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HOBBIE HPEACTABJIEHUSA O POPMUPOBAHUU BOJIOKOH
JIPEBECHBIX PACTEHUM

E.B. HoBoxuiuos, /I.I'. Yyxuun, K.C. boJsioToBa
Cesepnuviti  (Apkmuueckuti) gedepanvhuviii  yHusepcumem umenu M.B.  Jlomownocosa,
2. Apxaneenvck, Poccus

Hawa cunomesa npeononacaem, umo kamouii cocmoum u3 uz00UaMempuyeckux Kie-
MOK, KOMopble JOKAIU308AHbl HA 8HEeWH el epanuye smopuyHol ¢rosmvl. Kamoutl npousso-
oum cmpyKkmypmvie 21emeHmsvl h103mbl, KOMOpble MPAHCHOPMUPVIOMCS 8 AHAMOMUYECKUE
anemenmul Kcunemol. Ilpednosxcena Hosas nocied08amenrbHOCms Cmaoutl hOPMUPOSanUsl 60-
J10K0H. OOHO 60JIOKHO ¢hopmupyemcsi u3 0ecsimKo8 K1emokK, NOCMPOEeHHbIX 8 psobl GHYMPU
obwett 060104KU.

NEW ASPECTS OF WOODY PLANT FIBRE FORMATION

E.V. Novozhilov, D.G. Chukhchin, K.S. Bolotova
Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia

Our hypothesis supposes that the vascular cambium consists of isodiametric meriste-
matic cells. These cells are localized on the external border of the secondary phloem. The
cambium produces only secondary phloem structural elements that are transformed into xy-
lem anatomic elements. A new sequence of the stages of xylary fiber formation is proposed.
One fiber is formed from dozens of isodiametric cells incorporated in a strand inside the
common envelope.

[IpeacTaBienure o TOM, UTO PaCTUTENIbHBIE BOJIOKHA 00pa3yroTCsl U3 Bepe-
TEHOOOPa3HBIX KaMOMAIbHBIX MHULIMAJICH, BOSHUKIIO emle B cepeanne XIX Beka
u, HaunHas ¢ 20-x romgoB XX Beka, CTaI0 0OmenpuHIThiM. CUUTACTCSI, YTO ITH
WHULIMAIN BMECTE C JIy4YEBBIMA HHULHUAISAMH BXOASAT B COCTAaB COCYJIHCTOTO
KaMOMs1, KOTOPBIM PACTOJIONKEH MEXKITY JIyOOM (BTOpHUYHOM (hjI03IMOM) U JApeBe-
CUHOM (BTOpHYHOM KcuiieMoi). Takast mokanuzanus KaMmOusi MpenoaaraeT, yTo
POCT aHATOMHYECKUX AJIEMEHTOB (DJI0O3MBI M KCWJIEMBl HIET pasaenbHo. [lpu
3ToM (hyHIaMEHTaIbHBIC 3HaHUS 00 0Opa30BaHWU PACTUTEIHHBIX BOJIOKOH SIB-
JISIFOTCSI OTPaHUYEHHBIMU [ 1, 2].

Ha ocHOBaHMM NPOBEAEHHBIX HAMU HCCIICIOBAHUI NPEMJIOAKEHBI HOBBIE
TUTIOTE3bI JIOKAIHM3AIMU KaMOusi M (pOopMUPOBaHUS IPEBECHBIX BOJIOKOH. MHU-
HUAJIIMU TIPU 00pa30BaHUU BOJIOKOH SIBIISIFOTCS M30JJMAMETPUUECKUE MEPUCTE-
MAaTHUYECKUE KJIETKUA KaMOusl, JJOKAIM30BaHHbIC HA BHEIIHEH (OJIMKHEN K KOpKE)
rpanuile BTopuuHoi (uiosmel. Ha puc. 1 B COOTBETCTBUM ¢ HOBOM T'MIIOTE30M
KaMOuii oKa3aH MEX]ly MepBUYHON (i10dMOIl u BTopruHOM ¢iodmoit. C nene-
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HUS KJIETOK KaMOus (KJIETKHU 3€JICHOTO IIBeTa, puc. 1) HaumHAeTCs Tporiece Ono-
CUHTE3a HOBBIX KJIETOK. BHOBb ChOpMUpPOBAHHBIC KICTKH YUaCTBYIOT B (POpMHU-
POBAHHMH BCEX AaHATOMUYECKUX IIEMEHTOB (DJIIOAMBI.

Growth
~

00T

DAGO0L

Puc. 1. AHatoMHuecKre 3JIEMEHTBI U TKaHU CTBOJIA JiepeBa (HOBas rMIoTe3a):
Per (periderm) — nepunepma (kopka); Ph (phellogen) — dennoren (kopkoBbiii kamOuit);
PP — nepBuunas ¢nosma; VC — cocynuctelii kam6mii; SP — Broprunas ¢guosma; FP —
BOJIOKHA C MIEPBUYHBIMU cTeHKaMu; SX — BTopuuHas kcuiema; Pit — mopa; Ray — nyu

Jlis OTBEP KICHUS TIPEAJIOKEHHOM TUNoTe3bl ObUIM TPOBECHBI HCCIIe-
JIOBaHUSI MUKPOCTPYKTYPBI BTOPUYHOU (PIIOAIMBI U MIPUMBIKAIOIIEH K HEW 4acTu
KCWJIEeMbI Ha Tipumepe O0epesnl (Betula pubescens) n emu (Picea abies). Tloaro-
TOBKY OOpa3lOB NPOBOJWIM MYTEM KpPHUOMEXaHWYeCKoM aecTpykuuu. Ilocme
00paboTku KugkuM azoToM (—196 °C) roroBumam ckoiibl 00pasmnoB. CHUMKH Je-
Jad Ha CKaHUpYyolieM 3JiekTpoHHOM Mukpockone ZEISS «SIGMA VPy». O6-
pasiibl MOKPBIBAIM CI0EM IUlaTUHO-namuiagueBoro 80:20 criaBa TOJMIIMHOM 10
5 HM ¢ nomotnbio HanbuTeabHOU yeTaHoBKUA Q150T ES (Quorum).

[Ipennaraemasi HaMi HOBasi TIOCJIEIOBATEIBHOCTh CTAIUil (POPMHUPOBAHUS
BOJIOKOH TOKa3aHa Ha puc. 2. OHO BOJIOKHO (OPMUPYETCS U3 AECITKOB KIIETOK,
MOCTPOEHHBIX B PSbl BHYTPH 00IIIEi 000JI0UKH.

[Ipotieccsl 0Opa3zoBaHus APEBECHOIO BOJIOKHA HAYMHAIOTCS HAa BHEIIHEH
rpanuie Quosmbl. Ha paguanbHBIX cKOax 00paslioB IPEeBECUHBI Oepe3bl Mpe-
CTaBJICHBI KJICTKU KaMOWaIbHOU 30HHI (puC. 3, a). OHU UMEIoT OKpyriIyto (op-
MY WJIH CIIeTKa BBITAHYTYIO (hopMy, X pazmep Bappupyetcs oT 10 10 30 MrM.
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Puc. 2. O6mas cxema popMUpOBaHUs CTPYKTYPBI APEBECHOTO BOJIOKHA: @ — 00pa3o-
BaHUE HOBBIX KJIETOK IPU JEJIEHUU CTEHOK KaMOus; 6 — GOpMUPOBAHUE AKCUATIBHBIX
PAIOB KIETOK ¢ 00111ei 00010uKOi (IEpBUYHOM CTEHKON P BOJIOKOH); 8 — 00pa3oBa-
HUE aKCHAJIbHON NapeHXHUMbI; & — GOPMUPOBAHUE NIEPETOPOAYATHIX BOJIOKOH IPH pa3-
pyLIeHUH cenT; 0 — o0pa3oBaHue P-BONIOKOH; e — (OPMHUPOBAHHUE CTPYKTYPhI BOJIOKHA
co cioeM S1, HayallbHast cTagust GOpMHUPOBAHUS TIOP; o — 3aBEPIICHUE 00pa30BaHUs
HOp, HA4YaJI0 OTJIOKEHUS CPEHETO €105 S2; 3 — 3aBeplIeHrne 00pa30BaHUs CTPYKTYpPhI
BOJIOKHA

HoBrie kieTkn cpasy mocie AeneHus o01anaioT JOCTaTOYHO TOJCTOM
KJICTOYHOM CTEHKOH, ee oOmias toimuHa coctasiser 0,5-0,7 mxm. Buaner nBa
CJI0S, Pa3HbIX MO COCTaBYy, CTPOCHUIO U PACIIOJIOKEHUIO LEJUTIOI03HBIX MUKPO-
bubpumnn (puc. 3, 6 u ). Mbl Ha3BaJIM HAPYKHBIN CJION MEPBUYHBIM CJIOEM KJle-
TOYHOW CTEHKH, @ BHYTPEHHHUN CJIOW — JJAMEJUIIPHBIM CJIOE€M KJIETOYHOM CTEHKH.
[ToBepXHOCTH CTEHKHU KJIETKHU 3aKphITa aMOP(HBIM BEIIECTBOM.

[TokazaH HavanbHBIN 3Tan GOPMUPOBAHUS CTPYKTYPHI BOJIOKHA U3 PSAIOB
KJIETOK, OKPY>KEHHBIX 00IIeH 000J0ukoi (Oyayiieid NmepBUYHONM CTEHKOW BO-
nokHa) (puc. 3, 2). Bugaer 10 k1eToK psga, pacmoiaoKeHHOTO BIOJIb paHee 00-
paszoBaHHOTrO (hparmenta BoJjiokHa. Jlanee popmMupoBaHre BOJOKOH HJAET C y4a-
CTUEM B KayeCTBE MPOMEKYTOUYHBIX CTPYKTYp aKcHalibHOW mapeHxumbl (AP,
pucC. 2, 3Tan 8) U MEPEropo4aThix BOJOKOH (puc. 2, stan 2). CenThl (mepero-
poaku) B AP oOpa3oBaHbl CTEHKaMH coceqHUX KieTok (puc. 4A). Ilokazan
IPOTOIJIACT BHYTPU (PparMeHTa Meperopoadyaroro BojokHa. dopmupoBaHue
o0meit 000JI09KH psifa KICTOK, OyayIieil mepBUIHOM CTEHKHA P BOJIOKOH Kewnie-
MBI, IPOUCXOJUT C YYaCTHEM NEPBUYHBIX CJIOEB Bcero psaa kietok (Puc. 4b).
Bunbl namensisipHbie CIOM CTEHOK KJIETOK.

Crnenyromtuii atan popMupoBaHUS CTPYKTYPbI BOJIOKHA CBSA3aH C (pepMeH-
TaTUBHBIM Pa3pyILIEHUEM CENT MexXAy Kietkamu AP (puc. 2, atar ).
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Puc. 3. CtpoeHue k1eTok KaMOMaIbHON 30HBI B 00pa30BaHKUE U3 PSIAOB KICTOK:
C — xnetku kamOuanbHoM 30HbI, CAP — KiIeTKkn akcuanbHOW mapeHxumbl; CM — MHK-
podubpmiLel temwono3sl; CW — crenka kinetku; FF — ¢gparmenT Bonokna; LL — na-
MEJUTSIPHBINA CJIOM KJIETOYHOU cTeHKH; M — amopdHbIi MaTpukc; P — mepBuyHas cTeH-
Ka BOJIOKOH; PL — nepBUYHBIN CIIOM KIETOYHOM CTeHKH; PM — mmazmaTuueckas MeM-
Opana; PR — mporomnact; SC — psizipl KI€TOK; MaciiTaOHas nuHenka: a — 10 MxMm; 6 —
500 uM; 6 — 500 HM; 2 — 20 MKM

Ha nmoBepxHocTH centThbl ObUTM OOHAPYKEHBI OOBEKTHI AUAMETPOM OKOJIO
100 uMm (puc. 4, 8). Take 00bEKTHI OTHOCSITCSI K BHEKJIETOYHBIM BE3UKYJIaM (9K-
3ocomaM) [3]. DepMEeHTHI, COAEPKALIUECST B IK30COMAX, YYACTBYIOT B THIPOJIU-
3e cent (puc. 4, 8) U TaMEIISIPHBIX CJIOEB CTEHOK KJIETOK (puc. 4, 2). [lepBuunas
CTeHKa P coxpansieTcsi, Tak Kak 00JaJaeT OYeHb BBICOKOM CTOMKOCTBIO K JEH-
cTBUIO 1eimonas. CeTka MUKpODUOPUIIT HEUTIONIO3bl 3alllMIEHa MAaTPUKCOM,
COCTOSIIIIUM M3 MEKTUHOB, TEMUIIEIUTIONO03 U CTPYKTYpHBIX O0enkoB [1]. [Ipu pas-
PYLIEHHH CENT MEXIy KIETKaMH O00pa3yroTcsi NeperopoayaTbie BOJOKHA
(puc. 2, aran 2). ®epMeHTATUBHBIN THAPOJINU3 CENT MPUBOAUT K CIUSHUIO MPO-
TOIUTACTOB BCEX KIJIETOK BHYTPHU OOIIEH 000J0YKH (IEPBUYHONM CTEHKH BOJIOK-
Ha). OOpa3zyromiasics Mpu TUIPOJU3E IEIUTION03bI TII0KO3a JCTOHUPYETCS B
Kpaxmase, Typrop BHyTPH BOJIOKHA CHUYKAETCS.
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Puc. 4. Dranbl popMupoBaHUS BOJIOKOH C YYaCTHEM B KQU€CTBE MPOMEKYTOUHBIX
CTPYKTYp aKCHAIbHOM MapeHXUMBbI U neperopoadarsix BosiokoH: CAP — kieTku akcu-
anpHOM mapeHxumMbl; CM — MukpopuOpHILTBI TIeTUTI0N036; IS — MeXKIIeTOuHOE TTPO-
cTpancTBO; LL — mamensipHbIi CII0M KIETOYHOU CTEHKHU; P — repBUYHas CTEHKA BO-
nokoH; PL — nepBuuHbIii ciioit kinerouHoi crenku; PR — nporomact; S — cenra,
SC — psast kiierok; SF — neperopoauaroe BOJIOKHO; MacIITabHas TMHEHKa:
a—20 MxMm; 6 — 10 MrM; 6 — 500 HM; 2 — 1 MKM

[Tocne ynaneHus cent U pa3pylIeHUs JaMEJUIIPHOTO CJIOSl BOJIOKHA MMe-
IOT TOJIBKO TOHKYIO IIEPBUYHYIO CTEHKY P 0€3 1mop. DTu BOJIOKHA ObLIM Ha3BaHbI
HaMu P-BosokHaMu. Cioil Takux BOJIOKOH (5-10 BOJIOKOH) pacnoJiOKeH MEXKITY
ay0oM U apeBecuHo (puc. 5, a). OHU CHIIBHO CKAThI B paJuaibHOM HAMpaBIie-
HuM (puc. 2, stan 0). X mmpuHa B 3-4 paza MeHbIle, YeM MIUPHHA COCETHUX
(JI0AMHBIX WM KCUJIEMHBIX BOJIOKOH. PannanbHble cTeHKH B P-BOJIOKHaX 0Opa-
3YIOT CKJIQJKH U BBIMVISIAAT 0OJie€ TOJCTHIMU, YEM TAHI'€HLUAIbHBIE CTEHKHU
(puc. 5, 6). Ha BHyTpeHHel MOBEpXHOCTH P-BOJIOKHA (PHUC. 5, 6 M 2) BUHA CETKA
HEJUTIONO3HBIX ~ MUKPO(QUOPWII, XapaKTepHBIX JUIS TEPBUYHOM  CTCHKHU
KCUJIEMHBIX BOJIOKOH.
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Puc. 5. Ctpoenue P-BOJIOKOH, PaCIlOJIOKEHHBIX MEXAY (H1oaMoit u keusieMou (a u 6 —
MOTIEPEYHBIN CKOJI, 8 M 2 — paauanbHbiii); CM — MUKpOQUOPpUIIIBI LIETTI0036]; P —
NepBUYHAs cTeHKa BOJOKOH; PF — P-BosiokHa; SP — BropuuHas ¢osmMa; MacimtabHast
nuHerKa: a — 10 Mxm; 6 — 2 MkM; 6 — 1 Mmkm; 2 — 100 HM

BuyTpu 00pa3yromuxcs BOJOKOH MEPUOANYECKU MPOUCXOAUT MEPEKITIO-
YeHHe peakuuii OMOCHHTE3a U TUAPOIUTUYECKUX mpoiieccoB [4]. [moko3a, co-
JieprKaniascsi B Kpaxmalie, HaKOIUICHHOM B P-BOJIOKHAX, UCTIOJIb3yeTCs Al OHo-
CHUHTE3a BTOPUYHOM CTEHKHM BOJIOKHA. Ee KolMyecTBa JHOCTATOYHO TOJIBKO JUIS
dbopmupoBaHus HapykHOTO cios S (puc. 2, atan e). OOpazoBaHue MOp HAYMHA-
eTCsl TOCJIE CTPOUTENBCTBA €0 S). YdacTue 3K30COM B (POPMHUPOBAHUU TIOP
BIIEPBBIC OBLJIO MPEACTABICHO B HAIIUX UCCIeN0BaHUAX. DEePMEHTHI-THAPOIIA3HI,
J0CTaBJICHHBIC HK30COMAMH, Pa3pyIIaoT MOJHcaxapu bl cios S B MecTax oopa-
30BaHMS MOP.

Ha puc. 6 cneBa HampaBo 1mokazaHa MociaeA0BaTeIbHOCTh (POPMUPOBAHUS
CTPYKTYpBI BOJIOKOH juOpudopma (A) u tpaxeus (B) ¢ ygactuem axcuaabHOM
NapeHXUMBI, TIEPEropoIIaThIX BOJIOKOH U P-BOJIOKOH. Buanbl Mmecta opmupo-
BaHUs OyAyuux mop B BoJokHax co cioeMm S;. [lociie oOpa3oBaHusi oTBEpCTUS
MOPBI U MOCTYIJICHUSI HOBOTO CyOCTparta (caxapo3bl) MPOUCXOAUT POPMHUPOBa-
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HHUE CPEIHEro ¢J0s S> U BHYTPEHHEro ciiosl S3 BOJIOKOH JHOpudopMa U Tpaxeusn

(puc. 2, 3Tarsl o 4 3).
Y™ R

Puc. 6. [TocienoBareabHOCTh POPMHUPOBAHMS CTPYKTYPhI KCHIIEMHBIX BOJIOKOH: PajIH-
aJIbHBIE CKOJIBI: @ — BeTKa Oepesnl Betula pubescens; 6 — BeTka enu Picea abies;
AP — akcuanpHas nmapenxuma; DP — pa3puBaromasics mopa; FS| — BojokHa co cioeM
S1; PF — P-onoxno; PR —nipoTomnact; Pit — mopa; S — cenra; SF — neperopoagaroe
BOJIOKHO; MaciiTaOHas auHelKa: a — 50 MM, 6 — 20 MKM

Taxum 00pa3om, Kax10€ BOJIOKHO APEBECUHBI 00pa3yeTcs 3a CUET COeIu-
HEHUS MEXKTy COO0M MEeCATKOB KaMOMATBHBIX KJIETOK BHYTPH OOIIIEH MEPBUYHOM
CTEHKH P, a He 10 NIPUYHUHE «POCTa PACTSHKEHHEM» OJHOW KaMOMAJIbHOM KJIeT-
ku. Takas Mozaenb (QYHKIMOHUPOBAHUS COCYAMCTOTO KamOus COrjacyercs
¢ pyHIaMEHTAJIbHBIMU MIPEJICTABICHUSIMU O TOM, YTO OpraHbl MHOTOKJIETOYHBIX
OpraHu3MOB (POPMHUPYIOTCS U3 CTBOJIOBBIX KJIETOK HEOOJBIIOrO pasmMepa mocie
ux nuddepeHnmnanum.
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