Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
denepanbHOE rOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKIACHHE
BBICILIEr0 O0Opa30BaHUs
«HALIUOHAJIbHBINA UCCJIEJOBATEJILCKUI

TOMCKHUM MOJIUTEXHUUYECKUIN

YHUBEPCUTET»

WucTuTyT -_(QU3HKHN BHICOKHUX TEXHOJIOTUI

Hamnpasnenue nmoarotoku (cnenuaabHOCcTh) — 18.04.02 DHepro- u pecypcocOeperarime

IIPOLECCChI B XUMHUYECKOM TCXHOJIOT'UH, He(bTGXI/IMI/II/I 1 OMOTEXHOIOTHHI

Kadenpa - oOmielt XMMUU ¥ XUMHUYECKOW TEXHOJIOTHUH

MAT'UCTEPCKASA ITUCCEPTAIIUA

Tema

CTOYHBIX BOJ U MMOJYYCHUA oMmomacchI»

«CHCTEeMHBIH moaxoAa K UCII0JIb30BAHHUIO PACKH /IJII OYUCTKH

VJIK 582.521.43:628.3:662.6

CryneHt
I'pynna PHUO Hoanuce | [lara
4KM51 Anpb Kaccab Anu AGaynkapuMm Puixa
PykoBoaurens
HoaxHocTh (017 (0 YuyeHnas creneHb, MMognucek | Jata
3BaHHe
JloneHt TuxonoB B. B. K. T. H., JOLICHT
KOHCYJIbTAHTHI:
[To pazneny «®UHAHCOBBII MEHEKMEHT, PeCypcodpHEKTUBHOCTh U PECYPCOCOCPEIKEHUEH
JoaxHocTh dOUO Ydenasi creneHb, IMoanucek Jara
3BaHHUe
JloneHt Kpununpina 3. B. K. T. H., JOLICHT
[To pazneny «ConuanbHas OTBETCTBEHHOCTE)
JoaxHocTh DdOUO Yduenas creneHb, IMoanucek Jara
3BaHHUe
ACCHUCTEHT PanenkoB T. A. Nnxenep
JOITIYCTHUTD K 3AIIIITE:
3aB. kadeapoi 107 (0) YueHas creneHb, Hoanuck Hara
3BaHHUe
OXXT AH B. B. K. T. H., JIOIICHT

Tomck — 2017 r.




IHJIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUSA

110 OCHOBHOI 00pa30BaTe/ILHON NMPOrpaMmMe MOArOTOBKY MATrUCTPOB 110 HANIPABJIEHUIO

18.04.02 «Juepro- u pecypcocoeperaioniie npouecchbl B XUMHU4eCKOH TeXHOJIOTHH,

He(l)TeXI/IMI/IH H 6HOTeXHO.J'IOl"I/II/I»,
l'[p()(l)l/l.]'[]) NOAroTOBKH «MalllMHbI 1 anmapaTrbl XUMHUYECCKUX U

HeTenepepadaTHLIBAIOIIMX MPOU3BOACTBY»

Kon Pe3yabTaT 00y4yeHus (BBIIIYCKHUK A0JKeH ObITH FOTOB)
pe3yJabTaToB

P1 [IpumensTh 0a30Bble MaTeMaTHYECKHE, ECTECTBEHHOHAYYHBIE, COLIUAIbHO-
HSKOHOMHYECKHUE U CHEIUAIbHBIC 3HaHUS B TPO(eCCHOHATbHON

P2 [IpumeHsTH 3HaHMS B 00JIACTH SHEPTO-U pecypcocOeperaroniux mpoeccoB
XUMHAYECKON TEXHOJIOTUH, HEPTEXUMUHU U OMOTEXHOJIOTHHU ISl PEIICHUS

P3 [IpumensTh 3HaHUS B O0JIACTU SHEPro-u pecypcocOeperarnux MporeccoB
XUMHAYECKOH TEXHOJOTHH, HEPTEXMMHUU W OWOTEXHOJOTMH ISl PEUICHUs
MIPOU3BOJICTBEHHBIX 3a7a4

P4 [IpoekTupoBaTh ¥  HWCHOJB30BaTh  JHEPro-U  pecypcocOeperaroiee
000pyI0BaHUE XUMHUECKOW TEXHOJIOTHH, HEPTEXUMUN 1 OMOTEXHOJIOTHH

PS5 [IpoBoANTH TEOpETUYECKHE U IKCIIEPUMEHTAIbHBIC UCCIEA0BAaHUS B 0071aCTH
SHEPro-u  pecypcocOeperaromux IMpOLUEecCOB XHUMHYECKOW TEXHOJIOTHH,
He(TeXUMHUH U OMOTEXHOJIOTHH

P6 OcBauBaTh M DJKCIUTyaTUPOBaTh COBPEMEHHOE BBICOKOTEXHOJIOTUYHOE
obopynoBanue, o0OecrieuynBaTh €ro BBICOKYIO 3((EKTUBHOCTH, COOIIOAATH
MpaBWJia OXpaHbl 3J0POBbsi M OE30MAaCHOCTH TpPyAa Ha MPOU3BOACTBE,
BBITIOJIHATH TPEOOBAHMS O 3aLIUTE OKPYKAIOIIECH CPEebl.

P7 JleMOHCTpUPOBATh 3HAHUSI COI[HANIBHBIX, ITUYECKUX U KYIbTYPHBIX aClIEeKTOB
npodeccuoHanbHOM e TENbHOCTH.

P8 CaMOCTOSATETbHO YUUTHCS W HEMPEpPBHIBHO TMOBBINIATh KBATU(UKAILMIO B
TEYEeHHUE BCETO Tepro/ia MpodecCHOHANBHOM eI TeTbHOCTH.

P9 Brnagetrs HHOCTpaHHBIM S3BIKOM Ha YPOBHE, TTO3BOJIAIOINIEM pa3padaThiBaTh
JTOKYMEHTAINIO, TPE3EHTOBATh PE3Y/IbTaThl IPOPECCHOHATHHON

P10 D¢ddexTuBHO paboTaTh UHAUBUIYATHHO U B KOJJIEKTUBE, IEMOHCTPUPOBATH

OTBETCTBEHHOCTH 32 Pe3yJIbTaThl pabOThl U TOTOBHOCTH CJIEZOBATH
KOPIOPaTUBHOM KYJIBTYpE OpraHU3al1H.




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
d)eﬂepaanoe rocyaapCTrBCHHOC aBTOHOMHOC 06pa303aTeanoe YUPCIKIACHUC
BBICILIEr0 O0Opa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJOBATEJIBCKHAN
TOMCKHUHA NOJUTEXHUYECKHU
YHUBEPCHUTET»

WNHCTUTYT -_(DU3UKK BEICOKHX TEXHOJIOTUN

Hamnpasnenue nmoarotoku (cnenuaabHOCcTh) — 18.04.02 DHepro- u pecypcocOeperarime
IIPOLIECCHI B XUMUYECKON TEXHOJIOTUH, HEPTEXUMHUHU U OUOTEXHOJIOTUU

Kadenpa - oOmielt XMMUU ¥ XUMHUYECKOW TEXHOJIOTHUH

YTBEPXAIO:
3as. Kadenpoii
An B.B.
(IToxmuce) (mara) (P.1.0)
3AJJAHUE
HA BbINOJHEHNE BbIIYCKHOI KBAJU(PUKAIUOHHON padoThI
B dpopwme:
Marucrepckoit guccepranuu
Crynenry:
I'pynna 1017 (0
4KM51 Aunb Kaccab Anu AGaynkapuMm Puixa

Tema paboThI:

MoJIy4YeHHsl 0MOMaCChI»

«CucremMHbIi moAXoa K MCIIOJb30BAHUI0 PACKHU IJIA OYUCTKHU CTOYHBLIX BOJI U

VYTBepkIeHa MPUKA30M TUPEKTOpa (11aTa, HoMep) 31.05.2017 Ne3766/c

Cpok cl1auu CTYACHTOM BBITIOJTHEHHON pabOTHI: 01.06.2017




TEXHUYECKOE 3AJIAHHUE:

Hcexoanble JaHHBbIE K paﬁoTe
(Haumenosanue 06bEKMa UCCIe008aAHUS UTU NPOEKMUPOBAHUSL;
NPOU3BOOUMENbHOCHIL UNU HAZPY3KA; PEeACUM PadoTmbl
(HenpepblgHblil, NepuoOUYecKull, YUKIUYeckul u m. 0.); 6uo
CbIPbSL UNU MAMEPUAN U30enust;, mpebo8anus K npooyKmy,
u30enUIo Ul npoyeccy, 0cobvle mpebosaHus K 0COOEHHOCMAM
@ynryuonuposanus (SKcnayamayuu) 06veKma unu u30eaus @

niawe bezonachocmu IKcnIyamayuu, 6IUsAHUSL HA OKPYIHCAIOULYIO

cpeody, IHep203ampamam; IKOHOMUUECKUU aHAIU3 U m. 0.).

UccnenoBath pACKy JUisi OUMCTKU CTOYHBIX BOJT
OT aMMHUa4yHoro azora u ¢ocdaron. M3yunts
psckoil  OenKoBOro
PaccumTath npya 111 O4MCTKH CTOYHBIX BOJ.

HaKOIIJICHHUEC a3oTa.

Hepeqenb nmoaJeKamux uCCJeI0BaHuI0,

NMPOEKTHPOBAHUIO U pa3padoTke
BOIIPOCOB

(ananumuyeckuii 0630p no AUMEPAMyPHbIM UCTOYHUKAM C

YeblO GbIICHEHUSL OOCTUNCEHUL MUPOBOT HAVKU MEXHUKU 8 CXEMBI, MaTepHaJ]BHBIfI OaJtanc u
paccmampugaemoti 061acmu,; NOCMaHo8Ka 3a0ayu TeXHOJOTHUYECKII pvaéT npyaa JINIE:
UCCIeO08aHUSl, NPOEKMUPOBAHUSL, KOHCIMPYUPOBAHUS,
BbIpallluBaHUH PACKH; MaTeMaTHn4YCCKOEC
cooeparcanue npoyedypul UCCIEO08AHUSL, NPOEKMUPOBAHLS,

KOHCMPYUPOBaHuUsL; 06CYICOeHUe Pe3yTbmamos 6oinoIHEHHOI MOACINPOBAHUC CHCTEMBI MNPYA-psACKa; pasaci
pabomol, HAUMEHOBAHUE OONOIHUMENLHBIX PA30EN08, COIIMAJIbHON OTBETCTBECHHOCTH; pasnen
nooaedxHcawux paspabomye, 3aKOUeHue no pabome). (I)I/IH AHCOBOTO MEHEKMEHTA,

pecypcodhheKTUBHOCTU U pecypcocOepeKeHus;
CIIMCOK HCIIOJIb30BAHHBIX UCTOYHUKOB u
INUTTOXKEHUS

JlutepatypHblii 0030p; XapaKTepPHCTHKA
00OBEKTOB u METO/IOB UCCJICIOBAHMIA;
npeaocTaBieHue W 00paboTKa pe3ynbTaToB

UCCIICIOBaHMIA; pa3paboTKa TEXHOJIOTUYECKOU

Ilepeyens rpaguyeckoro marepuaja
(c TOYHBIM yKa3aHueM 00513aTeJIbHBIX
yepreskeil)

Pe3ynbrarhl 5kCiepuMeHTOB (B rpaduuecKoM u
TaOJIMYHOM BU/IE); IPUHITUIHATbHAS
TEXHOJIOTHYECKasl cXeMa ; cxema mpy/a mo
BBIPAIIMBAHUIO PACKH.

KoHcyabTaHTBI 0 pa3esaM BbIYCKHON KBAJIM(PUKANMOHHON padoThl

Pasznen Koncyabrant
«DUHAHCOBBIN MEHEKMEHT, | Kpunuubina 304 BacunbeBHa
pecypcod3pheKTUBHOCTH u

pecypcocOepekeHe

«COI_II/IaJIBHaH OTBCTCTBCHHOCTB»

Panenkon Tumodeit

AJlekcaHIpoBUY

HasBanus pa3znesnoB, KOTOpbIe [0/LKHbI ObITh HANMCAHBI HA PYCCKOM H

HHOCTPAHHOM fI3bIKaX:

- OOmiee onucanue mporiecca yrnpaBaeHUs: OpraHUIeCKUMU O0TXO0daMHu
- MaccoBblit 6aanc U KOHCTPYKITUSI CUCTEMBI MPY1a PSCKH
- Marematrnueckoe MOJICIIMPOBAHUE CUCTEMBI MPY/Ia PACKH




Z[aTa BblIaY4 3aJJaHUA Ha  BbIIIOJHCHHE BbIl'[yCKHOﬁ

KBAJTU(PUKALMOHHON PadOThI 110 JUHEHHOMY I'PAPUKY

3aiaHue BbI1aJ1 PYKOBOJAUTEJIb:

JoKHOCTD 1017 (0] Yu4eHasi cTeneHb, MMoamuch Hara
3BaHHe
JlomieHT Tuxonos K.T.H.
B.B.

3analme NMPUHAJ K HCITOJIHCHHUIO CTYJACHT.

I'pynna | ®UO Hoanmuce Mara

4KM51 Anb Kaccab Anu AGaynkapum Puixa




3AJAHME JIJISI PA3JIEJIA

«®UHAHCOBBIA MEHEI)KMEHT, PECYPCO3®®EKTUBHOCTb U

PECYPCOCBEPEXEHMUE)
CryneHry:
I'pynna DOUO0
4KM51 Anp Kaccab Amu A6nynkapum Puaxa
NucruryTt HDBT Kadenpa OXXT
YpoBeHb Maructparypa | HanpapJ/ieHue/cnenuajbHOCTh 18.04.02 DHepro- u
o0pa3oBaHus pecypcocOeperaroniye

MPOLECCHl B XUMUYECKOU
TEXHOJIOTHH, HEPTEXUMHUHU 1
OMOTEXHOJIOTHH

pecypcocoepekeHne»:

Hcxoanbie nanHbIe K pasaeny «OHHAHCOBBIH MEHEIKMEHT, pecypcod(p(peKTUBHOCTb U

1. Cmoumocms pecypcos HayuHO20 UCCAEO0B8AHUSL
(HHU): mamepuanvno-mexnuueckux,
9Hepeemu4ecKux, QPuUHaHCcOBbIX, UHPOPMAYUOHHBIX
U yenoeeyecKux

broooicem nayunoeo uccnedosanus
cocmasnsiem 1292869 pyo.

2. Hopmul u Hopmamugwvl pacxo0oanus pecypcos

Kosgppuyuenm omuucnenuti na yniamy 6o
sHebroxcemuvle onovt — 30%

IMepeyens BONMpoOCOB, MOIJIEKANIMX HCCIETI0BAHNIO, TPOEKTHPOBAHMIO U pa3padoTKe:

1. Ilpeonpoexmuvlil anaius

1.1 Tlomenyuanvhvie nompebumenu
Pe3ynbmamos uccie0o8anus.

1.2. Ananu3 KOHKYpeHmHbIX MeXHUYeCKUx
pewenuli ¢ nozuyuu
pecypcoappexmusrnocmu u
pecypcocbepedrcens

1.3 Juaecpamma Hcuragol

1.4. Oyenka comosHocmu npoekma K
KOMMepyuanusayuu

1.5. Memoouwl kommepyuanuzayuu
Pe3ynbmamos Hay4YHO-mexXHU4ecKo20
UCcne008aHus

2. Unuyuayus npoexma

OpeanuzayuoHuas cmpyKkmypa npoekma

Vi




Onpeoenenue pecypchoii (pecypcocbepezarouyets),
Gunancosoul, 6100HCeMHOU, COYUATLHOU U
IKOHOMUYECKOU I pexmusHocmu ucciedo8anus

3.1. Hepapxuueckas cmpykmypa pabom
npoexkma

3.2. KoumponbHvle cobbimus npoekma

3.3. Ilnan npoexma

3.4.b100oicem HayuHo20 ucciedo8amns.

3.5.0peanuzayuonnas cmpykmypa
npoexkma

3.6. Mampuya omeemcmeennocmu

3.7. IInan ynpagnenus KOMMYHUKAYUAMU
npoexma

3.8. Peecmp puckos npoexma

3.9. [Inan ynpasnenus Koumpaxkmamu u
nocmagKamu

4. Onpeoenenue pecypcHotl (pecypcocbepezatouyeti),
Gunarcosoul, 6100cemHol, COYUATLHOU U
9KOHOMUYECKOU I¢hheKmusrHocmu ucciedosanus

Oyenka cpasnumenvHotl 3¢hpexmusHocmu
uccneoo8anus

IlepeyeHb rpaguuecKoOro MaTepUalIa (¢ MoUHbLIM YKA3AHUEM 005S3aMeNbHbIX Yepmedicell).

1. Kapma ceemenmupoganus pvinka
2. Huaecpamma Hcuxasol

4. Cemesoii naan-epagux sevinonnenus HUP
5. Pacnpeoenenue b6100xcema HTH
6. Cmpykmypa npoekma

3. Hepapxuueckas cmpykmypa pabom no npoexmy

‘ JlaTa BbI1auM 3aJaHMA 1/ pa3jesia no JuHelHoMy rpadguky

3agaHue BbI1aJ KOHCY/JIbTAHT:

JosxHOCTH (017 (0] Yuenas Hoxmucn Hara
CTeleHb,
3BaHMe
JlouieHT Kadeapol Kpunwnipina 3. B. K.T.H., JIOLEHT
MEHE)KMEHTA
3aaHue NMPUHSJI K UCTIOJTHEHHUIO CTY/AEHT:

I'pynna OHUO HHoanuce Hara
4KMS51 Anp Kaccab A AGaynkapum Punxa

Vi




3AJJAHUE JJIS1 PA3JIEJTA
«COIAJIBHASA OTBETCTBEHHOCTDb»

Crynenry:
I'pynna 1017 (0]
4KM51 Anb Kaccab Amu A6aynkapum Punxa
Hucruryr ND®BT Kadenpa OXXT
YpoBenb Marucrtparypa | HanmpaBJ/ienne/cnenuaibHOCTh 18.04.02 Duepro- u
o0pa3oBaHusi pecypcocbeperatoniye
MIPOLIECCHI B XUMUYECKON
TEXHOJIOTHH,

HepTexumMun u
OMOTEXHOJIOTHA

Hcxoanbie JaHHBIE K pasaeny «ConuajibHasl OTBETCTBEHHOCThY .

1. XapakTepucTtuka 00beKTa UCCIIeJOBaHUs (BEIECTBO,
MaTepua, mpuodop, aropuT™M, METOANKA, pabodast
30HAa) U 00JIACTH €r0 MPUMEHEHUS

Ilepeyens BONMPoOCOB, MOIJIEKAIIMX HCCIET0BAHIIO, TPOEKTHPOBAHMIO N pa3padoTKe:

1. OnacHoCTH /1JIs1 3I0POBbSI 1.1. BoicokoouuuernHble CmoyHble
800bl 8 KAYeCcmee KOPMOBOl
aKeaxky1bmypol

1.2. Cucmema pscku 6 kauecmee
KOpMaeHUs aKeaKyibmypbl

1.3. Haxonnenue XuMudeckux eeuecmes

2. JKojoruyeckasi 6e30MacHOCTh 1.1.  Texnuuecroe obcnyscusanue u
Mepul 6e30nacHoCmu pAacKu

1.2.  Mepwi npedocmoposcnocmu
npu uHgexyusx meaa u 3a001e8aHUAX
1.3.  Bpeonvie ca3zwvl,

83PbI6OONACHbBLE CMECU U KUCTIOPOOHDBII

Ooepuyum
3. CnacarejibHOe 000py/A0BaHue 1JIsl OUMCTKH 0bopyooeanus 0ns obecnedenus
CTOYHBIX BOJ bezonacrocmu

4. O01mue NPUYMHBI HECOOTBETCTBUS CTOKOB Npyaa | 4.1. Opeanuyeckasn nepecpysxa

4.2. Kopomkoe 3amvikanue

4.3. Ilepepooicoenue odopocieii

4.4. Haxonnenue ocaoka 6 npyoax

4.5. Humpughuxayus unu yacmuunas
HUmpugurayus

VI



‘ JarTa Bbla4u 3a]aHu4 JJIA Pa3jesia o JHHeHHOMY rpaguxky

33[[3]-[1/[6 BbIAAJ KOHCYJIBTAHT:

JoaxkHocTh OUO Yuenas IHoanuck JlaTa
CTeneHb,
3BaHHUe
AccucTeHT Panenkos T. A. Nuxenep
3anaHue NPUHSJ K MCTIOJHEHHIO CTY/IEHT:
I'pynna 1017 (0] Hoxnmuch Hara
4KM51 Auxs Kaccab Anu AGaynkapum Puixa




Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
d)eﬂepaanoe rocyaapCTrBCHHOC aBTOHOMHOC 06pa303aTeanoe YUPCIKIACHUC
BBICILIEr0 O0Opa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJOBATEJIbCKHAN
TOMCKHUHA NOJUTEXHUYECKHU
YHUBEPCHUTET»

WucTuTyT -_(QU3HKHN BHICOKHUX TEXHOJIOTUI

Hamnpasnenue nmoarotoku (cnenuaabHOCcTh) — 18.04.02 DHepro- u pecypcocOeperarime
IIPOLIECCHI B XUMUYECKON TEXHOJIOTUH, HEPTEXUMHUHU U OUOTEXHOJIOTUU

Kadenpa - oOmielt XMMUU U XUMHUYECKOW TEXHOJIOTHUU

Pa3nena BKP,
BbINOJTHEHbI HA MHOCTPAHHOM SI3bIKe

Paznen (5) | OOiiee onucanue npoiecca yrnpaplieHUs OPraHuueCKUMH OTXO0JaMuU

Paznen (6) | MaccoBbiii OaiaHC U KOHCTPYKITMS CUCTEMBI MPya PACKU

Paszpnen (7) | MaremaTnueckoe MOJEIMPOBAHNE CUCTEMBI IPyAa PACKU

CryneHr:
I'pynna 1024 (0) Hoanuce [ara
4KM51 Anp Kaccab Anu AGaynkapuM Puixa
Koncynbrant kadenpsr  (OXXT):
JoakHOCTD DOUO Yuenas IMoanmucey Jara
CTeleHb,
3BaHue
JlomieHT TuxonoB B. B. K. T. H.,

Koncynbrant — nmuarsuct kadenps! (MADTHN):

JoaKHOCTD 1017 (0] Yuenas Mognucen Hdara
CTEIEeHb,
3BaHHUeE
JlonieHT Hrna O. H. I-p MeN. HAyK




Pedepar

Huccepranus u3noxkena Ha 196 cTpanunax, Bkiodas 70 pucynkos, 31 Tabmmuir,
123 nuTepaTypHBIX UCTOUYHHUKA U 4 TIPUIIOKECHUH.

Kirouesrie cinoBa: Pscka; Lemna minor; Metantenk; O4ucTKa CTOYHBIX BOJ;
Ammonutit; [Tomudocdater; benok; benkosrlii koHeHTpaT; Kopmosas no6aBka; Psacku
npya; Cucrema O4MCTKU CTOYHBIX BOJ; [(n3aiiH npyna; MoaenupoBaHue pACKA MPY/I.

Marepuanamu HCCIeIOBaHUH CITY>)KAJIM psCKa BUa Lemna minor, BeipaimieHHas
B JJaOOpPATOPHBIX U €CTECTBEHHBIX YCIOBUSX BOJIOEMA, UCXOJAHBIE 00pa3Ibl CTOYHBIX
BOJ, U3 MeTaHTeHKa. OOBEKTHl HCCIEIOBAHUM — CTOYHBIE BOJbBI, IMOJBEPIIINECS
OYHUCTKE psIcKol Buaa Lemna minor.

Llenpr0 HACTOSIIUX UCCICAOBAHUM SBISIOCH.

1. M3ydeHue mporecca acCCUMWISIIIUM OCHOBHBIX BEIIECTB M HAKOIUICHUS

OHOMAcCCHI PSICKOM C Y4EeTOM BapbHUPOBaHUs KOHLIEHTPALIMU CTOYHBIX BO/I.

2. V3yueHue BIMSHUS YCJIOBUHM KyJbTHBHUPOBAaHUS HA HAKOIUIEHHE O€lika B
psacke Lemna minor. Ilpu sToM BHHMMaHue OBUIO YACICHO TaKUM
BapbUPYIOMKUM (pakTopaM, Kak KOHILEHTpAIMs MUTATEIbHOU Cpeabl |

Haauane/ MMPOAOIZKUTCIIBHOCTL OCBCIICHMA.

3. M3yueHue HOBOro au3aifHa CUCTEMBI MPYIOB C PICKOH, UMHUTHUPYIOIIETO

JorapuMUYECKYIO0 CKOPOCTh POCTA PICKHU.

4. TloctpoeHre MaTeMaTHYECKOM MOJENM IEepEeHOCa MAacChl MHUTATEIbHBIX

BEIIECTB B CUCTEME MPYJIOB C PSICKOM.

B Xxonme w3yueHus mnpouecca OYUCTKM CTOYHBIX BOJ M3 METAHTEHKA U
HaKOIUICHHUsT OENKOB psckoil Lemna minor akmeHT ObUT cAeNaH Ha CICAYIOIIHE
KOHTPOJIbHBIE TOYKM HKCIIEPUMEHTA: CKOPOCTh pOCTa OMOMAcChl PSICKHU, CKOPOCTb
OYMCTKH CTOYHBIX BOJ M3 METAHTEHKAa WU CKOPOCTbH IIOIJIOLIEHUS MNHUTATEJIbHBIX
BEILECTB PSACKON U MPOLEHT HAKOTUJICHUS OKJIKA.

B pabote npeacraBieHbl pe3ybTaThl UCCIETOBAHUI 10 OYUCTKE CTOYHBIX BOJ,
MOJIYYEHHBIX M3 METAaHTEHKa M HaKaIlJIeHUs Oelka, ¢ MOMOIIbI0 psCKU BUaa Lemna
minor. YcraHoBIJIEHO, 4TO psicka 3(PPEKTHBHO aCCUMHIUPYET, TEM CaMbIM yIaJseT

Xl



a30T 1 Gocdop U3 PeaKMOHHON cpenbl (CTOUYHBIX BOJ), BKIIOYAsi UX B COOCTBEHHBIN
mporecc Meraboiu3Ma. YCTaHOBJCHO, 4YTO Ha 3-i HeAene KyJIbTUBUPOBAHUS
3a(KCUPOBAH MaKCUMAJIbLHBIN MPOIEHT COACPKaHMs Oenka B psicke ¢ 27,62 o 29,14
% B TpeX pa3IMYHBIX KOHIEHTPAIMSIX pPACTBOPAa C BBICOKHM COJCpPKAHUEM
MUTATEIbHBIX BEIIECTB.

[Tornmomenne azota u ¢docdopa psACKOW MPOTEKAET JOCTATOYHO OBICTPO U B
nepuo aar-asel. Ha aTamne sKkCrmoHeHIInaaIpHOTO POCTa PsCKa aKTUBHO ACCUMITUPYET
a30T U pocdop ¢ yBenTuueHNEM KOHLIEHTpAIMU CyOCcTpaTta, BKII0Yas JaHHbIE BEIIECTBA
B CBOI METa00JIM3M, O YEM CBUCTEIICTBYET MOBBIIIEHNE CKOPOCTH POCTa OMOMACCHI.
B xome skcnepuMeHTa yCTaHOBJICHO, YTO 3aBUCUMOCTH TIOTJIONICHUS HOHOB aMMOHUS
u noymdocdaroB, a Takke 00beM HAKOIICHHOW OMOMAacChl ObUTM HEJIMHEHHBIMU C
TeueHueM BpemeHu. [lokazano, 94To camast BRICOKas yAeIbHAS CKOPOCTh ACCHMIUISIIHH
Ha0JII01a)Iach B PEAKIIMOHHOM cpefie ¢ KOHLeHTpaluen ctounbix Boj 60%. [1pu aTom
71 MOHOB aMMOHUS IaHHBIN MOKa3aTesb Haxoamics Ha yposHe 0,609 r/m%/cyT, A
noaudocpatos - 0,064 r/mM?/cyT, MAKCUMANIBHBIA IIPUPOCT OUOMACCHI PACKH (IO
cyxoii macce) - 4,61 r/m%/cyT.

Cubupckuii mramm psicku (Lemna) copepxkut Oonee 25 % Oenka, 4TO
MPEBBINIACT MPUMEPHO B 2,5 pa3a ero KOJIMYECTBO B KYKYpy3€ U MOXKET COCTAaBUTH
KOHKYPEHIIUIO TI0 coziepkaHuto Oenka B coe. B xone manHoi paboTsl onpeeneHo, 4To
BUJ psicku L. Minor criocoOeH nmpou3BoauTh Oeika ot 3,54 10 5,454 1/ra B roj.

[TapameTpsl B MOJAENM MPEACTABISIOT COOOM HAYalbHYIO KOHIIEHTPAIUIO
MUTATEIBHBIX BEIIECTB B 00beMe TpyJa C BapbUpOBaHKEM 10 TiryOouHe . [Ipumensis
BapHUalliy MapaMeTpOB OJHOTO MOPSIKA MOJCITHUPOBAHKE MTOKA3aJI0, YTO MOJIEIb SBHO
HAMHOTO O0oJieeé YyBCTBUTEJIbHA K TIyOWHE TpyAa, YeM K KOHIIGHTpAIlUH, YTO
yKa3bIBaeT HA TO, 9TO 3(P(HEKTUBHOCTH MPOIIeCCca MOTIIOMICHHSI ITUTATEILHBIX BEIICCTB

B CHCTEME BOJI0O€Ma C PSICKOW OTpaHWdeHa TITyOnHOM.

Xl
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Pucynox 63- Cxopocts norsomienus gocdara npu HadanbHON KOHIIEHTpaluu 8,15 1/
v, rnyoune npyaa 0,2 m: a - 7 aHei; 6 - 21 nens; B -35 nHel 184

Pucynok 64- Ckopoctb norsomenus ¢ocdara npu HayaabHOW KOHUEHTpauuu 8,15
r/M3, rnyoune nipyna 0,3 m: a - 7 queii; 6 - 21 neHb; B -35 qHel 185

Pucynoxk 65- Cxopocts noriouieHus ¢pocdara npyu HadalbHOW KOHUEHTpauuu 14,56
r/M3, rnyoune nipyna 0,1 m: a - 7 queii; 0 - 21 nenb; B -35 qHel 185

Pucynox 66- Cxopocts norsomienus ¢ocdara npu HavalbHON KOHIeHTpamu 14,56
r/M3, rnmyoune nipyna 0,2 m: a - 7 queii; 0 - 21 neHb; B -35 qHel 185
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Pucynok 67- Ckopocts norjoiieHus: ¢pocdara npu HadaabHOM KoHIeHTpanuu 14,56
r/mM3, rmyOune npyaa 0,3 m: a - 7 nueit; 6 - 21 nenp; B -35 nneit 186

Pucynox 68- Cxopocts norsomienus ¢ocdara npu HavaJIbHONW KOHIEHTpauuu 16,39
r/mM3, rmyoune npyaa 0,1 m: a - 7 nueit; 6 - 21 nenp; B -35 aneit 186

Pucynox 69- Cxopocts norsomienus ¢ocdara npu HadaIbHONW KOHIEHTpauuu 16,39
r/M3, ry6une npyaa 0,2 M: a - 7 aueii; 6 - 21 n1eHs; B -35 nueit 186

Pucynok 70- Cxopocts noriouieHus Gocdara mpu HauaabHOW KOHIIEHTparuu 16,39
r/M3, rnyoune npyna 0,3 m: a - 7 queit; 6 - 21 nenb; B -35 qHel 187
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HomeHKIaTyphbl U COKpalleHnst

i

bi

ucn.1

unp

BecoBoit ko purmmeHT i-ro BapraHTa HCIIOTHEHUS Pa3paboTKu
banpHas omeHKa iI-To BapuaHTa UCTIOTHEHUS pa3paboTKu
Ammonium concentration of the pond inflow (g/mq)
Concentration of nutrients (g/m?)

Ammonium concentration of pond outflow (g/m®)

Inflow of the duckweed pond (m®/day)

Flow out of the biodigester (m®/day)

Outflow of the duckweed pond (m?/day)

Water volume consumed by duckweed biomass (m?3/day)

WNurerpanbHbiii  mokazatenb pecypcodddEKTUBHOCTH IS 1-TO
BapuaHTa UCIIOJIHEHUS Pa3pabOTKu

NuTerpanbHbiii GMHAHCOBBIN MOKa3aTeIh pa3paboTKu
NHTerpanpHbIil TEXHUKO-KOHOMUYECKHN ITOKA3aTeNb aHAIOora
WNuTerpanbHbIii TOKazaTensb pa3paboTKu

Moisture duckweed content

Mass of ammonium at the effluent of the biodigester (kg/day)

Water density (kg/m?)

164

164

95

101

95

95

88

95

96

164

163

166

166

96

89

96
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u Maximum biomass growth rate (kg/m?/time) 96

A Reactor surface area (m?) 95
a The initial spiral diameter 97
Bi Bec nokazarens (B 10JISIX €TUHUITB) 133
Ci Initial ammonium concentration of duckweed pond (g/m?®) 89
c" Concentration of the substance (g/m?) 102
D Diffusivity of the substance (m?/h) 102
e The base of natural logarithms 96
Fi JleficTBUTENBHBIN TOM0BOM (OoHA pabouero BpPEMEHH Hay4dHO- 153

TEXHUYECKOTO nepcoHana (pad. aH.)

h Pond depth (m) 96
J Mass transfer of specific substance in the system (g/m?/h) 102
J Yucno mapamMeTpoB CpaBHEHUS 164
K First-order kinematic coefficient (m/time) 96
k First-order kinematic coefficient time™ 95
Kenes KoaddurmenT oruncnennii Ha ymiaty Bo BHEOIOKETHBIC (DOHIBI 155
K 1on Koaddurment nonotHUTENHEHOM 3apIuiaThl 155
Kisax KoaddurmenT HakmaaHbIX pacxo10B 157
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M

M

M3

I\/INH4

Mwit

NNH4
Nopr

Rin

Va

Vjp

Vm

Hagecka psicku (T)

Macca BBICYIICHHOM PSACKH € (DOJIBIOM
Macca ¢onbru

Macca psCKH 10 BbICYIINBaHUS

Mass of consumed ammonium (g/day)
Molecular weight (g/mole)

Number of moles of NH3; (moles)
Conepxanue a30Ta B aMMOHHUH
Oprannueckuit a3oT

Pe3epB BpemeHuU MOJHOTO TTyTH
Biomass substrate (t/animal/year)
[IponeHT conepxkanus a3ora

Gas volume (L)

The volume of the reactor (m?)

KomuuectBo B3sroro B npuemuuk 0,1 H pacteopa H,SO,4 (cm®)

KomugectBo 0,1 H. pactBopa NaOH mnomemmero Ha obGpaTHoe

tuTpoBanue (cm®)

Molar volume = 22.4 (mole/L)

S7

52

52

52

89

89

89

70

70

148

80

57

89

95

S7

89
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3OCH

3OCH

Coordinate direction in which mass diffuses (m)

The angular displacement (radians)

The golden ratio

Bnaxuocts psacku (%)

bann 1-ro mokasarens

[IpoexTupyemas pazpaboTka

CpennenneBHas 3apaboTHas miata padbotHuka (pyo.)

JlonoyiHUTENbHAS 3apab0THAs IJ1aTa OJHOTO paboTHHKA (PYO.)

Mecsiunblit TOHKHOCTHOM OKIIaa paboTHUKA (pyo.)

OcHoBHas 3apa0oTHas IJiaTa

OcHoBHas 3apa0oTHas iata paboTHuka (pyo.)

KonkypeHTocrocoOHOCTh HayuyHOU pa3pabOTKU WJIM KOHKYPEHTA

KonuyecTtBo MecsiieB paboThl 0€3 OTIycKa B T€YEHUE roAa

CymMa 3apaboTHOI TIaTh

[IporeHT Cyxou Macchl

Kputnuecknii mythb

[TponomKUTETLHOCTD PA0OT, BBHITIOTHAEMBIX HAYYHO-TEXHUICCKUM
paboTHUKOM (pad. JIH.)

102

97

97

57

133

133

153

155

153

153

155

133

153

155

52

148

153
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Drax MakcumainbHasa CTOUMOCTDH HUCIIOJIHCHHUS
HCCIICOA0BATCIILCKOI'O ITPOCKTA

CDpi CrouMocThb I-T0 BapHaHTa UCIIOJIHCHUA

Oep CpaBuurenbHas 3QPEeKTUBHOCTb TPOEKTA

Cokpamenus

AD Anaerobic digestion

BOD Biological oxygen demand

BP Biodigester plant

BPR Biogas production rate (m3/year/animal)

MBPR  Maximum biogas production rate (m3/t ODM/year)

MC Moisture content

CSTR  Continues stirred tank reactor

DBM Dry biomass

DM Dry matter

DTPS  Duckweed treatment pond system

HRT Hydraulic retention retention

MPR Methane production rate (m®/day/animal)

OC Organic carbon

ODM  The maximum organic dry matter

Hay4YHO- 163

163

165

78

82

85

80

80

81

81

85

79

77

81

81

78

80
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oM

PDST

PPF

SMPR

TKN

VS

VSPR

AOOC

BIIK

BO3

OTB

PKT

XBIIK

Organic matter

Post-digestion storage tank

Photosynthetic Photonic Flux

Specific methane production rate (m®/kg VS)
Total Kjeldahl Nitrogen

Volatile solids

Volatile solids production rate (kg VVS/day/animal)
ATEHTCTBO 0 OXPaHe OKPYKAIOILIECH CPebI
buonorudeckoe norpediieHre KUCIOpoia
BcemupHas opranuzanus 31paBoOXpaHEHUs
OGiee B3BEIICHHOE TBEP/IOE BEIIECTBO
PacTBOpenue kucnopona

XUMUYECKUIN ¥ OMOJIOTUUECKUNA MOTPEOICHUST KUCI0poaa

78

81

38

81

70

80

81

121

125

116

125

125

125
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Beenenue

PaunonanpHas opraHuzanus nepepadOTKH MPOAYKTOB KU3HEAESITEIBHOCTH
CEJIbCKOXO3SIICTBEHHBIX KUBOTHBIX SIBJSIETCSl aKTyaJlbHbIM BONpPOCOM B cdepe
DKOJIOTHH. B CBS3M CO CTPOTrOCTHIO SKOJOTMYECKOIO 3aKOHOJATENIbCTBA, KOTOPOE
TpeOyeT JUIEH3UPOBaHUA (PUIUKO-XMMUYECKUX IOKa3aTenell cOpachiBaeMbIX
CTOYHBIX BOJI, MHOTHE (epMepbl yCTaHABIMBAIOT aHA’pOOHBIE OMOPEAKTOPHI IS
nepepadoTKH KOPOBLETO HaBo3a. B m00aBiIeHNN K HEBBICOKOW CTOMMOCTH YCTaHOBKHU
U 0OCTy)KMBaHUS, aHA’POOHBIE OMOPEaKTOpPHI TaKXKe MPOM3BOAAT Ouoras. ITOT
nO0OOYHBIN MPOAYKT UCTIOJIb3YETCS ISl TeHepaIuu aiekTposHepruu. Hecmotps Ha 3T0,
M3-32 BBICOKOTO COJCpP)KAHUSI TMUTATENIbHBIX BEIIECTB B OUMIIECHHBIX BOJAX,
MOJIYYCHHBIX U3 OMOpeakTopa, UX HeNb3sl Cpa3y cOpachiBaTh B MPUPOIHbIE BOMBI. [Ipu
MIOCTOSIHHOM HCIOJIb30BaHNUU W3JIMIIKOB OYMCTHBIX BOJ M3 OMOpEaKkTOpa B KaueCTBE
yIOOpEeHHs] TIOYBBl YCTAHOBJIEHO 3HAYUTEIBHOE YBEIUYEHUE KOHUEHTpPALMH
HEKOTOPBIX KOMIIOHEHTOB B IMOYBAX.

OpnHako XpaHEHUE OPraHMYECKUX OTXOJIOB CEIbCKOTO XO3sicTBa (HaBo3a) Ha
TUIOIAKAX CKIaJIUPOBAHUS IPUBOJUT K TOTEPE OOIBIIOT0 KOJTUYECTBA MUTATEIbHBIX
BEILIECTB B PE3YyJIbTATE WX BBIMBIBAHUS JOKIEBHIMU BOJAMHU B IOYBY U TPYHTOBBIC
BOJbl, HEKOHTPOJIMPYEMBIM BbIOpOCaM MeTaHa B arMochepy B pe3ylibTare
aHA’POOHOTO PA3JIOKEHUSI OPTAaHUYECKUX BEIIECTB.

D¢ dheTknBHOE U3BJICUEHUE MUTATEIBHBIX BEIIECTB U3 MOJYYEHHBIX CTOUYHBIX
BOA (M CIIEAOBATENbHO UX OYHMCTKY) MOYKHO OCYIIECTBUTH C MOMOILIBIO pscku. B
JAHHOM paboTe MPUBOAATCS Pe3yJabTaThl U3yUEHHUS MPOIECCa OYUCTKU CTOYHBIX BOJ
(mOJIy4eHHBIX U3 METAHTEHKA) M HAKOIUJIEHUs Oejka ¢ MOMOIIbI0 BUaa psicku Lemna
minor.

JIBOMHOE MPUMEHEHNUE CUCTEMBI MPYAOB C PSICKOW I OYUCTKH CTOYHBIX BOJI
U MPOU3BOJCTBA OMOMACCHI SIBISIETCS OCHOBHOM LIETBIO ATOTO MCCIEAOBAHMS, TJIE
pscKa mMpeAcTaBisgeT co0oil HeOOJbIIOe CBOOOTHOIIABAIOLIEE BOJHOE pPACTEHUE,
MPUHAJIJIe)KAIIEE K CEMEUCTBY «JIeMHaes.

B nomonHeHne K OYMCTKE CTOYHBIX BOJ Omomacca, oOpasyromascs BO BpeMs

00pabOTKH,  CONEPKHUT  OOJBIIIOE  KOJUYSCTBO  MHTATCIBHBIX  BEIIECTB,
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MPEICTABIISIONINX KOPMOBYIO IIEHHOCTh. broMacca psiCku MOXET MCIOJIb30BaThCS B
Ka4yecTBE JOPOTOCTOSIIECH KOPMOBOM T00ABKHU ISl PbIO M3-32 BBICOKOTO COJIEPKaHUS
oenka ot 18,71% mo 29,14%.

YcTaHoBneHO, 4TO psicka 3PGPEKTUBHO aCCUMUIMPYET, TEM CaMbIM yAamseT
a30T 1 (ochop U3 peakmoHHON cpe/ibl (CTOYHBIX BOJ), BKIIFOYAs UX B COOCTBEHHBIM
npoliecc Mmetabonusma. [lokazaHo, 4To MakCHUMallbHAsl CKOPOCTh MOTJIONIEHHUS NOHOB
aMMOHHSI B pacTBOpax C HadaJIbHOM KoHIleHTpanuen cyoctpata 20 %, 40 % u 60 %
COCTaBUIa COOTBETCTBEHHO 2,77; 7,04 m 12,56 1/M3/cyr. CKOpOCTH IOIIOILEHHS
nonugocdaToB B cyOcTparax ¢ HauaidbHOW KoHueHTpauueir 20 %, 40 % u 60 %
cooTBeTcTBeHHO coctauna 0,66; 0,96 u 1,33 r/mM%/cyr. MakcumanbHas IIOTHOCTh
pocTa 6bu1a gocTurayTa (B 1/M2): 67,4 - mis 20 % cyberpara Ha 30-e cyTku; 63,0 - s
40 % cybctpara u 66,0 - nua 60 % cybcTpata Ha 27-€ CYyTKM KyJIbTUBHPOBAHUSI.
HaunbGonee cuibHble KOPPENSLMOHHBIE CBSI3M OMOMACCHI PSCKM C TIOKa3aTelsiMu
COCTaBa CTOYHBIX BOJI MOJYYEHBI JUIsl KOHIIEHTpauuu cyoctpara 20 %. ycraHoBlieHa
3aBUCUMOCTh HAKOIUICHUS COjepkaHus Oenka B pscke (Lemna minor) or
KOHIIEHTpAI[MU CTOYHBIX BOJI U BPEMEHU KYJIbTUBUPOBAHUS. Y CTAHOBIICHO, YTO Ha 3-€
HeJleNe KyJIbTUBUPOBAHUS 3a(UKCHPOBAH MaKCHMAJBHBIN TMPOIEHT COACPKaHUS
oenka B psacke ot 27,62 no 29,14 % B Tpex pa3audHbIX KOHIICHTPAIUSIX PacTBOpa C
BBICOKHM COJIEpKaHHEM MMUTATEIbHBIX BEECTB. MakcuMalbHOE CojiepKaHre Oeka B
psiCKe, BbIpallleHHOM Ha muTaTenbHOM cpene ¢ 20 % KoHIeHTpalued cyOcTpara
HaOMogaIoch Ha 16-€ cyTKu sKcrepuMenTa u coctaBmiio 83,23 mr (16,16 r/m?) pu
MaKCUMaJlbHOU cKOopocTH akkymyssinuu 0,97 r/m*/cytku. B cyOctpate ¢ 40 %-oii
KOHLIEHTpanuel MakcumyM Oenka — 85,65 mr (16,63 r/m?) 611 3aduKkcupoBaH Ha 19-
€ CYTKH NpHU CKOpocTH HakorieHust 1,27 1/m*/cytku; ¢ 60%-HBIM cojaepKaHHeM
cTouHbIX BoJ — 93 mr (18,06 mr/m?) npu ckopoctu 1,49 r/m?/cytku. OnpeneneHo, 4ro
BU pscku L. minor cocoben npousBoauTh Oenka ot 3,54 1o 5,454 1/ra B rox.

[IpynbI ¢ psICKOM yCTIENTHO MPUMEHSIIOTCS JIJIs TepepaboTKU KOPOBHETO HABO3A,
IpU 5TOM TPOHM3BOAMUTCA OMOMAacca C BBICOKHM COJEp)KaHHUEM TMpOTeHHA. TakuMm

o0Opa3zom, B HaCTOAILEM UCCIIEIOBAaHUH U3y4yaercs 3¢ (HEKTUBHOCTH
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KPYIHOMACIITa0HBIX TPYAOB C PACKOW TMOTJIOIIEHUS MUTATENbHBIX BEIIECTB U3
CTOYHBIX BOJ| )KHBOTHOBOJYECKOU (P€pMBI, OLIECHUBAETCS BBIXOJ OMOMACCHI.

OCHOBHBIMU IPUHLUIIAMHU Pa3padOTKH CUCTEMBI MPYJIOB C PACKON, KOTOPBIE

OBLIIM MPEJIOKEHBI B 3TOM UCCIEAOBAHUM, SIBIISIIOTCS:
® MaKCHUMU3ALMA TEMIIOB POCTa IPHU OIPAHUYEHHOM KOJIMYECTBE TPY/Ia;
® TIOBBIIIEHHE KA4yeCTBA M KOJMYECTBA OOpaOOTaHHON BOJABI A0 MPHUEMIIEMOTO
YPOBHSI B COOTBETCTBHH C MECTHBIMH IKOJIOTMYECKUMU HOPMAMH.

[Ipyn ObLT COPOEKTHUPOBAH Kak Jorapupmuyeckas cCoOapaib  Jjs
MOJIEJIMPOBAaHUSI CKOPOCTU poOCTa JorapupMuueckoid Ouomaccsl M oOecnedeHus
BBICOKOT'O PpAaCIpEEIeHNs] MUTATENbHBIX BEIIECTB. llepBOHaYanpHBIN CrMpaIbHBINA
nuameTp | M ObLT BBIOpAH I8 MUHUMU3ALHUN PACIIPEACIICHUs] TOBEPXHOCTH BOJABI HA
BITyCKHOM cekuuu. Llupkynsiuust Oy1eT TOCTUTHYTa 3a CUET CHIIbI TSXKECTH, KOTOpast
ABJIETCS] PE3YJIbTATOM YMEHBILIECHHS TIIyOUHBI. DTOT HOBBIM JU3aiiH NpyJa C pSICKON
MMEET HECKOJIBKO PEUMYLIECTB:

® BbICOKast 9(PPEKTUBHOCTH 0OPaOOTKH;

® JIETKOCTh cOOpa psACKHU;

e CcoXpaHeHHue TpeOyeMoU IIoNIaand MOBEPXHOCTH;

® OTCYTCTBHE CHCTEMBI LUPKYJISILIUY;

® [poCTOTa OOCITYXUBAHUS, SKCILTyaTallud U KOHTPOJIS;
e MCHBIIIC 3aTPaT HA pabOUYIO CHITYy U HHPPACTPYKTYPY.

I'myOuna npyna cuurtanack paBHOM 0,5 M, 4TO MO3BOJSIIO OCYILIECTBIISITH
00BN TIepeHOC 0011l MacChl K TOBEPXHOCTH B €IMHULLY BPEMEHHU.

Cucrema nipya 1uist psicku 3 (pekTHBHA TOJIBKO B TEUEHUE MSATH MECSILEB (C Mast
1o OKTsI0pb) B CHOMPCKOM KJIMMAaTe, 4TO TpeOyeT XpaHEeHUs! OOJbIIOr0 KOJIMYECTBA
OpPraHUYECKUX OTXOJOB B 3UMHHMI NEepuoag M MOTYyT OBbITh MOTEHIUAIbHBIM
MCTOYHHUKOM 3arpsi3HEHUs] TPYHTOBBIX BOJ. BhIXoj cyxoi 6GruoMacchl JjIsl 3TOTr0 THUIIA
KOHCTPYKIIMM JJII MECSYHOrO IEpHUOAa BBIPAIIMBAHUA MOXKET nocturatbh 16,84
T/rog/ra. DTO HHU3KOE 3HAUEHUE YpoXKas MOXKET ObITh HEOOJbIIUM HU3-3a
71a00paTOPHBIX YCIOBHUH, UCIIOJIB3YEMbIX UISl BBIPAIMBAHUS PSICKUA, COOTBETCTBEHHO,

CymeCTBYCT BbBICOKAA BEPOATHOCTDb TOTO, YTO B CCTCCTBCHHOM COCTOSIHUH MbI MOKCM
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NOJIYYHUTh IBOMHOE 3HAYEHHE BBIXO/1a CyXOW OMomacchl. BiakHblil yposkail cOCTaBHII
oo1 196,3 T1/rom/ra c coxmepxanueM Biarn 91,42%. Breixogsl pscku  OyayT
BAPBUPOBATHCSA B 3aBUCHUMOCTH OT MHOTMX IapaMETpPOB, BKIIOYAS KIMMATUUYECKUE
YCIJIOBHS M HAJIMYUS MUTATEIBHBIX BEUIECTB ISl pOCTA PSICKU. MaKCUMasbHbIE YPOKaH
MOTYT OBbITh JJOCTUTHYTHI B JIETHUH NIEPUOJ] M B HA4aJIe OCCHHUX MECSIICB.

Cucrema mpyAoB C psCKOM Oblia pa3pab0TaHa B COOTBETCTBUHM C HAIIUMHU
HKCIIEPUMEHTAJIbHBIMHU PE3yJIbTaTaMH, MHOTOYHCIEHHBIMU BAPUAHTAMU TEXHOJIOTHH
U JIUTEPATYPHBIMU JAHHBIMU. AMMUAK SIBJISIETCS OCHOBHOM (DOpPMOIT a30Ta B CTOUHBIX
BOJAaX C BBICOKMM COJIEPKAHUEM NUTATEIbHBIX BEUIECTB, MOCJE YEro BCE PaCUEThl
OaslaHca Macchl M KOHCTPYKLUS MpyAa OyIayT OCYHIECTBISATHCS B COOTBETCTBUU C
yYMEHBLIAIOLIEHCS KOHIIEHTpanueld ammuaka. B cpemHem kaxknas JoiHas KOpoBa
BBIJICIISIET OKOJIO 68 TUTPOB HABO3a B JAEHB C COJIEpKaHUEM Biark 87% W IIIOTHOCTHIO
983,52 xr/m°. Jlns Menkoro craza us 250 KOpoB MOXKET OBbITH mpousBeneHo 17 m° B
JI€Hb KOpOBbEro HaBo3a. OJHAKO Il OTMBIBKM MOJIOYHON (pepMbl LUIAHTaMH
BBICOKOT'O JaBiieHHs TpeOyercsa 50 TUTpoOB BOJBI B JI€Hb HA OJHOTO >KMBOTHOIO, B
pe3yabTaTe 4ero npoussoautces 12,5 M3 cTounbIx Box B cyTku. B nomonnenue k 17 M3
HaBO3a, 00Kt 00BEM IIPOU3BOACTBA CTOYHBIX BOJ OyIET COCTABIATH 29,5 M%/CyT.

belna co3gana MareMarhyeckas MOJENb Ul ONMCaHUs MaccoIlepeHoca
NUTATEJIbHBIX BEIIECTB B BOJOEME C PSACKOM, MpeIHa3HAUYEHHOTo i nepepaboTKu
CTOYHBIX BOJ. Psicka Obl1a BbIpalieHa B BBICOKOIUTATEIbHBIX CTOYHBIX BOJIaX BHYTPU
aHa’POOHBIX cOpakuBarenel (OnoaurecTepax) Wik OUOpPeaKTopax, pa3MeNIeHHbBIX Ha
tepputopur Tomckoil obnactu. B 3Toif Mozmenu paccMaTpuBajcs MEPUOIAUYECKHMA
MpolLecC, MOCKOJBbKY CKOPOCTh IMOTOKAa CTOYHBIX BOJ OTHOCHUTEIBHO HH3Kas IO
CPaBHEHHIO ¢ 00BEMOM PEaKTopa, IOITOMY CKOPOCTh MMOTOKA MOXKHO CUMTATh PABHON
Hymo. [lapaMeTpsl B MOJENM MNPEACTaBISIOT COOOM HAYaJbHYI0 KOHLIEHTPAIUIO
NUTATENIbHBIX BEIIECTB B Cpejie U riayouHe npyzaa. [lpuMenss Bapuanuu napameTpoB
OJTHOTO TOpsiIKa MOJEIMPOBAHHE TIOKa3ajlo, YTO MOJENb SBHO HaMHOro Ooiee
YyBCTBUTEJIbHA K INIyOMHE MPYJa, YeM K KOHIIEHTpAllMU, YTO YKa3bIBaeT Ha TO, YTO
3¢ (HEeKTUBHOCTH Mpoliecca MOTJIOMIEHUS MTUTATENbHBIX BELIECTB B CUCTEME BOJOEMA C

PSACKOW OrpaHuyeHa riayOuHOM.
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1. JlutepaTypHblii 0630p

Bricokoe KONMMYeCTBO MUTATEIBHBIX BEIIECTB B OTXOJAaX *XUBOTHOBOJICTBA U
0o0JIbIIIHE 00BEMBI ATHX OTXO0B CO31aJIH ITT00ATBHYIO 9KOJIOTHYCCKYIO mpodaemy [1].
B mHacrosimiee Bpems TpeOyrOTCS TEXHOJOTHH, To3Boisttomue dhdexkTuBHO
WCIIOJI30BaTh TMHTATEIbHBIE BEIIECTBA M3 CTOYHBIX BOJ, YTO TIPEIOTBPATHT
3arpsi3HEME TIOBEPXHOCTHBIX M TIOJ3E€MHBIX MPHUPOAHBIX BOJ. AJBTEpHATHBHBIC
CUCTEMBbl OYHCTKH CTOYHBIX BOJI, OCHOBAaHHBIC Ha PACTCHUSX, I[TO3BOJISIOT
nmpeoOpa3oBbIBaTh NHUTATEIbHBIC BEIIECTBA M3 CTOYHBIX BOJ B PACTHUTEIBHYIO
Oonomaccy, d9YTO TMO3BOJIUT u30ekaTh MpoOJeM, CBS3aHHBIX C yTHIU3alUeH
OPraHUYECKUX OTXO0B CEIBCKOT0 X03sHcTBa [2].

B nmomonHeHWE K SKOJIOTHYECKHM IPEUMYIIECTBAM, BBICOKOIPOIYKTHUBHAS
OmomMacca pSCKH, TMPOW3BEICHHAsS BO BPEMS OYUCTKA CTOYHBIX BOJ, COACPKUT
BBICOKOE COJIEpKaHUE MUTATEIbHBIX BEIIECTB. 3a mociennue 30 meT uccieaoBarenu
MPOJIEMOHCTPUPOBATIM TOTECHIIMAIbHBIE BO3MOXHOCTH HCIOJIB30BAHUS PSCKU B
KaueCTBE €Ibl JIJIS1 CeITbCKOX 035 CTBEHHBIX )KUBOTHBIX. B CBSI31 C BEICOKOM CKOPOCTHIO
pOCTa ¥ BEICOKUM COJIEp>KaHUEM MPOTEHHA, TPOU3BOAUTEILHOCTh PACKHU MO IPOTEUHY
MoxeT ObiTh B 10 pa3 Oosbiie yem y cou [3]. Cheng u np. [4] ycTaHOBMIH, YTO
CKOPOCTb POCTa PACKH COCTABIAET 29 r-cyxoii/mM?/cyTku, uTo skBUBanenTo 104 t/ralr.
Jl1st HeGombINX PepMEPCKUX XO3SMCTB BBITOAHO UCIIOIH30BATh HEIOPOTUE CUCTEMBI
OYHCTKH CTOYHBIX BOJI HA OCHOBE PSCKH. [Ipy 3TOM OHM TakKe MoTydaroT T00aBOYHYIO
MPOTEUHOBYIO OMOMAacCy.

B03MOXXHOCTH yIpaBiIsiTh POCTOM [IJIs1 OOJIBIIIETO COJAEPKaHMsI MTPOTEUHA HIIN
Kpaxmaja JalT JBE BO3MOXXHOCTH K TOCIICIYIOIIEMY HCIIOJIh30BAHUIO OMOMACCHI
pscku. Bwicokoe copepkaHWe Kpaxmaja MpeArojaraeT 4YTo pscKa MOXKET ObITh
WCITOJIb30BaHA KaK TPOMBINIICHHBIM WCTOYHUK CHIPhS I TOJYYCHHUS dTaHOJA B
KauecTBe TOIIMBA. BrICOKOE coiepkaHne MPOTEHHA Ta€T BO3MOKHOCTD UCTIOJIb30BaTh
ero Kak KOpM JUIS JKMBOTHBIX. J[JIT KOMMeEpIMAIM3AIMA STUX ITOTSHITHATBHBIX
BO3MOXXHOCTEH HCIOJIb30BaHUS PSICKM HEOOXOAMMO pa3paboTaTh cucTemMy cOopa
ypoXkasi pSICKH, TO3BOJIAIONIYIO0 CTA0MIBHO MOTyYaTh OOJIBIINE KOJTUIECTBA OMOMACCHI

psacku. B padore Cheng u Stomp [5] Obuta paspaborana crucrema, 00beIHUHSIIOIIAS
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aHA’POOHBIN OMOPEaKTOp M CHUCTEMY BBIpAIIMBAHUS PSACKH. AHA’POOHBIM PEaKTOp
MPOU3BOAMII dSHepruro (0Woras) W pacTBOpP NHUTATEIBHBIX BEIIECTB, KOTOPBIU
UCIIOJIB30BAJICST KaK CyOCTpar Juisl BBIpAIMBaHUSA OOJIBIIMX KOJHUYECTB PSCKH C
BBICOKHM COJICpYKaHUEM Kpaxmajsa Wid IPOTEeHHa.

HaubGonee moruyHoO CcOCpelOTOUMTHCA Ha BUIE psAcku Lemnaceae s
UCIIOJIb30BAaHUSI €r0 B BOJHBIX CHUCTEMax, CKOHCTPYMPOBAHHBIX JUIsl TOTJIOIIECHUS
MUTATEIBHBIX BEIIECTB U3 OTXOJOB >KHBOTHOBOHYEeCKUX (epMm. [Ipomykmus cyxou
OoromMacchl 0osee BbICOKAs MO CPABHEHMIO C APYTMMU pacTeHusMH U aocturaet 20,4
T/ra B rox s Spirodela polyrrhiza [6] u 54,8 1/ra B rox aius Lemna gibba [7]; [8].

buoras sBnsercs qpyruM BayKHBIM HCTOYHUKOM OMO3HEPTUH, KOTOPBIH OOBIYHO
MOJIYYarOT B pe3yJibTaTe aHa3pOOHOU NepepadOTKU OPraHUYECKUX OTXO/I0B, TAKHX KaK
MYHHUITUTIATBHBIC OPTaHWYECKUE OTXOABI M CTOYHBIC BOJIBI, CEITbCKOXO3SMCTBECHHBIC
OpPraHUYeCKUEe OTXOJIbI, HHIYCTpPHAIbHBIC Opranndeckue otxoanl [9]. Oprannyeckue
OTXOJIbl OOBIYHO COJAEPIKAT JTMHHOIICTIOYEYHBIE MOJICKYJIbI, TaKU€ KaK YTJIEBOIbI,
OeNnKu, >KUPbl W IEJUI0J03a. OTH OPraHUYECKHUE COCAMHCHHUS THAPOIU3YIOTCS
aHa’POOHBIMU OAKTEPHUSAMU JI0 0oJiee MEJIKHUX MOJIEKYJ (caxapa, >KUPHBIE KHCIIOTHI,
AMUHOKHWCJIOTHl ¥ TICITHIBI, HEMHOTO YKCYCHOW KHCIIOTBI, BOAOPO/A U YTICKHUCIOTO
ra3a). Caxapa, >KMpHbIE KHUCIIOThI, aMUHOKHCIIOTBI, IENTH/IBI Janiee GepMEHTUPYIOTCS
JPYTOM TPYNION aHAPOOHBIX OAKTEPUid 0 JIETYUYUX KUPHBIX KUCIOT (MPOMMOHOBAS
1 OyTaHOBBIC KHUCJIOTHI) BO BpeMs amuaoreHes3a. JIerkoseTydne >KHpPHBIE KHCIIOTHI
pasnararoTcsi 10 YKCYCHOM KHCJIOTHI, BOJOPOJAa M OKCHAA Yriepoja BO BpeMs
arieToreHe3a. AHa’POOHBIA TIPOIECC 3aKaHUYMBACTCS MPEBPAIICHUEM YKCYCHOMU
KHCJIOTBI W BOJOpPOJAa B METaH B mporecce MartaHoreHesa [9].  bmaromaps
00pabOTaHHOCTH TEXHOJOTUM M €€ HHU3KOW CTOMMOCTH, MPOW3BOJICTBO Ouorasza
TIOJTYYHJI0 3HAYMTEIBHBIN POCT B MocieaHue rojibsl, ocooenno B Esporre [10]. bonbimoit
WHTEPEC BBI3BIBACT MPOU3BOJICTBO OMOTA3a U3 PA3TUYHBIX UCTOYHUKOB CHIPhS, TAKHX
KaK HaBO3, MYHUIIMIAILHBIE CTOYHBIE BOJBI M OCTATKH CEIHCKOXO3SHCTBEHHBIX

pacTEeHUH.
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1.1. Packa

Pscka — »93T0 ManeHbKOe CBOOOJHO IDIaBAalOIIEE BOJHOE paCTEHHE,
NpUHaUIeKaIIee K ceMeiictBy Lemnacea. DTo ceMeicTBO pa3nensercs Ha 4YeThipe
pona (pacroiio’keHbI 1o yObIBaHUIO KostruecTB BHIOB): Spirodela, Lemna, Wolffiella,
u Wolffia. Camsiii Oonbioit Bug Spirodela polyrhiza taxke Ha3bIBarOT «rUTaHTCKOM
pACKOM» — JMMHA JIMCTa JaHHOTO BHJAa cocTaBisieT 15 mm. B Toxe Bpewms
npencrasutenm pona Wolffia menpme 1-ro mm. Buabl psicku Takke OTIMYAOTCS
crpoenneM ux tena. CemeiictBo Lemnacea obGnamaer crebieM, K KOTOPOMY
NPUKPETUICHBI JIMCThsi U KOpHU. B Toxke Bpems cemeiictBa Wolffiella u Wolffia ne

UMEIOT KOPHEN M3-3a MEJICHBKUX pa3MePOB JUCTa (pUCYHOK 1).

Wolffia Spirodela

brasiliensis punctata
. 7 ”
; / \ 4
’ . F 4 ,
Wolffiella
denticulata Lemna minor
-

1Scm.  1]6 1

Pucynox 1-Pazmepsl pa3nuyHbIX BUIOB PSICKU

Pscka MOXeT pa3MHOXKaTbCs MOJIOBBIM IyTEM C MOMOUIbIO I[BETOB — 3TOT
croco0 pa3MHOXKEHHSI peKO HaOiroJaeTcs y OOJIBIIMHCTBA BUIOB. BereratuBHoOe
Pa3MHOXCHHE SIBJIACTCS JOMHUHHUPYIOLIUM CIIOCOO0M pa3MHoKeHus y pscku [11]; [12].
[Tpu BereTaTMBHOM pPa3MHOXKEHUU JOUYEPHHUI cTeOellb OTpacTaeT OT MaTEPUHCKOIO
CTeOJIA U 3aTeM OTIENISIETCS OT MATEPUHCKOIO PACTEHUSI. DTOT CIIOCOO Pa3MHOXKEHUS
HallOMHUHaeT OWHApHOE JeJeHHEe MHUKpOoOopraHu3moB. Ilo cpaBHeHHMIO € ApyruMu
pacTeHUsIMH, psICKa SBISETCS OJHUM W3 HauOosiee OBICTPO PACTYyLIUMX pacTeHui. B

Ja0opaTopuu MPU ONTHMAJIbHBIX YCIOBUSAX OMoMacca BumoB Lemna aequinoctialis u
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Wolffia microscopica yaBaumBaetcs npumepHo 3a 24 vaca [12]. Pe3ymbraThl MHOTHX
UCCJICIOBAHUI IMOITBEPIKIAIOT BBICOKYIO CKOPOCTh pOCTa OHMOMACCHI PSCKH, HO
NOJIYYCHHBIC JaHHBIC PA3HBIMH HCCIICIOBATEISIMH MOTYT CHJIBHO OTJIMYATHCS JTAXKe
JUTS OTHUX M TeX K€ BUJOB M OJMHAKOBBIX ycjoBuil. [lomydeHHass CKOPOCTh pocTa
PSACKH 3aBUCUT OT OTJIMYMS B KJIMMare, BHJA PSICKH, THIA CPEAbl, CI0ocoOa
OpraHu3aii BojoeMa Ui BbipamuBaHus pscku [4]. Bce atu ycioBus moryr
3HAYUTEIHHO BIUSATH HA CKOPOCTh MIPUPOCTa OMOMACCHI.

Psicka sBRsieTCS MOAXOISIIAM OOBEKTOM JIJISi UCCIICAOBAHHMS TEHETHYCCKUX
Moudukaiuii. Pscka BOCIPOU3BOIUT ceOsl KIOHMPOBAHHEM TaKUM OOpa3oM, 4TO
HOTEePsl DKCIPECCUH TCHOB B CIICAYIOIIEM TOKOJCHHU CBEACHA K MHHUMYMY. OJTH
XapaKTEPUCTHKHM PSICKH JAlOT BO3MOXKHOCTH MPOM3BOJCTBA JICKAPCTB U (EPMEHTOB
IyTEM BBEICHHMS HEOOXOMMMBIX T'€HOB B T€HOM PSCKH C TIOMOIIBIO IE€PEIOBBIX
ounotexHosorui [13].

JIpyrumMu IpeuMyIIeCTBAMU PSICKH SIBJIICTCS YMEHBIIICHUE €10 TIOTEPh BOJIBI ITPH
ucnapennn B Bojgoemax Ha 10-30% [8]; [14], a Taxke cokpallleHHE KOJUYeCTBa
xomapos [15].

Taxoke eCTh Apyrue crocoObl MPUMEHEHHS PSICKHU, TAKHE KaK OYMCTKA CTOYHBIX
BOJI U TOJIyY€HHE TOIUIMBA M3 OMOMAacChl PACKU. Pscka noiaroe Bpems CIyxKuiia
WHIMKATOPHBIM PACTCHHUEM IPH OIpeaeieHnu TokcuuHoctu Box [12]; [16]; [17].
[IpocToTa BbIpaniyBanus, HeOOIbIINE TPEOOBAHUS K IPOCTPAHCTBY, a TAK)KE OBICTPHIC
TEMIIBl POCTAa W PAaBHOMEPHAs KyJbTypa MO3BOJSCT PSICKH OTHOCHUTEIBHO OBICTPO
pearupoBaTh Ha 3arpS3HUTEIH.

M3BecTHO, 4YTO psICKa XOPOIIO PACTET BECHOW W OCCHBIO, 3HAYUTEIHHO

MeEUICHHEH JIeTOM U OUE€Hb II0XO0 3UMOI.
1.2. Psicka AJ11 OYUCTKH CTOYHBIX BOJ

YuyeHbl co BCero MHpa MMpoBOJIAT UCCICAOBAHUSA 110 H3YYCHUTO TIOTCHIITUAJILHOT O
HUCIIOJIB30BaHUA PACKH A1 OYMCTKH BO/, 0COOEHHO Bl YAAJICHUST M3 BOIbI

IMUTAaTCIBbHBIX BCIICCTB. HpellBapI/ITeJIBHaH aHa3p06Ha;1 O4YHMCTKa CTOYHBIX BOJ
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NoBBIMAET d)PEKTUBHOCTD UCIIOIB30BAHUS JIJII OYMCTKH CHCTEM TIPYIOB C PSICKOM,
0COOCHHO IS YIaJICHUS U3 BOJBI MUTATEIbHBIX BemecTs [18].

Brbicokas ycCTOMYMBOCTD PSCKM K BBICOKMM KOILIGHTPAIUMSIM MHUTATEIbHbBIX
semtects (200-800 r/m® azora, u 30-100 /M3 docdopa) ABIsLETCS OUYEHL HEHHEIM €€
CBOMCTBOM B OYHCTKE CTOYHBIX BOJ. Ellle OAHMM NpeuMyIIECTBOM PSCKU TEpen
JPYTUMU BOJIHBIMU PACTEHUSIMU SIBJISIETCS] €€ YCTOMYMBOCTh K HU3KUM TEMIIEpaTypam.
B pabGore [19] Obuto coOpaHO HECKOJNBKO INTAMMOB PSICKM U3 Pa3IMIHBIX
reorpayeCKUX paiioHOB, YCTOWYMBBIX K HU3KKM TeMiieparypam. Lemna gibba 8678
ObLTa TMOMEIIEHa B OTKPBITYI0 EMKOCTh Ha OTKPBITOM BO3[yX€ U HaXOAHWJIACh TaM B
TEUECHHHM HECKOJIbKUX JIHEW npu temreparype Hmwxke 0 °C. BrnocnencrBum pscka
oKa3zajnach cocoOHOM K pocTy mpu temreparype Boabl Beie 0 °C. YcroitunBocTh
PACKM K HU3KHM TeMIepaTypaMm IMO3BOJIET KPYTJIOTOAWYHO HCIIONB30BaTh €€ IS
OYUCTKH CTOYHBIX BOJ B XOJIOJHBIX PETHOHAX, TJ€ HEBO3MOKHO HCIIOIb30BATh
TPONHUUYECKHUE PACTEHUS, TAKKE KaK BOJHbBIN THAIMAHT, KOTOPBINA PACTET TOJIBKO JIETOM.

L. punctata ummeeT XOpolIyl0 CIOCOOHOCTh K H3BJICUCHHIO MHUTATEIbHBIX
BEII[ECTB U3 CTOYHBIX BOJ| CBUHO(MEPM (C BHICOKOM KOHIICHTPALUEH aMMOHHUS OKOJIO
240 r1/M%). CKOpOCTH TIOIIOIIEHMS aMMOHUS U (oc(aT-HOHOB  COCTAaBISAET
cooTBeTcTBeHHO okono 1,0 r/m*u m 0,13 r/m34 [20]. Spirodela polyrrhiza taxxe
XOpOIIIO TOTJIOMIAET MUTATEIbHBIE 3JEMEHThI U3 CTOUYHBIX BOJ CBHHO(EpM — OHa
MOXeT norjomarh 10 84 u 89% obuiero azora u o6miero ¢pochopa COOTBETCTBEHHO.
B xome wcciemoBaHus CrIOCOOHOCTH Lemna mINOr oyWiarh CTOYHBIC BOJIBI
cBUHO(EepM OblJIa YCTaHOBJIEHA CKOpPOCTh IMOTJomeHusT azora u (ocdopa 2,1
r/m?/cyTku n 0,6 r/M%/cyTku cooTBeTCTBEHHO [4].

Paznuunbie BUABI PSICKU HCTONB3YIOTCS JIJII OYUCTKU CTOYHBIX TOPOJCKUX U
MPOMBIIIJIEHHBIX BOJ] BO MHOTHX CTpaHax, BKitouas banrnanemr, M3pauns, CLLIA u ap.
[7]; [21]; [22]; [23]; [24].

Culley u ap. [22] ycTaHOBHIH, YTO CMECh BHOB PSICKH MOKET MOTJaliaTh 10
1378 kr ao3ta (Ty1aBHBIM 00pa3oM B BHJie aMMOHUsA), 347 kr Gocdopa, 441 kr kanus ¢
OJTHOTO TeKTapa BOJAHON MOBEPXHOCTHU 3a TOJ] B KIIMMAaTHYECKUX YCIOBUAX JIyn3naHsbl

(CIA). Psacka takxe yCcTOMUMBA K BBICOKUM KOHIIEHTPAIIMSIM MTUTATEIbHBIX BEIESCTB
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— Spirodela polyrrhiza cnoco6ua k pocty pu KoHIeHTpanuu asora u pochopa 1 r/am?
u 1,5 r/mm® coorsercrBenno [25]. Alaerts u ap. [21] nokasanu, 4to pscka yaauaseT 10
74% ob6miero azota (1o Kenpnamo) u 10 77% obmero dochopa B CTOYHBIX BOAAX
banrmanema mpu BpeMeHM KOoHTakTa 21 cytkm B jetHui mepuona. Ha BeIxonme B
CTOYHBIX BOJIax cojepkanue azora (rmo Kenpmamio) u obmiero ¢gocdopa cocTapiser
cootBeTcTBeHHO 2,7 r/™M° 1 0,4 r/M3. [py BeIpamuBaHuy ITaMMa packu Lemna minor
8627 na 50% pacTBOpe CTOYHBIX BOJA CBHHO(EpPM, yMEHBIIECHHUE KOHIEHTpPALUU
obmero azora (mo Kenpmamo), NH3z-N, dochopa ob6mero, OPOs-P, obmiero
opranuueckoro Bemlecta, K, Cu u Zn npousonuio coorBeTrcTBeHHO Ha 83, 100, 49,
31,68, 21, 28, u 67% [26]. B nepuox pocta psicka norsoriaet a0 83,7% u 89,4% a3zora
1 ¢ocdopa (00I11eT0) COOTBETCTBEHHO U3 BOJI, MOJYUYCHHBIX CMEIIEHUEM CTOYHBIX BOJT
co cBUHHOU (epmbl (6%) ¢ Bomoi (94%) 3a 8 Hemenb. Ypoxkail psACKU IPU 3TOM
cobupacs 1Bax bl B Heaemo [27]. Habmoanoch 3HaYUTENBHO YIyUIlIeHHEe KauyecTBa
CTOYHBIX BOJl — B CpeJiHEM cojiepkaHue a3oTa (mo Kenpaano) ymeHbpinanoch Ha 98%,
cozaepkanue obuiero gocdopa nmagano Ha 98,8%. CkopocTs moriouieHus azora (1o
Kenbaamnto) psckoil U3 CTOUHBIX BOJ] Oblila OJTHOM U3 CaMbIX BBICOKUX U cocTaBuia 4,4
r/M?/ cytku. IIpu 5TOM cofepkaHue paCTBOPEHHOTO KMCIOPO/A B BOJE YBEIMUUIOCH
B cpexnem ¢ 0 mo 3,0 r/m® [28].

Kak pacteHwe nis OYMCTKHM CTOYHBIX BOJ, psSICKa HMEET HECKOJIbKO
MPEUMYIIECTB TIepea APYTUMH BOJHBIMA MakpopUTaMU, TaKUMHU KaK BOJSHOU
THAIUIIMaHT W calbBUHUSA. [lepBoe — 93TO BBICOKAss CKOPOCTh IOTJIOIICHHMS
MUTATEeILHBIX BEIIECTB, MPEINOYTUTSIIBHO HOHOB ammonus [7]. IlormomieHue
aMMOHHUS SIBJISIETCS OUYEHb BaKHBIM B OYMCTKE CTOYHBIX BOJ CO CBUHO(EPM, TaK Kak
a30T HaxOJIUTCA B ATUX BOJaxX TJaBHBIM 00pa3oM B BUJEC MOHA aMMOHHUS. M30bITOK
aMMOHHSI BBI3BIBACT ABTPOPUKAIMIO OTKPBHITHIX BOJOEMOB W KakK pe3yJbTar,
IpEeBpaIICHHEe NOHOB aMMOHHS B HUTPAT-HOHBI U TOMAIJAHUE WX B TPYHTOBBIC BOJIBI
[7]. LleHHBIM CBOMCTBOM PSICKH SIBJISIETCS €€ MpeAnodTeHue K 6osee 3¢ (heKkTuBHOMY
TorIoNeHuo asora B Buge NHy [29], a me NO; [30].

M3-3a BBICOKOH YYBCTBUTEIBLHOCTH K Pa3jUYHBIM OPraHWMYECKUM U

HCOPraHn4CCKNM BCIICCTBAM, BHU]/ Lemna SpeCieS HCITOJIB3YCTCS KakK TECTOBBIM
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OpraHM3M JUIS OLEHKH KadecTBa BOJABI, a TaKkKe TMpU  IPOBEIACHUU
9KOTOKCHKOJIOTUYCCKMX HCCJACIOBAHUN TIPH WM3yYCHWH HETaTHBHOTO BIIASHUS
repOoNIuIOB, (hapMalleBTUUECKUX BEIISCTB, TSHKEIBIX METalo W JAp. BEIIECTB Ha
BOJIHBIC pacTeHus [31].

Bogopocnn u OakTepuu B TPHUPOIHBIX BOAAX KOHKYPHPYIOT C PSCKHA 3a
NUTATEbHBIC BENIECTBA, YTO BEPOSTHO MPUBOINT K 3aMEIJICHHIO POCTA PSICKH.

B cBs13u ¢ TeM, 9TO psicka MaJIeHbKas M €e JISTKO coOupaTh, COOp u repepadboTka
PSACKHM HAMHOTO TIPOIIE MO CPAaBHEHUIO C BOJOPOCISIMHU, KOTOPHIE CIIOKHO COOMPaTh.
Hampumep BOAHBIM THAaMAHT TPYAHO MepepadaThIBacTCs M3-3a JKECTKOCTH €Tro
BOJIOKOH M MOIIHOM KOPHEBOM CHUCTEeMbl. B J0MOJIHEHHE K TMOJOKHUTEIbHBIM
CBOMCTBaM, PsICKa TOTJIONIAET MOHBI aMMOHHUS U BBIJICIISIET TIPH TOM HOHBI BOJIOPO/A,
YTO TMPHBOJUT K CHWKCHHIO pH NPHUpPOJHBIX MOBEPXHOCTHBIX BOA. [IpW HU3KOM
3HaueHUW pPH yMeHbIIAeTCs BBIACICHUE aMMHaka W3 TOBEPXHOCTHBIX BOJ B
arMocdepy [32].

KoHIeHTpaIuss MUTaTeIbHBIX BEIIECTB B Cpelc OOWUTAHHS PSICKU SBISACTCS
nmapaMeTpoM, KOTOPBIM BIHSET Ha KHHETUKY POCTa PSACKA U CKOPOCTH TOTJIOIICHUS
MUTATEIBHBIX BemecTB. KoHIIEHTparuu pa3HbIX (OpPM a30Ta HCIOJIb30BAIMCH Kak
HE3aBHCHUMBIC TICpEMEHHBIC JUIS MPEACKa3aHUsl CKOPOCTH POCTS PSCKHU M TIOTJIOIICHUS
CI0 MUTATEIbHBIX BeliecTB. [34] mcnosp3oBai OOIIy0 KOHIICHTPALMIO a30Ta B €ro
MOJICJIH JIJI1 OIICHKH CKOPOCTH pocTa psicku Lemna obscura B pacTBope KOpPOBBETO
HaBO3a, MepepaboTaHHOM B aHa’poOHOM OuopeakTope. [37] Mcmoab30Ball OTACIBEHO
KOHIICHTpAIlMd aMMOHHMS W aMMHaKa /I HMCCIEIOBaHUsA pocTa pscku Spirodela
polyrrhiza.

Bonee cioxubie Momenu Obutu paspadortansl [35] u [36]. CkopocTh pocTa
Lemna gibba Orplia ommcana ¢ momornpl0 MOIUGUIIMPOBAHHON Moaenun MoHoma
KOTOpasi YYUTBHIBACT KOHIICHTPAIMU PA3IMYHBIX TMHUTATCIBHBIX BEIIECTB, BKIIFOYAS
xumudeckoe norpednenne kuciaopoaa (XIIK) B crounsix Bogax. B mepuoamdeckom
skcriepuMente, nposeaeHHoM [20]; [4], mpomomkeHnue pocta psCKHM HAOMIOAAIOCH
IOCJIe TIOTJIOIIEHHWST €l BceX (opM Heopranmyeckoro asora u ¢docdopa wus

CTCPUIJIBHOT'O IMUTATCIIbHOI'O pacTBOPA. 910 MMPOAOIZKECHUE pOCTa T'OBOPUT O TOM, UTO
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B HCIOJB30BAaHHOM TUTATEJIBHOM pPAaCTBOPE MOTYT OBITh JIpyrue€ HMCTOYHUKU
JOCTYITHBIX THUTATEIBHBIX BEIIECTB. Takke ObUIO OOHAPYKEHO, UYTO PSACKA MOXKET
MOTJIONIATh 3HAYMTENIbHOE KoauuecTBO N U P U3 CTOUHBIX BOJ 6€3 pocTa €€ MaccChl
nepBbie 96 9acoB IKCIMEPUMEHTA, YTO TIOKA3BIBAET CIIOCOOHOCTH PSICKU K TIOTJIOMIEHUIO
Y XpaHCHUIO MIMUTATEIIbHBIX BEIIECTB B €€ TKAHIX IS AaibHekero norpedienus [20];
[4].

Landolt m Kandeler [12] ycraHoBmaM, uTO0 HamboJiee BHICOKAs KOHIICHTPAIUS
a3zota u (hocdopa B Oromacce Spirodela punctata cocraBuaa cOOTBETCTBEHHO 72 MT-
N/t cyxoit bmomaccel u 24 Mr-P/t cyxoit Gmomaccel, B TO BpeMs Kak HauOoJiee Hu3Kas
KOHIIEHTpalusi a3ota u ¢ochopa COCTaBWIU COOTBETCTBEHHO 17 Mr-N/r cyxou
oromaccel 1 6 Mr-P/r cyxoif OMomMacchl.

B cBs3u ¢ OOJBIIMM KOJIMYECTBOM MHUKPOOPTAaHU3MOB B CTOYHBIX BOJIAX,
accolranus 0akTepuii ¢ psICKOH MOXKET MOBJIUATH Ha pocT psicku. Underwood u Baker
[33] mokazainu, uto BBeneHue OakTepuit Vibrio sp. B mutatenbHbBIN pacTBOp MPUBETIO K
3HAYUTEIILHOMY YBEJIMUEHUIO pocTa pscKK Lemna minor , B Toxxke BpeMs J00aBJICHHE
oaxrepuit Klebsiella sp., Enterobacter sp., u Serratia sp. npuBeno K HEOOJBIIOMY
YCWICHHIO pocTa. Takke OBUIO OOHApYyXKEHO NPHUCYTCTBHUE a30T(PUKCHPYIOITUX
reTepoTpodHBIX OaKTepuitl U ranodakTepuii B ciioe psicku B Texace u @iopuze [38].
Taxke ObuTO TOKazaHO, uTo OT 15 mo 20% a3zora psckoi MOTpeOIsIeTCss 3a CYeT
azoT¢ukcaruu. Tem He MeHee, OCHOBHAS YaCTh IMUTATEIbHBIX BEIICCTB MOTJIOMASTCS
PSACKOU U3 KUJKON Cpebl.

Hcronp30oBaHne PSACKH JJI1 OYMCTKA MYHHUITATIATBLHBIX BOJ HE SBJISICTCS HOBBIM
criocodbom [7]. DTm pacTeHUs HCIOJIB30BATUCH IS JOOYUCTKHA MYHHUIUIATBHBIX
CTOYHBIX BOJ OKOJIO IBYX aecsatuiietuit B CILIA [39].

beuto ycranoBneHo, uto ypaineHue N U P psCckoM NpOMCXOOWIIO JIydlle B
MPUPOIHBIX YCIOBHSIX, YeM B JIA0OPATOPHBIX. ODTO OOBICHSIETCS TEM, 4YTO B
71a00paTOPHBIX YCIOBUAX YJAJICHUE MHUTATEIbHBIX BEIIECTB W3 BOJBI MPOUCXOIUT
UCKITFOUNTEILHO 32 CYET POCTa PSCKH, TOT/IA KaK B MMPUPOTHBIX BOJAX MPUCYTCTBYIOT
OakTepuu, HaPUMEP HUTPUPHUITUPYIOIMIHUE U JEHUTPOPHUITUPYIONINE, KOTOPBIE TaAKKe

MOTJIONIAIOT MUTATEIbHBIC BEIIECTBA B JOOABJICHHUH K ITOTJIONIECHUIO UX psckoit [40].
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Texnonorun ounctku, 3()PEKTHUBHBIE BO BpEMS BEreTATUBHOIO MEpHOAA
JAHHOM KyJIBTYpPBl, TPEOYIOT XpaHEHUsI OOJbIIOr0 00ObEMa OPraHUYECKHUX OTXOJOB
(HaBO3a) B TEUEHUH IOYTU TOjia BO BpeMsl pabOThl KMBOTHOBOIYECKUX (DepM, UTO
IPUBOJUT K 3HAYUTEIBHOMY YBEIMYEHUIO CTOMMOCTH YTUJIM3ALMU OTXOAOB JUIS
¢depmepoB. B ocHOBHOM niepuoj pocTa psicKku 0oJiee MpOoI0IKUTENBHBIN YeEM y JPYTUX
pactenuil (Kykypysa, cost). IIponomxkurenbHocTh nepuoga 3p(EeKTUBHON OYMCTKH
CTOYHBIX BOJI MOKET OBbITh YBEJIMUYEHA 3a CYET Moadopa IITaMMa PsCKH, KOTOPBIH
XOpOLIO pacTeT paHHEW BECHOM M MO3Jel OCEHbI0. DTOT HITaMM OyneT Haubosee
3 PEKTUBHO OYHINATH CTOYHBIC BOJIBI U B JISTHUW TIEPUO]] BpeMeHH [2].

B nomnonHeHue K BBICOKMM CIIOCOOHOCTSIM PSCKM K OYUCTKE CTOYHBIX BOJ,
psicka, 0cCOOEHHO BU/bI Lemna, uMeroT BO3MOKHOCTh K UX YJIYYILEHHUIO B OyyIOIIEM
C TIOMOIIBIO TeHeTHYecKo wuHxkeHepuu. IIpocroTra mpouexypbl BHEAPEHUS
qy>KEPOJIHBIX TeHOB B BB L. gibba u L. minor 6pu1a npogeMoHCcTprpoBaHa B paboTe
[13]. DTa TexHOJOTHS TO3BOJISET YBEJIUYHUTH CIOCOOHOCTH PSICKH K TOTJIONICHHUIO
MUTATEIbHBIX BEIIECTB WM JAPYTUX CIEHUPUUECKUX 3arps3HUTENICH U3 CTOYHBIX BOJ

Y BBIX0J1 OMOMACChl, YTO 3KOHOMHYECKH BBITOJHO.
1.3. Hcnoab3oBaHus PSCKH /151 MOJYYEeHHs 0eJIKOBBIX KOHIIEHTPATOB

B03MOXHOCTB UCTIONB30BAaHUS PSICKU B KaU€CTBE MCTOYHHKA OEIIKOB B KOpMax
TS J)KUBOTHBIX HauaJld aKTUBHO M3y4aTh B KoHIIe 20 Beka. BHuMaHue uccnenoBarene
IIPUBJIEKIN 0COOBIE XapaKTepUCTUKU pscku Buaa Lemnaceae. Conepxkanue Oenka B
Hel kosebieTcs oT 15 10 45 % cyxoi Macchl B 3aBUCUMOCTH OT KOHKPETHBIX BUJIOB H
IITaMMa, B Ipejieax OJHOro BUA, a TakKe yCJIOBUH BeIpammBanus [12]. [To stomy
MOKAa3aTelNl0 PSICKY MOKHO CPaBHHUTH C COEH, coaepkaHue Oelka B KOTOPOMl MOXKET
BapbupoBatbcsi OoT 33 a0 49 % B 3aBUCHUMOCTM OT TE€HOTUNA W YCIOBUM
kynsTuBUpoBaHus [41]. KomndecTBo Oeiika B psiCKE MPEBBIMIACT €r0 COACPIKAHUE B
OCHOBHBIX 3JIaKOBBIX KyJIbTypax [42].

Bricokass CKOpOCTh TOTJIOMIEHUSI PSICKONW OMOTEHHBIX BEUIECTB W3 BOJIHI,
KOTOPBIE YacTO SIBJISIFOTCSI 3arps3HUTEISIMU TPU UX BBICOKOM KOHIICHTpAlluu, HE

ABIACTCA CAMHCTBCHHBIM OIIPCACIIAIOIINM BHUMAHNC (b&KTOpOM.
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W3BecTHBI CITOCOOBI MPUMEHEHUS PSACKU JJI1 OYMCTKU CTOYHBIX BOJI, IIOTYYCHHUS
TOTTMBA U3 OMOMACCHI PSCKHU, JJIsl oOoraiieHus noyB. B cenbckom x035HCTBE HHTEpEC
K pSACKE BbI3BaH €€ BBICOKOM MUTATEIbHOW IIEHHOCThIO. MHOTHE HccieoBaTeNu
CUMTAIOT BO3MOXKHBIM HCHOJb30BaTh PSICKY B KadecTBE KOPMOBOM 10OaBKH ISt
’KUBOTHBIX (Kyp, KOpOB, pbiObI) [12]; [44]; [45]; [46].

Tak, B padote [11] mpencraBieHsl pe3yIbTaThl OLICHKH PSCKU B CPABHEHHH C
COEM, XJIOMKOBBIM 3€PHOM, apaxyWCOM M JIOIEPHON MO CHOCOOHOCTH K CKOPOCTH
OPOAYKIMA M COACPKAHUIO TMUTATEIbHBIX BEHIECTB. YCTAHOBJIEHO, YTO TMpHU
BBIpAIIIBAaHUH Ha OJTMHAKOBOM TUIOIIA/IHU 32 OJJUHAKOBOE BPEMS COsI IaeT OEIKa TOIBKO
Ha 10 % Oonpmie Mo cpaBHEHUIO C psAcKOWM. OIHAKO JJiA BBIPAIUMBAHUS DPSCKU
TpeOyeTcss MeHblIasl IUIoU[aib, M CKOPOCTh pOCTa €€ 3HAYUTENIBHO BBILIE, IIO
CPaBHEHHUIO C COCH.

ConepxaHue npoTEUHA SBIISAETCS BaXXHOW XapaKTEPUCTUKOM, MO3BOJISIONIEH B
MOCJIEAYIOLIEM UCIOIb30BaTh MOJYyUYEHHYIO OMOMAacCy psCKU B KaueCTBE OEJIKOBOIO
KOpMa JIJIsl KPYIHOTO POraToro CKota, NTHIbI, pbi0. KieTku pscku comepkat Maio
JUTHUHA, BCJEACTBHE YEro psCKa JIETKO MEpPEeBapUBAETCSA B JKEIYIKE >KMBOTHBIX, U
obJsiergaercs J0CTyI K ycBosieMomy Oelky [47].

Hewmenkue yuenblie [48] n3ydanu nuineByro MEHHOCTh psACKU Lemnacea ¢ Touku
3peHUs] BO3MOKHOCTH €€ HUCI0JIb30BaHUS B KaueCTBE MUIIM 715 yenoBeka. [lokazaHo,
YTO cojiep:kanue Oenka B psicke coctaisieT oT 20 % 1o 35 %, xupa - ot 4 % 10 7 %
u kpaxmana - ot 4 % no 10 % B mepecuere Ha CyXO€ BEHIECTBO. Y CTaHOBJIEHO
coJiep kaHNEe aMUHOKHUCIIOT B pscCKe: u3uHa - 4,8 %; MeTnonnHa u ructenHa — 2,7 %;
(deHunananvHa u Tupo3uHa - 7,7 %. IlomydyeHHbIe pe3yNbTaThl CBUAETENBCTBYIOT O
TOM, 4TO COJEpKaHHE JAHHBIX aMUHOKHCIIOT OJIM3KO K peKoMeHanusM BceemupHoit
OpraHu3alyy 3paBooXpaHeHus. boiee TOro, 9T KpoIleuHble PacTeHUs COIEpKaT
LIEHHbIEC OMera-3 KHUpPHbIE KUCIOThI TAaKUe, Kak CTHOPUAOHOBAS U alib(a-TuHOJIECHOBAS
KHUCJIOTHI.

ConeprkaHre aMHUHOKHUCIIOT B psicke Buaa L. minor npeacrasieHo B Tadwiie 1

[48].
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Tabmuna 1- AMHHOKHCIOTHBIN cocTaB OelnKkoB B psicke Buza L. minor (/100 r Genka)

an
an s E
R~ = =f o = | B
s e |25 |- |3 |z |5 |- |5 |s|E|8|:|5 |5z
£ | |8 | |E | |8 |8 | |g8 |5 |9 |8 |= |8 |=E |8
Sl |5 &5 |E|E |5 |8 |5 |88 |2 |2 &a|&
= = |< |5 |0 |2 |2 |< @ |2 B | & |8 |- |< |
09 (16 8,2 40 41 98 46 5,1 |46 (3,7 |7,3 |31 44 50 |15 |48 3,8

Bo MHorux asmarckux cTpaHax, Takux kak KamOomxka, Taunann, Jlaoc, monu
TPaJUIIMOHHO YITOTPEOJIAIOT B MUY Takoi BUa pscku, kak Wolffia [49].

B Hacrosiee BpeMs pacTeHUs TNMPU3HAHBI €IUHCTBEHHOW >KU3HECTIOCOOHOMU
IPOM3BOJICTBEHHO!N TUIATGOPMON JUISI TIPOM3BOJICTBA CEKpEeTOpHBIX aHTHUTeNn [50].
OcoOplii  HMHTEpPEC  BBI3BIBAIOT  MPOMBIIUIEHHBIE MPOTEUHbl  PACTUTEIBHOIO
MPOUCXOXKJICHUSA, TPEACTABISAIOMME COOOW TUAPOJa3bl, BKIIOYas TIJIUKO3M1a3bl
(HampuMmep, UEJUIIONa3a, amMuia3a M I[IIOKYPOHMJa3a) M MpoTeasbl (Harpumep,
TPUIICUH). bruokaTann3aropbl UCHOIB3YIOTCS B OOJBIINX KOJIWYECTBAX U BO MHOTHX
MPOMBIIUICHHBIX MPOU3BOJICTBAX, MO3TOMY II€HA Ha HMX HE JIOJDKHA BBICTYNATh B
KauyecTBe JUMUTHpPYIOIIEro ¢pakropa. OCHOBHBIM IPEMATCTBUEM JUJISl UCIIOJIb30BAHUS
MIPOMBIIIUICHHBIX OENKOB SIBJISETCS TOT (aKT, 4TO JJIsl BBIPAIIMBAHUS TPAHCTEHHBIX
pacTeHuil He0OXOAMMbI 3HAUUTEIIbHBIE 10 TUIOLIAIN 3eMelIbHbIE yuacTku. Kpome Toro,
HEOOXOJMMO IIHMPOKOE NPU3HAHME OTKPHITOM KyJbTUBALMU pACTECHUM Uis
npou3BojcTBa Oeika [51].

B HacTosi11ee Bpemsi CIONIb3yeTCsl HECKOJIBKO BUIOB PACTUTEIBHOTO ChIPhS IS
IPOU3BOJCTBA Oelika, KOTOpble B TOM WM MHOW Mepe CIyKaT €lle U ChIPbEBBIM
MPOJYKTOM MUTaHUS (KOPMOBOM KyJNbTYpoil). YUuThIBas Takke M TOT (PakT, 4YTO
rno0anpHbBle  3amachkl  NPOAOBOJBCTBHS,  COIJIACHO — MPOTHO3aM, CTaHOBSTCSA
OrpaHUYEHHBIMH, JaJbHEHIIEE HCIIONb30BAHUE 3TUX BUAOB ChIpbs OyIeT BCTpedaTh
conpoTtuBieHue.  [loaTtomy oueBHIHA HEOOXOJUMOCTh B pa3pabOTKE HOBBIX
MPOU3BOJICTBEHHBIX pemieHui. [lepcriekTrBHON MIaThOpMOn SBISETCS TOTyYeHUE
Oenika u3 OOJOTHOM PSCKH, TaK KaK OHA HE SIBJISETCS B IMOJIHOW MEPE ChIPhEBBHIM
OPOAYKTOM NUTaHUSI U JUIS €€ BBIPAIUBAaHUS HE TpeOyeTcss OOJbIIOE KOJINYECTBO

3CMCJIBHBIX HJ'IOIHaI[eI\/JI. Psacka saBnsercs HACAJIBHBIM CBIPBCM JIsA IIPOHU3BOACTBA
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pexoMOuHaHTHBIX OenkoB. Ona Oe3omacHa, ObIcTpopacTymas (BpeMs YABOCHHUS
Ouomacchel mopsiika 36 4), JIETKO BBIpAlIMBAeTCS U COOMPAETCS,, UMEET BBICOKOE
conepkanue Oenka (mo 45% cyxoro Beca) [13]; [52]. DTo pactenue crocoOHO
IPOAYLUUPOBATh CIIOKHBIE OCJIKH, KOTOpbIE HEJETrKO MOJY4YHTh U3 OakTepuil u
JPOXKEH, UM TPOU3BEJICHHBIX B T€UEHUE JJIUTEILHOTO NIEPHO/Ia BPEMEHHU KIIETKAMU
MiekonuTaromux. Kpome Toro, pscka cheqoOHa U, CIEAOBATENIbHO, MPEACTABIISET
co00If IPUBJIEKATEIBHYIO CHCTEMY IS TIepopaibHBIX BakiuH [53]; [54]. Kpymnneiimas
ounotexHosnornueckas kommanuus Biolex Inc. (ITmrrcbopo, mrat CeBepHas
Kapommnra) Bemer pa3paboTku 3(OPEKTUBHONW CHUCTEMBI IS TPOW3BOJICTBA
(dapmareBTHUECKUX OSIIKOB Ha OCHOBe psicku Lemna [48].

Jnst Toro 4robsl matdopma MO MPOU3BOACTBY Oelka M3 PICKU ObLia
IKOHOMHUYECKH 11eJeco00pa3HOM il MPOMBIIIIEHHOTO TPOU3BOJICTBA, HEOOXOIUMO
pelIUTh psiA BOMNPOCOB, B TOM UHWCJIE YIYYIIUTh YPOBHU OHKCIpeccuu Oelnka,
UCCIIEIOBaTh TE€HOMHYI HMHGOpPMAlMI0O O pa3MHOXKEHMHM PICKU, a Takke
WHTCHCU(PHUIIMPOBATh METOIBI ISl YBEIWYCHHS 0 POMBIIUICHHBIX MAaclTaboB
IPOM3BOJICTBA, KaK B 3aKPBITHIX, TAK M OTKPBITHIX cucTemax [52]. Cuctemarndeckue u
COTJIACOBAaHHBIC HCCIEIOBATEIbCKUE YCHIIHS, OCHOBaHHBbIE HAa OHMOJOTHYECKHX U
WHKCHEPHBIX HAayKaX Takhe, KaK OINTUMHU3AIUs Tpolecca MpPOU3BOJICTBA,
UCIIOJIb30BaHUE PETYNIATOPHBIX 3JIEMEHTOB U MCIOJIb30BaHUE T€HETUYECKUX KOJIOB, a
TaK)Ke pa3paboTKa YJIy4YIIEHHBIX CUCTEM KYJbTUBHPOBaHUS B (POTOOMOpPEAKTOpax,
OyAyT UMETh pelIaoliee 3Ha4YeHHe B IPOU3BOJICTBE IpOoTerHA U3 Lemnaceae.

Cy11ecTBYIOT 1B€ OCHOBHBIE KATETOpUH OMOPEAKTOPOB, OOBIYHO UCTIOIb3YEMBIX
JUIS KyJbTHBUPOBAHUS PACTEHUH, KIETOK, TKAHEH M OpPraHOB: >XHUAKO(MA3HBIE H
razodasueie peakTopbl [55]. Peaktopbl Ha kuakoi (ase Hambosee dYacrto
UCTIONB3YIOTCS, HO JJOCTAaBKa KMCJIOPO/AA B MOTPY>KEHHBIE KIIETKU WJIM TKAaHU OCTAeTCs
po0emMoii. BOJBITMHCTBO PACTUTENBHBIX KJIETOK M TKaHEW IMOABEPIKEHBI CTPECCY
C/IBUTA, MIOTOMY, B OTJINYME OT MUKPOOHBIX KJIETOK, arpeCCUBHOE BO30YXKICHHE HE
0CcO0eHHO mMoJe3Ho. ['a3odasHbie PEeakTOpbl C MUHUMAIBHBIM CABUTOM pEHIAOT
npobnemy noctaBku Oy. J{s KpymHOMAacTaOHOM KYJIbTYpPhl pACTUTEIBHBIX KJIETOK U

TKaHel OOBIYHO WCHONB3YIOT CIEAYIOIIME THUIBI OHWOPEAKTOPOB: PEAKTOPBI C
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MEXaHUYECKUM I[epeMelInBaHueM, 0apOOTaKHbIE KOJOHHBI, BO3IYLIHbIE JUQTHI,
Bpalaromuiics 6apabdas.

Jis  [OCTWXKEHHS pasyMHOW HOPMBI MPHOBUTM  MPOU3BOAMTEIBHOCTD
PACTUTENBHBIX KJIETOYHBIX KYJIbTYp TOJKHA Bo3pactd B 10-50 pa3, u 3T0 TpeOyet
CHCTEMaTHYECKOW CTpaTeruy, HaANpaBICHHOM Ha MakCHUMHU3aUuio 3((EeKTHBHOCTH
BCEX JTAllOB MPOM3BOJCTBEHHOIO KOHBEHEpa OT IKCIPECCHH T'€HOB JI0 KYJBTYPHI

KJICTOK, ITpOIiecca BhIJICIICHHS, U, HAKOHEIl, OYUCTKH Oeinka [56]; [57].
1.4. BoipanmuBaHue psSICKU U ee cOop
1.4.1. Cxopoctb pocTa

BonbmiHCTBO MccieaoBaTeNell PEKOMEHAYIOT HadyaTh W MOAACPKUBATH
CUCTEMY BBIpAIlMBaHUSl PACKU C COXPAHEHUEM OJIMHOYHOTO CIIOSl PSCKHU, KOTOPBI
MOJIHOCTBIO 3aKpbIBACT MOBEPXHOCTh BOJBI. Eciam psicka MOJHOCTBHIO 3aKpbIBAECT
BOJIHYIO TOBEPXHOCTh, TO 3TO MOABIACT pa3BuThe Bojopociei [40]; [30]. Macca
PSCKH yIBauWBaeTcCs 3a 2-7 JHEH W OMUCHIBACTCS JIOTApU(PMHUUECKUM 3aKOHOM POCTa.
JIuneiHplil pocT OMOMacchl psACKM HaxonuTtcs B auanazoHe 10-120 rpamm cyxoit
maccel Ha 1 M? mns L. minor [58]. Reddy u Debusk [58] yctanoBumu, uro npu
HavaJIbHOM KOHIeHTpauuu pscku 10-11,9 r/m? (B mepecueTe Ha CYXyI Maccy) pocT
BOJIOpOCIICH OIHOCTBIO oassiercs; [22]; [59]; [60] ycranoBMIN, YTO KOHKYPEHITHS
BOJIOPOCJIEN C PSICKOM CTAaHOBUTCS MUHHUMAJIBHOW MPU HA4YaJIbHOW KOHIECHTPALUU
psacku 30-40 r/mM? (B mepecuere Ha CyxXyl Maccy); B Toxke Bpems [61] m [21]
PEKOMEHIYIOT HaUaJIbHYIO0 KOHIIEHTpaIHIo psicku oT 80 1o 132 r/m?,

OOBIYHO BBIXOJ] CyXOM OWOMaccel pscku coctaBisser 7,4-23,5 T1/ralron.
MaxkcuMaibHBIN BBIXOJ] CYXOM OMOMAacchl ycTaHOBIJICH B padote [21]; [6] cocTammiser
42-61,8 T/ra/rom, OmNHAKO MpHM HM3KOH IJIOTHOCTH pACTEHUH, HEAOCTATOYHOM
OCBCIIEHUM, HEONTUMAJIBLHOMW TeMIepaType WM KOHIICHTpPAIMd MHUTaTEIbHbIX
BEIIIECTB HAMBBICIIIAsE CKOPOCTh POCTa pacTeHui gocturaetes penko. [40] yeranoBwmi,
YTO CBET SBISETCA BaXHBIM (DAKTOpOM pocTa PSACKHM W PEKOMEHIOBAN JIS
MAaKCUMAJIBHOW CKOpPOCTHM pOCTa PSCKH AWaIa3oH 3HaueHuM ocenieHHoctu 200-

300 pumons/m?/cex (PPF) B moMemenuu. 3aBMCHMOCTb IUIOTHOCTH CIOSL PSACKH OT
35



WHTCHCUBHOCTH OCBEIEHUS OYEHb YAOOHA /ISl MPEICKa3aHus CKOPOCTH POCTa U
BBIXO/1a OMOMacchl psicku [65].

Cnenyrone (akTopsl TOPMO3SAT CKOPOCTh pocta psickH. CKOpOCTh PACKU
YMEHBIIIAETCS TIPU JIOCTI)KCHUH KPUTHYECKOTO 3HAYCHHSI OMOMACCHI, TP KOTOPOM
IPOUCXOAUT TepekpriBanue uctheB psacku [40]; [59]; [22]; [58]. Takxke ckopocTh
PACKHU 3aMeIseTCS TPU HU3KOM KOHIeHTparmu nutateiabHbiX BemecTB [30]. Psacka
IPEIIOYNTACT MOTJIONATh a30T B BUJIC MOHOB aMMOHUS, HE)KEIIH B BUIC aMMHUaKa WA
Apyrux GopM B CBSI3U C TEM, YTO MOMIOIICHUE HOHOB aMMOHHMS U ITPEBPAIICHUE UX B
AMUHOKHCIIOTBI M IPOTEHBI BHYTPH PSCKH TpeOyeT MeHbIIe SHepruu. CKOpoCTh pocTa
ymenbinaercs ecmn NHs>NH, mmm korna pH Gonsmre pKa amMmMorwus, paBHOMY 9,25
[40]; [22], B To Bpems kak NH; (pacTBOpeHHBIN WM Ta3) HHTHOUPYET META00IH3M H
ra3000MeH B KJIETKaX PSCKHA M3-3a BIMSHHS Ha CUCTEMY IEPEHOCA 3JICKTPOHOB [63].
Ocaxnenue dochopa u kanpuusg npu pH okono 9,3 NMpUBOIUT K YMEHBIICHUIO
PaCTBOPEHHBIX MMUTATEIBHBIX BEIIECTB, BCJICACTBHE YErO0 CKOPOCTh PSACKH TaKKe
yYMEHbINAETCs. P McclieioBaHUs MMOKa3ald, YTO BETEp M JIBHKCHHUE BOJBI TAKKE
yMeHbIIaeT ckopocTh pocta psicku [30]; [61]. [Tpu Temneparype nmxe 17 °C psicka
HAaYMHACT YMEHBINATh CBOKO OWOMaccy W Tpu Temreparype okoso 5 °C oHa
omyckaercst Ha HO [64]. CkopocTh pocTa TakiKe YMEHbBIIACTCS TPU KOHKYPUPOBAHHU

Pa3IMYHBIX BUIOB PICKH MEX1Ty co0oit [6].
1.4.2. Coop ypo:xasi picKu

COop psICKHU SABJISCTCS HEOTHEMIIMMBIM 3JIEMEHTOM CHCTEMBI OYMCTKH BOJIBI C
MTOMOIIIBIO PSICKU TaK KakK 3TO MPUBOAUT K GU3MUECKOMY yAalIeHHIO a30Ta u docdopa
U3 CUCTEMbl BMECTE C MOJydeHHOU Omomaccoit. besz cOopa ypoxas psScKd pacTeHHE
OyaeT yMHpaTh M OIyCKaThCsl Ha JIHO BOJIOEMA, Pa3jiaraThCsl ¥ MOTJIONICHHBIN €F0 a30T
u ¢dochop OyayT BO3BpamaThCs B Bomy. V3BimedeHHass Omomacca MOXKET OBITh
UCIIOJIb30BaHa B KauecTBe yaoOpeHus [64], B kauecTBe OenkoBoro kopma [22]; [66]
WK U1 IPOU3BOICTBA TOILIMB, HanpuMep MeTaHa [62]; [67].

UYacTtora cOopa ypokas M KOJIMYECTBO COOpaHHOW OmMOMAacchl 3a OJWH COOp

OTJIMYAIOTCA AJIA pa3IMIHBIX I/ICCJ'IG,Z[OBB,HI/II\/'I. HpI/I BbIpalllUBaAHUHU PsACKH, OHA J0JI2KHA
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3aKpbIBaTh BOAHYIO ITOBEPXHOCTH JIs TOJABJIEHUS KOHKYPHUPYIOIIMX C HEW 3a
MUTATEeNIbHBIEC BEIIECTBA BOJAOPOCIEH, 1 cOOp ypoxKasi psICKA HE0OXO0IMMO MPOBOIUTH
He pexe oAuH pa3 B 20 AHEH M yaiie AJis JIyUIlero y1ajJeHus MUTaTeIbHbIX BEeIECTB
U3 ouuIiaeMoil Bojabl [68]. BeposTHO OHON W3 JyYIINX CHUCTEM IO BBIPANIHBAHUIO
pSCKM siBIIsieTcs cucteMma B baHrnazer, rje BbIpallleHHAs Ha CTOYHBIX BOJAX pscKa
UCTIONIB3YEeTCsl B KayecTBe KopMma Juist Tpecku [64]. JlaHHas cucteMa OYMCTKH BOJIBI
ABJIAETCSl YCHEIIHOW, TaK Kak IOOOYHBIA MPOAYKT B BHJAE OHOMACCHl PSCKH
HCIIOJIb3YETCsl B KAYECTBE KOpMa ISl BbIpaiaBaeMoil peiObl. [IpruMepom HeynauHoM
CUCTEMBI BBIpAllMBaHUs PACKHU siBisieTca cuctema B ropoae bymnaep (CLLIA, mrar
HeBana), rioe psicka BhIpalllUBaeTCs B JIaryHe IUIOmanbio 4,5 ra, cKiaaupyercs Ha
MECTHOH MYCOpKE M HCHOJB3yeTCsl B KauecTBe Kommocrta. Cucrema paboTaer
HEYJIOBJIETBOPUTENIBHO M3-3a TOr0, YTO YETHIpE pPadOUYUX C JABYMS MEXaHUYECKUM
cOOpHHUKaMM yposkast psCKH HE yCIeBaloT ee coouparb. CUCTEMa BhIpAILIMBAHUS PSICKU
TpeOyeT TOCTaTOYHOE KOJIMYECTBO pabouei cuiibl i1t coopa Onomaccel psicku [64].
HenpepbIBHBIN cOOp ypoXkas yJaydllaeT yJaJdeHUE MHUTATENIbHBIX BEIIECTB U3
BOJBI M IIPENOTBpALIACT NEPENOJHEHUE BOJOEMA PSACKOM, BCIEICTBHE YErO PSCKA
MOKET YMHUPATh, pa3jlaraThCsl U MUTATENIbHbIE BEIIECTBA OYly BO3BPAIIATHCS B BONY.
B mrare Jlymsuana [22] ycranoBuwim, uto oT 50% N m P B Ouomacce pscku
BO3BpAIIal0TCs 00paTHO B BOJTY, €CIIH TIEPHOI cOOpa MEXKTY YPOKasIMHU PSACKH OOJIbIIE
20 nueil. Heckosibko MCCIeA0BaHUMN MOJATBEPKIAIOT HEOOXOIUMOCTh cOOpa OOJIbIIEH
yacTH OMOMACChI PSCKH, BBIPOCIICH B TEUCHUU 3 HEACINb IS YIyUIICHUs yAaJeHUs
NMUTATENBHBIX BENIeCTB W3 Boabl. B banrmanmem [21] ycraHoBwim, 4to mpu cOope
ypOoXKas Kaxable 2-3 IHS IPH CPEIHEM IPUPOCTE CyXOl OuoMacchl psacku 4,5 r/mM? B
JeHb yaaneHue obiiero ¢ocdopa gocturano 74-77% (90-95% B nepecuere Ha PO,).
B Acrpaymu [61] npu cOope ypoxkas xaxaeie 84, 132 u 250 4 ycTaHOBWIIH, YTO
MaKCUMAaJIbHBINA MPUPOCT OMOMACCHI PSCKH M KOHIIEHTPAIIHS MTUTATEIHHBIX BEIIECTB B
Oromacce OTpULIATEIbHO KOPPEIUPYIOT C MPOJOJKUTENBHOCTBIO €€ BhIpaliuBaHus. B
Taiinanne [6] BapbrpoBaiu HHTEPBAT MEXIY cOOpaMH yposKasi pSCKH B JHAIa30HE 2-
15 nHeWl B 3aBUCHMOCTHM OT TOTOAHBIX YCJOBUH Ce€30HA (TEIUIbII/XOJOHBIN) U

YCTaHOBHJIU TaKyO e 3aKOHOMEPHOCTb, Kak U [61], a Takxke 0OHAPYKUIIH, YTO MPH
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KOHLEHTpamuu oomero ¢ocpopa Hmwke 0,3 1/M° HOPMAIbHBIA POCT PIACKH
HEBO3MOKEH. B ApyroM ucciaenoBaHuy ObUTIO YCTAHOBJIEHO, YTO IPH KOHILIEHTPALUU
azora 1 pocdopa coorBeTcTBEHHO 4 I/M° 1 0,74 1/M® HOPMABHBIN POCT PACKH TAKIKE
HEBO3MOXKEH [69].

Hecmotps Ha TO, 4TO yacThIil COOp ypoxkasi yBEIUUUBAET IPUPOCT OMOMACCHI U
yZlaJ€HUe TUTATEIbHBIX BEIECTB U3 OYMILAEMBIX BOJ, YaCTOTa COOpa OrpaHUINBAETCS

DHEPTeTUYECKUMH U TPYIOBBIMU 3aTpaTaMHu.
1.5. UHru6uTopsl pocTa psicKu

Bb110 pOBEIEHO MHOTO PA3IMYHbBIX UCCIIEI0BAHMM, KOTOPBIE MOKA3BIBAIOT, KAK
JIETKO U B OOJIBIIIOM KOJIMYECTBE PacTeT pscka. PacteHns 3Toro Buaa, BBUY CKOPOCTH
CBOETO POCTa, XOPOILIO NOJIXOAT AJIsl U3y4eHHsI TOKCUUHOCTU. B nanHo# pabote Oonee
1,5 roga ObuIM MOTpadyeHbl Ha pa3pabOTKy NMUTATEIBHOTO pacTBOpa M BHYTPEHHEH
Cpellbl, OAXOASIIEH I pOCTa PSCKU. B pe3yipTaTe MoTepu HECKOIBKUX KYJIBTYP 3TO
UCCJIEJOBAaHUE TPOJAEMOHCTPUPOBAIIO HECKOJIBKO (PaKTOPOB, KOTOPBIE MPETSTCTBYIOT

POCTY PSICKH, B TOM YHUCJIE: BETEP, BOJOPOCTHU, TPUOKH, TJISI U TUIOTHOCTDH IMOCEBOB.
1.5.1. Betep

Psicka npeanouynTaeT pacty B CIIOKOMHBIX YCIOBUSX. B Havane uccienoBaHus
OBLJIO OOHApPYKEHO, YTO PsCKA BCTPEUAETCA TOJBKO B BOJAOEMAX, 3alIUIICHHBIX OT
BETpa JIEPEBbSIMM M B MEJUICHHO ABIKYIICHCS Bojae (pucyHok 2), OJHAaKO OHAa HE
MOXXET pacTd B TpyAaxX C JBWKYIICHCS IMOBEPXHOCTHIO BOABI (pucyHOK 3). B
HECKOJBKUX KCCIICIOBAHUSAX JPYTUMU YYEHBIMH OBUIM CHETIaHbl aHAJOTHYHBIC
HaOmoaenus [6]; [70]. CymecTByrOT KOpIOpaldy, KOTOPhIE MPOJAOT IIaBaroIIHe

Oapbepbl I CHYDKCHUS BO3JICHCTBHS BETpa M IBHKEHUS BObI [61].
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Pucynox 3- Psicka He MorJia pacTu B BOJIoeMaXx ¢ JBIKYIICHCS ITOBEPXHOCTHIO
BOJBI

1.5.2. Bonopocan

Pscka nMeer Xopouryro NOTEHIIMAIbHYI0 BO3MOXHOCTh K CHM)KEHHIO OOILEro
coJiepKaHus B3BEIICHHBIX TBEP/IBIX YACTHI] B CTOYHBIX BOAaX [ /1], rmaBHBIM 00pa3om
MEPEKPBIBAsI CIIOM BOJABI M MOJABISAA pocT Bojgopocien. C Ipyroil CTOPOHBI, €Cld
IJIOTHOCTH MOCEBOB PSACKM 3HaunTeNnbHO MeHble 100% -Horo nokposa wiu 20-30 r-

CyXOli /M2, TO BOJOPOCIIH TIOTy4aroT JOCTATOYHOE KOJUYECTBO COIHEYHOTO cBeTa [72];
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[73]. Koraa Bomopociy MPUCOCTUHSIOTCS K JIMCThSIM PSCKU, HEOOJNBIIHNE My3bIPbKH
BO3/yXa TOSBIIIOTCS IO/ CPEIOH, OTCEKAIOMIEH KOHTAKT PSICKH C JKUIKOCThIO [12].
Kak ToJ1bK0 BOJIOPOCIH HAYMHAKOT KOHKYPUPOBATH C PACKOM, MX TPYAHO YAATUTh [ 71]
0e3 xumudeckoir oOpaboTku [6]. st J1eMOHCTpaIuu MOTSHIMAA BOJOPOCIEH K
MOJIaBJICHUIO POCTa PSCKKM OBUT TPOBEIEH SKCIEPUMEHT B JBYX 40-IUTPOBBIX
IUTACTUKOBBIX KOPOOKaxX, B IEPBOM M3 KOTOPBIX IMJIOTHOCTH PSICKU cocTaBmil 30 T cyxoi
Macchl Ha M2, BO BTopoii — 100 r cyxoii Maccel Ha M°. B 06e KopoOku ObL10 HAIUTO 30
J BOAONPOBOJHOM BOJbI C KOHUEHTpauuen nurareiabHbix BemiecTB 0,05%. Pscka
OCBEIAIACh CBETOBBIM IOTOKOM B 140 pmons/m?/c (PPF). Uepes 4 nenenu pscka B
MIEPBOM SIIMKE MepecTaia pacTH, CTalla KeNTeTh, HavaJcs pacnaa, Ha moBepxHocTH
BOJIBI TIOSIBIJTMCH MAJICHBKHE ITy3bIpH KaK TIOKa3aHO Ha pUCYHOK 4. Bo BTOpoM simmuke

psACKa MPOI0Kalla HOPMAIBHO pacTu (PUCYHOK 5).

Pucynok 4- Bonpopociu, MOJTHOCTBIO KOHKYPUPYIOIIUE C PSCKOM mociie
OJIHOMECSYHOTO KYJIbTUBUPOBAHMS C HAYAIBHOM IIOTHOCTEIO 30 1/M?
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Pucynok 5- Psicka, HenpephIBHO pacTymias ¢ IIOTHOCTEI0 100 /M2,

1.5.3. I'pudbI

['puObI UMeNnM TEHIEHIIUIO TIOSIBIISITHCS B YPOXKAAX PSICKHU, YACTO KaK Pe3yJIbTat
XJIOpO3a M HEKpO03a, KOTOPBIM, €CIM €ro OCTaBUTh 0€3 MPUCMOTpa, OBICTPO
pa3sMHOXAJICS W YHUYTOXKal BCe KynbTyphl psicku [74]. Ilpeamonaraercsi, d9to
€KETHEBHbIC M3MEHEHUsI KJIMMaTa Ha OTKPBITOM BO3JyXe U OOJIBIIOE KOJIMYECTBO
PSACKH OBLTM B COCTOSHUHU TIPEAOTBPATUTh T'PHOBI OT YHHUTOXXCHHS BCETO YpOKas
psicku. PekoMeHauuy 1mo npeaoTBPaIeHUI0 U JIMKBUIAIMN TPUOKOBBIX UH(EKIIUN B
pacTeHHMSIX BKIIOYAIOT: TOHWXKCHHBIE TEMIIEpPAaTyphl, YBEIHMUEHUE COACPKAHHUS
KPEeMHHsI B DPACTUTEIBHOW TKaHW [/5] W wucmonb3oBaHue (GyHrumumoB. B stom
UCCJICIOBAHUM  3apakeHHWe TpubaMu TOSBUJIIOCH TIOCJE UYETHIPEX  MECSIIEB
KyJTbTUBUPOBAHUS PSICKU B JAOOPATOPHBIX YCIOBUAX (PUCYHOK 6). [Ist yHUUYTOKESHUS
rpuboB ucnonb3zoBaics Gyurunua (bakrohur-Mukpobuosoruueckuii  mpemnapar
3G (EeKTUBHBI TMPOTUB TPUOHBIX U OaKkTepUalIbHBIX OOJIE3HEH pacTeHuil) B
KOHIICHTpAIMu 7 T/1. DTOT PyHrumua Obu1 pacripoCTpaHeH Ha IUIONIAAU TOBEPXHOCTH
PSCKU JIBa pasza B HEAENIO, B TEUEHHUE ABYX HeZelb, IPUOBI MOJHOCTHIO MCUE3IH, U

psICKa CHOBa Hayaa HOpMaJbHO PACTH, KakK MOKa3aHO Ha PUCYHKE 7.
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Pucynox 6- JIuctes psicku 3apaskeHbl TpUOaMu U pas3iiaratoTcs
MHUKPOOPraHU3MaMHU.

Pucynox 7- JIucTes pscku 1mocie ogHOM Hemeau o0paboTKu (PyHTHUITHIOM.

1.54. Taa

Tna Obuta 3aMeueHa Ha TOBEPXHOCTH PSACKM  4Yepe3 OJUH  MEcCsI]
KyJbTUBUPOBAHHS B Jlabopartopuu psicku L. MinOr mpuBe3eHHON M3 BOjJOeMa, Kak
NOKa3aHO Ha pucyHke 8. XOTs TeMIbl POCTa B 3TUX PACTCHUSAX ObUIM HIDKE, YEM B
pacTenusix 0e3 TJId, He SICHO, UTpajla JIU TSl TJIABHYIO pOJib B HHTUOMPOBAHUM POCTa

pscku [6]. Tns, oburaromias Ha MOBEPXHOCTH PSCKHM B HEKOTOPBIX CIIydasX, ObLia
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cBs3aHa ¢ yMeHbleHneM pocta [6]; [60]. Tus Oblaa yaaneHa nectuiuaaMu bruoTius
(ITIpemapar peanpHas OMOIIL cafoBogaM B OoprOe ¢ Ti€ii) ¢ KoHmeHTparueir 0,3
MJI/J1, KOTOpBIMH OOpabaTbiBajach MOBEPXHOCTh PAcTBOpa B TEUECHUM HENETU 0

VICUE3HOBCHHS TJIH (PUCYHOK 9).

Pucynox 9- Tns ymepina nociie oqHON Heaenn 00pad0TK WHCEKTHITHIOM.
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1.5.5. I1110THOCTH €JI0S1 PACKH

[InotHOCTH KynbTyp Bbime 100 © Cyxol MacChl Ha M? IPHBOAUT K TOMY, YTO
CJIOM PSCKHA CTAHOBATCS MEPENOJHEHHBIMU M TEMIIBI pocTa psCKU CHibKaroTcs. C
JPYroi CTOPOHBI, MPU MEHbBIIEH IJIOTHOCTH PSCKM HaOMIoAaercs Oojee BBICOKHE
Temmbl pocrta. [Ipu miotHOCTH KynbTypsl 20-30 T cyxoli Macchl Ha M2 HAOIIOAAETCS
HU3KHE TEMIIbl pOCTa U3-3a YBEIMUYEHUS! KOHKYPEHIIMU CO CTOPOHBI BOJIOPOCIIEH U3-32a
JOTIOJTHATEIHPHOTO CBETA, IPOXOIAIIETo Yepes ciroi [65]. s ucciej0BaHus BIMSHHS
IUIOTHOCTH TIOCEBa HAa TeMI pocra Oblla KyJabTHBHpoBaHa pscka (L. minor) B
7a00paTOPHBIX YCIOBHUSAX B JBYX (DOTOOMOPEAKTOpax C IIOMAILI0 TTOBEPXHOCTH
0,26 m?, 3amonHeHHBIX 50 J1 BOAONPOBOAHON BOALL. HauanbHas IJIOTHOCTB PACKH
cocraBuna 300 r cyxoil Macchl Ha M? NIPM WHTEHCHBHOCTH CBeTa 154 pmonn/m%/c,
pucynok 10. Uepes nBe Heenn HaOII0AaIOCh YMEHBIIIEHUE JINCTHEB PSICKH, U Yepes 4

HCIOCIIN PsACKA Hadayla pa3jiaraTbCs, KaK IIOKa3aHO Ha PI/ICYHOK 1.

Pucynok 10- Pscka KyabTUBUpPYETCS B IByX OMOpEaKTOpax ¢ Ha4aJlbHOM
IIOTHOCTBIO oceBa 300 T cyxoli Macchl Ha M2,
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Pucynok 11- Psicka moaHOCTBIO yMepiia uepe3 4 Heaenu

DakTOpHI, BIUSIONIME HA POCT PSACKU B 3TUX IKCIIEPUMEHTAX, BKIIIOYAJIN: BETEP
(IBM>KEHME), BOJOPOCIH, TPUOBI, TIS M IUIOTHOCTh MMOCEBOB. B mabopaTopHbIX
YCIIOBHUSIX HAOJIOIaeTCsS CHIDKCHHE TEMIIOB POCTa PSCKH B CBS3U C OTIMYHEM
71a00paTOPHBIX YCIOBUN OT yCIIOBUW B €CTECTBEHHOM 3KocucTeMe. [IpeumyiecTtBom
YCJIOBHH IN VItro ABJISIETCS KOHTPOJIb HEKOTOPBIX YCIOBHH OKPYIKAIOIICH CPE/Ibl, TAKUX
KaK TemIepaTypa, MHTEHCUBHOCTh CBETA U MEPHOJ], HO JabopaTopHas cpelia MOKET

3HAYUTEIBHO OTJINYAThCS OT €CTECTBEHHOM DKOCUCTEMEI.
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1.6. Ileau ucciaeq0BaHUA

L{enpro HACTOAMX UCCIEA0BAHUN SBIISIOCH

1. uzydyeHue mnporecca ACCUMWISIIIMM OCHOBHBIX BEILIECTB W HAKOIUICHUS
OMOMAacChI pSICKOM C y4€TOM BapbUPOBAHUS KOHIIEHTPAIMUA CTOYHBIX BO/I.

2. W3y4yeHUE BIUSHUA YCIOBUW KYJIbTUBUPOBAHUS Ha HAKOIUICHHE Oejka B
psacke Lemna minor. Tlpu 5TOM BHHMMaHHEe OBUIO YJIIEICHO TaKUM
BappUpyOMKM (aKTopaM, KaK KOHIIGHTpAIUs MUTATEeILHOW Cpenbl |
HaJIM4KUe/TPOAOIKUTEIIBHOCTh OCBEIICHUSI.

3. N3yueHne HOBOTO Iu3aifHa CUCTEMBI MPYIOB C PICKOH, UMHTHPYIOIIETO
J0rapu(pMUYECKYIO CKOPOCTh POCTA PACKHU.

4. TlocTpoeHre MaTeMaTHYECKOM MOJENM IEepEeHOCa MAacChl MUTATEIbHBIX

BEIIECTB B CUCTEME MPYJIOB C PSICKOM.
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2. O0BbeKT U MeTOabI UCCJIeI0BAHUSA
2.1. TlpupoaHbie BO0EMbI

B aBrycte 2016 1. 1151 cOopa psICKH B LEJISIX IPOBEICHUS SKCIIEPUMEHTOB OBLIO
UCCJIEIOBAHO HECKOJIbKO MPHUPOIHBIX BOJOEMOB B pailoHe NOCEIKOB MUpHBIii-
Ceernbiii (Tomckast o0Osactsh) (pucyHok 12). Ha Bomoemax B paiioHE OT IOCeiKa
Caetiiblit 10 ocenka Manas MuxaitioBka psicka He Obl1a 0OHapy>KeHa Kak MoKa3aHo
Ha pucyHke 13. DTo 00BsICHSAETCS TeM, YTO Ha ATUX BOJOEMAax OTCYTCTBYET JIEPEBbs,
KOTOPBIE 3aKPBIBAIOT BOJIOEMBI OT BETPA — PSCKA HE PACTET HA BOJOEMAX, JOCTYITHBIX

ISl BETpa.

Pucynok 12- CiyTHUKOBBIN CHUMOK CX€Ma MapHIpyTa MOUCKA PACKH C
KpPAaCHBIM LIBETOM
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Pucynox 13- Bogoem Bo3sie nocenka MupHblii

B paiione mocenka paccBeT ObLIM OOHAPYKEHBI BOJOEMBI C PSCKON (PUCYHOK
14) — 5Ti Bo10eMbI OBLITU 3aTUIIICHBI JICPEBLIMHU OT BeTpa (pucyHok 15). Temneparypa
BOABI B 3TO Bpems aHeM coctaBmia 18,5 °C. Pscka cobumpanmach ¢ TOMOIIBIO
CreNMaIbHON MeTaunueckon ceTku pazmepoM 0,447x0.65 m. Psicka Ob11a coOpana u3
TpeX NPUPOAHBIX BOoAoeMOB. KoHUEHTpauus psICKM B 3THUX BOJOEMOB COCTaBJsijIa
2244, 709 u 1080 r/m2. B coOpanHOi 6HoMacce ObLIO YCTAHOBJIEHO JBA BUIA PACKH:

Spirodela polyrrhiza u Lemna minor.
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PI/IC}’HOK 15- Packa Y7KC XOpOoHmIO BbIPpAICHBI B 3TOM BOJOCMC

Jlns mepeBo3a pACKU B 1aOOpPaTOPUIO MCIHOJIb30BaNdach BOJOMPOBOAHAS BOJA.
Jns ypaneHuss JOpyruxX BHUIAOB BOJHBIX PACTEHUW, HACEKOMBIX U YJIUTOK, B
nabopaTopuu psicka TaKKe MPOMBIBAJIACh BOJOMPOBOAHON Bo0#. [locie aToro B 1Ba
UJIEHTUYHBIX (poToOmopeakTopa, pasmepom 0,687x0,387x(0.28 M, Obl1a MoMeIIeHa
psicka TakuM 00pa3oM, YTOOBI OHA MOJIHOCTHIO 3aKphIBaJia BOJHYIO TOBEPXHOCTb.

B paiione kopmnyca Tomckoro I'ocymapCTBEHHOro YHUBEPCHUTETa OBLI

oOHapy»XeH HENMPOTOYHBIM BOJOeM ¢ BuaoM Lemna minor (pucynok 16). U3 storo
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BOJIoEMa B ceHTsA0pe ¢ momoibto cauka (0,14x0,19 m) Obu10 COOpaHO CBEXKEH PACKH.

Temmneparypa Bogoema B 3T0 BpeMs coctaBuna 15 °C.

Pucynok 16- Bun pscku Lemna minor B paiione kopnyca TT'Y

J1J1s OLIEHKH CTTOCOOHOCTH PSCKH MOTJIONIATh AMMOHHI B TIPUPOTHBIX YCIOBUAX
U3 3TOr0 BoJ0eMa ObUIM B3AThI TpU 00pa3lia BOAbI C UTEPBAJIOM JBE HEAENHU: MEPBBIN
oOpazery — 15 aBrycra 2016r, Bropoit — 1 ceHtsOps, Tpetuii — 13 ceHTAOps.
XUMHYECKUH aHalmM3 BOJBI TPOBOJWICS B aKKPEAUTOBAHHON MEXBY30BCKOIA
nabopatopur  paguallMOHHOW crnekTpockonuu Tomckoro IlomuTexHuyeckoro
YHuBepcurera.

Macca cpipoil 6roMacchl pACKH ompezessiach cpa3y mocjie B3sTHus oOpasla.
Bnara ¢ pscku ypamsangach C TOMOINBIO OyMaXHBIX caneToK, MOCIe Yero
POM3BOJIMIIOCH B3BEIIMBAHKE PSCKU. BBICYIIMBaHWE PICKU OCYIIECTBISLIN (B Tpex
MOBTOPHOCTSIX) B3BEIIMBAJACh W IOMEMIAJaCh B AIIOMUHUEBYIO (OJBIY C
NpeBapUTEIILHO M3BECTHON Maccod B anekrpuueckoi meun (SNLO 58/350) mpu
temneparype 105 °C B reuenue 9 4, mocie 4ero onpeaessiii MacCcy Cyxoi 6MOMacchl
PACKH. TIPOIIEHT CyXOM MacChl paccuuThiBajcs 1o hopmyine 1 u cocraBun 8,58:

_M;-M

2
CM=——-—x1009 1
v x100% ®

['ne CM- nipo1IeHT CyXOi Macchl;
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M; - Macca BBICYIIEHHOH PSICKHU ¢ (OJTBTOM;
M, - macca dombru;

M3 - macca PACKH OO0 BBICYIIMBAHUA
2.2. MaTepHaJILI " METOJAbI nccneuonanui«i OYMCTKH CTOYHBIX BOJ

Marepuanamu HCCIICIOBAaHUAHN CITY)KUIT psicKa Buaa Lemna minor, BeipaieHHas
B JIaDOPATOPHBIX U €CTECTBEHHBIX YCIOBUSAX BOJOEMA, UCXOAHBIE 00pa3libl CTOYHBIX
BOJ M3 MeTaHTeHKa. OOBEKThl HCCIEIOBAaHUI — CTOYHBIE BOJBI, MOJBEPIIIHECA
OYHCTKE psICKOH Braa Lemna minor.

B xone u3yueHus mporecca OYMCTKA CTOYHBIX BOJI M3 METAHTEHKA PSACKOU
Lemna minor akneHT ObLT CIeTIaH Ha CIIEAYIONINE KOHTPOJIbHBIC TOUKH SKCIIEPHUMEHTA:
CKOpPOCTb pOCTa OMOMACCHhI PSACKU, CKOPOCTh OYMCTKH CTOYHBIX BOJ M3 METAaHTEHKA U
CKOPOCTb MOTJIOIICHHSI MUTATEJIbHBIX BEIIECTB PACKOM.

Ha nepBoHadanbHOM 3Tane UCCIEIOBAaHUI IPOBEIIN ITPOLIECC aJANTALlUN PSICKU
K JabopatopHbIM yciaoBusM. [lociie uzbsaTus oOpasua pscku U3 IPUPOJHOTO BOJOEMA
OHa OblIa MOMEIEHA B JIBA CTEKIIIHHBIX (DOTOOMOpEAKTOpa HOMUHAIBHBIM 00bEMOM

70 am® (pucynok 17).

BxonHoil Boamyx

?

(K5
KT/
L-1 L-2
A-1 A-2
51 5-2
—e
(Y Y YT (Y Y Y
H-1 H-2

Pucynox 17- Cxema porodbuopeakropa: A- AkBapuym 75 x 28 x 40 cm; C-
Boznymasiii kommpeccop; L- Jlamma; H- HarpeBatenbHsiil kabens; T1S- TepmocrTar;
KS- [ludposoii Taiimep - 1Ba KaHana; S- JlaTyuk TeMneparyphl.
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PaGounii 00beM GHOpeaKTOpa COCTaBIAT 55 M3 BOZONPOBOAHON BOmbL. Jlis
UMUTAIMH TIpoliecca (OTOCHHTE3a PSACKH MCIOJIb30Baach crienuagbHas (poTosamiia
FLUORA OSRAM, ycra"opieHHas Ha pacctosiHuu 0,3 M HaJl BOJTHOW TOBEPXHOCTHIO.
[Totok GOTOHOB OT Hamikl cocTasis 154 Mxmons/mM?/c (PPF), NpomomKUTEEHOCTD
nepuojia ocBemieHuss - 16 yacoB B JeHb. B aBTOMaTHYeCKOM peXUME B
dboTobuopeakTope mnoaaepxkuBanack Ttemmeparypa 25 °C. Ilomaya Bozmyxa
OCYILECTBIISUIACH IEPUOAUYECKHU - I IEPEMENTUBAHUS U TOJEP KaHUs TOCTOSHHOM
KOHIIEHTpAI[MU PACTBOPEHHOI'0 KUCJIOPO/ia B TeUeHUE | MUH, MOCIe 4ero 9 MUH cTaaus
MIOKOSI.

J71s1 moJ1aBJIeHUs pOCTa BOAOPOCIEH cTeHKU (POTOOMOpeaKTopa ObLIU OOKICEHBI
TeMHOM Oymaroi. [{is moanepkaHusi MOCTOSTHHOTO YPOBHS BOABI B (HOTOOHOpEaKTOp
KaXJble TpU JIHSA 100aBIsiach BOJAOMPOBOJHAS BOJA B TaKOM KOJHUYECTBE, UYTOOBI
pACKa TMOJHOCTHIO TMOKphIBAJIAa BOJHYKO MOBEPXHOCTb. B pe3ynbTaTe MIOTHOCTH
6roMacchl pscku coctasisia 500 r/m?,

Ha cnenyromein ctaguu 3KCIEpUMEHTAa B MOJUATHICHOBBIE €MKOCTH, CTEHKH
KOTOPHIX HE MPOITyCKAIOT CBET, noMemanock 250 cm® cyGeTpara (CTOUHOM BOABI M3
MetanTeHka) U 0,170 r (cyxoil Mmaccel) psICKM TakuM O0Opa3oM, 4UTOOBI psicKa
oOpa3oBbIBajia OJMHOYHBIM CJIOW M TOJHOCTBIO 3aKpbIBajia MOBEPXHOCTh BOJIBI, YTO
HE0OXOMMO JTsI IOJABJICHUSI POCTa BOJAOPOCIICH.

Bcero 610 npurotossiienHo 10 rpynm o6pasiios. Kaxpaas rpyria cocrosia emie
u3 Tpex noArpynm. [loarpymmel oTinyanuch KOHIIEHTpamue cyocrpata. B mepBoii
NOATpYIIe KOHIIEHTpalus cyocTpaTta coctasiisiia 20 %, Bo BTopoil - 40 %, B TpeThel
- 60 %. Kaxxnas moarpyrmnmna cocTosijia B CBOIO 04epe/lb U3 TpeX 00paslioB ¢ PACKOHN U
OJIHOTO KOHTPOJIbHOTO oOpasna (6e3 psicku). [laHHOE AeTalibHOE JIeJIEHUE OIBITOB
MPOBOAWIOCH sl 00ECIEYeHHsT BO3MOXKHOCTH TEPUOJAMYHOrO OTOOpa mpod uepes
Kaxable 3 CyTOK (ABa pa3a B Helento). B necsaToil rpynmne psicka BbIpaliuBaiach 35
CYTOK.

[Tocne kaxmoro otTdbopa nmpod cyoCTpaT aHATU3UPOBAIM 10 KOHTPOIUPYEMBIM
nokasatesisiM. BrICBOOOAMBIITYIOCS PSCKY ToABepraiu BeicymuBanuio (pu 105 °C B

TeyeHue 9 4) u pukcupoBanu Maccy.
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Temneparypa BO BpeMsl SKCIEPUMEHTA MOAACPKUBAIACh TOCTOSHHOM Ha
ypoBHe 25+1 °C. Jlnms ocBemieHWs MCHOJB30BaJlach Takas JK€ jamma, Kak W IS
dhoTobropeaxkTopa.

Jliist yetpaneHus Takoro ¢akropa, Kak UCIapeHUue BOJLI U3 00pa3IoB, KaXKIble
3 cyTok B 00pa3libl BHOCWIM JUCTUUIMPOBAHHYIO BOJY NpPH MEPEMEIIMBAHUHN B
KOJIMYECTBE 25 ¢cM® I KOHTPOIBHEIX 00pasuoB 1 20 cM® 11 06pa3loB ¢ PACKOM.

AHanmu3 o0pasloB MaTepHalioB M OOBEKTOB HCCIEAOBAHUN MPOBOAMINA B
aKKkpenuToBaHHOM  jabopatopun  «lIpoOreMHas  Hay4yHO-HCCIEIOBAaTEIbCKAS
THAPOTCOXUMUYECKas J1abopatopusi TOMCKOTO MOJUTEXHUYECKOTO YHUBEPCUTETA, B
[lentpe ympaBiieHUs HaydYHO-UCCIeA0BaTENbCKUM oOopyaoBanueMm TIIY, a Takxke B
aKKpEJIMTOBAHHON MEXBY30BCKOM JIA0OpaTOPUU PaTUAIMOHHOM CIEKTPOCKOIUU
TITY.

B o6pasnax onpeaensumm cnenyromue nmokaszarenu: pH (ITHJ @ 14.1:2:3:4.121-
97, uonomep «Ikcnept»), conepxkanre noHoB ammonus (I'OCT 33045 (meton A),
doromerp KOK-3-01), pochar-uonos ('OCT 18309 (meron A), poromerp KDOK-3-
01), xummueckoe mnotpebnenue kucioponga (XIIK) — wmeromom mo IIHJ @
14.1:2:4.154-99  (®moopar  02-3M), BHaxHOCTH  00pasloB  pSICKA  —
IPaBUMETPUUECKUM METOJ0M. Macca ChIpoil OMOMAacChl PSICKH ONPEEsiach Cpasy
nociie B3aTHsi oOpasia. Biara ¢ psicku yaansiack ¢ MOMOIIBI0 OyMaXHBIX caleTox,
MOCJIE Yero TMPOW3BOAWIIOCH B3BCIIMBAHWE PACKH. BBICYyIIMBaHWE PICKA
ocymecTBisu npu Temneparype 105 °C B Teuenue 9 4, mocie 4ero Onpeaeisiim
Maccy CyXxoi OMOMAacChl PSCKHU.

JIist  OIlEHKM  3aBUCUMOCTH  MEXKIY  IapamMeTpaMH  HCIIOIb30BaJICs

KOPPEIALMOHHBIA U PETPECCUOHHBIN aHAIU3.
2.3. MarepuaJjibl M METOAbI UCCJIET0BAHUS HAKOIIEHUS OesiKa

Jlns onpenenenns oOIero a3oTa M KoJudecTBa Oelika OB UCITOIB30BaH METOT
Keenpmans [76]; [77], cymHOCTH KOTOpPOTrO COCTOsJla B TOM, 4YTO HaBecKa
W3MEJBYCHHON BBICYIIEHHOM PSCKU CHKUTAIACh C KOHIEHTPUPOBAHHOW CEPHOM

KHUCIIOTOM B MPUCYTCTBUM KatanuzaTtopa. M3 oOpa3oBaBiierocs: mpu 3ToMm cyibdara
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aMMOHHSI aMMHUAK BBITECHSIOT KPENKOH IIEJI0YbI0, OTTOHSIIOT €r0 C BOJSIHBIM [TAPOM H
ynaBiauBatoT 0,1 H. pacTBOpoMm cepHol kuciotsl. M30kIToK 0,1 H. pacTBOpa cepHoit
KHUCIIOTHI OTTUTPOBBIBAIOT 0,1 H. pacTBOpoM ruapokcuaa Hatpus. [1o pasHocTH Mex Iy
B3SITHIM O0BEMOM PACTBOPA KUCIOTHI M paCTBOpA ILEJI0YH, MOIIEIIICH Ha TATPOBAHHE
M30bITKA, BEIYUCIAIOT KOJaudecTBO cM° 0,1 H. pacTBOpa CepHON KHMCIIOTHI, CBA3ABIICE
aMMUaK.

Cxuranue npofoJKaeTcss 40 TOr0 MOMEHTA, KOTJa KUAKOCTh B KOJIOE MOYTH
MOJIHOCThIO oOeciBeunBaercs. [locme 3TOro HarpeB mnpekpamarwT U JalT Koibe
OCTBITb.

[Tocne oxnaxkaeHus B KOJOY MO CTEHKE NPHJIMBAIOT HEOOJBIIUMH HNOPUUSIMH
oko110 30 ¢cM® IMCTHILTMPOBAHHOM BOJIBI, IEPEHOCAT KUIKOCTH B MEPETOHHYIO KOIOY

W IIPUCTYHAIOT K OTTOHKC aMMHAaKa Ha YCTaHOBKC, MMOKa3aHHOM Ha PUCYHKC .

[ 1 N iB7

Pucynox 18- YcranoBka st OTTOHKM aMMHUaka: 1 - 2JIeKTpOIuInTKa; 2 -
neperoHHas Kojoa; 3 - KarjieyJIOBUTENb; 4 - XOJIOIUIBLHUK; 5 - CTEKJISTHHAs TpyOKa; 6
- IpueMHas Kojoa).

KonOy ¢ coaep’KMMbIM YCTaHaBIMBAIOT Ha OJJIEKTPOIUIMTKY, HAJIMBAIOT B
BOPOHKY ¢ kpanoM 50 cm® 40%-HOro pacTBopa MIENOYH, TTOCIIE YET0, IEPUOATIECKH
OTKpBIBasi KpaH, CIYCKAIOT LIe04b B K0JI0y. [Ipu 1oOaBieHun menoyu KUAKoCTh B
NEPErOHHON KOJIOE CTAHOBMUTCS MYTHOM, Ipsi3HO-CMHEro 1Bera. lIpenBapurensHo B
npreMHYIO K00y otmepuBarot 25 cm® 0,1 1. pactopa H,SO,, nobasnsior 4-5 kanens

WHJIMKATOPA U MOJICTABJISIIOT €€ MO/l XOJIOAUIBHUK, YTOOBI ()OPIITOC ObLIT MOTPYKEH B
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pacTBOp KHUCIOTHL. KurieHne B TEPEeroHHOW KoJ0e HE JOHKHO OBITh CIHIIKOM
CHJIBbHBIM, YTOOBI KaIlIM INEJI0OYM HE TMONajaidi B KaruieyJoBuTenb. CKOPOCTH
MIEPETOHKH PETYJIMPYIOT € MOMOIIBI0 HarpeBa. K KOHIy MeperoHKu 00BheM KUKOCTH
B MPUEMHON KOJIOE YBEIWYMBAETCS MpUMEpPHO BABOE. [[0 OKOHUAHWM TIEPETOHKH
U30BITOK KHCIOTH OTTUTpOBBIBaIOT 0,1 H. pactBopoM NaOH 1o mosiBieHus 3e7€HOT0
nBeta. [lo pazHOCTH MEXIy KOJIMYECTBOM B3SITOM B MPUEMHUK CEPHON KHCIOTHI U
M3pPACXO0JIOBAHHBIM Ha OOpaTHOE THUTPOBAHWE KOJWYECTBOM THAPOKCHIA HATPHUS
OTIPENETSAIOT KOJUYECTBO CEPHOM KHCIOTHI HEHUTPaTN30BaHHOW BBIJCIHUBITUMCS
ammuakoM. Tak 1 cm® 0,1 n. pactsopa H,SO4 coorBerctByer 1,4 mr umm 0,0014 T

a30Ta, coiep:KaHue a3oTa onpexaensercs mno hopmyie (2):

. 14 (Va'Vb) y)
N M (100-00) @)
rae Ty - IpOLEHT coepKaHusl a30Ta

Va — KOJTM4ecTBO B3aToro B mpueMuuk 0,1 H. pactBopa H,SO4, cm?;

Vp —koiraectBo 0,1 H. pactBopa NaOH, momieniero Ha o0paTHOe TUTPOBAHUE,
CM”;

M - HaBecka psCKH, T;

® — BIIAYXKHOCTH PACKH, %o.

Jlnst mepecdyera Ha OETKOBBIE BEIIECTBA KOJWYECTBO a30Ta YMHOXAIOT Ha
ko3 dunuent 6,25 [48]; [76]; [77]; [78].

OO6pa3ubl pACKU MPEACTaBISIN COOOIM:

- «Hckyccmeennulily — o0Opasell, BbIPAIICHHBI B UCKYCCTBEHHOM BOJIOEME, C
n00aBJICHUEM TMHUTATEIBHBIX BEIIECTB, C MPUMEHEHHUEM CIEeIUAIBLHON (OTOIAMITBI
FLUORA OSRAM;

- «lonoonvuiy — oOpasell, BBIPAIICHHBIH B HCKYCCTBEHHOM BojOeMe 0e3

HCIIOJIB30BaHUA (bOTOHaMHBI Hu )106aBJ'ICHI/ISI IIUTAaTCIBbHBIX BCIICCTB,

- «bonomuwitiy — o0pasell, BIPAIIEHHBIN B €CTECTBEHHOM Cpeie.
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3. Pe3y.]'[bTaTbl IMPOBCACHHOI'0 HCCJICI0BaAHUA
3.1. Onenurnb CIIOCOOHOCTDH PACKH B €CTECTBEHHBIX YCJIOBUAX

Jis  TpenBapUTEeNbHOW OLEHKH CIOCOOHOCTH PSICKM O4YMIATh BOAY B
MPUPOJIHBIX YCIOBHUSX B €CTECTBEHHOM BOJIOEME C PSICKOW OBLIM B3STHI TPU 0Opasia
BOJIbI B TEUCHHUE MECSIIA C OJIMHAKOBOM MEPHOIUIHOCTHIO.

YcTaHOBIIEHO, YTO 3a MCCIEAYEeMBbI IMEepHOJl BPEMEHH B OTOM BOJOEME
KOHIICHTpAIMsi HOHOB aMMOHHUS YMEHBITIIACHh B 33 pasa, moiudocdaroB B 63 pasa,
snauenue XIIK B 13 pa3 (pucynok 19).

KocBeHHBIM TMOATBEPkKIACHUEM CIIOCOOHOCTH PACKH OYHMIIATh BOIY TaKXKe
SIBIIICTCS] BU3YAIbHOE COCTOSTHUE OTOOpaHHBIX 00pa3IoB Bo bl (pucyHok 20) — Gosee

MO3/IHUE 00pa3lbl BOJIbI O0JIee MPO3paAYHBbI.
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Pucynox 19- 3meHeHune KoHIIEHTpaluu HOHOB aMMoHus, moymdocdaros u XIIK B
€CTECTBEHHOM BojioeMe ¢ psickoit (paioH kopryca TT'Y, r. Tomck) B TeueHue
Mecsa
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Pucynok 20- O6pa3ipl Boabl u3 Bogoema 3a kopmycom TT'Y: crneBa —
15.08.2016, mo nieatpy — 01.09.2016, cnipaa — 13.09.2016

3.2. IlpuMeHeHMe PSICKM ISl OUMCTKHM CTOYHBIX BOJ M3 MeTAHTEHKA

B X04AC HM3YUYCHHA IIPpOoHCCCa OYHMCTKH CTOYHBLIX BOJ M3 MCTAHTCHKA pSICKOfI

Lemna minor akieHT ObLI C/IeIaH Ha CJISTYIOIIHEe KOHTPOJIbHBIC TOYKH SKCIICPUMEHTA:

CKOpPOCTBb poCTa OmoMacchl PACKH, CKOPOCTb OYMCTKH CTOYHBIX BOA U3 MCTAHTCHKA U

CKOPOCTHB IIOTJIOMICHUA ITMTATCIIbHBIX BCIIICCTB pHCKOfI.

XapakTepucTuka XUMAYECKOTO COCTaBa CyOCTparta JJIsl PSCKU MpEeCTaBlieHa B

Tabnwuie 2.
Tabnuma 2- CocTaB CTOYHBIX BOJ M3 METaHTEHKa (CyOcTpar)
Iokasarens | Konuenrpanus (r/m°) | Iokasarens | Konuenrpanus (r/m°)
XIIK 2237,50 Fe 8,85
PO* 22,80 K 402,00
NH; 199,50 Mg 45,20
NO3 20,80 Mn 1,46
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NO3; 0,92 Mo 0,78x107?
B 4,13 Na 103,00
Ca 85,50 Ni 6,70x10%
Co 1,50x1072 Pb 2,50x107?
Cr 1,60x1072 Zn 25,10x1072

Cu 7,20x1072

3.2.1. UccnenoBaHue TMHAMMKHA KOHLIEHTPAIMM HOHOB AMMOHMS

PesynbTaThl aHanmuza cyOcTparta - CTOYHBIX BOJA C (pepM KpPYIMHOIO pOraToro
CKOTa (M3 METAaHTEHKA) MOCJie aHadPOOHON epepabOTKU CBUAETEILCTBYIOT O TOM, YTO
GonpbIIas 4acTh OPraHMYECKOTO a30Ta MepeXOJUT B aMMOHMitHBIH asor NHj-N.
KonnuectBo Heopranudeckoro aszora (Bkitouas NO3; um NO;) moctaroyHo Malio
(tabnuia 1). OTHomenue koHeHTpanuii hocdopa u azora P:N coctasinsio 0,114, uto
COIMOCTABUMO C pe3yJibTaTaMu APYrUX uccienoBateneit [26]; [79].

B pabore Shen G. [79] moka3aHO, YTO yMEHBIIEHHE AMMOHHMHWHOTO a30Ta
MPOUCXOJUT M3-3a UCHAPEHUs aMMHaka W Tmporiecca HuTpudukanuu. [lockonbky
yIeTydMBaHHEM aMMHaka MOXKHO mnpeHeOpeub [80], mpoayKThl  peakiuu
HUTPUPHUKAMH SIBISIOTCS OCHOBHBIM HCTOYHUKOM MOHOB aMMOHHSI.

CornacHo yCIOBUSIM CIUIAHUPOBAHHOIO SKCIIEPUMEHTA CTEPUIIM3ALUA CTOYHBIX
BOJ HE TMPEAyCMaTpUBaJIOCh I MMHUTAIIMM €CTECTBEHHBIX YycioBuil. I[losTomy
KU3BHEJEATEbHOCTh aBTOTPO(HBIX OakTepuil U3 METAHTEHKa JIEMOHCTPUPYET
HEKOTOPOE U3MEHEHUE KOHIEHTPAMd MOHOB AMMOHUS U CKOPOCTh €ro MOTJIOIEHUS
B KOHTPOJIbHBIX pacTBOpax. Tak, B KOHTPOJIbHBIX 00pa3iiax MaKCUMalbHBIN IPOLICHT
abcopOupoBaHHOr0 a3ota coctabwi, Ayist 20 % cybctpara - 23,24 %; nis 40 % - 24,93

%; niist 60 % - 25,45 %. dukcupoBaHue KOHTPOJBHOTO YPOBHS Mpoucxoauiio Ha 20 u
y
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27 cytku. OTMeueHbl HECYIIECTBEHHbIE (DIIOKTYallud JAHHOTO TOKa3aTensl B
KOHTPOJIBHBIX 00pa3liax B pa3Hble MEPUOIbI SKCIIEPUMEHTA.

Ha pucynke 21 mnpeacraBieHbl pe3yibTaTbl MCCICJOBAHUN JTUHAMUKH
KOHLIEHTpallud HMOHOB aMMOHHS B 3aBUCHMOCTM OT HA4yaJlbHOM KOHIIEHTPalUU
cyOcTtpaTa. B onbITHBIX 00pa3iax NporeHT aCCUMUIISIIMU aMMOHUST PACCUUTHIBAJICS C

Y4CTOM €I'0 CCTCCTBCHHOT'O IMOTJIOIICHU A aBTOTpO(I)HI)IMI/I 6aKTepI/I5IMI/I N3 MCTAaHTCHKaA.
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Pucynox 21- JluHamuka u3MeHEHUS KOHIICHTPAIIM! HOHOB aMMOHUS TTPH
HavaJIbHOM KOHIeHTpauuu: a —37; 6 - 80,1; B - 121 r/m®

YcranoBieHo, 9To 3a 6 CYyTOK B paCTBOPE C UCXOIHOM KOHIICHTpaIueh cyocTpaTa
20 % psicka crnocobHa accummnpoBath 20,54 % ammonus; 3a 13 cytok — 60,01 %.
MakcuManbHbId MPOLIEHT TMOTJIOIMICHUS aMMOHHSI 3aUKCUpPOBaH Ha 23-€ CYTKHU

AKCHEPUMEHTA U cocTaBui 77,72 %.
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B cybctpare ¢ ucxomnoit konreHtpamuein 40% 3¢dext moriomeHuss MOHOB
aMMOHHUSI PSACKOM HEMHOro oTin4daercs. Tak, uepe3 6 CYTOK TMPOLEHT
ACCHMIJIMPOBAHHOTO aMMOHHS coctaBuia 27,76 %; depe3 nBe Heaenu — 69,91 %;
crycTs 23 nHA Ha0M01aJ10Ch MaKCUMaIbHOE MOTJIOLIEHHE, cocTaBistomee 75,67 %.

[ToBwimeHne KoHIEHTpaIuu cyoctpata a0 60 % crmocoOCTBYEeT yBETUYCHHUIO
KOJInYecTBa abCOpOMPOBAHHOTO aMMOHHUS 10 UcTeueHun nepBoi Hegenu - 30,41 %.
OpHako B TOCIEAYIOMHMN MEPUOJ OTMEYAIOCh HEKOTOPOE CHIDKCHHE KOJIMYECTBA
ACCHMIJIMPOBAHHOTO aMMOHHUS 110 CPAaBHEHUIO C TPEIBITYIIUMHU pe3yibTraTaMu. Tak,
yepe3 13 cyTok mporeHT ycBoeHus Bo3poc 1m0 63,41 %; m mamee 3aduxcupoBaH
MAaKCHMAaJIbHBIM MPOLIEHT MOTJIOMIEHHOr0 a30Ta, coctaBuBIumii 71,06 %.

Takum oOpazoM, MakcuManbHas CKOPOCTh TMOTJIOLIEHUS HMOHOB aMMOHHS B
pacTBopax ¢ HayajabHOM KOHIIeHTparuen cyoctpara 20 %, 40 % u 60 % cocrtaBuia

COOTBETCTBEHHO 2,77; 7,04 u 12,56 r/m>/cyT.
3.2.2. UccnenoBaHue JTMHAMMKHM KOHUEHTpauuu nojudgocdaron

PesynpraThl  WCCNEmOBaHWNM ~ JWHAMHKHA  W3MCEHCHHS  KOHIICHTpAITUU
noymdocdaTtoB B mporecce OYUCTKA CTOYHBIX BOJI U3 METAaHTEHKA MPEICTABIICHBI Ha
pHUCyHKe 22.

B xome »skcmepuMeHTa YCTaHOBIIEHO, YTO aBTOTpo(pHBIE OakTepuu U3
MeTaHTeHKa 00Jiee aKTUBHO MOMJIONIAI0T HOHBI pochopa, ueM aMMOHUT.

®docdop sBuagercs (HakTOpoM pocTa JJIsi MUKPOOPTaHU3MOB, T.K. BXOJUT B
COCTaB HYKJIEMHOBBIX KuCIOT, AT®, HEoOXOoauM i TMOCTPOSHHUS TMOJMMEPOB
KJIETOYHBIX CTEHOK. TaK, KOHTPOJbHBINH YPOBEHb aCCUMHIJIANMKA TMONM(pOCchaTOB Ha
KOHEUHBIH MOMEHT cocTaBwI: s 20 % pacTtBopa cyoctpata - 27,23 %; nis 40 % -

31,05 %; nns 60 % - 32,39 %.
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Pucynok 22- JlnHamuka n3MeHEHUsT KOHIIEHTpAIH mojaudochaToB mpu
HAYaJIbHOM KOHIeHTpauuu: a - 8,74; 6 - 15,3; B - 17,23 r/m®

B meTtabonuszme pactenuii pocdop ydacTByeT B YCBOCHUN COJTHEUHOU SHEPIHH,
BbIpaboTke odHepruu B coctaBe AT® wu mpoumx mporeccax. Pscka
MPOJIEMOHCTPHUPOBAJIa CBOIO HEOJTHO3HAYHOCTh B yCBOeHMH (pocdopa. 3a mepBrie 6
CYTOK B cyOcTpaTax ¢ HadanbHOU KoHIeHTpamuen 20 %, 40 % u 60 % comepxanue
nonudochaTtoB YMEHBIITUIOCh HE3HauMTelbHO, Ha 7,97 %, 6,84 % u 11,70 %
COOTBETCTBEHHO. D(PdekT accummsiuu Gocdopa psACKoi NpubIu3uTeILHO B 3-4 pasza
HUKE, YeM aMMOHMUSI.

Uepes nBe HeAenu NpoLEHTHBIN psia noriomenus docdopa cocrapun 30,43 -
29,63 - 28,81 % B COOTBETCTBUHM C PsAIOM KOHIeHTpaluii cyoctpara 20 — 40 — 60 %,

YTO TAKKC HUIKC YPOBHS IMOTJIOIMICHUA pHCKOfI MOHOB aMMOHHUS B 2 pasa.
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K xonIity mepuosa skcnepuMeHTa HaOJII0IaI0Ch MaKCUMAIbHOE TIOTJIONICHHE,
KoTopoe coctaBuiio 73,26 % B pactBope cyoctpara 20 %, 65,49 % - B pactBope 40
% un 63,53 % B pactBope 60 %.

Takum 00pazoM, CKOpOCTh mTorjiomeHus mnoaudocdaroB B cyOcTparax c
HauyajapHOM KoHIIeHTpanuent 20 %, 40 % u 60 % coorBeTcTBeHHO cocTaBmia 0,66; 0,96

u 1,33 r/mM¥/cyr.

3.2.3. U3menenue pH

Jl1st mpoliecca pocTa U HAaKOTUIEHHS] OMOMACCHI PSICKU OO0JIbIIIOE 3HAUEHUE UMEET
Oy(epHas eMKOCTb CTOYHBIX BOJ, TAK KaK ME€Ta0O0JIM3M 3TOr'0 PACTEHHs] MPUBOJUT K
JIOBOJIBHO ObICTpoMY cHIKeHuIo pH - mpubnuzurensHo ot 7,0 10 5,0 B TeUeHre 0KoJI0
24 wdacoB. B pabore Cheng J. [4] moka3aHO, 4TO TPH HAIUYUHM JOCTATOYHOTO
KOJINYECTBA TUTATENBHBIX BEHIECTB B peakiuoHHOW cpeae pH pactBopa
YBEIUYHUBAETCS.

B xone skcneprMEHTalbHBIX HCCIEI0BaHUM OOHapyKujaach HE3HAUUTEIbHAS
BapuabenpHOCTh pH Ha ypoBHe 0,2-0,7 exn. k koHIty mpotecca (pucyHok 23). [Tpu aTom
PE3KUI 3KCTPEMYM Ha KPUBBIX OTMEUYEH JUIs HadaJIbHOTO niepuoza 1o 10 cyrok. [Janee

XapakTep KPUBBIX MPUOOpeTaeT O0Jiee CriiaKeHHBIN BU/I.
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Pucynok 23- Jlunamuka usmMeHeHust 3HaueHus: pH npu HauanbHON
KoHIleHTparuu cyoctpata: a — 20; 6 — 40; B - 60 %

Tak, 3HaUeHUE JAHHOTO MOKA3aTeIs U3MEHSJIOCh B Y3KOM Juana3oHe ot 7,35 1o
7,76 (xonnenTpaiusa cyoctpara 20 %), ot 7,4 no 8,03 (koHueHTpaius cyoctpara 40
%) u ot 7,3 1o 8,26 (koHueHTparus cyoctpara 60 %) Bo Bcex 3KCIIEpUMEHTAaX.

[Tomy4deHHBIE SKCTIEPUMEHTAIBHBIE 3aBUCUMOCTH CBUACTEIIBCTBYIOT O BEICOKOM

6Y(1)CpHOI>'I CMKOCTH CTOYHBIX BOA, B3ATBIX N3 MCTAHTCHKA.
3.2.4. I/ICCJIGIIOBaHI/Ie AUHAMHUKHN HAKOIIJICHUA onomacchl PACKH

Kak mro6oii mpeacraBuTeNnb >KMBOW TPHUPOABI pPICKa B TEPUOJ CBOEH
KU3ZHENICATSIIbHOCTH MPOXOAUT YEeThIpe cTaauu: jar-gasa, ¢aza IKCIOHEHIIUATILHOTO
pocra, TuHelHas (crarmonapHas) (asza pocra u ¢aza oTMupaHus (PUCYHOK 24).

[Tocne mporecca amantanyu psCKU K HOBBIM YCIIOBUSIM, OHa HAYMHAET OBICTPO
pacTH | TOTJIONIATh MUTATEIbHBIC BEIIECTBA M3 PEaKIMOHHOW cpenbl. Kak mpaBuio,
0osee OBICTPBIN POCT PSCKH U TOTJIOMICHHUE €10 MUTATSIBHBIX BEIIECTB HAOII01aeTCs
B Cpe/lax ¢ BBICOKOW KOHIICHTpaIlMel MUTaTEIbHBIX BEIIECTB.

Jlns uccnemyeMmoro oOpasiia psicku Obla MpoOBEACHA CTaaus aJanTalud K
71a00paTOPHBIM YCIIOBUSIM, BCICACTBUE Yero Jar-gaza mMmena JOBOJIBHO KOPOTKHIMA
NEePHUOJI U COCTaBWIIA 3 CYTOK JIsl BCEX 00pa3IoB.

[TpoIOKUTETFHOCTS OKCTIOHCHIIMAIBHON a3kl pocTa pPICKA I BCEX

oOpasioB coctaBuia oT 3 10 13 cytok. [Ipu 3TOM ycTaHOBIEHO, YTO CKOPOCTh POCTA

63



PACKH BO BpeMs SKCIIOHSHITMAIBHOMW (ha3bl OTINYAJIACh I CYOCTPATOB C Pa3IMIHON
KOHIIeHTpaIeil. OTMEUYEeHO MPSMOE BIMSHUE KOHIICHTPAIIMK MTUTATCILHBIX BEIICCTB
Ha CKOPOCTh POCTa — YEM BBIIIIE KOHIICHTPAIIHSI, TEM BBIIIE CKOPOCTb.

[To wucrewenunm 13 cyTok mpeBaiwpylomas dacTb a3zota U Qocdopa
aCCUMIJIMpOBaHa psickoid. JlJist 3Tol (hasbl modydeHa JUHEHHas: CKOPOCTh pocTa st
BCEX 00pa3lIoB.

[Tocme Mecsma SKCIIEpUMEHTa OTMEUEHO OTMHpPAHUE PSCKH 10 TMPUIHHE

JOCTHIKCHU A MaKCHUMAaJILHOM IIJIOTHOCTH OMOMAcChl Ha CANHHUIY ITOBCPXHOCTH.
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Pucynok 24- Jlunamuka u3MeHEHUs TUIOTHOCTH OMOMACCHI

Toukoil oTcueTra mJii KOHTPOJS HCCIEIYEMOIO IMOKa3aTessl CIyXujaa Macca
psacku B konmuectBe 0,171 r (cyxoro BemiecTa) Mpu MJIOTHOCTH paclpeiesiCHUs Ha
HOBEPXHOCTH cyoOcTpara 33,3 r/mM2. M3MepeHnss Macchl B TMHAMUKE [TPOHU3BO/HMIINCE
JUJISl CyXOW OMOMAacCHI.

B xoze 3xcniepuMeHTa yCTaHOBIIEHO, YTO yAEJIbHAsI CKOPOCTh POCTA PSCKU IS
PacTBOPOB ¢ HadallbHOW KoHIeHTparen cyoctparta 20 %, 40 % u 60 % cocraBuia
2,675, 3,853 u 4,613 r/m?/cyT cooTBeTCTBEHHO (pUCyHOK 25). ITpu aTOM 1151 cyGeTpara
C KOHIICHTpalMeW mHTaTeNbHBIX BemecTB 60 % HaOmoganach Oojee BbICOKas

CKOPOCTh TIPUPOCTa OHOMACCHI.
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Pucynox 25- CxopocTh pocta 6uoMacchl JJig CyOCTpaToB € Pa3IMuIHON
KOHILIEHTpaluen

OtuernuBas pa3HHMIIa B YAEIBHOM CKOPOCTH pOCTa JUIsl Pa3IMYHBIX
KOHIIEHTpaIuii cyOcTpara oTMedanach Ha 6 CyTKM KyJIbTUBUpOBaHUsA. [II0THOCTH
PACKM Ha JaHHBIA MOMEHT cocTaBisia okoio 45,7 r/m?%, 50,6 r/mM®> u 50,9 r/M? B
COOTBETCTBHH C PSJIOM KOHIIeHTpauuii cyoctpara 20-40-60 %.

MaxkcumanpHas IIOTHOCTh POCTa OblIa JocTUrHyTa (B r/M2): 67,4 - msa 20 %
cyOctparta Ha 3-e cyTku; 63,0 - g 40 % cyoctpara u 66,0 - s 60 % cyOcTpara Ha
27-¢ cyTku KynbTHBUpOBaHU. [Tocie yero mpupoct GMoMacChl MPEKPaTHIICS IS BCEX
oOpasioB. Jlanee mpouCcXoauIo CHIKEHHSI MacChl PSCKH 3a CUET MPOIIECCOB pachaja.
[To mOCTUKEHUIO MPOIOIHKUTEIBHOCTU KYJIbTUBHUPOBAHUS 29-31 cyTOK oTMeuanach
MaKCHUMaJlbHasi TUIOTHOCTb, U, CJIEJIOBATENIbHO, MaJ€HUE CKOPOCTH pOCTa OMOMACCHI

PACKHU.
3.2.5. CratucTnyeckasi 00padoTKa MoOJy4YeHHbIX IKCIEPUMEHTATbHBIX JAHHBIX

JIns OLleHKHM 3aBUCHUMOCTH MEXIY NapaMeTpaMy MPOILECCa OUYUCTKA CTOYHBIX
BOJI M3 METAaHTCHKa psACKoW Lemna minor  ucmoib30Baid KOPPEISIMOHHBIA H
perpecCUOHHBIN aHAIIN3S.

JIJist Bcex KOHIIEHTpaIuii cyOCTpaTa MoJydYeHbl 3HAUMMble CHIIbHBIE U CpeHEN
CWJIBI CBSI3M OMOMACChI ¢ KOHIIGHTpAIlMsSIMHU HOHOB aMMOHWUs, noiudocdaroB u pH

(mpunoxenwne 11.1).
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3HauCHUS PACUYETHHIX KOIPPUIIMEHTOB KOPPEIAIUN MEXITy HAKOTUICHHEM
OMOMacCCHI PSICKH M MIOKA3aTeIIMU COCTaBa CTOYHBIX BOJI ITPEACTABIICHBI B TabmuIle 3.
HauGoinee cunbHbIe CBA3U OMOMACChl PACKHU C MOKa3aTeSIMU COCTaBa CTOYHBIX BOJI
MIOJTYYCHBI 1151 KOHTIeHTpanuu cyoctpata 20 %.

Tabnuna 3- 3HaueHus! TMHEHHBIX KOADOUIIMEHTOB KOPPESIIIHI MEX Ty
OroMaccoii psICKU U MOKa3aTelsIMU COCTaBa BOJIbI

Konuentpauus | Ckopocrs | pH Konuenrpauus Konuentpauus
cyocrpara, % pocra HOHOB aMMOHMS nosudocdaron
20 0,18 0,919 0,975 0,926
40 0,16 0,748 0,952 0,815
60 0,39 0,781 0,939 0,797

3.3. Bansinue yci10Bui KyJIbTHBHPOBAHUS HA HAKOIJIEHUE OeJIKa B PSICKe

Kak mokazan aHanu3 HaydHou wuHGOpMaALUM, MNPEIbIAYIIME HCCIEAOBAHUS
YYEHBIX B 00JACTH TMOJYYEHUS U3 PSICKU KOPMOBBIX J00ABOK JJIsl >KMBOTHBIX HE
OXBaThIBAJIM B MTOJHOM MEpe MPOLeCC ONTUMHU3ALINH.

Jnsi  MOCTWIKEHMST TOCTABJICHHOM 1EeJM HEOOXOAUMO ObLJIO MPOBECTH
WCCJICIOBAHUS TI0 M3YyYEHUIO JUHAMUKHA HAKOTUICHHS OMOMAacCChl PSICKOHM, T.K. 3TOT
MOKa3aTellb HAMPSAMYIO CBSI3aH C BBIXOJOM KOHEYHOTO MPOAYKTa - MPOTEHUHA.

VYcTaHOBIEHO, YTO CTaaus aanTalldd PSCKHM K MU3MEHEHHBIM HCKYCCTBEHHO
YCJIOBUSIM KYJIbTHUBUPOBAHHUS UMeEJIa IOBOJBHO KOPOTKUI MIEPUOJT M COCTaBUIIA 4 CYyTOK
J1s1 BceX 00pa3iioB. CKOPOCTh pOCTa PSCKU BO BpeMsl DKCIIOHEHIManbHOU ¢asbl (5-14
CYTKH) OTJIMYAJIACh JJIsi CyOCTPaTOB C pa3NuYHON KOHIIeHTpaluei. OTMEdeHO psiMoe
BIIMSIHUE KOHIIEHTpAIlMM MUTATEIbHBIX BEIIECTB Ha CKOPOCTh pocta. Ilocne mecsia
DKCIIEPUMEHTAa OTMEYEH Tepexoj] psIcku B (a3zy «OTMUpaHUS» MO0 TPHYUHE
JOCTIKEHHSI MAaKCUMATbHOM TUIOTHOCTH OMOMACChI Ha €TUHUITY TTOBEPXHOCTH.

B xone skcniepuMeHTa onpenesieHo, 4To yAelabHas CKOPOCTh POCTa PICKU IS

pPacTBOPOB ¢ HayaIbHOU KOHIEHTpanuen cyocrpara 20 %, 40 % u 60 % cocraBuia
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2,675, 3,853 u 4,613 r/m%cyr) coorsercreenHo. Ilpu sTomM ans cyberpaTta ¢
KOHIIEHTpaIueil muTaTenbHbIX BemecTB 60 % Habmoganack 60s1ee BEICOKasi CKOPOCTh
npupocTa OUOMaCCHI.

MakcuMalbHas IJI0THOCTh POCTa Oblia JoCcTHrHyTa (B 1/M%): 67,4 - nna 20 %
cyoctpara Ha 30-e cytku; 63,0 - st 40 % cyberpara u 66,0 - s 60 % cyOcTpara
Ha 27-e cyTKu KynbTuBUpOBaHus. [locie yero npupoct 6uomMacchl NpeKpaTUiICs AJs

BCceX 00pasIioB.
3.3.1. U3yyeHue TMHAMUKH HAKOIJIEHHUSI a30TAa B pPsACKe

A3OT B IpUPOJIE CYIIECTBYET B HECKOJIBKUX (popMmax. C TOUKU 3pEHUST OUUCTKH
CTOYHBIX BOJI, Pa3IMYalOT CJICAYIOIIUE THUIbI a30Ta: OOIIMI a30T, OOIIMI a30T MO
Koenpnamo (TKN), amMmMuak, opraHudeckuil a3oT, HUTpaTbl U HUTPUTHL. C 3TOU
MO3UIIMY BaKHO TOHUMATh B3aMMOOTHOIIIEHUS Pa3InIHBIX (HOPM a30Ta.

Kak mokazan aHaim3 MCXOAHOTO cyOcTpaTa (CTOYHBIX BOJI M3 METAHTEHKA)
KOHIIEHTpAIUsi HUTPATOB B PEAKIIMOHHOU CpeJie JocTaTouHo Hu3Kas. KoHueHTpanus
aMMOHHs K HUTpaTy coctaBuia 10:1.

CTouHbIE BOJBI U3 MyHULUIATEHEIX 00BEKTOB 0OBIYHO cozepkaT MeHee 1 1/m°
HUTPUTOB. bBOJbIME KOHIICHTpAaMK OOBIYHO OOHAPYKUBAIOTCS, KOTJA pPAaCTCHHC
YaCTUYHO HUTpUPHUIIMPOBAHO. B wuccienyeMbIX CTOYHBIX BOJAX COJEp>KaHUE
auTpuToB coctapuseT 0,92 r/m3 (Tabnuua 2).

N3BecTHO, ecnu PH CTOYHBIX BOJ HAXOIUTCS B KUCJIOW UM HEUTPaJIbHOM 30HE,
GoJbIas YacTh a30Ta mpuxoautcs Ha ammonuii (NHy). IIpu pH 6Gonee 8,0, azot B
OCHOBHOM TipejicTaBiisieT co0oit ammuak (NHs3). Opranndeckuii a30T B CTOYHBIX BOJIaX
IpEeCTaBIseT cobol Manyro (pakuuio, 00bHHO 1-2 /M3 opranmueckoro asora, He
nojjaaeTcst onosiorndaeckoit oopadotke. O6uuit az3ot o Keenpaamio (TKN) Bkirouaer

B ce0s1 aMMOHUH M OPraHUYECKUI a30T:

TI<I\I=NNH4+ Nopr (3)

I'me TKN- O0Ommii azor mo Keenpgairo;

N4 - COZlepKaHU€e a30Ta B aMMOHHH,
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Nopr - OPraHUYECKUN a30T

Tak xak oOmui a30T B CTOYHBIX Bojax Ha 93,1 % cocrout n3 ammonHus [27],
pscka xopomro abcopoupyer azoT B naHHOM (dopme. CoriacHo YyCIOBUAM
AKCIEPUMEHTA, B PACTBOpE C KOHIeHTpaluen cyocrpara 20 % KoJIM4ecTBO aMMOHUS
coctasuio 37 r/m%; B pactBope ¢ 40 %-oii konuentpanumeii — 80,1 r/M3; a ¢ 60 %-oif —
121 /M3,

MakcumanbpHOE coaepkanue obmiero azora mo Keenpmamo B pscke,
BBIpAIllEHHOM Ha muTaTelbHOM cpefie ¢ 20 % KoHueHTpalueil cyocrpara Habt01a710Ch
Ha 16-e¢ CyTKH sKcmepuMeHTa u coctaBwio 13,32 mr (2,59 r/mM?) co MakcUManbHOU
ckopocThto HakorieHus 0,16 r/m?*/cytku. B cyOctpare ¢ 40 %-0i1 KOHLIEHTpalKeil Ha
19-e cyTku ObUT 3adUKCUPOBAH MaKCUMyM 0011ero azora — 13,7 mr (2,66 r/m?) npu
MakcuMalibHOM ckopoctu HakoruieHus 0,20 r/m?/cytku; ¢ 60%-HbIM coaep:KaHuEM

cTO4HBIX BoJ — 14,88 Mmr (2,89 r/m?) npu ckopoctu 0,24 r/mM%/cyTku (pucyHoK 26).

~
o

w

[}

i ——20% ——20%
' -m-40%

e 60%

o
=)

-8=-40%
e 60%

O6uumii azor no Kpeimaamo (%)
O6muii azor no Knesmmaamo (r/m?)
o
=

—_
[}

0 3 6 9 12 15 18 21 24 27 30 33 36 0 3 6 9 12 15 18 21 24 27 30 33 36
Bpems (1HH) Bpewms (18mH)

a §)

68



=]
[}
73

——20%
=8=40%

(=}

(=]

S
¥
4

0ONY v 60%

S [
(= [

CKOpOCTh HAKOIJICHHA az0Ta (I/M2/CyTKH)
o
(=]
>4

0.00 T T : .
0 3 6 9 12 15 18 21
Bpewms (anmH)

B

Pucynox 26- JlnHamuka HaKOILIEHUS a30Ta B 00pa3Iiax psCKH: a — MIPOIIEHTHOE
conepkanrie TKN; 0 - komudyectBo TKN Ha enuHUITY MUIOMIAU; B — CKOPOCTh
HaxoruieHust 1T KN.

Takum oOpa3om, cojiepxaHrue OOIIEro a3ora B pscke cocTaBmwio: B 20 %-HoM

cyoctpate — 4,42 %; B 40 - u 60 %-ub1x pactBopax —4,5 % 1 4,66 % COOTBETCTBEHHO.
3.3.2. U3yuenue ITMHAMUKH HAKOILUIEHUs 0eJIKa B psACKe

HaGmonenus [70] mokasamu, 4To cojepkaHue Oellka 3aBHCHT OT YCIIOBHI
KyJIbTUBUpOBaHUSl psAcku. Hampumep, B Ouomacce psCKH, TEPEHECEHHOW U3
WCKYCCTBEHHOM CpPE/Ibl B YHCTYIO BOAY, OTMEUAIOCh CHIKCHHUE COIepKaHus Oelka, HO
YBEIMYCHHE COJIEPKaHMsI Kpaxmasia. Tak ke ObLTO BBISIBJICHO, YTO CBETOBBIC YCIOBHS
HE BJIUSIOT HA aMUHOKHUCIIOTHBIA COCTaB PSICKHU.

B HacTosmmx MCCIeIOBaHUSAX U1 ONPEACIICHUS Pa3HOCTH COACpX)aHus Oeka
B PSICKE COTJIACHO Pa3HbIM YCIIOBUSM KYJBTHUBUPOBAHHS ObLIM B3STHI 3 oOpasia
pacteHust — «Mckyccmeennsiiiy, «I 0100ub1Y, «bo1omubIILY.

VYcTaHoBIEHO, YTO HAUOOBIIUI MPOLIEHT MPOTerHA 3aUKCUPOBAaH B 00paslie
«bonomuwuity — 25,17 %. B obpasnax «Hckyccmeennwitiy u «I 0100HbI» TIPOIICHT
oenka coctaBui 18,68 u 18,65 % coorBeTcTBeHHO. BO3MOXKHO, 3TO 00YCIIOBIEHO TEM,
YTO HEJIOCTATOK HEKOTOPBIX MUTATEIHHBIX BEIIECTB (TakuX, Kak (ochar, aMMOHUI)
VI TIPUCYTCTBHE HEKOTOPHIX TKEIBIX METALIOB YBEIUYMBACT COJCPKAaHUE

Kpaxmajia ¥ yMEHbIIIaeT cojiep:kanue Oenka [48].
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B xone HabGmtogenuii ObIJI0O MaTEeMAaTHUECKH BBIYMCIIEHO, YTO B pactBope ¢ 20

%-HO¥ KOHIIEHTpAIMEel CTOYHBIX BOJ coJiepkaHue Oenka coctaBmio 83,23 mr (16,16

r/M?) Ipy MakCUMalibHOM ckopocTu HakorieHus 0,97 r/m?/cyTtku; B pactBope ¢ 40 %o-

HBIM coJiep>kanneM cyoctpara — 85,65 mr (16,63 r/m?) ipu ckopoctH 1,27 T/M%/CyTKH;

a ju1s obpasnia cogepkaiiero 60 % nuratenbHbiX BemecTB — 93 mr (18,06 r/m?) co

CKOPOCThIO akkymyJisituu 1,49 r/m?/cyTku (pucyHoK 27-B ).
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Pucynox 27- JluHamuka HakorieHUs Oeska B 00pasiax psicKu: a —
MIPOIIEHTHOE CoJIepKaHue; O - KOJTUYECTBO OeJKa Ha €AMHUILY TIJIOMIAN; B —

CKOpPOCTb HAKOIIJIICHMA.

B xoze skcniepuMeHTa yCTaHOBJICHO, UTO Ha 16-¢ CyTKU KyJIbTUBUPOBAHMS ObLIT

3a(MKCUPOBAH MaKCUMAaJIbHBIN MPOLICHT cojiepxkanus Oenka B psicke misg 20 %-Horo
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cyOctpara - 27,62 %, B To Bpems kak B 40 %-uHom - 28,13 % u B 60 %-HoM - 29,14 %
- Ha 19-e CyTKH BbIpalMBaHusl.
CoriacHO TOJYYEeHHBIM JaHHBIM OIpPENENICHO, 4TO BUA pscku L. minor

crioco0eH mpon3BOAUTH Oenka oT 3,54 1o 5,454 1/ra B rog.
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4. BbIBOaBI

Psicka (L. minor) mpoaemMoHCTpupoBaia OOJNBIION MOTSHIIUAT C TOYKH 3PEHHUS
accuMuisiiuu gocdopa u azoTta, a Takxke cHkenus: XI1K B mpupoansix Bogoemax. L.
MINOr TMpPOSIBIAET CIIOCOOHOCTh K HAKOIUICHUIO OHOMAacChl TIPU  Pa3IUYHBIX
KOHIICHTpAITUSAX TMUTATEIbHBIX BEIICCTB B CTOYHBIX BOJaX U3 METaHTEHKA.
JIOMUHAHTHBIA XapakTep pacHpoCTpaHEHUs PSACKU MO TOBEPXHOCTH BOJABI TaKXKe
XapaKTEPHU3yeT PSACKY KaK HaIeKHBIM W d()PEKTUBHBIA WHCTPYMEHT ISl Tpoliecca
OYHCTKH CTOYHBIX BOJI.

Pscka ObICTpo ajmanTupyercs B HM3MEHSIONIMXCS YCIOBUAX TaKUX, Kak
WHTEHCHBHOCTh CBETa, TEMIEpaTypa W KOHIICHTpAIUs NUTATCIbHBIX BEIICCTB.
BaxxupiM  (pakTOpoM  ONTUMHU3ALMM  CUCTEMBI  «PSICKA-OYMCTKa»  SIBIIAETCA
BapbUPOBAHUE HAYAILHBIX KOHIICHTPAIIM MUTATEIBLHBIX BEIIECTB B CTOYHBIX BOJAX.
DTOT paKkTOp BIUSET KaK Ha CKOPOCTh ACCUMUJISIINHI, TAK U HA POCT OMOMACCHI PSCKH.

[Tormomenue azota u dochopa pACKO MPOTEKAET TOCTATOYHO OBICTPO U B
nepuo aar-asel. Ha aTamne skCcrmoHeHIInaaIpHOTO POCTa pscKa akTUBHO aCCHMITAPYET
a30T 1 pocdop ¢ yBenmudeHNEM KOHIIEHTPAIIMU CYyOCTpaTa, BKIII0Yas JaHHbIE BEIIECTBA
B CBOI1 METa00JIN3M, O YEM CBUJICTEIIHCTBYET MOBBIIIEHUE CKOPOCTH POCTa OMOMACCHI.
B xome skcnepruMeHTa yCTaHOBJICHO, YTO 3aBUCUMOCTH TIOTJIONICHUS] HOHOB aMMOHUS
1 nomdocdaroB, a Takke 00beM HAKOIJICHHOW OMOMAacChl ObUTM HEJIIMHEHHBIMU C
TeueHueM BpemMeHu. [lokazano, 94To camast BRICOKas yAeIbHAS CKOPOCTh ACCHMIUISIIHH
Ha0JII0/1a71ach B PEAKIMOHHOM cpefie ¢ KOHIeHTpanuei ctounbix Boa 60 %. [1pu stom
715 MOHOB aMMOHUS JJaHHBIN MOKas3aTesb Haxoamica Ha yposHe 0,609 r/m%/cyT, A
noaudocpatos - 0,064 r/m?/cyT, MAKCUMANIBHBIA IIPUPOCT OUOMACCHI PACKH (IO
cyxoii macce) - 4,61 r/m%/cyr. Temn pocrta L. MinOr B cTOYHBIX BOAAX M3 METAHTEHKA
COCTaBWJI TPUMEPHO Ha OJHY IIECTYH0 YacTh OT JAaHHOTO TOKAa3aTels, KOTOPBIU
JEMOHCTPHPYET PSCKA IIPH OYHUCTKE OBITOBBIX CTOYHBIX BOJ [4].

HecMoTpst Ha TOT pakT, 4TO peakiMoHHAs cpefia UCTONIaeTCs Ha 23-¢ CyTKHU
SKCIIEPUMEHTa, psAcka L. MINOr mpojo/mkaeT HakaluMBaTh Owomaccy a0 29 mHei

KyJIbTUBUPOBAHUS, YTO CBUETEIHCTBYET O CHOCOOHOCTH PSICKM aKKYMYJIUPOBATH a30T
u docdop.
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Takum 00pa3zom, MOTyYEHHBIE B XO/€ HCCIEAOBAHUN PE3YNbTAThl MO3BOJSIOT
000CHOBAaHHO PEKOMEHIOBATh UCIOJIB30BAHKUE PSICKH L. MINOK [J1s1 OYMCTKH CTOYHBIX
BOJ M3 MeTaHTeHka. lIpennaraemspiii cmoco® MO3BOJUT CYHIECTBEHHO CHU3UTH
HEraTUBHOE BIIMSIHHE OPTraHUYECKUX OTXOJ0B CEIbCKOXO3SMCTBEHHBIX )KMBOTHBIX Ha
OKPYKAIOLIYIO CPENY.

Takum 00pa3om, MPOBEJACHHBIE HCCIEAOBAHUS TOKAa3alld, YTO KOJIMYECTBO
OeJiKa B PSICKE MOKHO JIETKO PErYJIMPOBATh, ONTUMHU3UPYS YCIOBUS KYJIbTUBUPOBAHUS
pPa3JIMYHBIX BUJIOB PSCKU M KJIOHOB, M MOJIYYHTh HA BBIXOJIE COAEpKaHUE MPOTEUHA,
nocturarommm 40 % ot cyxoro Beca. biarogapsi aMMHOKHCIIOTHOMY COCTaBY OOIIMIA
O€JIOK PSACKH MOYXHO KBaJU()UIIMPOBATh KAK BHICOKOKAYECTBEHHBIN MCTOYHUK Oeika
JUIsl TUTaHus 4esoseka. Crenyer NMOAYEpKHYTh, YTO COJEPKAHME KPUTHYECKUX
aMUHOKHUCIIOT B PSACKAX HAXOAMTCS B Mpeenax He Hke pekomenaanuii BO3 (B pen.
2007 r.). JONOJHUTENBHBIM apryMEHTOM B TIOJB3Y BO3MOXKHOCTH BKJIFOUCHHS
OENKOBBIX KOHLIEHTPATOB W3 3TUX PACTEHUN B MUTAHUE YEJIOBEKA SIBISETCS TO, YTO
pscka Jerko abcopOMpyeT MaKpO3JIEMEHThI, KOTOpPbIE pPAacCTBOPEHBI B BOJE. ITO
O3HA4YaeT, 4YTO C MaJbIMH 3aTpPaTaMM M YCHJIIMSMH, PSACKOBBIE IPOTEUHOBBIC
KOHLIEHTpaTbl MOTYT OBITh HCIOJB30BaHbl [ NpOQUIAKTUKK Jeduuura
MUHEPaIbHBIX COCIMHEHUN.

BoaHele pacTeHrs M UX KJIETKH IO CYLIECTBY SIBJSIOTCS XOPOILUM ChIPbEM JUIS
IPOU3BOJACTBA  PEKOMOMHAHTHBIX  OenkoB.  JlaHHbIE  TEXHOJOTMH  UMEIOT
HKOHOMUYECKHE MPEUMYIIECTBA, B TOM 4YMCIE U NPEHMYILECTBa M0 OE30MacCHOCTU
nepes; OOBIYHBIMU CUCTEMaMU MPou3BoJIcTBa. beuto moacuuTano, uto mpu 1 % mac.
sKcrpeccuu Oelika B KyKypy3e Ha Cyxoll BecoBoil ocHOBe, a Takxke 50 %-HoM
u3BJIeUeHHUs] Oellka BO BpeMs OYHUCTKH, CTOMMOCTb O€JIKOB pacTUTEIbHOIO
npou3BojicTBa B 10-50 pa3 Huke, yeM y MUKpOOHBIX cucteM u 0 1000 pa3 Huxke, yem
B CHCTEMax KyJIbTyphl KJIeToK MmiekonuTaronux [82]; [83]; [84].

CTOUT OTMETUTH, YTO 3HAYMTENIBHBIA MPOTPECC JTOCTUTHYT B IPOU3BOJCTBE
PEKOMOMHAHTBIX OEJIKOB U3 PACTEHUM, BBIPAIEHHBIX B UCKYCCTBEHHbIX ycioBUsIX. Ho
MCKYCCTBEHHBIC YCJIOBHUSl BBIPAIIMBAHUS B MPOMBIIUICHHBIX MaciiTadax O4YeHb

TPYAOEMKUHN U 3aTPATHBIN IIPOLIECC.
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Cubupckuii mramm psicku (Lemna) comepxkut OGomnee 25 % Oenka, 4TO
NPEBBIIIACT MPUMEPHO B 2,5 pa3a ero KOJIMYECTBO B KYKypy3€ M MOXET COCTaBHUTh
KOHKYPEHIIMIO TI0 COZIepKaHMIo0 Oeska B coe. B Xxo/1e nanHo# paboThI ompeesieHo, 4To
BU psicku L. Minor criocoO6eH mpou3BoauTh Oeka ot 3,54 mo 5,454 1/ra B ron. s
cpaBHeHHs, yueHble B Tammanae ycraHoBwid, uyto Takoi Bui, kak Wolffia globosa
CIIOCOOHA TIPOM3BOIUTH OKOJIO 2 T/Ta B TOM, IPH TOM, YTO COSI MOXET MPOU3BOJIUTH
0,3, puc — 0,07, kykypy3a — 0,18 1/ ra B rox [85]. Jlaxe ecim cuuTaTh, YTO MPOTCHH
pACKH 00JIagacT MEHbIEH OHMOJIOTHYECKOM IIEHHOCTBIO, BHUIBI psicku (Lemnaceae)
JAF0T HAMHOTO OOJIBIIMK BBIXOJ MPOTEHHA C EAMHUIBI TUIOMAJAN TPOH3PACTAHUS
pacTeHus, 4TO OYEHb BAXKHO B YCJIOBUSX pOCTa HACEICHHS IUIAHETBI U POCTa
NOTPEeOHOCTEH B MUIIIE.

C yderoM 0COOEHHOCTEH KIMMATUYECKHX YCIOBUM B CHOMPCKOM pErHOHE,
BBIpAIIMBaHUE PSICKH B MPUPOJIHON Cpesie U ee cOOp B TEUCHHE BCETO KaJICHAAPHOTO
roga JIOCTAaTOYHO 3aTpyAHeHOo. s Toro YToOBl OpPraHM30BaTh IOJHOIICHHBIN
HETIPEPBIBHBIA TIPOIECC TPOM3BOJCTBA OeidKka B TMPOMBIINUICHHBIX MAacIITadax,
HEoOXOMMa 3aroToBKa OWOMACCHI PSCKHA B JICTHHW TEPHOA JUIS XpaHCHHS U
WCTIOIB30BaHUS €€ B KAUeCTBE ChIPhsI ISl POU3BOACTBA OCIKOBBIX KOHIICHTPATOB B

3UMHUN NIEPUO/I.
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5. Overall process description of organic waste management system

Large-scale animal production facilities produce massive amounts of organic
animal waste (manure), with high nutrients concentrations, a situation that has created
global environmental concern [1]. New integrated systems are needed for effective
application of waste stream nutrients to decrease surface and ground water pollution
and increase the income. Alternative pond-based systems for sequestering nutrients
into biomass potentially may avoid the environmental problems associated with
disposal of animal wastes [2].

Due to the environmental regulations, many producers have installed anaerobic
biodigesters for the treatment of organic waste to reduce the environmental impact.
Moreover, this technology has low installation and operation costs and produces biogas
that can be used as fuel for electricity generation. Nevertheless, the effluent from
biodigesters contains high concentration of nutrients which requires an additional
treatment step. In current research, modified complete system was suggested as an
efficient and low-cost option for manure waste treatment as shown in figure 28.

Furthermore to the environmental advantages, biomass generated during
treatment contains high nutritional value with high production rate. Duckweed biomass
can be used as a high-value supplement for fish feed due to its high protein content
ranging from 18.71% to 29.14% (figure 27-a).

Duckweed treatment pond system (DTPS) is effective only five months (from
May to October) in Siberian climate which require storage of large amounts of organic
waste during winter, which can be potential pollution source of ground water, and
additional cost to the producer. In general, duckweed grows over a longer period
compared to other crops (e.g. maize, soybeans). To extend the duckweed growth
period, additional research must be conducted for selection the best strains that have
better performance in the early spring and late autumn. Moreover, these may be more

efficient for biomass-protein production during the summer [2].
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Figure 28- Integrated system of manure management

5.1. Biodigester

Anaerobic digestion (AD) of cow manures has been practiced in various
methods for many years. AD decreases the organic matter (OM) content in the waste
through the biological conversion of organic carbon (OC) and produces a biogas
containing primarily mixture of methane and carbon dioxide. Due to the strict of
environmental regulation, thousands of anaerobic treatment processes are now
installed and operated worldwide in addition to millions of small and simple systems

operating throughout less industrialized nations [88].

Biogas is produced by a metabolically diverse community of bacteria and
microorganisms that act as an integrated metabolic unit to produce methane and carbon
dioxide through a series of reactions. The end-products of one group’s metabolism are
used as substrate by the next group. However, the biological production of biogas from
high-organic manure involves four main processes: hydrolysis, fermentation

(acidogenesis), acetogenesis, and methanogenesis [88].

76



The produced biogas consists of methane (CH,) and carbon dioxide (CO,),
together with insignificant quantities of nitrogen, hydrogen, ammonia and hydrogen
sulphide (Table 4) [89].

The content of methane in biogas ranges from 50% to 80%.The higher the
methane content of the biogas, the more energy obtained.

Table 4- Chemical composition of biogas [89].

Chemical component | Volume percentage
CH, 50-80%
CO; 50-20%
N, <1%
H, <1%
NH; <1%
H.S <1%

The average production of manure of dairy cows is 24.82 ton per animal per
year, with 13% of dry matter (DM) [86]. Depending on the pasturing policy on a

specific farm, much of this amount can be produced when they are pasturing [89].

OC content of manures can be estimated with adequate accuracy by measuring
the loss of weight (volatile solids content) following combustion of a sample at 550
°C. Manure carbon content is approximately equal to half of volatile solids (VS)
content [90]. The average VS production rate are 7.5 kg/day/animal [86], as a result,
the average production of organic carbon of, 3.75 kg/day/animal. The maximum
organic dry matter (ODM) is 85%, and the maximum biogas yield is 400 m? per ton of
ODM [88].
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When process parameters are within the optimum range, the biogas production
rate (BPR) will be close to the theoretical production. The chemical and physical
characteristics (e.g. percent of DM and OM) of the manure will determine the biogas

yield. The total biogas production rate can be calculated using the following formula

(4):

BPR = SXDM*xOMxMBPR (4)

Where BPR - biogas production rate (m®/year/animal);
S - Biomass substrate (t/animal/year);

DM - the percent of dry matter;

OM - percent of organic matter;

MBPR- maximum biogas production rate (m3/t ODM/year).

13 85
= — — = 3 1
BPR = 24.82x 100 X 100 %400 = 1100 m’/year/animal

For wet fermentation systems, the total solids content of the manure slurry is
typically less than 12 %, with 2 to 10 % most regular for treatment of wastewater [88].

In current study the total solids of 7.5%.

This continuous process is most suitable for farmers who have to store their
manure for long periods. The digester can be constructed on a relatively small scale,
because it will contain the manure only for the duration of the digestion process
(retention time). The storage function of the digester is less important, as the digestate

is stored mainly in the post-digestion storage tank (PDST) [89].

For continuous flow digester plants, the hydraulic retention retention (HRT) time
decreases with increasing temperature as reaction rates increase with increasing
temperature. A more HRT for a given influent flow rate will result in larger required

reactor volume. For two stage continues stirred tank reactor (CSTR) with anaerobic
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filter the hydraulic retention time can be 2 days for the first stage and 2.3 days for the
second stage, this process can produce methane 0.42 m3/kg VS [88], thus, biomethane

can be calculated according to the formula 5:

MPR = SMPRxVSPR (5)

Where MPR-methane production rate (m®/day/animal);

SMPR-Specific methane production rate (m3/kg VS);

VSPR- volatile solids production rate (kg VVS/day/animal)
MPR = 0.42x7.5 = 3.15 m®/day/animal

However, Biogas production unit contains many equipments (e.g. pumps, heat
exchangers, mixers, flirters, sensors and controllers), thus, 30% of produced energy
from biogas will be recycled for operation of biogas production system and the net

energy (70%) can be utilized for farm equipment operation [89].

On average, each dairy cow excretes approximately 68 liters of manure per day
per animal with moisture content (MC) 87% [86]. For an average small herd of 250
cows, this equates to 17 m? per day. However, cleaning farm dairy with high-pressure
hoses, 50 liters of water per day per animal is required [87], thus for total farm of 250
animal the generated effluent of, 12.5 m® per day, in addition to 17 m? of manure, a
total effluent production rate will be 29.5 m®/day. For two stages of CSTR with HRT

4.3 days and 30% increased size the total volume of the reactor will be 165 m3,
5.2. Storage tank

A storage tank will be utilized to collect effluent from farm prior to biogas
production plant. The storage tank volume requirement is 150 m?® with a 5-days
increased storage capacity. The excess capacity of the storage tank provides a safety
feature in case of unexpected problems in the biodigestion plant or capacity of the farm.

The tank can be a square cast-in-place concrete structure placed above the ground. In
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this stage small percent of ammonia will be evaporated and consumed by

microorganisms, in current research this quantity of ammonia will be neglected.
5.3. PDST

A biogas plant running in continuous mode must be included a separate PDST.
The effluent that enters the post-digestion step may contains some substrates that will
continue to digest, however this amount of biogas produced in this step will be
neglected in this study. The roles of PDST are to settle insoluble organic waste and
collect effluent from biodigester prior to DPTS. The insoluble waste is settled by
gravity to a concrete storage tank. The storage tank volume requirement is 130 m? with.
The tank will be a square cast-in-place concrete structure placed above the ground. The
solids will be given time to settle to the bottom of the tank and the wastewater from the

top will be pumped continuously to the duckweed pond system.

Moreover, the settling of the insoluble matter in the storage tank will reduce the
amount of sludge entering the duckweed pond. In addition a reduction in the biological
oxygen demand (BOD) is achieved by settling, thus, the removing efficiency can be
increased. The reduced amount of solids entering the duckweed pond will in turn
reduces the HRT of the process, while the solids collected by the storage tank can be

used as a fertilizer for other crops [91].
5.4. Duckweed wastewater treatment pond

Biogas digesters followed by duckweed effluent treatment pond can be a proper
system combination for treatment of wastewater with a high organic load [92]. The
utilization of digester plants effluents for duckweed cultivation system is promising
technology. In a duckweed wastewater treatment system, the OM is not consumed
directly by duckweed biomass, however degraded by aerobic, anoxic and anaerobic
microorganisms in the whole water body. The carbon is finally released from the

system as greenhouse gases (CO, and CH,) and microbial sludge [92].
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Partial pretreatment in AD allows reuse of the organic matter through the biogas,
however the remaining nutrients in the effluent can be recovered by duckweed pond
system. In this system, ideal reuse of energy and nutrients can be achieved.
Furthermore, the efficiency of anaerobic pretreatment process can be achieved with
high nutrient concentration of nitrogen and phosphorous due to hydrolysis of organic

nitrogen and phosphor compounds [92].

In agreement with experimental results duckweed system has high absorption

rate of nutrients. The ammonium absorption rate can reach 12.56 g/m?/day with initial
NH; concentration 121 g/m®, however 1.33 g/m?/day absorption rate can be achieved

for PO;” with initial concentration 17.23 g/m?3,

Duckweed for food production should only be grown on wastewaters with
extremely low toxin concentrations. Even low concentrations in the raw wastewater
may become hazardous due to the manifold bioaccumulation in duckweed and,

possibly, in the food chain [92].

Utilizing duckweed biomass as fish feed needs precise and continues analysis to
control toxins concentration that can be transfer to food chain. According to our
experimental results, the protein production rate can be varied from 1 to 1.5 g/m?/day
depending on the biomass growth rate, nutrients concentration and protein
concentration. For Siberian climate, duckweed can grow approximately five months,
as a result the annual production rate can reach 2.241 t/ha/year, thus duckweed can be

promising animal feed.

Waste treatment ponds have been commonly used in many countries around the
world to treat all types of wastewater. However, efficiency of pond systems can varied
depending on the rate of biological reactions (a consequence of the metabolism of
living organism) which can be controlled by many parameters: kind of living organism
(aquatic plant, algae etc.); chemical and physical characteristics of waste water;
climatic condition and pond design.
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6. Mass balance and design of duckweed pond system

The main design principles of duckweed pond system are maximizing growth
rate with limited quantities of labor and increasing treated water quality and quantity
to the acceptable level according the local environmental regulations. The pond was
designed as logarithmic spiral to simulate the logarithmic biomass growth rate and to
guarantee high distribution of the nutrients. A 1 m initial spiral diameter was chosen to
minimize surface water distribution at the inlet section. The circulation will be
achieved by gravity which is the result of declined bottom. This new design of
duckweed pond has several advantage: high treatment efficiency; ease of duckweed
harvesting; conserving the required surface area; without mechanical circulation
system; ease of maintenance, operation and control; less labor and structure cost. The
pond depth was considered to be 0.5 m which allow more mass transport to the surface

area with respect to time.

The flow into the duckweed ponds will be achieved using gravity flow from the
biodigester plant (BP), however, to increase the wastewater distribution, holes with 10
cm diameter can be considered every 1 meter inside the wall of the spiral. The effluent
will be added continuously with 28.63 m3per day. The HRT will be 13 days according

to our experimental results.

Tomsk region is exposed to high winds at early spring and late autumn
(Duckweed growth period). The DPTS must be protected from the wind, where
duckweed can be affected by high surface water disturbance as mentioned in the
literature review. The larger surface area of the pond the greater wind influence on the
duckweed system. To pass this obstacle, concrete internal barriers can be constructed
inside the spiral which will be curved according to outside spiral curve, moreover
construction of floating grid with 2x4 m2 section area can be considered another option
for controlling surface water disturbance, which will be inexpensive and more reliable
and changeable with respect to wind velocity. The additional costs of this barriers

should be counted by increased production.
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The dry biomass (DBM) yield for this type of design for fife month growing
period could reach to 16.84 t/year/ha. This low yield value could be small due to
laboratory conditions used to grow the duckweed, accordingly, there is high chance
that in natural conditions we can get twofold of this value. The abovementioned DBM
yield based on a 91.42% MC would be 196.3 t/year/ha on wet basis. Duckweed yields
are varied depending on many parameters including climate condition and nutrients
load. The maximum vyields can be reached during the summer period and early fall
months [91].

The amounts of duckweed produced can be utilized directly as protein

supplementation source for aquiculture system.

Duckweed (L. minor) have small size (1-8 mm) and floating on the surface
water, thus, harvesting process is conventional and not expensive. Simple mechanical
technology can be used for this purpose. There are many possible harvesting
technologies for duckweed system, however there is no specific technology for
harvesting this kind of aquatic plant. Selecting the proper technology of harvesting
duckweed can depend on limited parameters (e.g. culturing area and duckweed
application). The biomass could be collected by a conveyor belt that is placed at the
end of the pond. The concrete barriers can be useful to collect and direct the biomass
towards the harvesting conveyor belt. The belt could transport the biomass into the
harvest truck and then to the aquiculture pond, or can transport the biomass directly for
feeding fish with considering the feeding rate. Another method of harvesting could be
achieved by an auger system that collects duckweed and feeds the plants on a harvest
truck. Feeding duckweed on a wet basis without drying could also reduce the cost of
harvest management [91]. Duckweed harvesting rates varied according to many
parameters: duckweed species; climatic condition; pond design; and nutrients
concentration.

The DPTS was designed according to many assumptions and literature data.
Ammonia is the main form of nitrogen in the high-nutrients wastewater, subsequently

all the mass balance calculations and pond design will be according to the decreasing
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rate of ammonium concentrating. On average, each dairy cow excretes approximately
68 liters of manure per day per animal with moisture content 87% and density 983.52
kg/m3[86]. For small herd of 250 cows, 17 m® per day of dairy cow manure can be
produced. However, polishing dairy farm with high-pressure hoses, 50 liters of water
per day per animal is required [87], as a result 12.5 m® per day of effluent can be
generated, in addition to 17 m® of manure. The total effluent production rate will be
29.5 m3/day.

The percent of produced ammonia in BP can reach 1% of biogas [89]. Moreover,
in natural conditions, bacterial activities such as nitrification/denitrification could
contribute to nutrient removal in addition to duckweed growth [40]. According to our
experimental results, 25% of ammonium concentration can be reduced in duckweed

pond as a result of volatilization and metabolisms of microorganism.
6.1. Material balance calculations
6.1.1. Water Mass balance

Water mass balance was calculated according to literature data, experimental
results and several assumptions. Mat of duckweed can reduce evaporated water,
therefore, the mass of evaporated water in duckweed pond will be neglected in this
study. Duckweed growth rate can reach 6.3 g/m?/day (experimental result). The
required total surface area of duckweed pond (as will be calculated later) is 13972.2
m?2. The dairy cow can produce 68 dm3®/day of manure with 87% moisture [86]. 12.5
m? of water are required for polishing manure of 250 animals [87]. The moisture
percent of duckweed biomass is 91.41%. Assuming there is no water loss during
fermentation and storage step. General Mass balance equation (6) can be applied:

dc

V —=mass in - mass out+ generation — consumption (6)

dt

At steady-state with no generated water or consumed, mass balance equation 6

can be rearranged as following equation 7:
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Input = Output (7)

68 %250 87 +50 %250 6.3 16481 2+ FP
X X — X = —X X
100 1000 100 °

FP =27209.53 kg/day = 27.2 m’/day
Where F? — flow out of treated water m3/day
6.1.2. Overall biodigester mass balance

The effluent rate from biodigester should be calculated before calculating the
ammonium mass balance. Mass balance equation (5) can be applied for overall mass
balance. Biogas consist mainly on average of 65% of CH,and 35% of CO,, however
for 250 animals 753.42 m3/day of biogas can be produced (as calculated in the previous
chapter), consequently 490 m*/day of CO; and 263.42 m*/day of CH,4 can be produced.
The volume of one cubic decimeter gas equal to 22.4 dm® and the molecular mass of
CHsand CO; are 16.04, 44.01 g/mole respectively. The effluent flow can be calculated

as follow

490x1000 44.01 263.42x1000 16.04
X

250 +12500 = + +F
68250 12500 =—5"—"T600 24 1000 °

FB = 28631 kg/day = 28.63 m>/day
Where FE-flow out of the biodigester (m3/day)
6.1.3. Ammonium mass balance

The concentration of NH; of fresh dairy cow manure is 998 g/m® (wet basis)
[93]. By polishing the cow manure with 50 dm?® per animal the ammonium
concentration will be diluted to reach 575.11 g/m3. According to experimental results,
the HRT of absorbing NH; ions to reach 7.8 g/m® is 13 days. The first-order kinetic
parameter as calculated by experimental results is 0.1944 day™. The concentration of
ammonia in biogas can reach 1% [89]. For 1100 m®year/animal biogas production

85



rate (as calculated in the previous chapter), 7.53 m® of ammonia per day can be

evaporated.
vV 7.53><1000_336 35 moles/d
n—Vm— 204 = . molics/aay

Where n- number of moles of NH3; (moles);
V- gas volume (dm?);
Vm-molar volume = 22.4 mole/dm?3;

According to stoichiometry of equation (8), 336.35 mole per can be produced by

biodigester.

NH; © NH,+H" (8)

336.35x18

MNH4:nXMWt: 1000

= 6.054 kg/day

Where Mg — mass of consumed ammonium (g/day);
Mwt- Molecular weight (g/mole)

To calculate the concentration of NHj at the effluent of the biodigester,
ammonium mass balance of biodigester should be considered. By applying mass
balance equation 6 at steady-state (accumulation=0), the formula of mass balance is

rearenged as follow (equation 9):

Output = Input - produced (9)

(g _ 575.11x29.5- 6054.3

=10.911k
o 7000 0.911 kg/day

Where MYH4- mass of ammonium at the effluent of the biodigester (kg/day)
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MI(;IH4

C= ——
Fo
Where C; - Initial ammonium concentration of duckweed pond (g/m?);
oo 10911_381 .
T 2863 0 EM

6.2. Pond design

Duckweed pond systems for wastewater treatment can be considered as classical
stabilization ponds with the addition of a floating network system to control the effects
of wind [94]. Nevertheless, integrated design and operation strategies aiming at the
dual application of duckweed in wastewater treatment and high biomass production are
deficient. Duckweed system can be operated as batch or continuous flow. Site selection
and proper design of the duckweed pond system should be guarantee easy access to the
pond surface for operation and maintenance. Consequently, channel pond design is

more convenient than broader ponds [92].

Primary treatment of wastewater is essential for partially initial treatment of
pathogens, solids and suspended material. In the case of continuous systems,
sedimentation is the main key to prevent degradation of the organic matter. Sufficient
pretreatment is important to release organic nitrogen and phosphorous through
metabolism of microorganism, as the availability of ammonium and orthophosphate
was suggested to be the limiting factor for high growth rate [21]. Anaerobic
pretreatment dissociate organic NH; and PO, the main forms of nutrients for
duckweed growth [92].

Use of classical earthen anaerobic sedimentation ponds is an efficient system,
inexpensive, simple and controllable for primary treatment, especially in limited-wages
countries. The most general design standards include average depth of 2.5 m, a
hydraulic retention time of 1-6 days, construction of baffles to increase circulation and

avoid clay padding. Nevertheless, traditional ponds have several drawbacks: large
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surface area requirement, missed emitted biogas, odor emission, algal growth (which
can increase total suspended solid in the effluent), and a potential hazard of pollution
of ground water without a concrete padding. The formation of a duckweed mat that
cover most of water surface at steady-state operation can reduce odors, algal growth

and favor anaerobic conditions [92].

Continues (plug-flow) and batch operation systems can be applied for duckweed
treatment ponds. A plug-flow design (figure 29) can be appropriate treatment option
for large effluent volume, this design guarantees continuous distribution of the
nutrients. A plug-flow design can improves the contact surface between wastewater
and duckweed. To ensure plug-flow system operation, a plug-flow width to length
percentage of 1:10 is optimum [95]. Another ratio was reported with exceptional
treatment results with a width to length ratio of 1:38 [21]. Furthermore, a channel-like

design guarantee easy access to the pond for maintenance and operation [92].

In a plug-flow system, duckweed production rate, nutrients concentration and
absorbing efficiency drop gradually with increasing HRT. Nutrients starvation causes
yellowing duckweed fronds at some point in the plug-flow pathway, decreasing the
growth rate and reducing the absorbing rate than the initial stages of the plug-flow.
Additionally, the fiber content of duckweed increases and the protein content declines.
At the end of the plug-flow process, the dual use of wastewater treatment and biomass
production begins to differentiate [92]. Nevertheless, there is no dependable design
guidelines for a duckweed plug-flow system, as a result nutrient depletion will occurs
at the end point of the system. Consequently, a perfect duckweed plug-flow system

should include several wastewater feeding sources and a recycling system [92].
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Figure 29- Duckweed plug-flow system in the USA for tertiary treatment of effluent
from three facultative ponds followed by a wetland buffer. Pond designed for average
flow rate 19000 m3/day, with excess maximum flow rate 38000 m*/day [92].

Batch operation system are another practical option for duckweed aquaculture
in rural community (where already natural ponds are existing), which, can save capital
costs for additional excavation work [92]. However, batch system have low treatment

efficiency, high HRT, and less biomass production rate.

To guarantee standard pathogen removal and efficient treatment, relatively long
retention times in the range of 20 to 25 days are assumed for duckweed continues
systems. The HRT is dependent on the organic, nutrient and hydraulic loading rate,
depth of the pond and harvesting rate [94]. According to our experimental results
(where duckweed grown in lab conditions), the HRT for wastewater treatment is 13
days, however this period can be reduced to 5 days or less in natural condition, since

duckweed growth rate can be increased with sunlight exposure.

Several literatures reported pond depths range from 0.3 to 2.7 m up to 5 m,
however, the optimal range of pond depth from 0.4 to 0.9 m, suggesting that one meter
is sufficient for acceptable temperature controlling. Higher depths are also a practical

choice for effluent with relatively low BOD, which can save land and reduce
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recirculation rate. Low system depths are suitable for high organic loads, however this
system can be applied with inexpensive land prices [92]. Nevertheless, with less depth
more surface area, as a result much evaporated water will be lost. In this study for

design purposes, 0.5 m pond depth will be considered.

As mentioned in the literature review, duckweed is very sensitive to wind and
water currents. Quiescent conditions of the duckweed on the water surface is a key
factor for duckweed system. Siberian climate is relatively windy in the early spring and
late autumn period, therefore water surface disturbance can be prevented through
floating grids or concrete barriers dividing the pond surface into cells or sections.
Disturbance of water surface can occur in the case of continuous flow systems, which
can be controlled by flow velocity in the system. Square or rectangular bamboo poles
with area range from 2x4 to 5x8 m? are most commonly used [92]. The area of the grid
Is varied according to disturbance conditions. With higher wind and flow velocities,
smaller cells and as a result more system’s costs. Furthermore, pond can be protected

by afforestation around the pond area [64].

Moreover, polyethylene grid system also can be used. Polyethylene grids are
resistant to extreme environmental conditions, however, the costs of such a system are
relatively expensive. Conversely, a more practical and expensive grid system may be
an economically more feasible option on a long term than a less expensive bamboo

grid system which has to be replaced frequently [92].

New system design is required to meet the dual application of duckweed.
Logarithmic spiral pond design can be a promising design for duckweed system, which
can simulate the natural duckweed condition by increasing the ratio of surface area
with logarithmic growth rate of duckweed. Furthermore, this new design can ensure
high distribution of nutrients and efficient treatment, therefore, there is no need for
multiple input point or circulation system, which can decrease the operation cost and
save labors. As a replacement for circulation system for efficient distribution, central
holes with 10 cm diameter can be considered every 1 meter in the internal section of

the spiral wall. The effluent will be supplied continuously with 28.63 m3per day at the
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center of the spiral through 10 cm diameter pipe. For initial design calculation, the HRT
will be considered 13 days according to our experimental results. However, this period
can be reduced to 5 days or less depending on system conditions. To minimize surface
water distribution at the inlet section a 1 m initial spiral diameter was specified for
design calculations. The circulation will be achieved by gravity which is the result of
declined bottom, this technique will save the operation cost and decrease maintenance

and labor wage.

This design of duckweed pond has many advantage: high treatment efficiency;
ease of duckweed harvesting; conserving the required surface area; without circulation
system; ease of maintenance, operation and control; less labor and structure cost.
However, the major drawback is after two circles the open surface area will increased
extensively, as a result the surface area will exposure for high disturbance by wind and
other factors, therefore concrete internal barriers can be constructed inside the spiral
which will be curved according to outside spiral curve. However these barriers have
several disadvantages: additional construction cost; uncomfortable maintenance and
operation; and will be difficult to use mobile harvester. Moreover construction of
floating grid with 2x4 m? section area can be considered as another option for
controlling surface water disturbance, which will be inexpensive and more reliable and
changeable with respect to wind velocity. The additional costs of these barriers should

be counted by increased production.

The pond depth was considered to be 0.5 m which allow more mass transport to

the surface area with respect to the surface area.

Since ammonium is the major nutrient component for duckweed growth,

therefore to calculate the volume of the reactor, ammonium mass balance at steady-

d
state (E: = () can be considered as following equations (10, 11, 12, 13, 14):

dc
V- =FCP-FoCo- KA c(D) - 0.25C7 (10)
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K=hk (11)

A= (12)

S L o (13)

pp-toe (14)
.

Where V — the volume of the reactor (mq);

F{’ — inflow of the duckweed pond = 28.63 (m3®/day);

C? — ammonium concentration of the pond inflow = 381.1 (g/m?3);
FP — outflow of the duckweed pond = (m?/day);

C5 — ammonium concentration of pond outflow = 7.8 (g/m°);

¢ (t) —ammonium concentration with time (at t=13 days (HRT), c (t)=C> =7.8

g/m?);
A — reactor surface area (m?);
k- first-order kinematic coefficient = 0.1944 day*;
h — Pond depth = 0.5 (m);
K-first-order kinematic coefficient = 0.0972 (m/day);
Fg- water volume consumed by duckweed biomass (m3/day);
U - maximum biomass growth rate = 0.00663 kg/m?/day;
mp- moisture duckweed content = 91.42%;

p,,- Water density (kg/ m?).
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By substituting equations (11), (12), (13) and (14) in equation (10), and solving
the equation for V, the volume of the reactor equals 6986 m?, consequently the pond

surface area equal 13972.2 m?.

Logarithmic spiral can be recognized from the Archimedean spiral by the fact
that the distances between the circles of a logarithmic spiral increase with angular

displacement, however in an Archimedean spiral these distances are constant [96].

In geometry, a golden spiral is a logarithmic spiral whose growth factor is ¢ (the
golden ratio). Specifically, a golden spiral gets wider (or further from its origin) by a
factor of ¢ for every quarter turn it makes [97]. The golden spiral has the following

polar equation 15:

2
r=a cpeﬁ (15)

The polar equation (16) for a golden spiral is the same as for other logarithmic

spirals, but with a special value of the growth factor b
r=aeb? (16)
Where e - is the base of natural logarithms;
a — the initial spiral diameter =1 m;

0 — the angular displacement (radians), the equations (15) and (16) can be
rearranged as follow (equation 17):
0= eb? (17)

Where ¢ — the golden ratio = 1.6180339887

To find the value of b, equation (14) was rearranged, and substituting the golden

ration as following equation 18:
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b= (18)

Ln [1.6180339887]
b= T

2

=0.306349

If the curve is given by r = f (0), and the angle subtended by a small sector is A9,
the area will be calculated as following equation 19:

A8 £(6)?
NELLO

(19)

Consequently we approximate the total area as follow (equation 20):

n-1

A= Z %f(ei)zde (20)

i=0
When 68 — 0 the area can be calculated by definite integral as follow (equation
21):

_ Bl 2
A= J 5 f(6%)d0 (21)

To find the angular displacement for logarithmic spiral with surface area

13972.2 m?, equation (21) will become (equation 22):

0

1

A= f 5 ™o (22)
0

As a result 0 = 5.0644 &, or in another word, spiral will circulate 2.5 times with

initial diameter 1 m and final diameter 129 m

The value of x and y at polar coordinates can be calculated as following
equations 23 and 24:
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x =rcos(0) (23)

y=rsin (0) (24)

By applying the calculatuin abovementioned the resulted plot will be as shown

in figure 30. Ploting data are shown in appendix (11.3)

Figure 30- Spiral design of duckweed pond system with initial diameter 1 m
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7. Mathematical modeling of duckweed pond system

A mathematical model was established to describe mass transfer of nutrients in
duckweed wastewater treatment pond. Duckweed has grown in high-nutrient effluent
of biodigester, installed in Tomsk region. In this model, batch process was considered,
as the flow rate of wastewater is relatively low comparing with the reactor volume (as
calculated in the previous chapter), therefore, the flow velocity can be considered zero.
A COMSOL Multiphysics 5.2a was used to build the model that describes the
ammonium and phosphates ions transfer and their concentrations difference in the pond
with respect to time. The parameters in the model are the initial concentration of the
nutrients in the medium (c") and pond depth (h). Applying one order of magnitude
parameter variations, the simulations showed that the model was clearly much more
sensitive to pond than to concentration, indicating the process efficiency of nutrients
absorption in duckweed pond system is depth limited. Laboratory experiments were

conducted with duckweed (Lemna minor), to adjust the model.
7.1. Differentiation of the controlling equation

The mass balance of nutrients was described by the equation 6. To calculate the
uptake rate constant with first order kinetics, linear regression of the experimental data
has implemented. In our experiment, duckweed (L. minor) was cultured in plastic Jars
with 8.1 diameter, filed with 250 ml of high-nutrient medium at initial ammonium

concentrations of 60%, 40%, and 20% of wastewater solution at 25+1°C and under 140

umole/m#s) photon flux density. The mass balance of NHj and PO; is described by

the following equation 25:

n
VE = FiC?-FOCS-K c" (25)
The experiment was done with batch test, thus there is no input nor output mass
from the system. The absorption rate was assumed as the sum of nutrients consumption
by duckweed and other microorganisms. However, to obtain clear image of the
nutrients absorption dynamics, the mass settled by gravity and emitted as a biogas will

be neglected in this model. Note that the reaction term should take the form of an area-
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based expression due to the fact that the reaction occurs only at the surface of the

culturing medium. The area-based first order expression can be expressed as following

equations:

v kaen (26)
ac . o8¢

\Y% de_ KA (27)
a0
dcn K
R | 28
=T C (28)

Where c" - concentration of nutrients (g/m3);
K - First order uptake constant (m/h);

A- Top surface area (m?);

h - Pond depth (m).

Equation 28 was rearranged and solved to obtain the following equation 29

K
lnCEZ-E t+Incj (29)

This model does not include the lag and stationary phase portion of the growth
rate curve, because duckweed was assumed to grow and harvested in batch treatment
system and continuously absorbs nutrients from the medium. This assumption is also
true for continues operating system, because duckweed should always be adapted to
the medium with continuous biomass harvesting [92]. The Initial ammonium and
phosphates concentration in the simulation is the first data point after lag phase ended
and the final ammonium concentration is the first point of the linear phase.

The diffusion coefficient of ammonia in in water is 7.2x10° m?/h [98], while the
diffusion coefficient of phosphates at pH=7, 3.6x10°® m2h [99]. The water
concentration in most water resources including lagoon is approximately 55.56
moles/dm?® (molecular weight of H,O = 18 g/mole). The concentration of dry mater in
biodigester effluent is approximately 5% which is very small related to concentration
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of water, thus it can be ignored. In this model the high-nutrient wastewater was diluted
as 20%, 40% and 60% solution, consequently further reduction of the ions
concentrations and dry mater effect in the culturing medium [100]. Thus, the mentioned
above values of diffusion coefficients of NH,and PO3~was applied in this model.
Mass transfer of NH, and PO;  ions follow Fick’s law, which is expressed in

terms of flux in one-dimensional coordinate system (equation 30):

8 n
=D (30)
0X

Where J- mass transfer of specific substance in the system (g/m?/h);

D- Diffusivity of the substance (m?/h);

c¢" - Concentration of the substance (g/mq);

X - Coordinate direction in which mass diffuses (m).

The negative sign indicates that mass diffuses from high to low concentration.
Diffusion coefficients of various chemicals are dependent on many parameters
(temperature, ionic concentration, and phases) where diffusion is occurring. In this
study, the substances of interest were ammonium ion (NH;) and phosphate (PO3).
Fick’s law was used in the mass balance on a differential volume to describe the
transfer process in the simulated duckweed pond system. The mass balance equation
was established by assuming no reaction in the differential volume and vertical
transport of nutrients in the duckweed pond. To develop the controlling differential
equation of the nutrients transfer for one dimensional diffusion and there is no mass

generation nor consumption, the mass balance equation 6 becomes equation 31:

n

C
= AX Ay Az =T, Ay Az - T py Ay Az (31)

By dividing both sides of equation (31) by (Ax Ay Az) to get equation 32:

oc" _ JX_J)H-AX

32
ot AX (32)

When Ax —0 equation (32) becomes equation 33:
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oc"  dl

R (33)
By substitution the mass equation (30) in equation (33) and simplify the
equation, the controlling equation of the nutrient diffusion becomes equation 34:
(1) _ 5 &> (x,1)
ot 0x2
For one-direction mass transfer, two boundary conditions must be considered,

(34)

one at the bottom and another at the top of the culturing volume in the direction of mass
transport. The first boundary condition in the duckweed pond system is defined at the

water surface (x = h) where duckweed absorbs nutrients (equation 35):

oc"(h,t)
Ox

The nutrients flux on the right hand side of equation 35 to the duckweed mat at

kc"(h,t) =-D (35)

the top must be identical to the duckweed nutrient mass uptake on right hand side of

equation 35. The rate constant k (first order kinetics) (h**) will be determined later by

regression analysis for both of NH; and PO}
At the bottom of the volume (x = 0), which is the second boundary condition,
where the mass flux was assumed to be zero, that is, there is no generation of nutrients

through the bottom of the pond (equation 36):

oc" (0,6
06 _,

o~ (36)

7.2. Experimental data and model design

Model results were tested compared to data collected from laboratory-scale
duckweed batch tests. All experiments were carried out in a hand-made growth
chamber which operated on continuous 16 hours daylight at an intensity of 140
umol/m?/s. Temperature was constant at 25+1 °C during the period of the experiment.
The culturing medium was taken from effluent biodigester working in Tomsk and then

diluted with distil water at 20%, 40% and 60% without sterilization to simulate natural
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system and observe the dynamics of other microorganisms, however the results of
uptake rate represent mixed of duckweed, algae and bacteria. The initial ammonium
and phosphate concentrations are shown in table 2. The prepared medium filled the
batch reactors to 4.84 cm. Duckweed L. minor in the amount of 0.17 g (dry basis) was
placed in each test to completely cover the surface. Every batch test has mixed for 1
minutes per day. Prior to the experiment, duckweed was preconditioned for one month
in similar lighting and tap water medium with weekly medium replacement to
minimize the lag phase that could potentially occur during the beginning of the

experiment. Samples from triplicate batch tests were taken at two times a week and

ammonium nitrogen (NH;-N) and phosphate (PO -P) of each sample were analyzed.
The results of the ammonium phosphate profiles were used to adjust the model, which
yielded optimal values of h and c" of the duckweed pond system.

Three different pond depth 0.1, 0.2 and 0.3 m with range of hydraulic retention
time for every point of depth as 7, 21, 35, 49 and 63 days.

The model was performed with the different initial concentrations of ammonium
and phosphates as shown in table (5). These concentrations represent the first point
after lag phase. Nutrients concentration profiles at every 14 days were generated from
the outputs of the COMSOL Multiphysics computations. The sensitivity of the model
to variations in the value of pond depth (h (m)) and concentration (c" g/m?®) was tested
to understand the concentration and depth effect on the operational scenario, new
parameter pairs of depth-concentration were supposed to give better idea of the system

dynamic. Values of depth and concentration were varied of magnitude and paired up
Hi-CJn to yield a total of nine pairs for ammonium and phosphate individually, i.e. H*!-

20% HY!- 20% HO'I‘CSO%, HO'I‘CSO%, H*!- 20%1 H*!- 20%1 Ho'l'CBO%, Ho'l'CBO%,
H*'-C5.,. All nine pairs were simulated for a range of simulation time of 7, 21, 35, 49
and 63 days, and then compared. This pairs were chosen to study the absorption

dynamic of duckweed system and to optimize the ideal removing efficiency with

respect to pond depth and time.
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7.3. Results and Discussion
7.3.1. Calculation of First order Kinetics

By applying equation (22) and Regression analysis of the batch experimental
data, a first-order uptake kinetics and coefficient of determination (R?) for three
different initial concentrations of the nutrients were calculated as shown in table 5. The
first-order coefficients, include duckweed and other microorganism activity except the
settled and emitted matter. Chaiprapat et al. [100] reported 0.906x10- (m/h) first order
uptake coefficient using different initial concentration of ammonium (63.1 g/m?), and
different species of duckweed (Spirodela punctata 7776), the concentration parameter
have no effect on k value, however different duckweed species have potential effect on
the k value. Appendix 11.2 shows a curve fitting of the experimental ammonium and
phosphates concentration data using the first order kinetic model. As we can see in

table 5 the values of K are almost equal with different concentration for both of NH;

and PO;’, because k-value are not affected by concentration. Thus, k values have been
considered as constant as the average of 20%, 40% and 60% concentration of k values.
For ammonium of, 7.53x107 and phosphate of, 3.73x103 h1,

Table 5- Regression analysis of the batch experimental data

20% 40% 60% Average of K
concentration | concentration | concentration value
NH;
k (h}) 6.4x103 8.1x1073 8.1x1073 7.53x1073
R? 0.98 0.96 0.98
Ci (g/m®) 33.3 71.3 105.37
PO3-
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k (ht) 4,1x103 3.2x1073 3.9x103 3.73x1073

R? 0.91 0.94 0.92

Ci (g/m?) 8.15 14.56 16.39

7.3.2. Ammonium profile for 20%, 40% and 60% concentration

The controlling equation 27 with the specified initial conditions was applied with
constant values of k, 7.53x10° h' and D, 7.2x10° m?h for three high-nutrient
solutions that have utilized in this study. The resulting ammonium ion concentration

profile with H0'3-C§(§;I/j exhibits a sharp drop near the duckweed-covered surface shortly

after the initial time (figure 30-a). This rapid fall of concentration is primarily due to
the uptake of ammonium ions by duckweed at the surface, which is much faster than
the diffusion rate of the ions to the surface. The concentration gradient was decreased
with reducing the pond depth to 0.2 m (figure 30-b), and with more decreasing the pond
depth to 0.1 m (figure 30- c¢) the concentration gradient was decreased more, which
indicate that the uptake rate was faster and closer the diffusion coefficient. For all
different point of pond depth, the concentration difference (gradient) was high near the
surface and decrease with depth to the point below which the ion concentration is
uniform, or in other words, the concentration gradient is zero.

In a multi-process system, the slower step controls the rate of the whole process,
which is in this study is mass transfer (diffusion). The lower concentration near the
duckweed surface specifies that the uptake of ammonium ions from the solution in this
system is extremely dependent on diffusion. It is clear that ammonium transport in the
duckweed pond system is restricted by diffusion which is mainly depend on the pond
depth.

For other different concentration (40% and 60%), it was observed that the system
has the same behavior with unremarkable difference of concentration gradient as

shown in figure 31 and figure 32.
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Figure 31- Ammonium concentration profiles in a simulated duckweed pond with
initial concentration of 33.3 g/m? and varied pond depth: a- 0.3 m; b -0.2 m; and ¢ —
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Figure 32- Ammonium concentration profiles in a simulated duckweed pond
with initial concentration of 71.3 g/m? and varied pond depth
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Figure 33- Ammonium concentration profiles in a simulated duckweed pond with
initial concentration of 71.3 g/m? and varied pond depth: a- 0.3 m; b -0.2 m; ¢ - 0.3
m.

7.3.3. Phosphate profile for 20%, 40% and 60% concentration

Simulations of Phosphate with D, 3.6x10° m?/h, and k 3.73x107 h* for every
concentration (table 5) also yielded similar concentration profiles, which support the

conclusion of the diffusion-limited nature in this system. We can conclude from figure
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33 that the concentration gradient of phosphate profile at different initial concentration
and pond depth, have the same characteristics for ammonium profile.

The ratio of k/D was proposed to understand the similarity of ammonium and
phosphates gradients on the operational scenario. The average values of k/D for
ammonium and phosphate are 1.042x10% and 1.036x10° m™ respectively. Since the
k/D value of ammonium is almost equal as of phosphate, which can explain the
identical characteristics of concentration profiles of the nutrients with respect to time

for all different initial concentrations and pond depths as shown in figures 34 and 35.

Phosphate concentration (g/m®)
on (a/m®
ation (g/m?)

Phosphate concentration (g/m®)
IS

Phosphate concentr

0 0.05 0.1 0.2 0.25 0.3 0 0.02 0.04 0.06 0.08 0.1
Pond depth (m)

0.15
Pond depth (m)

a b c

Figure 34- Phosphate concentration profiles in a simulated duckweed pond with
initial concentration of 8.15 g/m? and varied pond depth: a- 0.3 m; b -0.2m; ¢ —0.3
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Figure 35- Phosphate concentration profiles in a simulated duckweed pond with
initial concentration of 14.56 g/m? and varied pond depth: a- 0.3 m; b -0.2 m; ¢ — 0.3
m.
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Figure 36- Phosphate concentration profiles in a simulated duckweed pond with
initial concentration of 16.39 g/m? and varied pond depth: a- 0.3 m; b -0.2 m; ¢ - 0.3
m.

The simulation grapics for the ammonium and phospates with difeerent initial

concentrations and pond depth are illustrated in appendix (11.4.)
7.4. Conclusion

Simulations of Pond depth — nutrients concentration pairs provide similar
concentration profiles for both of ammonium and phosphate, which support the
conclusion of the mass transfer-controlled system. Pond depth is the main parameter
that control removal rate with respect to time, while initial concentration have almost
no effect for such system. Diffusivity (D) are constant for the range of nutrients
concentration that applied in this study, as well as that of calculated first-order kinetics
parameters (k). However, the characteristics of the system could be manipulated by
many parameters under natural conditions, as a result, values of k and D will be varied.
Such factors include change in temperature (affecting both parameters), different
strains of duckweed, pH and light intensity (affecting k), and bacterial activities that
cause internal agitation by gas production as well as the ionic concentration of the pond
liquid (affecting D).

Nutrients removal rate in duckweed pond system governed by the amount of
mass transferred the surface and duckweed absorption rate. Model predicted results
exhibited decreasing nutrients concentration close to the surface with respect to time,
demonstrating that nutrients transport is the limiting step in duckweed pond system.
Mass transfer-restricted conditions can be considered as the main principle of
duckweed pond design, however nutrient transfer can be increased by mechanical
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harvesting and water disturbance factors. For continuous duckweed harvesting system,
the removal efficiency is mainly governed by the uptake and duckweed growth rate. In
the case of dual application of duckweed pond system when high biomass productivity
and efficient nutrients removal are anticipated, absorbing-restricted conditions can be
considered the governing factor. For such system, pond depth must be optimized with

duckweed pond surface area.
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8. CoumajbHasi 0OTBETCTBEHHOCTh

KommiekcHass cucTeéMa OYHMCTKM CTOYHBIX BOJ PSACKH C HMCHOJIB30BAHUEM
nepepadbaTbIBa€MbIX MUTATEIBHBIX BEIIECTB, JHEPTHUU U BOJBI MOXET IPEJOCTABUThH
IIPUBJIEKATEIbHBIE BO3MOXKHOCTH IS YIIPABJICHUS OKPYKAOLIEH CPenoi U BOJHBIMU
pecypcamu. XOTs pEHUPKYISLIUA CTOYHBIX BOJ PAKTUKYETCS HA IPOTSHKEHUU MHOTHX
CTOJIETH, B 3TOI 00JACTH MPOBOJUTCS MHOTO UCCIENOBAHUN U MPOEKTOB, IIABHBIM
00pa3oM B pa3BUBAIOILUXCS CTpaHaX, COUYETAHNE SKOHOMUYHOTO ITpoliecca 00padoTKU
C TOBTOPHBIM HCIOJIb30BAHUEM OYHMIIEHHBIX CTOYHBIX BOJ MOXET O00OECIeunTh
CYILECTBEHHBIC SKOHOMUYECKHE MOTHUBBI, KOTOPBIE BHOCST BKJIAJ B OCYIIECTBUMOCTD
U YCTOMYMBOCTH 00mie cucrembl. llogxon ¢ OHOW LENIpl0, HampaBiICHHBINA
UCKJIIOYUTENILHO Ha OYUCTKY CTOYHBIX BOJ M 3aLIUTY OKpY’Karolleil cpenpl, He Oyaer

MPAKTUYHBIM JIJI1 MHOTHX CTPAaH MHpA.
8.1. OnacHoCTH /J1s1 310POBbS

CrouyHble BOABI C BBICOKUM  COJIEP)KAaHHEM TMHUTATEIbHBIX  BEIIECTB
HCIIOJIB30BAINCH, KaK ChIPbIC, TaK U MPEIBAPUTEIHLHO 00paOOTaHHbIE, [T CEIBCKOTO
XO35IUCTBAa W aKBAaKyJbTYphl. B 3aBUCMMOCTH OT TUIA PEHHUPKYISAIUUA HEOOXOAUMO
YUYUTBIBATH JIBE IPOOJIEMBI JIJIs1 3710pOBbs 1 Oe3omacHocTu [101]:

1) mepeHoc MUKPOOPraHU3MOB B MUIIIEBYIO LIETh YEJIOBEKA;

2) HaKOIUICHHE XHMHYECKHX BEIHIECTB (TSHKENBIX METAJUIOB, TECTUIUIOB U
TOKCUYHBIX COCIMHEHHI), KOTOPbIE MOTYT MPHUCYTCTBOBAaTH B OTXOJax (Hampumep,
OBITOBBIC OTXO/IbI, XUMUYIECKUE OTXOBI, TPOMBITIUICHHBIE OTXOIBI).

CBsizaHHBIE C OTUM YIpPO3bl I 3J0POBBS 3aTPAaruBalOT TPU OCHOBHBIC
KaTeTOPUH JIIOJICH: BO-TIEPBBIX, IMEPCOHAN, KOTOPBIA HAXOMWUTCS B TPSIMOM WA
KOCBEHHOM KOHTAaKT€ CO CTOYHBIMH BOJAMHU IPHU DKCIUIyaTallud W OOCITYKUBaHUU
CHUCTEMBI OYUCTKH PSACKH, a TAKXKE TPH 00pabOTKE BBIXOIHBIX MPOAYKTOB CHCTEMBI,
Takux Kak Owomacca, pbl0a wiau 1uiaM. Bo-BTOphIX, MOTpeOUTENH MNPOAYKTOB
CUCTEMBI, KOTOPBIC 3arpsi3HEHbl TATOTEHAMU ¢ MOTYT COJIepKaTh BBICOKHE
KOHIICHTPAIIMU TOKCUHOB M3-3a UX OMOAKKyMYJISAIMHM B MHIIEBOM IleNu. B-TpeThux,

HaceJeHne, 0COOCHHO JIETH, MPOXKUBAIOIIUE B pailoHe Je4eOHBbIX MpynoB. MHorue

107



JIOIY TIPUHAJJISKAT K 00Jiee 4eM OJHOU M3 BBHIIICYIIOMSHYTBIX TPYMI, B HEKOTOPHIX
CIIyJasx Jaxe KO BCEM U3 HHX, M IOATOMY OyAyT MOJABEPTaThCs MOBBIICHHOMY PUCKY
[92].

[TockonbKY TPYDHO TOJHOCTHIO MCKIIOYUTH HEMOCPEICTBEHHBIA KOHTAKT CO
CTOYHBIMH BOJAaMU B IIpoliecce paboThl, Hampumep, cOOp ypoxkas pSICKH,
MapKeTUPOBaHUE M TPAHCIOPTUPOBKA, paOOTHUKU MpPyJa OTHOCSTCS K KaTeropuu
BBICOKOTO PHCKa M OCOOCHHO MTOABEPKECHBI TTapa3uTapPHBIM HHDEKITHSM.

Willett D. [61] npemiokui MHOKECTBO METOJOB YOOpKH YpoiKasi, KOTOpbIE
MOTYT OBITh TIOJTYYEHBI ITyTeM COOp OMOMACCHI PSICKH C IOBEPXHOCTHU MPY/Ia WIIHA ITyTEM
MPOTATKUBAHUS PSICKA IO KaHady Ha COOpPHBIH JIOTOK C TIOMOIIBIO CTpEl WA
MEXaHUYECKUX yCTPOICTB. cronp30BaHre CETKHU U BBIYEPIIBIBAHUE PSICKU TPYIOEMKH
u Ooyiee TOAXOMAT JJIT HEOOJBITNX CUCTEM C HEOOJBIIOW IMMPUHON MPYyaa, 9TOOBI
o0ecreyuTh JOCTYI KO BCEH YpPOKaHOCTH PSICKU C Kpas mnpyaa. bombinue npyasi
HYKJIAIOTCSI B CAMOXOJHBIX YCTPOMCTBAX.

Pa3paboTanHblii MEXaHUYECKHI XapBecTep, MOKa3aHHBIN Ha pUCYHKE 306, MOXKET
UCIIOJI30BATHCS IJIsI CUCTEMBI cOOpa psCKH. ETro MOYKHO KOHTPOJIMPOBATh C TOMOIIBIO
nyJibTa JUCTAHIMOHHOIO yIpaBieHus B auamazoHe or 9 nmo 15 M. KowmoOaitn
CIPOCKTHPOBAH W3  QJIIOMUHHUEBOM  KOHCTPYKIIMH, 4YTOOBI  MOJJIEPKUBATH
MUHUMAJIBHBI BEC M COMPOTUBIICHUE KOPpO3HWH. PICKy coOuparoT Mexmy AByMs
KOPIyCaMH U TIEPEMEIIAIOT B 30HY BBIICPXKKH B TOUKE, TJC PsACKa yAUIICTCS U3 TIpyaa
[102]. CymiecTByeT MHOTO MEXaHHYECKHX Mojenel /s coopa pscku (pucyHke 37,
38), m BBIOOP COOTBETCTBYIOIIETO XapBecTepa 3aBUCHT OT MHOTHX IapamMeTpOB:
MECTOIIOJIO)KEHHE; OO0IIee COCTOSIHME TOToAbl B  KOHKPETHOM  PErHOHE;
MPOCKTUPOBAHKUE TPYJIOB; pa3Mepbl npyaa (IMIOIaab U TIIyOMHA) W NPUMEHEHUE
ounomaccer [103], [104], [105]. Otu TexHOIOIrHHA YOOPKH MOTYT 3allIUTHTh Pa00YHX OT
MaTOTEHOB, U30erasi MPsIMOTO KOHTAKTa CO CTOYHOW BOJIOW MM GromMaccoi pscku. B
JOTIOJTHEHUWE K MEXaHMYeCKOW YOOpKe, KOHCTPYKIIMSA Tpyaa JOJDKHA IO3BOJIATH

MPOBOAUTH PAOOTHI 110 TEXHUYECKOMY OOCTY>KMBAHUIO U YXOJIy C HaOepeHOH mpyja

[92].
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Pucynox 38- ManorabaputHblii Mexanndeckuid xapsectep [103].
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Pucynox 39- ®ukcupoBaHHbIi KOMOaH co ckopocThio 700 raioHOB/MUH
[105].

[lepegaua maToreHOB M MHMKPOOPTAaHM3MOB M3 PSCKH NPOAYKTY (pbiOe u
JIPYroMy >KHBOTHOMY) MOXET OBITh 3HAUUTEIBbHO YMEHBIIEHA IyTeM YJaJICHU
KHUIIIEYHBIX OPraHOB, MPOMBIBKOM YHCTON BOJOW M TeMmepaTypHOM 0OpabOTKOMA.
dusnueckoe paszzelieHue PsCKU M BhIpalllMBaHHUE PBIOBI B JIBYXNalyOHOH cucTeMe
MOXET CHHU3UTb PHUCK I 310pOBbS, TAaK KAaK BO3MOXHO TOJIBKO KOCBEHHOE
3arpsi3HCHHE MMaToreHaMu PBIOBI uepe3 piacky [92]. OmHako, n3-3a OMOAKKYMYJISIHHA
TOKCUYHBIX COCIMHEHUM, UCIIOJIb30BAHUE HENPAMBIX CTOYHBIX BOJ HE CHUXKAET PUCK
3arpsizHeHHs. CucteMa psCKU C BBICOKOOPTaHMYECKMMH OTXOJaMHU JOJIKHA OBbITh
IIOCTPOEHA BHE MYHULHWINAIBHOW TPAaHULBI IS 3aLIUTBl MECTHBIX JKUTEIEU H
NpEAOTBPAICHUSI UX KYMaHWS WIM WCIOJIb30BaHUS ISl KyHaHWs, TPUTOTOBIICHUS
nuuM U Apyrux ueneil. Ilpenynpexnaromye cooOleHus TOJKHBI pa3MeniaThCsl B

npyAax, IpUICTalonuX K JOporaM, 0COOEHHO €ClIi OHU HE oroposkeHsI [106].
8.1.1. BeicOKOOYHIIIeHHbIE CTOYHBIE BOJIbI B KA4eCTBE KOPMOBO# aKBaKYJbTYPhI

JlonoJIHUTEIbHAS ITUPOKO TPUMEHsIEMas OMIUs IepepabOTKN — aKBaKyJIbTypa.
BripammBanue peiObl B OpraHUYECKUX TMPYyJaxX CTOYHBIX BOJ SIBISIETCS Ba)KHBIM
HMCTOYHUKOM BBICOKOKAUECTBEHHBIX OEJIKOBBIX MPOIAYKTOB JJIsi MUJIJTMOHOB JIFOJIEH B
pa3BUBAIOIINXCS cTpaHax, ocooenHo B KOro-Bocrounoit Asun. Kpome Toro, mpsimoe
MOBTOPHOE HCIIOJb30BAaHUE OPraHUKU B aKBaKYJbType SBISIETCA TPAJAUIIMOHHOM

MIPAKTUKOM B psijie CcTpaH, BkMovas Kurai, uauto, Muaonesuto u BeetHaM. DTOT TUI
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KyJTbTUBUPOBAHUS PHIOBI MCIOJIB30BAJICS JJI MOTPEOJICHUS YETOBEKOM MHOTO JIET
Ha3aJl, CTOYHBIE BOJbI WJIM 3KCKPEThl PEIKO HCIOIB3YIOTCSA ISl KYJIbTHUBUPOBAHUS
BOJIHBIX PACTCHUMN WIIU PBIO JIJIS POU3BOICTBA KOPMOB sl )KUBOTHBIX [107].
Kpynueimen cucTeMOM OPraHMYECKOM CTOYHOM  BOJABI, IHUTAOLICHUCS
aKBaKyJbTYypOoil B MHpE, SBISIETCS CUCTEMa 3a00J0YEHHBIX 3eMeNb KanbKyTThl,
pacrosiokeHHasi 01M3K0 K BOCTOKY oT ropoja [108]. Cucrema nosydaet okosio 550
000 m3/cyT HeoOpaGOTaHHBIX CTOYHBIX BOJ, KOTOpBIE BBOAATCA B 0koj0 3000 ra
pBIOOBOAHBIX MPY10B. CucteMa npou3BouT 0kosio 13000 ToHH B roj pbIObI (TI1aBHBIM
o0pa3oM KapIia ¥ THJIAMKH ), KOTOPasi TOCTABJISETCS Ha PHIOHBIC PHIHKU IIEHTPATBHON
KanbkyTThl UM moTpeOiisieTcss B 0ojiee IMPOKOM pEruoHe. AHaJOrMYHas CHUCTeMa
BcTpeuaercs B apyrom mecte B Kutae [109] u Beername [107]. OnHako yka3aHHbIE
BEIIIIC CHCTEMBI HE OYIyT COOTBETCTBOBATH JIEHCTBYIOIIMM HOPMBI BCEMHUPHOM
opranuzanuu 31apaBooxpaHeHusi (BO3) mo axBakynbType, BKIIOYas HYJIEBbIC
Hemartoabl 1 MeHee 1000 dhekanpabix konudopm (PK) na 100 M. Cymmapnsiit OK Bo
Bxosamel cucteme KanbkyTTel Haxomuncsa B amanasone 10°-10° ma 100 ma [110].
Opnako perynupoBanue BO3 st Takux cUCTEM aKBaKyJIbTYphl MOXKET OBITh JIETKO
JIOCTUTHYTO TpeABapUTEIbHON O00pabOTKONM B CTAOMIM3AIMOHHBIX Tpynax mpu 1-
JTHEBHOM THIPABIMYECKOM BPEMEHH YACPKUBAHUS B aHAOPPOOHBIX MPYJax, a 3aTEM B

(bakyabTaTUBHOM MPYAY B TedeHue 5 aHei [111].
8.1.2. CucreMa psicKM B KayecTBe KOPMJIEHHUSI AKBAKYJIbTYpPbI

Yrunuzanus (PEUMKIMHT  UCIHOJIb30BaHUSI) OPTraHUYECKHX BEHIECTB B
aKBaKyJbType JJisl TPOU3BOJICTBA PHIOBI B KAYECTBE MUIIMU YIS JIIOJEH COLMAIBHO
HelpuemJieMa BO MHOTHX CTpaHax. JTO OCOOEHHO CIPaBEIJIMBO BO MHOTHUX
Pa3BUBAIOLIMXCA CTPAHAX, [JI€ aHTUCAHUTAPUS U TOJIO COCYIIECTBYIOT. /{5 permienus
ATON mMpoOieMbl, a Takxke s cobmoaeHus mnpaBuil BO3, sBiseTcs KOCBEHHOE
IIOBTOPHOE HCIOJIb30BAHUE OPraHUYECKHX BEUIECTB M HaBo3a. B 3TOM ciyyae
MATATEIbHBIC BEIIECTBA MCHOJIB3YIOTCS JJIsl MPOU3BOJACTBA BOJAHBIX PACTEHUN WIIU
pbIO, KOTOpBIE BIIOCIEIACTBUM HCIIOIB3YIOTCS B KayeCTBE KOpMa I KUBOTHBIX B

OTI[eJIBHOﬁ CUCTCMC KYJIbTUBUPOBAHMA. CI/ICTeMa, OCHOBaHHAasA Ha PACKC, ABJISICTCA
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WHTEPECHBIM BAPUAHTOM, KOTOPBIA CJIENYET YYUTHIBATH B OTOM OTHOIIICHHH, PSICKa
00J1aaeT OTIMYHBIM KauyeCTBOM KOpMa JUIsl CKOTa, UMEET BBICOKHE TEMITbI POCTa H
ynobna B ympaBieHuu (cOop ypoxkas, o0pabotka). IlepBoe mnpumeHeHue
aKBaKyJITYPBI HA OCHOBE psicku ObL10 Ha TaliBane, rae B 1985 roxay B roposae TaliHaHb

ObLTO pa3paboraHo okojo 100 ra mpyaoB pscku A CTOUHbIX Box [107].

Pucynok 40- CucteMa 0YMCTKHM CTOYHBIX BOJ Ha OCHOBE psSICKM B Mup3amype,
banrnanemnr.

[Toznuee B 1993 rony banrnanem (cuctema Mup3amypa) Takke ydacTBoBajia B
CUCTEMAaTHYECKOM KYJIbTUBUPOBAHUE PHIOBI C MCIIOIB30BAaHUEM PSICKH, BHIPAIICHHOM
Ha CTOYHBIX BOjax, ¢ mputokoM 5000 Jii/meHb, kKak moka3zaHo Ha pucyHke 39 [106],
[112].

Briocnencteuu, mpynbl ISl OYMCTKH CTOYHBIX BOJ PSCKOH M PBIOOBOJTHBIC
PYABI TPEICTABISIFOT COOOH JBE Pa3IMIHBIE OTIACIICHHBIC CHCTEMBI, 1 CTOYHBIC BOJIBI
U3 CHCTEMbI OYMCTKH CTOYHBIX BOJI OOBIYHO HE HCIOJIB3YIOTCS B MPYAY JJIS PbIO, YTO
MPEJIIoJIaracT BHICOKOE MHKPOOMOJOTHYECKOE KaueCTBO TIO0 CPaBHEHHUIO C TMPSMOU
aKBaKyJbTYpPOW, IUTAaeMOW CTOYHBIMH BojgamMu. OJHAKO TPSIMOE KOPMIICHHE
coOpaHHOH pSCKOW OYIeT HECTH HEKOTOphbIe OOJIC3HETBOPHBIE MHKPOOPTAHHU3MBI B

PBIOHBIE TIPY/IBI.
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8.1.3. Hakomienue XuMH4YeCKHUX BelIeCTB

[IpompIliuIeHHOE  3arps3HEHUE TIPEACTABISIET Cco0OM  OoJjiee  peanbHYIO
OMACHOCTh JJI 3[IOPOBbSI YEJIOBEKAa, YEM MAaTOreHbl U MHKPOOpPTaHu3Mbl. MHorHe
MIPOMBITIUICHHBIE O0OBEKTHI OTBOJIAT IMIUPOKUN CIIEKTP XUMHYECKUX BEIIECTB B BOJIHBIC
pecypchl, BKIIOYash BBICOKOTOKCHUYHBIC TsDKeNble MeTauibl. OJHUM U3 NPUMEpPOB
SBJIIETCSI CTOYHAsI BOJa, KOTOPYIO HCIIOJIb30BalIM B PbIOHOM Tmipyne B KanbkyTTe,
BKIItogana 70% MpOMBITIUICHHBIX CTOYHBIX BOJ [114].

Bo MHOrux pa3BUBaIONIMXCS CTpaHaX MPOMBIIUICHHBIE CTOYHBIE BOJIbI
cOpachIBAlOTCSI HEMOCPEJICTBEHHO B OKPYXAIOMIyl0 cpeny (0COOCHHO B BOIHBIC
pecypcbl) 0e3 00paboTku. TeM He MeHee, BOJOEMBbI (KOTOPbIE MCIOJIB3YIOTCS KaK B
OBITY, TaK U B CEIBCKOM XO3SMCTBE), OJU3KUE K 3arpsi3HEHHOMY MPOMBIIUICHHBIMU
CTOYHBIMH BOJaMU HCTOYHHKY, OYIyT 3arpsi3HATHCS JO CTCICHH, 3aBUCSINCH OT
PacCTOSTHUS OT 3arpsI3HEHHOT0 UCTOYHMKA. JTa MpobieMa MOXKET ObITh perieHa Joo
MyTeM MPUMEHEHHUS HaJJIeKaIlEero mpoiecca oOpabOTKH ISl YIydIIeHUs KauyecTBa
COpOIIICHHBIX CTOYHBIX BOJ, JHOO IMyTEM CO3JaHHs W30JUPOBAHHBIX KAHAJIOB IS
MIPOMBIIIUICHHBIX CTOKOB, YTO TapaHTUPYET, YTO ATH MOTOKH OTXOJOB COXPAHSIOTCS
OTZICTLHO OT YHCTHIX BOJIHBIX OOBEKTOB M KOTOPHIC B KOHEYHOM HUTOTE UCITOIB3YIOTCS
JUISE OBITOBBIX M CEITbCKOXO3SIMCTBEHHBIX meeit [101].

3HAUUTENTHFHOE KOJMYECTBO HAKOIIJICHHBIX METAJUIOB B CTOYHBIX BOJAX MOXKET
OBITh yJaJIEHO aHA’POOHOM cucTeMoi MpyaAoB. DOPEKTUBHOCTh yAAICHUS 3aBUCUT OT
KkonmuecTBa cynbpuaa. Cynbhuasl MeTaIoB OyayT ocaxaaThes Ha aHe npyaa. [llnam
U3 aHa’pOOHBIX TPYAOB CJICAYET TMEPUOAUYECCKH IMPOBEPATh HA KOHIICHTPAIUIO
METaJUIOB TIepe/I MOBTOPHBIM UCIIOJIB30BAaHUEM IS APYTHX Iienei. KympTuBupoBanue
CTOUYHBIX BOJI CUCTEMBI PSICKM C OTHOCHUTEIIbHOW KOHIIEHTpAI[UeH METaIOB MOXKET
HaKarMBaThcsi B Ouomacce psacku. CooOmanoch 0 HAKOIJIEHMHM MHOTHMX METaJlIOB
psckoii [ 12]. OnmacHoCTH HAKOIUIEHUST META/UIOB Lemnaceae 3aBUCST OT KOJIHMYECTBA U
KaueCcTBa METAJIJIOB, IPUCYTCTBUS CEKBECTPAHTOB U BUJIOB PSICKHU.

Psicka MokeT TIEpeHOCHUTh W HAKaIlJIMBaTh BHICOKHE KOHIICHTPAIIMH TSIKEIBIX

METaJIOB M OPraHMYECKUX COSTMHEHUH MPU KOd(PPUIMeHTax HaKOTJICHHS B peienax

ot kpatbix 10?2 n 10° [92].
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B 1995 roay B banrnazaeni psig METaJIJIOB B PSCKE U3 CUCTEMbI OUMCTKHA CTOUHBIX
Box (Pb, Cd, Hg, Cc, Cu, Ni, Zn u AS) ObuM NMpoaHaIU3UPOBAHBI BOJIBHUYHBIM
Kommnekcom Kymynunu. KoHueHTpanuu, ykazaHHble JJIi BCEX METAJUIOB, ObLIU
NPUHATHIL, KpoMe AS. Pe3ynbTaThl MOKa3aim, 4TO PSICKa MOKET HAKAIIJIMBATH MBITITBSK
no 4,8 mpomummie (Mr/kr cyxoro Beca). KoHIeHTpanusi MbIlIbsSKa B TPUTOKE
COOpaHHOM PACKH MOKET JoCcTUrath gaxe 24 m.a. [101].

B 1987 rony Obun onpeneneHsl AOMyCTUMbIE YPOBHU TSKENBIX METaUIOB U
NICCTUIIUIOB Y PBIO, BHIPAIICHHBIX B CTATHUECKUX BOJOeMax CTOYHbBIX Box [114]. B
VYuuBepcutere JIakkM HECKOJBKO aHAIM30B MBIIIbsKa (C MOMOIINBI) aTOMHO-
a7ICOPOIIMOHHOTO CMEKTPOGOTOMETPA) KOMIIO3UIIMOHHBIX OOpa3IoB PhIO MOKa3aIH
KOHILIEHTpauioo Mbimbiaka 0,017 M. OTo 3HayeHHWe JOBOJBHO HHU3KOE H
MpernoiaraeT, 4YTo prida, KOTOPYIO KOPMIIM PbIOOi, Oe3omacHa Jjisi OoTpeOIeHUs
yenoBekoM [101]. Tak kak crienmpuveckre OCIKH MOTYT CBSI3bIBATHCS M PEarupoBaTh
C ONpENETCHHBIMU TSDKEIBIMU METAIaMU 4Yepe3 TMpolecc Meradonu3Ma phio,
BO3MO>KHAs1 OMTACHOCTb JIJISl 3[I0POBbS JI0JDKHA YUUTHIBATHCS IMMyTEM KYJIbTUBUPOBAHUS
B CTOYHBIX BOJIaX.

MHoOro HeJlaBHUX MCCIIEI0BAaHUMN MTPEAMNOJIaraT, YTO HAKOIIJIEHHE METAJIJIOB HE
BBI3BAHO TOTJIONICHUEM PSCKHU, a UX abcopOlmeil Ha MOBEPXHOCTH MOTPYKEHHOU
psicku [12], [115].

[Tectunuael  ABISAIOTCS TUAPO(POOHBIMH COCAMHEHHUSMH, KOTOPBIE MOTYT
HAKaIUIUBaThCsl B JIMIIUJHOM CJoe KieTouyHo wmeMmOpanbl. KoadduimenTs
Hakorutenus B L.minor ot 800 u mo 1200 mist quxiiopaudeHUITPUXIOPITAHA U IS

reKCcaxJIOpPIUMKIOreKcaHa COOTBETCTBeHHO [116].
8.2. Dkosiornyeckas 0e30MacHOCTb

beszonacHocTh W 370pOBbe PAOOTHUKOB M OOIIECTBA JIOJNKHBI  OBITh
MPUOPUTETHBIMH, TIOATOMY JJISI KX 3aIIUTHI HEOOXOUMO YIUTHIBATH OCTOPOKHOCTH U
Oe3omacHbIe yCIIOBUS TpyJa B MpyaoBoil cucteme. [lo cpaBHEHHIO ¢ MPUPOIHBIMU
BOJHBIMU  pEecypcaMu  OTHOCHUTEJIIBHOE  KOJMYECTBO  JIEUEOHBIX  BOJOEMOB

HE3HAYUTEeJIbHO. TeM He MCHCEC, JeuyeOHbIe MMpyabl BCC CUIC ABJIIHOTCA HCTOYHHUKOM
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NPUTSHKEHUS IS OT/IbIXA JF0ieil. Bo MHOTHX cTpaHax coobuianoch 00 HHIIMIEHTaX Ha
JI0JIKaX, KOHbKaX, pbIOAJIKE U JaXe MJIaBaHUU B IpyAax. Bo3MOXKHOCTb 3apakeHHs] WU
3apakKeHUs MMaTOT€HHBIMM OPraHU3MaMHU CYLIECTBYET, KOI/Ia YEJIOBEK KOHTAKTUPYET
CO CTOYHBIMH BOJAAMHM B TMpyAy, TakuM o0Opa3oM, CleayeT MNpeaoTBpallaTh
UCIOJIb30BaHUE PA3BIECKATENbHBIX MIPYJOB U MOOIIPSATH MEPHI MPEJOCTOPOKHOCTH 110
MHOTUM BaKHBIM IIPUYHHAM.

JIrogu MOTYT YTOHYTb B JIeU€OHBIX NMpyaaX. [ TMHBI U CHHTETHYECKHUE MTOKPBITHSA,
UCIOJIb3YEMbIE B YIUIOTHUTENBHBIX INpPYyAax, OyAyT OUY€Hb BSI3KMMH B paboueM
cocTosiHUU. Ecnu yenoBek ynaier B py 1, NPUCYTCTBUE TAKOTO NOKPBITHSA CIETIAET €r0
Ype3BbIYAiHO OMAacHbIM M Oyner Memarb BbIOpaThcsa. UTOOBI MpensaTcTBOBAThH
UCIOJIb30BAaHUIO MPYJIOB JUIsl OTABIXA, BCA TEPPUTOPHUS JIOJKHA OBITH OrOpOKEHA U
YCTaHOBIICHBI TIpeAyNpexaatonme 3aaku [117].

Eme onnuM (akTopoM crienyer cuuTaThb HajJU4Me€ KOMapoB U HACEKOMBbIX.
CornacHo wuccnegopanusim Ciyx6bs1 ObmectBenHoro 3npaBooxpaHenusi CIIA,
IJIOTHOCTH MOMYJISILIMM KOMApPOB MPSMO NPONOPLUUOHATIBHA CTEIIEHH POCTa COPHSIKOB
B Bojioeme [117]. Tam, Tie pocT COpHSIKOB B MpPYyIaX M BIOJIb BOJOIPOBOIHBIX J1aMO
HE3HAUUTEJIEH W TJ€ BO3JEHCTBHE BETpa HAa BOJAOEM HE UYPE3MEPHO OIPaHUYEHO,
BEPOSITHOCTh Pa3MHOKEHUS MOCKUTOB HU3Ka. OHAKO B CHCTEME NIPYJa PSACKU BOJHAs
MOBEPXHOCTh OYJIET U30JIMPOBAHA MIOKPOBOM PSICKU, ITO3TOMY KOMaphl B 3TOM Cllydae

OOBIYHO HE SIBJIAIOTCS MPOOIEMOI.
8.2.1. Texnnueckoe 00Cay:KUBAHHE U MepPbl 0€30MIACHOCTH PSICKHU

Bce ycnioBus 6€30nacHOCTH M TUTHEHBI TPYAa B CUCTEME OUMCTKU CTOYHBIX BOJI,
KOTOpbIE TEPEUUCIEHbl B TEKYIIEM MCCIEIOBAaHUHU, COOOIIAIOTCS ATEHTCTBOM IO
Oxpane Oxpyxaromieit Cpeast (AOOC) (2011) [117].

Huxe nepeunciensl o01ye ycaoBUs Tpy/ia U 0€30MacHOCTH 1JI O0CTy>KMBaHUS
Y DKCILTYaTallMH MPYIOBBIX CUCTEM:

e [lomnepxuBaiiTe BBICOKMH YPOBEHb AOMalIHEro xossaucrsa. He momyckaiite

NOMNaJaHus Ha TO0JI, CTEHBI U 000pYA0BaHUE TPSA3H, CMa3KH U Mycopa. XpaHHUTe

WHCTPYMEHTBI HaJJIeKaITUM 00pa3oM, KOT/1a OHU HE HCTIOIb3YIOTCS.
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JlepxuTe TOPOKKH YMCTHIMU U CBOOOJAHBIMU OT CKOJIB3KUX BeliecTB. Ecnu nen
oOpasyercs pu XoAp0€e, HAaHECUTE COJIb WM MECOK WM HAKPOUTE 3eMIIei min
30JI0M, KOTOPbIE MOYKHO yIAJIUTh TIO3XKE.

Bbyabte  0COOGHHO  OCTOpPOXXKHBI ~ TpU  paboTe C  DIIEKTPUYECKOU
pacIpenenuTeNbHON CUCTEMON U COOTBETCTBYIOIMMU ycTporcTBamu. Hukoraa
He paboTaiiTe ¢ 3J1eKTpoo0OPYJ0OBAaHUEM U ITPOBOJIOM C BJIAXXHBIMHU PyKaMU WIH
B MOKpOIi oziek/ie uii o0yBu. Beerna HazeBaiiTe COOTBETCTBYIOIINE 3aIIUTHBIE
nepyaTku Al paboThl ¢ 3leKTpooOopynoBanueM. Hukorma He MCHOb3yiTe
pacrnpeeuTeIbHyI0 KOpOOKY B KaueCTBe KOMMYTATopa.

CoOmronaiite Bce mpaBwiia O€30MACHOCTH IEpPCOHANA, PETYJISPHO MPOBOJS
TpeHUupoBKU. CoOm0faiiTe HHCTPYKIMHA IO TEXHUKE 0E€30MacHOCTH, KOTOPbIE
pa3MEIIEHbBl B COOTBETCTBYIOUIMX MecCTaX. Takue HHCTPYKLIHMH JIOJKHBI
BKJIIOYATh MH(OPMAIMIO O TOM, KaK CBS3aThCs € OMMKAMIIMM MEAUIMHCKUM
LHEHTPOM W MOXApHOM CTaHUMEH, METOJAMHU CHACECHUs, pEeaHMMaluen u
METOJaMHU OKa3aHMs IIEPBOM ITOMOILIH.

VY aocroBeppTech, YTO JIOCTATOYHOE KOJIMYECTBO OOYYEHHOTO W ONBITHOIO
NIEPCOHAJIA C COOTBETCTBYIOLIUM 000PYI0BAHHEM HA3HAYAETCS U PUCYTCTBYET,
KOT/Ia 9TO HEOOXOIMMO JIJIsl BBITIOJIHEHUS JTF000H OMacHOi padoThl.
CoTpyaHUKH JOJKHBI MPOUTH OOydyeHHE TEXHUKE O€30MacCHOCTH Ha JIOJKaX.
CnacaTenpHbIE CpeICTBA JOKHBI UCITOIb30BAThHCS, KO 1A TEPCOHAT HAXOAUTCS
B JIOJIKE Ha JieueOHBIX Tpynax. [lo kpaiiHeil mMepe JBa YelOBEKa JOJKHBI
paboTatb BMECTE€ BOKPYr MNpPYAOB H3-32 ONACHOCTH YTOHYTb U JIPYyTUX
HECYaCTHBIX cirydaeB. O0yueHue TeXHUKE O€30MMacHOCTH Il oneparopa mpyaa
JOJKHO BKJIFOUATh HABBIKM CIIACEHUS KU3HU, BKJIIOYasi CIIOCOOHOCThH IJIaBaTh
He MeHee 30 M B 00BIUHOM paboueil oiex/Ie.

JloctaTouyHOE KOJMYECTBO OTHETYIIMTEIH JOJDKHBI OBITh pa3MElIeHbl B

JICTKOJAOCTYIIHBIX MCCTAax.
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8.2.2. Mepbl Ipe10CTOPOKHOCTH NPU HH(PEKUHUAX Tesia U 3a00J1eBaHUSAX

OOpamaiitech CO BCeMH TMOpPE3aMH, CCaJMHAMH W TOJOOHBIMH TpaBMamH B
Kpatyaiiime cpoku. IIpu paboTe co CTOYHBIMU BOJaMu HeOOJIbIlIAsg CCaJUHA WU
HapanvuHa NOTEHIMAIbHO ONACHbl M JOJDKHBI OBITh HEMEUIEHHO OYMILEHBI U
o0paboTaHbl 2-MPOIEHTHBIM PAcTBOPOM HacTolku #ona. Kpome Ttoro, mepconain
JIOJKEH:

e [lomyunThe MEAUIIMHCKYIO TOMOILb IPU BCEX TPaBMaXx.
e [IpoiiTn Kypc nepBoy MOMOIIN.
o [IpuBuBaThCS K 00JIE3HSIM, IEPEAAIOIIUMCS YEPE3 BOAY, B YACTHOCTHU OPIOIIHBIM

Ttudam u napatudyasipHON JTUXOPAJIKE.

e BecTu y4yeT Bcex NpUBUBOK B UCTOPUU OOJIE3HU COTPYIHUKOB.
e ExerogHo nmpocmaTpuBaTh 3alUCH O HEOOXOJUMBIX CUTHAJIBHBIX CPEJCTBAX U

HOBBIX CPpCACTBAX 3alllUTHI.

B nabGopatopum Bcerna  HUCMNONB3YWTE  MOJXOISINEE  JaOOpaTOpHOE
000py1I0BaHUE U PACXOIHbIE MaTEPHAJIbI, a TAK)KE U30eraiTe II0ObIX 3arpsi3HEHUH pTa.
He npunumaiite nabopaTopHyro MOCyny ISl JUMYHOTO MOJIb30BaHHs. bymaxHbie
YalllKU JOJDKHBI OBITH MpPENoCTaBiieHbl B Jaboparopusx ans nuThs. Hukorna He

rOTOBBTE WJIH €IILTE MUY B JJaOOpaTOPHH.
8.2.3. Bpennble ra3nl, B3pbIBOONACHbIE CMECH U KHCJIOPOAHBIH HeuiuT

OCHOBHBIMH OTIACHOCTSIMHU JIJI1 BO3yXa, CBA3aHHBIMH C OUUCTKOM CTOYHBIX BOJI,
SIBJITFOTCSI CKOTIJICHUST KaHAIM3AIMOHHOTO Ta3a U €ro CMECH C JAPYTHMH Ta3aMu WM
BO3JTyXOM, KOTOPBIE MOTYT CTaTh IPHYUHON CMEPTH WJIM TPABMBI BCIICJACTBHEC B3PHIBA
WM yayuibs B pesynbrare aeduiura Oz TepMuH «KaHAIM3AIMOHHBIN Ta3» 00BIYHO
MIPUMEHSETCS K CMECH Ta30B B KOJUIEKTOPE U JIFOKaX, COJIEPIKAIINX BBICOKHE MPOIICHTHI
COg, B paznuunbix konmuuectBax CHa, Ha, HoS u Huskux npornentax O,. Takue cmecu
WHOT/Ia HAKAIUTMBAIOTCS B KOJUIEKTOPAX M CMOTPOBBIX KOJOJIAX, € OPTAaHMYECKOE
BEIIECTBO OTKJIAABIBAETCS U MOABEPTaeTCs pa3ioxkeHui0. DakTUUeCKHe OMacCHOCTH,

BBITCKAOIINC M3 KAHAJIMU3AIIUOHHOI'O TIas3ad, SABJIAIOTCA PC3YJIbTAaTOM B3PbIBUATOIO
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kommuectBa CHa, H2S unu Henocratka Op. CepoBoopoa SBISETCS TOKCUYHBIM TIPU

O4YCHb HHU3KHX KOHLCHTpALUAX, WU HYBCTBUTCIIbBHOCTb YCJIOBCKA K 3allaxy 6BICTpO

OPUTYILISETCS.

XJIOpHBIN ra3, pa3apakarolny ri1a3a, IbIXaTeIbHbIE IIyTH U IPYTUE CIU3UCTHIC

O6OJIO‘{KI/I, MOXKCT OCCAaTb B HU3HMHHBIX HCIIOABMKHBIX obnactax. ['a3 06p8,3y€T

KHCJIOTY B IPUCYTCTBHUH BJIaT'U. I'a3 moxer IMPOTCKATh U3 HNUJIMHAPOB U JIMHUHA mogauu

u 1upPyHIUpOBATE U OCEAATH B ITUX MECTaXx.

8.3. CnacarejibHOe 000py/10BaHMe JJIsl OYMCTKH CTOYHBIX BOJ

o0opynoBaHus sl o0ecrieueHus: 6€30MacHOCTH:

O0opynoBaHue AJ1s1 OOHApPYKeHHs (1151 Ta30B M HegocTaTKoB Oy)

OGopynoBaHue AJisl OYUCTKUA CTOUHBIX BOJ JOJDKHO MUMEThH CIEAYIOUINE THUIIBI

PGCHI/IpaTOpBI (KOMHHCKTBI ABTOHOMHBIX JbIXAaTCJIbHBIX allllapaToB  IJIA

ycTpaHeHHUs HelocTaTkoB O2)

PemHM 6e3011acHOCTH, IMHUU U TTOIbEMHUKHU
[IpaBumnbHas 3amKUTHAS O/1€K 12, 00YBb U TOJIOBHOM yOOp
BenTunsinmonnoe o60opyaoBaHue

Heuckpsiiue UHCTPYMEHTBI

O6opyaoBaHUE CBS3U

IIepeHOCHBIE BO3AYyXO1YBKH

B3psiBo3ammuiieHHbIN GoHAph U Apyroe 6€30macHOe OCBEIICHNE
[Ipenymnpexnaromniyie 3HaK1 U Oapbepbl

ANTEYKH IEPBOM MTOMOLIU

Hannexamnme ornerymurenu

['ma3Hple MOWKH U JTyIIEBbIE CTAHIIMU B JJaOOPATOPHUAX

3amuTHBIC OYKH JIJIst paOOTHI B TAOOPATOPUAX U APYTUX OMACHBIX 30HAX.
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8.4. O0uue NpUYUHBI HECOOTBETCTBHS CTOKOB NpyAa

B stoMm paznene OyaeT paccka3aHO O HAPYIIEHWU CTOKOB, 00 MCIBITAaHUAX U
pe3yibTaTax MOMCKAa HEUCIPABHOCTEH M O BO3MOXKHBIX PEHICHUSX ITOW MPOOJIEMBI.
Hapymienus cTouHbIX BOJ IIPYJla MOTYT ObITh BBI3BAHBI OPTAHUYECKOU MEPErPy3KOH,
3aKOpavyMBaHUEM, YCIOBUSAMHU pa3pacTaHus BOJIOPOCIEH, aKKyMyJIAIMeH U HUTpaluen

OcCajiKa WIM YaCTUYHOU HUTpUPUKAITUEH.
8.4.1. Opranuyeckas neperpyska

Opranunueckas mneperpy3ka OOBIYHO BbI3BaHA BO3JCHCTBHEM OpPraHUYECKUX
yAapHBIX ~ HAarpy30K WJIM  TIOBBIIIEHHOWM  OpraHUYecKOM  Harpy3ku  0e3
COOTBETCTBYIOIIETO YBEJIIMYECHUS MOUTHOCTH OYMCTHBIX COOPYKEHHUIN. ITO COCTOSIHUE
BBI3BIBAET HU3KHE KOHIICHTPAIIMM pacTBOpEeHHOro kuciopoga (<1,0 mr/m) wu
UHTUOUpPYET Je4eHue. ITO MOXKHO MPOBEPUTH, BBIYUCISASL CKOPOCTh CKOPOCTh
onoxumuueckoro motpednenus kuciopona (BIIKs/mens) u cpaBHHMBas ero ¢
pacyeTHOM MoIHOCTBIO. TecT Ha pactBopenue kuciopona (PKT) cienyer 3amyckaTth
B pa3HOE BpeMsl JIHS, YTOObI MPOBEPUTH, €CTh JIU HEMPEPHIBHOE HU3KOE COCTOSHUE
PaCTBOPEHHOI'O KUCJIOPOAA.

JInarHOCTUYECKHE UCCIAEOBAHUSI TIO BBISBJICHUIO HEUCIPaBHOCTEH OyayT
JEMOHCTpUPOBATh BbICOKUH ypoBeHb BIIKs, BRICOKHIT XUMUYECKUN U OMOTOTUYECKUIMA
notpebnenus kucnopoa (XBIIKs), Beicokuii ypoBeHsb pacTBopuMocTr BI1Ks, Hu3Kuit
ypoBenb PKT, Huzkoe coaepxkanue o01iiero B3BenieHHoro Teepaoro Bemiecrsa (OTB)
u BIIKs ¢ Beicokum NHj3;. HemocpencTBeHHBIM pelIeHHEM SIBISIETCS YBEIUYCHHE
MOIIHOCTH OPTaHWYECKON OYMCTKHU 32 CYET YBEJIMYEHUs a’paunu. B monrocpouHon
MEePCIIeKTUBE JI0OJDKHA ObITh pa3paboTaHa U BHEAPEHA MporpaMMa MpeBapUTeIbHOM
00pabOTKM ¢ MOHUTOPHMHIOM CHUCTEMBI COOpa MaHHBIX TEX paloOHOB, KOTOpPHIC

II0JI03PEBAIOTCS B CO3/1aHUU OOJBIINX OPraHUYECKUX Harpy3o0K.

119



8.4.2. KopoTkoe 3aMbIKaHHe

KopoTkoe 3aMbikaHue OOBIUHO MPOMCXOAUT, KOrjna HeoOpaboTaHHBIC WIH
YaCTUYHO OYUIICHHBIE CTOYHBIE BOJbI HE UMEIOT JOCTATOYHOTO BpEMEHHU TPEeObIBaHUS
B CHCTEME ISl NOJTHOW 00pabOTKU. DTO MOKET OBITh BBI3BAHO TEMIIEPATYPHBIM

paccioeHueM B suerKax, MI0OXOH KOHCTPYKIMEN BIYCKHBIX W/WIIA BBITYCKHBIX
OTBEPCTUM, HEOCTATOYHBIM OTHOIICHHEM JJMHBI K IIUPUHE SYEHKU Wi (HopMOM
AYECUKN, WIM IUIOXMM CMENIMBAHMEM M HENPABUIIBHBIM PA3MEIICHHEM a’paTopa.
Brimonnenne tecta npodwiss PKT B ycTaHoOBIEHHOM ceTyaTod CHUCTEME IIpH
peructpauuu kak PKT, tak u temneparypsl ¢ marom 0,3 M OT MOBEPXHOCTH O JHUIIA
JOJDKHO TIPOBEPSITH YCIOBUE KOPOTKOTO 3amblkaHUs. Omeparop OyIeT y4YHTHIBATH
u3menenus: B PKT u Temneparypsl, yka3piBarome TeMIEpaTypHYIO CTpaTU(OUKAIIUIO
W/WIM  TUIOXO€ NepeMelrBaHue. J(MarHOCTMYECKUH TECT Ha  BbIBIICHHE
HEUCITpaBHOCTEH OyaeT ykas3biBaTh Ha BbICOKUU ypoBeHb BIIKs, BhICOKHIT ypOBEHD
pactBopumoro BIIKs, ymepennsiit OTB u Bbicokuit ypoBeHb NHs;. 310 ycnoBue
JOJKHO OBITh IOJITBEPAKACHO MUKPOCKOIIUYECKUM HCCIIEJOBAHUEM CTOKOB.

B0O3MOXHBIMU pELICHUSIMU SBJSIIOTCS TIEPEMELICHUE a’3paTopoB, A00aBJICHUE
HalpaBJ€HHBIX  a’paTOpoOB WM  CMECHUTENIed, J100aBlI€HUE  IEepPEeropoioK,
PELMPKYISALUNS U1l YIIYYIICHHUS TIEPEMEIIMBAHUSA, 4 TAKKE U3MEHEHUE KOHCTPYKIUU
BXOJHBIX M BBIXOAHBIX CTPYKTYp 3a CYET BKJIIOUECHHUS KOJUIEKTOPOB WU

MEPEMEIIAIOIITNXCS CTPYKTYP.
8.4.3. IlepepoxaeHue BogoOpoOCIei

Pa3pactanue BOmOpoCiEl pacnpoCTpaHEHO B paloOHax, rli€ B TEUYCHHUE roja
HaOmogaeTcsi OONbIIOE KOJIMYECTBO COJIHEYHBIX AHEH. DTO yCIOBHE MPOMCXOAMT
IPEUMYIIECTBEHHO BECHOM M JieToM. JliuTenbHOE BpeMs 3aJep>KaHusi, HErJIyOOKHe
riyounsl nipyna (1,2—1,8 M), oOwiibHbIE NUTATENbHBIE BEIIECTBA, TEIJias BoAa U
COJTHEUHBIM CBET CIOCOOCTBYIOT POCTY BOAOpPOCiEH. Pe3ynbTraThl TUarHoCTHUECKOTro
MOMCKAa HEUCIPABHOCTEH YKa3bIBAIOT HA BBICOKHI ypOBEeHb PH, BBICOKMI ypOBEHBb

bIIKs, Husknii ypoBeHb XbIIKs, Huskuit ypoens pactBopumocTtu bIIKs, BbICOKOE
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OTB, Beicokoe otHomieHue OTB k BIIKs, nuskoe PKT (pannee yTpo) U ymepeHHO
BbICOKHE KOHIIeHTpamu NHa.

B Tedenne HOUM BOIOPOCTH M a’3poOHbIe OakTepuu OyAyT Mcmoiab3oBath O,
norenuuanbHo uctomass PKT B kmetkax nmo Bocxonma comnna. Hemocratok O3
OpUBEAET K HEMOJHOMY OOpalieHUIo, YTO MOXKET TMPUBECTH K HapYIICHUIO
paspemerus. Ilpob6usiii mporon mnpodwmis PKT npu Bocxome conHa 0OBIYHO
npoBepsier orcyTcTBue O, B siueiikax. MUKPOCKOTTMYECKOE MCCIICIOBAHNE CTOYHBIX
BOJI ¥ TIOJICUET BOJIOPOCIIEN MOATBEPIUT COCTOSIHUE pa3pacTaHusl.

Bo3MoskHBIE peleHrs BKIIOYAIOT YBEIMYCHHE BpPEeMEHU pabOThI a’dpaTopa B
HOYHOE BpeMsa. OmnepaTop MOXKET PEeIIUuTh COKPATUTh BpeMsi paboThl a’paTopa B
TEUYEHUE JHS, YTOOBI BOJIOPOCIU MOTJIM CKOHIICHTPUPOBATHCS Ha TOBEPXHOCTH KIIETOK.
Bricokasi KOHIEHTpaLMsl BOAOPOCIECH HA MOBEPXHOCTH YMEHBIIUT MPOHUKHOBEHUE
COJIHEYHOI'O CBETA U MOXKET 3aMEJJIUTh POCT BOAOPOCIIEH. BBITArMBaHUE CTOYHBIX BOJ
C Pa3IMYHBIX TIYyOWH TOJ MOBEPXHOCTHIO TakKe Oy/eT yAep>KUBaTh BOJOPOCITH B
KJIeTKax, oOecreunBas Py 3TOM BBIITYCK BBICOKOKAYECTBEHHOU BObl. JloOaBiieHue
IJTABAIOIIMX KPBIMIEK Oy/eT OJOKUPOBAaTh COJIHEYHBIM CBET U, C MOJACp>KaHUEM
aZiIcKBaTHBIX ypoBHel BHyTpukierodHoro PKT, mpousBoauth 0osiee KauyeCTBEHHBIM
ctok. JloGaBieHue ¢U3NUECKOTO 3aTEHEHHUs, TaKOro Kak TeIUIMYHAas TKaHb,
MOJABEIIECHHAs HaJ IIOBEPXHOCTHIO KIIETOK, WM XHWMHUYECKUE BEUIECTBA WIIU

(hOTOCUHUN, UCTIOIB3YEeMbI€ B COOTBETCTBUM C MHCTPYKIUAMH peecTpa AOOC.
8.4.4. HakonjieHue ocajka B nmpyjaax

[IInam OyneTr HaKaIIMBaTHCA B HIDKHEH 4YacTWU MPYIOBBIX KaMmep B TCUCHHE
MHOTHX JIET 3KCIUTyaTalMd. PacTBOpUMBIE OpraHUYECKUE BEIIECTBA BBIACISIOTCA U3
ATUX JOHHBIX OCAJKOB M OKA3bIBAIOT HAMOOJIbIIIEE BIUSHUE HA MPYAbl BECHON 3TOTO
roga. PesynbraTsl

JTUATHOCTUYECKUX HCCIEAOBAHUM TIO0 BBISBICHUIO HEHUCIPABHOCTEH OymyT
yka3biBaTh Ha BbICOKMM ypoBeHb XbIIKs, Beicokuit pactBopumsbiii BIIKs, oT HU3KOTO
ypoBeHss 110 ymepeHHoro OTB, nuszkoe otHomenue OTB k bIIKs, Huzkue

koHleHTparun PKT u Bbicokue koHueHTpauuu NHsz. DTo cocTosHHME MOXKHO
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MPOBEPUTH C MOMOIIBI0O MUKPOCKOIUYECKOTO HCCIIECOBAHMS. Y BEIMUYECHUE BPEMEHU
paboThl a’paTropa MOXKET MPEJIOKUThH BPEMEHHOE pEIlIeHHE. B KOHEYHOM HTOre
HEO0OXO0MMO OyJIeT yIaluTh OCaJ0K CO JIHA MPYJAOBBIX KJIeTOK. Orneparop M0JDKEH
COOJII0JIaTh BCE TOCYAAPCTBEHHBIC M (heJepalbHbIe HOPMBI M JOJIKEH 3a00TUTHCS O

3aluTe JJaifHepa mpyaa BO BpeMs mporiecca.
8.4.5. Hurpudukanusa win 4acTHYHASA HUTPUPUKAUS

Hutpudukamus B mpynax OyneT MPOUCXOIUTH MPU HAMICKAIINX YCIOBHUSIX
OKpyXxarolei cpebl (mpu 6oJiee BEICOKUX TeMIlepaTypax Bojbl U ajiekBatHoM PKT) u
HauOoJiee pacnpocTpaHeHa B KOHLE BecHbl W Jyera. [lonHas HuTpudukauus Oyaer
yKazaHa ¢ nomombio HU3Kux ypoBHeW bIIKs, Huskoro ypoBus XbBIIKs, Hu3kuX 10
cpennux 3HaueHuit OTB, ymepennoro PKT, nuskoro ypoBHs NH; u ymepeHHbIX
ypoBHeit NOs.

YactuuHas HUTpUUKAIMS paclpoOCTpaHEeHa B MPyJaX B KOHIIE BECHBI U JIETA,
korga azaekBaTHble ypoBHM PKT He mnonnepkuBaroTcs [Jsi MOJHOTO JICUCHHUS.
JlnarHoCTUYECKUE TECTHI JIJIsl BBISABJICHUSI HEUCIIPABHOCTEN OYIyT NE€MOHCTPUPOBAThH
BbICOKMI ypoBeHb BIIKs, Hu3kuii ypoBenb XbBIIKs, HU3KUI ypoBEHb pacTBOPUMOTO
BIIKs, Hu3koe n ymepennoe OTB, auzkoe otHomenune OTB k BIIKs, Huzknit PKT n
yMmepeHHbIe KoHreHTparuu NHs.

VYBenuueHHas adpanus (Bpemsi paboThl a’dparopa) WiiH, B HEKOTOPHIX CIydasx,

YBEIMYCHHAS MOIIIHOCTH a3pallid MOXKET YBEIIMYUTh HUTPUPUKAIIHIO.
8.5. Zakawuenue

YenoBek HE MOXKET OBITh 3apa’KE€H NEPEeIaHHbIM MUKPOOPTaHU3MOM U3 PSCKH,
IIPU JIOBJIE PHIOBI B KAYECTBE MHUILMU JIJISl YEJIOBEKA, JHOObIE MaTOreHbl, CBA3AHHBIE C
IPOAYKTOM, CTEPUIIU3YIOTCS IyTEM HarpeBaHus B Mpolecce NpurotosiaeHus. Jlrodas
CUCTEMa KYJIbTUBUPOBAHUS C OYHMCTKON CTOYHBIX BOJI WJIM OYHMILEHHON BOABI (B
HAYaJbHOM TOUYKe) OyJIeT 3arpsi3HeHa MHOTMMH [TaTOT€HAaMU, & KOHLIEHTPALUS KUBBIX

OpraHu3mMoB 6y,ueT OHHHaKOBOﬁ IMpH YCTAHOBHUBIICMCA COCTOSHUU.
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PykoBoguTenu moaBepraroTcs BO3JECUCTBHUIO 3arpsi3HEHHBIX CTOYHBIX BOJ BO
BpeMsi yOOPKH, TEXHUYECKOTO 0OCITYKMBAHUS U DKCIUTyaTaluu. TakuM oOpaszom, AJis
CBEJCHUS K MUHUMYMY IIPSIMOTO KOHTaKTa CO CTOYHBIMM BOJIAMH CIIEAYET YUUTHIBATH
pa3paOoTaHHbIE TEXHOJOTUU W JYYIIUN JU3aiH TpyAa s HOBOH CHUCTEMbI MPYAOB
PACKH.

MBILIBSKOBBIN aHanU3 MPo0 CTOYHBIX BOJ B MATH PA3IMYHBIX MECTaX MOKa3all
HU3KHE KOHIIEHTparu AS, 4To HIKe HOpM Jijist opornenus [101].

B [1ONOMHUTENBHBIX HCCIENOBAaHUSAX B OYIyLIEM CIEIyeT MCCIeI0BaTh
HAKOIUJIEHUE TSKEBIX METAJUIOB, NECTUUUAOB U IPYTrUX TOKCUYHBIX COCAMHEHUH B
CTOYHBIX BOJAX M MpOoAyKTax (OnomMacce u pblO€) B CUCTEME MPYAOB PACKHU.

IIOCTOSIHHO ~ KOHTPOJUPYIOTCSI MHOTME IapaMeTpbl W KOHLEHTpalus
XUMUYECKUX BEIIECTB HA CTAHLIMIX JAUCTAHIIMOHHOIO 30HAMPOBAaHUS  CO
celM(PUUECKUMH JaTYUKaMH. DTa TEXHOJOTUS MOKET COKOHOMUTh pabouylo CUILY U

3aTpaThbl HAa YIIPABJICHHC CHCTEMOM.
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9. ®duHaHCOBBIi MeHEIKMEHT, pecypcod(P(PeKTUBHOCTH U

pecypcocoOepe:keHune
HaydHoe wuccienoBaHue MPUKIATHOTO XapakKTepa OLICHUBAETCS B HUTOre
KOMMEpYECKON 1IEHHOCThIO pa3paboTku. VccienoBanue OYUCTKA COPOCHOM BOMBI C
MOMOIIBIO PSICKM W TIOJNydeHHE OHOMAcChl KOTOpas MOXET OBITh C YCIEXOM
UCIIOJIb30BaHA Ha KOPMOBBIE LI€TM COBPEMEHHBIM TpeOOBaHUSAM B 0OO0JACTH
pecypcordHEKTUBHOCTH U pecypcocOepekeHus], TaK KakK MO3BOJISIET YTHIM3UPOBATh

OMOXUMHUYECKUE 3arPSI3HUTENIH C MPOU3BOACTBOM LIEHHOTO MPOIYKTA.
9.1. IlpeanpoeKTHBI aHATU3
9.1.1. IloTeHUUAJILHBbIE TOTPEOUTEIH

PanmonanpHas opranuzamus nepepaboTKH MPOIYKTOB METab0IM3Ma CEeITbCKO-
XO3SIUCTBEHHBIX >KUBOTHBIX SIBJISIETCS aKTyaJIbHBIM BOIPOCOM B Cepe IKOJIOTHH.
XpaHeHHEe OTXOAOB JKHU3HEACITCIBHOCTH CEIbCKOXO3SHUCTBEHHBIX JKUBOTHBIX Ha
TUIOIIAJKAX CKJIAJIUPOBAHUSI MPUBOJUT K BBIMBIBAHUIO aTMOC(EPHBIMU OCaJKaMH B
MIOYBY U TPYHTOBBIE BOJIbI OOJBIIIOTO KOJIMYECTBA OPraHUYECKUX BEILECTB, a TAKKE K
HEKOHTPOJHUPYEMBIM BBEIOpOCAM MeTaHa B aTMOC(epy B pe3ysbTaTe UX Pas3IOKCHHS.
E>xeqiHeBHO, HampuMep KOpPOBa, MPOU3BOAMT OTXO00B 10 68 kr/menp [86]. Ilpwu
aHa’pOOHOM TepepabdOTKe JAaHHBIX OTXOJ0B B METAHTEHKAX IOJy4daeTcs Ouoras u
CTOYHBIC BOABI, OOOTAIllCHHbIC MHUTATCIBHBIMU BellecTBaMH. D PEeKTUBHOE
W3BJICUCHUE NMUTATEIBHBIX BEIIECTB U3 MOJYUYEHHBIX CTOYHBIX BOJI, U, KaK CJICICTBHE,
WX OYHCTKY, MOKHO OCYIIECTBUTH C TTIOMOIIBIO PsACKH. LleneBoli peIHOK pe3ynbTaToB
UCCJICIOBAHUM B BBIMOJHEHHOM paboTe 5TO OpraHu3aluu, 3aHUMAIoIIecs
BOIIPOCAMH: OYHCTKHA CTOYHBIX BOJI, 3arpsA3HEHHBIX a30THBIMH COCAMHCHUSMU B
amMmMmuayHoi gpopme u nonudocdaramMu; MPOU3BOJCTBOM PACTUTEIBHBIX KOPMOB.

K oTpacnsiM, B KOTOPBIX MOXKET OBITh UCITOJIB30BAHA PSCKA, OTHOCATCS CEITLCKOE
YKUBOTHOBOJICTBO U PHIOOBOJICTRBO.

Ha pucynke 41 npencraBiieHa KapTa CETMEHTHPOBAHUS PhIHKA IMPOU3BO/ICTBA

PSICKH.
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- buodunbTpsr,

- A3popuneTpsr,

- APpOTEHKH.

B pesynbprare mpuMeHEHHUsI COOTBETCTBYIOIIUX METOJAOB OYUCTKH U (WJIM) UX
COUeTaHuM, COPOCHBIE BOJIbI >)KUBOTHOBOAUYECKUX MPEINPUATHH, BOJIa U30aBIISIETCS OT
TOKCUYHBIX BEIIECTB, HO HachIaeTcs: (hochopoM U aMMOHUNHBIM a30TOM.

Jlnst ynanenust azota U ¢gocdopa MpUMEHSIOT u3BecTkoBanue. [Ipu stom pH
yBenuuuBaeTcss g0 10 — 11 egunun, oOpasyeTcss aMMHakK, KOTOPBIM OTIyBaroT
BO3yXOoM B TpaaupHsax. Pocop oOpasyeT BbIMAJAIONIMNE B OCATOK COCAMHEHUS.
Wuorga 11t 5TOTO TOTOTHUTEIHFHO BBOIST COJIM alIFOMUHUS U JKeJie3a.

Hapsiny ¢ XUMUYECKHUM, HCMOIB3YIOT OHMOJIOTHYECKUNA METOJl, KOTOPbIH
OCYIIECTBISIETCS TTOITAITHO: CHaYaIa HUTPU(PHUKAIUS OUUIIIAeMON BOIBI TIPU MTOMOIIU
0COOBIX OakTepuil B adpPOTEHKE, 3aT€M JCHUTPU(DUKAIUS B T€PMETUYHO 3aKPBHITON
€MKOCTb 0€3 JJOCTyIa BO3yXa.

AHanmu3 Tpex KOHKYPHUPYIONIUX TEXHOJOTHH IO OYHCTKE CTOYHBIX BOJ OT
Ouo3arps3HEHU MPOBEIH C TTOMOIIBIO OIEHOYHON KapThl, TPUBEACHHON B TabuUIIe 6.

Tabnuma 6- OuenouHnas kapTa AJsi CpPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

pazpaboTok
. Bec
Kpurepuii oueHku Bbanabl | KOHKYpeHTOCTIOCOOHOCTD
KpuTepusi

E¢> BK1 BKz Kq) KKI KK2

TexHuYecKHe KPUTEPUH OLEHKU pecypcodddekTuBHOCTH

VY 100cTBO B SKCILTyaTaIluu 0,1 4|1 3| 4 0,4 0,3 0,4

Hanéxuoctn 0,1 4 | 2 4 0,4 0,2 0,4
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[IpocToTa TexHOIOTHU 0,15 3| 2 4 0,45 0,3 0,6

OTCYTCTBI/IC PaCXOIdHBIX

0,15 5121|075 03 | 015
MaTepHaoB

DHEPro’3KOHOMUYHOCTh 0,1 51| 3 3 0,5 0,3 0,3

JKOHOMHMYECKHE KPUTepHH OleHKH 3QPeKTUBHOCTH

KonkypeHTocriocoOHOCTh 0.1 4l a2 0.4 0.4 0.2
MPOTyKTA

CpoOK KU3HU TEXHOJOTUHU 0,05 515 4 0,25 | 0,25 0,2

[lena 0,1 4 12| 3 0,4 0,2 0,3

Hannuue narenra 0,15 515 1 0,75 | 0,75 | 0,15

ATOTO 1 3,9 3,0 2,7

rne by — mpoektupyemas pazpadotka; bi — [118] u by, — [119].

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHU onpenensercs o ¢popmysne 37:

K= z B; b; (37)

I'me K — KOHKYpEeHTOCIIOCOOHOCTh HAYYHOU pa3pabOTKK WM KOHKYpeHTa; B
— BecC mokasatess (B J0JsX enuHullbl); bi — 6amn i-ro mokasares.

JIiist mpoekTrpyemMoit pa3paboTKh CyMMapHBIM 0alljl KOHKYPEHTOCIIOCOOHOCTH
MaKCUMaJIbHBIA. JTO OOYCJIOBJIEHO TEM, YTO NMPUMEHSEMbI HaMH CIOCOO OYUCTKU

CTOYHBIX BOJ SIBJISIETCS MHHOBALIMOHHBIM.
9.1.3. Imarpamma UcukaBbl

Juarpamma npuunnsi-ciencteus Mcukaper (Cause-and-Effect-Diagram) - sto

rpaduyeckuii MeToj; aHanu3za U (HOpMUPOBAHUS MPUINHHO-CIEIACTBEHHBIX CBS3EH,
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HHCTPYMCHTAJIBHOC CPCACTBO A CHUCTCMATHUYCCKOIoO OIPCACIICHUSA TMPHYINH

IPOOJIEMBI U TTOCIIEAYIOMEro rpadudeckoro npeacrapienus [120].

Ha pucynke 42 npezacraBieHa NpUYUHHO-CIICICTBEHHAs quarpamMma VcukaBbl

INPUMCHUTCIIBHO K IIPOHCCCY OYHUCTKM BOJbBI C IIOMOIIBIO PSICKU H HU3KUM T10

CpaBHCHHIO C U3BCCTHBIMU B JIMTCPATYPC BBIXOI PACKH.

Texnonorus Ilepconan

HECOONI0IcHHE
TEMIIEPATYPHOTO PEKUMA

Henocratounas

Knaccudukarms
nepcoHana

Henocratounas
MUTATENbH bIX
BEILECTB

HEAO0CTaTO4YH ast
OCBCIICHHOCTH

Henocratounsrit
KOHTpOIb

Huskuii BeIxos
OHOMACCHI PSICKH
u

A 4

He ontumansHbie
CBETHJIBHUKH

He

He ontumanbhbie

MOIITHOCTH noz[orpeBaTeneﬁ

pa3Mepsl aKBapu yMOB

Ob6opynoBanue

HE3HOE Ka4yeCTBO
oOpa3ua psacku

ONITUMaJIbHAA

HedPeKTHBHBII
nporecc 00paboTku

BHJ PACKH Haymuue Benect
HO/IaBIIS FOLIUX POCT

Pucynok 42- [IpuunHHO-CI€ICTBEHHAS IMAarpaMMa HU3KOTO BBIXOA PSCKU

9.1.4. Ouenka roToBHOCTH Pa3padoTKH K KOMMePUHATU3AIUT

[IpoBenem oOIeHKY CTENeHb TOTOBHOCTU Pa3palOTKUA K KOMMEpPIHAIU3AINN U

BBISICHUM YPOBEHb COOCTBEHHBIX 3HAHMM NJisi €e mpoBeAeHus. JlJig 3TOro 3amnojHuM

CICUUANTBHYI0 (OpMy, COIEpKAIlyr0 IOKa3aTeld O CTEINEeHU NPOopabOTaHHOCTH

IIPOCKTa C IIO3UMIHUK KOMMCPIHAIN3AIWUU WU KOMIICTCHIHUAM p33pa6OT‘-II/IKa HAay49HOI'O

npoekra (Tabnuma 7).

Tabnuua 7- biaHk OlIeHKU CTENEHU TOTOBHOCTH HAYYHOTO MPOEKTA K

KOMMepIHaIu3aluu
Ne ni/n HaumenoBanue Crenenb YpoBenn
NPopadoTaHHOCTH HMEKOIUXCS
HAY4YHOI'0 3HAHUH Y
NMpoeKTAa pa3padoTunka
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OnpeneneH UMEIOIUICs
HAay4YHO-TEXHUYCCKUN 3ae

Ol'[peI[eJICHBI ICPCIICKTUBHBIC
HaIIpaBJICHUA
KOMMCpIHUAIN3allU HAYIHO-
TCXHHUYCCKOI'O 3aAci1a

OrnpeneneHsl OTpaciau u
TEXHOJIOTHH (TOBApPbI, YCIyTH)
JUTSI IPEJVIOKEHUS HA PHIHKE

Omnpenenena ToBapHas popma
HAy4YHO-TEXHUYECKOTO 3a/ielia
JUTSI TIPEJICTABIICHUSI HA PHIHOK

OHpCI[CJIGHBI dBTOPHBI U
OCYHICCTBJICHA OXPaHa HUX IIpaB

[IpoBeneHa oneHKa CTOMMOCTH
MHTEIUIEKTYaJIbHON
COOCTBEHHOCTHU

[IpoBeneHbl MAPKETUHTOBBIE
MCCJIEI0BAHMS PHIHKOB COBITa

Pazpaboran OusHec-miaH
KOMMEPLUHAIU3ALUN HAYYHOU
pa3paboTKu

OnpeneneHsl NyTH
MTPOJIBMKEHUSI HAYYHOU
pa3paboOTKH Ha PHIHOK

10.

Pa3zpabotana ctparerus
(bopma) peasnizanuu HAy4YHOU
pa3paboTku
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11. [TIpopaboTanHbl BOMPOCHI 3 2
MEXTYHApOTHOTO
COTPYJIHUYECTBA U BHIXOJ/a HA
3apyOeKHBIN PHIHOK

12. ITIpopaboTaHbl BOMPOCHI 3 2
WCITOJIB30BAHUS YCITYT

UHQPPACTPYKTYPHI MOIEPIKKH,
ITOJTYYEHHUSI JIBIOT

13. [IpopabGoTaHsl BOITPOCHI 3 4
(duHAHCHpPOBaHHUS
KOMMEpLHAIN3aU1 HAyYHOH
pa3paboTKu

14. HNwmeercs komanga aiist 3 4
KOMMEPITUATU3AINN HAyIHOU
pa3paboTKu

15. [IpopaboTan MexaHu3M 4 4
peanu3anuu

Hay4HOI'O MPOEKTa

NTOI'O BAJIJIOB 49 46

[lomyuyeHHble 3HAYEHUS WTOTOBBIX OajgOB MO3BOJIAIOT TOBOPUTH O MEpE
TOTOBHOCTH HAay4YHOW pa3pabOTKH M ee pa3padoTyumka K KOMMepuuaau3zauuu. B
pe3ynbpTaTe nojicuera 0ajuioB BBISICHWIM, YTO MEPCIEKTHUBHOCTh Pa3paOOTKH BHIIIE
cpensero. CnenoBarenbHO, MOKHO CHENATh BBIBOJ, YTO Pa3pabOTUYMKy HEIOCTAET
KOMIIETEHLIU B OO0JACTHM MAapKETHHIOBBIX HCCIEIOBaHUM, MOATOMY IMpearaercs
pUBJIeYCHHE TPeOyeMbIX CHEIHAIMCTOB B JaHHOM 00JacTH B KOMAaHIy MpPOEKTa.
Heobxoaumo Takke npopaboTaTh BONpPOC (MHAHCUPOBAHUS KOMMeEpIHUAIU3ALUN
HAyyHOM pa3pabOTKM ¥ BONPOCH HUCHOJB30BaHUS YCIyr HUHQPACTPYKTYpPHI

HOJICPKKH, TIoTydeHus jbrot [121; [122].
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9.15. MeToabl KOMMEPUHAJM3AUMH  Pe3yJabTATOB  HAYYHO-TEXHHYECKOIo

HCCJIEeA0BaAaHNA

JUis TOpOABWKEHUS HA PHIHOK IOJYYEHHOTO NPOAYKTa BBIOEPEM METOJbI
KOMMEpLUAIN3alud Hay4yHOW pa3paboTku. [IpuMEHHUTENBHO K HCCIEIyEMOMY
IIPOLIECCY NOAXOAAT TAKME METObI KOMMEPIMAIN3ALNH, KAK NHKUHUPHUHT .

[Ipeanonaraercst IperOCTAaBICHUE HA OCHOBE JIOIOBOPA UHIICUHUPUH2A OJHON
CTOPOHOM, UMEHYEMON KOHCYJIBTAHTOM, JAPYI'OW CTOPOHE, NMEHYEMOM 3aKA3YMKOM,
KOMIIJIEKCA WM OTACJBHBIX BHJOB MH)XCHEPHO-TEXHUYECKUX YCIYT, CBA3aHHBIX C
IPOEKTUPOBAHUEM, CTPOUTEIILCTBOM M BBOJOM OOBEKTAa BOAOOYUCTKU C MOMOLIBIO
PACKH B DKCIUTyaTalMio, C pa3pabOTKONM HOBBIX TEXHOJIOTMYECKHX IPOIECCOB Ha
NPEANPUATUN 3aKa34MKa, YCOBEPLICHCTBOBAHUEM HMMEIOIIUXCA ITPOU3BOICTBEHHBIX
IIPOIIECCOB BOJOOYMCTKH BIUIOTH JO BHEAPEHUS M3IEIUS B IPOU3BOJACTBO M JTAXKE

cOBbITa IPOTYKIUH.
9.2. Huunuanus mpoeKra

CocraBuM YcTaB IpoeKTa, KOTOPBIM COCTOUT U3 TPEX OCHOBHBIX ITYHKTOB.
9.2.1. llenu u pe3yJbTaT NPOEKTA.

JaHHblil pazaen colepKUT HHGOPMAIMIO O 3aMHTEPECOBAHHBIX CTOPOHAX
MPOEKTa, HepAPXUH 1IeJIeH MPOEKTa U KPUTEPHSIX MOCTIbKeHHs 1enei. Mudopmarus
M0 3aMHTEPECOBAHHBIM CTOPOHAM MTPOEKTA TIPEICTaBlieHa B Tabyuile 8.

Tabnuna 8- 3anHTepecoBaHHBIE CTOPOHBI MMPOEKTA

3anHTEpEecOBaHHBIE OxuaHus 3aHHTEPECOBAHHBIX CTOPOH
CTOPOHBI NPOEKTA

JKuBoTHOBOIUECKHME Pemaercs skosnormyeckas npoOjieMa OYMCTKH BOJHBIX
IpEANPUATHA CTOKOB ¢ (epM U TMOJy4YEHUE BBICOKOKAYECTBEHHOIO
KopMma.
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PI)I6OP33BOI[‘ICCKI/IC Pemaercs skomormueckas HpO6JI€Ma OYHMCTKH BOIHBIX
IMpCaIpUATHA CTOKOB C pBI60p&3BO,Z[HOFO 3aBOAa MW IIOJYUCHUC
BBICOKOKaYCCTBCHHOI'O KOpMa.

O6HI€CTB€HHOCTI) Pemaetcs skonorundeckast HpO6JICMa CTOKOB.

B Tabmumie 9 mpencraBnena wHbopMamms 00 HepapXuM IENeH MPOEKTa H

KPpUTCPUAX JOCTUKCHUA ueneﬁ.

Tabmuma 9- Ilenu u pe3ynbTar mpoexTa

[emn mpoexkra:

Pa3pabotaTh  METOAMKY OYHMCTKM  CTOYHBIX BOJ C
HCTIOJIb30BAHUEM PSACKHU.

Pa3paboTaTh TEXHOJOTMIO BBIPALIMBAHUS OMOMACCHI PSICKU C
HCIIOJIb30BAaHUEM B MOJTYYEHUU KOPMOB.

Oxunaembie 1) Ouwmcrka BOIBI OT aMMHMa4yHOro asora M ¢ocdopa 0
pe3ynbTaThl JIOTTYCTUMBIX KOHIICHTPAIIUH.
pOeKTa:
2) locTiKeHUEe MaKCUMaJIbHOTO BBIX0/1a OMOMACCHI PSICKH.
Kpurepuu 1) Pemenue »5Ko0JIOTMYECKOW MPOOJIEMBI CTOYHBIX  BOJI
PUEMKHI 3arpsi3HEHHBIX AMMHUAYHBIM a30TOM U hochopom.
pe3ynbTara
IIPOEKTa: 2) TlpoBeneHue OYUCTKHU JOJIKHO OBITH PEHTAOENIBbHBIM U TI0
CTOMMOCTH OBITh HE BBIIIE, YEM TPATUIIMOHHBIC CIIOCOOBI
OYHCTKH.
3) BbIxom psCKHM JODKEH OBITH COM3MEPUM C YPOXKASIMH
JIPYTUX KOPMOBBIX KYJBTYp C TaKOH K€ TUTOIIAIH.
TpebGoBanus K | TpeboBanus:
pe3ynbTaTy
MpOEKTa: MuHuManeHOe ydacThe OOCHy>KMBAIOUIETO TMepcoHana B

IIPOLIECCE BBIPAIIMBAHUS PSCKU.
MakcumanbHbIN BBIXO PSICKU.

JlocTrxxkenue npu ouncTke Boasl psackou [1/1B.
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9.2.2. OpraHuM3anuOHHasi CTPYKTYpPa NMPOEKTA.

MIPOEKTE MpescTapieHa B Taomuie 10.

Tabnuna 10- PaGouas rpymnmna mpoekra

OpranuzanioHHasi CTpYKTypa OpOEKTa U POJib KAXKIOTr0 y4acTHUKA B JaHHOM

Ne DPUO, Poanb B DYyHKUHHU Tpyno-
/| OCHOBHOE NpoeKTe 3aTparsl,
MecTO yac
padoThI,
JHOJIAKHOCTD
1. | TuxonoB PYKOBOAUTENb | OTBEYAECT 3a peanuzaruto | 100
B.B., HU | mpoekra IIPOEKTAa B Ipeleiax 3aJaHHBIX
TITY, OTPaHUYEHUN II0  pecypcam,
JIOLICHT, KOOPAVUHUPYET  JEATEIbHOCTD
K.T.H. YYaCTHUKOB MIPOEKTA,
OCYUIECTBJISIET  MNPOABUKEHUE
MPOEKTA HA PHIHOK
2. | KpunuipiHa | SKCmiepT OPOBOAWT  KOHCYJbTAlMM B | 2
3.B, HU | mpoekra oOnacTu (pMHAHCOBOTO
TIIY, MEHEIKMEHTA,
JIOIIEHT, pecypcorhHEeKTUBHOCTH u
K.T.H. pecypcocOepexeHus
3. | PamenkoB T. |oakcrmept IPOBOJUT  KOHCYJIbTallMU B |2
A., HU TIIVY, | npoekTta obiacTu coIajJbHOMN
ACCHUCTEHT OTBETCTBEHHOCTH, O€30MaCHOCTH
KU3HEAEATEIbHOCTU U
AKOJIOTUYECKOM 0€30MacHOCTH
4. |Hrua O. H., | skcnept IPOBOAUT  KOHCYNbTallMd  TIO | 2
HA TITY, | npoekTa MHOCTPAHHOM YaCTH MPOEKTA
JlouieHT
5. |A. A. Anb | UCTIOJIHUTENH | MPOBOAWT H3KcrepuMeHTsl 1o | 1000
Kaccab, HMU | mo mpoekTty BBIPAIMBAHUIO PACKH,
TITIY, UOBT, noaoupaeT aHAJIMTHYCCKUU
MarucTpaHT KOHTpOJISI TpoIlecCa OYHCTKU
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BOJIbI, BBIMOJHSIET XUMHUYECKHE
aHaJTA3bI Ha pa3IMYHOM
obopynoBaHuu, 00OpabaThIBacT
NOJTydYeHHBIC JaHHBIC, BBIJACT
pe3ynbTaT

9.2.3. OrpaHuYeHHs U JONYLIeHUS MPOEKTA.

OrpaHuyeHusi MpPOEKTa — 3TO BCe (PAKTOPbl, KOTOPbIE MOTYT MOCTY>KUThb
OTPaHUYCHHEM CTETICHH CBOOO Il YIACTHUKOB KOMAaH/IbI ITPOEKTA, & TAK KE «TPAHUIIBI
IpOeKTay -

napamMeTpbl MPOEKTa WM €ro MPOJYyKTa,

[123]. B Tabaume 11

KOTOpbIE HE OymyT
pCaM30BaHHBIX B paMKax JaHHOro mpoekra [121];
MIPE/ICTABIICHBI OTPAaHUYCHHSI IIPOEKTA MO BRIPAITUBAHUIO PSCKH.

Tabnuna 11- OrpanuyueHus MpoeKTa

dakrTop OrpanuyveHusi/10MyICeHUASA
bromxer npoexkra
Nctounuk [TocTaBka ChIpbSi MW  PEAKTUBOB  BBIMIOJHSIIOTCS
(dbuHaHCHpOBaHUS COOCTBEHHBIMU CUJIAMHU U M3 COOCTBEHHOT'O OFOJIKETA,
000pya0BaHUS JUTSE MIPOBEICHHUS nporecca
npenocrasisier HU TITY, UOBT, kadpenpa OXXT

Cpoxu npoexkra

Jara yrBepxaenus miana | 01.09.2015 r.

YIPaBJIEHUS IPOEKTOM

2.2. Jlara
IIPOCKTA

3ABCPIICHUA | 3 55 2017 .

IIpoune orpaHuveHNs: U JOMYyILIEHUSA

OrpannyeHust KoJIn4ecTBa
CBIPbs

BrIpammBanue psSCKH OCYIIECTBISETCS B KOJIMYECTBAX
He 6osiee 500 rp. eAMHOBPEMEHHO
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OrpanunveHus no | OTcyTcTBHE COOCTBEHHOTO AHATUTUIECKOTO
BBITIOJTHCHHIO 000pyTOBaHUS

XMMHYECKOTO aHajn3a Ha

000pyI0BaHUU

9.3. IlnanupoBaHue ynpaBJjeHUs HAYYHO-TEXHHYECKHUM MPOEKTOM

CocTtaBuM 1j1aH YIIPABJICHUA HAYUYHBIM IIPOCKTOM, KOTOpBII?I BKJIFOYAET B ceOs

CJICYIOIIINE IIEMEHTHI:
9.3.1. Uepapxuueckasi CTPYKTypa padoT nmpoekTa

Uepapxuueckast crpykrypa pador (MCP) — peranuzanusi yKpyHmHEHHOU
CTpYKTypbl paboT. B mporecce cozmanusi ICP cTpykTypupyercss U omnpenensercs
coaeprkaHue Bcero npoekra. Ha pucynke 43 npencrasiena uepapxudeckas CTpykTypa
paboT MO MPOEKTy OYKMCTKM CTOYHBIX BOJ OT aMMHUAayHOro aszora u ¢ocdopa c

IIOMOIIBIO PACKH.

Pucynox 43- Uepapxuueckas CTpyKTypa paboT 10 MPOEKTY mepepadoTKe PACKH

TPOEKT 1O
OYHCTKE BOJIBI
psicKoi
|
[ I I I ]
2. nuTepaTypHbIi 3. IpoBeeHe 5. peICTaBICHHAE
1. yrBepxkaeHHe 0030p 1o - 1P 4. aHaNUTHYECKUit ’ ng CHHBIX
HpPOEKTa YTBEPKIEHHOM OHHMCTKH BT KOHTPOJIb s
Tene psicKOi JaHHBIX
1.1. yTBepxkaeHHNE 3.1. BBIOO
|| - BRIOOD 4.1. onpesienenue 5.1. BBICTYIUICHHE
Y —| 21 Psacxa —  yoosm —{conepxanms azora| [—|Ha KOH(bepeHumsIX
pyKoBOAUTENA3 HPOBEIECHUS 1 octhopa B B 110 TeMe MPOEKTa
mporecca octop one
1.2. yrBepxaenne 2.2. Psicka juis 3.2. u3yueHue
L | -4 4.2. onpeneneHye 5.2. 3amura
TEMBI IPOEKTA OUCTKH CTOUHBIX KUHETHKU o ep }iI([aHI/ISI MamCTeIHCKOﬁ
BOA — TOrIOIICHHS Jep p
m 0CITKOB 1 JIUCCEepPTAINH TI0
asoTa u Q)ogq)opa KpaxMmaja B PACKE TeME ITPOEKTA
PSICKOM
2.3. psicka st
| | mony4yenus
GEITKOBBIX 3.3, mayaemic 4.3. onpenenexue
KOHIICHTPATOB BIIHSAHHAS COACPKAHHA
S CBOOOTHBIX
UCHTparly caxapoB B psiCKe
3arps3HHUTENeH Ha
POCT psICKH
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9.3.2.

KoHTposbHBIE COOBITHSI IPOEKTA

B pamMkax paHHOro paszaeiia ONpPENEIuM KIIIOYEBbIE COOBITHS MPOEKTa,

OIIPpCACINM UX NAThI U PE3YJIbTAThl, KOTOPBLIC JOJIZKHBI OBITH ITOJIYYCHBI I10 COCTOAHHIO

Ha 3T JaThl (Tabauna 12)

Ta6muma 12- KoHTposibHBIE COOBITHS MPOEKTA

Ne KonTposabHoe coObITHE Hara PesyabTar
n/n (moaTBepxKIAIOIIUT
JOKYMEHT)

1 Ananus u uccienosanne | 10.2015 Ortuer o Hay4HO-
MPOIECCOB OYUCTKH CTOKOB (hepMbl UCCIIEIOBATENLCKON
B YCTAaHOBKE METAHTEHK. pabore

2 N3yuyenue JUTEPATYPbI no | 02.2016 Otuer o HAy4YHO-
BBIpAIIUBAHUIO PSACKHU B UCCIIEIOBATENCKON
UCKYCCTBEHHBIX YCIIOBUSX pabote

3 [IpoextupoBanre u uzrorosieHue | 05.2016 Ortuer o Hay4HO-
YCTAaHOBKA IO  BBIPAIIMBAHUIO UCCIIEIOBATENCKON
PSCKH B UICKYCCTBEHHBIX YCIIOBHSIX MPaKTUKE

4 N3ydenne kunetuku ouncTky Bojsl | 10.2016 Otuer no HAy4YHO-
oT a3ota u (ocdopa pscKkou UCCJIeI0BATENbCKON

pabote

5 Nzyuenue mpomecca mepepadorku | 05.2017 Ortuer o Hay4HO-
pACKM Ha KOPMOBbIE II€TH B HCCIIEIOBATENLCKON
KemTHUIIII IIPAKTUKE

6 3amura maructepckoit | 14.06.2017 | Marucrepckas
JUCCepTalH TI0 TEME «CHUCTEMHBIH JUCCEPTAIIHS
HOAX0N K KOMIUICKCHOM
nepepadoTKe PACKNY
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9.3.3. Ilnan npoekTa

137

B pamkax miaHHpOBaHUS HAYYHOTO MPOEKTa MOCTPOMIM KaJleHAApHBIM U ceTeBor rpaduku mpoekta. JImHelHbIi rpaguk

npeacTaBieH B Tabmure 13.

Ta6muna 13- KanengapHslii m1aH npoekta

Kon Ha3zBanue JnuresbH Hara Hara CocraB
(UCP) 0CTh, THH HayaJja OKOHYAHUSA YYaCTHUKOB
padot padort (®HUO
OTBETCTBEHHBIX
HCIIOJTHUTEJIeH)
1. YTBEPKIAECHUE MMPOEKTA 72 01.09.2015 | 11.11.2015 Tuxonos B.B.
1.1. YTBEPKACHUE HAYYHOTO PYKOBOIUTEIS 30 01.09.2015 | 30.09.2015 Tuxonos B.B.
1.2 YTBEPKJIEHUE TEMBI POEKTA 42 1.10.2015 | 11.11.2015 Tuxonos B.B..
2. JUTEPATYPHBIA 0030p MO YTBEPKACHHOU TEME 34 12.11.2015 | 25.12.2015 | Axan Kaccab A. A.
Tuxonos B.B.
2.1. METOIbl BBIPAIIIMBAHUS PACKU 10 12.11.2015 | 22.11.2015 | Ans Kaccab A. A.
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2.2. METO/IbI aHAIM3a aMMHAYHOTO a3oTa u pocdopa 10 23.11.2015 | 2.12.2015 | Aunp Kaccab A. A.
2.3. TEXHOJIOTHUYECKUH pacu€T YCTAaHOBKH I10 24 3.12.2015 | 25.12.2015 | Axnw Kaccab A. A.
HCKYCCTBEHHOMY BBIPAIIUBAHUIO PSICKU
Tuxonos B.B.
3. MPOEKTUPOBAHKUE U U3TOTOBJICHUE YCTAHOBKH MO 141 8.01.2016 | 29.05.2016 | Anpb Kaccab A. A.
HCKYCCTBEHHOMY BBIPAITUBAHUIO PSICKU
Tuxonos B.B.
3.1. oTpaboTKa yCIOBHI MPOBEICHHUS IpoIecca 43 8.01.2016 | 20.02.2016 | Asb Kaccab A. A.
Tuxonos B.B.
3.2. BBIOOD THTIA PSACKH 30 21.02.2016 | 28.03.2016 | Anp Kaccab A. A.
Tuxonos B.B.
3.3. M3yYE€HUE BIUSHUS KUHETUKU OUYUCTKHA BOJBI 68 29.03.2016 | 29.05.2016 | Amnr Kaccab A. A.
pACKOU
Tuxonos B.B.
4, M3YUYEHHUE KUHETUKHU POCTA PACKE 241 1.06.2016 | 28.03.2017 | Anb Kaccab A. A.

Tuxonon B.B.
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4.1. W3YUYEHHE CYIIKHU PICKH 80 1.06.2016 | 18.10.2016 | Aup Kaccab A. A.
Tuxonos B.B.
4.2. oTpeJieSICHUE CoJIepKaHUs OCITKOB B PICKE 81 19.10.2016 | 31.12.2016 | Aub Kaccab A. A.
Tuxonos B.B.
4.3. OTIpe/IeTICHUE COACPKAHMSI KpaxMala B PICKe 80 8.01.2017 | 28.03.2017 | Ausb Kaccab A. A.
Tuxonos B.B.
S. MPEICTABICHNUE MMOTYYEHHBIX JaHHBIX 87 29.03.2017 | 23.06.2017 | Anp Kaccab A. A.
Tuxonos B.B.
5.1. BBICTYIUICHHE HA KOH(EPEHIIUAX TI0 TeME MPOEKTa 64 29.03.2017 | 31.05.2017 | Anb Kaccab A. A.
5.2. 3al[uTa MaruCTepCcKoi auccepTalyu o TemMe 23 14.06.2017 | 23.06.2017 | Ans Kaccab A. A.

MPOEKTa




9.3.4. lnarpamma I'anTa

ATO TUN CTONOYATHIX AUarpamm (TUCTOTPamMM), KOTOPBIA HCIOIB3YETCS IS
WUTIOCTPAllMM  KaJICHJAPHOTO0 IUIaHAa IIPOEKTa, Ha KOTOPOM pabOThI 1O TeMe
MIPEICTABIISIOTCS. MPOTSDKCHHBIMA BO BPEMEHH OTPE3KaMH, XapaKTEPHU3YIOITUMUCS
JaTaMM Hayajla i OKOHYAHUS BBIMOJIHEHHS JaHHBIX padoT [123]. Ha ocHOBe TaOIHIIbI
13 moctpouMm kaneHnapHbiil miaH-rpaduk (Pucynox 44). I'paduk crpoutcs mis
MaKCUMaJIbHOTO 1O JUIMTEIILHOCTH WCIOJHEHHS padoT B paMKax HAy4dHO-
WCCJICIOBATEIILCKOTO0 TPOSKTa C pa30MBKOM MO MecsanaMm u jaekaaam (10 mgHel) 3a

nepuoa BPpEMCHHU JUILIOMHUPOBAHUA.
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Pucynok 44- I'paduk npoekra (uarpamma ["anTa)

9.3.5. CereBoii rpadgux

rpaduyeckoe OToOpakeHHue KOMIUIEKca padoT MO TeMe C YCTaHOBJICHHBIMHU
MEX1y HUMH B3aUMOCBsI3MU. COCTaBIIEHUE CETEBOIO IUIaH-TpadrKa OCHOBBIBACTCSA
Ha MeToJie Kputuieckoro myTu [121]; [122].

[Tapametpsl ceteBoro rpaduka paccuutanv rpadudecKuM Croco0oM (PUCYHOK

45). JlanHbIe, IOJyYCHHBIE TIPH pacyeTe MapaMeTPOB CETH, CBEJM B TabmuIty 14.
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Tabnuna 14- [lapametpsl ceTeBoro rpaduka

Ha3Banue pa6oTsbl Ne.pab | Tuan |[tpn | tpo |tam [t |Ru | Re

VY TBepkIeHNE TPOCKTA 1 720 |7272| 0 |72

JluTepaTypHbIii 0030p 1O 2 34 | 72 1106|106 | 72 | 34 | 72

YTBEPKJICHHON TeMe

N3ydeHne KUHETUKH MOTJIOMICHUS 3 141 | 106 | 247 | 247 | 106 | 141 | 34

psickoit azota u pocdopa

N3yuyeHne KUHETHKHU pOCTa PSICKU 4 241 | 247 | 488 | 488 | 247 | 241 | 141

[Ipencrapienune noTy4eHHbBIX 5 87 | 488|575 |575 488 | 87 | 241

JTAHHBIX

Uroro: 5 575

Pesep Bpemenu mosHoro mytd R(Ly) =575

Kputnueckuii myts Ty, = 575

0 72 72 72 34 106 106 141 247 247 241 488 488 87 575
,,,,, 5 Hzyuenue

Vipepxnenue “llll:)%z:i);yﬁgbm _,\ KMHETHKH —‘\ N3yyenue —,\ [Tpeacrasnenne

mpocxa yrocpmaeunoi [/ noriouens | [7)/Jrmetiin pocta T/ nenpuenss

TeMe gocdaopa

Pucynox 45- CereBoii minan-rpadux BeimonHenus HUP

9.3.6. Boa:keT HAYYHOT 0 UCCJIe10BAHMS

[Ipu mnanupoBaHuMM OIOJKETAa HAYYHOTO MCCIEIOBAaHUA JOJDKHO OBITh

00ecreyeHo MOJIHOE U AOCTOBCPHOC OTPAKCHNC BCCX BUAOB IINIAHUPYCMbBIX-PAaCXO/0B,

HEOOXOAMMBIX I €ro BbINONHEHUs. B mpoiecce QopMupoBaHusi Or0KeTa,

TJIAHUPYEMBIE 3aTPaThl TPYIIUPYIOTCS IO CTAThAM, MPEACTaBICHHBIM B Ta0auIe 15.
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Tabnuna 15- ['pynnupoBka 3aTpar 1o cratbsiMm

Crartbs 3aTpart Cymma
(Py6.)

Cripbe, MaTepuaibl (32 BBIYETOM BO3BPATHBIX OTXOJIOB), MTOKYITHBIE 5700
u3zenus u nojyhadpukaTsl
CrennanpHOe 000pyZOBaHUE ISl HAYYHBIX (IKCTIEPUMEHTAIBHBIX) 24015
paboTt
OcHoBHas 3apa0oTHas IJiaTa 252740
JlomomHUTENBHAS 3apaboTHAs T1aTa 133952.2
OTuucneHus Ha COLMAIbHBIE HY Kb 116007.7
HayuHnble 1 mpon3BOCTBEHHBIE KOMAaHIUPOBKHU 105000
Omata paboT, BBIMOJHIEMBIX CTOPOHHUMHU OpraHU3AIUSIMU U 37000
NPEINPUIATASIMA
Haxkmnannsie pacxobl 309353.9
Htoro nnaHoBast ce0ECTONMOCTD 983768.9
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B CpIpbe, MaTepHais! (2a BEIYETOM BO3BPATHAIX OTXOIOE), HOKYIIHBIE H3EHS U
rrorybabpHKaTh

B CrnienuanbHOe 060pYIOBaHHE IS HAYYHBIX (IKCIIEPUMEHTAIBHEIX) paboT

i OcHOBHas 3apaboTHas Iu1ara

B JTonoHUTeNbHasd 2apaboTHas 1ara

B OT4HCIIeHHS Ha COLMaIbHBIE HYXIObI

= Haym-me H ITIPOHU3BOACTECHHBIE KOMaHIUPOBKH

B Omurara paGoT, BEITOIHAEMBIX CTOPOHHHMH OPTaHH3aLHSIMH U IPEANPUATHIMH

B HaksanHbIe pacXomsl

Pucynok 46- Pactipenenenne 6tomxera HTU mo cratbsam, %

Cblpbe, MaTe€pualibl, NMOKYIIHBIC H3IC/JIUA U HOJIyq)aﬁpI/IKaTbI (3a BbBIY€TOM

0TXO0/10B)

B OTY CTAaTbIO BKJIOYAIOTCS 3aTPAaThl HA an06peTeHHe BCCX BUAOB MaTCpHaJiOB,

KOMIIJICKTYIOIIHUX I’I3I[€J'II/I171 n HOJ'IY(l)&GpI/IKaTOB, HCO6XOI[I/IMBIX JJIA  BBIIIOJITHCHUA

pabor mo pgaHHOM Teme. KoinyecTBO NOTPEOHBIX MaTepUATbHBIX LEHHOCTEH

ONpCACIIACTCA 110 HOpMaM pacxoaa.

Pacuet ctoumoctu MaTCpHUAIIBHBIX 3aTpaT IIPCACTAaBJICH B Ta6J'II/III€ 16

Tabnuna 16- Ceipbe, MaTepuaibl, KOMIUICKTYIONINE U3AETUS U TIOKYITHBIC

noypadbpukathl

HaumenoBanue

Mapka, popma Kou-Bo

Ilena 3a
eIMHUIY
(py0.)

Cymma

(pyo.)
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[Tonmumepubie Oanku | [lonmunponunex 110 mT 35 3850
00béMoM 500 mur.
byrteuiku 1I9T 500 | IIOT 100 mT. 15 1500
MUT
Bcero 3a matepuarnsi 5350
TpaHCIIOPTHO-3aTOTOBUTEIBHBIE PACXO/IbI 350
3arpaTsl Ha 0hOpMIICHUE TOKYMEHTAIIUN 0
Hroro mo cratbe Cm 5700

CneunanbHoe 000py10BaHHe ISl HAYYHBIX (3KCIIEPMMEHTAJIBLHBIX) padoT

B maHHYI0 CTaThio BKJIIOYAIOT BCE 3aTpaThl, CBS3aHHBIE C MPHOOPETCHHUEM
CHEIUaIbHOTO 000pyAOBaHMS (MPUOOPOB, KOHTPOIHLHO-U3MEPUTEIBHON aIlliapaTyphl,
CTEHJIOB, YCTPOMCTB M MEXaHH3MOB), HEOOXOIMMOTO /IS IPOBEACHUS PabOT IO
KOHKpETHOH Teme (Tabmnuma 17).

Tabnuua 17- Pacuet 3aTpat no cratse «Crieriodopy1oBaHue i HayYHbIX

pabot»
Ne n/n HaumMmeHnoBanue Koa-Bo Iena Oo0mas
odopynoBaHusA eIMHMII e TMHHIIBI CTOMMOCTD
o0opynoBaHus, | 000pyA0BaHMS,
(py0.) (pyo.)

1 AKBapuyM  CTEKJISTHHBIH 2 2500 5000
0,1 3

2 KonTteitHep mnomumepHBIit 6 500 3000
0,05 M3

3 Kommpeccop 1 1500 1500
AKBApUYMHBIN

4 Ceertunbauku  JIITO-01- 4 439 1756
2x36-002
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5 Jlammnsr Fluora L 30W/77 6 27 4362
G13

6 KaoOemnn 10 m. m. 210 2100
caMOperyJINPyeMbIi
rpetomuii SRL 30-2

7 [Tenomnact 1 170 170
2000x1000x50

8 Pene Bpemenu YT24-H.P 1 3245 3245

9 Pene perynsarop TPM 2 1181 2362
Bcero 3a o6opynoBanue 23495
3aTparsl 110 JOCTABKE U MOHTAXKY 520
Uroro: 4015

OcHoBHas 3apa0oTHas MJIaTa

B HacTosIyt0 cTaThi0 BKJIIOUAETCS OCHOBHAs 3apal0OTHas IUlaTa Hay4yHBIX U
WH)XKCHEPHO-TEXHUYECKUX  pabOTHUKOB, pab0YMX  ONBITHBIX  MPOHU3BOJCTB,
HENOCPEICTBEHHO YYacTBYIOLIUX B BBINOJHEHUH padOT Mo AaHHOH Teme. BennunHa
pacxooB 1O 3apabOTHON TIaTe OMNpeAeNseTcss MUCXOAs U3 TPYJOEMKOCTH
BBITNIOJIHAEMBIX palOT U JACHCTBYIOIIEH CHCTEMBbI OIIaThl Tpyaa. B cocTaB OCHOBHOM
3apabOTHOW IUIaThl BKIJIIOUAETCSl MpEMUsi, BbIIJIaUMBaeMas €XeMecsauyHO U3 (oHnaa
3apaboTHOW IiaTel (pasmep ompexensercs [TomokenneMm 00 orutare Tpyma) [121];
[122].

OcHoBHas 3apaboTHas 1iata (3.c) JTAOOpaHTa, HHKEHEPA PACCUUTHIBACTCS T10

cnenyromieit hopmyie 38:

Boca= 3 Tp (38)
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['ne 3ocx - OCHOBHAS 3apaboTHAs TJ1aTa OJTHOTO paOOTHHUKA;

T, - TPOTOKUTENHHOCTH paboT, BBIIONHAECMBIX HAyYHO-TEXHUIECKUM
paboTHHKOM, pad. aH. (Tabauia 18);

3. — CpennenneBHas 3apaboTHas m1aTa pabOTHHKA, PYO.

CpennenneBHas 3apaboTHas MIaTa pacCUUThIBaeTCs 1Mo hopmyiie 39:

3y M
o F

3 (39)

pis

I'ne 3y — MecsTuHbIN AOHKHOCTHOM OKJIaj] paOoTHHKA, PYO.;

M — KonmuecTBO Mecs1eB paboOThI O€3 OTITyCKA B TEUEHHUE rojia: MpU OTIYCKE B
24 pab. nus M =11,2 mecsiua, S-nHeBHas HEIEIS,;

F.— neficTBuTEIbHBIN ro0BOM (POHT pabodyero BpeMeHH HayYHO-TEXHUYECKOTO
nepcoHasna, pad. JaH.

Ta6nuna 18- bamanc paboyero BpemMeHu

IHoka3aresn pado4yero BpeMeHH PykoBoauresas | UHkeHep
Kanennapnoe uncno nueit 730 730 730
KonuuectBo Hepaboumnx HEH 132 132

- BBIXOMHBIE THU 104

- Mpa3HAYHbBIC THU 28

[Totepu pabouero BpemMeHu 60 60
- oTIycK 48

- HEBBIXOJBI 10 0oJie3HU 12

JleiictBuTenbHBIM  TOMOBOM  (poHI pabouero 538 538
BPEMCHHU

Pacuét ocHOBHOI 3apabOTHOM MJIaThl TpUBEEH B Tabauie 19.
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Tabnuna 19- Pacu€t ocHOBHOI 3apaO0OTHOM TIATHI

Ucnonnuremn| 36 |Kup| Kui | Kp | 3v | 3w T, Bocu3a 2015-2017 rr
(py6.) (py0.)
(py6.)|(py0.)| (pad.
JTH.)
PyxoBonutens | 5302 [0.1|0.2|1.3|8483 |353.2| 538 190020
Maructpanr | 1750 [0.1]0.2|1.3|2800 |116.6| 538 62720
Ntoro 3o 252740

JlonoJiHuTe IbHAA 32apa00THAA IJIATA HAYYHO-TIPOU3BOACTBEHHOI0 NEPCOHAJIA

B ganHyio cTaTpi0 BKJIIOYAETCd CyMMa BBIILUIAT, MPEAYCMOTPEHHBIX
3aKOHOJATEIbCTBOM O TPYJE, HANpUMEp, OIUIaTa OYEPEAHBIX M JIOMOJIHUTEIbHBIX
OTIIYyCKOB; OIUIaTa BPEMEHHM, CBSI3aHHOTO C BBIIIOJIHEHUEM TOCYJIAapCTBEHHBIX U
OOILIECTBEHHBIX O0S3aHHOCTEN; BBIIJIaTa BO3HATPAXK/ICHUS 32 BBICIYTY JIET U T.I. (B
cpeadeM — 12 % oT cyMmMbl OCHOBHOM 3apa0OTHOM TIaThI).

JlonmonHuTenbHas 3apaboTHas Tuiata paccuuThiBaeTcss ucxons u3z 10 — 15 % ot
OCHOBHOM 3apabOTHOI mJjaThl, paOOTHUKOB, HEMOCPEACTBEHHO YYACTBYIOIIMX B

BBITIOJIHEHUE TeMbI 10 hopmyie 40:

3;[01'1: knon 3OCH (40)

I'ne 3ion — MOMONMHUTEIBHAS 3apabOTHAs TUIaTa OJIHOrO pabOTHUKA, PYO.;

Kon - KOO PHUIMEHT TOMOJHUTEILHON 3apILIaThl;

30cu - OCHOBHAsI 3apaboTHas 1j1aTa paboTHHKA, PYO.

B Ttabmune 20 mpuBeneHa ¢dopma pacdéTa OCHOBHOW U JIOMOJHUTEIHHON
3apaboTHOM miIathl. (Csy,)

Ta6nuna 20- 3apabotHas miata ucnonHuteneit HTU

3apaboTHas miara Hroro:
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OcHoBHas 3apruiata 252740.1

JononautenbHas 3apmiara (53 %) 133952.2

Htoro no cratee C,y 386692.3

OTuuc/IeHNs HA cOlMAJIbHbIE HY/K/IbI

CraTpsi BKIIOYaeT B ce0s OTYHCIEHUS BO BHEOIOKeTHble (oHIbl. Pager

IPOU3BOIAT MO opmyiie 41:

C,I[BH€6 = kBHe6 (300H+ 3/:[0r1) (41)

I'me Kines — KOIDPHIMEHT OTYMCIACHMA Ha YIUIATy BO BHEOIOKETHBIE (DOHIBI
(nencuoHHbIN HoH, HoH 00s13aTEILHOT0 MEAUIIMHCKOTO CTPaXOBaHUs U MIp.).

Ta6muma 21- OtuncieHus Ha COIUAIbHBIC HY K IbI

3apaboTHas 1uU1aTa Hroro:

Hroro no craree Csyy 386692.3

Otuuncienus Ha comr. Hyxasl (30 %) | 116007.7

HaquLIe H NMPOU3BOACTBCHHbBIC KOMAHIUPOBKH

B 53Ty crarbio BKIIOYAKOTCS pacxoAbl MO KOMaHAMPOBKAM HAyYHOTO U
IIPOU3BOJICTBEHHOIO IMEPCOHANA, CBSI3aHHOI'O C HENOCPEICTBEHHBIM BBIIOJHEHUEM
KOHKPETHOTO MPOEKTa, BEJIMYMHA KOTOPBIX HpuHUMaercs B pasmepe 10 % or
OCHOBHOM M [JONOJHMUTEIBHONW 3apaOOTHOM IUIAThl BCErO IE€PCOHAja, 3aHATOTO Ha
BBINIOJIHEHUH JAHHOW TEMbI WM 110 (PaKTy.

Tabmuia 22- Hay4nslie 1 TpoU3BOACTBEHHBIE KOMAHIUPOBKH (PYO.)

Hroro:
Hroro o cratbe C,y 386692.3
Pacxop1 Ha KOMaHIUPOBKU 105000
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Onuara pa6oT, BbINOJIHSIEMbIX CTOPOHHMMH OPraHU3aUMAMH U NPeANPUSITHIMHU

Ha 5Ty crarbio OTHOCHUTCS CTOMMOCTh KOHTPAr€HTHBIX paldoT, T.e. padorT,
BBITIOJTHEHHBIX CTOPOHHHMMM OpraHU3alUsMH U NPEANPUITHSAMU IO 3aKa3y NAHHOM
HAayYHO-TEXHUYECKOW OpraHu3ali, pe3yJbTaThl KOTOPBIX HCIOJb3YIOTCS B
koHkpetHoM HTH. Kpome TOro, Ha 3Ty CTaThl0 pacxoJOB OTHOCAT OIUJIaTy
KOHCYJIbTAallMM, wucnojap3oBanue Internet u 1.1 Bemuumna »3THX pacxonos
ONPENIEIIAETCS MO TOTOBOPHBIM YCIOBHUSM.

Tabnuua 23- OmnaTta padoT, BHIIOIHAEMBIX CTOPOHHUMHU OPTaHU3AIUsIMU U
IpeanpUATUIME (PyoO.)

HUroro:
Hroro mo cratee Csy 386692.3
CTOUMOCTh KOHTPAareHTHBIX padboT 37000

HakaaagHble pacxoabl

B 5Ty crarhio BKIIOYAIOTCS 3aTpaTbl HAa YIPABICHUE U XO3AMCTBEHHOE
oOCy>KMBaHUE, KOTOPhIE MOTYT OBITh OTHECEHBI HETIOCPEJACTBEHHO Ha KOHKPETHYIO
temy. KpoMe TOro, crojja OTHOCSITCS pacXObl MO COJEPKAHUIO, KCIUTyaTallud U
PEMOHTY 000pY/IOBaHUS, MPOU3BOJCTBEHHOTO WHCTPYMEHTA M WHBEHTAps, 3JaHUMH,
coopykeHul u ap. B pacuerax 3tu pacxoasl npuHumarotrcs B pasmepe 70 - 90 % ot
CYMMBbI OCHOBHOM 3apabO0THOM IJIaThl HAYYHO-TTPOU3BOICTBEHHOTO MIEPCOHAJIA TAHHOU
Hay4YHO-TEXHHUYECKON OpraHU3alllH.

Haknansasie pacxonwsl coctaBimsairoT 80-100 % oOT CyMMBI OCHOBHOM U
JOTIOTHUTEHHON 3apab0THOM TJIaThl, pAOOTHUKOB, HETIOCPEICTBEHHO YYaCTBYIOIIUX
B BBITIOJIHEHHUE TEMBI.

PacueT HakmagHBIX pacxo/J0B BeAETC Mo cienyromei popmye 42:

CHaKJ’I - kHaKJ’I (300H+ 3,&01’[) (42)

I'ne Kyaxn — k03D OUITUEHT HAKTaJHBIX PACXO/I0B.
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Ha ocnoBanuu IMOJIYYCHHBIX HAdAaHHBIX II0 OTACJIBbHBIM CTAaTbiAM 3aTpar

COCTaBJIAACTCA KaJIbKYJIALUS IJIAHOBOM Cce0eCTOMMOCTH IIPOCKTa IO HIPUMCHCHHIO

PACKH ISl OYUCTKHU BOJIBI IO popMe, MpUBEACHHON B TabuIe 24.

Tabmuna 24- Haknaaaeie pacxosl (pyo.)

Uroro:
Hroro o cratbe Cyy 386692.3
Haxnagneie pacxos (80 %) 309353.9

9.3.7. Opranu3annoHHAasi CTPYKTYypa MPoeKTa

Jist pazpabaTbiBaeMOro MpOEKTa XapaKTepHa IMPOEKTHAs OpraHu3aluOHHAas

CTPYKTypa npoekTa (PUCYHOK 46).

PyxoBogurens npoexra

A

y

VYacTHUKY TIPOEKTA,
peanu3yromnime
KOOPAMHAIHIO padoT 110
HPOEKTY
3ambIcen Hemm [poexT Peamuzarus 3apepIeHue DKCIUTyaTaIust

9.3.8. MaTpu1a OTBETCTBEHHOCTH

Pucynox 47- CtpykTypa npoexra

I[JIH pacupeaciiCHUA  OTBCTCTBCHHOCTU MCXKJ/Y Y4YaCTHUKAMH  IIPOCKTa

dbopMupyeTcsi MaTpulla OTBETCTBEHHOCTH (Tabiuia 25).

Crenenb yyacTHsi B IPOEKTE XapaKTEPU3yEeTCs CIEAYIOIUM 00pa3oM
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- OtBercTBeHHBbIN (O)— MU0, OTBEYAOIIEE 32 PEaIU3alUI0 dTana MpPOeKTa U
KOHTPOJIMPYIOIIIEE €ro X0/,

- Ucnomuurens (M) — auno (muna), BBITOJHSIOMKE pabOThHl B paMKax 3Tama
MPOEKTa.

- Cornacyromee auno (C) — U0, OCYIISCTBISIONICE aHAIU3 PE3yJIbTaTOB
NPOEKTa U YJacTBYIOIIEE B MPUHATHU PEUICHUS O COOTBETCTBUH PE3yIhTaTOB JTara
TpeOOBaHUSIM.

Tabmuia 25- Matpuiia 0TBETCTBEHHOCTH

JTanbl NPOEKTa

Tuxonos B.B., pykoBoaurein
Kpunuubina 3.B., KOHCYJIbTaHT
WHOCTPAHHOM YACTH MPOEKTA

qgacTu «OPUHAHCOBBIN

MeHEeIKMEHT,
Hrua O. H., KOHCYJbTAHT 1O

pecypco3)eKTUBHOCTD U
pecypcocoepexeHue)
PanenkoB T. A., KOHCYJIbTAHT
yacta «ConunajanbHas
OTBETCTBEHHOCT

Auab Kaccad A. A. , uH:KeHep

®,

YTBepKIACHHUE TPOEKTA

JIutepaTypHblif 0030p u, o 0 ", o
10 YTBEPKIECHHOU TEME

N3ydenune KUHETUKH ", o ", o
MOTJIONICHUS PSICKOU
azota u pocdopa

N3yuenue pocra psicku u, o ", o
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IIpencraBnenue
ITOJTyYEHHBIX JaHHBIX

O,C

O,C

O,C

0O,C ", O

9.3.9. [lnaH ynpaBjieHUs1 KOMMYHUKALIMSIMHU MPOEKTA

[Inan YIIPABJICHUA KOMMYHUKAIIUAMHU OTPAKACT Tp€6OBaHI/I$I K KOMMYHHKaIlUAM

CO CTOPOHBI Y4aCTHUKOB MpoeKTa (Tabmuria 26).

Ta6nuna 26- [1nan ynpaBieHUss KOMMYHUKAITASIMHU

Ne ni/nm | Kakasn Krto nepenaer Komy Kornma
uHpopMmauusa | HHGOPMALMIO nepenaercs nepenaer
nepenaercs uHdopMmauus HH(OpMaALHIO

1. Crartyc PykoBoaurens
IIPOEKTa IIPOEKTa

2. OOmeH Ucnomaurens PykoBoaurento ExenneBHo
uH(popmanuen | mpoekTa
0 TEKYILIEM
COCTOSIHUU
MPOEKTa

3. JlokymeHTsl 1 | PykoBoguTenb
uHbopMaIus IPOEKTA
10 IIPOEKTY

4, O BoinonHeHuu | McnoyHUTENb PykoBoaurento He no3zxe nus
KOHTPOJIbHOM MPOEKTA KOHTPOJIBHOTO
TOYKHU COOBITHUSI TIO

TJIaHy
YIIPaBJICHUS

9.3.10. PeecTp puckoB npoekTa

NnentuduumupoBaHHble PUCKA TMPOEKTa BKIIOYAIOT B C€0S BO3MOXKHBIE

HCOIIPCACICHHBIC CO6BITI/I$I, KOTOpPBIC MOTYT BO3HUKHYTb B IIPOCKTC HW BbI3BATb
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MIOCJICAICTBHSI, KOTOPBIE TIOBJICKYT 3a cOO00W HexenareiabHble dddekTor [121]; [122].

HNudopmarus mo 1aHHOMY pasjelny npejcTaBieHa B Tadmmie 27.

Tabmuma 27- Peectp pruckoB

Puck BepositHoc | Bausin | Ypose | Crioco0bl YciaoBus

Th ue Hb CMATYEHUs] | HACTYIJIEHH

HACTYIUIEH | pUCKA | PUCKA | pUCKa |

usi pucka | (1-5)

(1-5)
1. Huzkas cTerneHb 3 3) BBICOK | TpOpabOTKa | HECOOIOICHH
OYHCTKH pacTBOpa ui TEXHOJIOTUU | €
pACKOU TEXHOJIOTHUYE

CKHX
napaMeTpoB
2.He3zaunTepecoBa 2 5 cpeanu | 3yuenue Pa3zpaboTtka
HHOCTb i PBIHKA KOHKYpEHTaM
pa3pabaThiBacMoOit cObITa, U CXOXKHUX
TEXHOJIOTUEH BBISIBIICHUE | OoJiee
NOTEHIUAJIbHBIMU cBOOOSIHON | A (PEeKTUBHBI
3aKa3uuKaMu HUIIN Ha X TEXHOJIOTUH
PBIHKE

3.HexBatka 1 5 BbICOK | PaboTa c [Tonomka
MaTepUalbHbIX U ui o0opynoBaH | 000pyI0OBaHU
TEXHUYIECCKUX WEM CTPOTO | 5, IPEBBIIICH
PECYPCOB TSI 10 TIaHy JTUMUT
BBITIOJTHEHUS
IPOeKTa

9.3.11. Tlnau ynpaBJ/jieHUS] KOHTPAKTAMHU U MOCTABKAMHU

[1naH 3akyrok nmpoekTa mpeAcTaBiieH B Tabnuie 28.

Tabnuna 28- [1nan 3aKynok nmpoekra

HaumMmeHoBaHUe

KoaunuecTBo

IHocTaBuiuk
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. 2 Marasun aKBapUyMOB
AxBapuym crekisanbli 0,1 M3 PHYy

«300AxkBallenm»
K? Hreiinep momumepibiit 0,05 6 Toproseiit ieHTp «CTpOoit mapk»
M
Komnpeccop akBapnyMHbIN 1 Toprossiii neHTp «CTpOi Mapk»
ggg rermiJTHO-01-2x36- 2 00O «CubaBroMaTuka+»
Jlammer Fluora L 30W/77 G13 6 000 «CubaBromaTuka+»
Kabenb CaMOpETYIUPYEMBIN 10 m.1m.

rpetomuii SRL 30-2 000 «CubaBToMaTHka+»

[Tenomnact 2000x1000x50 1 Toproseiii neHTp «CTpoit mapk»
Pene Bpemenu YT24-H.P 1 000 «CubaBTOMaTHKa+»
Pene perynarop TPM 2 000 «CubaBToMaTHKa+»

9.4. OnmnpeneseHue pecypcHoii (pecypcocoeperaromeit), ¢punancosoi,

OI/KeTHOI, COUMAJIBHON M  JIKOHOMHYECKOH  IPPEeKTHBHOCTH

HCCJIeaJ0BAaHUA

O} pekTUBHOCTh HAYYHOTO pecypcocOeperaroniero mpoeKTa BKIIOYAET B ceOs
COMANIbHYI0 A(()EKTUBHOCTh, DKOHOMHUYECKYIO U OIOKETHYIO 3()PEKTUBHOCTS.
[Tokazarenu oOiiecTBeHHON Y(PHEKTUBHOCTH YUUTHIBAIOT COIIUATBLHO-D)KOHOMUYECKHUE
MIOCIIEAICTBHSI OCYIIECTBICHUSI MHBECTUIITMOHHOTO MPOEKTA KaK JIJIsl OOIIECTBA B IIETIOM,
B TOM YHCJI€ HEMOCPEJCTBEHHBIE PE3YJIbTAThl U 3aTpaThl MPOEKTA, TaK M 3aTPAThl U
pe3yabTaThl B CMEKHBIX CEKTOPaX 3KOHOMHKH, SKOJIOTHICCKUE, COIUATbHBIC M WHBIC

BHEIKOHOMHUYECKHE d(PPEKTHI.
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[lokazarenn  >KOHOMHUYECKOW  3(PPEKTUBHOCTH  MPOEKTa  YUUTHIBAIOT
(¢uHAHCOBBIE TIOCIEACTBUS €r0 OCYIIECTBICHUS IS MPEANPHUITHS, PeaTn3yIomero
JMaHHBIN mpoekT. B 3ToM ciiyyae mokazarenu 3(()EKTUBHOCTH MPOEKTa B LIEIOM
XapaKkTepU3yroT ¢ SKOHOMUYECKON TOUYKU 3PEHUSI TEXHUUYECKUE, TEXHOJOTUUECKUE U
OpraHu3alMOHHBIC ITPOEKTHBIC pernenus [121]; [122].

bromketHas »(h()EKTUBHOCTh XapakTEepHU3yeTCsl ydacTHUEM TOCylapcTBa B
MIPOEKTE C TOYKHU 3PEHHSI PACXOJ0B U JOXO0B OIOJKETOB BCEX YPOBHEH.

Ounenka cpaBHuTebHON 3¢ dexkTHBHOCTH HccaenoBaHus. OrmnpenencHue
3¢ (HEeKTUBHOCTH TPOUCXOAUT HAa OCHOBE pacyeTa HMHTETPAIbHOTO TOKa3aTels
3 PEeKTUBHOCTH HAYUYHOTO HcclienoBanus. Ero HaxoxaeHue CBsA3aHo ¢ ONpeIeICHUEM
JBYX  CPEIHEB3BEIICHHBIX  BeNMMYMH:  (uHaHcOoBOW  A(G(EKTUBHOCTH |
pecypcoaddexruBrocTH [121]; [122].

HuTerpanbHbli  nMoka3areilb (PUHAHCOBOH J(PPEeKTUBHOCTH HAYYHOIO
UCCJIEIOBaHMs TOY4YaloT B XOJ€ OIEHKH OrojpkeTa 3arpar Tpex (wind Ooee)
BAPUMAHTOB UCIOJHEHHUS HAy4yHOro wuccienoBanud. [{nsg storo HanOonbIun
MHTErPaJIbHBIN TIOKa3aTeNb pealn3alid TEXHUYECKON 3a7aul IpUHUMAaeTcs 3a 0azy
pacuyera (Kak 3HaMEHaTeNb), C KOTOPBIM COOTHOCUTCS (DPMHAHCOBBIE 3HAYEHUS 110 BCEM
BapHaHTaM ucnojHenus [121]; [122].

HNurterpanbublii GuHAHCOBBIA MOKa3aTedb pPa3pabOTKH OMpENesieTcs o
dbopmyie 43:

D

ucn.i __ p1
bunp— ® (43)

max

[ne I%Cnn}'é,— UHTETPAbHBIN (DMHAHCOBBIN MOKA3aTellb Pa3padOTKHy;
@, - CTOUMOCTH I-TO BapHAHTA UCTIOTHCHHUS,
®max — MakCHUMalbHass CTOMMOCTh HCIIOJHEHHUS HAyYHO-HCCIIEN0BATELCKOTO
MpPOEKTa (B T.Y. aHAJIOTH).
[TosryyeHHast BETMYMHA WHTETPAIBHOTO (PMHAHCOBOTO MOKA3aTelisl pa3paboTKH

0TpaKacT COOTBCTCTBYIOIICC YHMCICHHOC YBCIIMYCHUC 6IO)I)K€T8_ 3arpar pa3pa6OTKI/I B

pazax (3HaueHuWe OoJIbllIe E€IWHUIIBI), JMOO COOTBETCTBYIONIEE UHMCIECHHOE
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YIICIIEBIICHUE CTOMMOCTH DPa3paboTKu B pa3ax (3HAYE€HWE MEHBIIE CIUHMIIBI, HO
OO0JIbIIIC HYJIS).
NuTerpajabHbi nokasareJjib pecypcodppeKTUBHOCTH BAPUAHTOB

UCTIOJTHEHHS 00BEKTa UCCIIEIOBAHUS MOKHO ONPEEIUTD 1o popmyrie 44:

j
Ipi: 2 q bi (44)

Ine 1; — wHTErpanbHBIA TOKa3ateidb pecypcod(hdHEKTUBHOCTH Ui I-TO

pi
BapUaHTa MCIIOIHEHUS pa3padoTKH;

a; - BecoBOU KOA((UIIMEHT I-T0 BapraHTa UCIIOJHEHHUS pa3padOTKH;

b; — OanbHas OICHKA I-r0 BapUaHTa UCIIOJIHEHUsSI Pa3pab0TKH, YCTAHABIUBACTCS
OKCIIEPTHBIM ITyTEM 110 BBIOPAHHOM IIKaJIe OIICHUBAHUS;

] — 4UCIIO TapaMeTpOB CPABHEHHSI.

Pacuer wuWHTErpajgpbHOrO TMOKa3aTens pecypcodddeKTUBHOCTH TPHBEICH B

Tabnuie

Tabnuma 29- CpaBHuTENbHAS OIICHKA XapaKTEPUCTUK BAPUAHTOB UCIIOTHEHUS

MIPOCKTa
Oo0bexT | BecoBoi Texkywmmuii| Anajor | AHajor
kod(ppuument| mpoekt |1 2
napamerpa
HccaenoBanus Kpurep
1. CrerieHb OYUCTKU BOIBI 0,10 5 5 5
YAOBJIETBOPSIET MOTPEOUTENS
2. ITonyyaemast B pe3ysibTaTe 0,35 5 5 1
OYMCTKH BOJIbI CyOCTaHITUS
IIPHUTOJHA B KAYECTBE KOpMa
3. DHeprocOepexeHne 0,15 4 3 3
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4. IIpocroTa mpoBeaeHUs 0,25 5 3 3
nporecca

5. MarepuanoeMKocThb 0,15 4 2 4

UTOIO 1

| . 4,7 3,75 2,65

l.=5%0,1+5%0,35+4%0,15+5x%0,25+4%0,15=4,7

| Ananor 1=5%0,1+5x%0,35+3%0,15+3%0,25+2%0,15=3,75

| Ananor 2=5%0,1+1x0,35+3%0,15+3%0,25+4%0,15=2,65

HNuTerpanbHplii moka3arteib I(PpPeKTHBHOCTH pa3padoTku ( IgHHp_) U

ananora (Ig,,,) oOmpejenseTcs Ha OCHOBAHMM HMHTEIPAIbHOTO IIOKA3aTelNs

pecypcorhHEKTUBHOCTH U MHTETPATILHOTO (PMHAHCOBOTO MoKazartes o hopmyre 45:

P _ Ig a _ Ii
L™ 0 = L™ g A (45)
o

CpaBHEHHME  UWHTErpalbHOTO  ToKa3arens  A(PGEeKTUBHOCTH  BapHAHTOB
WCITOJTHCHHSI Pa3paO0TKH TTO3BOJUT OIPEACIUTh CPABHUTENbHYIO 3()PEKTUBHOCTH
MpoeKTa U BbIOpaTh HamboJee I11eeco00pa3Hblii BapUaHT U3 TPEIJTIOKECHHBIX.

CpaBuurenbHas 3G HeKTHBHOCTD IpoeKTa (Dp) pacCUUTBHIBACTCS IO popmylie 46:

9y, =P (46)

['ne D¢, — cpaBHUTENBHAS YPPEKTUBHOCTH MPOEKTA;

Ip

gusp ~ FHTCTPAJIBHBIN ITOKA3aTeNb pa3paboTKi;

I?bHHp - UHTETpaJIbHbI TEXHUKO-D)KOHOMUYECKUH [T0KA3aTeIb aHAJIOTA.
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Tabnuna 30- CpaBHuTenbHas 3QPEKTUBHOCTH Pa3pabOTKH

Ne IHoka3zaTenn Pa3paborka | Anasor 1 | Anajor
2

n/n

1 WNHTerpanbHbIil (GUHAHCOBBIN 1,00 0,8 0,56
[I0Ka3aTellb

2 WHTerpanbHbIi TOKa3aTe b 4.7 3,75 2,65
pecypcoddHEeKTUBHOCTH

3 NHTerpanbHbli MoKazaTesb 4.7 4,69 4,73
3 PeKTUBHOCTH

4 CpaBHHTETBHAS 1,00 0,99 1,01
3 PEKTUBHOCTD MPOEKTA
OTHOCHUTEIBHO COOCTBEHHOM
pa3paboTku
Uroro: 11,4 10,23 8,95

9.5. BeiBOA

[IpencraBneHHble pacueThl IMOKA3bIBAIOT, YTO C MO3UIMH (PUHAHCOBOM U
pecypcHoit apdexkTuBHOCTH, O0Jee 3D (PEKTUBHBIM BAPUAHTOM PEIICHHS TEXHUUECKOMN
3a/layd, TOCTaBIICHHONW B MAarucTepCKOW JTUCCEPTAIMM, SIBIIIETCS COOCTBEHHAsS
pa3paboTka, TaKk KakK B COBOKYIMHOCTH HHTETpaJbHbIC TIOKa3aTeIu JaHHOTO

HCIIOJIHCHHSA BbIIIC, YCM Y aHAJIOT'OB.
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11. Ilpusoxkenus

11.1. CratncTnyeckas 00padoTKa MOJYYECHHBIX IKCIIEPUMEHTAJIbHBIX JAHHbBIX
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11.2. PerpeccuOHHBIH aHATU3 IKCIEPUMEHTAIbHBIX JAaHHBIX
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11.3. CnupaabHble JaHHbIEe TPA(UYECKOr0 y4acTKa

Tabnuma 31- CniupanbHble TaHHBIE TPa)UIECKOTO ydacTKa

0 r(0) X y
0 1 1 0
0.15708 1.049298 1.036379 0.164146
0.314159 1.101026 1.047138 0.340236
0.471239 1.155304 1.029383 0.524497
0.628319 1.212258 0.980737 0.712547
0.785398 1.27202 0.899454 0.899454
0.942478 1.334727 0.784533 1.079817
1.099557 1.400527 0.635826 1.247878
1.256637 1.46957 0.454122 1.397644
1.413717 1.542016 0.241224 1.523031
1.570796 1.618034 9.91E-17 1.618034
1.727876 1.6978 -0.26559 1.676897
1.884956 1.781497 -0.55051 1.694305
2.042035 1.869321 -0.84865 1.665578
2.199115 1.961475 -1.15293 1.586866
2.356194 2.058171 -1.45535 1.455347
2.513274 2.159635 -1.74718 1.269401
2.670354 2.2661 -2.01911 1.028788
2.827433 2.377814 -2.26144 0.734785
2.984513 2.495035 -2.46432 0.390309
3.141593 2.618034 -2.61803 3.21E-16
3.298672 2.747098 -2.71328 -0.42974
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3.455752 2.882524 -2.74144 -0.89075
3.612832 3.024626 -2.69496 -1.37315
3.769911 3.173733 -2.5676 -1.86547
3.926991 3.330191 -2.3548 -2.3548
4.08407 3.494362 -2.05393 -2.827
4.24115 3.666627 -1.66461 -3.26699
4.39823 3.847383 -1.18891 -3.65908
4.555309 4.037051 -0.63153 -3.98735
4.712389 4.236069 -7.8E-16 -4.23607
4.869469 4.444898 0.695335 -4.39017
5.026548 4.664021 1.441262 -4.43575
5.183628 4.893947 2.221806 -4.36054
5.340708 5.135208 3.0184 -4.15447
5.497787 5.388363 3.810148 -3.81015
5.654867 5.653997 457418 -3.32334
5.811946 5.932727 5.286098 -2.6934
5.969026 6.225197 5.920515 -1.92369
6.126106 6.532086 6.451665 -1.02184
6.283185 6.854104 6.854104 -1.7E-15
6.440265 7.191996 7.10345 1.125076
6.597345 7.546546 7.177191 2.332011
6.754424 7.918574 7.055501 3.994957
6.911504 8.308942 6.722075 4.883874
7.068583 8.718555 6.164949 6.164949
7.225663 9.14836 5.377271 7.401179

178



7.382743 9.599354 4.358016 8.553087
7.539822 10.07258 3.112599 9.579594
7.696902 10.56914 1.653377 10.43901
7.853982 11.09017 3.4E-15 11.09017
8.011061 11.63689 -1.82041 11.49362
8.168141 12.21057 -3.77327 11.61294
8.325221 12.81252 -5.81676 11.41604
8.4823 13.44415 -7.90227 10.87655
8.63938 14.10692 -9.9751 9.975098
8.796459 14.80236 -11.9754 8.700608
8.953539 15.53208 -13.8392 7.051418
9.110619 16.29778 -15.5001 5.036291
9.267698 17.10123 -16.8907 2.675221
9.424778 17.94428 -17.9443 -1.2E-13
9.581858 18.82889 -18.5971 -2.94549
9.738937 19.75712 -18.7901 -6.10528
9.896017 20.7311 -18.4715 -9.41172
10.0531 21.7531 -17.5986 -12.7861
10.21018 22.82548 -16.14 -16.14
10.36726 23.95072 -14.0779 -19.3765
10.52434 25.13144 -11.4094 -22.3923
10.68142 26.37036 -8.14889 -25.0797
10.83849 27.67037 -4.3286 -27.3297
10.99557 29.03445 4.52E-13 -29.0345
11.15265 30.46579 4.765899 -30.0907
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11.30973 31.96769 9.878558 -30.4031
11.46681 33.54362 15.22849 -29.8876
11.62389 35.19725 20.68842 -28.4752
11.78097 36.9324 26.11515 -26.1151
11.93805 38.75308 31.3519 -22.7785
12.09513 40.66353 36.23147 -18.4609
12.25221 42.66815 40.57982 -13.1852
12.40929 44.77159 44.22038 -7.00382
12.56637 46.97874 46.97874 1.15E-12
12.72345 49.29468 48.68779 7.711388
12.88053 51.7248 49.19321 15.98384
13.03761 54.27472 48.35913 24.64021
13.19469 56.95035 46.0738 33.47458
13.35177 59.75788 42.2552 42.2552

13.50885 62.70381 36.85637 50.72845
13.66593 65.79497 29.87029 58.62375
13.82301 69.03852 21.33408 65.65953
13.98009 72.44197 11.33242 71.55008
14.13717 76.0132 -2.5E-12 76.0132

14.29425 79.76048 -12.4773 78.7785

14.45133 83.6925 -25.8624 79.59629
14.60841 87.81835 -39.8687 78.24673
14.76549 92.14761 -54.163 74.54898
14.92257 96.69028 -68.3704 68.37035
15.07964 101.4569 -82.0804 59.63487
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15.23672 106.4585 -94.8552 48.33115
15.3938 111.7067 -106.239 34.51926
15.55088 117.2136 -115.77 18.33624
15.70796 122.9919 -122.992 -5.2E-12
15.86504 129.0552 -127.466 -20.1887

11.4. Tlpoduiau abcopOUMHU NUTATEJBHBIX BEelIECTB

11.4.1. Ilpo¢puau MOHOB aMMOHUS AJis1 KOHUeHTpauun 20%
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Pucynoxk 53- CKkopoCTh NOTJIONIEHHS aMMOHUS MTPU HA4aJIbHOM KOHIIEHTparuu 33,3
/M3, riryoune npyna 0,1 m: a - 7 queid; 6 - 21 nens; B -35 aHeit

Ammonium uptake rate at 20% concent and 0.2 {m) pond depth Ammonium uptake rate at 20% c t and 0.2 (m) pond depth Ammonium uptake rate at 20% concent and 0.2 {m) pond depth
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Pucynok 54- CkopocTh HOTJIONICHUS aMMOHHMS TIPU HAa4aJIbHOM KOHIIEHTpauu 33,3
r/m3, rmyonne npyna 0,2 m: a - 7 queit; 6 - 21 nens; B -35 nHei

181



Ammonium uptake rate at 20% concentration and 0.3 {m) pond depth
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Ammonium uptake rate at 20% concentration and 0.3 (m) pond depth
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Ammonium uptake rate at 20% concentration and 0.3 {m) pond depth
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Pucynok 55- CkopocTh MOTJIOMIEHUsT aMMOHHUS TIPY HAa4aJIbHOW KOHIIeHTpauu 33,3
r/M3, rnyoune nipyna 0,3 m: a - 7 queit; 6 - 21 nenb; B -35 qHel

11.4.2. llpo¢u1u HOHOB aMMOHMA 1Jis1 KOHUeHTPanuu 40%

Ammonium uptake rate at 40% concentration and 0.1 {m) pond depth
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Ammonium uptake rate at 40% concentration and 0.1 (m) pond depth
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Ammonium uptake rate at 40% concentration and 0.1 {m) pond depth
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Pucynok 56- CkopocTh MOTIIONIEHUS] aMMOHUS TIPU HA4alIbHOW KOHIleHTpauuu 71,3
r/M3, riiyoune nipyna 0,1 m: a - 7 nueit; 6 - 21 nenpb; B -35 nHei

Ammonium uptake rate at 40% concentration and 0.2 {m) pond depth
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Ammonium uptake rate at 40% concentration and 0.2 (m) pond depth

Aso2

70

50

N EY

| 08 40

0

30

20

10
z
3

Yalex voor

Ammonium uptake rate at 40% concentration and 0.2 (m) pond dej
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Pucynoxk 57- CKopoCTh NOTJIONIEHNS aMMOHUS MTPU HAa4aJIbHOM KOHIIeHTparuu 71,3
r/m3, rmyoune npyna 0,2 m: a - 7 qaeit; 6 - 21 nenpb; B -35 aHei
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Ammonium uptake rate at 40% concentration and 0.3 {m) pond depth Ammonium uptake rate at 40% concentration and 0.3 (m) pond depth Ammonium uptake rate at 40% concentration and 0.3 {m) pond depth
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Pucynok 58- CkopocTh MOTJIOMEeHUs aMMOHMS TIPY HAa4aJIbHOM KOHIIeHTpanuu 71,3
/M3, rny6une npyna 0,3 M: a - 7 aueii; 6 - 21 neHs; B -35 queit

11.4.3. Ilpo¢uau MOHOB aMMOHUS 1JIs1 KOHIeHTpamuu 60%0

Ammonium uptake rate at 50% concentration and 0.1 {m) pond depth Ammonium uptake rate at 60% concentration and 0.1 (m) pond depth Ammonium uptake rate at 50% concentration and 0.1 {m) pond depth
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Pucynox 59- CKOpoCTh MOTJIONIEHUS aMMOHUS TIPH HA9aJIbHON KOHIICHTPAITHH
105,37 /M3, tiny6une npyna 0,1 m: a - 7 nueii; 6 - 21 nens; B -35 anei

Ammonium uptake rate at 50% concentration and 0.2 {m) pond depth Ammonium uptake rate at 60% concentration and 0.2 (m) pond depth Ammonium uptake rate at 50% concentration and 0.2 {m) pond depth
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Pucynox 60- CKopoCTh MOTJIONIEHUS aMMOHUS TTPH HA9aJIbHON KOHIICHTPAIIHH
105,37 r/m3, tny6une npyna 0,2 m: a - 7 aueii; 6 - 21 nens; B -35 anei
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Ammonium uptake rate at 50% concentration and 0.3 {m) pond depth
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Pucynox 61- CkopoCTh NOTJIOIIEHUS aMMOHUS TTPU HA4YaJIbHOM KOHIIEHTPALIUH

Ammonium uptake rate at 60% concentration and 0.3 (m) pond depth
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Ammonium uptake rate at 50% concentration and 0.3 {m) pond depth
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105,37 /Mm%, tny6une npyna 0,3 M: a - 7 aHeii; 6 - 21 neHs; B -35 aHeil

11.4.4. IIpopuau gochatoB niasi KoHueHTpauuu 20%

Phosphate uptake rate at 20% concentration and 0.1 {m) pond depth
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Phosphate uptake rate at 20% concentration and 0.1 (m) pond depth
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Phosphate uptake rate at 20% concentration and 0.1 {m) pond depth
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Pucynok 62- Cxopocts norsomieHus gochara mpu Ha4aIbHOW KOHIIEHTpanuu 8,15 T
/ M3, rryoune npyna 0,1 m: a - 7 gHeit; 6 - 21 nens; B -35 anei

Phosphate uptake rate at 20% concentration and 0.2 {m) pond depth
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Phosphate uptake rate at 20% concentration and 0.2 (m) pond depth
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Phosphate uptake rate at 20% concentration and 0.2 {m) pond depth

B

A B35
8
7

N B

ol s

oM 4
2
1

v 038

Pucynox 63- Ckopocts norsonienus ¢pocdara npu HavabHOW KOHIIEHTpanuu 8,15 1/
M, Tny6une npyna 0,2 M: a - 7 aHeid; 6 - 21 aeHs; B -35 queit
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Phosphate uptake rate at 20% concentration and 0.3 {m) pond depth Phosphate uptake rate at 20% concentration and 0.3 (m) pond depth Phosphate uptake rate at 20% concentration and 0.3 {m) pond depth
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Pucynox 64- CxopocTts norjoienus pocdara rnpu HauanbHON KOHIEHTpamu 8,15
r/m3, rnyoune npyna 0,3 m: a - 7 queit; 6 - 21 nenp; B -35 qHel

11.4.5. lIpopunu pocdaron st konuenTpauuu 40%

Phosphate uptake rate at 40% concentration and 0.1 {m) pend depth Phosphate uptake rate at 40% concentration and 0.1 (m) pond depth Phosphate uptake rate at 40% concentration and 0.1 {m) pend depth
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Pucynok 65- Ckopocts norsomieHus gocdara mpu Ha4aabHOW KOHIIeHTpanuu 14,56
r/M3, riiyoune nipyna 0,1 m: a - 7 nueit; 6 - 21 nenpb; B -35 nHei

Phosphate uptake rate at 40% concentration and 0.2 {m) pond depth Phosphate uptake rate at 40% concentration and 0.2 (m) pond depth Phosphate uptake rate at 40% concentration and 0.2 {m) pond depth
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Pucynok 66- Cxopocts norsomierus gocdara npu Ha4aabHOW KOHIIEHTpauuu 14,56
r/M3, tiyoune nipyna 0,2 m: a - 7 nHeit; 6 - 21 nenb; B -35 nHei
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Phosphate uptake rate at 40% concentration and 0.3 {m) pond depth Phosphate uptake rate at 40% concentration and 0.3 (m) pond depth Phosphate uptake rate at 40% concentration and 0.3 {m) pond depth
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Pucynox 67- Ckopocts norioieHus pocdara npu HauanbHON KOHIEHTpalmu 14,56
r/m3, rnyoune npyna 0,3 m: a - 7 queit; 6 - 21 nenp; B -35 qHel

11.4.6. lIpopunu pocdaroB st koHueHTpauuu 60%

Phosphate uptake rate at 50% cancentration and 0.1 {m) pond depth Phosphate uptake rate at 60% concentration and 0.1 (m) pond depth Phosphate uptake rate at 50% cancentration and 0.1 {m) pond depth
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Pucynok 68- Cxopocts norsomieHus gocdara npu HadaabHOW KoHIIeHTpanuu 16,39
r/M3, riiyoune nipyna 0,1 m: a - 7 nueit; 6 - 21 nenpb; B -35 nHei

Phosphate uptake rate at 60% concentration and 0.2 {m) pond depth Phosphate uptake rate at 60% concentration and 0.2 (m) pond depth Phosphate uptake rate at 60% concentration and 0.2 {m) pond depth
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Pucynok 69- Ckopocts norsomienus gocdara npu Ha4aapHOW KOHIIeHTpanuu 16,39
r/m3, rny6une npyna 0,2 M: a - 7 aueit; 6 - 21 gens; B -35 queit
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Phosphate uptake rate at 60% concentration and 0.3 (m) pond depth Phosphate uptake rate at 60% concentration and 0.3 {m) pond depth

Phosphate uptake rate at 60% concentration and 0.3 (m) pend depth
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Pucynox 70- Ckopocts norioienus pocdara npu HauanbHON KOHIEHTpauu 16,39
r/m3, rnyoune npyna 0,3 m: a - 7 queit; 6 - 21 nenp; B -35 qHel
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