«[lnatomoBble
Bogopocnu (Diatomeae)

BpinmosiHuIa:

CTyaeHTKa 3 Kypca
¢d-Ta ecTeCTBO3HAHUS

PBauena E.N.



JnaTromoBbIe BOZOpOCau, uau suaromew (nar. Bacillariophyta) —
TpyIifia XxPOMHCTOB, TPAAHHHOHHO PacCCMaTPpUBaeMasi B COCTaBe
BOJIOPOCIIEN, OT/IMYAIOIIASCS HATUYNEM Y KJIETOK CBOEOOPasHOTO
«TIQHLIMPS», COCTOSILLIEro U3 KpeMHe3éMa. Bcerga ogHOK/I€TOUHBI, HO
BCTPEYalOTCsI KOJIOHUATbHbIe GOpMbI. OOBIYHO TJIAHKTOHHBIE HJTH
neprupUTOHHbBIE OPTAHU3MbI, MOPCKHE U IPECHOBOAHBIE.




CauTaercs, 9TO K KJ1a TOMENn
OTHMW =
~— BKJIIOYAIOIIUX 10-12 THIC. BUIOB, HO
HEKOTOPbIe aBTOPbI YOEKAEHBI, YTO
MCTUHHOE KOJTMYEeCTBO BUIOB JUATOMEMN
MOXXET TOCTHUTATh 1 M/TH. CaMblii
OOJIBILION PO/, COCTOSIINI K3 OoJiee, YeM
10 ThICSTY BUJOB — HaBukyna.
B HacTosi11Iee BpeMst HeT yCTOSIBILIEHCST
CHCTEMbI TMATOMOBBIX. B 60/IbIIMHCTBE
paboT, KOTOPhIE KACAIOTCS U3YyUEeHUS
bop fIraToMe, CHCTEMATHUKH U
KIaccuPUKaUH, KIACC AUATOMel
paccMaTpUBAETCS B PaHTe OTAesa C ABYyMS
(Coscinophyceae, Fragilariophyceae,
Bacillariophyceae). BmecTe ¢ Tem
MCIIO/Tb30BaHME METOAO0B MOJIEKYISIPHOM
o6uonoruu mokasasno, 4to Coscinophyceae
u Fragilariophyceae - napaduneruynbie
TPYTITBI U TPeOyeTCsT JaTbHe TN
epecMOTP CUCTEMBI TUATOMOBBIX
BOZOPOCJIeN.




/—\ E———

/

CucremaTtumka

Otaoen uaTtomoBble Bogopocnu (Bacillariophyta)

Knacc LleHTpunyeckne anatomen (Centrophyceae)
[Mop. KocumnHoaunckosble (Coscinodiscales)

[Mop. AkTHOAMCKOBEIE (Actinodiscales)

[MTop. Aynakoguckosble (Aulacodiscales)

[Mop. ConeHuneBsble (Soleniales)

[Mop. bugoynbduessbie (Biddulphiales)

Knacc [NeHHaTHble anatomeun (Pennatophyceae)
[op. BecluoBHbIe (Araphales)

[Nop. OaHowloBHbIE (Monoraphales)

[Nop. [IByXxwoBHbIe (Diraphales)

[Mop. KaHanoloBHbIe (Aulonoraphales)







CTpoeHune

OCHOBHBIMH 3/IEMEHTAMH SIBJISIIOTCS
1) CJIOXKHAsSI CUCTEMaA ITOP, IITPHUXOB,
apeoJi, KaMep U T. I1., Yepe3 KOTOPhIe
IIPOMCXOAUT OOMEH BELIECTB MEXIY
IIPOTOILIACTOM Y HapPY)>XHOU CpeLo;
2) MaHIUPb C XapaKTEPHBIMU
YTOJIIIEHUSIMU CTEHOK (pebpa,
TICEBOCENTHI, OYTOPKH) M pasjl. poja
BBIPOCTaMH (I/Ia3KH, IIUITHKH,
3yOUYHKH);

3) LIOB Y MMeHHATHbIX. Y110 U
PaCIOIOKEHHE CTPYKTYPHBIX
5/IEMEHTOB SIBJISIIOTCST TIOCTOSTHHBIMH
M MCTIO/Ib3YIOTCST B KA4€CTBE
CHCTEMATUYeCKUX IIPU3HAKOB.
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KJieTka cOCTOUT M3 MPOTOI/IACTA, OKPY>KEHHOTO KpeMHe3eMHOM 000/I0YKO, Ha3bIBaeMOi
naHuupemM. IIpoTonacr Te

HpOTOl'[JIaCT. uHTOHHaBMa B KJIETKaX ,ZLPIaTOMEfI paciio/saraeTcs MOCTEHHbIM CJIOEM MJIN
CKall/IMBa€eTCAd B LEHTPE KJIETKHN UJIN Y €€ I10/TF0COB. OcTanpHbIE Y4aCTKH KJIETKHU 3alIO/THEHBI
MHOXXeCTBOM BaKYOHEﬁ C KJIETOYHBIM COKOM, KOTOpPbI€ MHOTAA CJINBAIOTCA B OAHY KPYITHYIO

BaKyOJITIO.
Slapo 0ObIYHO IAPOBUHOE U PACIIOIATAETCS Yallle BCero 0/113 IeHTPA KIeTKU B

I[ATOIIA3MATUYE€CKOM MOCTHKE WU B TTepudepruueCcKOM C/I0€e IIUTOTIa3Mbl. Y HEKOTOPBIX

nvuatomeii oHo nmeeT H-oOpasHyto popmy. B simpe pasnuyator oT 1 70 8 siApbILIEK.
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All after Entwisle et al_{1997) . Plate 1/2



amoR popmns:
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2 — Biddulphia aurita: 3§ — Melosira moniliformis: 4 — Hyalodiscus scoticus: 5 — Navicula sp.: 6 —

Amphiprora sp.: 7 — Chactoceros subtilis var. abnormis; § - — Licmophora sp.

T abawuya I10. Knerxna nOnax

7 — Plcurosigma sp.:



Puc. 76. Naauynpm Mastogloia braunii, o6BmemaEOEe HM306-
PRYKeHMe NpH NOMOIM CKAHHPYOIEero 3JIeKTPOHHOIO

;t{nfxﬁm.clig:; (X< l_.!6.30). IdnexTpoHHaAR MAKpodQoTorpadpms




Puc. 77. Oueprammsi CTBOPOK:
BIJNIMHEIITHYCCHAR .S — mMEFPOHKOIIJITITHNTHHUEeCKaAaNR, 44— Ir"ATaposmin—

o, B

uiln; S — IdmBefinmass; 6 — OynasoBROHAHA, 7 — AMuesmamHas; & & —
JIAaMIL eTHass, J0 — pomOnruweckasz, 17, I3 — monyJaHlleTHas, 172 ——
DOJIVAYrooOpasHara, 74 — CHIrMoOMOHNas, 15 — INpAMOyYIronanLMHMas, 716 ——

INOoYMHOBMIIHAaNAE.
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CTaBOYHbIE 000OKU

K Ka)Xz10#1 CTBOpPKe MMPUMBIKAET MOSICKOBBIN (COeIUHUTEbHBIN) 000/I0K,
MpeICTaB/SIONNE OO0 IMPOKOE UTH Y3KOe KOJIbII0, OKalMJIsIolIee 3aru0
CTBOPKH, HO He CpacTamlleecs C HUM
v Hanrume BCTaBOYHBIX 000IKOB B TIAHIIMPE UMeeT OOJTbIIoe OHOIOTHYeCKOoe
3HAY€HHe, TaK KaK OHU CITOCOOCTBYIOT YBEJIMYEHHIO 0O'beMa KJIETKH U ee POCTY.

1

Puc. 79. (Dopmh BCTABOYHEIX 00OKOB:

1 — roabueBugHue (Lauderia);

2 — BOpPOTHHYKOBHaHHEe (Stephanodiscus);

Hble; § — YemyesunHme (3—5 — Rhizosolenia),

LS

8 — TpamnenMeBHIHO-YeIl YeBHAXHBIC;
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Tabauya 17 Dopmam CrpPysIyPa Danaup el COBPEMENHEIX ENIOS IMATOMECRK:

J — Melosira nummuloides; 2 — Achnanthes brewvipes var. parvula: 3 — Nawvicula brachium; 4 — Daploncis didyma: 5 —
Mastoglola braunii; 6 — Rhopalodia musculus var. sSuccincta NeKTPpoHHbie MmukpodorTorpadmum H. M. Kapacaodn.
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T abrwuua /2 DMMuoroobGpaine PopMeal B CIPYKTYPLL pen s DL peX = aMeETOMEN:
— Tnceravum

7 — Kittonia claborata; 2 — Porodiscus sp.;: 3 — Acunoptychus senanus (MHMoucH): ¢ - Entogonia sp. (3ouewn): S
flos (aouewn): & Strangulonema barbadensis (3oues). DNCKTPOHHBIC MuKkpodoTorpadum: lg, 2. 3 — B. Yopumapara, 4, 6. —

X. C. Kanesepa,5 — P. Pocca m I'l. Cumc.
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Puc. 80. CocraBHBIEe gacTa maasnoupst (cxeMa):

I — IXEeHTPHYHeCHOro THIIa: BBEPDXY BHIO CO CTBODPDKH, BIHM3Y — BHJIX
C IDMosAackKa: IO — p¥mamMmeTp DasImgmpsa, BE — DeHRTpaagabHAasx OCh IIar—
ITMPSI; 2 — IDeHHATHOIO THIa: BBEepXYy CcJieBa — BHILI CO CTBODPKHE,
BBEPDXY ClpaBsa — BHIO C IIOdACHKAa, BHMI3IY — CedHeHHe IIIaHllFmpsi B II0o-—
IDepesSHONM IDJIOCKOCTH, A4 4 — IODOpoxodbHaAaS Och, B E — moiriepedHas
ochsL, BB — BepTHERKAaaabHaAa J(DepsBaJabBapHas) OCHh Da=HIApAaA. 2 —

[IIMmTeNxKa, 2 — Im\EIIoTeHxa, Cc,; CTBOPDKA SIMHATCHKHA, Co— CTBOPpKAa Ir@miaorTe—
T, oCy — sar=al CTBOpl{!! DIOMITOCEE 3Cg — 3Iar=umt CcTBOPK IMIIIOTECEKMNM
7204 HOACHOBRINH O0OIDOK 3SIIHMTECK, 720 — ITOACKOS O0O0ODOK I'HIIO-
TEHXKHE, P — peOpa (palsl apeoJi), Yy — IICHTPAJSIBHBIEI ¥V3SelnokK, wun

IMCHTPAJMBHAAS IOopa, 2 — YNOB, Y — HOHedYdHRENH (IIoJdapHBI) ¥y3eJIox,
”xIUE — HOHeuIHas (no.nﬂpnaﬂ) oIeJsTs yY3ceJixa, € — BOPOHKa, on

oceBOo€e JIIOJIC, C©nN — CPCIHEeCEe IIIOoJIC, €y — BHYTPEeHHas INiciabsL IIxsa,

Tty — HaApVI>cHAsSsI Imenks mxsa.



BoABIIMHCTBO
AyviaTOMeH MeHHATHOI'O TUIIA
XapaKTepH3yeTcs ellle
OJHHUM IIPU3HAKOM —
MIPHUCYTCTBHUEM IIIBa,
MpeICTABISIONIEero co60it
KOPOTKYIO HJTH [ITMHHYIO
111e/1b WIU [Be 1ieau (BeTBu
111Ba), TIPOPE3bIBAIOIIEe
CTEHKY CTBOPKHU U UYII1E
BZI0JIb CTBOPKH OT €e KOHI[OB
K cepeiiHe.

Puc. 83. Mlloe y Navicula radiosa.

Cteopka ¢ npoxonawell BIOb Hee MeNbio mBa, KOTOPaA B LEHTPAb-
HOM Y38e/Ke COeHHACTCA C Rpyroff mennio mea, & HA KOHIE CTBOPKH
BAKAKYMRBAETCA KOHEYHHM YyaenkoM (X6000). ONeKTPOHRAR MAKPO-
gororpagma H. H. Kapaeso#t.



lleHTpa/IbHBIN y3eJI0K
npeCTaBsieT cOO0M
BHYTPEHHee
yTOJLIeHUEe CTeHKU
CTBOPKH, BBIITYKJIOCTh
Ha ee BHYTPEHHENU
ITIOBEPXHOCTH, a
KOHEYHbIe y3eJIKU —
BHYTpEeHHee U
HapYy)>XHOE YTOJIIeHUS
CTEHKH CTBOPKHMU.

W1 1111}/

Prc. 84. Cxema CTpPOeHHA mBa HABHKYJIOMIHOrO THNA:

1 — CTBOpPKA CO IIEJICBANHHIM INBOM, 2—35 — nonepedHufl paspes
IeJIR mBA, 6 — NPONOJIbHAI paspes IEHTPANILHOrO YBEJKA.



ereTaTUBHoOe pa3 eHue

BeretaTnuBHOE pa3MHOXXeHUe AUATOMeN MPOUCXOAUT MyTeM ITPOCTOTO
MUTOTHUYECKOTO JlesieHus1. LIuTokrHes nmeer psig 0cCOG€HHOCTEH, CBSI3aHHBIX C
Ha/mmureM naHuups. [lockonbKy nomydaemMasi OT pOAUTE/IbCKOU KIeTKU
MOJIOBUHKA MTAHLUPS Y JOUYepPHel CTAaHOBUTCS SIIMTEKOU, @ TUIOTeKa
IOCTPAnBAeTCsI 3aHOBO, Pa3MepPbl OJHOM M3 KJIETOK OCTAlOTCSI PABHBIMU
POAUTENBCKOM, 3 BTOPOM - CTAHOBSITCS MeHblIe. B psifie mociesoBaTe/ IbHbIX
JleJIeHUM pa3dMephl KJIeTOK B MTONY/SLIMM YMeHbIIAIOTCS, 3 UCXO4HbIe
MAaKCUMaJIbHbIe Pa3MepPbl BOCCTAHABIUBAIOTCS TMOO 3a CHET MOIOBOTO
pa3MHOXeHHsI, TU00 Yepe3 GOpMHUPOBaHME ayKCOCTOP. AYKCOCIIOPBI MOTYT
BO3HMKATh aBTOTAMHO 32 CYET CIUSTHUS ABYX FalUIOUHBIX sifiep OGHOU KIeTKU
WJTU alIOTaMHO (M3 BereTaTUBHbBIX KJIETOK). B pekux cirydasix fiist 3Toro
BO3MOYXEH BBIXO/, IIUTOTI/IA3MbI U3 MAaHIUPS ¥ GOPMHUPOBaHME €70 3aHOBO
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Aykcocnopa (oT aT. auxi —
PaCIIUPATH, YBETUINUBATH) —
CTaAVsI YKU3HEHHOTO LIMKJIA
OJHOKJIETOYHBIX BOJOPOC/IEN U3
KJIacCa JUATOMOBBIX, OOBIYHO
npeACTaBIsIomas co00M
paspocuryrocs 3urorty. Kak u
NOKoAWUeCs CNopbsl, ayKCOCTTOPBI
BBITIOTHSTIOT PYHKIIUIO
BOCCTAHOBJIEHUS TUATOMESIMH
pa3mepa KJIeTOK, TOCTOSTHHO
YMEHBULIAIOIIETOCs B XO1e
6ecro/ioro pa3MHOXKEHHUSI,
MTOCKOJIbKY HOBBIE MTAHIIUPH
IoYepHUe BereTaTUBHbIE KJIeTKU
00pasyIOT BHYTPH POJUTETHCKOTO 1

B

’0.30

IQ ﬂt ol-lgoo a0

Puc. 92. Ayxcocmopbl: 1 — Melosira moniliformis, nenouxa
C KOHCYHON aykcocmopoit; 2, 3 — Rhizosoienia alata (2 — nauano
o6pasoBaHMA ayKCOCNOpPBI, 3 — 3peJiag KOHeYHad ayKcocnopa); 4
Thalassiosira excentrica, HHTCpKAJAApHAA aYKCcOCHopa.




[Tpn n3oramHOM NOSIOBOM MpoLecce B ABYX MaTEPUHCKNX KrneTkax obpasyeTcda no ase
HenoaABWXHbIE raMeTbl, KOTOpbIE KOMYyNUPYHT (CriMBatoTcd) rnonapHo

v AHM30ramHbIn (reTeporamMHbiv) NONOBOW MPOLIECC NpoTeKkaeT OBOAKO. B nepBom cnydvae B
Xxo4e nocriegoBaTtesibHbIX MEeNOTUYECKOro U MUTOTUYECKOro AENEeHUN B KaXOoW MaTePUHCKOMN
KrneTke obpasyeTcsi N0 04HOW NOABMXKHOW M OOHOW HenoaBuXHOM rameTe. [NoaBmKHble rameThbl
nepeaBuratoTcs K HeNOABMXKHbIM U CIIMBAKOTCHA C HUMM.

v/ [lpn ooramHOM MOSIOBOM MpPOLIECCE XEHCKasd penpoayKTUBHAA KneTka (OOroHwin) nponssoauT
OOHY SANLEKNEeTKY Unn OBe, a MyXXCcKas penpoayKTUBHas KneTka (crnepmMmaTtoroHmin) obpasyer
NN YeTbipe crnepmMaTto3onaa,onyogoTBOPSOLLNX ANLEKIETKY.

Puc. 91. IlonoBoii mpomecc y AnaToMeii:
1—3 — all¥s30oraMHNN noaoBOY mpounece y Pinnularia sp.; 4—5 —= ooramMHm# noJiosoid mpouecc y Biddulphia mobiliensis.



[lokosiLmnecst cnopbl
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OGpa3oBaHUIO MOKOAIUXCS CIIOP OOBIYHO @
npeamecTByeT NiIn O6I/IHI)H3.H BereTanusa Q )
B4, NI HACTYIIJIEHUE Q (9"
HeO6/IaroNPUATHBIX yC1oBuii. [IpoTornmact e

KJIETKU COKMMAETCs], OKPYIJISIeTCsl, U Ha ero
IIOBEPXHOCTH IOSIBJISIETCSI CHAaYaJIa
IIepBUYHAs CTBOPKA CIIOPBHI, A 3aTeM
BTOpUYHAs1, 00€ MIOTHO COeTUHSIOTCS
KpasiMH (ITOSICOK Y HUX OTCYTCTBYET).
CTBOpPKM 4aCTO OT/IMYAIOTCS

CTPYKTYPHBIMU 3/IeMEHTaMU, OHU w____’A 3
IIOKPBITHI LIUITMKAaMU, BBIPOCTAaMU U

HEKOTOPBIMH IPYTUMHU 0OPA30BAHUSIMH.
OOBIYHO Yy IMATOMOBBIX BOJOPOCIIEeH B
KJIETKE Pa3BUBAETCs TOJIbKO OZHA CIIOpA.
CrrycTst onpeziesieHHOe BpeMsi ITOKOSIILASICS
criopa, moJoO6HO ayKCOCIOpe,
yBeJTUUHUBAETCS B 00beMe U JaeT Ha4ayio
HOBOM KJIeTKe, BIBOe OOJIbIIeH 110
CPaBHEHUIO C UCXOLHOM.

2

Puc. 93. OGpasoBaEMe NOKOAMMXCA CHOOP:

1—4 — mocJemoBaTeJIbHbiC CTANMM pasBUTHA ClIIOpW y Chaetoceros
heterovalvatus,



cobbl nepen

= COOBII THUIT IBYDKEHUST HAOTIOIAeTCs Y
OaALMJ/UISIPUM TTAPAAOKCATBHOM
(Bacillaria paradoxa), maso4koBugHbIE
KJIETKU KOTOPOH, 0O6pa3yoliye
JIEHTOBH/IHYIO KOJIOHUIO, CITIOCOOHBI
nepeMenaThCsi CKOIb3SIUMU
IBVDKEHUSIMHM OJTHA OTHOCHUTETHHO
JPYyrou B HallpaB/IeHUM IIPOJOJIbHOU OCH
TAHIUPSI.

*BO/IBIIMHCTBO JMAaTOMOBBIX BOLOPOCIeH
nepeBUTAETCS IO CYOCTPATY, XOTS
HEKOTOpPbIe IBIDKYTCS M B TOJIIIE BOBI

= OiHA Y3 IPUYWH, BbI3BIBAIOIINX
IBIDKeHUE THuaToMe,— POTOTAKCHC.
HekoTtopsle BuabI 06/1a1a10T
MTOJIOXKUTE/TbHBIM (POTOTAKCHCOM,
Ipyrvie — OTPUIIATETbHbBIM.




Y HeKOTOPBIX AUATOMEU KJIETKHU MOCJIe
ne/leHysl He PaCcXOAsTCs, 00pa3yst KOJIOHUU.
KneTku B KOIOHUSIX He CBSI3aHBI MEXAY
co00M, TIa3MOIeCMbIa OTCYTCTBYIOT.
Knetku MOTYT cCOeIMHATHCS BCel
MTOBEPXHOCTHIO CTBOPOK, 0Opa3ys
HuteBuaHbie (y Melosira) viu
nenrougnele (y Fragilaria) KomoHuw.
Ecu KeTku MMeIoT KITHHOBUAHYIO GOpMY;,
bopmupyetcst BeepoobpasHast KOoHUs (y
Meridion).

KieTku, coefMHEHHBIE TOIBKO YIOJIKAMHU,
GOPMUPYIOT KOJIOHUH B BUJE IEeTTOYEK
(Tabellaria) vnnu 3Bé3g0ueK (Asterionella).
KosmoHuu MoTyT MMeTh BUA, CTU3UCThIX
TPyOOK, BHYTPH KOTOPBIX COEPXKATCS
oTaenbHbIe moaBwkHbIe (Navicula,
Cymbella) vy HETIOABYDKHBIE KIIETKH.
KosnoHuanbHbIe AUATOMEN MOTYT OBITH
TJIAHKTOHHBIMU M TPUKPETIEHHBIMU K
CyOCTpaTy CIM3UCTOM HOXKKOM




Puc. 95. Tuus KOJOHMM:

1 — HUTeBHOHaA KoOJOHHA (Leptocylindrus danicus); 2 — yemou-
wopupmraa ronoHmA (Rhizosolenia fragilissima); 3 — nenouyxkorug-
nHas KononHua (Sceletonema costatum);, 4 — ra6kas nemouka (Tha-
lassiosira excentrica); 5§ — rubkaa memouka (Thalassiosira poly-
chorda); 6 — npaMaa nemouxka (Porosira glacialis); 7 — npamas
nemovka, o06pasoBaHHasd NPH noMom# BepocroB (Biddulphia mo-
biliensis); & — amrsarosagHaa neunouxa (Thalassionema nitzschioi-
des); 9 — sursarosmpHas nenouxka (Diatoma elongatum); 10 —
udTeBHnHAaA KonOHHA (Nitzschia seriata).




3Ha4yeHue

MOCTOAHHAsA KOPMOBas 0a3a ¥ MepBOHaYaIbHOE 3B€HO B IMMHAIIEBBIX
HernsiX JJisi MHOTUX OPTaHU3MOB

Y4aCTBYIOT B IPOLieCcCaX eCTeCTBEHHOI0 OYUIeHUs BOJbI.

UT'PAIOT NEePBOCTENEHHYIO POJIb B OCaIKOHAKOIIIECHUH
CunadpuHBI TMATOMOBBIX MEPCIMEKTUBHBI /I KCIIOIb30BAHUSA B
00JIaCTH HAHOTEXHOJIOTHUH, JAJISA MOJTy4eHUsI MaTepPHaI0OB Ha OCHOBE
OAVOKCHUA KPEMHUS C 3apaHee 3aJlaHHBIMU CBOMCTBAMU
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MCOK UCMNOSb3yeM
nutepartypbl

shttp://ru.wikipedia.org

*http://dic.academic.ru

*http://prirodakem.narod.ru

*http://slovari.yandex.ru
*http://abc-192.mosuzedu.ru/projects/akkuratov/diatom.html
shttp://www.wikiznanie.ru



