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BECTHHUK POCCHHCKOH AKAIEMHH HAYK, 2023, mom 93, Ne 9, c. 797

TEMATUYECKWI BBIITYCK 11O BUOJOTUA

BCTYIIUTEJIBHOE CJIOBO

DOI: 10.31857/50869587323090128, EDN: SMGYCL

XXI cToneTre HA3BIBAIOT BEKOM HAYK O KM3HM.
JleicTBUTEIBPHO, PEBOTIOLIMOHHOE pa3BUTHE OMOJIO-
TMYEeCKOI HAYKM U TEXHOJIOTUiT KOPEHHBIM 00pa3oM
npeobpa3yeT MHOTrMe OO0JIaCTA HPOMBIIIJIEHHOCTH,
MEIUILIMHY, CEJIbCKOE XO3SIMCTBO M OKPYXKAIOIIYIO
cpeny. JocTrzkeHHsI CTOIb 3HAYUTEIbHbBI, YTO YK€ B
6mrxaiileil mepcrieKTUBe IpUBeIyT K GOpPMUPOBa-
HUIO HOBOTO TEXHOJIOTMYECKOIO yKJaaa U MoTpedy-
IOT TIEpecMOTpa OOIIIECTBEHHBIX HOPM.

OCOOEHHOCTBIO Pa3BUTHUS OMOJIOTUYECKON HAYKU
CETOIHS SBJISIETCI CTUpaHWe MEXINCIIMTIIIMHAPHBIX
rpanull. Hanbosiee mHTEpeCcHBIE pe3yabTaThl MPOSIB-
JISTIOTCSI HA CThIKE HayK: pa3BUBaIOTCsS OMOMHMOpMa-
THUKa, OMONMHKEeHepUs, (PU3NKO-XUMUIecKast 011010~
rusi, OMoMeaUulIHA, SKOJOTUS U IIPUPOAOIOJIb30Ba-
Hue. OpHako JOpaiiBepoM BceX OMOJIOTMYEeCKHUX
WCCIeIOBaHNM cTaHOBUTCS TeHeTnka. CoBeplmeH-
CTBOBaHNE METOJOB aHaIM3a U MOAU(UKALIUU TeHO-
Ma MO3BOJISIET UCCIEAOBATEISIM Pa3HbIX OMOJIOrude-
CKMX HaINpaBJICHWM MCKaTh B TeHOME OMoJIorhde-
CKyI0 TIEpBONPUYMHY HaOJIIOJaeMbIX SIBJICHUIA,
MOJCINPOBATh B UCCIEAOBATEILCKIX O0OBEKTaxX 01O~
JIorTMdecKne mpoliecchbl. BaxkHoIT TeHneHIMei, Ipo-
SIBJISIIOLIEICST BCJICACTBUE Pa3BUTUSI HOBBIX METOHIOB
M TIOAXOJI0B, MOXXHO Ha3BaTh MpeBpallleHUue OMOJIo-
TMYECKON HayKWd M3 OIMCATeJIbHOM B KPEeaTHBHYIO,
HarpaBJIeHHYIO HE TOJILKO Ha UCCJIeIOBaHUSI, HO U Ha
MOIU(UKALIMIO XXUBBIX 00BEKTOB U cUCTeM. bojee
TOTO, HOBAsI 00JIaCTh OMOJIOTMYECKOM HAYKN — CHH-
TeTu4yecKasi OMoJIOrusl — IIpU3BaHa co3aaBaTh de no-
VO XKMBBIE OOBEKTHI HA OCHOBE MOJIECIUPOBAHUS, 3a-
JacTylo BHE OpraHu3Ma, IIpUPOTHBIX IIPOIECCOB.

buosorna craHoBuTcsa Bc€ Oojlee TEXHOJIOTHY-
HOM, Hucye3aeT JHejieHMe Ha (yHIAMEHTAIbHYIO U
NpUKIagHyI0 HayKy. IlpakThdeckass HampaBJIeH-
HOCTB, Ka3aJIoCh OBI, TaJEKNX OT YTUINTAPHOTO MC-
MOJIb30BAHUS UCCJIEA0BAHUI, pa3BUTUE TEXHOJOTUN
Ha 0a3e TEOpEeTUYECKMX IOAXOIOB JAcjaeT HayKU O
KM3HU OIHOM M3 CAMBIX TIJTIOJOTBOPHBIX Y 3HAYNMMBIX
obJiacTeii 3HaHUS.

Poccuiickasg akameMmdeckass OwWoormdecKast
IIIKOJIa B ITOJTHOI Mepe OTBeYaeT OOIIIEeMUPOBBIM TEH-
JNIEeHIIUSIM pa3BUTUSI HAyKU U NaéT KpaliHe WHTepec-
HBbIE Pe3yabTaThl. TPyIHO TIepEeOoIleHUTh BKJIAI POC-
CHICKUX OMOJIOTOB B CO3MaHUE CPEACTB MTMArHOCTH-
KM U JiedeHUsT UHQEKIMOHHBIX 3aboJjieBaHUIi, B
pa3paboOTKy METOHOB JIeUYeHHUs PacIpOCTPaHEHHBIX
HO30JIOTHi, B COXpaHEHUE PEAKUX XKUBOTHBIX M 6110~
pa3HooOpas3us, BO MHOTUE IPYrue 3Ha4yuMble 00-
JIaCTH.

CraThu TEMaTUYECKOTO BBIITyCKa XypHaina “Bect-
HUK Poccuiickoii akageMun HaykK”’ 1o OuoJiorude-
CKMM HayKaM — 3TO pe3y/JbTaT pa3BUTHS UCCIeI0Ba-
HUIA, IIPOBOAMMBIX HayYHBIMHU IIIKOJIAMM, KOTOPBEIMU
CIIaBUTCSI poOcCHUIicKas OMojiormuecKas Hayka. DTH
CTaTbU MPEACTABICHBI BeAYIIMMU y4€HbIMU OTaee-
HUs1 omojorndyeckmx Hayk PAH, oHm oxBaTBIBaIOT
IIMPOKUIA CIIEKTP MPoOJIEM, BOJHYIOIINX YeJIOBEUE-
CTBO, — OT UCCJICIOBAaHUI B 00J1acTU OaKTepUaIbHOMN
MaJICOHTOJIOTUU IO OMOJIOTUU MOPSI, OT MOJIEKYJISIP-
HBIX MEXaHM3MOB 3pE€HUS, pa3pabOTKM MOAXOAOB K
JIeUeHUIO HelipoJiereHepaTUBHBIX U OHKOJIOTUUECKUX
3a00IeBaHUI 1O TIEPCHEKTUB MOJEKYISIPHBIX U KJIe-
TOYHBIX TEXHOJOTUi. AKTYyaJbHOCTh 3THUX pPadoT
TPYAHO TIEPEOLIEHUTb.

OueBUIHO, YTO B OJHOM BBIIIYCKE KypHaja He-
BO3MOXXHO OTPa3UTh BCIO TIOJIHOTY MCCJIENOBaHUIA,
NpoBOAMMEIX Omojsioramu Poccuiickoit akagemMun
HayK, OJHAKO JaXke BKJIIOYEHHBIE B HOMED CTaThU
MO3BOJISIOT OLIEHUTh UX IIUPOTY U DIyouHy. Het co-
MHEHUSI B TOM, YTO CTaTbU TEMaTUUECKOTO HOMepa
BBI3OBYT MHTEpPEC HAYYHOU OOILECTBEHHOCTH U ITO-
CITyXaT YKPEIIEHUIO MEXIUCIIUTUTMHAPHBIX CBSI3€EH,
GbOpMUPOBAHUIO EIWHOIO €CTeCTBEHHO-HAYYHOTO
MPOCTPAHCTBA.

M.I1. KHPITHYHHUKOB,
akademuk -cekpemaps
Omdenenus 6uonoeuueckux nayk PAH
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Cratbs mocsiilieHa ONTOTeHETUKE KaK METO/TY, TO3BOJISIIOIIEMY KJIETKaM OpraHrn3Ma puoodpeTaTb CBETOUYB-
cTBUTENBHOCTb. KOpOTKO paccMaTpuBaeTcs ICTOPUSI BOSHUKHOBEHMST M pa3BUTHSI OITTOTCHETHUKM, 00Cy>Ka-
eTcs e€ poJTb B MI3yYeHUM KaK (PyHIaMEeHTaTbHBIX MEXaHM3MOB PaOOTHI MO3Ta, TaK U B TOHUMaHUU MEXaHWU3-
MOB D$iia HEBPOJOTUYECKUX U TICUXNYECKMX 3a00JIeBaHU A, B TOM YMCJIE CBSI3aHHBIX C TTOTepeii MaMsITH.
ABTODBI YICNSIIOT MMPUCTAIbHOE BHUMAaHUE TTePCIIeKTUBaM KIIMHUYECKOTO TTPUMEHEHUST METOIOB OITOTe-
HETUKU, B MEPBYIO odyepeab MPUMEHUTEILHO K odTambMoiorni. KinHMYeckre MCTBbITaHUST TTOKa3aiu
MPUHUIMITMATEHYIO BO3MOXKXHOCTb ONITOT€HETUYECKOTO IMPOTE3UPOBAHUS “CIENOol” ceTYaTK U YaCTUIHO-
TO BOCCTAHOBJIEHUS 3pUTEbHBIX (yHKIIUi. [IprBOaSITCS TaHHBIE 00 OMHOM M3 YETHIPEX BEAYIIUXCS Ceii-
Yac yCTEeNTHBIX KIIMHUYEeCKUX UCTIbITaHuit. [Togpo6HO 06CyXKIaioTcs yCIoBUS AaTbHEUIIIETO Pa3BUTHS TEX-
HOJIOTHt OIITOT€HETUYECKOTrO MPOTE3UPOBAHMS “CJIENO” ceTyaTKU Ha MOCIeIHUX CTaIusIX HelipoaereHe-
patuBHoro nmnpoiiecca. OOcyxkaaeTcsi BOMPOC O THUIE HEPBHBIX KIETOK IereHepupylollleil ceTyaTku,
HaunboJiee TIEPCIIEKTUBHBIX JJIST ONITOTEHETUYECKOTO TTPOTE3NPOBaHMS. ABTOPHI IOJIaraloT, YTO TeHBI 3pH-
TeJbHbIX, G-0eJI0OK-CBSI3bIBAIOIINX POJIOIICUHOB (CKOpee BCero Kojabouek), 3aryckalonue ¢epMeHTaTUB-
HBII KacKaJ yCUJIEHUsI CBETOBOTO CUTHAJIa, Haubosiee MepCcreKTUBHBI 711 ONTOTeHETUYECKOTO MPOTE3UPO-
BaHUs1. [Ipu 5TOM He OTpUIIAETCS BO3MOXHOCTD MCITOIb30BaHUsI TEHOB TeHHO-MOIMMDUIIMPOBAHHBIX Ka-
HaJIbHBIX POJIOTICUHOB, KaK MOKa3bIBAIOT KIMHUYECKHUE UCTIBITAHUSI.

Karoueesnie crosa: OIITOI€HETKA, MO3I', OIITOTCHETUYCCKOC IMPOTE3NPOBAHUE CETYATKU IJ1a3a, aJC€HO-aCCoO-
LlI/lI/lpOBaHHblfl BUDYC, 6I/IHOJ151prle M TaHIJIMO3HbIC KJICTKU CETYAaTKU, 3PUTCIIbHBIC POJOIICMHbI, TCHHO-
MOHH(bHHHpOBaHHbIe KaHaJIbHBIC pOAOIICUHbI, KIMHUYCCKUEC UCITbITAHUI.

DOI: 10.31857/S0869587323090086, EDN: SMSXLA

KHUPITMYHUKOB Muxaun IlerpoBuu — akaneMuk PAH,
akaneMuk-cekperapb OtaefieHUs] OMOJOrMYECKMX HaykK
PAH, 3aBenyromuit otnenom ouounmxeHepun MbX PAH,
JekaH duonorndyeckoro dakysabsrera MI'Y nm. M.B. Jlomo-
HocoBa. OCTPOBCKHMMHM Muxaun ApkagbeBUd — aKaje-
muK PAH, 3aBenyrommii kKadbenpoit MOIeKy IIpHOM (D13H0II0-
ru MI'Y um. M.B. JloMoHOCOBa, 3aBeAytolMii JabopaTtopu-
el pu3rMKo-XxuMnIecKux ocHoB perieniuu MUBX® PAH.

OnroreHeTka — 3TO METOA, KOTOPHI MO3BOJISET
KJIETKAaM OpraHu3Ma HpHOOpeTaTb CBETOUYYBCTBU-
TEJILHOCTB OJ1arofapsi 10CTaBKe B KIETKU IreHa CBETO-
YyBCTBUTEILHOIO OejiKa pogoncuHa. I1pu moriore-
HUU CBeTa POAOIICUH, SKCIIPECCUPOBAHHbIIA TEHOM U
BCTPOEHHBII B MEMOpaHy KJIETKH, YIIPABIISIET €€ hu-
3MOJIOrMYeCcKOil akTuBHOCTBIO. B 2010 . Bemyiue
MUPOBBIE XypHalbl Ha3BaJlud ONTOI€HETUKY IIep-
CIIEKTUBHEMIIEN MEANKO-0MOJI0TMYeCKOI TEXHOJIO-
rueit oynymiero. CamMo ke IMOHSITUE U TEPMUH “ONTO-
TeHeTHKa” ITOSIBIJIMCH 3a MSTh JIET OO 3TOTO.

HMcroku onToreHeTuku jexar B [letepOyprckom
1 MOCKOBCKOM yHUBepcHuTeTax. 160 jieT Hazad mpo-
¢eccop Cankr-IlerepOyprckoro yHuBepcuTeTa, U3-
BECTHBIM OOTaHUK akageMuk AHApeit CepreeBuu
®amuHLBH (1835—1918) omucan doTtorakcuc y on-
HOKJIETOYHBIX 3€JIEHBIX BOIOPOCE, TO €CTh UX IBU-
raTeJbHyl0 peakiuio Ha cBeT [1]. B koHie 1970-x ro-
noB npodeccop buonornmueckoro dakynsreta MI'Y
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OINITOTEHETUKA

Denukc OEgopoBuy JIMTBUH U €10 MOJIOAbIE COTPY/I-
HUKM, OpaThsa Oner 1 Buramiit CuHEmEKOBRI, TTOKa-
3aJii, 4YTO (DOTOTAKCUCOM 3THUX OJHOKJIETOUHBIX BO-
JlopocJieil yrpaBJisieT CBETOUYBCTBUTENbHBIN Oe0K
ponoricuH [2]. UUx cTaThsl OblIa OITyOJIMKOBaHa B
XKypHajie “Nature” 1 HUKaK He mpeaBelaia mosiBiie-
HUe onToreHeTUKU. [Ipol1iuio emnié yeTBepTh BeKa U B
Hagase 2000-x rogoB B I'epmMaHuUM TeH pomoOIICHMHA
9TUX BOAOPOCTIEH ObLI SKCIIPECCUPOBAH B KYJIbType
kjeTrok. Okaszajoch, UTO POJIOMNCUH paboTaeT Kak
CBETOAKTMBUPYEMbBIIA KATUOHHBIM KaHall, U OH ObLI
Ha3BaH KaraabHvim podoncurom (Channelrhodopsin) [3].
A ew€ yepes mapy JeT, Tenepb yxe B AMEpuKe, reH
KaHaJIbHOTO POJIOTICMHA 9KCIIPECCUPOBAIIU B HEMPO-
HaxX MO3ra MBIIIN 1 MTOKAa3aJiu, YTO B OTBET Ha CBET B
HUX BO3HUKAET UMIIYJIbCHasi aKTUBHOCTb, TO €CTb
dusmonorndyeckoe Bo3oyxneHue [4]. Tak poauiaack
onmoeeHemuka, OCHOBaHHasl Ha TpPEX KuUTax — u-
31OJIOTUM, TEHHO! MHXKEHEPUU U CBETeE.

Hano ckazaTb, 4TO uACIO TOYEUHO YIIPABJISITH
HelipoHaMM BITeEpBBIe BbIcKazanl B 1979 1. dpeHcuc
Kpuk — onvH 13 pogoHAYIBHUKOB MOJICKYJISIPHOM
ouosioruu. [ABaauaTh JeT CITyCTsS OH MPEII0XKIII 1UC-
MTOJIB30BaTh ISt 3TOTO cBeT. OTIToreHeTHKa IpeBpa-
tiia uneto Kpuka B peanbHOCTh. biaromaps eit 3a
nocinenqHue 10—15 meT JOCTUTHYTHI MOpa3UTEIbHbIE
YCIIEXH B SKCTIEPUMEHTATBHBIX HCCIIETOBAHUSIX, 0CO-
O0eHHO B Helipooumonornu. OTKPHITH paHee He W3-
BECTHbIC (DYHKILIMU HEHPOHOB MO3ra, ONMUCaHbl HO-
BbIe HEPOHHBIE IIETTH, CTAIN IIOHATHEE MeXaHNU3MBI
ImaToreHe3a psiia HEBPOJOTUIECKUX W TICUXUUECKHIX
3a00JieBaHMIi, UTO MO3BOJISIET HAMETUTh HOBBIE TTYTU
ux geyeHusi. C MoMOIIIbIO ONITOTeHETUKH CTAHOBUTCS
BO3MOXXHOI HampaBJIeHHasI SIIUTeHeTUIeCKasl pery-
Jsusi. B OynylieM 3To MOXeT HalTy MpUMEHEeHUe
B JICUEHUM TaKOTro 3a0oJieBaHUsI, KaK MbIIICIHAsI
IucTpodus.

Yrto KacaeTcs Helipogu3auosocutecKux 0CHO8 noge-
deHus, TO, HaIPUMED, Y MBILIE 1 KPBIC C TIOMOIIBIO
ONTOTreHEeTUKN WACHTU(PULIMPOBAHEI HEMPOHBI, OT-
BeUalolIye 3a IPUHSITUE OBEASHYECKOrO PeIleHMs,
HEWPOHbI B TMIOTAJIaMYCe€ MbIllIei, KOHTPOJUPYIO-
e arpeccuio. B rociienHee BpeMs yCrelrHo pa3pa-
0aTHIBAIOTCSI ONTOIeHETUYECKUE ITOOXOIbI K HCCIIe-
JIOBaHUIO HEMPOMDU3NOJTOTMIECKIX MEXaHU3MOB M0~
BeJeHUsI He TOJIbKO Y I'PBI3YHOB, HO U Yy IPUMAaTOB,
cKaxeM, y Makak-pe3ycoB [5]. MHade roBops, oT-
KPBIBAIOTCSI MEPCIIEKTUBBI M3Yy4eHUST Ha XXUBOTHOM
MOJIEJIU C XOPOIIIO pa3BUTHIM MO3TOM CJIOXKHOTO CeH-
COPHOTO, MOTOPHOIO X KOTHUTUBHOIO ITOBEICHUSI.
BrieuaTisioniye pe3yabTaThl MOJYyYeHbl C TTOMOIIbIO
ONTOTEHETUKU TIPU U3YUYCHUUW MEXaHU3M08 Namsamu —
3alloOMMHaHUs 1 BcnoMuHaHUsI. CTaHOBUTCS BCE ITO-
HsITHEe, KaK UMEHHO o0pa3yeTcsl maMsTh — KpaTKO-
CpoOYHasl U TOJITOCPOYHAsl, KaK MO3T XpaHUT UHGOP-
MaIuIo, KaKre BOCIIOMMHAHMS OCTaHYTCS HAOOITo, a
KaKue MUCUYE3HYT, KaK YKPEIUTh ITaMsTh, KaK BOCCTa-
HOBUTb pabOTy Mo3ra Tocjie 0oJjie3HU (MHCYJIbTA)
iy TpaBMbl. OIITOreHETUKA MTO3BOJINIA BU3yaInu3-
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poBaTh 3Hepammbl — Cleabl B Mo3re. Peub MaéT o Hei-
POHHBIX LIETISIX, KOTOPbIE BO3HUKAIOT IPU (POPMUPO-
BaHUU MaMSITU WJIM KOTOPHEIE PeaKTUBUPYIOTCS IPU
M3BJIeYCHUY MHGOPMALIUM U3 ITaMSTH, TO €CTh IIpU
BocnoMruHaHUU. C TIOMOIIBIO OITOTeHETUYECKUX
METOJOB 0Ka3aJIOCh BO3MOXHBIM aKTMBUPOBATH TE
WIN WHbIE HEMPOHBI, OTKIIOYAThL WJIM 3amycKaTh
onpeAcaEHHbIE SHTPAMMbl — BIOJHE KOHKPETHHIE
CETU HEMPOHOB, MHBIMMU CJIOBAMU, IPOU3BOJIBHO BbI-
3bIBATh BOCIOMUHAHUS, KaK 3TO HU YIUBUTEIBLHO.
B skcniepuMeHTe moKa3aHo, YTO TIPU UCKYCCTBEHHOM
aKTUBALIMU OIPENESIEHHON SHIpaMMbl MBIIIb 3aMU-
paeT, TO eCTh IPOSIBISIET TUITUYHYIO JJisI He€ MOoBe-
JIEHYECKYIO PEAKIIMIO Ha ONTACHOCTb.

Ha nemaBHei, y:Xe TpeTbei 1o CU4ETY, KOH(MepeH-
ouu 1o omnroreHetuke B IleTtepOypre ObLIM TIpen-
CTaBJIEHbl aHHbIE, COMIACHO KOTOPBbIM 3HIPaAMMBbI
3allOMUWHAHUS MEPETEKAIOT B DHTpaMMbl XpaHEHUS
MaMsITU, OTKyJa BOCITIOMUHAHUSI MOTYT OBbITb U3BJIC-
yeHbl. Heckonbko JeT TOMY Hasan OMyOJMKOBaHbI
pe3yJibTaTbl MOPa3UTEILHOTO UCCIEN0BAHMUS, aBTO-
paM KOTOPOTO yIaJIOCh CO31aTh Y MBIIIEH MOJTHOCTHIO
WCKYCCTBEHHYIO IMaMsTh [6]. OCHOBBIBasICh Ha TeX-
Hojsiorud (OPMUPOBAHUS U HCCIEAOBAHUS YCJIOB-
HbIX pedraekcoB M.I1. [TaBmoBa, aBTOpbl 3aMEeHWIN
€CTeCTBEHHbIH yCcJIOBHOPEMhIEKTOPHBIN CUTHAT (3a-
nax) Ha ONTOT€HETUYECKYIO CTUMYJISIIMIO OmNpeae-
JIEHHOTO OOOHSTEIBHOTO KIIyOOUYKa B OOOHSITEIbHOMN
JIYKOBMIIE, @ €CTECTBEHHbII 0€3yCNOBHbIN CUTHAT —
Ha ONTOTE€HETUYECKYIO CTUMYJSILIMIO KOHKPETHOM
obJylacTu Mo3ra, OTBETCTBEHHOI 3a CO3JaHue JIMOO
YyBCTBa OTBpallleHUs, JUOO HaciaaxneHus. bbuio
MOKa3aHO, YTO U WCKYCCTBEHHasl, U €CTECTBEHHas
naMsITh 00eCIIeUMBaeTCsl OMHUMU U TEMU Xe HEpB-
HbIMM LienisiMu (3HrpamMamu). MHaye roBopsi, uc-
M0JIb3Y$1 ONITOTEHETUYECKE METO/IbI, Y SKCTIEPUMEH -
TaJILHBIX XUBOTHBIX (MBIIIEi) yAad0Ch CO31aTh Ia-
MSITb B OTCYTCTBME KaK TaKOBOIO €CTECTBEHHOTO
COOBITHS (I CUTHAJAa), KOTOpOe Haao ObLIO OBl 3a-
TMTOMHUTb.

Celiyac ONTOreHeTUKa UTPAET KIIOYEBYIO POJIb HE
TOJIBKO B M3YYeHHMHU (yHIAaMEHTaJIbHBIX Heiipodu-
3UOJIOTUYECKUX MEXaHM3MOB PabOThl MO3Tra, HO U B
MOHMMAHUM MEXaHU3MOB HEBPOJIOTUUYECKUX U TICU-
XMYECKUX 3a00JIeBaHU, B TOM YHMCJIe CBSI3aHHBIX C
rmoTtepeit maMsITi WIK ¢ 00pa3oBaHUEM TaTOJIOTUYe-
CKoi1 mamsITu. B mepBoM citydyae peuyb UIET O TaTore-
He3e M BOBMOXKHBIX ITyTAX JeUeHUs 00JIe3HN AJTBIITeii-
Mepa, BO BTOPOM — O HApKOMaHUM, KOTOPYIO CITela-
JIMCThI pacCMaTpUBAIOT KaK aHOMAJIbHbBIN MpOoIecC
oOyuyeHus u mamsatu. OOHapyXeHre HEMpPOHHBIX ce-
Tei, OTBEYAIOIINX 3a ITaTOJIOTUYECKe OOydeHue 1
MaMsiTh, 1 BO3BMOXHOE BMEIIATEJILCTBO B UX PabOTy
OTKpPBIBAET TIePCIIEKTUBY JICUCHUS] HApKOMaHUM.

HecoMHeHHBIE yCIIEXM MOCTHTHYTHI B MOHMMAa-
HUM TaToTeHe3a W MyTeM JIeYSHMST PsIa TSKEBIX
HEBPOJIOTMYECKUX 3aboneBaHmil. OgHa W3 CaMBIX
pacripocTpaHEHHBIX HefiponereHepaTUBHBIX TaTOJIO-
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ruit — 0one3Hb IlapkuHCOHA, XpOHMYECKasl M IOKa
He Toaaaromiascs JedeHno. PaboThl IToCaeqHUX JIeT
Ha MOJEJIbHBIX XWBOTHBIX CBUAETEILCTBYIOT, YTO
ONTOreHEeTUYECKasI CTUMYJISIIUS OIIpeaeIEHHBIX TITy-
OMHHBIX OTAEIOB MO3Tra MPUBOAUT K MCYE3HOBEHUIO
MOTOPHBIX CUMIITOMOB Oosie3Hu IlapkuHcoHa. B
MEPCIIEKTUBE 3TO IIYTh K OOJIETUCHUIO 1 AaXe Jieue-
HHUIO 3TOTO TSDKEJIEMIIIero paccrpoiictBa. dpyrum
HEBPOJIOTUYECKUM 3a00JIeBaHUEM, IS MCCIIeI0Ba-
HUSI MEXaHNU3MOB KOTOPOTO U JIeUeHUS IIEePCIIEKTUB-
Ha ONTOreHeTuKa, ABisieTcs amwierncusd. Ceityac mo
30% mnauMeHTOB HEBOCIPUUMYMBBLI K IPaKTHKYe-
MEIM cItocobam e€ jgedeHust. CTpyKTyphl MO3ra, Me-
XaHU3MBbI U HEMPOHHBIE LIS, OTBETCTBEHHBIE 32 CYy-
JIOPOXHBIE MPUMAIKHU, B HACTOsIIEe BpeMsl J0OCTa-
TOYHO XOPOIIIO U3BeCTHHI. [103TOMY BMeIIaTEIbCTBO
B paboOTy COOTBETCTBYIOIINX HEMPOHHBIX IIETIeH, UX
PETYIALMA C ITIOMOIIBIO OIITONCHETUYECCKMX TEXHOJIO-
ruit 3ppeXTUBHO MpeKpamaioT >SIUICITHYECKUIA
MPUIIAI0K, KaK 3TO MHOTOKPaTHO MOKa3aHO Ha 3KC-
NEPUMEHTAJIBHBIX 2>KMBOTHBbIX. BHO.HHC pcajibHad
BO3MOXHOCTb KJIMHUYECKOIO IPUMEHEHUSI COOTBET-
CTBYIOIIINX METONOB TakKxKe 0OCyxKmajach Ha KOHQpe-
penuuu B IletepOypre. Emé omHo upe3BBIUAHO
BaxKHOE HallpaBJieHHE, B U3YyYEHUU KOTOPOIO OITO-
T€HEeTHKa CTAHOBUTCS OOHOM M3 BEOYIINX METOIUK, —
9TO Aernpeccus 1 6oiib. K HacTosmemMy BpeMeH! Ha-
KOILIEHBI BaXKHEHIIINE TaHHbIE, KACAIOLIeCcs HeMpo-
GUBMONOTUIECKUX MEXaHU3MOB Pa3INIHBIX (HOpPM
Kak JeTpecCcuu, Tak 1 6011, B OCOOEHHOCTH MUTPEHU.

CBuIeTeTbCTBOM BCE BO3PACTAIOIEH POJIM OITO-
TEHETUKU B PA3JIMYHBIX 00JIACTSIX 9KCIIEpUMEHTAb-
HBIX U, OyieM HaJeaThCs, KIMHUYECKNX NCCIea0Ba-
HUi1 ctano co3manne B 2020 1. copoka IsThIo 1adopa-
TOpUSIMM MHUpa 0a3bl JAHHBIX CYIIECTBYIOLINX
ONTOTeHEeTUYECKNX pecypcoB. Kak mokasbiBaeT
MpaKTHKa, 3Ta 6a3a 0Ka3ajach UCKIIOUYUTEILHO BOC-
TpeOOBaHHOIA.

Cnenyetr UMETb B BULLY, YTO JUISl PEAJIBHBIX KJIIMHU-
YeCKMX NPUMEHEHUII ONITOTeHETUYECKIX METOIOB B
HEBPOJIOTUHU, ICUXUATPUH WM TePanui BHYyTPEHHUX
OpraHoB €CTb OJHO CYIIECTBEHHOE MpPEeISITCTBUE —
HeoOXOAUMOCTh JOCTaBKM CBETa K HEipOHAM MO3ra
WIN KJIeTKaM BHYTPEHHMX OpraHoB. Beab He cTaHeT
Ke XUpypr AejlaTb OTBEPCTHE B 4Yeperle MalueHTa,
4TOOBI BCTAaBUTh B HETO CBETOBOI I OCBEIIATh KJIETKU
moara! [ToaToMy Bo MHOTHMX J1a00paTopusIX MUpa Be-
JIyTCSl aKTUBHBIE ITOMCKM HEMHBA3WBHBIX METOIOB
BO3ACUCTBUSI HAa ONITOTEHETUYECKHU “TIPOTE3NUPOBAH-
HbBle” KiIeTKu. K TakuM MeTomaM OTHOCSITCS TEIUIO U
chokycupoBaHHBIHN yIbTPa3ByK. OOCY:KIEHUIO 3TOTO
HaIpaBJIeHUsI 1101 OOILIIMM Ha3BaHUEM mepMOeHemu-
Ka yOeasisioCh OOBOJIbBHO OOJIbIIOe BHUMaHHE Ha
TpeTheil onToreHeTHU4YecKo KoHpepeHu B [leTep-
oypre. Peub 11112 0 cioco6ax yrnpapieHus (MToKa 4To
Yy 9KCHEePUMEHTAIbHBIX KMBOTHBIX) AKTUBHOCTBLIO
MO3ra, CepAeYHbIM PUTMOM, BHIOPOCOM MHCYJIMHA U3
MOMXETYTOYHOM XKeyne3bl. J10 KITMHUYEeCKNX UCIThITa-
HUIA TepMOTE€HETUKE MPEICTOUT MPOUTH €ILIE IT0-
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BOJIbHO OOJIBbIIION IIyThb, HO HaA€>X1a Ha yCII€X BECbMa
BEJIMKa.

PeaibHOI1 0061aCThI0 KITMHUYECKUX TIPUMEHEHUIN
METOJIOB ONTOT€HETUKM yXKE CEeTOAHs SIBJIsIeTCS Od-
TanbMmoJiorusi. JleiicTBUTEIbHO, CBET CaMBbIM €CTe-
CTBEHHBIM 00pPa30oM JOXOAUT A0 CeTUyaTKu masa. B To
e BpeMsI MOTPEOHOCTh B BOCCTAHOBJICHUU 3PEHUS Y
MaUeHTOB, MOTHOCTBIO MJIM IIPAKTUYECKU CJICTIBIX,
WUCKJTIOUMTEIbHO BeJIMKa U MPOAOJIKAET pacTU, Mo-
CKOJIbKY HaceJIeHHE MUpa U YBEJIMYUBAETCSI, U CTape-
eT. 1o mannbM XypHaina “Lancet” 3a 2017 r. okoJio
40 MJTH 4eJIOBEK CUMTAIOTCS clierbiMu, a K 2050 1.,
KakK IpearojiaraeTcs, 3TO YMCIO MOXET HOCTUYb
60 miH. Ha mosnto HelipoaereHepaTUBHBIX 3a00/1€Ba-
HUIi ceTYaTKU, B IIEPBYIO OYepelb BO3paCTHOI MaKy-
JIIPHOM AereHepalu, TIPUXOIUTCS OKOJIO YEeTBEPTH
CJIETIBIX JroAcii. BaxkHo moHMMAaTh, YTO HpH OOJIb-
IIMHCTBE HelipoaereHepaTUBHBIX 3a00JIeBaHUIL CET-
YaTKW, HE3aBUCUMO OT UX (OPMbI, TTIOTUOAIOT 3pU-
TeJIbHbIE KJIETKI — CHavasia IMaJo9YKy, a 3aTeM 1 KOJI-
o6ouku. Ho mpu 3TOM B ceTyaTKe KakK “4acTd MO3ra,
MOMEIIEHHONM B m1a3” (1Mo OIpeaeICHUIO BEJIMKOIo
ucnaHckoro rucrojiora C. Pamon-u-Kaxajs) coxpa-
HSIIOTCS YaCTUYHO WIM JaxKe IOJIHOCThIO HEIOBpe-
KIEHHBIMU €€ HEepBHbIC, HECBETOYYBCTBUTEIbHBIC
kieTk. UMeHHO TO 00CTOSITeIbCTBO, YTO TAHITINO3-
HBI€ KJIETKM CETYaTKM — €€ “BBIXOOHEIC” HEHPOHHI,
MOCHIJIAIINE M0 CBOMM JUIMHHBIM OTPOCTKaM (aK-
CcoHaM) MH(MOPMAIIUIO B MO3T, OCTAIOTCS AeeCII0Cc0o0-
HBIMHU, CTaJI0 OCHOBOII 3/1eKMPOHHO20 NPOME3UPOBA-
Hus 3perus. VIMILUTaHTalUs BJIGKTPOHHBIX YWIIOB B
“ciertylo” ceTdyaTKy ITO3BOJIIET YaCTUYHO BO3Bpa-
IIAaTh ITAlIMEHTaM 3pEHNeE: pa3IndaTh KpyIIHEIE IIPe-
METhI, AaxKe OYKBBI, OPMEHTUPOBATHCSI B MPOCTPAH-
CTBe. 3a TmocjeaHue MpuMepHo 15 et mo 3ToMy BO-
IIPOCY HaKOIWJIAch oOImupHas mureparypa. OmHako
MEPCIIEKTUBBI 3JICKTPOHHOIO IIPOTE3UPOBAHUS CET-
YaTKW OCTAlOTCS HE CIIMINKOM pamyXKHbIMU. eno B
TOM, YTO HEM30EXKHBIM CJIEACTBUEM TaKOTO IIPOTE3M -
pOBaHUSI CTAHOBUTCS 3apacTaHUE MecTa KOHTaKTa
YyuIIa C HepoHaMU INIMAJIbHBIX KJIETOK. B pesynbTraTte
CJIOXXHASI ¥ BEChMa TOPOTOCTOSIIAS OIlepalys Yepe3
rolI-IoJITopa CTaHOBUTCS Oecmojie3Hoil. OcHOBHAs
K€ UIeST OnmoceHemu4eckKo20 npome3upo8anus cem-
Yamky COCTOUT HE B TOM, YTOOBI C IIOMOIIIbIO YMIIa
BO30YyXIaTh HEpBHEIEC KJIETKM, & B TOM, YTOOBI Ipe-
BpaTUTh COXPaHUBILIMECS B XOJe JereHepaTUBHOIO
mnpoliiecca HEpBHBIE KJIETKM B CBETOUYBCTBUTEIbHBIC
(iceBmodoropenentoprl). MMIMEHHO MOTOMY, YTO
CBET 4epe3 ONTUYECKYI0 CUCTEMY Ijla3da €CTeCTBEH-
HBIM 00pa3oM (OKyCcHUpyeTCsd Ha ceTyaTke M d9TO
HepBHBIE KJIETKM IeTeHepaTUBHOI CETYATKM OCTAIOT -
cs “3M0pOBBIMU” (BOIIPOC, HACKOJIBKO 3M0POBBIMU,
MO-TIPEXKHEMY TUCKYCCUOHHBIN), MPaKTUIECKHU Cpa-
3y IIOCJIE MOSIBJICHUSI ONITOreHETUKM KaK MeToia Ha-
YaJIUCh UCCIIEIOBAHMS TI0 ONTOTeHETUUECKOMY TTPO-
TE3UPOBAHUIO HEUPOAETEHEPATUBHOM CETYATKMU.
INepBag Takag pa6ota 6bu1a onyoankoBaHa B 2006 1.,
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3a Hell IocieaoBain paboThl MHOTUX JIabopaTopuii
mupa [7].

OcTaHOBUMCS Ha COCTOSTHUH OIITOT€HETUIECKOTO
NpOTE3UPOBAHUS HEMpOAEereHeEpaTUBHOM CETYaTKU B
HacTosee BpeMsi. BaxkHeHIIMM COOBITHEM B 3TOM
00JIacTH CTajio MPOBEACHUE YEThIPEX HE3aBUCUMBIX
KJIMHUYECKUX UCTIbITaHU#. OIHO U3 HUX, CaMOe€, T10-
BUJIMMOMY, YCIIEIIIHOE, TPUYEM O HEM MMEETCS J0-
CTaTOYHO IOJIHASI MH(MOPMAaLUsI, BEIIIOJIHEHO (ppaH-
Ko-mBeiiapckoi rpynmnoit [8]. IlanumeHTy, MOJHO-
CThIO ocinernremMy 6ojee 10 et Hazam, ynajioch 4ya-
CTUYHO BOCCTAaHOBUTH 3peHUE. CaM OH OCO3HAJI 3TO
BO BpeMsI IPOTYJIKU, KOTIAa IOHSII, YTO MOXKET pas3jin-
YyaTh OeJIble MOJIOCHI Ha MEIIEXOHOM Mepexoie, a 3a-
TeM “OH CMOT YBUIETb TapelIKU, KPyXKKHU, TeJieoH,
peaMeThl MeOesIM B KOMHATe, IBEpU B KOPUAOPE, HO
TOJBKO IIPU MCIIOJAb30BaHUM OYKOB”. K oukam MbI
elé BepHEMCSI, HO IPUHININUAIBHO BaXXHO, YTO 3TO
NepBbIA 3apEruCTPUPOBAHHBIN Ciaydyali 4aCTUYHOTO
BOCCTAHOBJICHUsI 3pEHUSI IIpU HelpoaereHepaTUB-
HOM 3a00JIeBaHUU B pe3yJIbTaTe ONTOreHETUYECKOM
tepanuu. OgHaKO, HECMOTPS Ha TO, UTO B ITOCIEAHNE
roIbl YCIIEXU T€HHOM Tepanny HEKOTOPhIX Helipoe-
TeHepaTUBHBIX 3a00JIeBaHUII CEeTYATKM BIEYATSIIO-
1111e, MHOTHUE M3 TAKUX HEAYTOB HE MOTYT OBITh M3JIe-
YEeHBI 3TUM METOIOM, TOCKOJILKY IIPUYMHOI, HAIIpU -
MEp THUIMEHTHOIO PEeTUHMTA, HEPEIKO SIBIISTIOTCS
MYTaIIM HECKOJBKMNX JECITKOB pa3HBIX TeHOB. “Mc-
MpaBjieHue” e TaKOro KojudecTBa Ne(eKTHBIX Te-
HOB MeToIaMU TeHHOM Tepallnuy Bpsi I BO3MOXHO.

JloiiT 10 KJIMHUYECKUX WUCIBITAHWUI OITOIeHE-
TUYECKOTO IIPOTEe3MPOBAHUS 3PEHUSI CTAJI0 BO3MOX-
HBIM OJaromapsi OOJIBIIIOMY MAacCCHUBY 3KCIIEpPUMEH-
TaJbHBIX JAaHHBIX, IOJYYEHHBLIX B OCHOBHOM Ha HO-
KayTHBIX MBIIIIAX, a TAK:Ke Ha cobaKax 1 mMpuMarax, ¢
(GEHOTUIIOM NMUTMEHTHOIO peTUHHUTA. M3 COBOKYyI-
HOCTHU BCEX 3TUX JAHHBIX CJICA0BAJIO, YTO JIJIsI JOCTABKU
reHa CBeTOYYBCTBUTEIHHOTO Oe/IKa POIOIICHA K HEPB-
HBIM KJIETKaM CeT4yaTKd HauoboJiee IprueMJIEMbIM
BEKTOPOM SIBJISIETCS aicHO-aCCOLMMPOBAHHEIN BU-
pyc. OH 1aBHO 1 IIMPOKO MUCIIOJIB3YETCS B KIIMHUKE U
JUIST TEHHOM Tepanuy pa3IddHbIX 3a00JIeBaHU, U B
COCTaBe MPOTUBOBUPYCHBIX BAKIIMH KaK 3D eKTUB-
HBII 1 6e3omacHbIi BeKTop. Ero HemocraTok — He-
OoutbIIast EMKOCTb BUPYCHOTO KaTliCUaa, HO ITOCKOJIb-
Ky T€HbI OIICUHOB (CBETOYYBCTBUTEIIbHBIC PELEIITO-
pBI) CPAaBHUTEIBHO MaJbl, TO 3TOT HEAOCTATOK ITOKA
YTO HE IPENSITCTBYET ONTOreHETUYECKOMY MPOTE3H-
poBaHUIO. B Xome sKcIriepuMeHTaIbHBIX padOoT IIOJTy-
YeHbI MOOU(ULIMPOBAaHHEIE CEPOTUIIBI aAeHO-aCCOL-
WPOBAHHBIX BUPYCOB, OOJIANAIOIIME TOBBIIIEHHBIM
CpPOICTBOM K HEMIpOHAM CETYATKU MOJEIbHBIX XINBOT-
HBIX. JIJ151 MOCTaBKY K€ TEHOB OIICHMHA B KJIETKU AeTeHEe-
paTUBHOM CeTYaTKU 4YeJIoBeKa OBIIM pa3padoTaHbI
CIIeMaJIbHbIC COYETaHUsI CEPOTHUIIA alcHO-aCCOLIU~
poBaHHOTrO Bupyca AAV2 u npomotopa. B ynmomMsiHy-
TOI padoTe ppaHKO-IIBEHIIAPCKOUN IPYNIBI UCITOIb-
30Bajicsl MMEHHO “yelioBeUecKuit” cepotun 2.7m8
aJIeHO-aCCOLIMMPOBAHHOIO BUPYCHOTO BEKTOpa, He-
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CYIIEro TeH MOAU(MUIIMPOBAHHOIO KAHAJIBHOTO PO-
moricuHa ChrimsonR-tdTomatol3 um mpomoTtopa
CAG (AAV2.7m8-CAG-ChrimsonR-tdTomato).

Kak yxe OBIJIO CKa3aHO BBINIEe, UMEHHO KaHalb-
HBIN pOOOTICUH 3€JIEHBIX BOOOPOCJIEI ITOPOIMII OIITO-
reHeTuky. PasnumyHble TeHHO-MOIM(pUIIPOBaHHEIE
KaHaJbHbIE POJIOMNCUHBI M Ceiiyac CiIyxKaT MHCTPY-
MEHTaMHU JJIs ITOYTU BCEX DKCIEPUMEHTAIBHBIX
HWCCAeIOBaHWM. Y KaHaJIbHBIX POJOIICMHOB KaK CBe-
TOUYYBCTBUTEIbHBIX HMHCTPYMEHTOB OIITOT€HETUKU
macca npeumylnectB. C HUMHU BBIIIOJHEHO OOJIb-
IIIMHCTBO 3KCIIEpUMEHTAJIBHBIX pabOT Ha MOIEJIbHBIX
>KUBOTHBIX I10 OIITOI€HETHMYECKOMY IIPOTE3UpOBa-
HUIO JereHepaTUBHOI ceTyaTku. Bo Bcex 4eThIpExX
BEOYIIMXCS CelYac KIIMHUYECKUX MCHBITAHUSIX HC-
MOJB3YIOTCSI T€HHO-MOAUGMDUIIMPOBAaHHbBIE KaHallb-
Hble poIoIICUHEI. B pabore ppaHKo-1BeliLIapcKoit
TPYNIIbI TeH MOIM(MUINPOBAHHOTO KaHAJIBHOIO PO-
noricuHa ChrimsonR-tdTomato13 — 3To Bc€ TOT ke
TeHHO-UHXEHEPHO-MOIU(UILIMPOBAHHbBIN KaHAJIbHBIMN
POIOIICHUH, CIIEKTP NOIIOIIECHMS KOTOPOIO CABUHYT B
JUTMHHOBOJIHOBYIO, KpacHy10, obsacTtb. CaenaTh 3TO
OBLIO HEOOXOAUMO TTOTOMY, UTO C TOYKM 3PEHUSI CBE-
TOBOTO ITOBPEXXIECHMS CETYATKN KpaCHBIA CBET HaM-
MeHee oraceH. “Kiraccmueckuit” e KaHaJIbHBIN PO-
JIOTICUH TOIJIOIIAET CBET B CMHEI 00J1acTU CIeKTpa, a
CUHMI CBET, 0COOCHHO SIpKUii, OaCceH, OH JIETKO IT0-
BPEXKIIAeT CETYATKY. XOPOIIIO U3BECTHO, YTO CETYaT-
Ka 4Ype3BbIYaiiHO YYBCTBUTEIbHA K (DOTOIOBPEXKIEC-
HUIO, IIPUIEM UMEHHO B (DMOJIETOBO-CHUHEN 00J1aCTU
crekTpa. OgHAKO CMECTUTD CIIEKTP ITOIIOIICHHUS Ka-
HaJIbHOTO POJONICHUHA B KpaCcHYI0 00JIaCTh OKa3aJIoCh
HEIOCTAaTOYHBIM. [IJI1 TOro 4TOOBI MALMEHT CMOT
YTO-TO YBUAETH, IMOHAZOOMIMUCh “0ouku”. Bor 49ro
MNUIIYT aBTOPHL: “VY ciemnoro mauydeHTa Mbl 0ObeaU-
HIWIM BHYTPUIVIA3HYI0 MHBEKIINIO adeHO-aCCOIMNU-
POBAaHHOIO BHPYCHOIO BEKTOpa, COAEpKAIlEro
ChrimsonR (reHHO-MHXXEHEPHBIT MOAUMUIIMPOBAH-
HBIII BapMaHT KaHAJIILHOTO POIOICHHA2), CO CBETO-
BOM CTUMYJISILIMEN C TIOMOILBIO CHEAATBHBIX CBETO-
CTUMYJIMPYIOIINX OYKOB”. THBIMU CJTOBaMM, MAlIMEHT
OBLI CHAOXXEH CIIOXKHBIM ONITUYECKIM YCTPOMCTBOM C
BUJIEOKAMEPOM CHaPYK1 U IPOEKTOPOM BHYTPH, BbI-
MOJITHEHHBIM B BUJie “04KOB”. be3 Takux “o4ykoB” OH
HUYETro He BUAEN, TIOTOMY YTO KaHAJIbHEIE POIOIICH-
HBI MaJIO YYBCTBUTEIILHEI K CBeTy. YTOOBI (pM3MOII0-
TMYECKU BO30OYIUTb WINU 3aTOPMO3UTH MPOTE3UPO-
BaHHYIO KaHAJIbHBIM POIOOICHUHOM KJIETKY, HYXKHO
IaTh TOBOJBHO SIpKHWii cBeT. OMHAKO eClIM JJIs Heli-
POHOB MO3Ta 3TO HE CTOJIb CTPAIIHO, TO IAJISI CETYaTKHU
KpaitHe onacHo. OcBelast CIUIIKOM SIPKO, €€ MOXKHO
MOBPEINTh.

Kaxue sxe Tpe6G0oBaHUS JOJIKHBI TIPEIbIBISITHCS K
pOIONCUHY KaK WHCTPYMEHTY IJIsI OITOTreHEeThYe-
CKOT'O MPOTE3UPOBAHUS IeTeHEPATUBHOM CceTYaTKU?
B ux yucne BbICOKask CBETOUYBCTBUTEILHOCTD U BHI-
COKasl CKOPOCTh (hOTOOTBETa; MUHUMAJIbHBIN PUCK
GOTOTOKCUYHOCTU U MHUHHUMAajJIbHAas WMMYHOI€H-
HOCTh. BceM 3TMM TpeGOBaHUSIM OTBeYaeT He Ka-
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HaJIBHBIA POMOIICUH M3 BOOOPOCHEi, a €CTeCTBEH-
HBIIl 3pUTEIBHBIN POMXOTICHMH MaJodyeK M KOJIOOoUYeK
ceryatku T71a3a. CyTh pa3inyusi MeXIy €CTeCTBEH-
HBIM 3PUTETLHBIM POTOIICTHOM TaJIoYeK 1 KOJIOOUYeK
1 KaHAJbHBIM POIOTICUHOM COCTOUT B YPOBHE AEITO-
JIsipu3alum (Bo30yXXIEeHUsT) TIPOTE3UPOBAHHON UMU
KJICTKU B OTBET Ha MOTJIOIIEHHEIM KBaHT cBeTa. OIH
KBaHT CBeTa, ITOTJIOIIEHHBIN OMHOW MOJIEKYION Ka-
HaAJILHOTO POJIOTICMHA, OTKPBLIBAET ONWMH KaHaJl, 4ye-
pe3 KOTOPHI BHYTPh KJIETKHU TTOCTYITalOT MOHBI Ha-
Tpusi. OOuH Xe KBaHT CBeTa, IMOIJTONIEHHBIN OTHOMI
MOJIEKYJI0ii 3PUTEILHOTO POAOIICMHA, aKTUBUPYET
depMeHTaTHBHBIN KacKaj YCUJIeHUs, U Pe3yJIbTaTOM
CTaHOBMTCST OTKPHITHE MHOTHX MOHHBIX KAHAJIOB; Ye-
pe3 HUX BHYTPb KJIETKU TOCTYyMNaeT ropasno OGoblile
WOHOB HAaTpUs. [IpyruMu cJIoBaMU, YpOBEHb JICTTIONST-
pu3anun (BO30OYKIECHMUSI) IIPOTE3NMPOBAHHOI 3pH-
TeJIbHBIM POJOTICUHOM KJIETKU JeTeHEPaTUBHOM ceT-
YaTKA B OTBET Ha TIONIOIIEHHBII KBAaHT CBeTa BO
MHOTO pa3 0OoJIbIIIe, TO €CTh €€ YYBCTBUTEIILHOCTD K
CBETY TOpa3Io BhIIIE. A 3HAYUT, HE HY>KHbI HUKaKUe
“oukun”. Pacu€Thl IMTOKA3bIBAIOT, UTO €CJIU ITOPOroBasi
YYBCTBUTEJIPHOCTh KaHAJbHOTO POMIOIICMHA paBHA
103—10" kBaHTOB/CM?/CEK, TO TIOPOrOBasi YyBCTBU-
TEeJIBHOCTD 3pUTeNIbHOrO ponoricuda 10''—10'? xkpan-
ToB/cM?/cek. Takum 0Opa3oM, 4YyBCTBUTEILHOCTH
MIPOTE3UPYEeMOI KIIETKH CeTYATKM K CBETY B CiIydae
3PUTEJILHOTO POJAOIICHA Ha IBA-TPU TTOPSIIKA BHIIIIE,
YeM B cTydae KaHAJIbHOTO POIOTICHHA.

[1yTh K onrToreHeTMYECKOMY ITPOTE3MPOBAHUIO CET-
YaTKW C TOMOIIBIO 3PUTEJIBHOIO POMOIICMHA TOJIBKO
HayaT — B OKCIEPUMEHTAX Ha MOJIEIbHBIX SKMBOTHBIX.
I1o sToMy mOBOAY K CETOMHSIITHEMY JHIO OITyOJIMKO-
BaHO BCETO HECKOJILKO paboT. OKa3aaoch, UTO JIyJIIe
BCEro MJIsl MPOTe3UPOBAHUS MOAXOISIT KOJIOOUKOBbIE
ponoIricuHkI. B ycrienrHoit pabore aMepruKaHCKUX aB-
TOPOB OBUIN TTOTYYEHBI KpaiiHe 0OHaIEXXKNBaroOIINe B
3TOM CMBICJIE PE3yJIbTaThl ¢ KOJOOYKOBBIM CpEelHe-
BOJIHOBBLIM POIOIICHOM, TO €CTh C T€HOM POJIOIICMHA
U3 3eJ€HO-YYBCTBUTEJIbLHBIX KOJIOOYEK, KOTOPBIA
OHHU 3KCIIPECCUPOBAJIN B TAaHIIMO3HBIX KJeTKax [9].
MEI B Hallleli TTocnemHeil paboTe 3KCIIPECCUPOBAIIN
KOPOTKOBOJTHOBBII KOJIOOYKOBBI OIICWH, ITPUTOM
HECEJIESKTUBHO — 1 B OMMOJISIPHBIX, U B TAHIJIMO3HBIX
KJIeTKaxX JereHepaTUBHOM CeTYaTKM HOKAyTHOI MbI-
mu [10]. OcHOBHOIT pe3ynbTaT, ITOTy4eHHBINA B 3TOMN
paboTe, CBOAUTCS K TOMY, YTO HECEJeKTUBHASI DKC-
mpeccus KOJIOOUYKOBOTO OIICHA B HEPBHBIX KJIETKaX
CeTYaTKU MPUBOIUT K JOCTOBEPHOMY BOCCTAHOBJIE-
HUIO 3PUTEJIbHOM (DYHKIIMU Y HOKAYTHBIX MBIIIEH C
MMATMEHTHBIM PETUHMUTOM, Yy KOTOPBIX IETeHEPHPO-
Basm poTopenenTOpHBIN ciioii. Ha pucynke 1 mipen-
CTaBJIeH pe3yJbTaT MOBEeICHUYECKUX HCCIeIOBaHUIA,
13 KOTOPHIX CIICIYET YTO IIPOTE3NUPOBAHHbBIE KOJIOOY-
KOBBIM POIOIICMHOM CJI€TIbI€ MBIIIN CIIOCOOHBI Hali-
TH TIPaBWILHEIN IIyTh B IabupuHTe Moppuca.

YTto ke KacaeTcsl BaKHEUILIEro BOIIpoCa O TOM,
KaKHneE KIIETKN }ICFCHCpI/IPYIOH_[Cﬁ CC€TUYAKTH IJ1a3a 4e€-
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Puc. 1. I[loBeaeHUecKoe TeCTUpPOBAHUWE MBIIIEH TTOCTEe
WHTPABUTPEAIbHOW WHBEKIIMU BUPYCHBIX YacCTUL, CO-
JepXallluX TeH KOJIOOYKOBOTO OTICHHA: 86epXy — BHEIII-
HUI BUJI TpaIlellMeBUIHOTO BOTHOTO JabupuHTa Moppu-
ca; 6HU3y — MPOLIEHT MPaBWIbHBIX PELICHUI y MBbILIEH
KOHTPOJIBHOM M OMBITHOI TPYIIN, YCPeOHEHHBIN 3a MO-
cnenHue 4 nHS oOydeHUs:. [IpolieHT MpaBUIBHBIX pelre-
HUI1 y MBILLIEH, MTPOTE3UPOBAHHBIX KOJIOOUYKOBBIM OICH-
HoM, paBeH 8.1 + 2.7% (p < 0.05, t-xputepuit CTbroneH-
Ta) [10]

JIOBEKa IIEPCIIEKTUBHBI Ui ONTOIeHETUYECKOIO
MPOTE3UPOBAHUS, TO COBOKYITHOCTh ITOJIYYEHHBIX K
HACTOSIIIEMY BpeMEHM NAaHHEIX CBUICTEILCTBYET: B
3aBMCUMOCTHU OT CTaJIMM AEeTeHepaTUBHOTIO IIpolecca
NpPOTE3UPOBAHBI MOTYT OBITh U OUITOJISIPHBIE, U TaH-
IIMO3HbIe HEPBHBIC KJIETKU CETYATKU, IIPU 3TOM He-
CeJIEKTUBHOE MPOTe3UpOBaHME HEPBHBIX KJIETOK e~
TeHepaTUBHOIM CeTUYaTKM TakKxKe MOXKET paccMaTpu-
BaTbCs B KAYECTBE OJHOMI 13 BO3MOXHOCTEIA.

Ha pucynke 2 cxeMaTU4eCKM ITOKa3aHbl CTPOCHUE
CeTYaTKU U MPUHIUI €€ ONTOreHEeTUYEeCKOro Ipo-
Te3npoBaHUSA. MOXHO OBIJIO OBl MPOTE3UPOBATH
OCTaTKHU KOJIOOYEK, y3Ke MOTEPSIBIINX CBETOYYBCTBU-
TeJIbHBIe HApYXKHbIE CETMEHTHI, ITOCKOJBKY OCTATKU
KOJI00YEK HEKOTOPOE BpEMS COXPAHSIIOTCS B IETeHe-
2023
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Puc. 2. YnpoméHHast cxeMa KJIETOYHOTO CTPOCHUS CeT-
YaTKU: 3pumendHble KAemKu B XOIE JereHepaTUBHOTO
rnpoliecca — CHavaja MaJo4yKu, a MOTOM M KOJIOOYKU —
MorualoT; OUnoAApHbIe KAemKy TOCTaTOYHO J0JIT0 OCTa-
I0TCSI XKM3HECTIOCOOHBIMU, 2aH2AUO3Hble KAeMmKU, IJTH-
HBIE OTPOCTKM KOTOPBIX (AKCOHBI) B COCTABE 3PUTEIIHHO-
ro HepBa IOCHUIAIOT MHMOpPMAIIMIO B MO3T, OCTAlOTCS
KU3HECITOCOOHBIMU; OUTIOJSIPHBIC Y TAHTIMO3HbBIE KJIET-
KW MOTYT OBITh ONITOT€HETUYECKH ITPOTE3UPOBAHBI

paTHMBHOI ceTyaTKe, B TO BpeMs KaK MaJlOYKU TOTH-
0aloT B XoJ¢e AereHepaTuBHOrO rpoiecca. KoHeuHo,
ObUTO OBI 3aMeyaTeIbHO MPOTE3UPOBATh OCTATKU
KOJIOOUEK, TaK Kak IIporecc oO0padboTku mHpopma-
LU B ceTYaTKE B TAKOM ciIydae coxpaHsiics Ob1. Kak
MBIl IOMHUM, Cem4amka — 3mo 4acmos Mo32d, nome-
WEHHAs 6 21a3, Y HA BCEX YPOBHSIX €€ KJIIETOUYHOM Op-
raHu3aluy TIPOUCXOIUT CJIOXKHeHIIas o0paboTka
3puTenabHOll MHPopMaluu. B cuiabHO 00paboTaH-
HOM BHUJI€ OHA TTOCTYIAeT MO 3pUTEIbHOMY HEPBY B
3pUTeJIbHbIE LIEHTPbI MO3Ta. B 0MHO 13 nepBhIX pa-
0OT Ha CJIENbIX MBIIIAX C MUTMEHTHBIM PETUHUTOM
yIaJIoCh TTOoKa3aTh, YTO TIPU MPOTE3UPOBAHNUM OCTAT-
KOB KOJOOYEK WHHUIIMUPYETCSI (epMEeHTaTUBHBIN
Kackaj GOTOTpaHCAYKLMHU ', peanusyeTcsa 06paboTka
nHdOpPMaIIUY Ha BCEX YPOBHSX CETYATKU, ITPU 3TOM
V MBI BOCCTaHABJIUBAIOTCS CBETOUYBCTBUTEIBHOCTD,
CMOCOOHOCTh K MTPOCTPAHCTBEHHOMY OPUEHTUPOBA-
HUIO, 3pUTEJIbHO-0IIOCpeIOBaHHOe ToBeneHue [11].
OnmHako, K BEJIMKOMY COXKaJICHUIO, OCTaTKM KOJI00-
YyeK B XoJe JereHepaTUBHOTO Mpollecca yepes Kakoe-
TO BpeMsl TOXe MOrudaloT, a IoTOMY UX MPOTE3UPO-
BaHUe MPEeCTaBISIeTCs MaJlo NepcneKTuBHbIM. K To-
MY Xe, YTOObI TOCTaBUTh B HUX T€HETUYECKUII MaTe-
pua, TpedyeTcs cyopeTUHaIbHasl MHBEKIIMS, TO €CTh
BBEJIEHUE BUPYCHOTO KOHCTPYKTA 3a CETUATKY. A 3TO
JIOBOJIbHASI CJIOXKHASI XUpYypruyeckas mpoleaypa.

CJ'[e,E[YIOHII/IC 3a (I)OTOpCHeHTOpHI)IMI/I KIIETKaMHn
nayT CUMHaAIITUYCCKMU CBA3AaHHBIC C HMUMMW TOPU3OH-
TaJIbHBIEC 1 6I/IHOﬂﬂprIe KJIETKH. BI/II'[OIIﬂprIe KJIET-

! ®ororpancayKims — 5T0 MpeoGpasoBaHKe 1 YCHICHUE (TTOUTH
B MWIJIMOH pa3) CBETOBOTO CUTHAJa B 3pUTEIBHON KIIETKE, B
pe3ysbTaTe Yero BOZHUKAeT OMOJIEKTPUIESCKUI CUTHAT.
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KM, TIoJyyast uHopMaluio oT ¢oTopelienTOpOB, Tie-
penaioT e€ B 00paboTaHHOM BUIIE JalbIlle, TAaHTJIMO3-
HbIM KieTkaM. IlpeumyiiecTBa MpOTE3MPOBAHUS
OUTIOJISIPHBIX KJIETOK O4YeBUAHBI. JleficTBUTENbHO,
YaCTUYHO COXPAaHSETCsl €CTECTBEHHBIN Tpoliecc 00-
paboTK uHGopMalMKu (TePsIETCS TOJIBKO €ro Tep-
BBII 3Tan — Mexny oToperenTopamyu U OUTMOISIp-
HBIMM KJIETKaMM); HEMaJIOBaXKHO, YTO HE A0 KOHIIa
yTpaurBaeTcs obpadoTka MHGoOpMallMM U TI0 TOPU-
30HTaJd — C y4yacTHEeM aMaKpUHOBBIX KJIETOK (TO-
IpoOHee O MPOTE3MPOBAHUM OUTOJISIPHBIX KIIETOK
cM. 0030p [12]). OnHako O4YEeBUIHBLIM HEIOCTAaTOK
3TOTO MOJAX0Ja — BIIOJIHE peajibHasl ONACHOCTb TOTO,
YTO BCJIEJ 32 KOJOOYKaMU TOCJENyeT NereHepanus
(peMopenpoBaHe) U OUTTOISIPHBIX KJIeTOK. K ToMy
JKe Ha 9TOM 3Tare JereHepaTuBHOro Mmpoliecca Mmpo-
HWCXOAUT peopraHu3alivs CUHAITUYECKUX CBSI3ei Or-
MOJISIPHBIX KJIETOK C APYTMMU KiieTkamu. Kpome To-
ro, MPOTE3UPOBATh B HACTOSIIIIEE BPEMSI MOXKHO TOJIb-
Ko TakK Ha3biBaeMble ON-0UTT0IIphI (OITMCAHO OKOJIO
JecaTU (pyHKIIMOHAJILHBIX TUTIOB OUIIOJISIPOB ceTYaT-
kn). [IpaBna, npore3upoBanue ON-OUIIOISIPOB, IS
KOTOPBIX M3BECTHBI TTPOMOTOPHI, 0Ka3aJl0Ch J0CTa-
TOYHBIM JIJISI BOCCTAHOBJIEHUSI MHOTUX 3PUTEIbHBIX
¢yukuwuii [7]. IIpobiaemMa cOCTOUT B TOM, YTO OUITO-
JIIPHBIE KJIETKM TPYIHOIOCTYIHBI JJI1 JOCTaBKU B
HUX FeH-CoJepKalllero KOHCTPYKTa, IMOCKOJIbKY OHU
HaxoJsTCs B cepeauHe ceTyaTku. TeM He MeHee Cy-
ILIECTBYIOIIIME€ METObI OCTABKU MO3BOJISIIOT BBOIUTD
BUPYCHBIM KOHCTPYKT HEIOCPEACTBEHHO B CTEKJIO-
BUIHOE Tejo (MHTpaBUTpeaabHO), KOTOPBIA 3aTem
JIOCTUTAET OUTOJSIPHBIX KJIETOK.

Henbast He cka3aTh 0 MpOTe3MPOBAaHUU FAHIINO3-
HBIX KJIETOK — KJIACCUYECKUX HEMPOHOB, TCHEPUPY-
IOIIMX UMIYJIbCHYIO aKTUBHOCTB. [IpenMylinecTBa B
3TOM cJTydae HECOMHEHHBI. OnacHOCTb AereHepaun
TaHIJIMO3HBIX KJIETOK B XOA¢ JeTeHepaTUBHOIO MpPO-
ecca, Mo CpaBHEHUIO € IPYTMMU KJIIETOYHBIMU BJIe-
MEHTaMM CeT4YaTKu, HauMeHbInas. [aHIIMo3HbIe
KJIETKU, “CMOTpSIILLIME HAPYXy”, PacIioioKeHbl 011~
Xe BCeX K CTEKJIOBUIHOMY TE€JIy; OHM HAaMHOIO HO-
CTyMIHEee JIS1 HOCTaBKY B HUX T'€H-COAEPKAIlleTo KOH-
CTPYKTa IIyTEM HHTPABUTPEAIbHOM WHBEKIIUH, KO-
Topast B O(TaJbMOJIOTUM CTaja PYTUHHBIM ITyTEM
JIOCTaBKM JIeKapCTB K ceTyaTke. [IpoMoTophI 1St 11e-
JIEHaNpaBJICHHOII JOCTaBKU I'eHa POAOIICHMHA B raH-
[JIMO3HBIE KJIETKM XOPOIIO U3BeCTHBI. OMHAKO 1 He-
JIOCTaTKW IPOTE3MPOBAHUSI TaHIJIMO3HBIX KJIETOK
BeChbMa BeJIUKU. [71aBHBII M3 HUX CBSI3aH C TEM, YTO
€CTEeCTBEHHBII Mpollecc 00pabOTKM 3pUTEIbHOIT MH-
dopmalii B ceTyaTke He coxpaHseTcs. Becbma cy-
IIECTBEHHO, YTO MPOTE3MpPOBaHUE IIpeoOpa3yeT Bce
COPOK C JIMITHUM (DYHKIIMOHAJIBHBIX TUIIOB TaHIIN-
O3HBIX KJIETOK B OonuH (yHKIIMOHANbHBIN Tun. Het
COMHEHMSI, 3TO OOJBIION HEIOCTATOK OITOTCHETU-
YeCKOIro IPOTEe3MPOBAHUSI — TEPSIETCSI BECh CMBICI
clioxHeimeir oopadboTkn nHPOpMaLIM B HEPBHBIX
cliosix cetdyaTku. Ho 4TO ynuBUTENILHO TaK 3TO TO,
4TO 3pUTEIbHbIC (DYHKIIUH IIPY TAKOM IIPOTE3UpPOBa-
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HUY B 3HAYUTEILHOM Mepe BOCCTAHABIMBAIOTCS, U
9TO CBUIETEIILCTBYET O IMMOPA3UTEIBHOM IIACTUYHO-
ctu Moara. [1pu 3JIeKTpOHHOM NPOTE3MPOBAHUU, KO-
I1a BXXUBJIEHHbBIC YHUITHI BO30YKIAIOT KAKyIO-TO TOJIIO
TaHTJINO3HBIX KiIeToK 13 nmpuMepHo 1 mMurH 200 ThIC.,
HaxoSIIIUXCS B CeTYATKE IJ1a3a YyejJoBeKa, TO COBEp-
IIEHHO HEeSICHO, KaKne (PyHKIIMOHAJIbHBIE TUIIBI 3TUX
KJIETOK OHM BO30Yy:XK1aioT. TeM He MeHee 3pUTeIbHbIe
¢GYHKIIUM y YeJ0BeKa YaCTUYHO BOCCTAHABIMBAIOT-
cqa. Hampumep, coobuaercs, 4To HauboJjiee coBep-
IIEHHBINA BIEKTPOHHBIN TpoTe3 Apryc-2 MO3BOJISIET B
HEKOTOPBIX CJIy4yasix CJIeTbIM JIIOASIM Aaxe 4UTaTh
OyKBbI, HAOpaHHbIE OYeHb KPYITHBIM IIPU(MTOM.

ITpu onToreHeTMYECKOM TPOTE3UPOBAHUM TaH-
IJIMO3HBIX KJIETOK, KOT/IA KOJTMYECTBO CBETOUYBCTBU-
TeJIbHBIX KJIETOK CTaJI0O BO MHOTO-MHOTO pa3 0oJIbllIE,
YeM TIpA JIEKTPOHHOM TMPOTE3UPOBAHUM, TUIACTUY-
HOYHOCTb MO3Ta MPOSIBIISIETCSI OCOOEHHO SIpKO. B aKkc-
MEPUMEHTE y CJETION MBIIIH, TIPOTE3UPOBAHHOMN KOJT-
OOUKOBBIM POJIOTICUHOM, YCIEIIIHO BOCCTaHOBWJICS
LEbI psii BaXXHEUINIUX 3PUTEIBHBIX (DYHKIIWA,
BKJIIOYas 3pUTeIbHYIO aganTauuio [13]. B xauHuye-
CKOM MCCJIETOBAHUU, O KOTOPOM MBI YK€ TOBOPUJIN,
ONTOTeHETUYECKOE TPOTE3UPOBAHUE TE€HHO-MOOU-
¢GULIMPOBAHHBIM KaHaJIbHBIM POJOIICUHOM IO3BO-
JIVJIO TTAIMEHTY YBUAETH IPEAMETHI HA CTOJIE U Melle-
xonHblii Tiepexon [8]. IloucTuHe, NIACTUYHOCTH
MO3Ta HEOOBIKHOBEHHO BEJIMKA, U €€ MEXaHU3MBbI
elll€ MPEACTOUT BbISICHUTD.

3k ok ok

Takum oOGpa3oM, B HacTosIee BpeMsl Haubosee
BEpOSITHOE IIpUMEHEHMNE METONOB OIITOI€HETUKU B
KJIMHUYECKOM TIPaKTUKE — 3TO MPOTEe3UPOBAHME e~
reHepaTUBHOM ceTyaTku. KiIMHUYecKre UCIThITaHUS
MoKa3ajy MNPUHLIMIUAIBHYIO BO3MOXHOCTH 3TOIO
MOaXo1a 1 ero 3(p(PeKTUBHOCTD IJIsI YACTUIHOTO BOC-
CTAHOBJICHUS 3pUTENIBLHBIX (pyHKIUi. Bcé oueBmm-
Hee, uTo 3pumenvHule G-06en0K-cesa3biearouue pooon-
cuHbl (CKOpee BCero, pOIOIICMHBI KOJI00YEK), 3amyc-
Kaolmue (pepMeHTAaTUBHBIM  KacKaln  YCHJICHUS
CBETOBOI'O CUTHAaJIa, IEPCIEKTUBHBI IJIsI ONTOreHe-
TUYECKOTO TMPOTe3UPOBaHUs. XOTS, U 3TO BaXKHO
MOTYEPKHYTh, HWCIIOJb30BAHUE 2eHHO-MOOUPUUUPO-
BAHHBIX KAHANABbHBIX POOONCUHOE KAK WHCTPYMEHTOB
OITOr€HETUYECKOTO TPOTE3UPOBAHUS JIeTeHEePATUB-
HOI1 CeTYaTKU TOXKe BO3MOXKHO. UTo KacaeTcsl IpoTe3u-
PYEMBIX KJIETOK, TO 3TO MOTYT OBITh HE TOJILKO 2aHaAu~
03Hble, 9TO y3Ke JOKA3aHO, HO U OUNOSAPHbIE KACMKU I~
reHepaTuBHONM ceTtdyaTkKu. Hamboliee mpuemiieMblit
BEKTOP IJIsl JOCTABKM I'eHa POIOIICMHA K COXpPaHUB-
LM XU3HECTTOCOOHOCTh HEPBHBIM KJIETKaM CeTJYaT-
KM — pa3pell€HHbINA IS KIMHUYECKOTO MpUMEHe-
HUSI aJcHO-acCOLMMpPOBaHHEIN Bupyc. Haxkonely
ciieayeT 0co60 MOTUEPKHYTh, UTO TOJBKO PE3YIbTATHI
KIIMHUYECKUX UCHBITAHUI MO3BOJISIIOT C YBEPEHHO-
CThIO TOBOPUTH O KAYECTBE ONTOI€HETUUECKOTO MPO-
Te3UPOBAHUS CIIETION CeTUaTKN YeI0BEKA.
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OPTOGENETICS: FUNDAMENTAL AND APPLIED ASPECTS
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The paper is devoted to optogenetics as a method that allows the cells of an organism to acquire light sensi-
tivity. The history of the origin and development of optogenetics is briefly reviewed. The role of optogenetics
in studying both the fundamental mechanisms of brain functions and in understanding the mechanisms of a
number of neurological and psychiatric diseases, including those associated with memory loss, is discussed.
The real field of clinical application of optogenetics methods to date, namely in ophthalmology, is discussed
in detail. Clinical trials have shown the principal possibility of optogenetic prosthetics of “blind” retina and
partial restoration of visual functions. Data on one of the four ongoing clinical trials, its success and limita-
tions are presented. The conditions and prospects for further development of optogenetic prosthetic technol-
ogies for blind retina in the last stages of the neurodegenerative process are discussed in detail. The question
of the type of nerve cells in the degenerating retina most promising for optogenetic prosthetics is discussed.
The authors believe that genes of visual, G-protein-binding rhodopsins (most likely cones), which trigger the
enzymatic cascade of light signal amplification, are the most promising for optogenetic prosthetics. The use
of genes of genetically modified channel rhodopsins as “tools” for optogenetic prosthetics of degenerative ret-
ina is undoubtedly possible and, as clinical trials show, quite realistic.

Keywords: optogenet, brain, optogenetic prosthetics of the retina, adeno-associated virus, bipolar and gangli-
on cells of the retina, visual rhodopsins, genetically modified channel rhodopsins, clinical trials.
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B cTaTtbe KpaTKoO OTpa)KéH ITYTb pa3BUTHUA 6aKTepVIaJTBHOVI IMaJICOHTOJIOTUM. ABTOp OITUCBIBACT, KaK C yCO-
BEPHICHCTBOBAHUEM METOJOB UCCIeIOBAaHUI IIOATBEPKAATINCH NN OIIPOBEPTaIMCh BBIIBUHYTBLIC pAaHCC
TCOPUHU. O6pamae’rc9[ BHUMaHHNEC Ha pOJIb APEBHUX 6aKTCpI/H71 B Q)ODMI/IDOBS.HI/II/I OCadOYHBIX ITOPOa, 3HAYC-
HHUE 6aKTCpI/IaJ'[bHOI71 IMaJICOHTOJIOTUMN IJIAd U3YYCHHA BOSHMKHOBCHUA U 5BOJTIOLINMM KOP BBIBETPUBAHUA U
ITaJICOITOYB. l'loz[qépKHyTa Ba>XHOCTb BHCAPCHUSA 3TOM HayKHU B IIporpaMMbl By30B, UTO ITOMOKET ITPUBJICYb

K MCCJI€A0BAaHUAM MOJIOABIX CIICITUAIMCTOB.
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YenoBeuecTBO yXke TaBHO OCO3HAJIO M J0Ka3alio
OrpOMHYI0 pojb OakTepuilt Ha 3emie. Eciu He cum-
TaTh UICTOPUIO U3YUYECHUS BIIMSTHUSI OaKTEPUIL B MEIM -
LIHE, TO peajibHOE IIOHMMaHNe UX BaXXHOCTH B (pop-
MUPOBAaHMUU, HAIIPUMEP, OCATOYHBIX TOPHEIX ITOPOI
CTaJIo CKJIaabIBaThCs UIIb B KoHIe XIX B. Tak, aka-
nemuk H.W. AHnpycoB nosarai, 4To CEpHbIE MECTO-
POXIEHUSI M MECTOPOXICHUSI OYyphIX KEJIE3HSIKOB,
HECOMHEHHO, CBSI3aHbI C IeSTEIbHOCThIO OaKTEepUit.
A o dhopMHpPOBaHUU OCATOYHBIX ITOPOA MUCAJ €Ilé
B.N. BepHaackwuii: “B reojiormyeckoii uctopuu 3emM-
JIV He yAaéTcsl OOHAPYKUTb MepHoIa — CKOJIb YTOTHO
JIPEBHETO — KOIIa o0pa3oBaHUE BCeX U3BECTHHIX IJIsI
HEro 0CaaKoOB IIPOUCXOINIIO ObI 3aBEIOMO a0MOTEeH-
HbIM I1yTéM. [Ipmuém 6uochepa 3emunu cpopmMupo-
BajlaCh C CaMOIO Hayajla KakK CJOXHasl CHUCTeMa, C
OOJIBIIIMM KOJIWYECTBOM BHUIOB OPraHM3MOB, KaXK-
JIBII1 13 KOTOPBIX BBITTOJIHSLI CBOIO POJIb B OOIIIEH cU-

PO3AHOB Anexkceit FOpbeBuy —
akagemuk PAH, coeTHuk PAH.

cteme. bes aToro 6uocgepa BooobIIe He MOTJIa OBl Cy-
IIECTBOBAThb, TO €CTh CTOMKOCTb €€ CyIIeCTBOBAHUS
ObpUIa cpaldy oOyclioBIeHa €€ CIOXHOCThIO” [1].
AHAJIOTUYHOM MTO3ULINY ITPUIEPKUBAJICI aKaIeMUK
I''A. 3aBapaun [2].

Pan uccnemoBateneit Ipu M3yYeHUM OPEBHUX
OCaJOYHBIX TOPOA HAXOAWJIM B HUX OOpa3oBaHMUS,
MOXOXXMe Ha KOKKOMAHBbIe Oaktepuu. Hampumep,
A.T. BonornnH oOHapyKMJI UX B XKEJIE3UCTHIX KBap-
ontax Kypckoit MmarHuTHo# aHoManuu. Bo BTopoit
MOJ0BUHE XX B. CTalIM ITOSIBIISIThCS ITyOIUKAIINU C
onucaHMeM BO3MOXHBLIX IPEBHUX OPTaHMYECKMX
OCTaTKOB, OOBIYHO WHTEPHPETUPYEMBIX KaK CIEIbI
>KU3HU 0€3 paCCMOTPEHUS UX PETbHOU cUCTEMaTH -
yeckoii mpuHamiaexkHoctd [3].  CymiecTBeHHBIN
BKJIaJ B (DOPMUPOBAHNE KAPTUHBI Pa3BUTHUS OpraHu-
YeCcKOro Mupa B MCTOPUM APEeBHEM 3eMyid BHECIU
amMepukaHckue [4] u coBeTrckue yuéHnie. [locnentnue
(U.H. KpsioB, M.E. Paaben, M.A. CeMuxatoB u
JIpyrve) co3dajy BbIIAIOIIYIOCS IIKOJYy CTpOMaTo-
JIMTYMKOB, KOTOpasi, K COXaJIEHWIO, B HaCTOsIIee
BpeMsl IIPAKTUIECKM COIIIa HA HET. MOIIHBIM CTH-
MYJIOM K (popMHpPOBaHUIO OaKTepHUaTbHOM MaJIeOH-
Tosioruu B 1970-X rogax mociIy:Kujio I1UpPOKoe BHE -
pEHUE 3JIEKTPOHHO-CKAHUPYIOUIC U 3JIeKTPOHHO-
ToMorpaduueckoii MuUKpockormu [5, 6]. BaxxHbiM
3TAnoM CTaJIo MPUMEHEHNE 3TUX METOJOB IMPU U3Y-
YEeHUU METEeOPUTOB (YINIMCTBIX XOHApPUTOB) [7, 8].
IlepBric pe3ynbTaThl (HalIpuMep, OoIpeacaeHre BO3-
pacTa 110 HUM I1oapa3aciieHuii pudesi) BecbMa oOHa-
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Puc. 1. O6mwmit Bun Udokania (a) u npunuimmgoBKa, Ha KOTOPOU BUIHBI JHUIA BHYTPU TPYOKH (6)

IEXWBaIA, OTHAKO YAaCTO BBI3BIBAJIM WM JTOBOJHHO
KECTKYIO KPUTHKY.

Cpenu HauboJiee BBIIAIOLINXCS MCCIEIOBAHUI B
MepUo TMepexoga OT ONTUYECKON MUKPOCKOMUU K
SJIEKTPOHHO cieAyeT OTMETUTD paboThl M. Becrana,
M. Bemua, P. I'yBepa, a Takke pOCCUICKUX YUEHBIX U3
[TaneonTonornyeckoro mHCTUTYTa UM. A.A. Bopucs-
ka PAH u MacTuTyTa Mukpoouoiaoruu um. C.H. Bu-
Horpaackoro PAH [8—12]. IToxydyeHHbIe UMM maH-
HbIe OBLJIM HEOOBIYHBIMU M Cpa3y 3aTpOHYIN chephl
MajJ€oHTOJOTUU CaMbIX APEBHUX TOIII 3eMJIM U Tia-
JIEOHTOJIOTUYECKOTO U3YYeHUS KOCMUYSCKOTO MaTe-
puana. Tak, mocie nyonmkanum KomaHmgoit 1. Maxk-
Kesa [13] pe3yabTaToB HMCCISTOBAHUS BO3MOXKHBIX
00JIOMKOB ¢ Mapca orpOMHBIIf MHTEpeC K 3TOM Mpo-
G1eMe MPOSIBUIIA KaK POCCUMCKHUE, TAK U aMEepUKaH-
ckue yu€Hnie. B konue 1990-x ronoB Mu1 ¢ I'A. 3aBap-
3UHBIM chOPMYJINPOBATI HOBOE HAYIHOE HAIIpaBJie-
HUe — bakmepuanvryro nateonmonoeuro [14]. B CIIHA
Ha 0a3ze MEXIYHAapOmTHOTO OOBEOVMHEHUS YYEHBIX
“ObmectBo  ontuku U ¢oroHuku”  (SPIE)

Puc. 2. ['y6ka 13 paiioHa 1 OTJIOXKEHMIA TOTO Xe Bo3pacTa,
e HavneHsl Udokania

BECTHUK POCCUNCKON AKAIEMHUU HAVK

TOM 93

P. XyBepoMm ObLta opraHm3oBaHa CICLaabHAs CEK-
M acTpoOMOoJIOTH, a B Poccuut co3maHsl Tabopato-
pus B [ITMH um. A.A. bopucska PAH u Coset no
actpoobuoniorun PAH. Ynajnock mocTaBUTH CIIELIU-
aJIbHBI Kypc OaKTepuajabHOIl ITaJIEOHTOJOTUM B
MTY. K 2002 r. ormyoskoBaHa nepBast KHUra “baxk-
TepuaabHas MaJeOHTOJIOTHsI”, BTOPOIl TOM KOTOPOIA
BHIIIIEN B cBeT B 2021 1. [5, 6].

Pa3zHoob6pa3Hble HOBBIE TaHHbBIE 110 OaKTepHUaTb-
HOI MajJeoOHTOJIOTUM BO3OYIWIM MHTEPEC K BO300-
HOBJIEHHIO TTOMCKOB 00Jiee CJIOXHBIX IO CPaBHEHUIO
¢ OGakTepusIMM M MPOTUCTAMU OPraHU3MOB, B TOM
yuciie K octaBiaeHHBIM nMu ciienaM (Trace Fossils).
Crenpl IBUXKEHUS WU CBEPJICHUS CAHTUMETPOBOM
pPa3MEepHOCTHU CTyKaT JOCTATOYHO HaAEXKHBIM CBUJIC-
TEJILCTBOM CYLIECTBOBaHM LiejoMat'. Takue cienst
3apUKCHUPOBaHBl B OTJIOXEHHUIX Bo3pactoM 1.4 m
1.6 mupa et [ 15]. TTepeocMBICTIEHBI U CTAIN TOAPOO-
Hee U3y4yaThCsi MHOTHe 00pa30BaHUsl, KOTOpbIE 3aBe-
JToMo ObUTH ayKapuotamu [16, 17]. Bosee Toro, MHO-
TOJIETHUI CIIOP O BOBHUKHOBEHUU OPraHW3MOB poja
Udokania? 3aBepiiwicss B IMOJIb3y UMX METa30MHOIO
(eIeHTOPaTHOTrO) MpoMCXoXKaeHus (puc. 1).

B mocnenHee BpeMsi B palioHe MPOUCXOXKIASHUS
Udokania B OTJIOXEHMSIX TOTO K€ BO3pacTa OIMICHIBA-
IOTCS TIPUMUTHUBHBIE TYOKH, YTO TOBOPUT O CYIIIECTBO-
BaHUU KOPAJIOMOMOOHBIX M TYOKOBBIX OpPraHM3MOB
yKe 2 MJIpI JIeT Ha3az (puc. 2). JlaHHbIe HAaXOIKY MHTEe-
PECHBI U ¢ IPYTOii TOYKM 3peHus: (paKTUIECKU OHU Jie-
MOHCTPUPYIOT MEPBYIO TOIBITKY MOCTPOSHUST CKeleTa
y MeTazoa (MHOTOKJIETOUYHBIX XXMBOTHBIX). B 3THX ke
OTJIOXKEHUSIX BO3pAacTOM 4yTh OoJiee 2 MJIpI JIeT 13 ra-
JeK ¢hochOopUTOB ONMMCAHBI OYeBUIHBIC TPa3suHOPU-

! Llenomatsl — TpUII00IaCcTHBIE XUBOTHBIE, 00IaqaloIINe LEJI0-
MOM, TO €CTb BTOPUYHOM BHYTPEHHEN MOJIOCThIO, OTPAHUYEHHON
TpeThbeil TKaHbI0, KoTopast IndbdepeHIMpyeTcsl BO BpeMsT SMOPHO-
HaJIbHOTO pa3BUTUSI, — Me3odepMoil. UMEHHO B 3TOi MOJOCTU
OMBIBAETCST OOJIBIIIMHCTBO OPTaHOB.

2 B 1960-x Tro/ax B ropax YmokaHa (ceBep 3abaiiKaJbCKOTO Kpast
U 1oro-3amnaj SIKkytuu) HailZieHbl UCKOoMaeMble B BUIE TPyOOoUeK
B M3BeCTHsAKe. B 1965 r. 3Tu oOpa3oBaHuUs BIEpBbIE OIMKCAN
reoJsior A.M. Jleiitec.

Ne9 2023
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Puc. 4. [1pokaproThl, KOPbI BBIBETPUBAHUS apXest

Tol (Pechengia, omHOKIETOYHBIE 3€IE€HBIE BOOOPOC-
an) [16] (puc. 3), a B KOpax BBIBETPUBAaHUS apxes

3 Kopa BBIBETpHMBaHUS — MaTepHHCKUE TIOPOIBI BEPXHE(T yacTy
nuTocdepsl (MarMaTHyecKue, MeTaMopduiecKue Uiv 0camaoy-
HbBIE), TPe0Opa3oBaHHbIe B KOHTUHEHTAIBHBIX YCIOBHUSIX Pa3-
JIMIYHBIMU (haKTOpaMU BbIBETPUBAHMUSI.

BECTHUK POCCUNCKON AKAAEMUWU HAVK

Kapenun [18] — MHorouymcieHHbIE MTPUMHUTHUBHBIE
OpraHu3Mbl HESICHOW CHUCTEeMAaTUYECKO NpuHalI-
nexHoctu (mpokapuotsl) (puc. 4). Kpome toro, B
9THUX e Kopax HalIeHBbl NCKOITaeMble aMEObI (puc. 5)
o KpaliHeil Mepe ABYX pa3HbIX BUIOB [18], TO ecTh
3YKapuoOTHL. JlaHHBIE HAXOOK BHOBb MOBJICKJIH TMC-
2023

ToM 93 N 9



BAKTEPHUAJIbHAA MMAJIEOHTOJIOT'UA 809

Puc. 5. [TaHuepHble aMEObI, KOPbI BEIBETPUBAHUS

KYCCUHM O TOM, YTO MMEJI MECTO HEe BBIXOI OpraHM3-
MOB 13 MODS Ha CyIITy, a HA000pOT.

Ha nepBoM »Tare CTaHOBJIEHUS BJIEKTPOHHO-
MUKPOCKOTUYECKON OaKTepUaTbHOU MaJe€OHTOJIO-
My ocoboe BHUMaHUE YIEJSI0Ch OCATOYHbIM T10-
JIE3HBIM MCKomnaeMbIM. Bce wu3ydeHHBIE 0Opa3Iibl
MPOAEMOHCTPUPOBAJIM HECOMHEHHOE ydyacTue Oak-
Tepuili B ux obpa3zoBaHUU. 31€Ch MOXHO MPUBECTHU
KJIaccuyecKuii rmpumMep pocopuToB, KOTOPHIE TT0-
CJIY>KUJIA TIEPBBIM U IIaBHBIM UCTOYHUKOM MHGMpOpP-
Maluu o0 YIMBUTEbHOU COXpaHHOCTU OakTepuit
(COCTaBJISIOIIMX OCHOBY 3TOTO BUJIA CHIPhS) B ICKO-
naeMoM cocTossHuU. Kak 1mo3xe rmoxkasaiu ucciieo-
BaHUs, opraHnn3oBaHHbie D. IlIkompHUKOM [10], M1-
poBbIe (pocHOpUTHI BceX BO3pacTOB (POPMUPYIOTCS
MpU aKTUBHOM YYaCTUU OMOT€HHOTO, MPEXIe BCEro
OakTepualibHOTO (paKkTopa. YOoeauTeaIbHbIe MaTepura-
JIbl MOJIYYEHBI TAKKe 10 OOKCUTaM, IIIYHTUTaM, a ca-
MBIM UHTE€PECHBIM (DaKTOM MOXKHO CUMTATh YCTAHOB-
JIeHHOe OakTepuajbHOe IPOUCXOXIEHUE I0BEJIUp-
HBIX onayioB ABcTpanuu. Ilo aHamornm ¢ omajamu
A.M. bensies n I1.B. IOxanuH mpenmojiaralor yda-
cTue 6akTepuii B 06pa3oBaHUU MOXOBBIX aratos [19].

BECTHUK POCCUNCKON AKAIEMHUU HAVK

TOM 93

OHUM K€ OIIMCBHIBAIOT HAXOOKW “KOJOHUAJIBHBIX”
MIPOKAPUOT W3 BYJKAHOTEHHO-OCATOYHBIX ITOPOI
BospactoM 1.64 mupx et [20]. He MeHee LIEHHBI pe-
3y/JIbTAaThl UCCIIEMOBAHUS y4acTUs 6akTepuil B ¢op-
MUpoBaHUU TOMTOPCKOIO peIKOMETa/UIbHOIO Me-
cropoxaeHus [21, 22].

OrpoMHO€ 3HaYeHNE NMEJIO N3ydeHe ITMaHO0aK-
Tepuit B refizeputax Kamuatrku. [lokazaHo, 4Tto
YTBEPXKIEHUE O XeMOTeHHOI (B pe3yJibTaTe XMMUUe-
CKHX MPOIIECCOB) IIPUPOIE Iei3epUTOB OIIMOOYHO.
Oka3anock, 4YTO UX MUKPOCTPYKTYpa HEOTHOPOIHA: B
BBICOKOTEMITEpATypHOU YaCTU UICTOYHUKOB B palioHe
rpupoHOB (IIPOPHIBOB HA ITOBEPXHOCTH) KOJLIOMII-
HBII KpEMHE3EM OTJIaraeTcsl YMCTO XeMOT€HHBIM ITy-
TEM, a B 00JacCTA pPacCIpPOCTPAHECHUS TEPMaATbHBIX
MUKPOOPTAaHM3MOB — OnoreHHbIM. llmanob6akrepu-
aJIbHbIE MaThI CJIY>KaT CBOEOOpa3HoU MaTpuileii, mo
KOTOPOM MPOMCXOAUT YCKOPEHHAs ONaIM3aiusi B 30-
He CMaYMBaHUS TepMaIbHBIMU Bomamu. brriomMopdHy10
CTPYKTYpPY Teii3epuTOB M3 Pa3HbIX TEPMOIIPOSIBICHUI
KamMuatku o0pa3yloT MHOTOYMCIIEHHBIE OCTaTKU
doccmM3npoBaHHBIX MUKPOOPTAHN3MOB, B TIEPBYIO
ouepenb nuaHobakrepuit [23, c. 27, 28]. KpaitHe 10~
OOMBITHBIE PE3YJIbTAThI MOJYYEHBI U TIPU UCCIeI0Ba-
HUM GaKTepHaTbHOM aKTMBHOCTU B TOPSTIMX MCTOU-
Hukax Mcmanauu [5], 4TO CTUMYJIMPOBAJIO JaJIbHEM -
lee u3y4yeHUe NesITeIbHOCTU OaKTepuii Ha W TOM
ITOBEPXHOCTBIO TEPPUTOPUIA C TOPSTIUMI NCTOYHUKAMMI.

B nmanbHeiileM 0akTepuaabHasi MaJeOHTOJOTHS,
HECOMHEHHO, OyJeT UrpaTh OOJIBIITYIO POJIb B pellle-
HUM BOIPOCA BOZBHUKHOBEHUS U DBOJIIOLUY TIPEBHUX
KOp BBIBETpHMBaHUSI U TiajieorouB [24]. Mckiouun-
TeJIbHasl COXPAaHHOCTb OPTAaHU3MOB MUKPOHHOM pa3-
MEPHOCTH, BIIEpBbIE MOKa3aHHas Ha MpuMepe OakTe-
puii pochoputoB o3epa Xyocyryn (MoHronus) [25]
Y MHOTOKPAaTHO TOATBEPAMBILIASCS TIPU U3YyYEHUU
JNIPEBHUX OCANOYHBIX MOPOI U UCKOMAeMBbIX, COAEP-
JKaBIIIMXCS B METEOPUTAX, MpUBeEJIa K OUeHb CepPbE3-
HOMY BBIBOAY: OpPTaHM3Mbl MUKPOHHON pa3MepHO-
ctu (0cOOEHHO He MMEBIINE CKeJleTa WU 000JI0YKU

CIIOPOIIOJIEHHUHOBOTrO* THIIA) NMPEKPACHO COXpaHs-
10TCs. MOXHO MPEnnoaoXuTh, YTO paHHSsIST buocde-
pa 3emun ObUIa IPEUMYIIECTBEHHO 0aKTepuaIbHO-
NPOTUCTOBOI, HOCTATOYHO YCTOWYMBOW U XKU3HE-
CMOCOOHO BO BpeMEHU M3-3a OTPOMHOI CKOPOCTHU
pPa3MHOXEHMS 9TUX OPTaHN3MOB.

MHoTroYrCIeHHbIE UCCIEA0BAHUS YIJIMCTBIX XOH-
IPUTOB (METEOPUTOB) TTOKA3aJIM, YTO OHU CcomepXaT
B OCHOBHOM (hOCCUIM3UPOBAHHBIE OCTATKH pas3iIind-
HOro pojia 6akTepuil U MPOTUCTOB, CPEAU KOTOPHIX
BCTPEYAIOTCS IIPa3HOMUTHI (3€JI€HBIE BOTOPOCIN) U
aJIbBEOJISITHI (HAATUIT IIPOTUCTOB, OOBEIUHSIONIMNIA
psiA TAKCOHOMUYECKUX TPYIIl, B TOM YKCiie UH(Y30-
puii, CHOPOBUKOB U OUHO(dnaremdar) [26, 27]. Kak

4 CHOpOHOJUIeHI/IH — XUMHWYECKU CTOMKOE BBICOKOITOJIMMEPHOEC
BE€IICCTBO, HEPACTBOPUMOE B OPTraHUYCCKUX PaCTBOPUTEIIAX U
HC UBMCHAIOIICCCA IIpn BO3JE€HCTBUN MUWHEPaJIbHBIX (Heopra-
HI/I'-IGCKI/IX) KMCJIOT U IeJI0YEeN.
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HU MapaloKcaibHO, METEOPUTHASI U apXelCKO-paH-
HempoTepo30iicKasi MUKPOHHAsI 0MoTa u3ydyeHa JIyd-
e, yeMm 6osiee Mojionasi. [loaToMy HaMm, BEpOSITHO,
HEOOXOIMMO TIEPEOCMBICTUTD €IlI€ U OCOOEHHOCTHU
pa3BuTHus 61ochepsl MO3OHEro ToKeMOpus 1 (aHe-
posost (puc. 6, 7). KoHeuHo, He cieayeT 3a0bIBaTh,
YTO paHee cIaeJaHHble HAXOOKU B apXee, IIPOTepo30¢e
W METeOpHUTaxX HYKIAIOTCSI B YTOUHEHUH UX CUCTEMa-
THYEeCKOM MPUHAIICSKHOCTH.

BakrepnanpHas ~ TTaJleOHTOJIOTUS  TTO3BOJISIET
MPUHIINITHAIBLHO KOPPEKTUPOBATh mMajeoreorpadu-
yeckHe TocTpoeHus. OnUH U3 SIPKUX pe3yTbTaToB
npencTaBieH B ctaThe [ 14]. B 3ToM KOHTEKCTE yMeCT-
HO TIPUBECTH CpaBHUTEIbHBIC XapaKTepUCTUKHU T1a-
Jneoreorpaguu B paHHeM KeMOpuu (puc. 8).

2

™ 5 MKM v 0 ; P 5 MKM
| | Pk g | |

Puc. 7. Uckommaemble OCTaTKU OpraHu3MoB B MeTeopute Opreit
a — CropoIrogo0Hoe obpa3oBaHue, 1uaMeTp 6—7 MKM; 6 — criupasieoopasHbiii Obruchivela-nogoGHBI OpraHu3M;
6 — Tasmanites-1moqoOHbIN TpasuHOMUT; ¢ — mpasuHoduT, HanomuHawmui Pechengia
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Puc. 8. [Taneoreorpacdus Cubupckoii miatopMbl B paH-
HeM KeMOpuu

a — TpanuiimoHHas TpakrtoBka (1o B.E. CaBuiikomy u
B.A. ActamkuHy): / — OTJIOXXEHUS JIaTyHHOTO THUIa; 2 —
pudoreHHble OTIOXKEHUsI; 3 — JOMAaHUKOBBIE OTJIOXKEHUSI
mesbtha OTKPHITOro Mopsi; 4 — rpaHuiia CuOMpPCKOIA T1aT-
¢dopMbI; 6 — TIOCIIe OOHAPYXKEHUST 1IMaHOOAKTEPHATBHBIX
matoB (1o A.}O. Po3anoBy u I'A. 3aBap3uHy)

Jpyroii BaxkHe1ii UTOT paboOTHI B 00JIaCTH OaK-
TEPUAIIBHON MAJIEOHTOJIOTUU — BO3MOXHOCTh IPH-
OJIM3UTENBLHO TIPEICTaBUTH OOIIYI0 KapTUHY pa3BU-
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TUSI OPTAaHUYECKOTO MUpPa B JOKEMOPUIICKOE BpEMSI.
Tak, ¢ mosiBIIeHHEM JOCTOBEPHBIX OCAIOYHBIX ITOPOT
BO3pPacTOM OKOJIO 4 MJIpI JeT ObLJI0 3aPUKCUPOBAHO
CYIIECTBOBAaHUE (COMIACHO W3OTOITHBIM HAHHBIM
M.B. IllnanoBcKoro), BEposSITHO, KpaCHBIX BOIOPOC-
JIeli, a MOXET, 1 3eJIEHBIX BOIOPOCJIEN TaH(OINHCKO-
ro tumna. MHOro4ucJieHHbIe HAXOOKU OMUCAHBI Ha
OCHOBe MatepuanoB n3 ABcrpanuu 1 FOxnao0it Abpn-
ku (3.3—3.4 mapn net) [3, 28], KoTopbie B paHHUX pa-
60Tax OOBIYHO XapaKTEePU3YIOTCS KaK CIEeAbl XXU3HU
nan apredakTel. CeromHs Oiaromapst OOJIBITOMY
00BEMY HCCIIENOBAaHUI ¢ MTOMOIIBIO OaKTepUalIbHO-
MaJCOHTOJIOTUYECKUX METOAOB B 3THUX o0Opaslax
MOXHO YBEPEHHO PACITIO3HATh Pa3HbIE BYKapUOTUUYEC-
CKH€ OpraHU3MBI.

M.M. AcradneBa 3apuKcHpoBaia 1 ormmcaia Im-
aHoOaKTepUabHbIe 00pa30BaHUS B apXeMCKUX TO-
ponax Kypckoit MarauTHOM aHoManuu [29]. MoxHo
MPEIOI0XKNTh, YTO 1 IPEBHUE apXeMCKUe CTpoMa-
TOJIUTHI, ONMMCAHHBIE PasHLIMU aBTOpamu [26, 30],
BEPOSITHO, TOXE CBHACTEIBCTBYIOT O JOCTATOYHO
LIMPOKOM PacTpOCTpaHEHUU 1IMaHOOAKTEpUATbHBIX
ob6pazoBaHuii. Kpome Toro, netaaibHoe U3y4eHUE Ma-
TepuaJioB, CBSI3aHHEIX C TaK Ha3bIBaeMOM OOJIb-
II0#1 OKCcUreHU3amue atMmocdepsl (IpUOIU3UTEITb-
HO 2.5 MJIpI JIeT Ha3ald), JOKa3bIBaeT, YTO TPaaULIU-
OHHEBIE MIPEICTaBICHNUS, ITOIIaBIINEe B YYCOHUKH BCEX
CTpaH, He MOATBEPKIAIOTCSI.

Kak oTmedanoch BeIllle, 0OOCHOBAHO TIPEACTaB-
JICHUE O MIOSIBJICHNY HECOMHEHHBIX MeTa30a He TIO3I -
Hee 2 MJIPI JIET Ha3al, a JOTOTHUTEIbHOE TIIATeIb-
HOE M3yYeHHUE CJIeNOB, OCTABIEHHBIX IPEBHUMU Op-
raHNU3MaMM, TT0Ka3aJjo, YTo IIeJIOMaTHbIE OpraHNU3MBbI
MOSIBIUTMCH HE Mo3aHee, yeM 1.6 Mupx jiet Hasaz [ 15,
26]. DTo oATBepKAAETCS ITyOINKALIUSIMHU IO aKpH-

Tapxam’, B YaCTHOCTH, IIPYA IIOBTOPHOM OOpalieHUN
K xomnekunu b.B. Tumodeesa n ero kanre “Mukpo-
dutodoccunum panHero nokemopus” [31]. K coxa-
JIEHUIO, paHee B €r0 pe3yJbTaThl HUKTO He ITOBEPUII.
Drta nHPOpMAaLIN TAaKKE XOPOIIIO COIIacyeTcs C JaH-
HBIMH 110 XeMOMOCCUIIUSIM, CIebl MeTa30a B KOTO-
PBIX OBLIM HaTUPOBaHBI 2 MJpH JieT. CleayeT oTMe-
TUTh, YTO OWOXMMUUYECKUE IaHHBIE HEe(PTIHUKOB
Tak>XXe He IMMPOTHUBOpeYaT 3ToMy (akTy.

CeronHs yxKe HE ITOIBEPraeTcsi COMHEHUIO OTPOM-
Hasl poJib 6aKTepuit 1 MPOTUCTOB B (pOPMUPOBAHUM
OCaIOUHBIX TOJIE3HBIX MCKOIaeMbIX (BKJIOYasi 10-
KeMOpuiicKIe) 1 JoKa3aHa II0JIHASI COCTOSTEIbHOCTh
yoexnenuit B.M. Bepnaackoro. Ho Bcé BhIlIecKa-
3aHHOE TMOATBEePXIaeT HEOOXOAUMOCTb MPOBEASHUS
CIIEUMAJIbHBIX MCCICOOBAaHMU, CIIOCOOCTBYIOIINX
ouocTpaTurpadmuiyeckoMy OOOCHOBAHMIO KOppeJsi-
LIMM OCAIOYHBIX TOJIII JTOKeMOpHUSs, ¢ KOTOPBIMU B
Cubupu, BepOsTHO, CBSI3aHBL OTPOMHBIE 3amachl yT-
JieBoopoaoB (puc. 9).

3 AKpI/ITapXI/I — KaXylmuecsd OMHOKIIETOYHBIMM HCKOIIa€MbIE
OCTaTKM MHMKPOCKOIIMYECKUX OPraHu3MOB, Ha CaMOM J€JIC —
HaCTOoALIME 3YKapUOThI.
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P/T xpusuc
noBUK. CTaHOBJIEHUE BCEX OCHOBHBIX THITIOB OPIraHU3MOB
Opno CTaHOBJIEHUE BCEX OCHO OB OPraHU3MO
535 € “KemMOpwuiickuii B3pbIB”, cKeseTHas ayHa

Bennckas (Qamakapckasi) hayHa

1 Ga Crabunu3salus CoIEHOCTU OKeaHa (29BarOPUTBHI)
1.6 Ga __ llenomarsl
2 Ga (Metazoa) Udokania, Protospongia
3Ga DyKapUOThI
4 Ga BykapuoTsl (LLI110BCKMIT) KpacHbIe BOZOPOCIN
4.5Ga______ Ilpororenom

JHK

PHK

DopMHUPOBaHUE TIEPUOIMIECKOTO 3aKOHa MeHeseeBa

f

[Mepuon hopMupoBaHust 3aKOHA KOMOMHATOPUKYU OMOMDUIBHBIX JIEMEHTOB

Bomopon u renuit

14 Ga Bosnb110it B3pbIB

Puc. 9. Cxema nocienoBaTeIbHOCTH BasKHEMIIIMX OMOTH-
YECKUX COOBITUI B UCTOPUU 3eMIIU

C 3apoxaeHrueM O0akTepraabHOM MajJeOHTOJIOT NN
OTKPBIIUCh ITIOTEHIIUATBLHO MEPCHEKTUBHBIE BO3-
MOXXHOCTH TTaJIEOHTOJIOTUYECKOTO 1, COOTBETCTBEH-
HO, OwuocTpaTurparMyeckoro Hu3y4deHUs1 APEeBHUX
tonu. [TonTBepkaeHreM paHHETO MOSIBJIEHUST 3yKa-
pUOT Ha 3eMJIe CIIYKaT pe3yJIbTaThl UCCIICIOBAHUS UX
(I)OCCI/IJ'II/I3I/lpOBaHHbIX OCTaTKOB Ha JOpyrmux Ttejiax
IUIAHETHOTO TUIIA BO3PACTOM cTapiie 3eMau (MeETeo-
put Opreii) [27].

st pemeHUs 3amayyd KOPPEJSIIMOHHOW Kade-
CTBEHHOI COMOCTaBUMOCTHU C MaJe030€M, YTO MOX-
HO OCYyILIEeCTBUTH B TedueHUe 10—15 net, HeoOxomuMo
MOATOTOBUTH MPEMJIOKEHUS MO TIAaHOMEPHOMY CHU-
CTeMaTU4eCKOMY U3MEHEHUI0 00pa3oBaTeIbHON Cr-
cTeMbl. BaxkHO MpuBUBaTh MHTEPEC K DJIEKTPOHHO-
MUKPOCKOITUYECKUM U TOMOTpa(UIeCcKUM UCCIET0-
BaHUSM Yy IIKOJBHUKOB U CTyAeHTOB. EcTecTBeHHO,
9TO TOTPeOyeT HaJdaXMBaHUsI KOOIEpPAllMM BY30B C
HayYHBIMU YYPEXKIACHUSIMU, TOOCHAIIIEHUS UX COOT-
BETCTBYIONIEN anmnapatypoii. Hamo BBoauTh creru-
aJlbHbIE KYpPChl B By3aX U BOCCTAHOBUTH CHEIUATb-
HOCTb “reoJiornueckasi cbéMKa”. B Kypchl MajieoH-
TOJIOTUM AOJIKHBI ObITh BKJIIOUYEHBI pas3iesibl Mo
MUKPOHHBIM 0O0OBEKTaM IMaJIECOHTOJOTMYECKOTrO
TOJIKA.

B cBs3u ¢ HOBU3HOM TIpeajiaraeMbIX MPUEMOB
U3y4eHUs IpEeBHUX MOPOI BOBHUKAET IMMOTPEOHOCTH B
pa3paboTKe psia METOAUIECKUX PEKOMEHAALINI, KO-
TOpbIEC CJEAYyeT OMyOJMKOBaTh B BUAE BO3MOXKHBIX
HaCTaBIIEHWI: 110 TIpUMeEpy OITyOJMKOBAHHBIX B
1950—1960-¢ rombl Mo OTHETBHBIM TPYITaM (hayHBI 1

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

GJII0pBI, KOTOPHIE MOCTYXKUIIN IIPEKPACHBIM ITOACIIO-
pheM I paboTaroIINX Ha TeOJTOTMIECKON ChEéMKE 1
MoOBIX cTpaturpadudeckux padorax. Iloarorosky
TaKMX MaTepUajIoB JOJDKHEI B3SITh Ha ce0sT yupexe-
HUS, IIOe IomoOHas HesATeIbHOCTh yXe HajlaXeHa.
be3ycnoBHO, Ha TEpBBIX MTOpaX HEOOXOIMMBI pery-
JISIPHBIE COBEIIAHUS M CeMUHApPHL IJ1s1 (OpMUPOBa-
HUS eIMHOOOpa3HOI MeTOINKM McciienoBanns. CTo-
UT TONpPOoOOBaTh OPraHU30BaTh MOATOTOBKY HOBBIX
Y4YEOHBIX ITOCOOUIA, YYUTHIBAIOIINX XOTS U (DparMeH-
TapHBINM, OMHAKO HOBBIN U BasKHBIN KOMIUIEKC TOOBI-
TBIX 3a TIocJIenHee BpeMsl 3HaHuii. KpoMe Toro, maje-
OHTOJIOTaM U cTpaTurpadaM, Hy>KHO IIPOBECTHU TIIIa-
TEJIbHBII aHAIU3 COCTOSTHUS PEeaJIbHO JEMCTBYIOLINX
KaJpoOB 1 BBISIBUTH JJAKYHBI, KOTOpbIe 00Opa30BaIlCh
B pe3yJIbTaTe Jerpagallii OpraHu3allMOHHON CTPYK-
TYpBI U pa3pylIeHnusT Hayku B yupexaeHusx PAH u
By3ax.
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BACTERIAL PALEONTOLOGY TODAY AND TOMORROW

A. Yu. Rozanov!*

!The Paleontological Institute, Russian Academy of Sciences, Moscow, Russia
*# E-mail: aroza@paleo.ru

The history of bacterial paleontology is outlined. The author describes how the refinement of methods has
lead to confirmation or rejection of proposed hypotheses. The role of ancient bacteria in the genesis of sedi-
mentary rocks and the importance of bacterial paleontology for understanding the origin and evolution of
weathering rinds and paleosols are emphasized. Incorporating this discipline into university curricula is im-
portant to attract young researchers to this field of study.

Keywords: bacterial paleontology, sedimentary rocks, microscopy, protists, eukaryotes, fossils.
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Buonornyeckrie MHBa3UM 4yKEPOIHBIX BUIOB — OCBOECHME XXUBBIMU OPraHM3MaMU TEPPUTOPHUIA M AKBATO-
puii 3a IpeeiaMyi UX UCTOPUYECKOTO apeaia — MPHOOpeIn B HACTOSIIIEe BpeMsT TUTAHTCKUIA pa3Max, 3a-
TPOHYB BCE CTPaHbl M KOHTUHEHTHI. HabogaeMble B ITOC/IEAHEE BPEMS TEHACHIIMY Pa3BUTHSI MHBA3HOH-
HOTO MpoIecca CBUAETELCTBYIOT O CYIIECTBEHHOM ero nHTeHcuduKaluu. B npemaiaracMmoM 0630pe npu-
BOJISITCSI CBEICHUSI O MacIuTabax OMOJOTMYCCKUX MHBA3M Ha 3eMJle, ICTOPUU, COBPEMEHHOM COCTOSIHUU
1 OCHOBHBIX HAIPABJIEHUSX HayYHBIX MCCIIEI0BAHMI B 3TOM 001acTH. B yacTHOCTH, paccMOTpEHBI (DaKTO-
DBbI, OIIPEIEISIONINE BO3MOXHOCTD BCEJIEHUST YYKEPOIHOIO BUIIA; 3TAIlbl MHBA3MOHHOTO IPOLIECCa; KO0~
rMYECKUe, TeHETUIECKUE W DBOJIOLIMOHHBIE TTOC/IEACTBUA MHBA3UIA IS TIPUPOIHBIX SKOCUCTEM; BO3IEH -
CTBHE BUIOB-BCEJCHIIEB Ha 0€30IIaCHOCTD U 3I0POBbE JIIOACH U COLIMAIBHYIO Chepy U SKOHOMMUKY; ITOIXO0-
IIbI K IPOTHO3UPOBAHUIO U YIIPABJIECHUIO MHBA3MOHHBIM IIPOLIECCOM.

Knoueguie cnosa: nHBa3us1, 4y KepoOaHbI BUI, MHBAa3WMOHHBIN BUI, HATYpaJIU3alivsl, UHTPOIYKIIUS.

DOI: 10.31857/50869587323090050, EDN: XMYMQO

B ycinoBusix m1o0aJbHBIX BBI30BOB, KOTOPbBIE CTO-
SIT TIEPE YeJIOBEYECTBOM B MOCITEIHUE TECITUICTUS
(KJIMMAaTUIeCK1e N3MEHEHMS, 3aTrPSI3HEHNE OKPYKalo-
e cpeabl M MepedKCIuTyaTaliisl BO30OHOBIISIEMBIX
MPUPOIHBIX PECYPCOB) 0COOOE MECTO 3aHUMAET MPO-
O1eMa OMOJIOTMYECKMX MHBA3M Uy>KEPOMHBIX BUIIOB.
HccnenoBanust 31oii MpobjeMbl BO MHOTMX CBOMX ac-
MEKTaX CBSI3aHbI C CO3MAaHNEM HAaYYHBIX OCHOB CTpaTe-
MU 00eCITeYeHUST OMOJIOrMIECKOI 0€30ITaCHOCTY MHO-
I'MX CTpaH MUpa, BKIItouasi Poccuiickyio denepanuio.

ITon TepMuUHOM 6uos02UYecKas UHEA3US OOBIYHO
IMTOHUMAIOT COo3MaHNe KaKNM-JIN0O0 BUIOM XXUBBIX Op-

AT'EBYAI3E HOpwmii KOanano-
BUY — akanemMuk PAH, 3aBenyio-
it taboparopueit UTIDD PAH,
| 3aBemyoIIMii Kadempoil oOImeit
5KOJIOTUU U  TUAPOOMOJOTUU
| MI'Y um. M.B. JloMmoHOCOBa.

raHW3MOB CaMOBOCHpPOU3BOAsIIECs (YCTOHUMBOI)
MOTYJISILIAY 3a TIpelieJIaMU €ro eCTECTBEHHOTro (MCTO-
puyeckoro) apeaiua. Takue pacuiupeHusi TeppUTO-
puii U aKBaTOPHUIi, B KOTOPBIX OOUTAIOT BUIbI XKMBbIX
OpPraHu3MOB, MOTYT IPOUCXOAUTh B PE3YJIbTATE ECTE-
CTBEHHOTO CaMOpaccCeeHUsI, CBI3aHHOIO C KJIMMa-
TUYECKUMU U3MEHEHUSIMU, GIYKTyallusiMU YuC-
JIEHHOCTHM Y PECcypcoB, a Takxke MpeaHaMepeHHON 1
cydyaiiHOM MHTPOAYKLUMHW WIU PEUHTPOAYKLIMU Ye-
JIOBEKOM IIEHHBIX B XO3SIICTBEHHOM OTHOIICHUU
(“TI071e3HBIX”’) OpraHM3MOB (PaCTeHUIT 1 XKUBOTHBIX).

CrienyeT OTMETUThb, YTO WMHBA3UM 4YYKEPOITHBIX
BUIOB TIPOMCXOOWMIN BCErna, C Hadajia ITOSIBIICHUS
KM3HU Ha Halleil turaHere. McciaemoBaTenu XpoHO-
JIOTUYECKU BBIICHSIOT NaleouH8a3uy KaK OTAeIbHbII
Turn. IlageonHBa3uu ObLIN CBSI3aHBI C TTIOOAJIbHBIMU
reoJIOTUYECKUMU Y KIIMMATUYECKUMU U3MEHEHUSIMU
3eMin B JAJIEKOM IIPOIIJIOM: C COCIMHEHUSIMUA U
pa3beIMHEHUSIMU KOHTHHEHTOB, MpeoOpa3oBaHUsI-
MU BOOHBIX 6acceifHOB U T.I1. B ¢BA3M ¢ MHOTOBEKO-
BOI1 I3MEHYMBOCTBIO 3eMJI I COOTBETCTBEHHO MECT
O0OUTAHMS XWUBBIX OPTaHWU3MOB CITELIAAJIMCTHI, U3Y-
yalolllMe WHBa3UM, CTOJKHYJIUCh C TaKoil mpoobie-
MO, KaK YyCTaHOBJIEHUE BPEMEHU, C KOTOPOIro CJlie-
JIyeT CUYMTaTh HaOJrogaeMblid apeai Buma (TEppUTO-
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pyUsi WM aKBaTOpusi, Ha KOTOpPOil OH OOWTaeT)
MCTOPUYECCKUM MJIH TIPUOOPETEHHBIM.

B Hacrosimee BpeMst Ha 3TOT CUET IIpeolIagaoT
TPU TOYKM 3PEHUS: CUUTATh YYKEPOAHBIM (BUIOM-
BCeJIeHLIEM) BMJI, MPOHUKIINI 3a Tpeaesibl CBOETO
HCTOPUYECKOTO apeaia mocjie HeojmTa (C Hayaia Ha-
et apbl — 9.5 ThIC. JeT Ha3an); nociue 1492 r. (ron
OTKPBITUSI AMEPUKM, KOTOPHIM IIPUHST 3a HA4alio
SITOXU BEJIUKUX TeorpadruecKx oTKphITHii); ¢ 1800 1.
Bce Tpm TOUKM 3peHMST UMEIOT Mo, co00i BECOMBIE
ocHoBaHUs. B Havasie Haleii 3pbl UeI0BEK MepeIén
OT cOOMpAaTeIbCTBa K PAaCTEHUEBOACTBY M CKOTOBOI-
CTBY U B CBSI3U C 3TUM, KaK I0JIaraioT, ClIOCOOCTBO-
BaJl paclpoOCTpaHEeHMIO XUBBIX OpraHU3MOB. Benu-
Kue reorpaduyeckre OTKPBLITHUSI, KOTrna IIyTelle-
CTBEHHUKHN TIEPEBO3WINA XXUBBIE OPraHU3MBI C
KOHTMHEHTa Ha KOHTUHEHT, TAaKXKe CTaIM IPUYNHOM
MHTeHCU(UKALIMY MHBAa3MOHHOTO IIpoliecca. A K Ha-
yany XIX cronerus (mocne 1758 r.) cpenn y4€HBIX-
OuoJIOTOB yTBepAWJach TipeajoxeHHass Kapaom
JIuHHeeM cucTeMa KaTajaormsaluu OuopasHooOpa-
3us1 — OMHapHass HOMEHKJIaTypa, COIIaCHO KOTOPOM
KaXIblii BUI MMeeT Ha3BaHUE, COCTOsIIIee U3 JIBYX
JIATUHCKMX CJIOB. UMEHHO C 3TOTO BpEeMEHM CTajio
BO3MOXHBIM COCTaBJISITb Hay4YHbIE CIIMCKUA BUIOB
JKMBBIX OPraHU3MOB, OOUTAIOIIMX B TOM WJIM WHOM
peruoHe.

MHBa3um 4y:XKepomHbIX BUIOB, KOTOPhIE IPOMC-
XOIAIT TIoc]ie 0003HAYEHHBIX AAT, OOBIYHO MMEHYIOT
yeTBepTUIHBIMU. OCOOEHHO MHTEHCUBHO WHBA3U-
OHHBII Mpoliecc cTaj HabI0aaThCsl Ha 3eMile BO BTO-
poit monoBuHe XX B., KOIJa MpakKTUIECKU BCE CTpa-
HBI MUpa CTOJIKHYJIUCH C €T0 MOCeACTBUIMU. UMeH-
HO TOIJa CcTajla pa3BUBAaTbC U TEPMMUHOJIOTHS,
CBSI3aHHAsI C BCEJIEHUSIMU OpraHu3MoB. B yacTHO-
CTU, TIOSIBUJIOCH TIOHSATUE UHBAZUOHHO20 8UOA — TYKE~-
pOIHOTO BUAA, KOTOPBIA HaTypanau3oBajcs (cosmal
CaMOBOCITPOU3BOISIIYIOCS MOITYJISILIAIO) B HOBOIIPY-
OOpETEHHOM apeayie M HAHEC CYU,eCMBEHHbL yuiepo
abopueeHHbIM 8UAAM U IKOCUCEMAM.

03a009YeHHOCTh MUPOBOTO COOOIIECTBA MPOoIIe-
MaMHM WHBa3Wii 4Yy>XepOAHBIX BUIOB OTpa3ujach B
KonBeHunu o 6moiaorndaeckoMm pazHoobpasuu (1992),
KoTopas, TIpU3HaBas “HENMPEeXOIdIIyl0 IIeHHOCTH
OMOJIOTMYECKOro pa3HooOpa3us”, JeKJapupoBaa:
“Kaxnasi moroBapuBaloliasicsi CTOpoHa, HaCKOJIbKO
9TO BO3MOXHO M 1I€JIeCO00pa3Ho, IIPEmoTBpaIiacT
WHTPOIYKIIUIO Yy>KEPOIHBIX BUIOB, KOTOPhIE yIrpoO-
KalOT 5KOCHUCTEMaM, MecTaM OOWTaHUS WM BUIAM,
KOHTPOJIUPYET WIN YHUUTOXAET TaKUE Yy>KepOIHbIe
Buabl” (cT. 8, paszmen h).

MACIOTABBI MTHBA3MOHHOTI'O ITPOLIECCA

Anamu3 nepuomnyeckux mdganuii AH CCCP u
PAH, nipoBenéHHbIit B KoHIIE 1990-x rogos, Imoka-
3ajl, 4YTo Ha Tepputopun PP oOGHapyxkeHO Oosee
500 BuOOB Uy:KepOMHBIX BUIOB KUBOTHBIX. be3yciioB-
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Taomua 1. )Kusble opraHu3Mbl, KOTopble K Hauaimy XXI B.
BCEJIMINCH Ha Tepputopuio EBpomnsl [4]

Yucno BceMUBIIUXCS qy-

OpraHu3Mbl
KEePOIHBIX BUIOB
I'pubBI 84
Mxu ¥ TUIIaHUKA 58

3749

1522 (3 Hux
HacekoMmbie — 1306)

CocynucTbie pacTeHUs

HazemHbie 6ecrto3BOHOY-
HbI€ JXUBOTHBIE

IIpecHoBOmHEBIE Oecrio- 357
3BOHOYHBIC JKUBOTHEIE

Pr10bI 75
Ampudbnn 35
Pentunuun 72
ITuust 193
Munekonuraroue 88

HO, peaJlbHOe YMCJIO BCEJIEHIIEB YXKe ToTma ObIIO TO-
paszno OoJblile, eciu MPUHSITh BO BHUMaHue olliee
CHITXEHIE B KOHIIE TIPOIIIOTO BeKa MHTEeHCUBHOCTH
TTOJIEBBIX UCCIIEIOBAHM I, KOTOPBIE TTO3BOJISTIOT ITOJTY-
YyaTh MaTepual O COCTOSIHUM OuMopazHooOpasus,
BKJTIOYAsT TAaHHBIE O HAIMINY BUIOB-BCEJICHIICB.

B Poccun B HacTosiiee Bpemst HabI0maeTcsT He-
CKOJIBKO TOPSYMX TOYEK WHBA3MOHHOTO Tpollecca.
JI1s1 Ha3eMHBIX DKOCHCTEM 3TO IIPEXIEe BCETro €BpPO-
meickas 49acTh CTpaHbl M oTdacTH Ilpmmopckuii
Kpaii. B BomHbIX 9KocHcTeMax 00JIbIlle BCeTo BCeIeH-
eB otMedyeHo B YépHom, A3zoBckoM, KacnuiickoMm,
banTuiickoM n TaMbHEBOCTOYHBIX MOPSIX, a TAKXKE B
OacceitHax KpynHBIX peK — Boaru, Oo6u u Exuces.
C navama XXI B. B eBporeiickoii yactu Poccum
BCTpEYAIOTCs clienylolnue BcejeHnbl: 1150 BumoB
pacteHuit (MpUYEM BCe OHU paHee oOuTalIu 3a rpa-
HUILIAMU PETUOHA, a He PacIIUpPsIIi CBOI apeall B €T0
npenenax); 192 Buoa pacTUTEIbHOSIHBIX HACEKOMBIX
(abcomoTHOE OOJIBIIMHCTBO U3 KOTOPHIX — BpeaUTEe-
JI1 CEeJIBbCKOIO, JIECHOTO M ITApKOBOIO XO3SIICTB);
59 BunoB pbiO; 62 BuUma miekonurtaiomux. K atomy
Ke BpeMeHU B 0acceitH YépHoOro Mopsi BCEJIMJIOCH U
HaTypaau30Balioch 156 4uyXepomHBIX BUIOB [1]; B
JaIbHEBOCTOUYHBIX MOpsix P® o6HapyxkeHO 63 Buaa-
BceaeHna [2]. I3 mpecHOBOIHBIX OACCETHOB JUAU-
pyeT Bonra: ToIbKO 4y>KepOIHBIX PBIO B €€ OacceiiHe
otMedeHo 36 BumoB (32.1% uxtumodaynsr) [3]. Cxo-
KYI0 KapTUHY KPYITHBIX MAacIITA00B MHBA3U i IEMOH-
CTPUPYIOT U JaHHbIC, MOJydEHHEIC U 3a MpeaeaMu
HaIllei cTpaHbl, B YacTHOCTU, B EBpone (Tabm. 1).

He cnenyeT 3a0bIBaTh, UTO ITpoOIeMa MHBA3UIA 9y -
KEpPOOHBIX BUIOB BKIIIOYAET U paccejicHuEe pe3epBya-
pOB, TIEPEHOCYMKOB U BO30yauTelIeil 60JIe3HEl Yesto-
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Tab6umna 2. [IporHo3upyeMblii pOCT OTHOCUTEIBHOTO U aGCOIOTHOTO YKCia 9yskepoaHbIX BUAOB ¢ 2005 mo 2050 r. [6]

KOHTHHEHT OTHOCHTENIBHOE YBeINYeHHE AGCOIOTHOE YBETUUCHUE
2005—-2050rr., % 2005—2050 rr.

Adpuka 39 (14.51) 767 £ 133
A31s1 yMEPEHHOTO ITosica 50 (0.117) 1597 £ 197
Tpornuueckas A3us 30 (10.67) 360 £ 78

ABCTpanust 16 (5.28) 1286 *+ 44
EBporma 64 (13.100) 2543 + 237
CeBepHast AMepuKa 23 (6.42) 1484 + 74
TuxooKeaHCKHE OCTpOBa 21 (0.56) 132 £29

IOxHast AMepurka 49 (16.99) 1391 £ 258
B cpennem 36 (0.117) 1195 £ 131

prweltaHue: OTHOCHUTENIbHOE YBECJIIMYCHUE NIPEACTABIACT coboit CpE€aHEE OTHOCUTEIBbHOEC YBCJIMYCHUE U NAUAIIa30H YBEJIMYECHUSA 110
TaKCOHOMMYECKUM IpyIIiaM, abcosoTHOE YBEJIIMYEHUE — 3TO CYMMbI MOABJIAIONIUXCA YY2>KEPOAHBIX BUAOB U CTAHAAPTHBIC OTKJIIOHE-
HUA 110 TAKCOHOMMWYECKUM T'pyIIIIaM. AOCOTIOTHBIN POCT paCCUMThIBAJICA TOJIBKO C y‘{éTOM TAaKCOHOMMYECKUX I'PYIIIT, KOTOPBIC OB
JOCTYIIHBI 1JIA OOJIBPIIMHCTBA KOHTUHEHTOB (COCY,E[I/ICTBIC pacTeHusd, pI)I6I>I, HOTULBI U ‘-II[CHI/ICTOHOI‘I/Ie).

BeKa, XKMBOTHBIX 1 pacTeHuii. B yacTHOCTH, YetoBe-
YeCTBO IIePEeXMIIO TP KPYIIHbIE ITaHAEMUN YYMEI, B
pe3ylibTaTe OMHOM 13 KOoTophixX (1346—1353), 1o pas-
HBIM olleHKaM, B EBporre moru6:0o ot 75 mo 200 MitH
YyeJIoBeK, YTO cocTaBiisiio 45—50% Bcero HaceleHUS
3TOM 4JacTu cBeTa. PacmpocrpaHeHne BO30OyIWTENS
qyyMbl Yersinia pestis B 3HAUUTEIbHOUN CTENEHU OOY-
CJIOBJICHO apeajlaMM HOCHUTEJel 3TOro MuKpooOa, a
9TO0 OoJjiee yeM 233 Buma Miiekornuratomux u 180 Bu-
JIOB ¥ MMOABUIOB €0 TIEPEHOCYUKOB — 010X [5].

OCo0EeHHOCTb COBPEMEHHOI CUTYallUU — UHIEH-
cughuxayus uHeaszuonno2o npoyecca. C KaxIbIM TOIOM
Ha BCeX KOHTMHEHTax HabI101aeTcs pOCT Yucia BU-
JoB-BceseHleB. Ha ocHOBe nMeronxcst TeHASHIU I
MeTOIaMN MaTeMaTHYeCKOro MOJIEIMPOBAHMS yaa-
€Tcd moKa3aTbh, CKOJIb MAacIITaOHO WHBA3WOHHBIN
IIpOILECC MOXET pa3BUBAThCS B Oymy1ieM (Tadir. 2).

NCTOPUA I/ICCHE,Z[OBAHI/II/UIU
BNOJIOTUYECKNX NHBA3UUN
YUY XKEPOJIHBIX BUJ10OB

CyuTaeTcs, YTO HayYyHbIE MCCIeA0BaHUs OUOJO-
TMYECKMX UHBA3UU UyXXepPOIHbIX BUJOB B COBPEMEH-
HOM MOHUMAaHUM 3TOTO SIBJIEHUS HavyaJUCh MOCTE
BbIxoqa B 1958 1. KHUTU BbIAAIOIIETOCS OPUTAHCKOTO
aKkoJjiora Yapab3a DATOHA, KOTOPHIM MoOKa3ajl Mac-
IITAOHOCTb 3TOTO SIBJIEHUSI W OO0OOIIMI OOJbIION
00BbEM JaHHBIX O BUIaX-BCeJIEHIIaX U UX BIIMSTHUU Ha
abopureHHbIe BUIbBI U 3KOocUcTeMblI [7]. @akTuyecku
B 9TO BpeMsI TTOSIBUJIOCh HOBOE HarpaBieHUe HAyKU —
UHBA3UOHHAA Ouoaoeus. BakHo, UTO 110 MHUIIMATUBE
npodeccopa Omosorundeckoro dakyaprera MIY
M. M.B. Jlomonocosa H.I1. HaymoBa xaura 4. Di-

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

TOHaA JOBOJIBHO 6BICTpO 6BU13. InepeBcacHa U n3gaHa
5 CCCP [8].

O4eBUIHO, YTO MHBA3WMOHHAsI OMOJIOTUS ITOSIBU-
JIach He Ha IIyCTOM MecTe. MHOTHE MOJIOXKEHUS, KO-
TOpBIE TEIeph BOILIM B 3TO HalpaBJIeHHE, JaBHO
pPa3BUBAJINCh BIHUACMUOIOIaMH, IIapa3UTOJIOTaMM,
dusmonoramm, 6moreorpadamMu, 60TAaHNKaAMH, 300~
JIoraMH, 2KOJIOraMu, TeHeTMKaM1 M 3BOJIOLIMOHM-
cramu. Oco0o cieayeT OTMETUTh HAyYHbBIE UCCIEI0-
BaHMsI, CBSI3aHHBIE C TIOIYISIpHOI (ITpeXae BCEro B
XX B.) OeSITENbHOCTBIO TT0 MpeaHAMEePEHHON UHTPO-
IYKIIUU XUBBIX OPraHU3MOB 3a TIpeielaMu UX ecTe-
CTBEHHbIX apeaJioB. [lepBoHavyaIbHO pabOThI BEJIUCH
B HaIlpaBJICHUY MOUCKA MOJIE3HbIX JJISI YeJIOBEKa XK1~
BBIX OPTaHU3MOB, KOTOPBIX MOKHO OBLJIO OBl TPUBE3-
TU U3 OTHAJIEHHBIX PETUOHOB U HAaTypaJIu3oBaTh B
HOBBIX MecTax. [Ipu 3ToM M3ydyaauch Kak BUIbI, KO-
TOpHBIE, KAK CYUTAJIOCH, MOIJIM ObI IIOBBICUTH IPOIYK-
TUBHOCTb a0OPUTEHHBIX 9KOCUCTEM 1 YBEJIIMYUTH ac-
COPTUMEHT pPECYpCOB, HCIIOJb3YEMBIX YEIOBEKOM,
TaK W BUIIbI, CIIOCOOHBIE TIOMOYb JIFOISIM OOPOTHCS C
BpPEIUTEIISIMU CEIbCKOro xo3siictBa. He oOcyxmas
eJIECOOOPa3HOCTh MOJOOHBIX MEPOIIPUITUI, MOXK-
HO C YBEPEHHOCTBIO CKa3aTh, YTO ITOJIYYCHHBIE B paM-
KaX MOATOTOBKU U MPOBEACHUS MHTPOAYKLIMM Hay4d-
HbIE€ pe3yJbTaThl MHOTO HajM ISl TIOHMMaHUsS X0o1a
MHBA3MOHHOTO Ipoliecca, B OCOOEHHOCTH JIJISl OLICH -
KM BO3MOXXHOCTEM BCeJICHIIEB aAalTUPOBaThCs K HO-
BBIM abuoTu4yeckuM (pakropaM cpeabl. Kpome Toro,
B pe3yJIbTaTe 3TUX UCCIICAOBaHMIA Oblia IIpeaIokKeHa
cxXeMa MHBa3MOHHOTIO IIpoliecca, NOAPOOHO OMuca-
HEBI 3TaIbl ¥ ONpeie/icHbl CPOKU HAaTypaanu3alu 9y-
XKEPOOHBIX BUIOB IIOCJE MX IIPeIHAMEPEHHOI MH-
Tpoaykuuu. CIeOyIIIMM 3TalloM MCCICOOBaHUMA
CTajl aHaJIn3 Pe3yJbTaTOB MHOTOJIETHUX MCCIEI0BA-
Ne 9
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YuciaeHHOCTh

1 1 1 1
I 11 11 v \"
da3zpr

Puc. 1. OcHoBHBIC 3Tanbl ((pa3pl) THBAa3MOHHOIO IIPO-
uecca: | — BeKMBaHUE MepBBIX pekpyToB; 11 — coznanue
camoBocIipousBoseiics nomyssiiuu; 111 — B3pbiB umnc-
nenHocty; IV — nageHue yncieHHOCTH; V — cTabuim3a-
LMs1 YMcieHHocTH (110 [9] ¢ u3MeHeHusIM1)

HUI MO0 MHTPOAYKIMY U CO3JAaHUE CBOIOK IO POy
BUIOB-BCceJIeHIIeB. Tak, B Hallel cTpaHe ObLIN OITy0-
JIMKOBaHbI MOHOTrpauu MO KOJIOPAJICKOMY XKYKY,
IpeiicceHe, OHIaTpe, MeJIsian, OBLUEOBIKY U PSIy APY-
rux BugoB-BceseHlleB CCCP u Poccun. B HekoTo-
pBIX paboTax ObUIU MPEAIIPUHSTHI ITOITBITKY OLICHUTh
BO3IEiCTBIE BUIOB-BCEIIEHIIEB HA DKOCUCTEMBI-pe-
LIUMTAECHTHI.

COBPEMEHHDBIE HAYYHBIE
IMPEACTABJIEHHMA O BUOJIOTMYECKHNX
NHBA3UAX YYKEPOIHbBIX BUIOB

OcHoBHble (haKTOpbI, ONpenesisIonye BO3MOKHOCTD
BCeJIeHUs YyXKepoaHoro Buaa. B HacTosiee BpeMs B
WHBAa3UOHHOU OMOJIOTUM CJIOXWIJICS OCHOBHON TO-
HATUUHBIN armapar, oTpaXarolluili B TOM 4YuCiie U
HalpaBJIeHUsI UCCJIeNOBaHU B 3Toil 006JacTH.
IMpexne Bcero npencTapiisieTcsl BaXHbIM YCTAHOBUTD
OCHOBHBIE (DAKTOPHI, OTPEAESIONINE BO3MOXHOCTh
BCEJICHUS YyKEPOTHOTO BUAA B Ty WU UHYIO KOCHU-
creMy. AHalIM3 yCIeNIHbIX MHBa3ui MokKasas, 4yTo K
TakuM (paKTopaM OTHOCSITCSI:

* HaJTM4¥e TPAaH3UTHBIX MyTell MHBa3Wil (MHBa3M-
OHHbIE KOPUIIOPhI) — MYTeil, IO KOTOPHIM TTOCTOSTH-
HO TIepeMEeIalOTCs XXUBbIe OPTAHU3MBI U3 perMoHa-
JMOHOpPa B peTUOH-PEIINITHEHT;

* HaJIM4Me BEeKTOPOB (CIIOCOO0OB) pacnpoCTpaHe-
HUsI, KOTOPbIe OBIBAIOT ecrmecmeeHHbiMu (CaMmopacce-
JIeHUe, HallpuMep, MUTPallUi XUBOTHBIX; THIPOXO-
pHs, TO eCThb OJ1aromapst BOTHBIM TEUCHHUSIM MOpei 1
IMPECHOBOMHBIX BOAOTOKOB; a3POXOPHsI, TO €CTh pac-
MPOCTPaHEeHUE C BO3AYIIHBIMU MTOTOKAMU) U AHMPO-
noeennvimu (MIpemHAMEpPEHHAs WM CIydJaifHas WH-
TPOLYKIIMS — aHTPOIMIOXOPUSI — C HA3€MHBIMU TPaHC-
MMOPTHBIMK CPEICTBaMM W cymamMu (oOpacTaHwus,
OajutacTHBIE BOABI), “XyIWUTaHCKAs MHTPOMYKIIMS
HaIrpuMep, BBIITYCK aKBapMYMHBIX TMAPOOMOHTOB,
9K30TUYECKUX MUTOMIIEB, BUIOB, HUCIIOJb3yEeMbIX B
TTUTITY YeJIOBEKOM, HAKWUBOK UTSI JIOBJTA PBIO 1 TIPOY. );
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* aJanTUBHBIE BO3MOXHOCTU BHAA-BCEJIEHIIA —
LIMPOTa HOPMBI peaKLMK Ha (haKTOPHI CPEIbI;

* reHeTUYecKoe pa3HooOpa3ue BuUIa-BceeHIa
(HarpuMep, YCIENTHOCTh MHBA3UU MOXET ObITh BbI-
1lIe, €CJIU B HOBBII apeasl MoIamacT CMeCh BCEICHIIEB
M3 pa3HbIX aAJUIONATPUUYECKUX AOHOPCKUX ITOITYJISI-
Uit BUOA);

* BeJIMYMHA TIpecca peKpyToB (propagile pres-
sure) — omnpenesasieMasi KOJM4eCTBOM (YMCJIOM BCe-
JIMBIIUXCS 0COOEI) U YaCTOTOM MPOHUKHOBEHUS Uy~
KEePOIHOTO BHA B HOBYIO JIJISI HETO 9KOCUCTEMY;

* HaJluuue CUMOUOHTOB (Psi BUAOB HYXXIAeTCS B
OopraHm3Max-CUMOMOHTaX, KOTOpbIe O0ECIIeUnMBAIOT
MM HEOOXOIUMBIC JIJISI CYIIIECTBOBAHUS XXU3HECHHBIC
GYHKLIMU, HAIpUMep, OMOTeHHbIE JIEMEHTHI, a30T U
bocdop);

* YSI3BUMOCTh a0OPUTEHHBIX 3KOCUCTEM: HCCIIC-
JIOBaHMSI MoKa3aju, 4YTo HanuboJjiee mMoaBep>KEeHbI NH-
Ba31sIM 3KOCUCTEMbI, HApyLLI€HHbIE IPUPOIHBIM WU
AHTPOMOIEHHBIM BO3AECHWCTBUEM BCJEACTBUE U3ME-
HEHMUM KIuMara, 3eMJIETPSICEHUI, HABOAHEHUM, MO-
KapoB, 3arpsi3HeHU (BKIIOYasl TEIJIOBOE), U3MEHe-
HM OasaHca OMOTreHHBIX 3JIEMEHTOB (3BTpodupoBa-
HME), IepedKCILTyaTalluu OMOJIOTUUECKUX PECYPCOB,
a TaKKe HapylLIeHHbIe IPU CO30aHUM HOBBIX aHTPO-
MOTeHHBIX KOCUCTEM — arpolieHO30B, ypOOIIeHO-
30B, KaHAJIOB, BOOOXPaHWJINILI.

INepeunciieHnble (akTOPhI OMPEACSIOT YCHEII-
HOCTb U XOJI MHBA3MOHHOTO IIpolecca, IMPUIYEM HUX
pOJIb MOXKET MEHSIThCS B KaXKIOM KOHKPETHOM CIIy-
yae — B 3aBUCUMOCTH OT OIIpeIeIEHHOMN 3KOCUCTEMBI
M TOTO UJIM WHOTO BUIa-BceneHa. BeigBaenue gak-
TOPOB, OIPEACIISIONINX BO3MOXKXHOCTb BCEJICHUS Uy-
KEPOIHOTrO BUIA, HE TOJLKO TUKTYET HAIIpaBIICHUS
Hay4YHBIX MCCJIEOOBaHUI MHBAa3MOHHOTO Mpollecca,
HO U SIBJISIETCSI OCHOBOIA IUIs1 OLIEHKY pUCKa, IIPEaOT-
BpAallleHUsI U KOHTPOJISI MHBA3UiA.

OcHoBHble 3Tanbl WHBA3MOHHOrO mpomecca. Kak
yXXe OTMeUYasioCh BbIlEe, eIl B MEPUOI yBIECUCHUS
npegHaMepeHHOM MHTPOAYKIIMEN “HOJIe3HBIX” I
YeI0BeKa XKMBBIX OPTAaHU3MOB B ITPOIILIOM BeKe OblIa
MpemIoXeHa o011asi cxema XoJla MHBa3MOHHOTO MPpOo-
Iecca, OCHOBaHHasI Ha HAOTIOMCHUSIX 3a TIOTTYJISIIIHST-
MU BUIOB-BCEJEHIIEB (puc. 1).

Oco06eHHO BaxKHBIM JJIs ycIieXa MHBa3UM SIBJISIET-
ca niepuon Mexny dazamm I m 11, mpomomknTens-
HOCTb KOTOPOI'O 4YacTO MMEHYIOT Jar-c¢aszoil (3a-
JIep>KKOM) WMHBAa3WMOHHOTrO Tipoliecca. besyciaoBHO,
MPOIOJLKUTEIBHOCTD Jlar-¢a3bl 3aBUCUT OT YIIOMSI-
HYTBIX BBILIE (haKTOPOB, OOYCIIOBIMBAIOIINX BO3-
MOXHOCTb MHBAa31UM, U YaCTO ObIBAaET BEChbMa MPOTSI-
x€nHoii. Harpumep, B mpuBenéHHOM B KHUTE Y. D1~
ToHa [7, 8] ciaydyae WHBa3MM MOPCKOM MHHOTH
Petromyzon marinus (camopaccejieHue mocje TIo-
CTPOMKM Y3JUISHACKOTO KaHaja) B Bemmkue o3€pa
CeBepHoif AMepuKu Jar-dasa mmiack 6osee 20 jer,
a Ipu IIpegHaMepeHHOM MHTPOIYKIUS KAMYATCKOIO
Kpaba Paralithodes camtschaticus B bapeH11IeBO MOpe B
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Puc. 2. Cxema OMOJIOTMYECKOTO PEryJIupOBaHUS YSI3BU-
MOCTH 9KOCHCTEM K MHBa3usAM: I — (pakTop, MOBBIIIAI0-
LA ySI3BUMOCTb KOCUCTEM, 2 — (akTOp, MOHMXKAaI0-
LU ySI3BUMOCTD 3KocucTeM [10]

npouuioM Beke — 30 jet. MccienoBaHusT MOMYISIIIAA
BUIOB-BCEJIEHIIEB Ha MEPBBIX ATallaX MHBAa3WU1, KOrIa
eII€ He MPOM30IIlIa HaTypaJnu3alisi, 0COOeHHO BaX-
HBI 0JIs IIPOTrHO3WMPOBaHUA U IIPpEAOTBpAIlICHUA HE-
KeJlaTeIbHBIX BCEICHUIA.

H3MeHeHns KJIMMaTa KaK CTUMYJISATOpP OHoJIormye-
CKHX MHBA3Mii Yy>KepoaHbIX BUI0B. B HacTosgIee Bpe-
MdA MOXHO CUHMTATb AJOKa3aHHBIMU ITPOUCXOOAIINEC
Ha 3emiie DIOOAbHbIE KIIMMATUYECKUE U3MEHEHUS],
CBSI3aHHbIE HE TOJIBKO C MOTEIUIEHWEM, HO U C He-
YCTOMYMBOCTBIO PEKUMOB TEMIIEPATYPhl U BJIAXXHO-
ctu. Be3yclioBHO, KIMMAaTHYECKUE YCIIOBUS BIIUSIOT
Ha Bce (DaKTOpPBhI, ONPeAeIsIONnIie BO3MOXHOCTb BCe-
JISHUsI 4yxXepoaHOTro Buaa. MMemwluecss JaHHBIC
MO3BOJISIOT IIPEIJIOKUTD YITPOLIEHHYIO CXEMY YSI3BU-
MOCTHU KOCUCTEM K MHBA3HSIM 9YKEPOIHBIX BUIOB B
nepuon “cradbuiibHoro kimmara” (puc. 2). I[osbiie-
HUE NPOAYKIUU U YCUJIEHUE Mpecca XUITHUKOB Je-
JIaeT dKOcUCTeMy OoJiee ySI3BUMOIT, a abOpUTeHHBIE
KOHKYPEHTHI Y Tapa3uThI IMIPENATCTBYIOT IPOHUKHO-
BEHUIO BCEJIEHIIEB.

IloTemyieHne KJMMaTa CTUMYJIUPYET IIPOLECC
OMOJIOTMYECKOl MHBA3MM, ITOCKOJBKY BCEJICHIIBI C
1ora 0Ka3bIBaIOTCS JIyJllle TPUCIIOCOOIECHBI K HOBBIM
YCJIOBUSIM, YeM abopureHHbIe BUabl. I[1pu morerie-
HUM 5KOCHCTEMBI CTAaHOBATCS 0oJiee YI3BUMBIMU
MU3-3a pocTa MEPBUYHON NMPOIYKIIUM U BCIEACTBUE
3TOrO IOSIBJICHUSI JONOIHUTEILHOTIO MUIIEBOIO pe-
cypca M U3-3a CHIDKEHUS pOJIi a0OPUTeHHbBIX BUIOB,
TaK KaK MHOTHME M3 HUX UCHBITHIBAIOT TUCKOMMPOPT.
Bunpi-BceseHIIbI U3 00Jiee TEMJIbIX KJIMMaTUYEeCKUX
30H II0JTy4al0T KOHKYPEHTHOE IIPEMMYIIECTBO (puc. 3).

B kauecTBe TIprMepa BIMSTHUS M3MEHEHUS KITH-
MaTa Ha WHBA3MOHHBIN TPOIECC MOXHO TPUBECTH
CUTyallMI0 C BCeJEHUAMU-TUIPOOMOHTAMU TOCTe
0o0pa3oBaHMsI CEBEPHOTO BOTHOTO WHBAa3MOHHOTO
Kopuaopa B 6acceiine Bojiru u ipyrux pexk Bo BTOpoii
noysioBuHe XX B. B mepBbIe Toabl TTocjie TUAPOCTPO-
TenbecTBa B eBporeiickoii yactu CCCP (kaHainibl,
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Puc. 3. Cxema OMOJOTMUYECKOTO PErYJIUPOBAHUS YSI3BU-
MOCTH 9KOCHCTEM K UHBA3USIM IIPU MOTETUIEHUH KIMMa-
Ta: I — pakTop, MOBBIIAIOIINI YI3BUMOCTh 9KOCUCTEM,
2 — ¢bakTop, MOHMXKAIOLINI YSI3BUMOCTb 9KocucTeM [10]

CBSI3BIBAlONIE OacCceifHBI pa3HBIX peK, GOPMUPOBa-
Hue BogoxpaHwimil) B 1940—1970-e romsl B 6acceii-
He Boaru Bo Bcex rpymmax ruipoOMOHTOB (BOTHbBIE
pacTeHus, 300IUIaHKTOH, GEHTOC, PBIOBI) Mpeobiia-
JTaJI BUAbI, BCEJUBIIMECS U3 CEBEPHBIX BOTOEMOB, a
Mo37aHee, KOrjJa Hadyajaoch MIOOabHOE TOTEIICHUE
(1980—2000), 66ab111ast YACTh BCEJICHIIEB ObLa Mpe/ -
cTaBjieHa IOXHBIMH BupmamMu [4, 11]. Pacmmpenue
apeajioB I0XKHBIX BUIOB Ha CeBep HaOJIoAaeTCs 1 ISt
MHOTUX Ha3eMHbIX BUIOB. OMHUM U3 MPUMEPOB UH-
Ba3suM, B 3HAYUTEJBHOM CTENEHU CTUMYIUPYEMOIt
I7100aJIbHBIM MOTEIUICHUEM, SIBJISIETCS paclIupeHUe
apeaiia KabaHa Sus scrofa (puc. 4).

Bimmsgnue 010JIormYecKUX UHBA3Mil HA A00pUreHHbIE
BHJIbI M 9KOCHCTEeMbI. B HacTosilliee BpeMsi HAaKOIUIeH
OOJIBIIION MaTeprall OTHOCUTETHHO BIVSTHUST BUIOB-
BCEJICHIIEB Ha MECTHY10 (QJIopy U (hayHy 1 UX UHBa3U-
oHHoro apeaia. [losBiaeHue yy>KeponHbIX BUIOB 3a-

Puc. 4. [IpoasukeHre Ha CeBEPO-BOCTOK apeajia KabaHa
Sus scrofa: 1—2 — rpaHulibl apeaja, 3 — eIMHUYHBIC Ha-
xonkwu [11]
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YaCTYIO IIPUBOIUT K U3MEHEHUIO OMOpa3HOO0Opasus,
CTPYKTYPBI M QYHKIIMI 3KocucTeM. [lepeuncnio oc-
HOBHBIE (POPMBI BO3IEICTBUSI:

* BUIBI-BCEJIEHIIBI MOTYT CYIIECTBEHHO H3Me-
HSTh MECTOOOUTAaHUS aOOPUTEHHBIX BUIOB (0COOCH-
HO KOTIa HOBBIE XKMBBIE OPTaHNU3MBI SIBIISTIOTCS BUIA-
MU-31UdUKATOPaMU — KJIIOUEBBIMU BUIAMU 3KOCH-
CTEMBI);

¢ BUOBI-BCCJICHIBI MOTYT CTAaHOBUTLCA KOHKY-
peHTaMun a60pI/II‘€HHbIX BUOOB, CHM2KATb UX YUCJICH-
HOCTB OO ITOJIHOT'O BHITCCHEHU S,

¢ BUIOBI-BCCJICHIBI MOT'YT CTaTb XMIIHUKaMM II0
OTHOIIIEHUIO K a0OpUTeHHOM (hayHe U TaKKe BBITEC-
HSTb €€;

* BUJbI-BCEJIEHIIbI MOTYT IMEPEHOCUTD WU BbI3bI-
BaTh O00JIE3HU, a TAKXKE OBITh ITapa3uTaMu abOpUTeH-
HBIX BUIOB.

[IpumepoM MHBa3UM KIIIOYEBOTO BUIA SIBJISICTCS
BcesieHUe rpedoHeBuka Mnemiopsis leidyi B UEpHoe
Mope. DT1o Hebobloe (10—12 cMm) xkeaeTesoe becrio-
3BOHOYHOE XWBOTHOEe B Hadaje 1980-x romoB mpo-
HUKJIO (TIPEAIIOIOXUTEIbHO ¢ Oa/UIaCTHBIMUA BOJAMM)
B A3oBo-YepHoMopckuit 6acceitH. Ero poauHa — ce-
BepOaMEpUKAHCKNI KOHTUHEHT. JI0oBOJIBHO OBICTPO,
K KoHITy 1980-X romoB, MHEMUOIICUC JOCTUT TUTAHT-
CKOM yucjieHHocTU. bruomacca ero B ripodax cocTas-
nsna 1o 12—13 xr Ha 1 M3 Boasl. MHemMoIICHC TIO-
TpeosisieT GeCrO3BOHOYHBIX TIJIAHKTOHOB U UXTHUO-
mwiaHkToH. [locne ero BceneHMsT HaAOIIOOAIOCH
YMEHBIIIEHUE TTPO3pavyHOCTH BOIBI (B MpUOpPEKbE T0
4—6 M, B OTKPBITBIX y9acTKax 10 6—10 M) n3-3a ciam-
31, BBIAEISIEMOM Ipe0eBUKOM KakK IIPU KU3HU, TaK 1
Npd OTMHUPAHUU; B MeCTax KOHIEHTpalud MHe-
MUOIICUCA CHMXaeTcsl coAepXKaHue KHUCJIopola,
KpeMHeKHCIoThl, pH M moBwIIIaeTcs comepkaHue
MUHepaJibHOro ¢gocdopa, aMMOHUSI, HUTPATOB U
HUTPUTOB, yMeHblIaeTcsi cooTHoueHue Si:N u Si:P,
YTO BEIET K 3BTpodprpoBaHmio. [ peOHEBUK OB
MPaKTUYECKN HAa BCE KOMIIOHEHTHI TTUILIEBOM CETU —
OT TIePBUYHBIX MPOAYLIEHTOB, OaKTEpUATLHON TTeTIN
10 peIO 1 nenbhuHOB [12].

JpyruMm KII0O9eBBIMM BUIAMM, KOTOPBIE 4acTO
BBICTYNAIOT B POJIU YY>KEPOIHBIX, SIBISIOTCS PEYHOI
(oobikHOBeHHHBIN) (Castor fiber) W KaHaICKUI
(C. canadensis) 6060pbl. UXx cTponTenbHast IesITeIb-
HOCTb (HOpPBI, TUIOTUHBI, IIPYIbI U KaHAJIbl Ha MaJIbIX
pekax) U noTpebjieHUe APEeBEeCHON OKOJOBOTHO
PacTUTEILHOCTU CYIIECTBEHHO MEHSIIOT MECTOOOM-
TaHUS U TIPUBOIST K CePbE3HBIM TpaHChOpMaIIUSIM
MUILEBBIX CETe U KOoJIeOaHUSIM CKOPOCTEeM CyKIlec-
CUii B BOTHBIX Y OKOJIOBOIHBIX 3KocucTeMax [13—16].

Tl'eHeTHYeCKHE U 3BOIIOIMOHHbIE ACNEKTH HHBA3HIA
qyKepOoAHbIX BUIOB. [10CKOIBKY B HOBBI PETHOH T10-
nagaeT TOJILKO HEeOOJbIIAasl YaCcTh MOIYJISUN BUIA-
BCeJIeHIIa, TIPY MHBA3WU HaOIOOAIOTCS U3MEHEHUS
€€ TeHEeTUYECKOM CTPYKTYphl. OOBIYHO M3MEHSIIOTCS
TaKHe ITapaMeTphl, KaK 4acTOTa PEIKUX aJlIelieii, KO-
JINYECTBO TATUIOTUIIOB, OOJS ITOJIUMOP(MHBIX JIOKY-
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COB, CPEIHSISI TeTEPO3UTOTHOCTD. BCE 3TO cKa3bIBaeTcst
Ha X0Jle UHBa3MOHHOTO TIpoliecca, a Mpy OTNpenesI€H-
HBIX YCITOBUSIX MOKET MPUBOAUTH K (hOpMOOOpa3oBa-
Huto. YacTo npu nonagaHuU B pETMOH-PELIUTTUEHT, B
cllyyae pa3inyuii B yCJIOBUSIX OOMTaHUS, BUl-BCEJe-
Hell MpeTeprieBaeT IpeamarnTaiuio, MpU KOTOPOW
MPOUCXOAUT OTOOP HacjieayeMbiX mpu3HakoB. Ciy-
yau npeananTtaluy ornucaHbl, B YACTHOCTH, LIS BU-
JIOB TUJIPOOMOHTOB, KOTOPbIE TP MHBA3UX MPOHU-
KaloT B BOJOEMBI C APYTMMU YCIOBUSIMHU TeMIIepaTy-
pel M coinéHoctn. Hampumep, y 4YepHOMOpPCKO-
kacnuiickoii Tionbku Clupeonella cultriventris ipu eé
MHBa31M U3 A30Bo-YepHOMOpPCKOro 6acceitHa B BO-
noxpaHuiuiina Boiaru nocreneHHO MeHsJIach 4acTo-
Ta aJuleJIe MBIIIIEYHOM JIaKTaTAeruaporeHassl. Joms
CBOMCTBEHHOM MJIs1 MOPCKMX TOIYJSLUUNA aJuIesu,
OTBEYalolleil 3a BBICOKYIO TEILIOYCTOMYUBOCTL U
CIIOCOOHOCTH MEPEHOCUTh 00Jiee BHICOKHUE KOHIICH-
Tpallud HEOPTaHUYECKMX MOHOB M MOUYEBUHBI, B
MPECHOBOIHBIX ITOITY/ISILMIX (MHBa3MOHHBIN apea)
CYIIIECTBEHHO CHMKaeTcs. MeHsieTcsa u ¢dhepMeHTa-
THUBHAasl aKTUBHOCTh OTAECIBHBIX JOKycoB [17]. Cxo-
Xee IBJICHNEe HaOJIoIaI0Ch TP MHBA3UM B OacceiiH
Bousiru nBycTBOpYaTOro MoJuttocka apeiicceHsl Dreis-
sena polimorpha [18].

BaxxHoe reHeTMYeCKOE 1 3BOJTIOLIMOHHOE MOCIIEI -
CTBME MHBA3UI Yy>KePOTHBIX BUIOB — TUOPUAN3ALIS
BUJIOB-BCEJICHIIEB C a0OpMIeHHLIMU Bumamu. Ilpu
STOM IIPOMCXOMUT HE TOJBKO CTUMYJISILIMS MHBa3M-
OHHOTO TIpoliecca, HO U 0Opa3zoBaHUE HOBBIX (GOPM
OpraHu3MOB, CO3[Ial0TCSI HOBBIE TEHOTHIILI, U BHICO-
Kasi TeHeTUYeCcKasi M3MEHYMBOCTD ITO3BOJISIET THOPH-
J1aM BbDKMBATh MPU IIMPOKOM IMAara3oHe YCJIOBUIA.
SpxuM IIprUMepoM poJi TMOPUAM3ALIMY B MHBA3USIX
SIBJISIETCSI CIydaid ¢ IByMsI BUAAMU OECXBOCTBHIX aM-
duoduii CeBepHOIt AMEPUKU — PAaBHMHHOTO JIOMATO-
Hora Spea bombifrons (ceBepHbIii BUI) U MEKCUKaH-
CKoro JjonaroHora S. multipicata (voxusiii Bun). [1pu
WHBa3U1 PaBHUHHOTIO JIOMATOHOTra Ha 10T paciliupe-
HUe apeajla B HaIlpaBJI€HUU HETIPUBBIUHBIX MECTO-
00UTaHUIT IIPUBEJIO K BHICOKOI T'eHEeTUIECKOM nud-
depeHIMan, HU3KOMY KOHCIIEIM(UUIECKOMY ITO-

TOKY TeHOB' M 3] @deKTy OyTHUIOYHOTO TOPJIBIIIKA
(cokpallleHWe TeHEeTUYeCcKOoro paszHoobpaszus). [Tu-
Opmau3anus Xe ¢ abOpUreHHBIM BUIOM S. multipicata
MIpUBHECa F'eHETUYeCKOe pa3HooOpa3ue U cIrocoo-
CTBOBaJjla OCBOCHMUIO HOBBIX [IJISl BCEJIeHIIa MECTOO0 -
TaHuii [19].

Bo3sneiicTBre BUIOB-BCEJIEHIIEB HA 0€30MACHOCTD U
3I0pOBbe JIoei. MHOTOYMCIIEHHbIE MCCIIEIOBAHUS B
pa3HBIX perMoHaxXx MHUpa MOKa3aJli, 4TO OCHOBHBIE
YIPO3bI XKU3HU U 3I0POBBIO JIIOACH B CBSI3U C UHBA3K -
SIMU CBOISITCS K CIIEAYIOIIEMY:

* BHUIBI-BCEJICHIIbI BEI3BIBAIOT 3a00JI€BaHUS JIIO-
neit, aBIsIsIch MAaTOreHAMU WJIW Mapa3uTaMu, pe3ep-
ByapaMU WX epeHOCUMKAMM ITaTOTeHOB;

! To ecTb reHOB, CBOMCTBEHHBIX TOJIBKO AJISI BUIa-BCEIEHIIA.
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* MOT'YT BOBHHMKATb PaHBbI OT YKYCOB N OXKOTOB;,

¢ HEKOTOPLIC BCCIICHIIBI BBIACIAIOT aJlJIEPIrCHBI 1
TOKCHYCCKHME BCIICCTBA,

* HOBBIE€ BUJbI MOTYT CITOCOOCTBOBATh TpaBMaM,
MICUXUYECKUM 3a00JIEBAHUSIM U TaXKe CMEPTH JIoaeit
yepes Apyrue MexaHUu3Mbl;

* B HEKOTOPBIX PETMOHAX ITOSIBJIEHUE BCEJIEHIIEB
MIPUBOIUT K TOJIOAY M3-3a MOTeph B ypokae, 60j1e3-
Heil ¥ rMbei CKoTa, COKpAIEHUS BOAHBIX, JJECHBIX
1 OXOTHUYBHX PECYPCOB.

3a nociaennue 100 JyieT mosiBUIOCH oKoJjio 20 HO-
BBIX OITACHBIX M YPE3BbIYATHO OITACHBIX BUPYCHBIX
MH(PEKIUN YeJIoBeKa U XUBOTHBIX, PaCIpPOCTpaHe-
HY€ KOTOPBIX IT10 TTaHeTe (haKTUUIECKHU SIBIISIETCS Ya-
CTBbIO MHBAa3MOHHOTO IIpoliecca. 3HAUNTEIbHOE YMC-
JI0O TakKux 3a00JIeBaHUI MMeeT CBOUM MCTOYHUKOM
Adpukanckuit koHTUHEHT. Peub unér o CIIM]e,
Jmxopanke 3armamgHoro Hwia, adpukaHCKoil dyme
cBUHei, Tuxopaake 3uka, nuxopaake Jlacca, remMop-
parmyeckoii tuxopangke Doona. U3 Aszun, Kpome 4y-
MBI 1 XOJIEPHI B IIPOIIJIOM, II0 BCEMY MUPY paclpo-
crpaHwinch ntuuuii rpunn u COVID-19. B nmonas-
JIsiolieM OONBIIMHCTBE CJy4daeB pe3epByapaMu U
MEPEHOCYNKAMU ATUX OOJIE3HEN SIBIISIIOTCS KMUBOT-
HbIe. COBepIlIEHHO OYEBUIHO, 9YTO OOpH0A C TAKUMHU
3a00JIeBaHUSIMU JODKHA BECTUCh C MPUMEHEHUEM
IIOAXOA0B MHBA3MOHHOM OMOJIOTMM 1 HAYMHATHLCS C
aHaJM3a Bedyllnx (pakTopoB M XOIa UHBA3MOHHOTO
poliecca.

Bo3aaeiicTBre 4yKepoOaHbIX BHIOB HA COLHAJbHYIO
cthepy 1 3koHOMUKY. [10 BceMy MUpy MHBa3Uu YyxKe-
POIHBIX BUJIOB HAHOCAT yiiepO yenoBedyecTBy. OHU
OKa3bIBaIOT HETATUBHOE BIUSIHUE Ha:

* TIPUPOAHbIE OMOJIOTUUECKUE PeCypChl (phIOHOE,
JIECHOE VI OXOTHUYbE XO3SIMCTBO);

* CeJIbCKOE XO3SIMCTBO (PacTeHUEBOICTBO, XKU-
BOTHOBOJICTBO);

* pekpeanuio U TypusM;

* DHEPreTuKy (MOBPEXICHUE COOPYKECHUIA);

* BOIHOE U KOMMYHAJIbHOE XO3SCTBO;

* 3[IpaBOOXpPaHEHUE;

* oxpaHy IIpupoasl (0ropasHoobOpasue, peaKre u
rcye3alonire BUIbl U 9KOCHUCTEMBI);

* KOHTPOJIb YYXKEPOIHbBIX BUIIOB;

* 3aHSITOCTb HAaCEJICHUS

* IOXOAbI U TTOTpeOIeHIE UL HACEJIEHUEM.

Buonornyeckue WHBa3WM 4YYXKEPOTHBIX BHIOB
BJIEKYT 3a COOOI CyllIeCTBEHHOE U3MEHEHME TPUPOJI-
HOTo OMopa3HOO0pa3usl, a TakKKe OOJbIINE 3KOHO-
MUYEeCKUe ITOTepU IJjIs1 O0IIeCTBa U IeHEXKHBIE 3aTpa-
ThI, CBSI3aHHBIC C yIpaBlieHWEM WHBa3usiMU. basa
naHHbIx InvaCost mo3BoJinia MoACYUTaTh IEHEXKHbIE
U3IEPKKU U3-3a OMOJOTMYECKUX MHBA3Ul MO BCEMY
MUpY: 00IIast cymMmma yiiep6a oT MHBa3Uil 4yKepom-
HBIX BuOoB 3a 1970—2017 rr. mocTuria MHUHUMYM
1.288 tpaH momn. CHIA npu cpemHEerogoBBIX 3aTpa-
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Tax B pasMmepe 26.8 MJIpA OOJI., a MAaKCUMAaJIbHbBIE
CPEIHETONOBBIE PACXOIbl MOTYT JOCTUYL 162.7 Mipm,
nomn. [20]. BennuuHa yuiep6a OT OMOJIOTMYECKUX
uHBa3uit 11 Poccun, olleHEHHAsS MO TOi Ke Oase
nmaHHbIX, B 2007—2019 rr. cocTaBuIa KaK MUHUMYM
51.52 mupn pos. (1.38 TpiH py6.) [21]. CaenyeTt yuu-
TBIBaTh, YTO IIO MHOTMM perMoHaM MHpa HET JOCTO-
BEPHBIX KOJIMYECTBEHHBIX OIICHOK yIIep0a, HAaHOCH-
MOTO BUJIaMM-BCeJIEHLIaMU.

IIporHo3upoBanue W YynpapjieHHe€ HHBA3ZHOHHBIM
nponeccom. /11 mporHo3upoBaHusT WHBA3MOHHOTO
rpoliecca ocoboe 3HaYeHNEe UMEET aHaIu3 PUCKOB,
TO €CTh YCTaHOBJICHUE BEPOSTHOCTU MHBA3Uil U UX
XapaKTepPUCTUK, OLICHKA BEJIMUYMHBI PUCKa, paspa-
0OTKa Mep ero cMITYeHMsI. BaxkHEBII UTOT 3TOM pado-
Thl — 0OecIieueHue MPOTrHO3HOM MH(MOPMAaIIUEi JIUII,
npuHUMalomux pemeHusi. OCHOBOI IS aHAIM3a
pUCKa SIBISIETCSI TOAPOOHOE pACCMOTPEHUE BCEX TIe-
peYMCIIeHHBIX BbIlIe (DaKTOPOB, OMpPENesIONINX Be-
POSITHOCTh BCEJIEHUS 4yxKepogHoro Bupa. Hampwu-
Mep, TIPU OLIEHKE aJanTUBHBIX BO3MOXHOCTEH BUIA-
BCeJIeHIIa BaXXHO 3HaTh OCOOEHHOCTH OWOJIOTUU
YCIIEIIHBIX BCEJIEHIEB. pa3Mepbl M OCOOEHHOCTHU
MOpP®MOJIOTUN OPraHU3MOB, HAIWYKUE ITOKOSIIMXCS
CTaIuii, IIMPOTY HOPMbI peakiIui Ha aOMOTUYECKUE
daxTophl cpenbl, 0COOEHHOCTU BOCIIPOU3BOICTBA,
JIJTSI SKUBOTHBIX — UX CIIOCOOHOCTh COBEPIIATh AaTb-
Hue Mmwurpauuu. [Ipy MporHo3upoBaHUM WHBa3Uit
TSl perMoHa-I0HOpa HEOOXOAUMO pacItojlaraTh WH-
dopManmeii o HATMIMKA (PAKTOPOB, CITOCOOCTBYIONINX
caMoOpacCeJICHUIO XKMBBIX OPTaHU3MOB: CO3JaHHBIX
JIIOABMUY MHBA3MOHHBIX KOPUIOPAaX U HOBBIX MECTO-
0OMTAaHUSX (IOPOTU, KAaHAIbI, TOHHEJIN, BOJOXPaHU-
Jvia, ypoaHu3upoBaHHbIE JaHAIA(ThI), a TAKKE 00
WCTOYHUKAX caMopacceleHus (OOBEeKThI arpo- u
aKBaKyJIbTypbl, 00TAHUUECKHUE CAIbl, TTAPKU).

B mociienHee BpeMst B TIpOTHO3UPOBAHUU WHBA-
3uii OOJIBIIIOE pa3BUTHUE TTONYYMIA METOIBI MaTeMa-
TUYECKOTO MonelupoBaHUsi. OCOOEHHO IIepCIieK-
TUBHBIM MPENCTABISICTCSI TIPOTHO3MPOBAHUE HA OC-
HOBE aHaJIn3a COBPEMEHHEIX M JIPEBHUX apeayioB C
Y4ETOM TIPOIUILIX U OYIYIINX KIMMATUIECKUX U3MeE-
HeHuii [22]. Ocoboe 3HaueHME B YCTAHOBJICHUM PUC-
KOB MHBAa3Ui 1 UX IIPOTHO3a UMEIOT MH(GOPMALIMOH-
HBIE CUCTEMBI — COCTAaBJIEHUE TepEeYHEN YCITeITHBIX
BCEJICHLIEB M COOTBETCTBYIOLIUX 6a3 TaHHBIX.

VrpasiieHre MHBa3WMOHHBIM ITPOIIECCOM MPEIITO-
Jlaraet IMpexJie BCEero MpenayrnpexacHUue BCEJICHUS
HOBBIX BUIIOB, pAHHEE €TO BBIABICHUE, YHUUYTOXEHUE
BUOOB-BCEJICHIIEB, CACPKMBAHUE UX PACIIPOCTPaAHE-
HMsI, MOHUTOPUHT cUTyaluu. JlokazaHo, 4To Haubo-
nee 3(pGEeKTUBHBINA ¢ 95KOHOMUYECKOIT TOYKM 3pESHUSI
METOJ — TpeaoTBpallleHue NHBA3U BPEAHbIX YyXKe-
ponHbIX BUIOB. CleayeT UMeTh B BUILY, YTO YaCTO UH-
Ba3nUM HEOOpaTUMBbl — BCEJMBIIECHCSI U HATypaJIn30-
BaBIIMICSI BUI HEBO3MOXHO YHUUTOXUTE. IIpemoT-
BpalllcHHe MePBOro BCEJICHUSI OCOOCHHO BaXKHO TaM,
IIe CKOPOCTh HATypaJIU3allii WU pacpOCTPAHEHUI
Ne 9
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YyXXEpOIHBIX BUIOB BbICOKA. [Ipuuém peicTBus
JIOJKHBI OBITH HAIlpaBJ€Hbl Ha BCE 3BEHbSI U DTAllbl
WHBa3WOHHOTO Tipoliecca. I[IpeBeHTUBHBIE MeEpbI
BKJTIOYAIOT 3aKOHOMATENIbHBIE aKThl W TIPEATTUCAHUS
110 OrpaHNYEHUIO UHTPOLYKLIMU U TPAHCIIOPTA Bpe-
HBIX YY>XEPOIHbIX BUJIOB, aHAJIU3 PUCKA, TOTPAaHUY-
HbIA 1 KAPAHTUHHBIA KOHTPOJIb.

Ecnu Bua-BceneHell yXe HaTypalu3oBajcsl, TO
YHUUYTOXUTH €ro O4eHb CJIOXKHO, €CJIM BOOOIIe BO3-
MOXKHO, 1 3TO OOBIYHO TpeOyeT Ooabiumx 3aTpat. Ha-
MPUMEpP, B cilyya€ NMPOHUKHOBEHUS YYKEPOIHOTO
pacTeHusl, BOBMOXHO €ro YHMUYTOXEHUE, €CJIM OHO
3aHUMAaeT IJIolIaab MeHee 1 ra; Mpu riomanu ot 1 1o
100 ra ycriex mocTWraeTcsl JIMIIhL WHOINA, a CBBIIIE
100 ra — oueHsb penko [23].

[Ipemaratorcs ciienyiolnne Mephl 110 IIPEIoTBpa-
IIEHUIO PACIPOCTPAHEHUS Yy>KePOTHBIX BUIOB: Me-
XaHUYECKUIl KOHTPOJb (KOIIEHWEe pacTeHUM, OT-
CTpel U OTJIOB XUBOTHBIX), XUMUYECKUIA KOHTPOJIb
(DpuMeHeHUEe MeCTULINAOB U TepOMIIMIOB), OMOJIO-
TMYECKUII KOHTPOJb, MEpPbl B OTHOIIEHUU CPEIbl
obuTaHusl (BOCCTAaHOBJIEHME HAPYUIEHHBIX MECTO-
0o0UTaHUIT 1 CHIKEHUE TTOCTYIUIEHUS B 9KOCUCTEMBI
JIOTIOJTHUTEIbHBIX MUILEBBIX PECYPCOB, UTO JIeIaeT UX
OoJjiee yI3BUMBIMU IJIsI MHBa3Wil), UHTETPUPOBAH-
HBII ITOIXOM, BKIIIOUAIOIINI BCE BBIIIEIIEPEUYNCIICH-
Hble Mephl [24]. B KauecTBe OMOJOTMYECKOTO KOH-
TPOJISI TIPAKTUKYIOTCSI BCEJIeHWE M pPa3MHOXEHUe
BparoB BceJieHIla U TeHeTuueckue Mmetoabl. [locaen-
HYe€ TTOJIyYWIU pa3BUTHE C CEPEIUHBI MPOIIJIOTO Be-
Ka, MepBOHAYaJIbHO OHU OBLIN HaIlEJIEHbI HA HACEKO-
MBIX-BpeIUTeNIeld 1 OCHOBBIBAJIMCH ITIaBHBIM O0Opa-
30M Ha BBIMYCKE B KOHTPOJUpPYEMbIe MOMYJISIIUN
cTepmwIbHBIX caMuoB [25]. ITo3nHee ¢ BceleHLIAMU
cTaiau 0OPOTHCA MYyTEM HAPYILIEHUS IT0JI0BOIO COCTa-
Ba TIOIYJSLMU TIPU BHEAPEHUU OCO0eit, Hecylux
“TpOsSTHCKYI0” Y-XpOMOCOMY, HCIIOJIb30BAHUS CaM-
IIOB C HEITOJHOLIEHHBIMM CIIepMAaTO30MAaMU, U3Me-
HeHUs1 reHooHAa I MHAYKIIMU YCTOWYUBOCTU Y
LIEHHOTO BUJa-X03sIMHA, CKaXXeM, 36pHOBOTO pacTe-
HUS [26], BBIITyCKa TeHHOMOAU(ULIMPOBAHHBIX CaM-
110B, HECYIIIMX JOMWHAHTHYIO JieTalb (IPpUMEHSIETCS
B OopbOe ¢ MHBAa3MOHHBIM KoMapoMm Aedes aegypti,
MEePpEeHOCYNKOM BUPYCOB 3MKa U KEITOI TUXOopai-
ku [25]).

HAYYHbBIE NCCIIEJOBAHWA
BNUOJIOTUYECKNX NHBA3UUN
YYXKEPOJHbBIX BUJOB B POCCHUUN

Poccuiickummn OuoJjioramMmu ImpoodjemMa 4yXepo.-
HBIX BUIOB B COBPEMEHHOM €€ ITOHMMAaHUU MHTEH-
CHUBHO OOcCyXmaeTcs M pa3pabaThIBacTCsSI CpaBHU-
TeTbHO HemaBHO, ¢ 1990-x romoB. UMeHHO 3TN TOOBI
O3HAMEHOBA/IMCh MHTEHCU(pUKAIINEl MHBAa3MOHHO-
ro mniponecca B Poccun. MHuimaropaMu Takux HcC-
cJIeIOBaHUIA CTaIM UHCTUTYThI OTHeaeHUsI OMOI0T -
yeckux Hayk PAH.
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BaxkHEBIiT UTOT MOCTIEAHUX JIET — BBISIBIIEHHE OC-
HOBHBIX TPAH3UTHBIX MIyTe MHBA3MOHHOTO MPOIIeC-
ca. Haubonbimue ycnexm JOCTUTHYTHI B OIpeaeie-
HUU ITyTel IpOHUKHOBeHMs B Poccuio copHEIX pac-
TeHUI, HACEKOMBIX-BpeAUTEIe M THUAPOOMOHTOB.
VBeIMuuiaoCch 4YUCIO IyOJMKaALMii, IOCBSILIEHHBIX
O0OHapY:KEHUIO YYyXKEPOTHBIX BUIOB B IIpeAciax Ha-
el cTpaHbl, 0COOEHHOCTSIM MX 00pa3a XXN3HU, BO3-
I[eﬁCTBI/IIO Ha a60pI/IFeHHbIe BUOABI 1 OKOCHUCTEMBI.
[IpenmpuHATEH IIard IO MHBEHTApU3ALINU IyKEePOI-
HBIX BUIOB Poccuu ¢ mipencraBieHeM pe3yabTaToB B
JOCTYITHOM UISI UCCIEN0BATEIEd U PETYJIUPYIOIIUX
opranmuzauuii popme. Co3naHbI 6a3bl JaHHBIX ITO OC-
HOBHBIM T'pyIIIIaM OPTraHU3MOB M pernoHam. M3 06-
IIETOCTYITHBIX MHTEPHET-PECYPCOB IO MpobyieMe vy-
XKEPOMAHBIX BUAOB CJIeAyeT OTMETUTH IIPOOJIEMHO
OPMEHTUPOBAHHLIN TTopTan “YyxkepomHble BUIBI Ha
tepputopun Poccun” (https://www.sevin.ru/inva-
sive/). MaTtepuainsl 1o naBa3usim B P® mipencrasie-
HBI B MeXnyHapomHON 0a3e JaHHBIX IO OMOpa3HO-
o6pasuio GBIF (https://www.gbif.org/).

Bosblillyto poib B pa3BUTUM HCCIEIOBAHUI MO
OMOJIOTUYECKUM MHBA3USIM UYKePOJIHbIX BUIOB ChIT-
paJii BCEPOCCUMCKUE U MEXTyHApOIHbIE KOH(hepeH-
I[U1, OPTaHU30BaHHbIE B MocjaeaHue roapl. OauH U3
TakKnx POpyMOB — cuMno3uyM “YyxxeponHble BUOI B
TomapkTuke”, emMHCTBEHHOE MEXIYHApPOTHOE Me-
ponpusiTHE, MOCBSIIEHHOE Yy>KepOIHBIM BUIaM, KO-
TOpOeE peryJsipHo rpoBoauTcs B Poccuu 1 oxBatbiBa-
eT MCCJIEHOBAaHUS T10 3TOM aKTyaJlbHOM ITpobyieMe Ha
3HAYMUTENbHOI YacT 3eMHOTO 11apa. [1epBroIii Takoi
CUMITO3UyM ObLI oprann3oBaH B 2001 ., ToCIeTHNIA,
mecToit, B 2021 1.

C 2008 r. n3maércs aMeKTpOoHHBIN “Poccuiickuii
>KypHaJI OMOJIOTUYECKUX MHBA3U” (B OTKPBITOM JI0-
cTyme Ha caiire: http://www.sevin.ru/invasjour/), c
2010 1. OH BBIXOIMT U HA AHIJIMINCKOM SI3BIKE, pac-
MpOoCTpaHsIeTCs U3naTeabCcTBOM “Springer”. ZKypHai
BKJIIOUEH BO BCe BeaylllMe MeXIyHapoaHble 0a3bl
manHbIX. C 2007 1. HayaTa ImyOJIMKanus MoHorpadu-
yeckux usgaHuil cepuu “YyxepomHble BUabl Poc-
cun’”, K HACTOSIIIIEMY BPEMEHU BBIIILIA B CBET 12 KHMT.
OHU TIOCBSALIEHBI OTAEJIbHBIM BUAAM-BCEJIEHLIAM
WIN LeJbIM TpyMIaM 4yXepOIHbIX OPTaHU3MOB, Ha-
TypanuzoBaBiiuMmcs B Poccuu: pacteHussM, MjieKo-
MUTAIOLIMM, PACTUTEIbHOSAHBIM HaceKoMbIM. [To-
HUMasl BaXXHOCTh BBIOOpA BULOB-MUIIIEHEH (0COOeH-
HO OITacHbBIX), MPUOPUTETHBIX IJIsI UCCIIETOBAHUS U
KoHTpoJs, B 2018 r. Op1a OonmyO0JIMKOBaHA KHUTA
“CamMple oOIlacHble WHBa3WOHHBIE BUABI Poccun
(TOII-100)” [27]. DTO M3maHUE 3aHMMAET OCOOOE
MECTO B TaHHOM cepuu, TaK KaK 3HaMEHYeT omnpeje-
JIEHHBIM 3TaN B UCCJIEIOBAHUSIX MHBA3MOHHOTO TPO-
liecca B CTpaHe.

[IpennmpuHMMAaIOTCS IIIaTW II0 MOATOTOBKE COOT-
BETCTBYIOIIMX CHelMaaucToB. Ha Ouojiormyeckom
dakynbTeTe MOCKOBCKOIO TOCYIapCTBEHHOIO YHU-
BepcuteTa uM. M.B. JIoMOHOCOBa cO30aH U MpeIo-
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nmaéres Kypce “buonorndeckue WHBa3WU IyKePOTHBIX
BUIOB” (JIEKLIMM 1 CEMUHAPHI).

OcCHOBHBIE MEPCIIEKTUBBI UCCAEeIOBAaHUMN OMOI0-
TMYECKMX WHBA3Ui 4yXXepOMHBIX BUIOB BUISTCS B
pelIeHU! CAeAYIOIINX OCHOBHBIX 3a1ay4:

* pa3paboTKa HayYHbIX OCHOB U BeJAeHUE MOHM-
TOPMHTa MHBA3MOHHOTO IIpolecca (BBISIBJIEHHME HO-
BBIX BCEJICHUI, MHBA3MOHHBLIX KOPUIOPOB U BEKTO-
PpOB, ITyOIMKaIIMs 1 pa3MellieHre 3Toi nHGOpMaluKn
B 0a3ax JaHHBIX);

* McclieToBaHNe OUOJIOTUYECKHNX XapaKTePUCTUK
YCITEITHBIX Y MTOTEHIIMAJIbHBIX BUIOB-BCEJICHIICB;

* M3y4yeHMe MPOLIECCOB, OMpeaesIIOIINX YSI3BU-
MOCTh ®KOCUCTEM K HOBBIM UHBa3UsIM MpU Kojiaeba-
HHUSIX aONOTHIeCKNX (PaKTOPOB;

* pa3BUTHE CUCTEMbI OLICHKU pUCKa U pa3padoT-
Ka Mep KOHTPOJIST MHBa3MOHHOTO TTpOoIIecca;

* McciIeTOBaHNEe DKOJIOTMUYECKNX, TeHETUUECKIX
U 3BOJIIOLIMOHHBIX TOCJIEACTBUN OMOJIOTMYECKNX UH-
Ba3uil.

NCTOYHUKHN OPUHAHCHUPOBAHUA

PaGora BeinoniHeHa B pamkax [IporpaMmbl pa3BuTus
MeXIucuuIJIMHAapHOM HaydYHO-00pa30BaTe/IbHOM IIIKO-
aet MT'Y um. M.B. JlomoHocoBa “Bynyiiiee miaHeTsl U
r100ajbHbIe U3MEHEHUST OKPYKalollleit cpenbl” U Noaaep-
J)KaHa CpeACcTBaMM roCyIapCTBEHHOTO OMOIKeTa IO Tocy-
nmapctBeHHoMY 3amaHuio MTIBD PAH Ne 0109-2018-0076.
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Biological invasions of alien species — the occupation by living organisms of territories and water areas outside
their historical range — have now acquired a gigantic scale, affecting all countries and continents. The recent
trends in the development of the invasive process indicate its significant intensification. The proposed review
provides information on the scale of biological invasions on Earth, history, current state and main directions
of scientific research in this area. In particular, the factors that determine the possibility of invasion of an alien
species are considered; stages of the invasive process; ecological, genetic and evolutionary consequences of
invasions for natural ecosystems; the impact of invasive species on human safety and health and the social and
economic sectors; approaches to forecasting and control of the invasive process.
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B crarbe paccMarpuBaloTCsl CBOMCTBA, @ TAKXKE BO3MOXHOCTU MEIMIIMHCKOTO TIPUMEHEHMUSI TeHa fag7 u
oenka Tag7, orkpoiThix B MHcTHTYTe OMoornu reHa PAH. Tag7 — MHOrodyHKIIMOHAIBHEIN 010K, 001a-
JAIOLIMUIA TIPOTUBOOITYXOJIEBBIM M TPOTUBOBOCHAIUTEbHBIM JIeiicTBUeM. Ero B3auMoaeiicTBHE ¢ pelienTo-
pom TREM-1 Ha MOHOLIMTaX IMIPUBOOUT K MOSBJICHUIO JUM(POLIMTOB, YOUBAIOIINX OIyXOJICBBIC KISTKH.
Tag7-Hsp70-komruiekc cBsi3biBaeTcs ¢ perientopoM TNFRI1, BeI3biBasi rubesib KJIETOK psiia OMyXoJeil B
nporecce anonTo3a n HekponrTo3a. Komrurekc Tag7-Mtsl BzammomneiictByeT ¢ perrerrropoM CCRS u ipu-
BJIEKAeT K OIYXOJIM LIUTOTOKcUuYeckue aumdbonunTel. BzaumoneiictBue camoro Tag7 ¢ peuentopamMu
TNFR1 u TREM-1 nipensiTcTByeT CBSI3BIBAHUIO APYTUX JIUTAHAOB C 3TUM PEILEIITOPOM, YTO MHULIMKUPYET
MPOTUBOBOCIIANIMTENbHBIN 3 dekT. B coctaBe Tag7 BhISBICHBI MENTUIbI, UMUTHUPYIOIINE Pa3HBIC TTPOSIB-
JIEHUS eT0 aKTUBHOCTHU. [lojrydeHHbIE pe3ysIbTaThl MO3BOJSIOT PACCUMTHIBATh HA BO3MOXHOE IIPUMEHEHUE
6enka Tag7 B 1e4eHUU OHKOJIOTMYECKUX U ayTOMMMYHHBIX 3a00JIeBaHUIA.

Knoueswie cnosa: Tag7, Hsp70, Mtsl, nporuBoonyxoyieBasi aKTUBHOCTD, IPOTUBOBOCITAJIMTEIbHASI aKTUB-

HOCTbD.

DOI: 10.31857/5086958732309013X, EDN: BBQGDN

I'eH tag7 n xopupyeMblit M 6eok Tag7 Obuiu OT-
KpbeITHl B UHCTUTYTE OMosornu reHa PAH, 1 Tam ke
yCTaHOBJIEHA UX IIPOTUBOOIYXOJIeBast aKTUBHOCTSD [ 1,
2]. IlepBoHayanbHO fag7 OBLI MPOKJIOHUPOBAH Kak
IeH, aKTUBHO 3KCHPECCUPYIOLIUNCSI B OMYXOJEBOM
quHu VMR-Liv ¢ BBICOKMM YPOBHEM METACTa3UpoO-
BaHwus [ 1]. OgHAKO 0Ka3a10Ch, YTO 3TO UCKIIOUYEHUE,
tag 7 BOOOIIIE HE IKCITPECCUPYETCS TTIOUTU HU B OMHOM

onyxonu. bonee Toro, 6enok Tag7 obaamaeT CMIIbHOMK
MMPOTUBOOIMYXOJIEBOU aKTUBHOCTHIO |3, 4].

ITo3nHee TOT e TeH ObLT ONUCaH 3anagHbIMU aB-
TopaMy moj Ha3BaHueM peptidoglycan recognizing
protein (PGRP unu PGLYRP1) [5]. (DT HazBaHusa
HeynauHbl. [TepBoe 3 HUX — TabopaTopHOE 0003HA-
yeHue reHa. Bropoe ma€Tt mpeacraBieHUE JUIIL 00
OIOHOM CBOMCTBe Oenka.) Jlanee paboThl pa3BUBAINUCh

AIIWH [lenuc BnaguMupoBUY — TOKTOP
OMOJIOTUUECKUX HayK, CTapIIuii Hay4dHbII
COTPYOHUK J1abopaTopuy MOJIEKYJISIPHOMI
nMMyHoreHetukun paka WBI  PAH.
CAILUEHKO Jlumusa IlaBmoBHa — HOKTOp
OMOJIOrMUYEeCKMX HayK, 3aBeaylolias Jjabopa-
TOpMEN MOJIEKYJISIPHON WMMYHOTEHETUKH
paka UBI' PAH. TEOPT'MEB I'eopruii ITaBmo-
BUY — akagemMuk PAH, HaydHbIll pyKOBOIM-
tenb MBI PAH.
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Puc. 1. Ilentunbr Tag7

B IBYX HarpaBiieHUsiX. Ha 3anane oHu ObUIM cocpe-
JIOTOYEHEI Ha n3ydyeHun poau 6eiaka PGRP Bo Bpoxk-
néHHoM mMmmyHuTetre. McciemoBaTtenu mpoaeMOH-
CTPUPOBAJIK aHTUOAKTEPUATBbHYIO aKTUBHOCTD OejIKa
Tag7 |6, 7].

B UBI ynanock yctaHOBUTH poJib Oenka Tag7 B
MPOTUBOOMYXOJEBOI  3alUTe, T03TOMY pPabOThl
CKOHIIEHTPUPOBAJIUCh Ha BbISICHEHUU MeXaHU3Ma
neiictBus Tag7 v MCIIOJIb30BAaHUU €TO B TeparieBTU-
yeckux 1esx. bbuio mokazaHo, 4To TpaHcheKIus
OITYXOJIEBBIX KJIETOK KOHCTPYKIIMEi, obecneunBaro-
meit cuHTe3 6enka Tag7, NpUBOAUT K TIOJABJIEHUIO
OITYXOJIEBOTO POCTa, a YaCTO U K MOJTHOMY paccachl-
BaHUIO OMyxoju. M3 mepBbiX paboT 1o MPOTUBOOMY-
XoJIeBOMY neiicTBMIO Tag7 clienoBajio, 4To 3TOT OEJIOK,
BO-TIEPBbIX, BBI3bIBACT WHGUIBTpALIUIO Ommyxoiau T-
JuM@doLIMTaMU U, BO-BTOPBIX, 00JadaeT LIMTOTOK-
CHUYHOCTBIO IO OTHOILIEHUIO K PSIAY OITyxoseit [8].

[MocnenHee monoxeHUe 6a3MpPOBAIOCH HA TOM
daxTe, 9YTO cpeda Iocie MHKyOaruu JUMQ@OINTOB
YyeJIoBeKa M OITyXOJIeBBIX KiIeToK K562 obamaeT 1u-
TOTOKCUYHOCTBIO 110 OTHOIIEHUIO KO MHOTUM TUIIaM
OITYXOJIEBBIX KJIETOK, a aHTUTeJIa K Tag7 MOIHOCTHIO
e¢ nmomapystioT [9]. Ilo3mHee BBISICHUIIOCH, UTO pe-
KOMOMHaHTHBIN Tag7 HUTOTOKCUYHOCTBIO HE 00Ja-
maet [5]. TlocemHioo orpenenseT ero KOMIJIEKC C
OCHOBHBIM 0ekoM TersioBoro moka Hso70 [9]. Bos-
HMKaeT BOIIPOC 0 MexaHu3Me aeiicTBus Tag7. Kakum
00pa30M OCYIIECTBISIETCS MPUBJIEYEHNE K OIYyXOJIHU
T-mumponuToB u nouemy Tag7-Hsp70 mposieisieT
HUTOTOKCUYHOCTh? [lpexne Bcero mpencTosyio Bbi-
SICHUTb, C KAKMUMU PELEeNTOPaMU B3aUMOJEUCTBYIOT
Tag7 u Tag7-Hsp70. Oxkazanoch, yto Tag7 cBsI3bIBa-
eTCs C IByMs KJIeTOUYHbIMU penentopamMu — TNFR1
[10] u TREM-1 [11].

B3aumoneiictBue Tag7 c penentopom TNFRI1, oc-
HOBHBIM CHELM(UYECKUM PELIETTTOPOM JJI1 BAaXKHOTO
U XOPOILIO U3YYEHHOTO IMTOKMHA — (DaKTOpa HEKPO-
3a omyxojieit TNF [12]. [TociaenHuii urpaet Kitoue-
BYIO POJib B Pa3BUTUU UMMYHHOI CUCTEMBI U B UM-
MyHHOM oTBeTe. Kak cnemyer m3 HasBaHusi, TNF
CMOCOOEH TakKe BbI3bIBATh TMOEJIb OITyXOJIEBbIX KJIe-
TOK. B 3aBUCMMOCTH OT THUIIa KJIETOK CBSI3bIBaHUE

BECTHUK POCCUNCKON AKAIEMHUU HAYK

TOM 93

TNF ¢ peuentopom TNFRI1 Moxer mpuBOIUTH K
pa3JIMYHBIM HUCXOAaM: K aKTUBAIlMU T€HOB, HaXOMIsI-
LIUXCS TOJ KOHTPOJIEM TPAHCKPUMIIMOHHOTO (ak-
Topa NFKB, unu Kk rubenu kinetku [13]. AkTuBanus
YKa3aHHBIX TEHOB ompeesisieT mpoaudepannio Kie-
TOK MMMYHHOM CHMCT€Mbl U TIPOBOCHAIUTEIbHBIN
UMMYHHBII oTBeT [14]. BropbsiM Haubosiee BEposIT-
HBIM MPOLIECCOM, MPOTEKAIOIIUM MOCTe B3aUMOIeii-
ctBust TNF co cBouM pelientopoMm, SIBISIETCS KJie-
TouHasi cMepThb [14]. B yacTHOCTH, OH CTOCOOEH BhI-
3bIBaTh IMOeib OMYyXOJIEBbIX KJIETOK MO OIHOMY W3
IBYX MEXaHU3MOB IMPOTPaMMHUPYEMON KJIETOUYHOM
CMEPTU — afoITo3y WM HEKpoITo3y [14].

AMNornTo3 CIY>XKUT OCHOBHBIM MEXaHW3MOM 130aB-
JIEHUsI OpraHM3Ma OT HEHYKHBIX KJleToK. OH mpouc-
XOJIUT B KOPOTKUE CPOKU, HEUMMYHOTEHEH U acCo-
LIMMPOBAaH C aKTUBallME ceMeHCTBa CEpPUHOBBIX
npoTtea3 — Kacnas. B ciaydae HapyllieHUs1 TIpoBeae-
HUS CUTHAaJIa B 9TOH LIeNy BKJII0YAeTCs 3alacHOi Me-
XaHU3M TIPOTPaAaMMUPYEMOI KJIETOUHOW CMepTU —
HeKpoITo3. @eHOTUIT HeKponTo3a 0JIM30K K heHOo-
TUITY Hecrneln(UIecKo Trmbeau KJIeTKMU Toa Aeii-
CTBHEM HEOJaronpusTHBIX BHEIIHUX (HaKTOpOB —
Hekposy. HekponTo3 crnemuduyeckyd 3amycKaeTcs
cemeiictBoM kKruHa3 RIP. OH pa3BuBaeTcsl B TeueHUe
0oJiee IJTUTETLHOTO BPEMEHU, YEM AIlOTITO3, U UMMY-
HoreHeH [15].

C peuentopom TNFR1 MoxeT cBSI3BIBaThCSI U
Tag7, m xomriekc Tag7-Hsp70 [10]. ITpu aTOoM cBO-
OonHbIi Tag7 cmocoOeH MoaaBiIsITh B3aUMOAEHCTBIC
TNFRI1 co BcemMu cBOMMU IOPYTMMHU JWTaHIAMU,
npexnae Bcero ¢ TNFE. ITosToMy OH MOXKET BBICTYITATh
B POJIM MPOTUBOBOCTIayIMTEeNbHOTO areHTa [ 10]. HbI-
MU CJIOBaMM, BBISIBUWIACH €l1I€ OfHa MOTEeHLIMalbHas
dyakuus Tag7.

JanpHelme uccaeIoBaHus TTO3BOJUIN JIOKATH -
30BaTh ydyacTok Oesnika Tag7, OTBETCTBEHHBIN 3a CBSI-
3bIBaHUE C PELIETITOPOM Y CUHTE3UPOBATh KOPOTKUM
nentuf 17.1 (puc. 1), KOTopblit clTOcOOEH CBSI3bIBAThb-
cst ¢ TNFRI, npegoTBpainast ero CBSI3bIBaHUE M aK-
TUBALMIO APYTUMM JuUraHaamu, B ToM yucie TNF
[16]. MoxXHO OBIIO OXMUIOATh, YTO W Tag7, v MEeNTHI
17.1 OynyT OpOSIBIATH IIPOTUBOBOCHAIMTEIBHYIO aK-
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TUBHOCTbD, TaK KaK OHHU ITOJABJISIIOT B3aUMOICICTBIE
OCHOBHOTO TIpoBocnaMTeabHoro murtokmaa TNF ¢
pelenTopoM KieTok. JleficTBUTeIbHO, B OMNBITaX Ha
MBEIIIIAX, Y KOTOPBIX OBLI MHAYLINPOBAH ayTOMMMYH-
HBII apTPUT, BHYTPUBEHHOE BBeAeHMe merrtuma 17.1
BEJIO K 3HAUYMMOMY CHIZKEHUIO pa3pylLIeHUS XPsIIie-
BOM M KOCTHOM TKaHHU, XapaKTEPHOTO IJISI TaHHOTIO
3a0oneBaHms. Takxke Ha MOIEJIM BBI3BAHHOIO C I10-
Molblo aurnornoaucaxapuna (LPS) cencuca mbiimeit
Opu BBedeHMH mentuaa 17.1 mpoucxomwio cylie-
CTBEHHOE YyBeJIMYeHUue BbDKuUBaeMocTu [16]. Takum
o0pa3oM, TIPOTUBOBOCIIAJIUTENILHOE ASHCTBUE TEeM-
tuaa 17.1 nposBIsIOCh B OIBITAX in Vivo.

Kak ykassiBanocsk Beimie, ¢ peentopom TNFRI1
MOXKET B3auMoaelicTBoBaTh KoMIiuiekc Tag7 ¢ Hsp70.
DTo 0eNoK IIallepOoH, 00JamaloIii CUILHBIM IIPO-
TEeKTUBHBIM IE€HCTBUEM, 3alIUIIAIONINM KIETKU OT
CTPECCOB Pa3HOTO TUIA, UTO CYIIECTBEHHO U JIJIST 3a-
IIUTHI OMYXOJICBHIX KJIETOK, KOTOpBIE OOJIBIIYIO
4acTh CBOEM XXW3HU HAXOISITCS B CTPECCOBBIX YCJIO-
BUSIX TUTIOKCUM, HEAOCTAaTKa MUTATEIbHbBIX BEIIECTB
¥ IIPOTUBOONYXOJIEBOr0 MMMYHHOIO OTBeTa. beaok
Hsp70 moMoraeT uM BBELKMBATh, CIIy:Ka 3alIUTHUKOM
[17]. Omnako npu B3aumoneiictsuu Hsp70 ¢ Tag7 06-
pa3yeTcss KOMILIEKC, KOTOPBI COXpaHSIET CIOCO0-
HoCTh Oerika Tag7 cBsi3piBaThes ¢ perienntopoM TNFRI,
HO TIpU 3TOM TNpuoOpeTaeT HOBYIO (YHKIIUIO.
Tag7-Hsp70 caM akTUBUpPYET 3TOT PELEIITOP, HO 3Ta
aKTUBAlLMS MPUBOIUT K MPOrpaMMHUPYyEMOIi CMePTU
KieTok [10].

Peuentop TNFRI1 ecTb y MHOTMX OIMyXOJEBbIX
kjeTok. MHKyOalus psaa TUIOB TakKWX KIJIETOK C
komrIuiekcoM Tag7-Hsp70 mpuBoOuT K Ux rubdeau B
Mpoliecce aronTo3a U HeKponTo3a. MHTepecHo, 4To
XOTSl Y MHOTHX OIMYXOJIEBbIX KJIETOK MMEIOTCS Mexa-
HU3MBbI, MPETISITCTBYIONINE aKTUBALIUY Kaclia3 v aro-
MTO3y, HEKPOIITO3 KaK 3alacHOi MyTh MporpaMmMu-
pyeMoOii KJIETOUHOM CMEpPTH Y HUX UCIIPaBHO paboTa-
et [18].

Mubexuust komiuiekca Tag7-Hsp70 Mpimiam ¢ me-
JIAaHOMOW TTpUBeJIa K IBYKpaTHOMY YBEJIMYEHUIO MPO-
JMOJKUTEIBHOCTU KU3HU 3KCIMEPUMEHTATBHBIX KM~
BOTHBIX MO CpaBHEHMIO ¢ KOHTpoJieM [19]. B urtore
IPOTUBOOITYXOJIEBEIN 3PP eKT KOMIIIEKca ObII TPO-
JIEMOHCTPUPOBAH HE TOJIBKO in Vitro, HO U in vivo.

B3aumoneiictBue nentuna 17.1 ¢ Hsp70 npoucxo-
IUT aHAJOTUYHO B3aUMONEHCTBUIO C MOCIENHUM
noiaHopa3MepHoro 6enka Tag7. Pesynbrupytomumii
komiuteke 17.1-Hsp70 moxer aktuBupoBath TNFRI1-
pelLenTop U yOuBaTh OMyXOJieBble KJIETKU, YyBCTBU-
tenbHbIe K Tag7-Hsp70-koMruiekcey [16].

BoszHukaeTr Bompoc, BO3MOXHO JIM pa3aeiuThb
¢dyakuum O6enka Tag7 M BBISBUTH €ro ()parMeHTHI,
CITOCOOHEBIE BBHIMIOIHSTH TOJABKO OOUH BUI aKTUBHO-
ctu? OKa3anoch, YTO MOXHO BBIACIUTD IBA IIENTHIA,
BXoJsIIue B coctaB 17.1 M BBINTOJTHSIONINE pa3HBIC
¢yukuuu. OnuH 3 HUXx, mmentun 17.1A, crmocobeH ¢
BBICOKOIT a(pMHHOCTBIO CBSI3BIBATBLCS C PELETITOPOM
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U mnpenoTBpamath cBsaA3biBaHMEe ¢ TNFRI1 Bcex
OCTaNbHBIX ero JuraHnoB, Bkiodas TNF [23]. IIpn
sTtom nentun 17.1A He cBsa3biBaeTcs ¢ Hsp70. OH Tak
Xe, Kak 1 17.1, npemoTBpalaeT pa3pylieHUue XpsIie-
BOM M KOCTHOI TKAHU IIPY ayTOMMMYHHOM apTPUTE y
MBI U CHMXKaeT CMEePTHOCTH Mpu cercuce [20].

B To0 xxe Bpems apyroii ¢parmeHT nentuma 17.1 —
nentun 17.1B, XoTd 1 coxpaHsIeT CITOCOOHOCTh B3am-
mogeiictBoBaTh ¢ TNFR1, HO apuMHHOCTH TakKoro
B3aUMOIEUCTBUS CAUIIKOM HU3KAs JIJI1 TOTO, UTOObI
MPENOTBPATUTH CBSI3bIBAHUE APYTUX JIMTAHIOB C pe-
nentopoM. OgHako nienituf 17.1B coxpanui crmoco6-
HOCTb 3 exTnBHO cBsI3bIBaThest ¢ Hsp70 1 oOpaso-
BeIBaTh KoMmIiekc 17.1B-Hsp70, kotoperii obmamaer
MPOTUBOOMYXOJIEBOU AKTUBHOCTBIO (HEOMyOJIMKO-
BaHHbIE TaHHBIE).

Hawm ynamocs pa3neanTh BUIBI aKTUBHOCTH OeJTKa
Tag7 v BeIAEIUTDH TPU IIENTUAA, CIIOCOOHBIC BBHIMOJ-
HSTh pasjn4yHble (PYHKIIMU ITOJTHOPAa3MEpPHOTO Oel-
Ka. Ilerrtip 17.1 MOJTHOCTBIO TIOBTOPSIET aKTUBHOCTD
mesoro 6enka Tag7, BbI3bIBasi OJIOKMPOBAHUE PElLICTI-
topa TNFRI1 m ero akrmBanmuio mpu oOpa3zoBaHUU
koMmrniekca ¢ 6enkom Hsp70. IMenmmng 17.1A croco-
0eH ToJbKO OJIOKUPOBATh pelienTop, a nentuna 17.1B
TOJILKO aKTUBMPOBATh JAaHHBIM PELIEIITOP IpU B3au-
mopeiicteuu ¢ Hsp70 (puc. 2).

B3aumopeiicrBue Tag7 ¢ peuentopom TREM-1.
B xone ucciegoBaHuii BocnaauTeIbHOTO UMMYHHO-
ro OTBeTa OBLJI OOHAPY:KEH HOBBII PELICITOP, C KOTO-
PBIM CITOCOOEH B3auMoaeicTBoBaTh 0eok Tag7. Um
okazaicsa TREM-1. Orot penenTop pacIionoxeH Ha
KJIeTKaX BPOXKIEHHOTO UMMYHUTETA, B OCHOBHOM Ha
moHouutax [21]. BzaumoneiictBue Tag7 ¢ TREM-1
MOXET IMPUBOAUTD K YCUJIEHUIO 9KCITPECCUN TTPOBOC-
nanuTeabHbIX LUTOKUHOB [11]. JInga TREM-1 us-
BECTHO TOYHO TOJIbKO ABa JuraHpa: 6eiaok Tag7 u
snepHbiii 6etok HMGB-1, emé HeckonbKo OeIKOB
paccMaTpuBalOTCsl B KauyecTBE KaHAMIATOB Ha 3Ty
poub [21].

Mbl nnoka3zanu, 4yto Tag7, cBSI3bIBasICh C PELIENTO-
pom TREM-1 Ha moBepXHOCTH MOHOILIUTOB, BBI3bI-
BaeT aKTUBAILIUIO 3TUX KIIETOK U CEKPELMI0 UMU B
cpeny MPOBOCHAIUTEIbHBIX TUTOKUHOB I1L-1b, 1L-6
u TNF [22]. Okcnpeccus IL-1b u IL-6 Ha MoHOLIM-
Tax yeJoBeKa 1mop neiictsueM Tag7 Bo3pacTaer B 25 U
B 130 pa3 coorBercTBeHHO. O0pa3zoBanue TNF Bo3-
pacTaeT He3Ha4YuTeJIbHO, B 2 pa3a. Cekpenus Ipo-
BOCHAJIUTEJIbHBIX LIUTOKMHOB MOHOLIUTAMU MPUBO-
IUT K aKTUBALIUY IPYTUX KIIETOK.

OMBITE BeIUCH ITYTEM Jo0aBieHUusT Tag7 K KIIeT-
kam PBMC. TlocnenHue ImpencTaBisiioT cOO0I0 MO-
HOHYKJICApHBbIE KJIIETKU IepudeprudecKoili KpOBH,
WHKyoupyembie in vitro. Ilocne moGasneHuss Tag7
kietk B PBMC Ha 4-e u 6-¢ CyTKHM TTpHOOpeTaroT
CIIOCOOHOCTH JM3UPOBATh OIIYXOJEBBbIC KIIETKH,
JIMIIEHHBIE KOMILIEKCAa TMCTOCOBMECTUMOCTU. 3a
yOMIICTBO OIYXOJICBBHIX KJIETOK OTBEYaeT HECKOJIbKO
HOIMyJISIIUil TUMGOLIMTOB, 00pa3yIOLIMXCSI B OTBET
Ne 9
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Puc. 2. Cxema B3aumoneiicrBusi Tag7 u ero nentunoB ¢ peuentopoM TNFR1 Jluranast TNF, Tag7-Hsp70-koMruiekc u
17.1-Hsp70-KoMIIIeKC MOTYT aKTUBUPOBaTh perierntop. biiokaropsl Tag7, 17.1 u 17.1 A 3auuiaT pelenTop OT aKTUBAIIUN JIU -
raHaamu. B iumMdounaHbIX KJieTKax OCHOBHOM MeXaHWU3M Mepeauu CUrHajla akTHBUPOBAHHBIM PELIEITOPOM — CEKPEeLs TTPO-
BOCHIAJIMTENbHBIX IMTOKWUHOB. B OIMyx0/1eBbIX KJIETKAaX Yallle aKTUBUPYETCs MPpOrpaMMUpyeMasi KJIeTOYHasi CMEPTh

Ha CeKPeInio IIMTOMHOB MOHOIIMTAMU T101 AeHCTBU-
em Tag7. Bce obmanaromme mpoTUBOOITYXOJIEBOM aK-
THUBHOCTBIO HOMYJISAIINN TUMMOIINTOB UMEIOT 00IIee
CBOICTBO — CITOCOOHOCTH PACIIO3HABATH OITyXOJIEBbIE
KJIETKM C TIOMOIIbIO aKTUBUPYIOIIEro pelenTopa
NK-kimetok, NKG2D [23]. DTOoT HEeK/IacCUYECKUIt
MeXaHM3M pacro3HaBaHMs PAKOBBIX KJIETOK ITO3BO-
JISIeT CyOnomyasIuUsIM JTUM@OLIMTOB OOPOTHCS C OITy-
XOJIEBBIMU KJIETKAMU, 3allleNIIIMMA B CBOEM pa3BU-
TUU TaK TaJIeKO, YTO OHU M30aBUIIMCH OT KOMILIEKCa
TMCTOCOBMECTUMOCTH, HEOOXOAMMOTO s y3HaBa-
HUS KJIETOK TIPU agallTTHBHOM MMMYHHOM OTBETE.

Bcero B PBMC akTuBUpYyeTcsl TpU CyOITOITyISIIIUN
KJIETOK, 00J1afatolIuX MPOTUBOOITYXOJEBbIM 3 PeK-
ToM. Ha 4-e cyTku MHKyOamny mosiBJIsieTCS CyOIToIy-
Jsums uuToTokenyecknx NK-kimetok. OHM BKcIpec-
cupyior NKG2D-penenTop 11 pacno3HaBaHUsI OITy-
XOJIEBBIX KJIETOK, a IU3UC MUIIIEHEN OCYIIIECTBIISIETCS
C TIOMOIIbIO TPAH3UMOB, CIelIM(UUECKUX MTpoTeas,
MPOHUKAIOIIMX BHYTPh KJIETKU ¢ ToMolibio Hsp70,
HaxoJsIIEerocss Ha MOBEPXHOCTU OTYXOJIEBBIX KJIe-
ToK [23].

Taxxe Ha 4-e cytku nogBisgiorcss CD4+ T-nuMm-
douThI, KOTOphie ToXe 3KcrpeccupyioT NKG2D-
peuenTop JJisi paclo3HABaHUsI OMYyXOJIEBbIX KJIETOK.
JIuzuc nociaenHuxX MPOUCXOIUT B pe3ysibTaTe B3au-
MOJIEHCTBMSI TpaHCMeMOpaHHOro OejiKka ceMelcTBa
®dakTopa Hekposa omyxoseit FasL (CD95L) ¢ Fas-
peuentopom (CD95), 4To MHAYLIMPYET MPOrpaMMU-
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PYEMYIO KJIETOUHYIO CMEPThb IyTEM aIlonTo3a WU He-
KpOIITO3a, OCYIIECTBIIsIomerocs ¢ yyactueM RIP-
KMHa3 U KJIETOUYHBIX OpTaHeI — JU30COM U MUTO-
xoHapuit [24]. IlpoTtuBooImyxojeBasi IIMTOTOKCHYE-
CKasl aKTUBHOCTb COXpaHSIETCS Y 3TOM CyONOITysi-
IIMU TakKKe 1 Ha 6-¢ CYTKM TTociie mobaBieHus Tag?7.
IIpuMepHO KaxKIbIii TpeTHUil JOHOP M3HAYAJILHO 00-
namaet CD4+ T-numdonutamMu Takoro TUIa, OHU
cocTaBsioT 0Koso 10% Beex muM@OoIMTOB KpoBH [25].
Ha 6-e cyTku akTUBUpYeTCSl HOBasl IIOIYJISILIUAS —
CD8+ T-nmumdouuToB, KoTopas, Tak xe Kak CD4+
T-auMbonuTel, 00JIagaeT CIoCOOHOCTHIO pacIio3Ha-
BaTh OMYXOJIEBble KJIETKM C TTOMOIUIbIO pelenTopa
NKG2D u nusupoBaTh UX B Mpoliecce arornTo3a u
HEKponTo3a, BhI3BaHHOTO B3auMoeiicteueM FaslL—
Fas [22].

[lomyyeHHBIE OAaHHBIE ITO3BOJISIOT 3aKJIIOYUTH,
gyro 0eoK Tag7 MoXKeT M3MEeHSIThb IIpoJimdeparnio
KIJIETOK I/IMMYHHOﬁ CUCTEMBI YCJIOBEKA U BLI3BIBATH
MOSIBJIECHE HOBBIX CYOITONYJISIIMKA IIUTOTOKCUYE-
CKMX TUM@MOIIMTOB, 001aIal0IINX TPOTUBOOITYXOJIe-
BOI1 aKTUBHOCTbIO.

HMHTepecHO, UTO MaHHbBIE IMTOTOKCUYECKUE TTO-
MYJISILIMA KJIETOK MOSIBJSIOTCS TOJBKO B TOM Cilyyae,
korna nHkyoaiusi PBMC ¢ Tag7 npoucxonut B oT-
CYyTCTBUE OITyXOJIEBOTO aHTUreHa. B mpucyrcrBumn
MeMOpaHHBIX OCJTKOB OITyXOJIEBBIX KJIETOK IO Aei-
ctBUeM Tag7 Takke aKTUBUPYIOTCS JTUMQOIIUTHI B
PBMC u mosBasIIOTCS IMTOTOKCUYECKUE TOMYJISI-
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JIMTaHAbI 4 CYTKH
Tag7 N3 4
NKG2D
O | 6J10KaTop
Ii rpaH3UMbI
x / ™
4 u 6 cyTKu
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\

CeKpeLust
LIMTOKMHOB

e

IL-1b, IL-6,
TNF

aKTUBALUS ——p
JTUM@OLUTOB

N

MU TOKUNHBI
IL-2, IFNg

JUMbOITUT

Puc. 3. Cxema B3aumoneiictBust Tag7 u ero nentuaos ¢ peuentopom TREM-1 Tag7 u ero nentua N3 MOryT akTUBUPOBATh
TREM-1 peuenrop. Ilentun N1 siBiasieTcst 6JJ0KaTOPOM CBSI3bIBaHUS € pelienTopoM. B3aumoneiictBue nuranga ¢ TREM-1-
peLenTopoM MPUBOIUT K aKTUBALIMM MOHOIIUTOB, CEKPEIIMM UMY IMTPOBOCTIATUTEIbHBIX IUTOKUHOB U TTOCJIEAYIOIIEH aKTUBa-
uu 3¢ GEeKTOPHBIX TPOTUBOOITYX0sIeBbIX KIIeTOK — N K-kineTtok u CD4+ u CD8+ T-nmuMmdbonnToB. DddekTopHbIe KIIETKH UC-
nosb3yloT NKG2D perientop mjist paclio3HaBaHUs OITyXOJIEBBIX KJIETOK U rpaH3uMbl wiu Fasl-Fas B3auMomneiicTBus mist Ux

JMr3uca

1 KieToK. OOQHAKO OHM CTAHOBSITCS CIlelupuye-
CKMMMU T10 OTHOIIEHMIO K OMYXOJIeBbIM KJIeTKaM, MO~
BEPXHOCTHBIE aHTUT€HBI KOTOPBIX MCIOJIb30BaJINUCh
MIpU aKTUBAlLIMM, U MIEPECTAIOT YOMBATh OIyXOJIEBbIC
KJIETKM, YTPaTUBIIIME KOMILIEKC TMCTOCOBMECTUMO-
ctu [26]. Takum o6pa3oM, B IIPUCYTCTBUU aHTUTEHA
OITyXOJIEBBIX KJIeTOK Tag7 crmocobGeH BBI3BIBATH MPO-
Judepalno KIacCudecKux JUMQOIUTOB aaanTHB-
Horo nMmmyHurera, Kak CD4+, tak u CD8+ cybmo-
nynsuuii. Maade ropopst, Tag7 MoXeT CTUMYJIIMPO-
BaTh 1 aJaNTUBHBIN KJIETOYHBI UMMYHUTET.

Jlanee MBI McCIeOOBaIN, KaK1e MEeNTUAI B COCTa-
Be Tag7 oTBeyaloT 3a ero B3aMMOJCHCTBUE C PeLICH-
TopoM TREM-1 (puc. 3). beiu BbISIBJIEHBI MENTUIBI
N3 u N1, crtoco6nbIe cBsa3biBaTbess ¢ TREM-1 [27].
IMenrtna, N3 miposBiIsieT Te XXe CBOIMCTBA, YTO M ITOJI-
Hopa3MmepHBIit 6enok Tag7. OH B3aMMOIEHCTBYET C
TREM-1 Ha mOBEpXHOCTU MOHOIIUTOB, BBI3BIBACT X
aKTHUBAlLIMIO M CEKPELMIO IIMTOKMHOB, B UTOTE 3TO
IMIPUBOIUT K ITOSIBJICHUIO IPOTHUBOOITYXOJIEBOM ITOITY-
sy mumaonutoB B PBMC. IMenrtun N1 Toxe cBSI-
3piBaeTcd ¢ perienntopoM TREM-1, Ho He akTMBHUpPYET
MOHOLIMTBI, a MPEISITCTBYET B3aUMOJEHCTBUIO pe-
LenTopa ¢ APYTUMU JIMTAHIAMM, B YACTHOCTH, C ITOJI-
Hopa3MepHBIM O0enkoM Tag7. IpenBaputenbHas nH-
KyOauus mnentuga N1 ¢ MOHOLIMTAMHM MOJIHOCTBIO
OJIOKMpPYET UX CIIOCOOHOCTH aKTUBHPOBATHCS IO
nevicreueM Tag7.

ITockonbky aktuBauusi TREM-1 cBsizaHa ¢ cek-
peuMeil MpOBOCHATUTENIbHBIX ITUTOKWHOB, ObBLIO
MMPOBENEHO UCCIIeIOBAHUE AEMCTBUS MHTUOUPYIOIIE-
ro nientuna N1 Ha MoJenu MHAYLIMPOBAHHOTO ayTO-
MMMYHHOTO apTpuTa y Mbieit [28]. Oka3anocsk, 4To

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

BHYTpMBEHHOE BBeaeHMe nentruaa N1 3HaunMo CHU-
»KaeT XxapaKTepHOe JIJIsI 9TOro 3a00JieBaHUS pa3pyllie-
HME KOCTHOM U XpSIEeBOI TKaHEH, TO eCTh 00JIagaeT
BBIpaKeHHBIM TeparieBTUIESCKUM 3(PPHEKTOM.

B xone Hammx pa®boT BhISIBJIeHAa HOBasl IMTOTOK-
cuJecKast OISy TMM@OIUTOB, CITIOCOOHAs pac-
MO3HAaBaTh N YOMBATh OITyXOJeBbIE KJIETKH, HECYIITHE
Ha cBoell moBepxHocTu Fas-pelienTtop M MOJEKYITY
MicA — nurana ms peuernrropa NKG2D. Otu o6na-
IaIIre ITPOTUBOOIYXOJEBOM aKTUBHOCTBIO JIMM-
douuThl nogeisgioTcss B coctabe PBMC uenoBeka
nocne B3aumoneiicteus Tag7 ¢ TREM-1-penenrto-
pPOM Ha MOBEPXHOCTHM MOHOIIMTOB ITONI IEHCTBUEM
CEKpETUPOBAHHBIX MOHOLIUTAMHU MPOBOCIIAJINTEIb-
HBIX IUTOKHOB.

B3aumoneiicrBue Tag7 m Mtsl. Tag7 crmocoben
B3aMMOJIEAICTBOBATh C Pa3HBIMM OEJIKaMM, UTO OKa-
3bIBAET BJIMSIHME HA €70 aKTUBHOCTb. Tak, Mbl OOHa-
PYXUJIA, YTO OH MOXET CBS3bIBATbCI C OEIKOM
Mts1/S100A4, kotopslit BXomguT B cemeiictBo S100
0eJIKOB, CEKPETUPYETCS METaCTa3UPYIOIIUMU OITyXO-
JIEBBIMU KJIETKAMU U CIYXKUT CUJIBHBIM CTUMYJISTO-
poM MeTtacTazupoBaHus [29]. Mtsl KOHKypUpyeT C
Hsp70 3a cBsa3bpiBanue ¢ Tag7, pa3pyiiast IUTOTOKCH-
yeckuii Tag7-Hsp70-koMIuieKc IIpyu BBICOKUX KOH-
LIEHTpalMsIX, XapaKTePHbIX IS METacTa3upyIOIINX
KJIETOK, TOATOMY OH, KaK IpaBWIo, He 00J1afaeT L1~
TOTOKCMYHOCTBIO MO OTHOIIEHUIO K KJIETKaM MeTa-
cTasupyrolux onyxoJeii [30].

Hapsiny ¢ aTm okasanocsk, yto komruieke Tag7-Mtsl
CcnocobeH MHAYLMPOBaTh XEMOTAKCHUC, TO €CTh Ha-
MpaBJieHHOE IBVXKEHUE KJIETOK UMMYHHOI CUCTEMBbI
o rpaavieHTy ero KoHueHTpanuu [31]. B urtore
Ne 9
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Tag7-Mtsl mpuobGpeTaeT CIIOCOOHOCTh MPUBJIEKATH
KJIETKM UMMYHHOI CUCTEMBI K METacTa3upylolum
OITyXOJISIM, TpUOOpeTasi AOTOJHUTEIbHYIO MMPOTHUBO-
OITYXOJIEBYIO aKTUBHOCTb.

Hecmotpst Ha TO, uTO B cTpyKType Tag7-Mtsl—
KOMILJIeKca HeT crneuu¢Uuyeckoro MOTHBa, Xapak-
TePHOTO JISI OCTaJIbHBIX JIUTAHAOB PELIETITOPOB XE-
MOKWHOB, OH B3aUMOJIEMCTBYET C PELIETITOPOM XeMO-
kuHOB CCRS5 [32]. KoMmieKc BEICTYAeT B PO HO-
BOTO JiuraHIa xeMokuHoBoro perentopa CCRS, u,
BO3MOXHO, 3TO OIlpeneisieT elieé omaHy (yHKIINUIO
oenka Tag7.

ITpoTuBOOMyX0JieBble BAKIIMHbI C UCTIOJIb30BAHUEM
oenka Tag7. MoxxHO cresiaTh BbIBOJ, 4TO Oeok Tag7
MHoOTro(pyHKIIMOHaJIeH. [1pu 3ToOM psii BUIOB €To ak-
TUBHOCTU MMEET MPOTUBOOITYXOJIEBYIO HAIlpaBJICH-
HOCTb, TTO3TOMY BO3HUKJIA UEs €r0 UCTOIb30BaHUS
B TepaleBTUYECKUX LEIX MyTEM CO3MaHUsl BaKIIUH
Ha 0a3ze MOAM(UIIMPOBAHHBIX OIMYXOJEBBIX KJIETOK,
nponyuupyomux 6eaok Tag7.

IIpoTokon BKIOYan ciaenyomuye 3Tansl: 1 — mo-
JIydeHMe OITyXOJIEBOTO Martepuaja IIpu ollepaluu,
2 — MPUTOTOBJICHUE KJIETOYHOMU KYJIbTYpPhl U3 IOIY-
YEHHBIX OITYXOJIEBbIX KJIETOK, 3 — TpaHCHEKIIMs KJie-
TOK KOHCTpPYKIIM€El, coaepKalleil reH tag7 u obdecrie-
yuBarllei cuHTe3 0enka Tag7 B KJIeTKaxX KyJIbTypHI,
4 — WHaKTUBaALUS KJIETOK PEHTIEHOBCKUM OO0Jyue-
HUEM, 5 — MOIKOXHOE BBEJEHUE TOMY Ke TallueHTY,
OT KOTOPOTO B3SIT OMNEPAllMOHHBIN MaTtepuays (Ha
MEePBOM BTarle MIIaHUPOBAJIOCH MCITOJIb30BaHUE Ay TO-
JIOTUYHBIX BaKIIWH).

B omnbiTax, mpoBen€HHBIX HA MBIIIAaX C Pa3HbIMU
JIMHUSIMU MEJaHOMBI, IIPU MCHOJb30BAHUU T10100-
HOI TEXHOJOTWU ObLIO MOKa3aHO, YTO JJIs MHOTUX
OITYXOJIEBBIX IMHUM yaa€TCsl TOOUTHCS TTOJTHOTO YHU -
YTOXEHUSI OIyXOJU Y OOJBIIMHCTBA YXWBOTHBIX.
YcnoBueMm ycmnexa cTajlo TO, YTO BaKllMHA TOTOBU-
Jlach U3 KJIETOK TOH Xe TMHUU, KoTopas Opajach 1is
nepeBUBKH [8].

B HamuoHanbHOM MEIWIIMHCKOM MCCIIeAOBa-
TeJIbcKOM 1eHTpe oHKoJjioruu uM. H.H. ITeTpoBa ObI-
JIV TIPOBEJICHBI IIepBasi ¥ Bropasi (pa3bl KIMHUYECKUX
WCHBITAHWI BAKIIMH C y9acTUEeM OOJIbHBIX C IMarHO-
CTUPOBAaHHBIMU MEJIAaHOMOI MJIM paKOM MoOYeK 3-i
i 4-it cramun. [1poBoanINCh MHOTOKPATHBIE NHB-
€KLY BaKIMHBI, Ha BTOpOM (ha3e MCOBITAaHUIT —
BILJIOTH 10 26 pa3. Ha nepBoii ha3e UCIIBITAHUIA, KO-
TOPYIO MPOBOOMIN C ydacTeM 21 maieHTa, Oblia
MIPOIEMOHCTPHUPOBaHA IOJHAs 0e30ITaCHOCTh BaK-
LIMHBI U B pSIIE CIydaeB YaCTUYHOE ITOIaBICHUE OITy-
XOJIEBOTO pocTa. 3aMeTHBIX (PpPEeKTOB He HabII0Aa-
Jocs [8].

Ha BTopoii pa3e ucnbuiranmii ¢ yaacruem 80 mmaim-
€HTOB YMCJIO UHBEKIIUI ObLIO YBEIUYEHO. 15-1eTHHE
HaOJIIOAeHMS 3a IIPOJICYeHHBIMU OOJILHBIMU ITOKa3a-
JI CYIIECTBEHHO 0oJjiee BBHICOKYIO 3((EKTUBHOCTD
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tepanuu [33]. BezkuBaeMoCTh 3a TpY Tola COCTaBJISI -
nma 25%. Crycts 5 neT ObUIM XXUBBI M1 HAXOAUJIUCH B
KOHTaKTe ¢ OHKojoramu 12 denmoBek. IIporpeccun
OITYXOJIM Y HMX He Habmomanock. B teuenme 5—15 et
C HUMHM MOCTEIIEHHO yTPauMBAaJICS KOHTAKT, IIPUIEM
3TO He OBLIO CBsI3aHO ¢ 3a0oieBaHueM. I1pu mocnen-
HEeM KOHTaKTe INMPU3HAKU POCTa OITyXOJM He ObLIU
BbIsIBJICHBI. Uepe3 15 jeT mocie MmpoBeAecHUs Tepa-
MU KOHTAKT ObLJI yTpauyeH C TPEMSI OCJIEIHUMU a-
HueHTaMu. VX jJedyeHue HaYMHaIM, KOrjJa MM OBLIO
ot 33 no 40 ner.

Juist nanpHeilero aHajiu3a onyxXoJiv ObLIU pas3zie-
JIeHbl Ha TPU TPYyINbL: 1-s1 rpynma — OIyXOoJiu, He
MpoayLupyroliue GakTopbl MoJaBAeHNUSI UMMYHUTE-
Ta (15 mauueHTOB), 2-51 — cMelllaHHas rpynmna (53 na-
LUEeHTa), 3-51 — OMNYXOJIM C aKTMBHOI HpOIyKIIMei
nMMyHozaernpeccaHToB (12 0onbHEIX). B 3-ii rpyrime
OosbHBIE TTOornbanu 3a 1—-2 roma. B 1-ii rpymiie BbI-
XKMBAaeMOCTb OOJIBHBIX uepe3 3, 5 u 10 et cocraBnsia
ok0J10 40%. Takum obpazoM, pa3pabOTaHHBIA METOT
BakIIMHOTEepanuy Npu NPaBUJIBHOM MMOAOOpE Malu-
€HTOB He ycTymnaj, a Ha l0-JeTHeM oTpe3ke daxe
MPEBOCXOAWJI JIyUIlIMEe pe3yJibTaThl, MOJyYeHHbIC Ha
3amane ¢ ucmnojib3oBaHWeM aHTUTed K PDI1 unm
PDL1 [34].

CrenyeT NogYepKHYTh, YTO TIPU UMMYHOTEpanumn
CcoYyeTaHHOE NMPUMEHEHYE TEXHOJIOTHI C pa3HbIM MeXa-
HU3MOM JICMCTBUSI MOXKET J1aBaTh CUJIbHbBIN TTO3UTHUB-
HbI 3¢ dekT. elAcTBUTENIbHO, BBEACHME IOITOJTHU-
TEJIbHBIX TIPOLIEAYP CYILIECTBEHHO YIy4dIllacT pe3y/ibTa-
ThI TEPAIIMU B OITbITAX Ha XXMUBOTHBIX. K coxaneHuro,
B CBSI3M C BBEICHUEM aMepPUKAHCKUX IIPaBUJI IPOBE-
JIEHUSI WCIBITAHUM BCe KIMHUYECKUE MCITbITAHUS
OBLIM ITIPUOCTAHOBJICHHI.

ITonaBnenue muTokuHOBOro mropma. Kak ObUTO
MPOJEMOHCTPUPOBAHO BBIIIE, PSII MENTUIOB OeaKa
BpPOXIEHHOro MMMyHHMTeTa Tag7 oO0jamaeT BbIpa-
KEHHBIMU IIPOTUBOBOCHAJINTEIBHBIMU CBOMCTBAMMU.
IMennaer 17.1 u 17.1A OJIOKMPYIOT TIPOBEIEHNE CHUT-
Hajya yepe3 TNFR1-peuentop, a nentug N1 — yepes
TREM-1-peuenTop.

B cBsa3u ¢ mangemueit COVID-19 anTUnmTrokm-
HOBAas IPOTUBOBOCITAIUTEIbHAS TePanus IPpUBICKIIA
MOBBIILIEHHOE BHUMaHHWE MEOUIIMHCKUX KPYIOB.
Okaszajniock, uto Bupyc SARC-CoV-2 crmocobeH mo-
JIaBJISITb UMMYHHBbI OTBET OOJIbHOTO JJO HEKOTOPOTO
MOMEHTa, a 3aTeM OOHapyXeHHe BUpyca KJIETKaMU
WUMMYHHOM CHUCTEMBI IIPUBOIUT K 4Ype3BbIUYAHO
CUJIbHOMY UMMYHHOMY OTBETY, U3BECTHOMY B JINTE-
paTtype KakK “IUTOKMHOBBIM IITOpM”. DTOT Mexa-
HU3M JICKUT B OCHOBE MHOTMX HEraTUBHBIX 3P deK-
TOB BUpYCHOM nHpeknuu [35].

B UHcTuTyTE OMOOpPraHUYeCKO XMWY UM. aKa-
nemMukoB M.M. Illemgakuua u HO.A. OBUMHHUKOBa
PAH 6rb11a pazpaboraHa MoAeiab OCTPOTO pecrnupa-
TopHOTO nuctpecc-cuHapoma (OPIC), Bocrpous-
BOZsIIAsl MPOLECChl BOCHAJMUTEIBHOIO OTBETa IPU
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BUpYyCHOI uMHPekuuu. Mbl uccienoBaiu 3¢G@eKT
BBedeHUsT nentumoB 17.1, 17.1a u N1 Ha cekpenuio
HUTOKUHOB TTociie nHaykunu OPIC y mereit [36].
DKCIIEpUMEHTHI II0Ka3aiyd, 4YTO BCe TpH IIEITHUIA
CHIZKAIOT YPOBEHD IIPOBOCHAIMTEILHBIX IUTOKMHOB
TNF, IL-6, IL-1b, a TakKe KJIIIOYEBOIO LIUTOKMHA
s pa3Butus nMmyHHoro otrBeta IFNg. CrenoBa-
TeJIbHO, OHU MOTYT paccMaTpUBaThCd B KayecTBe
KaHAUJIATOB Ha POJIb TeParieBTUYECKUX areHTOB s
yMeHbIIeHUs 9PGhEeKTOB “IIMTOKMHOBOTO IITOpMa” Y
6ombpHBIX COVID-19.

AyTOMMMYHHBIE 3200JIeBAHMS MTOJTyJaioT BCE 00-
Jiee IIMPOKOE pacOpoCcTpaHEeHUEe, U UX Tepaliusl CTa-
HOBUTCS BaxKHBIM HamnpaBJIECHNEM COBPEMEHHOM Me-
nuuuHbl. Kak mokaszaHo BeIlre, Tag7 v ero mernTuIbl,
omoxupytomue peuentopel TNFR1 1 TREM-1, ad-
(beKTUBHBHI B II0IaBJICHNH IPOBOCHAIUTEIbHBIX IIPO-
LIECCOB Y >KMBOTHBIX, YTO ITO3BOJISIET PACCUMTHIBATh
Ha MX UCHOJb30BaHMe B MeaunuHe [37].

k k%

Wrak, B HacTosIee BpeMs yXe€ O4YeBUIHO, YTO
Tag7 siBisieTcss MHOTOYHKIIMOHAIBHBIM OenikoM. B
Hallleli cTaTbe pacCMaTPUBAETCS TOJIBKO YacTh BUIOB
€ro aKTUBHOCTH, CBSI3aHHBIX C TIPOTUBOOITYXOJIEBBIM
U MIPOTUBOBOCTIAJIMTENbHBIM AEICTBUEM.

[IpoTuBoOOITYXOJIeBass aKTUBHOCTb MOXKET peaii-
30BaThCs pa3HLIMU OyTSIMU. B3anMomeicTBys c pe-
rienitopoM TREM-1 Ha MoHouuTax, Tag7 3amyckaer
oOpazoBaHue HUTOKUHOB IL-1b u IL-6, uTo, B cBOIO
ouepenb, BEAET K TMMOSIBIACHUIO HECKOJIBKUX CYOITOITy-
Jasaumii - T-muMdonuToB, yOMBaIOIIUX OITYXOJIeBbIe
KJIeTKU. B 3aBUCMMOCTH OT TUIA MTOCIeAHUX (DOPMU-
PYIOTCSI IIMTOTOKCHMYecKue T-TMM@OIIMTHI, Xapak-
TepHbIE IS BPOXAEHHOTO WX aJallTUBHOTO UMMY-
Huteta. B kommiekce ¢ 6enkom Hsp70 Tag7 cBsI3bI-
BaeTcsa ¢ peuentopomM TNFRI, BeI3bIBasg rubdenn
KJIETOK psijia OITyXOJiell B IPOILIECCE aronTo3a U He-
kponto3a. Hakonen, komruiekc Tag7 ¢ Mtsl B3aumMo-
nerictByet ¢ perienitopoM CCRS u BeITTOTHSET PYHK-
LU0 XeMOKWHA JIJISl TPUBJICYSHUS K oTryXouu T-1um-
¢douunToB.

B3anmoneiictBue camoro Tag7 c¢ penentopaMu
TNFR1 1 TREM-1 nipensTcTByeT CBSI3BIBAHUIO JIPY-
TUX JIATAHIOB C 3TUM PELEINTOPOM, UTO BbI3bIBAECT
MPOTUBOBOCTIAVTUTENBHBIN 2(pdekT. B cocraBe Tag7
BBISIBJIEHBI TIETITUIBI, TTO3BOJISIONINE PA3IeIUTh pa3-
JuuHble akTuBHOCTH Tag7. Ilentunsl 17.1A u N1 cBs-
3piBatorcs ¢ peuenropamMu TNFR1 u TREM-1 coort-
BETCTBEHHO Y BbI3bIBAIOT CUJIBHBII MPOTUBOBOCHA-
JqUuTenbHBIN 3ddekT, mentun N3 paboTaeT Kak
LIMTOKUH U UHAyHUpyeT nosisieHue B PBMC nipoTtu-
BOOMNYXOJEBHIX JIMMpOoUMUTOB, a merntun 17.1B B3au-
MopeiictByeT ¢ Hsp70 u BbI3BIBAET IporpaMMupye-
MYIO CMEPTh KJIETOK psifia OITyXOJIei.

ITonydyeHHBIE pe3yabTaThl MO3BOJISIIOT pacCuyu-
ThIBaTh Ha BO3MOXHOE NpuMeHeHue 6enka Tag7 B

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

JIEYEHUU OHKOJIOTUYECKUX U ayTOUMMYHHBIX 32060~
JneBaHuit. KnnHn4YecKne NCIIbLITAHUS ayTOJIOTUIHBIX
BaKIIMH Ha 6a3e OMyXoJIeBbIX KJIETOK, TpaHC(hELNPO-
BaHHBIX KOHCTPYKIMSIMU, KOTOPbIE OOECIeYMBAIOT
cuHTe3 KJIeTKaMu Tag7, mann oOHageXKMBaromIne pe-
3yJIbTaThI.
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GENE 74AG7 AND ITS TRANSCRIPT TAG7 PROTEIN: PERSPECTIVES
OF MEDICAL APPLICATIONS

D. V. Yashin'#, L. P. Sashchenko'**, and G. P. Georgiev'**

! Institute of Gene Biology of RAS, Moscow, Russia
#E-mail: yashin_co@mail.ru
#* E_mail: sashchenko@genebiology.ru
#% E_mail: georgiev@genebiogy.ru

Tag7 protein is a multifunctional protein with antitumor and anti-inflammatory effects. The interaction of
Tag7 with the TREM-1 receptor on monocytes leads to the appearance of lymphocytes that kill tumor cells.
The Tag7-Hsp70 complex binds to the TNFRI1 receptor, causing cell death in a number of tumors through
apoptosis and necroptosis. The Tag7-Mtsl complex interacts with the CCRS5 receptor and attracts cytotoxic
lymphocytes to the tumor. The interaction of Tag?7 itself with TNFR1 and TREM-1 receptors prevents the
binding of other ligands to this receptor, which gives an anti-inflammatory effect. Peptides imitating different
Tag7 activities have been identified in Tag7. The results obtained allow us to count on possible applications of
the Tag7 protein in the treatment of oncological and autoimmune diseases.

Keywords: Tag7, Hsp70, Mtsl, antitumor activity, anti-inflammatory activity.
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B cTarbe paccMaTpuBaloTCs COBpeMeHHbIe ITpo0IeMbl M3ydeHUs OMopa3zHooOpas3us 1 buopecypcoB Mupo-
BOTO OKeaHa, a TakKKe 3aJayi MHBEHTapHM3alluu OGMOopa3sHooOpa3us U GMOpecypCOB OKEAHCKUX TITYOMH.
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Ke 6nopa3sHoo6pa3us B Hanbosiee NTyOOKOBOTHBIX paiioHaX JaTbHEBOCTOYHBIX MOPEIl M TTPUJIETaIOIINX aK-
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MpoOIeMbl U3yYEHUST U COXpaHEHUsI IJTYOOKOBOMHBIX SKOCHCTEM B MOTEHIIMATBLHO PyJOHOCHBIX paiioHax
ceBepo-3ananHoit yactu Tuxoro okeana” (ripoekT Ne 3.1902.21.0012). [IpuBoauTtcst onvcaHue psiga yHU-
KaJIbHBIX TTYOOKOBOJHBIX 9KOCUCTEM B MECTaX 3ajieraHusl [IEHHbIX MUHEPAIbHBIX PECYpPCOB HA MOPCKOM
JTHEe W paiiloHaX aKTUBHOTO PBIOOJIOBCTBA. PaccMaTpuBaloTCs BO3MOXHOCTU COXPAHEHMST 3TUX 9KOCUCTEM
MyTEM OTpaHUYEHUST MPUMEHEHU I TEXHUYECKUX CPEICTB, TPABMUPYIOIIUX JOHHbIE JaHAIadThl, a TaKXe
MPUIaHUS UM TIPUPOJOOXPAHHOTO CTaTyca.
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MupoBoii okeaH, 3aHuMalomuii 71% IoBepxHO-
CTU Hallleii TIJIaHeThl, MPU CpelHel MIyOnHe OKOJIO
3700 M mpeacTaBiIsIeT COOOM KOJIOCCAIbHBIIT OOBEM
KU3HEHHOTO MIPOCTPAHCTBA, Ha IBA ITOPSAKA MPEBHI-
LIAIONINI 00BEM XXU3HEHHOTO MTPOCTPAHCTBA Ha Cy-
1IIe, KM3Hb HAITOJIHSIET €ro OT MOBEPXHOCTHU 10 MaK-
CUMaJIbHBIX DTyOMH. OTHAaKO IIYOWMHBI OKeaHa OCTa-
IOTCS CJ1a0OM3YYEHHBIMM Aaxke MO CPaBHEHMUIO C
OMIKANIIIM KOCMOCOM, TAe yKe MOOLIBajo Ha Io-
PSAOK OOJIbIIIe KOCMOHABTOB M TYPUCTOB, Y€M TTHJIO-
TOB M YYEHBIX, CIIyCKaBIIUXCS IIyoxe 6 kM. Jlo cux
MO COXPAHSIIOTCS MPEACTaBICHUSI, B COOTBETCTBUH C
KOTOPBIMU OMOpa3HooOpasue Ha Cyllle B YaCTH BUIO-
BOT0 OOraTCcTBa Ha IMTOPSA0K GOJIbIIIE TAKOBOTO B MOP-
ckoit cpene [1, 2], a bmoMmacca OMOTHEI B Ha3eMHBIX
9KOCHCTEMAaX MOYTH Ha ABa IMOPSIKA IIPEBbIIIACT
6romaccy Mopckux opranusmos (~6 I't C) [3]. 3a uc-
KJTIOUYEHUEM (PUIIOTeHETUUECKOTOo (MaKpOTAKCOHOMMU-
YeCKOr0) YPOBHSI, TaK1e TUCIPONOPLIMUA OTMEYAIOT-
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Csl M TIpU CpaBHEHUU BCEX IPYTUX YpOBHeil Ouopasz-
HOOOpa3usi — OT TEHETUYECKOTO A0 3KOCUCTEMHOTO
(Mpu MMUPOKOM MOHUMAHUU 3TOTO TEPMUHA, MOJIpa-
3yMEeBalOIIEro gce OCHOBAHHbBIE Ha HACJIENCTBEHHO-
CTU Bapualliu Ha 6cex ypOBHSIX OpraHU3alluu KUBOM
matepum) [4]. OngHakKO HOBbIE JAHHBIE MO3BOJISTIOT
YCOMHUTBCSI B BEPHOCTH MOJIOOHBIX YTBEPXKICHUIA.

B mocnennue romsl 61aromapst pa3BUTHIO TIOIBO/I-
HOIf pOGOTOTEXHUKU U TEXHOJIOTUIT 0TOOpa TOHHBIX
npo6 TIyOOKOBOAHBIE UCCIeaOBaHUS MUPOBOTO
OKeaHa IWHAMHWYHO pa3BuBaloTcsa. KommiekcHoe
n3ydeHne OMOJOTMYECKOTO pa3HooOpasus B IIy0O-
KOBOJIb€ MPHUBEJIO K WMHTEPECHEUIIIUM OTKPBITUSIM,
3aCTaBIISIOIINM CYIIECTBEHHO MEPECMOTPETh HAIIIN
MPEICTABIEHNUS O KOJJMYECTBEHHOM U KAYeCTBEHHOM
cocTaBe Ny0oKoBOIHOI 61OTHI. IToBBIIIIEHHOE 61O~
JIOTUYECKOE pa3sHOOOpasue OOHAPYKEeHO Ha KOHTH-
HEHTAJbHBIX CKJIOHAX, aOKWCCalbHBIX paBHUHAX, B
ITyOOKOBOAHBIX KeJa00ax, OIMUCHIBAIOTCSI MHOTUE
COTHU HOBBIX BUIOB M3 CaMbIX Pa3HBIX TaKCOHOB
MOPCKOI GUOTHI, TIPOUCXOISIINX U3 3TUX 30H.

IlepecmaTpuBaloTcs TIpEACTABIEHUSI U O OMope-
cypcax MupoBoro okeaHa. B TeueHue IIociemHero
JIECSITIICTHS 32 CUET UCIOIb30BAHUS HOBBIX TEXHO-
JIOTMM TIpaKTUYEeCKM Ha MOPSAOK BBIpOCa OLleHKa
peanbHOII OMoMaccChl Me30IleIarn4yeckmux peid — a0
11—19 mapa T [5—8]. OTKpBITHl YAMBUTEIbHbBIE OCO-
OEHHOCTH OMOJIOTUM 3TUX TNIIYOOKOBOIHBIX PHIO,
HalpuMep, UX CBEPXUYYBCTBUTEIbHOE 3peHUue [9].
Takue pBIOHI, cocTaBsIONIME MO 6uomacce 1o 90%
BceX pbI0 B MUpPOBOM OKeaHe, IIPU BHEIPEHUU COOT-
BETCTBYIOIIMX TEXHOJIOTUM JOOBIYM U MEepepadbOTKH,
TOJILKO TIPY U3BITHM 1% 11X GOMaCcChl MOTYT YBEJTMUUTh
€XKETOIHBIN 00BEM prIooTIpoayKIIMY 10 200 MJIIH T, B
TO BpeMsI KaK Ha IPOTSKEHUM IBYX MOCJIEIHUX JIECSI -
TWJIETUI OOIIMI €eXETOOHBIN BBIJIOB BCEX BOMIHBIX
OMOpecypcoB CTaOWIM3upoBajicsd Ha ypoBHe 90—
96 muiH T B rox [10]. TlepecMaTpuBaIOTCS U OLIEHKU
BO3MOXHOII OMOMAacCHhl 300IUIaHKTOHA. Tak, Oumo-
Macca Me30IleJJarn4ecKux 1 6aTuriearndeckux riy-
OOKOBOJIHBIX KPEBETOK MOXET COCTaBUTb IOpsiAKa
1.7 mupm T [11].

[ToMuMoO MOTEHIIMATBHBIX UCTOYHUKOB BBICOKO-
KayeCTBEHHOM OEJIKOBOM IPOAYKIINU, TIIyOOKOBOI -
HBIE DKOCHUCTEMBbI IIPUBJICKAIOT 0CO00OE€ BHUMAaHUE
KaK TUTAHTCKMI pe3epByap YHUKAJIbLHBIX JIEKap-
CTBEHHbBIX MOJIEKYJ C BBICOKMM XMMUWYECKUM Pa3HO-
obpasuem [12]. [mybokoBOgHbBIE OpraHU3MBbl aaamn-
TUPOBAJIM CBOM OMOXMMHYECKME MEXaHU3MBI OIS
BBIKMBAHMUSI B 9KCTPEMaIbHBIX YCJIOBUSIX, OHU 00J1a-
JIai0T OOJIBIIMM ITOTEHIIMAJIOM MHIYKIIUN ITIEPBUYHBIX
1 BTOPUYHBIX METAa0OJIMYECKNX MyTEeH ST CO3MaHUST
CTPYKTYPHO YHUKaJIbHBIX MeTabonuToB. Iloka3aHo,
YTO OKOJIO 76% BCeX COEOUHEHUI, BBIACICHHBIX U3
IIyOOKOBOOHBIX OOBEKTOB, O0JagarOT OMOJIOrMYe-
CKOIf aKTMBHOCTBIO, MPUYEM IOUYTU ITOJOBHMHA U3
HUX IIPOSIBIISIET HUTOTOKCUYHOCTh B OTHOILIEHUM PSI-
J1a TMHUI paKOBBIX KJIETOK YeJIOBEKA, a YaCTh COEIM -
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AIIPUAHOB, MOPAYXOBHMY

HEHUI AEMOHCTPUPYET BBIPAXKEHHYIO AHTUIIPOIU-
¢depaTUBHYIO 1 aHTUMUKPOOHYIO aKTUBHOCTH [ 12, 13].

B mmyounax MupoBoro okeaHa COCpeIOTOYEHEBI
TUTAaHTCKME MUHEPaIbHbBIE Y SHEPTETUUECKHE PECYP-
cbl. CorTacHO BKCITePTHBIM OLIEHKAaM, Ha ero JHE CO-
cpenoroueHo 10 70% 3amnacos HedTH (60% Ha 11eTb-
de, 40% Ha KOHTUHEHTAILHOM CKJIOHE). 31eCh TTpU-
CYTCTBYIOT OIPOMHBIE 3aITachl “TOIUIMBa OymaylIero” —
razoruaparos (~5—15 TpaH M3), BIBOE NpPEBbIIIAO-
1Y€ OOILIEMMPOBBIE 3aITaCHI BCEX TPAIUIIMOHHBIX BH-
noB TorumnBa [14]. MuHepaabHbIE pecypChl MHOTHX
HauMEHOBaHMM TaKxKe KpaTHO IIPEBBILIAIOT PECYPChI
cymr. OcoOblif MHTEPEC C pECypCHOM TOYKM 3pEHUS
MPENCTaBISIIOT JKeje30-MapraHiieBble KOHKpeIUu
(2KMK), BcTpeuarolmecst Ha TOBEpXHOCTU OecKpaii-
HUX aOMCCalIbHBIX PaBHUH; KOOAJIBTOHOCHBEIE Map-
raHuesbie kKopku (KMK), 3aneratoiiye Ha ckjioHax
MOJABOIHBIX TOP M TailOTOB; TTyOOKOBOIHBIE TTOJIM-
metammueckue cyabduabl (I'TIC), BcTpeyarommecs
B 30HaX TMIPOTEPMAIbHOM aKTMBHOCTH B palioHaX
OCTPOBHBIX AYT U CPEAMHHO-OKEaHUISCKUX Xpebd-
ToB [14]. da 1 cama MopcKas Boza, coaepkarias 60-
siee 70 XMMAYECKUX 3JIEMEHTOB 1 0KoJ1o 50 X 105 T co-
JIE, — TIEPCHEKTUBHBIA pECYPC JISI XUMMUYECKOU
MPOMBILTIEHHOCTU Oynyuiero [14, 15].

Buonornyeckue, MUHEpalbHbIE U SHEPreTUYC-
CKHUe pecypchl MUpOBOTro okeaHa BCE yallle paccMmar-
pUBAIOTCSI B Ka4eCTBE ONpeaesioniero gakropa oy-
IYyIIEro YCTOMYMBOIO Pa3BUTHSI HaIlle LIMBUIINA3A-
mun. [Ipu nx panoHaIBFHOM HMCITOJIb30BAHUM OHU
CITOCOOHBI TTOKPBITh MOTPEOHOCTH BCETO UeIOBEUC-
CTBa Ha COTHH JIeT BIIEpEn, oOecrneunB OyaylIue mo-
KOJICHUSI MPaKTUYSCKU HercYepIiaeMbIMU UCTOYH -
KaMU S3HEPIUU, MUHEPaAIbHBIMU PECypcaMu IJIsI IPO-
MBIIIJIEHHOTO Pa3BUTHUSI, BBICOKOKAYECTBEHHBIMU
MPOAYKTAaMU TTUTAHUS W JIEKAPCTBEHHBIMU Cpej-
CTBaMU.

OnHako yXXe ceiiyac, B YCJIOBUSIX POCTa HapoOdO-
HaceJeHUs U YPOBHS MOTPEOICHUSI, a TAKXKE B CBSI3U
C OCO3HAHMEM OTPaHNYCHHOCTU PECYPCHOTO ITOTEH-
yaja cyly, 6orarcTBa okeaHa CTAHOBSITCS IIpeIMe-
TOM OCTPOM KOHKYPEHIIMH, T€OTTOJIUTUIECKO OOph-
OBl ¥ MOMBITOK OTpaHUYEHUS TOCTYIIa K HUM CTpaH-
KoHKypeHToB [10]. OnuH U3 NIpUMEpPOB — BO3HUK-
1IIie HECKOJIBKO JIET TOMY Ha3aJ IpeTeH3uun K Poccun
Ha momanke KoMmuccnu 1mo coxpaHeHUIO MOPCKHMX
XUBBIX PECYpCOB AHTApKTUKHU IIPU PaCCMOTPEHUU
kBoT i1 Poccuiickoit @enepaniyu 1o 100bI1Ye KPUIs
U TIIyOOKOBOAHBIX pbI0. Hampssk€HHOCTh yaanoch
CHU3UTh Onarogapsi BO30OOHOBJIEHUIO COBMECTHO C
Pocpri6o10BCcTBOM OMOPECYpCHBIX MCCACAOBAHUN B
3TOM paitoHe MMUpoOBOro okeaHa B paMKaxX MHUIINH-
poBanHoii PAH HayyHOI »KCIemUIIMOHHOM ITpO-
rpamMmbl 2020—2022 rr. [10, 16]. Ipyroit MexaHuU3M
JIaBJICHUS Ha TUIOIIAAKaxX YIIOMSIHYTOH KOMUCCUMU —
HoaIepXKa UACOJOTUU CO3IaHNSI MHOTOUMCIEHHBIX
MOPCKHUX OXpaHSIEMbIX paliOHOB Ha BBICOKOIIPOOYK-
Ne 9
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TUBHBIX aHTAPKTUUECKUX aKBATOPUSIX 6€3 TOCTAaTOU-
HOTO HaydyHOoTo obocHoBaHus [10].

IMocne pasnena menbda NpeanpuHUMAIOTCS MO~
MBITKU pas3fesia OTKPBHITHIX pailoHOB MUpPOBOIro oke-
aHa 3a IpelejaMu HAlMOHAJIIbHBIX IOPUCIUKIIUANA.
Ve He TOJIbKO TPaaullMOHHbIE MOPCKME JAEPKaBhI,
HO ¥ TUHAMUWYHO pa3BUBAIOIIMECS CTpaHbl A3U1 Ha-
palmmBaOT COBPEMEHHBIII HayYHO-UCCIIEN0OBATEb-
CKMIA (p10T, CTPOST ITyOOKOBOAHbBIE anIapaThl, pac-
IIUPSIOT paiOHbl MOPCKUX UCCIETOBAHUN, OpTraHU-
3yIOT HOBBIE WHCTUTYTBHI, OPUEHTUPOBAHHBLIE Ha
U3y4eHUEe MUHEPATbHbBIX U OMOJIOTUYECKUX PECYPCOB
ITyOMH OKeaHa.

Poccust akTMBHO y4acTBYeT B OCBOCHMU OKEaH-
ckux pecypcoB. Ilo cormmamenuo ¢ MexmyHapos-
HBIM OpraHoM 110 Mopckomy mHy (International Sea-
bed Authority), nefictByominm B pamkax KonseH1umu
OOH no MopckoMy IIpaBy U peTyJIUPYIOLINM JOCTYIT
K MUHEpaJbHBIM pecypcaM OKEaHCKOTO JHa 3a Mpe-
JieJjaMy HallMOHAJILHBIX IOpUCIMKIIUI, B MexXmyHa-
POIHOM paifoHe MOpCcKOTOo JHAa MHUpPOBOTro OKeaHa 3a
Halllei CTpaHOM ISl pa3BeIKU U BO3MOXHOM MOCe-
IyIolleil SKCcIIyaTallMyd 3aKpeIuIeHbl Yy4acTKU C
kpyrHbiMU 3artacamMu 2ZKMK B 3oHe Knapuon-Kour-
neptoH 1 KMK B paitoHe MareninaHoBbIx Top B Tu-
xoM okeaHe, a Takxke I'TIC Ha ydyactke CpeamHHO-
AtnaHntudeckoro xpe6ra B AriaHTuke [14]. OTme-
THM, 4TO TOJIBKO onHa 30Ha Kirapnon-KimmnmneproH,
y3Ke pa3nelIEHHAsI Ha OOIBIITOEe KOJTMYECTBO YIaCTKOB
JUIST MHOTUX CTpaH, COOEPXKUT HUKEJsT U KobaiabTa
OoJIbllle, YeM BCE pa3BedaHHbIC peCypChl cyln [ 14].

B oTHo1IeHUY 1OOBIYM OMOPECYPCOB HA MOPCKUX
aKBaTOPMSIX BHE 30H HAIlMOHAJIbHBIX IOPUCAUKIINI B
HacTosIlllee BpeMsI HET €IMHOTO MEXIYHapOTHOTO
peryiasropa. IIpakTrudecku Bes miromiaab MUpoBOro
OKeaHa BHE 30H HallMOHAJIbHBIX IOPUCAUKIIUI yUTe-
Ha B CETU PETMOHAILHBIX MEXIIPaBUTEIbCTBEHHBIX
COINMALlIEHU!, PETryJIUpYyIOIINX JIOB OTHEIBHBIX pe-
cypcHbIX BumoB. Poccus ygactByeT B 24 pernoHajlb-
HBIX OpraHU3alMsAX MO YIIPABJISHUIO PHIOOJIOBCTBOM
U B 62 MEXIIpaBUTEILCTBEHHBIX CONIAIIECHUSIX IO
pB16010BCTBY ¢ 46 cTpanamu [10]. B HacTos1ee Bpe-
MsI 00CYXKIIaeTcsl BOTIPOC O CO3MaHUU €AUHOM MeX-
IYHApOMTHOI OpraHU3alliy 110 PEeryJIMpOBaHUIO PHI-
oonoBcTtBa B TrxoMm okeaHe. CienyeT OoroBOPUTHCS,
YTO ACHCTBYIOLIME MeEXAYHApOOHbIC COIJIAIICHUS
pEryInpyIoT HTOOKIYY OMOpPEeCcCYypCcOB BHE 30H HAIUO-
HaJIbHBIX IOPUCIUKINKA TOMbKO o mryomH 1000 M,
MOCKOJIBKY Ha OOIBIINX TIIyOMHAX UMEIOIIeCs TeX-
HUYECKME BO3MOXHOCTH HE TI03BOJISIIOT OLICHUTH 3a-
Machl IPOMBICIOBBIX II€JIarMYECKUX BUIOB U OOMTa-
Teneit mopckoro aHa [10].

B pamkax meiCTBYIOIIMX MEKIYHAPOTHBIX KOH-
BEHLMN M COIJIALLIEHUA BaXKHEUILIUM YCJIOBUEM IO-
JIy4eHMWs JIULEH311 1 KBOT Ha TOOBIYY MUHEPaJIbHbBIX
¥ OMOJIOTUYECKUX peCcypcoB B MexKITyHapOTHOM paii-
OHE MOpPCKOro fHa MUPOBOTO OKeaHa CIIY>KUT MpPO-
BelleHNE Hay4YHBIX MCCIENOBaHUI, OOeCcIeurnBaIO-
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IIUX JOCTOBEPHYIO OLCHKY MMEIOIIMXCS 3aIacos,
IMOHMMaHUe YCIOBUM MX BOCCTAHOBJICHUS, PallMO-
HaJIbHOE MCITOIb30BaHKMe MOOBIBAEMOIO pecypca, a
TaK:Ke HaJlu4yye TEXHUYECKMX CPEICTB M TEXHOJIOT U,
00eCIeYrBaIOIIUX COXPAHEHUE MOPCKHMX 3KOCUCTEM
B paifoHaX aKTUBHOTO MEXIYHAPOIHOIO MPHPOIO-
rmojip3oBaHusi. He oTcTaTh B 3THX pECYpCHBIX UCCIIE-
NMIOBAaHUSIX, HE TOMYCTUTh TEXHUYECKOIO OTCTABaHMUS,
ITOCTAaBUB 0J1arOIOIyYHe MOCISIYIOIINX MOKOJICHUM
IO/l YTPO3y OTPaHUYEHUI TOCTYIa K OTPOMHBIM pe-
cypcaM OKeaHa — BaXKHeiilllasi rocyIapCTBEHHasT 3a-
nada Poccuiickoit @enepamnun.

Ocoboe 3HaueHue a1 Poccuy nMmeet pecypcHBIit
MOTEeHIMAJl TaJIbHEeBOCTOYHBIX MOpPEi M IIpUJIeraio-
X aKBaTOpPUIA ceBepo-3allagHoOi YacTum Tuxoro
okeaHa. OHU ob6ecrieynBaroT 0kosI0 80% Bcex T00ObI-
BaeMbIX Y HaCc BOOHEIX OmopecypcoB. Ha menbde u
KOHTMHEHTAJILHOM CKJIOHE B 3TOM paiioHe MupoBo-
ro OKeaHa COCPEeIOTOUYEHBI OOJIbIINE 3aITackl He(PTH,
rasa, ra3oruapaToB, OOHApyKeHBI 3HAYUTEIbHEIC 3a-
nexu KMK, KMK, I'TIC, mpudém 3Th yJ4acTKH pac-
MOJIOKEHBI TOopa3fgo OJvke, 4eM JUILEH3UOHHEBIC
yyacTku Poccum B LieHTpaJIbHBIX 4YacTsax Tuxoro u
ATJIaHTUYECKOTO OKEaHOB.

3HaYMTENILHBINA BKJIaA B M3ydeHHE OMOPa3HOOO-
pasusi NyOOKOBOIHBIX 3KOCUCTEM CEBEpO-3anaaHoi
yacTi THXOro oKeaHa BHeECJA CEpUS COBMECTHBIX
IJTyOOKOBOAHBIX POCCUIMCKO-TEPMAaHCKUX 3KCHEOV-
LI, opraHM30BaHHBIX HalMoHaJIBLHBIM HayYHBIM
LIEHTPOM MOPCKoOIi buonoruu uMeHun A.B. KupmyH-
ckoro JlanpHeBocTouHOTO  oTneimeHuss  PAH
(HHOMB JIBO PAH). 3a 2010—2016 rr. B pamMKax
4 KOMIUIEKCHBIX 3KCHeOUIINiA OblJla BBITIOJIHEHA
OlleHKa Onmopa3HooOpas3us B HanboJiee NIyOOKOBOI -
Hoit yactu fmnoHckoro Mopst (SoJaBio, 2010 r., oo
3660 M); B paiioHe TUXOOKEaHCKOTo abHUCCallbHOTO
niaTto, TpuMbIKalomero kK Kypuino-Kamyarckomy
xk€émo0y (KuramBio I, 2012 r., o 6000 Mm); r1yboko-
BonmHOM Kypunbckoit KoTaoBuHe OXOTCKOTO MOPST U
n1yookoBoabe Vv KypMJIbCKIX OCTPOBOB CO CTOPOHBI
Kypuno-Kamuarckoro xénoba (SokhoBio, 2015 1.,
1o 4700 m); B Kypmino-Kamuarckom xkeémode (Kuram-
Bio I1, 2016 r., 0 9500 m).

HecMmoTps Ha 1O, uTO SIMOHCKOE MOpE MPUHSITO
CUMTaTh OOJHUM M3 HauOoJiee U3YYEeHHBIX B CEBEPO-
3anagHoi [lamuduke u 3mech yXe OBIIIA U3BECTHHI
oko10 100 ITy0OKOBOIHBIX BUIIOB XKMUBOTHBIX, B XO/IE
akcrienuuu SoJaBio BOomb TpaHCEKThI OT DIyOWUH
500 mo 3660 M 6T cobpaH 621 B MOPCKUX Gecro-
3BOHOYHBIX, 13 KOTOphIX 201 Bunm (32%) okasajcs
HOBBIM JJ1s1 HayKu, a 105 BunoB (17%) BriepBbIe ObUTH
otMmeueHs! 11t Slmonckoro mops [17, 18]. Emé 6onee
BIIEUATIISIIOIIM pe3ynbTaThl sKcrenuimn KuramBio 1.
3a 16 yer TIyOGOKOBOOHBIX TpajeHUl B cepeauHe
XX cToneTus B ceBepo-3anagHoii yacTy Trxoro oke-
aHa (1949—1966 rr., 10 sxcnieauLIMii HAYYHO-MCCIIEe-
JIOBaTEJIbCKOro cynHa “BuTs3p”) B muama3oHe Iiy-
6uH 5000—6000 M 6bTM cobpaHbl 0KoJio 600 TIy60-
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Puc. 1. Yncno omnybimkoBaHHbBIX B 2015—2023 rr. paboT, NporHAeKCUPOBaHHBIX B Web
of Science 1 MOCBSIIEHHBIX U3YYCHUIO abrccalibHOM 30HBI (abyssal zone)

KOBOJIHBIX BHJIOB, M3 KOTOPHIX 0Koyo 300 BUIOB — B
paitoHe padot KuramBio I [19]. Baarogapst ucroib-
30BaHMIO HOBBIX TEXHMUYECKUX CPEACTB (OOKC-KOpe-
pPbl, MYJIBTUKOPEPHI, aBTOMATU3UPOBAHHbBIE CIIIIKH )
B xone KuramBio I B nuamnazone rimyouH 4830—5830 m
cobpanbl 6osiee 1800 BumoB (22 TuIa XUBOTHOTO
LIapCTBa), U3 KOTOPBIX 0K0JI0 60% OKa3aauch HOBBI-
mu it Hayku [19—21]. B akcnenunuu SokhoBio B
nuamna3zoHe nryouH 1700—4700 M coOpaHbl Ooliee
1000 BHIOB, M3 KOTOPBIX OKOJIO 50% — HOBBIE MJIS
Hayku (paHee B OXOTCKOM MoOpe ObLIM W3BECTHBI
TOJIbKO 50 MIyOOKOBOIHBIX BUAOB OCCITO3BOHOYHBIX
KUBOTHBIX) [22]. B xone KuramBio Il B quamna3one
nryouH ot 5120 mo 9585 M cobpanbl 1328 BuOOB,
orsaTh-Taku 50% W3 KOTOPBIX OKa3aJuCh HOBBIMH
st HayKuy [23]. Oty uudpbl HAIISIHO CBUACTEb-
CTBYIOT O KpaiitHe HU3KOM cTeneH! U3y4YeHHOCTHU Ty~
OOKOBOJTHOU OMOTHI U B TO XK€ BPEMSI O €€ YIUBUTEITb-
HOM pa3HooOpa3uu. 1o pe3yabraTaM 3TUX SKCHEI-
nuit HHIIMB JIBO PAH omny6inKoBaHbI OTASIBHBIE
TOMa BEAYIIMX HayYHBIX XypHaioB “Deep-Sea Re-
search Part II” (2013, 2015, 2018) u “Progress in
Oceanology” (2020), B KOTOpbIX NpeAcTaBiIeHbI 00-
nee 130 craTeil ¢ onmmcaHUSIMU IIIYOOKOBOIHOM OMO-
Thl. AHaJIM3 ITyOoaukanuii B cucteme Web of Science
3a 2015—2023 rT. 110 adKMCcCaIbHOIM TeMAaTUKE IT0KAa3bI-
BaeT, uro gmoiss HHIIMBb IBO PAH cocrasiser
TPETh BCEX POCCUMCKUX CTATEM, 4 CPEAN POCCUNCKUX
cTaTeil Mo MOpPCKOI OMOJIOrMM B abuccajlu CTaThU
HHIIMB JIBO PAH cocTaBisiioT ITOYTH IIOJIOBUHY
(puc. 1, 2).

TeicuyM HOBBIX BUAOB M3 COOMpPAaeMBIX B ITOCIIE -
HME TOIBLI C MTOMOIIBIO CITEIIMAIBHBIX TEXHUYECKUX
CPEICTB MpeAcTaBUTeNleil NIyOGOKOBOIHOIM OUOTHI, K
COXaJIeHUIO0, MOTYT TaK U OCTAThCS HEONMUCAHHBI-
MU, U160 CKOPOCTh OMMCAHUSI HOBBLIX BUIOB COBpe-

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

MEHHBIM Hay4YHBIM COOOIIECTBOM HE€ IIpPEBBIIIAET
25 TBIC. B TOII, TO €CTh AJISI OIMCAHMS OYEPEIHBIX IBYX
MWJIJIMOHOB HaM IIOTpeOyeTcss HEMHOTMM MeHee
100 ser.

[lonyyeHHBIE maHHBIE O peaJlbHOM OMOpPa3HOOO0-
pa3uu B abuccajibHbIX DIYOMHAX CeBEpO-3anaaHoin
IManuduku xopolllo comiacylTcsl ¢ pe3yabTaTaMu
MAacIITaOHOIO M3y4YeHHUsI OaTUaIbHOM ITTyOOKOBOIM-
HOIi OMOTBI B CEBEPO-3aNafHON ATJIAHTUKE B HavYase
1990-x ronoB [24]. Boonb TpaHCEKT Ha KOHTUHEH-
TaJIbHOM CKJIOHe (06atmaib, oT 1500 mo 2100 M) y Oe-
peroB Hrwo-Ixepcu u [3maBepa OBUIA B3SITHI
233 nHouepIaTeNbHBIX MPOObI, COOpaHbl NECATKU
THICSIY DK3EMIUISIPOB OECMO3BOHOYHBIX YKHWBOTHBIX
(okoso 800 BuaoB 13 14 TUNOB XMBOTHOTO LIApCTBa
Ha o0lIel MIomany JHOYepHaTebHbIX pob 21 Mm?).
58% BUIOB OKa3aJIMCh HOBBIMU TSI HayKu [24]. Dt
paboThl OBLIN IIPOAOIKEHEI y OeperoB CeBepHOI U
IOxnoit KaponnHbl, 00111e€ KOTUYESCTBO COOpaHHBIX
B baTHaIM 3K3eMILUISIPOB noBeAeHO 10 270 ThHIC., a 00-
IIee 4Mciio coOpaHHBIX BUOOB mo 1600 (Ha oGiueit
IJIOLIAAU JHOUYEPIIATENLHBIX TPo6 56 M?). MHTepec-
HO, YTO HOBBIMM JIJISI HAYKHU TaKXKe OKa3zaiuch 0osee
MOJIOBUHBI BCEX COOpaHHBIX BUIOB [24].

B otnmune oT HamMx abuccabHBIX COOPOB B Cce-
Bepo-3anagHoii yactu Tuxoro okeaHa, Tiae 3HAYW-
TeJIbHO TIpeoGiafaad pakooOpas3Hble MepaKapUIbl
(6onee 50%), HAa KOHTUHEHTAJTBLHOM CKJIOHE B CeBe-
po-3anmagHoO ATJaHTWKE Mpeodianaiu MOIUXEThI
(mo 48%), a mepakapumbl COCTaBIsUTH JIUITH 23%.
31ech TakKe OTMEeUeHa OYeHb BbICOKAsI CTEIIEHb TTy-
60KoBOIHOrO 3HAeMU3Ma (90% BUIOB IIpeacTaBiie-
HBI MeHee 1% OoT coGpaHHBIX 1 OKOJIO 28 % BHIIOB OBI-
JI1 cOOpaHbl TOJIBKO OAUH pa3) [24]. 3HauuTeaIbHOE
Obuosiorndyeckoe pazHooOpasue B CEBEpHOI ATIaHTH-
Ke, Kak 1 B ceBepHoli [laumduke, cBI3aHO C OYEHB
Ne 9
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Poccust Bcero — 125 ny6aukarmit
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Puc. 2. Yucno ony6nukoBaHHbIX B 2015—2023 rT. paboT, IporHIASKCUPOBaHHBLIX B Web
of Science 1 MOCBAMIEHHBIX U3YYEHUIO MOPCKOI OMoJoruu abuccaabHOit 30HHI (abyssal

zone: marine biology)

BBICOKMM YPOBHEM II€PBUYHOM IPOAYKIIMU B ITO-
BEPXHOCTHBIX CJIOSIX OKe€aHa, 4TO IMO3BOJISIeT 3HAYM -
TEJIbHBIM 00bEMaM TIUIIM JTOCTUTATh OaTUAJIbHBIX U
JTaxe abrccaabHBIX ITTyOrH. B nTore cBOMx nccneno-
BaHUWI1 aBTOPHI MPEANOIOXUIIN, YTO KaKIbIii KBal-
paTHBI KWJIOMETP KOHTMHEHTAJIbHOIO CKJIOHA MO-
KET 1aTh KaK MUHUMYM | HOBbII BuI. B memom xe, ¢
YYETOM MPOCTPAHHBIX OJTUTOTPO(DHBIX aOMCCATBHBIX
paiioHOB, Ilie YPOBEHb NEPBUYHOM IIPOAYKIIMU MO-
XKET OBITh OYeHb HM3KUM, 3TU aBTOPHI SKCTPAIIOJIM-
poBaii BUJIOBOE GoraTcTBO B MUpPOBOM OKeaHE Ha
miyouHax 6ojee 1 kv Ha ypoBHe 10 MutH BunoB [24].
OnHako, HECMOTPSI HA MHOTOYMCJIEHHOCThb BBITOJI-
HEHHBIX IIp00, 00Illee MOKPBITUE MCCICIOBAHHOIO
MOPCKOTO JIHa JHOYEpHaTeIsIMU e-(haKTO COCTaBU-
JIO JINIIIb HECKOJIBKO AECSATKOB KBaIpaTHBIX METPOB,
YTO ITOCTYK1JIO OCHOBAHMEM JIJISI KpUTUKU TaKUX KO-
JIMYEeCTBEHHBIX pacuéToB [1, 2, 25]. Ho »Ta mmoHep-
cKas paboTa uMejla OTpOMHOE 3HAUYeHUE, IIOCKOJIbKY
obpaTuia BHUMaHUE MOPCKUX OMOJIOTOB U OKEaHO-
JIOTOB Ha IIOTEHLIMAJIbHOE OMOpa3HOOOpa3ue B INTy-
OuHax MupoBOTo oKeaHa.

B mocnenymooliemM cxomHble pe3yabTaTbl OTHOCHU-
TeJIbHO KOJIMYECTBA HOBBIX BUIOB U CTETIEHU TTy0O-
KOBOIHOTO 3HAeMU3Ma ObUIM MOJYYEHBI B X0 aHa-
JIOTUYHBIX PabOT B IPYruX NIyOOKOBOIHBIX paiioHax
MupoBoro okeaHa (3amamgHOl WM BOCTOYHOM AT-
JIAaHTHUKE, foro-3anagHoit Ilauuduke u ap.) [26—28].
B 5Tux ncciiemoBaHUSIX KOJIMYSCTBO HOBBIX IJIsI HAY-
KM BHUIOB COCTaBMJIO He MeHee 50% or umcia co-
OpaHHBIX.

B Hammx paborax MBI HE CUMTaeM IOJyYCHHBIC
JaHHbIE JOCTATOYHBIMU OIS IJIOOAIbHBIX KOJHMYEe-
CTBEHHBIX SKCTPAIIOJISILINI, OTHAKO OYEBUIHO, YTO U
Ha aGuccabHBIX ITTyOMHAX KOJIMYECTBO BUIOB MHO-
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TOKpaTHO BBIIIEC, YEM 3TO IIpEAriojararoT CJIIOXHB-
muecd nMpeacTaBJICHUAI.

ITo manHBEIM MUPOBOTO perucTpa MOPCKMX BUIOB
(Word Register of Marine Species, WoRMS), Ha ok-
T6pb 2022 T. 3aperucTpupoBaHo Jauilnb 241589 Ba-
JIMAHBIX (MIPU3HABAeMBIX) BUIOB, U3 KOTOPBIX KU-
BOTHBIE cocTaByistioT 206462, Torga Kak Ha3eMHbBIX
OpPraHMU3MOB OITMCAHO YK€ OKOJIO ABYX MUJIMOHOB
BUI0B. be3yclioBHO, Takasi AUCIIpOTIOPLIYSI CBsSI3aHAa
JIVIIb C YPOBHEM HAIIMX 3HAHUM O XXU3HU B OKEaH-
CKUX TIIyOMHAaX, U pealbHOe OMOJIOTrMYECKOe Pa3HO-
obOpa3ue B MUpoBOM OKeaHe BPSI JIM CUJIBHO YCTY-
MaeT TAKOBOMY B Ha3eMHbBIX 9KOCHUCTEMaX.

CMeHa TIpeacTaBlIeHU O TIYOOKOBOIHOM OMO-
pa3HooOpa3nuy, B TOM YMCJIe B paiiloHaX COCPEIOTO-
YEeHUST MOJIE3HBIX MCKOMAEeMBIX, ITOPOAMIA OOHY U3
aKTyaJIbHBIX ITPOOJIeM COBPEMEHHOM IITyOOKOBOTHOM
OKEaHOJIOTUH MOWCK HayYHO-O00OCHOBAHHOTO
KOMITPOMHUCCA MEXAY HOOBbIUEil LIEHHBIX MUHEPAJIb-
HBIX U SHEPreTUUECKUX PECypCcoOB, pa3BUTUEM PhIO-
HOTrO IIPOMEICIIA U COXpaHEHHEM ITTyOOKOBOMTHBIX
5KOCHUCTEM C UX OTPOMHBLIM OMOJIOTMYECKUM pa3HO-
obpasueM. Yke ceiiuac HeTepasBeqouyHOe OypeHue
UAET HA IIIyOMHAX A0 3 KM; OTpaboTaHbl TEXHOJIO-
run goosryn 2ZKMK Ha rimyObmHax 0o 5 KM; Benércs,
B TOM 4YHCJIe M B CeBepo-3amagHoil yactu Tuxoro
OKeaHa, IIPOMBICE]T LIECHHBIX BUAOB PLIO Ha MIyOMHAaX
mo 2.5 kM [10, 14].

B poccuiickux manbHEeBOCTOYHBIX MOPSIX HacUM-
ThIBaeTCsI 0K0JI0 110 MOOBOMHBIX TOP U BYJIKAHOB, Jie-
CITKM IIYOOKOBOIHBIX KAaHBbOHOB, T'MIPOTEPMalib-
HbIE VCTOYHMKU W XOJIOMHBIE METaHOBBIE CHIIHI,
abuccalbHbBIE TJIAaTO M DIIYOOKOBOOHBIE Xejao0a, a
Takke okoJyio 50 TaKk Ha3pIBaeMbIX KOPaJIJOBBIX Ca-
JIOB — INIYOOKOBOIHEBIX 0a3MCOB C BHICOKMM OMOJI0-
rM4ecKumM pasHoodOpasueM. OcoOblil MHTEpPEC IIPe-
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CTaBJISIIOT YHUKAJIbHBIE TIIYOOKOBOIHBIE 3KOCHUCTE-
MBI, CBSI3aHHbIE C TUAPOTEPMAJIbHON aKTUBHOCTHIO,
3aJieXkaMM Ta30TUIPaTOB, IIpOocauyMBaHUSIMU HedTe-
YIJIEBOAOPOAOB U 3ajieXKaMU MUHEPAJIBHOTO CHIPbSI.
UccaenoBanuio takux skocucteM B 2011—2021 rr.
ObLJIa ITOCBSIIEHA CepUsl TIIyOOKOBOIHBIX DKCIIEIV-
uuit HHIIMB 1BO PAH.

O1leHKa CTeneHM JIaHAIIAa(THOIO pa3HOOOpa3us
1 YHUKAJTBHOCTH TITyOOKOBOMXHBIX 9KOCUCTEM, OITpe-
JIEJISTIOIINX HEOOXOIUMOCTh UX 00s3aTeIbHOIO CO-
XpaHEeHUST WX BO3MOXHOCTD IMAIsIIeil 9KCITyaTa-
1MW, TPEOYeT MaKCUMATbHOM BU3yaJIM3allNy N3yJae-
MBIX YYaCTKOB MOPCKOTO JIHA Y BO3MOXHOCTHU
MIPUIIEILHOTO (TOYEYHOro) oTOopa Ipod 1 OTIEIIb-
HBIX TUIPOOHMOHTOB IS ITOCEAYIONINX TeHeThIe-
CKUX, MOJIEKYJISIPHO-OMOJIOTUYECKMX U (DapMaKoJIo-
TMYECKUX MCCIeNOBaHMA. B aTOM citydae yke He MO-
IYT OBITh MCITOJIB30BAHBI TPaBMUPYIOIIE TOHHBIE
JlaHAIadThl TEXHUYECKUE CpecTBa (IOHHbBIEC TPAJIbI,
THOYepIHaTe N, KOPephl U Jaxke COBpeMeHHBIE CIIaI-
X1). B Hammmx nccneqoBaHUSIX ObUIY 3a1€CTBOBAHBI
poOOTOTEXHUYECKME CpeACTBa: TeJeylnpaBisieMble
(THIIA) 1 aBronomuble (AHITA) mogBomHbIC amnma-
paThl ¢ BHICOKOYYBCTBUTEIBHOMN OITHKOMN, MaHMITY-
JIITOpaMM U BO3MOXHOCTSIMU IITYYHOTO oTOOpa U
COXpaHeHUs NIyOOKOBOTHBIX THAPOOMOHTOB.

B 2011 mn 2013 rr. Ha HUC “Akanemuxk JlaBpeH-
TheB” ¢ moMoilpio THITA “Komanu” (paboyas riy-
6uHa 1o 6000 M) B HaIIMX JAJTbHEBOCTOYHBIX MOPSIX
BBITIOJTHEHBI Pa0OTHl 110 BHUACONPOPMIMPOBAHUIO
MOPCKOTO Ha U OMNKWCAaHWIO JTOHHBIX DKOCHCTEM B
paiioHe bapuToBbIX TOp BO BnaauHe JleproruHa B
OxotckoM Mope; B 2016 u 2018 IT. BBIITOJHEHO Bep-
TUKaJIbHOE 30HUPOBAHHWE M OIMCAaHHUE 3KOCUCTEM
BynkaHa Iluiinma B MaccuBe BynkaHonoros B bepuH-
roBoM Mope; B 2018 1 2021 1T. MccaemoBaHbI COOOIIIEe-
CTBa B palioHe METaHOBBIX CUIIOB Ha KopskckoMm
ckioHe bepunrosa Mmopsi; B 2020 1 2021 IT. BBITTOJIHE-
HBI KOMILIEKCHBIE MCCaeaoBaHus B ['aMOBCKOM Ka-
HbOHE B SImoHcKoM Mope. BHe 30HBI HAlIMOHAJILHOM
opucaukiuu Poccuu B 2019 u 2021 rr. momoOHbIe
HCCIIENOBAaHUSI BBHIITOJHEHBI HA IOABOAHBIX TOpax U
raitorax MUmmepaTopckoro xpedTa B comnpeneibHBIX
BOJIaX ceBepo-3alaaHoit yactu Tuxoro okeaHa. Ilo-
JIPOOHO OIMCAHBI INIyOOKOBOOHBEIE 3KOCHCTEMBI M
JIOHHBIE TaHmIIadThl, U3y4eH COCTAaB 1 0COOCHHOCTH
MPOCTPAHCTBEHHOTO paclpeneaeHusl TTyOOKOBOI-
HOM OMOTHI, cOOpaH OoraTeillnmii MaTepuan Ijs Ire-
HETUYECKMNX, MOJIEKYISIPHO-OMOJOTMYECKUX, OHO-
XUMUUYECKUX U (hapMaKOJOTUYECKUX UCCIIeTOBaHU
Ha mryonHax ot 400 mo 4000 m.

C 2020 r. 3Tit pabOTHI yIAJI0Ch KOHCOJIMANPOBATH
B paMKax MHULIMMpoBaHHOro Poccuiickoit akagemu-
el HayK KOMITIEKCHOTO HayJIHOTO TIpoekTa “DyHma-
MEHTaJbHBIE TIPOOJIEMBl WU3YyYeHUs M COXpaHeHUs
IITyOOKOBOMTHBIX 9KOCUCTEM B MOTEHIIMAIBHO PYIO-
HOCHBIX paiioHax ceBepo-3aIamHoil yactu Tuxoro
okeaHa” (2020—2022 rr., Ne 3.1902.21.0012). s pa-

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

00T B paMKax IIpoeKTa OBbLI CO3MaH KOHCOPLIUYM,
00BeIMHNBINMI YIEHBIX HarnmoHaapbHOTrO HayYHOTO
LIEHTpa MOpcKoit ouonoruu um. A.B. ZKupmyHckoro
JABO PAH, Uuctutyta okeanonoruu um. I1.I1. Ilup-
moBa PAH, TuxookeaHCKOro OKeEaHOJOTMYECKOTO
nHctutyta uMm. B.W. Unbpuuésa JIBO PAH, Tuxo-
OKEaHCKOI0 HHCTUTYTa OMOOPTaHWYECKOM XUMUU
M. I.b. Exgxosa JIBO PAH, MHctutryTa mpobdnem
Mopckux TexHoioruii JIBO PAH, JlaabHEBOCTOYHO-
ro (benepaibHOrO YHUBEPCUTETA, YTO IIO3BOJIMIIO BbI-
MOJHUTb KOMIUIEKCHBIE MYJIbTUIUCIUILIMHAPHEIC
HCCIeIOBAHUS 3TUX 3KOCHCTEM.

Branuna Jleproruna B Oxorckom mope (ot 1400
1o 1600 M) ssBIsIeTCsT 30HOM pUMPTOTEeHHOMN AECTPYK-
LIMM C aKTUBHOI 9MUCCUEN S3HIOTEHHBIX Ta30B C BbI-
COKOIi KOHLIEHTpalueld MeTaHa, MHTEHCUBHOM Kap-
OOHATHO-0apUTOBOIT MUHEpaIU3alueit, xKeJe3oMap-
TFaHLEBbIMU U MOJIMMETATTUUECKUMU CYJIbOUIHBIMU
00pa30BaHUSMM U paccMaTpUBaEeTCs Kak mepcrek-
TUBHBIN PailoH NOOBIUM LIEHHBIX MUHEPaIbHBIX pe-
cypcoB [29-—31]. DkcmemuuusMu KOHcCOplLMyMa
W3Y4YeHBI PAa3]IMIHBIC TUITBI CUMOMOTPOMHEIX CO00-
IIECTB B palilOHaX METAHOBBIX MPOCAYUBAHUM, MTPO-
BeJeHa MHBEHTapu3alusi OMOThl Ha MaCCUBHBIX 0a-
PUTOBBIX MOCTpoOMKax (0apUTOBBIE “KYpWIbIIUKN”
BbICOTOMU 10 40 M), MOKPBITHIX OaKTEpUATIBHBIMU Ma-
TaMU pa3HbIX pacuBeTok [ 18, 32]. B ckiragkax peibe-
¢da 3TUX MOCTPOEK BCTpedaauch Kpadwl Munidopsis
beringianus v Paralomis verrili, xpesetku Eualus bi-
unguis. B Toukax rnpocauynMBaHUM U 110 KpasiM OakTe-
pHaIbHBIX MaTOB (hOPMUPYIOTCS KpyMHHBIE “THE3ma”
JIBYyCTBOPYATHIX MOJUTIOCKOB-BE3UKOMUMA, Archivesi-
ca gigas U Phreagena soyoae. B NOHHBIX OocanKax Ha
mryouHax 1o 1500 M o6Hapy:KeHBI cCUMOMOTPOdHBIC
YepBU — MOTOHOMOPBI-3UOOTIUHUABL Siboglinum
caulleryi [33]. DT 4epBu, CUMOMOTUYECKUM OaKTe-
pUSIM KOTOPBIX HY>KHbBI BBICOKHWE KOHIIEHTpaIlUU Me-
TaHa, CJIy>KaT OMHUM U3 CaMbIX HaJIEXKHBIX OMOMHIM -
KaToOpOB 3ajieraHusI HedTeyrieBogopoaos [33]. Msr-
KMiA cyOCcTpaT BOKPYTI TOp TIOKPBIT CIUIOIIHBIM
KOBPOM O€CYMCIIEHHBIX TpyOoK ¢opaMuHudep
Bathisiphon sp. u3 cynbdara 6apusi, POpMUPYIOLINX
OrpOMHYIO0 OMoOMaccy M MUIIEBON pecypc sl JOH-
HbIX 0€CITO3BOHOYHBIX U PbIO. Y MogHOXUs bapuTto-
BBIX TOp Ha TBEPABIX CyOCTparax oOHapyXXeHbI PO-
CTUpaIINecs Ha COTHU METPOB “iyra” THAPOKO-
pamioB Stylaster eximius f. minor ¢ TJIOTHOCTBIO OT
10—15 go 30—50 KonoHuit Ha M?> — camble MacITab-
Hble 13 ONMUCAaHHBIX B OXOTCKOM MOp€ CKOTJIeHUit
ITyOOKOBOAHBIX KopaiiaoB. MHTepecHO, 4TO, He-
CMOTpPSI HA MHOTOYHMCJIEHHbIE T€0JIOTMYECKUE DKCTIE-
IULIMU, Takue Kopajabl B OXOTCKOM Mope ObLIu
JIMIIIb OJHAXIbl OOHApYXXeHbl B KauyecTBE €IMHUWY-
HBIX HAaXOHOK TOJILKO y mobepexbs o. ITapamymmp
Kypunbckoii rpsiabl. Ha MSITKUX rpyHTax oTMeYeHbl
XUIIHBIe TYOKU Asbestopluma sp., Chondrocladia cf.
lampadiglobus, aktunuu Actinostola callosa w Lipone-
ma brevicornis. Ha KpyTTHbIX BaJlyHaX BUJIHbI CKOTLIE-
HUSI KPYOHBIX akTuHuil Phelliactis cf. callicyclus n
Ne 9
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KpacHUBEWIINX MOPCKMX 3BE30-0pusuHrun Hymeno-
discus ochotensis (10 20 5k3./M?).

Hcnonp3oBaHne poOOOTOTEXHUYSCKUX CPEICTB
TTO3BOJISIET OTCJICXKUBATh CKOIIEHUSI TTPOMBICIIOBBIX
ruAPOOGHOHTOB U MPOBOIUTH HAOIIONEHMS 32 TIpe-
craBuUTeNIMU nxTuodayHel. Bo BrmammHe JlepiornHa
¢ noMotipio THITA oTMedyeHbI GeHTOIEIarnYecKue
uyepHbie (Coryphaenoides acrolepis), neniesibHbie (C. cinere-
us) u mainornassle (Albatrossia pectoralis) MaKpypycChl,
THUXOOKeaHCKue Oesiokopblie manrychl (Hippoglossus
stenolepis), nIUHHONEPBIE MNOIIEKU (Sebastolobus
macrochir), nonydemryitnuku (Hemilepidotus jordani),
MEIKOYEeIIyiHbIe aHTUMOPHI (Antimora microlepis),
cnuzeroyioBbl (Bothrocara zestum), nukonwl (Lycodes
soldatovi), TnyooKoBonHbIe cKaTwl (Bathyraja par-
mifera u B. minispinosa), a HENOCPENCTBEHHO BOKPYT
ra3oBbIX TIPOCAYMBAHUIT HAOMIONAINCH TPYIIIbI JTUH-
HOpPBUILIX JtomneHoB (Lumpenella longirostris). OT-
CIIEXXMBATNCH CKOTJIEHUST KpaOOB-CTPUTYHOB OO
(Chionocetes opilio), ocoon ocbMUHOTOB Muusoctopus
sp. BnaguHa JleploruHa crtaja rnmepBbIM MMOJIUTOHOM
N3y4eHUSI TIyOOKOBOAHBIX cO00IIecTB OXOTCKOTrO
Mops ¢ ucnoyibzoBanuem THITA [18, 21].

Bynkan Iluiina B bepuHroBom mMope — emuH-
CTBEHHBIIA W3BECTHBI AKTHUBHBIA TITyOOKOBOMTHBIMN
TUAPOTEPMAJIbHBIN palioH B TEPPUTOPUATBLHBIX BO-
nax Poccuu u caMblil ceBepHbBI TMAPOTePMaTbHBIN
paiioH B TuxoMm okeaHe ¢ 6oraroii ooinuraTHoii day-
HOM BOCCTAaHOBUTEIbHBIX O6motoroB [34]. B 1990 r.
371eCh COCTOSIJIUCh OTPYKEHUS POCCUICKUX OOUTae-
MEIX amnmapatoB “Mup-1” u “Mup-2”, onucaHbl
BEPIINHBI ByJIKaHa, B nuarazoHe nryonH 450—900 M
BBIABJIEHH! 30 BUIOB ruapoOuoHTOB [35, 36]. B Ha-
mmx skcreauigax B 2016 1 2018 rT. ¢ uCcHoJILb30BaHU-
eM THITA “Komanu” 6B 00CIeIOBaHBI CEBEPHBIN
1 I0XKHBIN CKJIOHBI BYJIKaHa, BBIITOJITHEHO €ro BEpTH-
KaJIbHO€ 30HMPOBaHMe OT ImogHoxus B KomaHmop-
CKOI KOTJIOBMHE IO IBYX BEPIIWH C TUAPOTEPMalib-
HOIT aKTUBHOCTBIO (ITyOMHBI 368—4288 M) [37—39].

VY nomgHoOXUs ByJKaHa co cTopoHbl KomaHmop-
CKOI1 KOTJIOBUHBI (CEBEPHBII CKJIOH, 4288 M) Ha MsIT-
KMX TpyHTaX OOHapy>XXeHbl OrPOMHBbIE CKOTUJIEHUS
ITyOOKOBOMHBIX TojioTypuii Kolga kamchatica v Sco-
toplanes kurilensis (no 15 5k3./M?). Jlanee 1o CKJIOHY
Ha T1youHax 10 2500 M BCTpeuyaroTcsi CKOTICHUST 60-
JIee KpyIHBIX Tojiotypuil Paelopatides solea, otnennb-
Hble OYeHb KpyIHble (10 40 cM) 3K3eMIUISIpHl Psy-
chropotes longicaudata v oTaenbHbIE TPyNIbl Panny-
chia moseleyi. Ha Msarkux rpyHTax Ha rmyouHax 1800—
2300 M DTOMUHUPYIOT KHIIeYHoablmamue Quatu-
oralisia malakhovi, BCTpedyaroTCcs TaK:Ke€ CKOIUICHUS
Tpaxumenys Benthocodon sp., oOHapyXeHHBIE 1 Ha
JOXKHOM CKJIOHE ByJIKaHa Ha mryomuHax 2500—2600 .
Ha s1ux xe myorHax Ha ¢hparMeHTax TBEPAOTO CyO-
cTpara oOHapyxKeHbI ITYOKU Docosaccus rappi u Caulo-
phacus sp., kopamnbl Thouarella sp., MOpCKUe JTUIUU
Ptilocrinus pinnatus, ocbmuHoru Muusoctopus profun-
dorum, xuiHble acuunuu Megalodicopia sp. B nmana-
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3o0He mryouH 750—1800 M omucaHbl COOOIIECTBA T'y-
00K ¢ mpeobmaganeM Farrea Sp., CMEHSIIOIIMECS Ha
otMeTKe 750 M cooO1iecTBaMu ajibLinoHapuii Hetero-
polipus ritteri. Brlllle IO ceBEpHOMY CKJIOHY JIO TJIy-
ouH 390 M oTMeYaroTCsl MIPOCTpaHHbBIE KOPaJJIOBbIE
pudbl U3 30aHTapuii Epizoanthus sp., 00pa3yolInX
crutonIHoe mokpuithe (1o 500 5K3./M?) Ha CKaJIbHBIX
rpyHTax. 3eCh Xe BCTPEUaroTCsl CKOTIJIEHUS aJIbLINO-
Hapuit Heteropolypus ritteri n akTuHuii Sagartiogeton
rufus. TToMUMO 3TUX KOpPaJIJIOB Ha CKJIOHAX ByJIKaHa
Ha pa3HbIX ITyOMHAaX BBISIBJIEHBI CKOIUICHUST KPYII-
HBIX “IpeBOBUIHEIX’ Paragorgia arborea, M3sIIITHBIC
konoHuu npenacrtaButeneil Nephtiidae u Isididae, a
Ha I0XXHOM CKJIOHE — MPOTSKEHHBIE COOOIIeCTBa
MOPCKUX nepbeB Anthoptilus sp. Cpenu mpeacTaBuTe -
Jeit nxTuodayHbl y MOMHOXMSI ByJIKaHA OTMEYECHBI
HECKOJIbKO BHUJOB MaKpypycoB, a Ha KaMEHUCTBIX
CKJIOHAX CKOIUIEHUS IMUIOIIEKOB (Sebastolobus mac-
rochir).

lTvnporepmainibHass aKTUBHOCTh OTMEYeHa Ha 00e-
X BeplIMHAX ByJKaHa, IJI¢ OIMUCAHbI OOIIMPHBIE
BOCCTaHOBUTEJIbHBIE cooO1ecTBa. baarogapst THITA
Ha BepimHax (368—495 M) ynamoch cobpaTh OKOJIO
130 BUIOB TUAPOOMOHTOB, YETBEPTh 13 KOTOPHIX OKa-
3aJIUCh HOBBIMM ISl HAYKU; OTMeUYeHa BbICOKasl CTe-
MeHb dHIeMM3Ma OOUTAIOIINX Ha BYJIKaHEe INIyOOKO-
BOIHbBIX XKUBOTHBIX, MHOTHE M3 KOTOPBIX OOHapyKe-
HBI TOJIBKO 371ech [34]. B palioHax GakTepUalbHBIX
MaTOB y aKTUBHBIX KapOOHATHBIX U aHTUAPUTOBBIX
TUAPOTEPMAJIbHBIX ITOCTpOEK (TaK Ha3bIBaeMbIe
KYPWIBbIIMKU) BCTpeyaloTcsl MOoceNeHUs] CUMOuo-
TpOoHBIX ABYCTBOpUYATHIX MOJLTIOCKOB Caliptogena
pacifica, ractponionbl Parvaplustrum wareni, Xopaj-
mumopdapuu  Corallimorphus cf. pilatus, akKTuHUN
Sagartiogeton rufus, ryoxu Vulkanella coltuni. I1lomu-
MO BBIpaKeHHOM BePTUKAITBHOI 30HAJIbHOCTU CO00-
I1IECTB, OTMEUEHAa UX 3HAaYUTeIbHAs TOPU30HTaIbHAs
M3MEHYMBOCTh MEXIY BEepIIMHAMM BYyJKaHa BIOJb
TUIPOXUMUYECKUX IPAJIUEHTOB U B CBSI3U C JIOKaJIb-
HOIi reTeporeHHoCcThlo cyocTpata [34]. B xone 6uo-
XUMHUYECKNX HCCIESIOBAHUIN C MCIOJIb30BAaHUEM
OMOreOXMMMYECKUX MapKepoOB — COCTaBa XXHUPHBIX
KMCJIOT U COOTHOIIEHU T CTaOUIBbHBIX U30TOMOB OMO-
T€HHEBIX 3JIEMEHTOB — ONMCAHBI TPOPUIECKIE B3al-
MooTHoIIeHusT ruapoouoHToB [40—42]. IToka3aHo,
YTO pa3BUTHE OoraTeiieit 1 pa3HooOpa3HoOit (payHbI
Ha BysiKaHe [1uiirra, B TOM 4mnciie SHAEMUYHBIX COO0-
IIECTB TUIPOOMOHTOB, OOecriednBaeTCs] MPUTOKOM
MUY U3 BBICOKOMPOAYKTUBHOTO (DOTUYECKOTO CJIOST
Bon bepuHrosa Mopsi, a Takke OJjlaromapsi IIPUTOKY
OpPraHuKM 3a CYET XeMOCUHTETUYECKOM aKTUBHOCTU
Ha BepllIMHax ByJkaHa. bosiee moapoOHbIe onrcaHust
COOOIIIECTB Ha CKJIOHAX BYJIKaHa, a TakXke OOHapy-
>KEHHBIX 3/16Ch HOBBIX BUJIOB IJTYOOKOBOTHBIX TUAPO-
OMOHTOB (TYOKM, aKTUHUU, MOJIJTIOCKU, PakooOpas3-
HBI€) IPUBEASHBI B MHOTOUYMCIIEHHBIX CTaThsIX B OT-
neabHOM ToMe XXypHana “Deep-Sea Research Part 117
(2022—-2023, Deep-sea benthic fauna and communi-
ties in the vicinity of methane seeps and hydrothermal
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vents in the Bering Sea [43]), a Takke B HECKOJIBKUX
oboo6maromux padorax [34, 37, 39].

Bynkan Iluitna B bepuHroBoM mMope paccMaTpu-
BaeTCsl KakK OYeHb MepCIeKTUBHBIN paiioH 1151 pa3pa-
0OTKM IITYOOKOBOMHBIX MTOJMMETAUNIMYECKUX CYTbhU-
JIOB U B TO € BpeMsI TPEACTaBIIsieT cOO0 YHUKATb-
HBI MPUPOIHBIN OOBEKT C BBICOKUM pa3zHOOOpa3rueM
OMOTHI (B TOM YHCJe ITTyOOKOBOTHBIMU KOPAJLIOBBI-
MU prudaMu, TYOOIHBIMH Y KOPAJJIOBBIMU “cagamMu’”,
YHUKAJIbHBIMU BOCCTAaHOBUTEIBLHBIMU COOOIIECTBA-
MU C BBICOKOM cTerneHblo aHaeMu3ma). 1o pesynbra-
TaM 3TOU pabOThl MPEMIOXKEHO CO3[IaTh MEPBYIO B
Poccuu mryOOKOBOAHYIO OCO0O OXpaHSIEMYIO TIpU-
POIHYIO TeppuTOpUio (enepabHOTO 3HAYEHUs
“Bynkan Iluitna” ¢ 11eapl0 COXpaHEHMS €ro yHH-
KaJIbHOM 9KOCUCTEMBI.

B xone skcnemuiuii 2018 u 2021 rr. B bepuHroso
MoOpe TakXe ObUIM M3y4eHBI BOCCTaHOBUTEILHEIC
OMOTOMNBI, CBSI3aHHBIE C MOJISIMU BhICAUMBAaHU MeTa-
Ha Ha KopsIKcKoM y4yacTKe KOHTMHEHTAILHOTO
ckiioHa bepuHrosa Mopst Ha rryouHax 430—695 M
[39, 44]. B MecTax ra30BbIX BblIcCaUMBaHUI 30eCh (hop-
MUPYIOTCSl OOIIMPHbIE OaKTepralibHbIE MaThl, B paii-
OHE KOTOPBIX ONMCAHBI COOOIIECTBA CUMOMOTPOd-
HBIX IBYCTBOpYATHIX MOJIIIOCKOB Calyptogena pacifi-
ca, MacCOBbIE CKOTUIEHUS 3apbIBAIOIIUXCSI MOPCKUX
exeit Brisaster latifrons, TIONSI MOPCKHUX IIEpPbEB
Halipteris cf. willemoesi [44]. B ¢oHOBBIX coOOIIIe-
CTBax BOKPYT 30HBI CUIIOB JOMUHUPOBAJIU O(GUYPHI
Ophiophthalmus normani. B MecTax BeIxoga TBEPIBIX
nopon OOHApYXMBAIOTCS JIOKAJIbHbIE CKOIUICHUS
IIPOMBICJIOBBIX KpaboB-CcTpUTryHOB Chionocetes opilio,
a Ha IIOJISIX U3 MOPCKHUX MEePheB OTMEUYEHBI JIOKAJIb-
HbI€ TPYMITBI TPOMBICIOBOM Y€pHOI Tpecku Anoplo-
poma fimbra. Ha HEKOTOPBIX y4yacTKax MOPCKHUE Tie-
PbsI IUIOTHO O0JIeTIIeHBI KPYIHBIMU OruypaMu Aster-
onix loveni. B xome pabor B paiioHe CHIIOB
obOHapyXeHbl 335 BUIOB MaKpOOEHTOCHBIX THAPO-
ouoHTOB. IIpoBeméHHBIE B XOIe ABYX 3KCIICIUIIUIA
HCCJIETOBAaHUS MOKa3aJIu MHTEPECHYIO MEXTOIO0BYIO
JIUHAMUKY JTOHHBIX COOOIIECTB, MPUYPOUEHHBIX K
MeTaHOBBIM cunaM Ha KopsIKCKOM KOHTUHEHTAJlb-
HOM cKJIoHe. HaGtogaemble 31ech METaHOBBIE BhICA-
YUBaHUS — CaMble CeBepHbIE N3 BOCCTAHOBUTEIbHBIX
OMOTONOB, U3BECTHHIX HA CETOMHSIITHUI AeHb B TH-
XoM okeaHe. IloimydeHHBIE pe3yabTaThl ITOAPOOHO
OIMMCcaHbl B MyOJIMKaALMSIX KOHCOPLIMYMa B OTHEb-
HoM ToMe Deep-Sea Research Part 11 (2022—2023,
Deep-sea benthic fauna and communities in the vicin-
ity of methane seeps and hydrothermal vents in the
Bering Sea [43]).

B xome nByx ordenbHbIX 3kcmemunuii B 2018 u
2021 rr. mpoBeaeHbl KOMIUIEKCHBIC HCCICIOBaHUS
IIyOOKOBOOHEBIX 3KOCHUCTEM rop U raiiotoB Mmrepa-
TOpCcKoro xpe6Ta [45]. DToT paitoH MupoBoro okea-
Ha SBJISIETCSI 30HOM aKTUBHOIO MEXIYHAPOIHOTO
pBHIOOIOBCTBA U B TO K€ BpeMsl pacCMaTpUBaeTCsl B
KauyecTBe OJHOTO U3 Hambosee MepCreKTUBHBIX IS
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MPOMBIIIIJIEHHO# T10ObIYN KOOATBTOHOCHBIX MapraH-
LIEBBIX KOPOK. MOIITHOCTb KOOATbTOHOCHBIX MapraH-
LIEBBIX KOPOK Ha €Tr0 BO3BBIIIIEHHOCTSIX COITOCTaBUMa
C pyIHBIMY 0Opa3zoBaHUsIMU MareJsijlaHOBBIX Top (Tae
y Poccum mMeeTcs y9acTok, BeIIeIeHHBIN MexxmyHa-
POIHBIM OPTaHOM 10 MOPCKOMY IHY), HO OTJIMYaeTCsI
0oJiee BHICOKHMM coliep>XKaHUeM HMKeNs, CKaHAus U
CYMMBbI PEIKO3EMENbHBIX 2JIEMEHTOB. B ycioBusx
CUJIBHBIX KPYTOBBIX TEUEHM I Ha raiioTax 00pa3yroTcs
3aJIeXXu KeJe3oMapraHieBbIx hopManuii, Mo coaep-
JKaHUIO 1IEHHBIX 3JIEMEHTOB COMOCTaBUMBbIE C POC-
CBIMTHBIMMU 3XeJIe30MapraH1Ie BBIMU PYIOTIPOSIBICHUSI-
MM C BBICOKMM COJEpXKaHUEM CTpaTermuyecKux MeTas-
JIOB (B TOM 4MCJIe TUIATUHBI U 30J10Ta) [46]. B ciryuae
BO3MOXHOI pa3pabOTKU MECTOPOXACHUN BO3HMK-
HET yrposa TIOABOAHBIM TOPHBIM 3KOCUCTEMaM U
YCTOMYMBOMY PBIOOJIOBCTBY B 3TOM paitoHe MupoBo-
ro okeaHa. CeBepo-TuxookeaHckass KOMHCCHUS TIO
puioonoBctBy (NPFC, https://www.npfc.int), pery-
Jupyomas 3nech nJoosuy omopecypcos, B 2018 T.
Mpu3HaJla OTCYTCTBHME HeoOXoauMoil HaydyHOU WH-
¢dopmaliu Mo OlEeHKe CTeNeHU YHUKaJIbHOCTU U
BO3MOXHOCTH BOCCTAHOBJIEHUSI TaKMX IKOCHUCTEM,
Mpu3BaB 3aMHTEPECOBAHHBIC CTPaHbl MHTEHCU(U-
LIMpOBaTh HaydyHble McclieqoBaHus. B KauecTBe oc-
HOBHBIX XapaKTepPUCTUK YHUKAJIbHOCTU U YSI3BUMO-
CTU TIIyOOKOBOJHBIX DKOCHUCTEM B MECTaX IMOTCHIIM-
aJIbHOTO TMPUPOIOMNOJL30BAHUSI paccMaTpUBAETCS
Hajluyue MEeIJIEHHO BOCCTAaHABJIMBAIOIIMXCS COOO-
mecTB ryook (Hexactinellidae) 1 BOCbMUITy4eBbIX KO-
pautoB (Octocorallia) (“rydoodnsle yra” 1 “xKopajuio-
BBIE caibl”), MOOACPKUBAIOIINX BEICOKOE OMOpa3HO-
obpasue U Jallux yOexKUIle MOJIOIUN TIPOMBICIOBBIX
PbIO 1 6ECITO3BOHOYHBIX. DTO TaK Ha3blBaeMble MHIU-
KaTOpHbIE TPYIINbI, YK€ HCIOJb3YyIOlIuecs, Hampu-
Mep, CeBepo-ATIaHTUYECKOI KOMUCCHUEH TTO phI0O-
noBctBY (NEAFC) B 30He aKTUBHOTO MEXIYHapOI-
Horo mnpombicia Haja CpeauHHO-ATIaHTUYECKUM
xpeoTom [45]. B skcneaunusx, opraHU30BaHHBIX
HHIIMB IBO PAH, c momomwio THITA “Komana”
ObLIIM OTUCAaHbI TOHHBIE JIAHAIIAMTHI U COOOIIIECTBa
ruapodbroHToB Ha raiiorax Cyiiko, Huntoky, On-
xwnH, Koko u ropax JI>)xuHry 1 Mujlyoku B 1UIIa30He
nryouH ot 338 mo 2242 M, IpOBeaeHO IIpeaBapUTEIIb-
HOE BepTUKAIbHOE 30HUPOBaHME X CKJIOHOB. B pa-
oore T.H. JlayroBoii ¢ coaBropamu [45] mogpoOHO
OIMMCaHO pa3HOO0Opa3ue KopayioB U ryboK; Ha CKJIO-
Hax railora Koko u K 1ory ot Hero ooHapyXeHbl 1
ONMcaHbl MacCIITAOHbBIE “KOPAJJIOBBIE Calbl” U3 TOP-
TrOHapuii, a Ha CKJIOHax Topbl JIDKMHTY — OOILIIMpPHBIE
“jyra” M3 KpYHHBIX CTeOeIbYaThlX U BOPOHKOBUI-
HEBIX TYOOK (“Ty0ouHble yra”). Ha mpumepe Bo3BbI-
IIEHHOCTel XpebTa BIepBble MOKa3aHO M3MEHEHUE
¢dayHbI KOpaJJIOB B IIMPOTHOM HaIlpaBJICHUU.

ITomuMoO KOpaylJIOB U I'yOOK Ha CKJIOHAX raiioTOB
1 rop MiMmnepatopckoro xpe6Ta TaK:Ke OTMEUYEHBI CO-
o01ecTBa 00pa3yoIINX TUIOTHBIE CKOTUICHUS MOP-
cKux exeit (Aspidodiadema sp.), TITyOOKOBOTHBIX TO-
norypuii (Peniagone sp.), MOPCKUX JIMJIUIA U ouyp,
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JIOKaJIbHBIE TPYIIIUPOBKY KpaboB Chaceon imperialis.
OmnucaHbl HOBBIE€ BUIBI MOPCKUX OPTaHU3MOB, BbISIB-
JIeHa BbICOKasl CTENeHb 3HIEeMU3Ma TUIPOOMOHTOB
Ha ITomHITHUSIX XpebTa. IToka3zaHa B3aMMOCBSI3b pa3-
HOOOpa3ns OMOTUYECKUX KOMIIJIEKCOB C Pa3HOPOI -
HOCTBIO CyOcTpaTa U OCOOEHHOCTSIMU TEYEHUM BO-
KpyT 1 Haj BO3BHIIIEHHOCTSIMU xpeOTta. IToka3aHo,
YTO XpeOeT BBIMMOJHICT BaxKHYIO OMoreorpadmue-
CKyI0 (PYHKINIO B GOPMUPOBAHUU TIIYOOKOBOTHOM
OMOTHI 3TOrO paitoHa MupoBoro okeaHa. Bnonasb 1ie-
Y TIOAHSITUNA TPONUYECKHE U CyOTPONNIECKIE BUIBI
pacrnpoCTpaHsSIIOTCS B CEBEpHOM HaIllpaBJIeHUH, a 60-
peaJbHbIe TUXOOKEAHCKIME BUILI MOTYT CMEIIAThCS B
JO;KHOM. B wacTHOCTH, OBIJTO TTOKa3aHO, 4TO (payHa
raiiotoB Cyiiko 1 HUHTOKY nMeeT GopeaibHbIi re-
He3nc, OmkuH-/IXnuHTY — cMelraHHbI, a Koko —
Tponmueckuii [45]. Kak yxxe ormeyanocs, Mmnepa-
TOPCKU XpedeT — 30Ha aKTUBHOTO MEXIYHAPOIHO-
ro peI0OJIOBCTBA. B X01e nccnenoBanmii ¢ ITIOMOIIBIO
THIIA oTrmedeHO GOJIBIIIOE KOJIUYECTBO MPEICTaBM-
Tenel nxruodayHbl, B TOM YKCJI€ BaXKHBIX IPOMBIC-
JIOBBIX BUIOB. B HacTosiee BpeMst Ijisd OTACIBHOIO
toMa Deep See Research Part II roroBurcsa cepus
cTaTeil Mo OMMCaHUIO 9KOCUCTEM U OMOpa3HOOOpa-
3us1t UMrrepaTopcKoro xpe0Ta, BEIIIOTHEHHBIX B paM-
Kax mpoekTta PAH.

BaxxHO oTMETUTb, YTO MacCCOBBIE MOCEJIEHUS Ty-
00K M KOpaJlJIOB BCTPEUAIOTCS M HEIOCPENCTBEHHO
Ha KOOAJTbTOHOCHBIX KOpPKaX, MOIIHOCTb KOTOPBIX
JIOCTaTOYHA [JIsi JTOJITOBPEMEHHON peHTa0eIbHOM
IoOBaM. B TO ke BpeMsT B MecTax CKOIIJICHUI KopaJi-
JIOB ¥ TYOOK OOHapy>XeHBbI CeAbl TOHHBIX TpaJeHUM,
YTO HEJIOMYCTUMO Ha TaAKMX y4acTKaX MOPCKOIO JHa.
Mubopmaliys 1o 3TMM ydyacTKaM Ha CKJIOHaX BO3BbI-
1meHHocTeit MMrieparopckoro xpedTta MOXET CIy-
xuTh W11 NPFC o6ocHOBaHUEM TIPUHSITUSI OTPaHU-
YeHU I UCMOIb30BaHUS TPABMUPYIOIINUX JaHAIIA(DThI
JIOHHBIX OPYIUIi JIOBa U OTpaHUYEHUST TO0OBIUYM OUO-
pPECYpPCOB TOJIBKO SIPYCHBIM JioBoM. [lyist MexmyHa-
POIHOTO OpraHa Mo MOPCKOMY JTHY JaHHasi UH(MOP-
Malysl CIY>KUT OCHOBaHUEM [IJIsl OTpaHUYeHUi B Oy-
IyIeM BO3MOXHONM pa3pabOTKM MeCTOPOXIEHUI
MOJIE3HBIX UCKOIMAEMbIX B 3TOM paiioHe MupoBoro
OKeaHa.

B pamkax mpoekta PAH Takxke n3ydeHsI TIpoliec-
Cbl OMOAKKYMYJISILIMU MUKPO3JIEMEHTOB MPENCcTaBu-
TeJIIMU OMOThI ITTyOOKOBOIHBIX BOCCTAHOBUTEIbHBIX
ouotomnoB OxoTckoro u bepuHrosa mopeii, mposBee-
HbI UCCNIEIOBAHUS BIUSTHUSI OMOTUYECKUX U a0UOTH -
YEeCKHMX XapaKTepUCTUK OMOTOITOB Ha OMOaKKyMYJIsi-
IO MUKPO3JIEMEHTOB CHEMATM3UPOBAHHOMN TOH-
Holi dpayHoil. B xone paboT Mo M3yyeHHUIO MOTOKOB
BEILIECTBA B INIYOOKOBOAHBIX 9KOCUCTEMAX MPOBEIL-
HBbI UCCIeIOBaHUST TPO(UUIECKOTO CTaTyca MaCCOBBIX
BUIOB TUIPOOMOHTOB C MCIOJb30BAaHUEM COCTaBa
JKUPHBIX KUCJIOT U COOTHOILIEHUN CTaOWUJIbHBIX U30-
TOMOB a30Ta U yrjiepoaa Kak OMOreoXUMHYECKMUX
mapkepoB [39—41]. [Toka3aHa BricoKasi U30HUpaTeIb-
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HOCTh B IIMTAHUM ITTyOOKOBOMHBLIX OPTraHU3MOB, B
3HAYUTEIbHOI CTEIIEHN obecIieynBaeMasi O4eHb BbI-
COKOM MPOAYKTUBHOCTBIO MIOBEPXHOCTHBIX BOA U Ha-
JIMYMEM CcBexero ¢uToAeTpuTa s IMONaepKaHUs
HEeOoOXOINMOTO YPOBHSI ITOJIMHEHACHIIIEHHBIX XUP-
HBIX KACJIOT, IPUYEM HETOCTAIOIINE KMCIOTEL MOTYT
CaMOCTOSITEIbHO CHUHTE3UPOBATHCSI  HEKOTOPBIMU
NIyOOKOBOOHBIMU THIPOOMOHTaMU. biarogapst 3Kc-
neaunusm HHIIMB IBO PAH B ceBepo-3anmamgHoit
ITamnduke n3 MTyOOKOBOIHBIX OPTAHMU3MOB YK€ OT-
KPBITHL M O CAHBI 0KOJIO 50 HOBBIX YHUKAJIBHBIX ITO-
JIMHEHACBIIIEHHbBIX XKUPHBIX KUCIOT [40, 41].

B xone KOMIUIEKCHBIX WCCIEIOBAHWU TITyOOKO-
BOJHBIX BKOCUCTEM ceBepo-3amnagHoii Ilaumduku
CUJaMU KOHCOPLIMYMa BBIMOJIHEH IIUPOKUIA CHEKTP
MOJIEKYJISIPHO-TEHETUYECKHUX pabOT 10 U3yUYEHUIO Me-
XaHU3MOB aJarTalu yOOKOBOIHOI OMOTHI K cpelie
oOUTaHUsI, 0COOEHHOCTE PEeNMpPOAYKTUBHOI OWMOJIO-
My, a TakKke OMOXMMUYECKUX XapaKTePUCTUK YHU-
KaJIbHbIX OMOJIOTMYECKU-aKTUBHBIX COEAUHEHUA, BbI-
JIeJIEHHBIX U3 TITYOOKOBOIHBIX TUIPOOUOHTOB.

ImyOokoBomHBIE 3KOCHUCTEMBI MPEACTABISIOT CO-
00i1 3KCTpeMalibHbIE 1 HEOOBIYHEIE MECTOOOUTAHMS,
00yCJIOBIMBAIOIINE MOSIBICHUE HOBBIX CTPYKTYP Op-
TaHUYECKUX COEIMHEHUI C BBICOKOW OHOJOruye-
CKOM aKTHMBHOCTHIO. M3 INIyOOKOBOAHBIX OaKTepuid,
MOPCKHUX TPUOO0B, T'yOOK, KUIIIEYHOIIOJIOCTHBIX, MOJI-
JIIOCKOB Y MIVIOKOXMX BBIAEJICHBI paHee HEeU3BECT-
HBIE COCOUHEHMsI, 00JIafaloIIe [IMTOTOKCUYSCKUMMU,
FeMOJIMTUYECKUMHU, aHTUOAKTEPUATbHBIMU, MPOTU-
BOBOCIAJIUTEIbHBIMU, MTPOTUBOOITYXOJIEBBIMU U MPO-
TUBOPAKOBBIMHU cBolicTBamu [47—51]. YcranosieHO
MX MOJIHOE XMMUYECKOe CTpoeHue. B paMkax oT4€T-
HocTu 110 ipoekTy PAH moarotosieHs! 1 0my0JIMKO-
BaHbI MOAPOOHKIE 0030kl 10 pe3yjbTaTaM padoT B
obJiactu ryookoBoaHOM hapmakosoruu [13, 41, 51].

VHUKaNbHBIN OMOJOTMYECKUIT MaTepuana U3 Ha-
IIMX TTYOOKOBOMHBIX 9KCIESAUIIAI, TOMUMO MY3€eii-
HBIX HAYYHBIX KOJUIEKLII, pa3MelIEH B LIEHTPE KOJI-
JIEKTMBHOTO MOJIb30BaHUs “Mopckoii 6Mo6aHK” mpu
HHUOMB IBO PAH.

WccnenoBanust OuopecypCcHOro noTeHIuana ny-
OOKOBOJHBIX 9KOCUCTEM, TIPOMBICIOBBIX BUIOB (PhIO
1 6€CO3BOHOYHbBIX) U MTOTEHIMATIbHBIX HOBBIX OMO-
PECYPCHBIX OOBEKTOB TaKxKe BBIMOJHSJIUCH B UHTE-
pecax PocpbiO0I0BCTBa B paMKax IeliCTBYIOIIETO CO-
IalleH!sl O COTPYAHUYECTBE MeXIy (peaepaibHbIM
areHTCTBOM M Poccuiickoii akageMueil HayK, ITOAT -
CaAHHOTO PYKOBOAUTEISIMU 3TUX opraHu3anuii B 2019 r.
IIpesunent PAH un pykoBoautenb PocpriOonoBcTBa
YTBEPXKIAIOT Ha KX/l IO/l OTAEJbHYIO MPOrpaMmy
COBMECTHBIX MCCJIeMOBAaHUI CUJIaMU KOHCOpLIMyMa
BHWPO u rpyrirbl HaydHbIX UHCTUTYTOB, DYHKIIMO-
HUPYIOIIMX TMOJ HayYHO-METOJAUYECKUM PYKOBOII-
ctBoMm PAH. Padotsl mpomomkeHsl B 2023 romy.
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BIODIVERSITY AND BIORESOURCES OF DEEP-SEA ECOSYSTEMS
OF THE NORTHWESTERN PACIFIC
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Modern problems of the investigation of marine biodiversity and bio-resources and their inventory in the
deep-sea of the World Ocean are considered. The discussion of these problems is also based on the data of
a series of deep-water marine expeditions of the National Scientific Center of Marine Biology of the Far East-
ern Branch of the Russian Academy of Sciences (NSCMB FEB RAS) in the deepest areas of the Far Eastern
Seas and adjacent waters of the North-West Pacific. New results of a series of the deep-sea expeditions within
the special RAS Project “Fundamental problems of investigation and conservation of the deep-sea ecosys-
tems in the potentially ore-reach areas in the North-West Pacific” are briefly introduced and discussed (proj-
ect of RAS Ne 3.1902.21.0012). Several “unique” deep-sea ecosystems found in the ore bearing sites and the
active fishing areas in the North-West Pacific are described. Some safety opportunities for these “unique”
ecosystems and possible limitations in the use of dangerous mining and fishing techniques disturbing deep-
sea landscapes are considered, including various conservation statuses.

Keywords: marine biodiversity, bio-resources, mineral resources, deep-sea mining, deep-sea ecosystems,
deep-sea landscapes, deep-sea protected areas.
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HccnenoBaHust aMWUIOUIOB 10 HETAaBHETO BpeMEHM ObLIM HarpaBJIeHbl UCKJIIOYUTEIbHO HA BBISIBJICHUE UX
pOJIM B BOBHMKHOBEHUM OMACHBIX 3a00JIeBaHUl YeJoBeKa U XXUBOTHbIX. OIHAKO OHU LIMPOKO Pacrpo-
CTpaHEHBI B TIPUPOJIE U YYACTBYIOT B PETYJSIIIUU XXMU3HEHHO BaXKHBIX IMPOILIECCOB Y TIPEACTaBUTEIIe BCex
TpEX TOMEHOB XMWBOTO MUpa: apxeit, bakTepuii 1 3yKapuoT. JIMCKYCCUMOHHBIM OCTa&TCsl BOIIPOC O OMOJI0-
TMYECKON 3HAYMMOCTH OCOOOro Kjacca aMUJIOUIOB — MPUOHOB. OTKPBHITHE HOBBIX (DYHKIIMOHAIBHBIX
aMMWJIOUIIOB OOYCJIOBJIEHO pa3BUTUEM OMOMH(MOPMATUYECKUX UM MPOTEOMHBIX METOIOB UASHTUDUKALIIN
6enkoB, hopMupyIIUX aMuIoubl. B 00630pe mpeacTasieH nyTh OT U3yYEeHUS MATOJTOTMYECKUX aMUJIOU]T -
HbIX 00pa30BaHUi K MCCIIEIOBAHUIO aIaNITUBHBIX AaMUJIOUJIOB y OaKTepUil, paCTEeHUI U XXUBOTHBIX. [Toka-
3aHa BaXXHOCTh aMUJIOMTHOM CTPYKTYPbl, OCHOBAaHHOM Ha TIPUHIIUIIE MATPUYHOTO KOTIMPOBaHUsI KOH(DOP-
Maluu, KaKk OMHOH U3 BaxKHEUIIMX (pOpM HAIMOJIEKYISIPHOW OpraHu3alu OeJIKOB.

Karoueessie crosa: aMuIonnbl, IPUOHBI, KOH(MOPMAalIMOHHbIE MAaTPUIlbl, MaTpuuHble pouecchl 1 u Il pona,

TpaHCJIALNA.

DOI: 10.31857/S0869587323090074, EDN: SQXVLD

Ammwiouapl Kak KoH(pOpPMAIMOHHBIE MATpPHIIbI.
Amunonnsl — O6eTKOoBble (PUOPUILISIPHBIE arperatshl,
obmanaroime 0coboit Kpocc-B-cTpykrypoii. Otiu-

MHI'E-BEYTOMOB Cepreii [eoprueBnu — akanemuk PAH,
npodeccop Kadenpsl reHeTUKN 1 6rorexHoyornu CII6IY,
HayuyHblii pykoBoautesnb CII6d® MOTen PAH. TAJI-
KMH Anexkceii [leTpoBuY — JOKTOp OMOJIOTMYECKUX HAYK,
npoceccop Kadenpel reHeTuKn 1 ouorexHonorun CII6TY,
nupektop CITI6d MOlen PAH. 2KYPABJIEBA l'anvina Ana-
TOJIbeBHA — JOKTOP OMOJIOTMYECKUX HaykK, Mpodeccop
Kadenpbl TEHETUKU W OMOTEXHOJIOTMU W J1abopaTopuu
ouosiornn amunounos CIIGTY. HUKHHUKOB AntoH
Anekcanaposuu — npodeccop PAH, 3aBenyromuii 1a6o-
patopueil MPOTEOMMKM HAaJOPTaHU3MEHHBIX CHCTEM
BHUUCXM, npodeccop CIIoI'Y. 3BAJOPCKHMU Cep-
reii [1aBimoBUY — KaHAUAAT OUOJIOTMYECKUX HayK, CTap-
muit HaydHbI coTpyoHuK CII6IY, crapmmii HayIHBIIA
COTPYIHUK JabopaTopuu MyTareHe3a M TeHEeTUYeCKOit
tokcukonoruu CIT6® MOl'en PAH.
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YyUTEeabHAas YepTa aMMJIOUITHBIX (GUOPHIT — CITOCO0-
HOCTbB K POCTY 3a CYET IPUCOESINHEHNSI HOBBIX MOHO-
MepOB 0eJIKOB, popMUpyIoIInX amuionabl. ITpuco-
eIMHEeHNEe MOHOMepa K aMIUIONMgHON ¢uopmie
COIIPOBOXIAETCSI M3MEHEHUEM ero KOH(pOpMalllu.
ITocne mpucoennHEHWsT OHA COOTBETCTBYET KOH(MOP-
Maluy OPYyTMX MOHOMEPOB B COCTaBe (bUOPUJILIBL.
Takum o6pa3zoM, aMWIOUIHbIE (PUOPMIUIBI CIIyXKAT
KOH(pOpMaALIMOHHBIMU (ITIPOCTPAHCTBEHHBIMU) MaT-
pyv1IaMU TSI TaKoTo m3MeHeHus [1—3].

OTKpBITHE U U3yYEeHUE aMUJIOUIOB, B TOM UMCJIe
UX 0cO0Oro Kjiacca — MPUOHOB, OTJIMYAIOIINXCS] MH-
(EKIIMOHHBIMM CBOMCTBAMU U B PSIIIE CIy4aeB CITO-
COOHOCTBIO K HACIEIOBAaHUIO, TTO3BOJIMIN MOIU(DU-
LUPpOBaTh (GOPMYIUPOBKY LHEHTPATBHOMN JOIMBI MO-
JICKYJISIPHOM OMOJIOTMM, OIMCHIBAIOIIEH HOCTYITHBIC
MyTU peaju3allii TeHeTUYecKoil MHdopMauuu B
xuBoit ki1etke [4]. CormtacHO MomuGpUIIMPOBAHHOMN
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BEPCUU JOTMBI, pean3aliis TeHeTUIeCKoi MHGOp-
Mali OCYIIECTBJISIETCS yepe3 MaTpUIHBIE ITPOoIec-
col 1 pona (perumkamusi, TPAHCKPUIILIMS, TPAHCISI-
must) u Il poma, B KOTOPHIX y9aCTBYIOT He JTMHEMHBIE,
a MpoCcTpaHCTBeHHBIE (OeJIKOBBIE) MaTpullbl. B ciy-
yae TOCJIEAHUX TTPOUCXOIUT KOMMPOBaHUE HE TIep-
BUYHOI CTPYKTYPHI OEJIKOB, a X KoH(popManuu |2, 5].

HM3HayanbHO MHTEHCUBHOE U3YYEeHHUE aMIJIOUIOB
OBLIIO CBSI3aHO C MX POJIBIO B PAa3BUTUU PsIa TSKEIBIX
M, KaK IIpaBWJIO, HEU3JIEYMMBIX 3a00JIeBaHUIT YeJI0-
BeKa 1 XKMBOTHBIX — aMMJION1030B [1, 6—8]. OxHako
HaumnHasg ¢ 2000-X TomoB HAaKONWICS OOJIBIION Mac-
CUB JAHHBIX, ITOATBEPXKAAIOIIMX IIIMPOKOE PacIpo-
CTpaHEHME aMWJIOUIOB B XKMBOU MPUPOJIEC U UX yda-
CTHUC B OCYLICCTBJIICHUUN U DPEryjJaiuun pas3INnYHBbIX
KM3HCHHO Ba>XHBIX ITPOLECCOB B KJIETKE U OpraHuU3-
me [1, 9, 10].

CornacHO COBPEMEHHBIM MOJEKYJISIPHO-0M0I0-
TMYECKUM MIPEICTABICHUSIM, aMIJIOUIHBIC arperaTbl —
YIIOpSIIOYeHHBIE (PUOPUIIISIPHBIC OCJTKOBBIE CTPYK-
TYpPBl, COCTOSIIIIME M3 MEXMOJEKYISIpHbIX OeTra-
CKJIaT4yaThIX CJIOEB, CTAOMIM3UPOBAHHBIX MHOTOUKC-
JICHHBIMHN BOOOPOAHBIMU CBA3SIAMMU. POCT aMuionna-
Horo onuromMepa (Matpuusl I pona) 3a cuét npuco-
eIUHEHNSI HOBBIX MOHOMEPOB OeJIKa, U3MEHSIIOIINX
IIPU 3TOM CBOIO KOH(MOPMAaLIUIO, IIPUBOIUT K 00pa3o-
BaHMIO NPOTOPUOPUILI, KOTOPEIE 3aTeM OOBEAUHSI-
[0TCS B (pMOPHMIUIEL ¥ KPYITHBIE aMIJIOMIHBIE arpera-
Thl. YIIOPSIIOYEHHOCTh AaMWJIOWOHBIX arperaToB
ompelensieTcsl TeM, 4TO MEXMOJIEKYISIPHBIC CBSI3U
BO3HUKAIOT MEXIY OMHMMU M TEMH K€ II0CIeI0Ba-
TEJILHOCTSIMM ~ B3aMMOIEHCTBYIONINX MOHOMEPOB.
Ilepexon B aMMJIONITHYIO KOH(GOPMAIIMIO OOBITHO CO-
MMPOBOXIAETCS PE3KUM YBEJIUYEHUEM JO0Ju OeTa-
CJIOEB BO BTOPUYHOI CTpyKType Oenka [7, 11].

VHuKanbHasl CTPYKTypa aMIJIOUIHBIX arperaToB
onpenensieT UX UCKIIOUYNTEIbHbIC (PU3UKO-XUMUYe-
CKHE€ CBOMCTBA: C OMHOII CTOPOHBI, ITOBBIIIEHHYIO
YCTOMYMBOCTD K Pa3IMYHBIM BO3IEMCTBUSIM (B 4acT-
HOCTH, K JE€HCTBUIO MOHHBIX IETEPIreHTOB, IIPOTEa3,
MOBBILLIEHHBIX TEMIIEpaTyp), C APYroii — ruOKOCTb,
9JIACTUYHOCTD U B PsIIE CJIy4aeB CIIOCOOHOCTD K pery-
JIMpyeMoii cOOpKe U pa30bopKe, UTO TTO3BOJISICT Hera-
TOJIOTUYECKUM aMUJIOMIaM Y4aCTBOBATh B BBIMIOJTHE -
HUU CTPYKTYPHOM, 3alUTHOM, 3amacaroiieii u Jpyrux
JKU3HEHHO BaxkHbIX ¢yHK1uit [9, 10]. HeoObruaiiHas
YCTOMYMBOCTh aMWJIOMIHBIX arperaToB K MOBpeX/Ia-
oIuM (aKTopaM, CIIOCOOHOCTh K CaMOOpraHm3a-
L1 ¥ POCTY 3a CYET BOCIIPOU3BEACHMS aMUJIOMIHOM
KOoH(opMalK, a Takxke (B cllydae HEKOTOPBHIX aMU-
JIOUIOB) K B3aMMOACHCTBUIO C HYKJIEMHOBBIMU KHC-
JIOTaMU, X 3allIMTE OT Aerpagaliuy II03BOJISIIOT IPeI-
MOJIOXXUTh, YTO OHU MOTJIM UTPATh BaXKHYIO POJIb Ha
TIEPBBIX dTAIlaX BOSBHUKHOBEHUS XM3HU [12].

AMI/IJIOI/I,IIO3LI. AKTyaIILHOCTB ncciaeaoBaHusda aMu-
JIONOOB B IIEPBYIO OYEPECOAb CBA3aHa C TEM, UYTO OHU
MOryT CITOCOOCTBOBATH PasBUTHUIO HCUIJICYNUMBbIX CO-

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

OHUAJIHO 3HAYNMBIX 3a00JIeBaHWT, MHOTHE U3 KOTO-
PBIX HAa3bIBAIOT aMUIona03aMu. B HacTos1ee BpeMst
accouanus ¢ oopa3zoBaHUEM aMWJIOMIHBIX arpera-
TOB yCTaHOBJIeHa IJ1sT Oosee yeM 40 3a0oneBaHMif ye-
JIOBEKa, MopaXKkarolInx pa3IndHble OpTaHbl U CUCTe-
Mbl. HanboJee usBecTHble cpeau HUX — Helipoaere-
HepaTUBHBIC 3a0o0jeBaHUSI, TaKue KaK OO0JIe3HU
Aunblireiimepa, ITapkuHcona, XaHtuHrroHa v ap. [ 1, 7].

AMWIONI03bl MOTYT OBITH CUCTEMHBIMU M JIO-
KaJIbHBIMU U TIOpaXaTh MOYKHU, JETKUE, Cepalie, Te-
YeHb, TOJIOBHOI MO3T U T.4. PaznuuamT Tpu ux oc-
HOBHBIX TUIIA: CIIOpaauYecKue, HacJleACTBEHHbIE U
nHpekunoHHble. MHPeKIMoHHBIEe (IIPUOHHBIE) 3a-
0oJieBaHUsI CBSI3aHbI C MPOHUKHOBEHHUEM B OPTaHU3M
C IMIIEH WJIM UHBIM IIyTEM M MOCJIEOYIOIIUM “pa3-
MHOXEHHEeM” YyXEepOOHBIX (UOpMIIT IIPUOHHOTO
6enka PrPS¢ (Scrapie Prion Protein) [6]. ITpuauHoii
HacJIeICTBEHHbIX aMUJIOUAO30B CIIyXaT MYTalluu,
CMOCOOCTBYIOIIME TTATOJIOTUYECKOMY HAKOTUIEHUIO U
(W) arperanyy aMIJIOMIOTEHHBIX OeKkoB. Criopa-
IMYecKue aMWiIoua03bl — Haubojee pacmpocTpa-
HEHHAas hopMa, X JOJISI COCTABISIET TpuMepHO 95%.
ITprunHbBI X BOSHUKHOBEHUSI — TIPEAMET HAYYHBIX
JIIUCKYCCUM U aKTUBHBIX UCCIIEIOBAHUM.

AHay3 TaHHBIX 10 BCEM U3BECTHBIM CIIOpaguye-
CKHUM aMWJIOM03aM YeIoBeKa Mokasa, 4To B ITo1aB-
JISTIOIIEM OOJIBIIIMHCTBE CJIydaeB OCHOBHBIMU (PaKTO-
paMu prcKa BOSHUKHOBEHMUSI 3TUX 3a00JIeBaHU CITy-
XaT pas3IMYHbIE CTPECCOBBIE BO3NCHCTBUS, B
YaCTHOCTHU, XpOHUYECKME MH(PEKINY, paK, HapyIIe-
HUE KpoBOocHaOXeHMs 1 TpaBMHI [13]. bonee Toro,
pa3Hble TUIHBI CTPECCa BBI3BIBAIOT JIMOO CBEPXIIPO-
OYKIIWIO, JU00 MOOW(PUKAIINIO aMIIOWIOTEHHBIX
0€eJIKOB, YTO MHIAYLIMPYET X MAaTOJIOTUYECKYIO arpe-
rauio. TakuM oO6pa3oM, IIPU CIIOPATUISCKUAX aMU-
JIonI03ax (popMUPOBaAHME IUTOTOKCUIECKNX (PUOPUILIT
OKa3bIBaeTCs HEe MNEepBONPUYMHOI 3a0oJieBaHUS, a
OMHUM M3 BAXHBIX BJIEMEHTOB I1aTOJOTUUYECKOTO
Kackaga. Kpome Toro, BeposSITHOCTb pa3BUTUSI MHO-
TMX aMUJIOUJ030B YETKO KOPPEIUPYET C BO3PACTOM.
Hampumep, yacToTa BOSBHUKHOBEHMS TAKUX PACIIPO-
CTpaHEHHBIX 3a00JIeBaHMI, KaK 00JIe3HU AJIbLTIeli-
Mmepa u IlapkuHcoHa, CBSI3aHHBIX C HAKOILUIEHUEM
LUTOTOKCHMYeCKUX (hubpmt 6era-amunonaa (AB) u
ab(a-CUHYKJIEeMHA COOTBETCTBEHHO, SKCIIOHEHIIN-
aJIbHO YBeJIMYMBaeTCs ¢ Bo3pacToM. [1o Bceii BeposiT-
HOCTH, 3allIUTHBIE CUCTEMBI OpraHn3Ma, 3(p¢heKTUB-
HO (DYHKIMOHUPYIOIIHNE Y MOJOABIX JIIOAeH, Iepe-
CTaloT paboTaTh B IMOCTPENPOAYKTUBHBIN MEpPUOM,
YTO MPUBOAUT K HAKOTIJICHUIO, MOIN(PUKALIUSIM U ar-
peranuu IMoTeHLMAaTbHO aMIJIOUIOTeHHBIX OeiKoB [13].

IMpuonsl (o1 “proteinaceous infectious particles™)
MPENCTABISIIOT CO00ii 0COOBIN KlacC aMWJIOUIOB —
WH(PEKIIMOHHbIE aMuiounbl. VX TJIaBHOE OTJIMYM-
TeJIbHOE CBOMCTBO — CIIOCOOHOCTb K MH(UIIMPOBA-
HUIO KJIETOK (OPTaHU3MOB), M3HAYAILHO HE HECYILMX
npuoH. O4eBUIHO, INIABHBIM (PAKTOPOM, OOYCIOB-
Ne 9
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JIMBAIOIIMM paclpoOCTpaHeHUe MPUOHHBLIX MHOEK-
LIV Y MJIIEKOTTUTAIOIINX, CIIYKUT CITOCOOHOCTD MPU-
OHHBIX YACTUII K PA3MHOXEHUIO B OPraHU3Me X035~
Ha, YTO TToApa3yMeBaeT BO3MOXHOCThD pacIIeTIcHUS
NPUOHHBIX arperaToB Ha 06oJiee MeJIK1e (pparMeHTHI
U, CJIeIOBATEIbHO, YBEIMYEHYE YMciia MH(PEKIIMOHHBIX
yactull (“ceMsiH” mpuoHa). B ciyyae HeMHGpeKIIMOH-
HBIX aMMWJION 0B HOBBIC aMMWJIOMIHBIC OJIMTOMEPHI U ar-
peraTbl 00pa3yloTcst HE3aBUCUMO OT TPEACYIIECCTBYIO-
LIUX, TP 3TOM TIPOILIeCC aMUIOMI0TeHe3a BKIII0YaeT
TOJILKO 00pa3oBaHMe aMUJIOMIHBIX arperaToB de novo
u ux pocr [8, 14].

IpuoH PrpS°, BBI3BIBAOIINI Psil HEU3IEUNMBIX
HelpolereHepaTUBHEIX 3a00JIeBaHUII 4YeoBeKa U
JIPYTMX MJIEKOIIMTAIOIINX, IPEACTaBIsIET cO00ii ar-
perupoBaHHYI0 (HOpMy HOPMAJIbHOTO KJIETOYHOIO
6enka PrP (Prp©) [6]. YacTuisl PrPS¢ nocie nomnana-
HUSI B OpraHU3M HE pacLICIUISTIOTCS (pepMeHTaMu
XKEeTyIOYHO-KMIIIEYHOIO TpaKTa, IIPOHUKAIOT B (hoJI-
JIMKYJISIpHBIC TEHAPUTHBIC KJIETKM 1 3aITyCKalOT KOH-
dopmalmoHHble n3MeHeHnsT 0eiaka PrP opranmsma
xo3gmHa. Jlamee 3T GUOPMIIIIpHBIC YaCTUIILI Yepe3
KJIETKM TIeprudeprudecKoii HEpBHOI CUCTEMBI TpaHC-
MOPTUPYIOTCS B MO3T U 3aITyCKalOT MPOILIeCC HEMpo-
nereHepauuu [15]. IpuonHas kouBepcus 6enka PrP
BBI3LIBAeT 0OJIE3Hb KYPY, CBI3aHHYIO C PUTYaJIbHBIM
KaHHMOanu3MoM, 0ose3Hu Kpelitudenpoa—AKooa,
I'epctmana—IlITpayccinepa—IlleitHkepa, paTalbHYIO
CeMeiiHyI0 OECCOHHMUILY Y JIIOMIei 1 CXOOHBIEe 3a00J1e-
BaHMs MiekonmTaiomux. K 3Toii ke rpyrie oTHO-
CUTCSI KOPOBbe OCIICHCTBO, WM TybOuaras sHIeda-
noratusi KpynHoro poraroro ckora (BSE, Bovine
Spongiform Encephalopathy), cmocodHas pa3Bu-
BaThCs Y Y€JI0BEKA IPU MOSTAHNN MsIca 3apakKEHHBIX
XKMUBOTHLIX [6]. [IproHHBIE CBOIICTBA TaKXKE BBISIBIIE-
HBI DKCIIEPUMEHTAIBHO 1151 OeTKa ajib(a-CUHYKIICH -
Ha, arperaiusi KOTOpOro accoluupoBaHa c 0oJie3-
Hblo [lapkuMHCOHA, OMHAKO, B OTJMYME OT YacCTHIL
PrP%¢, npuonHble (puOpMUIBL anbda-CUHYKIEUHA,
BEpPOSITHO, HE MepeIaloTCs eCTECTBEHHBIM MyTEM [8].

TeHeTnyecKMii KOHTPOJIb TPAHCJSIIUUA U TPHOHBI
npoxckeid. [ToHMMaHWIO MeXaHU3MOB, JieXallluX B OC-
HOBE aMWIOMIIO- Y PUOHOTeHe3a, B HEMaJIoii CTereHn
TOMOIJIO UCC/IeI0BaHVE€ TPUOHOB HU3IIMX 3yKapyoT, B
YaCTHOCTHU TIEKapCKUX APOXKelt Saccharomyces cerevi-
siae M Ipyrux rpuOoB. Y 3TUX ONHOKJIETOUYHBIX Opra-
HU3MOB TPUOHBI SIBJISIOTCS HEXPOMOCOMHBIMU Ha-
CJIE[ICTBEHHBIMU JE€TEPMUHAHTaAMU OEJIKOBOW Mpu-
ponpl. ComtacHO OHHOMY M3 pPacIPOCTPaHEHHBIX
omnpeneneHuit, MpUOHbI — MH(PEKIMOHHbIE U30(op-
Mbl O€JIKOB, CITOCOOHBIE K aBTOKATAIUTUUYECKOMY
BOCITpoM3BeAeHUIO [ 16]. OGBIYHO TPUOHHBIMU CBOM-
CcTBaMU OOJIafaeT ONpeAeEHHbIH KOH(MOPMAIIUOH-
HbIIi BApUaHT HOPMAaJIbHOTO KJIETOUYHOTO Oejka, 00-
pasylolrii aMUJIOUIHbIE arperaTbl, KOTOPbIE CIyKaT
KOH(MOPMALIMOHHBIMM MaTpULlaMU JJis1 TIPUCOEA-
HEHUS U YKJIAIKW ITOJ0OHBIX OEIKOB.
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INepexon 6eKOB B IPUOHHYIO hopMy (IPUOHU3A-
Ys), KaK MpaBWIO, NPUBOAUT K WU3MEHEHUIO HX
¢GYHKIIUOHAIILHON aKTUBHOCTH W BO3HUKHOBEHUIO
pasIuYHbLIX (DEHOTUIIOB, KOTOpHIE HACIEAYIOTCS B
pSIIy TTOKOJSHU. DTOT (DEeHOMEH ITOJTydYrJT Ha3BaHUE
“OesKoBast HaCJIEICTBEHHOCTh’, TO €CTh HacJeIoBa-
HUE TPU3HAKOB, OMNpeAeasIeMbIX U3BMCHEHUEM KOH-
dopmanu Oenka, 6e3 M3MEHEHUS] HYKJICOTUIHOM
MOCJIeIOBATEIbHOCTU TeHa, KOIUPYIOIIETro 3TOT Oe-
Jok. IIpu nmepexone 6e1ka B MpUOHHYIO (OPMYy €ro
aKTUBHOCTh YaCTO CHMXKAETCsl, B pe3yJIbTaTe KJIETKA
MOXKET IIpruoOperaTh (PEHOTUII, XapaKTEePHBINA IS
MYTaHTa II0 COOTBETCTBYIOIIEMY T'eHy. B To XKe BpeMst
B pse ciydaeB MPUOHHBIC arperaThl MOTYT BBITIOJ-
HSITb KaKWe-IMOO HOBBIE (DYHKIIMU B KJIIETKE, UTO
MPUBOAUT K TOSIBICHUIO HOBBIX (DEHOTUIIOB, HE-
CBOIICTBEHHBIX COOTBETCTBYIOLIUM MyTaHTaMm [16].

CeronHst n3BecTHO 0K0J10 10 TIpMOHOB ApOXKeTi-
CaxapOMMIIETOB U IPYTMX HUBIIMX 3yKapuor |16, 17],
a camMa MCTOPUST U3YYEHUS IPOXKKEBBIX IPUOHOB Ha-
yajach ¢ oTkpbiTus b. Kokcom B 1965 r. HeExpoMo-
COMHOIO HACJIEACTBEHHOro aetepmuHanTta [PSIY],
MoBBIIIAIONIEro 3((HEKTUBHOCTh MTPOUTEHUST KOIO-
HOB-TEpMUHATOPOB KaK 3HAYalllNX B XOJE TPAHCISI-
v MPHK, 4To mpuBOIUT K TTOIaBIASHUIO IIPOSIBIIC-
HUusg HoHceHc-myTtauuit [18]. Ilpupoma ¢daktopa
[PST"] ocTtaBanach 3aragkoii B redueHue noutu 30 Jer.
JIvs B Havane 1990-X TonoB MMOSIBUINCH 3KCIIEPH-
MEHTaJbHbIEe JaHHbIE, MO3BOJUBIINE UACHTUDULI-
poBarth [ PST*] xak npuoHHYI0 (popMy 6eska Sup35 —
JIPOXKEBOTO (paKTOpa TEPMUHALIMYI TPAHCIIALINH [16].

Bonbiyto poiab B UASHTU(GUKALIMU TIPUPOILI
[PST*] chirpanu ucciieqoBaHus TEHETUYECKOIO KOH-
TPOJISt TPAHCIISILIUM, TIPOBOANMBIE Ha Kadenpe reHe-
TUKU U ceieKuu JIeHuHrpaackoro (HeiHe — CaHKT-
[NetepOyprckoro) rocynapcTBEHHOTO YHUBEPCUTETA.
Wctopusa nsydyenus reHa SUP35 — cTpyKTypHOTO re-
Ha ¢dakropa [PST"], 1 GYHKIIMOHAIBLHO CBI3aHHOTO C
HuM reHa SUP4S y S. cerevisiae HacuuTbhIBaeT 6osee
50 net. B 1964 1. B mabopaTtopnut (hu3MOIOTHIECKOMN
reHeTuku JII'Y moiay4eHbl MyTallMM, KOTOPbIE MpU-
BOIMJIU K CYIIPECCUM HOHCEHC-MYyTalluil BCeX TPEX
TUIIOB, WJIU OMHUITOTeHTHOM cyrnpeccuu. [losnHee
aHaJIOTUYHbIE MYyTallMK ObLIM U30JUPOBaHbI B IpY-
TUX J1abopaTopusiXx MUpa, a COOTBETCTBYIOIIIUE UM Te-
HbI Ha3BaHbl SUP35 1 SUP4A5 [19].

Mytauuu B renax SUP35 u SUPAS npuBoauiu K
PELECCMBHOM OMHUIIOTEHTHOM CYyNpPEeCcCUu, aajiocy-
MPEeCcCUu, HapylIeHUSIM KJIIETOYHOIO 1IMKJIa, a TaKXkKe
MHOTOYMCJICHHBIM IICHOTPOTHBIM 3¢ dekTaM. HaH-
Hbl€ TEHETUYECKUX U OMOXMMUYECKUX HCCIeq0Ba-
HUIi, HaKOIUICHHEIEe K Havaiy 1990-x romos, ITO3BO-
JIVJIW TIPUITHU K BBIBOY, YTO MPOAYKThI TeHOB SUP35
1 SUP45 y9acTBYIOT B KOHTPOJI€ TOUHOCTU TPAHCIISI-
UK. XOTd ell€ B paHHUX pabdoTax MpeanoJarajioch
yyactue OenkoB Sup35 um Sup45 B TepMHUHALIMU
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TPAHCJISIUU, OTCYTCTBUE TOMOJOTUU € (haKTopaMu
TepMUHALIMU TPAHCISILMU TIPOKAPUOT, a TaKXKe aH-
THCynpeccopHoTo 3ddeKTa Mpu CBEPXIKCIIPECCUN
He JaBajyd BO3MOXHOCTM OTHECTU MX K (hakTopam
TepMUHALMU TpaHcasiuuu. llpennonaraioch, 4TO
9TU O€JIKM MOTYT UTPaTh BCIIOMOTAaTEIbHYIO POJIb B
TEPMUHALIMUA TPAHCJSLIMU, B3aUMONECHCTBYS C €€
daxkTopamu uim pudbocomamu [19]. B 1994 r. B nado-
patopuu JI.JI. KucenéBa cCOBMECTHO C psIIOM 3apy-
OEXHBIX JJabopaTOpUii ObLIO YCTAHOBJIEHO, UTO Oe-
JIoK Sup45 siBasieTcs (paKTOpOM TEPMUHALIMU TPaHC-
JISIIAU, CHOCOOHBIM Yy3HaBaThb CTOI-KOAOHBLI. OH
nojyun HazBaHue eRF1 u BMecTe ¢ 6akTepruaaibHbI-
mu 60enkamu RF1 u RF2 Gb11 oTHEecEH K (pakTOpaM
TepMuHauuu 1 Kiiacca. JlaHHbIe, CylIeCTBEHHbIE IS
yCTaHOBJICHUS poan 6emka Sup35 Kak pakTopa Tep-
muHauum eRF3, monydeHsl romom nmosxe [20, 21].

B xoniie 1980-x — Havane 1990-x rogoB Ha Kade-
pe re”Hetuku u cenexkuuu JIT'Y (CII6I'Y) monydeHbl
napagoKcaabHbIe Ha TOT MOMEHT JaHHbIC: HECMOTPS
Ha To, 4TO 6eoK Sup35 aBnsgercd paKTopoM TEPMH-
HaIlMy TPAHCJISILIAM, €T0 CBEPXIIPOAYKIINS IPUBOIUT
K HOHCEHC-CYIpecCOpHOMY 3P (deKTy, TO €CTh CHU-
KaeT 3¢h@(EKTUBHOCTb TEPMUHALIUM TPaHCIISIIUU.
Bbouiee Toro, y yacTu KJI€TOK 3TOT 3(h(EKT COXpaHsII-
¢Sl ITOCJIe OKOHYAHUS CBepXnpoaykuuu Sup35 u cra-
OMJIBHO HACJIEOOBAJICS B PsIAy MOKOJICHUIT, HO MCYe-
3aJI IToCjie MHKYOAlIMK TaKMX KJIOHOB Ha Cpeie C TUI-
pOXJIOPUIOM TYaHUOWHA — areHTOM, M3TOHSIOIINM
dakrop [PST*]. TakuM 06Gpa3oM, CBEPXIPOLYKIIKS
oenka Sup35 nmpuBoaMIa K BOSHMKHOBEHUIO (haKTO-
pa [PSI] [17]. Ha ocHOBaHUM 3TUX NaHHBIX P. Buk-
Hep BBIIBUHYJ TAIIOTE3Y O TOM, UTO LIMTOIIa3MaTH-
yeckKuii gerepMuHadT [PSI*] mpencrasiasier coboii
npuoHHyI0 ¢opMy Oenka Sup3S5. OmHOBpEeMEHHO
VYEHBIN IIPEAIIONIOXWI, YTO APYroi HEMEHIeJeB-
CKMI neTepMUHAHT apoxckeii [ URE3] — 3To TIproH-
Hast popMa TpaHCKpUIIMOHHOTO peryasTopa Ure2.
O06e BepCcUH BIOCIENCTBUM ITOATBEPIMINCH [16].

HccnenoBanust Kadeapsl TeHETUKU U CEIEKIIUU
CIIoI'Y mon pykoBoactBoMm C.I. Mure-BeuromoBa u
naboparopun M./. Tep-ABaHecsTHa TTO3BOJININ TaK-
JKe BBIISJIMTH B cocTaBe Oesika Sup35 moMeH, oTBeda-
o1 32 00pa30BaHUE U MONJAEPXKaHUE €T0 MPUOH-
Holt (hopMbl. benku Sup35 G0abIIMHCTBA 3YKapuOT,
3a UCKJIIOUEHUEM HEKOTOPBIX MPOCTEUIINX, UMEIOT
TpExaoMeHHy1o cTpykTypy [19]. [TokazaHo, yto N-
JIOMEH NPOX KeBOro Oenka Sup35 — He XXU3HEHHO
BaXXHbIi, OAHAKO TpedyeTcs IS TPUOHU3AIIUU
Sup35 ¢ ob6pasoBanueM mnpuoHa [PSI']. M-momeH
y4acTBYET B IMOAAEPKAHUU MPUOHA B PSITY KIETOY-
HBIX AejieHui. C-KOHI1IeBO JOMEH HEOOXOIUM U JT0-
CcTaToueH JJisl ydyacTust 6enka Sup35 B TepMUHAIIUU
TpaHcasiuuu [14]. N-TepMuUHaIbHBIN 1oMeH Sup35
OTJINYaeTCs HEOOBIYHBIM aMMHOKHWCIOTHBIM COCTa-
BOM. Y IOpOXKel S. cerevisiae OH XapaKTepU3YyeTCs
BBICOKUM cofepkaHueM octaTkoB Q u N (45% mo
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CPaBHEHMIO CO cpemHUM 3HadeHueM 10% g Tpo-
TeoMa apoxkkei), a Takke G 1 Y (33% mo cpaBHe-
HUIO CO CpeoTHUM 3HadeHneM 8%). JloMeH comepXXuT
JIBa cyOIOMEeHa, KOTOpble OO0YCTOBIMBAIOT TIPUOHO-
noJIoOHBIe cBOICTBA 3TOTro Oenka: QN-OoraThlit paii-
OH (aMMHOKMCJIOTHI, ak 6—33) 1 OR — yyacTok onu-
TOIENTUIHBIX MOBTOPOB (ak 41—97). IlpucyrcTBue
nocienHux (KoHceHcye PQGGYQQ-YN), HammoMu-
HaIOIIMX [0 COCTaBy IMOBTOPHI B 6enike PrP miekornu-
taromux (KoHceHcye PHGGGWGQ), — omHo u3
Hanboyiee MHTEPECHBIX CBOUCTB N-TepMUHAJIBHOTO
nomeHa Sup35. CnocobHOCTh Sup35 K MPUOHU3ALUK
orpaHuyYeHa TOJbKO MOYKYIOIIUMUCS APOXKAMU U,
MO-BUIUMOMY, OO0bsICHsIETCS mpucyTcTBeM QN- u
OR-y4acTKOB, OTCYTCTBYIOIIMX Y TOMOJOroB Sup35
W3 IPYTUX OPTaHU3MOB [22].

HMmeHHO mociienoBaTebHOCTh N-TepMUHAbHO-
ro JOMEHa TIIO3BOJISIET TOAPa3NeUuTh TOMOJIOTOB
eRF3 muekonuramlommux Ha aBa mnoaceMmeictsa. K
nepBomy otHocsaTces 6enku GSPT1 (wm eRF3a), ko
BTopoMy — 6enku GSPT2 (eRF3b) [19]. Xota N-tep-
MUHAaJIbHBIE TOMEHBI OeIKoB cemeiictBa eRF3 mire-
KOIUTAIOIIMX HE MPOSBISIOT 3HAUYUTENIBLHOTO CXOJl-
CTBa C COOTBETCTBYIOIIUMU AOMEHAMU Yy HU3IINUX
9YKapUOT, OHU TOXE XapaKTepU3YIOTCSI HEOOBIYHBIM
aMHHOKMCJIOTHBIM cocTaBoM. Hampumep, N-mome-
Hbl Oenka GSPT1 Mbllnu U 4yejoBeKa oOoralieHbl
ocratkamu P, Su G (10%, 15% u 20% cooTBEeTCTBEH-
HO). BMecto QN-yyacTka M OJUTONENTUIHBIX TMO-
BTOPOB, IIPUCYTCTBYIOIIMX B N-10oMeHe Oeyika Sup35
npoxckeit, cyogomeH N1 GSPT1 MmpIim, KpbiChl U
yeJioBeKa COAEPKUT MPOTSKEHHbIE TJIUIIMHOBBIE T10-
BTOPBI U TIMLIUH-CEPUHOBbBIE TPAKTHI.

HJoxazaTeabcTBOM (PYHKIIMOHABHON 3HAYMMO-
¢t N-TepMHUHaJIBHOTO TOMEHA CITYXKUT €0 COXpaHe-
HUE B XOJI¢ SBOJIIOLUM. Y BCEX CEKBEHUPOBAaHHBIX TO-
mosoroB eRF3 (3a uckmouenunem Giardia lamblia)
npucyrcTByeT N-TepMuHaIbHBIN goMeH. [Ipenmona-
raeTcsi, YTO OH MOXET y4acTBOBaTh B 0Opa30BaHUU
KOMIUIEKCAa TepPMUHALIMKU TPAHCISILMM, a TaKKe BO
B3aMMOJICMCTBUM C IpyruMu o6enkamu [22]. Hekoro-
pble 13 0EJIKOB, B3auMOAEHCTBYOIUX ¢ Sup35 (Ha-
npumep, Slal u Upfl), MOTyT BIUSTH HA €ro arpera-
uuio [16, 17]. B To Xe BpeMs1 I MHOTMX OEIKOB,
BJIUSIIOLIMX Ha arperaiuio, mpsMoe B3auMOISCTBIE
¢ Sup35 He nokazaHo. Takke BO3MOXKHO, YTO HEKO-
TOpble O€IKU, KOHTAKTUPYIOIIUE C PacTBOPUMBIM
Sup35, He cIOCOOHBI B3aUMOICCTBOBATD C €TI0 arpe-
rupoBaHHOI popmoii [23].

IMono6HO mpuoHy MiIekonuTaromux PrPSe, mia
KOTOPOTO CBOWCTBEHHO IPUCYTCTBUE Pa3JIUYHBIX
mraMMoB [6, 11], B ciiyyae npuona [PST'] Takxke 00-
Hapy>XeHbl pa3Hble BApUaHThI, KOTOPbIE OTJINYAIOTCS
JIPYT OT JApyra Io CTPYKType arperatoB, CTaOMIbHO-
CcTU, 3PHEKTUBHOCTU CYIPECCUU U IPYTUM XapaKTe-
puctukam |3, 24].
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PasznuuHble TpUOHBI CIOCOOHBI B3aUMOJIEICTBO-
BaTh IPYT C APYTOM B KJIETKaX OPOXKKEH, UTO MOXET
MPOSIBJISITECS KaK CTUMYJISILIUS WIX, HA00OPOT, UH-
ruOMpoBaHre BO3HUKHOBEHUWS WJIM TIOMAAEpXKaHUS
OIHOrO MpHOHA B MPUCYTCTBUU Apyroro. Tak, Bo3-
HUKHOBeHUE TIproHa [PST'] npu cBEpXNPOAYKLAU
benka Sup35 wiM ero AeJIeIMOHHBIX BApUAHTOB, CO-
nepxamux N-I0MeH, BO3MOXHO TOJbKO B MPUCYT-
ctBuu aApyroro rpuoHa — [PIN™] (ot “Psi Inducible”) —
arperupoBaHHoOi dopMbl Oenka Rnql, unm npyrux
MPUOHOB, GYHKUMOHAIBLHO 3aMelnaromux [PINT].
C 1pyroii CTOpOHBI, MPUCYTCTBUE TTpuoHa [PST] He-
TaTUBHO BJIMsgeT Ha Bo3HMKHOBeHUe [URE3] npm
cBepxnpoaykiuu oenaka Ure2.

HWmeronuecss maHHbIE TOBOPSIT O pa3HOOOpa3uu
BJIMSTHUSI TIPMOHOB JIPYT HAa Apyra, Ipy 3TOM Xapak-
TE€p TAaKOTO BIUSTHUS MOXET OTINYAThCS IJIST Pa3HBIX
BapuaHTOB (IITaMMOB) IpHOHOB [24, 25]. Kpome To-
ro, B paMKax KOHIIEHIINY OEJIKOBOM HACIEACTBEHHO-
CTU ommrcaH (peHOMeH “ITOJUIIPUOHHOro” HacjemIo-
BaHUS Npu3HakoB: 0enku Swil 1 Rnql, B HopMe He
B3auUMOJICCTBYIOIIIME APYT C APYIOM, B MIPUOHHOM
¢dbopme MoryT B3auMOACHCTBOBATh, YTO MPUBOIUT K
MOSIBJIEHWIO HOBOTO (DEHOTHUIIAa — HOHCEHC-CYIpec-
cnu [26]. TakuM o6pa3oM, o aHAJIOTUH ¢ MOHOTEH-
HBIM U IIOJIUTE€HHBIM HacJIeJOBaHMEM, B paMKaX KOH-
LHeNry OeJIKOBOM HAaCIEeACTBEHHOCTU BBIOCIISIIOTCS
TUIBI MOHOIIPUOHHOTO U ITOJIUIIPUOHHOIO HAaCJIEI0-
BaHwms [27].

HccnenoBaHusi ¢  HUCIOJb30BaHUEM  MOJEIU
IpoxKeBoro npuoHa [PSI'] okaszanuch ype3Bblyaii-
HO TIOJIE3HBI [IJIS1 IOHUMaHUs MEXaHW3MOB MOMIJIEp-
>KaHUS U pacIpOCTpaHEHUs TPUOHOB, POJIU OEJIKOB-
IIaTIepOHOB B 3TOM MpPOlLIecCe U OCHOBHBIX OTJIMYUIA
WHQEKIIMOHHBIX aMWIOUIOB (IIPUOHOB) OT HEWH-
dexkumoHHbiX. IlokazaHo, 4TO Ha MoOmAEpXKaHUE
npuoHa [PSI'] BAUAIOT MHOTOYMCIEHHbIE OEIKU-
manepoHsl. IIpexne Bcero HeEOOXOOUM ITPOMEXY-
TOUHBbIN ypoBeHb 11anepoHa Hspl04. Jlenenus reHa
HSP104, a Taxke nnruobuposaHue doenka Hspl104 c
MOMOIIBI0O XUMUUECKUX areHTOB, TaKUX KaK TUApO-
XJIOPUJ TYaHUIWUHA, IPUBOAUT K U3rHaHuto [PST'].
DTOT IIANIEpOH TaKxXKe HEOOXOIUM JJIS TTOAIe psKaHUS
JIPYTUX ApOoXoKeBbIX MpUOHOB [17]. Hsp104 yuactByeT
B paclIeIUIeHUU aMUIOUAHBIX (PMOPUIIT MPUOHHBIX
OenkoB Ha Oosiee Menkue parMeHThl (TPUOHHBIE
“ceMeHa” WJIM MPOMAroHbl), KOTOpbie 3aT€M MOTYT
ObITh TIepedaHbl JOYEPHUM KJIETKaM Mpu AeJIeHUM.
HMmenHo obpa3zoBaHre NIPUOHHEBIX “CeMsIH” He00X0-
IUMO JJIsT UH(MEKIIMOHHOCTU/HACIeNyeEMOCT aMMU-
JIouA0B. DTa runoTe3a BliepBble c(hopMyIrpoBaHa B
nabopartopum M. J. Tep-ABanecsna [14]. s mipa-
BMJIBHOI paboThl 0enka Hspl04 HeoOxommmo yda-
CTUE MOJIEKYJISIPHBIX LIATIEPOHOB, BXOJSIIUX B TPYII-
nbel Hsp90, Hsp70 u Hsp40. U3 mocnenHeii rpymmnbl
HauboJiee BaXeH TS MOoagepXKaHus npuoHa [PSTH]
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oenoxk Sisl [28]. KpoMe mianepoHoB, B IIOaAepXKaHUA
IIPUOHOB TPUHUMAIOT Y4acTHe BHYTPUKIIETOUHEIE
dakTopsl coptupoBku 6enKkoB (Curl, Btn2 m Hsp42),
a TakKe psig apyrux oenkos [28, 29].

Jo cux mop akTUBHO 00OCYXXIaeTCsl BOIIPOC O TOM,
MOTYT JIU TPUOHBI APOXKKEN U APYTUX HUBIIUX dYKa-
pUOT OBbITh MOJE3HBIMU [IJISI KJIETOK-X03sieB (110
KpaliHeil Mepe NMpu onpeae€HHBIX YCIOBUSIX OKPY-
XKaOIIEH Cpeabl) WA SIBIISIIOTCS “MOJIEKYISIPHBIMUA
00J1Ie3HsIMU, CKOpEe BpEAHBbIMU IS KieToK. CpaBHe-
HHUE CKOPOCTH POCTa HECKOJIBKUX IITaMMOB [PST] u
[psi—] mokasaino, uro dakrop [PSTT] He BiIMsieT Ha
CKOpPOCTb POCTa KJIETOK APOXXKei MpU OOBIYHBIX
YCJIOBUSIX KYJIbTUBUpPOBaHUS B JlabopaTtopum [30].
B To ke BpeMsi cucTeMaTHM4ecKoe COTOCTaBJICHUE
¢enoruna mwrramMmmos [ PSTt] ¢ U30reHHBIMU LIITAMMA-
MU [psi~] B pa3IMYHBIX YCJIOBUSIX TTO3BOJUIIO TPEI-
ITOJIOKUTD, 4TO MpUCyTCTBUE (pakTopa [ PST'] B KIteT-
Kax JIpOXCKeih MoXeT obecrieuuBaTh CEJIEKTUBHBIE
MPEUMYIIECTBA 3a CYET IKCITPECCUM TICEBIOTCHOB WU
HETPaHCIUPYEMbIX B OOBIYHBIX YCIOBMSIX 3’-ydacT-
koB MPHK [31].

ComracHo Apyroil ToYKe 3peHus, MpuoH [PSTT] —
“00oJ1e3Hb” comepKallnX ero IPOXKKEBBIX KIIETOK [16].
ITo Bceit BuDUMOCTH, 00€ BEPCUU UMEIOT MPaBO Ha
CyIIECTBOBaHHE, a COOTHOILIIEHUE TOJb3bl U Bpena
MPUOHOB 3aBUCUT OT TE€HOTUIIA KJIETOK, HECYLIMX
NPUOH, W YCIOBUI BHelmHew cpenbl. IlocnencTBus
MPUOHU3ALIMU CXOAHBI C MOCIEACTBUSIMU MUCCEHC-
MYyTallMii — B 000X CIydasiX IPOUCXOAST Haclemye-
Mble UBMEHEHMUST CTPYKTYPhI U (DYHKIIMOHATIBbHOM aK-
TUBHOCTHU Oejika. bosiee Toro, mpruoHMU3anust 00bIYHO
BEJIET K MHAKTUBAIMU OeKa U mMopoii K mpuobpere-
HUIO HOBOM (yHKIUMU. B COOTBETCTBUU C 3TUM B
OOJIBIIMHCTBE CllyyaeB MPUOHM3AUS JOKHA MPU-
BOAUTH K HEraTUBHBIM IIOCJIEACTBUSIM, HO WHOTIA
BO3HMKHOBEHME MPHOHOB MOXET ObITh a1alITUBHBIM.
ITo xpaiiHeit Mepe JIT OMHOTO MPUOHA HU3IIUX
aykapuort, [Het-S| rpubda Podospora anserina, moka-
3aHO Hamuue GYHKIMOHAIBLHON POIU — y4acTUe B
KOHTpPOJIE HECOBMECTUMOCTH rnudoB [32].

B nmonckax HOBBIX AMIJIOMIOB: OMOMH(OPMATHKA U
3KCIIEPUMEHTAJIbHASA MPOTeOMHUKa. B mocienHme rombt
oOHapyK1BaeTcs BCE OOJIbIIIE OCIKOB, CIIOCOOHBIX K
00pa3oBaHNIO aMIJIONMIHBIX (DMOPWIIIT 1 BBITIOTHSIIO-
IIMX CBOIO MYHKIIMIO B aMuiaouaHoi popme. DyHK-
LOHAJIbHbIE AMWJIOUIBI OOHAPYKEHBI IIOUYTHU BO BCEX
OCHOBHBIX TIpyImiax opraHm3moB. Cpean MHOT000-
pa3HbIX (YHKIUN aMUJIOUIOB U aMWJIOWIOION00-
HBIX 0E€JIKOB MOXKHO OTMETUTh (h)OpPMUPOBaAHUE OUOII -
JIEHOK y OakTepuii, perysiiuio OMoreHe3a u CTPyK-
TYpbl KJIETOYHOM CTEHKM Yy OPOXIKEI, ydacThe B
KOHTpPOJIE OOTeHe3a U CIlepMaToreHe3a y MO3BOHOY-
HBIX 1 OSCITO3BOHOYHBIX, PETYJISIINAIO JOJITOBPEMEH-
HOM ITaMSITH, KOHTPOJIb NOJUMEpU3allui MeJIaHMHA
y XKMBOTHBIX U ap. [9, 10]. [Iporpecc B OTKpBITUU
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HOBBIX (DYHKIIMOHAJIBHBIX aMUJIOUIOB U OLEHKE
pacIpoCTPpaHEHHOCTU 3TOT0 (PeHOMEHA B XUBOI
MIPUPOJIe B HEMAJIOM CTEEeHU CBSI3aH C pa3BUTUEM
6MONMHGOPMATUYECKUX UM TIPOTEOMHBIX METOIOB
NASHTU(DUKAIIIN OeJIKOB, (POPMUPYIOIINX aMUJION-
nbl. KpaTko paccMOTpuM HEKOTOpPBIE U3 3TUX METO-
OB W TIPUBEOEM IIPUMEPBl HEIABHO OTKPBITHIX
GYHKIMOHAIBHBIX aMUJIOUIOB.

Mnentudukanms Kaxmoro HOBOro aMuiouaa —
BECbMa 3aMETHOE COOBITUE, TOCKOJIbKY, HECMOTPS
Ha OypHO€ pa3BUTUE METONOJIOTUM WCCIAENOBAHUS
aMUJIOUJHBIX CBOMCTB OEJIKOB, BKJIIOYAasi BLICOKOpa3-
pemIalone METOIBI CTPYKTYpHOTO aHanu3a [7], Tipo-
6JeMa MorcKa aMUJIOWIOB B IMPOTEOMaXxX pa3InyHbIX
OpPraHU3MOB COXPaHsSIET CBOIO aKTyaJlbHOCTh. K co-
>KaJICHUIO, B HACTOSIIIIEe BPEMSI HE CYIIIECTBYET METO-
JIOB, KOTOPbI€ MTO3BOJISLIN OBl BBISIBUTH B KAKOM-JT100
OMOJIOrMYecKOM 00pa3sile Bce OenKM, oOpasylolne
aMUJIOUbI, OHAKO CYIIECTBYIOT MOJIXOIbI, CIIOCO0-
HBIe OBICTPO M 3 OEKTUBHO CY3UTh KPYI IOMCKOB.
Tak, B mocienHue rofbl cO3MaH LEIblid psia OMOUH-
¢dopmMaTyecKMX TMOAXOAOB, HAlpaBJIEHHbBIX HA Bbl-
sIBJIEHME B 0€JIKaX y4aCTKOB, CKIIOHHbBIX K aMUJIOUAO-
reHe3y. Y4acTKM MOXHO pa3/ieJIuTh Ha IBE OCHOBHbIE
rpyniibl: oboraméHHbie Q u/wiau N u oboraii¢HHbIe
ruapo@oOHBIMU ocTaTKaMu. MMeHHO oOoramiéH-
HOCTb TIOCJIEIOBATEJbHOCTEHl CTPYKTYPHBIX OEJIKOB
MMPUOHOB IPOX KEeHt M HEKOTOPBIX IMaTOJOTUYECKUX
aMuyionoB Miekonurarommx Q u N crajia 0co0eH-
HOCTbIO, UCITOJIb30BAaHHOM B NEPBOIi padboTe mo 61o-
MH(MOPMATUUYECKOMY TMOMCKY aMUJIOUAOTIOA0OHBIX
0eJIKOB B IPOTEOMax pa3IUnIHbIX OpraHu3MoB [33].

ITo3zxke ObUIO pa3padboTaHo 6ojee 20 BHIYMCIIM-
TeAbHBIX METOOOB, OCHOBAHHBIX HA BBISIBJICHUU CIIE-
LU(UYIHBIX TSI aMUJIOUIHBIX OSIKOB CBOIICTB ITIEpBIY-
HOII WJIM TIPOCTPAHCTBEHHOM CTPYKTYpPhI, MAILIMHHOM
00y4YeHNH, a TAKXKE KOHCEHCYCHBIX ITOIX0I0B, COUe-
TaloIINX B ce0e HeCKOJIbKO aaroputMoB [34]. Cyie-
CTByIOIIE OMOMH(MOPMATUYECKNE TOAXOObI HE Y-
TBHIBAIOT BECh KOMILIEKC (PaKTOPOB, OIPEACIISIONINX
CKJIOHHOCTB OeJTKa K aMWJIONAOTeHe3y in vivo, TaK1X
KaK ypOBEHb IPOAYKIIMU, BHYTPU- U MEXKMOJIEKY-
JIIpHBbIE B3aUMOJIEHCTBUS, IIOCTTPAHCIISIIIMOHHbBIE
MoauduKalu v Jokanu3saius [34]. BepositTHo, Hau-
0oJiee MEepPCIIEKTUBHBI U151 JaJbHEHIIIEro COBEPIIECH-
CTBOBAHUSI METOAOJIOTUM TIpelCcKa3aHUsI aMUJIOWI-
HBIX CBOMCTB aJITOPUTMbI, OCHOBAaHHLIC HAa MaIlllH-
HOM OOYy4YeHMHU, OOHAKO MX Pa3BUTHE CYIIECTBEHHO
OrpaHMYe€HO HeOOJbIIMM HAOOPOM OEJIKOB, aMUJIO-
HWIHBIC CBOMCTBA KOTOPHIX KCIIEPUMEHTAJIBHO TOKa-
3aHBbl in Vivo.

Bosbliyto posib B pocTe yucia UAEHTUDUIIAPO-
BaHHBIX aMUWJIOUIHBIX OCJIKOB UTPAIOT TTOSIBUBIINECS
B TMOCJIEMHUE TOAbl METOABI SKCIEPUMEHTATBHOMN
npoTeoMUKHU. PazpaboTaHa 1 ycneurHo anpoorpoBa-
Ha METOJIOJIOTHS MOMCKa U UAEHTU(hUKALIMU aMUJIO-
UIIOB B JIIOOBIX TKAHSIX, BKJIIOYAOIIash MPOTEOMHbBIM
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CKPUHWHT ¥ MMMYHOIPELUITUTAIINI0 aMIIOMIHBIX
GudpUILI U3 UCCIIenyeMbIX OpTaHu3MOB [35].

MeTon MPOTEOMHOTO CKPMHMHIA OCHOBAaH Ha
YHUBEPCAILHOM CBOMCTBE aMUJIOMIHBIX (PUOPUILT —
X BBICOKOI YCTOMYMBOCTH K 0OpabOTKe MPU KOM-
HaTHOII TeMnepaType TaKUMU MOHHBIMU IeTEPreHTa-
MU, Kak poneuuiacyibdar HaTpus (sodium dodecyl
sulfate, SDS). BoabIIMHCTBO OEIKOBBLIX arperaToB U
KOMILIEKCOB IIp1 06paboTtke 1% SDS muccoumupy-
IOT 0 MOHOMEPOB, TOIIa KaK aMUJIOUIHbIE (prOpUII-
JIBI OCTaloTCa MHTaKTHEIMU. ITocie oOpaboTku Gen-
KOBOTIO JiM3aTa MOHHBIM AETePreHTOM (ppakiius, co-
nepxaiasi BbICOKOMOJEKYISIPHbBIC aMUJIOWUIHbBIE
GUOPUMIIBI, OTIOCHSICTCS OT IIPOYMX OEJIKOB C TIOMO-
1IbIO YIbTPALCHTPU(MYTUPOBAHUSI U TOCE TTPOMBI-
BOK oOpabaTrbIiBaeTcsl TPUIICMHOM. IlenTuabl uaeH-
TUMDULIMPYIOTCS C TIOMOILBIO MacC-CIIEKTPOMETPUH,
YTO MO3BOJISIET BBISIBJISITh KOHKPETHbIC OCJIKU, Mpe-
cTaBjicHHBIE BO (pakiuu SDS-ycTOIYMBBIX BHICO-
KOMOJICKYJISIpHBIX arperatoB. HeoOXomouMo y4uThI-
BaTb, YTO, IOMHUMO aMWJIOUIOB, HEKOTOPEIE Ipyrue
GuOpWIIpHBIE CTPYKTYpbl M arperatbl TaKke
YCTOMYMBBEI K 00pabOTKEe MOHHBIMM ACTEPIeHTaAMMU.
TaknMm obGpa3om, 3TOT MeTOH HEe MACHTUDUIIIPYET
KOHKPETHBIE aMUJIOMIbI, OMHAKO MO3BOJISIET 3HAYM -
TEJILHO CY3UTh KPYT O€JIKOB — KaHAWIaTOB Ha POJib
aMuiIoua0B. M3 ciucka BbISIBIEHHBIX B IPOTEOMHOM
CKPUHMHIE OEJIKOB C IMOMOIIbI0 OMOMHGpOpMaTHIE-
CKMX TIOAXOJOB U aHaJiu3a JIMTEPaTYPHBIX JaHHBIX
omnpenessiloTcsi HanboJjee TMepCcreKTUBHbIE KaHIM -
JIaTHI.

Ha crnenyiomeM stamne ¢ MOMOIIBIO MEPBUYHBIX
AHTUTEI TIPOBOIUTCS UMMYHOIIPELIMITUTALINST OTHO-
IO U3 MEPCIIEKTUBHbBIX OEJIKOB, BBISIBJICHHBIX C TIOMO-
IIIBIO TIPOTEOMHOTO CKPUHMHTA. 3aTeM O€JIOK 3a CUET
KpaTKOBPEMEHHOTO UBMCHCHMSA KHUCIIOTHOCTHU OTAC-
JISIETCSI OT MAarHUTHBIX IIAPUKOB M aHTUTE. Takoit
MOAXO TTO3BOJISIET BHIACISITh U3 OpraHM3Ma HaTUB-
HBIE aMWJIOMOHBIC (QUOPUIUILI, HE pa3pylias MX
CTPYKTYpy. B KOHIle MpOBOAUTCS aHAIU3 CTPYKTYPHI
GUOPUIIT ¢ TOMOIIBIO BJIEKTPOHHOI MUKPOCKOITUH,
a TakxXe OKpallMBaHUE aMWIOUACTEeHU(DPUIHBIMU
Kpacurenssmu [35].

MeTooJIOTUIO YCTIEITHO WCIIOIb30Bau IS MO-
UcKa W WACHTU(PUKALIMU aMUIOUIHBLIX OEJIKOB B
KJIETKaX OPOXKel S. cerevisiae 1 MO3Te TTO3BOHOY-
HBbIX XXUBOTHBIX. B 4aCTHOCTU, BBISIBJIEH aMUJIOMAHbII
oenok FXR1 B HelipoHax roJIOBHOTO MO3ra MJICKOITH -
Taronux [36]. Bc€ 3To oOTKphIBaeT HOBBIE TTEPCITEKTHBbI
JUJTSI CUCTEMHOTO ToucKa U UAeHTU(PUKALIMU TATOI0-
TMYECKMX U (QYHKIMOHAJIbHBIX aMUJIOUIOB Yy opra-
HHU3MOB C aHHOTUPOBAHHBIM T€HOMOM.

AmMuioMIbI IPOKAPHOT U UX POJb B GOpMHPOBAHNM
HAJIOPraHMu3MeHHbIX B3aumogeicTsuii. Mctopus uzy-
YeHUSI aMWJIOUIOB OaKTepuil Havyajlach ¢ Kjlaccude-
CKMUX MCCJIEJOBAaHUI KOJUIEKTHBA JIabopaTOpuM
M. YanmaHa, B KOTOPBIX ObLIM IIPOAEMOHCTPHUPOBa-
Ne 9
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HBI aMUJIOUIHBIE CBOiicTBa KypanHa CSgA — OCHOB-
HOTO CTPYKTYPHOTO KOMITOHeHTa (ubpuii (Bopcu-
HOK) P-tuma y Escherichia coli [37]. Ilo3nHee ObLI
OINMyOJIMKOBAaH PsSII PaboT, MO3BOJMBIINUX BHISIBUTH
HOBbIe GaKTepualibHble AMUWJIOUAbI, BBIMOIHSIOLINE
pa3HooOpa3Hble (PYHKINUU, BKIOYasT (GOPMHUPOBa-
HHEe OMOIJIEHOK, PETYIISIIINIO aKTUBHOCTH TOKCUHOB,
PETYJISIIUIO TPAHCKPUTILIMU U TIPEOI0JICHUE TTOBEPX-
HOCTHOTO HaTskeHud [9, 38].

AMuionsl, MIEHTU(UIIMPOBAHHBIE Y apXeit, BO-
BJI€YEHBI B 00Opa3oBaHMe 3KCTPAKIETOYHBIX 000JIO-
yek 1 omorieHoK [38]. B HacTosIee BpeMsT U3BeCT-
HO yXe 6oisiee 30 aMUIOMIOB ITPOKAPUOT, KOHTPOJI U -
pyOIIUX  B3aMMOICMCTBUS  “ITaTOreH—XO3SIMH”,
OOJIBIIMHCTBO M3 KOTOPBIX y4acTByeT B (DOPMUPOBa-
HUY OMOIUIEHOK Pa3IMYHBIMU MUKPOOPTaHMU3MaMU,
obOecneunBast MX IMPUKpPEIJICHNE K TKaHSIM XO3sIMHA U
WHBIM IIOBEPXHOCTSIM 1 BEICTYIIAsI B KauecTBe (haKTO-
poB BupyieHTHOCTH [38]. [IprH1UMas BO BHUMaHUE
TOT (paKT, YTO YMCJIO MATOTEHHBIX I YeJIOBEKa BH-
IoB GakTepuii mpesblaeT 1.5 Toic. 1 6osee 60% u3
HUX 00pa3yloT OMormieHKu [39], mo3BosIoIIne UM
BBIKMBATh IIPU B3aUMOJEMCTBUM C XO3IMHOM, MOX-
HO OXWAaTh, YTO peajbHOE YUCJIO OaKTepUaIbHBIX
aMMJIOUIOB MOXKeT TIpeBbIIaTh 1 Teic. [1pu 3TOM Ta-
KHEe aMWIOUIbI SIBISIOTCS (PYHKUIMOHAIBHBIMU JIJIsk
OakTepuii, MPOAYLUMPYIOUIUX UX, W ITaTOr€HHBLIMU
JIJISI MHOTOKJIETOUHBIX X0351eB [38].

Jlpyroii acmekT, pacKphIBAIOIINIA POJIh aMUIOHN-
JIOB TIPOKAapuOT B HAaJOPraHM3MEHHBIX B3aUMOJIEH-
CTBUSIX, OOHaApy>XeH HeIaBHO IpU M3YyYEeHUU KIy-
OE€HBKOBBIX OaKTEepUl — IPYMITHI ajibdanpoTeodakTe-
puit nopsinka Rhizobiales, wMelomnX OoabIIOE
3HaUYeHUEe IJIsI CEJIbCKOTO XO3sIiicTBa OJyiarogapsi UX
CITOCOOHOCTU (DUKCUPOBATh aTMOC(HEPHBIA a30T B
cuMbuo3e ¢ 6060BBIMHU, YTO B CBOKO OUYepeb MO3BO-
JISIET CyIIECTBEHHO COKPATUTh J03bl MUHEPATbHBIX
ynoopenwmii. [lokazano, yro nBa 6enka (RopA n RopB)
Oakrepun Rhizobium leguminosarum, WMeOIINE
MpeACcKa3aHHYIO CTPYKTYPY IIOPMHOB U JIOKAIU3ALINIO B
Hapy>KHOU MeMOpaHe, 00pa3yloT aMIJIONIHEIe prod-
PWUIBbI HA MTOBEPXHOCTH OaKTepUaTbHBIX KJIETOK, KO-
TOpbIe HaxXoAsATcs B cTalimoHapHo# dasze [40]. bosee
TOTO, Takue ke (UOpUIbl ObUTM OOHApyKEeHbI Ha
MOBEPXHOCTH 0AKTEPOUIOB — BBIICICHHBIX U3 KOP-
HEBBIX KIIyOEHBKOB ropoxa nuddepeHIInpoOBaHHbBIX
KJIeTOK R. leguminosarum, oCyleCTBISIIOIINX (PUKCa-
o atMocepHoro a3oTa [41]. DTu naHHEBIE CBUIE-
TEJIbCTBYIOT B MOJIb3y BOBJEUEHHOCTU aMWUJIOUIOB
KJTyOeHbKOBBIX 0aKTepHil BO B3aUMOIeiCTBUSI C pac-
TEHUEM-XO35IMHOM, XOTSI UX KOHKPETHYIO OUOJIOTU-
YECKYIO POJIb e1I€ TIPEICTOUT YCTAaHOBUTD.

B 11e1oM aMmIoM Bl TPOKApUOT 00JIadar0T 3HAUM -
TeJIbHBIM pa3zHooOpa3reM (PYHKLUIA W OMNOCPEIyIOT
HagOpraHU3MEHHBIE B3aMMOJEHCTBUS B CHUCTeMax
“ImaToreH—X03InMH” U “CUMOMOHT—XO3STH .
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AMMJIOMIIBI pACTeHMii: 3anmacanue 0ejlka B ceMeHax
M NHUIIEBasA HEHHOCTh PACTHUTEIbHBIX NMPOAYKTOB. OT-
KPBITHE aMWIOUIOB Y PACTEHUI — IPUMEP YCIICII-
HOT'0 IpUMEeHEHUsT OMOMH(OpMAaTUUECKIX ITOIXOI0B
JUISI IIpeAcKa3aHusl BO3MOXKHBIX (DYHKIIMIA U JTOKAJIM-
3alliM aMWJIOUIHBIX OenkoB. HecMoTpst Ha To, 4TO
aMUWJIOUIHBIC OCIKU MACHTU(PULIMPOBAHBI Y apxei,
OakTepuii, r(pMOOB U XXUBOTHBIX, BKJII0OUas YeJIOBEKa,
pacTeHusI 10 HeJaBHETO BPEeMEHU OCTaBaJIMCh OEIbIM
MSITHOM Ha “KapTe MuUpa” aMUJIOUAOB.

Macmtabaprii OMOMH(pOPMATUUECKUIA  CKPH-
HWHT, TPOBEAEHHEBIN ITpU moMoIu ajroputrmMa SARP
B IIPOTEOMAax MHOTOYMCJICHHBIX BHIOB HAa3EMHBIX
pacTeHUll ¢ CEKBEHUPOBAHHBIMU T'€HOMaMU, MOKa-
3aj1, 4TO OeJIKaMM pacTeHMi, KOTOophle HauboJjiee
oOorallleHbl ydacTKaMU, CKIIOHHBIMU K aMUJIOUIOTES-
Heay, SIBJISIIOTCS 3aMacHble OeJIKU ¢ KOHCEPBATUBHbI-
mu gomeHamu CUPIN [42]. DkcnepumeHTaabHast
IIpOBepKa 3TUX JaHHBIX HAa CeMEeHaX ITIOCEBHOTO rOpO-
xa Pisum sativum L. nonTBepauia OnonHgopMaTade-
CKHUe IIpencKa3aHMs. YCTaHOBJIICHO, YTO 3alacHOM
MJIOOYJIMH TOpoXa BULIMJIMH, UMEIOIIUI 1BAa JOMEHa
CUPINI, obpa3syeT B ceMeHaX aMHUJIOUIBI, KOTOPBIE
HaKaIUTMBAIOTCS IIPU CO3PEBAaHMU, a 3aTeM pa3oupa-
FOTCSI IPM TIPOpacTaHnM 3apoabiiia [43]. AMuIIonmo-
reHe3 3amacHbIX OeJIKOB obOecrneuuBaeT cTabuam3a-
LIUIO 3ariaca MUTATEeNIbHbBIX BEIIECTB CEMSIH, TaK KaK
aMUJIOUAbI — ONWH U3 HauboJee YCTOMUMBBIX K pa3-
JIMYHBIM BO3ACHCTBUSIM BapMaHTOB HaIMOJEKYJISIP-
HoOii opraHuzanuu OenkoB. [IpuMeuaTenbHO, YTO
KJIETKU PACTEHMIA, B OTJIMYKE OT YeJIOBECUECKUX, IME-
IOT MOJIEKYJISIpDHBIE CUCTEMBI, TI03BOJISIIONINE pa30u-
paTh KPYIHbIE aMIJIOMIHbIE KOMIUIeKChl. MoeHTH-
duKalmMsI 3TUX CUCTEM MOXET IPEeICTaBISITh ITOTEH-
UAIbHYIO HEHHOCTD I OMOMEINIINHBI.

Kpome Toro, aMuyonabl 3aracHbIX OCJIKOB He Me-
peBapUBalOTCs MpoTea3aMu XKeJIyA0YHO-KUIIEYHOTO
TpakKTa B YCJIOBMSIX, IIPUOIMKEHHbBIX K (DU3MOJIOTH-
yeckuM [43], TO eCcTb IPUCYTCTBHME aMWJIOMIHBIX
CKOIUIEHUII B CEMEHAaX CHIDKAET MX MUIIEBYIO 1IEH-
HOCTb. DTO OTKPBIBAET M€ PCIECKTUBDI IS ITOMCKA al-
JIeJIei TeHOB, KONUPYIOIINX 3aIlacHbIe O€IKU, HE 00-
pasylolre IIPOoTea30yCTONYMBEIE arperaThl, OIS WX
NaJIbHEUIIIETO UCITONb30BaHUS B celleKun. OngHaKo
B HaCTos1Iee BpeMS OTCYTCTBYIOT JaHHbIE, MTO3BOJISI-
JoIlIMeE cAeiaTh 3aKJII0YeHNE O TOM, HACKOJIbKO U3Me-
HEHME MPOTea30yCTOMYMBOCTU arpeTrupylolmx oe-
KOB ITOBJIUSIET Ha BBLKUBAEMOCTb CEMSIH.

TakuM 06pa3oM, aMUJIOUIOTeHe3 3aaCHBIX Oe-
KOB CEMSH CJIYXKUT KOHCEPBATUBHBIM MEXaHNU3MOM,
HE TOJIbKO O0EeCIIeYMBAIONINM CTAOMIM3ALNI0 Oell-
KOB CEeMsH IIpU JOJTOBPEMEHHOM XpaHEHUU, B TOM
YuCJie B HEOIaronpUsITHLIX YCJIOBUSIX, HO U CHUKAIO-
LIYM UX ITMIIEBYIO LIEHHOCTb.

DYHKUUOHAIbHBIE AMIJIOUIbI TMO3BOHOYHBIX. OT-
kpbiTUe B Hadasie XXI B. GyHKIMOHAIbLHBIX aMUJIOW -
ITIOB y TIO3BOHOYHBIX YKa3bIBaeT HA TO, YTO CaMO TI0
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cebe HaJMure Kpocc-P-CTpyKTyp He MOXKET CUUTATh-
Ccs MaToreHHBbIM (akTopoM. Psi OeakoB B HOpMeE
(GYHKIIMOHUPYET B OpTaHMU3Me B aMWJIOMIHOMN (op-
Me. 1o Bceit BepOsITHOCTH, IMTOTOKCUYHOCTD IaTO-
JIOTMYECKUX aMUJIOMIOB OIPENeasIeTCs UX criengu-
YeCKMMU B3aUMOJICACTBUSIMU C OIIPEeASTIE HHBIMU pe-
LenTopaMu, IPYyTUMMU OeJIKaMy WIW JIUITUIAMU, YTO
MPOBOLIMPYET aIronTo3 (ITporpaMMuUpyeMyto TUOeb
KJIeTOK). BMecTe ¢ TeM MHOTrUe aMUJIOMIHBIE OCJIKU
BBITIOJIHSIOT XXKU3HEHHO BakHble (pyHKUMU. DYHK-
LIMOHAJIbHbIE aMUJIOUIBI B OPraHN3Me MO3BOHOYHBIX
MOTYT UrpaTh 3alacalollylo, CTPYKTYPHYIO, 3alllUT-
HYIO U peryJisiTopHyto pojib [9, 10]. Lensiii psin rop-
MOHAaJIBHBIX NENTUI0B SHAOKPUHHON 1 HEPOIHIO-
KPUHHOM CHCTEM MBIIIIH 3aI1acaeTcs B BUIIE aMUJIO-
UIHBIX (UOPWII B CEKPETOPHBIX TpaHyinax. Ilpu
CeKpelny aMWIOUIHbIE (DMOPUIIIBI PaCIIEIUISTIOTCS
o1, BO3IEeMCTBMEM HEU3BECTHOro ¢phakTopa, U IIeII-
TUABI GYHKIIMOHUPYIOT B MOHOMEpPHOi1 hopme [44].
buonHdopMaTrdeckuit aHaIn3 Ja€T OCHOBAaHUS IIO-
JIaraTh, 4TO 3TA TOPMOHKI 3aIlacaloTcs B aMWJIOUI-
HOI hopMe y IIpeacTaBUTENCH BCeX KJIACCOB ITO3BO-
HouHEIX. Kpome Toro, ¢pparmenT 6enka PMELI17 B
MeJIaHOCOMaX IMMMTMEHTHBIX KJIETOK 00pa3yeT aMuJIo-
UIHBbIC (PUOPUILILI, KOTOPBIE CIyKAT KapKacoM, He-
00XOMVIMBIM IJIsI CUHTE3a U IIOJIMMEpPU3alluy Mejia-
HuHa [45]. Tak, dopMupoBaHre aMUIOUAHBIX (PUO-
pWIJT HEOOXOmMMO [UISI HAapaO®OTKU W 3amacaHus
MeJIaHWHAa, KOTOPBIi ITomIonaeT yabTpahuoIeTOBbIE
JIy9U U TeM CaMbIM 3allMIIAST OPTaHNU3M OT JTy4EeBOTO
noBpexkneHusi. KoHcepBaTUBHbIE aMUJIOUIOT€HHbBIS
rnocjenoBaTeaIbHOCTU B cocTaBe 6enka PMEL17 Bbi-
SIBJICHBI HE TOJIBKO Y MJIEKOTIUTAIOIINX, HO U Y IPYTUX
MMO3BOHOYHBIX.

C 1moMolIbl0 METOIOJIOTUM TIPOTEOMHOTO CKpPH-
HUHTa U UAEHTUDUKALMYA aMUJIOUIOB ITOKa3aHo, YTO
PHK-cBsa3piBatomuii 6enok FXR1 ¢yHKIIMoHupyeT
B HelipoHax TOJJIOBHOTO MO3ra KpbIChl U B KYJIbType
KJIETOK HEWpOoOJIacTOMBbl YeIOBeKa B aMUWJIOUIHOM
dopme [36]. AMUIOUIHBIE OJTUTOMEDPHI U (GUOPUILITBI
3TOro OeKa CBS3BIBAIOT pazTudHble MoieKyabl PHK,
Bkmoyas MPHK, kogupymoliyo KitodueBoii MpoBOC-
nanuTeabHbiid uTOKMH TNF-alpha, u mpensTcTBy-
10T ux TpaHcasauuu. Mosekynsl PHK, B3aumoneii-
CTByIOIIE C aMWIOWIHBIMU rpaHyidamMu FXRI1, He-
yyBCTBUTENbHBI K 00paborke PHKazoit A. EcTh
OCHOBaHUSI MoJjlarathb, YTO MPU CTPECCOBBIX BO3IEH-
cTBUSAX amuyiongHble duopuaasl FXR1 nHakTUBU-
pYIOTCS B COCTaBe KPYITHbBIX CTPECC-TPaHyJi, YTO MO-
XeT crmocoocTtBoBaTh TpaHcasuuu MPHK, konupyro-
meit muTokuH TNF-alpha. IlomyyeHnsl maHHBIE O
TOM, YTO aMWJIOWIOIeHHas IMOCIeA0BaTebHOCTD
FXR1 3BoIIOIMOHHO KOHCEpBAaTUBHA, M 3TOT OEJIOK
(GYHKIIMOHUPYET B aMUJIOUAHOM hopMme B HelipoHax
TOJJOBHOTO MO3Tra penTUiInii, aM(UONiA, ITUL] ¥ MJIe-
KOIMUTAIOIINX [46].
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Hoseiilue gaHHble, pacCCMOTPEHHBIE B HACTOSI-
1meM o0030pe, IMO3BOJSIOT KOHCTaTUPOBATh CYIE-
CTBEHHOE M3MEHEHHUE TIpeAcTaBlIeHUl 00 aMHWIou-
J1axX, JIOJITO€ BPEMSI CUMTABIIMXCS MCKIIOUYUTEIILHO
MAaTOr€HHBIMU CTPYKTypaMH, U IIOKAa3bIBAIOT BaX-
HOCTh aMUJIOMJIHOM CTPYKTYPHI (B OCHOBE KOTOPOIt
JIEXXUT OPUHIUAI MATPUYHOTO KOIMPOBAHUSI KOH-
dopmanumn) Kak OOJHOTO U3 BAKHEUIINX BapUAHTOB
HaIMOJIEKYJISIPHOI opraHu3anuu 6eiakoB. boiee To-
ro, KoH(pOpMaIIMOHHBIC OCIKOBBIE MATPUIILI yJacT-
BYIOT HE TOJIBKO B BBITTOJTHEHUM XXKU3HEHHO BaXKHBIX
GYHKLMN y apxei, 0akTepuii 1 3yKapuoT, BKIIIoUast
yeJIoBeKa, HO U B (pOpMUPOBAHMU HaAOPraHU3MEH-
HBIX CUMOMOTUYECKUX CUCTEM.
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PRIONS AND AMYLOIDS AS SPATIAL TEMPLATES OF THE PROTEOME
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Until recently, studies of amyloids were aimed exclusively at revealing their role in the occurrence of danger-
ous diseases in humans and animals. However, they are widely distributed in nature and are involved in the
regulation of essential vital processes in representatives of all three domains of the living world: archaea, bac-
teria and eukaryotes. The question of the biological significance of the prions — a special class of amyloids,
is still under discussion. The discovery of new functional amyloids became possible due to the development
of the bioinformatic and proteomic methods for identification of amyloid-forming proteins. The review de-
scribes the way from the study of pathological amyloid structures to the investigation of adaptive amyloids
in bacteria, plants, and animals. The importance of the amyloid structure, based on the principle of confor-
mation template copying, as one of the most important forms of supramolecular organization of proteins
is shown.

Keywords: amyloids, prions, conformational templates, type I and 11 template processes, translation.

BECTHUK POCCUNCKOMN AKAIEMUU HAYK  Tom 93 Ne 9 2023



BECTHHK POCCHHCKOH AKAIEMHH HAYK, 2023, mom 93, Ne 9, c. 855—864

TEMATUYECKWI BBIITYCK 11O BUOJOTUA

ITPOTUBOOITYXOJIEBBIN ITPEITAPAT HA OCHOBE
I'’EHHO-MOAN®UIINPOBAHHOI'O BUPYCA OCITOBAKIINHDbI
VV-GMCSF-Lact
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Bupotepanusi, Wiy Teparus ¢ TOMOIIbIO OHKOJUTUYECKUX BUPYCOB, — OMWH U3 HanboJiee aKTUBHO pa3BU-
BaIOIIMUXCS MOAXOA0B K JICUEHUIO IIIMPOKOTO CMEKTPa COMMAHBIX onyxoJieil. CtaThs nocssilieHa pa3padbor-
K€ U U3yYEHUIO CBOMCTB MIEPBOT0 OTEYECTBEHHOIO JIEKAPCTBEHHOTO Mperapara Ha OCHOBE PEKOMOUHAHT-
HOro BHpyca ocrioBakUMHEL. PekomOuHanTHBIN BUpyc VV-GMCSF-Lact moiyyeH reHHO-MHXXEHEPHBIM
nyTéM u3 poccuiickoro mramma JI-UBII Bupyca ocnoBakiumubl. Ha KyabTypax KJI€TOK U OITyXOJ€BbIX MO-
JIeJISIX BbISIBJIEHBI LIMTOTOKCUYECKAasi aKTUBHOCTh M MTPOTUBOOITYXx0JeBast 3(HEKTUBHOCTh BUPYCca B OTHO-
IIIEHWU OITyXOJIEBBIX KJIETOK YeJIOBEKa Pa3IMYHOIO TKAaHEBOTO MporcxoxaeHus. [IpenapaT ycneurHo mpo-
LIEN JOKJIMHUYECKHE UCCIIeIOBaHUS KaK JIEKapCTBO MPOTUB paka MOJIOYHOM XeJie3bl UeJIoBeKa, B TOM YHC-
Jie TpWXAbl HeratuBHoro ¢deHoTuna. JlokaszaHbl ero OE€30MaCHOCTb, XOpolllash IEePeHOCUMOCTh U
dapmakoorndeckas 3¢OeKTUBHOCTh. B HacTosIee BpeMs IIpernapaT HaXOOUTCsI B KIIMHUYECKUX UCCIe-
noBaHusx I asbl: u3yuyeHre 6e30MacHOCTU, TIEPEHOCUMOCTU U (PapMaKOKWHETUKHY Y MALMeHTOK C pelv-
IUBUPYIOLIUM U/UIU pedpakTepHbIM METaCTATUYECKUM pakoM MoJIouHO Xkele3bl. VV-GMCSF-Lact —
TIEPBBIA POCCUMCKUI MPOTUBOOMYXOJEBBII OHKOJUTUYECKUI BUPYC, MOJYYUBIIUNA pa3pemieHrne MuH-
3npaBa Poccuu Ha mpoBeieHUE KIMHUYECKUX UCTIBITAaHUIA.

Karoueesoie crosa: BUpOTEpanusda, BUPYC OCITIOBaKIIMHbI, paK MOJIOYHOM KEJIE3bI, INMTMOMa, JOKIMHUYCCKUE
N KIMHUYCCKHUE UCCIIEAOBaAHUA.

DOI: 10.31857/50869587323090098, EDN: UGRBDM

OHKOJUTHYECKNE BUPYCHI paccMaTPUBAIOTCI B Mble IPOMUIN 6€30TTaCHOCTU U XOpolliast IepeHOCH -
KauyecTBe MEPCHEKTUBHBIX areHToB ST 3P(MEKTUB- MOCTb pPa3IMYHBIX BUPYCOB (aZeHOBUPYC, BUPYC
HOIi Tepalluu OIyXoJieii, B TOM UMCJIe Pe3UCTEeHTHBIX  OCMOBAaKIIMHBI, PEOBUPYC, MapBOBUPYC, BUPYC 0O-
K TpaaulMoHHOM xumuoTepanuu [1—4]. [Ipuemie- ne3nu Hrlokaciia, BUpyC MPOCTOTO Trepreca U Ap.) Y

KYJIMTUHA Enena BnagumupoBHa —
KaHIUIAT OMOJOTMYECKUX HayK, CTaplIuii
Hay4YHbIIl COTPYAHUK J1abopaTopumn OMOTEX-
Honoruu UXBb®M CO PAH. PUXTEP Bna-

PN

)

¢ odl ) IUMUDP AJIeKCaHIPOBUY — KaHAMAAT OMOI0-
<= TMYecKux Hayk, 3aBedyIolIuii JabopaTopu-
S eit ouorexHomorun UXBPM CO PAH.

BJIACOB Banentun BuktopoBud — akane-
muk PAH, HayuHblii pykoBoauteab MXbOM
CO PAH.
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OHKONUTHUYECKUI BUPYC

OrryxoJieBbIe KIETKU

HopmanbHoe passutue
30POBBIX KJIETOK

- @ [16esnp omyXoseBbIX KJIETOK

Permukaru Bupyca

Puc. 1. Cxema IIpoTHBOOMYX0JIEBOTO N€HACTBUS OHKOJUTUUECKOIO BUpyca

MalMeHTOB OOHAAEXMBAIOT IMPU UCIOJB30BAHUN UX
B KayeCTBE TepalleBTUUECKUX MperaparoB (puc. 1).

B 2015 r. YpasieHre o caHUTAapHOMY Haa30py
3a Ka4eCTBOM ITUIIEBHIX IIPOAYKTOB ¥ MEIUKAMEHTOB
CIIA (FDA) omoopuiio nepBblii OHKOJIMTUYECKUMA
Bupyc Imlygic (talimogene laherparevec, Takxe u3-
BecTHHBIN Kak T-VEC) mist 1edeHrs naiueHTOB C pe-
OUIUBHpYyIoiei MeaanoMoii [5]. IlpakTudecku cpasy
npenapart 6611 pa3pemieH B EBporie. Panee, B 2005 1.,
B Kurae omo6pmiu npennapat OukopuH (Oncorine,
H101), co3maHHBIiT HA OCHOBE TEHETUYECKN MOIU-
¢bULIMPOBAHHOTO aJeHOBUpYCa, IJISl JICUEHUs] paka
HOCOTJIOTKM B KOMOWHAIIMM ¢ XMMHOTepamnueit [6].
IIpemapar Rigvir — HeMonmudnmpoBaHHEIT SHTEPO-
Bupyc mramma ECHO-7, ObL1 3aperucTpupoBaH B
JlatBum B 2004 r., a 3atreM B Ipy3uu u ApMeHUU, U
BILTIOTH 10 2019 1. “crmonb30BaICs AJIs1 JISUSHUS MeJla-
HoMmbI [7]. OnHako B 2019 r. MHcnekiust 3npaBo-
oxpaHeHMs JlaTBMM OCTaHOBMJIA PACIIPOCTpPaHEHUE
mpernapara u3-3a HECOOTBETCTBHS €T0 Ka4eCcTBa 3asIB-
JIEHHBbIM NapaMeTpaM. Tem He MeHee KomrnaHus Rig-
vir 10 cux mop padoTaeT HalI BO30OHOBJISHHUEM JIaT-
BUICKOI perucTpauuu.

Cpenn OrpoMHOro pasHOOOpa3vsl OHKOJUTUYE-
CKHMX BUPYCOB 0COOOTr0 BHUMAaHMS 3aCIy>XKUBAaeT BU-
pyc ocrnoBakliMHbI. OpraHusamusi reHoMa, cIrocoo-
HOCTb K JIM3UCY MH(PUIMPOBAHHBIX KJIETOK U TPOII-
HOCTh K IIIMPOKOMY CIIEKTPY OMyXOJieil meslaloT ero
WACAIbHBIM OOBEKTOM UIsI KOHCTPYUPOBAHUS pe-
KOMOWHAHTOB C MOBBIIIEHHON! MTPOTUBOOITYXOJIEBOI
aKTUBHOCTBIO. B HacTosIee BpeMsi HECKOJIBKO Mpe-
rnmaparToB, pa3pabOTaHHBIX Ha OCHOBE 3TOro BUpYca,
HAXOOSTCS Ha CTaAVSX JOKIMHUYECKOM pa3paboTKu
1 KIWHUYECKUX ucciaenoBanuii. Hanboee mpoasu-
HYTBIIA cpeayn HUX — mnperapar Pexa-Vec koMImaHUT
Jennerex Biotherapeutics (CIIIA), co3gaHHEBIi1 Ha OC-
HoBe mTamMa JX-594 Bupyca ocIroBaKIIMHbBI, KOTO-
pBIii CKOHCTPYMPOBaH U3 POAUTENHCKOTO IlITaMMa
Wyeth nyTém ymajieHust U3 reHoMa BUpYyca TeHa BU-
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PYCHOM TMMUIMHKMHA3bl W BCTpauMBaHUS JIBYX
TPaHCTEHOB — IeHa IpaHyJIOLMTapHO-MaKpodaraib-
HOTO KoJIoHHecTuMyJpyoiiero ¢gakropa (FTMKC®D)
yesioBeKa ¥ reHa [3-ramakrosunassl Escherichia coli [8).
IlepBric (hpa3bl KIMHUUECKUX UCIIBITAHUI ITOKAa3aJIn
MHOTOO0eIIaIoNIe pe3yIbTaThl: 0€30ITacCHOCTh, XO-
pOIIIyI0 TTEPEHOCUMOCTh M BBICOKYIO TeparieBTUYE-
CKYyI0 3(p(PEeKTUBHOCTh, OOYCIIOBJICHHBIE HE TOJIBKO
MIPSIMBIM OHKOJUTUYECKUM IEHCTBUEM BHpPyca Ha
OITyXoJieBble KJIeTKH, HO U ycuiaeHueM ' MKC®-3a-
BHICHMOTO IIPOTUBOOITYXOJIEBOTO MMMYyHHUTeTa [9—12].

OnHako paHIOMU3UPOBAHHbBIE KIMHUYECKUE MC-
neitanus (11 u 111 ¢aser) Pexa-Vec B oTHo1IeHUHU re-
MaTOLEJUTIONSIPHON KaplIMHOMBI MMO3IHUX CTaauil He
MOKa3ajv 3HAYUTEIBHOTO YBEJIMYEHUS BbKMBAeMO-
CTU TTAlIMEHTOB IO CPAaBHEHUIO C KOHTPOJbHOM IpyII-
noii [13]. Bo3aMOXHEIMU IIpUYMHAMU HEeydad MOIJIA
CTaTh KaK HEAOCTAaTOYHas JIMTUYEecKass aKTUBHOCTD
ncxomHoro mramMmma Wyeth, Ha OCHOBE KOTOPOTO CO-
3naH Pexa-Vec, Tak v mo3nHsIs CTaausl pa3BUTHUS OMy-
XOJIEBOTO Mpoliecca.

Emé ommH peKOMOWHAHTHBIM INTaMM BHpYyca
ocnioBakiiuHbl — vwDD (JX-929 unu vwvDD-CDSR),
MPOLISHIINK NepBy0 a3y KIMHUISCKUX HCCIET0-
BaHWI, CKOHCTpyMpoBaH Ha 06a3ze mrTamma WR
(Western Reserve), HauboJiee BUPYJIEHTHOTO Cpeaud
IMTaMMOB BHpYycCa OCIIOBaKIIMHEL. M3 TeHOMa Bupyca
OBLIM yIAJICHBI TeHBI BUPYCHOM TUMUINMHKIHA3HI (tK) 1
poctoBoro ¢aktopa (VGF), B pesyabraTe 4ero oH
MOTEPSI CIIOCOOHOCTHh Pa3MHOXKAThCS B HOPMaJlb-
HBIX KJeTKaX. B o0jacTh reHa TUMWUIMHKUHA3bI
BCTPOEHBI TeHBI 0aKTepHATbHOM [IUTO3MHAC3aMUHA -
36l U perenTtopa coMaroctaThHa. DPPEeKTUBHOCTD
OHKOJIMTUYECKOIO NEHCTBUS BUpYycCa B OTHOIIEHUU
OIYXOJIEBHIX KJIETOK IIPY 3TOM 3HAYMUTEIbHO YBEIU-
YMJIach M IMpeB3o1IIa TakoByro 111t Pexa-Vec [13—15].

DTO JUIOb IBa TMpUMepa pa3paboTKU MPOTUBO-
OINyXOJIEBBIX MIpeIapaToB HAa OCHOBE BHpYycCa OCIIO-
BaKIIMHEI, KOTOPhIe HanOoj1ee OJIM3KHU K ITOTYyYeHHO-
Ne 9
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Puc. 2. Cxema CTpyKTypbl TeHHO-MOIUMUIIMPOBAHHOTO OHKOUTHYecKoTo Bupyca VV-GMCSF-Lact

L-flank (cneBa) u R-flank (cripaBa) — ¢pparMeHThI FreHOMa BHUpyca OCIOBAKIUHBI, (DIAHKUPYIOLLIKME FeH BUPYCHOTO POCTOBOTO
daxkropa (VGF); Lact — ren makrantuHa; P7.5, Pv — mpomoTopsl Bupyca ocioBakimHbl;, L-tk (cieBa) u R-tk (cripaBa) — mmo-
cnenosareiabHocT TeHoMa VACYV, mramm JI-UBII, dnankupyloliue reH BUpycHoi TMUMUAMHKUHA3KI (tk); GM-CSF — ren

I'MKC® yenoBeka

My HaMU peKOMOMHaHTHOMY IITammy. Bcero e Ha
caiite ClinicalTrails.gov 3aperucrpupoBaHo 06ojee
120 KMMHWYEeCKNX UICITBITAHUM Pa3IMIHBIX pEKOMOM -
HAHTOB BHpYyCa OCITOBAaKIIMHBI B KayecTBe JieKap-
CTBEHHBIX TMpenapaTroB JUISI Tepaluu IITUPOKOTO
crnekTpa onyxoJieit. [Ipu 3ToM UMb OAHO KJIIMHUYE-
CKO€ MCClIeIoBaHUE JIEKapCTB 3TOro Kjacca IMpoBO-
nutcs B Poccuu — 1o ipotokoity Oncolact2020 “Or-
KPBITOE€ MYJBTUKOTOPTHOE ucciienoBaHue 1 dasbl
6e30IMacHOCTH, IEPEHOCUMOCTH U (DapMaKOKUHETH -
KM JIEKaApCTBEHHOTO Mpernapara Ha OCHOBE PEKOMOM -
HaHnTHoro mramma VV-GMCSF-Lact Bupyca ocmo-
BaKLMHbI, pACTBOP /ISl UHBEKLIUI, 3aMOPOKEHHbIM,
y MalMeHTOK C PelUANMBUPYIOIIUM U/Win pedpak-
TePHBIM METacCTaTUYECKUM PAKOM MOJIOUHOM XKeJe-
3bI B TTOCJICIOBATEIbHBIX KOTOPTaX C 3CKalaluei 10-
3bl TPU OAHOKPATHOM UM MHOTOKpPaTHOM BBeIeHUU”
(ClinicalTrials.gov, Identifier: NCT05376527).

PaccMmoTpum noapoOHee pa3pabOTKy, HOKJIMHU-
yecKUe U KIMHUYECKUE UCTTBITAHUSI OTEYECTBEHHOTO
WHHOBALIMOHHOTO TTPOTUBOOIYXOJIEBOTO JIEKAPCTBEH-
HOro Tperapara, CKOHCTPYMPOBAHHOTO Ha OCHOBE
pekoMmbuHaHTHOro mramma VV-GMCSF-Lact Bu-
pyca oCIOBaKIIMHEI.

TlonyyeHue reHHO-MOIAM(MUIHUPOBAHHOIO OHKOJIM-
Tyeckoro Bupyca VV-GMCSF-Lact. VV-GMCSF-Lact
CO3MIaH KOJUIEKTUBOM aBTOPOB JabopaTopu OMOTEX-
Hojoruu MHCTUTYyTa XUMUYECKOI OMoTornu u (pyH-
maMmeHTanbHOM MenuumHel CO PAH 1 mabopatopun
BUPYCHBIX renaTuToB locymapCcTBEHHOro Hay4HOIO
LIEHTpa BUPYCOJOTUU U OuoTexHojioruu “Bekrop”
PocnorpebHan3opa Ha OCHOBE OT€YECTBEHHOTI'O IIITaM-
ma Bupyca ocrioBakumHbl JI-UBIT (Lister-Institute of
Vaccine Preparations, Moscow, Russia, GenBank ac-
cession number: Bank 1t1780508 LIVP KP233807),
KoTopslii 1o 1980 1. ucmonb3oBaiCs 4151 BaKIIMHALIN
IIPOTUB OCIIBI. DTOT IITAaMM, KaK 1 BC€ IIITAMMEI BU-
pyca OCOBaKIIMHBI, PEIUIMIIAPYETCS B IIMTOILIA3ME,
He KOHTaKTHUPYET ¢ TEHETUYECKUM MaTepuaioM WH-
¢unupoBaHHOI KIIETKH, HE MMEET OHKOIeHHOTO
MOTEHLMAJIa U CIOCOOEH MHAYUUPOBATh KaK FyMO-
paJbHBIN, TaK M KJIETOUYHBIM MMMYHHBIN OTBeT. Pa-
Hee OBLIO ITOKa3aHo, YTO TeHETMYeCKU HeMoaudu-
mupoBaHHBI JI-UBII o61amaer ecTrecTBEeHHOM LM-
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TOTOKCUYECKOUM aKTUBHOCTBHIO II0 OTHOIIEHUIO K
YeJI0BeUYeCKNM U MBIIIIMTHBIM PAKOBBIM KJleTKaM [ 16].

Pa3zpaboTaHHBIII HAMM OHKOJUTUYECKUIT BUPYC,
Kak 1 vvDD, comepxut nejaennu (pparMeHTOB T€HOB
BUPYCHOM TUMUIMHKMHA3HI (tk) u pocToBOro ¢hakTo-
pa (virus growth factor, VGF), B paiiloHbl KOTOPBIX
BcTpoeHbl TeHbl [ MKC® yenroBeka 1 OHKOTOKCUYE-
CcKoro Oenka JlaKTallTUHa COOTBETCTBEHHO (puc. 2).
B pesyabrare TpOBEAEHHBIX Te€HHO-MHXEHEPHBIX
manumyissuuit VV-GMCSF-Lact ocimabneH (aTTeHy-
upoBaH) 6ojee yeM B 100 pa3 1o cpaBHEHMIO C UCXO/I-
HbIM mTamMmoMm JI-UBII. JlakrantiH — ¢parMeHT
KaIlla-Ka3enHa 4eJI0BEeYeCKOro MOJIOKa. DTOT IIEII-
TUI WHAYLMPYET amonTo3 (IIporpaMmupyemMasi TM-
0eJb KJIETOK) OMYyXOJIeBbIX KJIETOK YeJIOBeKa U XKH-
BOTHBIX M He BJIMSET Ha KM3HECIIOCOOHOCTH HOP-
MaJibHBIX KJIETOK [17—21]. TMKC® B cBOIO o4epenb
WHIYLIUPYET Pa3BUTHE TIPOTUBOOITYXOJEBOTO MM-
MYHHOTO oTBeTa [22].

Crpykrypa VV-GMCSF-Lact 6511a monrBepxae-
Ha Kak MeTtonoM IT1IP, Tak 1 mpsIMBIM CEKBEHUpOBa-
HueM ydacTkoB reHoB tk 1 VGF. CuHTe3 npoayKToB
o6oux TpanHcreHoB (TMKC® u nakranTtruHa) B KIeT-
Kax MJIEKOTIUTAIOIINX, MH(MULIMPOBAHHBIX BUPYCOM,
MOATBEPKIAEH METOIOM aHAIM3a KJIETOUHBIX JIU3aTOB
BectepH-0JI0T 1 METOOOM UMMYHOTUCTOXUMUHA [23].

Takum obpa3zom, ymajaeHue ABYX T'€HOB, obecIie-
YUBAIOIIUX CITOCOOHOCTh BUPYCa PETIMLIMPOBATHCS
B KJIETKE, PE3KO CHUXKAeT ero BUPYJIEHTHOCTb B OTHO-
IIEHUY 3M0POBBIX KJIETOK U YBEIMYNBAET TPOITHOCTh
K OBICTPO JEeSIIMMCST OIyXOJIEBbIM KJIETKaM, Mpo-
JTudepaTUBHBINA MOTEHIIUAT KOTOPBIX BUPYC MOXET
WCTIOJIb30BaTh JIJTST COOCTBEHHOTO BOCTIPOM3BEICHUS.
Hanuuue TpaHCreHOB TakXke YCUJIMBAET MPOTUBO-
OITyXOJIEBBII MOTEHIIMA]l BUPYCHOM KOHCTPYKIIMU.

IInToTokcnmueckasa akruBHocTh VV-GMCSF-Lact
in vitro. 1IUTOTOKCUYECKYIO aKTUBHOCTb U OHKOCE-
nektuBHocTh VV-GMCSF-Lact olieHuBaiu 1mo ero
JIEMCTBUIO Ha OHKOTpaHCGOPMUPOBAHHBIE KIIETKU
Pa3IUIHOTO IIPOUCXOXKICHMSI, a TAK:KE Ha HOPpMAaJIb-
HBIe HEeMaJIMTHU3MPOBaHHBIE KJIETKM (puc. 3). Ycra-
HOBJIEHO, YTO BUPYC TOPMO3UT Pa3BUTHUE OITyXOJie-
BBIX KJIETOK Pa3JIMYHOIO TKAHEBOI'O IIPOMCXOXKIE-
HUS, TIPAaKTUYECKU He BIUSISI Ha KM3HECIIOCOOHOCTh
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Puc. 3. LHutotokcuueckas aktuBHOCTh VV-GMCSF-Lact B oTHoIIeHN OHKOTpaHC(OPMUPOBAHHBIX 1 HOPMATBHBIX KJIETOK

YEJIOBEKA pa3JIMYHOIO TKAHEBOI'O IMMTPOUCXOXKICHUA

KynbTyps! onyxonessix kinetok: MCF-7, MDA-MB-231, BT-549, BT-20 — pak monouHoi1 xene3br; A-549, H1299 — pak nér-
koro; A-431 — sruaepmounnHast kKapunHoma; U887 MG, U343 MG — mmo6acToMa; KyJbTyphl HEMaJTUTHU3UPOBAHHBIX (HOP-
MastbHbIX) Ki1eToK: MCF10A — snutennonuTsl MoaodHOI Xkeje3bl; LECH-240 — nuruionaHble KJIIETKM JIETKOro SMOpHOHA Ye-
JIoBeKa; * — MmakcuMalibHast no3a Bupyca 10 BOE/kietky He Bbi3biBasia 50%-ro Tokcuueckoro addekra; BOE — Gistiiikoo6pa-
sytoias enuHuia; LIT50 — uurorokcnyeckas 103a, KOHLUEHTPALIWST BUpYCa, BbI3biBatolast Tu6enb 50% KiieTok (4eM 0oJiblie
s3HayeHue LIT50, Tem MeHblIeil OHKOJUTUYECKOM aKTHUBHOCTBIO 00J1aaeT BUPYCHBII Mpenapar B TaHHOM KYJIbType KJIETOK)

HOpMaJIbHBIX KJ1eToK [23]. ITpu 3TOM KIIeTKU pa3iny-
HBIX OITyX0Jieii MPOSIBIISUIA Pa3HYIO YyBCTBUTEIbHOCTD
K meiicTBuio BUpyca. Hanbonee BOCIpMUMYNBBEIMU K
oHKouTryeckomy naeiictBuio VV-GMCSF-Lact oka-
3aJIMCh KJIETKU OITyXoJieii MoJIouHol xene3bl (MDA-
MB-231, BT-549 u BT20).

KoanyecTBeHHYIO OLIEHKY CIIOCOOHOCTU BHpYyca
alpeCHO Pa3MHOXATHCS B OIYXOJIEBBIX KJIETKAX 4e-
JIOBEKa IMPOBOAMIN MTyTEM pacuéTa MHIEeKCca OHKOCe-
JIeKTUBHOCTU: oOTHoweHue LTHs, B HOpMalbHBIX
kietkax Kk T/, B omyxoseBbIX.

JJIst OLIEHKM OHKOCEJIEKTUBHOCTH UCITOJIb30BAJIN
IIBE KYJIbTYPHI KIIETOK HOPMAaJIBHBIX TKaHE i yeIoBeKa
(MCF10A — KynbTypa KJI€TOK HOPMAaJIbHOTO 3IHUTe-
JISt MOJIouHOM Kene3bl yesnoBeka 1 LECH-240 — nu-
TJIoMaHAasl KyJbTypa KJIETOK JIETKOro 3MOpHUOHA 4e-
JIOBEKA) U KYJIbTYPhI KIETOK paKa MOJIOYHOI XKeJIe3bl
(MCEF-7, MDA-MB-23, BT-549, BT-20) u paka Jiér-
Koro (A-549, H1299). PaccuutaHHble MHIEKCHI Ce-
JIEKTUBHOCTA B TIape KYJIbTYp MOJIOYHOI XKeJle3bl
(HopMasbHas1/omyxoJjeBast) Bappupytot oT 100 go 12000,
IJIST KJIETOK JIETKOro — 63 1 190 cooTBETCTBEHHO.
Paznuunst B MHOEKcax CBSI3aHBLI C TEM, YTO KJIETKU
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JIETKOTO ®MOpHUOHA YeJoBeKa 00Ja1aloT 10CTaATOYHO
BBICOKOII TponndepaTUBHON aKTHMBHOCTBIO (BO3-
MOXHOCTb HEOTPAaHUYEHHOTO JIeJICHUST ), YTO B OMpe-
JIeJIEHHOM CTeTIeHW POAHUT X C PAKOBBIMU U YCUJIU -
BaeT cnocobHocth VV-GMCSF-Lact perumnmpo-
BaThbCs B HUX [24].

IIpoTuBoonyxonepasi apdekruBHocTs VV-GMCSF-
Lact in vivo. I3yyeHne mpoTUBOONYX0JEBOM 3 deK-
TUBHOCTM ¥ aHTHUMETACTaTMYECKOro TMOTeHIIMasa
VV-GMCSF-Lact in vivo mpoBoIniIn Ha UMMYHO/E-
dunuTHbIX MbHnax JuHuit SCID 1 nude ¢ TOTKOXHO
TPaHCIUIAHTUPOBAHHBIMU ~ OIYXOJISIMU  MOJIOUHOM
XKenesbl yenoBeka MDA-MB-231 u BT-549, stiuaep-
MOMIHOI KapiimHOMbI A431 u mmo6aactombl U87-MG.
BupycHBII TpeniapaTt BBOAWIN 9KCTIEPUMEHTATBHBIM
KUBOTHBIM KaK BHYTPMBEHHO, TaK M BHYTPHUOITYXO-
51eBo, B 1o3¢e 107 BOE Ha XUBOTHOE, KypCcOM M3 TPEX
WHBEKIIMN ¢ UHTepBajsioM B 7 nHeil. MHaekc TopMo-
JKEHHST POCTa OITyXoJieif BO BCeX BKCIIEpUMEHTaX
coctaBui He MeHee 82% [23, 25]. Tutp Bupyca B To-
MoreHaTe WHGOUIIMPOBAHHBIX OIYyXOJei COCTaBIISIIT
108 BOE/MJ1, 4TO CBUIETENBCTBYET 00 MHTEHCUBHOM
pPEeTPONYKIINHU BUpPYCa B OITYXOJIEBBIX KIETKAaX.
Ne 9
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BuyTtpuonyxojieBoe BBeleHUE BUpYyca BbI3bIBaeT
JIECTPYKIIMIO OIyXOJIEBOM TKAaHW MO CPABHEHMIO C
OITYXOJISIMU MBIIIIE KOHTPOJBHOUN TPYIMbI, MOIY-
yaBIIKUX uspacTtBop. Penmpoaykiusi BUpyca U 3Kc-
Mpeccus JaKTanTUHa CIyXaT IJIaBHBIMU (pakTopaMu
JIeCTPYKILIMU OMYXOJU, OMHAKO Ha 3TOT MPOLIeCC MO-
XeT BIMATh U 3kcrpeccuss TMKC® B cocraBe pe-
KOMOMHAHTHBIX INTaMMOB. M3BeCTHO, 4TO JIOKaJlb-
Hasl TUTIEPAKCITPECCUST 3TOrO LIMTOKUHA MPUBOIUT K
MaTOJOTMYECKUM U3MEHEHUSIM TKaHU [22], 4TO MO-
KeT OBITh CBSI3aHO C aKTUBaIMel 3(hPEeKTOPHBIX KIIe-
TOK UMMYHHOI cucTeMbl. MBI HCCIeA0BaIy TaHHOE
aBjaeHne B uHuuupoBaHHbIX VV-GMCSF-Lact
OITYXOJIIX METOJAOM MMMYHOTMCTOXUMUU C UCIIOJb-
3oBaHueM aHtuten k CDI11lb. benrok CDI11b (uHTe-
rpuH anbda-M/6eTa-2) 3KCIIpPEeCcCUpPYeTCs B MOHO-
LIMTaxX, rpaHyJjoluTaX, Makpodarax 1 HaTypaJlbHbIX
KWJIJIepaxX U UTrpaeT KJIIOUYEeBYIO POJIb B BOCTIAJIMTEb-
HOM Mpoliecce, MOCKOJbKY OMOCpeayeT aiare3uio u
murpanuo jerikoruroB. Beenenne VV-GMCSF-Lact
MpUBOAUT K HakoTuieHU0 CD11b-1mo3uTUBHBIX KJIE-
TOK B COEIMHUTEIbHOM TKaHU, MpUJIexalleil K ory-
X0 (YTO COOTBETCTBYET HAOJIOJacMOIl JICHKOIIM-
TapHOU MHMUIBTPAILIUK), a TAKKE BOKPYT KPOBEHOC-
HBIX COCYIOB [24].

ITpu orieHKe aHTUMETaCTaTUIECKOTO IMOTEHITAJIA
VV-GMCSF-Lact ycTaHOBJIEHO, YTO IPW BHYTPH -
OITyXOJIEBOM BBEJIEHUM BUPYC MPOHUKAET B OMYyXOJIe-
BbIC KJIETKHM, Pa3MHOXAeTCS B HUX, BBIXOOWUT W3
OITYXOJIM B KPOBOTOK M 3aT€M HAXOIUT OTHAIEHHBIE
odary (MeTacTasbl) M YHUYTOXaeT ux [26]. Mccnemo-
BaHMe (hapMaKOKMHETUKH TTOKa3aJI0, YTO IO UCTede-
HUM 12 CYyTOK TOcie BHYTPUOITYXOJIEBOTO BBEICHUS
BUPYC OOHAPYKMBAETCSI JIUIIb B OMYXOJIM U HE TeCTU -
pyeTcs B opraHax M TKaHsX.

TakuMm o6pa3zom, pa3paboTaHHBI I HAMU Ha OCHO-
Be pekoMOuMHaHTHOTOo mTamMmMa VV-GMCSF-Lact
BUPYCHBIN Tipenapat 3¢h(HEeKTUBHO MOpaKaeT OIyX0-
JIeBble KJIETKU, HAaXOAUT MeTacTa3bl 1 TOPMO3UT UX
pasButue. [Ipu 5TOM BUpYC SIBJISIETCS CAMOPETUTALIA -
pYIOIIMMCS JIEKAPCTBEHHBIM TIpenapaToM, KOTOPBI
Jlaxke MpY OMHOKPATHOM BBEIEHUU CIIOCOOEH HaIO-
IO COXPAHSITLCS B OITYXOJIM Y BBITIOJHSTh CBOIO TEpa-
neBTudeckyo @ynkuuio. IlomydyeHHBIE HaHHBIE O
MPOTHUBOOMYXOJEBOM U aHTUMETaCTaTUYeCKOn 3(h-
(GeKTUBHOCTU MpernapaTa B OTHOILLIEHUU COJMIHBIX
onyxoyiel (HereMomo3TUYECKUE OITYyXOJIM, TO €CTh
pa3BUBIIIMECS] HE U3 KJIETOK KPOBETBOPHOM CHUCTe-
Mbl) O3BOJIWJIM HaM MEPENATU K €ro TOKJIMHUYECKUM
WUCITBITAHUSIM.

Jloxkmnnyeckue ucciaenopanus VV-GMCSF-Lact.
Kiterku 3710KauecTBEHHBIX HOBOOOpPA30BaHUIT MO-
JIOUHOI XeJie3bl 4YeioBeKa OKAa3aIMCh OMHUMM U3
HanboJiee YYBCTBUTEBHBIX K OHKOJIUTUYECKOMY NIEii-
cTBUIO BUpyca. [103ToMy B JOKIIMHUYECKUX MCHBITA-
HUSIX BUPYCHBIN Tiperapatr Ha ocHoBe VV-GMCSF-
Lact usyuascs Kak JJeKapCTBEHHO€E CPEACTBO JIJIsl Te-
panuu paka MOJIOYHOM 3KeJie3bl, B TOM 4YMCIIE TPU-
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KIBI HETATUBHOTO (heHOTUMA (IIPEICTaBIsAEeT COO0M
3JI0KA4eCTBEHHYIO OITyXOJIb, IS KOTOPOIi XapakTep-
HO OTCYTCTBUE IPOTeCTEPOHOBBIX U 3CTPOTCHOBBIX
PEIENITOPOB, a TaKXKe PEIEeHTOPOB SMUAESPMATHEHOTO
¢dakTopa pocrta). B xone papmalieBTHIECKOI1 pa3pa-
0OTKM TIperapaTa MoKa3aHo, YTO HauboJjiee mpueM-
JleMasi TOTOBasl JIeKapcTBeHHast (hopMa — 3aMOpPO-
JKeHHAasI BUPYCHAsI CYCIIEH3MSI ¢ TUTPOM BHpyca He
MeHee 1 X 107 BOE/mi1, Tpebyroniast IIpu TpaHCIIOp-
TUPOBKE U XpaHEHUH COOJIIOAECHUST XOJOI0BOM 1enu
(TpaHcopTMpPOBKA MpU TemrepaType He Bbiiie —20°C;
xpaHeHue npu —40°C).

Junana3oH TepaneBTUYEeCKUX 103 JIEKaPCTBEHHOTO
CpeICTBa YCTaHABIMBAJICS B SKCIIEpMMEHTaX Ha Jia-
GOpaTOPHBIX XMBOTHBIX C TPAHCIIAHTUPOBAHHBIMU
onyxonsamu 1 coctasmw 10’—102 BOE Ha XuBOTHOE.
WccnenoBaHus ob1eit (ocTpoii U cyOXpOHUYECKOM)
TOKCUYHOCTHM Tpernaparta MpoBOAWIN Ha 6a3e j1abo-
paropuu 6mosiorndeckux ncnbiTannii @ummana Mu-
CTUTYyTa OMOOPraHUYEeCKON XMMUM VM. aKaJIeMUKOB
M.M. IllemskuHa u FO.A. OBunHHukoBa PAH (Ily-
IMHO), KOTOpas WMeeT aKKPeOWUTAIIUI0 COOTBET-
CTBUSI TMpPUHLMIAM Hajiexallei mgadopaTopHOM
npaktuku (Statement of OECD GLP Compliance).

OmnpeneneHue HETOKCUYHOIO JTO30BOIO YPOBHS
II0Ka3ajlo, 4YTO TEeCTUPYEMBIil IIpenapaT IpU OTHO-
KpaTHOM BHYTPMBEHHOM BBEIEHUU CaMKaM XUBOT-
HBIX B 103ax, B 7.5 (Mbimm), 30 (kpeickl) n 150 pas
(KpOJIMKM) TIPEBHIIIAIOIINX OJHOKPATHYIO TepalleB-
TUYECKYIO 03y IS 4eJoBeKa, He obJiamaeT BhIpa-
XEeHHBIM TOKCHMYecKUM neiictBueM. HaOmonaembie
KJIMHUYECKWE TIPU3HAKU U CHUMKEHHE IIpUpOCTa
MaccChl Tejla CBUAETEILCTBYIOT O JOCTVKEHUM H03,
OIM3KUX K MAaKCUMAJILHO ITEPEHOCHUMBIM.

M3yyeHue ocTpoii TOKCUUYHOCTH JIEKApCTBEHHOTO
cpenctBa Ha Mbimax ICR u kxpeicax SD moxkasano,
YTO €ro OJHOKPATHOE MOJKOXHOE BBEIEHUE caMliaM
U caMKaM B J103aX, SKBUBAJICHTHBIX TepareBTUYe-
CKOI1, 5-KpaTHOH (IIpy BBeIeHUM MbIliaM) 1 20-KpaT-
HOI1 TepaneBTUYECKO# (KpbhicaM) IJis YeJIoBeKa, sSIB-
JisieTcsl 6e30IacHbIM. BBeneHue nmpemnapaTta BHyTpU-
BEHHO B mo3e, B 5 pa3 (MbiaraMm), au6o B 20 pas
(KppIcaMm) MpeBBILIAIONIEH TepaneBTUYECKYIO, CIO-
COOHO BBI3bIBAaTh OTBETHYIO PEaKIIUi0 CO CTOPOHBI
OpraHOB MMMYHHOI CHUCTEMBbI, YTO, B UYaCTHOCTH,
MPOSIBJISIIIOCH B YBEJIMYEHN U MACChI CEJIE3EHKMU.

Hccnenosanne cyOXpOHUYECKON TOKCUYHOCTH,
pasapaxatoniero AeicTteus W ¢GapMaKoJIOTrIIecKoi
6e30IMacHOCTH JIEKAaPCTBEHHOTO CPeACTBa MPU MHO-
TOKpPaTHOM BBEIEHUU caMIlaM M caMKaM Kpbic SD
MO3BOJIUIIO TIPUIATU K BBIBOAY, UYTO MHpenapar B MC-
MOJIb30BAHHBIX J103aX Oe30ImaceH IS KUBOTHBIX.

OnHako HaOII0AATI0Ch pPa3BUTHUEC l'IO,E[OCTpOI‘/JI1 BoOCIIa-
JIUTEJIbHOMU p€aKkiuun B 001acTH BBEICHUS IIperapa-

Mo MPOIOKUTEILHOCTU IPOTEKAHMS BOCITAIUTEIbHBIE peak-
M ACJISITCS Ha OCTPhIE, MOAOCTPhIe U XpoHUUYecKue. TepMuH
“IIOmOCTPBINA” O3HAYAET, YTO CUMIITOMBI IUISATCS IOJIbIIE, YeM
TPU OCTPBIX PACCTPOMCTBAX, HO HE CTAHOBSATCS XPOHUYECKUMMU.
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Ta, YTO CBUIAETEILCTBYET O €T0 MECTHOM pa3apaxkalo-
meMm aeiicteun. OH TakKe CITOCOOCTBOBAJI CTUMYJISI-
LIMM UMMYHHOTO OTBETa, YTO 3aMETHO MTPOSIBUIIOCH B
pErMOHApPHEIX ITOAMEBIIICYHBIX ITUMQPOY3JIaX B BUIE
TUIePIUIa3uu JTUMQOLIMTOB B IIapaKOPTUKAJIbHOM
obyactu. Yto KacaeTcst CyOXpOHNYECKOU TOKCUUHO-
CTH JIeKapCTBEHHOTO CPEICTBA IIPU MHOTOKPAaTHOM
MMOIKOXHOM BBEIIEHMM CaMllaM M caMKaM KPOJIUKOB
NZW, To B UCIIOJIb30BaHHBIX J03aX OHO TaKXKe 0e3-
onacHo. KpoMe Toro, He BBISIBJIEHO OTPULIATEIILHOTO
BO3ACMCTBUS HA IBUTATEIbHYIO aKTUBHOCTD, COCTOSI-
HUE CepIAECYHO-COCYIUCTOM U IBIXaTEIbHOI CUCTEM.

B pamkax usydeHust crnerquuieckKoil TOKCUIHO-
CTU BUPYCHOTO TIperiapaTa OlLeHUBAINCH €ro ajljiep-
TU3Upylollee 1 MMMYHOTOKCHYECKOe AelicTBUE, a
Tak>Ke BIIUSTHUE Ha PEIPOAYKTUBHYIO (DYHKITUIO KU -
BOTHBIX. B peaknmsax ooOmieit anHapuiiakCuu, akKTUB-
HOM KOXHOM aHa(UIaKCUU U TUITePUYYBCTBUTEILHO-
CTU 3aMeIJICHHOTO TUIIAa YCTAaHOBJIECHO, YTO JeKap-
CTBEHHOE CpEICTBO Ha OCHOBE PEKOMOWHAHTHOTO
mramMmma VV-GMCSF-Lact Bupyca ocnoBaKIIMHBI
obJyagaer ciaabGbIM aJUIEPTU3UPYIONIM IEHCTBUEM.
CnaboBBIpaKeHHBIT MMMYHOTOKCHUYECKUI (P PeKT
Mpernapara B UCITOJIb30BaHHBIX 103aX 3a()MKCUPOBaH
MPY UCCIECAOBAHUH MaKpPOITaTOJIOTU, MACCHI U KJTe-

TOYHOCTU? MMMYHOKOMITETEHTHBIX OPraHOB, OIpe-
JieJieHu ! parouuTapHOi aKTUBHOCTU MakKpodaroB U
OlleHKe T-3aBUCUMOTO TyMOPaTbHOTO U KJIETOYHOTO
WUMMYHHOTO OTBeTa. TakxKe BBeleHUE Mpernapara B
TeparneBTUYECKO M S5-KpaTHOi TepareBTUYECKOM
J03ax JJIsl 4YeJoBeKa HE O0Ka3ajlo CYIIeCTBEHHOTO
BJIMSIHUS Ha PENpPOAYKTUBHYIO (hyHKIIUIO CaMIIOB U
CaMOK KpbIC.

OCHOBHBIM MEXaHU3MOM JEUCTBUS JEKapCTBEH-
Horo cpeactBa B oTHomeHnun EGFR-monoxnrens-
HBIX KJIETOK paka MoJjiouHoi BbicTymaeT RIPK-1-
He3aBucuMblii EGFR-3aBucuMebric Hekpo3. [1pu aTom
BBEJIEHUE B TEHOM BHpYyca TPaHCTeHa, KOAUPYIOIIETO
0eJIoK JIaKTallTMH, UHIYUUPYIOIIUNA aronTo3, yCu-
JIMBaeT amnoINnTOTUYECKYI0 THOEIb OIyXOJeBbIX Kie-
ToK [27]. KpoMe TOTO, OIyxoyeBble KJIIETKM, NHPU-
LIMPpOBaHHbIE BUPYCOM, aKTHBHO 3aXBaTbIBAIOTCS Te-
pUTOHEaJIbHBIMU MakpodaramMmu.

YcraHOBJIEHO, YTO (hapMaKOKHMHETUKA BUPYCHOTO
Mpenaparta IIpyu OTHOKPATHOM U MHOTOKPATHOM BBeJIe-
HUM SIBJIsIeTCS HemHelHo. OcoOeHHOCTH pacIipere-
JICHUsI BUpyca B OpraHU3Me SKCIIePUMEHTAIbHBIX K1~
BOTHBIX C TPAHCITIAHTUPOBAHHBLIMU OITYXOJIIMU OOY-
CJIOBJIEHBI peIUIMKalueil (CaMOBOCHPOU3BEICHUEM)
PEKOMOMHAHTHOTO BUpPYca B KJIETKaX OIyXOJIU U Ha-
paboTKOIl BUPYCHENTPANU3YIOIINX aHTUTeN. Ilpu
5TOM OCHOBHOE€ COIepKaHHe BUpYca ACTEKTUPYETCS
B OMYXOJIM U HE3HAUYUTEIbHOE — B IPYTUX OpraHax.

B skcniepuMeHTax in vitro Ha KyJIbTypax OITyXoJie-
BBIX KJIETOK YeJIOBEKa Pa3IMYHOTO TUCTOTeHe3a MO/l -

2 OnpeneneHMe KoJIM4yecTBa KIETOK MMMYHOKOMIIETEHTHOI'O
opraHa (Ha 1 T Macchl opraHa) " COIIOCTABJIEHME C aHAJIOTHUY-
HBIMU IOKa3aTCJIAMHU UHTAKTHBIX 2KMBOTHBIX.

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

TBEPKJeHa BbICOKASI LIUTOTOKCUYECKAsi aKTUBHOCTD
VV-GMCSF-Lact B OTHOIIEHUN ONyXOJIEBBIX KJIE-
TOK MOJIOYHOM XeJIe3bl, JIETKUX, IIMOM U SITUASPMO-
unHoi kapuumHoMbl. [TpoTuBoomyxoneBywo addex-
TUBHOCTb TMpenapara MOATBEPXKAATIA Ha MOJESIX
onyxoyieit MoysouHoi xkene3sl (MDA-MB-231 u
BT-549) u mmo6Gaactrombl yenoBeka (U87-MQG),
MOJKOXHO TPaHCIUIAHTUPOBAHHBIX HWMMYHoOIedu-
uTHBIM MbIaM SCID. ITpenapaTt BBoaguJIu BHYTpU-
onyxosieBo B 10o3e 107 BOE Ha XMBOTHOE KypcoM U3
3—4 uHbeKI1M ¢ MHTepBajoM 7 nHeit. MHmekc Top-
MOXEHUs pOCTa OIyXOJiei coCcTaBUI He MeHee 85%.
VV-GMCSF-Lact Ttakke 3((EKTUBHO TOPMO3UJ
POCT y>Ke pa3BUBIIEHCS OMYXOJN MOJIOYHOI KeJie3bl
MDA-MB-231 (nugekc 42%).

JoKmnHUYecKre UCCIeNoBaHNS 6€30ITacHOCTH 1
dapmakoJiornuyeckoil 3(pPEeKTUBHOCTH JIEKAPCTBEH-
HOTO TIperapara Ha OCHOBE peKOMOMHAHTHOTO BUPY-
ca VV-GMCSF-Lact kak TepalleBTUYECKOIO Cpel-
CTBa JUIS JIeYeHUST paka MOJIOUHOI XeJie3bl yeioBeKa
ycriemHo 3aBepiuuiauch B 2019 r. IMoxyyeHHBIE pe-
3yJIbTaThl MO3BOJIMIN Tiepeiitn K | dase kmmHMIe-
CKUX UCITBITAHU.

Kmunnueckue ucciaenosanusa. IlepBas daza xkim-
HUYECKUX WCIIBITAHUM JIeKapCTBEHHOIO Iperapara
(Pa3pemenne MuHUCTEpCTBA 30paBooxpaHeHust P®
Ne 787 ot 26 HOs16pst 2021 T.) IPOBOAUTCS COTIACHO
npotokony Oncolact2020 “OTKpbITO€ MYJIBTUKO-
roptHoe ucciaenoBaHue I ¢aszbl 6e30macHOCTH, epe-
HOCUMOCTU U (PapMaKOKMHETUKU JIEKAPCTBEHHOTO
npenapara Ha OCHOBE PEKOMOWHAHTHOIO IITaMMa
VV-GMCSF-Lact Bupyca OCIIOBaKIIMHBI, PacTBOP
ISl UHBEKLMI, 3aMOPOXEHHBIN, Y MTALIMEHTOK C pe-
LIAVBUPYIOLINM U/WIH pedpaKkTepHbIM MeTacTaThJe-
CKUM PaKOM MOJIOYHOI eJie3bl B TOCIeI0BaTEIbHbIX
KOTopTax € BcKajalMeil 1o3bl MPU ONHOKPATHOM U
MHOTOKpaTHOM BBeneHUM” . McciegoBaHue 3aperu-
crpupoBano Ha caiite ClinicalTrials.gov (MmeHTHMMKA-
top NCT05376527). Ciorncop — OO0 “OHKOCTAP”
(HoBocubupck), opraHusanus 1 MpoBeIeHUE UCCe-
noBaHug — KHMO OO0 “AP-CU-TU-TJTIOBAIT”
(Cankr-IlerepOypr), MEOMIIMHCKUIA MOHMTOPUHI —
00O “3M Beputac” (Ilepmb), yripaBieHUe JaHHbBI-
mu — Sciencefiles (ExkaTepuHOypT), CTaTUCTUYECKUIA
aHanmu3 ¢GapMaKOKMHETUYECKUX TapaMeTpoB —
KEYSTAT (CMosieHcK).

KianHnyeckue ucnbITaHUS TIPOBOJSITCS HA YEThI-
PEX KIIMHUYECKUX IIJIOMIagKax:

* HanmoHanbHBIA MEIWIIMHCKUI HCCIIeIoBa-
TenbCcKMit 1IeHTp oHKoMorny M. H.H. TletpoBa MuH-
3npaBa Poccuu (Cankr-IletepOypr), rmaBHBIA uC-
cliegoBaTeb — NJOKTOp MeauuuHcKux HayK I1.B. Kpu-
BOPOTBHKO;

* HannoHanbpHBIA MEIWIIUMHCKHUN HCCIIemIoBa-
TenbCKUM 1IeHTp oHKomoruu um. H.H. bnoxuna
MunszapaBa Poccum (MockBa), TOKTOpP MEIMIIMH-
ckux HayK E.B. ApramoHOBa;
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Ta6iuua 1. JIn3aitH mepBoro 3taria IepBoii ¢pas3bl KIIMHUYSCKUX MCCIeA0BaHUIA

Howmep xoroptsi KonunuecTBo mauueHTOK O6BEM TIpenapaTa, M Jlo3a nmpenapata, BOE
IMAalMEHTOK
1 3 0.5 1 x 107
2 3 1 2 x 107
3 3 2 4 % 107
4 3 3 6 x 107
5 3 4 8 x 107
6 3 5 10 x 107
Bcero 18 — —

» OHkojoruyeckuii HayuHblii neHTp (Cankr-Ile-
TepOypr), KaHauaaT mMeaumuHckux Hayk T.T. Arm-
1IIEB;

* JTopoackoil KIMHUYECKHUI OHKOJOTMYECKUM
mucrancep MuwuH3npaBa Poccum (Canxkr-Iletep-
Oypr), noKTop MeaulIMHCKUX HayK P.B. Opiosa.

Llenp uccimemoBaHUSI — OLICHUTH O€30ITIaCHOCTB,
MEPEHOCUMOCTh U (hapMaKOKMHETUYECKUE ITapaMeT-
pBI JIeKapCTBEHHOTO Mpernapara Ha OCHOBE peKOMOU -
HaHTHoro mrtamma VV-GMCSF-Lact Bupyca ocmo-
BakIIMHBI y ITIALIMEHTOK C PEHUIMBUPYIOIIMM/pe-
¢dpaKTepHbIM METACTaTUYECKUM PaKOM MOJIOYHOM
Keae3bl B MOCJIeIoBaTeIbHBIX KOTOPTaX C 3CKalalli-
€1 MO3bI IIPY OMHOKPAaTHOM M MHOTOKPaTHOM BBEIE-
Hun. OCHOBHBIC 3a1a4YN:

* ompenelieHre MaKCUMAJIbHO MePeHOCUMOIT 10~
3bI TIpeTapara;

* YyCTAaHOBJIEHUE YAaCTOThI, XapaKTepa, UHTEHCUB-
HOCTU U JJIUTEILHOCTU HEXKeIaTeIbHBIX peakKlIUid,
CBSI3aHHBIX C TIPUMEHEHUEM Mpenapara pu ero BBe-
JICHUY B BO3pacTalolrX 103ax;

* BBISIBJICHUE JO30JIMMUTHPYIOIIEH TOKCUYHOCTH
(IJIT), crerieHu e€ BhIPakKe€HHOCTHU, INIMTEILHOCTU U
00paTUMOCTH;

* omnpenesieHue Npodrist GapMaKOKITHETUKH BU-
pyca v aHTUTEJ K HEMY;

¢ OII€HKa 00BEKTUBHOIO OTBETa Ha IIPOBOIMMOC
JICYCHUC,

¢ OLI€HKa IMHAMHMWKHW U3MEHCHUA pa3ME€pPOB OITy-
XOJIH.

Ilepsoiii 3Tan I pa3sl, oqHOKpaTHOE BBeneHue. Jle-
KapCTBEHHBIN TipemnapaT (pacTBOp IISI UHBEKLMIA,
2 x 107 BOE/MJ) NpuUMEHSICS WMHTPATyMOPAJILHO

(BHYTPUOIYXOJIEBO) OMHOKPATHO B nu3aiine’ “3 + 37
B cienymoommx go3ax (tadi. 1). Ha xkaxnelii ypoBeHb
JI03bI (TO €CTh B OIHY KOTOPTY) MOXKET OBITh BKIIIOUe-
HO oT 3 1o 6 manueHToK. Mccienyemast mo3a mpera-
para cHayaja BBOIIJIACH OMHOI TMamenTke. B ciry-

3 B nmaHHOM KOHTEKCTe NM3aliH — MOC/IENOBATENLHOCT MAeii-
CTBUIA MCCIIEIOBAHUS.

BECTHUK POCCUNCKON AKAIEMHUU HAYK

TOM 93

Yyae XOpollleil NepeHOCUMOCTH, IIPU OTCYTCTBUU TOK-
cuuHocTtu 111 crerienu u BhIlIe Yepe3 CyTKU TaKas 3Ke
J103a BBOAMJIACH BTOPOIi MalMEHTKE 1 ajiee, el ye-
pe3 cyTKuU, TpeTheil. HabmoneHue Be1och B TeUeHUE
TpEX OHEM, 3aTeM clieayIoliast KoropTa U3 TpPEX Ueio-
BeK MoJjydajia yBeJIMUYEHHYIO 103y IIpernapara 1o Toi
Xe cxeme. [lanee manMeHTKY IIPOXOIUIIN BCe IIPOLe-
JIyPbI U BU3UTHI COIJIACHO MPOTOKOMY.

DcKajauus 10 CJIeAYIOIIero YPOBHS IIPOUCXOI-
JIa, €CJIY BO BpPeMsI JO3UPOBAHMS IIEPBBIX TPEX AL~
eHToK He orMeyvanach JJIT. Ecau n1o30J1MMUTHPYIO-
masi TOKCMYHOCTh (DUKCHPOBaIach y OOHOM U3 TPEX
KEHIIWH, TTPOM3BOMMIICS HaOOp ellé TPEX MarmneH-
TOK Ha JAaHHOM YpOBHeE H03bl. Eciu monojmHuTeNhb-
HbIX sBaeHuii JAJIT He oTMeuanoch, UcCaeqOBaHUE
MEPEXOAIIO Ha CICAYIONINI YPOBEHbD, IIPU IIOSIBIIC-
HUU JTOIIOJIHUTEIbHBIX CIy4aeB TOKCUMYHOCTU 3CKa-
JTalys 103 oCcTaHaBIuMBanach. McciaeqoBaHMsI TaKxKe
npekpaman, ecau gactora ciaydaeB JIT B koropre
U3 TPEX MalMEHTOB COCTAaBJIsIA IBA WJIU TPpU. DCKa-
JIaLYsI TO3BI IJI1 OOHOM M TOM XKe MallUEHTKH He TIPO-
M3BOIMJIACH, TO €CTh IS CJCAYIOIIETO YPOBHS TO3bI
Habupajach HOBasi Koropta. MakcuMaibHO IEPEeHO-
CUMOM cumMTaeTcs m03a, Oojiee HU3Kasl IO OTHOIIE-
HUIO K TOI, IpHU KOTOPOI1 ObLIa ompeaeeHa 10301~
MUTHUPYIOIIAast TOKCUYHOCTb.

ITocne BBeAeHUS KaxXIOi J03bI OlIEHMBalach Ya-
crota pa3putus JJIT, npuzHakaMu KOTOpOI cumnTa-
€TCsl HACTYIUJIEHVE KaK MUHUMYM OJIHOTO U3 CJIEIyIO-
LIUX COOBITUIA:

* HeremartoJjiorndeckas TokcudHocTsb 11 crerienn
1 BBIIIIE (32 UCKITIOUEHUEM aJIOTICLINN);

* pasputue (heOpUIILHON HEUTPOIICHUN: HEUTPO-
duer <0.5 * 10°/11 ¥ OBBILLIEHUE TEMIIEPATYPHI TeJIa
>38.3°C He Oosiee ABYX AHEiT Mocye BBeIeHUSI Ipera-
paTa WIn KJIMHUYEeCKY 3HaUYnMMasl CuCTeMHasi TH(eK-
s (MecTHas MHGEKIMSI B MECTe BBeACHUS IIperna-
paTta Ui B MECTE B3SITUSI OMOTICUM He OyJIEeT CYUTATh-
Csl KITMHUYECKY 3HAYNMOI ) ;

» TpoMbornutonieHus 111 cTerneHu u Bollle u/Ujiu
reMopparmuyeckue OCJIOXKHEHNS;
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* ITOBTOPHOE TOBBIIIEHNE aKTUBHOCTU aJlaHUH-
amuHoTpaHcdepassl (AJIT) u/unm acmaprarTaMruHO-
TpaHcdepasbl (ACT) Oonbie yeM B 4 pa3a OT Bepx-
Hel rpaHUILbI HOPMBI.

K HacTostiieMy MOMEHTY MCCIeIOBaHUS IIEPBOTO
3Tarla yCITelIHO 3aBeplleHbl. DTam OXBaThIBAJ 26 ma-
LIUEHTOK, 19 13 KOTOPBIX MOJYYMIU JeKapCTBEHHbBIN
npemnapar. ComacHO IIOJNIydeHHBIM pe3yJbTaTaM,
Mpernapar XopolIllo MepeHOCUTCST U 6e301aceH B MC-
MOJIb3yeMbIX 103aX. OCHOBHBIM HeXeIaTeIbHBIM SIB-
JIEHUEM CTaJia TUIIEPTEpMHUSI, pa3BUBaBIIASICS B TeUe-
HUe 1—2 CyTOK ITOCIie BBeIeHU TIperapaTa, 4To ObI-
JIO OXX1JIaeMO BBULY €T0 BUPYCHOI ITPUPOIBI.

Pesynprater nepsoro stana I ¢pa3sl KIIMHMYEeCKNX
HCCIIeIOBAHMI TTOKAa3a/Iy, YTO MPOTHUBOOITYXOJIEBbIi
JIEKapCTBEHHBII MpenapaT Ha OCHOBE PEKOMOWHAHT-
poro mramMa VV-GMCSF-Lac Bupyca ocmoBakImn-
HbI Oe3oItaceH NMpU OJHOKPATHOM MHTpaTyMopaib-
HOM IIPUMEHEHUHU Y XEHIIUH C PELUAUBUPYIOIAM
/1 pedpakTepHbIM METACTaTUYECKUM PAKOM MO-
JIOYHOM XeJjie3bl 1 MOXET ObITh pEKOMEHIOBAH JIJIsl
OLIEHKU €ro ITPOTUBOOITYXOJEBOIl 3(D(PEeKTUBHOCTU
IIpX MHOTOKPAaTHOM BBeAeHUHU (BTOopoii 3Tan I dasnr
KJIMHUYECKUX UCCICTOBAHUI).

Bropoii 3tan 1 ¢a3bl, MHOrokpaTtHoe BBeJEeHHE.
Btopoit atan I ¢da3bl uccieqoBaHusi cTapToBal BO
BTOpoii monoBuHe Masa 2023 1. JlIekapcTBeHHBIH Ipe-
napat IIpUMeHsIeTCsSI MHTPAaTyMOPaJIbHO (BHYTPUOIY-
XO0JIEBO) pa3 B HEAENIO B TeueHue 4 Heaeb B 3 1o3ax,
onpenenEHHBIX O pe3yjbTaTaM IepBoro 3rama: 10 X
x 107 BOE — mMakcuManbHas IiepeHocuMast 103a (B
HaIlleM CJIydyae MaKCMMaJIbHAasI U3 MCCIICIOBAHHBIX 103)
u nBe 6osiee HU3KME 1036l — 6 X 107 u 8 % 107 BOE.
WUccnenoBanue Takke IIpOBOIUTCS B nu3aitHe “3 + 37,
TO €CTb 3cKajallusi 10 CJIeIYIOIIEero T030BOr0 YPOBHS
IIPOMCXONNT, €CIIM BO BpeMsl JTO3WPOBAHUS IIE€PBBIX
TPEX MaumreHToK (mo3a 6 X 107 BOE, 4 uHbeKIUY C
WHTEpBAJIOM B 1 Heaemo) He OTMeYaeTCsT TO30JIMMHU -
TUpYyIolei TokcuuHocTu. [locse rmocnenHero BBeae-
HUS TIpernapaTra IIOCIedHEM ITallMeHTKE B KOTOpTe
MPOBOIMUTCS HAOMIONEHME 3a IMallMeHTKaMU B Teue-
Hue 14 nHell, 3aTeM CIeAYIOlIEe KOropTe U3 TPEX ye-
JIOBEK BBOIST CJIEAYIOLIYIO OO3y IIpernapara II0 TOu
Xe cxeme.

ITo cocrogamio Ha 10 aBrycra 2023 1. 3aKOHYEHO
JIO3UPOBaHMEe MALMeHTOK MEePBOii KOrOPThl BTOPOTO
srana (go3a 6 X 10’ BOE, 4 MHBbEKLMK C UHTEPBAJIOM
B 1 Henenro). Asnenuii AJIT He 3aperucTpupoBaHo.
I[To oxonuanum niepuoma HabmomeHus: (14 mgHeit)
clieqyIolieil KoropTe U3 TPEX MallMeHTOK OyneT BBe-
neHa no3a 8%107 BOE u .. OKOHYaHMEe BTOPOTO 3Ta-
na I pa3pl KIIMHUYECKUX UCCIeTOBaHUM 3aIITaHUPO-
BaHO Ha IepBhIi KBapTai 2024 1.

IlepcnekTuBbl ucnosb3oBanusgs VV-GMCSF-Lac
IJIA TepanmuM OMyXoJieil roJIoBHOro Mo3ra. MzBsectHo,
YTO 3JI0Kau4eCTBEHHbIE HOBOOOPAa30BaHUsI FOJIOBHOTO
MO3ra ¥ IIeHTpaJIbHON HEPBHOIN CHUCTEMBI XapaKTe-
PU3YIOTCS OOHMM U3 CaMbIX BBICOKMX IOKa3aTeseit

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

CMEPTHOCTH B CTPYKTYPE OHKOJIOTMUECKUX 3aboJjie-
BaHuii B Poccuu u mupe. CeromHsi cpeHss BbLKUBA-
€MOCTb ITallMEHTOB C AMArHo30M NIMOOJIacTOMa CO-
cTaBJisieT He O6osee 15 mecsitieB. Umerolumecs: B HaCTOSI-
IIUI MOMEHT CXeMbl TepallM OITyXOJIeil T'OJIOBHOIO
MoO3ra He 00eCHeuYMBaIOT CYIIECTBEHHOIO YJIydlle-
HUSI Ka4eCTBa W YBEJIMUECHUS MPOIOKUTEIHHOCTU
KWU3HU MNALeHTOB, MO3TOMY, HECOMHEHHO, BaXKHa
pa3padoTka 3(pPEKTUBHBIX METOAOB TePAITUH.

IIpy olleHKE NIMTOTOKCUYECKON aKTUBHOCTU
VV-GMCSF-Lact B OTHOIIIEHUX OITyXOJEBBIX KJe-
TOK 4YeJI0BeKa B paMKaX HayYHO-MCCICA0BATEIbCKIX
paboT M TOKIMHNYECCKNX MCHBITAHWII YCTaHOBJICHO,
4YTO KJIETKHU IJIMOOJIACTOMBI BeChMa YyBCTBUTEILHEI K
OHKOJIUTHYECKOMY neiicTBuio Bupyca [23—27]. Ilo-
Ka3aH 3HAYMTEJbHbIM MPOTUBOOMYXOJEBbIi MOTEH-
nuan VV-GMCSF-Lact B OTHOILIIGHUM TpaHCILIaH-
TUPOBAHHBIX 9KCIIEPUMEHTAILHBIM KMBOTHBIM IJIMOM
yenmoBeka U87-MG u U343-MG [25] u tmuomer C6
KPBICHL.

Jnst m3ydeHus: IIPOTUBOOITYX0JIEBO 3(h(EKTUB-
HOCTU BHpyCa B OTHOIIEHUM OITyXOJeil BHYTpUYE-
pEIMHOI JIoKaJIu3alluK 1ejiecoo0pa3Ho paccMaTpU-
BaThb BHYTPUBEHHLIN CITOCOO BBeIEHMS IIpernapara
KakK HamMeHee MHBa3uBHbIM. [Ipy monaganum B op-
raHW3M BHPYC IIPOBOLIMPYET BBIPAOOTKY BHUPYCHEM-
TPaJU3YIOLINX aHTUTE, KOTOPhIe B3aMOICICTBYIOT
C BUPYCHBIMU YaCTUIIAMM, YTO CHIKAET ITPOTUBOOITY-
XoJieBbIit 3 dexT npenapara. s 3alIUTEl BUpyca OT
JIEICTBUSI aHTUTEJT CYLIIECTBYET LIE/IbIil PSII MOIXONOB,
OIVH 13 KOTOPHIX — UCITOIb30BaHUE allTAMEPOB, CITO-
COOHBIX 9KpaHUPOBATh BUPYChI OT UMMYHHOI CHCTE-
MBI [28].

B pamkax pabGoT 1o yBeIWYEHUIO TepameBTUYEe-
ckoro noteHuuana VV-GMCSF-Lact B oTHoLIeHUMN
OITyXOJIC TOJIOBHOIO MO3ra ¢ MOMOIIIbIO MaTeMaTUu-
YEeCKOro MOMACIMPOBAHMUS IOCTPOCHBI ITOJTHOATOM-
HBIE MOIEIM IISITH alnTaMepoB, CIICHU(PUIHBIX K
OHKOJIMTUYECKOMY BHUPYCY, KOTOpPBbIE OTpaxKaioT
HanboJjiee BEpOSITHYIO KOH(pOpPMAaIIMIO anTaMepoB B
pacTBope. BuIsIBICHBI MMOTEHLMAIbHBIE CAWTHI CBSI-
3BIBaHMSI alITAMEPOB C BUPYCOM M OIpeae/IeHbI HYyK-
JICOTUABI B CTPYKTYpE anTaMepoB, O0YCIOBJIMBAIO-
1€ CBSI3BIBAHME C BUPYCHOI 4YacTulleii, a TaKxke
HYKJICOTUIbI, MOAACPKMBAIOIIE TEOMETPUIO CaiTa
cBsa3bIBaHUs. KpoMe TOro, co3maHbl MOJIEKYJISIpHBIE
KOHCTPYKIIMM  OM(YHKIIMOHAJIBHBIX anTaMepOB,
obOecreynBarolIX OJHOBPEMEHHO 3allUTy BUPYCOB
OT UMMYHHOI CUCTeMBI U aIPECHYIO JOCTAaBKY K IJIH-
aJIbHBIM OITYXOJISIM TOJIOBHOTrO Mo3ra. I[IpumeHeHme
pa3paboTaHHBIX alTaAMEPHBIX KOHCTPYKIIMI Ha OIy-
XOJIEBBIX MOJIEJISIX [JIMOM Y€JIOBEKA in Vitro U in vivo
MO3BOJIUT YBEJIMYUTh MPOTUBOOIYXOJIEBYIO 3P deK-
tuBHOCTb VV-GMCSF-Lact B oTHOIIIEHIE OITyXOJIeii
TOJIOBHOTO MO3Ta.

Ne 9

TOM 93 2023



MMPOTUBOOITYXOJEBBIN MPEIMAPAT

* % %

JlekapcTBEeHHBIN TIperapart, pa3paboTaHHBIN Ha OC-
HOBe OoHKosuTudeckoro Bupyca VV-GMCSF-Lact, —
TIePCIIEKTUBHOE TTPOTUBOOITYXOJIEBOE CPEICTBO LIS
Teparyy COJUIHBIX OIMYXOJeil pa3IMIHOrO TKAHEBO-
ro TMPOUCXOXIeHUsI. B TOKIMHUYECKUX MCCea0oBa-
HUSIX Ha JKUBOTHBIX ITPOIEMOHCTPUPOBAHBI Ge3011ac-
HOCTb, XOPOIIIasi IEPEHOCUMOCTD U (hapMaKoIoThuIe-
cKasi a(pdhexTuBHOCTb TMpemnapara. KianHu4eckue
ncnpITaHns | das3sl y malmeHToK ¢ pelrIuBUPYIO-
UM U/ pedpakTepHBIM METACTaTUIECKUM pa-
KOM MOJIOUHOM XeJjie3bl — MepBble KIMHUYECKUE UC-
cJIemoBaHUS TIperaparoB 3TOro kjiacca B Poccum,
MMOATBEPKAAIOT 0E30TacCHOCTh IMPUMEHEHUs JieKap-
CTBEHHOTO Mpernapara B KIMHUYEeCKOI MpaKTUKeE.

Kpome Toro, mpernaparsl Ha OCHOBE OHKOJIUTUYE-
cKux BupycoB, B ToM uncie VV-GMCSF-Lact, o61a-
JIal0T €ll€ ONHUM HEOCIOPUMBIM MPEUMYIIECTBOM:
MpU JEYEHUU OMyXOJei OHU MOTYT UCIOJIb30BaThCS
B KOMOMHALWU C JIOOBIMU APYTMMU TepareBTUYE-
CKMMU TTOIXoAaMM (XMMHO- U JIydeBOM Tepanuein, a
TakKxkKe MMMYHOTEpaIreBTUYECKUMU TIpernapaTamMmu),
YTO 3HAUYUTEJIbHO pacCIIUPSIET TOPU3OHTHI UX TIPUME-
HEHUS.

NCTOYHUK PMMHAHCHUPOBAHUA

HayuHo-uccnenoBaTenbckue padoThl IPOBEACHBI MPU
¢duHaHcoBol mnonaepxke MdenepanbHOl lieaeBOl Mpo-
rpammbl “HMcciaenoBaHust U pa3pabOTKU IO MPUOPUTET-
HBIM HampaBJICHUSM pa3BUTHUSI HAYYHO-TEXHOJIOTMIECKO-
ro komiuiekca Poccun Ha 2014—2020 rr.” (cornaimeHue o
npenoctasieHun  cyocumum  Ne  14.604.21.0057 ot
27.06.2014 1.). JloKIMHUYECKUE MCCIIeTOBaHMS TIperapaTa
MPOBeeHBI TIpU (hMHAHCOBOM monaepxkke DenepanbHO
1eJeBoil mporpaMMbl “Pa3zButue dapmaneBTUYECKON 1
MEIUIIMHCKOM TTpoMbIluieHHocTH Poccuiickoit denepa-
muu Ha nepuon 1o 2020 roma v JaabHEHIIYI0 IEePCIIeKTH -
By” (T'ocymapctBeHHbIii KOHTpakT Ne 14.N08.11.0189 ot
27.11.2017 1.). UccnenoBanue “Antamepbl Kak WHCTPY-
MEHTbI MOBBIIIEHUS MPOTUBOONYX0JeBOi 3(PdheKTuBHO-
ctu oHkoauTuyeckoro Bupyca VV-GMCSF-Lact mis te-
panuu 3JIOKAYeCTBEHHBIX OITyXoJieli TOJ0BHOTO Mo3ra”
BBITIONTHSIETCS 3a CYET rpaHTa Poccuiickoro HayuyHoro hoHaa
Ne 22-64-00041 (https://rscf.ru/project/22-64-00041/).
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ANTITUMOR DRUG BASED ON THE GENE-MODIFIED VACCINIA
VIRUS VV-GMCSF-Lact

E. V. Kuligina>#, V. A. Richter'***, and V. V. Vlassov!##
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Virotherapy, or therapy with oncolytic viruses, is one of the most rapidly developing approaches to the treat-
ment of a wide range of solid tumors. The article is devoted to the development and study of the properties of
the first domestic drug based on recombinant vaccinia virus. The recombinant virus VV-GMCSF-Lact was
engineered from Lister strain (L-IVP) vaccinia virus. The cytotoxic activity and antitumor efficacy of the vi-
rus against human tumor cells of various tissue origins were shown on cell cultures and tumor models. The
drug has successfully passed preclinical studies as a drug against human breast cancer, including a triple neg-
ative phenotype. The drug was proven to be safe, well tolerated and pharmacologically effective. It is currently
in Phase I clinical trials to study safety, tolerability and pharmacokinetics in patients with relapsed and/or re-
fractory metastatic breast cancer. VV-GMCSF-Lact is the first Russian antitumor oncolytic virus which re-
ceived the permission from the Russian Ministry of Health to conduct clinical trials.

Keywords: virotherapy, vaccinia virus, breast cancer, glioma, preclinical and clinical studies.
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dopMupoBaHne NATUIYYEBOM CUMMETPUM B 3BOJIIOLUUU UIVIOKOXKX OBIJIO OCHOBAHO Ha BO3MOXHOCTHU
CpEIHETO JIEBOTO LieJI0Ma K TEPMUHAJIBHOMY POCTY BIIEPEN BOOJIb MEPEAHE3aIHEN OCU U MOSIBJICHUS Y HETO
BTOPOT'O BEKTOpa pOCTa BAOJIb JICBO-IIPABOi OCH MPHU peIUIMKaluu cpopMupoBaBiierocst aMoynakpa. Oba
BEKTOpa POCTa peain30BaIMCh B IEHTAMEPUIO COBPEMEHHBIX UIVIOKOXMX OJiaroaapst pa3BUTHIO aCUMMET-
PV 1LIEJIOMOB U TTOCIEAYIONIEN TOPCUM, CBI3aHHOI ¢ IIPUKPETUIEHEM JUYMHKY K TPYHTY IIEPETHNM KOH-
11oM Tejia. B aToM mpoliecce, BEpOSITHO, COBMECTHO UCITOJIb30BaIMCh OOIINE ISl OUIaTepUil MOJIEKYJISIP-
HO-T€HETUYECKHE MEXaHU3MBI MepeqHe3aIHEero pocTa U JIEBO-TIPaBOil PEryIsiliii, CBI3aHHbIE C TeHAMU
curHaJabHBIX KackamoB Wnt, BMP, Nodal u renoB Hox-cucremsl. B mporecce perumkaimmy KaHalIOB, OT-
XOISIIMX OT aMOyJIaKpajbHOIO KOJIbLia, (GOPMUPOBABILASICS aMOyIaKpallbHAasl CUCTeMAa SIBUJIaCh OpraHK13a-
TOPOM CUMMETPHUHU CKeJIeTa, HEPBHOM M MBILLIEUHOM CUCTEeMBbI. Perinkalius y MHOTMX UCKOMAaeMbIX UTJI0-
KOXHX 3aKOHYMJIACb Ha TPEX KaHajlaX, OTXOMASIIUX HEMOCPEACTBEHHO OT aMOyJIaKpaJdbHOTO KOJIblia.
Y MOpPCKMX TN, MOPCKUX €3Keil, MOPCKUX 3BE31I, 0(pryp U TOJIOTYPHI ITPOSIBUIICS BTOPOIi aTan hopMu-
poBaHusI 60Jiee COBEPILIEHHOM MSITUITYYeBOM CUMMETPUU aMOYIaKpaJIbHOTO KOJIbILIA C MSAThIO OTXOISIIUMU
OT HETO pagvaibHBIMU KaHAJlaMU1, CBI3aHHbBIN CO CMEIlLIEHMEM B OHTOTeHe3¢ TOUKM BETBJICHUS Ha paHHUE
CTaIuU Pa3sBUTUSI TUIPOLICIIS.

Karouesvie cro6a: UTTIOKOXKE, OCEBast CHMMETPUSI, TICHTaAMEePUsT, TPUMEPHsI, BEKTOp POCTa, aMOyJTaKpab-
Hasl CUCTeMa, BOJIIOLIMS, COMTIOThI, CTUIO(OPHI, LIMHKTHI.

DOI: 10.31857/S0869587323090116, EDN: TYVZLS

ITo cBoeit MOpdOTOrNY UTITOKOXNE — OJHA U3 Ca-
MBIX HEOOBIUHBIX IPYIIN OMjIaTepuii 0ytaromaps msiTy-
JIy4eBOil CUMMETPUHU, OTCYTCTBUIO TOJIOBBI U XBOCTA.
Eciu X 3TOMY TIpUCOBOKYNUTH YHUKAJIBHBIE BOTHO-
COCYOUCTYIO (amMOyIaKpaJabHYIO0) CHCTEMY, IIOpPHU-
CTBIII CTEPEOMHBII CKeJIeT U3 “MOHOKPUCTAJINUYe-

POXHOB Cepreii Bmranumupo-
BUY — akageMuk PAH, 3aBenyro-
11 TaGOpaTOpHE BBICIINX Oec-
no3BoHoYHbIX [TH nm. A.A. bo-
pucsika PAH.

CcKMx” TabJIMYEeK M MOJIHYIO MEePECTPOMKY B OHTOIe-
He3e OwuaTepalbHOM JMYUHKU B TMEHTaMEpHOE
B3pOCJIO€ XMBOTHOE, TO CTAHOBSITCS IOHSITHHIMU
SMOLIMOHAJIbHBIE BBICKA3bIBAaHUSI O 3aragoyHoOCTHU
WUTJIOKOKMX, KOTOPBIMU HAYWMHAIOTCSI MHOTHUE CTAThU
1 PYKOBOACTBA IO MX MOpQOJOoruu, (PUJIOTeHUN U
npoucxoxaeHuro [1].

WckomaeMble UTJIOKOXHME TIPUIAIOT €IIE OOIbIIIe
3araJO9YHOCT TIPOUCXOXICHUI0 UM CTaHOBJICHUIO
3TOTO THUITA BTOPUYHOPOTHIX SKUBOTHBIX U3-3a MOSIB-
JIEHUS B ITAJICOHTOJIOTUYECKOM JIeTOMNCU I'PpYIIIl C HE-
CKOJIBKO MHBIM TUIIOM MEHTaMepuu U BooOlle Oe3
paguaibHOM cuMMeTpur. Ho OHU e MOMOraroT I10-
HSITh U CBSI3aTh BOSAMHO CPaBHUTEILHO-aHATOMMYE -
CKHUe, SMOpHONIOTUYECKUE U MOJICKYISIPHO-TEHETH -
yecKre MaHHBIE IJIs PEKOHCTPYKIUM CTaHOBJICHUS
IJIaHA CTPOEHUSI COBPEMEHHBIX UTJIOKOXMX, ITPEKIEe
BCEro BO3HMKHOBEHUSI TIEHTAMEPUM UM SBOIIOLUU
0CEBOI CUMMETPUM.
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OCOBEHHOCTHU CUMMETPUU
COBPEMEHHDBIX NUTJIOKOXHNX

V B3pOCJIBbIX UTJIOKOXUX XOPOIIO BhIpaXKeHbI He-
CKOJILKO THUIIOB CHUMMETPUM: paauajbHasi BOKPYT
abopaJIbHO-OPAJIbHOM OCH, MeTaMepHasi, IIPOTSITH-
BaloILasICs BIOJIb ITPOKCUMAJIbHO-IUCTAJbHOI OCH B
KaXX[IOM JIy4e, U IISITh IJIOCKOCTel CUMMETPUHN, KaXK-
J1ast 13 KOTOPBIX IIPOXOOUT Yepe3 paguyc 1 IIPOTUBO-
MOJIOXKHBIN MHTeppaauyc (puc. 1). Ocobo BbIaeIsAeT-
Csl TUIOCKOCTB, IIPOXOMsIasi yepe3 MHTePpaguyc C
TUIPOIIOPOM MJIM MaIpeIiopuToM. B 3Toii xXe mioc-
KOCTH Y MOPCKUX JIMJINIT HAXOOUTCSI aHyC, HO Y MOp-
CKUX eXeil MaapeIlopyuToBast U aHajlbHasl INIOCKOCTU
He coBnamaioT [1—4]. I'omoorus mrockocTeil cum-
METPUU UM aMOyJaKpoB Yy “3JIEBTEPO30HHBIX” U
“IIeJIbMaTO30MHBIX” MIVIOKOXMX — HEIIpOoCTasl 3a1a-
qya. [ToaToMy 111 3THX ABYX TPy OO0 CHX IIOP IpHU-
MEHSIIOTCSI pa3HbIe CUCTEMbI 0003HAYSHUS PaIUyCOB.
JIMYMHKKM UTIOKOXUX SIBJISIIOTCSI OMJIaTe pailbHBIMU,
TOUHee, OmIaTepaaIbHO-aCUMMETPUIHBIMU, C XOPO-
1110 BEIPAXKEHHOM TepeaHe3aaHeit OChlo, BIOJIb KOTO-
poii pacronararoTcs TpU Maphl 1IEJIOMOB, MAPKUPYIO-
muye TpéxpasmenbHyio MeTamepuo. bunarepanbHoe
3aJI0KeHHE B OHTOTeHe3¢e TPEX nap 1eJJOMOB ObICTPO
MEPEXOOUT B X ACUMMETPUYHOE Pa3BUTHE, KOTOPOE
MOMYEPKMBACTCS PACIIOJIOXKEHUEM CJIeBa OT JIWIM-
HOYHOM TNIOCKOCTY €AUHCTBEHHOU TMAPOIIOPHI, CBSI-
3bIBAIOILE CPENHUI JIEBBIM LIEJIOM, TUAPOLIEIIb, Ye-
pe3 JIEBBIN MepeIHUN eJIOM ¢ BHELTHEN cpenoii [5].
Ilepexon ot GunarepajibHOM aCUMMETPUU JIMUMHKU
K paguajabHOil CUMMETPUU B3POCJIOTO XUBOTHOTO, a
TaKKe€ COOTHOIICHUE MepeaHe3aaHel OCH JTMIMHKNA
WU JIMYMHOYHOM IJIOCKOCTM CUMMETPUM C OCIMHU U
IUIOCKOCTSIMUA B3POCJIOTO KMBOTHOTO — aKTyaJbHast
npobiaema 6monornu passutng [4]. [Tomoo6Has mpo-
OJiemMa TapasiiesIbHO CYIIECTBYET U B MaJICOHTOJIOT M-
YEeCKMX MCCICHOBAHMUSIX DBOMIOUMU U (QUIOTCHUU
BBIMEPIINX UTJIOKOXUX [2—4], pasHOOOpa3ne KOTo-
pbIX OXBaThIBaeT HE MeHee ITSITHAIlaTH KJIacCoB,
MpUYEM YEThIpe M3 HUX UCXOOHO He 00JIamanu pagu-
aJIbHOW CUMMETpUENA.

IIsaTuiayyeBasi cHMMeTpUsi aMOYJIaKPAJIBHOTO KOJb-
112 ¥ €ro OPraHu3yINasi poJib B pa3BUTHH HEPBHOM CH-
CcTeMbI M CKeJieTa B OHToreHe3e. [IpencraBurenun Kax-
JIOTO W3 TISITU KJIACCOB COBPEMEHHBIX WTIIOKOXUX
(MOpCKHUe exXHu, MOPCKUE 3BE3NbI, O(PpUypHI, TOJOTY-
pUU U MOPCKME JIMJIUM) UMEIOT XOPOIIO Pa3BUTYIO
MSATWIYYEBYIO CHMMETPUIO, KOTOPasi OXBATHIBAET aM-
OyJaKkpajabHYyl0, HEPBHYIO, MUILECOOPHYIO CUCTEMBbI
U ckeyneT. B OHTOreHe3e WIVIOKOXUX MATUIIydYeBast
CUMMETpHUS CHaYasa TOSIBIISIETCS TIPYA Pa3BUTUUN aM-
OyJaKkpaJbHOTO KOJblia W3 TUAPOLIENsl, KOTOPBIi
paspacraeTcsd BOKpPYI IMINEBOAA M 3aMbIKaeTCad B
konbIto. [lepen 3aMbIKaHWUEM Ha KOJIbIE BOZHUKAIOT
MSITh 3a4aTKOB aMOyJIaKpabHbIX paauaibHbIX KaHa-
JIOB, Ha KOTOPBIX B MPOLIECCE TEPMUHATIBHOTO POCTa
dopMUpyIOTCS CIipaBa M cjeBa aMOyJlaKpabHBIC
IIynajablia Win HOXKH [1, 5].
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Mopdonornyeckue, SMOPHUOIOTMYECKIE U MOJIE-
KYJISIPHO-TE€HETUYECKME NaHHbIE YKa3bIBalOT Ha Op-
FaHU3YOIIYI0O W WHAYLUUPYIOILIYIO poOJib amOyja-
KpaJbHOIl CUCTEMEBI B Pa3BUTUM IISATUIYIECBOM CHUM-
METPUU OCTAJbHBIX cUCTeM opraHoB [2—5]. Ckerrer,
HEpBHAsl U MBbIIIEYHas] CUCTEMBbI TTOBTOPSIOT CUM-
METPUIO aMOYJIaKpajJlbHOM CUCTEMBI, MSTWIyYeBast
CUMMETpUsI KOTOPOM B OHTOI€HE3€ IIOSIBJISIETCS
paHbllle oCTaJIbHbIX. Mopdoiorust ckejaera MHOTUX
HMICKOTIAaEMbIX MTJIOKOXMX TOXE YKa3bIBaeT Ha Opra-
HU3YyIoIllee AeicTBUEe aMOynaKpajlbHOI CHUCTEMBI Ha
pacnoyioXXeHue MPUIETAIoIMX K Hell TabJIn4eK cKe-
JIeTa 1 Yepe3 HUX Ha OoJiee ynaja€HHBIC pEeTUOHEI CKe-
neta [2, 3]. Ha npumMepe ronotypum Apostichopus ja-
ponicus TOKa3aHO, 4YTO MATUIydeBass CUMMETPUS
CHayajla BO3HMKAeT Ha aMOyJlaKpaJbHOM KOJBIIE, a
9KCIPECCUs MBIIIICUHBIX 1 HEBPAIbLHBIX MapKepPHBIX
I'€HOB CBUIACTCIIBCTBYET O ITPAMOM YHaCTUU THAPOLIC-
JISI B pa3BUTUU B3POCIILIX MBI 1 HEPBHBIX TsKEM
[6]. CnenaHHBIe Ha TOJIOTYPUU BBIBOABI 00 OpraHu3y-
IOllIE poyid JiomacTeil pa3BUBalOIIerocss amoOyJsa-
KpaJbHOTO KOJIbIIa B Pa3BUTUM IIEHTaAMEPUU OCTaJIb-
HBIX OPTaHOB BIIOJIHE MOXHO PacHpOCTPaHUTh Ha
NPYTUX UTJIOKOXKUX.

PazBuTne mpaBbIX TIepeIHEro U CpPemHero 1eo-
MOB 3aTyxaeT YK€ Ha paHHUX CTagusIX OHTOTeHEe3a.
B sToM mpogBnsieTcst 6unarepanbHas ACUMMETPUS B
pa3BUTHH UTIIOKOXUX [1, 5]. Mcxonnas mepenHe3an-
HsISI OCbh JUYMHKM nepedopMaTUpPYyeTCsi B OpajlbHO-
abopallbHYI0 OCh B3POCIIOTO ITITUIYYEBOTO XUBOT-
HoOTO [4] ¥ MEHSIET CBOE HAITpaBJICHUE Ha IIPOTUBOITO-
JIOXKHOE OJ1aromgapsi TOpCMOHHOMY TIpolieccy, IMpoXo-
ISIIeMy OTHOBPEMEHHO C MepeCTPOMKOIl 1IeJIOMOB.

IIponecc Topcuu (371eBanMu) ¥ UHBEPCHUS NepeaHe-
3agneid ocu. IIpoliiecc n3amMeHeHMsT HaMIpaBICHMSI T1e-
penHe3agHell OCH UIJIOKOXUX, TOPCUM, HauboJjiee
IOJTHO IIPENCTaBJICH B OHTOI€HE3¢ MOPCKUX JIMJIUA,
TOTHA KaK y OCTAIbHBIX KJIACCOB COBPEMEHHBIX UIJIO-
KOXWX OH CUJIBHO CIIPSIMIIEH [5]. ¥ MOpCKUX Uit
MHBEpCUs MepeaHe3agHeil OCM HAuMHAETCsS IIOCTIe
MpPUKpPEIUICHUs K CyOCTpaTy JIMYMHKHY IIepeaHei Ja-
CTbIO €€ BEHTpPaJbHOII CTOPOHBI, KOIla 3a4aToK pTa
BMECTE C MEPEAHUMU U CPEIHUMU LIEJIOMaMU Tepe-
MEIAaeTcsT Ha IIPOTUBOIIOJIOXHBINA, 3adHUII KOHEI]
NpUKperiEHHON auauHKHU. EE€ Teimo ma3rubaercsa m
MNPUHMMAET BEpPTUKAJIbHOE IIOJOXEHHE, U 3amHUI
KOHEII IMIMHKNA CTAHOBUTC eIlI¢ 1 BepxHuM [1—5, 7].
V B3pOCIbIX MOPCKUX JIMINI, KaK U Y MCKOITAa€MBbIX
0J1aCTO30MHEBIX U APYTUX UTJIOKOXUX, HAJTMYNUE ITUX
IIPOILIECCOB B OHTOT€HE3€¢ MOXET OBITh BEIPAXKEHO HE
TOJILKO PacITOJIOXKEHUEM pTa U aHyca Ha OMHOM KOH-
e TeJla, HO ¥ 3aKOHOMEPHBIM U3TMOOM TeJjia IIpH T'e-
TEPOXPOHUSIX — 3alepxKKe WM Mepepa3sBUTUU ITUX
npoiieccoB B oHToreHese [8—10]. Takoit u3ru6 sipko
BBIpaXXEH Y HECKOJIBKUX CEMEMCTB MOPCKUX JIMJIUA,
MCKOIIAaEMbIX NapakKpUHOUAEH M DOKpHMHOUIEH, a
TaK>Ke B Ka4eCTBE OTIEILHBIX adbeppaliuii pa3Hoif ya-
CTOTHI BCTpEYaeTCsl Y MHOTUX BUIOB IPYTUX CTEOCITb-
yaThix Uriokoxux [8—10]. Tak Kak mpoiiecc Topcuu
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Puc. 1. Cxema cuMMeTpUM MOPCKOI 3BE€3/IbI, MOPCKOTO €3XKa U MOPCKoii . Bum cBepxy

Panuycel mokaszaHbl cepbIM, TUIPOIIOpa/MaapPEIIOPUT IMoKa3aHa TOYKaMHM, aHyC 3a4epHEH. Y MOPCKUX 3BE3I 1 MOPCKMX €XKeil
paauychl 0003Ha4YeHbI JaTUHCKUMU Ludpamu 1-V, a uHTeppanuycel apadbckumMu 1udpamMu 1—5; y MOPCKUX JIMIUI paanuycChl
0003HaYeHBI IIPOIMCHBIMU JJaTUHCKUMH OykBamMu A, D, C, D, E. UAaTeppannychl 0003HAYaIOTCST IByMsI OYyKBaMM COCETHUX

pannycoB

MIPOXOAUT B IMYMHOYHOM IJIOCKOCTH, TO CBI3aHHOE
C HUM UCKPUBIIEHUE Tejla B3POCIOTO XKMBOTHOTO
IO3BOJISIET CBSI3aTh IMUMHOYHYIO IJIOCKOCTD C OTHOM
U3 TISTHU TVIOCKOCTEN CUMMETPUU HSTUITYIEBOTO UT-
Jokoxero [9, 11].

Hapymenns naTuiay4eBoil CHMMETPUH U NSATh MJI0C-
KOCTE€d CHMMETPHH. Y IISITWIYIEBOIO MIJIOKOXKETO
€CTb ISITh IUIOCKOCTE CUMMETPUU, CPEIU KOTOPBIX
XOpOIIIO BBIACIISIETCS MaaperopuTOBasl TUIOCKOCTb,
MIPOXOISIAs Yepe3 MHTeppaanyc C TUIPOIIOpOii/Majl-
peroputoM (cMm. puc. 1). M3yyeHne abeppaHTHBIX
¢oOpM U TaKCOHOB CTE€OETbYATHIX UTJIOKOXUX C UC-
KPUBJICHUEM TeKHU, OOYCIIOBJICHHBIM HEJIOPa3BUTHUEM
WIN TIepepa3BUTUEM TOPCUU, TTO3BOJIMJIO MMOKa3aTh,
YTO TIOCKOCTh UCKPUBJIEHUS TeJia y BCEX MPeICTaBU-
TeJeii Bcerma oqHa U Ta Xe 1 IIPOXOIUT Yepe3 paau-
yc E u unteppaaunyc BC [8§—10]. Takoe moCcTOSTHCTBO
CBUETEBCTBYET O €€ COOTBETCTBUM JMYWMHOYHOM
IUIOCKOCTH cuMMeTpuu. Il1ockocTh cuMMeTpuu, B
KOTOPOi1 HaxonuTcs ruaponopa/ Manpenoput (A—CD),
SIBJISIETCST OMKaMIeid CoceTHEN U TEM CaMbIM XOPO-
III0 COOTBETCTBYET PACIIOI0KEHHIO TUAPOIOPHI C JIe-
BOM CTOPOHBI OT IJIOCKOCTU CUMMETPUU JTUIMHKMU.
DTO CBUIETEIBCTBYET U O BTOPUYHOM MEPEMEIICHUU
aHyca B €IHYIO IJIOCKOCTD C TUAPOIIOPOIA, YTO MO~
TBEPXKOAAETCS COBPEMEHHBIMU 3MOPHOIOTMIECKUMU
JTAHHBIMU ITO MOPCKUM JwiusMm [12, 13], u mo3BosisieT
OOBSICHUTH pacrojioXeHue anyca B paguyce C y He-
KOTOPBIX TPy 0JIaCTO30MHBIX UITIOKOXMUX KaK He-
OKOHUEHHOE TMepeMellleHhe aHyca I10 YacOBOM
CTpeJIKe U3 NepBOHAYAIbHOTO PACIIONIOXEHUS B JIH-
YMHOYHOM IJIOCKOCTH B CTOPOHY MHTEppaguyca C
ruaporiopoii [9, 14]. ¥ Mopckux exeil aHyc U TUAPO-
nopa He COeAVHIINCh B €0MHYIO IJIOCKOCTH [5].

CoOTHOIIeHUE MJIOCKOCTE CUMMETPUU B3POCIO-
TO MSTUIYYEeBOTO UTJIOKOXETO C JUYMHOYHOU MiIoc-
KOCTBIO, BBISIBICHHOE MO IIJIOCKOCTH TOPCHOHHOTO
Mpolecca, MOXET CIYXXUTb PEIEPOM IJIsl TOMOJIOT -
3alMy aMOyJIaKPOB y Pa3HBIX KJIACCOB 0J1aCTO30MHBIX
WUTJIOKOXUX 1 MopcKux imuii [11]. Ho romomornsu-
poBaTh aMOyJIakKphl CTeOETbUYATHIX UTJIOKOXNX C aM-
OyJIakpaM# 3JIEBTE€PO30IHBIX UIVIOKOXMX II0 3TOMY
perepy HeIloCpPeACTBEHHBIM 00pa3oM TpyaHo. CBsI-
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3YIOIIMM 3BEHOM MOXKET OBITh IIPOSIBJICHUE 3aKOHA
JloBeHa B pacripeneIeHUN TIEPBBIX TAOJIMYEK B CKEJIe-
Te aMOyJIaKpOB MOPCKHUX €Xeil U pacIIMPEeHHOTO s
snpuobacTouaeit, yactu opuyp, TOJTOTYPUIL 1 MHO-
X 0J1aCTO30MHBIX UTJIOKOXKMX B MOSBJIEHUUN APYTUX
cTpykTyp [15].

TpéxnyueBasa cummeTpusi U 3aKoH JloBena. 3akoH
JloBeHa oTpaxaeT BaxkHOe (pyHIaMEHTAJIbHOE Hapy-
IeHWE TMSTIWIYYeBOl CHUMMETPUM, BBIpAXXEHHOE B
cKeJieTe, — BBICBEUMBaHUE TPEXITYUEBOI CUMMETPUM.
Y MOpCKUX €Xeil OHA BBISIBIISIETCS B Pa3HOM pacIlio-
JIOXXEHUM M pa3Mepax NepBbIX, 0a3MKOPOHAILHBIX,
TabJiMuek B aMOylakpaJbHBIX psimax ckenera [15].
DTOT 3aKOH IIPOSBIISIETCS Y 0opUyp U TOJIIOTYpUii, a
TaK:Ke Y psiga MCKOITaeMbIX (pOpM, YTO CBSI3aHO C OCO-
OEHHOCTSIMU BETBJICHUSI aMOYJIaKpOB IPU TIepexoe
OT TpEXTYy4YeBOl CHUMMETPUM K HATWiIydeBoit [15].
TpéxmyueBast cUMMeTpUsI IIPOSIBIISIETCS B pa3Mepax 1
pPaCMoNIOXKEHUN OPAJIbHBIX TAOJNYEK Y MOPCKUX JI-
JIMii B BUAE TpUAambl OOJIBIINX TaOJIMYEK HA paHHUX
CTagusIX pPa3BUTHUS CKeJleTa U AUaabl MaJIeHbKHUX, 00-
Jiee KOPOTKUX Tabysmuek [9]. DTu nposiBieHUs TpEX-
JIy4eBOI CUMMETPUU B CTPOCHUM CKeJIeTa OTpaKaloT
MIPEOKOBYIO TPEXIYYEBYI0O CHUMMETPHIO aMOyja-
KpaJIbHOTO KOJIblla, XapaKTepHYIO UISI MHOTMX Ma-
JICO30MCKUX UTTIOKOXUX W BBIPAXKCHHYIO B CKeJIeTe
OTXOISIIINX OT PTa TOJIBKO TPEX aMOyIakpoB (puc. 2),
JIBa U3 KOTOPBIX BETBSITCSI HA HEOOJBIIIOM PaCCTOSI-
HUU OTO pTa (IISATUIIydeBasi CUMMETPUSI IO TUILY 2—
1-2) [2, 3, 9, 16]. DTy OpoSBICHUST TPUMEPUU MBI
paccMOTpUM TIO3Ke, a TToKa yKaXkeM, UTO OHa OTpa-
KeHa W B MOJICKYJISIPHO-TEHETUYECKNX MeXaHU3MaxX
dopmMmupoBaHus neHramepuu [17—19].

MOJIEKVIIAPHO-TEHETHUYECKAA OCHOBA

®OPMUPOBAHMUS NMEPEJHE3AIHEN ocHn

JIMYNHKH, OPAJIbBHO-ABOPAJIBHON

N IMTPOKCUMAJIBHO-ANCTAJIBHBIX OCEN
B3POCIJIbIX UTJTIOKOXMNX

Pa3zMeTka oceBoro mjaaHa CTpOeHUS y SMOPHOHOB
HUTJIOKOXMX, KaK 1 BceX Metazoa, OCyIIeCTBIISICTCS B
BUIE CUCTEMBI IMTO3ULMOHHON MHMopMaunu, ¢op-
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Puc. 2. TpuMepust B OTXOXIECHUU aMOYyJIaKpOB OT pTa y
MUTUTOTIOPUTHOM 1tuctouneu Protocrinites fragum. Opno-
BMK, JIeHUHTpanckas 061acTb

ToHkue Y€pHbIE IMHUY ITOKA3bIBaIOT PACIOIOKEHUE pa-
MUAJIBHBIX aMOyJIaKpaJlbHBIX KaHAJIOB, OTXOMSIIUX OT
KOJIBIIEBOTO aMOyJIaKpaJbHOTO KaHajla BOKPYT MUIIEBO-
na, ¥ TMOAXONSIINX K daceTkaM (MOoKa3aHbl CepbIM) IS
MPUKPETUIEeHUsT Opaxuojl. YCIOBHbIE 0003HAUYCHUsI: an —
aHyc, g — ToHoIopa, h — ruzgporiopa, m — poTt, OyKBamu A,
B, C, D, E 0603HayeHbI pagnyChl

MUPYEMOI MOJIEKYJIaM1 CUTHaJIbHBIX ITyTel, (PyHK-
MUOHUPYIOIINMU KaK MOP(OreHbI-OpraHn3aToOpPEL.
OTa Mo3ULMOHHAS MH(MOPMAIUs TPAHCIUPYETCS B
¢dbeHOTUTTNYECKIE OCEeBbIE pA3JINYMS Pa3BUBAOIIETO-
cs opranusma [20, 21]. Curnanusauuss Wnt MTHUILIAM-
PYET BpEMEHHYIO Y IIPOCTPAHCTBEHHYIO DKCIIPECCHIO
reHoB Hox-kiactepa, Kkotopas crieinuInpyeT Io-
3ULIMOHHYI0 MHGOpPMALIMIO BIOJb IlepeaHe3agHen
OCH paHHero »MOpHOHA U B KOOpAMHAIINU C TEHOM
Cdx/caudal xnactepa renoB ParaHox nerepmunupy-
€T BEKTOpUAJbHBIM POCT Pa3BUBAIOIIETOCS XUBOT-
Horo. ['eHbI CUTHAJILHOTO Kackaga Wnt BOBJICUCHEI B
¢opMHrpoOBaHNE TPETEPMUHAIBHOI 30HBI pOCTa C
MMPOTCHUTOPHBIMU  KJIETKAMM, XapaKTepHO# s
oonbpiimHeTBa Bilateria [4, 20, 21]. TTocTtepuopHbIit
pOCT Tejla M IIPUCYTCTBHE SIMHCTBEHHOM OCHU pOCTa
XapakTepHBHI IJIs1 OoJILITMHCTBA Metazoa, HO y TeTpa-
MOAHBIX TTO3BOHOUYHBIX U Y UTJIOKOXKMX TOSIBIISIETCS
HECKOJIbKO oceii pocta [4, 22]. Y 3apogpiia teTpa-
noa, MOMHUMO XBOCTOBOII IMOYKM KaK OCHOBHOTIO
BEKTOpa pocTa, popMUPYIOTCS eII¢ YeThIpe JOTI0J-
HUTEJILHBIX B BUIE OBYX Map JIaTepaIbHBIX IOYEK
KOHEUYHOCTEH. ¥ OOJIBITMHCTBA B3POCIIBIX COBPEMEH-
HBIX UTJIOKOXKUX BBISIBJISTIOTCSI OpajibHO-abopalibHasl,
MPOTATUBAIOIASICSI OT PTa K IMPOTUBOIMOJOXHOMY
abopaJIbHOMY MOJIIOCY, U IISITh MPOKCHUMO-IUCTaJIb-
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HEBIX OCeli, TPOXOMSIINX BIOJIbL KaXI0I0 Jyda OT €0
Hayajia y pOTOBOIO OTBEPCTHUS K €ro IMCTaIbHOMY,
TepMUHAJIBHOMY KOHILY [23, 24].

Juzopaep B pacnoso:kennn reHoB Hox-kiacrepa
MOPCKHMX €Xell KakK cjencTsue Topcuu. OTKphITHE Y
MOPCKUX exkeit nu3opaepa B Hox-kiracrepe [25] 1 mo-
PSIIOK PACIIOJIOXKEHUS 11EJIOMOB Y COBPEMEHHBIX UT-
JIOKOXUX [26, 27| MO3BOAMIN BBIABUHYTH TMIIOTE3Y
“CTONKM 1IEJIOMOB” IIPOMCXOXIECHUS IISTUIYISBOMN
CUMMETPUU y UTTOKOXHUX. COrllacHO PTOU rumnorese,
nu3opnep B pacrnonoxeHun reHoB Hox-kimacrtepa,
BbIpa>k€HHbBI B TPAHCJIOKAIIMU U UHBEPCUM TIepe/l-
HUX Hox-TeHOoB, MPUBEN K MepecTpOoiike MPEeIKOBOTO
OunaTepajJbHOTO IJIaHa CTPOEHUST B MOCJIEI0BATEb-
HOE PacIoJIOXKeHUE BCeX 1IEJIOMOB APYT 3a IPYyroM, B
CTOIKY, M Ha TOU OCHOBE K ()OPMUPOBAHNIO HOBOTO
MeHTapaauaibHOTO TUIaHa cTpoeHus. M3 aToro cie-
JIOBaJIO, YTO TaKOU AM30pJep CYIIEeCTBYeT Y BCEX UT-
JIOKOXUX U SIBJIsIeTCS UX artomopdmeit [27, 28]. Anb-
TEPHATUBOI 3TOMY B3IJISILY CTaJO MPEATOJI0XEHUE,
YTO TpaHCJIOKalusl U MHBepcus nepeaHux Hox-re-
HOB MpOHU30IIUIa M3-32 HEOOXOAMMOCTU CO3[aTh B
Hox-knactepe HOBYIO TTPOCTPAHCTBEHHYIO KOJIMHE-
apHOCTb MPEUMYILIECTBEHHO Y MOPCKUX €Xell ¢ X
CUJIBHO CHPSIMJIEHHBIM OHTOTE€HE30M MOCJE UHBEP-
CHUM LIEJIOMOB B pe3yjibTaTeé TOPCUOHHOIO Ipoliecca
[10]. OTKpBITOE B MaNbHEHIIIEM OTCYTCTBUE TU30PIE-
pa y MOPCKUX JIMJIUI U MOPCKUX 3BE3] MOATBEPANUIIO
3TO TpeanojioxkeHue [23]. Tem He MeHee opajibHO-
abopaIbHYI0O OCh MOXHO paccMaTpuBaTh Kak Tepel-
HE3aJHIOI0 OCbh JUUYUHKW MIJIOKOXUX, UHBEPTUPO-
BaHHYIO TOPCUOHHBIM MPOLIECCOM U MOAUMDUIIUPO-
BaHHYIO B pe3yJbTaTe MOCTPOEHUS BCeX 1IeJIOMOB B
€IMHYIO CTOTKY. DTO MOATBEPXKIAET pacripeesieHue
skcrnpeccun reHoB Hox-kiactepa BHOJb 3TOi OCH.
Jlvmp y ronorypuii HabGIOHAeTCI MPUOOPETEHHOE
BTOPUYHO OoJiee MPSIMOE COOTBETCTBME OpaJIbHO-
abopaJIbHOM MOJSIPHOCTU IMYMHOYHO OCU U TIepe -
He3agHel MoJISIPHOCTU OpyTuX Omnarepuii [24].

Penumkanus nepeaHe3aaHeil 0CH MPeIKOBbIX OMIa-
Tepuii KaK MyTh Pa3BUTHA NMeHTaMepuu. /I pyrast ruiro-
Te3a (GOpMUPOBaHMsI IEHTAMEePUU CBSI3aHa C ToKa3a-
TeJIbCTBAMU TOMOJIOTUU MPOKCUMATbHO-IUCTAJIb-
HOM OCH KaXIOro Jyda WUTJIOKOXUX IIepeaHe3amHeil
OCH TIpEIKOBBIX Omiiatepuii. 30Ha pocTa amMOyJa-
KPaJIbHBIX paiMajbHbIX KaHAJIOB U OKPYXaIOIIUX UX
CTPYKTYp, BKJIIOUAsI CKEJIET, pacIojiaracTcsl Ha UX A1-
CTaJIbHOM KOHIIE, UTO MO3BOJISIET BBISIBUTH B KAXKIOM
JIyye MepenHe3aqHIO OCh, HATPABICHHYIO B TIPOK-
CU-IUCTAILHOM HAaIIpaBJICHUM OTO PTa K KOHIIY aM-
oynakpa. ITomapHoe pacrionoxeHne aMOyJIaKpaib-
HBIX IIynajel/HoXeK BI0Jb paIuaJlbHOTO KaHajla 1
CTPYKTYp CKeJIeTa yKa3bIBaeT Ha CBOCOOpa3HYIO Me-
TaMEepPHOCTb aMOyJIaKpoB. DTU OCOOECHHOCTH CBUIC-
TEeJIbCTBYIOT O COOTBETCTBUM MPOKCU-IUCTATLHOM
ocH JIydel mepemHe3agHeil ocu OuiaTepaabHON -
YMHKU U TeJla MpeaKoBLIX Omiatepuii [4, 20]. Kaptu-
poBaHUe 3Kcnpeccuu Hox-reHoB 1o OCH JTy4Yeil UTJIo-
KOXUX [23] mmoaTrBepxXmaeT TaKOM BBIBOI M ITOKA3bI-
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BacT BO3MOXHOCTHh BO3HMKHOBEHHUs aMOyJIaKpoB
MMyTEM peTUTMKAIIMM aHIEeCTPAJIbHONM OCU Tejla TIo
aHAJIOTUU C TUMOTE30i BO3ZHUKHOBEHMS MOYEK KO-
HEYHOCTEH y IT03BOHOYHEIX [4, 20].

BwmecTte ¢ TeM pazHooOpa3ne GopM KMBOTHEIX OC-
HOBaHO Ha HEOOJNBIIOM YWCJIE CUTHAJIBHBIX ITyTei,
OOIIMX IJIST BCeX OCHOBHBIX TUITOB Metazoa [21, 24].
ITosTOMYy peruiMkanus aHeCcTpaJIbHOM OCH TeJila MO-
XKET IPECTaBISITh CO00I MOCIeI0BaTEIbHYIO KOOII-
TalUIO JIEMEHTOB MOJIEKYJISIPHO-TEHETUUYECKOM Ma-
IHEepUKr (POPMUPOBAHMS aHLIECTPAIbHOM OCHU TeJia
B TIOCTENIEHHOE Pa3BUTHE ITAPHBIX BEIPOCTOB Tela Y
IMO3BOHOYHBIX U B pa3BUTHE aMOYJIaKpPOB Y UTJIOKO-
XKUX. Y UTJIOKOXMX perjIMKalus OCHOBHOM OcH Tejia
COITPOBOXIAJIACh pa3pacTaHUEM JIEBOTO TUAPOIIES
BOKPYT IMUIIEBO/IA TI0 YaCOBOI CTpeJIKe, B XOAe KOTO-
POro NpOUCXOIUIIO YBEIUYESHME Y1 Clia aMOy1aKpOB U
UX YCIOXHEHUE. DTOT NPOIeCC MOXHO IIPOCICINTh
M0 U3MEHEHUIO MOPGOJIOTUN M CUMMETPUM UCKOTIa-
€MBbIX UTJIOKOXMX.

ITaneoHTOIOrNYECKE CBUAETEIbCTBA PEIIMKAUU
npeKoBO# NMepeaHe3aaneil ocu. Mopdoorusi coBpe-
MEHHBIX M HCKOIAEeMbIX MIJIOKOXMUX TOKa3bIBAET,
YTO Y HUX HET XBOCTOBOTO npuaaTka. Ctebesb UTIoKo-
JKUX, XBOCTOBUIHBIN BHIPOCT COJIIOT U LIMHKT, KOTOPbIE
WHOTIA TOMOJIOTU3UPYIOT C XBOCTOM, BTOPUYHBI, UME-
IOT IPYTYyI0O MOMEb POCTa, BOBHUKIIYIO TTOCTIE TOPCH-
OHHOTO poliecca [9]. MolHbIi nuiecOopHbIit OTPO-
CTOK CTWJIO(Op, B HEKOTOPBIX CIy4yasiX BBITIOJHSB-
1t GYHKIIMOHATBHYIO POJIb XBOCTA, pacrojaraics
Ha IiepegHeM KoHIile Teia [4]. Monens ero ¢popMupo-
BaHMS MOXHO TIPEJICTaBUTh KaK 3€pKaJIbHOE OTpaxKe-
HUe MOp(dOJTOrnvYecKoit U, BUAUMO, MOJIEKYJISIPHO-
reHeTUUYeCKON MOoJesi TepeaHe3aHEro pocTa, J1o-
KaJIM3YIOIIerocss B 3adHEil 4acTu Teja TPenKOBBIX
OusnaTtepuii, Ha NepeaAHU KOHell TejJa CTUI0¢op.

YV MHOTUX 0J1aCTO30MHBIX UTJIOKOXUX aMOyIaKpbI
CTEJIWJIVCh IO TIOBEPXHOCTU CKeJieTa Tejla U TeM ca-
MbIM UMEJIHU YIIPOIIIEHHOE CTPOEHUE, KOTOPOE, BEPO-
SITHO, HY>XKIAJIOCh IIJISI CBOETO POCTa B MEHEE CJIOXK-
HOM MOJIEKYJISIPHO-TEHETUUECKOM MeXaHU3Me, YeM,
HaMpuMep, Yy MOPCKUX JIWJIUNA WJIM MOPCKUX 3BE3IL.
Emeé 6onee mpocTto ObLIM YCTPOEHBI aMOyIaKphbl y
LIMHKT — B BUJIE €AMHCTBEHHOTO MUIIIECOOPHOTO XKe-
JlobKa y MPMMUTUBHbBIX MPEACTaBUTENEl, CTETIONIE-
rocsl 1o JIeBOMY Kpalo cKejeTa 6e3 oopa3oBaHUs CIie-
nuajibHOro BeipocTa [11]. ITosiBaeHMe y HUX BTOPOTro
aMOyJakpa Ha TpaBOii CTOPOHE Tejla MOKa3bIBaerT,
YTO MpPOIeCC pEeIUTMKAIUKU JIyde MOT TIPOUCXOIUTh
ell€ 10 (popMUpoBaHUS TTOJHBIX PBOJTIOLMOHHO 3a-
KOHYEHHBIX MOpPGhOreHeTUYeCKOol MOAean U MoJie-
KYJISIPHO-T€HETUYECKOro arnmapara IepenHe3aaHero
pocTa B pa3BUTUU MPEAKOBOTo amMOyakpa.

Takum o6Gpa3zoM, ISt (pOpMHPOBAHUS IIPOCTO
YCTPOEHHBIX aMOYIaKpOB Y IUHKT U, BUTUMO, Y MHO-
TUX TIpeICcTaBUTENCH 0J1aCTO30M CO CTEIIIOIIMMCS 10
MOBEPXHOCTHU CKeJjieTa Tejda MUILECOOPHBIM Xelo0-
KOM MOTJIO OBITh JOCTATOYHO 00JIee IIPOCTOIO MOJIE-
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KYJISIPHO-TE€HETUYECKOIO aIllapara, YeM IIpy pa3BUTUI
JIydeii COBpeMEHHBIX MTJIOKOXMX. Ha Moit B3misim, Ko-
onTanus 3JIEMEHTOB MOJICKY/ISIPHO-TEHETUYECKOTIO all-
rmapara rnepeaHe3agHero pocTa IIPEeaKOBLIX OmIaTepuii
B pa3BUTHE aMOYJIaKPOB U CBSI3aHHBIX C HUMM CTPYK-
Typ MOIJIa IIPOUCXOIUTH MOCTEIIEHHO 1 HEOTHOKpAaT-
HO IIpU JOCTIDKEHUM OIIPEASIEHHOTO YPOBHS B pa3-
BUTUM aMOyJaKpaJbHOM CHUCTEMBI, a UMEHHO IIpuU
COIIPSIKEHUM aMOyJlaKpoB C BbIpOCTaMM Teja, Ha-
npuMep, IIpu (opMUPOBAHUM TIAHA CTPOCHUS MOP-
CKMX 3BE3m, oduyp, KpUHOUIEH, MHOTMX KJIACCOB
CcTeOeJIbYaThIX UTJIOKOXUX B ITIOATUIIE 0JIaCTO3011, CO-
JIIOT ¥ cTUI0(Op WX IIPU BOBJIEYCHUN aMOYJIaKpOB
B IIOCTPOEHME BCETO TeJIa, KaK Y MOPCKMX €XKEIA.

VBenuueHue ynciia aMmOyJIaKpOB U COOTBETCTBYIO-
II1X IPOKCUMAaJIbHO-IUCTAIbHBIX OCEI IO MSATH TO-
>Ke TIpPOM30I1ILJI0 He cpa3y. HerocpencTBeHHbIE MTpe -
KM COBPEMEHHbBIX KJIACCOB MIJIOKOXMX W OOJIBIINH-
CTBO [ApYrux Majeo30MCKUX KJaccoB obyanaiu
TPEXITYYEBEIM CTPOCHNEM aMOYyJIaKpaJIbHOTO KOJIblIa
(cM. puc. 2), WM MOAKOBBI, €CJIU OHO OBLJIO Y HUX
emeé He 3aMKHYTO. OO0 3TOM CBUIETEIBCTBYIOT KaK
paccMOTpeHHBIE BBHIIIE MOP(MOJIOrMYeCcKUe OCOOCH-
HOCTU CTPOCHMUS CKeJIeTa COBPEMEHHbBIX UTJTIOKOXUX,
TaK ¥ BEISIBJICHHASI Y MOPCKOTO exa Peronella japonica
TpuMepusl B 3Kcripecun reHoB Hoxl, Hox5, rome-
obokcHoro reHa Orthodenticle, Hox11-13 [17, 18], a
TaKXe APYTUX MCCIeAOBaHHBLIX TeHoB [19]. Hderanm
nepexona OT TPEXIIYUYeBOM K IMITUIIYUYEBOM CUMMET-
pUH TIOKA3bIBAIOT MHOTHE MAJIC030CKIE UTJIOKOXIE.

COYETAHUE TEEX.]'IY‘-IEBOVI
U IATUITYYEBOU CUMMETPUA
Y ITAJTEO30MCKUX UTJTTOKOXKHNX

JaBHO 3aMe4YeHO, UTO JJIs BIMEPIIMX Majle030i1-
CKUX KJIACCOB MIJIOKOXMX XapaKTepeH WHOI TUII
MEeHTaMEPUU, YeM JJISI COBPEMEHHBIX. ¥ COBpeMEH-
HBIX WIVIOKOXHUX BCE MSATh aMOyJIaKpOB HEIOCpPEeN-
CTBEHHO OTXOHIST OT pTa, a OT aMOyJaKpabHOIO
KOJIbIIA — ITSITh pamgraidbHBIX KaHaioB [1, 5]. ¥ MHO-
TMX TIpeACTaBUTENIE OJACTO30MHBIX WIJIOKOXUX W
3IPUOACTEPOUICH HEIIOCPEACTBEHHO OT PTa OTXOIST
TOJIBKO TpM aMOyjakpa, ABa U3 KOTOPBIX Ha HeOOJIb-
IIIOM PacCTOSTHUU OT pTa BeTBSITCS (CM. puc. 2), oopa-
3ys TaKUM OOpa3oM IISITUIIY4EBYIO CHUMMETPUIO B
JaJbHEHIIeM pacIloJoXeHn aMOylIakpoB [2—4, 9,
16]. IToaTOMY MOXHO YBEPEHHO IPEAIOJOXUTD, YTO
Y ICKOTIAEMbIX UTJIOKOXUX C TPEMSI OTXOASIIIIMMU He -
MOCPEACTBEHHO OT pTa aMOyJdakKpaMH IIpSIMO OT
KOJIBLIEBOTO aMOyJIaKpaJlbHOTO KaHajda OTXOAWJIO
TOJILKO TPpU paguajbHbIX KaHajla. 3HAUYUT, BCE TaKue
Majc030MCKIE UTIOKOXHNE C TMEHTaMEPHBIM CKeJle-
TOM MMEJIU TPEXIYYEBYIO CUMMETPHIO aMOyIaKpaib-
HOTO KOJIblIa B OTJIMYME OT MHSTWIYYEeBOro aMOyja-
KPaJIbHOTO KOJIbLIA TTOSIBUBIINXCS B OPIOBUKE MSTU
COBpPEMEHHBIX KjaccoB. HecMoTpsi Ha 3TO, TOJBKO
TpU OJIM3KUX polla paHHEKEMOPUICKUX UTJIOKOXHUX,
00BemMMHEHHBIX B ceMelicTBO Helicoplacoidea, nme-
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Puc. 3. Cxema mocienoBaTeIbHOro (hOPMHUPOBAHUST aM-
OyJaKpajgbHOI CUCTEMBI C TPEMST OTXOISIIIIUMU OT KOJIb-
LIEBOTO KaHaja paluajibHbIMU KaHajlaMU, JIBa U3 KOTO-
PBIX BETBSITCSI, B 9BOJIIOLIMU OT MpeaKa ¢ ONHUM amOyJia-
KpoM (a) maibHeiflero e€ Tiepexola B OHTOTeHE3e K
MSITUITYYeBOMY CTPOEHUIO (6), YCIOXKHEHHOMY, BEpOSIT-
HO, Y MOPCKHUX JIMJIMI CMEIlleHWeM 3aKJIaaKu aMOysa-
KpaJIbHBIX KaHAJIOB HAa PAHHIOKO CTAIMIO PAa3BUTHUS TUI-
potiens (8)

BbykBamu A, B, C, D, E o6o3HaueHsI panuychl, H — ruma-
poriopa

JI MCXOTHO TPEXITYYEBYIO CUMMETPHIO B PACITOJIOXE -
HUM aMOynakpoB [29].

Takum 00Opa3oM, y MHOTHX ITaJICO30ICKUX UTIIO-
KOXXUX pEIUTMKAIINS MepeaHe3aaHeil OCH 3aCThlIa Ha
cramuu TpEX pamvaabHBIX KaHAJIOB, OTXOISIIUX OT
amMOyakpaiabHOro kxonbna. OOIIMii TeHTaMepHbIA
00JIMK UX CKeJieTa 0OYCIIOBJIEH BETBICHUEM IBYX U3
TpEX TMEPBUYHBIX pagvaIbHBIX KAHAJIOB BCKOpE I10-
cJIe OTXOXIEHUS OT pTa U MHAYLIMPOBAaHUEM BO3ZHUK-
IIeif BCAENCTBHE 3TOr0 MNSATUIYYEBON CUMMETPUU
aMOyJmakpoB B cTpoeHMM ckenera. [loaTomy B pe-
3yJbTaTe PEeIUIMKALIMK Y UTJIOKOXUX CHadajla MOsSIB1-
JIUCh TOJILKO TPU JIy4a, a ABa APYTUX — B pPe3y/IbTaTe
BETBJIEHMS NIBYX U3 HUX (puc. 3a). Tak chopmupoBa-
JIach IepBUYHAsI HECOBEPIIICHHAS IISITUIydeBasi CUM-
METpUsI, KOTOpasi Y BCEX COBPEMEHHBIX KJIAaCCOB
UTJIOKOXUX TIpeobpa3oBajiach B HACTOSIIIYIO MEHTa-
MEpUIO C MSIThIO paauaibHBIMU KaHajdaMM, OTXO-
ISIIIUMUA  HETTOCPEICTBEHHO OT aMOyJIaKpaJbHOIO
KoJblia (puc. 36).

Y Bcex ISITU KIacCoB COBPE€MCHHDLIX NTJIOKOXKMUX,
IIOABUBIIMXCA B OPAOBUKE, MECTO pPa3BCTBJIICHUA
CMECTWJIOCH B OHTOreHe3e Ha boJiee PaHHIOIO CTaANIO
pa3BUTHA, 1 Ha ITOOJKOBE Pa3BUBAarOICTOCA KOJIbLIEC-
BOro KaHalia Cpa3y CTaJlu BOBHUKATb BCC IIATb 3a4ar-
KOB paauaJIbHbIX KaHaJIOB. MexaH13M BKJIIOUYEHUS
MECTa pa3BETBIICHUA HCIIOCPCACTBEHHO B aM6y.]'Ia-
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KpaJbHOE KOJbIO Hem3BecTeH. Ho 1o ocobGeHHO-
CTSIM ITOSIBJIEHUS U pa3BUTHS KaXKIOTO 3a4aTKa B OH-
TOT€HE3€ COBPEMEHHBIX MOPCKMX JIWJIVI B BUIIE CHA-
yaja TpEX, a ITOTOM el¢ OBYX NIyNaJblIEBUIHBIX
BBIPOCTOB, M3 CPEIHEro M3 KOTOPHIX pa3BUBAETCS
panuanbHbIA KaHaJI, MOKHO TIPEITTOJIOXKUTD CJICAYIO-
IIYIO MOCJIeIOBATEIbHOCTh 3BOJIOLMOHHOTO Pa3BU-
THsI aMOyJ1aKpaJIbHOTO Kojblia (puc. 36) [4, 9]: cHa-
yajia pa3dBUTHE TPEX KaHAJIOB CMECTUJIOCH B OHTOTE-
He3e Ha paHHIOI CTaauio (pOpMUpOBaHMS KOJIbIIA, a
3aTeM Ha 3Ty CTaAuI0 CMECTUJIOCHh BETBJICHUE aMOy-
JIaKpOB; B pe3yJIbTaTe B OHTOT€HE3€ MOTIJIa MOSIBUTHCS
TUITOTeTUYECKAasl CTaausl pa3BUTHS TUIPOLIEIS B BUIE
MEIIIKa C IISIThIO 3a4aTKaMM IIyTaiel], KOTOPHIi 10~
TOM MOJUMEPU30BAJICS, PETIIUIIMPOBABIINCH YEThIPE
pa3a BOKpYT IIMIIEBOAA, U IPEeBpaTWICSI B 3aMKHYTOE
KOJIBIIO; B KaXKIOM 3a4aTKe CPEIHMI BEIPOCT Pa3BUII-
Csl B paduaIbHBIM KaHal, a chOpMUPOBaBIINECS PsI-
JIOM C HUM peayluupoBaauch. IlaeoHTONOrn4ecCKuM
JI0Ka3aTeIbCTBOM B IOJIb3y TAaKOro (POpMUPOBAHUSI
aMOyJIaKpaJdbHOU CUCTEMBI Y MOPCKUX MU MOXET
CIIyXXWUTh CyIIeCTBOBAaHUE B I1aJI€030€ MOPCKMX JIH-
JIMii ¢ MHOTOYMCJICHHBIMU JIydaMH (pyKaMu), OTXO-
JISIIUMU HETTOCPEACTBEHHO OT KaXXIOH MU TOJBKO
HECKOJIbKMX paaualibHbIX TadIm4yeK. Bunumo, BIpo-
CTBI, OKpPYKaIOIINe B KaXKIOM paanyce 3a4aTOK aM-
OyJIaKpaJIbHOTO pPaInaJIbHOTO KaHaia OOBIYHBIX MOP-
CKUX JIWINIi, B 3TOM cllydae He peIyLMpOBajIlCh, a
Pa3BUWJINCH B AOIOJTHUTEIbLHBIC JTydn [9].

HNITTOKOXHUE, UCXOJHO HE UMEBIIINE
ITEHTAMEPHUHN

B paHHeM maneo3oe BCTpevyaroTcsl pa3HOOOpas-
HBIE€ UTJIOKOXME, ICXOOHO HE MMEBIIINE PaauaIbHOMK
cumMeTpuu (puc. 4): OuraTepaabHO-aCUMMETPUY-
HbIC€ COJIIOThI, HMHKTHI, CTI/IHO(I)Opr M I104YTU 61/IﬂaTC-
pajabHO CUMMETPUYHBIE KTEHOIMCTUAEI C OJIM3KUMU
K HUM 110 MOP(OJIOTHHM KTeHOMMOprKaTtaMu. MIx oobe-
JUHSUTA B OCOOBIIi TaKCOH KapIO30MHBIX HITIOKOXHUX
WIM B OTAENBbHEINM noaTun Homalozoa, koTopele MH-
TePIPETUPOBAIMCh KaK Oa3ajibHbIE IIpepaavaibHbIe
HTJIOKOXKME, KaK ITPOU3BOJIHBIC OT IICHTAaMEPHbIX UTJIO-
KOXUX, KaK CTBOJIOBasI IpyIIa ITOJIyXOPAOBBIX M KaK
OazaibHas TpyIlIa XOpIoBBIX. JleTarpHOE paccMoT-
peHUe KOHCTPYKTUBHO MOpPGOJOruM UX CKeJieTa U
aHaJIM3 OCEeBOIl CMMMETPUM Tejla II0KAa3bIBAET, UTO
3TOT MOATHUIT — COOPHBIN M KaXKIBIA M3 COCTaBISIO-
IIUX €r0 YEThIPEX HEOOIBIINX KJIaCCOB 000COOMICS
Ha pa3HbIX CTamusSIX paHHE!l 3BOJIOLIMU OT Oeccke-
JIETHBIX TIPEIKOBBIX OMIATePUil K COBPEMEHHBIM IISI-
TUJIYYEBBIM UTJTOKOXKHM. 9TI/I T'PYIIIBI XOTA N HE 6]31-
JI1 HEIIOCPEICTBEHHBLIMU IIpeIKaMU II€HTaMepHBIX
WUTJIOKOXUX, HO AETAIN UX CTPOSHUS, TI0-BUIMOMY,
OTpaxkarT 0COOEHHOCTH MOP(OJIOTrNYECKOM IBOJIO-
LM TAMHCTBEHHBIX IIEPBHIX OMIAaTepPUii.

Jlas moHMMaHUS TUIaHA CTPOCHUST KaXXIoro u3
3TUX YETHIPEX KJIACCOB HEOOXOAUMO ObLIO BBISIBUTH
BO3MOXHOCTbD CYIIIECTBOBAHUY B OHTOTEHE3E KITI0YE-
Ne 9
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Puc. 4. Cxema oceBOit CUMMETPUM UIJIOKOXUX (LIMHKTHI, COJTIOTHI, CTUI0GMOPHI U KTEHOLIMCTUIBI), UCXOIHO HE UMEBIINX pa-

NUaJIbHOM CUMMECTPpUU

VcnoBHbBIe 0003HaUYEHUSI: 2 — aMOyJIakp, an — aHyc, au — ayJakodop, cta — KTEHOUIHBIN amnmapar, cth — KoTypHOIIOpbI, g —
roHomnopa, h — ruapornopa/Maapernopur, m — poT; CTPEJIKAMU IMOKa3aHbl HAMpaBJIEHUsI Oceii ¢ 0603HaYeHneM: A — TiepenHee
HanpasieHue, P — 3agHee HanpaBieHue, O — opajibHbIM KOHell, AB — aGopalibHbBII KOHEIL; y COJTIOT IepeKpPeCTUe MOKa3bIBAET
COOTHOIIIEHWE CTOPOH B3POCJIOrO XKUBOTHOTO M TMITOTeTHUECKOM TMYMHKU (Al u Pl — nepeaHuil u 3aaHuil KOHell JIMYMHKU,
V1 u DI — BeHTpaibHasI U fopcabHasi CTOPOHA JIMYMHKI), Y CTUIIO(hOP MepeKpecTre IMoKa3biBaeT COBMNaIeHUE MepeaHe3aaHei
ocu (A—P) u neBo-npaBoii ocu (L—R) B3pocioro XMBOTHOTO U TMITOTETUYECKON TMUMHKM; y cTuodopbl Phyllocystis mokasa-
Ha BO3HMKIIIAsI TUIpOAMHaAMU4YecKasl repeaHe-3aaHsist och (GA-GP), mpoTUBOIIONIOXHAS 10 HANIPABJICHUIO aHATOMUYECKO

BBIX ITPOL€ECCOB, U3BECTHbLIX B MHAMBHUAYAJIbHOM pa3-
BUTUN COBPEMEHHBIX UTJIOKOXUX. ACUMMETPUYHOE
pa3BUTHE LIETOMOB, TOPCUOHHBIN TMPOIIECC MepeMe-
IIEHUS pTa C MIEpEeIHEero KOHIA JUUUHKYU Ha 3aTHUA
KOHEIl B3pOCJIOr0 OpraHu3Ma W CBSI3aHHAasl C 3TUM
WHBepCcUs TiepelHe3aIHell ocr, a TakXe TOsIBJIeHUE
HOBBIX OCeif pocTa — T€ KITI0UEBbIE TIPOILIECCHI, O TIPU-
CYTCTBUU KOTOPBIX MOXHO CYAUTH MO MOpP(dOI0oruun
B3POCJIbIX X)KUBOTHBIX U IO KOTOPBIM MOXHO OLIEHUTD
9BOJIIOLIMOHHBIN YpOBEHb Pa3BUTUSI OTUX TPYIIII.
KoHCTpyKTHBHBIE OCOOEHHOCTH WX MUIIECOOPHOTO
anrapara BbISIBJISIIOT OTPaHUYE€HUST B BO3MOXHOCTSIX
UX BOJTIOLIUU.

CoioTbl UMEIU TOPCHUIO, HO KOHCTPYKTUBHO Y
HMX He MOIJIO OBITh BTOpOro amoOyjiakpa. ¥ 0o0Jib-
IIMHCTBA COJIIOT ITVIOCKOE TEJIO, TIOKPBITOE CKEJIETOM
U3 TUMUYHBIX JJI UTJOKOXHUX TaOJIU4YeK, €CTb XBO-
CTOBUJIHBI OTPOCTOK, 013 KOTOPOTO PACIOJIOXEH
aHyC, U MOJHOCTBIO 3aKPhIBAIOIINI POT €MUHCTBEH-
HBIM MMUIIECOOPHEBIN OTPOCTOK, CBSI3AHHBINA ¢ aMOy-
JIaKpajabHON cucTteMoil (cM. puc. 4). YHUKAaJIbHBIN
KEeMOpUICKUIT TIpeCTaBUTEIb 3TOW TPYIIIbI WMEN
MEIIKOBUIHOE TEJI0 U MPUKPETIUTEIbHYIO TTOAOIIBY
Ha KOHIIE XBOCTOBUIHOTO OTpOCTKa. Manpenopuro-
Basi TaOJIMUYKa, HEeCyIllasi MHOXECTBO TMAPONOp U Of-
Hy 60J1ee KPYITHYIO0 TOHOTIOPY, PACTIOJIOXEeHA PSIIOM C
MECTOM OTXOXJEHUS MUILIECOOPHOTO OTPOCTKA, YTO
CBUJIETEJILCTBYET 00 aCUMMETPUM B PA3BUTHUU JIEBBIX
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U TIpaBbIX LIeJOMOB. M3-32 HEOOBIUHOTO COUYETAHUS
MNPU3HAKOB M MX MHOTO3HAaYHOM WHTEpIpeTaluu
MpencTaBJIeHUue O CUCTEMAaTUYECKOM IMOJIOXKEHUU CO-
JIIOT Y pa3HBIX aBTOPOB KOJIe0AJIOCh OT OJIM3KOM K MO~
JIYXOPIOBEIM TPYIIIBI HO 0JaCTO30MHBIX HTJIOKO-
xkux [11]. U3MeHYMBOCTh MOJIOKEHUS MUILECOOPHO-
IO OTPOCTKA Y pa3HbIX POJIOB OT CPEANHHO-O0OKOBOIO
JI0 OUCTAJIbHOTO BIOJIb OOHOM IIJIOCKOCTH XOPOIIIO
OOBSICHSIETCSI HaJIMYMeM TOPCHUOHHOIO TIpoliecca B
ero oHroreHese [11]. DTo yoenuTeTbHO COOTBETCTBY-
eT IPYTMM OCOOEHHOCTSIM COJIIOT U TO3BOJISIET Bbl-
SIBUTh TOMOJIOTUU CTOPOH TeJ1a B3pOCJIOTrO JKUBOTHO-
0 U MX TUIIOTETUYeCKOM TmunHKu. [TuimecOopHbIi
OTPOCTOK TMOJIHOCTBIO 3aKPbIBaJ POT U KOHCTPYKTUB-
HO OT pTa HEe MOT OTXOJIMUTH eIl1€ XOTsI Obl OMUH OTPO-
ctok. Tem caMbIM ¢uIoreHeTH4ecKasl IMO3ULIUSI U
9BOJIIOLIMOHHBIN YPOBEHb COJIIOT PEKOHCTPYUPYETCS
KaK OTBETBJIEHIE OT OCHOBHOTO CTBOJIa pa3BUTUSI UT'-
JIOKOXXMX, 3aCTBIBIIIEE B CBOEI 3BOJIIOLIMK Cpa3y MO-
clie TopcuoHHOro mpoiiecca. COOTBETCTBEHHO Tie-
pemHe3aaHsIsI OCh Y B3POCJIOTO XXMBOTHOIO M3MEHMJIA
CBOE HaIlpaBJIcHUE Ha IPOTUBOMOJIOXHOE, KaK Y CO-
BPEMEHHBIX MOPCKMX JIMJIUM, U TIOTOMY €€ MOXKHO
Ha3BaTb MHBEPTUPOBAHHOI. XBOCTOBUIHBINA OTPO-
CTOK COJIIOT SIBJISIETCSI HOBOOOpa3oBaHWEM, CXOTHBIM
MO TPOUCXOXICHUIO M MOpQOreHe3y co cTebdiem
MOPCKUX it [11].
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IIuHkTBI 00Ia0aI OOHUM WM ABYMS aMmOyiaKpa-
MU U, BEPOSITHO, B X OHTOTE€HE3€ IPOTEKaI TOPCHU-
OHHBII mporecc. LIMHKTB UCKIIOUUTENIBHO KeM-
Opmiickasl rpyIma, IIpeIcTaBUTeIM KOTOPOil MMenun
IUIOCKOE T€JI0, OKOHTYPEHHOE MapTUHAJIbLHBIMUY Ta0-
JIMYKaMU, C HeOOJbIIMM XBOCTOBUIHBIM MpUIAT-
KOM, PTOM C OTXOISIIIMMHU OT HETO HallpaBO U HAJIEBO
IBYyMs aMOynaKpaMy WIM TOJIBKO OJTHUM JIE€BBIM aM-
OynakpoM. AHYC M BO3MOXHasl TMAPOIIOpa pacrnoJia-
rajJuch B JIEBOI IlepedHEl JacTW Tejda XWBOTHOTO
(cm. puc. 4). CrpaBa OT pTa HaXOAWJIOCH €III€ OTHO
OTBEPCTHE HESICHOTO TPOUCXOXICHUS U (PYHKIIVMN.
IlepenHee pacmojioKeHHe pTa WM aHyca CBUIETEIb-
CTBYET O BO3MOXHOCTM TOPCHOHHOTO Mpoliecca B
oHToreHese LUHKT [11]. Hamuuue TodbKO OMHOTO
aMOyJlakpa y 4acTH IIpeICTaBUTEJICii MOXET TOBO-
pUTH 00 aCUMMETPUYHOM pa3BUTHM 11e10MOB. [TosB-
JIeHre BTOpOoro aMOyiakpa yKa3blBaeT Ha KOHCTPYK-
THUBHYIO BO3MOXHOCTb IOSIBJIEHUSI TPETHETO aMOyJIa-
Kpa ¥ BO3HUKHOBEHMS IISITUIYYeBO CUMMETPUU Y
BO3MOXHBIX TIOTOMKOB [IUHKT M TEM CaMbIM Ha €ro
0JIM30CTh K OCHOBHOMY CTBOJIY Pa3BUTUSI UTJIOKOXKMX
B CTOpOHY ITeHTamepun. Ho TpeThe oTBepcTHe, 10-
MMMO pTa U aHyca, HEMOHSITHOTO TTPOUCXOXKISHUS U
¢GyHKIIMM, TpakKTyeMoe MHOTIIa KaK BXOI B CBOCOO-
pa3HyI0 aTpUaJIbHYIO MOJOCTh, AeIaeT IUHKT CUJIbHO
CIleLIMaJIM3UPOBAHHON TPYyNIoi, o0ocoOuBIIEiiCS
IOCJIe TOPCUM U COXPAHUBIIIEH apXandeCcKUe YePThI,
CBSI3BIBAIONINE MX C OECCKENETHBIMU ITPEeAKaMM WT-
JIOKOXKUX.

Crunocdopbl KOHCTPYKTMBHO MOIJIM 00JaaaTh
TOJIBKO ONIHUM aMOyJaKpoM, HE UMeJIM TOPCUM B OH-
TOT€HE3€ U TMPOSIBIISIIOT YEPThl CXOACTBA C XOPJIOBBI-
mu. Ctusiodopsl — ofHAa U3 Haubosee 3araloyHbIX
TPYyIIT Omnarepuit, MOp(dOJIOTHUSI KOTOPOIT Hepenko
WHTEPIIPETUPOBAJIACH TPOTUBOIIOJOXHBIM 00pa3oM.
EnuvHCTBEHHBIN WIEHUCTBIM OTPOCTOK CUMTATICS TIU-
1IeCOOPHBIM OTPOCTKOM C aMOyJIaKpoOM COIJIaCHO
aynakogopHoit runore3e XK. Yoarca [30] mim xBo-
CTOM B KajbluxopaatHoli rumnorese P. Ixxedbpueca
[31]. ITocite oTKpBITHS B opaoBukKe MapoKKo o0pas-
1IOB CO CJIelaMU CTPOEHUSI MSITKOTO Tejla U UX Tila-
TeJIbHOTO U3YyYeHUsT MHTepIIpeTalys MUIecOOpHOro
OTpocTKa cTuiiodop Kak ayinakodopa, HeCylero nu-
IIECOOPHBIN KEeJTO00OK C MPOTITUBAIOIINMCS BIOJb
Hero amOyJjakpajJbHbIM KaHaJioM, cTajla Haubojee
obocHoBaHHoOi1 [32]. I1pu Takoit ”HTEpHpeTaluM I1e-
penHe3anHsIst OCh CTUI0(MOpP, KaK MU'y OCTaIbHBIX OM-
JlaTepuii, MpoTsruBajgach OTO pTa, HAXOAWBILIETOCS B
MPOKCUMAJILHON YacTu ayiaakodopa, K aHycy Ha
MPOTHUBOMNOJIOXHOM KOHIIE T€Ja, MOKPBITOTO TUIAY-
HBIMU TSI UTJIOKOXUX CTEPEOMHBIMU KaJbIIUTOBbI-
MU Tabnmmukamu (cM. puc. 4). Takoe pacnoioxkeHune
OCHM TeJla yKa3bIBaeT Ha OTCYyTCTBUE TOPCUU B OHTOTE-
Hese ctuinodop [33]. ¥V Phyllocystis Xopolllo BbIpaxe-
Ha TuApOoAMHaAMUUYecKasi TiepenHe3aaHsIsi OCb MPOTU-
BOIIOJIOXKHOTO HampaBiieHUs], OOYCJIOBJIE€HHAasl WX
obpasoM xusHu [33]. Aynakodop umena TepMUHab-
HBII POCT, KaK M XBOCT XOPAOBBIX, HO B OTJIMYUE OT
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HEro, HaXOIWJICS Ha MepeaHeM KOHIle Telia. TeM ca-
MBIM MOZENb €r0 0CEBOr0 POCTa MOXKXHO paccMaTpHu-
BaTh KaK 3epKaJbHOE OTpaXXeHUE MOJIENIU TepenHe-
3aJHEr0 pocTa MOCTAHAJIBHOTO XBOCTOBOTO MPOAOJI-
KEeHMUSI TeJla MPEAKOBBIX OMIaTepUii.

Tunpormopa (e y Phyllocystis, Cothurnocystis n He-
KOTOPBIX OPYTUX MpeacTaBUTesieil, I1O-BUIMMOMY,
SIBJISIETCSI TIpaBO€ amopaibHOE OTBEPCTHE) HAXOIM-
JIach CIIpaBa OT mepemnHe3anHen ocu [29], uyTo mpotu-
BOIIOJIOXKHO JI€BOMY PACHOJIOXECHUIO TUAPOMNOPHI Y
OmnaTtepajJbHON JIMYMHKUA COBPEMEHHBIX WIJIOKO-
xux. [IpaBoe pacmnonoxeHne riIpoIIophbl COUeTaeTCs
C MEHbIIIEN NJIMHON MPpaBOi CTOPOHBI TEKU OTHOCH-
TEJILHO JIEBOM Y KOPHYTHBIX CTUJI0(OP ¢ OnjaTepaib-
HO-aCUMMETPUYHBIM odyepTaHrueM Teku. Ha mpaBoii
CTOpPOHE TejJa pachojioKeHa cepusi KOTYPHOIOp.
PacrionoxeHnne ruaponopsl Ha IIpaBoii CTOPOHE Teja
MOXHO OOBSICHUTH IBYMS aJIbTepHATUBHBIMU TIPE-
noJjioxkeHUusiMU. OIHO 13 HUX OOBSICHSIET IPaBOE pac-
MOJIOXEeHNE TUAPONOPHI pa3BUTHEM aMOyIaKpalib-
HOM CUCTEMBI CTIIIOMOP U3 MPABBIX LIEJIOMOB B OTJIN-
yre OT COBPEMEHHBIX JIECBOCTOPOHHUX UIJIOKOXUX.
Ha takyio TpaKTOBKY UX CTpOEHUS YKa3bIBACT CyIlle-
CTBOBaHUE MPAaBbIX U JIEBBIX (DOPM Y KOPHYTHOM CTH-
nodopsl Peltocystis cornuta n3 opaoBuka OpaHIuu,
pa3IUYaIoIINXCsl pacIoioXKeHeM TaOJIMYeK B CKe-
nete y B3pocabix dopm [30]. Ho pacmipocTpansinack
JIA 3Ta NPaBOCTOPOHHSISI aCUMMETPHUSI Ha LISJIOMBI,
HESICHO M3-3a OTCYTCTBUSI JaHHBIX O PACIIOJIOXECHUN
TUIPOITOPEI Y 3TOTO poja.

AJlbTepHaTHBHas TUIIOTE3a MpeAroiaraer, 4To
OprolltHasE CTOpOHa CTUI0(OP COOTBETCTBYET CIUH-
HOIi CTOpOHE OuiaTepabHbIX JUYMHOK COBPEMEH-
HBIX UIJIOKOXHWX U APYTUX OECIIO3BOHOYHBIX XXUBOT-
HBIX, TO €CTb OHM ObLIU TTepeBEPHYTHIMU T10 CpaBHE-
HUIO C MocaenHUMU. B 3TOM MposBisieTcsl CXONCTBO
CcTUI0(Op C XOPAOBBIMU XUBOTHBIMU, KOTOPBIE TTO
aHATOMUYECKUM, (DUBNOJIOTUUYECKUM 1 MOJIEKYJISIPHO-
TEHETUYECKUM OCOOEHHOCTSIM SIBJISIIOTCSI TIEPEBEPHY-
TBIMM OTHOCUTEJIBHO OCTAJIbHBIX OeCIO3BOHOUYHbBIX
>KUBOTHBIX [34, 35]. B 11ob3y Takoro MmpearnoaokeHus
CBUJIETEILCTBYET PACIIOJIOXEHUE KOTYpPHOMOP, BEPO-
SITHO, TOMOJIOTUYHBIX Xa0E€PHBIM LIEISIM XOPIOBbIX
>KUBOTHBIX, B TMepeaHell 4YacTh TpaBOil CTOPOHBI
CNUHHOM ToBepxHOCTU cTuiiodop. Eciu BepHa BTO-
past TMTIOTe3a, TO CTUIOMOPHI UMEIUN OoJiee TECHBIC
POICTBEHHBIE CBSI3U C HEMOCPEACTBEHHBIM MTPEIKOM
XOPJOBBIX, YEM OCTaJIbHbIE UTJIOKOXKMUE.

Hriaokoxkue ¢ OniiaTepajbHO-CUMMETPUYHBIM CKe-
JIETOM MOTJIM OBITh C aCUMMETPUYIHBIMU 1IEJIOMaMU.
Cpenn MOIOOHBIX WIJIOKOXWMX WM3BECTHBI TIPEXIe
BCETO KTEHOIMCTONIEeN ¢ KeMopuiickumu Crenocys-
tis, Courtessolea, Jugoszovia n opanoBukckum Conollia.
OHUI UMEIOT YIDIOMEHHOE TEJI0, OKOHTYPEHHOE Map-
TMHaIbHBIMU TabmukaMu y Crenocystis (cMm. puc. 4),
WK 60Jiee OKPYIJIOE TeJIO, TOKPBHITOE BHITSHYTHIMU
IIUITOBUAHBIMU Tabmmukamu y Conollia [36]. Ha 1re-
pemHeM KOHIIE Tejla Y HUX pacItojoXeH cBoeoOpas-
Ne 9
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HbIIi KTEHOWJHBIN ammapar, a Ha 3aJlHeM — aHyC B
BUJE MNUPAMUIKW, XapaKTepHOW IJIsi WTIJOKOXHUX.
HpyrumMu ounarepabHbIMUA UTJTOKOXKUMHU SIBJISTIOTCS
Ctenoimbricata 3 HU30B cpeaHero Kemopus Mcna-
HUU, OJIU3KKE MO CTPOSHUIO KTEHOUIHOTO arrnapara
K KTeHouucrouaesMm [37].

Cyns 1o pacIiojIOXKeHUIO pTa U aHyca Ha IIPOTH-
BOITOJIOXHBIX KOHIIAX Tejla, UIVIOKOXHME ¢ OuiaTe-
paJIbHBIM CKEJIETOM HE MMeJI TOPCUU B OHTOICHE3E.
[TosTomMy ux mepemHe3amHsIsI OCh II0 HalpaBJIEHUIO
COOTBETCTBYET JIMUMHOYHOM OCU UM TepeaHe3agHei
ocu apyrux ounarepuii. Ho HesicHO, oxBaThIBajia Ju
X OMJIaTEepaAIbHOCTD CTPOSHME 1 Pa3BUTHE IIPABbIX U
JIEBBIX 11€JIOMOB, TaK KaK TMAPONOpa y HUX HEU3BECT-
Ha. HeOonbiiass acuMMeTpusi B pa3Mepax U YMCIIe
MpaBbBIX 1 JIEBBIX MapruHaneil y Cfenocystis yKa3blBa-
€T Ha BO3MOXHOCTh MX BHYTPEHHEN aCUMMETPUU.

INEHTAMEPUA UTJTIOKOXHNUX
KAK PASBUTHUE BUNJIIATEPAJIBHOUM
ACUMMETPUHN

AcUMMeTpHUS UTJIOKOXHUX B Pa3BUTUM IIPABBIX U
JIEBBIX 1I€JIOMOB UMeeT (hyHIaMeHTaIbHOE 3HaYeHHEe
JIJISI HTOHUMAaHUS MX B3pociaoii Mopdoornu. OObIYHO
€€ BO3HUKHOBEHHUE CBSI3BIBAIOT C amallTallieid K XK13-
HM Ha OOKy ux OmnarepanpHoro mnpenka [31]. Kak
MpeAcTaBIIsieTCs, 0oJiee BEPOSITHO, UTO aCUMMETPUSI
HUTJIOKOXMX OTpakaeT IMPOLEeCcC CTAHOBJISHMS JIEBO-
MpaBoii ocu U OuaTepaIbHOTO CTPOECHUSI BHYTPEH-
HUX OPTaHOB Y EePBBIX OmiaTepuii. JleBo-1ipaBast och
aBTOMATUYECKM IIOSIBJISIETCS Mociie (hOpMUPOBAHUS
nepegHe3anHell U Jopco-BeHTpaabHOM oceii. bua-
TePaAJIbHOCTh BHEIIHUX OYEPTaHUIl OBICTPO U JIETKO
BO3HUKAET MOHA IOaBJIEeHMEM CHUMMETPHU BHEIIHEH
cpenbl, HO IJISl €€ pa3BUTHUS B PACIIONOXEHUN BHYT-
PEHHUX OpraHoB TpeOyeTcsl 00j1ee CIOXKHBINA U OMO-
CpeooBaHHBII MOpP(OTeHEeTUIECKIIT MexaHu3M. Ta-
KOI MeXaHU3M ITOSIBUJICS He cpa3y, a BbIpaboTaJics B
npoliecce paHHel aBomoLuu Metazoa. Ha omHoM u3
MOMEHTOB 3BOJIIOLINY HECOBEpPILIEHHAsI OuriaTepaib-
HOCTb MOIJIa CTaTh aJalITUBHOM B Y3KOI 3KOJIOTAYE-
CKOIi HUIIIE, HAIIPUMEP B IBUXKEHUU IO CITMPaIbHO-
My KpyTy Ha O0raToM Iuleii nsaTHe rpyHTa. st BbI-
XoJa U3 3TOM Y3KOCIIELUMaAbHOW TYNMMKOBOM HUILIU
YacTh TaKMX XMBOTHHIX IOILIA IO IIYTH COBEPIICH-
CTBOBAHUS OMJIATEPAILHOCTH, 4 Y APYTUX XKUBOTHBIX,
Hao0OpOT, yCUIWIach aCUMMETPHUSI B Pa3BUTUU Jie-
BBIX CPEIHMX 1IEJIOMOB, CBSI3aHHBIX CO COOpPOM M-
IeBbIX YacTull. [locnenHsss TMHUS pa3BUTUSI aCUM-
METpUU NpuBeaa K (GopMUPOBAHUIO UTJTOKOXMUX. B
pe3yabTaTe pocTa I'MApOLeist BIepEn BOOJb ITIepeaHe -
3aHell ocu (hopMUpoOBaIcs MepBhIil aMOyJIakp, a 3a-
TEM BIOJIb JIEBO-IIPABOM OCH C AyIUIMKALIMEN CHavalia
BTOPOTO, a IIOTOM 1 TPEThEero paguajibHOTO KaHaja
MOSIBIISUIMCh JONOJHUTEIbHBIE aMOyIaKpbl. DTO
O3HavaeT, YTO B IPOLIECCe CTAaHOBICHUS IEHTaMEpUU
JIOJKHBI OBIJIM COBMECTHO MCITOIL30BaThCS MOJICKY -
JISIPHO-TEHETUYECKME MEXaHM3MbI NepemIHe3aaHero
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pocCTa M JIEBO-TIPaBOM PETYJISILIAM, CBI3aHHBIC TTPEX-
Jie BCEro ¢ reHaMU CUTHaJIbHBIX KackajaoB Wnt, BMP,
Nodal u renamu Hox-cucremsbl. MU3ydeHuIo aKcrpec-
CUU B aMOyJIaKpaJbHOM KOJIblIE CUTHAJILHOTO KacKaua
Nodal-Ptx2, perymmpyroiiero JIeBO-IIpaBylO CUMMET-
puro y OmaTepuii, B HaCTOSIIEEe BpeMsI YOESSIEeTCS
ocoboe BHUMaHue [38]. bumatepanbHOCTE aMOyia-
KpOB OOJIBIIMHCTBA WIJIOKOXMUX XapaKTepU3yeTCs
CUMMeETpUEii CKOJIB3SIIEro OTpaxKeHUsI, BbIpakKeH-
HOM B BUJIE MOOYEPETHO OTXOISIIMX CIIpaBa U cieBa
OT paauajdbHOrO KaHaja aMOyJaKpaJIbHBIX IIIyra-
JIE1l/HOXEK 1 aIbTePHATUBHO YePEeAYIOIIXCSI OKPY-
XKAIOIIMX CTPYKTYp cKelieta. M3ydeHue mMexaHM3Ma
3TOI MOIEIU poCTa IPEACTaBIISIETCS IEPCIIEKTUB-
HBIM C TOYKM 3peHMs MMOHMMaHUS (HOpMUPOBAHUS
ouaTepaJbHOCTU Y ApeBHeNIMX Metazoa.

sk kok

Takum oOpazoMm, popMUpoBaHUE MNITUIYICBOI
CUMMETPUU B DBOJIOLUMU UITOKOXUX — CIIOXKHBIA
MHOTO3TAITHBIA IIPOLECC, OCHOBAHHBIN HA BO3MOX-
HOCTHU CpPEIHETO JIEBOIO IeJIoMa K TepMUHAIBLHOMY
pocTy Bepén BIOJIb ITepeaHe3aaHeil oCu U MOsIBJIC-
HUSI Y HETO BTOPOTO BEKTOpa pocTa BAOJIb JeBO-TIpa-
BOM OCH TP PeIIMKALIMU C(POPMUPOBABIIETOCS aM-
oynakpa. O6a BeKTopa pocTa CMOTJIA peaTn30BaThCs
Onarogmapsi pa3BUTHIO aCUMMETPUHU 1IEJIOMOB U IT1O-
clienyloleii TOpCUU, CBSI3aHHOI C IIPUKPEICHUEM K
TPYHTY HEepeaHUM KOHLOM Tena. I1o3ToMy MOXKHO
MPEAIIOJIOXUTh, UTO B MPOLIECCEe CTAHOBJIEHUS MEH-
TaMepHU1 COBMECTHO JeHCTBOBAaJIN OOIIIMeE NJIsT OnIa-
TepUii MOJIEKYJISIPHO-TEeHETUUYECKME MEXaHU3MBbI T1e-
penHe3agHero pocra M JIeBO-IIpaBOM PETyJIsLvM,
CBSI3aHHBIE IIPEXAE BCEro C I'€HaMU CUTHAJIbHBIX
kackagoB Wnt, BMP, Nodal u reHoB Hox-cucteMmsl.
B mnpoluiecce perumkauyu KaHajoB, OTXOISIIMX OT
aMOyJTakpaJbHOTO KOJblla, (POPMHUPOBABIIASICS aM-
OyJlakpajbHasl CCTeMa BBITIOIHSIA POJIb OpraHn3a-
TOpa CUMMETPUM CKeJieTa, HEPBHOM M MBIIICYHOMN
cucTteMbl. Perimkaniys 3aKOHYMIACh Ha TPEX KaHa-
JIaX, OTXOASIIIMX HEIMOCPEICTBEHHO OT aMOyJIaKpaiab-
HOI'O KOJIblLIa. Y TIpeACTaBUTEJIEil KJIACCOB MIJIOKO-
JKMX, HOXMBIIMX OO COBPEMEHHOCTU, UMEJI MECTO
BTOpOi1 3Tan ¢opMUpoBaHUSI 00ee COBEPIICHHOM
MATWIYYEBO CUMMETPUM aMOyJIaKpaJabHOTO KOJIb-
11a, KOTOpOE Y IPEAKOB MOPCKUX JIMJINIT TPOXOOUIO B
JIBa 3Tara — CMeEIIeHUsI Ha paHHUEe cTaguu GopMU-
pOBaHUSI TUAPOLEIIS 3aKJIadK BCeX MITU paavalib-
HBIX KaHAJIOB, a 3aTeM IIOJIMMEPU3alluM 3TOrO 3a4aT-
Ka IO IISITH.
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B cTaTbhe mpuBOIUTCSA KpaTKWT 0630p COBPEMEHHBIX ITPEACTABICHUI O TIPUPOC KITMMAaTHIeCKIUX U3MEHEe-
Huii. PaccMoTpeHBI 060cTpsionyecs mpooaeMbl 6rnocdepHBIX NCCIIeENOBaHWT, KOTOPBIE KacaloTcsl, B YacT-
HOCTH, Ne(UIINTa JTaHHBIX U YHUKAJIBHOCTU 3KocucTeM. OnpenesieHo KIo4eBoe OTIMIre 6nochepsl OT
MPUPOIHBIX SKOCUCTEM, oOecIeunBalollee JIMTEIbLHOE, B Mpeaeiec 0eCKOHeUHOe, CyllleCTBOBaHUE OHUO-
cdepbl — c6aTaHCUPOBAHHOCTb KPYTOBOPOTA GMOTEHOB WJIM 3aMKHYTOCTh ITOTOKOB BelllecTB. OxapaKTepu-
30BaHbl IOCTOMHCTBA JJaOOPATOPHBIX 3aMKHYTBIX 3KoJorndeckux cucreMm (39C) Kak MUHCTPYMEHTOB 9KC-
MEePpUMEHTAJIBHO-TEOPETUUECCKOTro n3ydeHus1 onocdeprl. O0cyxXmaeTcs BKiIang Hanboiee n3BecTHhIX 3DC
(BHNOC-3, mukpokocmsl Posicoma, buochepa-2, Mukpo-39C) B noHMMaHUe OMOChEPHBIX MPOIIECCOB.
OO6CyXIaloTcs BEISIBIICHHBIC IIPU MaTeMaTUIecKoM MoaearnpoBannu 3D C npobiieMbl U TapamoKchl (mapa-
nokc BepHanckoro—JlapBuHa, orpaHUYeHUST MoJieJieit )XECTKOro MeTabo1M3Ma), UMEIOLIME OTHOIIIEHHUE K
M3BECTHBIM 9KOJIOTMYECKUM TMapamokcaM Mast u XatunHcoHa. [Ipenaraercst moaxoa Ha OCHOBE TMOKOTO
MeTaboIM3Ma, ITO3BOJIIIONINI CHU3UTh OCTPOTY 3TUX NnapagokcoB. C no3unmu “omnocdepa kak 39C” 06-
CYXIalOTCsI MEPBI, TIpemiaracMble B paMKax TakK Ha3bIBaeMOM 3eJIEHON MHUIIMATUBBI, B TOM YUCJIe COKpa-
LIEHWE YIJIEPOIHOTO CJie/la JOMAIITHUX XXUBOTHBIX, ITEPEXOJl Ha BJIEKTPOMOOUIIM U BO30OOHOBIISIEMbIC HC-
TOYHWKM IHEPTUH, CBSI3bIBAaHHWE yriepona AepeBbsiMU. [loguépkuBaeTcs CepbEe3HOCTh MPOOJIEeMBbl OMO-
chepHO-KIMMATUYECKUX M3MEHEHU, KOTOpass He MOXET ObITh pa3pellieHa 0e3 y4éTa 3aMKHYTOCTU
BeIIeCTB B Omocdepe.

Karoueesnie cnro6a: 3aMKHYTOCTb OMochepbl, Mozen 0uochephl, 3aMKHYTBIE DKOJIOTMYECKIE CUCTEMBI, IIPO-
0JieMbl 9KOJIOTUU, TTAPATOKCHI IKOJOTUH.
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BAPILIEB Cepreit UropeBna — nokTop puU3NKO-MaTeMa-
TUYECKUX HayK, 3aBeayIOlIii JabopaTopueit TeopeTuye-
ckoit onopusuku Ub CO PAH ®OUIL KHII CO PAH.
JETEPMEHI2XKW Aunnpeii ['eoprueBna — akagemuk PAH,
3aBeNyIolINii JabopaTopueil 6MOPU3UKU SKOCUCTEM, AU~
pektop b CO PAH ®UI1I KHII CO PAH.
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3a nocyienHui BeK TeXHOJOTrYecKasi MOIIb Yelo-
BeYeCcTBa IOCTUINIA YPOBHS, OTKPHIBAIOIIETO BO3-
MOXKHOCTBb OKa3bIBaTh MIO0ATbHOE BIUSHNE Ha OO~
chepy B 11e1oM. HamboIBIITyI0 TPEBOTY BBHI3BIBAET
obabHOE MOTEIJIeHNe, 3aTparuBarolnee CUCTeMY
“ounochepa—xknmumar” (CBK). B 31011 cBsI3u co cTO-
DPOHBI PA3TUYHBIX KPYTOB YBETMIMNBAETCS aJTApDMUCT-
CKO€ NaBJIcHWE Ha HaceJIeHWe pasHbBIX CTpaH C HC-
MOJb30BAaHUEM CPENCTB MaccoBoit mHdoOpMaluu, a
HacCCJICHMUE B OTBET HAYMHACT OXKMIATb OT PYKOBO/ -
CTBa CBOMX CTPpaH KOHKPETHBIX Mep OOPHOBI C KIMMa-
TUYECKUMU U3MEHEHUSIMU.

Ha stoM ¢poHe BO3HUKIIa TaK Ha3bIBacMasl 3€JI€-
Hasl WHWIMATHBa, KOTOpas HaBs3bIBAeT CTpaHaM
TpeboBaHMEe TpaHC(HOPMHUPOBATH ITPOU3BOICTBEH-
HYIO THPACTPYKTYPY, YTO COIPSTKEHO C CEPhE3HBIMU
bUHAHCOBBIMU 3aTpaTaMu, BIEYET 3a COOOIT OCTIOXK-



SAMKHYTBIE 5KOJIOTUYECKHWE CUCTEMbI

HEeHUS B 5KOHOMUKe. Kak TpencraBiseTcs, mpexie
YeM CcJIeOBaTh B MIPEIJIOKEHHOM PYKOBOICTBOM Be-
IyILIUX cTpaH 3anana ¢papBaTepe, HEOOXOAUMO TIIa-
TeJIbHO MPOAHAJIM3UPOBATh CUTYAIUIO C 6MOCchEPHO-
KJIMMaTUIeCKUMU N3MeHeHUsIMU. TpyaHoCTH e€ 1mo-
HUMAaHUSI BO MHOTOM OOYCJIOBJICHBI TEM, UTO ITPUXO-
JIUTCSI UMETH JIEJIO C KOHITIOMepaToM (haKTOB Pa3HOI
CTEeTIeHU JOCTOBEPHOCTU 1 HEIOCTATOYHO ITpopado-
TaHHBIMU TIPECAITOJIOKEHUAMM O IIpUYNHAX Ha6H}O—
JaeMbIX TeHaeHIuii. [103ToMy B TIEpBYIO 04epenb Mo-
MbITaeMCsI TPOBECTU PEBU3UIO NMEIOIINXCS (haKTOB.

(I)aKTbI, C KOTOPBIMH ITOYTH HUKTO HE CIOPUT

1. TloBepxHOCTHAsI CpeIHErogoBasi TeMIeparypa
3emiymn moBhImaercsi. OTMEYeHO, YTO 3a MOCJIEIHUE
2000 net Tonbko B XX u XXI BB. HaOmomaeTcs: 6ec-
IIpeLieIeHTHOE KorepeHTHoe (oxBaTeiBalollee 98%
PErMOHOB 3€eMHOTIO IlIapa) MOBBIIIeHNE III00AIbHOM
TeMriepatypsl [1].

2. Konuenrparius CO, B atMochepe pacTeéT. Kak
npsimble u3MepeHusi KoHueHTpauuu CO,, TpoBoau-
Mbl€ Pa3TIUYHBIMU KJIMMAaTUYECKUMU 0OCEpBATOPUSI-
MU (Harpumep, MayHa-Jloa Ha ceBepHOM CKJIOHE y
BEPILIMHBI ByJiKaHa Ha ocTpoBe laBaiin), Tak U uc-
cJieJOBaHN S TPEHJIaHACKUX U aHTAPKTUYECKUX JIeNIsi-
HBIX KEPHOB TMOKa3bIBaIOT, 4To ¢ Havyaida XVIII B., To
€CTb C Hayajla TIPOMBIILJIEHHON PEBOJIOIUU, KOH-
neHtpainust CO, MOHOTOHHO YBEJIWUMBAIACh U TOJb-
KO B ITOCJIEIHWE TOAbl HAMETWJIOCHh 3aMellJIeHUE €€
pocrTa.

3. IIpuuuHa noseieHus copepxanust CO, B at-
Mocpepe — aHTpOIOTeHHasl SMUCCUSI. DMUCCUS yT-
Jiepona B aTMocdepy npubiunxkaercs, Mo olieHKaM, K
10 I't B rom, 4To cocTaBisgeT yyTh MeHee 20% roaud-
HOI 4YMCTOI MEepBUYHON TMPOAYKUUU (POTOCUHTE3A
HazeMHbIX pacTeHuii. Ha To, 4to 310 yriepon uMEHHO
U3 UCKOIAEMBbIX TOILJIMB, YKa3bIBaeT 3apEruCTPUPO-
BaHHOE YMEHbIIIEHNE COAepXKaHUSI PaaO0aKTUBHOTO
usoromna C'4, KOTOpOro HeT B UCKOIMAEMBIX TOIIJIMBAX.
YT10OBI yOETUTHCS B TOM, YTO BKJIaJ YeJI0OBEUYECTBa B
9MUCCUIO YIJIEKMCIIOTO ra3a Aaxe MpeBbIlaeT BKIal
BYJIKQHOB, TIOCTATOYHO TOCMOTPETh Ha KPUBYIO aT-
MocdepHoit koHueHTpauuu CO,, TOJyYeHHYIO 10
JIlaHHBIM obcepBaTopuu MayHa-Jloa, U TTonbITaThCs
OOHAPYXUTh B HEM MOCISICTBUS U3BEPKEHUS BYJIKa-
HOB Dnb-YnyoH u [TuHOTY6O.

YTBep)KI[eHl/lﬂ, C KOTOPBIMH HE BCE€ COIVIACHBI

1. T1oBblllIeHUE TeMIIEPATYPbl BI3BAHO YCUJIEHU-
eM JIefiCTBUS TTapHUKOBOTO 3 eKTa BCAEACTBUE aH-
TponoreHHoit amuccun CO, u Apyrux NapHUKOBBIX
razoB. OJIHAKO TIOMBITKU OOBSICHUTH HabJIogaeMoe
MOTEIJIEHUE €CTECTBEHHBIMU LIUKJIAMU HE TTOJTy4atoT
MOATBEPKAESHUS — ceiyac NOJKHO HabJlo1aThCsl Ha-
yaJo rmoxononanus [2, 3].
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2. IIpoucxongiiue ceifuac B pe3ysibTaTe aHTPOIIO-
T€HHOI'O BO3ASMCTBUS U3MEHEHMSI KJIMMaTa I10 CBO-
UM MacllTabaM HEeCOMOCTaBUMBI C €CTeCTBEHHBIMU,
HampuMep, IepUOINIeCKUMU OJIEICHCHUSIMU 3eM-
1. DTO He coBceM Tak. Ha mpoTsskeHUM 4YeTBIPEX
JIGTHUKOBBIX MIEPUOJIOB, UMEBIIIMX MECTO 3a TTOCJIe -
Hue 400 Thic. JeT, aTMocdepHast KoHlleHTpaius CO,
BapbupoBasiach ¢ amiumrygoii ~120 ppm [3]. I1pu
3TOM aMIUIUTyIa U3BMEHEHU! ITo0aIbHOMN TeMIlepa-
Typhl cocTapisiyia ~12°C. Takux U3MEHEHUI TeMIIe-
paTypbl MBI ITOKa He Ha0II0maeM, a BOT IpUPOCT KOH-
LIEHTpauuu yriekuciaoro rasa 3a 300 JieT TpOMBIIII-
JIEHHOM peBOIIOLIMU cocTaBuI ~ 140 ppm.

ITocmencTBust 3TNX BLIOPOCOB MOTYT OBITh YCYTYyO-
JIEHBI HEHYJIEBOI1 BEpOSITHOCTBIO Mepexoia yepes Mo-
por ycroiiunBoctu CBK. ABTOpBI maHHOI CTaThH,
MO-BUAMMOMY, OJHUMU U3 NEPBBIX [4—6] ykazanu,
YTO BMECTO MEIJICHHOTO POCTa IJI00aJbHOM TeMIle-
paTypbl BO3MOXHO pa3BUTHE KaTacTpO(pUUIECKOro
HeoOpaTUMOro IIpoliecca Iocjie nepexoaa 4yepe3 Tak
HaszbIBaeMble NaTbl HeoOpatuMocTu. IlozmHee mMo-
JOOHYI0O BO3MOXKHOCTh Hadajll OOCYXIaTh OPYyrue
aBTOpHI [7—9], cTan ynoTpeodasaThcsl TEpMUH “TIOBO-
pOTHBIE MOMEHTHI” (tipping points), 4TO yKa3bIBaeT
Ha POCT aKTyaJIbHOCTHU HCCJICIOBAHUII BO3MOXHBIX
pexumoB CBK.

C KakuMH npo0JeMaMu NPUXOAUTCA UMETh Jeio?
C0XHOCTb HabJI0OAaEMBbIX CETOIHS TPOLECCOB CO-
CTOUT B TOM, YTO JJIsI 3((PEKTUBHBIX IEUCTBUI IO
MpenoTBpallleHNI0 HEeTaTUBHOM TUHAMUKY, a (haKTh-
YeCKM IJIs1 YIIpaBIIEHUSI CUCTeMOM “Onocdepa—Kin-
Mat”, HeoOXOONM ageKBaTHBIN IIPOTHO3 OKUIAEMBIX
mI00aTbHBIX U3MEHEHU M MporHo3 peakuuu CHBK
Ha 9Tu neictBUsl. Ero MOXXHO TTOCTPOUTH TOJIBKO Ha
OCHOBE aJeKBAaTHOW MAaTEMAaTUYECKOW MOIEH, KO-
TOpast HeBO3MOXHa 0e3 MOHMMaHUs yCTPOMCTBA CH-
CTEMBI “Onocdepa-KiuMaT”’ 1 MeEXaHU3MOB, o0ecITe-
YUBAIOIINX €€ cTadbMIIbHOCTh. Kakme TpymHOCTH CTO-
SIT Ha MyTU 3TUX UCCIeT0BaHUI?

HexkoTtopble mpo6ieMbl, CBI3aHHBIE ¢ U3YYCHUEM
ouocdepsl, SIBISIOTCS OOIIMMMU C ITpodJIeMaMUu 00-
meakonormdyecknumu. K dyngameHTanbsHBIM Ipo0oJIe-
MaM 3KOJIOTUM OTHOCSTCS ABe: Ae(ULINTA TaHHBIX U
YHUKAJIbHOCTU 3KOJIOTUUECKUX cucTeM. IlepBast us
HUX OOYCJIOBJIEHA TEM, UTO JIMTEIIbHOCTb HAayYHBIX
HaGII0IeHUI 32 9KOCUCTEMOI HECOU3MEPUMA C IJTN-
TETBbHOCTBIO CYIIeCTBOBaHUS €€ camoii. Ilpu 3Tom
HEBO3MOXHO OCYIIECTBIISITh BCECTOPOHHUIA MOHU-
TOPUHT TIPUPOIHOI 3KOCUCTEMBI, TO €CTh OTCIIEKH-
BaTh U3MEHEHUST YUCICHHOCTU WJIM GHMOMACCHI BCeX
cocTaBisgomux e€ BuaoB. OcTpora 3Toi IpoOJIeMbI
5KOJIOTUHM MOKET OBITh CYILLIECTBEHHO OcIabjieHa, ec-
JIM TOSIBUTCSI BO3MOXHOCTBH COINOCTABIISITh 1 0000-
IIaTh JaHHEIE, MTOJIydeHHEIE B pe3yJIbTaTe HaOIIoIe-
HUS 3a IpolleccaMy B pa3HbIX 9KocHucTeMax. OTHAKO
COMOCTAaBJICHUIO TaKOT0 poAa JAHHBIX MeEIIaeT BTO-
past dyHOaMeHTaIbHas IIpobaeMa 3KOJIOTUM — YHU-
KaJIbHOCTh 9KOJIOTMYECKMX CUCTEM: Kaxaas U3 HUX
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eIUHCTBEHHA B CBOEM poJie, B IIPUPOIE HET ONUHA-
KOBBIX. bollee Toro, ’KocucTeMbl CO BpeMeHeM U3Me-
HSIIOTCS M HE BOCIIPOM3BOMAST COOCTBEHHOE IOBE/IE-
HUE Jaxe MPU COBHNAACHUM MOTOMHBIX YCa0BUiA. Tem
caMbIM TpeOOBaHUE BOCIIPOU3BOIUMOCTU SKCITEPU-
MEHTAaJIbHBIX JAHHBIX, JexKalllee B OCHOBE HAy4HOTIO
MOAX0Ja, B OTHOIIEHUM 3KOJIOTMYECKUX CHUCTEM B
3HAYUTEJIbHOI CTEeIIeH! He BBIMOMHsAeTcs. O0e 3Tu
MMpoOJIEMBI TIPOSIBISIIOTCS €lI¢ 0ojiee OCTPO B OTHO-
IIeHU1 6nocepshl.

BoinenuM criennduueckyro 0COOeHHOCTh OHO-
cheprl, OTIIMYAIONIYIO €€ OT 9KOCUCTEM, MCIIOJIb3Ys
MpU 3TOM MPOCTYIO TIPUOIVKEHHYIO OLIEHKY. ATMO-
chepa 3emnn comepxut ~700 't yrnepoma. Macca
Ha3zeMHOIi OuomMacchl B YIJIEPOAHBIX €IWHMIIAX
~500 I'tC. Ilpu aTOM exeromHasi yucTasi mepBUYHasK
MPOAYKIIMS (DOTOCUHTE3a Ha3eMHBIX PACTeHUI (KO-
JIMYECTBO TMOMIOIIEHHOTO YIJIepoa, MEPEIIENIIEro B
o6uomaccy) coctasisieT ~60 I'rC. Eciu 661 GOTOCUH-
Te3 pacTeHUi ObLI eIMHCTBEHHBIM MPOIIECCOM, TO
oHu 3a ~10—15 net noBenu 661 KOHLIeHTpauuio CO, B
atmocdepe 10 10% cyiiecTByIOLIETO. DTOT YPOBEHD
COOTBETCTBYET KOMIIEHCAIIMOHHOI Touke Cj-pacrte-

Huil! (OHU cocTaBISIOT ~95% Bcex Ha3eMHBIX pacTe-
HUIA), TO €CTh IIPEKPAILEHUIO UX POCTa, a 3HAYUT, T1-
oenu.

CKOpOITOCTUKHOTO KpyIIeHUsT Ouochepbl He
MPOUCXOAUT, TTOTOMY UTO B NPUPOAE MPUCYTCTBYET
HaIpaBJIeHHbIM 00paTHO B aTMocdepy MOTOK yriie-
pona, o6pa3yeMoro B pesyJibTaTe pa3ioKeHUsT MoY-
BEHHOI1 OpraHUKM, TO €CTh OCTAaTKOB BCEX YMEPIIUX
OpPraHu3MOB, a TaKXke AbIXaHUs1 XKUBOTHBIX. (K aTOMY
SIBJIGHUIO Mbl BEPHEMCS MIPU OOCYXKIIEHUM “3eIEHON
nHUIMaTuBEL”.) EIE pa3 momuepKHEM KITIOYEBOE OT-
JIA91e SKOCUCTEMBI OT 01ocdepsl. JlonroBpemMeHHOE
CyllleCTBOBaHUE TIoclieqHell obOecrneynBaeTcss cOa-
JIJAaHCMPOBAaHHOCTBIO IIOTOKOB BEIIIECTBA B HEl, OHa
HasbeIBaeTcsa 3ampikanueM. I1o B.M. Bepranckomy,
WMEHHO 3aMKHYTOCTb KpyroBOpOTa BelleCTB 00ec-
MevyrBaeT JIMTeIbHOE, a MOTEeHLMATbHO — OecKo-
HEYHOe, CyIIIECTBOBAaHME 3eMHOIT Omocdephl.

Bepuémcsg k mpobiieMaM MCCIeIOBAaHUS 3€MHOM
ouocdepsl 1 CbK B ietom. Baxkneiimmii Bonpoc —
KaKy1o MoJieJIb Orocdepbl MOXHO CUYUTATh aIeKBaT-
Hoi1? OOpaTMCs BHaYaJIe K OIpeNeIeHUIO, KOTOpOe
HMKe HaM npurogutcs: “Eciu Mexny I1ByMsl 00beK-
TaM1 MOXET OBITh YCTAHOBJIEHO CXOICTBO XOTS ObI B
KaKOM-JIM0O OTHOM OINpeAeIEHHOM CMBICHIE, TO
MEXIy 3TUMU OOBbEKTAMU CYIIECTBYIOT OTHOIIECHUS
opuruHana u mogemm’” [10].

1 C3-(hOTOCHHTE3 — OIMH U3 TPEX OCHOBHBIX METAOOINYECKUX
nyTeil (huKcayuu yriiepojaa, B KOTOPOM TIEPBBIM ITPOIYKTOM
SIBJISIETCS TPEXYIJIEPOOHOE coeduHeHne — (PochormnuepuHo-
Bas Kucaora. C4 — MyTb B KOTOPOM 0OpasyeTcsl YETBIPEXYTIIEe-
pOIHOE COenMHEHNE — IaBesieBo-yKcycHas Kuciora. CAM —
MyTh B KOTOpoM pasfeneHue accumwissuun CO, m nukia
KanbpBrHA IIpOMCXOAUT BO BPEMEHMU, a HE B IIPOCTPAHCTBE, KAK
B ciyyae Cy.

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

g 6uodu3uKM XapaKTepHO ITOCTPOeHME KOH-
HEeNTYyJIbHBIX MOJEeNel, TTpeqHa3HaYeHHBIX He IS
TOYHOTO BOCITPOM3BEAECHMSI CBOMCTB OpUTMHANA, a
TOJIBKO €r0 CYIITHOCTHBIX CBOMCTB, 3HAYMMBIX B KOH-
TEeKCTe IIPOBOIAMMOrO ucciemoBaHus. [loiae3HOCTh
TAaKOTO TIOAXOAa WJUTIOCTPUPYET OOIIEen3BECTHBIN
IIKOJIbHBIN IIPUMEp — MaTeMaTUIeCKUIT MasITHHK.

B ¢usuke crtpouTcsa MaTeMaTuyeckass MOAEIb
uieasbHOro o0beKTa: MaTepruaibHasl Touka (0OBEeKT,
WMEIOIIM Maccy, HO HE UMEIOIIIMI pa3Mepa, — TaKo-
ro He ObIBaeT!) moaBellleHa Ha HEBECOMOIT, HepacTsI-
KUMOM, OECKOHEYHO TOHKO HUTU C HYJIEBBIM CO-
MpOTUBJICHUEM M3ru0y (Takoil He ObiBaeT!). [1pu ma-
JIOM yTJi€ OTKJIOHEHUS O, OT TTOJIOKEHWSI PAaBHOBECHUS
(sinot = /) MOXHO MOJYYUTb MPOCTOE YpaBHEHUE
CBOOOIHBIX KOJIeOaHMii 3TOTr0 MasiTHUKA. Ho, 4To ca-
MO€ UHTEPECHOE, TTOJyYeHHOE BbIpaXXEHUE [IJIS 3aBU-
CUMOCTHU Mepuosa KojiebaHuii OT JIMHBI MoABeca 1

ycKopeHus1 cBobomHoro nageHust: T = 21 \/Z npuMe-
g

HNMO K p€aJIbHbIM (I)I/IBI/I‘-ICCKI/IM MasgdTHHUKaM U I103-
BOJIACT paCCUUTLIBATh UX MTapaMETPhI.

DOTOT MpUMep MNpPEeACTaBIsIET COOON 3BpUCTUYE-
CKoe 0OOCHOBaHME TOCTPOEHUSI JOCTAaTOYHO MpO-
cTeIx Mopeieit onmocdepsl 1 CBK B 11e1oMm, rmaBHoOe,
YTOOBI OHU BOCITPOM3BOAUIIN CYIITHOCTHBIE XapaKTe-
PUCTUKU MOJCIUPYEMOU CUCTEMBI.

Ho nmaxe oOpaiiieHue K MpPOCTBIM MaTeMaThde-
CKUM MOJEISIM TTPUHECET MaJIO TI0JIb3bl, €CIM Y Hac
OTCYTCTBYET BO3MOXHOCTb IPOBECTU MTPOLIECAYPY Ba-
JIMAV3alYA MOJIEJIU, YTOOBI OHA TIOATBEPAUIIA CBOIO
CMOCOOHOCTh MpencKa3blBaTh MOBEAEHUE PealbHOM
CUCTEMBI. A IUISI 3TOr0 HEOOXOOUMBI JOCTATOUYHO
JUTUTEIbHBIC BpeMEHHBIE PsIIbl HAOTIOACHUIA, Yero, K
COXaJICHUIO, Mbl HE MMeeM HU JUISI 3KOCUCTEeM, HU
111 Guocdepsl B LieaoM. [TotoxkeHre mpeacTaBisieT-
cs1 6e3BbIXOAHBIM. OmHaKO He BCE Tak 1miaoxo. [Tomu-
MO MaTeMaTU4YeCKUX MOTYT CYIIeCTBOBATh U (hU3nue-
CKHe MoJeNn 6uocdepbl — UCKYCCTBEHHBIE 3aMKHY-
ThI€ 9KOJIOTUYECKHUE CUCTEMbI, SKCITEPUMEHTATbHBI
MOJIUTOH 151 pa3paboTKu Mojeeil bnochepHbIX.

3aMKHYTble KOJIOTHYECKHE CHCTEMbI KaK UHCTPY-
MEHT HCCJIe0BaHuA 3eMHOI Ouocdepsl. VickyccTBeH-
HBIE 3aMKHYTBhIe 3Kojormdeckme cucreMnl (3DC)
BBICTYTIAIOT B POJIM YHUKAJIBHOTO HAy4YHOTO UHCTPY-
MEHTA, TO3BOJISIIONIETO €CIU He 00eCIeUnTh, TO Cy-
ILIECTBEHHO OOJIETYUTh MPOJABMKEHUE B UCCIIeOBa-
HUM BBIIEYTOMSIHYTBIX TPOOJIEM.

Bo-niepBbIx, aKkcniepuMeHTaibHble 39C 1o onpe-
JleJIeHU10 00J1a1al0T 3aMKHYTOCTBIO, TO €CTh BOCITPO-
M3BOIIT KJII0UeBOE CBOMCTBO OMocdephl, a 3HAUYUT,
BOCIPOU3BEICHNE YCTOMYMBOTO KPYyroBOpOTa B BKC-
nepruMeHTe U 00bSICHEHME 3TOI YCTOMYMBOCTU B Ma-
TeMaTUYECKOU MOJEIU MO3BOJST MPOJIBUHYTHCS B
MOHUMMaHUM MEXaHU3MOB 3aMKHYTOCTH TTOTOKOB Be-
IIECTB U CTAaOMIBHOCTU OMOC(hepHI.
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Bo-BTOophix, 3DC 10CTaTOYHO IIPOCTHI U OTKPHITHI
K UX TOApOOHOMY OOCJIeOBAHUIO, YTO TMO3BOJISIET
MOJIYYUTh TIOYTHU TIOJHBIM MOHUTOPUHT COCTOSIHUS
CUCTEMBbI, YeTO HEBO3MOXKXHO JOOUTHCS B Clydae Mpu-
ponHBIX 3KocucTeM. IIpm stom 3DC mocTatodHO
CJIOXHBI, UTOOBI OTOOPaXKaTh CYIIECTBEHHBIE CBOIi-
CTBa DKOCHCTEM, B YACTHOCTU HEJIMHENHOCTb B3au-
MoneicTBUSI U OOpaTHbIE CBSI3U, BIMSIONIME Ha KX
YCTOWYUBOCTbD.

B-TpeTrbux, BO3MOXHOCTb BapbUPOBATh YCJIOBUS
9KCIEPUMEHTA ¥ OKa3bIBaTh B XOA¢ HAOIIOACHUI Te-
CTOBBIE BO3MYIIIEHMs YHUKaJbHa cama IIo cebe, B
MPUPOAHBIX 3KOCUCTEMAaxX 3TO HEOCYIIECTBUMO.
KpomMme Toro, oTkpeIBaeTCs BO3MOXHOCTD ITOBTOPSITh
9KCIEPUMEHTHI, UCXOSI M3 HAaYaIbHBIX YCIOBUIA, UTO
Ha YPOBHE MPUPOIHBIX 3KOCUCTEM HETOCTKUMO.

KoneuHo, B rmpocToit 3D C ¢ MabIM KOJTMYECTBOM
BUJIOB HEKOTOPBIE BAXKHBIC HETPO(MUUIESCKHIE B3aIMO-
neicTBus (OIbUICHUE, ajulejionarus, (pu3ndeckoe
BBITECHEHME — BbITAIIThIBaHME) OyIyT yIyllleHbl. Pe-
3yJbTaThl, MOJy4eHHEIE B XOI€ BKCIIEPUMEHTOB C
npocteiMu 3DC, 3amafoT HeoOXOIMMBIE, HO He JI0-
CTaTOYHBIE YCIIOBUS YCTOMYMBOCTH CUCTEMBI, CBOETO
pona CKeJIeT YCTOMYNBOCTH.

TeopeTnko-3KCepUMEHTAILHOE MCCIIeIOBaHNE
39C MOXeT CTaTh KIIOYOM K pPa3pelIeHUIO YIIOMU-
HaBIIMXCSI BBIIIE IpoOieM skojoruu. Cruenys m3-
BECTHOMY BBICKA3bIBAHMIO BBIIAIOIIETOCS aMepHu-
KaHCKOro (hbu3nKa, OOHOTO U3 co3maTesieii KBAaHTO-
BOI asiekTponuHaMuku P. @eiitnmana “Yero He Mory

BOCCO3/1aTh, TOTO HE MOHMUMAIO0”2, YPOBEHb HAILIETO

MOHUMAaHU TIPOLIECCOB, MPOUCXOIIIINX B Groche-
pe, MOXHO OLIEHMBATh HA OCHOBE YMEHUS CO31aBaTh
39C c 3amaHHBIMU CBOMCTBaMU. MIMEIOIITUIACS OTIBIT
KOHCTPYMPOBAHUS U TEOPETUYECKOTO aHAIU3a 1a60-
patopHBIX 3DC yxXe MO3BOJMII ITOHATh HEKOTOPHIC
0COOEHHOCTHU OMocdhepHhl.

BDkcnepumeHTanababie 3DC M MX BKJIajJ B OHUMA-
HHe 0uocdepHbIx mpoueccoB. ComtacHO IIMPOKO pac-
MIPOCTPAHEHHOMY IIPEICTABICHHUIO, YCTOMIMBOCTH
ouocdepbl obecrneunBaeTCsl OYeHb CIOXHOM CEThIO
TpopMUECKNX LUKIOB, B3aMMOICICTBUE KOTOPHIX
IIPUBOIUT B UTOTe K JOCTVDKEHUIO 3aMKHYTOCTH. 10
€CTh, B COOTBETCTBUU C 3TOI I'MITOTE301i, 00MJIME BU-
JIOB €CTh HEOOXOIMMOE YCJIOBUE peaan3allii MeXa-
HM3MOB 3aMbIKaHUS Owmocdepbl. g mpoBepKHn
CPaBEUTMBOCTHU 3TOTO TIPEACTABICHUST €CTh TOJBKO
OOWH MYTh — MOMBITaTHCS CO3[aTh MCKYCCTBEHHYIO
39C, o1 Havyaja — MaJIOBUIOBYIO.

BHOC-3. Tlepsoii skcriepuMmeHTambHON 3DC,
KOTopasi TIpOJIeMOHCTPUPOBaja BO3MOXHOCTb JIJIM-
TEJIbHOTO, Ha MPOTSKEHUU 6 MeCsILIeB COOCTBEHHOTO
(YHKIIMOHUPOBAHMUS C BBICOKUM YPOBHEM 3aMbIKaHUSI,
Obuta 6MopereHeparuBHas cucrema bIOC-3 [11], co-

2 ®paza “What I cannot create I do not understand” 6bL1a HamM-
caHa P. ®deitHMaHOM Ha ero pabouyeil JOCKe M OKa3alach I0-
cJIeHEei B ero KU3HM.
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3naHHadg B 1972 r. Ota cucreMa o6bEMoM 315 M? os-
BOJIMJIA OOECTIEYNTh B aBTOHOMHOM pEXUME KU3Hb
SKUMAaxa U3 3 4eJIOBEeK B TeUeHUE MOIYroma 3a CUYET
3aMBIKaHMs IUKJIA 110 Boje M rasy oyt Ha 100%,
nuie — 6osee yeM Ha 50%.

MoxxHO JIu Ha ocHOBe 3KcrepuMmeHToB ¢ BUOC-3
OTBEPrHYTh TUMOTE3y O TOM, YTO YCTOMYUBOCTD 3a-
MKHYTOTO COCTOsSIHUSI Ouocdephbl o0ecreuynBaeTCs
pa3BeTBAEHHOM TpoduuecKoii ceTbio? OnUH U3 I71aB-
HBIX pe3yabraToB BMOC-3 MoxxHO chopMyTnpoOBaTh
TaK: JOKa3aHO, YTO IpH yIIpaBJIeHUM ITOTOKAMU Be-
IIeCTB B Maj1oBUI0BoiT 3DC BO3MOXHO JOCTIKEHIE
CTAallMOHAPHOTO COCTOSIHUS C IOCTATOYHO BBICOKUM
YPOBHEM 3aMbIKaHMSI IOTOKOB BEIIECTB. DTOT BHIBO,
He OYeHb IIPOABUTAET HAC B IIPOBEPKE BhICKA3aHHOM
TUMNOTE3bl, HO 3aTO UMEET OTPOMHOE 3HAYeHUE IS
MMpakKTU4YeCcKoro ucnojb3oBaHuss 3DC, B MepBYIO
oyepenb B KOCMOHABTHUKE.

Mukpokocmor Poacoma. DKCIEPUMEHTHI C MUKPO-
KocMaM¥ — MaibiMu 3DC, TipoBeIEHHBIE aMEpUKaH-
ckuM MukpoouosoroM K.2. @ojgcomom [12], umeror
MpsSIMOE OTHOIIIEHME K OIIEHKE CIIPaBEIIMBOCTU BbI-
CKa3aHHOI TMITOTe3bl. MUKPOKOCMEI TIPEACTABIISLIN
00011 CTEKIISTHHBIC COCyIbl 00bEMOM OT 1 110 5 71, 3a-
MOJTHEHHEIE MOPCKOiT BOIOI 1 MOPCKUMM OpPraHU3-
MaM#. DKCIEPUMEHTHI ITOKa3aiau, YTO 3T MWHU-
9KOCHUCTEMbI MOTYT CYIIECTBOBATh MPOAOIKUTEIb-
HOE€ BpeMs, UTO CIIYKHT IIPSIMBIM yKa3aHUEM Ha To,
YTO UISI BOSHUKHOBEHMSI 3aMKHYTOTO KPYyrOBOPOTA
BEIIIECTB COBCEM He TpeOyeTcsl CMIIBHO pa3BeTBIEH-
Has Tpodudeckas ceTb. OgQHAKO cocTaB MUKPOQIIO-
PBI 3TUX MUKPOKOCMOB ObLT BeChMa pa3HOOOpa3eH.

CeromHs KaXXIblii XKeJTalolnii, IIPOYNTABIINIA CO-
OTBETCTBYIOIIYIO CTAThIO B MOIMYJISIPHOM KypHaie [13],
MoxeT co3natb MUHU-3DC. Ho ecin 1106011 11060-
3HATEIbHBIA YeIOBEeK MOXET ITOCTPOUTh MOJIENb
ouocdepsbl, TO HE O3HAYACT JIU 3TO, YTO MEXaHU3MBI
3aMKHYTOCTU OMocdephl NOHATEI M1 MOXHO CO3/a-
BaTh 3DC mId KOCMOHABTOB M YIPaBIITh OMocde-
poii? BoimonHeH nu kputepuii P. @eitnmana? K co-
XajJleHu1o, HeT. Bo-TiepBbIX, MUKPOKOCMBI ¢ Oora-
ThIM HaOOPOM OPraHM3MOB He BbIKMBaau co 100%
HaIEXKXHOCThIO. Bo-BTOPHIX, KaK MpaBUJIO, B CUCTEME
yCTaHaBJIMBaJach aTMocdepa C OTIMYHBIM OT 3€M-
HOIT cOCTaBOM. B-TpeTbUX, OTHOCUTEIBHO YCITEIITHOE
BOCHPOU3BEIACHNE Ha MpakKTUuKe (parMeHTa CIOX-
HOM CHCTeMbl HE O3HA4aeT, YTO MBI yXe& HOCTUIIU
MOHMMaHUS e€ YCTpoiicTBa U MOXeEM ITIpeacKasaTh
MOCJEACTBUSI TOTO WIM WHOTO BO3ACHMCTBUSA, a 3TO
HeoOXoaUMO OIS pEILIeHUS 3asBICHHOM 3agadyul —
yIpaBJieHUs1 buochepHbIMU TIponieccamu. Mcropust
co3naHus ruranTckoit 39C “buocdepa-2” (CIIIA) B
JTaHHOM KOHTEKCTE OUYEeHb IIOYYUTEIbHA.

buocgepa-2. E€ co3naTenu Ha TIPOTSKEHUUN ABYX
JIET OBITAJIMCh CMOAEIUPOBATh XWU3Hb MOCeIeHYe-
CKOIi KOJTOHUHU, COCTOSILIEN U3 TI0OJEN U XKUBOTHBIX,
Ha Mapce. IIpoekTUpOBIIVKN, BIOXHOBJIEHHBIC
omeITamMu Pojicoma, HamesSTMCh, YTO TIPU OOBEIIHE -
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HUM OOJILIIOTO0 KOJUYECTBA OPTaHU3MOB MPOU30M-
IET UX COOpraHu3alus, MPU 3TOM HEMaJIOBAXKHYIO
poOJIb OHM OTBOOMJIM MHMKPOOpPraHU3MaM. YIVBU-
TeJIbHO, HO UX HE HACTOPOXWIO UMU K& CaMUMU
YIIOMsSIHyTO€ 0o0cTosgTenbeTBO [14, p. 13, 14], uTto B
MUHU-O0Mochepax Pojicoma ycTaHABIMBalach aTMO-
cdepa, CWIBHO OTIIMYAIOIIASICS TI0 COCTABY OT 36MHOIA.

B 39C mnomaneio 1.27 ra u 06uémMoM 203760 M3
pa3Mellaanch TISITh JaHMIIa(@THBEIX cucTeM (01O-
MOB): OKe€aH C KOpaJJIOBBIM prc¢hoM, caBaHHa, TPO-
MAYECKUI JOXKIIEBOM Jiec, MyCThIHS U 0010T0. Kpome
TOr0, OHA BKJIIOYaya B cebsl CeTbCKOXO3SMCTBEHHBII
0JI0K 1 AOM JJ1s1 KJibsi. [loMuMo 8 ucrmbITareneii cu-
CTEMY 3aCeJININ YEThIPbMS ThICSTYaMU BUAOB Pa3HO-
00pa3HBIX NpeAcTaBUTeNeil (paophl U (payHbI.

Bckope mocne Hayajga 3KCHepUMEHTa HA4valocCh
mameHue KOHIIEHTpalluy KUCIopoaa B atMocdepe, K
KOTOpPOMY 3aTeM A00aBUJIOCH MOBBIIIEHUE KOHIIEH-
tpauuu CO, [15]. OnHa U3 NpUYKUH OBICTPOTO Tajae-
HUS KOHIIEHTPAIIMM KUCJIOpoa ObljIa CBsI3aHa C MC-
MOJIb30BaHUEM JIJIST IEKOPATUBHOTO CKaJIbHOTO Mac-
CHBa MOJIOIOTO O6€TOHA, KOTOPHINA IPU CO3peBaHUM
TomIomaeT Kucjiopon u3 arMochepsl. KoHieHTpa-
Us KUCIopoaa Mpuban3uiIach K KpUTUISCKU HU3-
KOIA, ¥ TIPUIIIIOCH TOOABIISITh KUCIIOPO 13 GAJZIOHOB.

[MoBbIllIeHWE KOHLIEHTPALIMM YTJEKUCIOro rasa
OBUIO BBI3BAHO HapyllleHWeM OajlaHca TTOYBEHHOTO
nbixaHus U oTocuHTe3a pacteHuii. Ha 3emiie Bapu-
aly NOTOKOB IMTOYBEHHOTO AbIXaHUS U (POTOCUHTE3A
CTJIaXXWBAIOTCS OONBIIIOIT EMKOCTBIO aTMOC(EpPHI, a B
“buocdepe-2” cioii MOYBbI UMEJI TPUPOIHYIO TOJ-
ILIUHY, YeTO HeJb3s1 CKa3aTh PO TOJIIIMHY aTMoche-
pbl. OT Takux U3MeHeHui aTMocdepbl IEPBbIMU BbI-
MEpJU ONBUIUTENU paCTeHUN (KOIUOpPU, TMUETHI).
3areM pa3sMHOXUJIKUCh BPEAUTEIM pacTeHUI, HeMa-
TOJIbI, KJIEIU Y TapaKaHbl, KOTOPbIE CTAIN MOXUPATh
MOCEBHI UCITbITaTeeil. B KOHeYHOM cuéTe CUJIBHO
MOXYIEBIINE UCTIBITATENIN €]l JOTSHY/IW A0 3arja-
HHUPOBAHHOTO CPOKA OKOHYAHMS IKCIIEPUMEHTA.

K coxaneHuto, TeXHUYECKHE U TEXHOJIOTUUECKIE
OLIMOKM, MOMyIIEHHbIE MpU MNPOEKTUPOBAHUU
“Bbuocdeppl-2”, He TO3BOJISIIOT paCCMaTPUBATh 3TOT
SKCTIEPMMEHT KaK MPOBEPKY TMITOTE3bl O CTATUCTU-
YEeCKOM MexaHu3Me oOeclieueHUsl 3aMKHYTOCTU U
CTaGMIIBHOCTU 3eMHOM 6mocdeprl. [lorydaercs, yto
IPOCTOE KOIMMPOBaHWE (HPArMEHTOB IPUPOMTHBIX
9KOCHUCTEM B 3aMKHYTOM 3KOJOTMYECKOU cHucTeme
KU3HeoOecTieUYeHNsT He TapaHTUpyeT ycrnexa. Hemo-
CTaTOYHO 3HATh YCTPOMCTBO OTIOENBHOTO Omoma (B
BOCHPOU3BEACHUN OMOMOB y4aCTBOBaIM U3BECTHHIE
y4EHBIe), BaXKHO IMTOHUMATh TIPUHIIAILI YCTPOMCTBA
onocdepsl B LICJIOM.

Mukpo-39C. B otnuumne oTr MUKpOKOcMOB Doji-
coMa M MoJI0OOHBIX aKBaCUCTEM BUIOBOI COCTaB MUK~
po-3DC [16] KOHTPOIUPOBAJICS MOTHOCTHIO — HEKO-
TOopble 13 MUKPO-3DC comepkanu, HaAllpuMep, OIl-
HOKJeToYHyo Bomopociab (Chlorella 21901) v nBa
BUma penyueHToB (Pseudomonas sp., Mycobacterium

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

rubrum). Baxxxo, 4To pu onpene € HHBIX COOTHOIIIE -
HUsIX OmoreHoB (yrjaepoda, a3zora u ¢ochopa —
C:N:P) B Mukpo-339C ycTaHaBJIMBaJI0OCh CTallUOHAP-
HOE COCTOSTHIE 11 OHU MOTIJIU CYIIIECTBOBATh IJINTEIIb-
Hoe BpeMs. CaMbIil ITOCIIEIHUN KUBOIW 3K3EMIUISIP
MUKPO-3DC ObLI CIydyaiiHO pa3pyllieH BCJIEeICTBUE
HeKOHTpoaupyemoro maaeHus ciyctsa 30 ner(!) mo-
cJie 3aITycKa 3TUX 9KCIIEPUMEHTOB.

DTOT pe3yJbTaT OMTHO3HAYHO CBUJIETEIbCTBYET,
4TO IJI 3aMBIKAHUS IIOTOKOB BEIIECTB COBCEM HE
HYXHBI CJIOXXHbBIE TPO(PUIECKHE CETH — OPTAHU3MBI
00J1agal0T JTOCTAaTOYHON METa0O0INYEeCcKO THOKO-
CTBIO, YTOOBI 3aMKHYTh ITOTOKU BEIIECTB, IIPUUEM C
OYE€HBb BBICOKOI TOYHOCTEIO.

OCo0eHHOCTH MATEMATHYECKOTO MOEIMPOBAHUSA
39C u BO3HHKAIOLIHE MPOOIEMbI M MAPATOKCHI. Teope-
TUYECKOEe W MaTeMaTh4ecKoe paccMorpeHue 3DC,
MX CIIEM(UKU IO CPABHEHUIO ¢ OOBIYHBIMU 3KOCH-
cTeMaMU TI03BOJISIET BBISIBUTH CBOMCTBa O6uocdephl,
KOTOpbIE paHee He ObUIM OYEBUIHBI Ha (DOHE €€ IT0-
TpsICAIOIEN CIOXKHOCTHU.

Ilapadokc Bepunadckoeo-/lapeuna. BnepBble Ha Cy-
1IECTBOBaHUE 3TOTO MapagoKca o0paTUv BHUMaHUE
K. Bapnoy u T. Bonk (CIIIA) [17], KoTOpble Ha3BaIn
ero rmapagokcom BepHanckoro. ABTOpbsI (hOpMYIIHPY-
10T ero B (popme Botipoca: “Kak xe moJrygaercsi, 4To
BXOJIbI ¥ BBIXOJIbI MUPUAJOB OTKPBITBIX CUCTEM 00pa-
3YIOT )KU3HEHHYIO CETh TAKUM 00Pa3oM, UTO MaTepHr-
ajibHasl 3aMKHYTOCTb, KaK TPaHMYHOE YCJIOBUE TIjia-

HETHI, HE pa3pylllaeT OPraHU30BaHHbBIE TIOICUCTEMBI >,

I[MpowmtioctpupyeM cythb Tipobiembl. Kaxkmbiit
BUJL OPTaHU3MOB XapaKTePU3yeTCs CBOUM COCTaBOM
OMOreHOB — XMMUYECKUX 3JIEMEHTOB, HEOOXOTUMBIX
JUIST HOPMAaJIbHOM KM3HENEesITeIbHOCTU OpraHu3Ma.
Hanpumep, B TuApoOMOJOTUU UCTIONb3YIOT CTEXUO-
MmeTpuyeckoe cooTHomieHue C:N:P B opranmamax
JUJTSI OMCAaHUS Pa3HbIX OPTAHU3MOB U UX COCTOSTHUIA.

PaccMoTpuM TMNUYHBINA Mpoliecc: OIUH opra-
HU3M, JOIYCTUM 3K€pTBa, MONJIOIIAETCS IPYTUM,
XUAIMHUKOM (puc. 1). Ilp1 3ToM OHM UMEIOT pa3HbIe
CTeXHOMETPUYECKUE COOTHOIIEHNS, TO €CTh Pa3any-
HBI cocTaB OMOTreHOB. J1OMmyCcTUM, HOJIsI OMHOIO U3
ouoreHoB (61oreH A) y XUIIIHUKA B TPU pa3a OoJblIIe,
yeM y XepTBbl. B aTOM criydae njig oGecrniedeHUst
HY>KHOTO KOJIMYeCTBa MaHHOTO OuoreHa B CBoOei
Onomacce XUIHUK JOKEeH CheCTh B TPU pa3a 00Jb-
11e 6MoMacchl, TIPU 3TOM OCTaJibHbie OMOTEHbI EMY
ye He Hy>KHbI, OHU YXOJISIT B OTXOAbl — IMTOTEHIIMAJIb-
HBII TYMTMK BEIIECTBEHHOTO KPyrOBOPOTA.

MacmrtabHOCTh HpOOJAEMbl CTAHOBUTCS ITOHSIT-
Hee, eCIN MPENCTaBUTh CXEMY IBIKEHHS OMOTeHOB
MO0 HECKOJBKUM TPO(PUUYESCKUM YPOBHSIM, BKJIIOUAIO-
IIM HECKOJILKO BUAOB (cM. puc. 1). Eciam npuHSTh

3 “How is it, then, that the inputs and outputs of a myriad open-
system forms a life mesh in such a way that material closure as a
boundary condition of the planet does not destroy the organized
subsystems?” [17, p. 372].
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Puc. 1. YcioBHasi cxeMa rnpolecca 00pa3oBaHMsI OpraHMYeCcKoro Tyrnuka B akocucteMe. bruomacca 1
¥ buoMacca 2 — OMoMacChl OpraHU3MOB, YYaCTBYIOIIMX B TPO(PUUECKOM B3aMOASUCTBUM (HATIpU -
Mep, TPaBOSITHOE XKMBOTHOE U XUIITHUK). A, B, C — 6uorens! (Hanpumep, docdop, a3or, yriepon).

BO BHMMaHHE, UTO BBICOKO3AMKHYTOE COCTOSTHUE
ouocdepbl, ¢ KOTOPHIM OHA BCTYNMJIA B IIPOMBIIII-
JICHHYO PEBOJIONNIO, CTAJIO PE3yJIbTaTOM €€ IBOJIIO-
LIMOHHOTO M 3KOJIOTMYECKOTO PAa3BUTHSI, TO STOT Ma-
pazoKc MOXHO c(popMyJIMPOBATh CJIEAYIOIINM 00pa-
30M: 3aMKHYTOCTb Ouochepbl He SIBISIETCS
aJanTUBHBIM CBOMCTBOM 0COOU (MJIU TTOMYJISILIVNA).

JeicTBUTENbHO, B XOI€ €CTeCTBEHHOro orbopa
BBEDKMBAET Ta 0COOb, KOTOpasl 3aXBaTBIBaeT OOJIbIIIE
PECYpPCOB U OCTaBJISIET MOCJIE cedsl OoIee KMU3HECO-
cOOHOE MOTOMCTBO, TO €CTh B XOJI€ €CTECTBEHHOTO
oTOOpa OpraHU3MbI ITOOEKIAIOT C MPENUMYIIIECTBOM,
KOTOpOoe Na€T BBIUTPHIII 31ech U ceiiuac. Ilocnen-
CTBMSI HapylleHMs 3aMBIKaHUSI Omocdepbl OyayT
MPOSIBASTBCS TOPA3I0 MO3XE, YeEM HEIOCPENCTBEH-
Hble pe3yabTaTbl oTOopa. IToCKONBKY 3aMbIKaHUE
ouocdepbl mpoucxoausio Ha ¢GoHEe eCTECTBEHHOTO
0TOOpa, TO MPENCTABJISETCS JOTUYHBIM PACIIMPUTD
HazBaHMeE 3TOTO MapaaoKca U Ha3BaThb €r0 napadok-
com Bepnadckoeo—/lapsuna.

Oepanuuenus modeneil HWcécmrkoeo memadboau3ma.
Kaxk ciaenyet u3 mapagokca BepHanckoro—/JlapsuHa,
npu momenupoBaHnu 3DC HeoOXOOIMMO YUYNTHIBATH
KPYrOBOPOT BCEX CYIIIECTBEHHBIX OMOTEHOB U 00ec-
IIeYMBaTh BBIITOJJHEHWE 3aKOHOB COXpaHEHUS IIO
BceM omoreHaMm. B To ke BpeMsT TpaguIIMOHHBIE MO-
JIeJI SKOCUCTEM CTPOSITCS TTO aHAJIOTUU C MOJACISIMU
XUMHUYECKOM KMHETHMKH. B 3THUX Momessx KaxKmblil
BUI (paKTUYECKM HUIpaeT poJIb aBTOKaTalIM3aTopa,
MOTPEOJISIONIETO CTPOTO OIpeneIEHHbIC TPOITOPIIUU
MMUATATEJIbHBIX BEIIECTB, aHAJIOTUIHbIE CTEXOMETPH -
YeCKUM KO3(PUIIMEeHTaM XUMHWYECKUX peaKIInii.
Bynem Ha3bIBaTh TaK1e MOJCIN MOACISIMU KECTKOTO
MeTadoau3Ma.

PaHee ObLIO MOKa3aHO, UTO €CJIM OPraHU3MbI B
39C noTpedsIIoT cyoCcTpaThl WIM IPYTUe OpPraHu3-
MBI (IJ1s1 KOHCYMEHTOB) B (DUKCHUPOBAHHOM MTPOIIOP-
LIMU, TO €CTb C (PUKCUPOBAHHBIMU CTEXMOMETpUYEC-
CKUMU KO3(phULIMEeHTaMu U IMPU KOJIUYECTBE Pa3HbIX
OUMOTEeHOB CBBIIIE IBYX, TO YaCTO B 9TOI CUCTEME HE
MOXET peajn30BaTbCsl CTAllMOHAPHOE COCTOSIHUE,
OHAa caMa He MOXKeT cyllecTBoBarth [18]. IIpuumnHa B
TOM, UTO KOT/a Mbl YYUTHIBAEM 3aMKHYTOCTb T10 HE-
CKOJIbKUM OMOTreHaM, TO YMCJIO YypaBHEHUI CTaHO-
BUTCS PaBHBIM YMCITY BUIOB (TTOMYJISILIMIA) TTIOC KO-
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JIMIECTBO OMOTEHOB, a BOT YHWCJIO ITEPEMEHHBIX B
ypaBHEHMSIX (CTAallMOHAPHBIX CKOPOCTEW pocTa Io-
MTYJISILINIA ) OCTAaéTCs paBHBIM YHCITY BUIIOB B CICTEME.
I1o 3akoHaM areOphl ccTeMa TUHEWHBIX OMHOPOI-
HBIX ypaBHEHUI UMEET HETPUBUATbHOE (HEHYJIEBOE)
pelleHNe TOJIBKO B TOM ClIyJae, eCJIM paHT MaTPULIbI
K03 GUITMEHTOB CUCTEMBI MEHBIIIEe YMCTIa TIepeMeH-
HBIX. MOXHO TIPOWJLIIOCTPUPOBATH 3TO OTpaHUYE-
Hue Ha mipoctoii momeau 3DC [19]. Bo3amoxHbII
TTOIXOM K PEIICHHIO 3aa9l KOPPEKTHOTO OITMCAaHMUS
CTeXHOMETPUU DKOCUCTEM MOIbITaeMcs chopMyan-
pOBaTh MOCJIE pACCMOTPEHUS TOTIOTHUTETHHBIX TIpe-
TEH3UU K MOAEIISIM KECTKOTO MeTaboIM3Ma.

Ilapadokcot Mbs u Xamuuncona. OmHUM U3 BaxK-
HEWIIUX MPEMSATCTBUI Ha MyTHU UCTIOJIb30BaHUS MO-
neseit XKECTKOTO MeTaboJiM3Ma BEICTYIIAaeT MPOTUBO-
MOJIOXKHBII XOII 3aBUCUMOCTEN YCTOMYUBOCTU SKO-
CUCTEeMBbI OT YKCJja BXOASIIMX B HEE BUIOB B cllydyae
peabHBIX 9KOCUCTEM U UX KJIACCUUECKUX MaTEMaTU -
yecKkux mopeiieii. [IeficTBUTENbHO, B TPAAUIIMOHHBIX
MOJIEJISIX DKOCUCTEM TIpU YBEJIMYEHUU KOJUYECTBa
B3aUMOJEUCTBYIOIIMX BUAOB yMEHbIIIAaeTCs 00JIacThb
YCTOMYUBOCTHU B MPOCTPAHCTBE MTapaMeTPOB MOJE-
mu [20]. JlaHHble HaOMIOAEHMIA ITOKA3BIBAIOT, YTO
YBEJIMYEHNUE YCTOWUMBOCTM BDKOCUCTEM C POCTOM
yuciia BUJOB BCTpevyaeTcs B IMPUPOJIe Topas3ao yvaille,
yeM e€ ymeHblieHue [21]. MHBIMU cioBamMu, Cylie-
CTBYET MPOTUBOPEUYUE MEXIY TPEHIAMU U3MEHEHUS
YCTOWYMBOCTU peaibHbIX 9KOCUCTEM U UX MaTeMaTH -
YeCKHUX MOJesieil, YTO yKa3blBaeT Ha HEMpUMEHMU-
MOCTb YKa3aHHBIX MTOAXOI0B K MOIETUPOBAHUIO KO-
cucteM. Kpome Toro, Xopouio u3BeCTHBINA TTPUHIIUIT
KOHKYPEHTHOTO MCKJIFOYEHUSI TJIACUT, YTO KOJIuYe-
CTBO BUJIOB, CTA0WUJIbHO COCYIIECTBYIOIIMX HA OTHOM
U TOM Xe TpOo(PUUECKOM YpPOBHE, HE MOXKET MPEBbI-
1IaTh KOJIMYECTBO NOCTYMHBIX WM pecypcoB [22].
BnocneactBuu npuHLIMIT KOHKYPEHTHOTO UCKJTIOYE-
HUS ObLT pacIIMpPEH U ObLITO TTOKa3aHO, YTO HECKOIb-
KO BHUJIOB MOTYT COCYIIIECTBOBATb HA OTHOM U TOM K€
MUTaTeIbHOM CyOCTpare, €Clii UX KOJIMYECTBO He
MPEBBIIIAET KOJUYECTBO TIOTHOCTHO3aBUCUMBIX
KOHTPOJIUPYIOIINX POCT (haKTOPOB B cucteMe [23, 24].

B mpupone, omHako, HaOJIOOAIOTCSI CUTyallUU,
KOTJa TIPOSIBJISIETCST TaK Has3blBaeMbIil IapamgoKc
IUIaHKTOHA (mapamokc XaTtuymHcoHa) [25]. CyTb ero
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3aKJII09aeTCSI B TOM, YTO CYIIECTBYIOT 9KOCUCTEMEI, B
KOTOPBIX KOJIMYECTBO BHUIOB IMPEBBIIIAET KOJIMYE-
CTBO 3aperucTpUPOBAHHBIX MJIOTHOCTHO3aBUCUMBIX
KOHTPOJIMPYIOIINX POCT (paKTOpOB B cucTeMe. Takas
CUTyaluss MOXeT HaOIoIaThCs KaK B BOOHBIX, TaK U
B Ha3eMHBIX 9KocucTeMax [26]. DT JaHHBIE 3aCTaB-
JISTIOT IIPUITH K BEIBOAY, UTO JIJISI MOJEIMPOBAHUS 32~
MKHYTBIX 9KOJIOTTYECKIX CCTEM BOOOIIE 1 Omocde-
pBI B YAaCTHOCTH TPEeOYIOTCSI MaTeMaTUUYeCKUEe MOJE-
JIM, KOTOPEIE €CJIM HEe pa3pelIaloT OKOHYATEIbHO, TO,
no KpaliHeit Mepe, CHUXKAIOT OCTPOTY MepedyucaeH-
HBIX TTapagOKCOB U IPOTUBOPEUYMIA.

Moaem ¢ rudOkum Metadoausmom. B cBete mepe-
YMCJIEHHOTO BBIIIIE MEPCIIEKTUBHOM aJbTepHATUBOM
MOJIEJISIM XUJIKOTO MeTaboI1M3Ma BhICTYIIAIOT TaKue,
B KOTOPBIX CTEXMOMETPUYECKHE COOTHOIICHUS, a
BepHee, IIPOIOPILIM MOTPeOIeHNs CyOCTPaTOB WIIHN
HYTPUEHTOB, MOTYT MEHSTHCS — MOJIEIU THOKOIo
MeTaboau3Ma. Buasitcs Bcero aBa BapruaHTa THOKOTO
MeTabonau3Ma: 1) opraHmusM, UCXOdsI U3 HEKOTOPOTO
KpUTepusi, BEIOMpaeT, Kakoit cydocTpar Ipeumylle-
CTBEHHO IOTPEOJISATH; 2) U3MEHEHHE IIPOIIOPLINIL Op-
TaHUYECKUX BEIIECTB OMNpeaeJIEHHOIro Tuna (0enKku,
>KUPBI, YIJIEBOIBI), HAMpaBIsieMbIX 0 aHaboIUue-
CKOMY WJIM KaTabOoJIM4IeCKOMY ITyTSIM MeTaboIn3Ma.

BrraucimTennbHble 3KCIIEPUMEHTBI ¢ MOIEISIMU
ruokoro MeradonusMa mnokazanu [19, 27—29], uto
IJTST TAKUX MOfeseit: 1) BBITTOTHSIOTCS HabIiogaeMbIe
B TIPUPOIIe 3aKOHOMEPHOCTH POCTa YCTONIMBOCTH C
POCTOM KOJIMYECTBA BUIIOB; 2) XapaKTepHO OOJIbIIIee
KOJIMYECTBO COCYLIECTBYIOLIMX BUIOB B pE3yJIbTaTe
TTOSIBJICHUSI TOTIOJIHUTEIBHBIX TIJIOTHOCTHO3aBHUCH-
MBIX KOHTPOJIMPYIOLIUX POCT (DaKTOPOB; 3) OTKPHIBA-
€TCsS BO3MOXHOCTD CYIIIECTBOBAHUS CTAaIlMOHAPHOTO
COCTOSTHMSI B YCJIOBMSIX TIOJTHOTO 3aMBIKaHUS U YIETA
HECKOJIbKUX OMOTEHOB.

Bo3HUKHOBeHNE JOMOTHUTEIBHBIX TNIOTHOCTHO-
3aBUCHUMBIX KOHTPOJUPYIOIIUX POCT (PAKTOPOB TPU
rnepexoje K MoJieJisiM THOKOro MeTaboI1u3Ma CBSI3aHO
C MOSIBJICHUEM HOBBIX CTEIEHE CBOOOIBI Garomapst
YIIpaBJICHUIO META00OJIM3MOM U OTpEOIeHUEM. Ypo-
BE€Hb MEXXOpPraHU3MEHHBIX B3aUMOACUCTBUI JOITOJ-
HSIETCSI BHYTPUOPTraHU3MEHHBIM yripaBieHueM. [1pu
3TOM TeopeTndecKkuii aHann3 3D C MMo3BOJISIET OIpe-
JIeJISITh HeOOXoauMBbIe (HO HEAOCTAaTOYHEIC) YCIIOBUS
CYIIIECTBOBAHUS CUCTEMBI.

Monenn TuOKoro Metadboan3Ma MpencTaBIsTIOTCS
HauboJsiee aAeKBaTHBIM MHCTPYMEHTOM OpraHu3a-
LIUA U OOBbEeAWHEHUSI KOMITJIEKCHBIX MCCIIeIOBaHUIA
ounocdepsl ¢ ToMoIIbIo JadbopaTopHbIX 3DC u pele-
HUST yYTOMUHABIIMXCS TTPOOJIEM 9KOJI0TUM 1 6ruocde-
PUKH.

B3risaa Ha “3e€HYI0 HHUIUATHBY”, HCXOISIIMIA 13
npeacrasjennii o ouochepe kak 3DC. Korna MbI pac-
cMmaTpuBaeM ouocdepy Kak 39C, To ¢ HEOOXOTUMO-
CTBIO TIPUXOIMM K TOHUMaHUIO, YTO JII0O0e pacco-
IJIacoBaHUe, IF000¢e MpeHeOpekeHe TeMU I MHBI-
MM TIOTOKaMHU BeEIleCTB B OWocdepe paHO WIHN
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MO3IHO IpOSBUT cebs1. Takoit B3WIsSLH Ha Guochepy
MPEKPACHO COMIACYETCSI C OCOOEHHOCTSIMU 9KOJIOTUU
KaK HayK1, KOTOPYIO XapaKTepusyerT:

* KOMIUTEKCHBIN Tromxon (HeoOXOoMMO MaKCH-
MAaJTBHO TTOJTHO YUUTHIBATh B3aMMOCBSI3M OPTAaHU3MOB
9KOCHCTEMBI, TIOTOKU U JeicTBUE (haKTOPOB BHEIII-
Hel cpenbl);

* 00s13aTENILHBIN YUYET TOATOBPEMEHHBIX ITOCTE -
CTBUA.

OTcroga cienyeT, YTO BO3IEMCTBUE TOM MM MHO
TEXHOJIOTUU WM MPOAYKTA MOJKHO OLIEHUBAThCS
BCECTOPOHHE M Ha JUIUTEIHHOM BPEMEHHOM MHTEP-
Bajie. PaHee ObUI IpemioxkeH MOAXOO K MHTErpajlb-
HOI OLIEHKE BKOJIOTMYECKOr0 Bpeda BHEIPsSeMbIX
TEXHOJIOTUIi, HATIOMUHAIOLIWI MOAEIb MEXOTpacie-
Boro OanaHca B.B. JleonTeeBa [30, 31]. MbI nipoui-
JIOCTPUPYEM 3Ty HUACID Ha MOPUMEPE BHEAPEHUS
aeKTpoMoOuIeit, HoO CHavaja MpearnpuMeM MONbIT-
Ky OTBETa Ha OYE€Hb BaxKHBII BOIIPOC 00 NCTOYHMKAX
YIJI€POIHOM SMUCCUM.

06 yenepoonom caede domautHux xcueomuvix. Pac-
CMOTpeHHe OuochepHOro 1UuKiIa yriepoaa, IpoBe-
IEHHOE B pa3iesie cTaThH, o3aniaBieHHOM “C KaKu-
MU IIpoOIeMaMU IIPUXOIUTCS UMETh ea0?”, TI03BO-
JIIeT OPUITH K OYeHb BAaXXHOMY BBIBOOY, KOTOPBIM
BOOOIIIE HE YIIOMMHAETCS pa3paboTdnkaMm “‘3eyé-
Hoii mHuumatuBbl” (uau EGS-cTpareruu): He Bce
WCTOYHUKH YIJIEPOAa BPEIHBI, HE BCE OKA3bIBAIOT HE-
raTUBHOE BJIMSTHUE Ha KJIMMaT. OpraHu3Mbl, KOTO-
pbie TIOTPEOJISIIOT OpPraHUKY, CHUHTE3MPOBAHHYIO B
npolecce GOTOCUHTE3a, €CTECTBEHHO, BBIICIISIIOT yT-
JIEKUCIIBII Ta3 B Mpoliecce ObIXaHUS U B XOAe I0o-
CMEPTHOTIO Pa3j0KEHUs — IIPOCTO BO3BPAIIAIOT yI-
JIEpPOJI B LIMKJI, oOecrieurnBast JaabHeIee CylecTBO-
BaHue Owmocdepsl. TeM caMbIM ITOdydaeTcsl, 4TO
BOIIPOC 00 YIJIEPOIHOM CJIEIC JOMAITHUX SKUBOTHBIX,
KOTOpHI 0bcyxmaetcss B CMU u compoBoxkgaeTcst
MMPU3BIBOM COKPATUTH MTOTOJIOBbE JOMAIITHUX XXUBOT-
HBIX U [IEPENTU Ha BET€TApUAHCTBO, BOOOILIE HE UME-
€T CMBICTIA. YTJIEPOMHBIN Clle TI00bIX JKUBOTHBIX Ca-
MUX I10 ce0e — HYJICBOI1, a CKOpee — OTpULIATEIbHBIN.

B 1O ke Bpems AHanuTH4YeCKOe KpeaAuTHOE peii-
tuHToBOE areHTCTBO (AKPA) mmon “BeiOpocamu 1map-
HUKOBBIX I'a30B IIOHMMAET UX IIPSIMOI1 BBIOPOC 13 UC-
TOYHUKOB, HAXOISIINXCS B COOCTBEHHOCTHU WJIM MO
KOHTpoJIeM orleHmBaemoro anna” [32, c. 13]. IIpo-
osema B ToM, 4To AKPA yuyuThIBaeT JII0OBIe BEIOPOCHI
13 UICTOYHUKOB 0e3 y4ETa IMIPOUCXOKICHUS yIIepoaa.
OTcloga cieayeT, YTO HIEOJOTrd M OpTraHu3aTOPHI
“3enéHont uHuMaTuBbl” U AKPA Kak areHT ux BOJIu
He NOHUMAIOT POJIM 3aMKHYTOCTH B 00E€CIICUeHIHU CY-
mecTBoBaHUS onocepsbl. M moHnMarT, HO Torma
BO3HHKAET BOIIPOC O TOM, KaKue LeJIM OHU TIpeciie-
nytot. [TokazatenbHo, uto AKPA [32, c. 9] u3 criucka
MOJOXUTEIBHBIX MOIN(UKATOPOB OLEHKU IIPEn-
NPpUSITHS Ha IEPBOE MECTO CTAaBUT “‘HAJIMYME Y Olie-
HUBAeMOI0 JIMIIa OOJUTalluii YCTOMYMBOIO pa3BU-
tuss”! O yéMm 310 roBOpUT?
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Cpenu NMoJIOKUTETbHBIX MOIU(DUKATOPOB OLIEHKU
npennpusaTuii [32, c. 10] B iepBoif MoJOBMHE CITHMCKA
HaxomuTcsl “BbIpabOTKAa 3HAYUTEJILHON JOJU 3HEp-
TMU U3 BO3OOHOBJISIEMbBIX UCTOYHUKOB”, PETYISIPHO
YIIOMUHAETCSl MePEXOo]l Ha BJIEKTPOMOOMIIN KaK Bax-
HBIi 11ar Ha TTyTU K nekapooHusauuu. [ToaTomy cTro-
UT yAEJUTb BHUMaHUE TUM BOIIPOCaM.

06 anexmpomodussx. CaMu Mo cede OHU MOYTHU
WlIealbHbl, NX MPUMEHEHUE IEHCTBUTEIBHO YIyd-
IIIAT COCTOSTHME BO3AyXa B OOJBIINX Topoaax. OmHa-
KO TIOITLITaEMCSI OLIEHUTh BKJIaZ 3JICKTPOMOOMICH B
pelleHue Toii MpobJIeMbl, KOTOpasi 3asiBJIcHa B “3eJ1é-
HOI MHUIIMAaTuBe” — cokpaleHue BbiopocoB CO,.

DIEeKTPOMOOWIb UCHOIb3yeT BTOPUYHBII UCTOY-
HUK DHEPIUU — aKKYMYJISITOP, KOTOPBIN HYKIaeTCS B
nepuoandeckoit 3apsake. OTMeruM, uto 6onee 60%
MIPOLIEHTOB 3JIEKTPO3HEPTUM Ha 3eMJIe IIPOU3BOMIAT
TeruioBble anekTpocTaHuuu. OueHuM KIT umkia
“TOC—amexTpomodbuns”. Cpemnuit KITJI TOC —
35%, anekTpoaBuraTesisi HOCTOSTHHOTO TOKA MOIITHO-
cteio MeHee 100 kBt (100 kBt = 140 n1.c.) — 82%, nu-
TUEBOIO0 aBTOMOOMJIBHOTO akKKymyisgTtopa — 97%.
IlepemMBoOXxaemM u monydaeM ~28%, a 3TO CpeaHUI
nmokazareib KIIJ 6en3nHoBoro apurateis. C TOUKU
3peHus BeIopocoB CO,, 371IeKTPOMOOWIb He JAET HU-
KaKOTI0 BEIMTPHIIIA!

Jlo6aBuM, 4TO Ha TeppuTOopun Poccum, ocobeHHO
B Cubupu, OOJIBIIYIO YaCTh BpEeMEHHM roga Heo0Xxo-
M 00OrpeB cajioHa aBTOMOOMJISI, OCOOEHHO B MOPO-
361, gocturaiomme 35—40°C. Ecimu obGorpeB cajaoHa
OOBIYHOTO aBTOMOOWJISI HE CBSI3aH C JIOIIOJHUTEIIb-
HbIMU (PMHAHCOBBIMM 3aTpaTaMy — ITOTOK TEILJIOTO
BO34yxa IIPOCTO HampaBJIsIeTCs Ha TEIUIOOOMEHHUK,
TO B CiIy4ae 3JeKTPOMOOWIS IJisl oborpeBa cajloHa
MIPUXOAWTCS UCITOJIb30BaTh SHEPTUIO aKKyMYJIsITOpa,
€MKOCTb KOTOPOTO B MOPO3bl X TaK IIOHIKAETCSI. DTO
3HAYUT, YTO IpU 3uMHel skcruryarauum KIT snek-
TpoMOOWJIs OynEeT elll€ MeHbliie, a BbeiopocoB CO, Oy-
JeT OobllIe, YeM Y OOBIYHOIO aBTOMOOMIS. B TakoM
clIydae 1Ie1eco00pa3Ho JIM CTUMYINPOBATH KUTEJIei
Poccuu k mepexony Ha 3JIeKTPOMOOMIIN?

Ho 310 emé He BcE€. Ecim mpomokKuTh WHTE-
rpaJibHOE€ PAacCMOTPEHUE TMOCIEACTBUII BHEIPEHUS
9EKTpOMOOWIeH, NpUAETCS YYUTBIBATh CO3MaHUE
CETH CTaHLMI MOA3apsaaKd aKKyMYJISATOPOB, IJIS Ye-
ro MOTpedyeTcss pe3KOo M CYIIECTBEHHO YBEIUYUTH
NpPOU3BOACTBO MEOHBIX Kabeseil, a IpPOU3BOACTBO
Menu, BKIIIOYasl JOObIYY MEIHOI pyabl, O4€Hb SHEP-
ro3aTpaTHbIi MPOLECC, CBI3aHHBIM C BBIICJIEHUEM
He TOJIBKO YIJIEKHMCIIOro ra3a, HO U psiia APYTUX KO-
JIOTMYECKH BpPEIHBIX BellecTB. KpoMme Toro, mpous-
BOJICTBO (OMSTh K€ BKJIIOYasi JOObIUY JIMTUEBOU py-
JIbl) ¥ YTUJIM3aLUSI COBPEMEHHBIX IMTUEBBIX aKKYMY-
JIATOPOB TOXE SHEPro3aTpaTHBbIA W 3KOJOTUYECKU
BPEIHBIA MPOIIECC.

O 60300H06/155€MbIX UCMOYHUKAX Hepeuu. TTpouns-
BOJICTBO KPEMHUSI [JIsI COJTHEUHBIX OaTapeil — 3KOJI0-
TMYECKU BPEIHBIN Mpollecc, HO U caMa MX SKCIUTya-
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TalMs He TIPEACTaBIISIeT COO0I SKOIOTMIYECKUA Uie-
ain. st Toro 4TtoOBI MOXHO OBIJIO MCITONB30BaTh
COJIHEUHYIO 6aTapero B ObITY (KCTaTH, OYEMY HUKTO
He TOBOPUT O IIPUMEHEHNM 3TUX OaTtapeil B IIPOMBIIII-
JIECHHOCTM, CKaxKeM, JJISI BBIIJIABKU aJIOMUHUS, Ha
KOTOPYIO UAET, Hanpumep, 95% moinoctu KpacHo-
sipckoii 'DC?), HeobxoauM aKKyMYJISITOp IJIsk CHa0-
XKEHUS JoMa SHEePTUE B BeuepHee 1 HOYHOE BpeMs,
Korja oHa 0oJiee Hy>KHa, YeM B IHEBHOE. A JJIsI yCII0-
Buit Poccuu HyXXeH aKKyMyJIsITOp, KOTOPHBI oOecIie-
YUT XWIKIIE B TeYEHUE TOJTOro 3MMHETr0 TEMHOIO
BpEMEHHM CYTOK IPU MaCMypHOM HebOe U 3aCHEXEeH-
HOM KpBHBIllIe, YTO, KaK O4YEeBUIHO, HepeajdbHO. Tak
CTOUT JIU C SHTY3Ua3MOM BHEIPSTH COJIHEUHbIE OaTa-
peu, Koraa peub uaet o Poccun?

WHTerpanbHbIii aHAJIM3 TTO3BOJISIET IPUIATH K 3a-
KJIIOYCHMIO, YTO MpeajiaraeMbie BUIbLI “‘3eJIEHOI”
BJIEKTPOTreHepalliM He MOTYT OBITh MCITOJb30BaHBI
KaK OCHOBHbIE HE TOJIBKO JIJISI TIPOMBIIIJIEHHOCTU,, HO
U U151 HaceJieHust. To ecTh Mpo6iieMa SHEPreTUKU TO-
pas3mo ciIoXHee W TpedyeT Ooyee cephE3HOM ITpopa-
00TKU, 4eM 3To npeacrasieHo B ESG-cTparerumu.

O cesazvisanuu yeaepoda depegvsimu. CylieCTBYIO-
1€ Jieca B OCHOBHOM HaXOISITCSI B KIIMMAaKCHOM WJIA
OJIM3KOM K HEMY COCTOSTHUH, TO €CTh OOMEH YIJIEpO-
na ¢ atMoc(gepoil y HUX MOUTU cOaJlaHCUPOBaH, U
OHHM HE B COCTOSIHUH ITOTJIOTUTH OOJIbIIIE YIJIEKHUCITIO-
ro ra3a. [loHumast 310, CielMaancThbl MAIIYT 00 WH-
TEHCUBHBIX Tocanakax [33], HO, K coXaJleHUIo, U
37eCh He BCE TaK IIPOCTO.

IMTocanku HOBBIX IepeBbEB caMU IO cebe He pela-
IOT IIPO0JIeMY CBSI3BIBAHMS YIIepoaa, MOCKOIBKY Jie-
PEBBSI — 3TO BpEMEHHBbIE pe3epByaphl yrjiepoaa 1 Mmo-
cJie X OTMUPaAHMS BECh YIJIepo BO3BpallaeTcs: 00-
patHO B atMocdepy. C OmHOII CTOPOHBI, MOCAITKU
MO3BOJISIT 3aMEIJIUTh TEMIIbl HapacTaHUs KOHIIEH-
tpauuu CO, B atMmocdepe, HO, C IPYroil — Tocieny-
IOIlle€ MAacCOBOE BBICBOOOXKIECHME YIJIEpOda M3 OT-
MEPIIUX AEPEBHEB MOXET CYIIECTBEHHO YCYTYOUTH
cutyanuio [34]. Kpome Toro, st opraHu3anuy Mac-
COBBIX JIECOIIOCAaMOK M IIOCHEAyIomieil 00paboTKu
OOJIBIINX 0O0BEMOB JIPEBECUHBI TIOTPEOYIOTCS CyIIIe-
CTBEHHbIE 3aTpaThl SHEPTUU, KOTopasi OyJaeT MOCTy-
naTh OT CXWUTAaHUS MCKOIIA€MBIX TOIUIMB, TO €CTh
OISITh XK€ conpoBoxaarbesd amuccueit CO,.

Touka 3peHHs1 AaBTOPOB CTATbH OTHOCHTENIBHO IJIO-
0aJIbHBIX M3MEHEHMIT KiiuMaTa. MbI BOBCe HE YTBEp-
XKIaeM, 4TO MpoO6ieMbl U3MEHEHUST KIMMaTa U ero
MOCJIEACTBUM He cymiecTByeT. Haob60opoT, 0 ToM, 4TO
MOCJEICTBUSI CKUTAHUSI KCKOMAEMbIX TOIIIUB MOTYT
WMETh caMble KaTacTpopHUIeCcKHe TTOCIeACTBUS, MBI
mucanau, HauuHasg ¢ 2003 1. [4—6, 35].

IIpobnemMa KIMMaTMYECKMX W3MEHEHHI OYeHb
cepbE€3Ha, BeCbMa BepOosITHO, YTO OHA Jaxe OoJjiee ce-
pbE3HA, YeM e€ IpeacTaBisIioT paspadorunku ESG-
ctparernn. OHa TpeOyeT BCECTOPOHHETO UCCIeI0Ba-
HUs Wi (HOpMUpPOBaHUSI aneKBaTHOUW CTpaTeruu
MIPEONOJIEHUsI YIPO3bl 3THX M3MeHeHuil. Hukakue
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3JIEKTPOMOOUJIN U COJTHEYHbIe OaTapen Hac He cra-
CyT, TpeOyeTcsT KOpeHHas ITepecTpoiKa TeXHOJIOTHIA
W 9KOHOMUKU, COTIPSDKEHHASI ¢ OOJBIIMMU 3aTpaTa-
MU Ha TIpakTUuyeckue meponpusitus. [lepcnekTun-
HBIM pellleHreM OBIJIO ObI, 10 aHajioruu ¢ 39C, co-
31aHWEe HOBOW “KPyroBOPOTHOI” 3KOHOMUKH, HE
nmMeloleil Tynmukos [36]. Ho, X coxalleHHIo, pyKo-
BOJICTBOM CTpaH pellieHUs TIPUHUMAaIOTCS Ha OCHOBE
JIOXKHBIX KOHLIEMIIMMI, JUIIb MAaCKUPYIOIIUXCS IO
9KOJIOTUYECKHUE.

dyHaaMeHTanbHas HaydyHasi, oOpa3oBaTe/bHast 1
MpakTUYecKas 3ajJada 3aKjIouaeTcsl B pa3bsiCHEHUUN
CUTyallud JIMlIaM, TIPUHUMAIOIIUM pelleHusi, u
BHEJIPEHUM BCECTOPOHHETO 3KOJIOTMYECKOro obpa-
30BaHus. B mpoTtuBHOM citydae “3eIEHBIM” LIBETOM
OyJeT pacluBeTaTh 3KOJOoTUYeckoe MUGOTBOPUYECTBO
(B CMMU nocTOsSTHHO YIIOMUHAIOTCS 3€JIEHOE MPOU3-
BOICTBO, 3€JIEHOE CTPOUTEILCTBO, 3eaeéHble M T-Tex-
HOJIOTUH, 3€JIEHAs IHEPreTruKa, 3eJIEHbIN BOAOPOI U
JIaxe 3eJIEHoe (pMHAHCUPOBaHUE U 3eJI€HbIC LICHHBIC
oymaru). Kak 661 HaM He 3aXJIeOHYThCSI B 9TOM ““3eJI€-
HOM” BOJIOBOPOTE.

NCTOYHUK PMMHAHCUPOBAHMUA

WccnenoBaHue BBIIOJIHEHO IIpY momaepxkke Poccuii-
cKkoro HayyHoro ¢onma, rpanT No 23-44-00059.
https://rscf.ru/project/23-44-00059/
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CLOSED ECOLOGICAL SYSTEMS: FROM THE BIOSPHERE
TO LIFE SUPPORT SYSTEMS AND BACK

S.I. Bartsev!”* and A.G. Degermendzhi'**

! [nstitute of Biophysics, Siberian Branch of the RAS, Federal Research Center “Krasnoyarsk Science Center
of the Siberian Branch of the RAS”, Krasnoyarsk, Russia

#E-mail: bartsev@yandex.ru
#* E_mail: nn1947@yandex.ru

The paper provides a brief overview of the available facts and ideas about the nature of climate change.
The problems of ecological research, which are becoming more acute in relation to biosphere research, are
considered: this is the problem of data deficit and the problem of the uniqueness of ecosystems. The key dif-
ference between the biosphere and natural ecosystems is highlighted, which ensures the long-term, in the ul-
timate perspective infinite, existence of the biosphere — the existence of a balance of biogen cycles or the clo-
sure of the flows of substances. The advantages of laboratory closed ecological systems (CES) as tools for ex-
perimental and theoretical study of the biosphere are considered. The contribution of the most well-known
CES (BIOS-3, Folsom microcosms, Biosphere-2, micro-CES) to the understanding of biospheric processes
is discussed. The problems and paradoxes identified in the mathematical modeling of CESs (Vernadsky-Dar-
win paradox, limitations of models of rigid metabolism), which are closely related to the well-known ecolog-
ical paradoxes of May and Hutchinson, are discussed. A flexible metabolism approach is proposed to reduce
the severity of these paradoxes. The measures proposed within the framework of so-called “green initiative”
are discussed from the position of “biosphere as a CES”. Among these measures are reducing the carbon
footprint of pets, migration to electric vehicles and renewable energy sources6 and carbon sequestration by
trees. The seriousness of biosphere-climatic changes problem is emphasized, which cannot be resolved with-
out accounting the closure of substance flows in the biosphere.

Keywords: closure of the biosphere, models of the biosphere, closed ecological systems, problems of ecology,

paradoxes of ecology.
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buosnorus TIropunoTeHTHOCTH — 3TO COBpeMEHHasl 00J1acTh OMOJIOrMYEeCKO HayKU, U OMHOBPEMEHHO
WHCTPYMEHT JIJISI MOJeTMpOBaHMs MopdoreHe3a desioBeka in vitro. [ITIOpUMOTEHTHOCTh — 3TO CBOMCTBO
KJIETOK CaMOOOHOBJISIThCS U UMD EpeHIIMPOBAThCS BO BCE TUTBI KJIETOK B3POCJIOr0 OpraHU3Ma, KOTOpoe
obpa3yeTcsa B paHHeM 3MOpuoreHe3e y miiekonuraomux. [lmopunorenrHsie ctBonoBbie KieTku (ITCK)
UMEIOT B MPUHLIMIIE O€3rpaHUYHBIN MOTEHIIMAA B pereHepaTUBHON M TPAHCISIIIMOHHONW MEAUIIMHE, OT-
KpbIBasi BO3MOXHOCTH JIeUeHHsI MHOXKeCTBa 3a00JieBaHM, B TOM YMCJie HaclenCTBEeHHBIX. B 0630pe onm-
canbl xapakrepHble yepThl [ICK, MonennpoBanue paHHero MopdoreHes3a yejioBeka in vitro B 6J1acToiu-
CTO-TIOMOOHBIX CTPYKTYpPax U racTpyJIOUIax, MOJIEIMPOBaHNE OpraHoreHe3a B opraHouaax. PaccMoTpeHbt
npumepsl npumeHeHust [ICK B pereHepaTuBHoit MenuiinHe U ero pucku. [ICK — 310 onuH U3 KIIIOYEeBbIX
00BEKTOB COBPEMEHHOI KJIeTOUHO# 6uonornu. OgHako KinHndeckoe ucrnoab3doBanue [ICK eme Haxo-
JIUTCS Ha CTaIuU pa3paboTOK U TpeOyeT JalbHEMIIero ucciaeaoBaHus it 6ezonacHoro u 3OeKTUBHOTO
MIPUMEHEHMS.

Karouessie crosa: umopurioteHTHbIe cTBojioBbie KileTku, UTICK, DCK, Haunsie I1CK, npaiiMmupoBaH-
Hele [1CK, perporpaMMupoBaHue, pereHepaTUBHAsI MEIULIHA.

DOI: 10.31857/50869587323090062, EDN: IOTAJY

[ImropunoreHTHBIEe CcTBOJOBBIE KieTku (ITCK)
0061aMal0T TaKUMW YHUKAJBHBIMU XapaKTepUCTUKA-

EPO®EEBA EBrenus JIMutpueBHa — CTyIeHT Kade-
pel 3MOpuosiornu OGuosiorndyeckoro daxkynbreta MIY
M. M.B. Jlomonocosa. ABJIBIEB Bema KepumoGepnbi-
€BUY — KaHAUIaT OMOJIOTMYECKUX HAayK, HAyYHBI COTPYI-
Huxk UbBP PAH. EPEMEEB Aptém BanepbeBrud — KaHAU-
aT OMOJIOTUYECKUX HayK, 3aBeAyloluil jadoparopueii
OHKI ®XM PMBPBA, crapuiuii HayYHbII COTPYIHMK
NBP PAH. BOPOTEJISIK Ekarepuna AHmpeeBHa —
wreH-KoppecnoHaeHT PAH, 3aBenmyiomast maboparopueii
MNBP PAH, npodeccop Kadeapsl KIeTOUYHOI OMOTOTUN
u rucronorun 6mocdaka MI'Y um. M.B. JlomoHOCOBa.
BACUIIBEB Amnnpeit BameHTuHOBMY — dWiIeH-KOppe-
cnonneHT PAH, nupexkrop UBP PAH, 3aBenytomuii kaden-
poii smMb6puonorun 6nodaka MI'Y um. M.B. JlomoHOCOBa.

MU, KaK ClIOCOOHOCTb K HEOTPaHUUYEHHOMY JEJIEHNIO0
U auhdepeHIMPoBKe B JII000M TUI COMAaTUYECKUX
KJIeToK [1]. DTu cBoiicTBa AealoT UX MEepPCIIEKTUB-
HbIM MHCTPYMEHTOM JJISI KJIETOUHOM Teparnuu 3a60-
JIeBaHUIi YeJl0oBeKa, UMMYHOTeparnuu onyxoJjei, co-
3MaHUs TPAHCIUJIAHTATOB LISl 3aMECTUTEIbHOM Tepa-
nmuu [2]. TI1opUNOTEeHTHOE COCTOSIHUE KJIETKU
00yCIIOBIMBAETCS COBMECTHBIM IEAICTBUEM BHYTPEH-
HUX U BHEIIHUX CUTHAJbHBIX (PaKTOPOB, KOTOpPHIE
CoOCcOOCTBYIOT (POPMUPOBAHUIO TPAHCKPUTILTUOHHO-
ro M SMUTeHETUYECKOro MNpoduisi, XapakKTepHOTO
st ITCK [1]. BnepBble U3 BHYTpEHHEN KJIETOUHOM
macchl (BKM) 6actouuct 6bU1M TTOJIydYeHBI SMOpU-
OoHaJIbHEIE cTBOJIOBBIE KiIeTKN (DCK), KoTophie 00-
JIaaloT CBOMCTBaMU TTIOpUnoTeHTHOCTH [3]. OnHa-
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ko npumeHeHne DCK B 3aMecTUTEIbHOI KJIETOYHOM
Tepanuu orpanndero. DCK g reparmn moiayJaoT
MMYTEM BBIIEJICHUS KJIETOK M3 YeJIOBEYECKIX SMOPHO-
HOB, M 3TO BBI3BIBAET CEPbE3HBIE MOPAILHO-3THUYE-
ckue rmpodsieMsl [4]. K ToMy Ke TTpH ITONBITKE TpaHC-
mnanTauun DCK pelunueHTy MoXeT BOZHUKATh UX
OTTOpXEHUE W13-3a MMMYHHOM HECOBMECTUMOCTH.
brio mokazano, yto ncnoabp3oBanne DCK gacTo co-
MPOBOXAAETCI UX TpaHchopMalyeil B opraHU3Me
peuunueHTa [5].

Baaromapst otkpeitiio C. SIManaku B 2006 1. cTaio
BO3MOXHBIM peNporpaMMHUpOBaHNE COMATUYECKUX
KJIETOK B TUIIOPUIIOTEHTHBIE MYTEM 3KTOMUYECKOM
9KCOPECCUN HECKONbKUX reHoB: Octd, Sox2, Kif4,
c-Myc [6]. I1mopUITOTEeHTHBIE KJIETKU, MTOJyYeHHEIE
U3 COMaTUYECKUX, ObUTU Ha3BaHbl MHAYIIMPOBAHHbI-
MU TUTIOPUMIOTEHTHBIMU CTBOJIOBBIMU  KJIETKAMU
(UIICK). UIICK, nmonydeHHBIE 3TUM CIIOCOOOM, IO
CBOMM XxapakTepucTukam 1moxoxu Ha DCK: obnama-
IOT CITOCOOHOCTBIO K HETIPEPBIBHOMY JISJICHUIO, MO-
ryT nuddepeHIMPOBaThCsl B TPOU3BOIHbBIE TPEX 3a-
POIBIIIEBBIX JUCTKOB, (hOPMUPYIOT TE€PATOMBI MpPU
MOJAKOXHON WHBEKIIMM MBIIIAM, CITOCOOHBI K (op-
MupoBaHuio xuMep [6]. B 2012 r. taHHOE OTKpBITUE
onpu10 oTMedeHO HobGeneBcKoil mpeMueit 1mo pus3mno-
JIOTUU U MEIUIIUHE.

IMostBnenne merona nomydenust UTTCK 1ro3pomiio
pa3pabdoTaTh MPOTOKOJbI AUGPHEePEHIUPOBKU B pas3-
JIMYHBIE TUITHI COMaTUYECKUX KIJIETOK, a 3HAUUT, HC-
clienoBaTh MEXaHU3MbI Pa3BUTUS U (POPMUPOBAHUST
CIIeIMAJIM3UPOBAHHBIX KJIETOK, TKAHE M OpraHoB.

IMotenuumaneHo MIICK MOXHO HCITOIB30BATh
NI JIedeHusl 3a0oyieBaHuii, CBSI3aHHBIX C OOJIbIIONI
MmoTepeli KJIETOUHBIX ITOIMYJIsILuii (Takux, Kak 0o-
ne3db IlapkuHcoHa, nuabder, TopakeHUs CeTYaTKHU
m1a3a u T.4.) [7]. OmHaKo cyliecTByeT psii orpaHude-
HUI 1 HEpELIEHHBIX IIPO0JIEM, CBSI3aHHBIX C ITOTyYe-
HueM u ucrionb3oBanueM I1CK s nccieqoBanus u
JIedeHUsI psiga 3a00JIeBaHMTIA.

XAPAKTEPUCTUKA MEXAHN3MOB
IUIIOPUITOTEHTHOCTH

IInropunoreHTHBIe CcTBOJOBBIe KieTku (ITCK)
00pa3yloTcsl B NIPEMMILIAHTALlMOHHOM 3MOpUOHE U
001aIa10T CITOCOOHOCTRIO TN PEePEHIINPOBATLCS BO
BCE TUIIBI KJIETOK B3pocioro opraHusma. C co3peBa-
HUEM U pa3BUTHEM 3MOPHMOHOB MBIIIU U YeJIOBeKa
pazinyalTcs TaKUe COCTOSTHUS TITIOPUIOTEHTHOCTH
[8—17], xkak HauBHOE, pO3eTOYHOE, (POPMATUBHOE U
npaiiMupoBaHHoe [ 15]. ODMOpHOHaIbHbBIE CTBOJIOBbIE
kireTky (D CK) MBIIIIN BBIIEISIIOTCS U3 KJIIETOK BHYT-
peHHell kieTtouyHoi maccel (BKM) 0GiacTolucThl,
HaxoJsCh B HAUBHOM COCTOSIHUM in vitro [3, 18, 19].
HauBHoe cocTosiHMe TTIOpUITIOTEHTHOCTU — 3TO CO-
crosiHue TTCK ¢ Gosbliieii MmIacTUYHOCTBIO K KaHO-
HUYEeCKUM (BC€ TUIbl COMAaTUUYECKUX KJIETOK opra-
HM3Ma) 1 HEKAHOHWYECKUM (KJIETKM aMHUOHA) 1 -
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depennmpoBkaM. XoTsa DCK yeroBeka Imoay4daior u3
kietok BKM mnpemMmiaaHTallMOHHONM OJacTOIM-
cThl [20], ux He ymaeTcs MoAIepKUBaTh B KyJIbType B
aHanormdHoMm coctogHun DCK mpmmm. DCK yeso-
BEKa KYJbTUBUPYIOTCS U MOAAEPXKUBAIOTCS B Tpaii-
MUPOBaHHOM cocTositHuu. [IpaliMupoBaHHOE COCTOSI-
HUE TUTIOPUMIOTEHTHOCTH — 3TO COCTOSTHUE C MEHbBIIEH
MJTACTUYHOCTBIO K KAHOHMYECKUM TP hepEeHITPOB-
kaMm. IIpumurHa pazmuuHoro coctosiHust DCK in vitro
3aKJIFOYAETCsl B YCJIIOBUSIX KyJIbTMBUpoOBaHwUs. Jist co-
XpaHEHUSs TUTIOPUITOTEHTHOTO TOTEHIIMaIa U CaMOO00-
HOBJIEHUSI B Ky/IbType HauBHOI DCK MbIiy TpedyeTcst
Hammune ¢pakropa LIF (JrelikeMus-mHIMOMPYIOIIIA
¢akTop), KOTOPHIi NeHCTBYET MOCPEACTBOM aKTHUBA-
MU curHajgbHoOro Kackana STAT3 [8, 21]. @ocdopu-
JIMpOBAaHHEIN TPaHCKPUIILIMOHHEIN (akTop STAT3
aKTUBHpPYeT aKcnpeccuio reHoB Oct4d, Sox2, Nanog,
KilfA n Sall4, xoTopble OTBETCTBEHHBI 3a IOIIEpKa-
HUE TUTIOPUIIOTEHTHOCTU U camMooOHoBIeHUs1 DCK
MBIIIIHN in vitro, Torna Kak poctoBbie pakTopsl FGF2
[9] u TGFb [10] onpenenstioT mpaitMMpoOBaHHOE CO-
crogHue DCK uenoseka in vitro [11]. CeromgHs
YCIIENTHO pa3paboTaHbl TPOTOKOJIbI U YCIOBUS KYJb-
TUBUpOBaHUs mpaiimupoBaHHbIX [ICK yenoBeka,
HanpuMep ucnonb3oBanme cpenq NHSM, RSeT,
5iLAF u t2iLGOY, nng penporpaMMHUpOBaHUS B Ha-
UBHOE cocTosiHue [12].

PozeTkornonoOGHbIe TUTIOPUTIOTEHTHBIE CTBOJIOBBIE
xietku (PIICK) oGpa3syioTcss B pe3ynabTaTe yTpaThl
HAWBHOTO COCTOSIHUS TUTIOPUTIOTEHTHOCTHU U JIEMOH-
CTPUPYIOT COBMECTHYIO 3KCIIpeccHio mapkepoB Klif4
n Esrrb wHamBHbix TICK u dakropoB Oct6, Otx2
npaiMupoBaHHBIX [ICK yv mprmm [14]. D10 cocTos-
HUE JTOCTUTAETCS 3a CUET MHTMOMpoBaHusT Wnt-cur-
HaimpHOTrO Nyt 1 FGF-11yTn [15], TO ecTh, ¢ ogHOI
CTOPOHBI, MHrUOUpyeTcsl ToAAepXaHWe HauBHOM
IUTIOPUIIOTEHTHOCTHU, a C APYTOil — TOPMO3UTCH Jajlb-
Helimee co3peBanue [ICK B mpaliMmupoBaHHOE CO-
CTOSIHUE.

®dopmatuBHbie TICK 0061a7a10T NOTEHIMAIOM
nuddepeHIPOBaThCS B IEPBUYHEIE TTIOJIOBBIE KJIET-
ku (I1T1K) non neiictBuem BMP4 [22—25] u B ki1eT-
KM 5KTOJEPMbI, ME30JepPMbI I SHTOAEPMBI [25]. Dop-
MaTHUBHOE cocTosiHue 1mopurnoTeHTHOCcTH ITICK
in vitro CTaOWIU3UPYETCSI POCTOBHIMU (hpaKTopaMu
Fgf2 n Activin A [15]. bsuto moka3aHo, YTO M3 KJIETOK,
obmamaromux cBolictBamu dopmatuBHbix T1CK, B
pe3yiabTaTe  HallpaBieHHONW  muddepeHIUpPOBKUA
dopmupyiorcs ITITK-mmomo6HbIe KeTku [23, 26].

PenporpammupoBanue mpaiiMupoBaHHbIx [TCK
YeJIoBeKa B HANBHOE COCTOSIHHE ITO3BOJISIET OTBETUTh
Ha ¢yHIAMEHTaJIbHBIE BOIIPOCHI OMOJOTUU TIIIOPU-
MMOTEHTHOCTU W BIIUTeHETUYECKOM peryasiiuu B
paHHEM pa3BUTHU YejioBeKa. VM3ydeHue IIIopUIIO-
TEHTHOCTHU — COBpPEMeHHas1 00J1aCTh OMOJIOTMYECKOI
HayK1 ¥ OMTHOBPEMEHHO MHCTPYMEHT JIJISI MOJIEJIMPO-
BaHMsI MoporeHe3a yejioBeKa in vitro. IlpumeHeHune
I1CK B pereHepaTUBHOI U TPAHCISIIIUOHHON MeIU-
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IOWHE OTKPbIBACT BOSMOXKHOCTHU JICHCHUA MHOI'MX 3a-
60J'ICBaHI/II7I, B TOM YHMCJIC HACJI€ACTBCHHDBIX.

OOPMHUPOBAHUE 5MBPUOITOJOBHBIX
CTPYKTYP DE NOVO, BJIACTOU/IbI-
TACTPYJIONIBI U CUHTETUYECKAA
OMBPHUOJIOTUA

IICK cmocobnsl kK arperanimm B 3D-cucremax
in vitro B SMOPUOINIOA00HEIE CTPYKTYPHI (3MOpUOUNI-
HBIe Teablia). It SMOpHMOMIHBIX Teael XapaKTepHO
OTCYTCTBHE 0CeBOIi opraHn3zanuu. Y13 aMOprmonaHbIX
TeJsel] ObUTY MOJyYeHbBI Ta3Hoi 6okain [27], KopTu-
KaJIbHBIE HEMPOHBI [28], KIIETKI 3HTOAEpMAIbHBIX [29]
n Me3oaepManbHbIX TuHNHM [30]. HemaBHMe nccimeno-
BaHUs nokasaiau, uto u3 I[ICK MoxHo nmoJjiyyaTh 3M-
OpuonogoOHBIE CTPYKTYPHI, KOTOPBIE BOCCO3IAIOT
paHHU SMOpnoreHe3 [31]. b nmpemnoxXeHs! TIpe-
MMILIaHTAallMOHHBIC 3MOPUOIIONO0OHBIE MOMIEIN, KOTO-
pble TIO3BOJISIOT MOMACIUPOBATh B3aMMOIECHCTBUE
MEXIy 3apOIBIIIeBEIMI 1 BHE3aPOIBIIIIEBHIMU KJIETKA -
MU [32]. BaacToIUCTBI COCTOSIT M3 KJIETOK TPO(PO3K-
TOJIEPMbI, KOTOPHEIE CTAHOBSTCS IUIALICHTOM, M KJIe-
ToK BKM, 13 KOTOpPBIX Ja/TbIIIEe pa3BUBAETCS CaM DM-
opuoH. [Tyrém komouHupoBaHust DCK 1 cTBOTOBBIX
KJIETOK Tpodobiaacta ObLIM cO3maHbl OJaCTOUOBI —
OacTomycTonogoOHbIe CTpYKTYpHI [33]. B pesynbra-
Te B3aumopaeicTBust Mmexxny HauBHbIMU [TCK u cTBO-
JIOBBIMM KJIeTKaMu Tpodobiacta pa3BuBaeTcs 3D-
CTPYKTYpa C MOJOCTHIO, aHAJIOTUYHOM OJIAaCTOLICIIN.
Knetku OGnactoupma DEeMOHCTPUPYIOT CXOXKMK TpO-
Gunb 3KCOpeccur W 3MUTCeHETMYSCKUII MaTTepH C
kinetkamMn BKM 1 tpodoskTonepMbl 0J1aCTOIINCTHI
[33]. baacTtouabrl MpOAEMOHCTPUPOBAIU CIIOCOO-
HOCTh MMIIJIAHTUPOBATLCS Ha MCKYCCTBEHHBI 3HIIO-
MeTpuii [33].

OMOpPHMOH 4YeIOoBeKa Ha CTaAuM TacTPyJIbl HEOO-
CTYNEH 111 u3yyeHusi, B To BpeMs kak [TCK nosso-
JISTIOT MOACIUPOBATh U U3y4aTh MEXaHU3MBbI TacTpy-
JISIIMOHHOTO IBVDKEHUST SMOPHOHA YeI0BeKa in vitro.
Tak, 3 DCK uenoBeKa IOJYIUIU TaCTPYIOUIBI,
UMUTHUPYIOIINE TOCTUMILIAHTALIMOHHYIO CTagulo
Pa3BUTHS, KJIETKA KOTOPBIX CITOCOOHKI K nrddepeH-
LUPOBKE B TPH 3apoAbIieBhIX IMCTKA [34]. I1pu mo-
6aBieHuu aronucra Wnt-nytu KyiasTypsl DCK dop-
MHUPOBAJI KOMIAKTHBIE cheprudecKme arperaTol, KO-
TOpble BMOCJEACTBUM YTpauuMBaId CUMMETPUIO U
SKCHPECCUPOBAI MapKepbl 3HTOAECPMbI, Me30aep-
MBI 1 3KTOoHepMHEI [34]. KoMOMHMpoBaHNe BHEKIIE-
TOYHOTO MaTpuKca C TacTpyJIOMJaMH MPUBEIO K
¢bopMUPOBAHUIO B HUX COMUTOB [35].

bnactouabl M racTpyjaouabl, MOJyYeHHBLIE U3
I[1CK, naotT BO3MOXKXHOCTb N3yUYEeHUS PEIKUX 3a0071e-
BaHUI YeJoBeKa U aHOMaJIMit pa3Butus. Mcronb3ys
TEXHOJIOTUM PENpOrpaMMUPOBAHUSI COMATUUECKUX
kietok B UTICK, MOXHO co3maTh ITallueHT-CIe-
(GUIHBIE 0JJACTOUIBI M TACTPYJIOUIEI, KOTOPBIE MOJIS-
JIMPYIOT reHeTuYecKue 3aboaeBaHus. C UCITOIb30Ba-
HUEM KJIETOYHBIX NHKEHEePHBIX KOHCTPYKIINIA yIaeT-
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Csl TECTUPOBATh MePCIIeKTUBHbBIE JIeKapCTBa, U3yvyaTb
paHHee >MOpHMOHaNbHOE pa3BuTHEe. ONTUMU3NUPO-
BaHHBIE YCJIOBUS KYJIbTUBUPOBAHUSI [TO3BOJISIIOT U3Y-
YaTh IPUIUHEI ITOTepU GepeMeHHOCTH [36] MeTomoM
WUMUTHUPOBAHUS UMIUIAHTALIMM YMOpPUOHA YeJI0BEKa
u/unu 6iacrounoB. bonee Toro, uz MICK nonyya-
IOT OpPraHOWIbl, KOTOpble aKTWBHO HCIIOJb3YIOTCS
IUTST MOJEJMPOBAaHUSI HACJENCTBEHHBIX, MpUOOpe-
TEHHBIX, a TAKKe MH(EKIIMOHHBIX 3a00JIeBaHUIA.

OpraHouabl — CaMOOPTaHU30BaHHBIC KJIETOUHbIE
arperatbl, cofepKalliie pa3Hble TUIIbI KJIETOK, MOJIe-
JIMPYIOLIIME OPTaHbl U TKaHU yesoBeKa. B pe3ynbpTare
HanpasyieHHoO nuddepenumpoBku [TCK yenoseka
ObLIa de novo creHepupoBaHa 3D-Momenb TKaHU Ke-
JIyIKa, KOTopast 00pa3yeT CIM3UCTYIO 000I04KYy [37].
Orta 3D-Mopaenb Oblia Ha3BaHa OPraHOMIOM XKeJlyaKa
yesioBeKa, €€ HCIOJb30BIM [JI MOIEJIUPOBaHUS
naekumnn Helicobacter pylori [37]. Beuto moka3sano,
4yTo B pe3yiabraTte MHPekumu H.pylori TOKCMYHBINI
daktop CagA, xomupyemsbiii H.pylori, B3auMomeii-
CTBYeT ¢ c-Met-pelenTopoM 3MUTETUATbHBIX KJle-
TOK OpraHouza, BbI3bIBasI PO epalinio SITUTEIUS
opraHoua 1 rmato¢pusnonorundeckmii orser [37]. Ak-
TUBalMs c-Met-pelienTopa renatoluToB CBI3aHa C
POCTOM OITyXOJIEBBIX KJIeTOK [38]. b co3maHbl op-
raHOWJbl, UMUTHUpYOLIUEe TUMyc [39], BHyTpeHHee
yxo [40], koxy [41]. OpraHonabl, TeHETUIESCKN MO-
IUdUIMpoBaHHbBIE ¢ ToMoliibio cricteMbl CRISPR /Cas9,
SIBJISIFOTCS TIEPCIIEKTUBHBIM MHCTPYMEHTOM TSI UC-
clieqoBaHUS HACJIENCTBEHHEBIX 3a00aeBaHmi [42].

W3 IICK yenoBeka OBLIM MOJYyYESHBI OPTaHOMIBI
Moa3ra 3a c4eT uHruouposanust TGFb-mmyt 1 uHayK-
muu pakropom FGF2 [43]. DT opraHOMIbI MCTIOIb-
3yIOT OJIsI MOJEIUPOBaHUS OOJIe3HU AJIbLreimMmepa,
MUKpouedaiuu, BbI3BAHHOW BUpYycOM 3uKa, IS
MOAEIMPOBAHUS paHHEro pa3BuTus Mo3ra [44]. Ha-
npumMep, ObIIIO MOKa3aHO, YTO OBEPIKCITpeccHs Oe-
ka ZIKV-NS2A B opraHougax rnepeaHero Mo3ra npu-
BOAWT K HapylleHUIo Tpojudepanuu HelipoHOB
paguansHOM ruu [45]. OmHaKO MCITOJIb30BaHME Op-
TaHOMAOB MO3Ta CBSI3aHO C CYIIECTBEHHBIMU CJIOXK-
HOCTSIMU, OOYCJIOBJIEHHBIMU WX HEBOCIPOWU3BOAM-
MbIM CIEeUU(PUIYECKUM KJIETOYHBIM COCTaBOM U Ta-
KUMHU XapaKTepUCTUKAMU 3peJioii HEPBHOI TKaHW,
KakK BJeKTpodu3nogorudyeckasi akKTUBHOCTb, CIO-
COOHOCTh OOpa30BLIBATh HEMPOHHBIE CETH C 3JIEK-
TPUYECKOM aKTUBHOCTBIO [46, 47]. Ipyras BaxHast
npobysieMa — Tubesb KJIEeTOK B pe3yjbraTe JIUTEb-
HOTO KYJIbTUBUPOBAHUS W3-3a 3aTPyIHEHHON nud-
¢by3uu Kucjiopoaa M MUTaTeIbHbIX BelllecTB [47, 48].
VYiyuliiieHUI0 co3peBaHMs OPTaHOUIOB CITOCOOCTBYET
BBEJIEHUE PHAOTEINATbHBIX KIETOK WU COCYAMCTBIX
CTPYKTYpP, BaCKyJsIpuU3alvsl WIA JJIUTEIbHOE KYJb-
TuBUpoBanue [49, 50].

boxkoBoii ammorpodmndyeckuii ckiaepos3 [51], mpu
KOTOPOM TIPOUCXOIUT AeTeHEepalus MOTOPHBIX HEW-
POHOB B KOpP€ TOJIOBHOTO MO3Ta U B CIIMHHOM MO3Te
[52], mpuBOOUT K MapaaudaM U ITOCIEAYIONIeit aTpo-
Ne 9
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¢um mbi [52]. U3 DCK yemoBeka ObUIH ITOIYYEHBI
MOTOHEHPOHBI, KOTOPbIE KYJbTUBUPOBAJIUCH COB-
MECTHO C TPAHCT€HHBIMU DIWATbHBIMU KJIETKAMHU C
MyTalpeit 6G0KOBOro aMmoTpo(uIecKoro ckiepo3sa [53].
Taxk 651710 0OHapY>KEHO TOKCUYHOE BO3JIEICTBUE aCT-
POILIMTOB C MyTallieii OOKOBOTO aMUOTPOGUYECKOTO
CKJIepO3a Ha MOTOHEMPOHEI [53].

B HacTosIee BpeMsI CyIIECTBYET MHOXKECTBO
npoTtokonoB nuddepennnposku UITCK B pazamu-
Hble TUITBI KJIeToK. IlyréM HampaBieHHOI audde-
PEHLIMPOBKY OBLIM MOJYYEHBI JOo(aMUHIPTUICCKIE
HelpoHBI [54], pasnnyHbIe TUMHI KJIETOK CETYATKU
m1a3a [55], a B pe3ysbTaTe CrioHTaHHON nuddepeH-
mupoBkyu MITCK — KJIeTKM MUTMEHTHOTO SMUTEINS
cetyatku [56]. 13 UTICK Takke yoajioch MOJNYyYUTh
KapJIMOMMUOLIVTHI, ITO CBOUM XapaKTePUCTUKAM CXOJI-
HBIE C KapIMoOMHUoOLMTaMu cepaua. beuio mokasaHo,
yro npu TpaHcrmanTanun MITCK mpouncxomut Boc-
CTaHOBJICHME MBIIIEYHON U BSHIOTEIUATbHON cep-
JIEYHBbIX TKaHEH, MOBPEXIEHHBIX BCICICTBUE WH-
dapkra Mruokapmaa [57]. PaspabdbaTeiBaroTcs TpOTOKO-
Jie1 1o nonydeHuio u3 UITCK nepBUYHBIX MTOJIOBBIX
kiretok (I1I1K), 9yTo B mepcrieKTUBe ITO3BOJIUT HAUTU
HOBBIE CIIOCOOBI JiIedeHMs Oecrurogmsa [58]. U3
MIICK Ttakske 6bUIH TTOJIyYeHBI Makpodaru, mposiB-
JISTIONINE BHIPAXXKEHHYIO IPOTUBOMUKPOOHYIO aKTHUB-
HOCTb [59].

NCITOJIb3OBAHUE TICK .
B BAMECTUTEJIbHOM KJIETOYHOU
TEPAIIMN

OIHUM U3 TPENSITCTBUI ITPAKTUIYECKOTO IIpUMe-
aenus I[1CK gBiagercd nx moteHIIan K gpopMupoBa-
HUIO oOITyxoJjieli mocje TpaHcruiaHTauuu [2]. Ilpu
nonkoxHoM BBeaeHuu ITCK mMMyHoneUIIUTHBEIM
mbimaMm I[ICK oOpasyior TepaToMbl — goOpokKade-
CTBEHHbIE OITYXOJIM, COAePKaIIl1e KJIETKU TPEX 3ap0-
JIBIIIEBBIX IUCTKOB. DTO CBOMCTBO — OOHA M3 IJIaB-
HBIX XapaKTEePUCTUK COCTOSHUS IJIIOPUIIOTEHTHO-
ctu [60]. IIpu stom onHkorenHocts IICK u wux
MIPOM3BOMHBIX MOCJIE TPAHCIUIAHTALIMM MOXHO pa3-
JIEIUTDh Ha ABE OTHEIbHbIE KaTeropuu: (opMHUpPOBa-
HMe TOOpOKaYeCTBEHHBIX TepaTOM U (popMUpOBaHUE
3JI0KAYECTBEHHBIX TEPaTOKAPIIMHOM, COACPKAIINX
KJIETKA TPEX 3apOIBIIIECBBIX JMCTKOB U ILTIOPUIIO-
TEHTHBIE SMOPHOHAJIbHBIE KAPLIMHOMHBIE KJIETKM [61].
Cnoco6Hocth [TCK BbI3BIBaTh pa3BUTHE OMyXOJeit
HCCIIENOBajach HAa MHOIMX XXWBOTHBIX MOOEIISIX —
MbIax [62, 63] u npumarax [64]. TpaHcIiaHTUPO-
BaHHBIE B MO3T 00€3bsIH TO(PaMUHIPTUYSCKUE HEM-
poHBI, TonydeHHBIe N3 DCK geroBeka, popMupoBa-
JI onyxouu [64].

CurHasbHbI€ IyTH U BKCIIPECCUSI TEHOB, KOTOPbIE
MONIEPKUBAIOT TUTIOPUTIOTEHTHOCTh W BBI3BIBAIOT
OHKOT€eHe3, TECHO CBsI3aHbI [65]. B pakoBBIX KleTKax
MOTYT OBbITh 33J1€MCTBOBAHbl MEXaHU3MbI U KOOPAU-
HUPOBAaHHO (YHKIIMOHUPYIOIIME TE€HbI, XapaKTep-
Hele s [TCK 1 crioco6CcTBY0111ME€ BBICOKOMY TEMITY
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npoimdepannu, caMoooHoBIeHNI0. K 3TuM reHam
oTHocsTcs Nanog, Oct4, Sox2, c-Myc [66]. K Tomy ke
OTCYTCTBUE DPS53-0MOCPENOBAHHON PETYJISIIUU KJTe-
TOYHOTO ILIMKJIA, YCTOMYMBOCThL K aIlOIITO3y, OTCYT-
cTBUe Rb-4eKITOITHTOB SIBISIOTCS TIEPECEKAIOITNMHU -
ca MexaHusMamu noaaepxaHusi IICK u pakoBBIX
KJIeTOK [61]. Bbl1a onrcaHa Koppestiyst MeXIy TeH-
HOI SKCHpPECCUEN KJIEeTOK arpeCCUBHBIX PaKOBBIX
OMyX0JIeM U 3KCTIpeccreid TPAaHCKPUTIIMOHHBIX (PaK-
TOPOB IUTIOPUIIOTEHTHOCTH, B OCOOEHHOCTHU CBSI3aH-
HBIX C TPAHCKPUMNLIMOHHBIM daKkTOpoM c-Myc [66].
ITpu aTom ms ITCK xapakTepHbl MEXaHU3M KOHTPO-
JIS1 IeieHUsI 1 OeCKOHeYHasl mpoimdepalys TOJIbKO B
YCIIOBUSIX TIOOIEPsKaHUSI TTIOPUITIOTeHTHOCTH [13].
ITpu usmenenuu 3tux yciaosuit ITCK tepsioT naH-
HEBIE CBOIICTBaA U IIepeXomsT K auddepeHnpoBke [13].
UccnengoBanusa mokasanu, 4yto nuddepeHInpoBaH-
HbI€ KJIETKA MOTYT PEaKTUBUPOBATH UJIU MONICPKU -
BaTh AKTUBHOCTh T€HOB ILTIOPUIIOTEHTHOCTH [66].

be3onacHble MeETOABI pEMPOrpaMMUPOBAHUS CO-
matudecknx Kietok B MIICK moryr mmoMmods mpe-
of0JeTh MpobyieMy UX TpaHCHOpMalUMu B paKOBbIE
kietku. K TakuM MeTtomamM OTHOCUTCS UCTIOJIb30Ba-
HHE BEKTOPOB, KOTOPbIE MOTYT OBITb BbIpE€3aHbl U3
reHoma UTTCK. DT1o, HanpuMep, TOKCULIUKIIMH-UH-
IyUUpyeMble JEHTUBUPYCHBIE KOHCTPYKLIMH [67].
J17151 TOTO YTOOBI OOOMTH peaKTUBAIIMIO TTOTCHIINATb-
HO OHKOTe€HHBIX (PaKTOPOB pEerporpaMMUpOBaHUSI,
WCIIOJIB3YIOT BUPYCHl M TLUIa3MUIbI, KOTOpbIE He
BCTPaMBaIOTCS B TEHOM U HE BbI3bIBAIOT €ro MOAUMU-
Kalmit, a Takxke npsmyto noctaBky MPHK u 6enkos
IUTIOPUIIOTEHTHOCTH [68, 69].

Cnoco6Hocth I1CK 1 1x mpon3BogHBIX (DOPMUPO-
BaTh OITyXOJIM — 3TO OIHO U3 IJIABHBIX NPETSTCTBUIA UX
KJIIMHUYECKOTo MpruMeHeHus1. O0pa3oBaHUIO OMYXOJIU
CIOCOOCTBYEeT MMMYHHBII OTBET OpraHu3Ma Ha maud-
depeHIIMpOBaHHBIE U HeauddepeHINPOBAHHbBIC
I1CK. C onHoOIi CTOpOHBI, CUJIbHASI UMMYHHas peak-
LIVSI CHUKAET BEPOSITHOCTb (POPMUPOBAHUS OITYXO-
JI, HO U TIPUBOIUT K OTTOPKEHUIO BCETO TPAHCILIaH -
tata. C Opyroil CTOpOHBI, CHUXKeHHAs: UMMYHOTEH-
HOCTh, HAIIPOTUB, CIIOCOOCTBYET IIPVKUBJICHUIO
WMIUIAHTATa, HO TIOBBILIIAET BEPOSITHOCTh BOSHUKHO-
BEHUSI OITYXOJIH.

Cyl1ecTBYIOT ayTOTe€HHbIE 1 aJJIOTeHHbIE TpaHC-
miantatel [1CK, paznuuyatoniyecs mo UMMYHOT€H-
HBIM cBolicTBaM. O4eBMIHOE pelIeHre TPOOJIEMBI
HECOBMECTHMOCTH — CO3[IaHME ayTOT€HHBIX TpaHC-
miaHtatoB [1CK, KoTopble He BbI3bIBAIOT CUJILHOTO
WMMYHHOTO OTBETa U CUMTAIOTCS UMMYHOTOJIEPAHT-
HbiMU [70]. BbU1o mokasaHoO, UTO TpaHCIUIaHTALMS
MbIIIaM TKaHei KOXU U KOCTHOTO MO3ra, MoJIydeH-
HeIX 13 UTICK, mpoxoauT ycrienrHo 06e€3 Npu3HakoB
otBepxkeHus1 [71]. CHUXXeHHass MMMYHOTEHHOCTb
tpaHcmianTtaToB [1CK 6oee mpennmoyTuTeaIbHa, TaK
KaK 3TO HEe TpeOYyIOT KECTKOM HMMMYHOCYITPECCHUM,
XapakTepHOUW JJIs aJlJIOTeHHOM TpaHCIJIaHTallUK.
OnHako METO CO3MaHUsI MHIUBUAYAJbHbBIX ayTOTEH -
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HBIX [ICK sBisieTcss HOpOTrOCTOSIINM U TpeOyeT IIr-
TEJIbHOTO BPEMEHU, MO3TOMY B KJIIMHUYECKON Mpak-
THKE OH He pUMeHsIeTcsl moBceMecTHo [72]. Henas-
HUE UCCIeNoBaHMUsl TloKa3aau, 4YTO IIPOU3BOIHBIE
UIICK moryt akTUBMPOBATh IIUTOTOKCUYECKUIA OT-
BET ayTOTeHHBIX JUMGOIIUTOB U TEM CaMbIM BbI3bI-
BaTh BocrajeHue [73] u uro mpousBoaHble MIICK
MOJABEPKEHBI IIUTOTOKCMYECKOMY BO3MIEHCTBUIO Ha-
TYpaJibHBIX KUJIJIEPOB BHE 3aBUCUMOCTH OT CTaTyca
HLA-1 [73]. DT0 MOXeT OBITh CBSI3aHO C HApYIICHM-
eM OajlaHca aKTHUBUPYIOIINX W MHTUOUPYIOIINX JIN-
raHIOB HATypaJbHBIX KWLIEPOB Ha TTOBEPXHOCTU
npousBonubix UITCK [73].

[1pu asyioreHHO# TpaHCIIJIaHTAIlUM TKaHE TeHe-
TUYECKU HEUJEHTUYHBIX OPraHM3MOB BO3HUKAET
MUMMYHHasl peakliusi, BbI3BaHHAsT HECOBMECTUMO-
CTBIO TPYII KPOBU, MOJIEKYJI IIABHOTO KOMILIEKCa
TMCTOCOBMECTUMOCTH, MUHOPHBIX aHTUT€HOB TMCTO-
coBMecTuMocTU. OgHaKo ajlJloreHHast TpaHCIUIaHTa-
us1 TogpoOHO oxapakrepu3oBaHHLIX auHU [ICK
sBJIsIeTCs 0oJiee OCYILIECTBUMBIM CITOCOOOM KJIETOY-
HOIl Tepanuu, 4yeM ayTOreHHasl TpaHCIUIaHTallus.
PazpaboTaHbl METOABI CHUXEHNS UMMYHOT€HHOCTU
I[ICK, npu KOTOPBIX MOIABIISIOT JUOO YHAJISIIOT Ie-
HBI, CBSI3aHHBIE ¢ KoMIiekcoM HLA, u ucrnoyb3yioT
MMMYHOCYIIpecCOpHl [74, 75]. Bricokuii mpakTuye-
CKMI1 MOTEHLIMAJ pellleHus Npo0JeMbl THCTOCOBME-
CTUMOCTHU UMeeT co3naHue 6ankoB auHuit UIICK u
HX IPOU3BOIHBIX, TOMO3UTOTHBIX 10 reHaM HILA [76].

HecMmoTpst Ha oncaHHbBIE TPYIHOCTH, MPOBOISIT-
csl KIIMHUYECKUE UCCIeIOBaHUS MO TPpaHCTIJIaHTalluu
nmpousBogHbix MIICK manumeHTtaMm. Tak, 4eThIpEM
MalueHTaM C TMOBPEXICHUSMU CIIMHHOTO MO3ra B
obmactu C3/4-Th10 cerMeHTOB ObLIN TPAaHCIUIAHTU-
poBaHbl HelipaJdbHble CTBOJIOBBIC KJIETKM-TIpEIIIe-
CTBEHHUKMU, TuddepeHmpoBanHbie usz MIICK [77].
ITpoBoasTCcs KIMHUYECKME UCCIIeTOBAHUS 110 TECTU -
POBaHUIO KAPIUOMUOLIUTOB [78], MUTMEHTHOTO 21U~
TeJINs ceTYaTKU, KoTophie noiydaroT u3 [TCK [79].

MOJEJTNPOBAHUE HACJIIEJCTBEHHBIX
3ABOJIEBAHWUN N TECTUPOBAHUE
JIEKAPCTB

Kputnueckuit acriekT B onpeaesieHuu mnaTodpu-
310JIOTUM OO0JIE3HU U MOUCKE JIeKapcTBa — HaJIuuue
¢dusznosornyecku pejaeBaHTHON Mojeau 3abojieBa-
Hus. YacTto nepexoa uchblTaHUN JEKapCcTB Ha MO-
JeJIbHBIX XXUBOTHBIX K KJIMHUYECKHUM HCIBITAHUSM
Ha JIIOJSIX TepNUT Heyaady BceacTBue (hpu3noaoru-
YecKux paznuuuii BunoB. KietouHoe MonenaupoBa-
HUe 3a00JieBaHUI OTrpaHMYEHO M3-3a HedocTaTKa
TPYAHOMOCTYIHBIX KJIETOK, TaKMX KaK HEWpOHBI,
KapJIMOMUOLIMTHI, O€Ta-KIJIETKHU MOIXKETYAOUHOM Xe-
Jie3bl ¥ Ip. MoneaupoBaHue 3a00JIeBaHU C UCTTOJb-
3oBanueM UIICK obnagaeT TakuMu IIpenMyIecTBa-
MU, KaK HEOTPAaHUYEHHOE KOJUYECTBO KJIETOK pa3-
JIMYHBIX (DEHOTUTIOB, MOJyYeHUe KJIETOK OT JII0OOro
yesloBeKa, TeHeTUYECKOe pelaKTUPOBaHUE.

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

EPO®EEBA u ap.

TecTupoBaHUE JIEKAPCTB C MCITOJIb30BaHUEM
UIICK umeer psn IIpeMMyIIECTB MO CPAaBHEHUIO C
JIPYTMMU METOJaMM TECTUPOBAHUS, B YaACTHOCTHU, C
KCIOJIb30BaHUEM KUBOTHBIX MOJIEJIE, TaK KakK C MO~
mompio UTTCK MoxHO MopenmpoBaTh 3aboseBa-
HUSI, BKJIIOYAIOIIYe HapylleHWsI paboThl cpa3y He-
CKOJIBKMX Te€HOB, TIPU 3TOM HKCCIEOOBaHUE ITPOBO-
JIUTCS Ha KJIETKAX MU TKaHSX JyenoBeka. Ha ocHoBe
3TOTO MeToAa ObLIO MPOBEAEHO HECKOJBKO YCHEIl-
HBIX TIPOBEPOK JIEKAPCTB HA UX TOKCUYHOCTh U 3¢~
(PEKTUBHOCTb.

UIICK, permporpaMMHupoOBaHHBIC M3 KJIETOK T1a-
IIMEHTOB C HEAOCTAaTOYHOCThIO ajibda-1-aHTUTPUII-
cuHa (A1AT), muddepeHIMpoBaId B T'eMaTOLUTEL.
Heduut A1AT BoI3BIBacTCs MyTanueit B reHe AIAT
U NPUBOAUT K HapylIeHUsIM padboThbl neyeHu. Ilpu
ncnoiab3oBaHun npousBogHbix UITCK 6bnm 0OHA-
PYXEHBbI BelIeCTBa, yMEHbIIIAIOIINE HAKOTIIEHUE MY -
taHTHOTO A1AT B KieTKax. Tak, kapbaMa3eIrnH oKa-
3aJicst 93(ppeKTUBEH U CITOCOOCTBOBA JISUeHUIO (P1O-
po3a rieueHu Mbermreii ¢ nepunntom AI1AT [80].

Hekortopble jekapcTBa, He MpoOILlIelIe A0CTa-
TOYHOTO TECTUPOBAHMS, OKa3bIBAIOTCS KapaUOTOK-
CUYHBIMU. B HacTos1ee BpeMsi OOLIEeTTPUHSIThIE Te-
CThl Ha KapAUOTOKCUYHOCTb AETEKTUPYIOT KOMIIO-
HEHTHI JIEKapCTBa, OJIOKMPYIOIINE KaJIueBble KaHAIbI
(hERG-T1ect). M3BecTHO, yTo hERG-TecT saBisieTcs
HETOYHBIM TTOKa3aTejJeM KapIAMOTOKCUYHOCTH U pe-
TYJSIPHO TPUBOIUT K JIOKHOMOJOXUTEIbHBIM U
JIOKHOOTpULIATENIbHBIM pesyabTatam [81]. Tokcuu-
HOCTb JIEKAPCTB MPOBEPSIOT HA UMMOPTATU30BaHHbBIX
KJIETKaX, KOTOpbI€ HAKAIJIMBAIOT MyTallU U CTAHOBSIT-
Csl HEUYBCTBUTEJIbHBI K BO3ICUCTBUIO JieKapcTB [82].
KapanoMuomTel )XMBOTHBIX OTJMYAIOTCS OT Kapauo-
MMOLIMTOB 4YeJoBeKa IO 3JIeKTPO(hU3NOIOTMYECKUM
XapaKTepUCTUKAM, TI0O3TOMY MCITOJIb30BaHUE XUBOT-
HBIX MOJeJiell Takke orpaHuyeHo. TecTMpoBaHUe
HOBBIX MpeIapaToB MOXET MIPOUCXOAUTh C UCHOIb-
30BaHUEM TKaHel, MOJyYeHHBIX OT yejaoBeka. OnHa-
KO M3O0JSIIMSI TKAHU U MPOTOKOJ €€ TOATOTOBKU —
TpyaoéMkue Tpoliecchl. [ToaToMy coznaHue Kapanuo-
muonuToB n3 DCK u UIICK yenoBeka — MOTEHIIU-
aJIbHBIM METON TeHepaluu 0ojiee TOYHOTO TecTa Ha
KapIMOTOKCUYHOCTb. OOHapykeHO, 4YTO YYyBCTBU-
TeJIbHOCTb K MHTMOUTOpaM KaJueBOTO TOKa IpO-
apUTMOTEHHBIX TIpernapaToB OoJjiee JOCTOBEpHa B
KaparomuouuTax, noixydeHHbIx u3 DCK/MUIICK ye-
JloBeKa, 4yeM B KomMepueckux hERG-kieTouHbIX
mHugx (hERG-HEK?293) [82].

MMOJIYYEHUE NAUMEHT-CITIELHU®WYHBIX
HIICK. TEHETUYECKAA MOANDPUKALNA

I'eneTnyeckn MoaupUIMPOBAHHBIC ITAIIUCHT-
crreunduuHble MITCK MMeioT BBICOKMIT TTOTEHIIMAI
K JICUEHUIO IIMPOKOIO CIieKTpa 3aboseBaHuii. Cu-
CTeMBbl peIaKTUPOBaHUS T€HOMa, TaKMe KaK HyKJIea3bl
¢ unHkoBbIMU TTasibliaMu (ZFN), TALEN (transcrip-
tion activator like effector nucleases), CRISPR/CAS9,
Ne 9
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MO3BOJISIIOT UCIIPAB/ISITh MYTallMM, IPUBOMSIINE K
3aboseBanusaM [83]. 1 reHoTeparmmMu TakKKe MC-
ITOJIL3YIOTCSI UCKYCCTBEHHBIE XpOMOCOMBI. Alphoid ©©-
HMCKYCCTBEHHAsl XpOMOCOMa YeJIoBeKa MPUMEHSIETCS
ISt BeKTopHOM nocraBku reHoB B MITCK, B kiteTku
MaEeHTOB C HapYIIeHUSIMU paObOThI O peaeIEHHBIX
reHoB. [IpoBoasiTcss mucciaenoBaHUsl MO pa3paboTKe
npoTtokona pocraBku Alphoid®©-uckyccTBeHHOI
xpoMocoMmbl B UTICK, ogHako Mmoka 3TO OCTaéTcs
TpyaHOI 3amaveii [84].

VYnanock monydnth puobpo0IacTsl “TyMaHU3UPO-
BaHHOW” MBIIIM C MyTalueil B-1ernu reMornoonHa
(hB®) genoBeka, MoOmeNUpYIOIIEH Pa3BUTHE CEPITO-
BUIHO-KJIETOUHOI aHeMuM [84]. BeimeneHHbIe PUO-
pobsactel O6buUTM penporpammupoBaHHbl B UTTCK
PETPOBUPYCHOI KOHCTPYKIIMEH, Kogupyromeit Oct4,
Sox2, Kif4 u c-Myc [85]. Janee B MNOJy4eHHBIX
NTICK wmbimu ¢ myranueit hBS Gbi1a ucrnpasieHa
MyTalusi ¢ MOMOIIbIO TOMOJIOTUYHON PEeKOMOMHA-
LMK C IUKUM TUIIOM reMOIIo6rHa 1enu A uenoBeka
[85]. HampasnenHoit muddepeHInpoBKOil Mogudm-
mupoBaHHBIX UTTCK B aMOpHONIHBIX TEJIbLIaX MOy -
YyaJid TeMaTOMOATUYECKUE KIIETKU-TTPENIIeCTBEHHN-
KM, KOTOpbI€ TPAHCIJIAHTUPOBAJIW B MEIIIb, B pe-
3yJabTaTe 4Yero IPOM3OILIO YIydlleHHe (peHOTUIIa
MYTaHTHBIX MbIIIei [85].

B npyroMm uccienoBaHuUM OBLIM MOJYyYE€HBI AEp-
MaJibHbIe (POPOOJIACTHI M KEPATUHOLIUTEI YeJI0BEKa,
cTpanpatoiiero anemueii @ankonu [86]. B a3t coma-
TUYECKME KIJIETKU C TOMOLIBIO IEHTUBUPYCHOM TpaH-
CIYKIIUM OB BBEIEH HOPMAJIbHBIN aJlJIeJIb MyTaHT-
Horo reHa FANCA, BbI3BaBIIEro aHeMHIO. 3aTeM
kietkn perporpammupoBann B MITCK mytém pe-
TPOBUPYCHOM TPaHCAYKIMU TE€HOB, KOAUPYIOIINX
TpaHcKkpunuoHHble pakTopel OCT4, SOX2, KLF4,
¢ i 6e3 C-MYC. U3 UTICK, KkoTopble HECIU 3110~
poBbliii ajienb reHa FANCA, ynaaoch NOJTy4UTh KJIET-
KJ TeMaTOIIO3TUYECKOIO psifa, KOTOPhIe TaKxKe Hec-
JIN 3M0pOBBIA ajieiab reHa. OgHAKO aBTOPHI 3TOTrO
WCCJIENOBAaHUSI  TIOMUEPKUBAIOT  HEOOXOAUMOCTh
nmanbHelmero nsydeHus: onkoreHHoctn UITCK me-
peI UX TpaHCIUIAHTAIIMEN B OpraHu3M deyioBeka [86].

k ok ok

TakuM 0o6pa3oM, He BBI3BIBAET COMHEHMIA, YTO
IICK (BCK u UTICK) — 310 MHOTOOOEIIIat01ast MO-
JIeJIb, KOTopasl IIPUMEHSIeTCs B OMoMenuiHe, dap-
MAaKOJIOTUH, KJIETOUHOM Teparuu, a TAKKe B UCCIe-
JIOBaHMSIX paHHeTro aMOpuoreHe3a. Hecmorpst Ha He-
PELIEHHOCTh HEKOTOPHBIX BOIIPOCOB 0€30ITIaCHOCTU
(OHKOT€HHOCTh, UMMYHOT€HHOCTh) M Ha TEXHOJIOT 1 -
yeckue nmpoobieMsl, Tepanus Ha ocHoBe ITCK ugeno-
BeKa HauyMHaeT MCIOJIb30BaThCs IS JICUCHUS pa3-
JINYHBIX 3a00JIEBaHUI U, 3TO HE MEHee BaXXHO, Oa-
rogapsi KJIETOUYHBIM MoaenssM Ha ocHoBe IICK
HaOJII0gaeTcs MpoTrpece B 00JIAaCTU N3YYEHUST MHOTUX
3aboneBanuii. TeM He MeHee TepareBTUYECKUE MO/~

BECTHUK POCCUNCKON AKAIEMHUU HAYK

TOM 93

xonbl ¢ ucrnoian3oBanueM [TCK Bcé erié HaxoaaTcs B
3a9aTOYHOM COCTOSTHUM W TPeOyIOT IajJbHEMUIIIEro
WCCIIeNoBaHUsl sl 0e30macHOro U 3(pGheKTUBHOTO
UX IIPUMEHEHUSI.
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Biology of pluripotency is a modern field of biological science, and at the same time a tool for modeling hu-
man morphogenesis in vitro. Pluripotency is the property of cells to self-renew and differentiate into all types
of cells of an adult organism, which appears in early embryogenesis in mammals. Pluripotent stem cells
(PSCs) have limitless potential in regenerative and translational medicine, which open up perspectives for
solving multiple diseases, including hereditary ones. This review describes the characteristics and uniqueness
of PSCs, modeling of early human morphogenesis in vitro in blastocyst-like structures and gastruloids, mod-
eling of organogenesis in organoids. Next, we considered the use of PSCs in regenerative medicine with their
risks of capability to oncogenicity and immunogenicity in implication of a cell replacement therapy. However,
therapeutic approaches using PSCs are still in their infancy and need to be deeply scrutinized.

Keywords: pluripotent stem cells, IPSCs, ESCs, naive PSCs, primed PSCs, reprogramming, regenerative

medicine.
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OrpaHMYEeHHOCTh 3aI1aCOB MCKOMAeMOTI0o TOTIMBA U OTPULIATEIbHOE BIMSTHUE TTPOAYKTOB €ro CropaHus Ha
9KOJIOTHIO — JIBE aKTyaJIbHBIE MPOOJIEMBI COBPEMEHHOCTH. B KauecTBe BO3MOXHOTO UX PEIIIEHUST paccMar-
puBaeTCs OCBOSHHE aTbTepHATUBHBIX UCTOYHUKOB SHEPTUHU, CPEAU KOTOPBIX HauboJjiee TOCTYITHA SHEPT s
Comnana. I[IpnobpereHrne HaBBIKOB 3D (PEKTUBHOIO M 3KOJOTMYHOTO €€ MCIIOJIb30BaHUS MYyTEM CO3MaHUST
HUCKYCCTBEHHBIX (POTOCHMHTE3UPYIOIIUX CUCTEM, UMUTUPYIOIINX MPOLECChl MPUPOAHOro OTOCUHTE3a, a
TaKXe TTpUMEHEeHNe NCKYCCTBEHHOTO (POTOCMHTE3a ISl TIPOU3BOACTBA OMOTOIIMBA MOTYT CIIOCOOCTBO-

BaThb BbIXOAY U3 CIOXUBILLEHCS CUTyalluu.

Karoueswie cnrosa: anbrepHaTUBHBIE BUIBI SHEPTUH, OOBOIOPO, 0MO0(MOTOIN3, MCKYCCTBEHHBIN (DOTOCUH-

Te3, COJIHEUHBbIE STYEKU.

DOI: 10.31857/50869587323090037, EDN: IONBRM

B HacTosiee BpeMsi TpaAuIIMOHHbIE BUIbI TOTI-
JIMBa CJIy>KaT OCHOBHBIM UCTOYHUKOM 3Hepruu. Om-
HaKO OrpaHWYEHHOCTh UX 3aracoB Ha IlJIaHeTe, OT-
pUlIaTeIbHOE BO3JEMCTBME NPOJAYKTOB CropaHus
TOIUIMBA Ha OKPYXaIIYIO Cpedy, BIEKYIee 3a CO-
00i1 HeraTUBHbBIE KJTMMATUYECKNE U3MEHEHUS, a TaK-
e pOCT MUPOBBIX MOTPEOHOCTEN B SHEPTUU TUKTY-
IOT HEOOXONUMOCTb WCIOJIb30BaHUS aJlbTePHATUB-
HBIX €€ NICTOYHUKOB, MPUIEM IKOJTOTUIECKN YUCTBIX
1 BO30OHOBJISIEMBIX, TOMCKA MyTei UX MPOU3BOACTBA
B TIPOMBIIIJIEHHBIX MaciuTabax. [TpuHSATO cunuTaTth,
YTO J1000¥ BUJ SHEPTMU, TPOU3BOAUMBIN 13 BO300-
HOBJISIEMBIX UICTOYHUKOB U HE OKa3bIBAIOLIWI OTPU-
LIATEJIBHOTO BIAUSIHUSI Ha OKPYXAIoIIyl0 Cpeay, MO-
XeT cTaThb KaHAWAATOM Ha poJib OCHOBHOTO BHIA
SHEPIrUM IS YeJIoBedecTBa B Oymyiiem [1, 2].

AJIJTAXBEPIMWEB Cyneitman
NdxaH-ormbel — 4jeH-Koppe-
cnoHgeHT PAH, 3aBemyromuii
Y Jaboparopueii yrpanisieMoro ¢o-
toonocuHreza MDP PAH.

CerogHsl Ha OO0 TPAIULIMOHHBIX MCTOYHUKOB
npuxoautcs 6onee 80% Bceil MmoyyaeMoii B MHUpe
SHEPTUM, Ha JOJIO aIbTEPHATUBHBIX — OKOJIO 13% u
6% — Ha ssmepHOe TorunBo | 3]. B KagecTBe aK0NI0TH-
Yyecku O€30ITIaCHBIX aJIbTepHATUBHBIX KMCTOYHMKOB
sHeprun (AMD) paccMaTpuBalOTCsl TUAPOIHEPTUS,
SHEPrus BeTpa, TeoTepMaibHasl, COJITHEUHAsI, a TAKKe
DHEpPrus, Iojiydaemasi B pe3yiabraTe IlepepadoTKu
OnomMacchl B MOJIEKYJISIDHBIA BOJOPON, W SHEPIUS
OMoTOIINBA.

IT'mnposHepreTnka — HanboJIee M3YYCHHBIN 1 I -
POKO WUCIIONb3yeMBbIii MCTOYHUK BO30OHOBISIEMOIt
sHepruu. 1o nanHbIM Ha 2019 1. 06111as1 yCTaHOBJIEH-
Hasi MOIIHOCTb THAPOIHEPTreTUYECKUX YCTAaHOBOK
ObLJIa BBIIIE, YEM IPYTHMX BO30OHOBISIEMbBIX UICTOYHU -
KOB [4]. HecMOTps1 Ha OTCYTCTBHE BpEIHOTO BO3MIEHi-
CTBUSI Ha aTMocdepy, TUAPOIHEpPreTMKa OTpHUIla-
TEJILHO BJIMSICT Ha KOJIOTHUIO BOTHEIX OMopecypcoB [5].

Hpyrum AUD ciy>XuT a3HEepTUsi BeTpa, 1o KoJinye-
CTBY BbIpaOaTbIBaEMOIl 3JIEKTPOIHEPTUU BETPSIHbIE
TYpOMHBI YCTYIIAIOT JIUIIb TUApoTYypOuHaMm [4]. Cpe-
I HEAOCTAaTKOB, CBSI3aHHBIX C MOJYYEHUEM 3TOrO
BUJa SHEPTUU, BBIAEISIOT IIIyM OT pabOThI BETPOTYP-
OUH, TMOEJb TITULL TPU CTOJIKHOBEHUH C JIOMACTSIMU,
CBeTOTeHeBOM 3 deKkT, a TakKe HU3KOYACTOTHHIE
3BYKOBbI€ BOJIHbI, OKa3bIBalOIME€ OTPULIATEIbHOE
BO3JEICTBUE Ha IICUXUKY YejloBeka [6—8].

IeoTepMmaabHast SHEPTUsT XapaKTepHU3yeTCsT Upe3-
BBIYATHO HU3KMMHM BBIOpOCAMU TTApHUKOBBIX Ta30B,
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OOHAKO €€ MOJIydeHHE BO3MOXHO M pPallOHAJIbHO
JIMIIIb B MECTaXx, M€ Ha IMTOBEPXHOCTU MM OJIM3KO K
Hell UMeIoTcsl OOJbIIINE TeoTepMaJIbHbIe UCTOYHUKM.
Heo6xoaumMocTh ydoKoro 6ypeHUs 3eMHOI KOPbI B
cllydae X 3ajieTaHusI Ha OOJBIIMX TITyOMHAX CTaBUT
Mo/, COMHEHWE YKOHOMUYECKYIO 11€J1eCO00Pa3HOCTh
¥ OTCYTCTBHE HETaTUBHOIO BO3ACHCTBUS HA OKPYKa-
IOIIYIO Cpeay 3TOro cnocobda moaydeHus sHepruu [9].

[1o xonuuecTBY HEPrum, IMOCTABIISIEMOIT Ha HALILY
IUIaHeTY B €OIMHUILy BpeMeHHU, aumupyeT CoJHIIe.
ITpupoaHbIit GOTOCUHTE3 — €CTECTBEHHBIN Mpolecc
npeobpa3o0BaHUSI COJIHEUHOI HEPIUU B IPyryue BU-
Il DHEPruu. DHeprus KBaHTOB CBETa B OCHOBHOM
npeodpasyeTcsl B 3HEPTUIO0 BIEKTPUYECKOTO TOKa
VI B SHEPTUIO XUMUYECKHUX CBSI3€H Pa3IMYHBIX CO-
eIUHEHUI, KOTOphIe B AaJbHEHIIIEM MOXHO ITpHUMe-
HSTh B KauecTBe Torusa [ 10]. Hanbosee naBecTHbIN
MeTof IToxydeHus sHeprun oT CoiaHla — poTo3jIeK-
Tpudeckuii. ECTh m Ipyroit, ¢ moMOIIbI0O KOHIICHTPA-
TOpPOB (3epKaJj WIN JIMH3), HO OH UCIT0Jb3YyeTCs B HE-
COM3MEPUMO MEHBIINX IPOMBIIIJIEHHBIX MacCIITa-
o0ax [11]. IlepBBIif U3 3TUX METOMOB IIpEaIIOIaracT
npeoObpa3oBaHUE SHEPTUU COTHEUHOTO UBJITYYECHUS B
3JIEKTPUYECKYIO ¢ MOMOUIbI0 (hoTOoImpeoOpa3oBarTe-
JIeli Ha OCHOBE IIOJIYIIPOBOAHUKOB, (DOTO3IEMEHTOB
Ha OCHOBE OpPTaHWYECKMX MTOJIMMEPOB, a TAKXKE TOH-
KOIUIEHOYHBIX (POTO3I€MEHTOB. B HacTosIIee BpeMs
MHTEHCUBHO pa3pabdaThIBalOTCSI COTHEYHBIC STYEHKU
Ha OCHOBE OpraHn4YecKux XxpoMmodopos (brnosoruye-
CKUX MHUTMEHTOB M MHUIMEHT-O0EJIKOBBIX KOMILIEK-
coB). B uncie HemocTaTkoB (POTO3JIEMEHTOB — MX
BBICOKAsl CTOMMOCTh U HEOOXOAMMOCTb YTUJIN3AIIUN
BpPEOHBIX KOMIIOHEHTOB COJTHEYHBIX sTueeK [12].

K anbTepHAaTUBHBIM UCTOYHMKAM SHEPTUU OTHO-
CUTCS Y MOJIEKYJISIPHBII BOTOPOO, — YHEPrOHOCUTEITh
C BBICOKOM YOEIbHOI TEIJIOTOI CropaHusi U HYJIEBBIM
yreponaHbiM ciienom [13]. Maes ero ncrnonb3oBaHUs
B OTOI pOJIM BeCchbMa MpUBJIEKATeJIbHA, IIOCKOJIBKY ra-
3000pa3Hblii BOMOPON SIBIISIETCS YHUBEPCAIbHBIM,
3(GEKTUBHBIM U YCTOMUYMBLIM MCTOYHUKOM 3HEp-
run. Hanbonee npearnoyTuTebHass TEXHOJIOTHS 110~
JIydeHMsI Bogopoaa — (poTopasioKeHre BOAbl Ha MO-
JIEKYJISIpHBIIT BOAOPOA U KUCIOPOH, Oa3upyloleecs
Ha HeucdepliaeMbBIX pecypcax He TOJIbKO caMOIi BO-
IIbI, HO ¥ COJTHEUHOI sHeprum [14].

JlaHHasT CTaThs MOCBSIIEHA PACCMOTPEHMIO COBpPEe-
MEHHOIO COCTOSIHMSI MCCJIEAOBAaHUI 1 MEPCIIEKTUB B
cepax UCKYCCTBEHHOTO (hOTOCHHTE3a U BOAOPOTHOM
SHEPreTUKHU, a TAKXKE 000CHOBAHMIO HEOOXOIUMOCTHU
Hay4YHBIX UCCIAEI0BAHUM B LIEJISIX TaJdbHEHIIEro pas-
BUTUS OTUX OTpaCeid.

COJIHEYHAA SHEPI'ETHUKA

ConHeuHas1 SHeprusi — HauOoJiee IIepPCIEeKTUB-
HbIA aJIbTEpHATUBHBIA MCTOYHUK DSHEPTrUM, YUYTO
000oCHOBaHO €€ HeucueprnaeMocTbio. OHa MOXET
OBITH IIPpe0Opa30BaHa B IPYrye BUIBI SHEPTUM 32 CUET

BECTHUK POCCUNCKOMN AKAJTEMUU HAYK

MpupoaHoro ¢otocruHTe3a. 3a GMOKOHBEPCUIO COJI-
HEYHOTO U3JIyYeHUS B 9HEPTUIO XUMUUECKUX CBS3EH
OTBeYaloT (HOTOCUHTE3UPYIOLIUE OpPraHu3Mbl. Dd-
¢$EeKTUBHOCTH 3TOTO TIpolecca 6imska K 100% [15].

®dotocuHTeTnueckuit annapar (PA) — BBICOKO-
3¢ HeKTUBHBIN MEXaHN3M U ITIEPCIIEKTUBHBINA OOBEKT
IUIST  MOJIEJIMPOBAHUSI TIPOILIECCOB IpPEBpalleHUs
sHepruu (puc. 1). CoctaBHbIe YaCTU (DOTOCUHTETHU-
YeCcKOTO armnapara MpUroAHbI /ISl UCTIOJb30BaHUS B
COCTaBe COJIHEUHBIX siYeeK, K MpUMepy peakiuoH-
Hble [IEHTPbI MOTYT paccMaTpUBaThCs KaK KaHIuIa-
ThI Ha pOJIb (POTOCEHCUOMIM3AaTOPA U3-3a UX CITOCOO-
HOCTU K 3¢ @dEKTUBHOMY (HOTOMHIYLIMPOBAHHOMY
paznesieHMIO 3apsina. PazpaboTka v COBEpILIEHCTBO-
BaHWE COJIHEUHBIX siYeeK Ha OCHOBE KOMIIOHEHTOB
(OTOCMHTETUUYECKOTO arlapaTra MOXeT CTaTh aJIbTep-
HaTUBOI (POTORIEMEHTaM Ha OCHOBE IOJYMPOBOI-
HUKOB. B HacTos1ee BpeMst MUMEHHO UCKYCCTBEHHbBIE
doToCUCTEMBI, UMUTUPYIOIINE TIPUPOIHBINA (HOTO-
CUHTE3 B TMOPUAHBIX CUCTEMAaX MPOU3BOACTBA MOJIe-
KYyJIIDHOTO BOJOpoOJa, HauboJiee MpUBIEKATEIbHbI
JUUTS McciieoBaresieit BCero Mupa.

B mabGopaTtopHBIX YCIOBUSIX IJISI CO3HAHUS COJI-
HEYHBIX STYeeK Ha OCHOBE KOMITOHEHTOB DA mpume-
HSTIOT pa3IUYHbIe POTOCMHTETUYECKHE CTPYKTYPhI —
OT pEaKIMOHHBIX LEHTPOB (OTOCUCTEM OO LIEIBIX
baKTepualibHbIX KJIETOK WJIM TIperapaToB TUIAKOU -
HBIX MeMOpaH. D(pPHEeKTUBHOCTh TAKMX UCKYCCTBEH-
HBIX CHICTEM B HacToslllee BpeMs gocturaeT 16—17%,
HO B OJIMxKaiiileM OyayIieM 3TOT IToKa3aTeab MOXHO
OyIeT IMTOBBICUTH B HECKOJIBKO Pa3.

Haim paGoThl UMEIOT LIEIbIO MCCASIOBaHME TIPU-
pomoHBIX MexaHn3MOB (otocuHTe3a [10, 14], ocHO-
BBIBAsICh Ha KOTOPBIX MOXHO ObLIO ObI CO31aBaTh U
COBEPILIEHCTBOBATh NEPCIIEKTUBHBIC YCTPOMCTBA IJIST
MCKYCCTBEHHOIO (POTOCHHTE3a C IIOCIAEAYIONIUM
BHEJIPEHNEM MX B IMPOMBILUIEHHOCTD. JJIs yaydie-
HUS KadecTBa (PYHKIIMOHUPOBAHMS COJTHESYHBIX STUe-
€K MBI HMCIIOJIb3yeM pPa3HOro poaa MCKYCCTBEHHEBIE
COEIMHEHMUSI, CIIOCOOHBIE 3aMEHUTh €CTECTBEHHBIE
KOMITOHEeHThI DA KHCIOPOO-BhIIEIISIONINI KOMIUIEKC,
IUIACTOXUHOHHKI [16]. Ycnexu B pa3BUTUM CUCTEM MC-
KYCCTBEHHOTO (DOTOCHMHTE3a CTaJl BO3MOXHBI Oj1a-
rogapsi MHOTOJIETHEMY M3YYEHUIO MEXaHU3MOB €CTe-
CTBEHHOTO (DOTOCHHTE3A.

B HacTosiiiee Bpems peiiaercs psiin npobiiem,
TOPMO3SIINX CO3MaHUE BHICOKO3(MOEKTUBHOM COJI-
HEYHOI sTYeiiK1 Ha OCHOBE KOMITOHEHTOB (DOTOCUH-
TeTu4yeckoro amrmapara. Tak, misi UMMOOWIM3alUuu
KOMITOHEHTOB DA MCITIOJIb3YIOTCSI TMOPUIHBIE DJIEK-
TPOJIBI IBYX TUIIOB: HA OCHOBE TUOKCHIA TUTaHA Oe3
JIMHKepa (KOPOTKOIO [BYXLIETIOYEYHOIO CErMeHTa
JHK, 06pa3oBaHHOI0O OTUTOHYKICOTUAAMM), a TaK-
Ke 30JI0TOM 3JIeKTpon ¢ JuHkepom [12]. 3omoToit
3JIEKTPOJl COCTOUT U3 OEJIKOB, 3aKperuIsieMbIX C MO~
MOUIbIO MOJIEKYJI-TUHKEPOB, CBSA3bIBAIOIIUXCS C OJl-
HOIi CTOPOHBI C METaJLIMUYeCKUM 3JIEKTPOIOM, a C
IpYyroii — ¢ aMHUHOKMCIOTaMu Oenka. ITmOpuaHbIA
Ne 9
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Puc. 1. doTocuHTeTMYECKAS 1IETTh TTEPEHOCA DJIEKTPOHOB
Hcmounuk: mogrdumpoBaHo 1o [ 14]

BJIEKTPONl MPEACTaBJCH CJIOEM Me30CKOMUUECKOTO
MOJIYIPOBOAHMKA (IMOKCUJI TUTAHA, UMEIOIINIA ITO-
pPBI M KPUCTAJUTBI PA3JIMYHBIX Pa3MEpPOB), HAHECEH-
HOTO Ha TMOBEPXHOCTh MPO3PAYHOIO BJIEKTPOIA;
duKkcanus 6eJIKOBBIX KOMIUIEKCOB B IIOpaX AUOKCHUIA
TUTaHa IIPONCXOINT O6e3 TmHKepa [17].

B cocTtaB cosHeuyHOI SIYEMKU C ME30CKOIMYe-
CKUM CJIOEM TOJYNPOBOAHUKA HA OCHOBE (POTOCEH-
CUOWUJIN3aTOpa-KpacUTeNsd BXOASAT Cleaylolliue die-
MEHTBI: CJIOM NMOKCUAA TUTaHa, CEHCUOWJIM3ATop-
KpAaCHUTEJIb, JIEKTPOJIUT, a TAaKXKE TOKOMPOBOIIIINE
aniekTponbl. Ilpu umcrmonb3oBaHUU BbIlIETIEpEUYnC-
JIEHHBIX KOMITOHEHTOB HaM ydajioch pa3paboTaTh U
KCCIIEA0BATh COJTHEYHYIO STYEIKY C UMMOOMIN30BaH-
HBIMM Ha OBEPXHOCTU ME30CKOTTMYECKOTO C10s1 (po-
TOCUHTETUYECKMMU TUJIAKOMIHBIMU MeMOpaHamu [ 17].

I[MoMmMo 3TOTO, yCTEelmHO pa3paboTaH 30JI0TOM
5JIEKTPON C WMMOOMJIM30BAaHHBIMU TIperrapaTaMu
dotocucreMnl 2 (DPC2) (e€ crpoeHUue OyIeT Ipen-
CTaBJICHO B CIIeayIollleM pasneie ctaTbr). C 1IeJbio
TTOBBITIIEHUS 3 (GEKTUBHOCTH MepeHOCa SJIEKTPOHOB
oT ®C2 K 30JI0TOMY BJICKTPOIY HAMU BIIEpBbIe ObLIN
CHHTE3UPOBAHBI TJIATUHOBBIC YaCTHIIBI, CBI3aHHBIC
¢ 7 monekynamu TEGSH wu 1 momexkynoit TMQP-
6eH30xrHOHA. CHUHTE3 TIATUHOBBIX YaCTUIL ITPOU3-
BOIWJICSI M3 TeKCAaXJIOPIUIATUHOBOM KUCJIOTHI, CBSI-
3aHHOI1 ¢ 2-[2-(2-METOKCUATOKCH )3TOKCH | 3TAHTUOJI
TEGSH. IlonydyeHHBIe HAHOYACTHUIIBI IIJIATUHEI ObI-
M WHKYyOupoBaHbl ¢ 1-[15-(3,5,6-tpumeTui-1,4-
OE€H30XMHOH-2-Wi)| TIIEHTadenwl JIUCYIb(PUIOM
(TMQ(CH2)15S)2. dns yBenudeHUsI 3PHEKTUBHO-
CTH MPOU3BONCTBA (hoTOTOKA B KOMITIIeKcax PC2 Ha-
TUBHBIN TTEpEHOCUYMK JIEKTPOHOB TUIACTOXMHOH Qp

BECTHUK POCCUNCKON AKAIEMHUU HAVK

TOoM 93

ObLI 3aME€HEH Ha TUIATUHU3UPOBAHBIN IMJIaCTOXUHO-
HOBBIi1 aHaJIoT. B pesynbTaTe BHISIBIECHO, YTO COTHEU-
Has g4eiika ¢ moguduumpoBaHHoit ®C2 (Pt/DC2
TMOPUIHBIMU KOMILJIEKCAaMI) TeHepupyeT (OTOTOK C
OourblIeit MTHTEHCUBHOCTBIO, YeM KOHTPOJBHBIN 00-
paserr [18].

Taxxe B 1abopaTopuu yrnpapiasieMoro ¢oTooduo-
cunrte3a MOP PAH nposeneHa macirabHasg paboTta
M0 MPOSKTUPOBAHMIO, CO3IAaHMIO U anpodaliy HO-
BOM YCTAaHOBKM, IO3BOJISIIOLIEH MEHSTh YCIOBUS
(YHKIIMOHMPOBAHUS SYEEK: TeMIIepaTypy, MHTEH-
CHUBHOCTB 1 KQUeCTBO CBETA M JIp. DTa padboTa mpoae-
JIaHa C 1IEeJIbI0 OOIIMPHOIO MCCIAEHOBAHUS Pa3Ind-
HBIX TTapaMeTPOB 1 OLeHKHN 3(PPEKTUBHOCTU (PyHK-
LIOHMPOBAHUS COJTHEUHBIX STY€eK C KOMITOHEHTaMU
(OTOCMHTETUYECKOTIO aIlliapara B yCIOBUSIX, MaKCH-
MaJIbHO TIPUOIKEHHBIX K YCJIOBUSIM IIPOMBIIIUIEHHO -
ro ripuMeHeHus. CoIlacHO ITOJTyYeHHBIM JaHHBIM, T10-
BBIIIIEHE MTHTEHCUBHOCTH cBeTa (0T 40 MKMOJIb KBaH-
TOB M2 ') IPUBONNT K YBEJIMYEHUIO CUJIBI (DOTOTOKA
B TPUCYTCTBUM TWJIAKOUIOB (oToceHCcuoOuImaa-
TOp), HachllleHue nocturaercss npu 600 MKMOJb
KBaHTOB M2 ¢~ . @oTocucrema 2 1 BXOASAIIUIA B €€ CO-
CTaB KHUCIOPOI-BBIACISIIOIIMNI KOMIUIEKC BBICOKO-
YyBCTBUTEILHEI K BO3IEIICTBUIO CTPECCOBBIX (DAKTO-
pOB. DKCIIEpPUMEHTAJIBHO II0KA3aHO, YTO IJIS OaJIb-
HelIero IpakTU4ecKoro mnpumeHeHuss P®C2 B
MCKYCCTBEHHBIX CHCTEMax €€ MOXHO CTaOMIM3UpPO-
BaTh U/ MM MOIU(PUILIMPOBATH ITOCPEACTBOM pa3Ind-
HBIX CHEIMAaJbHBIX ar€HTOB, 3TO ITO3BOJIUT YBEIU-
4uTh 3QOEKTUBHOCTD U CTAOMIILHOCTH Pa0OTHI KOM-
IUIeKca B cocTaBe stueiiku [16].
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Puc. 2. McTouHMKM TTOIyYeHUsT BOTOPOAA
Hcmounuk: monuduiimposaHo 1o [19]

WCKYCCTBEHHbBIN ®OTOCUHTE3
N BOAOPOJHAA OSHEPI'ETUKA

ImaBHBIM HemocTaTKOM HeKoTOophix AWUD (runpo-
SHEPIUsl, SHEPIU BETpa, COTHEYHAST SHEPTUsI) OKa-
3BIBAE€TCS IIPEPBIBUCTHIII XapaKTep IMOCTAaBKM 3HEP-
MU, CBSI3aHHBIN C HEMTOCTOSTHCTBOM ITOTOAHBIX YCJIO-
Buii. B 3Toil CBsI3M akTyajleH MOMCK crocoba
XpaHeHUs IIOJIydeHHOM TaKMM OOpa3oM SHEpPTUU.
MHorojieTHUE HCCIeIOBaHUsS B JaHHOK obJyiacTu
MO3BOJIMIM CIIeJIaTh BBIBOII, YTO B HACTOSIIIEE BpeMSI
JIYYIIIMM CIIOCOOOM 3aracaHus SHEPTUU MOXKET OBITh
€€ XpaHeHue B BUIE MOJIEKYJISIPHOTO BOAOPO/IA.

Bomopon — Hamboliee pacmpoCTpaHEHHBIN 3je-
MEHT BO BcelieHHOI u caMblii JIETKUI U3 BCeX ra30B.
TemrniepaTypa ero riaBjieHUs1 cocTaBisieT —259.14°C.
Ha 3emne H, BcTpeuaercs B cBsizaHHOM dopme [19,
20]. IMTockoabKY BOTOPOI BXOJUT B COCTAB MOJIECKYJIBI
BOZBI, OH COJIEPKUTCS Ha TNIAHETE B U30BITKE U SIBJISI-
€TCSI BO30OHOBIISIEMBIM PECYPCOM, a TOT (haKT, UTO
eIVHCTBEHHBIM TIPOIYKTOM CrOpaHMUsl B3TOTO rasa
OKa3bIBaeTcsl BOMa, NeJaeT €ro SKOJOTMYeCKU Y-
CTBIM BUIOM TOILIMBA. [1pu cXUraHnm BOIOpoaa BbI-
JensteTcs bosbloe Koamdectso sHeprun (120.7 TIx/T),
KOTOpasi MOXeT OBbITh TpeoOpa3oBaHa B BJIEKTpUYC-
ctBo [19, 20].

B Hacrosiee Bpemss 96% MHUPOBOIo MPOU3BOJI-
CTBa BOIOPOIA 3aBUCUT OT UCKOITAEMbBIX PECYpPCOB.
MonekyasipHbIi BOZOPOI MOJIYy4YaroT B OCHOBHOM JIU -
00 MyTEM MapoBOif KOHBEPCUU METaHAa U KPEKWHTa
HedTH, 1100 nmyTéM rasudukannu yrisi. Obda croco-
0a cBgI3aHBI C CepbE3HBIM 3arpsi3HEHNEM OKPYXKalo-
et cpeabl. A 3HAYUT, TIpUOOpeTaeT aKTyaIbHOCTD
yYBeJIWUYEHNE JOJIU MPOU3BOACTBA OGUOBOIOPOIA KO-
JIOTUYECKHU YUCTBIMU CIIOCO0aMM. YCTOWUYMBBHIE MC-
TOYHUKMU €ro TIOJIYYEHUs TIPUBJIEKAIOT BCE OOJbIIIee
BHUMAaHME B KayeCTBe aJbTePHATUBBLI MCKOMAeMbIM
BUJAM TOIUIMBA. TaKyio aJlbTepHATUBY IPEICTABIISI-
IOT CO0Oi TEXHOJIOTUS pacllleIUICHUs BOIBI (Ha €€ 10-
JII0 TIPUXOOUTCS BceTo 3% MHUPOBOTO MPOM3BOI-

ctBa H,) U TexHosiorusi mosiay4yeHusi BOAOpOAA W3
6uomaccsl (1% mupoBoro rponsBoncTsa H,) (puc. 2)
[21]. CremyeT OTMETUTD, YTO MOJyIeHIE MOJIEKYISIP-
HOTO BOJIOPOJIa C MOMOIIBIO 3JIEKTPOJIU3a, TO €CTh
pazJIoKeHUsT BOJBI C MCITOJb30BAHUEM 3JIEKTpUUE-
CKOTO TOKA, JOPOTOCTOSIINI ITpolIece.

PasnmoxeHne BoOAbl Ha BBICOKOIHEPreTMYECKUE
SJIEKTPOHBI, TIPOTOHBI ¥ KUCIOPOH, ITOA, JeiCTBUEM
COJTHEYHOTO M3JTYYEeHUS XapaKTepHO 11 oToTpod-
HBIX OPraHU3MOB. DTOT IIpoliecCc Ha3bIBaeTcs (POTO-
JIM30M BOOBI U oOecrieunBaeTcss (OTOCUCTEMOM 2 —
YHUKaJIbHBIM (PEepMEHTHBIM KOMIIJIEKCOM, CIIOCO0-
HBIM OKHUCJSTH Boay 10 Kuciopoaa (O,), MOHOB BO-
nopona (mporoHoB HT) u snekrponos [22]. Crpoe-
HUE (pOTOCUCTEMBI 2 TIPEICTABICHO HA PUCYHKE 3.

J11s TTomydeHUsI BOIOpoIa, Kak IMyTEM eCTECTBEH-
HOTO, TaK M MCKYCCTBEHHOTO (DOTOCHHTE3a HY>KHBI
BBICOKO3HEPTeTUUECKME 3JIEKTPOHEI M IPOTOHHI (00-
nee moapoOHO cM. [23, 24]. OnHa M3 BaxkKHEHIIINX
3a/1a4, CTOSIINX TIepell UccaeaoBaTeIsIMU, 3aKJIIo4Ya-
€TCSI B YCIIEIITHOM CONPsKeHUN peaKuii (poToreHe-
palyy IPpOTOHOB U 3JIEKTPOHOB OT BOABI U BOCCTa-
HOBJICHUSI TPOTOHOB J0 MOJIEKYJISIPHOTO BOAOpOAa
(H,) B cucteMe nckycctBeHHOTO poTtocuHTe3a. Co-
31aHUEe TAKOKW CUCTEMbI, UMUTUPYIOLLIEN TIPUPOAHbIIA
¢dhoToCUHTE3, MO3BOJIMJIO OBl 3aITyCTUTh YHUKAJTbHBIA
LUK/ BEIPAOOTKM 3KOJIOTMYECKHM YMCTOTO TOIUIMBA B
HeorpaHMYeHHBIX KomndecTBax. Pa3paborka cucre-
Mbl HCKYCCTBEHHOTO (OTOCHHTE3a JOJLDKHA OCYy-
IIECTBIISIThCS MO3TAHO (IIEPBBIMA 3Tal — CO3daHUe
YCTPOIMCTB, MOOEIMPYIOIMINX OTIACAbHBIC PpPeaKIINu
¢doTocuHTE3a; CAEAYIONINIT — COOpKa ITOJIHOM CUCTe-
Mmhl) [1, 10, 25, 26].

[ BOCCTAHOBJIEHUS TIPOTOHOB IO MOJIEKYJIbI
BOIOpOAa HEOOXOnUM (hepMEHT U UCTOYHUK BJIeK-
TPOHOB, B Ka4eCTBE KOTOPOTO MOKET BBHICTYIIATh 9K~
30T€HHBIIT BOCCTAHOBUTEIND, (heppeIOKCUH WIN pe-
aKIMOHHBIN 1eHTp PC2, conpsKEHHBIN ¢ TUIPOTE-
Ha30ii. B Hammx paborax npenbiaymux et [27, 28]
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Puc. 3. CrpoeHue ¢oTocrcTeMbl 2 Y KUCJIOPOI-BBIICIISIIONIETO KOMITIEKca

OBLTO TTOKA3aHO, YTO PEIOKC-MOTEHIINA BOCCTAHOB-
JeHHoro d¢eoduruHa @oTOoCUCTEMBI 2 CcHOCcOoOeH
BOCCTaHABJIMBATh aKIIEITOPHI SJIEKTPOHOB (hOTOCH-
creMbl 1: deppenokcun, HAJP, MeTUIBUOIOIEH,
oeHsunBuosioreH [29]. Takke ObUTA MOJYy4YEHBI pe-
3yJIbTaThl, CBUIETEIbCTBYIOIIME O TOM, YTO KOM-
iekcbl @C2 (6e3 BOIOOKUCIISIONIEro KiacTepa) nmpu
HaJIUYMU DK30TE€HHOTO JOHOpa F’eHePUPYIOT MoJIe-
KYJISIDHBII BOIOPOM 3a CUET CONTHETHOTO M3ITyde-
Hus [30].

OxuciaeHne BOObl B mpoliecce (OTOCUHTE3a OCy-
IIECTBJIsIETCS OJIaromapst SHePIUH, ITOCTYITAIONIEit OT
BHEIITHETO MCTOYHMKA IIPH YYaCTUHM KaTajIu3aTopa, B
cocTaB KoToporo BxomdaT 4 aroma Mn [31, 32]. Jdng
nojiydeHus: Oosee 3(PGEKTUBHOTO KaTajauzaTopa
OKMCJIEHUSI BOABI pa3padaThIBalOTCSI METOAMKM IIO
yIaJIeHUIO, 3aMeHe 1 anpoballiy MeTajljia U3 Mpu-
ponHoro kjactepa PC2. Co3gaHue 3(hHEKTUBHBIX
MCKYCCTBEHHBIX CUCTEM ITyTEM BHEAPECHUS B TaHHBII
MIpOoIEeCC HEAOPOTOro, KOJIOTNIECKM 0€30IIaCHOTO U
CTaOMJIBHOIO MeTajIa — KJIIOYEBOIM MOMEHT 3aIadu
MOIyYE€HUS IIPOTOHOB U3 BOABI B MACIITAOHBIX KO-
yectBax. OcoOyI0 BaXkKHOCTh MPEICTABISIET BO3MOXK-
HOCTB JIETKOI 1 0€30TIaCHOM ISl OKpYKalolleil cpe-

JIbI JOOBIYU U yTuian3aumu 1aHHOTroO anemenTal mocie
MCIIOJIb30BaHUA, a TAKXKE TO, YTO OH JOJI’KCH KaTaJln-

! Mmeercs B BUlYy HEKWI HEOPOTOM M CTaOMIbHBIN MeTaJll, KO-
TOPBIi1 e111€ MPEACTOUT BBISIBUTD B TPOLIECCE MHOTOYMCICHHBIX
uccienoBaHuii. Bo3MoXHO, B pa3HbIX UCKYCCTBEHHBIX CUCTE-
Max 3TO OyIyT pa3Hble METAJLIbI, U B 3aBUCUMOCTH OT YCJIOBUI
MX UCTIOJIb30BAHUsI OHU OKaXyTCsl 60Jiee ONTUMAaIbHBIMU B Ka-
YecTBe KaTajm3aTopa OKMCJIEHHUs BOIbI, yeM Mn B IpUPOITHOM
KUCI0pOI-BhiAesonieM Kiacrepe DC2.

BECTHUK POCCUNCKON AKAIEMHUU HAVK
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3UPOBaTh PEaKIMI0 OKUCICHUS BOAbI TOA00HO (U,
BO3MOXHO, OoJiee 3(pheKTUBHO) IIPUPOTHOMY Map-
raHIIEBOMY KJIaCTePY KUCIOPOI-BbIIEIISIONIETO KOM-
wrekca (KBK) ®C2. [Tpu 3amycke 3TOro0 mpoiiecca B
WCKYCCTBEHHOM CHCTeMe BHEITHUM HWCTOYHHKOM
SHEPTUU CIIYKUT JIEKTPUIECTBO. DTa peakius oka-
3bIBAETCSl HEMCCSIKAEMbIM UCTOYHUKOM MPOTOHOB, a
B KadyecTBe €€ ITOOOYHOTO IIPOIYKTa BBIIEISICTCS
Kkuciopo. Takast TeXHOJIOTHSI TIOJy4YeHUsI TIPOTOHOB
1151 ipousBonacTBa H, neiiesne Apyrux cyuiecTByo-
mux [33—42].

B HacTos11ee BpeMst BeaETcsl TOUCK U UcclieoBa-
HUE pPa3IUYHbIX METaJUIOB M OPraHUYECKUX KOM-
mwiekcoB (Mn-, Fe-, Ni-, Ir-, a takkxe Co-, Ru-co-
Jiepxaliye KOoMIieKchl) [33—42], KoTopble MOXHO
OyneT uCnoJb30BaTh B KauyecTBE KaTajiu3aTopoB
OKHWCJICHUS BOIIBI B CUCTEMaX MCKYCCTBEHHOTO (hOTO-
cuHTe3a [26, 43]. MHoOrMe n3 3TUX KOMILIEKCOB y3Ke
ceilyac MOXHO TIPUMEHSITh JIsI KOHCTPYMPOBaHUS
CHCTEM MCKYCCTBEHHOTO (DOTOCHMHTE3A.

Hawm ynanoch ycrieniHo ynajiutb Mn U3 HaTUBHO-
ro KBK ®C2 u peKOHCTpyUpOBaTh €ro TUMEPHBIM
MapraHIIeBbIM KOMIUIEKCOM C Pa3HBIMM JIMTAaHIAMU
(MnCl,, uckyccTBeHHble Mn-opraHu4ecKue KOM-
TUIEKCHI U T.1.); CHHTE3UPOBATh TPEXbSAAEPHBIN Mn-
colepXKannuii KOMIUIEKC, CITOCOOHBIN KaTaJlu3upo-
BaTh ¢oTos 13 Bonbl HAa O, 1 TPOTOHHI [44—48]. Bax-
HO OTMETUTb, YTO BOCCTAHOBUTbH TPAHCHOPT BJEK-
TPOHOB Yepe3 poTocucTeMy 2 U GYHKIINIO (OTOCUH-
TETUYECKOTO BbIICJICHUST KUCIOPO/Ia MOCIe TTOJTHOTO
yIaJieHUs] SHIOTEeHHOTo MapraHiia MOXHO, T0OaBUB
4 yona Mn?* Ha oIMH peaKLIMOHHBIA LIEHTP U HOTO-
aKTUBHUPOBAB CUCTEMY.
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BrisiiieHO, 4TO 07191 MICKYCCTBEHHOTO (hOTOCHHTE-
3a HanboJiee MepPCIIEKTUBHBI KaTaIn3aTOPbl, COAEP-
XKallue B cBoeit ocHoBe Mapranell [43]. [IpuMmeHeHue
B KayeCTBe KaTaJIM3aTOPOB HAaHOPa3MePHBIX OKCHUIOB
MeTajljla, BCTPOEHHBIX OIpeNeIEHHBIM O0pa3oM B
CIIeUMAJIbHBINA TTOMUITENITUAHBIN KapKac, 1ajJ0o Hau-
JIy4lliie pe3yJbTaThl B MpPOIIecce 3JICKTPOXUMMUYE-
cKoro okuciaeHus Boasl [38—40, 49]. JleranbHble UC-
clJieoBaHUS TMTOJOOHBIX CTPYKTYP MOTYT 00eCeunuTh
repexon Ha HOBBIII YpOBEHb B pa3pabOTKe MCKYC-
CTBEHHBIX CHCTEM pas3JIoxXeHus BoabI [50].

IlepcneXTUBHO cO37aHUe HEOPTaHUUYECKUX Ka-
TaJU3aTOPOB C UCITOJIb30BAHUEM KOMILJIEKCOB TP -
OKCHJIOB KOOajibTa ¢ MTOJIMOKCOMETAJUIATHBIMU JIU -
rangamMu [33]. Jlpyroe BaxXHOe HallpaBlieHUE —
pa3paboTka MCKYCCTBEHHBIX (DOTOCUHTE3UPYIOLINX
CHCTEM, B KaueCcTBe IpuMepa KOTOPHIX MOXKHO TTpHU-
BECTH HAaHOPa3MePHbIE CUHTETUYECKUE KaTaTuTuue-
CKMe KOMIUIEKChI, COTIPSIKEHHbBIE C MCKYCCTBEHHBIM
doToceHCUOUIN3aTOPOM (HaIIpuMep, Ha OCHOBE OU-

MUAPUIUIT PYTCHUS Ru(bpy)?) [51]. Ve HaiineHbl
OpraHuYecKre COeIMHEHUs, a TaKKe MeTaJlJTIopraHu-
YeCcKre KOMIJIEKChI, OTIaIoIIe DJIEKTPOH B BO30YX-
NEHHOM COCTOSIHUM HWCKYCCTBEHHOMY aKIIENTOpY
9JIEKTPOHOB (HaIrpuMep, MOH TpUC(OUTTUPUINH) PY-
tenus (I1), PyHKIIMOHMPYIOIINIA B IIpoliecce UCKYC-
CTBEHHOTO (POTOCHHTE3a, KaK “TIpPUPOIHBIN’ peak-
LIMOHHBIN LIEHTP poTocucTeMnl) [52].

MeToauuecKy U TEXHOJIOTUYECKU OT BhIIICIIEpe-
YUCJIEHHBIX CITOCOOOB ITPOU3BOJACTBA TOTUIMBA OTIV-
YaeTcs IIOAXOM, aCCOLUMUPOBAHHBINA C ITOJIyYCHUEM
GHUOBOIOPOIA U3 BO30OHOBISIEMOTO IIPUPOIHOTO ChI-
pbs (buomMaccel). Ocoboe BHUMaHME B paMKax 3TOrO
HampaBJIEHUSI YIOEJISIOT TaKOMY BUIY ChIPbs, KaK
onomacca poToTpoPHBIX MUKPOOPTAHN3MOB — MUK~
poBogopocieit u nmaHodakrepuit [53—55]. Takoit
MyTh IIOJIy4YeHUsI BOJIOPOAAa MHOTOOOEIIAIOI 1 1103~
BOJISIET PELINTH ITPO0JIeMy epepaboTKH OTXOHAOB Iy~
TEM UX MUKPOOHOIT KOHBEPCUU.

I[MpousBoaNTL MONEKYISIPHBIA BOOOPOI, CIIOCO0-
Hbl MUKPOOPTAHU3MBI CJIEOYIOIIUX TPYyII: IIU-
aHOOaKTepUU, 3eJIEHbIE MUKPOBOJIOPOCIIU, aHA3POO-
HEBIe (hepMEHTAaTUBHEIE OaKTeprK, aHA3pOOHEBIe (po-
TOCUHTe3UpYyIolle 6akTepun. buojorndyeckuii myTh
reHepaly BOJIOpoJa ToApa3aessseTcsl Ha: MPOU3BOI-
ctBO H, c ncrronp3oBanmeM hoTocrHTe3a 1 (hepMeHTa-
1uu 6aKTepuii; hepMeHTaTUBHOE Mpou3BoacTBo H, u3
OpraHMYeCKUX CoeluHeHUii; (poTopas3noxkeHue opra-
HUYECKUX COSTMHEHUI (DOTOCHMHTE3UPYIOIIUMU OaK-
TepyUsIMHU; 610G OTONIN3 BOABI C UCITOIbL30BAHUEM MUK-
poBoIOpOCiIEil U LaHobakTepuii [56].

Cpenu TpyaHOCTEH, ¢ KOTOPbIMU CTaJIKUBAIOTCS
KCCeN0BAaTENU MPU MOJIYYEHUU BOAOPOAa OMOIOTH-
YEeCKUM ITyTEM, MOXHO BBIICIUTh HU3KYIO 3(dhek-
TUBHOCTb W TIPOJYKTUBHOCTbH TIpollecca, a TakKXKe
YyBCTBUTEJBHOCTb (DEPMEHTOB, KaTalU3UPYIOLINX
BBIEJICHUE BOAOPO/Aa, K COMEPKaHUIO KUCITOpOaa B
oKpyxarueii cpene [57]. Pemenune 3tux mpobieMm
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CTaHOBUTCS BO3BMOXHBIM 3a CUET IIPpUMCHCHUA ME€Ta-
6OHI/I‘ICCKI/IX, TCHECTUYCCKUX U TEXHUYCCKUX IO -
XOOoOB.

K merabonnyeckuMm ToaxomaM, HaIlpaBiI€HHBIM
Ha yJy4lieHue MTpOU3BOAUTEILHOCTHU TIpoliecca Bbl-
JleJIEeHUsI BOJIOPO/1a, OTHOCSTCS: PETyJISILIMS BHEITHUX
¢dakTOpOB (MHTEHCUBHOCTb OCBEIIEHUS, TEMIIEPATY-
pa KyJIbTUBUPOBAHMsI, Ta30BhIM cOCTaB cpembl) [58],
MpUMEHEHVE UHTMOUTOPOB (DOTOCUHTETUUYECKOM aK-
tuBHocTH (DCMU, KCN, CCCP u ap.) [59], co3na-
HUE CTPECCOBBIX ycioBuii [58, 60].

I'eHeTUYECKUE TTOAXOABI BKIIIOYAIOT B Ce0ST MOUCK
Cnoco0OB TEPEKIIIOYEHUST TTOTOKA 3JIEKTPOHOB Ha
ruaporeHasy, pazpabotky O,-TojepaHTHON ruapore-
Ha3bI IUIST yCTOMIMBOTO TTpomn3BoncTBa 6MoH,, paspa-
GOTKY MYTAHTOB C YKOPOUYE€HHBIMU aHTEHHBIMU KOM-
IJIEKCaMUM, a TaKXKE CO30aHUEC MCKYCCTBCHHbBIX MUK-
poPHK [61].

K TexnuueckuM IogxodaM OTHOCSITCS: MacIlTa-
OupoBaHUEe KyJbTUBUPOBAHUS MUKPOOPIraHU3MOB B
OMopeakTopax 0CoOOro TUIa, CHUKAIOIIUX 3aTPaThl
Ha MTPOU3BOJCTBO, a TAKXKE B UMMOOUWIU3ALIMU KJTe-
TOK Ha pa3jIMYHBIX HOCUTEIISIX [58].

BoineneHue MoleKyIsIpHOTO BOIOPOIA IUaHOOAK-
TEPUSIMU U 3eJIEHBIMU BOJOPOCISIMU IIPOUCXOIUT B
XolIe (POTOCHMHTETUUECKUX pPeaKIMil, UCTOYHUKOM
SHEPTUM B 3TOM MpOLIECCe SIBISIETCS COJTHEYHBIN
CBET, a MICTOYHUKOM 3JIEKTPOHOB U IIPOTOHOB — BO-
nma. ObpasoBaHre Bogopo1a npu 0o OToIM3e BOIbI
(TIpsIMOM/HETIPSIMOM)  OCYIIIECTBIISIETCS C y4acTUEM
depMeHTOB (TuaporeHasza, HuUTporeHasa). Ilpu ¢o-
TOCUHTETUYECKOM IIepeHOCe 3JIEKTPOHOB BOCCTa-
HOBJIEHHBI (heppeaOKCHH MepeaaéT 3JIeKTPOHDI IJIsT
BOCCTAHOBJIEHUsSI KodepMeHTa HUKOTUHAMMUIAJIE-
HUHIUHYKJIeoTUadocdarTa u CHHTE3a aflcHO3UHTPU-
docdara, a B mporecce POTOONMOTOTUIECKOTO MPO-
M3BOJICTBA BOLOPOA 3JIEKTPOHBI OT (hepperoKCUHA
rnepesamTcs Ha (epMEHTHI, BOBIIEUEHHBIE B BOJIO-
ponHbIil MeTabosm3M [62]. BoccTaHoBIEHHE IPOTO-
HOB IO MOJIEKYJISIPHOTO BOJOPOAA C Y4aCTUEM TUAPO-
reHa3 MPOUCXOOUT 3a CUET BOCCTAHOBUTEIbHBIX DK~
BUBAJICHTOB, 00pa3yIoIIUXCs TIPU CBETOBOM CTaguun
doToCcuHTE3a, HUTPOTEeHA3kI 3K€ MCIIOJIb3YIOT BOCCTa-
HOBUTEIbHBIE SKBUBAJIEHThI, 0Opa30BaHHbLIE B MIPO-
Liecce OKUCJIEHUSI OpraHUYeCKUX COeTUHEHU, CUH-
TE3MPOBAHHBIX BO BpeMs TEMHOBOM cTamuu (poTo-
cuHTe3a [63].

HemanoBakHBI IIOMCK U MCCIEOOBaHUE IIOTEHIIN-
aJIbHBIX IIITAMMOB MUKPOBOJIOPOCJEi 1 IIMaHOOaK-
TEPUl — MEPCNEKTUBHBLIX NPOAYLEHTOB OMOBOIO-
poma. B pesynbrare Hammx pa®OT BBIASIIEH PSi
IITAMMOB 1IMaHOOAKTEPUIi, XapaKTepU3YIOIIUXCS
CIIOCOOHOCTBIO K 3((heKTUBHOI reHepali 0MOBO-
JIopoaa B TEMHOTE 1 Ha CBETY.

I[Ipu wmccienoBaHUM BOIOPOI-IPOIYLIMPYIOIIE
criocooHocTH rramMmMoB Desertifilum sp. IPPAS B-1220,
Synechococcus sp. 112, Phormidium corium B-26 6b110
MOKAa3aHO, YTO KJICTKM HUTYATON HETeTepOLMCTHOM
Ne 9
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muaHoOakTepun nukoro tuna Desertifilum sp. IPPAS
B-1220 crtoco6HBI 3(pPeKTUBHO MPOU3BOAUTH MOJIE-
KyJsIpHbIii Bogopon 1o 0.229 umons H,/mr X /4 npu
WHKYyOaIuy Ha cBeTy B TedeHue 166 4. [loGaBieHue K
kynsType DCMU B koHUIeHTpauuu 10 MM no3Bonu-
JIO TIOBBICUTB 3TO 3HauyeHue B 1.5 paza [59].

Brnepsrie B pabote [64] ucciemoBano 13 mramMmMoB
IIMaHOOAKTEPUIA, Cpen KOTOPHIX BBISIBJICH MEPCITeK-
TUBHBIN UKW LUTaMM Synechocystis sp. S-1, sIBiisito-
IHCsS OTHUM 13 HanboJiee aKTUBHBIX IPOIYIIEHTOB
BOJIOPOA ITO CPAaBHEHUIO C MTAHHBIMU, UMEIOTITIMUCS
B Juteparype. Synechocystis sp. S-1 npousBonun H,
co ckopocTbio 2.35 umonb H,/Mr Xi/4 B ycioBusix
WCKYCTBEHHOTO OCBellleHUs. Jmsg 1mTamMma Ina-
aHOOaKTepuu ITUKOTo Tulia Anabaena variabilis A-1
OblIa XapakTepHa 0oJiee BbICOKasi MPOAYKTUBHOCTD
(HUTpOreHa3Hasi aKTUBHOCTb) U CIIOCOOHOCTH IIPO-
IyIIApOBaTh BOMOPOA B TEMHOTE CO CKOPOCTHIO
8.67 umoip H,/Mr Xi/4. Merabonmaeckasi MOITYJIsI-
1S TTO3BOJIMIIA 3HAYUTEIHLHO YBEJTUIHUTh TIPON3BOI-
CTBO BOAOPOJA: HAUOOJbIIAsi CKOPOCTH MPOTYKITUHN
doToBOIOPOAA HAOIIOAAIACh B KJIETKaX, MHKYOUPO-
BaHHBIX ¢ 25 MMoab OydepHbiM arentoM HEPES u
50 mmoms 6ukap6oHara Hatpus (NaHCO,) [64].

B pesynbraTe CKpUHUHTA BOJOPOI-TIPOIYLIUPY-
Iollleii CHIOCOOHOCTM IITaMMOB IlIMaHOOAKTEpUit
Sodalinema gerasimenkoae 1PPAS B-353, Dolichos-
permum sp. IPPAS B-1213 u Cyanobacterium sp. IPPAS
B-1200 BBISIBICH BBICOKOIIPOAYKTUBHBII IIITAMM
(Dolichospermum sp. IPPAS B-1213), mpomemMoH-
CTPUPOBABIINI HaWIydlliMe TMokazareau (GoTornpo-
IYKUUU Bomopoaa. MakcumalbHasi CKOPOCTb Bblje-
snenust H, — 4.24 umons H,/mr Xi1/4 6pU1a OOHapyxe-
Ha y JaHHOro mramMma npu obpadorke 20 MM
DCMU [65].

B manmsHeHIIIMX ncciaeToBaHUSIX HEOOXOINMO yIe-
JISITh 0CO00€ BHMMaHMe TTOUCKY MyTeit 1 MeXaHU3MOB
noBblilieHUs 3¢ ekTuBHOCTU BhiaeneHust H, ¢poro-
TpodHOIT OmoMaccoit, monxoaaM, HaIlpaBJIeHHBIM Ha
yBeJIMYeHUe TTPOU3BOIUTEILHOCTH TIpollecca U IO/ -
60pYy MepCIeKTUBHBIX ITPOAYIIEHTOB.

k ok ok

Ha ocHoBaHUM BBIIIEU3IOKEHHOTO MOXHO CHE-
JIaTb BBIBOJ, YTO MPOOJIeMa UCTOIIEHNST UCKOTIAeMO-
r'o TOTJIMBA U 3arPsI3BHEHUSI OKPYXKaIoIei cpelibl CTa-
Jla MOIIHBIM CTUMYJIOM IJIsl CO3MaHUSI YCTOMYMBBIX
BO300OHOBJISIEMBIX MCTOYHUKOB SHepTHU. BakHbIM
IIarOM Ha 3TOM MYTH CTaJI0 OTKPBITHE IIpoliecca
OKMCJIEHUS BOIBI B xoae porocuHTe3a. DoTrocuHTe3
C BHEPreTUYECKOl TOYKM 3pPEHUST pacCMaTPUBAETCS
KakK Mpoliecc Ipeodpa3oBaHUsI COJTHEYHOI dHEPruun
B TOIUIMBO, a OMOIIPOU3BOACTBO MOJIEKYISIPHOIO BO-
JIOpoJa TpPU UCIIOJIb30BAHUM COJTHEYHOI 3SHEPTUU
NpU3HAETCS albTEPHATUBHOM M MHOTOOOEIIAIOIICH
TEXHOJIOTHEI, KOTOpasI IIO3BOJIMT 3aMEHUTh XUMUYE -
CKHUe U BJIEKTpoXUuMHYeckue texHomoruu. IMomyde-
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TOM 93

HHe OMOBOIOPOAA C IOMOIIBIO (POTOTPOPHEBIX MUK-
pPOOPraHN3MOB MOXET B OyOyIIeM ChIrpaTh KIIOde-
BYIO POJib B COKpaIlleHUU BBIOPOCOB MapHUKOBBIX
ra3oB B aTMocdepy. OmHaKO yXKe N3BECTHBIC ITyTHU T'e-
Hepal1 MOJICKYJISIpHOTO BOAOPOaa TPeOYIOT ITOBBI-
meHus1 3¢HEKTUBHOCTU U YACUIEBJICHUS €0 TPOU3-
BOACTBA, 4YTO IOOCTMXXMMO OJjaromapsi IOCICOTHUM
TEXHOJIOTUYECKUM pa3padoTKaM B 00acTn MeTabo-
JIMYECKOU Y TEHHOM MHXEHEPUU.

B 3akioueHue ciaeayeT OTMETUTh, UTO OT ycIiexa
TaKUX HaIIpaBJIeHUI NCCclIeqoOBaHMit, KaK 3 (hEeKTUB-
HOE HWCIOJIb30BaHNE COJTHEYHOM 3HEPTUM W BOIHI,
co3aHue TePCIeKTUBHBIX CUCTEM UCKYCCTBEHHOTO
doTocuHTe3a M pazpaboTKa MPOIYKTUBHOTO KaTal-
3aTopa IS TTOJTYyIeHHUs SKOJIOTUMIECKH YMCTOTO MO-
JIEKYJISIPHOTO BOAOPOAA B HEMAJIOM CTETIeHU 3aBUCUT
Oymylee MUPOBOM SHEPTETUKU.

NCTOYHUKHN ®PNUHAHCHUPOBAHUWA

PesynabTaThl mojiydeHbl B paMKax rocynapCTBEHHOTO
3agaHusl MUHUCTEPCTBA HAYKU U BBICIIIETO 0Opa3oBaHUsI
Poccuiickoit ®enepamum (122050400128-1) u npu mox-
nepxke Poccuiickoro HayuHoro doHzaa (rpant Ne 19-14-
00118, rpanTt Ne 22-44-08001).
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ALTERNATIVE ENERGY AND ARTIFICIAL PHOTOSYNTHESIS
S. 1. Allakhverdiev!*

'K A. Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia
# E-mail: suleyman.allakhverdiev@gmail.com

Limited reserves of fossil fuels and the negative impact of their combustion products on the environment are
two pressing problems of our time. The development of alternative energy sources, among which solar energy
is the most accessible, is considered as a possible solution. Acquisition of skills of its effective and environ-
mentally friendly use by creating artificial photosynthetic systems imitating the processes of natural photo-
synthesis, as well as the use of artificial photosynthesis for the production of biofuels can contribute to a way
out of the current situation.

Keywords: alternative forms of energy, biohydrogen, biophotolysis, artificial photosynthesis, solar cells.
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