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nocesawiaemcst asmopom

HPEIUCJIOBUE

Kak mokaspIBaeT Ha3BaHHE, BOJOPOCIH >KUBYT MPEHMYIIECTBEHHO B BOJE (TIOKpPHIBA-
forieit 3/4 moBepXHOCTH 3eMJiM), XOTsI HEKOTOpble M3 HHUX BCTPEYAIOTCS B HA3EMHBIX
YCIIOBUSIX; Ha IIOYBE M B €€ TOJIIE, Ha KOpe JIEpeBbEB M T. II. PacrpocTpaHeHHBIE 1O BCEMY
3eMHOMY WIapy, OHM WIPAlOT KOJOCCAIBHYIO pPOJb B JKU3HH HPHUPOJBI, KOTOpass B IIEPBYIO
odepenb OIpeAeNseTcs HX OCOOCHHOCTSIMHM Kak (poToaBTOTpO(BHIX OpraHu3MoB. B Boxe
OHHU SIBIISIIOTCS. OCHOBHBIMH CO3JaTEIsSIMH OPTaHHUYECKOTO BEUIECTBA, IIOATOMY BCE JKHUBO-
THOC HaceJCHHE BOJIOEMOB O0S3aHO CBOMM CYIIECTBOBAaHMEM BOJOPOCISIM — IIEPBOMY
3BEHYy MNHIIEBHIX Iienei. J[pyroe oueHb Ba)XKHOE 3HAYCHHE BOAOPOCIEH COCTOMT B TOM, YTO
B Ipoliecce (OTOCHHTE3a OHHM BBIICISAIOT CBOOOAHBIA KHUCIOPOZA, HEOOXOIMMBIA ISt
JIBIXaHUS BOJHBIX OPTaHU3MOB, KaK JKUBOTHBIX, TaK M pacTUTENbHBIX. ClemoBaTeNbHO,
B BOJHOU CpeZie BOJOPOCIH ONPEAEISIIOT YPOBEHb OHMOJIOTHYECKOH NPOIYKTUBHOCTH BOJO-
emoB. HazemHBIe BOIOpOCIM BaXXHBI KaK ITHOHEPHl PACTUTEIBHOCTH Ha OECIUIOAHBIX,
KaMEHHCTBIX y4YacTKax CYIIM, KaK HAaKOMHUTEIH IEePBHYHOTO TyMyca, MOATOTaBIMBAIOIINE
BO3MOXKHOCTH TIOCENEHHs JApyrux pacteHuid. [loBwlmmas conep:kaHWe KHCIOpOJa, YITydIuas
CTPYKTYpPY M HakalUliBas B MOYBAaX CBSA3AHHBIM Aa30T, BOJOPOCIHM CIOCOOCTBYIOT M IOBBI-
MICHHIO UX TIJI00POIHS.

[ToBcemecTHOE pacnpocTpaHeHHE BOAOPOCIIEH B MPUPOJIE U MACCOBOE PA3BHTHE B pa3-
HBIX MECTOOOWTAaHMSAX OmpenessieT OONBUIYI0 pOoNb HMX B IPAKTHUYECKOH JEATEIHBHOCTH
YeJIOBeKa, POJib HEYKJIIOHHO Bo3pacTarouryro. IlomoxurenpHas poib 0OYCIIOBIEHa ydacTHEM
B CO3/JaHUM IUIOJOPOIMS IOYB, a30T(PHKCAIlMEH, OCYIIECTBIIEMON CHHE3EICHBIMH BOIOPO-
ciamu. CymecTBYIOT CbheJOOHBIE BOJOPOCIM — HCTOYHHKH OEJIKOB, JKHPOB, YTJIEBOJOB,
a TaKke BOJOPOCIH, WAYIIHE Ha H3TOTOBJICHHUE JIEKAPCTBEHHBIX M OHONOTHYECKH AaKTUBHBIX
BemecTB W T. 1. OtTpumarensHoe 3HAY€HHE BOJOPOCIEH CBA3aHO C I[BETCHHEM BOJBI
B BOJOXPAaHWJIMINAX W KaHajax, 3aCOPCHUEM arperatoB 3JIEKTPOCTaHLMUH, (UIBTPOB BOJIO-
MPOBOTHBIX CHUCTEM, 3aMOPOM pBIO. BeTpeuaroTes Tokcndeckne BOJOPOCH.

KomnoccanbpHO BO3pOCIIO M TEOPETHUECKOE 3HAYCHNE BOJOPOCIIEH B KauecTBE 0OOBEKTOB
UCCIIEZIOBaHNSl TPH PEIICHNH (U3HOJOTHYECKUX, OMOXMMHUYECKHX, OMO(PH3NYECKUX, IKOJIO-
TMYECKUX W OOMIEOHONIOTHUECKUX MPOOJIEM; OHH SIBISIOTCS TAaKKE OOBEKTAMH KOCMHUYECKHX
uccienoBannii. Takum o00pa3oM, aJbroNOTHUECKHE 3HAHUS CTAHOBSTCS HEOOXOJUMBIMHU
JUIS CTICIIMAJIMCTOB CaMbIX pa3HbIX 00JacTeil HAPOAHOTO XO3SHCTBA

Mexny TeM HaOJIrOaeTcst OCTPHIi JeUIIUT B OTEUECTBEHHOH yueOHOH anbrojoruiec-
KOH JIUTEpaType. 0COOEHHO TaKOU, KOTopas oTpakana Obl COBPEMEHHOE COCTOSTHUE 9TOW HAyKH.

CIpeMUTebHOE PaBBUIME  WIGKIPOHHOM MMKPOCKOIMMT M IIPOIPEcC B KYJIBTUBHUPOBAHHHU
Bomopocnet B 40-50-x romax BHECTH NPUHIUNHAIGHBIE H3MEHEHHS B TIPEACTaBICHUS
O ULWTOJIOTMH, OHTOICHE3¢ M CHCTEeMaTHKe BOJOpOCiei. OTa HoBass HHpOpMaIMs MOKa
cnabo oTpakeHa B TE€X HEMHOTOYHCIICHHBIX M3JAHUSIX II0 BOJOPOCIAM, KOTOPBIE Yy Hac
HUMEIOTCHL.

[Mpennaraemoe yaeOHOE TOCOOME MPECIIEAYET 11eIb BOCIOIHUTD 3TOT Ipoben. M3mosxe-
HHE MaTepHaia Kak B OOIIeH, Tak M B CHEUWaJbHOW YacTH (TMPH ONHMCAHWU OTIEIBHBIX
POJIOB) OCHOBAaHO Ha 00OOIIEHNN TAHHBIX MTOCTIEIHUX AECATHICTHH.

Aemop



BBEJAEHUE

Asbroiorus (MHade (pHKONOTHs)—HAYKa O BOZOPOCIAX. KpymHsie,
[JIaBHBIM 00pa3oM MOPCKHE, BOJOpPOCIM ObUIM M3BECTHBI YEJIOBEKY
C JpeBHEHIIMX BPEMEH, U B MPHUMOPCKUX CTpaHax, ocobeHHo B Kurae,
SnoHuu, OHM HW3/IaBHA HUCIOJB30BAINCH B XO3fAHCTBE ueioBeka, OJHAKO
HA4yajo alblOJIOTMM KAaK HAyKH MOJYKHO JaTHUPOBaThb TOJBKO CEPENMHOMN
XVII B., Tounee 1753 romom, xorma K. JIuaumei B cBoeM 24 Kjacce
Cryptogamia Beimenui mnopsiok Algae (Bogopocnu). B nmuHHeeBckoM
NOHMMAaHUU MOpPANoK Algae BKIIOYan IEYEHOYHBIE MXH, JMIIAMHUKH,
ryOku u cobctBeHHO Bogopociu. Cpeau MOCIEAHUX OH pPas3iuyan BCEro
yerbipe poma: Chara, Fucus, Ulva u Conferva. OrpomHslii aBTOpUTET
JIunHes B KakoH-TO Mepe 3aTOpPMO3UJI Pa3BUTHE ajblOJIOTMM, TaK Kak
elie Ha npotrsbkeHun Oonee 50 mocienyromux JIET OTKPbIBa€Mble MHOIO-
YUCJICHHBIE HOBBIE BHUIBI BOJOPOCIEH OTHOCHJINCH OOTaHHKAMHU-AJIBIO-
JIOTaMH BCe K TeM ke 4yeTblpeM pojaM JInanaes. Tosbko B Hagase XIX B.
HOSIBJISIFOTCSL  ONUCAHUs HOBBIX ponoB, U ¢ 1800 mo 1875 r. psmom
aBTOpOB, cpeau KoTopbix orenyr U cbiH  Arapasl  (K.A.  Agardh,
I.G. Agardh), memeuxuit wuccnenosarenb Krorumar (F. Kiitzing), wu3-
BECTHbIM cBoMM 20-TOMHBIM aTiiacoM, COZEpXKalIUM J10 2 ThIC. TalJHIl
C U300paKEHUSIMU MOPCKUX M MPECHOBOAHBIX BOJOPOCIEH U Jp.,— ObLIO
ONHKCAHO MOJABIIAIONIEe OOJIBIIMHCTBO M3BECTHBIX B HACTOSILEE BpeMs
ponoB Bomopocieil. MMeHa 3THX aBTOPOB CTOSIT MOCJIE€ COOTBETCTBY-
IOIIMX POJOBBIX HAa3BaHMW. YCTaHOBJIEHUE OOJBIIOTO KOJWYECTBA HO-
BbIX POJIOB BBI3BAJIO HEOOXOJUMOCTh TPYNIUPOBAaHUSA MX B TaKCOHOMUU-
YeCcKHUe €JUHMIIBI Oosiee BBICOKOTO paHra. IlepBble MONBITKH CIpyHIHUPO-
BaTh pOJbl B CEMEWCTBA M MOPAIKU Oa3HMpOBAIMCH HCKIOYMTEIHHO Ha
BHEUIHMX IIPU3HAKaX TaJJIOMa: TaK, HUTYaTble BOAOPOCIM (TOrza Hx
Ha3bIBAIM WIEHUCTBIMU) TIPYNIHPOBAINCH BMECTE HE3aBHUCHUMO OT HX
okpacku. [lepBbIM, KTO BBIIBHHYJI OKpacKy TajulomMa B KadecTBe (yH-
JAMEHTAJIbHOTO MpH3HAKa JUIsl YCTAHOBJIEHUS OOJIBIIUX TaKCOHOMHYEC-
KUX Tpymnm, Obln anrnuiickuit yuensiii B. I'apseit (W.H. Harvey), ycra-
HoBUBIIMM B 1836 r. Takue kpynHble psabl, kak Chlorospermeae — 3ene-
Hble Bomopociu, Melanospermeae — Oypwie Bomopociu, Rhodosper-
meae —KpacHble BOJOPOCIH, II03[IHEE IEPEUMEHOBAHHBIE COOTBETCT-
BeHHO B Chlorophyceae, Phaeophyceae, Rhodophyceae. Kak wusBectHo,
3TOT MPU3HAK MUTMEHTALMU HE YTPAaTUJ CBOETrO 3HAUEHUS U B HAIIM JHU,

" Or nar. alga — Bogopocs u rped. logos — Hayka.



TaK YTO pa3jMyYHble KPYIHBIE IPYMIbl BOJAOPOCIEH pacro3HAOTCs B Iep-
ByI0 ouepelbr IO HaOOpy IUIMEHTOB, 4YTO M OTPaKEHO B HUX Ha-
nMeHoBaHmsX. B rapseeBckom mnonuManunm Chlorophyceae Bkirouanu,
IIOMMMO 3€JICHBIX, CHHE3EJICHbIE W DPA3HOKI'YTHMKOBBIE, WM IKEJITO3€E-
JIeHbIE BOJOPOCIH, IO3]JHEE BbIIEJICHHBIE B CaMOCTOSTEIbHBIE KIIACCHI
Cyanophyceae u Heterocontae (Xanthophyceae). JluaTomoBble BOIO-
pociu (Bacillariophyceae) eme Bo Bpemena ['apBest paccMmarpuBalIvCh
Kak OTAedbHas rpymnmna — kiacc Bacillariophyceae, chauana Bxitoua-
BUIMI M JECMUIUEBBIE BOJOPOCIH, BIIOCIEACTBUM OTHECEHHBIE K 3€
JIEHBIM BOJIOPOCIISIM.

B nagane XIX B. aipronorus, Kak M BCsA OOTaHMKA. HOCHJA YHCTO
onucareiabHblid xapakrep. OnHako B cepenuHe XIX B. Hapsany C 4uCTO
OTMHUCATEIPHOM KJIACCH(PUKATOPCKON GOTAHMKON ' HAauMHACT OypHO pa3-
BHUBATbCS HOBOE HAIPABJICHUE. 3aKJIIOYAIOLIEECS B M3YUYEHUU KIIETOUHOTO
CTpPOEHHUSI pPacTeHUH M OCOOEHHO HX OHTOI€HEe3a HallpaBlIEHHE. KOTO-
pOMy €ro TNpUBEP)KEHIB! Jald HAUMEHOBaHHME «HAYYHOH OOTaHMKM.
40 — 50-e roapl MpoOULIOro BeKa 3HAMEHYIOTCSI KPYIHEHIIIMMHU OTKPBITHS-
MH B OOJIACTM OHTOI'€HE3a BOJOpPOCIEil BakHas COCTaBHas 4YacTb KOTO-
poro—oecmonoe W 1oioBoe pa3mHokenwe. .Jlumpb B cepenune XIX B.
ObUIO TBEPAO YCTAaHOBJEHO 3HAUYEHUE 300CIOpP KaK HOPMAJbHBIX 3JIEMEH-
TOB Pa3MHOXKEHHS BOJOpOCIeH. BriepBbie 300cmopsl HAOMIOMATUCh Y BO-
mepun (Vaucheria): B 1807 r. Tpenrenonem (Trentepohl) m B 1843 r.
®. Vurepom (F. Unger), HO ObulM UCTOJIKOBaHBI HE KaK KIJIETKH Oecrio-
JIOTO Pa3MHOKEHUS, a KaK «IIpEBpallleHUEe PACTEHUS B )KUBOTHOEY.

AHanormyHasi cuTyalMsi MMETa MECTO W IPd HCTOJIKOBaHUU (peHOMe-
Ha 1oJoBoro BocmnpoussBeacHus. Eme B konne XVIII B. y cnuporupst
(Spirogyra) BmepBbie HaOMOAANIOCH OOpazoBaHue 3uror, a B 1803 T.
XK. Bome (J. Vaucher) To xe camoe OTMETHJI y CIHMPOTHPBI, a TaKxke
BBISIBUJI T[IOJIOBbIE OpraHbl y BOJOPOCIH, Ha3BaHHOW IO €ro HUMEHHU
Bouiepuei. TeM He MeHee BIUIOTH 10 cepeauHbl XIX B. rocroacTBoBaiio
MHEHHE, YTO IOJIOBOM IMpOIECC Y BOJOPOCIEH OTCYTCTBYET, IPHUYEM 3TO
BBIIBUTAJIOCh AK€ KAaK XapaKTepHbId I TAJUIOMHBIX PAacTEHUU
npusHak. [lepeBopoT B TakoM mMOAXOAe HACTymws Toibko B 1854 —
1855 rr. mocie TmOSIBIEHHS 3aMeuyaTeNbHBIX PabOT  (hpaHIly3CKOro
anprojora XK. Tiops (G. Thuret) m memenkoro — H. Ilpunrcreiima
(N. Pringsheim). B 1854 r. Tiop3 sKCHepUMEHTalbHO J0Ka3ald OIUIOAOT-
BopeHue y pona ¢ykyc (Fucus): oH BesICHWI, 4TO sifiekieTka y dykyca
pa3BHUBAETCA B OOCIOPY TOJIBKO B TOM CIIy4ae, €CJIM OHAa COEIUHSETCS CO
CIepMaro30ouoM. 3a 3TUM mocienoBano HabOmoneHue [Ipunrcreiima
B 1855 r. Ham mnporeccoM NPOHUMKHOBEHHUS CIIEpMaro3ouja B SHIO
Vaucheria sessilis, a cmycTs rog OH e YBUJEN CIUSHHE CIIEpMaTO30U[]a
c oM y 3eneHoil Bogopociau sxoronuyma (Oedogonium). Takum
00pa3oM OBLJIO HEOMPOBEPKUMO JI0KA3aHO CIUSHUE PA3NHUIrbIX B IOJO-
BOM OTHOLIEHUU — MYXKCKUX U JKEHCKMX — KJIETOK U BO3HUKHOBEHHUE

Okonoro-paopuctuueckne padboThl MO  OTHASNBHBIM  pPErHOHAM  IPOJOJDKAIOTCS
u B HacTosmee BpeMs; B CCCP onu gaxke npeobiaiaior.



3UrOT Kak INpPSIMOro CJIEICTBUS 3TOTO IIOJIOBOrO akTa. Psn aBTOpOB,
B ToM umcine A. ne-bapu (A. De Bary), nmoarBepauiu HaOJIt0IeHUS
[Ipunrcreiima Haja TMOJOBBIM MPOIECCOM Y BOIIEPUM M 3JIOTOHHYMA.
B 1856 r. ®. Kou (F. Cohn) o0HapyxXun o0oOramMui0 y BOJbBOKCA
(Volvox), a B 1867 1. O. bopu» m XK. Twops (E. Bornet, G. Thuret)
ONMCAIU CTPOCHUE IIOJOBBIX OPraHOB M IIOJIOBOM IIPOLIECC Y KPacHBIX
BOJIOPOCJICH.

Hosblli miar Broepen B M3ydeHMM IIOJIOBOTO BOCIIPOMBBCACHUS Y BOJO-
pocieir oAtk cBA3aH ¢ mMmeHem H. Ilpunrcrerima, xotopeii B 1870 T.
onucan y mnaHjgopussl (Pandorina morum) mnosioBoi mpouecc B BuUE
CIIMSIHMSI TaMeT OJIMHAKOBOTO pa3Mepa. OJTO OKOHYATEIbHO MOKOoJehao
TOCIIOZICTBYIOLIYIO JOJITO€ BPEMS TOUYKY 3PEHHUs, YTO IIOJIOBOM IPOLIECC
o0s3aTenbHO CBsi3aH ¢ Mopdonoruueckoi nuddepeHIUpoBKON raMer Ha
MY’KCKHE M KeHckHe. llocine OTKpbhITHS M30raMMM y NaHJOpPHUHBL, a CIIy-
cta ron K. Kpamepom (C. Cramer, 1871) — y ynorpuxca (Ulothrix)
KOHI'bIOTALIUS Yy CIIMPOTUPHI U JIPYrUX KOHIBIOraT OKOHYATEIbHO IIPU3HAHA
B KayecTBe M0JIoBOro mpouecca. Bexope (1876—1879) y kyTiepuaibHbIX
(Cutleriales) 6bu1 0OHapy>keH MOJIOBOM MpoOIECC, CBA3YIOIMUN H30raMHUIO
U OOTaMHUI0 U 3aKJIIOYAIOLIUICS B KOMYJSIIMM MaKpo- U MHUKpPOTaMeT,—
reTeporamMusi.

B Poccun oHTOreHeTnueckoe HalpaBlIeHUE B U3YYEHUU BOJIOpOCIIEH
ycnemHo pasBuBaigock M. H. I'opokaHKMHBIM M €ro MHOTOUYMCIIEHHBIMHU
yaeHHKAMH .

B konmne XIX B. ObLIO yCTaHOBJIEHO, YTO BaXKHEHIIIMM STANlOM MOJO-
BOTO IIpolecca SIBISIETCS CIUsSHUE siAep, T. €. Kapuoramus, IOcie 4Yero
BO3HUK HMHTEpEeC K HaONIOJEHHUSIM 3a IOBEACHUEM sIep IMPH IOJIOBOM
npomnecce. B 70—80-e roxpr XIX B. B albrosioruu Havajga OBICTPO pac-
IIPOCTPAHATHCA LUTOJOTMYECKU MeTox ucciaenoBaHud. llepebim crius-
Hue sigep B 3urore cnuporupsl HaOmogan @. IImuti (Fr. Schmitz,
1879). OH TakXke YCTaHOBWJI MHOTOSJIEPHOCTh KIIETOK KJIaJ0(opsl
(Cladophora) u nHexkotopbix cuoOHOBBIX Bojopocieil. B Poccuu nurono-
TMYECKMM METOJ K M3Y4YEHMIO OHTOTEHE3a y BOJOpOCIEH BIEPBBIE NPHU-
meHnn yueHuk M. H. I'opoxankmua JI. M. Kypcanos. Ilockonbky moso-
BOIl IIpolLlecC CONPOBOXKAAETCSA CIUSHUEM SAEp M YABOEGHUEM YHUCIA
XpOMOCOM, B IIMKJE pa3BUTUS BOJOPOCIEH C IOJIOBBIM DPAa3MHOKEHUEM
HEeU30eXKeH MPOLECC BO3HUKHOBEHUS TAIUIOMAHBIX AJep U3 IUIUIOMIHBIX,
U B KOHIIE MPOILIOr0 BeKa HAYAJIUCh M JIO CUX IOp MPOJOJIKAIOTCS
UCCIICIOBaHUsST 1O OOHApY>KEHUI0 MOMEHTa PEeAYKLIHMOHHOTO JeNCHUS
B JKM3HCHHOM IIMKJIE TOW WJIM MHOW Bojopociu. Ha mpoTsskeHuu BTOpOi
HOJIOBHHBI TPOILIOr0 BeKa BbIpabaThIBaeTCsl M TNPHUHATAas B HACTOsALIEE
BpeMsl TEPMMHOJIOTHS (300CHOpPbI, TaMeThl, M30- M OOraMHusi, 0O0CHOpa,
cnopo¢uT, raMeTo(pur u 1p.).

bonpmioil martepuasl, HaKOIUIEHHBIM B XOJA€ M3YYEHMS LUTOJIOIMH
U OHTOI€HEe3a BOJIOPOCIIEH, MOATOTOBWII MOYBY Ul IEPEX0/a albloJOTUU

! CouepmaHHe 9THUX pa60T NMPUBOJAUTCA HUKEC TIPU OIMMCAHUHU COOTBETCTBYIOIIHUX

pozoB



B HOBBIA NEPHOJI €€ UCTOPUU, KOTOPHIM HAYMHAETCS C CAMBIX MEPBBIX JIET
XX B. B obmactu cucreMaTuku OH 3HAMEHYETCs, BO-IIEPBBIX, Pa3paboOT-
KOW YYEHUSI O MPOUCXOKICHUU PA3JIMYHBIX TPYII BOAOPOCICH U3 Pa3sHBIX
TPYOI OKPAILICHHBIX >KTYTUKOBBIX M, BO-BTOPBIX. OOBSACHEHUEM SIBICHHS
napajuieiu3Ma B DPa3BUTUU OTIEIbHBIX KJIACCOB M THIIOB BOJOPOCIEH.
PazpaboTtka TOro W Jpyroro BOmpoca HEPa3phIBHO CBsi3aHA C UMEHEM
yemickoro ainprosiora A. [lamepa (A. Pascher), xoTopslii, o cyliecTBy,
CO3/1aJ1 COBPEMEHHYIO CUCTEMATUKY BOJOPOCIEN.

Jlo Hagamta XX B. BCE MEPEIBUTaOIIMECS C MOMOIIBIO KI'YTHKOB
OKpAallIeHHbIE OJHOKJIETOYHbIE U KOJOHHUAIbHbIE OPraHU3Mbl OTHOCHUIIU
k otaenpHOMy Kkiaccy Flagellatae cpemm Protozoa wmm sxe BbLaensv
B oThenbHbIil Tun win kiacce Flagellatae. MckmtoueHue cocTaBisiu TUMIb
3eJIeHble JKYTUKOHOCIBI —BOJIbBOKaJIbHbIE, KOTOpble emie JI. PaOeH-
xopct (L. Rabenhorst, 1863) Bkitounn B cucTeMy 3€IE€HBIX BOJIOPOCIIECH.
Kpome Toro, xoraa w3 3el€HbIX BOAOPOCIEH ObLT BBIIEIEH KIIACC Kell-
TO3EJIEHbIE, TO K HeMYy ObUIM OTHECEHBl U HEKOTOpble MUTMEHTHUPOBAH-
HbIC PAa3HOXKTYTHKOBBIE TOABUXKHBIE (OpMBI. MexXay TeM elie B KOHIIE
XIX B. I'. Knebcom (G. Klebs) u np. Oblia mpoaeMOHCTpUpOBaHa reTe-
POTEHHOCTh TPYMIBI OKPAIICHHBIX >XTYTHKOHOCIIEB, BKJIIOYAIONICH He-
CKOJIBKO Pa3JUYHbIX JIMHUM WX PSAIOB, IOCTOSHHO pPa3IMYaOIIUXCs
YUCJIOM M PACIIOJIOKEHUEM JKI'YTUKOB, TPHUPOAOW IMHUTMEHTOB, (HOPMOW,
B KOTOpOW HAKaIUIMBAIOTCS B KJIETKE MPOIAYKTHI (POTOCHHTE3a, U APYTH-
MH MEHEE KOHCTAaHTHBIMU W TIIOTOMY MEHEE BAXKHBIMHU IPU3HAKAMH.
®. Omnprmannc (F. Oltmanns, 1904) auKBUAUPYET EAMHBIA KIacc
Flagellatae, pazOuBasi ero Ha 4YeThIpe KJacca, KOTOpPHIE OH TOMECTHII
cpeau BOJOpOCIel MoAuepKuBas 3TUM (UIOTCHETUYECKUE CBSI3U JKTYTHU-
KOHOCIIEB C BoaopocisaMu. [loyHylO0 SICHOCTP B TOHMMaHHE OTHOIIECHUUN
MEXIy JKTyTHUKOHOcIamMu u BojopociisiMu BHec A. Ilamep (A. Pascher,
1914, 1931), kotopsiii pa3paboTan ydeHHWE O TMPOUCXOXKICHUU Pa3Ind-
HBIX TpPYII BOJOPOCHEH = OT pPa3jiM4yHO OKPAIIEHHBIX KI'YTUKOHOCLIEB.
OnHO M3 caMbIX BECKHX JIOKA3aTEIhCTB TAaKOTO MPOWCXOXKIEHUS, TOMH-
MO CXOJICTBAa B CTPOEHUU M XUMHU3ME KJIETKH,— CYIIECTBOBAaHUE IOJBU-
KHBIX ()KTYTHKOBBIX) PENPOAYKTHBHBIX CTaJUH y HETOJBMKHBIX B Bere-
TaTUBHOM COCTOSIHMM BOJoOpociieii. B 1eroM 5To OBUIO yCTaHOBIICHO
B XOJI€ OHTOT€HETMYECKHX HCCIEAOBAHMII BOJOPOCIEH €le B CEepelluHE
XIX B. Tak, 300CHOpbl HENOABMYKHBIX 3€JEHBIX BOJOPOCIEH I014Yac
HEOTJIUYMMbl OT JKTYTUKOHOCIIEB 3€JI€HOr0 IIBETa; 300CHOpPbl Pa3HO-
JKT'YTUKOBBIX BOJAOPOCIIEH UMUTHUPYIOT KT'YTUKOHOCLIEB C HEPABHBIMU U He-
OJIMHAKOBOTO CTPOCHHUS >KTYTHKAMHU; 300CIOPHI 30JOTUCTHIX HETOJIBHK-
HBbIX BOJOpOCJEH OYEHb CXOAHBI C OJHOKJIETOYHBIMH KI'YTHKOHOCLAMH,
MMEIOIIMMH  30JIOTHCTYIO OKpPAacKy; HAaKOHEI, 300CTOpHI AUHO(PUTOBBIX
BOJIOPOCIICH, HEMOJBUKHBIX, HUTYATHIX HJIM MHOW (OpMBI BeChbMa Haro-
MHHAIOT CBOCOOPA3HBIX XI'YTUKOHOCIIEB, Y KOTOPBIX Ha TEJI€ HMMEIOTCS

OpHako HEOOXOAWMO TIOMHHTh, YTO COBPEMEHHBIC JXTYTHKOBBIE CaMHU SIBIISIOTCS
IPOAYKTOM JUIMTENBHOW 3BONIOLMU W, HECOMHEHHO, ITOCTPOEHBI TOpasfo CIO0XKHEE, YeM Te
MEPBUYHBIC KT'yTUKOHOCI[BI, KOTOPBIE M CTaJIM MPeIKaMU OOJIBIIMHCTBA BOJAOPOCIEH.



J0XKOWHKM WM OOpo3aku (momepevHas M mpojosibHas). PakThl MOJO-
OHOro poja MpUBEIM K TOMY, YTO BO BCEX COBPEMEHHBIX CHCTEMax
OTJENIbHBIE TPYNIbl OKPALICHHBIX JKYTHMKOBBIX BKJIIOYEHBl B OTJIEJIBI
BOJIOPOCIIEiT B KAYECTBE CAMBIX PHMHUTHBHBIX HX IIPEICTABHTENCH .

K panee ykazannbsIM kiiaccam Bojopocieit [lamep no6asun eme psin
KJIACCOB: Chrysophyceae, Dinophyceae, Cryptophyceae,
Euglenophyceae, ucxonnsie GopMbl KOTOPBIX — IOJABHXKHBIE KI'yTHKO-
Bbl€, Pa3JIMYHO OKpAIICHHbIE OPraHu3Mbl, Mpexjae OObEAUHSEMbIE B OJ-
Hy TaKCOHOMHYecKyto rpymmy. Takum oOpasom, Ilamep 3amoxun oc-
HOBBI COBpPEMEHHOM cucremMaTuku Bojaopociei. (OO0 o00bACHEHUH UM
napajujenn3Ma B pa3BUTHH OTAEIbHBIX KJIacCOB BOAOPOCIHEH CM. IJ1. 2.)

C 1945 r. HaunHaeTCsl COBPEMEHHbBIN NEPUO B UICTOPUU aJIbIOJIOTHH.
Jlng sToro mnepuoja XapakTEpHO, BO-IIEPBBIX, HCIOJB30BAaHUE DJIEKT-
POHHON MHKpPOCKOIMH JIi M3y4EHUs YJIbTPACTPYKTYphl BOJOpPOCIEH, a,
BO-BTOpBIX, OypHOE W 4Ype3BbIUANHO MPOAYKTUBHOE pPa3BUTHE METOJOB
UCKYCCTBEHHOI'O BBIpDAIllMBAaHUSA KaK IPECHOBOAHBIX, TaK M MOPCKHUX
BOJIOpocieil B ycnoBusx Jsaboparopuu. VMeHHO 3TUMH (akTopamu
0O0BsICHSIETCS «B3pbIB» HMH(OpPMAIMM, OTHOCSIIEHWCA K YIBTPacTpyKType,
a TaKKe K BOIPOCAM Pa3MHOXKEHHS U LMKJIOB Pa3BUTHS CaMbIX DPa3HBIX
BOJZIOPOCJICH, HEPEIKO TMOOYXKIaloImeld IepecMaTpuBaTh JaBHO YCTAHO-
BUBIIMCCSA TpeacTaBieHus. HoBas uHpopmanus 1O yIbTPAaCTPYKTYpe
BOJIOPOCJIEH B CBOIO OY€pe/lb TECHO KOPPEIUPYET C YCOBEPIICHCTBOBAHUU-
€M METOJIOB 3JIEKTPOHHON MHKpockonuu. IlepBblii «B3pbIB» HH(pOpMa-
IIMU Takoro poja HaOmoxancs B kKoHie 40-x u Havane 50-X rogos, Koraa
JUI U3Y4EHUS KTYTUKOB PA3JIMYHBIX BOAOPOCIEH ObUl NMPUMEHEH HelaB-
HO pa3palOoTaHHbII Meron HambUieHUs. Creayrouuii «B3pbIB» HHGOP-
Maiuu B KoHLE 50-X rofoB CBA3aH C YCOBEPILIEHCTBOBAHUEM MMKDPOCKO
NUYECKOW TEXHUKH M BHEJIPEHHEM YJIbTPAMUKPOTOMOB ISl TOJYy4YEHUS
YIBTPaTOHKMX CpE30B, MO3BOJAIOIIMX M3y4yaThb JAETald BHYTPEHHETO
ctpoenus kietku. C cepeaunsl 60-X roJoB BBEACHHE TEXHHKH 3aMopa-
KUBAHUSA—CKAJBIBAHUS CHEJIaJ0 TaKKE BO3MOMKHBIM H3Y4YEHHE IIOBEPX-
HOCTEH KIJIETOK, CTEHOK MeMOpaH W opraHeml. B mocnennue rojsl 00Jib-
1I0€ pa3BUTHE TOJY4YWJIa CKAaHUPYIOLIAs »JJIEKTPOHHAs MHMKPOCKOIMS,
CTaBIIas Ba)XHBIM OPYIHMEM HCCIEIOBAaHUS MAHIUpPEH JMAaTOMOBBIX BO-
Jopociief, HU3Yy4EHHUs IIOBEPXHOCTEM KIIETOK JEeCMUIAUAIBHBIX, JUHO-
daaremIaT W MHOTHX Jpyrux Bogopocieid. OIUH W TOT K€ OOBEKT
HEPEIKO M3Yy4aeTcsi KOMIUIEKCHO, C IPUBJIEUYEHUEM BCEX BBIIICHA3BaHHBIX
MeTo/10B. Eciau mepBble /1Ba JECATHIIETUS UCCIIENOBaHMS TOHKOM CTpYK-
Typbl BOJOPOCIEH HOCWIM ONHUCATEIbHBIM XapakTep, TO B IOCIEIHEE
BpeMsl JAaHHbBIE JJIEKTPOHHOW MHUKPOCKONHMH IIHMPOKO HCIOJIB3YIOTCS JUIS
pacppoBKU GYHKLIUH KIETKA U OpraHesul.

BaxxHo OTMETUTbH, YTO MOJYYEHHBIE B XOJE ATHX HCCIEIOBaHUMN
JAaHHbIE OTpaXKeHbl B mpeayaraeMoM mnocobouu. OpHako HeOOJbIION
o0beM 1ocoOMsl IMO3BOJIAET CHeNaTh 3TO TOJBKO B  OTHOLIEHUU

' TIpu stom oxpamennsie xryruxossie (Flagellatae) kak ocobas cHcTeMaTHUeCKast
rpynmna (TIpexae OHW TPAKTOBAJIMCh KaK 0COOBIN THIT) OTIAAIOT.



CPaBHHUTEIBPHO HEMHOIMX, CaMbIX HIMPOKO PpAacCHPOCTPAHEHHBIX K W3-
BECTHBIX poJoB. [lo »TOM k€ MpUYMHE COOTBETCTBYIOIIMHA WJLIIO-
CTpaTUBHBII MaTepuan, KOTOpbIi MOHO HaiiTu B Jr000M OoTa-
HUYECKOM Kypce, B uacTHocTH B «Kypce Hu3mmx pactenuit» (1981),
HE MPUBOJUTCA.

B npenucnoBun ykas3slBaJoCh Ha 3HAUEHUE BOJOPOCIIEH B KaUECTBE
00BEKTOB MCCJIEIOBAaHUMN TPU pEelICHUH (U3NOJIIOTUYECKUX, OMOXHMHYEC-
KHX. 00meOnonornueckux M Apyrux npodiem. Hmke nocrarouno mnop-
pOOHO MPUBOAATCS Pe3yJabTaThl HEKOTOPBIX HCCIIEJOBAHUM, MOJYUYEHHBIX
Ha aJblOJIOTHYECKUX OOBEKTaxX M MPEJCTABIAIOIUX 001e0noaoruyec-
KU uHTEpec (paboThl HO XMMHMUYECKOH NpPUPOJE AaTTpakTaHTOB, IUd-
(depeHIMpOBKEe KJIETOK, PEreHepaluu TaJlJIOMOB, IOJIyYEHUIO BEreTaTHB-
HBIX TMOpUAOB U Ap.). M3noxeHue xe padboT pusmosornyeckux, OMOXu-
MHYECKUX, TEHETHYECKHUX BBIXOJUT 3a PAMKHM HACTOSIIEr0 Yy4eOHOTro
nocobus .

JlaHHbBIE TIO PacIPOCTPAHEHUIO, IKOJIOTUH, IIPAKTUUECKOMY HCIOJIb-
30BaHUIO BOJIOPOCIIEH H3JIararoTcsl B CHUCTEMAaTHMYECKON 4YacTWh IMpH OIHU-
CaHUM COOTBETCTBYIOLINX TaKCOHOB.
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' MluTepecyromuMest MOKHO IMOpeKoMeHa0BaTh cBOakH «Algal Physiol. and Biochem.»
(1974) u «The Genetics of Algae» (1976).



I'1aBal

CUCTEMATHKA BOI[OPOCJIEI?'I.u
KJIACCBI, OTAEJIBI BOAOPOCJIEN

K navany XX B. paznuyanu ciefyroliye Kiacchl Bogopociel (1o
A. Iamepy):

Cunesenensie Bojopocian — Cyanophyceae

Kpacusie Bonopociu — Rhodophyceae

3enenslie Bogopocau — Chlorophyceae

3omoTucteie Bogopocian — Chrysophyceae

Kenrozenensle, uaum  Pa3HOXIyTHMKOBBIE,  BOAOPOCIHM  —
Xanthophyceae, nnu Heterocontae.

JlnaromoBsle Bogopociau — Bacillariophyceae, unu Diatomeae.

Bypsie Bonopociu — Phaeophyceae

Junoduuuessie Bogopocau — Dinophyceae

Kpunrodunmessie Bomopocian — Cryptophyceae

OBrieHodunuensie Bogopocian — Euglenophyceae

Kaxnprii kimace xapakrepusyercs crenududeckum HabopoM MUTMEH-
TOB, 3alacHbIM MNPOAYKTOM, OTKJIAABIBAIOIIMMCS B KIETKE B Ipolecce
doTocuHTE3a, U €CIIH €CTh JKTYTHKH, TO MX CTPOSHHEM. DTH TOCTOSHHBIC
pasnuuusi Mexy OOJbIIMMH TpyHIaMud BoJopocied mnmoOyawin pac-
CMaTpHBaTh WX KaK CaMOCTOSITENIbHBIE IO CBOEMY (HIIOTEHE3y TpPYIIIHI,
HE CBfA3aHHBIE POACTBOM, M OTKAa3aThCsl OT MOHATUS Bojopociau — Algae
KaK OIpEJEIeHHON TaKCOHOMHYECKON enuHulbl (Kiacca, Tuma). Takum
oOpa3om, Ha3zBanue Algae Tak ke, kak Flagellatae, yrtpatuno cBoe
NpeXHee 3HAYCHHE OMPENEICHHON TaKCOHOMHUYECKOW E€AMHUILI (B JIUH-
HEeBCKOM NOHUMaHUM—IIOPAZOK) M COXPAHWJIOCh JIMIIb Kak OMOJIOrH-
YecKoe TIOHSATHE JUIsi OOO3HA4YeHWs HU3MIMX PACTCHUH, COAEpIKaIINX
B IOJABJISIONIEM OOJBIIMHCTBE XJIOPOPUIUI, CHOCOOHBIX K (HOTOABTOT-
pOpHOMY MHTAaHHUIO W >KUBYHIMX MPEUMYIIECTBEHHO (HO HE BCErjaa)
B BOJIE.

Uro kacaercsi KJaccoB, TO OOJIBIIMHCTBO COBPEMEHHBIX aBTOPOB
cienyer cucreme A. Ilamepa. IlamepoBckas KOHLENIMS KJIaccoB, KOTO-
pas BeIOBUTaNAa TpeOOBaHHWE EAMHOOOpPA3Hs TAaKWX NPU3HAKOB, KaK ITUT-
MEHTalUs, XapakTep 3alacHbIX IPOJYKTOB, CTPOCHHE MOHAJIHBIX Kile-
TOK, W JONyCKaja HEOTPAaHWYCHHBIC BapHallil B CTPOCHHH TaJJIOMa,
COXpaHWJIaCh M JI0 HACTOSIIEro BpeMeHU. lIpuHATHE ATON KOHLENIUU He
NPEMSATCTBYET OOBEIMHEHUIO M PACWICHEHUIO KOHKPETHBIX KIIACCOB CH-
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crembl [lamepa B COOTBETCTBHM C HOBBIMH JIaHHBIMH TI0 OHOXUMHH
U IUTOJIOTUM Bojopocieid. M B mocienHue 1Ba JecATUIECTUS ObuI
YCTAQHOBJICH WENBIA PsII HOBBIX KIJIACCOB, HANPUMEpP, M3 3€JIEHBIX BOJIO
pocneil BbleneH Kkiacc Prasinophyceae, W3 JkenTo3eleHBIX — KIIacce
Eustigmatophyceae, u3 3onotucteix — Haptophyceae u ap. Opnako
OCHOBHBIE KJIacchl cuctembl llamepa ocTtanuch NpexHUMH. YTO ke
KacaeTcsi pacrpeiie]ieHuss 3TUX KIAcCOB IO CTBOJAM, WJIM OTIENaM, TO
TYyT MHEHMS pa3HbIX AaBTOPOB CHJIBHO pacXoJATCs, M COBPEMEHHBIC
CHCTEMBI BOJOPOCIICH pa3NMYyarOTCs TJIaBHBIM 00pa3oM IO YHUCITYy
U 00bEMy CTBOJIOB, WIM OTHENOB. UHCIO MOciIenHuX BapbHpyeT oT 4 10
10—12. Otu koneOaHUs OMNPENENAIOTCS TEM, KaKO€ MECTO B CHCTEME
3aHHMAIOT XapoOBble BOJOPOCIM, KAaKUM OOpa3oM TpYNIUPYIOTCS Kiac-
CBl. XapaKTEPU3YIOIIHECS IKENTO-Oypoil OKpacKoil. M OTHOIICHHEM aB-
TOPOB K CHHE3eJeHbIM BojopocisMm. Coriacue JOCTUTHYTO OTHOCHTE-
JHHO KPACHBIX BOIOPOCIEH, KOTOpbIe, M0 MHEHHIO OOJBIIMHCTBA aBTO-
pPOB, HEBO3MOXXHO IOMECTUTh B OJUH OTAEI HU C OJHUM H3 JPYTUX
KjaccoB Bojopocieid. OnHu cocraBiasitoT otaen Rhodophyta Osrieno-
¢uiMeBble BOJOPOCIN TAaKXKE BO MHOTHUX CHCTEMax OTHOCIT K OTAETY
Euglenophyta. OxkpaiieHHbIe B 3€JE€HBIA IIBET BOJOPOCIH C KpaxmalioM
B KauecTBe 3alaCHOTO NPOAYKTa B OJHUX CHCTEMax paclpenensioTcs
mexnay nyms otnenamu: Chlorophyta m Charophyta kak sto meman
u Ilamep (A. Pasher, 1931), onHako MHOrMe aBTOpPBI BKJIIOYAIOT
XapoBBIE BOJOPOCIM B KayecTBE Kjacca, a B HEKOTOPBIX CHUCTEMaxX Kak
nopsinok B otaen Chlorophyta, a B cucremax mnocnennux ser (B. Fott,
1971; A. K. 3epos, 1972) Gonbmoit crBon Chlorophyta o6benunsier He
TOJIbKO BCE OKpALIEHHbIE B 3€JCHBI LBET BOAOPOCIU. HO M BBICILHE
pacTeHusl.

Eme Oonbmiee pasHooOpa3ue HaOmogaeTcs B CHCTEMax pasHbIX
ABTOPOB OTHOCHUTENIGHO TPYIIHAPOBAHUS KIIACCOB BOJOPOCICH, HMEIO-
KX 30J10THCTO-0ypyto okpacky. Eme B 1914 r. Ilamep BrnepBeie 00-
paTuia BHUMAaHUE HA DSl CXOJHBIX TPU3HAKOB Y 30JIOTHUCTBIX, KEITO3E-
JEeHbIX M JMAaTOMOBBIX BOAOpPOCIEH. OTH CXOJHBIE MPHU3HAKH CIIEAY-
fomue: 1) cocraB NMUTMEHTOB C TIpeo0aaHreM KCaHTO(MUIUIOB HaJ
xjiopopuiuiaMu; 2) 3amacHble MPOJYKTHI: XpU30JIaMUHApUH, MAacio, OT-
CyTCTBUE Kpaxmaiya: 3) o0O0JIOUKH, COCTOSIIME U3 JBYX U OoJiee yacTei;
4) yacToe OKpEMHEHHME KJIETOYHBIX IOKPOBOB; 5) CXOJCIBO MOHAJHBIX
KJIETOK; 0) oOpa3oBaHME OCOOBIX SHJIOIUIA3MaTHYeCKUX HmHUCT. Ha ocHoBe
CXO/ACTBAa HTUX MNpu3HakoB llamep cyen 3TU rpymnibl POJICTBEHHBIMU
u oOvemuuun ux B oauH Oonbmior otaen Chrysophyta, uyto ObLIO
OPUHATO B OOJBIIMHCTBE CHUCTEM 3apyOeKHBIX aBTOpoB. OHaKO
®. D. ®puu (F. E. Fritsch, 1935, 1945) Bo3nepxuBaeTcsi OT yCTaHOBIIE-
HUS OTIENIOB M KaXAbIM M3 MPUBOAMMBIX MM 11 KiaccoB mpeArnoduTaet
paccMaTpuBaTh Kak OTHAEJIbHBIM 3BOJIIOUMOHHBIA psana. Toro ke, 1Mo
CYIIECTBY, MPUICPKHUBAIOTCS U B PYCCKOW aJIbI'OJIOTMUYECKON JHMTEpaTrype,
TZIe TIOYTH KaXKIOMY M3 YKa3aHHBIX BBIIIE KJIACCOB COOTBETCTBYET OTEII.
HaoGopor, B 3apyOexHO#l nuTeparype NOCIEIHUX JIer HabIogaeTcs
TEHJCHIMSI K eme OOoNbIIeMy YKPYITHEHHIO OT/AEIOB M COOTBETCTBEHHO



YMEHBIICHUIO HMX KOoJM4yecTBa. Tak, B pAAe CUCTEM K KilaccaMm OTAesa
Chrysophyta (mo Ilamepy) noGaBunu eme kiaccsl Phaeophyceae,
Dinophyceae, Cryptophyceae, Rhaphidophyceae, coznaB kpynHblii Takx-
con Chromophyta. OGmuii npu3HaK BXOASIIMX CIOAAa KJIACCOB — OTCYT-
cTBUE xjopoduiia b; uMeeTcss TOIBKO XJIOPOPHIT ¢ U B OOJNBUIMHCTBE
ClIy4aeB ¢. OTO CXOJCTBO IHUIMEHTOB KOPPEIUPYET CO CXOJCTBOM
CYOMHMKPOCKOIIUYECKOTO  CTpPOeHHMsS  (OTOCHHTE3UPYIOIEro  ammnapara,
KTYTHKH B OSTHX TpyNmax Takke OOHApyKMBAIOT CXOJHOE CTpPOCHHE.
Bonpmoii Takcon Chromophyta HEKOTOpBIMH ajbroJioraMud IMPUHUMA-
ercs (M. Chadefaud, 1960; B. Fott, 1971). npyrue sty rpynmy oTBep-
raor.

Kiaceer Dinophyceae u Cryptophyceae Ilamep oObenuami B otmen
Pyrrophyta, 4yTo nNpUHATO B pPyCCKOIM anbrojJOrMYecKOW JuTepaType, HO
HE IPWKWIOCh B MHOCTPAHHOM, I/Ie yallle BCEro pa3juyaroT JiBa OTHAeja:
Dinophyta u Cryptophyta

Hakonen, HeoOX0IMMO OCTaHOBHUTHCS Ha TIOJOXKEHUH CHUHE3ele-
HbIX Bojopocieil. Kak yxe oTMeualoch, CHHE3EJIEHbIE BOJOPOCIH
ObUIM BBIJIENICHBI W3 3€JIEHBIX M BO MHOTHX CHCTEMax [0 CHX TII0p
¢urypupytor B KauyectBe Kkiacca Cyanophyceae, COCTaBISIOIIETO
ornen Cyanophyta. paBHOIEHHBI JIPYrUM  OTAEIaM  BOJOPOCIICH.
OpHako 1mocienHee BpeMsi CHHE3€IEHble BOJOPOCIM BO  MHOTHX
PYKOBOJCTBaX CTalu cONMXKaTh C JpOOSSHKAMU M MPOTHUBOIIOCTA-
BIATH  mapctBo  mpokapuoT  (Procaryota)  mapcTBy — 3yKapuot
(Eucaryota), kyma oTHOCATCS BCE OCTaJbHBIE OTJENbl BOJOpOCIEi
Orta Touka 3peHHss He HoBa. CXOACTBO B OpPraHM3aLUU KJIETKH OYEHb
JaBHO MOOYAWJIO HCclefoBaTeiael K COMMKEHHIO CHHE3ENIEHBIX BOJOPO
cneii ¢ 6aktepusimu. Eme @. Kon (F. Cohn, 1854) B cepeaune mpoiwuio-
IO CTOJICTHSI OTHOCHT OaKTEpUH K PACTUTEIFHOMY IapCTBY M 0OBeIu-
HSET MX B OJHY TPYIIy C CHHE3€JIEHbIMH BOJOPOCISMM IOJ OOLIMM
HazBaHueM Schizophyta. Heckonbko mnosznnee K. Horemun (C. Nageli,
1857), ocHOBBIBasCh Ha OTCYTCTBMM XJopopuiia y OakTepuid, BbLAEIS-
€T HUX B CaMOCTOATENbHYIO rIpynny Schizomycetes, u OOJBIINHCTBO
nocneayrommx aBTopoB (A. Pascher, 1931; M. Chadefaud, 1960;
H.C. Bold, 1973 u nap.) Taxke paccMaTpuBarOT CHHE3EJIEHBIE BOJIOPOC-
a1 U OaKTepuH Kak JIBE CaMOCTOSTENIbHBIE M TPYIIbI OJMHAKOBOTO PAaHTa
(oTnena).

Hapsiny ¢ Takoil TpakTOBKOM CHHE3€JIEHBIX BOAOpOCiei u Oakrepuit
KaK CaMOCTOSITENBHBIX OTIENOB, OOBEAMHSIEMBIX B Tpynmy Procaryota,
B IOCIIEIHUE TOAbl y OaKTepHOJIOroB HaMeTWIach TEHACHLUS MpUIaBaTh
eme OoJblliee 3HAYEHUE CXOJICTBY YJIBTPACTPYKTYPHI y ITHUX NIBYX TPYIII,
HE3aCIy)KEHHO IpeHeOperas TaKUMU BaXXHBIMH M CYIIECTBEHHBIMHU pa3-

' Jlns mpokapHOT B IepBYI0 Odepemb XapaKTePHO OTCYICTBHE B KIETKE 000CO-
ONMEHHBIX, OMCTHIX OJJIEMEHTAPHBIMH MeMOpaHaMu SApS, MHUTOXOHJIPHUH, XJIOpOIUIac-
ToB. KileTkaM 3yKapHOT MNPHUCYIIM XOPOWIO OQOpPMENICHHBIE SIPO, IMIACTHIBI, MHTO-
XOHAPUH, OTTPAHUYCHHBIC OT OCHOBHOH OUTOINIa3MbI CHUCTEMOH 3JIEMHTAapHBIX MCEM-
OpaH.

13
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JUYUSMH MEXIY 3TUMH OpraHu3Mamu, Kak: 1) Gosee BBICOKMI YPOBEHb
Mopdororuueckoid auddepeHnnanu TaJuioMa CHHE3EJCHBIX BOJOPOC-
Jgei; 2) HamMuMeM |y HUX CHCTEMbl, B MpPUHLUIE AaHAJIOIM4
HOM TaKOBOM Yy JYKapMOTHMYECKUX BOAOPOCIEH M CYHIECTBEHHO OTJIMYa-
IOLIelcss OT MUIMEHTHOM CHCTeMBl (DOTOCHMHTE3UPYIOLUIMX OakTepuii;
3) OKCUTEHHBIM (T. €. CONPOBOXKMAIOUIUICS BBIACICHUEM KHCJIOPO/Ia)
¢orocunTe3 cuHeseneHbX. K 3ToMy MOXHO [100aBUTH elle IOJHOE
OTCYTCTBHE JKI'YTHKOBBIX CTaJHH y OSTHX BOJOPOCIEH B OTJIMYHE OT
OaKTepuil.

CuHeseneHble BOJAOPOCIN CTald HAa3bIBaTh CHHE3EJICHBIMU OaKTEepPHH-
MU — IIMaHOOAKTEpPUSIMU M B HEKOTOPBIX CHUCTEMax HM3BEIU HX J0
panra kijacca (kimacc  cuHe3eneHble  (oTOoOaKTEpHM B OTHENe
Photobacteria Hapsiny ¢ kilaccamMu KpacHble M 3ejeHble (oTOOaKTepUn)
win naxe nopsjaka Cyanobacteriales B kitacce Photobacteria.

Ha ocHoBaHMH NpPHHAJUICKHOCTH CHHE3EJIEHBIX BOJOpOCICH Hapsay
¢ Oaxrtepusmu Kk npokapuotam (Procaryota) MHorue OakTepuooru
C/eNany BBIBOJ O CHHOHMMHYHOCTH TepMHHOB Procaryota u Bacteria
¥ BBIIBUHYJIM TpeOOBaHUE NOTYMHUTH HOMeHKnarypy Cyanophyta mpa-
BWIaM  MeXIyHapoaHOro KOJEKCa  HOMEHKJIATyphI OakTepuii
(R.IL. Stanier et al., 1978).

[IpoTHB 3THX MpeNIOKEHUIH BBICTYNHUIM MHOTHE ajbIOJIOTH, B TOM
yncie u pycckue, Hampumep H. B. Kowgpareesa (1981), moguepkuBa-
IOIIME BBILICTIEPEUUCIICHHBIE CYIIECTBEHHbIE pAa3IMUYUs MEXAYy STHMH
IBYMs TPYIIIaMHA, W TO, YTO CHHE3EJCHBIE BOJOPOCIH 10 CHX IOp
HOJUMHSIMCE MEXIyHapoAHOMY KOJAEKCY OOTaHMYECKOW HOMEHKJIATY-
pBI, TIO KOTOPOMY CO3/IaHHE HOBOTO TaKCOHa B CIIy4ae BOJOpPOCIEH
0a3upyercss Ha JIATUHCKOM OIMCAaHUH, COIPOBOKIAEMOM pPHUCYHKaMH
u Qororpapusmu. [lomunnenue xe Cyanophyta Kogekcy HOMEHKIATYpbI
OakTepuii o3Hayano Obl HEOOXOJMMOCTb OMNMCAHUS HOBBIX TAaKCOHOB
CHHE3EJICHBIX Bojopociield (nu mepecMoTp O€mee 2000 yke OMMCaHHBIX
TAKCOHOB) Ha OCHOBAaHUHU YHUCTBIX — AaKCEHWYHbIX KynbTyp. [locnennue
U3BECTHBI ceHYac ISl CPaBHHUTEIBHO OYEHb HEMHOTHUX CHHE3EIICHBIX
Bojopocieil. Kpome Ttoro, ucmnonb3oBanue mrammoB Cyanophyta (kak
TOro mOTpedoBad OBl KOJEKC HOMEHKJIATYpbl OakTepuil) B KauecTBE
HOMEHKJIATYpHBIX THUIIOB BHJIOB, 3aTPYAHSAETCS CIIOCOOHOCTBIO MHOTHUX
CHHE3EJICHBIX BOJOPOCICH TIPHU ONPEICNICHHBIX YCIOBUSAX  3aJePXKH
BaTh CBOE pA3BUTHE HA MPOMEXKYTOUHBIX CTAAMAX, a TaKXKe BEpOsAT-
HOCTBIO TIOSIBJICHWST MYTallMd TOJ  BO3JCHCTBHEM JKCTPEMAaIbHBIX
(GakTOpOB, HCHOJB3YEMBIX IPH OYHUCTKE KYyJIbTyp. Anantauus Oakre-
PHOJIOTHYECKOTO KOJIeKCa K CHHE3EJICHBIM BOJOPOCISIM clenana Obl
HEBO3MOXXHBIM KakKoe-TM00 HKOJIOTHYECKOE HCCIeloBaHUe HMX B IIpH-
poze.

B nanbHeiinieM U37I0XKEHUHU Mbl IPUHUMAEM, YTO LIAPCTBO MPOKAPH-
or (Procaryota) wumeer Tpu BerBu (omena): I.  Schizophyta,
II. Cyanophyta, III. Prochlorophyta.

bonee yacTHble Bompock! Kiiaccupukanuu OyIyT pacCMOTPEHbI HUXKE
IPY ONMCAaHUU COOTBETCTBYIOLIUX OT/EIIOB.



I'1aBsa 2

MOP®O.JIOT U (CTYIIEHUA MOP®OJIOTMYECKOM
JTN®OEPEHLIUALIMU TAJJIOMOB BOJIOPOCJIEI)

Kak m3BecTHO, BO MHOTHX Kjaccax (M OTHenax) BOJAOpocieu (3ere-
HbIE, MENTO3EJCHbIC, 30JIOTUCThIC, IUHO(MUTOBBIE) MpOCTEHIINe Mpel-
CTaBUTEJIN --3TO OJAHOKJIETOYHBIE )KT'YTUKOBBIE ()OPMBI.

B nanpHeiimeil 5BOMIOLUU 3TUX OTIEJIOB HAONIOJAETCs 3aMeyaTelib-
HBI Mapajijiesiu3M, KOTOpbI BbIpaXkaeTcs B TOM, YTO B pPa3HBIX, CaMo-
CTOSITENIBHBIX 110 CBOEM y IPOMCXOXKACHUIO OTAENIaxX BOJOpOciel Haloro-
JAIOTCSl @HAJIOTMYHbIE THUIBI WIM CTyHeHH Mopdosiornyeckoil auddepen-
LUALUH TAJUIOMa. DTH CTYIIEHHU CIIEIYIOIINE:

1. Monaonasa opeanuzayus XapakTepu3yercsi aKTUBHOH IOABMKHO-
CTBIO C IOMOIIBIO XI'yTMKOB. OHa IpUCyIlla MPEXJIE BCEro OJHOKIETOY-
HBbIM JKT'YTHKOHOCLAM, KOTOpbIE SIBISIOTCS HauyalbHBIMU 3BEHBSIMH 3BO-
JIOUMU MHOTHX OTHEJIOB BOAOpocieil. Pa3HOBMAHOCTP MOHAIHOW Op-
TaHU3alHUK - TOABUKHBIC (C TMOMOIIBIO KTYTUKOB) KOJIOHUHU H eHooun ' .
VY BbIllIE OPraHW30BaHHBIX BOJOPOCIENH MOHATHOW CTPYKTypoi obiana-
0T JIMIIb KJIETKH, CIY)KAIlhe A pasMHOXKEHHS — Oecrmoyoro (300Cmo-
PBI) ¥ IOJIOBOTO (TaMEThI).

2. Puzonoouanvhasn (amebouonas) opeanuszayus HaOIOAETCA Y HEKO-
TOPBIX JIMIIEHHBIX TBEPJOH 000704YKH (HOpM, KOTOpbIE Ppa3BUBAIOT IIH-
TOIUIa3MaTUYECKHUE OTPOCTKU — PU3OIOIUH.

3. llanvmennouounsiti, uiu KAncaibHulll, Mun opeaHuzayuu TpPeacTaB-
JIEH HEeNOJBWXHBIMM, OIETHIMH O0O0OJOYKAMU WM TOJBIMU KJIETKaMH,
NOTPY)KEHHbIMH B OOIIyI0 CiK3b. Takue CIM3UCTBIE TAUIOMbl HMEIOT
pa3IMyYHbIE pa3Mephl U OYEPTaHUS.

4. Koxkouonas  opeaHuzayusi — XapaKTEpPU3yeTCs  HEMOJBHXKHBIMH,
OJIeTBIMU 000JIOUKAMHM KJIETKaMH, OJAMHOYHBIMU WJIM COEJAMHEHHBIMU
B KOJIOHMU U LIEHOOUH.

5. Humuamas cmynenvb opeanuzayuu TPEICTaBICHAa KJIETKaMH, CO-
€MHEHHBIMU B HUTH, MPOCTbIE WM pa3BeTBIEHHbIE. KileTKM HUTU He-
MIPEPHIBHO JIETSATCS MONEPEYHBIMU IEPErOpoaAKaMHU, OOYCIIOBIMBAs STUM
€€ HapacTaHHE B JUIMHY.

6. 'emepompuxanviuas umu pasHOHUMYAMAs OpP2aAHU3AYUs CIOXKHEE
IpeabIAyIed M XapakTepU3yeTcsi [JBYMs CHUCTEMAMHM HHUTEH: CTelo-
IIMMHCS 10 CyOCTpaTy M OTXOIALIMMHM OT HHUX BEPTUKAJIbHBIMH HHU-
TSMHU.

7. lInacmunyamas (mrxauesas) opeanuszayusi TaAKXKE JETKO BBIBOAUTCS
U3 HUTYATOM: B pe3ynbTare AEJICHUI KIETOK HUTU HE TOJBKO B IIONEpEY-
HOM, HO U B MPOJOJIbHBIX HANpaBICHUSX BO3HUKAIOT TAJJIOMbl B BHJIE
MapeHXUMATO3HBIX [IJIACTUHOK.

! IleHoGHsIME HA3BIBAIOT KONOHHH, B KOTOPBIX YMCIIO KIETOK ONpenessiercss Ha
PaHHUX CTaIUAX PA3BUTHS U HE MCHSIETCS JI0 CICAYIONICH PENPOAYKTUBHON (ha3bl.
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8. Cughonanvuas, unu cugponosas, opeanuzayus OTINIAETCA OTCYTCT-
BHEM IOINEPEYHBIX KJIETOUHBIX IIEPETOPOOK, TAK YTO TAJUIOMBI 4aCTO
KPYIHBIX pa3MEpOB U CO 3HAUUTENbHON BHEIIHEN AU PepeHIPOBKOM
(dhopManbHO MPENCTaBISAIOT COOO0M OIHY KJIETKY C HEMPEPHIBHOM BaKy-

OJIBIO KJIETOYHOTO COKa M OOBIYHO OOJIBIIUM KOJMYECTBOM KJIETOUHBIX
snep. B aToM ciydae yacTo roBopsT O HEKJIIETOYHOM CTPOCHHH.

9. Cughonoknaoanvuas opeanuzayus OTIAYALTCS OT CUPOHOBOU TEM,
9T0 CU(OHOBBII BHaUasIe TAJIOM PAHO WUJIH MO3IHO JEIUTCS HA MHOTO-
SIIEPHBIC YIaCTKU, U CETMEHTHI.

[lepeuncnennple CTyNeHH OpraHU3allUd TaJJIoMa HauOoJee IOJHO
MPEJCTABICHBI B OTAENAX 3€JICHBIX, 30JIOTUCTBIX, KEITO3EJIEHBIX U JTUHO-
¢buToBBIX BOJOpOCHEH. B 3TUX oOTAenax THUMBI OpTraHU3alMH TajjioMa
KJIAIYTCd B OCHOBY JEJEHHUSI Ha MOPSAKH, MOCIEIOBATEIIBHOCTh KOTOPBIX
B Ka)X/JOM OTAelie OTpakaeT JEeHCTBUTENBbHYIO KapTHUHY ero (QuioreHe-
TUYECKOTO Pa3BUTHSI.

s 2BriaeHo(UTOBBIX BOJOPOCTECH, MOMHMO MOHAJHOH, TOKa HE
YCTaHOBJICHBI JpYyrue cTyneHu auddepeHupoBkrn TamwioMma. Haobopor,
y OypbIX BOAOPOCIEH HEW3BECTHHI MPUMHUTHBHBIC OJHOKJIETOYHBIE MPE-
CTAaBUTENH, 3/€Ch NPEO0JIalaloT BBHICHIME CTYNMEHH Mopdoaoruueckon
G depeHIIMPOBKY TAIJIOMa — T€TepOTpUXaibHas U TKAaHEeBasl.

Y 1uBHUTENBHOE HA IEPBBIM B3IV SBJICHHE NapaJlIeIM3Ma B 3BOJIO-
MU  Pa3HBIX OTJEJIOB BOJOpPOCIEH OOBSACHSAETCS JOBOJBHO MPOCTO.
MHOTroKpaTHO Ha MHOTOYMCIEHHBIX MpUMEpax M3 pPa3HbIX OTAEIOB BO-
nopocneit ObIO TMOKa3aHO, YTO MOHAJHAs, T. €. CHAOKeHHas JXTyTH-
KaMH, KJIETKa JOBOJBHO JIETKO MOXET TEpSATh MX M BPEMEHHO IepPeXo-
JIUTh B OJIHUX CIydasX B PU30MOJUAIBHOE, B APYIMX — B HaJIbMEILIOU-
HOE, B TPEThHX - — B KOKKOMJHOE cOCTOsiHHE. OOBIYHO W3 ITUX BpPEMEH-
HBIX COCTOSIHUU BO3BPAT K MCXOJHOW MOHagHOU (opme Oomee mim MeHee
nerkuil. Eciiv ke 3T npexoasuue CiydailHble COCTOSHHS MPOJJIEBAIOTCS
BO BpEMEHH, TaK YTO Ha HHUX OyAeT NPUXOJUTHCS OOIbIIas 4YacTb
JKU3HEHHOTO IHKJIA, @ K MOHAJHOMY COCTOSHUIO OpTraHu3M OyaeT BO3-
BpalaTbCsi TOJBKO B MOMEHT PAa3MHOXKEHHUS, TO MOJIy4aTcsi COOTBETCT-
BEHHO PHU30MOJHAIbHBIN, MAJIBMEUIOUIHBIA M KOKKOUJHBIA THUIBI Taj-
aoMoB. HuTuatelii TamiaoM Takke 0e3 Tpyda MOKHO BBIBECTH M3 MOHA[-
HOT'O: TakOW Iepexoj KaXKIbli pa3 MOXKHO HaOII0AaTh MPH MpPOpacTaHUU
300CIOPbl B HUTh, @ W3 HUTHU JIETKO MOXET BO3HUKHYTbH IJIACTUHYATHIN
tajuioM. Takum 00pa3oM, MOHAJHAs OpraHM3allds — MCXOTHAs JJIA
BCEX OCTaJbHBIX THUIIOB OPraHU3aldHd TaIOMOB Bojopociei. Ilockonb-
Ky HaudaJbHBIE CTYNEHU OHBOJIOIUH BO MHOTHUX OTJElIaxXx BOJAOPOCIEH
MPEACTABICHBl JOBOJBHO CXOJHO YCTPOEHHBIMHU MOHAJaMH | (paznuua-
IOIMMHKCS, OJIHAKO, MO OKpacKe, MPOIyKTaM MeTaboiu3Ma M CTPOCHHIO
KTYTUKOB), TMapalljieIbHbII XOJA SBOJIOIMH B Pa3HBIX OTAENaX BOJOPOC-
Jel OOBSCHSAETCA TapajUICIbHBIM PA3BUTHEM U3 MOHAJIHOW OCTabHBIX
TUTIOB MOP(OJIOTUYECKON OpraHu3aluyd TaioMa. YCIOXHEHHE CTPO-

16

! HeKOTOpHe OTACJbI, OJHAKO, COBCEM JIMIICHBI XI'YTHKOBBIX CTaI[I/Iﬁ (KpaCHI)Ie,
CHHC3CIICHBIC BOI[OpOCJ'II/I), n 8 HUX HEBO3MOXHO YCTAaHOBUTH POJACTBO CO
KT'YTUKOBBIMU.



€HUS U MEepPexo] K MHOTOKJIETOYHOCTHU CONPOBOXKIAINCH MOTEpEl MOJBU-
JKHOCTH B BETE€TAaTUBHOM COCTOSIHMH. VIcXOomHasi MOHajgHAs OpraHHU3aIvs
COXpaHsJIaCh TOJIBKO y PENpOJYKTHUBHBIX KIJIETOK, U TO He Bcernaa. llpum
9TOM MOJBUXHAs MOHAJHasi CTaiusi, Bce OoJiee COKpaIIasich, yraepkaia
OCHOBHBIE YepThl POJOHAYANBHOW (opMbl. BOT moueMy MOHaaHBIE pe-
MPOJYKTUBHBIC KJIETKH BOAOPOCICH W3 PAa3HBIX OTIEIOB CTOJIb IOJIHO
BOCIIPOM3BOJAT  MPU3HAKHA, NPUCYUIME OJHOKJIETOUYHBIM  MOHAJHBIM
IPEJICTaBUTENISIM JAaHHOTO OT/IENa.

Jlpyroii mpu4uHOM, 00yCIOBUBIIEH MapaieIbHOE Pa3BUTHE Pa3HbBIX
Ipynn BOAOPOCIEH, MOIJIO ObITh OoJbllee OAHOOOpa3ue BOJHOW Cpebl
[0 CPaBHEHUIO C MECTOOOMTAHUSMHU CYIIM, YTO U OIpenenuso Ooiee
OJTHOTUIIHBI XOJ| 3BOJIIOLUMH y BOJOPOCIECH IO CPaBHEHHIO C XOJOM
3BOJIIOLIMM Y OPTaHU3MOB, IOKMHYBIIUX BOJHYIO CpENY.

I'naBa 3

I{MTOJ0T NSt 3YKAPHOTHYECKHX BOXOPOCIeii

[IpoTomnact Kak COBOKYMHOCTb KMBBIX KOMIIOHEHTOB KJIETKH (s1pa,
LUTOIJIA3Mbl, IJIACTHUJ, MUTOXOHAPUHM, BaKyojeH) JHIIb y CpPaBHUTEIb-
HO HEMHOIMX Oojieeé HPUMUTHBHBIX BOJOPOCIEH OrpaHUYEH CHAPYKH
TOJIbKO  IIUTOIJIa3MaTU4YECKOW MeMOpaHOW  (KJIETOYHOH MeMOpaHO,
wia3mMaieMMoif). Takue KIeTKH Ha3bIBalOT «TOJIBIMUY». ['OnbIMM  sBIIS-
I0TCS, Kak IMPaBUJIO, PENpPOIYKTHBHBIE KJIETKH BOIOPOCIEH—300CIOpPbI
U ramerhbl (MCKIIIOYEHHE MPEACTaBIAI0OT MHOTME BOJbBOKAJIbHBIC, MOHA-
HbIE KJIETKH KOTOPBIX, KaK BETeraTMBHBIC, TaK M PENPOIYKTHBHEIE,
OJICTHI KJIETOYHON 000JI0UKOM).

KJVIETOYHAS OBOJIOYKA

Y OG0nbIIMHCTBA BOAOPOCICH MPOTOIIIACTHI MOTHOCTHIO OKPYXKEHbI
KIETOYHBIMH CTeHKaMi (oOomoukamu). > Kak M y BBICIIMX PACTCHHIA,
KJIeTouyHas 000JIouka BoAOpociiell Bcerga oOpasyeTcs KHapyKd OT
IUIa3MAJIEMMBbI, 3alllUIIAeT MPOTOIUIACT M CIYXKHUT Kak Obl HapyKHbIM
ckeneroM KiIeTkd. OO00J0YKa COCTOMT M3 JIBYX KOMIIOHEHTOB: amopd-
HOTO CJIM3UCTOIO MATpPUKCAa U MOTPYKEHHOTO B HEro (GuOpUIUISIpHOrO
OMOPHOro (CKEJIETHOr0) KOMIIOHEHTa. B cocraB marpukca BXOIAT
FEMULEIUIION03bI M TEKTHHOBBIE BEIIECTBA, OOpa3yeMble ammnaparom
lonbku BHYTpPM KJIETKM W BbLAEISEMblEe dYepe3 IUa3MaleMMy IIyTeM
sK3ouMTo3a. YTO Kacaercs XMMHYECKOro cocTraBa (UOPHILIIPHOTrO

' Ommcanme mpOKApHOTHOH KIETKH OyIeT JAHO MPH PACCMOTPEHHH COOTBETCTBY-
IOLIUX IPYIII.

? Knerounas 000/109Ka i KIETOYHAS CTEHKA — CHHOHHMbI, OAHHAKOBO IIHPOKO YIOT-
pebsieMble B TUTEpaType
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KOMITOHEHTa KJIETOYHBIX CTCHOK, O B OTJIMYME OT BBICIIUX pACTCHUH,
rae (uOpwiIbl MPENCTaBICHBl LEJUTIJIO30HM, y BOJOpOCield HabIo-
maeTcss Oomplee pasHoOOpas3ue TMOJIMCAXapUIOB OOpa3yroONIMX  CKe-
aetnele GuOpuiuibl. «Co3gaercs BIIEYATIEHUWE, 4YTO HPUPOAA IKCIie-
PUMEHTHpOBAJIa C pa3HOOOpa3HBIMH THUIIAMH IOJIMCAXapUJOB 10 TEX
op, Moka OTOOp He MOKa3aj, HAaKOHell, YTO MMEHHO LEMH LEJUTI0I03bI
(B-1,4-nonurmokaH) MOTYT CHYKUTh HAWIy4IIUM MaTepuaioM IS
VKpeIUIeHUsI KIETOYHBIX 000704eK B Oopb0e pacTeHui 3a Tepexof
K HazeMHoMy o0pa3y »xu3Hu» (A. ®@peit-Buccnunr K. Mioneranep,
1968). K mHacrosmemy BpeMEHM Yy BOJIOPOCIEH Ha MOJIEKYJIIPHOM
U yJABTPACTPYKTYPHOM YpPOBHE JETAJIbHO OMHUCAHBI TPH TJABHBIX THIA
CKEJIETHBIX MOJINCaXapyI0B: L0033, MAHHAH U KCUJIaH.

emnrono3a obHapykeHa y MHOTHUX 3€JICHBIX BOJOpOCIEH (TeTpac-
opa, XJOpejia, AaHKHCTPOAECMYC, CLEHENeCMYC, IeauacTpyM. YioT-
PHUKC, yibBa, MOHOCTpOMa, 3HTepoMopda, >A0TOHUYM, Kiagodopa, xe-
TomMopda, BAIOHMS U Jp.), y JKEJITO3eNEHbIX (TpuOOHEMa, BOIIEPHS).
JTUHO(PUTOBBIX (MUPOLUCTUC), B HEOOJBUIMX KOJUYECTBAX — Y KPACHBIX
(rpucddut3ns s 1p.) u OypbIX (JlaMUHAPUS, [IEIBBETHUS, ACKODHILIYM).

Psin 3enensix Bomopocieit ¢ cuoHOBOM OpraHm3anuen TajjoMa He
COJEPKUT B CTEHKaxX LEJUIION03bl. ['JIaBHBIE COCTaBHBIE 4YaCTH KJIETOY-
HBIX CTEHOK y HUX— KCHJAH WJIM MaHHaH. Tak, KCWiaH OOHapyXeH
B KJIETOUHBIX CTEHKax OpHOIICHCa, KayJepIbl, raluMebl, YI0TeH, a MaH-
HaH — Yy aueradyIsipuu U Koauyma. DTO paziuiyhe B XMMHUYECKOM CO-
cTaBe 000JIOYEK NBITAIUCh HCIOJIb30BaTh Ui YCTAHOBJICHHS POJCTBEH-
HBIX CBS3€M B TmpeAenax 3TOM TIpymlmbl 3eleHbIX Boaopocieit. [lpen-
Jarajioch JEJIUTh HUX Ha «KCUWJIAHOBYIO» M «MAaHHAHOBYIO» T'PYIIIBL.
OpnHako mo3jHee KCUJaH U MaHHaH ObUIM OOHApY>KEHbI B CTEHKaX OJHUX
U TeX e BOAOPOCIIeH Ha Pa3HbIX CTaJUAX MX KU3HEHHOTO LIMKJA: CIIOpPO-
¢utel gepbe3uu, Opuorncuca, ICeBIOOPHOIICHCA COAEpPX AW MaHHaH,
a raMeTopuThl — KCWJIaH M LEJUTI0NI03y. B psje ciiyuaeB coctaB MHKpO-
(¢ubpUIIT TOUHO HE YCTAHOBJIEH.

@ubpUIIIBI — CKEJIETHbIE BOJOKHA — OPUEHTHPOBAHbI B MaTpUKCE
no-pazHoMy. OHH MOTYT OBITH PacCEsHbI IO HEMY OECIOPSIOYHO WIIH JKe
OHU pacrojiaraloTcs NapaiensHo Apyr apyry. M To u apyroe pac-
MOJIOKEHHEe MUKPOQUOPMILT MOXKET BCTpEUaThCsl B MpelesiaX OIHOM
eHcTeMalillecKol Tpynmbl, B Pa3HbIX YacTAX OJHOIO U TOTO K€ TajuiomMa
U JJa)K€ B PA3HBIX CJIOAX KJIETOYHON CTEHKH OJJHOM M TOM XK€ KIIETKU.

Hanpumep, cpeau 3eneHbIX BOJOpOCiel OecropsaoYHOe pacloioxke-
Hue ¢Gudpuiul HaONIOIaeTCsl y POJIOB, KJIETOUYHbIE CTEHKHM KOTOPBIX Xapa-
KTEPU3YIOTCSI OOMJIBHBIM aMOp(HBIM MaTpukcoM (yibBa, 3HTEpoMopda,
yIOTpUXaIbHbBIE, XeTO(OpaIbHBIC, 3AOTOHHAIBHBIE, CIIMPOTHpA, TeIu-
acTpyM Hu 1p.). Y cudoHokIananbHbIX (kiagodopa, xeromopda, Bayo-
HUSl) CTEHKa COAEPKUT JIMIIb HEOOJbIIME KOJIMYecTBa aMop(pHOro Mmarte-
puana. OHa COCTOMT W3 MHOTOYMCJICHHBIX JIaMeJUl, B KOTOPbIX (UOpHII-
Jbl OPUEHTUPOBAHBI OoJiee WM MEHee NapajulesibHO Ipyr Ipyry. B co-
CeHUX Jlamesuiax (Ciosx) (GuOpMILIBL PACIoNaraloTcsl MOYTH MOJ MPSIMBIM
yIJIOM.



IlepBblif €10l HOBOW CTEHKH, OOpa3yIOIIMICS Ha OCTaHOBHMBILUXCS
300CcroOpax 3TUX BOJOPOCIEH, COCTOUT U3 OECHMOPSAIOYHO PACIOJIOKEH-
HBIX MUKpO(uOpuLI.

[ToMHUMO CKeNEeTHBIX MOJUCAXapUAO0B, MATPUKC KIETOYHBIX CTEHOK
MOKET COJEpP)KaThb MHKPYCTHUPYIOLIME BEIIECTBA — KPEMHE3EM, CIOpO-
NOJUIEHUH, KapOoHAaT Kaiblus. EcTh JaHHBIE O MPUCYTCTBUU B KIIETOY-
HBIX CTEHKAaxX IPOTEMHOB (HANpUMeEp, y XJIaMHAOMOHAJbI, XJOPOKOKKA).
B 1972 r. y psga BUAOB XJOpEIUIbI, CLEHEIECMyca, IMPOTOTEKH B HX
00o0JI0uKax BHEpBbIe ObLI OOHAPYXKEH CIOPOMNOJUICHUH — YpPE3BBIYAWHO
CTOWKOE IO OTHOLIEHHI0 K (hepMEHTaM BEIIECTBO, XapaKTepHOE JUIs
000JI0YEK CHOP M MHBUIBLEBBIX 3€PEH BBICIIUX PACTEHHH. 3a MocienHue
roJpl YMCIO BOJOpOCHEH, B 000J0YKax KOTOPBIX HaWJEH CIOPOIOJI-
JeHHUH, 3aMeTHO Bo3pocio. OH OOHapyXeH B KIETOYHBIX CTEHKax
Phycopeltis epiphiton, psima BugoB TpeOyKcHM, B CTEHKaxX IHUCT TeMaTo-
KOKKa, B CTEHKaxX 3UIOT CHHPOTUPBI. Y HEKOTOPBIX BOJOpoOciel (Kiaao-
¢dopa, nuTodopa, 3J0TOHMYM) HMEETCS XUTUH B BHJE TOHKOTO HapyX-
Horo cinos. OO6ojo4Yka MOXKET OBbITh ILENBHOW MM COCTOATH M3 JBYX
u Oosiee yacTtel, MOXKET ObITh IMPOHW3AHA MOpPaMH, HECTU Ppa3IUUYHbIE
BeIpocThl. [Ipumepsl OynyT NpuBEAECHbI IpPU OMNUCAHUU COOTBETCTBY-
IOLUX POJIOB.

@®opMUpOBaHUE HOBBIX 000JIOUYEK HCCIEAOBAIOCH C HMPUMEHEHHEM
pPa3IUYHBIX METOJIOB JJIEKTPOHHOM MHUKPOCKONUU (Ha YJIbTPATOHKHUX
cpe3ax, IyTeM MCCIEJOBAHUS PEIUIMK — OTIEYaTKOB I1JIa3MaJIeMMBbl).
OObeKkTaMH CIIY>)KMJIM TOJIble, OJEThIE TOJBKO LMTOIUIa3MaTHYECKOH Me-
MOpaHOH €CTECTBEHHbIE CTaJMU Pa3BUTHUA pa3HbIX BOJOPOCIEH: IUCTHI
aneTalOyssapuu, TOJIbKO YTO OIUIOJAOTBOPEHHBIE SIMIEKIETKH (yKyca, CHUH-
300CIIOpBl  BOLIEPHH, 300CIOPbI IeauacTpyMma, Kiaaoopbl, XeToMop(sl;
aBTOCIIOPHI XJIOPEJUIbl, OOLIMCTHCA, cLeHedaecMyca. B apyrux wuccienosa-
HUSX [0 PEreHepaluy CTEHKH MCIIONb30BAIINCh MCKYCCTBEHHO IIOJyYEH-
HbI€ MPOTOIUIACTHI (HANpUMeEp, y XJIaMUIOMOHazbl). Pe3ynbTarsl 3THX
UCCIICIOBAaHUM HECKOJBKO MPOTHBOPEUYMBHI; MO-BUAUMOMY, cOOpKa Kie-
TOYHBIX CTEHOK IHPOMCXOJUT HEOAUHAKOBO Y pAa3HbIX BOJIOPOCIEH,
U B 3TOT NPOLIECC BOBJIEUEHBI Pa3HbIE OPraHEILIb.

B psge ciydaeB KOHCTaTUpyeTCsl ydyacTHE B CHHTE3€ KIIETOYHBIX
cTeHOK amnmapatra [lombmku (Acetabularia mediterranea, Vaucheria
fontinalis, Fucus vesiculosus, F. distichus, F. inflatus). Hanporus, npu
U3Y4EHUU pereHepanuu KJIETOYHOU CTEHKH IIPOTOIIACTAMU
Chlamydomonas smithii, nmosyueHHbBIMH IO/ BO3AECHCTBHEM TI'aMETHOTO
aBTOJIM3MHA, AKTUBHOCTH ammapara [oipaku Ha cpe3ax IpOTOIUIACTOB,
pEereHepUpyIOIINX KIETOUHYIO CTEHKY, HE OTJIMYalach OT TaKOBOM Kile-
TOK, 00J1a/IaI0IIUX CTEHKOM.

Bricokas creneHp ynopsI0U€HHOCTH LEJUTIOIO03HBIX MUKPOPUOpHUILI,
UX [paBUJIbHAs OpUEHTAlUs B 000JOYKaX TaKUX BOJOPOCIEH, Kak Kia-
nodopa, xeromopda, TOCIYKHJIa OCHOBOW IJisi THIOTE3bl «YIMOPSIO-
YEHHBIX TpaHyl» OHOCHMHTE3a LEJUII0JI03bl, MPU KOTOPOM TIpaHylbl 3H-
3UMa, PAacCIOJIOKEHHbIE OINpEeeIEHHbBIM 00pa3oM, OCYIIECTBISIOT BCE
IpOIeCChl OT IMOJIMMEPU3ALUU TIIOKO3bl JI0 OPUEHTALMH MHUKPOGUOPHILT
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B JIaMeJUTaX CTEHKU. B mMoib3y ATOH TMIOTE3bl CBUACTEIBCTBYIOT JaHHBIC
[0 H3YYEHHUIO IUIa3MaJeMMbl METOJIOM OTIIEYaTKOB B IIpolecce Ouo-
CHUHTE€3a MHUKpO(GUOPWIT Ha TOJIBIX 300CHOpax KiIaaodopbl U XETOMO-
pdsl. Bekope (uepe3 24—48 u) mocie OCTAaHOBKHM 300CHOpP BO3HUKAET
obomouka. [Ipm 5ToM Ha I1UIa3MaseMMe STHUX TOJBIX KIETOK BHJIHEI
IpaHyjibl C TOW >X€ OpHEHTaluuei, 4yTo U MUKPOPUOPUIUIBI B 3pEbIX
000JI0uKax KJIETOK JTHX BOJAOpOCHei. BbIn cmemaH BBIBON, YTO JTH
IpaHyjbl IUIa3MaJeMMbl YYacTBYIOT B OHOCHMHTE3€ LIEUIIOJIO3HBIX MUK-
podbubpmwt. CxomHble AaHHBIE OBUTM TONYYEHBI Uil aBTOocmop Qocystis
apiculata — BOJIOpOCIM, TakXe HMEIOUIeH YINOPAJOYCHHYIO TEKCTypy
MUKpOQUOpmiT B 000504YKe 3penbix KieTok. lccrnenoBanue peruimk
IUIa3MajJeMMbl TOJBIX aBTOCHOP O3TOW BOJOPOCIM IOKa3ajlo, 4TO CHa-
PYXH IUIa3MalieMMa HECeT CIIapEHHBIE PsIbl MEJIKUX TpaHyl, COeIH-
HAIOIIMECS B IIMPOKHE Nojockl. Ha KOHILE psSI0oB MOXET HaXOIUThCH
Oonee KpymHas rpaHyia. MeXay MOJ0ocaMu TpaHysl pacHoJararoTcs
OTJENbHBIE TpaHylbl pa3HoOro auamerpa. OpHEeHTalus I[0JI0C TpaHyll
TOYHO COOTBETCTBYET OPUEHTAIIMN MUKPODUOPHILT B 000JI0UKE.

C BHyTpeHHEW CTOPOHBI IUIa3MajieMMa HECeT OTIENIbHBbIE IPAHYJIBL.
BbuTo BBICKAa3aHO TPEATNIONIOKEHUE, YTO TIIOJIOCHI TPAaHYJN SBISIOTCS Me-
CTOM CHHTE3a LEJUIIOJIO3HBIX MHUKPOQUOPUII, KOTOpPbIE BCTABISIOTCS
B TIIyOOKYIO BBIEMKY MEXIy mapaMu psaoB rpanyid. C Ipyroil cTOpoHSI,
U3 aHajaM3a AJIEKTPOHHBIX MHUKpooTOrpadguili KOPTHKAIBHOTO CIIOS IH-
TOIIa3Mbl M KjeTouHod crteHku Qocystis solitaria caeman BBIBOI, YTO
YIOPSIOYCHHAs OpraHu3alus MHUKpoGUOpHiuT 00ycIOBI€HAa MHUKPOTPY-
00YKaMH, COCPEJOTOYCHHBIMH B IPHUMEMOpPAHHOM CIJIO€ ITUTOILIA3MEI.
B monb3y 3TOil rumore3bl CBHUIETEIBCTBYIOT OIBITBI C WHIHOMTOpaMH,
NEHCTBYIOIIMMU Ha MHKPOTPYOOUKH, Hampumep ¢ KoJxuiuHoMm. OO0-
paboTKa KIETOK KOJIXMIIMHOM MPUBOAUT K JAEHOJUMEpPHU3ALMH MHUKPO-
TpyOOUeK W HapyllaeT OpUEHTAUuIl0 MUKpopuOpwui. Y Bojgopocieit
(0COOEHHO C MOHAJHOW OpraHu3anuei), MOMHUMO LMTOIIA3MaTHYECKON
MeMOpaHbl M KJIETOYHBIX CTEHOK, Habmtomaercs OONbIIOe pa3zHOOOpas3ue
KJIETOYHBIX TIOKPOBOB. OTH IOKPOBBl MOXHO pAaCHpeleNuTh Ha JBe
rpynnsl: (GopMupyrOIIKMEcs MOJ LUTOILIa3MAaTUYeCKOW MeMOpaHol U Ha-
XoJIuecs: KHapyXu oT Hee. K MepBbIM OTHOCATCA: NMEPUIIACT KpPHII-
TOQHUTOBBIX, MEIUIMKYTAa HBIIEHOGUTOBBIX W TeKa IUHOQIIAreiuar; Ko
BTOPBIM — PA3JIMYHOrO poja 4YelyWkH, oOpasyloliue MOKPOB CHAPYXKH
OT UUTOIUIA3MATHYECKON MeMOpaHbl, 0COOEHHO XapaKTEpHBIC IUIS 30JI0-
TUCTBIX M TanTo(QUIMEBBIX BOAOPOCIEH, HO BCTpeyaroluecs U y 3ele-
HbIX. OcoOble MOKPOBbl — MaHLUMPU JUATOMOBBIX BOAOPOCIEH, HEro-
JHbIE 000JI0UKH—/OMUKHU 30JIOTUCTHIX, IBITICHO(QUTOBBIX BOJIOPOCIEH.

HUTOIIJIABMA

[MuTomnasmMa — 4acTh KJIETKH, OCTAIOIIAsACA IOCIE yJAJEHUs pas-
JUYUMBIX B CBETOBOM MMKPOCKONE OpraHei (sapa, MJIACTUA, MHUTOXOH-
npuii, Bakyosied). OCHOBHas IUIa3Ma — MEJKOIPaHYJIMPOBAHHBIA MaT-
PUKC—COAEPKUT YIbTPACTPYKTYPHbIE OpraHeuIbl IUTOIIa3Mbl: IJIa3-



MaJeMMY, SHIOIJIa3MaTUYECKYyl0 CeTh, ammapar [oibmaxu, MHKpOTpY-
604kH U Tp. (cM. puc. 5).

MemoOpanbl. DIIEKTPOHHBIN MUKPOCKOII ITOKa3bIBAET, YTO LIUTOILIA3-
Ma IMPOHH3aHA MsI OrOYMCICHHBIMM MeMOpaHaMHu, MMEIOLIMMH Ha Cpese
BHJI JBOWHBIX TEMHBIX JIMHUM, 3aKIIOYAKOIIUX CBETJIOE MPOMEKYTOYHOE
npoctpancTBo. CHapyXu KIETKa OrpaHHYeHAa TaKOW TUIMYHOM 3JIEMEH-
TapHOH. MeMOpaHOW—IIIa3MaieMMOl, KOTOpas B JKUBOM KIIETKE 00-
JaJaeT CBOMCTBOM IIOJYIPOHUIIAEMOCTH W BBINOJIHAET OapbepHyro (yH-
KU, Bce KieTouyHble OpraHeilibl OTPaHUYEHBl TAKOW SJIEMEHTapHOMU
MeMOpaHoO#l. Slnpa, MIacTHIbl, MUTOXOHAPUH OTAEICHbI OT OCHOBHOM
I1a3Mbl 000J0YKaMHU, COCTOSLIMMH M3 JBYX (B ciy4yae IUIacTU] U OOJb-
IeTO YUCia) MeEMOpaH.

BHyTpu kieTku nuroruiasMa OTrpaHHuY€Ha OT BaKyoJe BaKyouisp-
HOW MeMOpaHOH—moHonIacmom, WMEIOLUMM Ty K€ MPUPOLY, UTO
u miazMaineMma. Hapsay ¢ mepedncieHHbIMH CTaOMIIBHBIMH MeMOpaHa-
MU, OTI'PaHMYMBAIOLIMMM KJIETKY OT HapyXXHOW Cpelbl U OpraHeylbl OT
OCHOBHOH IU1a3Mbl, CYIIECTBYET €lLI€ 4Ype3BblYallHO H3MEHYMBasi BHYT-
pEeHHsAA cucTeMa MeMOpaH — 2HOONIA3Mamuyeckas cemb. JTa CUCTEMa
o0Opa3oBaHa OIpaHMYEHHBIMH 3JEMEHTAPHOW MeMOpaHOH MJIOCKUMH IIO-
JbIMH IIUCTEPHaMU U TpyOOUKaMu CBS3aHHBIMH B ceTb. HapykHas
MOBEPXHOCTh 3HJIOIJIA3MAaTUYECKOW CeTH 4acTo (HO HE BCEra) MOKphITa
pubocomamu. COOTBETCTBEHHO pAa3IUYAIOT ILIEPOXOBATYI0 M IJIAAKYIO
SHJIOIUIA3MAaTUYECKYIO0 CETh, KOTOpas MOXET BCTPEYAThCS B OJHOM M TOU
KE KIETKe. OHJIOIUIa3MaTU4ecKass CEThb WUIPAET pOJib B IEPEIBUKEHUHU
U pacmpelielieHUH BEUIeCTB BHYTPHU KIIETKU. PuOOCOMBI, CBSI3aHHBIE C Me-
MOpaHaMy IIEPOXOBATOM 3SHAOIUIA3MATHYECKOM CETH, OCYIIECTBISIOT
CHHTE3 Oellka.

Annapar T'oabmpxu. Annapar ['onbmpku (cM. puc. 5) COCTOUT U3
OUKmMuocom, OHOM (B MEJKUX KJIETKaX) WM MHOTHX (B Oojee KpYyIHBIX
KJIETKaX MHOTOKJIETOYHBIX BOJOPOCJEH, HallpUMEp B PU30MIAX Xaphl, UX
HacuuThiBaeTcs Oosee 25 000). Kaxxnmas mukrocoma MpeAcTaBisieT coOou
CTONKY IUIOCKMX OJIOALEBUAHBIX LHUCTEPH, OTPAHUYEHHBIX 3JIEMEHTap-
HOM MemOpaHoW. UHCIIO HUCTEpH B CTOMNKE, T. €. IPUXOAALIUXCS Ha OJIHY
TUKTHOCOMY BapbupyeT oT 3—7 no 30. Ot kpaeB unmcrepH, Oojblueit
YacTbi0 B3AYThIX, OTIIHYPOBBIBAIOTCSI MEJKHE IY3bIpbKHM — BE3UKYJIbI
l'ombmxu. Bcest opraHeiia HOCUT IOJISIDHBIA XapakTep;, B HEH HMMEIOTCA
MPOKCUMAJIbHBIA, WK (OPMUPYIOUINH, MOJIIOC (PacHoyIOKEHHBIN Onmke
K S1py) U JUCTalbHBIA, WU CEKPETUPYIOLUHM, MOMOC (YJAJEHHBIM OT
a1pa), IAe LUCTepHbl 00pa3yroT OOWJIbHBIE MY3BIPHKU M (PparMeHTupy-
forcsi. TakuM 00pa3oM LUCTEpHBI NMOCTOSHHO NepeMelaroTcst oT (hopMu-
pyrolero mojiroca K cekperupyromiemy. OO0pa3oBaHHE HOBBIX ITUCTEPH
lNonpmxn, nO-BUIMMOMY, NIPOMCXOAUT 32 CYET CIUSHUSA Iy3BIPHKOB,
KOTOpBIE OTHOYKOBBXBAIOTCS OT 3H]IOMJIA3MATUYECKOM CETH WM HapyK HON
MeMOpaHbl  siiepHOH 00onouku. Ecaum  ocHOBHOH — QyHKIuMEH 3HIIO
IUIa3MaTHYECKOM CeTH SBJISETCS MOJUMEpU3aIsl aMUHOKHUCIOT B CIELU
¢uueckue MOMUMNENTUABI, TO B amnmapare [oJbIKu W3 MPOCTHIX CaxapoB
CUHTE3UPYIOTCS OJUroMepHble yrieBojabl. [lo mepe co3peBaHusi LUCTEPH
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JUKTHOCOMBI (OT MPOKCHUMAaJbHOIO €€ IOJIca K JUCTaIbHOMY) BOJS-
HUCTasi KUAKOCTb DSHJIOIUIA3MATUYECKOM CEeTH WIM IEePUHYKIEapHOTro
IPOCTPAHCTBA, KakK IpaBWilo, oOoramaercs yrieBoAaMH, UYTO MOXKHO
BBISIBUTH THUCTOXMMHUYeCKH. DyHKIuU anmapara [ oipmku MHOrooOpas-
Hbl. OH yuyacTByeT B OOpa30BaHMHM MAaTpUKCa KJIETOYHOM OOOJOUKH.
B pesymbrate cnmsHUS 1y3BIpbKOB [ONBIKM BO3HHMKAET KJIETOYHAsS
(cpenuHHast) IUIACTMHKA, NPUHUMAONIAS YYacTHE B LIUTOKMHE3€ MHOTHX
3eNeHbIX Bojopociei. CpenuHHas IUTACTUHKA MpeNCTaBiIsieT coOOM To-
JTYKUJIKANA CIOW W3 TEMULEIUTIONIO3bl M IMEKTUHOBBIX BEILECTB, COCTaB-
JSIOUIMI MaTpUKC KIETOYHOM 000JOYKH, B KOTOPOM IIO3]IHEE IOSBIIA-
10Tcsl GuOprLIbl 1emunono3sl. CuHTe3 QUOpHUIUI, Kak MPaBHIIO, OCYILECT-
BIISIETCS TIa3MalieMMoil. MeMOpaHbl k€ My3bIpbKOB [0NIBIKK TIpeo0-
pasyrorcss B IazMaiemMmy. Amnmapar [onpIKM TOCTaBIsSeT TaKxke
MaTtepuajl MaTpuKca JUId PACTSDKEHHs KJIeTOYHOW cTeHKW. [ly3pipb, rme
OTKJIA/IbIBACTCS KPEMHE3eM U B KOTOPOM (OopMHUpYeTcs HOBas CTBOpPKa
JTUATOMOBBIX BOJIOPOCIIEH, TAaK)K€ BO3HUKAET 3a CYET CIHMSHHUS I1y3bIpb-
koB ['onmpmku. To e OTHOCHTCA M K MeMOpaHe — CHIIMKOJIEMME, OKpY-
JKarollel Iy3bIpb, B KOTOPOM 3aKJaJbIBae€TCs KpeMHe3eMHas 000JI0uKa
9H/IOIIA3MATHYECKUX CTAaTOCHOP 30JIOTUCTBIX Bojopocied. B uumcrep-
Hax ammapara [onbmaxku HaOMONAIOTCS HE TOJBKO PAacTBOPEHHBIE Belle-
CTBa, HO U O(GOpPMIICHHBIE YCIIYHKH COCTaBJISAIOIINE KJIETOYHBIH MOKPOB
MHOTHX MOHAJIHBIX 30JIOTHCTBIX W HEKOTOPBIX 3EJIEHBIX BOJOPOCIEH.
Yemryiiku BBIACTSAIOTCS Ha TOBEPXHOCTh KIETKH IIyTEM HK30IUTO3a —
0Py CIUSHAA MEMOpaHBl IMCTEPHBI, COJAEpKalleld TOTOBYIO YEIIYHKY,
¢ IMmia3MareMMoil. B 93Toil cBsf3M 3aciyKMBAlOT BHHUMAaHHUS JJaHHBIE
P. bpoyna c¢ corpymaukamu (R. M. Brown et al., 1970), oTtHOCsmmecs
K rantoduuumeBoir Bogopocinu — Pleurochrysis schlerffeli. Ha nomnepeu-
HOM pa3pe3e uepe3 3pellyl0 BEereTaTuBHYI KIETKY OTOW BOJOPOCIU
MOXHO BHJETb, YTO KIETOYHBIM IOKPOB 0OOpa3oBaH MHOTHUMH CIIOSIMH
PBIXJIO PACIIOJIOKEHHBIX YENIyeK, MOTPYXEHHBIX B MaTepHai, MO-BUIH-
MOMY, MEKTUHOBOH npupojsl (puc. 1.). Ha TaHreHTaqIbHOM Cpe3e KIIETKH
YEeIIyHKH TPEeACTaBJIAIOTCS B IUIaHE: HUX OCTOB 00pa3oBaH LIEJUIIOJIO3-
HbIMH MHUKpO(UOpWIITIAMH, W3 KOTOPBIX OJHHU PACHOJAraroTCsl KOHIIEHT-
PUYECKUMHU KpyraMH, OpyTue — pacXOoIsATCs paJualbHO W3 IEHTpa de-
nryek. OTH 4Yeuydkd (OpMHUPYIOTCS B IUCTEPHAX ammapara [ ojbaKu.
[Iporiecc HaumHaeTcs B NPOKCHUMAbHBIX (PACIIOJIOKEHHBIX OJMKE K SII-
pYy) LUCTEepHax: LIEHTpaJbHAas pPACIIMPEHHAs 4acTh TaKUX LMCTEPH SIBIIA-
€TCsl MECTOM IOJIMMEpHU3alMH TJIIOKO3HBIX MOHOMEPOB B KpHCTaJUIMuec-
KyIO CeTh LEJUIIOJIO3HBIX Iienedl. B nucTtambHBIX (PacHosIOKEHHBIX OJMKe
K TOBEPXHOCTH KJIETKH) HUCTEPHAX MOXKHO BHJIETH YK€ 3pellble UelIyid-
KHA; MX OCTOB 00pa3oBaH CEThbIO IEJUIIOJIO3HBIX MHUKPO(UOpWILI, OgHA
9YacTh KOTOPBIX PACIOJIO0KEHAa KOHIEHTPUYECKHUMHU KpyraMu, a Japyras
pacxoauTcs M3 LEHTpa MO paauycaM. MeMmOpaHbl CaMbIX Hapy>KHBIX
IUCTEPH C YK€ TOTOBBIMH UCIIYHKaMH, MO-BUIMMOMY, CIHBAIOTCS C ITH-
TOIJIa3MaTUYeCKOW MeMOpaHOi, NpuUHUMas, TakuM o00pa3oM, ydacTue
B BBIJICJICHUU TOTOBBIX DJIEMEHTOB KJIETOYHOTO IMOKPOBA Ha IOBEPXHOCTH
KJIETKH, TJIe OHM pacroniaraiorcs HamojoOue uepenuu. Ilogcuurano, uto



Puc. 1. Cxema ¢popmupoBanus demryek Pleurochrysis scherffeli. LlenTpanbHas pacmmpen-

as 4acThb B IPOKCHMAJIBHBIX (PAacHONOKCHHBIX OJIM)Ke K SIpy) IMCTEpHAX ammapara

lonpmxu ABIISICTCS MECTOM HOJMMEPH3ALUH TTIOKO3HBIX MOHOMEPOB B KPHCTAIUTMUECKYIO

CeTh LEJUTIONO3HBIX Ienei. B aucTanbHbIX (pacmosoKeHHBIX ONMke K MOBEPXHOCTH KIIET-

KH) [UCTEPHAX YK€ HaXOAATCS 3peJible YeNIyHKU; MeMOpaHbl CaMbIX HAPY>KHBIX LUCTEPH

C y>K€ TOTOBBIMH UEIIyIIKaMH CIMBAIOTCS C MJIa3MalieMMOW. Briiensis yenyku Ha IoBepX-
HOCTb KJIETKH:

1 — OPOKCUMAaJIbHBIC UCTEPHBI, A1l — AUCTAJIBbHBIC HUCTCPHBI C ‘ICHIyﬁKaMH, q— ‘ICHIyﬁKPI Ha I0BEpX-
HOCTH KJICTKH

y Pleurochrysis scherffeli ammapar ['onbKu KakIble JBE MHHYTBHI IPO-
OyUUpyeT OAHy uemryiky. Takum oOpa3oM, CKOPOCTh MPOAYKIIMH YElly-
€K JIOCTaTOYHO BEJIMKA, YTO, BO3MOXKHO, CBSI3aHO C OOJIBIION ToTepei
PBIXJIO PACIIONO0KEHHBIX YEHTyeK

bputo 10Ka3aHO, YTO OCHOBHOM CTPOUTEIbHBIN MMOJIUCAXAPUT YEITYEK
IJIEBPOXpU3KHCAa — LEJUII0NI03a. DTUM OBUIO MPOJIEMOHCTPUPOBAHO, YTO
anmapar [ onmpIKM  ydacTByeT HE TOJNBKO B CHHTE3Ee aMop(HOTro
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MaTpUKca KJIETOYHOM CTEHKH, HO M B CHUHTE3€ IEJUII0JI03bl, NpPUHUMAs
Ha ce0s MopdoreHeTnyeckre (GYHKIMUU, OOBIYHO BBINOJHSIEMbIE Ia-
3manemmoil. Jlo sToro wmccienoBaHusi kiaetoyHoro mnokposa P. scherffeli
OOIIEeNPU3HAHHBIM CUUTAJIOCh, YTO ONOpPHBIE (UOPUIUIBI  LEJUTIOI03bI
oOpa3yrloTcsi Bcerjga BHE TNpoToIUlacTa  Onarojaps — HampaBlICHHOW
Hapy)Xy akTHBHOCTH IUIa3MaJeMMbl. BO3HHMKHOBEHHME 4YEIIyeK, KOK-
KOJIUTOB B MLMCTEepHaX ammapara [OiapIpku K HAcTOSALUIEMY BpEeMEHU
ONKMCAHO Y MHOTUX NIPEACTaBUTEIIEH.

B psape ciayuaeB, Hampumep y 30J0THCTOM BOJOPOCIH OXPOMOHAC,
ObUIO IOKa3aHO, YTO B COOPKY M BBIBEJIEHHE HA IOBEPXHOCTh KIETKH
MacCTUTOHEM BOBJe€YeHbl My3blpbkd [onbmxu. CamMu MacTUrOHEMBI, Oy-
nyuu OenkoBOMl mpupoabl, 00pa3yloTcs HE B Iy3bIppkax [ 'oybpKw,
a B MEpPUHYKJIEAPHOM IPOCTPAHCTBE, T. €. B CHUCTEME CHHTE3UpYIOLIEi
0€JI0K SHI0IUIa3MAaTHYECKOM CeTH.

Opna u3 Qynkumii anmapata [onbKU peryisuus CcoAepKaHus
BOJbl B KieTke. Y padumoduroBoit Bomopocau Vacuolaria virescens
OBLIO TPOJAEMOHCTPUPOBAHO BO3HUKHOBEHHUE IYJIbCUPYIOIIUX BaKyoJei
nu3 ammapara [onpmxu. CokparuTenbHass Bakyojdb 3TOH BOJOPOCIH
MpeACTaBIsIeT co0oil pazdyxmryto muctepny [ompmku. [lpu «cokparie-
HUM» OHA CJIMBAeTCs C IJIa3MaJeMMOM, M €€ JXKHMJIKOE COJIEPKUMOE
yrajsieTcs: U3 KJIETKU IyTeM 3K301uTo3a. Bakyonb, mo cyiiecTBy, U He
SIBJIIETCS. COKPATUTEJIBHOM, TaK KaK OHA IOJHOCTBIO MCUE3aeT U 3aMEHs-
eTCcsl HOBOM LUCTEpHOH. DTO mpolecc, OOpaTHBIM MpPOLEcCy aKTUBHOIO
HOIJIOIIEHUST BOJBI MyTEeM NHHOIMTO3a (PHIOLMUTO3a). bbulo moOKaszaHo,
YTO KaxKJble 75 ¢ U3 KJIETKHU BBITAJIKUBAETCS HOBas Bakyoijb U 3a 30 MuH
BBIJICJIICTCSI KOJIMYECTBO BOJbI, COOTBETCTBYIOLIEE IOJIHOMY OO0bEeMy
KJIeTku. Anmapar [OnbIKM CBSI3aH C CEKPETOPHOH JESATEIHHOCTHIO
KJIETKH, HpU €ro ydacTHM o0Opa3yloTcsi, I0-BHIUMOMY, TPUXOLUCTSHI,
3PKEKTOCOMBI, BO3MOXKHO, BBIAEISETCS Kierouias cyOcTaHIUs, CHoco0-
CTBYIOLIAsl IPUKPEIUIEHUIO CIIOp K CyOCTpary, u T. 1.

Mukporpy0ouku. [Tomrmo 3HA0IIIaA3MAaTHUECKON CETH, B IIUTOILIA3-
Me KJIETOK BOJOpOcCied OOHapy>KMBAIOTCS TpyOdaThle 3JIE€MEHTbl — LU-
TOIIa3Maruyeckue MUKpoTpyOouku. MX cregyer oTimyaTh OT MHKpPO-
TpyOOUEK, COCTABIIAIOLUIMX AKCOHEMY PECHMYEK M KI'yTUKOB. B oTimume
OT TOCJEIHUX O00pa3oBaHUE LUTOIIA3MATUYECKUX MHUKPOTPYOOUEeK IO-
JaBJsIeTcd ACMCTBHEM KOJIXULMHA, OHM HCYE3al0T M3 LUTOIUIA3Mbl IPU
HU3KOW TemIiepaType U BBICOKOM THJPOCTATUUYECKOM JaBJIE€HUHU (BCE ITHU
BO3/JICUCTBUSl HE OKAa3bIBAIOT BIHUSHHUS HAa MUKPOTPYOOUKH AKCOHEMBI
KryTukoB). Lluroruiasmaruyeckue MHUKpPOTPYOOUKM — KpailHEe JAMHAMU-
YEeCKHE KJIETOYHBIE CTPYKTYpbl: OHM TO IOSIBJISIFOTCS, TO HCYE3AIOT,
YMEHbBIIAIOTCA WM YBEJIMYUBAIOTCA B UHCIE, MEPEMEIaloTcs U3 OJHOMN
4acTH KJIETKHM B Jpyryto. CTEHKH MHKpOTpyOOueK oOpa3oBaHbl IJ100Y-
JSPHBIMU  MakpoMoJsieKyidamu. XOTsS UUTOIUIA3MATUYECKUE MUKPOTPY-
OO0YKM TOKa HE yJaeTcs BBLIENUTh U3 IMTOIUIA3Mbl M aHAJIM3UPOBATh, HA
HUX OOBIYHO pAaCHpOCTPAHSIOTCA JaHHbIE, IOJYyYEHHBIE B OTHOILLIEHUU
MHUKPOTPYOOUEK KI'YTUKOB, MOJIAIOLIMXCS H3OJUPOBAHUIO U OMOXUMHU-
yeckoMy aHanu3y. llpuHHMMaercs, 4TO LMUTOIUIA3MAaTUYECKUE MUKPOTPY-



00YKH, KaK U MHUKPOTPYOOUKH >XKI'YTHKOB, 00pa30BaHbl OelKaMu TyOyiu-
HaMH, TI0 AMHHOKHCIOTHOMY COCTaBY HAIIOMHHAIONMMH AKTHH MBbIIII.
HuTomna3smarudyeckue TpyOOUKH pa3iMyaroTCs M0 MOJO0XKEHUIO B KIETKE U
Ha3HAUEHHWIO: OJHHM YYacCTBYIOT B OOpa3oBaHHM SACPHOTO BepeTeHa
(Tak Ha3bIBaEMble «BOJIOKHA» MUTOTHYECKOIO BEpETEHA HE YTO MHOE, KaK
BOJIOKHHCTBIE JJIEMEHTHI, BO3HUKAIOUINE B pPE3yJIbTaTe arperanud MHK-
poTpyOouek npu (¢UKcanuu); APYrue CBS3aHbl C IUTOKUHE30M — Yda-
CTBYIOT B o0Opa3oBaHuu ¢parmoriacta v (UKOIIIACTa; TPEThH, CO-
OCTBEHHO IIMTOIUIA3MAaTHUYECKUE MHUKPOTPYOOUKH, MPEICTABIAIOT CO00it
CKeJIeTHYI0 cucteMy KieTku. [locnmenHsss 0ocoOEHHO CBOWCTBEHHA TOJBIM
KJIeTKaM, (opMa KOTOPBIX OIpeneNnseTcss MUKpPOTpyOoukamu, o0pazy-
IoNMMA  Tiepudepryeckiii  MUKpockeneT. Hampumep, acuMmMeTpuyHas
dopma KJIETKH TOJOH 30JIOTUCTOW BOAOPOCIH OXPOMOHAca OIpeelseT-
Csl TIPUCYTCTBHEM ILHUTOIIA3MATHYECKHX MHKpPOTPYOOYEK: IMPH BHICOKOM
THJIPOCTATUYECKOM JaBJICHUU MM OO0pabOTKEe KOJXMLMHOM (BO3JEHCT-
BUSIX, TIOJABISIONIMX OOpa3oBaHHE IMTOILIA3MAaTHYECKHUX MHUKPOTPYOO-
4YeK) KIETKH OXpOMOHaca NpuUHUMAIOT cdepuueckyro (opmy. CBoeoO-
pasHas TeTpadApuieckas (opMa 300CHOp 30JIOTUCTONW BOJOPOCITH THJ-
pypyca Takke OIpelesseTcss CUCTeMOW MHUKpoTpybouek. Mukpotpybou-
KA OTBETCTBEHHBI HE TOJIBKO 3a TOJJEp)KaHWe, HO W 3a H3MCHEHHE
(GopMBI TONBIX KIETOK, HAllpUMep 300CHOpP BOJSHOW CETOYKH, IMEAHACT-
pyMa Bo Bpemsi (pOpMHUpPOBaHHS HMX TOYEPHUX LEHOOHMEB, a TAKXKE B TIPO-
[[ecce MHBEPCUU INpU OOpa3oBaHMM JOYEPHUX CGHEPOHIOB BOJIbBOKAJb-
HBIX. MHKpPOTPYOOUKH, JIOKAJIIM30BAaHHBIE HAa TEPEJHEM KOHIE CIepMaro-
304I0B 3JIOTOHMYMA, BO3MOXKHO, HAapsiAy CO JKIYTHMKOBBIMM KOPHSMH
u (UOPO3HBIM KOJIBIIOM OTBETCTBEHHBI 3a T€ HW3MEHEHUs (DOPMBI KOH-
YUKOB CHEPMAaTO30HM/I0B, KOTOpbIe HAOIIOAAIOTCA MEpes CaMbIM IpOoLec-
coM ImuazMoramuu. B pspe ciayuyaeB (TMMEHOMOHAC, JUXOTOMOCH(OH,
BOJIbBOKC, JJIOTOHMYM, XJaMHUJOMOHaJga) MHKPOTpYyOOuKH HalOiona-
JHCh IO COCEICTBY C XJIOPOIIACTAMH, TEKaJIbHBIMH LUCTEPHAMH Y -
HO(UTOBBIX BOJOPOCIEH, NEITUKYIION 3BIIIEHO(PUTOBBIX U TIP.

AKI'YTUKHU

CrpoeHue KryTukoB. MoHaJHbIE KJIETKU CHAOMXEHbI JKI'YTHKAMH.
JKryTtukny Bcex BOAOpPOCIIEH HMEIOT €ANHBIN IIJIAaH CTPOCHHS.

JKryTuk MOKHO MOApa3JeNINTh Ha HAPY)KHBII U BHYTPEHHUI—3KCT-
pa- ¥ MHTpALEIUIIOSPHBIN oTpe3ku. HapyxkHblif OTpe3ok, wiu cBOOOA-
Has 4acTb JK['yTa, B CBOK OY€pedb, COCTOMT M3 TPEX YacCTEH: KOHYUKA,
IJIaBHOTO CTEPXKHA W MEPEXOJHOW 30Hbl. BHYTpeHHUN — HHTpaUEUIIo-
JSIPHBIA — OTPE30K OXBaThIBA€T OCHOBaHME >XryTa (0a3ajbHOE Tejo)
Y KOPHH KT'yTa.

Ce0600Has uwacmb Kryra Bcerja OfeTa >KI'YTUKOBOH MeMOpaHOH,
KOTOpasi HE YTO HWHOE, KakK NpPUIOAHATAs (BBIIAYEHHAs) LUTOILIA3-
matuyeckass memOpana. Tak, y Oypoil BOAOpOCIM AMKTHOTHI €IWH-
CTBEHHBIH JXI'YTUK (BTOpPOM penylHpOBaH) HECKOJBKO pa3 CBEPHYT IO
CIMpalM BOKpYr Mojonxoro cmnepMarozouja. Ha cpese depe3 Takou
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CIepMaTo30M]l MOoA MeMOpaHOH, ojeBamolleil KIeTKy, MOXXHO BHIETb
MUKpPOTPYOOUKH  KIyTa, XapakTepHbIM  OOpa3oM  PACIOJIOKEHHbIE
(9 — 9 + 2), 6e3 kakoi-nub6o cobcTBeHHO MemOpanbl. Ilocie ocBobo-
KACHUSI CIEPMATO30MAa NEPBOHAYAIBHO 3aKpPY4YEHHBIH IO CHUPATIU
KTYTUK DPa3MaThIBAeTCs, MPUIOJHMMAs IMPH 3TOM IHUTOIUIA3MAaTHYECKYIO
MeMOpaHy KJIETKHU, KOTOpass Ha 3TOH cTaguu [JoJDKHAa OBITh B OYEHb
Ja0unbHOM cocTosHuU. HaoOopoT, mHpu BTATMBaHUM JKI'YTHKOB, Ha-
OpUMep MpU OCTAaHOBKE CHH300CIOp BOLIEpUH, HX MemOpaHa cTa-
HOBUTCSl YacThbl0 IUTOIUIA3MaTHYecKo MemOpanbl. KHapyxku oT Xry-
TUKOBOW MeMOpaHbl HAXOJUTCSA UYEXOJ — CJIOM Marepuana, MOKphIBa-
IOLIETO XKI'yT Ha OOJIbIIEM MPOTSXKEHUU €r0 JUTUHBI.

[Ton memOpaHO# XryTa HaXxOAMTCS MaTpUKC, OOpa3oBaHHbBIN Oel-
KaMu. Becbh JKIyTHMKOBBI amnmapar NpPOHM3aH IMYyYKOM OenKoBbIX (uod-
P WJIM MHKPOTPYOOUEK — aKCOHEMOM, MOoMepedHbIil pa3pe3 KOTOpou
BBIIJIAUT HEOJMHAKOBO HAa pa3HBIX YPOBHSAX HKIyTa: B €ro KOHYHKE,
[JIaBHOM CTEp KHE, [IEPEX0IHOM 30HE U Oa3anbHOM Tene (puc. 2).

Ha nonepe4HoM cpese Ir1aBHOTO CTEPKHS BUAHO TUIIMYHOE [T BCEX
BOZIOpOCIIe (M BOOOIIE JYKAPUOTHUYECKUX PACTUTEIBHBIX W KUBOTHBIX
OpPraHU3MOB) PACIOJIOKEHUE MHUKPOTpYyOOueK WM (UOPHIUL: KOJBLIO HU3
neBATU map (Ay0JieTOB) MUKpPOTPYOOUEK OKpYXKaeT JABE OJWHApHbIE IIEH-
TpaJbHblE MHUKpOTpyOOouku cTpyktypa (9 — 9) + 2. Kaxnsii ny6ner
oOpazoBan «A» u «B» wmukporpyboukamu, «A» TpyOOUKa KaxJI0To
nybnera cHaGkeHa IBYMsI KOPOTKMMH BBICTYHAMH — OOKOBBIMH «pY-
KaMu», OOpalleHHBIMHA K CIEIyIImEeMy OyOJeTy, M paJualbHBIM TKEM
(crinueit), coeauHsAOIMM nepudepuueckuil 1y0oneT ¢ LEeHTPaIbHBIMU
MUKpPOTPYOOUKaMH, KOTOPbIE MOTYT OBbITh 3aKIIOYEHbl B OOMIMI 4YeXoJl.
Kpome Toro, umerorcss MHTEpAYOJIETHbIE COEIUHEHHUS — TSKU, COCIMHSA-
IOIIKE yOJIEThI, U PSi TOMOJIHUTEIBHBIX 00pa30BaHUM.

‘f‘llM-"" I B
: }":b ¥ 4% ' _____—. 4
A

Puc. 2. Cxema DJIEKTPOHHO-MHKPOCKONHMYECKOro cTpoeHust krytukoB Chlamydomonas.
A — TpOIONBHBIA pa3pe3 JKIyTUKOB, b, B — momepeuHblii pa3pe3 dYepe3 KOHUUK IKIyTa,
["— mnonepeyHblil cpe3 uepe3 CTep:KeHb KIryTa, /] — nepexoaHas 30Ha, £ — MonepedHblit

pa3pes uepe3 OCHOBaHHE KIyTa — 0a3albHOE TENO (CM. TEKCT)



Puc. 3. Cxema crTpoeHHMs 1IyOneToB B JKTYTHKE
Chlamydomonas reinhardtii: A — mnocnexoBarens-
HOCTb PAaCTBOPEHUS MHKpPOTPYOOYeK >KIyTHKa: Yyja-
JICHUE MeMOpaHbl JKI'yTHKA OCTaBISIET HETPOHYTO
aKCOHEMY, COJIepIKallyl0 JAEBATh HapyXHBIX ayOue-
TOB W JBe IeHTpalbHBIe Tpybouku (9-9+2). Ilpm
00paboTKe aKCOHEMBI BO3PACTAIOIIMMH KOHIEHTpA-
OUSIMHA CapKO3WJIa YAQIACTCS OJHA M3 LEHTPAJIBHBIX
TpyOOYeK, 3aTeM pacTBOPSICTCS OCTABIIAsCS LIEHT-
panbHas TpyOOYKa, YacTO BMECTE€ C HapyXXHOH dYa-
CTbI0 TpyOOUKkM B. b — WMHTaKkTHBIC HapyXHBIE ay0-
JIeTBl PAaCTBOPSAIOTCS B TaKOM IMOCIeI0BaTEIbHOCTH
(cBepxy BHH3): HapyXHas 4acTb TPyOOUkH B, ocrta-
BIIAsICSL 4acTh TPyOOUKHM B, HapyHas 4acTb TpyOo-
yku A. A — ocTaTtok TpyOOuku A, 3a HUCKIIOYCHHEM
TpeX MEepPBUYHBIX HUTEH, COCTABISIONIMX IEPEropoj-
Ky Mexay Tpyboukamu 4 u B. B — cxema, wirocrt-
pUpyloIas THHOTETHYECKOE PACHOJIOKEHHE TYOyIIH-
Ha 1 (Oenbie cyObeTUHAIIBI) U TyOyIHHA 2 (YepHEIC
CyOBEIMHHUIIBI) B HAPYKHOM TyOIeTe

ToHKast CTPYKTYpa MUKPOTPYOOUEK, COCTABIISIIOLINX HapyXKHBIE TyOJICTH )KI'YTHKOB
1 PECHHYEK, cTasia 00bEKTOM MHOTOUYHMCIICHHBIX HcciienoBanuid. [TonqpoOHO ObLTH M3ydeHBI
U OKTYTHKOB IIPOCTEHINeH MOHAIHOM 3€leHOoil Bomopociu XiaMuaomMoHaca. Jly6-
JeThl 00pa3oBaHbl CyObEAMHUIIAMH — IEPBUYHBIMH HUTSIMHU, B CBOIO OUYepE/lb COCTOSIIUMHU
W3 OJHOTrO psna chepuueckux cyObeaunmil. Kaxapiid myOneT coaepKuT 23 mepBUYHBIE
HUTH: MHKpPOTpyOOouKka «A» obpa3zoBaHa 13 MEepBUYHBIMH HHUTAMHU. U3 KOTOPBIX 3 pac-
TIOJIOXKEHBI MEJMAaHHO, CO3/aBas EPEropoAKy MEXIY IpocBeTaMH «A» u «B» MUKpOTpy-
6ouek. «B» mukpoTpybouka BrmouaeT 10 nepBuuHbIX HUTEl (puc. 3, B).

I'. Burmasn ¢ coasr. (G. Witman et al., 1972) pa3paGoTani METOIbI H30JISALUH KTy TH-
KOB XJIaMHJOMOHaca ¥ WX ()pakIHOHMPOBAHMS Ha MeMOpaHy, MaCTUTOHEMBI (BOJIOCOBU-
HbIe 00pa30BaHMUs, NPUKPEIUICHHBIE K JKI'yTUKOBOM MeMOpaHe). MaTpUKC M KOMIOHEHTHI
akcoHeMbl. HapyxHble ny0neTsl 3ateM ObUIM pasfeneHbl Ha «A» U «B» MUKpoTpyOouKn
M BbIJICNICHA IIEPEropojKka MEXAYy HHMH, 00pa3oBaHHAs TpPEeMsl INEPBUYHBIMH HHTSIMH.
Kaxnsrit u3 KOMITOHEHTOB 0BT H3y4YeH 3JIEKTPOHHO-MUKPOCKOIIHYEC-
KU U OMOXUMHUYECKH. V30TMpOBaHHBIE MACTUTOHEMBI 00Pa30BaHbl AIUIUIICOMTHBIMU CyOb-
eAVHUIIAMH, COCIMHEHHBIMHU KOHEI[ K KOHILy, ¥ COJAepkKaT OJHH INIMKONpoTeuH. Ppakuus
MaTpuKca BKJIOYaeT psii OenkoB. V30mMpoBaHHBIE aKCOHEMBI YIEPKUBAIOT CHavasa
UHTaKTHYIO (9-9+2) cTpyKTYypy, a JajbHeilee UX (ppakuHOHUPOBAHHE OCYIIECTBILSIETCS
MyTeM HarpeBaHUs WM MOJ AeHCTBUEM IeTepreHTa. Bo3pacraromue KOHIIEHTpauy AeTep-
TeHTa CapKO3MJIa PACTBOPSIIOT MUKPOTPYOOUKH aKCOHEMBI B CICAYIOIIEM IIOpSAIKE: OJHA
13 BYX IEHTPaJbHBIX MUKPOTPYOOYEK, BTOpasl LEHTpaIbHasi MUKPOTPYOOUKa U Hapy»XHas
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cTeHka «B» mukpoTpyOouku mgybiera, ocTaabHbIe YacTH «B» MUKpOTpyOOUKH, HapyXKHAs
CTEHKa «A» TpyOOUKH, OCTATOK «A» TPYOOUKH, 3a UCKIIOUYECHUEM TPeX MEPBUIHBIX HUTEH,
COCTAaBIIIOLINX «IEPErOpoAKY» MEXKIy TIpocBeTaMH «A» u «B» Mukporpybouek
(puc. 3, A, b).

AHanu3 HapyXHBIX AyOJIETOB TOKa3aj, YTO OHU OOpa30BaHbI ABYMs OelIKaMu —
TyOynuHOM 1 ¥ TyOyIHHOM 2 COOTBETCTBEHHO ¢ MOJIEKYIsIpHO Maccoi 56 000 u 53 000

Kak B Mukporpy0boukax «A», Tak U B MUKpOTpyOoukax «B» mpucyrcTByloT 002
TyOynuHa (1 u 2), B Tpex ke NepBUYHBIX HUTAX, 00Pa3yIOINX CTEHKY MEXKIy TPOCBETaMHU
»A» 1 «B» MEKpoTpyOOUeK, 0OHapyXeH TOJbKO TyOynuH 1. B ocTaabHBIX 4acTaX MHKpO-
TpyOOUeK Kax/as MepBUYHAs HUTh COJAEPXHT TOJBKO OJWH M3 TyOYJIMHOB M OHU 4Yepeay-
IOTCSI TIapaMU: Tapbl IIEPBUYHBIX HHTEH, 0Opa3oBaHHBIX TyOynumH 1, mepemexarorcs
C TTapaMu HUTEH, comepkamumMu TyOymuH 2 (puc. 3, B).

Konyux — 3T0 y4acTOK *KryTa, TYHON WX CJIerKa 3a0CTPEHHBIH, Y KO-
TOPOTO HapyllaeTcs ONUCAHHOE JJIs IVIABHOI'O CTEPXKHS JKI'yTa HOpMallb-
Hoe (9 — 9) + 2 pacnonoxenue Mukporpyoouek. Ilo mepe mpubamxeHus
K KOHYMKY yTpauMBaeTcsi MaTepuaj MaTpukca U mnepudepuueckue mayo
JeTbl OAMH 3a JAPYTHMM IIOCTEIIEHHO TEPSIOT OJHY M3 MHKPOTPYOOUeK,
CTaHOBSICb OJIMHAPHBIMHU, HO COXpPaHssl MpPHU 3TOM H3HAYaIbHOE KPYrOBOE
pacroyio’)keHue. 3aTeM IOCTENEHHO COKpallaeTcs 4YHucio mepudepuyec-
KUX MHUKpPOTpYyOOUE€K, MOKa HE OCTAHYTCSl TOJBKO LIEHTPaJbHbIE MHKpPO-
TPYOOUKH, KOTOPbIE COXPAHSIOTCS MOYTH JO CaMOro KOHYMKA KryTa (CM.
puc. 2).

VY ramer Oypoil BOJOpOCIM IKTOKapmyca o0a KI'yTHKa HECYT JJIUH-
HBIM, 4aCTO 3aKPY4YEHHBIM CHHPAIbHO TEPMUHAIBHBIA NPHUIATOK — dK-
ponemy, B KOTOPBIH M3 CTEPXKHS HKIyTa HEPEXOST JIBE LEHTpAJbHbIE
MUKpOTpyOouku (cMm. puc. 31, A, B).

Ilepexoonas 30na — MeXIy CBOOOJHOM YacCThIO KI'yTa U 0azajabHBIM
TEJIOM — BHEILHE JIETKO OTJIMYAeTCsl OT CTEPXKHsI, TaK KaK 31€Ch KIYTHK
HEepeTsHYT: JKI'YTHKOBasg MeMOpaHa IUIOTHO HOAXOAUT K ayOrneram ax-
COHEMBI. Y MPOKCUMAJIbHOTO — MOP(OJOTHYECKH HUKHEro KOHIa Ha-
PYXKHOI YacTH Kryra HaxoJuTCs Oa3albHbIi JMCK, y KOTOPOIO OKaH-
YUBAIOTCS JIB€ LIEHTpajbHble MUKpOTpyOouku. Ilepudepuueckue ny0-
JeThl TPOJOJDKAIOTCS HMKe 0a3zajlbHOrO JAMCKA, TA€ K HHUM BCKOpE
TOOABIISIFOTCSL  TOTIOJIHUTEILHBIE MHUKPOTPYOOUKH. TpEBpaIlalomue 1yo-
J€ThI B TPUILIETHI Oa3aJIbHOTO Tela (CM. pucC. 2).

bazanpHOoe Teno, Haxondlleecss B OCHOBAHUHU KaXKIOIO JKI'YTHKA,
pAacIoyo’KEHO B LUTOIIa3Me BOJIM3M TOBEPXHOCTH KJIETKU W HPEJCTaB-
JseT coOOM KOPOTKUM LMIMHAP, MO mHepudepur KOTOPOro pacrosiaraer-
Csl JIeBATh TPUIUIETOB MHUKPOTpyOouek. TpHUMIeThl COeNUHAIOTCS JIpyr
C JPYroM TOHKMMHU HHUTAMU MexAy «A» U «C» — MuKpoTpyOOuKamu
COCEIHUX TpUILIeTOB (cM. puc. 2). Ilo-Buaumomy, >XI'yTHMKH BCEX BOJO-
pociell HMMEIOT «KOPHH», NPUKPEIUICHHbIE OOBIYHO K WX 0a3abHBIM
TeJaM, 3aKpeIuIsIiomue 3TH Tena B mporomnacte. OObIMHO KOpHHU ObIBa-
IOT JIByX THUIIOB: TPYIIIBI MCYEPUYCHHBIX MOJOCATBHIX BOJIOKOH M TPYIIIBI
MHUKpOTpyOouek. OpHeHTanusi KOpHEH IO OTHOIICHUI0 K 0a3aibHbIM
TelaM U B KIeTKe pasnuuHa. Hampumep, y XiaamumomMoHansl Oa3anbHble
TeJa JIBYX JKIYTHUKOB CBSI3aHBl JAPYr C JIPYrOM ULIMPOKHM IOJOCATHIM
KOpPHEM, OT KOTOPOTO OTXOMAT YETHIPEe YETBIPEXWICHHBIX MHKPOTPYO-



YaThIX KOpHS, MAYILMX Ha3ajJ B KIETKY HENOCPEACTBEHHO IOJ| LUTOILIa3-
MaTH4YeeKOrd MEeMOpaHOM.

Takast kKOMOMHALMS MCUEPUYCHHBIX U TPYOUaThIX KOpPHEH BCTpedaeTrcs
4acTo.

CoBceM MHOH THII «KOPHEBOW CHCTEMBI» Y MPEACTaBUTENEH NIPa3HHO-
¢unueBpIx, XpU30(pUTOBLIX, pPapuAO(UTOBBIX BOJIOpOCied. Y 3THUX Op-
TraHU3MOB ILIMPOKAasi MCUEPUYCHHAas JIeHTa — pusoruiact (cMm. puc. 19) —
TSHETCS HEMOCPEICTBEHHO OT Oa3ajibHbIX Tl K sAJIpy, TJ€ OHa, IOo-
BUAMMOMY, NIPUKPEILISETCS K SASPHON 000I0UKe.

B HekoTOphIX rpynmax BOAOpOCIEH, HampuUMep 3eJIeHbIX, 0COOEH-
HOCTAM JKT'YTHMKOBBIX KOpDHEH B IIOCIEIHEE BpEMs NPHUIAETCS Ba)KHOE
3HAUEHUE B CBS3U C BBISBJICHUEM POJICTBEHHBIX OTHOILIEHUN MEXAYy BUIAMU
U POAAMH.

[Ipu enuHOM OOWIEM IIaHE CTPOEHUS KI'YTUKHM Pa3sHBIX BOJOpOCIEH
MOTYT OTJINYAThCS B JETANAX, NMPUYEM OTH pa3iuyus BecbMa KOHCTAHT-
HBI U XapaKTepHbI AJis OOJIBIIUX TPYIIT — OTIENOB.

OTH TOCTOSIHHBIE pa3IM4Msl KacaroTcs KaK OCOOEHHOCTEH TOHKOIO
CTPOEHHS JKI'yTa, TaK U TaKUX IMPU3HAKOB, KaK YHCIO >XKI'YTUKOB, MECTO
NpUKpEIUIeHHs, JUIMHA, XapakTep MoBepXHocTH W mp. Tak, y auaTtomo-
BbIX BOJOpOCIEH B JKI'YTHKE CIEPMAaTO30MIO0B OTCYTCTBYIOT LEHTpPaJb-
HbIe MUKPOTPYOOUYKH M BMECTO OObIYHOTO cTpoeHus (9 — 9) + 2 tpybouku
pacnioioxensl o Gopmyie (9 — 9) + 0, a y 3e1eHON BOAOPOCTH TOJICHKH-
HUU B CTEpP)KHE XXT'yTHKa CIIEpMAaTO30MJa MMEETCA TOJbKO OJHAa LIEHT-
panbHast MUKpoTpyOouka (9 9) + 1.

OcobeHHo BapuaOenbHOM cKa3ajlach IEpexojHas 30HA, KOTOpas
y 3€JEeHbIX BOJIOPOCIIEH XapaKTepU3YEeTCsl TaK Ha3bIBAEMbIM 3BE314aThbIM
TenoM (CM. puc. 2). Y 30I0THCTBIX BOJOpOCIed MexAy mnepudepudec-
KUMU JayOjieTaMu U IEHTPAJIbHBIMU TPYOOUKaMHU B 3TOM 30HE HMeEeTCs
COHMpAJIbHOE TEJIO, a y JAUHOPHUTOBBIX IepexoaHas 30Ha Oiaropaps
nuadparmam pasjielieHa Ha KaMephl.

Yucno KTyTHKOB MOJKET BapbUpOBaTh OT OJHOIO JO MHOIMX, XOTs
npeobiiajaloT ABYKI'YTUKOBBIE (DOPMBI; MPUKPEIJIEHUE MX K KJIETKE — K
KOHILY (TEpMHUHAJIbHBIE) MU COOKY (JIaTepaibHbIe).

Eciu y NBYXTYyTHKOBBIX KJIETOK 00a KT'yTHKa OJAMHAKOBOW JUJIMHBI,
TO OHU M30KOHTHBIE, €CIU Pa3HOU UIMHBL,— TO IeTepOKOHTHbIE. OnMHa-
KOBOTO CTPOEHHUSl KXI'YTUKU Ha3bIBAlOT H30MOPQHBIMHU, Pa3IHYaOLIUECs
no ¢opme — rerepoMopdHbIMU. B mocnenHem ciydae OAMH U3 KIY-
TUKOB (0OBIYHO 0o0Jiee KOPOTKHII) MOKET OBbITh IJIaJKUM, a JAPYroil Hecer
NpPUKpEIUIEHHbIE K €ro MeMOpaHe BOJIOCOBUIHBIE 00pa3oBaHUS — Ma-
cmuzonembl. MacCTUTOHEMBI HMEIOT CJIO0XHOE M Pa3HOOOpa3HOE CTpo-
eHHe M pacrnoyiokeHre. [I0BepXHOCTh XI'YyTHKOB ObIBae€T MOKpHITA pas-
JUYHON (POPMBI YEeIIyHKaMU WJIN HIUITAMHU.

Perenepanus kryrukoB. [lepen KI€TOYHBIM JEIEHUEM Y OAHHUX MO-
HaJHBIX (GopM (XJIaMUJOMOHAJIa, OXPOMAaHAC) CTapble KI'YTUKU cOpachl-
BAIOTCS; MPU ATOM CBs3b C 0a3ajJbHBIM TEJIOM IPEPBIBACTCS Y HMPOKCH-
MaJIbHOTO KOHIA MEpPeXOJHOW 30Hbl B MECT€ NPEBpAIICHUsS TPHUILIETOB
B ayOsetsl. B npyrux cinydasx (Hampumep, y IFOHAJIUEIIbI) MOJOBHHA
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CTaporo KHHETHYECKOro (KTyTMKOBOI'O) ammapaTa MOXET IepexXoIuTh
K JIOYEpHUM KJI€TKaM, a OTCYTCTBYIOILME IOJOBUHKU OOpa3yloTCs 3aHO-
BO. JKryTuku He crocoOHBI JeNUThCS M Bcerjaa OepyT Hayano oT Oa3alb-
HBIX TeJ, PEeIUIMKAIUs KOTOPBIX MPEAIIECTBYET KJIETOUHOMY JI€JIEHMIO:
OT JUCTAJIbHOIO KOHIA 0a3aJbHOTO Teja BBIPACTACT CTEPXKEHb JKIYTa,
NPUTTOTHUMAONIUH TIa3MalleMMy, KOTOpasi IO Mepe BBITATUBAHHS IKI'Y-
TUKa TaKXXe BBITSATUBAeTCd M IpeBpamiaerca B ero MemOpany. Ilpu
peruMkanuy  0azajdbHBIX Tel (OPMUPOBAHHE HOBOIO 0a3albHOrO Tela
UHAYLHUPYETCSl YK€ HUMEIOIIUMCS, IO COCEJICTBY C KOTOPHIM O0O0pa3zyroTCs
NIEBSATh HOBBIX TPUILIETOB MUKpOTpyOouek. ba3aibHble Tena romMosioru-
YHBI. @ B HEKOTOPBIX CIIy4asxX HAEHTHYHBI C YeHmpUuoiamMuy — LEHTPaMH,
OT KOTOpPBIX BO BpeMsi MHTO3a Y MHOTMX (HO Jajleko HE Y BCeX)
BOJIOPOCIIEH pacXxoasTcs HUTU BepereHa lLlenTpuosnm pacnonaratorcs
napamu, o0pasys Ouniocomy C OCSIMH, OPHUEHTUPOBAHHBIMH TIOJ TMIPsi-
MBIM YIJIOM JpPYr K JApPYyry, B OCOOOM Y4acTKe TOMOTE€HHOW OCHOBHOM
LUTOIIa3Mbl — LIeHTpocdepe, Tie HeT HU puOOCOM, HU 3HJIOIIA3MATH-
YeCKOMl CeTH, HU KaKUX-THOO HMHBIX KJIETOYHBIX opraHeil. LlenTpuomw,
Kak M Oa3ajibHble Teja, OOpa30BaHbl JEBITHIO TPUILIETAMH MHKpPOTpY-
004YeK, pPacIoyOKEHHBIMU 1O Kpyry. [Ipy BO3HMKHOBEHMH U3 €AMHUYHOM
LHEHTPUOJIM JUIUIOCOMBI (BO BpeMsi MO3JHEH Tenodasbl WM JaXe HH-
Tepa3bl) B TOMOreHHOW LEHTpocdepe NEepHeHIUKYIIPHO K OCH HMe-
IOLIEICS IIEHTPUOJIM TMOSIBJISIIOTCS JIEBSITh OYEHb KOPOTKUX TPUILUIETOB
MHUKPOTPYOOUEeK, KOTOpbIE PAcTyT, IIOKa HE JOCTUTHYT AJUHBI TPYOOUEeK
MaTePUHCKON HEHTPUOIH. HWKAaKMX KOHTAKTOB MEXIYy IBYMs CHCTEMa-
MH MHKPOTpYOOUYEK OOHApyKUTh HeNb3d — MEXIy HHUMH BCerja co-
xpaHsercs paccrosHue. llo-BugumoMmy, Kak M B ciy4yae periMKaluu
0a3anpHOrO Tejda, Kak[as CYIIECTBYIOIIAs LEHTPUOJb SIBISETCS LIEH-
TpoM nuddepeHupoBK MUKpOTpyOouek. Bo Bpemss MuTO3a LIEHTPUOIU
pacxoJsaTcs B IMPOTHUBOINOJIOKHBIE CTOPOHBI, 00pa3ys Tojdroca siapa,
K KOTOpPBIM CXOJSTCSI HUTU BepeTeHa. LleHTpuonum Moryr pacrosaraTrbCst
BHE s/Ipa WM K€ Ipu 00pa3oBaHUM B OOOJOYKE s/Ipa MOJIPHBIX OTBEp-
CTHIi OHM BMECT€ C MHUKPOTPYOOUKaMH TPOHUKAIOT BHYTPH simpa. LleHT-
pHOJIM BCTPEYAIOTCS HE TOJIBKO Y MOHAIHBIX (OpM U BOJOPOCIEH,
KU3HEHHBIM IIMKJI KOTOPBIX BKIIFOYAET PENPOIYKTUBHBIC IIO/IBHYKHBIE
KJIETKH, OHM ObUIM OOHApPYXEHbl U y BOAOPOCIHEH, JIMIIECHHBIX MOJBH-
JKHBIX CTaaui (KHpXHEpHeIUia, TETPadJpoH, ClIeHemecMyc u ap.). B ox-
HUX CIlyyasX LEHTPUOIM MHUTPHUPYIOT OT siApa K IOBEPXHOCTH KIETKH
U HAaYUMHAIOT (YHKIMOHUPOBATH B KauecTBE Oa3albHBIX TEJ, HaIpUMEp
y XOpIpl. Y Xapbl B BEreTaTUBHBIX KIETKaX LEHTPHOJIU OTCYTCTBYIOT,
OJIHAKO UMEIOTCS B KJIETKaX CIIEPMATOI€HHBIX HUTEH, TJ€ OHU CBS3aHbI
C BEpETEHOM, a IO3/lHee NMPUHUMAIOT y4acTHE B OOpa30BaHMUU KT'yTHUKOB.
Bo mHorux npyrux ciydasx Oa3anbHble Tela (YHKIMOHHUPYIOT BO BpeMs
MHUTO32 B KadecTBe IEHTpHOJeH (Tak Oa3albHble Tejla JKIYTHKOB 300-
CIIOp CTUT'€OKJIOHMYMA T0CiIe OCeAaHus 300CIOp MUTPUPYIOT K AAPY).
IlceBponmaun. Y 3el€HBIX BOLOPOCIEH C MAIbMEIUIOMIHON CTPYK-
TypoOll KJIETKM MHOTMX IpEICTaBUTENIed HECYT HENOJBUKHBIE OTPOCT-
KM — ICEBAOLMINU. DJIEKTPOHHO-MUKPOCKOIINYECKOE HCCIEA0BaHUE II0-



Ka3aJjo, 4YTO 3TU CTPYKTYpPbl — IPOU3BOJHBIC >KYTUKOB, Oa3aibHbIE
Telblla W KOPHEBBIE CHCTEMbl KOTOPBIX IOYTH HAEHTUYHBI TaKOBBIM
XJIAMUJIOMOHAJbl; IE€PEXOAHAs 30HAa TaK)KE€ HMEET 3BE31UaThlii  y30p,
XapaKTEepHBIM Ji1 JKTYTUKOB 3€JIeHBIX Bojopociedl. OgHako cBOOOJHAs
YacTh OpraHe/ulbl HE MMEET LEHTPaJIbHBIX MHUKpOTpyOouek, u «B» Tpy-
O0ouku TiepupepUUIECKUX TyOJIeTOB OOJBIICH YacThl0 OYEHb KOPOTKH.
Takum o0pa3zoMm, Moa MeMOpaHOW MCEBAOLMIUN MHUKPOTPYOOUKH HMe-
10T pacnoioxeHne 9 (0 BMECTO XapaKTEpHOIO Uil TUIIMYHBIX >KTYTHKOB
9 9)+2.

I'anTonema. Psj 3010THCTBIX BOAOpOCIEN (POJ XPHU30XPOMYJIHHA.
KOKKOJIUTO(OPUIOBbIE), TIOMHUMO JBYX JK[YTHKOB, 00JagaeT 0co0oii
OpraHejuion— eanmonemou. ITO PACIOJIOKEHHBIN MEXIy IBYMS KIYTH-
KaMU O0ObIYHO 00Jiee KOPOTKUH OTPOCTOK; OH MOKET HaXOAUTHCS B CKpY-
YEeHHOM WJIM BBIIPSMIEHHOM COCTOSIHUU. Y OJHOTO U3 BUJOB XPHU30X-
POMYJHMHBI C IOMOIIBIO IeWTpadepHOil KMHOCBEMKH YIAloCh OIpese-
JUTh CKOPOCTb CKPYYMBAHMSI TaNTOHEMbI (3TOT IMPOLECC, OKa3alocCh,
3anumaer MeHee 1/50 c) u ee BwITArMBaHUS (mmrcs or 2 mo 10 c¢).
CymiecTByeT MHEHHME, YTO TalTOHEMa MOXET CIYKUTh Ui BPEMEHHOTO
OpUKpeIUieHusT KJIeTKu K cyoctpary. C apyroil cropoHsl. y BHIOB
C OYEeHb JJIMHHOW TanTOHEMOW OHA MOXET CIIY>KMThb INPUCIOCOOJIECHUEM,
o0JIeryaronMM MapeHue B TOJIIIE BOJbI, KaK U BCSKUN BBIPOCT KIETKH.
Ha »Ty Mbicnp HaBoAAT HaOIIOEHUS 3a MOBEACHMEM TalTOHEMBI: €CIU
KJIETKA JBUXKETCA C IOMOILBIO JKIYTUKOB, IallTOHEMA CBEPHYTA, €CIIU XK€
KTYTKKH TepecTaroT paboTaTh, ranTOHEMa OKa3bIBAeTCsl JaJIeKO BBITA-
HYTOH.

Kak u B XryTukax, BHyTpU TanTOHEMBbI MPOXOASIT MHUKPOTPYOOUKH,
pacrojokeHUe KOTOPbIX MHOE. [anToHeMa, Kak MpaBUiO, COIAEPKUT
JUIIb OAWH Kpyr Hu3 5—8 HpOCThIX MHUKpOTpyOouek. lLleHTpanbHbie
MHUKPOTPYOOUKH TOJHOCTBIO OTCYTCTBYIOT. Y BXOXJEHHUS TalTOHEMBI
B KJIETKY (y €e OCHOBaHHs) A00aBISIIOTCS eule 2—3 MHKPOTPYOOUKH, Tak
4TO 4YMCIIO uX gocturaer 9. Kpome Toro, B OTIMUME OT KTYTUKOB KOJIBLIO
TpyOOUYEK TalTOHEMbl OKPYXEHO TpeMsl KOHIIEHTPUYECKHM OOBEepTKa-
MU, U3 KOTOPBIX camasi Hapy)KHas CIYXUT HPOJOJDKEHHEM IUIa3MalleMM-
Mbl KJeTKd. OueBHIHO, MUKPOTPYOOUKH --3TO T€ CTPYKTYpPHBIE 3JIEMEH-
Thl, KOTOpbIE OOYCIIOBIMBAIOT JIBM)KEHHE KaK >KTYTUKOB, TaK M rar-
TOHEMbI; KOPHEW y FrallTOHEMBI HET.

XJIOPOIIJIACTBI

B kierkax 3yKapHOTHYECKHX BOJOPOCIECH M3 OpraHeul 0coOEeHHO
3aMeTHBI Xpomamogopul (X10poniacmel) ' --HOCHTENH OKPACKH, KOTO-
pple B OTJIMYME OT XJIOPOIUIACTOB BBICIIUX PACTCHHH YPE3BBIYANHO
pazHooOpazHsl o ¢dopme (cMm. puc. 5). Xpomarodopbl, 3aHUMAIOIINE
B KJIETKE B OOJIBIIMHCTBE CIIy4aeB IIOCTCHHOE IOJOXECHHE (MapueTaib-

' TepMuH «X710pOIIACTBIY Ceifuac MHUPOKO PACTIPOCTPAHEH, OIHAKO B 0JIee CTapoil
JUTepaType OOBIMHO MPUBOJUTCS TEPMHUH XpomaTodop.
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Hble XpoMaTto(dopbl), MOTyT OBITh YalleBUIHBIMU (OOJBIIMHCTBO BHJIOB
XJIaMUIOMOHA/IbI), B BHJE KOJIbIIA, OMOSICHIBAIOILEIO KIETKY (YJIOTPHKC),
B BHUJE TOJOTO IIMJIMHAPA, TPOABIPSIBICHHOTO MHOTOYMCICHHBIMH OT-
BEPCTUSAMH (370TOHUYM), OJHOM WJIM MHOTHX HIYIIMX MO CIUPAIH JIEHT
(ciuporupa), OIHON-IBYX KpPYIHBIX MapUETAIbHBIX IJIACTUHOK (IIE€HHa-
TouLMeBble AMAaTOMEH). Y MHOTMX BOJOPOCIEH XJIOPOILIACTBI MHOTO-
YHCJICHHBI U UMEIOT BUJI 3€PEH WM JTUCKOB, COCPEIOTOYCHHBIX B ITOCTEH-
HOW nMTOIIa3Me (3eJIeHble BOAOPOCIH, UMeIoIIne CU(OHOBYIO OpraHu-
3anuio, XapoduiueBble, NEHTPO(HINEBbIE ITUATOMOBEIC, JWHO(HUTOBHIE,
Oypble, KpacHble Bojxopociu). Pexe xpomartodop 3aHMMaeT B KIIETKe
[EHTPAILHOE TIOJIOKEHUE, TOTJa Yalle BCEro OH COCTOUT W3 MacCHBHOM
LEHTPAJIbHOW YacTH, OT KOTOpPOW K nepuepuu KIETKH OTXOIAT JIONACTH
WU TpeOHM (3UTHEMA B OOJIBITMHCTBO JIECMUTUATBHBIX ).

Cpenu 3eneHbIX Bogopociei, obnanaonmx cuhoHOBOW OpraHu3alu-
ell, pa3nuyaroT aBe OoJbline Tpymmbl. Bomopocnu, oTHocsmuecs K mep-
BOW rpymme (koauym, Opuorcuc, aepOesus), 00Jaga0T TOJIBKO OJHUM
TUIIOM TUTACTHII — XJIOPOIUTACTAMH. JTO TOMOIUIACTHIHBIE (opMBl. BTO-
pas rpynna (nuxoroMocuoH, Kayiepma, TaiuMena, yAO0Tea) TreTeporl-
JactuiHas. Y HHX, TOMHMO XJIOPOIUTACTOB, HMMEIOTCS aMUJIOIUIACTHI.
l'omomnactuaus, rereporuiacTuans, Tak K€ Kak MOp(oJorus U Imosoxe-
HUE B KJIETKE IJIACTU]I, — BaKHBIE TAKCOHOMUYECKHE IPU3HAKH.

CyOMHUKPOCKOMMMYECKOE CTPOEHHE XJIOPOIJIACTOB BOAOpPOCIEH B oc-
HOBHBIX Ye€pTax CXOAHO. Y JYKAPHOTHYECKHUX BOJOPOCIECH XJIOPOILIACTHI
OTpaHUYEHbl O000JIOUKOH, MOJ KOTOPOW HAXOIUTCS TOHKO3EPHUCTHIH
MaTtepual MaTpukca (CTPOMBI), 3aKITIOYAIONIMKA YIUIOMICHHBIC, OJCTHIC
MeMOpaHOM MELIOYKH, WIN IMYy3BbIpH, — MuUIaKouosl, WIA TUCKH, COAEp-
JKalye XJIOpo(uUT U KapOTUHOUIBI.

Kpome Toro, B Marpukce XJIOpoIjiacTa HaxoJsATCS PACCESTHHBIE XJIO-
pomnactHble pubocombl, puOpwel JAHK, nunuaHbsle rpaHyiabl U 0CO-
Oble BKJIIOYEHUS — nuperoudvl. OJHAKO B JETAIAX TOHKOI'O CTPOEHUS,
Kacaroluxcs 000J0YKH, pacnojiokeHus TuiiakounoB u ¢ubpumn JHK,
MecTa 00pa3oBaHHS M OTJIOKEHUS 3€peH 3alacHbIX IOJIMCAaXapuIoB U
dbopMBl TMHMPEHOUAOB, XJIOPOIUIACTHI BOJOPOCIEH OOHAPYKHBAIOT BECH-
Ma IOCTOSIHHBIE Pa3jIMyusi, YTO U IO3BOJSET MCIIOJIB30BaTh UX HapsLy
C HabOpOM NHTMEHTOB, MPOAYKTaMHU 3araca M CTPOSHHUEM KT'YTHKOBOTO
amnmapara B KauyecTBE TaKCOHOMMYECKHX IPU3HAKOB, XapaKTEPU3YIOIUX
0OJIBIIINE TPYIITBI — OTIENIBI BOJAOPOCIIEH.

O06osouka xJjioporiacta — HNepMaHEHTHAs! CTPYKTypa, BCEria Mpucy-
TCTBYyIOIIass Jake B TEX CIydasX, KOTJa THJIAKOWIHAS CHCTeMa He
muddepentupyercs. Hampumep, y XJIOpOIUIaCTHBIX MYTAaHTOB XJIaMUO-
MOHAaca, He CIOCOOHBIX 00pa3oBbIBaTh XJIOPO(MUIUIBI B TEMHOTE, THJIAKO-
UJHas cucreMa He Halmonaercd, a o000JoYKa XJIOopoIulacTa Bcerja
NpUCYTCTBYeT. becuBeTHass BOJOPOCIH IMOJUTOMA COACPKHUT IUIACTHILY
0e3 1aMeJlI, HO ¢ 000JI0YKOM.

VY 3eneHBIX W KpacHBIX BOAOpOCIEd O000JI0YKa XJIoporwiacta o0-
pa3oBaHa TOJIBKO JABYMS MapajUleJbHBIMH MeMOpaHamH, y IJUHO(PUTO-
BBIX M IBIJICHO(DUTOBBIX BOJOPOCIEH — TpeMs, a Yy 30JOTHUCTHIX, JKEJITO-



3€JIEHBIX, JUAaTOMOBBIX, KpUNTO(PUTOBBIX, papuIOPUTOBBIX U OYpBIX
BOJIOPOCTICH, BOKPYI OJETHIX YEThIpeXMEMOPaHHOM OO0OJOYKOW XJIOpOMH
JacTOB, MMEETCsS CJOXHasi cHCTeMa MeMOpaH, HaxXoAsdlascs B NpSIMOM
CBSI3U C MEeMOpaHOW sipa, — XJIOPOIUIACTHAsl 3HJOMJIa3MaTHYecKasl CeTh.
Pacrionoxxenne TuIakouJ0B B MaTpUKCE XJIOPOIUIACTA TaKXKe HEOAMHA-
KOBO B Pa3HBIX OTJAENaX BOJOPOCIEH, NMPU 3TOM XJIOPOIUIACTHI BOAOPOC-
Jeil co CXOOHBIMM NMUIMEHTAMHU XapaKTEpU3YyIOTCS U CXOJIHBIM pacrojo-
KEHHEM THIIAaKOUJIOB (puUC. 4).

Haubonee npocroe pacnonoxeHue HaOI0gaeTcs y KpacHbIX BOAOPOC-
Jel, y KOTOPbIX THUJIAKOHUJbI JISKAT B MaTpUKce MmooauHouke (puc.4, 4, b).
VY ocTalbHBIX 3YKapUOTUYECKUX BOAOPOCIEH THJIAKOUIbI TPYHNIUPYIOTCS,
o0pa3ys 1laMeIuIbl, MPUYEM YHCIO THJIAKOMIOB, BXOSIIMX B COCTaB OJHOM
JaMeJUIbl, TIOCTOSIHHO B Tpeneiax OOJbIIUX TPy, OOBEIUHSIONNX
poacTBeHHBIE Bojopociu. Ects Bomopocnu (KpuntopuTOBBIE), Y KOTOPBIX
TUJIAKOUIBI COSAMHSIOTCA 0 1Ba (puc. 4, B). YV 30J0TUCTBIX, JKEITO3ee-
HBIX, TUATOMOBBIX, OypBIX, TUHO(MHUTOBBIX M 3BIVIEHO(DUTOBBIX BOJOPOCIEH
TUJIAKOM/IbI PacoJlaratoTcsl MPEeUMYILeCTBEHHO 1o Tpu (puc. 4, I'). OObIu-
HO MEXJy COCEIHMMH THJIAKOWJAaMH BHYTPHU JIaMEJUIbI HMEIOTCA IIpoMe-
KYTKH. Y 3€lIeHbIX Bojopociiell HauOoisiee BapuabelbHOE PaCIOI0KEHUE
TUJIAKOUJIOB: YHMCIIO MX B JIaMeJUIaX MOXKET Kosiebarbes oT 2 10 6, a MHoraa
no 20, B Takux ciay4asX CTONKH THUJIAKOMJOB TaK TECHO MPUKAThl JAPYT
K JIpyry, 4TO IPOCTPAHCTBO MEXAY COCEIHUMH THUJIAKOMIAMU HCYE3AET
U TOIJa 3TU CTONKU Ha3bIBAOT cpanamu (puc. 4, E). Ilomumo 3eneHbIX
BOJIOpOCTICH, TIpaHbl MMEIOTCS Yy 3BIJICHOQHUTOBBIX. B  xiyopomnacrax
30JI0TUCTBIX, JKEITO3EJEHBIX, TUATOMOBBIX U OypbIX BOJOPOCIEN C TPEXTHU-
JAKOUJHBIMHM JIaMeJIaMH HaXOJAATCS Tak Has3blBaeMble Iepudepuueckue
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Puc. 4. Cxema pacnoioskeHHUsI TUIAKOHIOB B XJIOPOIUIACTaX BOJAOPOCEH. 4 — MOJeb
XJIOpOIUIacTa KPaCHOH BOJIOPOCIH; A — OIUHOYHOE PACIOJIOKEHHE THIAKOUIOB B XJIOPOI-
JacTax KpacHBIX BOJOPOCIECi; B — ABYXTHIAKOMIHbBIC JAMEIIbI KpUNTOPUTOBRIX; I, /] —
TPEXTUIAKOUIHBIE IAMEILIBI B XJIOPOILIacTax OyphIX ¥ AMHO(DUTOBBIX BOJOpOCEi; £ —

rpaHbl 3€JIEHBIX BOJOPOCIICH:

0X — 000JI0uKa XJopoIiacTta, T — TUIAKOWUAbI, OT — OHOﬂCLIBaIOH.lI/Iﬁ TUJIIAKOU A, T' — I'PAaHbL
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(onosichIBarOlIME) JIaMEJIbl, PACIOJOKEHHBIE MapajlIeIbHO 000JI0UKe
XJIOpOIIJIacTa U OKPY)KAIOLIUE OCTaJIbHBIE JIaMEJUIbl, MEepPeceKarole XJo-
porutact (puc. 4, I, /[). Cpeau KpacHBIX BOJOPOCTEH Y OJHUX OIOSICHIBA-
IOIIME TWIAKOUABl HMMEIOTCS, y JPYTHX— OTCYTCTBYIOT. Y 3€JICHBIX,
9BIJICHOBBIX BOJOPOCIICH OMOSCHIBAIONINE JIaMEIUTBl B XJIOPOIUIACTaX He

0oOHapy KEeHBI.
XJIOpOIIacTel BOJOPOCIEN W3 pPa3HbIX OTIEIOB Pa3jIMYaOTCAd U IO
pAcCIIONIOKEHUIO B HHUX 2eHogopos. I'eHopopsl — 3TO 3IEKTPOHHO-NIPO-

3pauHble y4dacTku, cojepxkamue (uopumnsr [JHK Ux cymecTtBoBanue
BIIEpBbIE OBLIO TMPOJEMOHCTPUPOBAHO B 1962 1. y XJIaMHUJOMOHAM.
B xnopomnacrax Ch. reinhardtii, Ch. eugametos, Ch. moewusii HaOnroaa-
JUCh 00JIACTH, KOTOpBIE OKpaluBaiuch, HO DEnbreHy, Tak e HHTEH-
CUBHO, Kak U spo. OOpaboTka KJIETOK J€30KCUPUOOHYKII€a30i CHHUMaja
IIOJIOKUTEIbHYIO peakuuro @DEnpreHa, a Takke BOCHPUMMYHUBOCTH
K OKpacKe akpHIMHOPAaH)KEM KaK B XJIOPOIUIACcTe, TaK M B spe. DIEKT-
poHHBIE MHUKpo(doTOrpaguu BCKpPBUIM B 3THX YyYacTKax XJIOpoIllacra,
O00HapyXUBAIOLUINX IOJOXKHUTENIbHYI0 peakiuio @DEnbreHa. MPUCYTCTBUE
yyBcTBUTENbHBIK K [IHK-aze ¢ubpmin. Ilozanee u y apyrux Bomopoc-
neil Obulo Joka3aHo cymiectBoBaHue xJjoporuiactHo JIHK. V' kpacHbix
BoJlopociei, Hampumep y Laurencia spectabilis, 31€KTpOHHO-IPO3pay-
Hble ydacTku, cojepxkauie ¢ubpuwuisl JIHK, kak u y xmamuaomoHas,
paccessHbl OECHOpSAOYHO 10 MaTpUKCy Xjoporuiacta. Takoe »xe Oec-
NOPSAIOYHOE PpaCIOJIOKEHHE TeHO(OpPOB B XJIOPOIUIACTaX CBOMCTBEHHO
U JMHO(GUTOBBIM BoJoOpocisiM. HampoTuB, y ucClenoBaHHBIX OypbIX
Bojlopociiel (xopaa, Qykyc, amapus. charensipusi, dTperusi) KOJIbIEBHI-
HbIi reHoop pacrosaraercsi moja omnosichiBaromeil jgamesioi. Takoe xe
JIOKAJIU30BAHHOE I10J] OIOSICHIBAIOIICH JIAMEJUIOW pAaCIIOJIOKEHUE TIE€HO-
dopa omMcaHO y JKENTO3ENEHBIX M JAUATOMOBBIX BOjAOpoOCieil. Y 3010-
THCTBIX BOJAOpoOciel cymecTBoBaHne xioporutactHor JIHK nmokasano
ayropanuorpaduyecku, y 3BIICHOQUTOBBIX — Kak ayTropajuorpaduyec-
KU, TaK U C TOMOULIbIO METOJ0OB SKCTPAKLIUH.

Tonbko y 3eneHBIX BOJOpPOCIEH KpaxMall OTKJIAIbIBAETCSl B MaTPUKCE
XJIOpOIUIacTa MEXAY JiaMelslaMd U BOKPYTI IHMPEHOHMJA, Y 3€JEHBIX
BOJIOPOCIIEH, JIMIIEHHBIX MUPEHOMJA, KpaxMall OTKJIaJIbIBacTCs, KaK Ipa-
BUJIO, B CTpOME XJioporuiacTa. JIumb y HEKOTOPBIX Aa3uKIIagaibHBIX (0€3
NUPEHOUIOB) KpaXxMajbHble 3€pHAa OOHAPYXKEHbI KaK B XJIOPOIUIACTAX, TaK
u cBoboxgHo B nuroruiazme. Kpome Toro, BbisiBiaeHo, uto y Caulerpa
prolifera npu paspyuieHuH 00OJOYKH AMUJIOIUIACTOB KpaxMasl MEepeXOauT
B LIUTOIUIa3My. Y 3€JeHbIX CHU(POHOBBIX BOJOPOCIEH, MOMHUMO XJIOpPOILIa-
CTOB, UMEIOIIMX aMHJIOIJIACTBI, KpaxMaj OTKJIAAbIBA€TCs B O0OUX THIAX
IUTACTU/: B aMWJIOIJIACTAaX 3€pHA Kpaxmaja KpyIlHee, 4eM B XJIOpoIlia-
cTaX. AMWIOIUIACTBl OTJIMYAIOTCA OT XJOPOIUIACTOB IO YJIBTPACTPYKTY-
pe. Bce Teno amunonnacta OObIYHO 3alOJHEHO OJHUM (PEIKO ABYMS)
KPYIIHBIM KpaxMajbHbIM 3€PHOM, THJIAKOUABI IIPAKTUYECKH OTCYTCTBYIOT.
VYV Bcex ocTajbHBIX BOJAOPOCIEH 3amacHble BeUlecTBa (XpH30JIAMUHAPHH,
JaMHUHApUH. KpaxMal TUHO(UTOBBIX BOAOPOCIEH, MapaMHJIOH, OarpsH-
KOBBIM Kpaxmall) OTKJIaJbIBAlOTCS BHE XJIOPOIUIacTa — B IIUTOILTIa3Me.



XJ0opomaacTsl 3YKapUOTHUYECKHUX BOJOPOCIEH coJepykaT ocoOble
BKJIIOYEHUSI — AUpPeHOUuObl. ITO HE O3HA4YaeT, YTO MUPEHOUIbI BCTpeya-
I0TCA Yy BCEX IMpelCTaBUTENEeNd JAaHHOTO OTAena. Tak, cpeau 3eleHBIX
BOJIOPOCJIEH NMHUPEHOU]IbI OTCYTCTBYIOT y BCEX NAa3UKIAJAJIbHBIX, y psana
reTepoIIaCTUAHBIX OpHONCUAANBHBIX (TaJuMena. yjaorea. OOJIbIIMHCTBO
BUA0B Kaynepnbl). Cpenu OypbIX BOAOpPOCICH MUPEHOU] HUMEETCS y BU-
OB C H30TaMHBIM M TETEpPOraMHbIM IIOJIOBBIM IIpOLECCOM, Yy Ooee
BBICOKOOPTaHU30BaHHBIX ()OPM C OOTaMHBIM IOJOBBIM IPOLIECCOM IH-
peHouJ, Kak IpaBHJIO, OTCYTCTBYeT. B psae cilydaeB NUPEHOMbI IpPHU-
ypOUYeHBl JHUIIb K Kakoi-1uM0o0 cTaauu >KU3HEHHOro uukia. Hampuwmep,
y HEKOTOPbIX (yKaIbHBIX MUPEHOM]I BCTPEUAETCS B XJIOpOIUIAcTax siilie-
KJIETOK, HO OTCYTCTBYET B IUIACTHJIaX BEreTaTHUBHBIX KJIETOK; Ha0OOpOT,
y 3ycTUrMato(UUUEBbIX MUPEHOUIbl MMEIOTCA B IUIACTUJAX BEreTaTuB-
HBIX KJIETOK, HO He 300cnop. IIlupeHouabl MOryT HaxoIWUThCSA Kak BHYTPHU
XJIOpOIUTIAcTa, TaK M BBIJIABAThCS 3a €ro mpenensl (CHAETh Ha OJHOM WU
MHOT'MX HOKKaX), HO U B IIOCJIEHEM CIIy4yae OHHU 3aKJIIOYEHBI B 00OJIOUKY
xyoporutacta. [lupeHous umeer rpaHylspHy0 O€IKOBYIO CTPOMY, B KO-
TOPYI0 y OJHUX BHJAOB JIaMEJIbl BHEIPSIOTCS, a y JPYrMX 3TOr0 HE
HaOmoaeTcs. PacnonoxeHne TUIAKOMIOB B CTPOME NUPEHOUAA HEONU-
HaKOBO.

VYV 3eneHbIX BOJOPOCIEH MATPUKC MNUPEHOMAA OTAENSETCA OT Ma-
TpUKCa COOCTBEHHO XJIOpOIJacTa TpaHyldaMy WM IUIACTMHKAMHU Kpax-
Maiia.

[TonoOGHO AapYy U MUTOXOHAPUSAM. XJIOPOIUIACTHI, COJAEpIKaIlUe CBOU
cobctBennrie JIHK, sBusitoTCS CcaMOBOCTIPOM3BOMASIIIIMMHUCS —OpraHesia-
MU, KOTOpBIE Pa3MHOXKAIOTCA IyTeM JelieHus B psne ciydaeB nepenada
MOTOMCTBY IIJIACTHJIHOTO ammapaTa OCYILECTBISETCS TOJbKO 4Yepe3 OJHY
U3 TaMeT, HalpuMep Yy 3UTHEMbl U JAPYIMX KOHBIOTAaTO(QUIMEBHIX. Y 3TUX
Bojiopociieil Habmogaercst (U3HOJOTrMYecKas aHU30raMusi, HpU KOTOPOM
XJIOPOIIJIACThl MY>KCKOHM (OTHarolieil cBoe COAEpP)KUMOE) T'aMeThl OTMHU-
patoT. Y »10roHMyMa Iepejadya XJIOpOIUIacTa TaKKe IMPOUCXOJIUT 4Yepe3
SIMLIEKJIETKY, TaK KaK XJIOpOIUIACT CIEPMAaTO30MAa KpalHe pedyLupOBaH.
To ’xe OTHOCHTCS K BOILIEPHUM, CIIEPMATO30UIbl KOTOPOM JIMIIEHBI XJIO-
poriacra.

Bo mHorux cnyyasx HaOMIOAAOTCS MEpEMEIIEHUs XJIOPOIUIACTOB
B KieTKe. Tak, Ipu BBICOKOM MHTEHCHUBHOCTH CBETA XJIOPOILJIACT ME30Te-
HUyMa IIOBOpauMBaeTcs OOKOBOI 4acThio K CBETy. B kieTkax Myxonuu
U3MEHEHHE OPHMEHTAIlMM XJIOPOIJIACTOB OT (PPOHTANBbHOM K NpOdUIbHOM
TaK)ke OOYCJIOBJIEHO CBETOM, IPHUYEM HMEET 3HAUEHHE HE TOJBKO €ro
MHTEHCUBHOCTb, HO M CHEKTPAJIbHBIM cOCTaB. BbI3pIBacMas CBETOM MMI-
panus XJIOpPOIIacTOB HaOmtonanach U 'y Eremosphaera viridis: nipu HU3-
KUX U CPEIHMX HMHTEHCHUBHOCTSAX CBETa XJIOPOIUIACTBHI PACIIONIAraroTCs I10
nepudepun KIETKHM, B TEMHOTE U Ha SIPKOM CBETYy OHHM COOHparoTCs
BOKPYT KpPYNHOTO IIEHTPaJbHOIO fA1pa, o0pa3ys IUIOTHYI cdepy,
y Dictyota dichotoma Taxxe OTMEYEHO IBI)KCHHE XJIOPOILJIACTOB, BBI-
3BaHHOe cHeroM. Ha cmabom cBeTy Xpomarodopbl pacrojararTcs
BJIOJIb KJIETOYHBIX CTEHOK, KOTOpbIE MEPHEHAUKYJISPHbI K HANPaBICHUIO
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ceera. [lpm spKOM K€ OCBEIIEHWHM OHHU IMEePEMENIAlOTCs Ha OOKOBBIC
CTEHKH, IapasuielibHbleé CBETOBOMY Jiydy. TakoBa ke peakuus XpomaTo-
(GopoB KOpPOBBIX KIETOK Fucus vesiculosus, Te pacnojioK€HUE IIACTH]
ONpeIeNseTCsl HallpaBJICHUEM [1aJa0IEr0 CBETa.

I''TIA3OK — CTUI'MA

MoHaziHble KJIETKH OOBIYHO MMEIOT KHUPIUYHO-KPACHBIN 27a30K, WIN
cmuemy, TPEICTaBICHHbIM psAgaMu OCMHO(MUIBHBIX TpaHyl, COJepXKa-
IIMX [UIMEHT aCTAKCaHTUH (TeMaToXpoM). Y BOIOPOCIEH pa3HbIX IPYIII
[JIa3KU B JETANIAX PA3JIMYyaroTCs; B OOJBIIMHCTBE CIy4aeB OHM SIBIISIFOTCS
4acThl0 XJIoporuiacta. Yucio psizoB rpanyis Bapbupyer oT 1—2 1o 9 (y
KOJIOHUAJIbHBIX BOJBBOKAIbHBIX). EciM cioil rpaHyn TOJBKO OAMH, TO
OHM PpACHOJararTCs HENOCPEACTBEHHO M0 OOOJOYKONW XJIopoIliacTa,
a €CJIM CJIOEB MHOI'O, TO CJIOM Pa3beAMHSAIOTCS OJHUM B3AYThIM THJIAKO-
ua0M. B KaxIooM cioe rpaHylibl TECHO YINAKOBAaHbI U HMMEKOT IEeKcaro-
HaJIbHbIE OuYepTaHHs. Y OpPraHU3MOB C OJHOCIONMHBIMU TJla3KaMH Ha
TAHI'€HTAJIbHOM Cpe3€ 4epe3 KIETKY, a TaKXKe MPU NPUMEHEHUH TEXHUKHU
3aMOpaKMBAHUS—CKAJIBIBAHUS MOJKHO JOCTaTOYHO TOYHO IOJCUYUTATh
yuciao rpanyin. Hanpumep, y Chlamydomonas eugametos rtna3zox o00-
pazoBan 800 rpanymnamu. ['ma3ok B >KEHCKUX ramerax Opuoncuca (MyKc-
KM€ TaMeThl JHIIEHBI Tya3ka) coaepxut okoio 3000 rpanyn. B mHoro-
CIIOMHOM Tua3ke Volvox aureus Ha BEPTUKAIBHOM Cpe3e IOJCUUTAHO
npumMepHHo 100 rpanyn, U TakuM 00pa3oM Bech IN1a30K (9 CI0€B) MOXKET
comepxath mpuOm3uTenbHo 1000 rpanyn. Y 3BrieHO(UTOBBIX, YBCTHI-
MaTO(UIMEBBIX BOAOPOCIEH cTUrMa HaxoauTcss BHe miactuabl. Cpeau
T€X BOJOpOCIEH, Yy KOTOPBIX I'paHyjbl CTUIMBI 3aKJIIOUEHBl B 00OJOYKY
XJIOPOIUIACTA, Yy OJHUX HET CBSI3U IVIa3Ka CO JKTYTHKOBBIM annaparom
(3eneHBIE BOJOPOCIH), y JAPYTHX (30JIOTHUCTBIC. >KENTO3EJCHBIC, OypbIe)
Takas CBS3b €CThb, U TOTJAa OCHOBAaHUE 3aJHEr0 XKIyTa, PacloJIOKEHHOE
BOJIM3U TJa3Ka, HECET XapakTepHOE B3IAyTHe. Y 53BIIIEHO(DUTOBBIX BOJO-
pocieil I7a30K pacnojlaraeTcsi BHE XJIOpPOIUIACTa, HO CBS3aH CO JKIYTH-
KOM. OcCOOEHHO CIIO)KHO YCTPOEHHBIE TIJ1a3KU BCTPEYAIOTCS CpPeau
JTUHO(MUTOBBIX.

MUTOXOHIPUN

MumoxonOpuu CUIIHO BapbUPYIOT 1O Yucily U ¢opme (yIHMHEHHbIE,
HUTEBUJIHBIE, Pa3BETBIICHHBIC, IOYTH OKPYIJIbIC, HENPABWIBHBIX OYepTa-
HUI) HE TOJIBKO y pa3HbIX BOJOPOCIEH, HO U B OJHOW U TOW e KIIETKE
Ha pa3HBIX CTAAUAX >KU3HEHHOro mukia (cMm. puc. S5). Tak, y 3BIJICHBI
B (pa3e KJIETOYHOIrO JeJIEHUS] MUTOXOHJAPHM MMEIOT BHUJ MEJIKHX HEMHOIO-
YHCIIEHHBIX TEJEll, PACCEIHHbIX B LIMTOIUIa3Me, a BO BpeMms (a3l pocTa
OHM NPUHUMAIOT (HOPMY CETH, 3aHMMAIOLIEH B KIeTKe mnepudepuueckoe
noJjiokeHue. B koHie ¢a3pl pocTa B KJIETKAaX S3BIVICHBI, XJIAMHUJIOMOHA/IbI
00pa3yloTCsl TMTAaHTCKHE MHUTOXOHJIPHM 32 CYET CIUSHUS 0ojiee MENKHX.
Ilepen nemeHWeM KIETKM OHHM CHOBA paclajarOTCsl Ha HOPMAJIbHbBIE



MEJIKUE MUTOXOHJpHH. PacronoxeHue B KIETKE MUTOXOHAPUN CTPOTo
HE (PUKCUPOBAHO: OHM MOT'YT HAaXOJIUTbCS B HEM B LEHTpE MOJ XJIOPOI-
nactamMu (LEHTpajIbHble MUTOXOHJPHH), MO NMEepUPEpUn KIETKU Yy HAPYK-
HOW TIOBEPXHOCTH XJIOPOIUIACTOB  (mepudepruueckue MUTOXOHIPUN);
Yy MOHAJIHBIX (DOPM CpaBHUTEIBHO KpPYIMHbIE MUTOXOHAPUH YacTO JIOKa-
JU30BaHbl B HEMOCPEACTBEHHOW OJM30CTH OT OCHOBaHMA XIyTHKOB. Kak
U y JPYrUX pacTUTENbHbIX M >KUBOTHBIX OPraHW3MOB, MUTOXOHAPUU
BOJIOpOCTICH OrpaHMYeHbl OOOJOYKOW M3 JIBYX 3JIEMEHTAPHBIX MeMOpaH.
Buytpennsisi meMOpaHa oOpa3yeT CKIAIKU-KpUCHMbl. YUCIO KOTOPBIX,
a COOTBETCTBEHHO M pacHojoXKeHHe — 0ojee TeCHOe MM CBOOOAHOE —
CWJIBHO BappUpyeT. MaTpuKC MUTOXOHJAPHUI COAEPKUT pUOOCOMBI U 3Jie-
KTPOHHO-TIIPO3PAaYHbIE YYaCTKH, B KOTOpbIX Haxonsatcs ¢puopumisl THK.
Pa3mHOXkatoTCs MUTOXOHJPUM TOCPEICTBOM J€JICHHUSI WM IOYKOBAHUS.
MUTOXOHAPUM SBJISIFOTCS UCTOYHMKAMU DHEPIMM B KJIETKE, €€ JbIXaTellb-
HBIMU LIEHTPAMHU.

BAKYOJIN

B murTomiazme HaxomsTCs OTTpaHUYCHHBIE OT HEE SJIEMEHTapHOMN
MeMOpaHOW — moHoniacmom — W HAINOJHEHHbIE TOMOTCHHOW JKUI-
KOCTBIO TOJIOCTH — Bakyonu. OHu OBIBAalOT pa3HbIX THUIOB. B3poc-
Jble KJIETKU BOJOPOCIEH, OJEThle KIETOYHOW OOOJOYKOW, KaKk W KIeT-
KM BBICIIUX PACTEHUN, COJEp)KAaT ILEHTPaIbHBIE BAKYOJW C KJIETOYHBIM
COKOM, 3aHMMAOINWE OOJBIIYI0 YacThb KIETKH M OTTECHSIOIIUE I[H-
TOIUIa3My C €€ BKJIIOUCHHUSIMH K KIETOYHOW cTeHke. B apyrux ciy-
YasiX KIJIETKM MOTYT COJIepKaThb MHOTO Oojee MENKHX BaKyolled ¢ Kile-
TOYHBIM COKOM. Bakyonu uWHOrma TmepecekaroT IUTOIUIa3MaTHYECKUE
TsokU. OCOOCHHO KPYIHBIMH BaKyOJISIMH C KJIETOUYHBIM COKOM OTJIHYa-
I0OTCS  BOJIOPOCIIM, HMEIoIKMe CU(GOHOBYIO OpPraHM3alUi0  TajuioMa.
VY KOHIIOB KIETKM HEKOTOPBIX JECMHAUAIBHBIX (KIOCTEPUYM, TMEHHUYM,
IJICYPOTCHUYM) HMMEIOTCA BaKyOJIM, KOTOpBIE COJEpkKAT KPUCTAJUIBI
rurnca, OOHapyKuBaIlue OpOYHOBCKOE JBIKeHHE. B  kietkax Oy-
pBIX BOJOpOCTEH, OCOOCHHO MEPUCTEMATUYECKHX, PENPOIYKTUBHBIX,

BOKPYT siApa WIM TUIACTUA TPYMIUPYIOTCS MENKUE BaKyolIu — @hu300bi,
BKJIIOYaronue (yko3aH (BEIIECTBO, OOHAPYXMBAIOIIEE CBOWCTBA TaH-
HUHA).

B MOHamHBIX KJIETKaX, a TaKXkKe B KJIETKAaX PU3OMOAHAIBHBIX U IaJb-
MEJUIOMJIHBIX (OPM HAXOMATCS MYIbCUPYIOIINE WM COKPATUTEIbHBIE
BAaKyOJIM, OTJIMYAIOIIMECS OT OCTAJIBHBIX BAaKyOJ€d pPUTMHYECKON Jie-
SITETLHOCTBIO; Yepe3 MpaBWIbHBIE MHTEpPBajbl BPEMEHU OHU YBEIMUYHBA-
I0TCS B 00BbEMe, BOCIPUHHUMAS >KUIKOCTh M3 OKPYKAIOMIEH IHTOIUIA3MBI
(Ouacmona), a 3aTeM OBICTPO YMEHBIIAIOTCS, OCBOOOXKIAs COICPKUMOE
HapyXKy (cucmona). DTO OpraHeuibl, OCYIIECTBISIONINE OCMOPEryJsi-
IIUI0, OHU CBOICTBEHHBl B NEPBYID OuYepeIb IPECHOBOJIHBIM (hopMmawm,
peXe BCTPEUAIOTCSl Yy MOPCKUX. B OONBIIMHCTBE ciydaeB, €ClH TJIaBHAs
BaKyollb pPAacTAHyTa, TO MPEJCTaBICHA IIAPOBHUIHBIM IY3bIpEM, OTpaHU-
YeHHBIM OJHOW MEMOpaHOW, W OKPYXEHa MHOTOYHCICHHBIMH MEJIKUMH
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JIOTIONIHUTEIbHBIMU  BE3UKYJIAMM, KOTOpBIE, CIUBAsACh C TOHOILIACTOM
[JIABHOW BakyolIM, W3JIMBAalOT B Hee cBoe copaepkumoe. Ilonoxenue
NyJIbCUPYIOLINX Bakyosled B KJIeTke BecbMa crabmibHO. Tak, y 0oib-
IIMHCTBA BOJBbBOKAIBHBIX M B IOABM)XHBIX PENPOAYKTUBHBIX KIIETKAX
3€JICHBIX BOJOpOCJIEH Ha TMepeiHeM KOHIe KJIETKH HaOJroJalTcs JBe
NyJbCUPYIOLIME BaKyoJid, y XJoporonuyma 12—106, a y remMarokokka
30—00 cokpaTHTEIbHBIX BaKyoJiel paccesHbl IO KJIEeTKe OecropsiouHO;
y 30JI0THCTBIX BOJOPOCIEH, HAIpUMEp y MaJIOMOHAaca, COKPATUTEIb-
Hasi BaKyoJIb HaxOIUTCS B 3aJHEM KOHLE KJIETKU. Y IOABWKHBIX IUHO-
(GUTOBBUX BOJOPOCIECH COKpAaTUTENIbHbIE BaKyOJUd OTCYTCTBYIOT, MUMEIOT-
csl 0coOble OpraHeiibl, Hecyliue (YHKIHMIO OCMOPETYISLUU, — nY3)/bl.
Onu npezacraBisoT coOOil BhslUMBaHME (MHBArMHAIMIO) LUTOIUIA3MATH-
4ecKoil MeMOpaHbl, IIyOOKO BJarolleecss OT OCHOBAHUS HKT'YyTUKOBOTO
KaHaja BHYTpPb KJIETKHM M TECHO COIPHUKACAIOLIUECS C BAKYOJSIMH C Kile-
TOYHBIM COKOM (IIOJpOOHEe O pa3IUYHBIX TUIIAX My3ya cM. I 11).

SJIPO

Knerka sykapHOTHYECKHUX BOAOPOCIEH CONEPKUT OJHO WIM MHOTO
saaep (M0 HECKONBKUX THICSY — B KPYIHBIX CTApbhIX KJIETKaxX KpPacHOH
BoJlOpocaH TpuGGuUT3NM). SAapo pa3nuuHoil ¢popmbl (IIAPOBUAHOE, JIMH30-
BUHOE, SJUTUTICOUAAIBHOE | TIP.) PACIIONaraeTcsi B IOCTEHHOW UTOIIa3Me
riy0xke XJIOpOIJIAcTOB (YJIOTPUKC, 3J0TOHUYM U JIp.), peXe B LEHTpe
KJIETKH; TOT/Ia OHO 3aKJIF0UYEHO B IIUTOIUIA3MATHIECKYIO OOBEPTKY M TIOZBE-
IIEHO HA LIUTOIMJIa3MAaTUYECKUX TSKaX (CIUPOrupa) Uik HaXOIUTCS B IIUTO-
MJ1a3MaTUYEeCKOM MOCTHKE (TeHHATO(MHUIIMEBBIE AHMATOMEH). SIIpo OKpyKe-
HO siIepHOM 000JI04KOM, 00pa30BaHHOW JBYMs MeMOpaHaMu, U3 KOTOPBIX
Hapy)KHas CBs3aHa C MEMOpaHaMH JHIOIUIA3MAaTHYECKOTO PETUKYIIyMa
KJIeTKH. Mexay IBymMs MeMOpaHaMmu SI€pHOM OOOJOYKH pacroioskeHa
y3Kasi TEpUHYKJICapHas IIOJIOCTh WJIM TIEPUHYKJICapHOE MPOCTPAHCTBO,
KOTOpOE B HEKOTOPBIX ClIydyasx (Hampumep, npu (popMHUpPOBAaHUHM MACTHUIO-
HEM) MOXKET 3aMETHO pacCHIMpAThCA. SlpepHas 000J0YKa, Kak IpaBMIIo,
IPOHM3aHa MHOTOYMCJICHHBIMU IOPaMH, pa3Mephl, CTPOEHHE U Ppacloiio-
KEHHE KOTOPBIX BapbupyeT (OecrmopsmoyHoe, B MPSIMBIX psAax, TeKcaro-
HaJIbHBIMU TPpynnamMu U mp.). SlaepHas 000j0YKa 3aKIIOYACT HYKIeOnad3-
My, B KOTOPOH HaxOmATCs sA0pviuiky (OTHO — HECKOJBKO) U XPOMAMUH.
VY OonbLIMHCTBA BOAOPOCIEH B MHTEp(A3HOM sape XpOMAaTHH UMEET BUJ
PaBHOMEPHO DPACCETHHOTO TOHKOTPAaHYJIMPOBAHHOTO Marepuana. Vckio-
YEeHUE COCTABIIAIOT 3BIVICHO(PUTOBBIE U TUHO(UTOBBIE, Y KOTOPBIX XPOMO-
COMBI OCTAIOTCSI CHHPAIM30BAaHHBIMH Ha MPOTSDKEHUH BCETO SIICPHOTO
IIUKJIa ¥ MOTYT OBITh Pa3JIMYUMbI U I1OICYMTAHbI B MHTEP(PA3HOM sijIpe.

Jesienue saapa. Sapa Bogopocien IeisaTcs, KaK MpaBuiio, MUTOTHYEC-
ku. OJIHaKO B Pa3HBIX TpyIIax BOJOpociel Obulo 0OHapyKeHO OoJbIloe
pazHooOpa3ue B OpraHM3alUU MuUmomuyeckoeo annapama (IPAMEPHI
OyAyT JAaHbl TIPU OIUCAHUU COOTBETCTBYIOIIUX TpyHm). 31eCh JIMIIb
yYKa)kKeM OCHOBHBIC NMPU3HAKH, MO KOTOPHIM Pa3IMYarOTCS MUTO3BI B pas-
HBIX TIpymnax Bogopociel. LleHTpuonu BCTpeuyaroTcst Taleko He y Beex



BOJIOPOCJIEH, OHU OIHUCAHbl y XJIOPOKOKKAJIbHBIX, Papuao(pUTOBBIX, XKell-
TO3€JIEHBIX, OYpBIX.

VY 30JI0TUCTBIX BOJAOPOCIIEN MMEETCS PU30IIACT, Y KPACHBIX — TaK
Ha3bIBa€Mble MOJISIPHbIE KOJbIA — KOPOTKHUE IOJIbIE LMJIMHIPHL, OKOJIO
KOTOpBIX MHOrJa (HE BCerga) MOryT coOupaThCsi MUKPOTpYOOuku. Y of-
HUX Bojopocieil (kiebcopMuanyM, KOHbIOraropuuueBble, xapoduuu-
€BbIC, 30JIOTHCTHIC, KpUNTO(UTOBEIC, ITHATOMOBBIE) BEPETEHO OTKPHITOE,
T. €. sifepHas 00O0JOYKa IOJHOCTBIO MCYe3aeT M OTCYTCTBYET Ha IpPOTH-
JKEHUU HEKOTOPBIX CTAJAMK MUTOTHYECKOTO IHKJIA (C Mo3aHen mpodasbl 10
no3aHei aHadaspl — paHHel Tenodaszel). Y Opyrux (3A0rOHUANBHEIE,
3BIVIEHOQUTOBBIE, XJIOPOMOHAI0(MUTOBBIC. JKEITO3EJEHbIe, JTUHOPUTO-
Bble) sjiepHas O00O0JIOUKAa OCTAaeTCs WHTAKTHOM Ha MPOTSDKEHUH BCErO
MUTO3a (3aKphITOE BEpPETEHO). Y BOJBBOKAIBHBIX XJOPOKOKKAJIbHBIX,
yIBBOBBIX, OypBIX, KPacHbIX BOJOpOCIIEH B siiepHOl 000JI0YKE BO3HHUKA-
I0T TOJISIpHBIE OTBEpCTHs (IOJy3aKpblToe BepereHo). [IpoucxoxaeHue
MHUKpOTpYyOOUEK BepeTeHa WM €ro 3KBUBAJEHTA PA3IUYHO: Y JAUHO(PUTO-
BBIX OHHU IIOJIHOCTHIO ITUTOIUIA3MAaTHYECKUE, y AIBIIICHO(DUTOBBIX, JKEITO-
3€JIeHBIX — IMOJHOCThIO BHYTpPHUSJEpHBbIE, Y OOJBIIMHCTBA BOJOPOCICH
(BOJIBBOKAJIBHBIE, XJIOPOKOKKAIBHBIC, YIBBOBBIC, 3JIOTOHUAIBHBIC, 3HT-
HeMmajbHble, paduao(UTOBBIE, 30JOTUCTBIE, KPUNTOPHUTOBBIE, OYphIE,
KpacHble) — OTYAaCTHU LUTOIJIA3MaTUYECKOr0, OTYACTH SIEPHOrO IPOHC-
xoxaeHus. KuHeToxopsl ONMUCAHbl y 3JOTOHUAIBHBIX, 3UTHEMANIbHBIX,
padua0oPUTOBBIX, KpacHbIX, B OCTaJbHBIX TIpYIINax BOAOPOCIEH OHU
OTCYTCTBYIOT.

Jdenenue kiaerku. [Jumokunemuueckuu annapam y BOAOPOCIEN TaKKe
oTauyaercs OonbImIMM pa3zHooOpasueM. llporomyact MoXeT pa3jensiThb-
Ci WM MyTeM IEHTPUIIETAIBHOIO pa3pacTaHus O0po3nbl ApoOIeHUs,
WIK TyTeM o0pa3oBaHMs LEHTPU(YTanbHO pa3pacTarolleiicss KIeTOUHOM
IacTUHKM, W TOT WM Jpyrod TN pa3aeneHuss IpOTOIUIacTa MOXKET
coyeraThCcsi ¢ 0Opa3oBaHMEM Kak (hparmoriacta — CHUCTEMbl MUKPOTPY-
00yeK, BO3HHUKAIOLIEH B IUIOCKOCTH, NEPIEHIUKYISIPHOW K IIJIOCKOCTH
Oyayliero UUTOKMHE3a, TaKk U (PUKOIJIAcTa — CUCTEMbl MUKPOTPYOOUEK,
NapajuleJIbHBIX IUIOCKOCTH IUTOKHHE3a. O00JI0uKa MaTepUHCKON KIIETKU
a0 ydacTByeT B 0Opa3oBaHMU OOOJIOYEK JOYEPHUX KIETOK, JMOO He
OpUHUMAeT B OSTOM IMpoIllecce HUKAaKoro ydactus. B mepBom ciydae
JIOYepHUE MPOTOIUIACTBI COXPAHSAIOT POJIUTEIBCKYIO KIETOYHYIO CTEHKY,
C KOTOpPOW HEMOCPEACTBEHHO CBS3aHbl HOBBIE CTEHKHU (TaK Ha3bIBAEMBbIi
JIECMOCXHU3HUC), HalpUMep, MpHU BETreTATUBHOM [EJIEHUM KJIETOK y OOJb-
IIMHCTBA HUTYATBIX Bojopocieil. Bo BTopom ciydae (3TOT TUN JAeTICHUS
Ha3bIBAETCS 3JIEBTEPOCXU3UC), HaOIrOAaoLeMcs, Hanpumep, npu (hopmu-
pOBaHMM 300CHOpP, TaMeT BOJIbBOKAJIBHBIX, IPU aBTOCHOPOOOpa3oBa-
HUM MHOTHX BOJOpOCICH HX O000JIOYKM BO3HUKAIOT HE3aBHCHMO OT
000JIOUKM MATEPUHCKOW KJIIETKH, KOTOpas 4YacTo IOABEpraercs aBTo-
au3y. B OonbmiMHCTBE Cciy4yaeB LMTOKMHE3 HENOCPEICTBEHHO CIIEAYeT
3a MUTO30M. Y BOJOpOCieH, HUMEIUMX CUPOHOKIAAAIBHYIO CTPYKTY-
py, 00a 3Tu mpolecca pa3zoOLIeHbl, YTO MPUBOAUT K MHOTOSJIEPHOCTH
KJIETOK.

39



Puc. 5. Cxema crpoenus knetku Chlamydomonas 10 3IeKTpOHHOH MuKpodoTorpaduu:
KC — KJIETOYHAsl CT€HKa, IM — LUTOINIa3MaTH4Yeckass MeMOpaHa, ox — o0onoduka xpomarodopa, T —
TWIAKOUIBI, C — CTUI'Ma, II — MUPCHOU, K—Kpaxmall, M — MHUTOXOHIAPHUH, I — JUKTUOCOMBI, P —
pI/IGOCOMBI, 9C— JHAOIUIa3MaTH4eCcKast CeThb, 1 — AP0, I1B — MYJIBCUPYIOIINE BaKYyOJIH, K — KI'YTUK

Oco0eHHOCTH IUTOKMHETHUYECKOTO armapaTa IMOAPOOHO H3ydYaIHCh
y 3eJeHBIX BOJOPOCIEH; eMy NpHuaaeTcs HeMmanoe (UIOTeHETHYECKOe
3HauYEHUE.

Ha ocHoBe 00beMHONH pPEKOHCTPYKIMHM CEpUH  YJIBTPATOHKHX
CpPEe30B KJIETKM M KOJMYECTBEHHBIX M3MEpEeHUH ObUIO yCTaHOBIE-
HO, yto y Chlamydomonas reinhardtii okomo 40% oOvema KiIEeTKU
3aHATHI XJIOpoIiacToMm, okojo 10% — sgpom, y3kas oO0JacTh IH-
crepH [onpmxu oxBaTtbiBaeT okoso 1%, mutoxoHmpun — 3%, Baky-
omn—~8%, JwmnugHBIe Tenblla — mpuomsuTeabHo  0,5%. CxomHbIH
Moppomerpuueckuii ananu3 kietku caenadH u ansg  Chlorella  vul-
garis.

Ha puc. 5 nmana cxema CTpO€HHMS KJIETKH SYKapHOTUYECKOW BO-
JIOpOCIM Ha NpUMEpe XJAMHUIOMOHAJbl IO JaHHBIM 3JEKTPOHHOM MUK-
POCKOIUHU.



I'naBa 4

PASMHOXEHHUE

Paznuuaror BereraruBHoOe, O€CIOJI0E U N10JIOBOE PA3MHOKEHHUE
BEI'ETATUBHOE PASMHOKEHHUE

K BereraTuBHOMY MOKHO OTHECTH T€ MPOLIECCHl Pa3MHOKEHUS, MPU
KOTOPBIX YacTH TajuloMa OTAEISIIOTCS 0€3 KaKUX-TUOO 3aMETHBIX H3Me-
HEHUH B IIPOTOILJIACTAX.

BereratuBHOE neneHUE KIETOK I€CMUAMAIBHBIX, TUATOMOBBIX, MHO-
TUX OJHOKJIETOYHBIX CHHE3EJIEHBIX BOJOPOCIEH, NPOAOJIbHBIC JAEICHUS
MOHAJIHBIX IPEICTaBUTENEH, pacnal — IUCCOLMAlMs KOJIOHUH Ha JIBE
WiIu OOJIbIIIee YMCIIO YacTed (HampuMep, Yy CUHYpPBI, HTUKTHOChEepuyma) —
IIpUMEpPBl BEreTATUBHOIO pPa3MHOXKEHUsA. PacrnpocTpaHeHHBIM —NpuMe-
POM BEreTaTUBHOIO Pa3MHOXKEHMSI HUTYATBIX M 0o0Jjiee BBICOKOOPTaHHU30-
BaHHBIX (OpM sBIsIeTCS (parMeHTalus — pas3pblB TAJUIOMOB Ha OT-
JeNIbHBIE YYAaCTKH. DTOT crocod Haubosiee OOBIYEH Cpelu 3€JEHBIX BOJO-
pocieil U AOCTUraeT KyJIbMHUHAIMHM Y TaKMX POJAOB, Kak KJIEOCOPMUAMYM
(HUTH HEpeIKO pachafaroTcsi Ha OTAEJbHBbIE KJIETKH) U OCOOEHHO Yy poja
CTUXOKOKKYC, KOTOPBIi BCTPEYAETCs] B BUAE OTACIBHBIX KJIETOK (HUTH
Jake M3 HECKOJbKHX KIETOK penku). Jluccomumanuss HUTEH Ha KOpOT-
KM€ OTPE3KH WJIM JaXe OTACIbHBbIE KIETKU JIETKO NPOMCXOAUT Yy 3HI-
HEMaJIbHBIX.

BereratuBHOE pa3MHOXXEHHE IIUPOKO PACIPOCTPAHEHO U cpeau Oy-
peIX Bojopociel. ['ametodurhl pona JaMuHapusi, HPOUCXOIAIIME OT
OJTHOW 300CHOpbI, MOTYT pacrnajarbCsi Ha HEOIPAaHMUYEHHO OOJIbIloe
ynciio ocobeil. Cpeau (ykanbHBIX KPYNHbIE CKOIUICHHS MOJJIEP’KUBAIOT-
Csl UCKJIIOYUTENBHO IIYyTEM IpOIEcca PEreHepaly Y4acTKOB TajlomMa, TO
K€ OTHOCHUTCS K MeJarnyeckuM BUAAM POJia capraccyM.

Jlexxaiasi B OCHOBE BEI€TaTUBHOI'O Pa3MHOXKEHHUS CIIOCOOHOCTH pere-
HEpaluy 1eJoro TajyloMa U3 OTHENbHBIX YacTed WU Jaxe KIETOK
9KCIIEPUMEHTAIIBHO IPOJEMOHCTPUpPOBAaHA M U1 KpacHbIX BOJOPOCIEHN
(rpudduT3nsg, poAOXOPTOH). ODTUM OOBACHSAETCS HX BCTPEYAEMOCTH
B IPUPOZE TaM, IJie¢ BHELIHUE YCIOBHSA HE OJaromnpusITCTBYIOT MpopacTa-

HHIO CIIOP.
Bosiee crienuanu3upoBaHHbIE CTPYKTYpPBI, CIYXKAIUe Ui BEreTaTHUB-
HOI'0 pasMHOXCHHA, — BBIBOJAKOBBLIC ITOYKHW WJIW ITPOIAryJbl. Ouu MOTr'yT

ObITh OJHOKJIETOYHBIMH, MHOTOKJIETOYHBIMHM, CH(OHOBOIO CTPOEHUS,
OOBIYHO coJiepkaT OOWJIbHBIE 3alacHble BEUIECTBA U BbBIPACTAIOT He-
IIOCPEJICTBEHHO B HOBBIM TAUIOM. B KadecTBe mpumepa MOKHO IIPUBECTU
MHOTOKJIETOYHbIE BBIBOJKOBBIE IOYKH Oypoil BOJOpOCHH cdarenspus
C JIOBOJIBHO CIIOXHOH Mopdosorueli, pasnuyaromeiicss y pa3HbIX BHJIOB:
y OJHMX OHM JABYyXpasleibHble, y JAPYTHX — TpexpasnenbHble. [Ipoma-
Iyibl CU(OHOBOIO CTPOEHHs, MO (opMe MOpPa3UTEIbHO IOXOXKUE Ha
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TpexpasJiesibHble Iponaryibl cdaueaspuu, OMHCaHbl Uil 3€JIeHOM Opu-
OTICUAAIIBHOW BOJOpPOCIH nepOe3un. Y apyroid OpHONCHAAIBHON BOIO-
poOCIM — KOJAWYMa — MpoHaryjbl B BUJE JIETKO OTIENSIOLUIMXCS CHEIUU-
QIM3UPOBAaHHBIX BeTOYeK. C MHOTOKJICTOYHBIMH TIPOTAryIlaMd MOKHO
cOMM3uTh KIyOEHbKH XapOo(UIMEBBIX BOAOPOCIEH, KOTOpble 00pa3yroT-
Cs Yy HEKOTOPBIX BHJIOB Ha HIDKHHUX, IOTPYXCHHBIX YacTIX TajuioMa
U Ha pusoujax. Y psna cU(POHOBBIX M CHU(POHOKIATAIBHBIX BOJOPOCIEH
(OproHCHC, TaTUIMCTUC. BAJIOHHSA) TOJBIE YYAaCTKH IIUTOIUIA3MBI — TIPO-
TOIJIACTBI, BBITEKAIOIIME M3 TAJJIOMa IPU €ro IOBPEXKICHUU, OYEHb
ObICTPO (B TEUEHUE HECKOJIBKMX MHUHYT) CEKPETHPYIOT HOBBIE KJIETOUHBIE
CTEHKH U Pa3BUBAIOTCS B COOTBETCTBYIOUINE TAJITIOMBI.

Crienman3upoBaHHBIM THIIOM BETE€TATHBHOTO PAa3MHOKEHHS MOXHO
cuuTaTh M 00pa3oBaHUE CTPYKTYp, MpeJHA3HAUEHHBIX JUISI MEPEHECCHUS
NepUOJIOB, HEOIArONMPHUATHBIX JUII OOBIYHOTO BEreTaTHBHOTO POCTA.
B sTux ciydasx B KJIETKax YTOJIIAIOTCS OOOJOYKH, B IPOTOILIAcTe
HAKaTUTMBAIOTCS 3allaCHBIE BEIIEeCTBA — JKHUP, KpaxMaiu. Takue KIETKH,
Ha3blBa€Mble aKMHETaMM, BCTPEUYAIOTCSl y MHOTHUX HHUTYAThIX (Qopm (yIo-
TPUKC, MUKPOCIIOpa, Ki1anodopa).

BECITOJIOE PABMHOXEHHE

Becnonoe pa3MHOXXEHHE OCYIIECTBISETCS IMOCPEICTBOM OCOOBIX
crnop. Camblif 0ObIUHBIA cHOCOO Oecroysioro pa3MHOXKEHHS Y MHOTUX
BOJIOPOCTICH — TMOCPENCTBOM 300CHOp, KaK TPABUIIO, TOJBIX MOHAHBIX
KJIeTok. W3 comepKUMOro KaxIoW KIETKHM MOXeT c(hHOopMUpOBaTHCS
TOJIBKO OJHA 300cTopa (HampuMmep, y SJ0TOHWyMa) WM Yalle COIep-
KHUMOE KJIETKU JIEIUTCSA Ha JBe, 4eThlpe, BOCeMb M Ooiyiee yacTtedl M Ipo-
OYIUPYETCS. COOTBETCTBYIOIIEE KOJIMYECTBO 300CHOp. Y MHOTHX BOJOPO-
Cllell KIJIeTKH, B KOTOPBIX (DOPMHUPYIOTCS 300CHOPHI, CIELUAIBHO HE
i depeHIIMpPOBaHbl, OJHAKO Y TPEHTENOJIMEBbIX 3€JIEHBIX BOJOpOCIEH
U y BceX OypbhIX €CThb CHOpaHTuMH, OOpa3yroIIMecss TOJBKO BO BpeMs
Oecroyoro pa3MHOKEHHSI W OTIWYaroniuecs mo GopMe W pazMepaMm OT
OOBIYHBIX BET€TaTUBHBIX KIIETOK.

B psine ciydaeB BBISICHEHBI (DKCTIEPUMEHTAIBHO) YCIOBHS BHEIIHEH
cpeibl, CTUMYIMPYIOLIME Mepexoa K 300cnopooOpazoBanuto. [y MHO-
X HUTYATBIX 3€JIEHBIX BOJOPOCIEH TakuM (PAaKTOPOM CIYKHT ITOBBI-
IIEHHOE COJep’KaHHe B BOJE CBOOOJHOM YIIEKUCIOTHL. IJTO OOBICHSAET
cTapbple HaONIOJEHUS HAJl MAacCOBBIM 300CMOPOOOpa30OBaHMEM TIpU TIepe-
HECEHUU HMUTEH M3 TEeKydel BOJbl B CTOSYYIO, CO CBETa B TEMHOTY. T. €.
B YCJIOBUSI, KOT/Ia B BOJIE HAKAILJIMBAETCS YTIICKUCIIOTA.

B cBa3u ¢ 300cnopooOpa3oBaHMEM YMECTHO OCTAaHOBHUTHCA Ha BO3-
HUKHOBEHUHM TaK Ha3bIBaeMBIX cHH300cmop. Cunzoocnopst — o0Opa3zoBa-
HUSI, COOTBETCTBYIOIIME KOMIUIEKCY JIBYX WJIM MHOTMX CPOCHIMXCSI B pas-
JUYHOM CTETMEeHW 300CTOp, — HAOII0NAINCh Yy Pa3HBIX BOJOPOCIEH, HO
0COOEHHO YacTO y pPa3HOXKIYTUKOBBIX. Hepenko mpu BbIXOJEe U3 Mare-
PUHCKOW KJIETKH TaKHe 300CIOPBI OCTAIOTCS COSAMHEHHBIMH TIO JBE WU
[0 HECKOJIbKY JIMIIb TOCPEJACTBOM TOHKHX IMTOIUIA3MAaTHUYECKUX HHUTEH



U T0o31Hee pa3zbeAuHstoTcs. OAHAKO 4YacTo 300CHOpBI  OKa3bIBAKOTCS
CBA3aHHBIMU CBOMMM 3aJHUMH KOHI[AMH TOpa3l0 IpoyHee M Ha
OoblIEM MPOTSHKEHUH, TaK YTO CBOOOJHBIMU OCTAIOTCS TOJBKO UX
nepeJHUuEe KOHIIBI CO JKIYTMKaMU WIM JK€, HaKOHel, OHU oOpa3yioT
CIUIOLIHYI0 LHUTOIUIa3MATHUYECKYK0 MAacCy, M3 KOTOPOH BBICTYHAKOT Iapbl
KT'YTUKOB, YKa3bIBasi HAa YMCIO COEIUHUBLIMXCSA 300cnop. Takue craguu
OUYEHb II0X0XXM Ha CHUH300CIOpPHI BOIIEPUH, KOTOPBIM OHHU IOJHOCTHIO
COOTBETCTBYIOT.

CuH300CHOPBl YacTO BCTPEYAKOTCS y OOTpUAMOIICHCA, TPUOOHEMSI,
OooTpuauyma W Jip., OJHAKO, KaK MpaBWJIO, ATH BOAOPOCIH 00Opa3yroT
JIBYKT'YTUKOBBIE 300CHOpBL. OTH CIIydailHble OTKJIOHEHHs CTaOWIM3HpO-
BAJINCh JMIIb Yy Boulepud. Ee KpynmHble MHOTOXI'YTHKOBBIE 300CIOPBI
y’K€ JaBHO pacCMaTpHBAIM Kak CJIOXKHYIO 300CHOpY, OOpa3yroIlyrocs
BHYTPU CIOpPAHTUs, B KOTOPOM JIEJI€HHE CIIOPAHTHMAIbHOIO IMpPOTOILIACTa
Ha OJIHOSI/IEPHbIE IBYKI'YTUKOBBIE CIIOPBI HE Ha0JII0JaeTCsl.

CuH300CTIOPBI UMEIOTCA TaKXKe y 3eleHbIX (cheporutes, kaagodopa,
XJIaMHUJIOMOHAC U Ap.) U OypsIx Bogopociuelt (Ectocarpus siliculosus).

VY 3HAaYUTEIBHOTO 4YHCIA BOJOPOCIEH BMECTO 300CIOp 00pa3yroTcs
aniaHocnopvl — HETOABWKHBbHE, JHILIECHHbIC )XKIYTUKOB criopbl. [Ipumepa-
MU HX MOTYT CIYXHTb MOHO- M TETPacHoOpbl KpPAaCHBIX BOJOPOCIEH,
TETPacopbl TUKTUOTOBBIX M3 OYypbIX Bojpopocieil. B Tex cmyuasx, koraga
aIUIaHOCTIOPBL, OyIy4Yd 3aKJIIOYEHHBIMH B O00JIOUKY MAaTE€pPUHCKOW KIET-
KU, MPUHUMAIOT BCE€ OTIMYUTENIbHBIE YEPThl 3TON KIETKU (XapaKTepHbIE
OouepTaHus, OCOOEHHOCTH O00OJOYKH), MX HAa3bIBAIOT aBTOCIOpaMu (Ha-
IIPUMEp, Y MHOTHX XJIOPOKOKKAJIBHBIX U3 3€JIEHBIX BOJOPOCIIEN).

VY 1neHoOHaNbHBIX (MOHAJAHBIX U KOKKOMIHBIX) 3€JIEHBIX BOJOpOCIEi
npu OecrosoM pa3sMHOKEHUH 00pas3yloTcsi JodepHHe KOJIOHMU. B psge
rpynn BoJOpociiel Oecrioyioe pa3MHOXKEHHE OTCYTCTBYET: Y KOHBIOTaToO-
¢uMeBbIX, Xapo(HUIMEBbIX, MHOTUX 3€JEHBIX BOJOpOCIeH CH(POHOBOIO
CTPOEHHUS, Y BCEX TUATOMOBBIX, PYKAJIBHBIX U3 OYpBIX BOJOPOCIIEH.

Ha npumepe HEKOTOPBIX BOJOPOCIEH yIANoCh IIy0)ke MPOHUKHYTh
B MEXaHM3Mbl OCBOOOXKIEHUS KJIETOK OECHojioro pa3MHOXKEHHMS U HX
HOCJEIYIOIEro MpUKperieHus K cyoctpary. BoT HekoTopble HmpHUMEphI.
s muorux (6onmee 40) BUIOB XJIAaMUJOMOHAJAbl OBUIO IOKAa3aHO. 4YTO
MOJIOJIble KJIETKH BBIJEISAIOT JUTUYECKUN (PaKTOp — aBTOJIM3MH CIIOpPaH-
THAJIbHOW CTEHKH, BBI3BIBAIOIIMN JIM3UC KJIETOYHOM CTEHKH CIIOpPaHIWs,
4TO CIOCOOCTBYET OCBOOOXKIEHHIO 300cmop. depMeHT AEHCTBYET TOJIb-
KO Ha CIOpaHTHaJbHYI0 CTEHKY, HO HE Ha CTEHKH BETreTaTUBHBIX KJIETOK
U 300Ccop M 0O0jazaer TIpyNNoOBOM CHEHU(PUYHOCTBIO, T. €. BIUAET
TOJIbKO Ha MOP(OJIOTUYECKU CXOAHBIE BUJBI, @ B HEKOTOPBIX CIydasx —
TOJIBKO Ha CIIOPAHTMU BUAA-IIPOYLIEHTA.

VY BOJBBOKCA KJIETKH TakXKe 0Opa3yiOT U BBIIEISIOT B OKPYXKAIOIIYIO
cpeny (epMeHThI, JIU3UPYIOIIUE HHBOJIIOKPYM MaTEpUHCKOrO LeHOOuS,
oOrneryasi 3TUM OCBOOOXAEeHUE JouepHHX chepounoB. M3 KynbTypaib-
HoWi cpeabl Chlorella fusca var. vacuolata ©pu1 BelgeneH QepmeHT (OT-
CYTCTBYIOIIIMI B Cpele /0 Hadaja CIHOPYJISIHNH), pa3pylIalomui Kiie-
TOYHYIO CTEHKY MAT€pUHCKHUX KJIETOK aBTOCIOp M HE JACUCTBYIOUIUHI
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Ha KJIETOYHbIE CTEHKH CaMHUX aBTOCIOp. Y BOLIEPUM B KOHUUKE CHH30-
OCIIOPEBI ObLIH O6H&py>l(€HI>I MHOTI'OYHCJICHHBIC BC3UKYIJIIbI, IMO-BUIHUMOMY,
JIepUBaThl  IUKTUOCOM, COJIEpXKalllde MPEANONOKUTEIbHO —IEJUTI0JIA3y
W Jpyrue OSH3UMBI, pa3pylIaollue MoJucaxapuabl. BeickazaHo mpen-
IOJIOKEHHWEe, 4YTO OHM OTBETCTBEHHBI 3a pa3pylleHUE CTEHKU B allu-
KaJbHOH OO0JIACTH CHOpAaHTHS — HEOOXOAMMOE YCIOBHE BBIXOJA CHH30-
ocriopel. B 300cmopax 3enenoit Bomopocnu Oedogonium cardiacum, Oy-
poit — Chorda tomentosa, Terpacriopax KpacHOil Bomopociu Palmaria
palmata oOHapyX eHbl OOMIIbHBIE BE3HMKYJbI, COJEpIKAllUe KICIOMMNA Ma-
Tepuai, KOTOPHI, BO3MOYKHO, CIIOCOOCTBYET MPHUKPEIUICHUIO CIOp K CyO-
crpaty. To e, MO-BUIMMOMY, CIpPaBEUIMBO W U1 TETpacmop M Ka-
procniop Ceramium rubrum.

IHOJIOBOE PASMHOXEHHUE

[TonoBoe pa3mHOXKeHHUE (BOCIPOM3BEACHUE), CYIIHOCTH KOTOPOTO 3a-
KJIIOYAeTCsl B CIMSHUUM — KONYJSIMM JBYX pa3jIM4YHBIX B IOJOBOM OT-
HOIIICHUU KJIETOK-TaMeT ¢ 00pa3oBaHWEM 3UTOTHI, U3BECTHO Y OOJBIIMH-
CTBa HYKAPHMOTHYECKUX Bojpopocieil. Bo MHoOrux cmydasx, OCOOEHHO
y BOJOpOCIEH C MOHAJHOW opraHu3anued, OOHapyKEHUIO I0JIOBOTO
npoliecca CrocoOCTBOBaja pa3paboTKa METOJOB MX KYJIbTUBUPOBAHMS
B J1a0OpaTOpHBIX yclnoBHsX. Hampumep, Tpu OINpeneNeHHBIX YCIOBHUSIX
KyJbTUBUPOBAHMUA B IIOCIEAHUE TOJbl OBLI OMNMCAaH IOJIOBOM Ipolecce
y psiia AMHOQIIATEIUIAT, paHEee CUNTABIINXCS JTUIICHHBIMH €T0.

[TonoBoe pa3MHOXEHME — CJOXHBIII MHOTOCTYNEHYAThI Mpolecc,
HAUYMHAIOIIUICSA € MOJOBOM AU(GEepeHUUPOBKU KIETOK — raMeTOreHesa,
BKJIIOYAIOIIUI CIIMsSHUE TaMeT (MPOUCXOASAIEee B HECKOJIbKO 3TaIoB
U IIPUBOJIsIIEe K 00pa30BaHUIO 3UTOTHI) U 3aBEPIIAIOIIUNCI MEHO30M.

YcaoBus, BbI3bIBalOIIME M0JIOBOI npouecc. [lepexon Kk mojaoBomy
pasMHOXeHHIO U JauddepeHInpoBKe raMeT 3aBHCHUT HE TOJIBKO OT BHYT-
PEHHUX MpPUYHMH, HEPEIKO ONpeAeNsieMbIX BO3PACTOM BOJOPOCIH, HO
u oT (aktopoB BHemHed cpenapl. Cpeau 3TUX (AKTOPOB IJiI MHOTHUX
3€JICHBIX BOJIOPOCICH BEAYILYI pOJIb MIpaeT COJEp’KaHHe B cpeje a3oTa.
Hcueprianue B cpeie a30oTa M HACTYMAMOIIEE a30THCTOE TOJOAAHUE CIy-
XKHUT CHUTHAJIOM JUIs Hayaja II0JOBOTO pPa3MHOXKEHHS MHOTMX BHJIOB
Chlamydomonas (Ch. reinhardtii, Ch. moewusii var. rotunda,
Ch. chlamydogama, Ch. eugametos), Pandorina morum, P. unicocca,
Chlorococcum echinozygotum, Golenkinia minutissima, Scenedesmus
obliquus, Oedogonium cardiacum u 1p. XOpOoUIMM HPUMEPOM 3aBUCHMO-
CTH MOJIOBOM AU(PPEpEeHIUPOBKH OT COJAEP>KAHUS B CpPElE a30Ta CILYKHUT
3eneHas BoJopocib Sphaeroplea annulina. Dta a3zotomoOuBas BOIO-
pOCb BCTPEYAETCS y HAC MPEUMYIIECTBEHHO pPAaHHEW BECHOM B MEIKHX
BOJIOEMaX M YK€ B Mae IpH IMOHI)KEHUM COAEp)KaHUS B BOJAE a30Ta
NEePeXOoJUT K IOJIOBOMY BOCIpOM3BEICHUIO. B Bomoemax ¢ Oojee mocro-
SIHHBIM TIOJATOKOM a30THCTBIX BEILECTB, HAalpUMEp Ha MOJSAX OPOIICHUS
MockBbl, ceporiess BereTupyeT MHOTAA IMOYTH Bee Jieto, B maboparto-
pUM TaK)Xe MOXHO IMOJJEpXkaTh €€ B BEreTaTUBHOM COCTOSHUM, KYJIbTH-



BUPYS B Cpeie CO 3HAYUTEIbHBIM COJIEP’KaHUEM a30Ta; MEPEHECEHUEM XKe
B cpely, O€QHYI0 COJSIMH a30Ta, JIETKO MOXHO BbI3BaTh IIOJIOBOW IpPO-
1ecc.

VY nepedrciIeHHBIX U MHOTHX JAPYTUX BUIOB MCTOYHUKU a30Ta (HUT-
paThl, aMMOHUN, MOYEBHHA, TJIIOTAaMUH M IIp.), HMOJJAEPKHUBAIOLIUE POCT,
MPEMSITCTBYIOT MOJO0BOM nuddepeHupoBke, KOTopas HACTymaeT B YCIO-
BUSX, HEOJAronmpHsTHBIX AJIi BereTaTUBHOro pocta. Poct u pasmuoxe-
HUE HAXOJATCS KaKk Obl B aHTAarOHUCTHMYECKUX OTHOIICHUSIX IPYT C ApY-
roMm. B oTimume ot OGONMBIIMHCTBA 3€JEHBIX BOAOPOCIEH y BOJIHBOKCOB
II0JIOBOE Pa3MHOXKEHHE C MOCIEAYIOIUM O0pa30BaHMEM IOKOSIIUXCS
3UTOT TPOUCXOAMT B TO BPEMs, KOTJAa YCIOBHUS CPEIbl ONTHMAILHBI IS
BEreTaTMBHOIO pPOCTAa. OJTO OOBACHAETCS TEM, YTO IOJIOBOW Ipolece
y 3TOr0 pojJia COMPSIKEH € MPOIYKIMEH CHEelHaJbHBIX IMOJIOBBIX LIEHOOU-
€B, B KOTOpbIX U (OpPMHUPYIOTCA TaMmeThl. B MeHee ONTUMaIbHBIX JIs
BEreTaTHBHOIO POCTa YCJIOBUSIX IOJIOBBIE C(HEpPOUIbl YMEHBIIATUCH Obl
B pa3Mepax, MOHWXKalach Obl WX BHUTANbHOCTH. llonoBas muddepen-
LUPOBKA Yy BOJBBOKCOB HACTyNaeT IOJ JeHCTBHEM BUIOCHEHU(DUUHBIX
MOJIOBBIX TOPMOHOB — HHIYKTOPOB, BBIIENSEMBIX MY>KCKMUMH LEHOOU-
SIMH, TIOSIBJISTFOIITAMUCS B TIOMYJIAIIMKM CIIOHTAHHO (CM. TJ1. 15).

Heduuut B cpeie a3oTa BbI3BIBACT MOJOBOM IMPOLECC U Y MHOTHX
TUHO(DIIATeIIISAT.

Jlis MHAYIUpOBaHUs TOJOBOTO Mpolecca y ASCMHUIUAIBHBIX BOJO-
pocieir HamboJjiee BaXKHBIMH (PAKTOpaMH OKa3bIBAIOTCS CBET M TEM-
neparypa, XOTsi B HEKOTOPBIX clydasix (opMupoBaHUE KOHBIOTAIIMOH-
HBIX BBIPOCTOB M OOpa3oBaHHE 3UIOT HAOJIONANOCh IPU HEAOCTaTKe
B cpene azora. CBeT W Temmeparypa SBISIOTCA TakKe pPEIIAIoNIMU
(dakTopaMu cpebl, OKa3bIBAIOLUIMMHU BO3JIEHCTBHE HA raMETOr€HE3 MHO-
rux OypbIx Bogopociei. Tak, IIsi MHOTHX JaMHUHapUaIbHBIX BOJOPOC-
Jeil OBLIO TOKa3aHO, YTO TEePexXoJ HMX TaMeTOPUTOB K TaMEeTOreHEe3y
KOHTPOJMPYETCS CHHUM CBETOM JOCTaTOYHO BBICOKOH HWHTEHCHBHOCTHU
npu Hu3kux (5—10°C) temneparypax (cm. 1. 10). YV opranusmos,
NPUYPOUYCHHBIX K BOJAM C BBICOKHM COJIEp>KaHHUEM COJled, Hampumep,
y Dunaliella salina, noHM>XeHHE KOHIICHTPALIUU COJIEW B CPENIE€ BHI3HIBACT
IIOJIOBOM ITPOLIECC.

®opmMbl M0s10BOro mpouecca. Gopma TOIOBOIO MPoOIecca MOKET ObITh
pa3iauuHOil. Y psna JUIICHHBIX KIETOYHOW O0OOJOYKHM MOHAIHBIX BO-
JIOPOCIIeH CIMBAIOTCSA (KOMYJIUPYIOT) KIETKH, HE OTJIMYMMBIC OT Be-
reTaTuBHBIX. Takas ¢opMa MOJOBOTO MpOIECCa HA3BIBACTCS Xo/102amuell
(HarpuMmep, y 3€J€HOM BOJOPOCIH AyHAJIHWEIa). ¥ MHOTHMX BOAOPOCIeH
ramMeThl, Kak W 300CMHOpbI, O0pa3ylTCs BHYTPH MATEPHUHCKUX KIIETOK
U, BBIAAS W3 HUX, KONyaupywoT nomapHo. Ecimu o6e ciauBaromuecs
MOHAJIHbIE TaMeThl HE pPa3NU4yaroTcsi MOPQOIOTUYECKH, IOJOBOK MpO-
LIECC Ha3bIBAIOT H30TaMHBIM — u302amueli, IPU KOIYJSIIMM MOHAIHBIX
ramer, pa3lUYarolIUXCs MO pa3MepaMm, UMEET MECTO cemepocamusi WU
anusocamus. bonee KpymnHble MakporamMeThl TPaKTYIOTCS KakK »EHCKUE,
Oonee MenKHe — MHUKpPOTaMeThl — Kak MyKckue. [Ipu ooramMmHoM moso-
BOM IIpoliecce — ooeamuu — 0oJiee KpyIHbIE )KEHCKHE IaMEThbl JIUIIECHbI
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KTYTUKOB, HENOJBM)KHBI M HAa3bIBAIOTCS AWLEKICTKAMU WM  sillamu,
Oosee MENKHWE MYKCKHE TaMeThl CO JKI'YTHKAaMH IOJBHMXKHBI W HOCST
Ha3BaHHUE CIIEPMATO30UI0B HJIM AaHTEPO30HIOB.

VY KpacHBIX BOJOPOCIEN SWLEKIETKA OIUIOAOTBOPSIOTCS MYXCKHUMH
KJIETKaMH, JIMIIEHHBIMU JKI'YTHKOB, — CIIEPMALIUSMHU.

VY 3eneHbIXx BOJOPOCIECH 3a €IWHWYHBIMU HCKIIOYCHHUSMU HaOI0/1a-
€Tcs HUCTUHHAs ooramus, Uil KOTOPOM XapakTEepHO OIUIOJO0TBOPEHHE
qiilla BHYTpU OOTOHMsSI — Ha MecTe oOpa3oBaHus (in situ) B OTJIMYHE OT
OPUMUTHBHON OOTaMuUM, KOT/a SHIEKIEeTKAa MOKUAAEeT OOTOHHM JI0 OIUIO-
JOTBOPEHHUsI, OCYILIECTBILIIOUIETOCS B OKpyxkaromen cpene. [Ipumnrtus-
Hasi 0OramMsi, BCTPEYAIOLIAsICSl CPEeIU 3€JIEHBIX BOJOPOCIEH JIMIIb B BUJE
UCKJTFOUEHHH, SBIISICTCS TPABWIOM IS OOTaMHBIX OYpPBIX BOIOPOCIEH.
VY 1ueHTpoUIMEBBIX OOTaMHBIX TUATOMOBBIX HAONIOJAETCd KaK HCTHH-
Has, TaKk W TPUMUTHBHAS OOTraMus. ECIM CIMBArOTCS MPOTOIIIACTHI
HEMOJABIKHBIX KJIETOK, HE OTJIMYAIOUIUXCS OT BEreTaTUBHBIX, T'OBOPST
0 KOHBIO2AYUU.

OObIuHO MpeanoaaHaeTcs, 4To GopMa MOJOBOr0 MpOoIecca IBONIOLHU-
OHHpOBaJa B CIEAYIONIEM HANpABICHUU: HM30TaMHsS —> AaHHU30TaMHUs —>
ooramusi. OTa TNPOrpecCHUBHAsl S3BOJIONMS Hadajach C BO3HUKHOBEHHS
pa3nMyarIuXcs MO0 pa3MepaM TraMeT y HW30TaMHBIX IPEIKOBBIX (OpM.
OOpa3oBaHue MEJIKHX TIaMeT MOBBIAET MX HYMEPHUECKYIO HPOJYKTHB-
HOCTh — HMX YHCJIO, HO 32 CYET PEIyKIHH KOJIMYECTBA ITUTOILIA3MBI.
C npyroii croponbl, OoJblasg Macca IMTOIUIA3Mbl U PE3EPBHBIX MaTepH-
aloB y 0Oosiee KPYMHBIX TaMeT (BO3HUKAIOUIMX B MAaTEPUHCKUX KIIETKaX
B MEHbBIIEM YHUCIIE) HEOOXOOUMBI JJsl HAYaJbHOTO pa3BUTHs Oynayuiei
3UroTel. TakuM oOpa3oM, pa3 BO3HUKIIUMN JuMOp(dU3M TraMeT JaacT
OCHOBY Ul M30MpaTEIbHOrO CIMSHUS MEXKIy TaMeTaMH, pa3jindyarollu-
MHCSI [0 pa3MepaM: TaMeThl MHHHUMAIBHBIX pPa3MEpOB TOJIYYal0T KOM-
IEHCALMI0 B KOJIMYECTBE LMTOIJIA3Mbl IMOCPEJICTBOM CIHUSHUS C Oojee
KPYIHBIMH TamMeTamd. [lo 3TH YHCTO TEOPETHUYECKHE PaCCYKICHHS
B TIOC/IeJHEE BpeMs ObLi1a M0JIBEIeHA SKCIIEPUMEHTAIbHAS OCHOBA.

JI. Buze ¢ coast. (L. Wiese, W. Wiese, D.A. Edwars, 1979) ynanocs
9KCHEPUMEHTAJIBHO MOIYYUTh (HEHOTUIMYECKYIO AaHHU30TaMHUIO0 y Tpex
M30TaMHBIX TeTepOTAIUYHBIX BUAOB Chlamydomonas (Ch. reinhardtii,
Ch. chlamydogama, Ch. moewusii). Y 3THX BUJOB KaXKIIbIii TUI CllapHBa-
HUS («+» M «») HMEeT JBa NMYTH T'aMETOreHe3a, KOTOpPhIe HHIYLHUPY-
IOTCSl 11OI00POM YCIIOBUI KynbTUBUpOBaHMs. llepBblii myTh rameroreHe-
3a 3aKJII0YaeTcsl B TOM, YTO MPOTOIUIACT BEreTaTUBHOW KJIETKH B PE3yIlb-
TaTe BHYTPUKIETOYHON NEPEeCTPOWKH HEMOCPEACTBEHHO IPEBPAIaeTCs
B OJIHY KpymHyI0 ramery. [Ipm BTOpoMm crocobe rameroreHesa B Marte-
PUHCKOM KJIETKE MPOUCXOAST JABa WIM TpU MHTO3a, U oOpazyercs 4—~8
raMeT MeHbIIero pasmepa. KoMOWHUpOBaHMEM COBMECTHMBIX TaMeT,
c(OpMHPOBABIINXCSA PAa3HBIMM CHOCOOAMH, MOXKET OBITh MOJy4eHa de-
HOTUIIMYECKN aHHM30TaMHAasi KOIYISUs. BBICKa3aHO MpenroyioKeHHne, 4To
arobas MyTauus, Koropass 3adukcupoBaia Obl TOT HJIM HMHOW CIOCOO
ramerorenesa (OyiokupoBana Obl OJMH IyTh TaMETOTre€HE3a B TIOJb3Y
Jpyroro), naiga Obl HEHNOCPEICTBEHHO IITaMMbl, MPOU3BOASAIINE HCKIIIO-



YUTEIbHO WJIM MHUKPO-, MIM Makporamerbl. Takum o0pa3oM MOIJH
BO3HUKHYTh YyX€ TE€HETHYECKH aHMU30raMHble JHMHUU. B mnosBuBLIEMCS
B pe3yjibTaTe MyTAallUH aHU30TaMHOM TaKCOHE IpU JajlbHEMILEH 3BOJIIO-
UM MOXET ObITh yTepsiHa IMOABMXKHOCTH Yy OoJjiee KpPYIHBIX TaMerT.
CHayana XIyTUKH elle coxpanstorcs, kak y Ch. suboogama, nonHas xe
uX MoTeps mnpuBesna Obl K Hacrosuied ooramuu. kak y Ch. coccifera,
Ch. pseudogigantea.

OBomonus GopMbI TOJIOBOIO IpoIEcca MPOUCXOWIa HE3aBUCHUMO
OT DJBOJIIOLMM TauloMa. OTO BIIEPBbIE IPOJEMOHCTPUPOBAT PYCCKUHI
ansrosior M. H. TlopoxaHKkWH B KOHIIE MPOLLIOrO BeKa, OOHAPYXHUB
y Ppa3HbIX BHJOB XJIAMHUIOMOHAIbl (CTOSIIMX HAa OIHOM YPOBHE MOp-
¢donornyeckoit nupepeHIMPOBKU TalJIOMa) BCE OCHOBHBIE THUIIBI IOJIO-
BOI0 Tpoliecca: Hapsgy C H3oramMen. npeodiajgaromeid y OIHOKJIETOY-
HBIX BOJIbBOKQJIbHBIX, rereporamuto y Ch. braunii M ooramuio
y Ch. coccifera.

I'ameTtorene3. Y ¢opm c M30raMHBIM M Te€TEPOTAMHBIM TIOJIOBBIM
IpOIIECCOM B aMETOreHe3 B OOJIBLIIMHCTBE CIy4aeB HE CBs3aH C (opMu-
pOBaHHEM KaKUX-THOO 000COOJEHHBIX MOP(MOIOTHYECKUX CTPYKTYP:
U30- U TeTeporaMeTbl BO3HHMKAIOT B OOBIYHBIX BEre€TaruBHBIX KJIETKAX,
KaK M 300CHOpbI, HO OOBIYHO B OOJIBLIEM YHCIE U COOTBETCTBEHHO
MEHBIINX pa3MepoB. VCKIIOUEHHE COCTaBISIIOT H30TaMHbIE U TETEpo-
ramMHble Oypble BOJOpPOCIH, TJ€ TaMeThl 00pa3yroTcsi B CIIELUATIbHBIX
OpraHax: MHOTIOTHE3JHBIX WJIM MHOTOKaMEPHBIX CIIOPAHIUAX, B Ka)XI0H
KaMmepe (KJeTKe) KOTopbiX (opmupyercs mo ojaHoil ramere. Ooramus
y MOHAJHBIX M KOKKOMJIHBIX (DOPM OOBIYHO TaKXe HE CONpSIKEHA C U3-
MEHEHHEM KIIETOK, IPOU3BOJAIIMX TaMETbl: OHU HE OTJIMYAIOTCS OT
BereraTuBHbIX. Haobopor, y Bojopociel ¢ HUTYATOW M TKaHEBOW oOp-
raHu3anueil tamioma SHLIEKIEeTKH U CIIepMaTO30U[bl Pa3BUBAIOTCA B Ta-
METaHTHsIX, KaK IMpaBWIO, PE3KO OTIMYAIONIMXCS 1O (opMe OT Berera-
TUBHBIX KJIETOK M HOCSIIMX CHElUaJIbHbIE HAa3BaHUS 0020HUU W aHMepU-
Ouu (enepMaToOroHuN).

Pacrenus, mpousBojsniMe raMeTbl, MOT'YT OBITb 00O€MmOJbIMU (0JI-
HOJIIOMHBIMH) M pa3JelIbHONOJIBIMU (ABYJOMHbIMHU). B mnepBom ciyuae
ramMeTbl pPa3HOro I0Ja BO3HUKAIOT Ha OJHOM M TOM XK€ TaJUIOME,
BO BTOPOM — Ha pa3HbIX. KpoMme NOHATUN «OIHOAOMHOCTB» U «IBY-
JOMHOCTBY» CYIIECTBYIOT MOHSTHUSI «TOMOTAJUIM3M» U «T€TEPOTAILIUZM).
[Ipn romortauM3me MOJOBOM IPOLECC MMEET MECTO B IpEAesax Kio-
HaJIbHOM MONyJasuuu (KJIOH — KyJIbTYpa, MOJTYYeHHasl U3 OJHOM KIIETKH).
[Ipu rereporasnusMe IOJIOBOM MpOLIECC BO3MOXKEH TOJIBKO IIPH CMeE-
HIEHUM KJIETOK M3 pa3HbIX KJIOHOB IPOTUBONOJIOXKHOTO THIA CHApU-
BaHUS WJIM 3HaKa; B ClIydyae IeTepoTAJUIMYHBIX M30TaMHBIX ()OPM TaMeThl
pa3HOro THUNA CHapuBaHUA O0O3HAUYaAIOTCA 3HAKaMH «+» U «». llo-
HATUSA «TOMOTAJUIMYHBI» U «TE€TEPOTAJUIMUHBIMN» HE BCErJa COBIAAAIOT
C HOHATUSMH «OJHOJAOMHBIN» M «IABYIOMHBIN». Tak, cpeau BOJIBBOKCOB
UMEIOTCS TOMOTAJUIMYHBIE M TIETEpOTAJUIMYHbIE BUIBI, BKIIOUYAIOLINE
KaK OJIHOJIOMHBbIE, Tak M JBYyAOMsAble IITaMMbl. Hampumep, BHYTpuU
KJIOHAJIbHOM MOMYJSAILMM MOTYT pa3BUBAaThCS OCOOM Kak OJHOJOMHBIE,
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C silaMu M CIepMaTo30MAaMU B OJHOM cdepoujie, TaKk U JBYAOMHBIE,
y KOTOPBIX ITOJIOBBIE OpPTraHbl HAXOSATCS B Pa3HBIX WHAWBU/AX.
OcBo0o:k1eHUe penpoOAYKTHBHBIX KjeToK. HekoTopblie Mopckue BoJ0-

pocnu, obuTalIIMe B BEpXHEH YacTH JIMTOPAIbHON 30HBI, OOHApY>KUBa-
0T HEePUOJUYHOCTh B (DOPMUPOBAHMM M OCBOOOXIEHUH PEHpPOAYKTHB-
HBIX KJIETOK Kak Oecroioro (crop), Tak M IOJIOBOrO (raMeT) pa3mMHOXkKe-
Hus. Tak, y GeperoB AHrnuu y Bogopocnu Dictyota dichotoma dopmu-
pOBaHWE TIOJIOBBIX OpPraHOB (AHTEPUAWEB M OOTOHHEB) NPUYPOUYCHO
K JIETHUM MeECAlaM M IPOUCXOAUT MEPUOJUUECKH C JIBYXHEIEIbHBIMU
WHTEpPBAJIAMH, YTO COOTBETCTBYET TAKOBBIM MEXIY JBYMS CHTH3UIi-
HBIMH TIPUIHBAME' a 0CBOOOXKICHHE TaMeT — SIHIL U CIIEPMATO30HIOB —
HACTYIAeT 4Yepe3 HECKOJIbKO MPWIMBOB IIOCIIE HAWUBBICIIETO W3 IOCIEIY-
[OIMX KBAJAPATYPHBIX MPHIABOB M MpomoiKaeTcs 7—9 nmeil. Takum
0o0pa3oM, MEePHOAMYHOCTh HAXOAHWTCS B CTPOTOM COOTBETCTBHH C JIyH-
HbIM pUTMOM. IlepmonuyHocTh coxpaHsercs U NpU KYJIbTUBUPOBAHUU
TaJVIOMOB B JIaOopaTopuu. Y OJHOrO U TOTO K€ BHJIa PUTM OCBOOOXKIE-
HUS TaMeT 3aBHCUT OT TIeorpaguueckoro IOJOXKEHHUS MECTOOOUTaHUS.
Tak, y D. Dichotoma B CeBepHoit KaponuHe nepmoaumdHocTh HabIIO1a-
Jach, HO MHas, 4eM y OeperoB AHIJIMU: TaMeThl OCBOOOXKIAINCH HE uepes3
JBYXHEJICIbHBIE MHTEPBAJIBI, a 4epe3 MeCsdyHble, a y OeperoB Smaiiku
HOJIOBbIE OpraHbl (POPMHUPOBAIUCH MEPUOAMYECKHU, HO IEPHUOJ CO3pEBa-
HUSl TaMeT PACTSATHUBAJICA HACTOJBKO, YTO BBIXOJ HMX IMPOUCXOAMI IMOYTH
HENPEPHIBHO.

Hapsiny ¢ mMONyTyHHBIM DPHTMOM B OCBOOOXKIEHUH SHIEKICTOK
y D. dichotoma Oblna onucaHa U JHEBHas NEpUOJUYHOCTh. [Ipu KynbTu-
BHUPOBAHUHU B YCIIOBUSAX cMeHbI cBeTa (14 1) u TemHoThI (10 4) Bckope nocie
Hayaja CBETOBOTO Iepuoja HaOmiojancs aKTUBHBIA BbIXOJA  siIe-
KJIETOK, KOTOPBIH TPOJOJDKAJICS B TEUCHHE dYaca, MOCie 4ero OocBOOOXKIe-
HHUE SHI MPEeKpalajoch 10 Hayaja CJeIyIOIlero CBETOBOTO Iepuoja,
KOTJ]a BHOBb HAYMHAJIOCh OCBOOOXAEHWE suI. JIHEBHOW BBIXOA SHII
MOXET ObITh WHAYLMPOBAH OYEHb CJIA0BIM KPAaTKOBPEMEHHBIM OCBEIle-
HueM. Tak, 50% suir 3penoro ooroHwst ocBoOoxmaercs mocie 20-ce-
KyHJIHOrO ocBeleHust 6enpiM ceetoM B 1 JIk. Beixon smi 3aBucen Takxke
ot Temreparypsl: eciu npu 20° C MakCUMyM OCBOOOXKIEHHS SHUIl JOCTH-
raercs yepe3 25-30 MMH mocie Hayaja JHEBHOTO CBETOBOIO MEpUOJa,
to nipu 10° C 3T0T MakcuMyM HacTyman Toyibko depe3 100 mun. Dddekr
CBETa JaHHON MHTEHCHUBHOCTH TakKXX€ 3aBUCHT OT TemmepaTypbl. Kpome
TOTO, BCKPBITHE IOJHOCTBIO CO3PEBIIEr0 OOTOHUS MOXET OBITH YCKOpe-
HO WJIM 3aMEIJICHO IyTeM U3MEHEHHUSI OCMOTHYECKOIO aBJICHUS CPEIbl.

CrenmanpHOE WCCIENOBAaHWE MO BBUICHEHUIO BIHMSHUS HEKOTOPBIX
BHEIIHUX YCJIOBUH Ha MEPUOAUYHOCTb OCBOOOXKIEHHUS rame: ObLIO Ipo-
BeJICHO B SIMOHWMW HAJ MOMYISIUSMH OOBIYHOW B MPHOPEKHBIX BOJAX
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' Ilpa pasa B MecsiI B HOBOJYHHE M TOTHONYHHE HPOHCXOIST HAHOOJIBIINE MPHITHBBI
U OTJIUBBI, HA3bIBAEMbIEC CUTM3UITHBIMU.

’B (aze mepBoil u mocnexHel derBeprell JIyHBI aMIUIUTyIa NPWIMBOB M OTIHMBOB
HaMMeEHbIIas (KBaJApaTypHble IPMINBEI U OTJIHBEI).



BoJlopocia — Monostroma nitidum, 3aHuMaronieil BTopoe (mociie BUJOB
noppupsl) MECTO B KadecTBe OOBEKTa MPOMBIIUICHHOTO KYJIbTHBHPOBA-
HUS. OTO KyJbTUBHUPOBAHME OCYLIECTBISETCS OOBIYHO JBYMSI METOJAMM:
Ha XHUOHU-CETKaX, PpAaCIOJIOKEHHbIX T'OPU30HTAJILHO Ha TakKoH TiyOuHe,
OpyU KOTOPOHM TaJlJIOMbl OOHAXKAIOTCSI BO BpeMsl OTJIMBA NPHUOIM3UTEIb-
HO Ha 4 4, u Ha Oera-ceTKax C PacCTEHUSIMH, MOCTOSHHO MOTIPYKEHHBIMHU
B MOpPCKYIO BOJy BOMM3M ee mnoBepxHOcTH. OOpa3oBaHHE rameTr JIErKo
pacrmo3HaeTcs  HEBOOPY)KEHHBIM TIJla30M OJiarojapsi >KeITOBaTOM oOKpa-
CK€ IUIOAYLIEH YacTU TajuloMa. BbulM NpOBENEHBI CpaBHUTEIbHBIE Ha-
OyiroleHUsT HaJ TaJNIOMaMM, IPOU3PACTAIOIIMMU IMOOIU30CTH APYr OT
Jpyra, HO B Pa3JIMYAIOIIUXCA YCIOBHSAX: Ha NPUOPEKHBIX CKalax — B
€CTECTBEHHbIX MecCTax OOuTaHMs, Ha XxuOu-ceTkax u Oera-cerkax. [lepu-
o]l miofoHOoWeHus (¢ (eBpais MO HIOHB) BO BCEX TpEX CilIydasx ObuI
CXOJHBIM, a MEPUOJUYHOCTb B OCBOOOKJIEHUHM raMeT OKa3ajach pa3HOM.
Bonee uyerko (¢ IByXHEAEIbHBIMH MHTEpBaJaMH, BO BpeMs KaxJI0ro
KBaJIpaTypHOI'O IMPWJINBA) MEPUOJUYHOCTh ObUIa BBIpa)KE€HA y PpacTEHU,
paeTylmMx Ha ckajax. MeHee 4eTKO OHa OOHapyXHBajach Yy TaJJIOMOB
Ha XUOM-CETKax, a y MOCTOSIHHO MOTIPYKEHHBIX TAJZIOMOB Ha OeTa-ceTKax
HUKAKOM NepuoauvHocTH He Halmonanoch. IlpompeMoHcTpupoBaHO Tak-
e, 4TO NEePUOAMYHOCTb B OOpa30BaHUU TaMeT 3aBUCUT OT OCBELICHHS
(MHTEHCUBHOCTh CBETa U MPOJODKUTENBHOCTh (poTOmepuosa) U TeM-
neparypsl.

[lepuonuunocts Habmoganach U B cropoHomenun Ulva pertusa,
B OCBOOOKJICHUM SIMLIEKIIETOK Y Sargassum muticum.

B mocnennue roxel B psjge pabor mpocnexeHa auddepeHuupoBKa
M MEXaHU3M OCBOOOXICHHUS CIEpPMAllU€B y KPacHBIX BOJOPOCTEH Ha
3JIEKTPOHHO-MUKpOCKoNnU4YeckoM ypoBHe. Tak, y Ptilota plumosa cnep-
MaTOTOHMM, B KOTOPBIX OOpa3yloTCsi MYXCKHE TaMeTbhl — CIIepMaluy,
001ajal0T SICHO BBIPAXKEHHOM MOJIIPHOCTBIO, 3aKIIIOYAIOILEHCS B TOM,
YTO KJIETOYHOE SAPO 3aHMMAeT anmuKajJbHOE IOJIOKEHHEe, a B 0a3alibHOMN
4acTU MOJIOJOr0 CIEPMATOrOHUS HAXOAUTCS OJHA WM HECKOJIBKO BaKy-
ojlled. B 3penmpIx cHepMaroroHusAX BaKyOIM 3aMEIIAOTCS KPYIHBIMHU
(UOPO3HBIMM HCUEPUYCHHBIMHM BaKyOJSIMM, 3aHHUMAIOLIUMH HPUOIN3UTE-
JBHO IOJIOBUHY 00bEMa KJIETKH W BO3ZHUKAIOIIMMH, BO3MOXKHO, 3a CYET
CIIUSHUSL MY3bIPBKOB, HNPOMCXOJAIINX OT AUKTHOCOM. DuOpO3HBIE BaKy-
OJIM CcoJepKaT MyKoloyncaxapuJ. Bokpyr KiIeToyHOro siipa U OKpyxa-
IOIIed IUTOIUIa3Mbl, MHO-BUAMMOMY, o0Opa3yercss HOBas IUIa3MaleMma,
He BKJIIOuaromas Oa3albHbIX (UOPO3HBIX HCUEPUEHHBIX Bakyosed. Ta-
KUM 00pazoMm Qopmupyercs crepMalnuid, KOTOPbIA MOKHIAET 00O0JOUKY
cnepmaroronus. OJHOBPEMEHHO C pPa3pblBOM KJIETOYHOW CTEHKH CIep-
MaTOTOHMsI OMOPOXKHSIOTCS 0azajabHbIC KpyNHble (pUOPO3HBIE BaKyoJd, YTO
CrocoOCTBYeT OCBOOOXIeHHIO crepmanusa. Crnepmaruii  6e3  KJeTod-
HOW OOOJIOYKM OJET TOHKOW CIIM3UCTONH OOBEpPTKOM, BO3MOXKHO IPOUC-
xonsauie or Marpukca ¢GuOpo3HOM Bakyonu. OJTta OOBEpTKa HUIpaeT
BaXHYIO POJIb BO BpEMs NPWIMIIAHUA cIEpManus K TpuxoruHe. CXonHble
mporecchl HaOmogaroTess W 1pu  JudPepeHIpoBKE M OCBOOOXKICHUHU
cnepmauus y Polysiphonia hendryi. Y namuHapuu npu oOpa30BaHUU
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CHepMaTo30uI0B anmapar ['onbkM BbIAEIAET OOJBIIOE KOJUYECTBO
CIIM3H, CIIOCOOCTBYIOIIEH pa3pbiBy aHTEPUIUS M OCBOOOXKAECHUIO CIIep-
MaTO30M/JI0B.

VY BomIepHH BE3UKYIIbI, BO3MOXKHO, CO/ICPIKaIINe IIeJUTI0Na3bl, HaOIIr0-
JAIUCh B alWKalbHOM YacTH OOTOHHAIBLHOTO KIIOBHKA, y MECTa, TIe
CIepMaTO30HIbI BXOAAT B OOTOHHMW BCKOpE TIIOCIIE TOTO, KakK KIFOBUK
oOpazyer mnopy. Takue ke BE3UKyJIbl HAOMIOJATUCh BOJIM3M KOHYHMKA
AQHTEPHUIUS, TJC BEIXOMIAT CIIEPMATO30U/IbI.

Konyasiuus. CnusiHue — crapuBaHue TaMeT, TPUBOJIAIICEe K BOSHHK-
HOBEHHUIO 3HUIOT, IMPOUCXOAUT B HECKOIBbKO 3TamoB. [lepBblii u3 3THX
3TanoB — 00pa3oBaHME TPYII, B KOTOPHIX raMeTbl Pa3HOIo Moja BCTY-
NaroT B IEPBOHAYAIBHBIA KOHTAaKT. Eciu B Kamjie BOABI WM KYJIBTY-
pallbHOM KHUAKOCTH HaONI0/aTh TMOBEJACHHE CHAOXKEHHBIX IKTYTHKaAMHU
raMeT OJHOTO Mmojia (B cly4dae M30raMeT — OIHOTO THIIa CHapWUBAHUS U
OJTHOTO TIOJIOBOI'O 3HAKA «T» HIM « — »), MOXHO YOeIuThCS, YTO
raMeThl PABHOMEPHO PAcCesHBI 110 BCEMY ITOJIIO 3peHUsT MUKpockoma. CTOUT
K Kamie ¢ TakuMd TaMeTaMd J00aBUTh TaMeThl IPOTUBOMOIOXK-
HOro moJia (3Haka), Kak cedyac ke o0pa3yroTcCsi CKOIUIEHUS — TIPYIIIbI.
OTo BHEpBble HAOIIOJATOCh B KOHIIE IPOLUIONO0 BEKa Yy H30raMHOM
Oypoit Bomopocnu Ectocarpus siliculosus, Tae MHOTO TaMe€T OJHOTO TIOJia
OKpPY)KalOT OJHY raMeTy MPOTHUBOMOJOXKHOIO TMojia. DTO ObUIO Mpoje-
MOHCTPUPOBAaHO C MPUMEHEHHEM BUTAJILHOTO OKPALIMBAHHUSA TaMeT Mpo-
TUBOIIOJIOXKHBIX IOJIOB B pa3Hble IBeTa. CXOAHBIM 00pa3oM 00pa3yroTcs
rpymsl ramet y Chlamydomonas paupera.

VY npyrux BoJopocied Kakaas IpyIna COAEp>KUT MO MHOTY raMmer
o0oux mojoB, 4TO MOKa3aHo Yy Dunaliella salina nytem cMeleHUs
OKpAIlIeHHBIX B 3€JEHbII LBET ramer OJHOro moja (00pa3oBaBIIMXCS
B KyJIbType C H30BITKOM a3zoTa W (ocdopa) ¢ OKpalmieHHbIMA B OpaH-
KEBBI I1IBET TraMeTaMM MPOTHBOIOJIOXKHOIO Tojda (Takas OKpacka BO3-
HUKAaeT B KyJIbTypax C HEIOCTAaTKOM B cpene a3otra u Qocdopa). Cpenu
aHM30TaMHBIX Bojopociel, Hanpumep y Ulva lobata, Mukpockonuyeckue
HaOJIOIGHUsT TIOKA3bIBAIOT, YTO B OJHOM TPYNIE HMMEETCS MHOTO TaMeT
000UX pa3MepoB.

OO0pazoBanue rpynm yxe JaBHO CBS3BIBAJIOCH C BBIICICHUEM KaKUX-
TO TIOJOBBIX BEIIECTB (ATTPAKTAHTOB}, XEMOTAKCUYECKU MPUBIICKAIOIINX
raMeTsl MPOTHBOMOJIOXKHOTO moyia. Ha Takoil BBIBOJ HATaJKWBaIM U ca-
Mble paHHUE HAONIONEHHs 3a MOJOBBIM IpoleccoM Yy Bojpopocieil (¢dy-
Kyca, 3JIOTOHHYMA).

B psne cinyyaeB npHCYTCTBHE NPUBJIEKAIOIIMX IOJOBBIX BEIIECTB
OBUIO TIPOJIEMOHCTPUPOBAHO AKCIEPUMEHTAIBHO, HAIPUMEP, Y 3EJICHOM
Bojiopociu Sphaeroplea annulina. Y Hee HaOmromaeTcs OOTaMHBIA IMOJIO-
BOM TMpoIecc: B OJHUX KIETKaX (OOTOHHAJIBHBIX) 00pa3yercs MHOTO
SWLEKIIETOK, B JAPYIMX (QHTEPHIUAIBHBIX) — KOJIOCCAJIbHOE KOJIMYECTBO
JIBYKTYTHKOBBIX CIIEPMAaTO30MIOB 30JIOTUCTOTO IBeTa. lIpm co3peBaHuM
HOJIOBBIX KJIETOK B CTEHKAaX OOTOHHMEB M AHTEPUIUEB BO3ZHHKAIOT OTBEp-
cTus. Brlmmenmme crnepMaTO30WAbl CKAaIUIMBAIOTCS Yy OTBEPCTUH, BeIy-
IIMX B OOTOHUM, BPHIBAIOTCS B OOTOHHUN W CBOMMH JBUKCHHUSIMH IPUBO-



IAT B ABIOKEHHE siiiueknerku. Eciu cpenu Hutel cheporuien co 3peiasiMu
OOTOHHUSIMUA TIOMECTHUTHh XJIOMYaTOOYMa)KHbIE HUTOYKH, OHU abcopOupy-
I0T IIpEeAIoJIaraéMblii aTTPAKTaHT M, I[EPEHECEHHbIE B DPABHOMEPHYIO
CYCIIEH3HUIO CIIEpMATO30MJ0B, IPHUBJIEKAIOT HX: CIEPMAaTO30UIbl CKall-
JUBAIOTCS BOKPYT TAaKUX HHUTOYEK. BplieneHue aTTpakTaHTOB rameTamu
Tetraspora lubrica ObUIO TPOAEMOHCTPUPOBAHO HHBIM CIIOCOOOM: TIPHU
N00aBJIEHUHM B JKUAKOCTh M3-TOJ raMeT OJIHOTO 3HaKa, yJIAJEeHHBIX IIeHT-
pudyrupoBaHueM. TaMeT HIPOTUBONOJIOXKHOTO 3HaKa, IOCIeIHuEe o0pa-
30BBIBAIM Tpymmbl. Takas H30arriiOTUHALUS HAOMIOAAETCSs W y APYTUX
BOJIOPOCJIEH.

Jlenanuch TaK)Ke IOMNBITKM YCTAaHOBUTh XMMHUYECKYIO IMPHUPOIY art-
TpakTaHTOB (MHaye TamMoHOB). OmHako Bce Oosiee paHHHUE TOIBITKA
OKa3aJIUCh TLIETHBIMU, YTO B 3HAUUTEIBHOW Mepe OOBSCHSETCS OrpaHu-
YEeHHBIMH B TO BpEeMS BO3MOXKHOCTSIMH aHAIUTHYECKOM XuMuu. Jlumb
B 70-e roasl XX B. UIi HECKOJbKUX MOPCKUX OypbIX BOJOpOCIEH yna-
JOCh YCTAHOBHUTH TOYHYIO XUMHYECKYIO IPUPOJY AaTTPAKTAHTOB. ITO
CTaJI0O BO3MOXXHBIM TOJIBKO OJlarojapsi pa3BUTHUIO METOJIOB aHAJIUTHYEC-
KOM XHMMHH, a TakkKe B CBSI3U C BO3MOXKHOCTBHIO KYJIBTHUBHUPOBAHUS
BOJIOpOCTICH B YCIOBUAX JIaOOPAaTOPUM, MO3BOJISAIOIIEH HAKOMUTH OOJIb-
ryro 6uoMaccy. HeoOXOIUMYIO JIsl OMOXUMUYECKHUX UCCIICTOBAHUM.

Y HEKOTOpBIX BOJOPOCIEH aTTPaKTaHTHI, MO-BUAUMOMY, OTCYTCTBYIOT.
Hampumep, y Volvox rousseletti tmobouabl CriepMaTo30UI0B, OCBO-
00aMBILIMECS U3 MYKCKHUX 1I€HOOMEB, IJIaBalOT B BOjE OBICTPO, U B IpH-
CYTCTBUM  JKEHCKMX  MOTYT  HpHUKpenutbcs K  HuUM.  OpjHako
cneurduyeckoe NPUBICYEHUE OTCYTCTBYET, CKOpee, MMEeT MEeCTO CIy-
yaifHoe cTojkHOBeHHe. Hepenko Habmonarorcs rio00UAbl CIIEpMaTO30-
UJI0B, IPUKPEIUICHHBIE K BET€TaTUBHBIM U MYXXCKUM c(hepouam.

B rpynnax ocyumiecTBisieTcs NEepBUYHBbIA KOHTAaKT I'aMeT W HUX IO-
[IapHOE CIIMSHHE, HAYMHAIOLIEECS CO CIMSAHUSA MX LUTOIUIa3M — ILIa-
3MOraMHH.

Vcnonb30oBaHue aJbrOJOIMYECKH YUCTBIX M AKCEHWYHBIX KYIBTYp
BOJIOPOCIIEH W Pa3BUTUE METOAOB, IO3BOJIIOIIMX WHIYyLMpPOBAaTh ra-
METOreHe3, CJelall BO3MOXXHBIM Ooyiee TIIATENbHOE U JeTalbHOE
UCCJIEJOBAaHUE IIPOLECCOB OIUIOJIOTBOPEHUS Yy BOAOPOCIEH Kak B CBe-
TOBOM, TaK M B D3JIEKTPOHHOM MMKPOCKOIIE, a HHOrJa Jaxe C IpHU-
MEHEHHEM MHUKpoKkuHemarorpadguu (Hanmpumep, y Prasiola scipitata,
Ascophyllum nodosum, Halidrys siliquosa, Oedogonium cardiacum). B ps-
Jie Cciy4yaeB MpoIecC ACHCTBUTENBHOTO CIUSHHUS IOJIOBBIX KJIETOK ynaa-
Joch HaOMIolaTh MPU MCIOJIB30BAaHUM LITAMMOB, CHELHMAIbHO TOTY-
YEHHBIX B YCJOBHSX KYJIbTYphl U HE BCTpeuaromuxcs B mpupone. Tak,
CIIMSHUE clepMaro3ouja c siuexineTkoil y BosbBokca (Volvox carteri
/. nagariensis) ynanoch HaOMIOAAaTh Yy JKEHCKOIO MYyTaHTa, XapakKTe-
pusyronierocs OOJBIIUM YHCIOM sIMII W HeOoibmMM (IO CpaBHEHUIO
C JMKUM IITaMMOM) KOJHYECTBOM COMAaTHYECKUX KIETOK — oOusue
UX 3aTPyAHsUIO HAOJIIOJICHHE 3TOro mpouecca. Y TMOJIY4eHHOIO B Kyjb-
Type JKeHCKoro aumioujpHoro mrtamma Oedogonium cardiacum 06omnee
KpYyIHbIE, 4Ye€M Y TalIouAHOro (OOBIYHOTO B MPHUPOJE), OOTOHUH,
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B KOTOPBIX, KaK IIpaBWJIO, OOHapyXHBaeTcsi OOJbllIee MPOCTPAHCTBO
MEXIYy IIOBEPXHOCTBIO SWIA M OKPYKAKOUIEH OOrOHMAJIBHOW CTEHKOW,
YTO JaeT $BHOE MPEUMYILNECTBO sl HaOJIOJEHUS HayalbHbIX CTa-
IV CIOMSIHMS TaMeT B JKMBOM Marepuane. KOHKpeTHbIe TpHUMEpEI
IUIa3MOTaMUHM M CIEIYIOLIEr0 3Tana MOJOBOTO CIMSIHHUSA — KapuoTraMHUH
OyAyT JaHBI TPU ONMHCAHWUU POAOB, Y KOTOPHIX STOT IMPOIECC MOAPOOHO
UCCIIEI0BAJICS.

B pesynbrare mosioBoro mpoiecca odpaszyeTcsl 3urora, cojeprkariast
OJTHO KOMYJIALIMOHHOE JUILIOUTHOE SIAPO — IMPOAYKT CIUSHHS JBYX ram-
JOUAHBIX SJep, NPOUCXOIIMUX W3 TOH W Apyrod ramersl. OOBIYHO
3UroTa OKpYXKaeTcs TOJICTOH OOOJOYKOM, MepenojHsIeTcs 3arnacHbIMU
NPOAYKTAMH W PACTBOPUMBIM B KHpaxX MUTMEHTOM KHPIIMYHO-KPACHOTO
[[BETa — ACTAKCAHTUHOM. 3UT0Ta MPOpACTaeT WJIM HEHNOCPEICTBEHHO IIO-
cie oOpa3oBaHMs, WIM Tociae Oojee WM MEHEee MPOJOJIKUTEIBLHOTO
nepuo/ia MmoKosl.

Kuznennbiii mukia. COOTHOIICHUE TUIIJIOWIHON M TaruiougHOW (a3
B JKM3HEHHOM IIMKJIE pa3HbIX BOAOpOC]eil HeonuHakoBo. B omHuX ciyya-
X TPOPACTaHWE 3HUTOTHI COMPOBOXKIACTCS PEAYKIHNOHHBIM JIEJICHUEM
KOMYJIALMOHHOTO si/ipa (3ucomuueckas peoykyus) W pa3BUBAIOLINECS IPU
9TOM PACTEHHSI OKa3bIBAIOTCS TaIUIOMIHBIMU. Tak, y MHOTHUX 3€JIEHBIX
BOJIOpOCyei  (BOJIbBOKAJIbHBIE, OOJNBIIMHCTBO XJOPOKOKKAJIbHBIX, KO-
HbIOTaTO(UIIMEBBIC, XapO(HUIMEBbIE) 3UTOTa — CAMHCTBEHHAS TUTIJIOW]I-
Hasl CTaaus B LIMKJIE Pa3BUTHUS, BCS BEreTaTUBHAs >KU3Hb MPOXOIUT Y HUX
B TaIUTIOM/THOM COCTOSIHHU, OHU SIBIISTFOTCS 2ANJIOHMAMU.

VY npyrux Bopopociieid, Ha000pOT, BCsSI BereTaTHUBHAsI KHU3Hb OCYIIE-
CTBIISIETCSI B JAMIUIOWIHOM COCTOSIHWH, a TaruloujaHas (aza ImpeacTaBlieHa
JMIIb TaMeTaMH, Iepel oOpa3oBaHHEM KOTOPBIX M MPOUCXOAMUT PEayK-
[IMOHHOE JIeTIeHuE fAnpa (eamemuyeckas pedykyus). 3urota 0e3 peayKiu-
OHHOIO JENCHUA sjpa NpOpacTaeT B AMIJIOWAHBIA TauioM. DTH BOJO-
pociu — Ounaoumel. TakoBbl MHOTHE 3€JIEHBIE BOJOPOCIH, HUMEOIINE
CU(OHOBOE CTPOEHHUE, BCE IUATOMOBBbIC, U3 OYypbIX — MPEICTABUTEIN
nopsiika (pyKajibHbIE.

VY TpeTbux peryKIHMOHHOE JeJIeHUE s]pa NpeAlecTByeT oOpa3oBa-
HUIO 300CHOP WIIHM aIlUIaHOCIIOpP, pPa3BHBAIOIIMXCSA, Kak IMPaBHIO, Ha
JUIUIOUJHBIX TaJloMax (cnopuueckas pedykyus). OTH KIETKH Oecro-
JOTO Pa3sMHOXKEHHUS BBIPACTAIOT B TAaIUIOWIHBIC pAcTEHUs, pPa3MHOXKa-
IOIIMecs TOJBKO MOJIOBBIM IyTeM. llocie cnusHus rameTr 3Urora pas-
BUBAeTCA B JUIUIOMIHOE PAaCTCHHE, HECYyIIee TOJBKO OpPraHbl OecIoyioro
pasMHOXKeHUs. Takum 0o0pa3oM, y 3THX BOJOpOCIEH MMEET MEeCTO uepe-
noBaHue (QopM pa3BUTHUS (TeHepauuid): AUIUIOMIHOTO OECIoyoro cnopo-
¢uma ¥ TaIIOUIHOTO MOJIOBOro camemoghuma. O0a MOKOJIEHHUS MOTYT
ObITh OAMHAKOBBI MoOpdonoruuecku (uzomopgHas CMEHa TeHepaluil)
WIA JK€ PEe3KO pa3IUyuHbl 10 BHEUIHEMY BHUAY (eemepomopghnas cmeHa
reHepanuii). M3omopdHasi cMeHa reHepauuil XapakTepHa IS MOPCKHUX
BUJOB YIJIBBBI, 3HTEpPOMOP(]BI, KiIanopopbl, XeToMopdbl U3 3eleHbIX
BOZIOPOCJICH, IS paaa TOPSIKOB OypbIX W OONBIIMHCTBA KPAaCHBIX
BOJIOpOCTei (HECKOJBbKO YCllOkHeHHast). l'erepomopdHa cmeHna renepa-



Uil 0COOEHHO pacmpocTpaHeHa cpeiu OypbIX BOJOPOCIEH, HO BCTpeya-
eTcsi y 3elleHbIX U KpacHbIX. CrenyeT OTMETUTh, YTO Yy psia 3TUX
BOJIOPOCIIEH, UMEIOIIUX CMEHY I€HEpalMi, IOMUMO JIBYX KapAHWHAJIbHBIX
MOMEHTOB B UX JKU3HEHHOM LIMKJIE — KOMYJISIUM (CUHIaMHH), COIIPOBO-
LAIOUIEICSl  yABOGHHEM YHCIAa XPOMOCOM B  KOMYJISIIMOHHOM  sIIIpE,
U Melo03a, PUBOSIIEIO K PeAYKIMHU YHCIa XPOMOCOM, — MOTYT IIPOHC-
XOIUTh M HMHBIE IPOLECCHI: CIIOHTAHHOE YMHO)KEHHE YHCIa XPOMOCOM,
NapTEHOT€HETUYECKOE pPa3BUTUE TraMeT, sBJieHue rerepoodsactuu. B pe-
3ysbTaTe crnocod pa3MHOKeHHs (Oecroyioe WM I0JIOBOE) JaleKo He
BCErja KOppelIupyeT € IUIOUTHOCTHIO TauioMa, T. €. CIOPO(UTHI MOTYT
ObITh HE TOJBKO IUIUIOWIHBIMH, HO M TAIUIOMJAHBIMU M TETpariou[-
HbIMHM, a TraMeTo(puThl OOHAPYXHBAIOT HE TOJbKO TaIUIOMAHBINA, HO U
JTUIUIOUHBI  HAaObOpbl XpOMOCOM M T. M. Takue CIO0XHBIE Kb
pa3BuTHs ObUIM YCTAHOBJIEHBI, HAapUMEp, Y SKTOKapmyca, yiabBbl. Kpo-
M€ TOTr0, IPU ONPEICIICHHBIX BHEIIHUX YCIOBUSAX M3 JKU3HEHHOIO IMKJIa
OIHOM M TOW 3K€ BOJOPOCIM MOTYT BbINAJATh KakHe-Iubo cTaauM,
HalpuMep, y 3KTOKapIyca MPOUCXOIMUT pEIUIMKalus cropopura mocpen-
CTBOM HeUmpanbHblX 300CHOP, U B HEKOTOPBIX MECTOOOUTAHHSIX H3BECT-
HBI TOJIBKO JUILIOMIHBIE TaJUIOMBbI TOW BOAOPOCIIH.

Y onHOro W TOro e BHUAA HaOJIONAIOTCS Pa3INYHbIC >KU3HEHHbIE
mukibl. Tak, y 3eneHolt Bojpopocnu Bryopsis hypnoides BcTpedaeTcs Kak
onHOGAa3HbIM LUKI, Tak U JAByX(a3zHoe pa3BuTHE (CM. M. 15), y KpacHbIX
Bojlopocneit Gigartina stellata, G. agardhtii oTmedaeTcss Kak IOJOBOM
LUKJI, TaK U anoMUKTH4YecKoe (0e3 CIMSHMS IOJOBBIX KIJIETOK) Pa3BUTHE
(cM. 1. 6). Jlaxke y TakuxX BBICOKOOPT'aHHM30BAaHHBIX (OPM, KaK JIaMUHa-
pus, TOe, Kak IpaBWJIO, pPEryjispHas CMeHa crnopodurta M ramerodura
HOCUT OOJMraTHBIM XapakTep, BO3MOXHBI OTKJIOHEHHS B IKM3HEHHOM
LUKJIE: MAapTEeHOIeHEeTHYeCcKoe (M3 HEOIJIOJOTBOPEHHON SHILIEKIIETKH) pas-
BUTHE CIIOPO(UTOB M arOCIOPUYECKOE (M3 BErETATUBHBIX KIIETOK CIIOpPO-
¢uta) pazBuTHE raMeToOpUTOB.

JKuzHeHHBIE IUKIBI BOJOPOCIEH OYEHBb CIOKHBI M Pa3HOOOpA3HBI.
Oco0eHHO 3TO OTHOCHUTCA K KpacHbIM BOJOPOCISM, HCCIIEIOBaHUE
pa3BUTHsSL KOTOPBIX IO3BOJINIO OOHApPYKUTh Tropa3fo Oojibllie THUIIOB
JKU3HEHHBIX IIMKJIOB, YeM OTO ObUIO H3BECTHO panee. KynbTypaib-
Hbl€ MCCIENOBaHUSA  MO3BOJWIM YCTAaHOBUTH CBSI3M MEXIY BOIOpPOC-
JSIMH, JIOJITO€ BpeMsSl CUUTABIIMMHCS CaMOCTOSITENIbHBIMH  BHUJAMHU
U OKa3aBIIMMMCA JIMIIb CTaJUsAMHU B JXKMU3HEHHOM LUKJIE OJHOM U TOM
K€ BOJOPOCIH, T. €. 3HAYUTEIIbHO YMHOXXWJIMCh H3BECTHbIE HaM CIy-
yap TeTepoMOp(HOl cMeHBl TeHepanuil. OTO OTHOCUTCS HE TOJBKO
K KpacHbIM BOJIOPOCJISIM, HO U K 3€JIEHBIM YJIOTPHUXalbHBIM, OpHOICH-
JTAJIbHBIM.

Hakonern, y HeMHOrMX BOJOpPOCIEH, HapUMEp Yy BOJOPOCIH Ipa3u-
onbl (M3 3€JleHBIX) — JieMaHeW, OarpaxocrnepMmyma (KpacHbIe), Meio3
IPOUCXOAUT B HEKOTOPBIX BET€TaTUBHBIX KIIETKAaX JAUIJIOMJHOTO Taj-
aoMma (comamuueckas pedyKyus), U3 KOTOPBIX 3aTeM pa3BUBAIOTCS Tall-
nouHble TauioMbl. [logpobHee u3HEeHHbIe IUKIIBI Oy1yT pa3ouparbces Npu
ONKMCAHUU COOTBETCTBYIOIIUX TPYIIIL.
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