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The article describes the results of the research work carried out to determine the ability of
the EICP (Enzymatic Induced Calcite precipitation) solution to strengthen the structure and
increase the strength of degraded soils. By this biogeotechnical method, urea is hydrolyzed and
calcium carbonate precipitate (CaCO3) is formed as a result of catalysis by the urease enzyme
[7, 1]. The urease enzyme was isolated from soy bean powder [13, 2].. The soil (Aktau sand) was
treated with an EICP solution, the activity of the enzymes contained in them was increased,
which led to a high degree of carbonate precipitation.
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PA3PABOTKA TEXHOJIOT MY KOHAUTEPCKHUX U3JEJIAN C JOBABJIEHUEM
MHUKPOBOJOPOCJIM SPIRULINA PLATENSIS

AHHOTALIUSA
[IpencraBieHsl pe3ynbTaThl pa3pabOTKU PA3IUYHBIX (PYHKIHMOHAIBHBIX MPOIAYKTOB C
nobasiennem Mukposogopocau Spirulina Platensis. TIpoBeaena oneHka MUTATEIBHBIX CBOMCTB
MOJIydeHHBIX NpoaykToB. [loka3aHo, 4Yro pa3paboTka (YHKIMOHAJIBHBIX IPOIYKTOB C
N00aBJIEHUEM  CHMPYJIMHBI  SIBISETCS ~ NEPCHEKTUBHBIM  HAmpaBlIeHWEM B 00jacTu
HYTPHULIUOJIOTUH.

Kntouesvie cnosa. Cnupynuna, MUKpO8OOOpOCHb,  (DYHKYUOHANLHBIL — NPOOVKM,
HYMPUYUOTIO2US.

310pOBBIi 00pa3 KU3HU, MPUOOPETAIOIINN BCE OOJBIIYIO MOMYISIPHOCTH B COBPEMEHHOM
oOmiecTBe, BKIOYaeT B ce0s, MojyiepkaHue Xopolned Qusnueckord GopMbl U COOIIOICHUE
MPHUHIMIIOB 37I0POBOTO NUTaHus. [I0OCTOSIHHO pacTeT KOJMYECTBO JIFOJICH, aKTUBHO M PETYIISPHO
3aHUMAIOIIKUXCS CHOPTOM. Bce 3T0 crmocoOCTBYyeT pa3BUTHIO CerMeHTa (DYyHKIMOHAIBHBIX
MPOIYKTOB IMHUTAHUSI, IPETHA3HAUYCHHBIX HE TOJBKO VIS MPO(HECCHOHATBHBIX CIIOPTCMEHOB, HO U
JUIs TIPUBEPIKCHIIEB 3/I0pOBOrO 00Opa3za >ku3HH, 3aHuMaromuxcs crnoptoM. Cormacao ['OCT
34006-2016, xonuyecTBO OMOJIOTUYECKH AKTUBHBIX KOMIIOHEHTOB B TaKHUX MPOIYKTaX JOJHKHO
OBITh JJOCTATOYHOM JJIsi OKa3aHWUs IOJIOKUTEIbHOrO 3(ddekra Ha 370pOBbE U CaMOUYYBCTBUE
YeJI0BeKa, UYTO COCTaBJIsIeT He MeHee 15% OT ypoBHS PEKOMEHIyeMOT0 CYTOYHOTO MOTPEOICHUs
B Pa30BOil MOPIUH.

AHanmM3 acCOpTHMEHTa MPOJYKTOB (YHKIIMOHAJIHHOTO CIHOPTUBHOTO MUTAHHS HA PHIHKE
P® mo3Bonua BBIIETUTh HECKOIBKO UX KJIACCU(UKAIIMOHHBIX MPHU3HAKOB: 1) HasHaueHUe; 2)
KOJIMYECTBO cojep:kaHus Oenka; 3) Bua Oenka (aMHHOKHCIOT); 4) MpoUCXOoXIeHue Oenka; 5)
OCOOCHHOCTH COCTaBa MPOAYKTOB B 1enoM. llomydeHHbIe daHHBIE MO3BOJMIA OMPEACTUTH
HampaBJIeHWE s pa3paboTku  (YHKIMOHANBHBIX TMPOAYKTOB 3I0POBOTO THTAHUA C
UCIIOJIb30BaHUEM MUKpoBogopociu poaa Spirulina Platensis (ciiupysuna).

CrupynanHa — 3TO HUTEBUIHBIH OPraHU3M, Pa3MHOXKAIOIIUKCS BET€TaTUBHBIM IMyTEM H
pacTymuii B BHJAE IUIOTHOW 3aKpydeHHOU crupanu. KneTku crnupyluHbl coaepikar OoJbIIioe
KOJIMYECTBO KapoTHHa, (PUKOoIMaHWHA, XJIopoduiuia, KcaHTOQWIIA W JPYTMX HUTMEHTOB,
UTPAIOIIUX BAXKHYIO POJIb B Mpolieccax MeTaboan3ma.
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OOmupHBIA OMOXMMHYECKHI COCTaB CIUPYIUHBI, 00YyClIaBiIMBaeT €€ HCIOJIb30BAaHHUE B
KayeCTBE MCTOYHUKA Ba)KHBIX IMUTATEIbHBIX BEIIECTB U KOMIIOHEHTOB /ISl OpraHu3Ma 4ejloBEKa,
9TO 0COOEHHO aKTYaJIbHO B YCIOBUAX MJIOXON 3KOJIOTMH MIIM METAIOJIHCOB.

CnupynuHy MOXHO NpPHUHUMATh B KauyeCcTBE IHMINEBOH J00aBKM, KakK JAETAM, TaKk H
B3POCIIBIM JIIOJAM. B meproa GepeMeHHOCTH U JIaKTaluu YHNOTpEeOJeHUE B MUILY CHUPYJIUHBI
MI03BOJISIET BOCIIOJIHUTH BO3PACTAaIOUIYI0 HNOTPEOHOCTh KEHCKOTO OpraHu3Ma B jKeje3e, Hoje,
LIMHKE, CeJIeHe, BUTaMUHAaX rpynnsl B. [IpremM MUKpOBOIOpOCIH yay4lllaeT BCaChblBaHUE JKEJe3a
Y CIIOCOOCTBYET YCTPAaHEHUIO aHEMUHU.

CrupynyHa IIMPOKO PEKOMEHAYETCSI MPU XPOHUYECKUX TacTPUTAX, SA3BEHHBIX O0JIE3HSIX
KeIyJKa U JBEHAIATH MePCTHOW KUIIKH, TeIaTUTaX WU MPH APYTUX OO0JIE3HSAX, BHI3BIBAIOIINX
HapylleHne paboThl WM paccTpOMCTBO mnuuleBapeHus. llpu mnpueme COUPYIHHBI, MOXKHO
[OJIy4yaTh HEOOXOJMMBIE BELIECTBA B HEOOJBIIOM KOHLIEHTPUPOBAHHOM OObEME, IPU 3TOM HE
neperpyxas nuiieBaputensHyro cucremy [1, 2]. Kpome Toro, oHa CHIXaeT YpPOBEHBb
XOJIECTepUHA B KPOBH, [I03TOMY OHA MMEET 0c000€ 3HAUYE€HUE B KapIUOJIOTUU TPH PA3IUYHBIX
0oJIe3HAX ceplla.

Bonopocnes mmpoko ucmnons3yercss B jedeHun auadera. [lockonbky, cHaO»as opraHu3m
MUHEPAITbHBIMH W OPTraHMYECKHMMH BEIIECTBAMH, B YAaCTHOCTH KallME€M, KOTOPBIA ITOMOTaeT
UHCYAUHY B TOJJEpPKaHWM HOPMaJibHOIO caxapa B KpOBHM, OHa oOecrneuyuBaer
cOanmaHcupoBaHHOEe NUTaHHWe. biaromaps (QUKOILMAaHWHY B COCTaBE€ BOJOPOCIH, €€ aKTHBHO
MPUMEHSIOT MU JICYEHUH OHKOJIOTUYECKUX 3a00sieBanuii [2].

B tabnune 1 npencraBnen ocHOBHOM coctaB Crnimpynussl [1].

Tabnmuna 1 — buoxumudaeckuii cocrap CiupyimiHbI

Kommonent, rp/100rp
benox 60-70
VYriaeBoasl 15-20
Jlummer 6.5-8.0
3ona 7.5-8.0
KieruaTtka 3.6
MunepanbHbie Bemecta, Mr/100rp
Kanpnmii 120
docdop 118
Kasnnii 1363
Harpuii 1048
Marnuit 195
Keneso 28.5
Hunk 2
Buramunsbl, mr/100rp
B-kapoTHH 0.34
B1 2.38
B2 3.67
PP 12.82
C 10.11
E 5.00
[TurmenTst, Mr/100rp
Kapotunounapt 0.22-0.40
Xnopopuin 0.76-0.94
duxkonuaHuH 0.8-1.0
[TonnHeHackIeHHBIC KUPHBIE KUCIOTHI, %o
JInnonepas | 1.1-14
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| P-THHOIICHOBAS | 0.9-1.2

JloGaBiieHe B COCTaB MPOJAYKTOB MHKPOBOIOPOCIHM, TOBBIMIAET HX OHOJIOTHYECKYIO
3HAYUMOCTh, TOCKOJBbKY Spirulina Platensis comeput uenslii psa IEHHBIX BUTAMUHOB,
MHUKPO3JIEMEHTOB U aMUHOKUCIOT. COCTaB MUHEPAJIbHBIX BEIIECTB, aMUHOKHUCIOT U BUTAMUHOB
CHUPYJIUHBI SIBJISETCA COAJaHCUPOBAHHBIM, 4YTO SIBJISIETCA CYIIECTBEHHBIM IPEUMYILECTBOM.
MHUKpPOBOIOPOCTh TaKXKE COMCPKHUT (UKOIMAHUH (CHHUH THUTMEHT), KOTOPBIA SIBIISIETCS
AQHTUOKCHJIAHTOM M TOBBIIIAET BEIHOCIUBOCTH Opranusma [3].

OOecrieunTh TMOJTHOLIEHHBIM palMoOH JIIOJeH, 3aHUMAIOIIMXCS CIOPTOM, IIOMOTAOT
MOJIE3HBIE TIEPEKYChI, 3TO MOTYT OBITH HPOTEHHOBBIC OATOHYHMKH, MapMelaj, pPa3IMYHbIC
oOorarmeHHble X1e000yn04YHbIe U3AeHus. B cocTaB 3TuX (QyHKIMOHAIBHBIX MPOTYKTOB BXOJUT
MOBBIIIIEHHOE KOJIMYECTBO MUTATEIBHBIX BEUIECTB, KOTOPHIE MOMOTYT BOCHOJHHUTH MOTEPSHHBIC
3amackl PHEPrud TMpPHU YTOMUTEIBHBIX TpeHupoBkax [3]. Kpome cnoprcmMeHoB moJe3HbBIE
MEepPEeKyChbl MOTYT MCIOJb30BaTh B MUILY APYrUe IPYIMIbl HACEIECHUS, TaK KaK JaHHbIEC U3ENINS
COJIep’KaT MOJIE3HBIX BEILIECTB OO0JIbIlIE, YEM MPOYME HAUMEHOBAHUS KOHAUTEPCKOW MPOIYKIIMH

[2].

Hamu Obimu pa3paboTaHbl M M3TOTOBJIEHBI CIENYIOIIME (PYHKIHMOHAIbHBIE MPOMYKTHI
MUTaHUS: JIEJICHIIOBas Kapamelslb, MPOTEMHOBbIE OAaTOHUMKM; NyIuHT W3 ceMmsH uua; [III
naHkeWku. VcxXoaHple KOMIIOHEHTHI, HCIOJIb30BaHHbIE I MPUTOTOBIEHUS MPOAYKTOB,
Ipe/ICTaBJIeHbI B TabIuIe 2.

Tabnuia 2 — VicxoHbpIe KOMIIOHEHTHI, MCTIOJIB30BaHHBIC VISl MPUTOTOBJICHHS H3ICITHIA

HaunmenoBauue CocraB

e H3omaibT;
e [ /11OKO3HBIN CHPOTT;
JlenenuoBas kapamenb e Boga;
e [lopomoxk Spirulina Platensis;
e KoxkocoBas cTpyxka

e TEHIKBEHHBEIC CEMCUKH,
e (CeMeHa MOACOJHEYHHKA,
e KoKocoBas CTpyXKKa;
e Tlopomok Spirulina Platensis;
e banam;
o @DuHHK

HpOTGI/IHOBHG 0ATOHYHKH

e (CoeBoe MOJIOKO;
e (CemeHa uma;
e KoxkocoBas cTpyxkKa;
e [lopomoxk Spirulina Platensis

Hy,Z[I/IHF U3 CCMsIH 4Hha

* Kedup;
e KypuHsble sii113a;
e PucoBas Myka;
IIIT maukeiiku o Copna;
e KoKocoBO€ Maclo;
e (Cupon araBbl;
e Tlopomok Spirulina Platensis

HpOLICCC MPUTOTOBJICHUA TMOJIYUCHHBIX W3JIeNUi  BKJIIOYaeT B ce0s HU3MCJIBYCHHC,
CMCHICHUC HHIPCAUCHTOB, B OTHACIBbHBIX ClIydasdX TEPpMHUUYCCKYIO 06pa60T1<y. B cj1ydac
MPUTOTOBJICHUA JICACHIOB CIIMPYJIWHA )106aBJ'I$IeTCH B CMCChb IIpU TEMIICPATYypC 900C, IIOKa
JICACHIIOBAs CMECh €IIC KU AKasd.
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MaccoBoe coaepikanue cyxoro noporiika Spirulina Platensis xa 100 rpamMm moJiy4eHHOTO
IIPOJIyKTa MPEACTABIEHO B Tabuuue 3.

Tabnuna 3 — MaccoBoe conepxanue nopomika Spirulina Platensis va 100 rpaMM mostydeHHOTO
IPOJIyKTa

TpojtyKkr Conepmal_me cyxoro nopoiuka Spirulina
Platensis va 100 rpamm mpojykra, r
JlenenmoBasi kKapaMmenb 1.3
[TpoTenHOBBIC OATOHYMKHU 2
[TynuHr U3 ceMsiH una 1.5
1T manketiku [111 nankeiku 2.5

IIpoueHTHOE coOAepiKaHUE MOPOIIKA MHKPOBOJOPOCIHM OBLIO ONPEAETICHO HUCXOHAsd W3
HOPMBI MOTPEOJICHUSI CIIUPYJIUHBI B3POCIBIM YeJIOBEKOM B JeHb (0kojo 7 rpamm) [1]. Ocoboe
BHUMAHHE YAENSIOCh OPraHOJENTUYECKUM XapakTepucTtukaM. M3BectHo, 4TO moOaBiieHue
MHKPOBOJIOPOCIIEN B KaYECTBE KOMIIOHEHTA IIPOJIyKTa, MHOTAA MPHUAAET TPABSIHUCTBIA BKYC. Y
MIPUTOTOBJIEHHBIX HaMH ()YHKIIMOHAJIBHBIX MPOJAYKTOB, HA OCHOBAHUU JIETYCTAlIUU, HETPUSATHBIN
O0JIOTUCTHIN MPUBKYC WJIM HENIPUSATHBINA TPABSIHUCTHIN 3amax He 0OHApyKUBAETC.

BbiBOAbI:

1. BeUIM IPUTOTOBIICHBI MPOAYKTHI ¢ ToOaBieHHEeM MUKpoBogopociu Spirulina Platensis

2. Cogep:xaHue IOPOIIKA CIUPYINHBI B HCXOTHOM CMECH KOMIIOHEHTOB COCTABHJIO OKOJIO
1.5-2.5 %, 4T0 MO3BOJSAET OTHECTU UX K PYHKLIHOHAIBHBIM IPOAYKTaM

3. Jlerycrauusi NOJYY4EHHBIX IPOJYKTOB IOKa3zana OTCYTCTBHE HENPHUITHOIO BKYyca,
OOBIYHO XapaKTEePHOTO AJIS U3JEJINH, COEPKAILUX MUKPOBOAOPOCIIH.
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TYHWIH
Crmpynuna [InaTeHcre MEKpOOAIABIpIapbl KOCBUIFAH dPTYPIIi GYHKITMOHAIABI OHIMICP T
TabIHIAY HOTHOKETIePl YChIHBUTFaH. AJIBIHFaH TaFaMIapIblH TaFraMIbIK KacHeTTepl OaraiaH/ibl.
CrnupynuHa KOChUTFaH (YHKITMOHAIIBI OHIMAEP/I1 931pJIey MUETOJIOTHS CaaChIHIaFbl KeJIeIIerl
Oap GarbIT OOJIBITT TAOBLTAIBI.

RESUME
The results of the development of various functional products with the addition of
Spirulina Platensis microalgae are presented. The nutritional properties of the obtained products
were evaluated. It is shown that the development of functional products with the addition of
spirulina is a promising direction in the field of nutrition.
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THE ROLE OF SPOROSARCINA PASTEURII IN CHANGING SAND PARAMETERS
AS A FUNCTION OF TEMPERATURE AND RESISTANCE TO WIND EROSION

ABSTRACT

This article focuses on the precipitation of calcite from sands. Bacteria of the species
Sporosarcina pasteurii, urea, and calcium chloride were used to precipitate calcite from sands.
This experiment resulted in a strong biocement that is resistant to wind erosion. This research
represents a new method that can help improve soil fertility and biocomposition of sand,
preventing migration in many regions of Kazakhstan.

The result showed that the highest bacterial activity was observed at 60 °C, and according
to the test results, the average compaction of 56% is the best performance of the sand. According
to the results, the biocomposition method could improve the properties of sand and increase its
strength when tested for resistance to wind erosion.

Key words: Sporosarcina pasteurii, calcite, compression, temperature, sand.

Introduction. Land degradation and desertification is one of the global problems of our
time all over the world. Migration of sand dunes under the influence of wind is the main cause of
the process of soil desertification, turning agricultural areas into deserts and covering everything
with sterile sand. Wind erosion is not only one of the main factors of soil degradation, but also
air pollution in arid and semi-arid areas [1].

Desertification and land degradation have a negative effect on the biodiversity of territories
due to degeneration and loss of diversity of vegetation and fauna, invasion of new species,
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