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M3yueHre KOHCOPTUBHBIX CBsI3€il paCTEHUI1 U TPUOOB B MICTOPUYECKOM aCTEeKTe CIIOCOOCTBYET MOHUMA-
HUIO 3aKOHOMEPHOCTEN U MPOLIECCOB, CBSI3aHHBIX C ABOJIOLIMEN MTpeIcTaBUTENEM ATUX ABYX LIapCTB, a TaK-
Xe pyHKIIMOHUPOBAHUEM 3KOCUCTEM U (POPMUPOBAHUEM CYIIECTBYIONIEro OnopazHoodpasus. [Ipencras-
JIEHHBIA 0030p COBPEMEHHBIX MAJIEOMUKOJIOTUYECKUX UCCIEN0BaHUI C(HOKYCUPOBAH Ha aHAIU3E UX OC-
HOBHBIX HaIlpaBJICHU, 3aa4 U MePCeKTUB. PaccMOTpeHbl OCHOBHBIE TUIIbI COXPAHHOCTU MCKOTIAeMBbIX
MUKPOMUIIETOB ¥ BOBMOXXHOCTU UX U3YYEHUSI C MPUMEHEHNEM COBPEMEHHOM CCIea0BaTeIbCKON TEXHU -
ku. [TokazaHo 3HaUeHUE MAJEOMUKOJIOTMYECKUX UCCIEIOBAHUM IS MMAJIE03KOJOTMIECKUX MHTEPIIpeTa-
LM ¥ MaJeOKIMMaTUIECKUX PEeKOHCTpYKIUil. OOCcyKmaeTcsl JajbHelillee COBepIIeHCTBOBAHUE KJIACCH -
(UKALIMOHHBIX CUCTEM TUIIOB MOBPEXIEHUN MCKOTIAeMbIX PACTEHUI Pa3IMYHBIMU areHTaMM, B YaCTHO-
CTHU, TPUOaMU.

Knroueswie crosa: Fungi, maaeoMUKOIOTHUSI, MUKPOMMIIETHI, KJIAaCCU(MDUKALIUS TTOBPEKACHUN NCKOTIAEMBIX
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BBEAEHWE

PacteHus u rpu6bl, MpeacTaBUTENIU ABYX LIapCTB
XKUBBIX opraHn3mMoB — Plantae n Fungi, oTHocsITCS K
MPUHIMUINAAIBHO Pa3MYHbIM, aBTO- U reTepoTpod-
HbIM KOMITOHEHTaM 3KOCHUCTEM, U XapaKTepPU3yIOTCs
CYILIECTBEHHBIMU Pa3INYUSIMU B CTPYKTYPHOIT 1 U~
3MOJIOTMYECKOIl OpraHu3alny, CII0co0ax MUTaHUS 1
poau B 6uocdepHbix mpoueccax. OHM UMEIOT IJIM-
TEJIbHYI0O MCTOPUIO COCYIECTBOBAHMS U CTaHOBIIE-
HUSI MHOTIOIUIAHOBBIX THUIIOB B3aMMOIEHCTBHUS, B
3HAUYUTEJIbHOU CTEIeHW OMpeAeIsIIolIMX HarlpaBie-
HUSI 3BOJIIOLIMU OO0SHX TPYMII, a TakKxke (oOpMUPOBa-
HUE CYyIIeCTBYIOIIero oumopasHooopasus. Eciau pac-
TEHUSIM TPAIULIMOHHO OTBOIUJIACH BaXKHel111as1 POJIb
B CTAHOBJICHUU OMOTHI 1 (POPMUPOBAaHUMN OMOCHEPHI
3eMJH, TO yJacTHe I'pUOOB B 3THX IIpoIeccax J0JIToe
BpeMsI He ObLIO JOJIKHBIM 00pa30M MOATBEPXKASHO U
npu3HaHo. TeM He MeHee, IIPeACTaBUTENM LIapCcTBa
Fungi siBisitoTCsl HEOTHEMIIEMBIM KOMIIOHEHTOM CO-
BPEMEHHBIX OMOILIEHO30B 3eMJIM, UX POJib B (PyHK-
LUOHUPOBAHUM U YCTOMYMBOCTU DKOCHUCTEM B He-
KOTOPBIX CIIydasiXx sIBjsieTCsI KiarodeBoii. PazHoo06-

pasHble TpuOBl  O0ECIEeUMBAIOT  pPa3loKEeHUE
OCBOEHHOTO MMM CyOCTpara, SIBJISISICh IIOCPESIHUKA-
MU MEXNY OpTraHNYECCKUMU 1 HECOPIraHMYCCKNMU BE-
mecTBaMM 61ocdepnl, B CBSI3M C YeM OBIJIO MPeaIo-
JKEHO paccMaTpuBaTh UX B paMKaX 0COO0ro 3KOropu-
3onTa (KaparteiruH, 1994).

B ocHOBe KO3BOJIOLIMOHHBIX CBSI3eil TPUOOB U
pacTeHUil JiexXaTr TpoduuecKue CBSI3U. DBOJIOLUS
cyOcTparta (pacTeHMIit) oIIpeacisiia 3BOJIOLNUIO Opra-
HU3MOB-PEIyLIeHTOB (TprOOB) 1, HA00OPOT, IPUOLI,
OKasbIBasi MPSIMOE WJIU ONOCPEAOBAaHHOE BIUSIHUE Ha
oOMEeHHBIE TIPOLIECChl PACTCHUSI-X035IMHA, 00YCIOB-
JIMBAJI1 MHOTOBAapMAHTHOCTh WX BO3MOXHBIX IIpU-
CIIOCOOICHUI K Pa3IMYHBIM 3KOJIOTMYECKUM Cpe-
nam. Kpome Toro, cienyeT OTMETUTh Bce OoJiee
YKPETUISIONIMeCs MPeaCcTaBAeHUs O POJIU B 3BOJIO-
L1 OMOTHI TOPU3OHTAJILHOIO IIEPEHOCA TEHOB MEXK-
JIy pa3HbIMHM BUIAMHU U JaXKe LAPCTBAMU XKUBBIX Op-
TraHU3MOB, B TOM YMCJIe pacTeHU 1 rprudoB (Marien-
feld et al., 1997; Rosewich, Kistler, 2000; Richards
etal., 2009; Liet al., 2018 u mp.).



4 MACIJIOBA u np.

ITepexon rpuOOB Ha Cyl1y B ITO3THEM JOKEMOPUH
(okomo 720 MIJIH JIeT Ha3ad) CIIOCOOCTBOBA B J1ajib-
HeilllleM KOJIOHU3alMu Cyllu 5SMOpuodUuTamMu
(Pirozynski, Malloch, 1975; Heckman et al., 2001;
Lutzoni et al., 2018). MoaeKyasapHO-TeHETUYECKUMU
HUCCICOOBAaHUSIMM YCTAHOBJICHO, YTO BO3HUKHOBE-
HHE B T€0JIOTUYECKOM NCTOPUN apOyCKYISIPHBIX MU-
Kopu3HBIX rprooB (Glomeromycotina) coBmagaeT 1o
BpeMeHU ¢ nuBepcudukanueii smopuodputon (Lut-
zoni et al., 2018). CoBpeMeHHbBIE TJIOMEPOMMUIIECTHI
SIBJISIIOTCSI HA3€MHBIMUY TpuOaMu, U3 KOTOPBIX TTpaK-
TUYECKHU Bce (3a UCKIIIOYEHUEM OTHOIO BHMAA, aCCO-
LUHPYIOIIETO ¢ IInaHobakTepusiMu poaa Nostoc) 00-
pasyloT apOyCcKyJIsipHble MUKOPU3bI (AM) C KOpHSIMU
BBICILIMX paCTeHUN WM NogooHbie AM accolanuu
C HEKOPHEBBIMU CTPYKTypaMu, HaIIpuMep, pU301Ia-
mu 6puocpuron (Lutzoni et al., 2018). Mckomaembie
criopel Glomeromycotina M3BeCTHHI U3 OpPIOBHKA
(Redecker et al., 2000), Ho HanboJIee paHHHUE I1aIe0-
OOTaHMYECKHE CBHUIETEILCTBA CUMOMO3a apOyCKy-
JISIPHBIX MUKOPU3HBIX TPUOOB X HA3€MHBIX PACTEHUIA
IaTupyroTcsa panHuUM aeBoHoM (Remy et al., 1994).
Kak ormeuaer M.B. Kaparteirun (2007), uMeHHO B
JIEBOHCKMX 9KOCUCTEeMax ObUIM COPMHUPOBAHBI BCE
OCHOBHBIE MEXaHM3MBl B3aMMOOTHOIIECHU MEXIYy
aBTO- U reTepoTpodaMu, SIBJISIONINECS OMpeaesio-
MU UIsT PYHKIMOHUPOBAHUS HAa3eMHBIX 9KOCH-
creM. Bo3dHukHOBeHMEe 1 quBepcU(UKALIMS pa3Idd-
HBIX 9KOJIOTMUYECKUX IPYII I'PUOOB KOPPEIUPYETCH C
PSIIOM KJTIOUEBBIX COOBITHIL B DBOJIIOLIMU PAaCTCHUIA,
BKJIIOYAIOIIMX ITOSIBJICHUE JIECHOM PacTUTEIBHOCTH,
HACTOSIIIMX KOPHEM, CeMsSIH U, HaKOHell, TTOKPBITO-
ceMeHHbIX pacteHuit (Lutzoni et al., 2018). K xoHIy
MEJIOBOTO Mepuoaa ITOKPBITOCEMEHHBIE CTaad OC-
HOBHBIMM COCTABJISIIOLLIUMU Ha3€MHBIX 3KOCHUCTEM.
Pasnoo0Opa3ue XX13HeHHbBIX (POPM LIBETKOBBIX pacTe-
HUI, NX TAKCOHOMMNYECKOEe MHOTO00pa3ne M BHICO-
Kasl TUTACTUYHOCTD, a TAKXKE CIIOCOOHOCTh K ajarnTa-
LM K CYIIECTBOBAHMIO B pa3HOOOPa3HBIX OMOIIEHO-
3aX OIIpeAeaId BO MHOIoM (OpMHUpPOBAHUE
DKOJIOTMYECKUX HUIII IS TPUOOB pa3In4HbIX TAKCO-
HOMWYECKUX KaTeropuii ¥ TpOpUISCKUX IPEAIoUTe-
Huii. B To Xe BpeMs1 rpu0ObI, CIIOCOOHBIE XUTh U pa3-
BUBATbC B CAaMbIX pa3HbIX cpefax — IPU BBICOKUX U
HM3KHX TeMIlepaTypax, IpH IIepeyBIaXKHEHUU U 3a-
cyxe, B a3pOOHBIX YCIOBUSIX U IIPU YPE3BbIYANHO Ma-
JIOM coAep>KaHUU KUCJIOpOJa, MOTYT OCBanBaTh pas-
JIMYHBIE HAIIIM NPaKTUYECKU B JIIOOBIX OMOC(epHBIX
YCIIOBHSIX.

K HacrosiieMy BpeMeHUW ONMCAHO MPUMEPHO
100 ThIC BMIOB HBIHE XKMBYIIUX TpUOOB, UTO IO
OLleHKaM MHWKOJIOTOB COCTAaBJISIET JIMIIb HEOOJIBIIYIO
JyacTh mMMeronierocss pasHooOpasus (Taylor et al.,
2015a, b; Hawksworth, Liicking, 2017). IlepBas mo-
MBITKA KOJMYECTBEHHOTO aHaji3a COBPEMEHHON
MUKOOMOTHI ObLJIa TIPEAITPUHSITA HA OCHOBE COOTHO-
ILIEHUSI U3BECTHBIX K TOMY BpeMEHU rpuOOB U BUIOB
pacTeHUi1 B TeX perMoHax, IIe rpUObl CUMTAINCH XO-
poino u3ydeHHsiMu (Hawksworth, 1991). Pesynbra-

TOM 3TOTO MCCJIEAOBAaHMSI CTAJIO MPEICTABICHUE O BO3-
MOXHOI MOJYyTOPaMUJUIMOHHOM YMCJIEHHOCTU BUIOB
CoBpeMeHHBIX I'prOoB. Tak Kak K Hadainy 90-x T. XX B.
OBLIIO OIMMCAHO BCero oKoJjio 70 ThIC. BUAOB, TaKasl BbI-
CoKasl TIpeAIIoJI0XUTeIbHAasT 0011ast YUCTICHHOCTh MO-
TUBUPOBaja MUKOJIOTOB K TIOUCKY paHee HEU3BECT-
HBIX ¢popM. bonee mmo3mHMe BRIBOIBI, Oa3MPYIOIIMECS
Ha pe3ysibTaTaX MOJIEKYJISIPHO-TEHETUYECKUX UCCIIe-
JIOBaHMI1, IIOKA3aJI1 CYylLlIeCTBOBaHUE B COBPEMEHHOM
MuKoounore okojo 5.1 muH BumosB (O’Brien et al.,
2005; Taylor et al., 2010; Blackwell, 2011). OTo uyucino,
OQHAKO, OBLUIO CKOPPEKTUPOBAHO HAa OCHOBaHUU
KOMOMHAIIUM pa3JIMYHBIX METOIOB (OIleHKAa M3BECT-
HOro pa3HooOpa3usi TPUOOB, DKCTPATIOISLIUS ITUX
JIaHHBIX Ha pa3HOOOpa3ue pacTeHUil, a TAK:KEe METO-
Il CEKBEeHUPOBAaHUS ), 1 OBLJIM IIPUBEACHBI TaHHBIE O
0oJjiee BEpOSITHOM 4YHKCJIE BMAOB, KOJIEOIIOIIEMCSI B
npenenax 2.2—3.8 muH (Hawksworth, Liicking, 2017).

Bernblii B3m1s1A Ha UCTOPUIO UCCIIeTOBaHUSI OMO-
pasHooOpas3rsi COBpeMeHHBIX TPUOOB ITOKA3bIBaeT, C
OIHOM CTOPOHBI, HACKOJIBKO MHOTOUYMCJIEHHa 23Ta
IpyIia OpraHM3MOB CEroiHs, a ¢ JIPYyroil — Kakoit
KOPOTKUI TTepHOI BpeMEeHHU MPUXOANTCS Ha NX aKTHB-
HOE pa3HOIUIaAHOBOE M3ydeHue. JINIIb B TTOCIeqHIE e
CSTWIETUSI Pa3BUTHE HOBBIX TEXHOJIOTMiI B CBETOBOIA
mukpockormn (CM) 1 CKaHUPYIOWIEH 3JIEKTPOHHOM
mukpockornuu (COM) obecreyyio JOMOIHUTEILHBIE
BO3MOKHOCTH [UIS IETAIBHOTO UccieoBaHusl Mopdo-
JIOTUY MUKPOCKOITIECKIX TPUOOB.

st uneHTuUKaIu COBpeMEHHBIX TPUOOB He-
penKo HEOOXOAMMO UMETD NPEICTaBIEHUS 00 UX OH-
ToreHese. B repByIo ouepesib 3TO KacaeTcsi IpuooB U3
otaenia Ascomycota. UMeHHO i1 cyM4YaThIX TpUOOB
XapakTepeH rieoMopdu3M — HaJIMYKe B LIUKJIE pa3-
BUTUSL MOP(MOJOTUYECKU PATUYHBIX CTaAWid, CBSI-
3aHHBIX C TIOJIOBBIM (TejeoMopda) U OecrnoabiM
(anamopda) pasmMHoxkeHreM. [1pu 3TOM CBSI3b MeXK-
Iy CTaAusIMU Pa3BUTUSI 4acTO HeoueBUIHA. Kpome
TOTO, B Pa3HbIX YCIOBUSIX, B pa3HOE BPEMS U B pa3-
HbIX reorpauyeckux 30Hax MOTryT (hOpMUPOBATHCS
MopdoJiornyecku paznuuHbie aHamopdbl (Hughes,
1979). Hepenko Mopdojioruueckd CXOAHbIe aHa-
MoOp(dHBIE CTaAMU MOTYT UMETH TeJIeOMOP(dbI U3 pa3-
HBIX CUCTEMATUYECKUX IPYNIl U, HA000OPOT, HEKOTO-
pble TelleoMOpdHBbIEe TPYIIbl TPUOOB Upe3BbIYATHO
ooratel aHamopdamMu pasHoro crpoeHust (Shenoy
etal., 2007). IIIupokoe mpuMeHEeHUE B IIOCIEeTHUE
JEeCSATUIIETUSI METOJIOB MOJIEKYISIPHO-TEHETUUECKOTO
aHajiM3a TMO3BOJIMJIO CKOPPEKTUPOBATh TpeacTaBie-
HUS O CBSI3U TeJaeoMopdHOI 1 aHaMOP(HOM CTaauit
MHOTHUX aCKOMMIIETOB, UTO TOBJIEKJIO 3a COOOi BO
MHOTHUX CJlydasiXx U3BMeHeHUe MpecTaBlieHui 06 00b-
€ME POJIOB U BUJIOB U MOJIOXKEHUU B CUCTEME MHOTUX
MpeacTaBuTe/ieil aHaMOpGHBIX CyMuyaTbiX TpUOOB.
TeMm He MeHee, B OOJILIIMHCTBE CIy4yaeB CBSI3b MEXIY
TeaeoMopdoii 1 aHaMOp(Oil ocTaeTCsl HE BBISIBICH-
HOI4, a TaBUHOOOpPa3HO pacTyliuit o0beM nHGhopmMa-
MU B 00JaCTU MOJIEKYJSIPHON (DUIIOTEHETUKU U
CPaBHUTEJILHOII T€HOMUKM TPUOOB TpeOyeT CoIlo-
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CTaBJICHUA 3TUX COBPECMCHHDLIX NAaHHBIX C PE3yJibTa-
TaMU, IMOJTYYCHHBIMU TPAAMLIMOHHBIMU CPAaBHUTEIIb-
HO—MOp(l)OJ'IOI‘I/I‘{eCKI/IMI/I METogaMun, B CBA3U C YEM
9Ta 00JIaCTh 3HAHUM HYXIacTCA B najbHEenImeM pas-
BUTUM.

IMTaneomukoaorust — HayKa, IOCBSIILIEHHAS U3y4de-
HUIO MCKOITAEMBIX I'PUOHBIX OCTATKOB, II0 MHEHUIO
T. Teiinopa ¢ coasr. (Taylor et al., 2015a), 1o cux mop
HaXoAuTCs Ha HayaJIbHOM CTaJIuM BO MHOIOM H3-3a
OMNMCAHHOI BBIIIE CUTYallMM C MCCJIEHOBAaHUEM CO-
BPEMEHHBIX aHAJIOTOB, Ha KOTOpBIE, IIPEXIe BCETO,
OMNUPAIOTCSl MaJICOHTOJIOTU TIPU WJIEHTUDUKAIIUN
doccunnii. KpoMme 3TOro, HEMmoJIHOTA ITaJICOHTOJIO-
TMYECKOI JICTONNCH, COXpAaHEHNE B ICKOIIAEMOM CO-
CTOSTHUM Pa3pO3HEHHBIX TPUOHBIX CTPYKTYP, HE 1103~
BOJISIIONIEE BOCCTAHOBUTh I'PUOHOI OpraHM3M U CTa-
IMW €ro >XU3HEHHOTrOo 1IMKJa B MOJHOM O0beMe, a
TaK>ke€ HEBO3MOXHOCTb IPUMEHEHUSI K MaJl€OHTOJIO-
TMYECKUM OOBEKTaM METOHOB MOJIEKYJISIPHO-TSHETH -
YeCKOI'0 aHAIM3a YCIIOXKHSIIOT pab0oTy B 3TOM HayYHOM
HampaBJIeHUU. TeM He MeHee, OT IePBbIX OIMCaHUIA
HMCKONAEMBbIX TPUOHBIX OCTATKOB, BBITIOJTHEHHBIX €11Ie
B Havane XIX B. (Sternberg, 1820; Eichwald, 1830;
Goppert, 1836 u ap.), 10 HACTOSIIETO MOMEHTA YVXKE
HAKOIUIEH CYIECTBEHHBI MacCUB HAaHHBIX, Kacaio-
IIMXCsl OMOopa3HOOOpa3usl B IIPOILJIOM MPAKTUIECKU
BCEX KPYMHBIX CUCTEMaTU4YeCKUX IpymiIl rpudos (Ka-
pateiruH, CHurupesckas, 2004; Kapareirun, 2007;
Taylor et al., 2015a, b; Samarakoon et al., 2019 u ap.).
HMcropuu craHOBICHUS NMAJCOMUKOJIOTUN KaK Hay-
K1, 0030py M3YYECHHBIX MCKOITAEMBIX OCTATKOB I'pU-
0OB, a TakXKe aHaJIM3y KO3BOJIIOLIMOHHBIX CBS3eid
pacTeHU1 ¥ TPUOOB B pa3IMYHbBIX ACITEKTaX ITOCBSIICH
psin. MoHorpacguii 1 0630pHbIX crareit (KapaTbiruH,
1993, 1994, 2007; Taylor et al., 2015a u 1p.). Lleabio Ha-
CTOSIILIEH CTaThU SIBJISIETCSI 0030p psiga MpoodjieM, BO3-
HUKAKIIUX B Mpolecce MajecOMUKOJIOTUYECKUX HC-
CJISIOBAaHUI M KacalolluXcs MASHTU(UKALIMY MUK-
pPOCKOMMUYECKUX TpubOB, UX Kjaccudukaluu,
TPaKTOBKM BO3MOXHOIO TaJIe03KOJOTMYECKOTro U
MajJeoOKJIMMATUIYECKOTO 3HAYCeHMsI, a TakKe 3Haue-
HUST KODBOJIIOLIMOHHBIX CBsI3ell IpruOOB U pacTeHUit
JUJIs1 UIIOTEHUM 00EUX TPYIIIL.

Astopnl 6narogapuel O.A. OpioBoit (MI'Y) u
H.3. 3aBpsosoii (ITMH PAH) 3a npegocraBiieHHbIE
dotorpadpun crop Svalbardia n 3a KOHCTPYKTUBHOE
0o0CyXIIeHUE Pe3yIbTaTOB UcciieloBaHUsI. MBI Takxke
onaropapum npod. L. H3uns (YH-T CyHb AT-CceHs,
I'vanaxoy, Kwuraii) 3a 1mpemocrtaBiieHHMe MaTepuasia
It uzydyeHusi. MccnenoBaHue BBIMOIHEHO TIpU hU-
HaHcoBoll Tommepkke PODPU B pamkax HaydHBIX
mpoekToB Ne 19-14-50327 u Ne 19-04-00046.

HAUCITEPCHBIE 'PUBHBIE OCTATKH
B IMAJIEOTTAJIMHOCITIEKTPAX

Camble paHHHE OCTaTKU 'PUOHBIX CTPYKTYp OOHa-
pyXeHbl B naauHocnekTpax gokemopust (Tyler, Bar-
ghoorn, 1954; Heckman et al.,, 2001; Horodysky;j
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et al., 2012 1 op.), a 3BHAYUTEIBHBIIA POCT pa3HOOOPa-
31 MUKOOUOTBI PETUCTPUPYETCsI, HAUMHAasl C paHHe-
ro me3o3o0s (Kalgutkar, Jansonius, 2000; Tripathi,
2009; Taylor et al., 2015a). B me3030e cchopmMupoBa-
JIUCh BCE OCHOBHBIC U3BECTHBIC cerogHsI MOpdoJIo-
ruyeckue TUITbl rpuOHBIX cniop (Tripathi, 2009), a nx
Bo3pociiasg Mop@oJiornieckasi CJIOXHOCTb U 0OJIb-
11asi yacToTa BCTPEYaeMOCTU OTMEYalOTCSl B CIIEK-
Tpax KaitHo3oiickoro Bo3pacrta (Elsik, 1970). Bos-
MOXHOCTb Pacrno3HaBaTb IUCIEPCHBIE CITIOPBI IPU-
00B BO3pacTaeT ¢ YCJIOXHEHUEeM UX Mopdonoruu,
cJIe0BaTEIbHO, BO3PACTaeT UX LIEHHOCTD JJIs1 pelle-
HUS BOIIPOCOB MAaJICORKOJIOTUU U MaJCOKIUMATOJIO-
rum (Kalgutkar, 1993).

MUKpOMULIETE B MaJIeOMaJIMHOCIIEKTpaX Yallle
BCETO MpeaCTaBICHBI OTOCIbHBIMU TUdhaMu, cIopa-
MU, peXe IJIOAOBbIMU TeJIaMM U UX 3apoiabiiiaMu. B
COCTaB KJIETOUHBIX CTEHOK T'M(OB, CIIOP U IOKPOBOB
IUIOAOBBIX TEJI TPUOOB BXOIUT XUTUH — IIPUPOTHBIA
omortomMep, KOTOPBI YCTOWYMB K BO3IECHCTBHUIO
XMMMYECKUX pearcHTOB MpU Mallepallud HCKoIlae-
MBIX PaCTUTEIBHBIX OCTAaTKOB 1 00pabOTKe I1ajieora-
JMHoJormYeckux 1mpod. IIpucyrcrBue rpuboB B ma-
JIMHOCIIEKTPax, TaKUM 0o0pa3zoM, MOXKeT ObITh OUEHb
CYILIECTBEHHBIM.

Npentudukanys rppbOB 4acTo 3aTPyaHEHA U3-3a
MX KOHBEPIeHTHOI'O CXOACTBA, OTCYTCTBUS YHUKAIb-
HBIX MOP(MOJOrMYecKrX IIPU3HAKOB MJIM CXOACTBA
HEKOTOPHIX CTPYKTYpP I'PHUOOB C TAKOBBIMU Y MHOTHX
JIPYTUX IPYyII OpraHu3MoB (TJIaBHBIM 00pa3oM, Y BO-
Jopocieit 1 IpOoTUCTOB). B CBSI3M ¢ 3TUM 3HAUYCHUE
TPUOHBIX OCTATKOB, OOHAPYKEHHBIX B MaJICOIIAIITHO-
CIIeKTpax, JOJroe BpeMsl HeIOOLEHUBAIOCh IJISI pe-
LIEHUS ITPOOIEeM CUCTEMAaTUKM I'PUOOB 1 OLICHKHU Ia-
JIEORKOJOTMYECKUX U ITaJCOKIIMMATUIEeCKNX 00CTa-
HOBOK.

Cnopsl. Mckomaemble criopbl IpuOoB, 0OHApY K-
BaeMbI€ IPEUMYIIECTBEHHO B ITAJIMHOCIIEKTpaX, UC-
MOJIL3YIOTCS ST OMocTpaturpaduuecKux lieneii, a
TaKXXe MO3BOJISIOT TOJYYUTh LIEHHYI0 MHOOPMALINIO
00 yCIOBUSIX ITajIcOCPeabl, BKIIIOYAsl KJIMMAT, TUIPO-
JIOTUYECKHUE YCIOBUS, TUIT PACTUTEIIBHOCTU 1 XapaK-
Tep B3aUMOIEHCTBUS TPUOOB C IPYTUMU OpraHu3Ma-
mu (van Geel, Aptroot, 2006; Taylor et al., 2015a, b).
MHoOTrOo4YHCIeHHbIE MYOINKALIU TTOCIIETIHUX JIET Je-
MOHCTPUPYIOT TPOrpeccupylouimii poct MopdoJio-
FMYECKOr0 U TAKCOHOMMYECKOrO pa3HOOOpa3usl uc-
KOMaeMbIX CIOp B MaJIMHOCIIEKTpax (Harmp., Janso-
nius, Kalgutkar, 2000; Ferreira et al., 2005; van Geel,
Aptroot, 2006; Kalgutkar, Braman, 2008; Singh,
Chauhan, 2008; El Atfy et al., 2013; Sahay et al., 2016;
Miao et al., 2017; Luz et al., 2019 u np.). Unentudu-
Kalysl CUCTEMAaTHUYECKOM NPUHAIIEXKHOCTU TUC-
MEPCHBIX CIIOP YaCTO BBI3BIBACT 3aTPYOHEHUS M3-3a
HEIOCTATOYHOCTU OTIMYUTEIbHBIX MPU3HAKOB. O-
HAKO HEKOTOpbIE CIIOPHI I'PUOOB, OOJBIICH YaCThIO
KaitHo3oiickue, Ojaromapst cnelu(UUYSCKUM 4Yep-
TaM, MOTYT OBITb COOTHECEHBI C COBPEMEHHBIMU Ce-
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MEMCTBaMHM 1 Jaxe podaMu rpuOoB. Tak, Harpumep,
JIBYKJIETOYHBIE CITOPHI C XapaKTePHBIMU HEpPeryJsip-
HO pacHOJIOKEHHBIMU IT0 3KBaTOPy ITopaMu, MOp¢o-
JIOTMYECKH OJM3KHE K CIIopaM COBPEMEHHOIrO poma
Amphisphaerella (Ascomycota, Sordariomycetes, Xy-
lariomycetidae, Amphisphaeriales, Amphisphaeriace-
ae), ObpUIM ormMcaHbl 13 MuolieHa MHaum kak Palaeo-
amphisphaerella keralensis Ramanujam et Srisailam
(Ramanujam, Srisailam, 1978) u u3 muoueHa Cesep-
Hoit Amepuku (Jarzen et al., 2010) kak Palacoamphi-
sphaerella sp., a B HIKHETOJIOLICHOBBIX OTJIOXEHUSIX
Hunepnannos ObU1M 0OHAPYXKEHbBI MOJ0OHBIE ACKOC-
MOpBI, OTHECEHHBIE K COBpeMeHHOMY By Amphis-
phaerella dispersella (Nyl.) O. Eriksson (van Geel,
Aptroot, 2006). OgHako OoJbIIass YacTh MCKOITae-
MBIX OMCHEPCHBIX T'PUOHBIX CIIOP HE MOXET OBITh
KJ1accu(uIIMpoBaHa B paMKax €CTECTBEHHOI CHUCTe-
MBI, U1l HUX B pa3HOE BpeMs1 ObLUIM IIPEAI0KEHBI Ba-
pUAHTBl WCKYCCTBEHHBIX CHCTEM, OCHOBAaHHBIX Ha
Mopdosornueckux npusHakax (van der Hammen,
1956; Clarke, 1965; Elsik, 1968, 1976; Pirozynski,
Weresub, 1979).

Hcronb3oBaHMe MCKOIIAEMBIX CIIOp I'puOOB B
ounoctpaTurpaduu yCIOXKHSIETCS BBUAY yXKE YITOMSI-
HYTOT'O X KOHBEPIeHTHOI'O CXOJICTBA UJIM LIIMPOKOTO
BpPEMEHHOIro Auara3oHa cymiecTBoBaHus. OmHaKoO
MHOTH1e MOP(OTHUIIBI CITOP OTJIMYAIOTCS YHUKAJIBHOM
MopdoJiorueii 1 OTMeUalTCsl B OrpaHUYEHHOM CTpa-
TUrpaIecKoM MHTEpPBAJIe, UTO, HAPSIIY C IPYTUMU
najuHoMopdaMu, MO3BOISIET TaTUPOBATh BMEIIAIO-
e nmopoawl (Kalgutkar, 1993; Visscher et al., 2011 u
np.). Tak, xapakTepHble IBYKJIETOYHEIE CITOpHI Fusi-
formisporites (anamorphic Ascomycota) ¢ BbIpaxkeH-
HBIMM MPOAOJIbHBIMU pebpamu (Martinez- Hernan-
dez, Tomasini-Ortiz, 1989; Kumar, 1990; Parsons,
Norris, 1999 u n1p.), Kak 1 CJIIOXHO YCTPOSHHBIE CITO-
pol Pesavis Elsik et Jansonius (Smith, Crane, 1979;
Kalgutkar, Sweet, 1988), He BcTpeyaloTcs paHee na-
JIeoreHa M MOTYT OBITh MHAMKATOpaMU KaliHO30ii-
CKOTO BO3pacTa.

TpanguIMOHHBIM METOIOM U3YUECHUS TUCTIEPCHBIX
OCTaTKOB IpvOOB B MaJMHOMPOOAX OCTAeTCsl CBETO-
Bast MUKPOCKOTIHS, TIOTEHIINAI CKAHUPYIOIIEH ITeK-
TPOHHOI MMKPOCKOIMHU B IOJTHOM Mepe ellie He pea-
JIU30BaH. Psa CTPYKTYpHBIX TIPU3HAKOB TPUOHBIX
criop (HAIp., CKYJBNTYpa 00OJ0YEK) MOXET OBITh
OoJiee MTHGOPMATHUBHO ONMMCAH TOJBKO ITPU UCCIIEN0-
BaHUsIX ¢ mpuMeHeHneM COM. OuyeBUAHO, YTO Mep-
CTICKTUBHBIM HaIlpaBJIeHUEM B OYIyIleM MOXKeT
CTaTh TaKXe M3yYeHUe YIbTPACTPYKTYPHI 000JI0UEK
IPUOHBIX CIIOP C HCIIOJb30BaHWEM TPAHCMUCCHOH-
HOM 351eKTpOoHHOM MuKpockormu (TOM). Takue pa-
OOTHI IPUMEHUTEIBLHO K TPUOHBIM OCTaTKaM MPaKTU-
YeCKM OTCYTCTBYIOT, OJHAKO, MO aHAJIOTUU C PE3YJb-
TaTaMM TOMOOHBIX MCCIEIOBAaHWM, BHITTOJTHEHHBIX B
TOCJIETHUE TECSITUECTUST IS TIBLIBIIEBBIX 3epeH M
CMOpP BBICIIMX PAaCTEeHU, MOXHO OXUAAThb MOJy4ye-
HUE JOTTOTHUTETLHON MH(pOPMAIINN, CYyIIeCTBEHHOMN
JUIST UOeHTUGUKALIMYA TPUOHBIX CIIOP.

3apoapimm mIoa0BbIX TeJ (nmpumopauu). I[1poiiecc
pa3BUTUSI TPUOOB OT CIOP A0 TUIOJOBBIX TEJI HEA0CTAa-
TOYHO OMUCAH U IMPOWJIIIOCTPUPOBAH AaXkKe IJIST CO-
BPeMEHHBIX TIpeacTaBuTeeii mapcrBa Fungi. ®opmu-
pOBaHMeE TIJIOMOBOTO TeJla y TPUOOB MOXKET TPOUCXO-
IUTh Pa3TUIHBIM oOpas3oM. Tak, y mpencTaBUTeNE
oTaenaa Ascomycota, HalpuMep, CyLIeCTBEHHO pas-
JIMYAIOTCs CIOCOObI 00pa30BaHMUS ACKOJIOKYJISIPHBIX
cTpoM (TICEBOOTELIMEB) UM HACTOSIIIIUX aCKOKapIIOB
(Luttrell, 1951). BapuaHTbI pa3BUTHUs KaK IICEBIOTE-
LIMEeB, TaK U HACTOSIIUX TJIOAOBBIX TeJl aCKOMUILIETOB
BO MHOTMX CJIy4asx OCTAIOTCS He UCCICAOBAaHHBIMU,
IMOCKOJIbKY HE3peJbie TUIOJOBBIC Tejla MPAKTUIECKU
He MPUHUMAIOTCSI BO BHUMaHUE B CUCTEMAaTUKE CO-
BPEMEHHBIX MMKpPOMMIIETOB. B 3TOM OTHOIIEHUU
GOJIBIIMIA TIPOrpecC TOCTUTHYT B MAJIEOMUKOJIOTHH,
rJe BaXXHO OIMCATh BCE UMEIOIINUECS B pacriopsike-
HUM WUccliemoBaTeneil crpyktypbl. . Jdumuep mo-
JIPOOHO OTMCAJ CTAAUM PA3BUTHUS 3apOAbIIIC TUPH-
oTeleB MpeacraBsureseii Microthyriaceae, BbIASIUB
UX B CAMOCTOSITEIbHYIO (hOPMAaJbHYIO TPYIIILY
“Young forms (germlings) of microthyriaceous fungi”
(Dilcher, 1965). OcHoBaHUEM TSI BbIACICHUST TAKOM
IPYIIIBI CTaJ0 OOHAPYKeHNE MHOTOYUCIEHHbBIX ITPU-
MOPIVEB MUKPOMUIIETOB B Pa3HBIX CTAIUSIX Pa3BU-
TUSI HA OJHOM JIUCTE TTOKPBITOCEMEHHOTO PacTeHUS
Sapindus Tourn. ex L. (somen Tenneccu, CIIIA)
BMECTE CO 3pPEJIbIMU TUPUOTELIMSIMU, IIpUHAAIeKA-
IIUMHU K pa3IdndHbIM pojJaM MUKpoTupueBbIX. ITo-
CKOJIbKY HauallbHbI€ CTAAUU PA3BUTUSI PA3HBIX TUPU-
OTellEeB MPAKTUYECKN OJMHAKOBBI, ONPEASIUTh Ha
paHHEM 3Tarle, KaKoe IIOI0BOe TeIo CHOPMUPYETCS
B UTOTe, HE MPEACTaBISETCS BO3MOXHBIM. [0 BBIXO-
na pa6otel Jumuepa (Dilcher, 1965) HaiineHHBIC B
MAJIMHOCHEKTPAaX 3apOABIIIN TJIOAOBBIX TeJl ONpeae-
JIITUCh Kak Bomopociu (Hamp., Kock, 1939) wiu
MMEHOBAJINCh POIOBBIM Ha3BaHMEM OOHApPYKEHHBIX
B Te€X € Mpo0ax 3pesbIX IUIOJOBBIX TeJ (Hamp., Alte-
henger, 1959). BnocnencTBuu B CTaThsIX, IOCBSIIEH-
HBIX aHAJIN3Y TaJeOITaIMHOCIIEKTPOB, 3T CTPYKTY-
pBl CTaJIM aKTUBHO M300paXkaTbCsl M OIPEaeIsIThCS
KaK 3apOAbIIIN IJIOAOBBIX TEJl B IMIOHUMaHUU GHop-
MaJIbHOI ITpymnIibl, npeajnoxeHnHoi duryepom (Jain,
Gupta, 1970; Ramanujam, Rao, 1973; Selkirk, 1975;
Greenwood, 1994; Conran et al., 2016; Sahay et al.,
2016 u gp.). OTMeTHM, YTO TIPAKTUYECKU BCE MaH-
HbIE, Kacalolluecs 3apOoabIleil TPUOHBIX TIJIOA0BBIX
TeJI, MOJyYeHbI ¢ UctoiibzoBanneM CM. OueBUIHO,
4YTO U B 3TOM ciiydae npuMeHeHrne CHOM MOXeT naTh
HOBBIC BO3MOXXHOCTH JJISI U3y4eHUs] MOP(OIOTUU U
MOJIyCOB pa3BUTUSI STUX CTPYKTYp (puc. 1, a, 6).

I1nomoseie Tena. Pa3BuTkle MI0mOBEIE TeJIa HEKO-
TOPBIX MHUKPOMUIETOB YBEPEHHO OMNPEACISIOTCS
cpenu npyrux naauHoMmopd. Ilpexme Bcero, 3To Ka-
caeTcs MpeacTaBuTelieit Ascomycota 13 nmopsiaka Mi-
crothyriales (Kar et al., 1972; Eriksson, 1978; Lange,
1978; Prasad, 1986; Saxena, Misra, 1990; Kalgutkar,
1997; Erdei, Lesiak, 1999—2000; Garcia-Massini
et al., 2004; Ferreira et al., 2005; Limaye et al., 2007,
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Puc. 1. MukpoMuIleTbl Ha JIMCTBSIX MCKOITAaeMbIX pacTeHuii, COM: a, 6 — nNpuMOpIUM B pa3HBIX CTaAUsSIX Pa3BUTHSI,
9K3. MMJ3-2346; ¢ — momoBoe Teno Callimothallus sp., sk3. MMIJ3-2371; 2 — rudbl ¢ anpeccopusimu, Melioliales,
9K3. MMJ3-2371; 0 — BHelIHssI IOBEPXHOCTH JIMCTa Dacrycarpus, BUIHO BBIBOJHOE OTBEPCTHUE IJIOMOBOTO TeJa, pa3BUTOTO
o KyTUKYJIoii ucra, Xylariales, 9k3. GP-198; e — BHyTpeHHsIs1 TOBEpXHOCTb KYTUKYJIbI JTucTa Dacrycarpus, 1ionoBoe Tejo
co criopamu, Xylariales, 3k3. GP-198. a—e: FOxHbIit Kutaii, 6acceitH MaoMuH; 1o3nHuii 201eH; d, e — FOxHbIii Kuraii, 6ac-

ceiiH ['yinuH; MUOLIEeH.

Kalgutkar, Braman, 2008; Singh, Chauhan, 2008;
Jha, Aggarwal, 2011; El Atfy et al., 2013; Velayati,
2013; Worobiec, Worobiec, 2013, 2017; Anmekcanaposa
u ap., 2015), 4bM IUIOIOBBIE TEJIa UMEIOT XapaKTepHOE
crpoeHue. Takue IpU3HAKU CTPOSCHUSI TUPUOTELINCB,
Kak crnocob opraHu3alny KJIETOK ITOKPOBa IIOI0BO-

TMAJTEOHTOJIOTUYECKHWM KYPHATT N 1 2021

ro TeJjia, pa3Mepbl KJIETOK M1 0COOEHHOCTH MX 000J10-
YeK, HAINI1e,/OTCYTCTBUE TIOp HAa aHTHKJIMHATHHBIX
CTEHKaX KJIETOK, XapaKTep Kpas IUIOJOBOTO Teja, a
Takke CIoco6 0cBOOOXKAeHUS cIiop (OTCyTCTBUE/Ha-
JIM4MEe U CIMOCO0 opraHMu3alliid OCTHOJIST UM (opMa
BBIBOJTHOTO OTBEPCTUS Y 0€30CTUOSITHBIX TUPUOTE-
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IINEB), TTO3BOJISTIIOT TOBOJIBHO TOYHO YCTAHOBUTH CH-
CTeMaTUYECKYI0 MPUHAIJICXKHOCTh TaKUX CTPYKTYP.
OTMeTUM, YTO U3YyUYEHUE TMI0A0BBIX TEJI MUKPOMMUIIE-
TOB TOJBKO ¢ TomoIbio CM GBIBaeT HEOOCTAaTOY-
HbeIM. Tak, HarpuMep, MeJIbYaiIIme Mmophsl B KIeTKaxX
TUPUOTELIMEB MHOTIA MOTYT ObITh BUAHBI TOJILKO MPU
ncnoab3oBaHnun COM (puc. 1, g).

I'nur. @parmeHTH THGOB IPUOOB — OOBIYHEBINA U
4acTO 3HAYUTEJIbHBI KOMITIOHEHT MaJIMHOCTEKTPOB.
OTU OCTaTKU MPAKTUYECKU HEBO3MOXHO OTHECTH K
Kakoii-1100 TaKCOHOMMYECKOM TpyIne TIpudos,
BBUIY UWX MaJoMHMOPMATUBHON MOPQOJIOTUH.
IpencraBuTen 3UTOCIIOPOBBIX IPUOOB (B YaCTHO-
CTU, MUKPOMMUIIETHI OTaea Mucoromycota), a Takxke
rpuOOIoN00HBIE OpraHM3Mhbl U3 oTdesia Oomycota
(Pseudofungi) obnanaroT HecenTUPOBAaHHBIMU TU(da-
MU, OCTaJIbHbIE TPpUObI UMEIOT CENTUPOBAHHbIE T'M-
GBI, KOTOpbIE MOTYT MHOTOKpPaTHO BETBUThLCS. Te
3JIEMEHTBI MaJleoNaJuHOCIIEKTPOB, KOTOPbIE MOTYT
OBITh OTHECEHBI JIMIIIb K LAPCTBY I'pUOOB, 6e3 Ooee
TOYHOM CHUCTEMATUUYECKOUM MPUBSI3KM (HaAMp., HEKO-
TOpble MOP(OTUIIBI CIIOP U TUIOJOBBIX TeJl, (hparMeH-
Thl TU(OB), TEM HEe MEHee, 3aCTYKUBaIOT BHUMaHUS
najaeoHToJioroB. ITo umeronmMmcst ipusHakam (pas-
MEepHbIE XapaKTEPUCTUKU U (hopMa CTIOP U TUIOTOBBIX
TeJl, CTENeHb CENTUPOBAHUS W BETBJIEHUST TUDOB)
MOXET OBITh OLIEHEHO X MHOTOOOpa3ue B CIIeKTpax,
YyTO OYAET CBUAETEIbCTBOBATh O BO3MOXKHOM TaKCO-
HOMMWYECKOM Pa3HOOOpa3nuy MUKOOUOTHI TPOIILIOTO
1 KOCBEHHO MOATBEPKIATh CyXXAEHUE O MHOTooOpa-
3UM cyOCTpaToOB (pacTeHU, XXKUBOTHBIX U JIP.), HA KO-
TOPBIX 3TH IPUOBI MOTJIU Pa3BMBATHCSI.

MHUKPOMULETLI
HA NCKOITAEMBIX PACTEHUAX

B maneoHTONIOrMYEeCKOli JIETOMUCU CJICObl B3au-
MOJAEUCTBUIA pAaCTEHUil U TPUOOB MpPEICTaBIECHBI B
BUII€ OTIIEYATKOB, a TaKXKe€ MOTYT OBITh BBISIBJICHBI
MIPY MUKPOCTPYKTYPHBIX MCCIEIOBAHUIX (DUTOIEM
WIM MyMUMUIIUPOBAHHBIX PACTUTEIbHBIX OCTATKOB.
Takke OOJIBIION MHTEpPEC IIPEACTABIISIIOT OCTAaTKU
pacTeHuii ¢ TpubamMu B stHTape (cM. 0030p JIuTepaTy-
pul B: Halbwachs, 2019; Tischer et al., 2019) u muHe-
panu3oBaHHbIE GUTOPOCCUIINN, COXPAHSIONINE 00b-
€KTbl, B TOM YMCJIe€ COITyTCTBYIOIIIE UM TI'pUOBI, B
aHatomuueckoii 3D-dopme (Cevallos-Ferriz, Stock-
ey, 1989; Lepage et al., 1994; Klymiuk et al., 2013a, b
u ap.). 'puObI oTMEYEeHbI HAa BCEX OpraHax MCKOIae-
MBbIX PACTEHUIA: KOPHSIX, CTEOJISIX, JIMCThSIX U Ha pa3-
JIMYHBIX PENpPONYKTUBHBIX CTpyKTypax. EcTb MHe-
HUE, 4YTO, HaIpuMep, COBPEeMEHHbIe 3MNU(MUTHHIC
MUKPOMUIIECThI HE UMEIOT MPEANOYTEHNI B OTHOIIS-
HUU pacTeHUSI-X035IMHA MK ero opraHoB (Phadtare,
1989), onHako, KaXeTcsl OYeBUAHBIM, YTO KOJIMYE-
CTBO U3YYEHHBIX Ha CErOfHSI MPUMEPOB B3aUMOeii-
CTBMSI 3TOI TPYIIILI TPUOOB C CyOCTPAaTOM SIBHO HE-
JIOCTaTOYHO JIJIsl TAKOTO pojia OOIINX 3aKJIIOUECHU.

Muxkopu3za. B 3akmounTesbHON ITyOIMKaIIUU
(Kidston, Lang, 1921) u3 cepuu pa6ot P. Kuacrtona u
V. JIaHra, noCBSIIEHHBIX U3YYEHUIO TeBOHCKUX pac-
teHuit pogoB Rhynia Kidston et Lang, Asteroxylon
Kidston et Lang n Horneophyton Barghoorn et Dar-
rah 13 KkpeMHUCTHIX cnanneB Paitnu B IlloTnanmum,
ObLIIM OIUCaHbl OOHApPYXEHHBbIE B OCAIOYHOM MaT-
pUKCe 1 B TKaHSX 3TUX pacTeHuii rpuobl. [1o Hammumio
HECEINTUPOBAHHBIX THU(OB, TOJCTOCTEHHBIX TOKOSI-
IIMXCS CITOP U BE3UKYJI B KJIeTKax pacteHuii Kuacrton
U JIHT NepBBIMU OTMETWJIM CXOJICTBO MCKOMNAeMBbIX
rpu6oB n3 PaliHu ¢ cOBpeMeHHBIMU SHAOTPODHBIMU
MUKOpU3HbIMU Tpubamu. Ilocienmyroiue mcciaemo-
BaHUsI, TIPOJOJIKAIOIINECSI U TIOHBIHE, MOTOJHSIIOT
MIpeACTaBICHUS O TAKCOHOMWYECKOM pa3HOOOpa3nu,
MOP(MOJIOTUN M DKOJIOTUUYECKUX OCOOCHHOCTSIX JIe-
BOHCKOIF MuKoouotsl PaitHu (Taylor et al., 1992,
1995, 2004, 2005; Remy et al., 1994; Berbee, Taylor,
2007; Krings et al., 2007; Strullu-Derrien et al., 2017;
Edwards et al., 2018 u np.).

H3BectHO, uTO KOpHU 80—90% BUIOB COBpeMEeH-
HBIX BBICIIIMX pacTeHUI 00pa3yloT ¢ MULIEIUEM TPU-
0OOB CUMOMOTUYECKHUE acCOIUAIINN, PA3HOOOPa3HBIE
Kak To MPOUCXOXIEHUIO, TaK U 1O XapaKTepy ycTa-
HOBJIEHHBIX MeXay KoOwoHTamu cBsizeit (Kapatbi-
ruH, 1994; Lepage et al., 1997; Taylor et al., 2015a;
Berruti et al., 2016), ciiegoBaTeIbHO, MOXKHO OXXUIATH
0O0JIBLIOrO pa3HOOOpPa3Ks UCKOIIaeMbIX (POPM MUKO-
PU3HBIX B3aUMOOTHOILIEHU B T€0JIOTUYECKOM TIPO-
uioM. Hapsiny ¢ u3yyeHMeM TaKCOHOMUYECKOTO
pa3HOOOpa3usi UCKOMAeMbIX PAaCTeHU M MUKOPHU-
3000pa3yolIuX rpud0B, TakKXKe BaXKHa OLIEHKAa CUM-
OMOTHMYECKUX B3aMMOJEUCTBUII Ha ypOBHE pacTu-
TEJIbHOCTU U 9KOCUCTEM B 1I€JIOM.

MuUKpPOMHIIETBI HA JIMCThSIX W PENPOAYKTHBHBIX
CTPYKTypax pacreHmii. Haxogky mckomaeMbIX MUK~
POMUIIETOB, CBSI3aHHBIX C OPTaHAMU PaCTEHUIA, 0CO-
OEHHO MHTEPECHEI, TaK KakK ITO3BOJISIOT 00jIee TOUHO
OMNpENeNUTh MX CUCTEMATHMYECKYI0 MPUHAIJIEK-
HOCTb, OJjlarogapsi MOTEHIMAJIBHON BO3MOXHOCTHU
M3Y4YCHMUS pa3HbIX CTAAN pa3BUTHUSI TPUOOB U XapaK-
Tepa UX CBSI3U ¢ cyocTpaToM. I'prOBI MOTYT OBITH y3-
KOCIIELIAIU3UPOBAHHBIMU WU HE MMETh CTPOIOi
MPUYPOUYEHHOCTU K PACTEHUIO-XO3SIMHY, CJIeIOBa-
TeJbHO, 3HAaHUE OCOOCHHOCTE! TaHaeMa “pacTeHUe-
XO3IMH — MHUKPOMUIIET” Y COBPEMEHHBIX aHAJIOTOB
MOXET CIIOCOOCTBOBATh UIEHTU(MUKAIINN KaK UCKO-
IIaeMOro pacTeHMs, TaK 1 OOUTAIOIIETO Ha HEM I'pU-
0a. IIpobiaemMa 3aKimiodaeTcss B TOM, YTO JaJIeKO HeE
BCE€, a TOYHEE, JIMIIb HEKOTOPHIE, B TIEPBYIO OUEPENb
XO3SMCTBEHHO 3HAYMMBbIE IJISI YeJIOBEKA COBPEMEH-
HbIe paCTECHUS U3YYEHBI B aCIIeKTe UX CBSI3Eil C Ipu-
6amu. Takke, aHaTM3UPYsI UMEIOIINECS IIPeACTaBIIe-
HUSI O KOHCOPTUBHBIX CBSI3SIX PACTEHUI 1 pa3BUBAIO-
IMXcda Ha HHUX MHUKPOMHUIETOB B HCTOPUYECKOM
acIieKTe, HeOOXOAMMO YYUTHIBATH BO3MOXKHYIO CMe-
HY KOHCOPTOB B COBPEMEHHOU OHOTE.
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K HacTosiieMy MOMEHTY OITMCAaHO MHOXKECTBO
JMCKOMNAaeMbIX MUKPOMMIIETOB, OOMTAIOIIMX KaK Ha
MOBEPXHOCTU JIUCThEeB (3MUMUTHBLIE TPUOBI), TaK U
BHYTPM ux TKaHell (3HmopurHbie rpudnl) (Cookson,
1947; Dilcher, 1965; Alvin, Muir, 1970; Phipps, Rem-
ber, 2004; Shi et al., 2010; Ding et al., 2011; Du et al.,
2012 u np.). Haubomee wmHGpOpMATUBHBI HAXOIKU
TPUOHBIX IJIOIOBBIX TEJI, MOP(OJIOTUUECKIE OCOOEH -
HOCTH KOTOPBIX ITO3BOJISIIOT HauboJjiee TOYHO ITpU-
OJIM3UTBHCS K ONpPEeIeICHUIO CUCTEMAaTUYeCKOM IIpr-
HaJJIeXKHOCTU MUKpomulieTa. IlpencraBurenn Io-
psiaka Microthyriales (B 4acTHOCTH, CEMENCTB
Microthyriaceae u Micropeltidaceae), 61aromaps xa-
PaKTEepHBIM OCOOCHHOCTSIM CTPOECHUS TUPUOTELIMEB,
MOTYT OBITh JIETKO OUATrHOCTUPOBAHBI U ITO3TOMY
CUMTAIOTCS HA CETONHSIIHUI IeHb Hamboiee u3y-
YEeHHBIMU B IJIaHE UX 3BOJIIoLIMOHHOM nctopuu (Kal-
gutkar, Jansonius, 2000; Tripathi, 2009; Saxena, Trip-
athi, 2011 u op.).

MckonaeMble MUKPOMMIIETHI, CBSI3aHHBIE C pe-
MPONYKTUBHBIMU OpraHaMU PacTeHUI, U3BECTHHBI He
TaK IIMPOKO, YTO OTYACTU OOYCIOBJICHO OONbIICH
PEIKOCThIO HAXOAOK 3TUX CTPYKTYp IO CpPaBHEHMIO,
Hamnpumep, ¢ JUCTbsIMU. [IepCrieKTUBHBIMU B 3TOM
OTHOIIIEHUU SIBJISIIOTCSI PEMPOAYKTUBHBIE CTPYKTY-
pBI, coOXpaHuBIIHE (puTONIEUMEL. Tak, MJI0I0BLIE TEIa
9HAOMUTHBIX ACKOMUIIETOB HEJABHO ObLIM OOHaApy-
XeHbl B Iuiogax Burretiodendron w3 oJuroiieHa
FOxHoro Kutas (Xu et al., 2020). ITpumepbl mopaxe-
HUSI aCKOMUILIETAMU MUHEPaJIM30BaHHBIX TUIOIOB U
CEeMSTH U3BeCTHHI 13 Mejia MHmum (rudbl M MMKHUIEL
Ha T1UI0Jax OMHOIOJBLHOIO pacTeHus Viracarpon)
(Kalgutkar et al., 1993), souena KaHaabl [rudbsl u
ICEeBOOTELIMM Ha riogax u ceMmeHax Decodon (Lyth-
raceae), Tu(bl U CKIepollMu Ha cemeHax Allenbya
(Nymphaeaceae), rudbl 1 TMKHUIBI HA TUI0AX U Ce-
meHax Princetonia (familia incertae sedis)] (Lepage
et al., 1994). IlpeacraButenu Chytridiomycota oOHa-
PYXEHbl BHYTPYM MEIIKOBBIX TBLIBLEBbIX 3€peH U3
kap6ona CesepHoit AMepuku (Millay, Taylor, 1978)
u u3 nepmu Manun (Vijaya, Meena, 1996), a Takxke
Ha MOBEPXHOCTU MEIIKOBBIX MbUIbLIEBBIX 3€peH U3
nepmu Muoum (Srivastava et al., 1999). Heo6xomnmo
OTMETUTh OOJbIIIOe KOHBEPIE€HTHOE CXOACTBO 300C-
MOpaHTUeB XUTPUAMEBBIX C OPOUKYJIaMU — TPOU3-
BOIHBIMU TarleTyMa, BCTPEYAIOIIMMUCS Ha TIOBEPXHO-
CTU CIIOp M MBUIBLEBBIX 3€PEH psija BBICIIMX pacTe-
Huii. M36exaTh OIIMOKK MOT'YyT IOMOYb UCCJICIOBAHUS
TaKMX CTPYKTYp ¢ mpuMeHeHneM TOM. Tak, O.A. Op-
JIoBoii ¢ coaBT. (Orlova et al., in prep.) mokasaHo, 4TO
Mopdoaorndyeck cxomaHble ¢ 3oocropanrusimu Chyt-
ridiomycota cpepmyeckue odpazoBaHust (puc. 2, a—a),
HalileHHbIe HAa MOBEPXHOCTU MUKPO- M MeEracriop
Svalbardia (Archaeopteridales) n3 neBona CeBepHOIo
Tumana (Poccusi), uMEIOT OOHOPOIHYIO BHYTPEH-
HIOIO CTPYKTYPY, BBIIIOJHEHHYIO CIIOPOIIOJUIEHU-
HOM, 3JIEKTPOHHAs IJIOTHOCTb KOTOPOI'o UICHTUYHA
TaKOBOM Yy OCTaJIbHOI CIIOpOAEpMEL (puc. 2, 2), u,
CJIeIOBaTEIbHO, SIBJISIFOTCSI OPOUKYJIaMU.
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I[MPOBJIEMbI MAEHTUOUKALMW CIIEAOB
HNOBPEXAEHWN NCKOITAEMbIX
PACTEHWUN T'PUBAMUA

TpynHocTH MAEHTU(GUKALIMM TUIIOB TTOBPEXIIE-
HUI ICKONAaeMbIX PACTECHUI pa3IMYHbIMU areHTaMU
BO MHOI'OM OOYCJIOBJIEHbI HEIOCTATOYHOI M3yYeH-
HOCTBIO (DUTOIIATOJIOTMYECKMX COCTOSIHUII COBpe-
MCHHEIX pacTeHMII U3 TeX K€ CUCTEMaTHYCCKMX
rpymir. OUTONATOJIOTU OTHAIOT MPEANOUYTEHUE U3y~
YeHUIO BO30ynuTeseii 3a001eBaHNT KOPMOBBIX KYJIb-
Typ, UHTPOAYLIUPOBAHHKIX C LIEJIbIO 03eJICHEHUS TO-
POIIOB AEPEeBbEB M KyCTAPHUKOB, a TAKXKE IPYTUX XO-
3MCTBEHHO 3HAYMMBIX pacTeHui. Beaencrsue aToro
IIpUA OIIpele/ICHUM THUIIOB MHOBPEXKICHUI MCKOMae-
MBIX PAaCTeHMI He BCETIa MMEETCSI BO3MOXKHOCTD I10-
JIYIUTh CPAaBHUTEJIbHYIO MHMOPMALINIO, KAcalolly0-
¢Sl UTOIATOIOTMM COBPEMEHHBIX aHAJIOIOB B IIPU-
pOIHBIX MecTooOuTaHuSIX. Ilpu 3TOM ompeneneHue
KOHTaMMHAHTAa, BBI3BABIIETO IOPaxK€HUE, BO MHO-
TOM 3aBMCUT OT 3HAaHUSI €r0 KOHCOPTUBHOI CBSI3U C
pacTeHneM-x03siMHOM. CuTyaluusi  OCJIOXHSIETCS
T€M, YTO pa3Hble CTAAUU Pa3BUTUS MHBA3UM pPa3Iny-
HBIMU areéHTaMU, KaK IIpaBUJIO, BBIpaXKeHbI MOP(O-
JIOTMYECKH CXOMHOIT peakuueil pacreHusi. CoOOTBET-
CTBEHHO, (pUKCUpOBaHHAsI CTaausl pa3BUTUsI MHBaA-
3MOHHOTO Ipolecca (a UMEHHO C TaKOil cuTyaluei
Yalle BCEro M CTaJKMBAaeTCs IaJc000TaHUK) YacTO
HE MOXET OBbITh YBEpEHHO UACHTU(MUIIMPOBaAHA.

Ha cerognsiiinmii 1eHb HaliIeHbl CBUIETEIbCTBA
CYLIECTBOBAaHUS B IPOIIJIOM IIpeACTaBUTEICH BCeX
otnenioB Hapcta Fungi (Kapateirux, 2007). OcHOB-
HBIMU TIpU3HAKaMU, 110 KOTOPHIM pa3anvaloTcsl OT-
JeJibl, CYUTAIOTCSI OCOOCHHOCTH pPa3MHOXEHUS,
CTPOEHHUE U pa3BUTHUE PEIIPOAYKTUBHBIX CTPYKTYpP U
0COOEHHOCTHU XMW3HEHHBIX UKIIOB. MHpOopManus o
crocobax pa3MHOXEHUS U SKU3HEHHBIX LIMKJIaX y UC-
KOIIaeMbIX TPMOOB BeChMa OTpaHUYEHA, Yallle OHa I10-
MIPOCTY HEAOCTYITHA. TOYHYIO CUCTEeMaTUYECKYIO ITPU-
HAJIJIEXKHOCTh TPUOHBIX OCTATKOB YCTAHOBUTH OYEHb
TPYIHO, TaK KaK BEreTaTUBHBIC CTPYKTYPhI TPUOOB Ma-
JI0 MH(OPMATUBHBI, a PENPOAYKTUBHBIE CTPYKTYPHI
COXPAaHSIOTCS pexKe U He B [IOJIHOM oObeMe.

Cnenpl rpu0oB Ha oTmeyaTkKax pacrenuii. Cremb
TOBPEXICHWI TpUbaMUu OPraHOB MCKOITAeMBIX pac-
TEHWi, MPEACTaBICHHBIX B BUIE OTIIEYATKOB, IHa-
THOCTUPOBATh TIOBOJILHO CJI0XHO. [laxke y coBpeMeH-
HBIX PaCTEHU OTIpeieSieHe areHTa, BEI3BABIIIETO PSIIT
MATOJIOTUYECKNX COCTOSTHUI UX OPTaHOB (B YaCTHO-
CTH, Pa3INYHbIC TISITHUCTOCTU), BHI3IBAET TPYAHOCTHU
B CIJIy CXOJICTBA peaKIInii pacTeHUsI Ha BO3JeiCTBIE
rpuboB, OakTepuii niau BupycoB. [IsiTHUCTOCTH TIpO-
SBJISIIOTCSI B 0OpPa30BaHUM Ha TTOPAKEHHBIX OpraHax
YYacTKOB B BUJE TISITEH Pa3IMUHBIX pa3MepoB, hop-
MbI, LIBETa U CTPYKTYpbl. ONUpasicb UCKIIOYUTEIbHO
Ha MOpP(dOJOTHI0O TaKuxX TIPOSBICHUIN, HAIEXHO
UIeHTUGUIIUPOBATh X TMPUIMHY MTPAKTUIECKU He-
BO3MOXHO W3-32 TEePEeKPHIBAaHUS (PEHOTUTTNIECKUX
MpU3HAKOB. [lJIsT KOPPEKTHOTO BBISIBIEHUS] MOBpeE-
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Puc. 2. Meracniopsl u Mukpocriopsl Svalbardia sp., Archaeopteridales: a, 6 — MuKpocmnopa, BUIEeH OTIIEYaTOK OPOUKYIIBI,
9K3. 88-04-01-11(2), COM; 6 — opOUKYJIBI HA TOBEPXHOCTU MEracIopsbl, 3k3. 88-4-01-02(2), COM; e — cpe3 yepe3 Meracrnopy,
BUIHBI OPOUKYJIbI (CTPEJIKK), UASHTUYHbBIEC MO 3JICKTPOHHOM IUIOTHOCTU OCTaJbHOM YaCcTH CIIOpOAepMbI, 3K3. 88-4-01-02(1),

TOM; Poccus, CeBepHbliit TumaH; n1eBOH.

XKIAIOIIEero areHTa, BBI3BABIIETO BUIOU3MEHEHMUS
TKaHell, HeOOXOAUMBI CIleliajbHble MUKPOOUOI0-
TMYeCcKue MCCIEI0BaHUSI, BOBMOXHBIE TOJBKO Y CO-
BpPEMEHHBIX paCTeHUA.

WnmocTpupoBaHHBINM KaTaJIOT THUITOB TTOBPEKIE-
HMI MCKOITaeMbIX pacTeHui ormyonukosaH K. JlabaH-
neiipoit ¢ coaBT. (Labandeira et al., 2007). Ha 6a3ze
TMIEPMCKUX, TIO3THEMEJIOBBIX M pPaHHEIAaJIeOTeHOBBIX
¢mop CeBepHOli AMEPUKM, a TAKXKe ITO3THETPUACO-
BbIX (iop KOxHOIT AdpuKku ObLIO BbIIEJIEHO, KPATKO
ONMCAaHO M IIPOMJITIOCTpUpoBaHO 150 TUITOB MoOBpe-
xnenuii (DT). BriocaeacTBum 41CI0 ONMMCAHHBIX TH-
MOB YBEJIUYUJIIOCh, UTO OTpPakeHO B CEpUU cTaTeil
(Hamp., Donovan et al., 2014; Adroit et al., 2018). Ins
XapaKTEePUCTUKU THUTIA ITOBPEXICHUs MCIIOJIh30Ba-
JINCH CIIeayole TIpU3HAKKU: pa3dMmep, dopma, oco-
OCHHOCTU BHYTPEHHEI CTPYKTYpPHI, MMOJIOKEHUE MO~
BpEXIEeHUS Ha MTOBEPXHOCTU OpraHa, a TakKe TUIT U
CTeNeHb Pa3BUTHUS PEaKIINK PaCTeHUS Ha TIOBPEXIe-

HUE ¥ HaJW4Hhe COXPAaHWBIIMXCS KOIPOJIUTOB. Ha
OCHOBE 3TUX MPU3HAKOB MOBPEXACHUS 00bEIUHEHBI
B CJIEMYIOIINAE TPYIIBI — MPOETaHWsT B BUIE OTBEp-
cruii (Hole feeding), kpaeBble morpei3el (Margin
feeding), ckemerupoBanue (Skeletonization), mo-
BepxHOCTHBIe TpoenaHus (Surface feeding), cienbt
OT Komiomumx M cocymux areHToB (Piercing-and-
sucking), siineknagku (Oviposition), MuHbl (Min-
ing), ramsl (Galling), npoenanus cemsiH (Seed pre-
dation), moBpexneHus rpudbamu (Fungal) u rpymnma
MOBpeXIeHNI HeonpeneleHHOM mpuponsl (Incertae
sedis).

I'pynina noBpexaeHuit rpubaMu B 3TOM KaTtajiore
BKJTIO9aeT Bcero onuH thin — DTS58. Mopdonormue-
CKWIT TUTI peaKITUM pacTeHUsT Ha MHBAa3WUIO, CXOTHBII
¢ DT58, y coBpeMeHHBIX pacTeHU1 XxapaKTepeH TaK-
Ke TSI 0aKTepUaIbHBIX M BUPYCHBIX TTOBPEKICHMIA.
HexkpoTudeckas TTOBEpXHOCTh JINCTOBOM TIJIACTUHKH
MOXeT ObITh OrpaHWYE€HA BUAMMBIM PYOLIOM TKaHU
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Puc. 3. MukpomuiieThl Ha TUCThsx Taxodium sp.: @ — BHEIIHSIsI IOBEPXHOCTh JIMCTA, BUIHBI OKPYIJIbIC IJIOIOBBIE TeJIa IO Ky~
TUKYJIOH, 9K3. 5142/2, CM; 6 — romoBoe TeJio; 9Kk3. 4867-AB1-606, COM; Poccust, AMypckast 06.1., Apxapo-borydyaHckoe 6y-

POYroJIbHOE MECTOPOKICHUE; paHHI/Iﬁ IaJICOLICH.

JINCTAa WV TaKoi pyGell MOKeT OTCyTCTBOBaTh. Ha-
JIM9Ue BHIPAXXKEHHOTO pyOI1a 3aBUCHUT B OOJIBIIIEI CTe-
MeHU OT CIelUUKA UMMYHHOUN peakiiuhd CaMoro
pacTeHUsI.

Psn noBpesxaeHuit us rpynsl Galling (Labandei-
ra et al., 2007) B Buzme o4yeHb MeJIKUX (OKOJIO 1 MM 1
MeHee), Jallle pa3HOBEJIUKUX, MHOTIA CIIMBAIOIIMXCS
B3IyTUII Ha OTIeYaTKax JIMCTheB MOXET MpUHaJIe-
KaTh Kak rajuiam rajmil (Sohn et al., 2017) mim Muk-
POCKOITMYECKUX KIIEIeil, TaK Y TUIOJOBBIM TeJIaM He-
KOTOPBIX 3MUMUTHBIX U S3HAOMUTHBIX MUKPOMUIIE-
TOB. BBIXOmHOE OTBepcTHME Trajula Ha oOTIevYaTKax
MOpGhOJIOTUYECKN CXOMHO C BBIBOIHBIM OTBEPCTHEM
OCTHOJISI TUIOJOBOTO Tejia Tpuba. OTneyaTky He 1atoT
BO3MOXHOCTH TIPOBECTU CTPYKTYPHBIN aHAIN3 3TUX
GOpM TOBPEXKICHU, HO TIPU HATUYUU (DPUTOJICHMBI
OH MOXET OBITb BLITIOJIHEH, M TOT1a OTlpeaeeHe TH-
Ma IMoBpeXIeHus OyaeT KoppeKTHBIM. [Ipupona mo-
JIOOHBIX 00pa3zoBaHuil (pUc. 3, @), ONIMCAHHBIX Iep-
BOHAYaJILHO Ha OCHOBAaHUM BHEIIHel MopdoJioruun
Kak rajuibl wieHucToHorux (Bacunenko u np., 2015),
MO3IHEee B pe3yIbTaTe MUKPOCTPYKTYPHBIX UCCIIEN0-
BaHU OblJ1a CKOPPEKTUPOBaHA B MOJb3y MUKPOMU-
HetHoro 3apaxenus (Maslova et al., 2018). ®opma
TJIOZOBOTO Tejla M HAIMYME YCThULICTIONOOHOM MOPHI,
0o0pallleHHOM K MOBEPXHOCTU SIUAEPMUCA, TI03BOJIH-
JIA TIPEATIONIOKHUTD, YTO 3TH TUIOMOBBIC Tejla IIPUHAI -
Jexat rpubam otnena Ascomycota (puc. 3, 6). Takumu
MOP(MOJIOTUYECKUMU OCOOEHHOCTSIMU MOTYT 00Jia-
IaTh KaK aCKOMBI (TIEpUTEIINY WUTH aCKOJIOKYJISIPHBIC
CTPOMBI), TaK M KOHUINOMBI TUKHUINATBLHOTO THTIA.

BHelrHee CXOOCTBO MENKUX TaJJIOB U B3MYTHit
IUIACTUHKM JIMCTA B MECTaxX Pa3BUTUS ILIOJOBBIX TeJl
MUKPOMUIIETOB OTMEYEHO U JIJIsI COBPEMEHHBIX pac-
tenuii (Ho, Hyde, 1996). MukpocTpyKrypHOE U3y-
YyeHMe JIMCThEeB MOKa3ajlo, YTO HAITOMHUHAIOIIIME Tajl-
JIbI CTPYKTYPBI HA CAMOM JieJie BbI3BaHBI Pa3BUTHEM
acKkoMar, npuHamIexamnmx cemeictsy Phyllachora-
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ceae (knacc Sordariomycetes). Heckonbko mpume-
pOB, WUIIOCTPUPYIOIINX BHIIIIECKa3aHHOE, TaKXke
npuBoauTcs B ctathbe A. JIu ¢ coanr. (Li et al., 2011).

He Bcerma omHO3HaYHO MOXHO MASHTU(MULIMPO-
BaTh HEKOTOpHKIE TTOBpexacHUs u3 rpynmn Hole feed-
ing n Margin feeding (Labandeira et al., 2007). Ha
MpruMepe JUCTheB coBpeMeHHoro Liquidambar chin-
ensis Champ. MoXXHO HabJl01aTh pa3IMYHbIE CTaaAUU
pPa3BUTUS peakllMu PacTeHUs Ha BO3JEUCTBME MUK-
poMulieToB (puc. 4), UTOTOM KOTOPOTrO MOTYT SIB-
JIITbCSI  OTBEPCTUsSI TIOCJI€ BBIMAACHUSI BBICOXIIUX
¢dparMeHTOB JIMCTOBOI MJIACTUHKM, KaK BO BHYTPEH-
HEll ee yacTu, TaK U B KpaeBoii. OHU MHOTIIA BBITJISI-
JSIT CXOAHBIMU C TEMU TOBPEXISHUSIMUA, KOTOpbIE
0o0pa3yioTcsl B pesyjbTare MpoeaaHus Wiu oobena-
HUSI JIMCThEB WICHUCTOHOTMMU. Mopdosiornuecku
CXONIHbIC TIOBpEXIEHUSI HAOMI0AAl0TCS U B TpyIlne
Surface feeding. Psan moBpexaenmii u3 rpyniisl Pierc-
ing-and-sucking MposIBIsSIET CXOACTBO C IJIOAOBBIMU
TeJlJaMU MUKPOMUIIETOB, a MOBPEXACHUS U3 TPYMIIbI
Mining B Buae OKpyTJIbIX WX IIOIUTOHAIBHBIX MUH C
PEeIKUMU TUCTIEPCHBIMU KOTPOJUTAMU MOTYT OKa-
3aThCsl MOBPEXICHUSIMU IPUOHOI MPUPOJIBI C OCTAT-
KaMM MUKPOCKOTNMYECKUX TJIOAOBBIX Tea (CM. s
cpaBHeHUS puc. 4, 0).

O060011as cKazaHHOE, OTMETHUM, UTO TUIIBI TTOBpe-
XneHuit ¢uTodOoCCunii, KOTOphle IIPEACTaBIICHBI
WCKITIOYUTENIbHO OTIIeYaTKaMMU M XapaKTePU3YIOTCS
JIVIITB BHEIITHUMHU ITpU3HaKaM1 MOP(OJIOTUH, TPeOy-
FOT 0CcO0O0TO TTOaX0Aa K MX UISHTU(PUKALIUN U KJ1ac-
cudukann. BeposTHO, TaKoTro poaa MOBPEKACHUS
MCKOMNAaeMBIX pacTeHUI liejecoodpa3Hee OBIIO OBl
OTHECTU K 00I1eii, Oojiee MIMPOKOIl MOpdoIornye-
CKOI1 TpymiIie, BBUAY HEBO3MOXHOCTH TOYHOTO OTpe-
JIeaeHnsT nHBasupymoomiero areHra. Heooxoagnmo or-
METHUTh, YTO MUKPOMMUIIETHI MOTYT IPOHUKATH B pac-
TeHWsI, pa3pyllasi pacTUTENIbHbIE ITOKPOBBLI ITyTEM
CcoOCTBEeHHOTO (PepMEHTATUBHOIO BO3ICHCTBUS, Ye-
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Puc. 4. Liquidambar chinensis Champ.: a—é — TUCTbsI, TOBPEXIACHHbIE MUKPOMMIIETAMU, BUIHBI pa3IMYHbIC CTAIUN TTOBPE-
JKIEHMST; 2 — HUXKHSISI TOBEPXHOCTD JIMCTOBOM IJIACTUHKY, BUACH pa3BUTHI Mulienaunii, COM; 0 — nopaxeHue Jucta MUKPO-
MULIETOM, HVXKHSISI TTOBEPXHOCTD JIMCTOBOM TJIACTUHKU, BUIHBI TUIOJOBBIC Tejla; e — BEPXHsISI IOBEPXHOCTh JIMCTOBOM Mia-
CTUHKH, BUIHO OKPYIJIOE MOBPEXIeHUEe B HaYaJIbHON CTaIMU U OTBEPCTHE TOCJIe BbIMANEHUsl pa3pylIeHHONW TKaHU JIMCTa.
T'epbapuii aBTOpOB, cCOOpaH Ha r. HanbkyHb, mpoBuHLus ['yannyH, FOxubrit Kutaii.

pe3 anuaepMalbHble CTPYKTYPHI (YCThHULIA, TUIATObI
U [Ip.), MEXaHUYeCKUEe MOBPEXIEHUS LIEJIOCTHOCTU
TKaHeil, a TakXXe TIPOKOJIbI ¥ paHbl, HAHECEHHbBIC Ha-
CeKOMBIMHU WJIM UHBIMU MaToreHaMu. B cBsi3u ¢ 110-
CJIETHUM OOCTOSITEJIbCTBOM PE3YJIbTAT peakiuU pac-
TEHHSI MOXET ObITh MHTETPUPOBAHHBIM: HACEKOMBIE
MOTYT OBITh MIEPEHOCYNKAMU TPUOHBIX CIIOp, OaKTe-
pUii WM BUPYCOB, KOTOPHIC BBLI3BIBAIOT BTOPUYHOE
HopaxkeHWe YYacTKOB, CHadaja ITOABEPIIIMXCS Ha-
nageHuo HacekombiX. YacTe ramnuil (Diptera: Ceci-
domyiidae) oTKJIambIBaIOT siflla B TKAHU PaCTCHUS
BMECTE C KOHUIUSIMU CUMOMOTUYECKNX TPUOOB, BBI-
3bIBAlOIINX 00pa3oBaHUE TAJLIOB, B KOTOPBIX pa3BU-
Barorcst tmunHKU (Rohfritsch, 2008; Kobune et al.,
2012). HekoTopble KpuTepuu pasrpaHUIeHMs TUIIOB

TMOBPEKIECHWI, BEI3BAHHBIX TpU0aMM, OaKTepUSIMHU U
BUpycaMmu, npenactrapieHbl Jlabanneiipoit u P. Ilpe-
Bek (Labandeira, Prevec, 2014). DT aBTOpHI OTMEUA-
IOT, YTO COBEPIIICHCTBOBaHWE B JAaHHOM HaIlpaBlie-
HUU MOXET ObITh TOCTUTHYTO C MIPMMEHEHVEM B Ta-
JIeo60TaHNKEe HOBBIX MCCIEHOBATEILCKUX METOIOB,
TaKMX KaK PEHTTeHOCMEKTPAIbHBI aHAJIN3, KOM-
nbloTepHasi Tomorpadusi, ClIeKTPOCKOMUS U Ip.

MuKpoMuIIeTbl, COXPAaHUBIIMECS B (UTOICMAX U
MYMH(GUIUPOBAHHBIX M MUHEPATH30BAHHBIX OCTATKAX.
Bo3MOXHOCTb U3y4yeHUsI MUKPOCTPYKTYPHOI opra-
HM3alu1 TPEXMEPHO COXpaHMBIIMXCS durodoccu-
JIUit ompeneania 60JbIIION Mporpecc B UAeHTUhUKA-
UM aCCOLMUPYIOIIUX C HUMU TPUOHBIX OCTATKOB.
HaunbGonee n3ydyeHHBIM OTIEIOM B IJIaHE UCTOpUYE-
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CKOro pa3BuTus cuntaiorcsa ackomulieTol (Kalgutkar,
Jansonius, 2000; Taylor et al., 2015a). Ho BaxkH®bIi1
JIMarHOCTUYECKMI MPU3HAK aCKOMULIETOB — CTpPOEe-
HUE aCKOB — BBUY OYe€Hb TOHKOII OpraHu3aliiy CyM-
KU, HE COXPaHSIOIIEHCS IPU (POCCUIN3ALINM, TTPAKTU-
yeCKM HeAOCTYIIeH Ijis1 u3ydyeHus. bonee Toro, B uc-
KOITAEMOM COCTOSTHMM 4YAaCTO CJIOKHO OIIPEACIUTh
JIaxKe CTaauIo pa3BUTHSI acKomuileTa (aHaMmopda/Te-
JeoMopda), TaK KaK acKOKapIibl (B MEPBYIO oYepeb,
MEPUTELIMUA Y TTMKHUIBI) MOP(POJIOTrNUYECKN CXOMTHBI,
U B OTCYTCTBUU CYMOK TPYIHO MOHSITh, C KAaKOW U3
CTPYKTYP MBI UMEEM JIEJO.

IMpu noeHTUGUKALIUY UCKOTTaeMBIX MUKPOMMUIIE-
TOB, Pa3BUBABIINXCS Ha PACTEHUSIX, KPOME COBOKYII-
HOCTU XapaKTePHBIX MPU3HAKOB UMEIOIINXCS TPUO-
HBIX CTPYKTYp, IIPUMEHSIETCSI aHaJIM3 pacTeHUSI-XO-
3gMHA Y COBPEMEHHBIX aHaJIOroB. Ilpu oTcyrcTBUU
GIM3KUX COBPEMEHHBIX TPUOOB-aHAIOTOB BhIIEISIET-
CS HOBBII PO MUKPOMMIIETA C MPOU3BOJIBLHBIM Ha-
3BaHueM (Harmp., Dilcher, 1965), a eciun TakoBbIe
MMEIOTCSI, UCITOJIb3yeTCsS POAOBOE Ha3BaHUE COBpe-
MEHHOIro TIpuba c mpobamiieHHMEeM cyddukca -ites
(mamp., Currah et al., 1998; Phipps, Rember, 2004;
Ma et al., 2015).

Kpaithe penku HaxoaKu TpUOHBIX TUIOTOBBIX TEJI C
COXPaHUBIIMMUCS B HUX CLIOPAMM, KOTOPBIE JaJIv ObI
OoJiee TTOJIHYI0O MHGOPMAIIMIO 00 MCKOITAaeMOM MUK-
pomuliete. B kauecTBe mprumepa MOXHO IPHUBECTU
TUIOJIOBBIE Tejia SHIO(MUTHBIX aCKOMUILIETOB CO CITO-
paMu BHYTPH, pa3BUBaBIINeCs Ha JUCThsIX Dacrycar-
pus (Podocarpaceae) uz muoneHa FOxHoro Kuras
(Wu et al., 2019; neranbHOe onmcaHe HAXOAOK OyAeT
MIpeJACTaBJIEHO B OTAEJIbHOI myonukamuu). OKpyr-
JIbIE TIJIOMOBBIC TeJ1a C OCTUOJIEM UMEIOT MHOTOCJION -
HYIO CTEHKY, 0Opa30BaHHYIO MPO30ILJICKTCHXNMOIM;
BHYTPM PAaCHOJIOXEHBI OJHOKJIETOYHEIE BEPETEHO-
BUIHBIE, CJIETKa HEPaBHOOOKWE CHOPHI C TIJIaIKOM
00O0JIOYKOM M 3aMeTHOM IIPOHdOJIbHON OOpO3IKOM
(puc. 1, e). CoBOKYIHOCTb NPU3HAKOB MMO3BOJISIET OT-
HOCHUTbB 3THU TUIOIOBBIE TeJla K NopsaKy Xylariales (As-
comycota, Sordariomycetes).

Yaiiie onmuchIBaloOT IJIOAOBbIe Teja 0e3 COMyT-
CTBYIOIIMUX TM(HOB U CIIOP UM B acCOllUALIMU C AUC-
MEPCHO PACMOJI0XKEHHBIMU Ha KYTUKYJaxX CIIOpaMu,
HEpeako — C pas3nuyHbiIMM Tunamu crnop (Phipps,
Rember, 2004; Shi et al., 2010; Saxena, Tripathi, 2011;
Vishnu et al., 2017; Kodrul et al., 2018 u 1p.). MbI MO-
JKeM TPeNnoJ0XNUTh, YTO MOBPEXKACHUS, BbI3BAaHHbIE
MUKPOMMUIIETAMU, ObLIN Oojiee pa3HOOOpPa3HBIMU U
LIMPOKO TMPECTaBIE€HHBIMU B OMOTE MPOIIIOT0, YeM
3TO OYEBUIHO CerojHs. be3ycnoBHO, naeHTUdUKA-
LISl  CTPYKTYPHO COXPAHMBIIMXCS MCKOMaeMbIX
IPUOHBIX OCTaTKOB HauboJiee TOYHA, a UCCJeloBa-
HUS TaKWUX OCTaTKOB B OyaylleM pacliupsiT Tpej-
CTaBJIeHUs1 00 3BOJIIOLIMU ITUX OPTraHU3MOB.
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3HAYEHHME MCKOITAEMBIX
MUKPOMMUIIETOB
JUIA PEIHEHUA 3A0AY TTAJTEODKOJIOTMA
N TMMTAJTEOKIIMMATOJIOTU N

ITasieoakonornyeckue MHTEPIIpeTalud 1 Tajeo-
KJIMMaTU4YeCK1e PEKOHCTPYKIIUU B OOJIBIIION cTerne-
HU OIIMPAIOTCsI Ha COOTBETCTBYIOIINE TaHHBIE, Kaca-
IOILMECS COBPEMEHHBIX aHAJIOToB. I pubbI, Hapsiay C
OakTepusIMU, UMEIOT (hyHIaMEHTAJIbHOE 3HAaUCHNE B
Ha3eMHBIX 3KOCHCTeMaXx, SIBIISISICh aKTUBHBIMU J€-
CTPYKTOpPaMM KaK OPraHUYECKOTO, TaK U HEOpraHU-
YeCKOT0 BeIlleCTBa, 1 CBSI3YIOIIMMU 3BEHbSIMU B OO~
JIOTMYECKMX HUKIax. Tak, Halpumep, ITOYBEHHbIE
MUKPOMUIETBl B 3HAYUTEJIbHON Mepe OIpeAeIsTIOT
CTPYKTYPHBIE I XUMHUYECKHE XapaKTepPUCTUKU TI0YB
1 TeM CaMbIM OIIOCPEIOBAHHO BJIUSIOT HAa COCTaB
MOYBEHHOM M HazemHoIi 6uoThl (UepHoB, Mapde-
HuHa, 2010).

ITo crioco®y nmutaHus rpudbl, pa3BUBAIOIIMECS Ha
pacTUTEILHOM CyOCTpaTe, pa3nesisiioTCs Ha ABE TPYI-
bl — 6MOTpOdBI (OOJIUTaTHBIE TTAPa3UThl U CUMOMO-
Tpodsl) U canporpodsl (JIeBkuHa, 2010; Kemen,
Jones, 2012). OcoOyio TpyIILy COCTaBISIOT I'PUOBI-
HekpoTpodsl (Oliver, Ipcho, 2004), mocensoniecs
Ha >XKMBOM pAaCTeHMHU U YOMBAIOIIME €ro KJISTKU BbI-
IensieMbIMA TOKCHMHAMHM, a 3aTeM HCIIOJIb3YIOIIe
MepTBBIE U OCJIabJIeCHHBIe TKAHU XO3sIMHA B KAUeCTBe
MCTOYHMKA NuTaHusi. KpoMme Toro, ncxonst U3 IMOTeH-
nyaja TpUOHOTO OpraHu3Ma, MOXHO BBIIEIUTh
TPYIIIBI (PAKYyJIBTaTUBHBIX calipoTpodoB U (PaKyJIb-
TaTUBHBIX ITapa3uToB (Agrios, 2005; pskos, 2007),
CIIOCOOHBIX B OIIPEASICHHBIX YCIOBUSIX MEPEXOINTh
OT TIapa3uTu3Ma K carnpoTpod@HOCTH U HaOOOpPOT.
YcnoBus niepexona onpeaeIsiioTCs COCTOSTHUEM pac-
TEHUSI-X035IMHA, KOHKYPEHTHBIMM B3aMMOOTHOIIIE-
HUSIMU 1 a0oTUYeCKUMHU (pakTopamu. Takum obpa-
30M, OIMH U TOT K€ TPUO B pa3HBIX YCIOBUSIX MOXKET
3aHMMAaTh pa3HbIC 9KOJOTUYECKIE HUIIIN, a eTO KOp-
PEKTHOE OTHECEHME K TOI WU MHOM 3KOJOTO-TPO-
¢uyeckoil Tpymnme 4YacTo TpeOyeT WCClIeIOBaHUS
MOJIHOTO 1IMKJIa Pa3BUTHSI, YTO HEBO3MOXKHO IJIsI MIC-
KoItaeMbIX rpnooB. TakuMm obpa3zoM, yBepeHHOE OT-
HECeHME MCKOIIaeéMOro MHKPOMMIIETA K KaKOM-TO
ONpeaelIeHHON 3KOJIOTO-TPOPUIECKOM TpyIIie Cy-
IIECTBEHHO 3aTPYAHEHO.

O nmapasuTUYECKUX CBOMCTBaX MCKOITAEMBIX MUK-
POMULIETOB 0oJiee UIM MEHEE YBEPEHHO MOXHO CYy-
JINATH IO HAJIMYUIO TAyCTOPUI B KJIETKAX PACTEHUSI-
XO3SIMHA WIH 110 CUJIBHO BUIOU3MEHEHHBIM KJIETKAM
TKaHEei X03s1Ha (pasHOro poja pa3pacTaHUsIM, W3-
MEHEHUSIM KJIETOYHBIX CTEHOK VMJIN CHEUPUIECKUM
paspyieHusiM). PakTUIECKOe PacIIONOXEHUE TUI0-
JIOBBIX TeJ U TM(HOB MUKPOMUIIETOB BHYTPU TKAHEMN
pacTeHnsT He MOXET OJHO3HAYHO paccMaTpUBAThCS
Kak MPU3HAaK Mapa3suTUYECKOro oopa3a XU3HU TpU-
0a, TaK KaK HEBO3MOXHO JOCTOBEPHO OINPEIAC/IUTD,
3a CYET 4Yero MUTAaJICs 3TOT TpUbd — 3a CYET KUBBIX
KJIETOK XO3SIMHA, 3a CYET KJIETOK, KOTOPBIE IO TEM
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WJIW MHBIM TTPUYMHAM, MHOTAA HE CBSI3aHHBIM C BO3-
JielicTBMEeM I'puba, HavYaii OTMUPATh (HEKPOTPODHI U
canpoTpodbl), WIKM MyTeM MOIJIOIIEHUS BEIECTB,
HaKarjuBawIIUXCsl B MEXKJIETHUKAX B Ipoliecce
XKU3HENESITEIbHOCTU pacTeHUs (3HIOMUTEHI).

HekoTtopbie coBpeMeHHblE MMKPOMUIIETHI, Ha-
npuMep, Buabl poaa Trichothyrina (Petr.) Petr. (Mi-
crothyriaceae), sIBJSIOTCSI TUMIepIiapasuTaMu, pa3Bu-
BasiCh Ha APYrux 3NUMUTHBIX MUKpoMUlieTax. B To
JKe BpeMsI OHU MOTYT ObITh OOHAPYKEeHbI U HA PACTU -
tesbHOM cyoctparte (Hughes, 1953; Ellis, 1977). Aun-
yep (Dilcher, 1965) mokasaj pazHooGpa3ue UCKoIae-
MBIX SMU(GUTHBIX MUKPOMUIIETOB, B YaCTHOCTH,
npeacraBureneil cemeiictB Microthyriaceae m Meli-
oliaceae, Ha JUCTBHSIX MOKPBLITOCEMEHHOTO PACTCHUS
Sapindus sp., ¥ BbICKa3aJ NPeANnoJoXeHUe, YTO Ka-
KHe-TO U3 OMUCAHHBIX UM (POPM MOTIJIU OBITH TUIIep-
rnapa3suTaMu, OJHAKO BECKMX J0Ka3aTeJbCTB HE ObLIO
OOHapyXeHO.

B OonbmmHCTBE CiydyaeB HEBO3MOXKHO CYIUTh O
TOM, K KaKOWM TpYIITe MPUHAIIEKUT UCKOMAeMbIii
MUKPOMULIET. MeTon aKTyajin3Ma, XOTd U C U3BECT-
HBIMU JONYIIEHUSIMU, IIMPOKO MHPUMEHSIETCS st
OLIEHKY JKOJOTMYECKUX MPEAIIOYTEHUI MCKOMae-
MBbIX OPTaHU3MOB, OTHAKO MUKOJIOTMYECKHUE NJaHHbIE
B 3TOM acIIeKTe CTaJIu UCIOJIb30BaThCsI CPABHUTEb-
HO HEJABHO U TPEOYIOT TIATEIbHOM BepU(DUKALINH.

duTonaToreHHbIe TPUOBI SIBIISIIOTCS BaXXHOM CO-
CTaBHOIl 4YacTblo OWOIIEHO30B, OKa3biBas Cylle-
CTBEHHOE BJIMSIHUE HA POCT M Pa3BUTHUE pACTCHUII B
pa3HBIX CTaIUsIX Beretauuu. Pa3nuaHbie TpuObI MO-
TYT MPEeAITOYNTATh pa3HbIe XU3HEHHbIE (POPMBI pac-
TeHWIA, pasUUHbIe SIPYCHl B (PUTOLIEHO3aX; MOXKET
OBbITh pas3inuuyHa Tonorpadus pa3BUTUSI MUKPOMUILIE-
Ta B IpeAesiax KPOHbBI U/WIV JINCTAa KPYITHOTO JepeBa.
Kpowme Toro, rpmObI 4aCcTO TECHO aCCOLIMUPOBAHEI CO
crieunUUYeCKUMM pacTeHUsIMU. Takum oOpa3oM,
eClIi Mbl UMEeM JeJI0 C HaXOAKaMU ONpeAccHHBIX
MUKPOMUIICTOB Ha MCKOITAeMbIX PACTEHUSIX, B psiie
cllydaeB MOXHO JeJlaTh 3aKJIOYeHUs] O XXU3HEHHO
dopMe 1 TabuTyce pacTeHUs, a TAaKKe MOXKHO TIpe/-
MMOJIOXKUTD, SBJISIJIOCh UICKOIIAeMOe PaCTeHUE BEUHO3E-
JICHBIM WM JucTonaaHbiM. OOHapyXeHue accolva-
LIV TeX VI UHBIX PACTEeHUI U TpUOOB B MCKOMAEMOM
COCTOSTHUM MOXET TIPEAroJiaraTh CyIIECTBOBAHUE MX
KOHCOPTUBHBIX CBSI3€ii B Ie0JIOTUUECKOM IIPOIILIOM
(Leppik, 1973; Saxena, Tripathi, 2011). I1pu cpaBHe-
HUU UCKOITaeMbIX MUKOMOCCUINIT C COBpeMEHHBIMU
aHajjoraMu clJieayeT YYUTbIBaTh, YTO CBeAEHUSI OO0
SKOJIOTMM COBPEMEHHBIX TPMOOB ITOKa OaleKO He
MMOJIHBIE, TTIOCTOSIHHO OTIMCHIBAIOTCSI HOBBIE TAKCOHBI
rpu0OOB, pacIIMPSIOTCS NPEACTaBICHUS 00 UX pacTe-
HUSIX-X035IeBax U reorpauy pacnpoCcTpaHeHUs].

ITpuMepoM UCITOIL30BaHUSI METOA aKTyaTU3Ma B
MMaJICOMUKOJIOTUU MOXKET OBITh OIlpele/IieHUEe Bepo-
SITHOTO, HE ITOATBEPXKIECHHOIO HaXOAKaMM JIMCThEB
WIX VHBIX OPraHOB, MPUCYTCTBUS B TOJIOLEHOBOIA
diope HunmepimaHnoB pacTeHUSI-XO3sIMHA TOMOJIST T10

HaJIMYUIO B TAJIMHOCHEKTpe crop rpmba Amphis-
phaerella dispersella, obiuraTHo pa3BUBAIOIIETOCS
Ha JIMCThsIX coBpeMeHHoro Populus (van Geel, Apt-
root, 2006). ITOCKONBKY XKU3HEHHBIIA LINKJI MUKPO-
MUIIETOB MOXET 3aHUMAaTh OYEHb JJTUTEIbHBINA TIPO-
MEXYTOK BpPEMEHU, IIPUCYTCTBUE WA OTCYTCTBUE
IUIOJOBBIX TeJI TPUOOB U MX 3apOAbIIIE HA JTUCThIX
MOXET ObITh JOTOJTHUTEbHBIM ITOKa3aTeIeM BEYHO-
3€JICHOT'O WJIM JIMCTOIIAagHOIO CTaTyca pacTeHUSI-XO-
3sguHa (Sherwood-Pike, Gray, 1988).

3aKOHOMEPHOCTU BEePTUKAJIILHOIO paclipeaese-
HUSI MUKPOMMIIETOB B TIpeiejiaX OJHOTO pacTeHUsl,
MPOU3PACTAIOLIETO B YCJIOBUSIX COBPEMEHHBIX TPO-
MUYECKUX U CyOTPONMUYECKUX JIECOB, ObLIM MOKa3a-
bl P. IIxanrape (Phadtare, 1989). BeisicHuiaoch, 4To
BMUMGUTHBIE MUKPOMUIIETHI IPEANIOUYUTAIOT B OCHOB-
HOM HUXXHIOIO ITOBEPXHOCTD JIMCThEB, PACIIOJIOXKEH-
HBIX B BEpXHEI YaCTU KPOHbI, IPU ITOM OHU Pa3BU-
BalOTCSI Ha 00EeUX MOBEPXHOCTSIX JIMCThEB, PACITOJO-
JKEHHBIX B HUXKHEN M LEHTPaJbHOM YacTsIX KPOHHbI.
Kaxk npsiMoii COTHEUHBIN CBET, TAK M OTKPBITOE T10-
JIOXKEHUE TI0 OTHOIIECHUIO K a3pOIoTOKaM IMaryoHO
BJIMSIIOT Ha pa3BUTHUE IPpUOHBIX 3apoabieit. Ha oc-
HOBE 3TUX JAHHBIX MOXHO MPEATNOIOXUTb, YTO TO-
norpacduss MUKPOMUIIETOB Ha JIUCTOBBIX TTOBEPXHO-
CTSIX O0YCJIOBJIEHA PACIIONOKEHUEM JIMCThEB B KPOHE
JiepeBa, He SIBJISIeTCS XapaKTepHbIM MPU3HAKOM, U He
MMeeT 3HaYeHUsl IJIsl OIMpeaesieHUsl cucTeMaTruye-
CKOI IPUHAIJIEXHOCTU rpuda. DnmUTHBIE MUKPO-
MUIIETBl TakXke Oojiee pa3HOOOpa3Hbl Ha JUCTbSX
pacTeHU1, pacIioOKeHHBIX B HUXKHE 4aCTU KPOHBI
(Gilbert et al., 2007). EcTb Tak:ke MHEHME, UTO BJIaXK-
HOCTb W TeMIlepaTypa SIBJSIOTCS OINpenesiolnuMu
JUTST OOUJUS calpoTPO(HBIX TPUOOB, B TO BpeMsl Kak
pacripeniejieHue napasuTapHbiX (GopMm B OoJbliieii
CTeneHW KOHTpoJimpyeTcst xo3sieBamu (Phadtare,
1989).

Tak Kak MHOrMe OpraHHU3Mbl XapaKTepPU3YIOTCS
OTHOCUTEIBHO OTpaHWYEHHOI 3KOJOTMYECKOi aM-
IUTATYOOM, WM3MEHEHUSI COCTOSIHMS OKpYXKalolleid
cpenpl BJIEKYT 3a CO0OOIl CMEHy XapakTepa OWOTHI.
YuurtbiBasi 3TO, 9KOJOTMYECKUE W KIUMaTUYECKUE
YCJIOBHSI IIPOIILJIOTO MOTYT OBITh OLIEHEHBI HA OCHO-
BaHUU MPUCYTCTBUS TE€X WIM UHBIX TIpeACcTaBUTEIICH
¢aopbl, hayHbl 1 MUKPOOUOTHI, U OCOOEHHO acco-
Ualrii pa3HBIX TPyl opraHm3moB. Ilpm pekoH-
CTPYKIIMY MaJIeOKIUMATOB CYILIECTBEHHYIO POJIb UT-
paeT aHajau3 COOOIIECTB AMUMUTHBIX MUKPOMMIIE-
ToB. Cpenu HUX B HacTosllee BpeMsI HamboJjiee
M3ydeHbl MUKPOMUIIETHI TOpsIIKOB Microthyriales n
Melioliales, coBpeMeHHbIE TTPEACTABUTEIN KOTOPHIX
SIBJISIFOTCSL TTapa3suTaMM Ha JIUCTBSIX BBICIIMX pacTe-
HUI TPONUYECKUX U CYOTPONMYECKUX 30H, pPacTy-
IIMX B pailOHaX C BBICOKOII BIaXKHOCTHIO 1 OTHOCHU-
TEJIbHO CTAOMJIBHOI TEMIIEpaTypoil B TeUEeHUE Toia
(Kalgutkar, 1985; Prasad, 1986; Phadtare, 1989;
Schmiedeknecht, 1995; Hosagoudar et al., 1998a, b, c;
Tripathi, 2009; Piepenbring et al., 2011; Worobiec,
Worobiec, 2013 u ap.). bBnaromaps crieumdpudeckoii
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MOPGOJIOTUH IUIOTOBHBIX TeJI COBPEMEHHBIX IIPEACTa-
BuTesieit Microthyriales (puc. 1, ), XxapakTepHbIM 0CO-
OEHHOCTSIM MMLUEIUS C anmpeccopusMu (puc. 1, e),
TIJIOTOBBIX TEJI M cIIOp, TIpHucyInmx rpudam Meliolia-
les, a TakkKe MPUYPOYCHHOCTH TPUOOB STUX TPYII K
TPOIIMYECKUM M CYOTPOIIMYECKUM pEeruoHaM, OHU
JIETKO WASHTU(UIUPYIOTCSI U SIBISIIOTCS ITOTEHIIM-
aJIbHO ITTOJIE3HBIMU [IJISI TAJIEORKOJIOTMYECKUX 1 Ta-
JICOKJIMMATUYeCKUX 3aKimoueHuid. Tak, Ha IIpumepe
COBpEeMEHHBIX TpuOOB ceMmeiictBa Microthyriaceae
(Microthyriales) 6bU10 TTOKa3aHO, YTO MX Mapa3uTU-
yeckue (GOpMHBI, KaK IIpaBWIO, BCTPEUYalOTCs B CyO-
TPOIMKAaX U TPOIIMKAaX, TOrma Kak canpoTpodHbIEe U
rurepriapasuTapHbile — B YMEPEHHBIX palioHax
(Hofmann, 2009). OTmMeTHM, OZHAKO, YTO WUIECHTU-
¢uKalms TJIOOOBBIX T€l MHUKPOTHUPUEBBIX MOXKET
ObIThb 3aTpydHEHa u3-3a UX MOPdOIOrnIYecKoro
CXOACTBA, HaIpUMep, C BomopociisiMu. [Ipumepamu
TaKOr0 KOHBEPICHTHOTO CXOICTBAa MOIYT CIIY:KWTh
3esieHble Bogopociau poxa Ulvella P. Crouan et
H. Crouan (Hansen, 1980) u kpacHble BOIOPOCJIM poaa
Caloglossa (Harvey) G. Martens (Tripathi, 2009).

HMcnonb3oBaHue CpaBHUTENbHBIX JAHHBIX TI0 CO-
BpeMEHHBIM aHaJloTaM MUWKPOMUIIETOB ISl Majeo-
KJIMMAaTUYECKUX ITOCTPOCHUM HECKOJIbKO OTpaHrYe-
HO B CHUJIy TOTO, YTO COBpeMEHHbIE TPUOBI HanboIee
M3y4yeHbl U3 PETMOHOB C YMEPEHHBIM KJIMMAaTOM, TO-
rma Kak MICKOIaeMble MUKPOMMIIEThI OUCAHBI 00JIb-
1Ieil YacThIO U3 CYOTPOITMYECKUX U TPOITUUECKUX pe-
ruoHoB (Stubblefield, Taylor, 1988). 3a mociaenHue
JIECITUICTUSI BTOT IpPoOesl ObUI CYyIIECTBEHHO BOC-
noiaHeH (Hamp., Reynolds, Gilbert, 2005; Thaung,
2006; Hofmann, 2009; Piepenbring et al., 2011), oxa-
Hako MHeHue C. Crabonduinna u T. Teitnopa, 4to
JaHHAS CUTyaLlVsl JUMUTUPYET BIBOIBI, Kacalollue-
Csl BBOJIIOLIMU U Pa3HOOOpa3Usi MUKPOCKOTIMYECKUX
rpu0OB, MO-TIPEXXHEMY aKTyaJIbHO M CETOTHSI.

PaszBuBasich Ha TTOBEpXHOCTH OPTraHOB PACTEHMUIA,
SMUMUTHBIE MUKPOMUIIETHI OKA3bIBAIOTCSI 3aBUCH-
MBIMU HE TOJBKO OT COCTOSIHUSI CaMOTO PacTEHUSI-
XO03SIMHA, HO U B OOJIBIIION CTeNEHU OT TAKMX aOMOTH -
YeCKUX (PaKTOPOB Cpeabl, KaK BIAXKHOCTh M TeMITepa-
Typa. Hanuuume Bnaru (BbICOKAsi romoBasi HOpMa
0CaIKOB, OTHOCUTEIBHO TMPOIOJIKUTEIBHBIN BIaXK-
HBI Meproa) adCOJIOTHO HEOOXOAUMO IJISI TTOJTHO-
LIEHHOTO poCTa MULIeausl rpuda, hopMUpOBaHUS U
pasBUTHUS U3 3apOMbIIIE TPUOHBIX TJIOAOBBIX Tel
(Selkirk, 1975; Limaye et al., 2007). DTo 00CTOSATEb-
CTBO JaeT OCHOBaHMS IJIsI OLIEHKM PErMOHAJIbHOTO
MajeoKJINMaTa KaK TAKOBOTO C MOBBLIIIEHHOM BJIaX-
HOCTBIO.

Uckomaemble 3apopbliin  TUpHoTeleB Mi-
crothyriaceae cuMUTalOTCsI HAAEKHBIMU MHAUKATOPA-
MU TTasleokmumaToB (Lange, 1976). 3apomabIimm MUK-
POTUPHUEBBIX TPUOOB HA PA3IMYHBIX CTAIUSIX pa3BU-
TUST UCMOJb30BAIUCH IJISI TaJ€OKIMMATUYECKUX
WHTEpIIpeTalnii B psae WCCIeaoBaHUM (Harp.,
Dilcher, 1965; Wells, Hill, 1993; Carpenter et al.,
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1994; Greenwood, 1994; Tripathi, 2009; Saxena,
Tripathi, 2011; Du et al., 2012; Conran et al., 2016;
Paruya et al., 2017) kaK MTHIMKATOPBI BIIAXKHBIX TPO-
MMYECKUX MECTOOOMTAHNI pacTeHUI-X035IeB.

Yro KacaeTcs TeMIiepaTypHoro akropa, To, Kak
nokasbiBaloT ucciegoanus (Dilcher, 1965; Selkirk,
1975; Tripathi, 2009), snuduTHBIE MUKPOMUIIETHI
HEKOTOPBIX COBPEMEHHBIX POJIOB CIIOCOOHBI pa3BU-
BaTbCcsl U B BbicOKux Iumpotax. Jdwmyep (Dilcher,
1965) u J1. Cenkupxk (Selkirk, 1975) mepBeIMU yKa3a-
JIM, 9YTO K 9KOJIOTUYECKMM MHTEPIPETALISIM TEeIUIBIX
YCIOBMIA, OCHOBaHHBIM Ha HaxoaKaxX 3MU(MUTHBIX
MUKPOMUIIETOB, CJIEIYeT OTHOCHUTBLCS OCTOPOKHO.
OHU OTMETHJIN, YTO, XOTS OOJBIITMHCTBO MCKOIIae-
MBbIX SMUGUTHBIX MUKPOMMIIETOB CBSI3BIBACTCSI C
CyOTPONMNYECKON pPaCTUTEILHOCTBIO, M30JIMPOBAaH-
HbIC IJIOJOBBIE T€Ja BCTPEYAIOTCS B IIMPOKOM IIH-
POTHOM JMaIa30He B IJIEHICTOLIEHOBBIX OTIOXKEHUSIX
Cesepnoit AMepuku (Rosendahl, 1943), a Takxe B
IIMPOKOM JMalla30He KINMATUYECKUX YCJIOBUM B
bputanuu (Godwin, Andrew, 1951).

boabmiMHCTBO MccenoBaTenaeil MNoaaep>KuBaeT
BbIcKaszaHHoe paHee Jumuepom (Dilcher, 1965) MHe-
HUeE, YTO JIIOObIE MaJe03KOJIOTUUYECKUE U TTAJIEOKIIH -
MaTUYECKUE BBIBOABI JOJKHBI OCHOBBIBATBHCSI HE
TOJIBKO Ha 3KOJOTMYECKOM aHaJIn3e UCKOIMaeMbIX U
CXOIIHBIX COBPEMEHHBIX SIMUMUTHBIX TPUOOB, HO U
accouuupylommx ¢Goccwinii — HaauHoMopd, -
CThEB, PENPOAYKTUBHBIX OPraHOB, IPEBECUHBI U .
Onmnako, mo mHeHuio M. IllepByn-Ilaiik u k. I'pest
(Sherwood-Pike, Gray, 1988), nzoouinue u pa3Ho00-
pasue >NUMUTHBIX TPUOOB SIBISIETCS 00JIee UyBCTBU-
TEJbHBIM TTOKAa3aTejeM MaJleoK/IMMara, YeM COCTaB
MAJIMHOCTIEKTPOB U MOP(OJIOTHS JINCTHEB.

3aKJIFOYEeHUs O TEeTJIOM U BJIAXKHOM TaJIeOKIMMa-
T€ B MHOTOUYMCJIEHHBIX MaJle000TAHUYECKNX MCCIIe-
JIOBaHUSIX ObUIM TIOATBEPXIEHBI IPUCYTCTBUEM
TPUOHBIX TUIOJOBBIX T€JI U CIIOP KaK B MaJIMHOCHEK-
Tpax, TaK ¥ B aCCOLIMALIUM C PACTEHUSIMU-XO3sIeBaAMU
(Hamp., Dilcher, 1965; Rao, Nair, 1998; Tripathi,
2009; Mandal et al., 2011; Du et al., 2012; Ma et al.,
2015; Bannister et al., 2016; Paruya et al., 2017; Wang
et al., 2017; Kodrul et al., 2018; Khan et al., 2019;
Singh et al., 2019; Wu et al., 2019). B mocienHee Bpe-
MSI LTSI PEKOHCTPYKLIMM HAJICOKITNMATHIECKUX YCIIO-
BUi akTUBHO uctoab3yeTcs Mmetoq CLAMP (Climate
Leaf Analysis Multivariate Program, http://clamp.ib-
cas.ac.cn/). IlaneokmmMmaruyeckne peKOHCTPYKIIUU
Ha OCHOBE KOMIUIEKCHBIX UCCeI0BaHUN putodoc-
CUJIVI U UCKOITaeMBIX MUKPOMMUIIETOB C IPUBJICUE-
HUEM JaHHBIX, ojiydeHHbIX MeTogoM CLAMP, ObI-
JIM YCHEIIHO MNpeAcTaBJeHBI B psige padoTr (Harp.,
Conran et al., 2016; Kodrul et al., 2018). OueBuaHoO,
YTO PEKOHCTPYKLIMHU TTAIEOKIMMATUIYECKNX YCIOBUIA
JIOJIKHBI OTIUPAThCS HA COBOKYITHOCTh JaHHBIX, TO-
JIYyYEHHBIX Pa3IMUYHLIMU METOJAMU, C YIETOM BCETO
CMEKTpa MMEKIINXCI MaKpOMOCCHINN W MadlHO-
Mop®, BKITII0Yask OCTaTKU TpUOOB.
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SAKJTIOYEHHUE

ITajeoMukonornueckue uccjiaelnoBaHUsI, Haubo-
Jiee TIPOAYKTUBHO Pa3BUBAIOLINECS B IIOCIIEIHUE JIe-
CATWJIETHSI, TIOKA3aJIu B3aMMOJIEHCTBUE Pa3INYHBIX
TaKCOHOMMYECKUX TPYyIN TpUOOB M pacTeHUIl Ha
MPOTSKEHUM UX OOIIEro UCTOPUUECKOIO Pa3BUTHSL.
CeromHst 0O4€BUIHO, YTO KOIBOJIOLIMOHHbBIE OTHOIIIC-
HUSI PacTEHUI U TpUOOB, BEPOSITHO, €llle HeaoOolle-
HEHHbIE B UX UCTOPUYECKOM aCMeKTe, BBICTYIAIN B
poJI MOIITHOTO (haKTOpa, IIPOSIBUBIIIETO CEOST B KITIO-
YyeBble MOMEHTHI pa3BUTUsI OMOTHI 3eMiin. [ prOBI Ur-
paliu CyIIECTBEHHYIO POJib B (hDOPMUPOBAHUM TAJIEO-
I0YB, CTAHOBJICHUU U SBOJIFOLIMM HA3€MHBIX PACTEHUIA,
BO3HUKHOBEHUU MEPBBIX (PUTOLIEHO30B U 3BOJIOLIMOH-
HOM Pa3BUTUM PACTUTEIbHBIX COOOIIECTB.

DBOJIIOLIMOHHbIE MEXaHU3Mbl POPMUPOBAHUS OT-
JINYAIOIIEICS CTOJIb BEHICOKMM TaKCOHOMMWYECKUM U
MOP(dOJOTUUECKUM pPa3HOOOpa3neM TPYMIBI OCTa-
IOTCSI BO MHOI'OM HEIIO3HAHHBLIMU. B 3T0i1 cBsI3U ma-
JIEOMUKOJIOTUYECKIE WCCIEIOBAHUSI MOTYT OBITh
YCIIEITHO MCITOJb30BaHbl B Ka4eCTBe WHIAUKATOPOB
JIOCTOBEPHOCTH IPEACTABJICHUIT O CUCTEMATUKeE Liap-
ctBa Fungi, mpoucxoxaeHU rpuboOB U CTAHOBJICHUN
OCHOBHBIX BeTBeil MX (DUIIOTEHETUYECKOTO ApeBa,
Oa3upylolIUXCI Ha pe3yiabTaTax KJIacCUYeCKUX
MOPGOIIOTUYECKUX HWCCIeNOBAaHUIl COBpEeMEHHOM
MUKOOMOTHI U JaHHBIX reHocucteMaTtuku. Ilaneo-
MHKOJIOTUYECKASI JIETONMCh, XOTS U He JIMIIICHHAS PsI-
JIa CYIIECTBEHHBIX HEAOCTATKOB M OTpPaHUYEHUIA, TOKY-
MEHTHUPYET BaKHEHIIINE 3Tallbl B CTAHOBJICHUN MUKO-
O61OThl 3eMJIM KaK OCO0OI 3BOMIOLIMOHHOM TPYIIIIbI
OPTraHU3MOB, TIPEIOCTABIISASI BaXKHBIC CBUAETEILCTBA
B MOJIb3Y BO3HUKIIIMX HA PAHHUX 3Tallax UcTopuye-
CKOTI'O pa3BUTHSI KOBOJIOLUOHHBIX CBSI3¢ii TpUOOB 1
pa3NYHBIX OPTAaHM3MOB — MPEACTABUTENCH IPYTUX
IIAapCTB KUBBIX CylIecTB. [anbHeilee coBeplleH-
CTBOBAaHME HAyYHOTO I1aJI€OMHKOJIOTMYSCKOIO Ha-
MpaBJIEHUs], B TIEPBYIO OYepeb, IIyTeM 0oJiee ITUPO-
KOro TIpUMMEHEHUsI COBPEMEHHOI HCCeaoBaTeIb-
CKOM TEXHMKM, HECOMHEHHO, MpOJIbeT CBET Ha
KJTIOUEBBIE BOIIPOCHI CUCTEMATUKH W (HHUIOTeHUU
rpuOOB, KOSBOIIOLIY TPUOOB U IPYTUX TPYII Opra-
HHM3MOB, YTO TaKXKe CYIIECTBEHHO JIJIST pa3BUTHSI 9BO-
JIIOLIMOHHOM TEOPUU B LIEJIOM.
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Recent Studies of Co-Evolutionary Relationships of Fossil Plants and Fungi:
Success, Problems, Prospects

N. P. Maslova, A. V. Tobias, T. M. Kodrul

A study of consortive relationships between plants and fungi in the historical aspect facilitated our under-
standing of the patterns and processes associated with evolutionary history of the members of these two king-
doms, the ecosystem function, and the formation of existing biodiversity. This review of recent paleomyco-
logical research focuses on the analysis of their main directions, objectives and prospects. We consider the
main preservation types of fossil micromycetes and the opportunity to study them using modern research
techniques. The significance of paleomycological research for paleoecological interpretations and paleocli-
matic reconstructions is shown. We also discuss a further improvement of the classification systems of dam-
age types on plant fossils by different agents, particularly by fungi.

Keywords: Fungi, paleomycology, micromycetes, classification of damage types on plant fossils, paleophyto-
pathology
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