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B skcnepuMeHTax Mo OLIEHKE MOCIENCTBUIA BO3NECTBUS HAa TBEPAbIE CEMEHA COJIOAKM YPaabCKOM BBICO-
KOT'O TMIPOCTATUYECKOTO JABJICHUS U OMHOOCHOTO CXKATUS 3TUX CEMSIH YCTaHOBJIEH 3((EKT MPEOIOJICHUS
TBEPAOCEMSIHHOCTHU: TTOJIYyYEHBI BLICOKME 3HAYEHUSI 10JIM HOPMAJIbHO IIPOPOCILINX CEMSIH OT OOIIETO UX KO-
JIMYECTBA TBEPABIX CEMSIH B HccienyeMoM obpasiie. [IpoYHOCTh CEMEHHOM KOXYpbI OIpenelisieT MaKCr-
MaJIbHOE YCUJIME 10 Pa3pyLIeHUsI CEMEHU IMIPU OMHOOCHOM CXKATHU.
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BBEAJEHUWE

B cBs13u ¢ u3mMeHeHueM ITOOAIbHON CTPYKTYpPHI
XO3SIACTBEHHBIX OTHOLLIEHUI U OTpaHUYEHUEM Mepe-
MEIIEHUI CHIPbEBBIX PECYPCOB HACYIIIHBIMU CTaJIU
BOIIPOCHI BOCIIPOM3BOICTBA OMOPECYpPCOB Ha CBOEI
TEePPUTOPUM, TOUCKA TEXHOJIOT U TTOJIyYEHUST HOBBIX
MaTepuaaoB, B TOM UMCJIe U IPUPOTHOTO ITPOUCXOXK-
JIeHHsI, 00JIafaloIIX MTHTEPECHBIMIA KOMOMHAILIUSIMU
$U3HMIECKUX CBOMCTB. MeTOIMKM MCITBITAHUN U 00-
pabOTKH HOBBIX OOBEKTOB TaKxKe MPEACTaBISIIOT MH-
Tepec Kak IJIsI MaTepruaaoBeaeHsI, OMOJIOTUHU, TaK U
JJIA HY2K JIeTKOH NMPOMBIIIJIEHHOCTH, CEJIBCKOTI'O XO-
3saiicTBa [1-3].

DKcnepUuMeHTalIbHbIE  UCCIAEA0BaHUSI  MOCTeN-
CTBMIA BO3IEHCTBUS PAa3IMYHBIX (pU3MUeCKUX (paKTo-
poB (B TOM 4YHCJIE DKCTpEMaJbHBIX) HA pacTEeHUS,
BKJIIOYAsl UX CeMeHa, B TMOoc/IeIHNEe ABa AeCITUICTUS
3HAYUTENILHO PaCIIUPUINCh [4—6]. DTO 06yciaoBIe-
HO HE TOJbKO paciiupeHueM pyHIaMeHTaIbHBIX HUC-
clieoBaHUil B o0nacTu 6ModU3NKM pacTeHUl, HO U
BO3pacTaHueM MHTepeca K IIOMCKOBBIM IPUKJIIaTHBIM
WCCIEeIOBAaHUSIM Ha “CTBhIKaX” HayK IJIST pa3padoTKH
HOBBIX TEXHOJOTMYECKUX PELICHUI aKTyaJIbHBIX BO-
IIPOCOB B arpOIIPOMBIIIIEHHOM KOMIUIEKCE, CBSI3aH-
HbIX, B YaCTHOCTHU, C MNPEANOCEBHOM MOATOTOBKOM
CeMsIH HOBBIX KyJIbTYyp. [Ipu 3ToM coBpeMeHHOe Tex-
HUYECKOE o0ecIieueHre 3TUX UCCIIeTOBaHUI IT03BO-
JISIET TIOJTYIUTh Pa3HOCTOPOHHIOK MH(pOpMaIInio 00

n3yd4aeMbIX oOpa3iax (BbIOOpKax) CEMSIH JJIsl TTocye-
IYIOIIETO BEISBICHUS UX MHINKATOPHBIX XapaKTepH-
CTUK (CBOMCTB). DTO MO3BOJUT OIPEACIUTH OITH-
MaJlbHbIe TlapaMeTpbl BO3ACHCTBUST (U3NUECKUX
¢dakTOpOB Ha ceMeHa JJisl YJIydIleHUs] UX MOCEeBHBIX
Ka4yecTB.

Cononka ypanbckast (Glycyrrhiza uralensis Fisch.)
BMECTE C IPYTUMU BMIAMU COJIOLKM, CONEPXKALLUMU
B IMOJA3E€MHBIX OpraHax IJTULMPPU3UH, SIBJISIETCSI MC-
TOYHHUKOM 0CO0O IIEHHOTO JIeKapCTBEHHO-TEXHUYE-
CKOTO ChIpbs1 (KOpHE 1 KOPHEBUIIL), UMEIOILIETO 111~
pokoe MpUMEeHeHHe BO BceM Mmupe. IloTpebHocTr
MUPOBOTO PbIHKA B 3TOM ChIPb€ COCTaBJISIOT N€CATKHU
ThICSIY TOHH €XEroJHO, MPUPOIHbIE 3arachl COJOMA-
KOBOro kKopHs wucromawtcsa [7]. Ha tepputopun
Poccuu B Hacrosiiiiee BpeMsi BOCIIPOU3BOICTBO CO-
JIONKU B YCJIOBUSIX KYJIbTYpbl HEBEJIMKO, a 3aKyIllKa
CchIpbs B cTpaHax CpenHeit A3uu 3aTpyaHeHa.

B ¢Bs31u ¢ 3TMM aKTyajbHa pa3padoTKa TEXHOJIO-
i CEMEHHOTO Pa3MHOXEHUS COJIONKU B IIPOMBIIII-
JIeHHBIX MaciTabax. Cepbe3HOM arpoTeXHUYeCKOM
MPOGJIEMOI1 TIPU 3TOM SIBJISIETCSI TBEPAOCEMSHHOCTD!
10 90% ceMsH conoaku (KaK U y MHOTUX OPYTUX TU-
KOpPAaCTYIIMX 6000BBIX pAaCTEHUIT) He ITpOpacTaeT Ja-
Ke MIPpY 6JIarONPUSITHBIX YCIIOBUSIX B CBSI3U C OCOOBIM
CTPOEHHMEM OYeHb IMPOUYHOII M HEIIPOHUIIAEMOM IS
BOObI CEMEHHOI KOXypbl. DTO TaK Ha3bIBaeMbIe
TBepAble CeMeHa, IJIg MpopacTaHusl UM TpedyeTcs
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cKapuUuKaus — MOBPEXICHNE CEMEHHOM KOXYPHI
MPpU COXpaHEHUU LIeJIOCTHOCTHU 3apojpliiia. M3BecT-
HBI pa3HOOOpa3HbIe METOIBI CKapu(UKALIIN, BKIIIO-
Yapllne, B YaCTHOCTH, BO3IEMCTBUS Pa3IMIHbIX (pU-
3n4YecKux pakTopoB Ha ceMeHa [8—11]. JlocTimkeHue
MMOJIOKUTEIBHOTO 3(deKTa IIPpU 3TOM HEPEAKO CO-
MMPOBOXIAETCSI TPYOAOEMKUMM TEXHUYECKUMU IMPO-
LielypaMu, 4aCTh CEMSIH TEPSET XKMU3HECTTOCOOHOCTb.
BaxeH pambHEMIIMKA IMOUCK 3(PEHEKTUBHBIX CIIOCO-
6GOB MPEOHOJICHUS TBEPIOCEMSIHHOCTH.

ABTOpBI paboThl [2] BBIIBUIM CBSI3b TBEPIOCE-
MSIHHOCTU U TBEPAOCTU CEMSIH Y Pa3HBIX COPTOB BUT-
HbI, UCITBITHIBAsI TPYIIIbI CEMSIH TIPU MTOMOIIY aHAJIH -
3aTopa TeKCTyphl. B pabore [12] mpuBoasiTcs cBene-
HUS O pesyJibTaTax WCCIAeA0BaHUN, B KOTOPBIX
ToKa3aHa MoJ0XUTeIbHAasI CBSI3b TBEPIOCEMSIHHOCTU
U TBEPIOCTU CeMSIH y cou. B 1ienom pelieHre npo-
OJIeMBI TBEPOOCEMSIHHOCTH 11T 3((PEKTUBHOTO BOC-
MPOU3BOJCTBA MHOTMX XO3SIMCTBEHHO LIEHHBIX 6000~
BbIX paCTeHMIi CBA3aHO C UCCIIEOBAHUSIMU CTPYKTY-
pPbl 1 MEXaHUYECKUX CBOMCTB CEMSIH, B OCOOEHHOCTHU
X Hapy>XHoit o6osiouku [9, 10]. ILns1 pa3auIHbIX BU-
JIOB U COPTOB OOOOBBIX PACTEHU I MPOBOAUINCH MPsI-
Mbl€ OLIEHKU MUKPOTBEPJOCTU CEMSIH (U CEMEHHOM
KoXyphbl) 110 Bukkepcy [1]. C Hallleil TOUKU 3peHUs]
MEePCNEKTUBHBIM MOAXO0M B MOMCKe 3(hheKTUBHBIX
COCO0OB MPEOAOJIEHUS TBEPAOCEMSIHHOCTU MOXKET
CTaThb COBMECTHOE WCHOJb30BaHUE psiia METOMOB:
U3MEpEeHUEe MUKPOTBEPJAOCTU U TIpeesibHbIX 3HaUe-
HUI OMHOOCHOTO CXXaTus CEMsIH, TUIPOCTaTUYECKOe
(BCeCTOpOHHEE) CxXaTWe U HAHOWHIEHTHUPOBAHUE.
Kpome Toro, ajisi olieHKM MOCAEACTBUM yKa3aHHbBIX
BO3JIEUCTBUI BaxKHasl HGOPMAIIMS MOXET OBbITh MO-
JIy4€Ha C UCMOJIb30BAHUEM PACTPOBOM JIEKTPOHHOMN
MUKPOCKOIIUH.

Eme B 1920-x romax [»iiBuc [13, 14] BnepBblie
MPUBEJ JaHHbIE O CYIIIECTBEHHOM MOBBIIIIEHUU BCXO-
JKECTU CeMsIH JIIOLIepHbl U TOHHMKA (C noJjieit ppak-
LIMU TBEPABIX CEMSTH OKOJIO 44 1 75%, COOTBETCTBEH-
HO) TocJie BO3AEMCTBUS Ha HUX BBICOKMM TUIPOCTa-
TuyeckuM nasieHueM (mo 200 MIla). B Haie Bpems
TaKXe COXpaHsSIeTCsl MHTEpeC K UCIOJIb30BAaHUIO BbI-
COKMX YpPOBHE#l TMIpOCTAaTUYECKOTO NaBJIE€HUS IS
VIIy4dIlIeHUS MPOpacTaHus CEMSIH U TapaMeTPOB pa3BU-
THSI TIPOPOCTKOB 0000BBIX pacTeHnit. Ho 3Tn nccneno-
BaHWUSI CBS3aHbI, B OCHOBHOM, C pPellIeHUEM BOIPOCOB
MPOM3BOACTBA IUILIEBOIT mpoaykumu [15, 16]. B Hameit
MpenbIayleil padboTe MpUBEASHbI NaHHbIE, CBUIE-
TEJIbCTBYIOILIIME O TMEePCNEeKTUBHOCTU MNpPUMEHEHUs
BBICOKOTO TMAPOCTAaTUYECKOTO JABJIE€HUS IJis Mpe-
OIOJIEHUSI TBEPAOCEMSIHHOCTU y cojionku [17]. Msbl
MPENnoI0XKUIN, YTO paclllMpeHue auara3oHa TMpu-
MEHSIEMBbIX YPOBHEU NaBIeHUSI U U3MEHEHUE PEXU-
MOB 06ap0o00pabOTKM MPUBEIET K BBISIBJICHUIO ONTH-
MaJIbHBIX BapuUaHTOB BO3JEMCTBUSI TUApOCTaTUYe-
CKUM JIaBJICHUEM Ha TBEPHbIE CEMEHa COJIOAKU ISl
MPEONOJIEeHUsI HEMPOHUIIAEMOCTH CEMEHHOI KOXYy-
pbl (BOBHUKHOBEHUSI CITOCOOHOCTU CEMSIH BIUTbI-
BaTh Boay). KpoMe Toro, ucneiTaHue MEXaHUUYECKOI
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KPYTJIMKOB u np.

MMPOYHOCTU MCCIEAYEMbIX CEMSIH NPU OTHOOCHOM
CXaTUM MOXET JaTh lLIEHHYI0 WHGOpPMALUIO IS
CPaBHUTEILHOI OLIEHKN MPOYHOCTU CEMSIH COJIOIKMI
pa3HBIX 00pa3LOB, pPa3IUYAIONIUXCS I10 BUAOBOI
MIPUHAIEXHOCTH, reorpaduyecKoMy IMpOUCXOKIE-
HUIO WK rogaM cbopa. OTHOOCHOE CKaThe MOXKET
HCITOJIb30BaThCS KaK MEeTOJ HapylIeHUs LeIOCTHO-
CTH CEMEHHOIT KOXYPBI JJIsI TIPEOA0ISHUS] TBEPAOCE-
MSTHHOCTH U TIOCJIEAYIOIIETO MPOpPaIlBaAHNSI CEMSH.
ITpu 3TOM TOYHAs OLIEHKA MEXaHWYECKOI ITPOYHOCTHU
CeMsIH COJIONKM OyIeT BaxkKHa IS CeJIEKLIMOHHOM pabo-
TBI C 3TUM pacTeHUEM, pa3paboTKU U MPUMEHEHHUS (-
(hEKTUBHBIX METOIOB OUMCTKU U TIPEAIIOCEBHOM MO/~
TOTOBKM ceMsiH [3].

Lens maHHOI pa®OTHI: ONpPeAeIMTh 00JIacCThb OII-
TUMAaJIbHBIX YPOBHEM U pEXXMMOB BO3IECTBUS BBICO-
KOTO TUAPOCTATUYECKOTO HABIEHUS M OTHOOCHOTO
CcKaTusl Ha CeMeHa COJIOAKU YPaJIbCKOM JJIsT TTPeoao-
JIEHUSI TBEPIOCEMSIHHOCTH, a TAK3KE OLIEHUTh BO3MOX-
HOCTH WCITOJIb30BaHUSI METOIOB COBPEMEHHOTO MaTe-
praJoBEACHUSA I U3YYCHUSA MEXaHNMYCCKUX CBOIICTB
CEMSH COJIONKH, CBSI3aHHBIX C TBEPIOCEMIHHOCTHIO.

MATEPHAJIBI U METO/bI

JlaGopaTopHBIe 3KCIIEPUMEHTEI IIPOBEACHEI C Ce-
MeHaMH COJIONKHU ypaJIbcKOM, cooOpaHHBIMHU B 2012 T.
B PecrryGnuke KazaxcraH B OQHOM M3 MECTHBIX MOITY-
Jsmii. CeMeHa XpaHWINCH B JIADOPATOPHBIX YCIIOBUSIX
MIpY KOMHATHOM TeMIIepaType U HU3KOM OTHOCHUTEIb-
HOI BJIAXKHOCTU Bo3ayxa. sl OIbITOB UCITOIb30BaIM
OYMILIEHHBIE OT MEXaHWYeCKMX MpPUMeCEid M BIIOJIHE
3peable 110 BHEIIHMM INpHM3HaKaM (C OJMBKOBOM
OKpacKoOif ceMeHHOI KOXKYpbl) HETIOBPEXKICHHBIC Ce-
MeHa [18]. B Hameit mpenbiayieit cratbe [17], toe
MIpUBEACHO MOAPOOHOE OomMcaHre O00OpPydOBaHUS U
METOJMK pabOThl, UCIIOJIb30BAHHBIX U B TAHHOM HC-
cJIeIOBaHUM, COOOIIAIOCh, UTO JOJIsI TBEPABIX CEMSTH
B UCCJIeAyeMOlii BbIOOpKe BhIcoKast (0koso 90%). Dto
J1aJ10 BO3MOXKHOCTD YETKO OLIeHUTh 3 eKT mpeoao-
JIEHUSI TBEPIOCEMSIHHOCTU, OOYCIOBIIEHHBIIA OOpa-
OOTKOI CeMsH TMIpOCTaTUYECKMM naBiieHueM. Ha
ceMeHa COJIOAKM BO3AE€HCTBOBAIM TUAPOCTATUYEC-
CKMM JaBjieHueM B nuarasoHe oT 100 no 250 MIla B
pa3IUYHBIX peXMMax C HCIIOJIb30BaHMEM Jiabopa-
TopHOTro ruapocTara [19]. baarogapst xkuakoit nepe-
Jalolieit cpene (IMCTUIMpOBaHHAsI BOJA) B TUIPO-
craTe obOecrneuynBajiaCh M30TPOITHOCTh M OIHOPOI-
HOCTb Mnepefayu JaBiAeHUsI Ha MOBEPXHOCTb CEMSIH.
DTO UCKIIIOYAJIO TPyOble MEeXaHUYECKIME IOBPEXIEC-
HUSI CEMEHHOI KOXYpBI, XapaKTepHbIe s OOJb-
IIIMHCTBA METOAOB MEXaHUYECKOI cKapu(UKaIIUH.

Wcnionp3oBaHbl clieaylone BapuaHThl 0apooopa-
6otku: ogHokpaTHO 100 MIIa, TpexkparHo 100 MIIa,
nBykpatHo 150 MIla, omnokparao 200 MIla, nBykpar-
Ho 250 MITa c no6aBouHbiM Bozaeiicteuem 200 MITa.
bapoobpabdoTka ceMsH TIPOBOAWIACH TAKXKE, KaK B
Hale#t mpeapiaylieit pabore: ONHOKpPaTHOE WK IBY-
TPEXKpaTHOE TOBBIIIEHUE MAaBJICHUSI MO HYKHOIO
Ne 11
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BBICOKOE TMJIPOCTATUYECKOE JABJJEHME U OAHOOCHOE CXATHUE

YPOBHSI, yaepXaHHUe ero B TeYCHUE 5 MUHYT U IIOCIe-
Oyl copoc B TeyeHue 1 c. Mcrmoib30BaH Takxke
OIMH KOHTPOJBbHBIN BapuaHT (0e3 0apooOpadboTKM).
ITocne 6apoo6pabOTKM ceMeHa IIPOCYIINBAJIH, YTO-
OBl HE JIOITYCTUThH IIPEXICBPEMEHHOIO BIIMTHIBAHUS
Biiaru. Kaxaplii BapyMaHT OnbiTa BKJIIOYa TPU IO-
BTOpHOCTH 110 50 ceMsIH B Kaxkmoii. CeMeHa OIBITHBIX
1 KOHTPOJILHOTO BApUAHTOB IIPOPAINBaJINCh B Yalll-
kax Ilerpu Ha BmaxxHoON (GUIBTPOBaJIBHON Oymare
O JTIOMHUHECLIEHTHBIMU JIaMITaMH (12 4 ocBeleHue,
12 ¥ remHota) nipu 23°C B TeueHue 17 cyT. I1o paHee
anpoOHPOBaHHON METONUKE MCCISHOBAIUA AMHAMUKY
HaOyxaHUS U IpopacTaHus cemsiH. oo Habyximx u
MPOPOCIINX CEMSH yauThiBaiM yepes 1, 3 u 10 cyt mo-
cJie moceBa B yalnku Iletpu. OKoHYATEIbHBIN MO~
CUET KOJIMYECTBA HAOYXIINX, 3aTHMBIIMX U IIPOPOC-
IIIAX CEMSTH TPOBOAWIIN Yepe3 17 CyT, OLleHUBAJIN 10~
JIIO IIPOPOCIIUX 1 TBEPIABIX CEMSIH.

MN3ydyeHre MHAUBUAYAIbHOM 1 IpynnoBoii (Ipo-
ObI 110 20 ceMsIH) MeXaHMYEeCKOM MPOYHOCTU TBEP-
JIBIX CEMSTH COJIOIKHU TPU OJHOOCHOM CXKaTUU IMPOBO-
IWIM Ha MallWHE IS MEXaHWYEeCKUX HCIBbITaHUN
Shimadzu AGS-X. ITocie cxaTtust ceMeHa IIpopalim-
Banu B vaiikax Iletpu B Tex xe ycioBusix. U3amepe-
HUSI MUKPOTBEPIOCTH CEMEHHOI 000JI09KM 110 Buk-
Kepcy MPOBOAVIINA TIPY MOMOIIM MUKPOTBEpIOMEpPa
Shimadzu HVM-G31DT CE. Ilpu 3ToM Harpysky
BBIOMpAJIM TAKMM 00pa3oM, YTOOHI B epopMUpoOBa-
HUW y9acTBOBaJla TOJBKO caMa CeMeHHas 000JI0YKa.
IMonxonsiuii ypoBeHb Harpy3ku coctaBui 10—50 mH.
HaHouHmeHTMpOBaHWE TIPOBOIWJIM TPU TIOMOIIHN
HaHouHaeHTopa Hysitron Ti 750 UBI B 75 Toukax
(maccuB 5 X 15 touek ¢ marom 10 mxm). st HaHO-
WHACHTUPOBAHUS CEMEHHOM 000I0YKH NCTIOIH30BATN
TIOTTepeYHOe CEUeHNE CEMEHM, TTOTydeHHOE TTUTM(OB-
Koit Ha abpa3uBHOI1 Oymare ¢ HomuHajgoM 1000 3epeH
Ha KBaJIpaTHBIA AIOUM C IIPEABAPUTEIBHOM 3JIMBKOM
o6pasia B criaB Byma. LI oBKy ocymiecTBiIsum
Ha aBTOMAaTUYECKOM ILIM(POBaIbHO-TIOJUPOBAIb-
HoMm ctanke MODUL MP-1SZ npu ckopocTtu Bpa-
meHus m1aHmainos 100 060poTOB B MUHYTY M1 CKOPO-
CTU BpallleHUst Aepxxatenst 50 000poTOB B MUHYTY TTpHU
MUHVUMATHPHOM YCUJIMY (IaBJIeHUE B ITHEBMATHUECKOM
cucteme 50 kIla). IImidoBKy ocCylIecTBIsUIM B He-
CKOJTbKO TTPUEMOB C KOHTPOJIEM KayeCTBa MMOBEPXHOCTU
numda mpu rmoMoIiu Mukpockora Aiasramu MET 1]1
obopynoBanHoro kamepoit U3ISPMI18000KPA. s
3aIMCH JaHHBIX U UBMEPEHUST PACCTOSTHUI UCTIONIb30-
Bayi makeT Altami Studio 4.0. 11t KannOpoBKM cucTe-
MBI U3MEPEHUI PacCCTOSTHUI MCITOJIb30Bajln O00b-
eKT-MUuKpoMeTp “Anbramu OM-Y” ¢ LieHOI aele-
HUA 5 MKM. MccnenoBanmst MUKPO- 1 HAHOTBEPIOCTH
TaKUX OOBEKTOB COIPSKEHBI C OIpeneleHHBIMU
TPYAHOCTSIMU (KPMBU3HA U 1LIEPOXOBATOCTh MOBEPX-
HocTH). [ToaToMy 111 KOHTPOJISI IOBEPXHOCTHU MOCTIE
WHISHTUPOBAHUST WCCICIOBAT MECTO WCITBITAHUS
MpyU MOMOIIU CKAHUPYIOIIETO 3JEKTPOHHOTO MUK-
pockona FE-SEM Zeiss Y IGMA VP.
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Puc. 1. 10151 TpOpOCIINX CEMSIH COJIOIKH OT OOIIETro KO-
JINYECTBA TBEPABIX CEMSIH B HMCCJIEIOBAaHHOW BBIOOpPKE
(N, %). I1o rOpU3OHTAIBHOM OCH yKa3aH KO 00pabOTKU:
1 — Kontpoap (6e3 ob6paborku), 2 — 100 MIla; 3 —
100 MTIla 3 paza; 4 — 150 MIla 2 paza; 5 — 200 MI1a.

PE3VJIbTATBI 1 UX OBCYXIEHHUE

B skcnepuMeHTe 10 06pabOTKE CeMsIH COJOMKU
BBICOKUM THIPOCTATUYECKUM JaBJIeHUEM TOJTyYeHBI
cilenylomue pesyiabTraThl. HabyxaHue cemMsiH Hauda-
JIOCh B IIEPBbIil IeHB TTOCIIe Havaa IpopalliBaHus U
MPOJOIKAIOCh B TeueHNe Tpex cyTok. Yepes 10 cyT
OCHOBHasl 4acTb HaOyXIIMX ceMsIH (KpoMe 3arHUB-
mux) npopocaa. Ha 17 cyT OBUI TOCTUTHYT MaKCH-
MYM IIpopacTaHusl B KaxKIOM BapuaHTe omnbiTa. He
HalyxilMe U He mpopociiue 3a 17 cyT ceMeHa pac-
CMaTpUBaM Kak TBepable. [IpopalmBaHue ceMsTH B
KOHTPOJILHOM BapHaHTe OIbITa I10KAa3aJl0 OTCYT-
CTBHUE B HCClIeAyeMOM 00pasiie CeMsIH, CITOCOOHBIX K
npopacTanmio 0e3 ckapupukanmu. HaOyxmmx ce-
MSTH B KOHTPOJILHOM BapuaHTe 0Ka3aJoCh HEMHOTO,
HO OHM He MPOPOCTU U 3aTHWIN. B utore nosist TBep-
JIBIX CEMSTH B KOHTPOJIE COCTaBUJIa B CPEIHEM OKOJIO
86%. Ilocne ckapuduKalUM HaXIAYHON Oymaroi
BCe TBepIble ceMeHa KOHTPOJIbHOTO BapvaHTa HOP-
MaJIbHO MIPOPOCIIH, YTO MOATBEPANIIO X KU3HECIIO-
cobHocTh [18]. Ha puc. 1 npeacraBiaeHbl JaHHBIE O
MpopacTaHUM CEMSIH COJIONKY YpaJibCKOi mocie 00-
pabotku gasieHreMm oT 100 mo 200 MIla B pa3nmyHbIX
pexxumax. OTHOKpaTHOE BO3ICHCTBYE HA TBEPIbIC ce-
MeHa ruapocTtaTuyeckuM napiieHueM 100 MIa obec-
MEeYUIIO TIpopacTaHue B cpeaHeM 42% TaKuX CEMSIH.
IMocne TpexkpaTHOro BO3OCHCTBUSI TAKUM YPOBHEM
IaBiaeHUst 57% TBepObIX CeEMsIH MPUOOPETN CIIoCco0-
HOCTb K npopacranuio. [1pu 3ToM aHoManuii B pa3Bu-
THUU TIPOPOCTKOB He HaOmomaiock. To ecTh, OBTOP-
Hble TIocjienoBaTe/bHble BO3ACHCTBUSI aBJeHUEM
100 MIla mpuBenu K CylIeCTBEHHOMY YBEIMUYCHUIO (Ha
15%) monu mipopocimnx ceMsiH. Bo3pacranue ruapo-
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KPYTJIMKOB u np.

Ta6mauma 1. PCBYJ'II)TB_TI)I IIpopamBaHUAa CEMAH COJIOAKHN ypaJIbCKOfI I10CJIE MHAMBUAYAJIbHOI'O OJHOOCHOI'O CKaTUuAd

CocrostHue ceMsiH B AByx 4aikax Iletpu (O1 u O2),

nocTaBJIeHHBIX Ha npopaiiuBanue 08.02.2022
Aata, spems (2022 1) O1 (5 wrT. ceMsH) 02 (5 wT. ceMsiH)
HaOyXxIlue IIpOpOoCIINe HaOyxiie IpopocIie
09.02, 154 3 0 1 0
10.02, 154 5 0 4 0
11.02, 154 2 3 2 3
12.02, 16 4 0 2)*+3 0 5
14.02, 16 4 0 2)*+3 0 5
15.02, 16 4, mpopalrBaHue 0 2)*+3 0 5
3aBepIleHO

(n)* — aHOMaJIbHbIE TIPOPOCTKHM C TTOBPEXKIAECHHBIM MTEPBUYHBIM KOPHEM.

craTudecKoro gaBiaeHus (mBaxabl 1o 150 MIla u on-
HokpaTHo 200 MIIa) He MpuBeIO K yBEeIUYESHUIO O~
JIu mpopociux ceMsH. bosnee Toro, Takue Harpy3ku
BBI3BAJIM MOSBJIEHWE 3HAYUTEIHHOTO KOJUYECTBA
aHOMAaJIbHBIX TIPOPOCTKOB C A1e(DOPMUPOBAHHBIM U B
JNaJibHelllIeM OTMUPAIOIIUM TIEPBUYHBIM KOPHEM.
JIByKpaTtHast o0padotka masiaeHreM 250 MIla ¢ noba-
BOYHbIM BozneiicterueM 200 MITa oka3aach U30bITOY-
Hoii: 6oree 90% ceMsTH TTOrM6II0, HEMHOTOYMCIICHHBIE
MPOPOCTKU HMEJIU TIOBPEXIEHHBIN MEePBUYHBIN KO-
peHb. TlosydeHHbIE TaHHBIE CBUACTEIBLCTBYIOT O TOM,
YTO B UCCJIENOBAaHHOM JIMana3oHe YPOBHEM TMAPOCTa-
TUYECKOTO JABJIEHUSI MMeeTCs 00JIaCTb ONTUMATIbHBIX
3HAYECHUI U PEXXKMMOB BO3IECUCTBUS 3TOTO (haKTopa IS
MPEONOJIEHUST TBEPAOCEMSIHHOCTU Y COJIONKU. B oTHO-
IIEHUU HMCCeIOoBaHHOIo obpasiia (BbIOOPKU) CeMSH
COJIONKU YpaJIbCKOW Cpeayd MCHbITAaHHBIX BapUaHTOB
0apoo0OpabOTKM HAWIYYIIWU pe3yabTaT ObLT MOTy-
YeH TpU MOCIeA0BaTEIbHOM TPEXKpaTHOM BO3Meii-
ctBuu nasjieHueM 100 MITa. BriosiHe Bo3MOXHO, YTO
clenylole ONHO 3a OPYIMM IOBTOPHBIE BO3IEM-
CTBUS Ha TBEPbIE CEMEHA COJIOAKN YMEPEHHO BbICO-
KUM TUAPOCTAaTUUYECKUM NIaBJICHWEM HapylllaloT BO-
JIOHEMTPOHNIIAeMOCTh CEMEHHOUN KOXYpbl B HaubO-
Jiee ysSI3BUMBIX MecTax (B 4acTHOCTU, B obJiacTu
pyOuuKa), He BbI3bIBas MPY 3TOM TMOBPEXICHUIA 3a-
poapiiia [10, 20]. ITpu ganbHeRIIMX UCCEAOBAHUSIX
BaXXHbIM JTOMOJHUTEIbHBIM (PakTOpOM ONTUMM3A-
1IMU BO3JECTBUS TUAPOCTAaTUUYECKUM JIaBJICHUEM Ha
TBEpIbIC CEMeHa MOXET OKa3aThCsI TeMIteparypa [ 16].

M3MeHeHne COCTOSIHUSI CEMSIH COJIOOKM ypajib-
CKOM, TTOABEPIIIMXCS MHANBUAYATbHOMY OTHOOCHO-
MY CKaTUIO U OCTAaBJICHHBIX HA ITpopallluBaHue, 1e-
MOHCTPUPYIOT JaHHBIe Ta0a. 1. s mpopaluBaHus
Mocjie CxXaTusl ceMeHa ObLIM pa3MellleHbl clyJaii-
HBIM 0Opa3oM B aByx vamkax Ilerpu (Ol u O2) mo
5 mT. 11 ymoO6cTBa HAOMIONEHUS 3a X WHIWBUIY-
aJlbHBbIM cocTosiHueM. Ilpu execyrouHoM HaOtone-
HUU 332 COCTOSIHHEM CEMSIH U ITPOPOCTKOB YCTAHOBJIE-
HO, 4TO HaOyxaHWe W MPOpacTaHue CeMsIH B TaHHOM

N3BECTHUA PAH. CEPUA OUBUYECKAA

9KCIIEPUMEHTE IIPOMCXOAMJIO JIOCTaTOYHO OBICTPO
(cXomHO ¢ AMHAMUKOI TTpOpacTaHUsI MOCJe TUAPOCTa-
THUYECKOTO CXKaTHsI). DTO OOYCIIOBJIEHO, O BCeil BU-
JIVUMOCTH, MOSIBJIEHEM KPYNHBIX TPEIIMH B CEMEH-
HOI KOXype U OBICTPBIM ITOCTYIUIEHUEM 4epe3 HUX
BOJBI K 3apObIlly. Y HaOyXIIMX CEMSH ObLIM XOpO-
1110 BUAHBI MECTa pa3pbiBa CEMEHHOI KOXYPHI (pac-
IIUPUBIIMECS TPEIIUHbBI) MOMNEPEK MPOIOJBHONH OCU
ceMsiH. OHM BO3HMKJIM IIPU OJHOOCHOM CXKaTUU Ce-
MEHH, JIeXKalllero Ha 00KOBOI MOBEPXHOCTH, K KOTO-
poii mpuieraia HapyxXHasi CTOpOHA OITHOU U3 JBYX
cemsimoiieii. Ha IpoTHBOIIONIOXHYIO OOKOBYIO ITO-
BEPXHOCTh M MPUWJIETAIOLIYIO K HEM BTOPYIO CeMSII0-
JIIO TaK:Ke AeiCTBOBajia Harpyska. ¥ MHOTUX IIPO-
POCTKOB B ME€CTaX IPUJIOKECHMS HATPY3KU ObLIV BUJI-
HBl YYaCTKM TOBPEXIEHUS ceMsimojieil, HO 3TO B
OOJIBIIMHCTBE C/ydyaeB HE OTPA3UJIOCh Ha NallbHEl-
IIEM Pa3BUTUU IIPOPOCTKOB. MTOorosass oleHKa co-
CTOSTHUS TIPOpPOCTKOB B rpynmnax Ol u O2 (McxXomHo
COCTaBJISIBIIUX OIHY TPYIITYy CeMsH) MoKas3aja, 4To
VHIVBUAYAJIbHOE OMJHOOCHOE CXXaThe 00eCIIeUYrBaeT
XOPOIIIYI0 COXPAaHHOCTh 3apOAbIIIeidi 1 HOPpMaIbHOE
pasBuTrie npopocTkoB 80% 06pabOTaHHBIX CEMSIH.
Takast MeTonMKa PEOIOJICHUS TBEPIOCEMSIHHOCTU Y
COJIOIKM MOXET HaiiTh IpUMEHEHME TP CEJICKIIMOH-
HBIX MCCICAOBAHUSIX, TP OTOOpE 0Opa3LoB (TpyIIi ce-
MSIH) OT OTHCNBHBIX PACTCHUIl IS CpaBHUTCIIHLHOM
OIICHKN X MEXaHWJECKOM ITPOYHOCTH [3].

JledopmatimoHHbBIe KpuBhIe 11T 10 ceMsTH, MCITBI-
TaHHBIX UHIWBUIYaJbHO, IIPUBEIeHBI Ha puc. 2. He-
00XOIVMYIO HArpy3Ky IJIsI IIEPBOIO CEMEHM MOA0U-
paju CTyIIeH4aTo, IIOCTEIIEHHO YBEIMINBasl yCUIINE C
TeM, YTOOBI He MPOITYCTUTh MOMEHT HayaJja IUIacTH-
yeCcKoro AeopMUPOBaHUSI, IO3TOMY HAdaio IIepBOii
KPUBOM1 He IIPUBEIEHO Ha pucyHKe. BuaHo, 9yTo Mak-
CHUMaJIbHOE YCUJINE IO pa3pyIlIeHUsI COCTABIISIET OT 85
1o 130 H. Mcnonb3yst MeTonuKy 3 [3] Ipy1 HOpMHUPO-
BaHUM Ha MUIEJICBOE CEUCHUE UCCIEAYEMbIX CEMSIH B
HaIIpaBJIEHUU CXAaTUA (5 MM?) MOXKHO IOJIYYUTh 3Ha-
YyeHue B eIMHULIaX HanpsekeHus: 17—26 MITa. C yue-
Ne 11
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TOM TOTO, YTO OCHOBHOM BKJIaJl Ha HAYaJIbHOM 3Talle
Ie(OpPMUPOBAHUSI BHOCUT CEeMEHHAasT 00O0JIouKa U
MMEHHO OHa o0ecIieynBaeT IPOYHOCTh, MMEET
CMBICJT B KQUeCTBE JICTUTEIIS] UCTIOIb30BaTh ILIOIIAAb
ee MoIepeyHoTro ceueHus. [1pu 3ToM ydacTByeT apy-
roe cedeHue (mapajieIbHOE OCH CXKaTHUSI C MUHU-
MaJIbHBIM JUaMETPOM) U pa3pyllieHre POUCXOIUT B
YCIIOBUSIX PACTATUBAIOIINX HaNpspKeHuid. TosmmHa
CeMEeHHOIT 000JIOUKHN MEHSIETCS B pa3HbIX YACTSIX Ce-
MEHH, O3TOMY, BO3bMEM MUHUMAaJbHOE 3HAUCHUE,
MOJIyYeHHOE B pe3yJibTaTe UCCIIeTOBAaHUS B ONTHYE-
CKOM MHUKpPOCKOIle — 74 MKM. MUHUMaJIbHBINA 11a-
metp 1.8 MmMm. Takum oOpasoM, ToaydaeM IIIOIIAmb
MOTepEeYHOro ceueHus o6onouku 0.49 MMm?2, a pas3pbl-
Bawlee HamnpskeHue 173—256 MIla. Takoii ypo-
BEHb pa3pyllIalollero HampsDKEHUS COIOCTaBUM C
MPOYHOCTHIO MAJIOYTJIEPOAUCTHIX CTajeii 1 HEKOTO-
pBIX LIBETHBIX METAJJIOB, HO BIIOJIHE COIJIACYETCSI C
MMPOYHOCTHBIMM CBOMCTBAMU TTPUPOIHBIX BOJIOKOH
Ha OCHOBE 1IeJUTIONO3HI [21].

B cnyyae mcnblTaHMii HA TPYIIOBYIO IIPOYHOCTH
MaKCHUMaJIbHOE YCUJIME OIIPEAEISIJIOCh ITPOYHOCTHIO
CeMsIH, y4acCTBYIOLIUX B Je(OpMHUPOBAHMMU Ha Ha-
yayibHOM 3Tare. ITloaToMy Takoit MeTom MeHee MH-
¢opMaTUBEH, HO ITO3BOJISIET OBICTPEE MPOBECTU MC-
MBITAHUS WX CKapu(UKALIAIO 11T OOJIbIIEH TPYIIIbI
ceMsH. Ilpu aTOM ceMeHa, MOABEPrHYThIe MHINBM-
JyaJlbHBIM UCHBITAHUSIM CO CHSITUEM Harpy3Ku cpasy
IOCJIe pa3pyllIeHnsI CEMEHHOM 000JIOUKHU, ITpopacTa-
JI1 6oJiee ycrelnHo. B To ke BpeMsI MUKpPOTBEPIOCTh
CceMeHHOIT 000JI0OUKM oKazajiach 85.6 HV tipu Harpys-
ke 245 mH u Bpemenu usmepenus 10 c. Pe3yabrarsl
HAaHOMHACHTUPOBAHMS CEMEHHOIT 000I09KHM IIPUBE-
JIeHbI Ha puc. 3. YcpegHeHHas 1Mo 75 ToOYKaM HaHO-
TBepIOCTh cocTaBwia 295 MIla, 4To CylIeCTBEHHO
MPEBBIIIACT 3HAYEHNE MUKPOTBEPIOCTH, HO KOPPEJIM-
pyeT co 3HauyeHUE IPOYHOCTH 00osouku. IIpu s3TOM
MUHUMaIbHOE 3HaueHne cocTapiseT 19.5 MIla, a mak-
cuManbHoe gocturio 669 MIla. 3amMeTHO, 4TO MpU
M3MEpPEHUN BO BHENIHEH 00JIacTh ceMeHHOIT 000-
JIOYKHY HaOJII0AaeTcs pe3KOoe IMMOHIDKeHE HAHOTBEPIO-
CTH, UYTO, II0 BCEil BUIMMOCTH, CBSI3aHO C HAJIMYUEM
OOJIBIIIOrO KOJIMYECTBAa MUKPOTPEIIH. Bo BHyTpeHHE
YacTU 000JIOUKM HAHOTBEPAOCTh CYIIIECTBEHHO BHIIIIE.
Ecimm otGpocuTh pe3yabTaThl M3MEpEeHUIA B 00J1aCTU C
SIBHBIM OTKJIOHEHHMEM 3a CYeT HEOTHOPOTHOCTH CTPYK-
TYpbl — TO TIOJIYYUM YCPEIHEHHYIO HAHOTBEPAOCTh —
334.6 MIla. TakuMm oOpa3oM, CTAHOBUTCS ITOHATHO,
YTO OTJIMYUE MEXIY 3HAYEHUSIMM MHUKPO- M HAHO-
TBEPIOCTHU BbI3BAHO KAaK OCOOCHHOCTSIMU CTPYKTYPBI
CEMEHHOI 000JI0UKM, TaK 1 HAITpaBJICHUEM B KOTOPBIX
MPOBOAWINCH U3MEPEHUsT (HAHOTBEPIOCTh U3MEPSUIN B
MOTIEPEYHOM CEYeHUM 000JI0YKH, B TO BPEMSI KaK MUK-
POTBEPIOCTb B COOTBETCTBUM C METOOUKOM [1] onieHu-
BaJId, BIABJIMBasi WHACHTOP IIEPHEHIUKYJISIPHO II0-
BepxHOCTH ceMeHHn). [1pu 3ToM IIPOYHOCTH 000I0U-
K1 OyHoeT ONpemesIsiTbcsl UMEHHO BHYTPEHHUM, TaK
Ha3bpIBaEMBIM IaJIMCagHbBIM ciaoeMm [9, 10].
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Puc. 2. ledbopmMaiinoHHble KpMBbIE B KOOpAMHATAX Ha-
rpy3ka (P) oT U3MeHeHUSI BLICOTHI (A/), MOJIydeHHBIE ISt
CEeMSIH COJIOIKM YPaJIbCKOW MPU MHIAMBUAYAJIBHBIX (a) U
rpynnoBbixX (6) McnbplTaHUsIX Ha cxkatue. pd — MoMeHT
pa3pylLieHus CeMEHHOi1 0060104KH, sd — MOMEHT pa3py-
meHue cemsnoneit. Lindpoit 7 Ha puc. 2a 0603HaYEH KO-
HEYHBII y4aCTOK ITepPBOM KPUBOIi, MOJTYy4EeHHON NP MO/~
6ope pa3pyLIAIOLIETO YCUIIHS.

SAKJIIOYEHUE

B xone nmpoBeneHHBIX UCCIEAOBAaHUI yCTAaHOBIIE-
HO, YTO Cpelu MSATU BapUaHTOB 0OPaOOTKM TBEPABIX
CeMsIH coJIonKu ypanbckoil (Glycyrrhiza uralensis
Fisch.) BBICOKMM THAPOCTATMYECKUM IaBJICHUEM
(B nmanazoHe ot 100 mo 250 MIla) mocie Tpexkpar-
Horo BoznelicTBusa mapiaenmeM 100 MITa momydeHo
Haubosblllee KOJUYECTBO HOPMAJIbHO PpPa3BUTHIX
popocTKOB (57%) OT 0611ero KoJnmdyecTsa oopado-
TaHHBIX TBEPIbIX ceMsiH. [1o Bceil BUIMMOCTH, ONTH-
MaJIbHbI€ YPOBHU U PEXKUMBI BO3JIEMCTBHUSI BHICOKOTO
TUAPOCTATUUECKOTO JAaBJICHUs [Jis MPeodosIeHUs
TBEPAOCEMSIHHOCTU Y COJOJIKU YPaJIbCKON AOJKHBI
OBITh OJIM3KUW K 3TOMY BapuaHTy 6apooOpadboTKH.
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H, TTla E, TTa
0.6700 [t~ 6.500
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0.34255 4.152
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Puc. 3. D1eKTpOHHO-MUKPOCKOITMUECKOE N300paXkeHe CEeMEHHOI 000JIOUKH COJIOAKM YPATbCKOM ¢ HAJIOXKEHHUEM pacrpee-
JICHWSI HAHOTBEPAOCTH T10 ee ceueHnto. Ha BcraBkax kapThl pacrnpeneneHust HaHoTBepaoctu (H) u monynst Oura (E) c 6onee

BBICOKUM pa3pelI€HUEM U IIKaJIbl LIBETOBOI MapKHUPOBKHU 3TUX BEJIUYNH.

WNumuBumyaaibHOEe OTHOOCHOE CXKAaThe TBEPOBIX
CEeMSTH COJIONIKM ypaJbCKO# MpU MaKCUMAaJIbHOM yCU-
i oT 85 mo 130 H mo3Bonmio pa3pyluTh CeMeH-
HYIO0 KOXYpY 10 00pa30oBaHUs MEPBOM TPEIIUHBI U
o0ecrneunsio XOpollyl0 COXpaHHOCTh 3apoapiiieii. B
pe3yabTare MPUMEHEHUS TAKOTo CXXaTUsI IMpU Ipopa-
IIMBAaHUM CEMSIH HaOJII0aI0Ch HOPMAJIbHOE Pa3BU-
THe MpOopocTKOB 80% oO6paboTaHHBIX ceMsiH. To

MN3BECTUA PAH. CEPUA ®U3SNYECKAA

€CTb, TAKOI CIOCOO OMHOOCHOTO CXAaTUsI MOXHO UC-
MOJIb30BaTh KaK METOJ MPEOA0JeHUS TBEPIOCEMSIH-
HOCTU y COJIOAKU MPU MCCAECTOBAHUU HEOOJBIINX
BBIOOPOK CEMSIH C TTOJTyYeHUEM IAHHBIX O MEXaHUYE -
CKOM MPOYHOCTU CEMSTH UCCIIEAYEMOM IPyNMbI.

IIpenyoxeHa MeToguKa MCCIASIOBAHUS MHUKpPO-
CTPYKTYPbl U MEXaHUYECKUX CBOMCTB CEMEHHOM KO-
XKypbl y TBepAbIX ceMsH cojionku. IlokazaHo, 4to
Ne 11
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WMEHHO 3Ta 4aCTh CEMEHM OMNpeAessieT MPOYHOCTb.
BbiniBUHYTO TIpenrioyioXXeHue, YTO BhICOKMUA TIpeaes
MIPOYHOCTU CeMeHHOM oboyouku (173—256 MIla)
oIpeaessieTcsl coiepXXaHueM BOJIOKOH 1IeJLTI0I03bI B
CTeHKaX KJIETOK MaJvMCagHOTO CI0s U JJIs1 €T0 Mpu-
OJV>KeHHON OLIEHKM MOXET ObITh MCITOJb30BaHO
YCpeAHEHHOE 3HauyeHue HaHoTBepaocTu. B To xe
BpeMsI IPOJAEMOHCTPUPOBAHO, YTO METOJIUKHU, TIPEI-
JIO)XeHHbIe B paboTax [1, 3], He MOTYT ObITh UCTOJIb-
30BaHbI JJ151 OLIEHWBaHUsI TPOYHOCTHBIX CBOMCTB ce-
MSH CO 3HAYMUTEJIbHON pasHULEW MPOYHOCTU 3apO-
JbIIIa U CEMEHHOI 000JI0UKU.

PesynbTathl MccaeqoBaHUS MOXHO MCTOJIb30BaTh
JUIST pa3paboTKM METOAMK MPUMEHEHUSI BBICOKOTO
TUJIPOCTATUYECKOTO NTABJIEHUSI U OOJHOOCHOTO CXa-
TUS IJ1SI TPEATTOCEBHON MOATOTOBKM CEMSTH COJTOAKH
C BBICOKHMM cofiep>KaHUeM (PpaKIIMU TBEPAbIX CEMSH.

HccnenoBaHue BBIMOJIHEHO IIpU (UHAHCOBOIT
nomuepxke Poccuiickoro HaydHoro ¢poHma (IIpoeKT
Ne 22-26-00346).
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High hydrostatic pressure and uniaxial compression as factors
of overcoming hardseededness in licorice

N. A. Kruglikov* *, A. Yu. Belyaev’, M. G. Minin¢, G. A. Yakovlev*
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b Institute of Plant and Animal Ecology of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg, 620144 Russia
¢Ural Federal University, Yekaterinburg, 620202 Russia
*e-mail: nick@imp.uran.ru

In laboratory experiments, when assessing the effects of exposure to licorice seeds of high hydrostatic pressure
and uniaxial compression of these seeds, the effect of overcoming hardseededness was established, which was
confirmed by high values of the proportion of normally germinated seeds from the total number of hard seeds
in the sample under study. The strength of the seed coat determines the maximum force before the destruc-

tion of the seed under uniaxial compression.
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