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19 nuctonapa 2007 p. BurnoBHOeTbCS1 10 poKiB
3 [HA cTapTy KOCMi4YHOro Kopabsisi Konymois,
Ha 60pTy siKoro npoBeneHo CriinibHui YkpaiHcbkuii
EkcriepumeHT 3a y4actio JleoHiga KageHioka —
repLUOro KOCMoOHaBTa-[oc/igHnKa Ykpainm

SIK He3anexHoi gepxasu. OCHoBHa meTa
EeKCNepUMEHTY — [OCHIANTY BIINB
Mikporpasitayii, Lo € MOCTikiHUM haKToOpoOM
KOCMIYHOIro rnosiboTy, Ha PIiCT Ta PO3BUTOK POCSINH
Ta 3'scyBaTy 3aKOHOMIPHOCTI rpasiTaliviHoi
YYT/IMBOCTi aBTOTPOYHUX OpraHiamis.
KocmidHOMY eKcriepuMeHTy repegysarna Mavixe
TpUpIYHa MigroToBka B abopatopisax
yHiBepcuteTis CLLUA Ta KocMmidHoMy

UeHTpi im. KeHHegi (muc KaHasepan, ®nopviga)
Ta IHCTUTYTax HayioHansHoi akagemii Hayk
YKkpaiHn. Byno nposefeHo KOHKYpC cepen
KaHamupaatiB B KOCMOHaBTU-[OCIAHNKM,

ix 6ionoriyHa nigroToBKa B HayKoBuX

3aknagax Ykpainm ta CLLA, yaockoHaneHHsi
iCHyto4oro obnagHaHHs, po3po6sIeHHSI HOBOro
/19 BUPOLLYBaHHS POC/INH Ta MaHirysayiv

3 HUMU, APUCTPOI Ans XiMiYHOT ¢hikcavyii

3pasKiB TOLLO. YHaCHUKN eKCrIepUMEHTY
cucTeMaTnyHO 06roBOproBav TEOPETUYHI

Ta NPaKTUYHI MUTaHHS, SKI BUHWKau B Xo4i
Voro nigrotoBKu, Ha cemiHapax Ha MuUci
KaHaBeparn, B Knesi Ta JIbBOBI, a Takox

3a [JoroMOoroto TesIeMOCTIB, B SIKUX MOIJIN
OfHO4YacHO 6patu y4acTb BCi BUKOHaBLI.

3a iHiyiatneoro HACA npoBegeHo gsa
repeBipoYHUX TECTU CTaHy rMiAroToBKN
E€KCMEPUMEHTY [0 KOCMIYHOIo rosiboTy Ta Horo
penetuuii B KocMidHOMY LeHTpI iM. KeHHeai

3a y4acTio BCiX BUKOHAaBL|IB Y BepecHi —

XKOBTHI 1996 p. Ta KBiTHI — TpaBHi 1997 p.
ByeHi 3 Ykpainm ta CLLA cTBOpUnn equHy
APYXHIO KOMaHLy, siKa rnpaytosana B OGHOMY
putmi. [poBeaEeHO LUMPOKY OCBITHIO rporpamy
[/19 MOJI04i ABOX KPaiH.

lepebyBatoyn B KocmidHOMY LeHTpi iM. KeHHe i
nig 4ac crapty arna Konymbis, s gobpe Big4ys
Uro He3abyTHIO aTMocghepy — atmocgepy
[06p03N4INBOCTI Ta BUCOKOI BifrnoBigaibHOCTI,
BIMEBHEHOCTI Ta XBUITtOBaHHs1. ToMy 5 BiTato
HayKOBO-[0BIAKOBE BUAAHHS, IKE JOKYMEHTaslbHO
BIATBOPIOE XPOHIKY MOAIV NiaroToBKU

Ta nposefeHHs1 CrinbHoro YkpaiHcbkoro
EkcrniepumeHTy sik BO6puii npuknag nnigHor
crisripayi B4eHunx 6iosoris Ykpainm ta CLLUA

Y HabyTTi HOBUX 3HaHb, 6axaro iM nogasibLumx
TBOPYMX YCiXIB y [OCTIIKEHHSIX B rasysi
KOCMIYHOI 6ios10rii, eQheKTUBHOIO BTI/IEHHS
byHOamMeHTaibHUX gaHux y po3pobKy
KOHTPOJIbOBaHUX €KOJIOM4YHUX CUCTEM
XUTTE3ab€e3re4eHHs1 KOCMOHAaBTIB, CTBOPEHHS
SIKUX HarasibHO BUMararoThb r/1aHn MavibyTHIX
TpuBanmx KOCMIYHUX NoSbOTIB, BigBigaHHs Mapca
Ta IHLWKX riaHer.

eHepanbHUiA
avpektop HKAY

10.C. AJIEKCEEB




lepLui nonboTH IANHU B KOCMOC
riokasasnau He JILLIEe MOXJIUBICTb ii ICHyBaHHS
B KOCMIYHOMY r10/160Ti, ane i nnigHo
npayroBaty Ta ycriLiHO BUpILLyBaTn

BCe CKnaaHilli Ta CKNagHiLLi 3aBaaHHs

Ha 651aro fir04CTBa Ta CBITOBOI HAaYKU.

OpfHiero 3 HariBaXXNNBILLIMX CK1a[0BuUX
3arasibHoro KOMIeKcy [OCTIgKeHb KOCMOCY
€ KOCMi4Ha 6iosorisi, BAHUKHEHHS sIKOi
06YMOBJIEHE HAYKOBUM | TEXHIYHUM MpOrpecom
Ta 6e3nocepesHb0 NoB'a3aHe 3 MPOHUKHEHHAM
JIIOAMHN B KOCMOC. 3Ha4YeHHs il BaXKo
nepeowiHNTH, 0CO6JIMBO /151 3QIMCHEHHS
J0BroTpuBanvx rifiloToBaHNMX KOCMIYHUX
nonboTiB Ta BigBigaHHs1 Mapca
i IHLUMX raHer.

Big no4atky KOCMIi4HOI epy yKpaiHCbKi
Ta aMepUuKaHchbKi 6iosiorn 6pasan aKTuBHy
y4acTb y po3pobui Ta CTBOPEHHI TEOPETUYHOI
i ekcriepyuMeHTanbHoI 6a3u sl MPoOBeaEHHS
peasibHUX KOCMIYHUX eKCIIEPUMEHTIB.

MeHi nowyactunio 6yt y4acHukom 87-i Micii
Ha 60pTy KocMmidHoro Luatia Konymois, nonit
sikoro Tpusas Bif 19 nvctonaga f[o 5 rpyaHs,
BUKOHYIOYM NPAMI QyHKLii KoCMOHaBTa-
focnigHyka B rnposegeHHi CrifibHOro
YkpaiHcekoro EkcriepymenTy. [ns meHe,

SIK KOCMOHaBTa-f4ocnigHvKa ye 6yna
Hapf3Bu4aviHo LjikaBa poboTa, BaX/MBICTb SKOI
51 4y[oBo po3ymis. [Jo Toro x ye 6yB nepLunii
roniT NPeACcTaBHNKa He3anexHoi YkpaiHu.

5 Big4yBaB BeMKY BignoBiganbHICTb nepes
YKpaiHCbKUMU Ta aMePUKaHCbKUMU BHEHUMMU,
sIKi 6panin y4acTb B MOIV nigroToBuyi 4O MOsLOTY.

Xoyy Takox BigMITUTY, LLO MIUHI
pyHAameHTasbHi 3HaHHs B 06,1aCTi KOCMIHHOT
Giosorii s oTpuMaB B pafgsaHcbKoMy LIeHTpi
nigroroBku kocmoHaBTiB iM. K0.0. arapiHa.
Arie 51 Ha3BUYaniHO BASYHWN YKPaiHCbKUM
Ta aMepuKaHCbKUM BYEHUM, SKI MpuKnamm
BesKi 3ycnsinis il MOei 0COOUCTOI MiQroToBKM
0 MPOBELEHHS] CaMOro eKCriepUMeHTy.
OcobnmBy nofsKy Ta LwaHy s BigdyBaro
[0 KepiBHVKa rpynu Halumx B4eHux €nmsaBeTy
J1bBiBHM KOPAIOM, 3 HAYKOBOKO LiSI/IbHICTIO SIKOI
51 NO3HaoMMBCS e B S0pSIHOMY MICTEYKY .

Came Ha ii HaykoBux poboTax B rasy3si KOCMiHHOI

6Gionorii Hac, MavibyTHIX KOCMOHaBTIB, BYNITN
MyApocTi uiei Haykn. ToMy [/ MeHe € BEeINKO
qecTio 6yTu y4Hem camoi €.J1. Kopgrom,
fIKka HarnonernvBeo i Wmpo finunacsi 3i MHOK
CBOIMU 3HAHHAMMW Ta [OCBILOM.

BuiKoHaHHs1 eKCriepyMeHTIB B CTaHi
HeBaroMocTi Masio cBoi 0co6mBocTi. Ix,
Ha XXarib, He 3aBXA1 MOXIIMBO repenoéadqnTu
B 3eMHUX yMoBax. 3anuieHHs KBITiB,
XimMi4Ha gikcayisi pociviH, nigTpyMaHHs
TEMepPaTypHOro pexumy B rnpunagi
151 BUPOLLYBaHHs1 POCJIVH, poboTa
3 MOPO3UIIbHOK KaMepPOIo Ta iHLLe
iHKOIM BUMaranm npuviHATTS 4o4aTKoOBUX
HeopAnHapHWX pilleHb 6e3rnocepesHbo
B Mpoyeci BUKOHaHHS Uux ripoyeayp. Xo4vy
0CO6/IMBO MIAKPECIINTU, LLO MPUMHATTIO
BIAMOBIgHWX pilLeHb Ta peanisayii nporpamm
B Ui/IoMy 6€3YMOBHO CrIPUSIIN APYXHI
BIJHOCUHW, 5IKi BCTAHOBUIINCA MK YrieHamu
eKinaxy KopabJisi, iX rOTOBHICTb 3aBXau

A0MOMOrTY OBUH OBHOMY Y BUKOHaHHI CKIaaHuX
3aBfaHb Ha opOiTi.

BueHi Crionyyennx Lltatis Ta Ykpainn
06'eqHanncs B €QUHyY BPYXHIO KOMaHAay,
fika npaurosasna BUK/IHOHHO BIAMIHHO,
3aBaskn YoMy CriinbHUiA YKpaiHCbKuii
EkcrniepymeHT 6yB BUKOHAHWI YCriLLHO.

KocMoHaBT-gocnigHnK
J1.K. KAOEHIOK -
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19 nnctonaga 2007 poky BunoBHoeTscsa 10
POKIB 3 OHSI CTapPTy KOCMIYHOro Kopabsisi Ko-
nyM6isi, 87-a micis. lpotsiroM uiei Micii 6yB
BUKOHaHwui CriinbHWA yKpaiHCbKO-aMepPUKaH-
cokuii ekcriepumeHt (CYAE) 3a yyactio nep-
LLIOrO KOCMOHaBTa He3asieXHoi YkpaiHu Jleo-
Higa KapgeHioka. lligrotoBka [0 npoBefeHHs
CVAE tpuBana Tpuy poku, i 1ioro ycriiLLHe 34iv-
CHEHHS1 Bigbynocs 3aBAsSKU aKTUBHIV Lisirib-
Hocti HACA, HaLjioHa/1bHOro KOCMi4HOro areH-
TcTBa YKpainu, HalioHanbHoi akagemii Hayk
Vkpainn, yHisepcutetis CLLIA Ta KocMmidHoro
LeHTpy iM. KeHHepgi. HYac crinvBae gyxe Lusug-
KO, LOoCb HEMUHYYe 3a0yBa€ETbCSl, BTPAYaETh-
CSl rocTpoTa royyTTiB, Hayka ige srepeq 3 it
HoBMMU ripobrieMamMu Ta nigxogamn [o ix
piweHb. Ane CYAE 3aymiuaeTbcsi BUJATHOKO
rogieto y po3BUTKY KOCMIi4HOI Gionorii B Yk-
paiHi B 90-Ti poku XX cToniTrsi Ta MiXHapos-
Hoi criieripayi. ToMy XoTifocs npuragatv Bei
nogii Ta ApyXHIO armocghepy TPbOX POKIB
nigrotoBku T1a npoBegeHHA CYAE. Lle Hayko-
BO-/JOBifJKOBe BUYfaHHs1 NPUCBSIHEeHe came TUM
rnogism ta 6a3yeTbcs Ha OQiLiiHNX [OKYMEH-
Tax, Marepianax poboynx Hapag, ryorikayivi
B HaykoBux 3anuckax Towo. YvcneHHi ¢poro-
3HIMKW IEMOHCTPYIOTb 00'E€KTU EKCIIEPUMEHTY
Ha opbiTi Ta B HA3eMHOMY KOHTPOJIi, npejc-
TaBnsoTe yyacHukis CYAE B KocMiuHomy
yeHTpi iM. KeHHepi Ta B Knesi nig 4ac po6otu
Ta Bigno4mHKy. CriogiBaemMocs, Lo BUgaHHA
6yae LikaBuUM LUMPOKOMY KOJTy YnTayiB, BKITO-
qalouu crieyiasicTie B pidHNX rasyssx 6iosiorii.

7

*

Ko)Ha nogis mae CBO€ XUTTHA: MUHYIE, CbO-
rOfAEeHHA Ta ManbyTHe. Takoo NOAIEt0 CTaB YK-
paiHCbKO-aMepUKaAHCBKUA KOCMIYHUI eKcre-
PVIMEHT.

Mepw 3a Bce, xoTinoca 6 NigKPecnuTy,
wo 3aBaaHHs CYAE Bu3Hauunum, Buxogaynm 3
npo6nemM KOCMIiYHOI 6ionorii, sika € ofHieto 3
HaMBaXNMMBILLMX B CUCTEMiI KOCMIYHUX HayK.
HocnigxeHHs B ranysi KOCMi4HOi 6ionorii
CNPsIMOBaHI Ha Ni3HaHHA 6iof1oriYHNX edpeKTiB
(haKTopiB KOCMIYHOIO MONbOTY, MEPEBaXHO
MiKporpasiTauii Ta KOCMIiYHOI ranakTU4HOi
pagiauii, 3 SKMMU XMBiI CUCTEMU He 3yCTpiya-
I0TbCA Ha 3emni, i TaKUM YMHOM HadalTb
MOXIMBICTb OAEpPXyBaTu MPUHLMNOBO HOBY
HaykoBy iHdhopMaLito. BUHMKHEHHS KOCMIYHOI
6ionorii 06yMoBfieHe HayKOBUM Ta TEXHIYHUM
nporpecom i 6e3nocepefHLO MoB'A3aHe 3
NPOHNKHEHHAM NOAMHU B KOCMIYHUI NPOCTIp.
Hap6aHHsa KocMivHOT 6ionorii TakoXX HeobXiaHi
Ta HaAsBMYaMHO BaXnuBi ANs 3'ACYBaHHSA
doyHOameHTanbHUX nNpobsieM cy4acHoi 6iono-
rii, BOHM € 6a3010 ANA PO3POOKM KOCMIYHUX
KMITUHHMX GIOTEXHOMONi Ta KOHTPOSIbOBaHUX
€KOMOrYHMUX CUCTEM XUTTE3abe3neyeHHs,
3Ha4YeHHA KX Pi3KO 3POCHO Y 3B'A3KY 3 nna-
Hamun TpuBanux MifOTOBaHMX MOSbOTIB, eKC-
neamuii oo Micausa tTa Mapca. CTBopeHHs Ta-
KUX cUCTeM i 6ioTexHONori Ta MpPOrHo3 ix
HafinHOro YHKLiOHyBaHHA HEeMOXIuBi 6e3
rMWOOKMX 3HaHb CTYMeHA Ta ChpsiMOBAHOCTI
BM/IMBY (PaKTOPIB KOCMIYHOIO MOSIbOTY Ha XMUBI
CUCTEMMU.

- -
* *

*

*



[ocniopxeHHs B ranysi KocMi4Hoi 6ionorii €
eKCrnepyMeHTasIbHOK OCHOBO rpasiTauiiHol
Gionorii, Aka BuHMKNA y 50-Ti pokn XX cT. i
METO CTano 3'aCyBaHHA Poni rpasiTauii sk
KapOouMHanbHOro MnoCTINHOro reoisanyHoro
hakTopa y oyHKLioOHyBaHHiI 6iocchepn 3emni.
B kocMmivHy epy 6ionorun ogepxxanu yHikanbHy
MOX/MBICTb BMBYATM BMAUB MiKporpasiTauii
Ha NPOCTOPOBY OpieHTaLjto, idionorito Ta 6io-
XiMito opraHiamiB, MOpgoreHes, penponykKLito
Ta AndepeHLitoBaHHA KNiTUH, TOBTO npoLecu,
SIKi fIeXXaTb B OCHOBI POCTY Ta PO3BUTKY XMBUX
icTOT. Y pochig)XeHHAX 6ionoriyHnX eekTiB
MiKporpasiTtauii 06'eKTamMm KOCMIYHOI 6ionorii €
OpraHiamu, pisHi 3a CKnagHicTio opraHisadii, —
6akTepii, HANNPOCTILLi, rPMOU, HUXHI Ta BULLi
pocnvHK, KoMaxu, amqibii, pubu, nTaxm Ta
ccaBui in vivo Ta in vitro. Kpim ekcnepumeHTis
Yy KOCMIYHOMY MOSbOTi, NPOBOAATLCA Ha3eMHI
OOCHIIKEHHS, AKi B Til1 4mM iHLWIN Mipi Mogento-
I0Tb BMNJIMB OKPEMUX (PAKTOPIB KOCMIYHOr O no-
NIbOTY Ha B6iofIoriyYHI CUCTEMMU.

CborogHi po3pi3HAOTb YOTMPU OCHOBHMX
HanpsAMM KoCMi4Hoi 6ionorii:

paBiTauiriHa 6ionoris. 3'scyBaHHs 6iono-
riyHoi poni rpaeitauii Ha nigcTaei gocnig-
>XEHb BMIMBY 3MiHEHOI rpasiTauii — peanbHoi
Mikporpasitauii B KOCMi4YHOMY MOMbLOTI Ta
yMoBax, fIKi YaCTKOBO BIiATBOPIOKOTbL 6ionoriy-
Hi edpekTn peasnbHOi MikporpasiTaLii B na6o-
patopii (kniHocTaTyBaHHS, TinoKiHesis, BogHa
iMepcis), a TakoX rineprpasiTaLii, ska CTBO-
PIOETHCA 3a AOMNOMOIrOI0 LIEHTPUAYT, Ha Pi3Hi

XUBI iCTOTW, KYNbTYpU OpraHis, TKaHWH Ta
KMITUH.

PapiauiiHa 6ionorisi. BuB4eHHA peakuin
XMBUX ICTOT Ha [it0 KOCMIYHOI ranakTU4HOI
papiadii, 0co65IMBO BaXXKUX 3apsfXKeHnX yac-
TOK 3 eHeprieto Mera- Ta rira-eneKTpoH-BOJbT,
Ta NPOLOYKTIB SAAEPHOr0 po3nagy B KOCMiYHO-
My MOSMbOTI, & TAKOX Y Ha3eMHUX eKcrnepu-
MEHTax Ha agepHUX NpUCKoptoBayax, po3pob-
Ka MeTodiB [O3UMETpIi, BUBHAYEHHS CTYNeHs
pagiauinHoro puauky gns KOCMOHaBTIB Y Nifo-
TOBaHMX KOCMIiYHMX MonboTax, AianasoHy
NOLLKOXEHb MrEHETUYHOro anapaTty KiThH Ta
MOXINMBOCTI iX penapadii, NoLyK etpeKTUBHMX
NPOTEKTOPIB Ta 3aXUCHUX 3acOo06iB.

MnaHeTtapHa Gionoria Ta nNpe6ioTUYHUN
CUHTE3. 3'acyBaHHA MOXITMBUX XiMIYHUX LLMSA-
XiB MOXOMPKEHHS XXMUTTA Ta NOLLYK N03a3eMHUX
POPM XKUTTH Ha iHLWMX MfaHeTax COHAYHOI
CMCTEMMU, BKIOHAKYMN PO3YMHMX iCTOT Y BCe-
CBITi, @ TaKOX XiMiYHMUX NONEPEAHUKIB XUTTA B
KocMoci. EkcnepuMeHTanbHi nepesipkn KoH-
Lenuii naHcnepMii — 3aHECEHHS XUTTA Ha
3eMIo 3 KOCMOCY.

MpupopaHi Ta WTY4Hi ekocuctemun. docnig-
XEHHS MexaHi3MiB (OyHKLOHYBaHHA 11 AuHaMi-
KM MPUPOOHMX EKOCUCTEM Ha 3emni Ta LUTy4-
HUX EKOCUCTEM, HEOOXIOHMX ANs XUTTe3abe3-
neYeHHs1 KOCMOHaBTIB Y KOCMIYHMX MonboTax
Ta nig yac nepebysaHHA Ha Micaui Ta Mapci.
Po3pobka TeopeTU4HUX acnekTiB i MeTopnis
cTabinizauii Ta KOHTPOMIO LUTYYHUX EKOCUC-

TeM, TeXHONOrIl IX OKpeMuxX JlaHOK 3 MEeTOH

3a6e3MneYeHHs1 IHTEHCMBHOIMO POCTY POCIIVH,
rpmbiB Ta TBapuWH, AKi NNaHyTbCHA OO0 BKIHO-
YeHHs B pauioH KOCMOHaBTIB, 06pO6KM Npo-
OYKTiB, LLO ofepXyBaTUMyTbCs O/ nopasb-
LLIOrO BMKOPUCTaHHS, Ta yTunisauii Bigxogis y
Taknx 3aMKHEeHWX cucTemax Ana peanisauii
6ionoriyHoi TpaHcopmadii B KOCMiYHOMY
NonbOTi Ha OCHOBI GIOTEXHOMOrIYHUX MPUH-
LmMniB.

BUCJIOBJTIOEMO [TIMBEOKY MOAAKY MPE3UAEHTY HA-
LIIOHAJTEHOI AKALIEMII HAYK YKPAIHW, BOPUCY MNATOHY
3A MOCTIVIHY MIATPUMKY JOCTIIXKEHE 3 KOCMIYHOI
BIOSI0ri B YKPAIHI, LLIMPO BASIYHI BACTYITHUKY MEHE-
PAJILHOIO [IMPEKTOPA HALJIOHAJIbHOIO KOCMIYHOIO
AFEHTCTBA YKPAIHV EAYAPLAY KY3HELIOBY, BUKOHAB-
YOMY [AUNPEKTOPY AMEPUKAHCbKOIO TOBAPUCTBA
FPABITALIIMHOI TA KOCMIYHOI BIOJIONi TOMY CKOTTY
TA BYEHOMY CEKPETAPIO PALJV 3 KOCMIYHUX JOC/II-
XKEHb HALIIOHAJIbHOI AKALEMII HAYK YKPAIHW IPUIHI
BABIJIOBIVI 3A AKTUBHY [OMOMOrY Y riagroToBL!
UbOro HAYKOBO-AOBIAKOBOIrO BUAAHHS TA BCIM
KOJIEFAM | [IPY3SIM 3A HAAAHHSI IHO®OPMALII TA
LIOBPO3UYJINBICTb.




KO(MI‘IHA
BIOI\OI'BI

B YkpaiHi KocmiyHa 6ionoris sk Hayka cdop-
MyBanacs Ha nodaTtky 1960-x pokiB i 3a
CBOED METOAOSOrIED, B OCHOBHOMY, NPUCBS-
YeHa NUTaHHSM rpasiTauinHoi 6ionorii. Ha no-
yatky 1970-x pokiB B IHCTUTYTI Mikpobionorii
Ta Bipyconorii Akagemii Hayk YPCP 6yna pos-
pobneHa TeopeTuyHa 6a3a HaCTYMHUX KOC-
MiYHUX OBIONIOMYHMUX EKCMEPUMEHTIB 3 Op-
raHiamamu, siki nig Yyac nonboTy MakTb 3HAX0-
ONTUCA B aKTMBHOMY (Di3ionoriYHOMy CTaHi.
Byno o6rpyHTOBaHe NONoXeHHs, Lo came Ta-
KA nigxig HagacTb 3MOry BigMOBICTM Ha
HaMOBINbLL Xaryydi NUTaHHs, ki CTosnu nepeq
KOCMIYHOO BiOSIOriE B Hacu, Konu BXe 6yno
3pO3YyMiNnM, LLIO B HANOMXKYOMY ManbyTHLO-
My KOCMOC CTaHe cepolo rocnofapcbkoi Ta
HayKOBOI AiAnbHOCTI nognHu. MoTpibHO 6yno
3'acyBaTtu, SK BMIMBATUME Ha XUTTELIANbHICTb
opraHiamiB ix TpuBane nepebyBaHHs Mos3a
3emneto, 4 BigbyBaTMMETbLCA afjanTtauis Ao
YMOB KOCMIYHOrO MOMbOTY YMNPOOOBX XUTTH
O[HOro OpraHiaMy Ta Ha piBHi MOKOMiHb, fKi
HacnigKkn MOXnuBi. 1K nokasano XuTTs, Ta-
KW nigxig noBHICTIO BunpaBaas cebe. 3Bu-
YarHO, AOCMIOXEHHSIM OpraHiamiB, WO MoTiM
pocnu i po3sMBanncs B yMOBax KOCMIYHOMO
nonboTy, NepefyBana HanpyxeHa pob6oTta 3
YOOCKOHANEHHS METOANYHNX NiOXOAIB Ta Tex-
HiYHOro o6nafHaHHA KOCMIYHUX eKkcrnepu-
MeHTIB. Bynu cTBOpeHi cneuianbHi KynsTMBa-
Topu: IOC (iHoKynauinHO-dikcyto4a cnuctema),
"Pict", "CBiTno6nok-1", "BiokOHTENHEP" Ta iH.,
(hikcyro4i NpuCTpoi, pospobneHa BignosigHa
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cuctemMa aHanisiB eKkcnepumeHTanbHOro
mMaTtepiany.

MapanenbHO 3 KOCMIYHUMUK eKcriepuMeHTa-
MU, B IHCTUTYTI 60TaHikm iMm. M.I". XonogHoro 3
1978 p. BeoyTbCs nabopatopHi poboTn 3 Mo-
JentoBaHHs Aii okpeMux pakTopis NoNLOTY —
BibpaLii Ta NPUCKOPEHHs B pexuMi nignomy
KOCMIiYHOro anapara (cninbHo 3 [HCcTUTYTOM 3a-
ranbHoi reHetukn PAH), 3MiH Hanpy>XeHoCTi
enekTpomarHiTH1x nonie (cninsHo 3 O6'egHa-
HUM IHCTUTYTOM Si0EPHUX JOCHiAXeHb, M. [y6-
Ha, Ta Di3NKO-TEXHIYHUM IHCTUTYTOM HU3BbKNX
Temnepatyp HAH VYkpainn), mikporpasitauii
(BUKOPUCTOBYIOTLCA FOPU3OHTaNbHI KNiHOCTa-
T, SIKi 4aCTKOBO MOLENOTL 6i0NorivHi edhek-
TM MiKporpasiTauii, 06yMOBEHI BiOCYTHICTIO
BEKTOpa rpas.iTaii, OCKiflbky obepTaHHsa op-
raHiamiB Ha KniHocTaTax He pae iM 3morm
cnpuyimaTty rpasiTauinHUm cTuMyn; npote
obepTaHHa BigOyBaeTbCA B rpasiTaLliiHoOMy
noni). Bnave BaXKkOi KOMMOHEHTU KOCMIYHOT
ranakTU4HoOI pagiauii iMiTyBanu LINSxom omn-
POMIHEHHS 6i0NOriYHMX 06'EKTIB MOTOKAMM OK-
pemMmnx BaXKKMX iOHIB MeBHOI eHeprii Ha agep-
HUX npuckoproBadax (cninbHo 3 O6'egHaHMM
IHCTUTYTOM SiAepHUX JocnigxXeHb, M. [dy6Ha,
Ta IHCTUTYTOM sgepHMx pocnigxeHs HAH
VKpaiHn).

3 1974 p. ekcriepMMeHTU 3 6aKTepismu, Bo-
OOPOCTAMWU Ta BULLUMU POCIIMHAMMW, KYNbTY-
pamu opraHiB, TKaHWH i KNiTWH, 3anporoHo-
BaHi Ta MigroToBfieHi B HayKOBUX yCTaHOBax
HauioHanbHoi akagemii Hayk YkpaiHn (IHCcTu-

.
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TYT MOMEKYNsApHOi 6ionorii i reHeTuKkn, IHcTr-
TYT 60TaHiku iM. M.I". XonogHoro, LieHTpanb-
HWUA 60TaHivHMiA cag im. M.M. Mpuwka, Odoc-
nigHe BUPOGHWUUTBO IHCTUTYTY oidionorii im.
0.0. boromonbus, [ocnigHO-KOHCTPYKTOPCb-
K& BUPOBHULTBO MEOMKO-6i0NoriYyHoOro npu-
napobynyBaHHA IHCTUTYTY eKkcnepuMeHTanb-
HOI martornorii, OHKOsOrii Ta pagiobionorii iMm.
P.€. KaBeubkoro), 3fjicHioBan1cs Ha 6iocynyT-
Hukax "Kocmoc-573, -654, -672, -1887", "BioH-9,
-10, -11" (cninbHO 3 IHCTUTYTOM MEaMKO-6i0N0-
riYHMx Npo6siemM, M. MockBa), Ha KOCMiYHKX KO-
pabnsx "Coto3-12, -13, -16, -22" Ta opbitans-
HMX cTaHuiax "Cantot" i "Mup" (cninbHo 3 HBO
"EHepria”, M. MockBa) 3a HauioHanbHOK Ta
MiKHapoaHUMK NporpaMamu (pagsHCbKo-ame-
pvikaHcbka "Coto3-AnonmnoH", pagsHCbKo-paH-
uy3bka "LuToc", pagfHCbKO-4exocnoBalbka
"Xnopena", pagaHcbko-B'eTHaMmcbka "Asona”).
3 E€BPONENCLKMM KOCMIYHMM areHTCTBOM Ta
Pocieto npoefeHi ekcnepumeHtn “lMpoTon-
nact" (IHcTuTyT 60TaHikM iMm. M.I". XonogHoro
HAH Ykpainn), "Kictkn" ta "TpuTtoH" (IHCTUTYT
3oonorii im. |.I. WmanerayseHa HAH Ykpainu),
3 Pocieto Ta CLLIA — ekcnepumeHT "lNpoToHe-
mMa" (IHcTUTyT 60TaHikK iM. M.I". XonogHoro Ta
[HcTuTyT ekonorii Kapnat HAH Ykpainn).

XpOoHOMoria MONbOTHUX EKCMEPUMEHTIB Y
ranysi KocMi4Hoi 6ionorii Taka:

1974—1978 pp. — cepist ekcnepuMeHTiB 3
6akTepieto NpoTen 3BuYanHuii (Proteus vul-
garis): [OCnioKeHo LWBUAOKICTb POCTY, PyXnu-
BICTb, XeMOTakcuc, 6yaoBYy KNiTUH i akTuB-

HICTb (PEPMEHTIB, MPOHUKHICTL MeMbpaH To-
LLIO 3a Pi3HMX YMOB BUPOLLYBaHHA — aepoo6-
HUX, aHaepobHMX Ta drakynbTaTUBHO aHae-
POBHMX.

1975—1992 pp. — cepia ekcnepuMeHTiB 3
OOHOKMITUHHOIO 3ef1eHOI0 BOJOPICTIO Xflopena
(Chlorella vulgaris — aBTOTPOOHMI LITaM
JIAPT -1, Ch. pyrenoidosa — reTepoTpogHuiA
wram g-1-ll): gocnigXeHo LWBWAKICTb POCTY,
penpoaykuio, 6yaoBy Ta (yHKUiOHaNbHUNA
CTaH KNiTWUH, BMICT nonicaxapugis 1Ta akTue-
HICTb (bepMeHTiB rigponidy Kpoxmarto, 6anaHc
KanbLUilo i ypaXeHHs 6akTepiaMn 3a Pi3HMX
pexunmiB BMPOLLYBaHHA — Ha HaniBpigkoMy
Ta TBEpOOMY XMUBWUIIbHUX CepepoBuLLax B
YMOBax OCBIT/IEHHSI T2 TEMHOTU, B TPUKOM-
NMOHEHTHIN BOAHIN cucTeMi (BOOOPOCTI, pmbH,
6akTepii) ToLLo;

1980 p. — eKkcrnepMMeHT 3 MPOTOHEMOIO
MOXy dpyHapisa BonoromipHa (Funaria hydro-
metrica): [OCNIOKEHO CTPYKTYPHO-YHKLiO-
HaslbHy opraHisauito 3eneHux KNiTUH NpoTo-
HeMMU, AKi 34INCHIOTL (DOTOCKMHTES; eKCNepU-
MEHT 3 CMMOIOTUYHOK BOOHOK NAanopoTTHO
asona (Azolla pinnata): pocnigpxeHo 6ynoBy
KNiITUH NanopoTi, a30TAIKCY40i CUHbO3EeNe-
HOi BodopoCTi aHabeHa (Anabaena azollae)
Ta acoujiaTMBHMX GaKTepin, a TakoX B3aEMO-
BiQHOLLEHHSA MiXX eyKapioTU4HUMM 1 NpoKapio-
TUYHUMW OpraHisaMamu;

1978—1991 pp. — cepisi ekcnepuMeHTiB 3
NMOKPUTOHACIHHUMW pOCAMHaMu: ropoxom (Pi-
sum sativum), TBepnoto nwenuueto (Triticum

durum), apadigoncucom (Arabidopsis thaliana),
6anb3amiHoM (Irnpatiens balsamina), oripka-
mu (Cucumis sativus), cnipogenoto (Spirodela
polyrrhiza); pocnigXeHo picT i po3BMTOK na-
POCTKiB, CTPYKTYPHO-(OYHKLIiOHanbHy opra-
Hi3auito KNiTUH BeretTaTMBHMX OpraHiB, 0coo6-
NMBOCTI 6YA0BM rpasipeuenToOpHUX KNiTUH
KOPEHEBOro Yoxnuka, 6anaHc KanbLito, di3n-
KO-XiMiYHi BRacTUBOCTI LMTOMIa3MaTUYHOI
MeMO6paHu, iIHTEHCUBHICTb NEPEKNCHOIO OKUC-
NEeHHs Ninigis TOLLO;

1981 p. — ynepLue B CBiTi B KOCMiYHOMY
nonbOTI 3auBinu pocnuHu apabigoncucy (oa-
HOpiYHa poCfMHA 3 KOPOTKMM LMKIOM pPO3-
BUTKY, Bif HACiHHS 0O HACiHHA NPOXOAUTb OO0
40—45 pi6), AKi 6ynn gocTasneHi Ha opbITy y
dasi ABOX CiM'AA0NbHUX NINCTKIB; [OCMIIKEHO
6yOoBYy iX reHepaTUBHUX OpraHiB;

1980—1983, 1989 pp. — cepia ekcnepu-
MEHTIB 3 enipiTHMMM Ta Ha3eMHUMK opXifes-
MW OOCAIOXEHO PICT, PO3BUTOK, aHATOMIUYHY
6yOoBYy NUCTKIB, BMICT (DITOrOPMOHIB Ta ak-
TUBHICTb (PEPMEHTIB;

1987—1993 pp. — cepist eKcnepuMeHTiB 3
KynbTypamy TkaHuH rannonanycy (Haplo-
pappus gracilis) i ropoxy: [OCNIAXXEHO POCTOBI
Ta YNbTPacTPYKTYPHI MOKA3HMKW, iHTEHCUB-
HICTb NEePEKNUCHOr0 OKUCIEHHSA NiNigdiB TOLLO;

1989 p. — ekcriepymeHTU 3 KysnbTypamm
npotonnacTiB Mopkeu (Daucus salivus) Ta pan-
ca (Brassica napus): [oCnigpkeHo 34aTHiCTb
npoToNnnacTiB pereHepyBatv KNITUHHY 060-
NOHKY Ta yTBOPIOBATU MiKpoKaslyCc B ymMoBax
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KOCMIYHOIO MOMbOTY, CKNag KNiTMHHOI 060-
JIOHKW Ta CTPYKTYPHO-(PYHKLIIOHAbHY OpraHi-
3auito KNiTMH MiKpokarnycis;

1989—1991 pp. — ekcrnepuMeHTn 3 KyJslb-
TYPOIO TKaHWH pe3yLUKW: OOCAigKeHOo 3paT-
HICTb O MOPGYOreHe3y B KasyCHIl KymnbTypi B
yMOBaxX KOCMIYHOro MosiboTy Ta OCOBJIMBOCTI
OVdbepeHLitoBaHHS rpaBipeLenTopHOro anapa-
Ta KOpeHiB, AKi yTBOpunucs de novo 3a ymoB
MiKporpasiTauii;

1991 p. — ekcrnepuMeHT 3 KynbTypolo op-
raHiB kaptonni (Solarium tuberosum): pocnig-
XEHO 3[aTHICTb [0 YTBOPEHHSA MiHibynb6 Ta
YABTPaCTPYKTYpPYy 3anacar4yoi KpoxmareHoc-
HOT napeHxiMu;

1996 p. — ekcnepuMeHT 3 NPOTOHEMOKO
MOXiB MOTis1 NnpomixHa (Pottia intermedia) Ta
uepatofoH nypnypHui (Ceratodon purpureus):
OOCNiOXEHO NMPOCTOPOBY OpieHTaLit0 rpasi-
4yTNMBOI NPOTOHEMW 32 YMOB MiKporpasitauii
Ta CTPYKTYPHO-(OYHKLIOHANLHY OpraHisaLito
anikasnbHOI KNiTUHK, ika 0QHOYaCcHO € MICLEM
CAPUAHATTA rpasiTaliiHoOro CTUMyny Ta 34in-
CHEHHs rpasiTponivyHOi peakuii; oTpumMaHo
6ionCiHMI MaTepian 3 KICTOK mMaBn Ta KiHLi-
BOK TPUTOHIB MiCNsi 3aKiHYEHHS eKCrepuMeH-
TiB 3 UMMM TBapMHaMu ons OOCNiAXeHb 3aKo-
HOMIPHOCTEN OCTeOoreHe3y 3a YMOB MIKpOr-
paBiTauii;

1997 p. — cninbHUI YyKpaiHCbKO-amepu-
KaHCbKMIA EKCNEePUMEHT.

YV pesynerati KOMMAEKCHUX [OChigXeHb
6aKTepin Ta Pi3HUX POCAUHHUX O6'eKTIB 3

BUKOPUCTAHHAM LIMTONOTIYHUX, GIOXiMiYHMX,
6i0Pi3nYHNX, MONEeKynsapHO-6iofNoriYHNX Ta
iHWK1X meToaiB 6yno BCTAHOBNEHO, WoO: 1) ro-
JIOBHUMU [OCTIVIHO Jilo4YumMn  ¢hakTopamu
KOCMIYHOIro rosibOTy € HeBaromicTb (Mikpor-
pasitayisi) Ta KocMmidHa ranaktnydHa pagiadisi.
Bnnue pagiauinHoro caktopa y 6an3bkomy
KOCMOCI Mif 3axnMcTomM MarHitocgepu 3emni €
MEeHLL Hebe3rnevyHuM, HiX Yy BiAKPUTOMY KOC-
MOCI, e MOro HeraTuBHa [l Ha XXUBi CUCTEMM
Pi3KO MOCUNIOETLCA | CTAE ANna HUX CMepTenb-
HO 3arpo3NnBOID; 2) HUXYI Ta BULLI POC/IVHUN
POCTYTb Ta pPO3BUBAKOTLCA 38 YMOB MIKpOr-
paBiTauii neBHWi 4ac; 3) MopgporeHes, nogin
Ta augbepeHUitoBaHHs KIiTUH BigbyBaroTbCs B
yMoBax MiKporpasiTaLii B 4es MpoMIKOK Yacy
6e3 ICTOTHUX BiaXueHb Big HOpMu; 4) Mikpor-
paBiTavisi cTOTHO BAAUBaE Ha KAITUHHUI Me-
Tab0s1i3M; Vioro 3MiHu BijobpaXkaroTbCcs y ne-
pebynoBax ynbTpacTpykKTypu KIITUH, TOOTO
KiTMHa € rpaBidyTinBor,; 5) BHYTPILLIHLO-
KNITUHHWA 6anaHc Karblito 3MIHIOETbCS 3a
YMOB Mikporpasitadii; 6) 3mMiHu meTabosniamy
3a yMoB MiKporpasitayii BegyTb OO MpUCKO-
PEHHS ANhEPEHUIIOBAHHS Ta CTapiHHSA KIITUH;
7) MikporpasiTayisi HanexmTb O Takux 30B-
HILWHIX haKTopIB, BI/IMB SKUX HE MepeLUKos-
)Kae pO3BUTKY afarnTuBHUX peakuivi Ha Kili-
TUHHOMY Ta OPraHi3MEeHHOMY PIBHSX Yy MexXax
¢pisionoriyHoi Bigrnosigi, TO6TO B paMKax reHe-
TUYHO [ETepMIHOBaHOI nporpamy OHTOreHe-
3y. Bnnve mikporpasitauii Ta kniHocTaTyBaH-
HA MOCUITIOETBLCA i3 36iNbLUEHHSAM TPMBASOCTI

1"

iX piji, /Oro NposiB yCKNagHIETbLCA y bara-
TOKNITUHHUX OpraHiaMiB MOPIBHAHO 3 OOHO-
KNITUHHUMN.

Ha ocHoBi aHanizy napameTtpis pocTy y
6aKTepin Ta OOHOKNITUHHUX 3efeHMX BOJO-
poCTeN 3a Pi3HUX PEeXWMMIB BUPOLLYBaHHA B
YMOBaX KOCMi4HOro nosibOTYy MOPIBHAHO 3 Ha-
3EeMHUM KOHTPOSIEM [O3BONUAN CCOOPMYIHO-
BaTW 3ara’sibHi 3aKOHOMIPHOCTI NoBedIHKU 04-
HOKJIITUHHUX OpraHiamiB B 0poOiTasibHOMY
nonboTi: 1) NPOTAroM NeBHOro Yacy pict, pos-
BUTOK Ta IHTEHCUBHICTbL OOMIHY pe40BWH Big-
6yBaloTbCA B Mexax apganrayiviHoi Bigrnosigi
XKMBOro; 2) YyMOBM r0SIbOTY MOCUITIOIOTb TEH-
AeHUito, 3aknaneHy B MOMEHT opraHisayil
ekcriepuMeHTy. Tak, B KynbTUBaLiNHUX Kame-
pax 3a OnTUManbHUX YMOB PICT MiKpoop-
raHiamiB B op6iTasnibHOMY MOMNbOTI MPUCKOPIO-
€TbCA MOPIBHAHO 3 HAa3E€MHMM KOHTPOneMm, 3a
HECNPUATIMBNX — YMOBISIbHIOETLCA CUSTbHILLIE,
H>XX B naéopatopii. BctaHoBReHi 3akoHOMIp-
HOCTi MalTb TakOX KOHKPETHE MpUKnagHe
3Ha4YeHHs, flonoMaratyn B po3paxyHkax npu
CTBOPEHHI KOHTPONbOBAHMX EKOOMYHNX CUC-
TEM XUTTe3abe3neyeHHs B KOCMIYHUX anapa-
Tax, OCKiflbKM OOHI€I0 3 IX OCHOBHUX NAHOK €
MiKpOOpraHi3amu, siKi 6epyTb y4acTb Y 30iNCHEH-
Hi Kpyroob6iry peyoBuH y Takux cuctemax. Y
UMX eKcrnepumeHTax afs aHanisy KnituH 6ak-
Tepin Ta BOQOPOCTEN BrnepLUe Yy CBIiTOBIM KoC-
MiYHi 6ionorii yKpaiHCbKi BYEHi 3acTocyBanm
€/1EKTPOHHO-MIKPOCKOMIYHUIA MeToh, AKUMN
Jae 3Mory BmMBYaTW GYAOBY KNiTWH, 36inbLue-

-
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HUX Yy OECATKN TUCAY pasi., i TUM caMnMm Hab-
NN3NTUCA 00 OUIHKU (PYHKLIOHANBHOro CTaHy
KMITUHHUX opraHen i, omKe, NoBiYHO CcyanTu
Npo IHTEHCUBHICTb Ta CMPSAMOBAaHICTb KNITUH-
HOro meTaboniamy. ToMy TOHKa CTPYKTypa Kni-
TUHM Ta ii 3MiHM Nig gieto pakTopiB KOCMIYHO-
ro nosiboTy BUABUMUCA HaZIMHUMWU iHOUKA-
TOpamMy OLiHKM CTyneHs BMnavMBY akTopis
KOCMIYHOIO MOMbOTY Ha OYHKLIOHYBaHHA Ki-
TUH OpraHiaMmiB, fKi 3HaxoOuNNCA B aKTUBHO-
My cpizionoriyHomy cTaHi nig 4ac nonboty. [lo
TOrO XX EneKTPOHHO-MIKPOCKONIYHUI MEeToa
He NoTpebye BENUKOI KifbKOCTI eKCrnepuMeH-
TanbHOrO MaTtepiany, fika € OOMEXEHO B
KOCMIYHNX eKCnepuMeHTax.

Byno BcTaHOBMEHO, WO 3Ha4YHWIA BMVB
MiKporpasiTauii Ha KNiTMHHWUI MeTaboni3am He
3aNeXnTb Bif, TAKCOHOMIYHOI i TKAHMHHOI Ha-
JNIEXHOCTI, 06rpyHTOBaHO (OyHOAMEHTaNbHY
KOHLIenuito BiAHOCHO TOro, L0 KNiTUHW, AKi
nponigepyoTb Ta akTUBHO MeTaboni3yloTb, €
Hano6inbLU rpasivyTnMBUMN. OgHUM 3 HabIrbLL
YikaBux Ta BaxX/mBux eqeKTiB Mikporpasita-
Yii Ha KIIITUHHOMY PIBHI € 3MiHW Y BHYTPILLHb-
OKJIITUHHOMY 6arnaHci KasbLito, IKi NoNsrarTb
y nepepo3nogisni BiflbHUX IOHIB Kasbuito B 4u-
TO30/1i, opraHesiax 1a K/iTUHHIVi 060/10HLi, a
TaKoX y 30IbLLUEHHI Ta, 3Ha4YHO pifLLe, — 3MeH-
LUIeHHI ioHIiB y umTo3osi. Ui aaHi BigkpuearoTb
HOBI NepcrneKTUBM AN ManbyTHIX JOCNiOKEeHb
KanbLii- Ta rpaei3anexxHux npoLecis 3a yMoB
MikporpasitaLii i, TakuMm YMHOM, BNAUBY rpa-
BiTaUii HA KMNITUHHUIA MeTabosi3M.

Ha ocHoBi aHanisy CcTpyKTypHO-(OyHKLiO-
HanbHMX 3MiH opraHen MepucTemMaTUyHUX
KMITUH, Takux, WO POCTYTb PO3TAraHHAM Ta
OnepeHuiioBaHnx B ymoBax Mikporpasitauii
Ta KiHoCTaTyBaHHA, BCTAHOBJIEHI Taki 3aKo-
HOMIpHOCTI iX NposBy:

1) reTeporeHHiCTb opraHen y KNiTUHHIN no-
nynauii Wwono ctyneHs nepedynos (Bignobpa-
Xae BigMiHHOCTI B cTtapiax 6ioreHe3y Ta
PYHKLiOHaNIbHOMY HaBaHTaXXEHHI OpraHen);

2) cyMiCHICTb NPOCTOPOBOI NOCNIAOBHOCTI Y
6ioreHesi B npouecax KiTMHHOrO POCTy Ta
OnepeHLitoBaHHS;

3) MiABULLIEHHS PeaKTMBHOCTI MpW 3MiHi
PYHKLiOHANIbHOr0 HaBaHTaXXEHHS;

4) 36inblUeHHA aKTUBHOCTI Mpu BTpaTi
KMITUHOK cneumgidHmX OyHKUIA (3aMilLleHHs
YHKLIN).

CdhopmynboBaHi  3aKOHOMIPHOCTI  NposiBY
CTPYKTYPHO-QOYHKLIOHANIBHUX 3MiH OpraHen y
npouecax pocTy, OAU(EPEHLiIOBaHHA Ta XUT-
TELIANBHOCTI KIITUH HEe3anexHo Bif iX BUOO-
BOi i TKAHMHHOI HaNEeXHOCTi Npw fji 3MiHEHOI
rpagitadii MaloTb 3aranbHUA xapakTep, ane B
TOW Xe Yac MOXYTb HECTU iHhopmaLito Woao
auc-, rinep- abo rinoyHKLUii oKpemMux Tunis
KMITWUH, TKQHWH Ta OpraHiB y uinomy.

lNokasaHo, Lo 3MiHN METabosi3My KITITUH B
yMoBax MikporpasiTauii npuckoprooTs 1) picT
Ta QuhbepeHLitoBaHHs MepucTeMaTuyHuX Kiii-
TUH Ta KJITWH, LLO POCTYTb PO3TAraHHsaIM; 2)
CTapiHHA angbepeHyirioBaHnx KAiTUH i, oTxe,
CKOPOYYIOTb LISITIbHICTE MEpUCTeM, a B psgi

BUNaAKiB — OHTOreHe3 oprariamis. O6rpyH-
TOBAHO [10J/IOXKEHHSI PO KIITUHHI MexaHi3mi
afanrayii 4o 3MiHeHoI rpasitayii, ska 34iv-
CHIOETbCS 3a NPUHYMNIMOM caMmoperynsyii cuc-
Tem, npoTe MigTpuMaHHs1 psigy HavBaXnBi-
LUMX MOKa3HUKIB KIIITMHHOIO romeoctasy B
Mexxax HoOpMU BifjoyBaeTbCs1 Ha (OHI MPUCKO-
peHoro ctapiHHs. CTpaTteriyHe 3Ha4eHHs B nep-
BUHHIN aganTauii KNiTuH o Aii uboro dakTo-
pa MarTb NIZTPUMaHHA TEKy4OoCTi NinigHoro
6illapy umTonnasmaTm4yHoi MmemopaHu B nes-
HUX MeXax Ta akTuBauis aHTUOKCUMOAHTHWUX
cucteM. TpuBana (BTopvHHA) ajantauis Kii-
TWH OO YMOB MiKporpasiTaLii 3ab6eane4vyeTbes
nepebynosamu  KNiTUHHONO  MeTaboniamy
(30Kkpema, horo iHTeHcuiKaLiet), fKi FPYHTY-
IOTbCA Ha 3MiHax (PYHKLiOHANbHOIro HaBaH-
TaXeHHs KIITUHHMX opraHen Ta akTUBHOCTI
doepmeHTiB.

Ha nigcTtasi aHanizy ekcriepmmeHTanbHUX
JaHNX BWUCYHYTO rinoTtedy rpasiTayiviHoi ge-
KoMreHcadii, BigrnoBigHO A0 SIKOi yuTorias-
mMatu4yHa membpaHa € rnepBUHHUM Micyem gii
MiKkporpasiTayjii B yMoBax 3MeHLLeHHs1 abo Bij-
CYTHOCTI rigpoCcTaTtu4HoOro TMcKy. 3MiHa y no-
BEPXHEBOMY HaTAry umrTonnasMaTtu4Hoi Memo-
paHu MoXe BifirpaBaTu porb iHOyKTOpa nepe-
6ynoBu ii Pi3nKo-xiMmiYHMX BRnactueocTen. Lle
CMPUYUHIOE 3MiHU Y MPOHUKHOCTI MeMbpaHu,
PYHKLIOHYBaHHI MeM6paHHUX peLenTopiB, ak-
TUBHOCTI MEMOPAHO3B'A3aHNX (PEPMEHTIB TO-
0o, Ta CBOEK 4Yeprow, nepebynosn metado-
ni3amy Ta ix BTiNeHHA y isionoriyni Bignosigi.
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HakonnyeHo poctaTHbO MOBHY iHopma-
Lito Npo andepeHuitoBaHHA Ta CTPYKTYpPHO-
hyHKLIOHanbHy opraHisaLilo KniTMH KOopeHe-
BOrO YOXNMKa — rpasipeLenTopHoro anapara
KOpEeHs1 y BiOCYTHOCTI rpasiTauii. MNokasaHo,
Lo 3a yMOB MiIKporpasitayii rpasipeLentop-
Hui anapart [HTaKTHUX 3apOfKOBUX KOPEHIB
opmyeTbCs, ane He hyHKUIOHYe y BIAcyT-
HOCTI rpaBsitayiiHoro Bektopa. HemoxnusicTtb
3AIVIiCHEHHS paBIiTPornivyHOI peakuii 3a ymoB
MiKporpasitayii KOMeHCyeTbCss PoTOTPOMI3-
MOM, TO6TO CripsiIMOBaHe CBIT/I0 3abe3rne4vye B
Umx yMoBax [OCUTb HOPMaJslbHE MPOCTOPOBE
po3aTallyBaHHs OpraHiB pocsvH. BucyHyTte
MOJTIOXXEHHSA € OOHMM 3 6a30BUX Y CTBOPEHHI
TEXHOMOriA KOCMIYHOrO POCAMHHMUTBA Ta
BiKPMBAE HOBI MOXIMBOCTI O/ BUBYEHHS
MEeXaHi3MiB OKpeMMX TPOMiYHMX peakLin poc-
JINH, 30KpemMa poni giToxpomy y ¢OTOTpPO-
ni3Mmi, y Ynctomy Burnsgi, To6To 3a BigCcyTHOC-
Ti rpasiTauii (Kordyum, 1997 a, b, 2001, 2002,
2004, Kordyum et al., 1994).

K 3acBigvye aHania ctaHy Ta HanpsMmKisB
OocnifXeHb y ranysi CBiTOBOI KOCMiYHOI 6i0-
norii, YKkpaiHa ctana OgHMM 3 OCHOBHWUX LiEH-
TPiB MPOBEOEHHS KOMMEKCHUX OOChigXeHb
6ionorii KNiTMHM B yMOBax KOCMIYHOIO MOJSbO-
Ty Ha Cy4acHOMY HayKOBO-METOAMYHOMY piB-
Hi. YKpaiHCbKMM BYEHUM HaneXuTb npioputeT
Y BIOKPUTTI rpaBivyTNNBOCTI POCAMHHOI KNiTU-
HW Ta BCTaHOBMIEHHI 3arasibHNX 3akoHOMIp-
HoCcTen 6ionoriyHmnx edeKkTiB MikporpasiTa-
Ljii — nocTiiHO Aitoyoro dakTopa KOCMi4HOro

NonbLOTY Ha KMITUHHOMY Ta OpraHiaMOBOMY
PiBHSX.

3 1993 p. cbyHoameHTanbHi Ta NpuknagHi
OOCNiIXKEeHHs1 B ranysi KOCMIiYHOI Ta rpasiTta-
uinHoi 6ionorii B YkpaiHi € yactuHoto Haujo-
HasnbHOI KOCMIYHOI Nporpamu YkpaiHu, diHaH-
CyloTbCA HauioHanbHUM KOCMIYHMM areHT-
CTBOM YKpaiHu Ta BUKOHYKOTbCA B iIHCTUTYTax
HauioHanbHoi akagemii Hayk YKkpaiHu, Aka-
nemii MeamyHux Hayk YkpaiHu, yHiBepcuTeTax
Ta iHWnx 3aknagax. NepcnekTMBHUMK Hanps-
Mamu Unx OochnigKeHb 6ynn BU3HAYEHI Taki, B
AKMX 3000YTKM YKPAiHCbKMX BYEHUX BU3HaHI
CBITOBOIO HayKOBOI CMifIbHOTOIO Ta PO3BUTOK
AKUX 3a6€e3Me4yeTbCs HayKOBO-TEXHIYHMUM MO-
TeHuianom YkpaiHn. CborogHi npioputetu B
uin ranysi B YkpaiHi cnpsamoBaHi Ha: 1) 3'a-
CYBaHHSA KNITUHHUX, CYOKMITUHHUX Ta Mose-
KYNAPHUX MexaHi3aMiB 6ionoriyHmx edekTiB
MiKporpagitauii, a, oTxe, MexaHi3miB rpasi-
YYTNMBOCTI KNITUHW Ta CTBOPEHHA KOCMIYHMX
6ioTexHonorin  ana MeguumHU M CinbCbKOro
rocrnogapcTaa, a TakoX eKOS1IoriYHOro MOHITO-
PUHFY 3 BUKOPUCTAHHAM YHIKanbHUX MOXIN-
BOCTel MikporpasiTauii, 2) po3po6Ky KoHLen-
Ui LWOAO POCTY, PO3BUTKY, Penpoaykuii Ta
CTIKOCTi OpraHiamie B KOCMiYHOMY NOMbOTI AIK
OCHOBW CTBOPEHHS TEXHOSOTIV AN KOHTPOSb-
OBaHMX EKOJIOrMYHUX CUCTEM XUTTe3abeane-
YEeHHs1 KOCMOHAaBTIB.

®yHoameHTanbHi 4OCHIIAXEHHS:

+ KNiTWUHHa 6ionoris B ymoBax MiKporpasi-
Tauii;
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+ ponb iOHIB KanbLito Ta LUTOCKENeTy B
6ionorivyHNX edpekTax MikporpasiTadlii;

+ Gionoria po3BUTKY B yMOBax Mikporpasi-
Tauji;

+ TpuBanicTb XUTTA Ta CTapiHHA B yMOBax
3MiHEHOI rpasiTauii;

+ B3aemogis M NpoKapioTMyHMMK (nato-
reHHUMMW, CUMOBIOTUYHUMU | acouiaTUBHUMM) i
eyKapioTM4HMMM opraHiamamu i Bipycamu 3a
YMOB MiKporpasiTauii, ouiHka naToreHHocCTi
6aKTepiin Ta BipyCiB 3a LUUX YMOB.

MpuknagHi HanPAMKK:

+ po3pobKa KOCMiYHUX GiOTEXHOMOrin Ta
YOOCKOHaNIeHHs1 MeTofiB enektpodopesy B
yMoOBax Mikporpasitauii 4isi ogep>xaHHsa npe-
napartis 6i0f10ri4YHO aKTUBHUX PEYOBUH Ta ro-
MOFE€HHMX KNITUHHUX Nonynsauin gns dyHaa-
MEeHTaNbHUX AO0CNIXEHb, MEOULIMHU Ta Ciflb-
CbKOro rocrnofapcTaa;

+ po3pobKa TEXHOJONN KOCMIYHOIO POCIINH-
HMUTBA Ta yTunisauii BiAXOA4iB Ans KOHTPOSib-
OBaHWMX eKOJSIoMYHNX CUCTEM XUTTE3abeane-
YEHHS Y TpMBaIX KOCMIYHUX NOMboTaXx;

+ BUKOPUCT@HHA EKCrpec-MeTogiB OLHKK
CTaHy OpraHi3amie y KOCMiYHOMY MOfbOTI Ans
€KOJSI0r4HOro Ta pagiobioNoriyHOro MOHITOPUH-
ry 6iocdepu;

+ YOOCKOHAasEHHs iCHYHHOro Ta CTBOPEHHS
HOBOro obnagHaHHA anst 6ionoriyHuX, 6ioTex-
HOMOriYHNX Ta 6ioOMeaNYHUX eKCNEPUMEHTIB.



CYAE wmae cBoro icTopito y auniaoMaTtuyHmnx
BigHocuHax mix CrionydeHumn LLtatamu Ta
pecnybnikamuy konuHboro PagsaHcekoro Co-
103y, CrpsIMOBaHUX Ha MigTPUMKY ix repexony
[0 PUHKOBOI €KOHOMIKW, PO33O6POEHHS Ta fe-
MOHTaXy sigepHux paket. Koornepauis B ra-
J1y3i KOCMIYHOI Hayku po3arrisiganacs sk nepe-
KOHIIMBWV 1104aTOK MIKHaLiOHaibHOro giaso-
ry, SKuii Mas JOMOMOITU B [OCArHEHHI Taknx
yineun.

Hwxye HaBogmmo xpoHosnorito nogivi, sKi
nepenyBann CTBOPEHHIO Ta peasizadii crisib-
HOro MPOEKTY.

1994

+ MignucanHsa TpucTopoHHbOI yroam (CLLA,
Pocia Ta YkpaiHa), civyeHs.

+ O6roeopeHHs cnienpadi Mk CLUA Ta Yk-
paiHoto B ranysi JocnigkKeHb KOCMOCY.

+ HACA HanpaBsnsie B YkpaiHy generauiio
ONna BUBYEHHS MOXMBOCTEN Koonepauii. Lis
Jenerauisi He BKoYana gaxisuiB 3 KOCMI4HOI
6ionorii, xo4a npod. Kopatom npeacraesnana
Len Hanpam gocnigkeHb B YKpaiHi, 6epe3eHs.

+ Migpo3ain UL 36upae rpyny KOCMiYHUX
6ionoris y BalLMHIrTOHi Ans 06roBopeHHs, Be-
peceHb.

VKpaiHcbka generauis, o4onioBaHa akage-
Mikom HAH Ykpainu lOpiem KyHgiesnm, BKnto-
yana akagemika HAH VYkpainn OnekcaHppa

HoBokaTVKbsiHa, [OKTOPIB 6iONoriYHMX Hayk
€nunzasety Kopgatom, Bitania Kopatoma, Opec-
Ta JewmkiBa, Hatanbto ObsveHko, OneHy He-
ayxy, Cepria lNynapa, kaHg. i3.-mat. Hayk
OnekcaHppa KoHgpadyka, naHis AHaTonis LLes-
ko Ta Bitania Magpinina. Oenerauis CLUA, o4yo-
noBaHa goktopom [xoaH BepHikoc, BKto-
yana gokTopiB JloypeHca bisepa, Toma CkoT-
Ta, Mepi Macrperie Ta [Oxenmca [arikemy.
MpoTarom cemiHapy OOHOCTOPIHKOBI CHiNbHI
Npono3uuii B ranysi KOCMiYHUX HayK MpO XUT-
T8 — Big chizionorii nroguHM 0o o64mcnoBanb-
HoI 6ionorii, 6ynun CkNageHi Ta HanpaeneHi 4o
wra6-kBapTupn HACA, BepeceHsb.

+ CninbHa 3asBa Wo[o ManbyTHLOro cnis-
po6iTHMLTBa M CLUA Ta YkpaiHoto crnpsiMo-
ByBana HACA Tta HKAY pnsi BU3Ha4eHHsi no-
TEHLINHNX eKCNeprMEHTIB Ta KOPUCHOro BaH-
Taxy, aki mornm 6 6yTu KBanicikosaHi ons
nonbLoTy Ta CTBOPUIU 6 MOXNMBICTL ANSA YK-
paiHCbKOro cnewianicta 3 KOPUCHOro BaHTaxy
30iMCHUTY NONIT HA KOCMIYHOMY Kopabri 6ara-
TOPa30BOro BUKOpUCTaHHA cepii LWaTn, 22
nmcTonaga.

Ounpektusy Binoro Oomy Biggin 6ionoriy-
HUX | 6BiOMeaMYHUX HayK Ta NpUKNagHux Ooc-
NigXeHb BBaXaB CrNPUSATIMBOIO MOXIMBICTIO
015 PO3BUTKY KOCMIiYHOI 6ionorii pocnuH. 3a
iHiLiaTMBOIO LbOro BigAQiNy, KOOpAMHATOpamu
skoro 6ynu Tom CkoTT Ta JloypeHc bisep, 3i6-
paHoO KOMMETEHTHY KOMaHAy 3 NUTaHb KOCMiy-
HOi 6ionorii pocnuH, ska nigrotyesana none-
peaHi nponoauuii 4ns nepegadi o nigposainy
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I. Ls iHiuiaTvBa BMABMNACA HanyCHiLUHILLOK
cepepn nponoauuin iHwux Bigainis HACA, aki
KOOPAMHYBaNM Hayku Npo KOCMiYHe MaTepiano-
3HaBCTBO, 6/IM3bKUIA KOCMOC TOLLLO.

1995

+ [Oupektop HACA naH [aniens longiH
3BepTaeTbca o nigpos3giny U 3 npoxaHHAM
peKoMeHAyBaTu rany3b Hayku ons CnifibHOro
ekcnepumeHTy. Tom CKOTT pekomeHaye 6io-
JI0Tit0 POCIMH, 6a3yYNCh Ha OaHUX ekcrnep-
TU3N JOCArHEHb KOCMIYHOI 6ionorii pocnivH B
HauionanbHin akagemii Hayk Ykpainu Ta nig-
rOTOBMIEHMX paHille ChiflbHUX MPONO3uLisX,
Ci4€eHb.

+ 3anuT Big nigposginy | HACA po nig-
poaginy UL LoAo BU3HAYEHHSA MOXIIMBOIO
CMiflbHOr0 KOPUCHOro BaHTaXy 3 KOCMi4HOT
6ionorii pocnuH. MNigpo3gin | cnogisaeTbes,
Lo "eKkcrnepnuMeHTn 3 6ionorii pocinH CTBO-
pIOOTb HAMBINBLLUMIA NOTeHLian ans yKkpaiHCb-
KOrO KOPUCHOrO BaHTaxy, K1 6yae BU3Ha-
YeHun gna nonboTy Ha LWatni i Bumaratuve
y4acTi yKpaiHCbKOro crieujianicta 3 KOPUCHO-
ro BaHTaxy A7 NPOBEAEHHS EKCNEPUMEHTY,
JIOTUN.

+ O6roBoOpeHHs NigroToBMEeHOI NPono3nLii
ekcnepumeHTiB 3 6ionorii pocnuH mix CLLUA Ta
VkpaiHoto. JloypeHc bisep Hagcwnae nonin-
LEeHNA NPOEKT MPOno3uuin Ansa KOPUCHOrO

BaHTaXy YKPAiHCbKOrO EKCNEPUMEHTY Ta Cyn-
poBomKytoumii nuct €nmnsaseti Kopaiom sk
KoopauHaTopa 3 KocMivHoi 6ionorii HKAY, 8
6epesHs. €. Kopgtom cxBantoe nponosuii, 27
bepesHsi.

+ lMNponoauuia HagcunaeTbea 0o Nigpo3ai-
ny | HACA, 6epe3eHsb.

+ [IBOCTOpPIHKOBMI nnaH MigroToBAEHUN
ans binoro Jomy, 6epeseHs.

+ Opyra generauis, sika Bko4ae 6ioforis,
HanpasneHa 0o YkKpaiHw, KBiTeHb.

+ CxBaneHHst binum Jomom nnaHy ekcne-
PUMEHTIB 3 POCNIMHAMW, KBITEHb.

+ O6'egHaHa koneria gupektopis HACA ta
HKAY, 06roBopeHHs yKpaiHCbKOro KOpucHoro
BaHTaXy, KBITEHb.

+ [lpe3upeHT KniHTOH, BigBigy4n VYk-
paiHy, oronoLlye rnpo nigroToBKY NosfboTy YK-
paiHCbKOro KoCMoOHaBTa y cknagi 87-i Mmicii
LaTniB, TpaBeHb.

+ [osein nigpo3giny UL Ha NpOLOBXEHHS
NiArOTOBKM KOPUCHOIO BaHTaXy, XOBTEHb.

+ lNepLue cninbHe 3acigaHHs aMepuKaHChb-
KuX | yKpaiHcbkux gocnigHukis. 3ycTpid y Koc-
MiYHOMY LIeHTpi iM. KeHHegi, simcTonag.

I POBOTA 3AKMIIAA

MonepepHin gocsig y4acTi y nigrotoBui Ta
NPOBEAEHHI KOCMIYHMX GiONOriYHMX ekcnepu-
MEHTIB Ta HasBHICTb YKpaiHCbKOi nporpamu 3
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KOCMi4YHOi 6ionorii go3sonunun €. Kopatom y
CiyHi 1995 p. nepegatn B HKAY cnucok i3 15
eKCMepuUMEeHTIB Ta iX KopoTkun onuc (1—2
CTOp.), SIKNA BKIIOYAB Ha3BY E€KCMEPUMEHTY,
npi3euLla roflioBHUX OOCAIgHUKIB, Lini, 3aB-
JaHHA Ta MeToAM JoCnigXeHb, o4ikyBaHi pe-
3ynbTatv, KocMiYHe obnagHaHHA Ons npose-
[OEHHS eKCrnepuyMeHTy Ta MaHinynsauii 3 06'ek-
Tamu NpoTarom nonboty. Y notomy 3 CLUA
OfepXaHo BignoBigb Npo Te, WO 3anporoHo-
BaHi eKCrnepuvMeHTU NiCnsg ekcrnepTusn po3fi-
NeHo Ha Tpu rpynu: 1) Hawvuikasilli, 2) MeHLU
Likasi, 3) Taki, Lo Hapagai He uikasnaTe HACA.
Meply rpyny 3 9-Tn ekcrnepuMeHTiB 06paHo
HACA ansa noganbLuoro 06'egHaHHsA 3 Nporno-
3uuismu Big CLUA Ta cninbHoi po60oTu.

3a sumoramu HACA 6yno HeobxigHO npu-
roTyBaTV AeTasibHi ONUCU KOXXHOIO eKcnepu-
MeHTY nepLuoi rpynu (15—20 cTop.) Ta aBTo-
6iorpacpivnHi gosigku (Curriculum Vitae) Bcix
rofioBHUX pJocnigHukis. Lle 6yB TuxXOeHb
HaMiHTeHCMBHILWOI po6oTn y noTomy 1995 p.
BignosigansHa ocoba Big HACA J1. bisep Te-
nechoHyBaB €. Kopatom, noymHarum 3 9-i ro-
OVHN 32 KMIBCbKUM 4acoM, iHKOMM MO Kinbka
pasiB Ha geHb. YKpaiHCbka CTOpOHa BYaCHO
nigrotyesana npono3auuii oé6csarom GinsLue 200
CTOpPIHOK i Hapicnana ix ¢pakcom go HACA. 12
6epesHa 1995 p. €. Kopaom ogepxana go-
onpauboBaHi YepHETKN Mpono3uuii ana yk-
paiHCbKOro KOPWMCHOrO BaHTaxy/eKkcnepwu-
mMeHTY Bif J1. BiBepa Ta cynposoaXysanbHU
NNCT.

-
- ) '

-



BepeseHb 8, 1995

Komy: Ennzaseti Kopatom, YkpaiHcbka aka-
JeMisi HayK Ta KoopAuHaTtopy KOCMIYHOI 6io-
sorii ana HKAY

Big koro: Jlappi bisepa, koopauHaTopa Ko-
ornepadii 3 KoCMIYHOI 6iosiorii Ta MeguumHn 1a
npuKagHux 3asgaHb 3 YkpaiHowo

lMpegmer: [MoninweHwmyi nonepepHivi rnnaH
rpono3nLivi 4ns yKpaiHCbKOro KOpUCHOIro BaH-
Taxy/exkcriepumeHTy Ha LLlatni HACA.

lNonepeaHivi nnaH, Lo JOJaeTbCs, 06'€qHYE
Batui nponosunyii Big 2 6epesHs 1995 p. Ta oc-
HOBHI nepepobku rnaptHepis i3 CLUYA, sikux Bu

nporoHyBanu. 5 nepeanBuBCS Ui rnpono3uyii

pa3om 3 g-pom CKOTTOM — KEPIBHUKOM r1por-
pamu 3 KOCMIYHOI 6ionorii (BkmoYaro4n 6io-
sorito pocsinH) HACA Ta g-pom ABepHepoMm —
kepiBHuKoM riporpammn HACA Ljono Bukopuc-
TaHHS POCIIMH LJ11 CUCTEMU XUTTe3abeasrne-
YEHHS1 Y KOCMIYHUX rnosiboTax. BoHn 6ynv Bpa-
)KeHI HayKOBO SIKICTIO HaLLmX rporo3nyiv. 5
TakoX 06roBopuB Mporno3vyii 3 [OKTOPOM
LxoaH BepHikoc — AUPEKTOpPOM, Ta LOKTO-
pom ®parHkom CynbLMaHOM — [UPEKTOPOM
HocnigHnybkoro nigpo3ainy YnpasriHHs 3
KOCMI4HOI 6ios10orii Ta MeguuuHn 1a rnpuKnag-
Hux 3aBpaHb Llta6-kBaptupun HACA, BOHU
3a/]0BOJIeHI HaLLUVMU 3YCUITISIMM.

Bynb nacka, nepeauvsiTbcsi rpono3vyii 1a
BULLIITb MEHI rornpaBku 4o 13 6epe3Hs, SKLYO
Bun amoxeTe. 51 crnogiBatock, 1o Bu 3agosorne-
Hi TUM, 5IK [IPOCYBartOTbCS HaLLi CrifibHI cripaBu.

7-ro 6epesHs 1995 p. a-p BepHikoc ogiLiviHo
3anporioHysana MixHapogHomy Binginy HACA
475 MICIi 3 yKpaiHCbKuM crieyianictToM 3 Ko-
PUCHOIro BaHTaxy ofHe abo ABa 3 HallmX 3aB-
HaHb 5151 YKpaiHCbKOro eKcriepuMeHTY/Kopuc-
HOro BaHTaxy — skLyo € yroga mix HKAY ta
HACA wono nonboTty y uivi micii. BoHa Hagic-
s1ana Taky X ripornoauyito Bam, 51 ii Bignpasus
no ghakcy cboroaHi. 5 criogisarocs, wjo HACA
ogiyiviHo nosigomuTb g-pa Xasnko-TutapeH-
KO, [il04Oro reHepasibHoro gupektopa Hadjio-
HaslbHOro KOCMIYHOro areHTctBa Ykpaivu, y
niceMOoBIV ghopmi npo 3arporioHosaHui HA-
CA YKpaiHCbKuvi KOPUCHUI BaHTax/excrepu-
MEHT 151 YKPaiHCbKOIro Y3roMKeHHsY/yroau Bxe
Ha LboMy TWXXHI. 51 gymaro, Lo Halua rporo3u-
yis go g-pa Xasko-TutapeHko 6yne eauHO.

Akwo a-p Xanko-TutapeHko cxBasibHO
rocTaBUTLCS] [O HAaLLOI rpono3vyii, HaMm He-
06xigHoO 6yne Bigibpatn 3aBaaHHs [o 17 be-
pe3Hs 1995 p., wjob HACA Tta HauyioHanbHe
KOCMIiYHe areHTcTBO YkpaiHu crifibHo nosifo-
munn Binmi [im npo cninbHO pekomeHgoBa-
HWV YKpaiHCbKWI KOPUCHMV BaHTax/ekcriepu-
MeHT fo 31 6epesHss 1995 p. Takum 4nHOM, €
KPUTUHHUM OfJEP)XXaHHS MHOK BaLLMX KOMEH-
TapiB, L4O6 MU MO [OCArHYTU Yroam MiX
YKpaiHCbKUM [JocnigHukamn T1a ix naptHepa-
mu i3 CLLIA wjogo BmicTy okpemux 3aBAaHb Ha
roYatky HacTyrnHOro TYXXHS.

bynb nacka, nosigoMTe MeHe npo ogep-
JKaHHSA Unx marepianiB 1a rpogoBXeHHs BU3-
Ha4YeHHs1 eKCrepuMeHTY o ¢bakcy.

bynb nacka, Hagcunavite MeHi iHgpopmawito
no ¢hakcy (202) 479-2613 abo TenegoHyvite
MeHi Ha poboTy (202) 479-2609 abo fgonomy
(703) 759-5948, skujo Bam 6yne notpibHa
Mos1 goriomora.

JloypeHc BIBEP
~

Mg Yac nepebysaHHsA B KaH3acbKoMy YHi-
BEPCUTETI Micns nepernsgy nponosuuin €nm-
3aBeta Kopgrom obrosopuna cBoOi OyMKWM 3
[xerimcom ankemoro Ta 3 Lboro npusopy 27
6epesHs Hagicnana nucta JloypeHcy bisepy.

27 6epesHs, 1995 p.

LHopormvi Jlappi,

MeHi gyxxe npukpo, Lo 1 He 3morna 3ycTpitu-
cs1 3 Bamu B KaH3saci. 5 cnogiBarocsi Ha Balue
HauLLIBUALLIE ORYXaHHS.

A yBaxHo nepeavBunacs nporno3uyii Ta
BreBHEHe B iX AKOCTI. 51 3rogHa 3 Moauagika-
yismn 1a 3MiHamu, 3pOo6JIeHMU 1iCsIsi MOro
OCTaHHLOro nucTa. Ha Mmoo gymky, 3anviia-
€TLCS INLLIE [EKINTbKA MUTAaHb.

51 BBaXkaro 4oUifibHUM BUKOPUCTaHHS B €KC-
MEPUMEHTI 3 POCIMHaMU ropoxy (OCHOBHI 3aB-
JAaHHS LYbOro EeKCrepUMEHTY M1aHyKTbCA 3
ymm 06'eKTOM, 60 471 iX BUKOHAHHSI MOTPIOHI
MPOPOCTKU 3 HACIHHS, sike npopocTatume Ha
Op6iITi), KpiM TOro, siK rMopiBHsHHSA 3 Brassica
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(87151 eKcriepuMeHTY Mo 3anueHHIo Ta 3arnig-
HEHHIO HeoOXigHI [OPOCTIi POCIIMHU, POCTINHUN
3 ryr'ssHKamu, TOMy 4719 4bOro eKCriepuMeHTy
Ha opb6iTy HaacunatuMyTbCsl POCIUHA 3 Y-
n'saHkamu). PocnmHn Brassica paroTtb 6arato
nyrn'sHKIB Ta 3BUYaKiHO KBITIB, TOMY 51 Aymaro,
L0 A/151 YbOro eKCrEPUMEHTY AeKiflbKa poCcTo-
BUX Kamep 6y[e AoCTaTHbO, OCKIJIbKM MU Ma-
TUMEMO YUCIIEHHI KBITW AJ151 3arNSIEHHS.

A BunpaBunia HanucaHHs rpisBuLLY yKpaiH-
ChbKMX BYEHMX | 3po6Jito Le B ix 6iorpagisx,
SKLYO Le byae HeobXigHO, KO 1 OTPUMYIO iX
Big Bac.

A Buknoqunia "YTBopeHHs 6ynb6" 3 5-ro
KOHTeviHepa. Ane [DXKuM po3roBiB MeHi, Lo
Hoktop Ti6beTc 3auikaBuBCS UMM eKcriepu-
MeHTOM. [iVicHO, Liesi eKCrIepUMEHT € MPpoCTHM,
nporte gyxe iHghopmatnsHum. Tomy s gymaro,
LLJO OCTaTOYHE PILLIEHHS [TOBUHHO OYTU MPUVHS-
UM Bamu ta [IXKMMOM, OCKIflbKU 51 HE 3Hat0, SIK
06CTOATH cripaBu 3 JOKTOpoM Ti6b6eTcoMm.

S po3ymito, L0 ABa eKcriepuMeHTu (rpu-
naf 4715 BUPOLLYBaHHS POCSINH Ta KOHTeViHe-
pv 4715 GionoriYHnX JOCigXeHb) 6Y[yTb Mnpo-
BefeHi Ha opb6iti. MeHi 6 xotinocsi nuwie Lye
pas BIAMITUTU, LL{O Y BCIX BTOPUHHUX eKcriepu-
MeHTax [o MepBUHHOIO eKCrEPUMEHTY LLOAO
QQOTOCMHTETUYHOIrO anaparty naaHyeTbCcs Bu-
KOPUCTaHHS TUX Xe caMnx eKCriepuMeHTaslb-
HUX POCIIVH, BCi YACTUHW POCIMH 6yA[YTh 4OC-
JIGKYBaTUCS PIBHUMUN MeTodamu, TOMY LLJO MU
MOBUHHI OTpUMAaTH sIKOMora MoBHILLY iHGOp-
mayito npo Br/mB MikporpasiTayii Ha picT 1a

PO3BUTOK POCIINH Ha Pi3HNX PIBHSX iX opraHi-
3ayii B UbOMY eKCrepUMEHTI, SIKWV € yHikaslb-
HVUM 3a CBOIMW 3aBAAHHAIMU Ta MOXJ/IMBOCTS-
MU ix peanizayii.

Mu o6rosopuvnv 3 [xumom HaLli 3aBAaHHs
Y 3arporoHOBaHNX eKCrepuMeHTax, s gyMaro,
Lo Lje 0BroBOPeHHs1 6yri0 Han3BMYaKrHO KO-
PUCHUM. 51 pO3YMIt0, LLJO APYIrvi eKCrIEPUMEHT
B npunagi 4515 BUPOLL)yBaHHSI POC/INH He 6yae
BKJIIOYEHWV B Ui npono3uuii. [Dkum i 1, pa3om
3 goktopom Jli4, rotyBatnme rnpono3nyito s
HacTyrnHoOro CTPoKy Ta criogiBaEMocs Ha vioro
biHaHcyBaHHs.

5 4ekaro Ha HoBy iHbopmadito Big Bac rpo
HaLLl CriifibHWY yerix.

3 HavikpaLymmy rnobaxkaHHsIMU.

Umpo
Jia 77.,..._

€nusaseta KOPOOM
NEPLWA POBOYA HAPAAA

14—17 nuctonaga B KOCMiYHOMY LEHTpI iM.
KeHHemi NpoTAroMm TUXXHSA BrnepLue Bigbéynacs
cepisa 3acigaHb, iHpopmauito Npo ix pesynsra-
TV ony6nikoBaHO B nepLuomy Homepi "Hayko-
BUX 3anncok" (civyeHb, 1996) — womica4Horo
iHbopMaLiiHOro 6HNeTEHA, NPU3HAYEeHOro
Onsa 3a6e3neyeHHs NiaroToBKN HayKOBUX EKC-
nepuMeHTIiB, 06MiHY iH(popMaUieo MixX ronos-
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HUMU OOoCnigHMKaMM Ta iIHLWMMW YNeHaMu Ko-
manan CYAE. BiH cnyxumB TakoX cTaTyc-fo-
noBigao MeHeokepy Micii LWOoA0 KOPUCHOro
BaHTaxy CYAE, Haykosuo HACA wwopo npo-
ekTy CYAE Ta meHepxmeHTy |l piBHs HACA.
My6nikauis "HaykoBux 3anucok" Tpmeana go
1998 p., LULMPOKO BUCBITIIOKHM NOCIIiZOBHI NO-
oii y nigrotosui Ta 3giricHeHHi CYAE, a Takox
nicnanonsotHoro nepiogy CYAE (pepaktopu:
HayKoBi koopanHaTopu npoekTy KopiHa [>KoH-
coH (Ne 1—7) Ta Oens YenmeH (Ne 8—13).
Ha 3acigaHHax 6ynu 3acnyxaHi HaykKoBi Jo-
noBifi rofIOBHMX OOCHIOHMKIB, @ TakoXx npe-
3eHTaLii MEHEKMEHTY 3 PI3HUX acnekTiB nia-
rOTOBKWM KOPUCHOIO BaHTaXxy. [ONOBHUIA KepiB-
HUK nporpamu CYAE LUta6-kBaptrpn HACA
nadi CiHgi MapTiH i KepiBHUK 3 KOPUCHOIo
BaHTaXy nonboTy naH Mank Xagnan pasom i3
naHom Bo66i BpOKHEPOM — ONPEKTOPOM Ha-
3eMHOr0 [AOMOMIXXHOro O6CNYroBYBaHHA KO-
PUCHOro BaHTaXxy, NPMBITANN rosIOBHUX BUKO-
HaBuiB CYAE y KocmibyHoMy LieHTpi. [JokTopu
Binn HoTtT — 3aBigyBay Bigainy HaykoBumx 6io-
noriyHnx nporpam KocmivyHoro ueHTpy, Pen
Binep — ronoBHWn JOCRigHUK 3 6i0NOrivYHNX
npoekTiB KocMiyHOro ueHTpy, naH [eHic Hewm-
6epnen — KepiBHMK OCBITHIX Mporpam 3 Hayk
NpPo XUTTA KOCMIYHOIro LIeHTPY, TaKoX NigTpu-
mManu 3ibpaHHs. IHxeHep npoekty CYAE nani
Pina TomcoH 3 kKopnopaduii baoHeTuk (opra-
Hi3aTOp 3acigaHHs) kepyBasna BCi€t NigroTos-
KOIO NPOEKTY. KoopauHaTop HayKoBOI YacTu-
HW KopucHoro BaHTaxy CYAE naHi KopiHa
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[>XoHCOH 3 kopnopadii "OanHemik" npeacra-
BUNa NnaH KoopauHauii HaykoBOi YacTUHM KO-
pucHoro BaHTaxy CYAE. KoopanHatop OcBiT-
HbOro NpoekTy naH Tom [peLuen 3 Tiei X kop-
nopadii NpeacTaBmB CBiM NiaH NPOeKTY, NaHi
Kenni Hopeyg i Je66i Bopaepmapk 3 kopno-
pauii BanoHeTuk gemMoHcTpyBanu obnagHaH-
Ha gna CYAE, naH binn Mak/lem6 3 Tiei X
Kopnopadjii 03HanOMMB MPUCYTHIX 3 MOXIU-
BOCTAMMW NepennonbOTHOrO NPOBEAEHHST PO6IT
y naboparopisx aHrapy L. NposigHnmn Hay-
KOBUSIMW Ta iHXxeHepamu Big KocMmiyHoro
ueHTpy, aki nigrpumysanu CYAE, 6ynun [OOK-
Top VYineam [lbacTyy, naHu Hdens Yenmen,
KeH AHgepcoH | ®paHk YHapioT. MNaH ®in Oesic
3 EAMcbKOro gocnigHMUbBKOro LEHTPY, AKWA
nigtpumyeas npoekt CYAE Ha piBHi Il meHe-
I>KMEHTY, 6paB yyacTb Y 3acifgaHHsAX Ta nigro-
TOBLi "Pestome gnckycin', ake Ha 3akii4HO-
My 3acifaHHi nignucanu €nmsaseta Kopatom i
Cingi MapriH. Big Lta6-kBaptnpn HACA Ha
3acigaHHsAx 6ynu TakoxX npucyTHi naHi Lepi
Kamm 3 MixxHapogHux cnipas i Jlinga BinniHre
3 iHTepdpeicy LTa6-kBaptvpn HACA pans
OcsiTHbOro npoekty CYAE.

Jenerauito yKpaiHCbKMX rOAOBHUX OOCHia-
HWKIB, sKi BiaBiganu KocMivyHnn LueHTp im. Ken-
Hepdi, npeactaenanu A4.6.H €nusaseta Kop-
aiom Ta 0.6.H.OneHa Hepyxa (IH-T 60TaHiku
HAHY), 0.6.H. CeitnaHa Kouyb6eli (IH-T dpigio-
norii pocnuH i reretukn HAHY), k.6.H. BikTop
Mpima (IH-T MoneKynspHoi 6ionorii i reHeTnkn
HAHY), 0.6.H. Opect Oemkie (IH-T ekonorii

Kapnat HAHY). Oo penerauii Cnony4eHnx
WraTis Bxogunu poktop Mepi Macrpens
(Bigain naTonorii pocnuH i disionorii Bpoxato,
JlyigiaHcbkuin yH-T), gokTop Non Binbamc (Big-
Ain naronorii pocnuH, BiCKOHCIHCbKWI YH-T) i
naHi Ko Binbamc 3 BiCKOHCIHCbKOI nporpamu
“Wenpki pocnmHn", goktop Oxenmc Mankema
(BigaineHHa 6Gionorii) Ta goktop [xenH Jlivy
(Bipin naronorii pocnuH) 3 KaH3acbKoro yH-
Ty, noktop ®pepn Cak Ta gokTop Bonkep KepH
(Bipgmin 6ionorii pocnvH) 3 Oramcekoro yH-Ty,
noktop Kpictodep BpayH (KocmivHa 6ionoris
pocnunH) 3 KocMi4YHOro LEeHTpy iM. KeHHepi.
Kpim gonosigeri 6ynu npoBeaeHi 3acigaHHs, Ha
AKMX FONMOBHI OOCNIOHVMKM Ta YfeHn KoMaHg
KocMmidHOro LeHTpy obroBoproBanu pisHi ge-
Tani NoNbOTHUX EKCMEPUMEHTIB Ta BU3Ha4asb-
Hi hasn ekcnepumeHTiB npoekty CYAE, 3a-
NycK $IKOro 6yB MPU3HAYEHUN Ha >KOBTEHb
1997 y 87-1 micii. CTOpoHn o6rosopunu Ta or-
NISHYNM  €eKCNEPUMEHTU, 3anpornoHoBaHi YK-
paiHoto Ta CLLA we y 6epesHi 1995 p., i nova-
N1 npouec BU3HA4YeHHs obnacter CnifbHOI
cnisnpadi. byno norogxeHo, Wo ana noganb-
LLOT pOB6OTU MPOMOHYIOTECA HOTUPWU NEPBUH-
HUX | BiCIM BTOPUHHUX ekcnepuMeHTiB. [laH
Mitep YetupkiH Ta naH Marikn €noBiy 3 Kop-
nopauii JanHemik 6panu y4acTb y nepeknagi
BCiX JOnoBigen, 3annTaHb, BignoBigen ta go-
KyMeHTauji, Wo crnpuano Hag3snyamHo ninig-
HOMY O6MiHYy iHdbopMaLlieto.

Byno noropxeHo, wo y npoekti CYAE sk
OCHOBHE MOJIbOTHE O6nagHaHHA, BUKOPUCTO-

BYBATMMYTbCA YCTAHOBKa OJ19 BUPOLLYBaHHSA
pocnuH (YBP) Ta KaHicTpy pgns 6ionoriyHnx
pocnigxeHb (KBM). YkpaiHcbkKii CTOpOHi 6yB
HagaHW onNuc LMX Ta SOMOMIKHUX Npunagis,
nepegaHo BiAOMOCTI Npo ob6nagHaHHs, 1Moro
MOXJIMBOCTI Ta onepaduii 3 HAM, a TaKoX OCBIT-
Hi Nporpamu gns onpautosaHHs. LLo6 gocartm
HarBuLLoi HaykoBoi LiHHOCTI CYAE, cTopoHu
Noroamnuncs BUKOPUCTOBYBATU B EKCNEPUMEH-
Tax 3 BMPOLLYBAHHS POCIVH TifbKWU OAWH BUA,
pancy (Brassica rapa). Byno Takox norogxe-
HO MWUTaHHSA NPO [OCTaBKY Ha OpO6ITY POCNUNH
pancy Ha noyatky reHepaTUBHOIO PO3BUTKY
Ta HacCiHHg, Lo npopocTaTtMMe B NonboTi, Npo
BUKOPUCTaHHA BUAiIB MOXiB Pottia intermedia
Ta Ceratodon purpureus, a TakoX NpPOPOCTKIB
COi B eKCnepuMeHTax, fKi N(pOBOAUTUMYTLCS B
KaHicTpax ansa 6ionoriYyHMx OCNioKEHb.

LLle nig 4ac 3acigaHb ronoBHiI OOCNIAHUKK
CYAE nigi6panu akpoHiM1 (CKOPOYeHi Ha3Bu),
MaKCUMYyM LUICTb CRiB, AN CBOiX eKCrepuMeH-
TiB. FOpnanyHnia Biggin KocmivHoro uetpy im
KeHHepqj po3rnsHyB Ta NpUNHAB Taki akpoHIMK:

A) EkcnepumeHTH B ycTaHOBLi Ang BU-
poLLyBaHHS POCJIUH:

1) B-STIC (B-Brassica, stic — nanunyka, Ha
SIKYy HacapKyeTbCa YepeBLe 64konv ans Ha-
HECeHHS MUSIKY Ha MPUAMOYKY MaTOYKun) —
BMNAMB MikporpageiTalii Ha 3anuieHHsa Ta 3a-
NNigHEHHS.

2) B-PAC (B-Brassica, PAC — coTtocuHTe-
TUYHWIA anapart y kamepax) — BB 3MiHEHOT
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3) ROOTS (kopeHi) — BB Mikporpa-
BiTauii Ha CTPYKTYpPY, OYHKLIT Ta opraHrisadito
KMITUH KOpeHs y Brassica rapa.

4) GENEX (reHeTn4HuiA anapaT) — BMvB
YMOB KOCMIYHOIO MOMbOTY Ha FEHHY eKcrpe-
Cito y TKaHWHax Brassica rapa Ta coi.

5) AMINO (amiHoKMCnoT) — BMMB YMOB
KOCMIYHOMO MOMbOTY Ha BMICT aMiHOKMUCNOT Y
TKaHuHax Brassica rapa.

6) PHYTO (chitoropMOHK) — BMAIMB yMOB
KOCMI4HOIrO MOMNbOTY Ha BMICT (DITOrOPMOHIB Y
TKaHunHax Brassica rapa.

7) TSIPS (BuuTeni Ta y4Hi BOCRIAKYOTb POC-
NMHKU ¥y Kocmoci) — OcBITHSA nporpama.

8) RATIO (BigHOLLEHHSA) — BMNB MiKporpa-
BiTaUii Ha BIOHOLLEHHS KOPiHL/CTE6NO Y Npo-
pocTKiB Brassica rapa Ta coi.

B) EKkcnepumeHTU B KaHicTpax gnsa 6io-
norivyHMx pgocnipXxeHsb:

9) SPAM (SPA — kocMmi4HMn, M — Mox) —
BMMMB MiKporpasiTauii Ha AndepeHLitoBaHHS
Ta (poTOTPOMI3M NPOTOHEMATM MOXIB.

10) SOYPAT (SQOY — cos, PAT — narono-
ris) — BAAWB MiKporpaeiTaLiji Ha naToreHe3 Ta
3axMCHI peakLii TKaHWH Coi.

11) SOYMET (SOY — cosi, MET — wmeTa-
60ni3aM) — B3aeMOZiA MikporpagiTauii Ta eTu-
JIeHy Ta iX BNJMB Ha PiCT i MeTaborni3m Ccoi.

YKpaiHCbKa CTOpoHa BWU3Ha4una psfg Ha-
3eMHUX OOoCNigKeHb, AKi Manu 6yT BUKOHaHI
nepen oCTaTOYHUM 3aTBEPIXEHHSAM HayKo-
BOrO nnaxy, i NOBUHHI 6ynu 3aBepLuInTUCa y
6epesHi 1996 p. lNnaHyBanucsa [oOQATKOBI

Ha3eMHi eKCrnepuMeHTU i3 3acTOCyBaHHAM
KniHoCTaTy AN HACTYMNHOrO NOPIBHAHHA opep-
XXaHUX OaHux 3 peaynbraTtamu OOChigKeHb
TKaHWH MNicNsi KOCMiYHOro nonboTy. CTOPOHM
06roBOpPUAN EKCNEPUMEHT 3 pOoCNMHaMMU
Brassica rapa, B sikoMy 3a OCBIiTHbOK Mpor-
pamoto nnaHyBanmcsa OOCAIOKEHHS LUBITIHHSA,
YTBOPEHHA MUIKY, 3anuieHHs Ta PO3BUTKY
3apopka. Poarnaganocs npoBefeHHs y Knac-
HUX KiMHaTax 3aHATb LLOA0 HA3EMHOMO KOHT-
ponto. lNigkpecnioBanocs, L0 eKCnepuMeHT
nobpe nNigroToBneHUn, TOMy MOro BUKOHaH-
HS Nerko morno 6yTn aganTtoBaHWM [0 Npo-
ekTy CYAE. Po6o4a Hapaga 3 umx nuTaHb
6yna npuaHadeHa Ha 11—13 ciuHa 1996 p.
HaronowyBanocsa Ha [OUuiNbHOCTI npoBe-
OEHHs Bileo- Ta TENEKOHMEePEHLi MiX LIeHT-
pamu HACA Ta wkonamu B YKpaiHi, a Takox
CMiNKyBaHHA MK YYHAMMW, AKi BUKOHyBaTU-
MyTb Ha3eMHi KOHTPOJIbHI eKCNepuMEHTH,
Ta cneuianictamy 3 KOPUCHOIo BaHTaxy npo-
TAroM Micii. lNorogxeHo npoBefeHHss Pobo-
YMX Hapag Lns NigroToBKU BYUTENIB, AKi
6epyTb y4acTtb B OCBIiTHIA nporpami, BiTKy
1997 p.

Byno npoiHdopmoBaHo, Wwo IMnnemeHTyo-
ya yroga mix HACA ta HKAY rotyetbes i He-
3abapom 6yfe 3aBeplueHa. BoHa cTtaHe 060-
B'A3KOBUM JOKYMeHTOM ansa npoekty CYAE, a
BCi JoOaTKOBI yroguM MiX gBomMa CTOpOHamu
MOBWHHI 6YTN NOrofXXeHi 3 ii 3MicToOM.
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1996

+ [Henerauia CLUA npubysae B YkpaiHy
Onsa getanbHoro o6rosopeHHs Bumor o CYAE,
6epe3eHsb.

+ Yroga Hapgcunaetbes 0o YKpaiHw, KBITeHb.

+ MigroToBKa cninbHOi NPONo3wuLii, TpaBeHsk.

+ lNepepnaya yHihikoBaHOi nponoauii ans
€KCMEePTHOI OLiHKK, M. BalMHITOH, 22 TpaBHs.

+ MepeBipo4HUIi HAYKOBUIA TECT, XOBTEHb.

MpoTtarom 1996 p. uneHn komaHam Kocmiy-
HOro LeHTpy iM. KeHHefi 3a6eanevysanu Hay-
KOBY Ta TexHi4Hy nigTpumky npoekty CYAE,
3HanoMmIMca 3 HanpsiMamu SOCAigKeHb, Hay-
KOBWUM MOTEHLiaNIoM i TEXHIYHUMWN MOXXITMBOC-
TAMK nigpo3ginie yHisepcuTeTie CLUA Ta iH-
cTuTyTiB HauioHanbHOi akageMii Hayk YkpaiHu.
KoopauHaTop HayKOBOro KOPUCHOIO BaHTaXy
CVYAE KopiHa [>xoHcoH Biggigana naéopato-
pito ®pena Caka Ta Bonkepa KepHa B Oraii-
CbKOMY yHiBepcuTeTi B rpyaHi 1995 p. Vinbam
MbsacTyY 3 KOMaHAW NIGTPYMKU HAYKOBOI Yac-
TMHM CYAE Ta iHxeHep npoekty CYAE PiHa
TomcoH Biggiganu nadopatopito Mepi Macr-
peris B JlyidiaHCLKOMY YHIBEPCUTETI B CiYHi
1996 p.

6—14 6epesHsa pgenerauia CLUA Bigsigana
Kuig i JlbBiB. MeTo noi3gku 6yno 3Hamom-
CTBO 3 gokymeHTamu wopno CYAE, 06roBo-
PEeHHA feTanen ekcrnepumeHTiB, ki nnaHysa-
110CA MPOBOAUTM Y KaHicTpax Ansa 6ionorivyHnx
OOCigXXeHb Ta YCTaHOBLi ANA BUPOLLYBaHHS
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pPOCNWH, BigBiAAHHSA IHCTUTYTIB, AKi 6epyTb
y4dacTb y npoekTi CYAE, Ta 3ycTpi4 3 npefc-
TaBHukamn HKAY. MeHepxep wmicii CYAE
Mawnk Xapgan o4onoBas fenerawiio, Ao ckna-
ay akoi Bxogunu PiHa TomcoH, Kenni Hopeyg,
i KopiHa [O>XOHCOH 3 KOCMIYHOIrO UeHTpY iM.
KeHHepi, ®in Oesic 3 ENMCbKOro gocnigHuLb-
koro ueHTpy HACA Ta meHepxep HACA 3
kocMmidHOi 6ionorii Tom CkoTT, Bonkep KepH 3
Orawicbkoro yHiBepeuteTy Ta lMitep HeTupkiH
3 Kopriopauii JanHemik, skur gonomoras ne-
peknagaTtu OOonoBifi Ta BUCTYNAN.

Ynenu penerauii CLUA nosHanomunucs 3
HayKoBUMW HanpsiMamm Ta TEXHIYHUMU MOXIN-
BOCTAMM IHCTUTYTY MONeKynapHoi 6ionorii Ta
reHeTuku, [HCTUTYTY dhigionorii pocnuH Ta re-
HETUKN, IHCTUTYTY 60TaHIKW, IHCTUTYTY MIKpO-
6ionorii Ta Bipyconorii, LieHTpansHoro (tenep
HaujioHanbHoro) 6otaHiyHoro cagy ta IHCTu-
TyTy ekonorii Kapnat HauioHanbHoi akagemii
Hayk YKpaiHu, Bigsiganu Manay monogi, Oep-
>KaBHWUIN eKONOro-HaTypaniCTUYHUA LEHTP y4-
HiBCbKOI Monogi (HaykoBi 3anmcku Ne 2, ntoTui
Ta Ne 3, 6epeseHb).

Denerauito HACA npuiiHAB reHepanbHuin
avpekTtop HKAY Onekcangp Heroga. bynu 06-
rOBOPEHi TEPMIHOBI MUTaHHSA, NOB'A3aHi 3 op-
raHisauieto Ta HaykoBMMmun 3aBaaHHaMn CYAE.
[ocArHyTo yCHOI 3roam LWoAo KpUTepiiB ycrnixy
CVYAE. lNpoBeneHo aHania TeXHIYHMUX MOXIN-
BOCTEM Ta HAYKOBOro noTeHuiany ykpaiHCb-
KMX crneujianicTiB B iIHCTUTYTax, sKi Bigsigysa-
nucsa. Pesiome 06roBOpeHHs nignucanu me-

Hepxep Mmicii CYAE Mank Xappap (HACA),
KepiBHMK MiApO3A4iny MiXHapogHWX BiOHOCUH
HKAY KocTaHTUH fApueB Ta HaykOBUIN MeHen-
xep CYAE €nnzaseta Kopgtom (HauioHanbHa
akagemis Hayk YKkpaiHu). Byna npuaHadeHa
3ycTpid 3 Egyapaom KysHeLoOBUM (3aCTynHU-
KOM reHepansHoro gupektopa HKAY) Ta kaH-
ovpataMmm B KOCMOHaBTU — AocnigHuku Jle-
oHigoM KapgeHiokom Ta Bsiuecnasom Mentap-
YaHoM (HauioHanbHa akagemis Hayk YKpaiHn).

VKpaiHCcbKa CTOpOHa 3a3Ha4quna, Lo BisuT
nenerauii HACA cnpusiB 3'acyBaHHI0 6aratbox
npo6nem Lwopo cninbHoi nigrotoskn CYAE 3
60Ky CLLUA, po6oya rpyna skoi npegcrasnsana
4OTMPW YHiIBEPCUTETU Ta KOCMIYHWI LEHTP iM.
KeHHepi. 3 ykpaiHCbKOro 60Ky B eKCnepuMeH-
Ti nnaHyeanacs y4acTb YOTUPbOX IHCTUTYTIB
Ta LleHTpanbHoro 6oTtaHiyHoro cagy. MNonbot-
HWA ekcnepyvMeHT TpuaanicTio 16 gi6 6yBs 3an-
NlaHoBaHWi Ha xoBTeHb 1997 p. CLUA Hapanm
VKpaiHi iHpopmauito npo rpadik 3aBAaHb i
TEPMIiH X BUKOHAHHS, MOrofeHui oboma cTo-
poHamu.

AMepurKaHCbka CTOpOHa pekomeHayBana
NPOBEAEHHA OBOX TENEKOH(EPEHLIN HacTyn-
Horo TuxHs (Big 18 6epesHs) ansa 3aBepLUeH-
HS NPOTOKONY ekcrnepumeHTy. OgHy TENEKOoH-
depeHuito mae nposoguTtn Oxenmc Mankema
ONs OCTaTOYHOrO Y3roOXKEHHS MPOTOKONy
NOCIiBY HACiHHA Ta BUPOLLYYBAHHS POCNNH, ApY-
ry — Mepi Macrpeins — ans BU3Ha4eHHs npo-
TOKOMY LLOAO PEXMMY OCBITIIEHHSI POCIVH.
O6maBI CTOPOHM 06roBOPUNM PO3MOAIN PoC-

AIMHHOrO MaTepiany NpoTaroMm a3 Hasem-
HUX gocnigxeHb. Byno norogxeHo, o poc-
nvHu Brassica pns npoBefeHHs Ha3eMHUX
OochigXeHb YKpaiHCbKOK CTOPOHOI BUPOLLLY-
BaTUMYTbCS B OfHOMY Micui. €EnnsaseTta Kop-
OIOM pO3MOofinATUME Len POCIIMHHWIA MaTepian
MiX YKPaiHCbKMMKM rOfIOBHUMM JOCHIAHMKAMN.
O6uagi ctopoHu o6rosopuny OCBITHIN Npo-
€KT 3a y4acTlo WKonspis. BignosigansHnumu 3a
OcsiTHio Nporpamy 6ynu: Big, aMepukaHCbKOT
cTopoHn — [Mon BinbsaMmc, Bif yKpaiHCLKOI —
Bonogumup HazapeHko (IHCTUTYT GioxiMii iM.
O.B. MannapgiHa HAH Ykpainn).
O6roeoproBanmncs Takox cneumdivHi BUMo-
rM 0O HayKoBOi MiArOTOBKWU crieujanicta 3 Ko-
pucHoro BaHTaxy CYAE. Byno nosicHeHo, Lo
rpadik ioro HaykoBoi MigroToBkM Tpeba no-
YMHATM BMKOHYBaTK 3a 17 micauis go 3anyc-
Ky, a TpeHyBasibHi po60TH Ha 6opTy LiaTtna B
XblOCTOHI — 3a 10 micsauiB. YkpaiHcbKka CTO-
poHa npocwuna NpoBecT! OAHAKOBY Mi4roToB-
Ky ANna KOCMOHaBTa-focnigHMKa Ta noro gyo6-
nepa. AMepukaHcbka CTOpoHa BignoBina, Lo
cTaHgapTHa npakTuka [O03BOMSE OOHAKOBY
HayKoOBY MiAroTOBKY Ta OBOMOAiIHHA one-
pauisMu Ha watni. Y peaynstaTi NpoBeaeHnx
OMNCKYCIN yKpaiHCbka CTOpOHa Haaana Cnmcok
haxisuiB, SKi Manu 6paTt y4acTb Y OOCNIOKEH-
HAX y KocMivyHOMY LieHTpi iM. KeHHepgi Bigno-
BigHO no yrogm mix HACA ta HKAY.
Komanga CYAE wmpo nopskysana PiHi
ToMCcOH 3a Bce, WO BOHa 3pobuna gna uiei
noi3gkn Ta 3abe3neyeHHs nogasnbLIoro npo-
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cyBaHHst CYAE. Ynenn penerauii CLUA Buc-
JNIOBUMU TMMOOKY BAOSAYHICTb YKPAIHCbKIA CTO-
POHI 3a LMPY FOCTUHHICTb, iHpopMaTUBHI Ta
nnigHi guckycii, BigMiHHI Nnpe3eHTadii gocnig-
XXEHb B IHCTUTYTaXx, fKi BigBigyBanucs, Ta crno-
JiBaHHA Ha ycnixX y ChiflbHin Micil.
IHpopmaLis LWo[0 KOPWUCHOro BaHTaxy
CYAE Ta yKpaiHCbKOro KOCMOHaBTa MiCTu-
nacs B ponosigi HACA-HKAY, nignucanin am-
pektopom HACA [aHienom lNongiHim Ta reHe-
panbHuM gupektopoMm HKAY OnekcaHgpom
Heropoto 4 keiTHa 1996 p. Byno gomoeneHo
NpoO KOPWUCHWUIN BaHTaX, KW cknagaBca 3
JBOX TUMIB MONbOTHOro 06nagHaHHA Ha LaT-
ni: ycTaHoBKa [AnA BUPOLLYBaHHA POCINH Ta
KaHicTpu Ons 6ionoriyHMx AochigkKeHb Ans
YOTUPLOX MEPBUHHUX EKCMIEPUMEHTIB. TKaHu-
HW POCAVH, HEe MOTPIOHI 4NA NEPBUMHHUX EKC-
nepuMeHTIB, Mann 6yTn po3noAifnieHi MiX BiCb-
MOMa BTOPUMHHUMMW €EKCNnepuMeHTaMn Ans
NigBULLEHHA HAYKOBOI e(eKTUBHOCTI Uiei
Micii. B ekcnepumeHTax 6panu y4acTtb CiM
YYEeHUX 3 N'ATU YHiBEpCUTETIB, KOCMI4YHOIo
ueHTpy iM. KeHHeqi Ta ogHiei kopriopauii CLUA
i 14 yKpaiHCbKUX Y4eHMX i3 LUeCTn IHCTUTYTIB
HauionanbHoi akagemii Hayk YkpaiHu. Kpim
TOro, Micisi BKNtoYana OCBITHI KOMIMOHEHT,
3a akum y4Hi y CLUA Ta Ykpaini manu gy6nio-
BaTWN eKCNepMEeHTM Ha Op6iTi AN1A NOPIBHAHHSA
pes3ynbTaTiB KOCMIYHUX Ta Ha3eMHUX gocnia-
XXEHb Ta CnifIkyBaTUCA 3 yKpaiHCbKMM cre-
LianicToM 3 KOPUCHOro BaHTaxy. Taka Lissfb-
HICTb MOXBAaBMOBAO Aianor MiXX HayKoBLS-

MU ABOX KpaiH. |i peaynbtaTom cTano cTeopeH-
HS CMiflbHUX NPONO3WULin AN iHWKNX Koonepa-
TUBHUX OOCHNIOKEHb.

Byno nigkpecneHo, Lo yMOBU MiKporpasi-
TaLji B KOCMiHYHOMY MOJSIbOTi CTBOPIOKOTL YHIK-
anbHy ekcrnepumeHTanbHy nnartdopMmy ans
BUPILLEHHA BaXXNMBUX (DYHOAMEHTANbHUX i
NPUKNagHMxX nutaHe 6ionorii Ta CinbCbkoro
rocrnogapcTea. YcnilwHe 3aBepLUEHHsT LbOro
€KCMepuMEHTY Masno AEMOHCTPYBATU CBITOBIN
HAyKOBIN CNINbHOTI 34aTHICTb MPOBELEHHS
CNiNbHMX 6iOSIOMYHNX EKCNEPUMEHTIB Ha Lwart-
ni. 3aBOoSKM TpPeHYBaHHIO YKpPaiHCbKOro cne-
Ljianicta 3 KOPUCHOroO BaHTaXxy, OOCHIAHUKM
3MOXYTb TOYHO CMPSIMOBYBATU €KCMEPUMEHT
i3 3emni. Lli meToam 1 npouecu 6yayTb Mogen-
N0 ONs NPOBEAEHHS CKNafHiluMX ekcnepu-
MeHTIB Ha MiXXHapOogHin KOCMIYHIN cTaHuil.

"POBOYI AHI' TOYAAMCS

BignoBigHO [0 BMMOI HaykKoBOiI MNigrOTOBKM
ManbyTHIX KOCMOHaBTIB-00CigHVKIB B YKpai-
Hi, 3a ix BnacHum 6axaHHam, JleoHin Kape-
HIOK Ta Bayecnae MelitapyaH manu npocny-
XaTun Kypc nekui 3 nuTaHb, NoB'A3aHuX i3 ro-
noBHoto MeToto CYAE, — BMBYEHHS BNMUBY
MiKporpasitaLii Ha piCT Ta PO3BUTOK BULLMX
pocnuH. ToMy OO0 NEKUin BKAYMNN 3arasbHi
nuTaHHA mopdbonorii, aHaTomii, disionorii,
6ioximii Ta MONEKYNAPHOI 6ioNorii pOCNNH; Cy-
YacHi YABMEHHA NPO rpaBivyTNMBICTb POCIINH,
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pe3ynsTaT¥ KOCMiYHUX Ta CUHXPOHHUX Ha3eM-
HUX EKCMEPUMEHTIB 3 HMKYMMU Ta BULLIMMMU
pOCNMHaMK, HaranbHi NUTaHHA ManbyTHIX JOC-
NigXeHb Y KOCMiYHIV Ta rpasiTauiiHiv 6ionorii
Towo. Y BignoBigHOCTI 3 NpegMeToM Nnekuiji
npoBOOUIIMCA B PI3HUX iHCTUTYTax Hauio-
HanbHOI akafemii Hayk YKpaiHu, ski 6ynu Bus-
HadeHi y4acHukamu CYAE. lMpuemHo BigmiTh-
TV BENVKWUIA iHTEpeC Ta JONUTIMBICTb KaHau-
hatiB y KOCMOHaBTU-OOCHIOHUKM, SKi WMpOo
Kasanu, Lo BOHU He XO4yTb 6YyTWU NuLie Me-
XaHiYyHMMK BUKOHaBusMKu 3apa4 CYAE, ane
6axxaloTb BUKOHYBaTK NPOTOKOS EKCNEPUMEH-
Ty 3 JOCTaTHIM PO3YMiHHSAM FONOBHOI Npobe-
Mu gocnigxeHb. Cnig ckasaTw, wo Jleonig Ka-
[EHIOK BXe MpoxoamB 6ioNorivHy NigroToBKy B
3opsiHoMy MicTeuky nig MockBoto. 3aHATTs
Manu NpPOAOBXYBaTW OO YepBHS, TOOGTO OO
3annaHoBaHoro Bif'isgy [OBOX YKPaiHCbKMX
KaHaMAaTiB Y KOCMOHaBTU-0OCAIAHWKM Ao Koc-
Mi4HOro UeHTpy iM. [>koHCOHa (M. XbIOCTOH,
wraT Texac) gns ocTaTto4HOro Megu4Horo o6-
CTeXeHHs. [MpoTaroM OBOX TUXHIB 4YepBHS
nnaxysarnocs ix nepebysaHHa B KocMmi4HOMY
UeHTpi iM. KeHHefi, Ae HayKoBUi Big Kopro-
pauii danHeMik Manun 3a6e3neynTn gns HUX
3aHATTA 3 6a30BMX NUTaHb 6ioNOrii POCVH
(Haykosi 3anucku, Ne 5, yepBeHb/nuvneHb
1996). lNizHiwwe, y BepecHi 1996 p., 4o XblocTo-
Hy Manu npubyTun ABa iHWi kaHaugaTn y Koc-
MOHaBTU-gocnigHnkn fpocnas lyctoBuin —
CTapLUMiA HayKOBUM CMIBPOBITHUK IHCTUTYTY
KoCcMiYHMX gocnimkeHb HAH Ykpainu, K.cp.-M.H.,
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i Hagis AgamMyyk — HaykKoBWI CMiBPOBGITHWK
IHCcTUTYTY 60TaHiku HAH Ykpainu, K.6.H.

Y nucTtonagi, 3a OCTaTOYHWUM PILLIEHHAM
HACA ta HKAY, nonkoBHuk JleoHig KageHok
6yB BU3HAYE€HUIN KOCMOHaBTOM-OOCIIiAHUKOM,
a 9lpocnas lNycTtoBuit — oro gyénepom. fde-
cATUMICAYHA NigroToBKa OO0 MOMbOTY Yekana
Ha Hux y CLUA, Bkniovaroum BiggigaHHs YHi-
BepcuteTiB i KocMmidHoro ueHTpy im. KeHHegi,
3HaNOMCTBO 3 MOJSILOTHUM O6fIafHaHHAM, Ha-
6yTTA gocsigy po6oTn 3 ob6nagHaHHAM Ta Me-
TOOAMU CMOCTEPEXEHHS | MaHinynsuii 3 06'ek-
Tamu, 30Kpema npoBedeHHs 3anuneHHs KBIiTOK
Brassica rapa, metofamn goikcadii matepiany
i, 3BMYANHO, MONIMNLLUEHHS iX aHrMiNCbKOT MOBM.

Bynn Bu3HaveHi cneuianictm 3 HaujoHasnb-
HOi akagemii Hayk YKpaiHu, saki manu 6patu
yyacTb y npoekTi CYAE Big Ykpainu: A.6.H.
OneHa Hepyxa, K.6.H. AHTOHiHa [lonoBa,
0.6.H. Jllogmunna MycateHko, K.6.H. OmuTpo
Knnumyyk, K.6.H. OneHa 3onotapbosa Ta K.6.H.
Biktop Herpeubkuin (IHCTUTYT 60TaHikM M.
M.I". XonogHoro), A4.6.H. CeitnaHa Kouy6ewn ta
K.6.H. Onbra Bonosuk (IHCTUTYT dpizionorii poc-
JIVH | reHeTunKn), K.6.H. BikTop lNMpima Ta K.6.H.
OneHa MapTUHEHKO (IHCTUTYT MOMEKyNspHOI
6ionorii i reHeTnKK), 4.6.H. TeTaHa YepeByeH-
Ko Ta K.6.H. HaTanba 3aimeHko (HauioHanb-
HWU 60TaHivHMM cag im. M.M. Mpuwwika), 8.6.H.
Opect [OewmkiB Ta K.6.H. XpuctuHa YabaH (IH-
cTuTyT ekonorii Kapnart), a.6.H. Poctucnas
Bo3asK (IHCTUTYT Mikpo6ionorii i Bipycosnorii
im [.K. 3a6onotHoro). YKpaiHCbKi BYEHi pos-

noYyanu akTUBHY NiArOTOBKY 3 MNPOBEOEHHS
Ha3eMHUX ekcnepuMeHTiB. BoHu BupoLlyBanu
pocnuHn B YBP, aika 6yna nto6'a3Ho Hagicna-
Ha B YkpaiHy 3 Kocmi4HOro ueHtpy im. Ken-
Hefi, Ta MaHinynoBany 3 HAMK BiQNOBIOHO OO0
3aBOaHb EKCNepUMEHTIB.

V yepBHi 1996 p. JokymeHT Bumor go CY-
AE 6yB oCTaTo4HO NigroTOBNEHUI IHXEHEPOM
npoekty CYAE PiHoto TomcoH (BarioHeTuk/
BIO-3), anpo6oBaHuin MeHeaXXepoM Micii 3 KO-
pucHoro BaHTaxy [1e66i Bopaepmapk (barno-
HeTuk/BIO-3) Ta MeHemKepoM Micii 3 HayKo-
BOro KopucHoro BaHTaxy CiHgieto MapTiH
(HACA), ronoBHUM y4eHUM 3 6iONoriYHmx
nporpam binnom Hottom (HACA) Ta gokTopa-
Mu bkenmcom Marikemoro (KaH3acbKuii yH-T),
Mepi Macrpeng (JlyisiaHCbkunii yH-T), ®pegom
Cakom (Oravicbkuii yH-T), €nusaseTtoro Kop-
aoM (IHcTutyT 60TaHikm im M.I. XonogHoro)
Ta Y3rogkKeHu 3 KOOPOMHATOPOM HayKOBOI
YactmHm npoekty CYAE KopiHoto [)KOHCOH
(Oaiinemik/OAN-3).

[OupekTopaT 3 HaseMHMX onepain 3 Ko-
pucHuM BaHTaxeMm HACA B KocmiyHOMY LieH-
Tpi iMm KeHHedi nnaHyBaB npauoBaT 3 KOpUC-
HUM BaHTaXXEM, BMKOPUCTOBYIOHYN KOCMIYHUI
Kopabenb. 3anyck npuaHa4nnu crno4vatky Ha
9 XOBTHS, Mi3Hille — Ha 19 nuctonaga 1997 p.
JOKYMEHT nNorogunun 3 rofloBHUMWU JOCHIQHN-
KaMun Ta MeHe[)XepoMm MicCii 3 KOPUCHOrO BaH-
Taxy HACA/KocmiyHni ueHTp. BiH 6yB AaXe-
penom iHdopmauii ons BCbOro KOPWUCHOMO
BaHTaxy CYAE, a B pasi KoHnikTy maB nepe-

Barn Hapg iHLWOKW [OOKYMeHTauieto Wo[o Ko-
pucHoro BaHTaxy 87-i micii. Lle gokymeHT
6yB NPU3HAYEHNA ONS BUKOPUCTAHHA KOMaH-
noto KocMmiyHOro LueHTpy 3 pOo3BUTKY KOPUCHO-
ro BaHTaXy NpoTAroM BUKOHaHHA [porpamu
KOCMIYHOIO LWatna Ta iHWOoi BHYTPILIHBOT f0-
KYMeHTaLlii, a TaKoX KOHTposoBaB BCi dhasn
NigroTOBKM KOPUCHOIO BaHTaXy Ta onepadin
3 HUM. [Ing ycnilwHoi mMicii [IOKyMeHT BCTaHOB-
noBas:

+ HayKOBi 3aBAaHHS EKCNEPUMEHTY;

+ obnagHaHHa Ta pecypcu NonbOTHOI Npo-
rpamu;

+ onepauii 3 KOPUCHUM BaHTaXeM;

+ BignosigHi BMMorw/onepadii Ha3eMHoi
NiZTPUMKMN.

Onwucwm ekcneprMeHTiB 6a3yBanuncs Ha opu-
riHanbHWX HayKOBUX NPOMO3nLisX, HagicnaHux
no HACA vy 6epesHi 1995 p., yrogax, npeac-
TaBfeHUX Y MPOTOKOMI 3YCTpidi B NMcTOoNnagi
1995 p. Ta pesynbratax HaseMHWX AOochig-
XXeHb BM3Ha4asnbHoi a3n. byno nigTeepoxe-
HO [Bi Karteropii eKCnepuMeHTiB: aBTOHOMHI,
AKi BU3Ha4anu o06'eKTU OOCHiOXKEeHb, Ta eKc-
NepuUMEeHTU 3i CMifIlbHUM BUKOPUCTAHHAM TKa-
HWH. JocnigHuii maTepian ans OCTaHHIX mMaB
HagxoOuTw Bif 06'EKTIB aBTOHOMHUX eKkcrepu-
MEHTIB.

OcHoBHot MeTo ekcnepumeHTy CYAE
6yno [OCiOKEHHA Ta 3'ACyBaHHA poni rpa.i-
Tauii y yHKUIOHYBaHHI KNiTUH Ta opraHiamise,
OCKiflbkM dhyHOAaMeHTasIbHi 3HaHHA LLo[0 poni
rpasitauii Ha KNiTMHHOMY Ta OpraHi3aMeHHOMY
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PIBHAX € KMHYOBUMM Y 3LIACHEHHI TpUBanmx
NiIOTOBAHMX KOCMIYHUX MICiA Ta CTBOPEHHI
KOHTPOSIbOBaHUX EKOSNOFMYHUX CUCTEM XXUTTE-
3abe3neyeHHs KOCMOHaBTIB. Takuii ekcriepu-
MeHTanbHUI iMnepatme 6e3nocepenHbo nig-
TpYMyBaB LOCHIOXXEHHSA KOCMIYHOIO NPOCTOpY
Ta PO3BUTOK KOCMIYHOIO MignpuemMcTea K
LsxX "BHECKY A0 CTBOPEHHSI HOBUX HayKOBUX
3HaHb 4Yepe3 BMBYEHHS BMMBY KOCMIYHOIO
cepenoBuLLa Ha BaXXnMBi 6ioforiyHi, XiMivHi Ta
iznyHi npouecn”. (Ctpateriynnii nnad HACA).
[MpoekT 30cepemxyBaBcs Ha POCUHHUX Op-
raHiamax, OCKiflbK/ POCIIMHU € HEOOXIGHUMU
0151 BUPILLEHHA (PyHOAMEHTanbHUX Ta Mpuk-
nagHux npobfieM KOCMIYHOI i rpasiTauifiHoOl
6ionorii. TakumM YXMHOM, NPOEKT TakoX 6e3no-
cepedHbO MigTpumyBaB MeTy Bigginy 6iono-
riYHUX i BiOMEeONYHNX HayK Ta MpUKNagHuMx
pocnipkerb LWta6-kBaptnpn HACA BigHOCHO
epeKTNBHOro BUKOPUCTOBYBAHHSA MIKpOrpasi-
Taujii Ta iHLWKX YHIKanbHWUX acnekTiB KOCMI4HO-
ro cepenoBuLLa s Kpaworo po3yMiHHSA goyH-
OaMeHTanbHMX 6i0NoriYHNX NPOLECIB.

Xoya iHTepec 0o hyHOaMeHTanbHUX acrek-
TiB rpaBiTauiiHoi 6ionorii pocnnH 6yB OCHOB-
HOK MOTMBALLEI0 EKCNIEPUMEHTIB i 3abe3nevy-
BaB OOIrPYHTYBaHHA HAYKOBOi €eKCMepTHOI
OL|iHKM, METOIO LibOro NPOEKTY 6YN0 TaKoX Ha-
narogykeHHs cnisnpaui M 6ionoramm Yk-
paiHn Ta CnonyyeHunx LUTtaTiB, ski gocnimxy-
I0Tb POCSIMHN B KOCMIYHOMY MOSbOTi. [1poekT
CVYAE cTaB 6e3nocepefHiM pe3ynstatoM gun-
NIOMaTn4HMX BiOHOCMH MK ABOMa KpaiHamu.

KaHgupatypu ronoBHMX [L[OCAIQHMKIB Ons
y4acTi B HbOMy 06roBOptoBanuncs 3 ykpaiHcb-
KUMKW Koneramu Ha Yoni 3 €nusaseToto Kop-
[HOM — rOfIOBOKO CEKLIii KOCMiYHOT 6ionorii, 6io-
TexHosnorii Ta MmeamunHn B Pafi 3 KOCMIYHNX
pocnigpxeHb HAH Ykpainn Ta koopgnHaTtopom
nocnigxeHe HKAY B uin ranyasi, ska 3a6eane-
yyBasna y3ro>KeHHs JOCNIOHULBKNX iHTepeciB
HaykoBLiB YkpaiHn Ta CLUA. MonosBHWx poc-
nigHukis y CLLA obupanu 3a KOHKypCOM, crnps-
MOBaHUM Ha MaKCuMMi3aLilo MOXINBOCTEN
rpasiTaLiiHOi 6ioNorii POCAVH B i CRiNbHINA
Micii.

HAYKOBI 3ABAAHHS CYAE

Bynun cdopmynboBaHi Taki HayKoBi 3aBAaHHS
eKCnepuMeHTy (HaBOAMTLCS OpUriHANBHUIA aB-
TOPCbKWUIA TEKCT):

1. Bnnne Mikporpasitauii Ha 3anuneHHs i
3annigHeHHs!

AKpoHim ekcriepumeHTy: B-STIC

lonosHi gocnigHukn: poktop Mepi Macr-
pens (CLLUA) g.6.H. €Ennsaseta Kopaiom (Yk-
paiHa)

CniBBrKOHaBeLp: K.6.H. AHTOHiHa lNMonosa
(Ykpaina)

O6nagHaHHsa: YBP

Kateropisi: aBTOHOMHUWIA.

Mepexig Big BereTaTUMBHOI OO penponyk-
TUBHOI hasn, 30a€TbCs, € 0COOBNNBO HYTIIMBUM
nepiogoM y XUTTEBOMY LIMKSIi POCIIUH 3a YMOB
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MikporpasiTauii. B nonepefgHix KOCMiYHUX
eKcrnepMeHTax OinbLWiCTb POCINH He YTBO-
ptoBanu HaciHHS, a AKICTb TOro, Lo YyTBOPUIIO-
C B OOHOMY €eKCMepuMeHTi, 6yna HU3bKOK
(Parfenov & Abramova, 1981). JaHi no3nmeT-
pii He gaBanu 3MOrM MOSCHUTU CTEPUSIbHICTb
POCNVH BMAIMBOM BUCOKUX A03 pagiadii, Tomy
MOPYLUEHHS Yy penpoaykKTUBHOMY PO3BUTKY
POCINH CKOPpiLLIe CPUYMHIOBANOCA L€ MIKPO-
rpasiTauii. eBHi cTagii penpogyKTUBHOIO
PO3BUTKY NMOKPUTOHACIHHMX MOTEHLUINHO MO-
XyTb 6YTW YyTNMBMMU J0 Aii MikporpasiTauii.
Mpouecn yTBOPEHHS NUIIKY Ta ANUEKNITUH, 3a-
MWMEHHS Ta 3annigHeHHs € CKNagHVMK npo-
Luecamu po3BuUTKy. Ha xanb, HasiBHa ay>e 06-
MeXeHa iHhopmauisa Wwoao BnanBy Mikporpa-
BiTaLii Ha NOBHUM iHAMBIAyanbHUA PO3BUTOK
POCINH, X04a 3HAHHSA NPO YTBOPEHHS HACIHHSA
B LUMX YMOBaX € gy>xe Baxnmsumu. Maemo nu-
e AekinbkKa MoBigoMeHb NpO PO3BUTOK re-
HepaTUBHUX OPraHiB y BULLIMX POCAMH Ha NPUK-
napi Muscari racemosum Ta Arabidopsis
thaliana (Kordyum et al., 1979, 1983; Merkys
& Laurinavichius, 1983) Ha KNiTUHHOMY piBHi B
ymoBax Mikporpasitauii. Jogatkosa iHop-
MaLisi 6yna oTpuMaHa B KOCMIYHUX eKcrepu-
MeHTax 3 Arabidopsis thaliana, npoBegeHux
HepasHo B CLUA (Kuang et al., 1993, 1995,
1996; Mathews et al., 1993; Musgrave et al.,
1993, 1994). Lli peaynbtat npynyckarTb He-
raTUBHWA BNAWB BIACYTHOCTI rpasiTauiiHOro
BEKTOpa Ha pJeski npouecu po3sutky (Hal-
stead & Dutcher, 1984; 1987; Cowles, et al.,
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1988; Mashinsky et al., 1994; Kordyum, et al.,
1994; Kordyum, 1994). Tomy ay>xxe BaXkKnMBo
JOCnignTV BNAMB MiKporpasiTauii Ha dyHaa-
MeHTanbHi npouecu, HeOOXiaHI Ana yTBOPEeH-
HSl HACiHHA, a came 3anuiieHHs Ta 3annig-
HeHHs. PocnuHu Brassica rapa, 3a CBOIM He-
BENMKUM PO3MIPOM Ta KOPOTKUM XUTTEBUM
LUMKIOM, € igeanbHUM 06'€KTOM OJi TaKux
JOCTiOKEeHb.

[o uboro 4acy He 6yno MOXIMBOCTI ge-
TaflbHO MOPIBHATW MPOLIECU 3anuieHHsa Ta
3annigHeHHs B ymoBax MikporpasiTaLii Ta B
Ha3eMHOMY KOHTPOJli, OCKiflbkKM B KOCMIiYHO-
My NOSIbOTI HE 6Y/1I0 3MOrM LUTY4YHO 3anuiio-
BaTtu KBITU. TiNbKM cneuianbHa nigrotoBka
y4acHMKa NosiboTy 3 NPOBEAEHHS LUTYYHOrO
3anuneHHs Ta dikcadii 3anuneHnx KBiTok Ha
op6iTi Mana JonomortTu ogepxatu iHdop-
Mauito Npo PepTUNbHICTb NUIIKY, B3aEMOLI0
NUAKY Ta NPUAMOYKM, PICT NUIKOBUX TPYOOK,
3annigHeHHs Ta NoCnigoBHI cTafii po3BUTKY
3apopka.

[ns Luboro eKCnepuMeHTy. NNaHyeTbCs BU-
KOPUCTaHHA ABOX nonynsaui pocnuH. OpgHa
HafcmMnatumMeTbCs Ha opbiTy B cTafii 6yTOHi-
3auii, TO6TO Nepeq UBITIHHAM, gpyra — Mae
BMPOCTU 3 HACIHHSA, IKe No4YMHae npopocTaTtu
Ha op6iTi. BukopmncToBytoun KOMMEKT ANs
3anuneHHs, KOCMOHaBT Mae LLOAEHHO 3anu-
noBaTK KBITKM nepLUoi nonynsuii Ta no3Hava-
TV 3anusieHi KBIiTKM PIBHOO6APBHUMWN MITKaMMU.
Mannykn nicna 3anuneHHa NOBUHHI 36epira-
TUCA B €KCUKaTopi Anf nogasbLioro BM3HA-

YEeHHS XUTTe3gaTHOCTI NuiKy. NeBHa YacTu-
Ha 3anuneHnx KBIiToK ikcyBaTUMeTbCS B MO-
NbOTI, 6inbLUA X YacTUHa — OOCTaBNAATUCS Ha
3emnio y CBXKOMY CTaHi AN nofanbLuoi po-
60T i3 CTpy4Kamu, siKi ofep>XyBaTnmyTbCa B
nepLiv nonynauii pocnuH, [OCTaBfEHUX Ha
op6ITYy Ha cTapgii 6yToHisauii. LLlo6 ogepxxatu
BUCOKOSAKICHWI MaTepian ons MikpoCKoMi4HO-
ro aHanidy, HeobxigHo 6yfe i3onoBaTy Haci-
HWHW i3 CTPY4KIB Nepen dikcaLieto B NOMbOTI.
HeBenuky KinbKiCTb CTPY4KiB NiaHyeTbCs ne-
peBecTn B KynbTypy in vitro gna ogep>xaHHs
CTUMNNX 3apodkiB. Y Opyri nonynsuii pocnvH,
AIKi MalOTb BUPOCTM 3 OCTABIEHOro Ha OpobITy
HaCiHHS, O4iKyeTbCSA ogepXaTtun nNyn'aHku. 3i6-
paHi Nyn'sHKN BUKOPWUCTOBYBATUMYTbCA OS5
BUBYEHHSA XUTTEI[ATHOCTI NUNKY (hapbyBaH-
HA fiaueTaT-gnyoxpoMOoM), MPOPOCTaHHS M-
KOBWX 3EpPEH Ha MPUMAMOMLI Ta POCTY MUIKO-
BUX TPYOOK y CTOBMNYMKY (papbyBaHHsA aHini-
HOBMM 6NakMTHWM), BUSIBNIEHHA ecTepas Y
npumodkax. Nepepn NigroToBKOK A0 MIKPOC-
KOMIYHMX JOCNiOKEHb BUMIPIOBATUMYTbCS PO3-
Mipy nyn'saHkiB. 3aranom OOCRigXeHHs Liei
cTafii XUTTEBOrO UMKy Mae ob'egHatn 6a-
rato rnepLlio4eproBux MNuUTaHb rpasiTauinHol
Gionorii.

2. Bnnue 3miHeHoI rpasiTaLii Ha OTOCUH-
TETUYHUIA anapart

AKpOHiM ekcnepumeHTy: B-PAC

lonosHi pocnigHukn: gokTop Mxenmc Man-
kema, (CLWA) A.6.H. €nmsaseTta Kopgiom (Yk-
paiHa)

CniBBmkoHaBLi: poktopu VYinbam Opom,
Emmanyens Xinapi (CLUA), g.6.H. OneHa He-
ayxa, A.6.H. CeitnaHa Kouy6en, K.6.H. Hagis
Apamuyk, K.6.H. Onbra Bonosuk (YkpaiHa)

O6nagHaHHs: YBP

KaTteropisi: aBTOHOMHUI.

B KOCMiYHMX ekcnepumeHTax, NpoBeAEHNX
Ha 6opTy Biocartenita Il (Reynolds & Saun-
ders, 1971), 6iocynyTHukis cepii Kocmoc (llyin,
1983; Podluzky, 1992; Rasmussen et al.,
1992), op6itansHux nnargopm CantoT i Mup,
Ta Wamni., (Krikorian & O'Connor, 1984; Mo-
ore etal., 1987 a, b; Levine & Krikorian, 1992),
BCTAHOBMEHMI BMAMB (PakTopiB NOSLOTY Ha
YyNbETPACTPYKTYPY POCAVHHUX KNITUH. B pagi 3
HUX POCIIMHHUIA MaTepian 3HaxoaMBCs B YMO-
BaXx OCBITNIEHHSA 3Ha4YHWUI NPOMiKOK Yacy (Che-
revchenko et al., 1986; Halstead & Dutcher,
1987; Kordyum, 1994; Kordyum et al., 1994;
Claassen & Spooner, 1994).

4K BiZOMO, hOTOCMHTE3 — HaBaXKMBILLNIA
npouec, Wo 3abeanevye BUPOOHMLTBO Xi Ta
BOSIOKHA. B Ton Xe yac hOTOCUHTETUYHUI
anapart Haa3Bu4arHoO Yy TNMBUIA [O PIBHOMAHIT-
HUX CTPECOPHMUX YMHHUKIB, 30KpemMa BUCOKOI
Temnepatypu (Apel & Kauss, 1978; Harding et
al., 1990 a, b; Ferguson et al., 1990, 1993; Xu
et al., 1995 a, b), HecTaui XMBNEHHS, 3acyxu,
BMCOKOI HTEHCMBHOCTI cBiTna Ta Aediunty
Byrnekucnoro rasy. [aHi ykpaiHCbKux Ta
amMepukaHcbkmnx gocnigHukie (Dutcher et al.,
1994; Kordyum, 1994; Kordyum et al., 1994;
Tripathy et al., 1996) npunyckaioTb cTpeco-
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BWUIA BNJSIMB KOCMIYHOIO OTOYEHHA Ha (POTOCKH-
TeTn4HUn anapat. Ockinbkn hoToCUHTES 3a-
6e3ne4ye Xy, KUCEeHb Ta pereHepaduito BOAU,
PO3yMiHHS BMSIMBY KOCMIYHOIO cepefosuLia
Ha OMHaMiKy LibOro CKIiafHoro npoLecy € He-
06XigHUM. Y JaHui Yac icHye obmarnb aHux
040 CTPYKTYpW Ta (PYHKLIOHYBaHHSA X10pon-
nacTiB B ymMOBax Mikporpasitauii, 40 TOro X
BOHM YacTo cynepeynuei (Halstead & Dutcher,
1987; Claassen & Spooner, 1994; Dutcher et
al.,, 1994; Kordyum, 1994; Kordyum et al.,
1994). Y xnoponnactax pOCfvH, BUPOLLEHUX
B YMOBaXx KOCMI4YHOIO MOMbOTY, 4acTo CrocTe-
piraeTbCsi 3MEHLUEHHs1 CTUKYBaHHA MemobpaH
TUnakoiaiB Ta 36iNbLUEHHSA KifNbKOCTI NnacTor-
no6yn (Popova et al., 1989, ekcnepumeHTn 3
OOHOKJIITUHHOKO 3eNeHO0 BOAOPICTIO Xope-
nay). NoBigoMeHHst Npo BMICT NIrMEHTIB y JINCT-
Kax POCSIMH B KOCMI4YHOMY MOJSbOTi TAKOX Cy-
nepeynusi. Mopsa 3 4aHUMK LLOAO 36inbLUEH-
HSl Y KOCMiIYHOMY NOMbOTI BMICTY Xnopodiny y
nucTkax ropoxy (Abilov et al., 1986; Alyev et
al.,1987), icHytoTb npoTunexHi (Laurinavichius
et al., 1988). BmicT xnopodiny Ta KapoTuHO-
ifiB 3MeHLLYyBaBCH B IMCTKaX KyKypyA3w nicns
19-0O60BOr0 KOCMIYHOIO MOMbOTY Ha CTaHuji
Mwup (Rumyanzeva et al., 1990) Ta y xnopenu
Bif 35 0o 50 % Yy MOpPIBHSAHHI 3 KOHTPOSEM
(Antonyan et al., 1992). lNMpunyckaeTtbes, WO
3MiHW TeKy4oCTi MeMb6paH, iHOyKOBaHi 3MiHa-
MU CKnagy XupHux kmucnot (Kordyum et al.,
1994), MOXYTb CYTTEBO BM/MBaTK Ha TPaHC-
NOPT PEYOBUH Yepesd MembpaHy Ta MexaHi3mu

XEeMIOCMOTMYHOIO 36epexeHHs eHeprii. MNoBi-
OOMNSETLCA MNPO 3HUXKEHHS E€fIEKTPOHHOro
TpaHCMNopTy B xfloponfiactax fUCTKIB pPOCnH
nweHndi, fKi BUpPOCnM B ymMoBax Mikporpa-
BiTauii (Tripathy et al., 1996), xo4a mexaHis-
MW Takmx 3MiH 3anuLiatoTbC HEBIGOMUMM.
Moxnu1Bo, Lo Ui edheKTV CAPUHYMHEHI NPSMOLD
Jieto MikporpasiTauii Ha 6ionoridyHi cuctemm
Yyepes YyTNMBI 4O rpasitauii peuentopu. Ane,
CKopiLLe, Taki 3MiH1 B yMOBax MikporpasiTavii
BigOyBalOTbCs BHACNIOOK OOMEXeHOoro Hapg-
XO[DKEHHS BYTMEKMCOro ragdy, oToiHribysaH-
HA Ta (POTOOKWUCHIOBAIIBHOIO CTPEcy Takum
Xe LUAAXOM, §IK i 3a HeraTMBHOMO BMSMBY Ha
(POTOCMHTES IHLUMX CTPECOBMX (PaKTOPIB.

[na po3yMiHHA BMAMBY KOCMIYHOMO MOSbO-
Ty Ha (DOTOCMHTES BaXK/TIMBUMU € OOCNILXEH-
HSl MepeTBOPEHHs eHeprii COHAYHOro CBiTna Ta
wnaxis pikcauii Byrneur pocnMHamum Ha
op6iTi. B ocTaHHi 10 pokis 6yno HabyTo HOBI
3HaHHA LWOAO CTPYKTYpu Ta (yHKUii Tuna-
KOIHUX MeM6paH 3aBOsfKW BUKOPUCTAHHIO
MOJEKYNAPHO-6i0N0riYHUX MeToaiB, GioXiMiy-
HOMY BUINEHHIO MEMOPaHHNX BiNTKOBMX KOMI-
JIEKCIiB Ta TPUMIPHOMY CTPYKTYPHOMY aHanisy
KpucTanie 6inkiB peakuiHuUX LEeHTpiB Ha
aTomHomy piBHi (Krauss et al., 1993; Schubert
et al., 1995; Deisenhofer et al., 1985). Came
pe3ynstaTi Takux [OOCHiOKEeHb CTBOPIOTb
6a3y [Ana BUBYEHHS BNINMBY KOCMIYHOIO NOJib-
OTY Ha POTOCUHTES.

[Ons pocnigXeHHs BNAMBY 3MiHEHOI rpasi-
Tauii Ha POTOCUMHTETUYHUI anapart B LbOMY
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€KCMepuMEHTI NNaHyeTbCA BUKOPUCTOBYBATU
NPOpOCTKM Brassica rapa Ha pi3HUX cTapisax
po3suTKy 3 YBP. [lo 3aBAaHb ekcrnepumMeHTy
B-PAC BXx0auTb NOPIBHAHHA 3MiH B YnbTpacT-
PYKTYpi, 6ioximiYyHOMY cKnagi Ta dyHKLio-
HaflbHOMY CTaHi (OOTOCMHTETUYHOrO anapary,
AKi BifOyBalOTbCA Ha Pi3HUX CTafdisx Bereta-
TUBHOIrO PO3BUTKY NPOPOCTKIB Brassica rapa
B yMoOBax Mikporpasitauii, KniHoCTaTyBaHHs
Ta rineprpasitauii. HaciHHa Brassica rapa
OOCTaBNATUMETLCA Ha OP6ITY B CYXOMY CTaHi
Ta 3MOYyBaTUMETLCA MICns NigNoMy Kopabns.
YacTuHy TkaHWH Tpeba 36mpaTn Ta dikcyBaTu
ab0 3aMopoXyBaTn Ha opo6iTi. 12—14-0060BiI
NPOPOCTKM MMIAHYETLCA Y CBIXKOMY CTaHi no-
BepTaTy Ha 3emsto A iHTEHCMBHOI 06PO6KN
nicna npu3emMneHHs. JINCTKM 3i cTapimx poc-
NNH (24—27-0060BKX) 3 eKkcnepumeHTy B-
STIC Takox MalwTb pocnigxyBaTucs ans
NopiBHAHHA B ekcnepumenTi B-PAC (cninbHe
KOPUCTYBaHHS).

MicnanonboTHI OOCNIMKEHHSA CBKMX, 3aMO-
POXeHUX abo DIKCOBaHUX TKAHUH BKIIHOHAOTb:
1) nopin 6iomacw; 2) eNeKTPoHHY MiIKPOCKoMito
YNbTPaCTPYKTYPHOI opraHi3adii xnoponnacTis
Ta Me30MiNbHUX KNITUH; 3) KOHOKanbHY Mik-
pockonito TKaHWH mMe3oqiny; 4) aHani3 nir-
MEeHT-6iIfIKOBOro Ta 6ifIkoBOro cknagy sugine-
HWX XnoponnacTiB, 5) aHani3 cTaHy NirMeHT-
HOI cucTemMu Ta naHuory nepepadi eHeprii
LUNSXOM BUMIPIOBAHHS HU3bKOI Temnepartyp-
HOi emicii Ta cnekTpiB 30YO)KEHHS; 6) TecTy-
BaHHS aKTMBHOCTI (DOTOCMHTETUYHOIO anapa-
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Ty Ta CTaHy eNneKTPOH-TPaHCMOPTHOrO NaHLo-
ra LUAsSXOM BUMIPIOBaHHSA KPUBKUX iHOYKLUiT
donyopecLeHLii (edpekT KayTcbkoro) nucTkis
Ta X/10ponnacTiB; 7) BUMIPIOBaHHS LUBUAKOCTI
doToximivHOI peakuii ¢oTtocuctem | Ta |l
(WwBnakicTb peayKuii peareHTiB Xinna ta eBo-
nouii KncH). Lli gocniopkeHHs i TeXHiIYHI me-
TOOM AO3BONSAOTL Y MOBHIM Mipi OLiHUTY BMAUB
3MiHEHOi rpaBiTauii Ha (OTOCMHTETUYHUN
anapar.

3. Baaemopis mikporpasitauii i eTuneny Ta
iX BMAWB Ha picT i MeTaboniam coi

AKpoHim ekcriepumeHTy: SOYMET

[onoBHWMn pgocnigHuk: poktop Kpictodep
BpayH (CLLA)

CniBBukoHaBLi: gokTop [xenmc [arkema,
pokTop Yinbam MNesictyy (CLWUA); g.6.H. OneHa
Hepyxa, K.6.H. AMuTpo Knnmuyk, K.6.H BikTop
Mpima (Ykpaina)

O6napgHaHHa: KbB-60

KaTeropis: aBTOHOMHUIA.

MeToro ekcnepuMeHTy € OOCNIOKEHHS B3ae-
Mogii MiKkporpasiTaLii Ta eTuneHy, ixX Bnave Ha
poanopfin 6iomacu Ta BYrneBOOHWN MeTabo-
ni3M B eTioNboBaHMX NPOPOCTKax COi.

9K BiZOMO, KOCMIYHWI NOSIT CYTTEBO BM/MU-
Ba€ Ha picT Ta meTaboniam pocnuH (Halstead
& Dutcher, 1987; Schulze et al., 1992; Dutcher
et al., 1994; Kordyum, 1994), cTpyKTypy Kni-
TUH Ta opraHen (Hilaire et al., 1995 a, b; Klym-
chuk et al., 1992; Moore et al., 1987 a, b, c;
Volkmann et al., 1991), uinicHicTb XpoMocom
(Levine & Krikorian, 1992) Towo. YBara npu-

ginsanacs BnfvMBy KOCMIYHOrO NONbOTy Ta/abo
3MiHeHoI rpagiTaLii Ha ByrnesogHui metabo-
ni3m, 3okpema, kpoxmarnto (Brown et al., 1988,
1996; Brown & Piastuch, 1994). HasBHi gaHi
30e6inbLIoro ceig4aTtb NPo 3MEHLUEHHsI BMiC-
TY KPOXMarto y pOCAVH, BUPOLLIEHNX Y KOCMiY-
HOMY MONbOTI, MOPIBHAHO 3 HA3EMHUM KOHT-
ponem. Tak, NINCTKM POCIIVH rOpoXy 3a YMOB
KOCMIYHOIO NOMbOTY BTpadany Kpoxmasb abo
MicTUnAK marny noro Kinekicte (Abilov et al.,
1986; Alyev et al., 1987). BusiBNeHo 3HMXeHWI
BMICT KpPOXMasio Ta NigBULLEHNA — PO34MH-
HWUX LYKPIB Yy NINCTKax POCMWH MepLio B KOC-
MiyHoMy nonboTi (Johnson & Tibbitts, 1968).
Takox HaBefeHO AaHi NpOo 3MEHLLEHUA BMICT
Kpoxmasto abo po3Mip KpoXmasibHUX 3epeH y
npopocTkiB apadigoncucy (Laurenavichius et
al., 1988) ta kykypyasu (Moore et al., 1987 a-
C) B yMOBax KOCMi4HOro noneoty. BukopucTto-
BYKOYM MPOPOCTKN COi SK MPOCTY MOAESbHY
CUCTEMY AN BMBYEHHS CMHTE3Y KPOXMaro,
Brown Ta Huber (1987) nokasanu, Lo cim'agoni
NPOPOCTKIB COi, iKi POCNN B KOCMIYHOMY MO-
NbOTi, MICTATb 3HA4YHO MEHLLE KpOoXmarso rno-
PiBHSIHO 3 HAa3eMHUM KoHTpornem (Brown et al.,
1995). Byno TakoX NoKasaHo 3HMKEHHSA aKTUB-
HOCTi OfJHOro 3 PepMeHTIB CUHTEe3y Kpoxma-
nto ADP rniokosu nipodocopunasn (Nakata
& Okita, 1995; Stark, 1992). BctaHoBNEHO, WO
aKTUBHICTb LbOro (hepMeHTY LUBMAKO 3pocTa-
na nicna nosepHeHHs Ha 3emnio. LlikaBo 3ay-
BaXKUTW, LLO BigKNagaHHA BYrneBodiB y 3ana-
car4Mx opraHax pocivH, Takux ik MOpkBa Ta

kapTtonns, 36inbliyBanoca B pasi 06pobku
eTuneHom (Stitt et al., 1986). Mpunyckaetbes,
WO ue Morno 6yt Hacnigkom nigBULLEHHS
KOHLeHTpaLii ppykT0o30-2,6-6ichocdaty, akui
aKTUBYE OuxaHHs. ToMy 36inbLUeHHs BUPO6-
HMLTBA eTUSIEHY B POCNNMHAX 3a YMOB KOCMiY-
HOro MosibOTY MOXe NPUCKOPIOBaTU OECTPYK-
Lo Kpoxmarnio.

ETuneH € netkMm piToropMOHOM, SKUIA op-
dyHOYE 4Yepe3 MIKKAITUHHUKK Ta BUXOOUTb
Ha3o0BHi (Jackson, 1991). € ynmano npukna-
OiB 36iNblUeHHA CUHTEe3y eTWUneHy nig Bhu-
BOM 6i0TMYHMX Ta abiOTUYHMX CTPECOBUX
areHTiB (Hyodo, 1991), 3okpema, 3a yMOB ro-
pU30OHTanNbHOro KniHoctatyBaHHs (Leather &
Forrence, 1972; Salisbury & Wheeler, 1981).
B octaHHbOMY pasi 36iMbLUEHHSI CUHTE3Y eTu-
NMIeHy Crno4aTtKy MOSICHIOBaNM MeXaHiYHUM
BMJIMBOM KJiHOCTaTyBaHHsA. Arne ni3Hiwe 6yno
nokasaHe 3Ha4yHe 3POCTaHHs KOHLeHTpauii
€TUNEeHy B MPOPOCTKax Coi 3a YMOB KOCMIYHO-
ro noneoty (Brown et al., 1995), konn mexa-
HiYHa cTUMYnALia BiACYTHA. [poTe He BUKNO-
yanocs, WO 3pas3ku pocnigxysanu nicns
nonbOTY, TOMY BOHW MO 3a3HaBaTu Mexa-
Hi4YHOro cTpecy. Cnig BkasaTu, Lo Take 36iMb-
LEHHA KOHLUEHTpaLii eTUNeHy BUsiBNeHe B pa-
3i KNiHOCTaTyBaHHI NMPOPOCTKIB COI, KON Me-
XaHiYHWA CTpec Ha PoCnvHU B6YB YCYHYTUN
(Hilaire et al., 1996). Tomy npunyckaeTbes, WO
306iMbLLUEHHA CUHTE3Y ETUNEHY CKopille € nps-
MVM HacnigkoM BrAvBY 3MiHEHOI rpasiTadii
(mikporpasiTauii abo KniHocTaTyBaHHA) Ha
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POCNVHU, HXX pe3yfisTaToOM MeXaHiYHUX nopy-
weHb. 3abip rady Ha opbiTi Mmae 3'acyBaTu
NPUNYLLEHHA NPO HAAMIPHUI CUHTE3 eTUNEHY
3a YMOB KOCMi4HOr O MosboTy.

Bigomo, L0 ioHn KanbLito 6epyTb y4acTb y
BYrfieBOOHOMY MeTaboniami, perynowym
aKTUBHICTb KasbLin3anexXHux npoTeiHKiHa3
(Huber et al., 1995). € TakoX MOBIGOMSIEHHS,
L0 KanbLin MOXe iHOYKYyBaTu aCUMETPUYHUIA
po3anogin aykcuHy (Li et al., 1991; Evans et al.,
1992), BHACNiAOK 4YOro y TKaHMHax 36iMbLuy-
€TbCsl KOHLEHTpaLis ioHiB Kanbuito (Romano
et al., 1993). BctaHoBneHun nepeposnogin
BifTbHOr0 KasbLito B KIiTUHAX POCAVH, AKi pocC-
M 3a ymoB Mikporpasitadii (Hilaire et al.,
1995 c). Ha nigcTaBi umMx gaHnx MoxHa npu-
nNycTUTW, LLIO Nepepo3nodin KasnbLito B KNiTu-
HaxX B KOCMIYHOMY MOMbOTI 3MIHIOE BYrf1eBOA-
HUI MeTaboni3M Ta KOHLUEHTpaLii ayKCuHy, Lo
NpU3BOAUTL A0 NIABULLIEHOIO YTBOPEHHS €TU-
NEHy.

[MnaHytoTbCa Taki JOCMiIOAXKEHHS eTionboBa-
HUX MPOPOCTKIB COi, fIKi MarTb BUPOCTU 3
HaCiHHA, L0 JOCTaBNATUMETbLCA Ha Opo6iTy B
CYyXOMy CTaHi, 3MOoYyBaTUMETbCA Ta Npopoc-
TaTMMe B NonboTi: 1) KOHUEHTpaUii Kpoxmarno,
PO34YMHHMX LIYKPpIB, Ninigis Ta 6ifka B ciM'afo-
NAX NPOPOCTKIB 3a AOMNOMOroK CNeKTPodoTo-
METPUYHOI Ta MIKPOCKOMIYHOI TEXHIKK; 2) ak-
TUBHOCTI KIOYOBUX (hEPMEHTIB MeTaboniamy
3anacHoro pe3epBHOro maTtepiany B ciM'ago-
nsx, B ToMmy yncni ADP rntoko3o-nipodocgo-
punasu, caxaposodocdar cuHTasn, PpyKkTo-

30-6ithoccharasmn Ta ninasu; 3) andepeHuin-
HOI eKcnpecii reHiB y TKaHMHax KOPEHIB, rino-
KOTUNS, eNiKOTUNA Ta CiM'A0NEeNn, a TakoX BU3-
Ha4yeHHss ADP rnoko3un nipogocdopunasu 3a
gonomoroto BectepH 6nota. Bei gocnigkeHi
napameTpu MaroTb MOpPIBHIOBATUCH 3 Ha3eM-
HUM KOHTPOJEM.

3pasku rasy (CO, Ta eTuneHy) nnaHyeTbCcs
6paTtn 3 MOMOBUHN KOXHOI KaHicTpu nepeq i
BiKPUTTAM KOCMOHABTOM-LOCHIOHVKOM LIS
nofjaBaHHSA Boan. BepxHs monoBuHa KOXHOI
KaHicTpw, 3Bigkina 6patuMyTbCs 3pa3ku raay,
BiOKpPMBATMMETbCA [ANA MOBHOIO MpPOBITPHO-
BaHHA Ta 3aKpuBaTUMETbCA OO HACTYMHOro
3abopy rasy. H/XHs NosnoBMHa KOXHOI KaHic-
TPU 3anULLATUMETBCS 3aKPUTOKO MPOTArOM Mo-
NbOTY ONS BUSHAYEHHS cKnagy rasy.

OuikyeTbCs, WO Taki ekcrnepuMeHTasbHi
nigxoan 0O3BONATbL OAepXaTu HOBI AaHi Npo
BYrNeBOAHWUIA MeTaboni3M poCivH, B3aEMO-
Oito eTuneHy Ta MikporpasiTauii Ta ixX BrnnavB
Ha XUTTEQIANBHICTE POCAMH Y KOCMIYHOMY
NosnbOoTi.

4. Bnnue mikporpagitaLii Ha natoreHes Ta
3axWUCHi peakujii TKaHWH coi

AkpoHim ekcnepumeHTy: SOYPAT

lonoBHW pocnigHUK: goktop [hxenH Jliy
(CLLA)

cniBBMKOHaBL: gokTop [xenmc [ankema
(CLWA), poktop Kpictodep BpayH (CLUA);
0.6.H. OneHa Hegyxa (YkpaiHa)

O6napgHaHHsA: KB-60

KaTteropisi: aBTOHOMHUIA.
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EkcnepuMMeHT cnpsiMoBaHuiA Ha MepeBipKy
rinoTesu npo 36inbLUEeHHs arpecuMBHOCTI NaTo-
FEHHUX rPUBIB MO BIOHOLLUEHHIO [O POCINHK-
xassiHa.

K i Ha 3emni, oaepXaHHsA BPOXato Cinb-
CbKOrOCMOJAapChKUX KYNbTyp Yy KOCMIYHOMY
nonboTi NOTPebye PO3YMiHHA IBUYHUX | Bio-
NOriYHUX BWUMOr Ta napameTpis gns ontu-
MasfibHOro POCTY POCAVH. JOCAIAXEHHS X YHi-
KanbHUX BUMOI OO0 OfEp>XaHHs BpOXaro B
KOCMIYHOMY MOMbOTI 3HaxXoAATbCA NULe Ha
no4artkosin ctapgii. lNonepeaHi QOCNIOXEHHSA
nokasarnu, Wo MikporpasitaLisi iCTOTHO BNn-
Ba€ Ha POCMMHU Ha KMITUHHOMY Ta cpizionoriy-
HoMmy piBHsIX (Halstead & Dutcher, 1987; Dut-
cher et al., 1994; Krikorian & Levine, 1991;
Krikorian et al., 1992). Hanpuknag, 06050HKN
POCANHHUX KAITUH Y KOCMIYHOMY MOMbOTI MO-
TOHLUYIOTBCSA Ta MICTATb MeHLue NirHiHy (Cow-
les et al., 1984, 1989). Taki 3MiHVM NpU3BOAATL
He nuLle OO0 3MEeHLLEHHS BpOXato, ane n cyT-
TEBO BMMBAlOTb Ha B3aEMOLil0 MK pOCnu-
HOK Ta MiKpoopraHiamamu. € gaHi, Wwo poc-
IMHW 32 YMOB KOCMIYHOIO MOfbOTY € BiNnbLu
YyTNMBMMK OO0 MIKpOOBHOi iHBa3ii (Kopatom,
nepcoHarnbHe NoBifoMMNEeHHs). AKLLO Lie AiINCHO
TakK, TO HeraTMBHI Hacnigku ons ogepXaHHs
BPOXat B KOCMIHHOMY MOSIbOTi MOXYTb 6YyTH
CEPUO3HNMM, OCKiNbKM MigBuLLEeHa [oCTyn-
HICTb POCIMH AS19 MIKPOOPraHiamiB MoXxe 03-
Ha4aTu He nuLe G6inbLUy CNPURHATAMBICTL A0
BiJOMMX NaToreHiB, ane M [o KonoHisadii ga-
KynbTaTUBHUMUM naTtoreHamu, To6TO OpraHia-
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MaMu, fKi 3a 3BU4aNHNX YMOB He € natoreHa-
MU A18 POCNNHW. TOMY nepLUvMM 3aBAaHHAM
€KCMEPUMEHTY € BU3HAYEHHS, UM 36iNbLUNTb-
€A CNPUAHATANBICTb NPOPOCTKIB COi B yMOBax
MiKporpasitaLii 4O KOPeHeBOi MHUi, CApuyu-
HioBaHOiI Phytophthora sojae, NOpPiBHSAHO 3 Ha-
3eMHMMU NMPOPOCTKaMM.

[MaToreHHicTb MoXe 36inbLuyBaTucs 3a Al
Pi3HUX YMHHUKIB: NOCUSIEHHS EHEPrii POCTY MiK-
po6iB B yMOBax Mikporpasitauii abo ix pesuc-
TEHTHOCTI 4O BMAMBY TOKCUYHMX CMOMYK, AKi
BUAINATbL pocnvHU. B UbOoMy NpoekTi yBara
30CepenXyeTbCs Ha BUBYEHHI POCIUHN-Xa3s-
iHa. MNigBULLEHHS CIPUAHATAMBOCTI B yMOBaXx
MiKporpasitaLii MoXe 6yTh pe3ynbTaTtoM 3MiH
iICHYIO4YMX Y POCNUHI 6ap'epiB [0 NPOHUKHEHHS
naroreHa (Hanpukniag, 3MEHLLUEHHS XXOPCTKOC-
Ti KIITUHHOI CTIHKM BHACIiOOK 3HWXXEHOI nir-
Hidhikauii) a6o 3aMiH y po3noaini NoOXXMBHUX pe-
YOBWH (30Kpema, 36inbLUeHHs Byrneu ado
TEeKy40CTi MeMbpaHu). MNnaHyeTbCcs NopiBHATH
Oy#oBY KMITUMHHOI CTiIHKM Ta po3nogin Byrne-
BOfIB Yy NpPOpoCTKax coi 3a YMOB MiKporpasi-
Tauji Ta B Ha3eMHOMY KOHTPOJIi Ta BU3HAYUTY,
4K iCHYIOTb KOpensauii MK UMMU MOXIMBUMMU
3MiHaMX Ta NiIABULLEHHAM CMPUAHATINBOCTI
00 30y[AHMKa KOPEHEBOI rHWSI.

MikporpasiTaLis Takox Moxe BnavMsaTu Ha
30aTHICTb POCMMH aKTUBHO NPOTUCTOATM NPO-
HUKHEHHIO MaToreHa: iHOyKOBaHi nMaTtoreHom
3axUCHi cnonykn abo He yTBOPIOOTLCSA B POC-
JNHi, 260, B pasi yTBOPEHHSA, HE NOKani3yoTb-
€Ay BignoBigHnX micusax. Y Uifiomy, pe4oBuHM,

AIKi YTBOPIOIOTLCS B POCAMHI ANa npotugii na-
TOrEeHy, MICTATb PO34YMHHI aHTMBIOTUYHI Cro-
JNIYKN — TaK 3BaHi (PiToaneKkCuHn, CTPyKTYpHi
3MILHIOYi KOMMOHEHTU — K (PEHOJbHI MO-
nimepn NirHiH aéo cy6epwuH, depmeHTn 6io-
CUHTE3Y (hiToanekcuHie abo peHonbHMX noni-
MEpHWX BigKnageHb, Hanpuknag nepokcuga-
3y, abo hepMeHTH, AKi 6e3nocepedHbo AiloTb
Ha naToreH, XiTuHa3y abo p-rnawkKaHasy
(Graham & Graham, 1991b). MNepep6advaeTtb-
CSl BU3HAYUTW, Yn OydyTb BIOMIHHOCTI B aKy-
Mynsuii Ta NOLIMPEHHI CTPYKTYPHUX CMOMYK
(dpeHoNbHUX nonimepiB) Ta OEpPMEHTIB, aky-
MynALis Ta NOLUMPEHHS AKUX KOPENoE i3 CTil-
KiCTIO (aHiOHHa nepokcupgasa Ta docdonina-
3a D), y npopocTkiB coi, 06pobneHnx nsoma
pacamu P. sojae (paca 1 Ta paca 25), Ki BUK-
NIMKaloTb BiAMNoBifi CTIMKOro Ta CNpUAHATIN-
BOr0 XapakTtepy, B yMOBax Mikporpasitauii y
MOPIBHSAHHI 3 HA3EMHMM KOHTPOJIEM.

AK MofenbHy cuctemMy ans [OCnigKeHb 06-
paHo B3aeMOfi0 MiXK npopocTkamu coi Ta P.
Sojae, WO CNpUYMHIOE KOPEHEBY Ta CTEGNOBY
rHunb (Schmitthenner, 1985,1989; Schmitthen-
ner et al., 1994). LLlopiyHO Le Npn3BOAUTb A0
BTpaT Bpoxato Ha 250 minbrnoHis gonapis. [o-
OibHa KOnoHizauis TKaHWH POCAMHU-Xas3siHa
naTtoreHom Big6yBa€eTbCA NPOTAroM 24 roguH
npwu CTINKOMY Ta CIPUAHATIIMBOMY XapakTepi
ix B3aemogii. MMi3HiLle KonoHisayis CTINKKX TKa-
HWUH MPUNUHSETLCA | NaToreH Nokani3yeTbcs
NnLLe B AeKiNbKox wapax KnituH (Keen & Yos-
kikawa, 1983). MexaHi3aMu CTINKOCTi TKaHUH Yy

B3aeMofii P. sojae Ta coi BMBYanu rofioBHUM
YUMHOM MpPU YpaxKeHHi rinokoTuna Ta ciM'ago-
nen (Frank & Paxton, 1971; Ebel, 1986; Gra-
ham & Graham,1991 a, b). Y uinomy cTiiKicTb
no P. sojae, obymoBneHa ekcnpecieto Rps
reHa, Kopene 3 rinepyyTnvMBoO BigNoOBIiaa
(wBmnoka nokanisoBaHa 3arvéenb KTUH Yy
TKaHWHax POCNMHU-Xas3siHa) Ta HaKoMU4eH-
HAM [EesKUX CMofyK, acouinoBaHmx i3 3axumc-
HOK peakuieto. BioximiyHa ocHoBa CTIMKOCTI
TKaQHUH KOPEHs1 OOCMifXeHa 3HAa4YHO MeHLUe,
HiDXK FNOKOTWUAA, Xo4ya 6yf0 nokasaHo, Lo B
CTIMKMX TKaHWHaX KOPEeHsi NPUCYTHI rmioceniH,
aHiOHHa nepokugasa Ta eHOonbHI nonimepw.
Ha BigMmiHy Big iHWKnX TKaHuH (Graham & Gra-
ham, 1991 c), CTilNKiCTb KOpeHs He NOTpebye
cBiTna. TakuMm 4YMHOM, KOpPEHeBa cuctema €
afleKBaTHOW 01 MOPIBHAHHA B3aeMofii CTini-
KOro Ta CpUAHATIIMBOrO Xapakrepy.

3aBpaHHs BKIHOYaKOTb MOPIBHAHHSA NpoLecy
naTtoreHe3y KOpPEHiB NMPOPOCTKIB COi B yMOBax
MiKporpasiTauii Ta Ha3eMHOMY KOHTPOJi y Ba-
piaHTax Heo6pobBNEHNX NAaTOreHOM Ta iH(iko-
BaHWUX pacoto 1 (cTinka) abo pacoto 25 (cnpui-
HATNMBA) P. sojae.

5.1. Bnnue mikporpasiTtauii Ha gudepeHuito-
BaHHA Ta )OTOTPOMi3M MPOTOHEMATU MOXIiB
Ceratodon Ta Pottia

AKpoHiM ekcniepumeHTy: SPAM-A

lMonoBHun pocnigHuk: goktop Ppen Cak
(CLWA)

CniBBukoHaBeLb: JokTop Bonkep KepH

O6nagHaHHs: KbO-CBL
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KaTeropis: aBTOHOMHUWIA.

[MpoToHemaTa MoXy Bii3Ha4aeTbCA BUKITHOY-
HO BEpPXiBKOBUMM POCTOM, TOOTO anikanbHa
KNiTUHA NPOTOHEMHOT HUTKM 36iMbLUYETLCS NN-
e Ha BepxiBLi. [lpoToHemMarta MoxiB, Hanpuk-
nap Ceratodon purpureus, y TEMHOTI pocTe
BBEpX, BUABMAOHYMN HEraTUBHUIA rpasiTpori3m
(Knight & Cove, 1991; Sack, 1993; Chaban,
1992). Llet TN KNiTUH yHIKanbHUIM NOPIBHAHO
3 KNiTMHaMu 6yAb-AKOro iHLIOro opraHiamy,
TOMY LLO PICT iHAMBIAYyaNbHOT POCAVHHOI Kni-
TMHW MOBHICTIO OPIEHTYETLCA 3a rpasiTauieto.
TakuM 4mMHOM, obmaBa NpoLecn — CRPUNHAT-
TA rpaeiTauii Ta Bignosigp — BigdyBalOTLCH Y
Ti caMin KNiTuHI. MNepLni 34inCHI0ETBCS ami-
nonnactamn (3anoBHEHi Kpoxmarnem nnacTtu-
an), siki ocigatoTb. Poanogin nnactvg no 3oHax
€ Qy>XXe cknagHum Lwoao mopdpornorii nnactug,
Ta ix nokanisauii (Walker & Sack, 1990, 1991;
Young & Sack, 1992; Schwuchow et al., 1995).
Takuii cknagHUA po3nogdin opraHen NpogemMo-
HCTPOBaHW, HaNpuKnag, B anikanbHUX KNiTu-
Hax Ceratodon Ta Pottia, siKi poCnv y TEMHOTI
(Walker & Sack, 1992; Chaban, 1992)). B paasi
rOPU3OHTANbHOIO MOJSIOXKEHHS anikanbHOI Ki-
TUHM aMinonnacTu OciaatoTb A0 KNITUHHOI CTiH-
KW, BEPTUKaNbHOrO — PO3MILLYIOTLCS B3[0BX
KniTuHKM (Schwuchow & Sack, 1993). MNutaHHs
npo Te, Yu BiAPIZHATUMETLCH PO3MILLEHHS aMmi-
1oNfacTiB B3AOBX KMITUHU 3a YMOB MiKporpa-
BiTauii Big Takoro B rpasiTauiiHoMy noni, €
KMo4oBUM. MIKpOTPYy6OUKN LIUTOCKENETY MO-
XyTb 6pat y4acTb SK Y 34IMCHEHHI rpasiTpo-

NiYHOro 3ruMHy, Tak i B KOHTPONi OCiAaHHsA nnac-
Tma. OcKinbku rpaBiTauis Bifirpae Kio4oBy
ponb y poCTi Ta opradisadii uiei Bucokocne-
uianizoBaHoi KNITMHN, BaXXNIMBO BU3HAYUTHU, YN
OndbepeHLiloBaHHA KNITUH  BiadyBaTMMeTbCs
HopMasibHO B yMOBax Mikporpasitadii.
Bugume CBIiTNO npurHidye, ane Moxe He
MOBHICTIO yCyBaTW rpaBiTPoNi3amM MPOTOHEMM
(Hartmann et al., 1983; Hartmann & Weber,
1990). OgHOGI4He YepBOHeE CBITNO IHAYKYE No-
3UTUBHUIA, OMnocepeakoBaHU ITOXPOMOM,
gotoTponiam (Hartmann & Weber, 1990; Dem-
kiv et al., 1995). Tomy, npotoHemaTa Cera-
todon € 4ygoBOIO CUCTEMOIO A1 BUBYEHHS fji
rpasitauii Ha KNITMHHY opraHi3awito, OCKiflbKu
CBITNO BNAMBaE Ha anepeHLitoBaHHs KMiTUH.
OckKinbku Ui KNiTMHW BUABNAOTL OOTO- i rpaBi-
TPOMi3M, EKCEPUMEHT Y KOCMIYHOMY MOSbOTI
0ae MOXIMBICTb BUPILLNTU MUTAHHA, YU MO-
XXYTb BOHM BigbyBaTmncsa 0gHO4aCHO.
3aBaaHHAMK eKcnepuMeHTy €: 1) gocnigu-
TV BMMB MiKporpasitauii Ha audepeHdito-
BaHHA KNIiTWH; 2) 3'AcyBaTtn ponb rpasitauii y
PO3MiLLEHHI NacTng, 0Co6MBO AKLLO 30HaLsA
aminonnacTiB 3a [OBXMHOK KIiTMHM Bigpi3-
HAETLCA B 3EMHUX YMOBax Ta yMoBax MiKpo-
rpasitauii; 3) ouiHuUTM hoTOTpOMiYHY BiAMO-
Biflb NPOTOHEMM Y BiACYTHOCTi YCKNaOHOOHO]
rpasiTauiiHoi cunu; 4) BUSHaA4YUTK CnpsiMoBa-
HICTb POCTY NPOTOHEMMW B YMOBax Mikporpasi-
Tauii B TeMHOTI: 41 6yAe BEPXiBKOBWUI picT
NPAMUM, 4u 36iNbLLYBATUMETLCA HyTaLis Npo-
TOHEMU (XBUNACTONOAIGHWI PIiCT) Y BigCYyTHOC-
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Ti OPIEHTYIOHOr0 CUrHasny rpaBitTauiiHoro Bek-
Topa. SKWOo Le Tak, TO MOXHa nepenéaqnTu,
LLIO IHLWWA OJHOBIYHUI cUrHan (YepBOHE CBIT-
110) 3MEeHLUyBaTUMe XBUMACTUIA picT; 5) nopis-
HATW BiONOBIQj ABOX BMAiIB Moxy Ceratodon Ta
Pottia.

Mepepn 3anyckoMm BeretaTuBHi oparMeHTn
npoToHemaTu MoxiB (Ceratodon: oukum Tvn Ta
"HenpaBUIbHUIA" MYTaHT) MaloTb CTEPUIIBHO
NepeHOCATbCH Ha arap, KU MiCTUTb MOXMBHI
pe4voBUHK Ta caxapo3dy. Hawku lNeTpi 3 Pottia
(AWKWIA TMN) FOTYBaATUMYTLCA OKPEMO FPYMnoko
Opecra [HewmkiBa. Yawuku MNetpi (54 yaliku, 6
cm y piameTpi) BmiwyoTbes B KBI. KoxHa
Yallka B KaHiCTpi MICTUTb OfIHE OXXeperio Yep-
BOHOro cBitna (660 HM), SIKe OKpPeMO BKIItO-
YaeTbCsa Ta BUKNoYaeTbes. [icna 7 gié nonbo-
Ty 300—400 npoToHemar MatTb PO3BUHYTUCS
Ta 6yTV roToBUMM [0 OCBITNIEHHA. BogHovac 3
ekcnepumeHToM OpecTa [emkiBa 3 Pottia nna-
HyeTbcs 18 OKpemux cCBiTNO/TeMHOTa 06po-
60K, MO TpM HaLlKn KoxHa. O6po6KM BKNOYa-
I0Tb KOHTPOSNbHI 3pasku (3anuiarTbcs Y
MOBHI TEMHOTI NpoTArom 7 ta 16 fi6), KopoT-
KOo4acHe OCBITNEHHS (2, 12, 24, 48 roguH), Ko-
pOTKOYacCHe OCBITNEHHS 3 HACTYMHOK TEMHO-
TOW (2 + 2 roguHu, 2 + 24 rognHn) Ta TpueBane
ocBiTNneHHa (7 Ta 16 gi6). HanpumkiHUi KOXHOI
06pOoBKN MpoTOHEMaTa Mae XimMiyHO dikcyBa-
TUCS Ha opoITi.

Micna npusemneHHs 3pas3ku doTorpady-
BaTUMYTbCA Ta 3anMBaTUMYyTbCSA Y CMOMY AN
OOCnifKeHb METOAAMMU CBIT/IOBOI Ta €/1EKTPOH-
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HOi MiKpOCKONii, a TakKoX MfaHyeTbCA BUMIpPHO-
BaTW KYT BCIX BEPXIBKOBUX KITITMH Y YaLuui no
BiOHOLLEHHIO 00 mxepena ceitna. OudepeH-
LitOBaHHA KMITUH OUKOro TUNY Ta "HenpaBuib-
Horo" myTaHTa Ceratodon, a Takox OuKOro
Tvny Pottia NNaHyeTbCs OUiHIOBATW 3a TaKUMu
napameTpamu, fK 30Hauis nnactug, Mopgo-
noris nnacTua, rany>xeHHs cybanikanbHUX Kii-
TVH Ta CTynNiHb Bakyonisauji.

5.2. Bnnme 4epBOHOro cBiTna Ta Mikporpa-
BiTaUii Ha yNbTpacTpyKTypy npotoHematu Ce-
ratodon Ta Pottia

AKpoHim ekcriepumeHTy: SPAM-B

lonosHWM gocnigHuk: O.6.H. Opect Oemkis
(Ykpaina)

CniBBMKOHaBLUi: K.6.H. XpucTuHa YabaH,
K.6.H. Onekcangpa Kappau, k.6.H. fipocnaea
XapkaBujB, K.6.H. PomaH Punevpkuin (YkpaiHa)

O6napgHaHHs: KBO-CBL.

Karteropis: cninbHe BUKOPUCTaHHSA TKaHWH.

MnaHyoTbCA NOPIBHANBHI YNLTPACTPYKTYP-
Hi BOCNILKEHHA BEPXIBKOBUX KNITUH NPOTOHE-
matu moxiB Ceratodon purpureus Ta Pottia
intermedia, fka pocna 3a yMOB Mikporpasi-
Tauii Ta B Ha3eMHOMy KOHTponi. Kynstypu ma-
I0Tb POCTU B MOCTIVHIA TEMHOTI 260 OCBIT/IEHHI
Yyepes MNeBHi nepiogyu 4YepBOHUM CBITIIOM 3
JOBXMHO0 XBUIi 660 HM Ta HACTYMNHUMU TeM-
HOBMMMU nepiogamu.

PocToBi peakuii npoToHemMaTu 4iTKO BU-
ABNAIOTbL afganTMBHUA xapakTtep. B pasi 6i-
JI0ro CBiT/Ia BOHA 3pOCTae Ha MoBepXxHi cy6T-
paty, B TEMHOTi — [Oropw, HeraTtMBHO rpa-

BiTPOMHO. Taki BiAMIHHOCTI AEMOHCTPYIOTb
TICHWIA 3B'A30K MK UMMM hakTopamm y poc-
TOBMX peakuisx. 3annaHoBaHi eKCNepuMeHTn
[O3BONAIOTb NPOaHanisyBatn He nuLe TOHKY
CTPYKTYpPY anikanbHUX KNiTUH NPOTOHEMW B
yMOBax MiKporpasitauii, ane h BU3Ha4uUTK
YNBTPACTPYKTYPHI 3MiHWU, CNPUYUHEH] YepBo-
HWUM CBIT/IOM, Ta NOHOBUTW POCTOBI rPagieHTw,
O aHyNIoKTbCA OMPOMIHEHHAM YEepPBOHUM
CBITNOM.

[na NonbOTHOro eKcrnepuMeHTy AK noxia-
HUM Marepian BUKOPUCTOBYBATUMYTbCA CTe-
punbHi KynbTypyn Moxis Ceratodon Ta Pottia,
SIKi POCTYTb B KOHTPOSIbOBaHMX ymoBax (20 °C,
80—90 % BigHOCHOI BonorocTi, 16/8 roguH,
6ine cBiTno/TemMHoTa, 60 MM YaLuku lMeTpi, ce-
penosuwle KHonna). ns nigrotoBKM NonboT-
HUX KYyNbTyp BUCIBaKOTb Cnopwu, NoTiM dopar-
MEHTW NPOTOHEMATU, SKa BUPOCTaE, NEpPEHO-
CATbCA B HOBI YaLllku eTpi. 12 yawok 3 Pottia
npotarom 5—7 fi6 marTb 3HaAXoOUTUCA Ha
6inomMy cBiTni, a nicnsa nepesipkn iX cTaHy
nomiwarmcsa B Kb[. BaxaHo, wob nepen 3a-
NYCKOM KyJIbTYpU 3HAXOAMMNCS Y XONOAWNb-
HUKy. 3pa3ku Ceratodon ons NnonboTy roTyBa-
TUMYTbCH OKPEMO, ikoMora 6nmx4e Jo 3anyc-
Ky. lNpoToHemata MOXiB MPOTArOM MNepLUMX
6—7 ni6 Ha op6iTi NOBMHHA aganTyBaTucs Ao
TeMHOTU. ONPOMIHEHHS1 YEPBOHMM CBIT/IOM MO-
YMHaTMMETbCS Ha 8-My o6y nonboTy. Cerato-
don Ta Pottia 06pobnaTMMyTb napanesnbHo: 1)
KOHTPOJSIbHI 3pasky 3anularoTbCs Y TEMHOTI,
2) BCi iHLUI YaLLKM ONPOMIHIOIOTLCS BI4YHNM Yep-

BOHWM CBITNIOM NPOTArOM 2-X roguH, 3) npo-
BOAMTBCA pikcauis npoToHemaTu: a) Bigpasy
nicns ONpPoOMiHEHHs, 6) Yyepes 2 roguHn Ta B)
Yepes 24 roguHu nicns BignosigHoOro nepiogy
TEMHOTMW.

Micna npu3emneHHs Becb Martepian noTpio-
HO (poTorpadhyBaTu, 3anvMBaTv y CMosy Ons
CBITIIOBOI Ta eIeKTPOHHOI MiKpocKorii B nabo-
patopii ®pega Caka B Orano. Matepian gns
€NIeKTPOHHOI MIKpPOCKOMii MOTIM HagilwioTh B
YKpaiHy ana noganslumx JochigKeHb ynstpa-
CTPYKTYypu. BuByatumeTbCcs Xapaktep pocTy
NPOTOHEMATM B TEMHOTI, )OTOTPOMI3M Ta aBTo-
TPOMi3M MiCns ONPOMIHEHHS1 YHEPBOHUM CBIT/IOM.

6. Bnnue mikporpasiTauii Ha CTPyKTypy,
JOYHKLIO Ta opraHi3auito KNiTuH Kkopens Bras-
sica rapa

AKpoHiMm ekcrnepumeHTy: ROOTS

lonoeHi gocnigHukn: goktop Mepi Macr-
peris (CLUA), 0.6.H. €Ennsaseta Kopgtom (VK-
paiHa)

CniBBuKoHaBLi: K.6.H. eHHapgin MapTuH,
BikTop 3acnaBcbkuii (YkpaiHa)

O6nagHaHHsA: YBP.

Kateropis: crifibHe BUKOPUCTAHHS TKaHUH.

lpaBipeuenTopHuiA anapaT KopeHs hopmy-
€TbCS B yMOBaxX Mikporpasitauii, ane He gyH-
KLIOHY€E 3a BiACYyTHOCTI rpaBiTauiiHOro BEKTO-
pa. lNonepenHi 4OCNIOKEHHSA NepeBaXxHO Mpo-
BOAUNM Ha 2—4-0060BMX NpopocTKax (Sievers
et al., 1976; Tarasenko et al., 1982; Volkmann
et al., 1991; Todd et al., 1992). Y naHomy ekc-
nepuMeHTi nfnaHysanoca LOCNIAUTU CTPYK-
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TYPHO-OYHKLIOHaNbHY OpraHisadito rpasipe-
LenTOPHUX KIITUH YOXNWKIB FOMOBHOro (3a-
POAKOBOro) Ta 6i4HUX KOPEHIB Y NPOpPOCTKIB,
Pi3HMX 3a BIKOM, fKi (OpMyBanucs B yMOBax
MiKporpasiTauii, Ta BUB4YUTU CTPYKTYPHO-GOYH-
KUiOHarbHy opraHi3awito KNiTUH Pi3HNX poCcTo-
BWMX 30H BacHe KOPEeHs.

3aBOaHHaAMM JocnigpkeHb 6ynu: 1) nopis-
HSAHHA NepebynoB KNITUHHMX OpraHen y npoLe-
Ci andepeHLitoBaHHs KNiTUH B yMOBaX MiKpo-
rpasitadii 3 TakumMu Npu KniHocTaTyBaHHi Ta B
CTauioHapHOMY KOHTPOJIi; 2) BUSHAYEHHS BMIC-
Ty PHK T1a OHK y KniTHax pi3Hux pocToBuMX
30H KOpeHs; 3) BUBYEHHS BYrfIEBOAHOIO Me-
Taboniamy; 4) ouiHKa CTyneHs po3BUTKY Kope-
HEeBOi cuCTeMM (OOBXMHA FOSIOBHOMO KOPEHS,
OOBXWHA Ta KifbKiCTb 6i4HMX KopeHiB). Mna-
HYETbCA BU3HAYEHHs pefoKc-noTeHuiany B
cepepoBuLLi Nepen BiO6OPOM KOPEHiB, 3aCTO-
CYBaHH$ CBIT/IOBOI Ta €NEeKTPOHHOI MiKPOCKO-
ni, MOPHOMETPIi TOLLO, a TaKOX BU3HAYEHHS
BMICTY 6ifKiB, aKTUBHOCTI Ta nokanizadii pep-
MEeHTY ankoronbferigporeHasa.

HocnigxysatuMyTbCA KOpeHi [BOX mony-
NAUIN: pOoCAMHM NepLUoi nonynsauii goctasns-
I0TbCA Ha Op6ITY Nepep, UBITIHHAM, 4na ogep-
XXKaHHA gpyroi nonynsuii Ha op6iTy foctaBns-
€TbCH CyXe HaCiHHS, sike 3BOSIOXKYETLCS Micns
BUXOAY Kopabnsa Ha opbiTy Ta No4vmHae npo-
poctatM B yMoBax Mikporpasitadii. [leBHa
YacTuHa NpPopoCTKiB Apyroi nonynauii Brassi-
ca rapa ikcyeTbCsl abo 3aMOPOXYETbCA Ha
OpO6ITi, IHLUI CNYCKalOTLCA Y XXMBOMY CTaHi.

MnaHyeTbC NPOBEAEHHS aHanidy OKpemMux
KOPEHEeBMX CUCTEM 3a OOMOMOrol MopgoMeT-
PUYHMX MEeTOofiB Ta MIKPOCKOMIYHMX JOCnif-
XeHb. [ns aHanidy pepmMeHTiB KOPEHEBY CUC-
Temy (0MH 3pa30K 3 KOXXHOI POCTOBOI kamepu)
3BaXyBaTUMYyTb Nepen noaasbLLOoK 06pO6KOI0,
pes3ynsrati nepepaxoByBaTUMyTb Ha CUpPY Ma-
Cy Ta BMICT 6ifka, pefgoKc-noTeHuian cepepno-
BULLA, B IKOMY POC/IM KOPEHI, K iHAMKaTOp Ha-
CMYEHHS1 KUCHEM BU3HAYaTUMETBLCA B KOXHIN
POCTOBI kKamepi nepeq Bi6OPOM KOPEHIB.

7. Brnve KOCMIYHOMO NOSIbOTY HA FEHHY eK-
Cnpecito y TKaHuHax Brassica rapa Ta coi

AKpoHim ekcriepumeHTy: GENEX

lonoBHMI gocnigHuk: K.6.H. Biktop lNpima
(YkpaiHa)

CniBBukoHaBuj: goktop Yinbam [MbsacTyy
(CLUA), K.6.H. OneHa MapTuHeHko (YkpaiHa)

Oo6napHaHHs: YBP ta KB[-60.

KaTteropisi: cninbHe BUKOPUCTaHHS TKaHVH.

YeniwHe iCHyBaHHA BCiX XUBUX OpPraHi3mis
3anexuTs Bif iX 34aTHOCTI KOOpAMHYBaTU 3Mi-
HW y Npoueci po3BUTKY, BigyyBaTtu Ta Bigmno-
Bijaty Ha cdnykTyauii HaBKONMULLHBLOIO cepe-
posua. Cvna 3eMHOro TsXiHHA € OOHUM 3
HaMGINbLL CTanMx ekonorivyHnx akropis. To-
My Ti 3MiHW MOXYTb Martu CTpec-nofioHui
BM/IMB Ha POCANHHI KNITUHK. BigHOCHO Lnaxis
nepefadi curHany, sKMn Kepye Bignosigamm
POCIVHHUX KNITUH Ha 3MiHW rpasiTauii, iHpop-
MaLii HegocTaTHbO. [HOyKOBaHa ayKCUMHOM po-
onHa SAUR reHiB gocnigxysanacs B none-
penHix ekcnepMmeHTax 3 NPopocTkamm coi Ta
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apab6igoncucy. byno nokasaHo, Lo B rpaBicTu-
MyfbOBaHMX MPOPOCTKax BigOYBaETbLCA acu-
MeTpu4Ha akymynsuia TpaHckpuntis SAUR y
KNiTUHaX, SKi NOBMHHI po3TAryeartucs, e ne-
ped BUOUMUM 3rUHAHHSAM KOPEHS.

3aBOaHHAM LbOro eKCnepyMeHTy € aHania
TKaHWH Brassica rapa Ta COi Ha BWUSABJEHHSI
TpaHcMepgiaTopiB y LUnsiXxax TpaHcayKuii cur-
Hany MikporpasiTaLii NOpiBHAHO 3i cTauioHap-
HAMU ymoBamMu. [naHyTbCA LOCHIOKEHHSA
BMICTY B KNiTMHaX BUCOKO- Ta HU3bLKOMOIEKY-
nApHUX 6inkis, cneumdivyHnx PHK a6o PHIT,
NPOAYKTIB Pi3HMX TUMIB reHiB, AKi MaloTb Bia-
HOLLIEHHSA 00 CTpecy, 3okpemMa YO6iKBITUHY, a
TakoxX Kopensuii pisHUX TUNiB SOepHUX Ta Ln-
TonnasmatuyHux PHI.

MpopocTkn Brassica rapa matoTb 3amMOpo-
XyBaTucs Ha opbiTi nicns nepebyBaHHA B yMO-
Bax MikporpasiTauii. Lien matepian nnaHyeTtb-
cs1 Ansa JocnigXXeHb KIHETUKKU BNINMBY KOCMIYHO-
ro NonbOTY Ha FEeHHY EKCMPecilo B pocnuHax,
AKi pocnv Ha opo6iTi.

Micna npu3emneHHa 3 POCAMHHOINO Marte-
piany ekctparysatumyTtbcsa PHK Ta 6inku, BU3-
Ha4aTUMEeTbCS iX KifIbKICTb 3 HACTYNHUM dhpak-
LiOHYBaHHAM Ta enekTpodope3om B arapos-
Homy reni. 3acTocoByBaTMMeTbcA Ho3epH
6noT-ribpnamnsauia i3 cneumiyHo MiveHUMU
OHK-npo6amu Ana BM3HAYeHHS HasABHOCTI
PHK gnsa pi3Hux rexis, 3agisHux y Bignosigax
Ha 30BHILLHI curHanu. 3a AonoMoroto nonime-
pasHoi NaHLUroBoi peakuii amnnidikysaTu-
MYTbCS FeHU, AKi KOAYIOTb Pi3Hi TUNK GifKiB,

-
- ) '

* v T



O MatoTb BIOHOLLUEHHSA OO CTPecy, Ta reHiB.,
AKi KOQYOTb KIOYO0BI (hepMeHTU. AKLLO MIKpO-
rpasiTaLis CpUMMaeTbCs POCIIMHOLK 5K CTPEC,
TO MOX/MBA IHAYKUIA KAITUHHUX NPOTOOHKO-
reHiB, reHiB yoikBiTUHY, 6iNKiB TENOBOrO LLO-
Ky a60 iHLLIMX NPOTEKTOPHUX BiskKiB. Baxnneo
JOCNIANTM eKCrpecito reHis 3 poguHu SAUR'y
Pi3HMX YacTMHaX POC/MH B YMOBax MiKpor-
pasiTauii. Pesynsratu umx gocnig»XeHb nopis-
HIOBaATUMYTbCS 3 eKCepMMEeHTamu, npoeeae-
HAMKW B CTauioHapHMX ymoBax abo B ymoBax
KMiHOCTaTyBaHHS.

8. Brinve ymMoOB KOCMiHHOr0 NOMbOTY Ha BMICT
aMiHOKMCIOT y TkaHWHax Brassica rapa.

9. Brninne yMOB KOCMIYHOIO MOSbOTY Ha BMICT
hiTOrOpMOHIB y TKaHWHax Brassica rapa.

10. BnnanB ymMOB KOCMI4HOMO MOMbOTY Ha
BMICT ninigiB y TKaHnHax Brassica rapa.

AkpoHimu ekcriepumeHTis: AMINO, PHYTO i
LIPIDS.

[onoBHu pocnigHuk: O.6.H. €nu3aBeTa
Kopgtom (Ykpaina).

CnissukoHasui: AMINO:

0.6.H. TeTaHa YepesyeHko (YkpaiHa), K.6.H
Hatanbs 3aimeHko (YkpaiHa), K.6.H. HaTtanbs
CutHaHcbKa (YKpaiHa),

PHYTO:

4.6.H. Jllogmuna MycateHko (YkpaiHa),
K.6.H BaneHtuHa [leHepanosa (YkpaiHa),
0.6.H. TeTaHa YepeByeHko (YkpaiHa).

LIPIDS:

K.6.H. OneHa 3onotapboBa (YkpaiHa), Ha-
Tana MuxanneHko (Ykpaina).

O6nagHaHHs: YBP.

Kateropis: cninbHe BUKOPUCTAHHSA TKaHWH.

BwmicT Byrnesofis, itoropMoHiB Ta ami-
HOKMCIOT Y POCAVHHUX TKaHuHax € fAyxe
YYT/IMBMM OO 30BHILLHIX BNIUBIB, KOro 3MiHN
MOXYTb 6YTW iHOMKaTOpamMu BignoBigen poc-
NMH Ha cTpec. Tak, B ymMOBax 3aTOMSIEHHS,
TO6TO aHaepobio3y, B TKAHMHAX KOpPEeHsl Ha-
KOMUYYyOTbCA crneundivHi amiHoKMCnoTu i Ta-
Ka cnonyka, sk 4-amiHobyTupaTt. Takum 4m-
HOM, BM3HA4YEHHS KifbKOCTi LUMX pevyOoBUH Ta
QITOropMOHIB, AKi 6epyTb y4acTb Y KITITUHHUX
CUrHanbHUX Nogisx, Mae Hagasatu iHdpopma-
Lit0o NpO CTaH POCMMH B yMOBaxX KOCMiYHOMO
nosboTy.

AMINO: 9k Bimomo, npoLec CUHTEe3Y Bifb-
HUX aMiHOKWUCIOT Ta BYrNEBOAIB, eHepreTuny-
HWIA 6anaHc Ta a3oTHUI MeTaboni3M B3aEMO-
NnoB'A3aHi. YTBOPEHHS KOXHOi aMiHOKMCIIOTU €
pe3ynsTaToM NeBHUX eHepreTUYHMX NpoLecis,
Ha sKi BMvMBaloTb PaKTOPWU 30BHILLHBOIO ce-
pefosuLla. Tomy JOCNIAKEHHA BNINBY MiKpO-
rpaeitauii Ha cuMHTe3 aMiHOKMCNOT fagyTb
MOXIIMBICTb MpoaHanidyBatu eHepreTu4Humn
CTaH MeTaboni4YHOI aKTUBHOCTI B YMOBax KocC-
Mi4HOro nonboTy. lNnaHyeTbca aHania CcBiKUX
TKaHWH Nicns nonboTy.

PHYTO: KOMMNOHEHTM rOPMOHANbHOr0 KOM-
pocTy Ta po3BUTKY. DITOrOPMOHN CTUMYIHO-
I0Tb @60 MPUrHIYYOTb PICT POCINH 3anexXHo
Bif X KOHUeHTpauii B TkaHMHax. OCHOBHUMM
PiCTPErynioYMMN pevoBMHAMU € ayKCUHM,

ribepeniHn, UMTOKIHIHM Ta abcum3oBa KUCIO-
Ta. Bu3HayeHHs LMX pe4voBMH MOXIMBE 3a
[OMNOMOro0 PiAnHHOI XpomaTorpadii BUCOKO-
ro TUCKy Ta 6ioTecTiB. POCnnHM 3amopoxyBsa-
TUMYTbCS Y NOMbOTI.

LIPIDS: VY pamkax 3anponoHOBaHOro eKc-
NepPUMEHTY MaHyTbCA OOCNIOXKEHHS KiflbKOX
6ioxiMiyHMX NapameTpiB POTOCUHTETUYHOIO
anapaty B KfiTUHax, 3okpema BMICTy ninigis
Ta XUPHUX KUCSIOT, KapOTUHOIGIB, a TakoxX
Bmicty AQ® i AT® y xnoponnactax. PocnvHn
noBepTaTUMYTbCH Y XXMBOMY CTaHi i OCMiAXY-
BaTUMYyTbCS MiCNs NOMALOTY.

MaTtepian gna umx gocnigxeHo 6yge oT-
pUMaHuin 3 TPLOX POCTOBUX Kamep, B fAKi Mo-
Miwanu HaciHHsa nepep ctaptoM. PocnuHu
3aMOpOXYyBaTUMYTbCA B MOMbOTI a6o nosep-
TaTUMyTbCS B XUBOMY cTaHi. Ofep>xaHi 3 HUX
EeKCTPaKTW Micns nosiboTy TpaHcrnopTyBaTu-
MyTb y KuWiB, fie 3a [OMOMOror pisHMX MeTo-
OiB BM3Ha4YaTUMYTb B HUX KifbKiCTb i cknag
aMiHOKMCIOT, (hiToropmoHiB i ninigis. Ouiky-
€TbCS MNiOBULLEHHS BMICTY B TKaHMHax cTpe-
COBMX TOPMOHIB, Hanpuknag a6cum3oBol
KMCNOTKU, Ta 4-aMiHOBYTUpaTy fK iHaMKaTopa
CTpecy, AKLWO MPUMNYLLEeHHs, Lo Mikporpa-
BiTaLis CnpMMaETbCA POCIIMHOKO AK CTpeC Ta
KOPEHI, LLI0 POCTYTb, 3HAaXOAATLCA B MiKpoae-
podinbHNX yMOBax (3rigHO 3 HegasHIMU pe-
3ynetatamu Macrpews 3 koneramu), nigTeep-
OATbCA.
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ONnC¢ NPUAAAIB

Y CYAE nnaHyBanocsi BUKOPUCTaHHS npuna-
OiB, BXe anpoboBaHUX y nonepegHix nonbo-
Tax, i HOBUX, BK/IKOHa04M MoangikoBaHi KOH-
TerHepwn onsa 6ionorivYHNX OOCHiOKEHb, NMPUCT-
poi ans XimMiyHOT dhikcauii Ta 3aMOpPOXYBaHHS
3pasKiB y pigkomy as30Ti. YcTaHOBKa Ans Bu-
poLLyBaHHA pocnuH y 87-1 Micii 3abeanevye
KOHTPOJSIb 30BHILLUHLOrO CepefoBuLLa B LLIECTU
pOCTOBUX Kamepax, fKi B Hill 3HaxoOATbCs,
KOHTPOSIOE Ta NiATPMMYE BOMOriCTb, Temne-
patypy Ta piBeHb CO,. VY KOHTenHepax Oons
6ionoriyHmMx JocnigkXeHb MICTATbCA KaHiCTpw
pi3HOr0 po3Mipy, B SKUX cepefoBulle Afs
6i0fIOriYHMX EKCMEPUMEHTIB NigTPUMYETHCA Na-
CMBHO. [1naHyeTbCs BUKOPUCTaHHSA OBOX TUMIB
KaHicTp. lMNMepwmnii Habip cknagaeTbca 3 N'ATH
nacveHux Kanictp (KBO) 60 mm y giametpi
ONA BUKOPUCTaHHS B aBTOHOMHUX eKcrnepu-
mMeHTax SOYMET T1a SOYPAT. Opyruin Habip
CKIafaeTbcs 3 ceMn MoanpikoBaHMX KaHIiCcTp,
AKi 3a6e3neyaTb Pi3Hi CBITNOBI 06POOKU 3pas-
KiB 4epes caiTnosunpomiHiotodi giogn (CBL) y
KOCMiHHOMY MOSLOTI Ta BUKOPUCTOBYBATUMY Th-
csa B ekcnepumeHTi SPAM.

OckKinbKu gikCyodi NPUCTPOT TaKOX NOTPI6-
Hi onsa BukoHaHHa CYAE, nuTaHHsA npo pos-
PO6KY HOBUX (DIKCYHOUMX MPUCTPOIB 06roBOPHO-
Basiocsl rpynoro po3po6KN KOPUCHOTO BaHTaXy
B KOCMI4YHOMY LIeHTpi iM. KeHHegi. 3pa3ku manu
3aMOpOXyBaTUCA Y ra3oBOMY a30THOMY MO-

PO3UNBHUKY, B SIKOMY BOHU 36epiraroTbecs npu
Temneparypi — 196 0C npotarom 8—10 gi6.
YHacTMHOIO KOPUCHOrO BaHTaXy TakoX MarlTb
O6YTU KOMMIEKTW IHCTPYMEHTIB NS 3anuneH-
HS KBITOK, NMOMMBY, BiO6OPY i 3aMOPOXYBaHHS
3paskiB Ta 360py marepiany.

POAb YKPATHCbKOIO
KOCMOHABTA-AOCAIAHMKA

MigkpecnoBanacs HeOO6XiAHICTb TPEeHyBaHHS
YKpaiHCbKOro cnedjianicta no 3anuieHHo KBi-
TOK Ta (pikcauii 3paskiB BignoBigHO 0O OCHOB-
HOI YaCTUHW ekcnepumeHTy. FAKiCTb iHdopMa-
Lji, Lo Mae 6yTn ogepxxaHa B iHLIMX ekcrepu-
MEHTax, 3anexuTb Bif 34aTHOCTI cneuianicta
hikcyBaTn abo 3aMOpPOXyBaTU YaCTUHU POC-
JINH Ha op6ITi Ona HACTYNHOro aHanidy Ha
3emni, Moro TpeHoOBaHOCTI Ta 3MarogXXeHoi
nii. MNepen KOCMOHaBTOM CTaBUANCA 3aBAaH-
HA: 1) 3HIMATW KPULLKK 3 POCTOBMX Kamep Ta
3anunoBaTh KBITKM MPOTArOM [EKifbKoX Li6
BiOMNOBIAHO OO MPOTOKONY EKCNepUMEHTY; 2)
36umpatu KBITKKN ons dikcauii B neBHi aHi; 3) Bu-
KOPUCTOBYBaTU EMHICTb A1 36epiraHHa ma-
Tepiany B NoNboTi; 4) BUKOPUCTOBYBATU KOMM-
NIEKTU IHCTPYMEHTIB AN 360py Ta 3aMOpPOXY-
BaHHA marepiany B MonboTi; 5) CTeXuTn 3a
yMOBaMu y pOCTOBMX Kamepax Ta ycysaTtu
HecnpaBHOCTI B pasi HeobxigHocTi. KocMoHaBT
MaB TPeHyBaTKCA Y BiANOBIAHNX nadopaTopisax
Vkpainn Ta CLUA, w06 6yTy rotoBuM Ans Ta-
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KOi OisifIbHOCTI, a TakoX TpeHyBaTucsa 3 AOC-
nigHMKamm Ha 6opTy KC-135.

Kpim TOro, ykpaiHCbKuii KOCMOHaBT MaB
BigirpaBatn BupillanbHy posfib Y BUKOHaHHI
nfaHiB OCBITHLOI LiANbLHOCTI, fika CynpoBoOA-
XyBana Mmicito. Brassica rapa € noLumMpeHoto y
CBIiTi MOOENbHOK CUCTEMOK AN BUBYEHHS
izionorii pocnvH, po3BUTKY, KIITUHHOT (higio-
norii Ta penpopykuii. Poboya Hapapa, ska
nnaHyeanaca onsa nigsuLLeHHs kBanidikauii
BUMTENIB, BMKOPUCTOBYBana 30aTHICTb crie-
Lianicta cninkyeBaTucs 3 B4mTenamu B YKpaiHi
Ta 4yepes nepegadvy faHumx 3 opbiTn Ha 3emsto
nonerwysaTtu ChifkKyBaHHA 3 YKpaiHCbKUMMU
y4HaAMW. [MprBabnmBicTb Ta eHTy3ia3M KOCMiY-
HOI 6ionorii pa3om i3 MOOENIbHOK CUCTEMOIKD
“LUBNAKI pocnuHK" Ana BUBYEHHSA 6ionorii poc-
JIMH, 6e3nepeyHo, CTUMYSKTbL MOSIodb Ta
npvBaboTb 34iI6HUX CTYAEHTIB 4O pO60TH B
Hayui Ta iHXeHepii.

OCBITHSl MPOTPAMA

Y4Hi Manu yHikansHy MOXIMBICTb 6paTu y4acTb
B peasibHOMy KOCMIYHOMY HaykOBOMY eKcrepu-
MEHTI, MpoBOAAYM Ha3eMHi gocnigxeHHs. Oa-
HOYacHO 3 gocnigamm B KOCMOCI Y4Hi Ta BYUTENi
Ykpainv i CLUA gocnigKysanu B 3eMHUX yMO-
Bax Ti cami siBvLLa (NPOPOLLYBAHHSA HACIHHS,
piCT Ta PO3BUTOK POCIIVH, 3anumeHHs, 3an-
nigHeHHs Towo). Benvka KinbKicTb yYacHuKIB
BEMbMW BaXNMBa ANS YCMLLUHOMO BUKOHAHHS
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E€KCMNEPUMEHTY, OCKIiflbKM MOro peaynbstatu 3a-
nexaTb Bif CTaTtUCTUYHOI 0O6POOGKM BCiX Ha-
3eMHMX gaHux. OdikyBanacs y4actb He MeH-
we 20.000 K aMepuKaHCbKMX Ta YKpaiHCbKNX
y4HiB. Benuka nonepegHs po6oTa, Lo ii npo-
BeNn KoopamHatopu 3 Manoi akagemii Hayk
(raykoBuii kepiBHVK Bonognmunp HasapeHko)
Ta 3 [epXaBHUX €EKONoro-HaTypanicTUyHuX
LeHTpiB (kepiBHMK Bonogmmup Bepbuubknin
JoBernia MOXIMBICTb YCMILLHOrO BUKOHAHHSA
€KCMEPUMEHTY YYHAMWU B 3BUYHANHUX YMOBaX
HaykoBoro ryptka. HKAY 3a6e3neuunno BuaaH-
HSl YKpaiHCbKOro nepeknagy "Buvtens ta yuyHi
OOCNIOXYTh POCAMHM B KOCMOCI" Ana BYW-
Tenis-koopauHaTopia (1500 npumipHKKiB) Ta
nocibHUKa Ans YYHiB-y4aCHUKIB eKkcnepuMeH-
Ty (10 TucAY npuMipHUKiB). Kpallmm y4acHu-
KaM ekcrnepuMmeHTy byne HagaHa MOXIIMBICTb
B3ATM y4acTb Yy npsiMoMy TenemocTi Knis —
XbIOCTOH — 60pPT KOCMiYHOro kopabnsa Ko-
nym6ia Ta 3afath NUTaHHA YKpaiHCbKOMY KOC-
MOHaBTY-OOCMIOHNKY.

HAYKOBMH
NEPEBIPOUHMM TECT

Haykoeuii nepesipoyHuit Tect (HIMT) nigro-
ToBkM CYAE npoBoamBcs B KOCMIHHOMY LIEHT-
pi im. KeHHepfi 3 22 BepecHA no 16 >XOBTHSA
1996 p. Moro ronosHoto i1oro meToto 6yna cTu-
Mynsuis BCI€l QiANbHOCTI aMepuKaHCbKUX Ta
yKpaiHcbkux yqacHukis CYAE, ski 3ycTpinucs

i nepedyBanu B KOCMiYHOMY LIEHTPI NPOTArom
NPOBeAEHHS KOCMIYHOIO eKCMepUMEHTY.

HMT Takox MaB Ha METi NepeBipKy roTtos-
HOCTi KOMaH[, FOSIOBHUX HAYKOBUX OOCNIOHWKIB
[0 3anpoBafpKeHHs KpUTepIiB ycnixy ekcnepu-
MEHTY Ta BUKOHaHHs Bcix npouenyp CVYAE.
Po6oTa Bknto4ana BMKOHaHHA nepennosiboT-
HUX Ta NiCASNObOTHUX Npoueayp i CUMynsLio
Micii Ha op6iTi. F0NOBHUIA AOCNIAHWK — HayKo-
BUA KOOPAMHATOP MPOEKTY Ta KOHTPaKTy ra-
paHTii AKOCTi — MaB nepeBipuUTK AKICTb [OC-
NiOQHUX pPOCnuH N 3abe3neyeHHs FofI0BHUX
OocnigHWKiB gocTaTHiM MaTepianom. Cumyns-
Lis 3anycky kopabns nnaHysanacs Ha 28 Be-
pecHa 1996 p., a no4yaTtok nepepnonboOTHOI
fisnbHOCTI — Ha 23 BepecHa 1996 p., Tpusa-
nictb "nonboty" — 16 + 1 Oi6.

Cumynsuia nepepnosibOTHOI AiNIbHOCTI.
DocnigHnkn CLUA Ta Ykpainv 6ynu rotosi ons
NPOBEAEHHA CUMYTALIT MICiT y MOBHOMY 06CA3i
(16 pi6). 3anyck 6yB nNpu3Ha4eHUn Ha 8-my
rOAVHY paHKy 28 BepecHs. [ocnigHukn 060x
KpaiH y nepegnonbOTHWUIA Nepiog NpoBenu ne-
pPeBIpKY 3paskis Ta npouenyp, BHACNigoOK HOro
psg npouenyp Bigxmnnnm abo 3MiHWUMN.

CumynboBaHi NPUAOMO-3[4aTO4Hi BUNPO-
60ByBaHHs. 3pa3ku 6ynu nepenaHi iHxeHepam
3 KOPUCHOro BaHTaxy A5 BUNPOOGOBYBaHHSA
y Till camiin YacoBin NOCNigOBHOCTI, AKa NfaHy-
Banacs gng nonboty. 3pasku 6ynun 3BaxeHi Ta
3a[J0KYMEHTOBAHi, TOMY FONOBHI BMKOHaBLi
MOrnv 6a4nTn CTaHgapPTHUIA NPOLLEC OCTaHHb-
Ooro npUMMOMO-34aTO4HOro BUNPOOGOBYBAHHS

KOpUCHOro BaHTaxy. 3pasku gns CYAE manu
npoxoauTn 4epe3 TOW camMui npouec nepepn
nepegayeto Ao NigMOMHOro 650Ky Ta 3aBaH-
TaXEHHs1 y naHeni BcepeduHi KabiHu wartna.
Mepepaya 3pas3kiB OO cumynaTopa OTO4YHO-
4yoro cepepgoBulia Ha op6iTi B KocMivHoMy
LUeHTpi BigbyBanacsa nicng npuvriomMo-3garoy-
HOro BMNPo6OBYBaHHS.

Cumynsuis NONbOTHOrO MOHITOPUHIY. [1ns
OOCnigHVKIB, sIKi Bignosigann 3a MOHITOPUHT
ekcnepumeHTie CYAE, 6ynun opraHisosaHi Tpe-
HyBaHHs BignosigHo oo npotokonisa HACA npo
NOMbOTHE CMiNIKyBaHHA Ta MOHITOPUHI. Bynu
NpoBeneHi EKCKYPCisi 30HOK MOHITOPUHTY eKc-
nepuMeHTiB, LLI0 3Haxoaunacs nosa opbéitasb-
HUM CUMYNSATOPOM, | TPEHYBaAHHA 3 061agHaH-
HSIM, SIKe BMKOPUCTOBYBanNocs. YneHu komaHg
rONOBHUX OOCHIOHMKIB 6ynn gybnepamu cre-
ujanicta 3 KOPUCHOro BaHTaXy MPOTAroM CUMYy-
nAuii gisnbHOCTI Ha op6iITi. Y AoAaToK A0 HOp-
MasibHOI AisnbHOCTI (nicns 1i nepesipky Ta Hac-
TYMHOrO YOOCKOHANEHHS MOMbOTHUX MpoLueayp
Ta YacoBoro rpaguika CYAE) komaHgam ronos-
HUX OOCNIOHWKIB NPOMOHYBaNMCA HecTaHOapTHI
cuTyauii y dopmi "3eneHnx kapt"'. Taki npak-
TUYHI NpoBnemmn (He 6ynn CUMYNbOBaHi B eKC-
nepuMeHTax, N1Lle Ha nanepi) obrosoproBanu-
CA BYEHUMU Ta rpynoro niagTpumMkn KocmivHo-
ro UeHTpy, AKi BXoaunu [o cknagy rpynu
nnaHyBaHHS HaykoBoi dianbHocTi CYAE. Ha
LLIOJEHHMX 3acifaHHAX po3rnaganmcs ctaH Bu-
KOHaHHS1 EKCNIEPUMEHTY Ta MOXIUBI PiLLIEHHS
NPakTUYHUX NPOBGIEM NO3aLUTATHUX CUTYaUin.
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Cumynsauis npu3emMneHHs Ta NoBepPHEeHHs
3pa3kiB. [licna cuMynbOBaHOrO MPU3EMIEH-
HS 3pas3Ku noBepTanu JocnigHMKam gns pos-
noginy Ta aHanidy. [ocnigHWKU BUKOHyBanu
npouenypw 36opy Martepiany, po3noginy poc-
JNIMHHUX TKaHWH Ta iX JOCTaBKMW, "MicnsanonboT-
HOro" aHanisy 3paskis.

16 xoBTHA 1996 p. Big6GYynNoca 3acigaHHs
Po6ouyoi rpynu 3 nutaHb HIMT CVYAE, fske
Bigkpuna meHemxep Micii CiHgi MapTiH. BoHa
cKasana, Lo MEeTO 3acigaHHsA € CTaH niaro-
TOBKW KOPUCHOrO BaHTaxy i Hagana CroBoO
KOOpAMHATOPY KOPUCHOro BaHTaxy Micii CY-
AE PiHi TomcoH. byno nigkpecnero, wo HIMNT
NPOWMLLOB Jy>Xe YCniWHOo. YucneHHi gonosigi
pocnigHukis CLUA Ta YKpaiHu npo pesynsra-
W, ofepxaHi Humn y HIMT, npeacraeneHi B
"HaykoBux 3anuckax" Ne 7—10 (BepeceHb,
1996 — kBiTeHb, 1997).

1997

+ [NepeBipoYHNIN TECT 3 KOPUCHOIO BaHTa-
XY: KBITEHb, TPaBEHb.

+ lNMpe3ngeHT Ykpainv Bugae Ykas "lpo 3a-
XO[M LWoAo 3ab6e3neyveHHs NiaroToBKW Ta npo-
BELEHHS CMiflbHUX YKPaiHCbKO-aMepUKaHCbKNX
E€KCMEPUMEHTIB Ha 60PTY KOCMIYHOIO Kopabns
"Wartn", 28 nunHs.

Cknag [Oep>xasHoi kowmicii: Tirinko Cepriti
JleoHigoBny — Biue-npem'ep Ykpainu, ronosa
Oepxkowmicii, Heropa Onekcangp Onekcirio-

BUY — reHepanbHUin gupektop HauioHanbHo-
ro KOCMIYHOro areHTcTBa YKpaiHu, 3acTymnHUK
ronoeu [Oepxkomicii. YneHn komicii: 3rypos-
cbkuit Muxarnno 3axaposu4 — MiHicTp ocBiTH
Vkpainn, Kynuk 3iHogin Bonogumuposny —
MinicTp iHdopmauii YkpaiHn, Mitiokos Irop
Onekcangposn4 — MiHicTp cpiHaHciB Ykpai-
HW, OctaneHko OmuTtpo IBaHoBUY — MiHiCTp
KynsTypun i mucteuTs Ykpainu, MNatoH Bopuc
€sreHoBny — lMpea3unpeHT HauioHanbHoi aka-
nemii Hayk Ykpainu, YooBeHko MeHHagin Ocu-
nosu4 — MiHiCTp 3aKopAoHHUX cripas Ykpai-
HK1, Xygonin OAmutpo AHgpiioBn4 — lonosa
JepxaBHoro KoMiTeTy 3B'A3KY YKpaiHu.

+ Micia 87 Ha 60pTy KOCMi4HOrO Kopabns
Konymb6is, 19 imctonaga — 5 rpyaHs.

NEPEBIPOYHMUM TECT
3 KOPUCHOIO BAHTA XY

18-0060BUN NEPEBIPOYHUIA TECT 3 KOPUCHOTO
BaHTaxy (MTKB), ycniwHo 3aBeplueHun 19
TpasHsa 1997 p. y KocMiyHoMy LeHTpi iM. Kek-
Hefi, oxonmBe 6arato cgep LisSIbHOCTI B MeXax
CVYAE. MNMonboTHe obnapHaHHA 6yno 3ibpaHe
Onsa "nonboTHOr0" Ta HA3eMHOro KOHTPOJSbHO-
ro KoMnsekTiB. KoMnnekTyBaHHs 3anHsAMo 6a-
rarto 4acy, OCKiflbKM BMMarasno chifibHoi y4acTi
BCiX IHXeHepiB, MeHe[XepiB MicCii Ta HayKOBMX
rpyn NpoeKTy i 6yno fobpe nigrotosieHo. 3aB-
OSKM LIbOMY KOMMNEKTOM Npunagis 6yno ner-
KO KOpUCTyBaTtuCA Nif 4ac nigrotoBKu o no-
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nboTy. Bea HaykoBa komanpa CYAE 6pana
y4acTb Yy NigroToBLUi Ta NPOBEAEHHI i€l MiCii.
Y4yacTb OOCNILHWKIB Y MOHITOPUHIY npouenyp
6yna KOP1CHOIO Ans BOOCKOHANEHHS onepaLin
Ta TpeHyBaHHA ekinaxy. NposegeHHs MTKB
nano Moxnueicte gocnigHukam CLUA Ta Yk-
paiHn 06MIHATUCSA pe3ynbTaTaMu CBOEI pobo-
TV Y BITYM3HAHMX nabopatopisx. B uen vac
Bigbynoca 6arato iMNpoBi3oBaHWX 3acigaHb,
Ha SKMX 06roBOPIOBANNCA NOTOYHI Ta ManbyTHI
pocnigpkeHHs. [1Ba kaHouaaTy Ha cneuianicta
3 KOPUCHOMO BaHTaXx\y BUKOHaNW BCi npoueay-
pv B ymMoOBax, NOQIGHNX OO NOMbOTHUX, NPOTH-
romM cemu nepLumnx gi6é nposeneHHs Tecty. Ko-
mMaHga CYAE 6yna 3agoBoseHa iXHbOo y4HacTio
Ta BOAYHA 3a KOMEHTapi LWOoAo YAOCKOHaseH-
HS npoueayp, sKi MaB BUKOHYBaTW eKinax.

Pesynbtatv Tecty cnpusann BOOCKOHaNeH-
HIO YCTaHOBKM ANA BUPOLLYBaHHSA POCAVH Ta
KOHTEMHepPIB Ana 6ioNoriYHnX JOChioXeHb i3
CBITNOBMNPOMIHIOLHYMMK giogamn. KoHTponb
3a Temnepatypoto Ta Bmictom CO, 6yB 3Ha4-
HO MONIMWEHNA 3aBASKM 3MiHaAM TpaekTopii
NMOTOKY MOBITPA Ta i3onauii. Y kaHicTpu ans
6ionoriYHMX focnigkeHb 6yB BCTaBEHNA BEH-
TUNATOP ANS 3HVXKEHHSI TemnepaTypu B HbO-
My. MeTa TecTy 6yna BukoHaHa Ha "BigMiHHO".

Mig wac NTKB Bigbynocs 3acigaHHs Po6o-
4Oi rpynu 3 KOPUCHOro BaHTaxy B KocMmivHo-
MY LeHTpi iM. KeHHegi, Ha KoMy 06roBopto-
Basin CTaH HayKOBMX JOCNigXeHb, OOMiHIOBa-
nuca iHpopmauiero Ta po3rnagany nonboTHI
nnaxu i rpadiku.

-
- ) '

* v '



TecT NpoBOOUNN Y CUMYIIATOPI OTOYYHOHOMO
cepeposula Ha op6iTi, 3anporpamMoBaHoOMy
Ha ymoBwu 87-i wmicii. Bynun 3ibpaHi gaHi npo
KiNbKICTb >XMBWSIbHOI PIAWHN, BUKOPUCTAHOI
pocnvHamm, Npo mMacy 3ibpaHoi TKaHHW Har-
PUKIHLI TECTY Ta KifbKiCTb CTPY4KiB Ta Haci-
HWH, SKi YTBOPUANCSA Ha POCNMHAX B ekcrnepu-
mMeHTi B-STIC (“Haykosi 3anuckn” Ne 11, Tpa-
BEHb — YEpPBEHb).

19 AMKTONAAA:
HABAUXEHHSA

KomaHgupom 87-i micii 6yB npuaHadeHnin KesiH
P. Kperenb, ansa skoro uewn nonit 6ye TpeTin, a
ans ninota CriseHa V. Jlingces — nepumin. o
cKnagy TpbOX cneujanictis Micii Bxogunu: Kan-
naHa Yaena sk cneuianict-1 (nepwwmuin nonit),
cneujanict-2 YiHcToH E. CKoTT (gpyrui nonir),
cneuianictom-3 mMaB 6ytn Takao [oT Bifg
$INOHCLKOro KOCMIYHOro areHTCTBa — MepLUnn
AMNOHCbKUA KOCMOHaBT Ta APYrUi Y4acHWK
nonbLoTy — He rpomansaHuH CLUA, ona skoro
Luen nonit 6ys nepumm. JleoHig KageHiok Big
HKAY maB 3[iCHUTK CBil NepLUMn MNoniT K
creujanict 3 KOPUCHOro BaHTaxy-1, nepLumi
yKpaiHeupb Ha 60pTYy KOCMIYHOMO LuaTna.

Spaceport News

(1. 36, Ne 16, 1996)

Mig, 3aronoeskoM "YKpaiHui rotTytoTbe MicLe B
icTopii" nucanu, Lo "nepLuoro ykpaiHCbLKoro

KOCMOHAaBTa, KU NONeTUTb Ha LiaT/i, MOXe
YyekaTn Micue B iCTOpil MOro KpaiHu, nogioHe
[0 Toro, fike 3arimMatoTb actpoHasTn B CLUA.
Xouva ykpaiHui nitanu B KOCMOC paHille, ane
BOHW 3aBXOn 6ynv pagsHCbKMMM KOCMOHaB-
TaMu, HIKONN K NPeacTaBHUKU CBOET BIIACHOI
KpaiHn".

"V uinomy, Le rpoMagaHCbKUA OyXOBHWN Nig-
OM, yKpaiHeLb 3HOBY MONETUTb Y KOCMOC" —
ckasaB MonkoBHUK JleoHin KageHok, oguH 3
0BOX KaHgupartie Big HauioHanbHOro kocmiy-
Horo areHTcTBa YKpaiHu Ha nocapgy cneuia-
nicta 3 KOpPMUCHOro BaHTaxy y 87-i micii wat-
na B XOBTHi 1997 p.

NASA, Press Kit, November 1997,
Space Shuttle Mission STS-87

"3anyck Konymb6ii 6yB npuaHa4eHuit Ha 19
nuctonaga 1997 p. 3 KocMivHOro LeHTpa im.
Kenneni HACA, komnnekc 3anycky 39-B. Tpu-
Banicte nonboty Konymo6ii mana ctaHoBUTU
15 ni6, 16 rogmH Ta 34 xBunuHWU. Npun cBOE-
YacHoMy 3anycky 19 nucTonaga Ta 0O3Ha4eHin
TpuBanocTi Micii Konym6is nosuHHa 6yna npu-
3emnutuca B KocMiyHoMy LeHTpi 5 rpygHs
6n13bKo 7 20 paHkKy.

Y AeHb 3anycky nigrnom Konymoii Ha op6iTy
NPOTArOM BOCbMMW 3 MOMOBWHOKO XBUIWH Bif-
Pi3HABCA Bif YCix nonepegHix 3anyckis Luat-
Tna. AKTUBHWUI Nepiod NofboTy crovaTtKky npo-
XOOMB, §K i paHile, 3 MaHeBpOM OOGepTaHHs
“ronosun BHMU3" Marixe ofgpasy nicns crapTy 1a
BiOAiNIEHHA pPakeTU-HOCIA Yepe3 OBi XBUIINMHM

nicnsa ctapTy. [NpoTe Ha WOoCTiN XBUWHI NOMb-
OTY NocTynoBo NpoTsarom 20 cekyHA 6yB 34ii-
CHEHWI Opyrnin MaHeBp — o6epTaHHA 4o Mo-
NOXEeHHs "ronoBu Bropy", fKWi [O3BONVB
ATy BUMTK Ha CMiNKYBaHHS i3 CUCTEMOIO CY-
MYTHUKOBOIO CTEXEHHS1. 3 BUKOPUCTaHHAM Li€i
cuctemun Bignana notpeba y nigrpumui Bep-
MYZACbKOI CTaHLiT CoCTepeXeHHs, Lo 36eper-
no nesHi kowtnn HACA.

Micia-87 ctana 24-m nonbotoM Konymoii
Ta 88-t0 Micieto 3 noyaTky [porpammn Kocwmi-
YHoOro watna y KeitHi 1981 p.

CueHapin 87-i Micii Bknoyae onepauii 3
Mporpamu KoCMiYHOroO LwaTtna, ski Manu Big-
éyBaTtuncs Big Yacy nepepadi KOPUCHOro BaH-
Taxy Ao HACA 0O NOBEpPHEHHSI KOPWUCHOro
BaHTaxy, 30Kpema nepeanosiboTHi, MONbOTHI
Ta nicnanonboTHI onepaduii. Tpeba nigkpecnu-
|, Wwo ans 06'ekTiB CYAE KpUTU4HMM 6yB Hac
OOCSArHeHHA MiKporpasiTauii, TO6TO BOHM Ma-
N1 OOCATHYTU MiKporpasitaujii fskomora CKo-
pie nicnsa po3miwieHHs B YBP ta KBM. MNepe-
nada o6'ektie go HACA nepepn po3MilLEHHAM
iX B MONbOTHOMY O61afHaHHI He NOBUHHA 6Y-
na nepesuLlyBatu 3-x roguH. Liei nepiog Bu3-
Ha4aBCs HEOOXIAHICTIO CKOPOYEHHS OO MiHIMY-
My Yacy MiX PO3MilLEeHHSIM POCNVH B o6nag-
HaHHI Ta JOCArHEHHSIM MiKporpasiTauii.

HazemHuUIn cueHapii oxonnoBae nepeano-
NbOTHI, op6iTanbHi Ta NiCNANONbLOTHI onepadii.
Ha3eMHi KOHTpOsbHI onepadii Man cumynio-
BaTW Nepen/nicnanonboTHI Ta opbiTarnbHi yMo-
BV Ta BUMOrn. 3aTpuMmka 4acy A0 Ha3eMHUX

36



KOHTPOMbHUX onepauiin ctaHoBuna 48 roguH
nicns 3anycky. CUMynaTop 0TOYYy4Oro cepe-
JoBMLLA Ha Op6ITIi BUKOPUCTOBYBaNM MnpoTs-
rOM CUMYJIbOBAHOMO NMomnboTy. 3pasku Ta 06-
nafHaHHA BUKOPWUCTOBYBaNM B Ha3eMHOMY
KOHTPOMi B CUMYNATOPI TOM caMuiA 4ac, Wo i
Ha opo6iTi, nicnga 4oro ix aHanidysanu. bynu
TaKOX BU3Ha4YeHi BUMOrK Ao nepiodis ronoco-
Boro 3B'a3ky gns CYAE".

Xo4ya Hawa komaHpa CYAE 6yna pobpe
nigroToBfieHa Ans NPOBELAEHHSA KOCMIYHOIO
6i0N0OrivYHOro ekcnepuMeHTy 3asasku Hayko-
BOMY repeBipo4HOMYy TecTy, [lepeBipoyHOMY
TECTY 3 KOPUCHOIO BaHTaxy Ta poboTi B f1abo-
paTtopisax, MW, 3BMYaNHO, XBUNOBaNMCA Ta 3
HeTepniHHAM 4Yekanu ctapTy. lNepw 3a Bce,
cTapT MaB BigbyTncs 3a NboTHOI noroaw, i 19
nicTonaga Mu i3 7-i rOOMHU paHKy crigkysa-
N1 3a NOBIAOMNEHHAMW NPO Morofy, sika BeCb
yac 3miHoBanacs. Ha wacts, ctapT 34iNcHuB-
cq, Ta Konym6isa BuiLuna Ha op6ity. Ha ctapri
Konymb6ii 6yna npucyTHs YKpaiHcbka ypsgosa
denerauis, osontoeaHa lNpe3ngeHtom YKpai-
HW JleoHigom Kyumoro. [Jo cknagy peneradii
BXOAUNM reHepanbHuii nupektop HKAY Onek-
caHgp Heroga, npeamgeHT HauioHanbHOI
akagewmii Hayk YkpaiHn Bopuc lNaToH, reHe-
panbHu gupekTop LepXaBHOrO KOHCTPYK-
Topcbkoro 6topo "lMiBaeHHe" Opin Anekcees,
3aCTYyMHUK reHepansHoro guvpektopa HKAY
Enyapn KysHeuoB, gvpekTop IHCTUTYTYy 60-
TaHiku im. M.I". XonogHoro HAH VYkpainu Koc-
TAHTUH CUTHMK Ta iH. Takox npubynu Ao

KocmiyHoro ueHTpy iMm. KeHHepfi aupekTop IH-
CTUTYTY dpizionorii pocnuH Ta reHetTuku Bono-
anmup MopryH Ta avpektop HauioHanbHoro
6oTaHiyHoro cagy iMm. M.M. IMpuwka HAH VYk-
painn TetaHa YepesueHko. Beeuvepi HKAY
BfalUTyBasno NpUMoM Ha 4ecTb Liei 4ygoBoi
nogii. Oapasy X BUHUKIIM NMUTaHHS, SK KOCMO-
HaBTM MoYyBaloTh cebe, K Halli 06'eKTH ne-
peHecnu nignuom, SIK BOHW MO4YyBalOTbCA Ha
op6iTi, 9K JleoHia KafgeHok MaHinymnoe 3 Hu-
MU. 3 BENIMKMM HETEPMiHHAM Ta XBUJIOBaH-
HAM MW Yekanu nepLuoi iHdopmadii 3 opbiTu.
B HacTynHi OHi My perynspHo oTpumyBanu
iHpopmaLlito, Ky cMCTemMaTU4HO BUCBITIOBA-
na npeca, Hanpuknag:

CYAE: 3-ta pgoba nonboty "3aBOaHHSA
CninbHOro yKpaiHCbKOro eKCNepUMEHTY BUKO-
HYIOTbCS YCMILLHO.

[HdbopMmaLia 3 op6iTH OO POCTY POCIUH B
YCTaHOBLi ONs X BUPOLLyBaHHA BKA3ylOTb Ha
iX BigMiHHMI cTaH. Lli nocTinHi pani gponomara-
I0Tb Ha3eMHiN KoMaHAi nepefgda4aTty BUMOrn
0N Takux TEXHONOrYHMX npoLueayp, 9K 3MiHa
GinbTpiB gns CO», Ta BUAaneHHsa sogun. Ycra-
HOBKa A1 BMPOLLlyBaHHA MOXiB MPOAOBXYE
nobpe yHKLUioHYyBaTK, 3a6e3ne4y4m HU3b-
KWl piBeHb CBiTNa 3 fiodie Afs 3paskis.

VYCniLHO 3AINCHIOETLCA 3aNUIIEHHS KBITOK Y
pocToBMX Kamepax 4, 5 Ta 6 cneuianictom 3
KOpPUCHOro BaHTaxy JleoHigom KageHokom.
OpepxaHo (POTO3HIMKM POCANH B eKcrepu-
mMeHTax B-PAC, pocTtoBux kamep 1—3, Ta B-
STIC, pocToBux kamep 4—6.
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3HayHy yBary npugineHo ekcnepuMeHTy
SOYPAT. 3pasku raay Bigibpanu 3 4BOX i3 Ho-
TUPLOX KaHICTP, sIKi MICTUNN MPOPOCTKN COI.
HacTynHoto npouenypoto 6yno nepiue 36mpaH-
HS POCINIMHHOMO MaTtepiany. 3 NakeTiB, fKi 3Ha-
XOOUINNCA B KaHicTpax, 6yfno B3ATO 24 nNpopo-
CTKM, Ki noginanucsa Ha ggi rpynu. OgHy rpyny
3aMopoXyBanu y ra3oasoTHOMY MOpPO3WUIib-
HUKY AN15 NiCNANonboTHOro aHaniay. Apyry no-
MilLlann y WicTb ikcyroumx TpyboK, cTBOpe-
HUX B KOCMiIYHOMY UEeHTpi, onsa 36epiraHHsA B
XiMiYHIN cyMiLLi.

Mwu perynsipHO BUCBITNIIOEMO OKPEMi acrnek-
1 micii CYAE 3 meTol rmmnbLLoro nisHaHHSA
HayKOBMX OCHOB E€KCMEepPUMEHTIB, MOSCHEHHS
CKIafHoCTi npunagis abo BUpILLEHHSA 0CO6U-
BO LiKaBUX MNuUTaHb, 30Kpema ra3oasoTHOro
MOpO3usbHMKa. OfHieto 3 TUMOBMX BUMOT KO-
pUCHOro BaHTaxy, nopioHoro o CYAE, € 36e-
piraHHs TKaHWH Y NonboTi, B LIbOMY pasi — poc-
NMHHOT TKaHWHW. 3pasku, B3ATi 3 XXMBUX POC-
NMH Ha op6iITi, MOBUHHI MUTTEBO QhikCyBaTUCA
Ons 36epiraHHs, WO 3BMYaNHO 3MIMCHIOETHCS
OfHMM 3 OBOX METOAIB: XiMi4HOWO (pikcaLieto
a60 KpiOreHHVM 3amMOpOXYBaHHAM. KOXHUN
MEeTo[L, Mae CBOI nepesaru.

Mpn KpioreHHOMy 3aMOpPOXXYBaHHI XogHa
XiMiYHa peyvyoBUHA HEe MPOHUKAE B TKaHWHY,
WO pobuTb Lie MeTOof ifeanbHuM Ons nicns-
NoNbOTHOro 6ioXiMiYHOrO aHanidy. 3amopo-
XKYBaHHA € BaXKKOIO NMPO6IEMOIO B KOCMIHHO-
MYy MONbOTi. 3BMYANHWIA KOMMPECOPHUIA XON0-
OUNBbHUK, NOZIGHUA 0O NOBYTOBOro, LUYMUTb,
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crnoxwvBae 6arato eHeprii, Jae HegoCTaTHbO
HW3bKY Temrneparypy 3a HaykoBMMW cTaHpap-
TamMu Ta HeHafinHWMA Y KOCMIYHOMY MOMbOTI.
[a30a30THUIN XONOAWUSIBHUK € OpUriHaNbHUM
piLLeHHsAM Uiei npobnemu. MNpoTarom micii ra-
30M04i6HNIA a30T MOBINTbHO BUXOOUTbL 3 MOPO-
3USbHUKA Y KabiHy, WO HeLWKigIMBo Ois Koc-
MoHaeTiB. HACA BMKOPUCTOBYE TaKi MacuBHi
MOpPO3UIbHMKN Barato pokis, ane go CYAE
MOPO3USIbHUKM Ha Op6iTi BMKOPUCTOBYBan
nvwe npotaroM 13 fAi6. Mopo3unbHUK y Micii
CYAE 6inbluniA, BiH 3gaTHWA MigTpumyBaTtu
KpiOreHHy TemnepaTypy A0 TPbOX TUXHIB, LLO
pobuTb MOro igeanbHUM Ans TpuMBanoi Micii,
nopi6éHoi no CYAE".

CVYAE: 9-ta goba nonboTty "9-Ta goba nonb-
oTy npopoBxye 6e3nepepBHuii ycrnix CYAE.
Bci npunagm npautotote gobpe. Nepesipka
ctaHy YBP ta KB[] B ekcnepumeHTi 3 Moxamu
3acsig4unu ix BigMiHHY po6oTy.

CborogHi po6oTta 3 pocnuHamu B YBP 6yna
nerkot. 3anunneHo KBITKW POCIVH Yy Kamepax
4—6, NpoTe KBITOK 6Yf10 MEHLLE, OCKISIbKN Ha
pocnuHax Bxe popMyBanocs HaciHHs. Pocnu-
HW B POCTOBMX KaMepax 1—3 B eKCnepuMEHTi
B-PAC npopoBxyBanu poctn fo6pe. Ekinax
nepenas Kinbka Bije03HIMKIB, Ha SKNX BUOHO,
Lo AesiKi HACiHWMHW, NOMILLEHi B pOCTOBI Kame-
pu Ha 8-My goby nNonboTy, Noyanu npopocTa-
TV nepepf nocisom. NpuymMHa nepegyacHoro
NPopoCTaHHA Hesigoma. BueHi 3gmBoBaHi, ane
He nepepf6ayalnTb 6yOb-AKOro BrMBY LbOro
akTy Ha eKCNepUMEHT.

TpeTa ximiyHa dhikcaLia pocnuH B eKkcrepu-
MEHTI i3 MOxamu 6yna nposegeHa Ha 9-Ty Oo-
6y. BukopucToByroun NpUCTpin y BUrNS4i Me-
Tanesoro nicroneta, crneuianict 3 KOPUCHOrO
BaHTaxy YCnilWHO 3addikcyBaB OesKi 3pasKku.
[HLWIi 3pa3kn 3anuLleHo Ans NisHiwoi dikcauii
NPOTAroM NosboTy. KpiM TOro, OCBITIEHHS gjio-
Jamu 3paskiB MOXY 3a BMMOramu SOCAIOHNKIB
6yno nepeHeceHO B iHLWY cxemy. [1pocrMmo 03-
HaANOMUTUCHA 3 MOBIQOMSIEHHAMM Mpecu npo
8-my Ooby nonboTy, Ae JeTanbHO OnuMcaHo
PYHKLIOHYBaHHSA KaHicTp ons 6ionoriYHnx goc-
NigKeHb i3 CBIT/IOBUMPOMIHIOIYMMU diofamu,
B IKMX MPOBOAUTBLCS EKCNEPMMEHT 3 MOXaMMU.

CborofHi BU3Ha4YHO MOAIEt0 ANs YKpaiHCh-
KOi Hauji cTaB TenedoHHU A3BiHOK Npe3naeH-
Ta Ykpainn JleoHiga Kyumun go creuianicta 3
KopucHOro BaHTaxy JleoHiga KageHtoka. lNMpe-
3VAEHT No300pOBMB NONKOBHUKA KageHoka 3
0ro AOCArHEeHHAMM Ta noba)kae NoganbLLIOro
ycnixy B npoBefeHHi onepauinn CYAE. MMicnsa
Lboro sigdynacs Kopotka npec-koHdepeHLis
3 npepctasHukamu 3MI B KueBi, Ky TpaHc-
noBanu no teneba4eHHo Ha BClo YKpaiHy".

Oco6n1BO BaXNMBOK ANt HAC 6ynu OaHi
npo YMOBWU, siki CTBOPUANCS Yy POCTOBUX Kame-
pax YCTaHOBKW AN BMPOLLYBaHHA POCIVH,
OCKifbkM Le 6yfno HeobxigHUM ans nigrpu-
MaHHS BigMNOBIZHWUX YMOB Yy CUMYNATOPI OTOYY-
H04Oro cepefoBuLLa Ha OpbITi. 3 TakuM e
XBUIOBAHHAM MU 4Yekanu npudemneHHs Ko-
NyM6ii, TOMY LLIO iCHYBaB BapiaHT Npu3eMsieH-
HA waTna B KanidopHii, akwo B KocmivHoMy

ueHTpi im. KeHHeni 6yoe HenbOoTHa noroga.
Taka cutyauia cTeBoptoBana 6 Cepro3Hi Tpya-
HOLLI Onsi CBOEYacHOi 06poBKM eKcrnepuMeH-
TaneHoro matepiany. Ane ekcnepumeHt CYAE
3aBepLuMBCS foobpe. 3aBOskM BigMiHHOMY BU-
KOHaHHIO MNOfIbOTHOro cueHapito JleoHigom
KapgeHokoM BYeHi ogepkanv 4ygoBun mare-
pian gnsa HacTymHUX aHanidiB y Ha3eMHux na-
6oparopisx.

Mig yac nepebysaHHA JleoHiga KageHioka
Ha op6iTi 32 y4Hs 6panun y4acTb Y TeNiemMocTi 3
KOCMOHaBTOM-A0CHIAHMKOM, SIKUA BignoBigas
Ha 3anuTaHHs y4HiB, Hanpuknag: 1) akum 6ys
Bawu winax B KOCMOHaBTUKY, konu y Bac Bnep-
LLe 3'ABUSIOCh 6axaHHs CcTaTh KOCMOHaBTOM?
2) HYomy ocobucTo Bac Bigibpanu o nonboty?
3) MepebyBatoun y CnonyyeHux LLTatax, 4m
3rapyete Bu cBoto kpaiHy? AKLLo Tak, Lo 3ra-
nyete HanyacTiwe? Micta? Mpupoay? Lpy-
3iB? PigHnx? 4) MNpavotoun 3 pocnuHoto Bras-
sica rapa, 4v 3'aBunock y Bac sikecb no4yTTs
00 Hei fIK 0o napTHepa no ekcnepumeHTy? Yum
po3moBnseTe Bu 3 Heto nogymkn? 5) CKinbku
Yyacy TpvBaTUMeE EKCMepUMEHT 3 parncom? 6)
AKi iHWi ekcnepumeHTn Bu npoeoguTe B Aa-
HUI Yac? 7) Yn e y Bac BiflbHWI Yac B KOCMO-
ci? 8) Ckinbky 4acy Bu rotyBanucb oo Lporo
nonboTy? 9) LLlo Bam gaBanocs HarBax4e nig
Yyac nigrotoBku o nonboty? 10) Yn e y Bac
OiTn i ge BoHM HaBYatoTbecA? 11) 9K y kocmoci
BUPILLYETbCA 6GaXaHHA nobyTnm Ha camoTi?
12) Bawa Big4yyTTs nicns Toro, sk Bu gisHanu-
cq, wo came Bac obpanu gns KOCMIYHOro
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nonboty? 13) ke ManbyTHE LbOro NPOEKTy B
NPaKTUYHOMY BIifHOLLEHHI? 14) Yn npoBoau-
TUMYTbCA MOAiIGHI €KCNEePUMEHTU Ha iHLINX
pocnvHax? 15) Yn BBaxaete Bu uen npoekt
BaXxnmBmMM? HYomy? 16) FKi e opraHiamu ne-
pebyBatoTb 3 Bamun Ha op6iTi? 17) Yn € cnogi-
BaHHA OTpMMAaTU POCIMHU-MYTaHTW Mig 4ac
eKcrneprvMeHTY B yMoOBax Mikporpasitauii?

Henerauis BukoHasuiB OCBIiTHLOI nporpa-
MW y cKnagi 9 yyHiB, 2-X BYMTESIB Ta HAYKOBO-
ro KepisHuKa Big, Ykpainn Bonognmumnpa Hasa-
peHka nobyesana Ha ctapTi wartna Konymb6is,
e y4Hi gyctpinuca 3 lNMpeamgeHTtom YkpaiHu
JleoHigom Kyumoto, 3BiTyBanu astopy OcCBIT-
HbOI nporpamu [Nony Binbsamcy, nocninkyea-
nmcsa 3i CBOIMWM aMepUKaHCbKUMU Koneramu
Ta Manu MOXNMBICTb 3pOOUTU LIiKaBi OCBITHBO-
ni3HaBanbHi eKCKypcii i nogopoXxi, 3anpono-
HOBaHi CniBpOGIiTHNKaAMM KOCMIYHOIO LEeHTpY
iMm. KeHHegi Tomom [pewenom Ta llitepom
YeTnpKiHUM.

KOMEHTAPI NPECHA

NASA, PRESS KIT, November 1997,
Space Shuttle Mission STS-87

"3 ycix pecypciB, AOCTYMHUX Y AOCNIAXEHHI
KOCMOCY, NULLIE POCIIHU € [XKeperioM pere-
TakoX BUMKOPUCTOBYIOTbCA ANSA pereHepadii
KWUCHIO, BMOANEHHA [BOOKWUCY BYrneulw Ta

OYULLIEHHST BOOM Yeped TpaHcnipauilo Ta KOH-
JeHcauito. Tomy BUpiLLaNbHUMUY € 3HaHHSA MPo
picT pocnunH y KocMi4HoMY nonboTi. Mikporpa-
BiTalUisi MPOMNOHYE HAyKOBLSM YMOBU, B SKUX
BOHW MOXYTb aHaniayBaTtu PicT i OYHKLOHY-
BaHHS POCMMH 3a BiACYTHOCTI rpasiTadii, 3's-
COBYIOYM TakKMM YMHOM BMAVB rpasitauii Ha
XuBi cuctemun. HactnHoto CYAE 6ynu 3aBaan-
HS, SKi BKMOYany NOpiBHSAHHA 3MiH B ynbTpa-
CTPYKTYPI, 6ioXiMiHHOMY cKnagi Ta (PyHKLiOHY-
BaHHi, CMPUYMHEHNX BMJIMBOM YMOB KOCMiY-
HOro MOMbOTY Ha (POTOCUMHTETUYHMI anapaT
NPOpPOCTKIB Brassica rapa Ha pi3HUX cTagisx
BereTaTmBHOro po3sutky. OcobnmMBo HayKoB-
LiB XBUNIOBANO NMUTAHHSA LLOAO0 MOXMBOCTI
HopMasibHOI penpopayKLuis POCAVMH 3a YMOB
MikporpasiTadlii.

MpoTtarom 87-i wmicii HaykoBui B CLUA Ta
VKpaiHi npoBedyTb cnewianbHi HAYKOBi eKkcne-
PUMEHTWN 3 6ionorii pOCNUH. Y4Hi MaTUMyTb
MOXJIMBICTb CMifIKyBatucs 3 KOCMOHaBTOM,
SIKWN BUMKOHYyBaTuMMe EeKCMepuUMEeHT 3a YMOB
MikporpasitaLii Ha 60pTy KOCMIYHOro Liatna
Konymb6is. OcBiTHin koMnoHeHT CYAE "Buu-
Teni Ta y4Hi [OCNiAXYI0Tb POCIVHU B KOCMOCH"
[03BoNuUTb y4HAM y Cnony4eHux LUtatax Ta
YkpaiHi 3anunioBatn pocnuH Brassica rapa
Ha 3emni, a ekinax 87-i Micii BUKOHyBaTUME
Len camMui eKCrepuMMeHT 3 pocivHamMu Ha
60pTy waTtna. MNMopiBHAHHA pe3ynbTaTie, ogep-
>XKaHUX Y KOCMIYHOMY MOMNbOTi Ta KNACHUX KiM-
HaTax, NpodoBXyBaTUMETbCA MicnsA Micii 4e-
pe3 IHTepHeT".
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YKkpaina Monoga
(18 nucronaga, 1997, Ne 212)

"Konn Mana akagemisa Hayk YkpaiHn 3a
nponosuuieto npodpecopa IHCTUTYTY 60TaHi-
kn €nvsaBeTn Kopawm Bkoymnacsa o Bu-
KOHaHHS OCBITHbOI NPOrpamm CnifibHOro ykpa-
THCbKO-aMepUKaHCLKOro npoekTy 3 6ionorii,
MU i ragkm He Manu, Lo BiH Habyde Takoro
po3maxy, Takux He3Bu4amHux mMacTtabis",
pe3loMyBaB Ha ypO4MCTOMY BeYepi 3 Haroau
Big'izgy mo CLUA rpynm yKpaiHCbKMX LUKONSA-
piB-goCnigHMKIB BiLe-nNpe3ngeHT 3aknagy
Bonogumnp HaszapeHko. 3aranom 6nn3bko
20000 wkonspiB YkpaiHu Ta CTiNbKM X TXHiX
opHoniTkiB 3i CnonyyeHux LUTaris 3any4mnm
0O uiei HayKoBO-OCBITHbOI nporpamu. Big'iag
0o CLUA rpynu yKpaiHCbKUX LUKONApIB — He
NPOCTO LiKaBa NogopoX 3a KOPAOH i Chinky-
BaHHS 3 POBECHUKaMW, a NPOAOBXEHHS Hay-
KOBOI po60TK, 06MIH OCBIAOM Ta MOMOBHEH-
HSl 3HaHb".

The Ukrainian Weekly
(30 November, 1997)

Mig 3aronoekom "JleoHig KapeHiok Ta ykpa-
THCBbKi Y4Hi CcTaloTb YacTkoto icTopii" nucana:
"1 rpygHst 0 6-11 paHKy MOSIKOBHWK KageHoK
6ypne NigKYeHnn 3a JONOMOroK cnedianb-
HOrO 3B'A3KY Yepes YKPaiHCbKUIN TeNeueHTp B
Kuesi fo Bcix WKin B YKpaiHi, AKi € y4acHu-
kamn CYAE. Lle BnepLue ykpaiHCbKMI KOCMO-
HaBT 6yae po3MOBATM 6e3nocepenHbo 3 op-

-
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6iTM 3 Yy4HAMW CBOET BNacHoOi KpaiHu. Tucsadi
Y4HIB B YKpaiHi MaTUMyTb MOXJIMBICTb 6a41TH
Ta CnifkKyBaTncs 3 MOSIKOBHUKOM KageHokoM
NPOTArOM KOPOTKOro nepiogy 3anuTaHb Ta Bif-

nosigen".

®DaKTbl
(19 Hos16ps1, 1997, Ne 48)

"MpoBoxaTtb KageHtoka 6yQyT HECKONBbKO
generaumn. B coctas omumaneHoOn BXogdaT:
cekpeTapb CoBeTa HauMoOHasnbHOM 6e3onac-
HOCTW 1 060pOHBLI Bnagnmup. Mop6ynuH, reHe-
panbHbIM gupekTop HaunmoHanbHOro KocmMu-
Yyeckoro areHtcTBa YkpauHbl Anekcangp He-
roga, npe3vgeHt HaunoHanbHOM akagemum
Hayk YkpauHbl Bopuc NaToH, nocon YkpauHsbl
B CLUA HOpwui Llep6ak, HapodHbI fenyTat
Jleonng Kpasuyk v gp".

Vpsinosuii Kyp'ep
(20 nucronapna, 1997,Ne 215—216)

"INeoHig KageHiok nepemir YACNEHHUX KOH-
KYPEHTIB came TWM, LLO BOMOAIE NOTPIOGHNMMU
AKOCTAMM, BiAMIHHMUM 340pOB'AM, Npodecio-
Hani3aMoM, BOMEK Yy BUOOPI i JOCArHEHHI Me-
TW. | We opHa cyTTeBa feTalnb: BiH — KOCMO-
HaBT-AOCNIAHMK, OTXEe, A0 CTapTy MPOMLLOB
BiANOBiIOHY HayKoBY MiArOTOBKY, CTaB Hay-
KOBUM CMiBPOGITHUKOM IHCTUTYTY 6GOTaHiKn
HAHY”.

Vpsaposuii kyp'ep
(22 nucronapga,1997, Ne 217—218)

“Mpe3ngeHT Ykpainun JleoHig Kyuma, skuin
6yB NPUCYTHIN Ha CTapTi KOCMIYHOro Kopabns
"Konym6ia" 3 Mi>xHapodHUM ekinaxem Ha 60p-
Ty, HanpasuB nucT MNpeaunpgerHtosi CLUA Binny
KniHToHy. B HbOMY BiH BMC/IOBMB 3a00BOJSEH-
HS 3 MpuBOAY TOro, WO AOCArHYTI JOMOBIe-
HOCTI B KOCMIi4Hili ranysi BXe rno4anu BTifto-
Batmca y xutTa. Lle ackpaBo 3acBiguyetbcs
y4acTio rpomagsHuHa YKpaiHu y KOCMiYyHin
ekcneauuii pa3om 3 amepukaHCbKMMKU acTpo-
HaBTaMun Ha 60pTy Kopabns "Konymbia". Hu-
HiLLUHIM noniT, Haronowye MNpe3naeHT Ykpainu
Yy CBOEMY NUCTI, CTaB BiHUEM CNifbHOT TPUpIy-
HOI Hanpy>eHoi po6oTn daxisuisa HACA i Ha-
LlioHasIbHOro KOCMi4HOro areHTtctea YkpaiHu.
3ycnnnamMn amepuKaHCbKMX Ta YKpaiHCbKMX
HayKOBLiB pO3po6eHO nporpamy ChiflbHUX
eKcrnepMeHTiB. My BNeBHeHi, Lo Lo nporpa-
My 6yOe MOBHICTIO BUKOHAHO i CBiTOBa Hayka
3p06UTH LLIe OAUH KPOK B OCBOEHHI KOCMIYHO-
ro NpoCTOpy, 30KpemMa B KOCMi4Hi 60TaHiuj,
nigkpecnus MNpe3ngeHT YkpaiHn".

AEOHIA KAAEHIOK
fIK KOCMOHABT-AOCAIAHMK

OKpeMmo XOTinnocs 6 BUC/I0BUTH MO, | HE Tiflb-
KW, BYMKY MpO OCOBUCTICTb MepLLOro KOCMo-
HaBTa He3anexHoi Ykpainm JleoHiga KageHrro-

Ka, Ik BOsieto [osi 6paB yd4acTb Y BUKO-
HaHHI 6i0/10riYHOro eKcriepuMeHTy nig 4ac
87-i micii Ha Kocmi4HOMY Kopabii 6aratopas3o-
Boro BukopucTtaHHs Konymb6is. JleoHig Kage-
HIOK € BUMYCKHUKOM YepHIriBCbKOro BuLLOro
BOeHHOro asiayiviHoro y4wnmmija ta Mockos-
CbKOro asiayiviHoro iHCTUTYTY, MisIOTOM-iH-
CTPYKTOPOM, JIbOTYNKOM-BUIPOOOBYBAYEM.
BiH 6yB BigibpaHwi y 3ariH KOCMOHaBTIB |
MPOULLIOB MIAroToBKY, SKY BUMarae us rpo-
ecia. 3BnyariHo, npogeciviHa aKTUBHICTb
JleoHiga KageHroka b6yna [anekoro Bif Takoi,
SIKY BiH MaB BUKOHYBaTu sIK KOCMOHaBT-Crie-
yianict ynpogosx 87-i micii Ha 6opty Konym-
6ii. JleoHig cTrapaHHO BUKOHyBaB Bce, Lo re-
pepbayvasiocsi TpeHyBaHHSIMM, LOTPUMYBaBCS
BCiX BUMOI [0 Takoi po6otu. Le i Bigkpuio
vioro xapakTtep i 0COOUCTICTb SIK JIbOTYMKA-
Bunpo6osysaya. lomy Bnactusi gucumnnina,
BigrnoBigasnbHICTb, APYXENoOHICTb, Hagivi-
HicTb. lNpoTsarom nepiuoi 3yctpidi 3 J1. Kage-
HIOKOM 51 6ynia CU/IbHO BpaxkeHa Moro 6axaH-
HAM He NnLle 03HarloMUTUCS i3 3aBAaHHSIMU
EKCNEePUMEHTY, asne Vi 3 HayKoBor 6a301t0, [O-
CArHEHHSIMW Ta igesiMu B 6ionorii, Ha SIKMX
IPYHTYETLCA €KCcrepuMeHT. BiH npocryxaB
UMK NIEKUIN, opraHi3oBaHuX A5 Hboro B IH-
cTuTyTi 60TaHikn im. M.I". XonogHoro, IHCcTu-
TYTI MOJIEKY/ISAPHOI 6iosiorii Ta reHeTuku,
IHCTUTYTI ¢bisionorii pocsiMH Ta reHeTuku T1a B
HayioHanbHomy 60taHiyHomy cagy HAH Yk-
painn. [licns yboro noyYanucsl nNpakTuyHi 3a-
HATTSA, METO0 IKUX 610 HaB4yuTu J1. KageHro-
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Ka BU3Ha4aTun cTaH rnpuiMOYKU, HasiBHICTb Ha
HiYi ceKpeTy A1 MpPOBEAEeHHs] 3arnusieHHs,
36upaty MoK, JIerko BU3Ha4yatu voro goc-
TaTHIO KiNIbKICTb Ha ripuiMoYyi. Lii npakTtyuyHi
3aHATTA npogoBxysanvcs B 1997 p. B yHiBep-
cutetax CLUA Ta B KOCMIYHHOMY LEHTPI iM.
KexHepni. B CLUA JleoHig KageHroK Uinnkom
onaHyBaB HaBU4KaMu poboTu 3 ycTaHOBKaMu
[/151 BUPOLLYBaHHS POCTINH, MaHinynsyii 3 Hu-
MU, a TakoX MpUCTPoOsMn 4151 XiMIHYHOI hiK-
cayii Ta 3aMopOoXyBaHHS 3paskiB. S 3ragyo,
51K JleoHig TenehoHyBaB MeEHI [ekKinbKka pasiB
i3 CLUA, 1406 TOYHilLe BU3HAYUTU AEesKi Ae-
Tasi npoyecy 3arnuieHHs1 KBITOK, OCKIJIbKW BiH
XBUWJIIHOBABCS, WO MiCJIsl 3arniieHHs, sike BiH
rpoBoAnB, KiNbKICTb 3aB'sseri He pgocsrana
100 %. B pesynbtarti rmnbokoro 1a JOCKOHa-
JI0ro 3HavioMcTBa 3 TEOPIE Ta MpaKTUKOO
6ionorii pocrivH JleoHin KageHrok 65mcky4e
BUKOHaB BCi 3aBAaHHs1 Ha OpOITi 3a MPOTOKO-
JIOM €KCMepUMEHTY, 3aBASKU 4YOMY BYEH|
ofepxanu 6e3fgoraHHui martepian gss Hac-
TYMHUX OOCTIgKEeHb B laboparopisx YkpaiHu
ta CLIA. Bci y4acHukn CYAE rnnboko viomy
BAAYHI. OpepxaHa rnpuHYMNnoBo HOBa HayKo-
Ba iHghopmawis Ta opuriHasabHi KOHUYenwuii v ri-
rnoteau, Po3pPO6IIEHHST SIKUX CTaslo 3HaYHUM
BHeckoM y Hayky. JleoHin KapeHtok, nepeby-
Baro4n Ha opbiTi, nifg Yac BiGEOMOCTY TakoX
crinkyBaBcs 3 y4HaMu YkpaiHn T1a CLUA. B
KOCMIYHOMY LeHTPI iM. KeHHeai My Masin MOX-
JIMBICTb Clyxatv Le CriJIkyBaHHs Ta i3 3a/0-
BOJIEHHSIM | XBUITIOBAHHSIM Big3Ha4vasnun He Jin-

LLIe Vioro 3MiCTOBHI BignoBigi LKossipam, ane
Vi rapHy aHrniviceky moBy. [licrisi noBepHeHHs
Ao Kuesa J1. KageHiok cuctematnyHo bpas

y4acTtb y 3i6paHHsx, npucssdeHnx CYAE. Moi

Tenni 3yctpidi 3 J1. KageHokoM rnpoJoBxXy-
t0TbCA. 51 3aBXau Big4yBaro Fioro ApyXHe Bifg-
HOLLIEHHS1 O MeHe Ta Crofisarocs He JmLue
Ha MPOLOBXEHHS HalLnX 3ycTpides, ane v Ha
CrifibHy pO6OTY B KOCMIi4HIv 6ioniorii Ta BUKO-
pUCTaHHs1 Mioro TanaHTy sik KOCMOHaBsTa B Mau-
OYTHIX KOCMIYHUX MICIsIX.

€.J1. KOPAOIOM

1998

+ 3acigaHHs Pob6o4oi rpynu CYAE, Bepe-
CEHb.

3BacigaHHsa Bigbynocs B Kuesi 18—25 Be-
pecHsa 1998 p. Ha HboMy 3acnyxanu Ta 06ro-
BOPUNKN pe3ynbTaTh OeB'aTUMICAYHOro aHa-
ni3y ekcnepuvMeHTanibHOro maTtepiany, ogep-
XaHoro y 87-n micii, nnaH nyénikauii gaHnx y
HayKoBMX XypHanax i nogansLue crispoobiT-
HULTBO pgocnigHukiB Ykpainm ta CLUA. Ha 3a-
CiflaHHi 6y NPUCYTHI WICTb FONMOBHUX [OC-
nigHukie i3 CLUA, nepcoHan rpynu nigTpumMKm
KOCMIYHOro LeHTpy iM. KeHHepi, npepcTas-
Hukn LLTa6-kBaptnpm HACA, ykpaiHCbKi ro-
JNIOBHI gocnigHukn Ta ix konerun. lNMporpama,
nigrotoeneHa €.J1. Kopgtom Ta ii cniBpo6iT-
HUKamu, BKIo4Yana gobpe y3rogxeHi Hayko-
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Bi OONOBIAi, ANCKYCIT Ta NPUEMHI KYbTYpHI
nonii.

HaykoBa nporpama nepegbayana gonosigi
npo pesynbraTi, ogepXxaHi B nadopaTopisix
Ykpainn ta CLUA. VY uinomy, ogepxaHi pesynb-
Tatu nokasanu, Wo Marepiasn nofbOTHOrO eK-
CnepuMeHTy 6yB He fvLie JOCTaTHbOI Kifb-
KOCTI, ane m BUCOKOI SIKOCTI, i Lie A03BONNII0
HayKOBLISIM BMKOHATW iX iHAMBIOyanbHi 3aB-
OaHHS.

Ha okpemux 3acigaHHAX poarngganucsa
CTaH OOChnigXeHb Mo iHOMBIgyalbHUX €KC-
nepMMeHTax Ta MepcnekTMBM NOJASbLLIOIO
cniBpobiTHMUTBa. CKnageHo NpoTokonu ans
nyénikauii pesyneTraTiB y HayKOBUX XYpHa-
nax Ta nigrotToBKM 3aKM4HOI gonosigi onsa
HACA. MNopgansLue cniBpo6iTHALTBO 06roBo-
proBanocsi Ha nigcTasi ornagy noTeHUinHMX
NPOEKTIB.

HaykoBa nporpama 4eprysanacs 3 pi3Hu-
MU KyNbTYPHUMK 3axodaMm — eKCKypCisamu,
obifamu, KoHUepTammn Ta nepcoHanbHUMKM Bi-
3uTaMn OO0 YKpaiHCbKuX koner. FOCTUHHICTb
Ta LWMpiCTb YKpaiHLUiB CTBOPIOBANN Yy4oBY at-
Mocdepy Ans 06MiHY OyMKaMu Ta B3aeMo-
PO3YMiHHS.

Matepian ponosigeri y4acHukis CYAE 6yB
npeacTaBfieHUA Ha nNpe3eHTauisx i QUCKyCiax
Ha KOHpepeHuii B Kruesi Ta maB cTatn OCHO-
BOIO 3aKIIOYHOrO 3BITY B rpyAHi.



AOMOBIAI YYACHMKIB CYAE

Ony6nikoBaHi y ctucnomy surnsapi B "Haykosux
3anuckax" (Ne 13, BepeceHb/»o0BTeHb 1998 p.)

B-STIC — Bnnue mikporpasitauii
Ha 3anuneHHs Ta 3annigHeHHs

(gonosigb nigrorossieHa
fokropom M. Macrpevis)

MicnanonboTHUI aHani3 KBiTOK Ta CTPY4KiB
0CO6WH Brassica rapa, siKi BUpocnu Ha opbiTi,
BKJIHO4aB CTPYKTYPHI Ta PyHKLiOHaNbHI acnek-
TV po3BuTKY. Dikcauis B NonbLoTi Jo3sonuna
BMBYATM NMOBEPXHIO MPUNMOYOK MaTo4oK mic-
na 2—24 rogvH Big 3anuneHHs. CkaHyBasnbHa
eNleKTPOHHa MiKpockonis nokasana, Lo nepe-
HECEHHS NWUIIKY Ta MOro NPOPOCTaHHA Ha NPUIA-
MouLi B yMOBax MikporpasiTauii Bigdysanmcs
HopMasibHO. XKUTTE3JATHICTb MUIIKY, SKY BU3-
Hayanwu ogpaasy nicnsa nonboTy LWAsxoM dap-
6yBaHHA GoryopecUeHTHUM diauetaToMm, CTaHo-
Buna 93—94 % y NonbLOTHOMY Ta KOHTPOSTbHOMY
BapiaHTax. Y nogasbLLOMY NfaHYeTbCA BUBYEH-
HSl CTPYKTYpPW NUIKOBUX 3EPEH i3 3acTOoCyBaH-
HAM TPaHCMICIHOI eNeKTPOHHOT MiKpOCKonii.
KinbKicTb BUNOBHEHNX HACIHWH Ha CTPY4OK
iCTOTHO He BiApi3HAnacs y NofMbOTHUX Ta KOHT-
POSIbHMUX POCIIMH, X04a 3arafibHa KifbKiCTb
CTPYH4KiB 6yna 6ifbLIOI Y HA3EMHOMY KOHTPO-
i, Lo MOXHa MNOSICHUTY TPYAHOLLIaMW 3anuneH-
HSl KBITOK B YMOBaxX MikporpasiTauii. Bus4en-
Hs1 NoKarizauji 3anacH1x pevoBuH (BYrneBOAiB,

6inkiB Ta ninigiB) y 3apogkax 3a JonoMOorowo
LUMTOXIMIYHMX METOAIB MoKasano, Lo iX HakKo-
NUYeHHs BiOOYBaETbLCA NOAIGHO 0O HA3EMHO-
ro KOHTPOSIO.

TpuBanictb KOCMIYHOrO MONLOTY 6yna He-
OOCTaTHbOK OIS OfepXXaHHs UinkoMm [o3pi-
JI0ro cyxoro HaciHHs. Kinbka cTpy4kiB 6e3mno-
cepefHbO Micna NonboTy BMILLEHO B cepefo-
BULLIE ONS KYNbTUBYBAHHSA TKaHWH, WO Aano
MOX/MBICTb Mi3HiLLIE i30Mt0BaTH i3 CTPYHKIB 3a-
POLKM Ta KYNbTUBYBATK iX Ha iHLIOMY Cepefo-
BULWi 0O hOpPMYBaHHSA JIUCTKIB Ta KOPEHIB, a
Hadani nepecagXyBaTu POCAVHU B FPYHT. Xo-
Yya y NonbOoTi 3apofKu BiacTaBanu Big KOHT-
PONbHUX Yy OOCAMHEHHI CTafii pO3BUTKY, KON
X MOXHa nepecagXXyBaTu y I'PyHT, Ni3HiLle BO-
HW pocaranu ii Ta IX po3BUTOK 6YyB NoAibHUI
00 Ha3eMHOro KOHTponto. Hawapkm yux ta
KOHTPOSIbHUX POCINH HEe BiApi3HANMCS.

OpepxaHi pesynstaT CBigyaTh, WO pen-
POAYKTUBHUIA PO3BUTOK Brassica rapa He 3a-
nexas Bifg rpasitauii. Takum Y“HOM, POCIINHU
NpOXoAsATb NOBHWUIA LMK PO3BUTKY Bif HACIHW-
HW 00 HaCiHWHW, WO, BIONOBIAHO, POOUTb MOX-
JINBUMW TpUBani KOCMiYHi MNOMbOTU.

B-PAC — BnnuB 3miHeHOiI rpasitauii

Ha POTOCUHTETUYHMI anapaT

(gornoBigb nigroToBsieHa JOKTOPOM
Lxevimcom avikemoro)

Mpouec ¢oToCcKMHTE3Y Bifirpae BupiLlanbHy
posb y 3aMKHEHWUX cUCTeMax XuUTTe3abeane-

YEHHs NPOTAroM TPUBANNX KOCMIYHUX MOSbO-
TiB ANA BIOHOBIEHHS Xi, aTMocdepu Ta BOAW.
KocMiyHi monboT1 MUHYNUX POKIB Ay>xe dopar-
MEHTapPHO BUCBITOBaNM epekT MiKporpasi-
Tauii Ha Mopdonorio, Nogin Ta PO3TArHEeHHs
KNITWH, @ TaKoX BNAMB LMX edpekTiB Ha disio-
norito gpotocmHTedy. CborogHi icHye marsno ga-
HUX NPO CTPYKTYPY Ta (PyHKUiOHyBaHHA ¢o-
TOCUHTETUYHOro anaparty i 4acTo BOHM Cy-
nepeunusi. ToMy gouUiNlbHUM 6YNO BUBYEHHSA
(POTOCMHTETMYHOIO anapaTy B eKCrepuMEHTI
CYAE, B skomy 6 napameTpu poCTy POCIUH
KOOPAMHOBAHO KOHTPOSOBaSIMCS.

Y nonepepgHix ekcrnepumeHTax BUKOPUC-
TOByBanuM Mofesib Ta KOHQirypawito kopeHe-
BOro cybcTpaty, NoTpebu PoCAvH Yy NOXMB-
HUX pevyoBUHaXx, TemMnepaTypHuii oNTUMyM Ta
iH., LLO NpuUnycKano onTUMasnbHUN picT poc-
NYH. 30Ha KOpeHiB Ta cucTema [OCTaBKU
MOXMBHUX PEYOBUH, fIKi BUKOPUCTOBYBAasM-
csa'y 87-11 micii, manu Taki cknagosi. No-nep-
we, niHonfacT NigTpMMyBaB POC/NHU B CY6-
cTparti. liHonnacT Hapizanu Tak, Wo6 BiH
KomdopTabenlbHO BXOAMB B OCHOBY POCTO-
BUX Kamep i PYHKLUIOHyBaB K pe3epsyap
pianHn. Mn BU3HaYUNU, WO MNOBHUA PO3YMH
XornaHga € MpUAHATHUM AK [Kepeno mno-
XWBHUX pe4voBuH. Mo-gpyre, y heHonbHOMY
niHonnacTi poéunn XonobKu, Lo BUKOHYBa-
nv aBi BaxnumBi pyHKUii. 3 ogHoro 60Ky, BO-
HW CTBOPIOBANM MPoCTip, B AKOMY 3HaxoAu-
NNCH YNakoBKU 3 HacCiHMHaMu, 3 iHLWOro —
NOBITPAHWI NPOCTIP, AKUIN OTOYYBaB YNaKoB-
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KW i 6yB [OCTaTHIN gns Toro, wob 30Ha Ko-
peHeBOI cUCTEMU He BigdyBana aHaepobiosy.
[Mo-TpeTe, ynakoBKM Afis POCTY POCIMH BU-
roTOBJEHi 3 NMIBKKU, iIka He MicTuna uento-
71031 | [O AKOT NPUKPINAAnM HaciHuHW. Big-
CYTHICTb LIenono3n BUKIYarna pict Mikpobis,
i Tpeba 3ayBaXkuTu, O POCIIMHU B eKcrnepu-
MeHTi CYAE nicns noBepHeHHs Ha 3emnio
He O6ynn nepeobTAXEHI 3abpyOgHEHHAMU 3
6aKkTepiin Ta rpmbis. BMKopucTaHHA ynakoBOK
TaKoX Crnpusano 360py TKaHWH KOPEHIB Ha Op-
6iTi. YNnakoBka € KOHTEMHEPOM, SIKWUIA NErko
BMOANSABCA Mig Yac MaHinynsauii no 3amMopo-
XyBaHHIO abo ikcauii. B nonepegHix ekc-
nepyvMeHTax TakoXx 6yno onTUMi30BaHo Mpo-
uenypwu (enektpodopes, BectepH-6510T aHa-
ni3, ouiHKa KiHeTWKu donyopecueHuii i T.4.),
AKi BigNpaubOBYyBanMUCA Ha iHWWX BMOax
Brassica.

Llto cuctemy noTiMm BUKOPUCTOBYBASIN B €K-
cnepumeHTi 3 Brassica rapa npotarom 15 pi6
y 87-1 wmicii. MonbOTHI Npoueaypy Ha wwatni
NPoOBOAMB KOCMOHAaBT-AOCAIOHWK Bif YKpaiHu
NosikoBHUK JleoHin KageHtok. HaciHHSA 3mouy-
Banocsa Ha op6iTi, pOCNMHN 36Upany Ha Cbo-
My, OeB’ATY Jo6Y (dhikcyBanucs Ta 3aMOpPOoXYy-
Banmcs) Ta Ha 15-Ty goby (3anuwanmcs Xu-
BUMW NPOTArOM 2 roguH Nicns nNpu3eMseHHs
5 rpygHa 1997 p.). MNicnanonboTHI AoCAioKeH-
HS TKaHWH ciM'aponer 6ynu npoeefeHi B Kan-
3aCbKOMY YHiBEpCUTETI, Kyan iX TpaHCnopTy-
Bann y 3aMOpPOXyBaHOMY cTaHi 3 KocMidHOro
LEeHTPY.

PocnvHu 3 yCcTaHOBKWM ONsi BUMPOLLYYBaHHS
pPOCAVH 36Mpanu Ta Po3nOAINsaM MiX vfeHa-
MU KOMaHan ekcnepumeHTy B-PAC Bignosia-
HO [0 NfaHy CniflbHOrO0 BUKOPUCTAHHSA TKaHWH,
BignpaLboBaHoro npotarom Haykosoro nepe-
BipPOYHOrO TeCTy i TeCTy 3 KOPUCHOMO BaAHTAaXY.
Matepian posnoginanu mix AMINO, PHYTO
Ta LIPIDS (gpyri nuctku Ta ctebna) Ta ROOTS
(Bcs mig3emMHa TkaHuHa). CBiXi NMUCTKKN nepe-
nasanu komaHgi B-PAC. Cim'sgoni 36upanu,
3aMOpOoXyBanu Ta nepenpasnanu ansa aHani-
3y B KaH3acbKuin yHiBepcuTeT.

[HdbopmaLito Wo[o pocTy POCivH OTPUMY-
Banu 3 gotorpadin, 3pobaeHnx Ha opobiTi. B
LinoMy 0CobuHU, SiKi BUPOCNM B KOCMiIYHOMY
nosiboTi, 6YNMN BULLMMN 3a KOHTPOJIbHI 3 HEe3-
Ha4YHUM 3MEHLLUEHHAM BiACOTKY NPOPOCTaHHS.
BecTepH-6n10T aHania Tmunakoigis xnoponnac-
TiB, i30/1bOBaHUX i3 ciM'agonen, oaB MOXIu-
BIiCTb NpPUNYCTUTK, LWO: 1) xnopodpin-komnnek-
cn cpotocuctem | (OCI) Ta Il (OCIl) ameHLy-
Banucs B NONbOTHUX 3paskax, 2) PoToxiMivHa
akTuBHicTb OCl 6yna nofibHo A0 KOHTPOSIIO,
3) 3MEHLLEHHS CTPYKTYPHOro 6inka He cynpo-
BOOKyBasnocs 36inbLIeHHAM 6inkoBuX dopar-
MEHTIB BCepeauHi MembpaHu, Lo Morno 6
BigdyBaTuncs, SK6U Mikporpasitauis cnpu4u-
HioBana iHayKosaHy CTpecoM Jerpajawiio Ha-
ABHUX BifKiB, 4) iHWIi MembpaHHi 6inkn, nepe-
aycim B-cy6ogmHuus ATD-cuHTasm xnopon-
NaCTHOrO CrpPs>XXeHOro dhakTopa, BUSABUNNCS B
36iNbLUEHNX KOHLEeHTpauiax y Tunakoigax,
ofepPXaHnNX 3 NONbOTHUX 3Pa3KiB.
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Moxnuei aBi iHTepnpeTauii ogep>XxaHux
naHnx. lNMo-neple, MoXxHa NPUNYCTUTHK, LLIO
Jeski dakTopu cepefoBuLla Y KOCMiYHOMY
NonbOoTi € CTPECOPHUMM AN POCIIMH, Xo4a
npuBadnnBoIO € AyMKa, L0 MiKporpasiTauis
npu3BOaUTbL OO0 3MiHM B AWHaMILi piguHK,
BHaC/IQOK YOro BMHWKAE FiNOKCis B 30Hi KO-
peHeBoi cuctemu. [Aani ekcnepumeHty ROOTS
nokasanu He3HadHe 36inblUeHHA O6inkis,
EKCMpecifl AKX PerynioeTbCA NPOTAroM aHa-
epob6io3y, CnpuYMHEHOro 3aTonseHHaMm. He-
IKi KOnerun BBaxaroThb, LLIO CTPeC ckopille Mir
BMKNMKaTUCA BogHUM pedpiumtom. o-gpyre,
MOX/MBO, WO AesKi (hakTopu HaBKOMULLHb-
oro cepefioBuLLa B NoJfibOTi MOMN HeraTme-
HO BMAMBaTW Ha POPMYyBaHHA Ta aKTUBHICTb
hoTOCMHTETMYHOrO anapaTty, ocobnueo OCI.
Hanpwuknag, geski rpynu cnoctepiranu 3MiHm
y po3nofini ByrneBoAdiB y poCnnHax npoTs-
rOM KOCMIYHOro rnonboty. Lle pobuTtb 3Ha4HO
SCHILUMM MOJIOXKEHHS, WO reHn 6inkis goTo-
CUHTETUYHOrO anapaTty perynwTbCca Ha
piBHI BMiCTy ByrneBogis. [poTe piBHi gnde-
peHuivHoi perynauii ®Cl ta OCIl Hesigomi.
CnogiBatocs, WO Hawi gaHi npuBabnuei Ta
NOPYLUYIOTb MUTaHHSA, AKi MalTb yHAAMEH-
TanbHe Ta MnpuknagHe 3Ha4YeHHs Ons po3-
pPO6KKN 6iopereHepaTUBHUX Ta KOHTPOJbOBA-
HUX CUCTEM XUTTE3abe3nevyeHHs B KOCMiY-
HOMY MOSbOTI.



B-PAC — ®nyopecueHTHa Ta choToximiuHa
aKTUBHICTb NUCTKIB Brassica rapa

(gonosigb nigrotoBsieHa
A4.6.H. CsitnaHoto Ko4yber)

B CYAE mMosi KomaHga focnifxysana Taki xa-
pakTepucTuky, AK: 1) iHAYKUia donyopecueHLuii
JINCTKIB, 2) CMNeKTpUM HU3bKOTEMMNepaTypHOI
donyopecLeHLii xnoponnacTis, 3) HN3bKOTEM-
nepaTypHi cnektpu dnyopecueHuii ®Cl Ta
®CIl, 4) abcopbUinHi CNekTpu XnoponnacTis
npu KiMHaTHIN Temnepatypi, 5) doToximivHa
akTmBHICTb DCIl LWIAXOM MOHITOPUHIY €BO-
nouii KUCHIO B NPUCYTHOCTI LUTYYHOrO aKuen-
TOpa eneKTPOHIB, 6) dhoToXiMiYHA aKTUBHICTb
OCI LWNSXOM MOHITOPUHIY KUCHIO, MOTNMHAH-
Hs1 B NPUCYTHOCTI OHOpaA Ta akuenTopa LTyy-
HUX €NEeKTPOHIB.

BinbLwicTe pe3dynsraTiB oTpMMaHo Ha 15-
[o60BMX pocnnHax. Mu ginwnm Takmx BUC-
HOBKIB:

1) POTOCUMHTETUYHUIA anapaT NUCTKIB nep-
woi napwn 15-go6oBux pocnuH Brassica rapa
BUSIBMB MEBHI BiOXWEHHSA Bif HOPMAasibHOro
CTaHy,

2) BiOXWUNEHHSs, CnpuynHeHe fedopmalieto
koMmnnekcy ®CI, BMABASETLCA crnoYaTKy B
6/IM3bKOMY OTOYEHHI peakUiMHUX LEHTPIB i,
MOXJIMBO, B iHLUMX MICUSIX NTAHKWN ENEKTPOH-
HOro TpaHcnopTy,

3) MOXIMBO, LLO BMICT CBITNO36MpasnibHOro
KOMMJIEKCY 3MEHLLYETLCA Mig BNAMBOM MIKPO-
rpaeitauii,

4) mikporpasiTaujis cnabko BnavMBae Ha op-
raHisauito Ta dpyHkuUioHanbHy akTusHicTb OCII.

B-PAC — CTpyKTypHa opraHi3auisi nMCTKiB
Ta KniTuH me3odpiny Brassica rapa

(gonosigpb niigroToBrieHa
K.6.H. Hagieto Agam4yk)

CTpyKTypHY opraHi3aLito nMCTKiB Ta Me30oqisfib-
HUX KNITUH 9- Ta 15-0060BNX POCNVH, (PiKCO-
BaHWX Micns noneLoTy, Ta 6- i 13-go6oBux poc-
JIMH, hikcoBaHMX Ha Op6iTi, aHanidyBanu me-
ToAaMu CBIT/IOBOI Ta €EKTPOHHOT MiKpOCKonii
Ta MopdoMeTpii.

[MopiBHANBHUI aHani3a MOpPdONOriYHNX 03-
Hak 13- Ta 15-0060BMX POCNNH, AKi BUPOC/N B
Ha3eMHOMY KOHTPOSi Ta KOCMIYHOMY MOJbOTI,
nokasas 3Ha4He 36ifbLLUEeHHS PO3MIpiB KITiTUH
nanicagHoi napeHxiMu, po3MipiB Ta KifbKOCTi
XJI0pONNacTiB Y KOCMIHHOMY NOJbOTI, X04a TOB-
LLIMHA NIMCTKOBOI NMSIACTUHKM He 3MiHIOBanacs.
KinbkicHa ouiHKa ynsTpacTPyKTYPHUX O3HaK
BUsSBMIa 36iNbLUEHHS BiZHOCHOro napuianb-
HOoro o6'eMy TWUMaKoigiB Ta nnacTtornoéyn y
CTPOMI XSTIOpONacTiB NONMbOTHMX 3pa3kiB. Bia-
Mi4YEeHO TaKOX 306i/bLLUEHHSA KifIbKOCTi TUaKoi-
OiB y rpaHax Ta 06'eMy KpoxmasibHUX 3epeH
y xnoponnactax 13- ta 15-go6oBux ekcne-
PUMEHTanbHUX POCNVH. 3aranbHa JOBXUHA
POTOCMHTETMYHUX MeMbpaH Yy xJioponacrax
nanicagHoi napeHxiMu 36inbluyBanacs y 6-1u
Ta 9-0o060BUX POCVH NPOTArOM MONbOTY, NpU
LboMy 36inbLUyBanacs came [OBXMHA CTpO-

MaribHUX TUaKoifiB, a TUMakoidiB rpaH He 3Mi-
HioBanacs, xo4a 41Mcno rpaH 3MeHLUyBanocs.
Kpim TOro, 6inbLUiCTb rpaH MicTuna Tmnakoigm
pi3Hoi goBXuHW. MiXXTURakoigHuM npocTip 6yB
6iNbLUMM Yy POCSIMH B HA3EMHOMY KOHTPOII.

AMINO — Bnnue ymoB
KOCMiYHOro nonboTy Ha BMiCT
amiHokucnoT y Brassica rapa

(gonosigb nigrotossieHa
4. 6. H. TeTaHow YepeByeHko)

Pesynbrati gocniokeHb nokasanu, Lo 3arasb-
HUIM BMICT BiJIbHUX aMiHOKUCIOT Yy Ha3eMHUX
opraHax (McTKM gpyroi nmapu Ta cTte6na) B
KOCMi4YHOMY MNonboTi 36inblysascs B 1,4 —
2,1 pa3u NOopiBHAHO 3 HA3€MHUM KOHTPOSIEM.
Han6inbwmmm 6ynn BigmiHHOCTI y 15- Ta 28-
0o60BMX pocnvH. BmicT acnapariHoBOi Kuc-
NOTW, TPEOHIHY, CEPUHY, MyTaMiHOBOI KMUCO-
TW, anaHiHy Ta BasniHy oco6nmBo 36inbLUyBaB-
cs B nucTkax 15-go6oBux pocnvH. B Ton xe
Yyac 3apeecTpoBaHO 36ifbLUEHHS BMICTY Mpo-
NiHy, acrnapariHoBOI KACINOTW, TPEOHIHY, cepu-
Hy Ta apriHiHy B cTebnax. 3Ha4yHe 3pOoCTaHHsA
BMICTY Ni3MHY Ta apriHiHy BnepLle BU3HAYEHO
y 28-0060BUX POCMMH B YMOBax KOCMiYHOMO
nonboTy. 36inNbLUEHHA BMICTY apriHiHy B NUCT-
kax y 5,5 pasn, a B ctebnax —y 25,6 pasu 3a-
cBigyye BTpaTty pocnnHamu dpocdpatie. 3Hu-
XXEHHS CMHTEe3y aMiHOKMCMOT apomaTuyHOro
psAOy TakoX BKasye Ha nopylueHHs docdat-
HOro o6MiHy y pOCNMH B yMOBaxX MiKporpasi-
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Tauji. 36inbLUEHHs BMICTY acnapariHoBoi Kuc-
notny 21 pas B nuctkax 15-0o6oBmx pocnvH
Ta Noro 3HMxXeHHs y 8,5 paan B cTebnax caig-
4yaTb NPO CTapiHHA POCINH Ta MNOPYLUEHHSA
a30THOro obmiHy. Ha aktnBauito cmHTeady o-
TOCUHTETUYHUX NIrMEHTIB BKa3Yy€e 36iNbLUEHHS
BMICTY rntoTaMiHOBOI Kucnotu B 1,6 pasu y
nuctkax 15-go6oBMX POCAUH. HakonnyeHHs
BiflbHMX aMiHOKWUCIIOT, NepegyciM NponiHy, B
Ha3eMHUX opraHax pocnuH Brassica rapa B
ymMoBax Mikporpasitauii po3rnagaeTscs sK
afanTyBHa peakuist POCMH Ha BOAHWUI CTpecC.

PHYTO — Bnnue yMOB KOCMi4HOr0O MosbLoTy
Ha BmMicT dpiToropmoHiB y Brassica rapa

(gonosigb nigrotossieHa
4.6 .H. Jllogmunoro MycateHko)

LocnigkeHHs iTOropMOHanbHOro KOMMEKCY
pocnuH Brassica rapa He BUSIBUNO BiAMIHHOC-
TeW B PiBHAX ayKCUHY Y Nig3eMHUX opraHax 9-
OO6O0OBMX POCNVH B HA3EMHOMY KOHTPOSi Ta B
ymoBax Mikporpasitauii. Bmict abcun3oBoi
KMUCNOTW BUSIBUBCS BULLIMM B MOSIbOTHUX 3pas-
Kax MOPIBHAHO 3 KOHTPOMEM, LLO MOXHa Mno-
ACHUTK Ti i3IONOriYHOK (PyHKUiE SK iTo-
ropMOHy cTpecy. [NopiBHANBHWUIA aHani3 xpo-
Marorpam, ofep>XaHux MeTOAOM PigMHHOI
Xpomartorpacdii BUCOKOro TUCKY i3 MONbOTHUX
Ta Ha3eMHUX 3pas3kiB, Nokasas MNPUCYTHICTb B
060X BapiaHTax 6eH3unnamMmiHonypuH pnéoau-
Oy, i3oneHTeHinageHiHy Ta isoneHTeHinageHo-
3MHY. TakoX BUSBMIEHO 3HAYHO BULLMI BMICT

pnbéo3nay 3eaTuHy, KU KOHTPOMIOE 3arasb-
HWA BMICT LIMTOKIHIHIB Y POCMWH, B NOSbOTHUX
3pas3kax. Y cnigoBuXx KiflbKOCTAX BUSABIIEHO MO-
XigHi pnb0o3nais Ta rnoko3nais. OpepxxaHi aaHi
OO3BONNAY NPUNYCTUTH, LLIO B yMOBAX MiKpor-
paBiTauii ckopiwe Big6yBaeTbCcs nepeposano-
Oin pi3HNX hopM POCTOBUX PEYHOBUMH, HIXK 3Mi-
HUM B iX CMHTE3i Ta MeTabosi3Mi.

ROOTS — CTpyKTypHa opraHi3aLis
anekciB rosloBHOro Ta 6i4HUX KOPEHIB,
0co6nMBO YOXNUKIB, y Brassica rapa

B yMOBax Mikpo rpasitaii

(gonosigpb niigroTossieHa
4.6.H. EnnszaseTtoro Koparom)

HapgaHo ornag icHyrouux y nitepaTtypi gaHux
LoA0 POCTY Ta PO3MIpiB POCANH, MITOTUYHOI
aKTMBHOCTI, FiCTOrHe3y, AndepeHLitoBaHHs Ki-
TUH Ta CTPYKTYPHO-(PYHKLIOHaNbHOI OpraHisa-
Lii anekciB eMOpioHasNlbHUX KOPEHIB B yMOBax
MikporpasiTauii. Ha nigctasi nposefeHoro
aHanisy BW3HA4YeHO OCHOBHY METY eKcrepu-
mMeHTy ROOTS — 3'acyBaTn 0cO6nMMBOCTI Au-
depeHuitoBaHHA Ta (PYHKLIOHYBAHHA KITiTUH
KOPEHEBOro HYoX/MKa K rpasicnpumimaroHoro
opraHa Ha pi3HMX cTafifax PO3BUTKY POCIWH
Brassica rapa B KOCMiYHOMY MOSbOTI Ta Ha-
3eMHOMY KOHTPOni. 3a AONOMOroK eNeKTPOH-
HOT MIKpOCKOMiT aHani3yBanun KOpeHeBi anekcu
roMoBHOro Ta 6i4HMX KOPEeHIB 6- Ta 13-0060BKX
pPOCnuH, doikcoBaHMX Ha op6iTi, Ta 15-0060BMX,
dikcoBaHMX nicnsa npuaemseHHs. B ymoBax
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MiKporpasiTauii cnoctepiranucsa 3akpy4eHi
6i4Hi KopeHi 1-ro nopsaaky. OcHoBHy yBary 6y-
10 NpUAiNeHo yneTpacTpykTypi Mepuctema-
TUYHUX KNITUH KOPEHEBOMO YOX/MKA, KITiTWH,
AKi gudpepeHrLitoBanucs y crtatoumnTu, ctaToum-
TiB Ta CEKPETOPHUX KNITUH. BinbLiicTb 03HakK
YNBTPACTPYKTYPU AOCAIOKYBAHUX KIITUH Y
KOHTPOSi Ta B yMOBax Mikporpasitadii, BKnoya-
04N PO3MipKn, hopMy Ta po3TaLlyBaHHs agep
Ta CTPYKTYpy XpomartuHy, 6ynu MopibHuMM,
Xo4a Big3Ha4eHo NeBHi BigMiHHOCTI. Tak, y cTa-
ToumMTax B ymMOBax Mikporpasitauii aminonnac-
TU-CTATONITW, HA BiAMIHY BiJ HA3EMHOIO KOHT-
posto, po3TalloBYBanMcsa Mo BCbOMY 06'eMy
umMtonnasmu, o6'eM KpoxmalsibHUX 3epeH B
aminonnacrtax 3MeHwysascs. [esKi 3MiHK
crnocTepiranics B nokanisauii membpaH ar-
paHynapHOro eHAonasmaTuyHoOro peTukyny-
My B OuCTanbHin YactuHi ctatoumta. Cekpe-
TOPHI KNITUHWM YOXJIMKa Y MOSIbOTHMX 3pasKax
BiOPIBHANNCA Big KOHTPOSIbHUX CUJbHILLO
Bakyonizaujieto Ta MEHLNM 06'eMOM anapaty
lMNonboxi. Ha nigctasi xapakTepy 3MiH Y CTPYK-
TYypi OWKTIOCOM MNPUNYCKAETHLCA 3HMKEHHSA
BMPOOGHULUTBA HUMKU cnundy. B kniTuHax puso-
JepMKn BnacHe KOpeHs 36inbLuyBaBcs 06’eM
Bakyosnen Ta 3MeHLUYyBaBCA — JlOKallbHUX
PO3LUMPEHb FPaHYNAPHOro eHgonnasmaTny-
HOro PeTUKynymy 3 6inkoBUM BMICTOM. Y Uino-
My 6yno BigMi4eHO, LLI0 MOPCOreHe3 KOpeHiB
Ta gudepeHuitoBaHHsa KIiTUH BigbyBanucs
HOopMarsibHO B yMOBax MikporpasitaLii, — poc-
JIMHW POCAV, UBINW Ta 3aB'A3yBanuv HacCiHHA 3a

-
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unx ymoB. CtaToumTn 6K rpasicrnpunmarodi
KNITUHW gudpbepeHuiloBannuca B YOXiMKax ro-
NOBHOMO Ta 6i4HMX KOPEHIB B YMOBax MiKpo-
rpasitadii, ane He yHKUiOHyBanu 3a BIiACYyT-
HOCTI rpasiTavnirHoro Bektopa. NpunyckaeTbes,
O 3MiHW BYrneBOOHOro o6MiHy, fAKi Bigoy-
BalOTbCA B YMOBaXxX MiKporpasiTtauii, MOXyTb
BNAMBATK Ha MeTaboniam, Lo BigobpaxxaeTb-
Csl B yNbTPaCTPYKTYPi KNITUH KOPEHEBOIO HOX-
NvKa Ta pu3ogepmu.

ROOTS — Bwmict AHK
Y Pi3HUX POCTOBUX 30HAX KOPEHS
Brassica rapa 3a ymoB Mikporpasitauii

(gonosigb nigrotoBsieHa
Biktopom 3acnaBcbkum)

KopeHeBi anekcu 9- Ta 15-0060BMX POCAVH
dikcyBanu B po34uHi KapHya nicnsa npusem-
NEeHHs1, 3acTocoBYylO4M peaklito dPenbrenHa,
3pasku aHanisysanu 3a 4onoMorow OfHOXBU-
NbOBOro LMUTOMIYOPUMETPUYHOIO MeTogdy
(moBxmHa xBuni 502 HM) [N BU3HAYEHHS
BigHocHoro BmicTy [HK. YV KOXHin pocToBin
30HI — MepuCTeMi, po3TaraHHs Ta audepeH-
LitOBaHHA LLIECTM MOSIbOTHMX Ta LUECTU KOHT-
POnbHUX KOpeHiB BUMiptoBanu no 100 KNiTuH.
Opep>xaHi gaHi 06pobnann ctatuctnyHo. Ha
nigcTasi aHaniay ofep>XXaHux AaHux 3po611eHo
Taki BucHoBku: 1) Bmict OHK y kniTuHax pis-
HUX POCTOBWUX 30H Bi4HNX KOPEHIB 1-ro nopsg-
Ky y 9- Ta 15-0060BMX POCNAVH MOSbLOTHOIO
BapiaHTy Ta Ha3eMHOro KOHTPOSO BapitoBaBs

Big 3.15+0.12 ym. og. — 2 C po 6.3+0.18
ym.of. — 4 C, BKIHOHa04N NPOMDKHI 3HaYeEH-
HA, LLO BignoBsigano HopmansHOMy nepeoiry
Pi3HMX has KMITUHHOrO LUKy, 2) NOAIGHUA pi-
BeHb nponidepadii 6yB BU3HAYEHWUI B MepUC-
TeMaTUYHUX KMiITUHax KOpeHiB 9-0060BMX poc-
JINH 3a YyMOB MiKporpasiTauii Ta Ha3emMHOro
KOHTPOS0, HE3HAYHE 3HMXKEHHS PIBHA Mponi-
depalii Big3Ha4eHo y 15-0060BUX POCAVH, 3)
B HA3€MHOMY KOHTPOSi 36inbLUeHHs nonynsuii
KniTnH 3 4 C crnocTepirany B 30Hax po3TAraH-
HA Ta AMdepeHLitoBaHHS 3 MakCMMyMOM B OC-
TaHHin — 30 Ta 40 % BiOMNoOBIOHO, B yMOBax
MikporpasiTtauii — 40 ta 50 % BignosigHo, LWo
BKa3ye Ha BULLMIA piBEHb COMAaTW4YHOI MNofi-
nnoiguaadii 3a ymoB Mikporpasitauii. Takum
YMHOM, MOXKHA KOHCTaTyBaTH, L0 B OCHOBHUNX
prcax KniTMHHWIA LMKN 3a YMOB Mikporpasita-
Lii Big6yBaeTbCA NOQIGHO [0 KOHTPOSIO. 36inb-
LLEHHS KiflbKOCTI NONIMAOIGHUX KAITUH Y 30Hax
po3TAraHHA Ta AMepeHLUiloBaHHA KOpeHs
MOXE CBIiQYUTM NPO MOCUSIEHHA PE3UCTEHT-
HOCTi pOCNVH Npu MikporpasiTauii LIsaxom
amnnidikadii reHie Ta 3MiH sgepHo-umMTonnas-
MaTUYHUX CMiBBiQHOLLEHb.

SOYMET — B3aemogis mikporpasitauii Ta
eTUJIeHy B PO3BUTKY Ta MeTabonismi coi

(gonosigb nigrotossieHa
HokTopom Kpictochepom bpayHom)

Y pOCNNH B KOCMIYHOMY MOMbLOTI BUSIBNIEHO
3MiHM B POCTi, MeTaboniami Ta ynbTpacTpyk-

Typi. PaHilwe 6yno BCTAHOB/EHO, LLO PiBHI €TU-
JIEHY BULLi B MOSIbOTHUX POCIINH, HIXK B KOHT-
pornbHMX. TOMy B LIbOMY €KCNepuUMEHTI nepe-
Bipsan rinoTeay, Yn BigbyBalOTbCs BHACNIOOK
NiABULLEHHSA CUHTE3Y eTUSIeHy 3MiHW B POCTI,
MeTaboni3mi Ta yNsTpacTPYKTYpi Y POCIVH, AKi
BMPOCNN B KOCMIYHOMY MonbOTi. B ekcnepu-
MeHTi SOYMET BMKOPWUCTOBYBanu €eTiONbo-
BaHi npopocTku coi (Glycine max copt McCall),
SIKi poCnM B KOHTeWHepax Aans 6ionori4Hux
nocnigxeHb. NonoBuHa KOHTENHepIB MicTuna
KMnO,4 ons BupaneHHs eTuneHy 3 MosiTps.
Cyxe HaciHHa pocTaBnsnu Ha opo6iTy i Tam
3mModyBanu. MNMpoTarom NonbOTy 3 KOHTENHEpPIB
nepiogn4Ho 6panu 3pasku rasdy. HacTuHy KoH-
TEeNHepiB 3aMOpOXyBanu Ha op6iTi, iHLWY no-
BepTanM 3 martepianom B XuBomy cTaHi. [lic-
NANONBOTHI JOCNIAKEHHA BKNOYanu aHaniau
cknagy rasy, pocTy NpopoOCTKiB, BYrneBOAHO-
ro Metaboniamy y cim'agonsx, nokanisawji kasb-
Ljlo Ta YNbTPACTPYKTYPU KNITUH KOPEHS.

KoHueHTpauisa eTuneHy B KaHicTpax 6yna
BABIYi GiNbLLOK B KOCMIYHOMY MOJSIbOTI, HiX B
HazeMHoMy KoHTposi. Xoya KMnO,4 3meHLUy-
BaB KOHLEHTpAaLito eTUNEHY B KaHicTpax, B no-
NbOTHMX KaHiCTpax BOHA 3anuLuanacs BULLIOKO
3a Ha3eMHWU KOHTPOrb.

Pict npopocTkiB B ymoBax Mikporpasitauii
Marno BiOpi3HABCA Bif HA3EMHOIrO KOHTPOJIHO.
MpoTe He3anexxHo Bif, piBHIB €TUNEHY 3ararsb-
Ha CBiXKa Maca NpopocCTKiB 6yna HMX4YO0LO B Mo-
NbOTHOMY BapiaHTi MOPIBHAHO 3 KOHTPOSIbHUM.
CniBBiAHOLLEHHS FMOKOTUIIL/KOPIHb TAKOX 3HU-
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XKyBasnocs B NosibOTi 3a NPUCYTHOCTI €TUMEHRY,
arne 3a Noro BiACYTHOCTI He Bigpi3HAnocs Big
Ha3eMHOro KOHTPOSHO.

BmicT caxapoau B ciM'agonsax y nonboTi 6yB
yOBIYi BULLMM 3a KOHTPOSb. BMicT kpoxmarnto,
reKCO3HUX LYyKpiB, 6ifkiB abo ninigis He Bif-
pisHsABcA. MoOXnvBO, WO piBEHb ETUNEHY HE €
Zito4nM hakTopoM.

[Mpn BUCOKOMY piBHI €TUNEHY enigepMarnbHi
Ta Me30qiNbHI KIITUHK ciM'agonen 36inbLuyBsa-
1cs 3a PO3MIpOM, asne Ha Len NoKasHUK MiK-
porpasitauis He BnnvBana per se. binkosi Tinb-
us 6ynn NPUCYTHI Yy BaKyonsx i, CXoxe, Ni3nc
6inkKiB 30inbLUYBaBCA B yMOBax Mikporpasitadii
He3anexHo Bifg piBHA eTuneHy. He BuaBneHo
BMSIMBY KOCMIYHOMO MonboTy abo piBHA eTune-
HY Ha po3Mip enigepmMaribHUX KIiTUH FinOKOTU-
JII0 Ta CTPYKTYpy opraHen. BigsHayeHo 36imb-
LUeHHsA BaKyonizauji ctatouuTis, MepucTema-
TUYHUX Ta CEKPETOPHUX KNITUH KOPEHEBOro
YOXJIMKA MOPIBHAHO 3 HA3EMHUM KOHTPOJSIEM.
Poamipn nnactug y crtatoumMtax KOpeHeBOoro
YOXJIMKa Ta KPOXMasibHUX 3epeH y nnactngax y
NoNbOTHOMY BapiaHTi 3MEHLLYBanu1cs, HaKonm-
YeHHSs (hiTohepuUTUHY B NnacTngax 3pocTasio.

PiBeHb kanbLito B rianonnasmi napeHxmm-
HUX KNITWUH FNOKOTUIO BUABUBCA OiflbLL YyT-
NMBMM [0 KOHUEHTpaLii eTuneHy (BUCOKMI pi-
BEHb KasbLiito NPU BUCOKIV KOHLEeHTpauii eTn-
NEHy), HX OO KOCMiYHOro nonboty. lMpoTe B
KMiTMHaxX Me30qiny ciM'agonen B NonNboTi BMICT
KarnbLito, MOX/MBO, 6YB HMX4YMM 3a Takui B
Ha3eMHOMY KOHTPOfIi.

Pag napameTpis pocTy Ta meTaboniamy npo-
POCTKIB COi BU3Ha4anu 3 METOI0 3'CyBaHHS, YK
iX 3MiHM B NOMbOTI € HACIOKOM MigBULLEHHS
piBHA eTuneHy. Jlnwe cniBBigHOLLEHHS FinoKo-
TUNL/KOPiIHb Ta PO3MIp enigepManbHUX KiTUH
ciM'agonent BUABUIUCS HYYTIIUBUMW O BMICTY
PiBHS eTUNEHY He3anexHo Bif yMOB rpasitadii.
Ha iHWwi napameTpu (3arasnbHui picT, KOHLEHT-
padito ByrneBomiB, HasiBHICTb BINIKOBMX Tineub y
BaKyonsax KMiTMH Me30qiny ciM'agonen, Baky-
onizauito KNiTMH KOPEHeBOro YOXnKa, po3mipu
nnactng Ta KpoxmasbHUX 3epeH y nnactugax,
HaKOMMYeHHs1 ITOPEPUTMHY) BNMBaN yMO-
BWM KOCMIYHOro MosibOTY, ane He piBeHb eTune-
Hy. TOMy MOXHa cKasaTu, LLO, KpiM eTUreHy,
AKWI BigirpaBas NeBHY porib Y POCTi Ta PpO3BUT-
Ky MPOPOCTKIB COI, HasiBHi iHWi hakTopu, sKi
BM/IMBAIOTb Ha 6ionorivHi 06'ekTn Ta NOTpedy-
I0Tb MOQASLLLOO BUBYEHHS.

SOYMET — nokani3sauis Kanbuito

B cim'sagonsax Ta rinoKoTuni

NPOpPOCTKIB COi, AKi BUPOCNN B yMOBaXx
MikporpasiTauii Ta B Ha3eMHOMY KOHTponi

(gonosigb nigrotossieHa
A.6.H. OneHoto Hepgyxoro)

B ekcnepumenti SOYMET 6yB BCTaHOBNEHWI
BMNSMB MiKporpasitauii Ha nepepoanogin Ta
BiJHOCHWI BMICT BiNlbHMX Ta cnabKo3B'a3aHnx
iOHIB KanbLilo B Pi3HUX KNiTUHAX FiNOKOTUNIO
Ta ciMm'sgonen npopocTkiB coi. Jlokanisauito
iOHIB KanbLito gocnigkyeanu 3a LOMOMOrow
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€NTeKTPOHHO-LIMTOXIMIYHOrO NipOaHTUMOHATHO-
ro MeTody B Pi3HMX KNiTUHaXxX rinokoTuns Ta
cim'agonen y 6-0o60BMX NPOPOCTKax, sKi poc-
1 B MPUCYTHOCTI Ta BiACYTHOCTI eTuneHy. No-
KasaHo, Lo eTufnieH BMAMBaB Ha PO3BUTOK
NPOPOCTKIB — L& 3acBigyyroTb 3MiHW ynbTpa-
CTPYKTYPWU KNITUH. BiAHOCHUI BMICT KanbLito
B rianonnasmi NapeHXiMHUX KNiTUH FinokoTu-
0 36iNbLUyBaBCA B MPUCYTHOCTI ETUNEHY FK Y
KOHTPONI, TaK i B KOCMiYHOMY MosboTi. Kpim To-
ro, KNitTnHn me3oqiny cim'sgonei 3a yMoB Mik-
porpasiTauii BUSBAANN O3HAKWU MPUCKOPEHO-
ro CTapiHHA MOPIBHAHO 3 HA3eMHUM KOHTPO-
JleM He3anexHo Bif KOHUeHTpaLii eTuneHy B
KaHicTpax. 3anacHi 6inkn y Bakyonsx 6ynu
MOBHICTIO yTUNi3oBaHi. B Takux Bakyonsx Bif-
3Ha4YeHO 3MEeHLLUEHHS KiNbKOCTI rpaHyn npeum-
niTaTy KanbLito, iX 3MEHLLEHHSA cnocTepiranm
TakoX B MDKKMITMHHOMY NMPOCTOpPi NPOPOCTKIB
3a yMOB MiKporpasiTaLii NopiBHAHO 3 Ha3eM-
HUM KOHTPOSIEM.

SOYMET — YnbTpacTpyKTypHa
opraHisauis Ta nokanisauis KanbLito

B KJiTUHaX KOPEHEeBMUX anekcis
NPOPOCTKiB COi, IKi BAPOCNN B yMOBax
MikporpasiTtauii Ta Ha3eMHOro KOHTposno

(gonosigb nigrotoBsieHa
K.6 H. Amutpom Krnnmyykom)

MokagaHo, LU0 PICT KOPEHIB NPOPOCTKIB COi B
yMOBax MikporpasiTtauii CnoBifibHIOBaBCA MO-
PIBHAHO 3 HA3EeMHUM KOHTponem. EnekTpoH-
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Ha MiKpOCKOMif NO3A0BXHiX 3pi3iB KOPEHEBUX
arekcis BMsBUIa NPoOrpecrBHy BakyonisaLito
KMITUH MepucTeMu, ctaTeHxiMu, CekpeTtop-
HUX KNITUH Ta KNiTUH Y 30Hi PO3TArHEeHHs 3a
YMOB MiKporpasiTauii nopiBHAHO 3 Ha3em-
HVM KOHTPOJSIEM HE3aNeXHOo Bi KOHLEeHTpaLii
eTuneHy. B ctaToumTax KOpeHeBMX YOXIUKIB
CTPYKTYpHa NonspHicTb 6yna BiACYTHS, TO6-
TO aminonnacTn He onyckanucsa B guctarnb-
HY 4YacTUHY KIiTUHW, @ B OCHOBHOMY poO3Ta-
LoByBanuca B ii LeHTpi. Takox y crtaroum-
Tax B MOMbOTHOMY BapiaHTi y MPUCYTHOCTI
ab0 BifICYTHOCTI eTUMIeHy MOPIBHAHO 3 KOHT-
poriem 3meHLuyBanucsa o6'emu aminonnacTis
Ta KpoxmarsibHWX 3epeH Ha opraHeny. B no-
NbOTHUX 3paskax BMICT (iTohepuUTMHy B
CTpoMi nnactmg 36inbLUuyBaBcs, Lo nNpunyc-
Kae 3MiHM B waxax meTaboniamy 3anisa B
npopocTkax. 3a 4ONOMOrow nipoaHTUMoHaT-
HOi peakLii, 3a KO BM3HA4YalOTb KOHLEHT-
pauito Ta nokanisauito iOHIiB KanbLito, B Me-
puctemMaTu4HMX KNiTMHaxX BUSIBNeHa He3Hay-
Ha KiflbKiCTb NipOaHTMMOHATY KasbLiito, 3HA4YHO
6inblUe NOro B cTaTeHXiMi Ta CEeKPeTOPHUX
KNiTUHaX KOPEHEBUX YOXJIMKIB SIK Yy MOMbOT-
HUX 3pasKax, Tak i B KOHTPONbHUX. Y cTato-
uMTax npoaykT NipoaHTUMOHATHOI peakuii
MapKyBaB BCi KNiTUHHI KOMMapTMeHTU, arne
KiNbKiCTb MOro BapitoBana.

SOYPAT — Bnnue mikporpasitauii
Ha naTtoreHes Ta 3aXUCHi peaKLiii TKaHUH Coi

(gonosigb nigroToBsieHa
Mapietoto Puba-Yaur)

TpuBane XuUTTa B KOCMOCi BUMarae BUpoOHU-
utBa ixi. OgepXxaHHsa BpoXarw B 3aMKHEHUX
cucTeMax Ta HeraTvBHWIA BMAMB MiKporpasi-
Tauii Ha piCT pocnvH 36inbLiyBaTUME PU3MK
xBOpo6. LL0o6 ouiHUTK BNAMB KOCMIYHOIO Mo-
JNIbOTY Ha YyTNIMBICTb Ta PE3UCTEHTHICTb POC-
JIVH 00 NaTtoreHis, NPOPOCTKM COI, iH(DIKOBaHI
Phytophthora sojae — naToreHom, KoTpui
CMPUYMHIOE KOPEHEBY MHWIMb, BMPOLLYyBanu B
KOCMIYHOMY MOMbOTI. Ona KiflbKiCHOT OLiHKK
BM/IMBY MiKporpasitawii Ha Yy T/MBICTb POCIVH
[0 iHBagii natoreHy suaHa4anu: 1) Makpocko-
NiYHi 3MiHW, 2) OBXWHY KOPEHIB, 3) KiflbKiCTb
Gi4HNX KOPEHIB, 4) CUMNTOMM XBOPOOU.
IHokyntom Phytophthora sojae Bnyckanu B
OCHOBY aBTOKJ/1aBOBaHUX POCTOBUX MaKeTiB
yepes NNacTUKoBY TPYyoKy nepen ctapToMm. Lli
nakeTm MICTUAM 3anasHi KaHasnbLi onsa cnps-
MYBaHHS POCTY KOPeHs B HanpsiMKy fo rpyuéa
3a ymoB Mikporpasitauii. [laketn gossonsanu
NIerko OUiHIOBaTK PICT KOPEHIB Ta BUABAATU
cUMNTOMU. EKCNEPMMEHT NpOBOOUNN B KaHic-
Tpax ans 6ionoriYyHnx JoChigkeHb, BiH BKIIO-
4yaB 4 NOBTOPU ANA KOXXHOI 06p06KU. HacTuHy
npopocTkiB coi (copT Williams 82) o6po6nsanu
izonsatom P. sojae B77R1-55-16 (R1 Hecymic-
Hun) a6o BB8R5-81-12 (R25 cymicHuin). MNpo-
POCTKM (hikCyBann B ymMoBax Mikporpasitaii

Ha 4-, 7- Ta 8-my go6y nicna nociBy HaciHHSA,
TO6TO Ha 3-, 6- Ta 7-My [O6Y NOMbOTY.

Ha nonboTHMX NnpopocTKax 6yno BUABMEHO
6inbLUe CUMMTOMIB XBOPOOU, HiX Y HA3EMHOMY
KOHTpoOni. Yepes 7 Oi6 nicna ctapTy 3Ha4Ha
YacTuMHA TKaHWH POCIIWH, iHOKYfNboBaHUX P.
sojae R25, 6yna ypaxeHa natoreHoMm. Pocnu-
HW, IHOKyNboBaHi P. sojae R1, 3a ym0OB Mikpo-
rpasiTadii Manv 3gOopoBiLLNA BUIMAA, HX Y Ha-
3eMHOMY KOHTpori. CeiTrnoBa Mikpockonisi no-
Kasana, Lo 30Ha KOpeHeBWX BOMOCKiB 6yna
HanbinbLUe KOOoHI3oBaHa rpréom y CyMiCHOMY
BapiaHTi. B ToM Yac aK y Ha3eMHOMY KOHTpPOi
rpmb KOMOHI3yBaB B OCHOBHOMY enigepmMarib-
HWUI Lwap, y KOCMi4YHOMY MOMbOTI BiH NPOHMKaB
y NpoBigHYy cuctemy. Y MonbOTHUX 3paskax
crocTepiranocs 6ifbLUe raycTopiis, HiX y Ha-
3eMHOMY KoHTponi. [osiBa raycTopiis, ri Ta
oocnop He BigpisHanacsa. Oocrnopu yTBOpoBa-
nmcsa B iHPIKOBaHMX TKaHWHAX y CyMiCHOMY
BapiaHTi B KOCMIYHOMY MOMbLOTI i Ha3eMHOMY
KOHTPOJIi, ane He CroCcTepiranmcsa B HECYMICHO-
My BipiaHTi. [poOoOBXY€ETLCA KiNbKICHWI aHani3
YTBOPEHHA 00CMNOP Y CYMICHOMY BapiaHTi.

BucHoBku:

1) TMpOpPOCTKN COi B KOCMIYHOMY MOJbOTI
BUSABUNNCA YyTAMBILLMMK [0 P. sojae, HiX Yy
Ha3eMHOMY KOHTPOFi.

2) IHdhikoBaHi KOPEHi B KOCMIYHOMY NOSbLOTI
BUSIBNANN BinbLUe CUMNTOMIB XBOPOOU, HiX Y
Ha3eMHOMY KOHTPOJI.

3) YV nonboTi naToreH NMpoHMKaB Yy KOPEHI
iIHTEHCMBHILLE, HX Y HA3eMHOMY KOHTPO.
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SOYPAT — Bnnue mikporpasiTauii
Ha YyTnuBicTb 6-4060BUX NPOPOCTKIB COI
Bo Phytophthora sojae

(gonosigb nigroTossieHa
A4.6.H. OneHoto Hegyxoro)

Ha KopeHsix npopocTkiB, iHgikoBaHuX P. sojae
R25, BusBnsanocs 6inblue ypaxeHux micup (%
KOPMYHEBMX Ta MaLEepUpOBaHUX 30H), HiIX Y
Ha3eMHOMY KOHTPOJi, WO CBig4YMTb NPO Bifb-
LUy iHTEHCUBHICTb KOJIOHI3aLii NpopocTKiB na-
TOreHHUM rpUHOM 3a YMOB KOCMIYHOIO MOMbO-
Ty. KonoHisauis npopocTkis P. sojae R1 6yna
3Ha4HO CNabLUOoo AK B NOMbLOTI, TaK i B Ha3eM-
HOMY KOHTponi. BctaHOBNEHO, LLIO 30Ha Kope-
HEeBWX BOJOCKIB € HANYYyTNMBILLOK OO0 NPOHUK-
HEHHs rpmba MopPIBHAHO 3 IHLUMMK POCTOBUMU
30HaMu KopeHs. EnekTpoHHa MikpocKonis Kiii-
TVH KOPEHIB MPOPOCTKIB, AKi BUPOC/N B KOC-
Mi4YHOMY NOMbOTI TA HA3EMHOMY KOHTPONI, No-
Kasana gobpe 36epexxeHHs1 CTPYKTYpWU KINiTUH
pocnvHu-xassiHa Ta rpuba, Lo BKasye Ha Bif-
MiHHY dikcauito npopocTkis. OfepxaHi pe-
3ynbTaT! BUSBUAM 3POCTaHHS YyTIMBOCTI NPo-
POCTKiB COi [O NaToreHHoro rpuéa B ymoBax
MiKporpasiTauji.

GENEX — Bnams ymoB KOCMiYHOFO
NonboTy Ha reHHy eKcrpecito
B TKaHWHax coi

(gonosigb nigrotoBsieHa
HokTopom Yinbsamom [MTacTyydem)

VY nonepegHiXx ekcnepuMeHTax, NpoBefeHuX
HalLolo naboparopieto Ha 60pTy WaTniB B Mi-
cisix 68 Ta 63, 6ynu nokasaHi BigMIHHOCTI B
pocTi, Mopdponorii, BMICTi ByrneBofis Ta dep-
MEHTaTUBHOI aKTUBHOCTI eTioNbOBaHUX MNpPo-
pockiB coi. Ane nicnanonboTHE BUMIPOBaHHS
BMICTY €TUNeHy B KOHTenHepax nokasano
3Ha4YHO BULLi MOro piBHI NMOPIBHSAHO 3 Ha3eM-
HUM KOHTPOSiEM, LLO MPUMYCKasno FONOBHY
pornb eTUNEHY Y BUABIEHUX BiAMIHHOCTAX. Ek-
cnepumeHT GENEX Big6yBaBcs 3a moamdiko-
BaHMMM MNpPOTOKONamu, a came: a) eksiBa-
JIEHTHI piBHI eTuneHy Ha opo6iTi Ta y Ha3eMHo-
My KOHTpOni (BUMiptoBanu 3pasku rasy nicns
5 pi6 nonboTy Ha op6iTi Ta nicna nonboTy; 6)
OOMEXEHHs1 nonepeaHbLO MigpaxoBaHoOro Me-
XaHI4YHOro 3CyBY i KOHTaKTy MPOPOCTKIB 3 Me-
Tanom Ta BOMAOrMMW MOBEPXHSIMU; B) MOBHE
NMOBEPHEHHS IHTAKTHUX TKaHWH. 192 HaCiHWHK
coi (Glycine max, copt McCall) amo4yBanu Ha
op6ITi, eTionboBaHi NPOPOCTKN 6 6 pocnn y
KaHicTpax ansa 6ionorivyHux gocnigkeHs. Han-
PUKIHLI eKCNepuUMEHTY MPOPOCTKU Oynu y
BiMIHHOMY CTaHi, JO6pe 3BONIOXXEHNUMM, Of-
HaKOBOro pPoO3Mmipy, 6e3 >XOOHMX O3HaK ypa-
XEHHA abo 3abpyOHEHHS, CXOXICTb HACiHHA
6yna BUCOKOI (96 Y% CXOXOCTi B KOCMi4YHOMY
nonboTi Ta 98 % — y Ha3eMHOMY KOHTPOIT).
Bumipn rasy y noBiTpi Ta BCcepeguHi KaHicTp
nif 4Yac nonboTy Ta Micns NonbLoTy nokasanu
BUCOKi, ane ekBiBaneHTHi KOHLeHTpaujii eTu-
neHy Ta CO, — 6K i B HA3eMHOMY KOHTPOi.
Baxnueo, Lo ue 6yB nepLinin BunNagok, Konm
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BMICT €TWUIEHY B MOMbOTHUX 3pasKax eTiosnbo-
BaHMX MPOPOCTKIB COi HE NepeBuLLYyBaB Takui
B HaszeMHOMy KoHTponi. Lle fo3sonuno 3po-
OUTK BiNbLL KOPEKTHE MOPIBHAHHSA MOSIbOTHUX
Ta KOHTPOMbHMX 3pa3skis. [NpunyckaeTbes, Lo
€KBIBaNIEHTHI KOHLEHTpauii rady NOACHIOKTb-
CSl PO3MILLIEHHAM MONbOTHUX KaHICTP Y BigKpK-
TOMY NPOCTOPI KabiHu (3 MPMMYCOBOIO BEHTU-
NAUJE0 MOBITPA Ta PyXOM ekinaxy), Lo [o3-
BOSIASI0O OOMIH MOBITPS MiX KaHicTpamMun Ta
aTtMocdepoto KabiHu, i o 6yno nogioHuM oo
YMOB Ha3eMHOro KOHTPOMo, Ae Mana Mmicue
rpaBiTauiiHa KOHBEKLis.

3a [onoMorow piNnHHOI Xxpomatorpadii
BMCOKOIro TUCKY 6ynu BUSIBNIEHI 3MiHU KOHLIe-
HTpauii AesKMX BTOPUMHHUX METaboNITIB Yy
CiM'sgonsx, rinoKOTUMA Ta KOpeHi. AHania 6io-
CUHTE3Y i30(h1aBOHOIAIB MOKasas, Lo iX 3a-
rasibHa KOHLeHTpaLisa 3Ha4yHO 3MeHLUyBanacs
B TKaHMHax Cim'agonen B KOCMiYHOMY MOSbOTI
MOPIBHAHO 3 Ha3eMHUM KOHTposnem. [poTe B
TKaHWHaX TiNOKOTUNSA Ta KOPEHS MONbOTHUX
3paskKiB BUABMEHO BULLY 3aranbHy KOHLEHT-
pauito i30thnaBoHOIdIB, LLO MOXe BKasyBaTtu
Ha MOXIIMBI 3MiHW Yy pO3MNOoAiNi i3ognaBoHOi-
OiB Yy NpopocTKax 3a YMOB KOCMI4YHOro
nonboTy.

3a MopdonoriYHMMN 03HaKaMm (CUpOIo Ba-
rot0, IOBXMHOK KOPEHIB Ta cTe6en, CTyneHeMm
rany>xeHHsi 6i4HMX KOpeHiB) BCTAHOBIIEHO CYT-
TEBI BiAMIHHOCTI MiX MONMbOTHUMKU Ta Ha3eM-
HUMW NpopocTKaMn. 30Kpema, KinbKicTb Ta
OOBXWHA 6i4HMX KOPEeHiB 36inbLuyBanucs B
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KOCMIYHOMY MOSbOTI, CMpa Bara KOpeHiB Mno-
JNIbOTHUX NPOPOCTKIB 36isbLUyBanacs nopisHA-
HO 3 Ha3eMHMMU 32 PaxyHOK YTBOPEHHS Biflb-
LLIOT KiNIbKOCTI 6i4HMX KOpeHiB Ta 6ifbLLUOi JOB-
>XVUHW NEPBUHHOIO KOPEHS.

Poanopgin Ta KoHUeHTpauis Byrnesogis 3Mmi-
HIOBaNNCA B MONbOTHMX 3padkax. Tak, 3HaYHi
BiOMIHHOCTI Y BMICTi KpoXMarnto Big3Ha4eHo B
TKaHMHax BWOOBXEHOro rinokotunsa. Hase-
HICTb BUMLLIOro BMICTY KPOXMasto B MOSIbOTHUX
3pa3kax B ekcrnepumeHTi GENEX cyTTeBo
BiOPI3HAETLCA Big MonepenHix ekcnepumeH-
TiB. MikpockonidHi [OCNigXeHHs NigTBepam-
NN 3HA4YHO BULLE HAKOMWYEHHS KpoxXmasio B
TKaHMHax rinokKoTUNsA B NonbOTi NOPIBHAHO 3
Ha3eMHUM KOHTponeM. [NpogeMoHCTpoOBaHO
BHYTPILUHBLOKIITUHHY JfloKanisauilo aminon-
nacTiB y NONAbOTi Ta B HA3EMHOMY KOHTPOi: B
KOHTPOMi BOHW OCifanu 3a rpasitauiiHuM Bek-
TOPOM, B MOMbOTI PO3TaLIOBYyBanMUCs Mo BCi
uMTonnaami.

3aranbHa PHK 6yna ekctparoBaHa 3 nosib-
OTHUX Ta Ha3eMHux 3paskie. JoT-6110T riépu-
amsauia membpaHo3B'a3aHnx 3paskis PHK i3
cneundivHUMM Npo6amMu AUroKCUreHiH-Mive-
Hoto [HK BusiBuna HaseHicTe MPHK pi3Hmx
CTpec3anexHux reHiB y KnitmHax npopocTKi.,
AIKi BUpPOCNn B ymoBax Mikporpasitauii. [oka-
3aHi nigBuLleHi KoHueHTpauii MPHK renis
6inkKiB, NofdibHMX OO0 6inNKiB TENNOBOro cTpecy
B TKaHMHax ciM'agofien Ta rinokoTuns npo-
POCTKIB Yy KOCMIYHOMY MOSbOTi MOPIBHAHO 3
Ha3eMHUM KOHTporem. 3MiHW 6ynn Takox Y

NpoAyKTax reHiB, 3asy4eHux OO0 YTBOPEHHS
BTOPUHHMX MeTaboniTie. Lli perynatopHi reHu
3[0a€TbCA KOHTPOIMOKTHCA NMPOTArOM KOCMiY-
Horo nonboTy. OfgepxaHi pesynsrati nokasy-
0Tb, LLIO YMOBW KOCMIYHOIO MOSbOTY POCAVHHI
TKaQHVHU MOXYTb CNpUAMaTU AK 30BHILLHIN
CTpEC, LLIO CMPUHUNHIOE NigBULLEHE YTBOPEHHS
6inKiB, 30aTHUX 3axuLLaTU BaXKMBI KNiTUHHI
CTPYKTYPW Bif YLUKOOKEHb.

SPAM-A — audpepeHLuitoBaHHSA
i Tponiamn y moxy Ceratodon,
SIKUA BUPIC Y KOCMIYHOMY MOJIbOTI

(gonoBigb nigrotoBrieHa JOKTOPOM
®pegom Cakom)

AnikanbHi KNiTMHKW NpoToHemaTtn moxy Cerato-
don € KniTMHamMn 3 BepXiBKOBUM POCTOM, fAKi
BUSBNAIOTb HEraTUBHUIM rpaBsiTponiaM Ta mno-
3UTUBHUIA choToTponiam. OcigaHHa aminon-
nactiB, MOXNMBO, BigOyBaeTbCA BHACNiZOK
rpasivyyT/IMBOCTI, arne npouec ocigaHHA €
cknagHum. 3asgaHHamu SPAM — A 6yno Bus-
HauUTK, 44 B yMOBax MikporpasiTauii: 1) go-
TOTPONI3M Ta rpasiTPOMi3M B3aEMOLiIOTb 3a
HW3bKOI IHTEHCMBHOCTI CBiTNa; 2) AndepeH-
LitoBaHHA € HOpPMarnbHUM; 3) pICT Y TEMHOTI €
OOBINbHUM; 4) Y € PO3MOAIN aminonnacTis 3a-
[OBINbHUM.

BcTaHoBneHo, o B ymoBax MikporpasiTta-
Lii oudpepeHuiroBaHHA BigbyBaeTbLCA HOpMaslb-
HO. Bycoka iHTEHCUBHICTb YEpBOHOrO CBiTNa
NPUrHiYye rpaBiTPonia3M, TOYHICTb Ta KIHETUKY

GOoTOTPONI3MYy MOPIBHIOBANM i3 HA3EMHUM
KOHTpONeM. Y OOCNIOKEHHAX Ha 3eMsi HEMOX-
NMBO BU3HAYUTK, YW rpasiTponiam i oToTpo-
niaM B3aeMOfil0Tb 3a HU3bKOI IHTEHCUBHOCTI
cBiTna, abo CBITNIO MOAYNIOE rpasiTPOMi3Mm.
OckinbKku NeBHUIM HOTOTPONI3M 3LJNCHIOBABCSA
B KOCMIYHOMY MOMbOTI, MOXINNBO, LLO crnabka
B3aEMOfisi MiXX TponiaMamu icHye.

LlikaBo, WO fK oOpieHTauis BepXxiBKOBOro
poCTy, Tak i ocigaHHs aminonnacTiB He 6yso
3a00BiNIbHUM. Y KynbTYpi, Aka 3Haxogunacs B
TEMHOTI npoTarom 14 gi6, BEPXiBKM NPOTOHe-
MU pOCNK chipasibHO, HiTKO 32 FOOUHHUKOBOIO
CTPINKo. AMinonnacTu rpynyBasncs Takox
6nvx4e o anekcy KnitvH. Ogepxari faHi npu-
nycKatoTb, LLIO rpaBiTaLis HOpManbHO KOMMeH-
Cy€e CKpWTi TeHOeHLii, 30KpemMa BHYTPILLHI Me-
XaHi4Hi cunun, 9Ki OitoTb HA aminonnacTu.

SPM-B — rpasiTauis y pocTi
Ta MmopcporeHesi MmoxiB

(gonosigb nigrotoBseHa
A.6.H. Opectom [emKiBm)

ExkcnepuMeHTH, BUKOHaHI B yMoBax Mikporpa-
BiTaLii Ha pociincbkoMy 6iocynyTHUKY BioH-11
Ta Ha watni npotarom 87-n Micii, nokasanu,
Lo B ymMoBax Mikporpasitauii B TeMHOTI dhop-
MylOTbCSl AepHUHKK Moxy Ceratodon 3 papi-
anbHOK CUMETPIED, TOBTO crnipanbHUn picT
€HLOreHHO KOHTPOJSIETLCS | HE 3aNexXuTb Bif,
NPUCYTHOCTI ab0 BIACYTHOCTI €K30reHHUX
CTUMYNIB.
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MexaHiamun cnipasibHOro pocTy Lie He BUB-
YyeHi. M BBaXxaemo, LLO TaKi MexaHiamu Big-
HOCATBCA OO0 NPOCTOPOBOI OpraHisadii pocTy
NpoTOHeMaTK, Moro nokanisadii Ta nonspHoc-
Ti | MaOTb NEBHUM YMHOM BigobpaxaTn bioe-
NIEKTPUYHY MONSAPHICTb, OpraHisauito UMTOCKe-
NEeTy Ta PO3MILLEHHA LENono3HNX MiKpogio-
pvn. ENeKTpoHHO-MiKpocKoniyHe JOCAiAXKEHHS
nnactug, ocobnmBo Yy BepxiBKax anikanbHUX
KMITWH, MOXe HadasaTu iHghopmaLliito npo dop-
MU Ta LWiNbHICTb BE3UKYN [onbaXi NpoTArom
3MiH POCTOBMX MOKAa3HMKIB Bif, MiHINHOMO [0
cnipanbHoro.

[MpoToHemaTa Pottia B TeMHOTI B rpasiTaLii-
HOMY Mofi poCTe HeraTMBHO MPaBITPOMNHO, BOA-
TYTb Y Pi3HUX HaNpsMKax Ta nig pisHUMK KyTa-
MU B0 noBepxHi cybcTpaty. NpoTtoHemaTa Pottia
B TEMHOTI POCTe 3Ha4HO MOBINbHiLLe, HiX Cera-
todon. TpoToHemara, sika pocna B TEMHOTi 7
[i6, pi3Ko pearyBana Ha CrnpsiMOBaHICTb Ta
iHTEHCMBHICTb YepBOHOro cBitna. Mpu HU3bKIN
0.2 pmol-s-1-m2 B ymoBax Mikporpasitauii Ta
cepegHin 0.9 pmol-s-1-m-2 iIHTEHCMBHOCTI Npo-
TOHEMaTa pocrna Mo3uTUBHO POTOTPOMHO.

SPM-B — BnnMB MikporpasiTtauii
Ha anikanbHi KNiTUHU NPOTOHEMM

(gonosigb nigrorossieHa
K.6.H. XpuctuHoto HabaH)

HeratuBHuin rpasiTponiam npoToHemMaTn Mo-
XiB 6yB BCTAHOBEHWI Ta AeTanibHO npoaHarni-

30BaHuI y psgy MoOXiB, B TOMy 4ucni Pottia.
MexaHiaM CnpunHATTA rpasiTauii NosiCHIOBaB-
Csl 3 MOo3uULin KpoxmMarsb-CTaToNITHOI Teopii,
TO6TO OCigaHHAM amifionnacTiB y NpOTOHe-
MasnbHUX anikanbHUX KNiTUHaX y300BX rpasi-
TauiiHOro BekTopa. 3HA4YHO MEHLLE BigOMO
npo PIiCT NPOTOHEMATN B yMOBax KiHOCTaTy-
BaHHA abo peanbHoi MikporpagiTadii. B CYAE
BnepLLe 6yna HagaHa MOXIMBICTb npoaHani-
3yBaTu pPiCT NPOTOHEMATM MOXY 3a BiACYTHOC-
Ti TakKMX 30BHILLHIX CTUMYNIB, fIK CBIT/IO abo
rpasitadisi, @ Takox npu KOPOTKOMY BMSUBI
YepBOHOro ceitna. CneuianbHo po3pobneHa
cuctema ans goikcauii npotToHemaTn Ha opoiTi
[o3sonuna Jocnigutu TOHKY CTPYKTYyu npo-
TOHeManbHUX anikanbHUX KNiTWUH Pottia, siki He
rany3vnmcsa B TEMHOTI Ta HeLLifbHO po3TaLlo-
BYBasnmcs, TOMy MOXHa 6yrno BMBYATU KOXHY
OKpeMy HUTKY.

Y rpasitauiiHomy noni B TeMHOTi NPOTOHe-
mMaTa Pottia dhopmyBana ny4yku napanenbHux
BEPTUKANBbHUX HUTOK, SIKi Bynn Maixe npsmu-
MW. [1pOTAroM KOCMIYHOIO EKCMEPUMEHTY HUT-
KM POCSIM B PI3HMX HaNpsiMKax, SIK i Mpy KIiHoc-
TaTyBaHHi. BUMipy NonoxeHHsi BepXiBOK HUTOK
nokasanu oBifbHe po3TaLlyBaHHA HUTOK. [Mpu
TpuBanomy KriHoctaTyBaHHi npoTtarom 14—21
006U 3rMHaHHA NPOTOHEMM 36iMbLUYBasocs.

PosTtaluyBaHHs nnacTng B anikanbHUX npo-
TOHeMasnbHUX KNITUHax € 6inblU-MeHL cTa-
6iNbHUM NpoTarom iHTepdasun. PoaTallysaH-
HA Ta OCidaHHsA NnacTug 4YiTKO crnocTepiraeTb-
Cs1 3a JOMNOMOro 3MOMKK anikalbHUX KNITUH,
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SIKi pOCTYTb BepTUKanbHo. MpoTaroM KniTuH-
HOro pocTy nnactTuam B cybanikanbHin Ta npo-
MiDKHIM 30Hax 3BMYaMHO 3HaxXoAsaTbCs B OOHO-
MYy M TOMY XX MOJSIOXKEHHIi, MOKWN KNiTUHa He
ninutecsa. BoHn pyxaloTbes fiy>ke MNOBiNbHO Y
KonvBasnbHOMOAiIGHUIA cnoci6. [Hodi gyxe ma-
JIeHbKi NnacTMamn crnocTepiratoTbCs B anikasb-
HOMY KyrMosii, 3BU4aHO BiflbHOMY Bif, aminon-
nacrTiB. 70po TakoxX po3TalloBaHe Ha hikcoBa-
Hil BiACTaHi Bif BEPXiBKM Ta 3 POCTOM KITiTUHU
nepemiwyetbcs Bneped. lNpouec KNiTMHHOMO
OiNeHHs He BNnMBaB Ha MNpoTOHemaTy, fKa
pocna BepTuKasnbHO, NpOoTe BMnvBaBs Ha rpa-
BITPONHWIA 3rnH NpoToHeMuW. Bece ue HaBoguTb
Ha OYMKM Mpo iCHyBaHHA Kopensuii M B3ae-
MOBIOHOLLUEHHAM aminonnacTiB i agpa 1a pu-
camu pocTy NpoToHemu. He BUKNO4YEHO, LLO
Taka kopensuis Bigirpae ponb y noBepiHui
NPOTOHEMM B yMOBax MikporpasiTtauii Ta K-
HocTaTyBaHHs. My BBaXXaemo, LLIO noganbLumi
aHania anikanbHUX KNiTUH, BKIOYako4n enekT-
POHHO-MIKPOCKOMI4YHUI, BIAKPUE BinbLUe MOX-
NIMBOCTEN O1 BUBYEHHS TaKOi KOpensuii.

KOPOTKI PE3IOME
AMEPUKAHCbKMUX
FOAOBHUX AOCAIAHMKIB

"BueHi Ykpainn i CLLIA nposenv 3ycTpid y Be-
pecHi 1998 B IHcTuTyTi 60TaHikn B Kuesi. licnisa
po3rnsay HaykoBOi i HaB4asibHOI CKIagoBux

-
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LYbOro Bax’/MBOro rpoexkTy My 3pobusiv Kislb-
Ka UyikaBux crioctepexeHb. A came, B yMOBax
KOCMIYHOro nosiboTy BigMi4aBcsi Hecriogisa-
HWVI cripasibHWv TUM POCTY MOXY; MiABULLEHW
piBeHb ALJ® y KOpeHsiX pOC/IvH, PENPOLYKTHB-
HWV rpolec 6e3 BiAXUIIEHb Y BULLIMX POCTINH;
riocusieHa Bigrosifgb Ha Lito rpMéKOBOro nato-
reHa y coi | 3HWKeHa aKkTUBHICTb (POTOCUHTE-
TUYHOIro anapary.

OauH i3 BaXnmBux BUCHOBKIB: criiBripayto
MDK JOCTIQHNKaMu 060X CTOPIH MNOTPIOHO rpo-
Hosxysatu. Mu pekomeHgysanmm ue Kocmid-
HUM areHTcTBam 060X KpaiH. JocnigHnku Buc-
JIOBUITN BakaHHsi 6paty akTUBHY y4acTb y
cniBpoOITHNLTBI.

YyacHukn generadii CLUA
®pep CAK, Kpictodep BPAYH, Vinbam NbACTYY".

Yo

A

v

"Mu crioctepiranu napanesibHe 3HVKEHHS
aktuBHocTi 6inkieB ®C1 ta ®C2. Lle morvio cTa-
TUcsl Yepes ABi npuyunHK. lo-nepLue, ymosu
KOCMIYHOrO rosboTy MOXYTb 6YTn CTpEcop-
HUMW A7151 ICHYIOYMX OINIKIB, CIIPUYUHIOYU iX
HecTpykyito. Y ybomMy pasi My Masin 6 nobaqu-
TV MPOZYKTY po3nagy OINIKiB Ha e/leKTpogo-
pesi. Ane mu Lboro He 6a4umo. No-gpyre, koc-

MIYHUU MOJIIT MOXe BI/MBaTy Ha [PO3BUTOK
opraHismy i obmexysaTn cuHTe3 binkis ®C1.
A nigTpymMyto Ljevi BACHOBOK.

Dxeiimc FTAVIKEMA'".

VY

OCBITHSl NPOTPAMA

Y kBiTHi 1998 p. B K1eBi BigbyBcsa Yeprosun ce-
MiHap 3 OcBITHbOI Nporpamu Ha 6a3i Jepxas-
HOrO €KOSoro-HaTypanicTUYHOro LEHTPY Y4-
HIBCbKOI MOJ10[i, IKUIA CTaB roSIOBHUM HayKo-
BO-MeTOAMYHMM LeHTpoM OCBITHBOI Nporpamm
B YKpaiHi. Bcboro 3 ntotoro 1996 p no KeiTeHb
1998 p. 6yno NpoBefdeHo LWICTb LUKif-ceMiHa-
piB, B IKMX 6panu y4acTtb 42 BignoBigasnbHi BU-
KOHaBLj 3 25 obnacTten YkpaiHn. OguH i3 ce-
MiHapiB 6yB NpoBefeHnn 6e3nocepenHbO nig
kepiBHMUTBOM [ona Binbamca Ta 3a y4acTio
Toma Hpewena Ta litepa YetupkiHa. 3ara-
nom pgo OcBiTHBLOI Nporpamu 6yno 3any4eHo
6ina 20 TUC. BUKOHaBLIB 3 24-X TepuTopiarb-
HUX BigaineHb Manoi akagemii Hayk YkpaiHu.
["onoBHWI aHaNiTMKO-064YNCNIOBaNIbHUNM Ta O0-
BiKOBO-iHpOpMaLiHWI LLEHTP CTBOPEHO Ha
6a3i IHcTuTyTy Gioximii im. O.B. MannagiHa HAH
YKpaiHu.
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CriinbHWIA YKpaiHCbKO-aMepPUKaHCbKUI €KCIIEPUMEHT CTaB He3abyTHbLOKO OLIE0 B MOEMY
XKUTTI, Lo BigbyBanacs cepef 4ynoBoi rpupoau mucy KaHasepasn — cepes najibM Ta COCEH,
LUYMY OKeaHy, YNCIIEHHUX GPOHEHOCLIB, SIKI MOYyBancs SK BAOMA, rapMOHIi npupoaun 1a Tex-
Hororii. [JockoHana opraHi3auis Bcix rnpoyeciB nigrotosku T1a nposeaeHHss CYAE Hafana B4e-
HUM BiMIHHI MOXJTMBOCTI rpayroBaTv Haa3Bu4ariHo eqheKTUBHO rPOTAroM TPUPIYHOI MigroToB-
KU, B MOJIbOTHUI Ta NICAANOIbOTHWUI repiogun. 51 3aBxav nam'aratumy Jo6po3ndsINBICTb Ta roc-
TUHHICTb BCIX HaLLMX aMepPUKaHCbKUX KOJEr, SKUX 1 MOXY CripaBai BBaXatu CBOIMY [PY3MMU.

€nnsaseta KOPOIOM

VeniwHe nposegeHHsi CYAE cTano MOXMBUM B pe3yrnbTati BUKOHaHHS BE/INHE3HOI KporiT-
KOI' po60TH, NPpoBEAEHOI yBaXHO i MPUCKININBO. Lje TO4YHO BifobpaxeHo B rnpecTaB/IeHivi KHU3I,
fIKa SICKpaBO BUCBIT/IIOE BCI aCrieKTu nigroToBKU i MPOBEAEHHS eKCIIEPUMEHTY, rapHy crisrnpa-
L0 YKpaiHCbKMX Ta aMepUKaHCbKMX JOCTIQHMKIB Ha BCiX PIBHSX, HE3BaXaro4m Ha BigaaneHicTb
Ta NeBHI JIIHrBICTUYHI npobsiemn. Matepian KHUrn gobpe 36anaHcoBaHWK Ta NPeKpacHo inCT-
poBaHWvi, B HbOMY TOYHO PO3CTaB/IEHO aKLEHTU | YiTKO NoKa3aHO BHECOK KOXXHOIO 3 rosioBHUX
LOCrifgHVIKIB Ta iX KoMaHL, [eTasibHO rpoaHasidoBaHo 3aBhaHHs Ta pe3ysibTat KOXXHOro eKc-
NepUMEHTY.

CIIbHUNA YKPAIHCBKO-AMEPUKAHCBEKU EKCIIEPUMEHT a6o CYAE BusHaHwii siK
CrpaBXXHivi ycriix Biff caMoro rnoyYatky 4o ocTaHHbOI ny6ikauii. Lis kaura ikcye ycrix ekcriepu-
MEHTY, MIOro 3Ha4eHHs1 Ta JOCKOHasICTb.

Tom CKOTT
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AT LANDING:
54 dishes containing chemically fixed moss tissue

ALL 54 dishes transferred to OSU laboratory.
ALL 54 dishes photographed by US Pl at OSU laboratory for orientation data.
All tissue processed and embedded for light and electron microscopy at OSU.

Embedded tissue divided in half at 0SU and half sent to Ukraine 1 month after landing.

The Ohio State University
Columbus, Ohio

Orientation analysis
Cell differentiation analysis

Institute of Ecology of the Carpathians
L'Viv, Ukraine

Ultrastructure analysis
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Land
Flight Day
POPULATION #2
: Plant Age (d} o 10 11 12 13 14

BE-PAC EXPERIMENT FRESH TISSUE-SHARING Plant Age {d) L] 12 3 4 5 B 7T 8

Plants age 8 days and 16 days at landing

W rean tus atlanaing)

Botors dbvision of [ — T T

fresh tissue:

All tissue 1o US Pl
{B-PAC) for
blomass partitioning
maasuramonts

18 day old

NOTES
No In-flight crew activities required for AMING experiment. Covered under B-PAG: FO-3.
bat Y- : POP #1: Brassica from B-STIC experiment (not shown) E = Waler added
sharing experiments L POP #2: Seods plantad on orbit.
POP#3: Seads replenishad in locations previously occupled by harvested seadiings. EI =Rapliilah; phant sesds
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B-PAC EXPERIMENT
FROZEN TISSUE-SHARING

Before division of
frosh tissue:

- All tisaue 1o US PI
{B-PAC) for
blomass partitioning
measuremants

Othar tiasus
1 sharing experiments

Plants frozen at 7 days and 13 days

Olher tissue

sharing experiments

Land
10 11 12 13 14 15 16

NOTES
Twa In-fiight freazing activities raquired for PHYTO experiment. Coversd under
[procedures for B-PAC: FO-3.

E = Harvest and Freszo

[W] = Water added




B-PAC EXPERIMENT FRESH TISSUE-SHARING
Plants age 8 days and 16 days at landing

Before division of
fresh lissue:

Al tissue te US PI
(B-PAC) for
blomass partitioning

Other tissus
sharing experiments

@::’ (Fresh tissue at landing)

I

IE]:I (Freah tssuo at ancing)

NOTES
Other tissus Mo In-flight crew activities required for AMINO experimenl, Covered under B-PAC: FO-3.
ShaHnD XgartR FOP B1: Brassica from B-STIC expariment (not shown) [W] = water addea
POP #2: Seeds planted on orbit.
POP#3: Seeds replenlshed In locatlons previously occupled by harvested seedlings. El = Replenish, plant seeds
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Science Milestones ' Science Milestones

The Collaborative Ukrainian Experiment September-Ociober 1995

The Collaborative Ukrainian Experiment

Collaborative Ukrainian Experiment
Status Report
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I The Collaborative Ukrainian Experiment SVT Experiment Teamy
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CUE FLIGHT DAILY
SUMMARY

GF Status Check Information co2 {ppm)

TEMP {°C) na

PGCO1: 234

FLIGHT UNIT Pac0z: o7 ; : FLM STATUS

PGC03: 24 - . @ ON OOFF

nee accomplishedicompleted during this report period
(Include * accomplished, deseriptive title, procedure, and any specinlunusual observations):

SPM powor-up comploted and appropriate 3 turnod-on and veorifiod

2. Hardware Sumunnary:
SPM nominal oparations

PGF af-noméndl operation in PGSC downliad. PGF functions for énvirenmantal oparations appear to be functioning nominally

3, Problems/eoncernsiworkarvounds:

CUE FLIGHT DAILY
SUMMARY

Flight
Day

- 1

PGF Status Check Info  TeMP(C) Rh% TEMP(C)  Rh%
FLIGHT UNIT PGCO1: PGC 04:
1st & 2nd Checks ~ PGCO2 [(254 ] PGC 05: FLWETATOS
PGC 03: -E' _-m PGC 06:; _ﬂ_ -E:_ @ON O OFF

1. Science accomplished/completed during this report period
(Include % accomplished, descriptive title, procedure, and any speciallunusual observationsk

* Nominal PGF Status chock with immediate OCA downlink showed good temporutures and (

* Nominal BPAC Hurvest #1 with roplenishment. 1t was noted that some(?) scods in the replonishmont packets
appeared to have germinated. Close-up video was recorded,

* The third use of the CUE galley water filters (CUE Water Prop) was nominnl  Uncortain whethor a request for video
recording was performed,

* SPM Fixation # 1 was porformed - nominal ops

* Initiation of SOYMET canisters 1 & 2 was completed - nominal ops

* Gas sampling of SOYMET eanistors | & 2 was also completed with nominnl ops

* 8PM Fixation #2 was performed four bours after SPM Fixation # 1-nominal ops

2. Hardware Summary:

* Successiul liring of all but three of tha remalning KFTs dusring BPAC Harvest #1

* PGF termps and CO2 lavels are with range

* Tha PGF IFM to provide cool air to the PGF from the middeck trunk line was perermed at 07/11:01. The PGF door was then closed and
m;ubrm:PGFlmnldonr}weNmnwy@ﬂuﬁlwtwrmswmammmmmtlmmmwmw

3. Problems/concerns/workarounds:
No probloms in work at this time  Still evaluating the effocts of PGF IFM for cooliing

4. Science/operations summary for the crew:
Another 100% scionce secomplishod day. The efforts the crew has made to keop the PGF cool have resulted in
temperitures within nominal range for plant growth and roproduoction « their efforts are oxtromoly approciated. The
digital photos from SOYPAT Harvest #3 providod excellent data for the planning of SOYPAT Replonishmant; the
photos also showed healthy plants at the right stage AND excellont germination - we have very happy Pls




CUE GROUND CONTROLS
DAILY
SUMMARY

s Check €02 (ppm)
TEMP (°C} Ah 1%

212 FLM STATUS
24.0 77

—%5— ®ON OOFF

GROUND UNIT

1. Science accomplished/completed during this report period

{Inelude descriptive title, procedure, and any speciallunusnal observations):
Launch was initiated and SPM and PGF wre activated.
Galley water remaved from relrigeration, covered with foil, and placed in OES.

2. Hardware Summary:
PGF was initiated and systems were nominal,
‘SPM was powered up and all systems were nominal.

3. Problems/concerns/workarounds:

Question arose on whether PGF status check 1o be obtained form PGF console or computer,

Decision made to obtain data
from the computer. Data download to disketta.

4. Sclence/operations summary for the crew:
All systems were nominal,

UE GROUND CONTROLS
DAILY
SUMMARY

Co2 (ppm)
1407
PGCO1: e} o i
GROUND UN PGC02: 254 5 FLM STATUS

PGC03: 264 i ; @CON O OFF

1. Science accomplished/comploted during this report period
(Inelude deseriptive title, procedure, and any speciallunusual observations):

BPAC: Harvest #1: Fixation operalion was nominal, Freezing operation was nominal. Replenishment operation: Seed

packats had begun to germinate with hypocotyl emergence noted. This was observad in all packets. Replenishment packets

were dry to the touth, but had a “musty” aroma. A green growth (unable to determine whether fungal or bacteriat in origin)

was noted around the s which appearad to be associated with the adhesive maternal, Digital photos of seed packets weare

obtained., Rlamaining replenishment operations wera nominal.

SPM: Fixalion #1 operation was nominal following afignment BRIC-LED actuator gun (See summary balow),
Fixation #2 operation was nominal.

SOYMET: All cperations, CUE water preparation, SOYMET initiation, and SOYMET gas sampling, ware nominal,

2. Hardware Summary:
PGF: Air temperature was cool (20-22 C) in PGC's 14 during In status check. b

78 mi of H20 were removed from plenum, Only PGC 1 was drained
KFT: Operations nominal,

BRIC-LED Actuator Tool: Actuator gun bent several rods. Crew fixed real fime.

3, Problemsfeoncerna/workarounds:

The SPM lixation actuator 1ool was not firing in the horizonal position. It was bending the actuator rods. Crew determined that
rod was too far into the gun. Action: Crew made alignment adjustments real time prior to SPM fixation procedures.

4. Scienceloperations summary for the crew:
BPAG operations were nominal. The impact of
seads on the flight.

SOYMET: The experiment was successfully initiated,
SPM: The fixations were succussiully complated.

sed germination on growth not known. Germination was not as advanced at




Hyb6riep KocMoHaBTa-[0CigHNKA

Spocnas lycToBuii BUKOHYE oniepayii

3 HazeMHoro KoHTposo CYAE B BinTBOproBadi
opb6iTasibHOro OTO4YHHOro cepenoBuLLa

CUE Ground Control Operations

in Orbiter Environmental Simulator conducted
by Alternate Payload Specialist

Jaroslav Pustovyi




PGC 4 BSTIC
FRONT/FLIGHT




L PGC 4 BSTIC
T . FRONT/FLIGHT

E%

lMonboTHi pocivHn ekcrnepumeHTy B-STIC, Bik pocrvH 15 gHIiB (3-Vi AeHb n1oboTy)
B-STIC flight plants, plant age 15 days (flight day— 3)
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PGC 4 BSTIC s &

RONL/F £ s b
onbOTHI POCMHM ekcriepumeHTy B-STIC, Bik pocivH 16 [HIB (4-Vi BeHb MObOTY)
B-STIC flight plants, plant age 16 days (flight day—4)
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lMonboTHI pocvHu 3i cTpyy4kamu ekcriepumeHTy B-STIC, Bik pociivH 18 aHIiB (6-Vi AeHb Mo/boTy)

B-STIC flight plants with siliques, plant age 18 days (flight day—®6)



PGC 4 BSTIC
FRONT/FLIGHT

[MonboTHI pocivHn 3i cTpyHkamu exkcriepumeHTy B-STIC, Bik pocrivH 19 gHIB (7-vi AeHb nosiboTy)
B-STIC flight plants with siliques, plant age 19 days (flight day—?7)



PGC 4 BSTIC

lMonboTHI pocvHu 3i cTpydkamu ekcriepumeHTy B-STIC, Bik pocivH 19 AHIB, 7-Vi AEHb MOLOTY (3BOPOTHIV 6ik)
B-STIC flight plants with siliques, plant age 19 days (flight day—7), (back view)
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PGC 4 BSTIC

a nlls ma -

AN L E el

lMonboTHI pocnnHn 3i cTpyYkamm ekcriepumeHTy B-STIC, Bik pocamH 21 geHb (9-/i AeHb rnonboTy)
B-STIC flight plants with siliques, plant age 21 days (flight day—29)



PGC 4 BSTIC
BACK/FLIGHT

lMonboTHi pocnHy 3i cTpyyHkamu excriepyumeHTy B-STIC, Bik pocivH 21 geHb, 9-Vi feHb 0/Ib0TY (3BOPOTHIV 6ik)
B-STIC flight plants with siliques, plant age 21 days (flight day—9), (back view)



PGC 4 BSTIC
FRONT/FLIGHT

[MonbOoTHI pocnuHu 3i cTpyHkamu ekcrniepumeHTy B-STIC, Bik pocivH 26 gHIiB (14-vi feHb rnonisoTy)
B-STIC flight plants with siliques, plant age 26 days (flight day—14)



PGC 4 BS1iC
FRONT/FLIGHT

v

[MonboTHI pocrvHu 3i cTpyHkamm ekcriepumeHTy B-STIC, Bik pocivH 27 aHiB (15-Vi AeHb oboTy)

B-STIC flight plants with siliques, plant age 27 days (flight day—15)
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PGC S5 BST lL
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lMonboTtHi pocinHu ekcriepumeHTy B-STIC (kamepa PGC 5), Bik pocnivH 16 AHIB (4-ii feHb MoniboTy)
B-STIC flight plants, plant age 16 days (flight day—4)



. PGCS5BSTIC
- FRONT/FLIGHT

[MonboTHI pocnmHy 3i cTpyHkamm ekcriepumeHTy B-STIC, Bik pocimH 26 [HIB (14-vi eHb rnosboTy)
B-STIC flight plants with siliques, plant age 26 days (flight day—14)



PGC5BS1iLC

miaWa

[MonboTHI pocnnHu 3i cTpyHkamu ekcriepumeHTy B-STIC, Bik pocivH 27 aHiB (15-vi 4eHb rossoTy)
B-STIC flight plants with siliques, plant age 27days (flight day—15)
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[MonboTHi pocrivHn ekcriepumeHTy B-PAC (kamepa PGC 1), Bik pocivH 2 gHi (4-vi eHb nosboTy)
B-PAC flight plants, plant age 2 days (flight day—4)
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lMonsoTHI pocrvHn ekcriepumeHTy B-PAC, Bik pocsivH 5 [HIB (7-Vi AeHb oab0oTYy)
B-PAC flight plants, plant age 5 days (flight day—7)
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. PGC1BPAC
FRONT/FLIGHT

[onboTHI pocimHu ekcriepumeHTy B-PAC, Bik pocrivH 11 gHiB (13-v geHb nonsoTy)
B-PAC flight plants, plant age 11 days (flight day—13)



~ PGC1BPAC
FRONT/FLIGHT

lMonboTHIi pocnvHn ekcriepymeHTy B-PAC, Bik pocivH 12 gHiB (14-vi JeHb nomboTy)
B-PAC flight plants, plant age 12 days (flight day—14)
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PGC 1 BPAC

MAWMYVI o

[MonboTHi pocivHn exkcriepumeHTy B-PAC, Bik pocrivH 13 aHIiB (15-Vi feHb MOb0TY)
B-PAC flight plants, plant age 13 days (flight day—15)
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PGC 2 BPAC

RONT/E s

lMonboTHi pocinHu ekcriepumeHTy B-PAC (kamepa PGC 2), Bik pociuH 11 gHiB (13-vi aeHb nonborty)
B-PAC flight plants, plant age 11 days (flight day—13)
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PGC 3 BPAC
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PGC 3 BPAC
FRONT/FLIGHT
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" PGC 3 BPAC
FRONT/GROUND

e W

PocnnHy HazeMHOro KoHTposito ekcriepumeHTy B-PAC (kamepa PGC 3), Bik pociivH 5 gHiB
B-PAC ground control plants, plant age 5 days
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PGC 3 BPAC
RO N\ ROUND

PocnvHn HazeMHOro KOHTPosio exkcriepumeHTy B-PAC, Bik pociivH 12 gHiB
B-PAC ground control plants, plant age 12 days
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PocrnvHy HazeMHOro KoOHTposito ekcriepumeHTy B-STIC (kamepa PGC 6), Bik pocrivH 18 gHis

B-STIC ground control plants, plant age 18 days



| PGC 6 BSTIC
FRONT/GROUND

PocrnvHn HazeMHoro KoHTposto ekcriepumeHTy B-STIC, Bik pocavnH 20 [HIB
B-STIC ground control plants, plant age 20 days



PGC 6 BSTIC

TRON () N :

PocrnvHmn Ha3eMHOro KOHTposto ekcriepumeHTy B-STIC, Bik pocivH 28 [HIB
B-STIC ground control plants, plant age 28 days



PGC 4 BSTIC
NAAL 2 | N |

PocnvHn Ha3eMHoro KoHTposno ekcriepumeHTy B-STIC (kamepa PGC 4), Bik pocivH 20 gHiB
B-STIC ground control plants, plant age 20 days



PGC 4 BSTIC

CRON RO N

PocnnHn Ha3eMHOro KOHTposio ekcriepumeHTy B-STIC, Bik pocivH 27 [HIB
B-STIC ground control plants, plant age 27 days



PGC 4 BSTIC
TRON ROIIND

PocnnHy HazeMHOro KOHTPoso ekcriepumeHTy B-STIC, Bik pocsivH 28 gHiB
B-STIC ground control plants, plant age 28 days
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PGC 1 BPAC
DNT/GROUND

PocnvHy HazeMHOro KOHTPos ekcriepumeHTy B-PAC (kamepa PGC 1), Bik pocnvH 1 geHb
B-PAC ground control plants, plant age 1 day



PGC 1 BPAC
'FRONT/GROUND

PocnnHu HazeMHOro KoHTporsto excriepumeHTy B-PAC, Bik pocsivH 5 [HIB
B-PAC ground control plants, plant age 5 days
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lMpotoHemara moxy Ceratodon purpureus y Ha3eMHOMY KOHTPOJIi (IIBOpy4) Ta KOCMIi4HOMY ro/boTi (npaBopyd), ekcriepumeHT SPAM-A

Ceratodon purpureus moss protonemata in the ground control (at left) and in space flight (at right), experiment SPAM-A



KocmonaBT-gocnigHuk JleoHin KageHok 36upae nunok anis ekcrnepumeHTty B-STIC
Payload Specialist Kadenyuk collecting pollen for the B-STIC experiment



KocmoraBT-[ocnigHuk JleoHin KageHok nounHae 3anuieHHs KBiTok Brassica rapa ansa ekcrnepyumeHTy B-STIC
Payload Specialist Kadenyuk beginning to pollinate Brassica rapa flowers for the B-STIC experiment



KocmoHaBT-[0CiAHVK
JleoHin KageHrok
3anue KBITKU
Brassica rapa

L1591 €KCMIEPUMEHTY
B-STIC

Payload Specialist
Kadenyuk pollinates
Brassica rapa flowers
for the B-STIC
experiment
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KocmoHaBT-gocnigHuk Jleorin KageHok mapKye 3anuvneHi KBiTku Brassica rapa fis ekcnepumeHTy B-STIC
Payload Specialist Kadenyuk marking Brassica rapa pollinated flowers for the B-STIC experiment
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lNpunapg [ns BUPOLLyBaHHS POC/IMH 3 Kamepamu AJis POCTY POCMH Ha Opb6iTi (BuAa crnepesy)

Plant Growth Facility with Plant Growth Containers (front/flight)
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lMpunag [4ns BUPOLLYBaHHS POC/INH 3 KaMepamu A1 POCTY POC/IMH Ha opobiTi (Bug 33a4y)
Plant Growth Facility with Plant Growth Containers (back/flight)



lligroToBka [0 hikcadii pocimH g5 ekcrnepuMmeHTy B-PAC
Preparing to plant fixation for B-PAC experiment
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B npouyeci po6otn
In working process
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PocnuHun Brassica rapa,
SIKI BUpOC/IN Ha OpOITi,
ekcriepumeHT B-PAC
(15-i geHb rnonboTy)
B-PAC Brassica rapa
flight plants

(flight day — 15)







KocmoHaBT-gocnigHuk Jleowin KageHrok ikcye pocnvHy Brassica rapa gns ekcriepumeHty B-PAC
Payload Specialist Kadenyuk fixing Brassica rapa plants for the B-PAC experiment
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Dikcaujito pocrmH Brassica rapa gns ekcriepumeHty B-PAC 3akiH4eHO
Fixation of Brassica rapa plants for B-PAC experiment was ended
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KanitaH KesiH Kperesns 3anutoe KBiTku Brassica rapa ans ekcriepumeHTty B-STIC
Captain Kevin R. Kregel pollinating Brassica rapa flowers for B-STIC
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KanitaH KeBiH Kperesnb ¢hoTorpaghye KoHTerHep 3 pocnvHamu Brassica rapa
Captain Kevin R. Kregel photographing a container with Brassica rapa flowers



BinbHuii 4ac. @yt6os1 Ha opbiTi
Free time. Football on orbit






€nnzaseta Kopgrom

Elizabeth Kordyum
B 5o VAT PSSR




Pornkep KepH,
XpuctuHa YabaH

Ta OpecTt [emkiB
(excriepumeHT SPAM)
Wolker Kern,
Christina Chaban
and Orest Demkiv
(SPAM Experiment)

IHr Kesio, AHLy KiaHr
Ta Mepi Macrpevis
(excnepumeHT B-STIC)
Ying Xiao,

Anxiu Kuang,

and Mary Musgrave
(B-STIC Experiment)

IHr Kesio, AHTOHIHa [ornoBa,
Mepi MacrpeviB, AHLy KiaHr
1a LllapoH MeTbtoc
(ekcriepumeHT B-STIC)

Ying Xiao, Antonina Popova,
Mary Musgrave,

Anxiu Kuang,

and Sharon Matthews
(B-STIC Experiment)

o,



EmaHyerns Xinapi Biktop [llpima
(ekcriepymeHT B-PAC) (exkcniepumeHT GENEX)
Kpictogpep bpayH Ta OneHa Heayxa Victor Boitia
(exkcriepumeHT SOYMET) (GENEX Experiment)
Emmanuel Hilaire

(B-PAC Experiment),

Christopher Brown and Olena Nedukha

(SOYMET Experiment)

€nnzaseta Kopgrom (ekcrniepumeHT ROOTS)
Ta XpuctuHa YabaH (ekcriepyumeHT SPAM)
Elizabeth Kordyum (ROOTS Experiment)
and Christina Chaban (SPAM Experiment)
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CNIIbHHA YKPAIHCBKO - AMEPHKAHCBKMH EKCIIEPHMEHT
BYHMTEJI TA YYHI HOCIALIKYIOTh POCJIHHHA B KOCMOCI

KAY  Hauonansne xocuiune | [ HAHY Hawomaseua akagenin | |MOY  Misicreperno
arencTao Yxpainn Hayx Yupainn oCBiTH Y Kpainn

YIOEHIL Yepaincusuht aepmasusi MAH  Mans
EKONO0-HATY pasicTHYHUA AKAREMIR HAY
UEHTR YuHiBCEEOD Moaon

Bepbuuskni Hazapenko
Boacausnp Basentnrosns Bosoanmup [eanosny
Tea.(044) 430-02-60 Tea.(044) 224-50-10

Hazapenxo Maneusxa TpHropoBchEa Trauyx
Jloaunaz Isanisnz Oavra Crenanlsua Maiia Bacuavonna Jloamins Isanisna
vea.(044) 430-02-60 e, (044) 430-02-60 e, (044) 430-02-60 vea.(044) 280-51-17

Indopmanifine z . synJleonronnua, 9, lnetirys Gioximii is.
poboge micue ren.: (044) 224.50-10; paxc:(044) 229-63-65; E-m {@biochem kiev.us

Binunueka oGa, Boawncexa oba. Hutomnpeska oba.
Knausuix Mutkazux Kymenion AdaMosuy

Anatonift Mukcaaiosns Tersina Auapiisua Harasin Muxosaiana Anatoalit Onekcanapon
Ten.(0432) 32-00:¢ Ten.(03322) 4.91-20 1en (03322) 4-91-02 ren{0412) 24-1647

Juinponerposchka oba.

Inamnye JloBans Monpyra Yoprobpuseus
Anna Bacunisna Fpuroplit Bacuasonny Ouasra Pesoplana Terana Crenaninna
Ten.(0562) 46-30-13 Tea(05616) 2-14-94 rea (0562) 12-81-43 Ten.(05662) 9-32-64

Joneuska ofia. Bawapnarcexa oba, Munoaaiscexa oba. Opecura oba.
Kupuaenko ManoBchKa MukoaaiuyK Baruwena
Cairaana Kocrantuuisna  Hatanin Inaninna Bipa leopriisna Terana Bacuainna
Ten.(0622) 55-14-57 Ten.(03136) 2:20-00 ren. (0512) 35-04-35 1es.(0482) 63-82-91

Isano-Ppannisceka oba. Moarascexa oba. Xepconcexa oba.
[uumapys Mentuuyenro Inaneko Taaiuesa

l'annna Bacuaiana Heouiaa Posanisna Haraaia Mukoaaisna Taauua Biranienna
Ten.(03422) 2-20-47 1en.(03475) 2-54-67 Ten.(05358) 46-167 1ea.(0552) 26-42:77
Jepruniavesrui Tadrkosuy Kanunoseska Craoposiy
JwtGomup Muxaiaosu Tanna Penopivia Hina MNapaisra Mapuna Muxaiaisua
Ten.{03478) 2-24-57 rea, (03430) 2-22-67 Ten (06355) 5-62-23 Ten.(0552) 24-23-34

Kuincura ofa. leano-@pauxiscexa 06, Pianencsra ofia. Tepronmiascska oba.
Cemenona Bonai Pax Capwu (Cregamnuin)
Hina Oaexcannpisua Banentuna fApemisua Mitkonadt Komns JioGos Muxadinissa
Tea.(04408) 4-02-79 1ea.(03422) 4-80-83 rea.(0362) 23-01-49 7en.(03522) 5-05-46

Kipomorpaacswa ofia. Ant, PecnyGaixa Kpum Xapsxiscuxa ofa. Xmeasunusra ofa
MakoTHa Brutopna Mypas Typebkia

Ipuna Bunentunisna Teraua Bikropissa Jloamuas Anapiinua 3oa leanizna
Tes.(0522) 24-05-97 Ten (0652) 27-62-36 ren.{06749) 5-33-61 Ten.(0382) 55-14-49

m. Knin

Jlravko Yeenrn Cemunncska Yoprofpuukina

Ipuna Isanisua Hina Oaekeannpisna Quaena Inanisna Jhonmuna Bonoausnpis.
Tea (044) 290-51-17 e (044) 446-14.77 tea.(044) 263-86-05 Tea (044) 21208-26

Jlspincexa o Jyrancexa oG, “Hepracera oba. Hepuineuska oba.
Noxuaenny Kocorona Bepesna Pauumka

10pin Qneronuy Terana Muxadaivna Taumina Isauinna Jloamune Cemeninna
Tea.(0322) T6-46-07 1ea(0642) 95-18-67 rea, (0472) 63-38-92 1ea.(0372) 55-09.78"

Yepuiriscera oba.
Kpasapesuxo

Jligia Bacuaisna
Ten.(04622) 2-50-25
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Teachers and Students : Ackriowledgmetts
investigating Plants in Space

A Teacher's Guide with Activities for Life Sciences

Mational Aeronautics and Space Administration

Office of Human Resources and Education
Education Division
Washington, DC

With the Wisconsin Fast Plants Program
University of Wisconsin - Madison

This publication is in the Public Domain and is not protected by copyright.
Permission is not required for duplication.

This publication was developed for the National
Aeronautics and Space Administration and the National
Space Agency of Ulraine with the input and support of

Christie M. Roden

Activity Development:

Paul H, Willlams
Michelle A. Graham
Daniel W. Lauffer
Carey K. Wendell

The Wisconsin Fast Plants Program would like to
gratefully ackmowledge Bonnie J, McClain and Tom K.
Scott for their contribution of the text for "The
Importance of Plants in Space,” and Greg L. Vogt for his
contribution of the text for "Microgravity.”

Spectal thanks to Bonnie J. McClain. Pamela L. Mountjoy
and Rosalind A. Grymes for their guidance and advice.

tel: 800-462-7417 or 608-263-2634
WWW: http:/ /fastplants.cals.wisc.edu
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3yctpid lNona Binkamca
Ta Toma [HpeLuena

y Bopucninbcekomy
aeporiopTy, BepeceHsb,
1997

Meeting Paul Williams
and Tom Dreshel

in Boryspil aeroport,
September, 1997
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YkpaiHcbKi y4Hi

B KkabiHi LLlaTna
Ukrainian students
at the Shuttle’s cabin







VkpaiHceKi y4Hi B ofHOMY 3 aHrapis KOCMIHHOro LeHTpy

Ukrainian students at Kennedy Space Center in one of the hangars
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VkpaiHcbKi y4Hi B KOCMIYHOMY LEeHTPI iM. KeHHesi

Ukrainian students at Kennedy Space Center
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Yy4acHukn cemiHapy 3
OCBITHbOI Mporpamu

y depxasHomy
€KOJ10ro-HatypanicTu4Homy
LeHTpi B Kuesi,

KBITE€Hb, 1998

Participants of the
Educational Program
workshop at the State
Ecological-Naturalist
Center in Kyiv,

April, 1998




KocmoHaBT-A0CiAHUK
JleoHin KapeHok

i3 yHacHukamu cemiHapy

3 OcBIiTHbOI nporpamu

y HepxxaBHomy
€KOJ10ro-HaTypanicTu4HOMy
LeHTpi B Kuesi,

KBITEHb, 1998

Payload Specialist

Leonid Kadenyuk

with the Participants

of the Educational Program
workshop at the State
Ecological-Naturalist
Center in Kyiv,

April, 1998






Vinesm lMNesicTyd nig 4ac
3eJ1eHoI nporynsHku
William Piastuch

on green walk

LDxevime avikema 3 OpyXUHOIO y My3ei

HapoAHoI apxuTekTypm 1a nobyTty, [nporoBo

Jim Guikema with his wife in the Folk Architecture
and Life Museum, Pyrohovo

Hevis YernimeH

1a Tom CkotT y Muporoso
Dave Chapman

and Tom Scott in Pyrohovo

Hevie YernimeH
(cvgntb)

y [uporoso
Dave Chapman
(sitting)

in Pyrohovo



[Dkevimc [avikema 6insi
baperibeqpy akagemika
M.I". XonogHoro

James Guikema
near the bas-relief
of academician
M.G. Kholodny

Kpictocbep BpayH

6irisi 6yANHKY
IHCTUTYTY 60TaHIKM

im. M.I". XonogHoro
HavioHanbHoi akanemii
HayK YkpaiHn

Christopher Brown
at the M.G. Kholodny
Institute of Botany

®pen Cak Ta Bonkep KepH Ha cxognHKax
IHcTuTyTY 60TaHIKK iM. M.I". XonogHoro

Fred Sack and Wolker Kern on the steps
of the M.G. Kholodny Institute of Botany



Mepi Macrpevis, Yinem lNescTy4, evie YeniveH ta [Jxevimc lavikema €EnnszaBeta Kopgrom
Ha cxoguHKax IHctutyTy 6oTaHiku iM. M.I". XonogHoro 1a [xevimc lavikema

Mery Musgrave, William Piastuch, Dave Champan, and James Guikema Elizabeth Kordyum
on the steps of the M.G. Kholodny Institute of Botany and James Guikema
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On November 19, 2007 it will be 10 years from
launching of space shuttle Columbia, on board
of which the Collaborative Ukrainian Experiment
with participation of Leonid Kadenyuk — the first
Payload Specialist of Independent Ukraine —
was held. The main aim of this experiment

was to investigate the influence of microgravity,
that is a permanent factor of space flight, on
growth and development of plants and

to elucidate the regularities of gravisensitivity

of autotrophic organisms. Before the space
experiment, three-year preparation was held

in laboratories of US Universities and

in Kennedy Space Center (cape Canaveral,
Florida), and in Institutes of the National Academy
of Sciences of Ukraine.

A competition among candidates in Payload
Specialist and their biological training in
scientific laboratories of Ukraine and USA
for skill to work with hardware for plant growth
and manipulations with them were carried out.

In addition, creation of new hardware as well as
facilities for chemical fixation of samples was
also realized. Participants of the Experiment
systematically discussed theoretical and
practical questions, that appeared in the course
of its development, at workshops on cape
Canaveral, in Kyiv and L'viv, and also

by means of TV-bridges, in which all participants
could take part. Two Verification Tests of
experiment's preparation state for space flight
and its simulation in Kennedy Space Center
were held by NASA's initiative in September —
October 1996 and in April — May 1997. Scientists

from Ukraine and USA have created an amicable
team which worked in the same rhythm. A wide
Educational Program for students was held

in two countries. While being in Kennedy Space
Center | well sensed unforgotten atmosphere —
atmosphere of benevolence and high
responsibility, confidence and excitement.

That is why | congratulate scientific-reference
edition, that documentary represents

the chronicle of preparation events

and conducting of the Collaborative Ukrainian
Experiment, that is a good example of froitful
co-operation of Ukrainian and American
scientists-biologists in aquisition of new
knowledge. | wish them further creative success
in development of space biology and also
effective using the fundamental data in creation
of controlled ecological life-support systems

for cosmonauts that are importunately required
for future pilot long-term space flights

and exploring Mars an other planets.

NSAU General Director
Yu.S. ALEKSEEV

159 «» * -

* v



The first human flights into space showed
that it was possible for people not only
to exist in space flight but also to work
there constructively and to solve successfully
more and more complicated tasks for
the benefit of humanity and world science.

One of the most important components
of the general complex of space exploration
is space biology, the emergence of which
became possible due to scientific and
technological progress and which is closely
linked to human's entrance to space.
The significance of space biology is
difficult to overestimate, especially for realization
of long-term pilot space fights and visiting
Mars and other planets. From the beginning
of the cosmic era, Ukrainian and American
biologists took an active part in the development
of the theoretical and instrumental base for
performance of real space experiments.

| happened to take part in the mission
STS — 87 on board the space Shuttle "Columbia"
during November 19 — December 5, 1997,
performing direct functions of Payload Specialist
in the Collaborative Ukrainian Experiment.
To discharge these functions was an exceptionally
interesting work for me, the importance of which
| understood well. Also, this was the first flight
of a representative of Ukraine as the independent
state. | felt great responsibility to Ukrainian
and American scientists who took part in my
preparation for the flight.

I also want to point out that | received
the important and fundamental knowledge

on space biology in the Yuriy Gagarin Center
of Cosmonauts Training in the former USSR,
but | am very grateful to Ukrainian and
American scientists who made great efforts
for my personal preparation to the actual
Collaborative Ukrainian Experiment. | feel
special gratefulness and admiration for

the leader of our group of scientists,
Elizabeth Kordyum, with whose scientific
activities | acquainted in the Star City.

It was through the scientific works of Elizabeth
Kordyum in the sphere of space biology

that we, future cosmonauts, learnt the
nuances of this science. This is why it was

a great honor for me to be a student of
Elizabeth Kordyum, who perseveringly

and honestly shared her knowledge

and experience with me.

The realization of experiments in the state
of weightlessness had its peculiarities, which,
unfortunately, cannot always be predicted
on Earth. Pollination of flowers, chemical
fixation of plants and temperature regulation
in the Plant Growth Facility, the work
with freezing chamber, etc sometimes
demanded additional and extraordinary
decisions during the performance of the
above mentioned procedures. | would like
to especially note that friendly truck, which
were settled between crew members, their
readiness always to help one to another
in the performance of the complicated tasks
on orbit promotes to decide correspondingly
and realize all program.

Scientists from US and Ukraine formed one
friendly team, which worked exceptionally well
that ensured successful preparation and
realization of the Collaborative Ukrainian
Experiment.

Payload-Specialist ~
L.K. KADENYUK W

[
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In the 2007, on November 19, it will be 10
years since the launch of space shuttle
Columbia STS-87. During that mission the
Collaborative Ukrainian Experiment (CUE)
was conducted by the Ukrainian Payload
Specialist. The CUE preparation which took
three years, and its successful realization
was accomplished owing to energies of NASA,
National Space Agency of Ukraine, and
National Academy of Sciences of Ukraine, US
Universities, and Kennedy Space Center. Time
passes very quickly, somewhat is inevitably
forgotten, pungency of feelings is lost, science
is going forward with its new problems and
approaches to their solution. But CUE remains
as the major event in development of space
biology in Ukraine in nineties of XX century
and international space co-operation. There-
fore, it would be important to recall the effort
and the friendly climate of three-year prepara-
tion and installation of CUE. The presented
scientific-reference edition is devoted to those
events and grounded on the official docu-
ments, summatries of workshops, and publica-
tions in Science Milestones. Numerous photos
presented in this book demonstrate the
objects of the CUE experiment on orbit and in
the ground control, and CUE patrticipants in
the Kennedy Space Center and in Kyiv, during
work and on their time off. It would like to hope
that this book will be interesting for many of
general readers, including specialists in the
various fields of biology.

161

» * .

Every event has own life: past, present and
future.

First, we would like to stress that CUE in-
cludes investigations relating to space biology
that is one of the most important in the sys-
tems of space sciences. Space biology stud-
ies the biological effects of spaceflight factors,
primarily microgravity and cosmic galactic ra-
diation, which are not present for living sys-
tems on Earth, and thus provides principally
new scientific information. The ability to con-
duct experiments in microgravity has been
made possible by advances in space flight
technology, which has evolved over the past
50 years. It is necessary and extremely impor-
tant for the elucidation of fundamental prob-
lems of current biology and is the basis for
working out space cell biotechnology and con-
trolled ecological life-support systems (CELSS),
which significance rose sharply in connection
with planned pilot apace flights, visiting Moon
and Mars. The creation of such systems and
the biotechnology and prognosis of their func-
tioning reliability are impossible without deep
knowledge relative to the degree of action and
direction of spaceflight factors on living sys-
tems.

The investigations in space biology laid the
experimental foundation of gravitational biolo-
gy (its occurrence is related to fifties of 20th
century) which clarifies a role of gravity that is
the cardinal constant acting geophysical fac-
tor, in the functioning of the Earth biosphere.

* d . -
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In the space era, biologists have a unique abil-
ity to explore the influence of microgravity and,
therefore, the influence of gravity on the spa-
tial orientation, physiology and biochemistry of
organisms, morphogenesis, cellular reproduc-
tion and differentiation, i.e. processes lying in
the basis of growth and development of living
creatures. As long as the question about the
degree of specialization to gravity seems to be
most essential in the investigations of the bio-
logical effects of microgravity, the objects of
space biology are organisms that differ by the
degree of complexity of their organization, —
bacteria, protozoa, fungi, lower and higher
plants, insects, amphibians, fishes, and birds,
mammals in vivo and in vitro. Except for the
experiments in space flights, ground-based re-
searches of model the influence of single space-
flight factors on the biological systems are per-
formed. There are four main directions in to-
day space biology:

Gravitational biology. It elucidates a bio-
logical role of gravity by conducting research
on the influence of altered gravity — real mic-
rogravity in space flight and the conditions,
that partially reproduce biological effects of real
microgravity in laboratories: clinorotation, hy-
pokinesia, orthostatica, water immersion as well
as hypergravity created by centrifugation, on
various living creatures and in the culture of
organs, tissues and cells.

Radiation biology. It studies the reactions
of living creatures on an action of cosmic ga-
lactic radiation, especially the biological ef-
fects of heavy charged particles with energy
of MeV and GeV and the products of nuclear
decay in space flight, as well as ground-
based experiments on nuclear accelerators,
which work out the methods of dosimetry,
determines a degree of an radiation risk for
astronauts in pilot space flights, a diapason
of damages of the cell genetic apparatus and
the possibilities of its reparation, performs a
search of effective protectors and safety
device.

Planetary biology and pre-biotic synthe-
sis. The possible chemical pathways of the
origin of life are clarified and a search of extra-
terrestrial living form on the other planets, in-
cluding an intellect in universe and chemical
precursors of life in Space, is carried out. An
experimental check of the panspermia con-
ception — life entry from Space on Earth is
carried out also.

Natural and artificial ecosystems. The me-
chanisms of functioning and dynamics of natu-
ral ecosystems on Earth and artificial ecosys-
tems, that are necessary for human life-sup-
port systems outside of Earth during space
flights and visiting other celestial bodies, in
particular Moon and Mars, are investigated.
Theoretical aspects and methods of stabiliza-
tion and control of the artificial ecosystems pro-
viding an intensive growth of plants, fungi and

animals, which must be included in astronauts'
ration, processing obtained products for the
utilization of wastes in closed systems are wor-
ked out, i. e. biotechnological principles used
for the realization of biological turnover during
space flights.

WE EXPRESS HEARTY THANKS TO PRESIDENT OF THE
NATIONAL ACADEMY OF SCIENCES BORIS PATON FOR
PERMANENT SUPPORT OF RESEARCH IN SPACE LIFE
SCIENCES IN UKRAINE. WE ARE ALSO GRATEFUL TO
DEPUTY DIRECTOR GENERAL OF THE NATIONAL SPACE
AGENCY OF UKRAINE EDWARD KUSNETSOV, EXECUTIVE
DIRECTOR OF THE AMERICAN SOCIETY FOR GRAVITA-
TIONAL AND SPACE BIOLOGY TOM SCOTT AND SCIENTIF-
IC SECRETARY OF SPACE RESEARCH COUNCIL OF THE
NATIONAL ACADEMY OF SCIENCES OF UKRAINE IRINA
VAVILOVA FOR ACTIVE HELP IN PREPARATION OF THIS
SCIENTIFIC-REFERENCE EDITION, AND ALL COLLEAGUES
AND FRIENDS FOR THEIR INFORMATION AND BENEVO-
LENCE.
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SPA(E
BIOLOGY

Space biology began to develop in Ukraine
in the late 1960's. In the early seventies, the
theoretical basis of future space biological
experiments with organisms, which must be in
the active physiological state during flight, was
developed at the Institute of Microbiology and
Virology of the National Academy of Sciences
of Ukraine. An idea that just such an approach
allows the answer to be the most pointed
questions facing the researchers at that time,
when it has been determined that space will
be the sphere of human economical and sci-
entific activity in the near future, has been put
forward. It was necessary to ascertain how
long-term periods of space flight will affect the
vital activity of organisms, and whether adap-
tation will occur over the life of one organism
or on the level of several generations. The
following years showed that approach was
entirely justified. Certainly, intensive work on
improvement of methodical approaches and
technical equipment for spaceflight experiments
precedes the investigations of organisms grow-
ing and developing on orbit.

Special cultivators IFS (inoculative-fixative
system), Rost, Svetoblok-1, Biocontainer, and
other fixative facilities have been created and
the corresponding system for analyses of
experimental materials has been worked out.
Parallel to conduction space experiments the
Institute of Botany of the National Academy of
Sciences of Ukraine, worked on modelling ac-
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tions of separate spaceflight factors namely:
vibration and acceleration during launch re-
gime (jointly the Institute of General Genetics
of Russian Academy of Sciences), changes in
intensity of electromagnetic fields (jointly the
United Institute of Nuclear Investigations,
Dubna, Moscow district and the Physical-
Technical Institute of Low Temperature of the
National Academy of Sciences of Ukraine), si-
mulated microgravity (horizontal clinostats, that
partially reproduce the biological effects of
real microgravity in space flight. The influence
of a heavy component of space galactic radia-
tion was imitated by irradiation of biological
objects with flows of separate heavy ions of
certain energy on the nuclear accelerators
(jointly the United Institute of Nuclear Investi-
gations, Dubna, Moscow district and the Insti-
tute of Nuclear Research of the National
Academy of Sciences of Ukraine).

Since 1974, about 64 biological experiments,
with bacteria and plants, which were in the
physiologically active state during space flight,
have been performed on board the biosatel-
lites Cosmos-573, Cosmos-654, Cosmos-672,
Cosmos-1887, Bion-9, Bion-10, and Bion-11
in cooperation with the Institute of Biomedical
Problems, Moscow, the spaceships Soyuz-12,
Soyuz-13, Soyuz-16, and Soyuz-22, orbital sta-
tions Salyut and Mir in cooperation with the
Research-and-Production Association Energiya,
Moscow, and the space shuttle Columbia in

* ¢ .. -
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co-operation with NASA on the international
and national space biological programs.

Chronology of spaceflight experiments with
bacteria and plants are:

1974—1978: The series of experiments with
a bacterium Proteus vulgaris; a growth rate,
motility, chemotaxis, cell structure, enzyme ac-
tivity, and membrane permeability have been
studied in the different growth conditions in
space flight — aerobic, anaerobic (the expe-
riment "Growth of Microorganisms" in joint
Soyuz-Apollo flight), and facultatively anaero-
bic (the experiment "Cytos" in cooperation with
CNES, France).

1975—1992: The series of experiments with
unicellular green algae Chlorella vulgaris, auto-
trophic strain LARG-1, and Ch. pyrenoidosa,
heterotrophic strain g-1-11; a growth rate, re-
production, cell structure and functional state,
polysaccharide content, an activity of starch
hydrolysis enzymes, calcium balance, and
bacterial infection have been studied in the dif-
ferent growth conditions during space flight —
in monoculture on the semi-liquid and solid me-
dia under illumination (the experiment "Chlo-
rella" in cooperation with Chehoslovakia) and
in darkness, as well as in a three-component
water system (algae, fishes, and bacteria).

1980: 1). The experiment with the protonema
of moss Funaria hydrometrica; the structural-
functional organization of protonema cells has
been studied. and 2). The experiment with a

symbiotic water fern Azolla pinnata; a cell struc-
ture of fem leaves, nitrogen-fixed cyanobac-
terium Anabaena azollae and associated bac-
teria, as well as interrelations between eukary-
otic and prolcaryotic organisms have been
studied (the experiment "Azolla" in coopera-
tion with Vietnam).

1978—1991: The series of experiments
with angiosperms species: Pisum sativum,
Triticum durum, Arabidopsis thaliana, Impa-
tiens balsamina, Cucumis sativus, Allium
cepa, Muscari racemosum, Anethum grave-
olens, and Spirodela polyrrhiza; a growth and
development of seedlings, a structural-func-
tional organization of cells of the vegetative
organs, an anatomy and ultrastructure of a
root cap, especially cap graviperceptive cells,
calcium balance, physical-chemical properties
of the cytoplasmic membrane, and lipid perox-
idation intensity have been studied. In1981:
the first long-term experiment with Arabidopsis
thaliana; in this experiment, A. thaliana plants
delivered at the stage of two cotyledons on
orbit were flowering for the first time in space
flight; a structure of plant generative organs
at the different stages of development has
been studied.

1980—1983, 1989: the series of experi-
ments with epiphytic and terrestrial orchids;
growth parameters, leaf anatomy, phytohor-
mone content, and enzyme activity have been
studied.

1987—1993: The series of experiments
with the Haplopappus gracilis and pea tissue
cultures; growth and ultrastructural parame-
ters and lipid peroxidation intensity have been
studied.

1989: The experiment with Daucus sativus
and Brassica rapa protoplast cultures; proto-
plasts' capability to regenerate a cell wall with
the following formation of microcalli, the cell
wall content, and structural-functional organi-
zation of microcallus cells have been studied
(the experiment "Protoplast” in cooperation with
ESA).

1989—1991: the experiments with the Ara-
bidopsis thaliana tissue culture; a capability to
morphogenesin in a callus culture in space
flight and the graviperceptive apparatus for-
mation of roots formed de novo in microgravi-
ty have been studied.

1991: The experiment with the Solanum tu-
berosum organ culture; a capability to form mi-
nitubers in microgravity and the ultrastructure
of starch-storage parenchyma cells have been
studied.

1996: The experiment with the protonema of
mosses Pottia intermedia and Ceratodon pur-
pureus; gravisensitive protonema morphogen-
esis and orientation in microgravity and the
structural-functional organization of its apical
cell, which is simultaneously the site of gravi-
perception and gravitropic reaction, have been
studied.
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1997: Collaborative Ukrainian Experiment.

As a result of complex investigations of bac-
teria and diverse plant objects with utilization
of cytological, biochemical, biophysical, mole-
cular-biological and other methods, it was esta-
blished that: 1) the main, constantly acting fac-
tors in space flight are weightlessness (mic-
rogravity) and galactic cosmic radiation. The
influence of radiation in flight in near earth
orbit, under the influence of Earth's magnitos-
phere, is less disastrous than in outer space
where its negative affect on living systems
sharply increased and sometimes results in
the death of the organism; 2) lower and higher
plants grow and develop in microgravity; 3)
morphogenesis, cell division and differentiation
occur without essential deviations from the
norm in microgravity; 4) microgravity essen-
tially affects cell metabolism; modifications of
metabolism are reflected in cell ultrastructure
rearrangements, i.e. a cell is sensitive to grav-
ity; 5) intracellular calcium balance changes in
microgravity; 6) metabolism changes in micro-
gravity lead to acceleration of cell differentia-
tion and aging; and 7) microgravity allows to
occur the adaptive reactions at the cellular and
organism levels in the range of physiological
response, i.e. in the framework of genetically
determinated program of ontogenesis. The in-
fluence of microgravity and clinorotation on or-
ganisms is more pronounced with increased
exposure and their manifestation is complicat-

ed in multicellular organisms in comparison with
unicellular ones.

A discovery of gravisensitivity of plant cells
not specialized to gravity perception and the
establishment of certain general regularities
of biological effects of microgravity might be
the main achievements of space and gravita-
tional biology in Ukraine. On the basis of the
analysis of growth parameters in bacteria
and unicellular green algae under different
regimes of cultivation in space flight compared
with ground-based controls, the following reg-
ularities were established: 1) during certain
time, growth, development and metabolism
of unicellular organisms occur in the limits of
an cell adaptation response and 2) growth of
microorganisms accelerates in the optimal
conditions of cultivation (aerobiosis, beef-
extract bouillon) on orbit in comparison with
ground-based controls, in modified conditions
(facultative anaerobiosi or anaerobiosis, an
addition of triptose or 2, 3, 5-triphenyl tetrazoli-
um bromide in the medium), it delays more
than in the controls. The established regulari-
ties have also a concrete applied significance
for working out the CELSS as microorganisms
are one of the main chains of turnover in such
the systems.

For the first time, Ukrainian scientists pio-
neered the use of the electron-microscopic
method to analyze the ultrastructure of bac-
terium and plant cells in spaceflight experi-
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ments. This method gives the possibility to
determine a functional state of cell organelles
and, thus, to judge by implication the level
and trend of cell metabolism. Therefore, a cell
fine structure and its changes in space flight
turned out to be the reliable indicators for a
value of the influence of spaceflight factors on
cell function. In addition, the electron-micro-
scopic method does not require major experi-
mental material, which is often limited. A fun-
damental concept that proliferating and active
metabolizing cells are the most gravisensitive
was determined. It was apparent from the
idea of the significant influence of microgra-
vity on cell metabolism, independently on
species and tissue type. One of the most
interesting and important effects of altered
gravity at the cellular level is the change in
the intracellular calcium balance revealed in
the redistribution of free calcium ions in the
cytosol, organelles and in a cell wall as well
as in an increase or a rare decrease in the ion
concentration in the cytosol. These data open
new perspectives in future research of calci-
um- and gravi-dependent processes in micro-
gravity and, thus, the action of gravity on cell
metabolism.

On the basis of an analysis of organelle
structure and function in meristematic, elon-
gating and differentiated cells in microgravity
and under clinorotation, certain regularities in
their rearrangements were established, name-
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ly: 1) a heterogeneity of organelles in a cell po-
pulation regarding a degree of rearrangements;
2) combining of a spatial consequence in bio-
genesis of organelles during cell growth and
differentiation; 3) rising of organelles reactivity
under changes in their functional load; 4) In-
creasing of organelles functional activity under
loss by a cell its specific functions (substitution
of functions). Established regularities have a
general character. However, at the same time,
they can give information on the relation of dis-,
hyper- or hypo-function of separate cell types,
tissues or organs as a whole.

It was shown that the changes in cell me-
tabolism in altered gravity lead to acceleration
of the growth and differentiation of meristemat-
ic and elongating cells and the aging of differ-
entiated cells, thus, shortening of the time of a
meristem activity and in some cases — onto-
genesis. An idea on cell mechanisms of adap-
tation to altered gravity, that is realized by the
principle of self-requlating system, was deter-
mined. However, the maintenance of the most
important parameters of cell homeostasis in
the norm limits occur against a background of
accelerated aging. A strategic significance in
the primary cell adaptation to the action of
microgravity has been the maintenance of the
cytoplasmic membrane lipid bilayer fluidity in
the certain limits and activation of the antioxi-
dant system. The long-term (secondary) adap-
tation is provided by the rearrangements of

cell metabolism underlying, in particular, the
changes in the structural and functional organ-
ization of cell organelles and enzyme activity.

On the basis of this experimental data, a
hypothesis of gravitational decompensation
(the absence of gravity influence) was put for-
ward. According to this hypothesis, the cyto-
plasmic membrane is the primary site of mic-
rogravity action. Under the conditions of the
reduction or the absence of hydrostatic pres-
sure, a change in the surface tension of the
cytoplasmic membrane can play an inductory
role in the rearrangements of membrane phys-
ical-chemical properties, which underlie the
changes in its permeability, membrane recep-
tors functioning, membrane-bound enzymes
activity that, in one's turn, leads to metabolism
rearrangements and, at last, to physiological
responses.

Enough information was obtained on the
structure and differentiation of root cap cells in
microgravity. It has been shown that the root
graviperceptive apparatus is formed in micro-
gravity but does not function in the absence of
a gravitational vector, i.e. amyloplasts-stato-
liths do not sediment in the distal part of stato-
cytes. Imposibility of the accomplishment of a
gravitropic reaction in micrgrogravity was shown
to be compensated with phototropism, i.e. di-
rectional light provides more or less normal
orientation of plant organs under these condli-
tions, that is a basic concept for working out

the technologies of plant growing in space
flight and opens new opportunities to study the
mechanisms of single tropic reactions in the
absence of gravity (Kordyum et al., 1994; Kor-
dyum, 1997 a, b, 2001, 2002, 2004).

Since 1993 fundamental and applied inves-
tigations in space and gravitational biology in
Ukraine have been part of the National Space
Program of Ukraine, funded by the National
Space Agency of Ukraine (NSAU) and per-
formed in the Institutes of the National Aca-
demy of Sciences of Ukraine, the Academy of
Medical Sciences of Ukraine, Universities and
other Establishments. The main directions of
these investigations were defined in which the
achievements of Ukrainian scientists have been
recognized by the world's scientific communi-
ty and whose development has been provided
with the scientific-technical potential of Ukraine.
Today, priorities in this area in the Ukraine are
aimed at 1) the elucidation of cellular and mo-
lecular mechanisms of the biological effects of
microgravity and consequently mechanisms of
cell gravisensitivity, and the creation of space
cell biotechnologies for medicine, agriculture,
and ecological monitoring using the unique
microgravity environment, and 2) working out
the concepts on growth, development, repro-
duction, and resistance of organisms in space
flight as a background for development of bio-
technologies for Controlled Ecological Life
Support Systems (CELSS).
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Fundamental directions include:

+ Cell biology in microgravity.

+ Investigations of the role of calcium ions
and cytoskeleton in biological effects of micro-
gravity.

+ Developmental biology in microgravity.

+ Life span and aging in altered gravity.

+ Interaction between prokaryotic (patho-
genic and symbiotic) and eukaryotic organisms
in microgravity; the value of bacterial and virus
pathogenity in these conditions.

Applied directions include:

Working out space cell biotechnologies and
improving the methods of electrophoresis in
microgravity for obtaining the preparations of
biologically active substances and homoge-
neous cell populations for fundamental re-
search, medicine and agriculture.

+ Working out technologies for space plant-
ing and utilization of waste in CELSS in long-
term space flights

+ Using the express-methods of environ-
mental monitoring in the cabin of space vehi-
cles for ecological and radiobiological monitor-
ing of biosphere.

Improvement of available space devices and
creation of a new generation for performing
space biological, biotechnological and biome-
dical experiments.
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CUE has its history in diplomatic relations
between the United States and the member
nations of the former Soviet Union. It has been
the US policy to encourage the transition of
these nations to a market economy and to en-
courage disarmament and the dismantling of
nuclear missile fleets. Cooperation in space
science was considered an excellent beginning
to an international dialogue which would help
accomplish these goals. Thus, initiation of dis-
cussions between NASA and NSAU came as
a directive from the White House.

The following is a temporal outline of the
events leading to the construction and realiza-
tion of this joint proposal:

1994

+ Signing of Trilateral Statement (US, Rus-
sia, and Ukraine), January.

+ Discussions between US and Ukraine to
collaborate in space research.

+ NASA sends a delegation to Ukraine to
explore options, March.

This delegation did not include space biolo-
gy, although Dr. Kordyum represented space
biology for Ukraine.

+ Code UL assembles a discussing group of
space biologists in Washington, DC, September.

The Ukrainian delegation was headed by
academician Yuri Kundiev, and included aca-

demician Alexander Navakatikyan, Drs. Eliza-
beth Kordyum, Orest Demkiv, Natalya Djachen-
ko, Olexander Kondrachyk and Vitaly Kordyum,
Mr. Anatoly Shevko, Mr. Sergey Gulyar and
Mr. Vitaly Gladilin. The US delegation was
headed by Dr. Joan Vernikos, and included
Drs.Lawrens Biever, Tom Scott, Mary Musgra-
ve, and James Guikema. During this meeting,
single-page collaborative proposals, covering
the range of space life science from human
physiology to computational biology, were de-
veloped and were submitted to NASA HQ.

+ Joint State of Future Aerospace Coope-
ration between the United States and Ukraine
directed NASA and NSAU to identify potential
experiments and payloads which could qualify
for flight and could create an opportunity for
a Ukrainian Payload Specialist to fly on the
Shuttle, November 22.

The directive from the White House was re-
viewed by the Life and Biomedical Sciences
and Applications Division (LBSAD) staff as
an opportunity to further plant space biology
while, at the same time, cooperating with
the diplomatic efforts of the Clinton adminis-
tration. The LBSAD staff, coordinated by Drs.
Tom Scott and Lawrens Biever, assembled a
competitive plant space biology team. which
prepared a preliminary proposal submitted to
Code I. This initiative was successful against
similar proposals from other NASA divisions
involving material sciences, space explora-
tion, etc.
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1995

+ NASA Director, Mr. Goldin, asks Code U
to recommend a science discipline for a col-
laboration experiment. Dr. Scott recommends
plant biology, based on the strength and ex-
pertise of plant space biology in National Aca-
demy of Sciences of Ukraine (NASU) and on
the cooperative proposals prepared earlier, Ja-
nuary.

+ Request from NASA Code | to Code UL
to define possible collaborative plant biology
payload. Code | expects that "plant biology ex-
periments have the greatest potential for a Uk-
rainian payload that will qualify for a flight on
the shuttle and also require a Ukrainian Pay-
load Specialist to conduct the experiment”,
February.

+ Plant experiments proposal prepared, in
discussions between the US and Ukrainian:
Dr. Biever sent the Improved Draft Proposals
for Ukrainian Payload/Experiment and the at-
tendant letter (letter attached) to Dr. Kordyum,
as NSAU Coordinator for Space Biology, March
8. Dr Kordyum.approved the Proposal, March
27. (letter attached).

+ Proposal sent to NASA Code |, March.

+ Two page plan sent to White House, March.

+ Second delegation sent to Ukraine (This
delegation included biologists), April.

+ White House approval of plant experiments
plan, April.

+ Joint NASA — NSAU Directorates, dis-
cussion on Ukrainian Payload, April.

+ President Clinton, while visiting Ukraine,
announced Ukrainian cosmonaut to fly on STS-
87, May.

+ Authorization of Code UL to proceed with
payload development, October.

+ Kickoff meeting at Kennedy Space Cen-
ter (KSC) is the first joint meeting of US and
Ukrainian investigators, November.

AND 5O, THE WORK
GOT ROLLING

The prior experience in preparation and per-
formance of space biological experiments and
the availability of the Program on Space Bio-
logy in Ukraine allowed Elizabeth Kordyum to
prepare and send to NSAU in January 1995 a
list of 15 experiments and their short 1—2 page
description, which included the experiment's
title, names of principal investigators, the aim,
subjects, objects and methods of research,
expected results, space equipment to hold the
experiment and tasks for the cosmonaut. In
February, Dr. Kordyum got a reply to NSAU
from the US side which stated that after the
examination, the proposed experiments were
divided in three groups: 1) the most interest-
ing, 2) less interesting, and 3) not interesting
for NASA at that time. The first group, count-
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ing 9 experiments, were chosen by NASA to
be joined with propositions from US side for
joint execution.

For the NASA request, it was necessary to
prepare detailed descriptions of every experi-
ment of the first group on 15—20 pages and
Curriculum Vitae of all principal investigators.
It was the most intensive week in February. A
responsible person from NASA Dr. Lawrens
Biever, with whom Dr. Kordyum often talked on
the telephone during February — March, 1995,
called her several times per day, beginning
from 9 h AM on Kiev time, during this week.
Dr. Kordyum appreciated his assistance in the
preparation of expanded proposals to meet
the U.S requirements have taken plenty of time,
but because of his insistence the Ukrainian
side prepared them in this week, and the pro-
posals, over 200 pages, were sent to NASA
by fax in the proper time. On March 12, 1995,
Dr Kordyum received Improved Draft Propo-
sals for the Ukrainian Payload/Experiments
from Dr. Biever and the attendant letter (letter
attached).

March 8, 1995

To: Elizabeth Kordyum / Ukrainian Academy
of Sciences and Coordinator for Space Biolo-
gy for NSAU

From: Larry Biever / Coordinator for Coope-
ration in Life and Biomedical Sciences and
Applications with the Ukraine

-
- ) '

* v '



Subject: Improved draft proposals for
Ukrainian Payload/Experiment on the NASA
Shuttle

The attached draft incorporates your inputs
from March 2, 1995 plus major rewrites by the
U.S. partners you suggested. | reviewed this
proposal with Dr. Scott, who manages the NASA
space biology program (including plant biolo-
gy) and Dr. Averner, who manages the NASA
program that is developing the use of plants
for spaceflight life support. They are impressed
with the quality of the science we are propos-
ing. | have also discussed the proposals with
Dr. Vernikos, Director, and Dr Frank Sulzman,
Director of the Research Branch of the Life
and Biomedical Sciences and Applications Di-
vision, NASA Headquarters , they are pleased
with our efforts.

Please review the proposals and send me
corrections by March 13, if you can. | hope you
are pleased with the evolution of our coopera-
tive options.

On March 7, 1995, Dr. Vernikos formally pro-
posed to NASA International Affairs that one
or two of our options be the Ukrainian experi-
ment/payload for the mission with a Ukrainian
Payload Specialist — if there is agreement
between NASU and NASA to fly the mission.
She submitted the same proposal | am FAXing
to you today. | expect that NASA will officially
notify Dr. Zhalko-Titarenko, Acting Director Ge-
neral, National Space Agency of Ukraine, in
writing, of NASA's proposed Ukrainian experi-

ment/payload for Ukrainian consideration/
agreement yet this week. | expect that our pro-
posal will be the one proposed to Dr. Zhalko-
Titarenko.

If Dr. Zhalko-Titarenko is favorable toward
our proposal, we will have to chose between the
options by March 17, 1995 in order for NASA
and the National Space Agency of Ukraine to
mutually report to the White House on their
Jointly-recommended Ukrainian payload/ expe-
riment by March 31, 1995. Thus it is critical that
I receive your comments, so that we can reach
agreement between the Ukrainian investiga-
tors and their US partners on the contents of
the individual options very early next week.

Please confirm that you received these ma-
terials and are willing to proceed with definition
of the experiment by return Fax.

Please FAX me at (202) 479-2613 or call me
at work (202) 479-2609 or at home (703) 759-
5948 if you need my assistance.

Lawrence BIEVER
Enclosure

A 2 y SN

As Dr. Kordyum was at Kansas State Uni-
versity she considered her opinion, after review
of the proposals with Dr. Guikema, and sent
the letter on this subject to Dr. Biever March
27 (letter attached).

March 27, 1995

Dear Larry:

| am very sorry that | did not meet with you in
Kansas. | wish you to be healthy as soon as
possible.

I have reviewed the proposal attentively
and | am sure that it is good. | formally approve
the modifications and changes made since
my last letter. In my mind, only a few issues
remain.

I am sure that the plant growth experiment
needs to fly pea (the main tasks of this exper-
iment are based on this object; because they
need in seedlings growing from the seeds which
germinate on the orbit), in addition to and as a
comparison with Brassica (for the experiment
of pollination and fertilization the adult plants
are needed, plants with buds, so for this expe-
riment plants with buds must be sent to the
orbit). Brassica plants form many buds and, na-
turally, flowers; thus for this experiment | think
a few chambers will be enough because we
will have many flowers for pollination.

I have made all corrections with names of
Ukrainian scientists, and | shall make it with
curriculum vitae of Ukrainian scientists if it will
be needed when | received them from you.

I excluded "Tuber formation" from the 5th
container. But Jim told me of the interest of
Dr. Tibbets for this experiment. Actually this
experiment is simple, but very informative. So,
I think that the final decision must be done by
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you and Jim, because | do not know your situ-
ation with Dr. Tibbets.

| understand that two experiments (PGF and
BRIC) are to be flown. | would like only to note
once more that all secondary experiments to a
primary experiment on photosynthetic appara-
tus are based on the same experimental plants,
because all parts of plants will be used for the
study with different methods as we have to
obtain the most information on the micrograv-
ity influence on plant growth and development
on the different levels of their organization in
this experiment which is unique on its talks
and possibilities to its realization.

We considered with Jim our tasks in propo-
sed experiments, and | think that this discus-
sion was very useful. | understand that the se-
cond plant growth facility experiment will not be
included in this proposal. Jim and I, along with
Dr. Leach, will be preparing a proposal for the
next Division deadline, and are hopeful that it
will be also funded.

| wait for new information from you on our
common success.

With best regards.

Sincerely,

Elizabeth KORDYUM

477.,,__

KICKOFF MEETING

On November 14—17, 1995 a week-long se-
ries of meetings were held at the Kennedy Spa-
ce Center. Information on these meetings and
the results were published in the 1st number of
Science Milestones January 1996. CUE Scien-
ce Milestones was a monthly newsletter, de-
signed to provide science-experiment prepa-
rations, status and information exchange to
Principal Investigators (Pls) and other mem-
bers of the CUE team and served as a status
report to the NASA CUE Payload Mission Ma-
nager, CUE NASA Project Scientist and CUE
NASA Level Il Management It continued to be
printed until 1998, covering successive events
in preparation, performance and post-flight
period of CUE (Editors: Ms. Corinne Johnson,
Project Science Coordinator (NN 1—7), Mr.
Dave Chapman, Project Science Coordinator
(NN 8—13)

These meetings included science presenta-
tions by the Principal Investigators, manage-
ment presentations by the KSC Payload Deve-
lopment, Payload Science Coordinator, and
Payload Mission Management. NASA Payload
Mission Manager, Ms. Cindy Martin and CUE
Payload Mission Manager, Mr. Mike Haddad
joined Mr. Bobby Bruckner, Director Payload
Ground Operations, in welcoming the Princi-
pal Investigators to Kennedy Space Center for
the CUE Kickoff Meeting. Dr. Bill Knott, Chief
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Scientist KSC Biological Programs, and Dr.
Ray Wheeler, Project Scientist, KSC Biological
Programs and Mr. Dennis Chamberland, KSC
Life Sciences Education and Outreach Prog-
rams, also supported the meetings. CUE
Project Engineer, Ms. Rina Thompson, of the
Bionetics Corporation, organized the meeting
and managed the overall project development.
CUE Payload Science Coordinator, Ms. Corinne
Johnson, of Dynamac Corporation, presented
the CUE payload science coordination plan.
Mr. Tom Dreschel, of Dynamac Corporation,
who would be coordinating the educational pro-
ject, presented the educational project plan.
Ms. Kelly Norwood and Ms. Debbie Vordermark
of The Bionetics Corporation discussed and
demonstrated the CUE flight hardware and
Mr. Bill McLamb, of the Bionetics Corporation,
gave an orientation of the pre-flight laboratory
facilities at Kennedy Space Center's Hangar L.
Providing Science and Engineering support,
from Kennedy Space Center, were Dr. William
Piastuch, Mr. Dave Chapman, Mr. Ken Ander-
son and Mr. Frank Chariot. Supporting the CUE
project at Level Il Management, Mr. Phil Da-
vies of Ames Research Center attended the
meetings and drafted the "Summary of Dis-
cussions" which was signed by Dr. Elizabeth
Kordyum and Ms. Cindy Martin at the close of
the meetings. Also attending, from NASA Head-
quarters were Ms Shari Kamm, International
Affairs and Ms. Linda Billings, HQ Interface for
the CUE Educational Project.
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The Ukrainian delegation of Principal Inves-
tigators attending the Kickoff meetings were
Dr. Elizabeth Kordyum and Dr. Olena Neduk-
ha, Institute of Botany, NASU; Dr. Svetlana
Kochiibey, Institute of Plant Physiology and
Genetics, NASU; Dr. Victor Prima, Institute of
Molecular Biology and Genetics, NASU; and
Dr. Orest Demkiv, Institute of Ecology of the
Carpathiens, NASU. The United States dele-
gation of Principal Investigators attending the
Kickoff meetings were Dr. Mary Musgrave,
Department of Plant Pathology and Crop Phy-
siology, University of Louisiana; Dr. Paul Wil-
liams, Department of Plant Pathology, Univer-
sity of Wisconsin and Mrs. Coe Williams of
the Wisconsin Fast Plants Program; Dr. James
Guikema, Division of Biology, Kansas State
University; Dr. Jan Leach, Department of Plant
Pathology, Kansas State University; Dr. Fred
Sack and Dr. Volker Kern, Department of Plant
Biology, Ohio State University; and Dr. Chris-
topher Brown, Plant Space Biology, Kennedy
Space Center. In addition to the presentations,
meetings were held between Pls and KSC
teams to begin the Experiment Definition Phase
of the CUE project. estimated to launch in Oc-
tober 1997 on STS-87. Information was gath-
ered from the Pls through rotation around a
series of tables to discuss different detailed as-
pects of their flight experiments. The sides dis-
cussed and reviewed experiments based on
the March 1995 proposed Ukraine/US Shuttle
Experiment document and began the process

of identifying areas of mutual collaboration. It
was agreed that the four primary and eight sec-
ondary experiments were to be carried forward
for further definition. Mr. Peter Chetirkin, of the
Dynamac Corporation,. and Mr. Mike Yelovich,
from Dynamac Corporate Headquarters, assis-
ted by translating all presentations, question
and answer sessions, and documentation to
make the kickoff meeting an extremely fruitful
exchange of information.

The CUE Project was identified to use the
Plant Growth Facility and the Biological Re-
search in Canisters as the major pieces of
flight hardware. The PGF and BRIC hardware,
as well as other support hardware were des-
cribed to the Ukrainian side. Handouts describ-
ing hardware, operations, facilities and the edu-
cation program were presented by the US for
the Ukrainian side for review.

The sides agreed that in order to maximize
the scientific value of the CUE, a single speci-
men Brassica rapa would be used in the PGF
experiments. It was also agreed that some of
the specimens would be flown in an advanced
stage of development and some would be flown
in the seed germination stage. This scenario
would satisfy the science requirements of the
majority of both sides. It was agreed by both
sides to use the moss species Ponia interme-
dia and Ceratodon purpureus and soybean
seedlings in the BRIC experiments.

CUE PlIs collaborated in the selection of ac-
ronyms (six-letter max) for their experiments at

the CUE Kickoff meeting. Acronyms were re-
viewed by the NASA KSC legal department
and approved. The acronyms selected were as
follows:

A) Plant Growth Facility (PGF) Experi-
ments:

1) B-STIC (Brassica — Stic) — Microgravity
effects on pollination and fertilization.

2) B-PAC (Brassica — Photosynthetic Appa-
ratus in Chambers) — Effects of altered gravi-
ty on photosynthesis.

3) ROOTS Microgravity effects on struc-
ture, function and organization of root cells in
Brassica rapa.

4) GENEX Spaceflight effects on gene ex-
pression in Brassica rapa tissue.

5) AMINO Spaceflight effects on amino acid
content in Brassica rapa tissue.

6) PHYTO Spaceflight effects on the phyto-
hormonal content in Brassica rapa tissue.

7) TSIPS (Teachers and Students Investi-
gate Plants in Space) — Educational Program.

8) RATIO The effects of microgravity on the
root/shoot ratios in developing seeds of Brassi-
ca rapa and soybean.

B) Biological Research in Canisters (BRIC)
Experiments:

9) SPAM. (SPAce Moss) — Effects of micro-
gravity on differentiation and phototropism in
moss protonemata.

10) SOYPAT (SOYbean PAThology) Effects
of microgravity on pathogenesis and defense
responses of soybean tissues.
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11) SOYMET (SOYbean METabolism) The
interaction of microgravity and ethylene on soy-
bean growth and metabolism.

The Ukrainian side noted that a number of
ground studies would have to be performed
prior to the finalization of their science plan.
These studies were to be completed and the
final science plan developed by March, 1996.
Additional ground studies were to be performed
in parallel utilizing a clinostat to determine if
further analysis could be performed on tissue
received from flight experiments. The sides
discussed the utilization of the PGF Brassica
rapa experiment, in which flowering, pollen for-
mation, pollination and embryogenesis would
be examined in the Educational Program. A
series of directly related classroom activities
that could be performed as ground controls
was presented and discussed. A planning mee-
ting and workshop was set for January 11—
13, 1996. Ideas were gathered from each CUE
Principal Investigator for possible educational
activities relating to the various experiments. It
was currently planned that the main focus of
the education activities will be on the PGF
Brassica rapa experiment. Procedures for per-
forming the Brassica rapa experiments were
well developed and could be readily adapted
to the CUE activities. There was a strong desire
that video teleconferences between the NASA
centers and schools in the Ukraine be facilitat-
ed as well as communications between stu-
dents performing ground control experiments

and the CUE payload specialist during the mis-
sion. Communication between the participating
schools and the scientists was also essential
for a successful effort. It was agreed that, in
addition to the meeting in January 1996, work-
shops would be held to train the participating
teachers during the summer of 1997. Data
submission from student experiments would
be facilitated by the internet or through mail-in
forms or post-cards.

The Implementing Agreement (IA) between
NASA and NSAU was informed to be in process
and would be finalized shortly. The IA is the
binding document for the CUE project and all
agreements made between the two sides must
comply with the contents of the IA.

1996

+ US delegation to Ukraine to discuss
experiment requirements in detail, March.

+ Letter of agreement sent to Ukraine, April.

+ Preparation of the unified proposal, May.

+ Presentation of the unified proposal to
peer review panel, Washington, DC, May 22.

+ Verification Scientific Test, October.

Beginning from December, 1995 and during
1996, members of the KSC team, providing
science and engineering support to the CUE
project, became acquainted with the directions
of research, scientific potential and technical
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facilities in subdivisions of US universities and
the institutes of the NASU and the participat-
ing staff. CUE payload science coordinator
Ms. Corinne Johnson visited the laboratory of
Dr. Fred Sack and the post-doc, Dr. Volker
Kern, at the Ohio State University. Dr. William
Piastuch, CUE science support, and Rina
Thompson, CUE Project Engineer, visited the
laboratory of Dr. Mary Musgrave, at the
Louisiana State University to become familiar
with the university and laboratory facilities.
During March 6—14, the USA Delegation
visited Kiev and L'viv. This trip was organized
by CUE Project Engineer Ms. Rina Thompson
The purpose of the trip was to review the Ground
Support Requirements Document, Experiment
Requirements Document, discuss experiment
details for both BRIC and PGF studies, visit
the laboratory facilities of the Institutes partici-
pating in CUE, and meet with representatives
at the NSAU. Mr. Mike Haddad, CUE Mission
Manager, led the delegation. Ms. Rina Thomp-
son was assisted by the Project Science
Coordinator, Ms. Corinne Johnson, and Project
Engineer, Ms. Kelly Norwood. Also participat-
ing in the meetings in Ukraine were CUE Level
I Management, Mr. Phil Davies of the Ames
Research Center and Dr. Tom Scott, Manager,
Space Biology at NASA. CUE SPAM Experi-
ment Co-Investigator, Dr. Volker Kem, also
joined the delegation to meet with the Ukrainian
CUE SPAM investigators in L'viv. Mr. Peter
Chetirkin provided assistance by translating all
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presentations, discussions and documentation
for the meetings.

Members of USA Delegation became ac-
quainted with scientific directions and techni-
cal facilities in the Institute of Molecular Biology
and Genetics, Institute of Plant Physiology and
Genetics, Institute of Botany, Institute of Mic-
robiology and Virology, the National Botanical
Garden, Institute of Ecology of the Carpathians
of the NASU, the Palace of Youth, and a sec-
ond education center, the State Ecological —
Naturalistic Center (Science Milestones, N 2
(February) and N 3 (March).

The NASA delegation was received by NSAU
General Director Alexander Negoda. Discus-
sions of urgent questions connected with the
CUE organization and scientific tasks took
place successfully. After presentations of the
CUE Program by US and Ukrainian sides, a
verbal understanding regarding CUE success
criteria, an examination of technical facilities,
the scientific potential of Ukrainian specialists
in the Institutes was achieved. Summary of
discussion, signed by Mike Haddad, CUE
Mission Manager (NASA), Konstantin Yartsev,
Head of the Department of International Re-
lations (NSAU) and Elizabeth Kordyum, CUE
Science Manager (NASU), was proclaimed
at the meeting with representative of NSAU,
NASU, and candidates in astronauts, Leonid
Kadenyuk and Viachislav Maitarchan, headed
by Deputy Director General of NSAU Edward
Kusnetsov.

The Ukrainian side stated that the visit was
very timely and very useful. This visit allowed
clarification of many problems regarding the
joint preparations of the Collaborative Ukrainian
Experiment from the US. side whose participa-
tion would include 4 universities and Kennedy
Space Center. From the Ukrainian side, partic-
ipation included 4 Institutes and the Central
(now National) Botanical Garden. The flight
experiment was scheduled for October 1997,
with duration of 16 days and nights. The US.
side gave to the Ukrainian side information
about the schedule of tasks to be completed.
This schedule of CUE Mission preparations
was agreed to by both sides.

The US. side recommended that two tele-
conferences be held the following week
(week of March 18) in order to finalize exper-
iment protocol. One telecon to be held with
Dr. James Guikema, to finalize seed-planting
protocol and one telecon will be held with Dr.
Mary Musgrave to finalize the photoperiod
protocol. Both sides discussed distribution of
plant material during the ground study phase.
It was agreed that all Brassica plant material
would be grown at one central location for the
Ukrainian ground studies. Dr. Elizabeth
Kordyum was to distribute this plant material
to the Ukrainian Pls.

Both sides discussed the Educational Pro-
ject, in which school children were to take
part. From the American side, Dr. Paul Williams
was responsible for the Educational Program.

From the Ukrainian side, Dr. Volodimir Naza-
renko was responsible for the Educational
Program.

Science training requirements specific to the
CUE payload for the astronaut were discussed.
The science training schedule was explained
to Payload Specialist training was to begin 17
months prior to launch and shuttle training in
Houston to begin 10 months prior to launch.
The US side was asked if both Primary and
Back-up Payload Specialists are trained equal-
ly. The US side answered that standard prac-
tice allowed both to be trained equally on all
aspects of science and Space Shuttle opera-
tions. As a result of these discussions, the
Ukraine side prepared a list of specialists to
attend the activities at KSC in accordance with
the agreement between NASA and NSAU.

CUE team gave special thanks to Ms. Rina
Thompson for all she did to pull this trip togeth-
er and to keep CUE moving forward. Members
of USA delegation extended the fondest thanks
and gratitude to each and every one of the
Ukrainian hosts for their very generous hos-
pitality. They thanked them also for the very
informative and fruitful discussions and excel-
lent presentations on related research on the
site visits and looked forward to a successful
mission together!

In the Joint NASA — NSAU report, signed
by NASA Director Daniel Goldin and NSAU
General Director Olexander Negoda April 4,
1996, the information on Ukrainian Experiment/
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Payload and the Ukrainian cosmonaut was
presented. NASA and NSAU agreed on a pay-
load consisting of two space shuttle flight
research facilities (Plant Growth Facility and
Biological Research in Canisters) for four pri-
mary experiments. Plant tissue not needed by
the primary experiments will be shared by
eight secondary experiments to maximize the
science return from this mission. The experi-
ments were collaboratively developed by six
US scientists at five universities and one com-
pany, and fourteen Ukrainian scientists at six
institutes of the National Academy of Sciences
of Ukraine and one university. In addition, the
mission included an education component
where students in the US and the Ukraine
would duplicate on orbit experiments and inter-
act with the Ukrainian payload specialist to com-
pare investigations. These activities increased
the dialog between the scientists of the two
nations, and resulted in joint proposals for other
cooperative research.

It was emphasized that the microgravity con-
ditions of space flight offer a unique experi-
mental platform to address important, funda-
mental and applied questions in biology and
agriculture. The successful completion of this
experiment would refine and demonstrate to
the world scientific community the ability to do
interactive biological experimentation on the
Shuttle. With a trained Ukrainian payload spe-
cialist, the investigators would be able to pre-
cisely direct the experiments from the ground.

These methods and processes are a model for
conduct of more complex experiments on the
Space Station.

"WORKING DAYS" BEGAN

According to requirements of the scientific
preparation of future astronaut — specialist in
Ukraine and by their own request, Leonid
Kadenyuk and Viachislav Maitarchan would
to listen a course of lectures on questions,
directly connected with CUE main goal — to
study the influence of microgravity on growth
and development of higher plants. Therefore,
general questions of plant morphology, ana-
tomy, physiology, biochemistry and molecular
biology as well as current ideas on plant
gravisensitivity, results of space and synchro-
nous ground-based experiments with lower
and higher plants, actual questions of future
research in space and gravitational biology
were included in lecture subjects. In compli-
ance with the subjects the study engaged dif-
ferent institutes of the NASU, which were
defined as CUE participants. It is nice to note
an interest and inquisitiveness of the candi-
dates to astronauts, who sincerely were told
that they would not to be mechanical exe-
cutors of CUE tasks but would perform the
experiment's protocol with good understand-
ing of crux of the investigations. It needs to
be noted that Leonid Kadenyk has already
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studied the biological preparation in Star city
near Moscow. The studies were continued until
June, when the planed departure of two
Ukrainian astronaut candidates to the Johnson
Space Center (Houston, Texas) for final check-
up. For two weeks in June, they were at KSC,
where resident scientists from Dynamac Cor-
poration provided them a series of Basic Plant
Science training sessions (Science Milestones
N 5, June/July 1996). Later, in September 1996,
another two astronaut candidates, Dr. Yaroslav
Pustovyi — senjor scientist of the Institute of
Space Research of NASU, and Dr. Nadiya
Adamchuk — scientist of the Institute of Botany
of NASU, arrived in Houston.

In November, NASA and NSAU reached the
final decision to confirm Colonel Leonid Kade-
nyuk appointment as astronaut and Dr. Yaroslav
Pustovyi as his double. A ten-month prepara-
tion for the flight waited for them in the USA,
including visiting universities and the KSC,
getting acquainted with the flight gear, gaining
experience working with gear and methods of
observation and manipulation with objects, in
particular, successful pollination of Brassica
rapa flowers, methods of material fixating and,
of course, improving their English.

Ukrainian specialists, who were to take part
in CUE in Ukraine and USA, were specified.
They were: Dr. Olena Nedukha, Dr. Antonina
Popova, Dr. Ludmila Musatenko, Dr. Dmytro.
Klymchuk, Dr. Olena Zolotareva, Dr. Victor
Negretsky, (Institute of Botany, NASU), Dr.
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Svetlana Kochubey, Dr. Olga Volovik (Institute
of Plant Physiology and Genetics, NASU), Dr.
Victor Prima, Dr. Olena Martinenko (Institute
of Molecular Biology and Genetics, NASU), Dr.
Tetyana Cherevchenko, Dr. Nataliya. Zaimenko
(National Botanical Garden, NASU), Dr. Orest
Demkiv, Dr. Christina Chaban (Instiute of Eco-
logy of the Carpathiens, NASU), Dr. Rostislav
Gvozdyak (Institute of Microbiology and Viro-
logy, NASU). Ukrainian scientists actively began
work for preparation and performance of
ground-based experiments with CUE objects:
plant growing in NASA devices, which had
been kindly sent to Ukraine from the KSC and
manipulating with them according to the tasks
of the experiments.

In June, 1996, the CUE Experiment Require-
ments Document (ERD) was prepared by Ms.
Rina Thompson — Bionetics/BIO-3, CUE Pro-
ject Engineer, and was approved by Deborah
Vordermark — Bionetics/BIO-3, Manager, Pay-
load Mission Management, Cynthia Martin —
NASA/BR, Space Science Payload Mission
Manager, William Knot — NASA /MD-RES,
Biological Program Chief Scientist, James
Guikema — Kansas State University, Principal
Investigator, Mary Musgrave — Louisiana State
University, Principal Investigator, Fred Sack —
Ohio State University, Principal Investigator,
Elizabeth Kordyum — Institute of Botany, Uk-
raine, Principal Investigator, and with concur-
rence of Corinne Johnson — Dynamac/DYN-
3, CUE Project Science Coordinator.

The NASA Payload Ground Operations
Directorate at KSC planned to develop and
operate the CUE payload using the Space
Shuttle. The payload's estimated launch
date of October 9, later changed to November
19, 1997, on STS-87. The ERD served as the
central repository for all CUE payload informa-
tion, and in the event of conflict, it had prece-
dence over other payload mission manage-
ment documentation. This document was for
use by KSC Payload Development Team dur-
ing the development of required Space Shuttle
Program and other internal documentation.
The ERD controlled all phases of payload
development and operation. The ERD estab-
lished the following to achieve a successful
mission:

+ Experiment Science Objectives

+ Hardware and Space Shuttle Program re-
sources

+ Payload operations

+ Associated ground support requirements/
operations.

Experimental descriptions were based on the
original science proposal submitted to NASA on
March, 1995, the agreements recorded in the
Kickoff Meeting Protocol of November, 1995,
and the Definition Phase ground studies re-
sults. Two categories of experiments were
recognized: Autonomous experiments were
designed to meet objectives independently
and tissue sharing experiments were to obtain
tissue from the autonomous experiments.

The underlying goal of the CUE experiment
was to examine and to understand the effects
of gravity in mechanisms of cell biology.
Fundamental knowledge of the role of gravity
in cellular and developmental biology will be
crucial to long-duration manned space mis-
sions and to the success of any space-based
CELSS initiative. As such, this experimental
imperative directly supported the Human
Exploration and the Development of Space
Enterprise, as a way "to contribute to creating
new scientific knowledge by studying the
effect of the space environment on important
biological, chemical, and physical processes"
(NASA Strategic Plan). Furthermore, this proj-
ect focused on plant processes since plants
are necessary for the decision of fundamental
and applied problems of space and gravita-
tional biology. Thus, the project also directly
supported the NASA Headquarter's Life and
Biomedical Sciences and Application Division's
goal of "effectively using microgravity and other
unique aspects of the space environment to
enhance our understanding of fundamental
biological processes".

Although an interest in the fundamental
aspects of gravitational plant biology is the ulti-
mate motivation for these experiments and
provides the rationale for a science-based peer
review, a primary goal for this project was also
the collaborative relationship between plant
space biologists in Ukraine with their counter-
parts in the United States. The project is the
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direct result of diplomatic discussions between
the two countries, discussions which began prior
to any meeting of the five US principal investi-
gators. The choice of principal investigators to
be included in this project was the result of dis-
cussions with the Ukrainian colleagues, led by
Dr. Elizabeth Kordyum of the NASU and the
Coordinator for Space Biology of the NSAU,
who provided matches in research interests
between colleagues in Ukraine and US space
plant scientists. The selection of the US inves-
tigators was the result of competitive process
which selected and maximized gravitational
plant biology possible on this integrated mission.

CLIE SCIENTIFIC OBJECTIVES

(authors' original text)

1. Microgravity effects on pollination and fer-
tilization

Experiment Acronym: B-STIC.

Principal Investigator: Dr. Mary Musgrave
(US).

Principal Investigator Dr. Elizabeth Kordyum
(Ukraine).

Co-investigator: Dr. Antonina Popova (Uk-
raine).

Hardware: PGF.

Category: Autonomous.

A particularly sensitive time in the life cycle
of a plant growing in microgravity seems to be

the transition from the vegetative to the re-
productive phase. Plants grown full term in
space failed to produce any seed at all, and in
the experiments in which seeds were pro-
duced, the seed quality was poor (Parfenov &
Abramova, 1981). Dosimetry readings taken
in flight have failed to explain this ubiquitous
sterility in terms of a radiation load, thus some
developmental failure during plant reproduc-
tion seems to be triggered by the microgravity
environment itself.

Reproductive events in angiosperms have a
number of stages which could potentially be
influenced directly by gravity. Microsporoge-
nesis, the production of pollen, megasporoge-
nesis, the production of egg cells, pollination
and fertilization are all complex developmental
events. Considering the importance of seed
production in the plant's life cycle, it is unfortu-
nate that we have little information on the fate
of this complex developmental process in
microgravity At the present time there are only
some communications on the development
of generative organs in higher plants using
Muscari racemosum and Arabidopsis thaliana,
(Kordyum et al., 1979; 1983; Merkys & Laurina-
vichius, 1983).at the cellular level in micro-
gravity. Recent experiments on the US space
shuttle with Arabidopsis thaliana have added
to the information available. (Kuang et al., 1993,
1995, 1996; Mathews et al., 1993, Musgrave
et al., 1993, 1994). These results suggest that
some developmental process (or processes)
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are adversely affected by the absence of a
gravity vector (Halstead & Dutcher, 1984;
1987; Cowles et al., 1988; Mashinsky et al.,
1994; Kordyum et al., 1994; Kordyum, 1994).
It is very interesting to study the fundamental
processes which are necessary for seed for-
mation, namely pollination and fertilization,
under the influence of microgravity. Brassica
rapa, a compact plant with a short life cycle, is
ideal for such studies.

Close comparison of pollination and fertiliza-
tion processes in microgravity with ground con-
trols had not been possible before this experi-
ment because we had not been able to control
when pollination occurs. It is only through the
availability of a trained participant for in-flight
activities that controlled pollination and in-flight
fixation of pollinated flowers will be possible.
This will yield important information on pollen
generation and maturation in microgravity,
pollen-stigma interactions, pollen tube growth,
fertilization and early embryo development.

Two plant populations are involved in this
study. One population will be launched at the
pre-flowering stage of growth. A second popu-
lation will be seeds at time of launch. Using a
pollination kit, the cosmonaut will perform daily
pollinations on the first population, and mark
the flowers pollinated with color-coded wire
loops. Pollination wands will be stored with des-
iccant for subsequent viability assays on pollen.
Several pollinated flowers will be fixed in-flight
for microtubule studies, but the bulk of the
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flowill be returned fresh for extensive process-
ing on the ground siliques will be obtained
from the first population of plants launched at
the pre-flowering stage. For high quality mic-
roscopy it will be necessary to dissect out the
developing ovules prior to in-flight fixation. A
small portion of the siliques will be placed in
tissue culture for embryo rescue techniques.
From the second population of plants which
were seeds at time of launch, flower buds will
be obtained. In vivo tests on these buds will
include pollen viability (fluorescein diacetate
staining) pollen germination, pollen tube growth
through the stigma (aniline blue staining), and
staining for stigma esterases. Flower buds will
be scored for size prior to dissection and pro-
cessing for microscopy. In many ways, study
of this single event in a plant life cycle inte-
grates many outstanding questions in gravita-
tional biology.

2. Effects of altered gravity on the photo-
synthetic apparatus

Experiment Acronym: B-PAC.

Principal Investigator: Dr. James Guikema
(US).

Principal Investigator Dr. Elizabeth Kordyum
(Ukraine).

Co-investigators: Dr. William Odom (US),
Emmanuel Hilaire (US), Dr. Olena Nedukha
(Ukraine), Dr. Svetlana Kochubey (Ukraine),
Dr. Nadija Adamchuk, (Ukraine), Dr. Olga Volo-
vik (Ukraine).

Hardware: PGF.

Category: Autonomous.

The effects of spaceflight on plant cell ultra-
structure have been documented by experi-
ments aboard Biosatellite Il (Reynolds &
Saunders, 1971), Cosmos series biosatellites
(llyin, 1983; Podluzky, 1992; Rasmussen et
al., 1992) and orbital platforms Salyut, Mir, US
Space Shuttle (Krikorian & O'Connor, 1984;
Moore et al., 1987 a, b; Levine & Krikorian,
1992). In a number of these experiments, plant
materials were grown photoautotrophically for
a significant amount of time (Cherevchenko et
al., 1986; Halstead & Dutcher, 1987; Kordyum,
1994; Kordyum et al., 1994; Claassen & Spoo-
ner, 1994).

Photosynthesis is the single most important
contributor to food and fiber production. At the
same time, the photosynthetic apparatus is
extremely sensitive to a variety of stress fac-
tors, including high temperature (Apel & Klaus,
1978; Harding et al., 1990 a, b; Ferguson et
al., 1990,19934; Xu et al., 1995 a, b), nutrient
deprivation, drought, high light, and deficits
of carbon dioxide. The data of Ukrainian and
American investigators (Kordyum, 1994;
Kordyum et al., 1994; Dutcher et al., 1994;
Tripathy et al., 1996), strongly suggest that an
aspect of the space environment has a stress-
ful effect on the photosynthetic apparatus.
Since photosynthesis impacts food, atmos-
phere and water regeneration, it will be critical
to understand the effects of the space environ-
ment on the dynamics of such a complex

process. At present there are few data con-
cerning structure and functioning of chloro-
plasts in microgravity, and they are often con-
tradictory (for reviews, see Halstead & Dutcher,
1987; Kordyum, 1994; Kordyum et al., 1994;
Dutcher et al., 1994; Claassen & Spooner,
1994). Space-grown tissues often show a
decrease in thylakoid membrane stacking, and
an increased number of plastoglobuli, indica-
tive of thylakoid membrane turnover (Popova
et al, 1989) for experiments involving Chlorella).
Reports of the pigment content of space-
grown tissues are contradictory, with Abilov et
al., (1986) and Aliyev et al., (1987) demonstrat-
ing an increased chlorophyll content in space-
grown pea, while the data of Laurinavichius
et al. (1988) suggest the opposite. Both
chlorophyll and carotenoid levels of maize
were reduced after growth for 19 days on Mir
(Rumyanzeva et al., 1990), and levels of pig-
ment were reduced 35 to 50 % in Chlorella
(Antonyan et al., 1992). Alterations in mem-
brane fluidity, mediated by changes in fatty acid
composition, or in the level of stress-induced
lipid peroxidation (Kordyum et al., 1994). could
have a profound effect on resource partition-
ing across membranes and on mechanisms of
chemiosmotic energy conservation. Tripathy
and coworkers (1996) found decreases in light-
driven electron transport capacity as much as
25 % at saturating light intensities and carbon
dioxide concentrations in wheat leaves grown
in microgravity. The mechanistic cause for
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these effects, however, has not been elucidat-
ed Nor are we certain that these effects are
caused by a direct microgravity effect, mediat-
ed by a gravity sensitive receptor, on the bio-
logical system. Rather, it seems likely that the
space environment impacts photosynthesis in
an indirect manner, such as by limiting carbon
dioxide acquisition and favoring photoinhibi-
tion and photooxidative stress, and is manifest
in the same way as are other stress-induced
reductions in photosynthesis.

It was be important to examine both light har-
vesting/energy conversion and carbon fixation
pathways in understanding spaceflight effects
on photosynthesis. Our understanding of thy-
lakoid membrame structure and function has
advanced greatly in the last ten years because
of a concerted researche effort emcopassing
molecular biology techniques, the biochemical
isolation of membrane protein complexes, and
the three dimensional structural analysis of
reaction center protein crystals with atomic res-
olution (Krauss et al., 1993; Schubert et al.,
1995; Deisenhofer et al., 1985). These studies
and the refined structural knowledge which they
provide, give us a baseline to which we can
compare spaceflight effects on photosynthesis.

This experiment will utilize different stages
of gravitropically naive tissue of Brassica rapa
seedlings grown in the PGF to examine the
effects of altered gravity on the photosynthetic
apparatus. The objective of the B-PAC experi-
ment is to compare changes in ultrastruc-

ture, biochemical composition and functional
changes induced by microgravity, clinorota-
tion, hypergravity and unit gravity on the pho-
tosynthetic apparatus of Brassica rapa seed-
lings at different stages of vegetative develop-
ment. Brassica rapa seeds will be launched in
the dry stage and imbibed on orbit to produce
gravitropically naive tissue. Some tissue will
be harvested and fixed or frozen on orbit.
Fresh tissue from the 12—14 day old seed-
lings will return to earth for extensive process-
ing after landing. Leaf tissue available for tis-
sue-sharing from the older plants (24—27
days old) in the B-STIC experiment will also be
processed for comparison.

The post-flight tissue analyses to be per-
formed on either fresh, frozen or fixed tissue
included 1) biomass partitioning, 2) electron
microscopy study of chloroplast ultrastructure
organization and ultrastructure of mesophyll
cells; 3) confocal microscopy for gross anato-
my of the mesophyll; 4) analysis of pigment-
protein and protein composition using various
procedures of chloroplast separation in SDS-
PAGE (polyacrylamide gel); 5) analysis of pig-
ment system state and energy transfer chain
by measuring of low temperature emission and
excitation spectra; 6) testing of overall photo-
synthetic apparatus activity and state of elec-
tron transport chain by measuring induction
fluorescence curves (Kautski effect) of leaves
and chloroplasts; 7) measuring of photochem-
ical reaction rates of photosystems | and n
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(reduction rates of Hill reagents and oxygen
evolution). These analyses and techniques
compliment each other in the overall assess-
ment of the effects of altered gravity on the
photosynthetic apparatus.

3. The interaction of microgravity and ethyl-
ene on soybean growth and metabolism

Experiment Acronym: SOYMET.

Principal Investigator: Christopher Brown
(US).

Co-investigators: Dr. James Guikema (US),
Dr. William Piastuch (US), Dr. Olena Nedukha
(Ukraine), Dr. Victor Prima (Ukraine), Dr. Dmytro
Klymchuk (Ukraine).

Hardware: BRIC-60.

Category: Autonomous.

The aim of this experiment is to investigate
the interaction of microgravity and ethylene on
biomass partitioning and carbohydrate metab-
olism in etiolated soybean seedilings.

As it is known, space flight has profound
effects on plant growth and metabolism (re-
viewed by Halstead & Dutcher 1987, Schulze
et al., 1992; Dutcher et al., 1994; Kordyum,
1994), cellular and organelle structure (Hilaire
etal., 1995 a, b; Klymchuk et al., 1992; Moore
et al., 1987 a-c; Volkmann et al., 1991), chro-
mosomal integrity (Levine & Krikorian, 1992).
Attention has been paid in recent years to the
influence of space flight and/or altered gravity
on carbohydrate, in particular starch, metabo-
lism (Brown et al., 1988, 1996; Brown & Pias-
tuch, 1994). By far the majority of studies found
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that starch content was reduced in space-
grown plants relative to ground-controls. Leaves
of pea plants grown in space lacked starch
reserves or contained very few grains (Abilov
et al., 1986, Aliyev et al., 1987). Johnson and
Tibbitts (1968) found significantly lower starch
and higher soluble sugar concentrations in
leaves of space-grown pepper plants. Other
examples of decreased starch concentration
or lower starch grain volume in space-grown
tissue have been noted in Arabidopsis (Lauri-
navichius et al., 1988) and maize (Moore et
al., 1987 a). In experiments using germinating
soybeans as a simple model plant system for
starch synthesis (Brown & Huber, 1987), they
found that germinating soybean cotyledons
grown in space had significantly reduced con-
centrations of starch (Brown et al., 1995) rela-
tive to the ground-controls. Of the enzymes of
carbohydrate metabolism measured in the gra-
vity-treated plants, only ADP glucose pyropho-
sphorylase (AGPase) was reduced. AGPase
is known to be rate limiting in the biosynthesis
of starch in plant tissue (Nakata & Okita, 1995,
Stark, 1992); therefore, gravity-mediated con-
trol of the activity of this enzyme could influ-
ence the flux of carbon into starch. The activi-
ty of this enzyme appears to re-adapt quickly
upon return to 1-g conditions on earth. It is also
interesting to note that carbohydrate break-
down and mobilization in storage organs such
as carrots and potatoes was increased as a
result of ethylene treatment (Stitt et al., 1986).

It was postulated that this was brought on by
increased concentrations of fructose-2,6-bis-
phosphate, a known activator of respiration.
Therefore, the enhanced ethylene production
in space-grown plants may be increasing the
rate of starch breakdown.

Ethylene is a volatile plant hormone which
diffuses throughout the intercellular spaces to
outside the tissue (Jackson, 1991). There are
numerous examples of increased ethylene
production induced by biotic or abiotic agents
(Hyodo, 1991). It has been shown that there
was a substantial increase in ethylene produc-
tion due to horizontal clinorotation (Leather &
Forrence, 1972, Salisbury & Wheeler, 1981).
Historically this has been attributed to the
mechanical stimulation inherent in the clinoro-
tation treatment. However, it has been shown
that there was a substantial increase in at-
moshpheric ethylene concentration in soybean
seedlings grown in space (Brown et al., 1995)
where there is a lack of mechanical stimula-
tion. However, these samples were taken
post-flight and may have been subjected to
mechanical stress. In clinorotation studies with
soybean seedlings, where mechanical stress
on the plant was carefully avoided, there was
a similar increase in ethylene production
(Hilaire et al., 1996). Therefore, the increase in
ethylene may be a direct result of the altered
gravity conditions (microgravity or clinorota-
tion) on the plant rather than a result of me-
chanical disturbance. On-orbit gas sampling

would clarify this point with regard to the over-
production of ethylene in space.

It is known that cytosolic calcium plays a role
in carbohydrate metabolism through the action
of calcium-dependent protein-kinases (Huber
et al., 1995). Others have reported that calci-
um may induce an assymmetrical distribution
of auxin (Li et al., 1991: Evans et al., 1992).
which could result in tissue auxin concentra-
tions leading to overproduction of ethylene
(Romano et al., 1993). Recent reports describe
a redistribution of free calcium in cells of plants
under gravistimulation (Dauwalder et al.,
1985) and in microgravity (Hilaire et al., 1995).
Therefore, it can be argued that redistribution
of calcium in plants grown in space might result
in alterations in carbohydrate metabolism,
changes in auxin concentrations which could
result in the overproduction of ethylene, or a
combination of all of these.

In etiolated soybean seedlings which have
imbibed, germinated and grown in microgravi-
ty, the following parameters were examined.
1) the concentration of starch, soluble sugars,
lipid and protein in the cotyledons by using
spectrophotometric and microscopic techni-
ques, 2) the activities of critical, rate limiting
enzymes in the metabolism of stored reserve
material in the cotyledons, including ADP glu-
cose pyrophoshorylase, sucrose phosphate
synthase, fructose bisphosphatase, and lipase,
and 3) differential gene expression in root,
hypocotyl, epicotyl and cotyledon tissue, and
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measurements with Western blot analysis of
ADP glucose pyrophosphorylase. All measured
parameters will be compared to appropriate
ground control specimens.

In-flight, gas samples (2 CO, and 2 ethyl-
ene) from each canister half will be taken just
prior to opening for watering by the cosmo-
naut. Immediately following watering, and on
every other day after imbibition, gas samples
will be taken on orbit. The upper half of each
canister will have gas samples taken, be opened
for complete venting, closed and sampled for
gas again. The lower half of each canister will
remain closed throughout the flight and will be
sampled for gas composition.

It was anticipated that such the experimen-
tal approaches allow to obtain new data on
plant carbohydrate metabolism and an inter-
action of ethylene and microgravity in plant
vital activity in space flight.

4. Effects of microgravity on pathogenesis
and defense responses in soybean tissues.

Experiment Acronym: SOYPAT.

Principal Investigator: Dr. Jan Leach (US).

Co-investigators: Dr. James Guikema (US),
Dr. Christopher Brown (US), Dr. Olena Nedukha
(Ukraine).

Hardware: BRIC-60.

Category: Autonomous.

The experiment was designed to test the
hypothesis that microgravity will enhance the
pathogenic effects which fungi have on the
host plant.

As on earth, efficient production of crops in
space requires an understanding of the physi-
cal and biological requirements and parame-
ters for optimal growth of the crop plant. The
efficiency of crop production worldwide testi-
fies to the benefits of the application of this
knowledge on earth. The exploration of the
unique requirements for crop production in
space, however, is in its infancy. Preliminary
studies indicate that microgravity may profound-
ly impact plant cell development, cytology,
and physiology (Halstead & Dutcher, 1987;
Dutcher et al., 1994; Krikorian & Levine, 1991;
Krikorian et al., 1992). For example, develop-
ing plant cell walls are thinner and contain less
lignin (Cowles et al., 1984; 1989). These alter-
ations may not only reduce plant yields, but
may also have a significant impact on interac-
tions between the plant and microorganisms.
Anecdotal evidence suggests plants grown in
microgravity are more susceptible to microbial
invasion (Korydum, personal communication).
If true, the implications for crop production in
space are serious: the increased accessibility
of plants to microorganisms may mean that
the plants are not only more susceptible to
recognized pathogens, but they may also be
susceptible to pathogenic colonization by oppor-
tunistic pathogens, i.e., organisms that are not
normally pathogens to the plant. The first objec-
tive is to determine if soybean seedlings which
are grown in microgravity are quantitatively
more susceptible to root rot caused by Phyto-
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phthora sojae than seedlings grown in unit
gravity.

Enhanced pathogenicity may have several
underlying causes. Microbial vigor may be in-
creased in microgravity, or the microbes may
become somewhat resistant to the effects of
toxic compounds produced by the plant. In this
project, they emphasized the plant side of the
interaction. They applied concepts derived from
the current understanding of how plants resist
pathogens, targeting specific flaws that might
allow enhanced susceptibility. Enhanced sus-
ceptibility in microgravity might result from
changes in the preformed plant barriers to
pathogen ingress (such as decreased wall
strength resulting from reduced lignification) or
changes in nutrient partitioning (such as in-
creased carbon availability or membrane flu-
idity). It was planned to compare cell wall
structure and carbohydrate partitioning in soy-
bean seedlings grown in microgravity versus
unit gravity and determine if these correlate
with increased susceptibility to the root rot
pathogen.

Plant development in microgravity also
might impair the plant's ability to actively resist
pathogen ingress, that is, induced plant de-
fense compounds may not be formed or, if
formed, may not locate to appropriate sites. In
general, compounds that are induced during
plant resistance responses include soluble
antibiotic compounds called phytoalexins,
structural reinforcements such as the phenolic
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polymers lignin or suberin, enzymes such as
those involved in phytoalexin biosynthesis or
phenolic polymer deposition (e.g., peroxidas-
es), or enzymes that may directly affect the
pathogen, such as chitinases or p-glucanases
(Graham & Graham, 1991b). We will determi-
ne if, after growth in microgravity, differences
in the accumulation and distribution of struc-
tural compounds (phenolic polymers) and
enzymes whose accumulation and location is
correlated with resistance (anionic peroxidas-
es and phospholipase D) occur in soybean
challenged with two races of P. sojae, race 1
and 25, which cause resistant and susceptible
responses, respectively, under conditions of
unit gravity.

For the proposed studies, we have selected
the interaction between P. sojae and soybean
as a model system. P. sojae causes root and
stem rot (Schmitthenner, 1985, 1989; Schmit-
thenner et al., 1994). P. sojae is a devastating
pathogen of soybean, causing annual yield
losses exceeding $250 million. Colonization in
host tissues in resistant interactions is similar
to colonization in susceptible tissues for 24 hr.
After this time, colonization ceases in resistant
tissue and and is localized to only a few cell
layers (Keen & Yoskikawa, 1983). The mech-
anisms of resistance in interactions betwee
P. sojae and soybean have been studied
predominantly in hypocotyl and cotyledons
(Frank & Paxton, 1971; Ebel, 1986; Graham &
Graham, 1991a, b). In general, the Rps-gene

mediated resistance to P. sojae is correlated
with a hypersensitive response (a localized
rapid cell death of the host tissue) and the
accumulation of several defense associated
compounds. The understanding of the bio-
chemical basis of resistance of root tissue has
lagged behind that of hypocotyl tissue,
although root resistanseis was shown to involve
the accumulation of glyceollin, anionic pe-
roxidases and phenolyc polymers. Unlike in
other tissue, (Graham & Graham, 1991c) re-
sistance in roots does not require light. Thus,
the root system is appropriate for the compar-
ison between resistant and susceptible inter-
actions.

All of the objectives involved comparisons
of soybean roots, grown in microgravity and
unit gravity, subjected to the following treat-
ments: untreated, or infected with-P. sojae race
1 (resistant), or race 25 (susceptible).for deter-
mination if soybean roots are more suscepti-
ble to P. sojae in microgravityvs unit gravity.(8,
9 the same).

5.1. Effects of microgravity on differentiation
and phototropism in moss protonema Ceratodon
and Pottia.

Experiment Acronym: SPAM-A.

Principal investigator: Dr. Fred Sack (US).

Co-investigators: Dr. Volker Kern (US).

Hardware: BRIC-LED.

Category: Autonomous.

Moss protonemata grow solely by tip growth,
that is the most apical cell of the filament

extends only at the tip. Dark-grown protonema-
ta of mosses such as Ceratodon grow upwards
in the dark and are thus negatively gravitropic
(Knight & Cove, 1991; Sack, 1993; Chaban,
1992). This cell type is unique compared to
cells in almost any other organism, since the
growth of the individual plant cell itself is com-
pletely oriented by gravity. Thus, both the
processes of gravity sensing and the gravity
response occur in the same cell. Gravity sens-
ing appears to rely upon amyloplasts (starch-
filled plastids) that sediment. This sedimenta-
tion occurs in specific zones and plastid zona-
tion is very complex with respect to plastid
morphology, distribution and gravity (Walker
& Sack, 1990, 1991; Young & Sack, 1992,
Schwuchow et al., 1995). Dark-grown apical
cells of Ceratodon and Pottia have a highly
complex zonation as seen in the electron micro-
scope (Walker & Sack, 1992; Chaban, 1992).
Plastid zonation is particularly complex. Amylo-
plasts sediment to the side wall on horizontal
placement, and along the length of vertical cells
(Schwuchow & Sack, 1993). The key ques-
tion is whether amyloplast zonation along the
length of the cell differs at 1 g and in micro-
gravity. Microtubules may function both in pro-
ducing gravitropic curvature as well as in con-
trolling plastid sedimentation (Schwuchow et
al., 1990; Schwuchow and Sack, 1994; Walker
and Sack, 1995a,b). Since gravity plays crucial
roles in the growth and organization of this
highly specialized cell, it is important to deter-
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mine whether this cell differentiates normally
in microgravity.

Visible light inhibits — but may not totally
eliminate — protonemal gravitropism (Hartmann
et al., 1983; Hartmann & Weber, 1990), and
unilateral red light induces a positive, phy-
tochrom-mediated phototropism (Hartmann &
Weber, 1990; Demkiv et al., 1995). So, Cerato-
don protonemata are an excellent system for
the study of gravity on cell organization since
differentiation is influenced by light. Since these
cells are phototropic as well as gravitropic,
spaceflight offers an opportunity to resolve
whether both phototropism and gravitropism
occur simultaneously.

The experiment objectives are 1) to deter-
mine the effects of microgravity on cell differ-
entiation, 2) to assess the role of gravity in
plastid distribution, especially whether amylo-
plast zonation along the length of the cell dif-
fers at 1-g and in microgravity, 3) to assess
the phototropic response of the protonema in
the absence of a complicating g-force, 4) to
determine whether tip growth is straight in micro-
gravity in dark grown protonemata or whether
the absence of an orienting signal (gravity)
increases protonemal nutation (undulation). If
s0, one would predict that provision of another
unilateral signal (red light) would dampen the
undulations, and 5) to compare responses bet-
ween Ceratodon and Pottia species.

Prior to launch, vegetative fragments of moss
protonemata (Ceratodon: wildtype and "wrong-

way" mutant) will be sterilely sown in agar
containing-nutrients and sucrose. Pottia (wild-
type) dishes will be prepared by Dr. Demkiv's
group separately. The petri dishes (54 dishes,
6 cm in diameter) will be stowed into BRIC
canisters. Each petri dish in a BRIC is provid-
ed with a single red. (660 nm) LED light source.
Each LED can be powered on or off separate-
ly. After 7 days into flight, 300—400 protone-
mata should have developed and be ready
for light treatment. Including Dr. Demkiv's Pottia
experiments, 18 individual light/dark treat-
ments will be performed (3 petri dishes each).
Treatments included reference samples (re-
maining in total darkness for 7 and 16 days),
short-term illumination (time course of 2, 12,
24, 48 h), short-term illumination followed by
darkness (2+2 h, 2+24 h) and long-term illumi-
nation (7 and 16 days). At the end of each
treatment, the protonemata will be chemically
fixed on orbit.

After landing, the samples will be photo-do-
cumented and embedded for sectioning for
light and electron microscopy. The angle of all
tip cells in a dish with respect to the position of
the light will be measured. A limited time course
of phototropic curvature will also be obtained.
The cell differentiation of the Ceratodon wild-
type and the "wrong-way" mutant as well as
the Pottia wildtype will be assessed by charac-
terizing such parameters as plastid zonation,
plastid morphology, subapical cell branching,
and degree of vacuolation.
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5.2. Effects of red light and microgravity on
the ultrastructure of Ceratodon and Pottia pro-
tonemata.

Experiment Acronym: SPAM-B.

Principal Investigator: Dr. Orest Demkiv (Uk-
raine).

Co-Investigators: Dr. Christina Chaban (Uk-
raine), Dr. Alexandra Kardash (Ukraine), Dr.
Ya Khorkavtsiv (Ukraine), Dr. Roman Rupetsky
(Ukraine).

Hardware: BRIC-LED.

Category: Tissue sharing.

Comparative ultrastructural investigations
of the apical protonemal cells of the mosses
Ceratodon purpureus and Pottia intermedia
will be carried out on tissue produced from the
SPAM experiment. Protonemata grown in micro-
gravity will be compared to 1-g reference sam-
ples. Cultures are incubated in continuous dark-
ness or illuminated for a defined period of time
with red light of 660 nm peak wavelength, sub-
sequently followed by darkness periods.

The growth reactions of moss protonemata
clearly express an adaptive character. In white
light they grow along the surface of their sub-
strate, in darkness they orient upwards and
are negatively gravitropic. These differences
in behavior demonstrate the close connection
between these factors in growth reactions. The
experiments planned will allow us to analyze
not only the fine structure of apical protonema
cells grown in microgravity but should also
detect ultrastructural changes induced by red
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light, as well as the recovery of growth gradi-
ents abolished by the red light irradiation.

For the flight experiment, sterile cultures of
the mosses Ceratodon and Pottia (growing in
controlled conditions: 20 0C, 80—90 % rel. hu-
midity, 16/8 h white light/darkness period, 60
mm Petri dishes, Knopp medium) will serve as
stock for the flight samples. Flight cultures will
be prepared by sowing spores and transferring
protonemal fragments to new dishes. Twelve
Pottia dishes will be pre-cultured for 5—7 days
in white light and, after checking their growth
status, stowed into the BRIC canisters. It is
desirable to refrigerate these cultures before
launch. The Ceratodon flight samples will be
prepared separately as late as possible with
respect to the launch date. During the first 6—
7 days in orbit the moss protonemata should
adapt to darkness. The sequence of lateral red
irradiation will be initiated on day 8 of the flight.
There will be parallel treatments for Ceratodon
and Pottia: 1) controls remaining in darkness,
2) all other dishes will be irradiated with later-
al red light for 2 h, 3) fixation of protonemata
will be conducted a) immediately after irra-
diation, b) 2 h and (c) 24 h after subsequent
darkness.

After landing all material will be processed
(photographing followed by embedding for elec-
tron and light microscopy) at Dr. Sack's lab in
Ohio. Tissue for electron microscopy will then
be sent to the Ukraine for continuing ultrastruc-
tural analyses. The character of protonemal

growth in darkness, phototropism and autotro-
pism after red light irradiation will be studied.

6. Microgravity effects on structure, function
and organization of root cells in Brassic rapa.

Experiment Acronym: ROOTS.

Principal Investigators: Dr. Elizabeth Kordyum
(Ukraine), Dr. Mary Musgrave (US).

Co-investigators: Dr. Gennady Martyn (Uk-
raine), Victor Zaslavsky (Ukraine).

Hardware: PGF.

Category: Tissue sharing.

The root gravireceptive organ is formed in
microgravity but does not function in the ab-
sence of a gravity vector. In previous investi-
gations of root cap statocytes in microgravity
and under clinostating (Sievers et al., 1976;
Tarasenko et al., 1982; Volkmann et al., 1991;
Todd, 1992), the most work has been per-
formed on 2—4 day old seedlings. In this study,
the structure-function examination of graviper-
ceptive cells were to be examined in older
seedlings of various ages in the main (embry-
onal) root cap and in lateral root caps formed
in microgravity as well as the structure-func-
tion organization of cells of other root growth
zones.

The objectives of the study are to compare
1) the rearrangements of cell organelles in dif-
ferentiation process in microgravity with the
same in clinorotation and unit gravity, 2) RNA
and DNA content in cells of different root growth
zones, 3) carbohydrate metabolism and root
enzyme function; 4) the degree of development

of a root system (a length of a main root and
length and number of lateral roots). Measure-
ments include redox potential of the medium
prior to root harvest, morphometric study of
root development, light and electron microsco-
pic evaluation, protein content, ADH enzyme
analysis and ADH enzyme localization.

Root tissue from two populations are invol-
ved in this study. One population will be laun-
ched at the pre-flowering stage of growth; the
second population will be seeds at time of
launch. Some root tissue of Brassica rapa will
be harvested on orbit (fixed or frozen) and fresh
tissue processed after landing.

For root analysis, data is collected on indi-
vidual root systems (morphometric analysis),
and parts of root systems processed for micro-
scopy. For enzyme analyses, the root systems
are bulked by PGC (for one sample from each
PGC) and processed in that way. Results are
referenced to the fresh weight of the roots and
the protein content Redox potential of rooting
medium, an indicator of oxygenation, is deter-
mined for each PGC prior to extraction of roots.

7. Spaceflight effects on gene expression in
Brassica rapa and soybean tissue.

Experiment Acronym: GENEX.

Principal investigator: Dr. Victor Prima (Uk-
raine).

Co-investigators: Dr. William Piastuch (US),
Dr. Olena Martynenko (Ukraine).

Hardware: PGF, BRIC-60.

Category: Tissue sharing.
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The successful existence of all higher organ-
isms is dependent upon their ability to coordi-
nate complex developmental changes and to
sense and respond to fluctuations in their
surroundings. The sensing by a plant cell of
changes in its environment is often coupled by
a metabolic response, either to compensate
for the change (such as a gravitropic or pho-
totropic change in plant growth form) or to per-
mit cell survival in spite of the change. Earth
gravity is one of the most stable factors of
environment therefore its changes may have
stress-like effects on plant cells. We know little
about the signal transduction pathways which
govern the responses of plant cells to gravity
changes. The auxin-induced family of genes,
SAUR, have been investigated in previous
studies on soybean and Arabidopsis cells. It was
shown that in gravity-stimulated seedlings, an
asymmetric accumulation of the SAUR tran-
scripts is evident before visible bending of the
plants occurs. The SAUR transcripts accumu-
late in the cells that are destined to elongate,
presumably due to a rapid redistribution of
endogenous auxin.

The objective of this study is to examine
Brassica rapa tissues for the intermediates in
signal transduction pathways after space flight
compared to unit gravity conditions. It is impor-
tant to investigate the cellular content of high-
and low-molecular weight proteins and specif-
ic RNA or RNP corresponding to various types
of stress-related genes, in particular, SAUR and

ubiquitin genes, also, correlation of different
types of nuclear and cytoplasmic RNP.

Brassica rapa seedling tissue will be har-
vested and frozen inflight after various expo-
sures to microgravity. The harvested tissue will
be used for investigation of kinetics of space-
flight effects on gene expression in growing
plants. At time of harvest, the tissue will be
separated into leaf and root segments to allow
for post-flight analysis of distribution of stress-
related genes within the plant.

After landing, plant materials will be extract-
ed and the RNA and proteins will be purified
and quantified with following fractionation and
agarose gel electrophoresis. Northern blot-
hybridization with specific labelled DNA probes
will determine the presence of mRNAs for
various signal response genes. By PCR tech-
nique, probes will be generated for genes
encoding various types of stress-related genes
as well as for genes encoding the key en-
zymes. If microgravity is perceived by the plant
as a stress, it is likely that cell protoonco-
genes, ubiquitin genes, heat-shock-like genes
or other protective genes would be induced. It
is important to study the distribution of such
genes (SAUR family genes) in various parts
of a plant exposed to microgravity action.
Results of this investigation will be compared
with experiments carried out in unit gravity and
during clinorotation.

8. Spaceflight effects on amino acid content
in Brassica rapa.

185

9. Spaceflight effects on phytohormonal con-
tent in Brassica rapa.

10. Spaceflight effects on lipid content in
Brassica rapa.

Experiment Acronyms: AMINO, PHYTO, and
LIPIDS.

Principal Investigator: Dr. Elizabeth Kordyum
(Ukraine).

Co-investigators: AMINO: Dr. Tetyana Che-
revchenko (Ukraine), Dr. Nataliya Zaimenko
(Ukraine), Dr.Nataliya Sytnyanskaya (Ukraine).

PHYTO: Dr. Ludmila Musatenko (Ukraine),
Dr. Valentina Generalova (Ukraine), Dr. Tatjana
Cherevchenko (Ukraine).

LIPIDS: Dr. Olena Zolotareva (Ukraine), Dr.
Nataliya Mikhaylenko (Ukraine).

Hardware: PGF.

Category: Tissue sharing.

The carbohydrate, phytohormonal and amino
acid contents of plant tissues are extremely
responsive to environmental factors. Changes
may indicate the plant's response to stress.
In the root zone, for instance, stress caused
by flooding and the accompanying anaerobio-
sis yields an accumulation of specific amino
acids and high levels of compounds such as
4-aminobutyrate have been observed both in
flooded tissues and in legume root nodules
(also nearly anaerobic). Thus, quantification
of these and of phytohormones which medi-
ate cellular signaling events will provide infor-
mation on the status of spaceflight grown
materials.
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AMINO: Formation of every amino acid is a
result of definite energetic processes. The envi-
ronment is known to affect plant amino acid
content. Therefore, an investigation of the mic-
rogravity influence on amino acid synthesis
will allow the possibility to analyze the energy
status of plant metabolic activity in micrograv-
ity. Fresh tissue will be analyzed post-flight.

PHYTO: Individual components of the plant's
hormonal complex take part in plant growth
and development regulation. Phytohormones
have stimulating or inhibiting effects depend-
ing on their concentrations in plant tissues.
Among the main plant growth regulating sub-
stances are auxins, gibberellin, cytokins and
abscisic acid. Their determination is possible
by means ot HPLC and biotests. Tissue will be
frozen in-flight.

LIPIDS: In the framework of the proposed
experiment, it was planned to investigate sev-
eral biochemical parameters of the photosyn-
thetic apparatus of Brassica rapa cells, name-
ly lipids and fatty acid contents, carotenoids as
well as ADP and ATP contents in chloroplasts.
Fresh tissue will be analyzed post-flight.

For these investigations, plant materials will
be obtained from three PGCs containing seeds
at the time of launch. Tissue will be frozen in-
flight, or returned fresh. Plant materials will be
extracted and the extracts transported to Kiev
where the amino acids, phytohormones, and
lipids will be quantified by a variety of tech-
niques. If microgravity is perceived by the plant

as a stress, and if the developing root zone is
microaerophilic in microgravity experiments (as
suggested by recent results of Musgrave and
colleagues).it is expected to observe an in-
creased content of stress hormones (e.g. ABA)
and stress indicators (e.g. 4-aminobutyrate).

HARDWARE DESCRIPTION

The CUE payload was to use previously flown
hardware as well as new hardware. The new
hardware included modified BRIC canisters,
fixation hardware, and gas sampling hardware.
The Plant Growth Facility was to be flown for
the first time on STS-87 to provide the con-
trolled environment to the six Plant Growth
Chambers housed inside the unit.(29, 30). The
PGF controls and maintains humidity, temper-
ature, and CO.. Biological Research in Canis-
ters. Fig. 29, 30 hardware was also to be flown
as part of CUE. BRIC is a group of hardware
composed of different size canisters that pro-
vide a passive environment for biological expe-
riments. Two types of canisters were to be
flown. Set 1 consists of 5 passive BRIC-60
canisters were to be used by the autonomous
experiments: SOYMET and SOYPAT. Set 2
consists of 7 BRIC-LED canisters which was
to be used by SPM. The modified canisters
provide different light treatments via Light
Emitting Diodes (LED) to the specimens dur-
ing flight.

Fixation hardware was a requirement for the
CUE experiments. The development of new
fixation hardware was currently being consid-
ered by the Payload Development Group at
KSC. Samples were to be frozen in 2 Gaseous
Nitrogen Freezer (GN,). The Standard GN,
Freezer holds the samples at -196°C for 8—10
days. The following kits were to be a part of
the payload: Pollination Kit, Gas Sampling Kit,
Germination Kit, Watering Kit, Freezing Kit,
and Harvest Kit.

THE ROLE OF THE UIKRAINIAN
PAYLOAD SPECIALIST

It was necessary to train the Ukrainian Payload
Specialist to perform the pollination and fixa-
tion steps required for the main part of the
experiment. Ancillary information to obtained
from the secondary experiments depended on
the ability of the specialist to fix and/or freeze
portions of the plants on orbit for subsequent
analyses on the ground. The quality of the infor-
mation obtained from the activities depended
on the training and interactive capabilities of
the cosmonaut. Specific activities were as fol-
lows: 1) to open the lids on the Plant Growth
Chambers and perform pollination of flowers
on set days in the flight schedule; 2) harvest
developing flowers for fixation on selected
days; 3) use the glove box to fix materials in
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flight; 4) use the harvest kit and freezer to pre-
serve materials in flight; and 5) monitor condi-
tions inside the Plant Growth Facility and be
prepared to troubleshoot if necessary. The cos-
monaut was to be trained in respective Uk-
rainian and US laboratories to prepare for these
activities and might also need training with the
investigator(s) on board the KC-135.

EDUCATIONAL PROGRAM

Furthermore, the Ukrainian payload specialist
was to play a critical role in the educational
outreach activities which were to accompany
this mission. Brassica rapa is a model system
world-wide for studying plant physiology, deve-
lopment, cellular physiology and reproduction.
A planned workshop for teacher in-service
training was to utilize the talents of the payload
specialist to communicate with educators in
the Ukraine, and facilitate, through downlink
from the orbiting shuttle, communication with
Ukrainian school children. The fascination and
enthusiasm of space life science, when cou-
pled with the "fast-plant" model system for
studying plant biology, were a compelling fusion
to stimulate young minds and to attract capa-
ble young students to careers in science and
engineering

Students had the unique possibility to take
part in a real space scientific experiment by

participating in ground-based investigations. It
is very important for the students to realize the
importance of conducting a proper statistical
treatment of the ground-based tests. The great
work that was conducted by coordinators
from the Junior Academy of Sciences (a scien-
tific supervisor Volodimir Nazarenko) and the
State Ecological-Naturalistic Centers (manag-
er Volodimir Verbizky) proved the possibility of
the successful realization of the experiment by
school children in the usual conditions of a sci-
entific circle. NSAU provided the issue of a
textbook on the project "Teachers and stu-
dents investigate plants in space" translated
on Ukrainian language for teachers-coordina-
tors (1500 copies) and a school-book for stu-
dents-participants of the experiment (10.000
copies). The best participants of the experi-
ment had opportunity to take part in the direct
telebridge Kyiv — Houston — board of the
space shuttle Columbia and to question an
Ukrainian Payload Specialist.

SCIENCE VERIFICATION TEST

The Science Verification Test (SVT) for the
CUE was held at the Kennedy Space Center
from September 22 to October 16, 1996. Its
main goal was to simulate all activities of US
and Ukrainian CUE participants, who met in
KSC, during the flight experiment realization.
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The SVT was performed to verify the readi-
ness of the Pl teams from a science opera-
tions standpoint, experiment success criteria
implementation, GSRD experiment parameters,
hardware turnover flow, and all mission proce-
dures for CUE. The operations will included:
preflight procedures implementation, mission
simulation, and postflight recovery. Plant sam-
ples produced were be checked by the PI,
Project Science Coordinator and Life Sciences
Contract Quality Assurance to verify samples
produced will provided sufficient data to PI.
The SVT was scheduled to begin with a simu-
lated launch on September 28, 1996. Pre-launch
simulated activities were to begin September
23, 1996. The SVT was to simulate pre/post
and the mission duration of 16 + 1 days.
Simulatet pre-flight activities. Investigators
from US and Ukraine prepared for the full
length (16 day) mission simulation. The SVT
simulated launch date was Saturday, Septem-
ber 28 at 0800 hrs. Investigators from both
countries prepared samples to test and verify
pre-flight science procedures. Many proce-
dures were revised or refined as a result of this
exercise.

Simulated hand-over. The samples were hand-
ed-over to Payload Engineers using the same
time-sequence as planned for flight. The sam-
ples were weighed and documented so that
Pls could see the standard NASA late-access-
payload handover process. This is the same
process the CUE samples would pass through
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prior to transfer to the launch pad and loading
into the Shuttle Middeck lockers. The hand-over
sequence was followed by transfer of samples
to the Kennedy Space Center Orbiter Environ-
mental Simulator.

Simulated inflight monitoring. During the
SVT monitoring, investigators responsible for
monitoring CUE experiments were given train-
ing sessions on NASA protocol for In-flight
Communications and In-flight Monitoring. A
tour of the Experiments Monitoring Area (EMA)
and training on EMA equipment use also was
provided. For the SVT a monitoring-area was
set up for investigators outside the Orbital
Environmental Simulator (OES). The principal
investigator team members served as the CUE
Payload Specialist Surrogate for SVT simulat-
ed-flight operations. In addition to the nominal
operations (which verified and allowed refine-
ment of the CUE In-flight Procedures and CUE
Timeline), malfunction situations were present-
ed to the Pl teams in the form of "green-cards".
These practice problems (not simulated in the
experiments, only on paper) were discussed
by the CUE scientists and KSC Support Team,
who comprise the CUE science operations
planning group. Daily meetings were held to
discuss experiment status and possible solu-
tions to the practice-problems for off-nominal
situations.

Simulated landing and sample recovery.
After the simulated landing, samples were
returned to investigators for processing and

analysis. Investigators practiced their harvest
procedures, plant tissue allocation and distri-
bution techniques. SVT simulated post-flight
analysis of samples.

On October 16, 1996, the CUE SVT Working
Group Meeting, which Ms. Cindy Martin, CUE
Mission Manager opened, took place. She
stated that the purpose of the meeting was to
report on the development status of the pay-
load. She then turned the meeting over to Ms
Rina Thompson, the CUE Payload Mission
Coordinator. She stated that SVT was highly
successful. A number of reports from the US
and Ukrainian investigators on their findings
from the SVT were presented in the Science
Milestones N 7—10 (September, 1996 — April,
1997).

1997

+ Payload Verification Test, April, May.

+ Ukraine President's Edict "Actions on
Ensuring the Preparation and Realization of
Joint Ukraine-USA Experiments Onboard the
Space Ship "Shuttle", July 28.

Staff of State Commission: Sergy Tegipko —
Vice-premier-minister of Ukraine, Chairman of
the Commission, Olexander Negoda — General
Director of National Space Agency of Ukraine,
Vice-Chairman. Commission members: My-
chailo Zgurovsky — Minister of Education of

Ukraine, Zinovy Kulik — Minister of Information
of Ukraine, Igor Mitiukov — Minister of Finance
of Ukraine, Dmytro Ostapenko — Minister of
Culture and Arts of Ukraine, Boris Paton —
President of the National Academy of Sciences
of Ukraine, Gennady Udovenko — Minister for
Foreign Affairs, Dmytro Khudoly — Head of
State Liaison Committee of Ukraine.

+ STS-87 onboard the shuttle Columbia,
November 19 — December 5.

PAYLOAD VERIFICATION TEST

The 18-day Payload Verification Test (PVT) was
successfully completed on May 19, 1997 at
the Kennedy Space Center. The PVT encom-
passed many areas of the CUE activities. The
flight hardware was assembled for a "flight"
set and ground control set. The assembly was
a very time consuming process which required
participation of all of the engineering, mission
management and project science groups to
accomplish. Thanks to this exercise, the assem-
bly would flow smoothly during the prepara-
tions for flight. The complete CUE science team
participated during preparation and implemen-
tation of the mission activities. The participa-
tion of the investigators during the monitoring
of the procedures was valuable in refining
operations and crew training. The PVT present-
ed the opportunity for the US and Ukrainian
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investigators to exchange results of research
work at their home laboratories. There were
many impromptu meetings during which cur-
rent studies and future endeavors were dis-
cussed. The two Payload Specialist candi-
dates performed all procedures in flight-like
conditions for the first seven days of the PVT.
The CUE team enjoyed their involvement and
appreciated their comments regarding improve-
ments to crew procedures.

The lessons learned from this test promot-
ed several adjustments to the PGF and the
BRIC-LED hardware. The PGF temperature
and CO, controls were significantly improved
since the airflow path and seals were changed.
The BRIC-LED tray had a fan installed to lower
the internal temperature of the canisters. The
goals of the test were met and even sur-
passed. The CUE team had matured and was
on the way to flight (Science Milestones N 11,
May/June).

A Payload Working Group meeting was
held at the Kennedy Space Center during the
Payload Verification Test. The purpose of this
meeting was to discuss the science status, Pl
information exchange sessions, and to review
flight plans and schedules. The meeting was
scheduled around the PVT activities.

The PVT was conducted in the Orbital
Environmental Simulator (OES) which was pro-
grammed to follow the environmental condi-
tions used during the STS-80 mission. Data
were collected on the amount of nutrient fluid

used by the plants, the amount of tissue har-
vested at the end of the test and the number of
viable siliques and seeds formed by the BSTIC
seedlings.

NOVEMBER 19 APPROACHE$

The STS-87 crew was to be commanded by
Kevin R. Kregel, who was making his third
Shuttle flight. The Pilot. Steven W. Lindsey, was
making his first flight. There were three mis-
sion specialists assigned to this flight. Kalpana
Chawla, serving as Mission Specialist-1, was
making her first flight. Mission Specialist-2
Winston E. Scott was making his second flight.
Takao Dot from the Japanese space agency
(NASDA), would serve as Mission Specialist-3
and was making his first flight. During the flight,
Dot was to become the first Japanese and
second non-US person to perform a Shuttle
spacewalk. Leonid K. Kadenyuk from the Uk-
rainian Space Agency was making his first
space flight as Payload Specialist-1 and is the
first Ukrainian to fly aboard the Space Shuttle.

Spaceport News (v. 36, N 16, 1996) has writ-
ten under the title " Ukranians prepare for place
in history": "The first Ukranian cosmonaut to
fly on the Shuttle can anticipate a place in his
national history comparable to that astronauts
hold in the United States. Although Ukranians
have flown in space before, it has always been
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as Soviet cosmonauts — never as representa-
tives of their own country.

"Overall it is a social uplift that a Ukrainian
will be flying in space again soon," said Col.
Leonid Kadenyuk, one of two candidates from
the National Space Agency of Ukraine vying
for the position of the payload specialist on
Space Shuttle Mission STS-87in October 1997".

NASA, Press Kit, November 1997,
Space Shuttle Mission STS-87:

"Columbia is targeted for launch on Novem-
ber 19 from NASA's Kennedy Space Center
Launch Complex 39-B. The 2 hour available
launch window opens at 2:40 p m. The STS-
87 mission is scheduled to last 15 days, 16
hours, 34 minutes An on-time launch on No-
vember 19 and nominal mission duration would
have Columbia landing back at Kennedy Space
Center on December 5 at about 7:20 a.m.

On launch day, Columbia's eight and a half
minute climb to orbit will take a different
approach from all previous Shuttle launches.
Most of the powered flight period will be as
before with a "heads down" roll maneuver per-
formed shortly after liftoff and solid rocket
booster separation Just over two minutes into
the launch. However, at about six minutes into
the flight, a second roll maneuver to a "heads
up" position will be performed. The second roll
maneuver, done gradually over a 20 second
period, will allow the Shuttle to acquire com-
munications with the Tracking Data Relay
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Satellite System (TDRSS). Use of the TDRSS
will remove the need for the Bermuda tracking
station support and provide a cost savings to
the space agency.

STS-87 will be the 24" flight of Columbia
and the 88th mission flown since the start of
the Space Shuttle program in April 1981.

The Mission-87 scenario described the Space
Shuttle Program operations which occurred from
the time after the payload is given to NASA for
integration until the payload is returned to the
PMM, including preflight, inflight and postflight
operations. It was stressed that the CUE pay-
load has time critical samples which must reach
microgravity as soon as possible after installa-
tion into the PGF and BRIC Canisters. The
turnover to NASA should not be more than 3
hours prior to installation. The installation time
is driven by the need to minimize the time
between integration of plants into the hardware
and achievement of microgravity.

The ground scenario encompassed preflight,
mission and postflight operations. Activities for
the Ground Control Operations simulated the
pre/post flight and inflight conditions and
requirements. The time delay for ground con-
trol operations to begin will be 48 hours after
launch. The Orbiter Environmental Simulator
(OES) will be used throughout the duration of
the simulated flight. The specimens and hard-
ware used for ground controls in the OES will
be removed after the same number of days of
the mission and processed at KSC. Require-

ments of voice communication loops for CUE
were also".

Although our CUE team was very prepared
to conduct out the space biological experiment
as a result of the activities of the SVT and PVT
training and tests conducted in our laborato-
ries, we were agitated and uneasy waiting for
the launch. A basic requirement for launch is
favorable weather conditions. Early weather
forecasts indicated that weather maybe a fac-
tor in canceling the launch. Fortunately, the
launch was realized and Columbia was orbited.
The Ukrainian Government Delegation headed
by the President of Ukraine Leonid Kuchma
was present at launch. General Director of
NSAU Olexander Negoda, President of the
National Academy of Sciences of Ukraine Boris
Paton, General Director of Design Office
"Ujnoye" Yuri Alekseev, Deputy General Director
of NSAU Eduard Kuznezov, Director of the
Institute of Botany of the National Academy of
Sciences of Ukraine Konstantin Sytnik & oth-
ers were in the delegation. Director of the
Institute of Plant Physiology and Genetics
Volodimir Morgun and director of the National
Botanical Garden Tetyana Cherevchenko also
visited the KSC. In the evening, National Space
Agency of Ukraine gave a reception in honor
of this remarkable event. At once, the ques-
tions arose, as to how our objects survived
launch, how they feel themselves on orbit, how
Leonid Kadenyuk manipulates them, and we
waited for first information from orbit with great

impatience and anxiety. We received reports
regularly in the next days, especially the infor-
mation on the environmental conditions in the
growth chambers in the PGF, e.g.:

CUE Flight Day 3 press release “Operations
of the Collaborative Ukrainian Experiment con-
tinue to progress well. Downloaded data files
from of the Plant Growth Facility indicate excel-
lent performance. This continuous data will
help the ground team to predict the need for
maintenance procedures such as a CO, filter
change or water removal. The Space moss
hardware continues to function well, providing
low-level LED light to the specimens.

A successful pollination of plants in Plant
Growth Chambers (PGCs) 4. 5, and 6 was com-
pleted today with many more flowers available
for pollination by Payload Specialist Leonid
Kadenyuk, Still photos were taken of the B-
PAC experiment PGCs (1, 2, and 3) and the
BSTIC experiment PGCs (4, 5. and 6).

The SOYPAT experiment received a great
deal of attention today. Gas samples were
collected from two of the four SOYPAT canis-
ters containing the soybean seedlings which
were initiated on the ground. The first SOYPAT
harvest followed gas sampling. Twenty-four
seedlings were harvested from packets inside
the canisters. These harvested seedlings were
separated into two groups. One group was
marked and frozen in the Gaseous Nitrogen
(GN,) freezer for postflight analysis. The sec-
ond group was further segregated and placed
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inside six KSC Fixation Tubes (KFTs) for che-
mical preservation.

We regularly expand upon a particular aspect
of the CUE mission to provide more insight
into the scientific basing for the experiments,
explain complex hardware, or point out items
of particular interest. Today's topic is the GN,
freezer. One of the typical requirements for a
payload like CUE is the in-flight preservation of
tissue, in this case plant tissue. These sam-
ples provide a "snapshot" of the plant while it
was alive on orbit. Preservation is typically con-
ducted by one of two methods: chemical fixa-
tion, which will be described another day, and
cryogenic freezing. Each method has its own
benefits.

Cryogenic freezing does not introduce any
chemicals to the tissue, making it the ideal
method for conducting postflight biochemical
analysis. Freezing is a difficult proposition in
space. Conventional compressor-driven freez-
ers, which arc similar to a freezer found in your
house, are noisy, power hungry, usually not
very cold by science standards, and unreliable
in space. The GN, freezer is an ingenious solu-
tion to this problem. Over the course of the mis-
sion, the nitrogen slowly comes out of the car-
bosil as gaseous nitrogen which is harmlessly
vented into the cabin. NASA has used these
passive freezers for many years, but until the
CUE mission the freezers were limited to about
13 days of operation before their nitrogen ran
out. The CUE freezer is larger and capable of

maintaining cryogenic temperatures for an
excess of three weeks, making it an ideal tool
for long duration missions like STS-87".

CUE FD9 press release “Flight day nine
brought continued success for the Collaborative
Ukrainian Experiment (CUE) payload. All the
CUE hardware continues to perform well. Status
checks of the Plant Growth Facility (PGF) and
the Space moss (SPAM) experiment hardware
indicate excellent operation.

Activity in the PGF was light today. Another
pollination was performed today on the BSTIC
Plant Growth Chambers (PGCs) 4, 5, and 6;
however, the plants are now producing fewer
flowers as the plants divert their energy to seed
formation instead. The BPAC plants continue
to grow well in PGCs 1, 2, and 3. The crew
downlinked some video which indicated that
some of the BPAC seeds planted on FD8 had
already begun germinating prior to planting in
the PGCs. The cause of this premature germi-
nation is unclear. Scientists are curious, but they
do not predict any impact to the experiment.

The third chemical preservation, or fixation,
for the SPM experiment was conducted on
FD9. Using an actuator tool which resembles
a metal pistol, the Payload Specialist success-
fully performed fixations on several of the sam-
ples. The remaining samples will be preserved
at later times during the flight. In addition, the
LEDs providing light to the SPM samples were
reconfigured to a new scheme as required for
the investigation. Please refer to the FD8 press
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release for a detailed description of how the
Biological Research in Canisters — Light
Emitting Diode (BRIC-LED) hardware func-
tions to support the SPM experiment.

Today, in a landmark event for the Ukrainian
nation, Payload Specialist Kadcnyuk received
a telephone call from the President of Ukraine,
Leonid Kuchma. President Kuchma congratu-
lated Colonel Kadcnyuk on his achievement
and wished him continued success conducting
operations for the Collaborative Ukrainian
Experiment Payload. The telephone call from
the President was followed by a brief press
conference with members of the Ukrainian
media located in Kiev. This entire event was
televised to the Ukraine for broadcast through-
out the country”.

This information e.g. temperature and car-
bon dioxide levels necessary for the operation
corresponding conditions in the Orbital Environ-
mental Simulator. At the end of the mission we
experienced the same anxiety as we waited
for the Columbia landing. The weather at the
landing site at KSC could have required a
landing in California. But Coumbia landed at
KSC and CUE experiment finished very well.
Thanks to the excellent implementation of CUE
inflight scenario by Leonid Kadenyuk, the sci-
entists obtained the beautiful spaceflight mate-
rial for the next analyses in laboratories on the
ground.

At the time of Leonid Kadenyuk staying on
ordit, 32 students took part in the telebridge
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with payload specialist, who answered on
questions demanded by students, for exam-
ple: 1) How did you become a cosmonaut?
When did you decide to become a cosmonaut
and what did you do to become one? 2) Why
were you selected for this space mission? 3)
While living in the USA, did you think a lot
about your country? What about your country
did you most think about, the cities, the natu-
ral environment, your friends, or family? 4)
While working with the Brassica rapa plant, do
you look at it as a partner in the experiment?
Do you talks with the plants as if they are peo-
ple? 5) Yow long is the experiment with Brassica
rapa going to last? 6) What other experiments
are you conducting? 7) Do you have any leisure
time in space? 8) How long did it take to pre-
pare for the flight? 9) What was the most diffi-
cult thing that you did to prepare for this mis-
sion? 10) Do you have children and where do
they go to school? 11) Are you able to be alone
and have privacy while in space? 12) What
were you feelings when you found out that you
were chosen for this mission? 13) What are
the future applications of the results of this
research? 14) Are similar experiments being
conducted on other plants? 15) Do you consid-
er this experiment important? How? 16) What
other organisms are on orbit with you? 17) Do
you expect to achieve mutant [plants in the
experiment due to microgravity conditions?
The delegation of the Educational Program
executives including 9 students, 2 teachers and

the scientific head from Ukraine Volodimir Na-
zarenko attended the launch of Shuttle STS-87,
where the students met with the President of
Ukraine Leonid Kuchma, reported to the author
of the Educational Program Paul Williams, had
the contacts with their American colleagues
and had the possibility to make some interest-
ing educational-cognitive excursions and trips,
proposed by the specialists from KSC Tom
Dreschel and Peter Chetirkin.

PRESS COMMENTS

NASA, PRESS KIT, November 1997,
Space Shuttle Mission STS-87

“Of all resources available at this point in
space exploration, plants are the only regener-
ative source of food for long-duration flight.
Plants are also used for regeneration of oxy-
gen, removal of carbon dioxide, and distillation
of water by transpiration and condensation. It
is critical to know how to grow plants in space
in order to facilitate these human requirements.
Also, in order to better understand the effects
of gravity on living systems, microgravity offers
scientists an environment where they can ana-
lyze plant growth and functions without the
influence of gravity.

As part of the CUE experiment, primary
objectives include comparing changes in ultra-
structure, biochemical composition and func-

tion induced by the spaceflight environment
on the photosynthetic apparatus of Brassica
rapa seedlings at different stages of vegeta-
tive development. Specifically, the principal
scientists seek to discover what, if any, devel-
opmental events during plant reproduction fail
to function normally in the microgravity envi-
ronment.

During the STS-87 mission, high school stu-
dents in the United States and Ukraine will per-
form special plant biology science experiments.
Students will have the opportunity to view inter-
active downlinks with an astronaut who will
conduct the experiment in microgravity on board
the Space Shuttle Columbia.

The educational component of CUE, Tea-
chers and Students Investigating Plants in
Space, known as CUE-TSIPS, will allow stu-
dents in the United States and Ukraine to per-
form pollination of the Brassica rapa plant on
the ground, and the STS-87 crew will perform
the same experiments with plants on board
the Shuttle. Comparison of Shuttle and class-
room results will continue after the mission via
the Internet”.

Ukraina Moloda
(18 November, 1997, N 212)

"When the Small Academy of Sciences was
connected up realization of the Education
Program of the Collaborative Ukrainian Expe-
riment on Biology at the suggestion of profes-
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sor Elizabeth Kordyum from the Institute of
Botany, we did not think that it will take on
such range," vice-president Volodimir Nazarenko
summarized at the great meeting on the occa-
sion of departure to USA of the group of Uk-
rainian scholboys-investigators. On the whole,
near 20.000 scholboys from Ukraine as many
of persons of the same age from USA were
get to this science and education program.
Departure to USA wf the group of Ukrainian
was not only an attractive journey abroad and
contact with coevals but the continuation of an
interesting work, anexchange of experience and
repleshimet of knowledge”.

The Ukrainian Weekly
(30 November, 1997)

“Leonid Kadenyuk and Ukraine's students
become a part of history.

On December 1 at 6 a.m.Col. Kadenyuk will
be hooked up by special down-link through a
Ukrainian ielevision station in Kyiv to all the
CUE participant schools in Ukraine.This will
be the first time Ukrainian astronaut is talking
live from space with students from his own
country. Thousands of students in Ukraine
will be able to watch and interact during a
short question and answer period with Col.
Kadenyuk”.

Fakty
(19 November, 1997, N 48)

“Some delegations will see off Kadenyuk.
Secretary of the Council of National Security
and Defence Vladimir. Gorbulin, general direc-
tor of National Space Agency of Ukraine
Alexander Negoda, president of the National
Academy of Sciences of Ukraine Boris Paton,
ambassador Yury Scherbak people's deputy
Leonid Kravchuk, etc. are part of the official
delegation”.

Uryadovyi kur'er
(20 November, 1997, N 215—216)

“Kadenyuk overcame competitors as he has
all necessary qualities: good health, profession-
alism, strong will in the selection and attainment
a goal, significant scientific and practical prepa-
ration for a work by a cosmonaut-specialist”.

Uryadovyi kur'er
(22 November, 1997, N 217—218)

“President of Ukraine Leonid Kuchma, who
was at Columbia launch, sent the letter to
President of USA Bill Clinton. In the letter, he
advanced the satisfaction on the occasion of
the entered engagement in the space field
began to be already realized in life. The partic-
ipation of Ukrainian citizen in the space mis-
sion together with american astronauts is a
striking evidence of it. Columbia flight became
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a crown of the three-year work of US/Ukraine
scientists and specialists. We are sure that the
Program of joint experiments will be complete-
ly accomplished and world science will take
else one step in space exploration, especially
in space biology”.

LEONID KADENYLIK
AS THE PAYLOAD SPECIALIST

My personal impression about our Ukrainian
Payload Specialist of STS-87 is the best.
Leonid Kadenyuk is a graduating student of
the Chernigov Higher Military Aviation College
and Moscow Aviation Institute, an instructor-
pilot, a test-pilot and space-pilot, and he was
selected in the detachment of cosmonauts
and passed all tests required by this profes-
sion. Usually, Kadenyuk's professional activity
was far from that work which he has to do as
cosmonaut-specialist during the STS-87th
mission aboard space shuttle Columbia. But
exactly during the training and holding this job
in full measure features of character and per-
sonality of our cosmonaut revealed as a flight-
tester and potential commander of "Buran",
however the piloted flight of which was not
performed, — discipline, respect for accepted
rules and norms, responsibility, friendship, reli-
ability, trustworthiness. During the first meet-
ing with Leonid Kadenyuk | was very impressed
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by his williness to get acquainted not only with
experiment's aims, but with its science base,
that is with according issues of biology and
ideas, determined in the basis of experiment.
Leonid Kadenyuk listened to a list of lectures
which were organized for him in the M.G.
Kholodny Institute of Botany, and as well in the
Institutes of Molecular Biology and Genetics,
Institute of Plant Physiology and Genetics, and
in the National Botanical Garden of the National
Academy of Sciences of Ukraine. After the
course of lectures the practical lessons began,
in first order Leonid Kadenyuk had to master
the ability to determine the state of a stigma in
order to pollinate it, gather pollen, easily carry
enough quantity of pollen to the stigma, which
in 1997 were continued in US universities and
Kennedy Space Center. In the USA, Leonid
Kadenyuk fully mastered the skills of working
with devices in which the plants were grown,
manipulating with them and with devices for
chemical fixation and freezing the samples. |
recall Leonid Kadenyuk calling me several times
from United States in order to define more
exactly some details which concerned the
process of pollination the flowers because he
was worried that the quantity of successfully
pollinated flowers by him did not reach 100 %.
As a result of thorough and perfect mastering
of the theory and practice of plant biology,
Leonid Kadenyuk brilliantly performed all tasks
on orbit according to the protocol of the exper-
iment. Thanks to that, scientists got perfect

material for further exploring in the laborato-
ries of Ukraine and USA. All Cue patrticipants
deeply appreciate him. They obtained, very
interesting new scientific information and orig-
inal concepts and the hypotheses worked out
on this basis made the important contributions
to science. L. Kadenyuk, being on orbit at the
time of a video transmission, also communi-
cated with US and Ukrainian students, which
was one of numerous participants of Educa-
tional Program. AT KSC, we had an opportuni-
ty to listen to this intercourse of Kadenyuk and
we noted with satisfaction his pithy answers
to on the students' questions and his good
English. After returning to Kiev, Kadenyuk sys-
tematically takes part in the meetings devoted
to CUE. My warm welcome with L. Kadenyuk
continue now, | always feel his friendly attitude
to me and hope not only to the continuation of
our meetings but for the joint work in space
biology and on the use of his talent as a cos-
monaut in future space missions.

E. KORDYUM

1998

+ CUE Working Group Meeting, September
The CUE Working Group Meeting was held
in Kiev September 18—25, 1998. The purpose
of the meeting was to present the scientific
results from the first 9 months of analysis of

the data obtained from the STS-87 mission, to
make plans for publication of the results in sci-
entific journals and to discuss future collabora-
tions between the Ukrainian and United States
investigators. In attendance were 6 US inves-
tigators, support staff from the Kennedy Space
Center, a representative for NASA Headquar-
ters, the Ukrainian investigators and their re-
search associates. The program for this meet-
ing which was organized by Dr. Elizabeth
Kordyum and her staff was a well balanced
program of scientific presentations, group dis-
cussions and outstanding cultural events.

The scientific program featured multimedia
presentations of the research findings to date
in all laboratories in the Ukraine and United
States. In general they indicated that the plant
material they received was not only sufficient
but of beautiful quality to permit them to meet
their individual scientific objectives.

Splinter meetings were held to discuss the
status of research of the individual experi-
ments and future collaborations. These meet-
ings established: protocols for publishing the
results in scientific journals and preparation of
final reports to NASA; future collaborations
were discussed following a review of potential
projects.

Interlaced throughout the science program
were a variety of Ukrainian cultural events
including tours, dinners, concerts and person-
al visits to the homes of Ukrainian colleagues.
The hospitality and generosity of Ukrainian
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hosts created the perfect atmosphere for ex-
change and learning.

The following reports from the Principal
Investigators were based on the presentations
and discussions for the conference in Kiev and
would form the basis for the final reports due
in December.

CLIE PARTICIPANT'S REPORTS

Published in Science Milestones
(N 13, September/October, 1998)

B-STIC — Microgravity effects
on pollination and fertilization

(Report prepared
by Dr. Mary Musgrave)

Post-flight analyses of the flowers and siliques
from the Brassica rapa plants grown on STS-
87 have combined structural and functional
assays of developmental processes. In-flight
fixation allowed us to examine the stigmatic
surfaces of the pistils 2—24 hours after polli-
nation. Scanning electron micrographs of this
material revealed that the transfer of pollen
and pollen germination on the stigma proceed-
ed normally in microgravity. Pollen viability
assessed immediately post-flight using fluo-
rescein diacetate staining was between 93—
94 % in the spaceflight and ground control
material. Further investigations of pollen struc-

ture will be carried out using transmission elec-
tron microscopy.

Dissections immediately post-flight showed
that the number of developed seeds per si-
lique was not significantly different between
flight and ground control plants, although the
total number of siliques was greater in the
ground control. This may reflect the difficulty
of performing hand-pollinations in weightless-
ness. Cytochemical localization of reserves in
embryos showed that carbohydrates, protein,
and lipid were being stored in an equivalent
manner in the spaceflight and ground control
material.

The duration of the shuttle flight did not per-
mit the embryos to develop completely into dry
seeds. By transferring several siliques to a tis-
sue culture medium immediately post-flight, it
was subsequently possible to dissect out the
fresh embryos, culture them on a second medi-
um until roots and leaves formed, and then grow
them into plants in soil. Although the space-
flight embryos were delayed in growing to the
stage when they could be transferred to soll,
once they reached this stage, their develop-
ment matched that of the ground controls. The
offspring from these plants and those from the
ground control were indistinguishable.

The results demonstrate that no step in the
reproductive development of Brassica rapa is
dependent upon gravity, and that given a suit-
ably long-duration flight opportunity, seed-to-
seed cycling would be possible.
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B-PAC — Effects of altered gravity
on the photosynthetic apparatus

(Reports prepared
by Dr. James Guikema)

The photosynthesis process must play a cru-
cial role in a closed renewable life support
systems during long space flight missions,
for food, atmosphere, and water regeneration.
Space missions in the past have provided tan-
talizing, albeit often anecdotal, glimpses of the
effects of microgravity on cellular morphology
and cell division and elongation, and how
these effects may impact photosynthetic
physiology. At present there are only few data
concerning structure and functioning the pho-
tosynthetic apparatus, and they are often con-
tradictory. These few data formed the ration-
ale for the CUE B-PAC experiment, and result-
ed in a spaceflight experiment in which a
number of plant growth parameters were mon-
itored.

Preliminary experiments explored the design
and configuration of rooting substratum, nutri-
ent demands by the plants, temperature opti-
ma, etc., to assure optimal plant growth. The
rooting zone and nutrient delivery system that
was deployed on the STS-87 mission consist-
ed of the following. First, a base of florist's
foam provided structural support for the plants.
The foam was cut such that it snuggly fit into
the base of the PGC. The foam could then act
as a fluid reservoir, and we determined that
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Hoagland's solution (full strength) was an
appropriate nutrient source. Second, some
grooves were cut into the phenolic foams.
These grooves served two important functions.
On one hand, they provided spaces in which
to place plant growth envelopes. On the other
hand, there was enough air space surrounding
the envelopes to ensure that the root zone
was not anaerobic. Third, a plant growth enve-
lope was constructed of non-cellulose film, to
which.seeds were attached. The non-cellulose
construction avoided the use of a substrate
that could support microbial growth, and it
should be noted that plants that were obtained
in CUE after STS-87 landing were not over-
burdened by either fungal or bacterial contam-
inants. The use of the envelope also added
in the harvesting of the root tissue on orbit.
The envelope was a container that could be
easily removed and manipulated for either
freezing or fixing. Preliminary experiments also
optimized procedures (electrophoresis. Western
blot analysis, fluorescence kinetic assess-
ments, etc.) which were developed on other
species for Brassica.

This system was then used to fly Brassica
rapa during a 15 d mission on STS-87. The in-
flight operations were orchestrated by Colonel
Leonid Kadenyuk, first-time shuttle astronaut
from Ukraine. Seeds were watered on orbit,
and plants were harvested at 7 and 9 days
(both fixed and frozen) and at 15 days (fresh
within 2 hours of STS landing on Dec. 5, 1997).

Kansas State University post-flight research
has focused on cotyledon tissue, which was
harvested at KSC and frozen for transport to
the KSU campus.

Tissue from the Plant Growth Facility was
harvested, and was distributed to the CUE/P-
PAC team as defined by the tissue allocation
plan devised (tissue sharing) during SVT and
PVT. This included distribution of materials to
B-STIC (buds and flowers — the numbers and
stage of these is consistent with the notion
of accelerated development under the STS-
87 conditions); to AMINO, PHYTO and LIPID
(secondary leaves and stem materials); and
ROOTS (all below-ground tissue). Fresh leaf
materials were provided to the B-PAC team
headed by Dr. Svetlana Kochubey. Cotyledon
tissue was harvested, frozen, and taken to
Kansas State University for analysis.

Plant growth information was obtained from
photographs taken on orbit. In general, space
flight plants grew taller (values were significant
in measurements later in the flight), with slight-
ly less percent of germination. Western blot
assessment of thylakoids prepared from cotyle-
don tissues suggest: 1) both Photosystem 1
(PS1) and Photosystem 2 (PS2) chlorophyll
complexes were reduced in space flight sam-
ples, 2) photochemical activities of PS1 were
similarly, 3) a reduction in structural protein is
not accompanied by an increase in protein
fragments within the membrane, which might
occur if microgravity caused a stress-induce

degradation of existing proteins, 4) other mem-
brane proteins, notably the beta-subunit of the
chloroplast coupling factbr ATP synthase, were
found in higher concentrations in the thylakoids
obtained from spaceflight samples.

There are two possible interpretations of the
preliminary data which we obtained on this
mission. First, it is possible that some feature
of the spaceflight environment is stressful to
the plants. Although it is attractive to think that
microgravity-induced changes in fluid dynam-
ics could result in hypoxia in the root zone, con-
comitant experiments by the ROOTS investi-
gators showed little increase in the proteins
which are upregulated during water-related
anaerobiosis. Rather, some data presented by
colleagues suggested that the stress may be
water deprivation. Second, it is possible that
some feature of the space environment may
cause a down-regulation of the synthesis of
the photosynthetic apparatus, with a more dra-
matic effect on Photosystem 1. For example,
several groups have observed an altered car-
bohydrate partitioning in space-grown plants.
It is becoming increasingly clear that the genes
for photosynthetic proteins are under the con-
trol of regulation at the level of carbohydrate
content. It is not known the levels to which
Photosystems 1 and 2 may be differentially
regulated. It is very apparent that our data is
intriguing and raises questions that have both
fundamental importance and relevance to
applied studies on space-based methods for
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bioregenerative and controlled environmental
life support.

B-PAC — Fluorescence and photochemical
activity of Brassica rapa leaves

(Report prepared
by Dr. Svrtlana Kochubey)

In the CUE experiment my team performed
measurements of the following characteristics:
1) Induction fluorescence of leaves, 2) Low
temperature fluorescence spectra of chloro-
plasts, 3) Low temperature spectra of fluores-
cence emitted by PSI and PS2, 4) Absorption
spectra of chloroplasts ar room temperature,
5) Photochemical activity of PS 2 by monitor-
ing of 02 evolution in presence of artificial elec-
tron acceptor, 6) Photochemical activity of PS1
by monitoring of 02 uptake in the presence of
artificial electron donor and acceptor.

Most of the results were obtained with 15-
day old plants. The following conclusions were
drawn: 1) Photosynthetic apparatus in the Ist
tier leaves of 15-day old Brassica rapa plants
displays some diflactions from normal state, 2)
The diflaxion, caused by distortions in PS1
complex, is primarily in the near surroundings
of reaction centers and possibly in other sites
of electron transport chain, 3) It is possible that
amount of LHCII decreases under the influ-
ence of microgravity, and 4) Organization and
functional activity of PS2 is slightly influenced
by microgravity.

B-PAC — Structural organization of leaves
and mesophyll cells in Brassica rapa

(Report prepared
by Dr. Nadiya Adamchuk)

Structural organization of leaves and meso-
phyll cells of 6- and 13-day old B. rapa plants
fixed post-flight and 9- and 15-day old plants
fixed in-flight was examined using methods:
of light and electron microscopy, and mor-
phometry.

Comparative analysis of morphological cha-
racteristics of leaf mesophyll in 13- and 15-day
old Brassica rapa plants grown in the ground
control and in space flight showed significant
increases in palisade mesophyll cell size,
chloroplast size and number in spaceflight sam-
ples while a leaf thickness remained unchanged.
A quantitative evaluation of ultrastructural cha-
racteristics revealed that the relative partial
volumes of thylakoids and plastoglobuli in the
chloroplast stroma were greater in all plants
grown in microgravity. An increase of thy-
lakoids in a granum and starch grain size were
determined for the 13- and 15-day old experi-
mental plants. The overall length of the photo-
synthetic membranes in subepidermal pal-
isade chloroplasts increased in the 6- and 9-
day old experimental plants. The length of
stromal thylakoids increased while the thyla-
koid length in a granum remained unchanged.
Although the length of stromal thylakoids sig-
nificantly increased, the number of grana
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decreased in the experimental plants. In addi-
tion, the majority of these grana contained
thylakoids of a different length. The spaces
between thylakoids were greater in the ground
control plants.

AMINO — Effect of microgravity
on the amino acid content
in Brassica rapa

(Report prepared
by Dr. Tetyana Cherevchenko)

As a result of the investigation it was shown
that the free amino acid general content in
aboveground organs (leaves and stems) was
increased in comparison with the ground con-
trol in 1.4-2.1 times. The most differences in
the amino acid content were observed in 15-
and 28-day old plants. The concentration of
aspartic acid, threonine, serine, glutamic acid,
alanine and valine increased appreciably in
leaves of 15th days plants under microgravity
conditions. At the same time, the increasing
content of proline, aspartic acid, threonine, ser-
ine and arginine was revealed in stems. The
lysine and arginine concentration sharp increase
was established in leaves and stems of the 28-
day old spaceflight plants. The free arginine
content increased in Brassica rapa leaves of
5.5 times, and in stems of 25.6 times. The
analysis of the qualitative and quantitative
amino acid content in microgravity revealed
the increase of aspartic acid of 21 times in

-
- ) '

* v T



Brassica rapa leaves of 15-day old plants and
the lowering of aspartic acid concentration of
8.5 times in stems of 28-day old plants. These
facts indicate plant aging and changes in nitro-
gen metabolism. It may be that accumulation
of free amino acids, especially proline, in above-
ground organs of Brassica rapa in microgravi-
ty is an adaptive reaction of plants under going
water stress.

PHYTO — Effect of microgravity
on the phytohormonal complex
in Brassica rapa

(Report prepared
by Dr. Ludmila Musatenko)

The studies of phytohormonal complex of Bras-
sica rapa plants have shown that IAA levels in
underground parts of plants grown 9 days on
Earth and in microgravity were almost similar.
The ABA content in flight samples was higher
than in the ground control, which may be
explained by its physiological function as a
stress phytohormone. A comparative analysis
of HPLC — chromatograms of experimental
and control plants was used to establish the
presence of benzylaminopurine riboside,
isopentenyladenine and isopentenyladeno-
sine. It was also found that riboside zeatin,
which controls the total cytokinin content in
plants, was considerably higher in plants grown
in microgravity than in the ground control.
Riboside and glucoside derivatives were detect-

ed in trace amounts. The obtained data allow
to suggest that the redistribution of various
forms of growth substances occurs in micro-
gravity rather than changes in their synthesis
or catabolism.

ROOTS — Structural organization
of main and lateral root apices,
especially caps, of Brassica rapa
in microgravity

(Report prepared
by Dr. Elizabeth Kordyum)

A review of literature data on growth, size,
mitotic activity, histogenesis, cell differentiation
and structure-function organization in main and
lateral root apices in microgravity has been
done. On the basis of this analysis, the main
goal of the present study was defined: 1) to
elucidate the processes of cell differentiation
and function in a root cap as a graviperceptive
organ at the different stages of Brassica rapa
plant development in space flight and in the
ground control. Plants were harvested at 6, 13
and 15 days after planting. The 6- and 13-day
old plants were fixed on orbit, the 15-day old
plants were fixed after landing and then all
plants were examined by transmission elec-
tron microscopy. Twisting of the lateral roots of
the 1st order in microgravity were observed. In
this report, focus was done on the tips of both
primary and lateral roots, examining meristem-
atic cells, differentiating statocytes, statocytes,

and secretory cells of a root cap. Most of the
characteristics of these cells were similar to
the relevant ground control tissue, including
the size, shape, and position of nuclei and the
structure of the chromatin within the nuclei.
Some differences were observed in the ultra-
structural organization. However, space-grown
statocytes were characterized by a distribution
of amyloplasts throughout the cell, decreased
starch content in amyloplasts, and a localiza-
tion of smooth and branched endoplasmic
reticulum membranes on the distal side. Space-
grown secretory cells were more vacuolated,
showed a lowered Golgi content and the
changes in the dictyosome structure, suggest-
ing a reduction in mucilage production. Space-
grown rhizodermal cells also showed an in-
crease in the vacuole volume, and a decrease
in the volume of local enlargements of granu-
lar endoplasmic reticulum cisterns with a pro-
tein content. Thus, root morphogenesis and
cell differentiation occur normally in micrograv-
ity which results in plant growth, flowering and
fruiting in the 1st generation in microgravity.
Statocytes as graviperceptive cells are differ-
entiated in the caps of main and lateral roots
in microgravity but are not functioning in the
absence of a gravitational vector. It is possible
that microgravity-induced changes in carbohy-
drate metabolism which may impact protein
biosynthesis and cause the alterations in the
ultrastructure of root cap and rhizoderma cells
that were observed.
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ROOTS — DNA content in Brassica rapa
root different growth zones in microgravity

(Report prepared
by Mr. Victor Zaslavsky)

Root apices of 9- and 15-day old Brassica rapa
plants were fixed with Carnoy mixture after
landing, stained by the Feulgen reaction, and
the DNA content was determined with the
one-wave cytophotometric method (wavelength
502 nm). For every root growth zone-meristem,
elongation and differentiation, 100 cells were
examined in each of 6 experimental and 6
ground control roots (1200 total) and the data
were treated statistically. On the basis of the
experimental data analysis, the following con-
clusions can be drawn: 1) The DNA content in
the cells of different growth zones of the later-
al roots of the first order in 9- and 15-day old
plants in microgravity and in the ground con-
trol varied in the limits from 3.15—0.12 rel.
units — 2C till 6.3—0.18 rel. units — 4C, includ-
ing the intermediate values that corresponds
the normal movement of cells on different phas-
es of the cell cycle, 2) The same proliferation
level was noted in the root meristematic cells
in microgravity and in the ground control; it
was insignificantly lowered in 15-day old plants,
3) An increase of the cell population with 4C in
the root elongation and differentiation zones
with the maximum in the latter was observed
in the ground control — 30 % of cells in the
elongation zone, 40 % of cells in the differen-

tiation zone, and in microgravity 40 % and 50 %
correspondingly that indicates the higher level
of somatic polyploidy in microgravity. Thus, the
cell cycle is realized in microgravity similar to
the ground controls. The increased number of
polyploid cells in the root elongation and differ-
entiation zones can be evidence on strength-
ening of plant resistance.in mcrogravity by gene
doubling and the changes in the nucleus-cyto-
plasmic relations.

SOYMET — The interaction
of microgravity and ethylene
on soybean growth

and metabolism

(Report prepared
by Dr. Christopher Brown)

Space-grown plants exhibit alterations in growth,
metabolism and ultrastructure. A consistent
finding has been that ethylene levels are high-
er in space-grown plants relative to the ground
controls. Therefore, the hypothesis tested in
this experiment was that alterations in growth,
metabolism and ultrastructure in space-grown
plants are due to increased ethylene production.

The SOYMET experiment utilized etiolated
soybean (Glycine max cv. McCall) seedlings,
which were grown in the Biological Research
Canister (BRIC) hardware. Half the BRICs con-
tained KMnO4 to remove ethylene from the
atmosphere and the other half did not. Dry seeds
were launched and then watered in space.
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Periodic samples of gas from the BRICs were
taken during the mission. Some BRICs were
frozen on-orbit and some returned to earth
unfrozen. Post-flight analysis of gas composi-
tion, seedling growth, cotyledon carbohydrate
metabolism, calcium localization and ultra-
structure as well as root ultrastructure were
performed.

On a canister basis, ethylene concentrations
were twice as high from space as compared to
the ground controls. Although KMnO, reduced
the levels of ethylene in the canisters, the effi-
cacy of removal was less in space than on the
ground.

Overall seedling growth was less than
expected based on previous spaceflight and
ground studies. However, in comparison with
the ground controls, total seedling fresh weight
was lower in the flight plants regardless of the
levels of ethylene. Also, the hypocotyl/root ratio
was less in space when ethylene was present
but was not different when ethylene was
absent. The concentration of sucrose was 2
times higher in cotyledons from the flight plants
relative to the ground controls. There were no
differences in the concentrations of starch,
hexose sugars, protein or lipid.

Cotyledon epidermal mesophyll cells were
larger in the presence of high ethylene but
were not influenced by microgravity per se.
Protein bodies were present in the vacuole
and appeared to be lysed in the space-grown
plants more so than in the ground controls
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regardless of the level of ethylene. Hypocotyl
epidermal cell size and organelle structure
were not influenced by spaceflight or ethylene
levels. In the root, spaceflight plants exhibited
enhanced vacuolization in the statocytes,
meristematic, secretory and elongation-region
cells compared to the ground controls. Plastids
in the statocytes of root cap cells exhibited a
decrease in size, starch grain volume and an
apparent enhancement of phytoferritin levels.

Calcium levels in the hyaloplasm of paren-
chyma cells of the hypocotyl appeared to be
more sensitive to ethylene levels (high ethyl-
ene gave rise to high calcium) than to space
flight. However, in cotyledon mesophyll cells
the quantity of calcium appeared to be lower in
the plants exposed to space flight compared to
the ground controls.

A variety of growth and metabolic parame-
ters in soybean seedlings were measured in
an effort to determine if spaceflight-induced
changes were due to increased ethylene lev-
els. Of the parameters reported above, only
the hypocotyl/root ratio and the cotyledon epi-
dermal cell size were sensitive to ethylene
regardless of gravity conditions. Other param-
eters (total growth, carbohydrate concentra-
tions, the presence of protein bodies in the
vacuole of cotyledon mesophyll cells, vacuoliza-
tion in the root cap cells, plastid size and starch
grain volume in root cap cells and phytoferritin
levels) were influenced by the spaceflight envi-
ronment but appeared to be unaffected by eth-

ylene levels. Therefore, at this time it is possih-
le to say that while spaceflight-induced increas-
es in ethylene are playing a role in soybean
growth and metabolism, there are other fac-
tors not related to ethylene which are involved
and require further investigation.

SOYMET — Calcium localization

in cotyledons and hypocotyls

of soybean seedlings grown

in microgravit and in the ground control

(Report prepared
by Dr. Olena Nedukha)

The influence of microgravity on redistribution
and the relative content of free and weakly
bounded calcium in different cells of the
hypocotyl and cotyledons in soybean seedlings
were established in SOYMET experiment. The
localization of Ca2+ was studied by an elec-
tron-cytochemical pyroantimonate method in
different cells of hypocotyl hooks and cotyle-
dons in 6-day old seedlings grown in the pres-
ence of ethylene or without it. The relative con-
tent of Ca2+ in the hyaloplasm of parenchyma
cells of a hypocotyl hook was higher in the
presence of ethylene than in its absence. In
addition, a rate of storage protein utilization by
seedlings increased in microgravity: in the
presence and in the absence of ethylene, stor-
age proteins in vacuoles of cotyledon meso-
phyll cells were lysed completely. A decrease
in the quantity of precipitate granules in the

cell vacuoles and into intercellular spaces of
seedlings grown in microgravity compared to
the ground control was shown.

SOYMET — Ultrastructural organization
and calcium localization in root apex cells
of soybean seedlings grown

in microgravity and in the ground control

(Report prepared
by Dr. Dmytro Klymchuk)

It was shown that the growth rate of seedling
roots in microgravity was reduced compared
with the ground control. Electron microscopy
of longitudinal sections revealed that space-
flight root cells of meristem, columella, secre-
tory and elongation zones in the presence and
in the absence of ethylene were more vacuo-
lated than in the ground control. The root cap
statocytes of spaceflight seedlings exhibited
the absence of structural polarity, i.e. amylo-
plasts did not sediment on the distal part of a
cell but predominantly concentrated in the cell
center The statocytes of soybean seedlings
grown in microgravity in the presence or the
absence of ethylene also exhibited reduced
volume of both amyloplasts and starch grains
per organelle in comparison with the controls.
Spaceflight samples revealed increased phyto-
feritin content in plastids' stroma that suggests
changes in the iron metabolic pathways in
soybean seedlings as well. The pyroantimonate
reaction, used to determine calcium concen-
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tration and localization, showed that there were
few deposits in meristematic cells and essen-
tialy more in columella and secretory cells in
both spaceflight and control samples. In stato-
cytes, the product of pyroantimonate reaction
was seen in all cellular compartments but the
size of deposits in different cellular compart-
ments varied.

SOYPAT — Effects of microgravity

on the relationship between pathogenesis
and cellular carbohydrate content in plant
tissues of soybean

(Report prepared
by Ms. Marietta Ryba-White)

Extended life in space will require continuous
food production. Continuous crop production in
contained systems and the negative effects of
microgravity on plant growth will increase the
potential for disease. To evaluate the effects
of spaceflight on the susceptibility and resist-
ance of plants to pathogens, soybean seedlings
infected with Phytophthora sojae, a root rot
pathogen, were grown aboard the space shut-
tle. To quantify the effects of microgravity on
plant susceptibility to invasion by a pathogen,
we measured: 1) macroscopic changes, 2) root
length, 3) number of lateral roots, and 4) dis-
ease symptom expression

The Phytophtora sojae inoculum was inject-
ed into the base of autoclaved growth pouch-
es through plastic tubing prior to launch These

pouches were designed with sealed channels
to guide root growth toward the fungus in micro-
gravity. The pouches allow for easy evaluation
of root growth and symptom expression. The
experiment was conducted in the BRIC hard-
ware. Soybean seedlings (cultivar Williams 82)
were untreated, or were treated with either P.
sojae isolate #B77R1-55-16 (Rl incompatible)
or #B8R5-81-12 (R25 compatible). The exper-
iment included four replications per treatment.
Seedlings were fixed in microgravity at 4, 7 &
8 days after planting, i.e. flight days 3, 6 & 7,
using the KSC fixation tubes.

The soybean seedlings exhibited more dis-
ease symptoms in microgravity than at unit
gravity. Seven days after launch, P. sojae R25
inoculated plants showed significantly less
healthy tissue indicating they were more heav-
ily infected. Rl inoculated plants showed more
healthy tissue in space flight compared to the
ground controls. P. sojae R25 more extensively
colonized spaceflight-grown tissue than ground-
grown tissue. Light microscopy studies revealed
that, in susceptible interactions, the root hair
zone was most heavily colonized by the fun-
gus. While in ground-grown tissue, the fungus
colonized predominantly the epidermal layer,
in spaceflight tissues, the fungus penetrated
into the stele. More haustoria were observed
in spaceflight- than in ground-grown tissue.
The appearance of the haustoria, hyphae and
oospores did not differ between the two loca-
tions. Oospores were observed in susceptible
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interactions in both spaceflight- and ground-
grown infected tissues. No oospores have
been observed in tissues undergoing an incom-
patible interaction.

Conclusions: 1) Spaceflight grown soybean
seedlings are more susceptible to P. sojae
than ground-grown seedlings, 2) Infected
roots grown in space flight exhibit more dis-
ease symptoms than ground-grown plants,
and 3) The pathogen penetrated the space-
flight-grown roots more extensively than the
ground-grown roots.

SOYPAT — Effects of microgravity
on susceptibility of 6-day old soybean
seedling to Phytophthora sojae

(Report prepared
by Dr. Olena Nedukha)

Seedlings of soybean cultivar Williams 82 were
untreated or were inoculated with race 25 (R25)
and race 1 (RI) isolates of Phytophtora sojae,
which result in compatible and incompatible
interactions, respectively. Seven days after
planting (the seventh flight day), the seedlings
were fixed in microgravity. The flight-grown
roots, infected with R25, showed more disease
(% brown and macerated areas) relative to the
ground-grown roots infected with R25. RI-
treated roots showed less symptoms in flight
than ground samples. It was shown by light
microscopy that soybean seedlings was more
extensively colonized by R25 in flight than in
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the ground controls. It was established that the
zone of root hairs was more susceptible to the
fungus penetration in comparison with other
root zones. The ultrastructural study of root
zones in control and flight samples have shown
the preservation of all cell structures of both
plant-host cells and fungus cells. These results
indicate that fixation on orbit was excellent.

The results allowed to conclude that, soy-
beans grown in microgravity in compatible
interactions are more susceptible to coloniza-
tion by a fungus pathogen relative to ground
controls.

GENEX — Spaceflight effects
on gene expression in soybean tissue

(Report prepared
by Dr. William Piastuch)

Although previous Shuttle middeck experi-
ments from our laboratory (STS-68, STS-63)
have shown differences in etiolated soybean
seedling growth, morphology, carbohydrate
concentrations and enzyme activities in flight-
grown tissues, an overriding factor in these
experiments was the presence of significantly
higher levels of ethylene in the flight growth
containers measured post-flight. During the
GENEX experiment, use of modified protocols
resulted in: a) equivalent levels of ethylene for
flight and ground controls (as measured by
gas sampling after 5 days on-orbit growth and
post-flight), b) elimination of previously encoun-

tered mechanical shearing and seedling con-
tact with metal and wet surfaces, and c¢) com-
plete recovery of intact tissues.

A total of 192 seeds of soybean (Glycine max
cv. McCall) were imbibed and grown in dark-
ness for six days in BRIC hardware. The
GENEX tissue at the end of six days in the
spaceflight environment was of excellent quality
with very uniform growth, no contamination, and
a high germination rate (96 % germination in
flight seeds and 98 % germination for ground
control seeds). Gas measurements of the inter-
nal canister atmospheres both inflight and post-
flight showed high but equivalent concentrations
of ethylene and CO,; as found in the ground
controls. This is significant as it is the first occa-
sion in which ethylene was not found to be high-
er in the flight samples with etiolated soybeans.
This should allow a more direct comparison of
flight and ground samples. The hypothesis for
the equivalent gas concentrations is the place-
ment of the flight canisters in the open middeck
(with forced air and crew movements), allow-
ing gas exchange between the canisters and
ambient cabin air that more closely mimics the
ground controls with gravity convection.

HPLC has indicated concentration changes
in several secondary metabolites in the cotyle-
don, hypocotyl and root tissues. Analysis of
isoflavonoid biosynthesis indicates that total
isoflavonoid concentrations were significantly
reduced in cotyledon tissues of the flight plants
when compared to ground controls. However,

both flight hypocotyl and root tissues exhibited
higher total isoflavonoid concentrations indi-
cating a possible change in distribution of
isoflavonoids in seedlings grown in the space-
flight environment.

Morphological characteristics including fresh
weight, root and shoot lengths, and the degree
of lateral root branching were significantly dif-
ferent between flight and ground tissues with
greater lateral root numbers and length found
in the flight tissue. The spaceflight seedling roots
had a significantly higher fresh mass than the
ground control root tissue due to the increased
formation of lateral roots and greater primary
root length.

Carbohydrate analysis showed altered par-
titioning and concentrations in the flight tissues
with substantial starch differences in elongat-
ed hypocotyl tissue. The finding of more starch
in the flight cotyledon and hypocotyl tissues
was very different from previous experiments.
Microscopic examination has confirmed that
starch deposition is significantly greater in
spaceflight hypocotyl tissues than ground con-
trols. It was also possible to demonstrate the
intracelluar localization of amyloplasts, with
ground controls showing strong sedimentation
along the gravity vector. Spaceflight samples
showed random amyloplast distribution around
the cell.

Total RNA has been extracted from repre-
sentative tissues from flight and ground con-
trols. Initial Northern and dot blot analysis were
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performed. Dot-blot hybridization of membrane-
bound RNA samples with specific digoxigenin-
labeled DNA probes revealed the presence of
mRNAs for various stress-related genes in the
cells of plants subjected to microgravity. Initial
observations showed elevated concentrations
of mRNAs for heat-shock-like genes in the
cotyledon and hypocotyl tissues of soybeen
seedlings grown inflight compared to the ground
control. Changes were also seen for gene
products involved in secondary metabolite pro-
duction. These regulatory genes appear to be
upregulated during the spaceflight experiment.
These results indicate the spaceflight environ-
mental conditions may be perceived by plant
tissues as an external stress causing the ele-
vated production of proteins able to protect
important cell structures from damages.

SPAM-A — Differentiation and tropisms
in space-grown moss Ceratodon

(Report prepared
by Dr. Fred Sack)

Apical cells of the moss Ceratodon protonema-
ta are tip-growing cells that exhibit both nega-
tive gravitropism and positive phototropism.
Amyloplast sedimentation probably functions
in g-sensing but the distribution of sedimenta-
tion is complex. The goals of SPM-A were to
determine whether in microgravity (1) phototro-
pism and gravitropism interact at low light inten-
sities, (2) differentiation is normal, (3) growth

in the dark is random, and (4) amyloplast dis-
tribution is random.

Differentiation appears normal in microgra-
vity. Higher intensities of red light suppress
gravitropism, and the fidelity and kinetics of
phototropism were comparable to ground-con-
trol samples. Ground based studies have not
been able to distinguish whether at low inten-
sity light gravitropism and phototropism inter-
act or whether light modulates gravitropism.
Because some phototropism was found in flight,
it is likely that a weak interaction of tropisms
takes place.

Surprisingly neither the orientation of tip-
growth nor the distribution of amyloplasts was
random. In cultures grown in the dark in flight
for 14 days, the protonemal tips grew in clear
clockwise spirals. Also, amyloplasts were clus-
tered close to the apex of the cells. Both of
these non-random distributions suggest that
gravity normally overcomes default tendencies
such as internal mechanical forces acting on
plastids.

SPAM-B — Gravity in moss
growth and morphogenesis

(Report prepared
by Dr. Orest Demkiv)

Experiments carried out on Russian Biosatellite
Bion-11 and US Space Shuttle "Columbia"
have convincingly proved the Ceratodon spiral
protonemal structures were formed in dark-
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ness in microgravity. Pottia protonemata is
negatively gravitropic in darkness at 1 g while
in microgravity, it grows in different directions,
with many protonemal filaments growing at
various angles to the substrate surface. Pottia
protonemata grows in darkness much slower
than Ceratodon. Protonemata grown in dark-
ness for 7 days reacts sharply to red light.
Under low (0.2 mmol s-1 m-2) and middle (0.9
mmol s-1m-2) intensities, protonemata grows
positively phototropic. Protonemata grown for
7 days in microgravity reacted to red light in an
analogous manner. Mechanisms of a spiral
growth are yet not clear. We think that such
mechanisms are related to organization of pro-
tonemata growth, its location, and polarity,
cytoskeleton organization, and cellulose micro-
fibrill arrangement, i.e. the spiral growth to be
an endogenously controlled process not de-
pendent on the presence of exogenous stimuli.

SPM-B — Effects of microgravity
on protonema apical cells

(Report prepared
by Dr. Christina Chaban)

Negative gravitropism in moss protonemata
was established and analyzed in detail for
several species, Pottia among them. The me-
chanism of gravity perception was explained
through the starch statolith theory, i.e. by amy-
loplast sedimentation in a protonemal apical
cell responding to changes of g-vector direc-
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tion. Comparatively less is known about growth
of protonemata under simulated (clinorotation)
or true microgravity conditions. In the CUE
experiment, for the first time, it was possible to
analyze the growth of moss protonemata in
the absence of external stimuli such as light or
gravity. A specially designed system of on orbit
protonemal fixation allow us the analysis of fine
structure of protonemal apical cells in Pottia pro-
tonemata.

At 1 g, dark-grown Pottia protonemata
formed bands of parallel vertical filaments,
which were almost straight. During the space
shuttle experiment and under clinorotation, fila-
ments originating from the center grew in differ-
ent directions. The measurements of filament
tip positions showed the random protonema
distribution. The prolongation of clinorotation to
14 d and up to 21 d caused increasing protone-
ma bending.

Plastid distribution in apical protonemal cells
is more or less stable during interphase. The
plastid zonation and sedimentation is clearly
observed in time-lapse images of vertically
growing apical protonemal cells. During cell
growth, the plastids of subapical and interme-
diate zones usually were maintained in the same
position relatively to the growing tip unless the
cell was in process of division. They moved
very slightly in oscillation-like manner. Some-
times, very small plastids could be present in
the apical dome, which usually is free of amy-
loplasts. A nucleus was also maintained at a

fixed distance from cell tip and migrated for-
ward with cell expansion. The process of cell
division did not influence vertically growing pro-
tonemata but affected protonemal gravitropic
bending. So called post mitotic reversals (tem-
porary downward bends) were visible in most
cases just after cell division was completed and
new nucleus occupied its fixed position. These
events give arguments in favor of correlation
between amyloplasts-nuclear relationships and
protonemal growth pattern. It cannot be exclud-
ed that this correlation plays a role in protone-
mal behavior in microgravity and under clinoro-
tation.

SHORT SUMMARIES
OF AMERICAN
PRINCIPAL INVESTIGATORS

US and Ukrainian Colleagues met in late Sep-
tember 1998 at the Institute of Botany in Kiev.
We considered both the science and the edu-
cational components of this vital project, and
we noted several interesting conclusions. These
included: surprising, unexpected spiral growth
patterns in space-grown moss; elevated ADH
levels in space-grown roots; correct reproduc-
tion of plants in space; an enhanced patho-
genic responses between soybean and fun-
gus in space; carbohydrate partitioning favor-
ing soluble sugars in space-grown soybean,

and lowered activities of the photosynthetic
apparatus.

One conclusion was that the collaborations
between scientists and educators of these two
nations must continue. We recommended this
to the Space Agencies of both nations. The par-
ticipants committed their efforts to make this
happen.

For the US delegation: signatures
Fred SACK, Christopher BROWN, William PIASTUCH

P i
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e

We saw a parallel reduction in PS1 activity
and in PS1 proteins. There are two possibilities
by which this could occur. First, space flight
may be stressful to existing proteins, causing
destruction of existing proteins. We would expect
to see protein damage — to see protein break-
down products by PAGE (protein electrophore-
sis). We do not.

Second, space flight may cause develop-
mental effects, limiting the synthesis of PS1
proteins.

| favor option 2.

James GUIKEMA

f o i e sa
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EDUCATIONAL PROGRAM

In April, 1998, the regular workshop of the
Educationa Program was carried out. Within
the Educationa Program in the State Ecological-
Naturalistic Center there were hold 6 work-
shops, where 42 responsible executors partic-
ipated from 25 regions of Ukraine. One of the
workshops was held personally by Paul
Williams with the assistance of Thomas
Dreschell and Peter Chetirkin.Totally to the
Educational Program there were attracted
nearly 20 thousands of executives from 24
territorial sections of the Junior Academy of
Sciences. The Ukrainian State Ecological-
Naturalistic Center became the main base for
realization of workshops (director Volodimir
Verbizky). A.V. Palladin Institute of Biochemistry
functioned as the informational center of com-
munication and operative monitoring.

CUE is unforgettable in my life with the nature beauty, union of palms and pines, sounds of the
ocean, numerous armadillos, which feel themselves as in home, and harmony of nature with
technology, the excellent organization of all CUE operations, that gave to scientists, especial-
ly Ukrainian scientists, splendid scope to work with great effectiveness during CUE period,
kindliness and hospitality of all our US colleagues, which | can indeed call my friends.

Elizabeth KORDYUM

To the great credit of CUE, en enormous amount of work was accomplished and accom-
plished with great care and exactitude. This book makes these points clearly and show how very
well the Ukrainian and American investigators did, indeed, cooperate at all levels in spite of the
obvious distance, logistical and some few language problems. The manuscript is very com-
plete: it is well balanced; it emphasizes the right points in the various topics; it includes excellent
illustrative materials together with photographs; and, finally among the excellent features of the
description of the CUE project, is the recognition of every Principal Investigator, their teams, and
detailed descriptive analysis of the purposes and results of each experiment.

The COLLABORATIVE, UKRAINE'UNITED STATES, EXPERIMENT or CUE is recognized as
a success from the moment of inception until the time the last paper is to be published. This
book captures the success, the significance and the beauty of the CUE project.

Tom SCOTT
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