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[Tpon3BoicTBO (YHKIIMOHABHBIX MPOAYKTOB SIBJISCTCS aKTyalbHOU 3a/iauei JUisi COBPEMEHHOM TTH-
IIE€BOH MPOMBILUICHHOCTH. bombIol HHTEpec npeACTaBIsAIOT paboThl MO CO3JaHUI0, BHEAPEHHIO U TPO-
M3BOJICTBY HOBBIX BHJIOB (DYHKITMOHAIBHBIX MIPOIYKTOB HA OCHOBE MTPOPOIIEHHOTO 3epHa [1].

IIpopoiiieHHOE 3epHO — 3TO HaTypajbHbIN, NPUPOJHBINA NPOAYKT. Bece mosne3Hbie BellecTBa B HEM
HaXOJISTCS B €CTECTBEHHBIX, COaTaHCHPOBAHHBIX KOJIMYECTBaX U codeTanusx [2]. [ist mepeBoga HepacT-
BOPUMBIX, TNIOXO TIEPEABUTAIOINXCS CIIOKHBIX OPTaHUYECKUX BEIIECTB — OCJIKOB, )KUPOB, MOJUCAXaAPH-
JIOB 3€pHA — B PACTBOPUMBIE COEIMHEHMUS, JIETKO NCIIOIh3yeMBbIe JIJIsl TUTAHUS 3apOJIbIIa, HEOOXOIUMBI
(depmentsl. [log BrusHEEeM HaOyxaHUs 3epHa B BoJe ()EPMEHTHI MEPEXOAAT B aKTHBHOE COCTOSHHE U
MPOMCXOINT UX HOBOOOpa3oBaHuUE.

3epHO Topoxa — OOraThlii ICTOYHUK OejKa, BUTAMUHOB, MHKPO- U MaKpO3JIEMEHTOB; OH OTHOCHUTCS
K XOPOIIIO YCBaWBaeMbIM IPOAYKTaM, COJEpKAIIUM HeoOXOANMbIe OpraHn3My BellecTBa. B HacTosIiee
BpeMs B PeciyOnke benmapych paitoHHpOBaHO 7 COPTOB ropoxa, KOTOPhIE PEKOMEHIOBAHBI JIJISI BBIPATIIH-
BaHUs Ha BCEH TEPPUTOPUH PECITYOITUKH.

TexHONOTHs TPOpANUBAHHS ITUPOKO U3yUaETCs OTEUSCTBEHHBIMU M 3apyOe)KHBIMU HCCIIEIOBATEIS-
MU, Pa3BUBAIOTCS W COBEPIICHCTBYIOTCS TEXHOJIOTHYECKHE TMPHUEMBI M CTIOCOOBI, a TaKKe TEXHUUYECKHE
cpencrtsa ee peanuzaruu [3-5].

W3 nuTepaTypHBIX JaHHBIX U3BECTHO, YTO K TPAJUIIMOHHBIM CIIOCO0AM 3aMaylBaHUS 3epHA, IPUME-
HSIEMBIM B COJIOZIOBEHHOM TPOHM3BOJICTBE, OTHOCSTCS: BO3IYITHO-BOJSHOE, B HETPEPHIBHOM TOKE BOIBI
¥ BO3/yXa, OPOCHUTENIbHOE M BO3AYIIHO-OpocuTenbHOoe. [Ipy BO3AYyITHO-BOASIHOM 3aMauyWBaHUH 3€PHO
MOMEPEMEHHO HAXOUTCsI 110]] BOJIOH (BOASIHOE 3aMayMBaHuE), 3aTeM 0e3 Hee (BO3AYIIHOE 3aMavulBaHuUE ).
Taxoe yepenoBaHue NOBTOpsiETCs uepe3 Kaxable 3—6 4. OnHako OCHOBHOM 3ajja4eil COJI010BEHHOIO MPo-
W3BOJICTBA SBIIICTCS MAKCHUMallbHasi aKTUBH3aUs (DEPMEHTOB, KOTOpas IOCTUTASTCS MPH JITTHHE POCTKA,
cocrasitomieit 1,0-2,0 mmuael 3epHa [6]. Ha ocHoBaHWYM paHee MPOBEACHHBIX UCCIICTOBAaHUN yCTAaHOB-
JICHO, YTO ONTUMAaJIbHOE 3HAYCHUE JUIMHBI POCTKA JJIsl 36pPHOBBIX KYJBTYp, IIPU KOTOPOM HalmomaeTcs
MaKCHMallbHasl KOHIIGHTPAIXsl OUOJIOTHYECKH aKTUBHBIX BellecTB, coctapisieT 0,5-2,0 MM, 1is 3epHO-
0000BbIX KynbTyp — 0,5-3,0 MM [7]. Hapsimy ¢ oTuM B uTepaType OTCYTCTBYIOT €IUHbIE PEeKOMEHIAINN
0 peXMMaM IPOpaIIUBaHus 3epHOO00OBHIX KyIBTYp. IIpeanaraempie METOMNKN MPOTUBOPEUNBEI U TIPH-
MEHHUMBI TOJIBKO B JOMAIITHUX yCIIOBUSX.

Lenp paboThl — OIpe/eNieHne ONTUMANBHBIX PEKUMOB MPOPAIIMBAHUS 3epHA TOPOXa MPHU Pa3HBIX
TeMIepaTypax BO3AyXa I OPraHU3aIiH PAIIMOHAIEHOTO BEICHHUS TEXHOJIIOTHYECKOTO MTPOIecca mpopa-
IITUBAHUS B TIPOU3BOJCTBEHHBIX YCIOBHUSX.

Marepuajbl M1 MeTOABI HccienoBanmil. McciaenoBanus npoBoauiaud B MOTrMIeBCKOM rocyaapcT-
BEHHOM YHHBEPCHUTETE MPOAOBOILCTHBH. B KadecTBe Marepuana MCCIe0BaHNN ObLTH HCIIOIB30BaHbBI
00pa3sIipl 3epHa TOpoXa, BeIpallleHHbIE Ha COPTOUCTIBITaTeNbHBIX yuacTkax PYII «Hayuno-npakruueckuit
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nentp HAH benapycu no 3emnenenuro» B 2013 1. [l mpoBeneHus mporecca npopamiiuBanns ObLT BbI-
OpaH BO3IYITHO-BOASHOM CIIOCO0 3aMavYMBaHNs 3€pHA, KaK HanOoee MpoCTOH, He TPeOyIoImnil yCTaHOB-
KM crieniajibHoro ooopynoBanus. Bpems uepeioBanus BO3YIIHBIX U BOJASHBIX May3 MPHU MPOPALTUBAHUN
ropoxa MPUMEHSUIN Ha OCHOBE BBIILICOITMCAHHOTO CII0c0o0a 3aMaunBaHms 3epHa — 3—6 yacoB. Uy pocT-
Ka OIPEIENISIIN ¢ TOMOLIBI0 METANINYECKON TMHENKH, IIeHa fneiaeHnsd 1 Mm. {1 onTUMH3aluy peXMOB
ObUT BBEIEH TEPMUH «3Tall MPOPAIINBAHU», KOTOPHIM BKIIOYAET OAHY BOIASHYIO M OAHY BO3AYIIHYIO
nay3y. [IpoparniuBanue oOCyIIeCcTBIsUIN ¢ UCIOIb30BaHNEM OaKkTepHoiornyeckoro trepmoctara JII1-122,
B KOTOPOM HOAJEPKUBAIACH IMOCTOsIHHAS Temrneparypa B auana3oHe 0—40 °C u oTHocuTenbHas BIax-
HOCTb Bo3ayxa 90+5 %. s 3amaunBaHus 3epHa UCIOJIb30BaIU BOJOIPOBOIHYIO BOY C TEMIIEPATypOil
10-14 °C. OnbITH TPOBOAWIN B 3 TTOBTOPHOCTSIX, aHAIIM3UPOBAIIN TOJIHKO BOCIIPOM3BOIUMBIE B TTOBTOP-
HOM OIIbITE pe3yibTarhl. st 00paboTKK SKCIIEpUMEHTAIBHBIX JaHHBIX HCIIOIb30BAIN METO]] CTaTHCTH-
YecKoi 00paboTKH ¢ MOMOILBIO TporpaMMHOro npuitoxkenus: Microsoft Excel u Statgraphics Plus.

Pe3yanbrarsl 1 ux o0cy:kaenue. st onpeneacHus pexxUMOB IPOpaIlUBaHus ObLI CIIJIAHUPOBAH KC-
MEPUMEHT C MCIIOIb30BaHHEM 2 (DaKTOPOB: MPOAOJIKUTEIILHOCT BOSIHOW Tay3bl ATara MpopaninBaHus,
MPOJIOIKUTEIBHOCTD BO3IYIITHOH Iay3bl ATamna MpopamiyBaius. B kauecTBe BEIXOAHOTO MapaMeTpa MpH-
HST TI0Ka3aTeNb aKTUBHOCTh POCTa (Ap), omnpenensieMbri mo gpopmyie (1):

A=k/t, (1)

rie k — KOIMYECTBO NPOPOCIIKMX 3€PEH IOpoXa C IIMHOM pocTka He Oonee 3 MM, %; ¢ — BpeMs npopa-
CTaHus 3epHa, 4 [8].

Ha ocHoBe paHee MpoOBENEHHBIX HCCIENIOBAHHMI YCTAHOBIEHO, YTO YePEIOBAaHUE BO3IYITHO-BOMIS-
HBIX Tay3 70 6 4 HEJOCTATOYHO IS OTIPEIEICHNS ONTUMAIBHBIX PEKUMOB, TO3TOMY JUTUTEIBHOCTH Tay3
Obuta yBenuueHa g0 10 4. Marpuiia rmiaHupoBaHus SKCIIEpUMEHTa pu Temmepatype 26 °C npencranie-
Ha B Tabn. 1. [ns onpeneneHUss MAaKCUMaJIbHOTO 3HAYEHHUS! aKTUBHOCTH pOCTa Obljla JIOKaJIM30BaHa 00-
J1acTh 3HaUeHUS GpakTopoB. C 3TOH METBI0 CTPOMIH I'padUK MOBEPXHOCTH OTKIHMKA (pHcC. 1). TpexmepHbIit
rpaduk uMeeT XoIM ¢ BEpUIMHOH B 3HaueHuu 9,4 nuis nepemennor X, u 8,0 nyis nepemennont Y. Jlns
OoJiee eTaIBHOIO PaCCMOTPEHUST 00IAaCTH MakCUMMyMa ObUT MPUMEHEH KOHTYPHBIN IpauK MOBEPXHO-
CTH OTKJIUKA (puC. 2).

Taxum 00pa3om, ONITUMATBHBIMH PEKUMaMH [IEPBOTO ATAIla MPOPAIIUBAHI 3€pHA TOPOXa SBISIOTCS:
MIPOIOIDKUTENFHOCTD BOJASTHON Tay3bl — 8,0—10,3 4, mpogomKUTETsHOCTh BO3AYIIHOM may3bl — 7,3—8,8 4.

Jnst onpeneneHust ONTUMAaJIbHBIX PEKMMOB BTOPOTO ATara MpopalliuBaHUs 3epHa ropoxa MpoBeie-
Ha TIpeIBapUTeNIbHAS TIOATOTOBKA 00PA3IOB M0 ONTUMAIBHBIM PEXXHMaM MIEPBOTo 3Tara U CIJIaHUPOBaH
HOBBIN dKcriepuMeHT. KoHTypHBIN rpaduk MOBEpXHOCTH OTKIMKA BTOPOTO dTamna MpOopanuBaHus Tpe-
CTaBJICH Ha puC. 3.

TakuM 00pa3oM, ONTHUMAIBHBIMU PEKHUMAaMH BTOPOTO 3Tarla MPOpAILUBaHUs SBISIFOTCS: MTPOIOIIKHU-
TEIBbHOCTh BOJSHON nay3bl — 3,3—5,0 4, IpoIOJIKUTENBHOCTD BO3YIIHOM nay3bl — 4,5—6,3 u.

B pesynprare crarnctudeckoi 00paboTKH IKCTIEPIMEHTAIBHBIX JTAaHHBIX ITOTyYeHBl YpaBHEHUS per-
peccui (2), (3) agexBaTHO ONMUCHIBAIOIINE U3MEHEHHUSI aKTUBHOCTH POCTa (Ap) IOl BIMSIHUEM HCCIENy-
eMbIX (PaKTOPOB ISl TIEPBOTO U BTOPOTO 3TAIOB MPOPALIHBAHUSL.

Ta6numa 1. MaTpuna nJiaHMPOBAHUS IKCIEPHMEHTA

I | o mpopamasennt (1) | | nepaoro stans npopanasaamms (v) | AKTABHOCTS pocta nephoro ana (4,)
1 6,5 1,6 1,37
2 6,5 6,5 2,53
3 10,0 3,0 1,98
4 3,0 10,0 1,54
5 6,5 6,5 2,55
6 11,4 6,5 2,48
7 10,0 10,0 2,87
8 3 3,0 1,01
9 1,6 6,5 0,99
10 6,5 11,4 1,89
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[IpoaomKuTenbHOCTh BO3AYIIIHOM

[IpomoIKUTENBHOCTD BO3AY ITHON
ay3bl BTOPOTO dTara
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IIpopaninBaHud, 4
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AKTHUBHOCTB pocTa, 4
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IIEPBOro 3Tala npopamyuBaHus, 4

[IpoaomKuTEeNbHOCTH BO3AYILIHOM
rays3sl IEpBOTO dTara
MIPOpAIUBAHHUS, U

Puc. 1. I'padux mOBEpXHOCTH OTKIIMKA IIEPBOTO 3TANa MIPOpaIluBaHNs

lllll

L

/ o

7 s o e

S/

5

(9}
Illllllll

—| AKTHBHOCTH
] pocta, A,
4 1-28

7] 2-2,6
J 3-24
1 4-22
7] 5-20
d 6-1,8
1 7—1,6

] 8- 14
- 9-1.2

w2

[IponomKuTenbHOCTh BOJASHON May3bl
MIepBOTo 3Tana NpopanuBaHms, 4

X,

1

Puc. 2. KouTypHBbIi rpadMK OBEPXHOCTH OTKJIHMKA IIEPBOTO 3TAIla IPOPAIIUBAHUS
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IIponom KU TENbHOCTE BOJSHOM May3bl

BTOPOTO 3Tarna NpopaliuBaHus, 4
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Puc. 3. KOHTypHBIﬁ Fpaq)I/IK MOBEPXHOCTHU OTKJIMKA BTOPOI'O 3Tala rnmpopanjuBaHus

A4, =-1342+0,492X +0,468Y — 0,029X > - 0,034Y%,

A =286+ 0,03X, + 0,057, — 0,004X,> — 0,005 2,
p
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rne pr Ap2 — aKTMBHOCTb POCTa 3€pHa ropoxa JJisi IEPBOrO U BTOPOIO 3TAIoB npopariusanus, X, X, —
IPOIODKUTENBLHOCTD BOJISHOMN May3bl IEPBOTO U BTOPOI'O dTara Npopamusanus; Y, ¥, — IpoaoKUTE b=
HOCTb BO3AYIIHOH May3bl TIEPBOTO U BTOPOTO JTAla MPOPALIUBAHMS.
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OpHaKo MoTydYeHHBIE ONITUMANTBHBIE PEKUMBI PIMEHUMBI TOJBKO TIPH TemIieparype Bosmyxa 26 °C.
Jia onpeienieHst ONTUMANTBHBIX PEKMMOB TIPOPAIMBAHNS 3epHA TOpOoXa B TEMIEpaTypPHOM JHana3oHe
0—40 °C ObLIM IPOBEJICHBI AaHAJIOTHYHBIC UCCIICA0BaHUS ¢ nHTepBajoM 2 °C.

B xoze 3kcrieprMeHTa yCTaHOBICHO, YTO JUIsl TIpopariuBanus npu tremreparype meree 10 °C HeoO-
XonuMo Ooltee 5 THEeH, 94TO OTPUIATeIhHO BIMAET Ha KA4eCTBO MPOPOIIEHHOTO ropoxa i A(pGEeKTHBHOCTD
TEXHOJIOTHYECKOTO TIporiecca. IlpopammuBanne mpu Temmeparype Bo3ayxa 6omee 30 °C BemeT K CHIDKE-
HUIO aKTUBHOCTHU POCTA 3€PHA, HAOJIOIaeTCsl OBICTPOE YBEIIMYCHHUE TEMIIEPATyPhl 3aMOYHOM BOJIBI U UH-
AKTUBAIHS [TPOIIECCa MPOPACTAHHMSL.

B pesynbrate 00pabOTKH IKCIIEPUMEHTANBHBIX JTaHHBIX B AuanazoHe temmeparyp 10-30 °C Opum
MTOCTPOEHBI HOMOTPAaMMBI, TIO3BOJIIONINE OTIPEACITUTH ONITHMAJIBHBIE PEKUMBI IPOPAITMBAHNS 3€pPHA TO-
poxa rpaduyeckum MetojioM (puc. 4, 5).

Homorpammsbl Jutst oTipe/ieieHrst ONTHMAabHBIX PEKUMOB TPOPAIIMBAHUS MPEICTABISIIOT COO0H 3a-
BHCHMOCTh BPEMEHH MTPOPALTUBAHMS 3e€pHA TOPOXa OT TEMITEPaTypPhl BO3IyXa.
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Puc. 4. Homorpammbl [UIsi OmpenesieHusl MPOJODKATEIBHOCTH BOJSHON (4) M BO3AYIIHOM (6) may3bl MepBOro JTama
npopanBaHus
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Puc. 5. HomorpamMmsl [1sl OmpenesieHHusl MPOAOKUTEIBHOCTH BOJSHON (4) M BO3AYIIHOW (6) may3sl BTOPOrO dTama
TIPOpaIABaHUA

ITo ocu abcumce OTIIOKEHBI 3HAYEHUS TemrepaTypsl Bo3ayxa (7, °C) u HaHeCeHa CeTKa BEPTHKAITb-
HBIX TUHUAK T = const, IO OCH OpAMHAT OTIIOKECHBI 3HAYEHHsI BpDEMEHH TPOpaIBaHus (¢, 1) 1 HaHeCeHa
CEeTKa TOPU30HTAIBHBIX JIMHUN ¢ = const. Ha HOMorpaMMy HaHeceHbl KpUBbIE MUHUMAJILHON U MaKCH-
MaJIbHOW IPOJOJIKUTEIBHOCTH BO3AYIIHO-BOASHBIX [1ay3 IPOpaIUBaHU.

s onpeneneHusl ONTUMAIBHBIX PEXKUMOB IIPOPAIUBAHUS 3€pHA I'OPOXa C IOMOLIbIO HOMOI'paMM
HEOOXOMMO OIpeAeTuTh Temreparypy Bozayxa no 'OCT 30494. Hanpuwmep, 7 = 21 °C, Torna Ha ocu
abciyce HaxoIsT TOUKY A, COOTBETCTBYIONIYIO Temueparype Bo3ayxa 21 °C. U3 touku 4 npoBoguTcs
NEPIECHIUKYIISAP K Ocu abcIuce A0 NepeceyeHrs ¢ KPUBBIMA MUHUMAJIbHON (TOUYKa B) 1 MakCUMaIbHOM
(Touka C) mpOAOIDKUTEIHLHOCTH T1ay3 MpoparmuBadus. U3 Touek B u C MpoOBOIAT TOPU30HTATHHBIC JIMHUH
10 nepeceveHus ¢ ocbio opaunar (B, u C)). Hucnosble 3nauenus unrepsana B —C, cooTseTcTByIOT OII-
TUMAaJIbHBIM PEXHMaM IPOAOJKUTEIbHOCTH BO3LYIIHO-BOASHBIX 11ay3 MPOPALIMBAHUS 3¢PHA TOPOXa MPH
temneparype 21 °C (cMm. puc. 4, 5). OnTUManbHbIe PEXUMBI TSI JAHHON TeMIepaTyphl MPeICTaBICHBI
B Tab. 2.
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Tabnuna 2. OnTHMaJbHBIE Pe:KMMBI IPOPANIMBAHNUS 3€PHA rOpPoXa IJs TeMnepaTypbl Bo3ayxa 21 °C

Bupa naysst JIINTenBbHOCTD May3 NPU NPOPAIMBAHUH, 4

1 sman npopawusanus

Boasinast 6,6—8,3
Boznymnas 6,1-7,6
1l sman npopawusanus
Boasinas 4,6-6,0
Boznymnas 5,5-6,8

[Ipu n3MeHeHnH TeMIlepaTyphl BO3yXa B polecce MpopaiuBaHus 3epHa oosee yem Ha 2 °C, peko-
MEHJIy€eTCsI IPOBECTH OIIPECIICHUS] ONITUMAJIbHBIX PEKUMOB IIOBTOPHO.

3axurouenne. OnpeesneHsl ONTUMaIbHbBIE PEKUMbI IPOPALIMBAHUS 3€pHA ropoxa 0e10pyCcCcKoii ce-
JIeKIHH 1pu Temmeparype 26 °C: mpogomKUTEIFHOCTS BOISHOM May3bl TIEPBOTO dTara MpOpanuBaHus —
8,0-10,3 4, mpoAOIIKUTENHLHOCTS BO3AYIIHOM May3bl IepBoro srana — 7,3—8,8 4; mpooKUTENbHOCTh
BOJISIHOM May3bl BTOPOTO ATana rnpopamuBasus — 3,3—5,0 4, npooKUTENbHOCTh BO3AYIHOM Nay3bl BTO-
poro sramna — 4,5-6,3 |,

[IpoBenena onTUMHU3AIKs PEKUMOB MPOPALIMBAHHS 3epHA ropoxa OEIOpyCcCKOH CEeNIeKIUH B AHa-
nazo”e temmeparyp or 10 go 30 °C, ycTaHOBIEHB! ONTHMANbHbBIE PEXUMBI IPOPAIIUBAHNS 3€pHA TO-
poxa B 3a7aHHOM auanas3oHe. Pa3paboraHbl HOMOTpaMMBbI IJIsl ONpPENesIeHUs ONTHUMAJIBHBIX PEXUMOB
MIPOpAIUBAHHS, TIO3BOJIIONINE ONIEPATHBHO CKOPPEKTUPOBATH PEKUMBI TEXHOJIIOTHYECKOTO TIpoIiecca B
MIPOM3BOJICTBEHHBIX YCIOBHUAX B 3aBUCUMOCTH OT TEMIIEPATYphl Bo3yxa. llodydeHHble peskuMbl MOXKHO
PEKOMEHI0BATh [T 3€pHA rOpoxa 0eOPYCCKOM CENEKIIH.
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V.A. SHARSHUNOV, E. N. URBANCHYK, A. E. SHALUTA

OPTIMIZATION OF MODES OF PEA GERMINATION

Summary

Optimization of modes of pea germination is made. Dependence of germination on air temperature is established.
Nomograms, allowing to determine the optimal modes of pea germination without additional calculations depending on air
temperature are developed.



