHocrb,
rroHI'IMaeMas KaK cnoco6nocrb cylqecrBoBarb r{ [pr4crro ca6tunatbcr B rxr.rpoKoM
AI'Ian€BoHe ugueHeHnfi orpyxaroqefi cpeAbr, ycrofivznocrb K sosAeficrnnrc
ToKclrr{Hbrx croqHbrx eo4);

x) raroroBar orleHxa 6uoqeHo3a, orHeceHue ero
TLr rroB, xap aKTeprr cTr4 Ka ycTaH oBneHHOf O Tr{[a;

s) n o4roroBKa ru4po6uoJr orr{trecKoro 3 aKJrror{ e HI4r.
BuuolneHlre rro raxAofi aH€rnlr3rrpyeuofi upo6e [por{eAyphr 3anLrcbrBaror B

pa6ouev x(ypH€ule, a KarrecrBo aKTnBHoro ura cpaBHI4BarcT c AaHHbrMr4
f I4APOXI{MT4 IIECKHX AH AJII43 O B I{ TCXHOJIOTI4qC CKI4X PACIIETOB.

llepe4 I{ccneAoBaHI{eM vlra noA Mr4KpocKorroM ueo6xo4ur,ro orrr{carb ero
oco6eHuocrLI rIpI4 Bl43y€rnbHotu na6ruo Aelr4kr B creKJrrHHoM rlr{nr{HApe. tr{sueprrcr
ocaAoK I{JIa IIo o6rcrray B IILIIIIHApe o6reuou 1 Ar' sa 30 rrafin orrrutun 

",cKopocrb oca)KAeHI4t' IIBer xJrolbeB aKTkIBHoro kIJIa. HopuanrHrrfi qner nna 6ypo-ropzvnenrrfi, rycroro MtcHoro 6ynrona. TeuHnft, servrrucrrrfi w c orreHKoMr{epHorbl Moxer 6rrrr cJIeAcrBLIeM IrJloxoro rlepeMerukrBaHus, rErosofr cMecrl Lr
HeAocrarKa KI{cJIopoAa I4JII4 rlJloxofi III4pKyJI{IIHI4 u orKaqKr.r ura (salexr4BaHr{e
3arHHBaHue r4lra 3aflax I4JIa AoJrx(en 6urr 6onorHrrfi, 6es npeoltagattun 3anaxa
KaKI4x-JIlI6o xuuuqecKl4x BeIrIecrB. 3auax Moxer 6urr ,arn"ar"rfi, runroctHufi,aure'IHrrft 3anax neQreupoAyKroB runspQenomnrrfi orMeqaror rrpoqecc
xloureo6pa3oBaHHfl rrpv yrrnorHeHuu, rrpoLrcxoAr4T nrr oceAasve o6qefi naaccofi c
'rerrofi rpanuqefi oquqeHHofi xu4t<ocrpr r4Jrkr Ha6rrcAaercs pa3phrB Macchr, 6rrcrpo



wrn MeAneHHo nporeKaer Snoxymqux (rounaxurue uJru Alrcleprr.rpoBaHHbre
xJroubr H 3arpr3Hsror Jrr{ HaAprJroByro BoAy).

flocle 30-rvrnHyrHoro orcrauBaHprq Bnr{cbrBaror nueurHufi Br{A ua4ulonofi
BoAbI. Ha4Illonar BoAa AonlKHa 6rrrr npo3paqH€ur; Te oKparxeHHa{, He
ouaneclqpyroqaq. fu4po6IEonor o6ssarerbHo u3Meprer rpo3paqHocrb HaA11roeofi
BoAbI oneparl4BHo onpeAeJrtfi eQQerr orIIacTKH oT B3BSIIISHHbIX u KoJrJror,rnHhrx
qacrull. llpo:pavHocrb 3aBrIcLIT or ruy6raHrr oKrraJreHr4fl 3arpr3H{roIqnx BerrlecrB, a
TaKxe or HaIII4rIuIt B BoAe MeJIKI4x, He oceAalouglx 3a 2 \aca xJlolbeB aKTLIBHof o ura
14 AI4cneprI{poBaHHbIX 6arreprafi. Jfto6ue, Aaxe He3Har{r,rreJrbHbre r,r3MeHeHHq B
cocTaBe cTotIHbIX BOA HB TeXHOJIO|IIIIeCKOM pelKlrMe r4x oqlrcTKrr uMeroT cJreAcTBr.reM
npl4cyrcrBuIe B oql4r{eHHofi no4e MeJTKHX xJlonbeB u 6olruroro rrncra cnooo.uHo
XLIByITIpIX daxrepraft, qro TIpLIBoAHT K IraAeHr.rrc rpo3paqHocrr,r oquuleHHofi soArr.
flpoepauuocrb BoAbI aHaill43llpyerc.r B npo6e, oro6pauHofi s KoHrIe 3oHbr asparlupr
unra c6opHoM KaH€uIe asporeHKoB. Ha uparcTlrKe npo3paqHocrb HaAraroeofi BoAbr
Moxer npllHuMarr ruo6ue 3HaqeHIar (or AByx Ao AecrrKoB caHrurvrerpon). flp"
lpo3paqHocrl{ 30 cvr u 6onee Bce Apyrue caHrrrapHbre noKa3areJrr.r, KaK npaBprno,
coorBercrBylor srrcoxofi crerleHu orIHcrKI4. HenorHa.f, <<6uolorrarrecKuul orlprcrKa
o6ecue'Il4Baer npo3paqHocrb, KaK rrpaBr.rJro, oKono 12 cM. YucreHurre 3HarreHnq
npo3parrHocrl{ Koppenupylor c r{I4cJreHHbrMr,r 3HarreHLrlMLr EIIK B orcrorHnofi npo6e
u xapaKTepll3ylor pa6ory €rgporeHKoB (s0$errzBHocrb r43ufl'tufl KonJror{.rlHhrx
nerqecrn).

fIa4po6uoJlor paccqurblBaer LIJroBofi un4exc u ucrroJrb3yer ero 3Haqe H;g1s Ans
xap aKTepprcrprKu ceAr.rMeHTaur.roHHbrx csofi crs aKTuBHOf O prra.

Znonofi I4HAeKc - 9To o6reu, 3aHLrMaeMufi o4HuM rpaMMoM aKTr{BHoro HJra3a 30 MkIHyr orcrauBaHla.l B JlrrrpoBoM rlrrnr4HApe. B aKTr.rBHoM rrJre c
rIoHI'IxeHHbIMLI 3HaqeHLIsMrI rIHAeKca IroBbIIIreHa AOJUI 3oJIbHbIX, 6olee TtxeJIbIX
3JIeMeHToB I43-3a srrcoxofi MI4HepaJILI3aIIuLI KJreroqHofo BerqecrBa vrJrzr I43-3a
npucyrcrBLlt T.[)KenbIX n:necefi, rITo Mox{er rrplrBoArlTb K 3aKyrlopKe
KoMMyHkIKaIInoHHbIx cerefi. llpu yxyAIxeHLII{ cnoco6uo cru r4rra K ceAr,rMeHTarlr4r{
ulonofi I4HAeKc Bo3pacraer, pa3AeJIeHI,re Lrlra v orrr4uleHHofi no4u Hapyuaer cfl kr
npI4BoAI{T K z:6urovuovy BbIHocy B3BeIxeHHbrx BerrlecrB u3 BTopl4r{Hbrx
orcroftnuron.

B 3aBl{cl{Mocra or TexHoJlofr4qecKr{x Bo3MoxHocrefi cBoeBpeMeguofr
BbIfpy3KI'I oceBllrero vrra vr3 BToputrHhrx orcrofiHLrKoB, Anr Ka)KAoro KoHKperHoro
coopyxeHus iuotoruqecxofi oqIrcrKLI olrrr{ManbHbrM 6ylyr cBor4 onpeAeJreHHbre
3HarreHl4t I4JIoBoro I'IHAeKca. Vclonrto npl{Hrro cr{r4Tarb Anfl oqprcrHblx
coopyxeHufi ncrcyccteeHHofi 6uororu.Iecxofi oqrrcrKr4 onrr.rM€urbHbrMrr 3HarreHu,
HnoBoro rlHAeKca or 90 Ao 120 cur/r.

O.qno LI3 ocHoBnrx rpe6osaHufi K ranoBoMy rzHAeKcy - cra6unbHocrb ero
sHaqeHufi' Koropat yKEBbIBaer Ha yAoBnerBopI4TeJIbHbIe ycnoBr{r 3KcrrJryararJu1
orrrcrHbrx coopyxeuuft .

IM r4ccJreAoBaHtrfl rraurpo$ayurr
I4clronb3yerc.t Mero4 "xuBoft" KAIINI4 NO.II

aKTuBHoro rz'rra nau6oree rxupoKo
noKpoBHbrM cTeKJTOM r4|ru B CqeTHbrx

KaMepax c noMorrlbro cBeronofi, $a:oBoKoHTpacruofi MuKpocKorrHr4.



rrpu aHaJII{3e oquuleHHofi BoAbI AJI{ cryrleHr{r [po6br [pr4MeHlrror
I{eHTpLIQyrI4poBaHue, orcraLIBaHI{e unrE SramrpoBaHr{e qepe3 rrrel,r6pan""ifi 6"n"tp
Ne6 (pasuep rrop 2-5 vrrcrvr). Kanlrc cBexero r{Jra HaHocf,T Ha creKJro, rroKpbrBaror

llpu o.ruueHHofi IIpr4MeHlrroT

rIoKpoBHbIM CTeKJIOM U npocMarplrBaror rroA Mr.rKpocKorroM. Perouen4yercf,
npocMarpl'IBarb Ao 5-10 KaneJIb, onpeAeJl.l.fl BI4Abr opraHlr3MoB Lr orMeqzu rlx
Susuonorl4rlecKoe cocro-f,Hl{e, crpyKTypy vrrra) xapaKTep aoouefr, BKJrrorreHr{e
MI4HepaJIbHbIX u opfaHLIqecKrIX qacrllll, BoJIoKoH 14 Ilpotr.

IIpu MplKpocKonrrpoBaHllu es6omaHHofi npo6u (nuauane 11pLr MEUTSM
ynelz'reHnu) orMeqalor crpyKrypy xJIonKa (unorHufi, prrxmrfi, uptepavHufi),
oAHopoAHocrb u 3acopeHHocrb xJro[oqKoB una a6vtocecroHoM 14 nocropoHHr{Mrr
BKJIIoqeHvrflMv\ pa3Mep xJrolrKa. lerpzruue BKrlorreHprr B 6olrurou KoJrkrrrecrBe
MoryT xapaKTeplI3oBarb HapyrueHIae pa6orbl [epBl4qHbrx orcrofiHrEr<os (ze6uro.ruufi
BbIHoc B3BeIrIeHHhIx neulecrn)' [ocryrlneHlle B "roroBy" coopyxeHufi TaKI4x
KoMrIoHeHToB' KaK u:6rrro'rHoro aKTkIBHoro r4JIa, croqnofi ao4rr HLr3Koro KarrecrBa
nocne Ml{Hepanpl3aropa' ulonofi BoAbI rrocJle unoynnorHurenefi, Syrara nocJre rlexa
o6pa6orxu ocaAKoB, ApeHax(Hux c6pocoB, a rarcKe Ha npvcyrcrBlre B crorrHbrx BoAax
cueqH$uqecKl4x rIpoMbIIxJIeHHbIX 3arp.f,3H.sroqIax BeIrIecrB, rrJroxo yAitlseMbrx 11pLr
MexaHrrqecKoM orcrarlBaHraz. O4HaKo, ecJIrI coopyxeHkrflHe rreperpyxeHbl, KaqecrBo
oqI4crKI{ BblcoKoe, a zroeofi I4HAeKc o6ecne.ruBaer xopomee orAeJreHl{e oqurqeHnofi
)KLIAKoCTI{ or Maccbl wra) To rlpl4cyrcrBl4e HeKoropbrx KonuqecrB Aerpl4THhrxBKrloqeHuit ne urpaer orpullarelrnofi poJrrr, a B HeKoropbrx cJryqarx, 

"uo6opor,yTrxen.f,eT xJrorroK prna, y,try:ilrra, efo ceAr,rMeHTaqurc.
B pr4e cJl)rqaeB, Anf, yrotlHeHl4.f, SyHrqzoH€rJrbHbrx oco6eHuocrefi opraHr,r3MoB

aKTHBHoro r4Ira' ueo6xo4uMo o[peAeJIeHI4e I{x pa3Mepon. hsuepeHue opraHH3MoB
npol{3Bo,['f,T C TIOMOIUbIO OKyntp - MLrKpOMerpa IIo naacrura6uofi ruznefixe o6rem -
Ml{KpoMerpa' llonb3ytcb oKyntp - MI{KpoMerpoM, noMerrlarcT Ha croJrr4K M}rKpocKorra
o6rercr - MI{KpoMerp I4 ' AocrrrrHyB pe3Kocru (crErbHo 3areMHrror), cpaBHprBarortrl4cJro 4elenzft oKyJI{p - MnKpoMerpa c TaKoBhrMLr Ha rznefirce o6rerr - MriKpoMerpa
rr BbITII{cJIrIor ueHy AeneHI'I-f, oKyJIf,p - Ml4KpoMerpa (a6coJllorHoe 3HaqeHue oAHoro
AeneHI4t oKynqp MuKpoMeTpa), 3aTeM MoXHo IIpoBoAI4Tb LI3MepeHVfl opraHLr3MoB rpu
HCTIOCPCACTBCHHOM IAX UA6MO AEHT4I4 NOA MI{KPOCKONOM.

Eclu aKrnsHHfi I4JI I4Meer cneqzsnraa*ra Qu:uororr{qecKlre oco6enuocrz,orMeqaror cocrorHr4e opfaHr{3MOB (no4nnxHocrb pecHr.rqeK, AeoopMarlgroopraHn3MoB' oco6eHHocru IroBeAeHI{f,, oKpacKa, H€uruqr4e l]urleBbrx naxyonefr,
o6pasoaaHue KoJlo]Huit u arperaroB, Qa:rr p*r"o*enux). flpu oocreAoBaHrru 6oreeKpyIIHbIX opraHI43MoB vepnefi, KonoBpaToK IIpI{MeHrIIoT cTepeocKonu.{ecrzfi
MlrKpocKou MBC c. oKynspavru l2,5,.froMerrla, .rpo6y urraBqarxKy llerpu.

2.2.1.6 Mero4br Korr{rrecrBeHHoro rrera opfaHr.r3MoB

lpn ucctteAoBzlrlLIf, vrarcpoSayHbr arTr.rBHoro r4Jra ucnonrcyercr MeroA <<xznofr>
KaTIJII4 rIoA [o4poBHbIM creKJIoM uIrH B cqerHbD( KaMepax c rroMorquo cneronofr,
Qarono-roHTpacrHofi uarpocKollnu, rro3Bonf,rorqrEfi ycraHoBrlTb az4onofi cocraBnpocrefrrur4x r{ Apyrr4x npercraBrrreJrefi a*usH oro utra1221.



llpz opr4eHTLrpoBoqHoM [pocMoTpe upo6 MoxHo Becrr.r y.rer rracrorbrBcrpeqaeMocrrr opraHLI3MoB LrHAuKaropoB rlo 6zutmsofi cr4creMe, KofAaol{eHl4Baerct orHocureJrbqafl rII{cJIeHHocrb opraHa3MoB no ycnoBnofi nsrH6ann'rofi
rrrKarre, lpeAcraBlenuofi n ra6maue l.

Ta6mlqa 1.- Ycnonurre 6alnbI qaeMocTr4 opfaHn3MOB
q"$po"oe 

-o6ognaqeHrde qacrorhr
BcrpeqaeMocTr.r (6annrr)

1
I

,\

-J
AT
.\

Ilacrora BcrpeqaeMocrr4
opraHtr3MoB

-

C.IIZHKIqHO

M€IJIO

nopg,4orIHo
MHOfO
Macca

flperEIr'ryqecrBa - 6rrcrpora BbrrroJrHeHrr-rr alaJru3a (10-15 uuH), no3roMyI4cIIoJIb3oBarb 3Tor MeroA Jrf{IIIe npu MaccoBhrx aHaJrz3ax. HeAocraroKcy6lexruBHocrb oIIeHKI4, HeBblcoKaf, ToqHocrb. Heo6xoArirMo rrrlarenbHo lepeMerrrarbnpo6y,3areM or6npaercr HeKaJrr46ponauHar KarrJUr n o6reue 0,1 cu-.llpn yrere ucnoJlb3yerct rloKpoBHoe creKJro 24x24 rr. |Ipo.Marpr,rBae rcs 2-3KaTIJIII' n xaNAofi no 40 nolefi 3peHl'f,, [pI4qeM rrpenapar rrpoBo4,T sr4r:aroo6pa3Ho,
TaK' r{To Marepl{€u lpocMarpl{Baercs ilpaKTI4qecKI4 lronHocrbto. Yqer ilpor{3BoA r4Teflnpl4 yBenuqe[Prn 5x10 usrut 10x10. Yuery lloAnexar Bce Bcrpeqaroxruecr opraHr{3Mbr.

2.2.2 Pe:ynrrarhr LrccJreAoBaHH{

I4ccleAonaHufl npoBoAl{nncb B caHr4rapHofi na6oparopr.ru OTK-II3I B nepLroAc sHBap'l rlo Mapr 2008r. 3ro raeoAcKoe noAp€BAeneHHe BKJrroqaer n ce6s HecKoJrbKo
caMocrosreJrbHbrx r{acrKoB : TOBapHafl ra60paropur, KoHTpOJrbHar,
I4ccne'qoBareJlbcKat v caHurapua.s. Ha 6a:e OTK - Il3n u ra6opar opr4ucnyx6rr
TexHl'IqecKoro HaA3opa co3AaH trl[cnrtrarelrnufi rIeHTp, aKKpeAr.rroeaHHrrfi n
focy4apcrseHHofi cl{creMe ceptusur arr4vrPecuy6nuru XasaxcraH. Jla6oparopur
ocHaIIIeHa clleqpl€ulburtu o6opyAoBaHneu, n uefi ocyqecrBJrrercr KoHTpoJrb 3a
KarlecrBoM BblnycKaeIr'tofi npoAyKIII{z, nu6pocoB B arvrocsepy u crorrHbrx BoA.

.4o Hacro'f,Irlero BpeMeHIr He cyqecrByer conepureHnofi crrcreMbroNou'Aurca\vr4 rlpoqecca 6zororz.recrofi oqucrKr4, u ocraerc.rr clpaBeAnLrBhrM
yrBep)KAeHI4e O MHOXteCTBe pa3HopeqLrBhrx AaHHhrx, TpaKryroqr4x B3ar4MOCBr3b
KaqecrBa oql4crKu z cneqra$uqecKux opraHr43Moa (Curds, Cockburn, lg70). Oroo6rqcH-f,ercs [pexAe Bcero oco6enuocrf,Mr' 6uoqeuosa aKT]rBHoro Lr1ra) eroBbIcoKHMH aAailTauI{oHHhIMl{ ceoficrBaMu rITo rlo3BoJr-rrer pa3BrrBarbcr oAHzM u reMxe BIIAaM B pa3HbIX gKOJIOfHqecKrrx; 3oHax; BJrrr-rrHaeM Ha efo p€BBr4Tr4e cnoxHofo
KoMrrJreKc a 6uorurre cKux u a'uoruqe cKux Samopor.

ocHosHrrrr'ru QarropaMpr, nos4eficrByrorrl'M H) Ha6zoqeuo: HIIa, flBJrflrorcfl:TeMrleparypa, cocTaB oqHIIaeMbIX cToqHbIX BoA H HaJr4que B Hr4x roKcr{trHbrx



BeurecrB, BJII4{IoxII4x Ha x(r43HeAerrenbHocrb Mr{KpoopraHr43MoB; QarrrauecKrle
KoHIIeHTparJuvr tr pasuoo6pasne pacrBopeHHbrx nr4TareJrbHbrx BeqecrB,
HCnOnb3yeMbIX MI,IKpOOpfaHI43MaMr4 l.nfl pOCra; CoAepx{aHr4e pacrBopeHHoro
Kr4cnopoAa B r4JroBofr ctrecn.

EuoqeHoa aKTHBHoro nra Sopuzpye'rcfl v3 Haz6oree ycrofiuuebrx K AaHHbrM
crorlHbIM BoAaM 6axrepuaJIbHbIX ITITaMMoB c coorBercrByrotrlr4Mr4 rrr4rrleBbrMr4
norpe6uocrqMl4, BI4AoBoe pa:uoo6pasue npocrefirurax olpeAen-f,erc{ creneHbro
pa3noxeHut opraHl4rrecKrrx 3arp-s3Hrrc[Ir4x BeqecrB. 3$$errzBHocrb oru{crKr4
o6ecneqzBaerc-fl HaJIHrrI4eM MHoroKoMrroHeHTHbrx SeprvreurHrrx cr4creM. BaNuo,
qro6rt B cl4creMe oqI4crKI4 npl4cyrcrBoBiurr4 opfaHr43Mu cuoco6Hbte oAHoBpeMeHHo
oKI'IcJItrb 6orrurue KoJrrlqecrBa pa3Hoo6pasHrrx cy6crparos. B sroM nper4MyrrlecrBo
aKTHBHoro Lr[ra c 6omurulr Br{AoBsrM pasnoo6pa3zeM nepeA KynbrypaMu,
aAanTI4poBaHHbIMI{ K OTAenbHbrM Br{AaM 3afp-s3HeHr4_s [pr4 or{ucTKe cTorrHbrx BoA
cMeruaHHofo cocTaBa.

I'Igueuenllq B crpyKType 6zorlenoga npor4cxox-f,T B coorBerarBnvr c 3aKoHaMrr
rereporeuHofi cyKIIecczl4 (nocne4onare:nnofi 3aMeHbr oAHoro 6uoueHosa Ha
Apyrofi, nosHZraloruefr B IlpeAenax oAHoro 6uorona noA BJrr4f,HueM npoqeccoB
BHyrpeHHero pa3Btrrufl coo6rqecrna vr B pe3ynbrare zslaeHeHufi oxpyxarorqefi
cpe4rt). Ar<rrasHrrit utt B cpaBHenkrr4 c npzpoAHbrnrz 6uoqeHo3aMr4 B 3Haqr4TeJrbHo
6onrurefi crerleHl4 noABepx{eH aHTpoIIofeHHoMy nos4eficrBr4ro, HexeJrrr BJrr4rHHro
BHyTpeHHero pa3BLrrvrfl. llocrosHHo MeHtlotr]uecr ycnoBr4r cpeAbr, or<pyxaro11efi
axrlzeHrril I4Jr, co3Aaror npeArlocblJlKra 4.nfl a[ailTa\vu KaK B cropoHy ycJro)KHeHr,rf,,
TaK 14 B cropoHy yllpoule]H:r1^fl coo6rqecrea. 3FIaHrae cyKrleccuoHHbrx npoqeccoB B
aKTI4BHOM HrIe no3BoJlter oneparuBHo BbrqBrflTb no:4eftcrByroqr4e $arroprr,
rlpofHo3npoBarb I43MeHeHrrq B npoqecce or{HcrKH crorrHblx BoA 14, CJIeAOBareJrbHO.
y|IpaBnsTb 3rHM rrpoqeccoM.

Kar v B Apyrl4x BoAHrIX coo6rqecrnax, xapaKrep peaKrlr4r{ 6uoqeHosa
aKTrrBHoro vra Ha He6laronpl4-f,THoe no:4efrcrnue, npotBntercf B cHr,IXeHHrI
BI4AoBoro pa:Hoo6paslrfl. r{yncrnzreJlbHbre r He6laronpr{-f,THoMy no:4eficrBr,rrc Br4Abr
Mofyr I4cqe3Hyrb coBceM LrIrH pe3KO CHH3I4Tb rrHCJreHHOCTb, B TO BpeMfl KaK
ycrofivzeble craHoBflrcfl eule o6rz.nbHee. Ecnra 4eficreue ue6laroupr4-f,THoro $axropa
Hapacraer I4JII4 Aonro coxpaHflercfl,3arparuBarorcq Bce HoBbre BrrAbr 6zoqeuo:a14, B
pe3ynbTaTe, npr4 MLIHr{MaJIbHOM BT4AOBOM pa3Hooopa3r4[ Ha0[IonaeTcq
MaKCr4MaJr bHAfl qr{cJreHHocrr uan6olee ycrofi rrr4Bbrx BHAOB.

fra4po6uolorzqecxzft aHalrvr3 npor43BoAvrrrcfl HaMr{ ABarKAIT B He.rlenrc. rro
BTopHuKaM u r{erBepraM. AHarusupyf, AaHHbIe c flHBapfl rro Mapr 2008r. [onyrreHbr
pe3ynbrarbr, [peAcraB.rreHHbre e ra6ru uax 2 _ 4 .

B xoAe npoBoAr4Mbrx r4ccneAoB arturt ycraHoBJreHo, rrro ocHoBHbrMI{
npeAcraBl4rer-sMz 6zoqeno:a aKrI{BHoro I4JIa orrr4crHbrx coopyxeHrafi AO (;II{X3)
-fiBJr{Iorcfl] capKoAoBble, 3oofJrel4, HrzTr{arbre 6aruepzH, )Kfyrr4KoBbre,
paBHopecHZrIHbIe, pa3HopecHI{r{HbIe, 6proxopecHIzrrHbIe, KpyropecHr4qHbre, pr

cocyql4e nHSysopzl4, KoJIoBparRH, qepBr4, BoAHbre KJreqr4, rHrrI,IHKu HaceKoMbIX,
paxoo6pa3Hble. B coopyNeHl4qx 6zororzqecrofi oqr4crKr4 6axtepuu cyqecrByror B
BI4Ae xounaxruofi uIrH pltxloft Maccbl, o6pazyx cxotrJieHr4r, ocodafl fropru



)s
o
()
Lr
F

Ll
()
3
o

c)
E
Lr
O3X
O
F
I

)E
C)

O

5

L/
()
3
(D

t-

0)
s
s

+

3

X

C)

>,-)

\o

3
C)
O
F

h

s

o

c)

s

oo

c.l

r-a

aib
il9

(,E
I +

()

F
Fr
F

+ + +

i H€
d,F.i

Ev
I

x

; XE
E 9f

I

EXF*9Xo ?'.:r
EI

E

*9
^Egb)>

ercr€hqro)
ele€r.l3o3ilo +

ers|IJ,,(d)
spolsrruoN + +

Aih
=trjl€ 8.8 o a{ v

>=
;v

eurrrcoc
BprJolsns c.l ca

ersHhuHJedoJfd)
er.lsrJlrJed ca v \r

errHhrrHcedoxordg
er{cr4od.,{H c-.1 ca

ersHhr,rHcedoHg€d

er.lcr4oJeleH

q)
,l

Oro
0)

eleuolsoqcrJc

eluuolsoulu1(H v

:$
tr()
hs

erqH<rrEt{Horo) + + +

er.ryrfolAI + 1- f

ersHr,{d) + I

C)5o

EE
J\Q

EprcelseJ

sprqloIuv

(J
()

udogro exhoJ |.-
tal

('
/{t

fr

2

.ri
L/
O

O

H

I

N
H

\o



q)
ts
O3
N

t-iI
o

C)
s
tr()
t-r
>.
O
F
I

)N
c)
q)
F
F

t1
o
(D

F

()
IF

I

3
s
X

o
>.

\o

Fo()
s

(a

>.

E

0)

0)

F\o
L'

A
oo

N

co

A
H

L/

L/
()
O

-

I

n
n

ub
bo'1]

oDg
+ I

()

F-i

E
:E

+ + +

, Hr
9H6
d ,F..x

Ev

+ + +

X

F XE
ts 9f

+ +

EHFft9Fo t;
|Tr

*9
^Cgb)>

erqr€hqrox
epeqcoSllg +

enru,{dy
epoleuraN + +

PFE
€ 8.f; v co

>=
=vF

entn,{co3
€prJoNns s v

atilrr'uucedo.rfdy
eqcr4uad ca) v $

orsnnuucodoxordg
eqculod,(11

r+ t

errnr'rancedouee4
BrprJloJeleH

0)

O.o
C)

eleI'uolsoqcud N co

ePuolsoutu,(11 F- €

ECd
Fcn
Fofb0>s

ETIHqI|BI,IHOITO) + + +

el,Iyrol l + + +

erruuKdy + +

E(n
!/!
YP
a'i v

sprsPNeJ + +

BprqrouY ao

I

u
g

EdogJo sxhol c-
r



)s
o
H
o,

ti()

C)
P.

a)

Fo
>l
O
F
I

(D

o
F
E

F
OH
(.)q
r
C)
F
N

I

3
N

X

C)

>.

F

\o

F
O
C)

rn

>.

E

s

0)
N

F

c)

N

oo

c\
Ll

C\J

cr)
Fi

r

ti

tr

F
C)

(-)

t<
i\

I

v
H
F

\o

:q)boE

U)5s

+

c.)

F.

F
ts

+ +

, Bx
e g!
s 89

Ev

+ T +

X

= se?i
E 9f

+ T +

EgF+9Fo g;
l!

F

+ + +

:9dc
i: q)P>

el<lrshq[o)J
e1eeqco311g t +

enru,{dy
epolelllloN + + +

AO!x-lJ
€ s.f; |,- r-

=v(.

eufnr{co3
€prJolsns € r-

OnUfrUUCedO.r,(d;

eqcr4rJod t-. € oo

srrunraucedoxordg
eqc4od,{g 00

errrrnuncedoHee4
eqcrJloJeleH

'E

QrO

€lsuolsoqcuc

ul€uolsourufH oo o\

O

6.s
=o-bohs

srsHqreIIHoIIox + + +

en)rrfeIAi + + +

anuufdy + +

C)

FS
ys)
r'i v

Bprcu$eJ

uprqrotuv N s

o f

-

ogJo
e

F-



-/t lt

$noxylaquLr laKTepvrir Ha3brBaerc-s 3oorJre{Mr4, npeAMTcaBJreHHbrMr4 Ha pr4cyHKax7,2.

PzcyHox I - 3oorneq paMurepa

tr

PucyHor 2 - 3oorne.,r yBa



t6

Pasnurue I4 xapaKTep 3oorneit zan.ucprJr or KaqecrBa rrocrynarcqefi croqHofi
xnAKocrrr r4 napaMerpon [23].

3oorrera rpeAcraBJr.flror co6ofi xeneo6pasHyro Maccy oK3orronr4caxapr4AHoro
re.lrx c BKpanneHvrflMkr 6arrepuarbHbrx KJreroK rxapoBlrAnofi (pasnrep 0,5-1,0 lrrcu)
r4Jrrr n€uror{KoBr4AHofi Sopnmr (lnr,rua 1-5 naru).

Berqecrna, Koropble qenecoo6pa3Ho yAaJrrrb u3 croqHbrx BoA 6uoxuwu,{ecxofi
oqucrxofr yKa3blBarorc.fl B cnpaBorrHr4Kax. filx y craHoBJIeHI,r{ Bo3MoxHocrl4 noAaqu
npoMbIIxneHHbIX crorlHbrx BoA Ha 6uoxuulrqecKr{e or{r4crHbre coopyxeHuq
ycTaHaBnI4BaIOT MaKCI4MarrbHbre KOHTIeHTpATJLTV OpfaHuqecKr,rx BerrIecTB, KoTopbre He
BJII'LsIor Ha npoqecc 6uoxlrrvrur{ecKoro oKr4cJleHr4f, vr Ha pa6ory otII4crHbIX
coopyxenufi. llpu sToM Heo6xo4urr,to, qro6rr cror{Hbre BoAbr He coAep)r(anr4
f,.4oBIITbIX BeulecrB I4 npl4Meceft conefi TgxeJrbrx MerannoB. Texsolofl,IqecKaq cxeMa
nepepa6orxn croa{Hblx BoA rpeAycMarpr4Baer KoHTpoJrb rro pflAy napaMerpoB.
Vcpe4HeHHbIe AaHHbIe, nonyrreHHbre B pe3ynbrare r4ccneAoBa:nuit nprzBoArrcf, B

ra6;uruax 5 - 7.

Analnsrapyx [onyqeHHbre AaHHbre ycraHoBneHo, rrro rrpu Bo3pacraHlrr4
Hafpy3oK Ha aKTl4Bru]6tit utt, a rarcKe [pI,I Bo3Aeitctsvzr roKcrnrHbD( crorrHbD( BoA B

nlonofr cMecl4 pe3Ko Bo3pacraer Kr{cnopoAonornorqaeMocrb, qro npr4BoAr4T K
Il3MCIICHT4IO $yHrqr.ronzlrrbHoro cocToflHr4rr aKTr4BHofo urla 14 cTpyKrypHbrM
I43MeFIeHI4IM, xapaKTepu3).roulr4M ge$nqrzr Kr4cnopoAa e raroeofi cMecr4. B Macce
pa3Bl4Barorcq ronepaHTHble K HeAocrarKy Kr4cnopoAa 6ecqnerurre xr),Tr4KoHocrlbr,
ceo6oAHonnaBaloqae HuSysopvv1 Hr4Trrarbre 6axrepzu. llpz rz4po6uoJrorr{LrecKoM
UCCJICNOBAHI,IH

pa3HopecHr,rrrHbIX

KOnOBpaTOK.

JIefKO BbUIBJUIIOTCT npII3HaKr4

raH$ysoprafi, paroo6pa:Hbx,
yfHeTeHrnr paBHopecHr4LrHbx,

)Kryrr4KoBbre, capKoAoBbrec 14

llo4run capKoAoBbIX (Sarcodina), xapaKrepu3yrcrcr usrrofi ugrrleHqu3ofi
QopMoI4 Tera v nepeIBI4)KeHr4eM c noMorrlbro nceBAono4zft, r4 paKoBr{HHbIX aue6
(no4rtnacc Testacealobosia v Knacc Filosea), Koropbre Hecyr paKoBr4Hy
opf aHr4qecKof o BerqecrBa n p a3nr4qHbrx Mr4Hep aJrbHbrx erlroqeHl4fi .

folrre aue6rr III4TaIorc{ 6axr.epuxwlt, MenKr{Mr4 npocrefiurnuu
pacrBopeHHbIMI4 B BoAe [I4Ta'reJrbHbrMrr BerIecrBauu. Tarofi pa:Hoo$pa:Hrrff run

3Haql4TeJrbHyro ponb roJrbrx aue6 B oqr4crKe
I4ne BCTpeTIaIOTCt XfyTrIKOBbIe CTaAI4H fOnbIX

ilr4TArrufl rro3BoJrf eT npeAnoJroxlrTb
crorrHblx eo4. I4uofAa B aKTI,IBHoM

KOpHeHO)KeK.

llp" nrrcorofi Harpy3Ke B aKTI4BHoM r4Jre pa3BrzrBarorcs MHororryrcJreHHbre
MenKI{e (100 ur<u) aue6rr, TaK Ha-errnaeN{ofi rpynrrbr "limax", r4Meroqr{e
y'4nnrleHHyro $opnay c oAHofi no4nzNnofi ncenAonolnefr 1241. 3ra rpynrra, rro-
BI4AI4MOMy, npeAcraBJlter co6ofi HecKoJIbKo BI4AoB arue6 c pa3HbrMrr qr4KnaMr4
pa3Bprrkrfl, ycrofivuBbiMl{ x 4efrcrnulo reMrreparyp 14 xr4Mr.rqecKr4x Saxropon.

I4uguxaropHoe 3Har{eHI4e rznQy:oprafi onpe4errflercfl r.rx croco6ou nnraHr4fl H
accoquaquefr c xJrorlb.aMl4 aKTI4BHoro vrna 1251. CreneHr accorlglrpoBaHHocrpr
zuQysoprafi c xlronbflMr4 3aBHcI,IT or 3penocru nocJreAHrrx. llzraroulafrcfl cocyn\afl.
zHQy:lopra-s iloxa3aH a Ha pvcysrcax 3,4.

r43
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it

B axrusHoM I4JIe c MeJTKHMLT ALrcneprrrpoBaHHbrMu xronb-sMr4 npeo6na4aror
KpynHbre ceo6o4no[JraBarou1r4e unQysopuz, uoeAarcIrII4e cno6o4uo)I(I4ByIrIux

6arc'reprafr. B rpoqecce SoprrrupoBaHr4r xJrorrbeB KoJIHrrecrBeHHoe p€I3BI4THe

roryqaior xI4uIHbIe ceo6oAHonnaBaroque 14 6proxopecHr4r{Hbre unSyeopHu,
non3aroque ro noBepxHocrr4 xJrorrbeB Lr BbreAaroqr4e 6ar<repr.rfr. llepurpr.lxn
lpr{Kpenn-slorc-f, HerrocpeAcrBeHHo K xJrorrb{M cBor{Mr4 cre6elrxaMr414 r,rx ro_sBreHr.re
cBf,3aHo c 3aBepIUeHI4eM npoqecca pa3BVTr4A H SoptrzpoBaHnq xJronbeB. @yurqur
npI4KpenneHHbIX rau$y:opufi - curaxarb MyrHocrb BoAbr,3aBeprxa{ npoqecc oqrrcrKr4
r4 BbreAa.s 6arcreprafr, yrparr4B[rr4x cB_s3b c xnorrbrMr4.

IJunraaru B aKTI4BHrIX I{JIax noABep)KeHbI 3HarIVTeJrbHbrM KoJIHrrecrBeHHbrM
[olyntql4oHHblM, a raK)Ke Br{AOBbrM 14 poAoBbrM r43MeHeHZflM nOA BJrrrrHr4eM
pa3nuqHblx ycnoBl4fi e npoqecce 6uonorr{qecKofi oqvcmu (Curds, Cockburn, 1970;
Bauuua, 1900; Bapaycona, 1990). llosrolay npr4 orIeHKe cocroflHrrfl otrycrKr4 r4M
yAenfleTcf rrepBooqepeAHoe BHrrMaHr{e.

MHorze vHl.vBr4[yanbHble BI4Abr .sBJrrrorcr rrHAr,rKaropaMu nprrHrlr4rrr4€urbHo
pa3nI4qHbIX cocro-qHnfr nporlecca oqucmu. llpzcyrcrBr4e 6olruroro rrr4cJra Vorticella
campanula ra Vorticella nebulifera yKa3brBaer Ha Hetrorpy3Ky vrra, B ro BpeMtr KaK
Vorlicella microstoma xapaKrepr43yer nporrrBonoJro)KHbre ycnoBr{{ (Kypac, I 969).

llpta xapaKTepl4crl,IKe TexHoJrorr4qecKoro npoqecca orrgcrKlr
Qu:uonornqecKoe cocroflHl4e pecHr4qHbrx raH$ysoprafr 

"*aa, cyqecrBeHHoe
3HarIeHI4e. I4HSy:opI4I{, KaK z SolrunHcrBo npocrefiruux, o6na4aror crroco6nocmro
npu HacrynneHI4r{ He5laronplr.flTHblx ycroeufr BbrAeJrrrr BoKpyr cBoero reJra
oco6yro o6onovry, T.e. rrHllkIcrr{poBarbcr, 14 TaKr4M cnoco6oru BpeMeHHo Hs6erarr
BIrprflIJLrfl oKpylKalorqefi cpe4br vlrvI, no xpafruefi naepe, yMeHbruarb oro BrrprflHpre.
I-{acrrt npocrefilrux Moryr HMerb pasHoo6pa3Hyrc} Soprury r4 crpoeHrae, 6onrurefi
rlacrbro oHI4 IIrapoBI4AHbIe. Bo npeltx HHurIcrI4poBaHvrfl Bce )Kr43HeHHbre npoqeccbr B
KnerKe 3aMeAJI-flIOTC{ V OpfaHH3M nepexoAr4T B COCTOTHT4e aHa6uosa. MHOrrae
unSy:oprau BbIAepxI4BaIor IroJIHoe BbrcbrxaHr4e Lr coxpaH-f,Klr np14 3ToM
xrr3Hecrloco6uocrr B Ter{eHZe HecKoJIbKI4x ner.

Kole6anzt Harpy3KI4 npLIBoAtr K uopSonoruqecKr4M ra ousraororurrecKr4M
H3MeHeHH{M y npI4KperneHHbIX ran$y:opzfi. C no:pacraHueM Harpy3Kr4 Sopva renaor nrnxuyrofi u3MeH{ercr B 6o.rxoo6pa3Hyro u Ao oxpyrnofi, 

"orpuarua1rlHcreHHocrb rIuqeBapI4TeJIbHbIX naryolefi H cy)Kaercf, [epr4croM. llpz
eo:4efrcrnuu roKcI4r{HbIX crotIHbIX BoA 3ool4Abr orpbrBarorcr or cte6erlxos,
H3Merbrrarorct, pe cHr4rrHbrfi 4rac x 3aKpbrBaerc_fl .

PecHu'IHrre rzu$ysopLrv pa3nnrlalorc-f, Mex{Ay orAe.rrbHbrMz BrrraMr4 rro $opnaeTena H BHyrpeHHeMy crpoeHl4ro, o6rrrHrre pa3Mepbl 30-100 MKM, HeKoropbre Br4Abr
Aocrl4ralor pa3Mepon 4o I MM; AJIx ABI4)KeHII fl u trpLrHrrLrfl nvrn\v cnyx(ar pecH[r{Kr,r.c yBenl'IrreHueM coAepxaHl4-' opraH,rrecKrrx 3arpq3H.srourr4x BeIrIecrB B
cror{Hblx BoAax' a TaKXe npl4 pa3nuqHblx HapylxeH[gx TexHororgqecKoro pexgMa
OI{HCTKI,I B AKTT4BHOM HJIC BO3PACTAET AON-S KPYNH'IX 6AXIEPNI$ArON,
ceo6oAHorlnaBaroql4x uH$ysoprafi Chilodonella cucuilulus (150 r*rj. {pyrraexapaKrepHble BLIAbT: Chilodonella uncinata (90 uxu), Sopua oBarrbHa{; Amphiieptus
claparedei (130 vrxu), oBaJIbHoe reJlo clepeAr4 HeMHoro Bbrr,rrHyro r{ Koco cpe3aHo; BneperpyxeHHoM zne Bcrpeqarorcfl: Tetrahymena compessum, Br4I TonepasrHufr x



aHa3pooHblM ycnoBI4{M, cepoBoAopoAy rr yrneKr4cJrore; Paramecium caudatum (30
uxlt),relo npoAonroBaroe, zaguui,t KoHerI cy)KeH, 3aMerHbr xBocroBbre ulerrrHKr4;
Paramecium putrinum (100 urcu); Paramecium aureha, zaguufr roneq 3aKpyrneH.
flepeuucleHHble BI4ArI pa3BuBarorcr B Macce npr.r Arrc[eprnpoBaHuu xJrolbeB r4Jra, B

6noqeuoee BblcoKoHafpyxaeMbrx a3poreHKoB, orneJrbHbre ilpeAcraB:aTerrv
cBI4AereJIbCTByrOT O BO3MOII(HOM 3anelKkrBaHvrkr 14 fHHeHr,lLr VUra B a3poreHKax r4Jrr4

orcrofrnuKax, TaKXe xapaKTepu3ylorct BbrHocJrr4Bocrbro K HeAocrarKy Kl4cnopoAa.
I'IuQysopulz c pacnonox(eHrreM ne6omruoro KoJrr4r{ecrBa pecHr4rreK Ha

6prouruofi cropoHe TeJIa, KoropbrMr,r oHr4 ilonb3yrorcq KaK HoxKaMlr, 6rrcrpo
rlepelBl4raf,cb IIo xJlorlb-f,M aKTHBHoro vrra, Ha3brBaK)Tcf, 6proxopecHllr{HblMr4.
Aspidisca costata sau6o;ree pacnpocrpaHeHa B aKTr4BHoM v$re HopManbHo
pa6orarorql4x aoporeHKoB. O4Haro, Lr3.:,a rrrupoKoro Agana3oHa ToJrepaHTHocrr{ K
pasHoo6pa3HblM Sarropalr cpeAbl rracro Bcrperrarcrcr B prrax pa3nprqHbrx ycnonufi
oqI4crKI4. Pa:vrep 50 MKM, Ul4ppbr 6es sy6qon, Ha cuusnofi cropoHe 6 pe6ep.
Aspidisca lynceus (6es pe6ep Ha cnrannofr cropone) z Aspidlsca turrita (3 pe6paf -
6proxopecHl{qHble rau$ysopzl4, Bcrper{aroqr4ecr ilpz cHr4)KeHHH Harpy3oK, c xoporxo
rrp o r e K aro rlr4 M H np o q e c c a v'kr H:aTq v$ rar aq ur u .

Bo4nrte Kneql4. B xoporueM aKTr4BHoM r.rJre peAKo Bcrperraerc.fl He6orbrrroe
KoJIHqecrBo BoAHbIx xletqefr, orHocsuprxcfl K Knaccy nayr<oo6pa3Hbrx. Telo Knerqa
He pacqneHeHo KaK y HaceKoMbIX, a [peAcraBuer co6ofi MoHoJr]rrHrifi xurusoerrfi
naHuupb. Knequ aKTI4BHoro vlra orreHb MeJrKr4, Ho xopouo 3aMerHbr B MprKpocKorr,
BcneAcrBue reMHofi or<pacrv xuruHa. Ha 6prorusofr cropoHe xopotuo pa:lnvuurr 8
nap Hor Ha ronoBe ecrb rJla3a I4 ABe rrapbr x{BaJr. Kneulu pa3Br4Barorc.f, B xopo111o
MI4Hepanv3oBaHHOM, I4HOfAa B fonoAaloqeM aKTT4BHOM rlJre. Bolee qacro oHt4
BcrpeqarcTc_f, B 6rao$z-rrcTpax.

Kolonparxu (Rotifera) (or Jrarr4HcKoro rota - Koneco, feree - uecrn)
MHoroKJrerorrHble opraHl43Mrr (or 40 lrxu 4o 2,5 uru) [26]. Telo KonoBparoK He
cefMeHTIIpoBaHo, Ho AenHTcfl Ha |OJIOBy, TyIOBI4IIIO II HOfy, I{HOrAa 3TI4 OTAenbI He
Bblpa)KeHrt. Hexoropble BI,IArI KonoBparoK noKpbrrbr rraHrlupeM , oHr{ pa3BqBarorc,
o6rt'IHo B HpI3KoHarpy)KaeMoM aKTIIBHoM r4Jre QopuupyoqeM BbrcoKoe Kar{ecrBo
oqucrKz 6ecnaHqzpHble KonoBparKv, TaKHe r<arc Rotaria rotatoria, npe4craBJreHHar
Ha pncyHxax 5, 6. I.im KonoBparoK xapaKTepHo caMocrorreJrbHoe rrnaBaHr4e npg
rIoMolIII4 KonoBparqareJlbHoro a[[apara, pacroJrox{eHHofo Ha nepeAHeM KOHTIe reJla,
pecHHr{KZ KOTOpO|O rocroqHHo Meprlalor, rrpr{BJreKaq nl,{qy B BUAe llelxofi B3BeCr4 KporoBoMy orBepcrl4lo. Ko.rronparxu - cJloxtHo opraHr43osauHtrre' xr4BorHbre,:
HMeIoqI4e MycKynarypy v opraHbl nl4qeBapnrelurofi" cr4creMbr. I,Iuerorct, uepnuue
y3nbr r4 ronoBHofi Mosr.

llepnuvnoloJlocrHble qepBl4. B axrznHoM r4Jre r43 rrepBr4qHorloJlocrHhlx uepnefr
Bcrperunrr Kpyrnble qepBH HeMaroAbI ()rtrematoda, or rpeqecKoro rrera - Hr4Tb, eidos -
Qopua)' o'nu'Izrb or ocraJIbHbIX uepnefi r4x MolKHo rro ABrDKeHr4ro, oHr{ Jr,rrreHbr
no[epeqHofr uycxynarypbl 14 [ooroMy ABtrrarorcfl., vr3rkr6a.f, rero 14 He MeH s.s csoeh
TonlIHHbr, B 6uoqeHo3 aKTI{BHoro l4na BXoA.rrr HecKoJrbKo BI4AoB HeMaror, Koropble B
He3HaqI4TeJIbHbIX KoJII4qecrBax Moryr pa3BpIB arbafl B xopot11o pa6oratoqa, ,na.3arterHoe KoJlrrqecrBo Moxer yKa3blBarb Ha 3aJIe >KuBaHr4e. rlJloxoe flepeMerx uBaHkre
I4na HeAocraror{Hylo a3paIII4Io IIocKoJIbKy HeMarolbr [peArlorrqTaror sacror1Hrre



Przcyuox 5 - KolonparKa

PrEcyHolr 6 - KoroeparKa



3oHbI' HeuaroAbl [ponycKalor rracrb vtroeoir Maccbr; qepe3 ceoru Kr4irreqHr4K, qacro
He ycneBafl nepeBapkIBaTb ee, iITo [pI4BoALrT uHorta K rzx ru6enu. Xtonrs or
rII4Ir{eBapI4TeJIbHofr AetreJrbHocru xoporuo MnHepanLrcyerc.fl, ynnorH.rrrorc.rr.

K saH6olee 3HaqI4TeJIbHbIM, no:4eftcrnlnoqurM Ha cocro{Hl4e 6noqeHosa
Qar<ropau, IpoMe Halpy3oK, cneAyer orHecrr4 BJTLT'HLTe roKcr.*rHbx crorrH'rx Bon u
HeAocraroK KllcnopoAa B zlonofi cMecl4 1271. B ycnoBr4rx ycrofr.ruabrx Halpy3oK Ha
axugHrIfi I4n npll orcytcrBl{H ToKcI4rIHbx nprrrMecefi e crorrHbx BoA€x, [ocrynaroqnx
Ha orrHcrKy' 3Har{zreJlbHail r{acrb naIarcpo6uofi [o[ynrIIII4H cBq3aHa c xJIofIKoM
AKTABHO|O I4IIA.



3 BrreoArr 14 npeAno)KeHr{_s

cro'Iulre BoAbI copacrtearor He$renepepa6arbrBaroque, ueQrexrzrr,rr{r{ecKr4e3aBOAbI' npeAnpl4{Tl4t OpfaHl4qecKofo cr4HTe3a, KOKCOXr,rMHrIecKI4e I,I Ap. B croraxcoAepxarcr pa3Hbre HesrenpoAyKTbr, aMMr.aK, anbAefr4Abr, cMoJrbr, seuomr uApyrl{e BpeAHbIe BeqecrBa' Bpe4oHocHoe 4eficreue croqHbrx ao4 arofr rpynrrbr3aKrloqaercc ulaBHrtu o6pasoM B o*I4cnvTeJlbHbrx npoqeccax, BcJreAcrBae KoropbrxyMeHburaerc-f, coAep)KaHl4e B Bo.qe Kl{cnopoAa, yBenl4rlrrBaercfl 6uoxutvtwlecKa-snorpe6Hocrb B HeM' yxyAlrlarorct opraHonelrr.rqecKrze rroKa3arenr4 BoAbI.Hesrr H HesrenpoAyKTbl Ha coBpeMeHHoM 3Tale rB.rrrrorc-{ ocHoBHbrMa3arpt3HI4Ter-sMH BHyrpeHHI4x BoAoeMoB, BoA z naopefi, Mrapororo oKeaHa. llona4a.aB BoAoeMbI' oHZ co3naror pasHble Sopurr 3arp-s3HeH'-rr: lnaBaloqy]o Ha BoAene@r'anyro TIJIeHKy' putt"op.tHbre r4Jrr4 3Mynbrr,poBaHHbre B Bore HeQrenpoAyKTbr,oceBIrII'e Ha AHo T-f,xeJrble Sparqrau u T'A. llpz erou 
"rr."n.rcr 3arrax, BKyc,oKpacKa' noBepxHocrHoe Har'[xeHI{e, Bt3KocTb BoAbI, yMeHblrlaerc, KoJII4qecrBoKLTCJIOpOAa' ro'sBn-slorct BpeAHbre opfaHr4r{ecKI4e BerrlecrBa, BOAa npHO6peraerTOKCHqecxae caofrcrBa kr npeA.TaBJr_rrer yfpo3y He To,TbKO An.q qenoBeKa.B pe3yJlbrare accneroB aHufl' xLtM'rrecKoro cocraBa crorrHbrx BoA Ao(lllrx3)' 6rtlo BbrtBJIeHo, qro coAepx(aHhe BpeAHbrx ToKcnqecKl4x BerrlecrB HerlpeBbllxaer AonycrI4MbIX HopM' TarHu o6pasolr, nrr6pauHrrfr pexrrM pa6o*ror{lrcrHblx coopyxeHuit ua ,'pe,qnpu-{Tl4l4 AoKa36rBaer BbrcoKoe KarlecrBo oqI4crKI4cTor{HbIX BOI.

u"r.",flXll# ;HffJr:ff:tr opraHI43MoB aKrLIBHoro urrac.Br4AereJrbcrByer o
oq'rcrK'aycronvr4Bocrr46";u",1"XJ:XU:t#ffi.";rT::;H:Jr**lHXlr.JX
croqHblx BoA' a cxeAoBaTeJIbHo noATBepx.4aer s@Sexrznto.t" pu6o*r oq'crHbrxcoopyxeHnfr npe4n puflrufl .

.rou"#::;ff:""" 
ro ycrpaHeHl'In ue6raronp'-rrrHbrx @arropon (roxcuvHne

l ' llpz Bo3pacraH?Iu t{I4creHHocrr4 
rr4crreprr4poBaHHbrx fuaxtepuit, HecBt3aHHbIX c xJloubflMLrI4JIa' :Jooulefiurx Sopu,llenKax paKoBr4HHbrx rrJraHKToHHbrxaud6, Hrrrqarbrx cepo6axrepuft ,i^^ czHeserdHrrx Mr4KpoBoAopocleftHHI{rIcrapoBaHHbIX ooprtl npocrefiurux yarpu"rt" nocryrrJreHr{e ToKcr4KaHTa,yBen[qI4Tb cpoK nepBHr{Hofo orcrar4 BAllrflcrotrHbrx BOA, ycznr4Tb a3paqarc.

( 1 au3 
t" 

::i:'n\ili Hff Xf, ]o 
ooo"'u, oro 6p aHHbrM H3 Apy r.rx co opyx enuirulroM

3' llpnt Bo3pacTaHI4I4 qr{cJIeHHocTI4 Hlzrrrar},r.,. 6qv-on, -

:,'J##:;x, ;;ffi ffi"'i: "a*l 
vB enr4 rrr4 B arb ,. iiilT;'flxH'xff ; J ::: ;# ":

4np;;Bo3pacraHr4.."LrcnlilT'f nf.T#"t":f #J;TT'#JH:f;.';;xryrr4KoBbrx, KpyrrHbrx cno6o4HolnaBarorr{Hx urt$yzopuir baxrepuo$aroe,HI4 TI{AT'IX C CP O 6 Arr EPU1I IIOB'IIIIAT' HHTEHC}IBHO CTb A3P AIJLIH.5. Ilut<sulupoBarb 3oHbr 3acTofl r4Ira.



3arnrcqenue

3arqnra BoAHbrx pecypcoB or r,rcrorrleHr{r r.I 3arpq3HeHnf, rr Hx paqrroHiurbHofo
HcrIoJIb3oBaHI1-fl Anr Hyx(A HapoAHoro xossficrsa - oAHa H3 Hau6olee BaxHbrx
upo6leu, rpe6yrorqrax 6esornarareJrbHoro peruenux. B Ka-:axcrane rur4poKo
ocyqecrBJl-{rorct MeponpuflTufl rro oxpaHe oKpyxaroqefi cpe4br, B rracrHocrr,r no
oqI,IcTKe npou3BoAcTBeHHbIX CTOTIHbIX BOA.

O.qnurra u3 ocHoBHbIX HanpaBnennfi pa6oru rro oxpaHe BoAHbrx pecypcoB
flBlrflercfl BHeApeHLIe HOBbIX TeXHOJTOTUqeCKUX IlpoqeCcoB npol{3BOACTBa, nepexoA Ha
3aMKHyrbre (6eccrounue) III4KIrI no4ocna6)KeHprs, rAe oquqeHHbre crorrHbre BoAbr
ue c6pacrrBalorot, a MHoroKparHo Llc[oJrb3yrorc-f, B TexHoJrornqecKux npoqeccax.

3aurHyrrre qI4KnbI npoMbllrneHHoro ro4ocHa6xeHr4f, Aalor Bo3MoxHocrb
rloJlHocrbro nrrKBl{ALtpoBarb c6pacunaHlle croqHblx BoA B rloBepxHocrHbre BoAoeMbr,
a cBe)KyIo BoAy I4clroJlb3oBarb Nrfl. rrolorHeHr{q 6e:nosnparHbrx rrorepb. B
xprNau'recxofi npoMbrl[JleHHocrpl HaMerreHo 6olee [rupoKoe BHeApeHLre
Mano orxoAHbIX H 6 esorxoAHblx TexHoJlorl{qecKr,rx lpoqeccoB, Aarorrlux nau6o6urzfi
sKoJlorpltlecrufi e00exr. Eoluuoe BHUMaHr4e yAenrercr rroBbrrrreHgro
s S S exrznHocrr{ oqr4crKlr npo r,r3BoAcrBeHHbrx cro}rHbrx Bo,u.

CyrqecrneHHo BnutHI4e Ha IroBbIIueHr{e no4oo6opora oKa3brBaer BHeApeHr{e
nucorcoes s er<ruanrrx MeroAo B oqrircrKr,r cror{Hbrx Bo.u.

Taruu o6pasou, oxpaHa I{ paltruoH€urbHoe r{crroJrb3oBaHue BoAHbrx pecypcoB -
3To oAHo I43 3BeHbeB KoMrlJlexcuofi uuponofi npoOleurr oxpaHbr rrplrpoAbr.
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