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C pasgumuem u pocmom 4UCIeHHOCTNU HACENeHUs NIAHembl OCMPO HAYUHAEm CIMAHOBUMbCA 60NPOC O pPecypcax, 00UH u3
xomopuix nuwa. Ilosmomy mHozue cmparsvl U 100U HAYAIU UYYAMb 60NPOC 00 UCKYCCIMBEHHOM 80CHPOU3BO00CMEE PA3IUYHBIX
KOPMOBBIX 00beKmMo8, cpedu Komopwix u cuopobuonmvl. QOuH u3 006veKmos, KOmopvie nocieoHee epems Kyabmusupyoni,— 3mo
pasziuunsvie 6udbl pakos. Bo epemsa ezo eocmpoussoocmea o3Hukaem pao B0MPOCO8, C KOMOPLIMU CHMATKUBAIOMCA
uccneoosamenu u npednpuHuMdmeJm. Cpeéu OCHOBHbIX: KylbmusupoeaHue 6 UCKYCCmeEeHHbLX YCI108UAX, OYUCMKA eobbz, GlUAHUE
mex umu uHvlx cmpecc- akmopos. Bo epems kyrbmueuposanus 2udpobuonmos (polovl, pakos, MOMIOCKO8) O0COOEHHO &
3aKpblmbslX cucmemax, 603HUKaem HeoOX00UMOCb OYUCIKU CHIOYHBIX 600, nosmomy e nocneomnee epemsi 8cé uauwie HaduHarom
00pawamsbcs K CenbCKOX03AUCMBEHHIM PACNEHUAM OJiA 0OecneyeHus OONOIHUMENbHOU OYUCKU 800bl 8 CUCEMAX 00pamHO20
600000MEHHA U NONYHEeHUsT OONOIHUMENbHOU NPOOVKYULU.

Knrwuesvie cnosa: onunnonanvlii pax (Astacus Leptodactyius), akeanonuka, no6EPXHOCHHO aKMUBHble 8eUeCmed, NOPOULOK
«Jlomocy, uncexkmuyuo (bu-58 woewvui), dyneuyuoa Pudomun, cepouyuo Hanaim, ammuaunas cenumpa, cynepgocgam,
cynvgham xanusi.

With the development and growth of population of the planet, the question of resources, one of which is food, becomes acute.
Therefore, many countries and people began to study the question of the artificial reproduction of various food objects, among
which are hydrobionts. One of the objects that have been cultivated lately is various types of crayfish. During its reproduction, a
number of questions arise that researchers and entrepreneurs face. Among the main ones: cultivation under artificial conditions,
water purification, the influence of various stress factors. During the cultivation of hydrobionts (fish, crayfish, mollusks),
especially in closed systems, there is a need for wastewater treatment, so lately they are increasingly turning to agricultural
plants to provide additional water purification in reverse water exchange systems and to obtain additional products.

Key words: long-claw crayfish (Astacus Leptodactyius), aquaponics, surfactants, Lotos powder, insecticide (Bi-58 new),
Ridomil fungicide, Napalm herbicide, ammonium nitrate, superphosphate, potassium sulfate.

Benenue

Bocmpon3BoACTBO IMHHOMANBIX PAKOB B MCKYCCTBEHHBIX YCIOBHX, B YacTHOCTH Y 3B (ycTaHoBkax
C 3aMKHYTBIM IIMKJIOM BOJIOOOMEHA) — JIOCTATOYHO akTyalbHbIH Bompoc [1, 3]. CBsI3aHHO 3TO B MEPBYIO
ouepelb C TPYAOEMKOCTBIO MPOIECCOB KaK COAEPKAaHUS, TaK U BOCIIPOU3BOJICTBA. Benb paku 10CTaTOYHO
crierduueckre XkuBoTHbIe. OJHA U3 OCHOBHBIX MPOOJIEM, C KOTOPOH CTAJKWBAIOTCS JIFOJIU, PEIIMBIINC
3aHSITHCS JTAHHBIM BOIIPOCOM, 3TO KaHHHMOaW3M. Paku — TeppuTOpHAIbL, U C OY€Hb CHUIIHHBIM PBEHHEM
MBITAIOTCS 3alIUTUTh CBOIO TEPPUTOPHIO, & TPH BO3MOXKHOCTH OTOOpaTth y coOpara. He mociemnum
BOIPOCOM CTOUT 00ECIEUCHNUE OYMCTKH BOJBI OT MPOAYKTOB JKU3HEACITCILHOCTH, BEJb B OOJIBIIMHCTBE
CIIy4aeB MCKYCCTBEHHOE KYJIbTUBUPOBAaHUE TOJPa3yMeBaeT BHIPAIIMBAHUN PAaKOB B OacceiHax, JIOTKaX,
aKBapUyMax U WHBIX MOJOOHBIX EMKOCTSX, IJIe HEOOXO0IMMa OUMCTKA BOABI. Tarkke HE MOCICIHION POJIb
WUTpaeT BOJO-UCTOYHHK, BeAb Kakas Obl HHOBLIA CHCTEMa OYHCTKHA BOJABI, HEOOXOAWM ITOCTOSHHBIN
JIOCTYII K CBeXEH BOJIE, TIe BOJa M3-110/1 KpaHa He Bceraa ecTh 0Jaro. [1oaToMy OCHOBHAS 11e)1b pabOThI —
W3YYUTH pa3lInvHbIe (PaKTOPHI, BIUSIONINE HA POCT U Pa3BUTHE PAKOB B 3aMKHYTBHIX CHCTEMAaX.

OcHoBHasl 4acTh

HccnenoBanus 1Mo pa3BeleHUIO UIMHHOIIAJIOTO paka B cuctemax Y3B mpoBomumucek B mabopaTopuu
pasBe/ieHNs THIPOOUOHTOB NP XapbKOBCKOW TOCY/IapCTBEHHOM 300BeTepHHApHOHN akanemun. M3ydyenne
pa3IMYHOTO THUIOB YOEKHII, KOTOpPblE MOXHO OBUIO OBl TPUMEHSATH JUIsi PaKOB BO BpeMs
KyJIbTUBUPOBAHMS KaK B MCKYCCTBEHHBIX YCJIOBHSIX, TaK W B IPHUPOJHEIX OyIb TO 03€pO, peKa, siMa C
BOJOW U T. A. U3y4YalH B aKBapUyMHOM yCTaHOBKE, KOTOpasi BKJIIOYaia 1IECTh akBapuymoB no 100 i, u
V3B 3000 n. Ilocne mpoBeieHHs J1a00paTOPHBIX MCIBITAHUNA BCE MOJEIH HMCKYCCTBEHHBIX YOEKHIIL
MPOXOJMIIM WCIBITAHUS B TMPOW3BOACTBEHHBIX ycioBHAX. Ha 0Oazax JlumaHckoro rocyaapcTBEHHOTO
CEJILCKOXO3SIHCTBEHHOTO PBHIOOBOIHOTO TPEANPHSITHSI, KOTOPOE pa3MEIIeHO Ha BOJAOEME OXJIaIuTeNe
3muesckoit TOC, n IleweHerkckoro pbIOOBOAHOTO XO3sCTBAa. BB M3ydeH psia BapHaHTOB YOEKHIL,
Cpelln KOTOPHIX ObUIM M MaTpyOKH pa3HOro JAMaMeTpa, HCKYCCTBEHHBIE TPOTHI M3 KaMHS, T€, KOTOPHIC
HalOMHWHAJIM BBICIIYIO PACTUTEIBLHOCTD Pa3HOM MJIOTHOCTHU M OKpaca. HaunHas OT CBETIIbIX TOHOB, IOYTH
Oernoro, 10 4YEPHOTO.

Jly4inMu okaszaiuch Te, YTO UMHUTHPYIOT BOJHYIO PAaCTUTEIBLHOCTh. TaKkKke HEeIIoX0 ce0s Mmokazaiu
yOeXuIa U3 TIACTUKOBBIX TPyO. OHU MMeNH JIETKU Bec, MaJIBIH pa3Mep U ObUIM MPOCTHI B OOpAIeHUH,
OCHOBHBIM HEJIOCTaTKOM OKa3ajlaCh HEOOXOIUMOCTh CMEHBbI pa3Mepa, OH 3aBHCE] OT pa3Mepa 0CoOeH.
DTO B CBOIO O4Yepe/lb BBI3BIBAIO HEOOXOAMMOCTh HMMETH OOJIBIIOE KOJMYECTBO YOEKHII Pa3sHOTO
JMamMeTpa, 4To 3aTPYAHIO pa0d0oTy ¢ HMMH M BBI3BIBAIO HEOOXOAMMOCTh HUMETh JIONOJIHHTEIBHYIO
TUTOIIATh JIJISl XPaHESHUST HEUCIIOIb3YeMOT0 000pyI0BaHUs.
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B He3aBHCHMMOCTH OT Hanmuuus O0OOpPYJOBaHMS WM ONBITAa TJIABHBIM BOIIPOCOM OCTAIOTCSI METOMBI
BOCTIPOHM3BOJICTBA W MHKyOarmu MKpbl. Ha naHHBI MOMEHT €CTh OCHOBHBIX JBa Metoza. llepBbrii 3To
MHKyOanys Ha caMKax paKoB, BTOPOH — B CHENUANM3UPOBAHHBIX HHKYOaTOpax.

B kax/plii 13 akBapuyMoB ObLUTO mocaXkeHo 1o 10 @ pakoB, Kaxaast U3 KOTOPBIX OblIa ¢ HKPOi, KOPM
B aKBapHUyMax ObUI MOCTOSIHHO. Ecnu craphlii KOpM Ha4MHAI 3aKHCaTh, TO €ro u3piMand. OCHOBY Ui
KOpMa PaKoB COCTAaBIISLT MACO KYPHIIBI, HABO3HBIE YePBH (Pa3BOAMINCH B Ta0OPaTOPUH), MSICO PHIOBI.

B siaBape—deBpaie Temmneparypy B akBapuyMax Aepkanu B npeaenax +8—10 °C. C mapTa nocTeneHHo
nmoxgHUMaNX temreparypy Ao +15-18 °C. B Tperpe mekane ampems W3 MKPBI CTANH MPOKJIEBBIBAIOTCS
TUYUHKK paka. Kak mokasanu nanpHeiine HaOMoeHus, I0CIe BTOPOH JIMHBKY Paky Havaad MOKHIATh
CaMOK U U3y4aTh OKPY’KaIOILYyIO IUIOLIA b, HO B ClIydae OIAacHOCTH Opocaiuch K caMke. bplio oTmeueHo,
YTO MajJbKH Opocanuch K Ommkailneld caMmke, KOTOpas B CBOIO odepenb NpUHHMAala MX MOA 3alluTYy.
Hcnonp3ys nonoOHOE MOBENECHUE MOXKHO YMEHBIIUTh KOJHMYECTBO CAMOK B MHKYOAI[MOHHOM aKBapUyMe
BJIBOE, 2 OTCAKEHHBIX PauynX OTCAAUTH [T JIUHBKHU B APYTYI0 EMKOCTH (puc 1).

R

Puc. 1. Pauuxa ¢ MagpkoM

MonoJeXb paKoB KOPMUIIM CBEKUMH JTHYMHKAMU XUPOHOMHJL, (hapieM nu3 pelObero U KypuHOTO Msca
¢ gJo0aBJIeHWEM TepeTepTHIX CKOPAYNM W3 KYpPHHBIX sHIl. B akBapuymMax C MOJOTHSKOM paKoB
TeMmreparypa Obuia B pamkax + 21-24 °C. B cBsi3u ¢ KaHHUOATU3MOM U Pa3jIMYHBIMU pa3MEpaMH PaKkoB
(pacTyT HE OJUHAKOBO) YMCIIO YOEXKHII[ JOJDKHO MPeoONaaaTh Haj YMCIOM padar MOYTH B JBa pasa.
YuuTeiBas, 4YTO paku JOOSIT TEMHOTY, aKBAPHYMBI JOJDKHBI OBITh 3aTEMHEHBI IITOPAMH, KOTOPBIE IOYTH
He nponyckanu ceet [4]. [locne moapactaHusi padaT JO HECKOJIBKUX CAaHTUMETPOB MX KaJUOpOBAIU U
paccaKWBaH MO Pa3HBIM aKBapHyMaM, TaKKe yUUTBIBATh TOT (DaKT, YTO paKamMH HEIb3s MEPEHACENATh
aKBapHyMbl. JTO CBSI3aHO C TEM, YTO MPOXOJUT OOpHOA 332 TEPPUTOPUIO M CHIILHBIC PAaKU BBITECHSIOT, a
TaKXKe MOeAalT ciaabblXx, TEM CaMbIM YBEJIMYMBAIOT KOJIM4YecTBO oTxozaa. llocme Toro kak ocobOu
JOCTHUTaIIN pazMmepa 4—5 cM, ux nepecakuBany B Y3B, re oHu gjocTrrami ToBapHOTo pa3mepa tadim. 1.

Ta6J'II/ILIa 1. HapaMeprI PEYHBIX PAKOB, BBIPAICHHBIX B HCKYCCTBCHHBIX YCJIOBHUAX

Bapuant Bospact KosunuecTBo jMHEK JluHa, cM Cpennuii Bec, T
Paxkwy, BbIpalnieHHbIe B HCKYCCTBEHHBIX YCIOBHSIX 12 mec 13 9,6 36,8
Paku, BbIpallieHHbIE B IPUPOIHBIX YCIOBUSIX 12 mec 8 34 14,1
HIPgs 4,2 12,6

Takum 00pazoM, U3 pe3yibTaTOB MCCIEJOBAaHUM BUAHO, YTO HMPAKTHUECKH TOBAPHOTO PaKa MOXHO
ImoJriy4aThb 3a OAWH I'Od, B TO K€ BPEMSA TAKHUX PAKOB B CCTCCTBCHHBIX YCJIOBUAX MOXKHO I10J1y4aThb TOJIBKO
yepe3 2—3 roja, 4To MoJATBEPXKIACTCs pe3yabTaTaMi MaTeMaTH4eckoil 00paboTKu.

YuuTeIBas MOCTOSHHBIN pocT Ce6eCTOI/IMOCTI/I NPOAYKTOB TIIMTAaHUWA, YMCHBUICHUEC IIJIOIIAAN,
NOPUTOAHOM JUIsL 3eMJIeeNHus, YyBEIMYCHHWE HacCeJeHMs IUIaHeThl W MHOIMX JApPYrux (hakTopoB,
YEJI0OBEYECTBO HAYaJI0 MOUCK aJIbTEPHATHUBHBIX METOJOB IMOJYUYEHHs MHUILEBOM HpOAyKUMU. B 1aHHOM
HaIpaBICHUM HCCIENIOBaHUM 3HAYUTENBHBIM MHTEpPEC MPENCTaBIsSIET COBMECTHOE BBIpAIllMBaHUE
THJIPOOMOHTOB M KYJIbTUBUPYEMBIX PACTEHHH, YTO 00YCIIOBICHO TIOYTH OJIMHAKOBBIMU TIOTPEOHOCTSMH B
SHEPTEeTHYECKUX U TETUIOBBIX PECYPCax.

Metonuka WCIIONB30BaHUS AKBAallOHMKHM II03BOJISIET BBIpAIlMBATh MHOTHME BHUJBI pAacTeHUH Ha
3arpsisHeHHOU Bojie Y3B. IIpu cOBMECTHOM BBIpANTUBAHUN PACTCHHHA W PAKOB MBI UMEEM BO3MOKHOCTH
cenaTh B3aUMHO BBITOJIHBIC YCJIOBHS Ui oOMTaHus. B Takom ciyyae Mbl goOuBaemcs oOecriedeHus
pacTeHnit HyXHBIMHU JJISl POCTa MUTATEIFHBIMU BEIIECTBAMHU M MPOBOJNM OYHCTKY BOJIBI OT MPOTYKTOB
MeTa0oIM3Ma JUIMHHOMAIBIX PAKOB C IEJbI0 3aJeCTBOBAHMS OYHMILEHHOW BOABI B IIOBTOPHOM
UCTIOJIb30BaHUU. Takue Mepbl 0COOEHHO BayKHBI B TEX palioHax, rjie ecTh JEe(QUIMT BOJBI U OHA BBICOKO
oneHuBaercs. Kpome Toro, npu pasMeIieHnu 3aMKHYTBIX CUCTEM B TEIUIMIAX U MCIIOJIB30BAHUHU TEIIION
BOJIbI, HECMOTPSI Ha YCIIOBHSI OKPYXKAIOMIEH CPebl MOYKHO MOTydaTh MPOTYKITHIO KPYTIIBIN Tox [S].

bnaromaps codeTraHMIO COBMECTHOTO BBIPALMBAHUS MOXKHO J00UThCA Oosiee 3 (EeKTUBHBIX
pe3yabTaToOB, €M MpPH OTAEIHHOM COJAEPXKAaHUHM KaXXKJOTO W3 HCCIEN0BAaTEIbCKUX OOBEKTOB. Benp
OKHCJICHHE IPOAYKTOB OOMEHa pAakoB M OCTaTKOB KOPMOB IPHUBOJMT K HAaKOIUIGHHUIO B BOJE
3HAYUTENFHOT0 KOJMYECTBA aMMHaka. B cBOrO odepenp MpOAYKTHI a30THOro oOMeHa (aMMOHHHU U T. 1I.)



MOTYT OBITh WCIOJB30BaHBI MPH BBIPAIIMBAHUHM OBOIIHBIX M JAPYTHUX BHIOB CEIHCKOXO3SHCTBEHHBIX
KyJNbTYp KaK MATaTebHBIEC BEIIECTBA.

3a BpeMsi HCCICAOBaHMM HAMHU MPOBOJIWICS XMMHUECKHM aHaiW3 BOABl KaK MOpU MNPUMEHEHUU
pacTeHnii B cucteme (UIBTpAIMA, TaK U BO BPEMS MX HCIOJIB30BAaHUS B KOMIUIEKCE C OMO(MUIBTPOM.
Pe3ynbTaThl TUHAMUKY XUMHUYECKHX MTOKa3arTenei Boabl B Y 3B npuBeeHs! B Ta0I. 2.

Tabnuma 2. JuHaMuKa XHMHYECKHX MOKa3aTeJeil Boabl B Y3B npu ncnoas3oBannn pacTeHuii u 6e3 HIX

XMMUYECKUH MoKa3aresb BOJIbI B CHCTEME buopuisrp buoduibTp + pacteHus
V3B 1-11 nenn 12-23 nenn 24-35 nenn

2 (Mr/mm) 6,33 £0,17 4,70 £0,41** 5,13 +0,31*

CO, (mr/m) 15,00 +£0,58 17,25 £0,48%* 21,50 £0,65%**

NO, (mr/x) 0,33 +0,03 0,38 £0,02 0,33 +0,03

pH 7,15 £0,03 6,93 +£0,05** 7,05 £0,24

XKécrkocTh 0611as (Mr/11) 13,75 £0,25 13,50 £0,29 10,50 £0,29%**

#p<0,05; ** p<0,01; *** p<0,001.

Ha Bpems npoBeeHns ncciieqoBaHnid OMOJIOTHYecKas Harpy3Kka pakaMu Ha cucteMy Y 3B cocrasisita

okoi0 30 % orT o0meil MOIIHOCTH, YTO B CBOIO odepedb paBHO 7,5 Kr pakoB. CyTOYHBIM HpUBEC
JKUBOTHBIX HE BBIYHCIISUICS, TOCKOJIBKY He OBII 3aJI0KeH B TUIaH ucciemoBaHus. [locrme okoHwaHWS
UCCJICJIOBAaHUN OBLIO TMOJydeHO 2,2 KI 3€JICHOW MacChl PacTeHWH, KOTOphIe OBUIM B JajbHEHIIEM
HCTIOJb30BaHUH BO BpEMs KOPMJICHHS PAKOB.

Co CTpeMHTENbHBIM POCTOM U Pa3BUTHEM IMBIJIM3AIIMU YEJIOBEUYECTBO HAUalo BCE aKTHBHEE
MOJIE30BATHCS PA3NUYHBIMU XUMHUYECKAMH U OMOJIOTUYECKHMH BEIECTBAMH, KOTOPBIE MBI HUCTIOIb3yeM
MIPH MBIThE, CTUPKE, TTOJIOCKAHUM, U T. . Y TOOPEHHUS, IECTULIUBI UCIIOIB3YIOT B CEJIbCKOM XO03sHCTBE. B
pesynbpTaTe, TaKk WM MHA4Ye BCE ITH BEMIECTBA ITOMAIOT B BOAY W B ONPEIECIICHHOW CTENEHH BIUSIOT
OTpHULIATEIHHO. BIusHNE 3TUX BEIIECTB HA PAKOB HE UCCICIAOBAHBI, B JUTEPATYypPE YIIOMHUHAIOTCS TOJBKO
HEKOTOPBIE TIECTUIU/IBI, YTO 3aIPEIIeHBI ISl HCITOIb30BaHU [6].

[Tocne mpoBeneHus psiga KOMIDIEKCHBIX HCCIEAOBaHUM OTHOCHTENbHO BiusHus [IAB Ha pakoB mpu
pa3HOI KOHIIEHTPAIIMU OBUIO YCTaHOBIICHO, UYTO MPEACTHHO JOMYCTUMBIMI HOPMAaMH, ITPH KOTOPBIX paku
MOTYT BBEDKHTH, IPUBEACHEI B Ta0I. 3. IIpn 3TOM paku mpo0IDKaOT MAUTATHCS U PACTH.

Tabnuna 3. Bausnue [IAB, necTUIMI0B U MUHEPAJILHBIX YA00peHUIi HA paKa

Bapuant Enunnna KonueHnrpanus neiicTByromero JleranbHa no3a (JI)/ IpenenbHo nonycTumas
HM3MEpeHust BelllecTBa B npenapare, % Bpemst rubesnu [6] J103a
CrupanbHslii mopomok «JIoTocy /1, 45 2,5/9 94 <128
bu -58 HOBBII MII/JT 40 0,05/3 cyt <0,02
Pumomun r/n 64 5,0/5 cyt <39
Hamanm MJ1/71 48 0,08/3 cyt <0,05
AMMHaYHas CeNnnuTpa /1 34,4 0,4/2 cyt <03
Cynepdocdar VA 40 0,6/4 cyt <04
Cynbdar xanus VA 40 0,5/3 cyt <04
3akioueHue

B xo71e MpoBeIEHHBIX HUCCISIOBAHMI MOXKHO CIICNIATh PSII ONPEACIEHHBIX 3aKIIOYCHUH, PAKK HETIIOXO
MOJIIAFOTCS. PAHHEMY HEPECTY IPH MOBBIIIEHUH TEMIIEPATyphl (OMUCAHO MHOTMMHU aBTOPAMHU), IIPH 3TOM
HUTJIC HE YMOMHHAETCS O TOM, YTO MOXHO MOJCAKUBATh pavyar K APYIMM CaMKaM, KOTOpPbIe HX
MPUHUMAIOT M YXaKWUBAIOT. JIMYMHKH, KOTOPBIE OCTAaBAJIKMCh CaMH, K COXKAJICHHIO, B OOJIBLIIMHCTBE
ciydaeB THOJIM. BbIIO yCTaHOBIEHO, YTO XOpOIIee KauyecTBO UMEET BOJA, OYMIICHHAS IMPU MOMOIIU
AKBaIOHUKH, IOMUMO BCETO MbI MOJYYaId JAOMOJHUTEIBHYIO MPOAYKIIMIO, KOTOPYIO MCIIOIB30BAIU MPH
KOPMJICHUH pakoB. UTO KacaeTcs BIMSHUS XHMHUSCKMX BEIECTB HA PAKOB, KOTOPbIE MOTYT IOMACTH B
BOJIy, TO JIO3bI, MPU KOTOPBIX PAaKH CIIOCOOHBI BBIKHTH, COCTABIISIM: Hopomok «Jlotoc» 1,8 r/m BOmbI,
nHcektuun (bu-58 woweit) 0,02 mn/n, ¢yarunun Pugomun 3.9 r/m, repourmmn Hamamm 0,05 mo/m,

ammuauHas cenutpa 0,3 r/mn, cynepdocdar 0,4 r/n cynsdat kanus 0,4 /1.
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