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~po~~ea~e KneTK~ ~Bn~~TC~ YA06H~M 06beKTOM An~ ~3Y4eH~~ BO­
npOCOB, CB~3aHH~X C 3BOn~~~OHHO~ pOnb~ nnO~AHOCT~, TaK KaK 
~Me~T BereTaT~BHY~ rannO~AHY~ ~ A~nno~AHY~ ¢a3bl. Bonpoc 06 
3Bon~~~OHHOM nepeXOAe opraH~3MOB ~3 rannO~AHoro B A~nnO~AHoe 
COCTO~H~e 06cY~AaeTc~ AaBHo /4 ,9,lOI , HO He BnonHe ~ceH. 04e­
B~AHO, 4TO cnY4a~HO A~nnO~A~3~pOBaBwa~c~ KneTKa Mo~eT 3aKpe­
n~TbC~ B nonyn~~~~ rannO~AOB n~Wb B TOM cnY4ae, ecn~ ~MeeT 

nepeA nocneAH~M~ ceneKT~BH~e npe~My~ecTBa. non~TK~ B~~B~Tb 3T~ 

npe~My~ecTBa np~ COBMeCTHOM KynbT~B~pOBaH~~ rannO~AH~X ~ A~­

nnO~AH~X KneTOK Saccharomyces cerevlslae B xeMOCTaTe He np~­

Hecn~ ycnexa, np~4eM B cnY4ae n~M~Ta no opraH~4eCKOMY ¢oc¢aTY 
npe~My~ecTBa ~Men~ rannO~AH~e KneTK~/8/. C APyro~ CTOpOH~, np~ 
An~TenbH~X nepeceBax B My3ee neTeprO¢CKO~ KonneK~~~ APo~~e~/31 
6e3 KOHTpon~ nnO~AHOCT~ 60nbw~HCTBO ~3 npOBepeHH~X /OKono 70%/ 
KYllbTYP "caMoA~nno~A~3~poBan~cb", 4TO n03BonfleT npeAnonO~~Tb 
celleKT~BH~e npe~My~ecTBa aBTOA~nno~AoB nepeA rannO~AH~M~ KneT­
KaM~. 

~enafl eCTeCTBeHHoe npeAnono~eH~e 0 3aB~C"MOCT~ KOHKypeHTo­
cnoc06HOCT~ KneTOK OT ycnOB~~ KynbT~B~pOBaH~~, MO~HO BBeCT~ 
nOHflT~e n -MepHoro npOCTpaHCTBa pe~~MOB KynbT~B~pOBaH~fI, nOA 
KOTOP~M 6YAeM nOH~MaTb cOBoKynHocTb n-He3aB~C~M~X napaMeTpOB 
/¢aKTopoB/ BHeWHe~ cpeAbl Ix ~. X2 ..... Xn I . OnpeAen~B ¢YHK~~~ 
KOHKypeHTocnoc06HoCT~ K = K(X l' X2 , ... X n) OAHoro WTaMMa B 
ycnoB~flX COBMeCTHoro KynbT~B~pOBaH~fI C APyr~M, MO~HO non~TaTb­
CfI HaHT~ ee nOKanbHble 3KCTPeMYM~, T. e. YKa3aTb 06naCT~ npo­
CTpaHCTBa pe~~MOB, B KOTOp~X OA~H ~3 ~3y4aeM~x WTaMMOB /B Ha­
weM cnY4ae - rannO~A ~n~ A~nno~A/ ~MeeT npe~My~ecTBa. OA~H ~3 
cnoc060B onpeAeneH~fI ¢yHK~~~ KOHKypeHTocnoc06HOCT~ 6YAeT AaH 
H~~e. 04eB~AHO, 4TO 3aAa4a onpeAeneH~fI pa3MepHOCT~ npOCTpaH­
CTBa pe~~MOB Ha AaHH~~ MOMeHT He Mo~eT 6~Tb peweHa, HO Bapb­
~PYfl HeKOTop~e OCHOBH~e napaMeTp~ ~ C4~Tafl, 4TO OCTallbH~e 
¢~Kc~pOBaHbl, MO~HO nonY4~Tb ~H¢opMa~~~ 0 nOBeAeH~~ ¢YHK~~~ K. 

Uenb~ HaweH pa60T~ ~B~nOCb B~flBneH~e ycnoB~~ KynbT~B~pOBa­

H~~ /06naCTeH npOCTpaHCTBa pe~~MOB KynbT~B~pOBaH~fI/, np~ KO­
TOp~X A~nnO~AH~e KneTK~ B~TeCHfI~T rannO~AH~e ~3 CMewaHHO~ no­
nyn~~~~. On~caH~e TaK~X 06naCTe~ /a 3TO 3aAa4a 4pe3B~4a~HO 
cnO~Ha~ ~ He Mo~eT, KOHe4HO, 6~Tb orpaH~4eHa paMKaM~ OAHO~ 

CTaTb~/ n03Bon~no 6~ B~AB~HYTb 060CHOBaHHY~ r~noTe3y 0 3aKpen­
neH~~ A~nnO~AHOH ¢a3~ B XOAe 6~onor~4eCKOH 3Bon~~~~. 
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B pa60Te HCnOIlb30BaH MeTOA tl KB a 3HHenpepblBHOrOtl KYIlb TH BHPO­
Ba HHfl APOlKlKeBblX KIleTOK: KIle T04Hbie cycneH3 HI1 ne pHoAH 4eC KI1 pa 3 ­
6aB11flIlH C BelKe~ CpeAO~ B Te4eHHe AIlHTeI1b HOrO BpeMe HH, npH 3TOM 
H3Mepfl11H COOTHOWeHHe r a n110HAOB H AHnIlOI1AOB B CMewa HHO~ nOnYIlA­
~HH. OKa 3aIlOCb, "ITO npl1 HeKOTOp~X I1CnOIlb30BaHH~X pe lKl1MaX KYIlb­
TI1 Bl1pOBa HHfl AH nIlOI1AHble KIle TKH Saccharomyce s c e rev i s i ae HMe~ T 
CeIleKTI1BH ble npel1My~ecTBa nepeA ra nIlOI1AH~MI1, TO eCT b BbITeC Hfl~ T 
nOCIleAHI1X 113 CMewa HHO~ nonYIlfl~l1 l1 . BblTeCHe HHe ran110HAHOro WTaM­
Ma npO I1C XOAHT B Te4eHHe AIl I1 TeIl bHO r o BpeMeH I1 KYIl bTI1 Bl1pOBaHHfl 
/6011ee 10 0 reHepa~I1~/. nIlfl APo)l()l(e~ P ic hia p inus n pH KY11 bTHBI1­
pOBaH HI1 B MI1 H HMaIl b Ho~ cpeAe ran110l1AbI BblTeCHfl~T Al1 n11ol1AH ble 
KIleTKI1 113 CMewaHHO~ nonYIlfl~I1I1, B TO lKe BpeMfl B 3TI1X YC110B H~X 
He BblABIle HO npel1My~ecTB ranIlOI1AHOrO 111111 Al1 n110HAHOro WTaMMa 
S. cerevisiae. 

HATEP~Anbl 11 HETOnbl 

B pa60Te I1Cn011b30Baj-ibl WTaMMbl APOlKlKe~ S. cer e v i s i ae AI1KOrO 
THna: ranIlOHAH~~ S288C 11 pOAcTBeHHbI~ e MY Al1n110I1AHbI~ XS800 113 
KOIlIleK~HH P.K . HopTI1Mepa /5epK11I1, CWA/ . KpOMe Toro, I1CnOIlb30­
BaHbl ran 110I1AHbl~ 11 Al1nIlOI1AHbl~ WTa MMbI APO)l()l(e~ P. p in us MH4 
/AI1KI1~ Tl1 n/ 11 190x356 

ade 1 + ade 2 + 

+ 	 ade 4 + ade7­
KIleTKI1 S . cer evi siae KYIl bTI1 Bl1pOBa11H B KOIl6ax c a 3pa ~l1e~ 

HIl I1 B np06 11 pKa x 6e 3 nepeMeW I1 Ba HHfl B HaKIlOHHOM nOIlOlKe Hl111 B 60­
raTo~ cpeAe YEPD /ne nToH 10 r /Il , APolKlKeBo~ 3KCTpa KT 5 r/Il, 
r~K03a 20 r / 11/ 111111 06eAHeHHo~ cpeAe 5C /ne nToH 0,1 r /Il , APOlK­
lKeBo~ 3KCTpaKT 0 , 05 r / Il , rIl~K0 3a 0 ,2 r / Il/, a Ta KlKe B MI1 HI1­
Ma Il bHOH cpeAe HC / KH 2 P04 1 r /11, MgS0 4 0,5 r /11, Nace 0 , 1 r / 11, 
CaCe 2 0,1 r / Il , (NH4 )2 S04 3 ,5 r/Il , rIl~K03a 20 r/11, BI1 TaMHHbI, 
MI1 Kp0311eMeHT bl/ npl1 pa 3HbiX TeMnepaTypax. 

K11eTKI1 P . pinus KYIlbT I1BHpOBa1111 B MI1 HI1Ma IlbHOH c peAe MC . 
n11fl n pl1 r OTOB11eH l1fl CMe waHHOH KY 11 bT ypbl r a n110l1AHble 11 AHn11 0 I1A­

Hble K11eT KI1 I1 HKy6 11po BaIl l1 B cpeAe B Te 4eHI1e HeCKOIlbKI1X CYTOK C 
elKeAHeB HblM nepeceBOM B C B elKY~ cpeAY, nOCIle 4e r o CMeWI1BaIlI1 B 
cooTBeTcTBy~~e~ npOnOp~l1 l1. 4epe3 o npeAe IleHHble npOMelKYTK I1 Bpe­
MeHI1 KIle TK I1 S. ce r evi s iae KIlOHl1 pOBaIlI1 Ha TBepAoH cpeAe YEPD, 
3 a Te M K110H~ nepene4a TblB aIll1 Ha 4a WK I1 C TOH lKe cpeAo~ , Ha no­
BepXHOCTb KOTOPO~ npeABa pHTeIlbHO 6 b1I1o Bblc e fl HO npI1611HSI1TeIlb HO 
10 7 KIleTOK TecTepHoro WTa MMa 22r- n3 238 / a lys2 -A 12 me tAl h l s3 
RAP SSal/, rl1nep4YBcTBI1TeIlbHoro K a - $aKTOpy 12/. ra nIlOI1AHble 

KIleTKI1 a-Tl1na Cnapl1BaHI1A 06pa3Y~T K0110HI1I1, BOKpyr KOTOPblX 


I1MeeTCfl tlopeOIll 1 /npoCTpa HcTBo, r Ae OTCYTCT ByeT pacT KIle TOK 
TeCTepHoro WTaMMa/, TorAa Ka K BOKpy r KOIlOH I1~ KIl eTOK XS80 0 Ta­
Koro tlope OIla l1 He 06pasyeTCfl. 4aCToTa cnOHTaHHoro nepeKIl~4eHl1fl 

IloKyca Tl1na Cn a pl1BaHl1fl y r eTepoTaIlIlH 4HblX APOlKlKeH COCTaBIlfleT 
10'6/6/, n03T oMY npl1BeAeHHblM B~we cnoco60M MOlKHO HaAelKHo OTIlI1­
411 Tb ra nIlo l1A OT Al1 nnol1Aa B I1Cn011b3yeMoH CI1 CTeMe. 

nIlfl o npe Ae11e Hl1 fl nIlOI1AHOCTI1 APolKlKe ~ P. pinus KIleTKI1 KIlOHI1­
pOBaIl I1 Ha c peAe Rg / ne nToH 0 ,2 r / Il , APolKlKe Bo~ 3KC TpaK T 0 , 2 r / Il, 
rIl~K03 a 1 r/Il, arap-ara p 20 r/Il / 17/. nOCIle Bblpa~I1 Ba HI1A Ha c pe ­
Ae Rg Al1nIlOI1AHble KIlOHbI npl106 peTalOT 16ypylO" OKpaCKY, "ITO CBI1Ae­
TeIlbc TBye T 0 c noc06HOCTI1 KI1e TO K K cnopYI1fl~l1l1: ranI10HAHble KI10­
Hbi Ha c peAe Rg OKpaC KY He 113MeHflIOT. 

PE 3YnbTAT~ ~ 05CYmnEH~E 

Ha PI1C . 1 npl1BeAeHa Kpl1Bafl pOCTa CMewaHHO~ KYI1bTYPbl ranI10­
I1AHblX 11 Al1nI10I1AHblX KI1eTOK S288C 11 XS800 B lKI1AKO~ cpeAe YEPD 

npl1 30 0 C. ~CXOAHO 6b1I1I1 CMewaHbI 3KcnOHeHUl1aI1bHble KYI1bTypbl ra­

nI10I1AHblX 11 Al1nI10I1AHblX KIle TOK B COOTHOWeHl111 1:1. napaI1I1eI1bHO B 


OTAeI1bHblXK0I16ax KYI1bTI1Bl1pOBaI111 ranI10l1AHble 11 Al1nI10l1AHble KI1eT KI1 . 
YAeI1bHble CKOPOCTI1 pOCTa ranI10I1AHOH, Al1nI10I1AHO~ 11 CMewaHHO~ 
KYI1bTYP COCTaBI1flIOT O,50± 0,03, 0,50± 0,04 11 0,50 ± 0,02 4,1 

/P > 0,95/ COOTBeTCTBeHHO 11, CI1eAOBaTeI1bHO, He pa3I1114alOTCfl B 
npeAeI1aX OWI16KI1 113MepeHI1H. 3Aecb lKe npl1BeAeHa AOI1fl Al1nI10I1AOB 
B cMewaHHoH nonYI1flUI1I1 B 3aBI1CI1MOCTI1 OT BpeMeHI1 KYI1bTI1Bl1poBa­

PH C. I. KpHBble pOCTa 
~ rarrnoHAHOH /S288C/,
,.0­ AHrrnoHAHoH /XS800/ H 

108 ~ 	 CMewaHHOH rrorrynRUHH 
APO JlOKeBbIX KneTOK S. ce­
revi s iae B cpeAe YEPD 

30 0 rr pH C. 1 - rarrno­

107 L ~~ 	 HAHble Kn e TKH; 2 - AH­
nnOHAHble KneTKH j 3 -
CMemaHHaR rrorrynRUHRj 
4 - AonR AHrrnOHAOB B 
CMemaHHOH rrorrynRUHH.

'06b-~~ 	 J100 ITo OCH a 6 CUHCC - Bpe­
80 MR, 'I', rro OCRM OPAH­60 

HaT - l.jHCnO KneTOK B40 
20 	 1 MJ1 KynbTYPbl /cneBa/ 

H AonR AHrrnOHAHhlX Kne-
TOK B CMemaHHOH Kynb­0 2 4 6 22 Type, % /crrpaBa/. 
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PMC. 2. KpMBble pOCTa rannOHAHOH, ,!l;MnnOM,!l;HOH 
M CMemaHHOH nonynH~MM ,!l;po~eBb~ KneTOK Sac­
charomyces cervisiae B cpe,!l;e EC npM 30 0 C. 
0603Ha'-WlIMH Te JK€, 'ITO M Ha ilHC . 1. 

H~R: 3Ta Ben~4~Ha npaKT~4eCK~ He ~3MeHHeT CH . AHanor~4H~e pe­
3ynbTaT~ nonY4eH~ np~ KynbT~B~pOBaH~~ CMewaHHO~ nonynH 4~H B 
06eAHeHHO~ cpeAe DC /p~c. 2/ . KneTK~ 3AeC b BO Bcex Bap~a HTax 
onblTa AopaCTalOT AO KOH4eHTpa4~~ 1-2 x 107 Kn eToK/Mn, np ~ 3TOM 
AonH A~nno~AH~x KneTOK B nonynH 4~~ npa KTH4eCK~ He ~3MeHHeT­
CH. TaK~M 06pa30M, napaMeTp~ pOCTa KynbTYp~ ABYX WTaMMOB BeCb­
Ma 6n~3K~. 4TO He AaeT B03MO~HOCT~ n peA nonara Tb 6~CTpoe e~Tec ­

HeH~e OAHoro ~ s WT a MMO B np~ pOCTe B CMewaHHO~ nonynH 4~~. 

B CBfl3~ C 3T~M onblTbl no COBMeCTHOMY KynbT~B~pOBa HHIO ranIlo~AoB 

~ A~nnO~AOB npOBOA~n~ B Te4eH ~e An~TenbHoro BpeMeH~ /6o n ee 
100 reHepa4~~/ C TeM, 4T06~ B~HB~Tb HeSHa4~TeIlbH~e pa3Il~4HH B 
OTHoc~TenbHo~ KOHKypeHTocnoco6HoCT~ pa c cMaT p~BaeM~x APo~~eB~x 

wTaMMoB,n pH4eM AnH Ka~Ao ro Bap~aHTa on~Ta n pOBOAl1n H He CKo nb­
KO HeSaBI1CI1M~X cepH~ 3KC n e p I1MeH TOB. 

Ha p~c . 3 np~ BeAeHa Sa BHCI1MOCTb Ao n l1 A~nno~AH~X KneTOK 
XS 800 B CMewaHHO~ nonynA 4~ ~ Iranno~A/A~nno~A" npl1 3KcnOHeH4~­
a nb HOM POCTe B cpeAe n pl1 30 0 C. Kynb TI1Bl1 pOBaH~e n pOBOAl1nl1 B 
Kon 6ax n p l1 ~ HTe HCI1BHOM ne peMe WI1B aH I1I1. e~eAHeBHO pas6aBIlAA 
KYIl bTYPY CBe~e~ cpeAo~. ~cxoAHoe COOT Howe HHe r anIlOI1AOB 11 AI1 ­
nnOHAOB COCTa BnHIlO 1 :1. 4 e pe s Ka~A~e 24 4 pOCTa CM ewa HHYIO 
KynbTYPY pa3BOA~n~ AO KOH4eHTpa411H 1 x 10 2 KIle To K/Mn , 4 e pes 
CYTK~ KynbT~B~poBaHHH 3T a BenH 4~Ha COCTaBIlAna 3-6 x 108 Kne­
TOK/Mn, 4To cooTBeTcT ByeT 3Kc noHeH4HanbHoMY Y4a c TKY KPI1 BO~ 

T'MC. 3. ,qOJUI ,!l;HIInOM,!l;HbIX 

Kn€ TOK XS800 B CMemaHHO~ 


DonynH~H /S 288 C/XS800/ 

B 3aBHCKMO CTM OT BpeMeHM 

"KBa 3HHeDpepbIBHoro " Kynb­

TMBHpOBaHHR B c pe,!l;e YEPD 

nP M 30 0 

C. ITPM oeM a6c­

~MCC - BpeMR, CYTKM; no 

OCM oPAHHaT - ,!l;OnH ,!l;M­

nnoJ-QJ,HbIX KneToK, %. 


pOCTa Anfl 060HX WTaMMOB 
/CM. pHC. 1/ . CxeMaT~4­
HO I1cnonbsoBaHH~~ pe~HM 

"KBas~ Hen pepbI B Horo' , 
Ky n bTI1Bl1 poBa HI1H ~306pa­
~eH Ha p~c. 4 / I! . nar­

¢ a s a npl1 nepeceBe KneTOK B cBe~ylO cpeAY COCTaBn Hna He 60nee 
1 4 . Ha p~ c . 3 npeACTa BneH~ pe3ynb TaT~ AByX napanneIlbH~X on~­

TO B. KaK B~AHO, 4epe3 20 CYT. pOCTa / o Kono 300 reHepa4~ ~/ B 

nonYIlH4~ ~ He OC Tae TCfI ra nno HAH blX KneTOK. MO~HO npeAnonO~~T b, 


4TO B~TeCHeH~e rannO~AH~X KneTOK ~s CMewaHHO~ nonynH 4 ~~ npo­

~CXOA~T 3 a C4eT He­
60nbWO~ /KOTOPYIO M~ 
He CMorIlH B~RB~Tb no 

107 t t • t t:vI 1 
I I 
I I 
I I 
I ~ 

• t 
11 

t t t:Vi :Vi:Vi:Vi:

I I , , I 
1 

t 1lI t t 

'ViVi' I I I 
I I 

I I I , 

KPI1 B~M POCTa / pa3H~4~ 

B YAe nbHblX CKOPOCH 'IX 
pOC Ta ABYX WTa MMOB. n pe­
He6perafl He6onbWO~ 

102 nar-¢a so~ n pH nepeceBe 
Kynb TYp~ B cBe~ylO cpe­
AY, MO~HO 04eH~Tb 3TY 
pa3H~4Y B CKOPOCTRX 
pOCTa. ae~CTB~TenbHO.108 

PMC. 4. PeJKMMbl "KBa3M­
Henpe pblBHoro" KynbTM­
BMpOBa HHH. CTpenKaMM 
0603Ha'IeHW MOMe HThl 

105 

108 
pa3Be,!l;eHIU! KynbTYPbl 
CBeJKeH cpe,!l;oH. ITo OCRM 
a6c~Mcc - BpeMR, 'I, n o 

105 
OCRM op,!l;HHaT - KOH~·eH­

Tpa~HR KneTOK B Kynb­o 21. 1.8 72 96 Type . 
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np~ YKa3aH HOM pe~~Me KynbT~B~pOBaH~fl ~ ~CXOAHOM COOTHOWeH~~ 

ra n noHA: A~nno~A 11:11 ~MeeT Me CTO cneAy~~ee COOTHoweH~e: 

1 C 
t.fl = -ln~ I I I 

t C1 ' 

r Ae C1 , C2 - KOH~eHTpa~~~ ra nno~AoB ~ AHnnO~AoB e CMewaHHo~ 
nonynfl l\ H~ 4e pe3 BpeMfl Kyn bHIBHpo ea HHA t ; t. fl - pa3HoCT b YAenbHblx 
CKopoc Te~ pOC Ta rannm1Ao B !.1 AHn nm1AOB. 

B onblTe) npeACTaBneHHOM Ha pHC . 3, ~ COCTa e nfleT 0 , 00 8 ± 
± 0,003 4.1 (P > 0,95) I nepeMeTp ~ o~eH~Ban~ no KpHeo~ 3ae~cw 
MOCTH AOn!.1 A ~nnO!.1AOB B CMewaH HO~ non ynR~~~ OT BpeMeH~ KynbT~­
BH poBaH~RI . fle r KO B!.1AeTb, 4 TO TaKa R pa3H !.1~a np~ CKOPOCTH pOCTa 
rannO!.1Aa, Han p!.1Mep, 0, 50 4-1 3a 7 4 Kyn bTHe~pOBa H~R n p~ paBHblX 
~CXOAHbIX KOHqe.HTpaq!.1RX AaCT pa3nH4HR e KOHe4HblX !.1C XOAHblX KOH­
qeHTpaq~Rx He 6onee, 4eM Ha 4-8%, 4TO, KOHe4HO, HaXOA!.1TCR 3a 
npeAenaM!.1 T04HOCT!.1 !.13MepeH!.1A KOHqeHTpaq!.1~ Kn e TOK e HaWHX onbl­
Tax. 


BHe 3ae!.1C!.1MOCT~ OT MexaH~3Ma BbiTeCHeH~R OAHor o WTaMMa APY­

r~M, cneAY~~y~ Ben!.14~HY MO~HO onpeAen~Tb 3AeC b KaK OTHOC H­
TenbHY~ KOHKypeHTocnoc o6HOCTb WTaMMa 1 npH COBMeCTHOM Kynb T!.1­
B!.1pOBaH!.1!.1 co WTaMMOM 2 , KorAa !.1CXOAHble KOHqeHTpaqH~ KneT OK 
COCTaBnA~T 1:1 

C1T 21K --1n-­
t C 2 ' 

rAe T - epeMA reHepaq!.1!.1 cMewaHHo~ nonynAq~~ e AaHHblx ycnoe~flx 

KynbT~B!.1pOBaH!.1R. 

nerKo B!.1AeT b, 4TO Ben~4~Ha K MomeT 6b1Tb KaK nonom~TenbHo~ 
Inonom!.1TenbHaA KOHKypeHTocnoco6HocTb/, OTp!.1~aTenb Ho~ IOT p~qa­
TenbHaA KOHKypeHTocnoco6HocTb/, TaK ~ paBHo~ O. nOcneAH~~ cny­
4a~ oTpa~aeT C!.1Tyaq!.1~, KorAa H~ OA~H !.13 WTaMMOB B cMewaHHo~ 
KynbType He ~MeeT CeneKT!.1BHblX npe~My~eCTB. B onblTe , npeACTaB­
neHHOM Ha p~c. 3, OTHOC!.1TenbHaA KOHKypeHTocnoco6HoCTb KAnA 
A!.1nno!.1AOB COCTaBnAeT 0,010±' 0,004 IP >O,95/, TO eCTb AOC Toeep­
HO 60nbwe O. 

MO~HO npeACTaB~Tb, 4TO A~nno~A BbiAenAeT B cpeAY KaK~e-n~60 
npOAYKTbI MeTa6on~3Ma, yrHeTa~~~e POCT ranno~Aa B cMewaHHo~ 
KynbType. B Ta6n. 1 np~BeAeHbI CKOpOCT~ pOCTa rannO~AOB IA~ ­
nno!.1AoBI np!.1 KynbT!.1B!.1pOBaJH~~ B cpeAe YEPD, np~rOToeneHHO~ Ha 
KynbTypanbHo~ ~!.1AKOCT~, nonY4eHHO~ nocne l-cYTo4Horo pOCTa A~­
nno~Aoe Iranno!.1AoBI e cpeAe YEPD. KaK B~AHO, CKOPOCT~ pOCTa 
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Ta6JIH~a 1 
Yp,eJIbHhle CKOPOCTH pOCTa ranJIOHp,HblX H p,H­

nJIOHp,HblX KJIeTOK WTaMMOB S288C H XS800 npH 

KYJIbTHBHpOBaHHH B pa3HblX nHTaTeJIbHhIX cpep,ax 

liTeMM Cpe.n.a Y~e~HaR CKOPOOTb 

pOOTa, q-L 

5288C YEPD O,5I ::t 0,03 

A 0,55 ::t 0,04 

E 0,55 ::t 0,05 

XS800 YEPD 0,53 ::t 0,04 

A O,5I ::t 0,03 

E 0,55 ::t 0,05 

A=YEPD, npHrOTOBJIeHHaR Ha KYJIbTYPHOH ~­

KOCTH WTaMMa XS800. E=YEPD, npHrOTOBJIeH­

HaR Ha KYJIbTYPHOH ~p,KOCTH S288C. 

KneTOK OAHoro WTaMMa, Bblpa~eHHoro Ha KynbTypanbHo~ ~~AKOCT~ 

APyroro, AOCToeepHO He pa3n!.14a~TCfl. 

B cneAY~~!.1x onbiTax KynbT!.1B!.1pOBan~ cMewaHHY~ nonynfl~!.1~ APom­
me~ B npo6~pKax 6e3 nepeMeW~BaH!.1A c emeAHeBHblM nepeceBoM. 
np~ nepeceBe cycneH3!.1~ pa3eoA~n~ AO 2-5 x 10 5 KneToK/Mn. np~­
MepHO 3a 15-18 4 KOHl\eHTpaq~A KneTOK AOCT~rana MaKC~ManbHoro 
3Ha4eH~A 11-3 x 10 8 KnlMn e cpeAe YEPD ~ 5-8 x 10 7 KnlMn B 
M!.1H~ManbHo~ cpeAe/, 4TO cooTeeTcTByeT CTal\~OHapHo~ ¢a3e pOCTa 
KynbTYPbl, !.1, TaK!.1M 06pa30M, HeCKonbKO 4aCOB nepeA pa3BeAeH~eM 
KneTK!.1 HaxOA!.1n~Cb B paHHe~ CTal\~OHapHO~ ¢a3e pOCTa. CxeMa KBa­
3~HenpepblBHoro KynbT~B~pOBaH~A np!.1BeAeHa Ha p~c. 4 IIl/. KneT­
K~ KynbT~e!.1pOBan~ B cpeAe YEPD, MC ~ 6C np~ TeMnepaTypax 30° C 
~ 40° c. Pe3ynbTaTbi np~BeAeHbI B Ta6n. 2. KaK B~AHO, 3a 21 CYT 
KynbT!.1B~pOBaH!.1A IOKono 200 reHepaq~~1 np!.1 pOCTe B 6C np~ 30° C 
rannO!.1AHble KneTK!.1 BbiTeCH~n~ A~nnO!.1AHble, a KynbT!.1B~pOBaH!.1e B 
MC np~ 30° C He BblAB~no npe!.1My~ecTB KaKoro-n~60 WTaMMa: B OC­
TanbHblx me Bap~aHTax onbiTa AOM~H!.1pOBan A~nnO~A. 3AeCb me np~­
BeAeHbI oqeHK!.1 OTHOC!.1TenbHO~ KOHKypeHTocnoco6HOCTH K AHnnO!.1A­
HbiX KneTOK np~ pa3Hblx ycnOB!.1AX KynbT~B!.1pOBaH~fl : e cpeAe 6C 
np!.1 30° C Ben!.14~Ha K AOCTOBepHO MeHbwe · HynA Ip·> 0,95/, B cpe­
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TaClJI~a 2 
COBMeCTHoe KYJIb THBHpOBaHHe• raI1J10lmHblX H Al-lIlJlOlmHblX 
KJIeTOK WTaMMOB S 2 8 8C H XS800. llepe ceB KJIe TOK B CBe­

~ cpeAY np OB OAHJlH Qepe3 24 q 

Cpe~ TelIIIBPSTJPB 

JqJll>ftBBP()­

BSBZJI , Oc 

HOXOJOlOB 

OOOTBOIII8BIIe 

-11IlUlOU: 

lUiDlJIOJIJln 

COOTBOIIIeDe 

-1'8UOU:JIl!Il.KOlUln 

Qep8s 21 011' 

JqJIl» 'fImI[JlOB81DlJ1 

OTBOOneJlloH8J1 

K0HKYP8B!'oonooOCS-

Boon ~OIIJIa, 

K 

~D 30 1:0 

0:1 

1:1 

79:0 

0:79 

1:79 >0,036 

Be 30 1:0 

0:1 

1:1 

79:0 

0:79 

74:5 

I 

-O,O~ 

ye 30 1:0 

0:1 

I:I. 

8I: 0 

0:8I 

54:27 -O,004r 

n:PD 40 1:0 

0:1 

1:1 

79:0 

0:79 

0:79 "} 0,036 

EO 40 1:0 

0:1 

1:1 

79:0 

0:79 

0:79 
d 

7 0,03 

a 
Pe~HM KYJIbTHBHPOBa HHH CXeMa THQHO H306p~eH Ha p HC . 4/11/. 

6~ocToBepHo ClOJIb We 0 /P > 0,95/. I ~oc~oBepHo MeHbme 0 / P> 
0,95/. r ~OCTOBepHO He O'l'JIHQaeTCH 0'1' 0 /0. > 0,05/ . 

Ae MC np~ 300 C K 6nH 3Ka K 0: 8 0 Bcex OCTanb H~X c n Y4a RX pac­
CMaTp~BaeMaR e enH4H Ha AOCTo aepHO 6 0 n bwe 0 / P >0 ,95/ . OTMe THM, 
4TO OTHOCHTenbHaR KOHK y peHTocnoco 6HoCTb K AHnnOHAH~X Kn eTOK 

npH KynbTHB HpOBa HHH B pe~HMe I /pHC. 4/ /K=O,OlO/ MeHbwe, 4eM 
B pe~HMe I I /K > 0 ,03/. 3TO Mo~eT 03Ha4aTb, 4TO 8 nocneAHeM 
cnY4ae npeHMy~ecTBa AHnnOHAHWX KneTOK He onpeAenR~TCR TonbKO 
nOB~weHHO~ YAenbHO~ CKOpOCTb~ pOCTa, HO CBR3aHW C APyrHMH npH­
4HHaMH. 

BWTeCHeHHe AHnnOHAHWX KneTOK H3 CMewaHHO~ nonynR~HH npH 
KynbTHBHpOBaHHH B cpeAe 6C /npH 30° C/ Mo~eT npOHcxOAHTb 3a 
C4eT pa3HOCTH B YAenbHWX CKOPOCTRX pOCTa /HO 8 OTnH4He OT 
KynbTHBHpOBaHHR B cpeAe YEPD y~e B nonb3Y rannOHAH~X KneTOK/. 
HCXOAR H3 HawHX AaHH~X, MO~HO CAenaTb o~eHKY BenH4HHbi ~. Ae~­
CT8HTenbHO, POCT rannOHAHWX H AHnnOHAHWX KneTOK B CMewaHHO~ 
nonynR~HH onHCWBaeTCR ypaBHeHHRMH: 

dOl 
Cit /lOl 

/3/
dn2 


/l n 2' 

dt 

rAe n 1 ,n2 - KOH~eHTpa~HH rannoHAHwx H AHnnoHAHwx KneTOK co­
OTBeTCTBeHHO. nonaraR, 4TO YAenbHwe CKOPOCTH pOCTa rannoHAoB 
H AHnnOHAOB nOA4HHR~TCR ypaBHeHH~ MOHO 151 , HMeeM : 

(" dn 
l /lml S 

-K- -_. n 
dt Sl + S 1 ' 

dn2 /l m2 S 

n 


dt K + S 2 ' 

se 

rAe /lm1 , /lm2 - MaKCHManbHbie YAenbHble CKOPOCTH pOCTa rannoHAOB 
H AHnnOHAOB, KSl , K S2 - KOHCTaHTbl MOHO, S - KOH~eHTpa~HR He­
Koero 1'0606~eHHoro'' nHMHTHpy~~ero cy6cTpaTa. npeAnonaraR, 4TO 
rannOHAHW~ H AHnnOHAHW~ WTaMM~ OTnH4a~TCR TonbKO no napaMeT­
PY /lm' COOTHoweHHe /3/ MO~HO nepenHcaTb B BHAe: 

dlnn1 dln~ 

/l m 2 -;- /lm 1 dt 


!lin !II 
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--

11m2 [n(~) ] 11 m2
n1 

n2 
Il ml [ n ~O ) ] Il m2 

rAe rf~'. n(~) - I-ICXOAHble 
KneTOK. Y 4I-1TblBa~, 4TO 
Ay~~ee COOTHoweH~e: 

(0) (O)~_ 

°2 ~_[~] fLm2
ncr) n1n 1 

KOH~eHTpa ~ 1-I1-I ra nnOI-lAHblX 
fL 1 = Ilm2 + 6. 11, rAe 6. 1l > 0,m

141 

~ Al-l nnOI-lA HblX 
n0J1Y4aeM CIle ­

lSI 

PaCCMOTp~M CIlY4a~ "KBa3~HenpepblBHoro" KYIlb TI-IB .... pOBaHIo1~. 
nYCTb - KOH~eHTpa~lo1~ r anIlO Io1AHblX 101 A~nnOI-l AHblX KJ1eTOKn 1k ,n 2k 
nepeA I K + l/-pa3BeAeHlo1eM, TorAa, Io1cn Onb3Y~ 15/, MO~HO nonY4 101 Tb 
cneAy~~ee COOTHoweH~e: 

n (0) n (0 ) nCO ) nCO)

-1 _~ [_:..2L . ...:ll..-_. _u__ . 
nCO)

n lk "01 n 01 n11 n 21 

Ecn~ Ha Ka~AOM 3Tane KynbTIo1B~pOBaHIo1~ 

Alo1nlo1 B L pa3, a ~cxOAHoe COOTHoweHlo1e 
Type 6b1no 1:1, Io1MeeM: 

(0) _6.!l_ 
n 2k = [ ~ . ~.Q.L__ ) fL m 2 

nCO) ~­
. ...::U- ] m2 

n kl. 

cycneH3~~ KneTOK pa3BO­
KneTOK B CMewaHHo~ Kynb­

Ln1k nk1 

C ~4eTOM Toro, 4TO C xopowe~ T04HOCTb~ MO~HO nonO~Io1Tb 

n( ) I n =1/2L nOIlY4aew
01 1 k ' . 

---- -::. 

11 m2 k + 1 InL 
6.11 1 ~~':u.~.?_~L . 161 

3AeCb Mbi B B~AY MaIlOCT~ npeHe6peranlo1 cnaraeMbiM In2 = 0,7 B 
3HaMeHaTene npaBo~ 4aCT~ 16/. KaK BIo1AHO 1013 Ta6n. 2, 4epe3 
21 CYT KynbTIo1Blo1pOBaH~~ COOTHoweH~e rannOIo1AHblX ~ Alo1nnOIo1AHblX 
KIleTOK B cMewaHHo~ nonyn~~1011o1 nplo1 pOCTe Inplo1 30 0 CI B cpeAe 5C 
COCTaBn~IlO 74 ; 5 B nonb3Y rannolo1Aa . TaK KaK B AaHHOM cnY4ae 
4epe3 Ka~Able CYTK~ cycneH3101~ pa3BOAIo1nlo1 nplo1MepHO B 200-500 pa3 
IL = 200-5001, TO .... CXOA~ 1013 COOTHoweH .... ~ 16/, nonY4aeM, 4TO 
YAeIlbHble CKOpOCT~ pOCTa OTn~4a~TC~ B AaHHOM cnY4ae He MeHee, 
4eM Ha 2-3%. ~3 3Toro ~e COOTHoweHIo1~ nerKO O~eHI-ITb, 4TO B cny­
4ae KynbT~Blo1pOBaH~~ CMewaHHO~ KynbTypbI B cpeAe 5C np .... 40 

0 
C 

10 

YAe.nbHa~ CKOPOCTb pOCTa Alo1nn OI1AHblX Kne TOK Mo~eT npeBblwaT b CO-' 
OTBeTCTB~~~ Bem-t4 .... Hy AJl~ rannO.... AHblX He 6onee , 4eM Ha 4-5%. 

I 

B APyrl-lx 3 Kc nep.... MeH Tax CMewaHH~ KYJ1 bTYPY ne peCeBanl-l 1 pa3 
B 2 AH~, T.e . KneTKI-I HaXOA .... n .... Cb B CTa ~ I-IOHapHO~ ¢a3e pOCTa OKO­
no 30 4 AO nepeceea ITaon.3/. Pe~""M Kyn bTI-IBl-lpo Ba H.... fl npeAcTaBn eH 
Ha PI1C. 4 II I II. KaK BIo1AHO, pe 3ynbTaTbi onbiTa n OJ1HOCTb~ aHano­
rlo14Hbl: TonbKO B OAHOM Bap.... aHTe I cpeAa 5C, 30° CI ra nnOI-lAHble 
KneTKI1 B biTeCH~n .... Al1 nno.... AHble 113 CMewaHHO~ nonyn~~I-II-I, B OCTan b­
HblX cnY4a~x npelo1My~ecTBo I1Me~T Al-l nnOIo1AbI. 

3Ae Cb 3acny~I-IBa ~T BH .... MaH .... ~ Aa HH ble, Kaca~~ .... ec~ COBM e CT Horo 
Kyn bTIo1 B.... pOBa H.... ~ np .... .... CXOAHOM COOTHoweH ........ ranno~A : A .... nno.... A = 
= 100 : 1 . KaK B....AHO, 4epe3 26 CYT Kyn bT .... B.... pOBaH .... ~ 11 3 ~"" KJ10B 
pa3BeAe HI-I~1 B cpeAe YEPD n pl1 30° C Al-l nnOI-lAbi npa KTI1 4eC KI1 non­
HOCTb~ BbITeCH~~ T rannOI1AHble KneTKI1 ~3 CMewaHHO~ nonynR ~I-II-I. 

CTonb 6b1CTpOrO BbiTeCHeHlo1 fl Henb3R 6b1no O~I-IAaTb 3a C4eT onpeAe­
neHHO~ Bblwe pa3HOCTIo1 B YAenb HblX CKOpOCT~X pOCTa 16.!l =O,0 08 4-

1 I. 
ae~CT BI-I TenbHO, npl-I AaHHOM Io1CXOAHOM COOTHoweH .... 11 11 YKa3aHHO~ Be ­
nl-l4101He KOH~eHTpa~1011o1 rannO Io1AOB 101 Al1nnOI1AOB cpaBH~nl1Cb 6b1 4e pe3 
InC 100) / 0,008 = 57 5 4 pOCT a . an~ rpyoblx o~eHOK MO~HO nOnO~I1T b, 
4TO nplo1 paCCMa Tplo1BaeMOM pe~Io1Me KynbTIo1Bl-lpOBaHI1~ Ipl1c. 4 I I I III 
B OAHOM ~I-IKne pa3BeAeHIo1~ KneTKIo1 pocnl-l OKono 17-18 4, a B oc­
TanbHble 30-31 4 HaXOA.... nI-lCb B CTa~1010HapHO~ ¢a3e. TorAa KOH~eHT­
pa~1011o1 rannOIo1AOB 101 Alo1nnOIo1AOB Aon~HbI 6b1nl-l cpaBH~T bC~ np1-l6n11311­
TenbHO 4epe3 60 CYT KynbTIo1Blo1pOBaHIo1~, 4TO HaXOAI-ITC~ B ~BHOM 
npOTIo1BOpe41-11-1 C HaWIo1MI-I AaHHblMI-I. nOAOoHble ~e paC4e Tbi nOKa3b1Ba~T, 

4TO An~ Toro, 4T06b1 2a 26 CyT KynbTI-IBl-lpOBaHI-I~ COOTHoweH ~e CTa­
no 100 : 1 B nonb3Y Al-lnnolo1Aa ICI-ITya~I-IR, 6n1-l3Ka~ K HaweMY cnY4a~/, 
Benlo141-1Ha 6.11 Aon~Ha COCTaBn~Tb 0,04 4-1 . MO~HO npeACTaB IH b , 4TO 
TaKa~ pa3HI-I~a B CKOpOCT~X pOCTa Morna 6b1Tb ooycnoBneHa nO H.... ­
~eHHblM AocTynoM Kl-IcnOpOAa B KneTKIo1 IKynbTIo1Bl-lpoBaHl-le oe3 a3pa­
~1-I1011 . OAHaKO B 3TOM cnY4ae nplo1 Io1CXOAHOM COOTHOWeHl-I1-I 1:1 4epe3 
8 CyT KynbTIo1Blo1pOBaHI-I~ KOH~eHTpa~l-I~ Al-lnnOIo1AHblX Kn eTOK Aon~Ha 
OblJ1a Obi npl-l6nlo13101TenbHo B 15 pa3 npeBbiwaTb COOTBeTCTBY~~y~ Be­
nl-l41-1HY An~ rannolo1AOB, 4TO npOTIo1BOpe41-1T 3KCnep.... Me HT anbHblM AaH­
HbIM. 

C APyro~ CTOPOHbl, MO~HO npeAnOnO~I-ITb, 4TO CKOPOCTb OTMl-lpa­
HIo1~ rannOIo1AHblX KneTOK Bblwe cooTBeTcTBy~~e~ Ben l14 1-1HbI An~ AI-I­
nnOI-lAHbiX, 4TO ~Bn~eTC~ AononHIo1TenbHblM ¢aKTopoM, ooycnOBJ1I-1Ba~­

~Io1M BbiTeCHeHlo1e nocneAHI-IX 1013 CMewaHHO~ nonyn~ ~1-I1-I npl-I KynbT I1 BI1­
pOBaHl-I1-I B pe~Io1Me, 101300pa~eHHOM Ha plo1C. 4 I I I II. aJ1~ npOBepK I-I 
3Toro npeAnono~eHIo1~ CMewaHHY~ nonyn~~I01~ KneTOK l ....c xo AHoe COOT­
HoweHlo1e rannOIo1AOB 101 Alo1nnOIo1AOB 1:11 Io1HKyolo1poBanlo1 B cpeAe YEPD 
nplo1 30 0 C 6e3 nepeMeWIo1BaHIo1~ B Te4eHIo1e 17 cYT . KaK OKa3anOCb,3a 
YKa3aHHoe BpeM~ Io1HKy6a~1011o1 COOTHoweHlo1e ~1013HecnOCOOHblX rannOI-lAHblX 
101 Al1nnOIo1AHblX KneTOK B CMewaHHO~ nonyn~~1011-1 npaKTIo14eCKIo1 He .... 3Me­
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h6m~~ 4Ta6nH!.~a 3 aCOBMec THoe Kynb THBHpoBaHHe rannOHAHhlX H AHnJ10 HAHhlX
COBMeCTHoe KynbTHBHpoBaHHe8 rannOHAHb~ H AHnnOHA-

KneTOK mTaMMOB S288 C H XSBOO B cpeAe YEPD C nepHOAH­
H~ KneTOK illTaMMOB S288C H XS800. TIepeceB KneTOK 

tIeCKHM B03AeHc TBHeM r HllepTepMHtI eCKOrO mOKa /45 0 C,
B CBelKYJO cpeAY npOBOAHJ1H tIepe3 48 tI 5 MHH / 

Cpell13 TaMIIapaTypa 

IqJIbTmmpo-

BeHl!.R: , °c 

l1cxo~oa 

COOTHomaSHa 

"raDJIoliI.lt: 

,IJ;RIlJIOIiI.lt" 

COOTHOmaHl!a 

"rBIlJIOIiI.lt:,IJ;RIlJIoliI.lt" 

tlape3 

8 cyor 26 CYT 

OTHOCHTElJThHBJ!: 

KOHKYPeHTOOnoco6­

HOCTD .InDIJIOH;ItB, 

K 

YEPD 30 I : 0 79 : 0 79 : 0 

. o : I 
I : I 

IDO : I 

o : 79 o : 79 

37 : 42 o : 79 

79 : 0 o : 79 

> 0,046 

Be 30 I : 0 

o : I 
I : I 

79 : 0 79 : 0 

o : 79 o : 79 

74 : 5 79 : 0 <: -O,04B 

¥EPD 40 I : 0 

o : I 
I : I 

IDO : I 

79 : 0 79 : 0 

o : 79 o : 79 

13 : 33 o : 79 

79 : 0 o : 79 

> 0,046 

Be 40 I : 0 

o : I 
I : I 

100 : I 

79 : 0 79 : 0 

o : 79 o : 79 

3 : 78 o : 79 

~4 : 7 o : 79 

'? 0,046 

IIralLllOll,1t: 

JlBD,JIOll,1t" 

119pe3 

12 oy-r 24 cy-r 

006BOOn JIB­

DJIoB,ll,S, K 

KasrpOJID (69S 

rzn9p'l'9p11Bl1 ) 

IODHT 

I 

I 

: 

: 

I 

I 

3 : 66 

e : 7I 

I 

I 

: 78 

: 78 
, 

0,026 

0,026 

... 

a 

HoxoJ18oe COO'l'Bom9Hl!9 

ooOTaomeHll9 "I'8lIJ[OBJl: .ItBIlJJOll,1t" 

0'l'BOClilT8JIlIaaJI 

ltOKKYP9BfOOUo­

TIep eceB B CBe~ cpeAY npOBOAHnH 
Kne TKH nOABepr anH Plme pTepMHtI e CK oMY 
6 eM. npHMetIaHHe "5" K Ta6nH~e 2. 

tIepe3 
mOKY 

24 
cpa

tI 
3 Y 

Kynb THBHpoBaHHR; 
n ocne nepeceBa . 

Ta 6nHIl,a 5 
COBMecT Hoe KynbTHBHp oBaHHe a rannOHAHb~ H AHnnOHA~X 

KneTOK mTaMMOB S288C H XS800 B cpeAe YEPD npH 60 C 


Hcxo,JUIoe CooTBomeHH9 OTBOCB:Te.m.BBa 

jCoofBOm9Blle "ralLlloHA: JlBDJIOHA" KOaxypeBTOODOOo6BOOTD 
III'8Il1IOll,It: qepes .ttmJJlO1!.lt8, K 
JUmJIOll,1t" 7 aaMJID 18 aa.o;a.m. 

I : 0 '79 : 0 '79 : 0 

I : I 48 : i 48 : 18 - 0,0076 

o : I o : '79 o : '79 

. 

a 
TIepeceB B CBelKYJO cpe AY n pOBOAHnH I pa3 B HeAemo. (; ,UocToBep-

HO He OTnHtIaeTCH OT 0 / a > 0 , 0 5/ . 

13 

a 
PelKHM KynbTHBHpOBaHHH CXeMaTHtIHO H306paJKeH Ha pHC. 4 /11/. 

6,a CM. n pHMetIaHHH "6", "B" K Ta6n. 2. 

H~nOCb ~ COCTaB~no 39:41. TaK~M o6pa30M, pa3n~4~e B CKOPOCTRX 
OTM~paH~~ He MomeT B AaHHOM cnY4ae o6ycnoB~Tb YCKopeHHoe B~­
TeCHeH~e rannO~AH~X KneTOK ~3 CMewaHHO~ nonyn~~~~. B03MomHO, 
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3TO o6ycnoBneHO pa3nH4H~M~ B npOAOn~~TenbHOCTH nar-~a3bl y 
ABYX ~3Y4aeM~X WTaMMOB, HnH APyrHMH npH4HHaMH. He HCKn~4eHo, 
HanpHMep, 4TO BWTeCHeHHe rannoHAoB AHnnOHAaMH npH AaHHOM pe­
~HMe Boo~e He ~Bn~eTC~ paBHOMepH~M npo~eCCOM, T.e. CKOPOCTb 
B~TeCHeHH~ OAHoro WTaMMa APyrHM Mo~eT H3MeH~TbC~ B xOAe Kynb­
THBHpOBaHH~. 

KpaTKOBpeMeHHW~ rHnepTepMH4eCKH~ WOK /45° C, 5 MHH/ He 
BnH~eT Ha AOMHHHpOBaHHe AHnnOHAH~X KneTOK B CMewaHHO~ nonyn~­
UHH /Ta6n. 4/ npH KynbTHBHpOBaHHH B 60raTO~ cpeAe. 

B cneAy~~eM on~Te CMewaHHY~ nonyn~UH~ KynbTHBHpOBanH npH 
6 ° C /Ta6n. 5/. YAenbHwe CKOPOCTH pOCTa rannoHAHWX H AHnnOHA­
H~X KneTOK B cpeAe YEPD npH AaHHO~ TeMnepaType COCTaBn~~T OKO­
no 0,06 4-1 .KneTKH nepeceBanH B cBe~y~ cpeAY 1 pa3 B HeAe~. 
KaK BHAHO, B Te4eHHe OKono 200 reHepaUH~ He B~~B~nOCb npeHMY­
~eCTBO KaKoro-nH60 H3 WTaMMOB: BenH4HHa K AHnnOHAH~X KneToK B 
3TOM cnY4ae AOCTOBepHO He OTnH4aeTC~ OT O. 

HTaK, 3AeCb npOAeMOHCTpHpOBaHO, 4TO OTHOCHTenbHa~ KOHKypeH­
Tocnoco6HOCT b r annoHAHblX H AHnnOHAHblX KneTOK Mo~eT H3MeH~T bC~ 
B pa3H~X ycnoBH~X KynbTHBHpOBaHH~. 

MO~HO npeACTaBHTb,4TO B xOAe 6HonorH4eCKO~ 3Bon~~HH 3aKpen­
neHHe AHnnOHAHO~ ~a3W npoH30wno HMeHHO B Tex ycnoBH~X BHew­
He~ cpeAbl, KorAa 06pa30BaBwa~c~ AHnnOHAHa~ KneTKa HMena ceneK­
THBHble npeHMy~ecTBa nepeA rannOHAHO~ nonyn~UHe~. AanbHe~wee 
3Bon~UHOHHoe pa3BHTHe AHnnOHAH~X opraHH3MOB npHBeno K peanH3a­
UHH H3BeCTH~X npeHMy~ecTB AHnnOHAOB /60nbwa~ H3MeH4HBOCTb, 
cnoco6HOCTb MaCKHpoBaTb BpeAHwe MYTaUHH H T.n./, B pe3ynbTaTe 
4ero npOH30wno npaKTH4eCKH nonHoe B~TeCHeHHe rannoHAoB cpeAH 
3YKapHOT. C APyro~ CTOpOH~, KaK YKa3WBanH, OCHOBWBa~Cb Ha co6­
CTBeHHblX pe3ynbTaTax, AAaMC H XaHwe /8 / , B ycnoBH~X KOHKypeH­
UHH 3a cy6cTpaT AHnnOHAH~e KneTKH, nO-BHAHMOMY, He HMenH waH­
CdB BWTeCHHTb rannoHAHwe nonyn~~HH /B nonb3Y 3Toro npeAnono­
~eHH~ cBHAeTenbcTBY~T TaK~e H HaWH AaHH~e no cOBMecTHoMY Kynb­
THBHpoBaHH~ rannoHAoB H AHnnoHAoB B o6eAHeHHo~ cpeAe, CM. 
Ta6n. 2, 3/, 4TO n03BonHno rannOHAH~M opraHH3MaM, HanpHMep, 
APo~~aM-rannOHTaM, coxpaHHTbC~ B xOAe 3Bon~UHH. 

8 cneAY~~HX On~Tax M~ nOCTaBHnH nepeA co6o~ 3aAa4Y onpeAe­
nHTb OTHocHTenbHy~ KOHKypeHTocnoco6HoCTb rannoHAH~X H AHnno­
HAHWX KneTOK npH KynbTHBHpOBaHHH B OCMOTH4eCKH nnOTH~X cpeAax, 
B 4acTHocTH, B cpeAax, cOAep~a~Hx nOB~weHH~e KOHueHTpaUHH xno­
pHCToro KanH~. PaHee 6~no nOKa3aHo!1 ! , 4TO xnopHcT~~ KanH~, 
Ao6aBneHH~~ B ~HAKY~ nHTaTenbHY~ cpeAY /1,5 M/, YMeHbwaeT 3~­
~eKTHBHOCTb Y-HHAYUHpoBaHHo~ MHTOTH4eCKO~ peKoM6HHaUHH y AH­
nnoHAHWX KneTOK S. cerevisiae. Cnoco6HOCTb AHnnOHAHWX KneTOK 
K peKoM6HHa~HH - B03MO~HO, OAHa H3 npH4HH aAanTHBHo~ 3Ha4HMO­
CTH AHnnoHAHo~ ~a3w . 8 CB~3H C 3THM 6~no HHTepeCHO ,cpaBHHTb 

14 

Ta5nHua 6 
COBMe c THoe KYITh THBHp o BaHHeA rannoHgHhlX H g HnnOHgHWX 
Kne TOK illT a MMOB S288 C H XS800 B pa3HhlX cpega x npH 30°C 

CpEI,lP,/3 Hoxo,1Uloe COOTBomeB1!le "raIlJIOH,lt : .ItmVI0B;lt" O'l'BOCBTeJILB8J1 

OOO'l'HOme- ROHRYJIeBTooao-

DBe "ra- BpaMR RYJIL'l'BBBpOBSBBJI, OfT oo6H oo'l'~ .ItmVIoa-

IlJIOBA: 1lIJ , K 

,nBIIJIou;n" 8 14 22 28 36 

lEJ'D 79:0 74:0 79: 0 79:0 79: 01:0 

0:1 0:50 0:79 0: 79 0:79 0:79 

) 0,0361:1 46:23 16:55 7:60 0:54 0:58 

46 :0 64: 15 40:17 - 0:79100:1 

79:0 73:0 50:0 79:0 79:01:0YEPD 

0:79 0:64 0:62 0:79 0:79+1 ,5 M 0:1 
IKOl 1:1 57:16 18:47: 55:3 52:29 75:6 -0 ,02 t O,W' , 

54:1 62:7 55:1 58:3 42:0100:1 · 

lEJ'D 50:0 79:0 79 ':0 79:0 79: 01:0 

0: 33 0: 79 0:56 0:79 0: 79+ 1,5 Y 0:1 

II:I8 7:17 2:56 0:79 0:79 ? 0 ,0361:1OOp6B­

17:0 28:2 23:16 - 0: 79'I'M 100:1 

----'--­

& 6 B
KJIeTKH n e peceBan H B cBelKYJO cpegy ) pa3 B 2 CYT . • CM. npH-

MeqaHHH "5" H "B" K Ta5nHue 2. 

KOHKypeHTocnoco6HOCTb rannoHAoB H AHnnOHAO B B ycnoBH RX nO HH­
~eHHo~ peKoM6HHaUHoHHo~ cnoco6HoCT~. npeABa pHTenb Ho 6~no YCTa ­
HOBneHO, 4TO WTaMM~ APo~~e~ S288c H XS800 paCTYT B ~HAKO~ c pe­
Ae YEPD +12 ~ KC) npHMepHO C oAHHaKoBo~ YAenbHo~ CKOpOCTb~ po­
CTa jI. = 0,23 - 0,24 4-1 nocne ABYXCyTo4H0i:1 aAanTa UHH K nOBblWeH HbIM 
KOHueHTpaUH~M KC!. Pe3ynbTaTbi onWTOB npeACTaBneH~ B Ta6n. 6. 
napannenbHO CMewaHHY~ KynbTYPY Bwpa~HBanH B cpeAa x YEP D H 
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YEPD + 1 , 5 M Cop6~Ton. Cop6 HTon e KOH ~eHTpa~~H 1, 5 M, KaK yc­

TaHOBneHO HaM~, He BnHReT Ha MI-1TOTI-14eCKYIO peKOM6HHa~1-11O A~nno­


I-1AH blX APQ)IOKe~ /AaHtibie He npHBeAe HbI/. KaK BHAHO , 4epe3 28 CYT 

KynbTH8~pOBaHHH B c peAe VE PD H YEPD + 1, 5 M Cop6HTon nonHO­

CTblO B~TeCHHIOT rannOHAH~e, B TO epeMR KaK B cpeAe C Kef K 

3TOMY CPOKY COOT HoweHHe rannOHA ;AHnnOI-1A COCTaBnReT 52: 29 B 

no.n bSY ranno~Aa" a 4epes 35 CYT KynbH1BH pOBa HHR - 75 : 6 / K AO­

CTOBepHO He OT nH 4a eT CR OT 0/. Ta KHM 06 pa SOM, B ycnoB HRX nOHI-1­
~eHHo~ peKOM6HHa~HOHHO~ c noc06HOCT H KneTOK / B npHcYTcTBH H Kef / 

AHnnoHAH~e KneTK I-1 He B~TeC HRIO T rannOHAHblX, Ka K B c nY 4ae Kynb­ Ct 


TI-1B HpOB aHI-1R B cpeAa x YEPD H YEPD C COp6I-1TOnoM. He HCKnlO4eHO, 

KOHe4HO, 4TO Kef CHH>KaeT OTHOCHTen bHYIO KOHKypeHTocnoc06HoCT b 

AHnnOHAOB He nocpeACTBOM nOAaBne HHR Y H~X peKOM6HHa~H~, a no 

APyntM Mexa HH3MaM. TeM He ~1eHee, nonY4eHHble Aa HHbi e MO>KHO pac­

CMaT pHBaTb KaK KDCBeHHoe YKa3aHHe Ha ponb peKOM6HHoreHe3a KaK 

npo~ecca, 06ycnoBnHBa~~ero ceneKTHBHoe npeHMy~ecTBo AHnnOHAH~X 


APO~>Ke~ npH COBMeCTHOM KynbTHBHpOBaHHH B 60 ra TO~ cpeAe C ra­

nnOHAaMH. 


B cneAYIO~e~ cepHH onWTOB H3Y4a nH POCT CMewaHHO~ Kyn bTY pw 
ran nOHAHblX H AHnnOHAHWX KneTOK Pichia pinus. A PO~>KH P . p inus 
HHTepeCH~ TeM, 4TO RBnRIOTCR npHpOAH~MH rannOHTa MH , T.e. B npH­
pOAe BCTpe4alOTCR B rannOHAHOM COCTOR HI-1H IB OTnH 4He OT S. cere­
visiae, npHpoAH~X AHnnoHToB/. AHnnoHA~ P . p i nu s , nonY4eHH~e 

HCKYCCTBeHHblM nYTe M, cnopynHP1IOT B cTa~HoHapHo~ $a 3e pOCTa 
KynbTYPbl HnH B 6eAHo~ cpeAe /7 . "KBa3HHen pe pblBHoe " KynbTHBHpO­
BaHHe AHnnOHA HblX KneTOK P. pinus B MHHHManbHo~ c pe Ae npHBOAHT 
K 6b1CTPOMY nORBneHHIO B nonynR~HH rannOHAOB IB pe3ynbTaTe c no­
pynR~HHI H BWTeCHeHHIO HCXOAH6~ KynbTyp~. B CBR3H C 3THM MW 
Hcnonb30BanH AHnnoHAHbl~ WTaMM, reTep03 HroTHbI~ no reHaM nYTH 
6HocHHTe3a aAe HHHa ADE1, ADE2. ADE4 , ADE7 ICM. p. liMa TepHanbl H 
MeToAbl"/. npH KynbTHBHpoBaHHH TaKoro WTaMMa B MHHHManbHo~ cpe­
Ae 6e3 aAeHHa He npoHCXOAHT ero BblpO>KAeHHR B rannOHA. TaK KaK 
B pe3ynbTaTe cnopynR~HH 06pa3YlOTCR rannoHAHwe cnop~. aYKCO­
Tpo$Hble no aAeHHHy.npeABapHTenbH~e onWTW nOKa3anH. 4TO YAenb­
H~e CKOPOCTH paCTa Hcnonb3yeM~x rannOHAHoro IMH41 H AHnnOHA­
Horo 1190 x 3561 WTaMMOB COCTaBnRIOT O,40 ± 0, 05 H 0,37±0,05 1.( 1 
IP > 0,951 H He pa3nH4alOTCR B npeAenax oWH6KH H3MepeHH~ . Kynb­
THBHpoBaHHe npoBoAHnH B Kon6ax C a3pa~He~ B pe~HMe, cxeMaTH4­
HO H306pa>KeHHOM Ha pHC. 4 III. KaK BHAHO, COBMeCTHoe KynbTH­
BHpOBaHHe YKa3aHHblX WTaMMOB B MHHHManbHO~ cpeAe npHBeno K BbI­
TeCHeHHIO IB Te4eHHe npH6nH3HTenbHo 150-200 reHepa ~H~1 AHnnOHA­
Horo WTaMMa H3 CMewaHHO~ nonynR~HH ITa6n. 71. TaKHM o6pa30M, 
y APo~e~ - npHpOAHblX rannOHTOB npH Hcnonb30B aH HOM pe~HMe 
KynbTHBHpOBaHHR rannOHAHble KneTKH HMelOT ceneKTHBHble npeHMy~e­
CTBa nepeA AHnnOHAH~MH. 3aMeTHM, 4TO npH KynbTHBHpOBaHHH B 

Ta6nHl.\a 7 
BCOBMeCTHoe KYJIhTHBHpOBaHHe rannOHAHblX IMH.4/ H AHnno ­

H,qHblX /190 x 3561 Kne TOK P. pinus B MHHHManbHOH cpeAe 
n pH 30° C 

~CXO~08 

POOTBom8HB8 

rraIIJI0lI,Il: 

~Ol!.lt" 

COOTBom8Hll8 "rawrol!.lt: ,ltIDlJIOI!.lt: 

BpeY1l KYJII> '1'HBlIpOBSBBJI, orr 

10 28 43 

O'l'BOOBTem.S£VI 

ROHKfPeBTOODOOo6HOOTb 

;D;I'IIL1l0BRt , K 

1:0 

0:1 

1:1 

223:0 

O:IBI 

84:18 

187:0 

0:215 

!I5: 0 

194: 0 

0:167 

90:3 - o,ar6 

8 
P elKHM KynbTHBHpOBaHHH CXeMaTHtfHO H306paJKeH Ha p HC . 4 III. 

(; )J;ocTo BepHo MeHbme 0 IP > 0 ,95 I . 

MC APo~>Ke~ S. ce rev isiae B Te4eHHe OKono 200 reHepa~ H~ He B~­
RB HnOCb npeHMy~ecTB r annOI-1AHOrO HnH AHnnOHAHoro WTaMMa 
/Ta6n. 1/. 

B 3a KJ1104eHl-1 e OTMeT HM OC HOBHO~ Bbl BOA pa60Tbl. np~ pa3HblX pe­
~HMax KynbTHBl-1pOBa HHR HMeeT MeCTO pa 3HaR OTHOC HTenbHa~ KOHKy­
peHToc noc06HoCTb rannOHAH~X H AHnnOHAHblX KneTOK S. cerevi si ae : 
TaK, AH nnoHAbi MorYT HMe Tb nonO~HTen bHY~ . oTpH~aTenbHY~ H HY­
neBY~ KOHKypeHTOCnoc06Ho CTb npH pOCTe B CMewa H HO~ nonyn~ ~HH 

C ra nno HAHblMH KneTKaMH. MexaHH3MbI, 06ycnoBnHBa~~He pa3HYlO KOH ­
Ky peHTocnoc06HOCTb r annoHAOB H AH nnOI-1AOB npH pOCTe B CMewaH­
HO~ nonynR~HH. He ~CHbI. H T pe6Y~T Aan b He~wero H3Y4e HHR . OAHa ­
KO TOT $ aKT. 4TO cy~eCTBYIOT ycnoBH~, B KOTOPblX AHnn OHAbl HMelOT 
c eneKTHBH~e npeHMy~ecTBa, nO-BHAHMOMY, CBHAeTenbCTBYIOT He B 
nonb3Y BblABl-1raeMO~ aBTopaMH /101 rHnOTe3~ 0 TOM, 4TO Al-1 nnOHA 
eCTb n pOCTO YABoeHHbI~ rannOHA, 4TO npHBOAHT, no HX MHeHH~ , K 
nOBblweHHO~ CKOPOCTH aAanTHB HblX MYTa ~H ~ B AHnnOHAHO~ nonynR~HH 
no cpaBHeHH~ C rannOHAHO~. BepORTHO, B HeKOTopblX ycnoBMRX c a M 
no ce6e nepeXOA B Al-1nnOI-1AHOe COCTO~ HHe MO>KeT AaTb c eneK THB Hble 
npeHMy~ecTBa AI-1nnOHAH31-1pOBaBWl1MCR KneTKaM, 4TO Morna c noc06 ­
CTBOBaTb 3aKpenneHH~ AHnnoHAHo~ (jl a3bl B XOAe 6HOnOrI-1 4eCKO~ 3BO­
nlO ll HH. 

17 16 



B~pa~aeM 6narOAapHOCT b npo¢eccopy B.~. KoporoA~HY 3a o5cy~­
AeH~e peaynbTaToB AaHHOA pa60T~ . 
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PYKon~Cb nocTyn~na B ~aAaTenbcK~A OTAen 
9 ceHT~6p~ 1988 rOAa. 

TEMATHqECKHE KATErOPHH nYBnHKAUHR 


OBDE~HHEHHOrO HHCTHTYTA ~EPHYX 


HCCJIE~OBAHHR 


HH,IleKC 	 TeM8TMK8 

1. 	3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3He prHH 

2. 	TeopeTH4ecKaR ~H3HKa BWCOKHX 3HeprHH 

3. 	 3KcnepHMeHTanbH8R HeHTpoHHSR ~H3HKa 

4. 	 TeopeTH4ecKaR ~H3H Ka HH3KIIIX 3 He pr HH 

5. 	 MaTeMa THKa 

6. 	~AepHaR cne KTpOCKonHR H P8AHOXHMHR 

7. 	~H3I11Ka TR*enwx HOHOB 

8. 	 KpliloreHIII K8 

9. 	 YCKoplilTen H 

10. 	ABToM8TH3a~HR 06pa 6oTKH 3KcnepIIIMeHTsnbHWX 

AaHHWX 

11. 	 BW4HcnHTenbH8R M8TeMaTlilKa H TeXHIIIKa 

12. 	XHMHR 

13. 	 TeXHHK8 ~H3H4ecKoro 3KcnepIIIMeHTa 

14 . ~ccneAoBaHHR TBepAWx Ten III *IIIAKOCTeH 
RAepHWMIII MeTOA8MIII 

15. 	 3KcnepIIIMeHT8nbHaR ~1113111Ka RAepHWX pe8K4HH 
npH HIII3KIIIX 3HeprlllRX 

16 . 	 A03HMeTpHR H ~H3HKa 3a~IIITW 

17. 	TeopHR KOHAeHCHpOBaHHoro COCTORHIIIR 

18. 	 ~cnonb30BaHHe pe3ynbTaToB H MeTOAOB 
~YHAaMeHTanbHwx ~H3H4eCKHX HccneAoBaHIIIH 
B CMe*HWX 06nacTRx Hay Kill H Te XHHKH 

19. 	 6HO$H3111Ka 
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