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The effect of bioballistics on the regeneration and growth of Populus tremula L. from callus tissues

V.V. Nesterchuk, M.V. Tis, E.D. Safronycheva, V.A. Volkov, D.A. Shabunin (Saint Petersburg
Forestry Research Institute; Saint Petersburg State Forest Technical University)

This study investigates the impact of employing a gene gun for the delivery of genetic constructs
on the regeneration and growth process of Populus tremula L. from callus tissues. The primary
objective isto analyze the efficacy ofthe biolistic method as a tool for genetic modification of plants
while maintaining their viability. The subjects of the study were aspen clones from the collection
of the Saint Petersburg Forestry Research Institute, preserved in an in vitro microshoot culture.
The research encompasses several key stages: obtaining callus cultures of aspen clones, preparing
callus samples for bombardment with microcarriers containing the editing construct, initiating
organogenesis from callus structures post-bioballistics, and rooting and adapting plants to
ex vitro conditions. A significant aspect was analyzing issues related to bacterial contamination of
callus cultures during bombardment with tungsten microcarriers. Optimal temporal parameters
for callus bombardment, as well as for the adaptation of regenerants and their subsequent
transplantation into a summer-type greenhouse, were established. A comprehensive assessment
of the impact of bioballistics on the regeneration process of aspen from callus structures was
performed. The results indicate that 70 % of regenerant plants successfully adapted to ex vitro
conditions. This demonstrates that the application of the biolistic method for delivering genetic
constructs into callus cells does not affect the adaptation processes of aspen to ex vifro conditions.
As aresult, a collection of containerized aspen seedlings with a modified genome segment has
been created. This success opens new opportunities for the application of genetic engineering in
breeding and improving the characteristics of forest plants.

Key words: aspen, poplar, genome editing, gene gun, callus, organogenesis, micro-plants, ex vitro
adaptation
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JpdexT brrodannMCTUK Ha pereHepaLmio 1 poct Populus tremula L. u3 KannycHbIx TKaHeii

DddexT OM0dALTMCTHKY HA perenepanuio u poct Populus tremula L. u3 Ka/UTyCHbIX TKaHei
B.B. Hecrepuyk, M.B. Tuc, E.JI. Cadponbruena, B.A. Boaxkos, /I.A. IIIaGynun

B nmaHHOM McClemoBaHUM paccMaTpUBaeTCs BIMSIHUE MCITOIb30BaHUSI TE€HHOM ITYIIKU ISt
JIOCTABKU F€HETUYECKOM KOHCTPYKIIMU Ha Mpoliecc pereHepauuu u pocta Populus tremula L.
M3 KaJTyCHbIX TKaHeil. OcHOBHasl 1ieib — aHaiu3 3(POeKTUBHOCTH OUMOOATIMCTUYECKOTO
MeToda KaK MHCTPYMEHTa Uil TeHeTUYeCKOM MOoAuUKalUM pacTeHU — MPU COXpaHECHUU
WX KU3HECITOCOOHOCTH. OOBEKTOM HCCIICIOBAaHMS SIBIISUTACH KJIIOHBI OCHHBI M3 KOJUICKIIMHU
DOBY «CIToHUWITX», noanepkuBaemMble B KyJBType MUKPOIOOEroB in vitro. ccnenoBaHue
OXBaTBhIBa€T HECKOJIBKO KITFOUEBBIX 3TAITOB: IMOJYYCHHUE KAJLTYCHBIX KYJIBTYpP KIOHOB OCHHBI,
MOArOTOBKA 00Pa310B KALTYCOB K 00CTpeTy MUKPOHOCUTEISIMU C PEAAKTUPYIOLIENH KOHCTPYK-
LMeil, MTHULIKALKS OpraHoTreHe3a U3 KaJUTyCHBIX CTPYKTYD Tocjie 0M00aNTUCTUKU, YKOPEHEHUE
M aJanTauysl pacTeHUi K YCIOBUSIM ex Vvitro. BaXHbIM acrieKToM SIBJISICS aHAJIU3 MpoOsieMm,
CBSI3aHHBIX ¢ OAKTepHAaJbHOM KOHTAMUHAIIMEH KAJUTYCHBIX KYJIBTYp BO BpeMsI 00CTpeIa BOJIb-
(bpaMOBBIMM MUKPOHOCUTEISIMU. YCTAHOBJIEHBI ONTHUMAJIbHBIE BPEMEHHBIC TapaMeTphl JUIsS
obOcTpesia KaJUTyCOB, a TaKXKe IS amanTallid PereHepaHTOB M UX IOCIICAYIOIIeH TTepecaak B
TEIUIUILY JIETHETro TUMa. BeimonmHeHa KOMIUIeKCHasl OlleHKa BIMSIHUS OMO0AUTUCTUKU Ha TPO-
1ieCC pereHepalny OCUHBI U3 KaJUTyCHBIX CTPYKTYp. Pe3ylnbraThl MCCIIeAOBAHUS TTOKA3bIBAIOT,
gTto 70 % pacTeHUI-pereHepaHTOB YCITCITHO aTalTUPOBATINCH K YCIOBHSIM ex Vitro. DTO JeMOH-
CTPUPYET, YTO MPUMEHEHNe OMO0ANTMCTUYECKOTO MeToAa ISl JOCTABKU TeHETMYeCKOM KOH-
CTPYKLMM B KJIETKU KaJlJlyca He BJMSET HA MPOLECCHl afaNnTalliid OCUHbI K YCIOBUSIM ex Vitro.
B pesynbrare co3maHa KOJUICKIUSI KOHTEHEPU3UPOBAHHBIX CaXKeHIIEB OCMHBI ¢ MOIM(UIII -
POBaHHBIM YYaCTKOM reHoMa. Takoil ycrieX OTKphIBaeT HOBbIE BO3MOXKHOCTH ISl TPUMEHEHMUST
TCHHOI MHXXKCHEPUH B CEJICKIINU U YIYIIICHIN XapaKTePUCTUK JICCHBIX paCTCHUI.

Knrouesbie ciioBa: OCHHa, TOII0JIb, TCHOMHOC PEOAAKTUPOBAHMUE, FTCHHAaA ITyIlIKa, KaJlJIyC, opra-
HOTC€HE3, MUKPOYECPEHKH, agarTalusd €xX vitro
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Benenue

B nocnennue necsatuiieTus B Ka4yecTBe Mep-
CMEKTUBHOIO HAIlpaBJICHUSI HAyYHbIX HCCIIENO0-
BaHUM M MHHOBALMI B JIECHOM XO35IMCTBE pac-
CMaTpUBAETCSl PEAAKTUPOBAHUE TEHOB JIECHBIX
IopoxA. DTOT MOAXO0J OTKPBIBAET BO3MOXHOCTHU
JIJISI TIOJIyYeHUSI HOBBIX YCOBEPIICHCTBOBAHHBIX
KJIOHOB, CIIOCOOHBIX BHECTM PEBOJIIOLOHHbIC
M3MEHEHUS B JiecoBhIpaluBanue [6, 9]. [Ipume-
HEHME TEXHOJIOTUI peJaKTUPOBAHMS II03BOJISIET
HE TOJIbKO MOAM(UIIMPOBATh YPOBHU 3KCIIPEC-
CHU KOHKPETHBIX TEHOB, HO I MEHSTh CTPYKTYpPY
0eIKOB, IIpUIaBast paCTEHUSIM IOIIOJTHUTEIbHYIO
CNIOCOOHOCTh, HampuMmep, 0ojiee MHTEHCUB-
HO TIOTJIOIIATh yIJeKucaelii ra3 [12]. OgHako,
HECMOTpPsI Ha BCE IPEMMYIIECTBa T€HHOIo pe-
JMaKTUPOBAHUsI, BO3HMKAIOT U OIpeaeeHHbIE
Mpo0JIeMbl, CBSI3aHHBIE C DKOJOTMYECKUM paB-
HoBecueM. B yacTHOCTH, €CTh PUCK BBITECHEHMUSI
€CTECTBEHHBIX BUAOB PACTEHUIl MHTPOIYLMPO-
BaHHBIMU MYyTaHTaMHU C OTPeHaKTUPOBAHHBIMU
ydyacTKaMUd TeHOMa. DTOT PUCK YCUJIUBAETCS
MU3-3a 0COOEHHOCTEl JIECHOI 3KOCHUCTEMEI, Il
BEPOSITHOCTh PACIIPOCTPAaHEHMSI OTPedaKTUPO-
BaHHBIX T€HOB BBICOKA BCJIEACTBHUE OECIIPEIISIT-
CTBEHHOT'O PacIIpOCTpaHEHMs IbUIbLBI M CEMSIH.
OnyH 13 TIyTeil pelieHus 3TOi MPOOJIEMBI — CO-
3MaHKe CTEPUIBHBIX pacTeHMI, KOTOpbIe HE OYy-
YT B3aMMOIEHICTBOBATH C a0DOPUTECHHOM (DIIOpOit
Ha TeHETUYECKOM YPOBHE.

KitoueBbIM 3TarioM B TEHOMHOM PEIaKTH-
pOBaHMU SIBJISIETCS JOCTaBKA PEIaKTUPYIOLINX
KOHCTPYKIIMI B KIeTKy [5]. B aToM KoHTeKkcTe
reHHasl TyliKa oOecrieuyrBaeT IiejieHarnpaBieH-
HY10 OECIUIa3MUIHYIO TOCTaBKY peAaKTUPYIONIei
KOHCTPYKLUU 0€3 HEOOXOAUMOCTHU BCTparBaHUS
YY>KEPOJHBIX T€HOB, UTO JelaeT €e MPEeAnouTH-
TeJIbHOW MO CpPaBHEHMIO C METOJAMU JOCTaBKU
C UCIIOJIb30BaHMUEM arpodakrepuii. IlepBas reH-
Hasl ITyllIKa ObUIa BhIBeIeHA HAa PhIHOK KOMIIAHM -
eit Bio-Rad Laboratories B Hayasie 1990-x rogos,
U C TeX IIOP YKCJIO SKCIIEPUMEHTOB, UCIIOJIb3YIO-
IIMX 3TOT METO/I, PACTET SKCIIOHEeHIIMAIbHO [ 13].
Tem He MeHee, CyIIECTBYET psif TPYAHOCTE, KO-
TOPbIE HEOOXOAMMO MPEOI0NETh, YTOOBI CACIATh
5 GEKTUBHBIM IPOLIECC TEHHOTO PeIaKTUPOBa-
HUSI IPEBECHBIX PACTCHUIA.

OpHuM M3 Hamboyiee aKTyaldbHBIX BOIIPO-
COB SIBJISIETCSl pereHepalusl pacTeHU U3 Kaj-
JIyCOB TIOCJie MX OOcCTpesa MUKPOYACTUIIAMU C
MIpUMEHEHUEM TeHHOW Tymku. B Hamem uc-
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CJIeJOBAHMU MBI MCITOJIb30BaId KJIOHBI OCUHBI B
KavyecTBe TecT-00beKTa M3-3a UX OBICTPOro po-
CTa U OTHOCUTEIbHOM MPOCTOTHI BhIpALIBAHUS
in vitro. HecMoTpst Ha TO, 4TO BUAbI poaa Populus.
SIBJISTFOTCSI MOJICIBHBIMU OpTaHU3MaMU JIJIST U3y~
YeHUs JPEBECHBIX pPaCTECHMIi, JIMTEepaTypHbIe
JIaHHbIE O pereHepaLuHu Iocjie o0cTpesa Kajuryca
JIPEBECHbBIX PaCTeHUI KpailHe OrpaHUYeHHBI [7,
14]. DTo ompenenseT BaXkHOCTh U aKTyaJdbHOCTh
MPOBEACHHOTO HAMU UCCIIEIOBAHUSI.

MarepuaJbl 1 METO/IbI HCCJIEIOBAHUS

B pabGoTte mcrioib30BaHbl KJIOHBI OCUHBI 13
kotekuuu DOBY «CIToHUWIIX», moamepxxu-
BaeMBbIe B KYJIBType MUKPOIIOOETOB in Vitro.

Jnss obecrieyeHUs] CTEPUJIBHOCTA U IO-
CTOSIHCTBA YCJOBMI KYJIBTMBUPOBAHMSI KJIOHOB
OCHUHBI UCIOJIb30BAJIMUCh CTEKJISIHHbBIE IITMPOKO-
ropjble KOHUYecKue Koyiobl oobemoM 100 mur.
Kon05b1 3aI10HSIUCh arapru30BaHHOM ITUTATE/Ib-
Hoii cpenoit LP [11], oboraiieHHOU MUKpO3JIe-
MeHTaMu 110 dopmyiie MS [10] n caxapo3oit B
KOHIIeHTpatuu 25 1/11. O01muii 00beM MuTaTeIh-
HOM cpenbl B KaXkoil koiabe coctansi 40 mit.

Kynbrypbel KJIOHOB OCHMHBI pacTWIM Ha
CHEeUMAIM3UPOBAHHBIX CTe/UIaXaX B KYJIbTY-
paJbHOM TMOMelIeHUM [2] TIpU ClenyIoIuX Ia-
paMeTpax OKpyXalollleil cpelibl: TeMIlepaTtypa —
23 °C, ocBemieHHOCTh — 1200 1k DAP (J1amiibl
OSRAM L36/640), dotonepuon — 16/8.

Jnsg  moamepXaHUS  KM3HECIIOCOOHOCTHU
KYJBTYP M MX Pa3MHOXEHUs UCIIOJb30BaIN ME-
TOAUKY 4YepeHKOBaHUsI. MUKpOImoOeru Aeauiu
Ha MUKPOYEPEHKU, KaXKIbII 13 KOTOPBIX COAECP-
JKaJl OgHY Ma3yILIHYIO MOYKY. DTO IeJieHue OCy-
IIECTBIISITIOCH B CepearHe MEXIOoy3us mobera,
TIPU 5TOM JIMCTOBAS IJIAaCTUHKA YAaIsjgach BMe-
CTe C MOJIOBUHOI yepelika. [Tocne aToit mpole-
Iypbl MUKPOYEPEHKU BBHICAXKMBAIM Ha CBEXYIO
MMUTATEIbHYIO CPEIY.

BaxxabiM mapamMeTpoM SIBISETCSI TEPHUO-
JUYHOCTD Mepecajku MUKPOIIOOEroB Ha HOBYIO
MUTaTEIbHYIO cpery. MexXIaccakHbIi Mepuoj B
cpegHeM coctaBisil 1,5—2 Mecsua. DTo mo3Bo-
JISI710 00€CTIeYNTh MOCTOSIHHBIM POCT MUKPOIIO-
0EroB M MX pa3MHOXEHME.

Pe3synbrarhbl HccIeA0BaHUS U UX 00CYKIEHHE
1. Xapaxmepucmuka KA0OH08, 6KAHUEHHbIX
8 IKCnepuMenm no peoaKmupo8anuio



JpdexT brrodannMCTUK Ha pereHepaLmio 1 poct Populus tremula L. u3 KannycHbIx TKaHeii

TpuniouaHble KJIOHBI OCHHBI, O0O3HaYa-
emble KaK Populus tremula gigas, BriepBble ObLIU
oOHapyxXeHbl Ha Tepputopuu Poccuiickoi
Denepanun  akagemMukoM A.C. SI6I0KOBbIM B
1938 rony [3]. MecTto otbopa — IllapbuHCKMIA
necxo3 KoctpoMckoii ob6actu, rae ocoou 3TUX
KJIOHOB BBIICJISUIMCH Ha (DOHE €CTECTBEHHOM 10~
IMYJISILIMKA OCUHBI, pacTylleil Ha BhIpyOKax 1937—
1938 ronos.

KopHeBble OTIIPBICKM TPUILIOMIHBIX KJIO-
HOB OCHHBI XapaKTepMU30BaJIUCh TAKUMU MOP(]O-
JIOTUYECKUMU U (DEHOTUIINYECKUMU OCOOEHHO-
CTSIMHU, KaK:

— MOBBIIIIEHHAsI CKOPOCTb POCTA I10 CpaBHE-
HUIO C TUTIMYHOM OCUHOM;

— HaJM4yude TyCTOro OeJIOBOMJIOYHOIO OImy-
LIEHMsI Ha JIMCThSIX U MO0erax;

— yBeJIMYEHHbIE pa3Mephl JIUCThEB;

— BBICOKAsI INIOTHOCTb JIPEBECUHBI.

B 1965 rony O.H. HukonaeBa otMeTHIa SIB-
JICHUSI TETEPO3KCa y IIaPbUHCKHUX KJIOHOB U IOJI-
TBepIMWIa UX TPUILIOMIHbII XapaKTep Ha OCHOBE
aHajM3a BEreTaTMBHOI'O ITOTOMCTBA, BBIpAlEH-
Horo B MockoBckoii obyactu. IlonrBepxkaeHue
TPUIUIOMAHOCTH TakKKe OBLIO MOJIyYeHO B XOIE
nocaeayInX uccaenoBaHuii [1].

B mepuon 1962—1963 rogoB moj pyKoOBOA-
crBoM C.H. Baraesa nHa KocTtpomckoii JIOC
BHHWHNJIM Obuti BOCCTaHOBJIEHBI KJIOHOBBHIE
JIMHAM OCHUHBI, paHee oToOpaHHBIe A.C. f0m0-
koBbIM. Kpome Toro, C.H. baraessim ObLI TTpoO-
BEIIEH JOIOJHUTEIbHBIM OTOOp, B pe3yjbrare
KOTOPOT'O OBUIO BBIIEJICHO ISITh HOBBIX OBICTPO-
pactyiiux ¢GopM OCHUHBI, BKJIIOYasl TPUILIOUI-
HBI KJIOH Mo HOMepoM 35.

B xomrekunu DBY «CTIocHUUIIX» B
KyJBTYpe MUKPOMNOOETOB in Vifro MoaaepuBa-
eTCsl psii JIMHUM KOCTPOMCKMX KJIOHOB OCHMHBI,
a TakKe JBE JIMHUM JAJTbHEBOCTOYHOIW OCHHBI.
Ha ocHoBe nompo6HOro aHajam3a UCXOTHOTO Ma-
TepHaia U YCJIOBUI KYJIBTYpbl OBLIM BBIIEJICHBI
clieAylolmne JNHUN:

—muHusa .2 — P tremula L.: mukporoGer
MOJIydeH M3 KaJulyca, KOTOPBIA ObLI CO3JaH M3
CEeTMEHTOB TT00era OCHMHHBI KiToHa Ne 34;

— maudg f.4 — P tremula .. Mukporioder
MOJTyYeH M3 KaJljlyca, CO3MaHHOTO U3 CETMEHTOB
nobera TPUTIOMIHON OCUHBI Ki1oHa No 35;

— munug £.8 — P. tremula L.. mMukporoder
ObUI MOJIydeH Ha MEPBUYHOM DKCIUIAHTE Ma3ylll-
HOW MOYKU,;
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—munug f.11 — P. tremula L.. muxpormober
WHULIMMPOBAH Ha JIMCTE, KOTOPBIN pa3BUjCsS Ha
MEePBUYHOM KCITJIAHTE Ma3ylIHOU MOYKHU;

— munnu £.40.1 u £.40.3 — Populus davidiana
Dode.: 06e 1MHUY ObLTU MOJIyYE€HBI U3 TTOOETOB,
3arOTOBJICHHBIX B OKPECTHOCTSX MoOceiIKa AMry
(Tepneiickuii paiioH, [TpuMopckuii Kpait). Mu-
Kponooeru odeux JMHUMN ObLIU MOJIyYEHbI ITyTEM
MPSIMOi1 IIposMdepalny ITOYKH;

—kioH 34 P.tremulal.. orobpaH B
1962 rony C.H. baraeBbIM, TUIUIOMIHBINA, JKEH-
CKMM, TJIAAKOKOPBINA, 36JI€HOKOPHIA, YCTOMYUB K
CEPALIEBUHHOU THUJIN;

—xnoH 35 P tremulal.: otoOpaH B
1962 rony C.H. baraeBbIM, TpPUTUIOMIHBINA, MYyX-
CKOI, CEpOKOpPHI, C TPEeIIMHOBATO-pOMOMYE-
CKOM TEKCTYPOI KOPbI, KPYMHOJUCTHBINI, YCTOW -
YUB K CEpALEBUHHON THWIU.

Bce BbIlIeyKazaHHbIE JIMHUU ObLIM OTOOpa-
HbI JUTSI TIPOBEACHMST OIBITOB IO pelakTUpOBa-
HUIO TEeHOMa.

2. [onyuenue kaanychbix Kyabmyp KAOHO8 OCUHbL

151 yCIIEeHOTO MPOBEACHUST TeHETUYECKIX
MAaHUIYJISIIUAA paCTUTEIbHBIX KIIETOK OCHOBO-
rnoJjarapimuM (akTopoM SIBJISIETCS BBIOOp UC-
XOOHOTro 0oOBbekTa. [l Halllero sKcrepuMeHTa
KaJUTyCHbIe TKAHM BBIIEISIIMCh KaK HauboJjiee
MPEANOYTUTEIbHBIC TSI TeHEeTUYECKOM WHXKe-
Hepnu. Kamryc — 3to HennddepeHIMpoBaHHAs
TKaHb pacTeHMsI, KoTopas opMUpyeTcs Ha pa-
HEBBIX MOBepPXHOCTSAX. Ero ncnonb3oBaHue mnpu
reHEeTUYECKMX MaHUITYJISILIUSIX 0OOCHOBAHO CJle-
JIVIOLIUMU ITPEUMYILIECTBAMU:

— OTCYTCTBUE IUIOTHBIX BHEIIHMX 3alluT-
HBIX CJIO€B, 4TO OO0JieryaeT IIPOHMKHOBEHUE
BHEIIIHUX areHTOB;

— BBICOKUIA MOTEHLIMAJ K OPTaHOTEHE3Y, 4YTO
MO3BOJISIET pEreHEPUPOBATh MOJTHOLIEHHBIE pac-
TEHUS U3 KAJUIyCHOM TKaHU;

— OTHOCHUTEJIbHAsE OTHOPOTHOCTh, KOTOpast
obecrieunBaeT CTaOWIbHBIE U IpeAcKazyeMble
Ppe3yNBTaThl MAHUITYJISIIIAIA.

Boutn mpoBeaeHbl SKCIEPUMEHTHI 110 TTOTY-
YEHUIO KAJUTYCHBIX KYJIBTYP U3 KOJUIEKIIMOHHBIX
KYJIBTYp MUKPOMNOOErOB 3JIUTHBIX KJIOHOB OCH-
HbI. B pesynbrare BbiIeaeHO 6 TUHUI KaJUTyCHOM
kyneryphl: f.2, £.4, £.8, .11, £.40.1, £.40.3.

s moJjiydeHus TIJIOTHBIX 3€JIEHBIX KaJlly-
COB, KYJIBTYPBI BbIpAIlMBAJIMCh Ha ITUTATEJILHOM
cpene, coaepxamieid 1,0 Mr/n TuauasypoHa u
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0,1 mr/n HadTaIMHYKCYCHOI KUCIOTHI. OnaHa-
KO C YYeTOM TOTO, UYTO M3OBITOUHAS TJIOTHOCTh
Kajulyca MOXeT 3aTpyIHUTb WHOWIBTpALMIO,
OBbLTY TMPOBEACHBI 3KCIIEPUMEHTBI C UCIIOJb30-
BaHUEM 2,4-1uX10p(PeHOKCUYKCYCHOM KUCTOThI
(0,4 Mr/m), 4yTO TMPHUBEIO K IOJydeHUIO OoJjiee
pbIxJIbIX KajutycoB st auHuil f.2, £.4 u £.40.3.
Takue kamtycel ObUTM MEHEE CTAOUIBHBIMU W
MOTEHIIMATbHO 00JafaJIi CHUXXKEHHBIM OpraHo-
TeHETUYECKUM TTOTEHIIUAIOM.

J17151 9KCTIEpUMEHTOB IO TeHOMHOMY PelaKTH-
poBaHmio obu1a BeiOpaHa muHus £.8 (P. tremula L.).
McxogHbplii MUKPOIIO0ET 3TOM JIMHUM ObUT TOJTY-
YeH Ha OCHOBE Ma3ylIHON MOYKU B SKCIIEpUMEH-
Te, nmpoBegaeHHOM B 2007 romy. CTOUT yIOMSIHYTb,
YTO TIEPBUYHBIC 00pa3LIbl OCUHBI OBIIN COOpPaHBI
B (peBpane—mapre 2007 roma B TarapcraHe. Dta
KaJUTyCHasi JIMHUSL YCIIELIHO  KYJBTUBUPYETCS
in vitro yxxe 6omnee 16 ieT 1 MpolIa MHOTOKPAT-
Hble MPOBEPKM Ha pereHepalvio U MHULHAALIMIO
KaJITyCOB U3 Pa3IMUHbIX YacTEl pacTeHMsI.

JIst MHULIMAIMK KaJITyCOB OBLIN UCTIOJIb30-
BaHbI NMUTaTebHbIe cpeabl LP u MS. HauGosb-
myto 3¢h(MEKTUBHOCTD I CTUMYJISIIUU pOCTa
KaJiTyca TokKa3aiand (pUTOrOpMOHBI B KOMOMHA-
umu 1,0 mr/n Tuauasypona u 0,1 mr/a Hadranu-
HYKCYCHOM KMCJIOTHI.

3. Ilodeomoska KkaaaycHwix Kyaemyp K 00-
cmpeny MuKpoHocumensamu (buobasrucmuxe) ¢ pe-
dakmupyroujeii KOHCmpYyKyueil

Js1 1OCTaBKU pelakTUPYIOleil KOHCTPYK-
LIMU B KJIETKU KaJlJlyca OCUHbI ObliIa MpUMEHEeHa
METOIMKa 00CTpesla MUKPOHOCHUTEIIMU. DTOT
METO/I TO3BOJISIET BHEAPSITh TeHETUYECKUI Ma-

TepuaJl B KJICTKM C TOMOIIbI0 MUKpoJacTHIl [8].

[ yerenrHoi Tpanc@opMay pacTUTE b~
HBIX KJIETOK C ITOMOIIBIO 00CTpesia MUKPOHOCH-
TEJISIMU BaXKHO BBIOPATh ONTUMAJIbHBIN 3Tal pa3-
BUTHSI KaJlIyca, KOTOPKIi CBSI3aH C aKTUBHOCTBIO
JIeJICHUSI KIIETOK U MX PELENTUBHOCTHIO K BHEAPE-
HMIo yacTull. KieTku, Haxossimecs: B akTUBHOM
da3ze nenenus (ocobeHHo Ha cragusax G1 u S uH-
Tepdasbl), SIBIAIOTCS HanbOoJjee IpUEeMIIEMBIMU
IIIs1 TeHHO# TpaHcdopMaimu. B aTor mepuon y
KJIETOK YBETUIMBAETCS MPOHUIIAEMOCTD SIIEPHON
o00oouku 1 aktuBupyercs penapanys JHK, aro
MOXeT criocooctBoBaTh uHTerpauuu JJHK B re-
HOM pacTuTebHOU KJeTku. Kak mpaBuiio, Hau-
OoJyilee oNTMMaJbHBIM BpeMEHEM I oOCTpena
SIBJIIETCST 2—4 HeleIu Mocjie MHULMALMY KaJlTy-
ca. B 510 BpeMsl KaJuTyCHbIE KJIETKU HAXOJSITCS B
(daze akTuBHOrO pocra u aeneHus. I[lpu pazme-
IIeHNM Kajutyca Ha vaike Iletpu mepen oocTpe-
JIOM OBUIO BaXKHO YYECTh TOJIIUHY CI0ST KaJUTyca.
ToncTelii cioit Kajuryca MOXET 3aTPyIHUTH IIPO-
HUKHOBEHME YacTUIl HA HEOOXOIUMYIO TJTyOMHY,
B TO BpeMsl KaK CJIMIIKOM TOHKWIA CJIO MOXET
MPUBECTU K TOBPEXKICHUIO KJIETOK M3-3a MHTECH-
CUBHOCTH 00CTpeia.

TTocne neprona KyJasTUBUPOBAHUST JUIUTEIb-
HOCTBIO 2—4 HelleIn Ha CIIeIIMaIbHOM ITUTATEhb-
HOI cpene, ObLIM TOJIyYeHbl Ka/UTyChl, KOTOPbIE
Jajee ObUIM pasliefieHbl Ha MeJKue (DparMeHTh
pasmMepoMm 2—3 MM U MOMEIIEHBI Ha yamkuy [le-
TPU IUaMETPOM 6 MM C UIEHTUIHON NTUTATeTbHOMN
cpenoit [4]. Hnsa obOecrieueHUs] MaKCUMAaJIbHOM
3G @GEKTUBHOCTH MPOLIEAYPHl 00CTpesia KaJlIyChl
ObUTM pa3MelleHbl TPYIIaMu IUaMETPOM 3 CM B
LieHTpe vaitek Iletpu (puc. 1).

Puc. 1. ®parMeHTUPOBaHHbBIE U CTPYIIITUPOBAHHbBIC KAJLTYChl HA OCMOTUYECKOM cpejie
HETOCPeICTBEHHO Mepe 00CTPEIOM MUKPOHOCUTENISIMU
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Ocoboe BHUMaHUE YACISI0Ch KyJIbTUBaLIUU
KaJUTyCOB Ha BBICOKOOCMOTUYECKOM cpelie B Te-
yeHue 4 yacoB. DTa cpea CrocoOCTBYET OTIEIIe -
HMIO MIPOTOILIACTA OT KJIETOYHON CTEHKH, UTO B

CBOIO OYepe/Ib YIIPOIIALET MPOIECC MPOHUKHOBE-
HUSI MUKPOHOCUTEJIe BHYTPb KiIeTKU. J1Jist co3-
TMAaHWS 3TOM Cpelbl K OCHOBHOMY COCTaBY OBLIU
JI00aBJIeHbI CITUPTHI MAHHUT U COPOUTOJI (TabJ1.).

Tabauua

CocTaB BBICOKOOCMOTHUYECKOM Cpe€abl 1)1 KyJIbTUBUPOBaAHUA
KaJLJTyCOB II€PC O6CTpCJIOM MHUKpOYACTULIaMU

BemiectBo KomnuectBo Ha 0,5 11
Hurpat kanus (KNO,) 250 mr
Hutpar kanbiug (Ca(NO,) « 4H,0) 278 mr
Hurtpat ammonust (NH,NO;) 200 Mr
Cynbdar marnus (MgSO, * 7H,0) 180 mr
Hurunpooprodocdar kanus (KH,PO4) 135 mr
Hunatpuesas conb DA TA kucnorsl (Na,EDTA) 18,6 mr
Cynbdar xenesa(Il) (FeSO, * 7H,0) 13,9 mr
MukposneMeHTsI 1o MS 0,5 M
Butamuns mo MS 1 M
Bi0Z080%051 1 mMr
Me30uMHO3UT 50 mr
Caxaposa 15000 mr
Arap 2700 mr
Kap6onar kanus (K,CO,) 50 mr
MaHHuT 9100 mr
Copoburout 9100 mr

4. Obcmpen KAALYCHBbIX KYAbMYD MUKPOHOCU-
menamu (6uobarrucmuxa)

OOcTpen KaJulyCoB TIPOBOIWMIICS ITIPH ITO-
MOIIM TeHHoi mymku monmeau PDS-1000/He
(Bio-Rad, CIIIA). B kauecTBe MUKPOHOCUTEIEH
HCTIOTh30BAINCH BOJb(MPAMOBLIC YaCTHUIIBI pa3-
MepoMm 1 mxm. Ilpouenypa Oblaa ocyliecTBISHA
MpY BaKyyMHOM pa3pstkeHUH 13 psi M pa3pbiB-
HoM mucke 1800 psi. [Toce obcTpera Ha moBepx-
HOCTU KaJLTyCOB OBbUIM 3aMETHBI PaBHOMEPHO
pacripeneieHHbIe BOJTb(MPaMOBbIC YaCTHIIHI.

5. Unuuyuayus opeanoeenesa 6 Kaanycax nocne
ouobaraucmuru

CrnenyloluyuM 3TarioM ObUla WHULMALIUS
opraHoreHesa. JIjs1 3Toro OBLIM IIPOBEICHDI
JIBa BKCIIEpUMeHTa. B mepBoM cllyyae KaJuTyChl,
MOJABEPrHYThIE 00CTpEITy, KYJIBTUBUPOBAINUCH Ha
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cpene st mpojudepaldy Kajulyca B TeueHUe
TMOTIOJTHUTEIBHBIX 2-X Helelb. Bo BTopoM Ba-
puaHTe cpasy IMocje o0CTpesna IMPON3BOAMIACE
WHIYKIIUSI OpraHoTreHe3a MyTeM J00aBJIeHUSI B
nuTarenbHyio cpeny 0,4 Mr/a 6-6eH3MIaMUHO-
ITypyHa.

B xone akcmepuMEHTOB ObLIO 3aMeueHo,
YTO 0OJiee YCITEITHBI W OBICTPBIN OpraHOTeHEe3
TIPOUCXOIWI B TOM CJIydae, Korga OH ObLT WH-
NIyLIMPOBaH cpasy rocijie oocTpena, He AoXUIa-
SICh JTOTIOTHUTEIIEHOTO pa3pacTaHUsT KaJUTyCOB.
IIpennonoxutensHo, 0ojee MEIJICHHBINA Mepe-
XOJI KJIETOK K CJIeAYIOIIei cTaauu pa3BUTUS TTPU
nobasnenun 0,4 Mr/n  6-6eH3MIAMUHOMYPUHA
MOXET HapyllaTh MPOLIECChl ICICHUs, 3aMell-
Jisist opraHoreHe3. Takke ObLIO OTMEUYEHO, UYTO
STU pacTeHMS TOpa3mo CIOXHee 00pa3OBLIBAIN
KOpHH.
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BaxxHo OTMETHUTB, YTO TMOC/E MPOLEAYPHI
o0cTpelia Ha 3Tarne npojaudepaluy Kajiyca U Ha
oTarne MHAYLHHWPOBaHHWS OpTraHOT€HE3a IPUMEPHO
50 % o00Opa3loB OKa3aMCh KOHTAMUHWPOBAHBI
OakTepusiMu. DTO OOYCJIOBJIEHO TE€M, UTO MpPO-
1erypa oocTpesia He o0ecrneynuBaeT adOCOMIOTHYIO
CTEPUJIBHOCTb M MOXKET BBI3BaTh 3apaxKeHuUe 00-
pa3LoB. DTO B CBOIO OYepeab HETaTUBHO CKa-
3BIBAETCS Ha KAa4eCTBE U pa3Mepax IT0TydaeMbIX
MUMKPOYEPEHKOB, KOTOPhIE B HaJIbHEUIIIEM ITO/-
BEpraloTcs MHAYKIINN KOpHEeOOpa3oBaHUSI.

Yaie Bcero MUKpOUYEpPEHKU, pereHepupo-
BaBIIIME U3 3apak€HHBIX KaJUTyCOB, (DOPMUPYIOT
KOPHM C HENpaBWIbHBIM CTPOCHHUEM WU 00-
pasyloT KaJulycooOpa3Hble CTPYKTYpbl B MECTax
KOHTAaKTa ¢ TMUTATeJIbHOU Cpeaoil. DTO CBUE-
TEJIbCTBYET O HETAaTUBHOM BJIMSAHUUN 6aKTepuanb—
HOM KOHTAaMMHALMX Ha MPOLECC OPraHoreHe3a u
(popMupoBaHUEe 3M0POBBIX pPaCTeHUI. DTO sABJIE-
HUE HEOOXOAUMO YUYUTHIBATH MPU NaJbHEUIIINX
9KCIIEPUMEHTAX U pa3pabOTKe METOIOB obecre-
yeHMs1 0oJiee BBHICOKOM CTEMeHU CTEPUIbHOCTHU
MpoLeaypbl o0cTpea.

6. Ykopenenue u adanmauyus K YCA08USM
ex vitro

Mukpormoberu JmmHo# 2—3 ¢M ObLIH cpe3a-
HBI C KaJUTyca ¥ BBICA>KeHbI Ha 0€3ropMOHAJIbHYIO
MMUTATEIbHYIO cpeay. TakuM CIToco0OM ynajioch
WHUIIMMPOBAaTh KOpHEOOpa3oBaHUE y IMPUOIM-
3UTEIbHO 1/3 Bcex MOMyYeHHBIX MUKPOTIOOETOB
B TeueHHne 2—3 Henmenb. i1 CTUMYIISILIMKA pU30-
reHe3a y OCTaJlbHbIX MUKPOITOOETroB J100aBIIsSIN
B IUTaTeIbHY0 cpeay 0,2 Mr/J1 MHIOJIWII-3-Mac-
JITHOM KHUCIOTHI. TakuM o0pa3oM ymanaoch J0-
OuThCsl 00pa3oBaHUSI KOpHEH Yy 3HAYUTEIbHOM
YaCTU MUKPOITOOETrOB, YTO SIBJISIETCS] BaXKHbBIM
3TaroM B MOJyYEHUN PereHepaHTOB.

ITocne ycremrHoil amanTallu¥ pacTeHUIA
K YCJIOBMSIM ex Vifro B BEreTallMOHHOM KOMHa-
Te 0co00e BHMUMaHHUE YACISIJIOCh IPaBUJIBHO-
MY YXOIy 3a pacTCHUSMHU IJIsI OO0CCIICUeHMST UX
HOPMAaJIbHOTO pocTa U pa3Butus. ExemHeBHOe
OIPBICKMBAHUE BOMOI BBIIIOJIHSIOCH C ILIEIBIO
MoAAepXKaHUsI ONTUMAIBHOM BJIaXXHOCTU BO3-
Iyxa W MpeJoTBpalleHUs] YPE3MEPHOIO BbI-
CBIXaHMSI JINCThEB U IMOYBBI. KpyriocyrouHoe
OCBEIlIeHHE  IOIAEPXKUBATIO  HEMPEPHIBHYIO
(boTOCHMHTETUYECKYI0O aKTUBHOCTb PACTCHUM M
crnocodcTBOBaJIO UX pocty. [Tpu HeoOXogUMOCTH
MPOBOAWIOCH PBIXJIECHUE MOYBBI VIS COXpaHe-
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HUSI 3I0POBbsI KOPHEBOU cucTeMbl U 9D (HEKTUB-
HOTO MOTJIOUIEHUS €10 MUTATEeIbHBIX BEIIECTB U
KHCJIopo/a.

CrenyommM BaKHBIM 3TalloOM B CO3MaHUU
KOJUIEKIIMU TTOTEHIIMATIbHO OTPEIaKTUPOBAHHBIX
pacTeHM1 ObLIa MX TMepecanka B 0ojiee KpyIrHble
KOHTelHepbl o0bemMoM 1,5 71 mocie 1—2 mecsitieB
cofiepXkaHUs B BereTallMOHHO KOMHATE U MOsIB-
JIEHUS 2—4 HOBBIX MEXIOY3/I1iA. DTO ITO3BOJISLIO
pacTeHMsIM MPOJIOJIKATh CBO POCT U pa3BUTHE,
obecrieunBajgo MM JIOCTaTOYHOE MPOCTpaH-
CTBO JUIsl KOPHEBOM CHUCTEMbl M ONTUMAIbHOE
MUTaHuE.

PerynsipHblii MOJMB MMeEN BaXXHOE 3Haye-
HUE I TOJEPKaHUSl ONTUMAJIbHOTO YPOBHS
BJIAXKHOCTH TTOYBBI, OH MpoOBOAMIICS 2—3 pa3a B
HEJIEI0 — B 3aBUCUMOCTH OT COCTOSIHUS TIOUBHI,
YTOOBI U30€raTh MEPEChIXaHUs UM U30bITOYHOM
BAaXHOCTU. K TOIMBHOU BOJEe MEepUOAUNYECKHU
JTIO0ABJISLIM pacTBOP MaKpO- U MUKPO3JIEMEHTOB.
Ero coctaB 0bUI cieiMaibHO MOJ00paH, YUUTHI-
Basl MOTPEOHOCTU pacTeHuid, u comepxan N 00-
mmit (3%, B T.4. N-NO,— 3 %), P,05(11 %),
K2 (35%), S (9 %), MgO (4 %), Fe(lITIIA) —
0,054 %, Zn(BATA) — 0,014 %, Cu(BATA) —
0,01 %, Mn(DATA) — 0,042 %, Mo (0,004 %),
B (0,02 %). DTO MO3BOIMIO TIPEIOTBPATUTH IC-
(ULUT MUHEpaTbHBIX BEUIECTB, KOTOPBIM MoOT
HETaTMBHO TOBJIUSATH Ha POCT U pPa3BUTHE pac-
TEHUM.

Ha nanHoM osTame pacTeHMs] MOJHOCTBIO
OBl MPUCTIOCOOJIEHBI K HOBBIM YCJIIOBUSIM Bbl-
paluBaHusl BHE J1a0OpaTOpuu U IMPOIOJIKAIU
CBOIl akTuBHBbIN pocT. CpenHsisi BbICOTa CO-
crapisiia 15—30 cM, 0JHAKO Y HEKOTOPBIX K-
3eMILISIpOB OHa gocturajia 40 cm u 06oJjiee, 4TO
CBUJIETEILCTBYET O 3M0POBOM W WHTEHCUBHOM
pazButuu. CieayeT OTMETUTh, YTO JaHHBIN IIar
SIBJISIETCSI TIPOMEXYTOUHBIM Tepea OKOHYATEIb-
HOI1 BBICAAKOI pacTeHMIT B OTKPBITHINA I'pyHT. OH
MPEeACTaBISIET COOOI BaxkHOE 3BEHO B MOJITOTOB-
K€ CaXeHILIEeB K 00Jiee eCTeCTBEHHbIM YCIOBUSIM
UX OyIyILero pocTa u pa3BUTHSL.

B o0mieit cioXHOCTU OBUIO BBICAXEHO
358 pacTenuit-pereHepaHToB, M3 HUX 111 3K-
3eMILIsIpoB (31 %) mormGnu. Takum obpa3om, Ha
MOMEHT TepecakKu B 3aKPbITbII TPYHT KOJUIEK-
s BKTIovaa 247 XXU3HECITOCOOHBIX CaXKeHIIEB,
TOTOBBIX K JalibHElIIeMy pocTy. Bce aTambl ux
Pa3BUTHSI, BILIOTh IO BbICAJKU B TEILIUILY JIETHE-
rO TUIIA, TIPEACTaBICHbI HA PUCYHKE 2.
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Puc. 2. Dramsl pa3BUTHS pacTeHMI ITOCIe 00CTpeTa Kalmyca MUKPOHOCUTEIISTMU

7. Adanmauus pacmeHuii 6 menauye

Ilepecagka amanTUPOBAHHBIX PACTEHUI
B TEIUIMILY JIETHETO TUIIA NPEICTABISET COOOM
BaXKHBIM acIIeKT B MOAJEPKAHUM U COXPAHEHUU
KOJJIEKIIUM DPACTEHUN C OTPEeJaKTUPOBAHHBIM
reHoMoM. B Terumuiie obecrneyMBalOTCS OITH-
MaJIbHBIE YCJIOBUS JUISI pOCTA U Pa3BUTUSI pacTe-
HUI, CO3[aeTCd CrelUaTbHbIiI MUKPOKIUMAT C
HEOOXOIMMBIMU TEMIIEPATYPHBIMU 1 CBETOBLIMU
rapamMeTpaMu.

KoueBoit 1iesibio mepecaaky U BhIpalliiBa-
HUS pACTEHUI B TEIIALIE SIBJISIETCSI ITOCTEIIEHHOE
CHIDXKEHUE TeMIepaTypbl W JJIMHBI CBETOBOIO
IHS [Tl 3aKJIaOKU MOYeK Iepel HACTyIUIEHUEM
3uMMHero nepuoaa. Ilpu 3ToM NpOUCXOAUT aKKYy-
MYJISILIMSI PECYPCOB, HEOOXOIMMBIX IIJIsSI YCITEI-
HOIi TTIepe3UMOBKHY 1 Hauyaja aKTUBHOTO POCTa B

clleoylolleM Ce30He. YMEHbIIeHUe o0beMa I0-
JIBa, 00YCJIOBJIIEHHOE TOBBIIIEHUEM BIIAKHOCTU
OKPYXXaIOIIeil cpeibl, TTO3BOJISIET TIPEIOTBPATUTh
3arHUBAaHUE KOPHEW M pa3BUTHE MATOT€HHbBIX
OPraHU3MOB.

st obecrieueHUsT HAMJTYYIINX YCIOBUIM TSI
MOJIy4eHUs TT0CaIOYHOTr0 MaTepuasia HeoOXoau-
MO YYUTBIBaTh CPOKU pPereHepalni pacTeHUIA U3
Kajuryca. HaumbGosiee mNpeAnouTUTEIbHBIM Bpe-
MEHeM ISl 00CTpesia KaJlycOB OCMHBI MUKPO-
HOCUTEISIMU C PEeAAKTUPYIOIIEH KOHCTPYKLIMER
SIBJISIETCS KOHEIl 3MMbI WJIM Hayajo BECHBI, YTO
MMO3BOJIUT MOJIYYUTh N Vitro paCTeHUS C KOPHSIMU
K HayaJly BereTallMOHHOTO CE30Ha.

OOmuii BUI KOJUIEKIIMW PacTeHMI, TTONy-
YEHHBIX U3 KaJUIyCOB, ITOABEPIHYTHIX OMO0AIN-
CTHUKE, MIPECTABIIEH HA PUCYHKE 3.

Puc. 3. Konmnexknus pacTeHnid OCMHEIL, TTOJIydeHHAsT U3 MaTepraa, OIBEPIIIerocs
MpoLeaype peAaKTUPOBAHUS TeHOMA, — B YCJIOBUSIX TeIUIMLIBI JICTHETO TUIIA
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Kax BugHO 13 pycyHKa, pacTeHUs YCIEITHO
amanTUPOBAIUCh U HOPMAJIBHO Pa3BUBAIOTCS B
HOBBIX YCJIIOBUSIX TETUTULIBI JIETHETO TUTIA.

3akioueHne

B mpoBeneHHOM HcCClIeIOBaHUM OILIEHU-
BaJlOCh BJIMSIHUE MPOLELYPbl OMOOA/LUIMCTUKMU,
MIPUMEHSIEMOI C 1IeJIbI0 T€HOMHOIO PEIaKTH-
pOBaHMSI, Ha TPOIIECCHl pereHepanyu U pocTa
OCUHBI U3 KaJUTyCHbIX TKaHeil. MHuumauus op-
raHoreHesa B KaJlyce 1 oOpa3oBaHUe KOpPHEMl y
MMKPOUYEPEHKOB MPEICTABISIET COOOI CIOXHBIM
MPOILIeCC, KOTOPBIA IMTCS Ha MNPOTSIKEHUU
6 mecateB. B 30 % ciydaeB pa3BUTHE percHe-
PaHTOB HE JOCTUIJIO HY>KHOM CTaauu, B pe3ysib-
TaTe Yero pacTeHUsI OCTAIOTCS XXU3HECTTOCOOHBI-
MU TOJIbKO B KYJBTYPE i Vitro.

B xonme skcnepumenTta okosio 50 % xamy-
COB, MPOUIEAIIMX 4Yepe3 IMpoleaypy oOcTpelia
U3 TeHHOU MYIIKW, He 00EeCIeUYMBAIOIIYIO 10-
CTAaTOYHYIO CTePWILHOCTD IIpOliecca, 0Ka3aauch
3apaXkeHHbIMU OaKTEepUSIMU, YTO 3HAYUTEIBHO
TTOBJIMSIJIO HA XONI pereHepalni, a Takoke Ha Ka-
YeCTBO U pa3Mepbl MUKPOIIOOETOB.

AnanTanuysi pacTeHUIX K YCJIOBUSIM ex Vitro
SIBJISICTCSI BaKHBIM 3TaIlOM, YCHEHIHOCTh KO-
TOPOTO OIpEeAe/IsIeTCsl KaK COCTOSIHUEM CaMMX

MUKpPOYEPEHOKOB, TaK W IlapaMeTpaMu cpe-
Ibl. B maHHOM uccienoBaHUU aJanTUPOBaIOCh
70 % pacTeHWi, 4YTO BIIOJHE YIOBJIETBOPH-
TEJbHO.

Pesynbrarhl nccienoBaHusi CBUIETENbCTBY-
IOT O BaXHOCTM COOJIIOJIEHUSI BCEX 3TANOB M
BPEMEHHBIX UHTEPBAJIOB B MPOLIeCCe pOcTa pac-
TEHUI mocyie OMOOATUCTUKM, TMOBpPEXAAtOIIeH
KJIETOYHbIE CTEHKH.

ITpaBunbHbBIN 1OAOOP YCIOBUI KYJBTUBU-
pOBaHMsl, COCTaBa MUTATEbHbBIX CPell, BKIOYast
(bUTOrOpMOHBI, CITOCOOCTBYET TOMY, UTO MPOJIH-
depauuss MaTepuralia, HOABEPrHYTOro 0MooasIu-
CTHKE, ¥ pereHepalius pacTeHuii mpoTekarot, 6e3
3aJIEPXKKHU.

i co3maHus KOJUIEKIIMW OTPeJaKTUpO-
BaHHBIX pacTeHUil 0e3 MpUMEHEHUs Crielalb-
HBIX POCTOBBIX KaMep OMTUMAaIbHBIM BpeMEHEM
JUJIS1 TIpPOBEACHUSI OMODAJUIMCTUKY SIBJISIETCSI KO-
Hell 3MMbl UJIM Hayajlo BECHBI, a TIEPeHOC pacTe-
HUI B TETUIMILY JIETOM TTO3BOJISIET UM aeKBaTHO
pa3BUBAThCSl M aaliTUPOBAThCS K HOBBIM YCJIO-
BUSIM.

Hccnedosanue ebinonaneno 3a cuem cpedcme
gedepanvroco Odxcema 6 pamkax eocyoap-
cmeennoeo 3adanus PBY «CIIGHHUIX> Ne 053-
00011-23-00.
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