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Kanwoicnan E.II., Mapkuna A.M., Xomawxo I1.A.

buoduznueckue u Ouonoruyeckrue CBOICTBA HEOOPaAOOTAHHOTO MPUPOTHOTO
SHTaps

Ko3noe A.B., /Kykoea E.B., Hnvuna K.O., Maznaa B.B., Chasnoe U.B.
Boinenenue u uaeHTUPUKALUS MUKPOOPTaHU3MOB, TIOJTYUYEHHBIX U3 KEQUPHOTO
rpuda

Ko3znoe A.B., Chasnoe U.B., Hosukoea K.U., Kymaiiyee I'.B.

Oco00EeHHOCTH BBIACIECHUS IPOXKIKEN U MOJIOYHOKHUCIIBIX OaKTEpHUil U3 KEPUPHO-
ro rpuba

Ky3un K. A., I'aakuna 3. A.

OmnpeneneHre yCTOMUMBOCTH OaKTEpUATbHBIX KYJIbTYP, BBIICIEHHBIX IPpH OaK-
TEpUATILHOM IIUCTUTE Y KOIIEK, K Pa3JIMYHBIM BUJaM aHTUOUOTHUKOB
JIykvanoesa /1. A.

HoBble METOIbI CEKBEHUPOBAHMUS 1JI UCCIIEIOBAHUS BUpYyca sllypa

Paooea U.IL, Ilypaxuna M.B., I'arkun ILK.

Koppekius ecTeCTBEHHON PE3UCTEHTHOCTH MPOIOJIUCOM, MPOOMOTUKOM U HX
KOMITO3UTHBIMU (popMaMu

Conoevésa K.A., Yacosa B.A., I'epacumosa O.A.

buonorudeckast akTHBHOCTb ITYEIMHOTO TTOAMOpPA

Cmpouxos IL.H., I'ankuna 3. A.

JluHaMrKa COMATUYECKUX KJIETOK B MOJIOKE KOPOB: CPaBHUTEILHBIN aHAIU3
3¢ (PEKTUBHOCTHU TEPANUU CKPBITHIX MACTUTOB
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Cexknuus 1.
A3oTdukcanusa: GpyHIaMeHTaJbHbIe OCHOBBI H NPHKJIATHbIE ACTEeKThI

YK 631.461.51
AHAJIN3 BUJTOBOI'O PABHOOEBPA3USI BAKTEPUM POJIA
AZOTOBACTER B IIOUBAX ACTPAXAHCKOM OBJIACTH
JIJIS BBISIBJEHUSI CTPECCOYCTOMYUBBIX BUTOB

bamaeea Auna /Imumpuesna, cmyoenm 1 xypca, Uncmumym azpobuomexuonozuu,
DI'BOY BO PI'AY-MCXA umenu K.A. Tumupsizesa, adbataeva2006@yandex.ru
byoaesa Buxmopus Anekceesna, 1 xkypc baxanraspuam, Uncmumym azpobuomexuo-
noeuu, D®IHOY BO PIAY-MCXA  umenu KA.  Tumupsizeséa,  Victo-
ry.bud2406@mail.ru

Kypmanuee Hcnam Pamunesuu, cmyoenm 1 xkypca, Uncmumym acpoouomexHoino-
euu, DOI'FOY  BO PI'AY-MCXA UMeHuU KA. Tumupszesa, is-
lam.kurmaliev@yandex.ru

Tapacveea Anexcanopa Bnaoumupoena, cmyoenm 1 xypca, Uncmumym azpobuo-
mexnonoeuu, PI'bOY BO PIAY-MCXA umenu K.A. Tumupsizesa, tarasevaalexsan-
dra228@gmail.com

(Hayunwuii pyxkogooumenu — Aunopeesa Mapus [lemposna, neoacoe /][O, 'AOY AO
IO «PIIT», mashandrya@yandex.ru; Cumaeun Anexcandp Imumpuesuy, accu-
cmeum  Kageopvl  cenemuxu, cenexyuu u cemenosoocmea PI'AY-MCXA
alexander.d.simagin@yandex.ru)

Annomayun: AKmyanibHbiM CMAHOBUMCS NOUCK U008 bakmepuil pooa Azotobacter, komopuvle 06-
1a0arm KOMIIEKCOM NPU3HAKo8 cmpeccoycmouuusocmu. Hccnedosanue 6u006020 pazHooopasust
MUKPOOP2AHUIMOB IMO20 POO0d HA MePPUMopuU ApuUoHbIX 3ACONEHHbIX NOYE NPEeONOJIOHCUMENbHO
pacuiupum nepcnekmubbl Ux UCHOIb306AHUSL 8 A2POCEKMOope.

Kniouesvie cnoea: oTOOpP TOYBEHHBIX OOpPa3loOB, (PUINKO-XMMHUYECKHE CBOWCTBA IMOYBHI,
Azotobacter, azoTdukcanus, noxydeHue 6aKTePHATbHBIX KOJIOHUMN.

BBenenue

[Ipenapatsl Ha ocHOBe OakTepuil p. Azotobacter OTIMYAOTCS BBICOKOM CIIO-
COOHOCTBIO (pUKCHpOBaTh aTMOC(PEpHBIA a30T. Pe3ynabTaThl NPUMEHEHHS TaKUX
yAOOpEHUI B CETbCKOM XO3SMCTBE CBUIETEIHCTBYIOT O €ro 00Jibiioi 3(h(HEeKTUBHO-
ctu Y. TIpucyrcTBUe U BeDKHMBaHUE GakTepuii p. Azotobacter B II04Be KOPPEIUPYET C
CoJiep>KaHUEM B HE OpraHn4eckoro BemecTBa. X MHOTO B TUIOOPOIAHBIX, OOTaThIX
rymycoM nousax. [1o3TOMy akTyanabHBIM CTAHOBUTCS MOMCK TE€X BUAOB OAKTEpUi .
Azotobacter, o6magaromux CTPECCOYCTONUNBOCTBIO K BBICOKOW TeMIIEpaType U CO-
n€HocTH. AHAJIU3 BUJIOBOTO MHOTO00pa3us OakTepuii, OOUTAIOMIUX B YCIOBHUSIX 3aCO-
JEHHOCTH W SKCTPEMANIBHBIX TEeMIIepaTyp apUIHBIX MOYB ACTpaxaHCKOW 00JacTH,
SBIISIETCS aKTyaJIbHBIM HaIllPaBJICHUEM HCCIICTOBAHHM.
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XapakrepucTuka p. Azotobacter.

Azotobacter sBnsitoTCSI rpaMOTpPHUIIATENBEHBIMA CBOOOTHOKUBYIITMH a3POOHBI-
MU TI0YBEHHBIMU GAKTEPHAMH, KOTOPHIE 00Pa3yloT TONCTOCTEHHBIE HUCTHIZ, dopma
KJIETOK BapbUPYET OT MPSAMBIX MaJOUYEK C 3aKPYTJIEHHBIMU KOHIIAMU 70 OoJiee 3IIIHI-
COBH/IHBIX MJIM KOKKOBHMIHBIX, B 3aBHCHMOCTH OT MMTATEIbHON cpeibl u Bo3pacTall,
Pasmep KJIeTOK cocTapisieT oT 2 10 10 MM B uymHy u 1-2 MM B mupuny!?. Kinetku
Yalle OJWHOYHBIE, WHOTJA BCTPEYAIOTCS NapaMH, HEMPABHIBHBIMUA CKOIUICHUSMU
W, pexe, Lienoukamu pasHoil anusbICl, B cBeXHX KylbTypaX KJIETKH IOJBHKHBI,
TaK Kak yalle BCero MMEIT MHOXKECTBO KI'YTUKOB. 3BeCTHO, 4TO 00pa3oBaHKE IUCT
ABJISIETCSI OJHMM W3 OCHOBHBIX KpPHUTEPUEB TaKCOHOMHYECKON HWIEHTU(DUKAIIUU
Azotobacter, Tak kak Apyrue ¢pukcatopsl CBOOOJAHOro a3oTa, Takue Kak Azomonas,
Derxia 1 Tak j1ajee, He 0061a1al0T TeHAeHIHel k 0O6pasoBanuio muct!l,

OO6cyxkaaeTcst BOIIPOC O TOM, siBJisieTcs Jin Azotobacter puzocdepHoit 6bakTepu-
eil. CornmacHo OOJIBIIMHCTBY MCCIEAOBAHUHN, PACIPOCTPAaHEHHOCTh Azotobacter B pu-
3oc(epe, Kak MpaBUIIO, HE BhIIIE, 4yeM BHE €€. COoriiacHO IpyruM JTaHHbIM, OaKTepuu
BCTpEYaroTcs B pusocepe psia CeIbCKOXO03AMCTBEHHBIX KYJIBTYpP, TAKMX KakK PHC,
KyKypy3a, CaxapHbli TpPOCTHHUK, OaJXpa, OBOIUM W IUIAHTALIMOHHBIE KYJIbTYPBHI.
BeTpeuaroTcs Takxke B APEHXMMATO3HBIX KIIETKaX Kopsl KopHeii M,

Mmuorue mrammel Azotobacter Mpou3BOAAT KaK pacTBOPUMBIE, TaK M Hepac-
TBOPUMBIE B BOJIE€ IIUTMEHTHI!, KOTOpHIE y4acTBYIOT B META0OIM3ME JAPYTUX MHKDO-
opranu3moB. Hanpumep, A. chroococcum o6pa3yer TeMHOKOPUYHEBBINH BOJIOPAaCTBO-
puMblii nurmenT Menanun?, OnTumaneHas TemmepaTypa pocTa ajs OOJBIIMHCTBA
npeacTaBuTene poga Azotobacter cocramsier 28—37 °C, HO CTOUT yUYUTHIBATh, YTO
TeMIEPaTypHbI ONITUMYM BapbUPYETCS B 3aBUCUMOCTH OT BHAAa. MuHuManbHbiil pH
JUTSL pOCTa B IPUCYTCTBUH (DMKCUPOBAHHBIX MCTOUHUKOB a30Ta KoJiebsercs ot 4.8 10
6.0 ¢ makcumanbHbiM pH 8.5. Ontumanenbiit pH nns quazorpodnoro pocra — 7.0—
7.581,

CBsi3pIBaHME a30Ta HAYMHAETCA C aKTUBALMHM OMOJIOTMYECKH MHEPTHOTO MOJe-
KYJSIPHOTO a30Ta. AKTHUBAaTOPOM CIYXHUT (DEpPMEHT, Ha3blBa€MbIi HUTPOrE€HA30M.
Hpyroii pepMeHT — rujiporeHasa — akKTUBUPYET BOAOPOA. AKTUBUPOBAHHBIN a30T
COEJIMHSETCS C AKTUBHBIM BOJIOPOAOM, 00pa3ysi aMMHaK — KJIOYEBOE COCAMHEHHUE B
Mpoliecce CBSA3bIBAHMS a30Ta. B janbHeilllieM aMMHaK pearupyer ¢ KeTOKUCIOTaMH,
oOpa3zys yepe3 CTaJuI0 UMU J0 KHCIIOT CHauajia aMUHOKUCIOThI. AMUHOKUCTIOTHI TIOJT
JNIefiCTBHEM CUHTETA3 MOJMMEPU3YIOTCS B TIENITOHBI, HeNTHABI M Genkut?l,

Heabio nanHoii padoThI SBISUIOCH BBISIBUTH HanboJiee OJaronpusTHEIE YCII0-
BUsl s (popmMupoBaHus a30TGUKCUPYIOMUX OakTepuit p. Azotobacter B mouBax
AcTpaxaHCckoil 001acTH.

B 3agaum nccjie10BaHUA BXOAWJIO:

1. Or6op 00Opa3IoB U3 apuUIHBIX 3aCOJICHHBIX ITOYB ACTpaxaHCKOH 00JIacTH.

2. VI3yueHne OCHOBHBIX (PU3UKO-XUMHUYECKUX CBOMCTB UCCIEAYEMbIX MOYB.

3. IlonyueHnue MeToA0OM TepeceBa KyJabTyp OakTepuil.

4. OnieHka JOUHAMHMKUA pOCTa W MPOBEACHHE MOP(POJOTHYECKOro aHaliu3a
KOJIOHHH.

O0beKTHI HCCIeI0BaAHMIA: TTOUBEHHBIE 00pa3ilbl puzochepsl raaoduToB 03.
Tunaku u unbMeHedt HapumaHoBckoro p-Ha AcTpaxaHCKoil 0071., puzocdepsl cose-
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pocoB pa3HbIX pojioB (c. Camocaenka u noc. bacel Actpaxanckoit 00:1.), ¢/t «Hanan-
ynk» ([IpuBomkckuii p-H Actpaxanckoi o01.).

OT160p mpoO mpousBoamics B ABa dTama: 1) Ha o3epe Tunaku, B cene Camo-
caenka, Ha Tepputopuu ¢/T «Hamamanky» ([IpuBomxckuii p-H AcTpaxaHcKoi 001.); 2)
B nocénke bacel, Ha nibMeHsx HapumaHoBCcKkoro p-Ha AcTpaxaHCKoil 00, Ha aad-
HOM y4acTke B ¢/T «Hamaguuk» (I[IpuBomkckuii p-H AcTpaxaHckoit 00:1.). Bee Touku
otOopa TIPoO PacIOIOKEHBI MEXKIAY O3POBCKHMH OyrpamMu, Ha KOTOPBIX paclpocTpa-
HEHBbI Oypble MOMYMYCTHIHHBIE MOYBBI, B MEKOYIPOBBIX MOHMKEHHUAX OOJIBIIOE pac-
IPOCTpaHEHUE UMEIOT WIbMEHHO-00I0THbIE, HIILMEHHO-TYTOBbIe MOUBbl. OHU 00pa-
3YIOTCSI TIPU NIEPUOJIMYECKOM 3aTOIUICHUH WIIbMEHEW BO BpeMs 1moJjoBojibs. diopu-
CTUYECKH — 3TO paiioH, UMEIOUIMI M3pe3aHHbI penbed, 4To 00YyCIOBIMBAET pas-
HYIO CTENEeHb YBIAXKHEHHS, pa3HO0oOpa3ue U MPOCTPAHCTBEHHOE pa3MEIICHUE BHUJIOB.
OcobenHoctu oporpaduu, 1Mo HaleMy MHEHHIO, OyAyT ONpENeisTh BUIAOBYIO WIIU
Mopdonornueckyo cnenupuIHOCTh OOUTAIOMUX 37eCh a30T(MUKCHPYIOMMNX OakTe-
pul, BXOJAIIUX B COCTAaB pu3ocdepsl pacteHnil. KOHTponbHBIN pa3pes 3akiiagblBasiCs
Ha riyouny ot 0,75 no 1 metpa.

Onpenenenue GU3NKO-XMMHYECKHX CBOICTB MOYBBDI.

OnpeneneHue TrpaHyJIOMETPHUUYECKOTO COCTaBa MPOU3BOJMUIIOCH IOJIEBBIM
“MOKpBIM”” METOJIOM.

Omnpenenenue kapOOHATOB MPOU3BOAMIOCH, COIVIACHO CTAaHJIAPTHOW METOJIMKE,
¢ momoInkko etk [lactepa Hanecnn Heckosbko Kamenb 0,1 M HCI xucnoter Ha
nouBy. Eciau B mouBe HAXOAUTCS 3HAYUTENILHOE KOJIMYECTBO KapOOHATOB, TO Ha Cpe3e
Ha0JII0J1aI0Ch BCIIEHUBaHuE. B pe3ynbpTaTe peakuyy BbLAEISETCS YIVIEKHCIbIN ras,
KOTOpBI 00yClIaBIMBaeT BCIICHUBAHUE.

Omnpenenenne koHueHtpauuu CO, metonom IlltatHoro. B Teuenue cyrok 3a-
KPBITBIE €MKOCTH C MOYBEHHBIMU OOpa3liaMH BbIAEISUIM YIJIEKUCIbIN ra3, KOTOPBIN
noryommancs menousio (10 mur pactBopa NaOH 0,1 M), pa3MenieHHOM B CTaKaHYHKE,
pacmnoJIO)KEHHOM B eMKOCTH. Jlanee ananu3 nmpoBoauiics TutpoBanuem 10% conmsaHoi
KHCJIOTOM JT0 0O0eCIBEUMBaHMS TOIKpameHHoTo deHondTaaenHoMm pactBopa NaOH.
AHanu3 ¢ HACHIILIEHUEM MPOBOJIWIICS B TeueHUe | CyTOK, 3 CYyTOK, 7 CYTOK.

Onpenenenue pH B MOYBEHHOI BBITSKKE B JJAOOPATOPHBIX YCIOBUSIX MPOBO-
JUJIOCH C UCTOJIb30BaHueM pH-MeTpa (Tabnuia).

IoceB, MopdosoruyecKkuii aHAJIU3 ¥ MHUKPOCKONHUPOBAHUE IOYBEHHBIX
KOJIOHU.

MukpoOuosornyeckuii moceB OCYUIECTBIISIICS Ha MPUTOTOBICHHYIO CENEKTHB-
HYIO IUTATENIbHYIO cpeay DION METOI0OM MOYBEHHBIX kKoMoukoB. Yamiku [lerpu ne-
pen 3aMuBKOM cpenbl aBTokinaBupoBasch (121°C, 40 mun, 1,5 at™.). [ToceB mpous-
BOJWIICS B JIJaMHHapHOM Ookce. THKyOupoBaHue mpou3Boauioch 4, 8 u 0osee mHEH B
tepmocTtarte npu 25°C. Mopdonorndyeckuii aHanu3 KOJOHUN Mpou3BoAwIIcs 1o bep-
KA. MUKPOCKOTIMPOBAHUE TMOyYEHHBIX MHKPOOPTAaHU3MOB MPOU3BOIUIOCH MOCTE
oKpammBaHus Mo ['pammy (GUKCHpPOBAHHBIX 00PA3IIOB.
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Pe3yabTarhl.

Bce o6pasitel mouBsl u3 03. Tunaku u ¢. Camocenka ObUTH CIIa0O0NIEeTOYHBIE;
oOpasipl Ja4HOTO yJacTka U Tepputopuu c/T «Hamamumk», moc. bacel, unsMenen
HapumanoBckoro p-Ha AcTpaxaHCKoi o0y ObLu ciiabokucibie. KapOoHatsl ObuH
oOHapyXeHbl B OJJHOM W3 00pa3noB 03. TuHaKH, BO Bcex oOpasmax moc. bacel, uib-
MmeHell HapumanoBckoro p-Ha AcTpaxaHckoil 001, u tepputopuu ¢/T «Hamamgamky.
HawnGonpmee kommaectBo CO2 B o6pasiax moc. backr.

Bricokuii nporieHT oOpacTaHuil GakTepruaIbHbIX KOJOHUM OB XapakTepeH AJis
oOpa3uoB ¢/t «Hanmamumk», nmouBeHHoro npoduis paiioHa o3. Tunaku. Heznauu-
TeNbHbIE OOpacTaHus - B pusochepe ranopuros o3. Tunaku, noc. bacel, MmeasneHHoe
MpopacTaHue — ui o3epa TuHakM.

MukpockonupoBaHue (PUKCUPOBAHHBIX 00pa3lioB B COBOKYMHOCTU C MOp(o-
JIOTUYECKUM aHAJIU30M KOJIOHUHM MO3BOJISET MPEAIOIO0KUTh, YTO B 00pa3Lax nepBoro
otOopa nouBeHHBIX TIPo0 (03. Tunaku, c. Camocaenka, ¢/t «Hanaguuky») HaiieHbI 2
Busia Oaktepuid Azotobacter chroococcum (kopuuHeBble OaKTepUaabHble KOJIOHUN) U
Azotobacter salinestris (0eciiBeTHbIE OaKTEpHAIbHBIE KOJIOHUH), B 00pa3iax noc. ba-
Chbl — IPAMITIOJIOKHUTENbHBIE a30T(UKCATOPHI.

Azotobacter salinestris npeanos0XKUTENIbHO 001a1aeT cneuUIHbIMA TeHAMHU
COJICYCTOMYMBOCTH, YTO HEOOXOUMO JUIs MOJIyUYEHHUs IIpenapaTa Jisl apUAHbIX [TOYB.

BriBoabI:

1. OToOpanbl TOYBEHHBIE OOpa3lbl, OIEHEHBl (PUIUKO-XUMUYECKUE H
OMOJIOTUYECKHE  CBOWCTBA  TMOYBEHHBIX  00pa3ioB  pu3ocdepbl  pacTeHH,
MIPOU3PACTAIOIIMX B YCIOBHIX 3aCOJICHHBIX apHUIHBIX MOYB.

2. [TonydeHa KOIEKINA MOYBEHHBIX a30THUKCUPYIOMINX OaKTepHil.

3. lnnamuka pocta 1 MOPQOJIOTHS KOJIOHUN OTPENEIAETCS BHIOM PacTCHHM,
MPOMU3PACTAIOIIMX HA 3TUX IOYBAX, OCOOCHHOCTAMM YCIOBHI MNpoOU3pacTaHus,
(U3UKO-XUMHUYECKMMU CBOMCTBAMH, B TOM UUCIIE COJIEHOCTHIO

Cnucok aureparypsbl:

1. Biussaue cucteM 3emienenus Ha oOwinMe a’poOHOW  a30THUKCHPYIOIIEH
mukpoouotsl / H. E. Urnames, JI.IO. Perxux // Poccuiickuii sxypHan TpUKIaTHON
skosoruu. — 2020.

2. Buapl asordukcupyromiero Azotobacter kak moTeHIManIbHbIE OHOJOTHYECKHE
YCWJIMTENN TOYBBI JUISI MUTAHUS CEITbCKOXO3SAMCTBEHHBIX KYJIBTYP M CTaOWUILHOCTH
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yposkas. / Aasfar A., Bargaz A., Yaakoubi K., Hilali A., Bennis I., Zeroual Y., Mef-
tah Kadmiri I. // Frontiers in Microbiology. — 2021.
3. Bergey’s manual of Systematic Bacteriology, 2nd ed: Volume 2: The Proteobacte-
ria (Part B: The Gammaproteobacteria) / G. M. Garrity, D. J. Brenner, N. R. Krieg, J.
T. Staley. // NY: Springer—Verlag. — 2005.
4. Azotobacter: moTeHIIMAIBHOE OMOYAOOPEHUE IS YIIPABJICHUS 30POBbEM ITOUYBBI U
pactenuii. / Aisha Sumbul, Rizwan Ali Ansari, Rose Rizvi, Irshad Mahmood // Saudi
Journal of Biological Sciences. — 2020.

Ta0Omuma
PesynpTarsl ucciaengoBaHui
H [Iponent
P ».| CO2 | Mexanuueckuii co- | oOpacTaHus
OO0pa3is Box. | COs3 o
OB (mr) CTaB KOJIOHH Ha
PP 11 neHp
OT60p nouBeHHBIX 00pa3moB No 1.
03. Tunaku, Ui 7,60 — | 44,85 | TshxenbIil CyrITMHOK 12
03. Tunaku, cioit A 7,60 — 145,36 Cymnech 100
03. Tunaku, cioii B 7,70 — | 41,82 | nerkuii CyrimmHOK 100
03. Tunaku, cioi C 8,30 + | 43,56 | Tsokenblid CyrIMHOK 100
03. Tunaku, puszocdepa ramodura, 1 | 7,70 - 143,12 Cymnech 12
03. Tunaku puzocdepa ranodura, 2 8,20 | - 14093 cyrech 0
JaHHbIH y4acToK (i/T «Hanaguux» 650 | — |46.64| cpenmmit cyrmmmox 100
[TpUBOIKCKUIA paiioH
c. Camocnenka, puszocdepa ramodura | 8,00 | — |48,52| nerkuii CyrimmHOK 100
OT60p MouYBeHHBIX 00pa31ioB No 2.

oOpazen 0-4 cm noc. bacer 5,76 + 166,02 | cpeanuii cyrmuHoK 100
o6pasen 4-9 cM noc. backl 6,68 | + |71,43| cpemunii cyrnunok 100
oOpazen 9-14 cm moc. bacer 6,60 | + [96,81| cpexnuii cyrmuHOK 100
oOpazen 14-34 cm noc. bacel 5,70 + |106,31] cpeanuii cyrmuHoK 100

. 50
oOpazert 34-66 cm moc. bacer 546 | — |123,27| cpenHuii CyrmuHOK
oOpaser puzocdepa conepoca wibMe- . 25

o 6,46 + | 42,32 | cpeanuii CyrmuHOK

Hell HapumaHoBCckoro p-Ha
0613a3eu pu3ocdepa conepoca UibMe- 6,64 + 5043 | cpennmit cyrmamox 20
Hell HapumaHoBckoro p-Ha
TeppUTOpHs ch «Hanamuuk» [Ipu- 6.18 + |3826 HerKas HHa 100
BOJDKCKHI pailoH
TeppuTOpHs C\{T «Hanaguuk» [pu- 620 | + |s467 HerKas FHa 100
BOJDKCKHIA paiioH
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YJIK 579.6
BJIUSTHUE Zn U Ni HA A30TO®UKCHUPYIOLIYIO MUKPO-
BUOTY, POCT U PA3BBUTHUE 'OPOXA IIOCEBHOI'O COPTA
HEMYHWHOBCKHM 50

Heanoe Hnva Anekceeeuu, mazucmpanm 2 xypca Hncmumyma azpoouomexmono-
euu, DOI'FOY BO PIr'4y-MCXA uUMeHU KA. Tumupsszesa,
[liaivanovrgaumsha@gmail.com

Egpemosa Bapsapa Anopeesna, macucmpaum 2 xypca Uncmumyma acpobuomex-
Hono2UU, DOI'BOY BO PI'AY-MCXA uMeHu KA. Tumupszesa,
Varvara.efremovaa@mail.ru

Ilemuna Anexcanopa Hukonaeena, macucmpanm 2 Kypca Uncmumyma azpobuo-
mexHoJI02UlU, DOI'BOY BO  PI'AY-MCXA umenu KA. Tumupsszesa,
Sasha.nefedova2@mail.ru

(Hayunwvie pyxosooumenu — Bonobyesa Onvea I'aspunosua, 0.cx-H., npogeccop xa-
Geopvr  mukpoouonocuu u ummynonocuu DI'EOY BO PI'AY-MCXA umenu
K.A.Tumupsizesa, ovolobueva@rgau-msha.ru.; Cepeecuna Hnea Heanosua, 0.6.H.,
npogheccop rKageopvl acpOHOMUYECKOU, OUOLOSUYECKOU XUMUU U paoduoiocuu
DI'BOY BO PI'AY-MCXA umenu K.A. Tumupsizesa, iseregina@rgau-msha.ru)

AHHOmMauua: 8 cmamve paccmMampueaemcs iusHue MuKpoyooopenuti Zn u Ni 6 nougeHuwix ycio-
8USX HA POCM U pa3sumue 2opoxa nocesHozo copma Hemuunoscxuii 50, a makace na muxpoouono-
2UYECKYIO AKMUBHOCMb A30MOUKCUPYIOUUX MUKPOOpeaHu3mos pooda (Rhizobium) onucvlieaemcs
AKMYyanbHOCMb MO0 UCCIe008AHUS, NPUBOOSMCS PE3YIbIMambl NOJe8020 ONbIMA.

Kniouegwie cnoea: nukens, Topox, IMHK, MUKPOYJOOpEHHS, a30TO(PUKCUPYIONIIE KIIyOSHbKH, KIIy-
OeHbKOBBIE OAKTEPHUH, PU300UH.

Huxkenb (Ni) SBisIeTCsl CEphe3HBIM TOKCUKAHTOM COZECPKALTUICS B 3eMHOM KOpE.
[1] IIpx 3TOM B HU3KUX KOHLIEHTpAUUAX (IPU KOHLUEHTPAIMU B MIOYBE B MpEAEax OT
0,05 mo 10 Mr/Kkr) HHUKENb SBISETCS BAKHBIM DJIECMEHTOM, OIPEACIISIONICM aKTHB-
HOCTh (hepMEHTa ypeas3bl U y4aCTBYET B MPOLECCE PACIICIUIEHUs MOYEBHUHBI IO aM-
Muaka. [3] BaXHEHWIIMM CTUMYIUPYIOIIEM JIEMCTBHEM 3TOr0 SJIEMEHTA SIBIISIETCA
BIIMSIHUE HA MPOLIECChl (PUKCALMU a30Ta a30TPUKCUPYIOIIMMU MUKPOOPTaHU3MaMU U
0000BbIMH KyibTypaMu. [5] LluHk (Zn) HanmpoTHUB SBJIAETCS HEOOXOAMMBIM MHUKPO-
AJIEMEHTOB, BIMSIIOUIMM Ha POCT PacTeHUM MpH KOHIEHTpauuu oT 25 1o 100 mr/kr.
I{uak Takke oTBevaeT 3a oOpazoBanue aykcuHoB u JIHK, pubocom. Biuser nHa npo-
HUI[aEMOCTh MEMOpaH pacTeHHil, TeM cambIM oOecreunBasi yCTOWYMBOCTb K CyXOMY
1 )KapKOMY KJIMMATy, a TaKkKe 0aKTepHUalbHBIM U TPUOKOBBIM 3a00JICBAHHSIM.

OCHOBHOUM 0COOCHHOCTHIO TOPOXa SIBJISIETCS CUMOMO3 C KITYOSHBKOBBIMU OaKTe-
pusiMu (pu300usIMH), GUKCUPYIOIIUMHA CBOOOHBIN a30T aTMOC(EPHI, IIOITOMY TOPOX
— XOpOILIUH MPeNIIECTBEHHUK JUIsi OOJNBIIMHCTBA CEIbCKOXO3IUCTBEHHBIX KYJIBTYP
[6].KityGeHbKOBBIE OakTepuu 00JaAat0T BEICOKOM CIOCOOHOCTHIO MEPEBOJIUTH TPY/I-
HOpacTBOpUMbIE QocopHbie coequHEHUsI B OoJee ycBosieMmble (hOpPMbI, UTO CIIOCOO-
CTBYET OOOTAIlEHUIO PACTEHUN U a30TOM, U 3TUM 3jeMeHToM [7].CoBMecTHOE TpH-
MeHeHue HeOoIpuX 103 Ni U Zn crocoOCTBYET MOJYyYEeHUIO 0ojiee BBICOKOM Yypo-
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KAWHOCTHU XOPOILIEro KayecTBa OCHOBHOM MPOMYKIMHU ropoxa moceBHoro “Hemum-
HOBCKHM 507, a Takke CTUMYJISIIIUU a30TPUKCHPYIONIEH CIOCOOHOCTH KIIyOCHBKOB
ropoxa U COXPAHEHHUIO WX KOJIMYECTBA IMPU CTPECCOBBIX YCJIOBUSX HE Hapyllas
CTPYKTYPBI ITOYBHI. [2]

Heab ucciieoBaHusl COCTOUT B MU3YUYCHUU BIIMSHUS HUKEJS M LIMHKA Ha Ypo-
KAMHOCTh U a30TQPUKCUPYIOUIYI0O aKTUBHOCTh ropoxa mnoceBHoro Pisum sativum L.
coptra HemunnoBckuii 50 B yCIIOBHSIX MOJIEBOTO OIBITA.

3ajgauu uccJIe10BaAHUA:

e OLICHUTH BIUSHUE HUKEJNS U [IUHKA HA POCT, Pa3BUTHUE U YPOKANHOCTH ropoxa
copta “HemuuHoBckuii 50 B yCI0BUSIX TOJIEBOTO OMBITA;

o [[poanay3upoBaTh MacCcy W KOJMYECTBO a30TPUKCUPYIONINX KITyOCHHKOB
ropoxa IoCeBHOIO;

e I3yunTh Kak BIUSIOT PAa3IUYHbIE JO3bl HUKEJS U LIMHKA HA YCTOWYMBOCTh U
MUKPOOHOJIOTUYECKYIO  aKTUBHOCTh  a30T(QPUKCHUPYIOIIMX  aAKTUBHOCTh
KITyO€HBKOB TOpOXa.

OObexTaMu HUccienoBaHus ObUIM TOpOX ToceBHOM Pisum sativum L., coprt

Hemuunosckuii 50 (cenexuus UL «Hemunnokay).

[ToneBoii onbIT MpoBOAMIICSA Ha 6a3ze CTPYKTYypHbIX noapaszaenenuii ®I'bOY BO
PI'AY — MCXA umenu K.A. Tumupsizena.

Meton ucciieq0BaHus:

B pe3ynbrare mNpoBEAEHHBIX MCCIEIOBAHUNA MPOBOJMIN (PEHOJOTUYECKHE
HaOJIO/ICHUS, YUeT KOoJMuecTBa U Macchl ki1yoeHbkoB MetoqoMm ['.C. IlockimaHoBa,
TaK)ke ObLI MPOBEIECHA OLEHKA MATEMATHKO CTaTUYECKHX PE3yJIbTaToB 1o Jocnexo-
BY.

Pesyabrartsl:

B pesynbrare uccienoBanuii Mmacca KIIyO€HbKOB TOpOXa MOCEBHOTO U3MEHSIIACH
16 Mr no0 36 Mr B MoJb3y BapuMaHTOB, /i€ TPUMEHSUIACh KOMIUIEKCHOE BHeceHue Hu-
kens u [{luHka B cpaBHEHUU C (POHOBBIM BaAPHUAHTOM.

KonuyecTBo KiTyOCHBKOB TaKKe yBEIHMYMBAIOCH B BapuaHTax, rae Hukenb u
[{MHK BHOCUJIMCH COBMECTHO € 19 mTyk 10 38 MITYK COOTBETCTBEHHO B CPAaBHEHUU C
BapUaHTaMU, TJ€ BHECEHHE OBbLIO MO OJHOMY W3 H3Y4YaeMbIX MHKPOIJIEMEHTOB, a
Takoke rae Niu Zn He BHOCHIICS.

3akioueHue:

Takum oOpazoMm, B pe3ysbTaTe MPOBEACHHBIX HCCIEIOBAHUN MOXKHO OTMETHTh
MOJIOKUTENIBHYIO TEHJICHIIMIO MPU MPUMEHEHUHW HUKENSl U IUHKA B MPEANOCEBHOMN
00paboTKe ropoxa MOCEBHOTO Ha POCT M Pa3BUTHs PACTEHMS, a TAKKE YBEIMYEHUE
KOJINYECTBa a30THUKCUPYIONTUX KIYOSHBKOB MPU COBMECTHOM MPUMEHEHUU H3ydae-
MBIX MUKpO3JIEeMEHTOB. [IpoBeeHHOE MCCIeI0BAHUE MOXKET CIIY)KUTh OCHOBOM JJIsA
MPOJIOJDKEHUS U3YyUCHUS TaHHOW TEMBI C IIEJIbI0 TTOJIYYeHHST HauboJiee OiaronpusiT-
HOM KOHILEHTpALIMM HUKEJS W IUHKA JJIs Pa3BUTHUS PACTEHUN ropoxa MOCEBHOTO B
Pa3HBIX YCJIOBHSIX BBIpAIIMBAHUSI M JIOCTUKEHUS MAKCUMAaJIbHO BBICOKMX IMOKa3aTe-
JIel KauyecTBa U KOJMYECTBA ypoxkKask U MUKPOOMOJOTUYECKUX TMMOKA3aTEICH MOYBEH-
HBIX a30T(PUKCATOPOB.
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KoanuecTtBO 1 Macca KAYGCHI)KOB B NITYKAaX H MHAAUTpAMMAX.
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Pucynox 1. Bnusinue HUKeNsl HA KOJMYECTBO M MacCy KIIyOE€HBKOB TOpoxa copra
Hemuunoeckuti 50 B yCIOBUSIX TOJIEBOTO OIBITA.
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VK 631.361
BJIMSTHUE MHOKYJISIHUU HA ITPOAYKTUBHOCTH
" YPOKAMHOCTHb COU

Kannenko Anexceit Huxkonaeeuu, cmyoenm I kypca Uncmumyma acpodbuomexuoino-
euu, @I'6OY BO PI'AY-MCXA umenu K.A. Tumupsizesa, kaplenko-2021@mail.ru.
Yenyoe Bacunuin Huxonaesuu, neoacoe oononHumenvHo2o obopasosanusi MBOY
«Cpeoneti obweobpazosamenvroi Hsanosckou wxoaay, hencovs7@mail.ru.
(Hayunwiii pykosooumenv — Mazupos Muxaun ApHonb0osuu, 00Kmop 6uoi02U4ecKux
Hayk, npogeccop kagheopvl 3emnedenus u memoouku onvimuoco dera @I'6OY BO
PIrAY-MCXA umenu K.A. Tumupsizesa, mmazizov@msha.ru)

AnnoTtauus. Ce2o0us cmoum 3a0a4a no 6030€1bl8AHUI0 COU NO COBPEMEHHBIM MEXHOI02UAM OJis
noJy4enus CmaouibHou cemeHHoU npooykyuu 2,5-3,5 m/za. /s oocmudicenuss makou ypoicatiHo-
cmu NpUMeHsemcs UHOKYJIAYUS PACMEHUll 8bICOKOIDPEKMUBHbIMU WMAMMAMY  KIYOEHbKOBbIX
bakmeputi, Komopbvle obecneyusaro pacmenue OUOIOSULECKUM A30MOM, KOMOPbILL YMeHbUiaem ce-
becmoumocmov npoOYKyuU, a makaice nosvluiaem npooyKmueHocms cou Ha 25%.

Kniouegwie cnosa: aryBa, OMONOTMYECKUH a30T, HHOKYIALMS, KIyOCHbKOBBIE OaKTEpHHU, IPEMAKC,
IPOAYKTUBHOCTbB, IPOTEHH, COsl, YPOKalHOCTb, JKHUP.

Cos — (Glycine hispida). CemetictBo — 6000BbIe (Fabaceae). Ctebens mpsmMo-
CTOSIIIIUMA, TPOYHBINA, CHJIBHOBETBSIIMICSI, 00pa3yeT TpaBSHHUCTHIH KycT. KopHeBas
cucteMa crepkHeBas. Ha riiaBHOM U OOKOBBIX KOPHSAX 00pa3yloTcs KIyOeHbKH, KO-
TOpBI€ MPEACTABIAIOT COOON pa3poOCIIyIOCS IMOJ BIUSHUEM OaKTepuil TKaHb KOPHSI.
OHU NOTJIOMIAIOT U3 aTMOC(Epbl MOJIEKYJIIPHBIN a30T U MEPEBOJAST €r0 B JOCTYITHYIO
st pactenust popmy. Couperre y cou Kuctb. 1lnog — 600 ¢ 2-5 cemenamu, mpu co-
3pEeBaHUU HE pacTpeckuBaercs [1].

B wuccnenoBanue ucnosb3zoBancs copt cou Jlugep 10. Opurunatop OOO
«ACT» ropon Kypck. BHecén B ['ocpeectp cenekumoHHbIx noctvxenuii PO B 2020
rony no LlentpanbHo—YepHo3éMHOMY pernony. CopT paHHecnenblid. BereranuoH-
Helii mepuog — 105-110 gneit. Oxpacka pacTeHHs] — PbKEBATO-KOPUYHEBAs, BEHUHK
1BETKa — (DUOJICTOBBIN, CEMEHHas KOXypa — XKENTo-3eiéHasi, pyO4YnK TEMHO-
kopuuHeBblil. Conepxkanue Oenka 38,9%, xupa 20,5%. Macca 1000 cemsin- 145-
160rpammoB. Cpennsisi ypoxaiHOCTh 10 benropoackoit obmactu cocrasuser 23,9
1/ra, MakcuManbsHas — 38,8 1/ra [2].

[Ipenapatbl UCHIBITAaHHBIE B OMBITE: ATyBa — 3TO HOBEHIIWMN MHOKYJISHT, U3T0-
TOBJICHHBIM CHEIUAIBHBIM METOJOM pPa3MHOXEHUs OaKTepuid MO TEXHOJIOTHH
«OSMO - 3amura. 3apeructpupoBat B mapte 202 1rona B Poccuu. [IpousBoaurens -
KoMmnaHusa «Syngentay. JlelcTByrOIIee BEIIECTBO — IITAMMBI KIIyOSHBKOBBIX OaKTe-
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puii (Bradyrhizobibm japonicum), mramm 5079 u 5080. ®opma npenaparta — cTe-
puibHas xuakas popmyssius. Hopma pacxoga npenapara 21/1t cemsi [4].

Maxkcum ronn (GyHTHIHI) - TBYXKOMITOHEHTHBIA MPOTPABUTENb CEMSIH COU U
KYKYpY3bl OT 3a00JIEBaHU, paCIPOCTPAHSIOUIMXCS ¢ CEMEHaMH U 1o4Boil. [Iponsso-
IUTENb - KoMnaHus «Syngentay. [IpernapaT cOCTOUT U3 ABYX JEUCTBYIOIIHUX BEIIECTB
pa3INyYHBIX KJIaccoB. MedeHokcam HHruoupyeT oopa3oBaHre OENKOB B TpUOKax, Mo-
nasisieT cuHTe3 pudocomanbHoi PHK. [IpenapatuBhas hopma KOHIIEHTpAT CyCIICH-
3un. Hopma pacxozaa npenapata ais cemsiH cou - 1,25-1,51/T [3].

[Ipemakc - sT0 ynyumurens (dkcTeHaep). [lpousBoguTens - KOMMIaHUS
«Syngenta». OH puUMeHsIeTCs BMeCTe ¢ MHOKYJIsIHTOM AtyBa. [Ipenapar obecneuu-
BaeT OAKTEpPHM HAa CEMEHaX MUTAHUEM IS MOJJIePKaHUS UX B AKTUBHOM COCTOSIHUU
nociie 00pabOTKU M JO MOMEHTa 3acelieHUs KOPHEBOM CUCTEMBI COM, 3aKpEILIsieT
OaKTepuu U MPEeJOTBPAIAET BHICBIXaHUE OaKTepUil Ha CeMEHaX.

Hopwma pacxona npu uHoKymsiiun — Atysa 21/T + [Ipemake 1a/T [3].

HccnenoBanre MpoBOIUIOCH B CEBEPO-BOCTOUHOM YacTH benropojackoit obia-
CTH Ha y4eOHO-onbITHOM yyacTke MBOY «Cpennssa obmieoOpa3oBarenbHas MBaHOB-
ckas nikoia» B 2021-2023 rogax no 3amagnto komnanun OO0 «CuHreHTa.

Knumar benaropoackoii 061actTi yMepeHHO-KOHTUHEHTAIbHBIN, MPOSBISETCS B
JOCTATOYHO PE3KUX KOJIEOAHUSAX TEMIEPATYPhl U OTHOCUTENIBHO BIAKHOCTH BO3/1yXa,
TaKXKe XapAKTEPU3YETCs JKAPKUM JIETOM M XOJOJHOW 3UMOM. OCaaKu BhINAJAIOT He-
PABHOMEPHO B TEUECHHE T'Oa U MO TOJaM.

3a BeretauMoHHbIM nepuoa pactenus B 2021 roay Beimano ocaakoB 147,8mMm
unu 55 % OT cpeIHEMHOTOJIETHUX 3HaueHul. CpeHeCyTOUHas TeMrepaTypa Bo3ay-
Xa 3a IepUoJ| Beretaluu B cpeaaeM coctapuna +18 °C, a quém - +23 °C. B 2022 rony
3a IEPHUOJI PA3BUTHUS COU BhIMAIO 0CaAKoB 250,9Mm unm 75% oT cpeTHEMHOTOIETHUX
3HaueHni. CpeaHecyTouHasl TeMIlepaTypa BO3/lyXa 3a BETETalUI0 B CPEJHEM COCTa-
Buna +16 °C, a guém - +22 °C. KoanuecTBO BBITABIINX OCAAKOB 32 BpEMs BEreTauu
cou B 2023 rony cocraBuino 376,7MMm wim 115% oT cpegHEMHOTOIETHUX 3HAYEHUM.
CpennecyToyHasi TemMreparypa BO3/AyXa 3a BEreTallMOHHBIM MEepUoJ B CPEHEM CO-
crapuna +19 °C, a guém - +25 °C. CnenoBartensHo, 11 pocTa M Pa3BUTHSA COM
HauMeHee OnaronpuaTHbeIM Obul 2021 ron, a HambOosee OnaronmpusTHeIM ctan 2023
TO/I.

HccnenoBanrie NpoBOAWIIOCH HA MOYBAX - YEPHO3EM BBILIEIOUYHBIN, COAepKa-
Hue rymyca — 2,0%; pH — 5,7; conepkanue JerKOruapoaIn3yemMoro azora — 98 Mr/kr,
MOABMXHOTO pocdopa 1 0OMEHHOTO Kl — 25 U 68 MI/KT COOTBETCTBEHHO.

[IpenmectBeHHUK — o3umasi miieHuna. OceHpl0 MpoBeau 00padOTKY MOYBHI
MOTOOJI0OKOM Ha rinyouny 20-22 cm. Ilepen moceBoM BBIPOBHSIIM MOYBY U MPOBEIH
pa3ouBKy nensiHoK. [ToceB coum mpoBenu mo cxeme 45X20 cm. OnbIT CeMbCKOX035H-
CTBEHHBIN MPOBEIU B 5 BapuaHTax U 3 MOBTOPHOCTAX. PazMep yuy€THOU AENSTHKH CO-
craBun 4,5 M2, YX0JI 3a paCTEHUAMH 3aKJIIOUAJICS B TPEX MEKIYPATHBIX 00pabOTKaxX:
MPOTOJIKe, OKYYHMBaHUE U yaaleHne copHakoB. [loceB cemsin cou copra «JIuaep 10»
Ha KOHTPOJIbHBIX JENSHKAaX MpOBEJM CeMeHaMu, oOpaOOTaHHBIMU YHCTOW BOJOM.
IToceB cemsn cou copta «JIuaep 10» Ha onbITHBIX AensiHKax Nel mpoBenu ceMeHamu,
00paboTaHHBIMU HMHOKYJSIHTOM «ATyBa». IloceB cemsiH cou copta «Jlumep 10» Ha
OMBITHBIX JiensiHKax Ne2 mpoBenu ceMeHaMu, 00paOOTaHHBIMU MHOKYJISTHTOM «ATy-

18



Ba» + mpemnapat Makcum ['ona. TloceB cemsin cou copta «JIugep 10» Ha OMBITHBIX
nensHkax Ne3 mpoBenu cemeHamH, 00pabOTaHHBIMH MHOKYJISIHTOM «ATyBay» + mpe-
napat [Ipemakc. IloceB cemsiH cou copra «Jluaep 10» Ha onmbITHBIX AensiHKax Ned
MPOBENU CeMeHaMH, 00pabOTaHHBIMU HHOKYJISIHTOM «ATyBa» + Makcum [omg +
[Ipemakc. Y6opka mpoBoauiack B (aze momHou cnenoctd. CTpyKTypHBIN aHATU3 Jie-
nanu Ha 10 pacTeHusIX ¢ KaXaA0W AEISIHKY U KaKJ0r0 BapHaHTA.

BaxxupiM pakTOpOM MpH BHIPAIIMBAHUK COU SIBISETCS KOJIUYECTBO KITyOEHBKO-
BbIX OaKTepuil Ha e€ KOpHsX, Oaroaaps KOTOPhIM pacTEHUE CIIOCOOHO HaKaIlJuBaTh
OMOJIOTUYECKUM a30T, TEM CaMbIM yJTydlllasi OKPY>KaOIIyIO Cpey.

[Toacuér kmyOeHbKOB MPOBOAMINA HA JACCITH PACTEHUSAX C KaXKJOW JNENSIHKH, B
a3y noxaHoM crenoctu. BolkanbiBaid pacTeHUs COU B EMKOCTb OTPSXHBAIH MTOYBY C
KOpHEH U nmpocenBaiu €€, BbIOMpas OnaBilne KIyOeHbKH, 3aTeM OOpBIBAIM KITyOeHb-
KOBbIE OAKTEpPUM C KOPHEH PacTeHHsS M CUUTAIU MX 00Ilee KOJUYECTBO, MOCIE YEero
B3BELIMBAJIM MAcCy KIIyO€HbKOB, BBIYMCIISIS CPEIHEE 3HAUCHHUS.

Ha xoHTponpHOM BapuaHTe 0€3 MHOKYJSIHTA Ha KOPHSAX OJHOTO PACTEHHS B
cpeaHeM Obu10 98 KiyOeHbKOB, Maccoi 4,3 rpamma. Ha nensiHkax, oOpaOOTaHHBIX
MHOKYJISIHTOM ATyBa, KIIyOeHbKOB ObUIO Ooubliie Ha 42 mITykd U Ha 6,7 TpaMM 1O
Macce. Ha nendnkax, oOpaOOTaHHBIX HMHOKYJISIHTOM ATyBa + mpemnapaT Makcum
I'onpa, knyOeHbKOBBIX OakTepuii Obulo OoJdblIe Ha 54 mTykH W Ha 4,2 rpamma 1o
Macce. Ha nensiHkax, oOpabOTaHHBIX MHOKYJISHTOM ATyBa COBMECTHO C YJIy4ylIUTeE-
nem Ilpemakc, kiryOeHbKOB ObLT0 OoJbie Ha 207 mTyk 1 Ha 12,3 rpamMma no macce.
Ha nensnkax, oOpaboTaHHBIX MHOKYJSIHTOM ATyBa BMeCTe C IpemnaparoM Makcum
lona u sxcrenaepom Ilpemakc, ki1yOeHbKOB ObUTO Oosibilie Ha 63 mTykH U Ha 6,4
rpamMMma 1o macce. Ha Bcex ONBITHBIX JENIIHKaX KOJMYECTBO U Macca KIyOEeHbKOBBIX
OakTepuii ObLTa BBIIIE IO CPAaBHEHUIO C KOHTposieM Ha 211 u 286% cOOTBETCTBEHHO.

Tak kak cos SBJISICTCS BaKHEHIIeH OEIIKOBO-MACIMHUYHON KYyJIBTYPOH MHPO-
BOI'O 3HAYEHUS, BAXKHBIMHU TOKA3aTEISIMU ABIISIETCS COAEpKaHWE MPOTEUHA U JKUPA.
bnaronapsi JaHHBIM MMOKA3aTENSIM MOKHO OLICHMBATh Ka4€CTBO 3€pHA COU.

B ombiTe ObuT MpoBeAEH aHAIW3 KAYECTBA 3€pHA COM MO CIEAYIOIIUM MOKa3a-
TEJSIM: BJIAXKHOCTb, COAEPKaHUE MTPOTEUHA, HAJTMUKE KUPA U TOBAPHOCTD.

BnaxHocTs npu yoopke KyabTypbl Obuta B ipenenax ot 11,3% npu npumene-
Huu Atysa + Ilpemakc 10 13,2% npu npuMeHeHUU TOJIbKO MHOKYJIsiHTAa ATyBa. Co-
Jep’KaHUEe ChIPOTO MPOTEUHA B CEMEHAX COM OBLIO BBILIE MTPU UCIOJIB30BAaHUU ATyBa
coBmecTHO ¢ IIpemakcom Ha 1,5%, npyrue onbITHbIE BApUAHTBI TAKXKE MPEBBICHIIN
coaepxkanue Oenka Ha 0,6-0,9%, 1Mo cpaBHEHHUIO ¢ KOHTpoJieM. BBIX0X »Kupa U3 ce-
MsH cou cocTaBuil OT 19 1o 21%. UHokynsHT ATyBa ¢ npenapatom [Ipemakcom cro-
coOCTBOBAJI YBEIMYECHHIO COJIEPKaHMS Macia B ceMeHax cou Ha 2,3%, 1o cCpaBHEHUIO
C KOHTPOJILHBIM BapuaHTOM. TOBapHOCTH 3epHa cou ObTa B mpexaenax oT 89,2 mpu
MCIIOJBb30BaHUU TOIBKO ATyBa 110 94,7, npu npumeHennn Atysa c [Ipemakc.

[Tpu BbIpammBanuu Jit0OOW KyJbTYpbl B TOM YHUCJIE€ M COU, OJHUM U3 KJIHOYe-
BBIX KPUTEPHUEB SIBISIETCS YPOKAWMHOCTh. J[aHHBIE O BIMSIHUE WHOKYJSLHUUA Kak OT-
JeNbHO, TAK U COBMECTHO C JIPYTMMHU IpernapaTraMu Ha CTPYKTYPY YpoKasi, mpe-
CTaBJICHBI B TaOJUIIE.

NHokynstHT ATyBa COBMECTHO ¢ yiydmurteneM [Ipemakc moBinusiim Ha mpo-
TyKTUBHBIC MOKa3aTeny 1 nmoBbickiiv ux Ha 14-110%. AtyBa ¢ apyrumu npemnapara-

19



MU MOBJIMSUIM Ha IPOAYKTUBHOCTh B MEHBbIIIEH cTeneHU. Vcnonb30BaHuEe HHOKYJISHT
ArtyBa Taxxke yBennumi Maccy 1000 cemsH Ha 5%, ATyBa coBMecTHO ¢ MakcuM rosia
Ha 6%, ATtyBa Bmecte ¢ Makcum ronn u IIpemakc Ha 10% u Atysa ¢ Ilpemakc Ha
14%. YpoxailHOCTh TIepecYUTHIBAJIach B 1I/Ta U OHa ObliIa BBIIIE Y BCEX OMBITHBIX Ba-
PUAHTOB, 110 CPABHEHUIO ¢ KOHTpoaeM oT 11 1o 29%. YpoxaliHOCTB 3epHa cou IpH
NPUMEHEHUN MHOKYJsIHTa ATyBa ¢ skcTeHaepom IIpemakc cocraBuna — 30,3 1/ra,
4TO OOJIbIIE IO CPABHEHHUIO C KOHTPOJIBHBIM BapHaHTOM Ha 29%.

Ta0muna
CrtpykTypa ypoxkasi COpTOB COM B cpeJiHeM 3a 3 roja (1/ra)
Ko-Bo | Koauu. | Konuu. | Macca ToK Ypo-
Ilo- KOH- N +-K
npoayk. | 000.Ha | cemsH 1000 Kak-
BapuanTsl omnbiTa BTOP- TPO- KOHT
noers | Y3IOB; Ipact. | B0OOOEe | cemsiH o | HOCTE wra
IIT. IIT. IIT. p. p. /ra
1 18,5 35,5 2,9 143,9 - 23,1 -
1.Kontpons JIunep 2 17,6 37,2 2,5 148,6 - 23,8 -
10 + Bona 3 18,3 36,3 2,8 149,5 - 23,2 -
Cpen. 18,1 36,3 2,7 147.3 - 23,4 -
1 25,8 44.6 3,6 152,7 - 25,9 -
2.0mpiT JIugep 10 + 2 26,2 42,4 3,8 154,5 - 25,7 -
ATtyBa 3 24,4 45,3 3,5 156,9 - 26,1 -
Cpen. 25,5 44,1 3,6 154,7 +7,4 25,9 +2,5
1 26,8 46,7 4,0 156,1 - 27,3 -
S one e 10+ 77 250 | 452 | 34 | 1552 | - | 264 | -
Y Fonn 3 26,2 44,6 37 | 1557 - 26,3 -
Cpen. 26,3 45,5 3,7 155,6 +8,3 26,7 +3,3
1 37,3 54,2 4,1 168,2 - 30,3 -
4.0mwit JIngep 10 + 2 38,0 53,3 3,9 164,4 - 29,4 -
Atyga + Ilpemakc 3 38,9 54,5 4,2 172,3 - 31,1 -
Cpen. 38,1 54,0 4,1 168,3 | +21,0 | 30,3 +6,9
1 37,7 48,7 3,6 161,1 - 28,1 -
>onemlwep 10+ 77 386 | 553 | 40 | 1642 | - | 305 | -
Foin T Mpemarc 3 37,2 53,6 3,5 161,9 - 28,3 -
Cpen. 37,8 52,5 3,7 162,4 | +15,1 | 29,0 +5,6

[lo pe3ynbraram ucciaeaoBaHMs, Mbl peKOMEHIyeM B benroponackoil o0mactu
BBIpAIIMBATh COI0 C MPUMEHEHHWEM HHOKYJSHTa ATyBa COBMECTHO C MpemnapaToMm
[Ipemakc, KOTOpBIE CIMOCOOCTBYET YBEIWYEHUIO KITYOCHBKOBBIX OaKTEpHii, a OHU B
CBOIO OUepe/Ib YIYUIICHUIO MPOTYKTUBHBIX U TOBAPHBIX KAUECTB CEMSH COU.

Cnucok aureparypsbl:
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JIEKIIMOHHBIX JOCTHKEHUH, JOMYIIEHHBIX K MCIOIb30BaHui0: OduimanpHoe H3/a-
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menuil. Ilpu coemecmuom npumereHuu OUOLOUYECKUX YOOOPEHULl OMMEUeHO CHUJCEHUe UX -
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MIOJI30JIUCTAs CylecyaHas o4Ba, MUKpOQIIopa Mo4BbI

[IpuMeHeHnEe MUKPOOMOJIOTUYECKUX YAOOPEHUN — TMEPCIEKTUBHOE PEIICHUE
JUISl TIOBBILLICHUS] SKOJIOTMYECKOM YCTOMYMBOCTU U SKOHOMHUYECKOU 3(()EKTUBHOCTH
CEJIbCKOTO X034icTBa. A30T(hUKCUpYIOIIe OaKTepUu, SIBISSCHh BAXKHBIM KOMITOHEH-
TOM MMOYBEHHOW MUKPOOHOTHI, IEPEBOJAT aTMOC(EPHBIN a30T B JOCTYITHBIE JUIsI pac-
TeHui popmbl. OJIHAKO B MOYBAX TACKHOTO PETMOHA UX COJIEpKAHUE KpalHe HU3KOE,
YTO JIeNIaeT UHTPOAYKIIMIO HECBOMCTBEHHBIX PETHOHY IIITAMMOB B COCTaBe yaoOpe-
HUW BO3MOXKHBIM PEIIEHUEM MPOOTIEMBI.

[lpuMepoM TakuxX MHKpPOOPTaHM3MOB sBIIsIOTCA Oaktepuu  Beijerinkia
fluminensis, conepxammuecs B ynoopenun Azorosut, u Paenibacillus mucilagenosus
3 ynoopenuss docdarosut. [locneanue, HeCMOTPsL Ha BBISIBJIEHHYIO a30T(PUKCHUPY-
IOIIYI0 CHOCOOHOCTh OTJICTBHBIX IITAMMOB [ 1], B OCHOBHOM CITIOCOOCTBYIOT MEPEBOY
¢docdaroB B JOCTYIIHbIE (POPMBI.

MHoruMu UccleoBaTesIMU  M3Yy4ajoCh BJIHMSHHUE MHUKPOOHOJOTMYECKUX
ya00peHuit Ha POCT U Pa3BUTHE CEIHLCKOXO3SIICTBEHHBIX PACTEHUM, a TAK)KE Ha CBOM-
ctBa noyB. [Tutiopuna U.C. uzyuana, kak 6moygoopenust AzoroButr u docparosut
BIIUSIIOT Ha TIPOYKTUBHOCTH KapTodens coptoB Konobok, Bapsar u Kymau; BeisiBie-
HO TIOBBINICHHE YPOKaHHOCTH KiIyOHeH Ha 7,9—40,2 1/ra, a uX TOBApHOCTH MPEBHICH-
Jla KOHTPOJIbHBIE 3HaYeHus [3].

UrnateeB A.B. ¢ coaBTopamu uccnenoBanu nericteue AzoroButa u docdaro-
BUTA TIPH MPEANOCaT0IHON 00paboTke KapTodess u momBe pacTeHui B gase OyTo-
Huzanuu. B 2019 rony, korga nabmiomanach M30BITOYHAS BIAKHOCTb, COBMECTHOE
HCIIOJIb30BaHKE TIPEnapaToB MOBBICUIIO YpOKaHOCTH Ha 6,2—6,4 T/ra. B ycioBusx
3acyxu 2020 roma A30TOBHUT okazaics 3¢ dexTuBHee, 00eceunB NpUpPOCT HA 9,6—
12,2 1/ra. IIpu 5TOM HCIOJIb30BaHUE JIBYX MpenapaToB OJHOBPEMEHHO /i 00padoT-
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KU KIyOHEH OKa3alloch HElEeIeco00pa3HbIM, XOTs Takas 00padOoTKa CHU3MIIA COAEp-
’KaHHe HUTPATOB U MOBBICHIIA KPAXMaJUCTOCTh KIyOHEi [5].

[TanxyrauaoB @.I11. u coaBTOPBI HAa CEPBIX JECHBIX NMOYBAX TarapcraHa usy-
g npuMeHeHue AsoroButa u baktodochuna. buonpenaparsl yBenuuuBain co-
JepKaHlue MUHEPATbHOTO a30Ta, MOABMKHOTO Qocdopa U Kamus B TOUYBE, a TAKKE
YIIydIlaay €€ KHUCIOTHBIA PEeKUM. DTO MPHUBEJIO K POCTY YPOKAWHOCTH SAPOBOM MIe-
Hutel: Ha 0,36 T/Ta mpu ucmonp3oBaHuKd A3otoBuTa U Ha (0,62 T/Ta — TPU UX COB-
MECTHOM TIPUMEHEHUH. JKOHOMUYecKas 3PPEeKTUBHOCTh OUOMpPENnapaToB OKa3alach
B 10,8 pa3 Bl MO CPAaBHEHHUIO C MUHEpaJIbHBIMU yaoOpeHusMu mpu Hopme N40P40
[4].

bopthuk T.}O. u UrnateeB A.B. uzyunnu nerictBue AzotoButa u ®ocdatonu-
Ta Ha JEPHOBO-TIOJI30JIMCTON MOYBE MpPH BhIpaliuBaHUU suMeHs. OOpaboTka ceMsiH
nepeji MOCeBOM YBenuumia ypokaiiHocTh Ha 0,43—0,58 T/ra, a JONMOJHUTEIHHOE
OTIPBICKMBAHUE PacTeHUN B (pa3ax KyIIeHUs M TPyOKOBAHHS MOBBICUIIO 3TOT MOKa3a-
tenb emé Ha 0,49-0,55 1/ra. OTH METOIBI MOKa3adu BBICOKYIO YKOHOMHUYECKYIO U
SHEPreTUYecKyro 3P PEeKTUBHOCTS [2].

Llenp Hameld pabOThl — OLICHUTH BIMSAHUE OMOJOTMYECKUX yAoOpeHuit A30To-
BUT U DocdaroButr Ha pa3BuTHE O3UMON MUIEHUIBI copTa MTanmac U U3y4UTh HX
BO3JICCTBHE HA TIOYBEHHYIO MHUKPOOHMOTY, IOKa3aTeId ILIOJ0POAUs JIEPHOBO-
MOJ30JICTON CyNIECUYaHON TTOYBHI.

HccnenoBanue BIUAHUA MUKPOOMONIOTMUECKUX yaoOpeHuit A30ToBuT u Poc-
(GaToBUT Ha 03UMYIO MIIEHUIYy copTa MTasiMac mpoBOAMIOCH B MUKPOOHOJIOTHYE-
CKO1 1abopaTopuu Ha Kadeape arpoXUMHHM, MOYBOBEIECHUS U XUMHH Y IMypPTCKOIO
I'ocynapcTBeHHOro ArpapHoro YHUBEPCUTETA. BbUI MOCTABIEH MOJEIIBHBINA ONBIT B
IJJACTUKOBBIX COCY/ax B YETBIPEXKPATHOW IMOBTOPHOCTHU. JlJIs1 BBIpAlIMBaHUsI pacTe-
HUW nojaepxuBanack remneparypa +21 °C, ecrecTBEHHOE OCBEILECHHUE.

buonornyeckue CBOWCTBAa JI€PHOBO-CPEIHENOA30JIMCTON CyNecuyaHON MOYBbI
M3Yy4YaJIUCh METOJOM MHUKPOOMOJIOTMYECKUX MOCEBOB HAa TpH cpedbl o Meroay Koxa
C pa3BeJeHHEM TOYBEHHOM cycnensuu (10°). AMMOHU(UIUPYIOIINE MEUKPOOPTaHU3-
Mbl YYUTBHIBAJIUCh Ha MSCONENTOHHOM arape, aKTHHOMMIIETI — Ha Kpaxmalo-
aMMUayHOM arape, rpuobl — Ha cpene Yaneka.

ATrpOoXuMHUYECKHE CBOMCTBA MOYBBI OMPEIESIINCH B JIAOOPATOPUHN arpOXUMHUU
Y amyprckoro I'ocynapctBenHoro ArpapHoro YHusepcureTa. McciienoBansl nmokasa-
tenu: oomeHHas kucioTHOCTh (I'OCT 26483-85), conepxanue rymyca (meron Tro-
puna, mogudukamus [IUHAO, I'OCT 26213-91), noaeuxuoro ¢ocdopa (P20s) u
oomennoro kanus (K;O) (meron Kupcanosa, 'OCT P 54650-2011).

Pe3ynbrarel 00paboTaHbl METOJIOM AMCIIEPCHOHHOrO aHayiu3a no [locrnexoBy.
[louBa nEpHOBO-MOA30JMCTAs CyllecyaHas, OXapaKTepU30BaHAa KAaK HEUTpaJibHas
(pHkc1 =6,05) ¢ ouenpb BbicOkuM coaepxanueM dochopa (381 Mr/kr) v HOBBIIIEHHBIM
conepxanueM kanus (144 mr/xr).

Pe3ynpTaThl OMOMETPUYECKMX HCCIEAOBAHMM MpeAcTaBieHbl B TaOmuie 1.
VY CTaHOBJIEHO TIOCTOBEPHOE IMOJIOKHUTENBHOE BIUSHHUE MUKPOOUOJIOTHYECKUX Y100-
peHuil A30ToBUT M PocPaTOBUT HA NJUHY HAA3EMHOM 4YacTU pacTEHUN O3UMOM
MIIEHUIBI B a3y KYIICHUs; BBISIBJICHO yBeIMYEHHE HA 53 U 55 MM COOTBETCTBEHHO,
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npu HCPgs=39. AHamoru4abeiM 00pa3oM OKa3bIBAJIOCh BIMSHHE Ha JJIMHY KOPHEH:
yBEIIMYEHHE COCTaBUIO 21 MM B Kaxa0oM u3 ciydaeB, mpu HCPgs=7 mm.

[Ipumenenue ynoOpeHusi A30TOBUT OKa3bIBAJIO MOJOXKUTENBHBINA 3 (eKT Ha
CpPEIHIO Maccy pacTeHus, obecnieunBas npubaBky 0,15 r. AHamoruuHoe MoJIOKu-
TeIbHOE BIUAHUE ObUIO BBISIBICHO M MPH yYETe MACChl HAJA3EMHON M MOJ3€MHOM Ya-
cTeil pacteHus. B To ke Bpemsi COBMECTHOE NMPUMEHEHHE H3y4aeMbIX YyA0OpeHUi
MIPUBOJAWIIO K CHIDKEHHIO BCEX IOKaszaresied (3a MCKIOYEHUEM JIMHBI HAJI3€MHOM
YacTH, IJI€ U3MEHEHUS YKIIAbIBAIOTCA B CTATUCTUYECKYIO IMOTPEIIHOCTH ).

Pe3ynbTaThl MUKpOOHOJOTHYECKUX IMOCEBOB MOYBEHHBIX MPOO HA MUTATEIb-
HBIE Cpeibl ITPEACTABICHBI B Tabuuiie 1.

Tabnuua 1. Bausinue 6uosiornueckux yaoOpeHuil Ha POCT U pa3BUTHE pacTe-
HUW 03UMOM MIIIEHUIIBI U TOYBEHHYIO MUKPOQIIOPY

Kon-Bo komoHwuit
JnuHa pactenuit, MM Macca pactenuid, r MHUKPOOPraHU3MOB Ha
cpene, v KOE/r
Bapuant
HaOa3eM . HOI3EM
HOU TIOASCMHOK Oomr. HfmeMH HOM OOm. |Yameka| MITA | KAA
qacTu OM1 4yaCctu
qacTu qacTu
Kontpoms | 4 /q 253 701 | 0,76 026 | 1,03 04 | 246 | 21,9
(Boma)
Asorosur | 502 274 776 | 084 034 | 118 08 | 336 | 16,6
docdarosur | 504 273 777 | 0,62 010 | 0,72 06 | 160 | 65
AsOTOBMTT | /) 219 671 | 0,42 0,21 0,62 03 | 282 | 97
docdaroBut
HCPos 34 7 39 0,01 001 | 0,02 0,1 23 | 34

[Ipumenenne MHUKpoOOMONOTHYECKUX ynoOpenuit A30ToBUT U DochaTtoBUT
npuBoAWIIO K cHIbkeHuto yrciia KOE MukpoopranusmoB, CiOCOOHBIX K PA3BUTHIO Ha
KpaxMmasio-aMMHAA4HOU Cpefie; TO €CTh CHIKAIOCh KOJIMYECTBO aKTHHOMHIIETOB. V-
MOJIb30BaHNE A30TOBHUTA CIIOCOOCTBOBAJIO YBETUUYCHUIO YMCIIa KOJIOHUA HAa MSCOTIET-
toHHOM arape (MIIA) u cpene Yamnexka.

BunoBoe pasHooOpazue, u3ydasiieecst Ipu MUKPOCKOTIMPOBAHUH TIPETapaToB,
MOJTYYCHHBIX W3 KOJOHUHA MHUKPOOPTAHU3MOB, HE UMEJIO PUHIMITHAIBHBIX Pa3IHInAn
110 BapuaHTaM, 3a UCKJIFOUCHUEM Hajanuus Oaktepuii poja Paenibacillus B BapuanTe ¢
ucnonb3zoBanueM PocdaroButa Ha cpeae MITA.

[Tomy4yeHHble pe3yabTaThl B paMKaxX BIUSHHUS Ha CHUCTEMYy «yJdoOpeHue-
pacTeHue» B IIEJIOM COTJIACYIOTCS ¢ MHBIMHU paboTtamu [2-5]. MexaHusm nercTBus
MUKPOOHOJIOTUYECKOTO YAOOpeHUsT A30TOBUT HEMOCPEICTBEHHO CBSA3aH C (UKCAIH-
et atmocdeproro azora. K coxkaneHuto, mpsMOro MOJATBEPKIACHUS TaHHOTO MeXa-
HU3Ma HaMH HE TOJYy4YeHO (HH B OJTHOM M3 MOCEBOB JOCTOBEPHO HE OOHapyxkeHa B.
fluminensis), HecMOTpst Ha 3TO, UMEETCS HEKOE KOCBEHHOE MOATBEPIKICHHE: COAEp-
’KaHUE TyMyca B TTOYBE HE U3MECHIJIOCh B CPAaBHEHHH C MCXOJIHBIM, IPH 3TOM B KOH-
TPOJIHLHOM BapuaHTe HaOIIOJaNach BRIpAKEHHAS TEHACHIIMS K CHIDKEHHUIO COAEpKa-
HUS TYMYcCa, 4TO, BEPOSITHO, CBA3aHO C €T0 MUHEPAIN3AIHEH.
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3aKOHOMEpHbIE M3MEHEHHUSI arpOXMMHUYECKUX MOoKa3zaTejed MOYBbI MOJ BIIMS-
HUEM OHMOJIOTMYECKUX YAOOPEHUN HE BBISABIICHBI.

HeratuBublil 3QpeKT 0T MpUMEHEHUs CMECH OUOJIOTMYECKUX YI0OpeHMUid, To-
BUJUMOMY, CBSI3aH C KOHKYPEHTHBIMU B3aUMOOTHOILICHUSIMU MEXKIy KOMIOHEHTaMU
ynoOpeHui 1 HATUBHBIMHU MMOYBEHHBIMU MUKPOOpTraHU3MaMu. JlaHHOE Mpearnonoxe-
HUE COoTIacyeTcsi ¢ 00eTHeHrneM MUKPOOHOTHI, HAOJII0TaeMOM B TIOCEBaX TTOYBEHHBIX
KYJBTYP.

B pesynbraTe npoBeAeHHBIX HUCCIEAOBaHUN pabOThl MOMYyUYEHbI JaHHBIC, MMO/I-
TBEpXKAAIOUME MO3UTUBHBIN A((DEKT MprUMEHEHUsT OMOJIOTUYECKUX yA00peHuil A3o-
TOoBUT U DochaToBUT Ha pa3BUTHE PACTECHUM MIIEHUIIBI MATKOM copta HTanmac.
JlaHHO€ TMONOXKUTENHHOE BIMSHUE, MO-BUANMOMY, ONpPEACNSIeTCs YIy4YlIeHUEM MU-
HEPAJIIbHOTO MUTAHUSI PACTEHUM 32 CUET MOBBIIICHUS OMOJOCTYMHOCTU COEIMHEHUN
azota u ¢docdopa. OOHapYyKEH MOTEHIIMAIbHBIM HETaTUBHBIN 3((EKT HA COCTOSHUE
HATUBHOM MHUKPOOHMOTHI MPU UHTPOAYKLIMU HEXapaKTEPHBIX BUI0B. KOCBEHHBIMH Me-
TOJaMHU TIOATBEPKIACHA a30TUKcalns KOMIOHEHTaMHu yaoOpenus AzotoBurt. [lon-
TBEP>KJIEHBl AHTOTOHHMCTUYECKHE B3aMMOCHCTBHUS MEXIy KOMIIOHEHTaMH yao0pe-
Huil A30TOBUT U DochaToBUT.
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Tatapcran //BecTHUK VYJIbSHOBCKOW TIOCYIapCTBEHHOM CEIbCKOXO035HCTBEHHOM
akamemun. — 2013. — Ne. 3 (23). — C. 29-34.

5. OddexkTuBHOCTH OMoNornueckux ynaoopenuir AzotoBuT u dDocdaroBur npu
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(34). — C. 31-41.
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Cexkuus 2.
Buosorus u 3xonoro-reorpaguyeckne 3aKOHOMEPHOCTH MOYBEHHOT0 MUKPO-
onoma. Pojib MUKPOOPraHU3MOB B I0OYB00OOPA30BAHUY U IBOJIIOLMU MOYBEHHOT0
NMOKPOBA €CTEeCTBEHHBIX, AHTPONMOTeHHBIX H CeJIbCKOX03AHCTBEHHBIX IKOCHCTEM

VJIK 631.4
MEJIMOPALMSL. BJIMSIHUE ®OCPOTUIICA HA MUKPOBHOJIOT MYE-
CKHIi COCTAB U KHCJIOTHOCTD TOYB

ApTtembeB JIMmutpuii AHaTo/IbeBUY, MarucTpauT 1 kypca MHcTtuTyTa arpodnorex-
Honoruu, @O®I'BOY BO PIrAY-MCXA wumenn K. A. Tumupszesa, arte-
mjew.dmitrij@mail.ru

Armomauu;l: Cmamus noce:Aauiena 6J1UAHUN d)ocd)ozunca Ha no4ey, usMeHeruro ee Mqu06u0.7102u-
YeCKozo cocmaea.

Kntouesvie cnosa: docdorurc, MUKpOIIEMEHTHI, KA4€CTBO, KUCIOTHOCTD, 3aCOJIEHHOCTD, CTPYKTY-
pa moys.

Menuopanius — KOMILJIEKC MEPOTPUSATUNA, HAMPABIICHHBIX Ha YIYYIICHHE Kaude-
CTBEHHOTO cocTaBa Mmo4B. Pochorurc sBIgeTCs OTIMYHBIM MEIUOPAHTOM, TaK Kak
conepxuT 10 38% Ca, KoTopbie COCOOCTBYET CTPYKTYPUPOBAHUIO IMOYB, CHUKEHUIO
ee  IUIOTHOCTM M  3acolieHus,  Hacklmaer  Qgochopom  u  cepoil.
(https://avatars.mds.yandex.net/i?id=361e62c06929ccc741ec7d119a40bfa0 |-
5269624-images-thumbs&n=13).

Pucynok.
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docoruric He3aMEHUM JIJIsT MEJIMOPALIMU COJIOHIIOBBIX M COJIOHIIEBATHIX TIOYB,
TaK KaK [IPH BHECEHHUH €T0 B ITOYBY MPOUCXOANT BHITECHEHHE U3 TIOYBEHHOTO ITOTIIO0-
HIar0IIero kKoMruiekca noHoB Na u 3amena ux nonamu Ca.
B pesyinbrare:
- yIy4dmIaTes: GU3nIecKue U PU3NKO-XUMHUIECKIE CBOMCTBA TIOYBBL;
- oOsieryaeTcs ee oOpaboTKa;
- YITy4IIaeTCs adpanusl.

[IpeumymiectBa Gocdorurnca B MeIUOpaLIUU:

- IOCTYITHOCTb;
- ICIIICBU3HA;
- JUIUTEeNbHOE nocheaeicTBue — GocdOrurc BHOCUTCS OJUH pa3 B HECKOJIBKO
JIET;
- 0€30MaCHOCTb.
Tabnuna
Xumuueckui cocras pocdorunca:
HaumeHnoBaHue % copep:xaHusi
SO3 30
AlO3 5
Si02 25
H20 25
CaOo 10
F 1
Fe203 2
P205 2

B kadectBe MenuopanTta ochorumnc pekomeHayercs BHOCUTh B o0beMe 4-25
T/ra 1 pa3 B 5-6 ner. Haubosnee TouHble CXEMBI U TI03UPOBKH BHECEHUSI pACCUUTHIBA-
IOTCS B 3aBUCUMOCTH OT COCTaBa MOYBBI 110CJIE€ TPOBEACHUS arpoXuMaHalIn3a.

®docdorurnc BpICTyNaeT HE TOJBKO MEIHOPAHTOM, TaK € CIOCOOCTBYET
HACBILEHUIO TOYBBI 3JIEMEHTAMHU IUTaHUS, OCOOEHHO Cepoil, ACPHUIUT KOTOPOU
HaOmonaercs B Poccuiickoit denepanu Bo MHOTHX MecTax. Cepa moMmoraer pacte-
HUSM yCBaWBaTh MakKpO- U MHKPODJEMEHTHI W3 TIOYBBl M yIOOPCHMA, TPUHUMACT
ydyacTue B MeTaboyimueckux mpoieccax u ¢orocunrese. [lomumo cepsl, dochorurc
COJICPKUT KalbIUi, BIUSIONIMI Ha (POPMUPOBAHUE KIETOYHBIX CTEHOK M oOecreyu-
BAIOIIMM aKTUBHOCTh (DEPMEHTOB, W HEOOJIbIIOE KOIMYECTBO (hochopa, KOTOPHIN
0JIarOTBOPHO BJIMSIET HA PA3BUTUE CUIIBHOW KOPHEBOM CHUCTEMBI.

®docdorurnc, Omarogaps HAIUYUIO B HEM MHOXECTBA HEOOXOIUMBIX DJIEMEH-
TOB, UCIOJIb3YyeTCS HAa Pa3IMYHBIX BUJAX MOYBHI JJIS YJIYYIICHUS TUIOJAOPOIHOCTH.
Hcnonb3yemble TEXHOJIOTHMUECKHE CXeMbl BHECEHHUS (oc@orumnca Ha COJOHIIOBBIX
MOYBAX CIMOCOOCTBYIOT X PACCOJIOHILIEBAHUIO M PACILIEIAYUBAHUIO, & UCIIOJIb30BAHNE
Ha JeTpaJpPOBAaHHBIX MOYBAX W PHUCOBBIX CHCTEMax BEICT K IMOBBIIICHUIO 3alacoB
noaBmkHBIX hopm dochopa (bekdaer P., 2017; Kanmmuanuenko B. I1., 2017) [1]. [Tpu
BHeceHuu 1 1/ra docdorurca HEUTPATU30BAHHOTO B KAYECTBE CIOKHOKOMITOHEHT-
HOTO OPraHOMHUHEPAILHOTO YAOOpPEHUsl B MOYBY, MpUMEpPHO, noctynaet (kr): Ca —
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265, S — 215, P205- 20 u Si02- 9,8 (Illeymxen A. X., bongapesa T. H., 2015) [2].
[ToaTomy ocdorutic sBISIETCS MOTMKOMIOHEHTHIM YI0OPEHNUEM TSI CEIbCKOXO03STH-
CTBEHHBIX KYJBTYP.

Cnucok JuTepaTyphbl:

1. bex6aes, P. MenmuopatuBHas 3¢ hekTHBHOCT (hoCPOrurca Ha OpoIIaeMbIX 3eMIISX
Oacceiina pek Aca-Tanac / P. bexOaeB // MexayHapoIHBIH CETbCKOXO03IHCTBEHHBIN
xypHai. — 2017. — Nel. - C. 2.

Kamuanuenko B. I1., 2017

2. Weymxken A. X., Onumenko JI. M., bounapesa T. H., Ecunerxo C. B. ®ocdorurc
HEUTpaIM30BaHHBIA — BBICOKOA((PEKTUBHOE MOTMKOMIIOHEHTHOE YI00peHre Ha T10-
ceBax 3epHOBBIX KynbTyp // Tp. KyoI'AY, 2015. No 1(52). C. 2.

YK 332.368
OneHka aKTUBHOCTH NIOYBEHHON MUKPOOUOTHI
B PeKYJIbTHBHPYEMbIX IMOYBAX

bapabanose Hnva Bauecnasoeuu, cmyoenm 4 kypca Hucmumyma Menuopayuu
Boonoco Xozaticmea u Cmpoumenvcmea umenu A.H. Kocmsxoea, ®I'BOY BO
PIrAY-MCXA umenu K.A. Tumupszesa, llyal381l@yandex.ru

Jlomawenkoe /lenuc Anexkcanoposuu, cmyoenm 4 xypca Uncmumyma Menuopayuu
Boonoco Xozaticmea u Cmpoumenvcmea umenu A.H. Kocmsxosa, @®I'HOY BO
PIrAY-MCXA umenu K.A. Tumupsszesa, domashenkovdenis@mail.ru

(Hayunwiii pykosooumensv — Tannep Eezenuii bopucosuu, k.c-x.H., doyenm Kagheopwi
akonoeuu DPIEOY BO PIAY-MCXA umenu K.A. Tumupssesa, etallereb@rgau-
msha.ru)

AnHOmayua: 6 cmamve paccmampusaemcs noieeou Memoo onpeoenenuss AKMUSHOCMU NOYGEHHOU
MUKPOOUOMDBL, nymem onpeoeieHus Yelnol030JUmUYecKol akmueHoCmu NoYebl U COOMBEEmMcmeeH-
HO npeocmasiiensvl no Heui pe3yiomamsl. Taxoice npeocmasnena cxema peKyibmueayuu 3a2psa3HeH-
HOU NOY8bl OP2AHUYECKUMU U HeOP2AHUYECKUMU PEeKYIbMUBAHMAMU.

Knroueeswie cnosa: nouBeHHas MI/IKp06I/IOTa, aKTUBHOCTh ITOYBEHHOM MI/IKpO6I/IOTBI, PCKYIbLTUBUDPY-
€MBIC ITIOYBBbI.

B HacTosimee BpeMsi B CEITbCKOM XO3SMCTBE JOBOJBHO aKTYyaJIbHBIM SIBIISICTCS
MOUCK 3(PPEKTHBHOTO METOAA PEKYJIbTUBAIIMHN TTOYB ITOCJIE TPUMEHEHUS TEXHOJIOTHMA
WHTEHCHUBHOTO 3eMJICICIHSI, CBSI3aHHBIX C BHECCHHEM 3HAUUTEILHBIX JI03 PAa3TMYHBIX
arpOXMMHKATOB

PekynpTHBaIMs MOYB — 3TO KOMIUIEKC MEp U MEPONPHATHI 110 BOCCTAHOBIIC-
HUIO TUIOJOPOINS MTOYB, IKOJIOTHYECKOTO COCTOSHUS MOYB IS TaTbLHEHIIIETO 11eTIeBO-
T'0 HUCIIOJIH30BAaHUSA 1 TTPOU3BOJICTBA DKOJIOTHUECKON 0€30MmacHO MpoayKITnu.[2]

AKTHUBHOCTh TIOYBEHHOW MHUKPOOHMOTHI -3TO WHTEHCHUBHOCTH OMOJOTHYECKHUX
MIPOIIECCOB B TIOYBE, OHA 3aBUCUT OT HAJIMYMWS WIH MOCTYIUICHUS B TIOYBY OpraHU4e-
ckoro BemecTBa. [louBeHHass MUKpOOMOTA, OOECTIECUMBAET HOPMAJIbHOE (PYHKITMOHU-
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pPOBaHHE IOYBBI, OYMIAS €€ OT OPTrAaHMYECKUX M HEOPraHWYECKHX 3arps3HUTEICH
(mecTUMabI, TSOKENIble MeTayuibl, kceHoOmotuku, I1AB). OT xu3HemesaTeIbHOCTH
MMOYBEHHOW MUKPOOHUOTHI BO MHOTOM 3aBUCHT IUIoAopoaue mous. OIUH U3 BapHAHTOB
OTpEeICJICHUS] aKTUBHOCTH TTOYBEHHON MUKPOOHMOTHI — 3TO MOJEBOM METOJI Onpeiene-
HHUS UEIJUTIOJIO30JIMTUYECKON aKTUBHOCTH MOYB.

006 »h(hexTUBHOCTH TPOBEACHHBIX PEKYIHTUBAIMOHHBIX PA0OT MOKHO CYIHTh
10 MUKPOOHOJIOTHUYECKON aKTUBHOCTH TI0UB. J[J1s1 BRIICHEHHSI 3TOTO BOMpOca ObLT 3a-
JI0’KEH TOJIEBOM OMBIT Ha mMpousBoacTBeHHOM 60aze BHUUA um. JI.H. [Ipsaumnauko-
Ba B JloMo1e/10BCKOM paiioHe, MOCKOBCKOH 00J1acTH.

[ens onbiTa — U3y4uTh dPPEKTUBHOCTD EUCTBUS (ocdorurca, U3BECTKOBON
MYKH M HaBo3a KpyrnHoro poraroro ckota (najgee KPC) nmo nmokaszarento 1esioa030-
JUTAYECKON aKTUBHOCTH 3arpsI3HEHHBIX arpOXUMUKaTaMU MOYB.
[lepen 3akmankoii onbiTa OBUT MPOBEJEH arpOXUMUYECKUN aHAIIW3 TTOYBBI, ObLIO TaK-
K€ YCTAaHOBJICHO OCTATOYHOE KOJWYECTBO MECTULUJIOB U COAECPKAHUE TSKEIIBIX MeE-
TAJUTIOB. bbUT MPOU3BEAEH pACUET KOJIMYECTBA BHOCUMBIX OPraHUYECKUX U HEOPTaHU-
YECKUX PEKYJIbTHUBAHTOB. OMBIT ObUI 3aJ0XKEH HAa TPEX ydacTKax, mo 18 IensHoK ¢
IIECTHI0 BAPMAHTAMHM BHECEHMS PEKyJIbTUBAHTOB. Pazmep nensHku 2,5 X 4 merpa. B
Ta0JuUIIe MPEICTABICHA CXEMa OMbITA.

Tab6auna — Cxema ombiTa

1 Bapuant: HaBo3 KPC 301/ra W3Bectb 31/Ta KOHTPOJIb
2 BapuanT: HaBo3 KPC 301/rat+ | ®ochorunc nasos KPC 301/ra
HU3BecTh 1,51T/Ta 31/ra
3 Bapmant: HaBo3 KPC 30t/rat+ - HaBo3 KPC 30t/rat wu3-
dbocdorunc 1,51/ra P BecTh 1,51/ra
A BADHANT: W3BeCTs 31/ra HaBo3 KPC HaBo3 KPC  30t/ra+

P ) 301/ra ¢docorunc 1,51/ra
+
5 BapuaHT: ¢ocdorurc 31/ra T%B;ia KPC 30v/rat ussects N3Bects 31/Ta
+

6 BapuaHT: KOHTPOIIb ??;jfaKPC 30/rat pocorme ®ocdorumnc 31/ra

[enmmromo30auTHYECKass aKTUBHOCTh TOYB OIlleHHBanachk 1mo metroxy J1.C. 3Bs-
rUHIIeBa. MeToi OCHOBAaH Ha ONPEACICHUH WHTEHCHBHOCTH Pa3IOKEHUS JIBHIHON
TKaHH, IOMEILIECHHOM B ITIOYBY HA ONPEAEIECHHBIN IPOMEXKYTOK BpeMeHu. KonnuecTBo
TKaHU, Pa3JIOKUBIICECS 3a BPEMS OIbITA, UCIOJIB3YeTCs KaK MOKa3aTesb EJITI0JI030-
JUTAYECKON aKTHBHOCTH MOYBHI. TKaHb MOMEIIAIach B MOYBY Ha TiryouHy 10 cMm Ha
30 cyToK, Mo BCceM IIecTH BapraHTaM Ha 18 mensHkax.

Jlnst arposkocucteM J[.C. 3BATHHIIEBBIM Mpe/JIOKEHa IIKajla WHTEHCUBHOCTH
pa3pylIeHHsI KJIETYATKH: EJUTFOI030JUTHICCKAs aKTHBHOCTD B ITOJICBBIX YCIOBHSX, B
% ouenb cnabdas <10; cmadas —10-30; cpennsia, — 30-50; cunbHas — 50-80; oueHn
cuibHas >80%. [3]

Pe3ynbTaThl TOJIEBOTO MCCIICNOBAHUS IO OMNPEACICHUIO IETHI030IUTHYC-
CKOM aKTUBHOCTH TOYB TMOKA3aJi, TI0 BAPUAHTaM OTIBITA CIICAYIONINE 3HAUCHHUS:

1 BapuanT: nensiuka ¢ HaBo3oM KPC — 29,1%, cnenoBaTenbHO, LEUTIOI030pa3-
pyIIaoIIasi ClIOCOOHOCTH MOYBHI cliadasl.
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2 BapuaHT: nengHka ¢ HaBozoM KPC + usBects — 31,9%, cinenoBarensbHo, 1e-
JII0JI030pa3pyIIaronias CroCOOHOCTh TTOYBBI CPETHSSL.

3 BapmanT: aemstaka ¢ HaBo3oM KPC + docdoruncom- 31,8%, cnenoBarensHo,
IEJUTIOJIO30Pa3PyIIA0IIasi CIIOCOOHOCTh TTOYBBI CPETHSIS.

4 BapuaHT: JensiHKa ¢ u3BecThio — 27,1%, ciienoBatenbHO, 1EIUTI0JI030pa3py-
IaromIas CnocoOHOCTh MOYBHI ClIadasl.

5 BapmanT: aensHka ¢ ¢ochoruncom — 26,37%, caenoBaTenbHO, MEUTIOI030-
pas3pymiarorasi CrtoCOOHOCTh MOYBHI Cliadasl.

BapHaHT: NeJsHKa ¢ KoHTposieM — 18,3%, ciiemoBaTensHO, MEUTI0I030pa3py-
IIA0IIasi CIOCOOHOCTH MOYBHI ciabasl.

Koaddurment Bapuamum coctaBui 6-8%, 9T0 3HAYUT CTETICHb PAacCEUBAHUS
JTAHHBIX CYNUTACTCS HE3HAYNTEIHLHOM.

MOKHO 3aKJIIOYUTh, YTO JEISTHKU Kyaa BHocwmics HaBo3 KPC + wu3BecTs u
HaBo3 KPC + docdorurnc, mokazanu 00bIIHe 3HAYCHUS EIUTFOI030JIUTHISCKON aK-
TUBHOCTH TOYB, 3TO, BUIUMO, OOYCIIOBJIEHO TEM, YTO OPTAaHMYECKOE BEIIECTBO HABO-
3a - XOpOIIIO JTOCTYITHBIH UCTOYHUK THIIHA ¥ SHEPTETHUSCKUI MaTepua I TOYBCH-
HOM MUKPOQIIOPHI, TOATOMY YCHIIMBAIOTCS MHUKPOOHOJIOTHYECKUE TIPOIIECCHI B TIOYBE.
B memom, ecnu cpaBHUBATH pe3ysbTaThI O TEILTIOI030pa3pyIIAIONIel CTOCOOHOCTH
C KOHTPOJIEM, TO BHAHO, YTO BE3JIC, T/I¢ BHOCWINCH PEKYJIbTUBAHTHI — MHUKPOOHOJIO-
TUYECKass aKTUBHOCTh YBEIMYMUBACTCS. DTO B OINPEACICHHOW CTEMEHU ITO3BOJISACT
CUHMTaTh, YTO PEKYJbTUBAIUS 3arPSI3HEHHBIX MOYB ITyTEeM BHECEHHUS OPTaHUYECKUX,
HEOPTraHWYECKUX U KOMOMHUPYEMBIX PEKYIHTUBAHTOB OyJeT 3(PHEKTUBHOM.

Cnucok aqureparypsbl:

1. Aradonosa B. A., [Torosa B. I1. [lepcriekTrBbI NpUMEHEHUSI METOJOB TOUBEHHOM
METareHOMHKH JJIsl OIpe/ieJICHHs] KauecTBa MOYB Cal0BBIX 11eH030B //I11010BOACTBO
u BuHorpanapctso FOra Poccun. — 2021. — Ne. 67. — C. 203-225.

2. EBpokumona I'. A. TlouBeHHast MUKpOOHOTa Kak PaKkTop YyCTOMYMBOCTH MOYB K 3a-
rpsi3aeHnIo //Teopetnyeckas u npukiaanas skonorus. — 2014, — Ne. 2. — C. 17-24.

3. 3esarunues /. I'. [Toua u mukpoopranusmel. — MI'Y, 1987. 256 c.

V]IK 631.4
OJIMTOTPO®UKALINS TIOYBEHHO DKOCUCTEMBIL, KAK METO/I
YIIPABJIEHUS MOYBEHHBIM MUKPOBHBIM COOBIIECTBOM; ITO-
MCK MMOAX0I0B M HHINKATOPOB JIJISI HABJIOJIEHMS 3A TTPO-
LIECCAMM

bamyee JI.H., macucmpanm, ouonocuueckuti gaxyivmem, Mockoeckuii 2ocyoap-
cmeennwlll ynusepcumem umenu M. B. Jlomonocosa, BatuevDI@my.msu.ru

Cemenoe A.M., 0.6.1., Ooyenm, 8.H.c., buonrocuveckutl paxyromem, Kagheopa MuKpo-
ouonoecuu, Mockosckuii cocyoapcmeennwiti ynusepcumem umenu M. B. Jlomonocosa,
amsemenov@list.ru

Cemenos B.M., 0.0.H., doyeum, c.H.c., UHcmumym @u3uxo-xumuueckux u Ouoioeu-
yeckux npobnem nousoseoenus PAH, v.m.semenov@mail.ru
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Cemenoe M.B., k.0.h., c.n.c., Dedepanvuviii Uccneoosamenvckuii Llenmp, Ilousen-
Holtl uncmumym umenu B.B. Jloxyuaesa, sSemenov_mv@esoil.ru

Annomauusn. Ilpeocmasnenvt HekoOmopvie MUKPOOUOLOSUHECKUE U MOAEKYIAPHO-OUoI0cUYecKue
Memoobl AHAIU3A NOYBEHHO20 MUKPOOHO20 CO0OWecmea, nocie U3MeHeHUuss mpo@uiueckozo cma-
myca NO48eHHOU IKOCUCTEMbL - OIUOMPOPUKAYULU, KAK CNOCOO YNpasieHus NOYGEHHbIM MUKPOO-
HBbIM CO0OWEeCmaBoM.

Knroueevie cnosa: onurorpodukaiys, MOYBEHHbIC YKOCHCTEMbI, MUKPOOHBIE coobmiecTBa, (PCR,
JIpIxaHue MmoYBkI.

Onurotpoduxanus — 3TO MPOIECC MPeoOpa3zoBaHUsI MOUYBEHHBIX IKOCHUCTEM
(IT3), BkiIIOYass arpO’KOCUCTEMBI B COCTOSIHUE, XapaKTEepHU3yIoLleecss HU3KOW KOH-
[EHTpAIME TOCTYMHBIX JIETKOYCBOSIEMbIX OMO(MUIBHBIX AJIEMEHTOB (Kak a3oT, ¢oc-
dop, Kamuii U JAaxKe yriaepoj), HO BBHICOKUM OOIIUM COJIEPKAaHUEM 3THX WU JPYTHX
AJIEMEHTOB, a TAaK)KE€ BBICOKMM pPa3HOOOpa3sueM W OOMJIMEM canpoTpo(HOH MUKPO-
owmoter (Semenov,1991; Seneckin et al., 2010;). IIporecc HampaBiacH Ha CO3JaHHE
YCTOWYUBBIX W 3J0POBBIX IMOYBEHHBIX JKOCUCTEM, KOTOpbIe O0jiee YCTOWYUBBI K
HapyLIAIKUM BO3IEHCTBUIM U Oosee 3()PEKTUBHO KOHKYPEHTHO MOJABIIAIOT (PUTO-
MaTOrEHHBIE U JIPyTHe napa3uTapHble MUKPOOPTaHU3MbI OJlaroaapsi JOMUHUPOBAHUIO
carpoTpodoB (CemeHoB u coart. 2016). YnpasieHue 3KkocucTeMamMu, BKIIIOYas MoY-
BEHHBIC, YCIOBUIMU UX TPOPUKU (OTUTOTpOPUKALMU), IPEACTABISIET COOON CIIOXK-
HBI U Ba)XHBIX MPOIECC, BIUSIONIMI Ha OMOJOrHYecKoe pasHoobOpasue, T. €., «4e-
pe3» OuopazHooOpa3ue M HM3MEHEHHE YCTOMYMBOCTH HKOCHUCTEM K MPHUPOIHO-
KJIIMMAaTUYECKUM U aHTPOIIOT€HHBIM Bo3jeicTBusiM (CemeHoB u coaBT. 2011). Hccie-
JIOBaHUE HAIPaBJICHO Ha OIEHKY IMOCieACcTBUI u3MeHeHus: Tpoduku [13 kak myrem
BHECCHHUSI PA3IMYHBIX OPTaHUYECKUX WM MUHEPAIbHBIX BO3JCHCTBUN Ha MHUKPOO-
Hble coobmiecTBa [19 - aBTpoduKanus, Tak U MOBeIEHHUsI 00paTHOrO MpoLecca - OJu-
rorpopukanms. AHaIU3 3aKJIIOYAIICA B KOJIMYECTBEHHON OLICHKE B UCCIEAYEMbIX Ba-
pHaHTax, YUCICHHOCTH OakTepuii, apxei u MukpomuietoB merogom PCR u omenke
aKTUBHOCTM MHKPOOHBIX COOOIIECTB B BHJE 0Oa3albHOTO U  CcyOcTpar-
WHYIIUPOBAHHOMU JIIXaTEIbHOW aKTUBHOCTH TIOYBHI.

Heab coolmenunsi: Hanbosee OOMMMU MUKPOOMOJOTHUYECKUMH METOJAaMHU
BBISIBUTH PEAKIMIO0 MTOYBEHHOTO0 MUKPOOHOTO COOOIECTBA HA M3MEHEHUsI Tpoduue-
CKOT'O CTaTyca MOYBEHHON IKOCUCTEMBI B BUJIE€ JUTUTEIILHON OJIMTOTPOPUKAIIIH.

AHanu3y MoABepTivCh MOYBEHHBIE 00pa3Ilbl U3 PA3IUYHBIX BAPUAHTOB MHOTO-
JIETHETO JKCIEPUMEHTa, KOTOPhIE B HACTOSIIEE BPEMs MOJIBEPraloTCs OJUTOTPOdU-
kanuu. Takue noussl ¢ 2011 o 2019 roa cHavana 3KkCIEpUMEHTATILHO MOIBEPTraInuch
sBTpodukanuu. C 2019 roga, T.e., 5 meT Ha3ajd, MPEKPaIICHO BHECEHUS OpraHuYe-
CKMX BEIIECTB U MHUHEPAIBbHBIX 3JEMEHTOB B 3TU IID m TeM cambiM IpPOBOAMIIACH
oymrotpodukarus. Busibl opraHu4ecKuX BEIIECTB U MUHEPAIbHBIX 3JIEMEHTOB, BHO-
CUMBIX B TMOYBY €XEroJHO B IS 3BTPO(PUKAIMHU, U UX JO3UPOBKH OBLIM TaKUMHU:
KOHTPOJIb (0€3 BHECEHUSI OPTaHUYECKUX BEIIECTB U MUHEPAIbHBIX JIEMEHTOB); J103bI
BHOCHMBIX  MuHepaibHbIX aiemeHToB: NIP1K1 (N90P75K100); N2P2K?2
(N180P150K200); N3P3K3 (N270P225K300); N4P4K4 (N360P300K400); m03b1
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BHOCHUMBIX OpraHW4yeckux BemiecTB: 251/ra; 501/ra; 751/ra; 1001/ra. (CeMeHOB U cO-
aBT. 2023)

bbimn nmpuMeHEHbI METOJIbI: OMpEAeICHUE CyOCTpaT-UHIYIIUPOBAHHOIO JIbIXa-
Husl; 6a3anbHOTO NbixaHus; onpeaeineHue qPCR.

HaOnronenust 3a akTUBHOCTbIO MUKPOOHBIX COOOIIECTB MOYB OCYIIECTBIISIIN
MeToJIoM cyOcTpar-unaynupoBanHoro asixanust (CHUJ). OOpa3ibl moYBbl UHUIUH-
poBaKCh ¢ TIr0k030i (10 mr/T mouBsl). UHTeHCHBHOCTH BhiAeneHus CO2, aHam3u-
poBaIKMCh Tazoxpomarorpapuyecku ¢ nocueayrwomum pacuerom CHUJI. Jlnsa onpene-
nenus 6azanbHOro Abixanus (bJ1) o6pasikl MOYBHl HHUITMUPOBAIM BHECEHUEM BO/IBI,
CO2 onpenensinu Takxke razoxpomarorpaduyecku. [ns nposenenust qPCR u3 nou-
BEHHBbIX 00pa3ioB Obuia BoijeneHa [JHK, mpoBeneHo cekBeHupoBaHue, ¢ OJIy4eHU-
€M KOJIMYECTBEHHBIX 3HAYCHUH YMCIEHHOCTH apxeil, OakTepuii, TpuOOB B HCCleIye-
MBIX BapUaHTaX.

[TomyueHHbIE Pe3yIbTAThl OKA3aJIM, YTO MUKPOOHAss aKTUBHOCTb, ONpEIEsie-
Mmasa kak CHU/I, Ha MmoMeHT 3aBepiienus 3BTpodukannu (2019r.) B Bapuanrax c BHe-
CEHHEM MHHEPAIbHBIX JJIEMEHTOB JAEMOHCTPUPOBAJA CHIKEHUE HWHTECHCHUBHOCTH
CHU/J. Oto cHmKeHHe ObUIO MPONOPLUUOHAIBHO YBEIMYEHHIO BHOCUMBIX KOHIEHTpa-
M MUHEpaJIbHBIX 100aBOK (3BTpodukaims). B 3Tux nousax, noaBepraBuiuxcs Is-
tunetHel onurorpopukannu (2019-2024rr.) Habmonanocs BoccranoBiienne CUJL o
YPOBHSI KOHTpOJIsl. B ydacTkax moJBepraBIIMXCs 3BTPOPHUKAIMU 32 CUET BHECEHUS
OpraHUYeCKUX BEIIECTB, IMPOM3OILIO, HAa MOMEHT 3aBeplIieHusi dBTpoduUKa-
un(2019r.), cymecTBeHHOe noBbIIeHHE HHTeHCHBHOCTH CU /I, HO mpu npoBeAcHUN
naTuiieTHed onurorpodukanuu yposeHb CUJ cHU3MIICS, OHAKO OH OCTasCs BBIIIIE
KOHTPOJIBHBIX 3HAYE€HUM, YTO MOXXHO OOBSCHUTH HAKOILJICHUEM OPraHHUYEeCKOro Be-
IIECTBA B ATUX YYACTKaX U YBEIUYCHUEM KOJIMYECTBA MUKPOOPTaHU3MOB (Tad).

PesynwraTel BJ] neMoHCTpHUpYIOT, YTO JUIUTENbHAS IBTPO(PUKAIMS TTOYB MUHE-
padpHbIMU J00aBKaMu HE MpHBesia K KakuM-To u3MeHeHusiM BJ[, HO B pe3ynbTaTe
OJIMTOTpO(UKALIMK HAOII0JaeTCsl Kakoe-To yBenumdyeHue bJl B mouBax mojBepras-
IIMXCSl MUHEPAJbHON 3BTpodUKaleil. Y4acTKku, MOABEpraBIIMEcs 3BTPOPUKALINU
opraHnueckuMu Beniectsamu k 2019 romy, mokazanu kosoccanbHbii poct b/, xop-
peUPYIONIUN C YBEJIWYEHUEM KOHIIEHTpAIlMd OPraHUYECKUX J100aBOK, Kak 3TO
HaOmonanock npu onpenenennn CUJl. OpHako mocie NATHWIETHEH OaUrorpoduka-
uuu, nokasarenu bJl cHu3WiIachk 10 ypoBHS KOHTPOJS, YTO HE HAOIIOIAN0Ch MpU
onpenenenun CUI.

KonuvecTBeHHBIN aHaIu3 MUKPOOHBIX MOMYJSIUN (apxeil, OakTepuit), moiy-
yeHHbId MeTosoM (PCR, Ha mMoMmeHT 3aBepuieHus dBTpOGUKAIMN MUHEPATbHBIMU
AJIEMEHTAMH BBISIBUII, YTO C YBEIMYEHUEM KOHUEHTPALMA MUHEPAIbHBIX 3JIEMEHTOB
YUCJICHHOCTh OaKTepuil u apxeil cHu3miach (puc). OmHako, mocie NATUICTHEH Ou-
rOTpOUKAIMKM ITUX K€ YYACTKOB, YHCICHHOCTh apXed 3HAYUTEIHHO BO3pACTaerT,
MpeBbIIIAsl KOHTPOJIbHBIC MOKA3aTEIH, B TO BPEMs KaK KOJUYECTBO OaKTEpHUil OCTaeT-
Csl MPUMEPHO Ha OJJHOM ypoBHe. OnpeneneHne YucIeHHOCTH apXe U 0akTepuil npu
ABTpO(UKALIUM TTOYB OPTAHMYECKUMH BEIIECTBAMHU TOKa3aja 3HAYUTEIbHOE yBEJU-
YEHUE YUCJICHHOCTU apXeil, Kak U OakTepui, C YBEJIMUCHUEM KOHIICHTPAIIUU BHOCH-
Mo# opranuku. [locne nsaTuneTHel onMroTpodUKauu OTMEUYAETCsS HE3HAYUTEIBHO
CHIDKEHHE KOJIMYECTBA apXel, HO 3HAYUTEIbHO CHUKEHHUE KOJIMYECTBA OaKTepUA.
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PesynbraTtel ananuza MukpomuueroB MmetogoM qPCR mokazanu, 4Tto ux peak-
1Ml HA MUHEPATBHYIO 3BTPOUKALIMIO, KAK U HA OPraHMYECKYl0, aHAJIOTMYHA PeakK-
oMy OakTepuil, TO €CTh IMPH YBEIWYEHWU KOHLIEHTPAUUHd MUHEPAIbHBIX J00aBOK
YUCJIEHHOCTh MHKPOMMIIETOB OCTAETCS HAa YPOBHE KOHTPOJBHBIX 3HAYEHHI, TOTAA
KaK MpH BHECEHUHM OPraHMYECKUX JOOABOK HAONIOMAETCs 3HAUUTEIbHBIA POCT YHUC-
JICHHOCTH MUKpOMHIIETOB. [Ipu onurorpodukanmu noys, HE3aBUCUMO OT TOTO, ObLIa
JM OHA BbI3BaHA MUHEPAIBbHON WM OPraHMYECKOM HBTpOUKALMEN, MPaKTUYECKH
BOCCTAHOBWJIA YHCIIEHHOCTh MUKPOMHUIIETOB JI0 KOHTPOJIBHOTO YPOBHS.

Tadaunna

Uucnennoe 3nauenne CUJ] na MmomeHT 3aBepiieHus 3BTpodukanuu(2019r.) u
nocJie naTuiaeTHen onrutrpodukanun(2024r.)

TI'opa 2019 2024
Kasarein CUJ, mxr C-CO2/r | cr. otkiio- | CUJI, mxr C-CO2/r | cT. OTKIIO-
MOYBLI/Y HEHUE IMOYBBI/Y HEHUE

KonTtposb 236,65 23,04 274,27 66,01
N1P1K1 214,10 18,44 249,82 46,05
N2P2K?2 134,01 12,93 224,46 37,68
N3P3K3 116,82 8,00 227,52 11,80
N4P4K4 121,48 3,99 199,67 0,15
OprBem. 25 1/ra 423,96 23,60 316,11 12,04
OprBemr. 50 T/ra 459,51 21,16 318,98 8,15
OprBemr. 75 t/ra 647,44 36,69 425,00 50,46
OprBemr. 100 1/ra 849,93 104,55 329,14 51,73

Takum 00pa3zoM, MpUMEHsIEMbIE METO/IbI JIJIS BBISIBIICHUSI U OIIEHKHU PE3yJibTa-
TOB OJIUTOTPO(PUKAIIMKU MOYBEHHBIX AKOCHUCTEM IO3BOJISIIOT OMpPEACIUTh U3MEHEHHS,
MPOUCXOAIINE B MOYBEHHBIX dKOCcUCTeMaX. OnpeeNIeHNe AbIXaTeIbHOW AKTUBHOCTH
MO3BOJISIET OLIEHUBATh TEKYIIME MPOLIECCHI B TOYBEHHBIX 3kocucTtemax. Meron qPCR
MIOMOTaeT BBIABIATH U3MEHEHUS B MUKPOOHOM COOOIIECTBE, HAKOIUICHUE PE3ysibTa-
TOB aHAJOTHUYHBIX HCCIIEJOBAHUM CO3aCT OCHOBY I NPOTHO3UPOBAHUS PA3BUTHUS
MOYBEHHBIX JKOCHUCTEM. B 1iemom, MeToN yrmpaBieHUs MOYBEHHBIMU MUKPOOHBIMH
coolriecTBaMu 4epe3 uxX TpopuKy, HAPUMEP, OJTUTOTPODUKAITUIO TOYBEHHBIX KO-
CHUCTEM, MOYKHO OTHECTH K IPUMEHUMBIM U PE3YJIbTaTUBHBIM.
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(I11) B mouBennbix oopasmax B 2019r., u 2024 r., rae 1 — Konrpouns, 6¢3 BHECECHUS
BemecTB. 2 - N1IP1K1 (N90P75K100). 3 - N2P2K2 (N180P150K200). 4 - N3P3K3
(N270P225K300). 5 - N4P4K4 (N360P300K400). 6 - Opranudeckue go0aBku, 25
T/ra. 7 — opr. no6asku, 50 T/ra. 8 — opr. nodasku, 75 1/ra. 9 — opr. nobasku, 100 T/ra.
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YK 631.363
BJIUAHUE METHJIPTYTU HA MUKPOOPI'AHU3MbI U PACTEHUAA:
MEXAHU3MbI TOKCUYHOCTH U SKOJIOI'MYECKUE ITOCJIEACTBUA

bozoanosa  /lapuna Cepzeeena,  macucmp 1 Kypca  Hucmumyma
acpoouomexnonoeuu, DI'BOY BO PIAY-MCXA umenu KA. Tumupszesa,
di300910@gmail.com

Jlebeoesa  Anzenuna  JImumpueena, cmyoenm 4  kypca  Hncmumyma
acpoouomexnonocuu, ®I'EOY BO PIAY-MCXA umenu K.A. Tumupsszesa,
lebedeva.angelinal3@mail.ru

Epwoea  Buxkmopua /Imumpuesna, cmyoenm 4  kypca  Hucmumyma
acpoouomexuonocuu, DPIHOY BO PIAY-MCXA umenu KA. Tumupszesa,
yershova_2004@mail.ru

Bonooyeea Onvea I'aspunoena, O.c.-x.H., Ooyewm, npogeccop Kagheopuvl
muxpoouonocuu u ummynonocuu @I'60Y BO PIAY-MCXA umenu K.A. Tumupssesa,
ovolobueva@rgau-msha.ru

Annomayun: cmamvsi nocesaujeHa usydenuro eo3zoevicmeus memuapmymu (MeHg), oownoti u3
Haubonee MOKCUUHBIX (DOpM pmymu, HA MUKDPOOpeaHusmvl u pacmernusi. Paccmampuearomces
mexanuzmvl mokcuuyHocmu MeHg, eé naxonneHue 6 OUONOSUYECKUX OP2AHUBMAX, GIUSHUE HA
Memabonusm, pocm u pazeumue, a MAKHCe IKOLOUYECKUe NOCIeOCMEUs. 3A2PA3HEHUs MOl

gopmoti pmymu.

Knrwouesvie cnosa: MeTUIPTYTh, TOKCUYHOCTb, MHMKPOOPTaHU3MBI, PACTEHHs, OMOAKKYMYIALUS,
Oonomarnudukanys, MeTaboinu3M, pocT, pa3BUTHE, SKOCUCTEMA.

B coBpemeHHOM wMupe cymiecTByer Oosbliiasg Mmpodiaema 3arpsi3HeHUs
OKpYKarolen cpeabl TKeIbIMU MeTaiaMu. OIHUM U3 Takux siBasercs pryTh (Hg).
Boigenstor cinenyroiue Gopmbl pTYTH:

1. Dnementapnas pryte (Hg): »To XKuakuii MeTasl Npu KOMHATHOM

TEMIIepaType;

2. Heopranmueckue COeIMHEHUS PTYTH:
e Pryts (I) (Hgy'?): coemuHeHHs, B KOTOPBIX PTyThb MMEET CTEIEHb
okucnenus +1. Hanpumep, xaopun prytu (1) (HgoCly);
e Pryrp (II) (Hg."): coeawHeHus, B KOTOPBIX PTYTh HMMEET CTCICHb
okucnenus +2. Hanpumep, xnopun pryru (II) (HgCly).
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3. Opranuueckue COeUHEHUs PTYTH:
e Metunptyth (CH3HQ"): omHa 3 caMbIX TOKCHYHBIX GOPM PTYTH, KOTOpas
JIETKO HAKaIlJIMBAETCS B KUBBIX OpPraHU3Max;
o /Tumetunpryte (CH3HQCHs): emé omnHa TokcuuHas ¢opma, HO MEHee
pacrnpoCcTpaHEHHas, YeM METHIPTYTh.
4. Jlpyrue opraHMuecKue COeIMHEHUs PTYTU: STUIPTYTh.

OnHoit u3 ¢GopM pryTHOW MomuduKaimu sBiseTcs MeTHaptyTh (MeHg),
oOnanaromniasi BBICOKOM TOKCMYHOCTBIO M CHOCOOHOCTHIO K OMOAKKyMYISALMH U
OroMarHu(uKaI B pa3IMuHbIX TPUPOAHBIX IKOCUCTEMAX.

MeTuIpTyTh OpeICTaBIsIET COO0N METAINIOOPTraHNYCCKUM KaTHOH ¢ (POpMYIIOi
[CH3Hg]*, u sBusercs omHuM u3 Hanbolee TOKCHYHBIX (OpM, KOTOpas JIETKO
BCACBIBAETCA  JKMBBIMM  OpraHu3MamMu  (MUKpOOpTraHM3MaMH,  PacCTECHUSIMHU,
KUBOTHBIMU U YEJIOBEKOM), HAKAIIUBASICh B UX TKaHSX, MEPEMENIAsCh MO MUIIECBOM
nenu. DTOT Mpolecc HaszbiBaeTcs OnoMarHudukamueit [1]. OH oOnamaeT BBICOKOM
JTUNO(OUIBHOCTBIO, YTO MO3BOJISET METUIIPTYTU JIETKO MPOHUKATH Yepe3 KIECTOUHbIC
MeMOpaHbl U HaKaIIMBaThCS B )KUPOBBIX TKAHAX. B oprannsme oHa B3auMOJIEHCTBYET
c Oenkamu u (depmeHTaMu, Hapymas uX (QyHKIHMOHUpoBaHHE. TakXke MOXKET
noBpexaars JIHK, 4To mpuBOIUT K MyTaIUsIM U KaHLIEPOTEHHBIM 3P deKTam.

MeTunpTyTh BIUSET HAa METAa0OJIU3M, POCT U Pa3BUTHE MHUKPOOPTaHU3MOB U
pacTeHUM, YTO MOXKET IPUBOJUTH K HAPYIICHUIO (PYHKIITMOHUPOBaHUA dKocucteM. Ha
pacTeHHs] METWIPTYTh BO3ACHCTBYET TaKXKE B Kau€CTBE MOJABUTEINSI Pa3BUTUA U
pocrta, Hapyiias GOTOCUHTE3 U TPAHCIOPT MUTATEIIbHBIX BEILIECTB.

DTO MOXET MPUBOJUTH K CHUKCHUIO YPOXKAMHOCTH M M3MEHEHHUIO COCTaBa
PaCTUTEIBHBIX COOOIIECTB.

Jnss  nromew  CymiecTByeT HE MEHEE CEpbe3Has OIMACHOCTh PTYTHOU
MHTOKCUKauu. [lonBeprarbcs BO3AECUCTBUAIO PTYTH, YEIOBEK MOXKET yepe3 €€ mapsl, a
TaKXe MPOAYyKThl TNuTaHusl. Haubombiee comep)kaHue METUIPTYTH BBISIBICHO B
MpencTaBuTeNsIX TuapoouonTax [2]. K HUM OTHOCSTCS pbIObI, KUIIEYHOIOJIOCTHBIE
(ryOKu, cTpekarolie), UIIOKOKHe, OOJbINas 4acTb PaKoOOpa3HBIX M MOJUIFOCKOB.
[Ipu yacToM ynoTpeOiIeHNH B MUIILY BOJHBIX OOBEKTOB, Y UETIOBEKA MOXKET MOSIBUTCSA
PTYTHAas MHTOKCUKAIIUS, BEIYyIIas K CEphE3HBIM ITPOOJIEMaM CO 37I0POBHEM.

CymecTBylOT pa3fnuyHble WCTOYHUKH PTYTHOrO 3arpsi3HeHus. K Hum
OTHOCSTCS: IPOMBINIJIEHHOCTh, CEJIbCKOE X031 CTBO, aBTOMOOWIBHBINA TPAHCIOPT.

[Ipy monagaHuy B OKPYXKAlOILIYIO CpPedy, PTYTh OCENAeT HAa JTHE BOAOEMOB B
JIOHHBIX OTJIOXKEHUSIX, TIE MOJ NeUCTBUEM OakTepuil mpeoOpasyeTcsl B OPraHu4eCcKoe
coenuHenune - numetunpryTe C:HeHg, kKoTOpas sBnsercs oqHUM U3 CaMbIX CHUIIBHBIX
HEUPOTOKCUHOB (MOpa)KarOT HEPBHYIO cuctemy). Jlajiee TUMETWIPTYTh MEPEXOIUT
metunpTyTh [CH3HQ]*. Hanuume omHOM WM ABYX METHIIBHBIX TPYII IOBBIIIACT
PacTBOPUMOCTh PTYTH B OPTaHMYECKUX BEIIECTBAX.

B pesynbrare HakoruieHUs, BOAHBIE OOWTATEIU AKKyMYIUPYIOT METUIIPTYTh,
npojBUTas €€ naipllie M0 TNuIeBoM Ienu. Yem BhIE 0COOb HAXOIUTCS B
Tpoduyeckue Iemnu, TeMm Bhbime KoHmeHtpanus MeHg B e€ Teme. Haxomnenue
MeTaJljla MPOUCXOIUT B OCHOBHOM BO BHYTPEHHUX OPraHax U B MbBIIIEYHOU TKaHH.
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B KoHIe nukia METWIPTYTh YJIETy4uBaeTcsi B arMocdepy, IIe MOXKeT
npeBpainarbes B MoHoMeTuaptyTh [CH3HQ] u snemenrapuyio pryts (Hg), KoTOpHBIC
BBINAAAI0T BMECTE C JOXKAEBBIMHM OCaJIKAMH M BO3BPAIIAIOTCS B BOJOEMBI.

!

}_. ____________

Hg't === Hg’
Hg?t —(CH)L, Hg] T = ===
Puc. Kpyrosopot prytu B Ouocdepe

Takum oOpa3oM, 3arpsi3BHEHHE BOJHBIX OOBEKTOB PTYThIO TMPEACTABISET
CEPBE3HYIO YIPO3y ISl SKOJOTUU. B CBS3M € 3TUM, IJsl pelIeHus 3TOW MpoOieMbl
HEO0OXOMMMBbl KOMIUICKCHBIE MEpBI, HAlpPaBICHHBIE HA CHIDKEHHE AHTPOMOTEHHOTO
BO3JCUCTBUS PTYTH HA OKPYXKAIOLIYIO CPELY.
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Annomayusn: Ilo pesyriemamam Hacmosiuye2o uccie008aHusi ObLIO 6bIAGIEHO, MO WMamm B.
velezensis BZR 277 nposeénsem Haubo1buiyto anmughyHeaibHy0 akmueHoCmb 8 OMHOUEeHUU Cled)-
towux epubos: F. graminearum BZR F-4, M. nivale BZR F-5, F. oxysporum BZR F-6 u F.
sporotrichioides BZR F-40. Memooom monxocnotinoii xpomamozpaghuu 6viiu 6vis6ieHbl COeOUuHe-
HUSL (heHOIbHOU NPUPOOBL, 4 MAKICE YUKTUYECKUE TUNONEnMUObL.

Knwouesvie cnosa: Bacillus velezensis, Fusarium, antudyHrainbHas aKTHBHOCTb, TOHKOCJIONHHAs
xpomarorpadus, MeTaboIOMHBIN PO(UITH.

Beenenue

['puObI 3 poma Fusarium mmpoko pacmpocTpaHEHbI Ha CEITCKOXO3SHCTBEH-
HBIX YTOJbsAX MO BceMy MHUpY. OHU MOpa)karoT KOPHH, CTEOJIH, KOJOChS U MOYATKH,
YTO MPUBOJUT K CHIXKEHUIO YPOXKAHHOCTHU M YXYALICHHUIO KadyecTBa 3epHa. bosee To-
ro, 3TH IpUOBI MPOU3BOJAT PANIUYHBIE TPUXOTELEHOBbIE MUKOTOKCHHBI (HAIpuMep,
J€30KCUHUBAJICHOJ, 3€apajieHOH, (PYMOHU3UH U Jp.), KOTOPbIE BPEIHbI IS JIOAEH U
KUBOTHBIX.

MukpoopranusMsl, cojaepkaluecss B OuoIpenapaTax, MOryT 00ecleuyuBaTh
pacTeHHs. NUTATEIbHBIMU BEIIECTBaMH, CIIOCOOCTBOBATh MOOWIM3AIMM Makpo- U
MUKPO3JIEMEHTOB, YJIy4IlIaTh 3I0POBbE PACTEHUI, CTUMYJIUPOBATh POCT U Pa3BUTHE,
O00pOoThCsl ¢ 0OJIE3HSMH, a TAKXKE YIy4IlIaTh MUKPOOMOJIOTMYECKHI COCTaB U CBOM-
cTBa MoYBbl. McOIb30BaHKE MOJIE3HBIX MUKPOOPTAHU3MOB MOKET YIYUYIIUTh 3allu-
Ty PAacTeHHI W MPEJOTBPATUTH 3apaKEHHE HECKOJBKMMHU MaTtoreHamu. MHoOKysus
pacTeHu TaKUMH MUKPOOAMU MOXKET MpUAaTh YCTOMYMBOCTh K CHEKTPY MaTOTEHOB
Wy BpeauTenen [3].

[enpto qaHHOM pabOTHI ABISETCS ONpEAEICHUE aHTU(PYHIaTbHON aKTUBHOCTH
HITAMMOB-aHTarOHUCTOB MEPCIIEKTUBHBIX JIJISl CO3/1aHus OMoIpenapara JJis 3alUuThl
371aKOBBIX KYJIBTYp OT 0OJIe3HEH, BhI3BaHHBIX rpudamu poaa Fusarium.
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MarepuaJibl M METObI HCCJIEI0OBAHUS

B uccnenoBanuu O6bUIM UCTIOIB30BAHBI IITAMMBI MUKPOOPTaHU3MOB U3 OHope-
cypcHoil koyuiekuun GI'BHY OHIIB3P «I'ocynapcTBeHHass KOJJIEKLIHS YHTOMOAKa-
pudaroB u MUKpOOPTaHU3MOB.

OOmbexTamu ucciieoBanus mocayxmim mrammbel Bacillus velezensis BZR 277
u Bacillus velezensis BZR 519.

B pomu maToreHOB OBLIM WCIIOJB30BaHBI CIEAYIOMIME MITaMMbL: Fusarium
graminearum BZR F-4, Microdochium nivale BZR F-5, Fusarium oxysporum BZR
F-6 u Fusarium sporotrichioides BZR F-40.

J171st O1IeHKH aHTH(PYHTaJIbHOM aKTUBHOCTU OAaKTEpHUANIbHBIX IITAMMOB OBLI HC-
M0JIb30BaH METOJ| BCTPEUHBbIX KyJlbTyp. B uamiky Iletpu Ha arapuszoBaHHYIO MHTa-
TEJbHYIO CpPEAY BBICEBAIM arapoBblii OJIOK ¢ MHIIEJIMEM MAaTOreHa Ha pacCTOSIHUM |
cM oT Kpas vamku [letpu. bakTepuanbHbIil MITaMM MPU 3TOM HAHOCWJIA METOJOM
ITpUXa Ha paccTossHUU 6 cM OT Onoka matoreHa. KynbTypbl MHKyOUpOBaM TpH
temriepatype +28 °C. BapuaHTbl onbiTa ObUIM CIETaHbl B TPEXKPATHOM MOBTOPHO-
CTH. YUeTbl POBOJIUIIN HA MSTHIC, JECAThIE, NATHAALATHIC U IBAALATHIE CYTKH KYJIb-
TUBHpPOBaHUA. CTaTUCTUYECKYI0 O00paOOTKYy JaHHBIX MPOBOAWIN C NPUMEHEHHEM
kputepus JlyHkaHa MHOro(pakKTOpHOTO TUCIIEPCUOHHOTO aHAJIh3a C MOMOIIbIO MTaKeTa
nporpamm STATISTICA 13.2.

Jns onpenenenuss MeTab0JIOMHOTO Mpoduiisi ObLT UCIOJIB30BaH METO]] TOHKO-
cioriHont xpomatorpadguu (TCX). bakrepuanbHbie SK30MeTaOOMUTHl BBIACISIN ITy-
TE€M SKCTpaKUuHU dTuianeraTtoM (x.4.) (2:1 v/v) cynepHaraHnTa, IOJy4YE€HHOTO IOCTE
HEeHTpUYTUPOBAHUS KUIAKON KyIbTyphl OakTepuil Ha nentpudyre 5810R mpu 10
ThIC.00./MUH B Teuenne 30 MuH, Ha poTanuoHHoM Iielikepe New Brunswick
Scientific Excella E25 B Teuenue 1 4. Ilocne pazneneHus: opraHnyeckod U BOJHOMN
YacTH ATUJIALIETAT YIIAPUBAIM JOCYXa HA POTAlMOHHOM BakyyMHOM ucnapurene [KA
RV10 npu remnepatype 40°C. Cyxoi 0CTaTOK pacTBOPSUIM B MUHMUMaJIbHOM KOJINY €-
cTBe ATminanerara. [lodydeHHbIl pacTBOp ObLI MpOaHAIU3UPOBAH METOJAOM BOCXO-
el ToukocnoiHoil xpomarorpaduu (TCX) ¢ MCHOAB30BaHHEM KHU3EJbIeIEBbIX
TCX-mmactun (tonmmHa cnost 2 mm) Merck, noasuxnas daza: rekcan — atadon 1:1,
BbICOTa noabema pactBoputens 12 cm. TCX-nnacTuHbl 3aTeM ObUIM MpOaHAIM30Ba-
HBI 110J] YABTPa(pUOJIETOBBIM CBETOM IPH JITMHAX BOJH 366 HM [2].

BrlsiBieHHEe METa0OJIMTOB C aHTUTPUOHOM aKTUBHOCTBIO MPOBOJUIIOCH METO-
nom 6uoastorpaduu. [ImacTUHBI MPONMUTHIBAIUCH KUAKON KapTO(dETbHO-TIIOKO3HOM
Cpelol M CyCIeH3WEeH Mpomaryia TeCcT-KyJbTypbl (¢uTonaToreHHoro rpuba F.
oxysporum var. orthoceras BZR — F6, a 3areM momemaimch BO BJIAXHYI Kamepy
npu temriepatype 28C nHa 48 u. Hanmuwume 30H MHrHOMpOBaHHS pocTa TecT-rpuda
CBUJIETEIHCTBOBAJIO O MPUCYTCTBUU aHTUTPUOHBIX MEeTa00IUTOB [1].

ITosry4yeHHBIE pe3y/IbTaThl U HX 00CYK/ICHHE

B pesynbTaTe mpoBENEHHBIX MCCIEIOBAHUN CO IITAMMaMHU-aHTaronucramu B.
velezensis BZR 277 u B. velezensis BZR 519 npoTuB naToreHHbIX mTammoB F.
graminearum BZR F-4, M. nivale BZR F-5, F. oxysporum BZR F-6 u F.
sporotrichioides BZR F-40 npu moMoiu MeToia BCTPEUHBIX KYJIbTYp, OBLIH IOJTY-
YEeHbI CIEAYIOIINUE PE3YIIbTATHI.
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Ha 5-e yueTHble cyTkd OakTepHasbHbIE IITAMMBI MPOSBISUIA (yHTHCTaTHYE-
CKUW aHTMOMOTHYECKUN aHTarOHW3M, NMPU KOTOPOM MHTHOMPOBAHUE POCTA KOJIOHUU
[IATOr€Ha MPOUCXOJUT Ha PACCTOSHUM MOJ BO3JICHCTBHEM AHTUOMOTUYECKHUX Be-
mecTB (¢ 00pa3oBaHMEM MEXAY HUMH IYCTOHM, “‘CTEpPWJIBHOI” 30HBI). A Takxke
ITaMMbl aKTHUBHO POCJIM HABCTpEdy MAaTOr€HYy, TO €CThb HPOSBIIUIA BBICOKYIO IO-
IBKHOCTB. Hanbonee 3()(heKTUBHBIM Ha JaHHBIE YYETHBIE CYTKH SIBJSUICS IITamMM B.
velezensis BZR 519. U Tonpko B Bapuante ¢ F. sporotrichioides BZR F-40 s>¢ddek-
THBHEe pabotan mramm B. velezensis BZR 277.

Ha 10-¢ yueTHble cyTKH mTamMMbl B. velezensis nefictBoBaiu mo mytd GyHru-
CTATUYECKOTO aHTUOMOTUYECKOTO aHTaroHMW3Ma, a TaKXKe MPOSBIISUIA BBICOKYIO TO-
naBkHOCTH. OfHaKo B BapuaHTtax ¢ F. graminearum BZR F-4 Gakrtepun neiicTBOBa-
JM TI0 MEXaHU3MY (PYHTHCTATUYECKOTO aTMMEHTApPHOI'O aHTaroHW3Ma, MPU KOTOPOM
OCTaHOBKAa POCTa MaToreHa MPOUCXOAUT MPU KOHTAKTE C KOJIOHUEH aHTaroHUCTa, U
oOpa3oBaHus “‘CTepUIIBLHON 30HBI HE TporucxoauT. Ha aTom 3tame Hanbosiee akTHBHO
noJaBisT poct maroreHa mramMm B. velezensis BZR 277. Ho B Bapmanrte ¢ F.
oxysporum BZR F-6 s¢dexruBneit aeiictoBan mramm B. velezensis BZR 519.

Ha 15-e yueTHble CyTKH IITaMMbl OaKTEpUi-aHTarOHUCTOB MPOSBIISIN (PYHIU-
CTaTUYECKUN aHTHOMOTUYECKUI aHTArOHU3M U BBICOKYIO MOJBH)KHOCTh B BapHaHTAX
omeita ¢ F. sporotrichioides BZR F-40. B BapuanTtax ¢ maroreHamu M. nivale BZR
F-5u F. oxysporum BZR F-6 mramm B. velezensis BZR 519 neiicTBoBai 1o Takomy
e MexaHu3Mmy, a mramm B. velezensis BZR 277 nposieisin GpyHrucTaTudecKuii anu-
MEHTapHBIN aHTaroHu3Mm. B Bapmantax ¢ F. graminearum BZR F-4 naGmonanoch
HapacTaHue Mulenus rpuda-naToreHa Ha OakTepHallbHbIE ILITAMMBI, HO €€ coxpa-
HsJICSL (PYHTUCTATUUECKUM allMMeHTapHbIi aHTaroHu3M. Hanbonee 3¢ dexTuBHBIM Ha
JIAHHBIC YYETHBIC CYTKH sIBJISJICS mTaMM B. velezensis BZR 277.

Ha 20-e ydeTHble CYyTKM IITaMMbl OaKTepUN-aHTArOHUCTOB COXPAHSIM T€ K€
MEXaHU3Mbl JEHCTBUA, YTO U Ha 15-e yuerHsle cyTku. Hanbonee 3 dekTuBHBIM Ha
JaHHBIC YYETHBIE CYTKH sIBJISIICS mTaMM B. velezensis BZR 277.

Craructryeckast 00paO0OTKa JaHHBIX BBINOJHAJIACH C UCIOJIb30BAHUEM KpHUTE-
pust [lyHkaHa B paMKax MHOTro(pakTOpHOTO JUCIEPCHOHHOIO aHAIW3a, OCYLIECTBIIsAE-
Moro ¢ nomoiubto mporpammuoro maketa STATISTICA 13.2. Paznuunst npusHaBa-
JIMCh 3HAYUMBIMHU NPU ypOBHE 3HAYUMOCTH p < 0,05. DTOT KpUTEPUM TAET BO3MOXK-
HOCTb OLIEHUTh JOCTOBEPHOCTH HAIIET0 SKCIIEPUMEHTA.
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Tabmura
Crextp aHTU()YHTATHHONM aKTUBHOCTH MEPCIICKTUBHBIX MITAMMOB OaKTEepHUii-

AHTAarOHUCTOB

IITamMMBl Poct munenusa maroresa, cM Poct murie-
IIaTOT'CHOB LHTaMMLI-aHTal“OHI/ICTBI JINA I1aTOI'CHA

CyTkn BZR 277 BZR 519 | B koHTpoJIE
BZR F-4 5 2,5 2,82 5,3¢

10 3,72 3,42 8,0

15 3,9 3,5 9,0

20 4,22 4,12 9,0
BZR F-5 5 2,72 2,9° 3,1

10 3,42 3,32 8,0

15 3,5 3,32 8,0

20 3,72 3,32 8,0
BZR F-6 5 1,6 2,7° 3,0

10 2,22 3,6" 6,8¢

15 3,5 3,5 7,7

20 3,82 3,72 7,9
BZRF-40 |5 3,5 3,22 3,9

10 3,9 3,32 8,0

15 4,0 3,22 8,0

20 4,12 3,32 8,0
- PaSHLIe 6yKBBI B I(OHTpOJ'Ie 158 BapI/IaHTe YI(aSLIBaIOT Ha Z[OCTOBepHLIe paSJ‘II/I‘H/Iﬂ (p
< 0,05) mo KpuTEPHIO

[Tocne mpoBeneHus tecta JlyHKkaHa Mbl MOKEM yTBEPKJIATh, YTO IOJYyYEHHBIE
HaMHU JIaHHbIE JOCTOBEPHBI U MOT'YT OBITh HCIIOJIb30BaHbI AJIs1 JaJIbHEHIIIETO aHaIu3a.

Hcxona u3 Moay4yeHHbIX HAMH JaHHBIX, MOXKHO C/IE€JIaTh BBIBOJ O TOM, YTO I10O-
cie ydera Ha 20-¢ CYTKM KyJbTUBUPOBaHMS Oosiee 3(DPEKTUBHBIM IITAMMOM-
aHTarOHKCTOM MPOTHB CJeayIoMMX HaToreHoB F. graminearum BZR F-4, M. nivale
BZR F-5, F. oxysporum BZR F-6 u F. sporotrichioides BZR F-40 siBnsincs 6aktepu-
anbHBIN mTamMm B. velezensis BZR 277.

Jns ompeneneHrss MeTabOJIOMHOTO MNpO(UIIs UCCIENyEeMbIX OaKkTephualbHBIX
IIITAMMOB OBLIA MCIIOJIb30BaHBI METOI TOHKOCIOMHOM XpoMaTorpaduu U MeToJ1 OHuo-
aBTorpadum.

B pesynbrare aHanuza xpomarorpamMmm o0pasLoB o1 yIbTpaduoIeTOBBIM CBeE-
ToM (366 HM) MOXKHO CHIENIaTh BBIBOJ O MPUCYTCTBUHU B ATHJIAIICTATHBIX DKCTPAKTAX
cynepratantoB XK Oakrepwuii B. velezensis BZR 277 u B. velezensis BZR 519 co-
eauHeHui (eHnonbpHOM nmpupo sl (ronyboe cBeuenue) (Rf 0,52-0,60), a Taxoke 1UKIU-
YeCKUX JUMonenTuaoB (3enenoe ceeuenue) (Rf 0,82-0,90).

Ha OuoaBTorpammax BceX BapUaHTOB OMbITa C TECT-KyJibTypoil rpuba F.
oxysporum var. orthoceras BZR F-6 oOHapyskuBajiach JOBOJIbHO 3HAYUTEIIBbHAS IO
IJIOIIAM 30HA TMOJIHOTO MoAaBieHus: pocra tect-rpuda (pynrumuanocts) (Rf 0,94-
0,98) (HemaeHTUGUUMPOBAHHBIE AHTUTPUOHBIE COSTUHEHMUS).
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Rf 0,86
Rf 0,56
e

a b

Pucynoxk - ToHkocmnoiiHble XpoMaTOrpaMMbl META0OJIMTOB OaKTEPUI MO YiIb-
tpaduoseTom 366 M (a - B. velezensis BZR 277, b - B. velezensis BZR 519)

BriBoa

[To pe3ynbratamM IPOBEIEHHOTO OIBITA, TIO0 OIIEHKE aHTU(YHTATBHONW aKTUBHO-
CTH OaKTepUANbHBIX IMITAMMOB METOJIOM BCTPEUHBIX KYJIbTYp, Ha 20-€¢ y4eTHbIE CyT-
Kl HauOosee OPQPEKTUBHBIM TPOTHB CIEAYIONIMX TaroreHoB: Fusarium
graminearum BZR F-4, Microdochium nivale BZR F-5, Fusarium oxysporum BZR
F-6 u Fusarium sporotrichioides BZR F-40 ssmnsuics mramm Bacillus velezensis BZR
277.

B pe3ynbTaTe aHanuza XxpoMaTorpaMm o0pa3iioB ObLI CIeJaH BBIBOJI O MPUCYT-
CTBHM B OJTHJAICTATHBIX OKCTpakTax cynepHaranTtoB JKK Oakxrtepuit Bacillus
velezensis BZR 277 u Bacillus velezensis BZR 519 coenunennii GpeHOIBHOM TPUPO-
JIbI, & TAKXKE UKIMYECKUX JTUTOTETITH IOB.

Ha GuoaBTOrpamMMax BceX BapMaHTOB OMBITAa C TECT-KYyJIbTYpo# rpuba Fusari-
um oxysporum var. orthoceras BZR F-6 Oblii 0OHapy>KeHBI TOBOJIBHO 3HAYMTEIb-
HBIE 110 TUIOMIAN 30HbI HEUICHTU(UITMPOBAHHBIX AaHTUTPUOHBIX COSTMHEHUM.

Cnucok qureparypsbl:
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YK 631.461:631.445.24
BJIUSIHUE AI'POPUTOLNEHO30B MHOI'OJIETHUX TPAB HA MUKPO-
BNOM JEPHOBO-IIO30JIMCTOMU ITIOYBbI

Kapnosa Anuna KOpvesna, x. c.-x. H., doyenm Kageopsvl azpoxumuu, no4808e0eHUs
u xumuu @PI'EOY BO YoI'AY, alinap30@yandex.ru

Kaovuuesa Mapua Idyapoosna, mazucmpanm 2 Kypca azpoHOMU4ecKo2o ¢hakyib-
mema PI'6OY BO YoI'AY, mashabulda@mail.ru

Annomayusn: Ilpeocmagnenvl pe3yibmamsl usyyeHUs GIUAHUSL 8030€1bl8AHUL A2POPUMOYEHO308
MHO20IEMHUX TMPA8 HA OCHOBE TIOYEPHbL USMEHUUBOU HA MUKPOOUOM OePHOB0-NOO030IUCHION NOY-
évl. Haubonvuwas ypoorcaiinocms cyxoeo eewecmea 6 2023 2. nonyueHa 8 mpasocmecu aoyepHul ¢
nsi06enyem (6,13 m/ea), 6 2024 2. — 8 00H08U0060M nocege naosenya (7,00 m/za). boboso-31axosvie
mpagocmecu O1a20NPUAIMHO BIUAIOM HA MUKPOOUOM OepPHOB0-NOO30IUCTNOU HOYBHI.

Kniouesnvie cnosa: nonepHa U3MEHUNBAS;, TPABOCMECH; YPOKAMHOCTh; IEPHOBO-TIO30JIUCTAs M10Y-
Ba; MUKPOOHOM TTOYBBHI.

JlroniepHa, Kak npeacTaBuTeNb ceMmeiicTBa boOoBbIe, pacTET B cuMOMO3€e ¢ KITy-
OCHBKOBBIMHU OaKTEpUSIMH, 00JIaJAIOMIUMH BBICOKON CIIOCOOHOCTHIO K (DMKCAITMH aT-
Moc(epHoro azora. YUeHbIMH J0Ka3aHo [3], 4T0O KOMOMHUPOBAHHBIE TTOCEBHI 0000-
BBIX U MATIUKOBBIX TPaB MPOJJIEBAIOT MPOIYKTUBHOCTH arpo(UTOIEHO30B OTHOCH-
TEJIHLHO OJIHOBUJIOBBIX IMOCEBOB, TAK KaK B TPABOCMECSIX OMOJIOTHYECKU 3a(UKCHUPO-
BaHHBIA a30T mepeaaércsi oT 00OOBBIX KOMIOHEHTOB K MATIUKOBBIM. [10 maHHBIM
MHOTHX YUY€HBIX, MHOTOJIETHHE TPaBbl YIYUIIAIOT arpoQpu3nuecKre CBOWCTBA MOYBBI
U BEAYT K HAKOIUICHUIO OPTaHMYECKOr0 BEILECTBA, B PE3YJIbTAaTE YETO aKTUBU3UPY-
FOTCSl MUKPOOUOJIOTUYECKHUE TTPOIIECCHI B TTOUBE [5].

[lear wucciaenoBaHWii — M3y4YUTh M3MEHEHHE MHUKpOOHMOMa JE€PHOBO-
MO/A30JIUCTOM MOYBBI MO arpo(UTOIEHO3aMU MHOTOJIETHUX TpaB 4 U 5 Toja MoJib30-
BaHMUSI.

3a1aum uccieI0BaHNuN:

1. OmnpenenuTs KOPMOBYIO TPOJAYKTUBHOCTh arpo(PUTOIIEHO30B MHOTOJICTHUX
TpaB B 4 U 5 TOJIbI OJIb30BAHMUS.

2. BbISBUTH BIHMSHUE U3YYaeMBIX TPaBOCMECEH Ha KOJIMYECTBO MHUKpPOOpra-
HU3MOB B IOYBE.

Marepuassbl u Metoabl. MccnenoBanusi ObuTH MPOBEACHBI HA OMBITHOM II0OJIE
Y amyprckoro HUMCX — dunuana Yam®@UL] YpO PAH B 2023 [1] u 2024 r. B mo-

42


mailto:alinap30@yandex.ru
mailto:mashabulda@mail.ru

JIEBOM OTBITE, KOTOPBIMA BKJIIOYAET Pa3IMuHble KOMOMHAIIUKA 00OO0BBIX M MSATIMKOBBIX
TpaB. 32 OCHOBY TPaBOCMECE B35Ta JIIOLIEpHA U3MEHUYMBas copta Bukropus. Tpaso-
CMECHU BKJIFOYAIOT TaKUE€ TPAaBbl, KaK JIAJIBEHEL] porarblii copta COJHBIIIKO, 8 TaKXKe
MSITJIMKOBBIE TPaBbl — OBCSIHUIIA JIyroBasi copTa CBepasioBckas 37, KocTpel 0€30CThIi
copta CBepmioBckuit 38, dectymomuym copra BUK 90. [ToneBoil onbIT BKIIIOYAET
Bcero 9 BapnaHToB (Ta0iMIIa) B YETHIPEXKPATHON MOBTOPHOCTU C CUCTEMATHUYECKUM
PACIIONOKEHUEM JEISHOK. YUETHAS IIOMAAb JeISHKA Ha KopM — 10 M. Y6opka ar-
POUTOIIEHO30B MPOBOAMUIIACH JBa pa3a 3a BereTaiuio: B (pasze Havana 1[BETEHUS OC-
HOBHOTO KOMITOHEHTA — JIFOLEPHBI U3MEHYUBOM U B MEPBOM MOJIOBUHE aBrycTa. MHO-
rojieTHue TpaBbl ObuH TocesiHbI B 2019 1., B 2023 1 2024 usyyanuck 4-il u 5-i rojapl
M0JIb30BaHUS TPABOCTOEM.

Yyét MukpoOrnomMa NMpOBOAMIA MYTEM MMOCEBA TOUBEHHOW CYCIIEH3UU B pa3Be-
nenun 10° Ha IUIOTHEBIE MUTATENbHBIE Cpeabl o MeToay Koxa. UMCIEHHOCTH aMMO-
HADUIUPYIONTUX OaKTEPUil yUUTHIBAJIACh Ha MSCO-TICITOHHOM arape, aMUJIOJUTOKOB
— Ha KpaxMaJI0-aMMHAA4YHOM arape, MUKpOMHUIIETOB — Ha cpene Yamneka [2].

[ToneBbie McciienOBaHUs MPOBEAECHBI HA TEPPUTOPUU 3aABBSUIOBCKOTO paiioHa
Yamyprckoi Pecniyonuku. ['mpporepmuuecknii koaguuuent B 2023 r. cocTaBuiI
0,62 (3acynumuBbId BereTalluOHHBIN niepuof), a B 2024 r. — 1,2 (moctatouHoe yBIaX-
HeHue). ONbIT 3aJ105KEH Ha JEPHOBO-TIOJI30JMCTON CpeHeCYTIMHUCTON nouBe. [lpu
3aKJIa/IKE OMbITA MOYBA XAPAaKTEPU30BAIACH CIEIYIONIMMU MOKA3aTEeIIMH: COJIepKa-
HUe Tymyca Huzkoe (2,2%), oOMeHHast KUCIOTHOCTh HeuTpanbHas (pHker 6,13), cre-
MEeHb THIPOJIUTUYECKON KUCTOTHOCTU oueHb Huzkas (1,42 mmons/100 1), cymma mo-
TJIONIEHHBIX OCHOBaHMM cpenuss (12,96 mmons/100 1), comepskaHue MOABUKHOTO
dbocdopa no KupcanoBy odeHb Boicokoe (346 MI/KT), a TOABUKHOTO KaIus — Cpe/-
Hee (101 mr/kr). [louBenHble 00pa3ibl OTOUPATKUCH MTOCJIE BTOPOrO yKOca TpaB ¢ Mo-
MoIibio arpoxumudeckoro Oypa bOII-3. [lony4yeHnHbie JaHHBIE CTATUCTUYECKH 00pa-
0O0TaHbI METOJIOM JUCIIEPCUOHHOTO aHanu3a 1o Jlocmexosy.

Pe3yabTaThl HCCIeI0BaHUMA. YPOKANHOCTh CYXOM MacChl M3y4aeMBbIX arpo-
¢urtonieno3oB 3a 2023 u 2024 roapl UCCeIOBaHUN B CyMME 3a JiBa YKOca MpeJICTaB-
JieHa B TabiuLe.

Tabauma
YpoxkallHOCTh CYX0il Macchl MHOTOJIETHUX TpaB 4 u 5 I.Il. B CyMMe 32 JIBa yKOca, T/ra
Bapuart VYpoxkaiHOCTh CyXOl Macchl, T/Ta
2023 . 2024 r.
1. JIroniepHa (k) 5,75 6,88
2. JIanBeHels 4,80 7,00
3. JIroniepHa + JsiiBEHEI 6,13 6,68
4. JTroriepHa + KOCTpeIl 4,80 5,99
5. JIrouepHa + oBcsiHUIIA 5,50 5,61
6. JIroniepHa + decTynonuym 5,03 5,76
7. JIrouepHa + naaBeHen + KocTpel 5,13 5,91
8. JIrouepHa + nsiABEHEN + OBCAHULIA 4,33 5,61
9. JlrouepHa + nsaBeHen +QecTyaoanym 4,68 5,72
HPCos 0,52 0,49
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YPpOoKaHOCTh CyXOM MacChl TPABOCMECEM B YETBEPTHIM I'OJl MOJb30BAHUS B
CyMMe 3a JBa ykoca coctaBmia 4,34-6,13 1/ra, a B msTsiii rog — 5,61-7,00 1/ra.

B 2023 r. arpodutorieHO3b! TIOLEPHBI C JISABEHIIEM, a TAK)KE C OBCSHUIICH HE
o0ecneuniii yBEIMUCHUSI YPOKAaWHOCTU CYXOW MacChl OTHOCHTENBHO KOHTPOJS —
JIOLIEPHBI B OJTHOBHUIIOBOM ToceBe (5,75 1/ra). OcTtanpHbie arpo(HUTOIeHO3bI JOCTO-
BEPHO YMEHBIIUIU NPOAYKTUBHOCTH Ha 0,64-1,41 T/ra MO CpaBHEHUIO C KOHTPOJIEM
npu HCPgs = 0,52 T/ra.

B 2024 r. monydena 6oJiee BBICOKas YPOXKaMHOCTh CyXOW MaccChl TpaB, YeM B
2023 r. D70 CBA3aHO, B IEPBYIO OYEPEAD, ArPOMETEOPOJIOTHUECKUMU YCIOBUSIMU

OpHako He OJMH U3 BAPUAHTOB C MOJCEBOM TPaB CYIIECTBEHHO HE MOBBICHII
YpOXaWHOCTh CYXOM Macchl B CpPaBHEHMHM C OJHOBHJIOBBIM IIOCEBOM JIIOIIEPHBI.
HauGonbiryro yposkailHOCTh MOKa3aJid BapuaHThI JrolepHa (6,88 T1/ra), nsaBeHerl
(7,00 1/ra) u mouepHa + nsaaBeHen (6,68 1/ra). JIpyrue nsydaembie TpaBOCMECH 3Ha-
YUTENHbHO CHU3WIIM MPOAyKTHUBHOCTH Ha 0,89-1,27 T/ra OTHOCUTEIHLHO KOHTPOJIA IIpU
HCPgs = 0,49 1/ra.

MHoroneTHie TpaBbl B LIEJIOM OJIArONpHsITHO BO3IECUCTBYIOT HAa BCE CBOMCTBA
MIOYBBI, B TOM YHUCJIE HA €€ MUKPOOMOM, 33 CUET KOPHEBBIX BBIACICHUI U MOKHUBHO-
KOpHEBBIX OCTaTKOB. CoueTanne 0000BBIX TpaB C MITIUKOBBIMHU CIIOCOOCTBYET yBe-
Tu4eHuro yucna oaxkrepuii [4]. Ilpu MUKpOOHOIOrMYECKOM UCCIIEI0BAHUN UCTIONb30-
BAJIMCh Pa3HbI€ MUTATEIbHBIE CPEBI ISl BBISIBICHUSI OCHOBHBIX TPYIIIT MUKpOOHOMa
— aMMoHHU(uIMpyIoNUe OaKTepuu, aMWIOIUTUKU U MHUKpomuileThl. Ha Pucynke
Ipe/ICTaBlIeHa 00Iasi YUCIEHHOCTh BCEX M3YyYaeMbIX I'PYHI MHKPOOPTaHU3MOB IO
BapHUaHTaM 3a JiBa ToJa.
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Pucynok — BiusiHue arpo(uTo1ieH030B Ha KaUeCTBEHHBIN U KOJIMYECTBEHHBIH COCTaB MUKPOOpra-
Hu3MoB, MiTH KOE/r mouBbl

B menom mo ombiTy Ha 4 T.M. TPAaBOCMECSIMH B JEPHOBO-TIOI30JIMCTON MOYBE
Ha0J110/1aJT0Ch 0O0JIbIIAs YHCICHHOCTh MUKPOOPTaHU3MOB, yeM Ha 5 r.1m. OgHako pas-
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HUIIA 110 BapMaHTaM HaXxoAMTCA B npeaenax ommoOku onbita (Fpaa < Fos). Ha rucro-
rpaMMe 3aME€THa TEHAEHUUS K YBEIUYEHUIO YHCIEHHOCTH MUKPOOPraHu3mMoB B 2023
I. B BApMAHTaX C MHOTOKOMIIOHEHTHBIMH TPAaBOCMECSIMU — JIIOLIEpHA + JISIABEHEN +
3JIAKOBBIC TPaBhI (KOCTpely OBCSIHMITA/ (DECTYIIONMYM ); JIIOIIEPHA + KOCTPEII.

Bce uzyuaemblie rpymnmnbl MUKPOOPTaHU3MOB BaKHBI B TIOUBE, TaK KAK OTBEYAIOT
3a MUHEpaJIU3alHI0 OPTraHUYECKUX BEIIECTB, OCYILIECTBIISIIOT MUKPOOHOJOTMYECKHE
MIPOIIECCHl B KPYTOBOPOTaX a30Ta, pocdopa U Ipyrux JIEMEHTOB MUTAHUS PACTCHHM,
y4acTBYIOT B Ipoleccax rymycooOpazoBanus. KpoMe Toro, akTHHOMHUIIETHl U MUK-
POMMUIIETHI BBIPA0ATHIBAIOT aHTUOMOTHKHU, KOTOPbIE HETaTUBHO JCHCTBYIOT Ha IMAaTo-
T€HHbIE OPTaHU3MBI.

[Ipy MUKPOCKOITMYECKOM M3YYEHHH KYJIbTUBUPYEMBIX MUKPOOPTAHU3MOB Obl-
JU ONpeNeNieHbl CIEIYIOUIUe: Cpeau MajJOYKOBHIHBIX OakTepuil HamboJiee 4acTo
BcTpeuanuch npeacrasurenn poaos Bacillus, Clostridium, Pseudomonas; cpeau ak-
THHOMHIIETOB — Streptomyces, Mycobactrerium; cpenu mukpomuiieroB — Aspergillus,
Penicillium. Taxxe Ha cpene Yamneka BCTpedaIrch MOYBEHHBIE IPOAIKH.

BeiBoabl. Takum 00pa3oM, NPOAYKTUBHOCTH CyXOM MaccChl TPaBOCMECEH B
4eTBEPTHIN T0J] MOJL30BaHUS B CyMME 3a JiBa ykoca coctaBuia 4,34-6,13 1/ra, a B
mAThIN Toa — 5,61-7,00 T/Ta. B 2023 1. 1ByX- B TPEXKOMIIOHEHTHBIC arpO(UTOIEHO3BI
JIOCTOBEPHO YMEHBIIWIA MPOAYKTUBHOCTh Ha 0,64-1,41 T/ra mo cpaBHEHUIO C KOH-
tposiem nipu HCPgs = 0,52 1/ra, a HanboJibias ypoXKaiHOCTh MOJIyYeHa MPU coueTa-
HUU JIIOLIEPHBI ¢ JisiaBeHIieM. B 2024 r. HanbobInas ypokaitHOCTh CyX0i Macchl Obl-
J1a TIOJTy4€Ha ¢ OJIHOBUJIOBBIX ITOCEBOB JIIOLIEPHBI U JsiABeHna (6,68-7,00 T/ra).

TpaBocMecu 0000BO-MSATIUKOBBIX KYJIbTYp MPHU JTUTEILHOM HCIOJIb30BAaHUU
CHOCOOCTBYIOT POCTY UMCJICHHOCTH aKTUBHBIX T'PYNI MHUKPOOPTaHU3MOB B JIEPHOBO-
MOA30JINCTOM TTOYBE OTHOCUTEIIBHO OJTHOBHUJIOBBIX IIOCEBOB TPAB.
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CPABHUTEJIbHBII AHAJIN3 MHBEPTA3HOI AKTUBHOCTH
AMWJIOJUTHYECKUX MUKPOOPTAHU3MOB B JIEPHOBO-
MO/30JJUCTOM MOYBE IMPU BBIPAIIUBAHUU O3UMBbIX U ITPO-
MAIIHBIX KYJbTYP BECCMEHHO U B CEBOOBOPOTE

Ko3znoe Anopeit Bhaoumupoeuu, 0.0.1., ooyenm, 3agedyiowuii Kageopoi MuKpo-
ouonoecuu u ummynonoeuu PI'bOY BO PI'AY-MCXA umenu K.A. Tumupssesa,
a_v_kozlov@mail.ru

Kopoicoe Hean Bradumuposuu, acnupanm emopozo 200a 00yuenus Kagheopvl Mux-
poouonoeuu u ummynonoeuu PI'bOY BO PI'AY-MCXA umenu K.A, Tumupszesa,
ivan_korzhov@mail.ru

JTrookesuu Dedop Braoumuposuu, cmyoenm 4 xypca Hncmumyma acpobuomexmo-
noeuu, @IBOY BO PIAY-MCXA  umenu KA.  Tumupsszesa, fedor-
lyubkevich@gmail.com

Jlyounkun Huxkuma Anopeeeuu, cmyoenm 3 kypca Uncmumyma azpoouomexuono-
euu, DIHFOY BO PIAY-MCXA umenu KA. Tumupszesa, dubinkinni-
kita758@gmail.com

Anuna /lapva Anexkcandposna, cmyoeum 3 Kypca Mncmumyma acpobuomexmono-
euu, @I'6OY BO PI'AY-MCXA umenu K.A. Tumupsizesa, dariaalina056@gmail.com

Annomayusn: [Ipoananuzuposano enusHue cnocobos 8030e1bl8anus Kyaibmyp — 6eccMenHas:
KYIbmypa u noo ce60000pomom Ha (hepMeHmamusHble RPOYECChl, C8A3AHHbIE C YUKIOM Yenepood,
nymem u3yueHusi (pepMeHmamueHol aKmueHOCMU UHBEPMA3bL 8 O0ePHOBO-NOO030JUCTBIX NOUBAX
Jnumenvrozo nonegoeo onvim PI'AY-MCXA umenu K.A. Tumupszesa. Onpeoensnacoy akmueHocms
(hepmenmos Ha y4acmkax ¢ nocesamu O3UMOU NUEHUYbL, HA YHACMKAX ¢ nocesamu Kapmogens, a
makoice Ha KoHmponvHom yuacmke. OOpazyvi omoOupanucy 8 08YKpamHoM NOGMOPEHUU BeCHOU
2023 2o00a.

Knrouesvie cnosa: MOHOKYIJIbTYpA, CeBOO60pOT, (I)epMCHTaTI/IBHa}I AKTUBHOCTH, UHBEPTA34,
ACPHOBO-TIOA30JIUCTAsA ITOYBA.

depMeHTaTHUBHAS aKTUBHOCTH MHOTOMPO(HIIbHAS XapaKkTepucTrka mous. [lod-
BEHHBI MUKPOOMOM — 3TO Ba)KHEHWIIAsi COCTABJISIONIAS MMOYBBI, KAK OMOJIOTHYECKOM
CUCTEMBI. bOTa MOYBHI SIBISIETCS BAXKHBIM KOMIIOHEHTOM KPYTOBOPOTa MHOTUX OHO-
TEHHBIX 3JIEMEHTOB HalllEH IJIAHETHI: a30Ta, yriiepoaa u Ap. MUKpoOpraHu3Mbl, Kak U
IpyTye KWBbIE OPraHU3MbI PEArupyrOT HAa M3MEHEHHs B OKpyxaromiei cpene. Ilo-
ATOMY, aKTUBHOCTb MOYBEHHBIX MUKPOOPTaHU3MOB MOXKET SIBJISITHCS CBOCOOPA3HBIM
WHJIUKATOPOM OOIIero coctosiHus mouBbl. Kak HamOosee ajeKBaTHO OTPaKarolIuil
W3MEHEHHM CBOMCTB MOYB 3TOT MOKAa3aTeNb YCIEITHO MPUMEHSIETCS P MOHUTOPHUH-
re JMHAMHUKHU MOYB B YCIIOBUSI €CTECTBEHHO-3BOJIOLIMOHHOTO Pa3BUTHS U B pe3yJIbTa-
T€ aHTPOIIOT'€HHBIX (arpOT€HHBIX U TEXHOTEHHBIX) TPaHCHOpPMaLIUK.

depMeHTbl — OMOJIOTUYECKHE KATaIM3aTOPhl, KOTOPhIE CUHTE3UPYIOTCS KUBbI-
MU OpPTaHW3MaMU M UCIIOJB3YIOTCS UMH JUIsI OCYIIECTBICHUS OMOXUMHUYECKUX TIpe-
BpaIlleHUI B CBOMX Ooprann3Max u BHe uX. [louBa siBrisercs Hanboee pasHOOOpa3HO
Cpeoii Mo HaMU4YuIo (epMEHTOB. DTO CBA3AHO C TEM, YTO B MTOUBE NMPE00IaaaET YUC-
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JI0 MUKPOOPTraHW3MOB, MPOU3BOASIINX OMosornueckue katanuzatopbl. Ho, ¢pepmen-
Thl B MIOYBE CHHTE3UPYIOT HE TOJBKO MUKPOOPraHU3MBbI, TAKKE IMOYBEHHBIE KUBOT-
HbIE U pacTeHHil. Bce BMecTe OHM COCTaBISAIOT (PEPMEHTATUBHYIO aKTUBHOCTH MOY-
BEI.

®depMeHTHI MOYBBI UTPAIOT BAXKHYIO POJIb B OMOXUMHUYECKHX MPOIIeccax, MOTO-
My YTO OHH KaTaJdU3UPYIOT MHOXKECTBO PEAKUMI MMOYBEHHOTO LHMKIA. [{UKibl yrie-
pona, azota, pocopa — BO MHOTUX peakmusIX MPUHUMAIOT ydacTue (HepMeHThI. AK-
TUBHOCTb (JEPMEHTOB MOYBBI MOXKET SIBJSATHCS MHIUKATOPOB COCTOSIHHSI M KauecTBa
MOYBBI, €€ YCTOWYMBOCTU. CTOUT OTMETHUTD, YTO JIFOObIE BMEIIATEIHCTBA B OMOJIOT U-
YECKHE MPOLIECChI, KOTOPbIE TPOUCXOAT B MOYBE, HApUMEp 00padOTKa MOYBHI WIIH
BHECEHUE YAOOpPEHM, BBI3BIBACT OTKJIMK Yy MOYBEHHON OHOTHI. M3 3TOTO Clienyer,
YTO TAaKOW IMOKa3aTelsb, Kak (hepMEHTAaTUBHAsI aKTUBHOCTh, JOCTATOYHO OBICTPO pea-
TUpyeT Ha U3BMEHEHHE COCTOSTHUS TTOYBBHI.

Jpyras BaxxHasi poyib (PEpPMEHTOB 3aKIIOYACTCSI B YCKOPEHUH pa3pyLIeHUs Op-
raHUYECKOT0 BEIIECTBA MOYBBI M CUHTE3a BTOPUYHOIrO, a TaKKe 00OralleHue Mo4BbI
OMOTrE€HHBIMM 3JIEMEHTaMU U TyMycoM. Takum o0pa3oMm, BUAHO, UTO (PEPMEHTHI, BbI-
JesieMbIe TIOYBEHHBIMH MHKPOOPTaHW3MaMHU W JKWBOTHBIMH, UTPAIOT BAKHEHIITYIO
OMOXMMHUYECKYIO POJIb B KPYTOBOPOTE BEIIECTB B IPUPOJIE.

Jlns ucciienoBaHus, OMMCHIBAEMOTO B JAHHOW padote, ObLI BbIOpaH (hepMEHT,
KOTOPBIM YYacCTBYET B YCKOPEHUM pEaKIUil LMKJa yriiepoaa B mouBe. Tak Kak yrie-
POJl — DJIEMEHT, SBJSIOINKCI OCHOBOM 11 MHOTMX BELIECTB IOYBBI, TO LUKJI yIje-
poJia BIUsieT Ha OOJBIIMHCTBO OMOJOTMYECKHUX IPOLIECCOB, KOTOPbIE NMPOUCXOIAT B
nouse. ['maBHBIM 00pa3oM, pas3ioKEHHE OpPraHMYECKOro BelIECTBA. AKTHUBHOCTH
(dbepMeHTa UHBEPTA3bl MOKET OBITh MHTEPIIPETUPOBAHA KaK UHIAUKATOP UHTEHCHUBHO-
CTH IPOLIECCOB MUHEPAIN3ALUN OPraHUYECKOTO BEIECTBA ITOYBBI.

depMeHT WHBEpPTa3a OTHOCHUTCS K KJIACCy TVIMKO3Wa3 U UTPAET BAXKHYIO POJIb
B Pa3JIMYHbIX OMOJIOTMYECKUX MPOLIeccax, BKIOYas THIPOJIU3 JUCAXapUI0B U MOJIU-
caxapuJ0B. HBepTa3za CBA3BIBAETCS C MOJIEKYJION caxapo3bl U Pa3pbIBAET TIIUKO3MU /-
HYIO CBSI3b MEXIY IIIOKO30M U (DpYyKTO30H, UTO IPUBOAUT K 0Opa30BaHUIO CBOOO/I-
HBIX MOHOCAaxapHJI0oB. DTOT Mpouecc TpedyeT Haluyus BOAbl (TMApOJK3). AKTHB-
HOCTh MHBEPTAa3bl 3aBUCUT OT Pa3JIMUHBIX (pakTOpoB, BKiIo4as pH, remmneparypy u
KOHLIEHTpauuto cyocrpata. OnTUMallbHbIE YCIOBUS MOTYT BApbUPOBATHCSA B 3aBUCH-
MOCTHU OT UCTOUYHHUKA PepmMeHTa.

OOBbeKTaMU HCCIIEIOBAHUS CIYKIJIM 00pa3iibl MOYBbI, OTOOPAHHBIE C OTMBITHO-
ro noss JnurensHoro mojieBoro ombita PTAY-MCXA uMm. K.A. Tumupszesa. C
OTBITHBIX TIOJIeH 00pasisl mouBsl oTOUpanu corsacHo 'OCT P 58595-2019. Toueu-
Hble MPoObI oTOupach 0ypom. OToOpaHHbIE O0BEAMHEHHBIC TTPOOBI MOMEIIAIN B
[IAKeTbl BMECTE€ ¢ OJTUKeTKOM. IlouBa  ONBITHOrO  yd4acTKa: JIEpHOBO-
cmabomnom3onucTas, craponaxorHas (6omee 200 net mop maimrHei), OT MPUPOJIBI KUC-
Jasi ¥ 3arTbIBAIOIIAS.

JIepHOBO-TIOI30JIMCThIE MOYBBI UMEIOT KUCIYIO PEAKIUIO M0 BCEMY MPOQUIIIO,
BBICOKYIO (20-70%) HeHachIIEHHOCTh OCHOBaHUAMH. Copep:kaHue rymyca MOXKET
nocturath 7-9%, HO maJieHUe ero CoJep KaHusl ¢ TITyOMHON OYeHb pe3Koe, a B COCTa-
Be TIyMmyca npeoOnanaroT (QyabBOKHUCIOTH. BepxHue TroOpH30HTBI JEPHOBO-
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MOJI30JIUCTHIX MOYB OOEAHEHBI MOJYTOPHBIMH OKHUCIAaMH W OOOTalleHbl KpeMHe3e-
MOM.

PesynpTaTel. B paboTe ObITM TpoaHaIM3UPOBAHBI OOpA3Ibl C HECKOJIBKUX
ONBITHBIX TToJied JmurensHoro mojeBoro omeita PTAY-MCXA uvmenn K. A. Tumu-
psizeBa:

O3uMast poxKb: MOHOKYJIBTYpa U B CEBOOOOPOTE;

KapTtodens: MOHOKYIBTYpa U B CEBOOOOPOTE.

[IpoBenst pacdeTbl, MOKHO BBISIBUTH HEKOTOphIE 3aKOHOMepHOCTH. Jlanee Oy-
YT UCIIOB30BATHCS €IMHUIIBI U3MEPEHUSI MHBEPTA3bl IOYBHI — MT TJIFOKO3bI/T/24 4.

B BapuaHTax ¢ 0€CCMEHHBIM BBIPAIIMBAHUEM MOKHO BBIICITUTH CIIEIYIOUINE
U3MEHEHUs. B BapuaHTe ¢ 03UMOM pOXKbIO B BAPUAHTE C MUHUMAIIbHBIM COJICp/KaHU-
€M a30Ta MO>XHO 3aMETUTh MOBBIIIEHUE UHBEPTA3HOM aKTUBHOCTH 10 27,25. DTO AB-
JSIeTCS CYUIECTBEHHBIM OTJIMUMEM OT KoHTpoiisa (14,35). B BapuaHTe ¢ MOJHBIM
HabopoMm MuHepanbHbix yaoOpenuil (NPK) u nobaBnenuem opranuudeckux yaoOpe-
HUW HaAOJIIOANIach CYIIECTBEHHAs MpuOaBKa B MHBEPTA3HOW aKTHUBHOCTH 10 33,62.
Bwmecte ¢ 3TuM, B aHaJIOTUYHBIX BapuaHTax IMoJ KapTodenem BbIASTUIN CIEAYIOIICE.
BapuaHT ¢ MUHUMAaJIBHBIM COJIEp)KaHUEM yIOOpeHuil nmokaszai 3HaueHus 18,37, uto
CYIIIECTBEHHO MeHbIe KOHTpoJis (44,81). BapuaHT ¢ MOJHBIM BHECEHHEM MHUHEPATh-
HBbIX U OpraHu4ecKkux yaoOpeHuil nokazan 48,10, 4To HEHAMHOTO MPEBBIIIAET MMOKa-
3aTeNIM BapuaHTa-KOHTPOJIS.

B BapumanTax moja ceBOOOOpPOTOM MOKHO ObLIIO HaOI0/IaTh WHYIO KapTHHY.
[Tox o3uMol pOXbIO BapUaHT ¢ MUHUMAJIbHBIM BHECEHHEM MHUHEPAIbHBIX yA0Ope-
HUM M BapUaHT C BHECEHHWEM IOJHOIO KOMILJIEKCA MUHEPAJIbHBIX M OPraHUYECKUX
yI0OpeHn OKa3ajauch OJM3KUMU 10 3HadeHusM — 18,85 u 18,83 cOOTBETCTBEHHO.
JlaHHbIe 3HAYEHUSI CYIIECTBEHHO MPEBBINIAIOT MTOKa3aTe Il KOHTpouis (7,62).

B Bapuanrtax c kapTodenem moj; ceBOOOOPOTOM BCE TPHU MOKA3ATENS OKa3aIUCh
OJIM3KUMU 1O 3HAYEHHIO. B BapuaHTe ¢ MUHUMAJIbHBIM BHECEHUEM MHUHEPaTbHBIX
yaoOpeHuil onpeaenii UHBEPTa3HYI0 aKTUBHOCTh Ha YpoBHE 6,35, Torja Kak B Ba-
pHAHTE C MOJHBIM KOMIUIEKTOM MUHEPAIbHBIX U OPTaHUYECKUX yIOOpEHUN 3HAUCHUS
nocturiu 7,10. JlaHHble 3HaU€HUSI HECUIIBHO OTKJIOHSIOTCS OT KOHTpoJis (5,31).

MoxHO caenaTh BbIBOJ, YTO BHECEHHUE MOJHOIO KOMIUIEKTa YI00peHuil Oia-
TOMPUSITHO BIUSIET HA Pa3BUTHE NMOUYBEHHONW MUKPOOUOTHI U CTUMYJIMPYET €€ aKTHB-
HocTb. Clie1oBaTeNIbHO, MOKa3aTeu (PepMEHTATUBHON aKTUBHOCTH MOBBIIIAIOTCS.

CpaBHMIIM TOKa3aTEIM WHBEPTA3HOM aKTUBHOCTH MPH PAa3HBIX CIIOCOOaX BO3-
JIeBIBaHMSI, HO TIPU OJIMHAKOBBIX BapHMaHTaxX BHECEHMs ynoOpeHwuii. B Bapuantax c
03UMOM POXKbI0O C MUHUMAJIbHBIM BHECEHHEM YJ0OpEHUI MOKa3aTesd Mpu OeccMeH-
HOM BO3JIEJIBIBAaHUM AOCTUTIH 27,25, Toraa Kak moja ceBooodopoTom 18,85. B Bapuan-
Tax C TMOJIHBIM KOMIUIEKTOM YAOOPEHHI MOJ MOHOKYJIBTYPOW 3HAYEHUS Ha YPOBHE
33,62, Toraa Kak 1o ceB0oOOpPOTOM OHHU cocTaBlisioT 18,83.

AHaJloru4yHas CuTyalys HaOJIo/1ajnach B BapuaHTax ¢ kaptodesneM. B Bapuan-
Tax ¢ MUHUMaJIbHBIM BHECEHUEM YJIOOpEHUH Mpu OECCMEHHOM BO3/E/IbIBAHUU MOKa-
3aTeNb J0CTUT oTMeTKu 18,37, Torma xak moj ceBoobopoToMm 6,35. B BapuaHTax c
MOJTHBIM KOMILJIEKTOM YAOOpEeHHUM Mpu OECCMEHHOM BO3JEIBIBAHUM TOJYUHIICS pe-
3yiabTaT Ha ypoBHe 48,10, Torga Kak moj ceBOOOOPOTOM pe3yjbTaThl OBLIM Ha
ypoBae 7,10.

48



Takum 00pa3oM, MOKHO CIENATh BBIBOJ, YTO BO3/IEJIbIBAHUE KYJIBTYpP MOJI Ce-
BOOOOPOTOM CHUKAET YPOBEHb MHBEPTA3HON aKTUBHOCTH TMTOYBHI.

Cnucok JuTepaTypbl:

1. Marna E.B., Ma3upo M.A., 3unuenko M.K. AKTUBHOCTh KaTajia3bl U HH-
BepTa3bl MPU Pa3TUUHON MHTEHCUBHOCTH MEXaHM4YecKoil oOpaboTku moussl // Bia-
mumupckuit semutenenet. 2022. Ne2. C. 24-30.

VJIK 631.4
TEHJAEHIIUYA U3MEHEHUS BA3AJIBHOTO JIBIXAHUSA
[MOYBBI [TPU BBIPAILIMBAHUU [TPOMALITHBIX KYJIb-
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Annomayua: B cmamve paccmampusaromes usmenenus 6a3anbHo20 ObIXAHUSA NOYGbL NPU bIPA-
WUBAHULU NPONAUIHBIX KVILIMYP U MPAB 8 YCI0BUAX OP2AHULECKOU cucmembl 3emaedenus. Hccnedo-
8aHue BbINOIHEHO C UCNONb30BAHUEM MEMOOd OnpedeieHus NOMeHYUAIbHO20 ObIXAHUSL NOYEbl NO
Lancmsany. Pe3yniomamsi nokaswléarm meHOeHYuu UsMeHeHus ObiXxamenbHol aKmueHOCMU NOY8bl
nOO Pa3TUYHBIMU CENbCKOXO3AUCMEEHHBIMU KYIbMYPAMU NPU HATUYUU U OMCYMCMEUU NpUMeHe-
HUsl Op2aHU4eCcKUx y00OpeHull.

Knroueewie cnoea: 6azanpHoe ABIXaHHUEC, OPTraHUYICCKOC 3CMIICIACIINC.

Brinenenne CO: mouBOM CUMTAETCS MPU3HAHHBIM MHTETPAJIbHBIM MOKa3aTe-
JeM OUOJIOTUYECKON aKTMBHOCTH, CKOPOCTH MPEeOoOpa3OBaHUSI W YPOBHS Pa3BUTHUS
MHUKpoopranu3MoB. [lokazarenb AbIXaHUS MOYBBI ITUPOKO MPUMEHSIETCS KaK WHIHU-
KaTop BO3JACHCTBUSA MECTULIMAOB, THKENBIX METAIOB U IPYTUX BPEIHBIX BEIIECTB,
9TO MPUAAET ITOMY ITOKA3aTelt0 0COOYI0 BaXKHOCTh B OPTaHUYECKOM 3€MIIC/ICIINH,
I7Ie 3aIpeIieHO UCIIOIb30BaHNe XMMUYSCKUX CPEACTB 3alllUThl PACTCHUN U HE0OXO-
TUMO n30erath OJM30CTH K MCTOYHUKAM 3arps3HeHus. [1].

[{enbro paboTHI OBLIO cpaBHEHHE 0A3aTBLHOTO JBIXaHUS 00pa3IOB MTOYBHI, B3S-
TBIX C 7 Pa3IUYHBIX MOJIEW OPTraHUYECKOrO XO35KMCTBA, HA KOTOPBIX HAXOJMWJIHUCH:
KYKypy3a, KapTodeb, JIIolepHa, 3aHsAThIE Taphl.

OO0BekThl U MeTobl: B utosie 2024 roga ObUIM 0TOOpaHBI 00pa3lbl JEPHOBO-
noazonucto nmousbl ¢ 7 monerr OOO “LlynsruHo” B BosioKOJIaMCKOM paiioHe
MockoBckoi o6actu. C Kaxaoro moJist Obio 0ToOpano mo 4 HeOOoJIBIINUX o0pa3iia
13 BEPXHEro ropyu30HTa MOYBKI. JJIsl ompeiesieHus MoKa3aTesie NCIoIb30BajICs Me-
TOJI OTIpeIeNICHUsI MOTCHIIUAIBLHOTO JIbIXaHUs MTOYBKI MO ["ancTsHy.
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CymiecTByeT HECKOIbKO UCTOYHUKOB BhiJieneHus: CO;2 B MoUBE: MUKPOOHOJIO-
TUYECKOE JbIXaHHE, JbIXaHUE KOPHEH pacTeHWl, XUMHUYECKHUE MPOLECChl U Ppa3io-
KEHHUE OPTraHMYECKOro BEIecTBa [2].

OCHOBHBIMM MCTOYHHMKAMH TOYBEHHOTO JBIXaHUS U3 BBINICTIEPEUUCICHHOTO
CIIMCKA SIBJISIIOTCS JIbIXaHUE KOPHEUW pacTeHUN U MUKPOOPTaHU3MOB MOYBKI. OcTalnb-
HbIE€ UCTOYHUKHU JIBIXaHUSI UMEIOT 3HAYUTEIHHO MEHBIIYIO POJIb.

JIpIxaHne MUKPOOPTaHU3MOB TIOJpa3eisseTcsl Ha AbIXxaHue pu3ochepHbIX (u
PHU30IIAHOBBIX) MUKPOOPTAaHU3MOB, NEepepadaThIBAIONINX KOPHEBHIE BBIJEICHUA, U
JIbIXaHHUE COOCTBEHHO MOYBEHHBIX MUKPOOPTaHU3MOB, HE OTHOCSIIUXCS K pu3ocde-
pe, KOTOpbIE pasjlaratoT rymyc, paCTUTEIbHbIE OCTATKH U MUHEPAJIbHBIE KOMIIOHEH-
ThI HOYBHI [ 1].

Meton ompeneneHus MOTEHIMAIBHOTO AbIXaHus 1o [ancTsHy yaoOeH TeM,
YTO MO3BOJISET JIETKO MCCIIEIOBATh OTOOpaHHbIE 00pa3libl MOYBbI U, B IEPBYIO OYe-
pelb, TOMOTAET CPABHUTD JIEATEIIbHOCTh TOUBEHHBIX MUKPOOPTaHU3MOB.

3HadYeHWs] MHTCHCUBHOCTH JBIXaHUS TMOYBBI [| MOMydnIuCh OMUM3KAMH IS
BCEX BapuaHTOB. MUHHMMalIbHOE 3HAUYEHHE OKAa3aJoCh Y BapHaHTa C KYKypy30uh —
14,36 mr CO2/10 r. aGCOMOTHO-CYXOH TMOYBKI/24 Yaca, MaKCUMaJIbHOE 3HAYCHUE
OKa3ajoCh Ha MoJie ¢ MHOToJeTHel rouepHoi — 16,10 mr CO2/10 r. abcomoTHO-
Cyxo# nmouBbl/24 yaca.

B nByx BapuaHTax KyKypy3bl Ha criioc 0€3 HaBO3a U BMECTE€ C HUM HauOOJb-
U CpeHUM MoKa3aTeiab OKa3ajcsi y BapuaHTa C MPUMEHEHHUEM OPTraHUYECKUX
ynoopenuii. B BapuanTe 6e3 BHECEHUS OpraHUYECKUX yIOOPEHUI 3HAUYCHUS WHTEH-
CUBHOCTH JIbIXaHHs BapbHpoBanuch ot 13,66 mo 14,77 mr CO2/10 r. aGcostoTHO-
cyxoi mouBbl/24 yaca. Y BapuaHTa ¢ IPUMEHEHUEM OPTaHUYECKUX YJI0OpEHU 3TOT
IOKa3aTeb U3MEHsJIcd B 3HaueHusX oT 14,26 no 15,22 mr CO,/10 r. abcoroTHO-
CyXoH 1mouBbl/24 daca.

B nByx BapuaHTax Ha Kaptodene, oJHAKO, Takas 3aKOHOMEPHOCTh HE TpO-
JOJDKUJIACh U B BapuaHTe 0€3 MPUMEHEHHUs OpPraHUYeCKUX yAOOpEeHUM Mokazarelb
JILIXaHUS TTOYBBI OKa3aJics BbIIIE, HO HEe CIbHO — 15,29 npotus 15,21 mr CO2/10 T.
aOCOJIOTHO-CYXOM TOuBbI/24 4aca y BapuaHTa C NPUMEHEHHEM OpraHUYeCKUX
yA0OpeHui.
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KykypyszaHa HKykypysaHa HKaptodens+  HKaptodenb MapuucTelt  /ouepHa 3+ Tap 3aHATLINA
CUNOC + HaBO3 cunoc Haeo3 roaa
Pucynok. UnTeHcuBHOCTD AbixaHus mouBbl, M CO/10 r. abconoTHO-CyXou
MOuBKI/24 yaca

Haubonpimuit cpeaHuilt mokaszaTesb OKa3ajcs y BapUaHTOB C JIIOLIEPHOU U 3a-
HATBIM TTapoM — 16,10 u 15,82 mr CO/10 r. abconoTHO-CYyX0# nouBbl/24 yaca co-
OoTBeTCTBEHHO. Ha 000MX BapWaHTax BEeTreTallMOHHBIN MEPHOJT Y KYJIbTYp ObLIT OoJiee
MIPOJIOJDKATEILHBIM, YeM Y KYKYPY3bl ¢ KapTodeseM, KOTOPhIE OBLITN TMOCESIHBI U T10-
Ca)kKeHBI B T0J1 0TOOpa MOYBEHHBIX 00PA3IIOB.

Cnucok Jqureparypsbl:

1. MeTonbl TIOYBEHHOW MHMKPOOMOJIOTMM M DH3UMOJIOTHHM B HKOCHCTEMHBIX
MCCJIEIOBaHMIX: yueOHO-MeToiueckoe nmocooue st By3oB / A.B. Ko3znos. — M.:
[Tnonpopoaue, 2023. — 152 c.

2. Schlesinger, W. H., Andrews, J. A. Soil Respiration and the Global Carbon
Cycle // Biogeochemistry. 2000. T. 48, Ne 1. C. 7-20.

YK 631.5:633.854.78
Munepaa onmoput (MgCl226H20) siByisieTcsi HCTOYHMKOM BbICOKHMIA YPO-
’KaeB MOJACOTHEYHUKA

A.3. IaasszoBa

A.O. AnnaeBa npenofoBaTesb Kadeapbl arpOXUMUS U TOYBOBEICHUH TyPKMEHCKUI
CEJIbCKOXO3SIMCTBEHHBIM NHCTUTYT

/. TaiuibieBa, cTy1eHT 2 Kypca, TYpKMEHCKHI CETbCKOXO03iCTBEHHBI NHCTUTYT
JI. XynaiidepabieBa, cTyaeHT 3 Kypca, TypKMEHCKHM CEIbCKOXO3iCTBEHHbBIN
WHCTUTYT
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Annomayus. B Hayunvlx ucciedo8anusix, nposeoeHHvlx 8 TYPKMEeHCKOM CelbCKOXO3SAUCEEHHOM
uHCmumyme, Ha HAy4HOU OCHOB€ U3YYEHO GIUAHUE MUHEPATIbHO20 800HO20 pacmeopa buuioguma
HA YpoJICauHOCMb U NoKazameib MACAIHUCmocmu 2ubpuoa nooconneunuxa « Canaykay.
HUccnedosanus nposoounuce 6 noievlx YCio8UsX HA YMEPEeHHO 3ACONIeHHbIX noysax. I omosuiu
2,0%, 4,0% u 6,0% 600HbILI pacmeop muHepanros ouwoguma niomuocmvio 1,30-1,32 m/m3 u
obpabamvleanyu 3mMum pacmeopom cemeHd NOOCOIHeYHUKA neped Nocaokou. /s cpasHenus 8
ONBIMHOM 8APUAHNE MAKICE BbICANCUBANIU PACCAY, He 00PAbOMAHHYIO KAKUM-TUO0 NPenapamom.

Kntouegvle cnoea: moncOoNHEUHUK, OWMIOGUTHBIN MuUHEpada, THOpPUA CaHIIyKa, KOpP3UHKa
II0JICOJIHEYHHKA, YPOXKANHOCTb.

Beedenue.Y noOpeHusi UTrpalOT BaXXHYIO pOJb B BbIPAIIMBAHUU 3]I0POBBIX
PacTEHHII B CEIIBCKOM XO3AKMCTBE. Pe3ynbTaTbl MHOTOYHCIICHHBIX HCCIEIOBaHUM,
IOPOBEACHHBIX K HACTOSIIEMY BPEMEHH, IMOATBEPKIAIOT, YTO MCIOJIb30BAHHE
OpraHUYeCcKUX yJIOOpEeHU B COUETAHUU C MUHEPAJbHBIMU JA€T JIyYIlIUe pe3yIbTaThl.
B cenbCckOM  XO3SICTBE  MOJCOJHEYHHUK, OTJIMYAIOUIMHCA  MPOU3BOACTBOM
BBICOKOKaYECTBEHHOT'O Maciia, TAKKEe UMEET BBICOKYIO TOTPEOHOCTh B OPraHUYECKUX
1 HEOPTaHUYECKUX YAOOPEHUSIX.

OmHuM U3 OCHOBHBIX TpEeOOBaHWU TPU BbIPALIMBAHUU TOJICOTHECYHUKA B
MMOYBEHHO-TIOTOJIHBIX YCIOBUAX TypKMEHUCTaHA SIBJISACTCS MPABWIHLHOE U TIOJIHOE
YCTaHOBJIEHUE ero pexuMa yA0OpEHUI. [Toxconneunnk CUHTAECTCs
(UTOMENNOPAHTHOM  KyJbTypOH, CHOCOOHOM  mpou3pacTaTh Ha  IOYBax
Jlamory3ckoro BenmasAta TypKMEHHCTaHa C pa3sHbIM YPOBHEM 3aCOJICHHS U JAaBaTh
oOunpHble ypokan. [lo 3TOM mnpuuMHE B IENSIX CHUIKEHHUS 3aCOJICHHsS TIOYB H
MPENOTBPAIICHUS BTOPUYHOIO 3aCOJICHUSI TTOYB HAJIA)KE€H MOCEB IMOJCOJHEYHUKA U
COJICYCTOMYUBBIX KYJIbTYp KOPMOBBIX KYJIbTYD.

B TypkmMeHCKOM CEIbCKOXO3IMCTBEHHOM HWHCTUTYTE, PACIIOJIO)KEHHOM B
Jamory3ckoM Benasite TypKMEHUCTaHa, MPOBOJATCS pPa3JIMYHbIE BUAbl HAYYHO-
HCCIIeIOBATENIbCKON  paboThl B 3ToM oOnactu. MHBIMH clloBaMH, BIIMSIHUE
OpraHuYecKux yAoOpeHUI Ha MOBBIIICHUE YPOKAHHOCTHU MOJICOTHEYHUKA, OCOOCHHO
Ha TOBBIIICHUE €r0 MAaCIUYHOCTH, TIIATEILHO U3Yy4aeTCs HA HAYYHOM OCHOBE IMyTeM
PETYJISPHBIX MOJIEBBIX SKCIIEPUMEHTOB.

Hapsany ¢ MuHepaJibHBIMU YJOOPEHUSIMU MHUKPOIJIEMEHTHl CUUTAIOTCS
HE3aMEHUMBIMHU  yJOoOpeHusiMu  JiJisi  pacteHuil. CerogHs coib  Oumodura,
cojieprKailiasi XJIOpU MarHus, TaKKe IIUPOKO MPUMEHSIETCS B CEIbLCKOM XO3SUCTBE.
Munepan buiiut — MuHEpal1, OTHOCSIIMICS K KJIACCy TAJIOT€HUIOB U COAECPKAIIHIA
B cBoeM coctaBe coyib xyopuaa maraus (MgCl,*6H,0). Munepan Oummodur B
HACTOSIIIEE BPEeMsI IIUPOKO HCIIONB3YETCS B KAYECTBE CHIPhS B PA3IUYHBIX 00JIACTIX
MEIUIINHBI,  METAJUIypTHH, MOPOMBIIUIEHHOCTH,  CEIbCKOTO  XO3fAWCTBA U
nepepadaThIBaroIel MPOMBIIIUICHHOCTU. B Hay4HBIX MCCIIEIOBAHUSIX, TPOBEICHHBIX
B TypKMEHCKOM CeIbCKOXO3SIMCTBEHHOM WHCTUTYTE, Ha HAYYHOHM OCHOBE HM3YYECHO
BIIMSIHUE MHWHEPATILHOTO BOJHOTO pacTBopa OumoduTa Ha YpOKaWHOCTH U
MoKa3zaTeslb MaclISIHUCTOCTU Tubpuaa mnoxaconHeunuka «Canmykay. HMccnenoBanus
MPOBOAWINCH B TIOJICBBIX YCIOBUSIX Ha YMEPEHHO 3aCOJICHHBIX MouyBaX. [ OTOBUIM
2,0%, 4,0% u 6,0% BOaHBIN pacTBOp MUHEpaioB OumoduTa miotTHocThio 1,30-1,32
T/M3 1 00pabaThIBaIM 3TUM PAaCTBOPOM CEMEHA MOICOJTHEUHHUKA Mepe]T TOCATKOM.
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JUist  cpaBHEHHsS B OIBITHOM BapUaHTE TaKKe BbICAKUBAIM paccady, He
0o0paboTaHHYI0 KaKMM-IHOO TpermapaTroM. 3aTeM Tocajka Oblia 3aBepiieHa. bwiio
MIOKa3aHo, YTO OH YBEJINYMBAET CUHEBY U CUHEBY COJIHEYHBIX COCY/OB.

N3y4yeHo Takke BIUSHUEC MHHEPATHHBIX BOJIHBIX PACTBOPOB OUIITOMUTOB PA3TUIHOTO
MIPOLICHTHOTI'O COJAEP’KaHUS HA BBICOTY IMOJCOJHEYHHUKA, JUAMETP KOP3HHKH, Maccy
1000 cemsH.

To ectpb 4,0%-HbII BOAHBIN pacTBOp MUHEpana Oumiodura moxkaszana XOpOIIUn
pe3ynbTaT MPHU BBICOKUX YKa3aHHBIX IMOKa3aTessX. BeicoTa cTeOiisi MOICOHEUHMKA
cocraBuina 1,90 cMm, nuamerp Kop3uHkHU - 24,6 cMm, macca 1000 cemsin - 71 rpamMm B
BapuaHTe ¢ npumeHeHueM 4,0% MUHEpaTbHOTO pacTBopa OuioduTa. ITU 3HaYEHUS
coctaBuiu 1,76 cMm, 19 cM u 65,4 rpaMma COOTBETCTBEHHO B KOHTPOJBHOM BapHUaHTE.
4,0%-up11 BOAHBIM pacTBOp MHHEpasia OuniopuTa HCIOIB30BAIM B KaueCTBE
BHEKOPHEBOM MOJAKOPMKHU 3 pasza 3a NEpHOJ POCTa MOACOTHEYHHKA (KOJIUYECTBO
pabouero pactBopa 250-300 n/ra). 1-if pa3 BHOCWIM, KOT/JAa y TOJCOTHEYHHKA
MOSIBUJIOCH 3-4 HACTOSIIIMX JIUCTA, 2-U pa3, Korjaa Hayajiu (OopMUpOBaThCS KOP3UHKH,
3-1 pa3, KOr/1a OmaJi KeNThIe JETIECTKH KOP3UHOK.

B pesynbrare 3T0 OKa3ano OOJIbIIOE BIMSHUE HA YBEIWYEHUE YPOKAWHOCTU
MOJICOJIHEUHHKA B TEPHUOJ] MHTEHCUBHOIO POCTAa M, B YaCTHOCTH, Ha TOBBIIICHUE
YCTOMYMBOCTU  TOJCOJHEYHHMKA K  HMHQPEKIMOHHBIM  3abosieBaHusMm. [lpu
ucnons3oBanuu  4,0% BOJHOrO pacTBopa MHHEpasia Oulo(UT B KauecTBe
pEryJIIpHON BHEKOPHEBOW MOJIKOPMKHU Paccajibl MOJCOJTHEYHUKA MEPE] MOCAIKON U B
MepHOJT POCTa OBUIN MOJIYYECHBI CICAYIONINE PE3YIbTATHI:

® YBEIWYMUIICS META0OJIU3M PACTEHUS U AKTUBHOCTh aCKOPOMHOBOW KUCJIOTHI B

MPOBOSIINX TKAHAX;

® B TEX KOP3MHKAX YBEJIMYUBAIACh CKOPOCTh ONBUICHUS U OIUIOJOTBOPEHUS,
YMEHBIIAIOCh YUCJO MYCThIX CEMSH U YBEIMYUBAIOCH YUCIIO TUIOJOPOAHBIX
CEMSIH;

® COJEp>KaHME MOJCOJHEYHOTO MacJia YBEIUIWIOCh Ha 5,3% 110 CpaBHEHUIO C

KOHTPOJIbHBIM BapUAHTOM;

e VYpoxalHOCTb MOJCOJHEYHOTO Macia C MoJisl, 3aCETHHOTO THOPUIOM

«Cannyka» n3 1 noaconHeyHuka, cocraBuia 935 kr.

Tak, rubpua noaconHeunuka «CaHiaykay, MpeaHa3HAYEHHBIA ISl POU3BO/I-
CTBa MacJiia, OblI MOCAXEH B YMEPEHHO 3aCOJEHHOM nouBe Jlamory3ckoro Benasra, a
NPy BHECEHUU B KauecTBe ynoopenus 2,0%, 4,0% u 6,0% BogHOTO pacTBOpa MHUHE-
paja OMILIKTA [0 BCEM MOKAa3aTeNsiM CPey BapUAHTOB AH. BOJIHBIN PacTBOp MHUHEpa-
Ja OMIIMTA TOKa3al BBICOKUE pe3yibTaThl. KolMuecTBO ceMsH MOJCOJIHEYHUKA, 3a-
PaXKEHHBIX MYYHUCTOM POCOM, OBIJIO BBINIE HA KOHTPOJIHLHOM BapUaHTE IOJCOJIHEY-
HUKAa. OJTO JOKa3bIBaeT, YTO MHUHEpaT OMMIODUT TaKXKe BaKEH ISl MOBBIIMICHUS
YCTOMYMBOCTH TIOJICOTHEUHHUKA K OOJIC3HSIM.
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[TouBa sIBNAETCS CIOXKHOW CUCTEMOU, OOBEAMHSIONIEH pa3TUnIHbIe (PU3HOTIOTH-
YECKUEe TPYMNIbl MUKPOOPTaHU3MOB, KOTOPHIE 00ECTICUHBAIOT OMOJOTUYECKUI KPYTO-
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BOPOT BellecTB. MUKPOOPraHu3Mbl Y4acTBYIOT B (POPMHPOBAHUU TOYBBI U MOJEP-
KUBAIOT €€ YCTOMUYMBOCTD MEpe]l MPUPOJHBIMUA U aHTPOIOTEHHBIMU BO3/IEUCTBUSIMU.
OmHuM M3 KIIIOYEBBIX (PAKTOPOB COCTOSHUS MOYBEHHOTO MOKPOBA M KaK pe3yJbTar
BBICOKOT'O BBIXOJ/Ia CEIbCKOXO3SICTBEHHOTO MPOAYKTA SBISETCS OJIArTONPUSATHOE CO-
CTOSITHUE MHUKPOOHOJIOTHYECKOTO MPODUIIST SKOCUCTEMBI. DTO MOMAUEPKUBACT 3HAUH-
MOCTb 3KOJIOTUYECKUX UCCIEAOBAHNN MUKPOOHBIX COOOIIECTB KaK B TEOPETUUECKOM,
TaK ¥ B IPAKTUYECKOM IIaHe. PaznuyHbie BUIbI MUKPOOPTaHU3MOB U X B3aUMO/ICH-
CTBHE UTPAIOT KIIIOUEBYIO POJib B (POPMHUPOBAHUHU TIOUBBI U 00ECTICUEHUH MUHEPaIb-
HOTO MUTAHUS PACTECHUH.

B skocucreMax MUKpOOPTaHU3MbI HAXOMASTCS B COOOIECTBAX, YACTO BCTpeya-
10Tca HekyinbTuBUpYeMble 00bekThl (VBNC). OHM He MOryT OBbITh BbIpalleHbl Ha
CTaHJAPTHBIX MUTATEIBHBIX CpPelax B JaOOPATOPHBIX YCIOBUSX H3-3a CTPECCOBOIO
COCTOSIHUS, YTO HE AAET BOZMOXKHOCTh M3YUYEHUSI UX (PU3HOJOTUYECKUX CBOWCTB, MO-
ATOMY WX OIICHKA MOXXET MPOU3BOIUTCS TOJHKO HA OCHOBE MOP(OJIOTHH HJIA TEHOMA.
HexynbTUBUpYEMBIMU MOKET OBITH OOJBIIMHCTBO OAaKTEpUil, a TaKkKe HEKOTOPHIX
Bu0B TpuboB (Brettanomyces bruxellensis u Cryptococcu sneoformans). Crucok
HEKYJIbTUBUPYEMBIX MUKPOOPTaHU3MOB BKJIIOUAE€T MHOKECTBO MAaTOTCHOB UEJIOBEKA,
Bkitouass Campylobacter jejuni, Helicobacter pyloriu u T.1. [4]. JlaHHBIC aKThI MpH-
BOJIAT K HEOOXOJAMMOCTH pa3pabOTKU M YCOBEPILICHCTBOBAHUSI METOJIOB OILIEHKHU pa3-
HOOOpa3usi MUKPOOPTaHW3MOB B COOOIIECTBAX, HE MMPOU3BO/IS BIICIICHUE OTICIbHBIX
MHUKPOOOB B UUCTHIE KYJIBTYPBHI.

HccnenoBanne 3akilO4aeTCss B HMCIHOJIB30BAHMM KOMITAKTHOM  3KCIIpECC-
cucteMbl MUKpOMTD 11 BBISIBIIEHUSI OMOPa3HOOOpa3usi MUKPOOHUOIIEHO30B JIOHHBIX
OTJIOKEHHM KaK JOTOJHUTEIHHOE YCTPONUCTBO OIICHKU B YCIOBHUSX TOJIEBBIX COOPOB
JAHHBIX.

[{enp0 TaHHOTO MCCIIEIOBAHUS SBIISLIACHh IKCTIPECC-OIEHKAa MUKPOOHOTO OHO-
pazHooOpa3usi MUKPOOMOIIEHO30B Yepe3 KOMIUICKCHBIM aHadu3 WX 3JIEKTPOTr€HHOU
AKTUBHOCTU TPU MYJIbTUCYOCTPATHON CTUMYJISIIIUM B TOIUIUBHBIX JJIEMEHTax 0€3-
MeMOpaHHOro THIA.

MukpoOubiii TOIMBHBIA 35eMeHT (MTJ) — 3To OMO3JIeKTpOXUMHUYECKas
g4eKa Ha OCHOBE KM3HEIEITEIbHOCTH MUKPOOPraHW3MOB. B aHOgHON Kamepe B
MpoIecce aHa’pPOOHOTO JbIXaHHWS MHUKPOOPTaHU3MBI MPEOOPa3yIOT OpPraHUYECKHE
BEIIIECTBA, B PE3YyJIbTAaTe€ 4YEro 00pa3yroTCsl AJIEKTPOHBI. 3aT€M SJEKTPOHBI NepeMe-
IIAIOTCA Ha KaToJ MO DJEKTPUYECKOM IIeMH, a MPOTOHBI Yepe3 MPOTOHOOOMEHHYIO
MeMOpaHy MepexoasT B KaTOJHYIO KaMepy. 3/1eCh KUCIOPO1 BOCCTAHABIMBACTCS KaK
KOHEYHBIM aKIenTop mpoiiecca, 0opasys Boxy. MTD mpencrapistoT co6oil HHHOBa-
IIUOHHBIA METOJT OYUCTKH DKOCHUCTEM U CIOCOOHBI A (PEKTUBHO MPOM3BOIUTH DJICK-
TpOd3HEpruio [5].

B xone wuccienoBaHusi co3iaHa ONTUMAalbHAs KOHCTPYKIMST MHUHUATIOPHBIX
MUKPOOHBIX TOTUIMBHBIX JIEMEHTOB JIJII OIEHKH OMOopa3zHooOpaszusi cOOOIIECTB JI0H-
HBIX OTJIOKEHUW HA OCHOBE JJIEKTPOT€HHOW aKTMBHOCTH MUKPOOPTraHU3MOB. MUHU-
MaJIbHBI HA0Op CyOCTpaTOB, MO3BOJISIIONIUNA OTIUYUTh YUCTYIO KYJIBTYPY OT CIIOXK-
HOT'O COOOIIECTBA MO COBOKYIMHOCTH OHODJIEKTPOXUMUUYECKUX CHUTHAJIOB SIBIISIETCS
Habop u3 14 BemiectB. BeiOOp cyOCTpaTOB OCHOBBIBAJICS Ha TOUKE MX BXOJa B peak-
M0 U JEWCTBUM IAHHOTO BellecTBA. Hampumep, TroK03a, BKIKOYAKOIIASCS B dHEP-
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reTUYEeCKU OOMEH B 3JIEKTPOH-TPAHCIIOPTHOM U CyOCTpaTHOM (ochOpUIMpOBaHUH,
SIBJISICTCSI ICTOYHUKOM SHEPTHH, BBI3BIBAIOIINM, TPEKJE BCETO, MHTCHCUBHBIA POCT
OpOAWIIBIIUKOB, KOTOPBIE HE 00Pa3yrOT M30BITOYHOTO KOJUYECTBA BOCCTAHOBUTEIh-
HBIX 9KBHUBAJICHTOB, HEOOXOMUMBIX IS TEepeaadyn 3apsjga Ha aHOM M KakK CIIC/ICTBHE
o0Opa3oBaHUsI JIEKTPUUECKOTO ToKa. HampoTuB, mupyBaT MOXKET BKJIFOYATHCS HA CTa-
TUSTX OKUCJIMTEIILHOTO JEKapOOKCHIIMPOBAHUSA U Jajee, oOecmeunBasi OoJjiee BhIpa-
*EHHbIA BbIX0J TOKa B MTDO [1]. OTKIUK 3J€KTPOr€HHOW aKTUBHOCTH COOOIIECTB
MUKpPOOPraHU3MOB NPOSBIISIICA Ha BCe CyOCTpaThl B pa3HOM CTETEHH, YTO TOBOPUT O
pazHoo0Opa3uu cooOIIECTB MUKPOOpPranu3MoB. [lokazarens snekTporenesa ¢ a00aB-
nenueM cyoctpata [TAB Obu1 MakcuManieH B mpo0ax IOHHBIX OTJokeHui o3epa Ka-
pacyH, 3aMETHO YTO MPH JOJIFOM XPAaHEHUHU JOHHBIX OTJIOKEHUIM CHUKACTCS JAHHBIM
nokasareisib. CTaH1apTHOE OTKIIOHEHHUE TI0 CyOCTpaTaM OTMEUEHO MaKCUMAIIbHOE JIJIsI
TOHHBIX OoTi0XeHMM o3epa Kapacyn (Kpacnonap, Poccust) u cocraBuno 0,46 MKA u
MUHHAMAJIBHOE JUIsl JOHHBIX OTJIOKEHHH o3epa KapacyH MIMTEIhHOTO XpaHECHHS —
0,19 MKA.

AHaM3 TOJIy9aeMbIX JTaHHBIX TTPOU3BOAWICS IO MOAU(PHUITUPOBAHHONW (HOPMY-
ne unaekca llleHHOHa Ha OCHOBE MoOKa3zaTeed SJIEKTPOreHHONW aKTUBHOCTH COO00-
IIIECTB MHUKPOOPTAaHW3MOB. BbISBICHA ONTHManbHAas KOHCTPYKIIAS MHUHHATIOPHBIX
MUKpPOOHBIX TOIUIMBHBIX 3JIEMEHTOB ¢ pabounMm oO0bEMOM aHOAHOU Kamepsl 0,4 M,
obecrnieunBaroNIMil HanpsKenue 10 266,44 mB. [2].

[Tpu BHIOpaHHBIX MapamMeTpax METPUKH CaMO€ BBICOKOE OuopazHooOpasue Obl-
70 3apUKCUPOBAHO B MUKPOOHOM COOOIIECTBE JOHHBIX OTIOXKEHMM o3epa Kapacyn
(Kpacnonap, Poccust) —mokazarens unnekca lllenHnona coctaBun 2,45, 1jis TOHHBIX
otnoxxeHuit pexu Adurnc (Adwunckuii, Poccust) — 2,37, B ciiydae JOHHBIX OTIOKEHUN
o3epa Kapacyn ¢ obenHeHHON MHUKpOQIIOPO, XpaHUBIIUXCS B TeueHue 9 ner, uH-
nekc coctaBmi—1,39. Hanbomnpimii mokasarenpb 3JIEKTpOreHHe3a HaOI01alcs y aMu-
HOKuUCIOT — 1,89 MKA, yrneBogoB — 1,86 MmxA u I[TAB — 1,74 MKA.

HccnenoBanre 6mopazHooOpa3uss MUKPOOPTaHU3MOB B COOOIIECTBAX MO3BOJIS-
€T HE TOJBKO MOHATH CTPYKTYPY M CJIOKHOCTH OHMOIIEH03a, HO W OIICHHUTH BIIUSHUC
YEIIOBEUECKON JACATEIIBHOCTH Ha DKOJIOTHUECKYI0 HHUIITY U CITOCOOHOCTH YKOCHUCTEMBI
CIIPABIISITHCS C aHTPOIIOTCHHBIM 3arpsI3HCHHUEM.

NMugakmonpua — 3TO MHCEKTUIIHI, KOTOPBI OTHOCUTCS K KJIaCCy HEOHUKO-
TUHOUJIOB, UCTIOJIB3YEMBIN B CEILCKOM X03siiicTBe. OH 001a4aeT NIUPOKUM CIIEKTPOM
nencTBua U d3QPEKTUBEH KaK MPU CUCTEMHOM, TaK M MPU KOHTAKTHOM NMPUMEHEHUU
[3]. 3-3a yrpo3bl, KOTOPYIO HECET 3arpsi3HEHUE OKPYXKAIOIIEH cCpeabl pa3HbIMU ar-
poxuMHKaTaMu (0COOCHHO ISl TI0YB), BAXKHO OIICHUTH BPEJl OT JAEATEILHOCTH YEJO-
BeKa. JTO MOMOXKET c03/1aTh Y()PPEKTUBHBIC CTPATETUH IS PEIICHUS ATOU MPOOJIEMBI.

UT0oOBI yCTAaHOBUTH CBSI3b MEXKIY OMOpPAa3HOOOpa3MeM U ypOBHEM aHTPOIIOTCH-
HOTO BO3JCHCTBHS Ha OHOIEHO3, OBLIM pPACCUMTAHBl HMHJCKCHI OHOpa3sHOOOpasus
[IIeHHOHA JIJIS TTSITH THUTIOB OOPA3I[OB C Pa3HOM CTENECHBIO OMOJIETpaallii UCCIIe Ty -
MOTO MOJICJTLHOTO 3arpsi3HUTENS B JOHHBIX OTJIOKEHHUsAX o3epa KapacyH. BeisacHu-
70¢h, uTo MHACKC llleHHOHA yBeTWYMBAeTCsS BMECTE C POCTOM IPOIIEHTa OnMoaerpa-
nanuu uMmuaakiaonpuaa. Haunboneimemy nporeHty ouoaerpanaiuu (84%) cooTBeT-
ctBoBasl uHAekc IllenHona 2,74, a HauMeHbllIeMy Tokazatemo (28%) — HHJIEKC
0,31.
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WMy nakinonpu CylecTBeHHO BiIUsieT Ha OuopaszHooOpasue. [Ipu nmepBudHOM
MOTAJaHUH 3arpsS3HUTENS B Cpey MoKaszareiab onopazHoodpasus (unaekc lllennona)
YMEHBIIIAETCs, HO 3aTE€M MOCTENEHHO YBEIUYUBACTCS [0 MEpE aJanTalllii MUKPOOP-
raHU3MOB K HOBBIM YCJIOBHSIM OKpy»Katomei cpenpl. CreneHs Ouoaerpaialuu MMu-
JaKJIONpHIa ONpeaeNsieT, Kak CHKeHne nHaekca llleHHoHa, Tak 1 ero mocTeneHHoe
BOCCTAHOBJICHHE C TEYCHUEM BPEMEHH.

Wupexce lllenHoHa, paccunTaHHbIE HA OCHOBE MOKA3aTeNsl 3JIEKTPOreHHON aK-
TUBHOCTU MUKPOOHBIX COOOIIECTB, JEMOHCTPUPYIOT MOJIOKUTENBHYIO KOPPETISIHIO C
MPOLIEHTOM OMOJETpaJallii MOJEIBHOTO 3arpsi3HUTENS — WUMUAAKIonpuaa (Koadg-
¢unuent koppensuun Ilupcona cocrasisier +0,87). JTa 3aBUCUMOCTh MOXKET OBITH
MCIIOJIb30BaHa ISl OLICHKH YPOBHSI 3arps3HEHUsI OKPY>KAIOIIeH Cpebl U/Iiu MOTeH-
rajna OMOJECTPYKIIMKA MECTHOTO MUKPOOHOIIEHO3A.

Cnucok Jaureparypsbl:

1. BiussHue nUTaTENbHBIX CYOCTpAaTOB, pAa3MYAIOMIMXCA TOYKOM BXOJa B
HSHEPreTUYECKUii MeTadoNIn3M OakTepuil, Ha HEPreTUUYECKUN BBIXOJ MEMOPaHHOTO
tormuBHOro sneMentra / A. A. Camkos, H. H. Bomuenko, A. A. Jlazykun, A.A.
XynokopmoB VI Cwezn  OuodusukoB  Poccum:  cCOOpHUK ~ Hay4dHbBIX
tpynoB//Kpacnogap: KyOanckuii rocynapctBeHHbsii ynusepceurer, 2019. — C. 230—
231.

2. Ilarent Ne 2335543 Poccuiickas denepanusa, C12Q 1/02 (2006.01). Cmocob
MYJIbTUCYOCTPATHOTO TECTUPOBAHUSI MUKPOOHBIX COOOIIECTB U €ro mpuMeHeHue: No
2006124312/13: 3asBaeno 2006.07.07: omybnukoBano 2008.10.10 // M. B.
I'opnenko, A. C. Tepexos, I1. A. KoxeBuH; 3asgButens U mareHToodaagatear OO0
«IKOJIOTHYECKHM LEHTP «DKoTeppar. — 18 c.: ui.

3. ChenY.-R., Tzeng D. T. W., Yang E.-C. Chronic Effects of Imidacloprid on Hon-
ey Bee Worker Development-Molecular Pathway Perspectives // International Jour-
nal of Molecular Sciences: ek TpOHHBIHKYPHAI. 2021. URL:
https://www.mdpi.com/1422-0067/22/21/11835 (nataoopamienus: 01.11.2024).

4. Comparative investigation on microbial community and electricity generation in
aerobic and anaerobic enriched MFCs / X.-c. Quan, Y.-p. Quan, K. Tao [et al.] // Bio-
resource Technology. — 2013. — Vol. 128 —P.259-265.

5. Santoro, C. Microbial fuel cells: From fundamentals to applications. A review/C.
Santoro, C. Arbizzani, B.Erable, 1. leropoulos // Journal of Power Sources —2017. —
Vol. 356. —P. 225-244.

VIIK 631.4
BJIMSTHUE BUOJOTU3AIINA MUHEPAJILHBIX YIOBPEHUI HA X
YOPEKTUBHOCTH ITPU BHECEHUU

Tpasnukoe Hzopv /Imumpuesuu, macucmp 1 xypca Uncmumyma azpoouomexuoio-
euu, PI'bOY BO PI'AY-MCXA um. K.A. Tumupszesa

Xpanonuuee Ilémp Bnaoumupoeuu, macucmp 1 xypca Uncmumyma acpobuomex-
nonozuu, PI'bOY BO PI'AY-MCXA um. K.A. Tumupszesa

57



Apoxno Apcenuit Anekcanoposuu, vacucmp 1 kypca Uncmumyma azpodouomexuo-
noeuu, ®I'6OY BO PI'AY-MCXA um. K.A. Tumupszesa

(Hayunwiii pykosooumenv — Koznoe Anopeti Braoumuposuu, 0.6.H., 3a8edyrowu Ka-
Geopoti mukpoouonoeuu u ummynorocuu PI6OY BO PI'AY-MCXA um. K.A. Tumu-
pazesea a_V_kozlov@mail.ru)

Annomayun: Munepanvhvie yO0OpeHUs USPaArOm BANHCHYIO POJib 8 CENbCKOM XO03AUCmee, maK KaK
OHU co0epxcam MAaxKpo- U MUKPOIJIEMEHMbl, KOMopble AGNAIOMCI KIOUe8bIMU KOMNOHEHMAMU 8
npoyeccax gomocunmesa, oopazosanus OeiKo8, GUMAMUHOE U OPY2UX OUOLOSUYECKU AKMUBHBIX
sewecms. bnacooaps smomy yayuwiaemes pocm no6e208, 1ucmvbes, KOpHell U n10008, a maxice no-
8bLULACTNCA YCMOUYUBOCb PACEHUL K 3adcyXe U DOe3HAM.

Knroueswie cnosa: buonorusaius, munepainbabie yanoopenus, Bacillus subtillis, mousa, mukpoouo-
JIOrUYeCcKasi aKTHBHOCTb.

Ha mpoTsskeHHH MHOTHX CTOJIETHH CEJbCKOE XO3SMCTBO UIPAET OTPOMHYIO
POJIb B KHU3HU KaXJ0ro dyesnoBeka. OHO UMeeT OOJIbIIOe 3HaYECHUE B IKOHOMHYECKOM
Pa3BUTHH CTPAHbI, CO3J]AET MHOKECTBO pabOUUX MECT, ABJISIETCS (PaKTOPOM KYJIbTYp-
HOM U COLIMAJIbHOM >KU3HU CTPAHbI U CaMO€ TJIaBHOE — 00ECTIIEUnBAET YEJIOBEKa Mpo-
nyktamu nutanus. CeabCcKoe X03SIMCTBO MOCTOSIHHO YIIYUIIA€TCsl U ONTUMUBUPYETCS
JUTSI TIOBBITIIEHUS €r0 3(G(HEKTUBHOCTH, U OJHUM U3 HanOoJiee MOMYJSPHBIX METOJ/IOB
SBJISICTCS] BHECEHUE MUHEPAIbHBIX Y00pEHUM.

MunepanbHbIe yIOOPEHUS] — 3TO UCTOYHUK PA3IUIHBIX HEOOXOTUMBIX THTA-
TEJIbHBIX 3JIEMEHTOB /IS pacTeHUM, B MEepBYIO0 ouepenb docdopa, Kaius U a3oTa, a
3aTeM Xkene3a, Kalblys, cepbl U Maruusa. Eciii B MOoYBe MOJHOCTBHIO OTCYTCTBYET Ja-
K€ OJIMH W3 BBIIICNIEPEUUCICHHBIX AJIEMEHTOB, TO PACTEHHE HE CMOYKET HOPMAJIbHO
pa3BuBaThcsa U pactu [1]. Bce moTtomy, uto B mpoiiecce GOTOCHMHTE3a 00pa3yroTcs
CJIOKHBIE OpPTraHWYECKUE BELIECTBA, B MPEOOpPa30BaHUM KOTOPHIX HEOOXOAMMO yua-
CTHE MUHEPAJIbHBIX DJIEMEHTOB, a TAK)KE€ OHU B Pa3HBIX COOTHOIICHHIX HY>KHBI pac-
TEHUSM JJi1 00pa30BaHUs CBOMX OPraHOB, TaKWX Kak cTe0esb, I[BETKH, TUIOJbI, JIU-
CThS U Tak gaiuee [2].

CoBpeMeHHbIE MUHEpaIbHBIC YT0OpEHHs, MPOU3BOJUMBIE XUMUYECKON MpO-
MBIIIEHHOCTHBIO, JICJISITCSl HA TPU OCHOBHBIC KATETOPUH:

. dochopusie (cynepdocdar, pochoputHas Myka, IBOHWHON cymnepdoc-
datel u Tak nanee). Pocdop UrpaeT KIOYEBYIO POJib B 00pa30BaHUM U (PYHKITMOHU-
POBaHUU KJIETOYHBIX MEMOpaH, a TaKKe y4acTBYET B MPOLECCaX 3HEPreTHUYECKOro
oOMEeHa U nepeiaur FeHeTHYECKON HH(POpMaLUU.

. A3zotHble (cynab(daT aMMOHHS, XJOPHUCTBIA aMMOHMH, aMMHaydHas,
HaTpUEBas M KAJIBIIHEBAs CEUTPHI). A30T SABIISCTCS OJHUM U3 OCHOBHBIX KOMITOHCH-
TOB XJIOpOo(usUIa, KOTOPBIM y4acTBYeT B (POTOCHHTE3€E - Mpollecce mpeoOpa3oBaHus
COJIHEYHOM SHEPIHM B XMMUYECKYIO SHEPTUI0. A30T TaKKe HEOOXOAUM JJisi CUHTE3a
OeJika, HyKJIGMHOBBIX KUCJIOT U APYTUX BaKHBIX OMOJIOTHYECKUX MOJIEKYIL.

. Kanuiinbie (cynbdaT Kaaus, XJOPUCTHIN KaIWi U ApyTrUe KaJauiHbIC CO-
). Kanuii siBrsieTcs BaKHBIM KOMIIOHEHTOM KJIETOYHOTO COKa U y4acTBYET B pery-
JSIAA BOAHOTO pexuMa pactenuit. OH Takke BIMSET Ha Tporecchl GOTOCHHTE3a,
TpaHCTIOpTa caxapa u 00pa3oBaHus OEITKOB.
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Takke K MUHEpaJbHBIM YAOOPEHUSIM OTHOCSITCS COJM U COEOUHEHUS, UMEIO-
IIMe B CBOEM cocTaBe 00p, MarHui u mapranert [3,4].

CyliecTByeT HECKOJIBKO CIOCOOOB MOBBICUTH 3()PEKTUBHOCTH MPUMEHEHUS
MUHEPATBHBIX YA0OpEeHU. MBI pacCMOTPHUM OJIMH M3 HUX — 3TO OMOJIOTHU3alus Oax-
tepusimu Bacillus Subtillis.

buonorusanuss MUHEpATBbHBIX YAOOPEHUII — 3TO MpolecC MpeoOpa3OBaHMs
CUHTETUYECKUX YHAOOpeHuid B Oojiee AOCTYNHYIO JJiA pacTeHuil (popmy myTeMm Hc-
MOJIb30BAHUS KUBBIX OPTaHU3MOB. DTOT MPOLECC UTPAET BAXKHYIO POJIb B MOBBIIIE-
HUU 3()PEKTUBHOCTU UCTIOIB30BAHMS YIOOPEHUIA U YITYUIICHUH TIJI0I0POUS MTOYBBI.
Cam mporiecc OMOJIOrH3allMK 3aKJII0YAEeTCsl B HAHECEHUH MUKPOOMOJIOTMUECKHUX TIpe-
napaToB Ha IpaHyjibl MUHEpaJbHBIX ynoOpeHuid [S]. IlomoxutenbHbit 3pdext or
OMOJIOTH3AIMHN TIPOSBIIAECTCS B MOBBIIMICHUHA UCTIOIb30BAHUS PACTEHUSIMH JIEMEHTOB
NUTAHUS MUHEPAJIbHBIX YIOOpEHUIN YBEIIMYEHUHU JIOCTYITHOCTH MMOYBEHHBIX 3aI1acoB
kanmus u pocdopa.

[fToMuMO TOBBIIEHUS YPOBHS IUIOJOPOAMS, OHOJOTM3alMsl MUHEPAIbHBIX
yA0OpEHUI MO3BOJIAET CHU3UTH 3arpsA3HEHUE OKPYXAIOLIEH Cpenbl, BBI3BAHHOE HC-
MOJIb30BAaHUEM XHUMHUYECKUX yI0OpeHUd. XUMUYECKHUE YIOOpEHHsS] MOTYT IPOHUKATh
B IPYHTOBBIE BOJBI U 3arpsi3HATh MX, @ TAK)KE BBI3BIBATh IBTPODHUKALUIO BOJIOEMOB.
buonoruzanys MUHEPATbHBIX yIOOPEHHI MO3BOJSET CHU3UTh KOJUYECTBO HCIIOJNb-
3yE€MbIX XMMUYECKHX YJIOOpPEHHA W YMEHBUIUTh PUCK 3arps3HEHUs OKPY’KaroIlleu
cpensl. B 1ienom, Ouonorusanus sBISETCS BaXKHBIM HAIlPaBICHUEM B COBPEMEHHOM
CEeJIbCKOM Xo3siiicTBe. OHa MO3BOJIAET YIy4HIUTh 3()(PEKTUBHOCTH HCIOJB30BAaHUS
y10OpeHuil, yIy4luTh IUIOAOPOJME MOYBbI M CHU3UTH 3arpsi3HEHUE OKpYKarollen
cpensl. JlanpHeilne uccaeaoBaHus B 3TOH 00JIaCTH MOTYT NMPUBECTH K CO3/IaHUIO
HOBBIX TEXHOJIOTUH, KOTOpBIE elIE€ O0blIe TOBBICAT 3P (HEKTUBHOCTH UCIIOJIB30BaHUS
yI0OpeHui 1 yiIydiuaT KadecTBO MPOAYKIIHH.

[lepeiinem Kk MpakTUUYECKOM cocTaBisAomIe padotel. MccnenoBanusi cocTosu
U3 JBYX YacTeil: MOJEBOTO OMbITa U Ja0OpaTOpHbIX HccienoBaHui. [1onaeBoil onbIT
ObL1 poBeaeH Ha nossax Tepputopun PITAY-MCXA um. K.A. Tumupszesa, a nado-
paTopHble uccienoBanus — Ha kadeape mukpoouonorun PIAY-MCXA um. KA.
Tumupssena.

[ToneBoil MENKOIEIISTHOYHBIN OMBIT 3aKJIAIBIBAJICA HA MOJEBOU ONBITHOW CTaH-
nuuu PIAY-MCXA umenu K.A. TumupsizeBa HanpotuB ydeOHOro kopmyca Ne 15
BJ10JIb yulbl Bepxuss ames. [louBeHHbI KOHTYp cocTaBisia 2,5 ra. [lousa onbiTa -
JIEPHOBO-CPEIHENIOA30JIMCTAsl JIETKOCYTIIMHNACTasA. Beck onbIT coctosn u3 70 Bapuan-
TOB B 4-X KpaTHOH MOBTOPHOCTH C OOIIMM KoJimuecTBOM aeistHOK — 280. ITnomanp
NEeNsIHOK — 2M2. PacnosioskeHne BapuaHTOB — CUCTEMaruyeckoe. B onmcaHHOM B
TaHHOM palboTe Hccle0BaHUU Oblja MCIOIb30BaHa JIMIIb YacTh JAHHOTO IOJIEBOTO
OTIBITA, COCTOSIIAs U3 9 BapUaHTOB C OOIIMM KOJIMYECTBOM AeNSHOK — 36. CyTh uc-
CJIEIOBAaHUN 3aKIIOYaach B IMOCEBAaX MOYBEHHBIX OOpAa3OB HAa pa3jvM4HbIC MUTAa-
TEJIbHBIE CPe/bl C LENbI0 ONPEAECTICHHs] KOJUYECTBA HEKOTOPBIX BUAOB MUKpPOOpra-
HU3MOB, aKTUBHOCTH HEKOTOPBIX (DEPMEHTOB, a Tak ke BoiaeneHuss CO2.

JInst mpoBeieHUs] JTAaHHBIX TMOCEBOB OBUIM KMCIOJIB30BAHbI CIEAYIOIIUE MUTa-
tenbHble cpeabl: [TIJA (Tiroko30-menToHHO-ApOXOKeBOM arap), MIIA (Msico-
nentoHHeli arap), KAA (kpaxmano-ammuaunsiii arap), AI'K (arap ['erunHcona-
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Kuneiitona), arap MypomiieBa (AMYP) u niurarensnas cpena HAT (HuTpuTHBIM arap
Tenmnepa).

[ToceB mpoU3BOAMTCS HA 3apaHee MPUTOTOBIECHHYIO NMUTATEIbHYIO cpeny Oak-
Tepuojoruueckoi nemiei. [letmo HeobxoauMo npoae3nHGUIUPOBATH MTyTEM MPOKa-
JMBaHUS B TUIAMEHU TOPEJNIKH, TIepe]l TEM KakK B3STh €il mouBeHHbIN oOpaser. [anee
METII0 ¢ 00pa3lioM 3apaHee MPUTOTOBICHHOW MOYBEHHOU CyCIleH3ueld HEeoOXOAUMO
MEPeHeCTH Ha TNHUTaTenbHylo cpeny. Ilocme naHeceHus oOpas3ma yOupaeMm 4Yamiky
[letpu B TepmocTar, NOAAEPKUBAIOIINI HEOOXOIUMYIO TEMIIEPaTypy sl KyJIbTUBA-
1uu MukpoopranuzMoB (28°C wiu 37°C, B 3aBUCUMOCTH OT KyJIbTUBUPYEMBIX MHUK-
poopranu3MoB). Jlanee, mocie OKOHYaHUS KYJIbTHUBALMK (€€ MPOJOJLKUTEILHOCTD
TaK € 3aBUCUT OT BUJA MHUKPOOPTaHU3MOB), MOJIy4aeM pe3yibTaT aHajdu3a MyTeM
BU3YAJIIbHOUN OLIEHKU — MEPECUUTHIBAEM ITPOPOCIINE MUKPOOPTAHU3MBI MU UX KOJIO-
Huu. [y ynoOcTBa nepecyeTa U yCKOPEHHs JAHHOTO MpOIecca CeayeT UCIOIb30-
BaTh MAapKep, HAHOCS UM TOYKH Ha YK€ MOCYUTaHHbIE KOJOHUU. Pe3ynbTar 3anucars.

[Tocne mpoBeneHus 1aOOPATOPHBIX UCCIEAOBAHUIN MBI MOYKEM CHENIaTh CIEAy-
IOILIE BBIBOJBIL:

1. BOABIMIMHCTBO MPOBEACHHBIX AHAINW30B Ha MHUKPOOHOJOTMYECKYIO AKTHB-
HOCTh IOYBBI HArJISIHO IOKA3bIBAIOT €€ IOBBIIIEHUE MPU BHECEHHH PA3THYHBIX
ya00peHuii, Oyap TO HE3HAYNUTEIBHOE U TUIaBHOE Kak npu aHanuse Ha AI'K, nmm pes-
KO€ U olyTumoe, kak npu ananuse Ha ['TIJIA, MIIA u AMYP. CnenosarensHo, CTO-
UT CZEJIaTh BBIBOJ O TOM, UTO pacCMaTpUBAEMbIE yI0OPEHUS MOJIOKUTEIBHO BIUSAIOT
Ha MUKpPOOMOJIOTUYECKYI0 aKTUBHOCTh NMOYBbI. CTOUT OTMETUTh aHAJIU3bl HA CPEJIbI
MIIA u I'TIIA, B KOTOPBIX MPOCIEKUBACTCS MPEBOCXOCTBO ACHCTBUSA Kapbamuaa
N46,2b u ammodoca N12P52 nag ocranpHbiMU yaoOpeHUsMU. Tak ke cpelu Bcex
MCCIIEIOBAHUI BBIJIETSAETCS KYJIbTUBALIMS aBTOXTOHHBIX MUKPOOPTaHU3MOB Ha CPEZIe
HAT, Tak kak Bce OMOJIOTU3UPOBAHHBIE BAPUAHTHI UCCIIEIYEMBIX YAOOpEHUH JEMOH-
CTPUPYIOT MEHBIIWWA POCT MOKa3zarejed, 4eM uX OObIUHbIE BapuaHThl. B uenom,
HauOOJIBIIMK POCT MOKa3adl MUKPOOPTaHU3MbI, TPaHCHOPMUPYIOIINE HEOpraHuYe-
ckue docdartel (cpena AMYP) — B cpennem Ha 211%, a HauMEeHBIIUNA — aBTOXTOH-
Hble MUKpoopranu3Mmel (cpega HAT) — B cpennem Ha 12%.
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2. CrnenyromuM 3TanoM IUia OIleHKa M3MEHEHUS aKTMBHOCTU TepedHs dep-
MEHTOB, HaXOJISIIIIUXCS B IMTOYBE B YCIIOBUSX MPUMEHECHHS TEX K€ CaMbIX YIOOPCHHH,
a Takke OlleHKa nx BiaugHUA Ha BeaeneHne CO2 u3 moussl. [lo ee pesynbraTtam
MO’XHO OTMETHUTH BIIMSHHE HCCIICTyEMBIX MUHEPAIbHBIX yIOOPEHUA Ha aKTUBHOCTH
OonpIMHCTBA (DEPMEHTOB, IPUYEM OTMEYACTCS TCHICHIIMS UMEHHO €€ MOBBIIICHHUS.
Hckmrouernem sBisieTcsi pepMEHT TEepOKCHIa3a, aKTHBHOCTh KOTOPOTO CHUKACTCS C
puMeHeHneM kapOamuja U amMmodoca. AHamu3 BBIAEICHUS YIJIIEKUCIOTO ra3a u3
MOYBBI TTOKA3aJl CTAOUIIBHBIN POCT JAHHOTO MOKAa3aTelisl IPU MPUMEHEHUU OOBIYHOTO
BUJIa YIOOpEHUM, HO B TO € BpeMs €ro HEM3MEHHOCTH UJIM CHIKEHUS TP UCIIOJNb-
30BaHUM OUOJIOTU3UPOBAHHBIX YIOOPEHHIA.

3. Taxxe HEOOX0IUMO cenaTh BHIBOJ] O MPEUMYIIIECTBAX, MO0 K€ HEA0CTaT-
kax Ouosoruzanuu yaoopenuit Bacillussubtilis. B momasstomiemM 00JBIIMHCTBE CITy-
YaeB JAHHBIM METOJ MOBBIIICHUS d()PEKTUBHOCTH MUHEPATBHBIX YAOOpPEHUH aeii-
CTBUTEIHLHO pabOTaeT, TaK KaK IMOCJIE €T0 MCIIOJIb30BAHUS IMOBHIIIACTCS aKTHBHOCTH
MTOTABJISIFOIIETO OOJIBITMHCTBA MUKPOOPTAHU3MOB U (PEPMEHTOB, UYTO BEIET K yIIyd-
IIICHUIO TTOYBCHHOW MUKPOOHMOTHI, & TOUYHEE €€ BIUSHHS Ha TMTOYBCHHOE TIIIOIOPOHE,
U, BCIEACTBHE, KayecTBa U 00bEMa CEIBbCKOXO3SHCTBEHHOTO ypoxkas. [Tomumo mo-
BBIIIICHUS TTOKa3aTeIe aKTUBHOCTH MPUCYTCTBYET IPUMED €€ CHIDKCHUS — (EePMEHT
nepokcugaza. Ho gaxke B 3TOM citydae OMONOTH3AlMs BIUSET MOJOKHUTEIBHO, TaK
KaK OHa CHIDKAET MmaryoHoe JAeMCTBUE 3TOro pepMeHTa.
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VK 631.4
JTENCTBUE JUIMTEJIHGHOTO IPUMEHEHHUS YIOBPEHUI HA BUOJIOTMYECKUE
MMOKA3ATEJIA ATPOLIEHO3A

1lllyouna Examepuna Anexcanoposna vazucmpaum 1 Kypca uncmumyma azpoouo-
mexnonocuu @PI'EOY BO PI'AY-MCXA umenu K. A. Tumupsizesa. Kethsu@mail.ru
Kopiwcoe Hean Braoumuposuu acnupanm 2 Kypca uHCmumyma azpoouomexuoio2uu
DI'bOY BO PI'AY-MCXA umenu K. A. Tumupsizesa. lvan_korzhov@mail.ru

Aunnomauyun. B cmamve npuseoenvl pe3yibmamvl UCCIEO08AHUL O OeliCMEUU a2pOmexHULecKux
npuemos, uzyuaemulx 8 [numenbHom noieeom onvime Ha OUOI02UYeCKUe NOKA3Amenu noyesl.

Kntouesvie cnosa: JInuTelbHBIN TIOJIEBOW ONBIT, XpoMarorpadus, OECCMEHHBIE TIOCEBHI, CEBO00O0-
pOT, KynbTypa, ynoopenus, 0azajabHOE JbIXaHUE, CyOCTpaT-uHIyIIMPOBAaHHOE JIbIXaHWEe, MEeTaboIu-
yeckuid ko3 unmenr.

buonornyeckas akTUBHOCTb MOYBBI - COBOKYITHOCTh OMOJIOTMYECKUX MpOLEC-
COB, IPOTEKAIOLIUX B MOYBE. buosiornueckass akTHUBHOCTh OCHOBaHAa Ha CIIOCOOHOCTH
KUBBIX OPraHW3MOB ITOYBBI OCYIIECTBIIATH IPOLECCHl PA3JI0KEHUS U CUHTE3a BE-
HIECTB. YPOBEHb OMOJOTMYECKON aKTUBHOCTU 3aBUCHUT OT KOJIMYECTBEHHOI'O U Kaye-
CTBEHHOI'O COCTaBa MOYBEHHBIX OPTaHU3MOB (OAKTEpHil, AKTHHOMMIIETOB, JPOAKEM,
MPOCTEUILINX, BOJAOPOCIEH, YepBeil u ap.). UeM MHTEHCUBHEE BbIJIEICHUE YTIEKUCIIO-
ro ra3a U3 MOYBbI, TEM aKTUBHEE NMPOUCXOJAT B HEW OMOIOrMYECKHUE MPOLECCHl, TEM
Jy4llle yCJIOBUSA Ul BO3JEIBIBAHUS KYJIBTYP W BBIIIE UX MOTEHIMAIbHAsA ypOXKai-
HOCTb. OCHOBHBIM HMHTETPAJIbHBIM TOKa3aTelleM aKTUBHOCTU OMOJIOTMYECKUX MpO-
LIECCOB M JKOJOTMYECKOIO COCTOSHMS II0YB SABJISIETCS UHTEHCUBHOCTbH ITOYBEHHOIO
AbixaHusl. J[pIXaHue MOYBBI SIBISIETCS OJHOM M3 BaKHEHUIIMX 3KOJOTHYECKHX (PYHK-
uuil. [louBeHHOE AbIXaHUE XapakTepusyeT QYHKIHNOHAIBHOE COCTOSHUE YKOCHCTEMBI
B 1IEJIOM B KaXbli KOHKPETHBI MOMEHT BPEMEHH U SIBJIAECTCS apaMeTpoM (pyHKIH-
OHUPOBAHUSI.

B ycnoBusix crenuanusaliM CeJIbCKOXO3IMCTBEHHOTO IIPOU3BOJACTBA, BO3JE-
JIBIBAHUSI 3€PHOBBIX M APYTHX KYJbTYp OY€Hb BaXXHO YUUTHIBATH MUKPOOMOJIOTHYE-
CKHE M3MEHEHHS], TPOUCXOIAIINE B MOYBE, a4 TAK)KE, HHTEHCUBHOCTD BBIJICJICHUS U3
IMOYBBI YTJIEKUCIIOTO ra3a, TaKk KaK ATU MOKAa3aTeNM CUYUTAIOTCS YYBCTBUTEIbHBIMHU
MHANKATOpaMH, pearupyroluMy Ha U3MEHEHHE YCIOBUM cpelbl ooutanus. Onpeze-
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JeHue OMOJOTUYECKONM AaKTUBHOCTU IIOYBBI HapsAy C HU3y4eHUeM (U3UKO-
XUMHUYECKUX CBOMCTB SIBISETCA BAKHEHIIMM JUArHOCTUYECKHM MPU3HAKOM €€ CO-
CTOSIHUA.

O0BbeKThI U METOAbI:

OObeKkTaMu HCCIEAOBAHUS CITYKUIU 00pa3libl MOYBHI, OTOOPAaHHBIE C OMBITHO-
ro nosist J{murensHoro nonesoro onbita PITAY-MCXA nmenn K.A. Tumupsizesa.

[TouBennnie ipoOBI oTOMpanuch coraacHo ['OCT P 58595-2019. Ilousa omnbIT-
HOT'O y4acTKa: arpoJIepHOBO-cIabonoA30aucTas, craponaxortas (oomnee 200 net non
namrHei) (Jocnexos, Kupromun, bparepckas, 1975). Cxema orbopa npod npecras-
jieHa B ta0muie 1.

bazansHoe npixanue mnousbl (BJl) W cyOcTpaT-MHIYIUPOBAHHOE JbIXaHUE
(CU) mouBbl ompenensuii METOAOM Tra3oBOM Xpomarorpaduu Ha xpomartorpade
Chrom5 ¢ nerekTopom 1o TerionpoBoAHOocTU. [logroroBka mpoO mpoBoauiIach co-
IJIAaCHO Ipolieiype, NpUBEACHHOM B cTaTbe (AJbcaen u nip., 2023).

Tabmuma 1 — Cxema or6opa 00pa3mos

BECCMEHHO
nap POXb kapTodeinb STYMEHb KJIEBEP JICH
NPK 1 2 3 4 5 6
NPK-+nap 7 8 9 10 11 12
03
bes ynoo- 13 14 15 16 17 18
peHuit
Ilo u3BecTu
CEBOOBOPOT
KapTO- SYMCHDb KJICBC JICH I1a OXb
e p p p
NPK 19 20 21 22 23 24
NPK+naBo3 25 26 27 28 29 30
bes yno6- 31 32 33 34 35 36
peHuit

bes ussectu

b/l u CHU]] paccuuTtsiBanu 1o ¢popmyie:

12 % 0,000041605460 * (koHCO2ppm — 400) * (15 — Vi — VB)
miIl * tH

JbIXaHHe =

(Vn): O6bém noussl, (VB): 00bEM BoabI, (MI): Macca nouBkl, (t1): Bpemsi UH-
kyOanuu (Ilymunosa, Kynmosa, 2013).

Yrinepoa mukpoOHO# O6romacchl (CMUK) MOYBBI pacCUMTHIBAIHM MO (hopmyre
(Porosas u ap., 2016):

Cwmuk (Mkr C r—1 nmouBsr) = CUJI (Mmxa CO; r—1 nousst u—1) % 40,04 + 0,37.
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Jist O1leHKH OHMOJIOTUYECKO aKTUBHOCTH PACCUMTHIBAIA METa0OIUYECKUN KO-
s uULMeHT, KOTOPBIN MpeACTaBsieT co00 OTHOIIEHHE 0a3abHOTO ABIXaHUS K CyO-
CTpaT-uHAYLMPOBaHHOMY JbixaHuto (Poroas u ap., 2016).

Pesyabrarsl 1 00CyxKaeHHUE:

MuxkpoOHas 6romacca SBIsIeTCs] 3HaUNTEIbHBIM HHANKATOPOM CTPECCOB, KOTO-
pbI€ BBI3BIBAET CEIHCKOXO3SHUCTBEHHOE HMCIIOJIIB30BAaHUE MOUBHI WM €€ 3arpsi3HEHHE.

PacueTHblie moka3zarenu KOMu4yecTBa MUKPOOHOM OMOMAacChl MPEACTABICHBI B TaOIHIIE
2.

Tabnuna 2 — ConeprkaHue yriaepojia MUKpoOHON OMoMacchl B BApHaHTaX OIbITa C
0ECCMEHHBIM BO3/ICIILIBAHUEM CEITBCKOXO3IMCTBEHHBIX KYJIBTYP H B CEBOOOOPOTE,
MKT/T TIOYBBI

BECCMEHHO
nap POXb KapTodeb SITYMECHb KJIEBEP JIeH
NPK 844 2045 1103 1785 2152 2233
NPK+naBo3 2081 3976 2179 2798 2224 1821
be3 ynobpe- 215 1722 439 1291 1013 951
HHUI
ITo uzBectn
CEBOOBOPOT, MKI/T 11OYBBI
nap POXBb KkapTodenn SITYMEHb KJIICBEP JIeH
NPK 1865 2269 699 1318 1614 861
NPK+naBo3 1946 3776 2009 2574 3112 1076
be3 ymoope- 942 843 484 744 1534 439
HUN

bes n3Bectn

MakcumanbHble 3HAUYEHHS yriepoja MUKpOOHOW Ouomacchl HaOIIOAANUCh B
BApUAHTaX C MPUMEHEHHEM KOMILIEKCA MUHEPAIbHBIX U OPraHUYECKUX YJT0OpeHUi
KaK npu OECCMEHHOM BO3JIEIBbIBAHUM KYJBTYp, TaAK M IPHU YEPEIOBAHUU KYJIBTYD B
ceBooOopote. Takue 3HaueHus: HaOII0IaIUCh B BAPUAHTE C BO3EIBIBAHUEM O3UMOM
KM 1 puMeHeHneM yaoopeHuit — noutu 4000 MKI/T OYBBI.

OueHka BIUSHUS BHECEHHS] MUHEPAJIbHBIX YI0OpEHUI Ha OMOJIOTMYECKYIO aK-
TUBHOCTb JEPHOBO-TIOJI30JMCTON MOYBBI JJINTEIBHOTO MOJEBOT0O OIbITA J1aBAJIach IO
MeTaboInyeckuM KodhUIIMeHTaM, pacCYUTAaHHBIM MO OTHOIIEHUIO MoKa3aTess Oa-
3aJIbHOTO JIBIXaHUS K IMOKa3aTeNio CyOCTpaT-WHAYLUMPOBAHHOTO AbIxaHWs. JlaHHBIE
IIpeCTaBIICHBI B Ta0IuUIIe 3.

OnTuManbHbIe 3HAYCHHUST META0OTUYECKOTO Kod(uItmeHTa HaXxoasITCs B mMpe-
nenax 0,2-0,3 (AnanbeBa, 2003). B ciyyae ecin mokaszaTeiab CHUKAETCA, TO MOYBA
COJIEPKUT HEAOCTATOYHOE KOJUYECTBO JIOCTYIHOIO OPraHMYECKOro BEUIECTBA W
MUKpPOOHOE COOOIIECTBO HAXOAUTCS B COCTOSIHUM TTOKOs. Eciin 3HaueHue nokaszaresns
CTPEMUTCS K €IUHUILIE, TO BCE MUKPOOPTAaHU3MbI MOYBBI HAXOJSATCS B aKTUBHOM CO-
CTOSIHUM. beccMeHHOe BBbIpalllMBaHHE CEJIbCKOXO3IUCTBEHHBIX KYJIBTYP, OCOOEHHO
0e3 npuMeHeHHs yA00peHHl, HEraTUBHO BIIMAET HAa (PYHKIMOHUPOBAHUE MUKPOOHO-
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ro cooOuecTBa U OMOJIOTHYECKYIO AKTMBHOCTh IOYBBI. B ycioBusAX ceBooOOpoTa
3HaueHus: MeTabonndyeckoro kod3dduimenta nexanu B npegenax ot 0,13 mo 0,41.
BonbIIMHCTBO BapHaHTOB OMBITa C YEpPEeIOBAHUEM KYJIBTYp MOKa3ald MeTaboIude-
ckuii koapdumment ot 0,17 mo 0, 33. JlanHbIC TOKA3aTENN SBISIOTCS ONTUMAJILHBI-
MU U JEMOHCTPHUPYIOT Xopoliee (yHKIIMOHHPOBAHHE MHUKpPOOHOTO cOOOIIecTBa B
YCIIOBHSIX CEBOOOOPOTA.

Tabnuua 3 — Merabonuyeckue Kod()PUIIMEHTHI B BApUAHTAX OMbITA MOJI MOHOKYJIb-
Typo# U B ceBO0OOpOTE

BECCMEHHO
nap POXKb Kaprodeianb AYMEHb KJeBep JIeH
NPK 0,51 0,27 0,45 0,32 0,30 0,28
NPK-+naBo3 0,28 0,21 0,20 0,16 0,30 0,17
bes yno0- 0,54 0,37 0,59 0,30 0,58 0,29
peHui
Ilo n3Bectu
CEBOOBOPOT
nap POXb Kaprogdesn AYMEHb KJeBep JIeH
NPK 0,17 0,26 0,36 0,39 0,24 0,34
NPK+uaBo3 0,27 0,30 0,38 0,17 0,32 0,33
bes yno0- 0,13 0,23 0,30 0,41 0,43 0,37
peHuni
bes u3zBectn
BuiBoabI

1. KonnuectBO MUKpOOHOW OMOMAacChl HAXOAWIOCh B Tipenenax ot 439 Mkr/r
moYBkI /10 3976 MKI/T mO4YBbl. MakcUMasbHbIE 3HAUYCHUS YIJIEpoJia MUKPOOHOM O1o-
Macchl HaOJIIOTaTMCh B BapUaHTax C MPUMEHEHHEM KOMIUIEKCAa MUHEPAIBHBIX H Op-
TaHUYECKUX yAOOpCHHM, KaK Mpu OCCCMEHHOM BO3JEIBIBAHUM KYJIBTYp, TaK U TPH
4epeIoBaHuN KyJIbTyp B ceBooOopoTe. Camble BBICOKHE 3HAYEHUS ObLIN BBHISBIICHBI B
BapHaHTE C BO3JICIBIBAHUEM O3MMOM PKHU B CEBOOOOPOTE C MpUMEHEHHEM yao0pe-
HHUI.

2. beccMeHHOe BbIpaluBaHUE CEIbCKOXO03SUCTBEHHBIX KYJIbTYpP, 0COOEHHO 6€3
MpUMEHEHUsT yI0OpeHU, HETaTUBHO BIUSET Ha (DYHKIIMOHMPOBAHWE MHUKPOOHOTO
coo0IecTBa U OMOJIOTMYECKYI0 aKTHBHOCTH TMOYBHI. [IpyM onmTUMaibHOM 3HAYEHUU
MeTtabonnyeckoro kodpdumuenta 0,2 mpu MOHOKYJIBTYpe OH mocturan ypoBHs 0,6.
BonbImMHCTBO BapruaHTOB OIBITA C YepPEIOBAaHUEM KYJIBTYpP B CEBOOOOPOTE MOKA3AIH
Oonee OnmaronpusTHBINA MeTaboarmueckuii kodduimeHt kak Ha ¢hoHe 6e3 ynoopeHuit
(0,13-0,41), tax npu BHecennn NPK (0,17-0,39) u NPK-+nago3 (0,17-0,38).

3. BHeceHne KoOMILIeKCa MUHEPAIbHBIX M OPTaHUYECKUX YIO0OpEHUN TOBBIIIA-
€T YpPOBEHb MHUKPOOHOJIOTHYECKOW aKTUBHOCTH TTOYBBI. B BapraHTax ¢ MpuMeHEHUEM
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ynoOpeHuii moka3arenu Meradonndeckoro kodddunmenta nocruranu 0,30-0,33. Ta-
KHE 3HAYCHUE TOKA3hIBAIOT HOPMaJIbHOE (PYHKIIMOHUPOBAHUE MHKPOOHOTO COOOIIe-
CTBa TTOYBBHI.
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UccnenoBanus npoxoaunu B Kamyskckoil 06actu, 1isi OHEHKH MHUKPOOUOJIO-
TUYECKOW aKTUBHOCTU MCIIOJIB30BAIMCH MPOIMAIIHAS KYJbTypa U OJIHOJIETHUE TPaBhI,
a UMEHHO KapTo(ellb U BUKO — OBCSIHHASI TpaBOCMeCh. Bo BpeMst BhIpamyBaHus JaH-
HBIX KYJBTYp, HOMUMO MHHEPAIbHBIX YAOOPEHHUIN UCIHOIB30BAINCH TaKUE TepOUIH-
JIbl, KaK CHUJIbBOIIIAHC, IIATYH, METAIIAHC — MOIIHbIE TepOUIIU/IbI TPOTUB CUJIBHOU 3a-
COpPEHHOCTH, IO KJIACCy OMacHOCTH 3 — A yenoBeka Oe3zomacHbl. [locie otGopa
MOYB MPOBOJMWINCH Ja0OPAaTOPHbIE HCCIEAOBaHNUs, A1 Hallel pabOThl MCIIOIb30Ba-
JIUCh TaKWe MUTATENbHBIE CPEeJbl, KaK TIIOK030-TIenToH-IpoxokeBor arap (I'TIJJA),
msco-tientoH arap (MITA), kpaxmano-ammuaunsiii arap (KAA), arap I'etunHCcoHa-
Kuneiitona (AI'K), HAT u cpena AHaHbEBOM.

B mpoBeneHHBIX HCCIEAOBAHMSIX YHCIEHHOCTh CAampOTPO(HBIX MHUKpPOOpra-
HU3MOB yuuTbhiBanach Ha cpeaax ['TIJIA u MIIA. T'TIJIA onHa U3 yHUBEPCAJIBHBIX
Cpell Ha KOTOPOM YUUTBHIBAIOTCS BCE KYJIbTUBHUpPYEMbIE canmpoTpodsl B MouBe (amMo-
HUDUIUPYIONTUE, TEUTI0I030IuTHIYeckue u mnpoune). [[ns MITA xapakrtepusyercs
npoiiecc npeoOpa3oBaHusl aAMMHUAYHOIO a30Ta U KpaxMmaia (IpeBpaiieHue OeIKOBbIX
BEIIECTB B mouBe) [1].

[lo pe3ynpTaTaM MpPOBEAEHHBIX MCCIEIOBAHUMA OBLUIO YCTAHOBJIEHO, 4YTO
HauOoOJIbIIasi  YUCJIEHHOCTb CpEeId BCEX CalpoOTPO(PHBIX MHUKPOOPTaHU3MOB
oOHapyxkeHa Ha [TI/IA, 4To BHOJIHE 3aKOHOMEpPHO — JaHHAs CpeAa YYHUTHIBAET
MaKCHUMAJIbHOE KOJIMYECTBO META00JIMUYECKHA aKTUBHBIX MUKPOOPIaHU3MOB U3 TPYII
canporpodubix. [lo pesynbTaTam BHKa-oBCa B BapuUaHTE C MapoM, YUCICHHOCTb
cocrapisia 86,8 KOE*107/1 r mo4Bbl, B IOCIENYIOIMX BapUAHTAX YUCIEHHOCTD
MHUKPOOPraHU3MOB MPUHUMAET OTPULATEIBHYIO JIMHUIO TpEeHAAa - BO BTOPOM
BapuaHTe (TJe y Hac OblIa MOCAKEHA KYJIbTypa) YMCICHHOCTh CHU3MWIACh Ha 27%
(63,1 KOE*107/1 r mouBbl), a B TpETheM BapHaHTe (BHKa-OBEC + IepOMLUI) IO
CpPaBHEHHMIO C TIICPBBIM BapHAHTOM IOKa3aTead yMeHbIIMIHNCh Ha 36% (55,4
KOE*10’/1 T TmOYBBI), 4TO BIIOJHE MOKHO OOBSACHUTH BIMSHHEM TepOMIMIHON
Harpysku [1].

OOpaTHyIO TEHJIEHILMIO Mbl MOKEM HaOJII0/1aTh M0 pe3yJibTaTaM ¢ KapTodesem,
I7I€ M3HAYAJIbHO YMCIEHHOCTh MUKPOOPTraHW3MOB B BapHaHTE C MapoOM COCTaBIIsUIa
75,3 KOE*107/1 r mouBbl, TOrja Kak MOCIE IOCAAKA M IEPHOAA OYTOHM3ALUH
nokasatenu Beipociu Ha 47% (110,7 KOE*107/1 r nouBsl), 5TO FOBOPHUT O CBOMCTBAX
MPOTAITHON KYJBTYPhI, a3paliysl MOBBIIMIACTCS - KUCIOPOJ] JIETYE MOCTYIAET B MOYBY
(B OTIMUMM OT OJIHOJICTHMX TpaB, TNI€ KyJbTypa pacTeT IJIaCTOM W TIOYBEHHAs
JIEpHUHA C TPYJOM IPOIMYCKAET uepe3 ceOsi KUCIOPO1); OJIHAKO B TPEThEM BapHUAHTE
MOCJIe TPUMEHEHUs TEePOUIMAOB YHCICHHOCTh MHUKPOOPTaHM3MOB COKpaTHIIACh
pesko Ha 60% (30,2 KOE*107/1 1 mo4BbI), JaHHBIE MUKPOOPTaHM3MBI 9yBCTBUTENILHO
pearupyroT K repOuImIHoN Harpy3ke [2].

Ecaum paccmaTpuBaTh UYHMCIEHHOCTh MHUKPOOPTaHW3MOB, YYUTHIBAEMBIX Ha
MIIA, To ™Mbl Oynem HaOm0IaTh MOAOOHYIO CXeMy, TIJe Yy BHKa-OBCa HJIET
MOCTENIEHHOE YMEHBUIEHUE YMCIEHHOCTH C KaXJbIM BapUAHTOM, y KapTodes
BTOPOM BapUaHT C KYJIbTYpPOM PE3KO BO3pPACTAET M TPETUU INOCIEC NPUMEHECHUSA
repOUIMA0B HAUMHAET MajaTh.

Cnenyromue uccneaoBanus Mel mpoBoauian Ha cpenax KAA u AT'K. Kpaxma-
JI0-aMMHUA4YHbIN arap — cpenia Juisl KyJbTUBUPOBAHUS MUKPOOPTAHU3MOB, CITIOCOOHBIX
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IPOBOJUTH JECTPYKIHUIO OJIUTO-, MOJKMCAXapUIOB U UMMOOWIIM3AIMIO a30Ta, T. €.
CHIOCOOHBIX MOTPEOATh MUHEpaIbHBIN a30T. Arap ['etunncona-Knelitona — cpena
JUTSL KyJIbTUBUPOBAaHUS a3POOHBIX LEJUTFOI030JUTHYECKUX MUKPOOPTaHU3MOB.

Ha kpaxmano-ammuauynom arape (KAA) mpu Bo3zaenbIBaHWM BHKa-OBCSIHOMN
TPAaBOCMECU B NEPBOM BAPUAHTE YHUCIEHHOCTh MHUKPOOPraHM3MOB cocTaBuia 16,2
KOE*10%1 r moyBkl, mocne moceBa KyJlbTyphl IIOKa3aTeld BeIpocad Ha 77% (28,6
KOE*10%1 r noussl), 5T0 TOBOPUT O TOM 4YTO JAHHAs KyJIbTypPa SBJISAETCS CUAEPATOM
Y XOPOIIUM HAKOIUTEJIEM a30Ta, KOTOPBIM MOTPEOIIIIOT MUKPOOPTaHU3MbI U3 TAHHOU
IPYNIbI; a MOCIe MPUMEHEHHUs TEepOMIUAOB KOJIMYECTBO MHUKPOOPTaHU3MOB €Il
Bo3pacTaeT B 4 pasza u cocraBisier 65,5 KOE*10%1 r moussl, Takoe IOBBILICHHE -
pe3yNibTaT TOTO YTO, IOMUMO TepOUINI0B OBLITM BHECEHBI MUHEPAIbHBIE yI00PEHHUS
[2].

[lo pesymbratam ¢ kaptodernem HaOMOIaeTcs Takas € CUCTeMa, IJe B
BAPUAHTE C MAPOM YHUCIEHHOCTH MHKPOOPraHmsmoB cocrasiser 11,8 KOE*10%1 r
MOYBBI, & B BAapUAHTE C KYJbTypOW YHUCICHHOCTh yBenuuuiack B 3,6 paza (42,3
KOE*10%1 r mo4Bel) ¥ IpH NPUMEHEHUH TepOMIHAA TOBBILIEHHE IIPOU3OILIO B 6
pa3 (70,7 KOE*10%1 r noussr).

[Io pesynapTaram wuccienoBanus Ha arape [erumncona-Kneiitona (AI'K),
3aKOHOMEPHOCTh POCTa YUCIEHHOCTH MHKPOOPraHW3MOB MOJYyYaeTCs HACHTHYHOM,
Kak U Ha Kpaxmayno-ammuadHoil cpene (KAA). I'ne npu Bo3ienbIBaHUU BUKa-0BCA C
MEpBOr0 MO TPETUW BapHAHT JIMHUSA TPEHJA MOJIY4YaeTcs BO3pacTarolleil, map -
YUCIIEHHOCTh MHUKpOOpranu3mMoB pased 32,8 KOE*10%/1 r nmoussl, BTOpoil BapuaHT
yBEIMYEHHE YUCIEHHOCTH Ha 59% (49,6 KOE*10%1 r noussl), mociie repOMLMaHOIM
00pabotke Bospactaer Ha 85% (60,8 KOE*10%/1 r moussl), repOMLUI yCKOPSET
Pa3I0KEHHE LEJUII0I03b], U CTUMYJIMPYIOLIEEe AEMCTBUE HA LEUII0JI030Pa3Iararonlyro
aKTUBHOCTh 0OOJIe€ 3HAYUTEIBHO B  JUTIOBHAJIBHO-IYTOBBIX  IOYBAaX, TIJIE
COOTBETCTBEHHO U BBIPAIIMBAIACH TPABOCMECH.

[Ipyn BO3AenbIBaHUK KapTOQesss YUCICHHOCTh MUKPOOPIaHM3MOB Ha cCpefe
ATK B mepBoM BapuanTte coctapmio 28,4 KOE*10%1 r mo4ssl, Bo BTOPOM BapHaHTE
YUCIIEHHOCTh yBenuumiack B 2,5 pasa (71,1 KOE*10%/1 r mo4Bsl) U mpu BHECEHHH
repounuaa ToKaszartenb ysenumumiaca 3,3 pasza (95 KOE*10%1 r noussl), ans
Pa3NOKEHMS UEJIII0JIO3bI TOTPEeOOBAJICS MUHEPAIbHBIA a30T, B JAHHOM BapUaHTE 3TO
YCUJICHHO TaK Kak 3TO MponaiiHas KyJaetypa [3].

HutputHb1 arap Tenmep YYUTBIBAET ABTOXTOHHYIO rpyniry
MHUKpPOOPTraHU3MOB, KOTOpbIE TpaHC(HOPMHUPYIOT T'yMycoBble coenauHeHus. Ha ¢one
BHKAa-OBCa MOKHO HaOIIOAaTh 3aKOHOMEPHOE YMEHBUICHHUE  UHCICHHOCTH
MHKPOOPraHu3MoB, npumepHo Ha 63% (1,19 KOE*10%1 r mousel), Tak Kak
TPaBOCMECH CITOCOOCTBYET 3aMEICHUIO PA3NIOKEHUSI TYMYCOBBIX COEIMHEHUH, a Ha
GoHe MecTUIUIHON HArpy3KM OHa yBenuduBaercs Ha 26% (4,06 KOE*10%1 r
MOYBKI), Kak ObUIO CKa3aHO paHee, MOMHUMO TIepOMIIMI0B Mbl BHOCHJIIU KOMILIEKC
MUHEpaJIbHBIX YyIOOpPEHMWH, YTO Jalo TOJYOK K POCTY JaHHOW TPYIIIBI
MUKpPOOPTaHU3MOB.

Ha ¢one xaprodens Mmbl Habm01aeM 00paTHYIO TEHACHIIUIO, PE3KUM CKavyOK B
2,4 paza (4,82 KOE*10%1 r moussl), Bo3BpamaemMcs K CBOMCTBaM NpPONAIIHOM
KyJIbTYpbl W YCHUJIEHHON as’paluu, TO, Yero HeT y OJHOJEeTHUX TpaB. Ha d¢one
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KapTodenss u TepOMIMAa 3aKOHOMEPHO  HaOJI0JaTh POCT  YUCIEHHOCTHU
MHKpPOOPIaHU3MOB, KOTOPhIN oKa3ancs B 3,3 pasa (6,65 KOE*10%1 r moussr). Ilpu
MPOMAIIHON KyJbTYpe YHUCIIEHHOCTD aBTOXTOHHBIX MHUKPOOPTaHU3MOB
YBEJIMYUBACTCS, T. K. TYMYC TPaHC(POPMUPYETCS U pa3araercs.

depMeHTaTHUBHAS aKTUBHOCTH MOYBBI M3MEHSJIACh MO TUITY HU3MEHEHHS YHC-
JICHHOCTH MHUKpPOOpraHu3MoB. Eciu paccMaTpuBaTh IPOTEOTUTHUECKYIO aKTUBHOCTD
MOYBHI, TO KaK U aMMOHU(DHUIMPYIOIIasi MUKPOOHOTA, TIOCIe MPUMEHEHUs repOuIu-
JIOB aKTUBHOCTh CHM3WJIACh Ha 57% y OAHOJETHUX TpaB U 79% y npomnamHon Kyjib-
Typbl. UHBepTa3Hasi akTUBHOCTH Ha (POHE KYJIBTYp U repOUIINIOB, HA0OOPOT, BHIPOC-
Ja - OJIHOJIETHUE TpaBhl B 2 pa3a, kaprodensb B 3 pasza, 3T0 03HAYAET, YTO B MIOYUBE
BBICOKOE COJIEp’KaHUE JIETKOTHUIPOIU3YEMOI0 yIiepoa, KOTOPhI, HEMOCpeaCTBEeH-
HO, SIBJIIETCS MCTOYHUKOM SHEPTHH JUIsl MHOTHX TeTepoTpodoB noussl. [Ipo nemtto-
JIA3HYI0 aKTUBHOCTh MOXHO CKa3aTh TOXKE camoe, Ha (JOHE KYJIbTYphl U TepOUIIUIOB
aKTUBHOCTH MOBBICUJIACH — BUKO-OBCSIHAs TpaBocMech Ha 23%, kapTodens Ha 50% -
aKTUBHOCTH TMOBBICHJIACH M3-3a TOMAJaHUS B MOYBY OONBIIOTO KOJWYECTBA PACTH-
TEJIbHBIX OCTATKOB, MOCJI€ TepOUIUIHON 00pabOTKU. ATpOTeXHHUUYECKas Harpyska
YCKOPSAET TOJHYI0 MUHEPAIM3AINIO KJIETUYAaTKU B TAIIHE, BCIEACTBHE YEro aKTHBH-
3UpyeTCs MOYBEHHOE JBbIXaHHUE, U MPU3EMHBIN CION BO3MyXa HACBHIIACTCS YTJIEKHUC-
JBIM Ta30M, YTO CIIOCOOCTBYET ONTHMHU3AIMU YTJIEPOJHOTO MUTAHHS KYJIbTYPHBIX
pactenuii. [lonudenonokcumaasHas u NepoKCUIa3Has aKTUBHOCTh MMOYBHI MOCIIE Tep-
OWIIMIHON HArpy3Ku CHU3WJIACH, Y OJHOJETHUX TpaB Ha 10-15%, y xaprodens Ha
47%. Kaxk mpaBuiio, akTUBHOCTb MOJIM(PEHONIOKCHIA3bl C YBETUUEHUEM COJEPKAHUSA
ryMyca IOCTENEHHO MOBBIIIAETCS, @ AKTUBHOCTh EPOKCUIA3bl — PE3KO CHUYKAETCS.
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Cexkuus 3.
Teoperuueckue u NpPUKIATHbIE BONPOCHI (U3HOJIOTHHA M OMOXHUMHUHU B3aMOOT-
HOIIIEHUI MUKPOOPTaHU3MOB H PACTeHHIii, BOPOCHI OHOTEXHOJIOTMH PacTeHHMit
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AHHOmayua: npusedeHvl pe3yibmamsl UCCIe008aHUs FIHO0PUMO8 niooos aononu. Omobpanvl 27
uzonamos, nposgisowux anmazonuzm k Erwinia amylovora. Buipaosicennvim anmazonuzmom oona-
oarom 6axmepuu pooa Priestia, Pantoea, Microbacterium, Staphylococcus.

Knrouesnle cnosa: s6nous, Erwinia amylovora, oxor miogoBbIxX KyJIbTyp, 9HA0(UTHI, Ononpenapa-
THI.

Beenenmue:

Pactenust sBnsitoTCS Cpenoil oOMTaHMs JJIS Pa3IMYHBIX MHKPOOPTaHU3MOB,
Ha3bIBaeMbIX dHI0GUTaMU. B Tuiogax s0710HM ObLTH OOHAPYKEHBI MUKPOOPTaHU3MbI
pooos Acinetobacter, Bacillus, Sarocladium, Penicillium, Harmiscium u Fusarium u
ap. [1, 3, 5]. Mexnay sHmoduTamMyu M maTOTeHaAMH MOXET BO3HHUKATh aHTArOHHU3M,
3HaHWE 00 AaHTATOHUCTUYECKUX CBOMCTBAX OMPEIEICHHBIX MUKPOOPTAaHU3MOB MOYKET
CTaTh OCHOBOM JIsl pa3paboTku OuomnpenapaTtoB [1]. Ha naHHBIE MOMEHT OCHOBHBIC
cTpareruu OOphOBI ¢ OaKTepHaIbHBIM 0’KOIOM IUIOJOBBIX KyJIbTyp (B030. Erwinia
amylovora (Burrill) Winslow et al.) BkirodaroT yHUUTOXKEHUE 3apaKCHHBIX JICPCBHCB,
00paboTKy MeabCoAepKAIIMMH U APYTHMH MECTUIIUIaMHU, & B HEKOTOPBIX CTpaHaXx -
pacTBOpaMH aHTHOMOTHUKOB. brompenaparsl MOTEHIIMAIBHO MEHEE 3aTpaTHBI M HAHO-
CSAT MEHBIINI BpeJ OKpYKatouien cpeae [4].

[lenpio wiccienoBanus SBISETCA M3YYCHHE pazHooOpasusi SHAO(PHUTOB IJI00B
s0JIOHM U UX TIOTEHIIMAJIa B pa3paboTke OUompenaparos.
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MarepuaJibl M MeTOAbI HCCJIEIOBAHUSA:

OOBEKTOM UCCIIENOBAHUS SBJSUTUCH IO SI0JI0HU 11 COPTOB M3 KOJIICKIIUH
@®HII CanoBoactBa: AsnaauH, AHTOHOBKa, bpycHuuHoe, Becsummna, I'pymoBka
Mockosckasi, Kybanckoe barpsnoe, Jlyy, [Tamstu Xutposo, UapaBuuna, YepBonerr.

YrobObl m30exarh KOHTAMUHALKMK 00pa3loB SMUGUTHBIMA MHUKPOOpPraHHU3Ma-
MU, 10161 A0710HH norpyxanu B 70%-Hblil COUPT, 3aTEM MPOMBIBAIA HX CTEPUIIb-
HOM BOJIOM, OOCYIIIMBAJIHN CTEPHIIbHBIME CcajeTKaMu.

OT KaX/10r0 copTa B CTEPUIIbHBINA CTakaH oTOMpain | T TKaHU U3 BHYTPEHHEH
4acTH TIJI0/10B, 3aTeM no0aBisiau 10 mi docdatHo-coneBoro 6ydepa (PBS). Berps-
XUBaJgM Ha 1eiikepe B TeueHue 10 munyt. [IpoBoaMIM riyOMHHBIN 1MOCEB HA Cpedy
IIJITA 6e3 passenenus u ¢ passeaenuamu 107, 102, 103, B aByx moBTOpHOCTAX
kaxxnoe. Mukyouposanu npu 25°C B Teuenue 14 cyTok.

VY KaxJ0ro copTa BBISBISIN OTIEIbHBIE MOP(GOTHUIIBI KOJOHHM, ONMpeaeisiu
oOuiMe M 4acToTy BCTPEYAEMOCTH. BBIAENANM 4YucThle KyJIbTypbl. METOJIOM COB-
MECTHOTO KyJIbTUBUPOBAHMSI HA MUTATENBHBIX cpenax R2A u 925 omnpexnensnu aHTa-
TOHHUCTHYECKYIO CITOCOOHOCTD U30JIATOB 110 OTHOIICHHIO K E. amylovora [2].

Nnentudukanuio 6akrepuil U APOXOKEH MPOBOAMIM METOJAOM CEKBEHHPOBA-
HUust 1o CoHrepy MNpPOAYKTOB aMIUIM(PUKAIMKM C YHHBEPCAJIbHBIMU IpaliMepaMu
27F/907R u ITS4/ITSS5 coOTBETCTBEHHO.

Jns mosrydenus nmpoaykra ¢ npaitmepamu 27F/907R peakumronHast cMech 00b-
eMoM 25 Mkn coxepxana: 2 Mka JHK, 1 Mxn kaxmoro mpaiimepa M 5 MKI
«5xScreenMix-HS» 6ydepa (3AO «EBporen», P®). Peakiuio npoBoauin B mpudoope
BioRad C1000 Touch mo crneayrormieit mporpamme: 5 muH - 95° C; 35 nuxiios: 15 ¢ -
95°C,30c¢-58°C, 1 mun - 72° C; 5 mun nipu 72° C.

Husa TIHP ¢ mpadimepamu ITS4/ITSS (BAO «EBporen», P®) peakimonHas
cMmech o0bemMoMm 25 Mk coaepxkana: 5 mxi JJHK, 1 Mk kaxgoro npaiimepa u 5 MK
«Mas DDMix 2025» oydepa ([duanat Itd, P®). Peakuuto nposoauau B npudope Bi-
oRad C1000 Touch mo crneayromeii nporpamme: 3 muH - 94° C; 35 nukios: 30 ¢ -
94° C,30c-52°C, 1,5 mun - 72° C; 5 mun nipu 72° C.

[Tocne ammmmndukanuu oOpasisl pasfaensiau myteMm snektpodopesa B 1,5 %
arapo3HOM Tele.

Pe3yabTarhl H 00CyKIeHHE:

Bcero ¢ ygaiiek 66110 0TOOpaHo 95 U3075TOB, U3 HUX 27 MOKa3aJii aHTarOHU3M
k E. amylovora no kpaiineit mepe Ha omHOU cpene (Tabmuia). M3 HUX 6 mITaMMOB
oTHocUTCS K poay Pantoea, mo 3 — k pomam Staphylococcus u Proteus, ocranbHbie
poJia TIpeICTaBICHBl B MEHbIIeH Mepe. Takxke ObLT BIZIETICH H30JIST IPOXIKEH poja
Metschnikowia.

Ha oGeux ucnbITaHHBIX Cpelax aHTArOHUCTUYECKHE CBOMCTBA HAOIIOAAINCH Y
Oaktepuii pomos Pantoea, Priestia, Microbacterium, Staphylococcus. Dtu u30saThI
ObUTM BBIJCJICHBI U3 IJI0JIOB COpTOB AHTOHOBKA, Jlyu, Ilpesmaent u I['pymoBka
MockoBckas.

Haubosee akTvBHBIA pocT HaOMoAancs y u3o0saToB ponxa Proteus mirabilis,
BBIJICJICHHOTO M3 IJIOA0B copTa AiutaanH. KOHIIEHTpauusi coCTaBisieT 4x10* KOE/T.
Taxoxke oOwibHBIN pocT HaOmonancs y Microbacterium (I'pymoBka MockoBckas),
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Pantoea agglomerans (vagans) (JIyu) u Staphylococcus (JIyu), Providencia (Yapas-

HHUIIA).

VY Staphylococcus warneri va cpene R2A Habiromaercs BapuaOeabHOCTH IO
AHTarOHUCTHYECKOW aKTUBHOCTH IpoTUB Erwinia amylovora.

Tabmmia
[ToTeHimanpHbIe aHTarOHUCTH Erwinia amylovora
AHTaronnsm
Ne mi/m O6pa3zen Pe3ynbpTaT cekBeHUpOBaHUS ROA | 925 KOE/r
1 Pantoea agglomerans +- - 2*102
2 Annaaun Proteus mirabilis +- - 4*10*
3 Staphylococcus epidermidis +- - 5*103
4 AHTOMOBKA Micrococcus +- - 5*10°
5 Pantoea agglomerans + + 2*102
6 5 Microbacterium +- - 1*10?
7 PYCHHAHOC Sphingomonas +- - 5*10°
8 Metschnikowia* +- + 5*10°
9 I'pymoBka Microbacterium +- + 5*10°
10 MockoBcKast Micrococcus +- - 5*10!
11 Pseudomonas + - 5*10°
12 Pantoea agglomerans (vagans) +- + 6*10°
13 Bacillus + - 6*102
14 Paenalcaligenes suwonensis +- - 5*10°
15 JTyu Pantoea agglomerans +- - 6*102
16 Proteus mirabilis +- - 5*10!
17 Staphylococcus +- - 5*10°
18 Staphylococcus epidermidis + + 9*10?
19 Staphylococcus warneri +/ - + 3*10!
20 Brevibacillus centrosporus +- - 7*101
21 Pantoea +- - 3*10?
9p | Mamsru Xur- Priestia aryabhattai +- + 5%10"
23 POBO Providencia rettgeri +- - 5*10°
24 Pantoea agglomerans +- - 5*10*
25 - Priestia + + 6*10*
26 DESHACHT Proteus mirabilis +- - 5*10!
27 YapasHuIa Providencia +- - 5*10°

«-» — He nooasnsem pocm E. amylovora, «+-» — ecmv crabo ewipasicennoe

nooasnenue pocma E.amylovora,

amylovora.

*V pooa Metschnikowia anmazonuszm makorce nabmooancs na n1esanogoii cpeoe.
BHUIOB

OnHako

cpeau

«Tr»

pomoB Paenalcaligenes,

Proteus,

Providencia

-- nonaHocmvilo nooasnsiem pocm E.

51

Staphylococcus BcTpedaroTcss HATOTCHBI YEJIOBEKA, IMOATOMY O3TH INTaMMbI B
IanbHEHIINE NCCIIEIOBAHNS BKIIOUYEHBI HE OYIyT.
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3akiouyeHue:

13 11 uccnemyeMbIx COPTOB SHAO(HTHI, 00JIaaroNie aHTaroHu3MoM k Erwin-
la amylovora, 6l 0OHapykeHbI Yy 5 copToB. Hanboubliee KOJIMYSCTBO aHTArOHU-
CTOB OBbLJIO BbIIEIEHO U3 copTa JIyu — 8 uzonsaroB. Cpeau HUX caMblii MHOTOYHMCIICH-
uelii — Proteus mirabilis (KOE/r = 4*10%).

JIist manmbHEHUIUX MCCIIeIOBAaHUN 10 pa3paboTke OnompemnapaTtoB OTOOpaHbI §
u3oisitoB ponoB Bacillus, Microbacterium, Micrococcus, Priestia, Sphingomonas u
Metschnikowia (aposxokn), 001aal0nmMX aHTarOHUCTHYECKUMH CBOMCTBaMHU K Erwin-
ia amylovora.

Uccnenosanne npoBoauTtcs B pamkax ['ocynapctsenHoro 3aaanus, per. Ne HUOKTP
123042100020-5.
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Annomayua: B pabome uccireoosanvl humocmumynupyowue coUCmMaea 3eieHblx 8000pociell po-
0a Scenedesmus u nousenuvix yuanobaxmepuii pooa Anabaena 6 nabopamopHvix onvimax u 6
VCOBUAX MeNaudHo20 epynma Ha pacmenusax ocypya Cucumis.

Knrwoueswle cnosa: nnanobakTepun, BOJOPOCIH, ypoxkaitHocTs, Cucumis.
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JIJis perieHus SKOJIOTUYECKUX TPOOJIeM, CBS3aHHBIX C MPUMEHEHHEM B CEJb-
CKOM XO3SIIICTBE XMMUUYECKUX yIOOpEHUI U MEeCTUINA0B, U BCIEACTBUE ITOr0, HApy-
[ICHUEM IOYBEHHBIX SKOCHUCTEM, YXYAIICHHEM KauecTBa MPOAYKIIHH, HEOOXOIUMO
MCIIOJIb30BaTh PKOJOTHYECKH YUCThIE Ouompenapartbl. 3eJIeHble MUKPOBOJOPOCIU H
IIMaHOOAKTEPUHN AKTUBHO CTHMYJIUPYIOT POCT pPacTEHUH, 3alUIIAIOT OT OOJIe3HEH,
YBEJIMYUBAIOT TUIOJOPOIUE MTOYBBI, TTOBBIIIAIOT BCXOXKECTh U MPOpPACTaHUE CEMSH 3a
cueT (PUKCAIMH a30Ta, BBIICICHUS MAaKpO U MUKPOIJIEMEHTOB, OMOIOTUYECKH aKTHUB-
HBIX BEIIECTB, CIIOCOOCTBYIOIIUX POCTY pacTenui [1, 2, 4, 5].

[lenpro paboThI OBLIO KCCIEAOBaHNE GUTOCTUMYIHUPYIONMIUX CBOMCTB 3€JICHBIX
BOJIOPOCIICH M MOYBEHHBIX ITHAHOOAKTEpH B JIAOOPATOPHBIX OIMBITAX U B YCIOBHSIX
TEIUTMYHOTO TPYHTA.

B nabopaTopHOM OIBITE ¢ PeIrCcOM HAWOOIbINas BCXOXKECTh OOHapyKeHa B
BapuaHTe ¢ 00paboTKoi BomopocisaMu poma Scenedesmus - 100% [3]. O6pabotka
CeMsSIH peanca IMaHOOaKTEepUsIMU TOKa3ana BBICOKHUN pe3yibTaT Bcxoxectu 98% u
95,3%, B cpaBHCHHH C OTPHUIATEIBHBIM KOHTpoJieM 88,7% (00paboTka BOIOTIPOBO/I-
HOI BOJIOW) U MOJOKUTEIBHBIMU KOHTPOJISIMU — 31uHOM (93,3%) u npenaparom HB-
101 (91,3%).

OMBIT IO UCCIIeIOBAHUIO BIIMSHUS [IMaHOOAaKTepuid poaa Anabaena u 3elieHbIX
BOJIOpociieit poma Scenedesmus Ha BCXOXECTh M POCT pacTeHui orypma Cucumis B
TEIJIMYHBIX YCIOBUSIX NpoBoAwInd Ha Oaze guimmana OBI'Y «Poccenbxo3ueHTpy» 1o
ActpaxaHckoil obnactu. MccnenoBaHus NMpoBENEHbI Ha KyJbType OrypLa copra
dopBap, MpeaHa3HAYCHHOTO JUIsl BHIpAIMBAHUS B TEIUTUYHBIX YCIOBHSIX. ITO 0O-
JIC3HECTOMKHI MapTEHOKAPIUYECKUNA THOPHU/] C IO3JHUM CPOKOM co3peBaHus — 60-65
cyTOK. OIBIT IPOBOAMIIN HA €CTECTBEHHOM HH(EKIIMOHHOM ()OHE B ABYX MOBTOPHO-
CTSX U 4 BapHaHTaX:

1) KOHTPOJIb OTPHUIIATEILHBINA — 00Pa0OTKA BOIOMPOBOHOMN BOIOM;

2) KOHTPOJIb TMOJOKHUTEIIbHBIN — 00paboTka (urocnopuHom (ocHoBa Bacillus
subtilis);

3) 00paboTka 3eJIEHBIMU BOJAOPOCIISIMH poaa Scenedesmus — cycriensust 10 mur
/ 1 pactenue;

4) obpaboTka IuaHoOakTepusMu pojxa Anabaena — cycmensus 10 mm / 1
pacTeHue.

Crnoco0Ob1 00pabOTOK COCTOSUIM M3 MOJIMBA MO KOpeHb (mepBbie 3 00pabOTKM)
Y OTIPBICKUBaHUS (cleayromre 3 00padoTKM) U 3aKITI0YATIUCh B CIEIYIONIEM:

1. [TonuB mox kopeHb uepe3 1 IeHb mocie BICAAKU Paccajbl B TEIITMYHBIN
TpyHT B a3y 2-3 HACTOSINX JTUCTHEB;
2. [TonuB Mo KOpeHb B CTaIUM aKTUBHOTO POCTA pacTeHMit (depe3 8 aHen

MOCJIe TepBOi 00PabOTKH);
3. [lonmuB mox kKopeHb B a3y IBETCHH M OyTOHMU3AIUU (depe3 8 IHel mocie
BTOPOiI1 00pabOTKN);

4. OnpsickuBaHue B (pa3zy oOpa3oBaHMs 3aBsI3M U MOJIOYHOM CIEIoCTH (4e-
pe3 14 gueilt mocne TpeTheit 00paboTKH);
5. OnpeickrBaHue B a3y aKTUBHOTO IUIOJOHOIICHUS (depe3 14 qHel mo-

CJIe YeTBEPTO 00pabOTKH);

74



6. OnpeickuBanue B a3y coOopa ypoxkas (uepes 14 mHei mocie msaToi oopa-
00TKM).

[Muanobakrepun poja Anabaena kymsTuBHpoBanu Ha cpene BG-11, Bomopoc-
au Scenedesmus — Ha cpeae Ilpara. KoHneHTparus KJIETOK BOJAOPOCIICH COCTaBHIIA
2,75x10° k/mn. Cyxoit Bec 6uoMacchl UaHOOAKTEpHiA cocTaBui 4,6 T/

MaxkcuManbHyI0 ypOoKaiHOCTh HAOII0OaId B BapUaHTE OMbITa ¢ IMaHOOaKTe-
pusimu. [Ipu yuete MoppoMeTprueckux nokasareneid, HanOobIas BbICOTa pacTEHUI
M KOJMYECTBO JIMCThEB HAOIIO/IAJIOCh B BApHUAHTE C OTPUIIATEIBHBIM KOHTPOJEM, a
KOJIMYECTBO OYTOHOB — B BapHaHTE C 00OpabOTKOHM 3eNIECHBIMU BOJOPOCIISIMH POJa
Scenedesmus.

Haubonpias yposkaliHOCTh OTYpIIOB OOHapy)KeHa B BapuaHTE C 00pabOTKOM
[MaHOOaKTEpUsIMH U cocTaBmiia 47,2 KT, B CpaBHEHUH C OTpULIaTeNbHBIM (16,5 KT) 1
nosiokuTenbHbIM (31,1 Kr) KOHTpOIsIMU (TAb. 1).

Tabnuna 1
YpoxkallHOCTh pacTeHU orypiia npu 00paboTKe BOAOPOCISIMU U IMAHOOAKTEPUSIMHU

1 JKam-
BapuanTsl onbiTa Obwast ypoka
HOCTb (KTI)

OTpunatenbHbIi KOHTPOJIb (00paboTKa BOAOIIPOBOAHOM 16.540.3
BOJIOM ) ’ ’

[TonoxxurenbHbl KOHTPOIIb (00pabOTKa 3TAJTIOHHBIM 31.140.5
ouonpernapatoM OUTOCIIOPHH) 7

O0paboTKa 3eJIeHBIME BOAOPOCIAMHU poaa Scenedesmus 41,9+0,7

Oo6paboTtka nuaHobakTepusimu poja Anabaena 47,2+0,5

B xozxe nmabopaTOpHOro OIBITAa MO U3YYEHHUIO BIUSHUS HUCCIIEIyEMbIX MHUKPO-
OTPAaHU3MOB Ha BUPYCHI pacTeHui, TomaThl 3apaxany BMTo u BOM. B nuctes kpy-
TOBBIMH JIBXKEHUAMH BTHpaiu MHOKYyItoMbl BMTo u BOM. Yepe3 Hegento Obuin
BUJIHBI CUMIITOMBI 3a0o0JieBaHUsl pacTeHuil. KOHTpOJbHbIE pacTeHHs] OMPBICKUBAIH
JUCTUIUTMPOBAHHOM BOJIOH, OTIBITHBIE — CYCIIEH3USIMH BOJOPOCIEH U LIMAHOOAKTEPUH.
3apaxeHue BUPyCaMH OLEHMBAJIM 110 BU3YyAJIIbHBIM MPHU3HAKAM U C TIOMOIBIO UMMY-
HOCTPHUIIOB. Pe3ynpTaThl HCCIeN0BaHUM MMOKA3AJIA, YTO PACTEHUS, ONPHICKMBAEMbIE U
NOJIMBaeMble CYCIICH3MEH 3eJIeHBIX BOAOpOCIei poja Scenedesmus, uMend MUHH-
MaJIbHOE KOJIMYECTBO CUMIITOMOB BUPYCOB Ha pacTeHusAx. IMMyHOCTpHIIBI TOKa3aIu
OTCYTCTBUE BUPYCOB.

buotectupoBanue B onbITe ¢ AAQHUSIMH MOKa3aJ0 OTCYTCTBUE TOKCHUYHOCTH
HCCIIeTyEeMbIX BOJIOPOCIICH U ITHaHOOAKTEPUA.

B pesynbrare npoBEACHHBIX HMCCIIEIOBAHUMN IOJYYEHBI JaHHBIE HE TOJIBKO O
MOJIOKUTEIBHOM BIMSIHUM BOAOPOCIIEH U IMAHOOAKTEPUI HA POCT U pa3BUTHE pacTe-
HUW, HO W UHTHOUpYIOlIee JecTBUEe Ha BUPYCHI. McciemyeMble MUKPOOPTaHU3MBI
ABJISIFOTCSL IEPCIIEKTUBHBIMU areHTaMu ¢ (PUTOCTUMYJIUPYIOIIMMHU U TIPOTUBOBUPYC-
HBIMHU CBOMCTBaMH JIJIsl MCIOJIb30BAHMS B KauecTBe OMOY0OpEHUI U CPEeACTB 3alllu-
THl PAaCTCHUM.
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AHHOmMayua: HayuHvle UCCIe008AHUS 3d NOCIeOHUe Oecamunemus YOeoumenbHo 00KA3blEAom,
YUMo MUKOPU3HbLE 2PUbbl YKPENIsiom YCmoudueoCms pacmeHutl K HeOaa2onpusimusim axmopam
OKpydHcalouelt cpeobvl, 3HAYUMENbHO NOBLLUUAS YPONCAUHOCb U YIYYUAS KAYecmE0 no4esl. /lannas
CmMamuvsi NOCAUWEHA AHANU3Y GIUAHUSL MEXAHUIMO8 83AUMOOCUCMBUSL PACEHUN ¢ MUKOPUSHbIMU
2pudbamu u 803MONCHOCIU BHEOPEHUsL OAHHbLX 3HAHULL 8 A2PONPOU3B00CTEO.

Knrwouesvie cnosa: Muxopusa, KOpHEBOI CUMOMO3, CEIBCKOE X035HCTBO, OMOCTUMYJISTOD.

Mukopusza — BaKHOE CUMOMOTHYECKOE OOpa30BaHWE, COCTOSIIEE U3 PACTHU-
TEJIBHBIX U TPUOHBIX OopraHu3MoB (puc.). Okono 80% Ha3eMHBIX PACTEHUNA MOXKET
00pa30BbIBATh MUKOPHU3HI PA3JTUYHBIX THUIIOB.
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pacTeHue

Pucynokx — Mukopu3sHbie accoalnuy Kak MyJIbTUTPOPHBIN CUMOUOTHYECKUI
xoMIuiekc (o Brundrett et al., 1996)

Hauasno u3ydyenuro nanHoro siBiaeHust nmonoxun @.U. Kamenckuii B 1881. B
CBOMX TpyJiaX OH yKa3ajl, uTo KOpHH moabesibauka (Monotropa hypopitys) ormieteHsr
rudaMu rpubOB M UMEHHO YE€pe3 HUX B PACTEHHE MOCTYNAlOT MUHEpAJbHbIC Belle-
CTBa M3 MOYBBL. TepMUH «MHUKOpH3a» ObLI BBEIEH HEMEUKHM YYEHBIM-OHOJIOTOM
Anroeptom bepnapnom ®pankom B 1885 romy. [lepBoe anatomMuueckoe onucaHue
apOyckyisipHOM MUKOpU3bl ObUI0 naHo A. lllnuxTom B koHie 19 Beka, Takxke JaH-
HBIN YYEHBIM yKa3bIBaJl, YTO MUKOPHU3a HE 00pa3yeTcs Y BOJHBIX PAaCTCHUM.

B coBpemeHHOl Hayke UCCIEA0BaHUS MUKOPU3HBIX acCOLMAIIMN OXBATHIBAIOT
MHO>KECTBO HAIPABJIEHUM, KOTOPBIE U3Y4alOT 3Ty MpoOJeMy Ha BCEX YPOBHSX Opra-
HU3AIUU KUBOU Matepuu. J[J1sl CEbCKOro XO03sIICTBA BakHA BO3MOYKHOCTh TPUOHBIX
OpraHU3MOB B COCTaBE€ MUKOPHU3bI CYHIECTBEHHO BIUATh HA )KU3HEAEATEILHOCTh pac-
TCHUH.

TpaauLIMOHHO CUMTAETCs, YTO HAauOOJIee pacpOCTPAaHEHHBIE U N3YUYEHHBIE TH-
bl MUKOpu3bl (3xTomMukopuza (OKM), spukounnas mukopusza (OPM) u apOycky-
nspHas Mukopusa (APM)) nuMeroT pasHoe 3HaAYeHHE B a30THOM NMUTAHUU PACTCHHI-
xo3sieB. Tak, OPM u DKM ob6ecneunBator 10 80% moTpeOHOCTH pacTeHHl B a30Te,
toraa Kak Bkiaa APM orpannunBaercs 20%. BmecTe ¢ TeM 3TH BEJIIMYHUHBI MOTYT
3aMETHO BapbUPOBATh B 3aBUCUMOCTH OT MHOTHX (DaKTOPOB, TAKMX KaK BHJIOBOM CO-
CTaB MUKOPHU3HBIX T'PHOOB, (U3HOJOTUYECKOE COCTOSIHHE CUMOMOHTOB, TTOYBCHHBIC
YCIIOBHSI, BKIIIOYasi AOCTYNHOCTh a3oTa [4]. Ho ocobeHHO BakHa pOjb MUKOPHU3HI B
o0OecreyeHny MUTaHusl pacTeHuil pochopom.

[TonaBmnsromiee OOJBIIMHCTBO HA3EMHBIX PACTEHUN acCCOLMUPOBAHO C apOyc-
KyJIspHbIMH ~ MuKopuzamu (AM), koropble oOpa3ytorca rpubamMu  TUIa
Glomeromycota. ['udnl ' TOMEepoMuU1IeTOB MPOHUKAIOT B KJIETKU KOPHS PaCTUTEIbHO-
ro OpraHu3ma, 4To CIIy>KUT PUMEPOM 00pa3zoBaHusl SHAOMUKOPU3HI [1].

['pubst AM neMOHCTPUPYIOT OTCYTCTBHE CHEIU(PUUYHOCTH B CBOMX B3aUMO-
JIEUCTBUAX C PACTEHUSIMH-XO03I€BaMU U SIBISIIOTCA OOJUTaTHBIMA CUMOWOHTaMHU, YTO
03HAYaeT, YTO MX POCT W PA3BUTHE HEBO3MOXKHBI 0€3 y4acTHsl PACTCHHS-XO35MHA.
OTu TpUOBI UTPAIOT BAKHYIO POJIb B MUHEPAIBHOM 00ECIIEUYeHUH PACTEHUN, 0COOCH-
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HO B YCIIOBUSIX, KOTJ]a TOCTYITHOCTh (ocdopa B nmouBe Hu3Kas. [lockonbKy coeaunHe-
Hus Gpocopa UMEIOT OrPaHUUYCHHYIO TIOJIBUKHOCTh B MouBe, BIusHUE AM Ha ¢oc-
¢dbopHOe HTaHHEe OCOOEHHO aKTyallbHO Kak B O€IHBIX, TaK U B CPEAHEOKYJIbTYpPEH-
HBIX TPYHTaX. AKTUBHOCTH Ipri00B AM Takke HaOII0MaeTCs B XOPOIIO OKYJIBTYPEH-
HBIX [T0YBaX, OCOOEHHO Y PACTEHHUI C BBICOKUM CUMOMOTUYECKUM MMOTEHIIUATIOM.

['puber AM oka3bIBatOT 00III€e CTUMYIUPYIONIEE BO3JCHCTBHE HA PACTCHHS
Omarojaps TOCTYIUICHHIO B TKAaHMU IOCIETHUX MPOIYKTOB MeTabonu3ma rpuoda,
BKJItOYast psifi GUTOrOPMOHOB. DTO MPUBOAUT K CYIIECTBEHHOMY YBEIUYEHUIO YPO-
KAWHOCTH CEJIbCKOXO3AMCTBEHHBIX KyJNbTyp. PacTeHusi oOecrneymBaOT MHKOCHM-
OMOHTOB TJIIOKO30#, YTO SIBNIsIETCA HEOOXOAUMBIM YCIOBHUEM JJII UX BBIKUBAHUA,
YUUTBIBas UX OOJMTaTHBIA CUMOMOTHYECKHM XapakTep. B orBer rpubst AM 3amium-
IIAIOT PacTeHUs] OT KOPHEBBIX IMATOTCHOB, NEHUCTBYS 4Yepe3 CHUHTE3 aHTUOMOTUKOB,
KOHKYPEHIIUIO 32 PECYpChI WIH IyTEM CTUMYJISIIMA UMMYHHBIX PEaKIUi Y X0351Ha.

MOXHO CcUWTaTh, YTO JAHHBIM THUI MUKOPHU3HI SIBIISICTCS HanOoJee 3HAYUMbIM
JUIsl PAaCTEHHEBOJCTBA. BONBIIMHCTBO CEIbCKOXO3SIMICTBEHHBIX KYJIBTYp OOpa3yroT
MMEHHO €TO0.

Ha nansbpiif MOMEHT Kiaccuukanusi TpUOHBIX OPTaHU3MOB U METOJ/bI CUCTE-
MATUKHU TOCTOSHHO MPETepneBatoT u3mMeHeHus. [lo oqHOM U3 COBPEMEHHBIX BEPCUU
yccienoBareneil HanboJee akTyalbHbIMH METOAMU ONPEEICHUS TAKCOHOMHYECKUX
rpymn rpuboB Kak Ha BUAOBOM, TaK M Ha HAJBUJIOBOM (POJIbI U CEMEUCTBA) YPOBHAX
opranmzamuu  sBisoTcss  NGS  (next  generation  sequencing) wu  JIHK-
MTpUXKOAUpoBaHue. Takke oTMedaeTcs HEOOXOTUMOCTh Pa3BUTHUS MOpQoJoruye-
CKOM HIeHTU(PUKAIMU. YUEHBIE CUUTAIOT, UTO 9TO MO3BOJUT U3ydaTh (GUIOTEHETUKY
rpuboB Ha Oosee riaybokoMm ypoBHe [5]. JlanbHeilue uccieqoBaHus TaKCOHOMHHU
turna Glomeromycota UrparoT GOJIBIITYIO POJIb JIs YIUIYOJICHUS] U YTOUHEHUS] 3HAHUM
00 AM.

3HAYMMOCTh MHUKOPM3bI i1 PACTEHUM OOYCIIOBIMBAET PACTYIIMM HHTEPEC
YYEHBIX K MCCIEJOBAHUSM MEXAHU3MOB, KOTOPBIE YHPABISIOT (GOPMHUPOBAHUEM M
pazButueM >(dPexkTuBHOrO cuMOMo3a. B HacTosiiiee BpeMsi aKTUBHO MPOBOJSITCS
AKCIIEPUMEHTHI, HAMpaBJICHHbIE Ha pa3palOTKy METOJOB MOBBIIIECHUS AKTUBHOCTH
AM s co3nanust 3pPeKTUBHBIX OMOINIPEnapaToB Ha UX OCHOBE.

HccnenoBanus mokas3siBatoT, yTo AM BBIIENSAIOT crenuduyeckre MeTadosu-
Tbl, B TOM YHCJE€ OUOJIOTMYECKU AKTUBHBIE COCIUHEHUS, KOTOPBIE CIIOCOOCTBYIOT
VIIYYIICHHIO YCBOCHUSI MUHEPAJIOB PACTEHUSMU. DTH META0OIUTHI CIIOCOOHBI M3Me-
HATHb CTPYKTYPY KOPHEBOW CHCTEMBI, CTUMYJIUPYS OOpa3oBaHUE HOBBIX KOpPHEH U
KOPHEBBIX BOJIOCKOB, YTO YBEJIMUMBAET IUIONIAAb MMOTJIOICHHS BOJIBI U MTUTATEIbHBIX
BEIIECTB [2].

Kpome Toro, rpuOkoBbie METa0OJUTHI, TAKHUE KaK (PUTOATIEKCHHBI U TOPMOHBI,
OKa3bIBAIOT MPSAMOE BIUSHUE Ha (DU3UOJIOTUUECKHUE MPOIECCHl B pacTeHusx. Hampu-
Mep, CTUMYJISIIUSI CMHTE3a ayKCMHOB M LIUTOKMHUHOB, MPOUCXOAUT B PE3YJbTATE
B3aUMOJICUCTBUS C MUKOPU3HBIMHU IpruOaMu. ITO NPUBOJUT K YCKOPEHUIO KIETOYHO-
ro JIeJIEHUs U pocTy TKaHel. Takum oOpa3oM, pacTeHUs CTAaHOBSTCS 0oJiee yCTONYU-
BBIMU K CTpeccaM, BKJIIOYas 3acyxy U OO0JIE3HHU, YTO TaKke CIOCOOCTBYET yiyullle-
HUIO UX POCTA.
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OnHMM U3 caMbIX MONYJSIPHBIX U PACHPOCTPAHEHHBIX (IO 1aHHBIM IIOUCKOBOM
cucTeMsl SHaekc) npenaparoB sBisAeTCS « MUKOpU3a KOPMUTIULAY, KOTOPBIA COCTOUT
U3 MuLenus u crnop rpuda poaa Glomus, KOJOHU3UPOBAHHBIX (PParMEHTOB KOPHEH,
Topda.

B Gonbiiom psiie COBpEMEHHBIX HCCIIEIOBAaHUI HCHONB3YyEeTCs JaHHOE Ouo-
ynoOpeHue Juis MOCTaHOBKHU oOmbITOB. Hampumep, ydensie bamkupckoro rocynap-
CTBEHHOTO YHHMBEpPCUTETa OTMedaroT, uTto Ouomnpemnapar «Kopmunnima Mukopuza»
HOBBIIIAET POCT U MUKOPHU3ALUIO (4aCTOTY, UHTEHCUBHOCTh KOJOHU3ALMU U O0MINeE
apOycKyJl B KOpHEBOH cucTeMe) KOpHEH KyJIbTYpPHBIX pacTEHHH (IIIEHHLIA, TOpPOX,
ayk). buonpenapar «Kopmunnna Mukopusa peKOMEHJI0BaH AJisl pa3HbIX BUJOB pac-
TUTENBHBIX OPraHU3MOB, OJHAKO OT BHUJA PACTEHHUsS] MOXKET 3aBUCETh 3(Q(deKT neil-
CTBUS OMoOIpernapara, Tak ke, Kak 1 caMu apOyCKyJIssipHble MUKOPU3HBIE IPUOBI MO-
I'yT OKa3bIBaTh pa3HbIC BO3/IEUCTBUS Ha PACTUTEIbHBIE OPTaHU3MBI [3].

BriBoabI

Muxkopu3zssie Tpudbl Tuna Glomeromycota sSIBISIOTCS MHTEPECHBIM OOBEKTOM
st u3ydeHusi. OHu 00pa3yroT apOyCKyIsIpHblE MHUKOPU3bI, B COCTaBE KOTOPBIX MO-
JIO’KUTETIBHO BIMSIOT HA POCT U Pa3BUTHE CBSI3aHHBIX C HUMU PAaCTEHUH.

KinmMatnueckne n3MeHeHUsl U 3p03usl IOUBbI IPUBOJAT K YXYAILIEHHIO COCTO-
SHUS DKOCUCTEM M, KaK CJIEACTBUE, K CHIKEHUIO ypOKalHOCTH. [loaTOMY Mcnoib30-
BaHHE (PU3HOJOTMYECKH AKTUBHBIX META0OJIMTOB MHUKOPH3 MOXET MOMOYb B IOJ-
JEp’KaHUN YPOBHSI POAYKTUBHOCTH 3KOCHCTEM, a TAK)KE B UX BOCCTAHOBJICHHH.

brmaromapss CBOMM YHMKAaJbHBIM CBOMCTBAM MHUKOPHU3a CIY’)KUT KIFOYOM K
YCTOMYMBOMY CEIIbCKOMY XO034WCTBY. JlalbHelie ucciaeaoBaHusl B 3TOM oOsactu
o0ecrniedar pa3BUTHE MHHOBAIIMOHHBIX METOJOB, CIOCOOCTBYIOLIUX CO3JaHUIO OoJee
3 PEKTHUBHBIX arpOCUCTEM.
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Annomayusn: B pabome usyyena cnocobHoCmsv accoyuamueHblx MUKPOOPSAHUIMOE PACHEHULL Y-
MEeHs UCNOIb3068AMb YeNepoocooepicaujue cOeOUHeHUs, 6Cmpedarouuecs 8 pacmeHusx, 8 Kaiecmee
UCMOYHUKA NUMAHUSA. MOHOCAXAPUObL, OIUSOCAXAPUODL, NOTUCAXAPUObL, CRUPMbL, 2THOKO3UObL. Bce
wmammsl 6axmepuil cnocoonvl hepmenmuposams 2ntokosy, D-kcunoszy, manomo3sy, D-pubosy.

Kniouesnvle cnosa: accounatuBHbie MUKpoopranusmMel, Hordeum vulgare, gbepmeHnTaTiBHAS aKTHB-
HOCTb, afanTaunoHHbi noreHuuan, PGPR-0akrepun

Pacrenust u oburaromue Ha HUX OAKTEPUH OKA3bIBAIOT TECHOE BIIMSHUE JIPYT
Ha Jpyra. ACCOIMAaTHBHBIC MUKPOOPTaHU3MBI BEIACIISFOT TOPMOHBI, CTUMYJIUPYIOIIIHE
POCT pacTEeHHI, MPEBPAIIAIOT MOJEKYJISIPHBIA a30T B JOCTYITHBIE (DOPMBI, CHIDKAIOT
KOHIICHTPAITUIO STUJICHA, 3alUIIAI0T OT (UTONATOreHOB. PacTeHus, B CBOIO odepe/p,
SBJISIIOTCSL Cpe/loN oOuTaHust Jjisi OaKTEepHil, a TaK)Ke Y4aCTBYIOT B UX paclpOCTpaHe-
HuU. [IpoAyKTHI JKH3HEACATEIHPHOCTH MaKpOOPTaHM3Ma HMCIOJB3YIOTCS B KadeCTBE
WMCTOYHHUKA TTUTAHUS TSI MUKPOOPTaHHU3MOB.

[enp uccienoBanus — U3y4eHHE CIOCOOHOCTH OAKTEpHA K PACIICTUICHUIO Pa3-
JUYHBIX UICTOYHUKOB YTJIEPO/Ia.

B pabore Obumn m3ydeHBbl OaKTepuHU, BbIJICICHHbBIC U3 duimochepsl, 3HI0che-
pbl ¥ pusochepsl pacTeHui sumMeHs oObikHoBeHHOro Hordeum vulgare L. (1753),
npouspacraroniero Ha tepputopun CaparoBckoit o6sactu. CriocoOHOCTh K pacuien-
JISHUIO CyOCTpaToB OblJIa HMcclieloBaHa ¢ momolbio cpen ['mcca u cuctemer APl 50
CH (®panmus). M3ydyeHHbie BelecTBa BCTPEUAIOTCS B PACTEHHSIX B CBOOOJHOM CO-
CTOSIHMH, a TaK)KE B COCTABE CJIOKHBIX COCIUHCHUMN, BBITOTHSIIONIUX POJIb CTPYKTYP-
HBIX KOMIIOHEHTOB. M3 WCCIIeTOBAaHHBIX BEIIECTB aMHTAJINH, TII0K03a, PPYKTO3a,
caxapo3a M MHYJUH BCTPEUYAIOTCs B paCTEHUSAX B KJIIETOYHOM coke [1].

PesynbraTel nccnenoBanuit nokazanu, 4yto 100 % mraMMOB MUKPOOPTaHU3MOB
CIOCOOHBI pacHISIUISATh ITI0K03Y, D - Kcuio3y, MaibTo3y,
D — pu6o3y (tabnuna). I'nroko3a B pacTeHUsIX IPUCYTCTBYET B CBOOOJHOM COCTOS-
HUH, a TAaK)KE YJacCTBYeT B OOpa30BaHMM Caxapo3bl, KaMeaeH, TIIMKO3UIOB U TaKUX
MOJIMMEPOB, KaK KpaxMall U KjieTdyaTtka. MaibTo3a COIepKUTCS B MPOPACTAIOIINX Ce-
MEHax 3J1aKOBbIX pacTeHui [2, c. 62]. Kcuiio3a y pacTeHnil HAXOAUTCS B IEKTUHOBBIX
BEIIECTBAX, INIUKO3UAaX, KaMeIu, TeMULIEIUTI0N03¢ [3, ¢. 94].
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Ta0muna
CnocoOHOCTh OaKTEpHH K PACHICIICHUIO YIIIEPOICOACPKAINX COSAUHCHHM

Buasl MuUKpoopranusmMoB
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I'mroxo3a + + + + + + + + +
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L xcumnoza - - - - - - + - +
Kpaxman + + - + + + + + +
ManbTo3a + + + + + + + + +
D - manaur + - - - - - - + -
D - pu6o3za + + + + + + + + +
Caxapo3a + + + + + + + + -
D - copbur + - - - + + + i} N

56 % MHKpOOPraHu3MOB CIIOCOOHBI (PEPMEHTHPOBATH apaOWHO3Y, KOTOpas ya-
CTO BCTPEUAETCS B PACTEHHSX B COCTABE CIIOXHBIX COCIMHEHUMN: MMEHTO3aHOB, T€MU-
LIEJUTIOJIO3, TICKTMHOBBIX BEIIECTB, kKameaei [4].

CnocobHocteio (pepmeHTHpoBaTh L — keunmozy u D-manuuT obnagator 22%
mramMMa. MaHHUAT KXPOKO PACIIPOCTPAHEH Y PACTCHUN.

depmentamu 7151 paciieruieHuss D-copbuta obnamator 44 % wucciienyeMbix
MTaMMOB. B pacTeHHMsIX IIECTHATOMHBIN CIIUPT COPOUT BBITIOIHSICT TPAHCIIOPTHYIO,
HSHEPreTUYECKYI0 U 3aluTHY0 QyHkiuu [5]. 89 % Oakrepuil hepMEHTHPYIOT Kpax-
MaJjl ¥ caxaposy.

HccnenyeMble MUKPOOPTaHU3Mbl HE CIIOCOOHBI pasjiaraTh TAKUE MOHO- U OJIU-
rocaxapa, Kak TeHThuoOmo3a, D-meneuurosa, D-mennbuoza, D-paddunoza, D-
Tperano3a, D-typanosa, D-menno6uoza, D-ramakrosy, D-nukcosy, D-manno3y, L-
pamuo3y, L-cop6o3y, D-tarato3y, D-ppykrosy, D-pyko3y, L-dbyko3y.

N3yyennbie 0akTepun HE CIIOCOOHBI MCIIOH30BATh B KAU€CTBE UCTOYHHKA yT-
JIEPOHOTO MUTAHUS AMUTIAIINH, apOyTHH, TIIUKOTEH, TTUIEPUH, TyJIBIIUTON, HHO3UT,
WHYIIVH, MeTHI-0.D-TIroKOMpPaHo3u/I, MaHHOTIUPAHO3U/I, meTui-fD-
KCUJIOIIMPAHO3HU, CaJIuIH, 3puTputTos, D-agonmton, D-apabut, L-apabut, N-
aIeTHIITITIOKO3aMUH.
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N3yyeHue crnocoOHOCTH OakTepuil MCIOJIBb30BATh pas3linyHble CyOCTpaThl pac-
HIMPSET TEOPETHUYECKyI0 0a3y O B3aMMOCBSI3UM aCCOIMAHTOB C MaKpOOPTaHHU3MOM.
bakTepun ¢ BRICOKUM (pepMEHTATUBHBIM MOTCHIIMAIIOM MOTYT OBITh UCIIOIH30BaHbI B
Pa3IMYHBIX OTPACISAX MPOU3BOJCTBA.
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Annomayun: VMzmenenus kiumama npugooam K aOUOMUYECKUM CMpeccam, OKA3blearowum Heaa-
MUGHOE BIUAHUE HA CENbCKOXO3AUCMBEHHYI0 ompacis. Hcnonvzosanue MukpoOHvlx OUOCMuUMYis-
mopos, obpazylowux cumbduomuyeckue ceasu u cnocoocmeyrowux cunmesy ALK-oezamunaszvl u
Gepmenmos, pacwenaaiouux aKmueHvle (QOopmbl KUCIOpPoOd, umeem NOMeHYuan Ons CMASYeHUs
noC1e0Cmeull mepMuiecko2o cmpecca u no00epICaAnUs IKON02UHECK020 6aNanca 6 azposKocucme-
Max.

Knrwueswie cnoea: TEIIIOBON CTPECC, YCTOUUUBOCTD K CTPECCY, YCTOMYMBOE 3EMIIENIETNE, MUKPOOP-
TaHU3MBbI, MUKPOOHBIE OMOCTUMYISTOPHI.

TemnepaTtypa urpaet KiIt04eBYyIO poJib B IKOCHCTEME, BO3ACUCTBYS Ha (pusmo-
JIOTUYECKHE MPOLIECCHI U POCT PACTUTENBLHOTO Mupa. CenbCcKoe X034iCTBO OKa3bIBa-
€TCsl B HEMPOCTON CUTYyallMu M3-3a U3MEHEHHs KJIMMaTa, MOCKOJIbKY ero 3¢ dexkTus-
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HOCTb 3aBUCHUT OT COCTOSIHUSI ITOYBBI, CUCTEM OPOUIECHUS U KIMMATUYECKUX YCIOBHM.
Pa3nuuHble MOroHbIe aHOMAJINH, TAKHE KAK HABOJHEHMS U 3aCyXH, a TAKXKE KIMMa-
TUYECKHE CTPECCHI, HEFaTUBHO CKa3bIBAIOTCS HA arpapHOM OTpaCIIH.

B 2024 roxy 3adukcupoBaHbl PEeKOPAHbIC YPOBHU KOHIEHTPAIIMU TPEX TJIaB-
HBIX MTAPHUKOBBIX ra30B: YIJIEKUCIOro ra3a, MeTaHa u 3akucH a3ora. CoryiacHo JaH-
HbIM HarmoHanpHOTO ympaBiIeHUs OKEAaHWYECKHMX M aTMOC(EPHBIX HCCIIEIOBAHUN
CIIIA (NOAA), cpennuii ypoBens CO2 B mae 2024 roga cocrasui 423,43 yacreil Ha
MUJUTHOH (ppm), uTo Ha 2,91 ppm BbIIIe 10 cpaBHeHuto ¢ 2023 roay [6]. B oTinune
OT TaKMX KOMIIOHEHTOB aTMOC(epbl, KaK KUCIOPO U a30T, YTIIEKUCIbIN Ta3 o0IaaaeT
CBOKCTBOM IOIJIOMIATh TEIUIO, U3JydyaeMoe 3eMJIEH, 3aTEM CHOBA H3JIy4as €ro BO
BCeX HampabiieHusax. [[puMepHO MOJI0BHHA ATOrO TEIJia YXOJIUT B KOCMOC, a OCTallb-
Hasl 4acTh BO3BPAIIACTCSl HA TOBEPXHOCTH IUIAHETHI, CIIOCOOCTBYS YCUJICHUIO TTApHU-
koBoro s dexra. 1 xoTs ra3 mo-npexHemy cocraisiet Becero 0,04% armocdeps, 63
HEro €CTECTBEHHBIN MapHUKOBBIA 3P ¢ekT 3eMau OblT Obl CIUIIKOM CIa0bIM, YTOOBI
MO/JIEPKUBATh CPEIHIOI0 MIO0ANIBHYIO TEMIEPATYPY MOBEPXHOCTHU BbIlle HymsA. On-
HAKO, YBEJIHMYMBAs KOJMYECTBO YTJEKHCIOTO ra3a B arMocdepe, JIOAH YCUIUBAIOT
MapHUKOBBIN A(PEHEKT, YTO MPUBOJUT K TMOBBIIICHUIO aTMOCHEpPHON TemIepaTyphl.
Cornacuo Habmonenusim Jlabopatopuu rinodanbHoro Monutopunra NOAA, B 2021
roJly TOJBKO YIJIEKUCHBIA Ta3 ObUI OTBETCTBEHEH MPUMEPHO 3a JBE TPETH OOIIEro
HarpeBarolIero BO3IEHCTBHSI BCEX MAPHUKOBBIX T'a30B, IPOU3BEICHHBIX YEJIOBEKOM.

TassHME M pa3pyllleHue BEUHOW MEP3JIO0Thl MPEAOCTABISIOT MUKPOOPTaHU3MAM
BO3MO>KHOCTh JIOCTYIIa K paHee HEIOCTYIIHBIM YTJIEPOJHBIM 3amacaM, 4TO MPUBOIUT
K BBIOpPOCY YIJIEKUCIIOrO ra3a U MeTaHa B atMocepy. Dpo3us NpudpexxHOl Mep3iio-
Thl CIIOCOOCTBYET MOCTYIUIEHUIO 3HAUUTENBHOIO 00bEMa yrieposaa B OKEaH, 4TO MO-
’KET BBI3BATh YBEIMUYEHHUE IMUCCUU YTIIEKUCIIOrO ra3a B pe3yjbTaTe MUKPOOHON MU-
HEpaJIN3al1y, 4TO, B CBOK OYEPEb, YCUIUBAET NOCIECACTBUAS N3MEHEHUS KIIMMATA.

Bricokne TemmepaTypbl TakKe OKa3bIBalOT BIMSHHE HA (PU3MOJIOTHIO pacTe-
HUN: OHHU YCKOPSIOT IMPOLECCHI JbIXaHUS U TPAHCHHUPALUU JIUCTHEB, @ TAKKE MU3Me-
HAIOT pacnpeneneHue poTOCUHTE3upyroulell akTUBHOCTH. [Ipu moBbllIeHUU TemIe-
paTypbl pacTBOPUMOCTb YIJIEKMCIIOTO ra3a yMEHbIIaeTcs 0osiee 3HAYMTENIbHO, YeM
PacTBOPUMOCTh KHUCIOPOAA. DTO NPUBOJUT K CHIDKEHHIO KOHIIEHTPALMH yTIEKHUCIIO-
ro ra3a B XJIOPOIUIACTax, MOCKOJIbKY CIOCOOHOCTh BOABI YJIEPKUBAThH I'a3 HAMPSAMYIO
3aBUCHUT OT TeMIlepaTyphl. Uem Bblllle TeMIlepaTypa, TEM MEHbLIE YIJIEKUCIOro rasa
MOKET ObITh pacTBOpPeHO B Boje. Kpome Toro, pacreHus MOTyT 3aKpbIBaTh YCTHHIIA,
YTOOBI COKPATUTh MOTEPI0 BOJBI M3-3a TPAHCIUPAIMUA B YCJIOBHUSX TMOBBIIIEHHOM
temnepaTtypsl [4]. YMeHblleHHEe YIJIEKHCIOro ra3a B XJIOPOIUIacTaX MPUBOAHUT K
CHUKEHUIO d(PPEeKTUBHOCTH (HOTOCHUHTETUYECKHX TMPOIECCOB, MOCKOJIBKY YTIEKUC-
JBINA Ta3 SIBISIETCA KIIIOUEBBIM KOMIIOHEHTOM JJIsi CUHTE3a IJII0KO3bI B mpoiecce ¢Go-
TOCUHTE3a. DTO MOXKET NPHUBECTU K CHM)KEHHIO MPOJYKTUBHOCTU PACTEHUM, YMEHb-
HIEHUI0 OMOMAcCChl U 3aMEIJICHUIO0 pocTa. B yCloOBHSIX HEXBAaTKHU YIIEKHUCIOro rasa
pacTeHusi MOT'YT TaKXe HUCTBITHIBATh CTPECC, YTO JIeNaeT Ux OoJiee yA3BUMbBIMU K 00-
JIE3HSIM U BPEIUTEIISIM.

CymiecTByeT pacTyliMii MHTEpEC K MPUMEHEHHUIO MUKpPOOOB, acCOLMHUPOBAH-
HBIX C PACTEHMSIMU, JIJISl IPOJBUKEHUSI YCTOMYMBOIO 3eMIIEJIENNS U CMITYEHUS BO3-
JNEUCTBUS KIMMATUYECKUX U3MEHEHUN Ha CEJIbCKOXO3SMCTBEHHOE MPOU3BOACTBO. B
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YaCTHOCTU, MUKPOOHBIE OMOCTUMYJISITOPHI BHI3BIBAIOT CEPhE3HBIA UHTEPEC BBUY TO-
ro, 4TO pacTeHusi OOUTAIOT B CJIOKHOM cpesie, I/1€ B3aUMOJICHCTBYIOT pa3HOOOpa3HbIe
MUKpOOpraHu3Mbl B Qumochepe, puzocdhepe u supocdepe. ITu CUMOUOTHUECKHE
OpraHu3Mbl UTPAIOT KIIFOUYEBYIO POJIb B MHOTMX OCHOBHBIX Ipolieccax, BKIIIOYAsl MU-
TaHWE U MPOAYKTHBHOCTh PACTEHHI, a TAKKE MOMOTalOT UM BBLKHBATh B YCJIOBHSX
OMOTHYECKHUX U A0OMOTUYECKHUX CTPECCOB [5].

[Tpu TemnoBoM cTpecce HaOMI0Ia0TC U3MEHEHHSI B TOPMOHAILHOM (POHE pac-
TEHUM, YTO B TIEPBYIO OUEPE/Ib MPOSBIIAETCSA B TIOBBIILIEHHON BbIpaOOTKE dTUIeHA. Pe-
aKIMM PAaCTEHUW Ha TAHHOE BO3JIEMCTBHE MOTYT OBITh CMSATYEHBI Oiarogaps aKTHB-
HOCTH OakTepuid, CHOCOOHBIX PACIICIUIATH |-aMUHOLMKIONpONaH-1-kapOOHOBYIO
kucnoty (ALIK), koTopast sBisieTcsl KJIIOYEBBIM MPEAINIECTBEHHUKOM B CUHTE3€ ITH-
JieHa. DTUJIEH — 3TO BaXXHEHUIIHNI PUTOTOPMOH, U30BITOK KOTOPOTO 3alycKaeT Mpo-
LIECC CTApEHUs, BBI3BIBAECT OIAJICHUE JINCThEB U co3peBaHue moaoB [2]. [Ipu BBexe-
HUU B MOYBY IITaMMOB OakTepuii, ctumynupytonmx poct pacrenuit (CPPB), coxep-
KaHue OaKTepHAIbHON MHAOMWI-3-yKcycHOU kucioTel (MYK) mpomomkaer mommep-
KUBaTh pa3BUTHE pacTteHuid. Takum oOpa3om, Oakrepuu, cunTezupyroume UYK u
AIIK-ne3amnHa3y, MOTyT HCOJIb30BaTh ALK Kak MCTOYHUMK yTiiepoAa W dHEPIuH,
OJTHOBPEMEHHO 3aMeUIsisl MPOLECCHl CTAPEHUs] U yBEIMYMBAs YCTOMYHMBOCTh pacTe-
HUHN K Pa3IMYHBIM CTPECCOBBIM (PAaKTOpaM, TAKUM KaK 3acyxa, U30BITOK BJIaru U 3KC-
TpEeMaJIbHBIE TEMIIEPATYPHI [3].

N3BecTHO, uyTO akTUBHBIE (opMbl KHcaopoaa (ADK) sBisIOTCS €cTeCTBEHHBI-
MU MPOJYKTaMU METa00JIM3Ma pacTEeHHM, HO O] BO3/IEHCTBUEM CTPECCOBBIX (paKToO-
POB MX YPOBEHb B KJIIETKaX M TKaHSIX MOXKET 3HAYUTEIIBHO yBEIMYMUBATHCSH. OKUCIN-
TEJbHBINA CTPECC BO3HUKAET MPU BO3JEHUCTBUU OOJBILIMHCTBA HETAaTUBHBIX (DaKTOPOB
OKpY>Karollen cpesibl. YPOBEHb CUHTE3a (DEPMEHTOB, CIOCOOCTBYIOLIUX Pa3pyLICHUIO
AO®K (Takux Kak CyNepoKCHIMCMYyTa3a, KaTraja3a U MepoKCcH1a3a), MOKET ObITh IO-
BBIIIEH Yy PAaCTEHUM, HaXOAAIIMXCS MOJ KOJOHU3AaLUUEW TOJIE3HbIX OaKTepuil, TaKuX
kak Pseudomonas u Bacillus, a Taxxe MUKOpH3HBIX TPpHOOB, TakuX Kak Septoglomus
deserticola u Septoglomus constrictum [1]. Ha poccuiickoM pbeIHKE OJHUM W3 3HAYH-
Mbix npenapatoB sBisiercss ATJIAHT Ilcesnomonana (OOO «BMOM-ITPO», Poc-
cus). DTOT OHoIpenapar He TOJIbKO CTUMYJIUPYET POCT, HO U CIIOCOOCTBYET yJIydllle-
HUIO CBOMCTB MOYBBI, 00€CIIeUrBasi PACTEHUSIM YCTOMYUBOCTh K TEIUIOBBIM CTPECCAM.
On conepxut kietku Oakrepuir Pseudomonas fluorescens, koropeie urparoT Bax-
HYIO pOJib B (PUTOCTUMYJISLIMM U TIOBBIIEHUU TJIOAOPOIUS IOYBBI.

AmnanornyabiM o6pasom, Bacillus spp. Ol pa3paboTaHbl He TOJBKO Kak OHO-
necrunuabl  (Hanpumep, Bacillus amyloliquefaciens, Bacillus firmus, Bacillus
pumilus, Bacillus licheniformis, Bacillus sphaericus u Bacillus subtilis), Ho u kak
ouoctumystopsl. [Ipumepom siBnsirorcst 33 borateips (bamlakom, Poccus) u ®u-
toctiopui—M (bamldakom, Poccust). X0oTa 3T MUKPOOPTraHU3MbI UCHOJIB3YIOTCSI BO
MHOTHX METOJAaX JI€UYECHHs], CMITUEHUE MOCIEICTBUM TEIJIOBOrO CTpecca OOBIYHO HE
YIOMHHAETCS KaK OJJTHO U3 UX MPEUMYIIECTB.

[Tomumo Gaktepuil Takxke cuMOMO03 apOyCKyJIsIpHOH MUKOpHU3bl (AM) MoxeT
CMSTYUTH 3aCyXy M TeMIlepaTypHbIe CTpecchl y pacTeHuid. B ucciaenoBanuu uzyda-
nock BimsiHue rpuboB AM, Septoglomus deserticola u Septoglomus constrictum na
YCTOMUYMBOCTh PACTEHHUI TOMaTa K KOMOMHUPOBAHHOMY BO3JI€HCTBUIO 3aCyXH U TEIl-
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JoBoro crpecca [1]. B yciaoBusix »kapsl ¥ 3acyxu 00a rpuOKOBBIX CUMOMOHTA MOTJIN
CMSATYaTh OKUCIUTENIBHBINA CTPECC 3a CUET CHMXKEHUS IEPEKUCHOIO OKUCIIEHUS JTUIU-
JIOB, YPOBHS MEPEKUCH BOJOPOJA W YJIYyYLIEHUS AKTHBHOCTH AaHTHOKCHJIAHTHBIX
(bepMEeHTOB JTUCTHEB U KOPHEH, 0JJHAKO OoJiee BHICOKHE MTOKa3aTeal OblIN y paCTeHUMN
¢ S. constrictum. B ycioBusix 3acyxu U KOMOMHUPOBAHHOTO CTpecca MHOKYJISIHS S.
constrictum yBenuumiIa YCTBUYHYIO MPOBOJIUMOCTB, BOJIHBINA IMMOTEHIIMAT JHCTHEB U
OTHOCHUTEIFHOE COJIEp>KaHUE BOJBI, B TO BPEMsI KaK ATH yJIy4IIeHHUs y PACTeHUH ¢ S.
deserticola e 6bpuM O4YeBHIHBI. B KOHeUuHOM HWTOre MHOKYISAIUS AM, ocoOeHHO S.
constrictum, oka3zaJia TOJIOXKUTEIHHOE BIUSHUE HA YCTOMYMBOCTh PACTEHHI TOMATa K
3acyXe M TeIioBomy ctpeccy [1].

MuKpoopranu3Mbl UTPAlOT BaXKHEUILIYIO POJIb B CTUMYJISILIMU POCTa PACTCHUM
Y TOBBIIIEHUU UX YCTOMYHMBOCTH K PA3JIMYHBIM CTPECCAM, YTO UMEET OTPOMHOE 3Ha-
YEHUE KaK U1 COBPEMEHHBIX arpOHOMHUYECKUX MPAKTUK, TaK U JUISl SKOJIOTUYECKUX
moaxoa0B. Mx Bo3AeicTBHE HA TOCTYIHOCTh MUTATEIbHBIX BEHIECTB U CIIOCOOHOCTH
CMSr4aTh HETaTUBHBIEC YCIOBUS KpailHE aKTyaJlbHO B CUTyalUsX HEOJIaronpusTHOrO
kiuMara. [lpumeHnenre MUKpOOHBIX OMOCTUMYIIATOPOB MO3BOJISIET HE TOJIBKO YBEIU-
YUTh YPOKAMHOCTb, HO U MOJAEPKUBATH 3KOJOTUYECKHI OallaHC B arpOIKOCUCTEMAX,
CHWXXasi TEM CaMbIM HEOOXOJMMOCTh B HCIIOJIb30BAHUM IMECTULIHJIOB U TOKCUYHBIX
METaJUIOB B CEJIbCKOM X03siiicTBe. OIHAKO, TP JOJITOBPEMEHHOM MPUMEHEHUH 3THX
OMOCTUMYJISITOPOB Ba)KHO IMPOBOJWUTH TIIATENIbHBIA aHaNIM3, YTOOBl MPEIyNpPEAHThH
BO3MOYKHBIE HETaTUBHBIE MOCIEACTBUSA JIJIS KOJIOTUH, TAKHE KaK MHBa3UBHOCTh MUK-
POOPraHU3MOB, CIIOCOOHAs KOHKYPHUPOBaTh C MECTHBIMU BUIAMHM U U3MEHSATH OMO-
pa3zHooOpasue cpenpl oouranusa. Henpeackazyemble U3MEHEHUS B MOMYJIALUAX MUK-
POOPraHU3MOB MOTYT IOBJIE€YB 32 COOON 3KOCUCTEMHbBIC HAPYILIEHUS, CHUXKAsl yCTOM-
YUBOCTh M TAPMOHHIO SKOcHUCTEeMBI. KpoMe Toro, 4yesnoBeueckasi 1€ITeIbHOCTD, BIIH-
A0Ilasi Ha COOTHOILIEHUE CBA3aHHOIO M BBICJIEHHOTO YIJIEpoJia, YCYIyOuIsieT Kiuma-
TUYECKHE U3MEHEHUs. B To ke Bpemsi, BHEIPEHNE MUKPOOPTaHU3MOB B arpOHOMMIO
MPEAOCTABIISIET PEATbHYI0 BO3MOKHOCTD JJI PEIICHUs] BO3HHUKAIOLIMX aHTPONOTEH-
HBIX MPOOJEM M ONTHUMHU3ALUU MPOU3BOACTBEHHBIX MPOIIECCOB B CEIBCKOM XO3sii-
CTBE.
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Annomayusn: ¢ cmamoe onucanvl Hosvie wmammul Paenibacillus polymyxa, ooradaowue anmazo-
HUCMUYeCKOU aKMUBHOCMbIO 6 omHoweHuu umonamozennvix 2pubos Fusarium u Aspergillus.
Hccneoosanue HOBbIX wmammos ¢ npomugoepudKoBol aKkmueHOCMbI0 6 OMHOUWEHUU PUMONAmo-
2eH08 npedcmasiisiem cobou BAMNCHbIIL A2 K CO30AHUI0 YCMOUMUBLIX CUCTIEM 3AUUNbL PACMEHUL
Ha 0CHO8e ObUOYHUYUOO8.

Knroueswie crosa: nporusorpudkoBast aktuBHOoCcTh, Paenibacillus polymyxa, mousennbie Mukpoop-
ranu3Mmel, Fusarium, Aspergillus.

Bsenenne

duTonaroreHHble rPUOBI ABJISIOTCS OAHONW M3 OCHOBHBIX MPUYHH 3a00JICBaHUIA
CEJIbCKOXO3SIMCTBEHHBIX PACTEHUM, YTO IPUBOAUT K 3HAYUTEIIBHBIM 3KOHOMUYECKUM
NOTEPSAM U CHUKEHUIO YPOKAMHOCTH. XUMUYECKHe (PyHTMLIUbI, KOTOPbIE TPAAHUIIU-
OHHO HCIIOJIB3YIOTCS JJI1 KOHTPOJIsl (PUTONATOT€HOB, BBI3BIBAIOT MTPOOIEMBI YCTONY -
BOCTH, 3arps3HSIOT OKPYKAIOIIYIO Cpely U MOTYT ObITh TOKCUYHBI JJis yenoBeka [1].
[ToaTOMY MOUCK MPUPOJHBIX AHTUMUKPOOHBIX ar€éHTOB CTAHOBUTCS BAXKHOM 3aaaudeit
arpoourorexHosioruu. Llenbo 1aHHO paboOThl CTaNO BBIAEICHHE HOBBIX MOYBEHHBIX
HITAaMMOB CIIOPOOOPA3YIOMIMX MUKPOOPTraHU3MOB U OLIEHKA WX aHTarOHUCTHYECKOU
AKTUBHOCTHU MPOTHUB (PUTONATOTE€HHBIX I'PUOOB.

Marepuajbl 1 METOIbI

[TpoObI moYB ObLIM OTOOpaHBI Ha IEIMHHBIX, 3AJEKHBIX, U AHTPOMOTCHHO-
M3MEHEHHBIX MoYBax B T'. PocToBe-Ha-Jlony u PoctoBckoit obnactu. Beero ans nan-
HOTO WCCJICIOBAaHUS OBUIO KCIOJB30BAaHO 8 MPOO TMOYB CETHCKOXO3HCTBEHHOTO
Ha3HaueHus, oToOpaHHble B 1. PaccBeT Akcaiickoro p-Ha; OOO um. Kupora, moc.
ITecuanokonckuili IlecuaHOKONCKOro paiioHa), Ha YCIOBHO-YUCTBIX TEPPUTOPHUIX
(boranuueckuit can r. PocroBa-Ha-JloHy) 1 B paiioHe OBIBILIETO IIIAMOHAKOIUTENS -
nepecoxiiero o3. Aramanckoe. O3epo ATamMaHCKOE HAxXOJUTCS B JIEBOOEPEKHOM
norime p. CeBepckuii [{oHen u ¢ Hayana 50-X roJ0B UCMOJIb30BAIOCH B KAYECTBE pe-
3epByapa [Jisi cOpoca MPOMCTOKOB MPEANPHUATHS JIETKOM MPOMBIIIUIEHHOCTH [2].
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[Tpo6s1 mouBsl oTOMpanu mMerogom kouBepta (I'OCT 17.4.4.02—84) na rnyoune — 0—
20 cM. HemocpeacTBeHHO mepe] MOCEBOM MOYBBI MOABEPraiich 00paboTKe: MEXaHH-
YECKU pa3pyLlajIncCh arperaTbl MUKPOKOJIOHHUM, yIAJSIUCh JIMIIHAE 31EMEHTHI (KOp-
HU, HEPA3JIOXKUBIIMECS OCTAaTKU PAaCTUTEIBHOCTH, OOJIOMKHM KamHel). s smydiero
Jie3arperupoBaHus MOYBbI yBIaXHIHCh. [IpoObI pacTupanu pe3uHOBBIM MECTUKOM B
dbapdopoBoii CTylke B Te€UeHHE 5—7 MHHYT JI0 MacTooOpasHoro coctosHus. llepen
paboToii ¢ mpoOO MECTUK M CTYINKa CTEPUIM30BAIN CIHUPTOBBIM pacTBopoM. [lou-
BEHHbIE CYCIIEH3MM TOTOBWJIM MyTEM pa3BelieHUs 00pas3lioB MOYB B BOJE B COOTHO-
meHuu 1:9 u nmomeniaiv Ha KoJIObI-Kadyaliki B Iieiikep B TeueHue 30 MUHYT. 3aTeM
CYCIIeH3Hs MOJIBeprajiach AECATUKPATHBIM Pa3BelICeHUSIM, UCIIOJIb30BaIM 2 U 3 pa3Be-
nenus. st oToopa TOJIBKO CIOpooOpas3yroIux OakTepuii 00pa3iibl HHKYOUPOBaIH B
cyxoxapoBoM 1ikady B Teuerue 20 munyT nipu 90°C. 3atem npoOUpKH C CyCIIEH3H-
MM OCTaBJISUIM OCThIBaTh B TeueHue 10—15 Munyt. Ha moBepxHOCTH TBEpAOW Cpe/ib
MITA BHOocuiu 100 MKJI TOYBEHHOM CYCIIEH3UHU, KOTOpas 3aTeM pacTUpaiach IInaTe-
neM [puransckoro. Yanmku MHKYOUpOBaiu B TEUCHHUE TPEX JHEU MpH TeMIieparype
37 °C, mociie 4ero mpou3BONIICA YYET KOJIOHUW U TIOJIyYEHHE YUCTBIX KYJIbTYP MUK-
POOPTaHU3MOB.
H3yuenue gpyneuyuonoi axmuenocmu wmammos

[IITamMMbl OBLITM MPOTECTUPOBAHBI HA CIIOCOOHOCTH MOJIABIIATH PACTUTEIIbHBIE
MATOT€HbI, OJIYYEHHbIE U3 KOJUIEKIUMU Ja0OpaTOpUU 3KCIEPUMEHTAILHOTO MyTare-
Hesa FODY — Aspergillus flavus u Fusarium sp., paHee BbICESIHHBIC U3 THIPOIIOHHOM
KyJbTYpHI JIyKa U C TIOJIEW MOPa’KEHHOM MIIEHMIIbI, COOTBETCTBEeHHO. Ha wamiky ¢
TBEPAOM NuTaTeNbHOM cpenoit Cabypo neTyiel HAaHOCWIIN 110 Kparo Ma3Ku € UCCIeay-
E€MBIMH IITaMMaM# Oanuiul. B meHTp KproukoM HaHOCWIIM Ouomaccy rpuba v WHKY-
oupoBanu npu Temmeparype 24°C 1o noaHoro oopactanusi rpuOboOM Bcel MOBEPXHO-
ctu cpennl 10 muei. IIpu sToM BO3JIe KOJOHHMM OaIuiul, aKkTUBHBIX MPOTHUB JaHHBIX
ITaMMOB, 00pPa30BBIBAJIMCH 30HBI C POBHBIM KpaeM, Iie POCT rpuda OTCyTCTBOBAJ.
Pa3mep 3THX 30H YUUTHIBAIH C TOMOIIBIO JINHEUKU C TOUHOCTBIO O MM.

Hoenmuguxayus wmammos

Waentudukaiusi mraMMOB MPOBOJMIACH C MOMOIIBIO CEKBEHHUPOBAHUS KOH-
cepBaruBHO# mocnenoBarenbHocTH 16S pPHK B HULL «KypuaTOoBCKHiT HHCTUTYTY.
HapaboTka maTepuana ajisi CEKBEeHUpPOBaHUs MpoBouiiack ¢ nmomoinsio ITHP. beutn
MCIIOJIb30BaHbl KOHCEPBATHUBHBIC MpaiiMephbl NJIsi HapaOOTKH TEHOB, KOIUPYIOIINX
16S pPHK: 8f - AGA GTT TGA TCC TGG CTC AG; 926r - CCG TCA ATT CCT
TTR AGT TT. Pexum IILP-peakiuu: npenaputensHas aeHarypamus 95°C B Teue-
HUe 3X MUHYT, aMiuadukamnus - 35 mukios, 95°C — 30 cexynn, 5S7°C - 30 cek, 72°C-
1 muH. 30 cex, puHanbHas >nmoHTanus npu 72°C B TedyeHUE 5 MUHYT.

PesyabTartsl

N3 8 o0OpasiioB movB OBUIM BBICESIHBI CITOPOOOpa3yIOIe OpraHu3Mbl, Mopdo-
JIOTHSI KOTOPBIX BU3yalIbHO ObliIa cXOka ¢ mpeactaButesssmu pojoB Bacillus u Pae-
nibacillus. [lanHble mTamMMbl ObUTH TPOTECTUPOBAHBI HA HAJIMYUEC AHTArOHHCTHUYC-
CKOM aKTMBHOCTHU MPOTHB (PUTOMATOTEHHBIX rpuboB pomoB Fusairum u Aspergillus,
pE3yNbTaThl MPEACTABICHBl HA PUCYHKE HIKE.
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A b

Pucynok — AxktuBHOCTh mTammoB 12.1, 12.2, 13.1, 13.2 npotus A — Aspergil-
lus flavus, b — Fusarium sp.

BunHo, 4to Tpu mramMma Oanuiul, a UMEHHO HITaMMBbI 1Moj Homepamu 12.1,
12.2 u 15.1 oka3pIBasiu BIMSAHUE HA 00a IMITAMMa UCCIIeayeMbIX rpuooB (Fusarium sp.
u Aspergillus flavus). Illtamm 14 oka3piBas BIUSTHHE TOJIBKO Ha Fusarium sp., HO He
Ha Aspergillus flavus, k Tomy e ero 30Ha mojaBCHUs OblIa HIXKE, YEM y MPEAbITY-
mux mramMMoB. [ltammer 12.1 1 12.2 GbutH BeIICIICHBI U3 00pa3iia Mo4YB, 0TOOPaHHO-
ro Ha 03. ATaMaHCKO€ (TeXHOT€HHO TpaHC(POPMHUPOBAHHBIE XeMo3eMbl). B Tabnuiie
HIDKE TIPEJICTABIICHBI 3HAYCHUS 30H TI0IaBJICHUS IS BCEX BBIJICIICHHBIX MTAMMOB.

[Ipu cexBeHrpoBaHUM BapuadeabHBIX ydyacTkoB reHoB 16S pPHK Obuta ycra-
HOBJICHA TIPUHAJICKHOCTh UCCIIeyeMbIX ImTaMMoB k Buay Paenibacillus polymyxa.
[loka3anHast B JaHHOW pabOTe MPOTUBOTPHUOKOBAs aKTUBHOCTH BBIJEICHHBIX LITaM-
MOB B OTHOUIEHUH (PUTOMATOTE€HOB MO3BOJIAET MCIIOJIB30BaTh UX B OOprOE c 3abo0re-
BaHusAMHU pacteHuit. [lItammer P. polymyxa criocoOHBI CHHTE3UPOBATH MPOTHBOIPHO-
KOBBI€ META0OUTHI MIENITUTHON TPUPOABI — JIUMIONENTHIBI, IMKINYECKUE TICTITUIBI U
(dbepMeHThI, 00ECTIEYNBAIOIINE AHTATOHUCTHYECKYI0 aKTUBHOCTH IIPOTUB MATOT €HHBIX
rpuooB. Hanbonee tunmunsiMu i1 P. polymyxa sBisitorcst (hy3apuIiuanHbl, MOJIH-
MUKCHHBI U TOJUNENTHHBL. JTHU COCIUHEHHUS Pa3pyLIAIOT KIETOYHBIE CTPYKTYpPHI U
HapYIIAIOT KU3HEHHO BAXKHBIE MPOIECCHI B KJIETKaX rpuOOB, YTO JenaeT ux 3¢ hex-
TUBHBIMU MUHCTPYMEHTaMU JJisE OOpbObI ¢ (UTOMATOTEHAMU U YIYUIICHUS 3/I0POBbSI
pactenuii [3,4].

Tabnuia — 30HbI MOJABIEHUSI POCTA NATOT€HHBIX TPUOOB (MM)
Howmep mramma Fusarium sp. Aspergillus flavus
2 - -
3.1 - -
3.2 - -
3.3 - -
4.1 - -
4.2 - -
12.1 11 10
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[Tponomkenne TabIUIbI

12.2 11 10
131
13.2
14
15.1
16 - -
16.4 - -

OTnuuus OT KOHTPOJIS CTaTUCTHYECKH 1ocToBepHbI, P<0.05

O |
1

BrbiBoabl

N3 mouB PocToBckoil 06iacTu BBIJIEICHBI IITAMMBI-IIPOIYLIEHTHl OHO(PYHTU-
o L12.1, L12.2 u L15, nanee uneHtuduirpoBaHHble KaK MpeICTaBUTENd BHUIA
Paenibacillus polymyxa. IlItammer P. polymyxa L12.1 u L12.2 npoaeMoHCTpUpOBaIn
BBIPQKEHHYIO AaHTarOHUCTHUYECKYI0 aKTUBHOCTh MPOTUB MATOTEHHOTO rpuoda
Fusarium sp., torma kak mramm P. polymyxa L15 oka3zaicst 6osee 3(eKTHBHBIM B
nonasienuu pocra Aspergillus flavus. [TomyueHHble naHHBIE TOATBEPKIAIOT 3HAYH-
MOCTh ImTaMMoB P. polymyxa kak oCHOBBI JuIs pa3pabOTKU OMOJIOTHYECKUX CPEJICTB
3aIUTHI pAaCTEHUN U OOPBOBI ¢ (PUTONATOTEHAMHU.
Hccneoosanue svinonmneno npu gunancosou noodepoiicke Munucmepcmea Hayku u
svicueco oopaszosanus Poccuiickoti @edepayuu, coenawenue Ne 075-15-2022-1122,
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V]IK 631.4
MOJIIPHOE MPOSIBJIEHUE CBOVICTB C.ROSEA KAK TATOTEHA M
ATEHTA BUOKOHTPO.JISI HA PA3JIMYHBIX CEJIbCKOXO3SIICTBEH-
HBIX KYJIBTYPAX

Jlasviooea /lapva Cepzeeena, cmyoenm 4 kypca Uncmumyma acpobuomexuono2ul,
D@I'BOY BO PI'AY-MCXA umenu K.A. Tumupszesa
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Yepuamovesa Examepuna Anopeeena, cmyoeum xKypca Hncmumyma azpobuomex-
nonozuu, ®I'BOY BO PI'AY-MCXA umenu K. A. Tumupszesa

Egpemosa Kpucmuna Banepveena, miaowuil Hayunwiii compyoHux Dedepanvroe
2cocyoapcmeennoe yupedicoenue "Dedepanvruili ucciredosamenvckui yenmp" @ynu-
oamenmanvHvle 0cHogbl buomexnonocuu" Poccuiickou akademuu Hayk" (ODUL] Buo-
mexHnonocuu PAH)

Cenuykan Onvea Banenmunosna, x.0.n 0oyenm xagheopvt MUKpooOuoro2uu U UMMY-
nonoeuu PI'AY-MCXA um. K. A. Tumupszesa

Muponoe Bnaoumup Bumanvesuu, 0.m.un., npogheccop, pykogooumenv epynnvl MuK-
POOHBIX npoyeccos KoHeepcuu opearudeckux omxo0oe U] buomexunonocuu PAH

Annomayun: B ceoeil pabome mbl ananusupyem coobweHus, noxasvlearowue cnocobHOCHb
Clonostachys rosea 6vi3vi6ame cHUNU PA3TUYHBIX KYIbMYP — COSl, OXUOes, Ad80KAOO0 NPU XPAHEHUU U
op. U emecme ¢ mem oyenusaemcs dhphexmusHocms UCnonb308anusi 0AHHO20 MUKpo2puba 6 Kave-
cmee aHeeHma 3awumsl: nooasienue Gy3apuo3a Ha nuleruye u siumMeHe, HeMamoyuoHoe oelicmaue,
npomugooeticmeue cepotl niecenu, evizvléaemoll Botrytis cinerea, a maxoice uneubuposanue pocma
KOpHesol cucmemsl. /leolicmeennoe nposeienue akmusnocmu C. rosea obyciragiueaem Heobxo0u-
MOCMb UCCTIe008AHUL NO OAHHOU meMme.

['Hunn SIBASIOTCS OJHUMHU W3 CaMBIX CEpPhE3HBIX 3a00JICBaHUN PACTCHUM B
CEIBCKOM XO03silicTBe. OHU HAHOCST CYIIECTBEHHBIM YPOH, MOCKOJbKY MOTYT 3apa-
XKaTh KaK BErETUPYIOIIUE PACTCHUS, TaK M OBOILIW, W IUIOABI IPU XpaHEHUU. Boib-
IIYI0 YacTh U3 HUX BBI3BIBAIOT UMEHHO TpuObl. BMecTe ¢ TeMm pacteT mpUMEHEHHE
MUKPOTPUOOB KaK areHTOB OMO3allUThI, Tak, HarpuMep B 2023 roay ObLIO HCCIEN0-
BaHuE 00 UX MPUMEHEHUU MPOTUB HeMaTo [1].

I'prOHbIe TATOTEHBI MPEACTABISAIOT COOON BaXKHBIE OOBEKTHI NJII U3YUYCHWS,
MOCKOJIBKY MOTYT BJIUSATh Ha IIUPOKHUI CIIEKTP CEIbCKOXO35IUCTBEHHBIX KYJIBTYP.

[TepBoie coobmienus o Tom, uto Clonostachys rosea mopaxaet coro MOSBUIHCH
B CIIIA B 2008 roay, pacTeHHsi COH, Y KOTOPBIX OTCYTCTBOBAJIM CUMITOMBI HEKPO3a
JUCTHEB, HO OBLIIM BBISBJICHBI HEKPO3 CTEPIKHEBBIX M OOKOBBIX KOPHEW, HAOIIOJAINCh
Ha 15 momnsx B pa3ubix okpyrax B 2007 u 2008 rogax. B 2022 romxy 6s110 coobiieHue
O TOM, YTO JAHHBI MHMKONATOT€H BBI3BAJ KOPHEBYIO THUJIb YECHOKAa B MeKcuke
[2,3].

Hcrnonp3oBanne jke TpenaparoB Ha OCHOBE JaHHOTO MHUKpPOTpuba Takxke
BCTpeYaeTcs: JOKa3aHO ero NMpuMeHeHue kak Hemarodara u sHTomModara, ecTb cBe-
JCHUS O TOM, YTO JAHHBI MHUKPOOpPTaHW3M MPOTUBOIeHcTBOBaN S. sclerotiorum na
Coe W cajlare-jJaTyKe, a TaKXe OKa3blBaJl HEraTUBHOE BO3JEHCTBUE Ha TPUOBI
Fusarium spp., mopaxaroIue MIIeHHUIY ¥ suMeHb [4,5].

[ToaTomy rcnonp3oBanue C. rosea B KaueCTBE 3allMILIAIONIETO areHTa JOJKHO
paccMaTpUBaThCSl B COMPSHKEHUU C JPYTMMM BBIPAIIUBAEMBIMU KYJIBTYpaMH, WHAYE
OH MOJKET BBI3bIBATh KOPHEBYIO THUJIb PACTEHUM.

Llenv oanmoti pabomul: CONOCTaBUTh MHPOPMAIMIO U3 PANUYHBIX JUTEPATYPHBIX
MCTOYHHKH, COOOIIAIONINE KaK O TATOTEHHOCTH, TaK U 3allIUTHBIX cBoMcTBax C.rosea.

Clonostachys rosea ortHocHMTCS K BHAY AaCKOMHIIETOBBIX T'PHOOB, pOIY
Clonostachys cemeticmsa Bionectriaceae. Panee 310 Ha3BaHHUE OTHOCUIJIOCH TOJIBKO K
aHamopdHo#t ctaauu rpuda, a Teneomopda nMeHoBanachk Bionectria ochroleuca. He-
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PEAKO BKJIIOYAJCS B COCTaB pojia IIMOKIAIUNA, B HEKOTOPBIX padoTax BCTpEHaeTcs
moxa crapeiM Ha3zBanuemM — Gliocladium roseum. KynbrypanbHble NPU3HAKU CICTY-
IOIIMe: KOJIOHUHM Ha 7-€ CYTKU KYJbTUBUPOBAHMS COCTABIISIOT 10 3,5—4.,5 cM B 1ua-
MeTpe. PeBepc Ha OBCSHOM arape »KeITOBaTO-OCNbIN, CBETIO-KENTHIM, 3aTeM OpaH-
KEBAThI MM KOPUYHEBATHIN, TPU KYJIbTUBUPOBAHUM HA CBETY CBETJIO-OPAHKEBBIN
710 OPaH>KEBO-KPACHOTO, C BBIJICIIEMBIM B CPEY JKEITHIM PAaCTBOPUMBIM TUTMEHTOM.
Boznymineiii Munenuii oOMIbHBIN, BOMIOYHBIA WU MYIIMCTHIM, 00pa3yromuii CUH-
HEMBbI, HanboJiee BhIpaXKCHHBIC B IEHTpaIbHON YacTH kKoyioHuid. Ha PDA cuHHEMBI
Xopo1o opopMIIeHHBIE, TIPSIMOCTOSYUE, CIIOPOHOILIIEHUE MeHee 00mibHOoe. MeroTcs
TaK)ke COOOIIEHHUS O €r0 TOJEPAHTHOCTU KO BTOPUYHBIM METAa0O0IUTaM.

Takke, TOMUMO 3apaKEHUSI BETETUPYIOIINX PACTEHUIN, B HEJABHEM HCCIIENO-
BaHUU ObUIT OMKCAH CIIy4ai 3apa)kKeHUs IJI0JI0B aBOKaJI0 MPHU XpaHeHHUH. [6] DTo mo3-
BOJIsieT paccMaTtpuBaTh Clonostachys rosea kak mocieyOOpouHBI HATOreH, B KOH-
KpeTHOM ciydae. B tabnuue 1 npeacraBineHsl ocHOBHBIE mposiBiieHus C. rosea.

Tabmuua 1. Bo3neiictue C. rosea

Ilo3uTHBHOE HeraTtusHoe

MIIEHUIIA, TYMEHD - TIOJIABJISIET POCT Ipruda, KOTOPHIH

COs - KOpHEeBas THUIIb
BBI3bIBaeT (pyzapuos

JUCTHS KIIYOHHKHU U TOMaTa - 60peTcs ¢ cepoil miece-

. . KOHCKHE 000BI - KOpHEBasi THUJIb
HBIO, BbI3bIBacMOM Botrytis cinerea

TOMaArT - I/IHI‘I/I6I/IpyeT pocT KOpHeBOﬁ CHCTCMbI OpXHACA - KOpHCBasA 'HUJIb

OTypell - TOAABIISIET Py3apHUO3HYIO0 KOPHEBYIO U CTEO-

CMOPYOK - THUJIb
JICBBIC 'HUJIN

COsl ¥ calar-JIaTyK - IPOTUBOJIEHCTBOBAI S.

1 AcTtparan (komauuii ropox) - THUJIb
sclerotiorum

MmopaxacT HEMATO HAa PA3JIMYHBIX PACTCHUAX IJI0ABI aBOKAA0 - IMopYa Ipru XpaHCHUU

Mopa’kaeT HaCEKOMBIX (OeTOKPBLIKA) YECHOK - KOPHEBasi THIIIb

PestoMupys MOXKHO caenath cienyronue BbiBoasl: Clonostachys rosea mosxxet
B KQUECTBE areHTa OMO3aIIUThI, TPUYEM JJI IIUPOKOTO MEPEUHs KYJIbTYp, TAaK¥kKe J10-
Ka3aHbl €r0 HEMATOIIMIHBIE CBOMCTBA, O1arogapss KOTOPHIM MUKPOTPUO MOXKET OBITh
MCIIOJIB30BaHbl B JAJIBHEHIIIEM Ha POCCUNMCKOM pbIiHKE OuompenaparoB. Hamo otme-
TUTh, YTO HA JAHHBIH MOMEHT MMEIOTCS MPEUMYIIECTBEHHO MHOCTPAHHBIC MATEHTHI
Ha npenapatsl ¢ C. rosea B cocraBe. OHAKO XapaKTep €IMHUYHBIX COOOILIEHUN U3
Pa3IMYHBIX PETMOHOB O MATOT€HHOCTH JAHHOTO rprda rOBOPUT O HEOOXOIUMOCTH
JAJIbHEHIIIEr0 er0 UCCJICOBAHMS.
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®UTONMATOTEHHBIN BUJI PENICILLIUM SOLITUM
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pAzesa
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manvHble 0cHO8bL buomexuonocuu" Poccutickou akademuu nayk" (OUL] buomexHo-
noeuu PAH)

Annomayusn: B Oannotl pabome paccmampugaromcst pe3yibmamsl UCCIe008anUll, 0eMOHCIPUpPY-
rowux cnocoonocms P. solitum nopaxcams paznuunvle Kyibmypbi: cemeukogvle hpykmol (0.710K0,
epywa, ausa, mywmyna), kapmodgenvb u wagpan. B nposedeHnom sKcnepumenme onucbléaemcs u
CPABHUBAECCA CMEeNneHb NOPaXCeHus 010K U 2pyul OAHHbIM 2PUOOM NPU PA3IUYHLIX CNOCODAX No-
spedicoenust. B cmamve noouéprueaemcs HeodXo0umMocms OANbHetUUX UCCIe008aHUll 0 pa3pa-
bomku 3ppexmusnvix mMemooos 6opvovl ¢ P. solitum u npedomepawenus e2o He2amuHo20 803-
Oelicmausl Ha CelbCKoe X03AUCMB0.

Knroueewie cnosa: nenunuisl, puronarorensl, P. Solitum, cemeukoBbie, 3aposkeHHE TIOA0B

BBenenue

Pasznuunbpie nHGEKIMOHHBIC 3a00JIeBaHNUS HAHOCSAT OTPOMHBINA BPE]] CETHCKOMY
x03stiicTBy. Cpenu HHUX 3HAYUTENbHAS pPOJIb NPHHAICKUAT HHQEKIUSIM TpUOHON
aTHONOTUH. DUTOMAaTOTeHHbIE T'PUOBI MOTYT TIOpaKaTh PAcCTCHHS KaK HEMocpe-
CTBEHHO B TIOJIE WM cajly, TaKk U npu xpaHeHuu. [1o onenkam, okosio 20-25% co-
OpaHHOTO ypoOJKasi TUIOZIOB TIOPTHTCS BO BpeMs IMOCIeyOOpOYHON 00paboTKU U Xpa-
HeHuu. [TociieyOOpoYHbBIE MATOTCHBI BIMSIOT HA CPOK TOJHOCTH CBEXKHX IPOJTYKTOB,
CHOCOOCTBYS YXYIICHHIO Ka4eCTBa 332 CUET COKPAIICHUS COACPKAHUS IMUTATEITHHBIX
BEICCTB, YTO MPUBOJUT K CHUKCHHIO PHIHOYHON CcTOMMOCTH. K OCHOBHBIM TOCIIC-
yOOpo4YHBIM (puTOnAaTOreHHBIM rprbamM oTHocsates Penicillium spp., Monilinia spp.,
Alternaria alternata, Rhizopus stolonifer, Fusarium spp., Colletotrichum spp. [1].

Penicillium — »To mmpoko pacnpocTpaneHHBIH PO MUKPOMHUIIETOB, MTPEICTa-
BUTEIIM KOTOPOTO BCTpeUaroTcs o Bcemy mupy. Buasr Penicillium gemonctpupyrot
OOJIBIIIYI0 BHYTPHUBHIOBYI0 W3MEHUYMBOCTH. TpaauIlMOHHAS WICHTU(UKAIWS BUIOB
Penicillium dokycupyetcst Ha 11BETe U TEKCTYpE KOJOHUM; CKOPOCTH POCTAa M pa3Me-
pe KOJIOHWH Ha CTaHJIAPTU3WPOBAHHBIX Cpeaax; MOPQOJIOruu KOHUAHOMOpa, BKITIO-
qasi y30pbl BETBJICHUS U (POPMBI, pa3Mepbl 1 OPHAMEHTAIIUIO Pa3IMYHbIX YacTel KO-
Huuodopa; 1 00pa3oBaHUE ONPEACICHHBIX AKCTPOIUTOB. OHAKO HA 3TH MOpdoII0-
THYECKHe U OMOXUMUYCCKUE XapaKTEPUCTHKU MOTYT BapbHPOBATH B 3aBUCHIMOCTH OT
pa3IMYHbIX (PAKTOPOB OKPYXKAIOIICH CPebl, YTO 3aTPYAHSACT KaK WACHTH(UKAIIMIO,
TaK ¥ TAKCOHOMHYECKYIO Ki1accupukanuio [2,3].

BONBIIMHCTBO BHIOB 3TOTO PoJia - CanpoTpodbl, HO HEKOTOPBIC MPEACTABUTE-
JM SBISAIOTCS (puTonaToreHamMu. Kpome Toro, NeHWIMILIIBI OTHOCAT K TaK Ha3bIBae-
MBIM «IUIECEHSIM XPaHEHUs», TOCKOJIbKY OHM aKTHBHO Pa3MHOKAIOTCS Ha MPOAYKIIUN
BO BpeMs XpaHCHHsI, 0COOCHHO MPHU HAPYIICHUH ONTHMAJILHBIX PEKUMOB TEMIIEpaTYy-
PBI ¥ BIIAKHOCTH, @ TAK)KE BBI3BIBAIOT MIOPYY IMHIIEBBIX TPOIYKTOB.

EcTh maHHBIC, YTO MEHUIMUTBI MOTYT TOPaXKaTh TUIOABI SOJIOHH, TPYIIH, THT-
pycoBbiX. Ha s0:10kax W rpymax Hepemko mocensercs P. expansum, BBI3BIBAIOIIHIA
OBICTPO PACIIPOCTPAHSIONIYIOCS THUJIb KOPUYHEBOTO IBETAa. DTOT BUJ OOHApPYKHBa-
€TCs TaK)Ke Ha IUI0Aax 3eMJISTHUKM, TOMAaTa, BUHOTpaaa, MaHro, aBokano. P. digitatum
yaCTO TOpaKaeT IUIOJBI amlelIbCHHA, PeXe — JPYruX IUTPYyCcOBBIX. Ha imMoHax
HanOosiee yacto BcTpeuaercs P. italicum, oOpasyrommii romyOsle mim romyooBaro-
3enéHble KojoHuu. bauskuii Bua P. ulaiense taxke BcTpedaeTcs Ha IIOJAX areib-
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cuHa U JIuMoHa [3]. «CuHSs TJIECeHbY» — 3TO PaCIPOCTPAHEHHBINA TEPMUH, UCIIOJIb-
3yeMBIH ISl ONMCaHUsT HECKOJBKUX BUIOB Penicillium, koTopbie BBI3BIBAIOT TMOCIIE-
yOOpOUYHOE THUEHNE BAKHBIX TUIOAOBBIX KYJIbTYpP, MOCKOJBKY KOHHUIWUW Tpuda Ha 3a-
PaXEHHBIX TUI0JIaX UMEIOT CUHE-3€JIEHBIN 1BET. [9].

B mocnennee aecsaTuneTre BCTPEUYASTCS MHOXKECTBO COOOIICHHH, B KOTOPBIX
pacckasbiBaeTcs 0 (puronatoreHHoM Bujae P. solitum, mopajkaromem Kak celbCKOXO-
3STMCTBEHHBIE KYJIBTYPBI, TAK U BBI3BIBAIOIIEM ITOCICYOOPOUHbIE 3a00JIeBaHUsS PPYK-
TOB 1 oBoIIei. [13].

P. solitum — rpu6, oTHOCSIMIICS K OTAETY ACKOMHUIIETH. Mulienuii rpuda cen-
TUPOBAHHBIN, UMEET OJHOSJEPHBIC WK MHOTOsiepHble Tudbl. Konuauu pacnonara-
I0TCS Ha KPYTJIBIX U O€3bsAIePHBIX KOHUANEHOCHAxX [2].

D10 Me30(PMIbHBINA U ICUXPOTOJEPAHTHBIA BU, MPECTABUTEIN KOTOPOTO ObI-
JIU BBIJICTICHBI U3 PA3IMYHbIX UCTOYHUKOB, HAMOOJIEE UHTEPECHBIE U3 HUX IPeuecKue
COCHUCKH [4] 1 MOpCKHE OTIO0KEHUSI B AHTapKTUIE [J].

C momoIipio MeTo1a yibTpaduoiieToBoro oomydenus u3 P. solitum Obut BeIfC-
JIEH HOBBIN aHaoT (DEHOJBHOTO KOMITAKTHUHA - COJIMCTATHUHOJI. DTO BEUIECTBO BXOUT
B COCTaB CEMEHCTBA CTATUHOB, COCIMHCHUN CHMKAIOIINX CUHTE3 XOoJecTepuHa. Tak-
xe P. solitum mpoaynupyer moiuraiakTypoHasy, KOTopas pa3pymiaeT MEKTHHOBBIC
BeniecTna [6].

B pa6ote XKabGenssH u coaBT. (rog) cooOmanock o ¢uronatoreHHocTu P.
solitum B OTHOIIIEHUU CEMEUYKOBBIX (PPYKTOB (SI07I0KO, TpyIlia, aiiBa, MyIIMYyJia) Haps-
ay ¢ apyrumu Bugamu Penicillium. Oxnako, B X0/e UCCIIEAOBaHNS BBISCHUIOCH, YTO
P. solitum siBnsiercst cmaObIM MAaTONCHOM IO CPaBHCHMIO ¢ JApYruMH Buiamu [7]. O6
ATOM COOOIIANIOCH TAKXKE B UCCIEIOBAaHUM KUTaCKkuX yueHbIx [9]. Coobrraercs, ymo
P. solitum BeI3bIBaeT CHHIOO IECEHB Ha s10s10KaX [10], HO CHIIbHEE MOpa)kaeT IPYIIH
[8]. Taxke ecTh cBeneHus, uTo P. Solitum mopaykan cuibHEe copTa IpyIl, YeM copTa
010K [8].

Taxke P. solitum mopaxaer u npyrue Kyiabrypbl. Hampumep, B Ilakucrane
ObUT 3aUKCUPOBAH Cilydyaid 3apakeHus kaptodens 3TuM rpudoM. Ha naHHbi MO-
MEHT 3TO €MHCTBEHHBIM U3BECTHBIN MOJATBEPKICHHBIN Cllydall 3apakeHus kapTode-
as P. solitum, HO YTO TOBOPHUT O €ro MOTEHIIUAIBHON OIMMACHOCTH JIJISl ATOW KYJIbTYPBI
[11]. B uccnenoBanuu Ysxan ToHr u coaBt. (2020) Obu1 onurcaH nepBbId ciayyall THU-
au KiyOHenykoBwuIl madpana B Kurae, Bei3BanHor P. solitum. Panane cumnToMsl
BKJTFOYAJIA O€JIBI MUIIEINA U CEPO-3€JIeHbIe KOHUUU Ha CMOPIIEHHBIX KITyOHEITyKO-
BHIIaX, KOTOPHIE MO3KE MPUBETHU K rudenu pacteruit [12].

Llenv oannoti pabomul: OUEHUTH CIIOCOOHOCTH P. solitum mopaskath mIoabl ¢
PAa3IMYHOM CTENEHBIO MOBPEKACHUN NIPU XPAHEHUH.

Marepuajbl 1 METOAbI

B xoze Halrero uccienoBanus ObLT MPOBEACH TECT Ha matoreHHOCTh P. solitum
B OTHOIIIEHUH S0JIOK M TPYII COrjacHO MoauduimpoBaHHol MeToauke JKaOemnsH u
coaBT. [7]. Ilmoabl MOBpeXIaIUCh pa3HbIMU crioco0amMu (TITyOOKHI MPOKOJ OCTPBIM
MpeaMeToM, IapalHa Ha KOXKUIe, BMSTHHA Ha KOXKUIIE 0€3 €€ MOBPEXKIACHUS ). 3aTeM
B paHy 3a/MBajach KOHMAWANbHas cycnensus rpuba P. solitum B passenenun 107,
[TonyueHnHbIe pe3yJbTaThl MPEJCTABICHBI B TAOUIIE.
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Taomuma 1. Tect Ha MaTOr€HHOCTH

S1610K0 I'pyma

Cnoco0 nmoBpe:kaeHust
CreneHb MOBPEKICHUS

[HapanuHa HACKBO3b 100% 100%
Hapanuna Her;ty0okas 0% 50%
BmsaTuna 0% 30%

Ha ocHOBe NpOBENEHHOTO aHajaM3a MOXHO CIeiaTh CIEIyHLIue BbIBOABL. P
solitum BBI3BIBACT CHHIOKO TUIECEHB Ha s10s10Kax B 100% citydasx TOJNBKO MpH 3HAYH-
TEJIBHBIX TTOBPEXKICHHUSX, TAKUX KaK rTyOOKWe IapanuHbl. B To ke Bpems rpymm 60-
Jiee TIOJIBEP>KEHBI 3TOMY TATOTEHY Ja)Ke MPH HE3HAYUTEIBHBIX MOBPEKICHHUIX, HO
0COOEHHO — MPU IIYyOOKHUX.

BoiBoabI

Takum o0pa3om, IpoBeneHHBIH 0030p JIUTEPATYpPhl U MPEABAPUTEIbHBIE JKC-
HIEPUMEHTBI JIESMOHCTPUPYIOT, uTo P. SOlitum criocoOeH BhI3bIBAThH 3a00JIEBaHUS Kak
IpU BEreTalluy PacTeHUi, TaK W MPH MOCIeyOOpPOYHOM XpaHEHUU (PPYKTOB U OBO-
miel: ceMevkoBble PpyKTHI, KapTodenb u madpan. OAHAKO JaHHBIA TPUO MPOSBISIET
cJ1a0yr0 MaTOMCHHOCTD 0 CpaBHEHHIO ¢ IpyrumMu Bugamu Penicillium. Taxke crnemy-
€T OTMETHUTh CTydaid mopaxkeHus kaprodens. P. solitum mopaxaer rpymim, B TO BpeMs
Kak sI0JIOKM CTPaJaroT OT HEro JIMIIb MPHU CEPhE3HBIX MOBPEXaeHUsIX. HecMoTpst Ha
3TO, €ro CIIOCOOHOCTH BBI3BIBATH 3a00JICBAHMS Y TAaHHBIX KYJIBTYp TpeOyeT nanbHeu-
IIEr0 U3Y4YeHUs JJIs pa3pa0d0TKH 3PPEKTUBHBIX METOI0B OOPBOBI C 3TUM MATOT€HOM.
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Annomauusn. OKuUCIUMENbHBIL CIMPeCC U3YYaIU Yy MASKOU U MEepooll NuleHUYybl noo Oeticmauem
2UNOKCUU U nepeKucu 800opoda. B pabome paccmompensvt npuuunvl u nociedcmeus eeHepayuu
ADPK u ¢pyHxyuonuposarue aHmuoKCuoanmuou cucmemsl. Llenvro pabomsi 6b110 uzyueHue IUsHUSA
cmpeccosvix pakxmopos, maKux KaxK 2UNOKCcUs U Oelcmeaue nepekucu 6000pooa, Ha obpasosanue u
nokanuzayuio ADK y 08yx cenomunos nwenuywt Triticum aestivum (Op-22) u Triticum durum (Op-
10) u 3awumnoco oeticmeus xkeepyemuna om ADPK. Memooamu ceemogou u ayopecyenmmoi
MUKPOCKONUU, A MAKHCE OUOXUMUYECKUMU Memooamu NOLyYeHbl pe3yibmamsl, npuiem Hauboiee
yemouuusbim K eunoxkcuu oxkazanca copm Op-10, nocKonbKy omaudancsi MeHbWUM KOIU4ecmeom
ADK - okpauieHHbiX KIemoK U MeHbulell UHMEHCUBHOCbIO (hllyopecyeHyulU, a YCmoudussliii K ne-
pexucu 6000pooa — copm Op-22. Obpabomka npopocmKo8 NUeHUYybl K8ePYemuHoM Nocie 8030eli-
CMBUsL CIMPeccosbiX (axkmopos 4acmuiHo 80CCMAHABIUBAEM POCH NPOPOCMKO8 MOIbKO COpmd
Openbypeckas 22. Ilpedobpabomka keepyemunom sggexmusna u cnocobcmayem zaugume Om
OKUCIUMENILHO20 cmpecca.

Knroueewie cnosa: aktupHble popmbl kuciaopoaa (ADK), runokcus, nporpaMMUpoBaHHasl KIE€TOY-
Has cmepth (IIKC), kBepueTus.

Bsenenue

Paznuynbie cTpeccoBbie (PaKTOPhI MPUBOJAT K MOBBIIIEHUIO YPOBHS aKTHUBHBIX
dhopm kuciopoaa (ADPK) u ycuneHuo moBpexkACHUS Pa3IMYHBIX TKAaHEW pacTCHUI.
N30b1Tounas nponykuuss ADPK npu OKUCIUTENTEHOM CTpecce SIBISETCS YacThbl0 MHO-
I'MX CTPECCOBBIX CHUTyalWi, BKJIIOYas T'MIIOKCHUIO M JEWCTBUE NEPEKHUCH BOJIOPOAA.
[Tox akTuBHBIMU OpMaMU KUCIOPO/IA MOAPA3yMEBAIOT COBOKYITHOCTh B3aUMHO TIpe-
BpAIIAIONIUXCS BHICOKO PEAKIIMOHHOCTIOCOOHBIX (hOpM KHUCTOpOAa, OOJIBIIUHCTBO U3
KOTOPBIX CYILIECTBYET KOpOTKOe BpeMs [1] OKkucauTenbHblid CTpecC — 3TO MPOLECC,
BO3HMKAIONINN B pE3yJIbTaTe MOBBIIICHHOW KOHIEHTPAIIMN aKTHUBHBIX (OPM KUCIIO-
pona (ADK) B kieTkax opraHusMa, U SIBISICTCS KIIFOUEBHIM KOMIIOHEHTOM PEaKIIHii
OpraHu3Ma Ha CTPECCOBBIE YCIOBHSI CPEIbl U UMEET CIIOKHBIN U pa3HOOOpa3HbIN Me-
Tabonu3M [2]. DBomroNusl a3poOHOro MeTaboJiM3Ma, TaKOro Kak JbIXaHue U (oTo-
CUHTE3, IpHBEJia K reHepanuu akTuBHbIX QopM kuciopoga (ADK). O6umm cBoii-
cTtBoM Bcex TunoB ADK sBisieTcst To, YTO OHM MOTYT BBI3BIBaTh OKHCIUTEIBHOE TO0-
BpexjaeHue [3].

K akTuBHBIM (popmMam KHCIIOpOJa OTHOCATCS TaKue CBOOOIHOPAIUKAIbHbBIC Ya-
crupl kKak cynepokcun (0s-), ruapokcun (OH), mepokcun (ROO-), a Taxxke mepe-
krchk Bogoponaa (H;0,), cunrnernsiii kucnopon (1[02]) u 030H (U;). DT MOJIEKYIIbI
B PACTEHUSIX OOBIYHO MPEJCTABICHBI B OYEHb HU3KUX KOHIIEHTPALUAX, HO MOJ] BIIU -
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HUEM pa3InyHbIX (akTopoB crpecca npou3BojcTBo ADK 3HaunTenbHO Bo3pacTaer
[4].

K cnenctBusiM okucnutenbHOro crpecca Boi3sBaHHOro AMDK oTHocsTCs mepe-
KHCHOE OKHCIIEHUE JTUIUA0B U (POChHOTUIUIOB KICTOUYHBIX MEMOpaH, OKHCIUTEIHLHOE
MOBPEXKICHUE OCIKOB (HAIpuUMep, 1Mo OCTaTKaM THPO3WHA, ITUCTEHHA U cepuHa), Fe-
IEHTPHl (HDEepMEHTOB, (GparMeHTANMs MENTHIHBIX IEeTel (MOBBIMIACT YYBCTBUTEIb-
HOCTb O€JIKOB K JEHCTBHUIO MPOTEa3), MOBPEKICHUE KICTOUHOM M MHUTOXOHIPHUATb-
Hoil JIHK, cHM>kKeHMEe akTMBHOCTH aHTUOKCUAAHTOB KJIETKU M3-3a OKHCIICHUS TIIyTa-
tnoHa 1 HAJI®H?2. PeakTuBHBIE TTPOM3BOHBIC KUCIOPOAa MOTYT B3aUMOJIECHCTBO-
BaTh C HYKJICMHOBBIMU KHUCIIOTAMHU, MIOBPEXkAasi a30TUCThIE OCHOBAHUS, I€30KCUPUO0-
36l U puO03bl. Monudukaius a30TUCTHIX OCHOBAHWM MPUBOAMUT K pa3pbiBaM BOJIO-
poaHbIx cBsizeit mexay uensimMu JJHK u moBpexaeHuto xpomocom [4].

Heabio ganHoM pabOTHl OBLJIO U3yUYEHUE BIMSAHUS CTPECCOBBIX (PAKTOpPOB, Ta-
KMX KaK TUIIOKCHS U JEHCTBUE NIEPEKUCH BOJOPOJIa, Ha 00pa30BaHUE U JIOKAIM3AIUIO
A®K y IByX T€HOTHIIOB MIIEHUITLI Triticum aestivum u Triticum durum u 3anuTHO-
ro aenctusa kBepreruHa ot AOK.

O0BeKTHI M METOABI UCCIIE0OBAHUS

B pabote ucnonws3zoBaHbl aBa copra mnmeHulbl OpenOyprckas 22 (Triticum
aestivum) u Open6Oyprckas 10 (Triticum durum). B sxcniepumMeHTe U3y4eHO BIUSHUE
rUIoKcu Ha ypoBeHb ADK NByX COpTOB MIIEHUIBI. B KauecTBe MOAENM ITOMOIHHU-
TelbHOro oopazoBanus ADK B mieHuile ucrnoiab3oBain Bosaehicteue 1% H,0,. B
AKCIEPUMEHTE HA MPOPOCTKAX MIIEHULbI ucnoiab3oBaiu 0,3% pacTBop KBeplLETHHA.
Pactenus BeIpammBanu B pyJioHax. BHeceHUE KBeplLETHHA MOCIE WA JO CTPEcca Ha
MIIEHUILY TTO3BOJIMJIO ONMPEAEIUTh 3alIUTHBIE CBOMCTBA KBEPLETHUHA IJIsI aHTHOKCH-
JAHTHOW CHCTEMBI

KoHuuk kopHs mieHunsl (4-5 MM) OTHETSIM M TOMEINadd Ha TpeIMETHbIE
CTEKJIa B KaIUIIO BOJIBI HE MEHee S5 MITyK Ha cTekio. [Iprxu3HenHbie npenapaTsl aHa-
JU3UPOBAIIM C HCHOJb30BaHueM Mukpockorma Olympus BX-51, oobektuB 10, mpu
nuHae BOHBI 490. [lerexums npoaykunu ADK nmpous3Boauian ¢ MOMOIIBIO MapKepa
Carboxy-H2DFF u nporpammsel ImagelJ, 94To Mo3BOJIMIIO YCTAHOBUTH PA3IMYHYIO HH-
TEHCUBHOCTb (DIIyOpECIIEHIIUH B 30HAX KOPHS U TKaHSAX MIICHUIIBI.

Pe3yabTarthl n 00Cy:KI1eHHe

Metonamu cBeTOBOM U (hTyOpECIIEHTHON MUKPOCKOIHH, & TaK:Ke OMOXHUMUYe-
CKMMH METOJaMH YCTAHOBJIEHO, YTO Y PACTEHHUM MIIEHUIbI O JEUCTBUEM TUIIOKCUN
(24 4) npu oxpamuBaHuM KopHeil coptoB OpenOyprckas 22 u OpenOyprckas 10
mapkepom ADK Carboxy-H2DFF nabGmiomaercs pa3zHoe KOJWYECTBO MPOMYKIIHH
A®K. VY copra Openbyprckas 22 npoaykius ADPK yBennunBaiack B OoJblel cTe-
MeHu mo cpaBHeHUIO ¢ copToM OpenOyprckast 10. 30HBI KOPHS OTMEYEHBI OT Haubo-
Jiee UHTEHCUBHOM (piryopeciieHInu 10 ee oTcyTcTBUs. [loydeHHbIe JaHHBIE TTOKAa3bI-
BAIOT, UTO MPU TUMIOKCUM HanboJjiee MHTEHCHBHOE okpaminBanue ADK nabromaercs
B 30HAaX yexjuka u aeneHus. [Ipu 3TOM MO CpaBHEHHIO C KOHTPOJIEM MOBBIIICHUE
ypoBHst ADK B HamOomblIel cTeneHn HaOMIoAaeTCsl B KIETKaxX 3MUAEPMHUCA U KOp-
TEKCa, U B MEHBIIIEH CTEMEHHU - B KJIETKaX IIEHTPAJIbHOTO IHJIMH/IPA.

JIns1 BBKMBAaHUST OpraHyu3Ma B YCJIOBHUSX THUIIOKCHYECKOTO CTpecca HHAYLHUPY-
ercsa [IKC. B ycloBUSIX TMIOKCHUYECKOTO CTpecca ObUIM OOHApY>KEHbI JOKa3aTelb-
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ctBa oOpazoBanusi ADK B ycrnoBHsIX HHM3KOTO cojepkaHus kuciopoaa. Habmronae-
MO€ IPU TMIOKCUU cHIkeHue coaepxkannsa AT® yBennuuBaeT BEpOSTHOCTb 00pa3o-
Banus ADK 3a cuer MHrHOMpPOBaHMSI MUTOXOHIPUATIHHON LIETIM MEPEeHOCca AIEKTPO-
HOB.

B Hamux wccnenoBaHusX mokasaHo, uyto moj aecteuemM HpO; (1%, 1 9) mpu
OKpalllMBaHUU KOPHEH MPOPOCTKOB MIIEHUIbI copToB OpenOyprckas 22 u OpeH-
oyprckas 10 mapkepom ADK Carboxy-H2DFF nponcxonut pa3nndHoe HaKOTUICHUE
npoaykuuu A®K, omnpenensieMoe 10 UHTEHCUBHOCTH (DIIyOPECLIEHLIUH, B 3aBUCUMO-
CTH OT COPTa U OT 30H KOpHs. [loylydeHHbIE JaHHbBIE TOKA3bIBAIOT, YTO MO JACUCTBU-
€M IMEPEKUCH BOJOPOJIa MAKCUMAJIBHOE KOJIM4ecTBO npoaykiun ADK HakamiuBaeT-
Csl B 30HAaX YEXJIMKA U MEPUCTEMBI.

B koHTpone o6a copra MIIEHUIBl, B OTIIMYME OT ONbITA, MOKa3bIBAIOT OoJee
HU3KUA ypOBEHb OKHUCIMTEIBHOTO cTpecca. OLeHuBas cielaHHble (ortorpaduu,
MOKHO CJIENIaTh BBIBOJ, YTO Hanboyiee YyCTOMUMBBIM K THIOKCUU siBisieTcst copt Op-
10, mockonbKy oTnryaercss MEHbIIMM KoanyecTBOM ADK - OKpalleHHBIX KIETOK U
MEHbIIIE MHTEHCUBHOCTBIO (hIyopecleHINH (CBeueHre Ha (oTorpapuu — HaKoIuie-
Hue (ayopecueHTHoro Mapkepa). Ho Op-10 xyxke, uem Op-22 nepeHOCUT eUCTBUE
MEPEKUCH BOAOPOJIA.

M
C

Puc. ®nyopecieHTHOE OKpalIMBAHKUE KJIETOK KOPHEBOM MEPUCTEMBI ITIIEHULIBI COP-
ToB Op22 (a, 6 — KOHTPOJIb, 1, € — TUIOKCHS, U, K — Ilepekuch Bogopoaa) u Op 10 (B,
I — KOHTPOJIb, K, 3 — TUIIOKCHS, JI, M — IIEPEKUCH BOAOPO/1a)

Pacrenus 001amar0T pa3BUTON MOIITHOM aHTHOKCUIAHTHOM CHCTEMOM, KOTOpas
MO3BOJISIET UM HelTpanu3oBath n30b6ITok ADK. BosnelictBrue abMOTHYECKUX CTpecC-
COB Ha IIILIEHHUITY 3aIlyCKaeT CUCTEMY aHTUOKCHUIAHTHOU 3amuThl. Ha ocHOBaHMM 110-
JIYYEHHBIX PE3yJbTATOB BBISBIICHA pa3HAas AaKTUBALMS Pa3JIMYHBIX KOMIIOHEHTOB
A®K y nByX reHOTHNOB MUIEHUIBl. B 0CHOBE 3amuTHOM peakuuu copta OpeHOypr-
ckasg 10 nexut BbicOKOe coaepxkanue GSH u akTMBanusg riayTaTHOH 3aBUCHUMBIX
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¢depmeHTOB, a copt OpeHOyprckas 22 OTIMYaeTCs BBICOKMM YPOBHEM AKCIIPECCUU
reioB MnSOD wu Cu/ZnSOD. AHTHOKCHIAHT KBEPIETHH CHIDKAaeT OOpa3oOBaHHE
AO®K, nosermiaer yposerb MNSOD u Cu/ZnSOD. O6paboTka mpopOCTKOB MIIIECHHIIEI
KBEPLETHHOM OKa3bIBAaET 3aIIUTHOE JCHCTBHUE U 3AIIUIIACT OT TOKCHYECKOTO BO3/IEH-
cTBUSl abmotnueckux (akTopoB. OOpabOTKa MPOPOCTKOB MIIEHUIBI KBEPLETHHOM
MOCJIe BO3JICHCTBUS CTPECCOBBIX (PAKTOPOB YACTUYHO BOCCTAHABJIMBAET POCT MPO-
pocTkoB ToJbKO copta OpenOyprekas 22. [Ipeno6padoTka kBepueTuHOM 3 HeKTHB-
Ha U CIIOCOOCTBYET 3alllUTe OT OKUCIUTEIBHOIO cTpecca. IlomyueHnHble JaHHbIE MO-
I'yT OBIThb MCIOJIB30BaHbI Il ONTUMHU3ALMUA METOJOB OTOOpa YCTOMUYMBBIX K THIIO-
KCHU PACTEHUH HA paHHUX ATAlax UX pa3BUTHUS.
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Annomayusn: Ilposedena uoenmuguxayus u buoxumuyeckas oyeHka ouoazenmos npomus Erwinia
amylovora. Ilpedsapumenvho onpeodenenvl  603MOJNCHbIE MEXAHUIMbL  NOOAGIEHUs. POCMA
8030youmens 6AKMeEPUAILHO20 02c02a NA0008bIX npedcmasumensmu p. Pseudomonas: wmammor
gbloesiem MOKCUUHble O/l NAMO2eHd Memaboaiumsvl 6 Xo0e (HepMeHMAMUSHbIX peaKyutl uiu
sameonsiiom pocm E. amylovora za cuém xonkypenyuu uiu ucnonv3o8anus 601bule20 KOIULecmead
cybcmpamos.

Knwuesvie cnosa: anraronusm, Erwinia amylovora, 6uoxumus, Pseudomonas fluorescens, Pseu-
domonas putida, Pseudomonas asgharzadehiana, Pseudomonas orientalis

Beenenmue:

Erwinia amylovora (Burrill) Winslow et al.- ¢utonaroren ¢ kapaHTHHHBIM
CTaTyCOM, BBI3bIBAIOIIUI OAKTEPHAIBHBIN OKOT MI0J0BBIX. Heo0Xxo1mMo akkypaTHO
MOJAXOAWTh K METOAAaM 3alluThl PACTCHH, HE 3a0bIBas MPO OSKOJOTUUYECKYIO
0€30IacCHOCTh YeJIOBEKa M KUBOTHBIX. [103TOMY akTyalieH MOUCK HOBBIX IITAMMOB
OwoareHTOB. l3BecTHO, 4YTO cpeaw BHAOB p. Pseudomonas MHOro MITaMMOB,
MPOSIBJIAIONIMX AHTaroHU3M K TMaToreHaM pacTeHuil. MexaHu3Mbl MOJaBJICHUS
BO30yAUTENEH MTPEACTABUTEISIMHU POJia PA3IUYHBI.

Hampumep, ecTb HaHHbIE SKCHEPUMEHTOB MO B3aUMOJICHCTBUIO KYJIBTYpP B
JYHKaxX TUIAHIIET W B DKCTPAKTE HE3PENbIX s0JOK, KOTOphIE MOKAa3bIBAIOT, YTO
MEXKJIETOUHAsI UHTep(hEPEHIIs, a TAKKE Pa3Inyusl B MOTEHIIMANIE POCTa, CIIEKTPE U
3 (PEKTUBHOCTH HCMOIB30BAHUS TUTATEIBHBIX BEIIECTB SBISIIOTCS MEXaHU3MaMHU
antaronusma Pseudomonas fluorescens mpotus E. amylovora [3]. B apyrom
uccrnenosannu, P. fluorescens obecneunBaer Gmonornyeckyro 6oprOy ¢ E. amylo-
VOra Cc MOMOIUIBIO CHIDKEHUSI CEKPEIMU HEKTapa, BEI3BAHHOE MPUCYTCTBUEM IITAMMA,
WJIA HAKOIUICHUSI TOKCUYHBIX BENIECTB B TKAHSX IIBETKOB [5].

Take CTOMT OTMETHTh, UTO B BUPYJICHTHOCTH E. amylovora urpaior poib 3k-
30MoJMcaxapuabl aMuiIoBopaH U JieBadH. CyOcTpatoM uisi cUHTe3a jeBaHa (moiud-
PYKTO3bI) SIBJSIETCS caxapo3a. ['anakro3a — oJiHa U3 COCTaBJISIOLIUX JPYroro 3K30I0-
Jucaxapujia — aMHJIOBOPaHa, KOTOPBIM TakyKe UrpaeT OOJBINYI0 POJh B MATOTEHE3e
[4]. Lenp uccnenoBaHus: BhISIBIIEHHE OMOXUMHUYECKHX CBOMCTB aHTAarOHUCTUYECKUX
mraMMoB p. Pseudomonas, 3HauMMbIX mpu pa3paboTke OuompemnapaToB mpotusB E.
amylovora.

Marepuajbl ¥ METOIBI:

Ha npenpimymiem srtarie HaMu B XO0/€ JIAOOPATOPHBIX M BETeTallMOHHBIX
OTBITOB OBUTM OTOOpaHbI IITaMMbI OakTepwii poga Pseudomonas, mposBIsIOIINAX
cTaOMIbHYI0 aKTHBHOCTB ipoTuB E. amylovora [1].

Bce wuccnenyembie mrTammbl Ha cpene Kunra B oGpasoBbiBain  6e€i1o-
MpO3payHble, BBIMYKJIbIC, OKPYIJIbIE KOJOHHM, MPOAYHHUPOBAIU (DIyOpeCICHH,
3aMeTHBIN 1o Y D-nU31ydeHueM.

[lepBruHas waACHTH(UKANNUS MPOBOAMUIACHE METOJIOM CCEKBCHHPOBAaHUS T'¢HA
16S p/IHK no Courepy. Ilpo6onoaroroBka — KHUISTYEHUE CYCHEH3UH KYJIBTYp C
xonnentpamueii 10° KOE/mn npu 98°C B Tewenmu 10 mMunyT. Jlanee IOCTaHOBKA
knaccuyeckor [IIIP ¢ wmcnonb3oBanneM yHHBepcanbHbIX mpaiimepoB 8UA/519B.
Hcnonp3oBanu Habop peaktrBoB Encyclo PCR kit (3A0 «EBporeny», P®). Peakiuto
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npoBoauan B tepmonukiepe BioRad C1000 Touch mo cnenyrorei mporpamme: 5
MuH - 95° C; 35 nukinos: 15 ¢ -95° C, 30 ¢ - 58° C, 1 mun - 72° C; 5 mun npu 72° C.
Dnextpodope3 MPOayKTOB amIutkdukanuu mpoBoauian B 1,5% arapo3nom resie B
teuenue 90 muH, npu HanpspkeHuu 115V u cuie Toka 165 MA.

JInst OTAENBHBIX IITAMMOB OBLUIO MPOBEAECHO KOMMEPUYECKOE MOJHOTEHOMHOE
CEKBEHHUPOBAHMUE.

Jlist Bcex mITaMMOB TIPOBENEHBI Omoxummueckue TecThl cuctemon API 20E
(BioMerieux, CIIA) mo MHCTPYKIIMH MPOU3BOAUTENSA. AHAIOTMYHBIE TECThl ObUIH
HpoBeNeibl B Mpeablaynux uccienoBanusx s 40 mrammoB E. amylovora
kouiekuu PI'bY «BHUUKP».

Pe3yabTaThl U 00Cy:KIeHMeE:

Mopdomnorus M CceKBEeHUPOBAHHE TMO3BOJMIA OTHECTH IITAMMBI K JBYM
rpynmam: DN36, DN82, DN94, DN397, DN487, A8, Aell, Aec24 - Pseudomonas
fluorescens gr.; DN42 - Pseudomonas putida gr.

[Io pesynbpTaTaM MOJTHOTEHOMHOTO CEKBEHHUPOBAHMS TMOJIYYEHBI CIICIYIOIIHE
pesynbpraThl: A8- Pseudomonas asgharzadehiana Girard et al (paree oTHOCAIIHIACS K
Pseudomonas putida (Trevisan 1889) Migula et al.); Ac24, DN397, DN487 - Pseu-
domonas orientalis Dabboussi et al.

Pe3ynbrar OMOXMMHUYECKMX TECTOB M3ydaeMbIX IITAMMOB M peaknuu Erwinia
amylovora B APl 20E tecrax mpeacTaBiieHbl B TaOJIHUIIE.

Tabnuma
Pe3ynpraThl OMOXMMHUYECKUX TECTOB B cpaBHeHuu ¢ Erwinia amylovora
Iammer/ o CoOpaxuBanue / NOs
peakuus CPMCHTATHBHBIC CUCTCMbI OKHCTICHNE CY6CTpaTOB 710
o s = e
- : |
g R £ S § 3
8 5 % o < S E
= 18 S ¢ (> S S o
Sk B 5 B k8 = % = B sl 8 S = 8
or [ B aE S s Sl S o] 8 9 E = 8 8| B 5| £
ElE o Z s o & S gl 2z E| g 2 =l o &8 5| =
2E O H E B EE o <l © 2l 2 5| = S E =l Qe E s B O
EE [ E E sSk& 8 & > > 3| B == o S| x| 5 X €
3 = = <sB & o] < B H H = g B S ol O S| < S =l &l o
TR B ESESRESEE |82 AAELHEAE Ty
A& E 8 EESEESH EE 25 %ol Elalalalal 34z =z
A8 -+ - 0 BT EEE R T B N P - S
Ae24 -+ - S S S I T I B 0 e e N B A S I
DN397 + | - | - S 2 I S I | -+ -+ -] -+ -] -
DN487 -+ - S S I T IR S T T I T 0 I 0 I T B
DN42 o S B O I Y B A (R S I A O R B o I A B I I S
Aell -+ - S B T I N R P N S T 0
DN36 -+ - - + | - |-+ |- - [+ ---]--1F[+]|-1+]-]|-
DN82 + |+ | - S R I Y IR S N A B U S A IR N B A I B I
DN94 -+ - S I T IR R I S N SR B N 0 P 0
E. amylo vo ra* . - - - - - - - - _:. - - .

Ipumeuanue: «—» peakyusi ompuyamenvua, «+» peaxyus nonodxcumensvua; B — eapuabenvivle pezyrvmamoi.
* - 00600wénnvie peyromamol 015 40 wmammos

BonbmuHcTBO OMOareHToB, B oTianure ot E. amylovora, ob6manaior crocoOHo-
CTBIO K YTHUJIM3AIUU IIUTPATOB, & TAKXKE UMEIOT cieayromue GepMeHTsl U hepMeHTa-
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THUBHbBIE CUCTEMBI: aprMHUHAUTUAPOIA3a, ypea3a, TpunropaHicaMruHasa; a TaKxke B
MEHBIIIEH CTENeHU: JM3UHAeKapOOKCcHiiaza, OpHUTHHAeKapOokcmiaza. Taxxke mram-
MBI aKTHBHEE HCIIOIB3YIOT HEIOCTYITHBIC JIJIs1 (PUTOMATOreHa NCTOYHUKH yTIAEPOa, B
ocobenHoctn D-memm6mosy (kpome DN397).

3ametHo BeaensroTcss DN397, DN42 u DNS82, y kotopeix oOHapyxkeHa [3-
rajlaktTo3uaasHas (oproHuTpodenun-pB-D-remakronupanosnnaza) GhepMeHTaTHBHAS
aKTUBHOCTbH, BcTpeuaromasics y E. amylovora. Takke 3TH mTaMMbl HCIIONB3YIOT D-
caxapo3sy, KOTopasi UCIOJb3yeTCsl BO30yauTeieM O0aKTepUalibHOTO 05KOra II0JOBBIX
JUIsl CHHTE3a JIeBaHa, YYacCTBYIOLIEro B MmaroreHe3e. MOXXHO MPEANOJIOXKUTh, YTO
KyJIbTYphl OMOAreHTa U MaToreHa KOHKypUpyIoT 3a UCToyib3oBaHue D-Caxaposbl, HO B
OMbITaX Ha JICBAHOBOM Cpejie, U3 YIJIEBOJIOB COJEpKAIIEH TOJIBKO caxapo3y, IITaMM
DN397 ne obpa3oBbsiBai 30HY nojasicHus E. amylovora [2]. Ha cpemax 925, R2A,
ITJAT'A, conepxaimux ioko3y, u cpeae Kunra b, comeprxaiiieil riuuepuH, 30HbI 1MO-
nasieHust y mramma DN397 ornuyamucs cnabo 5,7-8,3 mm. Ha nmeBanoBol cpene
mrammbl DN42 1 DN82 00pa3oBbiBasii 30HBI 0K0J10 10 1 2 MM COOTBETCTEHHO, UTO
MOKET yKa3blBaTh Ha KOHKYpEHIMIO 3a caxapo3y. Kpome toro, mrammer DN397,
DN42 u DN82 yTuiM3upyroT IIIOKO3y U COpOUT - OOBIYHBIE YIIEBOABI PACTECHUU
ceM. Po3oBbie (naT. Rosdceae), KOTOpbIE CIyKaT cyOcTpaTaMu U Jis OOJBIIMHCTBA
mrammoB E. amylovora.

[ToaTOMy MeXaHW3M aHTarOHW3Ma MOJKET 3aKITI0YaThCSA KaK B KOHKYPCHITMH 3a
rioko3y u caxaposdy (DN42 u DNS2), Tak u B epMEHTATUBHBIX PEAKIUAX C BbIJE-
JeHreM Tokcn4HbIX s E. amylovora semects (DN397).

NHTepecHO paccMOTpeTh IITAaMMbI, 3HAYUTENIBHO  OTJIMYAIOIIUECS OT
E. amylovora nmo OMOXUMHYECKHM CBOMCTBaM. A8 OTIMYAETCS CHOCOOHOCTHIO K
BOCCTAQHOBJICHUIO HHUTPATOB [0 Ta3000pa3HOro aszota. A’poOHOE OKHUCIICHHE
HUTPATOB JI0 HUTPUTOB ocymiecTBissioT mrammbl  Ae24, DN42 u DNB82.
[TpenBaputenbHo oTHecéHHBIM K Tpymme P. putida mramvm DN42 wmmeer camblii
IITUPOKHH CIIEKTP MOJIOKUTEIBHBIX TECTOB M 1O (hepMEHTaM, U TI0 CyOCcTpaTaMm.

3akio4yeHnue:

Ha srame OMOXMMUYECKHUX TECTOB B COBOKYIMHOCTH C YallIEYHBIMU METOJaMH
Ha aHTaroHW3M MOXHO CJenaTh MPEANONIOKEHHE O BO3MOXKHBIX MEXaHHU3Max
nojxaBiieHuss pocta Erwinia amylovora. MexaHu3M aHTaroHu3Ma HCCIICIOBaHHBIX
MICEBIOMOHAJT MOXKET 3aKJIFOYAThCS KaKk B KOHKypeHIuH 3a rimroko3y (DN42 u DN82),
Tak ¥ B ()EPMEHTATHBHBIX PEaKIUAX C BBIJACICHHEM TOKCHYHBIX i E. amylovora
BemectB (DN397). Illramm DN42 OGnaromapsi mupokoMmy CHEKTpY (HHU3HOIOTO-
OMOXMMHYECKMX BO3MOXHOCTEH MOXKET OBbIThb HambOojee HHTEPECHBIM IS
nanbHeHmmx wuccienoBanuid. O0001mas, IMTaMMbl BBIICIAIOT TOKCUYHBIE IS
MaToreHa MeTaboJIUThl B XOJe (PEPMEHTATUBHBIX PEAKIUNA WU 3aMEIISIIOT POCT
E. amylovora 3a cuér ucmnosb30BaHus 0OJIBIIET0 KOJINYECTBA CyOCTPaTOB.

HccnenoBanre mpoBoaUTCS B paMKax ['ocymapcTBeHHOro 3agaHus, per. Ne
HUOKTP 123042100020-5.
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VK 631.4
BJUSIHUE CYBCTPATA OT KYJIbTUBUPOBAHUS NIAMITUHDb-
OHA B KAYECTBE OPTAHUYECKOI'O YJIOGPEHUSI HA ®UTONATO-
TEHHOE COCTOSIHUE ITOYBBI B YCJIOBUSIX BBIPAIIIUBAHU S KA-
MYCTBI BEJIOKOUAHHOM

Kanankuna Anacmacus Muxaiinoena, cmyoenm 4 xypca HMucmumyma azpoouo-
mexnonocuu, PI'bOY BO PI'AY-MCXA um. K.A. Tumupszesa

Xpanonuuee Ilémp Bnaoumupoeuu, macucmp 1 xypca Uncmumyma acpobuomex-
Honozuu, PI'BOY BO PI'AY-MCXA um. K.A. Tumupszesa

Tpasnukoe Hzopv /Imumpuesuy, vacucmp 1 xypca Uncmumyma azpoouomexuoo-
euu, ®I'bOY BO PI'AY-MCXA um. K.A. Tumupszesa

(Hayunwiii pykosooumens — Koznoe Anopeti Braoumuposuu, 0.6.H., doyenm Kagheopwi
mukpoouonozuu u ummyrnonocuu PI'b0OY BO PI'AY-MCXA um. K.A. Tumupszesa)

Annomayun: Dumonamoeenvl, maxue Kak 001e3HEMBOPHBIE MUKDPOOPSAHUIMbL, MOSYM
cmame Cepve3HbiM 02PAHUYeHUeM Ol YPOUCAUHOCU U Kauecmea Kanycmol, 4mo HpUooum K
yovimkam 015t hepmepos u MUKpoOUOI02UYECK020 cO0bwecmea 6 yenom. Ilpumenenue Xumuieckux
necmuyudo8 4acmo UCnoIb3yemcs OJisl KOHMPOJA UmMonamo2enos, 00HAKO MO0 MOdiCem npuge-
CMuU K He2amuBHbIM NOCIeOCMEUAM Ol OKpYscalowell cpedbl, 300p08bs UeloseKd U OUuopasHooo-
pasus.
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Knrouesvle cnosa: cyoctpar, puzochepa, GUTONaTOreHHBIE MUKPOOPTAHU3MBI, BO30YIUTE-
JIN.

B puzocdepe HaxXoauTCs OTPOMHOE KOJIMYECTBO MUKPOOPTAHU3MOB, TAKUX KaK
OakTepuu, TpUOBI U BUPYCHI, KOTOPHIE UTPAIOT KIIOYEBYIO POJIb B IIUKJIC MUTAHUS
pacTteHui. MUKpOOpPraHu3Mbl B pu30chepe BBIMOTHSIIOT HECKOIBKO BAXKHBIX (PyHK-
1IUi: OMOJOTUYECKOE YCBOCHHUE MUTATEIBHBIX BEIIECTB, HEKOTOPHIE MHUKPOOPTAHMU3-
MBI CITIOCOOHBI PAacTBOPSATH HEIOCTYITHBIE ISl PACTCHU MUHEPATbHBIE COCIUHCHHUSI,
7enasi X JOCTYIMHBIMH JIJIsi KOPHEH. 3ammTa OT IaTOTeHOB: HEKOTOPhIE MUKPOOpTa-
HU3MBI KOHKYPHUPYIOT C MTATOT€HHBIMA MUKPOOPTaHU3MaMHU 33 PECYPChI U MPOCTPaH-
CTBO B puzocdepe, uTo CrocoOCTBYeT 3alluTe KOpHEH pacteHuil oT Oosie3Hei. B
ATOM KOHTEKCTE OpraHUYeCKUe yI00pEeHHs CTAHOBSITCS BCe 0oJiee MOMYJISPHBIMH, TaK
KaK OHU CIIOCOOCTBYIOT YJIYUIICHHIO OMOJIOTHYECKOTO COCTOSIHUS MMOYBBI U yBEIUYe-
HUIO €€ ypOKailHOCTH, a Tak)Ke CHIKAIOT PHUCK 3abojieBaHui pacteHuil. OTHUM U3
MEPCIEKTUBHBIX OPTaHUYECKUX YAOOPEHUH ABISIETCS CyOCTpaT OT KYJbTUBUPOBAHUS
IaMITUHBOHOB.

CyOcTpathl, HCIOIB3yEMbIC MPU BHIPANIMBAHUH MIAMIIMHBOHOB, O0OTAIEHBI
OpTaHUYECKHUM BEIIECTBOM, MUKPOOPTAHH3MaMH U TTUTATSIBHBIMA AJIEMEHTAMH, YTO
JieNlaeT UX IIEHHBIM PEeCcypcoM IS YIIydIlleHUs TOuYBeHHOU cpenbl. [locme 3aBepie-
HUS KyJIbTUBAIIMA TPHOOB, 3TH CYOCTPAaThl MOTYT OBITh HCIIOJB30BaHBI B Ka4eCTBE
ynoOpeHuit I7sl pacTeHuil, CIIOCOOCTBYSI POCTY, 3I0POBBIO M YPOKAMHOCTH KYJIBTYD.

[{enpro wccmemoBaHus SBISICTCS OICHKA BIMSHHS CyOcTpaTa OT MPOMBIILICH-
HOTO KYJIbTUBUPOBAHUS IIAMIUHBLOHOB Ha (PUTOMATOINEHHOE COCTOSIHME TMOYBBI MpU
BBIpAIIMBAaHUH KaITyCThl OEJTOKOYaHHOM.

B mouBe npoBoauiu uaeHTUGUKAIMIO BO30yaUTENeH Hanbosee pacmpocTpa-
HEHHBIX 0O0JIE3HEH KaIyCThl U ONPEACIISUIA UX YUCIEHHOCTh IyTeM BBICEBA MOYBEH-
HOH (CyOCTpaTHOM) CyCIICH3MH Ha OOIIME U CEJICKTUBHBIC ITUTATEIIbHBIC CPEJIbl METO-
nom Koxa c pa3zBeneHueM 1moussl u cyoctpara mno Ilactepy.

DKCIEepUMEHT TI0Ka3all, uTo B pu3zochepe, OKpyKarIIeld KOpHA KamyCThl, KO-
JUYECTBO OAKTEPHI M IPrOOB 3HAYUTEIHHO TMPEBHIIACT WX YUCICHHOCTh B OOBIYHOM
MOYBE M B CyOCTpaTe AJI BeIpAIMBaHUs MIaMITUHBOHOB. KOHKpeTHO, B pr3ocdepe Ha
77% O6oibiie 6akTepuit u Ha 55% OonbIe rpuboB, 4eM B ucxoaHol nouse. [1o cpas-
HEHHUIO C pu3ocPepHOl MOYBOM, B LIAMIIMHBOHHOM cyOcTpare OakTepuil Ha 58%
MEHbIIIE, a TpubO0B — BlIBoe MeHble (Ha 91%). Puzocdepa ecrectBeHHO oboraiieHa
MATATETHLHBIMH BEIIECTBAMH M CTUMYJIITOPAMHU POCTa U3 KOPHEBBIX IKCCYAATOB, UTO
crioco0cTByeT 60siee BRICOKOU MIIOTHOCTH CAPOTPOPHBIX MUKPOOPTAaHU3MOB.

HccnenoBanre Takke BBISIBUJIO, YTO HKCIIOIB30BAaHWE MIAMIUHBOHHOTO CYO-
CTpaTra TMPHUBOJUT K YMEHBIIICHHIO KOJIMYECTBa OakTepwii U rpuboOB B puzocdepe.
['pubsl pearupyroT Ha 3TO M3MEHEHHE CUibHee, 4yeM Oaktepuu. [Ipu mobaBneHun
MEePBOI ¥ BTOPOH J03bI MMAMIIMHBOHHOTO CyOcTpaTa HaOJIIOAAIOCh COKPAIEHUE KO-
andecTBa carnpotrpodubix O6akrepuit Ha 9% u 16%, B To Bpems Kak rpuObl yMEHbIIIa-
much Ha 62% u 69% COOTBETCTBEHHO. DTO NOAYEPKUBAET BAXKHOCTh U3YUYEHUS BIIUS-
HUSI pa3IMYHBIX CYyOCTPATOB HA MUKPOOHOE COOOIIECTBO pHU30CHEPHI.

HccnenoBanue Mokas3aio, YTO HCIIOJB30BaHHE CyOcTpaTa, IMOJYYEHHOTO B
MpoliecCce BBIPALIMBAHUS IIAMIMHBOHOB, 3(PPEKTUBHO MOJABISIO POCT (hUTONaTO-
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IeHHBIX MHUKPOOPTaHHW3MOB B MO4YBe. B KOHTpOJBHOM rpymre, rae cyOcTpaT He uc-
MOJIb30BAJICS, OBLIIM OOHAPYKEHBI BCE BUIBI MUKPOOPTaHNW3MOB, BBI3BIBAIOIINX 3a00-
neBaHus KamycThl. [Ipu go6aBieHun mepBoii 1036l cyOcTpaTa, YUCIEHHOCTh IPUOKa
Peronosporaparasitica ymensiunacs Ha 67%, a mpu BTOPOH 103€ €ro pocT ObLT MOJ-
HOCTBIO MojaByieH. CX0XHe pe3yNbTaThl HAOMIOAAMUCh U Uit Tpubka Phomalingam:
IpY MEPBOM /103€ €ro YMCIEHHOCTh COKpaTuiach Ha 71%, a mpu BTOpO# a03€e rpud
MOJIHOCTHIO MCYE3 U3 MOYBHI.
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| 22 4,7 R 3,8
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O - T T T T 1
KoHTponb Cybctpat, nosal  CybeTpart, Aosa 2 ABCONIOTHBIN MUcxoaHbil cybetpat
KOHTPO/b
B Peronospora parasiti-ca Fusarium oxysporum Alternaria brassica Phoma
lingam

['pu6w1, BEI3BIBaOIMKE (hy3apro3 U abTePHAPHUO3 KAMYCThI, TAKKE 3HAUYUTEITb-
HO YMEHBIIIWINCH B UNCICHHOCTH OJlaroapsi MpUMEHEHHUI0 CyOCTpaTa, CHIKEHUE CO-
ctaBwio 82-92% u 96-97% COOTBETCTBEHHO, XOTS M HE OBUIO JIOCTUTHYTO TMOJHOE
MOJIaBJICHUE UX POCTA.

[Ipu 3TOM, CTaTHCTHYECKH 3HAYMMOTO BIIMSHHS J03bI CyOCTpara Ha YHCIICH-
HOCTh ITHX IprOOB HE OBLIO 3aMEUYEHO, HO MPHU BBICOKOW J103€ B MOYBE OCTaBaJIOCh
MUHHUMaJIbHOE KoJmdecTBO Fusariumoxysporum u Alternariabrassica. OTmevaercs,
YTO B MCXOJHOM TOYBE KOJWYECTBO (PUTOMATOTCHHBIX TpUOOB ObLIO Ha 42-67% Hu-
&Ke, 4eM B pu3oc(hepHoil mouBe KammyCThl, B 3aBUCUMOCTH OT BHJIa MMaTOTCHA.

B T0 ke Bpemsi, YUCICHHOCTh OaKTepHii-Bo30yauTenei nHdeKIuii Oblia BhIIe
B MCXOJHOU mouBe: Ha 28% st kcanToMoHaA U Ha 87% 1 MEeKTOOaKTepuid. ITO
YKa3bIBa€T Ha TO, YTO YCJOBUS B puzocdepe KOpHEH KamycThl MOTYT OBITh HEOIaro-
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OPUATHBIMU JJIs1 Pa3BUTHS ATUX OakTepuil. bakTepuu, BbI3bIBAIOIINE COCYIUCTHIA U
CIIM3UCTBIN OaxkTepros KaITyCThI (Xanthomonascampestris "
Pectobacteriumcarotovorum cOOTBETCTBEHHO), KOTOpbIEe ObUTH HalEHBI B TTOUBE 0€3
cyOcTpara, MOJTHOCTHIO MOAABISUIUCH TIPU €r0 MCIOJb30BaHuu. VckioueHue cocra-
BUJIa TpyMMa ¢ MepBOMl J030i cyOcTpaTa, I/ie€ YUCICHHOCTh KCAaHTOMOHA] Oblila Ha
93% HuKe 10 CPaBHEHUIO C KOHTPOJIEM.

HakoHelr, ©CXOIHBIN MIAMIMHBOHHBINA CyOCTpAT MOYTH HE COACPIKAT MUKPOOP-
raHU3MOB, IMATOTEHHBIX [JIs KamyCThl, 3a HCKIoueHueM Fusariumoxysporum u
Alternariabrassica, IpUCYTCTBYIOIIMX B MUHUMAJIbHOM KoJindecTBe. X uncieHHOCTh
obL1a Ha 98% HuUKe, ueM B puszochepHoit mouse, He 00pabOTaHHOM CyOCTpaTOM.

[IpyumMeHeHne WIAMIMHBOHHOTO CyOcTpaTa B KadecTBE OPraHUYECKOro
yIOOpEeHHs] KamycThl CIOCOOCTBYET CpEIHEMY CHIKEHHMIO OOIIeH YHCIEHHOCTU
canporpodHbix 6aktepuit (10 16%) U CylIECTBEHHOMY YMEHBIICHUIO YHUCICHHOCTU
rpuOHOM MUKpPOOMOTHI (M0 69%). YBenuueHue 1036l cyOcTpaTra MpPakTUYECKH HE
OKa3bIBaCT BO3JACWCTBUA Ha YHUCICHHOCTHh CampOTPOPHBIX MHKPOOPTAaHH3MOB B
pr30CchEpHOI YacTH MOUBBI MO KAITyCTOM.

[Ipumenenue cyOcTpara CHOCOOCTBYET CYIIECTBEHHOMY HMHIMOUPOBAHUIO
pa3BUTHUS (PUTOMATOTEHHBIX TPUOOB B pHu3ocPepHON mouBe KamycThl (10 97% mo
dby3apusiM U anbTepHAPUSAM) M BIUIOTH JO MOJHOTO HCYE3HOBEHHS B OTHOIICHUHU
rpuboB Peronosporaparasitica m Phomalingam. Mcnonp3oBanue IIaMIMHBOHHOTO
cyOcTpaTa NMPUBOJIUT K MOJIHOMY YTHETEHHUIO Pa3BUTHUSI MCCIEAOBAaHHBIX OaKTepHii-
(buTONATOreHOB B IMOYBE pu30ochephbl KamycThl OeitokouaHHo# (Xanthomonascam-
pestris, Pectobacteriumcarotovorum).
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V]I 631.4
ATPODKOJIOTMYECKOE UCCJIETOBAHUE DO®EKTUBHOCTH B3A-
UMOJIENCTBUSA BACILLUS SUBTILIS U MUHEPAJIBHOT'O ¥Y/IOBPE-
HUSI NPK B TOCEBE LATUCA SATIVA

Ko3noe Anopeit Braoumuposuu, x.0.1., npogheccop, npogeccop xageopvt Muxpo-
ouonoeuu, ®I'6OY BO PI'AY — MCXA um. Tumupszesa, a.kozlov@rgau-msha.ru
Kypaenée /Imumpuii Heanosuu, macucmp 2 xypca, Mncmumym Menuopayuu, Boo-
Hoeo Xozauicmea U Cmpoumenvcmea um. Kocmsakosa, kagpeopa Ixonoeuu u llpupo-
00NOIb306AHUS, DOI'FOY BO PIAY - MCXA UM. Tumupsszesa,
dimzhur03@gmail.com

Huxumenko Anmon Muxaiinoeuu, vmazucmp 2 xypca, Mncmumym Menuopayuu,
Boonozo Xozsaicmea U Cmpoumenscmeéa um. Kocmsakosa, xkagedpa Oxonocuu u
Ilpupooononvzosanus, @DIBOY BO PIAY — MCXA um. Tumupssesa,
brokendrummachine@mail.ru

Annomayun: Cospemennoe ceibCkoe XO3AUCMBO CIMPEMUMCs K NOGIUEHUIO YPO*CAUHOCMU 6Oe3
yugepba 01 okpyscaoweli cpedvi. OOHAKO NOCMOSHHOE UCNOIb308AHUE MUHEPATbHBIX YOOOPEeHUl
NPK npugooum x psaoy 3K0102U4ecKux npooiem, 6Kauds 3aKUcieHue nougsl, CHUMCeHue ouonioeu-
Yecko20 pazHooopasusl u 3azpsisHeHue 6000emMos. B cmamve paccmampusaemces nepcnekmugHocms
unmeepayuu o6axmepuu Bacillus subtilis ¢ mpaduyuonnvimu yoobpenusmu NPK ons yayuwenus
VCBOSEMOCU NUMAMENLHBIX 8eUieCm8, 3auUumsl PACMEHUL OM CIMpPecco8 U CHUINCEHUS IKOI02UYe-
cK020 8030eticmeusi. Mccnedosanue nokasano, umo ucnonvsosanue Bacillus subtilis 6 couemanuu c
NPK cnocobcmeyem ysenuuenuro ypooicatinocmu canama (Lactuca sativa), ymenvuieHuo 003upog-
KU YOOOPEeHUll U CHUMNCEHUIO 3A2PA3HEHUs. OKpYdHcaloujell cpedbl, Ymo oeiaem 3my cmpamezuio 3¢-
GexmusHOll /11 HIKONOSUHECKU YCMOUYUBO20 3eMNeOeNUs

Knioueswvie cnosa: cenvckoe xossiicmeo, munepanvhvie yooopenus NPK, skonoeuueckas ycmouiuu-
socmb, buoI02UUecKoe pasHoobpasue, cunepausi pacmenuil u bakmepuil, y0oopeHusl.

Beenenmne.

CoBpeMeHHOE CeIbCKOE XO3SIHUCTBO CTAIKHBACTCS C HEOOXOJAUMOCTBIO MMOHMCKA
peIIeHHA, KOTOPBIC MO3BOJISAT MOBBIIMIATh YPOKAKHOCTh O€3 yIinepOa /it OKpyXKaro-
et cpenpl. MuHepanbHble YI00peHusi Ha OCHOBE a30Ta, docdopa u kamusi (NPK)
OCTAlOTCS OCHOBHBIM MCTOYHUKOM IHTATEIbHBIX BEIIECTB JJISI CEIbCKOXO3SHCTBEH-
HBIX KYJIBTYp, HO UX HCIOJIb30BAaHHE COMPOBOMKAACTCS PSIOM JKOJOTHUECKUX IPO-
oneMm. IToctossanoe nmpumeHenue NPK-ynoOpenuii cnocoOCTBYeT 3aKHUCIEHUIO MOYB,
CHIKCHHUIO OMOJIOTHUECKOTO Pa3sHOOOpasusi, YXYALICHUIO CTPYKTYphI MMOYBBI U YBE-
JIMYCHUIO PUCKA 3arpsA3HEHHS BOJOEMOB BCIECACTBHE CTOKa ymoOpeHuil. B cBs3u ¢
9TUM YYEHBIC HIIYT DKOJOTMYECKH Oe30MacHbIe allbTCPHATUBBI, HAIIPABICHHBIC Ha
COXpaHEHHUE MOYBCHHOTO 3/I0POBbS H YCTOWYUBOCTH arpOIKOCHCTEM.

OIHUM M3 MEPCIEKTUBHBIX IMOAXO0J0B SABJISCTCS MHTErpalis OHOJOTHUSCKUX
ynoopennii, Takux kak Bacillus subtilis, ¢ tpamunmonusiMu NPK-ynoopenusmu.
Bacillus subtilis — sTo monesnast mouBeHHas OakTepHs, KOTOpas CIIOCOOCTBYET MO-
OMIM3aIMK TUTATEIbHBIX BEIIECTB, CHHTE3UPYET MPUPOIHbIC (PUTOTOPMOHBI U TIOMO-
raeT PACTCHUIO CIPABJIATHCS C BO3JCUCTBHEM MATOrCHOB M cTpeccamu. Mcnosp3oBa-
uue Bacillus subtilis mo3Bonsier cCHU3UTH KOJIMYECTBO MHHEPAIbHBIX YIOOPEHUIA,

108


mailto:dimzhur03@gmail.com
mailto:brokendrummachine@mail.ru

yllydiliasg JOCTYIMHOCTh MUTATENbHBIX BEIIECTB ISl pACTEHUN U MUHUMH3UPYS Bpe/-
HOE€ BO3JICHCTBUE HA OKPYKAIOUIYIO CPEY.

[lens maHHOTO WCCIENOBaHUS — paccMOTpeTh B3ammoneicteue Bacillus
subtilis, NPK wu pactennii, ocooerHo canara (Lactuca sativa), n mokasarb, Kakum 00-
pa3oM 3TO COueTaHHE CIOCOOCTBYET HE TOJBKO MOBBIIICHHIO YPOKaWHOCTU, HO H
YIIYYIIEHUIO HKOJIOTUYECKUX MTapaMeTPOB arpOdKOCUCTEM.

JIuteparypHslii 0030p:

IKoJ0rHYecKHuil KOHTEKCT U poiib NPK B ceqbckoM xo3siiicTBe

Munepanbhbie yaoopenus NPK mupoko npuMeHSIOTCS B CETLCKOM XO3SHCTBE
U3-3a UX BBICOKOH 3(D(PEKTUBHOCTU B 0OECIICUEHUH PACTEHUI OCHOBHBIMH MTUTATEb-
HBIMU BelecTBaMu, TakuMu Kak a3oT (N), pocdop (P) u kanuit (K). Kaxapiit u3 aTux
AJIEMEHTOB >KM3HEHHO HEOOXOIUM JIJIsl TOJIHOLIEHHOTO Pa3BUTHS PACTEHHI: a30T CIo-
COOCTBYET CHHTE3Yy OCJIKOB M POCTY JUCThEB, hochop odecrneunBaeT SIHEPreTUIeCKue
MIPOLIECCH M Pa3BUTHE KOPHEBOW CHUCTEMBI, & KAl OICP>KUBAET PETYIISIUIO BOI-
HOTO OajlaHca M yCTOMYMBOCTh pacTeHHil Kk crpeccaM. OnHako 3(pPEeKTUBHOCTD ATUX
ynoOpeHuil orpaHudeHa, Tak KaK PacTeHHs YacTO yCBAWBAIOT JUIIb YacTh BHECEH-
HBIX BemiecTB. HeBocTpeOOBaHHbBIE M3NUIIKK, B CBOIO OYepelb, MOTYT MOMAAaTh B
TPYHTOBBIC BOJBI U BBI3BIBAThH 3arps3HCHHE BOJOEMOB, YTO HETaTUBHO CKAa3bIBACTCS
Ha SKOCHCTEMax u OrmopazHooOpaszuu.

[TepeuzoniTok NPK, ocobenHo azota u ¢ocdopa, cnocodCTByeT 3BTpodhrKa-
1My BOJHBIX cucteM. Hakoruienue ¢ocharoB M HUTPATOB B BOJOEMAX BBI3BIBACT
OypHOE pa3MHOXEHHUE BOJOPOCIEH, UTO MPUBOJUT K UCTOIICHUIO KUCIOPOIa U Mac-
COBOM THMOENM BOJHBIX OPTraHU3MOB. DTO MOJAYEPKUBACT BAXKHOCTH HCIIOIH30BAHUS
HKOJIOTUYECKH O€30IAaCHBIX PEIICHUH, MO3BOJSIOMUX YIYUIIUTh ycBoseMocTh NPK
PACTEHUSIMU U CHU3WUTH JIO3UPOBKY MUHEPAIBbHBIX yA0OpeHuit 6e3 yuiepbda s ypo-
YKANHOCTH.

Mexanusm B3anmoaeiictsus Bacillus subtilis, NPK u pacrenunit

Bacillus subtilis urpaer kmoueByto ponb B ymydineHUH 3()(HEKTUBHOCTH HC-
MOJIb30BAaHUSI MUHEPATBHBIX yIOOPEHHH PACTCHUSAMH M CHUKCHUHU DKOJOTHYECKOTO
BO3JICHCTBUSI CEIBCKOrO XO03siiicTBa. BakHeWInii MeXaHU3M JIEUCTBUSA ATON OakTe-
pPHUH 3aKJII0YaeTCs B €€ COCOOHOCTH YIIydIIaTh JOCTYMHOCTh MUATATEIBHBIX BEIIECTB
W 3allUIIaTh pacTeHus ot crpeccoB. CoBMecTHOE mcnoib3oBanue Bacillus subtilis ¢
NPK ycunuBaer mpoueccsl MOrIOMIEHU MATATENbHBIX BEIIECTB U CHUKAET BBIMbI-
BaHME YA0OPEHUI 13 TTOYBBI, MUHUMU3HUPYS SKOJIOTHYECKUHN yiiepo.

1. MoOuau3anus nMTATENbHBIX BemecTB. OTHUM U3 KITIOYEBBIX CBOWCTB
Bacillus subtilis sBisercs eé cmocobHOCTh MpeoOpa3oBeIBaTh pochop U a30T B H0-
CTYIIHBIE JIJIsl pacTeHui (popmbl. bakTepust CHHTE3UPYET OPraHNYEeCKUEe KUCIOTHI, KO-
TOpPBIE PACTBOPSIOT HeyCcBOsieMble pocdopHbie coenuHenus B mouBe. biaromaps 3to-
My pacTeHHUsI MOTYT Moy4aTh Oosbiie ¢ocdopa U3 MOUYBHI, YTO CHUKAET HEOOXOIH-
MOCTbH B JIOMOJIHUTEJILHOM BHECEHHH yao0peHuil. Taxxe Oaktepusi pukcUpyer azor,
nepeBojist ero B (opMy, KOTOPYIO pPAacTeHHE CIIOCOOHO MCIMOJIb30BaTh, YTO CHOCOO-
CTBYET JIy4IlIEMY POCTY W PA3BUTHIO KYJIbTYP.

2. Cunre3 duroropmonon. Bacillus subtilis cuntesupyer psn durorop-
MOHOB, BKJIFOYasi ayKCUHBI, IATOKMHUHBI U THOOCPEIIMHBI, KOTOPBIE CTUMYJIUPYIOT
POCT U YKPEIUSIIOT KOPHEBYIO CHCTEMY. YKpEIUIeHHE KOpPHEH MO3BOJIAET PACTCHHIO

109



60o1ee 3P PeKTUBHO TOTIIOMIATH BOJY W MUTATEIbHBIC BEIIECTBA, a TAK)KE YBEIMUMBa-
€T YCTOMYHMBOCTh K HEOJIArONPHUATHBIM (PaKTOpaM OKPYIXKAIOMICH Cpelbl, TAKUM Kak
3acyxa M 3aCOJICHHE MOYB. JTa CIOCOOHOCTh OAKTEPUU CHUXKAET MOTPEOHOCTH pacTe-
HUW B BBICOKHX J103aX MHUHEPAJIbHBIX YJOOPEHUI U YyJIydlllaeT YCTOWYMBOCTH arpo-
AKOCHUCTEMBI K BHEIITHUM CTPECCaM.

3. ®opmMupoBaHue OHOIVIEHOK M 3alUTa OoT maTtoreHoB. Bacillus subtilis
o0pa3yeT OMOIUIEHKH Ha KOPHSAX PACTEHHA, CO3/aBas 3alllUTHBINA Oapbep OT MOYBECH-
HBIX TTATOTEHOB W BpeAMTENCH. BHOMIIeHKN Takke ClIOCOOCTBYIOT 3aKpeTUIeHH 0 Oak-
TEepHUd Ha KOPHSX, YTO YBEIMUYMBAET MX BBDKMBACMOCTh B arpeCCHUBHOW cpefe. ITo
3alUIIAeT PACTCHHs OT 3a00JICBaHU M MO3BOJIICT UM COXPAHATH MPOTYKTUBHOCTH
Jake B CTPECCOBBIX YCJIOBHSIX, TAKMX KaK BBICOKHE TEMIIEpaTyphl WM HEIOCTATOK
BJIAry.

4, CHHJKEeHHE TOoTeph a30Ta M MHUHMMHM3anus 3arpsisHenms. Bacillus
subtilis ciocoOGCcTBYeT CHIKEHHIO BBIMBIBAHHS a30Ta 3a CYET TOTO, YTO MPEIOTBpa-
IaeT €ro MOTEPIO U3 MOYBHI B BUJIE Ta30B. JTO JOCTHTACTCS Yepe3 aKTHBALUIO (ep-
MEHTOB, KOTOPBIC CBS3BIBAIOT 30T, JIENast €ro JOCTYIHBIM JIJIsl PACTCHUSI B TCUCHUE
0oJsiee TPOJOJDKHTEIBLHOTO Tieproaa. TakuM oOpasom, cuHeprus Bacillus subtilis ¢
NPK no3BosisieT ucnosb30Bath yaoopenus 0oiee 3(pPeKTuBHO, COKpalas uxX KOoJu-
YEeCTBO U MPEOTBpaIIas 3arpsi3HEHHE BOJIOEMOB U ITOYB.

PesyabTarsl ucnosib3oBanuss komOuHanuu Bacillus subtilis 1 NPK B BbI-
PallUBAHUH CAJIATa

HccenenoBanus MOKa3bIBAIOT, YTO COBMECTHOE ucIoib3oBanue Bacillus subtilis
1 NPK MOJ0XUTEIBHO BIHUSET HA POCT, TPOAYKTHBHOCTh M YCTOMUHUBOCTH CEIIbCKO-
XO3MCTBEHHBIX KYJIBTYp, Takux Kak canar (Lactuca sativa). DkcnepuMeHTaIbHbIC
JaHHBIC CBHJCTCIILCTBYIOT, YTO IpH Hcmojis3oBanuu Bacillus subtilis 6uomacca ca-
nata yBennunBaercs Ha 30—45% Mo CpaBHEHHIO C KOHTPOJEM, II€ NMPUMEHSIIUCH
TOJIKO MUHEpaJbHbIE YAOOpEeHUs. YKpEIJIEHUE KOPHEBOM CHUCTEMBI CIOCOOCTBYET
YIYYIICHUIO YCBOCHUS BOJIBI M MMUTATEIBHBIX BEIIECTB, YTO OCOOCHHO BaXKHO B YCJIO-
BUSIX 3aCyXH WJIM OCTHBIX TIOYB.

HomnonuaurensHo, npumeHenune Bacillus subtilis ysenwunBaer coneprkanue
dochopa u a30Ta B TKAHIX PACTCHHM, YTO MOJIOKHUTEIHHO CKA3bIBACTCS HA UX 3]I0PO-
Bbe U npoayktuBHOCTH. [Ipumenenne komoOunaru NPK u Bacillus subtilis mpuso-
JWT K YBEJIMYCHHUIO 3€JICHOM MacChl cajara, yJIy4IIeHUIO €r0 BKYCOBBIX Ka4eCTB W
MOBBIIICHUIO YCTOMYMBOCTH K OMOTHYECKHM CTpeccaM, TAKUM KaK MaTOTCHHBIC TPU-
OBl U OaKTEpUH.

IKOJIOTHYECKHE TPENMYIIeCTBA U MePCHeKTHBDI

Hcnonp3oBanue Bacillus subtilis BMecTe ¢ MunepanbHbIMU yIOOpEHUSIMH OKa-
3BIBACT TIOJIOKUTEIIBHOE BO3ICHCTBHE Ha arpO3KOJIOTHYCCKUE ITOKA3aTelld, CHIDKAs
MOTPEOHOCTh B XUMUYECKUX YIAOOPEHUSX W COXpaHss IIogopoane mousbl. [Ipume-
HEHHE OAKTEPUU B CEIILCKOM XO3SIMICTBE CIOCOOCTBYET COXpaHEHHI0 Oropa3zHooOpa-
3Ms TOYBBI, YJydlllaeT e€ CTPYKTYpy M IPEIOTBpaIlacT BHIMBIBAHHE MUTATCIBHBIX
BEIIECTB, YTO YMCHbBINACT HETAaTHMBHOEC BO3JICHCTBHE HA BOJHBIC SKOCHCTEMBI. JTO
0COOEHHO Ba)XKHO B YCJIOBHUSX W3MEHEHHS KJIUMaTa, KOT/ia YCTOWYMBOE CEIbCKOE XO-
3SIICTBO CTAHOBUTCS OJTHOM U3 KJIIOUEBBIX 3a7a4.
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CHmxenue konunuectBa ynoopenuit NPK na 50% mipu coxpaneHuun ypoxkaiHo-
ctu 3a cuet podasnenus Bacillus subtilis moxxer cTath 3¢ hekTuBHBIM cITIOCOOOM MU-
HUMH3AIHNA YKOJIOTUIECKAX PUCKOB, CBS3aHHBIX C 3arpsA3HEHHEM ITOYB U BOJOCMOB.
DKOJIOTHYECKHE TPEUMYIIECTBA JTAHHOTO TI0IX0/1a 3aKII0YAI0TCS B COKPAIICHHH KO-
JMYECTBA BPEIHBIX CTOKOB, YMEHBIIICHUU PHCKA HAKOIUICHUsS HUTPATOB U (hocdaros,
YTO IMO3BOJISIET COXPAHUTh KAYECTBO NMHUTHLEBOW BOJBI M YMEHBIIWTH HArpy3Ky Ha
okpyxkaroniyto cpeny. KomOunuposanne NPK wu Bacillus subtilis moxer cmoco6-
CTBOBATh JIOCTIIKECHHIO SKOJIOTUYECKUX IIeJel, HAlPaBICHHBIX Ha YMCHBIICHUE YT-
JIEPOHOTO Clie]a U YMECHBIICHUE UCTIONb30BaHHsI CHHTETUYECKUX arpPOXHUMHUKATOB.

3akioueHue

Komounanus Bacillus subtilis ¢ ynoopenussmu NPK npezcrasiser codoii mep-
CIIEKTUBHBIN METOJI JUIS TIOBBIIICHUS YCTOHYNBOCTH CETBCKOXO3HCTBEHHOTO MPOU3-
BOJICTBA M CHIDKEHHSI HETaTHBHOTO BO3JICHCTBHUS HAa OKPYXKAIOIIYIO Cpeay. ITO MO03-
BOJISIET HE TOJIBKO YBEJIMYHUTH YPOXKAWHOCTH, HO M COXPAHHUThH TUIOJIOPOJIUE IMOUBHI,
3alIUTUTH BOJHBIE SKOCHCTEMBI OT 3arpsi3HEHHS U YIIYUIIHTh CTPYKTYPY arpodKOCH-
CTeMbl. JKoJIoTHYecKre npeumymiectBa ucnonb3oBanus Bacillus subtilis ocobenno
Ba)XKHBI B KOHTEKCTE COBPEMECHHBIX KJIMMATHYECKUX BBI30BOB, TaK KaK OHU 00ECIIeUH-
BalOT 0oJice PalMOHAIBHOE HCIOJIh30BAHUE PECYPCOB M MHHUMHU3UPYIOT BPEIHOE
BO3/ICMCTBHE HA IPUPOAY.

Taxum o6pazom, uaterpanus Bacillus subtilis u NPK-ynoOpenuii MokeT cTaTh
OCHOBOM JKOJIOTUYECKH YCTOHYMBBIX arpapHbIX TE€XHOJOTUH, CIIOCOOCTBYIOIIUX CO-
XPaHEHUIO TIPUPOJHBIX PECYPCOB U OOECIIEYECHHUIO MPOOBOIBCTBEHHON 0€30MacHO-
CTH B JOJITOCPOYHOH MEPCIIEKTUBE.
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AnHomayua: 8 cO8BPEMEHHOM CeNbCKOM XO3AUCMEe NOIUDYHKYUOHATLHOCIb OUONPEnapamos s6-
JISLeMCsl NPOMUBO8ecoM 0Ji Xumuzayuu nous. VIx ceoilicmea no3eonsom peuwums 0NpoCbl numa-
HUSA, 3auumsl U CIMUMYIAYUU pocma pacmenuti. B uacmnocmu, 6 0annoll 0630pHolU cmambe, 6ydem
npo6edén cpasHumenbHblll anaius ouonpenapamos Ha ocHoge baxmepuii pooa Bacillus u Pseudo-
monas
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BBenenue

BriepBbie Borpoc 00 Hayasie MCMOJIb30BaHUs OMOIpEenapaToB, HA TOT MOMEHT
Ha3bIBAEMBIX OaKTepuadbHBIMU yhoOpeHusmu, nogusa Cepreri HukonaeBunu BuHo-
rpanckuii (1856-1953). B konre 19 Beka oH mpoBen pyHIaMeHTaIbHBIE UCCIEA0BA-
HUA a30TuKcanuu, POTOCHHTE3A U APYTUX MUKPOOHUOIOTHUECKHUX IMPOIIECCOB, KOTO-
phie UMEIOT KIIFOUEBOE 3HAYCHUE JIJISi MIOHUMAHHS B3aUMOCHCTBUS MUKPOOPTaHMU3-
MOB Y PaCTEHHUM.

[lepen HayaOM aKTMBHOTO M3y4Y€HHUS TEMaTUKH OuompenapaToB, B Hayaje 20
Beka, ObuT co3man «Hutporun», comepkaBiinii B cebe Oaktepun poxa Rhizobium,
KOTOpBIE CIOCOOHBI MEPEBOAUTH aTMOC(HEPHBIM a30T B JOCTYIHYIO NJisi pacTEHHM
(opmy

B 1900 rony 6s11 pazpaboran A30To0aKkTepuH Ha OCHOBE OakTepuit pojga Azo-
tobacter mox pykoBoacteom Ceprest Hukonaesuua Bunorpasckoro.

[Tocne coznanust a30To0aKTEpUHA, OHOIIpEenapaTbl NOCTEIEHHO Pa3BUBAUCH U
urpanu Bc€ 0oJiee 3HaYMMYIO POJib B CEILCKOM X03siiicTBe Poccuu.

Marepuansl 1 METOIBI

be1 poBenéH MUTepaTypHBIN aHAIN3 HAYYHBIX TPYIOB, UCIIONIB3YS PECYPCHI
nonckoBbix cucteM eLIBRARY u CYBERLENINKA. [Ins cpaBHUTENBHOTO aHAU-
3a, OBLITN MCTOJIB30BAHBI CTAThH, 3aKJIIOUABIINE B c€0€ pe3yNbTaThl OMBITOB C MPUMe-
HEHHEM OMOTIpenapaToB Ha OCHOBe OakTepuil poaa Bacillus u Pseudomonas.

[ens pabotsl: [IpoBecTr cpaBHUTEIBHBIN aHaIu3 WHOOPMAIMU U OOOOIIUTH
MMEIOIIHECS JaHHBIE O MPEUMYIIECTBaX U HEJIOCTaTKaX 0COOCHHOCTEN MPUMEHEHHS,
CpaBHEHUE TOJIOKUTEIBHBIX M HETaTHUBHBIX PE3yJbTAaTOB NMPUMEHEHUS] U 00OCHOBA-
HUS IPUYMH UCIIOBb30BaHUs OHOMpernapara, Ha OcHOBe OakTepuit poaa Bacillus nmu
Pseudomonas.

OcnoBHas yacTh: Ha JaHHEBI MOMEHT, B CEILCKOM XO3SMCTBE, OCOOBIM MHTE-
peC TPOSBIIACTCS K BHEAPCHUIO OMOIpPENapaToB B CHCTEMY 3aIlllUTHl PACTCHUN W CH-
CTeMbI yI0OpEHH, TO3BOJISIET MOBBICUTH OMOJIOTH3AIUIO 3eMeTb arpojanamadTa

Haunbonee pacnpocTtpaHEHHBIMU, Ha JaHHBIH MOMEHT, OMompenapaTamu, sB-
JSIFOTCS OMoTpenapaThl, CO3aHHbIe Ha OCHOBe OakTepuit poxa Bacillus u Pseudomo-
nas. DTo CBSI3aHHO B MEPBYIO 0YEPENlb C TEM, UTO OHHU SBIITFOTCS OJTHUMH W3 CaMBIX
pacrpocTpaHEHHBIX OOUTaTEeH MOYBHI.

Bakrepus poma Pseudomonas, sBasStOTCS MHOTOYMCICHHOM TPYIIION MUKPOOP-
raHU3MOB, OOUTAIOIIUX B pu3ocdepe pacTeHui. ApkuM mpeacraButeneM poja sBiisi-
ercs P. aureofaciens (chlororaphis) tak kak oHa sBAsieTCsS HanOosee CIoCOOCTBYIO-
[IIUM BUJIOM B CTUMYJISIIMA POCTA U 3AIUTHI PACTCHHM.

Bakrepun poma Pseudomonas, MOKpbHIBaIOT KOPHH pacTEHHil CBOEOOpa3HOi
KUBOM TJIEHKOW, BCTyIasi TAKUM 00pa3oM B CHMOMO3 C pacTeHHEeM, 00ecrednBaro-
U pru300aKkTepy MONYYCHUE OT PACTCHUS BCEX HEOOXOIUMBIX DJIEMEHTOB MTUTAHUS
B BHUJIC DKCYJaTOB, a pacTEHHE, B CBOIO OUYEpE/b, MOIYYaeT CTUMYJIISIUIO pOCcTa 3a
cuéT BhIZICNICHUs OakTepusiMu poaa Pseudomonas ¢putoropMoHa WHIOIWI-3-YKCYHOU
KHUCIIOTHI. [2]
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Takke pacTeHHe MOIy4yaeT 3alUTy OT (UTOMATOTE€HHBIX OaKkTepuil, KoTopas
ocyliecTBisieTcss myTéM cuHTe3a P. aureofaciens aHTHOMOTHKOB, OTHOCSIIMXCS K
rpynne  ¢eHa3uHoB  ((peHasun-1-kapOoHOBast  KuUCIOTa,2-TUApOKcU(eHa3nn-1-
KapOOHOBASKUCIIOTA, 2-TUIPOKCU(EHA3UH)

Cotpynaukamu kKadeapbl OMOTEXHOJIOTHH, MOPIOBCKOTO TOCYAapCTBEHHOTO
yauBepcutera umenn H.II. Orapésa, Obulo mpoBeeHa UCClen0BaTeNbCKas padoTa,
M0 M3YUYCHHUIO NEUCTBUS KyIbTypalibHOM *)uakocTu Pseudomonas aureofaciens Ha
pPa3BUTHE CEMSH MIICHUIIBI U (PUTONATOTEHHBIX TPUOOB.

B pesynbTaTe ucciaeaoBanus ObLIO BBISICHEHO, UTO Ha 12 1 19 cyTKu XpaHeHUs
0aKTEepPUOJOTUYECKON CYCIEH3UM, KOHIIEHTPALMS HWHAOIWI-2-YKCYCHOW KHUCIIOTHI
Bo3pactaia g0 0,38 mkr/mi, a Tutp coctasiasul 109 KOE/min. C 22 no 30 cytku xpa-
HEHUs JaHHbIE TOKa3aTeIu CHU3WINCH Ha 54% U BBILIUIM HAa TIOCTOSIHHBIN YPOBEHbB (~
0,17 MKr/m)

[To sneprun npopactranus (%), Bcxoxectu (%) u BbicOTe pocTKOB(cM). [Ipu
KOHTPOJBHBIX JaHHBIX cocTasisomux: 80 +£3% sHeprum npopacranus, 83+2%
BCXOXKECTH, 5,5+1,2 cM BBICOTBI POCTKOB.

Bapuant onbita ¢ cynepHarantom: 95+1%, 97+3 %, 9,5+£2,0 cm.

Bapuant kynsTypansHoil xxuakoctbio (KXK): 96+2%, 96+3%, 11,0+1,7 cm.

[IpoueHT wHrHOMpOBaHUA (UTONATOTEHHBIX TPUOOB, MPEACTABICHHBIX
Alternaria solani, Alternaria solani, Alternaria tenuissima u Fusarium culmorum co-
craBu1 86%, 89 % u 74%cC0o0TBETCTBEHHO. [4]

bakrepun poma Bacillus Moryr oTHOCHTCS Kak K SHAO(MUTHBIM, TaK M PH30-
chepHbIM OakTepusM. VX rinaBHON 0COOEHHOCTHIO M IPEUMYILECTBOM SIBIISIETCS CIIO-
COOHOCTh K CIIOPOOOPA30BAHUIO, YTO, B CBOIO OUEPElb, YBEIUYUBAET CPOKU XpaHe-
HUsl OHoIpenapaTa, CpOKM aKTUBHOTO JIEHCTBUS YK€ MOC]Ie MPUMEHEHHS U CIIOCO0-
HOCTHU K HAaKOIUICHUIO MOJIE3HBIX KOMIIOHEHTOB ISl PACTEHUS.

CambIM SIpKUM TpEICTaBUTENEM poja, siBisieTcss Bua Subtilis, tak oOmamaer
IIUPOKUM CIIEKTPOM CBOWCTB, HAMPABICHHBIX Ha 3aIIUTYy, CTUMYJISIIUIO POCTa U TO-
BBIIIICHUS YCTOMYMBOCTH K aOMOTHYECKHM cTpecc-(hakTopam.

[To pe3ynbprataM omeiTa, MPOBENEHHBIM HccleAoBaTe s IME «bamkupckoro roc-
yIapCTBEHHOTO arpapHoOro yHusepcurera, oaktepus poaa Bacillus subtilis, cmocoona
K TIOJIaBJICHUIO (PUTOMATOTCHHBIX TPUOOB, BHI3BIBAIOIINX KOPHEBYIO THUJIb Y TIIEHU-
1bl. Y OoJsblieil yacTu HaOMI0AAIOCh MO0 yrHETEHHE pocTa U pa3Butus rpuda (B.
Aclada, F. moniliforme), mu6o nu3uc munenus (B. Byssoidea, Bipolaris sorokiniana,
Cladosporium sp, Fusarium avenaceum, F. culmorum, F. oxysporum), nu6o momHoe
noaasienue rpuda (F. sporotrichioides) [3]).

Oco0eHHO MHTepeCHbIE CBOMCTBA ObLIM U3YYeHBbI HccaeaoBaTensiMu MHCTUTYT
mukpoounosiorun AH PY3. beimu mpoBeieHbI ONBITHI MO U3y4EeHUIO criocoOHOCTH Ba-
cillus subtilis k ctumymstiuu pocta pacTeHUil B YCIOBHH 3aCOJICHHS

[Tomumo cniocodHoCcTH K pocty npu kKoHreHtpaiuu NaCl or 100 qo 800 MM,
Bacillus subtilis moBeimaer sHepruro mpopactaHusi CeMsiH MIICHUIBI PU KOHIICH-
tpauuu NaCl 100 MM 1o 94% (npu koHTposbHOM Bapuante 90%) u yBeanueHHE
MOp(hOMETPpUYECKUX TTOKA3aTEICH.

[Ipu wHOKYJIALMK CEeMsIH MIICHUIIBI, OnomnpenapaToM Ha ocHoBe Bacillus sub-
tilis, nmuHa moGeros cocraBmia 11,0+1,88 cm, mauHa kopHed 7,5+0,65 cM U chipas
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macca 0,544+0,04 r npu KOHTpOIBHBIX 6,8+2,35 cMm, 4,0+1,71 cm, 0,38+0,022 T cooT-
BETCTBEHHO. [1]

B xoze cpaBHUTENBHOTO aHaIM3a ObLIO BBISICHEHO, YTO B CBSI3M C HHTEHCUBHOM
OMoOrH3aIeil MOYB CENbCKOXO3SIICTBEHHBIX YroJui, MyTEM HCIOJIb30BaHUS OHO-
IpernapaToB U aKTUBHOM pa3pabOTKON HOBBIX IITAMMOB, KOTOPBIE MPEBOCXOAST IO
3¢ (HEeKTUBHOCTH CBOMX MPENIIECTBEHHUKOB, HEBO3MOXKHO BBIOpATh HJICATbHBINA OHO-
npemnapaT. MHorue u3 HUX OyJIyT BBIIOJHATH OJHH U T€ k€ (PYHKINHU, OTHAKO HETb-
351 OTMEHUTh TOTO, YTO KaXAbI U3 MUKPOOPTaHU3MOB, BXOJSIINNA B OCHOBY OHOIIpe-
napara, 00JaaeT XapakTEepHbIMU KayeCTBaMH NPUCYIIMMH TOJIBKO €ro pojy, BUAY
WINA LITAMMY.

OnHako OOBEKTHI BO3JCHCTBUS OMONpEnapaTroB Yalle BCErO OJMHAKOBBIE U
TpeOyeMble BBIIIOJHEHUS 3a7jaul CXOXKHU. B TakoM citydae, onupasch Ha EPCIEKTUBY
UCIOJIb30BaHUS U €€ YaCTHOCTh, YTO IO pe3yjIbTaTaM CPABHUTEIBHOIO aHAIM3a CTO-
UT MIPEOJIOKUTh, YTO OMOIpenaparsl Ha OCHOBe Oaktepun poaa Pseudomonas Oy-
oyt Ooisiee 3(pPEKTUBHBIMUA B KPATKOCPOUYHOW MEPCHEKTHUBE MO MPUYUHE CHIIBHOTO
AHTUOMOTHUYECKOI0 KOMILIEKCa, UMEroIIerocst yxe nociue 19 cytok. B To Bpems kak
Bacillus, Hao60poT, HakaruMBass KOMIOHEHTHI JIJIsl 3allUTHl pacTeHus Oynetr Oosee
3 PEKTUBEH TOIBKO YEPE3 HEKOTOPOE BPEMSI HAXOXKJECHHUS B TIOUBE.
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Annomayusn: Ilposedena oyenka GnusiHUsL NPeONOCesHOU 00pabomku cemMsiH Hyma copma Aeamap
u copma 3onomotul oouneu wmammamu (522, 527, 2113) mukpobuonocuueckux npenapamos u 3a-
wumuo-cmumyaupyoueeo komniexca (3CK) na npodykmusnocms u Moppomempuueckue nokasa-
menu pacmeHnull 8 8e2emayuoOHHOM Onvime.

Kntouesvie cnosa: nyt, ABarap, 3010Tol 0OMICH, MUKPOOUOIOTHYECKUE MPENapaThl, 3alIUTHO-
CTUMYJIHPYIOIINIA KOMILJIEKC, 3JIEMEHTHI MPOAYKTUBHOCTH, KIIyOCHBKH.

BBenenmue

HyTt — nennas 3epuo606oBas Kynbrypa. CoriacHO aHaJTUTUYECKUM JJAaHHBIM Ha
nepuof 2021 r. MUpOBBIE IIIOMIAU BBIPAIIMBAHUS HYTa 1O cocTosiHuio Ha 2021 ron
3anumanu 15 004,9 Teic. ra. 3a 10 et onu Boipocau Ha 17,1%, 3a 20 net — Ha 57,8%.
Basnoserit cOop HyTa B Mupe 3a nociennue 10 net ysenmuuunuck Ha 35%. Poccust siB-
JSeTCs KpyMHEeUIuM sKcrnoptépom HyTta B mupe (316,8 toic. ToHH, 2021 1.). B 2022
r. o01Ias moceBHas Iwiomaapb B Poccun moa HyT coctaBuia 367 Teic. ra. 88,2% Bcex
IJIOLIaJel BeIpanuBanus Hyta B PO npuxoaurcs Ha S5 pernoHoB: Bonrorpaackyto,
Caparosckyto, Camapckyto, OpenOyprekyio u PoctoBekyto obmactu [3].

Ha xonmdecTBeHHbIC U KAUECTBEHHBIC TTOKA3aTeNn MPOIYKTUBHOCTH HyTa OKa-
3BIBAIOT BJIMSIHUE CKJIAJIBIBAIOIIUECS TTOUBEHHO-KJIMMATUYECKUE YCIOBUS U TIPUMEHSI-
€MbIe arpoTexHuueckue npuemsl [4]. OTHUM U3 BaXKHBIX JJIEMEHTOB B YIIPABICHUU
MPOAYKIIMOHHOTO TpoIiecca O000BBIX KYJIBTYp SABJISIETCS MCIOIL30BaHUE MUKPOOUO-
JIOTUYECKUX TPEnapaToB COBMECTHO C PA3JIMUHBIMU PETYJIATOPAMHU POCTA PACTEHUM.
IIpoBenenne 06pabOTKU CEMSH MO3BOJISIET JaTh XOPOIIUM CTApPT JJIsl KYJIbTYPhl Ha
paHHUX dTarax pa3BUTHs, 00ECIEYUTH €€ B MOCIEAYIONEM OHOIOTHUYECKIM a30TOM H
YBEJIMYHUTH MPOAYKTUBHOCTH OMOMETPUYECKUX MoKa3arenen [1].

HecMoTpst Ha mpenMyIiecTBa MpeANoCeBHON 00pabOTKH CEMSIH HYTa, BCE XKe
CYIIECTBYIOT CBOM OCOOCHHOCTH B TIOCTpoeHHe d(deKkTuBHOro 06000BO-
puzoonanpbHOro cuMOmo3a. J[msi Toro 4ToObl JOOUTHCS HYKHOTO OHOJIOTHYECKOTO
s dexTa, HEOOXOAUMO TTPOBECTH TPAMOTHOE COYETAHUE MEXKY COPTOBBIMU OCOOCH-
HOCTSMHM HYTa W Pa3IUYHBIMU OHMOJIOTMMECKMMH M XUMHYECKUMH Mpernaparamu.
ToJsibKO MOCIIe TPOBEPKHU COBMECTUMOCTH, TAHHBIA TEXHOJIOTHYECKUM PJIEMEHT MOXK-
HO BHEJIPSATH B IPOU3BOJICTBO U B JIAJIbHEUIIIEM MacCIITa0UPOBATh.

B cBs3u ¢ BBINIEH3I0KEHHBIM, CTAHOBUTCSI aKTyajibHa pa3pabOTKa yCTOWYH-
BBIX COPTO-MUKPOOHBIX CHCTEM HYyTa W MOBBIMICHHE X (DYHKIIMOHUPOBAHUS 3a CUET
WCIIOJIB30BaHUS MOJU(YHKIIMOHATBHBIX PETYJISITOPOB POCTA.
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Lenp wuccnenoBaHus — U3YYUTh JACHCTBUE WHOKYJISHTOB U  3alUTHO-
CTUMYJIHMPYIOIIETO KOMILJIEKCAa Ha MOP(POMETPHUUECKHE MTOKA3aTEIHN HyTa.

MeTtoauka.

JI1st 1OCTHKEHUS TOCTABJIEHHOM LENH ObUT TPOBEACH BEr€TALIMOHHBIHN OIBIT.

B ombiTe mcnonp3oBanmuch copra Hyta — ABarap u 3onoTor roowmiei. Copt
ABatap BximoueH B I'ocpeectp no LlentpanbHo-UepHozemMHOMy pernony. Pactenue
CpemHel BBICOTHI (45-65 cM), comepxanue 6enka 10 22%, cpeasis ypoKaiHOCTh CO-
ctaisieT 28,2 1/ra. Copt HyTa 30510TOM 100MIIeH BKiItOYEH B ['ocpeecTp Miist Bcex 30H
BO3/ICJIBIBAHUS KYJBTYPbI, OJYyYEH MyTeM UHJIMBHUIYAIbHOTO O0TOOpa U3 TUOPUAHON
NOMmyJIsiMK OT ckpemuBaHusi copta HOOuneinsiit/k-2405. Kyctr npsamocrosuuid,
cpeanelt BIcoThI (32-60 cM), conepxanue oenka — 27,7%. CpenHss ypokaitHOCTh 16
/ra [4].

B kadecTBe MHOKYJsIHTa OBLT UCIOJIb30BaH PuzoTopduH Ha ocHOBE OakTepwHii
poxa Mesorhizobium cicer (mramm 522, mramm 527, mramm 2113). ItaMMbl ObLIH
npenoctasiensl BHUNCXM (Cankr-IletepOypr).

Jnst  CTUMyIJSIIMM ~ POCTOBBIX ~ MPOLIECCOB  MPUMEHSUJICS  3aIMTHO-
ctumynupyromuii komruieke (3CK), KOTopblid IPeACTaBIIeT APOAKIKEBOM IKCTPAKT,
MOJIYYEHHBIN ITyTeM MHUKpoOHoorndeckoi pepmentanuu. IlponsBoaurens npenapa-
ta — ATPOPEHHUKJIMHI-T'PVIIII, r. Cankt-IlerepOypr. B ero cocraB Bxoast 6uo-
JIOTUYECKN aKTUBHBIE BellleCTBA: (UTOrOPMOHBI, BUTaMuHbl rpynmbl B, C, E, amuno-
KHUCJIOTBI, KOMIUIEKC MUHEPAJIbHBIX BELIECTB, a TAKKE MTPOU3BOHBIE TYMYJIOHA.

B ombITeé MCHOJIB30BAIMCH COCYABl C APEHAKHBIMU OTBEPCTHSMH. TeXHHKa
HAaOMBKU COCYJIOB 3aKJIHOYajach B ClenylomieM. B kaxaplil cocys 3achlnanach BO3-
IOYIIHO-CyXas I0YBa 3apaHee NPOCEsSHHAs U TOMOIE€HU3MpPOBaHHasA. Macca NOYBHI B
KaxoM cocyze cocrasisna 5 400 r. [Toua, ucnosnb3yemast B SKCIIEPUMEHTE — JIEp-
HOBO-TIOJ30JIMCTasi CPEIHECYTIIMHUCTAsA, UMEJIa CIAEAYIOIINE arpOXUMHUYECKUE TTOKa-
3aTenu: HU3Koe cojaepxkanue rymyca (mo Tropuny) — 2,1%, obmero azora — 0,1%,
MMeJia CpelHU ypOBEHb OOECIEUEHHOCTH MOJABHXKHBIM (hochopoM — 60 MI/Kr u
HU3KOE cojiepkaHue nmojaBmxHoro kaimus — 50 mr/kr no (Kupcanony), pHcon — 5,3.
[locne HaOMBKH COCYJOB, MOYBA YBJIAXKHSIACH U HA MOBEPXHOCTh PACKIIAIbIBAIKCH
ceMeHa HyTa B konuuectBe 10 mrt./cocya. O6padoTka ceMsiH HyTa Puzoroppunom u
3aIUTHO-CTUMYJUPYIOIIMM KOMILJIEKCOM TMPOBOAMIIACH B JeHb Iocesa. [lanee mo-
BEPXHOCTh COCY/JIa 3aChlalaCh TOHKUM CJIOEM YUCTOrO KBAapLEBOIO MECKa, I JTyY-
LIET0 NPOpAIMBaHUS CEMSIH.

M3mepeHne BBICOTHI PACTEHUI NMPOBOJIMUIIOCH HEITOCPEICTBEHHO B COCYIax MPHU
MOMOUIM MEPHOM JIEHThl. 3aMep BBICOTHI HyTa OCYIIECTBIISJICS B OCHOBHbIE (ha3bl
pa3ButTus KyabTypbl, 10 pactenuii ¢ Bapuanta. [IoBTOpHOCTH OmbIiTa 5-TU KpaTHas.
[Tocne n3mepeHus BbICOThI KYJIbTYPbI, 3TH K€ PaCTEHUs HCIIOJIb30BAIUCH IS U3MeE-
peHust Macchl. /[t 3T0ro npoBOAMIOCH U3BJIEUEHHE PACTEHUI U3 COCYAOB, OTMbIBA-
Jach KOpHEBas CHUCTEMa, MOJCYIIMBAJIUCH C HMCIOJIb30BAHUEM CYXUX cCal(eToK H
OCYUIECTBJISUIM B3BEUIMBAHUE Ha aOOpaTOpHBbIX Becax. M3yueHrne cuMOMOTHYECKOTO
anmnapara NpoBOAWIOCH B a3y pa3BUTHsI HYTa — CO3PEBAHME. YUET MacChl KOpHEH,
KOJIMYECTBO M MAacCChl KIIyOEHBKOB MPOBEJIEH B CHIPOM COCTOSIHUM PACTEHUH, MOCIE
THIATEIBHON MOATOTOBKHU.
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[TocTaHOBKa OIBITA U €0 MPOBEACHUE OCYILECTBISIIOCH B BETETAIIMOHHOM J0-
muke K.A. TumupsizeBa na 6aze PTAY-MCXA. 3a ocHOBY MOCTaHOBKH OIbITa Opa-
Jachk MeToauka arporexHuueckux uccnenoBanuit BHUMMK [2]. ns cratuctuue-
CKOIl 00pabOTKM MOJIyUYEHHBIX JAHHBIX MCIOJB30BAJICS MporpaMMmHbIii makeT STA-
TISTICA.

Pe3yabTarsl 1 HX 00CyXKAEHME.

B BapuaHTax ¢ NprMEHEHHEM MHUKPOOHOJIOTMYECKUX MpErnapaToB, Macca KiIy-
o6enbkoB coctaBuia 0,23 r Ha 1 pactenue (Tabin. 1). Bkmouenue 3CK k Puzoropduny
Ha copTe ABarap yBeanumiio Maccy kinyoenbkoB Ha 0,07 r umm Ha 33 %. CoBmecTHas
00paboTKa CEeMSH 3allUTHO-CTUMYJIUPYIOIIUM KOMILIEKCOM W PuzoroppuHom Ha
copte HyTa 3onoToil FO6uneit yBenuumna maccy kiyoenbkoB Ha 0,05 r Ha 1 pacre-
Hue wik Ha 50 % 1Mo OTHONIIEHUWIO K BapHaHTaM ¢ 00pabOTKOM ceMsSH HyTa pa3jiny-
HBIMH ITamMma OakTepuil. MakcumanbHas macca kiyoeHbkoB (0,35 r) ycraHoBIiieHa
Bapuante 3CK+527 copt ABartap. Macca kopHell B BapuaHTe ¢ 00pabOTKON ceMsiH
copta ABarapa Obljia BbIIIE B CpeHEM B 2 pa3a, a copTa 3010ToM robuiei Ha 1,4 pa-
32 OTHOCHUTEIJIbHO BapuaHTa 0e3 00paboTKH.

Tabmuual
BiisiHre HHOKYJISTHTOB M 3alIUTHO-CTUMYJIMPYIOIIET0 KOMIUIEKCA Ha XapaKTePUCTH-
K1 cuMOUOoTHYeCcKOro annapara (¢ 1 pacrenus)

Macca kopHeii ¢ Macca xiy- Kon-Bo knyGeHs-
Copt BapuanTt
KJIIyOCHbKaMH, T. OCHBKOB, T. KOB, IIIT.
KoHnTtpouib 0,9+0,02 - -
522 1,7+0,01 0,24+0,01 13£1,4
527 1,8+0,02 0,24+0,02 14+1,7
2113 1,5+0,03 0,21+0,01 1242.1
Asatap 3CK 1,3£0,03 i i
3CK+522 1,9+0,02 0,30+0,02 14+1,5
3CK+527 2,2+0,04 0,35+0,02 18+1,2
3CK+2113 1,6+0,03 0,274+0,03 13+1,9
KoHTtposib 1,9+0,03 - -
522 2,2+0,04 0,08+0,01 4+0,9
527 2,4+0,02 0,13+0,01 7+1,2
3onoToi 2113 2,4+0,02 0,10+0,02 5+1,4
oounei 3CK 2,3+0,01 - -
3CK+522 2,840,03 0,14+0,02 9+1,2
3CK+527 3,1+0,02 0,17+0,03 11+1,8
3CK+2113 3,0+0,02 0,15+0,02 11+1,5
3akioueHue.

B pe3ynbrare mpoBeAEHHBIX MCCIIECIOBAHUN YCTaHOBJIEHO, YTO 00paboTKa ce-
MSH HyTa Kak OTJEJIbHO MUKPOOMOJOTMYECKUMH IpernaparaMu, TaK U COBMECTHO C
3aIIUTHO-CTUMYJUPYIOMIMM KOMIUIEKCOM, OKa3bIBa€T CYIIECTBEHHOE BIIMAHMS Ha
MPOJYKTUBHOCTh U MOPPOMETPUUYECKUE MTOKA3ATEIHN PACTEHUHN HYTA.
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Hcnonb3oBanue B unctoM Buje 3CK npu 06paboTke ceMsiH HyTa sBIseTCS Ma-
7103 (PEeKTUBHBIM MPUEMOM B LESIX CO3JaHUS CUMOMOTHYECKOTO ammapar HyTa |
M3MEHEHUS MIPOAYKIIMOHHOTO MPOIIecca PACTEHUH.
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YK 631.811.98
MHUKPOBHUOJIOTTHYECKASA AKTUBHOCTD ITIOYBbBI B IIOCEBAX
APOBOI'O AYMEHA

Jlammac Mapusi EBrenseBHa, HayuHblli cOTpyaHuK PIHBHY BHUH azpoxumuu
umenu J{.H. Ipanuwnurxosa, Im190587@mail.ru

Annomauusa: B nocneonue oecsmunemusi HaOA0O0Aemcs 3HAYUMENbHOE 8HU-
MaHue K MUKPOOUOJIO2UYECKUM NPOYECCaM 8 NoY8e U UX POJIU 8 CeNbCKOM X03slcmaee.
OonumM U3 aKmyaibHbIX HANPAasieHull UCCie008aHUsL ABIACMC MUKPOOUOI02UYeCKas
AKMUBHOCMb NOYBbL 8 KOHMEKCHme NPUMEHeHUs. YOOOpeHUll U pe2yisimopos pocma
pacmenutl. Imo C853aHO0 C HEe0OXOOUMOCMbIO NOBbIUEHUS NPOOYKMUBHOCMU Celb-
CKOXO3SUCMBEHHBIX KYJIbMYP U YCMOUYUBOCU A2POIKOCUCTEM K HeO1a2oNnpUsimHbim
yenosusim okpyaicaroujel cpeowl. llpumenenue MUHEpaibHbiX U OPeAHUYECKUX VO0D-
penuil, 6e3ycio8Ho, cnocoocmayem pocmy U PAMHONCEHUIO NOJEe3HbIX MUKDOOP2a-
HU3MO8 6 nouse. Tem He MeHee UpeamMepHoe UCNONb308AHUE XUMUYECKUX YOOOpeHUll
ModKcem npusecmu K HebIaconpusimusimM nocieocmsusim. Hanpumep, uzdvimox mox-
CUYHBIX BeUeCME8 MOJCEN YeHeMAamb NOJe3HYI0 MUKPOGIOpY, ymo cHuxdcaem oouyio
3¢hheKkmusHOCMb NONCHUBHBIX DNIEMEHNO8 U MOICEM BbI3bIBAMb 0e2PAOAYUIO IKOCU-
cmembl. Ucciedosarnusi nokazoléarom, umo opeanuieckue y0oopenusi cnocooHvl noo-
Oepoicusams  OoJiee 300P08YI0  MUKPOOUOTIOSUYECKYIO AKMUBHOCHb, CHOCOOCMBY3L
PpasHoobpasuro nouseHHou ouomsi. Komnocmol u Hago3, Kax UCMOYHUKU OpeaHuye-
CK020 yanepood, co30arom OnmuManibhble YCa08ust 0is HCU3HU NOAE3HbIX MUKPOOP2a-
HU3MO08, YUMo, 8 C80I0 0uepeddb, Yayuuiaem oouee cOCmMosHue noyYssl U NOsvlulaem eé
niooopooue.
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Peeynamopuvl pocma pacmenuti, maxue Kaxk OUOCMUMYIAMOPbL, 2OPMOHATbHBIE
cpedcmea u humo2opmonsl, OKA3bI8AIOM GIUAHUE HA POCH U PA3BUMUE PACMEHULL,
Maxaice Ha MUKPOOUOIOSULECKYI0 AKMUBHOCMb nouebl. OHU MO2YM YIyyuiams 63au-
Mooeticmeue Mexcoy pacmeHusmMu U MUKPOOP2SAHUSMAMU, NOBbIUASL YCBOEHUEe NU-
mamenvubix ewjecms. OOHAKO UX GIUAHUE HA MUKPOOUOM) NO4Ebl He 8ce20a U3yye-
HO noinoyeHHo. Hexomopule pe2ynsimopvl Mo2ym uzmeHsams CMmMpyKmypy cooouje-
CMea MUKPOOP2AHU3MO8, YCUIUBAsl OnpedeleHHble 8UObl U nooasiss opyaue. Imo
OMKPbLLBAEm HO8ble 2OPUOHMbL 0I5l UCCIe008AHULL, MAK KAK NOHUMAHUE MEeXAHUIMO8
B3AUMOOCUCMBUSL Pe2YNAMOPO8 POCMA C MUKPOOP2AHUBMAMU NO360J UM ONMUMU3U-
P0O6aMb A2POHOMUYECKUE NPAKMUKU Ol NOBbIUEHUS NPOOYKYUU U 3AUUMBL IKOCU-
cmem. Hecmomps Ha HAKONIEHHbLI ONbIM, UCCIe008AHUS MUKPOOUOIO2UYECKOU aK-
MUBHOCTNU NOYBbL NPU B030€UCBUU YOOOPEHUU U pecyNisimopos8 pocma pacmeHul
umerom pad npobaem. OOHOU U3 21ABHBIX 3A0aY A6AAemCcsl He0OX00UMOCMb pa3pa-
bomKu cmanoapmog O0Jisl OYeHKU MUKPOOUOLO2UYEeCKOL AKMUBHOCU, MAK KAaK No-
C1e0CmBUsL NPUMEHEHUS. YOOOPEeHULL MO2YM 8APbUPOBAMBCIL 8 3A8UCUMOCIU O MUNA
nou8bl, KIUMama u azpoHomudeckux npakmuk. Kpome mozo, mpebyemcs npogeoenue
00/120CPOUHBIX UCCIe008AHUL, YMOObI MOYHO OYEHUMb BIUAHUE PASTUYHBIX ACPOHO-
MUYECKUX NOOX0008 HA MUKPOOUOMY NOYBbI U, KAK CIeOCm8Ue, Ha YPOICAUHOCTb U
Kauecmeo celbCKOX03AUCMBEHHOU NPOOYKYULU.

Kniouesvie cnoesa. MI/IKp06I/IOJ'IOI’I/I‘-ICCKa5I AKTHUBHOCTD, 6I/IOCTHMYJ'I}ITOpBI, A4-
MCHb, ypOX(aﬁHOCTB, MHUKPOOPIraHNU3MBbI

BBenenue. B coBpeMeHHOM MHpE BOIIPOC BO3ACHCTBUS BHEIIHUX (haKTOPOB Ha
OKPYXKaKLIYI0 CPENy, B TOM YHUCIIE U Ha CEJIbCKOE XO3SIMCTBO, SIBISIETCS MPEIMETOM
MPUCTAIBHOTO BHUMAHUSA MEXIYHApPOJIHOTO cooOIiecTBa. MHTEHCHBHOE pa3BUTHE
MPOMBIIIJIECHHOCTH U CEJILCKOTO XO3SIMCTBA MPUBOAUT K YBEJIWYCHUIO HArpy3KU Ha
MIPUPOJHBIE PECYPCHI, YTO, B CBOKO OUEPE/Ib, CKA3bIBAETCA HA POCTE U Pa3BUTHUH pac-
TCHUI.

OO6ecrieueHne pacTylIero HacejaeH!s KaueCTBEHHONW PacTUTENbHON MPOTYKIIHU-
el HampsIMYIO 3aBUCHUT OT yJOBJICTBOPEHUSI MOTPEOHOCTEN pacTeHUM B MUTATEIBHBIX
BeliecTBax. lcnonb3oBaHue OMOJOTMUECKUX MPENapaToB CIOCOOCTBYET aKTHUBH3A-
1M1 METa00JIM3Ma U PA3BUTHUIO MOUYBEHHOW MUKPOQIIOPHI. BUOCTUMYSATOPHI pOCTa, B
CBOIO OY€pe/lb, CTUMYJIUPYIOT POCT U PA3BUTUE PACTEHUN, a TAKKE 3aILUIIAIOT UX OT
HeOIaronpusITHBIX BO3JEHCTBUN OKpYsKaroiieil cpenbl. [Ipumenenne Takux Ouorpe-
MapaToB CTAHOBUTCS BCE 00Jiee€ IKOHOMHUYECKH BBITOJHBIM U 9KOJIOTMYECKH OMpaB-
JAHHBIM PEIICHUEM.

SluMeHb, IIMPOKO MCMOJIB3YEMBIM B KAa4ECTBE MPOJOBOJILCTBEHHOW, TEXHHUYE-
CKOW U KOPMOBOU KYJIBTYPhI, TPAAUIIMOHHO BBIPAIIUBAETCA C MPUMEHEHUEM MHHE-
panbHBbIX ynoOpeHui. OnHaKo AEHCTBUE TaKUX YIO0OpEHUH, XOTS U ObICTpPOE, U MH-
TEHCHBHOE, HOCUT KPaTKOBPEMEHHBIN XapakTep. [4]

B coBpemMeHHOM MHpe HEBO3MOXKHO MPEACTaBUTH ceOe OTpaciib, TJie MUKPOOHO-
JIOTUYECKHE TIPOIIECChl HE UTpaiu Obl peraroiield poiu. MiIMeHHO Ha CBOMCTBAX W YKU3-
HEJEATENBHOCTH MUKPOOPTAaHU3MOB OCHOBAHBbI TEXHOJOTMYECKUE MPOLECCHl B PA3IHU-
HBIX O0JIaCTSIX MPOMBIIIJIEHHOCTH U CEJICKOTO XO035SUCTBA. MUKpPOOPraHU3MbI UTPAIOT
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KJIFOUYEBYIO POJIb B KPYTOBOPOTE BEILIECTB B MPUPOAE U, BO3MOXKHO, UMEHHO OHH MTOMO-
T'YT PEIIUTh MI00ATBHBIE TIPOOIEMBI MUTAHUS U OXPAHBI OKPYKAFOIIEH CPEIBI.

['my6okoe moHnMaHKe XapakTepa MUKPOOHOJIOTHUYECKUX TIPOIIECCOB B TIOYBAX, 3a-
HSTBHIX CEITbCKOXO3SIMCTBEHHBIMU KYJIBTYpaMH, a TaKKe€ 3HAHWE OCHOBHBIX (DYHKIIHH,
MIPUCYIIIUX MUKPOOPTaHU3MaM, TTO3BOJUT HaM d()()EKTUBHO YIIPaBIAThH MPOIIECCAMH TI0-
BBIIIICHUS TIOAOPOINS TIOYBBI M YPOIKAHHOCTH CEITbCKOXO3SHCTBEHHBIX KYIBTYP. [6]

BaXHO OTMETHTB, YTO CYIIECTBYET OIPOMHOE Pa3HOOOpa3ne MOYBEHHBIX MHKPO-
OpPraHU3MOB, BBITIOJHSIOIIMX B MOYBE Pa3inyHble ()YHKIUU: TPOU3BOJICTBO (PEPMEHTOB,
BJIMSIONIMX Ha POCT PACTEHUN U PaCTBOPUMOCTb MUTATEIILHBIX BEIIECTB; MPOU3BOICTBO
pPacTUTENILHBIX TOPMOHOB U JIPYTHX MPOAYKTOB, KOHTPOJIUPYIOUIUX aKTUBHOCTh MaTOre-
HOB; CMSITYEHHE Pa3IMYHBIX CTPECCOB ISl pocTa pacTeHui. Bee 310 HanmpsiMyio cBA3aHO
C MOJyYEeHHUEM BBICOKHX yporkaeB. [7]

[enpro HAMIKUX HCCIENOBAaHUMN OBLIO M3yYEHHUE MUKPOOUOTHI MOYBHI MO STYMe-
HeM. /[ 3TOro uM3ydmiiv ciaeAyroliue 3aJauu - ONpeeiIeHNe KaueCTBEHHOIO U KO-
JUYECTBEHHOTO COCTaBa HEKOTOPHIX TPYNI MHKPOOPTAHW3MOB, Pa3BHBAIOIINXCS B
MaXOTHOM TOPU30HTE TIOYBHI; aHATIN3 YPOKANHOCTH SIPOBOTO STUMEHSI.

YciaoBusi, MaTepuaiabl U Metoabl. VccnenoBanus npoBoawinn B 2022-2023
IT.

[TodBa OMBITHOTO y4acTKa JEPHOBO-TIO30IMCTAs, TSHKEIOCYTIIMHUCTAsI. ATPO-
XHUMHYCECKHEe TIoKa3aTenu: cojepkanue rymyca [[[OCT 26213-91] — 1,7 %, nHutpart-
Heiid a3ot [['OCT 26488-85] — 7,0 mr/kr, ammuaunsiii azor [['OCT 26489-85] — 1,8
mr/kr, pH conesoit BeiTskku [[TOCT 26483-85] — 5,3 en.; moaBmkHOro gocdopa
[TOCT P 54650-2011] - 176 mr/kr, noaBmwxHoro kamust [['OCT P 54650-2011] - 198
MI/KT. [3]

HcnpiTyeMoii KyabTypou sBIsijIcs sipoBoit stumensb (Hordeum vulgare L.) copt
Hyp. Mertonuka oOmienpuHsaTas Ijs AaHHOW arpoTexHoJiorud. [Lmomanas OmbITHBIX
nensHok — 100 M2, miomaabs y4YeTHbIX IeIIHOK — S0 M2, ITOBTOPHOCTH B OMBITE — Ye-
TBIpEXKpaTHAas. [S]

B kauecTBe ¢akTopa Bo3aeHCTBUA ObLI B3IT OMOCTUMYJISTOP POCTA U PA3BUTHS
pactenuii PecrapTt (kuBbix kjieTok mramma Rhodococcus erythropolis OPI-01, ne
menee 1-5x10° KOE/mn). [2]

MenkoenssHOYHBIN MOJICBOM OMBIT BKJIIOYATI B ce€0sl BapuaHThl KOHTPOJIs (0€3
00paboTku), ¢poHoBoe BHeceHUE NioPioKio ¢ 00pabOTKOI CTUMYIATOPOM pPOCTa C
pacxoaom npemnapata — 0,1-0,3 1/t cemsiH, pacxon pabouero pactBopa - 10 j1/T.

Jlist yuéta MUKpOOHMOIOTHYECKON aKTUBHOCTH TTOYBBI B HIOJIE OBLITM OTOOPaHbI
MOYBEHHBIE O0Opa3Ibl U3 MAXOTHOTO TOPU30HTA, B KOTOPBIX OMPEICISIM YUCIICH-
HOCTB: a) canpodUTHBIX MUKpOoOpranu3MoB Ha MIIA, ) canmpo(puTHBIX B COCTOSTHUH
criop Ha cMmemanHoM arape (MITA + CA). [lnst yaéra 6akTepuil MpoBOIUIN TOBEPX-
HOCTHBIN TI0ceB, /it 3Toro 0,05 MIT CyCIeH3uH BTHPATIOCh B TUIOTHYIO MTUTATEIBHYIO
miacTuHy. KomnyecTBo rprboB yUnuTHIBAIM Ha MscornentoHHoM arape (MITA), cycio
arape (CA), B 9TOM ciiy4yae MoceB TNIyOMHHBIN. 1 MJI CyCclieH3uu cMemmBaics ¢ 15 mi
CycCJIO arapa ¥ TIIaTelbHO mepemMenmBacs B amke [letpu.

AHamM3 pe3ynbTaToOB JKCICPUMEHTA CBHJICTECIBCTBYIOT O TOM, YTO YHCJICH-
HOCTB pojsia Pseudomonas Oblia BBIIIE B TOJ IMOCASACHCTBUS arpOXUMHUYECKHUX TpHE-
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MOB, Y€M B TOJl ACHCTBUA B cpeaHeM Ha 21,5-54,2%. MakcumanbHasi YMCIE€HHOCTD
obuta B 2022 1 2023 rr. Ha Bapuante ®oH NagP4oKao + Pectapt 0,2 51/T.

YucneHHOCTh canpoUTHBIX MHUKPOOPraHM3MOB poaa Mycobacterium Obuia
Bbiie B 2022 rogy Ha BapHaHTaX C MPEANOCEBHOU 00pabOTKOM CEMSH SIpOBOTO S4-
MeHs mpenaparoM Pectapt B MakcumanbHbIX no3ax 0,2 u 0,3 1/t Ha 3,9-18,0%, u
HIKe Ha 8,2-8,6% Ha BapuanTe 6€3 00pabOTOK M C MHHIUMAIBHON 10301 OMOCTUMY-
asitopa pocra 0,1 51/T.

Foa nocneAeicTema
lopa nercTeuA

Foa nocneAeicTema

Mycobacterium Cnopoobpasylowpe

lopa nercTeuA

Foa nocneAeicTema

Pseudomonas

lopa nercTeuA

0 50 100 150 200 250
KoHTpONb. ®oux N40P40K40 + Pectapt 0,1 n/T
®oun N40P40K40 + Pectapt 0,2 /T 1 ®oH N4OP40K40 + Pectapt 0,3 n/T

Pucynox 1. UucneHHocTs canpo@uTHBIX MUKpoopranu3MoB (MITA)

Cnopoobpa3yromue coctaBisaoT He 6osee 30,0 % Bo Bcex BapuaHTax OIbITa
3a UCKJIIOUYEHHEM MHHUMAJLHOW 03Bl Mpernapara Pectapt, riae ux KOJUYECTBO JI0-
cturio 56,0 %, 4TO BEPOSATHO CBA3AHO C TEM, YTO B 3TOM BAPUAHTE HEIOCTATOYHOE
KOJIMYECTBO OPraHWYECKOTO BEIIECTBAa M CIIOPOOOpa3yIolre MUKPOOPTaHU3MbI, 00-
najas pasHooOpa3HOW (pepMEeHTATUBHOM CUCTEMOM, CITIOCOOHBI pasjiaraTb COXpaHUB-
IITUECs] TPYAHOPA3JIaralonuecss pacCTUTEIbHBIE OCTATKH.

B xauecTBEeHHOM OTHOIIICHUH B TOJ] ICUCTBHS BO BCEX BapHaHTaX Mpeodiiaganu
criopoobpasyrorre Mmukpoopranu3msl (10,9 — 48,0 %).

UnCIeHHOCTh CIOPOOOPA3yIOIINX MUKPOOPTAaHU3MOB B COCTOSTHUU CIIOP OIpe-
nensiiack Ha cMmenanHom arape (MITA + CA).

B mammx wccienoBaHUAX MaKCUMalbHAash UYMCIECHHOCTh OaKTepuil, Haxo.s-
IIIUXCSI B COCTOSIHUM CIIOP OOHApy>KeHa B BapUaHTE MOCIEACHCTBUS arpOXUMHKATA U
MaKCUMAaJIbHOM J103bI OMocTUMYyIIsiTOpa pocta (156 Thic. Ki1.). KauecTBeHHBIN cOCTaB
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pona Bac.megaterium Obut Beiie B 2022 roay u coctaBun 47,5-64,0%, pon Bac.
cereus Obu1 BhImIe B 2023 roxy u coctaBmi 48,0-57,0%, pon Bac. Idosus — BeImie B
2022 romy u 4MCICHHOCTH 0T 001Iero coctasuia 20,0-32,3%.

B xauectBenHoM otHomieHuu B 2023 1. npeobaagaet poa Bac. cereus. OH cocras-
s g0 57,0 %, yTOo OOBSACHSIETCS PacHpOCTPAHEHUEM JTOTO pPojJia B JIEPHOBO-
MoJ30JIMCTON mouBe. Bac. megaterium u Bac. idosus cocTaBisioT B cyMMe IPUMEPHO
40,0 % wu pacnpocTpaHEHbl OHH CPAaBHHUTEIBHO PABHOMEPHO MEXAYy BapuaHTamu. B
2022 romy HauMeEHbIIEEe KOJIMYECTBO CIIOPOOOPA3YIOIMIMX MUKPOOPTaHU3MOB HAOIIO-
J1aJI0Ch Ha KOHTPOJIbHOM BapuaHte - 143 ThIC. KJ1. B 1 T MOYBBI, @ HAMOOJbIIAs YUCIICH-
HOCTh MHUKpPOOPraHU3MOB NpHHaANexana poay Bac. megaterium c YUCICHHOCTBHIO
47,5-63,1%.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
2022 2023 2022 2023 2022 2023
Bac.megaterium Bac. cereus Bac. idosus

KoHTponb.
®oH N40P40K40 + Pectapt0,1 n/T
®oH N40P40K40 + Pectapt0,2 /T

PucyHnok 2. YncjieHHOCTh CIOPO00pa3yIuX MUKPOOPTraHU3MOB U UX Kaye-
crBeHHbIN coctaB (MITIA + CA)

YucneHHOCTh TPUOOB OTpeeNsaiach Ha Cyclio-arape.
3aMeTHBIX pa3Nu4uii B YUCICHHOCTH TPUOOB MEXy BapHaHTaMU HEe OOHapyxe-
HO. OJIHAKO YCTaHOBJICHO, YTO MX YHMCIEHHOCTb HECKOJIBKO BbIlie B 2022 roay u Ha
BApUAHTaxX C MPUMEHEHHEM YyJIOOpEHHUI M PETyISTOPOB pOCTa PacTEHUM COCTaBMIia
33,5-8,0 ThIC. KiIeTOK. Ha KOHTpOE MX YMCIEHHOCTh cocTaBmia 1,8 ThIC. KJIETOK B T
abcomoTHO cyxoil mouBbl. KommuectBo rpuboB B 2023 romy Oblna HIDKE roaa Jeu-
cTtBUs Ha 25,0-62,8%.
3akniouenue. Vicxons U3 NpoOBEACHHOTO SKCIIEPUMEHTA, MOXKEM CJI€TaTh BBIBOJL O
TOM, YTO TPU MPUMEHEHUH YJOOPEHUI U OUOCTUMYIISITOPOB POCTA, YHUCIEHHOCTh MUK-
POOPraHU3MOB MOKET YBEIMUMBAETCS B IOJl ACUCTBUA Ipernapara, a B rojl mocieaei-
CTBUH, HA00OPOT, YMEHbIIAThCS, U, HA00opoT. Ilpu M3ydueHuH Ba)KHO YETKO TMpocie-
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JKMBATb CBA3b MCXKAY KIMMATHUYCCKUMHU YCIOBUAMH, ITOYBCHHBIM COCTaBOM, M XapaK-
TCPUCTHUKH CaMUX MUKPOOPIraHN3MOB.

Tabnuna 1
YncaenHocts rpudoB (CA)
No YucneHHoCTh IpudoB,
m; BapuanTsl TBIC. KJIETOK T a0C. CyXOW TIOYBBI
2022 2023

1 KoHTpoJ1b. 3,3 1,8

2 ®on N40P40K40 + Pecrapt 0,1 1/T 3,5 2,2

3 ®on N40P40K40 + Pecraprt 0,2 /T 8,0 2,0

4 ®on N40P40K40 + Pecrapt 0,3 n/T 5,7 2,6

[TocTosIHHBIN POCT HACENCHUS W M3MEHECHHE KJIMMaTa CTaBST MEPel MUPOBBIM
CEIbCKUM XO3STCTBOM BBI30OBBI, TPEOYIONTHE HOBBIX IMOIXOJO0B K MOBBITIIEHUIO dh(DeK-
THBHOCTH TPOM3BOACTBA. VcciemoBaHus MHKPOOHOJIOTHYECKOM AKTUBHOCTH TIOYBBHI
MIpU IPUMEHEHUN YI0OpEHUN M PETYISITOPOB POCTA PACTEHUH HE TOJBKO TIOMOTYT TIO-
BBICUTBH TMPOAYKTHBHOCTB, HO M 00OecIeyaT yCTOMYMBOCTh arpocucteM. HeoOxommMbl
JadbHEUINe UCCIEOBAaHUS B JaHHOM 00JIacTH, KOTOphIE TOMOTYT pa3paborarh Ooliee
s peKTUBHBIE, IKOJOTHYECKH O€30MaCHbIE U YIKOHOMHUYECKH 11e7IeCO00pa3HbIe METOIbI
yIpaBJICHUs arpapHbIMU dKocucTeMamu. ClieIoBaTeNbHO, €CTh MEPCIEKTUBA ISl ellle
OOJIBIIIETO JAIbHEUIIIET0 U3yUEHHUs JAHHOTO BOIIPOCa.
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AHnnomauusn: 6 0030pe npedcmasieHvl OaHHble 0 OOCMUNICEHUSX 8 00IACMU 2eHHOU UHICEeHepUU
Chlamydomonas reinhardtii. Onucanvt cnocobwvt mpancghopmayuu s10epHO20 U XAOPONIACIHO20
2EHOMO8,; NPUBEOEHbL NPUMEPHL UCNOILI0BAHUS MPAHCSEHHBIX UMAMMO8 8 PA3TUYHBIX OMPACISIX.

Knroueswie cnosa: Chlamydomonas reinhardtii, reanast urkeHepusi, TpaHCpOpMaIns, FeHOM, IUIa-
CTOM.

Bsenenue

bnarogapst metogam OMOMH)XEHEPUH MUKPOBOJOPOCIN MOTYT OBITH HCIIOJIB30-
BaHbI JJIs TOJYYCHHUS BBICOKONPOAYKTHBHBIX IITAMMOB M OMOCHHTE3a Pa3ITUYHBIX
COCIMHEHHM, HAPUMED 7SI MPOU3BOJCTBA JHUMHIOB, (PEPMEHTOB, aHTUTEI, TOPMO-
HOB U NUTMEHTOB. VX JIerko M HEJ0pOro KyJIbTHUBUPOBATh, a MOJy4yaeMble U3 HUX
NPOAYKTHI Oe30macHee, YeM MPOJYKThI, OJydyaeMble U3 KJIETOK dUBOTHBIX, Ha3eM-
HBIX pacTeHU, OakTepuil U ApoArOKeit [4].

BoNbIIMHCTBO MUKPOBOIOPOCHEH SIBISIOTCS TalJIOUIHBIMU OOJBIIYIO YacThb
CBOETO >KU3HEHHOI'O IIMKJIA, YTO obJyierdyaeT ux ceiekuuio. OQHaKo reHHas MH)KEHe-
pHUsl MUKPOBOJIOPOCIIEH OCIIOKHSAETCS M3-3a TPeOyeMOoro BUAOCHEIM(PUIHOTO MOAXO0-
7a ¥ HU3KoH 3¢ GHEeKTUBHOCTH TpaHChopManuu (M3-3a Pa3IMIHOTO CTPOSHUS KJIETOY-
HOM CTEHKH Yy NPEACTABUTENICH Pa3HbIX BHUJOB M CAWJICHCHHIA TPAHCTEHHBIX KOH-
CTPYKILIHIA).

OnHolt 3 HanboJee U3yUYeHHBIX W YacTO UCIOIB3YEMBIX B TEHOMHOM pelaK-
TUPOBaHUH MHKpPOBoOJopocibio siBisiercs Chlamydomonas reinhardtii P.A.Dangeard,
nom. cons. 1888 (ximamugomMoHazaa). Y Hee CEKBEHUPOBAHBI BCE BUJIbI TCHOMOB (MHU-
TOXOHIPUANTBHBIN, XJIOPOIJIACTHBINA W SEPHBII), a TaKKe M3y4eHBI CIIOCOOBI, KOTO-
pPBIMH UX MOKHO MoauduiupoBats. Kpome Toro, C. reinhardtii umeer cinoxHyro cu-
CTEMY TMOCT-TPAHCISIIMOHHOW OOpaOOTKM, YTO TMO3BOJSET MOJIy4aTh MPABUIBHO
(GYHKIMOHUPYIOIINE dYKAPUOTHIECKHE PEKOMOMHAHTHBIC Oeiku. Takke B X0J€ Me-
TaboJaM3Ma OHa HE 00pa3yeT NMPOAYKTOB, BPEAHBIX NJIS YEJOBEKa W OKpYXkKarouleu
cpenbl. [Toaromy C. reinhardtii siBisieTcst ya00HO# crcTeMOM Ui POU3BOJICTBA pe-
KoMOMHaHTHOTO Oenka [3].
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Tpanchopmanus sizepuoro reaoma C. reinhardtii

Tpanchopmanus [aepHOTO T€HOMa HMMEET HECKOJBKO MPEUMYIIECTB HaJ
tpanchopmarmerd macroma C. reinhardtii, Hanpumep, BO3MOXXHOCTH YITPaBIICHHUS
AKCIIPECCHEN B IPYTUX OPraHOUIAX, BO3SMOXXHOCTD MOCTTPAHCIIAIIMOHHBIX 00pabOTOK
U CeKpennu Oeka, 9TO BaKHO IS TIPOMBIIIIEHHOTO Mpou3BoACTBA. OaHAKO saep-
Has TpaHchopmaIus Jaiie BCero MpUBOIUT K CITy4allHOM BCTaBKE TPAHCTCHHOW KOH-
CTPYKIIMH, YTO SIBIISIETCS €€ HeAocTaTKoM. XoTs ¢ pa3zpabotkoit cucrembl CRISPR-
Cas9 st MUKpOBOJIOPOCITEH CTana BO3MOKHA IlieJieBas HMHTErpalusl TpaHCTEHA B
SIIEPHBIA T€HOM.

OddexTuBHAsT KCIpecCUsi Uy KEPOIHBIX T'€HOB JOCTUraercs Oyaromaps uc-
MOJIb30BAHUIO CHJIBHBIX NPOMOTOPOB. CHIIBHBIMH SHIOTEHHBIMHU PEryJIsSTOPHBIMU
DJIEMEHTAMH TS XJIAMHIOMOHA/IBI SIBJISTFOTCS TIPOMOTOPBI TeHOB HCS2 (Manas cyOs-
enunanna RuBisCo), hsp70A (Gesnok temnoBoro moka) u psaD (cyobeaununa Il pe-
aKIIMOHHOTO TIeHTpa poTocucTemsl |), a Takke MX KOMOWHAIINN.

Taxxe yBenmu4eHHE SKCIIPECCHH TOCTUTACTCS 3a CUET ONTHUMM3AINH KOJJOHOB U
MHTPOH-OIMIOCPEAOBAHHOTO ycuiieHus. Hampumep, st 3TOro MOTYT MCIOJIB30BATHCS
UHTPOHEI rbCS2.

s or6opa TpanchopmupoBanHbix kierok C. reinhardtii mpumensitorcs ce-
JICKTHBHBIE MapKepbl YCTOWYMBOCTU K aHTHOMOTHKaM (aph7" — cmocoGHOCTE pacTu
Ha cpene ¢ rurpoMuIiiHOM B; ble — Ha cpene ¢ duieomumHoM | ap.) U «Oe3mMapkep-
HBII MOJX0/, OCHOBAHHBIA Ha KOMIIEHCAIIMU MyTaIlMU y IITaMMa F€HOM U3 IlITaMMa
nukoro tumna (ARG7 — apruHUHOCYKIIMHATIINA3a, BOCCTAHABIIMBAIOIIAS 1)1 ApTUHUH-
3aBUCUMOTO IITAMMa IyTh OMOCHHTE3a apTUHUHA, BCIICJICTBUE YETO OH MOXKET PacTu
Ha cpene 0e3 aprunuHa; NIT1 — HUTpaTpeaykTaza, KOTOpas MO3BOJISIET MyTAHTHOMY
ITaMMYy UCIIOJB30BaTh HUTPAT KaK €IMHCTBEHHBIM HCTOYHHK a30Ta B cpene) [3].

TpaHcreHHble KOHCTPYKIIMU JTOCTABJISIOTCS B SIIEPHBINM T€HOM MPU TOMOITU
OonobamMcTUKu (00CTpeNrBaHUs KIETOK MIPU MOMOILIHU 30JI0ThIX MJIA BOJIb(PPaMOBBIX
yactull, nokpeIThix JIHK, ¢ cumoil, moctaTouHoi st mpeoioieHus: bapbepa U3 Kie-
TOYHOM CTEHKH); METO/Ia CTEKJISTHHBIX IAPUKOB (MIEPEMEITNBaHUE TPOTOILIACTOB WIIH
ITAaMMOB C JIe)eKTaMU KJIETOYHON CTEHKH CO CTEKJIAHHbIMU mapukamu, JJHK u no-
muaTHaeHraukoeM); Rhizobium radiobacter (ycrap. Agrobacterium tumefaciens);
anieKTporiopay (MO BIUSHUEM HUMITYJIBCHOTO SJEKTPHUECKOTO TOJI BBICOKOU
HAMPSDKEHHOCTH B KJIETKE BO3HUKAIOT TIOPHI, Yepe3 KOTOPhIE MOKHO JAOCTaBJISAThH pas-
JINYHBIE MOJICKYJIbI).

DieKkTporopalys — CTaHaapTHeIA MeTo | TpaHchopmaruu C. reinhardtii. J{ms
ATOTO HCIOJIB3YIOTCS UMITYJIBCHI JIByX THIIOB: KBaJpaTHBIE M HKCIIOHEHIIUATBHBIC.
[lepBbie ABIAIOTCS OOJIee KOHTPOJIUPYEMBIMH M TIPUBOJIAT K 00pa30BaHUIO OOJIBIIIETO
qucia TpaHC(OPMAHTOB, a TAaK)KE€ MOTYT MCIOJB30BaThCs 0€3 MpeBapuTEIHHOM 00-
pPabOTKH KJIETOK aBTOJM3UHOM.

Tpanchopmanus xjaopomiactaoro reaoma C. reinhardtii

XnoporutactiHas Tpanchopmarmst C. reinhardtii Bce eme siBisiercs Oosee
yA0OHOM U BBITOJIHOM, UeM siJiepHasi. DTO CBSI3aHO C BO3MOXXHOCTBIO 11€JIEBOM BCTaB-
KM TpaHCTE€HA MyTeM TOMOJIOTHYHOW pPEKOMOWHAIMH O€3 MCIIOJIb30BAHUS CHUCTEMBI
CRISPR-Cas9, BbICOKOW MJIOMAHOCTBIO XJIOPOIUIACTOB U BBICOKMM YPOBHEM 3KC-
MPECCUU UX TE€HOB, a TAK)KE OTCYTCTBUEM CHCTEMBI CailJIEHCUHTa TEHOB.
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TpaHncreHHass KOHCTPYKIUS JUISl TUIACTOMHOM MOAM(HKAIIMM COCTOUT W3
TpaHCTEHAa M CEJIEKTUBHOIO IeHa, (PIIaHKHUPOBAHHBIX C JABYX CTOPOH IIJIeYaMU TOMO-
noruu (100-200 1m.0.) 115 HEIeBO BCTaBKU B XJIOPOIUIACTHBIA T€HOM, IIPU 3TOM TaK-
e Heobxoaumo yunTsiBath ee GC-cocras.

Jlyig sigepHOM U MIaCTOMHOM TpaHc(opMaluy UCTIOIb3YIOT aHAJIOTHYHbIE TeX-
Hosoruu. [lpuyem OMOOAMIMCTUKY MCHOIB3YIOT B OCHOBHOM i TpaHc(opmammu
IJIACTOMHOI'O0 T€HOMAa XJIaMHUJIOMOHA b [3].

Jlonroe Bpemst SKCIIpecCHsl 9y>KePOTHBIX TEHOB B XJIOPOIUTacTaX ObLTa HU3KOM.
HccnenoBaHus MO3BOJWIM YBEIMYUTh YPOBEHB JKCIPECCHH 3a CUET ONTHUMHU3AINU
KOJOHOB M WHTHOWpoBaHus ATd-3aBUCHMBIX TipoTea3. Takke ObLIO BBISICHEHO, UTO
TOKCUYHOCTH IMPOJyKTa, MECTO MHTETPAIlMA KOHCTPYKIIMU B IJIACTOM M CIIydaiiHas
COITYTCTBYIOIAsl €€ HHTETPAIINS B PO MOTYT BIUATH Ha SKCIIPECCHIO.

OddexTrBHAS SKCHpeccHsi TPaHCTCHOB B XJIOPOIUIACTAX XJIAMUJOMOHAJIBI
OOBIYHO JTOCTUTAETCS OJaroaapsi UCHOJIb30BAHUIO CHIIBHBIX SHAOTCHHBIX MPOMOTO-
poB. Hampumep, npomotopoB reHoB rbcL (6onpmas cyosennanna RuBisCO), psbA
(6enok D1 peaknuonnoro meHtpa ¢orocuctemsl 1), rbcS2 (manas cyObeauHMIa
RuBisCO, simepHbIii TeH), XJIOPOILIACTHBIX reHoB PsabD, psaA u psaB (amonpoTerHbl
dotocuctemsil |).

Jlis oT6opa TpaHc(hOPMAHTOB UCHIONB3YIOTCS CETIEKTUBHBIE MapKephl Ha OCHO-
BE YCTOWYHMBOCTH K repOunuaaMm u antuonotukam. Hampumep, rern aadA obecnieun-
BaeT YCTOMUYMBOCTD K CIICKTUHOMHUITMHY, a reH aphA6 — K KaHaMUIMHY, aMUKAI[HHY,
u 1p. [3].

Ipumenenne TpancrenHoii C. reinhardtii

Bbnaronmaps MeTogam renHoi nmkenepun C. reinhardtii Hamuia npuMeHeHUE B
CaMBbIX Pa3IUYHBIX OTPACIISIX.

Hanpumep, MOXHO yBEJIUYUTH COJEp’KaHUE B MHUKPOBOJOPOCISAX JIMMHUAOB,
WCIIONIE3YEMBIX TSI TIPOM3BOJCTBA OMOU3ENs, a TAKXKE MOBBICUTH MX CIIOCOOHOCTH
MPOU3BOIUTH BOJOPOA. Tak, A MPOU3BOJACTBA IKOJIOTUIECKH YUCTOTO TOTUIHBA ObLI
paspaboran mramm C. reinhardtii ¢ 6osee Bbicokoit ipoxykiuei Bogopoaa. OH ObLT
MOJIy4eH M3 MYTAHTHOTO MTaMMa StM6 ¢ MOBBIMIEHHBIM TMPOU3BOACTBOM BOJOPOA
MyTeM BCTaBKU T'€Ha, KoJAUpyroliero oenok-tpancnoprep rekco3sl HUP1 mMukposo-
nopociu Chlorella kessleri. Mcxomuplii mTaMM HE UMEIT MTEPESHOCYMKOB TIIIOKO3BI B
Ia3MaTHUEeCKONH MeMOpaHe, a oJydeHHbIH mraMM Stm6GIc4 Giaromapst UM MOXeET
MCIOJIb30BATh 3TOT CyOCTpar AJi TeTepoTpo(PHOro pocta B TEMHOTE. 3a CUET BKJIIO-
YEeHMsI B COCTaB MeMOpaHbl IEPEHOCUUKOB CIIOCOOHOCTh MPOAYLUPOBATH BOAOPOL Y
Stm6Glc4 yeenuuniack 10 150 % MO CpaBHEHUIO C POAUTEILCKUM IIITAMMOM Stm6
[5].

Taxxe MHUKPOBOAOPOCTN MPUMEHSIOT JIsl MPOU3BOACTBA PA3IUYHBIX METa0o-
muToB. JIyist yBenuueHus BbIpaOOTKU IIEHHBIX KAPOTUHOWIOB, B TOM YHCJIC aCTaKCaH-
TUHA (IMKWHA IITaMM XJaMHIOMOHAJIbl HE BbIpaOAaThHIBAE€T 3TO COCOUHEHHE) U [-
kapotuHa B C. reinhardtii 6si1m BBeneHsl renbl n3 Haematococcus pluvialis, HeoO-
XOJUMbIC I MeTaOoM3Ma acTakcaHTHHOB: reH bkt (B-kapoTuHKeTOMa3a) U TeH Crt
(B-xapotunTHapOKCHIIa3a). MccnemoBarensiM yaaaoch JOOUTHCS BBIPAOOTKH acTak-
CaHTHHA, YBEJIMUUTD COofiepKaHue -kapoTuHa B 5,39 pa3, a Takke yBeJIMYUTH B 2 pa-
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3a o0IIee KOJIMYEeCTBO KAPOTUHOMJIOB 10 CPABHEHHIO C BOAOPOCISIMH JTUKOTO THTIA
[2].

Tpancrennsie mrammMel C. reinhardtii MOXXHO MPUMEHATH IS TIPOM3BOJICTBA
OonodapmarieBTHUECKUX TpenaparoB. Hampumep, B ximaMuaoMoHaay ObUT BCTaBJICH
reH, Konupyroomuii denopedeckuit nHTepdepon IFN-a2a. MccnenoBanms mokaszanm,
YTO WHTETPUPOBAHHBIN TeH Xopomio 3kcnpeccupyetcst B C. reinhardtii. Kpome Toro,
BBIJICTICHHBI MHTEP(EPOH-02 TOKA3a]l MPOTUBOOITYXOJEBYI0 M MPOTHBOBUPYCHYIO
aKTUBHOCTH [1].

3akioueHue

C. reinhardtii sBisercss MOEIbHBIM OPTaHU3MOM IS Pa3paO0TKH HOBBIX MTOJ-
XO/I0B TeHHOH urkeHepuu. CoueTanue OBICTPOTO pOCTa, MPOCTOTHI KyJIbTHBUPOBA-
HHSI, BO3MOXKHOCTH MOCTTPAHCIISIIMOHHBIX 00pab0TOK, OE30MacHOCTH IS YeJIOBeKa,
M3yYCHHOCTH W HAIWYHs Pa3paOOTaHHBIX CHUCTEM TPaHCHOPMAIUH JETAr0T XJIaMHU-
JOMOHAJy TIPUBJICKATEIbHBIM OO0BEKTOM Juisi OwmoTtexHojormu. [lostomy C.
reinhardtii uconp3yercs B kaduecTBe TUIATGOPMBI JIJIsl CHHTE3a Pa3IHYHBIX COCTIHE-
HU, HaXOSIIUX MPUMEHEHUE B PA3JIMYHBIX 00JACTAX: OT MEAMIIUHBI 10 OMOdHEpTe-
THUKU.
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Cokonoe Cepezeit Bacunvesuu, cmyoenm 2 xkypca uncmumyma 3oomexuuu u buono-
euu, @I'6OY BO PI'AY-MCXA umenu K. A. Tumupsizesa, sSeregkamen@gmail.com
Kuprxuna Mapus Anopeesna, cmyoenmra 2 Kypca uncmumyma 3oomexnuu u buo-
noeuu, ®I'6OY BO PI'AY-MCXA umenu K. A. Tumupsizesa, vaskerotte@gmail.com
(Hayunwiii pyxosooumenv — Yeapos ['eope Bnadumuposuy, accucmenm xageopul
muxpoouonocuu u ummynonocuu ®I'bOY BO PI'AY-MCXA umenu K. A. Tumupsaze-
6a, georgu98@yandex.ru)

AHHOmMauusn: cmamvs NOCEAUEHA UCCIEO008AHUIO BUOOBO2O COCMABA U (PUIUOIO2UU OPOICIHCel 0-
nonu domawnen (Malus x domestica Borkh) u ananuszy mopghonocuu oporcoceii na konkpemmulx
copmax 610k 8 Mockoeckoii ooracmu.

Knrwueswie cnosa: APOIKIKHU, IITAMMBI, SI0JIOHS JOMalllHsAA, CIIMPTOBOC 6pO)K€HI/Ie, MockoBcKkas 06-
JIaCTh.

Jpox:Ku — 3TO TpyIa OJHOKIETOYHBIX TprOOB (Kiacc Ascomycota Wik UHO-
raa Basidiomycota), KOTopbie yTpaTwid TUNIUYHBINA Mutienui. [lo pesynpTaTamMm MUK-
POOHMOJIOTMYECKUX HCCIEAOBAaHUN OBLJIO YCTAHOBJICHO, UTO JNPOXOKH B MPUPOJE MO-
MHUMO TIOYBEHHOW Cpelibl OOMTaHMS MPAKTUYECKU BCETJA COJIEPKATCA B MapeHXUME
pacTeHuil, cojepKalluxX 3amacHble YrieBOJbl, B YaCTHOCTH B COYHBIX IUIojax. B
I10/1aX 0JOHU JOMAIIIHEH OOBIYHO MOXHO BCTPETUTDH JAPOKKEO00HBIE MUKPOOP-
TraHU3MbI, HEKOTOPBIE U3 KOTOPBIX MOT'YT 00J1a/laTh BaKHBIM BO3JICMCTBUEM HaA YeEJO-
BEKa M KayeCcTBa CopTa KyJbTYyphl H3-32 BO3MOXHOM nmaTorennoctu (Borokova et al.,
2023).

JIJ1st TOCTaHOBKU dKCIIEpUMEHTa ObUTH coOpaHbl si0J10ku B MockBe 1 MOCKOB-
cko# oOmactu Tak, 4ToObl ¢ CeBepo-3anaaa Ha KOro-octok oOpa3oBbIBajIach Mapii-
pyTHasl JINHUS.

Mecta cOopa ¢ IepHOBO — MOA30JMCTHIM THUIIOM MOYB, KOTOPBIA XapaKTepusy-
€TCSl BBICOKOW TIOAOPOIHOCTBIO OJiaro/iapsi MOBBIIIIEHHOMY COJIEPKaHHUIO TyMyca B
ropu3oHTe. JJist 5TOro THMa noyB XapakKTEPHO HU3KOE COJIEPKAHNE TAKUX DJIEMEHTOB,
Kak azot, pocdop u xkanuii. HackllleHHOCTh OCHOBaHUSIMU Y JAEPHOBO-TIO/I30JIUCTHIX
noyB ciabdas 50-70%, n3-3a 4ero NPOUCXOAUT YACTOE 3aKUCIICHHUE.

[TepBoe Mecto cbopa mioaoB — ropoa Kima B MockoBckoit 06acTu, caa nmpu
TuxonoBckoi nepkBu. Kinun pacnonoxken k CeBepo-3amaay or Mocksbl. [Ipeo6:a-
JAIOIIUN TUM TIOYB B TOPOJE — JEPHOBO-TIOA30HCThIE. C TEppUTOpPUU TOpoaa ObLIU
MOJTy4eHBI 10JI0KU copTa boraTelps 1 HEM3BECTHOTO COPTA.

Crnenyromasi Touka coopa — TumupszeBckas akaaemusi, pacrnoioxenas B Ce-
BepHOM paiioHe MockBbl. COPT HEM3BECTEH.

Crnenyromee mecto coopa — nmapk 3apsinbe B Komomenckom. TepputopuaibHo
Konomenckoe pacrnonoxeno Ha rore Mocksel. C Tepputopun KomomMeHckoro mnomiy-
YeH OJIMH HEU3BECTHBIN COPT SIOJIOK.
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Tpetse mecto coopa — I'. O. [Togonsck, Mkp. Kimnmogck, ynuna Habepexnas,
aom 13. TeppuropuanbHo KimumMoBCK pacmosiokeH K ory oT Mocksbl. 516510k momy-
YeHOo 4eThbIpe copTa: AHuc, AuToHOBKA, LlITprdens, KOOuneiinoe.

Yeréproe mecTo cObopa — ceno TamanuxuHO B UEXOBCKOM MYHHUIIMITAIIEHOM
paiioHe. DTa Touka cOopa pacroyoxkeHa roro-socroudee Kimmoncka. bbun nmonyueH
OJINH HEU3BECTHBIN COPT SI0JIOK.

MecTa cOopa ¢ cepbIM JIECHBIM TUIIOM TIOYB, KOTOPBIA XapaKTepeH s JIECHBIX
30H, OoJiee 6oraT rymycoM. OTCYTCTBYET BHIMBIBAHME OCHOBHBIX KATHOHOB, M3-3a Ye-
ro COCTaB MOYBBI 0OJIEE MIETIOYHON, OTIMYAETCS XOPOILIUM IIJI0JIOPOIUEM.

[Tocnenusst Touka cObopa — ceno BepxoBisiHb, K I0T0-BOCTOKY OT TaslamuxuHo.
bbL1 monydeH oiMH HEeU3BECTHBIN COPT SI0JIOK.

Jlnst Toro, 4ToOBl chenaaTh MOCEBBI APOXOKEH M3 KaXKIOTo copTa si0JIoK, ObLIN
caenanbl cycrnensun (Lorenzini et al., 2019), kotopslie mocie ObLIM HAHECEHBI ¢ I10-
BTOPHOCTHIO Ha yamku [leTpu ¢ cenekTuBHOM cpenoit mist rpubo (Cadypo).

B nanpHeiiiemM ObUIO MOJYYEHO CEMb IITAMMOB JIPOXIKEH, KOTOPBIE MBI CO-
XPaHWIU B pab0YyI0 KOJUIEKIIMIO U IPUCBOMIINA UM crienuanbhble koabl: 0073, B(13,
BbH81, bK61, WO23, KO61, POSI.

bonbme Bcero konmonuit 0puto U3 cycnensuu Lltpudens: ynanoch monyduTh
BCE€ LITAMMBI.

[tamm KO61 He BcTpewaeTcst HUTAE, KpOME NEPBOM reorpauyeckoil 30HbI —
KnumoBsck. Jlyumie Bcero pactyt u3 llrpudens (manocnankoe), xyxe uz KOOumnen-
HOTO (Kucyoe) u Anuca (ciaboKucioe).

[tamm POS1 BcTpeTuiics TOJNBKO U3 CYCIIEH3MH sI0JIOK, MPOU3PACTAIOIMIUX Ha
tore: Kimumosck, BepxoBisiab, TananuxuHo (Jqydiine BCero Ha JaHHOW TEPPUTOPHUH, B
OCTaJIbHBIX MECTax MPOILEHT HE BeNMK). Tpu U3 4eThIpéX CyCIEH3UH, U3 KOTOPBIX
ObUIM BBIJEJIEHBI APOXKIKH, CAETaHbl U3 00Jiee KUCIbIX IJI0JI0B, YEM OCTalbHbIE. (AH-
ToHOBKa, Tananmuxuno, Bepxosinsns; [ltpudens — manocnaakoe).

Haubonee yacro Bcrpevatrommumces mramMmmoM siBisietcst bJ[13: Berperuics Bes-
ne, kpome KOoOuneiinoro u 0e3bIMsiHHOTO 510710Ka 3 Knnna. Jlydie Bcero pactyT u3
CYCIIEH3UI Ha OCHOBE YMEPEHHO KHUCIIbIX MIOJ0B (AHHC), XyKE BCETO U3 CUITLHOKHC-
neix (FO6uneitnoe)

OO73 Bcrpetmiicss B AHTOHOBKE (CHJIbHOKUCIIOE), TUMHUpsI3eBCKUX A0JI0KaX
(kucno-cnaakoe), ltpudens (manocnankoe). Yamne Bcero Bcrpeuaetcs B Lltpudene
1 AHTOHOBKE, COOpaHHBIX B OJHOUM M TOM ke reorpaduyeckoi obmactu — Knumos-
CKE.

BbH81 game Bcero Bctpeuaetcs B lltpudene u FO6mneiinoM, cobpaHHbIX € 0J1-
HOI1 reorpaduueckoii 30Hb1. Jlydie pacTe€T Ha cycnensun [ltpudens.

BbK61 nmydmie Bcero mpouspactaer u3 borateipsi, Ha BTOpoM mecte AHHUC, U3
OCTAJIBHBIX IIOCEBOB MMOYTH HUYErO HE BBIPOCIIO.

WO23 npeuMyiiecTBEHHO BCTpeUaeTcs B s10JI0KaxX U3 nmepBoi reorpaduyeckoin
30HbI — KimumoBck. Jlyudie Bcero npouspactaroT u3 nocesa Lltpudens.
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BO3JEJIBIBAHUE COU B YCJIOBUSAX CIIK «KOJIOC»
KOJINHAHCKOI'O PAMOHA OPJIOBCKOM OBJIACTHU

Honanuuxkoe Hean Anexcandposuu, cmyoenm 4 xypca Uncmumyma azpobuomex-
Hono2UU, DOI'BOY BO PI'AY-MCXA uMeHu KA. Tumupszesa,
vanya270603@yandex.ru

Hlumuxkoea Anexcanopa Bacunveena, o.c.-x.n., npogheccop, npogeccop xagheopwi
pacmeHnuesoocmea u nyeogvix sxocucmem OI'BOY BO PI'AY-MCXA umenu K.A.
Tumupsizesa, plant@rgau-msha.ru

Annomayusn: Cos 6x00um 6 mpouKy CamvlX 3HAUUMBIX CeNbCKOXO3AUCMBEHHBIX OEIKOBbIX pacme-
HUL OJIs1 CMPAHbL U NOMO2Aem peutams npoodiemy pacmumenbHo20 0eIKa KakK Ols HCUBOMHBIX, MAK
u ona uenoseka. Cosi HAX0OuUm WUPoOKoe NpuMeHeHue 8 Kaiecmee 3amMeHumens msaca 01a200apsi
exoosuemy 8 eé cocmas yeHnomy odenxy. Qounaxo 3auacmyro 6 pezyiomame HecoOI00eHUs MEeXHO-
JI02UlU 8030€bIBANUS UTU 8bLOOPA HENOOXOOAWUX COPMOB, YEeHHble KA4eCmed 3ePHa COU CHUNCAIO N~
Csl, U €20 NPUXOOUMcst UCNOIb308AMb 8 MEXHUYECKUX U KOPMOBbIX Yelsix 6 boavuem 00véme, uem
9mo Heobxooumo. Buipawusanue 8blcOKUX U YCMOUHUBHIX YPOICAEE BbICOKOKAYECMBEHHO20 3ePHA
COU BO3MONCHO MOTLKO NPU COONOOCHUU OCHOBHBIX NPUEMOE NOYBO3AUWUMHOU MEXHOIO0SUU, MAKUX
KaK NJIOCKOPe3Hasi 06pabomka nousvl, npasuibhvie ces0obopomvl ¢ QOCMAMOUYHbIM HACLIUeHUEeM
YUCIBIMU napamu u cobooenue 6cex mpebosanuil a2poOmexHuKy, COOMeemcmeaywux buoiocuye-
CKUM OCOOEHHOCMAM COPMO8 COU, A MAKI’Ce HempaIu3ayusl 6IUsAHUSL HeOIA2ONPUSMHBLX NO20OHbIX
gaxmopos.

Knioueswvie cnoga: cosi, ypokaiHOCTb, KaU€CTBO, IPON3BOJCTBEHHBIN OIIBIT

HccnenoBanus Mo W3y4eHUIO poCcTa U pa3BUTHUs cou mpoBoauian Ha 6a3e CIIK
«Konocy, pacnonoxxerHoro B OpioBckoit o6mactu, KonmHsHCKMI paiioH, TepeBHS
TumupszeBo. OOmas miIomaas MOCEBHBIX ILIomaaei coctapiaser 5000 ra, U3 HUX
500 ra 3aHMMarOT CEHOKOCHI. Ha mpeanpusitiu BHeAPEH 3-X MOJbHBINA CEBOOOOPOT -
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cosl, KyKypy3a Ha CHJIOC, YACTBIN Map; 3epHOBBIE: SUMEHb, POBasl MIICHUIA, 03UMas
NIICHNIIA, TPEUnXa, OBEC. Y pOKalHOCTb MpHUBEACHA B Tabmule 1.

Ta6nuna 1. Ypoxaninocts kynbTyp B CIIK «Kosocy, (1i/ra) 2022...2024rT.

KyabTypa CpenHee 2024 2023 2022
Cos 19,3 25 13 20
O3uMas mieHuna 62,0 55 71 60
SpoBas niieHuna 23,0 14 40 15
Slumens 25,0 20 30 25
Ogec 20,7 17 25 20
I'peunxa 23,3 25 25 20

B 2024 rony OblM MOCESTHBI TaKWE COPTA KAk O3MMasl MIIEHUIA - AJIEKCend,
apoBas nmueHuna - Jlapes, rpeunxa -/lama, sumens -Ataman, oBec (JKoB), KyKypy3a-
Kpacunomapckasa 283, cos-/II11-863. Xo035iCTBO aKTMBHO HCHOJIB3YET XHUMHUYECKHE
Ipenaparbl, MUHEpaIbHbIe YA0OPEHUSs, a TAK)XKE JECUKAHThl U MUKpoynoopenus. I1o-
cleHue Toja Onarogapsi IPUMEHEHUI0O MUKPOYIOOPEHHUI yIalOCh PE3KO YBEIUYUTD
YPOKANHOCTH COU.

OOwekT mccaemoBanuii - cost (Glycine max (L.) Merr.) copr JUI 863® -
paHHMI, JeTepMUHAHTHBIN, HHTEHCUBHOTO THNA. [loaxonuT At npousBoacTBa Tody,
MHCO U coeBoro coyca. Pannecnensiii. Cpok co3peBaHus paHHHUA. Bpems Haudana
1uBeTeHUs paHHee. Bererarmonnsiil nepuon - 110 nueit. Macca 1000 cemsin - 178 r.
PacTteHne neTepMHUHAaHTHOTO THIIA Pa3BUTHUSA, CPEAHEN BBICOTHI. BbIicoTa pacTeHMil -
68 cM. BricoTa npukperuieHus: HikHero 000a - 13 cM. YCTolUUB K pacTpeCKUBAHUIO
0000B. COpT ¢ BBICOKMMH NTOKa3aTeJIIMU POCTa HA HAYAJIbHBIX dTanax pa3Butus. ['u-
MOKOTWJIb C AaHTOLIMAHOBOM OKpackod. OmyllleHWe TIJIaBHOrO CTe0dsl pbIKEBATO-
KOpHUYHEBOE. BOKOBOW JTMCTOYEK CIOKHOIO JIMCTA 3a0CTPEHHO-IMIEBUAHBIN. [[BETOK
¢uoneroBbiii. CemeHa KENThIE, pyOUMK CBETIIO-KOpUUHEBBIA. CoaepxaHue Oenka B
cemeHax - 44,31%, xwupa - 17,16%. YHuBepcanbHbIi AJisl pa3IuyHbIX TUIOB MOYB.
Bo3znenpiBaHuEe 110 MHTEHCUBHOM TEXHOJIOTUH, JYy4YIIUE MPEAIIECTBEHHUKH - 3€pHO-
BbI€ KOJIOCOBBIE, KyKypy3a. Hopma BriceBa 380 - 450 Thic./ra. ['eneTndeckas Tome-
PaHTHOCTh K OCHOBHBIM OOJIE3HSIM COM.

ArpOoXMMHYECKHE MOKA3aTEIN MOYBBI ONBITHOIO YYacTKa (THUII IIOYBBI YEPHO-
3€M TUITMYHBIN) MPUBEIEHBI B TabmuIe 2.

Tabnuna 2. ArpoXuMH4YeCcKre TTOKa3aTeIu OYBBI.

Jlerko ruapoinu-
Dochop| Kamuit > Mn Zn Cu Co
Fy(;/[yc op pH Cepa 3yeMBbII
0 asoT
Mr/kr Mr/kr
51 26 116 5,3 7,7 25 11,4 0,43 0,2 8
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[ToaroroBka ceMsH K IMOCEBY BKJIOYasia MpOTpaBivMBaHuE mpenapatoM Puzo-
dopm cos (1,5 n/1) + cratuk — npununatens. Kugkuii “HOKYISHT Puzodopm Cos
o0ecrieunBaeT BHICOKOE KaUe€CTBO MHOKYJISIIIUUA BCJIEACTBUE OTIMYHON MPUIMIAEMO-
CTH Mpenapara K CeMEHaM M BBICOKOU CIIOCOOHOCTH OaKTEpHil yJaepKUBAThHCS HA IMO-
BEPXHOCTH CEMEHH B TPOIIECCE TPAHCIIOPTUPOBKH U BhIceBa ceMsiH. JKumkas dopma
oOecrieunBaeT JAOMOJHUTEIIBHYIO COXPAaHHOCTh OAKTEPUN M YBEIWYMBAET UX BBDKU-
BaeMocTh. Ctabunmuzarop-npuiunatenb CTaTUK MO3BOJISIET OAKTEPHUSIM COXPAHUTh UX
YKU3HECITOCOOHOCTh Ha MOBEPXHOCTH CEMEHHU JIJTUTEIbHBIN TMEepUOJ] U YBEIUYHMBACT
PEe3yJIbTaTUBHOCTh 00pa00TKH MHOKYJISIHTOM. [ToceB nmpoBouau B iepuon ¢ 06 o 13
mas 2024 rona, cesimkoii Amazone d9 +M13 12.21, 3aaenka cemsiH Ha ITyOuHY 6 cM,
Hopma BbiceBa 130 kr/ra. Ilectunnanpie 00pabOTKH COM MPUBEACHBI B TAOIHIIE 3.

Ta6mumna 3. [lectunuanapie 00pabOTKKU COU B MEPHO]T BETeTaIlMU
Jlara IIpenapar u HOpMa BHECEHUs
04.06.2024-06.06.2024 1.I'epounmn «I"epmec» 0,9 n/ra
1. ®ynrunua «Bunartax» 0,7 n/ra
20.06.2024-22.06.2024 2. Mukpoynobpenus «YnpTpamar KOMOH JJIsl MACTUYHBIX) 110
1.250 n/ra
1.I'epounua «Kynax» 0,5 n/ra
06.07.2024-08.07.2024 2.I'epoumn «Kynax» 0.008 n/ra
14.09.2024-16.09.2024 JlecukanT Tonrapa 2m/ra

Y6opka npoBoamiIack B mepuoa ¢ 26 mo 28 centsaops 2024 romga (Acros 595
plus). YpoxkaliHOCTh paHHEro, ACTCPMHHAHTHOrO copTa HMHTeHcHBHOro THma J{III
863® B ycnoBusx OpnoBckoit obnactu B 2024 rogy cocraBuia 25 1/ra, Npu BBICO-
KOM cojiepkaHuu Oenka - 38%.

Cnucok Jaureparypsbl:

1. Masanos, B. 1. AganTuBHOCTh COPTOB COM CEBEPHOr0 3KOTHIA B YCIOBHSX
1oro-soctoka OpioBckoit obsactu / B. M. Mazanos, B. I'. HeOwiToB, E. H. Mepnanos
/I 3epHOO00OOBBIE M KpyIsHbIe KynbTyphl. — 2023. — Ne 4(48). — C. 50-56. — DOI
10.24412/2309-348X-2023-4-50-56.

2. e, B. E. DddexTuBHOCTh NPUMEHEHUS PETYISITOPOB pOCTa PACTEHHM Ha
CEMEHHBIX MoceBax cou B ycioBusix Oprosckoit obdnactu / B. E. Jle // Hayunsrit
KypHas MoJIobIX yueHbix. — 2023. — Ne 1(31). — C. 8-11.

3. Kupcanora, E. B. [IpumeHenue peryiasaTtopoB pocTa pacTeHUM Kak (pakTop
uHTeHcu(uKauu Bo3nensiBanusi con B Opnosckoit oonactu / E. B. Kupcanosa, 3. P.
[lykanoBa, O. U. 3enenos // 3ammra pacTeHUid B COBPEMEHHBIX YCIOBHUSIX Pa3BUTHUSA
AIIK : CoopHuk matepuanoB HarmoHanbHON HAay4YHO-TIPAKTUYECKON KOH(MEPEHIUH,
npuypoueHHo K OTKpbiTui0 OOO baitep coBpemennoit IT-aynuropum Ha
¢dakynpTeTe arpobmsneca u skojoruu, Open, 08—09 oxtsa6ps 2019 roma. — Open:
OpnoBckuil rocyaapcTBeHHbIN arpapHblil yauBepcutetr umenu H.B. ITapaxuna, 2019.
—C. 157-162.

4, CurnukoBa, M. A. Ouenka 3(ppexTuBHOCTH MPOU3BOJACTBA cou B OpiIOBCKOIA
obnactu / U. A. CuraukoBa // Arponayka. — 2023. — T. 1, Ne 2. — C. 143-148. — DOI
10.24412/2949-2211-2023-1-2-143-148.
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VJIK 631.4
AHTH®YHT AJTbHASI AKTHBHOCTD PACTEHHV CEMEFHCTBA
OPEXOBBIE (JUGLANDACEAE)

Pasyeaesa /lapva I puzopvesna, macucmpanmra 1 Kypca uncmumyma azpoouomex-
HOJl02UU OI'hOY BO PI'AY-MCXA um. KA. Tumupsizesa,
dar.razuwaeva@yandex.ru

bozoanoesa /lapuna /Imumpueena, vacucmpanmra 1 Kypca uncmumyma azpoouo-
mexnonocuu @PI'EOY BO PI'AY-MCXA um. K. A. Tumupsizesa, di300910@gmail.com
Hawanuee¢ 3axup Jlamughoseuu, macucmpanm 1 Kypca uncmumyma azpoouomexHo-
noeuu @®I'BOY BO PI'AY-MCXA um. K.A. Tumupsszesa, pashaliev.zakir@gmail.com
Kapkosea Examepuna Koncmanmunosna, accucmenm xageopvl Mukpoouoiocuu u
ummynonozuu, ekzharkova@rgau-msha.ru

(Hayunwuii pyxosooumenv — Cenuyxas Onvea Barenmunosha, x.60.H., doyeHm kageo-
Ppbl MUKPOOUOIO2UU U UMMYHOJI02UU UHCmumyma azpoouomexuonocuu ®I'6OY BO
PIrAY-MCXA um. K.A. Tumupszesa, oselitskaya@rgau-msha.ru)

Annomayusn. B cospemennom mupe npumenenue necmuyuoos A6usemcs Hauboiee pacnpo-
CMPAHEHHBIM CPeOCMBOM 3aUUMbl pACMeHUll, MaK KaKk OAHHbIL Memoo 00CMamo4Ho 3(pdexmuser
u obnadaem HU3KOU CMOUMOCMbBIO, HO NPUMEHEHUEe OAHHBIX CPeOCmE MAKH#Ce CEA3AHO C BbICOKUM
PUCKOM 3A2PA3HEHUsL OKpYICcarowell cpedvl (MO2ym 0020 COXPAHAMbC 8 Npupooe, 3a2ps3HAmb
nougy, 8030yX, NUWY O OUKUX HCUBOMHBLX, CO30A0M Y2po3y OJisl Onvlaumenel u m.o.), a maxice
npu NONAOAHUU NECMUYUO08 8 OP2AHUM UEN08eKA (Uepe3 KOHCY, OP2aHbl ObIXAHUs, NPOOYKMbl Nul-
MAanUs) 803MONHCEH PUCK OJis e20 300posbsi. B ceazu ¢ smum akmuno 6edymcs uccie008anusi no
PAazeumuIo U CO30aHU0 IKOJI02UYECKU YUCMbBIX NPEenapamos 0Jis 3auumsl pacmeHrull, Komopwle oc-
HOBAHBL HA PACMUMENbHBIX IKCMPAKMAX, PA3TUYHBIX WIMAMMAX MUKPOOPSAHUIMOS.

Kniouegvie cnoea: anmughyneanvnas akmusHocms, opex epeyKull, opex YepHulil, opex ati-
JIGHMONUCMHBLU, opex Manvuxcypckuti, Juglans regia, Juglans nigra, Juglans ailanthifolia, Juglans
mandshurica.

OO1upHbIE HCCIeA0BaHUs JOKa3alIl, YTO PaCTEHUSI CEMECTBA OpPEXOBbIE T10-
Ka3bIBAIOT BBICOKYIO A(h(PEKTUBHOCTH B KaueCcTBE OMOIU/IA.

[leas maHHOTO HCCIENOBAHMS - OICHKA aHTU(YHTAIbHOW aKTUBHOCTU Be-
IIECTB, AKCTPAarMpPOBAHHBIX W3 JIMCTHEB PACTEHH ceMelcTBa opexoBbie (Juglan-
daceae).

AHTUMHKPOOHBIE COEIMHEHUS, COAEPKAUIUECH B PANIe JPEBECHBIX PACTEHUUN
CHOCOOHBI BIUATH HAa CTPYKTYPY M (DYHKIIMOHAIBHOCTH MHMKPOOHBIX COOOILECTB.
[TpencraButenu cemeiictBa opexoBbie (Juglandaceae) comepikar B CBOEM COCTaBe
10rJ10H  (S-runpokcu-1,4-HaTOXUHOH) - TPUPOAHBIA HAPTOXMHOH, OOJIaJAOLIHIA
CBONCTBOM WHTHOHMPOBATH POCT M PA3BUTHE KaK IPaMIIOJIOKHUTENIbHBIX, TaK M Tpa-
MOTPHIIATEIbHBIX OaKTEPHIA, @ TAKXKE MATOTCHHBIX TPHO0B. [1, 2]

O0beKTHI U METOAbI HCCIEI0BAHUS

Jlnst u3ydeHus: aHTU(YHTAIBHOW AaKTUBHOCTU OBLTH B3STHI JIUCThSI OPEXOB:
opex rpeukwuii (Juglans regia), opex uepnsrii (Juglans nigra), opex aiIaHTOINCTHBIN
(Juglans ailanthifolia), opex manpwkypckuii (Juglans mandshurica).
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OOpa3ipl TUCTHEB ISl UCCIEAOBAHUS OTOMpaIuch B MUYYpHHCKOM caay B
NepBO eKaje UIOMs U B IEPBOU JeKaje ceHTsO0ps. [ o0ecnedenus cTepuiibHOCTH
mpolecca 0Toopa UCTOIB30BaINCh CTEPUIIbHBIE TIEPYATKH, a 00pa3iibl TOMEIIAINCH B
CTEPHJIbHBIE CTEKIISTHHBIE COCY/IBI.

Jlis mpoBefieHHs UCCIeIOBaHUsI HEOOXOUMO ObUIO MPUTOTOBUTH CHUPTOBOMN
AKCTPAKT. DKCTPAKIUs B CIIUPTE MO3BOJIsIET 3((HEKTUBHO M3BIIEYb AKTUBHBIC BEIlle-
CTBa U3 PAaCTUTEIBLHOIO MaTepHalia, YTO SBIISIETCS KIIOYEBBIM ATANlOM JJIsl MOCIENy-
IOIMX aHAJIM30B aHTUMUKPOOHON aKTUBHOCTHU. JIJis 3TOTO 5 rpaMM B3BEIICHHBIX Ha
AHAJIMTUYECKUX BECax JIMCTHEB MU3MENIbUAIMCh B TOMOreHe3aTope Ha ckopoctu 1000
0o0/muH. [lomydyennass macca Obuia 3anuta 50 ma 70%-ro stanona. Cocyabl ¢ 3KcC-
TPAKTOM IUIOTHO 3aKPbIBAJIM U OCTaBIISUIM HACTAUBATHCS B TEMHOM IIPOXJIAHOM Me-
cre Ha 10 gHei.

Bech nporiecc moAroToBku 00pas3oB ObLIT HAMpaBieH HA MUHUMU3AIUIO BO3-
MOYHBIX 3arpsI3HEHUI U COXPAHEHHE aKTUBHOCTU OMOAKTUBHBIX KOMIIOHEHTOB.

AHTU(YHTanbHYI0 aKTUBHOCTh OIPEACISUIN AUCKO-TU(PPY3NOHHBIM METOI0M
0 OTHOIIEHUIO K (puTonaToreHHble rpudam - Fusarium oxysporum, Phytophthora in-
festans, Botrytis cinerea, Trichoderma viride, Sclerotinia sclerotiorum. JlanHbie MHK-
POOpraHu3Mbl ObUTH B3SThI U3 KOJUIEKIIUU Kadenphl 3alUThl PACTCHHIA.

[ToBTOpHOCTH OMBITA TpeXxKpaTHass. B kaduecTBe KOHTPOJS ObLI MCIOJIB30BaH
96% sTaHon 1 Ouomnpenapar OT 3alIUThl paCTeHUN (PUTOTABUH.

CraTtrcTuyeckas olleHKa MpoBojwiack B mporpamme Microsoft Exel 2016 u
STADIA 6.0 m MS.

Pe3yabTaThl M MX 00CYy:K/IEeHUE

HccnenoBanue CIUPTOBBIX KCTPAKTOB JINCTHEB, COOPAHHBIX B MIEPBOM JeKaje
UIOJISA, 1OKa3ajio, YTO HaWOOJIBIIYI0 aHTUMHUKPOOHYIO aKTUBHOCTBH IMPOSIBISET JKC-
TpakT JuctheB Juglans regia L. Cpenau mpencraBuTeneil Apyrux BUIAOB OPEXOB €T0
3 PEKTUBHOCTD BBIICISIETCS OCOOCHHO 3aMETHO B OTHOIIEHUM TpubOoB Fusarium
oxysporum (auameTp 30HbI ogasyenus 13,9 + 1,4 mm) u Trichoderma viride (cpen-
HUM TrameTp 30HbI nojasienus 11,4 £ 0,6 mm).

Botrvtis cinerea 6 "5)‘:!:0;"(‘

18.3+0.8

13.9+1.4

10.1+0.6
= Fusarium OX¥Ysporum ltjllléfl)al s}
= 8 710.6
0.0x0.1
= I 1
=
=y 7.6+0.8
g_ 7.54+1.3
E Phytophtora infestans ; 77‘:"7‘1:&1[5?5
@ G 7+0.5
=1 20.0+0.1
g
=3 7.3%1.2
= 7.0+0.0
T clerotinia sclerotiorum 7.2%+1.0
= - o e 7.2+0.5
6.54+0.5
B 65105
11.44+0.6
SS__‘):!:I_}_G
G o it 6+1.
I'richoderma viride 10.340.6

14.34£0.7

[ 8 10 12 14 16 18 20

N
(¥}

ArnameTpbl 30HbI NoOAaBNEeHMA

W rpenkuii opex (Juglans regia) m gepHEI opex(Juglans nigra)
o MaHBTKYPCKHIT opex(Juglans mandshurica) alfimaHTaTHCTHRIFT opex(Juglans ailanthifolia)

coupT 70% = pUTOTaBHH 5%
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Pucynox 1 - Pe3ynprarhl aHasin3a aHTU(PYHTadbHON aKTUBHOCTU CITUPTOBOTO
AKCTPAKTA JTUCTHEB PACTECHUI CEMEICTBA OPEXOBBIC, COOPAHHBIX B MIEPBOM JEKa e
WIS

B xone aHanu3a 3KCTpakThl OBUIM paclpesieleHbl Ha TP KJIacTepa B 3aBUCH-
MOCTH OT YPOBHSI YyBCTBUTEIBHOCTH MUKPOOPTaHU3MOB K MX KOMIIOHEHTAM.

[lepBbIl KIacTep BKIIOYAN SKCTPAKTHI aUIaHTOJMCTHOTO M MAaHBYKYPCKOTO M
YEPHOI'0 OPEXOB, KOTOPHIE IPOJAEMOHCTPUPOBAIM HAUMEHBIIYI0 aHTArOHUCTHYECKYIO
AKTHUBHOCTb.

Bo BTOpOi#l Ki1acTep BoOIIEN CHIUPT, OH 00JaaeT YMEPEHHONW aHTarOHUCTUYE-
CKOM aKTHBHOCTBIO.

Tperuit kiactep ObUI MPEACTABIEH CIUPTOBBIM AKCTPAKTOM T'PELIKOTO Opexa,
KOTOPBIN ITOKa3aj1 HanboJiee BIPaXKEHHOE aHTarOHUCTUYECKOE JAEHCTBHE.

Pe3ynpTaThl KI1acTEpHOro aHaJIM3a Mbl MOXKEM HaOJI0aTh HA PUCYHKE 2.

aadaaaaly

aalasy

-
Ll RAAAJ RAALZ RAAA RAALS RAAA] RAARE RARL
al

adaaaalay

1 2 3 4 5
Croupr CronproBoil dRCTpakT ChnHprosoil IRCTpaxT Conuprosoiil 3xcTpaxkt CnuproBoil 3KCTpaxT
AILVIAHTOIIICTHOIO MaAHBIKVPCROTO YepHOTrO opexa IpEeuxoro opexa
opexa opexa

Pucynok 2 — JlenaporpaMma nepapxuyeckoi KiaccuuKauuy NepeMEeHHbIX Ha OCHO-
B€ IIPUHIIUIA JAIBHETO COCEa Ul CIMPTOBOIO OKCTPAKTA JIUCTHEB IEPEBLEB CEMEN-
CTBa OPEXOBbIE, COOPaHHBIX B NIEPBOM JI€KaE HIOJISL.

HccnenoBaHue COUPTOBBIX 3KCTPAKTOB JIMCTHEB, COOPAHHBIX B NMEPBOM JIeKaie
CEHTSIOPsI, TaKKe MOKa3ajo, YTO HAHMOOJBIIYI0 aHTUMUKPOOHYIO aKTUBHOCTH TIPOSIB-
nseT dKCTpakT JuctheB Juglans regia L. Cpenu npencraButeneld Apyrux BUIOB Ope-
XOB ero 3(@EeKTUBHOCTh BBIJAEIAETCS OCOOEHHO 3aMETHO B OTHOILICHHH TPUOOB
Fusarium oxysporum (auamerp 30HbI mojaBieHus 13,3 = 1,5 mm) u Trichoderma
viride (quameTp 30HbI nogasyenus 11,0 £ 0,6 mm).
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7.0£1.5
6.8+0.3
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13.3+1.5
9.0+0.3
Fusarium oxysporum 2.0:£0_3

10.8+0.8

10.0+0.2
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18.3x0.9
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7.0£1.0
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Trichoderma wviride 10.040.6

I 6.3+0.6
14.3=x=0.6
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JAuHamMeTp 30HEL IOJaBIeHHA

&
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m rpeukHii opex (Juglans regia) u gepHEIH opex(Juglans nigra)
N MaHBWKYPCKHIT opex(Juglans mandshurica) afiTaHTaAaTHCTHEIN opex(Juglans ailanthifolia)
= capT 70%0 m pHTOITABHH 5%0
Pucynoxk 3 — Pe3ynbpTaThl aHa/in3a aHTU(PYHIaJIbHON aKTUBHOCTU CITUPTOBOTO
HKCTpAKTa JIMCTHEB PACTEHUI CEMENCTBAa OPEXOBbIE, COOpPAHHBIX B TIEPBOH JeKaie
CEHTSIOps

AHaJIn3 Pe3yibTaTOB BBITSHKEK, MPUTOTOBIECHHBIX B KOHIIE BETreTallMOHHOTO
neproja, NO3BOJIUI BBIICIIUTH JIBA KIIACTEPa SKCTPAKTOB.

[IepBblii KJ1acTep BKIIOYAN SKCTPAKTHI C HAUMEHBIIIEH aHTArOHUCTUYECKOMN aK-
TUBHOCTBIO: allJIaHTOJIMCTHBIN, MAaHBYWKYPCKUH, a TAKXKE CIUPT.

Ko BTOpOMY Ki1acTepy OTHECIIM KOHIICHTPATHI, 00JIaJat0Iie CUIIBHBIM aHTaro-
HUCTHYECKUM CBOWCTBOM, & HMEHHO: BBITSIKKA U3 JIUCTHEB YEPHOTO U TPELIKOTO Ope-
XOB.

Pe3ynbTaThl KJIaCTEPHOTO aHaIK3a Mbl MOKEM HaOJIIOAaTh HA PUCYHKE 4.

WLy

iy
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| AN LAY LALLE LAARY RARLE RAL)
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NN

Crizzpx Caomprosoiil >SKCTpPaKy CproBoiil >KCTPAaKT CamaproBoii >KcTpaxT Connprosoii >KCcTrpaxT
ATIANTOIIICTHOIO e Y PCKOTO TepHoro opexa rpenKoro opexa
opexa opexa

Pucynok 4 — JlennporpamMma nepapxudeckoi KiacCu(PpUKaIUy MepeMEHHbIX Ha OCHO-
B€ IPUHIIMIA JAIBHETO COCEA JUIsl CIUPTOBOTO IKCTPAKTA JIUCTHEB AEPEBEB CEMEN-
CTBa OPEXOBbIE, COOPAHHBIX B MEPBOM J€Kae CEHTAOPS.
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BbIBOABI

Bce u3ydeHHblE BUIbBI OpPEXOB (AHIAHTAIMCTHBINA, MaHbWKYPCKUW, YEPHBIU,
IPELKUii) TMPOJEMOHCTPUPOBATN AHTH(PYHTAIbHYIO AaKTMBHOCTh TNPOTUB TPUOOB
Fusarium oxysporum u Trichoderma viride. DkcTpakThl, IPUTOTOBIEHHBIE U3 JTUCTh-
€B, COOpaHHBIX B HIOJIE, OKa3aJuCh O0osee 3PPEKTUBHBIMH MO CPABHEHUIO C IKCTPaAK-
TaMU, TIOJYYECHHBIMU B CEHTSAOpE, YTO yKa3bIBAET HA CE30HHBIC M3MEHEHUS B KOHIICH-
Tpauuu aKTUBHBIX BEIIECTB.

Pe3ynbrathl uccienoBanus NOATBEPKAAIOT TOTEHIIMA UCIIOIb30BaHUS OPEXO-
BBIX PKCTPAKTOB B KQUE€CTBE NMPUPOAHBIX AHTU(YHTAJIbHBIX CPEJCTB JJIS 3aLUTHI pac-
TE€HUN OT IPUOKOBBIX MH(MEKIMA. DTO OTKPHIBAET MEPCIEKTUBBI CO3AaHMsI SKOJIOTHU-
yecku 0e30IacHBIX MPENapaTOB Ha OCHOBE PACTUTEIbHBIX dKCTPAKTOB, KOTOPHIE MO-
r'yT ObITh 3(P()EKTUBHO NMPUMEHEHBI B CEITBLCKOM XO3SIMCTBE 711 MOBBILIEHUS YCTOM-
YUBOCTU PACTEHMM K MAaTOT€HaM M YMEHBIIEHMsI 3aBUCHUMOCTH OT CHHTETUYECKHX
XUMHUKATOB.

Cnucok aureparypsbl:

1. A. K. M. Mominul Islam, Joshua R. Widhalm. // Agricultural Uses of Juglone:
Opportunities and Challenges. — 2020. - 10(10). — 1500.

2. Alice M. Clark, Tannis M. Jurgens, Charles D. Hufford. // Article Antimicrobi-
al activity of juglone. Phytotherapy Research. — 1990. -Volume 4, Issue 1. - p. 11-14.
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AHHomayun: 6 cmamove npugedeHvl pe3yibmamsl UCCe008aHULL USMEHEHUs NI0WAOU KILemOK -
cma mMamsl n00 pa3uvbiMu cnekmpamu céema. Ilpoeeden KpumuyecKutl aHaiu3 IumepamypHuix Oa-
HblX. Buloeneno neckonvko baxmeputl, peakyus KOMOpbIX, HA USMEHEHUs. C8eMO08020 CNeKmMpd, APKO
ompasunacy Ha pe3yrbmamax uccie008aHul.

Knwuesvie cnosa: BNussHUE CBETA, CHHUN CBET, KPACHBIN CBET, POCT, YUCIEHHOCTD, BOJOPOCIIH.

Beenenmue:

Msra nepeunas (Mentha piperita L.) — MHoOrosieTHee TpaBSHHUCTOE JieKap-
CTBEHHOE pacTeHHE ceMelcTBa SICHOTKOBBIX, U3 CBEXKECOOpaHHOW HAI3eMHON MacChl
KOTOPOM MOJTy4yaroT 3QUpHOE MACIIO, KOTOpoe 00J1a1aeT YMEPEHHBIMU CEIaTUBHBIMU
cBorictBamu [5]. B Poccuiickoit @enepanuy pacTeHHs] MATHI BBIPAIIMBAIOT B YCIOBU-
X 3alIUIIEHHOTO TPpyHTa. B 3THX yCIOBUSX OCBEILICHHE SIBISIETCS OJHUM M3 BaXK-
HeHmmX (PaKToOpoB, BAUSIONIMX HA MPOAYKIIMOHHBIN mporecc. Tak ke Jyuisl moBblIIe-
HUS YPOXKAWHOCTH MPUMEHSIOT OHOCTUMYISTOPBL. Y-PGA SAP - 3TO monydeHHBIH
MyTeM MHUKPOOHOH (epMEHTAIMH MOJUIENTH I, KOTOPBII UCIIONB30BaIU Ha PAe ¢/X
KynbTyp. Ha nanueiit MomeHT undopmaruu o0 ucnoias3oBanuu y-PGA SAP nipu BbI-
panuBaHuy YQUPOMACIUYHBIX KYJIbTYP HEAOCTATOUHO.

Heabro HalIero UCCIeI0BaHUA SIBISUIOCH U3YYEHUE ME30CTPYKTYPHOM OpraHu-
3alMM KJIETOK SMUAEPMHCA, CTOJI0YATON U Iy0UaTOl MapeHXUMBbI KJIETOK JUCTa MSTHI
MEepeYHON copTa ApOMaTHOE HACIAXKIECHUE NPHU BO3JAECHCTBUU OCBELIECHUS B COYETAa-
HUU C IOTIOJHUTENbHBIM NpuMeHeHneM yY-PGA SAP.

MarepuaJibl M MEeTOAbI HCCJIEIOBAHUA:

Pactenuss MATBI nepeyHOM copTa ApPOMATHOE HACHAXICHUE BBHIPAIMBAIN B
KOHTEeWHepax npu 0eroM, KpaCHOM U CHHEM CIIEKTPE — CBETOBOM JeHb 16/8 4. u Tem-
nepatypubiMu  ycnoBusimu  26/22 °C B ®I'BHY «Bcepoccuiickoro HaydHO-
MCCJIEI0BATENbCKOTO MHCTUTYTA CETbCKOXO035UCTBEHHON OMoTexHOoNMoTumn». B skcme-
puMeHTe ucnoiib3oBanu 1o 30 pacteHuid. [loJoBHMHA W3 KOTOPHIX HA CTaAUU BErera-
1My ObUTH JABYKpaTHO oOpaboTanbl pacTBopoM mnentuaa y-PGA SAP B koHieHTpa-
uuu 10 MeTonoM BHEKOpPHEBOM moakopMku. I1o 5 0O6paboTaHHEIX M 5 He 00pado-
TaHHBIX PACTEHUN MOMENIATM B Pa3IUYHbIE CBETOBBIE yCioBHUA. sl mpoBeneHUs
CBETOBOI MUKPOCKOIMHU MPOBOAWIIN (PUKcalHio (pparMeHToB JucTa B 2,5%-HOM pac-
TBOpe raytapoBoro ainpaeruaa Ha 0,1 M gocdarnom Oydepe, mokazaTesinb KUCIOTHO-
CTH KOTOpOro paseH 7,2, ¢ nobasnenuem 1,5%-Hol caxapo3bl B TeueHue 24 4. u J10-
¢uxcupoBamu 1%-ubpiM pactBopom OsOs. BrnocneactBum o6pasipl 00€3BOKUBAIH
MIPOBO/JIA YEPE3 CHUPTHI BO3PACTAIONIEH KOHUEHTpAIMU U 3aKJII0Yajd B CMECh SIOH-
apaJIUTHBIX cMoJl. [1omane KJIeTok onpeaesisyii ¢ TOMOIIBIO TPOrpaMMHOro odec-
neyenust Cell A. [[ns xaxgoro BapwanTa ObUIO TIpoaHaIu3UpoBaHO HE MeHee 150
KJIETOK Ka)KJIOTO TUIIa TKAHU OT 3X HE3aBUCHUMBIX IPOPOCTKOB.

PesyabTartsl:

Ha monyToHKHMX MOmepedHbIX cpe3ax Oblia u3ydeHa ME30CTPYKTypa JINCTa M-
ThI IEPEYHOI cOpTa ApOMAaTHOE HACIAXKIEHUE B YCIOBUAX PA3IMYHOIO OCBELICHUS.
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B xoje uccnenoBanust ObUIM MOKa3aHbl U3MEHEHHUS TUIOMIAAN KIETOK Pa3IMYHbIX TH-
MOB TKaHEH JINCTOBOW IMJIACTUHKH. Tak, MpU CHHEM CBETE U MpH 00padOTKe MeNnTH-
noM y-PGA SAP oOHapyxkeHbl HanOoJIblliee YBEIUYEHUE TIOMIAJAN BCEX U3YUYCHHBIX
TUTIOB KJIETOK: BEPXHETO SMUACPMHCA, CTOJIOYATOTO Me3odmuia, Ty04aToro mMe3o-
bumta ¥ HWKHETo Anuaepmuca. Hammenbimas 1uionmanas BEPXHUX SMHACPMaTbLHBIX
KJIETOK ObLTa OTMEUEHA y PAaCTCHUH, BBIPAIIEHHBIX MPU KPACHOM CBETE, KaK ¢ 100aB-
JICHUEM TEeTNTH/Ia, TaK U 03 HeTO. Y PacCTeHUH MSATHI, KyJIbTUBUPOBABIIUXCS TIPH Oe-
JOM crnekTpe 0e3 J00aBieHUsl TMENTH]Ia, BbIIBICHA HaMMEHBIIAs IJIOMIAb KIETOK
cTosiouaroro mezopuia. HauMensinas miomaas ryoyaToro Me3oguiia nokazana y
pacTeHUM MSTHI, MOJBEPKEHHBIX KPACHOMY CBETY KaK C MENTUAOM, TaK U 0e3 Hero.
IIpu Bo3nelicTBUU KpacHOTO U Oesoro cBera 6e3 J100aBieHUs TeNTHIa ObLIn 0O0Ha-
PY’KE€Hbl HAaMMEHBIIINE MOKa3aTeNM IO KIETOK HIKHETO snuaepmuca. Buisas-
JICHHBIE MU3MEHEHUS TUIOMIAAMN KJIETOK TKAHEH JTUCTa MSAThI IEPEYHON MOTYT MCIIOJb-
30BaThCs IS PETYISITUU MOP(POTOTUIECKUX XapaKTEPUCTHK JIUCTA.

Tabmuna
[Lnomans KIETOK JINCTA MSIThI

Bepxuwuii onu- | CronOuarenii | ['yOuatsiit me- | Hwknuit smu-
JIEPMHUC Me30( LT 30¢umn JIEPMHC
IImomane, IImomane, ITmomane, IImomane,
MKM? MKM? MKM? MKM?
Benwlii cer cymMMa 13721,4 18019,0 31734,0 7957,3
Cp.3Ha4 370,9 268,9 2519 176,8
benblii cBeT | cymma 3632,5 7828,8 12981,2 3014,6
C TICTITHIOM
Cp.3Ha4 330,2 412,0 249,6 201,0
Cuttinii et CyMMa 9094,2 17313,2 14936,5 1953,4
Cp.3Hau 303,1 467,9 219,7 195,3
Cununii cBeT cymma 11496,6 18862,7 30975,4 9863,2
C NCNTHIOM Cp.3Ha4 499,9 571,6 418,6 318,2
Kpachsbiit cymMma 14847,7 26885,8 29420,8 8960,0
CBET Cp.3Ha4 285,5 358,5 210,2 165,9
KpacHerii CyMMa 22907,7 37212,0 44139,5 17133,3
CBET C IIell-
THIOM Cp.3Hau 290,0 471,0 231,1 225,4

DHeprus COJTHEYHOTO CBETa HEOOXOAMMAa PACTCHUSM Jisi (OTOCHHTE3a, a TaK-
’Ke poCcTa U pa3BUTHUSA, OJIHAKO, (POTOCHUHTE3 CBOMCTBEH HE TOJILKO PACTEHUSIM, HO U
APYTUM OpTraHu3MaM, TaKHUM KakK [IHaHOOAKTEpUH, 3eJIeHbIe, MMypIypHbIE U renno0ax-
tepuu [1].

CrexTpanbHbIii cocTaB (HOTOCHHTETHYECKH akTUBHOW paauaruu (DPAP) pas-
JIMYEH AJI Pa3HbIX TPYNI MUKPOOPTaHU3MOB M 3aBUCHUT OT Habopa mUrMeHToB. Ok-
cuUreHHbIN (poTocuHTE3 (IMaHO00aKTEpUH, MTPOXIOPOPUTHI) BO3SMOKEH B IUAMA30HE OT
300 o 750 uM. Y atEx OakTtepuit xymopodhusr a u b, ¢ MAKCUMYMOM TOTJIOMIEHUS
680-685 u 650-660 HM, COOTBETCTBEHHO. Y MHMaHOOAKTepUid (UKOOMIUIPOTEUbI
(KpacHble U CHHHME MUTMEHTHI) MOrJIoWatT cBeT ¢ JiuHo 450-700 HM. AHOKCUTEH-
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HBII (poTocuHTe3 (IMypHypHBIe, 3eeHble OakTepun) — B auanazone ot 300 go 1100
HM.

Y Bcex (OTOCHMHTE3UPYIOMINX MPOKAPHOT IOTOJHUTEIbHBIE CBETOCOOHpAIO-
[[1€ TUTMEHTBI — KAPOTHHOW/IBI, ITOTJIOMIAIOIINE CBET B CUHEN U CUHE-3€JICHON YacTH
criektpa (450-550 um) [2].

M3MeHeHue CreKTpa CBeTa U UCIOJb30BaHUE PA3IUYHbIX IBETOB CBETA YBEIHU-
YUBaET POCT (POTOCHHTETUYECKUX MHUKPOOPraHU3MOB, BKIIOYAsi MHKPOBOJOPOCIH.
Pesynbratel uccnenosanus JI. Heman, 2024 noka3zaiu, 4To UCIOJIb30BAHUE KPACHOTO
cBeTa ¢ JUIMHOU BOJHBI 150 MUKpO(DOTOHOB Ha KBaJpaTHBIM METp SBISETCS KIIOYe-
BbIM (DAKTOpOM, BIIMSAIONIMM Ha CKOPOCTh pocTa (POTOCHHTETHMYECKUX MHUKpPOOpra-
HHU3MOB, 0COOCHHO MUKPOBOAOpOCIEi [4].

UccnenoBanus K. CrpenpaukoBa u K. KopisikoBa, 2015 noka3anu, 4To cuHe-
3eJIEHbIE BOJOPOCIHN Pa3JeisaioT pa3Hble CIIEKTPhl CBETOBOTO AMara3oHa U Cpeiu pas-
JMYHBIX TaKCOHOB ObLJIa BBISIBJICHA Y3KOCHEIUAIU3UPOBaHHAs (opMa BOJOPOCIEH —
xJyopesuia. Po ximoperia ObuT 3aMKCUPOBAH JIMIIB 0] CHHAM CIieKTpoM [ 3].

3akio4yeHnue:

[Ipu BIUSHUM CHUHETO M KPACHOTO CBETA YBEJIMYWIACH IUIONIA/lb KIETOK CTOJIO-
4aTOro Me30(nsuIa JUCTHEB MATHI (CUHUH CBET Aasl 00JbIni 3((EKT, IO CPaBHEHUIO
C KpPAacHbIM), B TO BpeMs KaK IUIOLIAJb KJIETOK BEPXHETO AMUAepMHca Obljla MEHbIIIE.
KpacHblil cBET BbI3bIBAI HHTHOMPOBAHUE POCTA KIETOK I'y04aToro me3ousia B Bbl-
coty. C no6aBieHreM MenTuja Mmiomaab KJIETOK CToI04aToro Me3ohuiia yBeaIudu-
nach 6osee yeM Ha 50% 10 CPaBHEHHUIO C IUIOIIAJbIO KJIETOK B HOPMAJIBHBIX YCIOBU-
ax ocpelleHusl. CUHUI CBET ¢ 100aBlIeHUEM NENTHIa OKa3zajl HauOoJIbLIee BIUSHUE
Ha yBEJIMYEHHE IUIONIA/IM BCEX M3YUYECHHBIX TUIOB KiIeToK. KpacHslil cBeT ¢ nobasie-
HUEM NEeNTHa MOBIMUSII TOJIKO Ha YBEJIMYEHHUE IUIOMIAIU KJIETOK CTOJI0YaToro Me-
3o¢umia. Hambonee OT3bIBUMBOII Ha W3MEHEHUS CIEKTPAIbHBIX XapaKTEPUCTUK
OCBEIIEHUS 10 HAIIUM JaHHBIM SIBJISIETCS CTOJI0UATASI MTAPEHXUMA.

BnusHue Ha TPOAYKTUBHOCTH MUKPOOPTaHU3MOB OKa3bIBA€T CIEKTPAJIbHBIN
cocTtaB (POTOCUHTETUYECKH aKTUBHOM panuanuu (PAP) u oH paziauyeH s pa3HbIX
rpynn MUKpPOOpPraHu3mMoB. M3 mpuBeIEeHHBIX NPUMEPOB MCCIEIOBAHUN MOYXHO CKa-
3aTh, YTO MCIIOJIb30BAaHUE KPACHOTO CBETA BIMSAET HA POCT MUKPOBOJIOPOCHEH, B TO
BpeMs KaK CHHUI CBET OKa3bIBAET BIMSHUE HA POCT XJIOPEJLIL.

OO0111e 3aKOHOMEPHOCTH B UYBCTBUTEJIBHOCTU K CHEKTPAIbHOMY COCTaBy, 00-
HapyXKEHHbIE Y MUKPOBOJIOPOCIIEH, XJIOPEIUT U JTUCTHEB MATHI OOBACHAIOTCS HAJINYU-
€M CXOJCTBa MEXIY HUMHU M BXOISLIMM B COCTAaB PACTUTENBHOW KIIETKH JPEBHUM
HH0CUMOMOHTOM XJIOPOIUIACTOM, MPOUCXOAIINM OT [IMAHOOAKTEpUaIbHON KIIETKH.
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MOJIEKYJIAPHBIE MEXAHU3MbI YCTOUYUBOCTU PACTEHUU K
PA3JIMYHBIM HEBJIAT'OIITPUATHBIM CTPECCOBBIM ®AKTOPAM

Capicesckan Eea Anexceeena, cmyoenmka 1 kypca Hncmumyma azpoduomexnono-
euu, @Irboy BO PI'4y-MCXA UMeHU KA. Tumupsszesa,
sarzhevskayaeva@yandex.ru

(Hayunwiii pykosooumenv — HYepeonuuenko Muxaun FOpvesuu, K.0.H., doyenm, 00-
yeum xageopwvr ouomexrnonocuu PI'bOY BO PI'AY-MCXA umenu K.A. Tumupssesa,
cherednichenko@rgau-msha.ru)

Annomauusn: B coepemennoll ammocghepe co0epicumcs 8biCOKoe KOIU4eCcmeo yeleKucio2o 2asd,
KOMOpblll co30aem IKCmpemManbHvle Ycaosus 0 pacmenuu. Ymobvl pewiums npobaemy uzmeHneHus
KIUMAma, yueHvle Uzydarom Mexamu3mvl dNeKMPULecKUX CUSHAL08, NOOAIAIowUx gomocunmes,
cozoarom pacmenus, Komopwvie 0yOym KOHYEHMPUpOo8ams U30blmKu y21epood 8 C80UX KOPHAX, U
uccredyom geujecmasa, eiusiowue Ha HanpaegienHue pocma KopHell.

Knroueewie cnosa: rnobanbHOE MOTEIUICHUE, YITIEKUCIBIN a3, ajanTaius, MEXaHu3M 3JIeKTpuye-
CKHX CUTHAJIOB, HAKOIJIEHUE YIJIepoJia B CyOepuHe, apXUTEKTypa KOPHEBOM CHCTEMBI

AKTYyaJIbHOCTh

['moGanbHOE W3MEHEHWE KiIuMaTa TMPEACTaBiIsSeT Cco0oil  yrpo3y s
CYLIECTBOBAHMSI PACTEHUH, KUBOTHBIX U Jtofed. CIUIIKOM MHOrO arMoc(epHOro
yriaepojila TOBBIIAET TEMIEPATypy IO BCEMY MHUPY, BbI3bIBasi CMEPTOHOCHBIE
IITOPMBI, KaTacTpopuYeCcKue HABOJAHEHHMS U TOCTOsHHbIE 3acyxu. CokpalieHue
BBIOPOCOB  YIVIGKMCJIOrNO Ta3a B arMocdepy TMOKa HE JOCTUIJIIO  Jaxe
3aMJIaHUPOBAHHBIX MEXKIYHAPOAHBIMU JIOTOBOpPAMU IOKA3aTeNe, © MHOTUE CTpaHbI
3HAYUTETHHO MPEBBIIIAIOT CBOM KBOTHL. [103TOMY riobanbHOE MOTEMIeHHe KiIMMaTta
B OJiv>Kaiilee BpeMsi He MPEeKpaTUTCs. ITO 03HAYaeT O0JbIlIe CKAYKOB TEMIIEPATyPhI
KaK B CTOPOHY IOXOJIOJIaHHUS, TaK U B CTOPOHY Kapbl, YTO CO3/aET IKCTPEMaIbHbIC
YCIOBUSL W TpEACTaBiseT co00il  CcepbE€3Hyl0 yrposy Ui — TJI00abHOM
MPOJOBOJILCTBEHHON 0€30MacHOCTH. VI3MeHeHHs KiauMaTa MOTYT HampsMyIO BIIUATH
Ha TPOJOBOJIBCTBEHHBIE CHUCTEMBI, COKpallas IPOU3BOACTBO U T€HETHYECKOE
pa3Ho00pa3ue CeNbCKOXO3SHUCTBEHHBIX KYJIbTYp M UX AUKUX POACTBEHHHUKOB, TEM
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cambIM B ellle OOJIbIIEH CTENEHU yrposkas rojoloM OBICTPOPACTYILEMY HACEJIEHUIO
mwianetel.  [loaToMy odeHb BaxkHO  pa3pabaTbiBaTh  METOAbl  aJanTaluu
CEJIbCKOXO3SIUCTBEHHBIX KYJIBTYp K HEOIArOMPUATHBIM BO3ACUCTBUAM CPEJIbI.

OauH U3 anbTEepHATUBHBIX MEXAaHU3MOB IANTALMM PACTEHUA K HEOJaronpu-
ATHBIM YCJIOBHSIM CpPelbl ObLT OTKPBIT poccuiickuMu yueHbIMH B 2023 roay [5]. OHu
ONPENECIWIA MEXAHU3M 3JIEKTPUYECKUX CUTHAJIOB, KOTOPBIE T€HEPUPYIOT PACTUTENb-
HbI€ KJIETKM B OTBET HAa BHEIIHWI CTUMYJ, YTOOBI JOHECTH JO OCTAJIbHBIX YacTel
pacTeHus MHPOPMALUIO0 00 OMAaCHOCTH. DTHU CUTHAJbl CHUXKAIOT aKTUBHOCTH (OTO-
CHUHTE3a, YTO MOJArOTAaBIMBAET OPraHU3M K MEPEXOy B PEKUM BBIKHUBAHUS BO BpEMs
3aCyXH, BBICOKOM MHCOJISILIUU U TEMIIEPATYPHI.

AKTyaJIbHOCTbh UCCJIEJOBAHUS COCTOUT B TOM, YTO MOTEHIIMAIBHO TAKUE DJICK-
TPUUECKHUE CUTHAJIbI MOKHO MCIOJIb30BaTh /ISl COXPAHEHUS CEJIbCKOXO3SHCTBEHHBIX
KYJIBTYP B KCTPEMAJIbHBIX YCIOBHSIX.

DNeKTpuYecKre UMIYJIbChl BO3HUKAIOT B PE3yJIbTaTe U3MEHEHHS KOHLIEHTpa-
LIMM MOHOB BHYTPU U CHApYXHU PACTUTENbHON KieTku. CmelleHue OajnaHca MOHOB
MPUBOANUT K JEHOJSPU3ALMK WM TUNEPHOIAPU3ALUA — HAKOIUICHUIO IMOJIOKUTEIb-
HOTO WJIM OTPULATEIBHOTO 3apsiia BHYTPH KJIETKH COOTBETCTBEHHO. DTH MU3MEHEHUS
Janee pacnupoCTPaHSIOTCA MO PacTUTENbHBIM TKaHsAM. Takum oOpa3oM, HE MOCTpa-
JABLIME TKAHU MOTYT «IIOATOTOBUTHCS» U 3aITyCTUTh 3aL[UTHBIE MEXAHU3MBI.

Panee yud€Hble mpenmosiarajiy, 4YTo pacTeHUE NEPEeNaéT CUTHAIbl B OCHOBHOM
gyepes3 JACHOJSPU3ALMIO — JACTOJSPU3ALUOHHBIE JJIEKTpUUYECKHEe CUTHaIbl. OmHAKO
MOJIOOHBIN THUIl CUTHAJIM3AlMU HAOJIONAJC] UCKIOUYUTEIbHO B KPUTUYECKUX CUTYa-
nusx, Hanpumep, npu oxore. B 2009 rogy yuéHble 0OHapy>KUIH, UTO PACTEHUS TaK-
K€ MOTYT IlepeAaBaTh CUTHAJ IPH [MOMOIIH TMIEPNOISPU3ALNY, HAIPUMED, B OTBET
Ha JETKOE MOBPEXIeHUE TUCTheB. Ha JaHHBIN MOMEHT 3HAUUMOCTh U (pu3HoIOTHYE-
CKasl pOJIb 3TOT0 TUIA CUTHAJIM3ALMH 10 KOHI[A HE U3yYECHBI.

['pynma yu€neix m3 HamumonansHOro mccnemoBatenbckoro Huxeropoackoro
rocyaapctBeHHoro ynuepcutrera umenu H.U. JlobaueBckoro (Huxuuit Hosropon)
MPOJIEMOHCTPUPOBAJIA, YTO TUIEPHOJIIPUZALMOHHBIE ANEKTPUUYECKUE CUTHANBI — OT-
BETHAsl peaKIUsl pacTeHUIl Ha cialble pa3gpa’kKUTEIu, XapaKTepHbIE JJI1 €CTECTBEH-
HBIX PUPOIHBIX YCIOBUM, HanpuMep yMepeHHblil Harpes (okoiio 40 °C). B naHHoi
paboTe 3TH y4E€HbIE UCCIENOBANIM, KAK UMEHHO TUIIEPIOJIIPU3ALIMOHHbBIE YJIEKTpUYe-
CKHE€ CUTHAJIbI BIUSAIOT HA PACTEHUS.

B xadecTBe OCHOBHOIO MOKa3aTessi COCTOSHUSL OpraHu3Ma BbIOpain (OTOCHH-
T€3, TAK KaK 3TO KIIFOUEBOW NPOLECC KUZHEAEATEIbHOCTH PACTUTEIBHBIX OpraHU3-
MOB. OLIEHUTh aKTUBHOCTh (POTOCHHTETUYECKUX PEAKIUN MOMXHO HCXOJS U3 TOrO,
HACKOJIBKO (()EKTUBHO PacCTEHUE UCIIOJIb3YET COJIHEUHYIO 3Hepruto. YacTe e€ 3amna-
caeTcsl B XUMUYECKUX CBSI3X OPraHUYECKUX COCAMHEHUU, a U3OBITOK M3ITy4aeTcs B
BUJIE HEBUIMMOIO IJa3y cBeueHus — QuyopecueHuuud. Ecim monydaemas u3BHE
sHeprus OyAeT CIMILIKOM BeJHKa (HampuMep, U3-3a CIUIIKOM U30bITOUHON OCBELIEH-
HOCTH), TO OHa MOKET 3aIllyCTUTh pa3pyLIUTENbHbIC HAJIA pacTeHus: mpouecchl. Jlis
3aIUThl (POTOCUHTETUYECKOIO aliapaTa SHEPrus TPaTUTCS APYTHUM MyTEM, a UMEH-
HO, paccenBaeTrcs B BUAE Tema. B pesynbrare QuiyopecieHys yMeHbllIaeTcs, U Ta-
KMM 00pa3oM MOXHO OLIEHUTb, HACKOJIBKO BEJIMK CTPECC JJIsl pAaCTEHUSI.
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B skcniepumenTe yu€Hble coueTann ymepeHHbI HarpeB (0kojo 40 °C) u o0my-
YeHHE CUHUM CBETOM, YTO MOKET HAOJIOJAThCS B PEAbHBIX YCIOBHSIX IMPH Kape U
3acyxe. Kpome Toro, ecTh JaHHbIE, YTO CUHUN CBET 3aIyCKaeT BOJIHY JJIEKTPUUYECKIX
UMITYJIbCOB B PACTUTENbHON TkaHuW. DimyopecreHinio xjaopoduiuia (GpuKCHpOBaIH
[IPU TIOMOIIU CTICHUATbHON KaMephl. DIEKTPUUECKUE CUTHAIIBI U3MEPSITUCH AJIEKTPO-
JaMH, KOTOpbIE KOHTaKTHUPOBAJIM C PACTUTEIbHOM TKAHBIO B 30HE OONyueHUS U
HarpeBa. Takxe MCCIeOBaTeIN MPOAHAIM3UPOBAIN W3MEHEHHE (PU3MOIOTHIECKOTO
OTBETa PACTEHHUs Ha Pa3IpakKUTeNu MoJ BiIusiHueM 3acyxu (7 wiu 14 cytok 6e3 mo-
JIMBA).

Pe3ynpTaThl paboThl MOKa3aid, YTO B Pa3HbIX KOMOMHALMSX JIOKAIBHOE IO-
BBIIIICHHE TEMIIEpaTyphbl U BO3ACHCTBUE CBETa CTUMYJIMPOBAIM PACTEHUSI K IreHepa-
MU TUNEPIOSIPU3AUOHHBIX JJIEKTPUUECKUX CUTHAJIOB, B TOM YHCIIE U MPU yMe-
peHHoit 3acyxe (7 cyTok 0e3 Bojbl). VX BbIpaK€HHOCTH OblIa HAIPSIMYIO CBSI3aHA CO
cHkeHueM 3¢ dextuBHOCTH (hoTOCcHHTE3a. IHTEpecHo, YTO B YCIOBHSIX CHIIBHOM 3a-
cyxu (14 cyTok 0€3 BOJibl) 3apEeTUCTPUPOBAHHBIC CUTHAJIBI ObUIM MEHEE MHTEHCHUBHHBI,
1 U3MEHEHUH B (POTOCMHTETUYECKUX PEAKIUSIX HE HAOII0JAI0Ch, YTO MOJITBEPIUIIO
UX y4acTue B PEryJsiuu GOTOCHHTE3a PACTCHHUS.

Y4éHble cenany BbIBOJI, YTO MCCIIEOBAHHBIE CUTHANIBI UTPAIOT BAXKHYIO POJIb
B aJaNTaliy K HEOIAronpusITHBIM, HO B I[EJIOM TIEPEHOCUMBIM YCIOBHSIM cpebl. OHU
MOJIaBISIOT (POTOCHHTES, UTO MIOMOTAET PACTEHUIO BMECTO POCTA M PA3BUTHSA MEPEUTH
B SHEprocOeperarumili pexum. JJonoaHUTenbHO yAaloCch MOKa3aTh: €CJIM Ha pacTe-
HUE JEHCTBYIOT CHJIbHBIE pa3fpa)KuTed, TO Nepejaya CUTHajIoB 00 OMacHOCTH Mpo-
UCXOJIUT YK€ IPYTUM IyTEM.

WNuunnuatuea Harnessing Plants Initiative (HPI) B CILIA — 3T0 nHHOBaIIMOHHBIH
MO/IX0/1, OCHOBaHHBINM Ha CYIIECTBYIOIIMUX Ha 3eMJie MEXaHU3MaX XpaHCHHS YIJIepo-
71a, KOTOPBIN MOMOTAET PEUIUTh MPoOJIeMy M3MEHEHUsl KiaumaTta. YToObl COXpaHUTH
OoJbIIe yraepoaa B 3eMJie M COXPaHUTh €ro B KOpHSX, yueHble u3 Comka pa3zpadaThl-
BalOT HOBOE MOKOJICHHE CENIbCKOXO3SIICTBEHHBIX M BOJHO-OOJIOTHBIX pacTeHuit ¢ 60-
jee TIIyOOKHMMH, MacCCUBHBIMH KOpPHSIMH M 00Jie€ BHICOKUMH KOHIICHTPAIMSIMH T10-
TJIOIIAOIIETo yriiepo cyoepuna. K coxkanenuro, 3To XpaHeHHE yriiepojaa 9acTo HO-
CUT BpeMeHHBIH XapakTep. Korma pacTeHuss OTMHpalOT U pasjararorcs, Ooiblias
94acTh ITOTO yIIepoa BO3BpalaeTcs B atMocdepy.

HPI cocrout u3 nByx nporpamm [1]:

- CRoPS (CO2 Y nanenue B miiaHeTapHOM MacIITade), 1eIbl0 KOTOPOTO SBIIS-
€TCsl BBIpAIIMBAHUE CEIIbCKOXO3AMCTBEHHBIX KyNnbTyp mToa Ha3zBanuem Salk Ideal
Plants®, koTOpbIE MOTYT JIOJIbIIIE COXPAHATH OOJIbIIIE YyTIEpOia B 3eMJIe.

- CPR (Boccranonenue npuOpekHBIX pacTeHUi), padoTaromas HaJl TeHeTU-
4eCKH OOOCHOBAHHBIM BOCCTaHOBJIEHHEM U COXPAHEHHEM BOJHO-OOJOTHBIX YTOIMiA
MHpa, KOTOPBIEC EHCTBYIOT KaK 3HAUUTEIbHBIC MOTJIOTUTENH YTIIEPOIa.

B Hacrosimiee Bpems ncciaenoBaTeNd MPOBOIAT TIIATEIbHBIE NCCIIETOBAaHUS Ha
MOJICJIBHBIX pacTeHusix, Takux kak Arabidopsis thaliana u Nelumbo nucifera, uro0sr
MOHSITh TEHETUYECKUE CUTHAJIBI, KOTOPBIC YIPABIISIIOT COACPKAHUEM CyOepHrHa, Mac-
COM U rTyOMHOUM MPOHUKHOBEHHUSI KOPHSA B IOYBY.

VYuénsie Uucturyra Salk (CIJA) Hanu reH, KOTOPBIA ONpeNeNsieT, pacTyT
KOpHH BTIyOb WM BIIMpb. OH HampsIMylO BIMSET Ha POCT U (POPMHUpPOBAHUE apXU-
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TEKTYpPbl KOPHEBOM CHCTEMBI IyTEM KOHTPOJISI TPAHCIIOPTUPOBKH aykcuHa [4]. AkTy-
AIBHOCTH OTKPBITUS B TOM, YTO OHO HE TOJIBKO IO3BOJUT KOMaH/E CO3aBaTh pacTe-
HUS, KOTOpPbIE MOTYT pa3BUBaTh OoJiee rIyOOKYI0 KOPHEBYIO CUCTEMY, YTOOBI B KO-
HEYHOM HTOT€ HAKaIUIMBaTh OOJIbIIE YIIepoaa, HO U MOMOKET YUCHBIM MOHSATH, KaK
pacTeHus CIPABIAIOTCS C CE30HHBIMU KOJIEOAHUSIMHU KOJMYECTBA OCAJIKOB U Kak MO-
MOYb PACTEHUSM aJJalITUPOBATHCS K U3MEHSIOLIEMYCS KIIUMATY.

B cBoux HcciienoBaHusAX YUEHBIE UCIIOIB30BAIM CaMOE MOMYJISIPHOE PACTEHUE
B Ouostoruu — apaduaoncuc (Arabidopsis thaliana). C ero momorpio OHU UACHTUU-
[IUPOBAJIA T€HbI U UX COYETAHMsI, KOTOpPhIE BIUSIOT Ha BBHIPAOOTKY rOpMOHA Kiiacca
ayKCUHOB — HUHJOJIUI-3-YKCYCHOM KUCIOTHI. DTOT TOPMOH OTBEYAET 3a POCT pacTe-
HUH, B TOM 4yucJie 3a GOpMHUPOBaHUE KOPHEH.

st Toro 4ToOBl HAOMIOIATh 32 POCTOM U Pa3BUTHEM KOpHEH apabujorcuca,
OB pa3palboTaH cHelHalbHBIA METO/ UCCIEAOBaHUN KOpHEH B moyse. Jleno B ToM,
YTO KOPHU B MPHHIIMIIE CIOKHO HaOMIonaTh, a y apabuaorncuca OHHM emié U OYEHb
Menkue. [Ipobnemy pemmnu paspe3aHueM pacTeHUH BAOJb, YTO MO3BOJUIIO C OAHOU
CTOpPOHBI BUAETH MPOPUIL KOPHEH, a C IPYroll — U3MEPSTh YPOBEHb UX Pa3BUTHS B
MOYBE.

B wrore ren ycnemno sokanmm3oBanu ¥ HazBaim ero EXOCYST70A3. On
HaIpsIMYyIO BIMSAET Ha POCT U (POPMUPOBAHUE APXUTEKTYpPbl KOPHEBOU CHCTEMBI ITy-
TEM KOHTPOJISI TPAHCIIOPTUPOBKH ayKCHHA. B cBOIO odepeib, KOHTPOJIb IyTEN TpaHC-
noptupoBkn EXOCYST70A3 ocymiectBisier ¢ nomombio Oenka PIN4, xoTopsiit
BIIMSET Ha nepemenieHus aykcuHa. Korga yuénsie uzmenunu reH EXOCYST70A3,
OHM OOHApYKWJIM, YTO OPUEHTAIlMs POCTAa KOPHEBOM CHUCTEMbl MU3MEHUIIACh, 4 CaMU
KOPHU CTaJIM MMPOHUKATH TIIyOKE B MOYBY.

VY4éHble 0TMEUAIOT, YTO OMOJOTHYECKHE CHCTEMbI OYEHb CIIOXKHBI, MO3TOMY
TOYHO OMpenenuTh YPPEKT coueTaHusi MOJICKYJISIPHBIX MEXaHU3MOB U OTBET Ha W3-
MEHEHHUS OKPY’KAIOIIeH cpebl oKa Helb3d. TeM He MeHee caMOo MO0 ce0e OTKpBITHE
TAaKOro reHa U MEXaHU3MOB €ro BIMSHUS HAa POCT KOPHEH — ATO YK€ BaXKHBIM IIar K
MOHUMAaHUIO, KaK MOXHO aJalTUPOBATh KYyJIbTYpPHbIE PACTEHUSI K U3MEHEHHIO CPEJIbI
MX OOMTaHUs C TOMOLIBIO BIUSIHUS HA TPAHCIIOPTHUPOBKY ayKCHHA.

VYyensie Conka 0OHAPYKHUIIU, YTO BHICOKOKOHCEPBATUBHBIN CUTHATIBHBIM MyTh
ATUJIEHA MOKHO HMCIOJIb30BaTh ISl KOHTPOJS HAlpaBJieHHUs pOCTa KOpPHEH, 4To, B
CBOIO Ou€pe/ib, CO3JaeT Ooiiee TITyOOKHEe KOPHEBBIE CUCTEMBI, KOTOPBIE YIEPKUBAIOT
yIIAepoA U YIAISIIOT YIJIEKUCIbIN ra3 u3 arMocdepsl. B nccnenoBanuu Obl1o nokasa-
HO, YTO TOPMOH ITHJIEH YYaCTBYET B PETYJIMPOBAHUU YTJIOB 3aKIaJKU OOKOBBIX KOP-
Hel, KoTopble (OPMUPYIOT KOPHEBYIO CUCTEMY, YTO J€JIA€T NOJyUYEHHbIE PE3yIbTaThl
OTKPBITHUEM ISl TOTEHIMAIbHON ONTUMHU3ALUN APXUTEKTYPbI KOPHEBOW CUCTEMBI.

Janee xoMaH/1a 3aMEeTUJIa, YTO T'€Hbl CUTHAJIBHOTO MYTH 3TUJIEHA aKTUBUPOBA-
JUCh B OTBET HA MOJIEKYJIy MeOEH1a30J1a, U, B CBOIO OYEPE/Ib, 3TOT IyTh BhI3bIBAJI pe-
3yJIbTUPYIOIIME MU3MEHEHUS B pOCTe KOpHEW. buoxmmuueckoe uccieqoBaHUE ATOU
CBSA3M I0OKa3ajo, 4To MeOEH1a30J1 UHTMOUpPYET aKTUBHOCTh mporenHkuHa3zbl CTRI.
OTOT (hepMEHT OTPULIATENILHO PETYIUPYET Mepeaady CUrHAIOB 3TUIIEHA, YTO, B CBOIO
odepellb, CHOCOOCTBYeT OOpa30BaHUIO IMOBEPXHOCTHOM KopHeBOW cuctembl. [lo-
CKOJIbKY Iepefadya CUTHAJIOB 3TUJIEHA SBIISIETCS IIMPOKO KOHCEPBATHBHBIM IPOILIEC-
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COM Yy Ha3eMHBIX PAaCT€HUI, BO3JCHCTBUE HA STUIICHOBBIN MYyTh SBJISETCS OYEHb MHO-
roO0€MIAIINM METOJIOM UH)KEHEPUN KOPHEBOM CUCTEMBI. [2]

Co3znianne 3acyXOyCTOMYHMBOIO, CBSI3bIBAIOLIEIO YIIEPO COPTa COPIo JJIs BbI-
pamuBanua Ha 3emisax B FOxuoi Kamudoprunm — 310 vyacte mpoekra MHCcTHTYTA
Counka, kotopbiii Obu1 aHoHcupoBaH B 2020 roxy [3]. [To MHEHHIO CHICIIHATUCTOB
HaygHoro areHTcTBa Texas A&M Agrilife Research, copro ynaBnuBaet u3 Bo3myxa
Y CBSI3bIBAET B MIOYBE 3HAUUTEIBHOE KOJUYECTBO YIJIEKUCIOro ra3a. Ero pa3BeTBieH-
Hasi KOpPHEBAsi CUCTEMAa MOXKET JOCTUTaTh MOJ3EMHBIX TOPU30HTOB C BOJOW HA TITy-
OuHax, HE JIOCTYMHBIX JPYTUM CEJIbCKOXO3SMCTBEHHBIM KyJbTypaM. Taxxke B 2022
rojty yuéuslie u3 Texacckoro KoJuie[a CeJIbCKOr0 X03giCTBa U €CTECTBEHHBIX HAYK
OTKPBUJIM HOBBIA METOJI HACBIIICHUS CENbCKOXO3UCTBEHHOW MOYBBI YTIEPOJOM C
MOMOIIBIO copro. JJig ATUX 1eell OHU MCIOIB30BAIM OUOIHEPTreTUYECKUe THOPUIBI
pacTeHus, KOTOpbIE YJIABIUBAIOT U MOTJIOMIAIOT OTPOMHOE KOJIUYECTBO aTMOC(HEpHO-
r'0 YTJIEKHUCIIOro ra3a, MOoMaaollero B oYBy.

Takum o0pa3oM, YEIOBEUECTBO YK€ MPUCTYIUIO K PEIICHUIO MPOOIEMBI U3-
MEHEHUS KJIMMaTa IyTeM U3yYeHHUs] MEXaHW3MOB aaNTallui PACTEHUN K CTPECCOBBIM
(daxTopam. Celiuac BeayTcs pa3pabOTKH MO BBIBEIACHUIO YIJIEPO/I-CBSI3BIBAIOIINX
KYJbTYp, OJarogapsi KOTOPbIM yAACTCSl CHU3UTh KOHUEHTPALMIO YIJIEKMCIIOro ra3a B
atMocpepe.
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Annomayun: Ha npumepe wmamma Desertifilum tharense Dadheech et Krienitz IPPAS B-1220
ObLL NPOBedeH aHAIU3 IUAHUE CHEKMPATILHO20 COCMABA HA KOIUYECME0 ODUOMACCHL U COOepIHCaHUe
xnopoguina A 6 oopasyax. Yemanosneno, umo HaubOILUAS ONMUYLECKAS. NIOMHOCMb HAOI00aem-
cA 6 cuHem cnekmpe, Hauborvulee cooepiicanue xaopoguina A Habawoaemcs 8 KpacHoM cnekmpe.

Beenenue

B xierkax nuanoOakTepuii OOBIYHO MPUCYTCTBYIOT XJopodmmi a, puxoOumu-
HBl M KapOTHHOUIBL. XJIOpopuiil A moriomaer cBeT B cuHel (okono 430 M) H
KpacHOU (0okoso 662 HM) yacTax crekrpa. OUKOOUIUIPOTEHHBI 00€CIeYnBalOT B
KJIETKaxX IMaHoOaKTepwii moromneHne ceera B oomactu 450—700 HM U ¢ BBICOKOM
s dexktuBHOCTHIO (60mbIe 90%) mepeaaroT NOTIOMIEHHBIN CBET Ha XJIOPOGUILI, IPU
ATOM OCHOBHOE KOJIMYECTBO DHEPrHH TepenaéTcss Ha XJIopoduiul, cBs3aHHBIA co 11
dotocuctemoii. https://evolution.powernet.ru/library/micro/14.html

Haxoruienne 6romacchl IMAHOOAKTEPUSAMH TI0]] PA3TUYHBIMH JUTHHAMU CBETO-
BBIX BOJIH Pa3HUTCS B 3aBUCUMOCTH OT OMOJIOTMUECKUX OCOOCHHOCTEH IITaMma.

OObekTOoM HccaemoBanuss Obul  BeIOpan 1mramm  Desertifilum  tharense
Dadheech et Krienitz IPPAS B-1220 — Hepa3BeTBICHHBIC HUTEBHIHBIE 1IHaHOOAKTE-
puu, BeleneHubie u3 o3epa lllapa-Hyp. [lpu cnenyronmx ycinoBusX KyJbTUBUPOBA-
Hus: temneparypa 32°C Ha 6e3azotuctoil cpene BG-11-N, ¢ ocBemenuem 60 pmol
photons m?/s. Ilocie MOCTaTOYHOrO pa3pacTaHus KyJIbTyp OHHM OBLIM IIOMEHICHBI B
CIEKTPaJIbHYI0 YCTAHOBKY, T/Ie OBLIN PACIIOIOKEHBI B TPEX IMOBTOPHOCTSAX Ha YETHI-
pex crekTpax: 0enoMm, KpacHOM, 3eJI€HOM U CHHHM. Bo BpeMsi HaXOXJIeHHUs B yCTa-
HOBKE MPOOBI IMOABEPTAIUCH MOCTOSHHOMY TEPEMEIIMBAHUIO JJII PAaBHOMEPHOTO
pacmpezeneHus OMOMacchl U OCBEICHUSI.

N3mepenrie onTUYEeCKOW TMIOTHOCTU ObUIO MPOBEIEHO HA CHEKTPOGOTOMETpe
Thermo Scientific Genesys 40 Vis (USA), HacTpoeHHbIM Ha 750 HM 1O CTaHJAPTHOU
meroanke. Coaepskanue xynopoduia A Tak e OnpeAessiioch Ha CIEKTPOPOTOMETpE
C IUIMHHOM BOJIHBI 665 1 720 HM ¢ 100aBI€eHUEM METAHOJIA O CMEHBI IIBETA OCAAKa C
3€JIEHOTO J0 MPO3pavyHOro, CUHEro Wiu (pUOJETOBOrO IIBETa, Aajiee pacdeT MpoBO-
uics 1o hopmyiie:

Chla [ug/ml] = 12.9447 (A665 — A720) (Ritchie, 2006)

146


https://evolution.powernet.ru/library/micro/14.html

OnTundyeckaa NJAOTHOCTb

0,2

0,18 /
0,16 —

e

0,14
0,12

0,1
0,08
0,06
0,04
0,02

benbin 3eneHbln * RB?&EQIHM CuHmn

CoaepxaHue xnopodunna a

3,5

2,5

1,5

0,5

Benbii 3eneHbii ® KBHE‘HEHSI/mI] CuHWiA

VK 631.363
POJIb ®PEPMEHTOB Na*/K*-AT®A3bI
B YCTOMYUBOCTHU PACTEHHUM K COJIEBOMY CTPECCY

Tuwkoe /lenuc Huxonaesuu, cmyoenm 4 kypca Uncmumyma azpoouomexronozuu,
@I'BOY BO PI'AY-MCXA umenu K.A. Tumupszesa, tishkov1401l@mail.ru

Ko3noe Anopeit Bhaoumupoeuu, 0.6.1., 0oyenm, 3a8edyrouutl kagheopvl MUKPOOUO-
noeuu u  ummynonoeuu DPIEOY BO PIAY-MCXA umenu KA. Tumupsasesa,
a.kozlov@rgau-msha.ru

147



Annomayusn: epmenm Na+/K+-ATDaza, maxoice uzeecmmuwvlii KAK HAMpUli-Kaiuesas nomnd, ue-
paem Kuouegyro poib 8 NOOOEPHCAHUU UOHHO20 OANAHCA 8 KIIeMKaxX, nepemewas mpu uoHa Hampus
(Na+) uz kniemxu u 0sa uona xaius (K+) 6 xnemky 3a cuem euopoauza AT®. Dmom pepmenm
KPUMUYECKU 8adiCeH O peyiAyuu MemMOpaHHo20 nomeHyuana, oovema Kiemku u mpaHcnopma
sewecms. B ycnoeus conesoco cmpecca y pacmenuii Na+/K+-AT®asza uepaem seasichyo poiv. B
OaHHOU Cmamse paccmampuearomcst poib u mexanusmol oeticmeusi Na+/K+-ATDa3zvl na npumepax
3EMHbBIX U BOOHBIX PACMEHU.

Knwuesvie cnosa: Na+/K+-AT®daza, coneBoit crpecc, romeocras, Neoporphyra haitanensis,
tpancmnoptep, SOS1. yabann

BBenenue

N3-3a ObICTpON MHIYCTpUATU3AIMK MMAXOTHBIE 36MJIM 3aMETHO COKPATHIIUCH,
YTO, B CBOIO OY€pE/ib, MMOCTABUJIO MO yTrpo3y MPOJAOBOIBCTBEHHYIO 0€30MaCHOCTb.
bbl10 moscunTano, YTO HAcelIeHUe MUPA, KaK 0KHUJIAe€TCs, JOCTUTHET 9 MIILTUAP/IOB
K 2050 roay; ¥ 4TOOBI IPOKOPMUTH 3TO MOCTOSHHO PACTYILEe HACEIECHUE, CPEHss
ypokKaitHOCTh JA0KHA ObITh yBenuueHa Ha 70%. B npupoje cunsuue pacTeHus mo-
BEPraroTCsl CTPECCy 3aCOJEHUS, KOTOPBIN CEPhE3HO BIMIET HA UX POCT U MPOJTYKTHB-
HOCTb. bonee 7% oOuieil muomaan cymu B MUpe HaXOAUTCA MO/ yTPO301 3aCOTIECHHUS .
HccnenoBaHusi MEXaHU3MOB, ¢ TOMOLIBIO KOTOPBIX PACTEHUS aJalTUPYIOTCA K 3aCOo-
JICHUIO U TEPEHOCAT €ro, MOJIE3HbI JJIA BBIBEJIEHUS HOBBIX COPTOB C MOBBILIEHHOM
COJIEYyCTOMUYMBOCTHIO. Takum 00pa3oM, CTAHOBUTCS KU3HEHHO BaKHBIM MOHSTH POJIb
dbepmenta Nat+/K+-ATda3za, onpenenuTs aganTuBHbie (QYHKIIMH, YTOOBI M30€XKATh
COJIEBOI'O CTpecca.

OcHoBHas YyacTh

OtkpeiTie Nat/K+-AT®a3bl cBsizaHO ¢ paboTamMHu JTaTCKOTO Y4EHOTO Wenca
Kpucrtuana Cxoy (Jens Christian Skou). B 1957 rony oH omy6iukoBai cTaThlo, B KO-
TOpOM onucan GepMeHT, CrOCOOHBIN ruaponn3oBaTh AT® B mpuCyTCTBUN HATPUS U
KaJiisi. DTO OTKPBITHE CTAJIO0 OCHOBOM ISl IOHMMAaHUS MEXaHW3Ma aKTUBHOT'O TPaHC-
MopTa MOHOB 4epe3 kieTouHble MeMOpanbl. Depment Nat+/K+-ATda3za, Takxke us-
BECTHBIM KaK HaTpUU-KaJIWeBas IOMIIA, UTPAET KIIOYEBYIO POJIb B MOIAECPKAHUHU
MOHHOTO OanlaHca B KJIETKax, mepemernas Tpyu noHa Hatpus (Na+) u3 KJIETKU U JBa
noHa kanug (K+) B kieTky 3a cuer ruzponusza AT®D. IT0T pepMEeHT KpUTHUECKHU Ba-
KEH JUJIS perysiiud MEMOpPAaHHOIO MOTEHIHalla, 00beMa KJIETKU M TpaHCIopTa Be-
miects. [1]

Na+/K+AT®daza pabotaer uepe3 nukidochopunupoBanust u aedochopusnu-
pPOBaHUS, KOTOPBII BKIIOYAET HECKOIBKO KIFOUYEBBIX ATAIOB:

®ochopunupoBanue: AT rugpoausyercs, U DHEPrus HCIOIb3YETCS IS
dbochopunupoBanus hepMeHTa.

Koudopmarmonnsr € nsmenenusi: ®ochopmnmpoBanre BhI3bIBaCT KOH(POpMa-
[IMOHHbIE U3MEHEHMs B O€NKe, UYTO IMO3BOJIAET €My IepeMeliaTb MOHbI Yepe3 MeM-
Opany.

Hedochopumupopanue: [locne nepememnienrs noHoB pepmeHT aedochopuiu-
pyeTCs ¥ BO3BpAIaeTCs B UCXOHOE cocTosiHue. [1]

PaccMmoTpum, HaydHyt0 paboTy, B KOTOPOU M3ydascsl BOIPOC, KaK COJeBask TO-
JIEPAHTHOCTD BJIMSIET HA POCT U MPOAYKTUBHOCTh PACTEHHM, a TaKkKe Ha UX (PU3UOJIO-
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rudyeckue u OMoxuMuueckue mpoiecchl. M30pTouHOE HaKoIUIeHHEe cojielt B puzocde-
p€ OrpaHUYMBAET MOTJIOUIEHHWE BOJAbl U MUTATEIbHBIX BEIIECTB KOPHSMU PACTEHUHU.
[Tonnep>xanue 6ananca K+/Na+ kpuTHuecku Ba)XHO AJISl COJIEBOU TOJIEPAHTHOCTH, U
3TO HETOCPECTBEHHO CBSI3aHO ¢ aKTUBHOCTHIO Nat+/K-+-AT®da3sl, kKoTOpas oTBeHaeT
32 aKTUBHBIM TPaHCHOPT 3THX HMOHOB 4epe3 KIETOYHYr MemOpany. HccnepgoBanue
dbokycupyercs Ha MOHUMAHUU CIIOKHBIX MHOTOKOMITOHCHTHBIX CHUTHAJIBHBIX MyTEH,
KOTOPbIE PACTEHUsI UCIOJIB3YIOT JUIsl BOCCTAHOBJIEHUS KJIETOYHOTO rOMEOCTas3a U Mo-
BBIIICHHS] BBDKMBAEMOCTH TOJI BO3JIEUCTBHEM cojieBOTro cTpecca. @epment Na+/K+-
AT®aza B3aMOJIEUCTBYET C PA3IMYHBIMU O€JIKaMU M CUTHAJIBHBIMU IYTSAMH JUIS
NoJJIep>)KaHUsl MOHHOro OajlaHCa W 3alllUThl KJIETOK OT TOKCHYHOTO BO3JCHCTBUSA
HaTpus. [3]

B xoxe uccnenoBanus Obuto yctaHonieHo, yto SOS1 Na+/H+ antunoprep ak-
TUBHOCTH akTUBHpYyeTcs, koraa PLD1-npousBoausie PA B3aumoperictByor ¢ MPK6.
DTO B3aUMOJEHCTBUE CITOCOOCTBYET CO3/IaHUIO TPOTOHHOTO IPAIUEHTA YEPE3 BAKYO-
JISpHYI0 MeMOpaHy, akTuBHpys BakyoJisipHyro H+-AT®a3zy. brnaronaps stomy mpo-
LIECCY MPOUCXOUT MOIAEPKaHNEe HOHHOTO TOMEOCTa3a MoJ BO3AEHCTBUEM COJIEBOTO
ctpecca. Bzaumoneiicteue ¢ apyrumu Oenkamu, Takumu kak GI (GIGANTEA) u
ABI2 (ABA INSENSITIVE2), Takxe noMoraer peryisiuu akTUBHOCTH Na+/K+-
AT®a3sl. [3]

Pazmuuneie kiaccel HKT tpancnoprepos, takue kak HKT1; 5 opronorn u
Nax1, 6b111 uaeHTUGUIHpoBaHbl Kak ocHOBHbIE QTL kapThl B CHIIBHOM COJIEBOM TO-
JEPaHTHOCTU. DTU TPAHCHOPTEPHI CHOCOOCTYIOT yaaneHuio Na+ U3 JMCTOBOrO KCH-
JIEMBbI, YTOOBI 3aIIUTUTH JIUCTOBBIE TUIACTUHKU OT YPE3MEPHOT0 HakoruieHus Na+t.
Hanpumep, OsHKTI1; 4 orpanmumBaer nepeaady Na+ OT JHCTOBOM Bilarajiuina K
IJJACTUHKE B COJICHOM CpEJe, YTO YBEIMYHUBAET YPOKAWHOCTH MIIEHUIIBI B COJIEHBIX
ycnoBusx. [3]

[IporeoMuyeckuii aHanU3 10Ka3ald, YTO U3MEHEHHS B HKCIIPECCUU T'€HOB U I0-
BBIIIIEHHBIA PUCK pa3pylIeHUs] OEIKOB NPUBOJAAT K UBMEHEHHUSIM B O€JIKOBOM MeTado-
musme. [loBeimennas sxcnpeccust 6enkos, Takux kak GST, LEA, V-ATPase, OSAP1
zinc finger protein u HB1B, Ob11a 0OHapyxkeHa B cOJie-TOJEPAHTHBIX JIMHUSAX pacTe-
Hui. [3]

['eHOMHBIE HCCIIEI0BAHMS TPEIOCTABISAIOT IaHHBIE O POJIU PA3JIMYHBIX T€HOB B
aJlanTayy pacTeHU K cojieBoMy cTpeccy. Paznuunbsie SOS MyTaHTBI UTPAIOT POJIb B
COJICBOM TOJIEPAHTHOCTH, MOAepKuBas KoHeHTparuu Na+ u K+ B kinetkax. SOS1,
SOS2 u SOS3 aBnstOTCS KIHOYEBBIMU KOMIIOHEHTAMU B MEXaHHM3ME COJIEBOU TOJIe-
PAHTHOCTU PAaCTE€HUN. JTU T'€HBI IOMOTAOT MOAAEPKUBATh MOHHBIM rOMEOCTa3 U 3a-
HIMIIATh KJICTKH OT TOKCHYHOTO BO3CHCTBUS HATpHs. [3]

B npyrom uccienoBaHuM H3ydalld TMPUIMBHBIE MAKpPOBOJOPOCHH, TaKHE KaK
Neoporphyra haitanensis, oHU 00J1aJalOT BBICOKOM YCTOWYMBOCTBIO K COJIEBOMY
CTpecCy M SIBISIOTCS HJCATbHBIMH MOJAENAMH JUIsl M3YYEHUSI MEXaHHU3MOB coJie-
ycroitunBoctu. AxtuBanus Nat/K+-AT®da3zer npu rumnepcosieBoM ctpecce 100 %o
ypoBeHb TpaHckpuniiuu NhNKA?2 u aktuBHocTh hepmenTa Na+/K+-ATda3zbl 3Ha-
YUTEIHLHO MOBBIIIAJICSA HAa HaYaJdbHOU cTaauu crpecca (15 muH) mpumepHo B 2,67 pa-
3a M0 CPAaBHEHUIO C KOHTPOJIbHOU rpynnoi. [Iuk aktuBHOCTH Habmonancs yepes 30
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MUHYT TOCJIE€ BO3JCHCTBUSI TUIIEPCONEHON BOJbI U ObUT B 15,71 pasa Beliie, 4eM B
KOHTPOJBHOU Tpymme. [2]

Jlo6aBnenne yabamna (maruomropa Nat+/K+-AT®da3pl) nmpuBeno K HaKOIUIE-
HHi0 Na+ B KJIETKaX, CHIIbHOM yTeuke K+ W3 ClO€BHUIll M HAPYHIEHUI0 TOMEOCTa3a
K+/Na+ y cnoeBumr N. haitanensis. YabawH CHMKaeT ONTUMATbHBI KBAHTOBBINA BbI-
xon (Fv/Fm) dotocuctemsr 11 (PSII), uTto yka3piBaeT Ha moaaBieHne (POTOCUHTETH-
YECKOM aKTUBHOCTH. [2]

Na+/K+-AT®a3za u cuctema SOS1 (antunoprep Nat+/H+) oba yuacTByroT B
BbIBeJiIeHuU Na+ u3 kieTok, Ho Na+/K+-AT®aza nemonctpupyet 6osee 3PpheKkTuB-
Hoe peryiaupoBaHue romeocraza K+/Na+. Maruourop SOS1 (amuniopun) Takxke 6J10-
KupyeT oTToK Na+, Ho ero apdekT MmeHee BeipakeH. [2]

DT0 MO3BOJIACT NPeArnonoxuth, 4To Nat/K+-ATdaza HykeH ms mporecca
noanepxxanust ypoBHsi K+ B crnoeBuiax N. haitanensis npu rumnepcosieBoM cTpecce.
HNurubuposanue Nat+/K+-ATda3sl yabanHoM IpUBOIUT K 3HAYUTEIbHON yTeuke K+
U CHIDKEHHIo cooTHomeHus: K+/Na+. [2]
3aKJII0YeHUE U NIEPCIIEKTUBHI Ha OymyIee

B pesynbpTaTe nByX Hcclie0OBaHUM, Mbl BUIUM, 4TO (pepmeHT Na+/K+-ATda3za
oMoraeT 00pOThCSl C COJIEBBIM CTPECCOM Y pacTeHui, B 1 uccienoBanuu 31ot dhep-
MEHT B3aMMOCBSI3aH C TEHOMaMU PAaCTEHUU U PSIIOM CUTHAJBHBIX KacKaJioB, PETyJIv-
pyromux Na+ TpaHCOpPTEpPHI.

Bo Bropoii HayuHoii pabore, Nat+/K+-ATdaza gpko MokasbpiBaeT, Kak OHa
BaXHAa B MojjepkaHuu romeoctaza K+/Nat y NpUIMBHBIX MaKpOBOJIOPOCIEH
Neoporphyra haitanensis B ycioBusix rurnepcojieHocTd. OHa aKTHBHO Y4YacTBYET B
BbIBeJicHnH Na+ M MoAep)KaHuK YPOBHS K+, 4TO ImoMoraet pacTCHHUSAM CIIPaBJISATHCS
C TOKCMYHOCThIO Na+ u mojjepKuBaTh HOPMajbHbIE (PU3UOIOTHYECKUE (DYHKIIHH.
NurubupoBanne Na+/K+-ATda3pl npuBOAUT K HAPYIICHUSIM MOHHOTO OallaHca |
(hU3MOTOTUYECKUM TTOBPEKICHUSIM.

BaxxHO mpogoiKaTh MCCIAEAOBAHMS IS JYyYUIEro MOHUMAaHUA padOThI
Na+/K+-AT®da3p1. PazpaboTka HOBBIX OMOTEXHOJIOTUH M MOJICKYJISIPHBIX CEJICKIIH-
OHHBIX MOAXOAOB ISl CO3/IaHUS KYJIbTYp C MOBBIIIEHHON COJIEBON TOJIEPAHTHOCTHIO.
OTO MOXET C pelIeHUueM MpoOJIeMbl alallTallud CEIbCKOXO35ICTBEHHBIX PACTEHHM K
3aCOJICHHBIM MOYBaM, IOJHUMET YPOKalHOCTh, PELIUT MpoOIeMy rojo/a.
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Annomayusn: 6 0630pe npedcmasienvl Oanuvie 0 buoxumuieckom cocmase sxcmpaxkmos Plectran-
thus ecklonii, obycrosrusaiowem svipasicennyro aHmumMukpoOHyl0 AKMUBHOCMb, Npexcoe B8ce2o,
NPOMUB SPAMNONOHCUMENLHBIX OAKMEPUIL.

Knrwwuesvie cnosa: Plectranthus ecklonii, BropuuHbie MeTa0ONIHMTHI, JUTEPIICHBI, aOMETaHbI,
napBUu(IOPOHBI

Pox mmoponeetauk (Plectranthus L Hér.) cemeiicTa sicHoTkoBbIe (Lamiaceae
Martinov) comepXuT HECKOJBKO BUIOB C MPHU3HAHHBIM ATHO(APMAaKOIOTHYECKUM
MPpUMEHEHUEM, HAIpPUMEp, TIPH JKEITyT0YHO-KUIIICYHBIX W PECIUPATOPHBIX MpoOdJe-
Max, Onarojaps UX MPOTHBOBOCIATUTEIHHBIM, AHTHOAKTEPUAIBHBIM M TPOTHUBO-
rpubHBIM CcBoOiicTBaM. bronormdeckass akTHBHOCTb HEKOTOPBIX JIEKAPCTBEHHBIX CO-
€IMHEHUI ATOro pojJa OINpaBAbIBA€T BO3POCUIMI B MOCJENIHEE BpeMsi HHTEPEC K BU-
nam Plectranthus, momerast ux B IICHTp BHUMaHUS /I pa3pabOTKH JCKapCTBEHHBIX
MpenapaToB Ha OCHOBE HATYPAIbHBIX MPOYKTOB.

HInopousernuk DxinoHa (Plecntranthus ecklonii Benth.) sBisiercst ogauM u3
83 BuA0B poja mmopoinBeTHUK. Pacripoctpanen B FOxno#t Adpuke ot okpyros Co-
mepceT-Mct u Onbann B Kanckoil npoBUHIIMK yepe3 MPUOPEKHBIE U IEHTPATbHBIC
parionsl Tpanckes u Hatana no bapbeprona B Tpancpaaiie.

W3 pacrennii P. ecklonii Ha ceromusmHuid JeHb BBIICICHO 28 COCIMHCHHI.
Kak u B npyrux Buaax Plectranthus, n3y4eHHBIX Ha IPOTSKCHHH MHOTHX JIET, Ipe-
oOnafarouMMu  KJlaccaMU SIBJIAIOTCSL TEpIIeHbl M (peHOJIbHbIE coenuHeHus. B P.
ecklonii 6puTH MIEHTHGUIMPOBAHBI § TUTEPIICHOB, 4 M3 HUX SBJSIOTCS TUTEPIICHAMHU
C aOMETaHOBBIM CKEJIETOM, 2 SBIISIOTCS TPUTEPICHAMH U 2 MACHTU(UIIMPOBAHBI KaK
ctepuHbl. UTo Kacaercs (PeHONBHBIX COSAMHEHMIA, ObLITN BbIeIeHBI 12 (maBoHOB 1 1
(h1aBaHOH, B JIONOJHEHHE K KODEHHOM KUCTIOTE U 4 €€ MpOor3BOAHBIM [1].

Haubonee n3yueHHON OMOJIOTHYECKONW aKTUBHOCTHIO BTOPUYHBIX METa00IUTOB
(BM) P. ecklonii sBnsieTcst anTMMHUKpOOHasi aKTUBHOCTD. Bblia qoka3aHa pasinndHas
creneHb 3P dexkTuBHOCTH BM NIPOTHB TpaMITONIOKUTEIBHBIX OAKTEPH, TPaMOTpPHIIA-
TeNbHBIX OakTepuit (Pseudomonas aeruginosa u E. coli) u rpuboB, Takux kak Asper-
gillus niger u Candida albicans. 3 npuBeneHHBIX BBIIIE HCCICIOBAHUN MOYKHO Cle-
7aTh BBIBOJ, uTO0 BM oka3bpiBaioT OOJBINYI0 aHTHOAKTEpUATbHYI0 aKTUBHOCTH Ha
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rpammoiokuteabHble Oaktepun (Staphylococcus, Enterococcus, Listeria u Strepto-
coccus) [1].

[TapBudIOpOHBEI — MPUPOTHBIE AUTEPIICHBI, UPOKO PACIPOCTPAHEHHBIC CPEIU
Bu0B poaa Plectranthus. ITurmentsr mapsudmopon D (CAS: 66656-57-3) u F (CAS:
66656-58-4) ObuTH BIIepBBIC BBIICICHBI U3 A¢upHOTrOo 3kcTpakrta P. parviflorus [4, 5].
3arem mapBupaopon D [2a-(4-ruapoxcn)denzomnokcu-11-ruapoken-5,7,9(11),13-
abmerareTpaeH-12-oH] ObuT BeIZeeH u3 P. strigosus Benth. u P. ecklonii Benth., u
CO00IIaI0Ch 0 ero aHTHOAKTEPUATHLHONW aKTHBHOCTH, B YACTHOCTH MIPOTUB MITAMMOB,
YCTOMYUBBIX K METUIWILIMHY W BaHkomunuuy [1]. Tlapsudiopon F [11l-ruapokcu-
20-(3,4-auruapoxkcuOeH30MIOKCH )-abueTas,7,9(11),13-teTpaen-12-0H] ObLT BBIACICH
u3 P. ecklonii u P. nummularius Brig., a 3arem u napsudsiopon E [11-ruapokcu-19-
(3,4-nuruapoxcudeH3omnIoKcH )-abuera-5,7,9(11),13-rerpaeu-12-ou]. U3BectHo, 4TO
JMCThsl TIpEJICTaBUTENCH cemeiicTBa Lamiaceae comepkaT TEpIICHOUBI C MPOTHBO-
rpuOHOM, aHTHOAKTEPUATHPHOW M WHCEKTUITUIHONW aKTUBHOCTHIO. DKCTPAKTHI, TOJY-
YCHHBIC M3 JIUCThEB HEKOTOphIX BUAoB Plectranthus B IOxuol Adpuke, mokasanu
aHTHOAKTepUATbHYIO aKTUBHOCTh. JluTeprieHbl abueraHa, BeieneHHbIe u3 P. elegans,
MOJIABJISUTM POCT IPaMITOJIOKHUTEIbHBIX Oaktepwii Bacillus subtilis [1]. Juteprnens:,
BeIZiceHHbIe M3 P. grandidentatus u P. hereroensis, Taxke oka3alnCh aKTHBHBIMH
MPOTHB  PE3UCTCHTHBIX  TPAMIIOJIOKUTEIBHBIX  OaKTepuil:  BaHKOMWIIMH-
pesuctenTHoro Enterococcus faecalis (VRE) u metunmmmua-pesuctentHoro Staphy-
lococcus aureus (MRSA) [1]. U3 stunaneratusix skctpakToB P. ecklonii Obutn BbI-
JICJICHBl JIBa M3BECTHBIX aOuerana, napBudiaopon D u F, u o6a coeaunenus mpoe-
MoHCTpUpoBaan 3(h(HeKTHBHYIO aKTHBHOCTH mpotuB Listeria monocytogenes [3-5].
TpaauumonHnoe wucnonb3oBanue P. ecklonil st jeueHus Keayq0YHO-KUIICYHBIX
pPacCTPONCTB TAK)KE MOXKET OBITh CBSI3aHO C €r0 aKTHBHOCTHIO mpoTuB E. coli.

Aobwueransl napsudaopon D u F taxke Obutn akTuBHBI MpoTtuB Mycobacterium
smegmatis, Pseudomonas aeruginosa u Enterococcus faecalis [3]. JlucTtbs pacTeHwus
WCITOJIB3YIOTCS TIPU PECITUPATOPHBIX CHMIITOMAX, OOJIAX B TPYAH M Kaiwie (B 4aCTHO-
CTH, IIPU TYOEPKYJIE3€), YTO MOXKET OBITh CBSI3aHO C aKTUBHOCTHIO NapBUdIopoHoB D
u F, narubupyromeit poct M. tuberculosis [3-5]. [Tapsudmopon D Taxke monasiisi
pocT S. aureus, 4To, BO3MOXHO, OOBSICHSIET UCTIOJB30BaHUE HAJ3EMHBIX YacTeil pac-
TeHus B 3uMOa0Be NP KOXKHBIX 3a0oiieBaHusX [2-4]. Coobmanochk 00 aHTHOAKTEpH-
alpHOW  akTuBHOCTH mapBuduiopoHa D mporuB BumoB  Staphylococcus wu
Enterococcus, B Tom uucie npotuB mraMmmMoB MRSA u VRE [1, 4]. Ileperpynmupo-
BaHHBIN abuetan (2B-(4-ruapokcu)oeH30mI0KCeH), monydeHHbiid B 2010 roay Simdes
U ero KojuieramMu u3 mapBuduiopona D, Taxke mpoaeMOHCTpUpOBa aHTUOAKTEPH-
ATbHYI0 aKTUBHOCTH MIPOTHUB HEKOTOPHIX IITAMMOB CTA(QUIOKOKKOB M SHTEPOKOKKOB
MIPU TECTUPOBAHUU MPOTHUB TPAMOTPHUIATEIBHBIX U TPAMITONIOKUTEIBHBIX OaKTepUi
[1, 4]. MexaHnu3M, OTBETCTBEHHBIN 32 aHTHOAKTEPUAIBHYIO aKTUBHOCTD JIUTEPIICHOB,
MOKET OBITh CBSI3aH C pa3pylIeHHEM OaKTEepUabHOW MeMOpaHbl JIUMO(UIBLHBIMU CO-
CIMHCHUSMU.

BrIcokass CTOMMOCTh CHHTETHYCCKUX MPEMapaToB W IMpoljeMa MHOKECTBEH-
HOM JICKapCTBEHHOW YCTOWYHMBOCTH YBEIUYHIIA HEOOXOAMMOCTh MCIIOJb30BaHUS aH-
TUJTUCTEPUO3HOTO TTOTCHITHANA JICKAPCTBEHHBIX PaCTCHUN. PacTUTEIBHBIC YKCTPAKTHI
SBIISIIOTCS O0JIee TOCTYITHOW aIbTePHATUBOM, YTO MPHUBENIO K UCTIOIB30BAHUIO JIEKap-
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CTBEHHBIX PACTCHMH IpH JieueHuu jucteprosa. P. ecklonii ssisercst ogauM u3 pac-
TEHUM, TPATUIIUOHHO HCIIONIB3YEMBIX IS JICUCHHUS CHMIITOMOB, CBS3aHHBIX C JINCTE-
pro3Hoi mH(peknuel [2]. MHOTHE OpraHu3MBbI, BKIIOYas yCIOBHO-IIATOTEHHBIN LiS-
teria monocytogenes, Jarie MosBISAIOTCS B BUAC YCTOWYMBBIX K BHEIIHHM BO3JICH-
CTBUSM OHWOIUICHOK, HANpUMeEp, MPU «OOJBHUYHBIX» HHOEKIHSIX. DTUJIAIETaTHBINA
akcTpakT u3 P. ecklonii moka3an aHTHIMCTEPHO3HYIO aKTUBHOCTH C MHHUMAIIBHOW
uHruoupytomei kormneraTpanuei (MIC) 0,5 mr/mi. [Mapsudnoponst D u F mokazanm
emie Oojiee BBHICOKYIO aKTUBHOCTh B pa3pylieHuu OuoruieHku L. monocytogenes c
MIC 15,6 mxr/mi u 31,25 MKIr/Ma cooTBeTCTBEHHO [3-5]. X0OTS pe3yibTaThl HILIIO-
CTPUPYIOT BO3MOXHOE HCIIOIb30BAaHUE COCIMHEHHUM B KaueCcTBE J1e3MHPUIIUPYIOIINX
CpelCTB, HEOOXOIMMO MPOBECTU JalIbHEUIIINE UCCIEAOBAHUS ISl U3yYEHHUs UX TO-
TeHIMaaa s dPQPEKTUBHOTO ynaieHus OWoruieHku Listeria ¢ 3arps3HEHHBIX TO-
BEPXHOCTEM.

Paznuunbie oTueTsl nokaszanu, uto ypcosioBas (UA) u oneononoBas (OA) kuc-
JIOTHI TPOSIBISIIOT AHTUMHUKOTHYECKUE, MPOTUBOOMYXOJEBbIC, aHTHOAKTEpUAIbHEIE,
POTUBOBUPYCHBIC U MpOTHUBOMNApasuTapHeie cBoiicta [1, 2]. UA u OA mposBisioT
BBICOKYIO aHTUMHUKPOOHYIO aKTHBHOCTh W JICHCTBYIOT IIPOTHUB TaKMX YEIOBEYCCKUX
MaTOT€HOB, KaK MUKOOAKTEPUH U pa3auuHble BUIbI Npocteimux [1, 2]. beuto moka-
3aHO, uTo UA 1 ee npou3BoJHbIe 001a1al0T aHTUMUKPOOHO! aKTUBHOCTBIO, HaIlpH-
Mep, B Ka4eCTBE MHTHOUTOPOB TPaMIIONOKUTENBHBIX S. aureus, rpaMoTpHUIIaTeIbHBIX
opranusmoB (P. aeruginosa u E. coli) u Microsporium lenosum [2]. OA mposiBuia
AHTUMUKPOOHYI0  akTMBHOCTH  mpotuB  Bacillus  subtilis,  meTunmmms-
gyyBcTBUTEIbHOTO S. aureus (MSSA) u MRSA [1]. Ilpu ucnosns3oBanuu mpotue M.
tuberculosis kak OA, Tak 1 UA 1poieMOHCTPUPOBAIM MPOTHBOTYOEPKYJIC3HBIN TO-
tenuuai. B 2010 roxy Figueiredo C kosuieramMu mokasajiv, 4TO IPUCYTCTBUE pO3Ma-
punoBoii kucioTsl (RA) B BogHoM skctpakTe P. ecklonii oteedaet 3a anTrOakTepu-
aJIbHYI0 aKTUBHOCTH MpoTHB Streptococcus spp. [1, 2].

TakuMm oOpa3om, U3y4YeHHE KOMIUIEKCa BTOPHUHBIX MeTabosiutoB P. ecklonii
OTHOCHUTENFHO MX OMOJOTMYECKON aKTUBHOCTU MPEICTaBISET OOJNBIION WHTEpEC U
SIBJISICTCS TICPCIICKTUBHBIM HAIPABIICHUEM, YUUTHIBAS IMTUPOKHUHN CIIEKTP aKTHBHOCTH,
a TaK)ke BO3MOXKHOCTH TEXHOJIOTMH KYJIBTHBHpPOBaHHS IN VItr0 pacTUTENbHBIX TKa-
Hell. JTa TeXHOJIOTHS TI03BOJISAET MOJIydaTh IEHHbIE METa0OINTHI, BRIpAIINBast pacTe-
HUS ¥ KJICTOYHBIC KYJIbTYPhl Ha MCKYCCTBEHHBIX MUTATEIBHBIX Cpelax W YIPaBIIssI
OMOCUHTETUYECKUMH TIPOIIECCAMH C MOMOIIbI0 (PaKkTOpoB (GU3MUECKOW M XUMUYE-
CKOM IIPUPOABIL.
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YK 632.4.01/.08
XAPAKTEPUCTHUKA U30JIAATOB ZYMOSEPTORIA TRITICI
11O ITPU3HAKY HYBCTBUTEJIbBHOCTH K ABOKCUCTPOBUHY

Yepuvtmosa Copoa Koncmanmunosna, macucmpaum 2 kypca Mncmumyma aepo-
mexnono2utl u nuweswvix npouzgoocms, ®I'6OY BO «Canxkm-Ilemepoypeckuti 2ocy-
oapcmeenHulil azpapubulii ynusepcumemy, chernyshova.sonia@yandex.ru

(Hayunwiii pyxosooumenv — 3enenesa IOnus Bumanvesna, 0.6.H., Ooyenm, cmapuiuil
HayuHvlll compyoHux Bcepoccuiickoeo Hayuno-uccie0o8amensbcko2o UHCMUmMyma
sawumul pacmenuil, Zelenewa@mail.ru)

Annomauusn: Cenmopuos - 3a6onesanue nuienuywl, gozoenvieaemoti 6 Poccuu u Kaszaxcmane. I]e-
JIbI0 UCCNe008aHUIL - U3YHeHUe 8blOOpKU uzonamos Z. tritici, nonyyennvix uz Capamosckoul, Tam-
bosckou u ArmamuHnckou obaacmei no cmeneHu Yy8CmeUumenbHOCmu K azokcucmpoouny. Tecmul
NO36ONUNU BbIABUMb HECKOIbKO U30AAMO08, YCMOUUUussix Kk azokcucmpoourny. Memoo IIL[P-1I/[P®
8bIABUI 8 YACMU UZ0AAMO8 MUmMoxoHopuanvHole mymayuu G143A.

Knrwouegvie cnosa: monexkynspHo-renernueckuil ananus; [[J[P®-ananus; I11{P; nmenuna; cenro-
PHO3BL; CTPOOMITYPUHBI.

Septoria tritici blotch — omacHas Oone3Hp mIlIEHUIIBI MHKO3HON 3THOJIOTHHU.
Bo30ynutenu 0Oone3HM HAHOCAT CEPbE3HBbIN yIepO MPOU3BOACTBY CEIbLCKOXO3SH-
CTBEHHOW NpoayKuuu [4].

JInst 3a1uThl TOCEBOB 3€PHOBBIX KyJNbTYp OT Oone3neit B Poccun u B Kazax-
CTaHe MIUPOKO MPUMEHSIETCS XUMUYECKUN METOJ.

CrpoOunypuHbl — OOIIMPHBINA KJIacc QPYHruuuaoB, 3(PPEKTUBHBIA HAa paHHUX
ATanax NaToJOrMYECKOro Mpoiecca — B MEpUo/I MPOPACTAHUSI CIIOP, a TAKIKE B CAMOM
HayaJyie MPOHUKHOBEHUS UH(PEKIIMOHHBIX TH( B KIETKH pacTeHUs-x034uHa [3].

[lenb paboThl — M3yueHue BHIOOPKU M30JATOB Z. tritici, moaydennsix u3z Capa-
toBckoi u TamboBckoit (Poccuiickas @enepanust) u Anmaruackoit (Pecnybnuka Ka-
3axcTaH) 00JacTe, Mo CTENEeHN YYBCTBUTEIBHOCTH K a30KCUCTPOOUHY.

Marepuanbl 1 METObI

B 2022 u 2023 romax B Poccun, B TamGoBckoit u CapaToBCKOM 00JIacTsX, a
Takke B AnMaTuHcKoi obsactu Kazaxcrana Obun coOpaHbl MOPAKEHHBIE PACTEHUS
MIIICHUIIBI, BBI3BaHHBIC TPUOOM Z. tritici.

[Tocne cOopa MHPEKIMOHHBIX 00Pa3OB 3€PHOBBIX KYJIbTYpP OHU MOABEPrajInuCh
JalbHEHIIIeMy HCCIEIOBaHUI0 B Jaboparopun. MOHOKOHUIWANBHBIE KOJIOHUU Z.
tritici ObLIM BBIIEJACHBI B YHCTYIO KYJIbTYPY Ha KapTo(eabHO-TIIFOKO3HOM arape
(KT'A) [2].
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B naGopatopHbix ycloBUSX ObUIM MPOBEACHBI SKCIEPUMEHTHI MO0 H3YUYEHHIO
TOKCHYHOCTH a30KCHCTPOOMHA 0 OTHOIIEHHIO K TprOY Z. tritiCi U3 pa3audHbIX arpo-
KJIMMaTHYECKHX 30H [5].

[Tpu BeIsSIBIICHNW KOJOHWH Z. tritiCi Ha MUTATENBLHOM Cpejie ¢ KOHIICHTpaIuen
100 mr/n a3oxcucTpoOMHA, UMEIOIIHMX pa3Mep OJU3KUN K KOHTPOJTIO, UX UCCIICIOBATN
Ha Hanmmaue mytanuu G143 A, mpenonpeaensone yCTONIMBOCTh K CTPOOHITypHHAM
y n305T0B, MeToaoM [IL[P-IT/[PD.

[Tonydyenue aByx (parMeHTOB ¢ MOJEKYJApHbIMU Becamu 442 u 210 m.H. mo-
CJIe PECTPUKIMU aMIUTA(DUIIMPOBAHHOTO (parMeHTa SHAOHYKIICa301 CBUICTEIbCTBY-
€T O YYBCTBUTEJIBHOCTH 00pasnoB K nedctBuio ¢yHrunuaa. C apyroil CTOpOHBI,
HaJgu4ue Tpex GparMeHToB ¢ MOJIeKyJIspHbIMU Becamu 298, 210 u 144 n.H. noaTBep-
xnaet Hajnnuue mytanuud G143 A B reHorurne uzonaros [1].

Pezynomamui

B Hammx uccnenoBaHUsSX Mbl H3yUUITH U30JISITHI TPHOOB, TIOJYYCHHBIE C TIOJIEH,
r7Ie He MPOBOIMIAch 00paboTka (PyHTUIIMIAMU B TEYCHUE HECKOJIBKUX JIeT. Pe3yib-
TaThl HAIUX WCCICAOBAHWMN MOATBEPAUIN d()PEKTUBHOCTh MPUMEHEHHUS CTPOOHITY-
PUHOB Ha TMOJSAX TPEX Pa3IUYHBIX 001acTei. Mbl MpOBEIN CPAaBHCHHE YyBCTBUTEIb-
HoctH Z. tritici x pynrunmaam no mokasatennto ECsg. 3HaUnTEIbHOE UHTHOHUPYIOIIEe
neicTBrEe Ha pocT mTamMmoB rpuda Ha KI'A nposiBUT a30KCUCTPOOUH Ha U30JI5Tax U3
TambGoBckoit o6mactu, ¢ ECsp paBabIM 1,72 Mr/m. B o0miem, n3019Tel U3 AMaTHH-
ckoit u CapaToBCKOHM oO0nacTeil MposiBUIM UYYyBCTBUTEIBLHOCTh, CPEIHUE 3HAYCHUS
ECso coctaBunu 2,36 u 2,63 Mr/a cooTBeTCTBEHHO. J1J1s1 IpeI0TBpAIICHUS BO3HUKHO-
BEHMSI U PACIPOCTPAHEHUS PE3UCTEHTHOCTU PEKOMEHIYETCS HCIOJb30BaTh COBpE-
MEHHBIE CMECH CTPOOMIIYPUHOB C IPYTUMU KjaccaMu (QYHTHIIUIOB.

Ms1 ucnons3oBanu t-kputepuit CThiojieHTa ¢ momnpaBkoil bondepponu s
aHaJM3a BJIUSHUS COPTa-XO35MHA U reorpaduyuecKkoro MPOUCXOKIACHUS U30JATOB Z.
tritici Ha UX YyBCTBUTEIBHOCTh K a30KCUCTPOOHMHY. Pe3ynbTaThl OKa3aiu 3HAYUMBbIC
pasIuUus MEXIy H30JaTaMu U3 TaMOOBCKOW 00JIacTH W IITaMMaMH TPUOOB, TIOJTY-
YEHHBIX U3 PACTUTENbHOro Marepuaia CapaToBCKOM U AJIMATHHCKOMN o0nacTei.

K 0.01 mr/zx 0.1 mr/n 1 Mr/a 10 Mr/n 100 Mr/n

277-22-5-Z.t.

118-23-1-Z.1.

Pucynok. Yucras kynpTypa Zymoseptoria tritici Ha kapToQebHO-TIFOKO3HOM
arape ¢ BHECEHHEM a30KCcUCTpoOMHA pa3Hou koHieHTparuu (M3omsar 277-22-5-Z.1.,
00J1alafoIMil TOHUKEHHON YYBCTBUTEJIBHOCTBIO K a30KCUCTpoOuHy. M3ossThl 276
22-1-Z.t.,118-23-1-Z.t., npOSBUBILKE YYBCTBUTEIBHOCTD K (DYHTHUIIUIY).

155



OCHOBHBIM MEXaHMU3MOM PAa3BUTHUSI YCTOMYMBOCTU K (QYHruuujgaM Kiacca
cTpobmnypuHoB siBisiercss myTarusi G143A B reHe cytb, koTopas ObicTpo pacrpo-
cTpanmiachk 1Mo Bcerd EBpome. B pesynbrare Hammx OHMOTECTOB OBLIM BBHISBIICHBI
YCTOMUYMBBIC K a30KCUCTPOOMHY m3oysaThl Z. tritici: 277-22-5, 277-22-13 (u3 Kazax-
ctana); 104-23-9, 104-23-10 (u3 CapartoBckoii obnactn); 19-23-5, 19-23-8 (u3 Tam-
6oBckoit obmactu) (pucyHok). Mcmomszys meron IILP-ITJIP®, mbr moarBepauim
Hanuuve y HuX myrauud G143A B reHotune. OTO yKa3blBaeT Ha MPUCYTCTBHE MY-
TaHTOB B MOMYJALUSIX (PUTONATOIEHOB, U HEOOOCHOBAHHOE MPUMEHEHHUE JIH0OO0ro
CTpPOOMIIypHUHA MOXET CIOCOOCTBOBATh JalbHEHIIIEMY pACIPOCTPAHCHHUIO IITAMMOB
Z. tritici, nocureneit G143A.

[IpoBenenHast pabota sIBISETCS OTIPABHOM TOYKOM JiJisi OoJsiee TIIyOOKOro M3y-
YCHHUS YyBCTBUTEIILHOCTH SKOHOMHUYECKH 3HaUYuMoro ¢uromnaroreHa Z. tritici x gpys-
TUIUIAM.
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bnarogapaoctu: Pabota BeinmosiHeHa npu noajaepkke Poccuiickoro HaydyHoro (oH/a,
npoekT Ne 19-76-30005.

VJIK 631.363
SHIO®UTHI HOBETOB SABJOK: U3YYEHUE PASHOOBPA3USA
1 MMOTEHIUAJIBHBIE BO3MOKHOCTH

IHllykoea Anacmacus Cepzeesna, cmyoenm 4 xypca Hncmumyma acpoouomexnono-
euu, ®I'EOY BO PI'AY-MCXA umenu K.A. Tumupssesa, Shukvaa@gmail.com
Jlpenosa Hamanus Bacunveena, cmapwuti nayunviti compyonux @I'BY «Bcepoc-
Cuticko2o yenmpa kapanmuna pacmenutly, drenova@mail.ru

Epémuna Ynvana Banenmunoena, cmyoenm 4 xypca Uncmumyma azpodouomexuo-
noeuu, PI'OY BO PI'AY-MCXA umenu K.A. Tumupszesa, veu-q@yandex.ru
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Azaprosa Haoesxwcoa Anekceeena, cmyoenm 4 kypca Uncmumyma azpoouomexroso-
euu, OI'hOY BO PIr'4y-MCXA uMeHu KA. Tumupsszesa,
agarkova.nadezhda2023@yandex.com

Bonooyesa Onvea I'aspunosna, o0.-c.-x.H., Ooyenm, npogeccop kagheopvl MUKpoouo-
aoeuu u ummynonrocuu DI'BOY BO PIAY-MCXA umenu K.A. Tumupssesa,
ovolobueva@list.ru

Annomauusn: 6 cmamove npusedeHvl pe3yibmanmvl UCCIe008AHUN SHOODUMHOU MUKPOOUOMbL nObe-
206 s6101uU. HU3yuen sudoesoti cocmas. Bvioenenvt bakmepuu 10 pooos. Ilpoananuzuposan anmazo-
HUCIMUYEeCKUL NOMEHYUAL npomus 6030youmelisi 6AKMepuailbHoO20 04co2d Ni0008slX Kyibmyp - Er-
winia amylovora. Haubonee axmusnvimu okazanuce 6akmepuu pooa Pantoea, Pseudomonas, a
maxaice Rhodococcus u Curtobacterium

Knroueswvie cnosa: su10dutel, moderu si010HH, aHTArOHU3M, H30J1ThI, Erwinia amylovora

BBenenne

Erwinia amylovora (Burrill) Winslow et al. - xapaHTUHHBI OOBEKT,
BBI3BIBAIOIIMI OXOI y pacTeHuil cemeiictBa Rosaceae. IlocTossHHO Ben€rcst Mouck
ITAaMMOB JIJI1 CO3JaHUsl HOBBIX OMOIpenaparoB. BbUIO MPUHATO pElIeHHE HaWTU
AHTarOHUCTOB Ha MCKYCCTBEHHO 3apak€HHBIX E. amylovora no6erax siomonu (Malus
Mill.).

Hanbonee yacto BcTpevaromuecs: 0akTepuu-3HI0(DUTHI S0JTOHU OTHOCSTCS K
ponam: Acinetobacter, Bacillus, Pseudomonas, Pantoea u Enterobacter [2-5].

Ilenp  wucciemoBaHUs:  U3YYUTh  pa3HOOOpa3We  aHTAarOHUCTHYECKHUX
AHAO(QUTHBIX MHUKPOOPTaHU3MOB, OOMTAIOIIMX B moOerax siOJOHHU, U OLEHUTh HX
MOTEHIMAJILHBIE BO3MOXKHOCTH B 00pbOe ¢ E. amylovora.

MatepuaJibl M METOAbI HCCJIEI0BAHUS

JInst onpITa MCIOJIB30BAIM OJHOJETHUE CAXKEHIBI 37 COPTOB, NPHUBUTHIE Ha
nojsoe 54-118.

[To6eru si6monu Ao 10-20 cM B cTaAuK aKTUBHOTO POCTa OBLIN 3apa’KEeHbI
Oaktepueir E. amylovora. UYepe3 wmecsm mocie 3apaxkeHus OTOMpanu CcOOpHBIC
oOpa3Lbl HE 3apa3MBIIMXCA U YACTUYHO 3apa3UBLIMXCS MOOEroB JJIsl UCCIEI0BAaHUS.
O160p N00EroB NPOBOAMIN C TOMOILBIO CEKATOPa, OJTHOBPEMEHHO Cpe3asi JINCThS.

Jnst Toro, 4ToOBl HCKIIOYHUTH HAJIWYUE SMHU(PUTHON MHKPOOMOTHI, MOOEru
THIATENIBHO POMBIBAIM C JAETEPreHTOM MO NPOTOYHOM Boaor. Obe33apaxuBaiu 70
% crnupToM, 3aTéM CHHUPT CMBIBAIA CTEPUIBHOM JNHCTWUIMPOBAHHOW BOJOM H
oOcymmBany  CTEpWIbHONW  (QuibTpoBaibHOM Oymaroil. B moaroroBieHHbIC
CTEpUJIbHBIE OJIHOPA30BbIE CTAaKaHbl W3MEJIbYaIM MOOErd, B3BEIIMBAIM Maccy U
3anMBaiiv cTepriibHBIM Oydepom (PBS). BerpsixuBanu Ha potanonHom mieiikepe 1,5
gaca nipu 200 06/MuH.

Jlis MUKpPOOMOJIOTHYECKUX HMCCIEAOBAHUN TMONYYEHHBIN SKCTPAKT BbICEBAIU
MIOBEPXHOCTHO C HCMOJb30BaHMEM Mmarens Jlpuransckoro B 4vamku Ilerpu Ha
JeBaHOBYIO cpeny. Kaxapiii oOpaszen BbiceBaiM 0€3 pa3BeleHUsI U C Pa3BEICHUAMU
101,102,103,10* B nBykpaTHOI noBTopHOCTH (PHCYHOK). YaluKy HHKYOHPOBAIIH IIPU
25-27 °C B Teuenue 10 cyTok.
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Pucynox — IloceB au10bUTHON MUKPOOHOTHI 00pa3la ¢ CAMITOMAaMH OKOTa
(BBepxy) 1 0€3 CUMIITOMOB (BHU3Y)

Ananm3 noceBa npoBoawid Ha 3, 5 u 10 cyTkH. YUHTBIBaIM KOJIUYECTBO
kosioHmid E. amylovora u pa3nmmyHbIx MOp(OTHIIOB SHAODUTHBIX MHUKPOOPTaHU3MOB.
Kononun 3H10(pUTOB niepeceBau sl BbIIECICHUS YUCTOU KYJIbTYPHI.

AHTaroHUCTHUYECKYI0  aKTHUBHOCTb  3HIO(QUTOB  OMNPEICISUIM  METOJIO0M
COBMECTHOTO KYJIbTUBUPOBaHUS Ha cpenax RoA u 925 [1].

WNnentudukaiuio 6akTepuii IpoBOIUIN ITyTEM CEKBEHUPOBAHUS y4acTKa T'eHa
16S rDNA, ammumuipyeMoro cranaapTeiMu npaiimepamu 27F/ 907R.

AMIUTH(PUKAIUIO TPOBOAMINA C HCIOIH30BAHUE KOMMEPUYECKHX HAOOpOB MJis
amriukanuu B Tepmornkiae C1000 Touch no cnenyromeit mporpamme: 95 °C — 5
muH, 40 mukioB: 95 °C — 30 cek, 63 °C — 30 cek, 72 °C — 1 mun, 72 °C — 10 muH.
Paznenenue mnpoaykroB ocymectBiasiii B 1,5% arapo3Hom rene. B kauecTBe
OydepHoii cuctemsl ucnonb3zoBaics 1x TBE (Tpuc-Ooparuslit 6ydep).

Pe3yabTarhl H 00Cy:KI1eHHE

B pesynbTaTre wuccienoBaHus OBUIO BbIAEICHO 28 H30JATOB ASHIO0GUTHBIX
Oaktepuii u3 mooderoB 11 coptoB: AHTOHOBKa 3ypoBKa, bamkupckuii kpacaserl,
KopnonoBka, Kopuunoe 6enoe, AntoHoBka OObikHOBeHHasi, Bantora, ['opaeeBckoe,
Jlerenna, Mapar bycypun, [Togapok I'padckomy, Csa6pbiHa.

[lTo pe3ynpTaTaM CEKBEHUPOBAHHS JHIO(MUTOB, U3OJIATHI OBUTM OTHECEHBI K
creayronmmM poaam: Curtobacterium, Pantoea, Pseudomonas, Rhodococcus, Staphy-
lococcus,  Enterobacter,  Leclercia, Micrococcus, Moraxella, Lelliottia.
[MpencraBurenn pomoB Curtobacterium, Pantoea, Pseudomonas, Rhodococcus,
Staphylococcus nmoxasnsuiu poct E. amylovora Ha nmutaTenbHBIX cpenax.

B OeccumnToMHBIX mobOerax copra AHTOHOBKa 3ypOBKa BO30YyIUTENb
OTCYTCTBOBAJI, & KOHIICHTPAIIUS AHTATOHUCTUYECKUX dHIO(DUTOB COCTaBUIA
6*10° KOE/r. B moGerax ¢ cumMnromamu oora copra ['opieeBckoe KOHIEHTpalus
E. amylovora u sumopuToB mnpumepHo oamHakoBas - 1*10° m 4*10° KOE/r
cooTBeTCTBeHHO. B moberax copra KopuuHoe Oenoe KOHIEHTpauus 3HIA0(DUTHOM
MHKPOOMOTHI 3HAYUTENBHO MTPEBHIIAET KoHIenTpanuro E. amylovora - 9*108u 7*10*
KOE/r coorBerctBenHo (Tabnuma).
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Ta0muna
DOunodutel — anTaronuctel E.amylovora

HaszBanue [IpoueHT uaeH- E.a,
O6pazern copra [Tpenmonaraemast GakTepus TudnKai KOE/r KOE/r
Curtobacterium aurantiacum 99.64%
B2ol1* - ) 8*10* 0
C_urtobacterlum flaccumfa 99.64%
ciens
Rhodococcus cercidiphylli 99.77%
B202-1* — 8*10* 0
Awnronoska | Staphylococcus hominis 99.65%
3yposka Pseudomonas kribbensis 94.56%
B202-2* _ _ 4*10° 0
Pseudomonas fitomaticsae 94.56%
Pantoea agglomerans 99.24%
B202-3* : 4*10* 0
Pantoea pleuroti 99.24%
Pseudomonas petrae 99.88%
B14 Kopuroe PETTE 9*108 | 7*10%
benoe Pseudomonas graminis 99.88%
Pantoea pleuroti 97.32%
C3 I'opneeBckoe 4*%106 | 1*10°
Pantoea agglomerans 97.32%

* 06pasubl B2o1 1 B202 — oqun noGer. B2o1 - Bepxuss yactb (1 cm), B202 - 10 cm ot BepxHeii yactu (1 cm)

bakrepun poga Pseudomonas BcrpeuaroTcs B 1ByX copTax: KopuuHoe Oenoe u
AnTtoHoBKa 3ypoBka. baktepun pojga Pantoea npucyrctByroT B coptax ['opaeeBckoe
u AntonoBka 3ypoBka. Poxer Curtobacterium, Rhodococcus u Staphylococcus
OTpPENENMINCh TOJIBKO B copTe AHTOHOBKa 3ypoBka. HamOoiblas KOHIICHTpaIus
SHIO(UTHON AHTArOHMCTHYECKOH MUKPOOUOTEI - B copre Kopuunoe Genoe — 9*108
KOE/r. Takum oOpa3oM H30/AThI, BBIICICHHBIE M3 copToB KopwduHoe Oenmoe u
I'opneeBckoe, HE TOAABIISIN Pa3BUTHE CUMIITOMOB OKOTa Ha MooOerax.

B 3apasuBmumxcsa noderax copra AHaATOHOBKA 3ypOBKa (JIaHHbIE HE MTOKa3aHBbI)
xoHnenTpanus E. amylovora cocraBuma 2*108 KOE/r, sHIOQHTHBIE H30JIATEI
OTHOCHJIHCH K pojty MiCroCcoCCUS. AHTaroHUCTHYECKON aKTUBHOCTH Ha MUTATCIIbHBIX
cpenax He MPOSBUIIN.

M3onupoBaHHble IITAaMMBl W3 HE 3apa3uBIIMXCS MOOETOB s0JOHM copTa
AHTOHOBKa 3ypOBKa, MEPCHEKTUBHBI Ui JAIbHEHIIEr0 W3y4eHUss U pa3pabOTKu
OuomnpenapaToB MPOTHB OaKTEepHAIbHOrO OXKora, T.K. orcyrctBue E. amylovora B
mo6erax MoKeT ObITh 00YCJIOBJIICHO BIUSHUEM aHTarOHUCTUYECKOW MUKPOOHOTHI.

Hekotopble BuIbI, BBIICTICHHBIE €3 TOOETOB, SBISIOTCS TATOTEHHBIMHU
OpraHu3MaMu JUIs1 4YCJIOBEKA M KUBOTHBIX. K wuMm ortHOcarca: Micrococcus yun-
nanensis/aloeverae, Staphylococcus warneri, Moraxella osloensis/tetraodonis,
Leclercia adecarboxylata u Enterobacter sichuanensis. [lanHble H30JIATHI OBLIH
BBIJICJICHBI U3 MOOEroB COpToB - bamkupckuii kpacasen, KopaoHoBka, AHTOHOBKa
OoObikHOBeHHasi, Bamorta, Jlerennma, Mapar bycypun, Ilomapox I'padckomy u
Cs6pbiHa — B TaOJIUIE HE YKA3bIBAIOTCHI.
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3akioueHue
PesynpTaThl wWccnenoBaHWS TMOKa3bIBalM, YTO pa3HOoOpaswe SHIO0(PUTOB
CIOCOOHO BIIMATH Ha 3I0pPOBbE M MPOJYKTHBHOCTh PACTEHHUI, YTO OTKPHIBAET HOBBIC
MEPCHEKTUBBI I OMOJIOTHYECKOTO KOHTPOJISI OOJIE3HEHM M YIIYYIIECHHs YCIOBHIA
BbIpaluBaHus s10610HU. JlanpHel e ncciae10BaHus B 3TOM 00J1aCTH MOTYT IPUBECTH
K pa3paboTrke 3(PPEKTUBHBIX METOMOB OOpPHOBI C OOJE3HSIMH W TIOBBIIICHUIO
YPO>KafHOCTH TIJIOJIOBBIX KYJIBTYP.

HccnenoBanue mpoBOAMTCS B paMkax ['ocymapcTBeHHOro 3anmanus, per. Ne
HNOKTP 123042100020-5.

Cnmcok Jurepatyphl:

1. Eropos H.C. MukpoObl aHTarOHUCTHI U OMOJIOTMYECKUE METOAbI OMPEICICHUS
aHTHOMOTHYECKOM akTuBHOCTH / M.: BrIciiag mikoia, 1965. 212 c.

2. Vankova A.A., Drenova N.V., Sviridova L.A., Golovkin G.A. Endophytic mi-
croorganisms of apple fruit (Malus domestica) // BIO Web Conf., 39 (2021) 07004.

3. Ferreira A et al. (2018). Endophytic Bacteria Isolated from Apple Trees Exhib-
it Antifungal Activity. PLoS One. 13(11): e0203506.

4, Kumar A et al. (2014). Isolation and identification of endophytic bacteria from
apple (Malus domestica Borkh.) and assessment of their ability to produce IAA.
Brazilian Journal of Microbiology. 45(3): 915-22.

5. Liu H et al. (2012). Diversity and Antagonistic Potential of Endophytic Bacte-
ria from Apple Trees against Phytophthora mali. Journal of Basic Microbiology.
52(3): 277-86.
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Cexknusn 4.
MukpoO1010ru4ecKre OCHOBbI MEePepadoTKH NMPOAYKIUU U OTX0A0B
nepepadarsiBalonieii npombinieHHocTH AIIK

VK 636.09
PETPOCIIEKTUBHOE VCCJIEJIOBAHHUE 3THOJIOTAN
MH®EKIIMOHHOTO [IUCTUTA YV KOIIEK

TI'ankuna Deenuna Anekceeena, cmyoenm 4 Kypca, HanpasieHue NOO020MOGKU
36.05.01 «Bemepunapusy, uncmumyma 30omexruu u ouonocuu, ®I'b0OY BO PI'AY
MCXA umenu K.A. Tumupszesa., evelina.galkinaO4@mail.ru

Anekcanoposa Examepuna Anekcamoposna, cmyoenm 4 Kypca, HanpaegieHue
nooecomosku 36.05.01 «Bemepunapusy, uncmumyma 300mexHuu u Ouoaio2ul,
DI'BOY BO PI'AY MCXA umenu K.A. Tumupsizesa., alex.kate107@mail.ru
(Hayunuwiii pyxosooumenv — Ceucmyrnos [[mumpuii Banepvesuu, accucmenm xkagheopwl
semepunapHot meouyunvl, OI'BOY BO PIAY MCXA umenu K.A. Tumupssesa.
svist@rgau-msha.ru)

Annomauyuna. B oannoii pabome uccnedyromcs smuonozuyeckue Gaxkmopuvl UHQOEKYUOHHO20
yucmuma y xouitek. baxkmepuu epynnvi KuuleuHol NAlO4Ky, CMPEenmoKOKKU, CMAQUIOKOKKU,
SHMEPOKOKKU U Yumpobaxmep AGIAIOMCA 8030y0umensimu UH@GEKYUOHHO20 YUCIUMA ) KOULEK.
Pezynomamer 0annoeo ucciedosanus mocym 66imsb UCNONB308AHBL 0Nl OAILHEUWUX UCCTe008AHUT
no aHMuOUOMUKOMEPANUU UHDEKYUOHHO20 YUCTIUMA Y KOWEK, ONpeoeNeHur0 Cneyuqhuieckol
YY8CMBUMENLHOCIIU MUKPODILOPYL.

Knrouegvie cnosa: uucTuT, KOIIKM, HHQEKIUs, OaxkTepuosiornyeckas ¢uopa, Hedpomarus,
BETEPUHAPHBIE KIIMHUKH, TEPAIIUSI.

Marepuaj u MeTOAbI UCCIET0BAHUI

[leapt0 [JAHHOTO MCCIEAOBAHMS SIBISJIOCH PETPOCIEKTUBHOE HW3YYEHUE
ATUOJIOTUYECKUX (DAKTOPOB HMHQPEKIIMOHHOTO IMCTUTA Y KOIIEK, MOCTYMHUBIIHUX B
BETCpUHAPHYIO KIMHUKY B mepuon ¢ 2017 mo 2020 rr. B umccnemoBanue ObLIN
BKJIIOUEHBI 385 KOUIEK, MPOJEMOHCTPUPOBABIINX KIMHUYECKUE MPU3HAKU AU3YPHUHU.
B ananu3 He BKIIOYANUCh JKMBOTHBIC, paHEE MOJYYaBIIME TEPANHUID WIU
XUPYPruYeCKOe BMEIIATENBCTBO IO MOBOAY 3aTPYAHEHHOIO MOYEUCIYCKAHUS B
IPYTUX BETEPUHAPHBIX YUYPEKICHUSIX, a TaKKe KOIIKA C COMYTCTBYIOIIUMHU
3a001€BaHUSMU, TAKUMH KaK HepomaTusi, caxapHbIil T1a0eT U TUIEPTUPEO3.

Jlns xakaoro nauueHTta Oblia coopaHa nHGoOpMalus U3 MEIULIHUHCKUX KapT U
ONMPOCHUKOB BJAJEINbLIEB, BKIIOUAIONIas: JeMorpaduueckue JaHHble (BO3pacT,
mopojia, MOoJI, Macca Tejla, pAIMOH MHUTaHUsS, JOCTYNl K BOJE), KIUHUYECKHE
CUMIITOMBl ~ TaKM€  Kak  4YacToTa,  MPOJOJDKUTENIBHOCTh,  YCTOWYHUBOCTH
MOYEHUCITYCKaHUs, a TaKXe JApyrue KIMHUYECKUE TIPOSIBICHUS, CBS3aHHBIE C
MOYEBBIBOJIAIICH CUCTEMOW, MCTOpUIO OOJIE3HHU, PENPOIYKTUBHBIM  CTaTyC,
KOJINYECTBO KUBOTHBIX B CEMbE, HAJTMYHME CTPECCOBBIX (PAKTOPOB.
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Bce kolku mpoluiv JeTadbHOe KIMHUYECKOe 00CIeOBaHUE C aKIIEHTOM Ha
MOYENOJIOBYIO U HEPBHYIO cucteMy. [IpoBoaunace nanbnamus MOYEBOIO My3bIps A0
M T1OCI€ MOYEUCIYCKaHUs, a TakkKe BO BpeMs IIpolLecca MOYEHCITYCKaHHS.
HeBponoruueckoe oOcienoBaHue BKIIOYAIO OIEHKY aHaJbHOTO peduiekca u
pednexkcoB KoHeuHOCTe. Tarke mpoBoamiics cOOp MOYHM: OHa CcOOHMpanach
npeumyniectBeHHO (okoso 90%) myTeM IUMCTOLEHTE3a, B OCTABIIUXCS CIIydasx
MCIIOJIb30BaJach ypeTpayibHas Karerepuzannsd. PU3NKOXUMUYECKUN aHaIN3 BKIHOYAI
B ce0sl ompejesieHne colepKaHusl TIIOKO3bl, OMIMpYyOMHA, KETOHOBBIX Tei, PH c
UCIIOJIb30BAHUEM MOYEBOIO aHaiau3atopa. PesynbTaThl  (QU3MKO-XUMHYECKOTO
aHanu3a (tabnuna 1) ObUIM ClIeTyIOUIMMU: cpelHee 3HaueHue pH mouu paBHsIOCH
6,2, 'y TaluMeHTOB C BOCHAJEHUEM MOYEBOTO IMy3bIpS W  KaMHSIMHU
MOYEBBIJICUTEIBHOIO TPAaKTa 3TO 3HaYeHUe jocturaio 6,9. Moya y MmanueHTOB C
BOCHAJICHHEM  MOYEBOTO  My3bIpsd U NOpoiaudepaTUBHBIMU  HW3MEHEHUSIMU
XapakTepru3oBagach 00jiee HU3KUM YACIbHBIM BeCOM. DTU 00pasilsl ObLIM COOpaHBI,
B OCHOBHOM, Y MTO>KHWJIBIX JKUBOTHBIX. [ 1TI0K03ypHs Habmonanace y 64% mnaiueHTos ¢
oOCTpyKIIMel ypeTphl. YpOBeHb OejlKka B MoOu€ ObUI BBINIE Yy TAIMEHTOB C
UIUONATHYECKUM LIUCTUTOM IO CPABHEHHIO C OCTAJIbHBIMU KUBOTHBIMH, BO3MOKHO,
M3-32 YpOTEIHAIBHOIO TMOBPEXACHUS W MPOHUKHOBEHHUs OEIKOB OCTpoW (pa3bl B
Mouy. OG6pasibsl Moun meHTpudyrupoBainch Ha 1008 g, ocagok ucciaegoBajcs C
HCIIOJIb30BAHUEM MHUKPOCKOINA C B IOJIE 3pEHUA O] OOJBIIMM YBEIUYEHUEM C
koa¢ppunmentom 400, paccmaTprBaeMble 00pa3Lbl OABEPraIUCh LIUTOJIOTHYECKOMY
aHaIU3y " OaKTEpUOJIOTUYECKOMY UCCJIEIOBAHUIO C BBIBEJICHUEM
aHTUOMOTUKOTpaMMbl. brarogaps NaHHBIM MaHMITYJSIIMSM yJAdoCh MOATOTOBUTH
MaTEepUJI 1715 JAJIbHEHIINX MUKPOOMOJIOTHUECKUX UCCIEOBAHUN U JUATHOCTUKH.

Jia uneHTUUKauuu OakTepUid, BBI3BIBAIOIINX HWH(EKIMI0 MOYEBBIBOJSALINX
IIyTEH, MPOBOJAWIIOCH KYJIbTUBUPOBAHKE HA CIAEAYIOIINUX MUTATENbHBIX CPElax:

* Arap c¢ 5% xpoBblO OBell: oOoraiieHHas cpefa, Moaxojsduias s pocTa

IIUPOKOTO CIEKTpa OaKTepUid.

* Arap MakKonknu: CEJIeKTHMBHAas  cpena,  IpeJHa3HAuYeHHas Ui

KyJIbTHBHPOBAHUS TpaM-OTPHIIATEIBHBIX OakTepuii, BKirodas Escherichia coli.

» MaHHHT-COJICBOM arap: UCIOJIb3yeTCs Ui BhisiBieHus Staphylococcus aureus.
« IloceBHble uamiku uHKyOupoBamuch npu Ttemmeparype 37°C B a’poOHBIX
YCJIOBHSIX B T€U€HUE 24 4acoB.

Tabauma 1
aHaJIn3 OCaJKa MOYH
Ne /i Iloka3zaTenu PesyabTarhl
1. [Ipo3pauHoCTh MyTtHas
2. 3amax HenpusitHblit
Buj ocanika (B 0IHOM I10JI€ 3pEHUSI MUKPOCKOIIA):
3. JlefkouTEI 7
4. MoueBble HIUIMHIPEI Enunuynble (THAJIMHOBBIE)
o. Onurenuit 5 (mepexoHbIi)
6. OpUTPOLUTHI 0-5
7. OakTepuu B 6ob110M KoJIMYecTBE
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[TonoxxurenbHBIA ~ pe3ynbTaT  OAKTEPUOJOTMYECKOI0  MOCEBa  SIBJISJICS
OCHOBaHUEM /Il TOCTAaHOBKM JuarHosa '"OaktepuanbHas wuHpexmus". Juarnos
"yponuTuas" ycTaHaBIWBAJCS HAa OCHOBAHWU JAHHBIX YJIBTPAa3BYKOBOTO W/HMIU
PEHTI€HOJOTUYECKOTO  MCCIENOBAHMUS. Y  HEKOTOPBIX MAUEHTOB YPOJIWUTHA3
COTIPOBOXAAJICS MHPEKIMEH MOUYEBBIBOISAIINX TyTEH.

Pe3yabTarbl MUKPOOHOJIOTHYECKOT0 HCCJIEI0BAHUSA U BHIBO/BI.

JlanHple 1O cocTaBy MHKPO(MIOpHl B oOpa3lax MOYM MpU OakTepuaIbHOM
LUCTUTE MpecTaBiieHbl B Tabnuie 2. 13 30 Kolek ¢ MoJ0KUTEIbHBIM PE3YIbTaTOM
OAKTEPUOJIOTUYECKOTO NOCEBA, ObUIN BBIIEIEHBI CIETYIOIINE MUKPOOPTaHU3MBI:

» Escherichia coli (16 xomek, 53,3%): HauOoyiee dYacThlii BO30YIUTEIH

UH)EKINH.

» Staphylococcus spp. (6 xomiek, 20%): BTOpO#H IO pacHpOCTPaAaHCHHOCTH
BO30YIUTEIIb.

» Streptococcus spp. (5 xomrek, 16,6%): TpeTwii MO pacHpOCTPAHEHHOCTH
BO30YAUTEIb.

« Enterococcus spp. (1 xomika, 3,3%): pexxe BCTpedarouuicsi BO30yAUTENb.
 Citrobacter spp. (1 komika, 3,3%): peke BCTpEUAIONIUICS BO30YAUTEIIb.
*  Cmewannas ungexyus Streptococcus spp. u Staphylococcus spp. (1 xomika,

3,4%): penkoe siBJICHUE.

Y 19 xomek ¢ ypoiauTHazoM OblJa JHAarHOCTHPOBaHAa OaKTepuaibHas
UHQEKIUS MOYEBBIBOIANIMX MyTei. B aToii rpymnmne E. coli Obuta Hanbosee yacThiM
Bo3OyauteneM (16 komek, 84,2%).

Ha ocHOBaHMM TONYyYEHHBIX JIAaHHBIX MOKHO CJeJlaTh BBIBOJ, UTO
ATHOJOTUYECKUMH (paKTOpaMH HHQPEKIMOHHOIO IIMCTUTAa Y KOILUEK SIBISAIOTCA
OaKTepuu TPYNIbl KAIMIEYHONW MAJIOYKH, CTPENTOKOKKH, CTAPHIOKOKKH, SHTEPOKOKKU
u nutpodakrep. Jomuuupyromas mukpodiopa coctout u3 Escherichia coli, ona
ABISIETCSl  Haumbojee 4Yacto  BeTpevaroummcs — Bo3OyauteneM. (CmemraHHas
Mukpodopa BcTpedaeTcs penko (3,4%), B OOJBIIMHCTBE CIIy4aeB BBIACIIACH
MOHOKYJIbTYpA.

AHanu3 BbIIENEHHON MUKPO(MIOPHI y KOIIEK ¢ LUCTUTOM IO3BOJISIET CIENaTh
BBIBOJI O TOM, YTO HMH(EKIMIO Yallle BCETO BBI3BIBAIOT MPEACTABUTEIN YCIOBHO-
MAaTOr€HHOM MHKPO(IOpbl. DTH MUKPOOPTaHU3MbI OOBIYHO OOMTAIOT B OpraHU3MeE
’KUBOTHOTO U HE PUHOCAT eMy BpeAa. OIHAKO MO/ BIUSHUEM PA3NIUYHBIX (PaKTOPOB
uX "B3aMMOOTHOIIEHHUS" C OPraHW3MOM MOTYT U3MEHUTHCS. DTH U3MEHEHUS MOTYT
OBITh BBI3BAHBI KaK BHEIIHUMU (paKTOpaMH, HapHUMEp, CTPECCOM, HEMPaBHIbHBIM
MUTAHWEM, TaK U BHYTPEHHHMHU (akTopamu, Hampumep, ociaablieHueM UMMYHHOM
CUCTEMBI.

B kadyectBe mnpumepa MoxHO paccmorpers Citrobacter, mnpencraButens
cemeiictBa Enterobacteriaceae. Citrobacter sBisercs uyacTbi0  HOpMalIbHOU
MUKPOQIIOPHI KUIIEYHNKA KOMIEK W B HOPMAJbHBIX YCJIOBHUAX HE MPHUHOCUT Bpea.
OnHako mmox Bo3jaeicTBreM HeOaronpusTHeIX GakTopoB Citrobacter, kak u apyrue
YCIIOBHO-TTATOTEHHBIE MHUKPOOPTAaHU3MBI, MOTYT BBIUTH 3a TpeAeNbl KUIICYHUKA H
MOMAcTh B IPYTHE OPTaHbl U CHUCTEMBI, BBI3bIBAas Pa3BUTHE PA3IIMYHBIX 3a00JIEBaHUIA.
Yacto yCIIOBHO-TIATOTEHHBIE MHUKPOOPTaHU3MBI, MOMAaB B MOYEBBIBOMASIINE ITYTH,
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BBI3BIBAIOT BOCITAJICHUE CIHM3UCTOM OO0OJIOUKH MOYEBOTO IMy3bIpA - I/IH(l)eKHI/IOHHBIﬁ

IIUCTUT.
Tabmmia 2 — coctaB MUKPOGIOPEI MOYH MPU OAKTEPUATHLHOM IIHUCTUTE
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NHpeKkuMoHHBIH LUCTUT Yy KOIIEK, BBI3BAHHBIN  YCIOBHO-TIATOTEHHOU
MHUKPO(IIOPOH, SBISETCS Pe3yJbTaTOM HapyLIeHUs €CTECTBEHHOro OajiaHca B
opranuzMme. BaxxHO y4yuThIBaTh (PaKTOPBI, KOTOPHIE MOTYT MPUBECTU K HW3MEHEHUIO
MUKPO(DIIOPHI U pa3BUTHIO HHPEKIUOHHOTO IIUCTHUTA.
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LIEHTp roccansnuaHaazopa Munsapasa Poccun, 2004. - 91 c.
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YK 579.64:574.4(470.62)
OIIEHKA MAIIEPUPYIOIIENA AKTUBHOCTH YTJIEBOJOPOJOKHUC-
JSAIOIMINX BAKTEPU YPBOCUCTEM TI'. BAJIAKOBO
(CAPATOBCKASA OBJIACTD)

I'onyoee /Imumpuit Muxaiinoeuu, nacucmparnm 1 Kypca kagheopsvt Muxpoouoiocuu
u ¢usuonocuu pacmenull buonocurecxkoeo gaxyromema Capamoscko20 HAYUOHAIb-
HO20 UCCNe008AMENbCKO20 20CY0apCcmeenno2o yHueepcumema umenu H.I. Yephoi-
wesckoeo, dimagolubev2018@yandex.ru

Tapaciok Anna Koncmanmunoena, macucmpanm 2 Kypca kageopvl MUKpoOuoio-
euu u gusuonocuu pacmenuti buonocuveckozo gaxyromema Capamoscko2o Hayuo-
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HAIbHO20 UCCAEO08AMENLCKO20 20CY0apcmeeHHo2o yHusepcumema umenu H.I'. Yep-
Huluesckoeo, Kotannat@yandex.ru

I'nunckaa Enena Bnaoumuposna, x.0.H., ooyenm xageopvi Mukpoouoiocuu u @u-
3uonocuu pacmenuti ouonocuieckozo ¢haxyromema Capamoscko2o0 HAYUOHATLHOO
UCCTe008aAMENLCKO20 20CY0apCcmeeHHo2o yHugepcumema umenu H.I'. Yepuviuescro-
2o, elenavg-2007 @yandex.ru

Annomauusn: Ilpeocmasienvl pe3yibmamol UCCIEO08AHUS MAYepupyrouelt. aKmusHOCmuU Yeneso-
00p000KMCJZ}ZIOI/L{MX 6ai<mepm7, 6bIOEICHHBIX U3 NOYE Cpa3H011 CMENeHbl0 ARMPONOCEHHO20 GIUAHUA
meppumopuu 2. banaxoso (Capamosckas obracme): Acinetobacter Iwoffii R44, Bacillus circulans
E75, B. horikoshii P22, B. lentimorbius J64, B. pumilus S35, Mammaliicoccus lentus T18, Ochro-
bactrum gallinifaecis 159, Paeniglutamicibacter psychrophenolicus W48.

Knrouegwle cnosa: yrneBoiopoaHoOe 3arpsizHeHue, ouopemenuanus, ypoocucTeMsbl, Malepalus, yr-
JIEBOIOPOAOKUCIAIOIINE MUKPOOPTaHU3MBI

KonTamuuanus nouys yriieBogopojaMu He(TH NpEeACTaBIsieT cOOOW cepbes-
HYI0 Mpo0JieMy, OKa3bIBasi TOKCHYHOE U KaHIIEPOT€HHOE BO3ACICTBUE HA BCE )KUBOE.
OnHuM U3 COBPEMEHHBIX METOJIOB BOCCTAHOBJICHUSI HAPYIIEHHBIX TEPPUTOPUI SBIIS-
€TCs peMenuanus C UCIOJb30BAHUEM MHUKPOOpranu3moB [1]. BaxHeiM acnekTom
MUKPOOHOJIOTHYECKON PEKYIbTUBALUU SABIIAECTCS NPUMEHEHHE dHIEMUYHBIX ISl 00-
pabaTbIBaeMO MOYBBI OAKTEpPUH, YTO TapaHTUpYyeT Hauboiiee F3(PPEKTUBHYIO OUUCT-
KY, IIOCKOJIbKY OHHU ()YHKIMOHUPYIOT B HEM B ONTUMAJBHBIX JIs1 ce0sl yCIOBUSX [2].
JUIsl yCIIEIHOTO MPOBEACHUS BOCCTAHOBUTENIBHBIX MEPONPUATHN 3arpsA3HEHHBIX YI-
JEBOJIOPOIAMU TEPPUTOPUN HEOOXOOUM NOJ00p IITAMMOB MHUKPOOPIaHHU3MOB C
OTIpe/ICICHHBIMU XapaKTEPUCTUKAMU, B YACTHOCTH, C HAUMEHbBIIUM (PUTONATOrECH-
HBIM ITOTEeHIIHANIOM [3].

[{enpro ucciaenoBanys ABISUIACH OLEHKA MALEPUPYIOLIEH aKTUBHOCTH YTJIEBO-
JIOPOJOKHCIISIONINX OaKkTepuii ypOo1eHo30B . bamakoBo
(CapatoBckas 00acThb).

PaboTta npoBoaunace Ha 6a3e kapeapbl MUKPOOHOJIOTUH U (PU3HOJIOTUN PACTe-
Hui CapaToBCKOTO HAIMOHAJIBHOTO HMCCIENOBATEIBCKOTO TOCYHAPCTBEHHOIO YHU-
BepcureTa MeHH H.I'. UepHbBIIIEBCKOTO.

B uccienoBaHuM MCMONB30BAIM LITAMMBI YTIE€BOJOPOAOKUCISIIONINX OaKTe-
puii, BbIJIEJIEHHBIE U3 34 MOYBEHHBIX MPOO ypOaHO3EMOB, HHIYCTPHO3EMOB, KYJIbTY-
po3EMOB M MPUPOAHBIX MOYB T. bamakoBo B nmetHuit nmepuox 2023 r.: Acinetobacter
Iwoffii R44, Bacillus circulans E75, B. horikoshii P22, B. lentimorbius J64, B. pu-
milus S35, Mammaliicoccus lentus T18, Ochrobactrum gallinifaecis 159, Paeniglu-
tamicibacter psychrophenolicus W48.

banakoBo — KpymHBII TPOMBITIUICHHBIN 1IeHTp CapaToBCKOW 00JacTH C Hace-
neHueM okoJio 182 teicau venoek (2022 r.). B ropose u ero npuropojaax pacnosio-
KEHbl KPYNHBIE NPENIPUATHS DHEPreTUUYECKOW, XMMHYECKOM, METaAJLTypru4eCKOu
OTpacCIii, a TaKXke Apyrux npodused (TpaHCHOPTHOM, CTPOUTEIBLHOMN, MUIIIEBOH, JIeT-
Kol u p.) [4].

BrisiBieHHe (UTONATOreHHBIX CBOMCTB MPOBOJUIN C MOMOIIBIO ONPEACICHHUS
MallepUpyIolle akKTUBHOCTH. Mariepaius npeactaBisieT coO0oi mpoliecc pacTBope-
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HUSI MEXKKJIETOYHOTO BEIECTBA PACTUTEIBHBIX KJIETOK C MOCIEAYIOIUM UX pa3beau-
HEHUEM.

CrocoOHOCTh K Mariepalyy MPOBEPSUIN IO CTAHIAPTHOM METOINKE.
TecT-00BeKTHI (KOPHEII0I MOPKOBH, KOPHETUTO CBEKIIBI, KITyOCHD KapTodens,
JUCThS KAIyCThl, TIOJT TIEPIia) MPOMBIBAIN, BHICYIIMBAIH. 3aT€M CTEPHUIN30BAIN I10-
BEPXHOCTH 96 % 3TaHOJIOM M Hape3aau JUCKH PACTUTEIbHBIX TKaHEH
TECT-00BEKTOB. J{UCKU TeCT-00bEKTOB [uaMeTpoM 1 cM u ToamuHoit 0,5 cMm
nomenany B yamku [letpu Ha GUAbTPHI, CMOYEHHBIE (PU3HOJIOTUYECKUM PACTBOPOM.
Ha kaknpiit JUCK HAHOCUIIM CYTOYHBIE KYJIBTYPbl UCCIEAYEMbIX IITAMMOB OAKTEPHil.
Yamku nmomemand B TEPMOCTAT Ui KyJIbTUBUPOBAHMS B TeueHue 1-3 cyTok mnpu
temrepatype 28° C. Hainuue uiv OTCYTCTBUE Mallepalliid OMPEAEIsUId BU3YaJIbHO
IpU MPUKOCHOBEHUU K JIUCKaM OAKTEPHOJIOTUYECKON meTiei [S].

Pe3ynpTaThl SKCIIEPUMEHTOB 10 U3YUYEHUIO MallepUpYIONIeH aKTUBHOCTH TIOKa-
3aJIM, YTO TKAaHW KOPHEIUIOJAa CBEKIIBI MoJBepraiu manepanuu 87,5 % mraMMmoB, a
MMEHHO, BC€ KYJIbTYPhl MUKPOOPTAHU3MOB 3a UCKIIIOUCHUEM
O. gallinifaecis 159. TlopaxkeHns TkaHel KOPHEIUIOJAa MOPKOBH OBLIM OTMCYCHBI
TOJIbKO i ramma B. lentimorbius J64. Ha ocrambHBIX TecT-00beKTaxX Marepariys
He OblIa BhIsSIBJIEHA (PUCYHOK).

Hlepey MopKoBb Kanycra KapTodeno W CBékNa

MarepHpyoImasa aKkTHBHOCTh

B. circulans E75

B. horikoshii P22
B. lentimorbius J64
B. pumilus S35

Acinetobacter Iwoffii R44
Paeniglutamicibacter
psvehrophenolicus W48

Mammaliicoccus lentus T18
Ochrobactrum gallinifaecis 159

Pucynok — Manepupyrorias akTHBHOCTb BBIJICJICHHBIX IIITAMMOB YTJICBOIOPOIOKHC-
JSIOMIMX OaKTepHit

[Itamm B. lentimorbius J64 manepuposan 60 % ucciaeayeMbIX TeCT-KYJIbTYP,

A. lwoffii R44, M. lentus T18 u P. psychrophenolicus W48 — 40 % pactutenbHbIX
00BEKTOB.
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AHanu3 NoJy4YeHHbIX Pe3yiabTaToB Mokazal, 4to 50 % uccienyemMbIX ITaMMOB
YTJICBOIOPOJIOKHUCIISIONMX OaKkTepuil ObUIM CIIOCOOHBI K Mallepaluy TKaHEH JIUIIb
OJTHOTO PaCTUTEIHHOTO TECT-00BhEKTa (KOPHEIUION CBEKIIBI WIN KITyOeHb KapToders).
MuUHMMaTBHYI0O MAalepUPYIONIYI0 aKTUBHOCTH (25 % TecT-00bEKTOB) MPOSIBUIU
mrrammbl B. circulans E75, B. horikoshii P22, B. pumilus S35 u O. gallinifaecis 159 —
OHH SIBJISIFOTCS HanOoJiee MEPCIEKTUBHBIMUA areHTaMU JIJII BOCCTAHOBJICHHUS KOHTA-
MUHHUPOBAHHBIX T0YB. [lomydeHHBIC TaHHBIE MOYKHO HMCIIOJIB30BaTh JJIsI OMOpEeMeTu-
AIMOHHBIX MEPOIPUSATUN ypOOCUCTEM, B YACTHOCTHU, ISl CO3JaHUsl OHoIpenapara,
HAMNpPAaBIEHHOTO HA OYUCTKY TEPPUTOPHUH OT YIIIEBOAOPOTHOTO 3arpsS3HEHUS.
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Annomauusn: B oannou pabome npeocmasieHHvle OAHHbLE 0 QUIUONOSUHUECKUX 0COOEHHOCMAX Ye-
MBIPEX WMAMMO8, paHee 8bl0e/IeHHbIX U3 AHMAPKMUYEcKo20 ozepa Yumep3see. bBvliu onucanvl ma-
Kue nokasamenu KaK memnepamypa pocmad, OmHouleHue K KUCIOMHOCMU, COJEHOCMU, ONUCAHbI
UCMOYHUKU ACCUMUTAYUU Yeepo0d, a30ma u opyaue nokasameiu.

Knrwouesvie cnoea: ozepo YHTep3ee, AHTapKTUIA, NCUXPO(UIBHBIE TPOXIKU, (PU3UOIOTHUECKHUE
0COOEHHOCTH

Bsenenne

AHTapKTHIa ABJISETCS HKCTPEMAIIbHOM cpefoit oOuTaHus AJii MUKPOOPIaHU3-
MOB, 4TO 00yCIaBIMBAECT OONBIION UHTEPEC K UX U3YyUEHUIO Ha MpeaMeT (PU3H0I0ru-
YeCKUX OCOOEHHOCTEH M MEXaHM3MOB aJalTaluil K YCIOBUSM Cpelbl OOUTaHMS.
CpenneronoBas TeMieparypa Ha maTtepuke HUxe 0°, BBICOKH YPOBEHb COJTHEYHOMH
paaualuy, HU3Kas JOCTYIHOCTh MUTATEIbHBIX BEIIECTB JEJIAeT Cpelly BECbMa Cypo-
BOM I KU3HU M cyulecTBoBaHUsA. HapaboTka u nonydeHue oObEMa JaHHBIX O Pu-
3HOJIOTUYECKUX OCOOECHHOCTAX, MOP(OJIOrun, OMOXUMHUYECKHX OCOOEHHOCTSX I03-
BOJIUTH B OYJyIlIEM ONPEIEIUTh TPAMOTHYIO CUCTEMATUKY apKTHUECKUX MUKpPOOpra-
HU3MOB. [laHHas paboTa HampaBiieHa Ha ONpPEEICHUE OCHOBHBIX (PU3MOIOTHYECKUX
noKa3aresiel, BBIJCIIEHHBIX COTPYIHUKAMH JIa0OpATOPUU PETMKTOBBIX MUKPOOHBIX
cooOmiecTB uHCTUTYTa Mukpooumonornn PAH [Bmacosa, 2020; [lsatnos, 2022],
IITAMMOB JIPOKKEH.

O0BEeKTBI M METOAbI

OObeKTaMu HMCCIIEIOBaHUS B MPOBOJMMON paboTe ObUIM MPOOBI BOABI OTO-
OpaHHBIE U3 Pa3IMYHBIX CIOEB 03epa YHTep3ee B AHTApKTU]IE KOTOpbIe OBbLIN MpeJIo-
CTaBJIEHBI JUJISl UCCIIEIOBAHNS COTPYJHUKOM KOJUIEKIMH KYJbTYp MHCTUTyTa buoxu-
Muu U pusnonoruu MukpoopranusmoB PAH AxumobiM B.H. B 2011 roxy npo0si
BOAbl ObLIM OTOOpaHbl W mpuBe3eHbl B MockBy coBMmecTHOW Poccuiicko-
AwmepukaHnckoit skcnieunueit [Brnacosa, 2020; dstnos, 2022]. Beinenenue KyabTyp
MUKpPOOPTaHU3MOB HAa4YaJIOCh B TOM-)X€ TOJy COTPYJAHMKAMU MHCTUTYTa MHKPOOHO-
noruu PAH. Yucteie KyabTypbl ObUTH BBIIEICHBI TOJIBKO K 2017-18 rogam [Biacosa,
2020; dstiioB, 2022] u3-3a CIIOKHOCTH U JJTUTEIBHOCTH MPOIIECCOB BhIICICHMS.

B pabote onpenensnuch Takue (HU3MOIOTMUECKHUE TOKa3aTed Kak TeMmIepa-
TypHBIE TPAHULBI POCTA, UICTOYHUKN ACCUMWJISILIUMU YTJIEPOJ1a, HCTOYHUKHA aCCUMUIIS-
LM a30Ta, OTHOLIEHUE K KHUCIOTHOCTH, COJEHOCTH CpPEJbl, BIUSHUE HA POCT BUTA-
MUHOB U APOACGKEBOr0 3KCTPAKTA, KOHIEHTPALMHA HCTOYHUKA YTIIEPOIa.
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Onpedenenue memnepamypHulx 2panuy pocma

B onwiTe ucnons3oBanack cpena 1974 ATCC ¢ conepxanuem coneit XaHrepa.
B kauecTBe MCTOYHHMKA yTiepojia UCIOJIb30BaIach caxapo3a ¢ coaep:kanuem 0,3%
(pexkum crepunmzanuu cpeasl 1 atM. 121°C 20 mun.). Ilocne crepunuzanuu cpesl
3aceBaM MCCIETYEMbIMH IITAMMAMH M KYJbTUBUPOBAIM NpH Temneparypax B 4°C;
10°C; 15°C; 20°C, 25°C u 30°C B TeueHHH 7-MH CYTOK.

Onpedenenue ucCmoYHUKO8 acCUMUIAYUU Y21epood

CyTbh MeTO/Ia 3aKJII0OYAETCS B KAUECTBEHHOM ONPE/ICTICHUN UCTOYHUKA YTIIepo-
71a, He0OXOAUMO Ji OJIArONPUATHOTO POCTA UCCIEAYEMbBIX B X0JIe pabOThl KYJIbTYD.
Jlns mpoBenieHus OmbITa McHoJib3oBasiack cpeaa 1974 ATCC, conmepixkalnyio B cebde
coiu Xanrtepa [R.M. Atlas, 2010].

B kadecTBe MOHO- M JIMcaxapuJiOB UCIOJIb30BAIKCH: TIIOKO3a, caxapo3a, KCU-
no3a, ¢GpykTo3a, MaHHO3a, JAaKTO3a, MajbTO3a, TajlaKTo3a, Kpaxmal, Iemioounosa,
uHyJMH. {15 onpenenennsi ciocoOHOCTH KyJIbTYpPhl PacTH Ha Cpelax ¢ KHUCIOTAMH,
WCIIOJB30BAIM CIEAYIONIME HATPUEBBIC M KAJIbIUEBBIC COJIM OPraHUYECKUX KHUCIIOT:
anerar HaTpus, JAKTaT KalblMs, [UTpaT HATpUs, NpOMUOHAT HaTpus, dymapar
HaTpHs, IIABEJIEBOKUCIBIA HaTpuil, D-rmokypoHat kaneuus. M3 ciupToB, B KauecTBe
HMCTOYHUKA YIJIEPOJia, UCIIOJIH30BAIUCH METAHOJ U MHO3UTOJ. Takke B KaueCTBE UC-
TOYHUKA yTJIepoJa UCIOJb30BaIM MOHOMETHIAMUH. B KayecTBe KOHTPOJISI UCTIOJb-
30Bajlach cpena 0e3 J00aBIEHUsI UCTOYHMKA Yriepoja, T.€. MUHEpadbHbI (oH. I o-
TOBBIE CPEbI ABTOKIABUPYIOT NpH pexkume: 1 atm. 121°C B Teuenun 20 MUHYT.

KynbTuBupOoBaHH€E MPOBOAMIOCH B 3-X OBTOPHOCTSIX B TEUEHHH 7 CyTOK IIPHU
temneparype B 15°C.

Onpedenenue UCMOYHUKO8 ACCUMUIAYUY A30Ma

OnpeneneHne MCTOYHUKOB ACCUMUJISILIMM a30Ta IPOU3BOIUIIOCH Ha cpeae 603
ATCC, B coctaBe KOTOpOW B KadecTBe (hOHA, CONEPKAIEro a30T, MPUCYTCTBOBAI
TPOKIKEBOM DKCTPAKT KaK CTUMYJISATOP POCTa BMECTO MPUBBIYHOTO JJISI 3TOU CPEJIbI
(NH4)ZSO4 [RM Atlas, 2010]

Jlns ombiTa ObLJIa MIPUTOTOBJICHA Cpejia Cleayrolero cocrana (T/11): caxaposa —
2; npoxokeBoit akctpakt 0,05; NaH,PO4 — 0,07; MgCl,*6 H,O — 0,04. B xadectBe
HMCTOYHUKOB a30Ta UCIOJB30BAIUCH cieayromue con ¢ HaBeckamu (1/11): (NH4)2SO4
—0,250; NH4CI - 0,203; NH4sNO3 — 0,152; NaNO;— 0,323.

Onpenenenne HaBECOK coiieil mpousBoawics u3 pacuera 0,0532 r azora Ha
autp cpenbl. Creprimzanus cpen rnpu 0,5 ATM u 111°C B reuennn 20 MuH.

OcoOEHHOCTh ONBITA 3aKJIIOYAETCS B TOM, YTO CHATHUE PE3YyJIbTAaTOB MPOBOIU-
JOCh TIOCJE€ 2-TO IepeceBa Ha BAPUAHT C HMCTOYHUKOM ACCUMUIIALIMM a30Ta. IJTO
HEO0OXOAMMO JIsI HCKITFOYEHUS UCTIOJIB30BAHUS a30Ta U3 UCXOTHOM CPEIbI.

Onpedenerue omuoweHus: K KUCIOMHOCIU cpedbl

CyTbh MeTO/1a 3aKTI0YaeTCs] B KAUECTBEHHOM OIPEEICHUN T'PAHULL 30H YTHETE-
HUSI ¥ 30HBI ONITUMYyMa JIJISI BCEX IITAMMOB IIPU UX ONTUMAIBHOM TeMIlepaType po-
cTa.

B kaudectBe ocHOBBI mcnoisib3oBanachk cpena 603 ATCC. Ins moakuciaeHus
cpennl ucnoib3oBainack HCL, a nna nogmenaunBanus NaOH. KonTpoas kucioTHo-
ctu cpeapl npousBoauiics ¢ nomombio pH merpa DKCIIEPT-001 no u nocne crepu-
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JU3alMM 10 KOHTPOJbHOU mpobupke. Crepunmzauus npoBoawiack mnpu 0,5 atwm.
111°C 20 muH.

B omnbiTe MCIOIB30BaIMCh BapUaHTHI CpeAbl B TPEX moBTOpHOCTAX ¢ pH: 3; 4;
5;6;7;7,5;8;9; 10; 11. Kaxknpiit Bapuant ObLT B 3-X OBTOpHOCTsIX. KynbTuBupo-
BAHHUE IPOBOJMIIOCH IIPU TeMIleparype +15 rpaaycoB B TeueHHH 12 CyTOK.

Onpedenenus omHoweHus K COIEHOCmu cpeobl

B xadecTBe OCHOBBI HCTOJIB30BANIACH Ta K€ CPEla UTO U B MPOIUIBIX ONbITaX —
603 ATCC. Kak ¢akTtop coI€HOCTH B JAHHOM OIBITE UCIIOIB30BAJICS XJIOPHUI HATPUS
— NaCl (XY). ['otoBwInch BapraHThI B TPEX MOBTOPHOCTSX C CICAYIOIIAM COJICPIKa-
auem NaCl: 0,5%; 1%; 2%; 3%; 4%; 5%; 6%; 7%; 8%; 9%. Crepunu3zaius mpu Tex
xe ycioBusix. B kadectBe koHTpodst BeicTynana cpena 603 ATCC 6e3 nobasieHus B
HEE XJIOpUIa HATPUSL.

Onpenenenue npoBoaAwioch Ha IByX mrammax — 131 u 111 tak xak 131-i1
mTamMM (U3UOJIOTUYECKH CXOXK ¢ mTaMMoB 72, a mramm 111 cxox ¢ mrammoB 1638.

KynpTrBUpOBaHrEe NMpOU3BOAWIIACH B TEPMOCTATE NpU Temneparype +15°C 12
CYTOK.

Onpedenenue ruanUsA HA POC KOHUEHMPAUUU UCIOYHUKA V2lepood

JInst yCTaHOBJIEHUSI ONTUMAJbHBIX KOHILEHTPAIM MCTOYHUKA ACCUMUJISIINHI
yIJIEpOia UCCHAEAYEMBIMH IITaMMamMu TotoBuiack cpena 603 ATCC ¢ cnenyrommmu
KOHIeHTparusaMu caxapo3bl: 0,25%; 0,5%; 1%; 1,5%; 2%. Crepunn3zamus npoBoau-
nack nipu 0,5 arm. 111°C 20 mun. Onpenenenre nNpoBOAWIOCH TAKXKE HA MPUMEpE
mrammoB 111 u 131.

KynpTuBanus npou3BoauTcs B TepMocTtare npu temieparype +15°C B Teue-
HuM 17 CyTOK.

Onpedenenus 6IUsAHUS HA POCT OPOAHCHCEB020 IKCMPAKMA U BUMAMUHOS

Jns ycTaHOBJNIEHUS BIMSIHUS COJIEPKAHUSI BUTAMUHOB B CpEJle HAa POCT U pas3-
BUTHE MHUKPOOPTaHU3MOB. /[ 3TOrO mpuHsuiu 3 BapuaHTa: 0€3 APOXKIKEBOTO DKC-
TpakTa U BUTAMHUHOB; ¢ J00aBlieHHEM JIpoxkkeBoro skctpakta (0,05 r/m), 6e3 BuTa-
MUHOB; 0€3 JPOXKEBOT0 IKCTpaKTa NpH Haauyuu Ojoka BuTaMuHOB (buotun; Tua-
MuH; ®onmenas k-ta; b-12; Pubodnasun; Ilanteron; HukotuHamMu - IuHyKICOTH;
benzoiinas k-ta). B kaduecTBe OCHOBBI TOTOBWJIACh M HCHOJIb30Bajach cpema 603
ATCC c conepxanueM caxaposbl 0,25%. Crepunuzanusa npou3BOAUTCS MPU TEMIIE-
patype 111°C u 0,5 ATM.

Onpenenenue Npou3BOAUIOCH ISl BCeX 4-X IITaMMOB IPU TeMIEpaType HH-
kyOaruu +15°C B Teuenun 10 cyTok B 3-X TOBTOPHOCTSIX JIJISl K&KJOTO BapHaHTa.

Yuém muxpoopeanuzmos

[TockonbKy HccleayemMble MUKPOOPTaHU3MBI 00Pa3ylOT TOMYTHEHHUE KUIKOMN
MUATATEILHOM Cpeabl B HAIIeW padoTe HCTHONb3yeTcs HEe(PEIOMETPUUYECKUN METO
y4€Ta MUKPOOPraHu3MoB. KOJIMYECTBO KIIETOK B CYCIIEH3UU ONPEACIISUIA C TOMOIIIBIO
dhoroanekTpokonopumerpa (OIKa) npu nmune BosHbl B 600 HM. [ToydyeHHbIe 3HA-
YCeHHMSI BRIpaKajIM B MoKaszaTelsix Hedemomerpa [Herpycos, 2005].
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PesyabTaTnl
Onmumym memnepamyp

Hcxoas 3 MOJIydeHHBIX JAHHBIX B XOJE HUCCIIECIOBAHUS MOXXHO CJEIaTh BbI-
BOJ, UYTO ONTHMAJIBHOW TEMIIEpaTypoll pocTta Juisl 4 IITaMMOB JIPOXKKEH SBISIETCS
+15°C. BepxHuil TemreparypHsblil npejen pocra Jjs BcexX 4-X IITaMMOB SIBISIETCA
temriepatypa B +20°C. B 30ne +25°C HabmogaeTcs 3aMETHOE TOIaBJICHNE PA3BUTHS
Bcex 4-x uccnenyeMbix mrammoB. [Ipu temnepatype B +4°C pocT apoxikei mposiB-
JIAE€TCS 3aMETHO JIydllle, 4eM B 30He +25°C 4To MOATBEPKAAET BO3MOKHOCTD KU3HU
IIPY SKCTPEMAIBHO HU3KHUX TeMIIepaTypax.

Hcemounuku accumunsiyuu yenepooa

B xone paboThl ObLIM YCTaHOBJICHBI MCTOYHUKH aCCUMUJISAILIUM yriepoaa s
BCeX 4 HMCCIEayeMBbIX IITaMMOB JpOXxkeu. Mcxoas W3 cpeaHuX 3HAUY€HUM, MpUBE-
néHHbIX B Tabmuie Nel, MOKHO cjaenaTh BBIBOJ 4YTO IS BCeX 4-X HCCIETyEMBIX
IITAMMOB OJIHUM M3 HAWJIy4IIMX UCTOYHUKOB yriepoa siisiercs Caxapo3sa.

Jnsa mramma 131 Hammydmmi MCTOYHHUK — €axapo3a, TAKKE JAHHBIM IITaMM
JIOCTATOYHO XOPOIIIO ACCUMUIIUPYET YTIepo ] U3 TJIFOKO3BI U alleTaTa HaTpus, HO TIpU
ATOM MOYTH HE UCIOJIB3YET YIIepo/a U3 MPOMHoHaTa HATPUsI.

Jnsg mramMmma 72 HaMUTydIIni UCTOYHHUK — TJIHOKO3a, TAKKE TAHHBIN IITAMM J10-
CTATOYHO XOPOIIO aCCUMWJIMPYET YIIEPO] U3 KCUIIO03bI, Caxapo3bl, MIIOKOHATa Kajlb-
U ¥ METaHOoJIa, HO TpPU STOM MOYTH HE HCIMOJB3YeT YriepoJa U3 NpOMHOHATa
HaTpusl.

Jnsa mramma 111 Haumydmumi MCTOYHUK — caxapo3a, TakKe JAHHBIM IITaMM
JOCTATOYHO XOPOIIIO ACCUMUJIUPYET Yriaepoa U3 (PYyKTO3bI U TIIFOKO3bI, HO TIPH 3TOM
MOYTH HE UCIIOJIB3YET YIiepo U3 IIUTpaTa HaTPus.

Jna mramma 1638 Hamnydiuii KICTOYHUK — AIIETAT HATPUs, TaKXKE JTaHHBIN
ITaMM JIOCTaTOYHO XOPOIIIO aCCUMUJIUPYET YTJIEPOJ U3 caxapo3bl, HO IIPU 3TOM MO-
YTHU HE UCIIOJIB3YET YIVIEPO] U3 LIUTPATa HATPHUSL.

Tabmuua 1
M CTOYHHKH ACCHMUWJISIIIMHU YTJIEPO1a HCCJIeyeMbIX IITAMMOB

Onruyeckas JIOTHOCThL OTH. €I,

Cyberpar Kyastypa 131 | Kyastypa 72 | Kyasrtypa 111 | KyabsTypa 1638
KoHTpoas 0,060 0,055 0,065 0,090
I'moko3a 0,355
Huo3zuron 0,205 0,230 0,100 0,105
MansTo3a 0,215 0,225 0,360 0,375
Tanakro3sa 0,125 0,120 0,135 0,145
Kcumnoza 0,265 _ 0,205 0,130
PpyKTO3a 0,280 0,265 0,345
MaHnHo03a 0,110 0,150 0,120 0,115
Ienmo6uo3a 0,240 0,200 0,120 0,130
WaynmuH 0,115 0,100 0,110 0,130
Kpaxman 0,160 0,145 0,100 0,105
JlakTo3a 0,125 0,120 0,100 0,135
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ITpomomxene Tadmumnr Nel

Caxapo3za

Oxkcanat HaTpus
I{utpar HaTpus
JlakTaT Kanbuus
dymapar HaTpust
[Iponimonar Harpus
AneraT HaTpus
['JIFOKypOHAT KaJIbLIMs
MeraHon
MoHomeTuIaMuH

Hcmounuku accumunayuu asoma
Wcxons u3 TaHHBIX SKCIIEPUMEHTA MOXKHO CJeiaTh BBIBOJ, YTO IITAMMBI, CUH-
TE3UPYIOLIKE B CBOEM KU3HEHHOM IIMKJIE KApOTUHOWJIBI, BEIyT ceOsl aKTUBHEE YeM
KapOTUHOUJIHBIE IITAMMBI.
Jns mramMa 72 HauIy4dlIuM UCTOYHUKOM SIBIISIETCSI HUTPAT aMMOHHUS.
[[IramMm 131 ucnons3yeT B Ka4eCTBE HCTOYHUKA ACCUMUJISILIUKA a30Ta XJIOPUA U
HUTpAT AMMOHHS.

Jnsa mrammoB 111 u 1638 HamaydimimM UCTOYHUMKOM aCCUMUJISAIIMU a30Ta SIB-
JsieTcs CyJb(paT aMMOHMSI, BTOPBIM 110 3HAYMMOCTH UCTOYHUKOM — XJIOPUJ] aMMOHHUSI.
OmHoweHue K KUCTOMHOCHU cPeobl

Bce wuccienyemple mTaMMBbl JIPOXKEHW MPEANOYUTAIOT POCT B CpeAe ¢
HeWTpanbHOU peakuueit (nuamazon pH 7-7,5). lllTaMmMbl MUKPOOPTraHU3MOB JIyUIIle
BOCIIPUHUMAIOT KUCIYIO Cpely OOMTaHUs B OTJIMUYUM OT IIEJIOYHOM CPEIbl.

OmHowenue K conénocmu cpeowl

Hcxons W3 JaHHBIX OMNbITA JaXXe MPU MUHMMAJIbHON KOHIIEHTpAalMu COJU B
0,5% wuaér 3HaunTeNbHOE MOJABJIEHUE pocTa UccaeayeMbix apoxokeil. [ltamm 111
BeNET ceOs Oosiee akTUBHEE B cpejie ¢ cojiep:kanueM codeit uem 131 mramm.

Bausnua na pocm xonyenmpayuu ucmoynuka yenepooa

Jnsg mrammoB 111 u 131 onTUMyM KOHIIEHTpAIllMU MCTOYHHUKA aCCUMUJISLINU
yriepona Haxonutcs B auanaszone 0,5-1,5%. Ilpu stom nuk mng mramma 111 co-
craBysieT B 0,5%, a qisg mramma 131 B 1,5%.

Brusanus na pocm 0pooicorceso2o sKkCmpakma u 8UmMamMuHo8

BuTtaMuHbI HE3HAYUTEIHLHO MOAABISIOT POCT MUKPOOPTAHU3MOB, a JIPOXIKEBOM

AKCTPAKT, HAOOOPOT, YIyUIIa€T POCT MUKPOOPTaHU3MOB.
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Aunnomayun: B pabome npedcmasnenvl dannvie MOpHON02UUECKO20 ONUCAHUSL UMAMMOS, 8blOe-
JIeHHO20 U3 aHMAaPKMUYecKko2o o3epa Ynmepsee. YcmaHo8ieHO cucmemMamuieckyro npuHaoiedic-
HOCMb UCCTIe0YeMbIX WMAMMO8 00 CeMelCmad.

Knrouesvie cnosa: 03epo YHTEp3ee, AHTapKTHUIA, ICUXPODUIBHBIE APOXKIKH, TPOAKIKH, MOP(OIOrus

Bsenenne

AHTapKTH]Ia SBJISIETCSI OUEHb MHTEPECHBIM U YHUKAJIbHBIM 00OBEKTOM HUCCIIE0-
BaHUM. E€ yHUKaNbHOCTB 3aKIIFOYAETCS B IEPBYIO OUEPENDL B TOM, UTO HA MATEPUK HE
OKa3bIBaJIOCh AHTPOIIOTEHHOE BO3JICHCTBUE YEJIOBEKA 1O NMOSBIEHHUS NEPBBIX DKCIIE-
auiuu B 1901 rony. AHTapKTHIa UMEET 0COOBIN CTaTyC — HA TEPPUTOPUH KOHTUHEH-
Ta ¥ menb(hoB 3anpenieHa 100bYa pyJAHbIX U HE PYAHBIX MOJE3HBIX HMCKOMAEMBbIX,
3aIpeIICHBI SIEPHBIC UCTIBITAHNUS U XPAaHEHHE SIAEPHBIX OTXOA0B U mp. Ha Teppuro-
puu AHTapKTHbI pa3pelieHbl HAYYHbIE UCCIIEI0BAaHNs, HAIIPABJIECHHbIE HAa €€ BCECTO-
poHHee u3yueHue. VMcxons u3 MCTOpUUYECKUX CBEICHHUM U AOroBope 00 AHTapKTHIE
oT 1.12.1959 ¢ MomMeHTa €€ OTKPBITHS U IO CEU IeHb HA MAaTEPUKE MPOBOAUINCH Pa3-
JIMYHBIE UCCIIENOBaHNs, HAIIPABJICHHBIE HA €r0 U3y4YEHHUE, TEM CaMbIM OKa3bIBas MHU-
HAMAJIbHOE TEXHOI€HHOE BO3JCMCTBHE HA CPENY.

N3y4yenne MUKpOOPTraHU3MOB M MHBIX oOHWTareneil AHTapKTUIBI UAET U TIO Ceit
IeHb. B cuity paznuyHbIx HEOJAronpuaTHBIX (PAKTOPOB cpeibl 0OUTaHUS, MUKPOOP-
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raHU3Mbl TPUOOPENM MEXaHU3MBI alallTalluid, KOTOPbIE MO3BOJISIOT UM BBDKHBAThH B
CTOJIb SKCTPEMAJIbHBIX YCJIOBUSAX CPElbl K TOMY K€ MOJTYYEHHbIE MEXaHU3MBbI 00Y-
CITABIMBAIOT OWOTEXHOJOTUYECKYIO IIEHHOCTh MHUKpPOOpPraHu3MoB. Cpenud Takux
aJanTaryii, EHHbIX JJI1 OMOTEXHOJIOTHH, MOKHO BBIJICNIUTH. YCTOWYMBOCTh K HU3-
KHM TeMIIepaTypaM CaMiuX MHUKPOOPTAHU3MOB TaK U MX (DEpMEHTOB.

Paiion ucciienoBanus

PaiioH npoBeneHus: uccienoBaHus ObUT pacroiokeH B 90 KM 10KHEe CTaHINU
HoBomnazapesckas B ropax ['pydepa. Camo o3epo YHTep3ee pacmnoiaraercs mno Koop-
nuHataMm 71°20" ro.m1. 13°45' B.1. u npeacTaBisieT coO0i AKCTPEeMaTbHO OJIUTOTPO (-
Hoe 03epo. CpenHsis TiIyOrHa o3epa cocTaBisieT mpumepHo 130 metpor [Wand et al.,
2006]. O3epo uMeeT aBE YaCTH Pa3IMYHbBIC MO MIyOWHE M Pa3/ieiEHHbIC IEPEropo/i-
kot [Wand et al., 2006].

Bona B riry00KOBOAHOM YacTh UMEET TEMIEpaTypy CTaOMIBHO B AUANa30HE OT
0 mo 5 rpaxycoB llenbcus. Tomma BoasI B 03epe pa3jcicHa Ha 3 9acTH — adpOOHYIO
4acTh ¢ coaepkanueM kuciopoaa 10 200%; nepexoHyr 4acTh C KOHIEHTpaluen
kuciopoaa 160-0% u aHaspoOHyto dacTh ¢ rimyounamu 0-63 m; 64-79 M u 80-130 m
COOTBETCTBEHHO.

O0BeKTHI M1 METOAbI UCCIET0BAHMS

OOBekTamMu UCCIeA0BaHUs B JaHHOW paboTe ObLIM MPOOBI BOJBI, OTOOpaHHbBIC
C pa3IMYHbBIX TITyOUH 03. YHTEp3ee. ToJIM BoAbl B Auanazone 15-80 m. Temmnepary-
pa BoJbI B MecTax 0TOopa mpob coctasisiia 5°C, a e€ kucinotHocts (pH) cocrapisina
7,5.

[TpoOr1 Boab! ObLTH TipenocTaBieHbl B QUL «DyHaameHnTanbHbie OCHOBBI OHO-
texHosorun» PAH coTpynHUKOM KOJUIEKIIMM KYJIbTYp MHCTUTYTa buoxumuu u ¢u-
suonorun mukpoopranusmMoB PAH AxumoeiM B.H. OOpasupl Obut 0TOOpaHbl U
npuBe3eHbl B 2011 roay u3 coBmecTtHOM Poccuiicko-AMEpUKaHCKON IKCHEIUIINH,
KOTOpasl ucciienoBaia GU3NKO-XUMHUUYECKHI cocTaB o3epa YHrep3ee. Pabora no uc-
clieIoBaHUIO Mpo0 o3epa YHTep3ee, BhIICTECHUIO YUCTBIX KYJIbTYp Hayanach COTPY/I-
HUKaMU JJa0OPATOPUH PETUKTOBBIX MUKPOOHBIX COOOILIECTB HHCTUTYTa MUKPOOUOJIO-
ruu uM. Bunorpazackoro (Bxoaut B coctaB @UII) B Tom ke roxy. Beneactsue niu-
TEJILHOCTU Mpoliecca MOJydYeHUs HAKOMUTENbHBIX U YHUCTBIX KYJIbTYp, CAMHU UYUCTHIC
KYJBTYPBl JPOXOKEH OBUIM TMOJTYYEHbl COTPYJIHUKAMU JIA0OpATOPUU PEIUKTOBBIX
MUKpPOOHBIX cO00111ecTB MHCTUTYTa MUKpoOuosioru PAH, k 2017-2018 r [Bnacosga,
2020; dsarnos, 2022].

[TpoObI BoBI OTOMpANKCH U3 TOJIIU BOJBI B tuama3one 15-80 m. TemmnepaTypa
BOJIbI B MecTax otbopa mpob cocraBisia 5°C, a eé kucnorHocts (pH) cocraBnsna
7,5. O0pasil BOJIBI TPAHCTIOPTUPOBAIIM B TEPMOUBOJISAIIMOHHBIX KOHTEHHEpax C UC-
noss3oBanneM cuctemsl 55-PLUS™ MONUTOR (Millipore, Billreica, MA, USA) ¢
IEJUTIOJIO3HBIM (PHIIBTPOM IS JPOXKKEH, KaK yKazaHO IpousBoauteneM. J[o mpose-
JIEHUSl SKCIIEPUMEHTOB MpoObl Xpanuiu npu Temneparype B 5°C [Bmacosa, 2020;
Jsitnos, 2022].

B nameit pabote ucnosib30Bagoch 4 mramMma JpOXIKeH, BBIICTEHHBIX U3 pa3-
HBIX CJIOEB O3€pa YHTEpP3e€ pacHoOKEHHOro B AHTapkTuae Ha 3emiie Koponebl
Mogn: cioit Ne 7 — rimybuna ordopa 46 M: BoijeneH mramm Ne 72; cimoit Ne 11 — roy-
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o6una oto6opa 63 m: BeizeneH mtaMM Ne 111; cioit Ne 13 — rmybuna otbopa 68 M: BbI-
nener mramMm Ne 131; ciioit Ne 16 — rirybuna or6opa 76 M: Beijener mramm Ne 1638,

JIJIsi KynbTUBUPOBAHUS HCCIEAYEMBIX MHUKPOOPTAaHU3MOB HCIIOIL30BAIN KU I-
Kyl0 W TUIOTHYIO arapu3oBaHHyio cpexy ATCC 603, comepkarnyro coiau XaTHepa
[R.M. Atlas, 2010].

Mopddonoruueckoe onucaHue paHee BBIIEICHHBIX JPOXOKEH MPOBOIWIOCH B
COOTBETCTBHUH C MOCIACAHUMH CTaHJIAPTAMU WX OMHUCAHUSI, U3JI0KEHHBIM B MOHOTpa-
¢bun «Ipoxoku B mpuposie» npodeccopom Uepnorbim W.FO. Brimemieit B 2013 romy.
Onucanve MOpQoJIOTUU BKIIOYAET ceOs ONUCaHue:

Maxpomopgonocuueckue (KyromypanvHule) npusnaku. Ilpu onucaHum Makpo-
MOP(OTOTUYECKUX MPU3HAKOB OMUCHIBAECTCA XapaKTep pOCTa HA TJIOTHBIX U KUJIKHUX
NUTATENbHBIX cpefax. B omucanuu pocra Ha KUAKOM MUTATENBLHOM cpele HeoOXo-
JUMO OTPa3UTh CIOCOOHOCTh K 00pa30BaHUIO TUIEHKH, MyTH, OCaJKa U T.II., 4 TAKXKe
1BETY 00pa3oBaHMii(s1). B onucanum pocta KyJbTyphl Ha IUIOTHOM NMUTATEIBHOM Cpe-
7Ie TIPUBOAMTCS XapaKTEPUCTHKA IITPUXA, XapAaKTEPUCTUKH KOJIOHHMA, CTIOCOOHOCTH K
00pa30BaHMIO TMJIOAOBBIX Ted. lIpuBenéHHBIE MPU3HAKK OMPEICNIAIOTCS BU3YaTbHO
unu ¢ nomouipto @K (B ciiyyae onpenenenust MyTu) Ha 30-€ CyTKU KyJIbTUBUPOBA-
HUSL.

Muxpomopgonocuueckue npuznaxu. XapakTepu3yroT 0COOCHHOCTH KJIETOYHO-
ro CTPOEHUS KyJIbTYpPbl — pa3Mepbl U (POPMBI KIETOK, a TaKXKE TUIl KOHHJIMOTCHE3a,
(dopMupoBaHHE OECTONBIX CIHOP M HUMEIOIIMECS CIOCOObI MOJIOBOM PEenpoOAyKIHH.
Onurcanue JaHHBIX MPU3HAKOB MPOBOJMUTCS C MOMOIIBID METOJIOB MUKPOCKONHUHU Ha
3-¢; 30-e cyTKU KyJIbTUBUPOBAHUS.

Pe3yabTaThl Hcc/Ie0BaHUSA

Maxpomopgonozus

[Ipn KyJIbTUBUPOBAHMH HA >KUIKOW IUTATEIBHOU CPENE UCCIENYEMBIE IITaM-
MbI 00pa3yroT OOMJIBHBIN 0CaIOK U IOMYTHEHHUE CPEbl, IPU 3TOM HE 00Pa3yIoT IIE-
HOK, YTO YKa3bIBAE€T Ha OTCYTCTBHE CIIOCOOHOCTH MMU 00PA30BbIBATH MUIICIIHN.

Ha mioTHOM nuTaTeNbHON Cpelie UCCIeAyeMble ITaMMbl 00pa3ylOT KOJOHHUH
CJIM3UCTON KOHCHUCTEHIIMHU, YTO YKa3bIBAET HAa MX BO3MOXHOE OTHOIICHHE K 0a3u-
JUOMHUIIETOBBIM JpoxokaM posoB Cryptococcus, Rhodotorula, Sporobolomyces, Bbi-
JEJSIIOUIMX B TEYEHUH KU3HU 0OJIBIIOE KOJMYECTBO BHEKJIETOUHBIX MOJIUCAXAPUIOB.

[tammbr No72 u Nel31 Ha miIOTHOM MHUTATENBbHOM cpene 00pa3yloT KOJOHUHU
0enoro LBeTa, KOTOPbIE C TEYEHHEM BPEMEHM TEMHEIOT, Mpuolperas Oojee cepble
orteHku (puc. 1), B To Bpems kak mrammbl Ne1638 u Nelll dopmupyror xononuu
PO30BBIX OTTEHKOB (pHC. 2) U3-3a TOTO, YTO OHU CHHTE3UPYIOT KapoTuHOUAbl. Hamu-
yyue KapOTUHOMJHBIX IMUIMEHTOB Y JAHHBIX IITAMMOB, XapaKTEPHO ISl POJOB
Rhodotorula u Sporobolomyces 6a3uanoMHIIETOBBIX APOKIKEHA.
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Pucynok 1. Poct Ha mimoTHOM nutarensHou cpene: 1| — mramm Ne 131;
2 — mramMm No 72,

Pucynok 2. Poct Ha miioTHOM niutarenbHoi cpene: 1 — mramm Ne 111,
2 — mramMm Ne 1638.
Mukpomopdonoeus

Bce uccnenyembie B JaHHON pabOTe IMITaMMBI JPOXKIKEH pa3MHOKAIOTCS IO IH-
TEpOOIACTUYECKOMY THUITY BEr€TaTUBHOTO PA3MHOKEHHSI.

[Ipu mpoBeneHUN UCCIIEIOBAHUI OBLIM YCTAHOBJICHBI pa3Mephbl BCEX UCCIETy-
eMBIX MTaMMOB: mTamMM Ne72 — (4-6)x(4,2-7) mxm; mrtamm Nel31l — (3,5-6)%(4-6)
MkM; mtamm Nel 11 — (2,5-5)%(3-8) mxm; mramm Nel1639 — (2,5-6)%(3-8) MkMm.

Knerku mrrammoB No72 u Nel31 BHenIHe 04€Hb CXO0KH U MPEJCTABIISIOT CO00i
KJICTKU IIAPOBUIHON (POPMBI C MOJSPHBIM U CUMIIOAUATBLHBIM MOYKOBAaHUEM — KOT]a
MOYKU Yy APOXKKEH BBIPACTAIOT U3 OJHOTO JIOKyCa OJIHOBPEMEHHO WJIM MOCIEI0Ba-
TenbHO (puc. 3). KileTku BbIIeyKa3aHHBIX IITAMMOB MOTYT pacrojaratbCs OAUHOY-
HO TIONApHO WJIM B BUJIE «KJIEBEPHOTO» JIUCTA M3-3a CHUMIIOAUAIBHOTO MOYKOBAHUS

(puc. 4).
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Pucynok 3. CuMnoauanpbHOE OYKOBaHKE mTamma No72:
1 — onHOBpEMEHHOE BbIpacCTaHUE JIBYX MOYEK M3 OJTHOTO JIOKYCa;
2 — MoCIeI0BaTeIbHOE BEIPACTAHKE ITOYEK U3 JIOKYCa

Pucynok 4. Pacnionoxenue kiaeTok Aposxken mramma Ne 131: 1 — oguHouHOE, 2 —
IonapHoe, 3 — B BUJE KJIEBEPHOIO JINCTA
Knerku mramma Nelll umeror sitieBuanyto gopmy. PazMHoXKeHHE TPOXOAUT
MOJIIPHBIM TTOYKOBAaHUEM, peXe MHOTONoJspHbIM (puc. 5). Knetku pacnonaratorcs
110 OJJMHOYKE WU B Mapax.

Pucynok 5. I[ToukoBanue mramma Ne 111: 1 — nossipHoe; 2 — MHOTOCTOpOHHEE
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[tamm Nel638 mpeacraBieH KieTKaMud OBajlbHOUM (hOpMBbI, KOTOPbIE Pa3MHO-
KAIOTCS OJISIPHBIM JIMOO MHOTOCTOPOHHUM MOYKOBaHueM. KieTku JaHHOro mraMMa
pacnoJiararotcs MooJAMHOYKE, NOMAPHO WM B KOPOTKUX Leno4YKax (puc. 6).

Pucynoxk 6. O0pazoBanue nenovex mrammom Ne 1638
VY uccnenyeMpx MITaMMOB B XOJI€ MCCIIEIOBaHUS HE ObLJIO OOHapy»eHo Oaj-
JUCTOCTIOP, ACKOCTIOP U OAJITMCTOKOHUTUM.
Takum oOpazoM, Mo psIy XapaKTePHBIX MOP(OTOTUYECKUX MPU3HAKOB MOMKHO
CeNIaTh BBIBOJI, YTO HCCIIEyeMbI€ IITAMMbBI OTHOCSTCS K 0a3uAMOMUIIETOBOMY ad-
¢dbuHUTETY.
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Bsenenne

N3yuyeHne MHUKPOOPTaHU3MOB IELIEp MPEACTaBISIIOT 3HAYUTEIbHBIA HHTEPEC
IUIsL pa3auYHbIX oOsiacTeld Hayku. B memepax MUKpOOpPraHU3Mbl CYIIECTBYIOT B
YCIIOBHSIX OTCYTCTBMM MCTOYHHMKA CBETA; MOCTOSTHHO HU3KOW M CTAOMIILHOM TeMmmepa-
TYpbI; TIOCTOSTHHON BJIQXKHOCTH Y MPU HU3KOW JOCTYMHOCTH MUTATEIbHBIX BEILECTB
[Xwxusax C.B., [Tamnyxa B.T., 2016].

Cnpoc Ha ¢epMEHTHl B NOCIEIHUE TOAbl TOJBKO PACTET, HO MO-IPEKHEMY
ocTa€rcs mpobdsiemMa MpeajiaraeMoro pazHooodpasus pepMeHTOB. AMWIOIUTUUECKUE
(epMEeHTBI BXOJST B TOI IO BOCTPEOOBAHHOCTH Ha pbIHKE (IpUMEPHO 25% OT BCEro
poinka ¢epmentoB [Xwkusak C.B., [Tamnyxa B.T., 2016]). Amunonutuueckue dep-
MEHTBI IPUMEHSIOT B CETTLCKOM XO3SIHCTBE, a TaKXKe B MepepadaThIBaroeii U mule-
BOM OTpACIIH.

AMunia3bl B COBPEMEHHOM MHUpE MPHUMEHSIOTCSA i1 KOHBEPCHM Kpaxmaya B
TJIFOKO3Y W/WUITK OJIUrocaxapujbl. VX akTUBHO MCIOJIB3YIOT B KPaXMaJIONAaTOYHOM U
OpOAMIIBHOM TPOU3BOJICTBAX, & TaKXKe JIsi OTOENMBAHHS PACTUTEIBHOTO CHIPhS B
TEKCTHJIBHOM M OymakHoM mpousBojctBax [[satmos M.C. 2024; P.M. De Souza, P.
Oliveira Magalhaes, 2010].

Hean padorsi: [louck u onvcanne NCUXpoOPUIbHBIX U MCUXPOAKTUBHBIX MHUK-
POOPTaHU3MOB-aMUJIOJUTUKOB B 3aKPBITOM «PYCCKOM» KapcCTe.

Paiion ucciaenoBanus

Uccnenyembiit 00beKT — kapcToBas mnemiepa «[logMockoBHas» pacroiaraercs
B cpenHeM TedueHuu p. [laxpa. Ype3 Bojabl B peke y HIkHEro Obeda miotunsl 116Mm, a
B BepxHeM 120M [Hexomuer B.A., I'apmmn [.U., [Toxunaes A.M., 2021]. ITnoTHa
pacnoJiaraercsi ceBepHee AepeBHH HoieHckoe.

Kapcrosas nemepa «IlomMockoBHas pacmoioxkeHa B 1eBoM 6opty peku [Tax-
pbl Ha OTHOCHUTEJNBHOW BbICOTE MpUMEPHO B 120M Haj ypoOBHEM MOps B TOJIIE H3-
BECTHSIKOB MSYKOBCKOW Cepuu CpenHero kapOona. ToJa u3BECTHIKOB MpeACcTaBe-
Ha OelBIMU OPTAaHOTEHHBIMH M3BECTHSIKAMU MECTaMU TMEPENOJHEHHBIE MHOXKECTBOM
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OCTAaTKOB TpencTaBuTenieldl (payHbl (pakOBUHBI XOPHUCT, WUIJIAMH MOPCKHX €Xel U
OCTaTKaMHu APYroi GayHsl).

OT0KeHUsT U3BECTHAKA MEPEKPHITHI IOPCKUMH OTJIOKEHUSIMU, YETBEPTUYHbI-
MU JICIHUKOBBIMH OTJIOKEHUSIMHU, OTJIOKECHUSIMU HAJIONMEHHBIX Teppac B CBOIO
odepe/lb MECTaMU MPECKPBITHIX JICTIOBUAIEHBIMUA OTI0KECHUSIMU.

Cama mnemiepa «IlonMockoBHas» SIBISIETCSI OJHOM M3 CaMBIX OOJBIINX B IICH-
TpanbHOi Poccun (camas 6ombiias B MockoBckoit O6mactu). E€ oOmias qivHa Ha
MOMEHT TornocheéMKH (2020 roa) coctaBiser 151 nmpu AeHuBenANuM (Tepernaje) co-
crasiser 5 metpoB [Hexoaues B.A., I'apmun . 1., [Toxxunaes A.M., 2021]. Tlemepa
UMeEeT JIBa YETKO BBIJICTICHHBIX ATaxa. [lepBoli (BepXHUI) 3Tak Oojiee y3KUH U KO-
poTkuit aTaxk. Huxkuuit aTaxk 0osiee IMHHBINA, rabapuThl cTBOpa 060j1ee CBOOOIHHBI.

OO0BeKTHBI HCCJIe10BAHUS

OObeKTaMu UCCIEIOBAaHUSAMH B Hallel paboTe ObUTM MPOOBI JOHHBIX OTJIOXKE-
HUN KapCTOBOM Memiepsl, 0TOOpaHHBIE U3 Pa3HBIX YacTe ABYX 3Taxeil KapCTOBOU
neuiepsl «llonmockoBHas». Ha BepxHeM (mepBoM) 3Take memiepsl 00pasubl ObUIH
otoOpaHbl U3 Byx Touek Bl u B2. C HuxkHero (BTOporo) staxa mnemepsl ObUIO 0TO-
Opano 5 o6pasuoB u3 Touek H1; H2; H3; H4; HS. OtnuunrtensHol 4epToi HUKHETO
(BTOpOro0) 3Ta)ka SIBJISETCA ropa3ao 0osiee MOIIHBIA CJION JOHHBIX OTJIOKEHUN 3a4a-
CTYIO C YETKO BBIPAXKEHHOM CIOUCTOCTBIO.

Bce 00pasiibl ¢ 1ByX ATa)kel memiepbl JOHHBIX OTJIOXKEHUN ObLTH 0TOOpaHbl 14
Mmas 2023 roga 3a oauH star npod otoopa. [locie ordopa 0bpasisl ObLIM JOCTaBIIE-
HBI Ha Kadepy MUKPOOHUOJIOTHH M UMMYHOJIOTUHU JIJIS1 BBIICJICHUS aMIJIOTMTHYECKIX
MHKPOOPTaHU3MOB.

Metoab! ucciaen0BaHus

Buloenenue uucmoix kyromyp

Boinenenrie M3079TOB aMUJIOJUTUYECKUX MHUKPOOPTaHU3MOB U3 00pas3IioB
JOHHBIX OTJIOKEHUH memiepbl «IloIMOCKOBHAs) MPOU3BOAMIACH METOJOM MPEIEb-
HBIX pa3BelcHUN Ha KpaxMan-ammuadHbii arap (KAA) ciemyromiero cocrtaBa (r/m):
Arap-Arap — 20,0; Kpaxman — 10,0; NHsNO3; KH,PO, — 1; MgSO4 *7H,0 — 0,5;
KCI - 0,5; FeSO4— 0,1 (pH = 6,5-7). Crepunusarus npu 0,5 ATM u 111°C B Teue-
nun 20 muH. [ToceBsl nmpousBowuck u3 passeaenuii ot 107 mo 10°. Kymsrupanus
npousBoauiack npu + 10°C.

[lepeceBbl U OUKMCTKA KYJIbTYp MPOU3BOIMIACH TAKXKE HA KpaxMall-aMMHAYHOM
arap ¢ MHTepBajiamMu B 2-3 IHA 1pu KynbTuBauu npu +10°C.

XpaHEHUE YUCTHIX KYJIbTYpP MPOU3BOJIUIACH HA CKOIIEHHOM arape Impu Temie-
patype 4-5°C.

Mopdgonocuueckoe onucanue

Maxkpomopghonozuueckue (KyaromypanvHvie) NPUHAKU — XaPaKTEPU3YET
POCT KOJIOHMH H30JIATa (-OB) HAa MUTATEIBHBIX cpeaax (KUAKUX/TIOTHBIX). Ha sxun-
KUX MUTATEJIBHBIX CPEIaX OMUCHIBAIOTCS CIIOCOOHOCTh 00Pa30BLIBATH IUIEHKU, MYTh,
0CalioK (XapakTepu3yeTcsi IBET, (OpPMBI, CTPYKTYpy oOpazoBaHuii u T.1.). Kpome
OTIMCAHUS POCTA Ha KUJIKUX MUTATEIbHBIX CpefiaXx MPOBOAUTCS ONMHUCAHUE POCTa Ha
IJIOTHBIX THUTATENBHBIX Cpellax, XapaKTepU3yeTCs IITPUX KYJIbTYpbl, €€ OTIEIbHO
CTOSIIIAsl KOJIOHMS, 00pa30BaHKE TIJI0IOBBIX TEJI, PENPOAYKTUBHAS CHUCTEMA U TaK Ja-
nee.
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Mukpomopghonocuueckue npuznaku — xXapakTepu3yeTcsi 0COOCHHOCTU KJe-
TOYHON MOP(OJIOTUHN OTAETHHBIX KJIETOK U TU(POB, CTPOSHUE MULIETHS, (OPMHUPOBa-
HUE OECTIOJIBIX CIOP, CITOCOOBI MTOJIOBOM PEMPOIYKITHH.

Onpedenenue memnepamypHulx 2panuy pocma

TeMmneparypHble TpaHMIIBl 30HBI ONTHMYyMa W 30HBI POCTa OMpPEAEIsIach MO
OOKOBOM CKOPOCTH pOCTa Ha KpaxMal-aMMHAa4HOM arape. M3MmepeHus mpow3Boau-
Jach B TPEXKPATHOW MOBTOPHOCTU B HECKOJBKHX MPOEKIMSAX HA CEAbMBIE CYTKHU
KyJIbTHUBUpOBaHUS. KylnbTHUBUpOBaHUE MPOU3BOAMUIIACH MIPU Temmeparypax: +5; +10;
+15; +20; +25 u +30°C.

OnpedeneHue onmumyma memnepamyp amuias

OmnpeneneHne aKTUBHOCTH aMuja3, MPOIYIIUPYEMbIX BbIIECIEHHBIMU H30J5Ta-
MU, MIPU Pa3IUYHBIX TEMIIepaTypax MPOU3BOAMIACH JJIsl ONpPEACNIeHUs TeMIeparyp-
HOTO ONTUMYyMaM HCCJIEAYEeMbIX amuia3. M3aMepeHus mpou3BOAMIMCH MPU TeMIepa-
Typax B 30;40;50 u 60°C.

Jns onpeenieHus akTUBHOCTH aMuUJia3 IIPU BBIOpaHHBIX TeMIlepaTypax OIpe-
JieNs1ach 0 CKOPOCTH TOJIHOTO 0OECIBEYMBAHMS BOJIHOTO PACTBOpPa BOJAOPACTBOPHU-
MoOro kpaxmarna, okpaiieHHoro 0,1% pactBopom |; mocie no6aBiaeHUs KylabTypalb-
HOM XKUJKOCTU (B COOTHOIIeHHH 1:1), TeMrmeparypa MOAAECP>KUBACTCA C MOMOIIBIO
BOJIIHOM OaHH.

JIns TaHHOTO OMBITa UCCIEAYEMbIE KYJIbTYPhl KYJIbTUBHUPOBAIUCH HA YKUJKOU
nutarenbHoU cpene (KAA 6e3 mobaBneHus arapa) B TCUSHHH 7 CYTOK.

PesyabTarsl

Buioenenue yuucmolx kynomyp
B Xone BbIfieeHUS YHUCTBIX KYJIBTYp ObUIO BBIJCICHO 6 pa3IMYHBIX HU30JISTOB
AMUJIOTUTHYCCKUX MHUKPOOPTaHU3MOB M3 Pa3HBIX 00pa3IOB JOHHBIX OTJIOKESHUM
kapcToBoi neniepsl «IlomMockoBHas». Pacripenenenne MUKpOOpraHu3MoOB B 00pas-
1ax npuBenieHo B Tadmuie Nel.

Taomuma Nel
KosmmuecTBenHoe pacnpeneaenue mramMmos B oopasuax, N*10° KOE/r
IHITamm
obpa3zery

A4 b4 04 T4 P4 2
B1 0 3 1 6 0 8
B2 0 2 8 0 6
H1 0 7 15 0
H2 1 0 15 19 7 14
H3 0 0 11 17 4 0
H4 3 0 17 25 2 15
H5 3 11 14 21 0 16
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Onmumym memnepamyp
Ornenka 60KOBOW CKOPOCTH POCTa MPHU Pa3HBIX TEMIEpaTypax MpOBOAMIACH HA
/- CYyTKU KyJbTHBUPOBAHUS HA TUIOTHOW MUTATENBHOU cpene. JlaHHble U3MEpeHHUid,
MPOBEAEHHBIX B TPEX MMOBTOPHOCTAX MPUBEACHBI HA PUCYHKE 1.

TemnepaTypbl pocTa

25,00

S
8

u llItamm A4

Ltamm b4
15,00

Lramm 2

LLramm 04
10,00 |
Lltamm T4
LLtamm P4
500 —— . —— e — | | == = B—B——
0,00
10 15 20 25

5 30

CpeaHHi pa3Mep KOJTOHHH, MM

Temnepatypa, °C

Pucynok 1. I'paduk 3aBuCMMOCTH pa3mepa KOJIOHUHU UCCIIETYEMBIX IITAMMOB OT
temmneparypsl [arios U.C. 2024 ]

Ontumym temnepatyp aisa 3 uccinenyembix mrammoB (I'2; T4; P4) amuionu-
TUYECKUX MHUKpOOpraHu3MoB sBisercs +15°C, a B 30oHe +25...30°C nabmromaercs
aKTUBHOE TMOJABJIICHUE JAHHBIX IITAMMOB, CJIE€IOBATEIbHO, JAHHBIE MUKPOOPTaHU3-
MBI SIBJISIOTCS ICUXPOGUITBHBIMHU.

Hns mrammoB A4; b4 u O4 ontumymom temneparyp B +20°C, kotopast siBis-
€TCsl MOTPAaHUYHON MEXy MCUXPOPUIBHBIMU U ME30(QHIbHBIMH MHUKPOOPraHu3Ma-
MU. JlaHHBIE IITaMMbl aMHJIOJIUTHYECKMX MHKPOOPTraHW3MOB IOJABIIAIOTCS B 30HE
+30°C aktuBHee yeM B 30He +10°C, onupasich Ha TaHHBINA (PAKT MOXKHO CHEJIaTh BbI-
BOJI, uTo mtaMMbl A4; b4 u O4 oTHOCATCS K ICUXPODUITBLHBIM MUKPOOPTaHU3MaM.

Amunonumuyeckas akmugHoCcmy

Jns amunas, npogyuupyemsix mrammamu O4; 112; T4; P4, ontumym temmnepa-
Typ JexuT B nuamnazone 50+ 3°C.

Jns amwminas, npoxyunpyeMbix mramMmmamu b4; A4, ontumym temneparyp Jie-
KUT B auamna3one 60+ 3°C.

AKTUBHOCTh ammuiia3, MPOAYLHUPYEMBIX HCCIEIYEMbIMHU MHUKPOOPTaHU3MaMU,
HaxXOJIUTCS Ha OJTHOM YPOBHE C TAKUMHM MPOAYLIEHTAMH aMHJIa3 KaK:

e Bacillus sp. WRD616 (50 °C) [dsatios U.C. 2024]

e Bacillus subtilis JS-2004 (50 °C) [dsartaos W.C. 2024]

e Amphibacilus sp. NM-RA2 (54 °C) [Asatmos 1.C. 2024]
e Bacillus sp. TS 23(60°C) [dsari0s U.C. 2024]
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YK 631.4
3arpsi3HeHHe NO0YB CBUHIIOM M HMHKOM YI'POKaeT IKOCHCTeMaM U 310POBbI0.
Bacillus subtilis u Pseudomonas putida — OmonHauKaTopbl, UX GepMeHTATUBHAS
aKTHBHOCTH (aMMJIa3a, NpoTeasa, JInNa3a, ypeasa) no3BojsieT OeHUTh YPOBEHb
3arpsi3HeHHs U pa3padoraTh cTpaTernu OMOpeMeaHANNHU AJIsl YCTOMYHBOIO
yIIpaBJIeHHUs 3¢MeIbHBIMHU pPecypcaMu.

Ko3znoe Anopeit Braoumupoeuu, x.0.1., npogeccop, 3asedyrowuil Kageopoi Mux-
pobuonoeuu, PTAY — MCXA um. Tumupsszesa a.kozlov@rgau-msha.ru

Huxumenko Aumon Muxaiinosuu, maeucmp 2 xypca, actutyt Menumopauuu,
Boanoro Xo3zsiictea I CtpoutensctBa uM. KoctsikoBa, kadenpa xonoruu u Ilpu-
pononones3oBanusa, PDPI'BOY BO PIrAY - MCXA wum. Tumupsasesa,
brokendrummachine@mail.ru

Kypaenée /Imumpuit Heanoeuu, vacucmp 2 xypca, Uactutyt Menuopauuu, Boa-
Horo Xo3zsiictBa I CtpoutensctBa uMm. KoctakoBa, kapeapa Skonoruu u [Ipupono-
nons3oBanuss, PIBOY BO PIAY - MCXA um.  Tumupssesa,
dimzhur03@gmail.com

AHHOmMauun: 3a2ps3HeHUe NOYE MANCENLIMU MEMALLAMU, MAKUMU KAK C8UHEeY U YUHK, Npedcmas-
Jislem cepbE3nyio yepo3y 071 YCMOU4U8OCMU IKOCUCMEM U 300p06bsi yenoseka. Taicénvie memaio,
HAKANIUBAsCh 8 NOY8AX, HAPYWIAIOM NPUPOOHBIE NPOYECChl, 3AMPYOHIIOM CAMOOYUUeHUEe NOYEbl U
CHUdICarom e€ npooykmusHocms. B cmamve paccmampusaromes nougennvie baxmepuu Bacillus
subtilis u Pseudomonas putida kax 6uouHouxamopbul 3a2ps3HeHus noys, ux CnoCOOHOCMb A0anmu-
POBAMbCsL K USMEHEHUSIM 68 XUMUYECKOM COCmage cpeobl U dPHekmusHoCcms UCNONb3068AHUS MUK-
POOHOU (pepMeHmamueHol aKmusHOCMU 015l OYeHKU YPOsHs 3aepssHenus. [Iposedénnulii ananus
AKMUBHOCIU KTIOUEBbIX (PepMEHMOs, MAKUX KaKk aMUIa3da, npomeadsa, Jundasa u ypeasd, no3eoJisiem
0emanbHO OYeHUMb GIUsAHUE MANCENLIX MEMAILI08 HA NOY8Y U Npediazams cmpameuu 07 6uope-
meouayuu u yCmoudugo20 YnpagieHust 3eMelbHbLMU PECYPCAMU.
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Knrwueswie cnoea: 3arpsizHeHue nouB, TspKENbIe METaUIbl, DKOCUCTEMHAsT YCTOMYMBOCTD, [louBeH-
Hble OakTepuu, bBuonMHIMKATOPHI 3arps3HeHus, Anantanus 6akrepuid, Y poBeHb 3arps3HeHus, Bim-
SIHUE TSDKENBIX METAJII0B, buopemennanus.

BBenenue.

Ha ¢one rmobanpHOTO pocTa ypOaHHU3aIuy M MTPOMBIITUICHHOTO Pa3BUTHS KO-
Joruyeckass 0e30macHOCTh TOYB CTAHOBHUTCS KPUTHYECKH BAXXHOW 3amadeil s
YCTOWYMBOTO Pa3BUTUSL TEPPUTOPHIM W cOXpaHeHusi OuopasHooOpaszusa. OauH u3
HamboJee OCTPHIX BOMPOCOB COBPEMEHHON SKOJOTMH — 3TO 3arps3HEHUE IMOYB Tsi-
KENBPIMA METaJVIaMH, TAKUMH KaK CBHUHEIl M IIMHK, KOTOPBIC HAKATUIMBAIOTCSA B TO-
POJICKMX W TPUTOPOIHBIX IMOYBAX B PE3yJIbTATE MPOMBINIICHHOW W TPAaHCIOPTHOM
NesTeNbHOCTH. Takue 3arpsi3HUTEIN NPENICTABISIOT CO00M CepbE3HyI0 yrpo3y He
TOJIBKO JIJISL 3/I0POBBSI SKOCUCTEM, HO U JJIsl 3[I0POBBSI YEJIOBEKA, TAK KAK CIIOCOOHBI
NPOHUKATh B OMOJIOTMYECKHE 1EMM U HAKAIUIMBATHCA B MUIIEBBIX MPOAYKTax. 3a-
IpSI3HEHHBIE TIOYBBI YTPAYMBAIOT TUIOJOPOAME, YCTOMYMBOCTh K BHEIIHUM BO3JCH-
CTBHSIM U CIIOCOOHOCTh K CaMOBOCCTaHOBJICHHIO, UTO TpeOyeT pa3paboTku 3¢dek-
TUBHBIX MEp ISl MPEAOTBPAIIEHUS JIETPalallid TIOYB U BOCCTAHOBJIEHUS MX (yHK-
.

Oco0y10 BaXXHOCTh B JAHHOM KOHTEKCTE MPUOOPETa0OT MUKPOOHBIE MHIUKATO-
PBI, TIO3BOJISIONINAE OIEHUBATH SKOJOTUUECKOE COCTOSTHHE TTOYBBI ¥ TIPOBOAUTH MOHH-
TOpHHT €€ 3arpsi3HeHus. VcciemoBaHWs MOKAa3bIBAIOT, YTO IMOYBEHHBIC OAKTEPHH
Bacillus subtilis u Pseudomonas putida urparmT KJIHOYEBYIO POJIb B IKOJIOTUIECCKOM
PaBHOBECHUH IIOYB, IMOCKOJBKY WX METaOOIMYecKas aKTHBHOCTh UYyBCTBUTEIbHA K
XUMUYCCKUM M3MCHCHHUSM B TIOUBEHHOW cpejie. DTO JelacT WX MEPCIEKTUBHBIMU
oObeKTamMu i1 OMOMHAMKAIIUY, TaK KaK MX peakius Ha 3arps3HeHue Aact Oosee
MIOJIHOE TMPEACTABICHUE O PEAIbHOM COCTOSIHMM MOYBBI 110 CPABHEHUIO C TPAJAUIIMOH-
HbIMU (U3HKO-XUMUYECKHUMHU MeTo/laMu. M3yueHne MeTaboInYecKuX peakiuid dTUX
OakTepuil Ha TMPUCYTCTBUE TOKCUYHBIX METAJUIOB IO3BOJIIET HE TOJIBKO OIEHUTH
YPOBEHb 3arps3HEHUS, HO M TMOHATh MEXaHU3Mbl QJANTAIMH U YCTOWYMBOCTH TOY-
BEHHOU MUKPO(DIIOPHI, YTO BAXKHO ISl pa3paboTKu 3((HEKTUBHBIX Mep Mo Ouopeme-
JTUAITIU ¥ BOCCTAHOBJICHUIO YKOCHCTEM.

JlurepatypHbiii 0030p:
IKOJIOTHYECKOE 3HAYeHHE MOYBEHHBIX IKOCHCTEM.

[TouBa — 3TO KIJIFOUEBOW KOMIOHEHT OHOC(hEphI, KOTOPBIN BHIIOJIHIET MHOXKE-
CTBO DKOJIOTUYECKUX (DYHKIMH, BKIIOYAs PETYJSALNI0 BOAHOTO OajaHca, KpyroBOpOT
MUATATENIBbHBIX BEIIECTB U TOAJEpKaHue OuopazHooOpazus. OJIHAKO COBPEMEHHBIE
AKOJIOTMYECKUE HCCIEAOBAHUS TMOATBEPXKIAIOT, YTO IMOYBHI TOPOACKHX IKOCHCTEM
BCE YaIlle MOIBEPraroTCs HMHTCHCUBHOMY 3arpsi3HEHHUIO, OCOOCHHO TSHKETBIMHU METall-
namMu. 3arps3HEHHBIC THKETBIMA METAUIAMU TOYBBI TEPSIOT CBOIO CIIOCOOHOCTH K
CaMOOYHIIICHUIO U PEereHepaIuy, 4To JIeJaeT uX ySI3BUMBIMH K jaerpamanuu. Hakom-
JICHUE CBUHIIA Y IIMHKA B TIOYBE HAPYIIAeT MUKPOOHBIE TIPOIIECCHI, KOTOPhIE HEOOXO-
JTUMBI JIJIS1 TIOJICP KaHusS €€ MPOAYKTUBHOCTH M CIOCOOHOCTH K BOCCTAHOBJICHUIO,
9TO BEIET K COKpAIISHUIO OMOpa3HOOOpa3us U CHUKEHUIO CTAOMIIBHOCTH ITOYBEHHO-
ro TIOKpOBa.
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CBuHel, HampuMmep, SBISETCS BBICOKOTOKCMYHBIM METaIOM, CIOCOOHBIM
HAKaIlJIMBAaThCS B MOYBE B TEUEHHE AOATOro BpeMeHu. OH mHTHOupyeT (epMmeHTa-
TUBHBIE TPOIECCHI, MOAABISAET MUKPOOHBIE PEAKIMH, YTO HApyIIaeT CIOCOOHOCTH
MTOYBHI BBIMOJIHATE €€ OMOTCOXUMUYECKUE PYHKITUU. DTO OCOOCHHO OMAcHO B TOPOJ-
CKHX 3KOCHCTEMAaX, IJI€ I0YBA y>KE€ HCIBITHIBAET 3HAUUTEIILHOE AaHTPOIIOT€HHOE /1aB-
nenue. [{UHK, XOTS U SBISETCS BaKHBIM MHUKPOAJIEMEHTOM, MPU BBICOKUX KOHIICH-
TpalUsIX TakKe OKa3bIBA€T TOKCMYHOE BO3JCHCTBUE, Hapyllas MUKpPOOHOE cO0OIIIe-
CTBO U B3aMMOJICHCTBUE MUKPOOPIaHU3MOB C APYTMMU KOMIOHEHTaMHU MOYBHI. [lox
BJIMSIHUEM 3THX (PaKTOPOB IMOYBA YTPAUUBAET CIIOCOOHOCTH K CAMOOYMIIEHHIO, YTO
HapymaeT e€ NPOAYKTUBHOCTH U JIENIAeT €€ 9KOCUCTEMHbIE (DYHKIINH YSI3BUMbBIMHU.
IlouBeHHbIE OaKTEPUM KAK HHAUKATOPBI 3arPsi3HEHMSI.

B ycnoBusAX HapacTarollero 3arps3HEHUs MOYB BO3PACTAIOLIEE 3HAUEHUE TIPU-
oOpeTaeT MHKPOOMOJIOrMYEeCKU MOHUTOPHUHT. [louBeHHBIE OakTepuu, TaKue Kak
Bacillus subtilis u Pseudomonas putida, sBisiroTcst BaXKHBIME yYaCTHHUKAMH TIOYBCH-
HOTO KpYrOBOPOTa BEUIECTB U UTPAIOT KIKOYEBYIO POJIb B MOAACPKAHUU €€ YCTONYU-
BocTU. biaronapsi cnoco6HocTH OakTepHii K OBICTPOMY pEarupoOBaHHUIO HA U3MEHE-
HUS XUMHYECKOTO COCTAaBa MOYBBI OHM MOTYT CIY>KUTh OMOWHIUKATOPaMH 3arpsi3He-
HUA TSOKETBIMA MeTaiiamu. [los1 Bo3ielicTBHEM CBUMHIA U IMHKA UX METAa00InYecKas
AKTUBHOCTh M3MEHSETCS, UYTO CKa3bIBAE€TCA HA MX (PEPMEHTATUBHON AKTHUBHOCTH,
YPOBHE pa3MHOKE€HUS U BEDKUBAEMOCTH. [2]

MukpoOuosorndeckuii Noaxoa K 3KOJIOIMUYECKOMY MOHUTOPUHIY IO3BOJISET
HE TOJIbKO (PMKCUPOBATh HAIMYUE 3arpsS3HEHUS, HO U OIICHUBATh €ro BO3JICHCTBUE HA
¢bynkuuu nouBbl. [10CKOIBKY MOYBEHHBIE OAKTEPUM UTPAIOT POJb KATalU3aTOPOB B
Ipoleccax pasjoKEeHUs OpraHMYeCKUX BEUIECTB, YIVIEPOJHOTO M a30THOTO0 OOMEHa,
M3MEHEHHE UX aKTUBHOCTHU YKA3bIBAET HA YXYAIICHUE YCIOBUM JJIS1 dKU3HU MUKPOOP-
ranu3MoB. [1] M3yueHne akTUBHOCTH (PEPMEHTOB, TAKUX KaK amuiiasa, poreasa, Ju-
nasa M ypeas3a, MO3BOJISIET JI€JaTh BBIBOJBI O COCTOSIHUM MOYBEHHBIX 3KOCHCTEM U
CTENEHU MX 3arpsi3HeHUs. JTU (EPMEHThl UIPAIOT BaXKHbIE POJM B 00OECleueHUU
MOYBBI SHEPTUEH U MUTATETLHBIMU BEIIECTBAMH, 4 CHUYKEHHUE UX aKTUBHOCTH CITYXKHUT
MPU3HAKOM HAPYIIEHHUS] MUKPOOHBIX COOOIIECTB U JAerpajaliu MoyB.

MeToabl HCCIEI0BAHMSA:
Onpenesnenue pepMeHTATUBHON AKTUBHOCTH.

JI71s1 OLIEHKU BO3JEHCTBUS TSHKENBIX METAJUIOB Ha MOYBEHHBIE MUKPOOPTaHU3-
MBI TIPUMEHSIIOTCS METO/BI OMPEICTICHUSI aKTUBHOCTU KIIFOUEBBIX ()EPMEHTOB, TaKUX
KaK ammuiasza, rmpoTeasa, Jiumnasza U ypeaza. ITu (HEepMEHTHI BBIOIHSIIOT (yHIaMeH-
TajgbHble (YHKIUUA B TIOYBEHHOW SKOCHUCTEME, YYaCTBYSI B KPYrOBOpPOTE yriepoja u
a30Ta, pa3Jj0KEHUU OPraHMYECKHUX BELIECTB W MOJJECPHKAHUU CTPYKTYPHOU LEJIOCT-
HOCTHU TO4YBBI. Bo3nelcTBue TAXKENBIX METAIJIOB, TAKUX KaK CBUHEI] M LIMHK, IPUBO-
JUT K MHTHOMPOBAHUIO (DEPMEHTATUBHOW aKTUBHOCTH, YTO HETATHUBHO OTpPaXKaeTCs
Ha DKOJIOTUYECKON YCTOMYMBOCTHU U TIJIOAOPOJAUHN MOYBHI. [4]
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1. Amunasa.

AmMunasza KaTaau3upyeT TUIPOIN3 CIOKHBIX YITIEBOAOB, BKIIOUAs KpaxMmal, 10
MPOCTBIX CaxapoB, TaKMX KakK TIIOKO3a. DTO 00ECHeuynBaeT MUKPOOPTAHU3MBI J10-
CTYMHBIMH UCTOYHUKAMU SHEPTUU U MUTATENbHBIX BEIIECTB, MOAAECPKUBAs yTIepOI-
HBIII 00MeH B mouBe. [loa Bo3melcTBUEM TSKENBIX METAUIOB aKTUBHOCTH aMUJIAa3bl
CHIDKAETCS, TIOCKOJIbKY CBUHEI] U IIMHK MOTYT OJIOKMpPOBATh aKTHBHBIE IIEHTPHI (ep-
MEHTa WJIM HapylmaTh ero KoHdopmanuio. /(7 OLIEHKH aKTUBHOCTH aMHJIA3bl UC-
IOJIB3YETCSI METOJI, MPU KOTOPOM K OaKTepUaJIbHOM CYCHEH3UU JOOABISAIOT Kpax-
MaJIbHBIN CcyOCTpaT U creuu(UYECKUil peareHT, KOTOPhId M3MEHSET LBET M0 Mepe
paciueruieHust kpaxMania. [lokasaTenu akTHBHOCTH aMUIIa3bl MO3BOJISIFOT CAENIATh BbI-
BOJIbI O YKM3HECIIOCOOHOCTU IMOYBBI M JIOCTYIHOCTH YIJIEpOAa, HEOOXOIUMOTO st
HoJJepXKaHUsI MUKPOOHBIX COOOIIECTB.

2. IIporeasa.

[TpoTeasa paznaraer G€IKOBBIE MOJIEKYJBI 10 aMUHOKHCIIOT, KOTOPbIE CTAHO-
BATCSA UCTOYHHKOM JOCTYITHOTO a30Ta /ISl MOYBEHHBIX OpraHu3MoB. [Iporeonntuye-
CKasi aKTUBHOCTh UMEET BaKHOE 3HAYCHHE B a30THOM ILIMKIIC M PA3JI0KCHUH OpTaHH-
YECKOTO BEIECTBA, Jesias a30T JOCTYIMHBIM /ISl pAaCTEHUI U APYTUX MHUKPOOPTaHH3-
MoB. [lox Bo3aeiicTBUEM TSKEMBIX METAIOB, OCOOCHHO CBHHIIA, AKTUBHOCTD MPOTE-
a3 MHrHOUpyeTCs, TaK KaK METAJUTbl MOTYT CBSI3BIBATHCS C AMUHOKUCIOTHBIMU OCTAT-
KaMH aKTHBHOTO ILIEHTpa, OMOKUpPYs (epMeHTaTUBHBIC peakiui. CHIKEHUE aKTHB-
HOCTHU TPOTEa3bl ABJISETCS MHIUKATOPOM YXYJIUICHHUS a30THOIO OOMEHa M HeloCTa-
TOYHOM JOCTYNMHOCTH a30Ta B 3arpsA3HEHHBIX MOYBaX. DTO MPEMSITCTBYET POCTY U
pa3BUTHIO MUKPO(DIIOPEl U PACTEHUHM, YTO MOXKET OBbITh OLIEHEHO IMYTEM HM3MEpPEHUs
CKOPOCTH paclIerieHus OEIKOB B IOYBEHHBIX 00pa3lax.

3. JIuna3sa.

JIunaza xaTanu3upyeT pacllelyIeHUe XKUPOB U JUIUAOB 10 TIIMLIEPUHA U CBO-
OOIHBIX KUPHBIX KUCIOT, KOTOPhIE UCTIOIB3YIOTCS MUKPOOPTaHU3MaMH sl TTIOCTPO-
SHUS KJICTOYHBIX MeMOpaH ¥ XpaHeHUs dHepTruu. JIUMUIpI UTPaOT KITIOUEBYIO POJIb B
MOJJIEP’)KaHUU CTPYKTYPHON YCTOMYMBOCTH TMOYBHI, TAK KaK OHU Y4acTBYIOT B oOpa-
30BaHUU KOJUIOMJHBIX KOMIUIEKCOB M MEMOpPAHHBIX CTPYKTYpP, CHOCOOCTBYIOIIMX
CTaOWIILHOCTH TMOYBEHHOTO MOKPOBa. TspHKEMbIe METaNIbl, TAKWE KaK IIMHK U CBUHEII,
MOJIAaBIISIOT JIUMOJUTHYECKYI0 aKTUBHOCTH, TMOCKOJBKY METaUIbl MOTYT W3MEHSThH
CTPYKTYPHI JIMMIUAHBIX KOMIUIEKCOB, OJOKMpPOBATh aKTUBHBIC IEHTPHI JTUMA3bl WU
BbI3bIBaTh OKCHJIATUBHBIM CTpPECC, UYTO MPUBOAMUT K Pa3pyLICHUIO JUIUAHBIX MEM-
OpaH. DTO HapyllaeT pa3lioKEHUE JIMIKUIOB U YMEHBIIAET CTPYKTYPHYIO yCTONYH-
BOCTb IOYBBI, JieJiasi €€ 0oJiee yA3BUMOM K 3pO3UH U Jerpaialuu.

4. Ypea3a.

VYpeaza karanuzupyeTr TUAposii3 MOYEBHHBI, 00pa3ysi aMMUaK M YIJIEKUCIBINA
ras3, 4To UMeeT Ba)XKHOE 3HaYCHHE JIJIsl a30THOTO LIMKJIA B MOYBE. DTOT (pepMEeHT Urpa-
€T KIJIIOUEBYIO POJIb B TIPe0Opa30BaHUU MOYECBUHBI B IOCTYIHBIC ()OPMBI a30Ta, MOJ-
Jep>KUBasi MIOYBEHHOE MUKPOOHOE COOOILECTBO U CIIOCOOCTBYSI POCTY pacTeHuid. Ts-
KENbIe METaJUIbl, TAKHE KaK CBUHEI], MOTYT MHTMOMPOBAaTh aKTUBHOCTH Ypeasbl, TaK
KaK CBHHEI[ CIIOCOOEH B3aMMOJICHCTBOBATh C CyIb(OTUAPUIBHBIMU TPYINIaMU B
CTPYKType (hepMeHTa, YTO MPUBOANUT K CHIKCHHIO €r0 KaTaJTUTHUECKON aKTHBHOCTH.
H3mepenne akTUBHOCTH ypeas3bl 0OBIYHO MPOBOAAT MO m3MeHeHuto pH pacTBopa ¢
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MOUYEBHHOM, YTO MO3BOJIIET OLIEHUTh CTENEHb HApPYIIECHUs A30THOrO OOMEHa B 3a-
I'PSI3HEHHOM IOYBE.
Bo3neiicTBue U BaUsIHUE THAKEIBIX METAJJIOB HA MeTa00IM3M.

Hanuure TsHkENbIX METauIOB B MOYBE OKA3bIBAECT 3HAUUTEIHOE BIUSHUE HA €€
CIOCOOHOCTH MOJIEP)KUBATh OMOJIOTUYECKUE TPOIECCHl U IKOCUCTEMHBIE (DYHKIIUU.
[TouBennbie Oaktepum, Takue kak Bacillus subtilis m Pseudomonas putida, mon Bo3-
JNEUCTBUEM TSKEIBIX METANIOB U3MEHSIOT CBOIO META0OJMYECKYI0 aKTHBHOCTB, YTO
OPUBOJAUT K MHTUOMPOBAHMIO TaKUX (PEPMEHTOB, KaK aMuiasza, nIpoTreasa, jJumnasa u
ypeaza. OTH (EpMEHThl UTPAIOT BAKHEHIIYIO pOJIb B NEpEepabOTKE OpraHu4eCcKUX
BEIIECTB U MOJAJIEP)KaHUU CTPYKTYPHOM YCTOWYMBOCTH MOYBBI, U UX UHTUOUPOBaHUE
CBUJIETENBCTBYET O ACTPafaliii S3KOCUCTEMBI.

CBHHELl U LIMHK HapylIalT YIJIEPOJHBbIA U a30THBIM OOMEH, 4TO IMPUBOIUT K
CHIDKEHHIO CIIOCOOHOCTH TOYBBI K CAMOOYMUIEHUIO M M3MEHEHHMIO €€ MUKPOOHOIO
coctaBa. B yacTHOCTH, CBUHEI] HHTUOMPYET aKTUBHOCTh (PEPMEHTOB, 3aMEHSISI KaJlb-
WA U MarHui B UX MOJIEKYJSIPHOM CTPYKType. DTO BO3AECHUCTBHE NPUBOAUT K CHU-
KEHUIO AKTUBHOCTH aMUJIA3bl, YTO YMEHbIIAET 3 ()PEKTUBHOCTh Pa3I0KEHUS OPraHu-
YECKUX BEIECTB M YXYJIIAET COCTOSIHHE MOYBbl. [10100HBIE N3MEHEHHSI BBI3BIBAIOT
HKOJIOTMYECKYIO JIETpaJallii0 MOYBbI M €€ OnopazHooOpasus, a TaKKe CHIKAIOT
YCTOMYUBOCTBH K aHTPOIIOTEHHOMY BO3JIEUCTBHIO. [4]

[{uHK, XOTS M SABISETCA HEOOXOAUMBIM MHKPO3JIEMEHTOM, MPU BBICOKUX KOH-
LEHTpalUsAX NOJABJIACT AKTUBHOCTBH IMPOTEA3 U JIMIIA3, YTO HAPYIIAET KPyrOBOPOT
BEIIIECTB M OCIa0JISIeT METabOJNYECKHE MPOIECChl B MUKPOOHOM COOOIIECTBE. DTO
CHIDKAET CIIOCOOHOCTB MOYBBI K BOCCTAHOBJICHMIO, IPEIMSATCTBYET €€ CTPYKTYPHOMY
Pa3BUTHUIO U yXyJIIaeT €€ HKOJIOTUYECKOE COCTOsHUE. Jlerpaganus MUKpOOHOTro co-
oOuiecTBa Moj, BO3ACUCTBUEM TSKENBIX METAJUIOB BEJIET K HAPYUICHUIO YKOCUCTEM-
HBIX MPOLECCOB, TAKMX KAaK KPYyrOoBOPOT MMTATEJIBHBIX BELIECTB, Pa3JI0KEHHE Opra-
HUKH 1 OYMILIEHHUE MMOYBBI OT 3arpsI3HAIOIINX BELIECTB.

JKOJIOrHYeCKasi 3HAYMMOCTh Pe3yJIbTATOB U NMePCNeKTUBBDI.

N3yyenue naMeHeHnii (pepMEeHTaTUBHOW aKTUBHOCTH U METa0O0JIU3Ma MMOYBEH-
HbIX OakTepuil MoJ BIUAHHEM TSKEIBIX METAIOB AT BO3MOXHOCTh BBISIBHUTH
HapyILIEHUs Ha CaMbIX PaHHUX CTaAMSIX Aerpajaiuu skocucteMsl. [Ipumenenue Oak-
tepuii Bacillus subtilis 1 Pseudomonas putida kak OnoWHAMKATOPOB 3arpsi3HECHUS
MOYB IO3BOJISIET MPOBOAUTH PAHHIOI TUATHOCTUKY 3arpsi3HEHHs] U MPEIOTBpAIlaTh
YXYALIEHUE COCTOSIHUS MOYBBI, YTO SIBISETCS KIHOUEBBIM (DAaKTOPOM ISl MOJIeprKa-
HUS 9KOJIOTMYECKO# Oe30macHOCTU. [3] DTH METOAbl MOHUTOPUHIA MOTYT CTaTh OC-
HOBOM JUI1 YCTOMYMBOIO YIIPABIEHUS 3€MEJBHBIMH PECYpPCAMH B YCIIOBUSAX IOBBI-
LIEHHOT'O aHTPONIOT€HHOI'O BO3/IEUCTBHUS.

DKOJIOrM4ecKoe 3HaYeHHe JTaHHBIX UCCIEIOBAaHUM 3aKIr04aeTcs B pa3paboTke
YCTOMYMBBIX METOAMK OHMOpeMeauallii, CIHOCOOHBIX BOCCTaHABIIMBATH HKOJIOTHYE-
CKYIO YCTOMYHMBOCTb MIOYB, HACBIIIEHHBIX THKENBIMU MeTauiaMu. [5] PazButue takux
MOAXO0JI0B OyJIeT CIOCOOCTBOBATH MOJJEPKAHUIO OHMOPa3HOOOpa3us, YIYUIICHUIO
KauecTBa MOYB U 3aIUTE 3J0pOBbs dKOCUCTEM. McciienoBanus B 3TOM HalpaBiIeHUU
TaK)X€ OTKPBIBAIOT MEPCIIEKTUBBI JJISI CO3/IaHUsI DKOJIOTMYECKH O€30MacHbIX TEXHOJIO-
'l BOCCTAaHOBJIEHUS! TOPOJICKUX U CEIBCKUX TEPPUTOPUHM, KOTOPHIE UTPAOT BAKHYIO
POJIb B MOJIEPKAHUU YCTOMUMBOTO PA3BUTHS U 3J0POBbS OKPYKAIOIIEH cpepr.
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B coBpeMEeHHOM MHpe YenoBeuecTBO Bce OoJblie U 0oiblie OecrnoKouTes 00
YXYAIICHUHN KJIMaTa, HEYKJIOHHOM POCTE IIEH Ha yTIEBOAOPObI, U KOHEYHO Xe, 00
OTACHOCTH JIJIS1 3J0POBBS, KOTOpas CBS3aHA C TOKCHUYHBIMH BEIICCTBAMHM, HAXOSIIIH-
MHUCS B BO3JIyX€. YUCHbIE MPUIAraloT BCE YCWIUS I CO3JaHUS YKOJIOTUYECKU YH-
CTBIX MCTOYHHMKOB SHEPIHHM B3aMEH CYIIECTBYIOIIETO HMCKOMaemMoro TtoruuBa. [lo-
CKOJIBKY DJHEpPrusi SIBISETCS KIIOUYEBBIM aTPUOYTOM COIMATBLHO-2KOHOMHUYECKOTO
mporpecca Jr000i CTpaHbl, MHOTHE NPABUTEIHCTBA BKJIAJBIBAIOT 3HAUYUTEIHHBIC
cpencTBa B pa3pabOTKy O€30IMaCHBIX U YCTOWUUBBIX TEXHOJIOTUI TIPOU3BOICTBA OMO-
toruBa. biaromaps mpou3BoCcTBY OMOBOJOpPOAa MOTYT OBITh PEIIEHBI MHOTOYHC-
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JIEHHBbIE KPUTHYECKUE MPOOJIEMbl, TAKME KaK dHEpreTudeckas 0€30MmacHOCTh, KOJIO-
rU4ecKasl yCTOWYMBOCTh M YTUIIN3ALHS OTXOI0B.

TemuoBas epmentanus (TD) - FKOTOTUYECKH YUCTHIM METOJ NEpepabOTKU
OpPraHUYECKUX OTXOJIOB, MO3BOJISIIOIINI CHU3UTh HArpy3Ky Ha OKPY’KaOILYIO Cperdy.
OCHOBHBIM MPOAYKTOM JTAHHOTO IMpoLiecca ABJISETCS BOIOPOJ, UCIOJIb3YEMbIN B Ka-
yecTBe ra3000pa3zHoro Tormnusa. [lockonbky hepMeHTaTUBHOE TPOU3BOJCTBO OHOBO-
J0poJia SIBISIETCS] MPOIIECCOM, OMOCPEAOBAHHBIM MHUKPOOaMH, Ba KIIOUYEBBIX (ep-
MEHTa, a UMEHHO THUJPOreHa3a W HUTPOreHas3a, SBJSIOTCS OCHOBHBIMH (DakTOopamu,
HenocpeacTBeHHO BiusitonumMu Ha Td. CyOcTpar mMeeT pemiaroiiee BIMSHUE Ha
BbIpaOOTKY OMoBogOpoia B npolecce TD. AxTyanbHOU B HACTOSIIEE BpeEMs SIBISET-
csl mepepaboTKa CTOYHBIX BOJ, MUIIEBBIX U CEIbCKOXO3IMCTBEHHBIX OTXOJI0B, TOCTO-
SHHO 00pa3yloluXcs B OOJBIIUX KOJIMYECTBAX HAa PA3IMYHBIX MPOU3BOJCTBAX. [ M-
POJIMTUYECKHUE U allUJIOTEHHbIE MUKPOOPTraHU3Mbl, yyacTBytomue B T®, paznarator
ouononuMmepsl ¢ 00pazoBaHueM 0osiee IPOCTHIX COSAMHEHUH, B YACTHOCTH, BOJOPO-
na. MHorue uccienoBaTean COCpeAOTOUYMIIA CBOM YCHIIMSI Ha ONTUMU3AIMU €ro Mo-
nydeHus. D(PPEKTUBHBIM CIIOCOOOM TMOBBIIEHUS MPOIYKUHUHA BOJIOPOJA SIBIISETCS
npeaBapuTesbHas 00padoTka cydcTpata (PU3MYECKUMU WM XUMHUYECKUMU METOIAMHU
C LIeJIbI0 MHAKTUBALIMK WUJIM CHM)KEHHS] aKTUBHOCTU BOJAOPOJNOTPEOISIOMUX MUKPO-
OpraHu3MoB, a Taxxe ontuMusaius cootHomeHus: C/N 3a cuer coBmecTHOro copa-
KUBAaHUA CyOCTpaTOB pa3inyHON npupoabl. [I[puMeHeHne HaHOMAaTepuaioB AJIs IO-
BBIIICHUSI OMOJIOTUYECKON aKTUBHOCTH M U3BJICYEHUS] METAOOJIMTOB MPHU MPOU3BO/I-
cTBe OroBOoAOpoaa MeTo oM Td Taxke BI3BIBAECT OOJIBLION MHTEpEC YUeHBIX. boiee
TOTO, HaHOMAaTepHalbl MOTYT HHAYIHUPOBaTh MUKPOOHBIM METa0OJM3M MPU OYEHD
HU3KOW KOHLeHTpanuu. HanpruMep, HaHOUACTHUIIBI JKeJie3a C HYJIEBO BaJIEHTHOCTBIO
BCE Yalle MCHOJb3YIOTCS Ul OYUCTKH OKpPYXaroIled cpeapl U MPOMBIIUICHHBIX
CTOYHBIX BOJ JJIsl yAaJIEHWs XJIOPUPOBAHHBIX 3arps3HSIONIMX BEIIECTB M TKEIBIX
METAJJIOB OJlaroapsi CBOE HKOJOTUYHOCTU M BbICOKOU addexTuBHOCTH. J[0OaBIie-
HUE B Cpelly KYJbTUBUPOBAHUS YACTHUI] WJIM PACTBOPUMBIX COEIMHEHUIN METAJIOB, B
TOM YHCIIE, JKEeJIe3a, ABJISIETCS U3BECTHBIM METOJOM YCUJICHUS TMIPOre€Ha3HOM aKTHB-
HOCTH U, CJIEOBATENbHO, CTUMYJIALIMU IPOAYKIMU BogopoAa [1, 2]. B kauecTBe ak-
TUBHBIX MPOIYIICHTOB BOJOPOJIa MOTYT BBICTYNATh KaK YMCThIC, TaK M CMEIIaHHBIC
KyJIbTYpbl MUKPOOPTaHU3MOB. Mcrosib30BaHUE MOHOKYJBTYpP WM OOOTalllEeHuE CO-
oO1recTBa 1MO3BOIAET 00ECIIEUNTh CTAa0MILBHOCTh CUCTEMBI U BBICOKUM BBIXOJ BOJIO-
pona [3].

[lenapto maHHON PAaOOTHI SIBISIETCS OMPEJEICHHE ONTUMAJBHBIX IMapaMeTpoOB
npouecca T@ cMecu paclpoCTPAHEHHBIX OTXOJ0B arpOIPOMBIIUIEHHOIO KOMILJIEKCA
(MIIICHWYHOW COJIOMBI M CBMHOTO HaBO3a) MOHOKYJIBTYypo# Thermoanaerobacterium
thermosaccharolyticum SP-H2, Bxitouarorux npeaoopadoTKy, COBMECTHOE COpaXKu-
BaHUE U yCUJICHHE TMAPOT€Ha3HOM aKTMBHOCTH 3a CUET M0A0Opa ONTUMAIBLHOU Ke-
ne3oconaepxanie 1o6aBku. Ha mepBomM 3Tamne ObLIO BBISIBIEHO ONTHUMAIbHOE COOT-
HOIIIEHHE CYOCTpaTOB (COJIOMBI M CBUHOTO HAaBO3a) MPU COBMECTHOM COpa’KMBAHMH,
n3ydyeHa 3(pPeKTUBHOCTh PU3NUECKOM (TersioBasi 00paboTKa) U XUMUYECKOH (100aB-
neHue xjopodopma u 2-6pomdtancyibdonara (BES)) npenodbpaborku cybcTpatos
s mocneayromerd Gepmenranuu Oakrepued T. thermosaccharolyticum SP-H2. Ha
BTOPOM 3Tare 3KCIEePUMEHTA JIJIsl CMECH KO-CyOCTpaTOB C HaWJy4YIIMMU MOKa3aTes-
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mMu T Obuio ompenaeneHo HaubOosiee d(PheKTUBHOE coeAMHEHHE Kefe3a (HyseBa-
JISHTHOTO KeJie3a, MarHeTUTa U TeMaTUTa) M €ro KoHmeHTpaiusa. OnTuMaibHOe CO-
OTHOIIIEHUE COJIOMBI U CBUHOTO HaBo3a cocTaBuio 66:33. Camoit a3 dexkTruBHOM TIpe-
no0OpaboTkol okazancs TerioBoi mok (105°C). MakcuManbHbIN BBIXOT OMOBOOPO-
na coctasui 22,6 mi Hy/r OB. AHann3 MUKpOOHOTO coolliecTBa cOpoKeHHON Ono-
Macchl ¢ pasnuaHbM cooTHomeHrueM C/N u mpenoO6paboTKoi mokaszai pa3HooOpasue
TUTTUYHBIX allHIOTEHHBIX, THIPOJIMTHISCKUX U CHHTPO(HBIX TpeacTaBuTenci (Herb-
inix, Clostridium sensu stricto 1, Ureibacillus, Tepidimicrobium u T.1.), 4T0 yKa3bl-
BaeT Ha aKTUBHOE OMOpPA3NIOKEHHUE JIMTHOILEIUTION03HOro cyOcTpata. [ns skcnepu-
MEHTA M0 YJIYYIICHUIO MPOAYKIIMH BOAOPO/Ia HAHOYACTUIIAMU JKeJie3a ObLIN M CHOJb-
3oBaHbl X KoHreHTparuu 50, 100, 200, 400 u 800 mr/n. Hammyummuii BEIX0A BOJIO-
pozia ObuT nosyueH npu fo6aBiaeHuu 200 MI/J HAHOYACTHUIL HYJIEBAJICHTHOTO KeJe3a.
BrlmenepeurcieHHbie METObI ONTUMU3aNKK nporecca Td, Takue Kak COBMECTHOE
cOpaKMBaHHE COJIOMBI M CBUHOTO HaBO3a B COOTHOIIECHUU 66:33, TerioBas mpemoo-
paboTka cyOcTpaTta M BHeceHue 200 mr/n actun Fe® crocoGeTByIOT >dpexTHBHOM
nepepaboTKN CeTbCKOXO03SIHCTBEHHBIX OTXOJIOB C MOBHIIICHHBIM BBIXOJIOM OHOBOIO-
pona.

N3y4yenne HOBBIX BUIOB TePMODUIBLHBIX MUKPOOPTAaHU3MOB, TOMUMO (DyHIa-
MEHTaJILHOTO BKJIaJa, UIMEET OOJIBIITOE 3HAYCHHMS VIS CO3TaHMS W/WIIH ONTHMHU3AINN
OMOTEXHOJIOTHYECKHUX TPOIECCOB. Y TePMODUIHLHBIX MUKPOOPTAHU3MOB CYIIIECTBYET
0OJIBIIIOE KOIMYECTBO (DU3HOJOTUYECKUX MEXAHM3MOB JJIsl 3alIUThl OT TEIIOBOIO
cTpecca, W JalibHEWIlee HU3yYeHHUE STUX MHUKPOOPTraHU3MOB MOMOXET IMOHSTH HE
TOJIBKO (PU3UOJIOTHIO, HO TaKKe KaKUM 00pa3oM MX MOKHO MCIIOJb30BaTh B OMOTEX-
HOJIOTMH. MHOTHE OMOTEXHOJIOTHYECKUE MPOIIECCHI MPOTEKAIOT MIPU BHICOKOM TeMIIe-
paTtype, MOATOMY H3y4YeHHE TEPMO(DHUIBHBIX OPTraHU3MOB MOXXET CYIIIECTBEHHO pa3-
HOOOpa3uTh MpPUMEHsSEMbIE TEXHOJOruu. boiiee mompoOHOE H3yueHHWE MHUKPOOpTra-
HU3MOB, CITOCOOHBIX Y4aCTBOBATh B MPOIECCE OYMCTKH CTOYHBIX BOJ U MepepaboTke
OTXOJIOB arpOTNpPOMBIIIIEHHOTO KOMIUIEKCA IMOMOXKET yCOBEPIICHCTBOBATH OMOTEX-
HOJIOTUYECKUI TIpoIlecC, MOoA00paTh ONTUMAIbHBIC YCIOBHUS, a TaKXKe CIenaTh ero
0oJjiee DKOHOMHYECKH BBITOAHBIM. UWCTBIA SHEPTOHOCHTENIb OHOBOJOPOJ MOXKET
OBITh MOJIYYEH C MCMOJIBb30BAHUEM OTXOJIOB CEJILCKOTO XO3SHCTBA, KOTOPHIE SIBIISIOT-
Cs. BO3OOHOBIIIEMBIMH 1O CBOeW mpupoje. Opranndeckuit cyocTpar, Ooratblid 1es-
JIFOJI030H, SIBIIETCS HanboJiee MOIXOISIINM ChIPheM ISl TPOU3BOICTBA OMOBOIOPO-
71a TyTeM TEMHOBOU (hepMEeHTAIUH.

PaboTta BeImonHeHa npu GuHAHCOBOU mojaepkke MuHoOpHayku Poccuun B pam-
kax mpoekta Ne 13.2251.21.0173 (ugentudukanuonnsii Homep RF----
2251.61322X0051)

Cnucok aureparypsbl:

1. Promoting dark fermentation for biohydrogen production: potential roles of
iron-based additives / Y. Ren [et al.] // Int. J. Hydrog. Energy. — 2022. — Vol. 47, Ne
3. — P. 1499-1515.

190



2. Investigating the effects of iron and nickel nanoparticles on dark hydrogen
fermentation from starch using central composite design / M. Taherdanak [et al.] //
Int. J. Hydrog. Energy. — 2015. — Vol. 40, Ne 38. — P. 12956-12963.

3. Dark fermentative biohydrogen production from lignocellulosic biomass:
Technological challenges and future prospects / J. F. Soares [et al.] // Renew. Sustain.
Energy Rev. — 2020. — Vol. 117. — P. 109484.

YIK: 637.12.047
JTAHAMUKA KMA®A U M B MOJIOKE KOPOB: CPABHUTEJIbHBII
AHAJIN3 DPPEKTOB TEPAIIMU CKPBITBIX MACTHUTOB

Hloovanonvckana Auna Anekceeena, cmyoenm 2 Kypca, HanpasieHue noo2omosKu
36.05.01 «Bemepunapusy, uncmumyma 30omextuu u ouonocuu, ®Ir'bOY BO PI'AY
MCXA umenu K. A. Tumupsszesa. anutafilina75@gmail.com

Abyoenoe Cepeeit Apocnaeoeuu, cmyoenm 2 Kypca, HanpaegieHue noo020MmosKu
36.05.01 «Bemepunapusy, uncmumyma 30omexuuu u ouonrocuu, @®I'60Y BO PI'AY
MCXA umenu K.A. Tumupszesa. abudenov05@gmail.com

Cesepuna-Makcumenxo Cogua Tapacoena, cmyoenm 2 Kypca, HanpagieHue noo-
eomoexu 36.05.01 «Bemepunapusy, uncmumyma 3oomexuuu u ouonozcuu, PI'bOY
BO PI'AY MCXA umenu K.A. Tumupsizesa. sanechkaseverina@gmail.com

(Hayunwiii pyxosooumenv — Mannanosa Pamsus Tumepeaneeeuna, 0-p 6uon. Hayx,
npogheccop ragedpvr mukpoouonoeuu u ummynonoeuu PI'bOY BO PI'AY-MCXA
umenu K.A. Tumupszesar, ram.mannapovaS5@mail.ru)

Annomayusn: B uccnedosanuu npedcmasnena OUHAMUKA KOIUYeCmea MUKpoobos, oopazyiouux Ko-
nonuu 68 1 mn (KMADA) u mezogunvhvix mukpoopearnuzmos (M) 6 monoke kopos, 60IbHLIX CKPbI-
muim macmumom. Llens pabomol — nposecmu cpagHumenbHblll AHAIU3 IPHEKMUSHOCU PASTULHBIX
Memo008 mepanuu CKPbIMvlX MAcmMumos Ha ypoeeHb MUKPOOHOU KOHMAMUHAYUU MOIOKA.

Kniueevie cnoea: nunamuka, KMA®, MukpobHOE YMCIIO, MOJIOKO, KOPOBBI, CKPBITBHIE MACTHUTHI,
Tepanusi, 3h(HEeKTUBHOCT, HHTPAIIUCTEPHATbHAS UHBEKIINS, Ta3epoTepanusl.

Martepuasa ¥ MeTOAbI HCCJIEI0BAHUM

PaGota BeImonHsIack B aboparopusix kadenapsl MUKPOOMOIOTHH U UMMYHO-
noruu, BetepuHapHoi meauuinHel ®I'BOY PI'AY MCXA umenu K. A. Tumupsizena,
Ha MOJIOKE MOJIy4EHHOM OT 18 >KMBOTHBIX, OOJBHBIX CYOKIMHUYECKOH (hopmoil ma-
CTHUTA.

Kopos paznenuiu Ha 6 rpyni. [lepBas rpynmna Obuta KOHTPOJIBHOM, 3I0pPOBOH,
oCTaJIbHBIC (2-6) — OMBITHBIC C CKPBITHIM MacTUTOM. KOpOB 2 TpymIibl JeUeHUIO HE
noasepranu. B 3 rpynne mucnone3oBanu npenapatr MactusuH, B 4 rpynne - Mactu-
BUH C Jaseporepamnueid, B 6 rpynne —IIponomact ¢ mazeporepanueii. MacTuBuH
BBOJIMJIM BHYTPUIMCTEPHAIILHO 110 8 T, OAWH pa3 B CyTKH, B TeueHue 5 nueil. [Ipono-
Mact npumensiiy no 10 M, oMH pa3 B J€Hb MOcie JOWKH, HA TPOTSHKEHUU 3 JTHEH.
JlazepoTeparnust TpOBOAWIIACH B TEUEHUE S5 JHEW, MO0 3-5 MUHYT MpOLEAYpHl Ha Hopa-
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KEeHHYI0 oOnactb. MccnenoBanus npoBoauiuck B TeueHue 30 aHel, ¢ mepuoauye-
CKHM B3SITHEM MTPOO MOJIOKA 1711 HMMYHOJIOTUYECKUX U OaKTepUaIbHbIX aHATU30B.

[Toncuer MUKpPOOOB B MOJIOKE MPOBOJIMIM MeTonoM bpuiga. OtoT Meroa mos-
BOJISIET TOYHO OMNPEJEIUTh KOJIMYECTBO KoJloHUeoOpazyromux eanHul (KoE) mukpo-
00B ¢ MOMOIIBIO TTOCEBA MOJIOKA Ha MUTATeNbHYIO0 cpeay. [locne unkyOanuu oopas-
LIOB B KOHTPOJUPYEMBIX YCIOBUSX, IPOUCXOIUT BU3yaIH3alsl KOJIOHUH, YTO I1O3BO-
JSIET CAeNaTh BBIBOJIBI O MUKPOOHOJIOrHIeckoM (poHe Mosioka. Pe3ynbrarel mojacuera
KMA®A (xoindecTBO MUKPOOOB, 00pa3yroIux KOJ0HUU) U M (MUKPOOPTaHU3MBI)
aHAIM3UPOBAIUCH B TUHAMUKE, YTO MO3BOJIUIO OLEHUTD d(PPEKTUBHOCTD pa3IMYHBIX
METOJIOB TEPANHH CKPBITBIX MACTUTOB Y KOPOB B TEUEHHE dKCIepuMeHTa. JlaHHbIE
ObLTM coOpaHbl Ha pa3HbIX 3Tanax (dyepe3 5, 10, 20, 30 u 60 gHel) U MOJABEPIIIUCH
CTaTUCTUYECKON 00pabOoTKe JJIsi BBISIBJICHHS 3HAUMMBIX PA3IMUUi MEXIy TPYIIaMH.
Takum 00pa3oM, JaHHBIA MOAXO0J CIIOCOOCTBYET OMPEACIICHUIO ONTUMAIIBHBIX METO-
JIOB JICYEHUS JJIs1 BOCCTAHOBJIEHUS 3[0POBbS KUBOTHBIX U YJIYUYIIEHHUS Ka4e€CTBA MO-
JIOKa.

Pe3yJbTaThl Hccie10BaHUI

Pe3ynpTaThl MCCeOBaHUS NTUHAMUKA MU3MEHEHUS COAEP’KaHUS B MOJIOKE KO-
poB KMA®A u M nipexacrasiensl B Tadbnuie 1.

B monoke kopoB 1 koHTponpHOM rpynmsl coaepxanne KMA®A u M B nipo-
1[ecce AKCIIEPUMEHTa UMEJI0 HE3HAUYMUTEIbHOE MOBBINIEHUE, YTO CBS3aHO C CyOBEK-
TUBHBIMU MPUYUHAMU, KOTOPHIE BBI3BAaHBI U3MEHSIOIIMMUCS YCIOBUSIMH COJIEPKAHUS
U KOPMJICHHS, CHM)KEHHEM MMMYHHOIO CTaTyca >KMBOTHBIX. X (hOHOBBIN ypOBEHB
coctaui 4,8:10°. B nocieayromnme cpoky SKCIIEPUMENTA 3TOT II0KA3aTeN b YBEIUYH-
BaJICS U MPEBBICKI JlaHHOE 3HaudeHue Ha 5, 10, 20 u 30 cyt. onbita B 1,23 pasa (Ha
110,0 teic. KOE/mi), B 1,43 paza (aa 210,0 eic. KOE/Mmo), B 1,6 pa3za (1a 290,0 ThIc.
KOE/mn), B 1,77 paza (ua 370,0 teic. KOE/Mn). CnemxyeT OTMETUTh, UTO 3TH U3MEHE-
HUS B KOHTPOJIE HE SIBIISIFOTCS CYILIECTBEHHBIMU, XOTS M HE CIIy>KaT MO3UTUBHBIM MpPU-
3HAKOM M YKa3bIBaIOT Ha HEOOXOAUMOCTh YCTPAHEHUS X NPUYUH (MO0 pa3MHOKEHUE
MUKPOOPTaHU3MOB B MOJIOKE UJET B BBIPAXKEHHOM MPOTrpeccun).

Copnepxxanne KMA®A u M B MOJI0OKE KOPOB, OOJIBHBIX CKPBITHIM MAaCTUTOM, B
Hayase onbita (PoH) Konedanock Ha ypoBHE oT 7,4 o 8,0 KOE/mi, uto npeBbIcHiIO
nokaszaresib KoHTpoJs B 1,54-1,66 paza (na 260,0 — 320 KOE/mn).

Yposerb KMA®A u M B MOJIOKE )KHUBOTHBIX 2 T'PYIIbI, B MMPOLECCE ONBITOB,
MMeEJN TeHJICHUHMIO K JTaJIbHENIIIEMY BBIpa)KEHHOMY yBennueHuro. Ha 5 cyT. ot Havana
HKCIIEPUMEHTa MX COJep>KaHue MpeBbIcKUIIO0 (oHOBOE 3HaueHWe B 3,73 pasza (Ha 2
MiH.50 tic. KOE/Mn), Ha 10 cyt. — B 4,8 paza (na 2 maH.850 Thic. KOE/MIT), Ha 20
CyT. - B 5,2 pa3a (na 3 muH.150 teic. KOE/Mi), Ha 30 cyT. - B 7,6 pa3a (Ha 4 maH.950
Thic. KOE/MiT). Takoe MOJIOKO COOTBETCTBYET HE KJIACCHOMY MOJOKY. JTO yXe CBU-
JETENBCTBYET O MEPEXO0/IE€ CKPBITOrO MAaCTUTA B KIIMHUYECKU BBIPAKEHHBINA MaCTHT.
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Ta6muna 1 — lunamuika B mosioke kopoB KMA®A u M (KOE/min)

= Cpoku uccie10BaHusi B CyTKax
E CTAarT. moka- OT Ha4yajIa ONBLITOB
= | IIpemaparbl
a_ 3aTelb don 5 10 20 30
1 Korrpons M 4.8-10° 9-10° 6,9-10° | 7,7:10° | 8,1-10°
(310poBBIC) +m 0,9-10° | 2,1-10° 1,1-10° 1,3-10° | 1,410°
Cv, % 12,5 11,3 10,6 11,3 12,5
2 M 8,9-10° | 2,810 | 3,6:10° | 3,9-10° | 5,7-10°
BosibHbBIE, He +m 1,5-10° 1,810 | 0,6:10° | 2,6-10° | 0,6:108
Je4YeHHbIe P *x ** ** * **
Cv, % 11,2 42,9 11,1 6,8 7,0
3 M 7,8:10° | 9,9-10° | 8,7-10° | 7,9-10° | 7,2-10°
+m 1,7.10° | 2,1-10° | 2,2:10° 1,6:10° | 1,410°
MacruBun P - > * - *
Cv, % 14,5 14,1 9,2 13,5 13,0
4 M 7,4-10° | 83-10° | 6,0-10° | 4,510° | 3,810°
+m 1,1-10° 1,4-10° 1,410° | 22:10° | 0,9:10°
HpOIIOMaCT P *% * ** * *%*
Cv, % 9,9 11,2 15,6 17,8 15,8
5 M 7,6:10° | 7,910° | 6,9-10° | 6,410° | 6,7-10°
MacTuBuH + +m 2,510° | 2,1,1-10° | 1,1-10° | 0,9-10° | 0,5-10°
JIa3ep P * * * ** *
Cv, % 21,9 19,4 15,5 9,7 5,8
6 M 6,8-10° | 8,1-10° | 5,7-10° | 5,6:10° | 6,0-10°
Mponomacr + +m 1,1-10° | 0,9-10° | 0,6:10° | 0,8-10° | 1,5-10°
JIa3ep P ** * * * *
Cv, % 10,8 8,5 7,0 10,3 6,8

[Tpumeuanue: p<0,05*, p>0,05**

Jleyenue xKUBOTHBIX MpenapaToM MacTuBuH (3 rpyIina) 3HAYUTEIBHO 3aTOP-
MaxuBasio akTuBHOCTh KMA®A u M B MOJIOKE KOPOB, OOJIBHBIX CKPHITHIM MacCTH-
ToM. Ha 5 cyT. onbiTa BX mokasarenb HECKOJBKO moBbicHiics — B 1,23 pa3a (Ha 190
teic. KOE/mi). B nocnenyromnue cpoku sxkcnepumenta ypoeHo KMA®A u M B Mo-
JIOKE KOpOB 3 rpymmsl AuHaMu4dHO cHukancs. K 10 cyTt. uccnenoBanunii conep:xanue
KMA®A u M B MoJioKe KOpOB 3 TpyIIIIbl MPOAOHKAJIO MPEBbIIATh (POHOBBIN MOKa-
3arenb B 1,08 pasza (Ha 70,0 teic. KOE/Mn). Ha 20 u 30 cyT. s3kcnepuMeHTa ypOBEHb
KMA®A u M B Mosnioke KopoB 3 rpyniibl Obul HUXKeE ero (poHoBoro ypoBHs — B 1,01 u
1,11 pa3za (ma 10,0 u 80,0 Teic/™Mn). To ecth onu coctaBwim 790,0 u 720,0 ThIC.
KOE/mi, 94T0 COOTBETCTBYET MOJIOKY 2 KJlacca.

bonee BeipakenHoe cHmwkenue nokazarenss KMA®A u M B mosnoke Habmo1a-
JOCh y KOpOB 4 rpynmbl. 371€Ch NMPOLECC CHUKEHUS AKTUBHOCTH Pa3MHOKEHHUS
KMA®A u M ormeuasics ¢ 10 cyt. onbita. Ha 10, 20 u 30 cyT. skcniepuMenTa ypo-
BeHb KMA®A 1 M cHH3UIICS B MOJIOKE, IO CPAaBHEHHUIO C €T0 IePBOHAYAIBHBIM (HO-
HOBBIM 3HaueHueMm, B 1,23; 1,64 u 1,94 paza (1a 140,0; 290,0 u 360,0 teic. KOE/Mn),
coctaBuB 600,0; 450,0 u 380,0 teic. KOE/mun). ITokazarens conepkannsi KMA®DA u
M B MoJIOKE KOPOB 4 rpymiibl K KOHILY OIbITa COOTBETCTBOBAJI MOJIOKY 1 Kjacca.
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[Tokazarenu KMA®A u M B MOJIOKE KOPOB 5 Ipymnibl ObIA HUXKE, YEM B MO-
JIOKE KMBOTHBIX 3 IPYIIIbI, HO JO KOHLA 3KCIEPUMEHTA MPEBBIILIAIN JaHHbIE 10 4 U,
0COOEHHO BBIpaXXEHO, IO 6 rpynIe.

Boccranosnenune mukpobHoro 6amanca monoka o KMA®A u M, B cropony
(bU3HONIOrMYECKU JOMYCTUMBIX €IUHUL], PErHCTPUPOBATIOCH Y KUBOTHBIX O TPYMIIHI.
3neck ypoBenb KMA®A u M na 5, 10, 20 u 30 cyT. cHU3WICS, IO CPaBHEHUIO C ¢o-
HOBBIM 3HaueHuem, B 1,09; 1,37; 1,5 u 2,69 paza (ua 70,0; 210,0; 260,0 u 490,0 TbIcC.
KOE/mn). [Nokazatens KMA®A u M Mosoka KOpoB 6 TpyHIibl K KOHIY SKCIIEpUMEH-
Ta COOTBETCTBYET MOJIOKY BBICILIETO KJIAcca.
3akioueHue

KomruiekcHoe nedeHne KOpoB € CKPBITBIM MacTUTOM Ipenapatom lIpomomact
B COYETAHMH C JlazepoTepanuent sipusiercs Hanbosee 3PPEeKTUBHBIM CIOCOOOM, CIIO-
coOCTBYIOIIUM BOoccTaHOBIIeHHIO cojiep:kaHust KMA®A u M B Mosioke 10 HOpMaib-
HBIX (PU3UOJIOTUYECKUX 3HAUCHUH.

Cnmcok JuTepatyphbl:

1. Aiirbiies, C.A. JluarHocTuka CKphIThIX MacTUTOB y KopoB / C.A. Aiitsimies, M.C.
AliT)xaHoB // Pa3BuTue Hay4YHOM, TBOPUYECKOH M MHHOBALMOHHOW JE€ATEIBLHOCTH MO-
noaexu : COopHuk crareil mo Mmarepuaniam XV Bcepoccuiickoil (HalmoHalbHOMN)
Hay4YHO-IIPAKTUYECKON KOH(EepeHIHH MoJIoAbIX yu€HblX, Kypran, 14 nexabps 2023
rona. — Kypran: Kypraunckuii rocyjapcTBeHHbI YyHUBEpPCUTET, 2023.

2. Axbaes, P. M. CkpbIThiii (CyOKIMHUYECKHI) MACTUT y KPYITHOTO U MEJIKOTO pora-
TOTO CKOTa MPHU COJAEPKAHUU B YCJIOBUAX YacTHbIX moasopuil / P.M. AkbGaeB, A.A.
3onoryxuna, C.M. Posunckuit // M3Bectuss OpeHOYprckoro rocy1apcTBEHHOIO ar-
papHoro yHuBepcuteta. — 2024. — Ne 2(106). — C. 207-211.

3. Komenesa, [./]. CKpbITBIid MACTUT Y KOPOB: COBPEMEHHbIE METOIbI JieueHus B AO
"[lenxyckoe" B 2021 r/ JI./[. KomeneBa / Mononexs u Hayka. — 2022, — Ne 2.

4. CoBpeMEHHOE COCTOSIHME M MEPCHEKTHUBBI Pa3BUTHsI KMBOTHOBOJACTBA Poccun u
ctpan CHI' / B.. Tpyxaués, FO.A. IOnnam6aes, N.}O. CBunapes [u ap.]. — Mocksa:
OO0 «Meranommcy, 2022. — 337 c.

YK 628.35
NPUMEHEHUWE CHLORELLA SOROKINIANA B OYUCTKE CTOYHBIX
BO/J HA ITPOU3BOACTBAX AIIK

Cyxanoea Hpuna Maxcumoena, cmyoeum 2 xypca Uncmumyma azpobuomexmono-
euu, PI'EOY BO PI'AY-MCXA umenu K.A. Tumupszesa, Lifebe82@mail.ru.
Anukeeea Tamvana Cepzeesna, cmyoenm 2 Kypca Uncmumyma acpoduomexnono-
euu, ®I'BOY BO PI'AY-MCXA umenu K.A. Tumupszesa, tanyal23yan@gmail.com.
Jozunoea Mapuna Hzopesena, cmyoeum 2 xypca Uncmumyma acpobuomexnono2uu,
DI'BOY BO PI'AY-MCXA umenu K.A. Tumupszesa, mi_loginova@mail.ru.
Hukonaenko Apmém Anopeesuu, cmyoeum 2 xypca Uncmumyma azpodouomexuono-
euu, ®I'BOY BO PI'AY-MCXA umenu K.A. Tumupssesa, arte.agct@gmail.com.
(Hayunwiii pykosooumenv — HYepeonuuenxo Muxaun FOpvesuu, K.0.H., OoyeHm, 00-
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yenm kagheopwlr buomexnonocuu OPI'bOY BO PI'AY-MCXA umenu K.A. Tumupsisesa,
cherednichenko@rgau-msha.ru)

Annomayua: 6 cmamve omoopaddceHvl Qusuonocudeckue u Mopghonozuyeckue 0cobeHHOCmu 8000-
pocau Chlorella sorokiniana, a maxoice paccmompervt cnocobbl no8vbiUeHUsL ee NPOOYKMUBHOCTIU.

Knroueewte cnosa: Chlorella sorokiniana, o4ncTKa, CTOYHBIE BOIBI, OMOMAacca, TSHKENIbIe METaJIIbI

Chlorella sorokiniana — mpecHoBogHAs 3elicHas MHKPOBOJOPOCIH, XOPOIIO
KyJIbTUBHpYEMas Kak B JaOOPATOPHOM KyJbTHBATOPE, TAK U B IPOMBIIINICHHOM Mac-
mrabe. OHa crocoOHa MEPEeHOCUTh BO3ICHCTBHE TXKENBIX METAIOB TakuxX Kak Cu,
Cd, As 0e3 3HaYUTEITHLHOTO 3aMeIJICHHSI POCTa, MPOTECTUPOBAHA JIIsl OMOpEMEeTHAIIH
IpU 3arpsi3HEHUN THKEIbIMU MeTailaMu. Ee yHHKanbHbIE CBOMCTBA MOTYT HAMTH
00JIBIIIOE TPUMEHEHHE B OYMCTKE CTOYHBIX BOJI HA MECTaxX nepepadaThiBaroei mpo-
MmbIuieHHocTH AlIIK, mpudem coOpaHHasi Ouomacca MOXKET CIYXHUTh ChIPbEM JUIs
MPOU3BOJICTBA KOpMa [JIsl >KMBOTHBIX, OMOYJTOOpEHUI, a TakkKe albTePHATUBHOIO
TOIUTMBA — OMOAU3ES.

C. sorokiniana — HeOouiblliass yCTOWYMBAs OJHOKJICTOYHAS BOJOPOCIHb (ama-
MeTpoM 2-4,5 Mkm). OHa criocoOHa MUKCOTP(HO pacTU Ha PA3IMYHBIX MCTOUHHKAX
yraepojaa U a30Ta, MOXKET XOPOIIIO PacTH B HIMPOKOM JTHANIa30HE TEMIIEpaTyp

Knerku C. sorokiniana uMeroT 3JUTHIICOMIHYIO WU IIapOBHIHYIO (hopmy. Mo-
JI0/IbI€ KJIETKU OOBIYHO UMEIOT pa3mepsl oT 1,5 1o 2,0 MKM, TOT/1a KakK 3pesible KIETKU
JNOCTHUTAIOT 5-6 MKM B 1uametrpe. KieTku ¢ aBrocropaMu MOTyT JOCTUTATh /-8 MKM.

Amnanu3 cyxoit maccel C. sorokiniana mokassiBaeT, 94TO 3TOT BUJ B CPEIHEM Ha
40 % cocrout u3 Oenka, Ha 30-38 % wu3 yraeBogoB u Ha 18-22 % W3 IUNUIOB.
Bonbmioli uHTEpeC MPEeACTaBISIOT aHTUOKCUIAHTHI xjopodumn (3,5 % ot cyxou
OromMacchl); KapOTUHOUBI, KOTOpbIe cocTaBisioT 10 0,69 % B mepecuere Ha CyXyIO
ouomaccy. B Oenke Xxjopemibl HaXOsTCs BCe HE3aMEHUMbIE aMUHOKHUCIIOTHI, HEOO-
XOJIMMBIE JIJI pocTa JIposxoked. B 1 T Macchl cyxoro BelecTBa BOJIOPOCTH COJIEPIKHUT-
cg sutamuna B1 — 2— 18 mxkr; B2 — 21-28; B6 — 9; C — 1300-1500; K — 6; PP — 110-
180; E — 10-350; manToTeHOBOM KUCIOTHI — 12—17; dhonueBoit kuciotel — 485; Ouo-
tnHa — 0,1; neiikoBoprHa — 22 MKT

[Ipyn KynbTUBHpPOBAaHMM HA arapu3MpPOBAHHOW cpene mpu Temreparype 36 °C
gyepe3 IMIeCTh JTHEW 00pa3yroTCs BBIMYKIIBIC TNIAJKHE KOJOHWW JUaMETpoM 1-2 mw,
OKpAIIICHHBIC B TEMHO-3€JICHBIN IIBET.

B maGopaTopHBIX YCIOBHSIX BOJOPOCTH XOPOIIO pacTeT Ha MHUHEPATBLHO-
OpTraHUYECKUX MHUTATEIBHBIX Cpeax.

[Tporiecc u3mMeHeHus: oOMeHa BeriecTB y MukpoBogopociu C. sorokiniana s
yIaJICHUSI OTIACHBIX BEIIECTB BKIFOUAET HECKOJIBKO KIFOUEBBIX MEXAaHU3MOB, KOTOPHIC
AKTUBUPYIOTCS B OTBET HA PA3UYHBIC CTPECCOBBIC YCIIOBHUS, TaKWE KaK BBICOKAS
KOHIICHTpAIUs 3arps3HSIONINX BEIIeCTB Wi yiabTpaduoneroBoe (YD) obmydenue.

B oTBeT Ha OKMCIUTENBHBINA CTPECC MMPOUCXOANUT YBEIMUCHUE CUHTE3a KapOTH-
HOMJIOB: KAPOTUHOU/IBI, TAKHE KaK B-KapOTHH U (PYKOKCAaHTHH, UTPAIOT BAXKHYIO POJIb
B 3allIMTE KJICTOK OT OKHCIMTEIHLHOTO MOBpEXIeHUs. MccmenoBaHus MOKa3bIBAOT,
10 TIepuoandeckoe Y dD-00mydeHne MOKET NMPUBECTH K YBEIMYCHHUIO COICPIKAHMS
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KapoOTUHOUJIOB B Ouomacce 10 29,5 % no cpaBHEHHUIO ¢ KOHTPOJIbHBIMH OOpa3laMu
[1].

DTO CBSI3aHO C TEM, YTO KapOTHHOMUbI ICUCTBYIOT KaK AaHTUOKCHJIAHTHI U 3a-
IIUIIAIOT KJIETKU OT BPEHOTO BO3JEHCTBUS CBOOOIHBIX PAJNKAIIOB.

Y®-00nyueHne Takke TPUBOAUT K MOP(OJIOTHUISCKUM HN3MECHECHUSIM B KJICT-
KaX, TAKUM KaK yBEJIMYEHHUE pa3Mepa KIETOK U 00pa30BaHME BaKyOJICH, UTO MOMKET
OBITH CBSI3aHO C MPOIECCAMU aIloNTO3a.

C. sorokiniana crmocoOHa amanTHPOBATBhCA K BBICOKUM KOHICHTpAIMSIM 3a-
IPSI3HSIONIMX BEIIECTB (HAIPUMED, TSHKENBIX METAUIOB WJIM OPraHUYECKUX COEIHHEe-
HUM): B YCIIOBUAX 3arps3HEHUS MPOUCXOIUT aKTUBAIIUS albTEPHATUBHBIX META0OH-
YECKUX MYTEH, 4TO TO3BOJISIET BOJAOPOCISIM 3PGHEKTUBHO YAAIATh HOHBI METAJIIIOB U
JpYyrue TOKCUYHBIEC BEIIECTBA U3 OKPYXKAIOLIEH cpebl. DTO MOXKET BKJIIOYATh CUHTE3
cnenupuueckux 0eKoB U (HEPMEHTOB, KOTOPBIE CBSI3BIBAIOT WJIM MPEOOpa3yroT TOK-
CUYHBIE COCTUHEHUSI.

B ycnoBusix crpecca C. sorokiniana MokeT Takke MOABEPraThecsi aBTO(IOKY-
asuuu (Mpouece, Mpu KOTOPOM KJIETKU arjIOMEpHUPYIOT U OCEAI0T Ha JIHO). ITO 00-
JierdyaeT MOCHeAyIonlee U3BJICUeHHEe OMOMAacChl U3 BOJBI M YBEIUYUBACT 3(DPEKTUB-
HOCTb OYUCTKH.

Ontumuzanusi yCiaoBUM KyJIbTUBUPOBAHUS TAKXKE UTPACT BaXKHYIO POJIb B U3-
MEHEHUU oOMeHa BelecTB. Mcnonb3oBanue J00aBOK, TAKUX KaK MUPUAOKCHUH (BUTA-
MUH Bg) U mepekuch BOJIOPOJa, MOKET CTUMYJIMPOBATh aKTUBHOCTh AaHTUOKCHIAHT-
HBIX (PEPMEHTOB U YBEIMYUTH MPOIYKIIUIO KAPOTUHOUIOB O€3 3HAYUTEIILHOTO YIIEP-
0a 11 KJIeToK. DTO co3/1aeT ycioBus uist 6osee 3(hPEeKTUBHOTO yIaleHUs 3arps3Hu-
TEJIEH.

Ha poct Bogopocieit BAUSIOT HECKOJIBKO (PaKTOPOB, B TOM UYHUCJIE COCTaB Cpe-
IIbl, OCBELIEHUE, TEMIIEPATypa, UICTOYHUK a30Ta, UICTOYHUK YTIIEpoa, pa3Mep UHOKY-
nsta, aspanusi, horonepuon, kuciaopoa, CO,, pH, conéHocTs U Apyrue HeOUOJIOTH-
yeckue dakTopsl [4].

JInst BeIpalyBaHus ONTUMalIbHO HEUTpaldbHOE 3HaueHue pH = 7, xoTs Bogo-
pocib ciocoOHa mepeHocuTs nepenans 10 pH = 11,0-12,0.

MakcuMalibHOE KOJIMYECTBO OMOMACCHI, MOJUCaxapuaoB U OelKoB HabJo1a-
€TCs MPU BHECEHUM HMCTOYHUKOB a30Ta (MOYEBHUHBI), HICTOYHUKOB yrjiepoja (Tiauiie-
puHa U KapOoHaTta HaTpus), pocdopa, MarHus u kese3a.

Chlorella sorokiniana MOXeT BBITECHUTh a3pOOHBIC U aHAPPOOHBIE OAKTEPHUH B
MOTpeOJICHUH arleTaTa Mpy reTepoTPO(GHOM POCTE € MCIOIH30BAHUEM HECTEPHIU30-
BAHHBIX CTOYHBIX BOJ TEMHOM (pepMEHTAIMM C BBIXOJOM yriiepoaa 55% wu3 arerara,
TaKUM K€ 00pa30oM MOXET ycBauBaThcs U OyTupat. KoHmeHTpanust OyTupara BbIIIe
0,1 /71 momaBIsIET POCT MUKPOBOAOPOCTEH, B TO BpeMsl Kak KoHieHTparus 0,3 1/1
JIOMyCTUMa TPU MHUKCOTpohHOM pocTe. OAHAKO CYUTACTCS, YTO HHTHOUPYIOIIEe
nericteue OyTtuparta ociabeBaeT B NMPHUCYTCTBUU alleTaTra HM3-3a MEPBOHAYAILHOTO
HaKOTUICHUs OMoMacchl 3a CUéT MOTpeOJIeHHs alleTaTa U BTOPUYHOTO MOTpeOIeHUs
OyTupaTta AJisi BIpaOOTKHU SHEPTHH.

ITo pesynbraram BeipamuBanus C. sorokiniana B teuenue 15 cytok B BG-11
npu uHTEHCUBHOCTH ocBetieHus: 3000 rokc HabmoAaIach 3aBUCUMOCTh KOHIIEHTpa-
U1 OMoMacchl OT Temrieparypsl. [Ipu 3TOM MakcuMalibHasi MPOIYKTUBHOCTh Oblia

196



npu 30°C. B cpaBHeHuu HaOmrojaeTcs cieayromas 3aBucuMoctsb: 30°C > 25°C >
20°C > 35°C [5].

IIpu ocBemennn 4000 JTIOKC TOBBIMIACTCS MPOU3BOAUTEIBHOCTHL OMOMACCHI,
IIPU 3TOM TaKWE€ yCIOBHUSI MOTYT OBITH JOCTUTHYTHI B €CTECTBEHHOM CpeJie, 9TO yKa-
3pIBAC€T HA TO, YTO, ONTHUMHU3AINS WHTEHCUBHOCTH OCBEIIECHUS MOXKET CHHU3UTH JKC-
IUTyaTallHOHHBIE PACcX0/Ibl Ha 3JIEKTPOIHEPTHUIO.

bruto 3ameueHo, 9yTo pocT B retepoTpodHbIX yenoBusx (84,73 %) npoucxoaut
HaAMHOTO ObICcTpee, 4eM B MUKCOTpodHBIX ycnoBusx (<0,01 %) [2].

[Ipu peuupkyasiuuu cpeabl 10 YEThIpeX pa3, HaOMI0AaIoCh CHUXKEHUE CKOPO-
¢t pocta Ha 3-18%, COOTBETCTBEHHO, ITPU 3TOM COJIEpKAHUE YTIIEBOJIOB COCTABIISIIO
8-10%, a Taxkxe MPUCYTCTBOBAIM HEKOTOPHIE MHTUOMPYIOIIUE MOJIUMHEHACHIIIICHHBIC
KHUCIIOTHI.

HeGounbiioe Hamuuue npuMecen TSXKEIbIX METAIIOB MOJOKUTEIBLHO BO3/CH-
CTBYET Ha pocT Omomacchl. OIHAKO AJI BOJAOPOCIN CYUIECTBYET JIUMUTHUPYIOIIEE
3HAYCHHUE TIPUMECEH, P KOTOPOM YHUCICHHOCTH MOy HAYMHACT YMEHBIIATh-
cs. IIpoTUBOCTOSTH 3TOMY M MOBBICUTh IPOU3BOAUTEIBLHOCTh BOAOPOCIH ISl OMO-
TEXHOJIOTHYECKUX NPUMEHEHUH MOXKHO Ojarojgapsi HCHOJb30BAHUIO OaKTEpHid
Azospirillum brasilense Cd u Bacilus pumilus ES4 [3].

[ToMuMO (PEHOTUIMYECKUX U3MEHEHUN 00€ OAKTEPHUM BBI3bIBAIOT YBEIUYCHHE
KOJIMYeCTBa OOIIMX JIUOUAOB, OOHIMX YIJIEBOAOB M xyopodwmmria a. CoBmecTHas
KyJbTypa ¢ 6akrepueit Azospirillum brasilense cumxkaer okucnutenbHbli crpece y C.
sorokiniana (Bo3aeiicTBrE MEAM U HEAOCTATOK KHCIOPO/a).

Takum oOpa3om, BHECEHHE OAKTEPHAIBHBIX KYJIbTYP MOKET TOMOYb B PETyJIs-
un yrciaennoctu C. sorokiniana npu CHIbHOM YBEIMYCHHH KOHIICHTPAIMHA TpUMe-
Cell.

br110 3aMedeHo, 4To BO3pacT KylbTyphl BIUsET HA 3PGEKTUBHOCTH (PIOKYIIS-
upn. Jlydme Bcero quokymsuus npoucxomut npu nobasierun 200 mrrt AlCl; Pe-
3yJAbTaThl (PJIOKYJIAIMU OMOMACCHI, COOpAaHHOW B KOHIIE MEPUOJUYECKOrO TMpoIiiecca,
nokaszanu 3pPeKTUBHOCTH BhIlIe 99%. OnHako HeopraHuyeckue (PIOKYISIHTBI, TAKUE
KaK XJIOPH] JKeJie3a U aJIOMHHMS MOTYT MPUBOJUTH K 3arpsA3HEHUI0 OMOMAaCChl WU
HAJI0CAI0YHON YKMJIKOCTH U30BITKOM MOCTYMAOMMX HOHOB. C Ipyroi CTOpOHBI, IPH
OUYMCTKE CTOYHBIX BOJI 3arpsA3HEHUE OMOMACCHI SIBJISIETCS BTOPOCTETIEHHOM 3aJauei, a
M30bITOK MOHOB B OYMIIEHHOW BOJE MOMKET OBITh YAAJIEH C MOMOLIBI0 MOHOOOMEH-
HBIX KOJIOHH.

JJist MPOMBINIJIEHHOTO MCTIOIB30BAHMS BOJIOPOCTH OJTHUM U3 CaMbIX MEPCIEeK-
THUBHBIX CIIOCOOOB SIBJISIETCSI HANPABJICHHOE KYJbTUBUPOBAHKUE B PUTOOHOPEAKTOPAX.
OHU MO3BOJIIOT CO3/1aTh KOHTPOJIUPYEMBIE YCIOBHS, BEAYIIHE K IMOJTYYCHUIO MaK-
CUMAaJIbHOTO KoJmuecTBa Ouomacchl. bonee Toro, moaseprasi BOIOpOCIb CTPECCOBBIM
YCIIOBHSIM, MOYKHO JTOOWTHCSI TIOBBINICHUS CUHTE3a KAPOTUHOHUIOB, YTO JeiaeT OHo-
Maccy IIEHHBIM HCTOYHMKOM aHTHOKCHIAHTOB, @ BRICOKHE aJIalITUBHBIC CBOMCTBA T10-
JIO’KUTENILHO CKa3bIBAIOTCS HA MOCIEAYIOIIEM BhIBEACHUHU KYIbTYPhl U3 KOHTPOIUPY-
€MbIX YCIOBUM B €ECTECTBEHHYIO CPENY.

CoTpyaHUYECTBO MexAy OuomnepepadaThIBalOIIMMKU 3aBOJIaMH U CHUCTEMaMU
OMOJIOTUYECKON OUYMCTKU CTOYHBIX BOJ VISl MMOJYyUYEeHUsS] OMOMAcChl U OMOSHEPTUU SIB-
JSETCS OTJIMYHBIM BapHWAHTOM IS BBIPAIIMBAHUS MHUKPOBOJOPOCIEH B Pa3IMYHBIX
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ycnoBusax. Takoil moaxoa HE TOJBKO MUHUMM3UPYET MOTpEOJIeHHE MPECHOW BOJIbI,
HO M CHIDKAeT 3aTpaThl HA BHECEHHE MUTATEILHBIX BEIIECTB, 4 TAKXKE CIIOCOOCTBYET
yaaneHuio a3ota u ¢ocdopa U3 CTOUHBIX BoA. B pesynpTaTte mosydaercss buomacca,
KOTOpasi MOKET ObITh MCIOJIb30BaHa B KAYECTBE pecypca Al OMOTOIUIMBA. DTOT Me-
TOJ TpeOyeT MaJIbIX 3aTpaT JIEKTPOIHEPTUU U JIaeT OOJIBIION BBIXOJ OMOMACCHI, KO-
TOpasi MOKET OBITh UCIIOJIB30BAaHA B KAYECTBE pecypca sl OMOTOIUINBA.
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Hocmu. Beow 6 npoyecce np0u3eodcmea 63Pbl8UAMDbIX 6EULECNE UCNOIb3YIOMCA PA3IUYHbIE XUMUYE-
CKue COEaMHeHMﬂ, coaepofcamue ocmaniku 63povledamulx seuiecnts, XUMUu4eCcKux peacenmoes, Kono-
pbvle mocym oKazamvcCs 6 CMOYHbIX 600ax U HAKANIUBAMBCS 8 OCAOKE.

Knrouesnvie cnosa: OC&,I[OK, B3PbIBYATHIC BCIICCTBA, Oouoaoruyeckas AKTUBHOCTD, y,Z[O6peHI/IH.

CenbCcKkoe XO03MWCTBO CTAJKUBAETCS C MHOMXECTBOM BBI30BOB, CBSI3aHHBIX C
YCTOMYMBBIM HCIOJIb30BAHUEM 3€MEJIbHBIX pecypcoB. OMHOM U3 KIIOYEBBIX 3a/1ay
SIBJISIETCS TOBBIIICHUE TIOJOPOUS MOYBHI, YTO HANPAMYIO BIUAET HA YPOKAHHOCTh
1 Ka4eCTBO CEJIbCKOXO3AMCTBEHHON NMPOAYKIMH. JIepHOBO-TI0130JIUCTHIE TIOYBBI, IIH-
POKO pacrnpoCTpaHEHHbIE B YMEPEHHBIX MIMPOTAX, U YACTO CTPAJIAIOT OT IMOBBIIICH-
HOM KHCJIOTHOCTH W HEJIOCTATOYHON OMOJIOTMYECKOM aKTMBHOCTH W3-3a MPUMCHCHHUS
MECTUIIUAOB, YTO OTPAHUYMBAET UX arPOHOMUYECKYIO IIEHHOCTh. B CBS3M € 3TUM, ak-
TyaJIbHOW 3a/iauei sIBJsieTCS pa3padoTKa M ONTUMHU3AIMUS METOJIOB arpOXUMHUYECKOM
MeJIMOpaluu.

OaHuM U3 CIOCOOOB ONMTUMHU3AIIMN MOXET SIBJISTHCS MepepadoTKa U MOCIeay-
IOIIIEE MCIIOJb30BAHUE B CEIBCKOM XO3MCTBE PA3IUYHBIX OTXOAOB MPOMBIIUIEHHOTO
MIPOMU3BOJICTBA. B TOM umcie U ocagka CTOYHBIX BOJA OT MPOU3BOICTBA B3PBIBUATHIX
BemecTB. OcaZku CTOYHBIX BOJ — 3TO MPOIYKT, KOTOPBIA 00pa3yeTcsi B pe3ynbTaTe
OYHCTKU CTOYHBIX BOJI B OYUCTHBIX COOPYKECHUSIX.

OHu coliepKaT Kak OpraHUuYecKue, Tak 1 HEOPraHUYECKHUe BEIeCTBA, BKIIOUYas
MUTATEJIbHBIC BEIECTBA, KOTOPHIE MOTYT OBITh MOJIE3HBI JJIsI CETLCKOXO035HCTBEHHBIX
KYJbTYp NpH NPaBUILHOM UCIOJIb30BaHUU.

Hcnonb3oBanue yao0peHnid Ha OCHOBE OCAJIKa CTOUYHBIX BOJ — 3TO MPaKTHUKa
HCIIOJB30BaHUs 00pabOTaHHBIX OCAJKOB KaK MCTOYHHMKA MUTATEJIbHBIX BEIIECTB IS
CEJILCKOXO3SIMCTBEHHBIX KYJBTYpP. DTOT METOJI MOXKET ObIThb OUeHb 3(()EKTUBHBIM,
TaK Kak OCaJ0K COACPKUT a30T, pocdop, Kanmii, a TakkKe MHUKPOIIEMEHTHI, TAKUE
KaK IUHK U M€[lb, KOTOPbIE HEOOXOIUMBI JIJISl POCTA PACTCHHIA.

[ToaTOMy BaXHO YMOMSIHYTH U OO0 SKOJOTUYECKHUX TOCJIEACTBUSX: BBHIOPOCHI
0CaJIKOB B OKPY’KaIOIIYI0 CPeAy MOTYT IPUBECTH K 3arpsi3HEHUIO BOJAHBIX PECYPCOB U
MOYBBI. UTO MOKET OKa3bIBaTh HETATUBHOE BIUSHUE HA MECTHBIE SKOCUCTEMBI U 370-
poBbe mojeli. Cama e o0paboTKa OCaJIKOB CTOYHBIX BOJI TpeOyeT CreIuaaIn3upo-
BAHHBIX TEXHOJIOTUH M METOJIOB, HAIIPABIICHHBIX HA YCTPAHEHUE WJIM MUHUMU3AIUIO
COJIEp>KaHMS BPEAHBIX BEIIECTB. DTO MOXKET BKJIIOUATh (PUBUKO-XUMUYECKYIO OUUCT-
Ky, OMOJIOru4ecKyo 00pabOTKy WM JPYTHe TEXHOJIOTMH B 3aBUCMMOCTH OT COCTaBa
ocajika.

B cBsi3u ¢ 3TUM, B JaHHON paboTe OyAEeT pacCMOTPEHO yA0OpeHHE Ha OCHOBE
0caJika CTOYHBIX BOJI OT MPOU3BOJICTBA B3PHIBUATHIX BEIIECTB. Tak Kak, MPU OYUCTKE
ocajiKka yJI0OpeHHUsI Ha €ro OCHOBE, MOTYT COJEpaTh Pa3IUYHbIC XUMUUYECKHUE dJie-
MEHTBI, TaKHe Kak a30T, (hochop, Kaauil u Apyrue MuTaTeIbHbIC BEIEeCTBA, KOTOPHIC
MOTYT OBITh UCTIOJIb30BaHBI KAK OCHOBHBIC MHTPEIUEHTHI MPU MPOU3BOJICTBE yaA00pe-
HUM.

[{enpio ke JaHHOTO WCCIEAOBaHMS OyNeT SBISATHCA OIEHKA MOTEHIIMATBLHOTO
BIIMSIHUS OMoTperiapaTa Ha OCHOBE OCaJKa CTOYHBIX BOJ OT MPOM3BOCTBA B3pPhIBYA-
THIX BEIIECTB, B CPAaBHEHUM CO cTaHAapTHHIM n3BecTKOBhIM NPK ynoOpenuem Ha ar-
POXMMHUYECKYIO I MUKPOOHOJIOTHYECKYIO0 aKTUBHOCTH ITOYBHI.
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B npanHOM wucCclenoBaHUM NPOBOAMIACH OLIEHKA HM3MEHEHHS YHUCIECHHOCTH
OTIPEIETICHHBIX TPYII MOYBEHHBIX MUKPOOPTAHU3MOB TI0]T BIUSHUEM PA3JIMYHbIX J103
YIOOPECHHIA.

CaM OmbIT MPOXOAUT IMyTEM OOPAOOTKH MONKHHUBHBIX OCTATKOB Pa3INYHBIMU
n03aMH OMoIpernapara U U3BeCTU (OT HYJA 10 TpeX) C MOCJIEAYIOIIeH 3aJeaKon B
MOYBYy Ha pa3nuunyio rayouny (0-2cm) u (0-20cm).

[Tpu mpoBeaeHNM HCCIEAOBAHUN B TOJIEBBIX YCIOBHUAX, IPU MEIKOH 3a/eiKe
(0-2 cM) YHCICHHOCTh BCEX MCCIICAOBAHHBIX TPYII MUKPOOPTaHM3MOB ObLia BHIIIIE,
yeM npu 6osiee Tiryookoi 3aaenke (0-20 cM), 4TO MOKHO OOBSACHUTH 00JIee BHICOKOM
YUCJIEHHOCTHIO a3pOOHBIX TeTEPOTPO(PHBIX MUKPOOPTAaHM3MOB B BEPXHUX CIIOSIX MMOY-
BbI U JIYUIIIEH a’palueil.

OcoObIii MHTEpEC MPEACTABISUIA LEJUTIOIO30JUTHYECKUE MUKPOOPTaHU3MBI.
YKCIIEHHOCTh MUKPOOPTaHW3MOB 3TOW TPYIIIBI MMeJa TEHACHIIMIO K CHUKEHHUIO B
BApUAHTaxX C BHECEHHEM M3BECTU. BHeceHue yo0peHus Ha OCHOBE OCaJIKa CTOYHBIX
BOJI BO BCEX MCIBITAHHBIX J]03aX HE MPHUBENIO K CYIIECTBEHHOMY U3MEHEHHIO YHUCIICH-
HOCTH 3THX MUKpPOOPraHM3MOB B 00pa3lax Ha MOMEHT aHaJIu3a.

KynbpTuBHpyemble aMMOHU(PUKATOPHI ObUTN MPEACTABICHBI OAllMIIaMH, CTPEI-
TOMHIIETAMU U HECTIOPOOOPA3YIOIMIMMHU MaT0YKOBUIHBIMU OAKTEPUSIMHU.

Tak kak mouBeHHass MUKpodiopa Haubdosee OBICTPO U YYTKO pearupyer Ha U3-
MEHEHHUE YCIOBUMN TPU 3arpsI3HEHUH.

[ToaTOMy M3MEHEHHs B MOYBEHHONW MHKPO(IIOpE MOXHO HCHOIB30BATH IS
paHHEH AMarHOCTUKU aHTPOIIOTEHHOTO BIMSTHUS

AMMoHuUIpYIOIe 0aKTepUU, OHU K€ THUJIOCTHBIE, MOTYT CIY>KUTb UHJIH-
KaTOPHBIMH MUKPOOPTaHU3MaMHU B TIOYBE €CJIM MCCIIEIOBAHUE CBSI3aHO C PA3JIOKECHU-
€M PAaCTUTENbHBIX OCTaTKOB. Cpeau MUKPOMHUIIETOB OBLIU BBISBICHBI TPUOBI TAKUX
pomoB kak: Aspergillus, Fusarium, Rhizopus. L{emn0a030I0THKH ObUIH B OCHOBHOM
MPEeICTaBICHBI IPEUMYIIIECTBEHHO CTPENTOMUIIETAMH.

B BapuanTe 6e3 ynoOpeHuil pasHOOOpa3ue KyJbTUBUPYEMBIX MUKPOOPTaHHU3-
MOB OBLJIO BBIIIE, HO JOMUHUPOBaIM OalWIibl. B BapuaHTax ¢ BHECEHHEM yaoOpe-
HUS HA OCHOBE OCaJKa CTOYHBIX BOJ OTMEYEHO JTOMUHHUPOBAHUE CTPEITOMHIIETOB,
MPUYEM HUX JOJIs1 yBEIMUMUBAIACH B psALy: 0e3 ynoOpenuit - 1 no3a -2 103bl.

A B BapuaHTe B 3 103aMHU — OHU OOHApYXEHbI HE ObLIM. AHAJOTUYHO — BapH-
aHT C BHECCHHEM MHUHEPAIBHBIX YI0OpPEHUH, T/Ie TaKXKE CTPENTOMHUIICTHI BBISBIICHBI
He ObLTH, a JOMHUHUPOBaK rpuoObl poxa Aspergillus.

KonndectBo aMMOHUPUIIUPYIOMKUX OaKTepUi U3MEHSIIOCh B 3aBUCUMOCTH OT
TJIyOWHBI 33/ICJIKK TIO’KHUBHBIX OCTATKOB M JI03bl YAOOPEHUS, HAUOOJBIITNE U3MEHE-
HUA ObUTH 3aUKCUPOBAHBI PY BHECEHHUH JIBYX J103 B 000MX BapUaHTaX.

HaunGonbie n3aMeHeHus: B YUCICHHOCTH MUKPOMHUIIETOB ObUTH OOHAPYKEHBI B
BapUaHTEe C TpeMs J03aMu yI0OpeHUs pH MEIKOW 3aJIeJIKe U BapHaHTE C PUMEHE-
HUEM OJTHOM J03bI, MPU ITyOOKOM.

Takum 00pa3oM, MOXHO CJeJaTh BBIBOJ, YTO MPHU JAHHOM THUIE 00pabOTKe
OcaJKka CTOYHBIX BOJ, MMPUMEHEHHE €ro Kak yAOOpeHHs OyAeT OKa3bIBaTh MOJIOXKH-
TeNbHBIA 2P(DEKT Kak Ha MUKPOOHOE COOOIIECTBO, KaTATU3UPYs MPOLIECChl pa3okKe-
HUS PACTUTEIBHBIX OCTAaTKOB, TaK M Ha KHUCIOTHOCTH CPEIbl IMOYBHI, JICUCTBYS TIO
CXO0’KeMY TPUHIIUITY, YTO U CTaHJAPTHBIC U3BECTKOBBIC yIOOPEHHUS.

200



Cnucok juTepaTypsbi:

1. Mepanas I'.E., 3a0kuna I'.A., HectepeBuu U. A., ®omkuna T.I1. Arposakoioruue-
CKasl OLICHKAa MCITOJIb30BaHMUS OCaJKa CTOYHBIX BOJ // Arpoxumus, 1995. Ne5.C. 102-
108.

2. MeTtoapl M WHKEHEPHBIC PEIICHUs MPOoOJeMbl 00paOOTKH M yTHIM3AIUU OCaIKa
crounbix BoA. M.: [Ipuma-IIpecc, 2000.

3. HokyuaeBa JI.M., IOpkoBa P.E., Illamamosa O.}FO. O mpaBunax mnpoBeneHUA
MEPOIPUATANA MO0 XUMHUYECKOM Menuopanuu 1o4yB // IlyTm moOBbIIEHUS
s dexTuBHOCTH Oporaemoro 3emiuenenus. 2016. Ne 4(64). C. 177-182.

4. Jlana B.B. Cuctema npumenenus ynoopenuii / B.B. Jlana. — I'ponno, 2011.

5. Cabo E.JI., Kopmwmneira O.T. buonmorndeckass akKTHBHOCTb JI€PHOBO-
MOJ30JUCTBIX  CYIJIMHUCTBIX TIOYB M METOABl HUX  MHUKPOOMOJIOTMYECKOU
xapaktepuctuku // Jlecuoi Bectuk. — 2001. — Ne 1. — C.75-79.

201



Cexkuus 5.
CoBpeMeHHBIE NPODJIeMbI M MePCNeKTHBBI MUKPOOHO0JI0rHYE€CKOr0 CHHTE3a

VIIK 579.66
USE OF OIL-OXIDIZING MICROORGANISM
FOR PRODUCTION PURPOSES

Davydov Vladislav Olegovich, Postgraduate Student of the Department of Mi-
crobiology and Biotechnology Saratov State University of Genetics, Biotechnology
and Engineering named after N.I. Vavilov, vladislav.davydov-23@yandex.ru
(Head of Research — Drevko Yaroslav Borisovich, Cand. Sci. (Chem.), Assoc. Prof. at
the Department of Microbiology and Biotechnology Saratov State University of Ge-
netics, Biotechnology and Engineering named after N.I. Vavilov, drevko@list.ru)

Abstract: The possibility of using microorganisms not only for oil biodegradation, but also for indi-
cating oil pollution of soil and water volumes is truly relevant in the current time. The main objec-
tive of this study was to evaluate the assimilative capacity of one microorganism Pseudomonas
Putida 02 from Ulyanovsk State Agrarian University based on a nutrient medium - meat-and-
peptone agar with the addition of oil and resistance to various concentrations of oil when grown on
a solid nutrient medium.

Key words: biodestructor, oil-oxidizing microorganisms, watered unprepared oil, cultural character-
istics.

Introduction

Oil pollution causes great damage to the environment and their elimination is
complicated by the multitude of hydrocarbon compounds contained in oil. The possi-
bility of using microorganisms not only for oil biodegradation, but also for indicating
oil pollution of soil and water volumes is truly relevant in the current time.

In recent decades, there has been a demand for the development of bioprepara-
tions for the elimination of oil pollution. The diversity of hydrocarbon compounds
entering the environment poses the task of developing a universal biodestructor with
high assimilative capacity.

The possibility of using microorganisms to transform a mixture of organic
compounds is disputed. It is generally accepted that any bacterial strain is capable of
destroying a limited number of oil compounds, and that a consortium of microorgan-
iIsms must be used to effectively use them. The limitations of this method are mani-
fested by disadvantages resulting from cometabolism with the formation of unknown
intermediate persistent and toxic compounds [1].

Biodestructors have taken a stable position in the field of industrial application.
In 2016, the scientific center of LLC “Gazprom-VNIIGAZ” of PJSC “Gazprom” de-
veloped the oil biodestructor “BIOROS” based on the saprophytic microorganism
Acinetobacter calcoaceticus. Its use is aimed at cleaning land, water bodies, industrial
waste from oil, grease, gasoline, fuel oil and drilling waste. The decay products are
organic acids, carbon dioxide and water [2].
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In scientific research by A.A. Vetrova the activity of microorganisms was test-
ed when adding 1,0% oil to a synthetic base for cultivation, followed by reseeding to
determine the number of colony-forming units (CFU). The highest degree of oil de-
struction was found in a sample with a P. Chlororaphis strain. PCL1391 (pBS216) up
to 47,7% [5].

In addition to the role of oil biodestructor, microorganisms can act as an indica-
tor of oil pollution. Optimal conditions for oil-oxidizing microorganisms (OOM), in-
cluding ambient temperature, affect the amount of OOM [3].

The possibility of cultivating microorganisms is represented by sampling con-
taminated soil and water in areas close to the place of oil production and processing.
In laboratory conditions, microorganisms are grown in a minimum salt solution with
the addition of 1% oil as the only source of carbon. Thus, way highlighted And re-
searched Pseudomonas aeruginosa, Achromobacter sp. and Bacillus anthracis, Bacil-
lus cereus, Aneurinibacillus migulanus, and Brevibacillus borstelensis [4,5].

The aim of this study was to investigate the assimilative capacity of the micro-
organism Ps. Putida in a nutrient medium containing oil from 5 vol.% to 25 vol.%.

Research methods and discussion

The work used a strain of bacteria Pseudomonas Putida 02 from Ulyanovsk
State Agrarian University. Ps. Putida is an aerobe and the optimum temperature range
for growth is from 28 to 30 °C.

In the study of assimilative capacity, a nutrient medium for determining the
sensitivity of microorganisms to antibacterial drugs TU 9398-132-78095326-2011
and crude watered unprepared oil of LLC “UNIVERSE NAFTA” with a density of
900+32 kg/m? (based on the results of 3 measurements) were used.

Ps. Putida microorganism, in a lyophilized state, was transferred from a sealed
ampoule into a sterile test tube with 10 ml of HMF broth. After 24 hours of cultiva-
tion, it was transferred to a Petri dish with meat-peptone agar to determine the purity
of the culture by cultural and morphological characteristics.

Preparation of nutrient media with oil content from 5% to 25% by volume was
carried out in sterile measuring cups by adding oil to meat-and-peptone agar, fol-
lowed by mixing and transferring the medium to a Petri dish.

The daily culture was transferred from the MPB into Petri dishes with a nutri-
ent medium containing oil.
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5 vol.% of oil 10 vol.% of oil

25 vol.% of oil

15 vol.% of oil 20 vol.% of oil

The microorganism Ps. Putida, grown on MPA with the addition of 5-25 vol. % of
oil.

The presented images clearly show colonies of the microorganism Ps. Putida,
and for greater reliability and verification of the assimilative capacity, each sample
containing oil was reseeded onto pure MPA.

Conclusions

The study of the assimilative capacity and resistance of the microorganism Ps.
Putida to an oil-containing nutrient medium showed that the oil content does not af-
fect the growth of the microorganism. From this, it can be assumed that the strain of
the microorganism is capable of developing in a wide range of concentrations of oil
products from 5 vol. % to 25 vol. %. Based on the above, the microorganism Ps.
Putida can be considered a culture promising for use in the creation of bioprepara-
tions intended to combat remediation of environments contaminated with high con-
centrations of oil products.
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CPABHEHME JUHAMMKM JAKKA3HOI AKTUBHOCTH MPU KYJIb-
TUBUPOBAHUU BA3ZUINAJIBHBIX TPUEOB PLEUROTUS
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Annomayun: Pasnodcenue pacmumenbHbiX Mamepuaniog npoucxooum npeumyujecmeenHo
brazooaps delicmeuro hepmMeHmo8 MUKpPOOPSAHU3MO8, BbI3bIEAIOWUX OeCMPYKYUIO YELII0NL03bL, 2e-
Muyennronos, iueHuna. [6].

B npupoode pasznodcenue yeinonosvi npoucxooum 6 pe3yibmame CUMOUOMUUECKO20 63d-
UMOOEUCBUSL PA3TUYHBIX MUKPOOP2SAHUZMOB U UX CLONCHBIX YENTIONOIUMULECKUX CUCTEM.

Hecmpykyus yennronozol Modcem nPoucxooums 8 a’poOHbIX U AHA3POOHLIX ycaoeusix. [e-
CMPYKMOPAMU  YeLnoN03bl 68 AIPOOHBIX YCIOBUAX AGIAOMCA epubbl, UCMUHHbIE OaKkmepuu,
Mmukcobakmepuu, akmuromuyemst. [7],

IIpoyeccor Oecpadayuu TUSHOYENTIONIO3HO20 MAMepUudld 6a3uOUOMUYemamy 6KIYaAom
oeticmeue CLOACHO20 MYTbMUPEPMEHMHO20 KOMNIEKCA YELNI0NA3, 2eMUYENTIONA3 U TUSHUHAZ, YMO
ompasicaem CLOACHOCMb U KOMNIEKCHOCIb 0e2paoupyemoco umu mamepuaida. Ananus aumepamy-
Dbl NOKA3bI6AEN, YUMo 6 Kauecmee epubos, CnocoOCMEYIUWUX YCKOPEHUIO KOMROCMUPOBAHUS, Npeo-
Jlaeaemcst UCnob3068ams niecHesvie cpuodwt [1], Syncephalasrum recemosum /57, epubwt pooa Pen-
icillium /2], xoucopyuym, codepacawuii wmammor 2pubos poooe Trichoderma, Ergillus,
Penicillium u Trametes [3] u op.

Kntouegvie cnosa: 6a3uMOMHIIETHI, LEIITIOI03a, AECTPYKINS 10036, (DepMEHTHI, MUKPOOP-
TaHU3MBI.

Jlanubie 1O (EpMEHTATUBHBIM AKTHBHOCTSIM, IIOJYYEHHBIE TPU KYJIbTH-
BUPOBAHUU HUCCIIETYEMBIX IITAMMOB, HAa HECOJEpPKAIIEH COJIOMY Cpelax, MPUHUMAIN
3a KOHTpoJab. KynbTHUBHpOBaHHE ITAMMOB Ha COAEPXKAIIUX COJIOMY CpPEJlaxX YCIOBHO
0003HauaIM Kak omneIT. VccnenoBanvue TUHAMUKY JIAKKa3HOW aKTUBHOCTH TPOBOIMIIN
CeKTpohOTOMETPUIECKH, UCTIONIb3YS B KAUECTBE CyOCTpaTa CUpUHTaIa3uHa.
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Panee ObIIO mMOKa3aHO, YTO MpH TIyOWMHHOM KYyJIbTHBUPOBAHWH TPUOOB
Pleurotus pulmonarius, Steccherinum murashkinskyi u Coriolopsis caperata Ha
ONITHMHU3UPOBAHHBIX METOJIOM MHOTO()AaKTOPHOTO IKCIEPUMEHTa CpefaxX YPOBHH aK-
TUBHOCTH JIAKKa3bl B KylIbTypanbHOW skuakoctu Coriolopsis caperata wu
Steccherinum murashkinskyi 3naunTensHO mpeBBImAtOT TakoBble st Pleurotus
pulmonarius Ha BceM MPOTSHKEHUM Tpoliecca KyJIbTHBHpOBaHUs. [Ipoduimu akTuB-
HOCTHU y 3TUX IPUOOB CX0KHU U MAKCHUMYM aKTUBHOCTHU (hepMeHTa Habo1aeTcs Ha 36
JICHb KYJIbTUBUPOBAHUS, HO TIPU 3TOM aKTUBHOCTHL y Coriolopsis caperata B 11 pa3s, a
Steccherinum murashkinskyi B 9 pa3 6Gombiie, uem y Pleurotus pulmonarius.
AHANTOTHYHYIO TUHAMHUKY aKTUBHOCTH MEPOKCHIa3bl, IPUYEM aKTUBHOCTH B KYJIBTY-
panpHO# skmakocTu rpuba Coriolopsis caperata B 10 pas, a Steccherinum
murashkinskyi B 12 pa3 0osnbie 6ombiie, uem y Pleurotus pulmonarius, 4uro moka3ssi-
BaeT MPAKTHUYECKH OIMHAKOBYIO Pa3HUIy B aOCOJIOTHBIX 3HAUCHUSX MPOMYKIIHU
(GbepMEHTOB JIUTHOTUTHUECKOTO KOMIUIEKCA JAaHHBIMU IIITAMMAMHU.

JluHaMuKa JIaKKa3HOW aKTHMBHOCTH TpH  KyJabTuBHpoBanuu Pleurotus
pulmonarius mpeacrasicHa Ha puc. 1. AHaJIM3 MMOJYYCHHBIX JTaHHBIX ITO3BOJISCT ClIe-
JaTh BBIBOJ, YTO Mpoduinu pepMEeHTATHBHOW aKTUBHOCTH OTBITA U KOHTPOJIS CXOXKHU
Y OCHOBHOE€ OTJIM4YME HaOJIt0aeTcs B ypOBHE MpoAyKuuu (epmeHTa. B teuenue 24
CYTOK KyJIbTHBHPOBaHUS (hepMEHTATHBHAs aKTHBHOCTH KOHTPOJSI M OIBITa ObLIa
MPAKTUYECKH OJMHAKOBA, MOCKOJIbKY MUTATENbHbBIC BEIIEeCTBAa OBLIM B JOCTATOYHOM
konuuectBe. Ha 37 cyrku HaOmromancs MakCUMyM aKTUBHOCTH KaK B OIIBITHBIX
oOpa3uax, Tak ¥ B KOHTPOJIE, [IPH ITOM aKTUBHOCTh ()EpMEHTA B OIBITHBIX O0Opa3Iax
ObL1a OoJblIe MOYTH B 3,5 pa3a. Bo3MokHO, 3TO CBSI3aHO C TE€M, UTO B HepBbIe 24 1Hs
rpuboM ObUIM YTWJIM3HPOBAHBI JIETKOJOCTYIIHbIE HMCTOYHMKHM YTJIEpojJa MU a30Ta
(Ooraras cpena) U JMILb 3aTEM HPOLECC AETPAJALUN COTOMBI HHTEHCU(PHUIIMPOBAIICS,
MPUYEM TIPH JIETPaJlallii COJIOMBI Tpr0aMu B SKCIIEPUMEHTHBIX 00pasiiax oopa3oBa-
JMCHh BOJOPACTBOPUMEBIE COCTUHEHHS, KOTOPhIE UCIIOIB30BAINCh B KaYECTBE MCTOY-
HUKOB yTJIepoJa U a3oTa. BeposiTHO, mMpu 3TOM Takke 0Opa30BBIBAIOTCS MPOTYKTHI
Pa3NOKEHHSI COJIOMBI, KOTOpbIE€ HWHAYLHMPYIOT OHOCHHTE3 (epMeHTa JaHHBIM
ITAMMOM.
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—@— KOHTpOIb
—— onbIT

aKTUBHOCTb Y.€.

O =~ N W h» 0 0 N
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Pucynok 1 — /luHamMuKa JJaKKaA3HOM AKTUBHOCTH IPU OBEPXHOCTHOM
KyabTUBHpoBaHuu Pleurotus pulmonarius na cpenax, cogepkammx coJIoMy

JluHaMmuKa JIaKKa3HOM aKTMBHOCTH B Tpoliecce KyiabTuBUpoBanuu Coriolopsis
caperata, Steccherinum murashkinskyi u Trametes hirsuta npencrasiena Ha pucyH-
kax 2, 3 u 4. Kak BUAHO U3 NPEACTABIEHHBIX JAHHBIX NMPU KyJIbTUBUPOBAHUHU UIET
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I/IHFI/IGI/IPOBaHI/IC KOMIIOHECHTaMM COJIOMBI MJIM IIPOAYKTAMU €€ ACTrpaaaliy IIPpUMEPHO
B 18, 2 u 13 pa3 mis mrammoB Coriolopsis caperata, Steccherinum murashkinskyi u
Trametes hirsuta coorBeTcTBEHHO.
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Pucynok 2 — /lunamuka Jjakka3Hoi aktuBHocTn Coriolopsis caperata npmu
NMOBEPXHOCTHOM KYJIbTHBHPOBAHUHU

. 61 — OMbIT
()
i’ —— KOHTPOIb
& 51
o
I
m
E 4
<
3
2
1
O T T T T
0 10 20 30 40
BpeMsi, CyTKU

Pucynok 3 — /[uHaMuKH JJaKKa3HOH akTHBHOCTH Steccherinum
murashkinskyi nmpwu ;kunakoda3zHoM KyJbTHBHPOBAHUH
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PucyHnok 4 — /luHaMHKH JIaKKAa3HO# akTHBHOCTH Trametes hirsute mpu
KUAKO(Pa3ZHOM KYJILTHBHPOBAHUHT

Hcxons 13 MOydeHHBIX JaHHBIX MOXHO CHIEJIaTh BBIBOJBI, YTO MPOQHIN aK-
TUBHOCTU CXOXH U OTIMYAIOTCS YpPOBHEM (DepMEHTATHBHON akTHUBHOCTH. CTOUT OT-
METHTb, YTO B JIAHHOM CJy4ae HaOiojaercs oOpaTHas KapTHHA, B KOHTPOJIBHBIX
o0pa3uax aKTHBHOCTb 3HAYUTENHHO BhIIIE — B 2-18 pa3a — 4eM B DKCHEpUMEHTAIb-
HBIX. DTO MOET OBITh CBSI3aHO C TE€M, YTO B MPOIIECCE AECTPYKIIMUA COJIOMBI 00pa3y-
IOTCSI COETMHEHUS, KOTOPbIE MHIMOUPYIOT MPOAYKUHUIO (pepMEHTA-IAKKA3bl TPUOAMHU
Coriolopsis caperata, Steccherinum murashkinskyi u Trametes hirsuta.

3HAYUTEIBHBIA MHTEPEC NMPEICTABISET CPABHECHUE NUHAMMKH JIAKKA3HOM aK-
TUBHOCTH B 3KCIIEPHUMEHTAILHBIX 00Opa3max mpu KyiabTuBupoBanuu Coriolopsis
caperata u Pleurotus pulmonarius. Ha6iromaercs, naruOupoBanue jakkasel COrio-
lopsis caperata coenuHeHUSIMH, 00PA3YIOIIUMUCS TIPH OMOTpaHCHOPMAIIMU COTIOMBI,
npuyYeM CTeTNeHb MHruOupoBaHusi — 4 pasza. oOpaTHBIA Ipolecc HaOMIOAaeTCs MpH
KynpTUBUpOoBaHuK Pleurotus pulmonarius — nakkasHas aKTHBHOCTb WHIYLHPYETCS
npoayKTamu OuorpancopManuy CojJoMbl. Tak, B MOMEHT MaKCUMAaJIbHOW aKTHB-
HOCTH YPOBHHM aKTHBHOCTH (PepMEHTOB, mpoayiupyeMbix Pleurotus pulmonarius u
Coriolopsis caperata, paznuyarorcs B 7,5 pa3. Ilpu 3TOoM npoduinm akTHBHOCTEH
060ux rpuOOB COBMAIAIOT.

W3 mony4eHHBIX TaHHBIX BHJIHO, YTO MPHU POCTE Ha cojome rpubda Byssomeru-
lius avellaneus npoucxomuT HHAYKIMS OMOCHHTE3A JIAKKA3bl U €€ AKTHBHOCTH YBEJIU-
yuBaeTcs B 195 pa3s, aHalornyHas KapTHHA HaOIroaaeTcs u 1 6asuauomunera lrpi-
codon pendulus, roe yBennuenue cocrapisiet 27,5. Haubonbiel pasuuieii B ¢ep-
MEHTAaTUBHBIX aKTUBHOCTSIX TIpU pocTe Ha Ooratoi cpene obmaman Trametes
versicolor, koTopas coctaBuia 233 pasa.

Takum oOpasom, TpuObl | Tpymmbl, KOTOpPBIE MAIOT BBICOKYIO MPOMYKIIUS
dbepMeHTa Mpu TIYOMHHOM KYJIBTUBUPOBAHUH M JIOCTATOYHO BBICOKYIO MPOIYKIIHIO
JaKKa3 TpH TOBEPXHOCTHOM WHTHOMPYIOTCS MPOAYKTAaMHU JIerpajialliil WM
KOMIIOHEHTaMHU COJIOMBI (00pa3yromuMICs TPU CTEPHIIN3AINKN cyOcTpara B BOAHOM
cpene). OJHAKO 0a3uIMOMHULIETHI ATOM TPYNIBl Yy KOTOPBIX HU3KHI OHMOCHHTE3
JIAKKa3bl PU TITyOMHHOM KYJIBTUBUPOBAHUU M JOCTATOYHO BHICOKUH MPU TITyOMHHOM
KyJIbTUBUPOBAaHUKM B TpWiayTcTBuH cojiombl (Pleurotus pulmonarius) Bemyt ceOs
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aHAJIOTMYHO TpubaM 2 TpYyIIbl, TJ€ aKTUBHOCTh (epMeHTa YBEIMYMBAETCS B
MIPUCYTCBHUU COJIOMBI.
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SAHMAPHOU KUCTOMbL U e2KUX OMPUUAMETbHBIX UOHO8 HeoOPpabOMAHHO20 AHMAPSA HA MUeN02PaM-
my. Yemanosneno cmumynuposanue ooOpazo8anus AHMAPHOU KUCIOMOU U HeoOpabOMaHHbIM SIH-
mapem 00pa308aHUs 6 KOCMHOM MO32€ KIemOK 3epHUCMO20, 3PUMPOUOHO20 U IUMPOUOHO20
DPOCMKOS.

Kniouesvie cnosa: suTapHas KUCIOTa, HEOOpAOOTaHHBIA SHTAph, MUEJIOTPAMMa, 3€PHUCTHIH PO-
CTOK, SPUTPOUJIHBIE U TUM(OUTHBIE KICTKH.

BBenenne. SlaTtapHas KHMCIIOTa — €CTECTBEHHBIN MPOMEKYTOUYHBIA HPOIYKT 00-
MEHHBIX MPOLECCOB U BCTPEUYAETCS B KaXA0W KieTke Tena. OHa ydacTByeT B OKUCIIe-
HUU THILIEBHIX BEUIECTB (YTIEBOIOB, )KUPOB U OEJIKOB), IPU KOTOPOM SHEPTHUS ITHX
COCIMHEHHI MpeBpalaeTcs B yA00HYIO U1 UCIONB30BaHus (OPMY - IHEPTHIO 0CO-
ObIX Makpodpruyeckux cBsizeil B Mosiekynax AT®, Genku, KUpHl U yriIeBOJbI pac-
IICTUIAIOTCSA 10 NPOCTBIX COEAUHEHUM: AMUHOKHUCIOT, JKUPHBIX KHUCIOT, TIIFOKO3BI.
[Ipu u3MmenpueHUM SIHTAps B MOPOILKE HAXOAUTHCS CBOOOJHAs SIHTapHAs KUCIOTA.
CerojHsi yCTaHOBJICHO, YTO B SIHTApe COJIEPKATCS BEILIECTBA, CIOCOOCTBYIOLIUE MOJ-
JEepKAHUIO AKTUBHOCTH OBICTPOTO IyTH OKUCIEHHUS CYyOCTpPAaTOB B MHUTOXOHAPUSX.
VYcTaHOBIEHO, YTO MpHU 100aBIEHUN B CPEy ¢ MUTOXOHJPUSIMU SHTAPHOM KUCIIOTHI
OHM HAUMHAIOT NOTPeOJATh Oouiblie Kuciaopona. IIpu 3ToM apIxaHHE yCKOpSETCS
TOJIBKO JIO KaKOT0-TO Ipejesa U AajbHelliee 100aBIeHue SHTapHOM KUCIOThI HE U3-
MEHSET €ro MHTEHCUBHOCTU. OOHApYyKEHO, YTO STHTapHasi KUCII0Ta, BBEJIEHHAs B Op-
raHu3M, YYacCTBYET B IPOLIECCE KIETOYHOIO ABbIXaHUS U aKTUBUPYET €ro TaK )K€, KaK
CUHTE3UPOBAaHHASI BHYTPH KJIETOK. Y CKOPSs MPOLECCHl IbIXaHMS B KJIETKAX, sSTHTap-
Hasl KUCJIOTa CHUKAET COJEpPKAHHE B HUX HEBOCTPEOOBAHHOTO KUCJIOPOJAA U, TAKUM
00pa3oM, YMEHBIIIAET BEPOSITHOCTh OOpa3oBaHMs CBOOOJHBIX paJHMKalioB. BiusHue
Ha OpPraHu3M SHTAPHOM KHCJIOTHI 3aBUCHUT OT cocTaBa M (OpMbI €€ MpernapaToB, UX
J03bl U COCTOSsIHUS opranusma [1, 2, 3 4, 5].

[{enbto HACTOALIMX MCCIENOBAHUM SBUJIOCHh- U3YUYUTh BIMSHHE Pa3HbIX (opM
BBEJICHMS SIHTAPHON KHUCIJIOTHI HA COCTOSIHIE MHEJIOIPAMMBI KPBIC.

Marepuaj u MeToabl HccaeaoBannii. Pabora BeImoHsUTach Ha O6ase mabopa-
TOpPUHM MHUKPOOMOJIOTUH, MMMYHOJIOTUM balllKMpCcKOro rocarpoyHuBEpCHTETa U B
Llentpe sHTapHOTO 03/M0pOBIIeHUsS 00benuHeHus «Menucca» (. Yda). B onbiTax no
M3YYEHUIO BIIUSAHUS HEOOPaOOTAHHOTO SHTAps Ha MPOIECCHl mpoiudepanuu u aud-
(depeHmanuy KJIETOK KOCTHOrO Mo3ra Obuid Oesble J1abopaTopHble KpbICHI C 1-
MecAa4HOro Bo3pacta BecoM 55,0-60,0 r, monydeHHbIE U3 MUTOMHHUKA JTAOOPATOPHBIX
#KUBOTHBIX PI'OY BIIO «Mukporen» - Mmmynonpenapat. Kpeicel 1-i1 rpymibl Obl-
JM KOHTpoJibHbIE. OHU HAXOAWJIUCHh B OJMHAKOBBIX YCIOBHUSAX KOPMJIEHUS U COJEp-
YKAHUSI C KUBOTHBIMHU 2-1 M 3-11 rpyni. Kpeicel 2-i u 3-i rpynin — onbITHBIE. JKHUBOT-
Hble 2 Tpynmnbl 2 yaca B CyTKU B TeueHue 10 gHeil comepxanuch B (paHEpPHOM SILIKKE,
BBICTJIAaHHBIM stHTapeMm, pazmepoM 60x60x60 cM., T.e. HAXOAWJIUCH TOJI BIUSHHEM
NETKUX OTPUIIATEILHBIX MOHOB, (PUTOHITUAOB HEOOPAOOTAHHOTO SHTAPS U a3PO30JIeH
SHTAPHOUN KUCIOTHI (a3pOoHOHOB siHTapsi). Kpbicam 3 rpymmbl B paliioH BHOCWIIM STH-
TapHbIi opomiok B o3¢ 0,5 r Ha rojoBy, 1 pa3 B neHb. B3sTue matepuana nns usy-
YEHHSI MUEJIOrpaMMbl MMPOBOJIMIIM 10 Haydajia OmbITOB, a 3aTteM 4epes 3, 7, 15, 30, 50
JTHEH.

Pe3yabrarbl uccienoBanuii. KileTku 36pHUCTOTO POCTKA JIEUKOIIUTOB B KOCT-
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HOM MO3re KpbIC | KOHTPOJIbHOM T'PYIIIbI, 32 MEPUO]I HAIIMX OINbITOB, BHIACISUIUCH B
npenenax ot 34,9 no 36,4%. B KocTHOM MO3re KMBOTHBIX 2 U 3 TPYII pErUCTPUPO-
BaJlaCh 3HAYMTEIIbHAS aKTUBU3AIUS ATUX KJIETOK. Ha 3 meHb ombITa comepikanue Kie-
TOK 3€PHHUCTOTO POCTKA JICHKOITUTOB YBEIWYUIOCh B KOCTHOM MO3T€ KPBIC ITHX
rpynn B 1,19 u 1,13 pa3za (na 7,0 u 4,8%). OTa TeHneHUMs HapacTana Mo CpoKaMm
OTIBITA U K 7 JTHIO YPOBEHB KJIETOK 3€PHUCTOTO POCTKA JICHKOIUTOB B KOCTHOM MO3T€
KpbIC 2 1 3 rpymnm ObUI BbIIIE, YeM B KOHTpoJie, B 1,32 u 1,24 pa3za (na 11,6 u 8,9%), k
15 nuro B 1,68 1 1,57 paza (na 23,8 u 19,9%), x 30 auro B 1,66 u 1,59 paza (na 24,0 u
21,4%), x 50 nuro B 1,66 u 1,53 paza (Ha 23,4 u 18,9%). [Ipu 3TOM omuchIBaeMbIi
MOKa3aresib B KOCTHOM MO3T€ KPbIC 2 TPYNIbl ObUT HE3HAYUTENIHbHO, HO JIOCTOBEPHO
BBIIIIE, YEM Y KUBOTHBIX 3 TPYIIIbI, HA 3TH K€ CPOKH OIbITa, COOTBETCTBEHHO, B 1,05
paza (Ha 2,2%), B 1,06 paza (ua 2,7%), B 1,07 paza (ua 3,9%), B 1,04 paza (ua 2,6%)
u 1,08 paza (na 4,5%).

JlanHbIC, TIOTyYEHHBIE TIPU WCCIICAOBAHUHA B MHEIOTPAMME JTUHAMHUKU W3MEHE-
HUS COACPIKAHUS KIIETOK SPUTPOUIHOTO POCTKA IIPEICTABIICHBI B TAOIHUIIE.

KiteTkn 3puTpOHIHOrO pOCTKa B MUEIIOTPaMMeE KPbIC | KOHTPOJIBHOW IPYIIIbL, 3a
MIEPUO]I OTBITA, BBIACISIUCH B npenenax oT 26,9 no 28,0%. VX 3HaueHne B KOCTHOM
MO3Te KPbIC 2 ¥ 3 TPYIIT B MIPOIIECCE OMBITA MOBBIMIAIOCH. YPOBEHD KIETOK SPUTPO-
HHOTO POCTKA B KOCTHOM MO3T€ KpPBIC 2 TPYIIIBI YBEIUYIICS K 3 JHIO OT Hadaia
onbiTa B 1,32 paza (Ha 9,0%), k 7 nuto B 1,5 paza (Ha 13,5%), x 15 nnito B 1,73 paza
(7a 19,9%), x 30 auro B 1,87 pa3a (Ha 24,6%), k 50 quto B 1,85 paza (ua 23,3%). Ilo-
TOOHBIM 00pa3oM, HECKOJIBKO MEHBIIMMH TEMITAaMH, OTMEYAJIOCh TTOBBIIICHUS YUCIIA
KJIETOK 3PUTPOUHOTO POCTKA B KOCTHOM MO3re KpbICc 3 rpynmbl. MX ypoBeHb mpe-
BBIIIAJT IOKA3aTEIN )KUBOTHBIX | KOHTPOJIBHOM Tpynmbl HAa 3 JIeHb onbiTa B 1,25 paza
(ma 7,1%), na 7 nensb B 1,44 paza (na 12,1%), na 15 gens B 1,63 paza (va 17,2%), Ha
30 nens B 1,78 paza (Ha 22,1%), va 50 nenb B 1,82 paza (Ha 22,4%).

Tabnuua — Bausinue HeoOpaOOTaHHOTO SHTAps HA AMHAMUKY U3MEHEHHS CoJlepKa-
HUSI KJIETOK SPUTPOUIHOIO POCTKA B Muesiorpamme Kpoic (%)

FPYHHH CpOKI/I HCCJICOOBAHUS B JHAX OT HA4Yajia
KUBOTHELX Crart. nokasarens | PoH OIILITOB
3 7 15 30 50
M 27,40 | 27,70 | 26,90 27,00 | 28,00 | 27,20
D 1,71 | 2,46 1,93 2,65 126 | 1,73
1. Koutpous 5 2,236 | 2236 | 2,236 2,236 | 2,236 | 2,236
+m 0,76 | 1,10 0,86 1,18 0,56 | 0,77
Cv, % 6,23 | 8,89 7,18 9,80 449 | 6,37
M 27,30 | 36,70 | 40,40 | 46,90 | 52,60 | 50,40
D 1,92 | 1,92 2,07 2,56 241 | 2,07
\5 2,236 | 2236 | 2,236 2,236 | 2,236 | 2,236
Hza; Tjgiﬁfe";gfm +m 0,86 | 0,86 0,93 1,14 1,08 | 0,93
sHTaps Cv, % 7,05 | 524 5,13 5,46 458 | 411
r 0,984 | 0,995 0,991 | 0,994 | 0,986
td 6,44 10,65 12,09 | 20,24 | 19,20
P **x **kk **k*k **kk **kk
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[Ipomomwkenne TabIAIIBI

M 27,00 34,80 39,00 44,20 50,10 49,60
D 1,41 1,64 2,12 2,95 1,95 3,51
\5 2,236 2,236 2,236 2,236 2,236 2,236
3. SIHTapHKIi TOPOIIOK C +m 0,63 0,73 0,95 1,32 0,87 1,57
KOPMOM Cv, % 5,24 4,72 5,44 6,67 3,89 7,07
r 0,970 0,997 0,999 0,999 0,990
td 5,36 9,43 9,71 21,30 12,80
P *%x *kk *kk *kk *kk

Conepxanve TUM(OUTHBIX KJIETOK B KOCTHOM MO3r€ KpbhIC | KOHTPOJIBHOM
IPYIIIbL, 32 MEPUO]T HALLIUX UCCIEIOBAHUM, BBIIECISIOCH HAa YPOBHE OT 4,96 10 5,34%.
VYpoBeHb KIIeTOK JTUM(OUTHOTO psifia B KOCTHOM MO3Te KpbIC 2 U 3 rpyIii, B Mpoliec-
CE OMBITOB, UMEJI TEHJICHIIMIO K aKTUBHOMY TOBBIIICHUIO. VX 3HaUeHUs MpeBbIIIAIN
MOKAa3aTeNIN JKUBOTHBIX | rpynmsl K 3 JHIO ONBITA COOTBETCTBEHHO, B 1,54 u 1,41 pa-
3a (Ha 2,85 u 2,18%), k 7 nuio B 1,94 u 1,7 paza (1a 5,06 u 3,78%), x 15 guto B 2,66
u 2,33 pa3za (Ha 8,56 u 6,86%), k 30 guto B 2,54 u 2,18 paza (va 7,71 u 5,91%), x 50
a0 B 2,23 u 1,76 paza (na 6,4 u 4,0%). IIpu sTom conepxkanue TuM(POUIHBIX Kile-
TOK, BO BCE CPOKH OIIbITA, B KOCTHOM MO3T€ KPbIC 2 TPYIIIbI ObUIO BBIIIE, YEM Y KH-
BOTHBIX 3 TPYIIIIHIL.

3akiouenue. HeoOpaboTaHHbBIN SIHTapb, MCIYCKAIONIUN JIETKHE OTPUIIATEIb-
HbIC MOHBI, BbIICNIAEMble UM (PUTOHIIMJIBI (aDPOUOHBI) U SIHTApHAs KUCIIOTa aKTHUBU-
3UPYIOT B KOCTHOM MO3T€ MPOIECCH Mpoiurdepani KIeTOK 3epHUCTOTO POCTKA JeH-
koruToB B 1,6 u 1,59 paza (na 24,0 u 21,4 %), sputpounoro poctka — B 1,87 u 1,78
pasa (Ha 24,6 u 22,1 %) u muMbOUIHBIX KIETOK — B 2,66 u 2,33 pa3a (Ha 8,56 u 6,86
%). OTu naHHble OBUIM TaK)Ke MOATBEPKIEHBI B paboTtax [3,4,5] Ha CBUHBSIX U KPbI-
cax IpH SKCMEPUMEHTAIBLHOM THIIOTEPHUO3€E U IITYMOBOM CTpECCE.
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VJIK 631.4
MUKPOBUOJOTAYECKHAE MMOKA3ATEJMN
OBOTAI[EHHOTO MOT'YPTA C OPET'AO
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Ynpasenenus xauecmeom u mosaposedenue npodykyuu DPI'BOY BO PI'AY-MCXA
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vaes2003@mail.ru

AHHomauuﬂ: B cmamve npedcmaeﬂeﬂbz pesyibmamtbpl UCCE00B8AHUL BIUSHUA EHECEHUs MACAA ope-
2AHO 6 pA3JIUYHbIX KOHYEeHmpayusix Ha MOJTOYHOKUCTbIX 6al<mepuit 3AKe6dACKU 6 npoyecce (])epMeH—
mayuu u noczzedy;ou;eeo XPAHEHRUA 20N0B0O20 npodykma.

Knioueswie cnoea: iiocypm, macio ope2ano, MOJI0YHOKUCIbIE OaKmepuu

BBenenue

Horypt npon3BOAUTCS CKBAIIMBAHHEM NACTEPH30BAHHOTO, TOMOTCHU3UPOBAH-
HOTO MOJIOKa, B KOTOpOE N0OABIIIOT 3aKBAcKy. MIOrypToBas 3aKBacKa IpeiCTaBIseT
co0oif KyJIbTypbl MOJIOYHOKHUCIBIX Oaktepuit (Lactobacillus delbrueckii ssp. Bulgari-
cus, Streptococcus thermophilus, Lactobacillus acidophilus). Cornacao I'OCTy P®,
¢ 1 suBaps 2001 roga TOABKO MPOAYKTHI, COACPKAIINE KUBbIE HOTYPTOBBIE KYJIbTY-
pBl U HE TPOIIEIIINEe TEPMUUYECKYI0O 00paOOTKy, MOTYT HAa3bIBaThCSl «HOTypTaMm».
[TockonbKy HoOrypTHas 3aKBacka J00aBIIsI€TCA MOCHE MacTepU3aIii, HOTYPT OCTAeTCs
(CKUBBIM». B 3TOH CBsI3M B HOTYpT€ HOPMHUPYETCS KOJIMYECTBO >KHU3HECIIOCOOHBIX
KJIETOK JIakToOaKTepuii - He MeHee, ueM 107 KOE/Mi u 6upunodakrepuii — He MeHee,
yem 10° KOE/Mi.

Bce kuciaoMosnouHbie MPOAYKTHI YIIYUINIAIOT alleTHT, OKa3bIBAIOT IMOCIa0IIs-
IOIllee JICHCTBHE, a TaK)KE BBIBOIAT PATUOHYKIIUIBI, COJU TSHKEIBIX METAJIIIOB, TOK-
CUHBI U IIIakd. TakuMm 00pa3oM, KUCIOMOJIOYHBIC TIPOIYKTHI YIIYYIIAIOT MHIIEBAPH-
TEJbHBIC TPOIIECCHI, CHIDKAIOT PHUCK Pa3BUTHUSA HHQPEKIIMOHHO-BOCTAIUTEIBHBIX M
ayTOMMMYHHBIX 3a00JICBaHUI KHUIIICYHHUKA, @ TAK)KE MOTYT MPUMEHSTHCS IS JieUe-
HUS TIATOJIOTHH JKeITyI0YHO-KHIIIEYHOTO TpakTa. KHcIoMomouHbIe HATUTKA ¢ Ondu-
N00aKTepUSIMH, KOTOPBIE SIBJISIOTCS HOPMAJIbHOH MHUKPOQIOPON KHIIEYHUKA, 00Ja-
JAl0T OMOJIOTHYCCKON IICHHOCTHIO U TEPArieBTHUCCKUMHU CBoMicTBaMu. budunodakre-
puH, colepiKaimecs: B KUCIOMOJIOYHBIX HAITUTKAX, OKa3bIBAIOT 3aIIUTHOE JCHCTBUE
Y TIOAABJISIOT Pa3BUTHE MHOTUX MATOTEHHBIX MUKPOOOB. [loaTOMY KHCIOMONIOYHBIE
HanmuTKu ¢ OudumodbakTepusiMu SBISIOTCS 3(PGEKTUBHBIM CPEACTBOM B OOpHOE C
TUCcOaKTePHO3aMH KUIIEYHHKA.

HorypTsl, oGorameHHbIe Pa3IHdHbIMU 100aBKaMU GoJiee LEHHBI, 0COOEHHO C
TOYKHU 3PEHUS COJEPIKAHMS COCIMHEHUM, CTIOCOOCTBYIOIMINX YKPEIJICHUIO 3I0POBbS,
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BKJIIOYAs KJIETYATKY, )EHOJIbHbIE COEIMHEHMSI, BATAMUHBI, )KUPHbIE KUCIOTHl U MU-
Hepanbl. [IpaBunbHO TOMOOpaHHAs BBHICOKOKAYECTBEHHAs pAacTUTENbHAs 100aBKa
MOXET CIOCOOCTBOBATH YJIYUIICHUIO KaK OOIIMX, TaK U aHTUOKCHIAHTHBIX CBOICTB
npoxaykra (Wajs, J. et al.,2023).

Operano wimm aymuna (Origanum vulgare) oTHocuTcsS K 3(pHUpOMaCIAYHBIM
KyJbTypaM U IIHPOKO MCIOJIB3YETCS KaK MPUIIPaBa K Pa3IMUHbIX OJII0J1aM, a TaK¥Ke B
MeauiHe u napdromMepun. B nmurepatype mMeeTcsi MHOKECTBO CTaTeH, MOCBSIICH-
HBIX aHTUMHUKPOOHOW aKTUBHOCTH 3(PUPHBIX Macell, B YACTHOCTH PAcCTEHUU cemeil-
cTBa SICHOTKOBBIE B OTHOIIEHHMH HIMPOKOTO CIEKTpa MHKpPOOpraHu3mMoB (Seydim
A.C.,2006).

Llenpb ncciienoBaHus: OLICHUTh BIUSHUE Macjia OPEraHO Ha YUCIEHHOCTh
MOJIOUHOKHCIIBIX OaKTEepHUil B Ipoliecce MPUTOTOBICHUS HOTYPTa U MPU XPaHEHUU
TOTOBOTO IIPOJYKTA.

O0beKThbI 1 METOABI

JInsi MOCTaHOBKU ONbITa ObUIO KMCIOJIB30BAHO MOJIOKO OTOOPHOE MacTEpPHU30-
BaHHOE «JlOMHK B JiepeBHE», )KUPHOCTh cocTaBisiia 3,4-4,5%, 6e3 3aMeHuTeNss Mo-
nouHoro xwupa. [Iponzsogurens AO «Bumm-bums-/{ann». Takxke ncenosnp3oBanack
3akBacka «HatypanpHblii Ouoiiorypt AKTUBHO», KUPHOCTH KOTOPOM COCTaBIIsUIA
3,5%, 6e3 BKyCOBBIX J100aBOK, 0€3 JIakTO3bl. B kauecTBe 100aBKH OBLJIO UCIOIH30Ba-
HO MAacJI0 OPEraHo, COCTaB KOTOPOIO B MPOLIEHTHOM COOTHOILIEHUHU cocTaBisieT: 33%
- MacJIo JUKOTO operaHo, 66% - Macyio ajlTaickoro jpHa, 1% - )KeIaTuH XaJisib.

Cxewma omnbITa BKJII04Yasa CIeAyOIUe BAPUAHTHI:

1. Kontpois (6€3 106aBok) conepxkut: 85% mnactepuzoBaHHOTO Mosioka, 10%
CYXOro 00e3)KMPEHHOro MOJOKa, 5% ioryproBas 3akBacka; 2. HMorypr ¢ 0,5% mac-
JIOM OperaHo coaepxut: 84,5% mnacTepu3zoBaHHOTO MOJIOKO, 10% cyxoro o6e3xu-
PEHHOTO MoJIOKa, 5% JoryproBas 3akBacka, 0,5% Mmacia operauo; 3. Morypt ¢ 1%
MacJIoM OoperaHo conepxkuT: 84% mactepuzoBaHHoe Mojoko, 10% cyxoro o0e3xu-
PEHHOTrO MOJIOKa, 5% iforyproBas 3akBacka, 1% Macia operano; 4. Horypt ¢ 1,5%
MacJIOM OperaHo coJepkuT: 83,5% nactepuzoBaHHoe MOJIOKO, 10% cyxoro o6e3xu-
PEHHOTrO MOJIOKa, 5% iforyproBas 3akBacka, 1,5% Macia operano; 5. Horypr ¢ 2%
MacJioM operaHo cojepxkuT: 83% mactepuzoBanHoe Mojoko, 10% cyxoro o0e3xu-
PEHHOTO MOJIOKa, 5% HWOrypTOBas 3aKkBacka, 2% Macia OperaHo.

Bce unrpeauentsl, kpome 3(pUpHOTo Maciia, CMEIIUBAIA, CMECh Pa3UBaAIU 1O
100 M B cTepuiibHBIE KOHTEIHEPHI. Macno operaHo J00aBIIsIIM HETIOCPEACTBEHHO B
KOHTEWHEPHI COMIAaCHO cxeMe ombiTa. OOpasibl MHKYOWpPOBAJIM B TEPMOCTATE TPH
temriepatype 43+£2°C. Yepes cyTku yOupanu B XOJOJUIBHUK, IJ€ XPaHUIU B TEUe-
Hue 26 nueit npu temmnepatype 4+2°C. O6pa3ipl Ha aHAIU3 OTOUPAH Yepe3 Kaxabie
7Ba yaca B mporecce gpepmerTanuu u Ha 1, 8, 15, 20 u 26 cyTku xpanenus. YucneH-
HOCTh MOJIOYHOKHCIIBIX OaKTepHuii TPOBOIMIN METOIOM TIoceBa Ha cpexy MRS.

Oo0cyxaeHue

B pesynbTaTe mpoBEACHHBIX HCCICAOBAHWUN OBLIM MOJYYECHBI CICAYIOIIUE
nanueie (puc.l):
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B HOHTPOMb 0,50% operaHo 1,0% operaHo 1,5% operaHo M 2% operadHo

N

66666667 8 15 20 26
[EHb

3,9

3,8
38

KOAMYECTBO KUCAOMOANOYHbLIX BAKTEHWMKW 1078
._, I
1,7
1,7
I 1 .©
2,3
2,7
2,9
I 3, 5
I 1 2
2,9
1,2
Z 3

I 0G4

0,82

0,82

0,91
I 0,57
Hm 0,37

0,74

0,79

0,8
I 0 50

Puc 1- 3MeHeHne KoaudecTBa MOJIOYHOKHUCIIBIX 6aKTepHﬁ B ﬁOprTe C pa3JIMYHbIM KOJIUYICCTBOM
Macjia Ope€raHo B IMPOLECCCC XPaHCHUA

JloOaBiieHHE Macia OperaHo He MHTHMOMPOBAIO POCT MOJIOYHOKHUCIBIX OakTe-
puii 3aKBAaCKHU B MPOIIECCE MPUTOTOBJICHUS MorypTa. bbljia BeIsIBIEHA TEHACHIUSA, YTO
C YBEIIMUYEHHUEM IPOLEHTHOIO COJIEPKAHUS Macila OPEraHO BO3PACTAET U KOJIHMYECTBO
MOJIOYHOKHUCIBIX OakTepuil B npoaykre. C yBeIM4eHHEM KOIrudecTBa 3(pUPHOro mMac-
na (0,5% 1,0% 1,5% 2,0%) B Hiorypre YUCICHHOCTh MOJIOYHOKHUCIBIX OaKTepuil B
MPOJIyKTE B Ipoiiecce (hepMEHTaIlMU IOCTUTAaeT 0oJiee BHICOKOTO YpoBHS. Poct umc-
JIEHHOCTH MOJIOYHOKHUCJIBIX OaKTepuii B TedeHue 24 4acoB Mocie Havajla CKBalllUBa-
HUA ObLT 3aMKCUPOBAH BO BCEX BapHaHTaX, BKIIOUYAs KOHTPOJIb. MUKpPOCKOMUPOBa-
HUE MOKa3aJio JOMUHUPOBaHUE JlakToOaMIT B 0Opa3uax. Ha ¢gotorpadun - npemna-
pat ilorypra ¢ 1% macna operano npu ckBammBanuu 24 yaca (puc.2).

[IepBbie 8 AHEW XpaHEHUS TOTOBOrO MPOAYKTa YUCICHHOCTh MOJOYHOKHUCIIBIX
GaxTepuii Haxomutcs nmpuMepHo Ha yposHe 102 KOE/mi. B BapuanTax ¢ nqo6asieHue
OperaHo YMCJICHHOCTh MPOJI0JIKaJIa HE3HAYUTEILHO YBEJIMYUBATHCS, B TO BpEMsI Kak
B KOHTPOJLHOM 00pa3lie 0e3 macja OperaHo HayajioCh MOCTENEHHOE YMEHBIIICHHE
KOJINYECTBa MUKPOOPTAaHU3MOB.

Uepes 15 nHelt ObIO0 OTMEYEHO CHMKEHHUE YHCIICHHOCTH MOJIOYHOKHCIIBIX OaK-
TEepUll HE TOJBKO B KOHTPOJIE, HO U B BapUaHTaX C HU3KUM COJEpKaHHE I(PUPHOTO
macna (0,5 u 1,0%) B To Bpemsi, Kak B BapuaHTax ¢ 00Jiee BHICOKUMHU KOHIICHTPAIIU SI-
mu (1,5 1 2,0%), YUCIEHHOCTh HE CHMXKAJIACh, @ MPOAOJIXKAIa HE3HAYUTEIbHO YBEIIH-
YUBATHCSI.

Yepes 20 guell XpaHeHUs MIPOUCXOIUT PE3KOE MaJICHUE YUCICHHOCTH MOJIOY-
HOKMCIIBIX GakTepuii 10 ypoBHs 107 KOE/Mit. K 26 1HI0 KOIMYECTBO MUKPOOPTaHU3-
MOB YMEHBIIIWJIOCH e1iie B 1,5-2 pa3a, o CpaBHEHUIO C pe3yJbTaTOM, MOJYYCHHBIM Ha
20 neup HAOIIOIECHUIA.
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Puc 2- ®otorpadus npemnapata iorypra ¢ 1% Macia operaHo npu CKBaIlnBa-
Huu 24 daca

BuiBoabI
Takum 006pa3om, yCTaHOBJIEHO, YTO MAacJI0 OperaHo B KoHIeHTpamusx 0,5 —

2,0% MONOXUTENBHO BIUAET Ha Mpolecc ckBamuBaHus. [lokazaHo, 4TO KU3HECHO-
COOHOCTh MOJIOYHOKHUCIIBIX OaKTEepHil 3aKBACKH MPU XpaHEHUU HOTypTa C 100aBKOU
Macji0 OpEraHo — OYEHb BBICOKAs, MACIO OPETaHO MOJIOKHUTENBHO BIMIET HA Kaye-
CTBO T'OTOBOT'O MOT'YpTa B MPOLIECCE XPAHEHMUS.
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Annomayusn: Jlannas paboma noceawjeHa pacuiupeHuro Hadoopa pecyiupyemvlx HpoMOmMOopos,
NPU2OOHBIX OISl KOHCMPYUPOBAHUS WmMammoe Ha ocHose baxmepuit Rhodococcus, axmueno
ucnoawb3yrowuxcs 6 buopemeouayuu u buokamanuze. B pabome ucciredyemces moueguno-3asucumas
pezynayus aKkmueHOCmuU NPOMOmMopa 2eHo8 Humpuareuopamaswvl Pnn 6 wmammax Rhodococcus
rhodochrous M8 u M33. Ilmamm M8 Oemoncmpupyem yeeiuueHue HUMpUICUOPAMA3HOL
akmusHocmu 6 33 paza npu HaIU4UU MO4esuHbl, moeoa Kkax wmamm M33 noxkazvieaem auun 21%
unoykyuro. Iloxooicue pezyromamol OblLIU NOTYYEHbL NPU UCCTEO0BAHUU GIUAHUL MOUEBUHbl HA
IKCHpecculo 2eHa ayunamuoasvl noo Kowmpoaem npomomopa Pnn 6 cocmase asmonommoi
naazmuowl PRY3-Pnn-aam: ayunamuoasnas akmusnocmo ¢ M8 pRY 3-Phn-aam unoyyupyemces 6 3,6
pasza npu 10% unoykyuu ¢ M33 Afull pRY3-Pmy-aam. [lonyuenwnvie pesynvmamol 3aK1a0biéarom
OCHOBY YOOOHOIL IKCNPECCUOHHOU CUCmeMbl OJi U3YHUEeHUS AMUO-3A8UCUMOLL pe2YTAYUU NPOMOMOpa
Pnh.
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Knroueswie cnosa: Rhodococcus, mpoMoTOp HUTPHITHAPATA3EI, PETYJISIHs SKCIIPECCHH, MOYCBHHA.

BBenenue

bakrepun poma Rhodococcus —  HecmopooOpasyromue, — a’dpoOHbIC
IPaMIIOJI0KHUTEIbHBIC KOKKH, OTHOCSIIMECS K OTaeNy akTnHoOakTepuit. s Rhodo-
COCCUS XapaKTepHO pa3HOOOpa3ue YHHUKAJIbHBIX KaTaOOIMYeCKUX (PEpPMEHTOB,
MO3BOJISIIONIUMX ~ MPeoOpa3oBbIBaTh  OOJBIIOE  KOJWYECTBO  €CTECTBEHHBIX U
KCEHOOMOTHYECKUX OPraHWYeCKUX COeAMHEHHH. J[pyroil ocOOEHHOCTBIO SIBIISETCA
HpoYHas KJIETOYHAs CTeHKa, Oyarogapsi kotopoi kietku Rhodococcus Mmexanndecku
YCTOWYMBBI B arpeCCUBHBIX cpeaax. biaromapst atomy Gakrepun poma Rhodococcus
00JIaJal0T BBICOKMM OMOTEXHOJOTMYECKUM TMOTEHIMAJIOM U HAIUIA CBOE
npuMeHeHne B Owopemenumarmu u Owmokatanuse [3, S5]. KonctpyupoBanuwe u
YIY4YIIEHUE TPOMBIIIJICHHBIX IITAMMOB TpeOyeT PEryaupyemMoil 3SKCIOpeccuu
PEKOMOMHAHTHBIX TEHOB B 3THX OAKTEPHSIX.

Jl1st Tako# sKcnpeccuu TpeOYIOTCSl BBICOKOAKTUBHBIE IPOMOTOPBI, AKTUBHOCTh
KOTOPBIX PETYJIHpYyeTCs T0OABKON HEIOPOTHMX BEIIECTB B CPEeAy JJisi BhIpALIUBAHUS
Oaktepuil. KoHCTpyupoBaHHE TE€HETHUYECKHX KACCET, OCYIIECTBISIONMIUX TaKYyIO
sKcIpeccuto, ocymectBisercs u3 ¢pparmentos JJHK, conepkamux npoMoTop u reH
TPAHCKPHUIIIMOHHOT'O PeryysTopa, creruduyuHbii a1 3Toro npomoropa. s Rhodo-
COCCUS TakuX HaOOPOB «IIPOMOTOP-PETYISATOP» U3BECTHO U U3YUYEHO KpaitHe maio [1,
9]

B onHoii w3 ommcanHeix B Rhodococcus cucreM C  BBICOKOAKTHBHOMN
PETYIUPYEMOM HKCIOPECCUEN 3aJIEMCTBOBAH MPOMOTOP TI€HOB HUTPUITHUAPATA3BI
(manee - HI') Pyn 3 mramma R. rhodochrous M8 [2]. 3 BceX BHYTPHKIETOYHBIX
pPacTBOPUMBIX OEJIKOB JOJsl IIEJIEBOro OejlKa, T'eH KOTOPOTo pacrojaraercs IMoj
JaHHBIM TIpoMOTOpoM, coctaBisieT 30-50%. AxTuBHOCTH Pnn 3aBUCHUT Kak OT
MPUCYTCTBHUSI ~ MOYEBHMHBI, HEAOPOrOr0  COEOUHEHHs, MPOU3ZBOASAUIETOCS B
MIPOMBIIIUICHHBIX MaciliTadax, Tak U OT MPUCYTCTBUS MOHOB koOanbTa [11]. M3yuena
U pa3zpaboTaHa peryiupyemasi IpuCcyTCTBHEM HOHOB KOOAIbTa KCIPECCHS TEHOB IO/
KoHTpoaeM Pp, [7]. OgHako, B CHITy TOKCHYHOCTH KOOaibTa, UCIIOJIb30BAaHUE TAKOM
pEeryJiiliid B TPOMBILIIJIEHHOCTA HE JKelaTelibHO. MoueBHHA, B CHIIy CBOEH
JOCTYMTHOCTH W HETOKCHUYHOCTH, MOTIJIa Obl OBITh MPAKTUYECKU MPUMEHUMBIM
PEryJIATOPOM SKCIPECCHUU T€HOB, TOCTABJICHHBIX MO KOHTPOJb Pph. 1 pazpaboTku
AKCIPECCUOHHOM CHUCTEMBI, PETyJIHMPYEMO MOYEBUHOM, HE XBaTaeT MHPOPMAIIMHU O
reHe (reHax) — TPAaHCKPUIIIMOHHBIX PEryJIsATOpax aKTUBHOCTH Ppp.

Uszsectern mramM R. rhodochrous M33, monydyeHHbIt M3 mTaMMa M8 ¢
MOMOIIIBIO AJJaNITUBHOM JTabopaTopHO# dBotoNUHU [6]. OTnuuurensHo yeptoi M33 B
CpaBHEHUM C mTaMMOM M8 sBisieTcsi cHuxkeHHas peryinanuss HIT akTtuBHOCTH
moueBuHoi [13]. Takke B HI' omepone B mrTamme M33 OTCYTCTBYIOT
¢byukuroHansHble TeHbl NMC 1 nhmD (cm puc.). Bawkaiiinge roMonorn reHoB
nhmCD — reust NhhCD u3 mramma R. rhodochrous J1, kotopele y4acTBYIOT B
amuaHou perynsiunu HI' aktuBHOCTHM [4]. DTO MO3BOJISIET NPEAIOI0XKHUTH, YTO
nhmCD BoBJieueHbI B aHAJIOTMYHBIH MPOLIecC B imtaMme M.
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B nanHO# paboTe uccaemyeTcst peryisuus SKCIPECCHU TeHOB O] KOHTPOJIEM
npomoropa Pnn mMoueBuHoi B mrammax R. rhodochrous M8 u M33 ¢ momomibto
Pa3HBIX PENOPTEPOB U B Pa3HOH JIOKATH3AIUHU (XPOMOCOMA/TUIa3MHU/IA).

MeTtoabl
Tabmuna
[IITaMMBI ¥ TUTA3MUIBI, UCIIOJIH30BAHHBIE B pa0OTe
[IItamMmm/miIazMuga ['enoTun deHoTHUl Hcrounuk
[IpupoaHbIil TOYBEHHBINA U30JIAT,
M8 nhmBAG!, nhmCD? obnamaer HI' akTMBHOCTBIO, peryIiu- [10]

pyeMoi MOYEBHHOM

[IpouzBoansii mramma M8, obGnana-
M33 nhmBAG, AnhmCD er HI" akTHBHOCTBIO CO CHHIKCHHOI [13]
peryJisiiuend MOYeBUHOM

nhmBAG, nhmCD kaccera | O6nanaer HI' u anmnamuia3Hoi ak-

M8 pRY 3-Pnh- Ora pa-
2am Pnh-aam B cocTase aBTO- TUBHOCTSIMH, PETYJIHPYEMbIMUA MO- Sota
HOMHOH IIa3MUE YeBUHOU
M33 Afull AnhmBAG, AnhmCD O06namaer anuiIaMUIa3H0M aKTUBHO-
Kaccera Pph-aam B cocTaBe | CThBIO, CJIa00 peryIupyemMoi Mmoue- [6]
PRY 3-Pnn-aam . .
ABTOHOMHOM IUTa3MHJIE BUHOI

ABTOHOMHAs IJIa3MH/IA,
COZEPKUT PEIUINKOH
PRY 3-Pnh-aam PRC4 nnst perummkanuy B - [6]
Rhodococcus, kaccery
Pnh-aam?-cblA*

1 "hmBAG — rennl Geta- u anbda-cyosemunn HI' u ren axkrusatopa HI
2 nhmCD — npeamnonaraemMble TeHbl MOYEBHHO-3aBUCUMBIX PETYISATOPOB
3 aam — reH arnamuaassl [8],

4 cblA — ren K06aNnbT-3aBHCUMOT0O TPAHCKPHUIILIMOHHOTO pernpeccopa [7]

KynpTuBupoBanue Oaktepuii W uzMepeHue ontuyeckod miotHoctH (OII)
cycneH3uil. KneTku BbIpaliMBaIOTCS B KUJKOM MUHEpPaTbHO-CUHTeTHYeCKOU (MS)
cpeae co ciaeaywmuMm coctaBoM: Na2HPO4 - 12H20, 2,8 r/n; KH2PO4, 0,8 1/m;
MgSO4-7H20, 0,5 r/n; FeSO4 - 7H20, 0,005 r/n; CoCl2-6H20, 0,01 r/n; rmroxo3sa,
5 r/n (pH 7.0-7.2). Ilpu BbIpamuBaHUU IITAMMOB, COJEp)KAIIMX AaBTOHOMHBIC
MJIa3MUJIBI, B Cpeay A00aBII€TCS NPOXIKEBOW IKCTpakT, 1 r/m m ampamuius, 100
MKT/MII. B kadecTBe UCTOYHMKA a30Ta BappupyeTcs: MoueBuHa, 6 1/1 uiaum NHiNO; 2
/1.

B nipo6upku o6pemom 40 Mi1 10OABISIIOT 5 MJT Cpefibl M CYCTICH3UI0 KIIETOK JI0
koHeuHoit OII 0,08, u HHKYOHPYIOT CO BCTpAXUBAHHEM cO CKOpocThio 300 060poTOB
B MuHYyTY ipu 30°C.

OIl cycnieH3uil KJIETOK M3MEpSETCs Ha IUIAHIIETHOM CHEKTPOPOTOMETpE, B
00béMe TipoOsr 300 MK, mpu asvMHE BOJMHBI 492 HM U IiuHE MyTH 8 MM (BbICOTa
KUJAKOCTH B JIYHKE IUIAHIIIETA).
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H3mepenue ayunamuoasnoi (Aam) axmusenocmu kKiemox. Meroauka
OCHOBaHa Ha CIOCOOHOCTH alMIaMUAa3bl THIPOIU30BaTh 4'-HUTpOAleTAHUIIHI]
(HAA) 1o yKCyCHOM KMCIIOTBI U OKPAILIEHHOTO MPOAYKTA - M-HuTpoanuiauHa (HA).

Jnss  u3MepeHusT ~ aKTUBHOCTM B MHKpPOIUIAHIIETaX  IPOBOJISITCS
nocJieI0BaTeIbHbIE TPEXKpPATHBIE pa3BeeHHs cycrieH3uil kietok B 0ydepe Tris HCI.
ITocne mukybGanuu npu 37°C B TeueHue 15 MUHYT K pa3BeJACHHUSM J00aBIISCTCS
Harpetbiii 10 37°C HAA. Cmech unkyoupyercs npu temmneparype 37 °C B TeueHue
20 munyT. Peakius octanaBinuBaercs neHTpudyrupoBanueM npu temmneparype 0 °C
B TeyeHue 2 MuHyT npu 3700 o6/mun. Ilocie neHTpudyrupoBanus omnpeneseTcs
koHLeHTpatss HA B HagocagouHoW >kuakoctdu. OmnpeneneHue NPOBOIUTCS C
UCIOJIb30BAaHUEM TUIAHILIETHOTO CHEKTpodoToMeTpa npu JjiuHe BOdHBI 405 HM U
JUIMHE TyTH OKoyio 7 MM. OfHa eauHuUa YAENbHOW alMIaMHAa3HON aKTHBHOCTH
COOTBETCTBYET KoJHMYecTBY MKMoib HA, cuHTe3npoBaHHomMy | Mr cyxoro Beca
KJIETOK 3a 1 MUHYTY (MKMOJIB/MT C.B.*MUH).

H3mepenue numpuncuopamasnou (HI') akmuenocmu. Metoaruka OCHOBaHA
Ha CIOCOOHOCTM HUTPWITMApPATa3bl TUAPOIN30BaTh akpwioHuTpuil (AH) go
akpuiamuaa (AA) ¢ MakcumMyMoM morsomienust B Y® crekrpe.

Jns nu3mepenus HI' akTUBHOCTH KJIETKH MPOMBIBAIOTCS U PECYCIEHINPYIOTCS
B docarHom Oydepe (pH 7.5). B nmyHnke mukporanmiera cmemuBaroTes 100 Mk
CYCIEH3UH KJIETOK ¢ ontuyecko miotHocthio 0,05 ex u 100 Mk pactBopa 2% AH.
Peakuust mpoxoguT B TedeHHWE S5 MHHYT IpU KOMHATHOM TEMIEpaType H
octraHaBimmBaeTcsa noodasiaeHueM 100 mxn 1,7% comstHon kucnoTel. 100 MK cmecu
nepeHociaTess B IutaHmeT s u3MmepeHus OIl um rorosTcs mocienoBaTelbHBIC
TPEXKpaTHBIE pa3BeAcHUs B AuCTWLIMpoBaHHOM Boae. OlIl m3mepserca npu niuvHe
BOJHBI B 235 HM B 00beme 200 MK Ha miaHmeTHOM crnektpodoromerpe. OpHa
equHuna ynenbHod HIT aKTMBHOCTH COOTBETCTBYET KOJIMYECTBY MKMOJb AA,
CUHTE3UPOBAHHOMY | MT CyXOro Beca KJIeTOK 3a 1 MUHYTY (MKMOJIB/MT C.B.*MUH).

Anexmpompancopmayusa knemox Rhodococcus rhodochrous.

Bo Bpemsi snektpoTpaHchopMaluM 3JIEKTPOKOMIIETEHTHbIC PELENMUEHTHBIE
KJIETKM norjomaT miasMuanyro JHK mox Bo3mencTBHEM  3IIEKTPUYECKOTO
HMMITYJIbCA.

KomnierenTHble KieTkH XpaHsaTcs B keinbBuHaTtope npu -80°C. Ilepen
AEKTpOTpaHchOpMAITEH KIETKH pa3MOPaKMBAIOTCS B JICTHON OaHe B TeueHue 2-3
MuHyT. K CBexepa3sMOpOKEHHON CyCIEH3UH J00aBIIE€TCS PAcTBOP OYHUIICHHOMN
mnasmugHon JIHK, oxmaxnennsiin 1o 0°C. CMmech MHKYOUpYyeTCsl B JICASHOW OaHe B
teueHrne | MuHyThl. [lopanus npoxXoauT B JIEASTHOW KIOBETE MUPUHOM 2 MM tipu 2500
V. Cpa3y nocie umnyibca kietku nepeHocsatcs B 900 mxn cpensl LB (cocrtas:
TpunToH — 10 T/, APOAKKEBON IKCTPAKT — 5 T/JI, XJIOPUCTHIN HATpuii — 5 T/1) U
noasepratorcsi Tepmomoky npu 40°C B teuenne 10 wmuH. 3areMm KIETKH
MHKYOupyroTcss Ha kadanke npu 600 o0OpoTOB B MHHYTY B TE€U€HHE 2 YacoB.
ITomy4yeHHbIE KJIETKU pAacHpenessioT IINaTesieM Ha arapu30BaHHOW CEJIEKTUBHOU
cpene LB (arap-arap 20 r/m) ¢ antu6notukom (anpamunua 100 MKr/min).
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Pe3yabTaThl U 00CyKIeHHe

Cpasnenue numpunzuopamasznou axkmuenocmu ¢ wmammax Rhodococcus
rhodochrous M8 u M33. BiinssHre MO4YeBUHBI Ha aKTHBHOCTH Ppn B mTammax M8 u
M33 onenuBanu no ypoBHIO akTuBHOcTH HI', ciayxuBlmIield B JaHHOM ciy4yae
penopTEpHBIM reHoM (puc. A). KyabTypbl IITAMMOB BBIpAllIMBAIM HA MUHUMAILHON
cpene MS ¢ rmoko30M, W MOYEBMHOM WJIM HUTPATOM aMMOHHS B KauecTBE
CIMHCTBCHHOTO HcTOuHWKa a3ota. Cpema coxepxkana Ttakke COCl, yro Obuio
HEeoOXoMUMO Kak i ¢dopmupoBaHus akTtuBHoro Oenka HI, Tak u s cHATHs
KOOaJIbT-3aBUCUMOM perpeccuut Ppp.

OII xynbTyphl U yaenbHyt0 HI'-aKTUBHOCTB KJIETOK U3MEPSIN B JUHAMUKE, B
teuenue 70 4. Ilokazana wnpykumss HI' aktuBHOocTm mitamma M8 B 33 pasa B
MIPUCYTCTBHUM MOYEBHHBI, B TO BpeMd Kak B mramme M33 nokazana uHaykuus B 21%
(xpatHOCTH B 1,2 paza) (cMm puc. B). IIpu stom ypoBens HI' aktuBHOCTH mITamma M8
B MNPUCYTCTBUM MOYEBUHBI COCTaBIsl 46% OT WMHIYUMPOBAHHOIO YPOBHS
akTuBHOCTH mTamma M33.

Honyuenue wmamma M8 pRY3-Pnn-aam. s manbHEHIEro MCCaeq0oBaHUS
aMHJI-3aBUCUMOM peryisiuu npoMotopa Pn, B kietkax R. rhodochrous ynoGnee
UCIIOJIB30BaTh CHCTEMY 3KCIIPECCMM HAa aBTOHOMHOW IUIa3MUJE, OCHOBAaHHYKIO Ha
IIBETHOM (PepMEHTATUBHOU peakiuu. J[JIs KOHCTPYMpPOBaHUSA TAaKOW CHUCTEMBI Mbl
MCIIOJIb30BAJIM aBTOHOMHYIO Iiazmuay PRY3-Pp-aam, B KOoTOpo# 1moa KOHTPOJIEM
Pon moMemeH red anminamMugasel u3 mrTamma R, erythropolis TA37 [8] u
npucyTCTBYeT reH ChblA, xo0ampT-3aBHCHMOTO perpeccopa mnpoMoTopa Pyn (puc. B).
Panee B Hameit maGopatopum Obl1 ckoHCcTpynpoBan mramm M33 Afull pRY3-Pyy-
aam, B KOTOPOM JEJETHPOBAaHbl T€Hbl HUTPHITHMAPATA3bl B XPOMOCOME H
npucyTcTByeT tiazmuaa PRY3-Pp-aam. [ns cpaBHeHUs BIUSHUS MOYEBUHBI Ha
aKTUBHOCTH Ppn B mrammax M8 u M33 no penoprepHoil aKTUBHOCTH allMJIaMH1a3bl
ob11 onyueH mramm M8 pRY 3-Pyp-aam MeToaoM 3eKTporopalim.

Cpasnenue auyunamuoaznou axkmuenocmu ¢ wmammax Rhodococcus rho-
dochrous M8 pRY3-Pnn-aam u M33 Afull pRY3-Pnr-aam. KynabsTypsl mrammoB M8
PRY3-Pyp-aam u M33 Afull pRY3-Ppy-aam BeipammBanu Ha MHUHHMAaJIbHON cpeje
MS ¢ MO4YeBHHOI WM HUTPATOM AMMOHHUSI B Ka4€CTBE €IWHCTBEHHOT'O MCTOYHUKA
azota. s cHATMS KOOanbT-3aBUCMMOM pernpeccun Pnn 1 0oJjiee KOPPEKTHOIO
CpaBHEHUSI C BBIIICOMTUCAHHBIM OMBITOM B cpena Takxke nooaswmiu CoCly.

OIl xynabTypbl M YACIbHYIO alMJIaMUJA3HYI0 AaKTUBHOCTb H3MEpSIU B
IUHAMHKE B TedeHMe 94 4. AnmiamMugasHas akTHUBHOCTH mramMma M8
UHAyLMpOBajiach MoueBMHOW B 3,6 pa3, B mramme M33 Afull axTuBHOCTH
unaynupoBanack Ha 10% (1,1 paza) (cm puc. I'). B ommmuun ot perymsiuun HIT
aKTUBHOCTU B ImTamMmMe MS, ypOBEHb AaKTHBHOCTH pEMOpTepHOro (epMeHta B
mramme M8 pRY3-Ppp-aam B ycrioBusx muaykimu gocturan yposus M33 Afull
PRY 3-Pnp-aaMm 1 3HAYMTENBHO MEHBINIE PEMPECCHPOBAJICS B OTCYTCTBUU MOYCBHUHBI.
CHIKEHHAsT KPAaTHOCTh PETYJSAIMH B OOOWX IUIa3MHUAHBIX IITAMMaX MOXET OBITh
CBsi3aHa C MOBBIICHHON KOIMUWHOCTHIO IIPOMOTOPA IO CPABHEHUIO C KOIMUHHOCTHIO
MPEANOIaraéMbIX PeryJITOPHBIX T€HOB.
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3akioueHue

B pgannoit  pabore  ngeTalbHO — M3Yy4Y€HAa  MHAYKUUS ~ MOYEBUHOU
HUTPWITHIPATa3HOH akTHBHOCTH B mtamMmax R. rhodochrous M8 u M33. Tlokasano,
YTO PEryJalus MOYEBHHOM COXpaHSETCS MPH 3aMEHE pPENopTepHOro reHa IMoj
KOHTpoJIeM mpomoTopa Py, a Takke Nmpu MepeHoce SKCIPECCHOHHOM KacceThl Ha
aBTOHOMHYI0 TutasmMuay PRY3. JlanpHeitmas pabota OyneT HampapjieHa Ha
pa3paboTKy IKCIPECCHOHHON CHCTEMbI Ha OCHOBE muiasMuibl PRY3 u penoprepHoro
reHa aam, cojepkaiias pa3iuyHble kKoMmOuHammu rteHoB NhmCD B cocrase
OKCIPECCUOHHON KacCeThl. ITO MO3BOJMUT BhIABUTH posin 0ekoB NhmC u NhmD B
TPAHCKPUITIIMOHHON PETYNAINMA TPOMOTOopa Pnn M TPHOIM3UT HAC K TOTYYCHHIO
NPOMBIIICHHBIX mMTaMMOB R. rhodochrous c¢ HoBeiMEM ym0OHBIME crHIOCOOAMM
PETYINSALNN [[EeBON aKTUBHOCTH.
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VJIK 631.452
POJIb KOPUHEBAKTEPHI1 B MOJEKYJISIPHOM CUHTE3E
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bepeska Anexceit Ioyapooeuu, macucmpaum 1 xkypca Uncmumyma azpoouomexuo-
noeuu  DOIBOY  BO  PIAY-MCXA  umenu KA.  Tumupssesa, kafka-
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Mopo3zoe @edop Bnaoumuposuu, wazucmpanm 1 xypca xagheopvl nousosedeHus,
eeonozuu u aanowagmoseoenuss ®I'HOY BO PI'AY-MCXA umenu K.A. Tumupszesa,
fedor20165265@gmail.com

Annomayuna: B Ooknade paccmampusaemcs ponv KopumeOaxmepuii 8 MOIEKYJIAPHOM CUHMe3e
AMUHOKUCTIOM U UX 3HAYUMOCMb 8 OUOMEXHOI02UYecKou npomviuiiennocmu. Kopunebaxmepuu,
KaK 2pamnonodxcumenvHvle bakmepuu, 001a0am cnocoOHOCMbIO 3PHeKmueno npooyyuposanms
AMUHOKUCIOMDYL, MaKue KaK 2IyMAaMuHOo8ds KUCIoma u ausuH, nocpeocmeom gepmenmayuu. O6-
cyorcoaromes eenemudeckue U OUOXUMUYECKUE ACNeKMbl UX Memaboauueckux nymeu, a makice
MEMOObL YIVHULEHUSL WIMAMMO8 OJisl NOSbIUEHUS. NPOU3B00UmMenIbHOCMU. Bajicno ommemums, umo
ONMUMU3AYUSL CUHME3A OAHHBIX COEOUHeHUUl uMeem OO0abuloe 3HaUeHue Ol NUWeEBOU U KOPMOBOU
unoycmpuil. B 3axmouenuu noouepxusaemcsi nomenyuan OQIbHEUUUX UCCIe008aHUl 6 obracmu
2eHemu4eckol Mooupurayuu Kopunebaxmepuii Oist YIYHUEHUs. UX NPOU3B00CMBEHHBIX XapaKme-
PUCMUK U pACUUPEHUS CHeKMPA CUHIE3UPYEMbIX 8eUyeCcms.

Knrouegwie cnosa: xkopuHeOakTepuu, aMUHOKUCIIOTHI, (hepMEHTaLIUS.

BBenenue

Kopunebakrepun npeAcTaBisioT co00il poJl rpaMIOIOKUTENbHBIX OaKTepui,
MMEIOIIMX Ba)XKHOE 3HAYEHUE B 00JacCTU OMOTEXHOJIOTMH, OCOOCHHO B KOHTEKCTE
MIPOMBITIUICHHOT'O CHHTE3a aMHUHOKHUCIIOT. By iydn npupoaHBIMA MPOAYLIEHTAMH Psijia
aMUHOKHUCJIOT, Takue Bujbl, Kak Corynebacterium glutamicum, HamuiM MIMPOKOE
MpUMeHeHne B (ePMEHTAIMOHHONW TTPOMBIIINICHHOCTH JIJIT MAaCCOBOTO TPOU3BO/ICTBA
TJIyTAMUHOBOM KUCJIOTHI U JIM3UHA.

O0mue MUKPOOHOJIOTHYECKHE XaPAKTEPUCTHKHU

Kopunebakrepun sBisroTcst yacThio cemeiictBa Corynebacteriaceae. OHu xa-
PaKTEPUBYIOTCS PSAJAOM YHHKATBHBIX MHKPOOHMOJIOTHYECKUX OCOOEHHOCTEH: MMEIOT
MaJOYKOBHUIHYIO WJIM CJIeTKa MCKPUBIEHHYIO, V-00pasHyto, (Gopmy; TOJCTYIO KIie-
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TOYHYIO CTEHKY; HE O0O0pa3yloT CIOp; SBISIOTCS a’dpoOamMu U (PaKyJIbTaTUBHBIMU
aHa’poOaMu, TO €CTh CIIOCOOHBI KUTh KaK B MPUCYTCTBUU KHUCIOPOJA, TaK U B €r0
OTCYTCTBHE, HCIIOJIb3Ysl MPOLIECCHl (PepMEHTAIH; HEKOTOPhIE BUABI TPEOYIOT CIie-
U(UIECKUX BUTAMUHOB WJIM aMUHOKHCIIOT ISl pOCTA.

PacnpocTpaHeHHOCTH B Ipupojae

KopunebakTepun UMEIOT MIMUPOKOE pPacIpOCTPaHEHUE B MPHUPOJE: B MOYBE U
BOJI€, [JI€ YYACTBYIOT B Pa3JIOKEHUH OPraHMYECKOro MaTepuaia U KpyroBopoTe Mu-
TaTeJIbHBIX BEUIECTB, TAK YEPE3 MOYBBI MOKET MIPOUCXOINUTHh B3aUMOJICHCTBUE C pac-
TEHUSMH; HEPEAKO I3TH OAKTEpUH OOHAPYKUBAIOTCS HA TTOBEPXHOCTH KOXHU U B Opra-
HU3MaX XUBOTHBIX, B3aUMOJICHCTBYSI C MX MUKPOOHMOMOM; KpOME TOTO HEKOTOpPhIC
BUJIbI SIBJISIIOTCS YacCThIO HOPMAJIbHOW MHUKPOMIOPHI KOKH M CIU3UCTBIX 000JI0YEK
yenoBeka, Hanpumep, Corynebacterium diphtheriae, koTopsie MOryT cTaTh maToreH-
HBIMU B OIPEAECIEHHBIX YCIOBUSAX.

I'eHeTHYecKHe aCIIEKThI CHHTE3a

MoJieKynsipHBIii CHHTE3 B KOPUHEOAKTEPHUSX OCYILIECTBISETCS MOCPEICTBOM
CJIOHBIX METa0O0JIMYECKUX MYTEW, KOTOPbIE MOTYT ObITh ONTHMHU3UPOBAHBI C TOMO-
IIbI0 TEHETHYECKOW MHKeHepuu. LleHTpanbHOe 3HaUeHHE B PEryJIMPOBAHUN CUHTE3a
AMUHOKHUCIIOT UTPAET FT€HETUYECKUN anmapaT KOPUHEOAKTEPHIL, BKIIOYAIOIIUI B ce0s
YHUKAJIbHBIE TPAaHCKPUIILIMOHHBIE MEXAaHM3Mbl M crneuuduueckue (epmeHTsl. s
MOBBIIEHUS 3(PPEKTUBHOCTH CUHTE3a NTyTAMUHOBOM KHCIOTHI U JIM3UWHA COBPEMEH-
HBIE HCCJIEIOBAaHUS COCPENOTAuYMBAIOTCA HAa MOJIM(UKAIMM KIIFOUEBBIX T'€HOB, KOH-
TPOJMPYIOIINX UX OMOCHHTeTHUECKUEe MyTH. Hanpumep, myTemM OTKIIIOUEHUS! TEHHbBIX
PETYIATOPOB, OTPULATENBHO BIUSIOIIMX HA YPOBEHb IIPOIYKLHUH, WIH BBEICHHS HO-
BbIX I'€HOB, CIIOCOOCTBYIOLIMX IMOBBIIIEHUIO BBIXOAA LEJIEBBIX MPOAYKTOB, YAAETCS
3HAYNUTEIBHO YBEJIMYUTH IPOU3BOJAUTEIBHOCTD IITAMMOB.

buoxummnuyeckue MexXaHU3Mbl

KopunebakTepun urparoT BaXHYIO POJIb B Pa3HOOOpPA3HBIX OMOTreOXMMUYeE-
CKHX IpOLieccax, B TOM YKCJE B a30THOM M YIJIEPOAHOM LIMKJIAX, OJlaroiapsi CBOUM
(epMeHTaTUBHBIM CIIOCOOHOCTAM. WX mIMpoKas pacnpoCTpaHEHHOCTh M pa3HOOOpa-
3H€ MO3BOJIAIOT YCIEIIHO MCMHOIb30BaTh UX B PA3IMYHBIX OOJACTSAX MPOMBIIIJIEHHO-
ctd. OTIMYUTENbHBIMU YEPTAMH KOPUHEOAKTEpUN SIBISAIOTCS MX METa0OJMYECKUE
MyTH, OHU MOTYT HUCIIOJb30BaTh TIIOKO3Y Ye€pe3 TIUKOIU3 U MEeHT030(oC(aTHBIM
MyTh, IPU 3TOM Y HHUX OTCYTCTBYET KJIACCHUECKMU MyThb OMOneHa-Meiieproda, u
KJIETOYHAsI CTEHKA, KOTOPasi COAEPKUT YHUKAIbHBIE JINIIA/bI, BKJIFOUass KOPUHEMHKO-
JIOBYIO KHUCJIOTY, UIMEHHO OHa MPUAAET UM OIpPEEIEHHYI0 YCTOMUUBOCTh K (pu3nye-
CKUM M XMMHUYECKUM BO3JCUCTBUS, TaK KOPUHEOAKTEPUH MPOSBIISAIOT €CTECTBEHHYIO
YCTOMYMBOCTh K OMPENEIEHHBIM aHTUOMOTHKAaM. MHOTue BUIbI KOPUHEOAKTEPHid,
ocobenno Corynebacterium glutamicum, 001am1ar0T CIOCOOHOCTBIO K CUHTE3y aMu-
HOKHCJIOT, TaKUX KakK TIyTAMUHOBAs KUCJIOTA M JHU3WH, YTO JEJNAET UX LIEHHBIMU B
MPOMBIIUIEHHOM MPOU3BOJICTBE aMUHOKHUCIOT. Takke KOPUHEOAKTEPUH CUHTE3UPY-
10T (pEepMEHTHI, TaKKe KaK KaTajiazy, 0ObIYHO HETaTUBHBI HA OKCUIA3y, YTO MO3BOJISIET
UM 3alIUTUTHCS OT OKUCIUTENBHOTO CTPECCOBOTO Bo3zAeicTBUA. HekoTophie kKopuHe-
OakTepun TPeOYIOT crieludUUECKUX POCTOBBIX (PAKTOPOB, TAKUX KAaK BUTAMUHBI WM
MUHEpaJIbHBIE COJH, AJI1 ONTUMAJIBHOIO PAa3MHOXKEHHUSA. DTH OMOXUMUYECKHUE CBOU-
CTBa UrparOT KIIIOYEBYIO POJIb B HKOJIOTMYECKON ajanTalid KOpUHEOAKTEepUil U OT-
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KPBIBAIOT HOBBIE BO3MOKHOCTH Il UX UCIOJB30BaHUS B OMOTEXHOJOTUMU U MEJU-
nuHe. C TOuKH 3peHusi OMOXUMUH, KOpUHEOAKTepuu 00J1aatoT CIOKHBIMH (hepMeH-
TaTUBHBIMUA CHUCTEMaMH, KOTOpbIe oOecrednBaioT 3()(PEKTUBHYIO KOHBEPCHIO CYO-
CTPaTOB B LI€JIEBbIE AMUHOKUCIOTHI. Tak, pepMeHTaTUBHBIE AKTUBHOCTH MOTYT pPEry-
JUPOBATHCS YPOBHEM JIOCTYIHBIX MPEAIISCTBEHHUKOB M SHEPTETHUECKUX PECYPCOB
KJIETKH, a TaK)Ke BHEITHUMH (paKTOpaMu, TaKUMHU Kak Temneparypa u pH cpensi. Ko-
puHEOaKTepUH CIIOCOOHBI BBDKMBATH B YCIOBUSX C HU3KUM 3HaueHueM pH, uro mos-
BOJIIET UM CYIIECTBOBATH B Pa3IMUHBIX IKOJIOTUYECKUX HUIIAX.

Kopunedakrepuu u NpOMbIILIEHHOCTD

Ha npoTskeHuM HECKOJIBKUX NECATUIETUNH KOPUHEOAKTEpUHU OCTAIOTCS OJHU-
MU W3 OCHOBHBIX MHKPOOPTaHM3MOB B OMOTEXHOJIOIMYECKON INPOMBIIIIECHHOCTH.
OHM UCHIONB3YIOTCS JUIsl IPOU3BOACTBA MUILEBBIX 100aBOK, KOPMOBBIX KOMIIOHEHTOB
U JPYTUX MPOIYKTOB, UMEIOIIMX LIMPOKUN CIIPOC HA MHUPOBOM pbIHKE. Bpicokuii
YpOBEHb UX YCTOWYMBOCTU U JANTUBHOCTH MO3BOJSAET 3P PEKTUBHO MPUMEHSTH UX B
Pa3IMYHBIX YCIOBHUSIX MPOMBIIIJIEHHOTO MTPOU3BOICTBA.

IMoTeHumaa JajabHeHIINX HCCIe10BAHUIA

HecmoTpsi Ha TOCTUTHYTHIE YCIIEXH, MCCIEAOBaHNE KOPpUHEOAKTepuil KaK Op-
TaHU3MOB JIJISl CHHTE3a Pa3jMYHBIX COCTUHEHHH mpogomxaerca. OQHON U3 TJIaBHBIX
3a]1a4 OCTAETCS PaCUIMpPEHUE TEHETHUECKOTO HHCTPYMEHTapHsl uid O0jiee TOYHOTO U
0€30MacHOTO pPEAaKTUPOBAHUS MX TEHOMOB, a Takke paboTa HaJ TMOBBIIICHUEM
YCTOMYMBOCTHU K HEOJATONIPUSITHBIM YCIOBHSIM CPEJIbI.

3akioueHue

Ponb xopuHeOakTepuil B MOJEKYJISIPHOM CHHTE3€ HEBO3MOXHO MEPEOLICHUTb.
Wx mpuponHas cnocoOHOCTh K OMOCHUHTE3Y IIEHHBIX aMHUHOKHUCIIOT U BO3MOXHOCTb
TEeHETUYECKON MOAM(UKAIMK JENIal0T 3TH MUKPOOPTraHU3Mbl YHUKAJIbHBIM HHCTPY-
MEHTOM B apceHajie COBPEMEHHON OMOTEXHOJIOTMHU. B COBOKYMHOCTH C pa3BUTHEM
HOBBIX METOJIOB TE€HETUYECKOTO M OMOXMMHUYECKOTO aHAJIN3a 3TO CO3MAET IIUPOKHE
MEePCHEKTUBBI I OyAyIINX WMHHOBALUNA B 3TOM 001acTH.
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Bsenenne

[To manabIM MeToamueckux pekomeHmpanuii ®I'BYH «®UIL] nutanus u O6uo-
TEXHOJIOTHIT» (U3MOJIOTUYECKAs CyTOYHAsh MOTPEOHOCTh B O€NKe JUIsi B3POCIOTro
MYK4YMHBI cocTaBisieT oT 75 10 114 rpamm, nms xxenmussl ot 60 10 90 rpamm. B op-
raHU3Me YeJoBeKa OEJOK THUIIPOJIM3YETCS 0 aMUHOKHUCIIOT, a 3aTeM B PE3yJIbTare
mpoiiecca TPaHCISIIUM B KJIETKaX YeJOBEKa W3 aMHUHOKHCIOT OOpa3yroTCs HOBBIC
OEJIKOBbIE MAKPOMOJIEKYJIBI.

[Io mporHozam BcemupHoW opranuzanuu 3apaBooxpaHeHus, Kk 2050 roxy
HACEJIEHUE 3€MJIM COCTaBUT 9,5 MiIpJl. 4emOBEK. 3AaKOHOMEPHO YBEIUYHUTCS U CHPOC
Ha O€JIOK, UTO MPUBEAET K YBEIMUCHUIO 00BEMOB IIPOU3BOJICTBA U BIMSHUS CEIBCKO-
ro X0351CTBA Ha OKpyXawuryto cpeny. B pesynbrare nestensHoctu AIIK B Bo3ayx
nomnajaet 0oJbIIOe KOJIMYECTBO MAPHUKOBBIX T'a30B (TOJIBKO Ha JOJIHO *KUBOTHOBO/I-
cTBa mpuxoautcst okosio 12 %). Ilpu upe3smepHOM UCIIOIb30BaHUM a30THBIX yI00pe-
HUW MPOUCXOJNUT 3arpsi3HEHUE TPYHTOBBIX BOJI, UCIOJIb30BAHUE MECTUIUIOB IPUBO-
JIUT K THOCH Pa3IuvHbIX OpraHu3MoB. [Ipu ropeHnn 0TX0 0B )KUBOTHOBOJICTBA 00-
Pa3yIOTCs MEIKO3EPHUCTHIE YACTHUIIBI, YTO MOXET CKa3aThCA Ha 3J0POBbE YEJIOBEKA
[1]. Takxke HESITENBHOCTh TPATUIIMOHHOW arpOMHIYCTPUU TPEOYEeT KOJIOCCATHHBIX
00BEMOB BOJIbI U TEPPUTOPHA MTAXOTHBIX 3€METTb.
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B cBsI3M ¢ 3TUM aKTyaJieH MOMCK HOBBIX AKOJOTMYECKH YUCTHIX BO3MOKHOCTEMN
KpPYIMHOMAacCIITaOHOTO MPOU3BO/ICTBA OETKa.

Bbesok MmukpoBoaopociei

CopeprkaHue Oellka y OTAEIbHBIX BUJOB MHUKPOBOJOPOCIEN MOXKET TOCTUTATh
71 % (Arthrospira sp. 46-71 %, Synechococcus sp. 63 %). [lns cpaBHeHus1, coaepxa-
Hue Oenka B KypuHOM Msice BapbupyeT oT 17 no 24 %, B roesiaune — ot 18 no 23 %,
B MOJIOKE cocTaBiseT 3 %, B KypuHbIX siiiax — okoJio 13 % ot cyxoii maccel [4]. be-
JIOK MUKPOBOJOPOCIIEH COJEPKUT BCE HE3aMEHUMbIE aMUHOKHUCIIOTHI, OJTHAKO B 3aBU-
CUMOCTH OT BHUJA COJIECPKaHUE KAKIOM M3 HUX MOXKET OTJIMYAThCA OT 3TAJIOHHOIO
3HaUYE€HHUS Kak B OOJbIIyI0, TaK U B MeHbIIyI0 cTopoHy. [lo mpemioxeHuto
O®AO/BO3 B kauecTBe ATAJIOHHOTO 3HAYEHUS NMPUHUMAIOT OEJIOK KypUHOTrO sifIia.
Hanpumep, Arthrospira platensis comepskut BanuHa OoJbliie, YeM OCIIOK KYyPHHOTO
siiilia, HO M30JICHIIMHA TaM MEHbIIE. [4]

MeToauka nojyuyeHus 0eJika MUKPOBOAOPOCIeH

Ocadicoenue muxpogooopocaeu. Ilocne AOCTHKEHHUS MHUKPOBOAOPOCISMHU
onpenen€HHON KOHIEHTPALUU UX OCAXIAIOT pa3audyHbIMA MeTogamu. OauH u3 Mme-
TOAOB — (uoKyJsauus. [IoBepXHOCTh KJIETOUYHON CTEHKH MUKPOBOJOPOCIIEN BOJOPOC-
JIel UMeeT 3apsf, 3a CYET 3TOr0 OHU OTTAJIKMBAIOTCS ApYyr oT apyra. [Ipu gobasie-
HUU Pa3JIMYHBIX BEIIECTB ((PIIOKYISIHTOB) TAKUX KaK XMTO3aH, MPOUCXOJUT HEUTpa-
JU3alKs MOBEPXHOCTHOIO 3apsja KIETOK M oOpa3zoBaHue (IOKKyl. B pesynbrare
MHUKPOBOJOPOCIIA OCAXJIal0TCA U3 pacTBOpa B BUJE XJIOMbEB. Takke MOXO0XHUH (-
(GeKT MOryT AaTh METObl KOAryJsluH, aBTO(IOKYISAIUU, OUODIOKYISIIUN U JIEK-
Tpodaokynsuuu. Hanpumep, npu 106aBieHnn B pacTBOP MUKPOOPTaHU3MOB (IIOKY-
JSHTOB C NOJIAPHBIMH 3apsiaMHM KJIETOYHOM CTEHKHM MOYKHO ITOJIYYUTh OCAJOK W3
cmecH. Koarymsamus MokeT ObITh BbI3BaHa OOJIBLINM J1aBJIEHUEM Ta30B, J00ABICHUEM
KaTHOHOB METAJUIOB WJIM CWIBHBIM M3MeHeHHeM pH pactBopa. Takxke MCHONIB3YIOT
MeTobl (hIoTalMK, UEHTPUDYTUPOBAHUS U (PUIIBTpALIUU.

Paspywenue knemounvix cmenox. Cpeaum METONOB pa3pylICHUsS KJIETOYHOU
CTEHKH MUKPOBOAOPOCIIEH BBIICISAIOT MEXaHUYECKHNE U HEMEXaHnYeckue MeTosl. K
MEXaHUYECKUM METOJaM MO>KHO OTHECTH UCIOJIb30BAaHUE TOMOI€HU3aTOPOB HU3KOIO
1 BBICOKOI'O JaBJICHUS, OMCEPHBIE MEJbHUIIbI, MEJIbHUIIBI C BUOPUPYIOLIMMHU COCYAa-
MU. MexaHnyeckre MEeTOJbl MOTYT CPaBHUTENBHO MPOCTO MacuTabupoBarbes. He-
MEXaHUYECKHE METOMbl pa3pylleHusi — (PEepMEHTHbIC, XUMUYECKUE, UCIOJIb30BaAHHE
WOHHBIX )KHUIKOCTEH, OCMOTHYECKOTO IIOKa, YIIbTPa3ByKa WIH MUKPOBOJH. [2]

Omoenenue 6enxa. Ilocne paspylieHus KIETOK HYKHO IEpEeBECTH OCIKH B
pacTBOp, T.€. CO3/1aTh TaKKE yCIOBUS, YTOOBI OEJIOK Mepemén U3 CUEIIEHHOTO COCTO-
SIHUS BHYTPHU KJIETKU B COCTOSIHME TuMa Oenok-BoAa. s 3TOro MOKHO MCHOJIB30-
BaTh, HanpuMep, noacanuBanue. [Ipu qobaBIeHNN HEOOIBITMX KOHIICHTPALIUN COJEH
MOBBILIAETCS] PACTBOPUMOCTh U KOHLIEHTpalus Oenka B pacTBope. Taxoke ais yBenu-
YEHUS! paCTBOPUMOCTH OEJIKOB MOXKHO CO3/1aTh YCIOBUs, MpHU KOTOpbIX PH pacTtBopa
OyJeT CUJIIBHO OTIMYATHCS OT U303JIEKTPUUECKUX TOUYEK ITUX OEITKOB, B 3aBUCUMOCTH
OT BHJIa MUKPOBOAOPOCIU OyAeT HaOIIOAaThCs ONpENCTEHHbIA AUAMAa30H HU303JIEK-
TPUYECKUX TOYCK, Harpumep, y Haematococcus pluvialis on cocraBnsier ot 5 no7, a
y Chlorella vulgaris ot 4 10 5,5 (ocHOBHas rpymmna) u 6-8 (MUHOpHAs rpymmna). DTOT
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METOJI JIETKO MaciiTabupoBath [2]. Beicokoi 3(ppeKTUBHOCTBIO U MacIITaOUpyeMO-
CTBIO 00s1aaeT TpEx(da3HbIil METO pa3ACIICHHUS.

Konyenmpuposanue 6enxa muxposodopocneu. Jns momydeHUs: OETKOBBIX
KOHIIEHTPATOB WJIU U30JIATOB UCTIOJIB3YIOT:

- OCaXJICHHE OCIKOB TPUXJIOPYKCYCHOW KHCIOTOW WM CyIh(haTOM aMMOHUS
(McToNb30BaHKME ITOTO METO/IA B paMKax MOJydeHus Oeka JJIsl MUIIEeBBIX elei co-
MPSKEHO C JTOTIOTHUTEIBHBIMU 3TAallaMU OYUCTKH),

- yIbTpadUIbTPAIMIO Yepe3 MOIyIPOHHUIIAeMYI0 MeMOpaHy (METo/1 TT03BOJISET
OUMCTUTH OEJIOK OT MpHUMeceil 0e3 HCMONIb30BaHUS JTOMOJIHUTEIBHBIX XUMHUYECKUX
BEILIECTR),

- CyOIMMAIMOHHYIO CYIIKY MYyTEM YAAJICHHs BOJbI IPU HUZKUX TEeMIIepaTypax
(3TO, C OJIHOM CTOPOHBI, MOJE3HO, YUUTHIBAS TEPMOUYBCTBUTEILHOCTh OEJIKOB, HO C
JPYTroi — MOBBIIIAET KOHIICHTPAIIMIO COJIEH U MOXKET BbI3BaTh U3MeHeHue pH u nena-
Typaiuio 0enka),

- HanOoJiee MEPCIEeKTUBHYI0 MMEHHO B KOHTEKCTE MHIIEBOTO MPOU3BOJICTBA
PaCTIBUIMTENBHYIO CYIIKY (TOpSYUi BO3MYX MPOXOAMT Yepe3 PacHbLIEHHBINA pacTBOP
c OenmkoMm, B pe3ylbTaTe 4Yero pacTBOP BBICYIIMBAETCS; MPOIECC MPOUCXOAUT
HACTOJBKO OBICTPO, YTO MOXKET MCIOJIB30BATHCS IS CYIIKH TEPMOUYYBCTBUTEIBHBIX
BemiecTB [2]).

Hanuune B KoHIIEHTpaTe OEKOB ¢ MOJNEKyJIspHON Maccol menee S50 x/la npu-
BOJIMT K MOSIBJICHUIO HETIPUSATHOTO BKycCa U 3araxa, 3TO HY>KHO YUUTHIBATh IPH MPO-
M3BOJCTBE KOHIIEHTpaTa B MHUILEBBIX LEIX [3].

IIpenmymiecTBa U HEJOCTATKHM MCIHOJIb30BAaHUS MHKPOBOAOPOCJIEN Jisi
noJiyueHusi oejaka

[Tpon3BOACTBO MUKPOBOIOPOCIIEN UMEET Psil HEOCIIOPUMBIX IPEUMYILECTB:

- HU3KOE€ MOTpeOIeHUE MPECHOM BOBI (0COOBIN HHTEPEC MPEICTABISIOT BUIbI,
oOUTaOIINE B MOPSIX M OKEAHAX, KyJIbTUBUPOBAHUE KOTOPBIX BO3MOKHO BOOOIIE O€3
MCIIOJIb30BaHUs MTPECHON BOJBI, YTO OTKPHIBAET HOBBIE BO3MOKHOCTH JIJISl BHIpAIIH-
BaHMUS ),

- oBbIIIEHHAsA 3P deKTUBHOCTH (hoTocuHTe3a U Ppukcauuu COz (mo 10 %) (310
CocoOCTBYET 0oJiee OBICTPOMY HAKOIUJIEHUIO OMOMACChl IO CPAaBHEHUIO C JIPYTUMU
BBICIIIIMU PACTEHUSMH,

- BBIpalIMBaHUE MHUKPOBOJOpOCield B (poToOHMOpeakTopax 3aKphITOTO THIIA
MO3BOJIAET MOJIy4aTh KOHLIEHTPAT PACTUTEIBLHOTO OENKa B YCIOBHSX, HEMPUIOIHBIX
U1 BO3JIENbIBAHUS, C MUHUMAJIbHBIM BO3/ICHCTBHEM Ha OKPYXKAIOUIYIO CPEY).

OnHako BbIpalIMBaHUE MHUKPOBOAOPOCIEH 00X0AUTCsS AOPOro, TpeOyeT BHICO-
KOTEXHOJIOTMYHOTO 00OpYAOBaHUS U CHELMAILHO OOYUYEHHOrO MEpCOHaNa, a TaKXKe
3aTpaT Ha JIEKTPOIHEPTHUIO.

3akirouenue

MukpoBogopociau 061agar0T OOJBIIUM MOTEHIINATIOM B KaueCTBE MPOU3BOIH-
Tenen Oenka. biaarogapst ypenuueHuo o0bEMOB MPOU3BOJICTBA, CO3AaHUI0 OoJiee I (-
(bEKTUBHBIX IITAMMOB, pa3padoTke 3QPEKTUBHBIX U HEAOPOTUX METOJOB IKCTPAKIIUU
¥ KOHIIEHTpPAlMU OeKa MOXKHO JOOUTHCSI 3HAYUTEIHLHOTO Y/CHICBICHUSI OSIKOBOTO
KOHIIEHTpaTa. Y ACIIeBICHHEe METOIOB MMPOU3BOJICTBA MO3BOJIUT yYBEINYUTH CIIPOC HA
OEJIKOBBI KOHIIEHTpPAT.
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Kopotkue nentuasl comepxar GyHIaMEHTAIbHYIO MOJIEKYJISIpHYIO HH(pOpma-
LIAIO, 3@ CYET 3TOr0 B HACTOSIIEE BPEMsI YUEHBIE BCETO MHUPA UCIOIb3YIOT UX YHHU-
KaJIbHbIE CBOMCTBA B HAYYHBIX pa3paboTKax, Onpeaesis UM OOJbIITNe MePCIeKTHUBbI B
MHHOBAIMOHHON TMPOMBIIIJIEHHOCTU. B mocnennee Bpemsi KOPOTKUE MENTHUIbI MPHU-
BJICKAIOT BCE OOJIbIIIee BHUMAHUE YUYCHBIX B 00JIACTH OMOJIOTHUU, XUMUM U MEIUIIUHBI
Onarogapsi cBoMM cBoMcTBaM. X 1EHAT kak HOBbIE U IP()EKTUBHBIE TepareBTUYE-
CKHE CPEJICTBA C YMEHBIIIEHHBIMU MOOOYHBIMU 3 dexTtamu. X cTpyKTypHOE pa3HO-
oOpa3ue B COYETaHUH ¢ THOKOCTHIO KOH(GOPMAIIUU UCTIONB3YETCs JIJIsl KOHTPOJIS B3a-
MMOJICHCTBUM C OIPEIAEICHHBIMU Y4aCTKaMU MOJIEKYJI-MUILEeHeN. [lenTuabl mposs-
JISTIOT BBICOKYIO CEJIEKTMBHOCTH OJarofapsi CHenu(pUYHBIM B3aUMOJCHCTBUSIM CO
CBOMMU MUIIEHSIMHU. boree Toro, KOJIM4ecTBO UCCIAEAOBAHUM 110 U3YUYECHUIO JEUCTBUSA
KOPOTKUX TICTITUJOB, YYACTBYIOIIMX B BaXXHBIX OHOJOTUYECKUX TPOIECcCcax,
HEYKJIOHHO pacTeT [1,2]. PacTeHus cTaIKuBarOTCs C PSAOM CEPhE3HBIX AOMOTUIECKUX
CTPECCOB, BKJItOUas KOJIeOaHHs TeMIIepaTyp, Ype3MEepHOE 3aCOJIEHUE, 3aCyXy, HAaBO/I-
HEHUS, TPUCYTCTBUE TOKCUYHBIX TSDKEIBIX METAUIOB B MOYBE U ACHUIIUT BaKHEH-
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IIMX MUTATEJIbHBIX BEUIECTB, )KU3HEHHO BAXKHBIX ISl MOAJCPKAHMS KU3HU pacTe-
HUM. OTH (HaKTOpBl MOTYT OKa3bIBaTh HEOJArompuUATHOE BO3JEHCTBUE HA (PU3UOJIO-
rudeckue QyHKIIMU paCTECHHUM, CHUXKasi CIIOCOOHOCTh PAaCTEHUS BbI3bIBAaTh UMMYHHBIC
pEeaKkUMK WM PEaKlUH Ha CTPECC, TEM CaMbIM MPHUBOAS K CYLIECTBEHHOMY CHUXKE-
HUIO KaK 00Ilel ypoxKailHOCTH, TaK U KadyecTBa pacTeHuil [3]. MHOrouucneHHele He-
OoJbIIMe MEenTUabl ObUTH MACHTU(UIIMPOBAHBI KaK PETYIATOPHl MEXaHU3MOB TOJIE-
PaHTHOCTH, TOMOTAIOIINE PACTEHUSIM aIallTUPOBATHCA K Pa3HOOOpa3HbIM abnoTHYe-
ckuM ctpeccaM [3,4]. Llenpb nccienoBaHus: yCTAHOBUTh BIUSHUE KOPOTKUX MENTUIOB
KE u AEDG Ha noceBHbIE KaueCTBa CEMSH U MOKA3aTeNId POCTA HA HAYaJbHBIX ATa-
nax OHTOT€HEe3a Ha 3epHOBKH MieHulbl Mirkoit (Triticum aestivum L.), copta Cse-
ya.

Marepuanel u Metonel: MccnenoBaHusi 1Mo BIUSHUIO NPUMEHEHUS KOPOTKUX
NENTHIOB HA TIOCEBHBIE KAYECTBA CEMSIH MILIEHUIBI poBoauian B 2024 roay, UCIIONb-
30BajJlM PACTUTEIBHBIA MaTepual 3epPHOBOK MSTKOW spoBoi mmeHunbl (Triticum
aestivum L.) copra CBeua, cOPT CpeIHEPOCIbIA, paHHECHEbIH, HaTypa 3epHa 770
/], CTEKIIOBUAHOCTD 55-57%, conep:kaHue ChIpod KJIECHKOBHHBI MEPBOW IPyNIIbl Ka-
yectBa 30%, macca 1000 3epen 34,0 r.

O6wexThl uccaenopanus: Junentun KE B konnentpanumsax: 10%; 10°; 101210
% r/n. Terpanentun AEDG B xonnenTpamusx: 10°; 10%; 101210 r/n.

®opma nenTuaoB — auoduinsar (mopomok). KoHTpons —aucTuimmpoBaHHas
Boja. [IpeanoceBHyt0 00pabOTKy CeMsSH KOPOTKMMH IMENTUAAMH OCYIIECTBISIU IO
TEXHOJIOTUH «IIPOTPABIMBAaHUE C YyBIaXHEHUEM» [5]. Mcneltanus npoBogwin Ha
€CTECTBEHHOM HH(EKIMOHHOM (oHe. [l mpoBeaeHHs HCTBITAaHUM HCIOIb30BAIN
CEMEHA, JOBEACHHBIC 10 MOCEBHBIX KOHAUIMN. KOHIMIIMOHHBIMY CUUTAKOT CEMEHA,
II0 CBOMM XapaKTEPUCTUKAM OTBEYAOIINE JEHCTBYIOIEMY Ha JaHHbIA MOMEHT I O-
CTy. [ToceBHbIE KauecTBa CeMsIH onpeaeisuiv myteM pazMenienus 100 mTyk cemsH B
YeThIpeXx MOBTOPEeHUsIX B yamkax Iletpu ¢ BraxkusiM ¢puiabTpoM. Mccenenyemsbie mpe-
napaTsl IpUMEHsTH B KoHieHTparusax 10-6; 10-9; 10-12; 10-15 r/m, omHOBpEeMEHHO
NpH 3aKjaake skcrepuMeHTa. I[loceBHble KauecTBa CeMSH (PHEPrUIO0 MPOPACTAHMS,
BCXO0XeCTh) onpenensuid B coorBeTcTBUU ¢ [[OCT 12038-84. Duepruto npopactanus
PETUCTPUPOBAIM y CEMSH NIIEHUIBI HA 3 CYTKM. BCXOXKeECTh perucTpupoBain Ha 7
cyTku. Onpeaesnsium Maccy pOCTKOB U KOPHEH, BBICOTY POCTKOB, YUCJIO U IJIMHY KOP-
Hel. BCXOecTh M SHEPruro0 MpopacTaHus CEMSH BBIYMCISUIM B MPOLEHTAaX. 3a pe-
3yJlbTaT aHAIW3a MPUHUMAIHM CpelHee apu(pMETHUECKOe pe3yJIbTaTOB ONpPECIICHUs
BCXO0’KECTH BCEX MPOAHATU3UPOBAHHBIX MPOO, C yIETOM OTKIIOHEHHHM B COOTBETCTBUU
¢ I'OCT ucnomnb3ys 110 Straz.

HccnenoBanus MO BIUSHUIO NPUMEHEHHsI KOPOTKHUX MENTHIOB HAa IOCEBHBIE
KauecTBa CEMSH MIIEHULbI MO3BOJIWIA YCTAaHOBUTH CIEAYIOIIYIO 3aKOHOMEPHOCTD:
IIPUMEHEHUE KOMIUIEKCAa KOPOTKUX NENTUAOB IMO3BOJWIO IMOBIUATH HA WHTEHCHUB-
HOCTb ITPOPACTaHUsl CEMSIH, OKa3aB MOJIOKUTENIbHOE BIIMSAHUE HA MOPPOMETPUUECKUE
MOKa3aTesd MPOPOCTKOB (PUCYHOK).
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Pucynok - Bousinue aunentuaa KE Ha sHepruio npopacTtanus 36pHOBOK sipOBOM
MATKOM mieHusl copra Creva, %
[Ipumeuanwne: nanHpie Ha TpaduKax MPEACTABICHBI Kak cpeaHee apuMeTrHaecKoe
3HAYEHUE U CTaHAAPTHOE OTKIIOHEHHE. * - P < (0.05 Mo cpaBHEHUIO C KOHTPOJIEM.

OTMEYEeHO CYIIECTBEHHOE TOBBINICHUE YHEPTUN MPOPACTAHUS CEMSH SPOBOM
MSTKoO# meHunbl Ha 12-40 % 1o cpaBHEHHUIO ¢ KOHTPOJIbHBIM BapuanTtoM. Hanbo-
Jiee BBICOKME 3HAYCHHS IO TIOKA3aTeI0 SHEPTHH MPOpacTaHusl OTMEYCHBI MPHU TPHU-
meHennu KE B xoHnenTparmsax 1*¥10° r/n, 1*1012 r/n, nokasartenu sHepruu mnpopac-
TaHUsS B ATOM BapuaHTe cocTaBisuid 87% u 83% cooTBercTBeHHO. Takum o0Opa3om,
nentun KE B xonnentpammsax 10°, 102, 10 r/n ctumynuposan sHepruo npopac-
TaHUs TIICHUIIBI U HE BIMSUT HAa BCXOXKECTh, @ B HaHOOJEe BHICOKON KOHIICHTPAIUH
(10 r/11) He BAMSAN HA SHEPTUIO MPOPACTAHMS MIIEHUIIEI ¥ CHHKAI €€ BCXOXKECTD.

[Mentun KE Bo Bcex uccneayeMbx KOHIIEHTpaIusax, kpome 10-6 1/, cTumynu-
pOBaJI HEPTUIO MPOPACTAHUS B CpEHEM B 2 pas3a Mo CpaBHEHHUIO ¢ KoHTposieM. Ha
BCXOXKecTh nmpuMeHeHnne nentuaa KE He okas3piBao BIHMSIHUSA, 32 UCKIIIOUCHUEM Ba-
puaHTta ¢ KoHiueHTparuen 10-6 r/11, Tie BCX0XKeCTh JOCTOBEPHO CHIKaach Ha 8,5%
10 CPaBHEHHIO C KOHTPOJIEM.

[Tpu obpabotke TeTpanentuaoM AEDG Bo Bcex mccneayeMbIX KOHIICHTpAIIH-
X HaOMIOAANoCh YBEIWYEHHE 3HEPruu IMpopacTaHus MIIEHUUbl B 2-2,3 pa3a 1o
cpaBHeHUIO ¢ KoHTpoJieM. Ha Bcxokects mentun AEDG He oka3wiBasi 3HAUMMOTO
BITUSTHUSL.

HaubGonee oT3pBUMBRIME Ha 0OPAOOTKH MENTHUIAMU SBJISUTUCH 36PHOBKH IIIIIE-
HUIIBI B CJIEYIONIMX BapuaHTax: Macca 100 mTyk KopHe# yBennuuBaiach npu oopa-
ootke munentuaoM KE nHa 48...245% (uwa 1,7...4,9 1) mo cpaBHEHHUIO C KOHTPOJIEM;
pu 00padoTke TeTpanentunom AEDG na 6...47% (na 3,6..7,3 r). Haubonee Boipa-
KEHHBIM d(pexTom B oTHOIEHNH Macchl 100 KOpHE MIIIEHUIBI 00J1aaTi KOHIICH-
tpamuu KE 10°, 1022 10° r/n. Ha mumMny KOpHEl NEnTHa He OKa3bIBal 3HAYUMOTO
BIMSHMS 332 MCKJIIOUEHHEM BapMaHTa C J00aBIeHHEM IenTuaa B koHueHTpamun 107
r/n (Tabnuna).
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Ta0Omuma
BrusiHre menTrioB Ha TOCEBHBIE KAY€CTBA CEMSTH M TIOKA3aTeu pOCTa Ha Hadallb-
HBIX dTanax OHTOTEHEe3a MIICHUIIBI (CpeHee 3HaUYCHUE IO TTOBTOPHOCTSIM)

Mmacca Mmacca YHCII0 JUTNHA
SHEPrus BBICOTA
BCXO0XKECTh, 100 100 Pa3BUTHIX | PA3BUTHIX
BapHaHT IPOpPACTaHHUS, o .. | pocTka, . o
% 0 POCTKOB, | KOpHEH, oM KOpHEH, | KOpHEH,
r r T cM

St mmennna | 36 94 6,30 3,36 9,21 5,10 7,13
AEDG 10°% |71 87 6,79 8,95 8,74 5,05 6,69
AEDG 10° |81 90 9,27 10,75 12,47 | 4,95 7,81
AEDG 1072 |70 90 8,21 6,97 11,60 | 5,05 8,29
AEDG 10%° |83 89 8,04 9,32 11,56 | 4,95 7,36
KE 10° 44 86 8,00 5,13 10,72 | 5,20 7,17
KE 10° 87 93 6,62 8,34 11,34 | 5,00 8,39
KE 1072 83 88 7,66 7,07 11,01 | 5,05 7,15
KE 10°%° 81 90 7,94 6,79 11,65 |5,00 8,14

[Ipy 3TOM OTMEUYEHO CYIIECTBEHHOE YBEJIIMYEHHUE JIIMHBI KOpHel Ha 17% (Ha
1,3 cMm) npu 06padotke qunentugom KE B xonuentpanun 1*¥10° r/i1; na 16% (na 1,2
cM) ripu 06paboTke Terpanentuaom AEDG B konnentpanun 1%*1072r/m.

BricoTa pocTka yBenMUMBaIach NpU CHHXKEHUHM KOHUEHTpauuu aunentuga KE
Ha 16..26% (ma 1,5..2,4 cm); npu npumerernn terpanentuaa AEDG nHa 33...35% (
Ha 3,3..2,4 cm). Macca poctkoB (100 mTyKk) 3epHOBKH YBEJIMYMBAJIACH [0 CPABHEHUIO
¢ koHTposieM Ha 27% (ua 1,4..1,6 r) (aunentun KE).

3akmroueHue: IIpoBeneHHbIE UCCIEN0BAHNS NIOKA3AJIMA, YTO IPUMEHEHUE KOM-
IJIEKCa KOPOTKMX IENTHIOB MO3BOJIMIIO NOBJIMATH HA UHTEHCUBHOCTH ITPOPACTaHUS
CeMsH, OKa3aB IOJIOKUTEIbHOE BIMSHUE HAa MOpPPOMETpHUUECKHUE TOKa3aTeslu Mpo-
POCTKOB sipoBOoM Msrkou mueHunbl. Junentug KE Bo Bcex mcciaemyemMbIx KOHIIEH-
Tpamusx, kpome 10-6 1/, 3HAUMMO TOBBIIIIAN SHEPTUIO MPOPACTAHUS IPOBON MATKOM
MIIEHUIBI B CPEIHEM B 2 pa3a MO CPABHEHMIO C KOHTPOJIEM, HO HE BIMSJI Ha BCXO-
KECTh MIICHUIIbI, 32 UCKIIFIOYEHUEM BapuaHTa ¢ KoHueHTparuen 10-6 /1, rie npouc-
XOJWJIO CHUKEHHE BCXOXKECTH MIIEHUIBI HA 8,5% Mo CpaBHEHUIO ¢ KOHTpojeM. OT-
MEUEHA CTUMYJIALUSA IPUPOCTA MACChl KOPHEN MPOPOCTKOB — B 1,5-2,5 pa3 no cpas-
HEHUIO ¢ KoHTposneM. Ha mimny xopuer nmentua KE okaspiBan BIMSIHUE TOJBKO B
KoHueHTpauuu 10-9 r/n, yBeauunBas 3TOT noka3arenb Ha 17% 1o cpaBHEHUIO C KOH-
TponeM. Ha ynciio kopHer npopoCTKOB, BBICOTY U Maccy npopocTkoB aunentua KE
He OKa3bIBaJ BNuUsiHUA. Hanbosiee 0T3bIBYUMBBIMU HA 0OpaOOTKH MENTHIAMHU SBIISUIACH
3epHOBKH MIeHUIbl: Macca 100 mTyKk KOpHEW yBeaM4MBaiIach Mpu oOpaboOTKe Ju-
nentugom KE Ha 48...245% (1a 1,7...4,9 r) mo cpaBHEHUIO ¢ KOHTPOJIEM; TIpH o0Opa-
6otke Tetpanentuaom AEDG Ha 6...47% (ua 3,6..7,3 1). [Ipu 5TOM OTMEUYEHO cyIiie-
CTBEHHOE yBeITWYeHHUE JIMHBI KOopHeH Ha 17% (Ha 1,3 cm) mpu 00paboTKe AUMETTH-
nom KE B xonnenrpamun 1*107° r/ir; Ha 16% (#a 1,2 cm) npu 06paboTke TeTparnern-
tugom AEDG B xornentpamun 1*1072 r/m. BelcoTa pocTka yBeIMUMBAIach NpH
cHWKeHuM KoHueHTpauuu aunentuna KE nva 16..26% (na 1,5..2,4 cM); nipu npume-
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Henuu tetpanentuna AEDG na 33...35% ( na 3,3..2,4 cm). Macca poctkoB (100
IITYK) 36pHOBKHU YBEJIMYMBAJIACh IO CPABHEHUIO C KOHTpoJieM Ha 27% (Ha 1,4..1,6 T).
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TEXHOJIOTHS.

[IpumeHneHre MUKPOBOIOPOCTICH 1 IIMAHOOAKTEPUI B CEITHLCKOM XO3SMCTBE CTa-
JI0 OJIHUM W3 BAXKHBIX TPEHIOB B MocieaHue rojbl. CeroaHs 3TH MUKPOOPTaHU3MBbI
MCIIOJIB3YIOTCSl KaK JO00aBKU B MHIILY, KOPM JJISl PA3IUYHBIX KUBOTHBIX, CHIPHE IS
Mpou3BOACTBA OmoynoOpenuit u Tak nanee. OHU 00JAMAOT PSAAOM TPAKTUIECKUX
MPEUMYIIECTB TI0 CPABHEHUIO C JPYTUMU MCTOYHUKAMH OMOTEXHOJIOTHYECKOTO ChI-
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pbsi: BBICOKAsi CKOPOCTh POCTa, HEOOXOAUMOCTh B HEOOJBIINX MOCEBHBIX IJIOMIAISX,
JIETKOCTh KyJIbTUBUPOBAHUSI — UM HYXKHO JIMIIb CBET, BOJIA, YTJIEKUCIbIA ra3 U MUHE-
pajbHbIe conu [2].

OcHoBHBIE 3Tarbl 00PadOTKU OMOMACCHl MUKPOBOJOPOCIICH BKIIOYAIOT B CEOS
BBIpaIuBaHue, cOop u 700bIay [5].

MuKkpoBOAOPOCIN U MIMAHOOAKTEPUHN COJEePKAT HE3aMEHUMBIE aMUHOKHUCIIOTHI,
YTIIEBOIbI, BATAMUHBI, KAPOTHHOU B, (PUKOOUITUTIPOTEHHEI, a TaKkke OnotuH. Kpome
TOr0, OHU COAEPKAT JIMHHOLECTIOYEYHbIE HEHACBHIIIEHHBIE )KUPHBIE KUCIOTBI, BKIIIO-
yast omera-6 u omera-3 [2].

Kunkue KynbTypbl U HOPOLIKH M3 MHKPOBOJOPOCIEN MPUMEHSIOTCS B TUIIE-
BOM mHAycTpuu. VX MCHonb3yroT Juisi oOoraiieHus pa3indHbiX TPOIyKTOB (MOJIOY-
HbI€, MSCHBIE, XJI€O0OYJIOUHBIE) C IIEJIbI0 YBEIUYEHUS! COJEPKaHHUS BUTAMUHOB U
pUIaHus KeIeo0pa3HbIX CBOMCTB KOHEUHOMY HU3EN0. MUKPOBOIOPOCTU TpUMe-
HAIOTCS B KQUECTBE 3aryCTUTENEH, CTaOMIIM3aTOPOB U KpacUTENel B MUIIEBOM MPO-
MBIIIIEHHOCTH [2].

[{nanob6akrepun Arthrospira platensis umMeroT BBICOKYIO MUIIEBYIO IIEHHOCTh
Osarojapsi BRICOKOMY COZICpKaHHIO Oelika, BUTAaMUHOB (BKtouas Biz), HeHaACBIIICH-
HBIX XUPHBIX KUCIJIOT, MUTMEHTOB, MUHEPAIbHBIX BEIIESCTB U YIJIeBOAOB. bromacca
Arthrospira platensis moxeT OBITH HCIIOJIB30BaHA IS IOJy4eHHs 3KcTpakra C-
(uKonMaHnHa, KOTOPHI MOXXHO HCIOJIb30BaTh B KA4€CTBE CHUHErO0 KpAaCUTENsS B
HalUTKax M JPYTrUX MPOAYKTaX BMECTO CHUHTETHYECKUX Kpacureneid. Kpome Toro,
AKCTPAKT UMEET (PIIyOpeClIEHTHbIE U aHTHOKCUaHTHBIE cBoiicTBa. Kpome Toro, 1ua-
HOOAKTEPHUH ITOr0 BUAA MCIOJB3YIOT B Je4eOHOM nutanuu, kak BAJIpI, 11s Kopm-
JICHUSI MJIQJICHIIEB U KaK CTUMYJIATOPBI pOCTa pacTeHuii [2, 3].

Mukposogopocau poaa Chlorella Taxke oTiimyaroTcst BBICOKMM COCpKAHUEM
OeJika, BKIIIOYAIOIIETO BCE HEOOXOIMMBbIE aMHUHOKHCIIOTHI, B TOM YHCJI€ HE3aMEHHU-
Mmbie. KpoMe TOro, Xjopesia colepKuT 3HAYMTEeNbHOE KoJmyecTBO MoHOB K*, Na*,
Mn2*, Ca?*. BelpamuBanue IIPU HU3KOM APKOCTH CBETA CHOCOOCTBYET HAKOIJICHHIO B
ouomacce Chlorella sp. 1eHHBIX HEHACHIIICHHBIX JXHUPHBIX KHCJOT, BKIIOYAs -
JIMHOJEHOBYIO KUCH0TY. B 1 r cyxoro BemectBa Takxke npucyrcrByet 1000-1600 mkr
KapoTuHa (npoButamuHa A), 2-18 Mkr Butamuna B1, 21-28 mMkr Butamuna B2, 9 Mxr
ButamuHa B6, 0,025-0,1 mkxr Buramuna B12, 1300-1500 mkr Butamuna C, 1000 Mkxr
npoutamuHa D, 6 Mkr Buramuna K, 110-180 mxr Buramuna PP, 10-350 Mkr Bura-
muHa E, 12-17 MKTr maHTOTEHOBOW KHUCIOTHI, 485 MKT (oiaueBor KuciaoThl, 0,1 MKT
OouoTtuHa, 22 MKT JIelKoBOpUHA. [IpenmyIecTBO XJIOpeIibl 3aKIF0YAeTCs B BO3MOXK-
HOCTH JIETKON PETyJIUPOBKU COJEPKaHUS MOJE3HBIX BEIIECTB MPU U3MEHEHUH YCIIO-
BUM ee BhIpamuBaHusa. Koraa xsopesia BbIpacTaeT HA MUTATEIBHOM Cpele, HAChI-
IIIEHHOM a30TOM, OHA HAKAIJIMBAET B OCHOBHOM OEJIKH; IIPU HEAOCTATKE OeJiKa — Ku-
PBI ¥ YTJICBOJIB; a TIPU TOOABJICHHUH alleTaTa U TIIFOKO3bI K CPeie MPOUCXOIUT YBEIH-
YEHUE COJIep)KaHUsI KapOTUHOUI0B. KondecTBO BUTAMUHOB (KakK B KJIE€TKaX, Tak U B
cpele KyJlIbTUBHPOBAHUS) BapbUPYET B 3aBUCUMOCTH OT YCJIOBUM BBIpAIIMBAHUS U
CTaauu pa3BUTHUS XJopesuibl. [lo KauyecTBy MPOM3BOJUMBIX BEIIECTB (BUTAMUHOB,
oenkoB) mukpoBogopociu poaa Chlorella mpeBocxomaT Bce n3BECTHBIC KOPMOBBIE U
MUILEBBIE MPOAYKTHI. XJIOPEJUTy MPUMEHSIOT B MPOU3BOJCTBE Xjieba, MOPOKEHOTO,
KOHJIUTEPCKUX W3JETUN sl 00OTalleHus] MUIIEBBIX MPOIYKTOB IMOJE3HBIMU Bellle-
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cTtBaMu. [{oOaBiieHHne 3TUX MUKPOBOAOPOCIIEH K MyKe B cooTHOIIeHu# 1:10 mo3Boss-
€T MOJy4aTh MPOAYKTHI, copepxkaiue ot 22 1o 29 r 6enka Ha kaxapie 100 r npoayk-
ta. BBegenne mukpoBojgopocieii Chlorella B pamnmon >kMBOTHBIX MMO3BOJISIET COKpa-
TATHh CMEPTHOCTH JIETEHBINICH JO MUHIUMYMa, TIPEAOTBpAIIacT Ae(PUIIUT BUTAMUHOB,
y MITHI] TIOMOTAET B OBICTPOM OIEPEHUH, YBEINUCHUN MACCHI SUI] U COJICPKAHUU Ka-
POTHHA, 9TO MPUBOAUT K YMEHBIIICHHIO CMEPTHOCTH ILITLUIAT B 3-4 pa3za. [Ipu nobas-
JICHUUW XJIOPEIIBI B PAIIOH KPYITHOTO POTaTOTO CKOTa YPOBEHBb HACHIIMICHHBIX JKUP-
HBIX KHCIIOT B MOJIOKE CHUYKAETCS, a YPOBEHb HEHACHIIICHHBIX MOBbIIaeTcs. Kpome
TOTO, XJIOpeJia CIIOCOOCTBYET aKTUBHOMY POCTY CEJIbCKOXO3SIICTBEHHBIX PacTeHU,
YBEJIMUMUBAECT YPOXKAWHOCTh M TOBBIIIAET UX YCTOMUMBOCTH K cTpeccy. BBeneHue
MHUKpPOBOJIOPOCIIE B MOYBY CHOCOOCTBYET YBEIWYEHHUIO COJCPKAHUS TYMHUHOBBIX
KHCJIOT B Heidt [1-3].

ConepsxkanueM IIeHHBIX BeliecTB otianyaercs U Dunaliella salina. MukpoBoio-
pociib Oorata OeKkoM, a BhIpabaThIBAEMbIE €10 TOJIMCAXapHIbl 3alTUIIAI0T TOMAT OT
BO3JICUCTBHS COJIM MIYTEM YBEIIMUYEHUS CONEPKaHUS aHTHOKCHIIAHTHBIX ()EPMEHTOB,
cTurMacreposa, HeopuraareHa, Tokodepona, 2,4-mutperOyTuideHosna, KOTopbie siB-
JISTFOTCSI COCTABJISIIONTUMH 3aIUTHl OT OKHUCIUTEIHLHOTO BO3JICHUCTBHSI HA pPacTCHUE.
Dunaliella salina conepxut 12-14% Oera-kapotnHa (00J1aacT aHTHOKCHIAHTHBIMU
CBOMCTBaMU U SIBJISIETCA MHUILIEBBIM KPACUTENIEM) OT cyxoro Beca u 10 50% riuiepo-
na (mpu BBICOKMX KOHIIEHTpalMsIX COJIM B cpefe). Tak kak y Boaopocieil poja
Dunaliella oTcyTcTByeT KieToUHas CTEHKA W B HEH COACPIKHUTCS OOJIBIIOE KOJIHYE-
CTBO O€JIKa, OHU JIETKO YCBAaMBAIOTCS, CJICICTBHUEM YETO SIBIISIETCS €€ UCIOJIb30BaHUE
B BBITNICUKE, MPH HPOM3BOJCTBE KOPMOB IS CEIbCKOXO3SMCTBEHHBIX JKUBOTHBIX [2,
3].

W3 mukpoBogopocieit Haematococcus pluvialiS BeiaensioT aHTHOKCHAAHT
aCTaKCaHTUH (MUTMEHT KPACHOTO I[BETa), KOTOPHIA HCIOIB3YETCsS B MHUIIEBOM IMPO-
MBIIJICHHOCTH JIJIsI TIPUIaHMs OTTEHKA. ACTaKCaHTHH, TOOBIBAEMBI U3 MHKPOBOIO-
pociieil, SBJISIETCS HaMMEHEEe TOKCUYHBIM M 00J1ajlaeT HauboJyiee CUIIbHBIMU aHTHUOK-
CUJIAHTHBIMU CBOMCTBAMU, YEM CHUHTE3UPOBAHHBIN aHajor [2, 3]. JlobaBieHue acTak-
CaHTHMHA B KOPM CHOCOOCTBYET MOBBIIIEHUIO YCTOMYMBOCTU PHIO K MH(PEKIMOHHBIM
3a00JI1€BaHUSAM, YBEIWYEHUIO CKOPOCTH POCTAa W BBDKMBAEMOCTH JMYMHOK B aKBa-
KyJbTYype, YAYUIICHUIO PEPOAYKTHBHBIX MOKA3aTeeH U KaueCTBO SIMI] BOJTHBIX JKH-
BOTHBIX [4].

3HauuTeNbHAs YacTh B UCIOJIB30BAHUM OMOMACCHl MPUXOAUTCS HA MPUMEHE-
HHE B KauecTBE OM0100aBOK IS TTIOAKOPMKH KUBOTHBIX U OMOYIOOpEHUN pacTeCHUH.
Arthrospira spp. NIpUMEHSIOT Kak 100aBKy K KOpMYy KOpOBaM H JIOIIASAM, TaK Kak
OHa CHa0KaeT UX OPraHU3M HE3aMEHUMBIMH KUPHBIMUA KUCIOTaMU. B NTUIIeBOCTBE
ucnonp3ytor Crypthecodiniun cohnii u Schizotrichium sp., kotopsie crmocoOCTBYIOT
00OTaIeHnuo Ul OMera-3-HeHACHIIEHHBIMU JKUPHBIMU KHUCIOTaMH. MHKPOBOJIO-
POCIH SIBJISIFOTCST OJTHUM W3 TJIABHBIX KOMITOHEHTOB I TUTaHUs poIO. JIjis oOorare-
HUS OMOMAcCChl 300IUIAHKTOHA JTOKO3areKCaeHOBOM M DHMKO3aII€HTACHOBOM KHUCIJIOTOU
mrpoko ucnois3ytorcst Nannochloropsis sp. u Isochrysis galbana. buoynoopenus,
CO3/IaHHBIC HA OCHOBE MUKPOBOJIOPOCIICH U ITUaHOOAKTEPUH, YIYUIIAIOT IJIOA0POIUE
MOYB ¥ YCBOCHHE PACTCHUSIMH MaKpO- M1 MUKPOIJIEMEHTOB, YTO CBSI3aHO C UX PETYIIsI-
TOPHBIM JCHCTBHEM — BBIPAOOTKY TOPMOHOB (IIMTOKMHUHBI, ayKCHHBI, IHC-3€aTHH,
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ruO0epeNuHbl, ITUJICH, OPACCUHOCTEPOUIbI, OETAHUOJ, a0CIIM30Basi U CAUIIMIIOBAsI
KHCJIOTBI). DTO TPOSIBIISIETCSI B CTUMYJISITOPHOM BO3JeiicTBuu Scenedesmus spp. Ha
pa3BUTHE CTeOJieH, JINCThEB M IIBETKOB Yy IIETyHBH, HHaHoOakTepun Aulosira
fertilissima — Ha pa3BuTHE IPOPOCTKOB prica [2, 4].

Cnmcok JurepaTyphl:

1. MenpuukoB C., Manankuna E. Mcniosib30BaHne XJI0pesibl B KOPMIICHUU CEIIbCKO-
X03IMCTBEHHBIX )XMBOTHBIX // Hayka n naHoBaruu. 2010. Ne8. VIK 636.086.783

2. Oneckun A.B., [lao bosiH. MukpoBogopoCcian Kak OMOTEXHOJIOTUYECKUE OOBEKTHI
/l Bomnpocsl COBPEMEHHOU aJIbrOJIOTHH. 2022. No 33. YK
579.61+579.66+579.67+581.1

3. Balasubramaniam V., Gunasegavan R.D., Mustar S., Lee J.C., Mohd Noh M.F.
Isolation of industrial important bioactive compounds from microalgae // Molecules.
2021. V.26. P. 943. DOI: https://doi.org/10.3390/molecules2604094

4. Camacho F., Macedo A., Malcata F. Potential industrial applications and commer-
cialization of microalgae in the functional food and feed industries: a short review //
Mar. Drugs. 2019. V.17. P. 312-336. DOI: https://doi.org/10.3390/md17060312

5. Muhammad Rizwan, Ghulam Mujtaba, Sheraz Ahmed Memon, Kisay Lee, Naim
Rashid. Exploring the potential of microalgae for new biotechnology applications and
beyond: A review // renewable and Sustainable Energy Reviews, Volume 92, Sep-
tember 2018, Pages 394-404. https://doi.org/10.1016/j.rser.2018.04.034

237


https://doi.org/10.3390/molecules2604094
https://doi.org/10.3390/md17060312
https://doi.org/10.1016/j.rser.2018.04.034

Cexkuus 6.
AKTyaJIbHbI€ BONIPOCHI BeTEPHHAPHOH MUKPOOHOJIOTHA

VJIK 631.4
BJIMSTHUE KAYECTBA MOJIO3UBA HA TIOKA3ATEJINA
3JIOPOBbSI TEJEHKA

Apbamckan Jlonuma /lenucosna, macucmp 1 kypca Uncmumyma acpobuomexnosno-
euu, @I'6OY BO PI'AY-MCXA umenu K.A. Tumupsizesa, Lolita.arbatskaya@mail.ru
(Hayunwiii pyxosooumenv — Cenuykas Onvea Banemmurnoeua, x.0.H., 0oyenm, npo-
geccop kagedpwr muxpoouonocuu u ummynonocuu PI'bOY BO PI'AY-MCXA umenu
K.A. Tumupsizesa, Oselitskaya@rgau-msha.ru)

AHHOmMauuA: ¢ NOMOWBIO UMMYHHBIX MeN MONO3UBA OP2AHUSM HOBOPOHNCOEHHO20 CMAHOBUMCS
CHOCOOHBIM NPOMUBOCIOAMb NAMO2EHAM OKpYicarujeli cpedvl 8 nepevle Yachbl HCUSHU, U VY-
wums ee OanvHeliulee Kayecmeo. B nepavle uacvl HusHu Moa0o3uU80 AGNAEMCcst OOHUM U3 Peuarouux
gaxmopom OanvHetiuie2o 300p08bsi meneHKa. FmeHHo nosmomy 0 CenlbCKo20 XO3AUCMEA OYeHb
8ANCHO NPEOOCMABIAMb HOBOPOHCOCHHBIM MENAMAM KA4eCmEeHHOe MOJIO3UBO.

Kniouesuie cnoea: MOJIO3UBO, CKOT, TCJIATA, KOPOBLI, CCIILCKOC XO3ﬂﬁCTBO, HMMYHHBIC TCJId, UMMY-
HOFHO6y.]'II/IHBI, IMaTOIrCHHbI, IUIICBAPCHHUC, UMMYHHUTCT, aHTUTCJIA

MHorue wuccneaoBaresid yCTAHOBUIIM NPSIMYIO 3aBUCUMOCTH KOHIIEHTPALMHU
MMMYHHBIX TeJl (MMMYHOTJIOOYJIMHOB) B KPOBHU TEJISIT CO BPEMEHEM U Kau€CTBOM MO-
JIO3MBA, MOJIy4a€MOT0 HOBOPOKICHHBIMHU [4].

B yTpo6e, KpOBEHOCHBIE CUCTEMBI TI0JIa U MaTepH pa3JiesseT IialeHTa, KOTo-
pas mpeAoTBpaIllaeT MEPEHOC MATEPUHCKUI UMMYHOTJIOOYJIMHOB TJIONY, B PE3yJIbTa-
TE€ Yero TEJICHOK pokaercsa ¢ uMmMmyHoedurmroM. K Tomy ke, ®KeTyJ0K TEIST MHO-
rOKaMepHbIN, ¥, B OTJIIMYUE OT NTHI] U CBUHEH, HE BCE €0 OTAEINbl (PYHKIIMOHUPYIOT
cpa3y IIpHu pOKJIECHUH — UX PA3BUTUE MIPOUCXOUT B TEUCHHE MOJIOYHOTO Tiepuoaa [3].
Henoctatok MMMYyHOTTIO0YJTMHOB BOCTIONHSETCS MPAKTUUECKH MOJTHOCTHIO TMPU TIO-
MOIIKA MOJo3uBa. llocne poxaeHus: TENEHOK IOIANacT U3 CTEPUIILHOW BHYTPEHHEU
Cpellbl MaTepy B OKPYXKAIOIIUI BHEIIHUM MUP C Pa3IMYHON MATOT€HHOW MUKPOhIIO-
poii. M3-3a ummyHOnedUIMTa OPraiu3M HE CIOCOOEH MOJIHOCTHIO MPOTUBOCTOSITH
HETaTUBHBIM (pakTopaM OKpyKarollel Cpeibl, K TOMYy € OH HauyMHaeT yCTaHaBIIH-
BaTh HOBBIE CAMOCTOSITENIbHBbIC (DYHKIIUM OpPraHOB W CHUCTEM, HANpUMeEp: JbIXaHUE,
MUTAHUE, META00JIU3M, TEPMOPETYIIAIUSI, KPOBETBOPEHHUE U T. .

Hannune MMMYHHBIX T€JI MOMOTAET OPraHU3MY CIPABUTHCA C CAMBIMHU IPO-
CTBIMU U OOBIJICHHBIMHU 3a00JICBaHUSAMH, TTIOKa COOCTBEHHAss UMMYHHasi CUCTeMa Te-
JIAT HE HaUMHAET ajfiekBaTHO GyHKIMOoHUpoBaTh. Okosio 75—-80 % oTxoma u 3aboJie-
BaHMM TEJAT HAOJIIOMAIOTCS UMEHHO B TIEPBBIA MEPHOJ MOCICYTPOOHOTO pPa3BUTHS
MIPU HECOOTBETCTBUU T€HETUYECKON MOTPEOHOCTH U (HEHOTUIMUYECKUX YCIOBHH Cy-
IIIECTBOBAHUS MOJIOJOTO opraHu3Ma. [losTomy mepBoOCcHOBO# (hopMuUpOBaHUS KHU3-
HECITOCOOHBIX PEMOHTHBIX TEJIOK IMOCJE POXKICHHUS CYUTACTCS MOJIOBMBHBIA M MO-
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JIOYHBIN TEpHOJ, Korjaa (GopMupyercs >KU3HECTOMKOCTh BCEro OpraHuM3Ma M elie
MIPOUCXOUT UHTCHCUBHOE Pa3BUTHE OTACIHHBIX OPraHOB (HampuMmep, pyoma) [2].

HecMoTpst Ha TO, 9TO MOJIO3UBO SIBJISETCS penaromuM GakTopoM B GOPMHUPO-
BaHWU UMMYHHTETA Y TEJAT, OOJBIIMHCTBO JETEHBIIICH UMEIOT IPOOIEMbI C TTACCHB-
HOUM muddy3ueit aHTUTEN W3 MOJIO3MBA, YTO MPUBOJAUT K paHHEH CMEPTHOCTU WU
TaTbHEUIIIM MPOOIIEMaM CO 370POBHEM.

Ecnu B Teuenue nepBbix 24-48 4yacoB TemsATa MOJYy4arOT CHIBOPOTKY C COJIEP-
KAHUEM UMMYHOTJI00yJIMHOB MeHee 10 Mr/Mi1, TO y HUX MOTYT Ha4aThCsl MPOOJIEMBI
¢ maccuBHOM muddy3ueit [5]. OcHOBHAS MPUYKUHA YTOMY — UMMYHOTJIOOYJIMHBI B UX
HEU3MEHHOM BHUJIE MOTYT MPOHUKATh CKBO3b KJIETKHM SMOPHMOHAILHOIO THIA AIUTE-
TV TOHKOTO KUIIEYHUKA TEJIEHKA TOJIBKO B TEYEHUE 3TOr0 BpEMEHH. B nanbHennem
ATU KJIETKU MOCTETNEHHO 3aMeIaloTcs 0oyiee 3peNbiM KHUIIEUHBIM JMUTENIMEM, CIO-
COOHBIM TepeBapUBATh UMMYHOTJIO0YIUHBI. OOBIYHO TAaKO€ MPOUCXOIUT B TECUCHHE
MEPBBIX CYTOK >KM3HHU TEJIEHKAa: B MepBble 12 yacoB cmocOOHOCTh BCACHIBATH UMMY-
HOIJIOOYJIMHBI B UX HEM3MEHHOM BUJIC CHUXKAETCS MPUMEPHO HA MOJIOBUHY, a K 36
yacaM MOJIHOCThIO ucuesaeT. [5]. [loaTomy kpaliHe Ba)kHO, YTOOBI MepBasi BBIMOWKA
MOJIO3MBA COCTOSJIACH HE MO3/IHEE NEPBBIX MAPhl YACOB NOCIIE POKIAEHUS, UACATBHO —
B TeueHue 30-40 munyT. Pa3Hble HICTOUHMKN UMEIOT CBOM MPEACTABICHUS O TOM, Ka-
KOW 3TO JOJKEH OBITh MPOMEXYTOK: OOJIBIIMHCTBO CYUTAIOT, YTO 4Yac, HEKOTOPHIE
yeTelpe. Pekomenayercs naBarb Mono3uBo Maccor He MeHee 10% oT Beca TeneHka
[2].

Mos03uBO cuuTaeTCs BHICOKOTO KauecTBa, KOTJa COJAEp:KaHUE UMMYHOTJI00Y-
auH npesbimaer 50 r/n. Ha kauecTBO MOJI03MBO BIIMSAET MHOXKECTBO (DaKTOPOB: IO-
poJia, MPOJIOJKUTENIBHOCTh CYyXOCTOMHOTO Mepuojia (MOJO3UBO OyJeT MEHee Kaue-
CTBEHHBIM, €CJIM CyXOCTONHBIN MEpUOJ MPOJOIKAETCS MeHee 4-X HeJleNb), BaKIMHa-
111, BpeMs rojaa, Bo3pact. Pemarommm »xe octaercss BpeMs Mociae poaoB, KOrjaa Mo-
JI03UBO OBLIIO COOPAaHO — 3TO OAWH M3 HEMHOTHUX (PaKTOPOB, HA KOTOPHIA MOXET IO-
BiusATh pepmep [4]. KauecTBo Mono3uBa cHuxkaercs Ha 3,7% KaxIblid yac Iocie
POKJIEHUS, HE3aBUCUMO OT TOTO, JOWJIM KOPOBY WJIM HET. Takke KOHLUEHTpausl UM-
MYHOTJI00YJIMHOB B MOJIO3MBE CHMIKAETCA C KaXIbIM IpuemMoM nuiuu. M3-3a Bblmie-
MEPEUYHCICHHBIX (PAKTOPOB, MOJO3MBO HEOOXOAUMO coOpaTh B mepBble 1-2 wyaca,
MaKCUMAJIbHOE BPEMsI HE JIOJKHO MPEBBIIATH 6 yacos [1].

HacrosiTenbHO HE PEKOMEHyEeTCsl CMEIIMBATh MOJIO3UBO Pa3HbIX KOPOB, JaXe
€CJIM Y KaXXJI0W OHO BBICIIETO KauecTBa. Bo-miepBbIX, KOHIEHTPALUSI UMMYHHBIX TEJ
CTaHET HUXE, BO-BTOPHIX, MOBBIIIACTCS PUCK 3apa’KeHUs OOJBIIET0 KOJIMYeCTBa Te-
JISIT, €CJIM B OJTHOM U3 MOJIO3UBO ecTh MH(pekus. Henb3s ncnonb3oBaTh BOASIHUCTOE
MOJIO3MBO WJIH MOJIO3UBO C KPOBBIO, @ TAKKE MOJIO3UBO KOPOB C MaCTUTOM. Y KOPOB,
CYXOCTOMHBIN NEPUOJ KOTOPBIX HACUUTHIBAET MEHee 45 NTHEH, a TakKe Yy KOpOB, Ie-
PEHECIINX CTPECC U UMEIOIIUX OeIHBINA pallMOH, KAYeCTBO MOJIO3UBA CPABHUTEIIHHO
HUKe. bonee crapiie KOpoBbl UMEIOT OO0JIbllIee KOJUYECTBO UMMYHOIJIOOYJIMHOB B
MOJIO3UBE, MOCKOJIbKY OHU ObUIM MOJBEP>KEHBI OOJIbILIEMY KOJMYECTBY MAaTOT€HOB 32
CBOIO KHU3Hb.

B utore, 4ToOBI TEIEHOK MOJIy4YHJI HAMOObIIIEE KOTMUYECTBO UMMYHOTIIJIOOYIU-
HOB, CJI€yEeT MOUTh €r0 MOJIO3MBOM B TE€UEHHE MEPBOTO Yaca JKU3HU, )KEJIATEIbHO OT
0oJiee B3pOCIIbIX KOPOB, COOPaHHOE B TEUEHHE MEPBBIX MAPhl YaCOB MOCIE POJOB, HE
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PEKOMEHIYeTCsl pa3BOAUTH MOJIO3UBO B BOJAEC WIM pa3MELIMBAaTh C MOJIO3UBOM pas-
HBIX KOPOB.
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AHHomauu}l: Bpaéome paccmompeHo norAaAmue u 3Ha4veHue OUOXUMUYECKUX noxa3ameﬂeb?, Mmemo-
Obl KORmMpOJis OUOXUMUYECKUX NOKA3AMENEll.

Knroueswvie cnosa: CHGI_II/IQ)I/I‘-ICCKaH AKTUBHOCTb, JUAarHOCTHKA, CHCKTpO(i)OTOMeTpI/I‘ICCKI/Iﬁ METOA,
KOHCCPBAHTHI, 66J’[KI/I, KpaCuTCJIv, aHTUI'CHbI, aHTUTCJIA.

BBenenue

buoxumMuueckne nokasarein — 3TO pe3ybTaThl UCCIEAOBAHUS, B XOAE KOTO-
pOTo M3y4yaeTcs CojlepKaHue OEIKOB, YIJIEBOJIOB, JKUPOB, (PEPMEHTOB, MHUKPODJIE-
MEHTOB U MPOJYKTOB pacriaga pa3aInyHbIX BELIECTB.

AKTYyanbHOCTh TE€MBbI, TTOCBSIIEHHON METO/MaM KOHTPOJS OMOXUMHYECKHX TI0-
KazaTeseil, 00yCJIOBIeHa BAXKHOCTHIO U MIMPOKUM MPUMEHEHHEM ATHX IMOJXOJ0B B
COBPEMEHHBIX OMOJIOTMYCCKUX U MEIUIIMHCKHUX HCCIICTOBAHUSX.
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KonuuectBeHHOE orpezesenne 0eIKoB, U3yUeHUE B3aUMOICCTBUSI aHTUTE€HOB
U aHTHTEI, a TakkKe obecriedeHne 0e30MmacHOCTH (DapMaleBTUUECKUX MPEenapaTroB -
BCE€ 9TO KPUTUYECKU BAXKHO JJISI TUATHOCTHKH, Pa3pabOTKH JIEKAPCTB U KIIMHUYECKOU
MPAKTUKH.

Meton Jloypu

MeTon ocHOBaH Ha OMYpPETOBOM PEAKITUU MENTUIHBIX CBSI3eH OCIKOB C COJISIMU
M€ B IIEJIOYHOM pacTBope (1mpu 51oM MoHBI CU?*, 06pa3sys KOMILIEKC C MENTUIHbI-
MU CBs3aMH, TiepexoasaT B Cu') u BoccraHoBieHUH (PochopHOMOIUOIEHO-
BOJIb(pamMoBOro peakTuBa (peakTuB PosmHa) ¢ 00pa30BaHMEM OKpALIEHHBIX IMPO-
IYKTOB, HHTEHCUBHOCTh OKPACKH KOTOPBIX OMPEAEISIIOT MO ONTHYECKON IJIOTHOCTH
npu jiuHe BoJiHbl 750 HM. PeaktuB @osiiHA B3aUMOJICHCTBYET C OCTaTKaMU apoMa-
TUYECKUX aMHUHOKHCIIOT OeJKa, TJIaBHbIM 00pa3oM TUPO3WHA, a TakKe Tpunrodana u
(deHunanaHMHa W, B MEHbBIIEW CTENEHU, IUCTEHHA. Pa3BUTHE OKpAaCKU JIOCTUTAET
MakcuMmyMa 4yepes 20-30 MUHYT NIpY KOMHATHOM TEMIIEPAType, B JAIBHEHIIEM HUIET
yMEHbIIEHUE €€ MHTEHCUBHOCTH. CTENEHb OKPAIIMBAHUS 3aBUCHUT OT MPUPOJIBI O€ll-
ka. [TockonbKy pa3iaudHble BUJbI OETKOB MOTYT JaBaTh LIBETHbIE PEAKIIMH PA3IMYHOM
MHTEHCUBHOCTH, UCHBITYEMBII OEJIOK JOJKEH COOTBETCTBOBATH CTAHIAPTHOMY 00-
pasny.

[TocTtpoenue kanubpoBouHoTO rpaduxa. ['oToBsAT B Kaxaoi npodbupke no 1,0
MJI. KAIMOPOBOYHOI'O pacTBOpa, AJ00aBstoT o 5,0 mi peaktuBa B (peaktuB B roro-
BUTCS U3 peakTUBOB A 1 b B cooTHomennu 50:1 u3 pacuera uCnonb30BaHUsI pEaKTH-
Ba B 00beME 5 MII B KaXIyI0 IPOOUPKY; peakTuB A cocTtouT u3 2,0 T HaTpus Kapoo-
HaTa, paCTBOPEHHOTI'0 B PACTBOpPE HATPHUsI THAPOKCHUAA; cocTaB peaktuBa b 0,5 T meau
cynbdara, 1,0 r. kanus-HaTpUs TapTpaTa, pacTBOPSIOT B BoJie ouunileHHoi). Conep-
KUMOE MPOOUPOK TIIATETHHO MepeMenInBaT. 3areM BHocAT 1o 0,5 mul. peakTuBa
@onnHa, NepEeMEIINBaOT U OCTaBIAOT Ha 30 MuHYT. [lo HcTeueHMN BpeMEHU U3Me-
PAIOT ONTHYECKYIO MIOTHOCTh MPHU AJUMHE BOJIHBI 750 HM B CTEKJISIHHBIX KIOBETaX.
KanuOpoBoYHBIN CTPOUTCS IPOrpaMMHBIM 00ECTIEUEHHEM CIEKTPOPOoTOMETpA.

AHanu3 ucneityeMoro oopasua. B ase npodupku BHOCAT 1o 1,0 mu1 moaArotos-
JIEHHOT'O UCIIBITYEMOI0 00pa3ia, 3a KOHTPOJIbHBIM pacTBOP OEpyT COOTBETCTBYIOIIMIA
pacTBOpHUTENb, KOTOPHIM OBLI pa3BeieH oOpazell. B kaxayro mpoOupky BBOAAT 1o 5,0
MJI peakTuBa B, conepkumoe npoOUpOK TIIATEIbHO NEPEMEIINBAIOT U OCTABJISIOT HA
10 munyT. 3atem BHOCAT 1o 0,5 Mi peaktuBa DoJMHA, IEPEMENTUBAIOT U OCTABJISAIOT
Ha 30 munyt. [lo ucredenun 30 MUHYT U3MEPSIOT ONTUYECKYIO IJIOTHOCTH MPH
IUIMHE BOJIHBI 750 HM MO CpaBHEHHIO C pacTBOPOM CpaBHEHMS, cojaepxamuMm 1,0 M
pacTBOPUTENA U BCE BBIIENIEPEUUCIEHHBIE PEareHThl. Pe3ynbTaT BHIIIOIHEHUS PO-
LEIypbl IPEJCTABIISIOT B IPOTOKOJIE KOHTPOJIS.

MeTtoa oaMHO4YHOM paauaabHoil uMMYHOAUPPy3uu (OPU/L)

B OPU/lax uccnenyercs OAUH IITAMM M HET KOHCEpBaHTOB. [IpoBepstoT mo-
JMHHOCTh AQHTUT€HA TreMarriiloTUHUHA. MeToJ omnpeneseHusi OCHOBaH Ha TOM, YTO
reMarriJloTUHUH, TUOPYHIUPYS U3 JIYHOK arapo3HOro reiis B pagualbHOM Harpas-
JIEHUH, pearupyeT co crneuuduuecKUMMU aHTUTETaMU CHIBOPOTKH, HAXOISUIMMUCS B
arapose, 1 00pa3yeT B reiie 30Hy NMpeuunuTauuud. Pazmepsl okpyXarouiei JIyHKy 30-
Hbl TPEIUNUTAIIMY HAXOJATCS B MPSMON 3aBUCUMOCTH OT KOJUYECTBA aHTHUTCHA,
BHECEHHOT'O B JIYHKY.
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Crneunduueckasi akTUBHOCTb — KOJIMYECTBEHHAs! XapaKTEPUCTUKA UCTIBITYEMO-
ro oopasna. [lonmMHHOCTh aHTUTEeHA TeMArTIIOTUHIHA BUPYyca rpunma (aHTUTCHHAS
CHEIU(PUIHOCTh) — KAUeCTBEHHAs! XapaKTEPUCTHKA MCIBITYEMOro o0pasiia, KoTopas
MOJITBEPXKIAETCSI OHOBPEMEHHO C OTMpeAeSICHUEM CIeu(UIecCKO aKTUBHOCTH Te-
MarrilOTUHUHA BUpyca rpunna. VcneiTaHue mo MOATBEPKACHUIO MOJIMHHOCTH Te-
MarrjilOTUHUHA BUPYCA TPUIMIA CUUTACTCS 3aBEPIICHHBIM IMPHU BBIMOJIHEHUU MPOIIE-
AYpHI TIO ONPEIEICHUIO CTIeNU(UYECKON aKTUBHOCTH.

[Topsinok mpoBe/ieHHs KOHTPOJS UCIHbITyeMoro oOpasua. OmpeneneHue crie-
U(pUUECKON aKTUBHOCTH (COJEp’KaHMUsS aHTUT€HAa reMarrioTuHuHa ['A) mpoBonsT
Ha JABYX IJIACTUHAX JJIs Kaxkaoro oopasma. Ha xaxaoi miacTuHe UCCIEAYIOT CTaH-
JapT ¥ IBa-TpU 00pasia, OTBOAS MO KaKIbIi 0oOpasell 1o aBa psaa JyHok. Ha BTo-
POl TUTACTHHE MPOBEPSIOT Te ke 00pasiibl, HO IPU HEOOXOJIUMOCTH PACIIOJIOKEHHE
o0paslioB U CTaHAapTa MPOU3BOJIBLHO MEHAIOT. JlenaloT cepuio pa3BeeHUN aHTUTe-
HOB: Hepa3BeJeHHbIN aHTureH, 1:0, 3:1, 1:1, 1:3. [{ns peakuuu Ba’KHO, YTOOBI UCIIBI-
TyeMblii OOBEKT M CTaHAAPTHBIN aHTUTEH coJepxkaiu Onu3kue konuudecTtBa ['A, Tak
YTOOBI pa3Mepbl 30H MPEUUNUTAUUUA ObUIA COMOCTaBUMBI. Eciii O0OBEKT, COrjaacHo
MacIOPTHBIM JJAHHBIM, COJEPKUT MeHbIle ['A, ueM cTranaapT, HEOOXOAUMO MPOBECTH
MIpEABAPUTENILHOE Pa3BEJICHUE CTaHJIapTa M, HA00OPOT, €CIM CTaHJIAPT MEHEE aKTH-
BEH, YeM OOBEKT, TO pa3BOJAUTCS 00BEKT. B IyHKH BHOCAT 1o 20 MK Ka)J0ro pas-
BEJICHUA, HAUMHAas ¢ pa3BeneHus 1:3 mpu nepexozie OT OJHOrO Pa3BEACHUS K JIPYyro-
My. Jlajiee miacTUHBI MOMEIIAOT BO BAXKHYIO KaMepy MPU KOMHATHOUM TemIepaType
TUTSE IPOXOXKAeHUS mipotiecca uMmyHoaubdPy3un (18-24 yaca). [lo ucreuenuun 3Toro
BPEMEHU JIs yJAJeHUsI U3 refis Hecnenupuueckux OeIKOB IIACTHHBI TOMENIAOT B
docdarHbiii OypepHblii pacTBop npu 2-4-kpaTHoW cmeHe pactBopa. Ilocne storo
CJION Tessl MOKPBIBAIOT MJIOTHOM (PHIIbTpOBaIbHOM Oymaroii, cMoueHHOU B (pocdat-
HOM Oy(depHOM pacTBOpe, 3aTEM HECKOJIBKHUMH CIOSAMH (UIBTPOBAILHON OyMaru u
MOMEIIAT moA rpy3. s BhICYIIMBaHUS IJIACTUH WX TMOMEIIAIOT MO BEHTHIIS-
top/¢peH. CymaT 10 MOJHOIO BhICBIXaHUSI arapo3Horo cios. Cyxue miaTUHbI 3aj1u-
BAIOT KpacHUTENEM U OKpammuBaroT He MeHee 30 MuH. 3aTéM MJIACTHHBI OTMBIBAIOT U
CylIar.

[Tocne BbICymMBaHUS HUGPPOBBIM IITAHTCHIIUPKYJIEM H3MEPSIOT TUAMETPhI
KOJIEll MPEUUNUTaIuy B JBYX MEPHEHAUKYJISPHBIX HampaBieHusx. s u3aMepeHus
IUaMETPOB HCIIOIB3YIOT MPOrPAMMHO-AIIAPAaTHBIA KOMIUIEKC «CKaHep Uil reien
Artix Scan F2 Microtex».

Metoa bpeadgopaa

Meton bpeadopna ocHoBaH Ha cIBUre CIIEKTpa HorjoiieHus kpacutens Ky-
Maccu G-250, Bxojsmiero B coctaB peaktuBa bpendopna, B cropony 3nauenuit 595
HM TIPSIMO TMPOTOPIIMOHAIBHO KOHIIGHTPAIIMU COJZIEPIKAIEerocss B pacTBope Oernka.
JIaHHBIM METOJ OCHOBAH Ha CMEIICHUM MAKCUMyMa IOTJIOMIEHUS] ONTUYECKOM TIJIOT-
HocTH Kpacutelns kuciaotHoro cuHero 90 (Kymaccu OpusunanToBeiid cuamii R-250)
ot 470 HM 110 595 HM, HaOMIOaeMOM BCIIC/ICTBUE CBSA3BIBAHUS O€liKa ¢ KpacUTENeM,
oOpazoBanus komruiekca Kymaccu ¢ 6enkom. Kommieke u3mMepsoT npu JJIMHE BOJI-
HbI 595 HM. AGcopbumonHas ¢poromerpusi komiiekca Kymaccn/6enok umeer oueHb
BBICOKYIO UYBCTBHUTEJILHOCTh M 3(PPEKTHBHA Jake B Clyyae CJIeOBbIX KOHLEHTpa-
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i 6enka. Kpacurenb Hanbosee akTUBHO CBSI3bIBAETCS C OCTaTKaMU aprUHUHA U JIU-
31Ha OelKa.

[TocTtpoenue rpagyrpoBouHoro rpaduka. st mocTpoeHuss KaIuOpOBOYHOTO
rpaduka roToBsT cepuio KamnOpoBouHbIX pacTBopoB. K 0,100 M xaxmoro kanudpo-
BOYHOTO pacTBopa aoOasisitor 5,0 Mt peaktuBa bpendopaa, mepememmBaroT, u3oe-
rast oOpa3oBaHUs TMEHBI, U OMPEACIAIOT ONTHYECKYIO TUIOTHOCTH MPHU JUIMHE BOJHBI
595 HM, OTHOCUTEIIBHO PaCcTBOpPA CPABHEHUS, B KQUECTBE KOTOPOTO UCIOIb3yt0T DbP
(dbochaTHO-OydepHbIii pacTBOpa) U Bce NepeurcieHHble peareHTbl. O0pabaThiBalOT
MOJIyYCHHBIC JAHHBIE METOJIOM HAWMEHBIIIUX KBaJAPATOB U CTPOSIT IpaduK 3aBUCUMO-
CTH OINTUYECKOM MIOTHOCTH OT KOHIIEHTpauuu Oenka. [Ipu HaIM4um COOTBETCTBYIO-
el mporpamMmbl IOCTpOeHUE rpaduka BXOIUT B ero (yHkuuu. KanuOpoBOUHBIN
rpaduK CTPOUTCS KaXKIbIN pa3 IpH MPOBEACHUU KOHTPOJIS UCIIBITYEMOTO 00pasIia.

[Topsinok mpoBenenus ucneitTanus: B nee npooupku k 0,100 M UcTIBITYyeMOTO
oOpasma mpubasmstor 5,0 M peaktuBa bpendopaa, mepeMenmBaOT U OMPEALSISIOT
ONTHUYECKYIO TJIOTHOCTh MIPHU IJIMHE BOJIHBI 595 HM, OTHOCHUTENBHO PacTBOpa CpaBHE-
HHUSI, B Ka4€CTBE KOTOpOro ucnonbzyercss ObP u Bce BhlllenepeynciieHHbIE pearcH-
Thbl. Pe3ysbTarsl 3aHOCAT B TPOTOKOI KOHTPOJISL.

Tuomepcai. CnekrpogoToMeTprHYecKHd METO.

Onpenenenue NpoBOAAT CIEKTPO(HOTOMETPUUECKUM METOJOM B TOTOBBIX Ipe-
naparax u noiydaOpukarax, B COCTaB KOTOPBIX BXOJUT KOHCEPBAHT. MeTo 1 OCHOBaH
Ha 00pa30BaHUU OKPAIIEHHOI'0 KOMIUIEKCa THOMEpcalla C JUTU30HOM B KHUCIIOH cpe-
ne. Pe3ynbrar onieHnBaeTcs CrieKTpopOTOMETPUUECKUM METOI0M MU JJIMHE BOJHBI
482 HM.

[Topsinok mpoBenenus ucnbiTanus: B nBe mpoOupku BHOCAT no 0,36 mut craH-
JapTHOTO pacTBopa TMoMmepcana, 106asisoT 0,2 Myl paboyero pacTBopa JAUTU30HA C
koHuentparmet 0,03 mr/mi. [lomydeHHBIM pacTBOp TIATEIHHO MEPEMEIINBAIOT U
BBIJICP’KMBAIOT B TEUEHHUE 5 MUHYT. M3MepsArOT ONTHYECKYIO MIIOTHOCTh CTaHAAPTHO-
ro pacTBOpa MpH JJIMHE BOJHBI 482 HM, UCMOIb3YsI KOHTPOJIBHYIO MPOOY B Ka4eCTBE
pacTBOpa CpaBHEHUS, KOTOPBIA TOTOBAT AHAJIOTUYHO, UCMOJIb3ys 0,36 MJI BOJIBI OYU-
IIEHHOW M BCE BBILIEMIEPEUHUCICHHBIE peareHThl. ONTUYECKYIO IUIOTHOCTh CTaHIAPT-
HOT'O PacTBOpa TMOMEPCAJa ONPEAEIIAIOT IPU KaKIOM aHAJIN3E.

AHanu3 ucneiTyeMoro o0pasua: B ase npobupku BHocAT 110 0,36 M1 UCOIBITY-
eMoro ooOpasia, no6aBisioT 0,2 M pacTBOpa CEpHOM KHUCIOTHI, 3,44 M BOJHO-
cnupToBO cMmecH 2,0 Mi paboyero pacTBopa nutu3oHa. [lomydeHHbIN pacTBOp Tie-
PEMEIINBAIOT U BBIACPKUBAIOT B T€UEHUE 5 MHUHYT. I3MEPSAIOT ONTHYECKYIO IJIOT-
HOCTh KaXXJOTO W3 HCIBITYEMBIX 00pa3loB. Pe3ynbraThl mpoBeAeHUs MPOLEAYph
IIPEACTABIISIIOT B MPOTOKOJIE KOHTPOJIs. KpuTepuii mpueMiaeMocTH coAepKaHus THO-
Mepcaia B HCTIBITyeMOM o0pasiie — oT 85 10 115 Mkr/mi.

3akirouenue

Metonsl bpaadopaa u Jloypu ocraroTcsi KItOYEBBIMU ISl KOJMYECTBEHHOTO
onpeneneHus: OeIKoB 0aroaaps BHICOKOM TOYHOCTU W MPOCTOTE MpUMeHeHus. Tuo-
Mepcal MpOoJI0JKAET UTPATh BAXKHYIO POJIb B KaueCTBE KOHCEpBaHTa B (papMalleBTH-
YecKux mnpenaparax. Metoq oAMHOYHOW paauaibHOM UMMYHOAUGdY3UM TpencTaB-
JsieT co00M BaXKHBIM MHCTPYMEHT JIJIsl KOJJMYECTBEHHOTO aHalu3a aHTUT€HOB U aHTHU-
TE€J B CBIBOPOTKE, 00eCreunBas BbICOKYIO TOYHOCTb U CLIEHU(DUUHOCTD.
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KommekcHoe paCcCMOTPCHUEC OTHX METOAOB ITO3BOJIACT OIITHUMHU3UPOBATL BbI-
60p MCTOJMK B 3aBUCUMOCTH OT KOHKPCTHBIX 3a/la4 UCCICAOBAHN. OT0 CHOCO6CTBy-
€T IMOBBIIICHUIO TOYHOCTHU 1 JOCTOBCPHOCTH IIOJTYYACMbBIX PE3YyJILTATOB.
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Knrouegwvie cnosa: nnacTUHbBI, TPUPOAHBIN SHTApb, a3PO30JbHBIA (OH, JETKHE OTPHUIATEIbHBIE U
MOJIOKUTEIbHBIE HOHBI, JIEKTPOMArHUTHOE U3JIy4eHHE

PesyabTaTrhl mcciaenoBaHuii U ux oo0cyxaeHue. OQHUM M3 JICHCTBEHHBIX
CIOCOOOB YIIyYILIEHUSI U 030POBJIEHUS BO3YIIHON Cpebl 1 YMEHBIICHUS TOTEHIU-
aJla CTaTUYECKOI0 AJIEKTPUYECTBA SIBISIETCS 00pabOTKa BO3/1yXa a3pOMOHAMHU, KOTO-
pbI€ B ONPEAEIEHHBIX KOHIEHTPAUAX OJJarOTBOPHO BIIMSIOT HA OPIaHM3M YEJIOBEKA.
OTtpunaTenbHas adpOMOHU3ALNS OKA3bIBAET CTUMYJIMPYIOIIEE BIMSHUE HA JIETOYHYIO
BEHTUJIAILIIO, YCWIMBACT OKHCINUTEIbHO-BOCCTAHOBUTEIBHBIE MPOLECCH B TKaHIX,
3aMeJISIET CBEPTHIBAEMOCTh KPOBH, MOJOKHUTEIBHO HU3MEHSET (YHKIIMOHATIBHOE CO-
CTOSIHUE HEPBHOM CHCTEMBI, YIy4llaeT OOIlee caMOYyBCTBHE, MOBBIIIAET YMCTBEH-
HYyI0O U (U3HUECKyI0 paboTOCOCcOOHOCTh. W3BecTHBI cmOcoObl W yCTpOWCTBA
a’POMOHMU3ALIMKA BO3JyXa 3apsHKEHHBIMH OTpUUAaTelbHbIMH HOHaMu (A.JL. Ywxes-
ckuid, 1958; marenter PO Ne 2019207, A 61 N 1/44, 1994 r., Ne 2095097, A 61 N
1/44, 1998 1., No2103029, A 61 N 1/44, 1998 r., Ne 2126277, A 61 N 1/44, 1999 r.).
CriocoObl  a3pOMOHM3ALMU BO3/JyXa, OTIMYAsACh MEXAY COOOH KOHCTPYKTHUBHO-
anmnapaTHOW peajn3aluel, OCYIIECTBISIOTCA CIEIYIOIMM 00pa3oM: MOJKIIOYAIOT
U3JTy4yaTellb a3POUOHOB K MCTOUYHUKY BBICOKOTO HANpPsDKEHUS; 00€CTIEUUBAIOT U3ITY-
YEeHHE a’pPOMOHOB C MOMOUIBIO OJTHOTO MJIM HECKOJIbKMX M3JyyaTesel; mpu HeoOxo-
JMMOCTH MOJIOTPEBAIOT BO3YX U 00ECIEUUBAIOT C OMOIIBIO BEHTWISTOPA LIUPKYJISi-
10 KOHIICHTPUPOBAHHOI'O MIOTOKA a3POUOHOB.

CrocoObl U yCTpOICTBA a3pOMOHU3AIMHN BO3/1yXa B IOMEIIEHUH UMEIOT CYIIe-
CTBEHHBIE KOHCTPYKTHBHBIE M 3KCIUTyaTallMOHHbIE HEJIOCTATKU, KOTOPbIE OrpaHUYU-
BAIOT 00J1aCTh UX MPAKTUYECKOTO UCIIOIb30BAHUS:

M3BeCTHBI TaKKe CIOCOOBI M yCTPOMCTBA JUISl 3aLIUThI OT U3TyUYEHUs YEIOBEKa,
HCIIOJB3YIOIIETO TEJNEBU30PBI, MEpEeNaTYuKH, KommbloTepsl, CBY-meun u T.II
ycTtpoiictBa (marentel PO Ne 1718710, A 61 N 1/16, 1988 r.; Ne 2117497, A61 N
1/16, 1997 r., Ne 2143702, A 61 N1/16, 1999 r., Ne 2161514, A 61 N 1/16, 1999 r.)
MexaHu3M 3aluThl YeloBeKa OT U3IyYeHHU U paboTa M3BECTHBIX 3allaTEHTOBAHHBIX
pelieHnit OCHOBaHa Ha (POPMHUPOBAHUH 3AILUTHOTO MOJISL.

Tak B matente P® Ne 1718710 3amura oT U3JIy4EeHUS OCYILIECTBIACTCS ITyTEM
pa3MeIleHNs BIOJb IMOBEPXHOCTH MCTOYHMKA HM3IYyYEHHs HECKOJIBKMX MCTOYHHKOB
KOMIIEHCHPYIOIIETO M3JIy4YEHHMsI, BBIIIOJHEHHBIX B BHJIE 3aKPBITOrO KOpIyca W3 He-
MarHuTHOIO MaTepuaja, B KOTOPOM CMOHTHPOBAH MOCTOSHHBIM MAarHUT U CTEP’KEHb
U3 YIJIepoJa.

B marente P® No 2117497 cniocob 3ammThl OCYIIECTBISETCS TyTEM I'eHepaluu
3aIMTHOTO TOJI C UCIIOJIB30BAaHUEM B KaUe€CTBE T€HEPATOPA 3AIIMTHOTO MOJII HOCH-
MBI 4eJIOBEKOM MPEAMET, Ha KOTOPBI MEPEHOCIT OCIabJIEHHYIO BOJHOBYIO Xapak-
TEPUCTHUKY U3JTydaTelIs.

B marente PO Ne 2143702 ocymiecTBisitor GOPMUPOBAHUE 3AITUTHOTO TOJIS
JIOKAJIBHOW 30HBI C PEryJMPYEMBIMH WM NOACTPAMBAEMBIMH XAPAKTEPUCTHUKAMHU.
HenocraTtkom HacToAmIero crnocoda 3aiuThl YeloBeKa U yCTPOUCTBA IJIsl €r0 peau-
3allMM  SIBJSIETCS BBICOKAs CXEMOTEXHUYECKAs CIO0XHOCTh U JOPOTOCTOMMOCTH
YCTPOMCTBA ISl €M0 peaIn3aliy, YTO UCKIIFOYAET BO3MOKHOCTb €0 UCIIOJIb30BaHUS
B IIMPOKON METUIIMHCKON NMPAKTUKE U B OBITOBBIX YCIOBHUSX.
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VYeTpoicTBO 7151 3alIUThI YEJIOBEKa OT M3IYUYEHUHN AIEKTPUUECKUX NPUOOpOB,
ormicanHoe B mateHTte P® Ne 2161514, BHIONMHEHO B BHJAE HOCHMOTO YEJIOBEKOM
MpeaMeTa B BUJE IUIACTUHBI TPOU3BOIBHON (hOPMBI, OJJHA U3 TTOBEPXHOCTEH KOTOPO-
ro MOKPHITA YEPHBIM MaTEpPUAJIOM C OTBEPCTUEM ISl MpoBoHMKA. Hemoctatkom u3-
BECTHOTO YCTPOWCTBA SBJISICTCS OTpaHUYEHHAs M Majio MPOTsHKEHHAs 00JacTh 3a-
ITUTHOTO TIOJISI, 1 COOTBETCTBEHHO HU3KAs 3 (HEKTUBHOCTH 3aITUTHI.

OOnMM HEIOCTaTKOM JAHHBIX YCTPOUMCTB U CHOCOOOB 3alIUTHI OT AIEKTPO-
MAarHUTHBIX M3JTyYECHH SIBISETCS HEBO3MOXKHOCTh T€HEPUPOBAHUS UMU OTPULIATENb-
HBIX a’POMOHOB M (POPMHUPOBAHUS W3 HHUX 3AIIUTHOTO JKPaHa, PACIOJIOKEHHOTO B
HEMOCPEICTBEHHON OJIM30CTU OT UCTOYHUKA U3ITYUCHHUSI.

N3BecTHO, YTO SIHTAph SIBISETCS AKTUBHBIM IMOCTABIIUKOM CBOOOJIHBIX 3JIEK-
TpOHOB. B OCHOBe MexaHM3Ma JIe4eOHOro BO3JEHCTBUS SIHTAPS JICKUT dHEpPreThye-
CKO€ BO3/IEHCTBHUE €Tr0 MHOTOUMCIIEHHBIX CBOOOIHBIX 3J1eKTpoHOB Ha BAT uenoexa.

Ba)xHBIM MOMEHTOM 11 TOHUMaHUSI MEXaHU3Ma JICYEOHOTO JCHCTBUS STHTAPS
SBJISIETCA HAJIMYKE B €0 MyCTOTaX CBOOOJAHOM siHTapHOM KuCHOTHL. [Ipu BBeneHnn eé
B OpraHu3M, OHa y4acTBYET B MPOIIECCE KIETOUYHOIO JAbIXaHUSI U aKTUBUPYET €r0 TaK
e, KaK CHHTE3UPOBAHHASI BHYTPH KJIETOK. Y CKOPSISI MPOLIECCHI JbIXaHUSI B KJIETKAX,
SHTapHasi KUCJIOTa CHUXKAET COJECP’KaHHE B HUX HEBOCTPEOOBAHHOTO KHMCJIOPOJA U,
TakuM 00pa30M, YMEHBIIIAET BEPOSITHOCTh 00pa3oBaHusi CBOOOIHBIX paaukanoB. [1o-
MHMO 3TOTO0, SIHTapHAasi KUCJIOTA, €€ COJIM, BXOJSAIINE B UX COCTAB MUKPOIJIEMEHTHI,
BBICBOOOK/IAsICh U3 STHTAPHOT'O KapKaca, MOTYT BCAChIBATHCS Y€pPE3 CTCHKY KUIIECYHU-
Ka MIpH MOMAJAHUU KHUCIOThl BHYTPh OpraHMW3Ma, B KPOBEHOCHOE PYCJO, OKa3bIBas
COOTBETCTBYIOIINMA JIe4eOHBIN ADDEKT.

Bricokue 1ienebHbie, 3alUTHBIE CBOMCTBA MPUPOJTHOTO SHTAPS U SIBHJIUCH OC-
HOBOW JAaHHBIX HUCCIeAOBaHUW. J[JI1 MaKCMMAaJIbHOTO HCIMOJb30BaHUS OTMEUYEHHBIX
CBOWCTB SIHTapsli aBTOpAaMU peEIlIeHa 3ajavya M0 ONTUMAaJIbHOMY MPOCTPAHCTBEHHOMY
pa3MeNIeHUIO U3JIydaTesieil adpOMOHOB B BUJIE TUIACTUH U3 MPUPOJHOTO STHTApsl OTHO-
CUTEJIbHO UCTOYHUKA JICKTPUUECKOTO U3ITYUYEHUS.

Kak moka3pIBatOT MPOBEICHHBIE UCCIENOBAHUS HA PacCTOsHUU 10 1,7 M mep-
MEHIUKYJISIPHO TJIOCKOCTU IUIACTUH, 00pa3yeTcs 30Ha HAUOOJIbIIECH KOHLEHTPALUU
JIETKUX OTPHUIATEIbHBIX HOHOB, KOTOPHIE TEHEPUPYIOTCS CIIOEM SIHTApsI Ha MJIACTUHAX
U3IIy4aTels.

PanueB P.A. ¢ coaBT. ObUIM MPOBEACHBI UCCIEIOBAaHUS a3pO(OHa TOMEIICHUS
¢ paboTaroyM KOMIBIOTEPOM JI0 YCTAHOBKH IJIACTUH C SHTApEM, U MOCTe pa3Melie-
HUS WX B 30HE paOOTAIOIIEr0 KOMITBIOTEPA.

ABTOpamu mpoBeneHo a’podoHa cuerunkom a’dpouoHoB CAU TI'Y-70 UT
6914 M3mepenust npoBOAWINCH Ha paccTOSHUM 1 M oT kommbroTepa llenTnym-3 ¢
MoHUTOpOM Rolsen u Ha 3TOM Ke pacCTOSHUU OT ABYX paMOK pazmepom 22x15 cm
KaXKJas C HaKJIECHHBIM SIHTapeM. B Hauane u3MepeHuil onpeaesics eCTECTBEHHbIN
a’POUOHHBINA (POH /10 BKIIFOUEHHUS KOMITbIOTEpPA U B OTCYTCTBUU IJIACTUH C STHTapeM.
3aTeM orpeaensiics adpoOMHOHHBIN ()OH B MOMEIICHUU Yepe3 yac Mpu padoTaroleM
KOMIIBIOTEPE, U B 3aKJIFOUCHUHU HCCIIEAO0BAJCS adpPOMOHHBIA (DOH Tpu paboTaroriem
KOMIIBIOTEPE U PACTIOI0KEHHBIX BOJIM3U HETO 2-X PaMOK C IPUPOJIHBIM STHTapEM.
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B pesynbpTare uccineqoBaHU aBTOPHI YCTAHOBWJIM, YTO a’pOUMOHHBIN (hOH B
Hayajie YKCIePUMEHTa COOTBETCTBOBAI OOBIYHOMY (DOHY TIO CIIEKTPY a3pOMOHOB, KO-
TOPBIM PETUCTPUPYETCS B 3TOM noMeneHnu. B 10 gacos:

- KOJIMYECTBO JIETKMX OTPUIIATENBHBIX HOHOB - 120 non/cm/c;

- KOJIMYECTBO JIETKUX MOJIOKHUTENbHBIX HOHOB - 150 non/cm®/c;

- KOJIMYECTBO TXKEIBIX MOJIOKUTEIBbHBIX HOHOB - 7300 moH /cm® /c;

- KOJIMYECTBO TSHKENBIX OTPHIATENLHBIX HOHOB - 6200 non /cm®/c;

Pe3ynbraThl uccinenoBanus npu paboTalIIeM B TEUCHHE 2 4. KOMIIbIOTEpE B
12-00 4.:

- KOJIMYECTBO JIETKMX OTPHLATENBHBIX HOHOB - 70 non/cM/c;

- KOJIMYECTBO JIETKHUX MOJIOKHUTEIbHBIX HOHOB - 2000 mon/cm/c;

- KOJIMYECTBO TKEIBIX MOJIOKHUTEIHLHBIX HOHOB - 45400 non/cm®/c;.

- KOJIMYECTBO TSXKEJIBIX OTPUIATENIbHBIX HOHOB - 12500 non fem®/c;

Pe3ynbpTaThl M3MepeHH TIpU padOTAIOIIEM KOMIBIOTEPE W HAXOSAITUXCS Ps-
JIOM C HUM IUTacTUH ¢ sHTapeM B 14-00 yacos:

- KOJIMYECTBO JIETKMX OTPULIATENBHBIX HOHOB - 500 non/ cM*/ c;

- KOJIMYECTBO JIETKHUX MOJIOKHUTENbHBIX HOHOB - 600 non/cm®/c;

- KOJIMYECTBO TKEIBIX MOJOKUTENBHBIX HOHOB - 10200 non/ cm°/c;

- KOIIMYECTBO TKEIBIX OTPHIATENLHBIX HOHOB - 9500 mon /cm®/c.

Pe3ynbraTel H3MEpEHNI NPH TAKUX Ke ycioBHusaX B 15-00 gacos:

- KOJINYECTBO JIETKMX OTPHLATENBHBIX HOHOB - 580 non/cm’/c;

- KOJIMYECTBO JIETKUX TOJIOKHUTENIBLHBIX HOHOB - 620 non/ cm>/c;

- KOJIMYECTBO TSXKEJbIX MOJIOKHUTEIBHBIX HOHOB - 9800 non/cm/c.

- KOJIMYECTBO TSXKEJIBIX OTPUIIATENBHBIX HOHOB - 8700 1oH /cMm/c.

N3mepenus depe3 yac Mociie BBIKIIOUCHHUsS] KOMIbIOTEpa B MPUCYTCTBUU 1A~
CTHUH ¢ ssHTapeM B 16-00 vacos:

- KOJIMYECTBO JIETKMX OTPUIIATENBHBIX HOHOB - 2 600 non/cm’/c;

- KOJIMYECTBO JIETKHUX MOJIOKHUTEIBbHBIX HOHOB- 260 MOH / cM °/c;

- KOJIMYECTBO TSKEJNBIX ITOJIOKUTENLHBIX HOHOB - 890 mon/cm3/c;

- KOJIMYECTBO TKENBIX OTPHIATENLHBIX HOHOB - 1950 non /cm®/c.

OO0600111eHHBIE PEe3YyJbTAaThl MPOBEACHHBIX H3MEPEHUM MO3BOJIMIIA aBTOpaM
caenath clenyrouye BeIBOAbL. [Ipu paboTe kommbroTepa (HopMUPYETCs ONpeeeH-
HBI CIEKTP a’pOUOHOB, 3HAYUTEIHLHO OTJIMYAIOUIMNCA OT MEePBOHAYAIBHOTO
a’POMOHHOr0 (POHA TOMEIIECHHsS, B OCHOBHOM IO KOJIMYECTBY ITOJIOKUTEIBHBIX
HOHOB.

Tak, B 30He paboTaroNIEero KOMIbIOTEpa KOJIUYECTBO JICTKUX IOJIOKUTEIBHBIX
1oHOB Bo3pociio B 13 pa3 (150 mpotus 2000), KOMHMIECTBO TAKEIBIX MOTOKUTEIBHBIX
HOHOB Bo3pociio B 6 pa3 (7300 nmpotus 45400). O1HOBPEMEHHO YCTAHOBJIEHO CHUXKE-
Hue B 1,7 pa3a JErKuX OTpUIATEIBHBIX MOHOB. IIpu pasmenieHun BOIM3H ¢ paboTa-
IOIINM KOMIIBIOTEPOM IUIACTHH C MIPUPOJIHBIM STHTAPEM CIEKTP adpPOHMOHOB B 30HE pa-
0O0THI KOMITbIOTEpA YETKO MEHsIeTCs. Tak KOJIMYECTBO JIETKMX OTPUIIATEIHHBIX NOHOB
Bo3pactaeT B 8,2 paza (70 u 580), nmoynoxuTenbHbIX B 4,6 pa3a 1o CpaBHEHHUIO C yKa-
3aHHBIMU TOKA3aTeNISIMU CIIEKTpa a’pOHOB MpHU padoTarolleM KOoMIbloTepe 0e3 pac-
MTOJIOKEHUS TUIACTUH C IPUPOJIHBIM siHTapeM. [Ipu 3ToM 1mocie BBHIKIFOYEHUS] KOMITh-
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I0TEPA MO/ BIMSHUEM IUIACTUH C PUPOIHBIM SHTAPEM CO3AAETCS a9POMOHHBIN (POH ¢
npeobiajaHueM OTPULIATENbHBIX HOHOB.

HccnenoBanus pa3indHbIX KOHCTPYKTHUBHBIX pealu3aluil u3iydaTenei u s¢-
(EeKTUBHOCTH WX MPUMEHEHHUs, MOATBEPIMIA MEPCHEKTUBHOCTD JOMOJIHUTEIHHOTO
WCIIOJIb30BAaHUSI BEHTWJIATOPOB I 0O€CleYeHusl LIUPKYISIUUMU BO3AyXa B 30HE pac-
ITOJIOKEHMS TIACTHH C sHTapeM. [IoTok Bo3myxa, co3aBacMblil BEHTUIISTOPOM, I10-
BBIIIAET KOHUEHTPALMIO, HCXOAAIIMX OT IUIACTHH M3Iy4yaTedsl OTPHULATEIbHBIX
MOHOB.

IIpu onpenesneHHbIX pa3Mepax NOMEIICHHs], IApaMETPOB UCTOYHUKA JJIEKTPHU-
YEeCKOro M3JIydeHHUsl (€ro MOUIHOCTH, IUIOAAN U MHTEHCUBHOCTH H3IY4YEHHH) AJis
3aIATHl YEJIOBEKAa PEKOMEHJIOBAHO HCIIONb30BaTh JIONOJHUTEIBHBIN H3JIy4aTellb
a’pOMOHOB, KOTOPBII pa3MeIaloT aHAJIOTUYHBIM 00pa3oM, YTO U OCHOBHOM H3JIy4da-
TeNb - BEPTUKAIbHO COOKY Ha YPOBHE KOpPIyCa UCTOUYHUKA HU3Iy4YEHUs NEPIECHIUKY-
JISIPHO WJIM TIOJ YTJIOM K INIOCKOCTH €r0 NEPEeAHEN MaHeln. PaccrosHue mexnay oc-
HOBHBIM M JIONIOJHUTEIIBHBIM U3JIy4aTeIIMU a3pPOMOHOB YCTaHABIMBAOT OT 150 cMm
10 200-340 cm.

Y CTaHOBIIEHO, YTO JUIS 3aIUTHl YEJIOBEKA OT M3JIYyYECHHUM JIEKTPUYECKUX IPHU-
0opoB, Takux kak CBY-neub, CBU-rpusnp 1 T.1. IPEANOYTUTENIbHEN yCTaHABIUBATh
M3JIy4aTesab a3pOMOHOB CBEPXY HAJl KOPILYCOM MCTOYHMKA M3TyYEHHS HA PACCTOSHUMN
ot 20 cM 1o 130- 170 cM, Ipu 3TOM HU3IIydaTeslb a3POUOHOB, BBIIIOJIHEHHBIN B BUJC
qyacTu c(epbl, UMEET MOBBIILIEHHYIO 3()PEKTUBHOCTD UCIOJIb30BaHusA. JIJIs KperuieHus
U3JIydaTesss B 3TOM CIIy4ae HCIIONb3YIOT JOIOJHHUTENIBHBIE KPETEKHBIE 3JIEMEHTHI
(metiu, 3aKUMBbI THUIIA «KapaOUH» U T.IL.).

ABTOpBI PEKOMEHIYIOT JJisl IOBBIIIEHUS TEparneBTUYECKON 3(PPexTuBHOCTU
BO3JICHCTBHS HACTOSIIMX HM3JydaTelIell a’pOMOHOB, CHHKEHHS YTOMISIEMOCTH, ITO-
BBIIIEHUS (YHKIIMOHAJIBHOTO COCTOSIHUS YEJIOBEKA, HAXOASAILIErocs 10CTaTOYHO -
TEJIbHOE BpEMsS B 30HE pabOTAIOIIEr0 MCTOYHMKA AJIEKTPOMArHUTHOTO W3IyYEHHS,
MEPCIEKTUBHBIM SIBISIETCS MCIOJIb30BAHUE BTOPOTO JIOMOJHUTEIBHOTO H3JIydaTesis
20, KOTOpBIN pa3MEIAOT, KaK MMPaBUJIO, BEPTUKAJIBHO WJIM I0J HAKIIOHOM Ha CTEHE
nomenieHuss Ha pacctossHur 80-170 c¢M OT 3aiHEN TOPLEBOM IMAHENW HCTOYHHKA
ANEKTPUYECKOTO U3ITyYECHUSI.

[lonmydyeHHble  pe3ysibTaThl MPAKTHUYECKOTO MPUMEHEHUs  U3Tydaresnei
a’pPOMOHOB B BUJIE TUIACTHH W3 MPUPOAHOTO SIHTapsl TMO3BOJISIIOT KOHCTAaTHUPOBATb,
YTO MOMUMO BBICOKOH 3()()EeKTUBHOCTH 3aILUTHI YEJIOBEKA OT M3ITyYEHUH IJIeKTpruye-
CKUX MPUOOPOB, MJIACTUHBI C MPUPOJHBIM SIHTApeM, Oyarojapsi BeIAEISIEMON SHTap-
HOM KUCJIOTE U OTPULATENIbHBIM HOHAaM, 00€CIIeYNBAaIOT OJTHOBPEMEHHO BBICOKYIO T€-
paneBTUYECKyI0 d(PPEKTUBHOCTh BO3ACHCTBUS HA PAOOTAIOIIErO MU OTJIBIXAIOIIETO
Yesi0oBeKa, KOTOPbIM HAaXOAUTCA PAIOM C pabOTAOIMIUM UCTOYHUKOM 3JIEKTPOMArHHUT-
HBIX U3IydeHHd. OTpHULIaTEIbHBIE HOHBI U MOJIEKYJIbI SHTAPHON KUCJIOTHI YEpe3 JIeT-
KM€ 4YeJIOBEKa MOCTYNaloT B KPOBb U B KJIETKH OpraHU3Ma, KOTOPbIE aKTUBU3UPYIOT
nporecc BbIpaboTKu ajgaeHo3uHTpUpochopHOor KUCIOTH (ATdD)- OCHOBHOTO HCTOY-
HUKAa JHEPruy B OpraHu3Me, MO3UTHUBHO HM3MEHAIOT (DYHKIIMOHAJIBbHOE COCTOSHUE
HEPBHOM CHCTEMBI, YJIydllaloT 0OIlee CaMOYyBCTBHE, MOBBIIIAIOT YMCTBEHHYIO U
¢du3nuecKyro paboTOCIOCOOHOCTD YENOBEKA.
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3akouenue. VcnbiTaHHBIE TIACTUHBI C MIPUPOIHBIM SHTapeM M CIOCO0 ero
MPUMEHEHHUs, 00eCTIeYNBAIOT, KaK 3P(PEKTUBHYIO 3aIUTY OT ANEKTPUUECKUX U3Tyde-
HUN pa3NUYHBIX MPHOOPOB U ammapaToB, TaK ¥ MHOTO(AKTOPHOE O3I0POBJISIOIICE
BO3JICUCTBUE HA YEIOBEKA.
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Annomayusn: Jleckue ompuyamenbHbvix UOHbL, GUMOHYUObL, 8blOeNseMble Yepe3 Nopbl HeoOpabo-
MAHHO20 SAHMAPSL U A3PO30IU SAHMAPHOU KUCIOMbL, BOCCMAHABIUBAION €CMEeCMBEHHbLIL MUKPOOUO-
YEeHO3 KUUEeYHUKA KPbIC, AKMUsU3upysi baxmepuu- npoouonmol (buguoodbaxmepuu u 1akmooayu-
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Knrouegvie cnosa: HeoOpabOTaHHBIN STHTApPh, TOJICTHIM KUIIEUYHUK, Onduao0akTepun, JaKkToOauI-
JIbl, KIIOCTPHU/INH, TICEBIOMOHBI, CTAPUIOKOKKH.

BBenenne. B nociennue rojsl Bce OONBITYIO TOMYJISPHOCTh MPUOOPETAIOT He-
TpaaullMOHHbIE MeTOAbl Tepanuu. K HUM oTHocUTCS M stHTapotepanus. B paborax
MHOTHX HCCJIEOBATENICH ONMMCHIBACTCS, YTO SHTAPh B BUAE SSHTAPHOU KUCIIOTHI, JIET-
KUX OTpHUIIATEeIbHX MOHOB, (PUTOHIIUJIOB, BBIJEISIEMbIX Yepe3 MOpbl HEOOpaOOTaHHO-
r0 IPUPOJHOTO SHTAPS MOBBIMIACT (GAKTOPHI HECTIEIU(UUECKON 3alTUThl OpTraHU3Ma,
CTUMYJIIPYET UMMYHHBIE PEAKUWH, OKA3bIBACT IMOJIOKUTEIBHOE ICUCTBUE HA yM-
CTBEHHYIO U (DM3HYECKYI0 aKTUBHOCTb, BOCCTAaHABIMBAET CHJIBI OpPraHU3Ma IOCIIE
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TSDKETBIX 3a00JIeBaHUM, CHMMAET rOJIOBHbIE OOJM MPHU HAPYIIEHUH MO3TOBOTO KpO-
BOOOpaIlleHus!, SBISETCS MPOTHUBOUIIEMHUYECKUM CPEIICTBOM, Ha KJIETOYHOM ypPOBHE
U CIIOCOOCTBYET 3aMEJJIEHUIO cTapeHus opranu3Ma. [Ipu KoMmIuiekcHoW Tepanuu ca-
XapHOTO JuabeTa sSHTapHas KUCJIOTa CIOCOOCTBYET CHIKEHUIO B KPOBU YPOBHS XO-
JeCTepuHa, KETOHOBBIX TEJ, )KHUPHBIX KHUCIOT, TEM CaMbIM CIIOCOOCTBYSI CHU)KCHHIO
MOTPEOHOCTH B MHCYJIMHE M aHTUIMA0ETHUEeCKuX cpeacTBax. Kpome Toro, sHTapHas
KHCIIOTa CTHUMYJIHPYET BBIPaOOTKY COOCTBEHHOTO WHCYJIMHA. YUYHUTHIBAas BBICOKYIO
OMOJIOTUYECKYIO aKTUBHOCTh HEOOPAaOOTAaHHOTO SIHTAPS 1IEJIbI0 HACTOSIIUX HCCIIE0-
BaHUM, SIBUJIOCh — U3yYUTh BIUSIHUE HEOOPAOOTAHHOIO STHTapsi HA COCTOSIHUE MUKPO-
OMOIIEHO3a KUIIIEYHUKA C YUYETOM: JUHAMUKUA U3MEHEHUS COJEP KaHUsI HOPMOQIIOPHI
(budumobakTepuii M JaKTOOAIMIII) U JUHAMHKA HW3MEHEHHMS YPOBHS YCJIOBHO-
NAaTOr€HHBIX MUKPOOPTaHU3MOB.

Marepuan u MeToabl uccjaeaoBaHuil. ONbITE IPOBOAUINCH HA KpPbICAX, KO-
Topble ObLTN pa3aencHbl Ha 3 rpynmbl. Kpbick! 1-ii rpynmnsl ObU1H KOHTpOJIbHBIE. OHH
HAaXOJIUJIUCh B OJJUHAKOBBIX YCJIOBHUSIX KOPMJIEHUS U COAEPIKAHUS C KUBOTHBIMU 2-i
u 3-u rpynn. Kpsicel 2-i1 1 3-i rpynm — onbITHeIE. JKUBOTHBIE 2 TpymIbl 2 Haca B
cyTku B TeueHue 10 gHeil copepxanuch B (paHEPHOM SIIIMKE, BHICTIAHHBIM STHTAPEM,
pasmepom 60x60x60 cM., T.e. HAXOAWINCH O/ BIUSHHEM JIETKUX OTPHUIATCIBHBIX
MOHOB, (PUTOHLMIOB HEOOPAOOTAHHOTO SHTaps U a’pO30JIed SHTAPHOM KHUCIIOTHI.
Kpsicam 3 rpyniibl B palliOH BHOCUJIU SIHTApHBIA NOpOUIOK B A03€ 0,5 r Ha ToJoBy, |
pa3 B JeHb. B3sTre ¢exanuil mpoBoAUIN 1O Hayaja ONbITOB, a 3aTeM uepe3 3, 7, 15,
30 n 50 nHEM OT Hayaga ONBITOB.

Jlnst BeIAEeHUsT aHa3poOHbIX OmpugodakTepuil B mpodupku ¢ 13-15 mu pere-
HEPUPOBAHHON B TeueHne 45 MUHYT cpenbl biaypokka 3aceBanmu 1 mu dekanuii B
passenenuu 10 107°. TloceBsl nuky6uposamu npu 37°C B Teuenue 24 yacos. JIakTo-
Oakrepun BoipanmBanu Ha cpeae MPC (Mozepa-Poroza-Illapna). Kucinoroo6pasy-
IOIIYI0 aKTUBHOCTH MOMYJIAIMHA JTAKTOOAIMIIT ONPEESIA Ha CTAaHAAPTHBIX TJIaCTH-
KoBbIX yarikax [lerpu, rimyOuHHBIM MoceBoM pa3BeneHuit Ha arap MPC, ¢ 1% wmena,
nocie 16-yacoBoro KyJbTHUBHpPOBaHMS pu Temieparype 39°C, mo 30HaM MpOCBET-
neHus arapa. Kinoctpuauu KyJlbTUBUPOBAIM HA MSICONENTOHHOM NMEYEHOYHOM Oyiib-
one (MIIIIb) Kurra-Tapouium, miotHoii cpene Bunbcona-biepa, rioko30-KpoBsiHOM
arape lleiicnepa. Jlns BeigeneHus: cTaQUIOKOKKOB UCTIOJIb30BAIM DJIEKTUBHBIE CPEIIbI
- coneBoit kpoBsinoit MITA (c 8-10% NaCl, 5% nedbuOpuHUPOBaHHON KPOBH), KPO-
BstHOUM MITA.

PesyabTaThl ucciaenoBanui. Pe3ynbpraTsl UCCiIeI0BaHUS JUHAMUKU U3MEHE-
HUS COJIepKaHUsl B KUIIEUHUKE Kpbic Oudumodaktepuit, moj BIMSHUEM HeoOpaldo-
TAHHOTO SIHTapsl, IPeICTaBIeHbI B TabmuIe 1.

Tabnuna 1 — BrnusiHue stHTaps Ha JUHAMHUKY U3MEHEHUS cojiepkaHust oudugodakre-
uii B kumeyHuke kpoic (Ig KOE/T)

I'pynnbi Crar. Cpoku uccie10BaHNs B IHAX OT HAYAJIa ONLITOB
don
JKUBOTHBIX MoKa3ar. 7 15 30 50
M 8,96 9,86 9,47 9,12 8,74
1. KonTpo:ib +m 0,28 0,60 0,22 0,27 0,37
Cv, % 7,00 13,69 5,14 6,55 9,50
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[Tponomkenne TadauIs! 1

) M 940 12,30 16,20 18,60 18,40
, angIf:H:e +m 0,24 0,44 0,58 0,68 0,81
pan Cv, % 5,827 7.924 8,048 8,154 9,873
HOHBI HHTapﬂ P *%k *kk *kk *kk
3 g u M 876 14,70 19,90 21.60 20,30
- HOT;%‘I*;’;“ +m 0,37 0,70 0,75 0,81 0,70

p Cv, % 947 10,65 8,41 841 771

KOpMOM P **k * Xk * Xk **kxk

[Tpumeuanue: * - P[10,95; ** - P(10,99; *** - P[10,999 no cpaBHEHHIO C KOHTPOJIEM.

CopeprkaHue JTaKTOOAIMIII B KUIIEYHUKE KUBOTHBIX | KOHTPOJIBHOM TPYMIIHI,
3a MIEpUO]] OMBITOB, KOJebarock Ha ypoBHE OT 6,69 mo 7,84 1g KOE/r. JlanHbiii moka-
3aTeNib TaKKe UMEJ TEHICHIIUIO K BHIPAXKEHHOMY IMOBBIIICHUIO B KUIIICYHUKE KUBOT-
HBIX 2 rpynmnsl K 7 qHio ombita B 1,53 pasa (ua 3,73 Ig KOE/r), x 15 auto B 1,7 paza
(na 5,56 lg KOE/r), x 30 anto B 2,52 paza (na 10,2 g KOE/r), k 50 auto B 2,07 paza
(ma 7,77 Ig KOE/r).

bosee BbiCOKOE TOBBIIEHUWE YPOBHSI JIAKTOOAIMIIT PETUCTPUPOBATIOCH B KHU-
IIEYHUKE KUBOTHBIX 3 TPyMIbl. 3AECh OMUCHIBAEMBIN IMOKA3aTEIb MPEBBICHI KOH-
TPOJIbHBIN YPOBEHb U 3HAYEHUS UX Y )KMBOTHBIX 2 TPYIIIbI HAa 7 JIeHb onbiTa B 1,83 1
1,19 paza (na 5,83 u 2,1 Ig KOE/r), na 15 nesns B 2,15 u 1,26 paza (1a 9,06 u 3,5 Ig
KOE/r), na 30 nens B 2,73 u 1,08 paza (ma 11,6 u 1,4 g KOE/r), na 50 nens B 2,6 u
1,25 pa3za (na 7,77 u 3,8 Ig KOE/T).

Kioctpuauy B KMIIEYHUKE KPBIC | KOHTPOJIBHOM TPYIIIBI, 33 IEPHUOJ OIBITOB
(puc. 1), xonebanuce Ha ypoBHe OT 5,82 1o 6,26 lg KOE/r, 4T0 OBLIO HECKOJBKO
BbIIIE (PU3UOJIOTMYECKUX 3HAUCHUM. B KullleuHUKe KPbIC 2 U 3 OMBITHBIX TPYIII YpPO-
BEHb KJIOCTPUIUN MMEJ TEHJEHUHUIO K 3HAYUTEIbHOMY MOHMKEHHIO B CTOPOHY (hu-
3uoJsiorndeckux HopM (puc. 1 A). Coneprxanue KJIOCTPUIUN B KUIIICYHUKE JKUBOTHBIX
2 rpynnbl NOHU3UIIOCH, IO CPABHEHUIO C KOHTPOJIbHBIMHU 3HAYEHUSIMU €TI0 Y KHUBOT-
HbIX | Tpynmel, K 7 nHIO B uccaenoBanuii B 1,17 paza (aa 0,87 Ig KOE/T), k 15 nanto B
1,27 pa3za (ua 1,34 1g KOE/r), x 30 nuro B 1,39 paza (wa 1,66 Ig KOE/r), x 50 quto B
1,47 pa3za (na 1,95 Ig KOE/r).

JlaHHBIE 110 U3YYEHUIO TUHAMUKU U3MEHEHHUS COJIEPKAHUS B KUILIIEUHHUKE CTa-
(DUITOKOKKOB M TICEBJOMOHOB IOJI BIMSHUEM Pa3HbIX (PopM HE0OpaOOTaHHOTO STHTAPS
npeacTaBiieHbl Ha pucyHke 1 b, B.

bosnee HHTEHCUBHBINA NPOLIECC TOHWKEHUS YNCIIa KIOCTPUIUNA PETUCTPUP OBAJI-
Cs B KUILIEYHUKE JKUBOTHBIX 3 rpynmbl. 371€Ch YPOBEHb KJIOCTPUAMI yCTyIaja €ro
3HAYEHUIO B KUILIEYHUKE KpbIC 1 u 2 rpynn Ha 7 neHb onbita B 1,25 u 1,07 pasza (Ha
1,21 u 0,34 1g KOE/r), na 15 nenusn B 1,38 u 1,08 paza (na 1,73 u 0,39 lg KOE/r), Ha
30 gens B 1,73 u 1,23 paza (na 2,46 u 0,8 1g KOE/r), na 50 nens B 1,47 u 1,17 paza
(Ha 2,55 u 0,6 Ig KOE/T).

251



w $H oy O

N A O D AMTONOO—  Wnhaahoon

| | | | |
—4— KonTponeHas (310p0s0e)

b
‘\\\f"m —8— [IENHE OTPHUATENSHBIE MOHbI

b " AHTaPA

"— - — — A= FHTAPHLE NOPOWOK C KOPMOM
i =t 3

B
e P~y — —
-3 .:,'M‘

1| 15| 0 | ®

OoH ‘ CROKH MCCNEA0BEHMA B AHAX 0T HA4ENA
ONbITOE

PR S N S S T

1 T

i i i 2

o

Pucynoxk 1 — Biiusarie HeoOpaOOTaHHOTO STHTapsl HA TMHAMUKY U3MEHEHHUS COAepKa-
Hud kinoctpuauii (A), craguinokokkoB (b) u nceBgomonoB (B) B kumeunuke kpoic (19
KOE/r)

3akimouenue. HeoOpaOGoTaHHBIN SHTaph BOCCTAHABIMBAET E€CTECTBEHHBIN
MUKpPOOHMOIIEHO3 KHUIIEYHHUKA KPBIC, aKTUBU3UPYs OaKTepUHU-TPOOHOHTHI (Oudumo-
6aktepun — B 2,03 u 2,36 paza (Ha 9,48 u 12,48 1g KOE/r), nakTobammuisl — B 2,52 u
2,73 paza (ma 10,2 u 11,6 lg KOE/r), 3atopMaxkuBasi poCcT YCIOBHO-TIATOT€HHBIX
MUKpOOpraHu3MoB (kimoctpuauii — B 1,47 u 1,72 pa3za (Ha 1,95 u 2,55 Ig KOE/r),
nceBaoMoHoB — B 1,71 u 2,98 paza (na 2,81 u 4,49 1g KOE/r), cradpunokokkos B 1,81
u 2,05 paza (na 4,27 u 4,88 Ig KOE/T).
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Annomavun: Sghghexkmusnvim cnocobom, cnocodOCmeyrWUM CHUNCEHUIO 3AKIeWe8AHHOCMU NYEN
kaewem Varroa jacobsoni u nosviuwenuio pacoyumapHot akmugHOCMU 2eMOYUMO8 Gl AIPO-
3071bHbI npenapam Anu3on 6 Komniexce ¢ adanmozerHom « Hanuu 2 ¢ npebuomurxomy.

Kntouesvie cnosa: myéipl, 3aKICICBAHHOCTD, (haroluTapHas aKTUBHOCTh, T€MOIIUTHI, a/IallTOTEH,
anu30J1, OUTHUH, MypaBbUHKA, OaliBapOIL.

Bsenenue

Bappoaro3 (Bapp003) xapaKTepu3yeTcsi MacCOBOM TMOEIbIO JTMYMHOK, KYKOJIOK
1 B3pocibiX myeln. Ero penko ymaercs 0OHapy>KUTh Ha HadallbHOM cTanuu. BecHou u
OCEHBIO KJICIl TOPAXKAET MUEJIMHBINA MPUILIOJ, a JIETOM - TPYTHEBBIN. )KUBET HA TPY-
rax myes, TPyTHeW, KyKoiok 11 1Hei, Ha OTKpBITOM paciuiofe 15 u Ha 3ane4aTraHHOM
- 32 nHs. Metojibl ieueHust He 00eceunBaloT MOJHOTO N30aBIeHUs OT BappoaTo3a Ha
I1aCEKe, HO MO3BOJIAOT COKPATUTh YPOBEHb 3aKJICIICBAHHOCTH OIPEIEICHHBIX CEMEN.
B 51011 cBA3M ceroaHs OOJBIIOE KOJIMYECTBO Pa0OT MOCBSIIEHBI MOUCKY 3PPEKTHB-
HBIX METOAOB OOPBHOBI C BappoaTo3oM muei. OgHako Bappoaro3 MO HACTOALIEE BpeMs
OCTaeTcsi OrpOMHOI TTpoOIeMot B muenoBoACTRBe. [1, 2, 3, 4, 5]. B 3Toi cBs3M HesibIo
HACTOSIIETO MCCIIEIOBAHUS SBISIETCS — ONTUMU3ALUS MEXAHU3MOB BOCCTAHOBJICHUS
KJIETOYHOTO 3B€HAa MMMYHHOM 3alUThl T€eMOJUMQBI MYENl pa3HbIMH aKapULUIHBIMU
IIperapaTaMi € aIarTOreHOM.

Marepuaj u MeTOAbI UCCJIEIOBAHUM

OOBEKTOM HUCCIIeJOBaHMS OB MYEIbl CPEHEPYCCKON U KapHaTCKOM MOpobl,
BECCHHEH T'€HEpaluu, KOTOphIEe Colepkanuch B yubix [lanana-bnarra, B ycnoBusx
MMYEIOBOAYECKUX XO3IMCTB bupckoro paitoHa pecrnyonuku bamkopToctaH U Ha
yaeOHo-onbITHON Taceke PIAY-MCXA umenu K.A. TumupsizeBa. JlabopaTtopHbie
MCCJICIOBaHMS TIPOBOJMIINCH B YCJIOBHSX Jiabopatopuii Kadenpsl akBaKyJIbTyphl U
MTYEJI0OBOICTBA, KadeIpbl MUKPOOHOJIOTUN U UMMYyHOJIOTUU. bbutn chopmupoBanst 6
IPYII MYesl CPEeHEPYCCKOM M KapmaTckod mopojbl. [Tuensr 1 rpynmel ObLIHM KOH-
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TPOJIbHBIE — 3[I0POBbIE, 2- 6 TPYIII, MOPaKEHHBIE BAPPOATO3HON WHBA3UEN CpeaHEN
cTeneHu 3akienieBaHHOCTH. C muenamu 1 v 2 rpymn HUKAaKue JTOMOIHUTENbHbIE Ma-
HUITYJIALUA HE TPOBOAMIINCH. OHM HaXOIUJIUCh B OJIMHAKOBBIX YCIOBUSAX C ONBITHBI-
Mu. B xadectBe agantoreHa B 3-6 ONBITHBIX I'pynmnax HCIOIb30BaIM JAETCKOE MHUTA-
Hue «HanHu 2 ¢ npeduoTrkom». B 3 rpymnne npuMeHsun npenapar anu3oi (3KCTPAKT
a(UpPHBIX Macen) B BUJE a3po30iu. Ero ycranapinuBanu B JIOTOK, HAXKuManu 1 pa3 u
BbIAep)kuBain 1-2 cek. Kypc noBropsinm 4-5 pa3 ¢ uarepsaioM B 3-4 nus. B 4 rpynne
npuMeHsun npenapat bunun-T, (akapuuuaHeiii-aMuTpasz) ¢ TuMosIoM. OH CONEPIKUT-
csa B ammyne 0,5mi -10 go3. 1 M OunmHa pactBopsiii B 40 M1 BOJBI (SMYJIbCHS).
Pacnputsisiv ¢ moMonipi0 ABIMOBOM MYIIKK Y€pPE3 JIOTOK. 2- KPaTHO C UHTEPBAJIOM B 2
Hezaenu. [lpemapar Ge3BpeieH AJis m4ell, HO BPEAEH Uil YesloBeKa, oAToMy pabora-
a1 B Macke. B 5 rpynme npumensiim npenapar baiiBapon (akapuiuaHbii dremer-
puH). DTO moauMepHbie mosiocku. Vx momemnanu B yaed Ha 25 CyT. Mpu HaIUYUU
pacriofia ¥ Ha 2 — 3 CyTOK — IIPU €ro OTCYTCTBUU. B 6 rpyIiie ucnoyib3oBaiu mnpemna-
par «MypaBbHuHKa» (B makeTukax ¢ 30 T MypaBbMHOM KUCJIOTHI). | MakeT HUCMIOIb30-
Banu Ha | Xopomryro muenoceMbto (5-10 ynouek). IlakeTsl packianbiBadu CBEPXY
pamku. Coaepxkumoe ucrapsiercst B reueHuu 5 auei. [lorom ynansim. O6padareiBanu
B XOPOIIYIO NOroay (B MJIOXYIO MUENbl «BKJIIOYAIOT» BEHTUWISILUIO B yibe. PaboTanu B
pecnupaTope U nepyarkax.

Jlns onpenenienus (parolUTapHON aKTUBHOCTU T€MOLIUTOB TeMOJIUMQBI MMUYe:
B IIPOOMPKY, COJCPXKAIyI0 CYyTOUHYIO KyabTypy Staphylococcus aureus B oowseme 1
MKJI, 700aBIsM | MK reMoauM@bl, IepeMeNIBalid 1 UHKYOUPOBAJIM B TEPMOCTaTe
mpu t 37°C B Teuenue 30 muH. DaronuTapHbIil HHJAEKC (YUCIO TEMOILIUTOB, Y4acTBY-
IOIIKX B aronuros3e) u (harornurapHoe Yucio (CpeaHee Yuciio 00bEeKTOB, MOTJIOIEH-
HBIX OJTHUM T€MOIIMTOM) OTNPEEISUIA O MOTJIOTUTEILHON aKTUBHOCTH B PEAKITUSIX
(daromurosa [2, 5].

PesyabTarsl Hcc/IeI0BAHMHA M UX 00CYKICHUE

®daronuTapHasi akTUBHOCTh (PA) reMOLMTOB reMOTUM(BI MUelT CPEeTHEPYCCKOM
noponbl 1 koHTponpHOM Tpymnmbsl B 10 cyTr. Bo3pacte muen cocrtaBuna 43,4%. Ona
YBEJIMYHMBAIACh B BO3PACTHOM ACIEKTE, MPEBBICUB JAHHBIE MPEABIIYIIETO CPOKA UC-
cnenoBanus B 16, 20 u 30 cyt. Bo3pacte B 1,15; 1,26 u 1,32 paza. ®A reMouuToB re-
MOJIMMQBI MY KOHTPOJILHOM TPYyMNIbl KapIaTCKOW MOPOAbI, BO BCE CPOKU UCCIIENIO0-
BaHUH, ObLJIa HIKE, IO CPABHEHUIO C MX aKTUBHOCTBIO Y MYEJNI CPEIHEPYCCKOUM opo-
nel: B 10, 16, 20 1 30 cyt. Bo3pacte: B 1,16; 1,17; 1,13 u 1,07 pa3a (1a 6,2; 7,3; 6,5 u
3,8 %) 1 oHa TakKe, KaK U 'y CPEIHEPYCCKUX, YBEIMUNBAJIACh B BOBPACTHOM aCIEKTe.
B 10 cyt. Bo3pacte oHa cocraBuna 37,2%, a B 16, 20 u 30 cyT. Bo3pacte npeBbicuiIa
ATOT nokazarens 1,14; 1,29 u 1,44 pa3a.

DA remMOonMTOB I4el 2 TPy, OOJBHBIX BAPPOATO3HON WHBa3ueH, Obliia 3HA-
YUTEIHHO HUXKE, TI0 CPABHEHHUIO C JIAHHBIMU TTYeJI KOHTPOJIbHOW TPYNIBL. DTO OBLIO
XapaKTEpHO U B Ipynnax CpeAHEPYCCKHX U B Irpymnmnax kaprnarckux muei. @A muen
cpennepycckor nopoasl 10, 16, 20 u 30 cyT. Bo3pacTa UCCIEI0BaHUM yCcTynana JaH-
HBIM 3JI0POBBIX ITuel 1 koHTposnsHOM rpynisl B 1,38; 1,89; 2,98 u 3,82 paza. [1o kap-
MAaTCKOW MOPOJI€ 3Ta Pa3HUIIA C KOHTPOJIEM COCTaBUJIa COOTBETCTBEHHO B 1,34; 2,1;
3,0 u 4,28 pa3za. B BO3pacTHOM acneKkTe BHYTPH MOPOJ PETUCTPUPOBAIOCH BBIPAXKEH-
Hoe cHKeHne DA reMOUUTOB MMUel, MOABEPTHYTHIX BappoaTo3HOoi nHBa3uu. l[loka-
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3atenb @A muen cpennepycckou mopoasl kK 10 cyr. Bospacty cocraBun 31,3%. A
nanabie maen 16, 20 u 30 cyt. Bo3pacrta 6sutn HIKe B 1,19; 1,7 u 2,08 paza. Ilo xap-
natckoi nopone ®A muen 2 rpymmsl, 10 cyT. Bo3pacra, coctaBuna 27,7%, 4To ObLIO
HIKE, TI0 CPaBHEHHUIO C MoKaszaTeleM cpeaHepycckux muen B 1,13 paza. B nocneny-
folre Bo3pactHbie nepuoibl (16, 20 u 30 cyT.) OHM yCTynajiv NepBOHAYAIBHOMY T1O-
kazaremo B 1,37; 1,73 u 2,21 paza. CnenoBareiibHO, BappoaTo3Has UHBA3US 3HAUU-
TEJIbHO TOJABISET B OpraHM3ME IMYes 3allMTHbICE MEXaHU3Mbl KJIETOYHOU 3alllUTHI.
YuuTeiBass 3HAYUTEIBHOE CHIKEHHE MEXAHU3MOB KIJIETOYHOM 3alUThl T'€MOLIMTOB
reMoJiuM@bl mues Ha (hoHe BappoaTO3HON MHBA3WUK OBLIM MPOBEACHBI UCCIIECIOBAHUS
pslla akapUIUIHBIX [IPEMAPATOB.

bosee BricOKOE akapuIluaHOE NEHCTBHE HA OPTaHU3M IT4ell, CIIOCOOCTBYIOIIEEe
BocCTaHOBJICHHI0O DA TeMOIMTOB reMoiauM@bl OKazajlo NpUMEHEHHE Ipernapara
Anunzon B kKoMIuiekce ¢ anantoreHoM «Hauuu 2 ¢ npebuotukom» (3 rpymnma). Y myen
cpenaepycckoit mopoabl 10 cyT. Bo3pacta @A reMONUTOB ObLIa HIDKE MOKa3aTelIs
myen | koHTponbHO# rpynmel B 1,13 pa3a (Ha 5,2%), HO yXe npeBbllIana JaHHbIE
00JIbHBIX Muen 2 rpynmsl B 1,22 pasa (Ha 6,9%). B nocnenyromiye Bo3pacTHbIC TEpH-
OJIbl ITYEN CPEIHEPYCCKOU MOPOABI 3 TPYNIBI 3Ta TEHACHUMS aKTUBHO Hapacrana. Y
muen 16, 20 u 30 cyr. Bo3pacTta nmokasarenbs @A reMOUUTOB yCTyNaJl TaHHBIM KOH-
tposist B 1,13; 1,1 u 1,09 pasza, HO ObLI BBIIIE UX 3HAYECHUM y muen 2 rpynmnsl B 1,67,
2,69 u 3,48 paza (wa 17,7; 31,2 u 37,2%). Ilpu 3toM DA TeMOIIUTOB reMOIUMPHI
cpennepycckux myen 2 rpymnmsl B 16, 20 u 30 cyT. Bo3pacte Obuia BbIIIIE, 10 CpaBHE-
HUIO C TIEpPBOHAYaJILHBIM yYpoBHEM 10 cyT. m4elr, cooTBeTCTBEHHO, B 1,15; 1,29 u 1,36
paza. Taxxe camble Jydide pe3yiabTaThl MOBbIIICHUS DA TeMOIUTOB reMOTUMQBI
OTMEYAINCh O] BIUSHUEM Ipenapara AMU30JI C aJalTOTEHOM Yy MYeNl KapHnaTCKOM
nopojbl. Ho npu 3ToM gaHHbIE MO KapmaTcKoil mopoje ObLIN HUXKE, IO CPABHEHUIO C
pe3yJbTaramu, MOJyYeHHBIMU 10 CpeaHepycckor mopoje myen. Ha atu cpoku uc-
cieoBaHUN 1O KapmnaTckod mopoje DA reMouuToB reMoauM@sl ObLla HUXKE HX
3Ha4YeHus y 310poBbix muen 1 rpynmnel B 1,15; 1,18; 1,11 u 1,11 paza (na 4,9; 6,7; 8,9
1 9,9%), HO MpeBBICWIIA TaHHBIE O0IBHBIX Muel 2 rpynmnsl B 1,16; 1,77; 2,7 u 3,84 pa-
3a.

Xopoune pe3yiabTarsl o aktuBu3anuu @A reMouToB nokasan npenapar bu-
TUH B KOMIUIEKce ¢ aaanTtoreHoMm «H»auuu 2 ¢ npebuotukom» (4 rpymnma). OmHako
nanHbie @A reMouTOB MuYen 4 rpymmbl, BO BCE CPOKU MCCIIEOBAHUM, ObUIN HIKE,
[0 CPABHEHUIO C WX 3HAYeHUsAMH y myen 3 rpynmsl. Y muen 10, 16, 20 u 30 cyT. BO3-
pacta @A remMouuToB 1o 4 rpyIme Oblla HUXKE, 0 CPABHEHUIO C UX YPOBHEM TIO 3
rpynmne: no cpeaHepycckoit nopoae muen B 1,07; 1,09; 1,07 u 1,06 paza (1a 2,54; 3,6;
3,6 u 3,3%), no kapnarckoi mopoae B 1,09; 1,12; 1,09 u 1,1 paza (na 2,9; 3,9; 3.8 u
4,4%). Ilpu 3TOM JaHHBIE MO KAapIaTCKOW MOpojie muen 4 Tpynmbl ObLIN BBIIIE, TI0
CPaBHEHUIO C JAHHBIMHU OOJBHBIX MMYEN 2 TPYIIIBI, HA 9TH e BO3PACTHBIC IEPUOJIBI, B
1,06; 1,58; 2,46 u 3,49 paza (na 1,7; 11,8; 23,4 u 31,1%). Taxxe xopouiue nokasare-
nu 110 aktuBu3auu A remoruToB reMoauM@sl perucTpupoBaiuck B 6 rpynmne. [1o-
Ka3aTesy M4es ATOW rpyMNibl ObUIM OUY€HBb OJU3KUMHU C TaHHBIMM Mmuel 4 rpynmsl. To
€CTh aKTUBHOCTh JIEUCTBUS MpenaparoB butuH u MypaBbuHKa (Takke ¢ ajantore-
HOM) ObLJIa MpUMEpPHO oauHaKoBoM. CrenoBaTenbHO, npenapaTthl butnn 1 MypaBbu-
HKa MOTYT MBITh BIIOJIHE B3aUMO3aMEHIEMbIMHU.
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bonee Huskue noxazarenn ®A remouutoB remoiaumepsl HaOIHOAAINUCH MO 5
rpymrne, B KOTOpOi MPUMEHSJIM B KayecTBe akapuIUAHOro mnpemnapara baiiapon C c
agantoreHoMm. 3necb @A remorutos mmyen 10, 16, 20 u 30 cyT. Bo3pacra no cpenHe-
pycckoi mopojie Obla HIDKE, 0 CPAaBHEHHIO C MOKa3aTeNsiMU Im4esl | KOHTPOJIbHOM
rpynnsl, B 1,29; 1,32; 1,33 u 1,28 pa3za, no kapnarckoi nopoje muen — B 1,42; 1,49;
1,33 u 1,4 paza. Ognako npenapar baiiBapon B KOMIUIEKCE ¢ aJlaliTOreHaMu 00J1a1al
ONpEEICHHON aKapUIUAHONW AKTUBHOCTBIO M CLIOCOOCTBOBAJ MOBBILICHUIO aKTHBHO-
CTH (parouuToOB, XOTs MOKA3aTEIN OBLIN HUXKE, 10 CPABHEHUIO C IPYTMMHM, UCCIIENO-
BaHHBIMHU IIpenapaTamH.

3akioueHue

Haubonee 3 pexTUBHBIM NpenapaToM U3 U3y4eHHbIX, 00JIaJat0INi XOPOIIUM
aKapUIMIHBIM JICHCTBHEM B OTHOIICHWW Varroa jacobsoni, akTHBU3UPYIONMINM KIle-
TOYHOE 3BEHO MMMYHHBIX MEXaHU3MOB reMOoJIUM(bI Mue, ABJIsETCS npenapar Anu-
30J1 B KOMIUIEKce ¢ aganToreHoMm «HaHHu 2 ¢ mpeOnoTHKOM.
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BUO®U3NYECKHUE U BUOJIOTTYECKHUE CBOMCTBA HEOBPABO-
TAHHOI'O IPUPOJHOI'O AHTAPSA
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Xomawrko Ilonuna Anekceeena, cmyoewm 3 Kypca, HanpasieHue noO20MoOGKU
36.05.01 «Bemepunapusy, uncmumyma zoomexruu u ouonozcuu, ®I'60Y BO PI'AY
MCXA umenu K.A. Tumupsszesa. polina.khomashko0O5@mail.ru

(Hayunwiii pykosooumens — Cmupnosa Escenuss Bopucosna acnupanm xageopul

MUKpOOUONIO2UU U UMMYHONO2UU U aK8akyibmypul u nuenosoocmea DPI'BEOY BO
PIr'4Y-MCXA umenu K. A. Tumupsizesa, jene-ufa@yandex.ru)

Annomauusn: B cocmas aumaps exooum 6onee 40 coeOunenutl.: AHMAPHAL KUCIOMA U NPUMECH CO-
neti  (npeumyujeCmeeHHo SHMAPHOKUCTBIX), KOmopble NpeoCmasieHbl COCOUHEHUAMU: Nemyyux
MepneHos U cecKeUMepneHos, pacmeoPUMbIX OP2aAHUYEeCKUX KUCTIOM, HEPAC8OPUMBIX NOIUIPUPOE
SMUX KUCAOM CO CRUPMAMU, ONPEOeNsiouux KOMNIEKC COeOUHeHUll u OuonocudecKue ceoucmea
AHmMaps.

Knrwuesvie cnosa: sSIHTapHasd KHUCJI0Ta, OTpULIATCIbHBLIC 3apiadbl, IIOJABUXXHBIC IIPOTOHLI, IIapaMar-
HUTHBIC LICHTPHI, CBO6OIIHI)IC OJICKTPOHEIL.

AHajau3 Ouodgu3nueckux M OMOJIOTMYECKHX CBoiicTB siHTapsi. Ha pyOexe
TPETHETO THICAYEITIETUS OTMEYAETCS 3HAUUTEIbHOE YCKOPEHHE ITPOLiecca NHTETpallun
MEX]Iy TPaIUIIMOHHONW BOCTOUHOM M 3amaJHOM MeauluHOW. TeHaeHIus K cOmmxKe-
HHUIO BOCTOYHOM M 3alaJIHOM IIKOJ B HAPOJHOW MEIUIIMHE JTACT BEIMKOJCITHBIC pe-
3yJbTaThl B JICYCHUU OOJIbHBIX. TpaUIIMOHHO 3alaHbIe HAPOJHBIE METO/IbI, TAKUE,
Kak JIeUeHUEe NMUsBKaMH (repyaoTepanus), MeJIoM, MTYSIUHBIM SIJI0M, TJIMHOM, Jparo-
IIEHHBIMU KaMHSIMH, STHTapeM U Jp., MPUMEHsIeMbIC TI0 METOJUKAM BOCTOYHON MeIH-
IIUHBI, BO3JICUCTBYSI HAa TOUKH AKYMyHKTYpbI, WM HUHA4Y€ OUOJOTUYECKU aKTHUBHBIC
30HbI (BA73), OTKPBIBAIOT HOBYIO CTPAHUIY HAPOJHOTO ILIEIUTEIHCTBA U MPaKTHUE-
CKOTO 3IpaBOOXPAHEHUS.

Hacrosimas paboTta mocBsiiieHa OJHOMY W3 CaMbIX IIMPOKO MPUMEHSIEMBIX H
3¢ ()EKTUBHBIX HA MPOTSKEHUHU THICIUCITIECTHI JICKAPCTBEHHOMY Ipenapary, UCTOpH-
YECKU HE3aCTY>KEHHO 3a0bITOMY M BHOBb BO3POKIAIOIIEMYCSl B MOCJIEIHUE TOMABI -
MPUPOJIHOMY LICJIUTENIO SIHTApro. IIpocToTa M AOCTYNMHOCTh, MSATKOCTh M BBICOKAs
3¢ ()EKTUBHOCTD IEUCTBUS U, TIIABHOE, OTCYTCTBUE TOOOYHBIX d(DPEKTOB U ajiepru-
YECKUX PEAKIM CIENao JIeueHUe sSIHTapeM MaHareeil or Bcex Oosie3Heil. Mbl yka-
KEM Ha MPOUCXOKICHUE W DHEPreTUUECKUE ACIEKTHl SIHTAPHOW TEparnu, MO3HAKO-
MHUM Bac ¢ XUMH4YECKON CTPYKTYpOU U MEXaHU3MOM €T0 IEUCTBHUS.

VY sutapsa 6onee 30 HazBanmil. Kaxgoe u3 HUX OTpa)kaeT Kakoe-TmbO U3 ero
CBOWCTB. J[peBHME I'PEKM UMEHOBAJIA SIHTAPh JIEKTPOHOM, OT 3BE3]Ibl DJIEKTPaA B CO-
3Be3auu Tenblla U CIOCOOHOCTH MPUTATUBATH K ceOe HeOOJbIINE KYyCOUKH Manupy-
ca. X MOTOMKM HBIHE BJIOXKWJIUA APYTrOM CMBICI B Ha3BAaHME KaMHS M HAPEKJIM €ro
"BepoHHUKA", TO €CTh HOCHUTEIb M00eAbl. Pumiisne HazpiBanmu ero "cykiuuym" (OT ja-
TUHCKOTO cjioBa "3uccu3" - COK), TaK Kak CIPaBEIJIMBO MOJIaraiu, YTo SHTapb Mpe-
CTaBJsIeT COOOM OKaMEHEBIIMU COK JepeBbeB. Jloroe Bpemsi ydeHBbIE CHOPUIIH O
TOM, 4TO Takoe ssHTaph. Ho yOenuTenbHee BceX paccka3ayl O CBOEM MPOUCXOXKICHUN
caM SIHTapb U 3aKJIIOYEHHbIE B HEM OCTATKU KUBOTHOT'O U PACTUTEIBHOTO MUPA, CY-
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niectBoBaBmme Ha 3emsie 40-50 MuwuUIMOHOB JieT Haszan. lMccimemoBaHUsl YYEHBIX
X1X-XX BeKOB MoKa3aju, 4TO SHTApb 00pasyeTcs npu crernupudeckon Gpoccumza-
Ui (OKaMEHEHUH) CMOJIbl B pe3ysibTaTe MOJUKOHACHCAIMA CMOJSHBIX KHUCJIOT U
TepreHOoB. [ 1aBHBIC YCIOBUSA (POCCHIU3ANY - POIODKUTEILHOE OKUCIEHUE B TTOY-
Be "SHTapHoTrO Jeca", cpeau KOTOPOro COCHBI COCTaBsIn okono 70%, u mociueny-
IOIIee TIEPEOTIIOKECHHUE C 3aXOPOHEHUEM B IIPUOPEKHO-MOPCKUX JIaryHaX W JIEIbTO-
BBIX OCaJiKax co ci1abo okucauTenbHou menouHout cpepoit (bCI, 1978; C.C. CaBke-
Bu4, 1970; 1976).

CrnenoBatelbHO, SHTaph — 3TO KOHEYHBIM MPOIYKT PACTUTEIBHOTO MPOUCXO0XK-
JICHUS, a JISYCHUE STHTApEeM, B MU3BECTHOM CTENEHU MOXKHO OTHECTH K (DUTOTEpANHH.
SHTaph - BHICOKOMOJIEKYJIIPHOE COSUHEHUE OPTaHUUYECKUX KHUCIIOT, COJIepKaIlee B
cpennem 79 % yraeponaa; 10,5% Bomopona; 10,5% kucnopona. B ssHTapsx B Bue
npumeceit (0T cienoB A0 3%) oOHapyKeHO 24 XUMUYECKUX JIEMEHTA.

BecbMa BaKHBIM MOMEHTOM 171l TOHUMAHUST OJTHOTO M3 MEXAHU3MOB JIeUEOHO-
ro JneucTBusa stHTaps sipnsgercs ycraHoBieHue K. Ilnonaiitom Hammuusi cBOOOIHOM
SIHTAPHOM KUCIIOTHI B MyCTOTAX KOCTSIHOTO (HEMPO3payHOTO) STHTapSI.

Jpyrum Ba)KHBIM MOMEHTOM JIJIs IOHUMaHUs MEXaHU3MOB JICUEOHOTO IEUCTBUS
SIHTaps SIBJISETCS OOHAPYKEHUE MPU MOMOITU JIEKTPOHHOTO MapaMarHUTHOTO PE30-
HaHCAa B TEMHO-KOPUYHEBBIX SHTAPSAX MapaMarHUTHBIX IEHTPOB, YHUCIIO KOTOPHIX B
100 pa3 Oonble, 4eM B CBETIbIX. B BHIBETPEHHON KOPKE MO CPAaBHEHUIO C HEH3MeE-
HEHHBIM STHTapeM (B OJTHOM KYCKe) MapaMarHUTHBIX IEHTPOB MEHBIIIE.

Kak mokazanmu macc-CeKTpOMETPUYECKUE HCCIIEIOBAHUS, B COCTaB SIHTApS
BXOIHT Goiee 40 coenuHennii. MHOTHe U3 HUX ellle Hen3BecTHbI. Kak mokasan M.®.
Moon (1816) B sAHTape MOCTOSHHO COIEPXKHTCS SHTApHAs KHUCIOTa (0KoJIo 4 %) u
MpUMECh coJiel (TIPEeUMYIIECTBEHHO STHTAPHOKHCIIBIX) KaJlusl, KaJIbIIMsI, HATPUs, JKe-
ne3a (mo 1 %). SAuTapb COCTOUT U3 TPEX TPy COCTUHECHUIA:

1. JleTy4nx TEpPIIEHOB U CECKBUTEPIICHOB,

2. PacTBOpMMBIX OpraHUYECKHUX KHUCIIOT;

3. HepactBopuMbIx  mommdPUpoOB  ITUX  KHUCIOT  CO CIIUpTaMHU,
00pa30BaBIIMMUCS U3 ITUX K€ KUCIOT. J[aBHBIM- JaBHO YEJIOBEK 3aMETHUJI,
YTO BO MHOTMX oOpa3lax sHTapsh HaXOASATCA Pa3JudyHbIE BKIIOUYCHHS
(’KMBOTHBIE, paCTUTENIbHBIE, MUHEPATbHBIC, Ta30BHIC).

Eme B VII-VI B.B. 10 H.3. @anecy MuierckoMy ObliIa M3BECTHA CIOCOOHOCTH
SHTapsl AJEKTPU30BAThCA MPHU TPEHUU W MPUTATUBATH PA3HbIE MEJIKHE M JIETKHE
npeameTsl (C.C. CaBkeBud, 1970). [Ipuuem, yem cuiibHee pa3orpeBaeTcs MpU Tpe-
HUU SIHTapb, TeM OOJIbIIICH CHJION OH 00JaJaeT, MPUTATHUBASI HE TOJILKO JIPEBECHBIC
CTPYKH, HO TaKXKE JKeJIe3HbIe, CEPeOPSHBIE U 30JI0THIC OMTUIIKH.

SHTaph MI0X0 TPOBOAUT SIEKTPUUECKUN TOK, OJHAKO MPU TPEHUU O LIEPCTS-
HYIO TKaHb OH, AJIEKTPU3YETCS U MPOJOJDKUTEIIBHOE BPEMSI COXPAHSAET OTPULIATEIIb-
HbIe 3apsapl. OT sHTaps MONUIo MpeAcTaBieHue 00 snekrpuuecte. K unciy Hanbo-
Jiee XapaKTePHBIX XUMUYECKUX OCOOEHHOCTEH sTHTapsi OTHOCUTCSI HAJIMYKE B TIPOTYK-
TaxX €ro CyxXou IEePEeroHKU sIHTAPHOW KUCIIOTHI. SIHTaphs He pacTtBopsercs B Boje. Ya-
CTHYHO PAcTBOPSETCS B HEKOTOPBIX OPraHUYECKUX COeAMHEHUsX - criupte (20-25%),
adupe (18-23%), xnopodopme (10 20%), TbHIHOM MacIIe.

258



BaxxHbIM siBIIsSieTCS CIOCOOHOCTH sIHTaps pa30yxarh B Boje. 3a JIOCTATOYHO KO-
POTKHUH CPOK 00bEM M3MENBUCHHOTO SHTaps yBennuuBaercsa Ha 8%. [lokazana mpo-
HUIIAEMOCTh SIHTAPS JJIS )KUJKUX U Ta3000pa3HbIX areHToB. Upe3BblUualiHO BaKHBIM
SBJISIETCA CIIOCOOHOCTH SIHTapsl K HAOYXaHUIO B Pa3JIMUHBIX BEIIECTBAX MPU KOMHAT-
HOU TemIiepaType, T.€. GaKTHIeCKH COpONPOBATh Pa3INYHbIC OPTAHUUECKIE U HEOP-
FaHUYECKUE COCTUHEHUS.

HccnenoBanust GU3MUECKUX CBONCTB SHTAPS C MOMOIIBIO SACPHOTO MAarHUTHO-
ro pe30HaHca MOKa3aJlo, YTO B SHTAPE MPU KOMHATHOW TEMIIEpAType UMEIOTCA TO-
nBKHBbIE NMPOTOHBL. [Ipu HarpeBanuum siHTaps ot 60 mo 120° C, comepxkanue mo-
JIBHKHBIX TPOTOHOB PE3KO BO3PACTET.

Bb110 BBISICHEHO, YTO STHTAph MPEACTaBISET COO00M KapKaCHBINA MOJUMED C pej-
KON CIIKMBKOM, COACPNKUT B ce0e MOJIEKYJIbl MM CErMEHThI MaKpOMOJIEKYJ, clabo
CBSI3aHHBIX C OKpYyXeHUEM. [[03TOMy OHUM JErKO MUTPUPYIOT KAaK MPU HArPEBAHUH,
TaK W OPHU BO3JECUCTBUM pacTBOpuTelsiei. [Ipu cropanun ssHTaph BBLAEISET IAPHI C
apOMaTHBIM 3amaxoM. B cBsI3u ¢ 3TUM B cpeHUE BEKa €ro yrnoTpeossiy s 0iaro-
BOHHBIX KYpEHUH B Xpamax U 1epkBax. B npeBHeir Pycu sHTaph mo3TOMY Ha3bIBAIN
"Mopckum nagaHom".

s onpeesieHust HallMuus B MOJIEKYJIaxX sIHTapsi HECapeHHBIX AJIEKTPOHOB HC-
CJIEI0BaHUS MPOU3BOAWIN C MTOMOILBIO 3JIEKTPOHHOIO MapaMarHUTHOTO PEe30HAHCA.

Bbi10 BBISIBIGHO HE TOJIBKO HAJIMYME MapaMarHUTHBIX LEHTPOB U CBOOOJHBIX
AJIEKTPOHOB B SIHTape, HaXOJAIIMXCS Ha T'PaHH YYBCTBUTEIBLHOCTH MpHOOpa IMpH
KOMHAaTHOHM TemmepaType, HO U 3HAUYHUTEIIbHOE YBEIMYEHUE KOJUYECTBA HECIApEH-
HBIX JIEKTPOHOB IMPU HArPEBAHUM U MEXAHUYECKOM BO3JEHCTBUU BCIIE/ICTBUE Pa3-

phIBa XUMHYECKHUX CBsi3eH 1 HapytieHus MojiekysipHbIix cTpykTyp (T.K. Cepranosa,
C.P. Paduxos, 1965; Lagercrantz, Yland, 1962).
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299c.
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VJIK 631.4
BBIIEJTEHUE U HIEHTADGUKAIINS MUKPOOPTAHNU3MOB,
MOJIYYEHHBIX U3 KEGUPHOT'O I'PUBA

Ko3znoe Anopeit Bnaoumupoeuu, 0.6.1., ooyeum, npogheccop Kagheopvl MuKkpoouo-
poeuu u ummynonrocuu DI'BOY BO PIAY-MCXA umenu K.A. Tumupszesa,
a.kozlov@rgau-msha.ru.

/Kykoea Examepuna Bukmopogeha, x.c.-x.H., 0oyenm xageopvl MOIOUHO20 U MACHO-
2o ckomosoocmea DIFOY BO PIAY-MCXA umenu K.A. Tumupszesa,
e.zhukova@rgau-msha.ru.

HUnvuna Kaponuna Onezoena, cmyoenm 3 kypca Mncmumyma 30omexuuu u 6uono-
euu, kagedpwvl mopgonocuu u eemepunapro-canumapHou s3xcnepmuszvl ®I'6OY BO
PIr'4Y-MCXA umenu K. A. Tumupsizesa, ilina.karkarch@gmail.com.

Masznaa Banenmuna Banepvesna, cmyoenm 3 xypca HUuncmumyma 300mexuuu u
ouonoeuu, xrageopvr Mmopgonrocuu U GemMepPUHAPHO-CAHUMAPHOU IKCNepPmu3bl
DI'BOY BO PI'AY-MCXA umenu K.A. Tumupszesa, newq24042017@gmail.com.
Cnasnoe Hnva Bumanveeuu, cmyoenm 3 kypca Uncmumyma 300mexHuu u 6uono-
euu, kagedpwvl mopgonocuu u eemepunaprHo-canumapHou sxkcnepmuzvl @PI'60Y BO
PIrAY-MCXA umenu K.A. Tumupszesa, ilya.slavnov@bk.ru.

Annomauusn: Kegupnwiii epub npeocmasisnem codooll ecmecmeeHHo chOpMUPOBASUULCS CUMOUO-
MUYECKUll KOHCOPYUYM MUKPOOP2AHUZMO8. B e2o cocmas 6xo0sam Heckoibko npedcmagumeneti po-
008 bakmepuil, a makdice OpodicHcU. B oannoi pabome OvLiu 6vi0eleHbl HEKOMOPbLLE NPEeOCm asU-
menu, éxoosue 8 cocmas kegpuprozo epuba. Ha ocnoee nonyuennvix oopazyos, owiiu nposedeHvl
Mopghonozcuueckue u OUOXuUMUYecKue mecmol ¢ Yeaibio UOeHmupukayuyu pooa u 8uda NOoay4eHHbIX
MUKPOOP2AHUIMOS.

Knrouegwie cnosa: xedvpHsbiii rpud, MOJIOYHOKHUCIIbIE OAKTEPUH, YKCYCHOKIIbIE OAKTEpUH, APOXKIKH,
Lactobacillus, Lactococcus.

BBenenue

Kedupubie rpubku (B aHTII036I9HO JTepaType — Kefir grains)— ckoruienus
MUKpPOOPTaHU3MOB, YAEPKUBAEMBIX BMECTE MOJUCAXAPUIHON MaTpULIeH MOJ Ha3Ba-
HUEM KeupaH. 3epHa NpeICTaBIAIOT COO0M MATKYIO *kejneo0pa3Hyro Maccy 0ernoro,
CJIerKa >KEeNTOBAaTOro ILBETAa, COCTOSUIYI0 M3 Oelka, JIMMHUIO0B U ToJiMcaxapuia, Ke-
(UpHOro KOMIUIEKCa, KOTOPBIM OKPY>KAET IPOKKU U OAKTEPUH B 3€pHAX Kedupa.

Eme Jlyu [lactepom ObIJIO OTMEUEHO TMOJIOKUTEILHOE BIUSHUAE KUCIOMOJOY-
HBIX ITPOAYKTOB Ha OpraHusMm 4yenoBekax. B tpymax M.JM. MeunnkoBa, CBSI3aHHBIX C
M3YYE€HHUEM JOJT0JIETUSI YEJIOBEKa, ObLJI0O OTMEUEHO, YTO COZepkKalluecs B KUCIOMO-
JIOYHBIX MPOAYKTaX OAaKTEPUH MOTYT MOAABIATH POCT MATOTEHHOW MHUKPOQIIOPHI B
KHILIEYHUKE YEJIOBEKA.

B cpaBHeHuu ¢ ApyruMu KUCIOMOJOYHBIMU MPOJIYKTaMH, Keup OTIndaeTcs
TE€M, YTO B HEM HJET Cpa3y HECKOJIbKO MPOLECCOB OPOXKEHUsS: MOJOUYHOKHUCIIOE,
CIUPTOBOE M YKCYCHOKHCIIOE. B CBSA3M C 3TUM, B KOHEYHOM MPOAYKTE BO3pPACTaET
KOJIMYECTBO OCHOBHBIX BUTAMUHOB, YTO B CBOIO OYepe/b OJIaronpusTHO CKa3bIBAECTCS
Ha (QYyHKIUAX HEPBHOU cucTembl [2]. PerynspHoe notpebdiienue kedupa HOpMaIUu3y-
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€T MUIEBapEHHUE, OKa3bIBACT aHTHUOAKTEPUATIbHBIN, THIIOX0JIECTEPUHEMUYECKHM, aH-
TUTUTIEPTEH3UBHBIN, TPOTHBOBOCTIATUTEILHBIN A((EKTHI HA OPTraHU3M, a TAKXKe CII0-
COOCTBYET CHMKEHUIO TITFOKO3bI B TJ1a3Me KpoBH [ 1].

Yamie Bcero B Ke(UpHBIX TpuOKax BeTpevaroTes Oakrepun poaa Lactobacillus,
coctapisitonie okoyio 80% oT O0Iero 4ucia MUKpOOpPTaHu3MOB. B psine uccieno-
BaHMI ObUIM BBIZCIICHBI Takue BHIbl kak: Lactobacillus acidophilus, Lactobacillus
viridescens, Lactobacillus fermentum, Lactobacillus casei, Lactobacillus helveticus,
Lactobacillus plantarum, Lactobacillus kefiranofaciens, Lactobacillus kefir,
Lactobacillus parakefir [1]. B gactnoctu, Lactobacillus kefiranofaciens ssisercs
IPOJYLIEHTOM BHEKJIETOYHOrO MojiKcaxapuaa kedupaHa, CrioCOOCTBYIOIIETO B CO-
3IaHUU TIOJIMcaxapuaHoN 00010uku KehupHbIX 3epeH [4]. Ot 5 no 8% ot obmiero
YluCciia MUKPOOPTaHM3MOB TMPUXOJUTCA Ha MpeacraButened poga Lactococcus.
Hpoxoku cocraBisitoT 1,75%. [lo nanueiM [5] B kedupHOM rpude BCTpeyaroTcs
npencrostenu poxa Saccharamyces (S. delbrueckii, S. cerevisiae, S. unisporus),
Candida (C. ker, C. holmii, C. friedrichii, C. humilis), Kluyveromyces (K. lactis, K.
marxianus), a taxke Torulaspora delbrueckii, Dekkera bruxellensis u Pichia fer-
mentans. 0,05% npuxoauTcss Ha YKCYCHOCKHUCIbIe OakTepuu. B mpoiecce merado-
JU3Ma JPOXIKEeH o0paszyeTcsl ATUJIOBBIM CHUPT, KOTOPBIM CIYKUT CyOCTpaToM st
atoro pona Oakrepuii. Bmecte ¢ Lactobacillus kefiranofaciens ykcycnokucnbie 6ak-
TEpUU MPOAYLHUPYIOT MOJIUCAXAPUIBI, KOTOPHIE MO3BOJISIIOT MOAACPKUBATH CTPYKTY-
py kedupHOro rpuoda.

HekoTopble UCTOUHUKHN YIIOMUHAIOT MPUCYTCTBUE TIpecTaBUTeNe poaa Leu-
conostoc.

Leab padoTsl

Brijenenre MUKpOOpPraHU3MOB, BXOJSIIIMX B COCTaB kKeupHOro rpuba, u ux
HJICHTU(UKAITHS.

MarepuaJjibl 1 METOABI

B naGoparopun mnosiydeHHble 00pa3ibl Ke(UPHBIX TPUOOB MOIJIEPKUBAINA B
CTepUJIbHOM MoJioke 1,5% »KupHOCTH Npu KOMHATHOW TemnepaTtype. B npouecce pa-
0O0THI CTapaJIUCh BBIICPKUBATH COOTHOIIIEHHWE MAaCChl TPUOKAa U Cpellbl B MpeaKax
1:40-1:50 mo macce. B mporecce BoIpamuBanus KeQupHOTo rpuba MpH JaHHBIX
YCJIOBUSIX CKOPOCTh 00pa30BaHMs CI'yCTKa COCTaBJIsIa OKOJIO CyToK. He momyckanock
o0Opa3oBaHHE CHIBOPOTKH U BBINIAJIEHUS XJIONbEB KazenHa. [lo Mepe pocra Guomacchsl,
CTapasiCh COXpaHUTh NIEPBOHAYATILHOE COOTHOIIIEHUE Tprb/cpenia, MEHSUTH 00beM HUC-
MOJIb3YEMOI'0 MOJIOKA.

IMuraTenbHuble cpeabl. [ BEIEICHUS MOJIOYHOKHCIIBIX OaKTEpUi MOJIb30Ba-
mucek cnenyomumu cpenamu: MRS, yHuBepcanbHas cpema s KyJbTUBHUPOBAHUS
MOJIOYHOKHUCHBIX Oaktepuil. Arap Jlu mpemnasnadaercs misa nauddepeHImpoBaHus
Streptococcus thermophilus u Lactobacillus bulgaricus, mockonbky mocineanuii He
cOpaXrBaeT caxapo3y, HO TaK)Ke Ha ATOM cpeJie XOPOIIIo pacTyT MPEJACTABUTENH pojia
Lactococcus. Cpena bornanoBa ucnosib3yeTcs sl HHTEHCUBHOTO POCTa apoMaToo0-
Pa3yIOIINX CTPENTOKOKKOB.

Jnst BbIZIETIEHUS YKCYCHOKHUCIIBIN OaKTepUil UCIOJIb30Ballach KaK >KUAKasl, TaK
Y IUIOTHAS cpelia Ha ocHOBe cpenbl XectpuHa-IlIpama (HS). [l Hakomienus ykeyc-
HOKHCJIBIX OaKTepuid OblIa UCTOJBb30BaHA KUJKAs cpeaa ¢ qodasiaeHueM 1% stuio-
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Boro crnupta (HSE). DTuinoBbIil ciupT m00aBIsICS acCEeNTHYECKH TMEpe] MOCEBOM
MUKpPOOPTraHu3MoB. JIJis KyJTbTUBUPOBAHUS Ha TUIOTHOM cpesie K OCHOBHOM cpene HS
n00aBsUIM KapOOHAT KaNblus, AJI1 HEUTpalu3alud 00pa3yIoNIHiics YKCYCHOM KuC-
JIOTHI, & TAKXKE TSI IEPBUIHON MACHTH(PUKAIINKA KOJIOHUN YKCYCHOKHCIIBIX OaKTEpHid
0 00pa3yIoNIMMCS MPO3padHbIM 30HaM pacTBoperus Mena (HS+CaCOs).

Jlyis BbIACTIEHUST TPOXOKEH MoJsib30Baluch cpeaor Cabypo ¢ xjopamMpuHUKO-
JIOM.

Broinenenue 6axkrepuii um apoxekei. B cTynky nmomMerniaiach HaBecka Kedup-
HOro rpuda maccoi 1 rpamm. 3aTem Kk oOpasily 100aBiIsIOCh 9 MIT PU3UOTOTHYECKO-
ro pacTBopa U TIIATEIBHO PACTHpaIU MPHU MOMOIIM NecTuka. M3 momxyyeHHo# cyc-
NEH3UM TPUTOTABIMBAIIM TIOCIEIOBaTENbHbIC pa3Be/ieHUus. B HameM ciydae Mbl
nosib3oBauch |1V passenenuem. [l moceBa U3 mociaeaHe MpoOUpKU OTOMPanoch
250 MuUKpoIUTpPOB U nmoMeman B yamku [lerpu ¢ 3acteiBimmM arapom. CycrieH3UIO
pachpeeNsiig o cpefie, Moab3ysch mmarteneM Jpuramsctroro. IloceBbl ¢ MOIOYHO-
KHCJIBIMU OaKTEPHUSIMHU CTaBWIM B TepMocTaT mpu Temmeparype B 37 °C. JIpoxiKu BbI-
nepxuBanu mpu 30 °C.

JI71s1 HaKOTUIEHUS YKCYCHOKHCIBIX OakTepuili B KoJIObl Ha 250 MJ1 momeranu
100 mn xuakont cpeasl HSE nmomernanu 250 MukponutpoB u3 rpodupku ¢ [V passe-
JIEHHEM U TepMocTatupoBanu cytku npu temmeparype 30 °C. Tlocie mpu moMomu
OAKTEpUOJIOTUYECKON METIN MEPEeHOCHIIM NoceBbl Ha IOTHYI0 cpeny HS+CaCOsz u
MOMEIIAIA B TEPMOCTAT.

Pe3yabTaThl U 00CyKIeHHE

Cnycts 24 yaca mociie TEpMOCTAaUPOBAaHMSI Ha BCEX YalKaxX ObUIO 3aMETHO
pa3BUTHE KOJIOHUU Jpoxken. [Ipn MX MUKpOCKONMM, B YACTHOCTH CO CpPEI MpeaHa-
3HAYCHHBIX I KyJIbTUBUPOBAHHS MOJIOYHOKHUCIBIX OAKTEPHil, YHCTHIX KYJIbTYp HE
ObUI0 OOHApYXEeHO. BOKPYT IpOoXOKEBBIX KJIETOK M HA MPOTSHKEHUH TICEBIOMHUIICITHUS
OBLITM 3aMETHBI, B OJTHUX CIIy4asiX— KOPOTKHE IETIOYKH CTPENTOKOKKOB, B APYTHX—
KOPOTKHE MAJOYKH, 3aKPYTJIEHHbIE ¢ 000MX KOHI[OB.

[Tomumo mpoxxeit Ha cpenax MRS, bornanosa u arape JIu Obun OOHApYX)EH
MeJIKHE, OKOJI0 1-2 MM B AMaMeTpe, OTACNBbHO JIeXkKalue KoJoHUH. Beipociiue koio-
HUU OBLITU TIEpPECEsTHBI HAa TPOOUPKH, COJIEpKAIINE CTEPUILHOE MOJIOKO.

[Tocne TepmoctatupoBanus cpensl HS+CaCOj3, Obuin 0OHApY>KEHBI 30HBI pac-
TOPKEHUS MeJla, CBUIETEIbCTBYIOLIUE O POCTE YKCYCHOKHUCIBIX OaKTEepH.

[Tpu MHKpOCKOTIHH OTEJIbHBIX KOJIOHUH POKiKeH, BeIpocux Ha cpeae Caly-
PO, HE OBLJIO OOHAPYKEHO OaKTEpPHATbHBIX KJIETOK, YTO CBUIETEIHCTBOBAIO O HAJIU-
YUU YACTHIX KYJIBTYP.

NnenTudpurkanus MUKPOOPraHU3MOB

Mosounokucinbie O0aktepum. [locne Toro, kak B mpoOupkax oOpazoBaycs
CTYCTOK, OBUIM MPHUTOTOBIEHBI MHUKPOTpPENapaTbl M, B Pe3yibTaTe MOCIEIyIOIeH
MUKPOCKOIIUU, 00pa3I[bl OBLIN pa3/ieleHbI Ha IBE TPYIIBL: B IEPBYIO ObLIA OTHECEHBI
T€, Ha KOTOPBIX ObLIM 00HapyskeHbl JakTodanumiel — Lactobacillus (Lb), Bo BTopyro
Te, I/ie 00Hapy)KUBAIKUCh cTpenTokokku—Lactococcus (Lc).

Lactobacillus. Bcero 6but0 cobpano 11 u3osToB nakrobarwmut. Mopdosoru-
YECKH, 10 XapaKTePHBIM MPU3HAKaM, MOKHO OBLJIO Pa3IMYUTh MPEICTABUTENEH BUIA
Lactobacillus helveticus, oOpa3syrorue npsimbie, CIerka H30rHyThIe Ha OHOM KOHIIE
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NaJIOYKH C 3aKPYTJICHHBIMU KOHIIAMH, PACTYIIMEe B BUIEC XapaKTEPHBIX IIETOYEK.
JlaHHble TpencTaBuTeNd ObUIM OOHapyKeHbl moj Homepamu Lb-2 m Lb-8. Taxxe
MOXKHO OBIJIO pacro3HaTh NpeacTaBuTenell Oonrapckoit mamouku (Lactobacillus
bulgaricus), kpymHbsie 6akTepuu ¢ 3aKPYTJICHHBIMUA KOHIIAMH, OJIMHOYHBIC U 3CPHH-
ctele (oOpaszery Lb- 6). Pasmuummbl Obiv W mpencraButenm Buma Lactobacillus
acidophilus (anmnodunpHas nanodka), pacTylue B BUIE KPYIHBIX MPSIMBIX MMaJT0YCK.
Jlanabie OakTepuyn ObLTM OOHApYKEHBI B oOpasie Lb-3.

Jpyrue oOpa3ipl Mpy MOMOIINA MHUKPOCKOMUHU Pa3INYuTh HE yaanock. B 00-
pasuax Lb-1— Lb-4, Lb-6, Lb-8, Lb-9 naémonanock romodepMeHTaTHBHOE MOJIOY-
HOKHCIIoe OpokeHne. He OpuTo 3amMedeHo cienoB oOpa3oBaHus Taza. CrycTok ObuI
OJTHOPOHBIN. POCT OakTepraNbHBIX KJIETOK YaCTUYHO HAOIIOIAIICS TIPH TEMIIEpaType
20°C, Ho GompIIMHCTBO OakTepmii pociao mpu temmneparype B 45 °C. O6pasmsr Lb-5,
Lb-7, Lb-10 u Lb-11 BeI3bIBaM reTepodepMEHTaATUBHOE MOJOYHOKHUCIIOE OpOKEHHE.
CrycTok pacciamBalics Ha CHIBOPOTKY M OT/AEIbHBIC XJIOMbs KazenHa. HaOmromanoch
obpasoBanue raza. ¥ oopasuos Lb-5, Lb-7, Lb-10 mpocnexuBaincs poct mpu Temiie-
parype 15 °C. ITIpu noBeim6enuu remmeparypst 10 45 °C, poct mpekparmancs. Y Lb-11
obpasoBanue crycrka npoucxoauio mpu 45 °C, vo mpu 15 °C Hukakux u3MeHEHHI HE
Ha0JI10/1a710Ch.

JlJis onpeniesieHns BUIOBOW MPUHAICKHOCTH OBUTH ITOCTABJICHBI PEaKIMH Ha
cOpakuBaHHE YTIJIEBOJOB. DTUM peakIusM ObUTH TIOJBEPTHYTHI U T€ 00pasiibl, 4el
BU ObLT ompezesieH Ha ocHoBe Mopgosoruu (Lb-2, Lb-3, Lb-6, Lb-8). Pe3ynbrats
OBLITM 0OTOOpaXKEHBI B TAOHUIIE.

Tabnuma 1
broxumuyeckue cBoiictBa oopasmon Lactobacillus (Lb)
Lb-1 | Lb-2 | Lb-3 | Lb-4 | Lb-5|Lb-6 | Lb-7 | Lb-8 | Lb-9 | Lb-10 | Lb-11

apabuHo3a + - - + + - - - - - +
raJlaKTo3a + + + + + + + + + - +
TJII0K032 + + + + + + + + + + +
KCHJIO3a + - - + - - - - - - -
JIAKTO3a + + + + - + + + - + +
MaJIbTO3a + - + + + - + - - + +
MaHHHT + + - + - - - - ¥ B _
MEJICIIMTO3a + - - + - - - - + - -
Menuono3a + - - + + - + - - - +
paMHO3a - - - - - - - - - - -
padduHo3a + - - - - - + - - - +
pubo3a + - + + + - - - + + +
CAJIMIIUH + - + + - - - - + i _
caxaposa + - + + - - + - - + ¥
copouT + - - + - - - - + - -
Tperanosa + - + + - - - - + - _
dbpykTo3a + - + + + + + - + + +
1e1001o3a + - + - - - - - + - _
ICKYJIMH + - + - - - - - ¥ _ _
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B pesynbTaTe cOpakuBaHUs yrieBOAOB, ObUIO MOATBEPKIEHO, YTO 00pa3ibl

Lb-2 u Lb-8 oTHOCcsATCs k mpencraButensm Buaa Lactobacillus helveticus, Lb- 6—
Buy Lactobacillus bulgaricus, a Lb-3 x Lactobacillus acidophilus.

CornacHo onpenenurento 0akrepuil bepxu [2], ucciaeayembie HaMu 00pasiibl
OBUIM OTHECEHBI K ClIeayroImM Buaam Oakrepuid. Lb-1 n Lb-4 x Buay Lactobacillus
plantarum; Lb-5 — Lactobacillus brevis, Lb-7 — Lactobacillus kefir, Lb-9 — Lac-
tobacillus casei, Lb-10 — Lactobacillus viridescens, Lb-11— Lactobacillus fermen-
tum.

Lactococcus. [Ipyrue coOpanHbie 00pa3ibl, OTHECEHHBIE HAMU K MPECTaBIIs-
eM pojia Lactococcus, 6p1TH Takke MpoHyMepoBaHbl. Becero Hamu Ob1710 0TOOpaHO 6
npo6. [lomydeHHbIE MUKPOOPraHU3MBI KYJbTUBHUPOBAIU Ha CTEPUILHOM MOJIOKE.
[Tocie n3roToBIeHUsI MUKPOIIPENapaToB HaMU ObLIM 3aMEUYEHBI MPECTABUTEIN BHUJIA
Lactococcus lactis, pactyiiee B BHJe AMITIOKOKOB, MPABHIBLHON KOKKOBOM (hOpPMBI,
o0Opa3yromux ernovky ot 3 10 6 kierok. O0pasiel, 0003HAYCHHBIC HAMU HOMEpaMH
Lc-4 u Lc-5, npencrapisnu co0oil KOKkH cepruyeckoir Gopmbl, 00pa30BbIBABIINE
JUTHHHBIC T1eTTOYKH. J[aHHBIe 00pa3mpl MOKHO OBLTO OTHECTH, KaK M K MPEACTaBUTE-
JstM TepModrITbHOTO cTpenTokokka (Streptococcus thermophilus), Tak u k Bumy Lac-
tococcus cremoris, Takyke 00pasyroieMy JUTMHHBIC [eMOYKH. JIJIsT TOYHOrO YCTaHOB-
JIeHUs BUAa OaKTepwii OBLIN MTPOBEACHBI KAUECTBEHHBIC PEAKITUH, TIPEICTABICHHBIC B
TaduIe.

Tabnuma 2
buoxumuueckue cBoiictBa o6pasmos Lactococcus (Lc)

Lc-1 Lc-2 Lc-3 Lc-4 | Lc-5 Lc-6

poct mpu 10 °C + + + - - +
poct nipu 45 °C - - - + + _
POCT B MOJIOKE C METH-

JIEHOBOW CUHBIO + + - - - -
aMMMaK U3 apTUHHAHA + + - - - -
NaCl 6,5% - - - - - -

[To nanHbIM ompeaenutens 6akTepuit bepmku [2] 61O yCTaHOBIIEHO, YTO 00-
pasunl Le-1, Lc-2 u Le-3 otHocsares k Bumy Lactococcus lactis. Lc-4 u Le-5 Obuan
orpeseneHsl Hamu kak Streptococcus thermophilus. Lc-6 6bu1 0OTHECEHBI HAMH K BH-
ny Lactococcus cremoris.

JApoxacxu. M3 oTnenbHO Jexanux KOJOHWH, BeIpocimx Ha cpene Calypo ¢
XJIOpaM(pUHUKOJIOM, OBLIIM OTOOpaHbl HE CoJepKalliue OaKTEPUU APOAIKEBbIE KIIET-
k. OHUM OBLIIM NIEpeHeCeHbl Ha MPOOUPOUYHBIE KOCSIKU C AaHAJIIOTMYHOM cpeoi 0e3 aH-
tubuotuka. Beero 66110 0oToOpano 7 06pasios.
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Ta0muna 3
buoxumuyeckue n mopdosornueckre 0coOeHHOCTH 00pa3noB apoxxkeit (Y)

Mopdonoruueckue 0COOCHHOCTH MOTyUYESHHBIX 00Pa3IoB IPOAOKEH
Y-1 Y-2 Y-3 Y-4 Y-5 Y-6 Y-7
N N . N JKEITOBATO- .
LIBET KOJIOHUI OebIit OenbIif | KpeMOBBIi Oerble KPEMOBEIE Serlbie KPEMOBBIH
BHEIIHUM BUJ .
rIaJKue | TIaAKue | TIaAKui TJIaJIKUe TJIaJIKHe TJIaJIKHe rJIaIKue
KOJIOHUU
MopdoToTHs
CICTOK KpyTJIbIe | KPYTJIBIC | OBajbHBIC | OBAJIbHBIC | OBAJIbHBIC | OBAJIBHBIC | OBaJbHBIC
00pazoBaHMs
TICEBJO- - - - + + + -
MULICTUS
broxuMmuyecrke CBOHCTBA MOYIEHHBIX 00Pa3IOB APOKKEH
TJIFOKO3a + + + + + + +
caxaposa + + + - + + -
JIJaKTO3a - - - + + + +
MajbTO3a + + - - - - -
KCHJIO3a - - - - - - -
rajakrosa - + + - + + +
paMoHO3a - - - - - - -

Ha ocHOBe TOJNy4EeHHBIX KYJIBTYpP, Mbl IOMBITAIUCH OMPEACIUTH POIOBYIO
MPUHAIJICKHOCTh Ipoxoked. B Tabmuiy Obutv 3aHeceHbl BUA U (opMa KOJOHUM, a
TaKke Mopdosornyeckre 0COOCHHOCTH JPOXIKEBBIX KieTok. Ha ocHoBe crathu [4]
OBLIIM TIOCTABJICHBI TECTHI HAa COpakMBaHKE yIiIeBo0B. B mpobupku ¢ cpenoit Cady-
PO U HCCIIEyeMbIM yTIEBOAOM OBLIU MOMEIIEHBI TPOOUPKU YIIEHTyTa, YTO TTOMOTa-
JI0 OTCJIC)KHUBATH TPOIECC OPOKCHHE.

Y-1u Y-2 ObutH OTHECEHBI HaMU K poay Saccharomyces. BoibmHCTBO BbIjie-
JICHHBIX HaMu 00pa3iioB, C Y-3 mo Y-7, Obutn oTHeceHsI K poy Kluyveromyces.

YkceycHokuciable Ooaxktepuu. Co cpeast HS+CaCO;z; Obutm oToOpaHbl He-
CKOJIBbKO 00pa3ioB. [Ipu pocTe HE MIIOTHOU cpee OHU 00pa30BaH 30HBI PaCTOPKE-
HUS KapOOHAaTa Kajablvs. Bce OHM IpH MUKPOCKOITUY MMENH CXO0XKYH0 MOP(HOIOTHIO:
cliera BBITSHYTHI TMAJOYKH, 3a49acTyI0 pacTyiiee B BHje Iernovyek. OCHOBHBIM IPO-
TYKTOM MeTaboim3Ma 3TUX OaKkTepuil sIBIsUIach YKCycHas kuciorta. [Ipu Hanuuuu B
Cpelie TOIBKO STUIIOBOTO CIIUPTa pocT OakTepuit He HaOmoaancs. Ho B mpucyrcTBue
MEHBIIIETO, [0 CPABHEHUIO C UCXOTHBIM, KOJTUYECTBA TJIFOKO3bI M T00aBICHUN K HEMY
ATUJIOBOTO CIUPTa— POCT OAKTEpUATBHBIX KJIETOK yBEIUYHBAJICS. Y OakTepwil mpu-
CYTCTBOBaJIa KaTaja3Has aKTUBHOCTh. [10 mogydyeHHBIM HaMU JTaHHBIM, MBI OTpese-
aunn By Oakrepuii kak Acetobacter aceti.

3aki0oueHue

Ha ocHOBE MOydeHHBIX JaHHBIX MBI MOYKEM CYAHWTHh O Pa3HOOOpA3HH MHKPO-
baopel kepupHOTO TpHOa. MOXKHO CIenaTh MPEANOJIONKEHHUE HACKOIBKO MHOT000-
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pa3Hbl OMOXMMUYECKHE B3aMMOOTHOILCHUS MPEJCTABUTENEH pa3HbIX pOAOB OakTe-
pHii, a TaKKe B3aUMOJICUCTBUS, CKJIIbIBAIOIINIICS MEXKIY OAKTEPUIMHU U APOKKAMHU.

B Hamewm uccrnenoBanuu He ObLTM HAWJACHBI BCE OMHMCHIBAEMBIE B JINTEPATYpE
MpeICTaBUTENN OaKTepUil U APOXOKEH. DTO TOBOPUT 00 YHUKAIBHOCTH Ka)KJOTO TO-
TydaeMoro oopasia kegupHoro rpubda, a Takke 0 HEOOXOAMMOCTH HHBIX TTOIX0/I0B K
BBIJICJICHUIO U U3YYEHHIO MUKPOOPIaHU3MOB.

Nzydenne Mukpodaopsl keupHBIX TprOOB MOXKET MOMOYh HAM B HaXOXJIe-
HUU HOBBIX IITAMMOB OaKTEpHii, KOTOPhIE MOTYT MCIOJIb30BaThCSl HE TOJIBKO B MO-
JIOYHOM MTPOMBIIIUIEHHOCTH ISl TIOJTy4€HHsI HOBBIX BHUJIOB 3aKBACOK, HO U JIJISl TIOUCKA
HOBBIX, BO3MOXHO 00Jj1ee 3D PEKTUBHBIX, MPOOUOTHKOB.
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Annomauusn: Kegupuoiii 2pub npeocmagisiem coool ecmecmeeHHo ChopmMuposasuiuiicss cumouo-
MUYECKUl KOHCOPYUYM MUKPOOP2AHUZMO8. B e2o cocmas 6xooam neckonvko npedcmasumeneii po-
006 baxkmepuil, a maxdice Opodxcicu. TecHvle 63aUMOOMHOWIEHUS, CHOPMUPOBABUUECS MEHCOY
MUKDPOOPSAHUSMAMU, 3A4ACMYI0 NPENSmMCmEYIom Ux 6bl0e/leHuio 6 yucmole Kyavmypul. B dannoil
pabome paccmampugaromcs Memoosl NOIYYeHUs U UOeHMUDUKAYUU YUCMBIX KYIbmYp bakmepuil u
Opooicoicell, 6Cmpedanwuxcs 8 Kepuprom epube.

Kntoueswie cnosa: xepupuslii rpud, ciMOM03, MOJIOYHOKHCIIbIE OaKTEPHUH, APOXIKU.

BBenenue

OpHoii u3 HanboJee BaXKHBIX IKOJOTHYECKUX (QYHKIUNA MEKBUIOBOTO 0OMEHa
MeTaboIUTaMHU SBJIIETCS B3aUMHOE OOOrallleHue MUTaTeIbHBIMU BelllecTBaMu. Tpo-
¢uyeckue B3aUMOACHUCTBUS IO3BOJSIOT MHOTOYHCICHHBIM TpyMHIaM OPIraHHW3MOB
BBDKMBATh B YCJIOBHUSIX OTPaHUYECHHBIX PECYPCOB, YBEIMYMBAIOT pa3HOOOpasue co-
00111€CTB U, B TJI00AJTLHOM MaciiTade, CTUMYJIUPYIOT KPYyTrOBOPOT 3JIEMEHTOB [4].

OaHuM W3 NPUMEPOB CUMOMOTHYECKOIO B3aMMOOTHOIIEHUS MHKPOOPIaHU3-
MOB siBJIsieTCA KepupHblid TpuOku. KedupHsie rpulku (B aHIIIOA3BIYHON JTUTEPATYPE
— kefir grains) — ckoruieHUsI MUKPOOPTAaHU3MOB, YJEPKUBACMBIX BMECTE IOJIACAXA-
PUAHOW MaTpulel MoJ Ha3BaHUEM KedupaH. 3epHa MPENCTaBISAIOT COOOM MSTKYIO
&KeyeoOpa3Hyro Maccy 0enoro, cjierka >KelITOBaToOro I[BeTa, COCTOAIIYI0 U3 Oelka,
JUMNHUIOB U MOJIMcaxapuaa— KEPUPHOTO KOMILJIEKCA, KOTOPBIM OKPYXKaeT JPOAIKU U
OakTepuu B KePUpPHBIX 3epHax. B kedupHbIX rpubkax HanOoJee 4acTo BCTPEUYAIOTCS
MPEICTaBUTENN MOJIOYHOKHUCIIBIX OaKTepuil U Apoxxku. Pexe B HUX 0OHapyKHUBAIOT-
Csl YKCYCHOKHCIIbIE OaKTepuH, MHOT/Ia MpeJICTaBUTEIN poaa Leuconostoc.

eab padoThl

N3yyenue n onucanuss 0COOCHHOCTEN BBIIEICHUS MOJIOYHOKHUCIBIX OakTepuil
U APOAOKEH, MoTydaeMbIX U3 Ke(pupHOro rpuoda.

MarepuaJjbl 1 METOABI

B nmabopatopuu 06pasisl kepupHOTO rpruda MoAACp>KUBATIU B CTEPUILHOM MO-
noke 1,5% >KupHOCTH IIpU KOMHATHOM Temneparype, B cooTHomeHuu 1:40-1:50 mo
Macce. [locie oOpa3zoBaHusl CrycTKa, MOTYYCHHBIM KHUCIOMOJIOYHBINA MPOAYKT MPO-
LEXKUBAJIM CKBO3b CTEPHJIbHOE METANIMYECKOE CUTEUYKO, AaKKypaTHO CTpsSXUBas
OCTaBIIMICS Ha TPUOKE CTYCTOK. 3aT€M MPOMBIBATIM OMOMACCy CTEPUIBHBIM (PHU3HO-
JIOTUYECKUM PAacTPOM U ITOMEUIAIN B HOBYIO ITOPLIMIO CPEJIBI.

Brinenenne Gaktepuil U IPOXOKEH OCYIIECTBUIOCH CIEAYIOMMM oOpa3zom. B
CTYIIKYy MOMeIaiach HaBecka kedupHoro rpuda maccoit 1 rpamm. 3atem K oOpasiry
100aBsII0Ch 9 M (PU3HOJIOTHUECKOr0 pacTBOPA U TIIATEIBHO PACTUPAIOCh MPH IO-
MOIIM TecTHKa. M3 mosyuyeHHOW CyCHeH3UH NPUTOTaBIMBAIM IOCIIEIOBATEIbHBIC
pa3BeneHud. B Hamem cimydyae Mbl noJsib3oBasMCh 1V [2]. s moceBa u3 mocieaHei
npoOupku oTOMpanock 250 MUKPOIUTPOB U MOMEIIATIOCh B Yamiku IleTtpu ¢ 3acThiB-
muM arapom. IloceB mpou3Boauian MmoBepXHOCTHO. CyCHEH3UI0 paclpeiessuid 1o
cpele, moJib3ysch LinarenaeM JpuraibCTkoro.
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IMurarenbHble cpeabl. 1 BbIIeTIEHUS MOJIOYHOKUCIBIX OaKTepUil MOIb30Ba-
auch cneaywomumu cpenamu: MRS, yHuBepcanbHas cpena s KyJIbTUBHUPOBAHUS
MOJIOYHOKHUCIBIX OakTepuii, u Arapom Jlu, nmpeaHasHadyeHHbIM 11 1udepeHmpo-
Banus Streptococcus thermophilus u Lactobacillus bulgaricus, mockoapky mocien-
HUI HE COpa)KMBAET caxapo3y, HO TAKXKE HAa HEM XOPOILIO PACTYT MPEACTABUTEIN PO-
na Lactococcus. Jlyis BeineneHus poxoKei moiib3oBasich cpenoit Cabypo. B mocie-
nyromieM K Heit nobasisumu 0,05 1/1 xnopamduHHAKOIIA.

[ToceBbl, HanpaBleHHbIE HA BBIJCICHHUE JIPOXKIKEH TepMocTaTupoBaiu 24 yaca
npu 30. Cpebl ¢ MOJIOYHOKUCITBIMU OaKTepHUsMH BbiiepkuBaiu pu 37°C B Teuenue
24-48 yacos.

Pe3yabTaThl U 00CyKIeHHE

OueHka BbIpOCHIMX KOJOHMI mpoBoawiiachk cinycTs cyTku. Ha cpenax MRS u
JIn ObuIM 3aMEYEeHHBIE MEJKUE, XapaKTepHbIC JIJIS MPEICTABUTENEH MOJIOYHOKHUCIIBIX
OakTepuil konoHuu. [IoMUMO HUX TPUCYTCTBOBANM 0oJiee KPYIHBIE, TIaJKUE KOJO-
HUU, XapakTepHble Ui apoxokeil. Ha cpene Cabypo paznuyanu Kpyrible TIaJIKUe
OeJible KOJIOHUH TPEACTaBUTENCH ApOAIKEBBIX TPpUOOB. M3 Bcex NPOXKIKEBBIX KOJO-
HUW OBUIM MPUTOTOBJIEHBI MHUKpompenapaThl. [Ipu MUKpOCKONUM OBUIA BBISIBICHBI
KaK «YHUCTBIE», COJEpKaIle UCKIIOUUTENBHO APOAOKEBBIE KIETKU, TaK U «3arps3-
HEHHBIE» KOJIOHWUHU, TJ€ MOMUMO JPOXKKEH HaOII0Janoch NPUCYTCTBUE OAKTEPHIA.
BHenrne koHTaMUHUPOBAHHBIE KOJJIOHUU HUKAK HE OTIWYAIUCh OT TEX, I HE BCTpe-
Jauch OaKTepUAIIbHBIE KIETKU.

JlanHas kapTMHa HaOJIOAAIach JOBOJIBHO 4acTo. B OOJBIIMHCTBE BCTPETUB-
IIMXCS «3arpsA3HEHHBIX» O00pPA3LUOB APOXOKEBYIO KIIETKY OKPYXaldu KOPOTKHE, 3a-
KpYyTJIEHHbIE ¢ 00OMX KOHIIOB MajO4YKHU. bakTepuu mpuUMbIKAIM HEMOCPEACTBEHHO K
KJIETOYHOU cTeHke. Ha oOpasyromemcsi MCeBAOMUIICTIUA MOXKHO OBUIO OTYETIMBO
YBUJETh MPUCYTCTBUE OakTepuil. B HEKOTOPBIX Ciydasix Mbl OOHApY>KHMBAJIU U KO-
POTKHE LIETIOYKH KOKKOB. OHU OBUTM TOCTATOYHO HEMHOTOYHMCIICHHBI, HO TIPU 3TOM
TaKXe MJIOTHO MPUJIETAIH K JPOKIKEBBIM KIIETKAM.
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[Tocre MUKpOCKOTIMHM BCE HCCIEAyeMble KOJOHWU ObUIM TEpPECEesHBbI C LEJbI0
MOJTYYCHHS YUCTBIX KyIbTyp. st Beimenenus apoxokeit B cpenxy Cabypo no0aBisiu
xnopampunukon. s moxydenust OakTepuii— METOO0M HMCTOILNAOIIEro MoceBa 00-
pasiibl epeceBanu Ha HOBbIE cpeabl MRS u Jlu.

Croycts cytku Ha cpene Cabypo ¢ xjaopaM(PUHHKOIOM MOKHO ObUTIO HAWTH YH-
CTBIE KOJIOHHHU JPOXOKEH, He collepKaliue OakTepualbHBIX KIeToK. Ha cpemax s
MOJIOUHOKHCIIBIX OaKkTepuil 00pa30BajIMCh MEJKHE, MOJIOYHOTO I[BETa KOJIOHH, MOP-
donornueckn xapaktepHbie s pona Lactobacillus. Ho mpu mukpockonuu Obuin
HaAWJCHBI JPOXOKU, OKPYKEHHBIE KOPOTKUMH Tanoukamu. CITycTs eIie BOe CyTOK,
MEJIKUE KOJIOHHH Pa3pacTaliCh U BU3YaIbHO CTAHOBHIIUCH IMMOXO0XH Ha JAPOXKIKEBEIC.
Ha TpeTbu CyTKH TEpMOCTATUPOBAHMSI BO3JIC KPYITHBIX KOJOHHA Hadaid 0Opa3oOBbI-
BaTbcsl 00Jiee MEJIKHE.

Pucynok 2. Yamku Iletpu

~_

NN

Ha cpene Jlu oHu okpammBamuce B TEMHO-cMHUM LBeT. Ilocime mpocMorpa
(UKCHUPOBAHHOTO TIpenapara ObUTM OOHAPYKEHBI KOPOTKHE IMajlOuKu 0e3 MPHUCYT-
CTBHS APOKKEN.

NnenTudurkanus apoxsked u 0akrepuil. BeigeneHHbIe B YUCTYIO KYJIBTYPY
OakTepuu Ha MIIOTHOM cpene MRS 00pa3yroT Menkue KOJOHWU AUAMETPOM OKOJIO 1
MUJUTUMETPA: MIOBEPXHOCTHBIE - KpPYyTJible, OeI0BaThie; rIyOUHHBIE - JOJOYKO0Opa3-
Hble. [Ipy MUKpOCKONUU W OKpacke METUJICHOBOW CHUHBIO BUIHBI MpPAaBUJIbHBIC Ta-
JIOUKH C 3aKpyrieHHbIMU KoHllamu. [Ipu okpacke mo ['paMmy manoyku ObLIM TpaM-
MIOJIOKUTEIIbHBI.

OCHOBHBIM TIPOJIYKTOM MeTa0O0IHM3Ma B MPOIIECCE KUBHENCATCTLHOCTH JaH-
HBIX OaKTepwii sBIsgeTCS MOJIOYHas kucioTa. [Ipu pocte Ha MoJjloke 00pa3yroT IIOT-
HBIN CTyCTOK 0€3 clefioB ra3oo0pa3oBanus. PocT GakTepuil MPOCIeKUBAJICS KaK TIPH
15°C, Tak u mpu 45°C,

Jlyst onipeienieHrsi BU0BOM MPUHAIICKHOCTH TTOJIYYSeHHOTO M30JIsITa OBUTH T10-
CTaBJICHbl PEAKIIMU HA YCTAHOBJIEHUE CaXxapOJIMTHUYECKUX CBOMCTB JIaHHBIX MPEACTa-
BUTeNel OakTepwii. beuta ycTaHOBIEHA CITOCOOHOCTH MOJMYyYEHHBIX 00pasioB cOpa-
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KUBATh INIIOKO3Y, TAJIAKTO3Y, JaKTO3y, MaJIbTO3y, MAaHHUT, pu003y, papuHO3y, caxa-
po3y, copout, ppykrosy u nemioonosy. I[Ipu cOpakuBaHuM TIOKOHATA 00pa3yeTcs
ra3. ApabruHoO3a, paMHO3a U KCHJI03a HE COpaKUBaIOTCS.

Ha ocHOBaHMM TOJy4EHHBIX JAHHBIX U ompenenutens Oakrepuil bepmxu [1]
MOJTYYCHHBIN U30JAT ObUT OTHECEeH K Buay Lactobacillus plantarum.

[Ipn ycTaHOBIEHHH POJOBOM NMPUHAJIEKHOCTH ITOITYYEHHBIX U30JISITOB YUCTON
KYJBTYpPBI JPOXCKEH MOIb30BAMCH MOP(OTOTHUECKUMHA U OMOXUMUYEHUMH 0COOCH-
HOCTSIMU JaHHBIX 00pa3noB. [lomyueHHbIe pe3yabTaThl ObUIM 3aHECEHBI B TAOJIHILY.

OCHOBBIBasICh Ha JAaHHbIE CTAaThbU [3] MOJIYYEHHBIE U3OJIATHI IPOXKKEH ObLIN
oTHeceHbI K poxy Kluyveromyces.

Tabmura 1
broxumMuyeckne 1 MOpQOJIOTHISCKHE 0COOCHHOCTH 00pa3IoB JPOKIKEH

Mopdosoruueckue 0COOCHHOCTH NOTYYESHHBIX H30JISITOB IPOACKEH

Y-1 Y-2 Y-3 Y-4 Y-5
o JKEIITOBATO- JKEJITOBATO-
LBET KOJIOHUHI Oelble OeJble Oelble
Oelble OeJble
BHEIITHUU BUJT o
TIIaKUI rJIaKue IJIaJIKue rJIaKue rJIaaKue
KOJIOHUU
BHEIITHUU BUJ
OBaJIbHBIE OBaJIbHBIE OBaJILHBIE OBaJIbHBIE OBaJIbHBIE
KJIETOK
o0paszoBaHus
p ; + + + -
[ICEBIOMMULIEIINS
broxuMuyecuke CBOKWCTBA MOJYYEHHBIX H30JISITOB JIPOXKIKEH
rajakrosa + - + + +
TJIFOKO3a + + + + +
KCHJIO3a - - - - -
JIAKTO3a - + - + +
MajbTO3a - - - - -
pamMuHO3a - - - - -
caxaposa + - - + -
3akjIoueHue

[TonyueHHbIe JaHHBIE TTO3BOJISIIOT HAM CYAUTh O TOM, HaCKOJIbKO TECHBI B3au-
MOOTHOUIEHUS, CJIOKUBILHECS MEXAY OaKTEpUSIMHU U IPOKAKAMU B KEPUPHOM Tpuode.
Ha stane nmosydeHus 4UCTHIX KYJIbTYpP MUKPOOPTAHM3MOB BO3HHMKIIO HE MaJIO TPY.-
HOCTEH, IMOCKOJIbKY Ja)kKe IIPH BbhIceBaHUU Ha cpeny CaOypo (He comeprkalnyro B cede
AHTUOMOTHUK), JPOXKKHU COJIEPKAIA B OT/AEIBHO JISKAIUX KOJIOHUSX Clielbl OaKTe-
puii. [IpencraBureneit poga Lactococcus, HaliIeHHBIX HAMU B HEKOTOPBIX 0Opasliax,
TaKk U HE yaanoch BbAEHHUTh. [Ipu BbiceBe Ha cpenbl MRS u JIu «3arp3HeHHBIX»
TIPOMKEBBIX KOJIOHUIM, COIepKAIINX B c€0€ JTAKTOKOKKH, IO UCTECUYCHHE TATH CYTOK,
Ha MUTATEIHHOU cpesie He ObLIO 3aMEUEHO POCTa MOJIOYHOKHCIIBIX OaKTePHUH.

Bce 310 cBUAETENBCTBYET O TECHBIX TPOPUUECKUX B3aUMOOTHOIICHUSX, CKJIa-
JBIBAIOIINXCSI MKy MUKpPOOpPraHu3MaMu. BeiieieHre YucThIX KylabTyp OakTepuid u
TPOOKeH TpeOyeT B TaKUX ClIydasiXx MHOTO MOJIX0/1a, MOCKOJIBKY MPY UCTOJIb30BAHUN
KJIACCUYECKUX METOJIOB, 3a4aCTYI0, HE TI03BOJISIET TOOUTKLCS KETAeMOro pe3yJibTara.
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YK 619. 579.62
OIIPEJIEJIEHUE YCTOMUYUBOCTHU BAKTEPUAJIBHBIX
KYJIbTYP, BBIIEJIEHHBIX IIPU BAKTEPUAJIBHOM HUCTUTE
Y KOLIEK, K PA3JINMYHBIM BUJJAM AHTUBNOTHUKOB

Ky3un Opuit Anopeesuu, cmyoenm 4 xypca uncmumyma 3oomexuuu u buonozuu,
DI'BOY BO PI'AY MCXA umenu K.A. Tumupsizesa. yura.kuzin1990@gmail.com
TFankuna Jeenuna Anekceeena cmyoewm 4 Kypca, HanpaeieHue noO020mMoGKu
36.05.01 «Bemepunapusy, uncmumyma 30omexuuu u ouonoeuu, ®Ir'bOY BO PI'AY
MCXA umenu K.A. Tumupsszesa.

(Hayunwiti pykosooumens — Ceucmynos [[mumpuii Banepvesuu, accucmenm xageo-
pot semepunaprou meouyunvl, PI'6OY BO PI'AY MCXA umenu K.A. Tumupszesa.
svist@rgau-msha.ru)

Annomayua: 6 oannou pabome uccinedyemcs d¢hexmusHocms npuMeHeHUs pasiudHblX aHmMu-
OUOMUKO8 U XUMUONPENapamos 01 NOMEHYUATbHO20 leyeHus OaKMepuaibHo20 YUCMUMA Y KOuleK
U Komoe paznuunvlx 603pacmos. Onpeodenenue anmubUOMUKoOpesUCmeHmHoOCmu Wwmammos b6axkme-
pull ucpaem Kuouegylo poib npu JedeHuu OaxmepuanibHulx ungexyuu. Pezyrbmamuvl 0anHozo uc-
c1e0o8aHuss Mo2ym Oblmb UCNONb306AHbL NPU pazpadbomke cmpame2uu 1eyeHus Kouwek ¢ bakmepu-
ANbHBIM YUCTUMOM.

Knrwouesvie cnosa: anTHONOTHKH, aHTUOMOTHKOPE3HCTEHTHOCTh, OAKTEPUABHBIA IIHCTUT, aHTH-
OuoTHKOTEpanusi, MUKpO(IIOpa.

Marepuas u MeTO/bI MCCJICTOBAHUIA.
HccnenoBanue mpoBOAWIOCH Ha 0a3e aHAINU30B, COOPaHHBIX B BETEPUHAPHOM
kinHuKe B 2019-2024 rr. J{na ananuza OblIun oToOpaHbl 385 MalueHTOB ¢ KIMHUYE-
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CKMMHU CIIy4YassMHU IU3ypHH, 32 UCKIFOUEHUEM MALKUEHTOB, IMOJBEPTraBIINXCS TEPAIUU
WM MapCynUaln3alliyl yPETPhl paHee, a TakKe UMEIOIIUX 3a00JieBaHus TOYEK, 1a-
Oer, runeptupeonan3M. B manHOM ciydae Oblla TpoBeJeHa OIEHKA MAIlMEHTOB,
MMEIOIINX HAPYLIEHUSI B MOYEBBIICTUTEIBHOM TPAKTE.

Anamnesis vitae u anamnesis morbi manueHToB ObUTH H3YYEHBI TSI OTIpeIee-
HUS CIEAYIOUUX JaHHBIX: MOJI, BO3PACT, Macca, 0COOCHHOCTH KOPMIICHHUS U TTOCHHUS,
O0COOCHHOCTH CUMIITOMOB. Y OTOOpaHHBIX KOIIIEK MPOBEIM aHAJIU3 OCaJKa MOYH, IS
BBISIBJICHUS CIy4yaeB OakTepuaibHOro muctuta. OOpasibl, B KOTOPHIX Obl1a 0OHApy-
’KEHa MaToreHHass MUKpodIopa, ObUTH MOABEPTHYTHl OAKTEPUOIOTUYECKOMY HCCIIe-
JIOBaHUIO, B XOJ¢ KOTOPOTO OBLIM BBISBJICHBI CIICAYIOIIME BUIbI OakTepuii: ESche-
richia coli, Staphylococcus spp., Streptococcus spp., Enterococcus spp., Citrobacter
spp.

Jlanee ObUIO MPOBEACHO OMpEEICHHE YYBCTBUTEIBHOCTH MUKPOOOB K aHTH-
ouotukaMm metogoM aud¢y3uu B arap. Ha moBepXHOCTh TaHHOTO arapa ¢ HCIbITYe-
MBIMU MHUKPOOPTaHU3MaMH MOMENIAIA AUCKU, NPOIMUTAHHBIE CIEAYIOIMIMMHU aHTH-
OMOTHKaMU: aMOKCHUIIWILUIMH, JOKCUUMWKIMH, HEOMULWH, HUCTATUH, LIEPUKCUM, LIE-
(TpuakcoH; quaMeTpoMm no 6 MM, Ha pacCTOSHUU 2,5 CM JPYr OT LEHTPa YallKd U
IpyT OT Jpyra, MOCJE 4ero ux nomemand B tepMocrar npu temmeparype 37 C B te-
yeHue 18 gacoB. [{ns yuéra pe3ynbTaTOB U3MEPSIIN 30HBI 33JIEPKKH pOCTa MUKPOOOB
BOKPYT JUCKOB, TOMEMIEHHBIX B YAIIIKY.

Pe3yabTaThl uccaeq10BaHUMI

[To BenmunHe OOpa30BaHHBIX 30H 3aJEPKKU pOCTa OakTepuil ObUIM CHETaHbI
BBIBOJIbI O CTETIEHU YYBCTBUTEIBHOCTU UCCIENYEMbIX OaKTEPUIl K Pa3IMUHbIM TPpyII-
naM aHTUOMOTHUKOB. JlaHHbBIE IPUBEICHBI B TaOuHIIe 1.

Tabnuua 1 — YUyBCTBUTETBHOCTH MUKPOQIIOPHI, BBIICIEHHON U3 MOYHU KOIIEK, 00b-
HBIX IUCTUTOM, K aHTHOMOTHKAM

UyBCTBUTEIBHOCTD KYJIBTYP K aHTUOMOTUKAM (3.3.p., MM)
AHTHOMOTUKH _— . | Staphylococcus | Streptococcus | Enterococcus | Citrobacter
Escherichia coli
SPP. SPp. Spp. Spp.
AMOKCULIMILINH 16,56+0,48 16,97+0,37 8,35+0,25 0 14,8+0,13
JIOKCHUTIUKIIMH 23,38+0,27 27,82+0,27 3,45+0,15 0 9,37+0,11
Heomuiiyu 28,55+0,14 27,35+0,17 3,55+0,15 0 24,.340,2
Hucratun 0 0 0 0 0
Hedukcum 17,06+0,13 17,44+0,28 16,9+0,1 0 17,6+£0,13
[{edTprakcon 23,83+0,2 20,52+0,24 11,4540,25 0 19,1740,16

B pamkax npoBen€HHOrO HCCieIOBaHUsI OBLUIO YCTAaHOBJIEHO, YTO HauboJjee
s dexTuBHb Tpenapatbl ¢ JIOKCHIUKINHOM, HEOMHUIIMHOM, Ie(PTpHaKCOHOM, B
MEHBIIIEH CTETIEHH — aMOKCHUIIWJUINH, 1egekcuM, HanMmeHee d(h(PEeKTUBEH HUCTATHH.
Takum oOpazom, MukpodIopa, BEIBEICHHAS U3 MOYHM KOIIEK OOJBHBIX OaKTepHahb-
HBIM ITUCTUTOM, IIPEACTaBICHHASA B OOJBIIEH CTEIEHH KUIIICYHOM MAIOYKON M rpaM-
MOJIOKUTEIBHBIMA KOKKaMU, HauOoJiee ysi3BUMa IMepe]] CICTYIOINMMU aHTHOMOTHKA-
MU: TOKCUIIUKJIMH, HEOMUIIUH, TIeTPUAKCOH.

272




3akioueHue

Haubonee 3pekTHBHBIMI aHTHOMOTHKAMU IS JICYCHHs] OaKTepUaIbHOTO IIH-
CTUTa y KOIIEK, B MOUYE KOTOPHIX OOHAPYKEHBI TaKHe OAKTEpUHU KaK KHIIICYHas Ia-
JIOYKH M TPAMITOJIOKUTEIbHBIE KOKKH OYyAYyT SBIATHCS Ie)TPUAKCOH, HEOMUIIUH,
JOKCULIMKJIMH, 30Ha 3aJ€PKKH POCTa KOTOPBIX paBHa COOTBETCTBEHHO 28,30+0,20,
23,55+0,14, 23,38+0,27 MM. DTU JaHHBIC MO3BOJISIT ONTUMAIBHO MPOBOAUTH AHTHU-
OMOTHUKOTEpaInio, HAITPABJICHHYIO Ha JICUeHNE OAKTEPHAITBHOTO IIUCTUTA.
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Annomayua: B cmamve ananuzupyromcs memoosl cekeeHuposanus Hoeoz2o noxonenus (NGS) u
mpemveco nokoaenus (Oxford Nanopore) ona uccredosanus eupyca awyypa. Paccmampusaromes
npeumyujecmea u HeOOCMAamKy NPpUMeHeHUs Memooo8 8 OUACHOCIUKE U AHAU3e 2eHeMmU4ecKol
gapuabenvrocmu supyca. Ilokazana 3Ha4uMocms HOBbIX MeMOO08 CEKBEHUPOBAHUs Ol 6emepu-
HapHo20 Hao30pa.

Knroueswie cnosa: supyc aurypa (FMDV), cekBenupoBanue HoBoro nokosnenust (NGS), HaHonopo-

BOE€ CEKBEHHPOBaHME (TPETbe IMOKOJIEHHE), cekBeHupoBaHue [llumina, renernyeckas Bapuadenb-
HOCTb, SIIM300TOJIOTUYECKUI MOHUTOPUHT .
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Bupyc smiypa (FMDV) (cem. Picornaviridae, pox Aphthovirus) — oauu u3
HauOoJiee OMACHBIX BUPYCHBIX MATOI€HOB, CIIOCOOHBIX BBI3BIBATh MACIITAOHBIE DITH-
300TUH CPEAM CEIIbCKOXO35MCTBEHHBIX XKUBOTHBIX, YTO MPUBOJIUT K 3HAYUTEIbHBIM
AKOHOMHMYECKUM NOTEPSIM. BUPYyC BBICOKOKOHTArHO3€H U MOPAKAET NaPHOKOIBITHBIX
KUBOTHBIX pa3nmuuHbiMu nyTsiMu. Kak u npyrue PHK-conepikaiiue BUpyChl, BUpPYC
AIlypa UMEET BBICOKYIO CKOPOCTh MYTAllMM U JEMOHCTPUPYET OOJIbIIOE TeHeTHuYe-
CKoe pa3HooOpaszue. B Hacrtosiee Bpems CylIeCTBYEeT CEMb MPU3HAHHBIX CEPOTUIIOB
Bupyca smypa (1. e. O, A, C, Asia-1, 1oxHoadpukanckue reppuropun 1-3), Kaxblii
U3 KOTOPBIX COAEPKUT OTIEIbHbIE TEHETHUECKUE TUHUU. MeTOo/Ibl CEeKBEHHUPOBAHUS
HOBOro nokojeHuss (NGS) cTanu BaKHBIM MHCTPYMEHTOM H3Y4YEHUS T'€HETHUYECKOU
M3MEHYMBOCTH U 3Boonr FMDV, MOHUTOpUHra pacnpoCTpaHEHUs €r0 IITAMMOB
B Pa3IMYHBIX TeorpaduuecKuX peruoHax U BOSHUKHOBEHHsI HOBBIX BapHAHTOB BUPY-
ca. DT METO/bI MO3BOJISIOT MMOJTY4YaTh BHICOKOKAaYECTBEHHbBIE TEHOMHBIE JaHHBIE, YTO
CIOCOOCTBYET JIydllleMy MOHHMAaHUIO MOJIEKYJSIPHBIX MEXaHW3MOB BUPYCHOW BHpY-
JIEHTHOCTH, MaTOreHe3a U nepcucteHuuu. Kpome Toro, npuMeHeHne HOBBIX METO/0B
CEKBEHUPOBAHMSI B BETEPUHAPHOM HAJ30p€ OTKPBIBAET HOBBIE TOPU30HTHI IS pa3pa-
00TKM A(PPEKTUBHBIX CTPATErWil BaKIMHALUA U KOHTPOJS BCHBIIIEK AIIypa; BO3-
MO>KHOCTh aHaJli3a B3aUMOJIEUCTBUSI BHpPYCa C XO3IMHOM IIOMOTaeT B pa3paboOTKe
HOBBIX TEPANEBTUYECKUX IMOAXOAOB U MPENapaToB. YCHEIIHOE PUMEHEHHE CEKBeE-
HupoBaHus [llumina nns ananuza renoma FMDV cpenu paznuuHbIX MOMYJSIAN U
BHUJIOB KMBOTHBIX MOJTBEPKIAET aKTYaJIbHOCTh IpUMEeHEHUsI NGS B CEIbCKOM XO-
3sictBe [1]. B ycioBusx riio0anu3aiuu U U3MEHEHHS KJIMMaTta, UCTO0JIb30BaHHUE CO-
BPEMEHHBIX TEXHOJOTMH CEKBEHHUPOBAHUSA CTAHOBUTCS KPUTHYECKH BAKHBIM JJIS
oOecreyeHus: IpoJOBOJLCTBEHHON 0€30MacHOCTH, To3ToMy MeToabl NGS npencras-
JS0T cOOOM MOUIHBIM MHCTPYMEHT AJii OOpbObI C BUPYCOM SIIIypa M MOBBIIICHUS
YCTOMYUBOCTU CEJIbCKOTO XO35IMCTBa K MH(MEKIMOHHBIM 3a00J€BaHUsIM B 11eJIoM. B
JAHHOM CTaTb€ MBI PAacCMOTPUM OCHOBHBIE HOBBIE METOJbl CEKBEHUPOBAHMS, UX
IIPUMEHEHUE U 3HAYUMOCTh B MCCIIEIOBAaHUH BHpYycCa sIlypa B KOHTEKCTE CEJIBCKOIO
XO0351CTBa.

HanonopoBoe cexkBenupoBanue (Oxford Nanopore) — 310 TeXHOJIOTHS, KOTO-
past HaxoAUT Bce OoJiee MIMPOKOE MPUMEHEHHUE B CEIbCKOM XO34MCTBE, OCOOCHHO B
MOHUTOPHUHIE BUpYca sllypa. MeToJ OCHOBaH Ha CUUTHIBAHWU HYKIECOTHUIHBIX IO-
cnenoBarenbHocTer, koraa monekyiasl JJHK wim PHK nmpoxoxst dyepe3 Hanomopsl,
YTO BBI3BIBAET U3MEHEHHUS! B JJIEKTPUYECKOM TOKE, PETUCTPUPYEMBIE B PEATbHOM
BpeMeHu. briaromaps cBoeil cnocoOHOCTH TeHepUpPOBaTh JJIMHHBIE MPOYTEHUS], HAHO-
MIOPOBOE CEKBEHUPOBAHME MO3BOJIIET 00JIe€ TOYHO BBISIBIATH MYTALIMK U CTPYKTYp-
Hble Bapvalid B T€HOME, YTO KPUTUYECKH BAXXKHO JJIsi pa3paboTku 3((PEeKTUBHBIX
CTpaTeruil KOHTPOJSI UUPKYISUUU BUpyca U BakuuHaiuu. B 2014 roxy kommnanus
Oxford Nanopore Technologies (ONT) Beimyctuina MinlON — nHebomblioe nopra-
TUBHOE YCTPOMCTBO JJII CEKBEHUPOBAHMSI, KOTOPOE HCIOJIB3YET METOJ OAHOMOJIEKY-
JSIPHOTO CEKBEHMPOBAHUS ISl MOJYYEHUS JUIMHHBIX MOCJIEIOBATEIbHOCTEN M3 HC-
XOJIHOW HYKJIEMHOBOM KHUCJOTHI. Y CTpoilcTBO nurtaercss oT USB-mopTa koMmbloTepa
1 He TpeOyeT MoAKIIoUeHHs K nHTepHeTY. B nuccnenosanuu 2021 roma B Benukoopu-
TaHUU MPOBEJICHO CeKBeHUpoBaHue mraMmoB FMDV, coOpannbIx B pa3Hbie roasl. B
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pe3ynbTare ceKBeHHpoBaHUs npoayktoB 1P, amminduuupoBaHHBIX U3 CcynepHa-
TAHTOB KJIETOUHBIX KYJIbTYpP, C MOMOIIbI0 HAHOMOPOBOI'O CEKBEHUPOBAHUS OBLIO IMO-
JTy4eHo B obmiel cnoxuoctu 2,16 % 10° mpourennii ¢ 1227 aKTUBHBIX HOp IS Ce-
KkBeHMpoBauus. M3 stux npourennii 2,01 x 108 (94%) npouwm GpuibTp KOHTPOIS Ka-
yecTBa. CoOnocTaBieHUE NPOYTEHUNA C COOTBETCTBYIOIIMMHU ATAJOHHBIMU MOCIEI0BA-
TENBLHOCTAMH MOKAa3alo, 4to 5,22 % 10° (26%) npouTeHuii 66U HACHTH(PHUIUPOBAHEL
kak npuHagnexamue FMDV O/UKG, 4,19 x 10° (21%) — A/TAI u 4,31 x 10°
(21%) — ASIA1/IRN. IIpu stoMm 6,42 % 10° (32%) npouTeHuii He COBIAIM HH C OJ-
HUM U3 3TAIOHHBIX TeHOMOB FMDV. B Xoz€e 3KkcriepuMeHTa ¢ UCIIOIb30BaHUEM P O-
nayktoB 1P, moimy4eHHBIX U3 KIMHUYECKOTO MaTepualia, ObUIO MOJy4eHO OOoJblie
naHHbIX (3,55 % 108 cunthiBaHMil ¢ 564 aKTUBHBIX HOp) M G0JIee BBICOKHI MPOIEHT
(99%) cuMTHIBaHUIA, IPOIIEAIINX IPOBEPKY KadecTsa (3,51 x 10°). OnHako «KIMHU-
YECKHEe» MOCIIeIOBATEIbHOCTU TMOKa3aiu 00Jiee€ HU3KYI0 YAaCTOTY COIOCTABIICHUS C
COOTBETCTBYIOIMMH 3TAJOHHBIMHU MOCIeA0BaTeNpHOCTAME: 2,73 % 10° (8%) mocie-
JoBaTeIbHOCTEW ObLIM MaeHTUUIMpPOBaHbl Kak npoucxogsaime u3z O/UKG, 4,50 x
10° (13%) — u3 A/TAI u 8,64 x 10° (25%) — u3 ASIA1/IRN. AHanoru4HbBIM 00pa-
30M, OoJiee BBICOKas JI0JIs mocieaoBarenbHocTen (55%), moy4eHHBIX U3 KIUHUYE-
CKHX 00pa3lloB, HE COBIIAJia C TAJIOHHBIMUA T€HOMaMHU BHUpYyca sirypa. ABTOPHI MpHU-
XOJSIT K BBIBOAY, uTO MinlON M0XeT OBbITh UCIOIB30BaH JJIsl TOYHOM U OBICTpOM Xa-
pakrepuctuku cepotunoB A, O u Asia 1 FMDV. CoBpeMeHHbIE UCCIEI0BAHMS IOKa-
3BIBAIOT, YTO IPUMEHEHUE ATON TEXHOJIOTUU B BETEPUHAPUU MOKET 3HAUUTEIIBHO I10-
BBICUTH CKOPOCTh U TOYHOCTb JUATHOCTUKH BUPYCHBIX UH(EKIIUN y )KUBOTHBIX, YTO B
CBOIO OYEpeJlb CIIOCOOCTBYET YIYUIIEHUIO 3/JOPOBbSI CKOTA W TMOBBIIICHUIO MPOIYK-
TUBHOCTHU CEJIbCKOTO X03sicTBa [2]. MobmnbHbIe yerpoiicTBa Oxford Nanopore pac-
HIUPSIIOT BO3MOKHOCTHU ISl OBICTPOTO pearupoBaHUs Ha SMU300TOJOTHUECKUE YTIPO-
3bl, MIO3BOJISISL IPOBOJIUTH CEKBEHUPOBAHUE B YIAJIEHHBIX CEIbCKOXO35MCTBEHHBIX pe-
ruoHax. HecMoTps Ha 3TH mpeumylecTBa, TEXHOJIOTHUS UMEET U CBOM HENOCTATKH,
BKJIIOYasi Oosee HU3KYI0 TOYHOCTh MO CpaBHEHHIO ¢ MeTojnaMu [llumina, yto Moxer
MPUBECTH K OIMIMOKaM B MHTEPIpPETAllMy JaHHBIX. BhICOKas CTOMMOCTh 000pyJI0Ba-
HUSI M PACXOJHBIX MaTEpUAJIOB TaKKEe OTPAaHUYMUBAET €€ MPUMEHEHHWE B PYTHUHHOU
npakTtuke BetepuHapuu [3]. Takum oOpa3oM, HECMOTPs Ha CYIIECTBYIOIINE OTrpaHU-
YeHUsl, HAHOMOPOBOE CEKBEHHPOBAHUE MPEICTABISET COOOM MHOTr000EIIAIIIYI0
TEXHOJIOTUIO JIJISl MPUMEHEHUSI B 00JIaCTU BETEPUHAPHOI BUPYCOJIOTHH.
CexBeHupoBaHue HOBOro nokojeHus - [llumina npeacrasisier coboit oauH U3
HanOosee 2(pGEeKTUBHBIX METOJOB JIJIsl aHAJIM3a T€HOMa BHUpYca fAIlypa B CEIbCKOM
xo3sificTBe. [Iponiecc Haunmnaercs ¢ ¢parmentanuu renomuor JIHK, mocne uero k
dbparMeHTaM TMPUCOCIUHSIIOTCS CHEIU(PUIECKUE aJanTepbl, YTO MO3BOJISET MPOBO-
TUTh aMIUTMPUKAIAI0 U TIOCTeayoliee cekBeHupoanue. Texnomorusa Illumina wuc-
MOJIb3YET IUKIbl CUHTETHYECKOTO CEKBEHHUPOBAHMS, TIE KaXKIbIH IUKJI BKJIIOYAET
no0aBIeHNE HYKJICOTHIOB U CUUTHIBAaHUE (PIIYOPECIIEHTHBIX CUTHAJIOB, UTO OOecIie-
YUBACT BBICOKYIO TOYHOCTb U MPOU3BOIUTEILHOCTh. Tak, MpU MCCIIEI0BaHUHN ITU30-
otuu siurypa 2001 roga B BenukoOpuranuu, metoy cekBeHupoBanus [llumina nmo3so-
JIUJI TIOJTYYUTh OOJIBIIIOE KOJUYECTBO KOPOTKUX MOCIE0BATEILHOCTENH, KOTOPhIE ObI-
U coOpaHbl M BBIPOBHEHBI JJIsI OMpPEEICHUsT KOHCEHCYCHOM TMOCIeA0BaTEILHOCTH.
Ananu3 011 poBeaEH A Beex oopasuoB FMDYV tuna O ¢ qoctatoyHbiM KoJIuve-
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CTBOM TpouTeHui. Ha ocHOBe 3TOro ObLIO pacCUMTAHO CpelHEe 3HAUEHHE, MOKa3bl-
BAIOIIIEE, YTO ISl IOJyYEHHs] TOUHOM KOHCEHCYCHOM MOCIIEI0BATENBHOCTH B JAHHOM
ciydae TpeOyeTrcs MUHUMAabHOE KOJMW4ecTBO mpouteHud — 22. IlocnemoBaTens-
HOCTh KOHCEHCYCA, MOJIyYeHHas MPHU PA3IUYHBIX YPOBHIX MOKPHITHS, ObLIa MpoOBEpe-
HA Ha TOYHOCTb. bemm mpoanammsupoBanbl u30iaTel  O/UKG/1450/2001,
O/UKG/1558/2001, O/UKG/1734/2001, O/UKG/4998/2001u O/UKG/14597/2001, a
Takke oopasen; Tuna O u3 ma"enu cepotunoB. OKa3anoch, YTO B CPEAHEM HICHTUY-
HOCTh COXpaHsJIach Ha YpoBHE 1 BIUIOTH 110 (M BKJIOYasi) OrpaHUYEeHUs B 22 mpoyTe-
Hust. [Ipy MeHbIIEM KOMYECTBE MPOYTEHUI TOUHOCTh MACHTUYHOCTH CPAaBHUBAEMBIX
KOHCEHCYCHBIX TMOCJIeIOBATEIbHOCTEH CHMXKANACh, TO €CTh KOHCEHCYCHBIE TOCIIE/0-
BaTEJIbHOCTH, MOJYyYEHHBIE C TOMOIIBI0 22-KpaTHOrO0 Habopa MpOYTEHUM, ObLIU
UJACHTUYHBI KOHCEHCYCY. CTOUT OTMETUTh, YTO JaHHBIA METOJ] MO3BOJISIET HE TOJIBKO
M0JIy4aTh MOJHbIE TEHOMHBIE MOCJIEI0BATEILHOCTH, HO U BBIABIATH MyTallid, KOTO-
pbIe MOTYT OBITh CBSI3aHBI C U3MEHEHUSMHU B BUPYJIEHTHOCTU Bupyca [4]. OnHako y
ATOr0 METOJA €CTh U HEJOCTATKH, BKIIOYAasi HEOOXOJUMOCTh B CIOKHOM MOATOTOBKE
00pa3loB U BBICOKHUE 3aTpaThl HA 00OPYIOBAHUE U PACXOJHbIE MaTepuaibl. Takxke, B
OTJINYME OT HAHOIIOPOBOTO CEKBEHUpPOBaHMs, [llumina He MoO3BoJIAET MPOBOAUTH aHa-
JU3 B peabHOM BPEMEHH, YTO MOKET ObITh KPUTUYHO ISl AUATHOCTUKH B YCIOBHSIX
BelbllleKk 3aboneBaHusa [5]. HecmoTps Ha 3THM OrpaHuyeHusi, CEKBEHUPOBAHHE
[llumina octaercs 30J0TBIM CTAaHAAPTOM B OOJIACTH TCHETHKH OJilarojaps CBOCH
HaJe)kHocT U TouHocTH. CekBenunpoBanue Illumina npencraBiser cobon 3¢ dek-
THUBHBIA METOJ UCCIICIOBAHUS JUIsI MOHUTOPUHTA U KOHTPOJIS TaKUX 3a00J€BaHUN KaK
ALLYP.

[IpumMeHeHne METOJ0B HOBBIX METOJOB CEKBEHHPOBAHUSA ISl UCCIEAOBAHMS
BHpYycCa SIypa 3HaYUTENBHO PACHIMPSIET HAIIM BO3MOKHOCTH 10 U3YYEHHIO €r0 FeHe-
TUYECKOUN CTPYKTYpPbI U MOJIEKYJISIPHOU 3BOMOLMHU. CpaBHUTEIbHBIN aHAJIN3 HAHOIO-
poBoro cekBenupoBanusi (Oxford Nanopore) u cexBeHupoBanus Illumina gemon-
CTPUPYET YHUKaJIbHBIE MPEUMYILIECTBA KAXIAOT0 M3 ATUX MnoaxonoB. HaHnomoposoe
CEKBEHUPOBAHHE 00ECTIEUNBAET BOZMOXXHOCTh MOTYUYEHUS JJIMHHBIX TPOYTEHUH, YTO
MO3BOJISIET OOJIeE TOYHO ONPEAENsATh CTPYKTYpPHBbIE BapHallMM U T€HOMHbIE Mepe-
cTpoiiku BHpyca. B To xe Bpems, cekBeHupoBanue Illumina mpemiaraer BbICOKYIO
TOYHOCTb U OOJIBIIYIO ITTyOWHY MOKPBITHS, YTO JI€JIAET €ro UaeadbHbIM METOJIOM IS
JETANIbHOIO aHAJIW3a TeHETHYECKOW BapHaOEIbHOCTH U MOHUTOPUHIA LIUPKYIUPYIO-
X mraMmMoB. COBMECTHOE MCIOJIB30BAHUE ITUX TEXHOJIOIMI MOXKET CYIIECTBEHHO
MOBBICUTH 3()PEKTUBHOCTH AMATHOCTUKU M MoHUTOpuHra FMDYV. Jlanusie, moiy-
yeHHbIe ¢ ToMoIbio NGS, He TOJBKO CIOCOOCTBYIOT O0jiee OBICTPOMY pearupoBa-
HUIO Ha BCTBIIIKKA 3a00JIEBaHMs, HO U MOMOTAIOT B pa3pabOTKE IIEJIEBBIX BAKIUH U
JIEKapCTBEHHBIX mpenaparoB. OIHAKO MJis YCHENTHON MHTErpalu 3THUX METOIO0B B
MPAKTUKY BETEPUHAPUU HEOOXOAUMO 00ECTIeYUTh COTPYIHUYECTBO MEXAY UCCIEN0-
BaTesIMU, BETEPUHApaMH U TOCYJIapCTBEHHBIMU opraHamu. bymayiiee uccnenoBanuii
BHUpYyca slypa OyAeT 3aBUCETh, B TOM YHCIIE, OT JaIbHEHIINX YCUIIUHN 110 ONTUMHU3A-
IIMY TEXHOJIOTUI CEKBEHUPOBAHMS M UX aJaNTalliy K pealbHbIM YCIOBHSIM.
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Annomayua: bnazonpusmnoe énusanue Ha nogvluieHue 6AKMepUYyUOHoOU U JTU30YUMHOU AKMUBHO-
Ccmu CblBOPOMKU KPOBU OKA3bIEAem KOMNIEKCHOe NPUMEHEHUe npenapamos. nponoauc + npoouo-
mux UmmyHnobax, nponoauc + ompyou u nponoauc + yeonumsi.

Knrouegvie cnosa: npononuc, npoOMOTUK, OTPYOH, LEOIUTHI, LBIIUIATA, JIU30UUMHAs U OaKTepH-
[UHAs] aKTUBHOCTb.

BBenenue.

B coBpeMEHHBIX YCIOBHUSX MHTCHCHBHOTO PA3BUTHS MPOMBIIIJICHHOTO TTHIIC-
BOJICTBA BEAyIasi pOJib B MOJYyYEHWH BHICOKOKAYECTBEHHOM MPOIYKIIMU MPUHAJIC-
KUT KopmiieHHt0. Ocoboe 3HaYeHHEe KOpMa MMEIOT B NMTUIIEBOIYECKUX XO3SMCTBAX
OpoitnepHoro HampaiieHus. OHM HaNpaBJICHbl HA UHTCHCUBHBIA POCT W PA3BUTHE
IBITUIAT W OKA3bIBAIOT MPEACIIbHYI0 HArpy3Ky Ha BCE CHCTEMBI PACTYIIETO OpTaHuU3-
Ma, B TOM 4YHCJI€ U UMMYHHYI0. C Ipyroil ctopossl, 10 20-IHEBHOTO BO3pacTa IbII-
nsiTa-Opoiiepsl nmoaBepraroTces BakuuHamusM npoTuB MBK (nudeximonnbiii 6poH-
XUT Kyp), 0one3nu Heiokacna u Ubb (uadexknronnas Oypcanbckas 00JI€3HB), YTO
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TaKke MOOUIIM3UPYET UMMYHHBIE peakiuu opranu3dmMa. HecMoTpsi Ha nmonyueHue Xo-
pOIIMX TPUBECOB KMUBOM MacChl HE BCE OTKOPMOYHBIE BO3MOXKHOCTH IMTHII-
OpoiinepoB, Ha 3TOM (hOHE, MOTYT OBITh JOCTUTHYTHI.

B 3T0# CBA3M LIENBbIO HAIIMX UCCIEAOBAHUM SIBUJIOCH — H3YYUTh BO3MOYKHOCTh
KOPPEKIIMU €CTECTBEHHOW PE3UCTEHTHOCTU MTHI] IIPOIOIHCOM, MPoOonoTuKOoM «Mm-
MyHOOAaK», IIE0JIUTaAMH, OTPYOSIMU ¥ MX KOMITO3UITMOHHBIMU (hOpMaMHu.

Marepuas U MeTOAbI UCCJIEA0BAHMH. B ombITax UBIUIATAX NTHUL, O TPUH-
LUITy aHAJIOTOB, Pa3JeiauiIn Ha § rpynm: | rpyIma — KOHTPOJIbHBIE; B PALIMOH 2 IpyI-
bl BHOCWJIM II€OJIUTHI, 3 TPYMIbI — MPOMNONNC, 4 Tpynmbl NpoOHoTuK « IMMyHOOaK»,
5 rpynmnbl — OTpyOH MIIEHUYHbIE, 6 TPYIIIIBI — LEOJIUTHl B KOMILJIEKCE C MPOIOIHCOM,
7 Tpynnbl — IpoOuoTUK «MIMMyHOOAK» B KOMIUIEKCE C TIPOIOJIUCOM, § TPYIIIBI — OT-
pyOU ¢ IPOIOIHCOM.

10 % -bIii CHUPTOBBIA DKCTPAKT IIPOINOJIUCA IOJTy4ald HACTAUBAHMEM B 96°
TUII0BOM crimpTe. [IpononrcHoe Mosiouko rotoBuwin U3 pacuera: S mu 10 % crup-
TOBOr0 dKCTpakTa mponoyica Ha 1000 M KUIIAYEHHON M OXJIaXIAEHHOM BoAbl. Jlo3a
coctaswia 0,5 mu Ha ronoBy. LleonnTsl npuMeHsnu w3 pacuera 2-3 T Ha TOJIOBY.
«MmmyHOOaK» 3aaBany BHYTpb ¢ Bojoi no 1 no3ze. IlmieHnyHbie oTpyOH MCHOIB30-
Bayi B 103¢ 5-10 r Ha ronoBy. /lauy npenapaToB HaunHaIu ¢ 6 JTHEBHOTI'O BO3pacTa.
Kypc cocraBun 10 nuen, 1 pa3 B CyTku.

bakTtepuliniHyl0 aKTUBHOCTb TPaHYJIOLMTOB TMPOBOAWIM TIO METOJUKE
BHUBUII (P.H. Kopoun, 1995), ocHOBaHHO! Ha BBIICIECHUU JIM30COMAIBHO-
KAaTHOHHBIX OeJKOB. JIM30IIMMHYIO0 aKTUBHOCTH OMpPEAessuid (HOTOIIEKTPOKOIOPH-
METPUYECKUM METOJIOM.

Pe3yabTarsl ucciaenoBanuii. DoHOBBIN ypoBEHb OAKTEPUITUTHON aKTUBHOCTH
CBIBOPOTKM KPOBU NTHI] 1-8 rpynm ObUT 3HAUUTENLHO MOHMKEH M HaXOJWJICS B JIHa-
nazone ot 19,4 no 20,8%. B 1 KOHTpOIbHOI rpynne AaHHBIM MMOKa3aTellb UMEI TEH-
JEHIIMI0 K JallbHEHIIEeMy MOHWKEHUIO 10 16,0-16,5%. B ChIBOpOTKE KpPOBH NTHIL
BCEX OMBITHBIX TPYMI PETUCTPUPOBATIOCH MOBBIIMICHUE OAKTEPUIIUIHON aKTUBHOCTH
CBIBOPOTKHU KPOBU. BBIpaK€HHOCTH 3TOr0 Mpoliecca Oblia B pa3HbIX I'PyIINax HE OJI-
HOTUTIHOM. MeHee BBIpaKEHHBIM JaHHBIM Tporlecc ObLI y NTUIl 2 TPYMIbl. 3A€Ch
YPOBEHb OAKTEPUIIUIHON aKTUBHOCTH CHIBOPOTKH KPOBH MPEBLICUI TTOKA3aTEIN NITHUIL
I rpynnet Ha 5,14,21,28 u 35 nuu: B 1,06 paza (wa 0,7%), B 1,13 paza (na 2,7%), B
1,8 paza (na 12,9%), B 1,74 paza (na 13,0%), B 1,81 paza (na 13,5%). Heckonbko
BbIIIIE OBLIM JaHHBIC NTHUI] 4 U 5 Tpynn (IPOOUOTHK U OTPYOHM). 3HAUUTENIBHOE T0-
BBHIIIICHUE OAKTEPUIIUAHON aKTUBHOCTH CHIBOPOTKH KPOBU PETHCTPUPOBAIOCH B ChI-
BOPOTKE KPOBU NTHUIl 3 TPyNIIbl. 34ECh ONMKUCHIBAEMBIN MOKA3aTENlb 3HAUUTEIBHO Tpe-
BBICWJI JJaHHBIE NITUIL 1,2 rpynii: Ha 5 neHb onbiTa B 1,3 u 1,22 paza (Ha 5,8 u 4,5%),
Ha 14 nenb — B 1,5 u 1,32 paza (Ha 9,9 u 7,2%), na 21 nenp — B 2,45 u 1,35 paza (na
23,3 u 10,4%), Ha 28 nenp — B 2,68 u 1,53 paza (na 29,3 u 16,3%), Ha 35 neHp — B
B2,68 u 1,47 pa3za (na 27,8 u 14,3%). bosiee BepakeHHasi aKTUBU3AIM OAKTEPULIHI-
HOM aKTUBHOCTHU CBHIBOPOTKM KPOBU OTMEUajiach MPH KOMILIEKCHOM TMPUMEHEHUHU
npenapatoB. Tak, TaHHBIN MTOKA3aTeNb B CBIBOPOTKE KPOBH NTHILl 6 rpynmsl ¢ 21 1HA
omnbITa ObUT BBILIE KOHTPOJbHOM LMdpel Ul 1 rpynnsl: Ha 5 nedb — B 1,48 paza (Ha
9,3 %), Ha 14 nenp — B 1,75 paza (Ha 14,9%), va 21 nenp — B 2,82 paza (Ha 29,2%),
Ha 28 nenb — B 2,83 paza (Ha 32,0%), Ha 35 nens — B 2,86 pasza (Ha 30,7%).
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MakcuManbHOrO YpOBHSI OaKTEpHUIMAHAS aKTUBHOCTb CHIBOPOTKH KPOBH JI0-
CTUTJIa Y MTHI] 7 TPYMNIbL. 31€Ch OHA K 5 MHIO ObLIa BhINNIC 3HAYeHUs e€ y mrTuil |
rpynnsl B 1,93 paza (Ha 17,7%), a B mocienyroiire CpoKu SKCIEPUMEHTA MPEBbIIIaa
nokaszarenu ntui] 1 KoutposnbHOil u 2,3,4,5,6 onbITHBIX Tpynil: Ha 14 nedns — B 2,5, B
2,2,81,66,81,87,B1,98 u 1,42 paza (Ha 29,7, na 27,0, Ha 19,8, na 23,0, Ha 14,8%),
Ha 21 nens — B 3,76, B 2,08, B 1,53, B 1,67, B 1,96 1 B 1,33 pa3za (na 44,2, na 31,3, Ha
20,9, na 24,3, na 29,6 u 15,0%). Camblii BBICOKUN ypOBEHb OAKTEPUIIUIHON aKTHB-
HOCTH CBIBOPOTKHM KPOBHU NTHUIl 7 TPyHIbl oTMevaiics K 28 nHio onbita. K aTomy me-
pHOJly UCCIIEIOBAHUI OHA MPEBLICHIJIA KOHTPOJIbHBIA YpOBEHb NMTHIl | rpynmsl — B
3,7 pa3za (Ha 47,0%), 2 rpynmsl — B 2,11 paza (aa 34,0%), 3 rpynnsl — B 1,37 pa3a (Ha
17,7%), 4 rpynnsl — B 1,47 pa3a (Ha 20,8%), 5 rpynmsl — B 1,59 paza (Ha 24,0%), 6
rpynmnsl — B 1,3 pasa (Ha 15,0%).

K xonmy ombita (35 nHeil) perucTpupoBajioCh HEKOTOPOE MOHMKEHHE OaKTe-
PULIUIHONM aKTUBHOCTU CHIBOPOTKU KPOBH MTHI] 7 TPYIIIbI, IO CPABHEHUIO C MPEIbI-
IyIIUM CPOKOM ombITa, B 1,04 pa3a (Ha 2,8%), HO OH OCTaBajICsl HA CAMOM BBICOKOM
YPOBHE U MpeBbIlIal gaHHbIe Tyl 1 rpynmsl. [lokazaTenu 6akTepuiiuIHONW aKTUBHO-
CTH CHIBOPOTKM KPOBH NTHIL 8 TPYIIIbI ObLIM BbIlIE mapaMeTpoB 1, 2, 3,4, 5, 6 rpynn
Y yCTYNaJH JIUIIb TaHHBIM OTHUI] 7 TPYTIIIHI.

3akiroueHue. BHeceHue B pallMOH NTUL KOMIO3UIMOHHBIX (hOPM IpoIoiuc +
NMmyHOOak, mpornonuc + oTpyOH U MponoJiuc + EeoJUThl 3HAYUTENBHO aKTUBU3HPY-
€T MOoKa3aTeJu €CTECTBEHHOW PE3UCTEHTHOCTH (OaKTEpUIIMIHON aKTUBHOCTH MaKCH-
MaibHO B 3,7, B 3,27 u 2,83; mu3onumHon — B 1,94, B 1,78 u 1,73 paza).
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BUOJIOTMUYECKASI AKTUBHOCTD ITYEJIMHOT O TOJMOPA
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(Hayunwiii pyxosooumenvs — Mannanosa Pamzus Tumepeaneesna, 0-p 6u01. HAYK,
npogheccop rageopvr mukpoouonocuu u ummynonroeuu PIbOY BO PI'AY-MCXA
umenu K. A. Tumupsizesay, ram.mannapovas5@mail.ru)

Annomayusn: Cpeonue 003bl IKCMPAKMA NUEIUHO20 NOOMOPA BbI3bLEAION BbIPAICEHHYIO AKMUBU-
3ayuro U NOvlULEeHUE 8 KPOBU Nepeneios, noKasameiel 3pumponodsd, yeeiudeHue eemamoxpuma,
cooepcanusi 8 Kposu mpomMOOYumos, aum@oyumos, MoHOyumos, 06azohunos, 303uHopuios u
ncego0303uHounos. Boicoxue dozvl I okazvieaiom Ha opeanusm nepenenos cCynpeccusHoe oeli-
cmaue.

Knrwouegwvie cnosa: nepenena, 3puTpono33, HU3KUE, CPEIHUE, BBICOKUE JO3bI, SKCTPAKT, MYEIIH-
HBIW [TOMOD.

BBenenne. B muennHoM moamMope CoAepKaTcss KOMIOHEHTOBI MEIa, MATOYHOTO
MOJIOYKA, TBUIBIIGI, siIa, MPOIOJIUCA, BOCKA, KOTOPHIE OMPEICISIOT €r0 BBICOKYIO
OMOJIOTUYECKYI0 aKTUBHOCTh. XMTO3aHOBBIM KOMIUJIEKC XUTHHOBOTO IMOKPOBA IMYEI
COJICP’KUT YKCYCHYIO KHUCJIOTY, MEJIaHWUH, T€NapuH, TIOKO3aMUHBI, MUETUHBINA S]I.
MenaHuH SBJISIETCS aHTUOKCHUJIAHTOM, (DOTOTIPOTEKTOPOM M aHTUMyTareHom. B mue-
JIMHOM TIOAMOpE OOHApY>KEHbI 27 HKUZHEHHOHEOOXOIUMBIX MHUKPOAJIEMEHTOB U BHU-
tamuHoB (E, K, D, P, C), Genku, aMUHOKHCIIOTHI, TIUIIEBbIC BOJIOKHA, xup [1 ,2, 3, 4,
5].

Martepuaa u Metoabl. ONbBITH TPOBEICHBI B YCIOBUAX NTUYHUKA Kadeapsl
MITUIIEBOJICTBA U B JIabopaTtopusix kadenpsl MUKpoOHoIoruu 1 uMMmyHosioruu PITAY -
MCXA umenn K.A. TumupsszeBa Ha mepeneinax MSICHOH (GpaHITy3CKOM ITOPOJIBI.
[Tt pazaenwiu Ha 4 rpynnsl. 1 rpynna — KOHTpoJdbHas, 2, 3, 4 — ONBITHBIE, KOTO-
pbiM ¢ 30 CyT. BbITaBajii HU3KUE, CPEHUE U BBICOKHE JI03bl AKCTPAKTA MUEITUHOIO
noaMopa ¢ nutheBor Bojgon 0,1 mi skcTpakra myenuHoro noamopa (IIII) nva 100
rpamMM Maccel nTui). Jlo3sl coctaBuiu Bo 2 rpynmne — 0,05 mu/ron.; B 3 rpynne — 0,1
mJii/roit;, B 4 rpynmne - 0,3 mui/rosn. BeimanBanue pacTBopa MpOBOIMIN U3 MUIETOK, a B
MOCEAYIOIIUE CPOKU — TPYIIOBBIM METOIOM U3 momiok. Ilepepacuer no3 OIIII c
Y4E€TOM YBEJIMYEHHUS MACChl NITUIl MPOBOAWIIN Ha 14 cyT. onbita (29 cyTOouHbIE Nepe-
nena). Bastue matepuana s McciaeAOBaHMS MOKaszaTeseld 3pUTPOIod3a Mepemneion
npoBoawu Ha 7, 14, 30, 45, 60, 90 u 210 cyt. onbiTa. PUKCAMIO Ma3KOB KPOBHU
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IPOBOIMWIM B 96° 3THIIOBOM CHUPTE MO SIXOHTOBOM, MpeABAPUTEIHLHO 00paboTaB MX
LUTPATOM M OKcajaaToM HaTpusa. Ma3ku kpoBu okpammBain Azyp I1 — 303uHOM U 110
Pomanosckomy — ['um3a.

PesyabTarhl ucciegopanuii. ConepxaHue SpUTPOLUTOB B KPOBU IEPEIETOB 2
rpynmnsl, Ha (OHE BHECEHUS B PAllMOH C MUTheBOW BOAoW Hu3kou nmo3el DI, Ha 7
CyT. OT HavaJia ONbITa, HE OTJIMYAJIOCh OT €ro YpoBHs B KpoBH ntull 1 rpynmel. Cpe -
Hs4 1032 (3 rpynna) cnocoOCTBOBala YMEPEHHOMY MOBBIILIEHUIO YPOBHS 3pUTPOLIU-
TOB, 110 CPAaBHEHHUIO C KOHTPOJILHBIM ypoBHeM — B 1,07 pasa (na 0,2-10'%/1). YposeHs
SPUTPOIUTOB B KPOBU MNTHUIl 4 TpyHIbl (BbICOKas 103a), HAapoTuB, B 1,08 pa3a Obu1
HUXE, YEM B KOHTPOJIE.

Ha 14 cyrt. skcnepuMeHTa OT Hayajna OMNBITOB MAaKCHUMAaJbHOE COAECPKAHUE
SPUTPOLIUTOB PETUCTPUPOBAIOCH B KPOBH NEPEIENIOB 3 IPYIIbI, KOTOPOE MPEBBICHIIO
naHHble 1o 1, 2 u 4 rpynmnam, cooTBeTcTBeHHO, B 1,23; 1,07 u 1,61 paza (#a 0,8; 0,3 u
1,6:10%%/m).

[Ipouiecc MOBBIIEHHS] BBIPAOOTKH 3PUTPOLIMTOB B KPOBHU MNTHUIl BCEX TPy
IIPOTPECCUPOBAII IO CPOKAM OIIBITA, HO IIPU 3TOM JAaHHBIE O 2 U 3 TpymnIaM, BO BCe
CPOKHM HCCJEAOBAHMM, ObLIM BbIIIE, YEM B KOHTPOJIC, a JAaHHbIC NTHUI] 4 TpyIIIbI,
HAaNpOTUB, UMEIU TEHJCHIMIO K CHIbKeHHto. K 30 cyT. uccinemoBaHuid MmokasaTenu
nTul 2 U 3 rpynn ObUIM Bblle KOHTpoJbHOM tudpel B 1,08 u 1,19 paza (0,3 u
0,7-10%/1), Torma Kax ypoBeHb DPHTPOLUTOB B KPOBH IITHI] 4 IPYIIBI yCTYNad HX
3HAYEHMSAM B KpoBU nepenesioB 1, 2 u 3 rpynn — B 1,19; 1,29 u 1,42 paza (na 0,6; 0,9
u 1,3-10'%/n).

3HAYNUTEIBHOE MOBBIILICHUE YPOBHS 3PUTPOLUMTOB OTMEYAIOCH HA 45 CyT. OIlbI-
Ta. Ha 3TOT CcpoK HcciienoBaHUN YPOBEHb 3PUTPOLIMTOB B KPOBU MEPEINENOB 2 U 3
IpynIl ObLI BbIIIE, 4eM y ntull 1 rpynmsl, B 1,1 u 1,17 pasa (aa 0,4 u 0,7-10%/1), To-
I'/1a KaK YpOBEHb IPUTPOLMTOB B KPOBU IIE€PEIEIOB 4 IpyIIIbl yCTyIad KOHTPOJIBHON
uudpe B 1,38 paza (na 1,1-10'%/n).

MakcumanbHasi IPOAYKIUS KPACHBIM KOCTHBIM MO3TOM MTHI] 3PUTPOLIUTOB pe-
ructpupoBanace Ha 60 cyr. ombita. K 3TOMY mepuony mnokasarennd COIEpkKaHUs
SPUTPOLUTOB B KPOBHU MEPENENOB 2 U 3 rpyIi ObUIX BbILIE, YEM B KOHTpoJe, B 1,12 u
1,7 pasa (na 0,5 u 0,8-10'%/1), a ypoBEHb SPUTPOLIUTOB B KPOBH HEPETIENOB 4 TPYIIIEI
B 1,28 pasa (#a 0,9-10'%/1) 6B HMKE KOHTPOJIBLHOTO 3HAYECHUS.

B nocnenyromue Cpokd HCCIEIOBaHUN OCOOBIX KOJEOaHWW B COJACP>KaHUHU
SPUTPOLUTOB B KPOBHU IEPEIEIOB KOHTPOIBHOM M OINBITHBIX I'PYIII HE PETMCTPUPO-
BAJIOCh, IO CPABHEHUIO C MPEIbIAYIIUM CPOKOM OIbITa, U K 210 CyT. onbiTa ypOBEHb
SPUTPOLUTOB B KPOBHU IEPEIENIOB 2 U 3 TPy NPOAOCKaJ NMPEBbINIATh OKA3aTelb
KOHTPOJBHBIX Itull 1 rpymmsl B 1,15 u 1,22 pasa (1a 0,6 u 0,9-10'%/1), a nannsle mo
nepernenam 4 rpyImsl - yeTynan KoHTpouro B 1,33 pasa (ma 1,0-10'%/x1). (P>0,95).

YpoBeHb TemMorio0rnHa Ha 7 CyT. OT Hayajia Jladyu ¢ MAThEBOW BOJOW MTHIIAM
OIIIT umen 3aMeTHBIE KOJIeOaHUS MO TPyIIaM, B CPABHEHUU C MOKA3aTEISIMU MTHUIL
KOHTpOJIbHOM rpynmbl. Ero comepikanue koiedalloch Mo rpymmnaMm B Openenaax ot
115,6 no 136,4 r/n. Y nepenenos 2 u 3 rpynin OH NPEeBBICHII KOHTPOJIbHBIN YPOBEHD B
1,04 u 1,13 paza (1a 5,0 u 16,4 1/;1), a o 4 rpynmne — Obu1 HUXKE ero B 1,04 pa3a (Ha
4,4 t/n). (P=0,95).
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DTa TEeHAEHIMS TPpOoAoJKaIack 10 KoHia onbiToB. K 14, 30, 45, 60 u 210 cyT.
MCCJICIOBAHUM YPOBEHb TE€MOTJIO0MHA B KPOBU NTHI] 2 ¥ 3 ONBITHBIX TPYII ObLT BHI-
1€, 4eM B KOHTpOJsHOU rpymme, B 1,06 u 1,14 paza (va 8,4 u 17,9 r/n); 8 1,09 u 1,14
pa3a (aa 13,1 u 19,7 v/m); 8 1,07 u 1,12 paza (aa 10,1 u 16,6 v/;m); B 1,07 u 1,12 paza
(ma 9,8 m 16,7 r/m); B 1,1 u 1,13 paza (ua 13,6 u 17,8 rv/m). (P>0,95). Ilokazarenu co-
JIep>KaHus TEMOTJIOOMHA B KPOBH TEPEIEoB 4 TPYIIbBI, BO BCE CPOKU IKCTIICPUMEHTA,
ObUIM HIDKE WX 3HAYEHHS Y NTHUI] KOHTPOJIBHON TPYMIbI, COOTBETCTBEHHO B 1,15;
1,12;1,08; 1,11 u 1,08 paza (na 17,4; 15,6; 11,6; 14,1 u 11,4 r/n).

Konebanus B copep:kaHuM 3pUTPOLIUTOB U TeMOTIIOOMHA OTPaXKalKlCh U Ha I0-
KazaTesie reMaTOKpuTa B KpOBH mepernenoB. Ero 3nauenue k 7 qHIO ombITa, 1o 1- 4
rpynmnam, Kkojedanocsk Ha ypoBHe oT 34,2 1o 42,6%. [Ipu 3TOM 3HaYEeHUE TeMaTOKpu-
Ta y ITUL 2 U 3 rpyni OblI BhIIIE KOHTPOJILHOTO MOKa3aTeNs nepeneion 1 rpymnmsl B
1,04 u 1,1 paza (Ha 1,6 u 4,2%), a naHHble TeMaTOKpuUTa 1o 4 rpymnme ObUIM HIKE,
4yeM B KOHTpoJie, B 1,12 paza (Ha 4,2%), (P>0,95).

3HaYCHUE MOKA3aTelIsl TEMAaTOKPUTA B KPOBH MEPENENIOB 2 U 3 Tpynn B mOCe-
nytoue cpoku onwita (14, 30, 45, 60, 210 cyt.) ObUIM BB, YEM B KOHTpPOJE, B
1,05 u 1,09 paza (na 2,0 u 3,8%); B 1,05 u 1,09 pa3za (va 2,2 u 4,3%); 1,03 u 1,07 pa-
3a (Ha 1,5 u 3,2%); B 1,09 u 1,17 pa3za (va 4,1 u 7,9%); 8 1,07 u 1,15 paza (na 3,4 u
7,0%), (P>0,95) 3HaueHue reMaTokpuTa y nepemnenaoB 4 rpymbl, HA 3TH CPOKHU HC-
cle0BaHuM, ObLIIO HUXKE KOHTPOJIbHOTO mokazatesns: B 1,31 pa3za (na 10,1%); B 1,51
pa3a (Ha 15,3%); B 1,41 paza (na 13,7%); B 1,33 paza (na 11,7%); B 1,23 pa3a (nHa
8,7%), (P>0,95).

ConepxaHue JIEUKOIMTOB B KPOBU MEPEMENOB ONBITHBIX IPYIIN € 7 CYT. SKCIE-
PUMEHTa UMEJIO OTJIMYUS, [0 CPABHEHUIO C JAHHBIMU | KOHTPOJIBHOW Ipymmbl. Y po-
BEHb JICMKOLUTOB B KPOBU IEPEIEIOB KOHTPOJIBLHON U OMNBITHBIX TPYIII, B MOCIEIY-
IOIME CPOKHU OMNBITOB, MOBBIIIANCS B Bo3pacTHOM acnekre. Ho, nannsie ntun 2 u 3
OMBITHBIX Tpynn ObuIM A0cTOBepHO BbIe (P>0,95) ero 3nauenus y nruin 1 KoH-
TponbHOM Tpynmnsl: Ha 14 cyT. B 1,07 u 1,14 pasa (1a 2,4 u 4,6-10%n), na 30 cyr. — B
1,04 u 1,09 paza (ma 1,4 u 3,4-10%mn), na 45 cyr. — B 1,06 u 1,16 pasza (Ha 2,2 u
6,2-10%n), va 60 cyt. — B 1,07 u 1,2 pa3za (#a 2,8 u 8,0-10%n), na 210 cyr. —B 1,05 1
1,18 pasa (1a 2,0 u 6,9-10%mn).

BrimanBanue ¢ Bojoil nepenenam Beicokux 103 IIIIT (4 rpymnmna) cnocodbcTBO-
BAJIO CHIDKEHUIO YPOBHS JIGUKOIIUTOB B KPOBU. ITOT MPOIIECC BHIPAXKEHHO MPOSIBIISII-
Cs C MEPBBIX CPOKOB omnbiTa U K 7, 14, 30, 45, 60 u 210 cyT. uccineqoBaHuii cojiepxa-
HUE JIGWKOLIUTOB B KPOBU TTHIL 4 TPYIIBI OBLIO HUKE, YeM B KOHTpoJie, B 1,32 pa3za
(ma 6,5-10%m), B 1,39 pasa (ma 9,1:10%n), B 1,57 pasa (sa 13,0-10%n), B 1,54 pasa
(ma 13,2-10%m), B 1,44 pasa (1a 11,9-10%n),B 1,46 pasa (1a 12,0-10%n), (P>0,95).

Copeprkanre TpOMOOIIMTOB B KPOBH IEPEIEIIOB Yepe3 7 CyT. OT Hayaja BbIla-
uBanus DI umeno 3amerHsle konebanus: ot 95,2 no 115,7-10%n. MakcumanbHblil
YpPOBEHb TPOMOOILIUTOB, BO BCE CPOKH OIBITOB, OTMEYAJICS B KPOBHU MEpenesioB 3
rpymnbl. K 7 cyT. 3kcnieprMeHTa ypoBeHb TPOMOOIIMTOB B KPOBH IEPEIIENIOB 3 TPYII-
bl OBLJT BBINIE €ro 3HaYeHus y ntuil 1, 2 u 4 rpyni, coorBeTcTBeHHO B 1,06; 1,02 1
1,21 pasa (#a 6,4; 1,9 u 20,5-10%n); x 14 cyr. — 8 1,05; 1,02 u 1,17 pasa (ua 6,1; 2,2
u 18,1-10%m), k 30 cyr. — B 1,12; 1,01 u 1,19 pasa (na 13,9; 1,7 u 21,1-10%n), x 45
cyr. —B 1,1; 1,01 u 1,14 pasza (ma 13,2; 1,7 u 16,4-10%n), x 60 cyr. — B 1,1; 1,01 u
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1,16 paza (ma 11,8; 1,3 u 18,9-10%n), x 210 cyr. — B 1,06; 1,01 u 1,17 pa3a (ua 8,0;
1,6 u 19,0-10%n), (P>0,95).

Pasnbie 10361 D111 oka3biBasiv pa3HOE BIUSHUE HA MMOKA3ATENH JEHKOTPaMMBbI
B KpoBHU ImepernenioB. Huszkue 1036l ciocOOCTBOBAIM YMEPEHHON aKTHBU3AIUU KJile-
TOK, YYaCTBYIOIIIMX B UMMYHHBIX PEAKIUSIX, CPEIHHUE J03bl 3HAYUTEILHO aKTUBU3U-
pOBaJIM UX, & BBICOKUE JI03bl, HAPOTUB, CIIOCOOCTBOBAIN 3aTOPMAKMBAHUIO AKTUB-
HOCTH Nposindepalii UMMYHOKOMITETEHTHBIX KJIETOK.

Conepxxanne 6a30(UiIOB B KPOBU TEPENEIOB KOHTPOJBLHOM TPYMIBI BO BCE
CPOKH ONbITOB He npeBbimano ypoBHs ot 0,1 no 1,5%. K 7 cyt. sxcniepumenTa ypo-
BEHb 0a30(pMJIOB B KPOBH MepenesnoB 1 u 2 rpynm He W3MEHSUICS, B KpOBH ITHIl 4
I'PYIIBI — OHU HE BBIABISIMCH. B KpoBH mepernenoB 3 rpynmsl coaepkanue 60a3zodu-
noB cocraBmio 0,2%. B mocieayromiue Cpokd OIBITHI cojepkKaHue 0a30(HiIoB B
KpoBU niepenenioB 1 u 4 rpynm O0bU10 Ha onguHakoBoM ypoBHe- 0,1- 0,15%. YpoBenb
0a30(1I0B B KPOBH IEPENesioB 2 U, 0COOEHHO, 3 TPYNIIbI OB BBIIE TUX 3HAYCHHM
B 3 — 4 pa3za (0,3-4%).

VYpoBeHb cozepkaHusi S03MHO(PUIOB B KPOBU TEPEMEIOB IO BIUSHUEM pa3-
HbIX 103 I Takxke n3MeHsca B 3aBUCUMOCTH OT 103kl Ipemnapara. Camoe BbICO-
KO€ COJIEP’KaHHE Y03MHO(PUIOB PETUCTPUPOBAIOCH B KPOBU NTHULL 3 rpymnmsl. Yepes 7
CyT. oT Hauana BbinauBanus D111 303uHOGUIBI B KpOBH NTUL 3 TPYIIIbI IPEBBICHIIN
nokaszarenu nepemnenos no 1, 2 u 4 rpynnam B 1,3; 1,17 u 1,54 paza (ua 0,8; 0,5 u
1,2%), ugepe3 14 cyt. — B 1,33; 1,02 u 1,66 paza (ua 1,0; 0,1 u 1,6%), gepe3 30 cyT. —
B 1,58; 1,19; 1,81 paza (ua 1,8; 0,8; 2,2%), uepe3 45 cyt. — B 1,47; 1,04 u 1,61 paza
(ma 1,6; 0,2 u 1,9%), guepe3 60 cyr. — B 1,41; 1,04 u 1,59 paza (na 1,5; 0,2 u 1,9%),
(P>0,95).

Cpennue no3st DI cnocoGCcTBOBAMM 3HAUUTENHFHON aKTUBU3AIMN B OPTaHU3-
Me TiepernenoB mnceBao’o3unodunoB. Ha 7 cyTt. ombita comep)kaHue IMCeBI0I03UHO-
(usI0B B KpOBU NTHUIL 3 TPYIIBI OBLUIO BBIIIE, IO CPABHEHUIO C JAHHBIMU X B KPOBU
nepenenioB 1, 2 u 4 rpynn  (mpu P>0,95) B 1,08; 1,03 u 1,16 paza (na 2,4; 0,9 u
4,4%), na 14 cyt. — B 1,12; 1,06 u 1,66 paza (ua 3,8; 2,2 u 13,7%), na 30 cyt. — B 1,1;
1,05 u 1,31 paza (na 3,5; 1,8 u 8,6%), Ha 45 cyt. — B 1,39; 1,04 u 1,48 paza ( Ha 1,8;
1,8 u 15,5%), na 60 cyr. — B 1,42; 1,42 u 1,37 paza (na 14,7; 2,6 u 13,3%), na 210
cyt.—B 1,44; 1,02 u 1,53 paza (na 14,6; 1,1 u 16,6%).

Oco000 3amMeTHbIE peaKlUH MoJ BausHUEeM pa3Hbix 103 Il ormevanucs co
CTOPOHBI TUM(DOIIUTOB. 3HAUNTENIbHAS AKTUBU3AIMH JTUM(OIUTAPHBIX KIETOK PEru-
cTpupoBanachk noj BiausHueM cpeanux o3 JIIII. K 7 cyr. oT Hauana BbIanBaHUS
nepenenam DI conepxanue TMMEGOIIMTOB B KPOBH MEPETIENIOB 3 TPYIIIBI TPEBHICHU-
70 mokazatenu ntui 1, 2 u 4 rpynm B 1,15; 1,09 u 1,28 pasza (va 7,1; 4,3 u 12,0%). B
MOCJICTYIOITUE CPOKHU OTBITA OTMEYAIOCH MOBBIIIIEHUE YPOBHS JTUM(OIIMTOB B KPOBU
TepenesoB, Kak B BO3pacTHOM acrekTte, Tak U oT AekctBus JIIII. Cambie BbIpakeH-
HbI€ PEAKIUM OTMEYaIUCh BoJ BiausiHueM cpennunx no3 DI Ha 14 cyr. onbita co-
nepkaHue JTUMQOLMTOB B KPOBU MEPENENIOB 3 TPYIIbl ObUIO BBIIIE €r0 YPOBHS B
kpoBu ntuil 1,2 u 4 rpynm B 1,28; 1,14 u 1,34 pa3za (na 14,3; 8,1u 16,6%), Ha 30 cyT.
— B 1,32; 1,08 u 1,66 paza (wa 17,7; 5,3 u 28,7%), na 45 cyr. — B 1,28; 1,03 u 1,64
paza (1a 16,5; 1,9 u 29,2%), na 60 cyt. — B 1,28; 1,04 u 1,34 paza (nva 17,3; 3,0 u
20,0%). o xonma ombiToB (210 cyT.) coaepkaHue AUM(OLMUTOB B KPOBH NTHUIL 3
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IpyIIbl OBLIO BBINIE UX 3HAYCHUS B KpoBH TiepenesioB 1, 2 u 4 rpyni: B 1,26; 1,05 u
1,35 pa3a (ua 16,6; 3,8 u 20,3%), (P>0,95).

[Togo6HO muHAMUKE TUM(OIIMTOB U3MEHSIIACH B KPOBU TIEPETIETIOB KOHTPOIIb-
HOM M ONBITHBIX I'PYII AMHAMHAKA MOHOLIUTOB. K 7 CyT. OT Ha4asia OnbITOB COJEpkKa-
HHE MOHOITUTOB B KPOBH TIEPETICIIOB 3 TPYIIIHI OBLIO BHIIIE UX YPOBHS B KPOBU MTHII
1,2wu 4 rpynn B 1,12; 1,05 u 1,18 pa3za (1a 0,2; 0,1 u 0,3%), x 14 cyr. —B 1,16; 1,04 n
1,29 paza (una 0,3; 0,1 u 0,5%), k 30 cyr. — B 1,19; 1,08 u 1,39 paza (na 0,4; 0,2 u
0,7%), x 45 cyr. — B 1,12; 1,08 u 1,35 paza (sa 0,3; 0,2 u 0,7%), k 60 cyr. — B 1,2;
1,11 u 1,45 paza (1a 0,5; 0,3 u 0,9%),(P>0,95). K koHiy onbiTa ypOBEeHb MOHOIIUTOB
B KPOBHU TepernesioB 2 u 3 rpyni ObUI Ha OJIMHAKOBOM YpPOBHE, MPEBBICUB KOHTPOJIb-
Hyto uudpy muimb B 1,04 paza, a copepkaHue MOHOIIUTOB B KPOBU MTHIL 4 TPYIIIHI, K
ATOMY CPOKY HCCleloBaHus, OblI0 1,26 pa3a HMXKE, IO CPABHEHHUIO C JAHHBIMU 110 2
U 3 TpyImnmam.

3axuouenue. Pazunie 10361 D111 oka3bIBalOT HE OJIMHAKOBOE BIIMSIHUE HA T0-
Ka3aTelid SpUTPOI033a, TeMOM033a, JICHKOI033a U MUeIorpaMmbl riepenenos. Huzkue
JI03bI OKa3bIBAIOT HA OPTraHU3M IEPENeoB YMEPEHHOE CTUMYJUPYIOIIEE IEHCTBUE.
Cpennue 10361 BBEI3BIBAIOT BRIPAKCHHYIO aKTHBH3AIMIO U TTOBHIIICHUE B KPOBH TIEepe-
TIEJIOB, JI0 BBICIIEH TPAaHUIIBI (PU3UOIOTHICCKUX HOPM, SPUTPOITUTOB, TEMOTIIO0NHA U
YBEJIMUEHHUE MOKa3aTeNsl TeMAaTOKPUTA; CIIOCOOCTBYIOT YBEIUUYEHUIO COJCPKAHUS B
KpOBH, B TIpejenax (hDU3UOJIOTHUCCKUX 3HAYCHUH, JICHKOIMTOB, TPOMOOITUTOB, JIMM-
(GoIUTOB, MOHOLIUTOB, a Takxke 0a30(MIIOB, 03UHOMUIOB U TCEBIOPO3UHO(PUIOB.
[Ipumenenue Boicokux 703 D11 oka3piBalOT Ha OpraHU3M IMEPEIeIoB HEKOTOPOE Cy-
MIPECCUBHOE BIIUSTHUE

Cnucok areparypsbl:

2. Kammna I'.B. buonornuecku akTUBHBIC BellecTBa M3 moamopa muen [Tekcer] /
I'.B. Kamna, B.I'. Illenenes, N.A. ®edenosa [Tekcr] // [TuenoBomctBo. — 2014. —
Ne 8. — C. 58-59.

3. Mannanosa P.T. BoccranoBnenrne KpoBeTBOpPEHHsI HEOOPaOOTaHHBIM SHTAPEM
Ha (pone runorepuosa [Tekct] / P.T. Mannamnosa, P.A. PanueB // YdeHslie 3anucku
Kazanckoli rocynapCTBEHHOM akaJeMHM BETEpUHApHOM MeauuuHbl uM. H.O.
baymana. 2013. T. 213. C. 129-134.

4. MannanoBa P.T. buonormdyecku axkTUBHbIE MPOAYKTHI MYEIOBOJACTBA H
nmmyauTeT [Tekcr] / P.T. MannanoBa, A.H. Ilaaun // B cOopuuke: Meroapl
MOBBIMICHUS] TPOAYKTHBHBIX W 3alllUTHBIX (YHKIUH OpraHu3Ma >»KWUBOTHBIX B
Pecniyonuke  BamkoprocTaH.- bamkupckuii  roCymapCTBEHHBIM  arpapHbId
yauepcuteT. 2000. C. 178-182.

5. CemnonoBa M. U. Hcnonb3oBaHHE XUTO3aH- MEJIAHWHOBOIO KOMIUIEKCAa M
mpenapara Ha ero OocHOBe IpH BeipanuBanuu ko3t [Tekct] / M.U. CenuoHoga,
H.B. [lorapckas // Coopuuik Hayunbix Tpynos ['HY CHUMXKK. - 2010. Nel. C.62-65.
6. Ipamm H. WM. Pa3paboTka u wucciaegoBaHWE CIHPTOBBIX H3BJICUCHUN U3
MMYEJTMHOTO MOoAMOpa W JUYMHOK BockoBoM Monu [Tekct]| /H.W. Ilpamwm, JI.K.
babusn, B.W. Tpyxuna, B.J[. benonorora, A.A. T'mneBa // dyHmameHTalIbHBIC
uccnenoBanus. 2014. Ne 6-5. C.956-958.

284


http://elibrary.ru/contents.asp?issueid=1110065
http://elibrary.ru/contents.asp?issueid=1110065
http://elibrary.ru/contents.asp?issueid=1110065
http://elibrary.ru/item.asp?id=25048889
http://elibrary.ru/item.asp?id=25048889
http://elibrary.ru/item.asp?id=25048889

YIK: 637.12.047
JANHAMHUKA COMATHYECKHUX KIIETOK B MOJIOKE KOPOB:
CPABHUTEJIbHBIN AHAJIN3 D®PEKTOB TEPAIINU
CKPBITBIX MACTUTOB

Cmpouxkoe Ilasen Heanoeuu, cmyoenm 4 xypca, nanpasnenue noocomosku 36.05.01
«Bemepunapusy, uncmumyma szoomexuuu u ouonocuu, @I'OY BO PI'AY MCXA
umenu K. A. Tumupsizesa. pavel9444@gmail.com

TI'ankuna Jeenuna Anekceeena cmyoenm 4 Kypca, HanpagieHue noo020MoGKU
36.05.01 «Bemepunapusy, uncmumyma 30omextuu u ouonocuu, ®I'bOY BO PI'AY
MCXA umenu K.A. Tumupszesa.

(Hayunwiii pyxosooumenv — Mannanosa Pamsus Tumepeaneegna, 0-p 6uol. HAyK,
npogheccop ragedpvr mukpoouonoeuu u ummynonroeuu OI'bOY BO PI'AY-MCXA
umenu K. A. Tumupsizesay, ram.mannapovas5@mail.ru)

Annomayun: 8 0aHHOU pabome ucciedyemcss OUHAMUKA COOEePIHCAHUSL coMamuye-
CKUX KJIeMOK 8 MOJOKe KOPO8 HA (PoHe NPUMEHEHUs PA3IUYUHbIX Memo0o8 mepanuu
npu ckpvimulx macmumos. Comamuieckue Kiemku, npeocmasiaowue cooot Komou-
Hayuio K1emox INUMeNUANbHOU MKAHU, TeUKOYUMO8 U Opy2uUX KOMNOHEHMOS8, ABJIS-
IOMCs UHOUKAMOPOM COCMOSIHUA 300P08bsL MOJOYHOLL JHcelle3bl U Kauecmea MOJIOKd.
Pesynomamor 0annoco uccnedosanus moeym O6vimeb UCNONb308aAHbL OJIS1 PA3PAOOMKU
bonee shpexmuenvix cmpamezuii ynpasienusi 300p08bem KOPO8 C Yeblo YyylleHUs
Kauecmea MOJ0KA U MUHUMUSAYUU IKOHOMUYECKUX NOMEPLb 8 MOJOYHOM NPOU3BO0-
cmae.

Knrwueswvie cnosa: comamuueckue Knienku, MOJI0OKO Kopoe, CKpblmble Macniunivl, me-
panus, duHaMuKa, ]ZGZZKOZ/;Z/H’I’Ibl, 36160]16806]%001’)’%, MMMyHHblZZ omeemn.

Marepuaj 1 MeTOABI HCCIACAOBAHUI

PaboTta BbeIMoONHANACH B JlabopaTtopusx Kadenpbl MUKPOOHOIOTUHM U UMMYHO-
noruu, BerepuHapHoil meauuuHel @I'bOY PI'AY MCXA nmenn K.A. Tumupssena,
Ha MOJIOKE MOJIy4EHHOM OT 18 >KMBOTHBIX, OOJBHBIX CYOKIMHUYECKOH (hopmoil ma-
CTHUTA.

Kopog paznenunu Ha 6 rpyn. [lepBas rpynmna Obl71a KOHTPOJIBHOM - 3J0POBBIE,
octaybHble (2-6) — OIBITHBIC KUBOTHBIC, CO CKPBITHIM MacTUTOM. KOpoB 2 rpymibl
JICYEHUIO He noABepraiu. B 3 rpynie 1y JeueHus: NpUuMeHsUIn npenapaT MacTuBuH,
B 4 rpynrme - [Iportiomact». JKMBOTHBIX 5 IpyIIibl JIEUWIU npenapatoMm MacTUBUH Ha
¢done nazeporepanuu, 6 rpymnmnsl — npenapatoMm Ilponomact Ha ¢one nazeporepa-
. MacTUBHH BBOJIWJIM BHYTPULIMCTEPHAIBHO 1O & T., OAWH pa3 B CYTKH, B TEUECHHE
5 nuen. IIponomact npumensinu o 10 mut, 1 pa3 B IeHb nocie AOWKH, HA NPOTSKe-
Huu 3 nHe. Jlazeporepanus nopaxeHHON 00JacTU MPOBOAWIIACH B TCUCHHE S5 JTHEH,
no 3-5 munyT. MccnenoBanusi mpoBoauiMch B TeueHue 30 nHEH, ¢ MepUoANYECKUM
B3SITUEM ITPOO MOJIOKA JJIsl UMMYHOJIOTUYECKUX U OAKTEpHAIIbHBIX AHAJIU30B.

Onpenenenne COMaTUYECKUX KJIETOK B MOJIOKE ONPENEIIA HAa aHaIu3aTope
comatnyeckux kiaetok DCC xommnanuu De Laval. On ygoBieTBopsieT BceM TpeOoBa-
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HUSAM C TOYKHM 3PEHHSI TEXHUYECKOIO COBEPLIEHCTBA, MPOCTOTHI M IKOHOMHUYECKOU
s dextuBHOCTH. [IpUHIIMTT MEWCTBUS aHaIU3aTopa OCHOBAaH HA aBTOMATHYECKOM
MO/ICUETE TIOMEUEHHBIX (hITYOPECICHTHBIM KPACUTEIEM COMAaTHYECKUX KIIETOK, HaXO-
TSTIIXCS B aHATTU3UPYEMOU MPoOe MOJIOKA, KOTOPBIE (DIIFOOPECITUPYIOT MPU UX 00ITy-
4eHUH yIbTpapuonaeToBbiM (YD) u3mydeHueM.

Pe3ysabTarhl HCCae10BaAHUM

JlaHHBIE MO OMPENICICHUIO B MPOIECCE OMBITOB B MOJIOKE KOPOB IMHAMUKHU H3-
MEHEHUS COJICPKAHUSI COMATUUYECKUX KJIETOK MPECTaBICHBI B Ta0uIe 1.

B pamkax mpoBeAeHHOTO MCCIEAOBAaHMS OBLIO YCTAHOBIJICHO, YTO HA4aJIbHBIN
YPOBEHb COMATHUYECKHX KIIETOK B MOJIOKE KOPOB KOHTPOJBHOW TPYMIIBI COCTABUII
386,0 tbic./Mi1. ComMaTHdeCcKue KIETKU MPEACTABISIIOT COOOM KIETKH MOJOYHBIX MPO-
XOJIOB U aJIbBEOJI, & TAKXKE JMUTENUAIbHbIE KIETKHU, KOTOpPbIe 00Jaat0T CIIOCOOHO-
CTBIO K peryJisipHoMy OOHOBJIeHHIO. KpoMe TOro, B 3TOT MOKa3aTesb BXOJST JIEHKO-
LUTHI U JPYTUE FJEMEHTHl UIMMYHHOU CUCTEMBI, UTO SIBJISIETCSI BAXKHBIM UHAUKATOPOM
310pOBbSI MOJIOUYHOM KEJIE3BI.

Hecmotps Ha TO, 4TO KOHTpOJbHAs TpylIla HE MOJABEprajgach TepareBTUYC-
CKMM BMEIIIATEJIbCTBAM, B MPOIECCE IKCIEPUMEHTA ObLIO 3apETUCTPUPOBAHO YBEIHU-
YeHHE KOJIMYECTBA COMATUYECKUX KJIETOK. Ha mpoTsskeHuu Bcero mepuojia Hadro-
JICHUSI KOJMYECTBO COMATHMUYECKUX KJIETOK IMOBBIIIAJIOCH U K KOHILY JKCIIEpUMEHTa
IIPEBBICUIIO UCXOTHOE 3HaYeHue B 2,03 paza.

®oHOBOE COJEp’)KaHUE COMATUYECKHX KJIETOK B MOJIOKE OOJIbHBIX CKPBITHIM
MaCTUTOM KOPOB 2 — 6 rpyIii ObLIO BBIIIE, YeM Y KOPOB 1 KOHTPOJIBHOM TpyMIbl — B
1,92 — 2,05 paza.

B mooke, moiaydeHHOM OT OOJBHBIX KOPOB 2 TPYIIIHI, IPOIIECCE IKCIIEPUMEH-
Ta PErUCTPUPOBATIOCH JalTbHEUIIEE MOBBIIMICHUE KOJINYECTBA COMATUYECKUX KIIETOK,
KOTOpBIC TpeBbICKIN (HOHOBBIN TMoka3arenb Ha 5, 10, 20 u 30 cyT., OT Hayama OIbI-
TOB, B 1,16; 1,33; 2,76 u 4,03 paza.

[IpuMeHeHHBIE METObI TEPANTUU OKAa3bIBAJIM CYIIECTBEHHOE BIIMSIHUE HAa CHU-
KEHUE B MOJIOKE KOPOB, OOJIbHBIX CKPBITBIM MAaCTUTOM, COJIEPKAHUSI COMaTHYECKUX
kieTok. [Toka3arenb ypoBHsS COMaTUUECKUX KJIETOK B MOJIOKE OT KOPOB 3 IpyIibl Ha
5, 10, 20 u 30 cyT. OT Hayajga ONBITOB CHU3UJIOCH, IO CPABHEHUIO C €ro (POHOBHIM
ypoBHeM B 1,09; 1,28; 1,43 u 1,66 pasa, 1o CpaBHEHUIO C TAHHBIMU B MOJIOKE KOPOB 2
rpynnsl — B 1,22; 1,63; 3,79 u 6,43 paza.

[Togo6HBIM 00Opa3zom, HO 0o0Jiee aKTUBHOE CHUKEHHE KOJIMYECTBA COMaTHUYe-
CKHMX KJIETOK, PETUCTPUPOBAIOCH B MOJIOKE dUBOTHBIX 4 TPYMIIbI. 3]1€Ch UX YPOBEHb
OBLIT HIDKE, 110 CPAaBHEHHUIO ¢ TIEpBOHAYAILHBIM (POHOBBIM IMOKa3arenem, B 1,17; 1,48;
1,97 u 2,2 pa3za, no CpaBHEHHIO C TTOKA3aTEISIMH B MOJIOKE KOpPOB 2 rpymnmnsl — B 1,28;
1,84; 2,63 u 8,36 pasa.

KommiekcHast Tepanus npenapatoM MacTUBUH U JlazepoM (5 rpymmna) u 0co-
OeHHO KOMIUIEKCHasi Tepanus npenapatom [Ipornomact Ha doHe nazeporepanuu (6
rpyIina) crnocoOCTBOBAIM MOJTHOMY BOCCTAHOBJICHHIO (DYHKITMOHATBLHON aKTUBHOCTHU
BBIMEHHM KOPOB ATUX T'PYIII, O YeM CBUJICTEIbCTBYET CHUYKEHHUE COJICPIKaHUsI COMATH-
YECKHUX KJIETOK B MOJIOKE )KUBOTHBIX 3TUX TPYIII 10 UX (PU3UOJOTUUECKUX 3HAUCHUH.
ITo 5 u 6 rpynmaM ypoBE€Hb COMAaTHYECKUX KJIeTOK cHu3wica Ha 5, 10, 20 u 30 cyr.
OTIBbITA, TI0 CPABHEHUIO ¢ MX (POHOBBIMH 3HaUeHUsIMU, B 1,19 u 1,41paza, B 1,39 u 1,56
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paza, B 2,49 u 2,51 paza, B 2,44 u 3,2 paza, 10 CPaBHEHUIO C JAHHBIMHU >KMBOTHBIX 2
rpynnsl — B 1,34 u 1,64 paza, B 1,79 u 2,06 pa3a, B 6,68 u 6,94 paza, B 9,4 u 12,95 pa-
3a.

Tabmuma 1 — JluHaMuKa B MOJIOKE KOPOB COMAaTUYECKHUX KIIETOK (THIC/MIT)

3 CpOKI/I HCCJICA0BAHUA B cyTRax
=2 = S OT HauaJia ONBITOB
= & =
= = =B dDon
2 2 s 8 5 10 20 30
= = O &
g 2 M 386,9 4673 580,5 609,4 687,0
1 5 g +m 1841 89,7 72,2 179.,6 123,4
g% Cv, % 14,5 12,8 8,3 8.4 10,5
% o M 7457 867,2 989,6 2060,5 3010,8
) ZE| +m 193,1 174 162,1 148 139,6
= = P *k * *k *k Kk
= o
2~ | Cv,% 17,3 13,4 10,9 4.8 31
= M 780,0 710,7 606,9 545.8 4810
3 = [ +m 285,6 242 199,5 164,1 190,5
g P *%* * * * *
= [cv. % 24.4 22.7 21,9 20,0 225
5 M 794.3 676,8 536,7 402,9 360,5
g +m 330,0 2110 198,6 111 109,8
4 g P * * * ** **
(=]
= | Cv, % 25,3 20,9 24.7 18,4 20,3
r M 768,4 646,7 507,2 308,9 320,6
= 2| m 321,9 315 198 180,3 197,9
5 E e P *% *% *% * *
w =
S | Cv% 27,9 32,5 36,1 38,9 34,9
S.| M 746,6 527.4 478.8 296,8 272.4
28| £m 240,1 110,0 186,7 141,0 141,1
6 g ‘é P * * * *% *k
=* cvw 179 250 260 317 362

[Tpumeuanue: p<0,05*, p>0,05**

3axiouenue. Haubonee >PpheKTUBHBIM M AKOHOMHYECKU I11€7€CO00pa3HbIM
METO/IOM JICUYEHHUS KUBOTHBIX OT CKPBITBIX MAacCTHUTOB, KOTOPBIN CIIOCOOCTBYET BOC-
CTAaHOBJICHUIO YPOBHSI COMaTHYECKUX KJIETOK B MOJIOKE KOpOB, SIBISIETCS WHTpAllu-
CTEpHaJIbHAs MHBEKLUS npenapara [Ipornomact, npoBoauMasi B COYETaHHUM C JIa3epo-
Tepanued. DTOT MOAXO0J MO3BOJSET HE TOJBKO YMEHBUIUTh KOJMYECTBO COMATHYeE-
CKHUX KJIETOK, HO U YCKOPUTH MPOLECC BBI3AOPOBICHUS KOPOB, MUHUMHU3UPYS PUCK
penuarBoB 3aboneBanus. Jlazeporepanus, mpuMeHseMas B JOMOJIHEHNE K MHBEKIIU-
SIM, CIIOCOOCTBYET YJIYYILIEHHUIO KPOBOOOpAIICHHS U METa0OJMYECKUX IMPOLIECCOB B
TKaHSIX, YTO B CBOIO Ouepe/lb yCUIIMBAET AeicTBHUE mpenaparta. Takum oOpas3oM, Ta-
KO KOMOWHUPOBAHHBIM METOJ TEpamuu MPEJCTaBISET CO00M ONMTUMAaIbLHOE perlie-
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HUC OJIA B(i)(l)CKTI/IBHOFO JICUCHUSA CKPBITBIX MACTHUTOB M BOCCTAHOBJICHHUS 340POBbA
MOJIOYHBIX KMBOTHBIX.
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