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BBEJAEHUE

WMHTEHCUBHOE MCNOJIb30BaHUE HAHOTEXHOJOTMM M HAaHOMATEpUaJIOB, MOUCK
HOBBIX CIOCOOOB CHHTE3a  HAHOYACTHUIl B HAcTosllee BpeMsl OOYyCIIOBJIEH
YHUKQJIbHBIMU  XapaKTePUCTHKAMH, TPUCYIIMMU  JaHHBIM  OOBEKTaMm, a,
CIIEIOBATENIbHO,  IIMPOKUM  CIIEKTPOM  HX BO3MOXHOIO  IPUMEHEHUS.
Cy1iecTByIOIIMEe TEXHOJIOTHH CHHTE3a HAHOYACTHI[ B IMOJAABIISIONIEM OOJBIINHCTBE
OCHOBaHbl Ha (pU3MUECKHX U (U3UKO-XUMHYECKHX METOJaX OO0paOOTKH HCXOMHBIX
MaTepuajoB (peareHTOB M BewlecTB). /[l mMOIydeHHsT HAHOYACTULl YCIIEUIHO
UCIIOJIB3YIOT TAaKUE METOJbl, Kak YJIbTpa(uoJIeTOBOE OOJy4YeHHUE, a’pO30JbHBIE
TEXHOJOTMM, JuTorpadus, maszepHas aOnsuus, MeETOAbl (POTOXMMHUYECKOTO
BOCCTAHOBJICHMSI, yIBTPa3ByKOBBIE METO/IB. OTtpunarenbHas CTOpOHa
UCTIONIb30BaHUSI 3TUX METOJOB — BBICOKAs CTOMMOCTh U HCIOJB30BAaHHE OIMACHBIX
XMMHMUYECKUX BEIIECTB M HEMOJIAPHBIX PpACTBOPUTENEH, UYTO OTPaHUYMBAET MX
NpUMEHEHHE, HAlPUMEp, B KIMHUYECKOU oOactu [44].

M3BecTHBl cmocoObl CHUHTE3a HAHOYACTHUIl 30JI0Ta, cepedpa, 30J0TO-
cepeOpsHbIX CIUIaBOB, CEJIEHA, TeTypa, IUIATUHBI, NaJlaaus, TUOKCUAA KPEMHHUS,
TUTaHa, UUPKOHUS W T.JO. C HCHOJb30BaHUEM OHMOJOTHYECKHX OOBEKTOB:
MUKPOOPTraHU3MOB, PACTUTEIBHBIX JKCTPAKTOB U (PEPMEHTOB, CTPYKTYpP MOJOOHBIX
JHK, BupycoB, Bomopocinei, rpuboB, npoxoked u T.a. [46]. I[IpeumymiectBa
MUKPOOPTaHU3MOB KaK TOTEHIMAIBHBIX HWCTOYHUKOB TIOMY4YEHUS HAHOYACTHUIL
3aKJIFOYAIOTCSA B BO3MOXKHOCTH YIIPABIIIEMOT0 HapalluBaHUs UX OMOMAcChl, a TaKKe
MOJTyYeHHUs] HAHOKPUCTAIITUTOB C 3aJJaHHBIMU CBOMCTBaMH.

Bonbiioe BHHUMaHHUE yIemsieTcs OMOJIOTHUECKOMY CUHTE3Y
KEJe30CoAepIKaIInX HaHOYACTHII, 9TO 00yCIIOBJIEHO OHMOJIOTUECKOM
COBMECTUMOCTBIO JAHHBIX OOBEKTOB M BO3MOXKHOCTBIO YIIPABJICHUS BHEIIHUM
MarHUTHBIM TIOJIEM.

ObecnieyeHre 3KOJIOTUYECKON O€30MaCHOCTH HACEJIEHUs B 3HAYMMOM CTENeHH
MOJKET OBITh 00ECTICUCHO aHAIM30M COCTOSIHHSI CpEeJl )KU3HU, BKIIFOUAsi TOYBEHHYIO U

BOAHYI0O C yY4e€TOM DJKOJOro-OMOT€OXMMHUYECKHX  TMpoieccoB.  PaspaboTka



MEPOMPUITHIA 10 HEUTpaIn3auuu (HakTOpOB OKA3BIBAIOIINX HErATUBHOE BO3ACHCTBHE
Ha (QYHKIIMOHUPOBAHNE PKOCHCTEM TaK U Ha COCTOSTHHE cooOtecTs [1].

[IpeacraBienrie O TOM, YTO >KMBBIE KIJIETKH YEJIOBEKA M >KMBOTHBIX MOTYT
U3ITydaTh CIa0bld CBET B yJIbTpadUONETOBOM OOJACTH CIIEKTpa, ObUIO BIEPBBIC
chOpMYIMPOBAHO PYCCKUM Y4eHBIM AjiekcannpoMm ['aBpunoBudyem ['ypBuueM u
Ha3BaHO UM MHUTOTCHCTHYCHCKHM U3JIy4YeHUEM [2].

Onpitel ['ypBrua OBLTM OCHOBAaHBI Ha PETUCTPALMU HW3IYyYEHUS IO €ro
JEUCTBUIO HA OMOJIOTMYECKUE OOBEKThI, HA3BaHHbIE OMOJOTUYECKUMH JIETEKTOpaMH,
K YHCIYy KOTOPBIX OTHOCSATCA TMOYKYIOIIHMECS JPOXKU M JCNSIIUECS KIETKH.
Hcnonb3oBaHWE UYYyBCTBUTEIBHOIO (DU3HMUECKOTO JE€TEKTOpa, (POTOYMHOXKHUTENS,
OXJIAKIEHHOTO TBEPAOM YIJIEKUCIOTOW WIM KHIKUM a3oToM [2, 9], mo3Boiuio
OOHapy>KUThb CBEYEHHUE NMPOPOCTKOB PACTEHHI, a TAK)KE KJIETOK U TKaHEW >KMBOTHBIX,
MU3MEJIBYEHHBIX KyCOYKOB TKaHEH M M30JIMPOBAaHHBIX MUTOXOHJpHUi. CBeueHHE BCceX
3TUX OOBEKTOB OBUIO Ha3BaHO CcBepxciaObiM cBeueHweM wian  Ultraweak
chemiluminescence [9]. BaxxHbIM 3TanioM B 3TOW CEPUU UCCIICAOBAHUI ObLTH paOOTHI
PoGepra Dnnana, oTkpeiBiiero B 1973 r. cBepxciiaboe CBEUEHHE CTUMYJIMPOBAHHBIX
OaKTepHUsIMU JIEMKOIIMTOB KPOBU YEJIOBEKA U MPEJIOAKHUBILIETO JIOMUHOJ B Ka4yeCTBE
aKTHUBATOPa XEeMUITFOMHHECIICHIIMN Makpodaros [17].

Henb: OneHutsh cBoMcTBa OWOTEHHBIX HaHOYacTUL (eppuruapura 1o
MOKa3aTeliiM  BCXOXKECTH,  Pa3BUTHS  MPOPOCTKOB U UHTEHCUBHOCTH
XEMUIIOMUHECIIEHTHOM aKTUBHOCTH Kpecc-cajara.

3amaun:

1. OnpenenuTs SHEPTUIO MPOPACTAHUS U BCXOKECTh CEMSIH Kpecc-cajiaTa B
OKCIIEPUMEHTAJbHBIX  YCJIOBUAX C TNPUMEHEHHEM OHOTE€HHBIX HAHOYACTHII
beppuruaputa

2. N3yunTh TMHEHHO-BECOBBIE XapaKTEPUCTUKH IMPOPOCTKOB Kpecc-caaTa
B IPUCYTCTBUH CYCIIEH3UU OMOT€HHBIX HAHOYACTHI] (peppUrHapUTa

3. HccnenoBarb XeMUIIOMUHECHEHTHYIO aKTUBHOCThH KIJIETOK MPOPOCTKOB
Kpecc-cajaTa, Kak MH()OPMAIMOHHOTO TIOKa3aTeNs peaklMd OpraHu3Ma Ha

NPUCYTCTBHE OMOTEHHBIX HAHOYACTUI (heppUTHIpUTa
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4, BoisiBuTh  BiMsHME OMOTEHHBIX HAHOYACTHI (eppuruapura Ha

IMOKa3aTCJIN Pa3BUTHA U COCTOAHHA TCCT KYJIbTYPhI



1. TokcHYHOCTH cpe/ibl O0UTAHUSI: AHAJIM3 U MYTH HeHTpaIu3aluu

Pa3BuTre MpOMBINUIEHHOCTH M HAHOMHAYCTPUM IPUBOJUT K TOMY, YTO IOTOK
BBICOKO/IMCIIEPCHBIX YacCTUI[ M KOJIMYECTBO TSKEIBIX METAIOB, MOCTYMAIOIIUX B
OKPYKAaIOILyI0 CPey, IOCTOSSHHO BO3PAaCTAcT.

MHorue 13 TSKeNbIX METAJIJIOB CIIOCOOHBI 0Ka3bIBaTh OTPULIATENILHOE BIUSHUE
Ha pAcTCHHs, KUBOTHBIX U YEJIOBEKAa, €CIU KOHIIGHTpAIUsl MX JOCTYMHBIX (opM
IPEBBIIIACT ONpE/eNieHHbIC Tpeaenbl [1]. BiusHue BBICOKOAMCIIEPCHBIX YacTHIl Ha
JKUBBIE OPraHM3Mbl O HACTOSUIErO0 BPEMEHUM H3YyYEHO HEIOCTAaTOYHO, YTO
NOATBEpPKAAETCS OONbIIMM OOBEMOM YAaCTO MPOTUBOPEUYMBBIX JaHHBIX 00 HX
BJIMSIHUH HA MIPUPOIHBIC KOMITOHEHTHI [5)].

B nocnennee BpeMsi B KayecTBE MHUKPOYAOOPEHUN AaKTHUBHO HCIOJIb3YIOT
Takylo (QOpMy COCAMHEHHMH KaK HAHOKPUCTAJUIMYECKUE MOPOIIKH MeTauioB [3].
Hcnonp30BaHne HAHOMOPOILIKOB JKeJie3a KaKk OMOCTUMYJISITOPOB CBUJIETENIBCTBYET 00
UX TIEPCHEKTUBHOCTH, TaK KakK IKejle30 SBIsAeTCd OWOreHHBIM 3JIEMEHTOM U
IPUHUMAET y4YacTHE B OKHCIUTEIBHBIX IPOLECCaX, a TAKKE BXOAUT B COCTaB
depmenTos [4].

ConepxaHue kene3a B IOYBaxX BapbUpyeTcs B mpeaenax 2-3 % oT ee macchl.
Opnako OoJiblIasi 4YacTb MUHEPAIbHBIX COCAMHEHUM jKejle3a HaXOAUTCS B MOYBax B
HEJOCTYITHON opMe, Tak Kak kejne30 o0pazyeT Haumbojee MpPOYHbIE KOMIUIEKCHI C
I'YMHHOBBIMH KuciaoTamu [29].

Bhecenue jxene3a B MOYBY HE NPHUBOAHUT K 0XKHAAEMOMY OHOJOTHYECKOMY
3hdexTy, 4TO 0OBICHIETCS €ro OBICTPHIM MEPEXOJOM B OKHCIUTEIbHYIO (OpMy —
HEJIOCTYITHYIO ISl pacTeHU. B CBSI3U ¢ BBISBICHHOW OMOJIOTHYECKON aKTUBHOCTBHIO
COCIMHEHMI  >Kene3a  HaubOosiee  A(DPEKTUBHBIMU  METOAAMHU  TOBBILICHUSA
YPO’KaHOCTH KYJIBTYPHBIX pacTeHHI sBiseTCs QojauapHas MOAKOPMKA pacTBOpaMU
OpraHM4ecKuX (B OCHOBHOM X€JaTHBIX COEIMHEHWI) WM HEOPraHWYECKHX
COCMHEHUN Kene3a. B Hacrosuiee BpeMs aKTyaJdbHbIM BOIPOCOM  SIBIISIETCS
UCIIOJIb30BaHUE Pa3IMUHbIX (opM kene3a (HaHopopMma M HOHHAs) AJIS YIy4IIEeHHUs

MOCEBHBIX KAaYeCTB CEMSIH W TOBBIIICHUS ypOKalHOCTH [42], a Takke CHIDKEHHS
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KOJIMYCCTBA JpPYrux HC OMOreHHBIX DJJIEMEHTOB. BusgHue BBICOKOMCIICPCHBIX
YaCTHUIl Ha JXUBBIC OPraHU3MbI 10 HACTOAIICTO BPECMCHU M3YUCHO HC JOCTATOYHO, YTO
IMOATBCPIKAACTCA OONBIINM OOBEMOM YaCTO IMPOTUBOPCUYUBLIX HOAaHHBIX 00 wux

BJIMSTHAW Ha TIPUPOTHBIE KOMITOHEHTHI [37].

1.1 3HaueHue xejie3a Uisl JKU3HeAESITEIbHOCTH PacTeHUI

XKenezo sBnsieTcs ONHUM M3 PACIPOCTPAHEHHBIX SJEMEHTOB KakK B Cpelie
oOWTaHWsA, TaK W B JKUBBIX OpraHuU3Max. Ero comepkaHue B PAaCTCHHSIX JOCTHTACT
0,08 %.

MexaHu3M ydacTHsi JKeje3a B OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
mpolieccax B KJIETKax JKUBBIX OPTaHU3MOB — OaKTepWi, HUBIIUX W BBICIIAX
pacTeHUl W KUBOTHBIX — OCHOBAH Ha €ro CIOCOOHOCTH JIETKO MEPEXOJUTh U3
3aKHCHOTO COCTOSHUSI B OKHCHOE; JKElIe30 BXOJUT B COCTaB KaTalasbl,
[MUTOXPOMOB, IUTOXPOMOKCHAA3bl, @ TAKXKE aKTUBUPYET Psa APYrux GepMeHTOB
U (EepMEHTHBIX TMPOILECCOB: IbIXaHWE, OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIC
peaKnuu, CHUHTE3 YTJIEBOAOB WM J>KUPHBIX KHUCIOT, HYKJICOTHUIIOB, OHUIOJSIPHBIX
MOJIEKYJI O0€JIKOB, IJTIMKOIeHa, HYKJICHHOBBIX KUCIOT | T. 1. [59].

Bxonst B cocTaB HCTUHHBIX (DEPMEHTOB, JKEJIE30 B TO K€ BPEMS YU4aCTBYET B
(bEepMEHTHBIX pEaKIUAX Pa3JUUYHBIX OUOXMMHUUYECKHX CHUCTEM U CyOCTpaToB:
ackopOuHOBOM, nHIOMUIyKcycHou kucnot, PHK, dpenonpubix coenuuenuit u 1. 1.
deppenoKCHUH, B COCTaB KOTOPOTO BXOJUT KEJIE€30, SBISETCS MEPEHOCUMKOM
3JICKTPOHOB, OCBOO0XIAIOIIMXCS B TEPBUYHOM (hoTOXUMUYECKOM akTe [43].

B rpynmax WCTHHHBIX METAlJIO0’H3UMOB JKEJIe30 CBSI3aHO B CTPOTO
CTEXUOMETPUUECKUX COOTHOIIICHUSIX C pa3IUYHBIMHU XUMHUYCCKUMHU
IrpyNnupoBKamMu amodepMeHTa I MPOCTETHYECKON MOPOUPUHOBON TPYIIOW.
Kpome reMuHoB 1 XJ10po(HIIIOB 0OHAPYKEHBI Y PACTEHUN (@ TAKXKE y KUBOTHBIX
OpTraHu3MOB M y OakTepuii) cBoOOMHBIE TOPHUPHUHBI, 00pa3yIONUe HEMPOUYHbBIC

coequHeHus ¢ O0enkamu. OOpa3zoBaHUe UX BO3MOXKHO MYTEM pacnaja FreMUHOBBIX



WA JPYTUX METAIOCOAEpKAUX COCAUHEHUN WM HENOCPEACTBEHHO W3
HpeIICCTBEHHUKOB B pe3yibTaTte OnocuaTe3a [31].

MHorue aHa’poOHblE OakTepuH, HE MOJIb3YIOIHUECS T'€MUHOBBIMU
OKHCIIUTENIbHBIMU OHMOKaTalu3aTopaMd C TPOTONOPPUPUHOBONW COCTABHOM
4acThlo, cojepkaT KompomnoppupuH. JpoXKW M NJIECHEBbIE I'PUOBI TaKKe
comepxkar cBoOogHble mnophupuHel U ux coau. Ilpu sTOoM HaOmomaeTcs
KOppEISLUs MEXIY COJAepX)aHUEeM MOPOUPUHOB y IPOXIKEH, HHTEHCUBHOCTHIO
OpoXeHHUsT M COJepKaHUEM JKeje3a B NuUTareabHOW cpene. OOpa3zoBaHue
nop(GUPUHOBOrO KOJIbIA, @ TAKXKE reMOB (KOMIUIEKCOB MOP(PUPUHOB C JKEIE30M)
NPOUCXOJUT y PACTEHUH, )KUBOTHBIX, JpoXxxkeld u Oaktepuil. [lytu oOpa3zoBanus
noppuHa U €ro NPOU3BOAHBIX — MOPPUPUHOB, FTEMOB U XJIOPOPHUIIOB Y KUBBIX
OpPraHU3MOB IOJHOCTBIO emie He m3ydeHbl [33]. XKeme3o meramnomnopdupuHOB
o0pa3yeT pbIXJIbIE CBS3U C ra3000pa3HbIM KHUCIOPOJAOM U KOOPAMHALMOHHBIE

COCANHCHHUA C aMMOHHUCM, IICPBUYHBIMHU daMHUHAMHU, THAPASHUHOM, IMUPUIUHOM H

NPOU3BOJHBIMU HUMHAa30Ja. JKenezonoppupuHoBble (EpMEHThI — KaTaliasa,
NEpOKCH1a3a, LHUTOXPOMOKCHIA3a M ILUTOXPOMBI — HMMEIOT B COCTaBe
MPOCTETUYECKUX rpynn xKee30nopGupuHOBBIE KOMIIJIEKCHI

(beppunpotonopbupuHsl 1 1p.).

[To Mexanu3My AeWcTBUS KaTaja3a W TMEPOKCHIa3a OTHOCSTCS K TpymIe
TUAPOTIEPOKCHIAa3, KOTOphIe IMUPOKO TMPEACTABICHB B KJIETKAaX IKHUBOTHBIX,
pacTeHUM U MHUKpoopraHnu3moB. Ilepokcumazoif OoraTel BBICIIME PACTEHHS,
O0COOCHHO KPECTOLBETHBIC; y HHU3IIMX PACTCHUH W MHUKPOOPTAaHW3MOB OHA
BCcTpeuaeTcsi pexe. llepokcnmasa urpaeT BaXKHYIO pOJIb B MPOIECCaX IbIXaHUS
pacTeHWH, JIETKO BCTyNaeT B pPEAKIUU C Pa3JIMYHBIMH OPTaHHUYCCKHUMU
nepekucsmu  u  noaudenonamu [10]. Ilutoxpom-c-mepokcuaasa APOKIKEH,
OakTepuii M HEKOTOPHIX PACTCHUW OKHUCISIET BOCCTAHOBJICHHBIC (DOPMBI
HUTOXPOMOB M OTJIMYAETCS HU3KUM cojepxaHuem rematuHa (okoso 0,3%).
AKTHBHOCTh ITHTOXPOMOKCHA3bl, KaTala3bl W TEPOKCHAA3Bl B PACTECHHAX
3aBHCHUT OT COJEPKaHUS KeJie3a U MapraHiia B MmUTaTeabHou cpene. JloOaBaenue

K Cpelc, COI[Cp)K&H.I@ﬁ KEJIC30, BO3pACTAOMICTO KOJIUYCCTBA Mapradia moBbeIIIACT
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aKTUBHOCTH BceX (hepmeHnToB. Comeprxanue XJopohuiia U )KEJIThIX MUTMEHTOB, a
TakkKe (OTOXMMHYECKAss AKTUBHOCTH XJIOpoduiaina H3MEHSIUCh B TOM K€
HalpaBJICHUU, YTO U aKTUBHOCTH BCEX XeJie30cojiepKamux (GepMEHTOB, KpOMeE
IIUTOXpPOMOKcH1a3bI [38].

Kene3o akTUBHOW TIpynmbl MEPOKCUIA3bl B OTJIMYHME OT MeETajia,
HUTOXPOMOB M IUTOXPOMOKCHAA3bl HE M3MEHSET CBOEU BAJIEHTHOCTH Ha BCEX
CTagusIX KaTaJlusa, OCYLIECTBISIEMOTO IIEPOKCUIA3Z0M. OcraBasch
TPEXBAJICHTHBIM, JKEJI€30 CTAOMIU3UPYET OompeesieHHyo (opmanuio OeTKOBOUH
MOJIEKYJIbl, JIUIIEHHYI0 TpUNTOPaHa U OKCUMPOJMHA, MPUUEM KaTAIUTUUYECKOE
nericTBUe pepMEeHTa YCHIIMBACTCS MPU HAIMYHKM TeMUHHOTO ene3a [8].

HuTOoXpOMBI, y4acTBYIOIIME B JBIXaHUHU, SBISAIOTCS KEJIE30MPOTECHIAMU.
OHUM MIMPOKO PaCIPOCTPAHEHBI B COCTABE TKAHEH )KUBOTHBIX, 3€JICHBIX PACTECHUN,
rpu6oB u Oaktepuit. CHEeKTp HUTOXPOMOB OJU30K K CIEKTPY reMoriioOnHa u
Muoriioonna. I[{UTOXpoOMBI BCTpeyarOTCs B BOCCTAHOBJICHHOW W OKHUCICHHOU
dbopMe W y4yacTBYIOT B IMEPEHOCE HJJIEKTPOHOB OT MNUPUIUHHYKICOTUIOB U
(bIaBOIPOTEUIOB K IIUTOXPOMOKCH/Ia3€ U JaIbIIe K MOJEKYISIPHOMY KHUCIOPOIY.
[IepeHOoC 3JIEKTPOHOB KATAJIM3UPYETCS HUTOXpOMOKcuaa3zoi. lLluroxpomuas
cucteMa pacTeHuil GQYHKIMOHUPYET B CBA3U C MOJH(PEHOJIOKCHIA3HON CUCTEMOM
[10].

M., [konsuuk u H.A. MakapoBa[59] npuiin K BBIBOAY, YTO XJIOPO3 Y
pacTeHU JTbHA MOXKET ObITh CBSI3aH B OOJIBIICH CTENEHU C HATUUUEM MEIH, YeM C
HEJIOCTaTKOM 3kene3a. Bompoc 00 aHTaroHusMe xene3a U MeOu, XKele3a u
Mapraiia, >ejie3a M MOJHOJAEHA U JPYyrdX METauioB OOCyXXJajucs Ha
CHUMIIO3MyMax KOPHEBOI'O M MOYBEHHOIO MUTAHUS pacTeHUd Ha Poramcrenckou
onbITHOM cTaHuu B 1950 r. u B Aukape B 1965 r. [55].

B3anMopnencTBue xene3a U MEIH, Kejae3a U MapraHia, Kejae3a U UUHKa U
JPYTUX METAJUIOB OKAa3bIBAET KAK HENOCPEACTBEHHOE BIIMSIHUE HA IMOCTYIJICHUE
METAJVIOB B TKAaHW PACTCHUM, TaK W KOCBEHHOE, HM3MEHAS BCE KU3HCHHBIC
MPOIECCHl TTOYBEHHBIX >KEJIE300aKTepU M WX MHOTOUYHMCIEHHBIX KOHKYPEHTOB

[39]. B 06oux ciy4yasx BO3MOXHBI MEXaHU3Mbl KOHKYPEHTHOTO M CHHEPTUYHOTO
Y



B3aMMOBJIUSHUS MeTaIoB. KoMMJIEKCHBbIE COEIUHEHHSI MOHOB JKejle3a, MEJH,
IIUHKA, MapraHmna, MoJau0/IeHa U JAPYyTHUX METAJUIOB C OJHUM WM HECKOJIbKUMH
JUTaHJaMu NPEICTaBIICHBI MaKCUMaJIbHbIM YHCIOM HaunboJiee
UICHTU(PUIIUPOBAHHBIX (EPMEHTOB, B KOTOPBIX METAIbl CO3JAI0T (Gopmamuu
OCJIKOBBIX  MOJIEKYJ, HM3MEHSIOT DJJIEeKTPOHHYIO CTPYKTypy  cyOcTpara,
aKTUBUPYIOT (EpMEHTHI, CTAOUIU3UPYIOT MPOMEKYTOUHBIE COCIUHEHUS H
CXOJHBIE UX (PYHKITUH.

B »3Tux B3aMMOOTHOIIEHUSX MEAb OKa3blBaeT B OOJbIIEH CTeneHu
KOCBEHHOE, Y€M HEMOCPEJCTBEHHOE BIUSHHUE Ha MOCTYIJCHUE XKeje3a B TKaHU
pacTteHui. Ee KOMIUIEKCHBIE COCAUMHEHUS aKTUBHO HCHOJIB3YIOTCS MOYBEHHBIMHU
rpubaMu U 6aKTEepUSIMU, 0COOEHHO MUKPOOPTaHU3MaMU, KOTOPbIE CITIOCOOCTBYIOT
OKHUCJICHUIO JIBYXBAJICHTHOr0 MapraHina u xene3a [60]. OTmedeHo Takxke, 4To
COCIMHEHUS MEAW JISI MHOTMX MHUKPOOPraHM3MOB TOKCHUYHBI JIaXke€ B
MHHUMAJIBHBIX  KOHIEeHTpamusx. Kpome Toro, B TIOYBE BCTpPEUYAIOTCS
MHUKPOOPTaHU3Mbl, HaKaILUIMBAIOIIMEe MeEAb JO0 PYAHBIX KOHIIEHTpaLUH.
PaznuuyHble B3aMMOOTHOIIEHUS H3TUX MHUKPOOPTaHM3MOB Ha IEPETrHOMHO-
KapOOHATHBIX U TOPQSHBIX MOYBAX OKA3bIBAET BJIUSHUE HA MOCTYIUICHUE MEIU U
JKelle3a B pacTEHHUS U Ha KOHKPETHOE CHHEPTMYHOE B3aMMOBIIUSIHHE yKa3aHHBIX
METAJIOB KaK JUIS PacTeHHH, TaK U I8 MUKpoopranu3MoB [1]. B cBs3u ¢ stum
MOKHO OOBSCHUTh M KaXylHecs NPOTUBOPEUUBBHIMU (HAKTBI O CJIOXKHOCTH
B3aMMOOTHOILIECHUW 3JEMEHTOB NpPU UX MOCTYIUIEHHMH B PACTEHUE, Pa3IUYHOM
KOJIMYECTBE JOCTYMHBIX (DOPM PJIEMEHTa B MOYBE M KOHIICHTPAIIUU KeJie3a U ero
AHTarOHUCTOB. DTH COOTHOIICHUS Pa3JUYHBI Y 0000BBIX, 3JIaKOBBIX, MTACIECHOBBIX

U KPECTOIBETHBIX pacTeHuUi [6].

1.2 XapakTepuCTHKA HAHOYACTUI

HOHY‘ICHI/IC HAaHOYAaCTHIL BO3MOXHO HCCKOJIbBKMMH IIYTAMH, HAIIPHUMEP

XUMHUYICCKUM, ITOJTYYCHHBIM HeﬁCTBHeM ruapara aMMHUaKa Ha BOI[HBIﬁ PacTBOp CMCCH
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coneir xmopuma xenesza (IlI) m cymbdara sxenesa (II) nmpum wuHTEHCHBHOM
nepeMenmmBanuu [27].

Taxum oOpa3om, Mostydaan pacTBOpPbI C KOHIIEHTpAIMEN 110 kene3y oT 2 I/ 10
0,125 r/n. PactBopsl cynbdatos xenesa (1) u (111) roroBunu ananoruvHo.

HanouacTuisl jxesne3a BO BCEX UCCIETyEMbIX KOHIIEHTPAUSAX CTUMYJIMPOBAIN
pa3BUTHE KOPHEBOW CHCTEMBI M TOOETOB Kpecc-canara [18].

B cBf3M C WHTCHCUBHBIM pa3BUTHEM HAHOTEXHOJIOTUH, BHEIPEHHUEM
HAaHOMAaTEpHAaJIOB B MIPOLIECCHI MPOU3BOJICTBA U MOTPEOICHUs paciIupsieTcs: o01acTb
OpPUMEHEHHsS  HAHOYACTHII C  pasNUYHBIMH  CcBOWCTBaMHu.  [IpumeHsiembie
HAaHOMAaTepHalbl TOCTYMAlOT B OKPYKAIOIIYI0 CpPeay U CTAaHOBSTCS YacCThIO
HAKOIUIEHUSI SKOJIOTMUYECKUX (DaKTOPOB, OMNPEACNAIOIIMX pPa3BUTHE OpraHu3Ma Hu
(GYHKIIMOHUPOBaHUS OMOCHCTEM pa3IMYHOTO YpOBHA. B HacTosmuit mepuon
HAHOYACTHIIBI MOTYT UMETh OMOT€HHOE U a0MOTEHHOE TPOUCXOXKICHHUE.

AKTyaJIbHBIM BOIIPOCOM IOMCKa Pa3BUTHS U MPUMEHEHUSI HOBBIX TEXHOJIOTHH
SIBIISIETCS] U3yUYCHNE HAHOMAaTepHalloB, HaHOMpoleccoB [34]. MccnenoBanus B JaHHOM
Oo0JIaCTH TPOBOMASTCS B PA3MUYHBIX OTPOCTSAX 3HAHUN (HAHOXMMHH, (HUIUKU
HAHOMPOLECCOB U Jp.) C LENbI0 MOBBIIEHUS 3()PEKTUBHOCTU psAAa TEXHOJIOTUH B
TOM 4YHCJI€e TMpU 3alUTe OKpYXKalLEeH Cpeapl M IMPOU3BOJICTBE KUZHEHHO
HEOOXOJUMBIX TMPOAYKTOB (THUIIEBBIX M KOPMOBBIX OOBEKTOB, JIEKAPCTBEHHBIX
cpenctB) [18, 35]. Hanowactuiiel oOHapyXeHHbIE B TPUPOAHBIX cperax (IOUBe,
BOJI€) pa3palaThIBAIOTCS M Pa3BUBAIOTCS METOJIbI U TEXHOJOTUU CUHTE3a HAHOYACTHIL
JUTSL pa3JIMYHBIX Leeil. Y CTaHOBIEH MEXaHU3M U YCJIOBHUS 00pa30BaHUsI OMOTE€HHBIX
HaHouacTHI. Hampumep HaHOYACTUIBI (QEPPUTHAPUTA, HMEIOIINE OHOTEHHOE
IpOUCXOXKaeHne omucanbl B paborax B. II. Jlageirmuoii m coasropos [44, 45].
ABTOpaMu OBUT MPEATIOKEH METOJ CHHTE3a YKEJIe30COAepKaINX HAHOYACTHIl TyTeM
OMOMUHEpATN3alMU OPraHUYECKUX COCTUHEHHM XKeje3a MeTall-pelylHpyIOIIUMU
MUKpOOpraHu3Mamu. bbIJI0O 1OKa3aHO, YTO HAHOYACTHUIIBI, OOpasyiouiuecss B
pe3yabTare KyJbTHBUpOBaHMs Mukpoopranm3moB Klebsiella oxytoca u mpyrux
Oaktepuit, sBustorcs deppuruapurom Fe203-2FeOOH-2.5H20, pa3smepsl 3TuX

yacTull 2-5 HM. B nponecce KyJabTUBUPOBaHMS B KPUCTANIOXUMUUYECKON CTPYKTYpe
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beppuruapura MPOUCXOAAT TMPOLECCH YMOPSIOUYEeHUs JUranaoB. Deppuruaput
IpeCTaBIsIeT CO0O0 UepenyIorecs mycThie, CIIBOCHHBIE U OJUHOYHBIE CIIOM MOHOB

TPEXBAJICHTHOT'O JKeJe3a, HaXoasaumxcs B kuciopoaubix (wm OH) okrasapax [47].
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Pucynok 1 — CxemaTuyHO€E NpenCTABIECHUE NICATU3UPOBAHHON CTPYKTYPHI

OakTepraIbHOTO (eppPUTHAPHUTA IO JaHHBIM pa3paborurkos [13].

Hanouactunsl  ¢eppuruapura  ycmemHo ObUIM — HMCIOJNB30BaHbl  JJIs
HEeWTpaIn3auy HePTEPOLYKTOB IMPH PEMEIHAIIUK TOYBCHHBIX CyOCTpaToB [4].

VHHKaJIbHBIE  WCCIIEJIOBAHUS, NPOBEACHHBIE WHXEHEPOM 10  3allIuTe
okpyXatomeir cpenslt UYkan Beilicsnem w3  YauBepcutera Jlexanr (CIIA),
IPOJEMOHCTPUPOBATIM  MOTEHIMAJ]  HAHOMACIITAaOHOTO  KEJNE3HOro  MOPOIIKa,
CHOCOOHOTO OYMIATh MOYBY U TPYHTOBBIE BOJBI, 3arpsi3HEHHBIC MPOMBIIIIICHHBIMU

BerectBamu [62].
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B CIIA u apyrux crpaHax MMeEETCS OTPOMHOE KOJHMYECTBO 3arpsS3HEHHBIX B
pe3yNbTaTe MPOMBIIIJICHHOW JEATeILHOCTH PErHOHOB, TMOA3EMHBIX XPaHMIIHUII
BPE/IHBIX BEIIECTB, 3a0pOIICHHBIX IMAaXT M TOPHBIX BBIpaboTok. JKemezo obnamaer
CIIOCOOHOCTBIO JIETKO OKUCISATHCS W 00pa30BBIBATh PrkaBUMHY. EcCi 3TO OKHCIIeHHE
NPOUCXOAUT B TPUCYTCTBUM TaKUX OIACHBIX 3arps3HSIONIMX BEIIECTB, Kak
TPUXJIOPITUIICH, TETPAXJIOPHI YIJIepoaa, AWOKCHHBI WU TIOJUXJIOPHUPOBAHHBIC
mupennsl (ITX]]), To uX CI0XKHBIE MOJEKYJBl paclaJaroTcs Ha 0oJiee MPOCThIE H
MEHEE TOKCHYHBIE YTJIEPOIHbIC KOMIOHEHTHI [58].

AHanornyHOE SBJICHUE HAOJI0AeTCs, KOTIa OKHUCIICHHUE Kee3a MMPOUCXOINT B
MPUCYTCTBHM TaKWX OIACHBIX TSHKEIBIX METALIOB, KaK CBUHEI, HUKEIb, PTYyTh U
naxe ypan. Torma 3Tu MeTauibl 00pa3ylOT HEpAacTBOPUMBIE (DOPMBI, KOTOpHIE
OCEal0T B MOYBE W HE TEPEHOCATCS MO THUIIEBOM Iemodke (CIeI0BaTeIbHO, X
BPEIHOE BIMSIHHUE HA OKPY>KAOIIYIO CPEYy YMEHBIIIACTCS).

[TockonbKy >kene30 He o00JajaeT TOKCHYHBIM 3(hdexkToMm u B 0O0JIBIIOM
KOJIMYECTBE MPUCYTCTBYET B TOPHBIX MOPOJAX, MTOYBE M BOJIE, MHOTHE KOMITAHUH B
HACTOSIIIEe BpeMs HAvald MNPUMEHSTh JKEJIE3HbIM IMOPOIIOK JJisi OYHUCTKU CBOMX
IPOMBIIIJICHHBIX OTXOJOB IEpe]l BEIOPOCOM HX B OKpyKaromym cpeny [7]. Dra
TEXHOJIOTUSI TPEKPACHO TOJIXOJIUT JIJIs HOBBIX MPOMBIIIUICHHBIX OTXOJI0B, HO YUEHBIX
OECIOKOUT CHUTyallMsl U CO CTapbIMH OTXOJaMH. B 3TOM jene UM MOTYyT NOMOYb
HAHOYACTHIIBI Jkee3a [7, 58].

Hanouwactuipl xene3a B 10-1000 pa3 akTuBHEe OOBIYHBIX MAKPOCKOMUYECKUX
gacturl. OO0mamas MEHBITUM pa3MepoM W OONbBIICH AaKTUBHOW ITOBEPXHOCTHIO,
HAHOYACTHIIBI MOTYT JIEFKO MPOHHMKHYTh B IIGHTP 3arps3HeHHO# 30HbI [48]. Onwu
JIETKO TIEPEHOCSTCSI BMECT€ C TPYHTOBBIMH BOJAMH M TIOMYTHO OYHIIAIOT BCE
OKpY>Karoliee MPoCTPaHCTBO.

HaHoTexHonm0rnM HEe TOJIBKO CaMbIM TECHBIM 00pa3oM CBSI3aHBI C TIpoOIeMamMu
OKPYXAIOIIEH Cpesibl M IHEPTETUKH, HO U, BO3MOXKHO, MPUBEYT K HOBBIM PEIICHUSIM
BeChbMa CJIOXKHBIX Ipoodiiem [49, 63].

Ha cBoiicTBa HaHOUYACTHII Keye3a HE BIUAIOT KUCIOTHOCTh, TEMIIEpaTypa Win

coJiepKaHKe MUTATeIbHBIX BellecTB B ouBe. Kporeunsie pazmeps! (1-100 HM, 4yTO B
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10-1000 pa3 meHbIlie OaKTEpHM) MO3BOJSIOT HAHOYACTUIIAM KEJe3a JIETKO M OBICTPO
nepeMeNnarbcsi MEKAy 4YacTHIAMH IOYBBL. JIabopaToOpHBIE M TOJIEBBIE HCIIBITAHUS
MoKa3zaJid, YTo OJjarojapsi HaHOYACTHUIIAM >KeJie3a YPOBHH 3arps3HEHUs BO3JIE MECTa
BHECEHHsI 3HAYMTEJBHO MAJAIOT YK€ 3a 1-2 JHS U CHIXKAIOTCS NPAKTUYECKU IO
0e30macHOr0 ypOBHS 3a HECKOJBKO Henelb. Pe3ynbTaThl 3THX HCCIEIOBAaHUN
MOKAa3bIBAIOT, YTO HAHOYACTHUIIBI >KEJie3a OCTAIOTCS AKTUBHBIMU B TeueHue 4-6
HEJeNNb, TO €CTh N0 TE€X MOp, MOKAa HE pacupenessiTcs B TPYHTOBBIX BOJAX 0
JOCTH)KEHUS €CTECTBCHHOM KOHIICHTpaIuu xene3a B npupoje [30].

DOTOT TUN HAHOTEXHOJOTMYECKOW HWHHOBALIMM MOXET OBICTPO YJIYUIIUTh
CUTYaIIMIO B 3arpsi3HEHHON OKpy»Xarouiei cpeze. bonee Toro, oH MOXXET BIIOXHOBHTD
JIPYTUX HCCIEoBaTeNel Ha MOUCKU HOBBIX CIIOCOOOB OYHCTKH OT 3arpsi3HSIONIUX
BemiecTB. CrielyeT OTMETUTh, UTO MeTOJ, YkaHa ropasao aeuieBiie u 3PpdeKTUBHEE,
YeM PpACKONKHU 3arpsi3HEHHOW IOYBBI M €€ TMOJHas TmepepaboTka OOBIYHBIMU
meTonamu [54].

Kene3o Bxomut B cocraB pacreHuss B konmuectBe 0,08%. OHO mocTymaeT B
pacteHusi B Bujae Fe3+, a TpancnopTUpyeTcsl B JIUCThS IO KCUJIEME B BHUJIE IUTpaTa
xenesa (l11). Ponpb sxene3a B OOJBIIMHCTBE CIy4aeB CBSI3aHA C €r0 CIIOCOOHOCTHIO
nepexoanTh U3 okucieHHou ¢opmel (Fe3+) B BoccTanornennyto (Fe2+) u odpatHo.
Hanoxxene3o o0sagaeT BBICOKON CTENEHbIO OMOIOCTYIHOCTH, YTO CBUAETEIHCTBYET
0 €ro aJbTePHATHBHOM HCIOJB30BaHUH Ha KUBBIX cucTemax [34, 61].

B Hacrosiee BpeMs HakoIUieH OOIIMPHBIA Marepuail O COJACpXKAHUU U
pacripesie]IeHud XUMHUYECKUX 3JIEMEHTOB B TOYBAaX, PACTCHUSX, MOPOAAX U JIPYTUX
o0BeKTaxX OKpyxkatouied cpeasl. lloBeneHre XUMHUYECKUX 3JIEMEHTOB B IOYBAX
OTIIMYACTCS CIIOKHBIM XapaKTEPOM U 3aBHCHUT OT MHOTHX (DaKTOpOB: CBOWCTB
AJIEMEHTOB U YPOBHEH UX COACP)KAHUS, XUMHUUECKUX U (DU3NUECKUX CBOUCTB MOYB, a
Takke OT (haKTOPOB OKPYXKAIOIIEH Cpenpl W WX BO3JACHCTBUS HA TOYBEHHO-
reoxuMudeckue mpoieccbl. OCOOEHHO BaXXHO M3YYCHHUE BIMSHHUS (PAKTOPOB Cpeibl
Ha TpaHc)OpMalMI0O W MUTPAIMI0O MHKPODJIEMEHTOB B TIOYBAaX B YCIOBUSX
MOBBIMIEHHOTO WX TOCTYIJIEHUST C TEXHOTCHHBIMH TIOTOKAMH  BCIICJICTBUE

COBPEMEHHOTO 3arpsi3HEHUs OKpYKaroIien cpeabl [6].
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B pesynbrate JKU3HEAEATEIBHOCTH W OTMHpAHHs PACTEHHM, >KHBOTHBIX M
MHKpPOOPTaHU3MOB B TOYBY IMOCTYIAIOT Pa3HOOOPA3HbIC 3K30- U JHIAOPEPMEHTHI.
[Moxgseprasich ©MMOOMIM3aIMK, (EPMEHTHI B MOYBE CTAOMIM3UPYIOTCS U B TCUCHUE
JUTATEIIbHOTO BPEMEHH COXPAHSIOT CBOIO aKTHBHOCTH [21]. B mouBe QepmMeHTHI
YYaCTBYIOT B BOKHEHIINX OMOXMMHYECKHX IMPOIECCAaX: CUHTE3e U paclaje rymyca,
THJPOJIN3€ OPraHUYECKUX COCIUHCHHMH, OCTaTKOB  BBICIIMX PAcTCHUH W
MHKpPOOPTaHU3MOB, B OKHUCIIUTEIILHO-BOCCTAHOBUTEINILHBIX TpoIieccax u T.1.[52].

VYTaeBobpl U OJM3KKE K HUM BEIECTBA B IOYBEHHOM OPraHMYECKOM BEICCTBE,
MHUKpPOOPraHU3MaxX M PAcTCHHSX COJCPIKATCS B 3HAYUTEIBHOM  KoiudecTBe. U3
YIJIEBOJIOB B TIOYBE OOHAPYXKEHbI MOHO-, U- W MOJUCAXapUbl (IIEIUTIONO3BI,
TeMUIICIITFONIO3bI, KpaxXMal M Jp.), MOCTyMHAroIIue TyJa TJIaBHBIM 00pa3oM B BHUJEC
pacTUTENbHBIX OCTaTKOB (10 60% Macchl pacTUTEIBHBIX OCTAaTKOB COCTaBIISIOT
yrineBoabl) [41]. B OnoxuMHYECKOM TMpPEBpAIlICHHH KaXKJIOTO YIJIEBOJA Y4acTBYET
cneunpudeckuii ¢GepMeHT WM Tpynmna ¢epMeHToB. MHBepTasza Karajau3upyer
PEaKIMIO TUAPOJM3a Caxapo3bl Ha TIIOKO3y U (PYKTO3y, KOTOPHIC OKAa3bIBAIOT
BJIMSIHAE Ha OKUCIIMTEIIbHO-BOCCTAHOBHUTEIIBHBIC MTPOIIECCHI JKee3a [5].

JXene3o BXOAUT B COCTaB KATAIUTHUYECKHX IIEHTPOB MHOTHMX OKHCIUTEIBHO-
BOCCTAHOBHUTENIBHBIX (pepMEHTOB. Pa3BUTHE OKHCIHUTEIBHO-BOCCTAHOBUTEIBHBIX
(OB) nporieccoB B MOYBE MOKET OKa3bIBaTh 3HAYUTEIHHOE BIUSIHUE HA TIOJIBUKHOCTD
MHKpPO3JICMEHTOB, BbI3bIBasi 00pa30BaHHE KOMIUICKCHBIX COCJAMHCHUN pa3InIHOM
NPOYHOCTH C OKCHIAMH Kejie3a. B HauOosblIeid Mepe TakuM TMpEBpaliCHUSIM
MOJIBEP)KCHBI JJEMEHTHI C IMEPEMEHHON BAaJCHTHOCTHIO, K KOTOPBIM OTHOCSTCS
DJIEMEHTHI ceMelcTBa xele3a [16].

CycIieH31i0 HAaHOYACTHII JKejie3a M MarHeTHTa, a TaK)Ke PacTBOPHI CYIb(aThI
xenesa (1) u cynasdara xenesa (I11) ¢ konnenTpausamu mo xenesy 0,1 r/m roToBuiy,
pacTBOpsisL ONMpPEICIICHHYI0 HABECKY B JUCTH/UIMPOBAHHOW BOJIC W 00pabaThiBas HX
yIbTPa3BYKOM B TeueHuH 15 MunyT [26].

CHIDKEHHE COJIEPYKAHUS 3€JICHBIX MUTMEHTOB 00YCIIOBJIEHO TJIaBHBIM 00pa3oM
TOPMOXKCHHEM CHHTE3a MPEANICCTBEHHUKA XJOopopmia U MOpHUPHHOBBIX

COCIMHEHUA — aMHHOJICBYJMHOBOM KHUCIOTHL. JKene3oaeUIMTHBIM — CTpecc
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reHepupyeT akTuBHbIe QopMmbel kuciaopona (ADK), xoropeie aedopMupyroT
NUTMEHTBl, WHULUUPYIOT mnepekucHoe  okuciaeHue smnuaoB  (IIOJI) wm
Je3uHTEerpanuno Mmemopan [11].

B mocnegnee Bpemss B pasnuyHbIX cdepax ACSITENBHOCTH IIHPOKO
UCIIOJIB3YIOTCSl YHHMKaJIbHBIE CBOMCTBA KEJIE€30COJEpKAIIUX HAHOMATEPUAJIOB U
oOpa3yeMbIX UMK HaHOKIacTepoB [24]. Maunebrit pasmep yactui (ot 1 g0 100 M) 1
Oonpllasi IUIOMIAAh TOBEPXHOCTH ONPEICISIIOT (PU3UKO-XMMUYECKHUE CBOWCTBA
HAHOYACTHUII 10 CPABHEHUIO C UX MAKPOCKOMUYECKUMH (popMamu. Tak, HAHOUACTHUIIBI
METaJJIOB pa3MepoM MeHee 10 HM 001aaar0T M3OBITOYHOW SHEPrUedl M BHICOKOMU
PEaKIIMOHHON CIIOCOOHOCTHIO, @ HAHOYACTHIIBI Pa3MEpPOM OKOJO | HM BCTymaroT B
IPOIIECChl arperaidil U B PEaKIMU C JAPYTUMH XUMHYCCKUMH COCAMHEHUsAMU [44].
M3BecTHO, YTO METa0OIMYECKOE MPOHUKHOBEHHE HAHOYACTHI[ B PACTUTEIHHYIO
KJIETKY OTpaHUYMBACTCS JMAMETPOM TMOp KJIETOYHOM cTeHku (oT 5 g0 20 HM).
Opnnako mponukHoBeHHEe HY MOXKeT mpouCXOoauTh TakKe C MOMOIIBIO YHAOLUTO3A,
BCTPOCHHBIX TPEHCIIOPTHBIX OCIKOB-TIEPEHOCYMKOB WMJIM Yepe3 MOHHBIC KaHabl. B
[IUTOTUIa3ME HAHOYACTHUI[BI MOTYT CBSI3bIBATHCA C PA3IUYHBIMU OpraHeJyilaMd |
NPUBOJUTh K HW3MCHCHHIO (DU3UOJIIOTHUECKMX W BHYTPUKIECTOYHBIX (YHKITAN
pacrtenwuii [50].

Pa3BuTHE POMBINIUICHHOCTH U HAHOMHAYCTPHUH MPUBOJIUT K TOMY, YTO MOTOK
BBICOKO/IMCIIEPCHBIX YaCTHI[ W KOJIMYECTBO TSDKEIBIX METAUIOB, MOCTYIAIOIINX B
OKPY’KaIOIyI0 Cpey, TOCTOSSHHO BO3pPAaCTaeT.

MHorue u3 TSKeIbIX METAIIOB CIIOCOOHBI OKa3bIBATh OTPUIATENILHOE BIUSHHE
Ha PACTCHMS, KUBOTHBIX M YEJIOBEKAa, €CIIM KOHIICHTpAIUs WX JOCTYITHBIX (opM
MIPEBBINIACT OMPECICHHBIC TpeneNbl. BIusHUE BBHICOKOJMCIIEPCHBIX YacTHI[ Ha
KUBbIE OPraHW3MBI /IO HACTOSIIErO0 BPEMEHH M3YyYE€HO HEAOCTATOYHO, HYTO
MOATBEPXKIAACTCS OONBIIMM OOBEMOM YaCTO TPOTUBOPEUMBHIX JAaHHBIX 00 WHX
BJIMSIHAN Ha MIPUPOIHBIC KOMITOHEHTHI [34].

XKeneszo sBnsgercs OMOTCHHBIM 3JIEMEHTOM, TaK KaK IMPUHAMAET y4acTHE B
OKHUCJIUTENIbHBIX TPOIleccax W BXOAHUT B cocTaB (pepmentoB. ComepkaHue Keine3a B

noyBax BapbHpyeTcsi B mpenenax 2-3 % oT ee macchl. OnHako Oojblias 4acTb
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MHUHEpAIbHBIX COCTUHEHUH *Kelle3a HaXOAUTCS B IMOYBAX B HEAOCTYIHOU (opme, Tak
KaK Kele30 o0pasyeT Hanbojee MPOYHbIE KOMILICKCHI ¢ T'YMHHOBBIMH KHCIOTaMH.
DTOT TMpoLEcC MOXKET COMPOBOXKIAATHCS BBICBOOOXKICHHEM JPYIHX TSKEIIBIX
MeTasuioB [56].

B Hacrosiiee BpeMs aKTyalbHBIM BOIIPOCOM SIBIIIETCS HCIIOJIB30BaHUE
pasnuuHbIX GopM kene3a (HaHodopMa W HOHHAS) I YIYYIICHHS IIOCEBHBIX
Ka4eCTB CEMSH U TIOBBIMICHHUS YPOXXAMHOCTH M CHH)KCHHS KOJMYECTBA APYTUX HE

OMOTreHHBIX JICMEHTOB.

1.3 XeMl/IJIIOMI/IHeCIIeHl_[l/Iﬂ

XEeMWIIOMUHECIEHIINS, T. €. XHMHYECKOE€ CBEUECHHE BO3HHUKAET 3a CYET
SHEPrUM XUMHUUYECKON peakiuu. lMcciepoBanue mpolecCOB XEMUIIOMUHECIICHIIUN
uMeeT OOJIBIIIOE 3HAYCHHE TaK KaK:

1 - NpU ITOM TMPOIECCE MPOUCXOAUT TPsIMOE MpeoOpa3OBaHHE

XUMHYECKOW DJHEPTUU B SHEPTHUIO SJICKTPOMArHUTHBIX KOJICOaHUH (B CBET);

2 - MPU XEMHIJTFOMHUHECIICHITUN PeaKIusl HHPOPMHUPYET O ceoe;
3 - B psIJie CITy4acB XEMIJTFOMUHECIICHITUS SBIISCTCS HAJACKHBIM CTIOCOOOM
U3ydeHus: OoraThiX HSHeprueil (Bo30Y>KIEHHBIX) MOJEKYJI M aTOMOB — 4YacCTHII,

UTPAIOIINX OOJIBIIYI0 POJb B Psiie BaXKHBIX MPOIECCOB, HANPUMEpP, B Mpoleccax,
UIAYIIAX TOJ JACHCTBHEM pPAJMOAKTHBHOTO W3IyYEHUS COJTHCYHOW paaualiyd B
BEPXHUX CIIOsIX aTMOC(hephl POTOXMMHUYECKUX PEAKIUSAX B TOM YHUCIEe (POTOCUHTESE;

4 - CBEYCHME, BO3HHKAIONIEE TpPU  OHOJOTHYECKUX  TPOIeccax
CBUJIETEIHCTBYET O CIIOKHEUIITNX PEAKIHIX, UAYIUX B OPTaHU3ME;

5 - DHEPruio, BBIJCIUBIIYIOCS B XHUMHYECKOW pEaKIMH, MOXKHO
WCITOJIB30BaTh IS MOTydeHUs 3 (deKTa BRIHYKIACHHOTO KOTEPEHTHOTO M3TyYCHHS B
KBaHTOBBIX T€HEPATOPAX - XUMUUYECKHX J1a3epax.

[Ipn xeMuIrOMUHECIICHIIMA BO30YKIEHHBIE MOJIEKYJIBI 00pa3yloTcs cpasy,

MUHYSI CTAIUI0 HAarpeBaHUs: 3TO — «XOJOIHBIN» cBeT [15, 20].
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B peakumsax Bogopozaa ¢ raJloreéHaMH «aKTHBHBIMUY» YaCTULAMH CIIYKAT aTOMBI
(H, Br, C1, F u 1.1.). [Ipu uHBIX peakiusax 3Ty (YHKIIUIO BBITOIHSIIOT LIEIbIe TPYIIIbI
aToMOB, OOJajaroIe CBOOOJHON BaJCHTHOCTHIO (CBOOOIHBIC DPAJHMKAajbl), B TOM
yucne ‘OH, HOO-, CH3- (Ttoukoii 0003Ha4ar0T CBOOOJHYIO BaJIEHTHOCTH). DTH
PEaKIMU Ha3bIBAIOTCS pajuKanbHbIMU [15].

Ha pucynke 2 mnoka3aHa cxeéMa BO3HUKHOBEHHSI XEMWIIOMHUHECLECHLUHA B
AJIIEMEHTApHOM peakiuu MosieKysibl A—B ¢ aromom C (mpumep: peakuusi MOJIEKYJIbI
XJIopa ¢ aTOMOM Bojiopoza). B HaganbHOM cocTtosiHuu atoM C U30JIMpPOBaH, a aTOMBI
A u B cBsazansl B monekyny. I[lpm oOpa3oBaHMHM NpPOMEXKYTOYHOTO KOMIUIEKCA
A---B---C cBa3p A—B ocnabnsiercsi, OJHOBPEMEHHO BO3HUKaeT CBs3b B—C; 3TOT
opouecc HAeT ¢ 3aTparoil  sHepruum  (dHeprus  aktuBanmu). Komruiekc
MIEPECTPAUBAETCH, ces3b B—C ykpermsiercs, a cBsi3sb A—B pa3psiBaercs
IIOJIHOCTBIO, BBIIEISETCS SHEPrUs, SKBUBAJICHTHAs CyMME 3HEPIMU AaKTUBALUU H
TernoBoro 3¢ ¢ekra. B ciaydae, eciu sHeprust TepsieTcst cpasy, Mnepenaercs Ipyrum
MOJIEKYJIaM IIPU CTOJIKHOBEHUSIX, BBIXOJUT HEBO30Y:k1eHHbIN npoaykT B—C. YacTtb
SHEPrUM MOXKET ObITh YyJepKaHa Kak dHEprusi Bo30YKIEHUs NMPOAYKTa (COCTOSIHHME

BC*) u 3aTem oT/aHa B Buje KBaHTa cBeTa [9)].
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Pucynok 2 — Cxema nporuecca XeMIIIOMUHECIICHIINT
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[Iporecc XeMHIIFOMMHECLIEHIIMM MOKHO pa3[enuTh, Ha aBe craguu. Cragus
BO30YX/IeHHs] — 00pa30BaHHE B XMUMHUYECKOW peaklnH OOraTod SHEpruer 4acTULbI
(mponykta peakiuu P) B Tom coctosiuuu (P*) korma Bo3MOXKeH H3ITydaTelbHBIN
NEPEXO]T U CTaaus TYLICHHUS.

Oxwucienne JIOMUHOJ1A. BriepBbie cBeUeHUE JTIOMUHOIA HAOII01a]T HEMETIKU I
XUMUK AnpOpexT B 1928 1. B cumy OO0nbIION SPKOCTH CBEUCHHUS JIFOMHUHOJA
BO3HUKAET HEOOXOIMMOCTH B UCTIOJIb30BaHUU CBETOCHJILHOM u
BBICOKOUYBCTBHUTEIIbHOM ammaparypbl, U MOTYT OBbITh TPUMEHEHbI OOBIYHBIC
(OTOMETPHI U CIIEKTpaJIbHbIC TPUOOPHI [9].

CBeueHue yCWIMBAaeTCs TpU J0OABIEHWM BEIIECTB, pACHaJAIOIIMXCS Ha
cBOOO/HBIE paJAMKalbl, — WHUIOUATOPOB. HampoTuB, BBEJEHHE COECTUHEHHIH,
nepexBaThIBAIOIINX paauKabl, — UHTUOUTOPOB — ocadisieT
XEMUJIFOMUHECHEHIMIO. DTH (aKThl YKa3bIBalOT HA BO3MOYKHOE Y4acTHE CBOOOIHBIX
panukanoB B peakiuu [13]. C 3Tol TOYKH 3pEeHHUs KaTalInW3aTop, HEOOXOIUMBIN JIJIs
CBEYCHHS, CHOCOOCTBYET Pa3NIOKEHUIO MEPEKUCH BOJOPOJA WM Ke KaKoro-inbo
IPOMEXYTOUHOTO peareHTa Ha pauKaibl.

OxucjieHue JIONMreHUHa. J[Og  XEeMHIIOMHHECUEHIIMU  JIOIUTCHUHA
YCTaHOBJICHO, YTO OMHUTTEPOM CIYXKHUT N-METHIakpuIOH: KBAaHTOBBIA BBIXOJ
xemumoMmunectenuu coctapisier 0,011—0,020 dborona Ha omHy Mosekymy N-
METHJIaKpUIOHA.

[Ipsimoe ompeneneHre BpeMEHM KH3HU BO30YKIEHHOTO COCTOSHUS U
KBAaHTOBOTO BBIXOAAa M3IY4YCHHUS TPH XEMUJIIOMUHECICHIINH HEBO3MOXKHO, HO
BO3MOXXHO TNPUMEHHUTh KOCBEHHBIE  METOJbI, OCHOBAaHHbIE Ha TYIICHUU
XEeMWJIIOMUHECLIEHIIMM  TOCTOPOHHUMH  BEIIECTBAMU W MEPEHOCE  DHEPruu
BO30YKIICHUS Ha JTIOMHUHOPOPBI-aKTHBATOPHI [9].

XEeMUITIOMUHECIICHIIUA B OKHCIUTENIbHBIX PEaKIMIX HAJIEKHO H3MEpseTcs
COBPEMEHHBIMU  (DOTOIIEKTPOHHBIMU YCTPOMCTBAMM, YTO IMO3BOJISIET IOJYYUTh

IIEHHYIO KOJIUYECTBEHHYIO HH(POPMAIIUIO O CTOJIh BAXKHBIX MpoIeccax B OMO0OBEKTAX

[41].
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IIprMmenenne XeMUIIOMUHECHIEHIIMM BO3MOXKHO M Il aHAMHE3a CPEJ KU3HHU
Ha pPaHHEM JTalle WCCIICIOBAHMS XKUIKO(pa3HON XeMuaoMuHecteHIH [28]. Bouim
NPEMJIOKEHBl  pa3HOOOpa3Hble O0JacTH TMPUMEHEHUSI CBEUEHHUs JIIOMHUHOJA,
JIOIUT€HNHA U JIOpUHA.

JIist cBeueHusi JIOMHUHOJIA HEOOXOAMMBI MEPEKUCh BOJOPOAAa U KaTalu3aTop
(manpumep, Mmenb). llpu yMeHBIIEHWH KOHIIEHTpALMU JIOOOTO U3 YKa3aHHBIX
BEIIECTB MHTEHCHUBHOCTb YMEHBIIAETCA, M OTO MOXKET CIYKHTb OCHOBOWU
KOJIMYECTBEHHOTO aHAJIN3a TAaHHOTO coeAruHEeHns. Kpome Toro, MOKHO ONpPEEsATh U
T€ COEOUHEHHUsI, KOTOPBIE PEATHPYIOT C JIOMHUHOJIOM, WJIM C MEPEKUCHI0 BOAOPOJA,
wi ¢ kataymsaropoMm [9,12]. B uwactHocTH, o maHHBIM A. A. IloHOMapeHko,
XEMUJIFOMUHECHEHTHBIM METOJIOM MOTYT OBITh OIpe/eNieHbl TAKHE COCIUHEHUS, KaK
IIEPEKUCH BOJOPOJA, XJIOPHOBATUCTOKUCIBIA HATPUM, MElb, alETAJIBIECTU, TIIIOK034,
ButamuH C, ¢eHOJI, MUPOKATEXUH, PE3OPIIUH, TUPOTAIIION, aHWINH, HUTPOAHWINHBI,
METHJIOBBIH, STHJIOBBIH, TPOIMIIOBBIN CIIUPTHI | T. 1. [32].

[Tonp3ysch XEMUITIOMUHECHIEHTHBIM METOJ0M, MOKHO OIPEIAETATh HUUYTOXKHBIE
KOHIIEHTpAIlMU MPUMECEe HEKOTOphIX MeTauioB (Hampumep, 10-11 o/ xenesa) B
JIpyrux MeTayuiax u cruiaBax [12].

Jlis u3ydeHus: OMOJIOTHYECKUX OOBEKTOB XEMHJIFOMUHECLEHIUIO MPUMEHSIOT
[0 OTHOILIEHUIO K OpraHu3MaM 4YelIOBeKa, KUBOTHBIX, OaKTepHil, TpuOOB, pacTeHUH
s u3mepenust copepxkanuss AT®, MMMyHOIIOMUHECHEHTHBIM aHajiu3, OLICHKA
(GYHKIMOHATBPHOM aKTUBHOCTM HMMMYHOKOMIIETEHTHBIX KJIETOK, HCCJIEI0BaHUE
COCTOSIHUS JIEMKOLIUTOB, OLIEHKA CTENIEHN OYMILEHUS OPraHW3Ma NP JIETOKCUKALIUH,
onpenenenne Mukpokonnuects AT®, HAJIH u np, panHee BbISIBIEHUE HEraTUBHOTO
NnercTBUS (PAKTOPOB Cpeibl, OIICHKA CTEIEHH IMaTOreHHOCTH BHEITHUX BO3JICHCTBUH,
OMO3KOJIOTHYECKUIT MOHUTOPUHT [14, 22].

OTU peakuuu MPEeACTaBIsAIOT COOOW 4YacTh €IMHOTO MEXaHHM3Ma OKHUCIICHHS.
[lopTOMYy HWHTEHCUBHOCTh XEMWIIOMMHECLUEHIIMM OKAa3bIBA€TCs 3aKOHOMEPHO
CBSI3aHHOW C KHUHETUKOW OpyTTo-peakiuu. Ha »3Toil ocHOBe OBLIM CO3AaHBI
XEMUJIIOMUHECLICHTHBIE METOJBl M3MEPEHHs] KOJIMYECTBEHHBIX XapaKTEPUCTHUK

pCaKHI/Iﬁ HHUIOHUHUPOBAHHOT'O OKHCJICHHUSI.
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Bo3moxHOCTP  MONy4YeHHsT ~ IEHHOW  KOJMYECTBEHHOM  HHpOpManuu
MOKa3bIBACT, UYTO XEMUJIIOMUHECHEHIHS sBIseTCs A(G(GEKTUBHBIM (DU3MUECKUM
METOJIOM MCCJIEOBAaHUs KWHETHKH peakuui. BenuunHOW, u3MepseMoill B OIbITax,
SIBJIIETCSI HHTEHCHUBHOCTH cBeTa [9].

B okucaMTEnpHBIX peakIMsIX XEMUITIOMUHECIEHIIUS CBsI3aHa C peKOMOMHAaIMen

cBOOOIHBIX paaukaioB [15].
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2. O0beKT " METOAbI UCCJICI0BAHUA

2.1 Kpecc-canat Kak TecT-00beKT

[MapctBo  Pacrenus

Otnen: [{BeTKOBBIE pacTeHUs
Knacc: JIBynonbHBIE
ITopsnok: KamycronserHsie
CewmeiicTBo: KanmycTHbie

Pon: KionoBHuk

Bun: KiomoBHHK MOCEBHOM

Kpecc-camatr  —  ckopocmenoe  XOJOJOCTOMKOE PAacTeHUE CEMENCTBA
Kamyctubie. Comepxut MHOrO BuTaMrHOB (Mr/100 T ChIpoii Macchl): aCKOpOMHOBAS
kucnora — 10 115; pytun — 80; kapotuH — 10 4. BrirroyaeT Takxke COiau HOJa,
Kalus, Jkene3a. TOHM3MpYIOIIKME CBOICTBAa Kpecc-cajiara OO0yCIIaBIMBAIOT €ro
HCITIOJIb30BAaHUE KaK JIGKAPCTBEHHOTO. B muIy ynoTpeOasitoT ChIpbie JIUCThSI IO MEpe
oTpactanusi. JTa (aza HacTymaeT depe3 15—25 cyTok mocie MOsiBICHHUS BCXOJOB
[23]. OnTumanbHbIE CPOKH CeBa B OTKPBITHIA TPYHT — paHHSS BECHA MJIM BTOpas
MOJIOBUHA JieTa. B kapkyro moromy pacTeHHs BbIOPACHIBAIOT IBETOHOC, MEHSIOTCS
BKYCOBBIE KaueCTBa.

Pactenue cpaBHUTENBHO HETPEOOBATEIHLHO K MOYBEHHOMY IUIOJOPOAMIO, IS
HEr0 TMPUTOAHBI JOObIe Yy4yacTKu. HeoO0XoauM TMOCTOSHHBIA TOJMB — TMpHU
MEepPECyIIMBAHUM TIOSBIISIOTCA IIBETOYHBIE CTEOJIM, JIUCThS T'PYyOCIOT M MEJbYaroT.
[ToBpexkaaercst Kpecc-cajiaT TEMU K€ BPEIUTEIISIMU, YTO peIUC U KanmycTa. VI3BeCTHbI
copta: KypuaBsiii kpecc, OObikHOBeHHBIN Kpecc, CanoBblii Kpecc, Y3KOJIUCTHBIN,
[upoxoaucTHelii [5].

[IpenmeToMm HccienoBaHus SBUJIOCH U3YUEHHUE MPOPACTAHUS U PA3BUTHS CEMSTH

B OKCICPHMCHTAJBHBLIX  YCIOBHUAX IIpHU JICP'ICTBHH OMOr€HHBIX HaHOYaCTHI
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beppuruaputa. Yder mpopacTaHusi U pa3BUTHSA CEMSH MPOBOJIWIM IO MOKA3aTeIo
SHEPTUU MpopacTanus u Bcxoxkectu B coorBercTBuu ¢ [OCT 12038-84 [19].

B pabore wucnonp3oBajii CeMEHa Kpecc-cajara copTa «BECEHHMI», id
KOTOPOTO XapaKTEpPHbI BCE MPU3HAKU JAHHOW KYJIBTYPBI: XOJOAOCTOWKHHM COPT C
BBICOKOM CKOPOCTBIO POCTa, MEPUOJ XO3AWCTBEHHOW I'OJHOCTH BCXOJAOB, OKPYTJIBIE
JIMCThSI CBETJIO 3E€JIEHOTO LIBETa, BhICOTAa po3eTku 8-10 cm, amamerpom 10 20 cwm.
BrIpamuBaioT B OTKPHITOM U 3aKPBITOM IPYHTE U B JJOMAIIHUX YCIOBUSX.

Kpecc-canar B cineacTBUM BBICOKOHM CKOPOCTH POCTa U APYKHOCTH Pa3BUTHUS
CEeMSIH SIBJISIETCS JOCTYIHBIM UM TMPOCTBIM B NPAKTUYECKOM MPUMEHEHUU TECT
oobekroMm [18]. Ilo ypoBHIO PHEpruM TMPOPACTAHUS U BCXOKECTH CEMSIH CYIST O
CTEIIEHH TOKCHUYHOCTHU Cpelbl (BOJAHOM, MOYBEHHOM), TAaKXK€ YUYUTHIBAIOT HAJIMUYUE
YPOJICTB, HICKPUBJICHUI OTJIEIbHBIX OCOOEH.

JlaHHBIE TIO MCCIIEOBAaHUIO Kpecc-canara, KaKk TecT-OObeKTa IMPUBEACHBI B

pabdotax M. E. bapanoga [3] u C. B. Xwmwxknska [53] u npyrux vcciemoBaresci.

2.2 XeMHWJIIOMHUHECIIEHTHBIN aHAJIN3

XeMUITFOMUHECIIEHTHBIA aHaJIM3 MPOBOAWIA HA MPUOOpe «XEeMHIIOMUHOMETP
CL — 3604 — IIT9BM» (CKTb «Hayxka», KpacHospck). HaBecky roMorenara pa3HbIxX
gyacteit kpecc-canmara 10 mr pactupanu B 2 mia tpuc-HCl Oydepa. T'omorenar
ueHtpudyrupoanu npu 3000 o6/mMuH B TeueHue 10 MuHYT. PeakllMOHHYIO CMECh,
conepxkaryto 2 mu 5x 10-4 M pactBopa momunona B 0,1 M tpuc-HCI 6ydepe, pH
7,4 u 200 Mk ucciemxyeMoro obpasia tepMmocrarupoBanu npu 25 °C. B kioBeTy ¢
peakimoHHoi cMechto BHocuiH 450 Mk 0,35 M pactBopa H202. PeructpupoBanu
MaKCHMAaJIbHYIO OBICTPYIO BCITBIIIKY (Imax). Pacuer CBETOCYMMBI
XEMUIIOMUHECLICHIIMM TPOBOJMUIN C y4eTOM (DOHOBOTO CBEYEHMS] M BBIpaXKaiu B
OTHOCUTEJBHBIX €IUHUIAX (KOJMYECTBO HMITYJICOB B CEKYHIy). [[nuTenbHOCTH
3anucu XJI-kuHeTUKH (He MeHee TpEX MOBTOpHOCTel) cocrapisia 60 munyt. [lpu
OLICHKE KHWHETOTPaMM HCIIOJIb30BAIM TaKUMe HMH(POPMATHBHBIC MapameTphbl, Kak

ammutyny XJl-peakmuu (lmax, mmi./c); BpeMs moctmwxkeHus makcumyma (Tmax,
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MUH); CyMMapHO€ KOJIHYECTBO KBAHTOB 3a BpeMs HaOJIOIEHUS, UITU CBETOCYMMY (S,
e umit.) [40]. Tlo creneHn JOCTOBEPHOTO CHUKCHUS U TOBBIIICHHUS TIPOTYKITUH
CBOOO/IHBIX PaIMKaJIOB OLIEHUBAIN OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIN CTATYC.

Crartuctuueckyro 00OpabOTKy JaHHBIX MPOBOAWIM MO KpUTeputo CThIOJEHTA.
KoppensiiimoHHyto  3aBUCMMOCTb ~ TOKa3aTesleld OMOMOHMTOPHUHIA  OLCHUBAIU
MeToOoM paHroBoi koppensiunn Crupmena. [Iokasarenu BenwuuHbl XJI-oTBeTa B
TOYKE OTHOCHUTEIIBHOI'O KOHTPOJS JIOCTOBEPHO HHWXKE IIOKa3aTeNe Ha Jpyrux
UCCIIENYEMBIX IUIOIIAKAX.

AxTuBM3anMs npouecca nepekrucHoro okucienus JunuaoB (I10JI) ssasercs
YHUBEPCAIBHOW pEaKUMEW PACTUTEIIbHOW KIETKA Ha JKCTPEMAJbHBIE YCIOBUS
BHEIIHEH Cpenapl. BpIsBICHA KOpPPEISILIMOHHAS B3aWMOCBA3b MEXAY YPOBHEM
COJIep KaHMsl MEPOKCHUIHBIX TPYIIIUPOBOK, CIOCOOHOCTh K 00Pa30BaHUIO CBOOOIHBIX
panukaios[8].

Crnonrannas xemuwmomuHecueHuus (CXJI) TkaHell BO3HHMKAaeT, TJIaBHBIM
oOpa3zoMm, B T1polecce CBOOOJHOPAAUKAIBLHOTO  OKUCICHUSI  JIUIUIO0B U
JUTIONPOTEUA0B. biarogapst mpucyTcTBui0 aHTHOKCUAAHTOB (AQO) B TKaHAX MPOIIeCC
CBOOOJHOPAIUKAIBHOTO OKHCIEHUS YAEPKUBAETCS HA OTHOCUTEIBHO HHM3KOM

CTallMoHapHOM ypoBHe [15].

2.3 MeToabl IKCIEPUMEHTAJIbHOI0 HCCaeT0BaAHUS

N3ydenune CBOWCTB OMOTEHHBIX HAHOYACTHI] (DEeppUTHUIpPUTA MPOBOJIUIU B
MPoIIeCcCe IKCIEPUMEHTAIBHBIX Pa0OT B JTAOOPATOPHBIX YCIOBUSX C OIICHUBAHUEM
nokasateliel TecT o0bekTa (Kpecc-canara). B skcnepuMeHTe UMeNoch 5 BApUaHTOB:

1. KoHTpoJib ¢ OTCTONHOW BOAOMPOBOJAHOM BOJOW [JIs BJIAXHONW KaMepbl

IIpY POPALLIUBAHUY CEMSH

2. CycrieH3us ¢ KOHIIeHTpaluen xenes3a maptud M 4,2 mr/n
3 CycrneH3usi ¢ KOHIIEHTpaluel xeie3a naptuu M 8,4 mr/n
4, CycrieH3us ¢ KOHIleHTparuel sxene3a maptuu XK 5,35 mr/n
5 CycnieHsus ¢ KoHIeHTpanuei xenesa naptuu XK 10,7 mr/in
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Ilepuon npopamuBanus ceMsiH coctaBuil 12 cyTok. Pabora npoBoausiacek B psia

sTanoB (Tabmuia 1).

Tabnuma 1 — DTanbl SKCHEPUMEHTANTBHBIX PadOT MO OICHKE JEHCTBUS OMOTEHHBIX

HaHOYACTHUIl (PeppUTHIIPUTA HA TECT KYIbTYpPY

3aMaurBaHUE CEMSH | CyTKH

[IpopamBaHre BO BJIAKHOW Kamepe | Y CTaHaBIMBAJIW YHEPTHIO ITPOPACTAHUS

3 cyTOoK

HpOpaHlI/IBaHI/Ie BO BJIQYKHOM KaMcCpcC YcraHaBiauBaau BCXO0XKECTh

5 cyToK

Pa3BuTne npopocTKoB VYcranaBnuBald JJIMHY U Maccy Ha 7 U
12 cyTkn
N3mepsiiiu XEMUIIOMUHECHEHTHYIO
aKTUBHOCTb

Jist v3ydeHuss BIUSHUSA OWOTEHHBIX HAHOYACTHUI[ (EeppUruaputra ObLTU
MCMOJIb30BaHkl ABe nmaptuu cycnensuu M u X ¢ comepxanuem yactuu M 4,2 u 8.4
mr/n u vactunamu K 5,35 m 10,7 mr/n deppurnapura. Pazmepsl HaHOYACTHIL
coctaBisitoT 2-5 M, PH xkuakoctu 7,0. CycneHsust mpo3payHasi, HE UMEET 3araxa,
OKpallleHa B KpPaCHO-KOPUYHEBBIA IBET. AHAIU3UPYEMYIO CYCIEH3MI0 OMOTE€HHBIX
HaHOYACTUIl (EePPUTHAPUTA TOTY4YAIOT TPU DKCHAHUPOBAHUU OaKTepUaILHOM
kyneTypsl Klebsiella oxytoca B sKkcHepuMEHTaIbHBIX YCIOBHSX. IKCIECPUMEHT
MPOBOAMIIM B TPEX MOBTOPHOCTSIX.

CycrnieH3un JaHHOW KOHIICHTPAIUU OBLIN TOJYYEHBI MPU MPUTOTOBJICHUH W3
UCXOJHOTO KOHIEeHTpaTa vactull, M u 4actun 2K, NpPegoCcTaBI€HHOIO TJIaBHBIM
HAyYHbIM COTPYJHUKOM MEXKIYHApOJHOTO HAYYHOTO IIEHTpa UCCIEeI0BAHUS
DKCTPEMAJIBbHBIX COCTOSIHUKA opraHusma Cubupckoro otaenenus Poccuiickoin
aKaJeMUd Hayk, JIOKTopa (u3umko-mMareMatnueckux Hayk, FOpus JleonumgoBuua

['ypeBuua.
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[Ipu mpopammBaHuM CeMsiH Kpecc-cajara, Kak TeCT KyJIbTypbhl MPUMEHSIIH
CTaHJIAPTHBIC TMOKAa3aTeIH. DHEPTUI0 TMPOPACTAHHMS U BCXOXKECTh ONPEICNAIN B
coorBerctBur ¢ ['OCT 12038-84 [19]. [nuHy pacTeHUs ONpEICIsiM JTHHEHKOM,
maccy Ha Becax — ['ocmetp BJI-210.

JIsisi ipopalMBaHusi CEMSH HCIOJIb30BAIM BIIAXKHBIE KaMmepbl (IJIACTUKOBBIC
KoHTelHepsl oObeMoM 200 muir). BnaxkHyro cpeny B KaXJIOM BapHaHTE OIBITA
CO3JaBUIM C IPUMEHEHUEM OTCTOMHOM BOJONPOBOJHOM BOABI  CYCIIEH3HEHN
HaHOYacTUIl peppUruapuTa. JJonoJTHUTEILHO UCCIE0BATN BapUAHT C IPUMEHEHUEM

BO BJIQXHOW KamMepe LEJUTI0I03HOTO (PUiIbTpa.

2.4 CtaTucTHYeCKHE METObI

CTaTHCTUYECKUH aHAIW3 JaHHBIX BBIMOJHEH C Hcmojb3oBanueM Microsoft
Office Excel 2007. Onucanue KOJMYECTBEHHBIX IPU3HAKOB IPOM3BOJUIOCH C
UCITIOJIb30BAaHUEM CPEAHUX apU(PMETHUECKUX U CPETHEKBAAPATUYHBIX (CTaHJAPTHBIX )
omnbok cpennero (M+m, rae M - cpenHee, a M - omnOKa CpeIHETo).

CpaBHUTENBHYIO OLEHKY pPSAOB JAaHHBIX B KOHTPOJBHOM U  OIBITHBIX
BapuaHTax NpOBOAWINCH MO Kpurepuro CTeroneHTa. Paccuer KOTOporo Bein B
coorBercTBUM ¢ ykazanusmu lllwmmnaon H. I'., Ilonensauukon M. M. u ap. 2009r
[57].

Taxoxe npuMeHuIu TOUHBIA KpuTepuid duiiepa mis Tadnuie 2*2 mpu aHanu3e
DHEPI'UM NPOPACTAHUS U BCXOKECTU CEMSIH.

Tounstit kputepuii @uiepa 1ys Tadbauil 2*2 mpUMeHsIeTCs, KOTa:

1. [Ipu3HaKy Ka4YEeCTBEHHBIE
2. YV npusHaka TOJIBKO JBE rpajialiuu
3. EcTh TOJIBKO J1Ba BapuaHTa OMbITa
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Tabnuna 2 — Tounslii kputepuii Ouiepa 11 TadmuL 2*2

mpopocia HE TpopocIa

KonTpoJib - -

OmneIT Copr 1 Copt 2

B Takux ciydasix 3TO caMblii TOYHBIM CTaTUCTHYECKUN KpuTepuil. B ciryyasx,
€CJIM Y MpHU3HaKa OoJibllie JBYX Tpafalliil W/Wiu BapUAHTOB HKCIIEPUMEHTa OOJIbIlIe
JIBYX TIPUMEHSIETCSA aHaIU3 TaOJIMIl COMPSHKEHHOCTHU MO KpUTEpHI0. PacyeTsl Benu ¢

UCIOJIb30BaHueM ON-line kambkysaTopa [36].
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3. Pe3yabTaThl HCCIEI0BAHUT
3.1. KauyecTtBO ceMsiH W Ppa3BHTHe NPOPOCTKOB TeCT KYJIbTYPbl B

NPUCYTCTBUM OMOTe€HHBIX HAHOYACTHUIL (pepPUTHAPUTA

[IpruMeHeHne HAHOTEXHOJOTHH B OKOJOTHMH HMMEIO0 Obl OOJBIIYIO PpOJIb,
MOCKOJIbKY TIOMOTJIO OBl 3HAYUTEIBLHO CHU3UTH 3arpsi3HCHHE OKPYKAIOMIEH CpPEeJIbl.
Vxe wumeercs HEMallo JIOCTMXKEHMM B HAHOTEXHOJIOTHSAX, KOTOPBIE IMOMOTAloT
YMEHBIIINTh BPEJIHOE BJIMSHUE HA OKPYXKAIOILIYIO Cpeay: HampuMmep, 3Ta Hayka Jaér
HOBBIE BO3MOXKHOCTH MEPepabOTKU MYCOpa, OUYMCTKU BOJbI, ONMpPEACICHUsI PTYTH U
Tak painee. [lampHedue ucclienoBaHUs JaayT HOBBIE pPE3yJbTaThl, 4, 3HAYUT, U

HOBBIE BO3MOKHOCTH.
3.1.1 DHeprusi npopacTaHus U BCX0KeCTh CEMSIH Kpecc-cajaaTa
[IpopamuBanre CeMsH TECT KYJIBTYPhl — KpecC-cajlaTa B IKCIIEPUMEHTATbHBIX

YCIIOBUSIX C MCIOJb30BAHMEM B KAuye€CTBE KUIKOW Cpelbl CYyCHEH3UIO OMOTEHHBIX

HaHOYACTHIl (EPPUTHIAPHUTA TIOKA3AJIO CICIYIONTNE PE3yabTaThl (TabauIa 2, pUCyHOK

3).
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Tabmuma 2 — DuHeprus npopactanus (%) u BcxoxkecTh (%) ceMsiH Kpecc-canaTta B
DKCIIEPUMEHTAJBHBIX  YCIOBHSIX C TNPUMCHEHHEM OWOTCHHBIX HAHOYACTHUII
beppurHIpuTa B pasiTUIHBIX KOHICHTPAIUSAX C MOAJIOKKOW B BHJE ICIITIOIO3HOTO

bunbTpa

BapuanTt DHeprus npopacTaHus Bcexoxects

OIIbITA min max X+m min max X£EMm

KonTpoib

K 5,35 mr/n
K 10,7 mr/n
M 4,2 mr/a
M 8,4 mr/a

DHeprusi TpopacTaHUs CEMSH Kpecc-cajaTa B KOHTPOJHLHOM BapHaHTE
cocraBmia 95 %. Cycnen3us HaHodactull (eppuruaputa mnaptun XK ¢
KoHIIeHTparueit 5,35 mr/n 6p11a Ha ypoBHE 97 %, a yacTHuIlsl ¢ KoHIeHTpamuei 10,7
Mmr/n Ha ypoBHE 92 %. YacTtunel maptuu M ¢ koHnenTpauusmu 4,2 mr/n u 8,4 mr/n
92-93 %, 4dro 3aduKCHpOBaM Yepe3 3 CYTOK TOCIIe Hadaja SKCIEpHMEHTA.
BcexoskecTs ceMsiH Kpecc-cayiata B KOHTpoJie Obima Ha ypoBHe 95 %, B OMBITHOM
BapHUaHTE YacTHUILI mapThH JK B 000ux KoHIIeHTpanusx coctaBiasuin 98 % u 93 %, a B

naptuu M okoio 95 %.
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M sHeprusa

[ BCXOXKecCTb

MpopactaHue cemaH %

KoHTponb ¥ 5,35 mr/n ¥ 10,7 mr/n M 4,2 mr/n M 8,4 mr/n
KoHueHTpauma peppurnaputa, mr/n

Pucynok 3 — Dueprus npopactanus (%) u BcxoxecTs (%) ceMsiH Kpecc-
cajaTa B 9KCIIEPUMEHTAIBHBIX YCIOBHUSIX C IPUMEHEHUEM OMOTEHHBIX HAHOYACTHI]

beppurnapuTa B pa3InYHbIX KOHIICHTPAITUAX C IMOIOKKON B BHJIE IIEIUTFOJIO3HOTO

bunsTpa
JIJ1st yTOUHEHHsI CPAaBHHUTEIIBHBIX OIEHOK PE3YJIbTATOB SHEPTHS MPOpaCcTaHUsI U

BCXOXCCTb B KOHTPOJIbHOM M OIIBITHBIX BapHaHTAaX HCIIOJIb30BAJIN KpI/ITepI/Iﬁ (I)Hmepa

(Tabnuma 3).
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Tabnuna 3 — Ouenka BIUSHUS OMOTEHHBIX HAHOYACTHIl (DEPPUTHAPUTA HA IHEPTHUIO

npopactannsas MW BCXOXKECTb CEMSAH KpeCC-Cajlata C HCIOJIb30BAHUECM TOYHOI'O

Kkpurepus Ouiiepa

Bapuanrt DHeprus 3HAYMMOCTh 3HAYMMOCTh
OIIBITA popacTaHus, paznmuuuii ¢ | BexoxecTs, % | paznuuuii ¢

% KOHTPOJIEM, P KOHTPOJIEM, P
KonTpoiib Hert Hert
M 4,2 mr/n Hert Het
M 8,4 mr/n Hert Het
K 5,35 mr/n Hert Her
K 10,7 mr/n Hert Het

HpI/IMCHeHI/IH TOYHOI'O KpUTCPHUA (I)Hmepa HE BBIIBWIO OTJIWYUM B

KOHTPOJIbHOM H OIIBITHOM BapHaHTC.

Tabmuma 4 — Dueprus npopactanus (%) um BcxoxecTh (%) ceMsiH Kpecc-caiara B

9KCIICPUMCHTAJIbHBIX YCIIOBUAX C IMPUMCHCHHUEM OMOT€HHBIX HaHO4YaCTHIL

dbeppuruapuTa B pa3IMUHbIX KOHICHTpAMIX 0€3 IMOI0OKKH B BUJE LEIIIOI03HOTO

bunpTpa

Bapuant DHeprus npopacTaHus Bcexoxects

OIlbITa min max X£m min max X+m

KonTpoJib
K 5,35 mr/n
K 10,7 mr/n
M 4,2 mr/n
M 8,4 mr/n
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OHeprus TMpopacTaHusi CEMSH Kpecc-cajara B KOHTPOJbHOM BapHaHTE
cocrauna 87 %. Cycnen3uss HaHowactull ¢eppurnapura mnaptun XK ¢
KoHIeHTparued 5,35 mr/n u 10,7 mr/n cocraBisna 88 % u 92 % COOTBETCTBEHHO.
Yacrtuiel maptuu M ¢ konuentpauusmu 4,2 mr/a u 8,4 mr/n 88 % u 85 %, uro He
OTJIMYAETCS JOCTOBEPHO OT KOHTPOJs. BCXokecTh ceMsiH Kpecc-cajlaTa B KOHTPOJIE
Obuta Ha ypoBHe 93 %, B ombITHOM BapuaHTe yacTuipl naptud K B 0o0oux

koHIeHTparusax coctaisuiy 90 % u 95 %, a B maptuu M okosno 88 %.

HH
H
H

M 3Heprua

BCXOXeCTb

MpopactaHue cemsaH, %

KoHTponb ¥ 5,35 mr/n ¥ 10,7 mr/n M 4,2 mr/n M 8,4 mr/n
KoHueHTpauua peppuruaputa, mr/n

Pucynok 4 — Dueprus npopactanus (%) u BcxoxecTh (%) ceMsiH Kpecc-
cajaTa B 9KCIIEPHUMEHTAIBHBIX YCIOBHUSIX C MPUMEHCHUEM OMOTCHHBIX HAHOYACTHI]

dbeppuruapuTa B pa3InuHbIX KOHIICHTPAIUAX 0€3 MOUIOKKH B BUE IIEIUTIOI03HOTO

bunpTpa
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Tabmuma 5 — Ouenka BAUSHUS OMOTEHHBIX HAHOYACTHI] (PEPPUTHAPUTA HA IHEPTHUIO
IpopacTaHusi U BCXOXKECTb CEMSH Kpecc-cajlaTa C HCIOJIb30BaHUEM TOYHOTO

kputepus Ouiepa

Bapuant DHeprus 3naunmocTth | Bexoxkects, % | 3HAaUMMOCTH

OTIbITa popacTaHus, | pa3Iuduid C pa3Iuyunii C

% KOHTPOJIEM, P KOHTPOJIEM, P
KonTposn Hert Hert
M 4,2 mr/n Hert Her
M 8,4 mr/n Hert Het
K 5,35 mr/n Hert Her
K 10,7 mr/n Hert Her

[Ipumenenus Tounoro kpurepus duiepa He BBIABWIO JOCTOBEPHBIX OTINYUN
B KOHTPOJILHOM U OIBITHOM BapUAHTE.

Takum 00pa3oM aHaNM3 SKCHEPUMEHTAIBHBIX JAaHHBIX [I0Ka3aJl CXOXHUE
XapaKkTepUCTUKA DJHEPTUM NPOpPACTaHUSI M BCXOXKECTh CEMSIH Kpecc-cajara B
YCIIOBUSIX KOHTPOJS U MPUCYTCTBUS HaHOUYACTUIl (HEPPUTHUIAPHUTA B KOHIECHTPAIMH
naptuu XK 5,35 mr/nm u 10,7 mr/n, a Takke B naptur M ¢ KOHIICHTpausamMu 4,2 mMr/i u
8,4 mMr/n. D10 yka3bIBaeT Ha OTCYTCTBUE dPPeKTa YTHETCHUS Pa3BUTHS Kpecc-cajiara
HaHoyacTull ¢eppuruaputa. Beicokre ypoBHU DHEPTUM MPOPACTAHUS M BCXOXKECTH
CEMSH Kpecc-caaTa B ONBITHBIX BAPUAHTAX M KOHTPOJIE HE NO3BOJISIIOT paCCMOTPETH

b HEKT CTUMYTUPOBAHUS.

3.1.2 KosinuecTBeHHbIE XapaAKTEPUCTUKH MPOPOCTKOB Kpecc-cajara

Bricokuil ypoBEeHb IMOKa3aTejie SHEPruU IPOPACTAHUS U BCXOKECTU CEMSH
Kpecc-cajlata, Kak TECT KYJIbTYPbl B OIBITHBIX DJKCIIEPUMEHTAIBHBIX BapUaHTax

CBUACTCIILCTBYCT O BBICOKOM YPOBHC Kad€CTBa CCMIIH. I[&HBHCFIHIGC pa3BUTUC
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MIPOPOCTKOB OTPEEISIETCS HE TOJBKO TOTCHIIMAIOM CEMEHHOTO MaTepHuaa, HO U €ro
pealn3anuy B KOHKPETHBIX SKOJIOTHYESCKHUX YCIOBHSX [24].

OlLeHUTh NPHUEMIIEMOCTh YCIOBHM Cpelbl BO3MOXKHO IO pPa3MEPHBIM
XapaKTEPUCTHKAM OpraHW3Ma TaKWM KakK JMHEHHBIC pa3Mephl U MAcCChl OTACIIBHBIX
ocoOeii.

N3yyenne nmiIUHBI TPOPOCTKOB TIPH OKCIIAHUPOBAHUHM B KOHTPOJIBHBIX
YCIOBUSIX W B TPUCYTCTBUU PA3IMYHBIX KOHIICHTpaIui (eppuruapuTa moKa3ajio
CXO0KHE BCJIMYUHBI, KaK JJIMHBI HAJI3¢MHOM YacTH — CTeOenb W JmcT (Tabiumna 6,

PUCYHOK 5) M 001Iel JIMHBI pacTeHus (Taduia 7, pucyHok 6).

Tabmuma 6 — JlnuHa Haa3eMHOM 4YacTu (CM) TMIPOPOCTKOB Kpecc-cajaTa B

9KCIICPUMCHTAJIbHBIX YCIIOBUAX B IMPpUCYTCTBUU OMOT€HHBIX HaHO4YaCTHIl

beppuruaputa

JIinHa HaA3eMHOM YacTH, CM

Bapuant 7 CyTKH 12 cyTkn

OIIbITa

min max X+m min max X£m

KonTpoub

M 4,2 mr/n

M 8,4 mr/n

K 5,35 mr/n

2K 10,7 mr/n
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Jnuna, cm

Hill-

KoHTponb M8,4 5,35 WK 10,7
Bapuaur onbiTa

PI/ICYHOK 5- I[J'II/IHEI HElI[BGMHOﬁ YacCTH IIPOPOCTKOB KPCCC-CajlaTa B

IMPUCYTCTBUHU HAHOYACTHUI B OKCIICPUMCHTAJIBHBIX YCIIOBUAX

B kOHTponbHOM BapuaHTE Ha 7 CyTKH JIJIMHA cOCTaBisuia 3,6 cMm, Ha 12 cyTku
3,9 cm. B mpucyrcTBum HaHodacthip M KoHueHTpamuu 4,2 Mr/l HEe3HaYMTEIbHO
BBIIIIE, B KOHIIEHTpanuu 8,4 mr/i.

He 3apeructpupoBaHo 10CTOBEPHBIX OTIIMYHI B AJIMHE TIPOPOCTKOB B OMBITHOM

¥ KOHTPOJILHOM BapHaHTe (Tabiuia 7)

Tabmuna 7 — CpaBHUTENbHAas OLIGHKAa NPOpacTaHusi CEeMsIH Kpecc-cajlata MpH
BO3JCHCTBUM CYCHEH3UM 4YacTHll (EeppUruipuTa pa3inyHOW KOHIEHTpALUU C

KOHTPOJIbHBIM BapUaHTOM 110 KpuTepuio CThrofeHTa

Konuenrpanus
7 CyTOK 12 cytok
beppurnapura

M 4,2 mr/n

M 8.4 mr/n

K 5,35 mr/n

K 10,7 mr/n
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AHanu3 TaHHBIX 00Iel IIMHBI MPOPOCTKOB (Tabauna 8, pucyHok 6) mokasad,

YTO B KOHTPOJIBHOM BApUAHTE pa3Mepbl HE U3MEHSIIUCH € 7 10 12 CyTKH.

Tabnuna 8 — OOmas anMHa (CM) MPOPOCTKOB Kpecc-canara B SKCIEPUMEHTAIbHBIX

YCIOBUSIX B MPUCYTCTBUU OMOT€HHBIX HAHOUYACTHI] PeppUTHUAPUTA

JlmuHa oOmas, cm
Bapuant onbita 7 cyTKH 12 cytkn
min max X£m min max X£m

KonTponb
M 4,2 mr/n
M 8,4 mr/n
XK 5,35 mr/n
XK 10,7 mr/n

=

(5] I

g

= W7 cyrok

=

= 12 cytok

KoHTponb M8,4 5,35 10,7
BapHaHTbI onbITa

Pucynok 6 — O6mas jyiHa mpopoCTKOB Kpecc-caiara B IPUCYTCTBUHU

HaHOYaCTHUIl B SKCIICPUMCHTAJIBHBIX YCIIOBUAX

B mpucyTcTBHMM HaHOUYACTUIl POCT PACTEHUW NPOAOIDKANICA, HO HE HMeEN

JIOCTOBEPHBIX OTIMYKMM OT KOHTpoJid. Yactuusl XK B HE3HAUMTEIIBHOW CTENEHU
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CTUMYJIMPOBAIIM POCT PACTEHUI, HO 3HAYMMBIX OTIMYMI N0 Kputeputo CThIOAEHTA OT

KOHTPOJIFHOTO BapuaHTa He 3aduKcrupoBaHo (Tabmnwmma 9).

Tabmuua 9 — CpaBHuTeNbHAas OIEHKAa NPOpAcTaHUs CEMSH Kpecc-cajara MpH
BO3JICHCTBUU CYCIIEH3UU 4YaCTUll (EeppUruipuTa pa3iudyHOM KOHIEHTpAlUU C

KOHTPOJIbHBIM BApUAHTOM II0 KPUTCPHIO CTI)I'OI[@HT&

Konuenrpanus
7 CyTOK 12 cytok
beppuruapura

M 4,2 mr/n

M 8,4 mr/n

K 5,35 mr/n

2K 10,7 mr/n

[loka3zarenu macchl pacCTEeHUH U3MEHUJIUCH KaK B MPOLECCE Pa3BUTHS, TaK U B

BapuaHTax omnbita (Tadmuma 10, pucyHok 7).

Tabmuma 10 — Macca (Mr) mpopocTKOB Kpecc-cajaTa B OKCHEPUMEHTAbHBIX

YCIIOBUSIX B PUCYTCTBUU OMOTE€HHBIX HAHOYACTHULL (peppUruapura

JIMuTeNnbHOCTh, CYTKH

Bapuant
7 cyTKH 12 cyTkn
OmbITa

min max X£+m min max X£m

KonTpoib

M 4,2 mr/n

M 8,4 mr/n

K 5,35 mr/n

K 10,7 mr/n
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T

J |
.

= J I [ B 7 cyTOK
I I I | 12 cyToOK

KoHTponb M 4,2 M8,4 K 5,35 10,7

KoHueHTpauus deppurnapura, mr/n

Pucynoxk 7 — Macca nmpopoCTKOB Kpecc-cajlaTa B IPUCYTCTBUYA HAHOYACTHIL B

OKCIICPUMCHTAJIBHBIX YCIIOBUAX

B KOHTpOJIBHOM BapuaHTe Macca MpopocTKOB cocTanisia 0,53 Mr Ha 7 CyTKH,
0,54 mr Ha 12 cytku. B mpucyrcTBUM HaHOYACTUIl MAapTUH M ¢ KOHILeHTpauuen 4,2
Mr/JT yBEIMYIMIIA Maccy popocTkoB Ha 12 cytku jmo 0,08 mr. YacTtumel maptuu XK ¢
KOHIIEHTparuen 5,35 mr/n yBeauunimu maccy Ha 12 cytku g0 0,07 mr. Yactuisr M B
KOHIEHTpaIwu 4,2 Mr/J1 CTUMYJIUPOBAIM HA0OP MAacChl MIPOPOCTKOB HA JIOCTOBEPHOM

YPOBHE O YeM CBUJCTEIbCTBYET 3HaucHHE KpuTepus CThiofenTa (Tadmuma 11).

Tabmunma 11 — CpaBHuTEnbHash OLEHKA NPOpacTaHUs CEMSH Kpecc-cajara MpH
BO3JCHCTBUM CYCHEH3UM 4YacTHll (EeppUruipuTa pa3inyHOW KOHIEHTPALUU C

KOHTPOJIbHBIM BAPUAHTOM 110 KpuTepuro CThroIeHTa

KonnenTpanus

7 CyTOK 12 cyrok

beppuruaputa
M 4,2 mr/n
M 8.4 mr/n
K 5,35 mr/n

K 10,7 mr/n
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Ananoruusbiil 3¢ ¢dekT ycTaHoBIeH U i yacTull naptuu JK B KOHIEHTpALUU

5,35 mr/m.

3.2 OueHka JeiicTBUsI OHOreHHBIX HaHoYacTull ¢eppuruapura Ha
pecTeHHne Kpecc-cajaT MeTOA0M HHAYIUPOBAHHON XeMHIIOMHHECLEHIIUH

3.2.1 JIroMuHOJ3aBUCUMAS XeMHUJITIOMHUHECIIeHIIUS

N3yuenne BO3MOXKHOTO ACHCTBUSI OMOT€HHBIX HAaHOYACTHI] (heppUTHIpUTa Ha
WHTEHCUBHOCTh WHIYIIMPOBAHHON XEMIUIFOMUHECIICHIIMN  aHAM3UPOBAIM  HA
npuMepe JIIOMHUHOJI3aBUCUMOM  XEMUJIIOMUHECIICHTHOW  aKTUBHOCTU. AHamu3
MIPOBOJIAJIA Ha TPOPOCTKAX Kpecc-caiaTa Ha 6 U 8 CyTKH BbIpallMBaHUs.

B xoxe nccnenoBaHus onpeaessuii CASAYIOMNE XapaKTePUCTHKH:

1. Bpewms Bbixo/1a Ha MexaHU3MBI (T MUH)
2. MakcumanbHOe 3HaueHre nureHcuBHocTH (I max)
3. Ilromaap Mo KPUBOM — CBETOCYMMY (S)

J11st m3ydeHust MPOPOCTKH U3 BCEX BAPUAHTOB OMBITA PA3ICTUIH 110 YaCTSIM:
KOPEHB, OCTaTKH CEMEHH, CTEOEIh, JIUCT.

AHanu3 pe3ynbTaToB 10 BPEMEHN MAaKCUMAIbHOW BCTIBIIITKY TTOKA3aJT

cienyromee (pucyHok 8, 9)
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M 4,2 mr/n
o
> B KoHTponb
H Bpems
KopeHb Cema Crebenb Jnct
Yactu pacreHms
M 8,4 mr/n
o
> B KoHTponb
M Bpems
KopeHb Cems Crebenb Nuct
Yactu pacteHus
K 5,35 mr/n
o
> B KoHTponb
M BpemA
KopeHb Cems Crebenb Nuct
Yactu pacreHusa
7K 10,7 mr/n
o
> m KoHTponb
H BpemA
KopeHb Cemsa Crebenb Jnct
Yactu pacreHus

Pucynok 8 — Bpems Bbixoaa Ha MmakcuMyM (TMax, MUH) TIpH
JIFOMHUHOJI3aBUCHMOUN XEMUIIFOMUHECLIEHTHOM aKTUBHOCTHU IMPOPOCTKOB Kpecc-caiaTta

(6 cyTOK) B MPUCYTCTBUU OMOTEHHBIX HAHOYACTHUII (PeppUTHIpUTA
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M 4,2 mr/a
]
> B KoHTponb
M BpemA
KopeHb Cems Crebenb Jnct
Yactu pactreHua
M 8,4 mr/a
o
> B KoHTponb
M BpemA
KopeHb Cems Crebenb Nnct
Yactu pacreHua
K 5,35 mr/n
o
> B KoHTponb
H Bpems
KopeHb Cema Crebenb Jnct
Yactu pacteHus
K 10,7 mr/n
o
> B KoHTponb
M BpemA
KopeHb Cemsn Crebenb Nucr
Yactu pacreHus

Pucynok 9 — Bpems Bbixoaa Ha MmakcuMyM (TMax, MHUH) TTpH
JFOMHUHOJI3aBUCUMON XEMITIOMHHECIICHTHON aKTHBHOCTH MPOPOCTKOB Kpecc-caiaTa

(8 cyTOK) B IpUCYTCTBUU OMOTEHHBIX HAHOUACTHUL] (PeppUTUIPUTA
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Y mOpopocTkoB 6 CyTOK B MPU3EMHOW dYacTu (CTeOenh W JIMNCT) 3HAYCHUS
nokasatenst ObUIM OJIM3KMMH BO BceX BapuaHTax. OTiInM4aeTrcs B KOPHE UM OCTaTKax
CEMEHU BpPEMS PEaKLMU OMbITa KOPOUE, HO TOCTOBEPHBIX OTIMYUNA HE OBLIO.

Ha 8 cyTku ombITa B KOpHE U cTebsie oTimyaercsa Oosiee ObICTpas peakius B
IPUCYTCTBUM HAHOYACTHIl, B CEMEHU — Oojiee IJIMHHBIE, B JHUCTE — IOKA3aTEIH
cTaOWiIbHBIC, 32 UCKIIOYCHHEM BapuaHTa ¢ Majol KoHueHTpauued wactuny M. Ho
BBISIBJICHHBIE M3MEHEHMsSI HE MMEIHM JOCTOBEPHBIX OTIMYMM 10 KPUTEPHUIO
VY UIKOKCOHa.

MakcumanbHOe 3HAYEHUE MHTEHCUBHOCTHU JIOMHHOJI3aBUCUMOM
XEMUJIFOMUHECHEHTHONW aKTUBHOCTH B TKAHAX IMPOPOCTKOB CEMsIH ObLIM CXOJHOM Ha

6 CYTKH BO BCEX YAaCTSAX PACTCHHUS U B KOKIOM BapuaHTe onbiTa (pucyHok 10, 11)
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M 4,2 mr/a
o
> B KoHTponb
H umnynabC
KopeHb Cema Crebenb Jnct
Yactu pacreHus
M 8,4 mr/a
o
> B KoHTponb
H umnynabc
KopeHb Cems Crebenb Nuct
Yactu pacreHua
K 5,35 mr/n
o
> B KoHTponb
H umnynbc
KopeHb Cems Crebenb Nnct
Yactu pacreHua
7K 10,7 mr/n
o
> B KoHTponb
B ymnynbe
KopeHb Cema Crebenb Jluct
Yactu pacreHus

Pucynok 11 — MakcumalibHOE 3HaUeHHEe HHTeHCHBHOCTH (Imax, umi)
JFOMHUHOJI3aBUCUMON XEMITIOMHHECIICHTHON aKTUBHOCTH MTPOPOCTKOB Kpecc-caaTa

Ha 6 CyTKH B IPUCYTCTBUU OMOTCHHBIX HAHOYACTHUL] PEPPUTUIPUTA
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M 4,2 mr/a
o
> B KoHTpOAnb
H ymnynbc
KopeHb Cema Crebenb Nnct
Yactu pacreHusa
M 8,4 mr/a
o
> B KOHTpOANb
H ymnynbc
KopeHb Cema Crebenb Jlnct
Yactu pacreHus
K 5,35 mr/n
o
> B KoHTponb
B vmnynbe
KopeHb Cemn Crebenb Nuct
Yactu pacreHusa
7K 10,7 mr/n
)
> B KoHTpOnb
B ymnynbc
KopeHb Cems Crebenb Nuct
Yactu pacreHusa

Pucynok 11 — MakcumalibHOE 3HaYeHHEe HHTeHCHBHOCTH (Imax, umim)
JIFOMHUHOJI3aBUCUMOMN XEMUIIFOMUHECHIEHTHOM aKTUBHOCTHU IMPOPOCTKOB KpeCc-caiaTa
Ha 8 CYTKHM B MPUCYTCTBUH OMOTCHHBIX HAHOYACTHIL (PEPPUTUAPUTA
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Ha ocHoBe aHann3a JTFOMHHOJI3aBUCUMON XEMUIIOMUHECIIEHTHON aKTUBHOCTHU
MIPOPOCTKOB Kpecc-cajlaTa B MPUCYTCTBUU OWOTCHHBIX HAHOYACTHI] (HEePPUTHUIPHUTA

BBISIBUJIM CJICAYIOIIHE 10 TIOKAa3aTeII0 CyMMapHO# miomaau (pucyHok 12, 13).
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M 4,2 mr/a

e.

B KoHTpOnb
mS
KopeHb Cems Crebenb Nuct
Yactu pacreHuma
M 8,4 mr/n
o
> B KoHTponb
mS
KopeHb Cemsa Crebenb Nucer
Yactu pactreHuma
K 5,35 mr/a
]
> B KoHTponb
mS
KopeHb Cema Ctebenb Jluct
Yactu pacteHuma
7K 10,7 mr/n
o
> B KoHTponb
mS
KopeHb Cems Crebenb Nncer
Yactu pacreHusa

Pucynox 12 — Cymmapnas mionaab (CBETOCyMMa), Y. €. JIIOMHUHOJI3aBUCUMOM
XEMIJTFOMHHECIIEHTHOM aKTUBHOCTH MPOPOCTKOB Kpecc-canara Ha 6 CyTKH

HKCIIEPUMEHTA B MIPUCYTCTBUHM OMOT€HHBIX HAHOYACTHII (peppUruapura
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M 4,2 mr/a

o
> B KoHTpOnb
mS
KopeHb Cema Crebenb Nucr
Yactu pacreHus
M 8,4 mr/a
o
> B KoHTponb
mS
KopeHb Cems Crebenb Nuct
Yactu pacteHua
K 5,35 mr/a
o
> B KoHTponb
mS
KopeHb Cema Crebenb Nuct
Yactu pacteHua
K 10,7 mr/n
o
> B KoHTponb
mS
KopeHb Cems Crebenb Nuct

Yactu pacreHua

Pucynox 13 — Cymmapnas miomaab (CBETOCyMMa), Y. €. JIIOMUHOJI3aBUCUMOM

XEMUIIOMUHECIIEHTHOM aKTUBHOCTHU MTPOPOCTKOB Kpecc-caiaTa Ha 8 CyTKU

HKCIIEPUMEHTAa B MPUCYTCTBUH OMOTE€HHBIX HAHOYACTUL (heppUTHAPUTA
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Bo BCEX BapuaHTax BBISIBUJIN rpajaluo UHTEHCUBHOCTH
XEMUWIIOMUHECIICHTHOM aKTUBHOCTH IO YacTAM pPACTEHHS: C IOCTENEHHBIM
CHI)KECHHEM OT KOPHS K JIHMCTY. UTO CBSI3aHO C PE3UCTEHTHOCTHIO Pa3HBIX YACTEH K
NEPEKHUCHOMY OKHCICHHUIO C 3aKPBITOM aHTHOKCHUAAHTHOM CHCTEMOM, OCOOEHHO B
IIPU3EMHOM 4aCTH MPOPOCTKOB.

[Ipu neficTBUM OMOTE€HHBIX HAHOYACTHUIL BBISIBJIECH MPOOKCUIAAHTHBIN 3PPeEKT y
IPOPOCTKOB Ha § CYTKH Ui O00OMX mMapTuil dacTull. J[OCTOBEpHOCTH YBEIHMYEHUS
CYMMAapHOH IUIOIIAIX 10 OTHOILIEHUIO K KOHTPOJIIO NOATBEPKAACTCS NPUMEHEHUEM
napHoro kpurepus YwikokcoHa P<0,05. B HaumeHbLIEH CTENEHW MPOSBUIACH
peakuysi B KOpHE MPOPOCTKOB, I'7I€ aKTUBHOCTh ObLJIa HA MaKCMMaJIbHOM YPOBHE B
ONBITHOM M KOHTPOJBHOM BapHaHTAaX, U B JIMCThAX, MMEIOIIMX HU3KOE 3HAYCHHUE
XEMUIIOMUHECIIEHTHOM aKTUBHOCTH B CBSI3U C 3aIlIUTHOM MPOOKCHUJAHTHON CHCTEMBI
ACCUMWIALIMOHHBIX TKaHel. B HauOosbliedl cTeneHu NpOOKCUAAHTHBIM 3QexT
IPOSBIISUICA B CEMEHH.

Takum  00pa3oM  HccIeOBaHUE  XEMHWJIIOMHUHECHEHTHOM  aKTUBHOCTH
IPOPOCTKOB Kpecc-cajlaTa B NMPUCYTCTBUM OMOTEHHBIX HAHOYACTHIL] (EeppUTHIPUTA
MOKA3aJIM YCTOMYMBOCTh IPOPOCTKOB Ha 6 CYTKM M CHWIKEHHE MEXaHW3Ma IepexBara
OKCUJAaHTa Ha 8 CYTKH. YPOBEHb XEMUIFOMUHECLIEHTHON aKTHBHOCTH YMEHBILIAETCS
OT KOpHEH 10 JIMCTBEB BO BCEX BAPUAHTAX 3KCIEPUMEHTA, YTO COOTBETCTBYET
KJIACCUYECKAM  MPEICTABICHUSM O  CJIOKHOM  MEXaHU3ME  3alIUTHOMN
AHTHOKCUJAHTHON CHCTEMBI B TKaHSX, IJle MPOUCXOAAT mpouecchl poTocunTesa. [lo
Mepe yBEIMYEHMs BO3pacTa MPOPOCTKOB Kpecc-canara o BUAUMOMY HAKaIUIUBACTCS
BO3JICCTBHE HAHOYACTHUI, YTO MPOSIBISETCS AHTUOKCUJIAHTHOM »Hddexre y

MPOPOCTKOB 8 CYTOK.
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3AKJIIOYEHUE

[IpoBeneHHbI aHaIM3 Ha Kpecc-cajaTe B MPUCYTCTBUM  OMOTCHHBIX
HAHOYACTHI (PeppUTHAPUTA TIO3BOJIUI CACNAThH CIEIYIOIINE BEIBOIBI:

1. B  SKCIEpUMEHTAIBHBIX YCIOBHSX HE OTMEUEHO JOCTOBEPHOIO
BO3JIEUCTBUSI OMOTEHHBIX HAHOYACTHI] (heppUTHIpUTa HA SHEPTUI0 MPOpacTaHus U
BCX0KECTh CEMSIH Kpecc-callara,

2. [IpucyrcTBue OHUOTEHHBIX HaHOYACTUIl (EppPUTHIPUTA HE H3MEHSET
CKOPOCTH JIMHEMHOrO0 pOCTa MPOPOCTKOB Kpecc-canara. g Macchl MpPOPOCTKOB
3apETUCTPUPOBAH CTUMYIUPYIONIUN 3G (EKT AJIsl MAJIbIX KOHIEHTpauu yactui M u
K na7 cyTky,

3. [Io paHHBIM JIFOMHUHOJI3aBUCHMOM XEMUJIIOMUHECLEHIIMH BBISIBJICHO
OTJINYME YaCTE€W pacTEHUs] C IMOCTEIECHHBIM CHUXEHUEM AKTUBHOCTH OT KOPHS K
JIUCTY B KOHTPOJIbHOM M ONBITHOM BapHUaHTax Ha 6 CyTKH U B ONBITHOM BapHAaHTAX Ha
8 cyTku. B xopHEe mpopocTKa 3aperucTpupoBaHa CTaOWIHHO BBICOKAss aKTUBHOCTH B
ONBITHOM M KOHTPOJIbHOM BapHaHTax;

4, buoreHHple HAHOYACTHUIBI  BBI3BIBAIOT MPOOKCUIAHTHBIN 3 (DEKT,
nposiBisitoluiics Ha 8 cyTku. [lo BUAMMOMY 3TO CBSI3aHO CO CHM)KEHHMEM pPabOThI

3alIUTHOM AaHTUOKCHIAHTHOM CHUCTEMbI B TKAHSIX IMPOPOCTKOB.
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