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PEAKIINSI HEKOTOPBIX AHTUOKCHUJAHTOB IIPOPOCTKOB SAYMEHSA HA
KNCJHOTHBIN NOKAb M BUBPO3BYKOBOE BO3JENCTBUE
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ITpoBezeHO HcceOBaHE BJIUSHEST MOJEIbHOTO KucaoTHoro noxas (MK/]) u BuOpo3Byka Ha HaKOILIEHUE
HEKOTOPBIX aHTHOKCHIAHTOB. Y CTAHOBJIEHO, YTO OJHOKpaTHast o6paborka pacrenuii MK/l (pH=1,8) nosbi-
[IAeT COJlEPIKAHKe ACKOPOMHOBOW KHCJOTBI, PYTHHA, aHTOIIMAHOB, KADOTHMHOUIOB B ITPOPOCTKAX SYMEHSI
o6bikHOBeHHOTO. BuGpo3syk ¢ yacroroii 30 - 60 Tir ¢ ammutynoii MukposuGpatuu 2,8 — 54 mxm npu 30-
BO3/IEVICTBUY CTUMYJIMPYET HAKOIUIEHHE KUCJIOT CUCTEMBI acKopbara U pyTHHA.

Knmioueevie crosa: Kuciomuviii 003#c0b, 6UOPO3BYK, ACKOPOUHOBAS KUCIOMA, PYMUH, AHMOUUAHDL, KAPOTMUHOUObL

Bubpoakycrudeckoe BO3leiicTBIE KM POCT KH-
CJIOTHOCTU aTMOC(EPHBIX OCAZIKOB — OJHU U3 OCHOB-
HBIX TPOGJIEM COBPEMEHHOCTH. TEPMUHOM <KHCJIOT-
Hble JOKIW» HA3bIBAIOT BCE BUJBI METEOPOJIOTHYE-
CKMX OCaKOB — [IOXJb, CHET, OX/b CO CHETOM,
rpaz, tyma, — pH koTopbix MeHbIle, 4YeM cpeiHee
snayenue pH moxkmesoit Bomer (pH 5,6) [2]. Illymo-
Boe (AKyCTMYeCKOe) U AUHAMUYecKoe (BUOPAIOH-
HOE) BO3JEHCTBUS ABJISIOTCS PE3yJbTaTOM KoJieha-
HUS TeJI, TlepelaBaeMOTO HETOCPEJCTBEHHO WJIU 4e-
pe3 raszoobpasHbie, JKUIKHE W TBepAbie cpeibl (Oro-
cpenoBaHHO). OCHOBHBIM HCTOYHUKOM TaKUX BO3-
NeHCTBUI SABJSETCS aBTOMOOUJIBHBINA (3a IOCIenHNe
100 JieT KOJMUECTBO aBTOMOGHIIEH BO3POCIO GoJiee
yem B 1000 pa3z) [1] u Kene3HOAOPOKHBIN TpaHC-
MOPT, a TaKyKe BO3AYIIHBIM TPAHCIIOPT, MPOMBIIIIEH-
Hble TPEANPUATHS, CTPOUTEIbHbIE MAITUHBI U MeXa-
HU3MBL. B CBSI3U POCTOM TEXHOTEHHOW HArpy3Ku Ha
JKMBbIE OPTraHU3Mbl OCOOEHHO AKTyaJbHBIM SIBJISIETCSI
U3ydYeHHe MEXaHU3MOB UX aJanTalii K HebGJaaronpu-
aTHpIM akTopaM cpenibl. V3BecTHO, 4TO pacTeHust
06/12/1a10T Pa3HbIMKM CHCTEMaMH 3alUThl OT HEraTHB-
HOTO BO3JICHCTBUS OKPY’KAIOIIEH Cpe/ibl: yBeJUYnBa-
eTcsl coJiepKaHue TaKUX AHTMOKCHIAHTOB, KaK ac-
xopbunosas xucaora (AK), pyrus, ¢uaBoHsl, moJm-
denonphbie coenunenust [11-13, 15, 18]. Oxnaxo 10
CUX TIOp MeXaHW3Mbl (DYHKIIMOHUPOBAHUS CHCTEM
AHTUOKUCIIUTENIEN Y PaCTeHU U3y4YeHbl HEJ0CTaTOu-
HO. J[aHHbIE TI0 BJAMSHUIO KMCJIOTHOTO JOXK/IS U BUO-
POAKYyCTUYECKOTO BO3/EHCTBUA HA PACTEHUS MAJo-
yncaeHHbl. lenpio gaHHOTO HCCae0BaHUS SBUIOCH
usyuenue peiicrsusg MKJ u BubposByka Ha comep-
JKaHUEe AHTUOKCUAAHTOB (ACKOPOMHOBOW KHCJOTHI,
PYTHHA, KapOTWMHOWZOB U AHTOIIMAHOBBIX IMUTMEH-
TOB) B OHTOT€HE3€ PaCTEHUN.

B kauectBe 00BEKTa MCCIIEMOBAHUS WCIIOJIB30BA-
JIUCH TIEpBBIE JUCThI 5-10 — JHEBHBIX MPOPOCTKOB
suMeHs1 oObikHOBerHOrO (Hordeum vulgare L.) copta
Posanp, BbIpaiiieHHble HAa CBETY WHTEHCHBHOCTBIO 5
Ix/m?c B ycranoske TKII — 1 MJIOPA. Pacre-
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Hus nozaseprasuck obpaborke MKJ[ ¢ pH=1,8. B
COCTaB pacTBOpa Mojean BXomuiu 1%-bie pacTBOPbHI
CepHOH, consiHoM M azornHoil kuciaor [17]. IlepBas
rpymma pacrenuii obpabarsiBasach MK/ Tosibko Ha
S cyTku (Ilepell aHAJIM30M U CIIyCTs /Ba 4aca). Bro-
pasi — eXeIHEeBHO C IOSIBJIEHUsI TIEPBbIX BCXO/OB B
Teyenue 10 cyTOK nepes aHAJIM30M U Yepe3 J[Ba yaca.
Bubpossyk cospaBancs anmaparom <Butadon» TY
= 9444 - 003 — 33159359 — 95 B pexume 1 mpu
aMIIMTyie MUKpoBubGparmu 2,8 - 54 MKM ¢ 4acro-
toit 30 — 60 T AnmapaT KOHTaKTHBIM CIIOCOOOM
BO30YKIaeT MUKPOBUOPAIMIO TKaHEH TOCPeICTBOM
HENPEepbIBHO ~ MeHsAomIeicss  dactorbl.  M3meHnenue
YacTOThI B 33/IAHHBIX IPeJiesiax U TepPexXoJ ¢ OIHOTO
JUana3oHa Ha JPYroil TPOUCXOAUT ABTOMATHYECKU
no mporpamme. Kosmuectso ackopbunosoii (AK),
neruapoackopburosoit (JIAK) u aukerorysoHoBoii
(AKI'K) xucior omnpeneisiiv  KOJIOPUMETPUUECKU
[9], comepskanne acKOpOGMHOBOW KUCJIOTHI U PYyTHHA -
turpomerpudeckn [10], aHTOIMaHOBBIE TTUTMEHTHI
[7] n xapotunouzst [10] — cekTpodoToMeTpruYecKy.
ONbITHl TIPOBOAMIN B JABYX GHOJIOTMYECKUX MOBTOP-
HOCTSIX M BOCHpousBoauiuch 2-6 pa3. Ilosyuenubie
naHHbie 06paboTaHBl CTATHCTHYECKM METOJOM — Tap-
HBIX CPAaBHEHWII W TIPEJCTaBJIEHbI B BUJE CPEIHUX
apupMeTHYecKUX 3HAYEHUT.

B xome wuccrenoBaHus BIMSHUS OJHOKDPATHON
obpaborku MK]I Ha coxep:aHue HEKOTOPBIX aHTH-
OKCU/IAHTOB B TIPOPOCTKAX STYMEHST OOBIKHOBEHHOTO
6bI0  TOKaszaHo, 4to yposeHb AK Obnl BbIle B
OMBITHBIX BapPUAHTAX U MAKCHMAJBHBIA TIyJ HabJIo-
nanca y 10-gueBHbIX TpopocTkoB (puc. 1). Camoe
BbICOKOe coziep:kanre AK oTMmeuyeHO B JHMCThSAX pac-
TEHWI TepBOI OMNBITHOW TPYMITbL. DTO CBUJIETEJHCT-
BYeT O TOM, YTO 3AlIUTHbIE PEAKIINU PACTEHWIl MPHU
neictBu Ha Hux crpeccopa MK/l mpoucxomar
o4yeHb OBICTPO (B TEYEHHWE MUHYT) W TIPOTEKAOT Ha
ypoBHe akTuBaruu antuokcuganta AK [14].

IH/IOTEHHBIII YPOBEHb AHTOIMAHOB ObLT TaKKe
BbINlle y ONBITHBIX rpymnn (puc. 2). OTBeTHas peak-
nusa pacrenuwii Ha geiicrsue MK]I Obuia cusibHee
Yyepes3 [[Ba Yaca IPHU MOBTOPHOM IOJINBE, YeM B IEP-
Bble MWHYTHI BO3[eCTBUS. AHTOIIMAHOBAS WHIYK-
IMsT, BO3MOYKHO, CITOCOOCTBYET MOCTETEHHON afamnTa-
U PACTUTEIBHBIX OPTAaHU3MOB K TE€M WJIM WHBIM
CTPECCOBBIM yCJIOBUSIM [6].

247


mailto:golowina@mail.ru

IIpobaemvl npuKIaAdHOIU IKOLOZUU

—— cpasy Hoce noEa
-~ uepes 2 uaca

= KOHTPOIIb

0 Boapacr, cyTku
0

Puc. 1. Bimanue ogHOKpaTHOI 06pabOTKU MOJIe/Ib-
HbIM KucJI0THBIM A0k1éM (pH 1,8) Ha comepxanue
AK (MKT/T) B JIUCTBSIX TIPOPOCTKOB STYMEHST OOBIK-
HOBEHHOTO

Mrir

0,06

0,05

0,03 - rnocne MNoJuB
T 77 uepes 2 waca

= KOHTPOJIb

0,02

0,01

0 T T BospacT, cytkn

Puc. 2. Biusnue ofHOKpaTHON 06pabOTKH MOENb-
HbIM KucaoTHbBIM noxzaéM (pH 1,8) Ha coxmepskanue
AHTOIIMAHOB (MT/T) B JIMCTBSIX IPOPOCTKOB SYMEHS
0OBIKHOBEHHOTO

— cpasy noczne nonusa

o8 /_‘ -~ uepes 2 waca

= KOHTPOJIL
0,6

0.4

0,2

0 Bospacr, cyrki

Puc. 3. Biuanue omHOKpaTHOH 0OpPabOTKE MOJE/b-
HbIM KucyaoTHbIM goxzaéM (pH 1,8) Ha coxmepskanue
KapOTUHOU/IOB (MT/T) B JIMCTbSIX MPOPOCTKOB SUMe-
HSI OOBIKHOBEHHOI'O

B xozme uccmenoBaHys BAUSHUA OZHOKPATHOI obpa-
6orkn MK/l Ha cozmepskanue KapOTHHOWIOB B TIPO-
pPOCTKaX sYMeHsI OOBIKHOBEHHOTO OBLIO IOKa3aHO
(puc. 3), 4TO UX ypOBEHb B OIBITHOM BapuaHTE B 2
pasza IPeBOCXO/UJI KOHTPOJIbHBIN B TEPBble MUHYTHI
mocJsie moauBa U B 1,5 pasa mpu MOBTOPHOM BO3J€l-
crBun MK/[ cryctss nBa uaca. IloBbimennoe copep-
JKaHue KapOTHMHOWIOB, BEPOSTHO, OOBSCHSETCS WX
y4acTeM B MeXaHW3MaX 3aluThl (OTOCHMHTETHYE-
CKOTO armapara OT Pa3JIMYHbIX TOBPEXIAONNX (ak-
TOPOB OKpysKkatomeir cpensl [8, 16]. Anamornunas
3aKOHOMEPHOCTh OTMeYeHa W B HAKOILJIEHUU PYTUHA.

B xone uccieoBaHus BJAVSHUS €XKeIHEBHON 00-
paborkn MK Ha cojepskaHie aHTOIMAHOB B MPO-
POCTKax sTYMeHsT OOBIKHOBEHHOTO ObLIO IOKa3aHO
(puc. 4), 4TO WX ypOBeHb B OMNBITHBIX BapHaHTaX
OB HUYKE KOHTPOJIBHOTO ¢ MaKCUMAJIBHON pasHUTIEit
ua 10-e cyrku (B 3,5 pasza). [losyueHHbie JaHHBIE 11O
BJIMSTHUIO MHOTOKpaTHOi oGpaborkn MK/ Ha apy-
rue anTuokcuaanTel (AK, pyTMH U KapOTMHOW/IBI)
HEO/IHO3HAUHBI U TPEOYIOT MabHENIIero aHainsa.

Taxkum 06pa3oM, oHOKpaTHast 06paboTKa pacte-
HUU MOJIEJIbHBIM KUCJOTHBIM JOKIEM TOBBINIAET
cojiep;KaHue HUCCJeNyeMbIX aHTHOKCHIAHTOB (aCKOp-
OGUHOBON KHMCJIOTBI, PYTHUHA, AHTOIMAHOB, KAPOTHU-
HOUJIOB) B IMPOPOCTKAX sIYMEHST OOBIKHOBEHHOTO, a
exenneBHoe BoznelictBue MKJl cHukaer ypoBeHb
AHTOIMAHOBBIX ITUTMEHTOB.

[Tpu m3ydyeHUn BJIUSAHUS BUOPO3BYKA C YaCTOTON
30-60 TI'm ¢ ammmuTyzoil Mukposubpaimu 2,8-5,4
MKM Ha cojlepXKaHue KHUCJIOT CHUCTEeMbI ackopbaTa B
JIUCTBAX SYMEHsT OBbLJIO TIOKA3aHO, YTO JKCIO3UIUN
0,5, 1 u 5 mun cumwkanu coxgepxanve AK, JAK,
JOKTK u oHO 6bLIO B CpeAHEM HUXE KOHTPOJIbHOIO
B 1,2 pasa (puc. 5), 30-MuHyTHOE BHOPOAKyCTHYE-
CKOe BO3/IEHCTBUE CTUMYJIMPOBanIO HakorseHue AK
y STYMEHs, TIPUYEM, TIOBBIIIEHUE YPOBHSI BOCCTAHOB-
nennoir ¢popmbr AK (B 1,3 pasa mo oOTHOIIEHWIO K
KOHTPOJIIO) COIPOBOKIATIOCH YBEJTMYEHNEM ee OKHC-
snennbix opm (JAK — 8 1,5 u IKTK — B 1,6 pasa)
(puc. 6), 4TO yKa3bIBAaeT HA OJIHOBPEMEHHO WYIINE
mporecchl GrocuuTesa W ucnoab3oBanus AK. Us-
BECTHO, UTO HeGIaronpusaTHbIe (PaKTOPBI, a B JAHHOM
ciayyae 510 30-MuHYTHas BUOPO3BYKOBass 00paboTKa,
CTOCOOHBI  BBI3BATH Y PACTEHWH  OKHMCIUTETbHBIH
crpecc [3, 5], KOTOpbIii, BO3MOKHO, U MPUBEJ K yBe-
JINYEHUIO IyJIa TAKUX AHTUOKCHUIAHTOB, KaK acKoOp-
OGUHOBAST KUCJIOTA.

mr/r
0,035

0,03
0,025

0,02

— cpasy nocrie o6padoTKi

0015 --- ucpes2uaca

= KOHTPOIL

0,01

0,005

0 Bospacr, cyrit
5 6 7 8 9 10

Puc. 4. Biusanue exenneBHoil oOpaOOTKM MOIEJIb-
HbIM KucaoTHbIM aoxaéM (pH 1,8) Ha coxmepskanue
AHTOIIMAHOB (MT/T) B JIMCTBSIX IPOPOCTKOB SYMEHS
0OBIKHOBEHHOT'O

Takum obpaszom, Bubpo3Byk ¢ yacroroil 30-60 Ty
u skcrosunyeii 30 MUH MOBBIIIAJ HOBOOOpa3oBaHUE
BOCCTAHOBJEHHON (hOPMbI ACKOPOUHOBOM KUCIOTEL, a
TaKKe ee WCIOJIb30BaHUE B 3alIMTHBIX PEAKIUSAX
pacTeHuii, 0 4eM CBHUJICTEIBCTBOBAJI POCT OKHUCJEH-
HBIX (OPM — IErHIPOACKOPOMHOBOI M UKETOTYJIO-
HOBOU KUCJIOT.

B xome wccnenosanmii BAuAHUS BUOPO3BYKa Ha
cojiepsKaHne PYTHHA B JINCThAX AYMEHS OBLIO TOKa-
3aHo, 4T0 sKcnosunuu 0,5-15 MUH CHWIKATM YPOBEHD
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pyruna B cpenHeM B 1,2 pasa, B TO BpeMs KakK IIpU
20-30-MUHYTHOM BO3/EHCTBUM BUOPO3BYKOM KOJIH-
YecTBO PyTHHA B OINBITHOM BapuaHTe B 1,3 pasa mpe-
BOCXOJIUJIO KOHTPOJIb (puc. 7). D10 MOTIO 6bITH 06y-
CJIOBJIEHO OKUCJIUTETbHO-BOCCTAHOBUTENBHON (DYHK-
1ueil TaHHOTO COeMHEHUs, KOTOPasl CBSI3aHA C [IPY-
UMY OKHCJIUTENbHO — BOCCTAHOBUTEJIHHBIMHU CHCTE-
MaMH, a UMEHHO CUCTEMOI KUCJIoT ackopbara [4].

—o—[IKTK (onwiT) —[KTK (koHTpors)

,,,,,, o JIAK (onbi) == =« =« IAK (rorTpons)
~ o K lomsim) = - — - AK (KoHTpons)
MKt 15

Puc. 5. Biusinue subpossyka (uacrora 30-60 T,
amrutyaa 2,8-5,4 mxm) Ha comep:xanne AK, IAK u
AKI'K (MKr/r) B JUCTbSIX MPOPOCTKOB SYMEHS
00BbIKHOBEHHOTO. Jkcno3unusd - 0,5 - 5 MuH.

MKT/T

14

12

1

8

o OmbIT

6 " KOHTPOJIb
4

2

0

AK JAK JIKI'K

Puc. 6. Biusnue subpossyka (uacrora 30-60 T,
amriutyaa 2,8-5,4 mxm) Ha comep:xanune AK, IAK u
AKIK (MKr/r) B JUCTBSIX MPOPOCTKOB SYMEHS
0OBIKHOBEHHOT0. JKcro3uiusd — 30 MuH.

MKI/T

——mpT - KOHTpONp | Bpes, Mtk

Puc. 7. Biusinue subpossyka (uacrora 30-60 T,
ammmatyna 2,8-5,4 MKM) Ha colepXKaHue pPyTUHA
(MKI/T) B JIUCTBSAX IIPOPOCTKOB STUMEHs OOBIKHOBEH-
Horo. Jdxcrozunmg - 0,5-30 mun

Takum o0OpasoM, BHOpPO3ByKOBas 00paboTKa ¢
yacroroir 30-60 T'ny ¢ aMmmTyn0oi MUKpOBHOpaIUn

2,8-5,4 mxMm B Teuenue 0,5, 1 © 5 MUH CHUXKAET CO-
nepxanne AK, JAK, IKI'K, a 0,5 — 15 MuH akcro-
3UIIMM — U YPOBEHb PYTHHA B TPOPOCTKAX SUMEHSI.
C yBesqnueHneM BpeMeHU BUOPO3BYKOBOTO JIEHCTBUS
ot 20- 30 MUHYT KOJIMYECTBO PYTHHA TIOBBINIAETCS, &
30-MUHYTHOE BO3JIENICTBUE CTUMYJUDPYeT TaKKe Ha-
KOIIJIEHVE KMCJIOT CUCTEMBI ackopbara.

CiiemoBatesibHO, MEXAHU3M AMANTAIUN ONBITHOTO
pacreHust ssuMeHsl OOBIKHOBEHHOTO K CTpeccy, KOTo-
phIii MOT OBITH BBI3BAH MOJIEABHBIM KHCJIOTHBIM JI0-
KIeM U BUOPO3BYKOBBIM BO3/IEHCTBUEM, MPOSIBJISET-
Ccs1 B AKTUBHOM CHHTE3e AHTHUOKCUIAHTOB U OIHO-
BPEMEHHOM WX WCIOJb30BAHUU HA JIETOKCUKAIIUIO
MIPOYKTOB OKHCJIUTENBHOTO CTPecca.
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REACTION OF SOME ANTIOXIDANTS OF BARLEY SPROUTS
TO ACID RAIN AND VIBRATION-SOUND INFLUENCE

© 2011 E.Yu. Golovina, A.A. Volodina

Kant Russian state university, Kaliningrad
Atlantic branch of Shirshov Oceanology institute of RAS, Kaliningrad

Research of influence of modeling acid rain (MAR) and vibration-sound on accumulation of some anti-
oxidants is carried out. It is revealed that momentary processing of plants by MAR (pH=1,8) raises the
content of an ascorbic acid, routine, antoceanes, caratinoids in barley sprouts. Vibration-sound with fre-
quency of 30-60 Hz and microvibration amplitude of 2,8-5,4 microns at 30-influence stimulates accumula-
tion of acids of ascorbate and routine system.

Keywords: acid rain, vibration-sound, ascorbic acid, routines, caratinoids
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